
Anual 
Report

2018

http://cnc-ibili.cnc.uc.pt
cncibili@uc.pt





3

INDEX

         5
         6
          7

                                                                       
    9        

       29
        36
           

54
      66
      

71
         

93
       

94
        

110
    
      114
        

122
          

125
         

165
          

170

202

/ntƌŽĚucƟŽn� � � � � � � � � �
 Facts and Figures        
� KƌŐĂniǌĂƟŽn�
        
ZĞƐĞĂƌch��cƟǀitǇ
 Neuroscience, Vision and Brain Diseases      
             Metabolism Age, and Disease      
             Stem Cell-Based and Molecular Therapies  
   
    
/ntĞƌnĂƟŽnĂliǌĂƟŽn
� WƌŽũĞctƐ�in�cŽllĂbŽƌĂƟŽn�� � � � � � �
� WĂƌƟcipĂƟŽn�in�thĞ�ŽƌŐĂniǌĂƟŽn�ŽĨ�ƐciĞnƟĮc�ŵĞĞƟnŐƐ�
  
Graduate Studies Programme 
       
dĞchnŽlŽŐǇ�dƌĂnƐĨĞƌ�
       
^ciĞncĞ��ŽŵŵunicĂƟŽn�ĂnĚ�KutƌĞĂch
      
�ŽƌĞ�&ĂciliƟĞƐ�Ăt��E��  
        
^ĞƌǀicĞƐ�Ăt��E�
          
^ĞƌǀicĞƐ�ĂnĚ��ŽƌĞƐ�Ăt�/�/>/�

Funding at CNC 

&unĚinŐ�Ăt�/�/>/

WublicĂƟŽnƐ
          
^tĂī�>iƐt� � � � � � � � � �



4

Funded by FEDER funds through the Operational Programme Factors Competitiveness 
- COMPETE 2020 and by National Funds through FCT - Foundation for Science and 
Technology under the Strategic Project: COMPETE: POCI-01-0145-FEDER-007440



5

INTRODUCTION
�E�͘/�/>/� ŝƐ� Ă� ŵƵůƟĚŝƐĐŝƉůŝŶĂƌǇ� ƌĞƐĞĂƌĐŚ� ĐŽŶƐŽƌƟƵŵ� ĐƌĞĂƚĞĚ� Ăƚ� ƚŚĞ�
hŶŝǀĞƌƐŝƚǇ� ŽĨ� �ŽŝŵďƌĂ� ŝŶ� ϮϬϭϱ͕� ƌĞƐƵůƟŶŐ� ĨƌŽŵ� ƚŚĞ� ĨƵƐŝŽŶ� ŽĨ� ƚǁŽ�
ďŝŽŵĞĚŝĐĂů� ƌĞƐĞĂƌĐŚ� ŝŶƐƟƚƵƚĞƐ� ŽĨ� ĞǆĐĞůůĞŶĐĞ͕� �E�͕� ƌĞĐŽŐŶŝǌĞĚ� ďǇ� &�d�
ĂƐ� Ă� >ĂďŽƌĂƚſƌŝŽ� AƐƐŽĐŝĂĚŽ� ŝŶ� ϭϵϵϬ� ĂŶĚ� /�/>/͕� Ă� ƌĞƐĞĂƌĐŚ� ŝŶƐƟƚƵƚĞ� ŽĨ�
�ŝŽŵĞĚŝĐĂů� ^ĐŝĞŶĐĞƐ� Ăƚ� ƚŚĞ� &ĂĐƵůƚǇ� ŽĨ� DĞĚŝĐŝŶĞ͕� hŶŝǀĞƌƐŝƚǇ� ŽĨ� �ŽŝŵďƌĂ͘
�E�͘/�/>/�ďƌŝŶŐƐ�ƚŽŐĞƚŚĞƌ�ƌĞƐĞĂƌĐŚĞƌƐ�ĨƌŽŵ�ƚŚĞ�&ĂĐƵůƟĞƐ�ŽĨ�DĞĚŝĐŝŶĞ͕�WŚĂƌŵĂĐǇ͕�
^ĐŝĞŶĐĞ� ĂŶĚ� dĞĐŚŶŽůŽŐǇ͕� ĂŶĚ� ƚŚĞ� /ŶƐƟƚƵƚĞ� ĨŽƌ� /ŶƚĞƌĚŝƐĐŝƉůŝŶĂƌǇ� RĞƐĞĂƌĐŚ͕�
ĐŽŵŵŝƩĞĚ�ƚŽ�ĨŽƐƚĞƌ�ĨƵŶĚĂŵĞŶƚĂů͕�ƚƌĂŶƐůĂƟŽŶĂů�ĂŶĚ�ďŝŽƚĞĐŚŶŽůŽŐǇ�ƌĞƐĞĂƌĐŚ�ĂŶĚ�
ĂĚǀĂŶĐĞĚ�ƚƌĂŝŶŝŶŐ�ŝŶ�ďŝŽŵĞĚŝĐĂů�ƐĐŝĞŶĐĞƐ͕�ǁŚŽƐĞ�ƐĐŝĞŶƟĮĐ�ƐŬŝůůƐ�ǁĞƌĞ�ĞǀĂůƵĂƚĞĚ�
ŽĨ� ƚŚĞ�ŚŝŐŚĞƐƚ� ƐƚĂŶĚĂƌĚ�ďǇ�ĂŶ� ŝŶƚĞƌŶĂƟŽŶĂů� ƐĐŝĞŶƟĮĐ�ĂĚǀŝƐŽƌǇ�ďŽĂƌĚ͘�dŚĞ��E�͘
/�/>/� ƌĞƐĞĂƌĐŚ� ƐƚƌĂƚĞŐŝĐ� ƉůĂŶ� ĨŽƌ� ϮϬϭϱͲϮϬϮϬ� ǁĂƐ� ĂƉƉƌŽǀĞĚ� ĂƐ� ĞǆĐĞůůĞŶƚ� ďǇ� &�d͘
dŚĞ�ĐŽƌĞ�ƐĐŝĞŶƟĮĐ�ĂĐƟǀŝƚǇ�ŽĨ� ƚŚĞ��E�͘/�/>/� ƌĞƐĞĂƌĐŚ��ŽŶƐŽƌƟƵŵ� ŝƐ�ŽƌŐĂŶŝǌĞĚ� ŝŶ�
ϯ� ƚŚĞŵĂƟĐ� ƐƚƌĂŶĚƐ͕� ͞EĞƵƌŽƐĐŝĞŶĐĞ͕� sŝƐŝŽŶ� ĂŶĚ� �ƌĂŝŶ� �ŝƐĞĂƐĞƐ͕͟ � ͞DĞƚĂďŽůŝƐŵ͕�
AŐŝŶŐ�ĂŶĚ��ŝƐĞĂƐĞ͟�ĂŶĚ�͞^ƚĞŵͲ�Ğůů�ďĂƐĞĚ�ĂŶĚ�DŽůĞĐƵůĂƌ�dŚĞƌĂƉŝĞƐ͘͟ �RĞƐĞĂƌĐŚ�ŝƐ�
ƉĞƌĨŽƌŵĞĚ�ƵŶĚĞƌ�ĂŶ�ŽǀĞƌĂƌĐŚŝŶŐ͕� ĨƌŽŵ�ŵŽůĞĐƵůĞ� ƚŽ�ŵĂŶ�ĂƉƉƌŽĂĐŚ͕� ĨŽĐƵƐĞĚ�ŽŶ�
ƚŚĞ� ƵŶĚĞƌƐƚĂŶĚŝŶŐ� ŽĨ� ďƌĂŝŶ� ĨƵŶĐƟŽŶ� ĂŶĚ� ĚŝƐĞĂƐĞ�ŵĞĐŚĂŶŝƐŵƐ� ĂŶĚ� ƚŚĞƌĂƉĞƵƟĐ�
ƐƚƌĂƚĞŐŝĞƐ͘� &Žƌ� ƚŚŝƐ� ƉƵƌƉŽƐĞ͕� ƌĞƐĞĂƌĐŚ� ŝƐ� ƉĞƌĨŽƌŵĞĚ� ƵƐŝŶŐ� ĐĞůůƵůĂƌ� ĂŶĚ� ĂŶŝŵĂů�
ŵŽĚĞůƐ�ŽĨ�ĚŝƐĞĂƐĞ�ĂŶĚ�ŚƵŵĂŶ�ƐƵďũĞĐƚƐ͕� ŝŶ�Ă�ĐůŽƐĞ�ĐŽŶŶĞĐƟŽŶ�ǁŝƚŚ�ƚŚĞ��ŽŝŵďƌĂ�
hŶŝǀĞƌƐŝƚǇ� ,ŽƐƉŝƚĂů� �ĞŶƚĞƌ� ;�,h�Ϳ͘� ^ŝŵƵůƚĂŶĞŽƵƐůǇ͕� ƚŚŝƐ� ĐŽƌĞ� ĂĐƟǀŝƚǇ� ŝƐ�
ĐŽŵƉůĞŵĞŶƚĞĚ� ďǇ� Ă� � � ŵŽůĞĐƵůĂƌ� ďŝŽƚĞĐŚŶŽůŽŐǇ� ĂƉƉƌŽĂĐŚ͕� ŽƉĞŶŝŶŐ� ƚŚĞ� ƐĐŽƉĞ�
ŽĨ� ďŝŽŵĞĚŝĐĂů� ƌĞƐĞĂƌĐŚ� ďĞŝŶŐ� ĐĂƌƌŝĞĚ� ŽƵƚ� Ăƚ� �E�͘/�/>/͘� dŚĞ� ĐŽůůĂďŽƌĂƟŽŶ� ǁŝƚŚ�
ŝŶĚƵƐƚƌǇ͕�ŶĂŵĞůǇ�ŝŶ�ƚŚĞ�ďŝŽƚĞĐŚŶŽůŽŐǇ�ĞŶƚƌĞƉƌĞŶĞƵƌƐŚŝƉ�ĐĂŵƉƵƐ�ĐƌĞĂƚĞĚ�ŝŶ��ŝŽĐĂŶƚ�
WĂƌŬ͕� ƉƌŽŵŽƚĞƐ� Ă� ŵŽƌĞ� ĐŽŵƉĞƟƟǀĞ� ŬŶŽǁůĞĚŐĞͲďĂƐĞĚ� ĞĐŽŶŽŵǇ� ŝŶ� ƚŚĞ� ƌĞŐŝŽŶ͘
dŚĞ�ϮϬϭϴ�AŶŶƵĂů�RĞƉŽƌƚ�ŽĨ�ĂĐƟǀŝƟĞƐ�ŽĨ�ƚŚĞ��E�͘/�/>/�RĞƐĞĂƌĐŚ��ŽŶƐŽƌƟƵŵ�ŚŝŐŚůŝŐŚƚƐ�
ƚŚĞ�ŵĂŝŶ�ĂĐŚŝĞǀĞŵĞŶƚƐ�ƌĞƐƵůƟŶŐ�ĨƌŽŵ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ŝƚƐ�ƌĞƐĞĂƌĐŚ�ƐƚƌĂƚĞŐŝĐ�ƉůĂŶ͘
/Ŷ� ϮϬϭϴ͕� �E�͘/�/>/� ƉƵƌƐƵĞĚ� ŝƚƐ� ŵĂŝŶ� ŐŽĂů͕� ƚŚĞ� ƵŶĚĞƌƐƚĂŶĚŝŶŐ� ŽĨ� ďƌĂŝŶ� ĨƵŶĐƟŽŶ�
ĂŶĚ� ĚŝƐĞĂƐĞ� ŵĞĐŚĂŶŝƐŵƐ� ůĞĂĚŝŶŐ� ƚŽ� ƚŚĞ� ĚĞǀĞůŽƉŵĞŶƚ� ŽĨ� ƚĂƌŐĞƚͲ� ŽƌŝĞŶƚĞĚ�
ƚŚĞƌĂƉĞƵƟĐ� ƐƚƌĂƚĞŐŝĞƐ͕� ƐƵƉƉŽƌƚĞĚ� ďǇ� ŶŽǀĞů� ŵŽůĞĐƵůĂƌ� ďŝŽƚĞĐŚŶŽůŽŐǇ�
ĂƉƉƌŽĂĐŚĞƐ� ĂŶĚ� ďǇ� Ă� ƟŐŚƚ� ŝŶƚĞƌĂĐƟŽŶ� ǁŝƚŚ� ŚĞĂůƚŚ� ŝŶƐƟƚƵƟŽŶƐ͕� ŶĂŵĞůǇ� ƚŚĞ�
�ŽŝŵďƌĂ� hŶŝǀĞƌƐŝƚǇ� ,ŽƐƉŝƚĂů� �ĞŶƚĞƌ� ;�,h�Ϳ͘� � dŚŝƐ� ƉĞƌŝŽĚ� ǁĂƐ� ƐƵĐĐĞƐƐĨƵů� ŝŶ�
ĂƩƌĂĐƟŶŐ� ĐŽŵƉĞƟƟǀĞ� ĨƵŶĚŝŶŐ� ĞŝƚŚĞƌ� Ăƚ� ŶĂƟŽŶĂů� ĂŶĚ� ŝŶƚĞƌŶĂƟŽŶĂů� ůĞǀĞů͘
dŚĞ� ƐĐŝĞŶƟĮĐ� ƉƌŽĚƵĐƟǀŝƚǇ� ŽĨ� �E�͘/�/>/� ŝŶ� ϮϬϭϴ� ŝƐ� ĚĞŵŽŶƐƚƌĂƚĞĚ� ďǇ� Ă�
ƌĂƚĞ� ŽĨ� ƉƵďůŝĐĂƟŽŶ� ŽĨ� ϯϵϴ� ƐĐŝĞŶƟĮĐ� ƉĂƉĞƌƐ� ŝŶ� ƉĞĞƌ� ƌĞǀŝĞǁĞĚ� ũŽƵƌŶĂůƐ͕�
ĂŶ� ĞīŽƌƚ� ƐƵƉƉŽƌƚĞĚ� ďǇ� ŐƌĂŶƚ� ƉƌŽũĞĐƚƐ� ĂĐŚŝĞǀĞĚ� ŝŶ� ĐŽŵƉĞƟƟǀĞ� ĐĂůůƐ͘�
�E�͘/�/>/� ŝƐ� ƐƚƌŽŶŐůǇ� ĐŽŵŵŝƩĞĚ� ƚŽ� ƉŽƐƚͲŐƌĂĚƵĂƚĞ� ĞĚƵĐĂƟŽŶ� ĂŶĚ� ƚƌĂŝŶŝŶŐ͕�
ďĞŝŶŐ� ŝŶǀŽůǀĞĚ� ŝŶ� ƚŚĞ� ĐŽŽƌĚŝŶĂƟŽŶ� ŽĨ� ŵĂƐƚĞƌƐ� ĂŶĚ� WŚ͘�͘� WƌŽŐƌĂŵƐ� Ăƚ�
ƚŚĞ� hŶŝǀĞƌƐŝƚǇ� ŽĨ� �ŽŝŵďƌĂ� ĂŶĚ� ĂůƐŽ� ŝŶ� ŝŶƚĞƌŶĂƟŽŶĂů� ƚƌĂŝŶŝŶŐ� ŶĞƚǁŽƌŬƐ͘
dŚƌŽƵŐŚ� ƚŚĞ� KƵƚƌĞĂĐŚ� ƉƌŽŐƌĂŵ͕� ŝŶŶŽǀĂƟǀĞ� ĂĐƟŽŶƐ� ĂŝŵŝŶŐ� ƚŽ� ŝŵƉƌŽǀĞ�
ƐŽĐŝĞƚǇ� ƐĐŝĞŶƟĮĐ� ĞĚƵĐĂƟŽŶ� ĂŶĚ� ƉĞƌĐĞƉƟŽŶ� ŽĨ� � ƚŚĞ� ŝŵƉŽƌƚĂŶĐĞ� ŽĨ� ƐĐŝĞŶĐĞ�
ĨŽƌ� ŚƵŵĂŶ� ŚĞĂůƚŚ� ŚĂǀĞ� ďĞĞŶ� ĚĞǀĞůŽƉĞĚ� ŝŶ� ƐĐŚŽŽůƐ� ĂŶĚ� ŝŶ� ĐŽůůĂďŽƌĂƟŽŶ�
ǁŝƚŚ� ͞�ŝġŶĐŝĂ� sŝǀĂ͟� ĂŶĚ� ͞/ŶƐƟƚƵƚŽ� ĚĞ� �ĚƵĐĂĕĆŽ� Ğ� �ŝĚĂĚĂŶŝĂ͟� ;/��Ϳ͘�
dŚĞ� ϮϬϭϴ� AŶŶƵĂů� RĞƉŽƌƚ� ŚŝŐŚůŝŐŚƚƐ� ƚŚĞ� �E�͘/�/>/� ĂĐĐŽŵƉůŝƐŚŵĞŶƚƐ� ĂŶĚ� ƚŚĞ�
ĐŽŶƚƌŝďƵƟŽŶ� ŽĨ� ŝƚƐ� ĚĞĚŝĐĂƚĞĚ� ƌĞƐĞĂƌĐŚĞƌƐ͕� ƐƚƵĚĞŶƚƐ͕� ƐƵƉƉŽƌƚ� ƚĞĂŵƐ� ĂŶĚ�
ĂĚŵŝŶŝƐƚƌĂƟǀĞ�ƐƚĂī�ƚŽ�ĂĐŚŝĞǀĞ�ƚŚĞ�ŵĂŝŶ�ƐĐŝĞŶƟĮĐ�ŐŽĂůƐ�ŽĨ�ƚŚŝƐ�ƌĞƐĞĂƌĐŚ��ŽŶƐŽƌƟƵŵ͘�



&ĂĐƚƐ�Θ�&ŝŐƵƌĞƐ�;ϮϬϭϴͿ

R�^�AR�,�^dA&& 

Integrated Members holding Ph.D.                                                          173 + (85 Post Doctoral Fellowships)
Ph.D.Students                                                             162
MSc Students                                                              84 
 
 

Wh�>/�Ad/KE^��  
 
^ciĞntiĨic�pĂpĞƌƐ�publiƐhĞĚ� � � ����������������������������������������ϯϵϴ
^ciĞntiĨic�pĂpĞƌƐ�/n�WƌĞƐƐ� � � ����������������������������������������������������������Ϯϱ 
   

d,�^/^��KE�>h���� 

Ph.D. thesis                                                              30
MSc thesis                                                                             93
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KƌŐĂŶŝǌĂƟŽŶ�ŽĨ��E�͘/�/>/

�E�͘/�/>/��ǆƚĞƌŶĂů�AĚǀŝƐŽƌǇ��ŽŵŵŝƚĞĞ͗�&ĞƌnĂnĚŽ�>ŽpĞƐ�ĚĂ�^ilǀĂ�;E>Ϳ͖�:Žhn�'ƌĞĞnǁŽŽĚ�;h<Ϳ͖�ZĂinĞƌ�'ŽĞbĞl�;E>Ϳ͖�DĂƌc�
WĞƐchĂnƐŬi�;&ZͿ͖�yĂnĚƌĂ��ƌĞĂŬĞĮĞlĚ�;h^�Ϳ͖�DĂtthiũƐ�sĞhĂŐĞ�;E>Ϳ� 
 

^�/�Ed/&/��AR�A^�AE��R�^�AR�,�'RKhW^ 
 
�t�pƌĞƐĞnt͕�ƌĞƐĞĂƌch�pƌŽŐƌĂŵŵĞƐ�ĂnĚ�pƌŽũĞctƐ�ĂƌĞ�ŽƌŐĂniǌĞĚ�in�ϯ�ƌĞƐĞĂƌch�ƐciĞnƟĮc�ĂƌĞĂƐ͕�ĞĂch�cŽŽƌĚinĂtĞĚ�bǇ�Ă�ƐĞniŽƌ�
ƐciĞnƟƐt.�dhĞ�pƌŽŐƌĂŵŵĞ�ĨŽƌ�ĞĂch�ĂƌĞĂ�iƐ�iŵplĞŵĞntĞĚ�bǇ�ƐŵĂll�ƌĞƐĞĂƌch�ŐƌŽupƐ�ĞĂch�hĞĂĚĞĚ�bǇ�Ă�ƌĞƐĞĂƌch�lĞĂĚĞƌ�in�hiƐ�
ĮĞlĚ�ŽĨ�ƐtuĚǇ.�/n�ϮϬϭϳ͕�thĞ�ƌĞƐĞĂƌch�ŐƌŽupƐ�ĨŽƌ�dhĞŵĂƟc�^tƌĂnĚ�cĂn�bĞ�iĚĞnƟĮĞĚ͕�ĂccŽƌĚinŐ�tŽ�thĞ�ĨŽllŽǁinŐ�ŽƌŐĂniǌĂƟŽn: 
 
 
 
 
EĞƵƌŽƐĐŝĞŶĐĞ͕�sŝƐŝŽŶ�ĂŶĚ��ƌĂŝŶ��ŝƐĞĂƐĞƐ�ͮ�AŶĂ�>ƵşƐĂ��ĂƌǀĂůŚŽ

� ^ǇnĂpƐĞ��iŽlŽŐǇ�'ƌŽup�;,ĞĂĚ:��ĂƌlŽƐ��.��uĂƌtĞͿ

� ZĞĚŽǆ��iŽlŽŐǇ�ĂnĚ��ƌĂin�^ĞnƐinŐ�'ƌŽup�;,ĞĂĚ:�:ŽĆŽ�>ĂƌĂnũinhĂͿ

� EĞuƌŽĞnĚŽcƌinŽlŽŐǇ�ĂnĚ��ŐinŐ�'ƌŽup�;,ĞĂĚ:��lĂuĚiĂ��ĂǀĂĚĂƐͿ

� siƐiŽn͕��ƌĂin�/ŵĂŐinŐ�ĂnĚ��ŽŐniƟǀĞ�EĞuƌŽƐciĞncĞ�;,ĞĂĚ:�DiŐuĞl��ĂƐtĞlŽ-�ƌĂncŽͿ
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Research at the Neuroscience, Vision and Brain Diseases 
;Es��Ϳ� ƌĞƐĞĂƌch� ĂƌĞĂ� inǀĞƐƟŐĂtĞƐ� bƌĂin� ĨuncƟŽn� ĂnĚ� thĞ�
cĂuƐĞƐ�ŽĨ�ĚiƐĞĂƐĞƐ�ŽĨ�thĞ�nĞƌǀŽuƐ�ƐǇƐtĞŵ͕�ĂnĚ�ĚĞǀĞlŽpƐ�nŽǀĞl�
ƐtƌĂtĞŐiĞƐ�ĨŽƌ�ĚiƐĞĂƐĞ�pƌĞǀĞnƟŽn�ĂnĚ�tƌĞĂtŵĞnt.�dhiƐ�ƌĞƐĞĂƌch�
linĞ�cŽŵpƌiƐĞƐ�ϴ�ƌĞƐĞĂƌch�ŐƌŽupƐ� in�thĞ�ĂƌĞĂƐ�ŽĨ�ŵŽlĞculĂƌ͕ �
cĞllulĂƌ͕ � ciƌcuitƐ� ĂnĚ� bĞhĂǀiŽƌĂl� nĞuƌŽƐciĞncĞ͕� ĂlŽnŐ� ǁith�
bƌĂin� iŵĂŐinŐ͕� tŽ� unĚĞƌƐtĂnĚ� thĞ� bƌĂin� Ăt� ĚiīĞƌĞnt� ƐcĂlĞƐ͕�

ĨƌŽŵ� thĞ� lĞǀĞl� ŽĨ� ƐinŐlĞ� cĞllƐ� tŽ� bƌĂin� ciƌcuitƐ� ĂnĚ�
bĞhĂǀiŽƌ.� /n� cŽllĂbŽƌĂƟŽn� ǁith� thĞ� �ŽiŵbƌĂ� hniǀĞƌƐitǇ�
,ŽƐpitĂl� ;�,h�Ϳ͕� Es��� ŐƌŽupƐ� ĞǆplŽƌĞ� ĚiīĞƌĞnt� pŽtĞnƟĂl�
cĂnĚiĚĂtĞƐ͕� Ɛuch� ĂƐ� ĂltĞƌĞĚ� ƐǇnĂpƟc� nĞuƌŽŵŽĚulĂƟŽn͕�
ŵitŽchŽnĚƌiĂl� ĚǇƐĨuncƟŽn͕� nĞuƌŽǀĂƐculĂƌ� cŽuplinŐ� ĂnĚ�
nĞuƌŽinŇĂŵŵĂƟŽn͕�in�ŽƌĚĞƌ�tŽ�ĚĞǀĞlŽp�nŽǀĞl�intĞƌǀĞnƟŽnƐ�
ĂnĚ� iĚĞnƟĨǇ� biŽŵĂƌŬĞƌƐ� ĨŽƌ� bƌĂin� ĂnĚ� ǀiƐiŽn� ĚiƐŽƌĚĞƌƐ.�

DA/E�A�,/�s�D�Ed^

Research groups in the NVBD research line are interested 
in� unĚĞƌƐtĂnĚinŐ� ƐǇnĂpƟc� tƌĂnƐŵiƐƐiŽn� ĂnĚ� plĂƐƟcitǇ� in�
thĞ� cĞntƌĂl� nĞƌǀŽuƐ� ƐǇƐtĞŵ.� tĞ� hĂǀĞ� cŽntƌibutĞĚ� tŽ� thĞ�
chĂƌĂctĞƌiǌĂƟŽn� ŽĨ� thĞ� nĂnŽƐcĂlĞ� ƐǇnĂpƟc� tŽpŽŐƌĂphǇ�
ŽĨ� ŐlutĂŵĂtĞ� ƌĞcĞptŽƌƐ� ŽĨ� thĞ� ED��� tǇpĞ� ;<ĞllĞƌŵĂǇĞƌ�
Ğt� Ăl.͕� ϮϬϭϴͿ͕� ĂnĚ� chĂƌĂctĞƌiǌĞĚ� ŵĞchĂniƐŵƐ� ŽĨ� ƐǇnĂpƟc�
ƐcĂlinŐ� in� ĞǆcitĂtŽƌǇ� ƐǇnĂpƐĞƐ� ;>ŽuƌŽƐ� Ğt� Ăl͕� ϮϬϭϴͿ.� /n�
ĂĚĚiƟŽn͕� cŽŵputĂƟŽnĂl� ĂppƌŽĂchĞƐ� hĂǀĞ� bĞĞn� uƐĞĚ�
ĨŽƌ� pƌĞĚicƟŽn� ĂnĚ� tĂƌŐĞƟnŐ� ŽĨ� intĞƌĂcƟŽn� intĞƌĨĂcĞƐ� in�
G-protein coupled receptor oligomers (Schiedel et al., 2018).
EĞuƌŽŵŽĚulĂƟŽn� bǇ� thĞ� puƌinĞƌŐic� ƌĞcĞptŽƌƐ͕� nĂŵĞlǇ� thĞ�
�Ϯ�� ƌĞcĞptŽƌ͕ �ǁĂƐ� ĨŽunĚ� tŽ� cŽntƌŽl� ŐlutĂŵĂtĞƌŐic� ƐǇnĂpƟc�
plĂƐƟcitǇ� in� ĨĂƐt� ƐpiŬinŐ� intĞƌnĞuƌŽnƐ� ŽĨ� thĞ� pƌĞĨƌŽntĂl�
cŽƌtĞǆ� ;<ĞƌŬhŽĨƐ� Ğt� Ăl.͕� ϮϬϭϴͿ͕� tŽ� bĞ� Ă� cƌiƟcĂl� ŵĞĚiĂtŽƌ�
ŽĨ� nĞuƌŽĚĞŐĞnĞƌĂƟŽn� tƌiŐŐĞƌĞĚ� bǇ� cŽnǀulƐiŽnƐ� ;�ĂnĂƐ�
et al., 2018), and to control microglia in a brain region-
ƐpĞciĮc�ŵĂnnĞƌ� ;DĞnĚĞƐ�Ğt� Ăl.͕� ϮϬϭϴͿ.�DŽƌĞŽǀĞƌ͕ � ĞlĞǀĂtĞĚ�
pƌĞƐƐuƌĞ� chĂnŐĞĚ� thĞ� puƌinĞƌŐic� ƐǇƐtĞŵ� ŽĨ� ŵicƌŽŐliĂ� cĞllƐ�
;ZŽĚƌiŐuĞƐ-EĞǀĞƐ�Ğt� Ăl.͕� ϮϬϭϴͿ.��lŽcŬĂĚĞ�ŽĨ� ĂĚĞnŽƐinĞ��Ϯ��
ƌĞcĞptŽƌ� ƌĞcŽǀĞƌĞĚ� ĞĂƌlǇ� ĚĞĮcitƐ� ŽĨ�ŵĞŵŽƌǇ� ĂnĚ� plĂƐƟcitǇ�
in�Ă�ŵŽuƐĞ�ŵŽĚĞl�ŽĨ��lǌhĞiŵĞƌ Ɛ͛�ĚiƐĞĂƐĞ�;^ilǀĂ�Ğt�Ăl.͕�ϮϬϭϴͿ.
KnĞ�ĨŽcuƐ�ŽĨ�thĞ�Es���ĂƌĞĂ�iƐ�Žn�nĞuƌŽĚĞŐĞnĞƌĂƟŽn�ĂnĚ�ĂŐinŐ.�
/n�ǀiǀŽ�ƐiŵultĂnĞŽuƐ�ŵĞĂƐuƌĞŵĞntƐ�ŽĨ�ͻEK͕�KϮ�ĂnĚ�cĞƌĞbƌĂl�
blŽŽĚ�ŇŽǁ�;��&Ϳ�in�thĞ�ƌĂt�hippŽcĂŵpuƐ�ĂlŽnŐ�chƌŽnŽlŽŐicĂl�
ĂŐĞ�in�ƌĞƐpŽnƐĞ�tŽ�ŐlutĂŵĂtĞƌŐic�ĂcƟǀĂƟŽn�ĂnĚ�in�cŽƌƌĞlĂƟŽn�
ǁith�cŽŐniƟǀĞ�pĞƌĨŽƌŵĂncĞ�ĚĞŵŽnƐtƌĂtĞĚ�Ăn�ĂŐĞ-ĚĞpĞnĚĞnt�
iŵpĂiƌŵĞnt� ŽĨ� nĞuƌŽǀĂƐculĂƌ� ĂnĚ� nĞuƌŽŵĞtĂbŽlic� cŽuplinŐ�
;>ŽuƌĞnĕŽ� Ğt� Ăl.͕� ϮϬϭϴͿ.� /n� Ă�ŵŽuƐĞ�ŵŽĚĞl� ŽĨ�,unƟnŐtŽn Ɛ͛�
ĚiƐĞĂƐĞ͕�thĞ�ƐubǀĞntƌiculĂƌ�ǌŽnĞ-ĚĞƌiǀĞĚ�pƌŽŐĞnitŽƌ�cĞllƐ�ǁĞƌĞ

chĂƌĂctĞƌiǌĞĚ�;^ilǀĂ�Ğt�Ăl.͕�ϮϬϭϴͿ͕�ĂnĚ�Ă�ǁhŽlĞ�bƌĂin�lŽnŐituĚinĂl�
ƐtuĚǇ� ƐhŽǁĞĚ� ĚiƐƟnct� tƌĂũĞctŽƌiĞƐ� ŽĨ� nĞuƌŽchĞŵicĂl͕�
ƐtƌuctuƌĂl� cŽnnĞcƟǀitǇ� ĂnĚ� ǀŽluŵĞtƌic� chĂnŐĞƐ� ;WĞtƌĞllĂ� Ğt�
Ăl.͕� ϮϬϭϴͿ.� ZĞpĞĂtĞĚ� ŵĞƐĞnchǇŵĂl� ƐtƌŽŵĂl� cĞll� tƌĞĂtŵĞnt�
ǁĂƐ�ĨŽunĚ�tŽ�ƐuƐtĂinĂblǇ�ĂllĞǀiĂtĞ�DĂchĂĚŽ-:ŽƐĞph�ĚiƐĞĂƐĞ�
;DiƌĂnĚĂ� Ğt� Ăl.͕� ϮϬϭϴͿ͕� ĂnŽthĞƌ� pŽlǇŐlutĂŵinĞ� ĚiƐŽƌĚĞƌ.
/n� �lǌhĞiŵĞƌ Ɛ͛� ĚiƐĞĂƐĞ� ĂniŵĂl� ŵŽĚĞlƐ͕� ĚiŵiniƐhĞĚ�
K-'lcE�cǇlĂƟŽn�ǁĂƐ�ƐhŽǁn�tŽ�bĞ�cŽƌƌĞlĂtĞĚ�ǁith�ŵitŽchŽnĚƌiĂl�
ĂnŽŵĂliĞƐ�;WinhŽ�Ğt�Ăl.͕�ϮϬϭϴͿ.��ĚĚiƟŽn�ŽĨ�thĞ�ɴϰϮ/ϰϬ�ƌĂƟŽ�
tŽ� thĞ� cĞƌĞbƌŽƐpinĂl� ŇuiĚ� biŽŵĂƌŬĞƌ� pƌŽĮlĞ� incƌĞĂƐĞĚ� thĞ�
pƌĞĚicƟǀĞ�ǀĂluĞ�ĨŽƌ�unĚĞƌlǇinŐ��lǌhĞiŵĞƌ Ɛ͛�ĚiƐĞĂƐĞ�ĚĞŵĞnƟĂ�
in� ŵilĚ� cŽŐniƟǀĞ� iŵpĂiƌŵĞnt� ;�ĂlĚĞiƌĂƐ� Ğt� Ăl.͕� ϮϬϭϴͿ.
�nŽthĞƌ� ƐtuĚǇ� ĨŽunĚ� thĂt� ŵt�E�� cŽpǇ� nuŵbĞƌ� ŵĂǇ� bĞ�
ĂƐƐŽciĂtĞĚ�ǁith�ĂŐĞ�ŽĨ�ŽnƐĞt�in�ĨĂŵiliĂl�ĂŵǇlŽiĚ�pŽlǇnĞuƌŽpĂthǇ�
;^ĂntŽƐ�Ğt�Ăl.͕�ϮϬϭϴͿ.��ƌĂin�iŵĂŐinŐ�ƐtuĚiĞƐ�hĂǀĞ�ƐhŽǁn�thĂt�
thĞ�ƌĞƟnĂl�ŐĂnŐliŽn�cĞll�lĂǇĞƌ�pƌĞĚictƐ�nŽƌŵĂl-ĂppĞĂƌinŐ�ǁhitĞ�
ŵĂttĞƌ�tƌĂct�intĞŐƌitǇ�in�ŵulƟplĞ�ƐclĞƌŽƐiƐ�;�lǀĞƐ�Ğt�Ăl.͕�ϮϬϭϴͿ.
hnĚĞƌƐtĂnĚinŐ� thĞ� ĞīĞctƐ� ŽĨ� thĞ� ĚƌuŐƐ� ŽĨ� ĂbuƐĞ� iƐ� ĂlƐŽ�
thĞ� ĨŽcuƐ� ŽĨ� ƌĞƐĞĂƌch� Ăt� Es��.� tĞ� hĂǀĞ� ĨŽunĚ� thĂt�
chƌŽnic� ŵĞthǇlphĞniĚĂtĞ� tƌĞĂtŵĞnt� ĂīĞctƐ� hippŽcĂŵpĂl�
nĞuƌŽǀĂƐculĂtuƌĞ͕� ŵĞŵŽƌǇ� pĞƌĨŽƌŵĂncĞ� ĂnĚ� thĞ� bƌĂin Ɛ͛�
iŵŵunĞ�pƌiǀilĞŐĞ�;�ŽĞlhŽ-^ĂntŽƐ�Ğt�Ăl.͕�ϮϬϭϴĂ͕�bͿ.�/n�ĂĚĚiƟŽn͕�
aquaporin-4 could be targeted against methamphetamine-
inĚucĞĚ� bƌĂin� ĂltĞƌĂƟŽnƐ� ;>ĞitĆŽ� Ğt� Ăl.͕� ϮϬϭϴͿ.
dhiƐ� ƐuŵŵĂƌǇ� ŽĨ� thĞ� ŵĂin� ĂchiĞǀĞŵĞntƐ� in� thĞ� Es���
linĞ� hiŐhliŐhtƐ� ƐŽŵĞ� ŽĨ� thĞ� iŵpŽƌtĂnt� cŽntƌibuƟŽnƐ�
ĨƌŽŵ� ƌĞƐĞĂƌch� ŐƌŽupƐ� in� thiƐ� ĂƌĞĂ.� WlĞĂƐĞ� ƌĞĨĞƌ� tŽ� thĞ�
inĚiǀiĚuĂl� Es��� ŐƌŽup� ƌĞpŽƌtƐ� ĨŽƌ� ŽthĞƌ� iŵpŽƌtĂnt�
ƐtuĚiĞƐ� ƌĞƐulƟnŐ� in� х� ϭϯϬ� publicĂƟŽnƐ� ĚuƌinŐ� ϮϬϭϴ.
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&hdhR��W>AE^

dhĞ� Es��� ƌĞƐĞĂƌchĞƌƐ� ǁill� cŽnƟnuĞ� tŽ� ĚĞǀĞlŽp� ƐtuĚiĞƐ�
tŽ� ĨuƌthĞƌ� unĚĞƌƐtĂnĚ� bƌĂin� ĨuncƟŽn� ĂnĚ� bƌĂin� ĚiƐĞĂƐĞƐ.�
/n� thĞ� nĞĂƌ� ĨutuƌĞ͕� ŽnŐŽinŐ� ƌĞƐĞĂƌch� ǁill� ƌĞƐult� in� ǀĞƌǇ�
ƌĞlĞǀĂnt� cŽntƌibuƟŽnƐ� ĨƌŽŵ� ũuniŽƌ� Es��� ŐƌŽup� lĞĂĚĞƌƐ͕�
Ğ.Ő.� in� thĞ� ĮĞlĚƐ� puƌinĞƐ� in� bƌĂin� ĚĞǀĞlŽpŵĞnt� ĂnĚ� bƌĂin�
ĚiƐĞĂƐĞƐ͕� in� unĚĞƌƐtĂnĚinŐ� pƌĞƐǇnĂpƟc� ŵĞchĂniƐŵƐ� ŽĨ�
nĞuƌŽtƌĂnƐŵiƐƐiŽn͕� ĂnĚ� in� thĞ� ƐtuĚǇ� ŽĨ� ƐǇnĂpƟc� ĂnĚ�
pŽƐtƐǇnĂpƟc� ĚĞnƐitǇ� pƌŽtĞinƐ� iŵplicĂtĞĚ� in� ĂuƟƐŵ� ĂnĚ�
ƐchiǌŽphƌĞniĂ� in� ƐpĞciĮc� cĞll-tǇpĞƐ� ĂnĚ� nĞuƌŽnĂl� ciƌcuitƐ.�
Kuƌ� ƐtuĚiĞƐ� ŽĨ� ĂŐĞ-ƌĞlĂtĞĚ� nĞuƌŽĚĞŐĞnĞƌĂƟŽn� ĂƌĞ�
pĂƌĂllĞlĞĚ� bǇ� thĞ� inǀĞƐƟŐĂƟŽn� ŽĨ� ĂŐinŐ� ĂƐ� Ă� ƌiƐŬ� ĨĂctŽƌ� ĨŽƌ�
chƌŽnic�ĚiƐĞĂƐĞƐ͕�ĂnĚ�ŽĨ� ƐtƌĂtĞŐiĞƐ� tŽ� ƌĞƐcuĞ�hǇpŽthĂlĂŵuƐ�
ĨuncƟŽnĂlitǇ� tŽ� ĚĞlĂǇ� thĞ� ĂŐinŐ� phĞnŽtǇpĞ͕� Ă� ƌĞƐĞĂƌch�
line that is gaining momentum in the NVBD area. 
dhĞ�cŽntƌibuƟŽn�ŽĨ� cliniciĂnƐ� tŽ� thĞ�Es��� linĞ�ŽĨ� ƌĞƐĞĂƌch�
hĂƐ� incƌĞĂƐĞĚ� in�ϮϬϭϳ͕�ǁith� iŵpŽƌtĂnt�publicĂƟŽnƐ� cŽŵinŐ�
Žut� ΀Ğ.Ő.� ^ĂƌŐĞntŽ-&ƌĞitĂƐ� Ğt� Ăl.͕� ϮϬϭϳ͖� �ĂƟƐtĂ� Ğt� Ăl.͕�
ϮϬϭϳ΁͖� it� iƐ� ĞǆpĞctĞĚ� thĂt� thĞ� linŬ� bĞtǁĞĞn� ĨunĚĂŵĞntĂl�
ƌĞƐĞĂƌchĞƌƐ� ĂnĚ� cliniciĂnƐ� iƐ� ƟŐhtĞnĞĚ� in� thĞ� ĨutuƌĞ.
Es���ŐƌŽupƐ�ĂƌĞ�ĚĞǀĞlŽpinŐ�nŽǀĞl�tŽŽlƐ�ĂnĚ�ŵĞthŽĚŽlŽŐiĞƐ͕�

incluĚinŐ� ǁĞb-ƐĞƌǀĞƌƐ� ĨŽƌ� cŽŵputĂƟŽnĂl� ŵĞthŽĚƐ͕�
thĞ� ŐĞnĞƌĂƟŽn� ŽĨ� nŽǀĞl� ĂniŵĂl� ŵŽĚĞlƐ͕� bƌĂin-ƌĞŐiŽn�
ƐpĞciĮc� ĂppƌŽĂchĞƐ� ĂnĚ� nĞǁlǇ� ĚĞƐiŐnĞĚ� biŽƐĞnƐŽƌƐ.�
�n�innŽǀĂƟǀĞ�ŵulƟŵŽĚĂl�ĂppƌŽĂch͕�ĞncŽŵpĂƐƐinŐ�ŵĞtĂbŽlic͕�
ĞlĞctƌic� ĂnĚ�hĞŵŽĚǇnĂŵic�ŵĞĂƐuƌĞŵĞnt͕� tĂilŽƌĞĚ� tŽ� ƐtuĚǇ�
ƐpƌĞĂĚ� ĚĞpŽlĂƌiǌĂƟŽn� ;^�Ϳ� ĞǀĞntƐ� in� ƌĂt� bƌĂin� hĂƐ� bĞĞn�
ĚĞǀĞlŽpĞĚ�;>ŽuƌĞnĕŽ�Ğt�Ăl.͕�ϮϬϭϳͿ͕�ĂnĚ�pƌŽǀiĚĞƐ�ƐiŵultĂnĞŽuƐ�
nĞuƌŽŵĞtĂbŽlic� ĂnĚ� ĞlĞctƌŽphǇƐiŽlŽŐicĂl� inĨŽƌŵĂƟŽn.�
dhĞ� intƌŽĚucƟŽn� ŽĨ� ŽptŽ-� ĂnĚ� chĞŵŽ-ŐĞnĞƟc� ŵĞthŽĚƐ� bǇ�
ƐĞǀĞƌĂl�ŐƌŽupƐ�ǁill�ĨuƌthĞƌ�ĞnhĂncĞ�ƌĞƐĞĂƌch�in�thĞ�Es���linĞ.
^ĞǀĞƌĂl� cŽllĂbŽƌĂƟǀĞ� pƌŽũĞctƐ� ĂŵŽnŐ� Es��� ŐƌŽupƐ�
hĂǀĞ� bĞĞn� iniƟĂtĞĚ͕� ĞnĂblinŐ� ŵulƟĚiƐciplinĂƌǇ� ĞīŽƌtƐ.�
DulƟplĞ� ƐtƌŽnŐ� cŽllĂbŽƌĂƟǀĞ� publicĂƟŽnƐ� hĂǀĞ� cŽŵĞ�
Žut� in� ϮϬϭϳ� ΀Ğ.Ő.� 'ŽnĕĂlǀĞƐ� Ğt� Ăl͕� ϮϬϭϳ͖� �ĂĞtĂnŽ� Ğt� Ăl.͕�
ϮϬϭϳ΁͕� ĂnĚ� ƐĞǀĞƌĂl� ƌĞƐĞĂƌchĞƌƐ� hĂǀĞ� bĞĞn� ƐuccĞƐƐĨul�
in� ũŽint� ĂpplicĂƟŽnƐ� ĨŽƌ� ĨunĚinŐ͕� plĂnƟnŐ� thĞ� ƐĞĞĚƐ�
ĨŽƌ� nĞǁ� ƐuccĞƐƐĨul� cŽllĂbŽƌĂƟǀĞ� ĞīŽƌtƐ� in� thĞ� ĨutuƌĞ͕�
thĂt� ĂĚĚ� tŽ� thĞ� ĞǆtĞnƐiǀĞ� nĞtǁŽƌŬ� ŽĨ� intĞƌnĂƟŽnĂl�
cŽllĂbŽƌĂƟŽnƐ� ŽĨ� thĞ� nĞuƌŽƐciĞncĞ� ŐƌŽupƐ� Ăt� �E�./�/>/.



ϭϭ

Carlos B Duarte                                  
   
�nĂ�>uşƐĂ��ĂƌǀĂlhŽ� � ����������������
�nĂ�>uşƐĂ��ŽlĂĕŽ��ĂƌĚŽƐŽ� �����������������
�ŵşliĂ��uĂƌtĞ� � �����������������
:ŽĆŽ�DiŐuĞl�WĞĕĂ-^ilǀĞƐtƌĞ� ����������������
DſnicĂ�^ĂntŽƐ� � �����������������
Paulo Pinheiro                  
Ramiro Almeida                   
Sandra Santos                   
Angela Inácio                  
Catarina Morais Seabra                 
Dominique Fernandes                  
'lĂĚǇƐ��ĂlĚĞiƌĂ� � �����������������
/ǀĂn�^ĂlĂǌĂƌ� � �����������������
:ŽĂnĂ�'uĞĚĞƐ� � �����������������
>ĂƌĂ�KliǀĞiƌĂ�&ƌĂncŽ� �����������������
DĂƌilinĞ�^ilǀĂ� � �����������������
Miranda Mele                   
DŽhĂŵĞĚ�,uƐƐĞin� � �����������������
Rui Costa                                     
�nĂ�ZĂĨĂĞlĂ�KliǀĞiƌĂ�
Beatriz Rodrigues   
Debora Serrenho   
Diana Sequeira   
Diogo Tomé   
Filipe Duarte   
:ĞĂnnĞttĞ�^chŵiĚt� � �
:ĞƐƐicĂ��ŽƐtĂ� � �
>uşƐ�DĂƌtinƐ� � �
Marcos Gomes   
DĂƌiĂnĂ�>ĂƌĂnũŽ� � �
Marina Rodrigues   
DĄƌiŽ��ĂƌǀĂlhŽ� � �
Marta Pereira   
W�^Yh�>/EK����>h��� �
ZĂĨĂĞl��ĂƌǀĂlhŽ� �
Cinzia Miarelli   
EunŽ��ĞltƌĆŽ�DĂƌƋuĞƐ�� �
 
   
 

  
:ŽĆŽ��ntſniŽ�>ĂƌĂnũinhĂ�
   
�nĂ�DĂƌŐĂƌiĚĂ�ĚĂ��ƌuǌ�>ĞĚŽ� �
Diana Serra    
>ĞŽnŽƌ��lŵĞiĚĂ� �
Rui Barbosa   
Teresa Dinis   
Barbara Rocha  
Catia Marques   
Cândida Dias   
:ŽĆŽ�'ŽnĕĂlǀĞƐ� � �

Wh��;,ĞĂĚ�ŽĨ�'ƌŽupͿ

PhD
PhD
PhD
PhD
PhD
PhD
PhD
PhD
Post Doctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
MSc Student
MSc Student

Wh��;,ĞĂĚ�ŽĨ�'ƌŽupͿ

PhD
PhD 
PhD
PhD
PhD
Post Doctoral Fellow
Post Doctoral Fellow
PhD Student
PhD Student

^ǇŶĂƉƐĞ��ŝŽůŽŐǇ�'ƌŽƵƉ

RĞĚŽǆ��ŝŽůŽŐǇ�ĂŶĚ��ƌĂŝŶ�^ĞŶƐŝŶŐ�'ƌŽƵƉ

�lĄuĚiĂ��ĂǀĂĚĂƐ����Wh�;,ĞĂĚ�ŽĨ�'ƌŽupͿ
   
Alexandrina Ferreira Mendes      
�nĂ�ĚŽƐ�^ĂntŽƐ��ĂƌǀĂlhŽ� �
�nĂ�dĞƌĞƐĂ�ZuĨinŽ� � �
�ĂĞtĂnĂ��ĂƌǀĂlhŽ� � �
�ĠliĂ��ǀĞlĞiƌĂ� � �
&ĞƌnĂnĚŽ�:uĚĂƐ� �
�nĂ�ZitĂ��lǀĂƌŽ�����
^ĂƌĂ�^ilǀĂ���������������
�ntſniŽ�WĞĚƌŽ�'ŽŵĞƐ�
�nĚƌĠ��ĂƌǀĂlhŽ�
,ĞlĞnĂ�>ĞĂl� �
Inês Ferreira   
Inês Ferreira   
>ĞĂticiĂ�'ĂƐpĂƌ� �
Marisa Marques  
:ŽĆŽ�WĞĚƌŽ�KliǀĞiƌĂ���
:ŽĂƋuiŵ�DŽitĂ� �
Alexander Santos  
Ana Catarina Franco 
Ana Rita Fernandes 
Caren  Rodrigues  
:ŽĆŽ��ĂƌĚŽƐŽ�
Cátia Sousa   
   
 

 
Miguel Castelo-Branco  
   
�lĚinĂ��ŽncĞiĕĆŽ�WiƌĞƐ�ZĞiƐ� �
Andreia Rosa    
�ntĞƌŽ��ĨŽnƐŽ�ĚĞ��bƌunhŽƐĂ��
�ĂƌbĂƌĂ�ĚŽƐ�^ĂntŽƐ�KliǀĞiƌŽƐ� �
Francisco Caramelo   
&ƌĂnciƐcŽ��ĞƌƋuĞiƌĂ��lǀĞƐ� �
Gabriel Ferreira da Costa  
'uiŽŵĂƌ�'ŽnĕĂlǀĞƐ�KliǀĞiƌĂ� �
Inês Ribeiro Violante  
:ŽĆŽ�^ĂntŽƐ�WĞƌĞiƌĂ�� �
:ŽĂƋuiŵ��ĂƌlŽƐ�EĞtŽ�DuƌtĂ� �
:ŽƌŐĞ�ĚĞ��nĚƌĂĚĞ�^ĂƌĂiǀĂ� �
:ŽƐĠ�WĂulŽ��ŽŵinŐuĞƐ� �
:ŽƐĠ�sştŽƌ�KliǀĞiƌĂ�^ĞƌĞnŽ� �
>uşƐ�&ilipĞ��ĂƐĞiƌŽ��lǀĞƐ�
Dǐ��ŽncĞiĕĆŽ�ĚĂ�&ŽnƐĞcĂ� �
Dǐ��ƌiƐtinĂ�:ĂnuĄƌiŽ�^ĂntŽƐ� �
Dǐ�&ĄtiŵĂ�^ilǀĂ� � �
Dǐ�:ŽĆŽ�siĚiŐĂl� � �
EunŽ��ĂǀiĚ�&ĞƌƌĞiƌĂ� �
Otilia D´Almeida    
Pedro Miguel Serrenho  
ZuĨinŽ�DĂƌtinƐ�ĚĂ�^ilǀĂ� �

EĞƵƌŽĞŶĚŽĐƌŝŶŽůŽŐǇ�ĂŶĚ�AŐŝŶŐ�'ƌŽƵƉ�

Wh��;,ĞĂĚ�ŽĨ�'ƌŽupͿ

PhD
PhD
PhD
PhD
PhD
PhD
Post Doctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
MD
MD
MSc Student
MSc Student
MSc Student
MSc Student
MSc Student
Collaborator

Wh��;,ĞĂĚ�ŽĨ�'ƌŽupͿ

PhD
PhD 
PhD
PhD
PhD
PhD
PhD
PhD
PhD
PhD
PhD
PhD
PhD
PhD
PhD
PhD
PhD
PhD
PhD
PhD
PhD
PhD
PhD

sŝƐŝŽŶ͕� �ƌĂŝŶ� /ŵĂŐŝŶŐ� ĂŶĚ� �ŽŐŶŝƟǀĞ� EĞƵƌŽƐĐŝĞŶĐĞ�
'ƌŽƵƉ�



ϭϮ

Wh��;,ĞĂĚ�ŽĨ�'ƌŽupͿ
  
PhD 
PostDoctoral Fellow
PostDoctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
PhD Student 
PhD Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 

Ana Cristina Rego  
   
/lĚĞtĞ�>uşƐĂ��ƌĂuũŽ�&ĞƌƌĞiƌĂ� �
�ĂƌlĂ�EunĞƐ�>ŽpĞƐ� �
�liƐĂbĞtĞ�&ĞƌƌĞiƌŽ�
>uĂnĂ�EĂiĂ�
Sandra Mota 
>şŐiĂ�&ĆŽ� �
ZŽĚŽlĨŽ��ŐuĂƐ� �
�ƌunŽ�:ŽƐĠ�DŽƌĂĞƐ��
�ĂniĞlĂ�DĂƌinhŽ�>ŽpĞƐ�
Margarida Beatriz  
Olga Fokt   
Vera Martinho Pais   

WƵƌŝŶĞƐ�ŝŶ�ďƌĂŝŶ�ĚŝƐĞĂƐĞƐ�'ƌŽƵƉ�

Rui Manuel Bernardes 
^ĠƌŐiŽ�:ŽƐĠ�ĚŽ��ĂƌŵŽ�
�ƌunŽ�DiŐuĞl�>ĞitĆŽ
,ĞlĞnĂ��ĂtĂƌinĂ�WĞƌĞiƌĂ� �
Inês Bernardino  
Inês Teixeira de Almeida   
:ŽĂnĂ��ƌiƐſƐtŽŵŽ�ĚĂ�^ilǀĂ� �
:ŽĂnĂ�dĞƌĞƐĂ�'ŽnĕĂlǀĞƐ� �
:ŽĆŽ�&ilipĞ�DĂƌtinƐ� �
:ŽĆŽ�DiŐuĞl���ĂƐtĞlhĂnŽ� �
:ŽĂŽ�WĞƌĞiƌĂ�&iŐuĞiƌĂ� �
:ŽĂŽ�sĂlĞntĞ��uĂƌtĞ� �
:ŽƐĠ�DiŐuĞl�dĞlĞƐ� �
Dǐ�:ŽƐĠ��ƌĂŐĂ�ZibĞiƌŽ� �
�lĞǆĂnĚƌĞ�^ĂǇĂl� �
Ana Isabel Rodrigues 
Ana Maria Baptista 
�nĚƌĞiĂ�^ŽĨiĂ�WĞƌĞiƌĂ�
Carlos Manuel Amaral 
�ĂƌŽlinĂ�KliǀĞiƌĂ��lǀĞƐ�
&ilipĂ�>iŵĂ�:ƷliŽ� �
,ĠliŽ�:ŽƌŐĞ�'ŽnĕĂlǀĞƐ�
,uŐŽ��lĞǆĂnĚƌĞ�YuĞntĂl�
DĂƌcŽ��ntſniŽ�^iŵƁĞƐ�
Marta Cristina Teixeira 
Nádia Canário  
^uƐĂnĂ�&iŐuĞiƌĞĚŽ�Ğ�^ilǀĂ
Susana Isabel Mouga 
dĂƌcşcƐiŽ�'uiŵĂƌĆĞƐ�
César Alesandro Nunes  
DĂƌŐĂƌiĚĂ�'ŽnĕĂlǀĞƐ�DĂƌƋuĞƐ�
DĂƌiĂ�>uşƐĂ�ZibĞiƌŽ�� �
WĞĚƌŽ�>uşƐ�&ŽnƐĞcĂ� � �
�nĂ��ƌuǌ��iŽnşƐiŽ�
:ŽĆŽ��nĚƌĠ�WĞƌĞiƌĂ� �
sitŽƌ�,uŐŽ��lǀĞƐ� �
Isabel Catarina Duarte 
Maria de Fátima Machado   

PhD
PhD
Post Doctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
PhD Student
MD
MD
MD
MD
Grant Technician
Grant Technician
Grant Technician
Technician
Technician

Post Doctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
Post Doctoral Fellow
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
MSc Student 
 MSc Student 
MSc Student 
MSc Student 
Grant Technician 

sŝƐŝŽŶ͕� �ƌĂŝŶ� /ŵĂŐŝŶŐ� ĂŶĚ� �ŽŐŶŝƟǀĞ� EĞƵƌŽƐĐŝĞŶĐĞ�
'ƌŽƵƉ�

WƵƌŝŶĞƐ�ŝŶ�ďƌĂŝŶ�ĚŝƐĞĂƐĞƐ�'ƌŽƵƉ�
Rodrigo Cunha
   
�ĚĞƌbĂl�:uniŽƌ� � �
�nŐĞlĂ�&ƌĂnĕĂ� � �
Angelo Tomé   
�ttilĂ�<ŽĨĂlǀi� � �
Geanne Andrade   
,ĞnƌiƋuĞ�^ilǀĂ� � �
:ŽĂnĂ�DĞĚĞiƌŽƐ�siĞiƌĂ�DĂƌƋuĞƐ�
Paula Agostinho   
ZicĂƌĚŽ�:ŽƌŐĞ�ZŽĚƌiŐuĞƐ�� �
Rui Prediger   
�nĂ�WĂtƌiciĂ�^iŵƁĞƐ��

&ƌĂnciƐcŽ�YuĞiƌſǌ�'ŽnĕĂlǀĞƐ�
:ŽĆŽ�WĞĚƌŽ�>ŽpĞƐ�
Paula Canas 
Samira Ferreira 
Ana Margarida Ribeiro 
�nnĂ�WliĄƐƐŽǀĂ�
�ĂtĂƌinĂ�/ƐĂbĞl�>ĞitĆŽ�
�ĄtiĂ�>ŽpĞƐ� �
Daniela Madeira  
Inês Amaral 
>iliĂnĂ��iĂƐ� �
>iƐiĂnĞ�^ŽuǌĂ� �
Mara Fernandes  
Marlene Pereira  
Pedro Valada  
^ŽĨiĂ��lĞǆĂnĚƌĂ�&ĞƌƌĞiƌĂ�
yinli�yu� � �
Ana Sá   
:ŽĆŽ�DiŐuĞl�ZŽchĂ� �
Marlene Domingues 
sĂnĞƐƐĂ�>ŽuƌĞnĕŽ� �
Sara Reis  

Wh��;,ĞĂĚ�ŽĨ�'ƌŽupͿ

PhD
PhD
PhD
PhD
PhD
PhD
PhD
PhD
PhD
PhD
Post Doctoral Fellow

DŝƚŽĐŚŽŶĚƌŝĂ� ĂŶĚ� EĞƵƌŽĚĞŐĞŶĞƌĂƟǀĞ� �ŝƐŽƌĚĞƌƐ�
'ƌŽƵƉ� � �

AŐŝŶŐ� ĂŶĚ� �ƌĂŝŶ� �ŝƐĞĂƐĞƐ͗� AĚǀĂŶĐĞĚ� �ŝĂŐŶŽƐŝƐ� ĂŶĚ�
�ŝŽŵĂƌŬĞƌƐ�'ƌŽƵƉ� � �

�ĂtĂƌinĂ�ZĞƐĞnĚĞ�KliǀĞiƌĂ� �  
 
�ƌunŽ�:ŽƐĠ�&ĞƌnĂnĚĞƐ�K.�DĂnĂĚĂƐ�
/nġƐ��ƐtĞǀĞƐ��ĂlĚĞiƌĂƐ� �
Isabel Maria Marques Carreira 
:ŽĂƋuiŵ�DĂnuĞl�^ŽĂƌĞƐ��ĞƌĞũĞiƌĂ�
Maria do Rosario Almeida  

Wh��;,ĞĂĚ�ŽĨ�'ƌŽupͿ 
 
PhD 
PhD 
PhD 
PhD 
PhD 
 



ϭϯ

PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
Post Doctoral Fellow
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PhD 
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AŐŝŶŐ� ĂŶĚ� �ƌĂŝŶ� �ŝƐĞĂƐĞƐ͗� AĚǀĂŶĐĞĚ� �ŝĂŐŶŽƐŝƐ� ĂŶĚ�
�ŝŽŵĂƌŬĞƌƐ�'ƌŽƵƉ� � �

DĂƌiĂ�:ŽĂnĂ�>iŵĂ��ĂƌbŽƐĂ�ĚĞ�DĞlŽ�
Maria Manuela Monteiro Grazina  
,ĞlĞnĂ�DĂƌiĂ�>ŽuƌĞnĕŽ��ĂƌǀĂlhĞiƌŽ� �
�ĄtiĂ�:ŽĆŽ�DŽntĞiƌŽ�ĚĂ�^ĂntĂ�
Diana Filipa Dias Duro 
Inês Isabel Nunes Caramelo 
/nġƐ�DĂƌtinƐ�DĂlǀĂ��ŽƌƌĞiĂ�
:ŽĂnĂ��ĂtĂƌinĂ��ŵĂƌĂl�WintŽ�
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DiŐuĞl��ntſniŽ�dĄbuĂƐ��unhĂ�WĞƌĞiƌĂ�
Ricardo Manuel F. M. Félix de Morais 
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Celia Margarida Alcobia Gomes 
&ƌĂnciƐcŽ�:ŽƐĞ�^ĂlĞƐ��lŵĞiĚĂ�/nĂciŽ�
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�ntſniŽ��ĂŵpŽƐ� �
Carlos Marto  
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>ĞŽnŽƌ��ĂƌƌŽƐŽ� �
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Ricardo Martins  
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^zEAW^���/K>K'z�ͮ��;Head: Carlos B. DuarteͿ

K�:��d/s�^

ZĞƐĞĂƌch�in�thĞ�͚ ^ǇnĂpƐĞ��iŽlŽŐǇ͛�ŐƌŽup�
ĂiŵƐ�Ăt�unĚĞƌƐtĂnĚinŐ�thĞ�pŽƐtƐǇnĂpƟc�
ŵŽlĞculĂƌ� pĂthǁĂǇƐ� cŽntƌŽllinŐ� thĞ�
ĂcƟǀitǇ� ŽĨ� ŐlutĂŵĂtĞƌŐic� ƐǇnĂpƐĞƐ�
unĚĞƌ�nŽƌŵĂl�phǇƐiŽlŽŐicĂl�cŽnĚiƟŽnƐ.�
,Žǁ� ĚǇƐƌĞŐulĂƟŽn� ŽĨ� ŐlutĂŵĂtĞƌŐic�
ƐǇnĂpƐĞƐ�cŽntƌibutĞ�tŽ�pƐǇchiĂtƌic��ĂnĚ�
ĂcutĞ�ĚiƐŽƌĚĞƌƐ�ŽĨ� thĞ�nĞƌǀŽuƐ�ƐǇƐtĞŵ�
iƐ�ĂlƐŽ�inǀĞƐƟŐĂtĞĚ�bǇ�thiƐ�ŐƌŽup.�
�ŽpĂŵinĞ� ƌĞcĞptŽƌƐ�plĂǇ�Ă�ŬĞǇ� ƌŽlĞ� in�
thĞ� ŵŽĚulĂƟŽn� ŽĨ� ƐǇnĂpƟc� ĂcƟǀitǇ͕ �
ĂnĚ� ĂltĞƌĂƟŽnƐ� in� ĚŽpĂŵinĞƌŐic�
nĞuƌŽtƌĂnƐŵiƐƐiŽn� hĂǀĞ� ĂlƐŽ� bĞĞn�
ĂƐƐŽciĂtĞĚ� ǁith� nĞuƌŽpƐǇchiĂtƌic�
ĚiƐŽƌĚĞƌƐ.� KnĞ� ĂĚĚiƟŽnĂl� ŐŽĂl� ŽĨ� thĞ�
group is to understand the molecular 
ŵĞchĂniƐŵƐ� cŽntƌŽllinŐ� thĞ�ĂcƟǀitǇ�ŽĨ�
dopamine receptors.

^ǇŶĂƉƐĞ�ĨƵŶĐƟŽŶ�ĂŶĚ�ĚǇƐĨƵŶĐƟŽŶ�ŝŶ�
ďƌĂŝŶ�ĚŝƐŽƌĚĞƌƐ

dhĞ�ĂbilitǇ�ŽĨ�ƐǇnĂpƐĞƐ�tŽ�chĂnŐĞ�thĞiƌ�
strength is thought to be the cellular 
cŽƌƌĞlĂtĞ� ŽĨ� lĞĂƌninŐ� ĂnĚ� ŵĞŵŽƌǇ.�
^ǇnĂpƟc� ĚǇƐĨuncƟŽn� iƐ� Ă� hĂllŵĂƌŬ� ŽĨ�
nĞuƌŽpƐǇchiĂtƌic� ĚiƐŽƌĚĞƌƐ͕� ĂnĚ� it� iƐ�
Ăn� ĞĂƌlǇ� ĞǀĞnt� in� nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ�
ĚiƐŽƌĚĞƌƐ.� tĞ� uƐĞ� Ă� cŽŵbinĂƟŽn� ŽĨ�
tĞchniƋuĞƐ�Ɛuch�ĂƐ�pƌiŵĂƌǇ�cultuƌĞƐ�ŽĨ�
dissociated neurons and brain slices, 
biŽchĞŵiƐtƌǇ͕ � ŵŽlĞculĂƌ� ĂnĚ� cĞllulĂƌ�
biŽlŽŐǇ͕ � ŵŽuƐĞ� ŵŽlĞculĂƌ� ŐĞnĞƟcƐ͕�
ĞlĞctƌŽphǇƐiŽlŽŐǇ�ĂnĚ�bĞhĂǀiŽƌ�ĂnĂlǇƐiƐ�
tŽ� ĂĚĚƌĞƐƐ� thĞ� ƌŽlĞ� ŽĨ� ŵŽlĞculĂƌ�
plĂǇĞƌƐ�thĂt�ƌĞŐulĂtĞ�ƐǇnĂpƟc�ĨuncƟŽn.�

&uƌthĞƌŵŽƌĞ͕� ǁĞ� inǀĞƐƟŐĂtĞ� ĚiƐĞĂƐĞ-
ƌĞlĂtĞĚ�ĂltĞƌĂƟŽnƐ�in�ƐǇnĂpƟc�ĨuncƟŽn͕�
ĞithĞƌ�ŐĞnĞƟc�Žƌ�tƌiŐŐĞƌĞĚ�bǇ�ĂnƟbŽĚiĞƐ�
pƌŽĚucĞĚ� bǇ� ĂutŽiŵŵunĞ� ƐǇnĂpƟc�
ĞncĞphĂliƟƐ� pĂƟĞntƐ͕� tŽ� unĚĞƌƐtĂnĚ�
hŽǁ� ƐǇnĂpƟc� ĚǇƐĨuncƟŽn� unĚĞƌliĞƐ�
ĚiƐĞĂƐĞ�pĂthŽŐĞnĞƐiƐ.�dhiƐ�ĨunĚĂŵĞntĂl�
ƌĞƐĞĂƌch� hĂƐ� ƐtƌŽnŐ� iŵplicĂƟŽnƐ� tŽ�
cŽŐniƟǀĞ� ĚiƐŽƌĚĞƌƐ͕� ƐincĞ� ŐĞnĞƟc�
ǀĂƌiĂntƐ� in� ŵulƟplĞ� ƐǇnĂpƟc� pƌŽtĞinƐ�
ĂƌĞ� linŬĞĚ� tŽ� intĞllĞctuĂl� ĚiƐĂbilitǇ͕ �
schizophrenia, bipolar disorder and 
ĂuƟƐŵ�ƐpĞctƌuŵ�ĚiƐŽƌĚĞƌƐ.�Kuƌ�cĞllulĂƌ�
and molecular studies and the animal 
ŵŽĚĞlƐ�thĂt�ǁĞ�ĂƌĞ�ŐĞnĞƌĂƟnŐ�cĂn�ĂlƐŽ�
cŽntƌibutĞ�tŽ�thĞ�ƌĂƟŽnĂl�ĚĞǀĞlŽpŵĞnt�
ŽĨ�thĞƌĂpiĞƐ�ĨŽƌ�thĞƐĞ�ĚiƐĞĂƐĞƐ.

AůƚĞƌĂƟŽŶƐ�ŝŶ�ƉƌŽƚĞŽƐƚĂƐŝƐ�ĂŶĚ�
ŶĞƵƌŽŶĂů�ĚĞĂƚŚ�ŝŶ�ďƌĂŝŶ�ŝƐĐŚĞŵŝĂ

WƌĞǀiŽuƐ� ƐtuĚiĞƐ� bǇ� thiƐ� ŐƌŽup͕� ĂƐ�
ǁĞll� ĂƐ� ĨƌŽŵ� ŽthĞƌ� lĂbŽƌĂtŽƌiĞƐ͕�
hĂǀĞ� ƐhŽǁn� thĂt� thĞ� ĞǆcĞƐƐiǀĞ�
ĂcƟǀĂƟŽn� ŽĨ� ŐlutĂŵĂtĞ� ƌĞcĞptŽƌƐ�
iƐ� cŽuplĞĚ� tŽ� Ă� ĚǇƐƌĞŐulĂƟŽn� ŽĨ�
the proteostasis in brain ischemia. 
,ŽǁĞǀĞƌ͕ � thĞ� ĚĞtĂilĞĚ� ŵŽlĞculĂƌ�
ŵĞchĂniƐŵƐ� inǀŽlǀĞĚ͕� ĂnĚ� thĞiƌ�
ƌĞlĂƟǀĞ� ƌŽlĞ� in� nĞuƌŽnĂl� ĚĞĂth͕�
hĂǀĞ� nŽt� bĞĞn� ĨullǇ� ĞluciĚĂtĞĚ.�

ŝŝͿ�^ƚƌƵĐƚƵƌĂů�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ�
ƉƌŽƚĞŝŶͲďĂƐĞĚ�ŝŶƚĞƌĂĐƟŽŶƐ

�uƌinŐ� thĞ� ƌĞpŽƌƟnŐ� pĞƌiŽĚ͕� thĞ� ŐŽĂl�
hĂƐ�bĞĞn:�
�uƌinŐ�thĞ�ƌĞpŽƌƟnŐ�pĞƌiŽĚ͕�thĞ�ŐŽĂl�
hĂƐ�bĞĞn:� 

ϭ.� thĞ� ĞƐtĂbliƐhŵĞnt� ŽĨ� pƌŽtŽcŽlƐ�
ĂnĚ� ŵĞthŽĚƐ� tŽ� ƐtuĚǇ� WƌŽtĞin-
WƌŽtĞin� /ntĞƌĨĂcĞƐ� ;WW/ƐͿ�
inǀŽlǀinŐ� ŵĞŵbƌĂnĞ� pƌŽtĞinƐ͖ 

Ϯ.�thĞ�unĚĞƌƐtĂnĚinŐ�ŽĨ�liŐĂnĚ�cŽuplinŐ�
ƐpĞciĮcitǇ� ŽĨ� '-pƌŽtĞin� �ŽuplĞĚ�
Receptors (GPCRs) complexes, 
pĂƌƟculĂƌlǇ�ĚŽpĂŵinĞ�ƌĞcĞptŽƌƐ.�

dhiƐ�ŐƌŽup�uƐĞƐ�in�ǀitƌŽ�;K'��-�ŽǆǇŐĞn�
ĂnĚ� ŐlucŽƐĞ� ĚĞpƌiǀĂƟŽn� ĂnĚ� nĞuƌŽnĂl�
cultuƌĞƐͿ� ĂnĚ� in� ǀiǀŽ� ŵŽĚĞlƐ� ;D��K�
-� ŵiĚĚlĞ� cĞƌĞbƌĂl� ĂƌtĞƌǇ� ŽccluƐiŽnͿ� ŽĨ��
bƌĂin� iƐchĞŵiĂ� tŽ�ĞluciĚĂtĞ�ĂltĞƌĂƟŽnƐ�
in�nĞuƌŽnĂl�pƌŽtĞŽƐtĂƐiƐ�ĨŽllŽǁinŐ�bƌĂin�
ischemia, and their impact in neuronal 
demise. 
/n� pĂƌƟculĂƌ͕ � thĞ� ƐtuĚiĞƐ� ĂĚĚƌĞƐƐ� thĞ�
ĂltĞƌĂƟŽnƐ� in� thĞ� intĞƌplĂǇ� bĞtǁĞĞn�
thĞ� ubiƋuiƟn-pƌŽtĞĂƐŽŵĞ� ƐǇƐtĞŵ� ĂnĚ�
calpains.

DA/E�A�,/�s�D�Ed^

ŝͿ�'ůƵƚĂŵĂƚĞƌŐŝĐ�ƐǇŶĂƉƐĞ�ĨƵŶĐƟŽŶ�ĂŶĚ�
ĚǇƐĨƵŶĐƟŽŶ�ŝŶ�ďƌĂŝŶ�ĚŝƐŽƌĚĞƌƐ

W/͗��ĂƌůŽƐ��͘��ƵĂƌƚĞ

ϭ.� ��E&� ǁĂƐ� ĨŽunĚ� tŽ� upƌĞŐulĂtĞ�
ƐǇnĂpƟc� ĞǆpƌĞƐƐiŽn� ĂnĚ� ĂcƟǀitǇ� ŽĨ�
GluN2B-containing NMDA receptors 
bǇ� ĞnhĂncinŐ� lŽcĂl� tƌĂnƐlĂƟŽn� ŽĨ� thĞ�
WǇŬϮ� ŬinĂƐĞ� in� cultuƌĞĚ� hippŽcĂŵpĂl�
nĞuƌŽnƐ.� hnĚĞƌ� thĞ� ƐĂŵĞ� cŽnĚiƟŽnƐ�
thĞ� WǇŬϮ� ŵZE�� ǁĂƐ� ƌĞlĞĂƐĞĚ� ĨƌŽŵ�
hnZEW� <͕� ĂnĚ� thiƐ� ZE�� binĚinŐ�
pƌŽtĞin� ǁĂƐ� ĂlƐŽ� nĞcĞƐƐĂƌǇ� ĨŽƌ� thĞ�
upƌĞŐulĂƟŽn�in�thĞ�ƐǇnĂpƟc�ĞǆpƌĞƐƐiŽn�
ŽĨ� 'luEϮ�-cŽntĂininŐ� ED���
ƌĞcĞptŽƌƐ� ;�ĨŽnƐŽ� Ğt� Ăl.� in� pƌĞƐƐͿ.
dhĞƐĞ�ĂltĞƌĂƟŽnƐ�ŵĂǇ�ĂccŽunt͕�Ăt�lĞĂƐt

� in� pĂƌt͕� ĨŽƌ� thĞ� ĞīĞctƐ� ŽĨ� ��E&� in�
lŽnŐ-tĞƌŵ� ƐǇnĂpƟc� pŽtĞnƟĂƟŽn�
;>dWͿ� in� thĞ� hippŽcĂŵpuƐ.
Ϯ.� dhĞ� upƌĞŐulĂƟŽn� in� ŐlutĂŵĂtĞƌŐic�
ĂcƟǀitǇ� in� hippŽcĂŵpĂl� nĞuƌŽnƐ�
tƌĂnƐiĞntlǇ� incubĂtĞĚ� in�Ă�ƐĂlt�ƐŽluƟŽn�
lĂcŬinŐ� DŐϮн͕� Ăn� in� ǀitƌŽ� ŵŽĚĞl� ŽĨ�
ĞpilĞptŽŐĞƐiƐ͕�ǁĂƐ�ĨŽunĚ�tŽ�ĚĞcƌĞĂƐĞ�thĞ�
ƐǇnĂpƟc� ƐtĂbilitǇ� ŽĨ� '����� ƌĞcĞptŽƌƐ�
in cultured hippocampal neurons.
ϯ.�dhĞ�ĞǆcĞƐƐiǀĞ�ĂcƟǀitǇ�ŽĨ�ŐlutĂŵĂtĞƌŐic�
ƐǇnĂpƐĞƐ� in� bƌĂin� iƐchĞŵiĂ
is coupled to neuronal death.

�ultuƌĞĚ� cŽƌƟcĂl� nĞuƌŽnƐ� ƐubũĞctĞĚ�
tŽ� ŽǆǇŐĞn� ĂnĚ� ŐlucŽƐĞ� ĚĞpƌiǀĂƟŽn�
;K'�Ϳ͕� Ăn� in� ǀitƌŽ� ŵŽĚĞl� ŽĨ� bƌĂin�
iƐchĞŵiĂ͕� ƐhŽǁĞĚ� Ă� ĚiƐĂƐƐĞŵblǇ� ŽĨ�
thĞ� pƌŽtĞĂƐŽŵĞ� ĨŽllŽǁĞĚ� bǇ� nĞuƌŽnĂl�
ĚĞĂth.� /n� cŽntƌĂƐt� ǁith� thĞ� ĞīĞctƐ�
on the proteasome, OGD induces 
thĞ� ĂcƟǀĂƟŽn� ŽĨ� cĂlpĂinƐ͕� Ă� ŐƌŽup�
ŽĨ� �ĂϮн-ĚĞpĞnĚĞnt� pƌŽtĞĂƐĞƐ͕�
and our work showed a cross-talk 
bĞtǁĞĞn� thĞ� tǁŽ� pƌŽtĞŽlǇƟc� ƐǇƐtĞŵƐ�
;^ĂlĂǌĂƌ� Ğt� Ăl.͕� in� pƌĞpĂƌĂƟŽnͿ.



ϭϱ

W/͗�AŶĂ�>ƵşƐĂ��ĂƌǀĂůŚŽ

ϰ.� tĞ� hĂǀĞ� iĚĞnƟĮĞĚ� ŵulƟplĞ�
ŵŽlĞculĂƌ� ƌĞŐulĂtŽƌƐ� ŽĨ� hŽŵĞŽƐtĂƟc�
ĨŽƌŵƐ� ŽĨ� ƐǇnĂpƟc� plĂƐƟcitǇ͕ � Ɛuch� ĂƐ�
ŵiZE�-ϭϴϲ-ϱp� ;^ilǀĂ� Ğt� Ăl.͕� ϮϬϭϵͿ� ĂnĚ�
ƐtĂƌŐĂǌin� ĚĞphŽƐphŽƌǇlĂƟŽn� ;>ŽuƌŽƐ�
et al., 2018). miRNA-186-5p regulates 
thĞ� Ɛubunit� cŽŵpŽƐiƟŽn� ŽĨ� �DW��
ƌĞcĞptŽƌƐ͕� bǇ� tĂƌŐĞƟnŐ� thĞ� 'lu�Ϯ�
AMPA receptor subunit. Stargazin 
ĚĞphŽƐphŽƌǇlĂƟŽn� ŵĞĚiĂtĞƐ� chĂnŐĞƐ�
in�ƐtĂƌŐĂǌin�cĞll�ƐuƌĨĂcĞ�ŵŽbilitǇ�ĂnĚ�in�
ƐǇnĂpƟc�ƐcĂlinŐ.
ϱ.� tĞ� hĂǀĞ� chĂƌĂctĞƌiǌĞĚ� Ă�
nĞǁlǇ� ĚĞƐcƌibĞĚ� ƌŽlĞ� ĨŽƌ� thĞ� cĞll�
adhesion molecule Caspr2 in 
ƌĞŐulĂƟnŐ� ĞǆcitĂtŽƌǇ� ƐǇnĂpƟc�
transmission (Fernandes et al., 2019).  
��^WZϮ� iƐ� ĂlƐŽ� Ăn� ĂutŽ-ĂnƟŐĞn� in�
ƐǇnĂpƟc� ĂutŽiŵŵunĞ� ĞncĞphĂliƟƐ͕�
ĂnĚ� ǁĞ� ĨŽunĚ� thĂt� ĂnƟ-��^WZϮ�
ĂutŽĂnƟbŽĚiĞƐ� ĨƌŽŵ� pĂƟĞntƐ� ĚiƐƌupt�
thĞ� ƌŽlĞ� ŽĨ� �ĂƐpƌϮ� in� ƌĞŐulĂƟnŐ�
�DW�� ƌĞcĞptŽƌ� ĨuncƟŽn� ĂnĚ� ƐǇnĂpƟc�
tƌĂnƐŵiƐƐiŽn�in�thĞ�ǀiƐuĂl�cŽƌtĞǆ.
ϲ.� dŽŐĞthĞƌ�ǁith� thĞ�ŐƌŽup�ŽĨ� >ĂuƌĞnt�
'ƌŽc�Ăt�thĞ�//E^͕�hniǀĞƌƐitǇ�ŽĨ��ŽƌĚĞĂuǆ͕�
ǁĞ� hĂǀĞ� uƐĞĚ� ƐupĞƌ-ƌĞƐŽluƟŽn�
ŵicƌŽƐcŽpǇ� ŵĞthŽĚƐ� tŽĚĞƐcƌibĞ�
thĞ� tŽpŽŐƌĂphic� ŽƌŐĂniǌĂƟŽn� ŽĨ�
nĂnŽĚŽŵĂinƐ� ĨŽƌŵĞĚ� bǇ� ED���
ƌĞcĞptŽƌƐ� Ăt� ƐǇnĂpƐĞƐ� in� hippŽcĂŵpĂl�
nĞuƌŽnƐ͕� ĂnĚ� tŽ� iĚĞnƟĨǇ� ĚiīĞƌĞnƟĂl�
ĚĞtĞƌŵinĂntƐ� ĨŽƌ� 'luEϮ�-� ĂnĚ�
GluN2B-containing NMDA receptors 
nĂnŽƐtƌuctuƌĞ� ;<ĞllĞƌŵĂǇĞƌ� Ğt� Ăl.͕�
2018).

W/͗�:ŽĆŽ�WĞĕĂ

ϳ.� tĞ� hĂǀĞ� ĨŽunĚ� thĂt� pĂƌǀĂlbuŵin�
;WsͿ-pŽƐiƟǀĞ� intĞƌnĞuƌŽnƐ� cŽntƌibutĞ�
tŽ�thĞ�ciƌcuit�ĂnĚ�bĞhĂǀiŽƌĂl�ĚǇƐĨuncƟŽn�
in� 'WZ�^WϮ� cŽnĚiƟŽnĂl� ŬnŽcŬŽut�
ŵicĞ� ;�ĚĨĂǁi� ĂnĚ� 'uĞĚĞƐ͕� Ğt� Ăl� in�
pƌĞpĂƌĂƟŽnͿ�ĂnĚ�ǁĞ�ĂƌĞ�ĂlƐŽ�ĚiƐƐĞcƟnŐ�
thĞ� cŽntƌibuƟŽn� ŽĨ� 'WZ�^WϮ� in�
hǇpŽthĂlĂŵic� ĚǇƐĨuncƟŽn� ĂnĚ� ŽbĞƐitǇ��
ǀiĂ� thĞ� ƌĞŐiŽn� ƐpĞciĮc� ĚĞlĞƟŽn�ŽĨ� thiƐ�
ŐĞnĞ� ;'ŽŵĞƐ� Ğt� Ăl͕� in� pƌĞpĂƌĂƟŽnͿ.
ϴ.� Kuƌ� ŐƌŽup� ĨŽcuƐĞƐ� Žn� ŵicƌŽŐliĂ�
ĂcƟǀĂƟŽn� in� ĚiƐĞĂƐĞ� ƐtĂtĞƐ� ;�ĂƌĚŽƐŽ�
ĂnĚ� �ŽƐtĂ͕� in� pƌĞpĂƌĂƟŽnͿ� ĂnĚ�
hŽǁ� ŵicƌŽŐliĂ� iƐ� nĞcĞƐƐĂƌǇ� ĨŽƌ� thĞ�
ƌĞŵŽĚĞlinŐ� ŽĨ� cĞƌĞbĞllĂƌ� ciƌcuitƐ.�
tĞ� ĚiƐcŽǀĞƌĞĚ� thĂt� iĨ� phǇƐiŽlŽŐicĂl�
Dϭ-liŬĞ� ĂcƟǀĂƟŽn� ƐtĂtĞ� iƐ� pĞƌtuƌbĞĚ͕�

ĂniŵĂlƐ�ŵĂǇ��ĚiƐplĂǇ�ĞlĞctƌŽphǇƐiŽlŽŐicĂl�
ĂnĚ�bĞhĂǀiŽƌĂl�ĂltĞƌĂƟŽnƐ�;'uĞĚĞƐ�ĂnĚ�
&ĞƌƌĞiƌĂ�Ğt�Ăl͕�in�pƌĞpĂƌĂƟŽnͿ.
ϵ.� tĞ� cŽncluĚĞĚ� thĞ� bĞhĂǀiŽƌĂl� ĂnĚ�
ĞlĞctƌŽphǇƐiŽlŽŐicĂl� chĂƌĂctĞƌiǌĂƟŽn�
in�thĞ�ŵĞĚiĂl�pƌĞĨƌŽntĂl�cŽƌtĞǆ�;ŵW&�Ϳ�
ŽĨ�ĂĚult�ŵicĞ�ĨŽllŽǁinŐ�ĞĂƌlǇ�liĨĞ�ƐtƌĞƐƐ.�
;&ƌĂncŽ͕��ĂƌǀĂlhŽ�Ğt�Ăl͕�ƐubŵittĞĚͿ.
ϭϬ.� �ŌĞƌ� ĞƐtĂbliƐhinŐ� Ă� pĂƌtnĞƌƐhip�
ǁith��ƌ.�'uiŽŵĂƌ�KliǀĞiƌĂ�Ăt�thĞ��uƟƐŵ�
ĂnĚ� EĞuƌŽĚĞǀĞlŽpŵĞntĂl� �iƐŽƌĚĞƌƐ�
hnit� ŽĨ� thĞ� �,�� WĞĚiĂtƌicƐ� ,ŽƐpitĂl͕�
ǁĞ� hĂǀĞ� cƌĞĂtĞĚ� Ă� ĚĞntĂl� ƐtĞŵ�
cĞll� biŽbĂnŬ� ŽĨ� cŽntƌŽl� ĂnĚ� pĂƟĞnt�
ƐĂŵplĞ� tŽ� ĚĞǀĞlŽp� ŽƌŐĂnŽiĚ� ŵŽĚĞl�
ŽĨ� nĞuƌŽĚĞǀĞlŽpŵĞntĂl� ĚiƐŽƌĚĞƌƐ�
;^ĞĂbƌĂ�ĂnĚ�KliǀĞiƌĂ͕�in�pƌĞpĂƌĂƟŽn�ĂnĚ�
Sequeira et al, 2018).

ŝŝͿ�^ƚƌƵĐƚƵƌĂů�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ�
ƉƌŽƚĞŝŶͲďĂƐĞĚ�ŝŶƚĞƌĂĐƟŽŶƐ�;W/͗�/ƌŝŶĂ�
DŽƌĞŝƌĂͿ

dhĞ�ĚĂtĂƐĞt�cŽnƐtƌuctĞĚ�tŽŽŬ�ĂƐ�ƐtĂƌƟnŐ�
pŽint�thĞ�͞ŵpƐtƌuc͟�ŽnlinĞ�ƌĞpŽƐitŽƌǇ:� 
http://blĂncŽ.biŽŵŽl.uci.ĞĚu/ŵpƐtƌuc͕�
thĂt� liƐtƐ� Ăll� thĞ� cuƌƌĞntlǇ� ŬnŽǁn�
membrane associated proteins, 
ƐubĚiǀiĚĞĚ�in�thĞ�ĂlphĂ-hĞlicĂl�Žƌ�bĞtĂ-
bĂƌƌĞl�bĂƐic�tǇpĞƐ.�
tĞ�ĞŵplŽǇĞĚ�ƐĞǀĞƌĂl�cƌitĞƌiĂ�tŽ�ƐĞlĞct�
thĞ�ĮnĂl�ƐtƌuctuƌĞƐ:�
i) both monomers should be 
tƌĂnƐŵĞŵbƌĂnĞ�pƌŽtĞinƐ͖�
iiͿ� thĞ� ĞǆiƐtĞncĞ� ŽĨ� Ă� clĞĂƌ� ĂnĚ� ǁĞll�
ǀiƐiblĞ�pƌŽtĞin-pƌŽtĞin�intĞƌĂcƟŽn͖�
and iii) all residues at the 3D structure 
ƐhŽulĚ� bĞ� clĞĂƌlǇ� Ğǆplicit� ;ĞǆcluĚinŐ�
ĂlphĂ-cĂƌbŽn�ŽnlǇ�Žƌ�unŬnŽǁn�ƌĞƐiĚuĞƐͿ.� 
�ƌŽunĚ�ϯϬϬϬ� ĨĞĂtuƌĞƐ�ǁĞƌĞ� cĂlculĂtĞĚ�
and subject to machine-learning 
ĂlŐŽƌithŵƐ� tŽ� pƌŽĚucĞ� nĞǁ� intĞƌĨĂcĞ�
pƌĞĚictŽƌƐ�;&ilipĞ�W͕ �ϮϬϭϵ͕�/n�pƌĞpĂƌĂƟŽn͖� 
WƌĞtŽ� �͕� ϮϬϭϵ͕� /n� pƌĞpĂƌĂƟŽnͿ.
ŵĞtŽclŽpƌĂŵiĚĞ͕�E-ĚiŵĞthǇlĚŽpĂŵinĞ͕�

ϭ.� WW/Ɛ/�iŵĞƌƐ� ĚĂtĂbĂƐĞ� ĂnĚ� nĞǁ�
predictors

2. GPCRs - Dopamine receptors sub-
tǇpĞ�ƐpĞciĮcitǇ

/n� thiƐ� ƐtuĚǇ� ǁĞ� uƟliǌĞĚ� ƐtƌuctuƌĞ-
based and ligand-based computer 
ĂiĚĞĚ�ĚĞƐiŐn�tŽ�inǀĞƐƟŐĂtĞ�thĞ�cŽuplinŐ�
ŽĨ� ǀĂƌiŽuƐ� liŐĂnĚƐ� tŽ� thĞ� ĚŽpĂŵinĞ�
ĨĂŵilǇ�ŽĨ�ƌĞcĞptŽƌƐ.�
For the structure-based we applied 
hŽŵŽlŽŐǇ� ŵŽĚĞllinŐ� bǇ� uƐinŐ� thĞ�
ƌĞƐŽlǀĞĚ� y-ƌĂǇ� cƌǇƐtĂllŽŐƌĂphǇ�
ƐtƌuctuƌĞƐ� ŽĨ� thĞ� ĚŽpĂŵinĞ� ƌĞcĞptŽƌƐ�
�ϯZ� ĂnĚ� �ϰZ͕� ǁhilĞ� ĨŽƌ� liŐĂnĚ-bĂƐĞĚ�
approached we assembled a new 
pƌŽtŽcŽl�uƐinŐ��hĞŵŵinĞ�ǁƌittĞn� in�Z�
ĂnĚ�ŵĂchinĞ-lĞĂƌninŐ�ĂlŐŽƌithŵƐ� ĨŽƌ�Ă�
bĞttĞƌ�pƌĞĚicƟŽn�ŽĨ�thĞ�binĚinŐ�ĂĸnitǇ.�
dhĞ� ĨŽllŽǁinŐ� liŐĂnĚƐ� ǁĞƌĞ� tĂŬĞn� intŽ�
ĂccŽunt:� �ŽpĂŵinĞ͕� ;нͿ-�utĂclĂŵŽl͕�
bĞtĂ-WhĞnǇlĞthǇlĂŵinĞ� ;W��Ϳ͕�
; н / - Ϳ - Ϯ - �ŵ i n Ž - ϲ ͕ ϳ - Ě i h ǇĚ ƌŽ ǆ Ǉ -
ϭ͕Ϯ͕ϯ͕ϰ-tĞtƌĂhǇĚƌŽnĂphthĂlĞnĞ� ;ϲ͕ϳ-
��dEͿ͕� ϳ-,ǇĚƌŽǆǇ-E͕E-ĚipƌŽpǇl-
Ϯ-ĂŵinŽtĞtƌĂlin� ;ϳ-K,-�W�dͿ͕�
�pŽŵŽƌphinĞ͕� �ƌŽŵŽcƌipƟnĞ͕�
Chlorpromazine, Clozapine, 
�ŽŵpĞƌiĚŽnĞ͕� ,ĂlŽpĞƌiĚŽlĞ͕�
ŵĞtŽclŽpƌĂŵiĚĞ͕�E-ĚiŵĞthǇlĚŽpĂŵinĞ͕�
E-pƌŽpǇlĂpŽŵŽƌphinĞ͕� EĞŵŽnĂpƌiĚĞ͕�
YuĞƟĂpinĞ͕� YuinpiƌŽlĞ͕� ZĂclŽpƌiĚĞ͕�
ZiƐpĞƌiĚŽnĞ͕� ZĞŵŽǆipƌiĚĞ͕� ^�,Ϯϯϯϴϴ͕�
^�,ϮϯϯϵϬ͕� ^<&ϯϴϯϵϯ͕� ^pipĞƌĚŽnĞ͕�
Sulpiride and Zisprasidone (Bueschbell 
�͕� ϮϬϭϴ͕� DŽlĞculĞƐ͕� ϭϵ͖� ϭϭ;ϵͿ.� Wii:�
�ϭϳϳϵͿ.�

E-pƌŽpǇlĂpŽŵŽƌphinĞ͕� EĞŵŽnĂpƌiĚĞ͕�
YuĞƟĂpinĞ͕� YuinpiƌŽlĞ͕� ZĂclŽpƌiĚĞ͕�
ZiƐpĞƌiĚŽnĞ͕� ZĞŵŽǆipƌiĚĞ͕� ^�,Ϯϯϯϴϴ͕�
^�,ϮϯϯϵϬ͕� ^<&ϯϴϯϵϯ͕� ^pipĞƌĚŽnĞ͕�
Sulpiride and Zisprasidone (Bueschbell 
�͕� ϮϬϭϴ͕� DŽlĞculĞƐ͕� ϭϵ͖� ϭϭ;ϵͿ.� Wii:�
�ϭϳϳϵͿ.



ϭϲ

&ŝŐƵƌĞ�ϭ – Graphical representation of the molecular and synaptic functions mediated by Caspr2 and the pathogenic effects 
of CASPR2 autoantibodies. Herein, we identified Caspr2 as a novel AMPAR-interacting protein necessary for the regulation of 
AMPAR synaptic expression and AMPAR-mediated currents in vivo. Furthermore, we uncovered a requirement of Caspr2 for 
the regulation of homeostatic synaptic scaling, and for the expression of visually-driven experience-dependent plasticity in the 
visual cortex. Finally, we explored the pathogenic effects of CASPR2 autoantibodies in Caspr2 functions and revealed that CASPR2 
autoantibodies perturb the synaptic expression of AMPARs and impair excitatory synaptic transmission in the visual cortex. 
[This work has been published in: Fernandes, D., et al. (2019). Disrupted AMPA Receptor Function upon Genetic- or Antibody-
mediated Loss of Autism-associated CASPR2. Cereb Cortex. pii: bhz032 (epub ahead of print). doi: 10.1093/cercor/bhz032.]
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K�:��d/s�^

The group´s research programs 
ĂĚĚƌĞƐƐ:
(a) The molecular mechanisms inherent 
in� nĞuƌŽŵŽĚulĂƟŽn� ĂnĚ� ĂŐinŐ� unĚĞƌ�
an umbrella that characterizes the 
biĚiƌĞcƟŽnĂl� cŽŵŵunicĂƟŽn� bĞtǁĞĞn�
nĞuƌŽnƐ� ĂnĚ� ŵicƌŽǀĂƐculĂtuƌĞ� bǇ�
ĂĚĚƌĞƐƐinŐ�ƋuĂnƟtĂƟǀĞlǇ͕ � in� ǀiǀŽ͕� ĂnĚ�
in� ƌĞĂl-ƟŵĞ�thĞ� ƌŽlĞ�ŽĨ�nitƌic�ŽǆiĚĞ�ĂƐ�
Ă� ĚiīuƐiŽnĂl� intĞƌcĞllulĂƌ� ŵĞƐƐĞnŐĞƌ͕ �
cŽŽƌĚinĂƟnŐ� thĞ� nĞuƌŽǀĂƐculĂƌ�
and neurometabolic coupling axis. 
dhĞ� ƐtuĚǇ� ŽĨ� thĞ� nĞuƌŽǀĂƐculĂƌ-
neurometabolic coupling axis, 
ĞncŽŵpĂƐƐĞƐ� ŵĞchĂniƐƟc� ĂƐ� ǁĞll�
nutƌiƟŽnĂl� ĂppƌŽĂchĞƐ� ǁith� pŽtĞnƟĂl�
tŽ� ƌĞƐtŽƌĞ� thĞ� ĨuncƟŽnĂlitǇ� ŽĨ�
nĞuƌŽǀĂƐculĂƌ�cŽuplinŐ�ĂnĚ�cŽŐniƟŽn.
�;bͿ�dĞchnŽlŽŐicĂl�innŽǀĂƟŽn�in�tĞƌŵƐ

ŽĨ� thĞ� pƌŽũĞct͕� ĚĞƐiŐn� ĂnĚ�
iŵplĞŵĞntĂƟŽn� ŽĨ� ŵicƌŽĂƌƌĂǇ�
tĞchnŽlŽŐǇ� cŽnƐiƐƟnŐ� ŽĨ� ŵicƌŽ;biŽͿ
ƐĞnƐŽƌƐ�ĨŽƌ�thĞ�ƌĞĂl-ƟŵĞ�ŵŽnitŽƌinŐ�ŽĨ�
nĞuƌŽŵŽĚulĂtŽƌƐ͕� nĞuƌŽtƌĂnƐŵittĞƌƐ�
and metabolic intermediates in the 
bƌĂin� ŽĨ� ĂnĞƐthĞƟǌĞĚ� ĂnĚ� cŽnƐciŽuƐ͕�
ĨƌĞĞlǇ�bĞhĂǀinŐ�ĂniŵĂlƐ.�dhiƐ�pƌŽŐƌĂŵ�
iƐ�ĚĞǀĞlŽpĞĚ�in�cŽllĂbŽƌĂƟŽn�ǁith�thĞ�
�ĞntĞƌ�ĨŽƌ�DicƌŽĞlĞctƌŽĚĞ�dĞchnŽlŽŐǇ͕ �
hniǀĞƌƐitǇ� ŽĨ� <ĞntucŬǇ� ;>ĞǆinŐtŽn͕�
h^�Ϳ.
�;cͿ�dhĞ�ŵĞchĂniƐŵƐ�ŽĨ�ĂcƟŽn�ŽĨ�plĂnt-
ĚĞƌiǀĞĚ� ĚiĞtĂƌǇ� phĞnŽlic� cŽŵpŽunĚƐ�
in� tĞƌŵƐ� ŽĨ� pƌŽtĞcƟŽn� ĂŐĂinƐt�
ǀĂƐculĂƌ� ĞnĚŽthĞliĂl� ĚǇƐĨuncƟŽn͕�
ĂnƟ-inŇĂŵŵĂtŽƌǇ� pƌŽpĞƌƟĞƐ͕� ĂƐ�
ǁĞll� ĂƐ� thĞiƌ� iŵpĂct� Žn� nitƌitĞ-ĚƌiǀĞn�
ƌĞŐulĂtŽƌǇ�pƌŽcĞƐƐĞƐ�ĂlŽnŐ�thĞ�

nitƌĂtĞ:nitƌitĞ:nitƌic� ŽǆiĚĞ� pĂthǁĂǇ͕ �
ĞncŽŵpĂƐƐinŐ� thĞ� nŽn-ĞnǌǇŵĂƟc�
pƌŽĚucƟŽn�ŽĨ�nitƌic�ŽǆiĚĞ�ĨƌŽŵ�ĚiĞtĂƌǇ�
nitrite in the gastric compartment and 
the brain.

&unĚinŐ�ƐŽuƌcĞƐ:
�uƌŽpĞĂn�ZĞŐiŽnĂl��ĞǀĞlŽpŵĞnt�&unĚ�
;&���ZͿ�ĨunĚƐ�thƌŽuŐh�thĞ�KpĞƌĂƟŽnĂl�
WƌŽŐƌĂŵ� ĨŽƌ� �ŽŵpĞƟƟǀĞnĞƐƐ� ĂnĚ�
/ntĞƌnĂƟŽnĂliǌĂƟŽn� ʹ� �KDW�d�� ĂnĚ�
nĂƟŽnĂl� ĨunĚƐ� bǇ� &�d� ʹ� &ŽunĚĂƟŽn�
ĨŽƌ�^ciĞncĞ�ĂnĚ�dĞchnŽlŽŐǇ�unĚĞƌ�thĞ�
pƌŽũĞctƐ� WK�/-Ϭϭ-Ϭϭϰϱ-&���Z-ϬϮϵϬϵϵ�
;:.� >ĂƌĂnũinhĂ͕� W/Ϳ͖� WK�/-Ϭϭ-Ϭϭϰϱ-
&���Z-ϬϮϴϮϲϭ� ;Zui� �ĂƌbŽƐĂ͕� W/Ϳ� ĂnĚ�
Wd��/^�h-Ehd/ϮϵϬϴϵ/ϮϬϭϳ� ;>ĞŽnŽƌ�
Almeida, PI).

The amperometric current obtained with fast sampling amperometry captures the endogenous electrical signal of the 
brain, such as LFP. The high coherence between the simultaneously recorded amperometric current and extracellular 
potential was demonstrated using a choline-oxidase Pt MEA, shown in A (adapted with permission from [48**]). A more 
recent application has extended the recorded frequency to 100 Hz (B), allowing simultaneous recording of pO2 and 
the LFP signal during chemically-induced seizures in awake behaving rodents (adapted with permission from [25**])
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dhĞ� ŵĂin� ĂchiĞǀĞŵĞntƐ� incŽƌpŽƌĂtĞ�
bŽth͕� tĞchnŽlŽŐicĂl� ĂnĚ� ƐciĞnƟĮc�
components.

dĞchnŽlŽŐicĂl�ĚĞǀĞlŽpŵĞntƐ: 

hpĚĂƟnŐ� pƌĞǀiŽuƐ� ǁŽƌŬ͕� ǁĞ� hĂǀĞ�
ĞƐtĂbliƐhĞĚ� Ă� nŽǀĞl� ƐtƌĂtĞŐǇ� ĨŽƌ�
cŽncuƌƌĞnt�ƌĞcŽƌĚinŐ�ŽĨ�bŽth�lŽcĂl�ĮĞlĚ�
pŽtĞnƟĂlƐ� ĂnĚ� nĞuƌŽchĞŵicĂl� ĞǀĞntƐ�
ĨƌŽŵ�Ă�ƐinŐlĞ�ƐiŐnĂl�ŽbtĂinĞĚ�Ăt�Ă�ƐinŐlĞ�
microelectrode.  
�ŽŵbinĞĚ� ǁith� ŵulƟ-ƐitĞ� ĞlĞctƌŽĚĞ�
ĂƌƌĂǇƐ� thĂt� ĂƌĞ� nŽǁĂĚĂǇƐ� ŵĂƐƐ-
ĨĂbƌicĂtĞĚ� uƐinŐ� phŽtŽlithŽŐƌĂphic�
tĞchniƋuĞƐ͕� thiƐ� ƐĞĂŵlĞƐƐ� ƐtƌĂtĞŐǇ�
ĂllŽǁƐ�cŽncuƌƌĞnt�in�ǀiǀŽ�ƌĞcŽƌĚinŐƐ�ŽĨ�
chĞŵicĂl�ƌĞlĞĂƐĞ�ĂnĚ�ĞlĞctƌicĂl�ĂcƟǀitǇ�
ĨƌŽŵ� ŵulƟplĞ� nĞuƌŽnĂl� pŽpulĂƟŽnƐ�
ǁith� hiŐh� ƐpĂƟŽtĞŵpŽƌĂl� ƌĞƐŽluƟŽn͕�
ƌĞpƌŽĚucibilitǇ�ĂnĚ�ƌĞliĂbilitǇ.
Considering that neurons communicate 
bǇ� cŽŵplĞǆ� pĂttĞƌnƐ� ŽĨ� ĞlĞctƌicĂl�
ĂnĚ� chĞŵicĂl� ƐiŐnĂlƐ͕� thĞ� ĂbilitǇ� tŽ�
cĂptuƌĞ� thĞ� ĞŵĞƌŐĞnt� pƌŽpĞƌƟĞƐ� ŽĨ�
nĞuƌŽnĂl� nĞtǁŽƌŬƐ� bǇ� ŵĞĂƐuƌinŐ� thĞ�
nĞuƌŽchĞŵicĂl� ĂnĚ� ĞlĞctƌicĂl� ĂcƟǀitǇ�
ŽĨ� lĂƌŐĞ�pŽpulĂƟŽnƐ�ŽĨ�cĞllƐ�ǁith�hiŐh�
tĞŵpŽƌĂl� ƌĞƐŽluƟŽn� uƐinŐ� Ă� ƐinŐlĞ�
ƐĞnƐŽƌ� ĂnĚ� ƌĞcŽƌĚinŐ� iƐ� ŽĨ� ŽbǀiŽuƐ�
interest.

tĞ� ĚĞƐiŐnĞĚ͕� ĚĞǀĞlŽpĞĚ� ĂnĚ�
implemented nanocomposite sensors
cŽnƐiƐƟnŐ� ŽĨ� cĂƌbŽn� ĮbĞƌ

ŵicƌŽĞlĞctƌŽĚĞƐ� ŵŽĚiĮĞĚ� ǁith�
EĂĮŽnΠĂnĚ� cĂƌbŽn� nĂnŽtubĞƐ͕�
and ceramic-based microelectrode 
biŽƐĞnƐŽƌ�ĂƌƌĂǇƐ�tŽ�ŵĞĂƐuƌĞ�ĂƐcŽƌbĂtĞ�
and glutamate in the brain with 
hiŐh� ƐpĂƟĂl͕� tĞŵpŽƌĂl� ĂnĚ� chĞŵicĂl�
ƌĞƐŽluƟŽn.
�ŽnƐiĚĞƌinŐ� thĞ� ƌĞcŽŐniǌĞĚ� intĞƌplĂǇ�
between glutamate signaling and 
ŇuctuĂƟŽnƐ� in� ĞǆtƌĂcĞllulĂƌ� ĂƐcŽƌbĂtĞ�
lĞǀĞlƐ� ĂnĚ� thĞiƌ� putĂƟǀĞ� ƌŽlĞ� in� bƌĂin�
pĂthŽphǇƐiŽlŽŐǇ͕ �nĂŵĞlǇ�in�ĂŐĞ-ƌĞlĂtĞĚ�
nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ� ĚiƐĞĂƐĞƐ͕� thĞ�
ĚĞǀĞlŽpŵĞnt� ŽĨ� ƐĞnƐŽƌƐ� ǁhich� ĂllŽǁ�
ƐiŵultĂnĞŽuƐ� in� ǀiǀŽ� ŵĞĂƐuƌĞŵĞntƐ�
ǁith�hiŐh�ƐpĂƟŽtĞŵpŽƌĂl�ƌĞƐŽluƟŽn�iƐ�
hiŐhlǇ�ƌĞlĞǀĂnt.

^ciĞnƟĮc�ĂchiĞǀĞŵĞntƐ: 

tĞ�hĂǀĞ�ĂnĂlǇǌĞĚ�bƌĂin�biŽĞnĞƌŐĞƟcƐ�
in� hippŽcĂŵpuƐ� ŽĨ�ŵŽuƐĞ� ĂnĚ� ƌĂt� bǇ�
uƐinŐ� hiŐh-ƌĞƐŽluƟŽn� ƌĞƐpiƌŽŵĞtĞƌ�
in� bƌĂin� ƟƐƐuĞ� -� Ă� ƐtĞp� ĨŽƌǁĂƌĚ� thĞ�
uƐĞ� ŽĨ� iƐŽlĂtĞĚ� ŵitŽchŽnĚƌiĂ� Žƌ�
cĞllƐ� tŽ� ƐtuĚǇ� bƌĂin� ŵitŽchŽnĚƌiĂl�
ƌĞƐpiƌĂƟŽn� -� � ĂnĚ� hĂǀĞ� ĞƐtĂbliƐhĞĚ: 

ĂͿ� dhĞ� ƌĞlĂƟǀĞ� ĚiīĞƌĞncĞƐ�
in� tĞƌŵƐ� ŽĨ� KϮ� cŽnƐuŵpƟŽn� ƌĂtĞƐ͕�
ƌĞƐpiƌĂtŽƌǇ� cŽuplinŐ͕� ŵĂǆiŵĂl�
ƌĞƐpiƌĂtŽƌǇ�cĂpĂcitǇ͕ �ĂŵŽnŐ�ŽthĞƌƐ͖
bͿ� dhĞ� intĞƌĂcƟnŐ� pƌŽĮlĞƐ�
ŽĨ� nitƌic� ŽǆiĚĞ� ĂnĚ� ŽǆǇŐĞn� ǁith�
iŵplicĂƟŽnƐ� ĨŽƌ� bƌĂin� biŽĞnĞƌŐĞƟcƐ.

/nǀĞƐƟŐĂƟnŐ� thĞ� ĨuncƟŽnĂlitǇ� ŽĨ�
nĞuƌŽǀĂƐculĂƌ� ĂnĚ� nĞuƌŽŵĞtĂbŽlic�
cŽuplinŐ�in�cŽnnĞcƟŽn�tŽ��nitƌic�ŽǆiĚĞ�
ƐiŐnĂlinŐ�ĂnĚ�in�ĂƐƐŽciĂƟŽn�tŽ�cŽŐniƟǀĞ�
pĞƌĨŽƌŵĂncĞ�ĚuƌinŐ�ĂŐinŐ�in�ƌĂt�ŵŽĚĞl�
ŽĨ� ĚiƐĞĂƐĞ� ;&iƐhĞƌ� ϯϰϰͿ� in� ǀiǀŽ͕� ǁĞ�
established that the impairment in the 
nĞuƌŽǀĂƐculĂƌ�cŽuplinŐ�;ĂnĚ�ĂƐƐŽciĂtĞĚ�
cŽŐniƟǀĞ� ĚĞclinĞͿ� ŽbƐĞƌǀĞĚ� in� ĂŐĞĚ�
ƌĂtƐ�cĂn�bĞ�ŵiŵicŬĞĚ�in�ǇŽunŐ�ƌĂtƐ�bǇ�
pƌŽŵŽƟnŐ�Ăn�unbĂlĂncĞ�in�ƌĞĚŽǆ�ƐtĂtuƐ�
tŽǁĂƌĚƐ� ŽǆiĚĂƟŽn� ǀiĂ� intƌĂcĞllulĂƌ�
pƌŽĚucƟŽn� ŽĨ� ŽǆǇŐĞn� ĨƌĞĞ� ƌĂĚicĂlƐ.�
The compromised nitric oxide signaling 
ĨƌŽŵ� nĞuƌŽnƐ� tŽ� lŽcĂl� ŵicƌŽǀĞƐƐĞlƐ�
ĚuĞ� tŽ� ŽǆiĚĂƟǀĞ� ĞnǀiƌŽnŵĞnt�
ƌĞpƌĞƐĞntƐ� Ă� nŽǀĞl� ŵĞchĂniƐŵ�
unĚĞƌlǇinŐ� cŽŐniƟŽn� ĚĞclinĞ� in� ĂŐinŐ.� 

hƐinŐ� Ă� ƌĂt� ŵŽĚĞl� ŽĨ� intĞƐƟnĂl�
inŇĂŵŵĂƟŽn͕� ǁĞ� hĂǀĞ� cŽnĮƌŵĞĚ�
thĞ� hiŐhĞƌ� ĂnƟ-inŇĂŵŵĂtŽƌǇ�
ĂcƟŽn� ŽĨ� Ăn� ĂnthŽcǇĂnin� ĨƌĂcƟŽn�
ĞǆtƌĂctĞĚ� ĨƌŽŵ� bluĞbĞƌƌiĞƐ� ĂƐ�
cŽŵpĂƌĞĚ� ǁith� ϱ-�^�͕� Ă� ĮƌƐt� linĞ�
ĚƌuŐ� in� inŇĂŵŵĂtŽƌǇ� bŽǁĞl� ĚiƐĞĂƐĞ.� 
Taking into account the high 
cŽncĞntƌĂƟŽnƐ� ŽĨ� ĚiĞtĂƌǇ�
ĂnthŽcǇĂninƐ� pŽtĞnƟĂllǇ� ƌĞĂchĞĚ�
in� thĞ� ŐĂƐtƌŽintĞƐƟnĂl� tƌĂct͕� thĞƐĞ�
cŽŵpŽunĚƐ� ŵiŐht� bĞ� ĞnǀiƐĂŐĞĚ�
ĂƐ� pƌŽŵiƐinŐ� nutƌĂcĞuƟcĂlƐ͕� ŐiǀinŐ�
cŽŵplĞŵĞntĂƌǇ�bĞnĞĮtƐ�in�thĞ�cŽntĞǆt�
ŽĨ�inŇĂŵŵĂtŽƌǇ�bŽǁĞl�ĚiƐĞĂƐĞ.�
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/n� Žuƌ� ŐƌŽup� ǁĞ� inǀĞƐƟŐĂtĞ� thĞ�
hǇpŽthĂlĂŵuƐ� ĂnĚ� hǇpŽthĂlĂŵic�
ƌĞlĂtĞĚ� ƐǇƐtĞŵƐ/ŵĞchĂniƐŵƐ� ĂƐ�
unĚĞƌlǇinŐ� ŵĞĚiĂtŽƌƐ� ĂnĚ� tĂƌŐĞtƐ�
ĨŽƌ� intĞƌǀĞnƟŽnĂl� ƐtƌĂtĞŐiĞƐ� in�
cŽuntĞƌĂcƟnŐ� ĂŐinŐ� ĂnĚ� ĂŐinŐ� ƌĞlĂtĞĚ�
diseases. 

Our research aimd to answer to the 
ĨŽllŽǁinŐ�ƋuĞƐƟŽnƐ:

ͻ� ,Žǁ� ĂŐinŐ� ĂnĚ� � ĂŐinŐ� ƌĞlĂtĞĚ�
ĚiƐĞĂƐĞ�chĂnŐĞ�hǇpŽthĂlĂŵuƐ͍

ͻ� �Ăn� ǁĞ� ĚĞlĂǇ� pƌĞŵĂtuƌĞ�
ĂŐinŐ� ŽĨ� ,utchinƐŽn� 'ilĨŽƌĚ�
pƌŽŐĞƌiĂ� ƐǇnĚƌŽŵĞ� ;,'W^Ϳ�
rodent models, normal aging 
Žƌ� ĂŐinŐ� ƌĞlĂtĞĚ� ĚiƐĞĂƐĞƐ͕� bǇ�
tĂƌŐĞƟnŐ� thĞ� hǇpŽthĂlĂŵuƐ�
Žƌ� uƐinŐ� hǇpŽthĂlĂŵic� ƌĞlĂtĞĚ�
ŵĞchĂniƐŵƐ͍

ͻ� thich�tĂƌŐĞtƐ�in�thĞ�hǇpŽthĂlĂŵuƐ�
should we manipulate to reduce 
ŽbĞƐitǇ�ĂnĚ�inƐulin�ƌĞƐiƐtĂncĞ͍�

/�ŽĞƐ� cĂlŽƌic� ƌĞƐtƌicƟŽn� ;�ZͿ� ĂnĚ�
ƌĞlĂtĞĚ� ŵĞchĂniƐŵƐ� ĚĞlĂǇ� ĂŐinŐ� ĂnĚ�
ĂŐinŐ-ƌĞlĂtĞĚ�ĚiƐĞĂƐĞƐ͍�

ͻ� thich� ĂƌĞ� thĞ� ŵĞchĂniƐŵƐ�
unĚĞƌlǇinŐ� thĞ� linŬ� bĞtǁĞĞn�
ĂŐinŐ͕� ŽbĞƐitǇ� ĂnĚ� ciƌcĂĚiĂn�
ƌhǇthŵ�ĚĞƌĞŐulĂƟŽn͍���

ͻ� /Ɛ�Ɛiƌtuin�Ϯ�Ă�plĂǇĞƌ�in�ŵĞtĂbŽliƐŵ͍
ͻ� /Ɛ�ĂtĂǆin-Ϯ�Ă�plĂǇĞƌ�in�ŵĞtĂbŽliƐŵ͍
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ĂͿ� tĞ� inǀĞƐƟŐĂtĞĚ� thĞ� ƌŽlĞ� ŽĨ� EWz�
and ghrelin in rescuing the aging 
phĞnŽtǇpĞ� in� huŵĂn� ĚĞƌŵĂl�
ĮbƌŽblĂƐtƐ� ŽĨ� ,utchinƐŽn-'ilĨŽƌĚ�
WƌŽŐĞƌiĂ�^ǇnĚƌŽŵĞ�;,^W^Ϳ.�
The results obtained show that 
EWz� ĂnĚ� ĂlƐŽ� ŐhƌĞlin� ĚĞcƌĞĂƐĞ�
cĞllulĂƌ� hĂllŵĂƌŬƐ� ŽĨ� pƌĞŵĂtuƌĞ�
ĂŐinŐ� ŽĨ� pƌŽŐĞƌiĂ� ĮbƌŽblĂƐtƐ͕� Ɛuch�
as enhanced progerin clearance, 
ĂutŽphĂŐǇ� ƐƟŵulĂƟŽn͕� ƌĞƐcuĞĚ�
nuclĞĂƌ� ĂbnŽƌŵĂliƟĞƐ͕� incƌĞĂƐĞĚ�
cĞll� pƌŽliĨĞƌĂƟǀĞ� cĂpĂcitǇ� ĂnĚ�
ĚĞlĂǇĞĚ�cĞllulĂƌ�ƐĞnĞƐcĞncĞ�ŽĨ

,'W^�cĞllƐ.��
These results support that these 
pĞpƟĚĞƐ� cĂn� bĞ� cŽnƐiĚĞƌĞĚ� Ă�
pƌŽŵiƐinŐ�ƐtƌĂtĞŐǇ�tŽ�ĚĞlĂǇ�Žƌ�blŽcŬ�
thĞ�pƌĞŵĂtuƌĞ�ĂŐinŐ�ŽĨ�,'W^.�

bͿ� DŽĚulĂƟŽn� ŽĨ� ĂtĂǆin-Ϯ� in� ŵicĞ�
hǇpŽthĂlĂŵuƐ� ƌĞŐulĂtĞƐ� ĞnĞƌŐǇ�
bĂlĂncĞ�ĂnĚ�ŵĞtĂbŽliƐŵ:�incluĚinŐ�
chĂnŐĞƐ�in�bŽĚǇ�ǁĞiŐht͕�ǁhitĞ�ĂnĚ�
bƌŽǁn�ĂĚipŽƐĞ�ƟƐƐuĞ͕�ĂnĚ�ƌĞƐpŽnƐĞ�
to insulin.

cͿ� ^/Zdh/E�Ϯ� iƐ�ĂbunĚĂntlǇ�ĞǆpƌĞƐƐĞĚ�
in�ŵĂũŽƌ�ŵŽuƐĞ�hǇpŽthĂlĂŵic�

nuclĞi� ĂnĚ� hǇpŽthĂlĂŵic� ^/ZdϮ�
expression changes upon high 
ĨĂt� ĚiĞt� ;,&�Ϳ͕� ǁhich� tƌiŐŐĞƌƐ�
inƐulin� ƌĞƐiƐtĂncĞ͕� ƐuŐŐĞƐƟnŐ� thĂt�
hǇpŽthĂlĂŵic� ^/ZdϮ� lĞǀĞlƐ� ĂƌĞ�
ŵŽĚulĂtĞĚ�bǇ�nutƌiĞnt�ĂǀĂilĂbilitǇ.�

ĚͿ� EWz�ĂnĚ�EWz�ƌĞcĞptŽƌƐ�ĂƌĞ�pƌĞƐĞnt�
in� chŽnĚƌŽcǇtĞƐ� ŽĨ� ĂƌƟculĂƌ�
cĂƌƟlĂŐĞ.� EĞǁ� ƐtuĚiĞƐ� ĂƌĞ� nĞĞĚĞĚ�
tŽ�ĨuƌthĞƌ�inǀĞƐƟŐĂtĞ�thĞ�ƌŽlĞ�ŽĨ�EWz�
ĂnĚ� itƐ� ƌĞcĞptŽƌƐ� in� ĚĞǀĞlŽpŵĞnt�
ĂnĚ� pƌŽŐƌĞƐƐiŽn� ŽĨ� cĂƌƟlĂŐĞ� ĂŐinŐ�
ƌĞlĂtĞĚ�ĚiƐĞĂƐĞ͕�thĞ�ŽƐtĞŽĂƌthƌiƟƐ.

Fig. 1. Neuropeptide Y immunoreactivity (red) in the hypothalamus of mouse brain. Nuclei (blue)



ϮϬ
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Kuƌ� ŐƌŽup� hĂƐ� ĨuƌthĞƌ� ƐtƌĞnŐthĞnĞĚ�
itƐ� ǁŽƌŬ� in� ǀiƐiŽn� ƌĞƐĞĂƌch͕� cŽŐniƟǀĞ�
neuroscience and medical imaging. 
Kuƌ� ǀĞƌƟcĂl� ƐtƌuctuƌĞ� cŽŵbinĞƐ�
ĞǆpĞƌƟƐĞ� in� ĨunĚĂŵĞntĂl� ǀiƐuĂl�
nĞuƌŽbiŽlŽŐǇ͕ �ĞnŐinĞĞƌinŐ�ĂppƌŽĂchĞƐ�
ǁith� Ă� ƐtƌŽnŐ� ĨŽcuƐ� Žn� ƐiŐnĂl/iŵĂŐĞ�
processing and data mining, and 
ǀiƐuĂl� ĂnĚ� clinicĂl� nĞuƌŽƐciĞncĞ.�
dhiƐ� hĂƐ� ĂllŽǁĞĚ� ĨŽƌ� intĞƌĚiƐciplinĂƌǇ�
cŽntƌibuƟŽnƐ� in� thĞ� ĮĞlĚƐ�
ŽĨ� �ŽŐniƟǀĞ� EĞuƌŽƐciĞncĞ͕�
,uŵĂn� EĞuƌŽphǇƐiŽlŽŐǇ͕ � siƐuĂl�
EĞuƌŽƐciĞncĞ͕� ,uŵĂn� WƐǇchŽphǇƐicƐ͕�
&uncƟŽnĂl� �ƌĂin� /ŵĂŐinŐ� ĂnĚ�
tƌĂnƐlĂƟŽnĂl� ƌĞƐĞĂƌch� in� EĞuƌŽlŽŐǇ.
Kuƌ�ŐƌŽup�hĂƐ�cŽnƟnuĞĚ�pĂƌƟcipĂƟŽn�
in� �uƌŽbiŽiŵĂŐinŐ� ĂnĚ� cŽŽƌĚinĂƟŽn�
ŽĨ� thĞ� cŽƌĞ� /nĨƌĂƐtƌuctuƌĞ� ŽĨ�
EĂƟŽnĂl� �ƌĂin� /ŵĂŐinŐ� EĞtǁŽƌŬ͕� Ă�
cŽnƐŽƌƟuŵ� ŽĨ� ϱ� hniǀĞƌƐiƟĞƐ� ǁith�
thĞ� lĞĂĚĞƌƐhip� ŽĨ� thĞ� h.� ŽĨ� �ŽiŵbƌĂ͕�
where the main central equipment is 
lŽcĂtĞĚ� ĂnĚ� ǁhich� ŽbtĂinĞĚ� ĨunĚinŐ�
ǁithin� thĞ� ƐcŽpĞ� ŽĨ� thĞ� EĂƟŽnĂl�
WƌŽŐƌĂŵ� ĨŽƌ� ^ciĞnƟĮc� ZĞĞƋuipŵĞnt͕�
ĂŌĞƌ� intĞƌnĂƟŽnĂl� ĞǀĂluĂƟŽn.�
tĞ� hĂǀĞ� cŽnƟnuĞĚ� ǁŽƌŬ� Žn�
siƐiŽn͕� WĞƌcĞpƟŽn� ĂnĚ� �ĞciƐiŽn-
making research streams. 
Our Clinical Neurosciences Pillar 
hĂƐ� cŽnƟnuĞĚ� tŽ� ŐĞnĞƌĂtĞ� ƐciĞnƟĮc�
pƌŽĚucƟŽn�ĂlŽnŐ�thĞ�ĨŽllŽǁinŐ�dhĞŵĞƐ: 
ϭ.� EŽƌŵĂl� �ŐĞinŐ:� � �ŽŐniƟǀĞ�
Models and Neuroimaging.

Ϯ.� EĞuƌŽĚĞŐĞnĞƌĂƟǀĞ� �iƐŽƌĚĞƌƐ�
ǁith� Ă� ĨŽcuƐ� ŽĨ� ŵĞchĂniƐŵƐ� ŽĨ�
disease, impaired neurotransmission 
ĂnĚ� nĞuƌŽphǇƐiŽlŽŐǇ.�
ϯ.� EĞuƌŽĚĞǀĞlŽpŵĞntĂl� �iƐŽƌĚĞƌƐ�
ǁith� Ă� ƐiŵilĂƌ� ĨŽcuƐ� Žn� ŵulƟŵŽĚĂl�
ĞǆplĂnĂtŽƌǇ� ĂppƌŽĂchĞƐ�
ϰ.� �ŽƌƟcĂl� plĂƐƟcitǇ� in� thĞ�
ŵĂtuƌinŐ� ĂnĚ� ĂĚult� bƌĂin:�
iŵplicĂƟŽnƐ� ĨŽƌ� nĞuƌŽƌĞhĂbilitĂƟŽn.
ϱ.� EĞuƌŽpƐǇchiĂtƌic� ĚiƐŽƌĚĞƌƐ͕�
ǁith� Ă� ĨŽcuƐ� Žn� ĚĞciƐiŽn�
ŵĂŬinŐ� ĂnĚ� cŽŐniƟǀĞ� cŽntƌŽl.� 
Our hierarchical approach in 
ĨunĚĂŵĞntĂl� ǀiƐuĂl� nĞuƌŽƐciĞncĞ�
ƌĂnŐĞƐ� ĨƌŽŵ� ƐĞnƐŽƌǇ� biŽphǇƐicƐ�
tŽ� ǀiƐuĂl� ĂttĞnƟŽn� ĂnĚ� hiŐh� lĞǀĞl�
pƌŽcĞƐƐĞƐ� in� huŵĂn� nĞuƌŽphǇƐiŽlŽŐǇ.�
Kuƌ� ƌĞcĞnt� ǁŽƌŬ� in� hiŐh� lĞǀĞl�
ǀiƐiŽn� hĂƐ� ĂĚĚƌĞƐƐĞĚ� tĞŵpŽƌĂl�
ĚǇnĂŵicƐ� ŽĨ� pĞƌcĞptuĂl� ĚĞciƐiŽn�
ŵĞchĂniƐŵƐ� ĂnĚ� thĞ� ƌŽlĞ� ŽĨ� cŽntĞǆt.�
dhiƐ� pƌŽǀiĚĞƐ� Ă� thŽƌŽuŐh� bĂcŬŐƌŽunĚ�
ĨŽƌ� tƌĂnƐlĂƟŽnĂl� ƌĞƐĞĂƌch�ĂppƌŽĂchĞƐ.�
dhĞƐĞ� ĂllŽǁĞĚ� tŽ� ƐĞpĂƌĂtĞ� lŽǁ� ǀƐ.�
hiŐh� lĞǀĞl� iŵpĂiƌŵĞnt� in� ǀiƐuĂl�
cŽŐniƟŽn� nĞuƌŽĚĞǀĞlŽpŵĞntĂl�
ŵŽĚĞlƐ� ŽĨ� iŵpĂiƌĞĚ� pĞƌcĞpƟŽn� ĂnĚ�
ĚĞciƐiŽn� ŵĂŬinŐ� Ɛuch� ĂƐ� ĂuƟƐŵ͕� ĂnĚ�
nĞuƌŽŐĞnĞƟc� cŽnĚiƟŽnƐ� Ɛuch� ĂƐ�
�uƟƐŵ�ĂnĚ�EĞuƌŽĮbƌŽŵĂtŽƐiƐ�dǇpĞ� /. 
tĞ� ĂƌĞ� ƐtuĚǇinŐ� pĂƌĂllĞl� pĂthǁĂǇƐ� tŽ�
ƋuĂnƟtĂƟǀĞlǇ�ĂnĂlǇǌĞ�ǀiƐuĂl�cŽŐniƟŽn͕��
ĚĞciƐiŽn� ŵĂŬinŐ� ĂnĚ� ĂcƟŽn� cŽntƌŽl�
ĂnĚ�ŵŽtŽƌ�ĂŐinŐ�in�nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ

ĚiƐŽƌĚĞƌƐ͕� in� pĂƌƟculĂƌ� WĂƌŬinƐŽn�
�iƐĞĂƐĞ͕� ĂnĚ� ,unƟnŐtŽn� ĚiƐĞĂƐĞ.�
Kuƌ� ĞǆpĞƌƟƐĞ� in� siƐuĂl� ĂnĚ�
�ŽŐniƟǀĞ� /ŵpĂiƌŵĞnt� ƋuĞƐƟŽnƐ͕�
ĂnĚ� chĂƌĂctĞƌiǌĂƟŽn� ŽĨ� ƐĞǀĞƌĂl�
ĚiƐĞĂƐĞ� ŵŽĚĞlƐ� ŽĨ� ŐĞnĞƟc� ǀƐ.�
ĂcƋuiƌĞĚ� ǀiƐuĂl� iŵpĂiƌŵĞntƐ͕� iƐ�
ĂllŽǁinŐ� uƐ� tŽ� ĨuƌthĞƌ� ƌĞĮnĞ� nŽǀĞl�
ŵŽĚĞlƐ� ŽĨ� ǀiƐuĂl� nĞuƌŽplĂƐƟcitǇ.�
Kuƌ� ƐuccĞƐƐ� in� ŐĞnĞƌĂƟnŐ�
intĞƌĚiƐciplinĂƌǇ� ǁŽƌŬ� ǁith� ƐciĞnƟƐtƐ�
ǁŽƌŬinŐ� in� thĞ� ĮĞlĚ� ŽĨ� cŽŐniƟǀĞ�
nĞuƌŽƐciĞncĞ͕� nĞuƌŽlŽŐǇ͕ � ŵĞĚicĂl�
iŵĂŐinŐ� nĞuƌŽinĨŽƌŵĂƟcƐ� ĂnĚ�
neuroengineering, is anchored 
Žn� Žuƌ� nĂƟŽnĂl� ĂnĚ� intĞƌnĂƟŽnĂl�
cŽllĂbŽƌĂƟŽnƐ� ǁhich� ĂlƐŽ� ĞnĂblĞĚ�
pƌŽŽĨ�ŽĨ�cŽncĞpt�publicĂƟŽnƐ�ƐhŽǁinŐ�
thĞ� ĞīĞcƟǀĞnĞƐƐ� ŽĨ� bƌĂin� cŽŵputĞƌ�
intĞƌĨĂcĞƐ� ĂnĚ� nĞuƌŽĨĞĞĚbĂcŬ� in�
nŽƌŵĂl� ĂnĚ� nĞuƌŽlŽŐicĂl� pŽpulĂƟŽnƐ.�
dhĞ� ĂbilitǇ� tŽ� ƌun� cŽllĂbŽƌĂƟǀĞ� ǁŽƌŬ�
lĞĂĚinŐ� tŽ� ƌĞcĞnt� publicĂƟŽnƐ� in� hiŐh�
lĞǀĞl�:ŽuƌnĂlƐ�cĂn�bĞ�ǁĞll�ĂƐƐĞƐƐĞĚ�bǇ�
thĞ� cŽŽpĞƌĂƟŽn� ǁith� pĂƌtnĞƌƐ� Ɛuch�
ĂƐ�,ĂƌǀĂƌĚ�DĞĚicĂl�^chŽŽl͕�<ĂƌŽlinƐŬĂ�
/nƐƟtutĞ͕�thĞ�hniǀĞƌƐiƟĞƐ�ŽĨ�DĂĂƐtƌicht͕�
�ĂƌĚiī͕� duĞbinŐĞn͕� hniǀĞƌƐitǇ� �ŽllĞŐĞ�
>ŽnĚŽn͕� :Žhn� ,ŽpŬinƐ� hniǀĞƌƐitǇ͕ �
h^� ĂƐ� ǁĞll� ĂƐ� thĞ� �ĞpĂƌtŵĞnt�
ĨŽƌ� EĞuƌŽphǇƐiŽlŽŐǇ� ŽĨ� thĞ� DĂǆ-
WlĂncŬ� /nƐƟtutĞ� ĨŽƌ� �ƌĂin� ZĞƐĞĂƌch.

bǇ� ĚĞŵŽnƐtƌĂƟŽn� thĂt� thĞ� iŵpĂiƌĞĚ�
inhibiƟŽn� phĞnŽtǇpĞ� ĞncŽuntĞƌĞĚ� in�
thĞ�ĂniŵĂl�ŵŽĚĞl�ŽĨ�thĞ�ŵŽƐt�cŽŵŵŽn�
nĞuƌŽŐĞnĞƟc� cĂuƐĞ� ŽĨ� cŽŐniƟǀĞ�
ĚǇƐĨuncƟŽn͕� nĞuƌŽĮbƌŽŵĂtŽƐiƐ� tǇpĞ�
ϭ͕� ĂlƐŽ� hŽlĚƐ� tƌuĞ� ĨŽƌ� thĞ� huŵĂn�
ĚiƐĞĂƐĞ͕� ĂnĚ� ƐĞǀĞƌĂl� publicĂƟŽnƐ�
ĂƌĞ� ƐƟll� bĞinŐ� puƌƐuĞĚ� in� thiƐ� ĂƌĞĂ.�
Kuƌ� tƌĂnƐlĂƟŽnĂl� ǁŽƌŬ� Žn�
intĞŐƌĂƟnŐ� huŵĂn� ĂnĚ� ĂniŵĂl�

DA/E�A�,/�s�D�Ed^

tĞ� cŽnƟnuĞĚ� tŽ� publiƐhĞĚ� Ă�
cŽnƐiƐtĞnt� ŇŽǁ� ŽĨ� pĂpĞƌƐ� in�
pƌĞƐƟŐiŽuƐ� ũŽuƌnĂlƐ� in� thĞ� ĮĞlĚƐ�
ŽĨ� �ŐĞinŐ� ĂnĚ� EĞuƌŽĚĞŐĞnĞƌĂƟǀĞ�
�iƐŽƌĚĞƌƐ͕� EĞuƌŽĚĞǀĞlŽpŵĞntĂl�
Disorders and Vision Research.  
tĞ� hĂǀĞ� ĮniƐhĞĚ� thĞ� ĮƌƐt� tǁŽ�
clinical trials in Portugal concerning 
DĞĚicĂl� �ĞǀicĞƐ� ;Ă� nĞǁ� ��/�
intĞƌĨĂcĞ� ĨŽƌ� ĂuƟƐŵ� ƌĞhĂbilitĂƟŽn�

ĂnĚ� Ă� nĞuƌŽĨĞĞĚbĂcŬ� ĂppƌŽĂchͿ.�
dhiƐ� ŐƌŽup� hĂƐ� thĞƌĞĨŽƌĞ� cŽnƟnuĞĚ�
tŽ� publiƐh� in� thĞ� ĮĞlĚƐ� ŽĨ� ǀiƐuĂl�
ƐciĞncĞ͕� ƐǇƐtĞŵƐ� nĞuƌŽbiŽlŽŐǇ͕ �
clinical neuroscience and biomedical 
�nŐinĞĞƌinŐ� ǁith� Ă� ĨŽcuƐ� Žn� iŵĂŐinŐ.�
�ĂƐic� ƐciĞncĞ� ĂchiĞǀĞŵĞntƐ� ĂnĚ�
dƌĂnƐlĂƟŽnĂl� ZĞƐĞĂƌch� �chiĞǀĞŵĞntƐ:�
Clinical Neuroscience  Research 
�chiĞǀĞŵĞntƐ� ĂƌĞ� hiŐhliŐhtĞĚ



Ϯϭ

bǇ� thĞ� ƐuccĞƐƐĨul� uƐĞ� ŽĨ� ƐtĂƟƐƟcĂl�
clĂƐƐiĮcĂƟŽn� ŵĞthŽĚƐ� tŽ� ƐĞpĂƌĂtĞ�
disease states or to online brain signals 
tŽ� cŽntƌŽl� bƌĂin� cŽŵputĞƌ� intĞƌĨĂcĞƐ.�
In sum we were able to publish in 
lĞĂĚinŐ� ũŽuƌnĂlƐ� in� thĞ� ĨŽllŽǁinŐ�
ĂƌĞĂƐ:� �ŽŐniƟǀĞ� EĞuƌŽƐciĞncĞ͕�
,uŵĂn� EĞuƌŽphǇƐiŽlŽŐǇ͕ � siƐuĂl�
EĞuƌŽƐciĞncĞ͕� ,uŵĂn� WƐǇchŽphǇƐicƐ͕�
&uncƟŽnĂl� �ƌĂin� /ŵĂŐinŐ� ĂnĚ�
tƌĂnƐlĂƟŽnĂl� ƌĞƐĞĂƌch� in� EĞuƌŽlŽŐǇ.�
tĞ� ĂƌĞ� pĂƌƟcipĂƟnŐ� in� &� &Wϳ� ĂnĚ

nĞuƌŽĚĞǀĞlŽpŵĞntĂl� phĞnŽtǇpĞƐ� hĂƐ�
ĂlƐŽ�pƌŽŐƌĞƐƐĞĚ.��ŽllĂbŽƌĂƟǀĞ�ǁŽƌŬ�in�
intĞƌnĂƟŽnĂl�ŐĞnŽŵicƐ�cŽnƐŽƌƟĂ�;Ɛuch�
ĂƐ� thĞ� �uƟƐŵ� 'ĞnŽŵĞ� �ŽnƐŽƌƟuŵ͕�
tŽ� ǁhich� ǁĞ� lĂƌŐĞlǇ� cŽntƌibutĞĚ͕� ĂnĚ�
siƐiŽn� 'ĞnĞƟcƐ� �ŽnƐŽƌƟĂͿ� iƐ� ĂlƐŽ�
cŽnƟnuinŐ�ĂnĚ�Žuƌ�ǁŽƌŬ�in�thĞ�nĞǁ�/D/-
Ϯ�,ϮϬϮϬ�iniƟĂƟǀĞ� iƐ� in�ŐŽŽĚ�pƌŽŐƌĞƐƐ.�
tĞ� ĂlƐŽ� cŽntƌibutĞĚ� publicĂƟŽnƐ�
in top journals in neuroimaging.  
DĞthŽĚŽlŽŐicĂl� �chiĞǀĞŵĞntƐ�
can also be underlined

,ϮϬϮϬ�pƌŽũĞctƐ͕� Ɛuch�ĂƐ��Z�/EdZ�/E/
^d/W��//D/Ϯ/DĂƌiĞ� �uƌiĞ.�
�ŌĞƌ� ĂchiĞǀinŐ� Ă� ǁŽƌlĚǁiĚĞ�
patent together with IBA, our 
tĞchnŽlŽŐǇ� tƌĂnƐĨĞƌ� ĂppƌŽĂchĞƐ�
ĂƌĞ� ĂlƐŽ� ĞǀŽlǀinŐ� ƐtĞĂĚilǇ� ǁithin�
thĞ� nĞǁlǇ� cƌĞĂtĞĚ� clinicĂl� tƌiĂl� unit.



ϮϮ
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dhĞ�ŐĞnĞƌĂl�ŽbũĞcƟǀĞ�ŽĨ�thĞ�ŐƌŽup�iƐ�tŽ�
iĚĞnƟĨǇ�ŵŽĚulĂƟŽn�ƐǇƐtĞŵƐ�thĂt�cĂn�bĞ�
tĂƌŐĞtĞĚ�tŽ�intĞƌĨĞƌĞ�ǁith�thĞ�ĞǀŽluƟŽn�
ŽĨ� nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ� ĚiƐĞĂƐĞƐ͕� ǁith�
Ă� cĞntƌĂl� ĨŽcuƐ� Žn� puƌinĞƐ� ;ĂĚĞnŽƐinĞ�
ĂnĚ��dWͿ.�tĞ�cŽncĞntƌĂtĞ�Žn�thĞ�iniƟĂl�
ƐtĂŐĞƐ�ŽĨ�nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ�ĚiƐŽƌĚĞƌƐ͕�
unĚĞƌ�thĞ�ǁŽƌŬinŐ�hǇpŽthĞƐiƐ�thĂt�ŽnĞ�
ŽĨ� thĞ� ŬĞǇ� ĞĂƌlǇ� ĨĞĂtuƌĞƐ� tƌĂnƐǀĞƌƐĂl�
tŽ� ĚiīĞƌĞnt� Ɛuch� ĚiƐĞĂƐĞƐ� iƐ� thĞ�
ĚǇƐĨuncƟŽn� ŽĨ� ƐǇnĂpƐĞƐ.� dhiƐ� inǀŽlǀĞƐ�
bŽth� nĞuƌŽnĂl� ĂnĚ� ŐliĂl� ;ĂƐtƌŽcǇtĞƐ�
ĂnĚ� ŵicƌŽŐliĂͿ� ŵĂlĂĚĂpƟǀĞ� chĂnŐĞƐ͕�
ǁith�ĂltĞƌĂƟŽnƐ�ŽĨ�ƌĞcĞptŽƌƐ͕�ŵĞtĂbŽlic�
ƐuppŽƌt�ĂnĚ�nĞuƌŽinŇĂŵŵĂtŽƌǇ�ƐtĂtuƐ͕�
lĞĂĚinŐ�tŽ�ĂbnŽƌŵĂl�ƐǇnĂpƟc�plĂƐƟcitǇ�
ĂnĚ�ƐǇnĂpƟc�pƌuninŐ�thĂt�ƌĞcĂpitulĂtĞƐ�
ĨĞĂtuƌĞƐ�ŽĨ�nĞuƌŽĚĞǀĞlŽpŵĞnt.�
Kuƌ� ĞīŽƌtƐ� ŽǀĞƌ� thĞ� ǇĞĂƌƐ� hĂǀĞ�
iĚĞnƟĮĞĚ� Ă� ŬĞǇ� ƌŽlĞ� ŽĨ� ĂĚĞnŽƐinĞ�
A2A receptors (A2AR) in the control 
ŽĨ� nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ� ĚiƐŽƌĚĞƌƐ.�
tĞ� hĂǀĞ� ƐhŽǁn� thĂt� thĞiƌ� blŽcŬĂĚĞ�
pƌŽphǇlĂcƟcĂllǇ�pƌĞǀĞntƐ�ĂltĞƌĂƟŽnƐ�in�
ĂniŵĂl�ŵŽĚĞlƐ�ŽĨ��lǌhĞiŵĞƌ Ɛ͛�ĚiƐĞĂƐĞ͕�
ĞpilĞpƐǇ� Žƌ� ĚiĂbĞƟc� ĞncĞphĂlŽpĂthǇ͖�
this is in remarkable agreement with 
thĞ� pƌŽphǇlĂcƟc� bĞnĞĮt� ĂīŽƌĚĞĚ� bǇ�

thĞ� ƌĞŐulĂƌ� cŽnƐuŵpƟŽn� ŽĨ� cĂīĞinĞ�
(an adenosine receptor antagonist) 
ĂŐĂinƐt� ĚiƐĞĂƐĞƐ� Ɛuch� �lǌhĞiŵĞƌ Ɛ͛� Žƌ�
WĂƌŬinƐŽn Ɛ͛.�
tĞ� pŽƐt� thĂt� �Ϯ�Z� up-ƌĞŐulĂƟŽn�
ŵĂǇ� ĂctuĂllǇ� bĞ� Ă� cĂuƐĂƟǀĞ� ĨĂctŽƌ� ŽĨ�
ĂbĞƌƌĂnt� ƐǇnĂpƟc� plĂƐƟcitǇ� unĚĞƌlǇinŐ�
ĂbnŽƌŵĂl�phĞnŽtǇpic�chĂnŐĞƐ͕�thƌŽuŐh�
Ă�cŽŵbinĂƟŽn�ŽĨ�ĚiƌĞct�nĞuƌŽnĂl�cŽntƌŽl�
ŽĨ� ƐǇnĂpƟc� plĂƐƟcitǇ� ;�nŐĞlŽ� Z.� dŽŵĠ�
ĂnĚ� ,ĞnƌiƋuĞ� ^ilǀĂͿ͕� ĂnĚ� ŐliĂl� cŽntƌŽl�
ŽĨ� ƐǇnĂpƟc� ĨuncƟŽn� inǀŽlǀinŐ� ĂltĞƌĞĚ�
ĂƐtƌŽcǇtĞ-tŽ-nĞuƌŽn� cŽŵŵunicĂƟŽn�
;WĂulĂ� �ŐŽƐƟnhŽͿ.� /n� pĂƌĂllĞl͕� ǁĞ�
ĂƌĞ� ĚĞǀĞlŽpinŐ� Ă� nĞǁ� ƌĞƐĞĂƌch� linĞ�
ĞǆplŽƌinŐ�thĞ�iŵpĂct�ŽĨ�puƌinĞƐ�in�bƌĂin�
ĚĞǀĞlŽpŵĞnt�ĂnĚ�ƐǇnĂpƟc�ǁiƌinŐ�unĚĞƌ�
thĞ� ĂƐƐuŵpƟŽn� thĂt� ĨĞĂtuƌĞƐ� ŽĨ� bƌĂin�
ĚĞǀĞlŽpŵĞnt� ĂƌĞ� ĂbĞƌƌĂntlǇ� ƌĞcƌuitĞĚ�
tŽ�ĂttĞŵpt�ƌĞƐtŽƌinŐ�thĞ�ĚiƐĞĂƐĞĚ�bƌĂin�
;ZicĂƌĚŽ� :.� ZŽĚƌiŐuĞƐ� ĂnĚ� :ŽĂnĂ� D.�
DĂƌƋuĞƐͿ.� /n� pĂƌĂllĞl͕� ĨŽuƌ� ĞŵĞƌŐĞnt�
lines within the group are exploring the 
ƌŽlĞ�ŽĨ�puƌinĞƐ�ĂnĚ�ŽĨ�cĂnnĂbinŽiĚƐ� in�
thĞ�cŽntƌŽl�ŽĨ�bƌĂin�ŵĞtĂbŽliƐŵ�;�ƫlĂ�
<ŽĨĂlǀiͿ͕� thĞ� ƌŽlĞ� ŽĨ� ĞǆtƌĂcĞllulĂƌ� �dW�
as a danger signal in brain diseases 
;ZicĂƌĚŽ� :.� ZŽĚƌiŐuĞƐͿ͕� thĞ� ĞǆplŽƌĂƟŽn

DA/E�A�,/�s�D�Ed^

ϭ-WϮzϭ�;�dWͿ�ƌĞcĞptŽƌƐ�cƌiƟcĂllǇ�cŽntƌŽl�
ŐlutĂŵĂtĞ-inĚucĞĚ�ĞǆcitŽtŽǆicitǇ.
Ϯ-dhĞ� ŽǀĞƌ-ĨuncƟŽninŐ� ŽĨ� ĂĚĞnŽƐinĞ�
�Ϯ��ƌĞcĞptŽƌƐ�;�Ϯ�ZͿ�iƐ�cƌiƟcĂl�ĨŽƌ�thĞ�
ĞǆpƌĞƐƐiŽn�ŽĨ�nĞuƌŽĚĞŐĞnĞƌĂƟŽn�ĂŌĞƌ�
cŽnǀulƐiŽnƐ.
ϯ-�lŽcŬĂĚĞ� ŽĨ� �Ϯ�Z� cĂn� ƌĞǀĞƌt�
ŵĞŵŽƌǇ�ĚĞĮcitƐ�in�Ăn�ĂniŵĂl�ŵŽĚĞl�ŽĨ�
�lǌhĞiŵĞƌ Ɛ͛�ĚiƐĞĂƐĞ.
ϰ-�ĂīĞinĞ�cŽnƐuŵpƟŽn�ĂttĞnuĂtĞƐ�thĞ�
buƌĚĞn�ŽĨ���,��-�ĂttĞnƟŽn�ĚĞĮcit�ĂnĚ�
hǇpĞƌĂcƟǀitǇ�ĚiƐŽƌĚĞƌƐ.
ϱ-�ĂīĞinĞ-inĚucĞĚ� inƐŽŵniĂ� iƐ� ĂŐĞ-
dependent.
ϲ-/ĚĞnƟĮcĂƟŽn� ŽĨ� Ăn�
ĞlĞctƌŽphǇƐiŽlŽŐicĂl� ƐiŐnĂtuƌĞ� ŽĨ�
ĂŐĞinŐ-ĂƐƐŽciĂtĞĚ� ĚĞtĞƌiŽƌĂƟŽn� in�
brain networks.

ŽĨ� huŵĂn� bƌĂin� ƐĂŵplĞƐ� cŽllĞctĞĚ�
ĚuƌinŐ�ĂutŽpƐǇ�ĨŽƌ�tƌĂnƐlĂƟŽnĂl�ĞīŽƌtƐ�
;WĂulĂ��ĂnĂƐͿ�ĂnĚ�thĞ� iŵpĂct�ŽĨ��Ϯ�Z�
in� nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ� ;:ŽĆŽ� WĞĚƌŽ�
>ŽpĞƐͿ� ĂnĚ� nĞuƌŽpƐǇchiĂtƌic� ĚiƐŽƌĚĞƌƐ�
;�nĂ�WĂtƌşciĂ�^iŵƁĞƐ͕�^ĂŵiƌĂ�&ĞƌƌĞiƌĂͿ.



Ϯϯ

D/dK�,KE�R/A�AE��E�hRK��'�E�RAd/s���/^KR��R^�ͮ�;Head: Ana 
Cristina Carvalho Rego)  
K�:��d/s�^

The research group “Mitochondria 
ĂnĚ� EĞuƌŽĚĞŐĞnĞƌĂƟǀĞ� �iƐŽƌĚĞƌƐ͟�
iƐ� ĨŽcuƐĞĚ� Žn� unĚĞƌƐtĂnĚinŐ� cĞllulĂƌ�
and molecular mechanisms associated 
tŽ� ŵitŽchŽnĚƌiĂ� in� ĞĂƌlǇ� ƐtĂŐĞƐ� ŽĨ�
bƌĂin� nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ� ĚiƐŽƌĚĞƌƐ͕�
nĂŵĞlǇ� in� ,unƟnŐtŽn Ɛ͛� ;,�Ϳ͕� � ĂnĚ�
�lǌhĞiŵĞƌ Ɛ͛� ;��Ϳ� ĚiƐĞĂƐĞƐ.� dhĞƐĞ� ĂƌĞ�
chƌŽnic͕� ĚĞbilitĂƟnŐ� ĂnĚ� ĂŐĞ-ƌĞlĂtĞĚ�
bƌĂin� ĚiƐŽƌĚĞƌƐ͕� chĂƌĂctĞƌiǌĞĚ� bǇ�
ƐĞlĞcƟǀĞ� cĞƌĞbƌĂl� nĞuƌŽĚĞŐĞnĞƌĂƟŽn�
ĂnĚ� cŽŐniƟǀĞ� ĚĞclinĞ.� DŽĚiĮĞĚ͕�
ŵiƐĨŽlĚĞĚ� ĂnĚ/Žƌ� ŵutĂnt� pƌŽtĞinƐ�
ĂīĞctĞĚ� in� thĞƐĞ� ĚiƐĞĂƐĞƐ� intĞƌĨĞƌĞ�
ǁith� nĞuƌŽnĂl� ĨuncƟŽn͕� pŽtĞnƟĂllǇ�
causing deregulated mitochondrial 
ĨuncƟŽn�ĂnĚ�biŽĞnĞƌŐĞƟcƐ͕�ĂnĚ�ĂltĞƌĞĚ�
intƌĂcĞllulĂƌ� ƌĞĚŽǆ� ƐiŐnĂlinŐ͕� nĂŵĞlǇ�
ĂŌĞƌ�ĂcƟǀĂƟŽn�ŽĨ�ŐlutĂŵĂtĞ�ƐǇnĂpƐĞƐ͕��

Žƌ� lĞĂĚ� tŽ� ĚĞĨĞcƟǀĞ� nĞuƌŽŐĞnĞƐiƐ͕�
iŵpĂcƟnŐ� Žn� bƌĂin� cŽŐniƟǀĞ� ƌĞƐĞƌǀĞ.�
�lthŽuŐh�thĞƌĞ�ĂƌĞ�ƐĞǀĞƌĂl�ŵĞchĂniƐŵƐ�
bǇ�ǁhich�nĞuƌŽnƐ�ĚĞŐĞnĞƌĂtĞ͕�thĞ�iniƟĂl�
pĂthǁĂǇƐ� ŽĨ� nĞuƌŽnĂl� ĚǇƐĨuncƟŽn͕�
ŽccuƌƌinŐ� bĞĨŽƌĞ� ŵĂin� ĚiƐĞĂƐĞ-ƌĞlĂtĞĚ�
ƐǇŵptŽŵƐ͕� ĂƌĞ� lĂƌŐĞlǇ� unŬnŽǁn� ĨŽƌ�
ĞĂch� ĚiƐŽƌĚĞƌ.� /n� thiƐ� pĞƌƐpĞcƟǀĞ͕�
bǇ� uƐinŐ� ŵŽlĞculĂƌ͕ � cĞllulĂƌ͕ � Ğǆ-ǀiǀŽ�
ĂnĚ� in� ǀiǀŽ� ĂppƌŽĂchĞƐ͕� ǁĞ� Ăiŵ� tŽ�
inǀĞƐƟŐĂtĞ�ĞĂƌlǇ�ŵŽĚiĮcĂƟŽnƐ�ĂīĞcƟnŐ�
ŵitŽchŽnĚƌiĂl� ĨuncƟŽn� ĂnĚ� ƌĞlĂtĞĚ�
ƐiŐnĂlinŐ� linŬĞĚ� tŽ� ƌĞĚŽǆ� ƌĞŐulĂƟŽn͕�
ŐlutĂŵĂtĞ� pŽƐtƐǇnĂpƟc� ĚǇƐĨuncƟŽn�
ĂnĚ/Žƌ� ŵŽĚiĮĞĚ� nĞuƌŽŐĞnĞƐiƐ� in�
ĚiīĞƌĞnt�ŵŽĚĞlƐ�ŽĨ�nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ�
disorders and in peripheral human 
cĞllƐ� ĚĞƌiǀĞĚ� ĨƌŽŵ� pĂƟĞntƐ� ĂnĚ� nŽn-
ĂīĞctĞĚ�inĚiǀiĚuĂlƐ.�dhĞ�lĂƐt�ĞnǀiƐĂŐĞƐ�

Ă� clŽƐĞƌ� intĞƌĂcƟŽn� ǁith� thĞ� lŽcĂl�
hŽƐpitĂl͕� pĂƌƟculĂƌlǇ� in� ,�� ĂnĚ�
��.� /ĚĞnƟĮcĂƟŽn� ŽĨ� ĞĂƌlǇ� ĚiƐĞĂƐĞ�
ŵĞchĂniƐŵƐ�ĂƌĞ�ĞnǀiƐĂŐĞĚ� tŽ�uncŽǀĞƌ�
ƌĞlĞǀĂnt� ŵŽlĞculĂƌ� tĂƌŐĞtƐ� ĨŽƌ�
thĞƌĂpĞuƟc� intĞƌǀĞnƟŽn͕� ĂƐ� ƌĞǀiĞǁĞĚ�
bǇ� uƐ� ;EĂiĂ� Ğt� Ăl.͕� ϮϬϭϳ͕� �iŽchĞŵ.�
�iŽphǇƐ.� ZĞƐ.� �ŽŵŵunͿ.� dhĞƌĞĨŽƌĞ͕�
thĞ�ŐƌŽup�ĂliŐnƐ�bĂƐic�ĂnĚ�tƌĂnƐlĂƟŽnĂl�
ƌĞƐĞĂƌch�ǁith� intĞƌĞƐt� in�ĞĂƌlǇ�ĚiƐĞĂƐĞ�
ƐtĂŐĞƐ͕� ĂƐ� ǁĞll� ĂƐ� inǀĞƐƟŐĂƟŽn� Žn�
nĞuƌŽpƌŽtĞcƟǀĞ� thĞƌĂpiĞƐ� bĂƐĞĚ� Žn�
ŵŽĚiĮĞƌƐ� ŽĨ� ŵitŽchŽnĚƌiĂl� ĨuncƟŽn͕�
ŐlutĂŵĂtĞ� ƐǇnĂpƐĞ� ĂnĚ� nĞuƌŽŐĞnĞƐiƐ͕�
using pharmacological compounds, 
ŵŽĚulĂƟŽn� ŽĨ� pƌŽtĞin� ĞǆpƌĞƐƐiŽn�
ĂnĚ/Žƌ� ŐĞnĞ� cŽƌƌĞcƟŽn� ƐtƌĂtĞŐiĞƐ.

(Ferreiro and Pita et al., Oncotarget. 2018 Aug 31;9(68):32929-32942. doi: 10.18632/oncotarget.25978)
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�Ǉ� ƐtuĚǇinŐ� ĂĚult� hippŽcĂŵpĂl�
nĞuƌŽŐĞnĞƐiƐ͕� in� thĞ� ƐtuĚǇ� publiƐhĞĚ�
in�KncŽtĂƌŐĞt� ;ϮϬϭϴͿ�ǁĞ� ĂnĂlǇƐĞĚ� thĞ�
inŇuĞncĞ� ŽĨ� thĞ� �ŽƌiŽluƐ� ǀĞƌƐicŽlŽƌ�
;�sͿ� ŵuƐhƌŽŽŵ� biŽŵĂƐƐ� Žn� ĚĞnĚƌiƟc�
ĂƌbŽƌiǌĂƟŽn� ŽĨ� nĞǁlǇ-ŐĞnĞƌĂtĞĚ�
neurons. 
,ippŽcĂŵpĂl� ĂĚult� nĞuƌŽŐĞnĞƐiƐ� hĂƐ�
bĞĞn� cŽnƐiĚĞƌĞĚ� tŽ� bĞ� Ă� ƌĞlĞǀĂnt�
cŽntƌibutŽƌ� ĨŽƌ�bƌĂin� cŽŐniƟǀĞ� ƌĞƐĞƌǀĞ�
ĂnĚ�bƌĂin�plĂƐƟcitǇ.�
EŽ� ĚiīĞƌĞncĞƐ� ǁĞƌĞ� ŽbƐĞƌǀĞĚ� in�
thĞ� ǀŽluŵĞ� ŽĨ� hippŽcĂŵpĂl� ĚĞntĂtĞ�
ŐǇƌuƐ� ;�'Ϳ� ŐƌĂnulĂƌ� cĞll� lĂǇĞƌ� ;'�>Ϳ�
ĂnĚ� ƐubŐƌĂnulĂƌ� ǌŽnĞ� ;^'�Ϳ� lĂǇĞƌƐ͕�
in� pƌŽliĨĞƌĂƟŽn� ĂnĚ� in� thĞ� nuŵbĞƌ� ŽĨ�
nĞǁlǇ-ŐĞnĞƌĂtĞĚ� nĞuƌŽnƐ� ŽĨ� cŽntƌŽlƐ�
and CV-administered mice. 
,ŽǁĞǀĞƌ͕ ��s�ĂĚŵiniƐtƌĂƟŽn�pƌŽŵŽtĞĚ�
Ă� ƐiŐniĮcĂnt� incƌĞĂƐĞ� in� ĚĞnĚƌiƟc�
length and branching and total 
ĚĞnĚƌiƟc�ǀŽluŵĞ�ŽĨ�iŵŵĂtuƌĞ�nĞuƌŽnƐ͕�
ƐuŐŐĞƐƟnŐ� Ă� pŽƐiƟǀĞ� ĞīĞct� ŽĨ� ŽƌĂl� �s�
ĂĚŵiniƐtƌĂƟŽn� in� thĞ� hippŽcĂŵpĂl�
nĞuƌŽŐĞnic�ƌĞƐĞƌǀĞ.�
tĞ�ĂlƐŽ�ŽbƐĞƌǀĞĚ�thĂt�ɴ-cĂtĞnin�lĞǀĞlƐ�
are increased both in the nucleus and 
cǇtŽplĂƐŵ� ŽĨ� �'� iŵŵĂtuƌĞ� nĞuƌŽnƐ͕�
ƐuŐŐĞƐƟnŐ� thĂt� tnt/ɴ-cĂtĞnin�
ƐiŐnĂllinŐ� ŵĂǇ� plĂǇ� Ăn� iŵpŽƌtĂnt�
ƌŽlĞ� in� thĞ� �s� pŽƐiƟǀĞ� ĞīĞct� Žn� thĞ�
ĚiīĞƌĞnƟĂƟŽn�ŽĨ�thĞƐĞ�cĞllƐ.�
dhĞƐĞ� ĚĂtĂ� unǀĞil� Ă� ƐŽ� ĨĂƌ� unĞǆplŽƌĞĚ�
nĞuƌŽŐĞnic� pŽtĞnƟĂl� ŽĨ� �s�
ƐupplĞŵĞntĂƟŽn͕� ǁhich� ĞŵĞƌŐĞƐ�
ĂƐ� Ă� pŽƐƐiblĞ� pƌĞǀĞnƟǀĞ� ƐtƌĂtĞŐǇ� ĨŽƌ�
ĚiīĞƌĞnt�nĞuƌŽlŽŐicĂl�cŽnĚiƟŽnƐ.
/n�thĞ�cŽntĞǆt�ŽĨ�,unƟnŐtŽn Ɛ͛�ĚiƐĞĂƐĞ

;,�Ϳ͕� Ă� nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ� ĚiƐŽƌĚĞƌ�
cĂuƐinŐ� cŽŐniƟǀĞ� ĂnĚ� ŵŽtŽƌ�
impairments, in the paper published in 
,uŵ� DŽl� 'ĞnĞt.� ;ϮϬϭϴͿ� ǁĞ� ĚĞƐiŐnĞĚ�
a longitudinal structural imaging (MRI 
ĂnĚ� �d/Ϳ� ĂnĚ� ƐpĞctƌŽƐcŽpǇ� ;ϭ,-DZ^Ϳ�
ƐtuĚǇ� in�z��ϭϮϴ�tƌĂnƐŐĞnic�ŵicĞ͕�Ăt�ϯ͕�
ϲ͕� ϵ� ĂnĚ� ϭϮ�ŵŽnthƐ� ŽĨ� ĂŐĞ.� ^tƌuctuƌĂl�
ĂnĂlǇƐiƐ� cŽnĮƌŵĞĚ� thĂt� thĞ� ƐtƌiĂtuŵ�
iƐ� thĞ� ĞĂƌliĞƐt� ĂīĞctĞĚ� bƌĂin� ƌĞŐiŽn.�
/ŵpŽƌtĂntlǇ͕ � ǁĞ� ĨŽunĚ� ĨŽƌ� thĞ� ĮƌƐt�
ƟŵĞ͕� Ă� nĞŐĂƟǀĞ� cŽƌƌĞlĂƟŽn� bĞtǁĞĞn�
ƐtƌiĂtĂl�ĂnĚ�hippŽcĂŵpĂl�chĂnŐĞƐ�ŽnlǇ�
in� z��ϭϮϴ� ŵicĞ.� /n� ĨĂct͕� thĞ� ƐtƌiĂtuŵ�
ƐhŽǁĞĚ� ĂccĞlĞƌĂtĞĚ� ǀŽluŵĞtƌic� ĚĞcĂǇ�
in�,�͕�ĂƐ�ŽppŽƐĞĚ�tŽ�thĞ�hippŽcĂŵpuƐ.�
EĞuƌŽchĞŵicĂl� ĂnĂlǇƐiƐ� ŽĨ� thĞ�
,�� ƐtƌiĂtuŵ� ƐuŐŐĞƐtĞĚ� ĞĂƌlǇ�
nĞuƌŽŵĞtĂbŽlic� ĂltĞƌĂƟŽnƐ� in�
neurotransmission and metabolism, 
ǁith� Ă� ƐiŐniĮcĂnt� incƌĞĂƐĞ� in� ƐtƌiĂtĂl�
'���� lĞǀĞlƐ͕� ĂnĚ� ƐpĞciĮcĂllǇ�
ĂnƟcŽƌƌĞlĂtĞĚ� lĞǀĞlƐ� ŽĨ� E-ĂcĞtǇl�
ĂƐpĂƌtĂtĞ� ĂnĚ� tĂuƌinĞ͕� ƐuŐŐĞƐƟnŐ� thĂt�
thĞ� lĂtĞƌ� iƐ� hŽŵĞŽƐtĂƟcĂllǇ� ĂĚũuƐtĞĚ�
ĨŽƌ� nĞuƌŽpƌŽtĞcƟŽn͕� ĂƐ� nĞuƌĂl� lŽƐƐ͕�
inĚicĂtĞĚ�bǇ�thĞ�ĨŽƌŵĞƌ͕ �iƐ�pƌŽŐƌĞƐƐinŐ.�
dhĞƐĞ� ƌĞƐultƐ� pƌŽǀiĚĞĚ� nŽǀĞl� inƐiŐhtƐ�
intŽ� thĞ� nĂtuƌĂl� hiƐtŽƌǇ� ŽĨ� ,�� ĂnĚ�
pƌŽǀĞĚ�Ă�ǀĂluĂblĞ�ƌŽlĞ� ĨŽƌ� lŽnŐituĚinĂl�
ŵulƟ-ŵŽĚĂl� pĂnĞlƐ� ŽĨ� ƐtƌuctuƌĂl� ĂnĚ�
ŵĞtĂbŽlitĞ/nĞuƌŽtƌĂnƐŵiƐƐiŽn� in� thĞ�
z��ϭϮϴ�ŵŽuƐĞ�ŵŽĚĞl.
Ɵll� in� ,�� z��ϭϮϴ� ŵicĞ͕� in� thĞ� pĂpĞƌ�
publiƐhĞĚ� in� ���� ʹ� DŽl.� �ĂƐ.� �iƐ.�
;ϮϬϭϴͿ͕� ǁĞ� ĂnĂlǇǌĞĚ� pƌŽliĨĞƌĂƟŽn͕� ^�
ŵiŐƌĂƟŽn� ĂnĚ� ĚiīĞƌĞnƟĂƟŽn� ŽĨ� ĂĚult�
ƐubǀĞntƌiculĂƌ�ǌŽnĞ�;^s�Ϳ-ĚĞƌiǀĞĚ

nĞuƌĂl� ƐtĞŵ/pƌŽŐĞnitŽƌ� cĞllƐ� ;E^W�Ϳ�
ĨƌŽŵ�ŵilĚ�;ϲ�ŵŽnth-ŽlĚ�;ŵŽͿͿ�ĂnĚ�lĂtĞ�
;ϭϬ�ŵŽͿ�ƐǇŵptŽŵĂƟc�,��z��ϭϮϴ�ŵicĞ�
ǀƐ� ĂŐĞ-ŵĂtchĞĚ� ǁilĚ-tǇpĞ� ;tdͿ� ŵicĞ.�
^s�� cĞllƐ� ĚĞƌiǀĞĚ� ĨƌŽŵ� ϲŵŽ� z��ϭϮϴ�
ŵicĞ� ĞǆhibitĞĚ� hiŐhĞƌ� ŵiŐƌĂtŽƌǇ�
cĂpĂcitǇ�ĂnĚ�Ă�hiŐhĞƌ�nuŵbĞƌ�ŽĨ�D�WϮн�
ĂnĚ� ƐǇnĂptŽphǇƐinнcĞllƐ͕� cŽŵpĂƌĞĚ� tŽ�
td�cĞllƐ͖�D�WϮ�lĂbĞlinŐ�ǁĂƐ�ĞnhĂncĞĚ�
ĂŌĞƌ�ĞǆpŽƐuƌĞ�tŽ���E&.�
,ŽǁĞǀĞƌ͕ � ��E&-ĞǀŽŬĞĚ� nĞuƌŽnĂl�
ĚiīĞƌĞnƟĂƟŽn� ǁĂƐ� nŽt� ŽbƐĞƌǀĞĚ�
in� ϭϬŵŽ� z��ϭϮϴ� ^s�-ĚĞƌiǀĞĚ� cĞllƐ.�
/ntĞƌĞƐƟnŐlǇ͕ �ϲŵŽ�z��ϭϮϴ�^s�-ĚĞƌiǀĞĚ�
cells showed increased intracellular 
�ĂϮн� lĞǀĞlƐ� in� ƌĞƐpŽnƐĞ� tŽ� <�l͕� ǁhich�
ǁĂƐ� pŽtĞnƟĂtĞĚ� bǇ� ��E&͕ � ĞǀiĚĞncinŐ�
thĞ�pƌĞƐĞncĞ�ŽĨ�ĚiīĞƌĞnƟĂtĞĚ�nĞuƌŽnƐ.�
/n�cŽntƌĂƐt͕�<�l�ĚĞpŽlĂƌiǌĂƟŽn-inĚucĞĚ�
intracellular Ca2+ increase in 10mo 
z��ϭϮϴ� ^s�-ĚĞƌiǀĞĚ� cĞllƐ� incƌĞĂƐĞĚ�
ŽnlǇ� in� ��E&-tƌĞĂtĞĚ� z��ϭϮϴ� ^s�-
ĚĞƌiǀĞĚ� cĞllƐ͕� ƐuŐŐĞƐƟǀĞ� ŽĨ� ĚĞcƌĞĂƐĞĚ�
ĚiīĞƌĞnƟĂƟŽn� cĂpĂcitǇ.� /n� ĂĚĚiƟŽn͕�
��E&-untƌĞĂtĞĚ� E^W�� ĨƌŽŵ� ϭϬŵŽ�
z��ϭϮϴ� ŵicĞ� ĞǆhibitĞĚ� lŽǁĞƌ�
ŵitŽchŽnĚƌiĂl� ŵĞŵbƌĂnĞ� pŽtĞnƟĂl�
and increased mitochondrial Ca2+ 
ĂccuŵulĂƟŽn͕� in� ƌĞlĂƟŽn� ǁith� E^W��
ĨƌŽŵ�ϲŵŽ�z��ϭϮϴ�ŵicĞ.�
�ĂtĂ�ĞǀiĚĞncĞĚ�ĂŐĞ-ĚĞpĞnĚĞnt�ƌĞĚucĞĚ�
ŵiŐƌĂƟŽn�ĂnĚ�ĚĞcƌĞĂƐĞĚ�ĂcƋuiƐiƟŽn�ŽĨ�
Ă� nĞuƌŽnĂl� phĞnŽtǇpĞ͕� ĂccŽŵpĂniĞĚ�
bǇ�ĚĞcƌĞĂƐĞĚ�ŵitŽchŽnĚƌiĂl�ŵĞŵbƌĂnĞ�
pŽtĞnƟĂl� in� ^s�-ĚĞƌiǀĞĚ� cĞllƐ� ĨƌŽŵ�
z��ϭϮϴ�ŵicĞ�thƌŽuŐh�,��ƐǇŵptŽŵĂƟc�
phases.
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/n�ϮϬϭϴ͕�thĞ�ŐƌŽup�puƌƐuĞĚ�in�ĂchiĞǀinŐ�
itƐ� ŵĂin� ŽbũĞcƟǀĞ� ĨŽcuƐĞĚ� in� thĞ�
iĚĞnƟĮcĂƟŽn� ŽĨ� nĞǁ� biŽŵĂƌŬĞƌƐ� ŽĨ�
ĂŐinŐ� ĂnĚ� bƌĂin� ĚiƐŽƌĚĞƌƐ͕� pƌŽŵŽƟnŐ�
thĞ� tƌĂnƐlĂƟŽn� ŽĨ� ŬnŽǁlĞĚŐĞ�
generated in basic research to the 
clinic.� �ccŽƌĚinŐlǇ͕ � thĞ� intĞƌĂcƟŽn�
ǁith� cliniciĂnƐ� Ăt� �ŽiŵbƌĂ� hniǀĞƌƐitǇ�
,ŽƐpitĂl� ;�,h�Ϳ� hĂƐ� bĞĞn� ƐhŽǁn� tŽ�
bĞ� ƌĞlĞǀĂnt͕� ĂllŽǁinŐ� thĞ� ĂccĞƐƐ� tŽ�
human biological samples and clinical 
ĚĂtĂ͕� ƌĞlĂtĞĚ� ǁith� nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ�
ĂnĚ� nĞuƌŽpƐǇchiĂtƌic� ĚiƐĞĂƐĞƐ͕�
nĞuƌŽĚĞǀĞlŽpŵĞnt� ĂnĚ�
bigenomic disorders and cancer. 
dhĞ� intĞŐƌĂƟŽn� in� intĞƌnĂƟŽnĂl�
ƌĞƐĞĂƌch� cŽnƐŽƌƟĂ� cŽntƌibutĞĚ�
tŽ� thĞ� ĚĞǀĞlŽpŵĞnt� ŽĨ� ƐtĂnĚĂƌĚ�
ŵĞthŽĚŽlŽŐiĞƐ�ĨŽƌ�ƐĂŵplĞ�ƐtŽƌĂŐĞ�ĂnĚ�
ĂnĂlǇƐiƐ͕� ĨulĮllinŐ� thĞ� intĞƌnĂƟŽnĂl�
cƌitĞƌiĂ�ŽĨ�ƋuĂlitǇ�cŽntƌŽl.�
dhĞ� inǀŽlǀĞŵĞnt� in� intĞƌnĂƟŽnĂl�
ĂnĚ� nĂƟŽnĂl� ƌĞƐĞĂƌch� nĞtǁŽƌŬƐ�
hĂƐ� lĞĚ� tŽ� thĞ� iŵplĞŵĞntĂƟŽn� ŽĨ�
cŽllĂbŽƌĂƟǀĞ� ƌĞƐĞĂƌch� pƌŽũĞctƐ�
ĂnĚ� tŽ� thĞ� ĚĞǀĞlŽpŵĞnt� ŽĨ�
nŽǀĞl� ŐĞnŽŵic� ĂnĚ� cǇtŽŐĞnĞƟc�
methodological approaches. 

K�:��d/s�^͗

Regarding biomarker-based diagnosis 
ĂnĚ� pƌŽŐnŽƐiƐ� ŽĨ� nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ�
ĚiƐĞĂƐĞƐ͕� ǁĞ� hĂǀĞ� pĂƌƟcipĂtĞĚ�
in� ƐĞǀĞƌĂl� cŽllĂbŽƌĂƟǀĞ� ĞīŽƌtƐ� in�
ŽƌĚĞƌ� tŽ:� iͿ� ĂƐƐĞƐƐ� thĞ� ĂccuƌĂcǇ� ŽĨ� Ă�
pƌĞǀiŽuƐlǇ� pƌŽpŽƐĞĚ� ĂlŐŽƌithŵ� � -� thĞ�
�ƌlĂnŐĞn� ^cŽƌĞ� -� in� pƌĞĚicƟnŐ� hĂǌĂƌĚƐ�
ŽĨ�pƌŽŐƌĞƐƐiŽn�ĨƌŽŵ�thĞ�ŵilĚ�cŽŐniƟǀĞ�
iŵpĂiƌŵĞnt�;D�/Ϳ�ƐtĂŐĞ�ŽĨ��lǌhĞiŵĞƌ Ɛ͛�
�iƐĞĂƐĞ� ;��Ϳ� tŽ� thĞ�ĚĞŵĞnƟĂ�ƐtĂŐĞ�ŽĨ�
thĞ� ĚiƐĞĂƐĞ� in� Žuƌ� cŽhŽƌt� ŽĨ� pĂƟĞntƐ͖�
iiͿ� ĨuƌthĞƌ� clĂƌiĨǇ� thĞ� ĂƐƐŽciĂƟŽn� ŽĨ�
ƐpĞciĮc� ŐĞnĞƟc� ǀĂƌiĂntƐ� ǁith� ���
cĞƌĞbƌŽƐpinĂl� ŇuiĚ� ;�^&Ϳ� biŽŵĂƌŬĞƌƐ�
iiiͿ� pƌŽǀiĚĞ� cŽŵplĞtĞ� �^&� tŽtĂl� WƌiŽn�
Protein (tPrP) signatures across the 
bƌŽĂĚ�ƐpĞctƌuŵ�ŽĨ�pƌiŽn�ĚiƐĞĂƐĞƐ͕�ĂnĚ�
iǀͿ� incƌĞĂƐĞ� ŬnŽǁlĞĚŐĞ� ŽĨ� thĞ� ŐĞnĞƟc�
ĞƟŽlŽŐǇ� ŽĨ� ƐĞǀĞƌĂl� inhĞƌitĞĚ� ĨŽƌŵƐ� ŽĨ�
nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ�ĚiƐĞĂƐĞƐ.
/n� thĞ� ĮĞlĚ� ŽĨ� ǀĂƐculĂƌ� nĞuƌŽlŽŐicĂl�
ĚiƐŽƌĚĞƌƐ͕�ǁĞ�hĂǀĞ� cŽnĚuctĞĚ� Ă� ƐtuĚǇ�
ĂiŵĞĚ� Ăt� ĂƐƐĞƐƐinŐ� thĞ� ĚiĂŐnŽƐƟc�
ĂccuƌĂcǇ� ŽĨ� plĂƐŵĂ� �ĚĞnŽƐinĞ�
ĚĞĂŵinĂƐĞ� Ϯ� ;���ϮͿ� ĂcƟǀitǇ� in�
ĚiīĞƌĞnƟĂƟnŐ� pĂƟĞntƐ� ǁith� thĞ�
ƌĞcĞntlǇ� ĚĞƐcƌibĞĚ� ŐĞnĞƟc� ĚiƐŽƌĚĞƌ�
���Ϯ�ĚĞĮciĞncǇ�;����ϮͿ�ĨƌŽŵ�ŽthĞƌ�

ĂĚult� pĂƟĞntƐ� ǁithin� thĞ� ^nĞĚĚŽnǲƐ�
^ǇnĚƌŽŵĞ�;^n^Ϳ.
In order to pursue bigenomic 
inǀĞƐƟŐĂƟŽn� ŽĨ� ĚiƐŽƌĚĞƌƐ͕� thĞ�
group was updated in the latest 
ĚĞǀĞlŽpŵĞntƐ� in� ŵŽlĞculĂƌ� ŐĞnĞƟcƐ͕�
incluĚinŐ� thĞ� ĂnĂlǇƐiƐ� ŽĨ� ĞǆŽŵĞ� bǇ�
EĞǆt� 'ĞnĞƌĂƟŽn� ^ĞƋuĞncinŐ� ;E'^Ϳ�
technique, and other methodological 
ĂƐƐĂǇƐ�tŽ�ƐuppŽƌt�ĨuncƟŽnĂl�ŐĞnŽŵicƐ͕�
ĂllŽǁinŐ� thĞ� iŵplĞŵĞntĂƟŽn� ŽĨ�
ĨuncƟŽnĂl� ƐtuĚiĞƐ� ĨŽƌ� pĂthŽŐĞnicitǇ�
inǀĞƐƟŐĂƟŽn� ŽĨ� nŽǀĞl� ŵutĂƟŽnƐ. 
Regarding the pharmacogenomics 
ƐtuĚiĞƐ͕� thĞ� ƌĞƐĞĂƌch� ĚĞǀĞlŽpĞĚ� ĂiŵƐ�
tŽ�iĚĞnƟĨǇ�ŐĞnĞƟc�ĂltĞƌĂƟŽnƐ�ĂnĚ�cŽpǇ�
nuŵbĞƌ� ǀĂƌiĂƟŽnƐ� thĂt�ǁill� ĚĞtĞƌŵinĞ�
thĞ� ŵĞtĂbŽlic� pƌŽĮlĞ� Žƌ� tĂƌŐĞƟnŐ�
ĚĞpĞnĚinŐ�Žn�ŐĞnĞƟcƐ͕�tŽ�pƌŽǀiĚĞ�tŽŽlƐ�
ĨŽƌ�ŵŽƌĞ�ĂccuƌĂtĞ�ĚiĂŐnŽƐiƐ�ĂnĚ�ŵŽƌĞ�
ƌĂƟŽnĂlĞ� tƌĞĂtŵĞntƐ͕� ŵĂnĂŐinŐ� ƌiƐŬƐ�
ĂnĚ�pƌĞǀĞnƟnŐ�ĚƌuŐ�ĂĚǀĞƌƐĞ�ƌĞĂcƟŽnƐ.
dhĞƐĞ�ĂppƌŽĂchĞƐ�ĂƌĞ�Ă�ƐtĞp�ĨŽƌǁĂƌĚ�in�
thĞ� clinicĂl� pƌĂcƟcĞ͕� tĂŬinŐ� ĂĚǀĂntĂŐĞ�
ŽĨ� thĞ� ŵŽƐt� ƌĞcĞnt� tĞchniƋuĞƐ� in�
DŽlĞculĂƌ��iŽchĞŵiƐtƌǇ�ĂnĚ�'ĞnĞƟcƐ.

DA/E�A�,/�s�D�Ed^͗

ϭ.ϭ.EĞuƌŽĚĞŐĞnĞƌĂƟǀĞ� ĂnĚ�
nĞuƌŽpƐǇchiĂtƌic� ĚiƐĞĂƐĞƐ 
The results obtained in 
nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ� ĚiƐŽƌĚĞƌƐ͕�
cŽnĮƌŵĞĚ� ĂnĚ� ĞǆtĞnĚĞĚ� thĞ�
cŽncluƐiŽnƐ� ŽĨ� Ă� pƌĞǀiŽuƐlǇ� publiƐhĞĚ�
ƌĞpŽƌt� thĂt� thĞ� �ƌlĂnŐĞn� ^cŽƌĞ� ;�^Ϳ� iƐ�
Ă� uƐĞĨul� tŽŽl� ĨĂcilitĂƟnŐ� intĞƌpƌĞtĂƟŽn�
ŽĨ� Ă� cŽŵplĞǆ� pĂttĞƌn� ŽĨ� thĞ� �^&� ���
biŽŵĂƌŬĞƌƐ.� /n� ĨĂct͕� D�/� pĂƟĞntƐ�
ǁith� �^� с� Ϯ/ϯ� hĂĚ� ϲʹϴ� ƟŵĞƐ� hiŐhĞƌ�
hazards to progress to ADD compared 
tŽ�pĂƟĞntƐ�ǁith��^�с�Ϭ/ϭ� in� thĞ�ĮƌƐt�ϯ�
ĨŽllŽǁ-up� ǇĞĂƌƐ͕� ǁhilĞ� pĂƟĞntƐ� ǁith�
�^� с� ϰ�hĂĚ�hĂǌĂƌĚƐ� ϴʹϭϮ�ƟŵĞƐ�hiŐhĞƌ�
cŽŵpĂƌĞĚ� tŽ� thĞ� �^� с� Ϭ/ϭ� ŐƌŽup. 
dhĞ� �uƌŽpĞĂn� ŵulƟcĞntĞƌ� ŐĞnĞƟc�
ƐtuĚǇ͕ � in� ǁhich� ǁĞ� ĂƌĞ� inǀŽlǀĞĚ͕�
ƌĞinĨŽƌcĞĚ� thĞ� ƌŽlĞ� ŽĨ� thĞ� ĮǀĞ� ŐĞnĞƐ͕�
�WK�͕� >K�ϭϬϬϭϮϵϱϬϬ͕� WsZ>Ϯ͕� ^E�Z-/͕�
and TOMM40, in AD pathogenesis. 
dhƌĞĞ� nĞǁ� ��� ƐuƐcĞpƟbilitǇ� lŽci͕�
INPP5D, CD2AP, and CASS4, showed

nĞuƌŽpƐǇchiĂtƌic� ĚiƐĞĂƐĞƐ� ƐpĞciĮc�
ĂƐƐŽciĂƟŽn� ǁith� �^&� tĂu� thĂt� ŵĂǇ�
point out new mechanisms and 
pĂthǁĂǇƐ.� EĞuƌŽĚĞŐĞnĞƌĂƟǀĞ� ĂnĚ�
inĚĞpĞnĚĞnt� ŽĨ� ĂŵǇlŽiĚ� pƌŽcĞƐƐinŐ.�
dhĞ�ŵĂin� ĮnĚinŐƐ� ŽĨ� thĞ�ŵulƟ-cŽhŽƌt�
ƐtuĚǇ� Žn� pƌiŽn� ĚiƐĞĂƐĞƐ͕� ƐhŽǁĞĚ� thĂt�
�^&� t-WƌW� ǁĂƐ� ĚĞcƌĞĂƐĞĚ� in� Ăll� tǇpĞƐ�
ŽĨ� pƌiŽn� ĚiƐĞĂƐĞƐ� ƌĞŐĂƌĚlĞƐƐ� ŽĨ� thĞiƌ�
ĂĞƟŽlŽŐǇ� ;ƐpŽƌĂĚic͕� iĂtƌŽŐĞnic� ĂnĚ�
ŐĞnĞƟcͿ� ĂlbĞit� ǁith� ŵutĂƟŽn-ƐpĞciĮc�
ĞǆcĞpƟŽnƐ� in� Ă� ŵinŽƌitǇ� ŽĨ� ŐĞnĞƟc�
cĂƐĞƐ.� /n� ƐŽŵĞ� ŐĞnĞƟc� pƌiŽn� ĚiƐĞĂƐĞ͕�
ĚĞcƌĞĂƐĞĚ� lĞǀĞlƐ� ǁĞƌĞ� ĚĞtĞctĞĚ� Ăt�
pre-clinical stages and diminish with 
ĚiƐĞĂƐĞ� pƌŽŐƌĞƐƐiŽn͕� ƐuŐŐĞƐƟnŐ� thĂt�
�^&� t-WƌW� ŵĂǇ� hĂǀĞ� Ă� ƌŽlĞ� ĂƐ� Ă� pƌĞ-
clinicĂl�Žƌ�ĞĂƌlǇ�ƐǇŵptŽŵĂƟc�ĚiĂŐnŽƐƟc�
biŽŵĂƌŬĞƌ� ĂnĚ� in� thĞ� ĞǀĂluĂƟŽn� ŽĨ�
thĞƌĂpĞuƟc�intĞƌǀĞnƟŽnƐ.�dhĞ�ƐtuĚǇ�Žn�
^n^�ƐhŽǁĞĚ�thĂt�plĂƐŵĂ����Ϯ�ĂcƟǀitǇ�
ĚiīĞƌĞnƟĂtĞĚ�pƌiŵĂƌǇ�^n^�ĨƌŽŵ�����Ϯ�
ǁith�Ă�ƐĞnƐiƟǀitǇ�ĂnĚ�ƐpĞciĮcitǇ�ŽĨ�

ϭϬϬ.Ϭй.� WlĂƐŵĂ� ���Ϯ� ĂcƟǀitǇ� cŽulĚ�
ĂlƐŽ� ĚiƐƟnŐuiƐh� hĞĂlthǇ� hĞtĞƌŽǌǇŐŽuƐ�
ŵutĂƟŽn� cĂƌƌiĞƌƐ� ĨƌŽŵ� hĞĂlthǇ�
cŽntƌŽlƐ� ǁith� Ă� ƐĞnƐiƟǀitǇ� ŽĨ� ϵϳ.ϭй�
ĂnĚ� ƐpĞciĮcitǇ� ŽĨ� ϴϱ.ϳй.� dhĞƌĞĨŽƌĞ͕�
plĂƐŵĂ����Ϯ�ĂcƟǀitǇ�ƐĞĞŵƐ�Ă�ĮƌƐt-linĞ�
ĚiĂŐnŽƐƟc�tĞƐt� ĨŽƌ�����Ϯ͕�ƐuitĂblĞ� ĨŽƌ�
iŵplĞŵĞntĂƟŽn�in�clinicĂl�pƌĂcƟcĞ.
�Ǉ�ĂpplǇinŐ��ĚiīĞƌĞnt�ŵĂƐƐ�ƐpĞctƌŽŵĞtƌǇ�
ĂppƌŽĂchĞƐ� ĂnĚ� ƐĞcƌĞtŽŵĞ� ĂnĂlǇƐiƐ͕�
ǁĞ� puƌƐuĞĚ� Žn� thĞ� iĚĞnƟĮcĂƟŽn� ŽĨ�
biŽŵĂƌŬĞƌƐ� ĨŽƌ�WĂƌŬinƐŽnǲƐ� ;W�Ϳ͕� � � ĂnĚ�
�lǌhĞiŵĞƌ Ɛ͛� � ;��Ϳ� ĚiƐĞĂƐĞƐ.� &ƌŽŵ�
the ongoing projects, a considerable 
incƌĞĂƐĞ� in� thĞ� nuŵbĞƌ� ŽĨ� biŽlŽŐicĂl�
ƐĂŵplĞƐ� cŽllĞctĞĚ� ĨƌŽŵ� pĂƟĞntƐ� ǁith�
ĮƌƐt� ĞpiƐŽĚĞ� ŽĨ� pƐǇchŽƐiƐ� ;&�WͿ� ǁĂƐ�
ĂchiĞǀĞĚ�ĂnĚ�pƌĞliŵinĂƌǇ�ĚĂtĂ�inĚicĂtĞ�
Ă�ƐiŐniĮcĂnt�chĂnŐĞ�in�pĂƟĞntƐ��W�D� Ɛ͛�
pƌŽĮlĞ.���nĞǁ�ŵĞthŽĚ�͞Žǆ^t�d,͕͟ �ǁĂƐ�
ĚĞǀĞlŽpĞĚ͕� ǁhich� ĂllŽǁƐ� tŽ� ŵŽnitŽƌ�
ƌĞƐiĚuĞ� ƐpĞciĮc� ŽǆiĚĂƟǀĞ� ƐtĂtĞ� in�
nĞuƌŽŐĞnĞƌĂƟǀĞ�ĚiƐŽƌĚĞƌƐ.



Ϯϲ

pƌĞĚicƟŽn�ĂnĂlǇƐiƐ�ǁĂƐ�pĞƌĨŽƌŵĞĚ.�
dhĞ� ƐcƌĞĞninŐ� ĨŽƌ� ŐĞnĞƟc� ǀĂƌiĂntƐ� in�
ǁhŽlĞ-ĞǆŽŵĞ� ƐĞƋuĞncinŐ� ĚĂtĂ� ŽĨ� Ă�
>ĞbĞƌ Ɛ͛� ,ĞƌĞĚitĂƌǇ� KpƟc� EĞuƌŽpĂthǇ�
;>,KEͿ� pĂƟĞnt� ǁith� ŵ.ϭϰϰϴϰdх��
ŵutĂƟŽn͕� ƐhŽǁĞĚ� thĞ� c.ϮϴϬ�хd�
ĂnĚ� c.ϭϳϬĚĞl�/c.ϭϳϮͺϭϳϲĚĞl''����
ǀĂƌiĂntƐ�in�D/W�W�ĂnĚ�dKDDϮϬ>.�
D/W� pƌŽtĞin� lĞǀĞlƐ� in� pĂƟĞnt Ɛ͛�
lǇŵphŽcǇtĞƐ� ǁĞƌĞ� ƌĞĚucĞĚ͕�
ƐuŐŐĞƐƟnŐ� Ă� pŽƐƐiblĞ� ĚĞcƌĞĂƐĞ� ŽĨ�
substrate processing leading to an 
incƌĞĂƐĞ� ŽĨ� unpƌŽcĞƐƐĞĚ� ĂnĚ� unƐtĂblĞ�
mitochondrial proteins.
dhĞ� ŵt�E�� cŽpǇ� nuŵbĞƌ� ;�EͿ� ŽĨ�
ϮϲϮ� ƐĂŵplĞƐ� ŽĨ� dƌĂnƐthǇƌĞƟn-ƌĞlĂtĞĚ�
ĨĂŵiliĂl� ĂŵǇlŽiĚ� WŽlǇnĞuƌŽpĂthǇ�
pĂƟĞntƐ� ;ddZ-&�W� sĂlϯϬDĞtͿ� ĂnĚ�
cŽntƌŽlƐ� ǁĂƐ� ĂnĂlǇǌĞĚ͕� ƐhŽǁinŐ� thĂt�
pĂƟĞntƐ�ĂnĚ�ĞĂƌlǇ-ŽnƐĞt�ŽīƐpƌinŐ�hĂǀĞ�
Ă�ƐiŐniĮcĂntlǇ�hiŐhĞƌ�ŵĞĂn�ŵt�E���E.
�� pƌŽƐpĞcƟǀĞ� ŽbƐĞƌǀĂƟŽnĂl� ƐtuĚǇ�
ĂnĂlǇǌĞĚ��zWϮ�ϲ�phĂƌŵĂcŽŐĞnĞƟcƐ�in

55 Portuguese adult women undergoing 
ĞlĞcƟǀĞ�cĞƐĂƌĞĂn�ƐĞcƟŽn�ĂnĚ�ƌĞǀĞĂlĞĚ�
Ă� pŽƐiƟǀĞ� ĂƐƐŽciĂƟŽn� bĞtǁĞĞn� ĂllĞlĞƐ�
*4, *10 and pain and also between 
pƌĞĚictĞĚ� ƌĞĚucĞĚ� Žƌ� null� ĂcƟǀitǇ� ŽĨ�
�zWϮ�ϲ�ĂnĚ�incƌĞĂƐĞĚ�pĂin.�
^Ž͕� �zWϮ�ϲ� ŐĞnŽtǇpinŐ� iƐ�
ƌĞcŽŵŵĞnĚĞĚ�tŽ�ĂnƟcipĂtĞ�thĞ�nĞĞĚƐ�
ĨŽƌ�ĂnĂlŐĞƐiĂ�ĂnĚ�tŽ�ĂĚũuƐt�ŽpiŽiĚ�ĚŽƐĞ�
ĂnĚ� ŵĂǆiŵiǌĞ� clinicĂl� ĞĸcĂcǇ� ǁhilĞ�
ƌĞĚucinŐ�ƐiĚĞ�ĞīĞctƐ.
hnĚĞƌ� thĞ� ƐcŽpĞ� ŽĨ� thĞ� Z/��&-��/���
EĞtǁŽƌŬ� �ŽnƐŽƌƟuŵ� intĞƌinĚiǀiĚuĂl�
ĂnĚ� intĞƌpŽpulĂƟŽnĂl� ǀĂƌiĂƟŽnƐ� in�
�zWϮ�ϲ͕� �zWϮ�ϵ� ĂnĚ� �zWϮ�ϭϵ� ĚƌuŐ�
ŵĞtĂbŽliǌinŐ� ĞnǌǇŵĞ� ŐĞnŽtǇpĞƐ� in�
>ĂƟn� �ŵĞƌicĂnƐ͕� ƐuppŽƌtĞĚ� thĞ� nĞĞĚ�
ĨŽƌ� pŽpulĂƟŽn-ƐpĞciĮc� pĞƌƐŽnĂliǌĞĚ�
and precision medicine programs.
�� ĨuncƟŽnĂl� ƐtuĚǇ� ǁĂƐ� pĞƌĨŽƌŵĞĚ� in�
ϯϬ� ĚƌuŐ� ĂĚĚictƐ͛� cĞllƐ͕� cŽnĮƌŵĞĚ� thĂt�
ĚƌuŐƐ� ŽĨ� ĂbuƐĞ� hĂǀĞ� Ă� nĞŐĂƟǀĞ� ĞīĞct�
Žn�ŵitŽchŽnĚƌiĂl�biŽĞnĞƌŐĞƟcƐ.

Ϯ.� �iŽŵĂƌŬĞƌƐ� ŽĨ� nĞuƌŽĚĞǀĞlŽpŵĞnt�
and other diseases

tĞ� ĚĞƐcƌibĞĚ� thĞ� ƌŽlĞ� ŽĨ� ŐĞnŽŵic�
�ŽpǇ� EuŵbĞƌ� sĂƌiĂntƐ� ;�EsƐͿ� in�
nĞuƌŽĚĞǀĞlŽpŵĞntĂl� ĚiƐŽƌĚĞƌƐ�
thĂt� lĞĂĚ� tŽ� cŽŐniƟǀĞ� iŵpĂiƌŵĞnt͕�
iŵpƌŽǀinŐ�pĂƟĞntƐ͛�ĚiĂŐnŽƐiƐ.�
tĞ�ĂlƐŽ�cŽntƌibutĞĚ�tŽ�thĞ�ŐĞnĞƌĂƟŽn�
ĂnĚ�chĂƌĂctĞƌiǌĂƟŽn�ŽĨ�Ă�huŵĂn�iW^�cĞll�
linĞ� ĨƌŽŵ� Ă� pĂƟĞnt-ƌĞlĂtĞĚ� cŽntƌŽl� tŽ�
ƐtuĚǇ� ĚiƐĞĂƐĞ� ŵĞchĂniƐŵƐ� ĂƐƐŽciĂtĞĚ�
ǁith���E�ϱ�ŐĞnĞ�ŵutĂƟŽn.�
^ĞǀĞƌĂl� ŐĞnŽŵic� tŽŽlƐ� ǁĞƌĞ� uƐĞĚ� ĨŽƌ�
thĞ� ĂƐƐĞƐƐŵĞnt� ŽĨ� nĞǁ� biŽŵĂƌŬĞƌƐ� in�
ĚiīĞƌĞnt�pĂthŽlŽŐiĞƐ͕�nĂŵĞlǇ�in�cĂncĞƌ.

3. Biomedical Research in Bigenomic 
Disorders and Personalized Medicine.
dhĞ� ĨuncƟŽnĂl� iŵpĂct� ŽĨ� nŽǀĞl�
ŵt�E�� ŐĞnĞƟc� ƐĞƋuĞncĞ� ǀĂƌiĂƟŽn�
ǁĂƐ� ĞǀĂluĂtĞĚ� ĂnĚ� biŽinĨŽƌŵĂƟcƐ�



Ϯϳ

EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ�ͮ�;Head: António Francisco 
AmbrósioͿ

dhĞ�'ƌŽup�hĂƐ�bĞĞn�ŵĂinlǇ�ĨŽcuƐĞĚ�in�
chƌŽnic� ĚiƐŽƌĚĞƌƐ� thĂt� ĂīĞct� thĞ�bƌĂin�
ĂnĚ�ƌĞƟnĂ͕�but�ĂlƐŽ�ŽthĞƌ�ŽƌŐĂnƐ�Ɛuch�
ĂƐ�thĞ�hĞĂƌt͕�ŬiĚnĞǇ�ĂnĚ�bŽnĞ.
/n�ŐĞnĞƌĂl͕�Žuƌ�ŐŽĂlƐ�ĂƌĞ:
- to elucidate the molecular and 
cĞllulĂƌ� ŵĞchĂniƐŵƐ� unĚĞƌlǇinŐ� thĞ�
pĂthŽphǇƐiŽlŽŐǇ� ŽĨ� chƌŽnic� ĚiƐŽƌĚĞƌƐ�
ĂīĞcƟnŐ� thĞ� bƌĂin͕� ƌĞƟnĂ� ĂnĚ� ŽthĞƌ�
ŽƌŐĂnƐ͖
-�tŽ�iĚĞnƟĨǇ�nĞǁ�pŽtĞnƟĂl�ĚƌuŐ�tĂƌŐĞtƐ�
ĂnĚ� ĚĞǀĞlŽp� ŵŽƌĞ� ĞĸciĞnt� thĞƌĂpiĞƐ�
ĂnĚ� thĞƌĂpĞuƟc� ŽpƟŽnƐ� ĨŽƌ� thĞ�
tƌĞĂtŵĞnt�ŽĨ�chƌŽnic�ĚiƐŽƌĚĞƌƐ�ĂīĞcƟnŐ�
thŽƐĞ� ŽƌŐĂnƐ� ĂƐ� ǁĞll� ĂƐ� ĞǀĂluĂtĞ� thĞ�
ƌĞƐpŽnƐĞ�tŽ�thĞƌĂpǇ.
WĂƌƟculĂƌ�ŽbũĞcƟǀĞƐ�hĂǀĞ�bĞĞn�ĚĞĮnĞĚ�
in� ĚiīĞƌĞnt� Ɛub-ĂƌĞĂƐ͕� ĂƐ� ĨŽllŽǁƐ: 

sŝƐŝŽŶ�^ĐŝĞŶĐĞƐ
tĞ� hĂǀĞ� Ă� ŵĂũŽƌ� intĞƌĞƐt� in� ƌĞƟnĂl�
ĚĞŐĞnĞƌĂƟǀĞ�ĚiƐĞĂƐĞƐ͕�nĂŵĞlǇ�ĚiĂbĞƟc�
ƌĞƟnŽpĂthǇ͕ �ŐlĂucŽŵĂ�ĂnĚ�ĂŐĞ-ƌĞlĂtĞĚ�
ŵĂculĂƌ� ĚĞŐĞnĞƌĂƟŽn� ;�D�Ϳ.� tĞ� ĂƌĞ�
pĂƌƟculĂƌlǇ� intĞƌĞƐtĞĚ� in� clĂƌiĨǇinŐ� thĞ�
cŽntƌibuƟŽn� ŽĨ� ŵicƌŽŐliĂ-ŵĞĚiĂtĞĚ�
nĞuƌŽinŇĂŵŵĂƟŽn�tŽ�ƌĞƟnĂl�nĞuƌĂl�ĂnĚ�
ǀĂƐculĂƌ�ĚǇƐĨuncƟŽn�ĂnĚ�ĚĞŐĞnĞƌĂƟŽn͕�
ĂnĚ�ǁĞ�hĂǀĞ�bĞĞn�ĞǆplŽƌinŐ�ƐtƌĂtĞŐiĞƐ�
that modulate adenosine receptors, the 
cŽntƌibuƟŽn�ŽĨ�ĞǆŽƐŽŵĞƐ�ĨŽƌ�thĞ�ŽutĞƌ�
blŽŽĚ-ƌĞƟnĂl� bĂƌƌiĞƌ� bƌĞĂŬĚŽǁn� ĂnĚ�
chŽƌŽiĚĂl�nĞŽǀĂƐculĂƌiǌĂƟŽn͕�ĚiƐƐĞcƟnŐ�
thĞ�pƌŽtĞcƟǀĞ�ŵĞchĂniƐŵƐ�ŽĨ�incƌĞƟn-
bĂƐĞĚ� thĞƌĂpiĞƐ� in� ƌĞƟnĂl� ĞnĚŽthĞliĂl�
cĞllƐ�ĨuncƟŽn�ĂnĚ�ĞǀĂluĂƟnŐ�thĞ�ƌŽlĞ�ŽĨ�
ɲ-ĂĚĚucin�in�thĞ�ƐtƌuctuƌĞ�ĂnĚ�ĨuncƟŽn�
thĞ�ƌĞƟnĂ.
tĞ�ĂƌĞ�ĂlƐŽ�ĚĞǀĞlŽpinŐ�ĂniŵĂl�ŵŽĚĞlƐ�
ŽĨ�ŽculĂƌ�ŵĞlĂnŽŵĂ�ĂnĚ�ƌĞƟnŽblĂƐtŽŵĂ�
ĂnĚ� nĞǁ� thĞƌĂpĞuƟc� ĂppƌŽĂchĞƐ�
incluĚinŐ� phŽtŽĚǇnĂŵic� thĞƌĂpǇ͕ � cŽlĚ�
atmospheric plasma, ocular implants 
ĂnĚ�nĂnŽpĂƌƟclĞƐ�ĂcƟǀĂtĞĚ�bǇ�liŐht.
�lƐŽ� in� Ă� tƌĂnƐlĂƟŽnĂl�pĞƌƐpĞcƟǀĞ͕�ǁĞ�
ĂƌĞ� tƌǇinŐ� tŽ� ĮnĚ� nĞǁ� biŽŵĂƌŬĞƌƐ� ĨŽƌ�
thĞ� ĚiĂŐnŽƐiƐ� ŽĨ� thĞƐĞ� pĂthŽlŽŐiĞƐ� in�
tĞĂƌ�ŇuiĚƐ.
&inĂllǇ͕ � ƐincĞ� thĞ� ƌĞƟnĂ� cĂn� bĞ� uƐĞĚ�
ĂƐ� Ă� ǁinĚŽǁ/ŵiƌƌŽƌ� ŽĨ� thĞ� bƌĂin͕� ǁĞ�
hĂǀĞ� ĂlƐŽ� bĞĞn� inǀĞƐƟŐĂƟnŐ� ǁhĞthĞƌ�
thĞ� ƌĞƟnĂ� cĂn� bĞ� uƐĞĚ� ĂƐ� Ă� ƌĞliĂblĞ�
tŽŽl� tŽ� ĨĂcilitĂtĞ� Ăn� ĞĂƌlǇ� ĚiĂŐnŽƐiƐ� ŽĨ�
�lǌhĞiŵĞƌ Ɛ͛�ĚiƐĞĂƐĞ.

K�:��d/s�^͗

EĞƵƌŽƐĐŝĞŶĐĞ
tĞ�intĞnĚ�tŽ�pinpŽint�thĞ�ƌŽlĞ�ŽĨ�liĨĞƐtǇlĞ͕�
incluĚinŐ� ĚiĞt͕� ĨŽŽĚ� ƐupplĞŵĞntĂƟŽn͕�
phǇƐicĂl� ĞǆĞƌciƐĞ� ĂnĚ� ĚƌuŐƐ� ŽĨ� ĂbuƐĞ�
ĂnĚ� �E^� ŵŽĚiĮĞƌƐ� cŽnƐuŵpƟŽn͕�
such as methamphetamine and 
ŵĞthǇlphĞniĚĂtĞ͕� Žn� bƌĂin� hĞĂlth� ĂnĚ�
cŽŐniƟǀĞ�ĚǇƐĨuncƟŽn͕�ŐiǀinŐ�Ă�pĂƌƟculĂƌ�
ĂttĞnƟŽn� tŽ� nĞuƌŽinŇĂŵŵĂƟŽn� ĂnĚ�
blŽŽĚ-bƌĂin�bĂƌƌiĞƌ�ĚǇƐĨuncƟŽn.�
tĞ� ĂlƐŽ� intĞnĚ� tŽ� unƌĂǀĞl� thĞ�
nĞuƌŽbiŽlŽŐǇ� bĞhinĚ� �ttĞnƟŽn� �ĞĮcit�
,ǇpĞƌĂcƟǀitǇ��iƐŽƌĚĞƌ�;��,�Ϳ�ĂnĚ�thĞ�
ZŽlĞ� ŽĨ� nĞuƌŽpĞpƟĚĞ� z� Žn� tƌĂuŵĂƟc�
bƌĂin�inũuƌǇ�ŽutcŽŵĞƐ.

tĞ� ĂƌĞ� ĂlƐŽ� inǀĞƐƟŐĂƟnŐ� thĞ� iŵpĂct�
ŽĨ�pƌĞnĂtĂl� ƐtƌĞƐƐ�ŵĞĚiĂtŽƌƐ͕� incluĚinŐ�
ĚiĂbĞtĞƐ� ĚuƌinŐ� pƌĞŐnĂncǇ� ĂnĚ�
ĞǆpŽƐuƌĞ�tŽ�ĚĞǆĂŵĞthĂƐŽnĞ͕�Žn�ĞĂƌlǇ

nĞuƌŽĚĞǀĞlŽpŵĞnt� ĂnĚ� ŵĞntĂl�
hĞĂlth� thƌŽuŐhŽut� liĨĞ� ;nĂŵĞlǇ� thĞ�
ƌiƐŬ� ĨŽƌ� ĂnǆiĞtǇ� ĂnĚ� ĚĞpƌĞƐƐiŽnͿ͕�
cŽnƐiĚĞƌinŐ� ƐĞǆ-ƐpĞciĮc� ĚiīĞƌĞncĞƐ͕�
ĂnĚ� ŐiǀinŐ� Ă� pĂƌƟculĂƌ� ĂttĞnƟŽn� tŽ�
microglial cells, the immune cells 
ŽĨ� thĞ� cĞntƌĂl� nĞƌǀŽuƐ� ƐǇƐtĞŵ. 

�ǆƉĞƌŝŵĞŶƚĂů�dŚĞƌĂƉĞƵƟĐƐ
tĞ� ĂƌĞ� ĞǀĂluĂƟnŐ� thĞ� iŵpĂct� ŽĨ�
thĞƌĂpĞuƟc� ĂnĚ� nutƌĂcĞuƟc� ŽpƟŽnƐ�
in cardiometabolic and cardiorenal 
disorders, such as atherosclerosis, 
ŽbĞƐitǇ͕ �tǇpĞ�Ϯ�ĚiĂbĞtĞƐ�ĂnĚ�itƐ�ǀĂƐculĂƌ�
cŽŵplicĂƟŽnƐ͕� nĂŵĞlǇ� nĞphƌŽpĂthǇ�
ĂnĚ�ĂƐ�chƌŽnic�ƌĞnĂl�ĨĂiluƌĞ.
tĞ� ĂlƐŽ� Ăiŵ� tŽ� ĚĞǀĞlŽp� pŽtĞnƟĂl�
thĞƌĂpĞuƟc� ƐtƌĂtĞŐiĞƐ� ĨŽƌ� tĂƌŐĞƟnŐ�
Cancer Stem Cells in osteosarcoma.



Ϯϴ

DA/E�A�,/�s�D�Ed^͗

-� ^itĂŐlipƟn͕� Ă� pĞpƟĚĂƐĞ-ϰ� ;�WW-ϰͿ�
inhibitŽƌ� uƐĞĚ� in� thĞ� tƌĞĂtŵĞnt� ŽĨ�
tǇpĞ-Ϯ� ĚiĂbĞtĞƐ͕� ĂŵĞliŽƌĂtĞƐ� ƌĞƟnĂl�
ĞnĚŽthĞliĂl� cĞll� ĚǇƐĨuncƟŽn� tƌiŐŐĞƌĞĚ�
bǇ�inŇĂŵŵĂƟŽn.

-� dhĞ� blŽcŬĂĚĞ� ŽĨ� �Ϯ�Z� pƌĞǀĞntƐ� thĞ�
upƌĞŐulĂƟŽn� ŽĨ� pƌŽ-inŇĂŵŵĂtŽƌǇ�
ŵĞĚiĂtŽƌƐ� ĂnĚ� thĞ� ĂltĞƌĂƟŽnƐ� in�
thĞ� cŽŵplĞŵĞnt� ƐǇƐtĞŵ� in� huŵĂn�
microglial cells and increases the 
clĞĂƌĂncĞ�ŽĨ�ĂpŽptŽƟc�phŽtŽƌĞcĞptŽƌƐ.

-� /n� Ă� ŵŽĚĞl� ŽĨ� pƌĞĚiĂbĞtĞƐ͕� thĞƌĞ� iƐ�
ƐubtlĞ�thinninŐ�ŽĨ�ƌĞƟnĂl�lĂǇĞƌƐ�ǁithŽut�
ŽǀĞƌt� inŇĂŵŵĂƟŽnƐ� ĂnĚ� ǀĂƐculĂƌ�
ĂltĞƌĂƟŽnƐ.

-� DĞthĂŵphĞtĂŵinĞ� intĞƌĨĞƌĞƐ� ǁith�
AQP4, a water channel, causing 
brain edema and blood-brain barrier 
breakdown in mice striatum and 
hippocampus, as well as locomotor and 
ŵŽƟǀĂƟŽnĂl�iŵpĂiƌŵĞnt.�

-�,iŐh�ĚŽƐĞ�ŽĨ�ŵĞthǇlphĞniĚĂtĞ�;DW,Ϳ�
promotes blood-brain barrier (BBB) 
pĞƌŵĞĂbilitǇ� ĂnĚ� ĞlicitƐ� ĂnǆiĞtǇ-liŬĞ�
bĞhĂǀiŽƌ�in�cŽntƌŽl�ĂnĚ���,��ĂniŵĂlƐ.�
/n�cŽntƌŽl�ƌĂtƐ͕�DW,�ĂlƐŽ�inĚucĞƐ�ƌŽbuƐt�
nĞuƌŽinŇĂŵŵĂƟŽn.�
,ŽǁĞǀĞƌ͕ � in� thĞ���,��ŵŽĚĞl͕�Ă� lŽǁĞƌ�
ĚŽƐĞ�ŽĨ�DW,�hĂƐ�bĞhĂǀiŽƌĂl�bĞnĞĮciĂl�
ĞīĞctƐ.

-� �ŽƌiŽluƐ� sĞƌƐicŽlŽƌ� ĂĚŵiniƐtƌĂƟŽn� tŽ�
ŵicĞ� pƌŽŵŽtĞƐ� Ă� ƐiŐniĮcĂnt� incƌĞĂƐĞ�
in� ĚĞnĚƌiƟc� lĞnŐth� ĂnĚ� bƌĂnchinŐ� ĂnĚ�
tŽtĂl� ĚĞnĚƌiƟc� ǀŽluŵĞ� ŽĨ� iŵŵĂtuƌĞ�
neurons.

-��ǆĞƌciƐĞ-bĂƐĞĚ�intĞƌǀĞnƟŽnƐ�ĂlŽnĞ�Žƌ�
ĂƐ� Ă� cŽnũŽint� thĞƌĂpǇ�ŵĂǇ�bĞ�Ă�uƐĞĨul�
tŽŽl�ĨŽƌ�ŵĂnĂŐinŐ�D�d,�ĂĚĚicƟŽn.

-� �hƌŽnic� ĚiĞt� unbĂlĂncĞ� ;hiŐh-ĨĂt� Žƌ�
hǇpŽpƌŽtĞic� ĚiĞtͿ� tƌiŐŐĞƌƐ� pĞƌiphĞƌĂl�
inŇĂŵŵĂƟŽn� ĂnĚ� lĞĂĚƐ� tŽ� blŽŽĚ-
bƌĂin� bĂƌƌiĞƌ� ĚiƐƌupƟŽn� ĂnĚ� chƌŽnic

nĞuƌŽinŇĂŵŵĂƟŽn.

-� �ĚipŽnĞcƟn� iƐ� pƌŽtĞcƟǀĞ� ĨŽƌ�
lipoproteins in end-stage renal disease 
pĂƟĞntƐ.

-� tĞiŐht� lŽƐƐ� ĂchiĞǀĞĚ� bǇ� bĂƌiĂtƌic�
ƐuƌŐĞƌǇ� ŵŽĚiĮĞƐ� hiŐh-ĚĞnƐitǇ�
lipŽpƌŽtĞin� ƐubĨƌĂcƟŽnƐ� ĂnĚ� lŽǁ-
ĚĞnƐitǇ� lipŽpƌŽtĞin� ŽǆiĚĂƟŽn� tŽǁĂƌĚƐ�
ĂthĞƌŽpƌŽtĞcƟŽn.

-� tĞ� iĚĞnƟĮĞĚ� thĞ� tnt/ɴ-cĂtĞnin�
ƐiŐnĂlinŐ� ĂƐ� Ă� pŽtĞnƟĂl� thĞƌĂpĞuƟc�
target against osteosarcoma stem-like 
cĞllƐ͕�ĨŽƌ�cŽŵbinĂƟŽn�ǁith�ĞƐtĂbliƐhĞĚ�
cŽnǀĞnƟŽnĂl�thĞƌĂpiĞƐ.�
DŽƌĞŽǀĞƌ͕ � thiƐ� ƐtĞŵ-liŬĞ� ƐubƐĞt� ƌĞliĞƐ�
Žn� ŽǆiĚĂƟǀĞ� phŽƐphŽƌǇlĂƟŽn� ĨŽƌ�
ĞnĞƌŐǇ�ƐupplǇ�ĂnĚ�iƐ�hiŐhlǇ�ƐuƐcĞpƟblĞ�
tŽ�thĞ�ĂnƟ-ĚiĂbĞƟc�DĞƞŽƌŵin�ĞithĞƌ�ĂƐ�
ŵŽnŽ-�Žƌ�cŽŵbinĂƟŽn�thĞƌĂpiĞƐ.



Ϯϵ

Deta�ol®ÝÃ͕�A¦®n¦�an���®ÝeaÝe
Coordinator: João Ramalho-Santos

dhĞ�ŐĞnĞƌĂl�ŐŽĂl�ŽĨ�thĞ�ƐtƌĂnĚ�iƐ�tŽ�cĂƌƌǇ�Žut�ĞǆcĞllĞnt�bĂƐic�
ĂnĚ� tƌĂnƐlĂƟŽnĂl� ƌĞƐĞĂƌch� linŬinŐ�ŵĞtĂbŽlic� iƐƐuĞƐ͕�nŽtĂblǇ�
ŵitŽchŽnĚƌiĂl�ĨuncƟŽn�ĂnĚ�intĞƌŵĞĚiĂtĞ�ŵĞtĂbŽliƐŵ-bĂƐĞĚ�
pĂthǁĂǇƐ�ĂnĚ�biŽŵĂƌŬĞƌƐ͕�ǁith�ĂŐinŐ�ĂnĚ�ĚiƐĞĂƐĞ͕�incluĚinŐ�
nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ�ĂnĚ�nĞuƌŽbĞhĂǀiŽƌĂl�ĚiƐŽƌĚĞƌƐ͕�ĚiĂbĞtĞƐ͕�
inĨĞƌƟlitǇ͕ �iŵŵunĞ-bĂƐĞĚ�ĚiƐŽƌĚĞƌƐ͕�cĂƌĚiŽ-ǀĂƐculĂƌ��
 

�'�E�RA>�K�:��d/s�^͗

ĚiƐŽƌĚĞƌƐ͕�ĂnĚ�ĨĂttǇ�liǀĞƌ�ĚiƐĞĂƐĞ͕�ĂnĚ�cĂncĞƌ.�dhĞ�ŐŽĂl�ǁĂƐ�tŽ�
cƌĞĂtĞ�cƌiƟcĂl�ŵĂƐƐ͕�ĂnĚ�bƌinŐ�bĂƐic�ƌĞƐĞĂƌch�clŽƐĞƌ�tŽ�ŵŽƌĞ�
intĞƌǀĞnƟŽnĂl�ĂcƟǀiƟĞƐ͕�ĂƐ�ǁĞll�ĂƐ�bĞttĞƌ�ĚiĂŐnŽƐƟcƐ�tŽŽlƐ.
It should be reminded that the ImmunoMetabolic 
WhĂƌŵĂcŽlŽŐǇ� 'ƌŽup� iƐ� nŽ� lŽnŐĞƌ� pĂƌt� ŽĨ� thĞ� �E�./�/>/�
�ŽnƐŽƌƟuŵ͕�ĂnĚ�ǁĂƐ�ƌĞŵŽǀĞĚ�ĨƌŽŵ�thĞ�cuƌƌĞnt�ƌĞpŽƌt.
 

KnĞ� ŽĨ� thĞ� ŵĂin� ĂchiĞǀĞŵĞntƐ� ǁĂƐ� thĞ� bĞŐinninŐ� ŽĨ� thĞ�
ƐuccĞƐƐĨul��uƌŽpĞĂn�ĂpplicĂƟŽnƐ�linŬĞĚ�tŽ�thƌĞĞ��dE�tƌĂininŐ�
ŐƌĂntƐ�;&K/�ͺ'Z�^͕�dZ��dD�Ed͕ �ZĞp-��dͿ�ĂnĚ�Ă�Z/^��ĂcƟŽn�
;ŵt&K/�ͺ'Z�^Ϳ͕� thĂt� linŬ� ŵĞtĂbŽliƐŵ� ƌĞƐĞĂƌch� ǁith� liǀĞƌ�
ĚiƐĞĂƐĞ͕� inĨĞƌƟlitǇ� ĂnĚ� ƐchiǌŽphƌĞniĂ.� �Žth� &K/�ͺ'Z�^� ĂnĚ�
ŵt&K/�ͺ'Z�^�ĂƌĞ�cŽŽƌĚinĂtĞĚ�bǇ��E�.�
dhĞ�ŐƌŽupƐ�cŽnƟnuĞĚ�thĞiƌ�ǁŽƌŬ�Žn�tĂƌŐĞƟnŐ�ŵitŽchŽnĚƌiĂ�
ĨŽƌ� bŽth� ĚiĂŐnŽƐƟc� ĂnĚ� thĞƌĂpĞuƟc� puƌpŽƐĞƐ� ǁith� nŽǀĞl�
chĞŵicĂl� ĞnƟƟĞƐ� bĂƐĞĚ� Žn� ĚiĞtĂƌǇ� pŽlǇphĞnŽlƐ� ĂnĚ� ŽthĞƌ�
ŵŽlĞculĞƐ�thĂt�ŵĂǇ�ĚĞcƌĞĂƐĞ�cĂƌĚiŽtŽǆicitǇ�ŽĨ�ŬnŽǁn�ĚƌuŐƐ�
ĂnĚ�ĂllĞǀiĂtĞ�ŵĞnŽpĂuƐĞ�ƐǇŵptŽŵƐ.
/n� tĞƌŵƐ�ŽĨ�nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ�ĚiƐŽƌĚĞƌƐ�Žuƌ�ĚĂtĂ� ƐuŐŐĞƐtƐ�
thĂt�nĞǁ�����ϭ�inhibitŽƌƐ�hĂǀĞ�thĞ�pŽtĞnƟĂl�tŽ�bĞ�Ă�ĚiƐĞĂƐĞ-
ŵŽĚiĨǇinŐ�thĞƌĂpǇ�in���.
&uƌthĞƌŵŽƌĞ͕� thĞ� ƐtĂnĚ� hĂƐ� ĚŽnĞ� innŽǀĂƟǀĞ� ƌĞƐĞĂƌch� in�
tĞƌŵƐ�ŽĨ�bŽth�ŵitŽchŽnĚƌiĂl�ĨuncƟŽn�ĂnĚ�thĞ�ŵicƌŽbiŽŵĞ�ŽĨ�
���ĂnĚ�W��pĂƟĞntƐ͕�ĂnĚ�cŽnƟnuĞĚ�tŽ�ĨŽcuƐ�Žn�ƐĞǆ-ƐpĞciĮc�
ĚiīĞƌĞncĞƐ�ĂnĚ�thĞ�ĞīĞctƐ�ŽĨ�

 

ĚiĂbĞtĞƐ.� ^ŽŵĞ� ŽĨ� thĞƐĞ� ĞīĞctƐ� ƐĞĞŵ� tŽ� bĞ� ŵŽĚulĂtĞĚ�
bǇ� ĚiĞt� ĂnĚ� thĞ� ĂĚipŽƐĞ� ƟƐƐuĞ͕� ĂnĚ� hĂǀĞ� cŽnƐĞƋuĞncĞƐ� in�
tĞƌŵƐ�ŽĨ�ǀĂƐculĂƌ�ĂnĚ�cĂƌĚiĂc�ĨuncƟŽn͕�ĂnĚ�inŇuĞncĞ�ǁŽunĚ�
hĞĂlinŐ͕� ǁhich� cŽulĚ� bĞ� pŽtĞnƟĂtĞĚ� uƐinŐ�ŵicƌŽZE�Ɛ� ĂnĚ�
ĂnƟŵicƌŽbiĂl�pĞpƟĚĞƐ.
/n�tĞƌŵƐ�ŽĨ�nŽǀĞl�ŵĞthŽĚŽlŽŐiĞƐ͕�thĞ�ƐtƌĂnĚ�ĂlƐŽ�ĚĞǀĞlŽpĞĚ�
ƐtĂblĞ-iƐŽtŽpĞ� ŵĞthŽĚŽlŽŐiĞƐ� ĨŽƌ� ƋuĂnƟĨǇinŐ� liǀĞƌ� ĂnĚ�
ĂĚipŽƐĞ� ƟƐƐuĞ� ĨĂttǇ� ĂciĚ� ĂnĚ� ŐlǇcĞƌŽl� biŽƐǇnthĞƐiƐ� ĨƌŽŵ�
ƐpĞciĮc�pƌĞcuƌƐŽƌƐ�uƐinŐ�Ă�cŽŵbinĂƟŽn�ŽĨ�ĚĞutĞƌĂtĞĚ�ǁĂtĞƌ�
ĂnĚ� ϭϯ�-ĞnƌichĞĚ� ƐubƐtƌĂtĞƐ.�tĞ�ǁĞƌĞ� ĂlƐŽ� ĂblĞ� tŽ� cĞƌƟĨǇ�
Ă� lĂb� uƐinŐ� thĞ� 'ŽŽĚ� >ĂbŽƌĂtŽƌǇ� WƌĂcƟcĞƐ� ŵĞthŽĚŽlŽŐǇ͕ �
ŽĸciĂllǇ� ĂppƌŽǀĞĚ� bǇ� /E&�ZD��͕� WŽƌtuŐĂl� uƐinŐ� thĞ�
intĞƌnĂƟŽnĂl�K����ŐuiĚĞlinĞƐ͕�ĂnĚ�hĂǀĞ�ŽnĞ�ŽĨ�thĞ�ĨĞǁ�lĂbƐ�
in�WŽƌtuŐĂl�in�thiƐ�ĮĞlĚ�tŽ�hĂǀĞ�Ɛuch�Ă�cĞƌƟĮcĂƟŽn.�dhiƐ�ǁill�
bĞ�uƐĞĚ�tŽ�ĨulĮl�inĚuƐtƌǇ�cŽntƌĂctƐ.
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dhĞ�ƐtƌĂnĚ�ǁill�cŽnƟnuĞ�tŽ�ĨŽcuƐ�Žn�thĞ�ŐŽĂlƐ�ŽĨ�linŬinŐ�bĂƐic�
ǁith�tƌĂnƐlĂƟŽnĂl�ƌĞƐĞĂƌch͕�tƌǇinŐ�tŽ�ŵŽǀĞ�thĞ�ĮĞlĚ�ĨŽƌǁĂƌĚ�
Ăt�ĚiīĞƌĞnt�lĞǀĞlƐ.
/n� tĞƌŵƐ�ŽĨ� tĂƌŐĞƟnŐ�ŵitŽchŽnĚƌiĂ� thiƐ�ǁill� cŽnƟnuĞ� tŽ�bĞ�
ĂnŽthĞƌ� ŬĞǇ� ĂƐpĞct� ŽĨ� ĨutuƌĞ� ƌĞƐĞĂƌch� plĂnƐ͕� in� tĞƌŵƐ� ŽĨ�
ĂŐinŐ͕� cĂncĞƌ� ĂnĚ� bƌĂin� ĂnĚ� iŵpƌŽǀinŐ� liǀĞƌ�ŵitŽchŽnĚƌiĂl�
biŽĞnĞƌŐĞƟcƐ�ĚuƌinŐ�ĞƐtƌŽŐĞn�ǁithĚƌĂǁĂl� in�ŵĞnŽpĂuƐĞ�Žƌ�
ŵitŽchŽnĚƌiĂl� ĨuncƟŽn� ĂīĞctĞĚ� bǇ� ŽthĞƌ� tŽǆic� thĞƌĂpĞuƟc�
intĞƌǀĞnƟŽnƐ.� /n� tĞƌŵƐ� ŽĨ� thĞ� nutƌiƟŽnĂl� ĂƐpĞctƐ� nŽtĞĚ͕�
thiƐ� ǁŽƌŬ� ǁill� bĞ� cĂƌƌiĞĚ� Žut� in� clŽƐĞ� ĂƐƐŽciĂƟŽn�ǁith� thĞ�
�E�� ^pinŽī� DitŽ�iĞtƐ.� ^iŵilĂƌlǇ� thĞ� cŽnƟnuĞĚ� ƌĞƐĞĂƌch�
Žn� ĨŽllŽǁinŐ� ŵĞtĂbŽlic� pĂthǁĂǇƐ� in� ǀiǀŽ� ǀiĂ� nŽn-inǀĂƐiǀĞ�
ƋuĂnƟĮcĂƟŽn�ŽĨ�ŬĞǇ�ŵĞtĂbŽlitĞƐ�ǁill�bĞ�cĂƌƌiĞĚ�Žut�in�clŽƐĞ�
ĂƐƐŽciĂƟŽn� ǁith� thĞ� ^pinKī� >iĨĞdĂŐ.� KnĞ� ŽĨ� thĞ� ŐŽĂlƐ� ŽĨ�
thĞ� ^tƌĂnĚ� iƐ� tŽ� tƌǇ� tŽ� cƌĞĂtĞ�ŽppŽƌtuniƟĞƐ� ĨŽƌ� ƌĞƐĞĂƌchĞƌƐ�
bĞǇŽnĚ� ƌĞƐĞĂƌch.�&utuƌĞ�plĂnƐ�ĂlƐŽ� inǀŽlǀĞ�ƐubŵiƐƐiŽnƐ� ĨŽƌ�
cŽŵpĞƟƟǀĞ�ĨunĚinŐ�tĂŬinŐ�intŽ�ĂccŽunt�thĞ�ƐuccĞƐƐĨul��dE/
Z/^�� pĂƌtnĞƌƐhipƐ� in� thĞ� ĨŽuƌ� ĨunĚĞĚ� ĂcƟŽnƐ͕� in� ŽƌĚĞƌ� tŽ�
ĞǆpĂnĚ�thĞ�thĞŵĞƐ�bĞǇŽnĚ�thĞ�huŵĂn�ƌĞƐŽuƌcĞƐ�ĨunĚinŐ

 

thĂt�ǁĂƐ�ŵĂĚĞ�ĂǀĂilĂblĞ.
dhĞ� nĞǁ� ����ϭ� inhibitŽƌƐ� ǁĞ� ǁĞƌĞ� ĚĞǀĞlŽpinŐ� lĂƐt� ǇĞĂƌ�
ǁill� cŽnƟnuĞ� tŽ� bĞ� ĞǆtĞnĚĞĚ� tŽ� pƌĞclinicĂl� ŵŽĚĞlƐ.� dhĞ�
ƐtƌĂnĚ� ǁill� ĂlƐŽ� ĨŽcuƐ� ŽĨ� chĂƌĂctĞƌiǌinŐ� ĂnĚ� ŵĂnipulĂƟnŐ�
thĞ� ŵicƌŽbiŽŵĞ� in� nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ� ĚiƐŽƌĚĞƌƐ.� �ĂtĂ�
ĨƌŽŵ� thĞ� ƐtƌĂnĚ� ĂlƐŽ� ƌĞinĨŽƌcĞĚ� thĞ� nĞĞĚ� tŽ� ĞƐtĂbliƐh� ƐĞǆ/
ŐĞnĚĞƌ-ƐpĞciĮc� pƌĞǀĞnƟǀĞ� ĂnĚ/Žƌ� thĞƌĂpĞuƟc� ĂppƌŽĂchĞƐ�
ĂnĚ�Ăn�ĂppƌŽpƌiĂtĞ�ƟŵĞ�ǁinĚŽǁ�ĨŽƌ�thĞ�ĞĸciĞnt�tƌĞĂtŵĞnt�
ĂŐĂinƐt� ŵĞtĂbŽlic� ĂnĚ� nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ� cŽnĚiƟŽnƐ� ĂnĚ�
thiƐ�ǁill�bĞ�ĨŽllŽǁĞĚ�up͕�ĂlƐŽ�ĨŽcuƐinŐ�Žn�ǀĂƐculĂƌ�ĂnĚ�cĂƌĚiĂc�
chĂnŐĞƐ�in�ŵĞtĂbŽlic-bĂƐĞĚ�ĚiƐŽƌĚĞƌƐ͕� in�cŽllĂbŽƌĂƟŽn�ǁith�
thĞ� hniǀĞƌƐitǇ� ,ŽƐpitĂlƐ.� tĞ� ǁill� ĂlƐŽ� cŽnƟnuĞ� tŽ� ĨŽllŽǁ�
Žuƌ� hĞĂƌt� ĨĂiluƌĞ� ;,&Ϳ� ĚĂtĂ� in� pĂƟĞntƐ� ǁith� ĂnĚ� ǁithŽut�
ĚiĂbĞtĞƐ�ŐiǀĞn�thĂt�ĞpicĂƌĚiĂl�ĂĚipŽcǇtĞƐ�ŵĂǇ�bĞ�Ă�pŽƐƐiblĞ�
thĞƌĂpĞuƟc�tĂƌŐĞt�ĨŽƌ�,&�tƌĞĂtŵĞnt.�&inĂllu�ǁĞ�ǁill�ŵĂŬĞ�Ĩull�
uƐĞ�ŽĨ�Žuƌ�nŽǀĞl�EDZ-bĂƐĞĚ�ŵĞthŽĚŽlŽŐǇ�tŽ�ĂniŵĂl�ŵŽĚĞlƐ�
ŽĨ�nŽn-ĂlcŽhŽlic�ĨĂttǇ�liǀĞƌ�ĚiƐĞĂƐĞ�in�ŽƌĚĞƌ�tŽ�ĚĞtĞƌŵinĞ�thĞ�
cŽntƌibuƟŽnƐ�ŽĨ�ŐlucŽƐĞ�ĂnĚ�ĨƌuctŽƐĞ�tŽ�lipiĚ�biŽƐǇnthĞƐiƐ.
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K�:��d/s�^

dhĞ� ǁŽƌŬ� ĚĞǀĞlŽpĞĚ� in� thiƐ� ƌĞƐĞĂƌch�
'ƌŽup�hĂĚ�thĞ�ĨŽllŽǁinŐ�ŽbũĞcƟǀĞƐ:

1) To understand how mitochondrial 
ƐiŐnĂlinŐ� ŵĞĚiĂtĞƐ� pĂthŽlŽŐǇ� in�
pĂƟĞntƐ� ǁith� nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ�
disorders. During this period we 
inǀĞƐƟŐĂtĞĚ� thĞ� ƌŽlĞ� ŽĨ�ŵitŽchŽnĚƌiĂl�
ĚǇƐĨuncƟŽn� in� thĞ� ŵŽĚulĂƟŽn� ŽĨ�
pƌŽtĞin� ĂcĞtǇlĂƟŽn/ĚĞĂcĞtǇlĂƟŽn�
ĂnĚ� itƐ� iŵplicĂƟŽnƐ� Žn� ĂutŽphĂŐǇ.
ϮͿ�dŽ�clĂƌiĨǇ�ǁhĞthĞƌ�K-'lcE�cǇlĂƟŽn͕�
thĞ� pŽƐttƌĂnƐlĂƟŽnĂl� ŵŽĚiĮcĂƟŽn�
ŽĨ� intƌĂcĞllulĂƌ� pƌŽtĞinƐ� bǇ� ɴ-E-
ĂcĞtǇlŐlucŽƐĂŵinĞ� ;K-'lcE�cͿ͕�
contributes to “mitochondrial 
pĂthŽlŽŐǇ͟� in��lǌhĞiŵĞƌ Ɛ͛�ĚiƐĞĂƐĞ�ĂnĚ�
itƐ� pŽtĞnƟĂl� ĂƐ� Ă� thĞƌĂpĞuƟc� tĂƌŐĞt.�
ϯͿ�dŽ�ĞluciĚĂtĞ�hŽǁ�thĞ�ĚiƐtuƌbĂncĞ�ŽĨ�
thĞ��nĚŽplĂƐŵic�ZĞƟculuŵ� ;�ZͿ� ƐtƌĞƐƐ�
ƌĞƐpŽnƐĞ� ĂnĚ� ŽĨ� thĞ� �Z-ŵitŽchŽnĚƌiĂ�
ĂǆiƐ� cĂn� tƌiŐŐĞƌ� pĂthŽlŽŐicĂl� ĞǀĞntƐ
ĂƐƐŽciĂtĞĚ� ǁith� nĞuƌŽpƐǇchiĂtƌic

6) To elucidate the molecular 
ŵĞchĂniƐŵƐ�inǀŽlǀĞĚ�in�pĞƌiphĞƌĂl�ĂnĚ�
nĞuƌŽinŇĂŵŵĂƟŽn�ĂnĚ�chĂnŐĞƐ�in�thĞ
cĞllƐ�ŽĨ�thĞ�iŵŵunĞ�ƐǇƐtĞŵ�ĂƐƐŽciĂtĞĚ�
ǁith� thĞ� inŇĂŵŵĂtŽƌǇ� ƌĞƐpŽnƐĞ.�
�ĚĚiƟŽnĂllǇ͕ � ǁĞ� ĂiŵĞĚ� Ăt� ĚĞǀĞlŽpinŐ�
ŵĞthŽĚŽlŽŐiĞƐ� tŽ� ĞǀĂluĂtĞ� thĞ� ĂbilitǇ�
ŽĨ� nĂtuƌĂl� ĂnĚ� inĚuƐtƌiĂl� chĞŵicĂlƐ�
tŽ� ŵŽĚulĂtĞ� innĂtĞ� iŵŵunitǇ� ǁith�
Ă� ƐpĞciĂl� ĨŽcuƐ� Žn� ŵĂcƌŽphĂŐĞƐ� ĂnĚ�
ĚĞnĚƌiƟc� cĞllƐ.� /t� iƐ� intĞnĚĞĚ� thĂt� thĞ
ƐciĞnƟĮcĂllǇ� ƌĞlĞǀĂnt� ĚĂtĂ� ŐĞnĞƌĂtĞĚ�
bǇ�thĞ�ĮƌƐt�ĂppƌŽĂch�ŵĂǇ�cŽntƌibutĞ�tŽ�
thĞ�ĚĞǀĞlŽpŵĞnt�ŽĨ�ĞĸciĞnt�lĂbŽƌĂtŽƌǇ�
tĞƐtƐ�in�ƐcƌĞĞninŐ�ĨŽƌ�pŽƐƐiblĞ�nĞǁ�ĚƌuŐƐ�
Žƌ� pŽtĞnƟĂllǇ� iŵŵunŽtŽǆic� chĞŵicĂlƐ.

Figure 1 – Mitochondrial anomalies, neuroinflammation and synapse and neuronal loss are typical hallmarks of age-related 
neurodegenerative diseases.

ĚiƐŽƌĚĞƌƐ͕� nĂŵĞlǇ� �lǌhĞiŵĞƌ Ɛ͛� ĂnĚ�
Bipolar diseases, leading to cell damage. 
tĞ�ĂlƐŽ�intĞnĚĞĚ�tŽ�ŽbtĂin�ĞǆpĞƌiŵĞntĂl�
ĞǀiĚĞncĞƐ� ƐuppŽƌƟnŐ� thĞ� thĞƌĂpĞuƟc�
pŽtĞnƟĂl� ŽĨ� cŽŵpŽunĚƐ� ŽbtĂinĞĚ�
ĨƌŽŵ� WŽƌtuŐuĞƐĞ� nĂtuƌĂl� ƌĞƐŽuƌcĞƐ.

ϰͿ� dŽ� ĚĞǀĞlŽp� Ă� ĚiƐĞĂƐĞ-ŵŽĚiĨǇinŐ�
tƌĞĂtŵĞnt� ĨŽƌ� �lǌhĞiŵĞƌ Ɛ͛� ĚiƐĞĂƐĞ�
bĂƐĞĚ� Žn� ����ϭ� inhibiƟŽn.

ϱͿ� dŽ� ĞǀĂluĂtĞĚ� thĞ� ƌĞƐpŽnƐĞƐ� ŽĨ�
nĞuƌŽnĂl� cĞllƐ� tŽ� ĚiīĞƌĞnt� ŐlǇcĞŵic�
ĞǆpŽƐuƌĞƐ� ĂnĚ� thĞ� ƌŽlĞ� ŽĨ� uncŽuplinŐ�
pƌŽtĞin� Ϯ� ;h�WϮͿ� in� ƌĞŐulĂƟnŐ� Ɛuch�
ƌĞƐpŽnƐĞƐ.� /n� ĂĚĚiƟŽn͕� ǁĞ� ĞǆplŽƌĞĚ�
thĞ� ĞīĞctƐ� ŽĨ� chƌŽnic͕� cŽnƟnuŽuƐ͕�
ƐubcutĂnĞŽuƐ�ĞǆpŽƐuƌĞ�tŽ��ǆĞnĚin�ϰ�in�
bƌĂin� cŽƌƟcĂl� ŐlucĂŐŽn-liŬĞ� pĞpƟĚĞ-ϭ�
;'>W-ϭͿ/inƐulin/inƐulin-liŬĞ� ŐƌŽǁth�
ĨĂctŽƌ-ϭ� ;/'&-ϭͿ� ƐiŐnĂlinŐ͕� ĂnĚ� in�
autophagic and cell death mechanisms 
in�ŵiĚĚlĞ-ĂŐĞĚ�ŵĂlĞ�tǇpĞ�Ϯ�ĚiĂbĞƟc�ƌĂtƐ.
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-�WƌŽtĞin�ĂcĞtǇlĂƟŽn�iƐ�Ă�ŬĞǇ�ƌĞŐulĂtŽƌǇ�
pŽƐt�tƌĂnƐlĂƟŽnĂl�ŵŽĚiĮcĂƟŽn�thĂt�cĂn�
be targeted to rescue the autophagic 
pĂthǁĂǇ� ǁith� ƌĞlĞǀĂnt� iŵplicĂƟŽnƐ�
in� nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ� ĚiƐŽƌĚĞƌƐ.

-�K-'lcE�cǇlĂƟŽn͕�thĞ�pŽƐttƌĂnƐlĂƟŽnĂl�
ŵŽĚiĮcĂƟŽn� ŽĨ� intƌĂcĞllulĂƌ�
pƌŽtĞinƐ� bǇ� K-'lcE�c� iƐ� inǀŽlǀĞĚ�
in� �lǌhĞiŵĞƌ Ɛ͛� ĚiƐĞĂƐĞ� pĂthŽlŽŐǇ�
ĨuncƟŽninŐ�ĂƐ�Ă�pŽtĞnƟĂl�linŬ�bĞtǁĞĞn�
ŵitŽchŽnĚƌiĂl� ĞnĞƌŐĞƟc� cƌiƐiƐ� ĂnĚ�
ƐǇnĂpƟc� ĂnĚ� nĞuƌŽnĂl� ĚĞŐĞnĞƌĂƟŽn.

-� dhĞ� chƌŽnic� tƌĞĂtŵĞnt� ŽĨ� ϯǆdŐ-
��� ŵicĞ� ǁith� thĞ� nĞǁ� ����ϭ�
inhibitŽƌƐ� ǁĞ� ĂƌĞ� ĚĞǀĞlŽpinŐ� lĞĂĚƐ�
tŽ� Ă� ĚĞcƌĞĂƐĞ� in� inƐŽlublĞ� �ɴϰϬ/ϰϮ�
bƌĂin� lĞǀĞlƐ� ƐuŐŐĞƐƟnŐ� thĞƐĞ�
cŽŵpŽunĚƐ� hĂǀĞ� thĞ� pŽtĞnƟĂl� tŽ

;'^,Ϳ� cĂuƐinŐ� itƐ� ƌĂpiĚ� ĂnĚ� ŵĂƌŬĞĚ�
ĚĞplĞƟŽn͕� ǁhich� ƌĞƐultƐ� in� Ă� ŐĞnĞƌĂl�
incƌĞĂƐĞ� in�ZK^�ĂccuŵulĂƟŽn.� /n� tuƌn͕�
tƌiŵĞlliƟc� ĂnhǇĚƌiĚĞ� chlŽƌiĚĞ� ;dD��Ϳ͕�
ǁhich� pƌĞĨĞƌĞnƟĂllǇ� ƌĞĂctƐ� ǁith�
ĂŵinĞ� ŐƌŽupƐ͕� inĚucĞƐ� Ă� ĚĞlĂǇĞĚ�'^,�
ĚĞplĞƟŽn�ĂƐ�Ă�cŽnƐĞƋuĞncĞ�ŽĨ�incƌĞĂƐĞĚ�
ŵitŽchŽnĚƌiĂl� ZK^� pƌŽĚucƟŽn.� dhĞƐĞ�
ĚiǀĞƌŐĞncĞƐ� in� ZK^� pƌŽĚucƟŽn� ƐĞĞŵ�
tŽ� bĞ� cŽƌƌĞlĂtĞĚ� ǁith� thĞ� ĚiīĞƌĞnt�
ĞǆtĞnƐiŽn� ŽĨ� intƌĂcĞllulĂƌ� ƐiŐnĂlinŐ�
pĂthǁĂǇƐ� ĂcƟǀĂƟŽn.� hlƟŵĂtĞlǇ͕ � Žuƌ�
ŽbƐĞƌǀĂƟŽnƐ� ŵĂǇ� hĞlp� ĞǆplĂin� thĞ�
ĚiƐƟnct� ĚĞnĚƌiƟc� cĞllƐ� phĞnŽtǇpĞ� ĂnĚ�
d-cĞll�pŽlĂƌiǌinŐ�pƌŽĮlĞ�tƌiŐŐĞƌĞĚ�bǇ�ƐŬin�
ĂnĚ�ƌĞƐpiƌĂtŽƌǇ�ƐĞnƐiƟǌĞƌƐ.

- T. carnosus and T. camphoratus has 
ĂnƟ-inŇĂŵŵĂtŽƌǇ�pƌŽpĞƌƟĞƐ.

bĞ� Ă� ĚiƐĞĂƐĞ-ŵŽĚiĨǇinŐ� thĞƌĂpǇ.�
DŽƌĞŽǀĞƌ͕ � thĞƐĞ� cŽŵpŽunĚƐ� inhibit�
ƐĞlĞcƟǀĞlǇ�thĞ��WW-ɴ�clĞĂǀĂŐĞ�ǁithŽut
intĞƌĨĞƌinŐ� ǁith� thĞ� clĞĂǀĂŐĞ� ŽĨ� ƐŽŵĞ�
ŽthĞƌ�����ϭ�ƐubƐtƌĂtĞƐ.

-� �iĂbĞƟc� bƌĂin� pƌŽtĞcƟŽn� ĞǆĞƌtĞĚ� bǇ�
�ǆĞnĚin-ϰ� iƐ�ŵĞĚiĂtĞĚ� bǇ� '>W-ϭ//'&-ϭ�
ƐiŐnĂlinŐ�ĂnĚ�ĂutŽphĂŐǇ.

- The mitochondrial uncoupling protein 
Ϯ�;h�WϮͿ�iƐ�in�thĞ�cŽƌĞ�ŽĨ�nĞuƌŽnĂl�cĞll�
pƌŽtĞcƟŽn� ĂnĚ/Žƌ� ĂĚĂptĂƟŽn� ĂŐĂinƐt�
ŐlucŽƐĞ� lĞǀĞlƐ� ǀĂƌiĂƟŽn-ŵĞĚiĂtĞĚ�
ĞīĞctƐ� ĂnĚ� thĂt� ŽthĞƌ� iƐŽĨŽƌŵƐ� ŽĨ�
nĞuƌŽnĂl� h�WƐ� cĂn� bĞ� upƌĞŐulĂtĞĚ� tŽ�
cŽŵpĞnƐĂtĞ� thĞ� inhibiƟŽn� ŽĨ� h�WϮ�
ĂcƟǀitǇ.

-�dhĞ� thiŽl-ƌĞĂcƟǀĞ�ƐĞnƐiƟǌĞƌ�ϭ-ŇuŽƌŽ-
Ϯ͕ϰ-ĚinitƌŽbĞnǌĞnĞ� ;�E&�Ϳ� ĚiƌĞctlǇ�
ƌĞĂctƐ�ǁith�cǇtŽplĂƐŵic�ŐlutĂthiŽnĞ
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DitŽchŽnĚƌiĂ�ĂƌĞ�cƌiƟcĂl�ŽƌŐĂnĞllĞƐ�ĨŽƌ�
cĞll� phǇƐiŽlŽŐǇ.� DitŽchŽnĚƌiĂ� ĂƌĞ� thĞ�
cĞll� ĞnĞƌŐǇ� pŽǁĞƌplĂntƐ͕� pƌŽĚucinŐ�
ŵŽƐt� ŽĨ� thĞ� chĞŵicĂl� ĞnĞƌŐǇ� ĨŽƌ� cĞll�
ŵĞtĂbŽliƐŵ͕� ĂnĚ� plĂǇinŐ� Ă� ŬĞǇ� ƌŽlĞ� in�
cĞll�ĚĞĂth�ĂnĚ�ƋuĂlitǇ�cŽntƌŽl�pƌŽcĞƐƐĞƐ.�
^incĞ� ŵitŽchŽnĚƌiĂ� ĂƌĞ� ĂlƐŽ� ĂcƟǀĞ�
plĂǇĞƌƐ� in� cĞllulĂƌ� ƌĞĚŽǆ� ĂnĚ� cĂlciuŵ�
homeostasis, as well as in intermediate 
ŵĞtĂbŽliƐŵ͕� thĞ�ŽǀĞƌĂƌchinŐ�ŽbũĞcƟǀĞ�
ŽĨ� Žuƌ� ŐƌŽup� iƐ� tŽ� pƌŽǀiĚĞ� inƐiŐhtƐ�
intŽ� thĞ� ƌŽlĞ� ŽĨ� ŵitŽchŽnĚƌiĂ� in�
cellular metabolism, redox signaling 
and stress responses associated with 
chĞŵicĂl� tŽǆicŽlŽŐǇ͕ � ĂƐ�ǁĞll� ĂƐ� Žn� thĞ�
pĂthŽphǇƐiŽlŽŐǇ� ŽĨ� ĂŐinŐ� ĂnĚ� liĨĞƐtǇlĞ�
ĚiƐĞĂƐĞƐ.� dhĞ� ƌŽlĞ� ŽĨ� ŵitŽchŽnĚƌiĂ�
in� ƐtĞŵ� cĞll� biŽlŽŐǇ� ĂƐ� ǁĞll� ĂƐ� thĞ�
ĚĞǀĞlŽpŵĞnt�ŽĨ�ŵitŽchŽnĚƌiĂ-ĚiƌĞctĞĚ�
thĞƌĂpĞuƟc� ĂŐĞntƐ� ĂƌĞ� ŽthĞƌ� ŽĨ� thĞ�
ŐƌŽup�ŽbũĞcƟǀĞƐ.�^pĞciĮcĂllǇ͕ �thĞ�ŐƌŽup�
iƐ� ĨŽcuƐĞĚ� in� ǀĂƌiŽuƐ� ƌĞƐĞĂƌch� linĞƐ:� 
 
1. Mitochondrial role in aging 
ĂnĚ� liĨĞƐtǇlĞ-ĚiƐĞĂƐĞƐ:� ĂͿ� ŵŽlĞculĂƌ�
pĂthǁĂǇƐ� bĞhinĚ� ���� Ɛ͛� ĂnƟ-
ŽbĞƐŽŐĞnic� ĞīĞctƐ� bͿ� ƌŽlĞ� ŽĨ� ƐĞƐtƌin�
ĂnĚ� Ɛiƌtuin� ŵŽĚulĂƟŽn� ĂƐ� inĚucĞƌƐ�
ŽĨ� ŵitŽhŽƌŵĞƐiƐ:� pƌĞƐĞƌǀĂƟŽn�
ŽĨ� ŵitŽchŽnĚƌiĂl� ĨuncƟŽn� unĚĞƌ�
pathologic stress, c) molecular 
ŵĞchĂniƐŵƐ� ƌĞƐpŽnƐiblĞ� ĨŽƌ� ŵiZE��
ƌĞŐulĂƟŽn� in� ƐĞǀĞƌĂl� biŽlŽŐicĂl� ĂnĚ

ĂnƟcĂtĂbŽlic� ;ĂnƟƌĞƐŽƌpƟǀĞƐ͕� ǁith�
ĂcƟŽn� Žn� ŽƐtĞŽclĂƐtƐͿ� tƌĞĂtŵĞnt�
ŽĨ� pŽƐtŵĞnŽpĂuƐĂl� ŽƐtĞŽpŽƌŽƐiƐ.� 
 
Ϯ.� DitŽchŽnĚƌiĂl� dŽǆicŽlŽŐǇ:�
ĂͿ� ŵĞchĂniƐŵƐ� ŽĨ� ĚƌuŐ-inĚucĞĚ�
ŵitŽchŽnĚƌiĂl� ĚǇƐĨuncƟŽn� cĂuƐĞĚ� bǇ�
ĚiīĞƌĞnt� ǆĞnŽbiŽƟcƐ͕� incluĚinŐ� ĚƌuŐ-
inĚucĞĚ�inũuƌǇ�;Ğ.Ő.�ĂnthƌĂcǇclinĞƐͿ�ĂnĚ�
nĂnŽpĂƌƟclĞƐ͕�bͿ�ĚĞǀĞlŽpŵĞnt�ŽĨ�hiŐh-
thƌŽuŐhput� ŵĞthŽĚƐ� tŽ� inǀĞƐƟŐĂtĞ�
ŵitŽchŽnĚƌiĂl� ĨuncƟŽn� in� thĞ� cŽntĞǆt�
ŽĨ� ĚƌuŐ� ĚĞǀĞlŽpŵĞnt� ĂnĚ� tŽǆicŽlŽŐǇ͕ �
cͿ� iĚĞnƟĮcĂƟŽn� ŽĨ� ĂcƟǀĞ� cŽŵpŽunĚƐ�
ĨƌŽŵ� ĚiīĞƌĞnt� ĂlŐĂĞ� ƐpĞciĞƐ� ǁith�
pŽtĞnƟĂl� ĂnƟ-tuŵŽƌ� ĂcƟŽn.�

3. M i t o c h o n d r i a - t a r g e t e d 
thĞƌĂpĞuƟcƐ:� ĂͿ� intƌinƐic͕�
pharmacological, or non-
pharmacological (exercise or 
ĚiĞtͿ� ƌĞŐulĂƟŽn� ŽĨ� ŵitŽchŽnĚƌiĂl�
biŽŐĞnĞƐiƐ/ŵĞtĂbŽliƐŵ� ĂnĚ� ƋuĂlitǇ�
cŽntƌŽl� tŽ� ƌĞĚucĞ� ŽƌŐĂn� inũuƌǇ� ĚuƌinŐ�
ĚiƐĞĂƐĞ� Žƌ� chĞŵicĂl� tŽǆicitǇ͕ � bͿ� nŽǀĞl�
ŵitŽchŽnĚƌiĂl-ĚiƌĞctĞĚ� ĂnƟŽǆiĚĂntƐ�
bĂƐĞĚ�Žn�ĚiĞtĂƌǇ�cŽŵpŽnĞntƐ�in�ŵŽĚĞlƐ�
ĨŽƌ� huŵĂn� ĚiƐĞĂƐĞƐ� ;cĂƌĚiŽǀĂƐculĂƌ/
hĞpĂƟcͿ͕� cͿ� nĞǁ� phĂƌŵĂcŽlŽŐicĂl�
cŽnĚiƟŽninŐ� ƐtƌĂtĞŐiĞƐ͕� ƌĞƐulƟnŐ�
in� thĞ� ƌĞĚucƟŽn� ŽĨ� ŵŽƌbiĚitǇ� ĂnĚ�
ŵŽƌtĂlitǇ� ŽĨ� liǀĞƌ� ƌĞƐĞcƟŽn� ƐuƌŐĞƌǇ.

ĚiƐĞĂƐĞ� pƌŽcĞƐƐĞƐ͕� pĂƌƟculĂƌlǇ� thĞ�
ŵiZE�Ɛ� ĂcƟnŐ� in� ŵitŽchŽnĚƌiĂ� Žƌ� in�
mitochondria-related mechanisms, 
ĚͿ� ŵĞchĂniƐŵƐ� ŽĨ� ŵitŽchŽnĚƌiĂl�
ĚiƐƌupƟŽn� in� nŽn-ĂlcŽhŽlic� ĨĂttǇ� liǀĞƌ�
disease and diabetes, e) mitochondrial 
ŵĞtĂbŽliƐŵ� ĂnĚ� ĚǇnĂŵicƐ� in� nŽn-
nĞuƌŽnĂl�cĞll�ƐĂŵplĞƐ�ĨƌŽŵ�ĂŵǇŽtƌŽphic�
lĂtĞƌĂl�ƐclĞƌŽƐiƐ�ĂnĚ�WĂƌŬinƐŽn Ɛ͛�ĚiƐĞĂƐĞ�
pĂƟĞntƐ͕� ĨͿ� ŵitŽchŽnĚƌiĂl� pƌŽĮlinŐ� in�
nŽn-inǀĂƐiǀĞlǇ�ŽbtĂinĞĚ�ƐtĞŵ�cĞllƐ�ĨƌŽŵ�
ǇŽunŐ�ĂnĚ�ŽlĚ�ĚŽnŽƌƐ͕�ŐͿ�ŵitŽchŽnĚƌiĂl�
ƌĞŵŽĚĞlinŐ� ĂnĚ� ĂutŽphĂŐǇ� ĚuƌinŐ�
cĂncĞƌ� ƐtĞŵ� cĞll� ĚiīĞƌĞnƟĂƟŽn� ĂnĚ�
cĂƌcinŽŐĞnĞƐiƐ͕�hͿ�intĞƌĂcƟŽnƐ�bĞtǁĞĞn�
thĞ�ĞǆtƌĂcĞllulĂƌ�ŵĂtƌiǆ�;��DͿ͕�ƐtƌŽŵĂl�
ĂnĚ� tuŵŽƌ� cĞllƐ� ĂnĚ� thĞ� ǀĂƌiŽuƐ�
cǇtŽŬinĞƐ� ĞŵbĞĚĚĞĚ� in� thĞ� ��D͕� ĂnĚ�
hŽǁ�thĂt�cŽntƌibutĞƐ�tŽ�thĞ�nĞŽplĂƐƟc�
phĞnŽtǇpĞ͕�iͿ�inǀŽlǀĞŵĞnt�ŽĨ�ĞǆŽƐŽŵĞƐ�
Žn�cǇtŽŬinĞƐ͛�ƌĞlĞĂƐĞ�ĂnĚ�intĞƌ-cĞllulĂƌ�
cŽŵŵunicĂƟŽn͕� ĂnĚ� ƌŽlĞ� ŽĨ� huŵĂn�
bƌŽnchiĂl� ĮbƌŽblĂƐtƐ� ĂnĚ� thĞiƌ� ��D� in�
ĚĞĚiīĞƌĞnƟĂƟŽn͕� ũͿ� nĞǁ� ƐtƌĂtĞŐiĞƐ� tŽ�
blŽcŬ� cĂncĞƌ� ƐtĞŵ�cĞllƐ� ĨŽƌŵĂƟŽn�ĂnĚ�
tŽ� ŵŽĚulĂtĞ� ƐtƌŽŵĂl� cĞllƐ� phĞnŽtǇpĞ�
tŽ� iŵpƌŽǀĞ� thĞƌĂpǇ Ɛ͛� ĞĸcĂcǇ͕ � ŬͿ�
ŵitŽchŽnĚƌiĂl� ŵĞtĂbŽlic� pƌŽĮlĞ� in�
bŽnĞ�cĞllƐ�ĚiīĞƌĞnƟĂƟŽn�ĂnĚ�ĨuncƟŽn͕�
in� ĂbƐĞncĞ� ĂnĚ� pƌĞƐĞncĞ� ŽĨ� ĞƐtƌĂĚiŽl�
;�ϮͿ� Žƌ� ƐĞlĞctĞĚ� phǇtŽĞƐtƌŽŐĞnƐ͕�
ĞǀĂluĂƟnŐ� thĞiƌ� pŽtĞnƟĂl� in�
bone anabolic (osteoanabolic) or
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1. Mitochondrial role in aging 
ĂnĚ� liĨĞƐtǇlĞ-ĚiƐĞĂƐĞƐ:� DĞƞŽƌŵin� ĂnĚ�
�ĞƌbĞƌinĞ�ŵŽĚulĂtĞ�ŵiZE�-ϯϳϴ�lĞǀĞlƐ͕�
ǁhich� ƌĞƐultƐ� in� Ăn� iŵpƌŽǀĞŵĞnt� ŽĨ�
ŵitŽchŽnĚƌiĂl� ĨuncƟŽn� thƌŽuŐh� Ă�
ŵitŽhŽƌŵĞƟc� pƌŽŐƌĂŵ� ĂcƟǀĂƟŽn.�
tĞ� hiŐhliŐhtĞĚ� Ă� ƌŽlĞ� ĨŽƌ� ŵiZE�-ϯϳϴ�
in� thĞ� inĚucƟŽn� ŽĨ� Ă� ĨuƟlĞ� cǇclĞ� ĂnĚ�
thĞ� iŵpƌŽǀĞŵĞnt� ŽĨ� ŵitŽchŽnĚƌiĂl�
ĨuncƟŽn� upŽn� Ă� hǇpĞƌŐlǇcĞŵic� ƐtƌĞƐƐ.�
The bile acid CDCA was competent 
tŽ� ĂŵĞliŽƌĂtĞ� ĂĚipŽcǇƟcĂl� ŵĞtĂbŽlic�
ĨuncƟŽn�ĞǀĞn�in�thĞ�ĂbƐĞncĞ�ŽĨ�thĞ�bilĞ�
ĂciĚ� ƌĞcĞptŽƌ� d'Zϱ.� dhiƐ� iƐ� ĞǆtƌĞŵĞlǇ�
ƌĞlĞǀĂnt�tŽ�thĞ�ƐtuĚǇ�ŽĨ�huŵĂn�ĞīĞctƐ�
ŽĨ�bilĞ�ĂciĚƐ�in�ŵĞtĂbŽlic�iŵpƌŽǀĞŵĞnt͕�
ƐincĞ�thĂt͕�unƟl�nŽǁ͕�bilĞ�ĂciĚƐ�ĞīĞctƐ�
ǁĞƌĞ� ĂttƌibutĞĚ� tŽ� Ă� thĞƌŵŽŐĞnic�
ĞīĞct� cĂuƐĞĚ� bǇ� thĞ� ĂcƟǀĂƟŽn�
ŽĨ� d'Zϱ͕� ƌĞlĞǀĂnt� ĨŽƌ� ƌŽĚĞntƐ� but�
pŽƐƐiblǇ� incŽnƐĞƋuĞnƟĂl� ĨŽƌ� huŵĂnƐ.�
tĞ� ĨuƌthĞƌ� ĚĞŵŽnƐtƌĂtĞĚ� ĂcƟǀĂƟŽn�
ŽĨ� ŵitŽphĂŐǇ͕ � ĂnĚ� thĞ� ƌĞpŽpulĂƟŽn�
ŽĨ� thĞ� cĞll� ǁith� ŵŽƌĞ� ƌĞƐiliĞnt͕� ŵŽƌĞ�
ĨuncƟŽnĂl� ŵitŽchŽnĚƌiĂ͕� ŵŽƌĞ� ƐuitĞĚ�
to handle the excess nutrients being 
supplied. CDCA could also lead to 
mild mitochondrial uncoupling, not 
hĂƌŵĨul�tŽ�thĞ�ƐuƌǀiǀĂl�ŽĨ�thĞ�cĞll͕�but�
lĞĂĚinŐ�tŽ�Ă�cŽnƐuŵpƟŽn�ŽĨ�nutƌiĞntƐ͕�
lĞĂĚinŐ� tŽ� Ăn� ŽǀĞƌĂll� ƌĞĚucƟŽn� in�
ĞnĞƌŐǇ� ƐtŽƌĞƐ� ĂnĚ� thuƐ� cĂuƐinŐ� Ă�
nŽƌŵĂliǌĂƟŽn� ŽĨ� ŵĞtĂbŽlic� ĨuncƟŽn.�
Related with cancer, we demonstrated 
ƌĞcŽǀĞƌǇ� ŽĨ� ƌĞƐpiƌĂƟŽn� ĂnĚ� tuŵŽƌ�
ĨŽƌŵĂƟŽn� bǇ� ŵt�E�-ĚĞplĞtĞĚ� cĞllƐ.�
tĞ� ƐhŽǁ� thĂt�pǇƌiŵiĚinĞ�biŽƐǇnthĞƐiƐ�
ĚĞpĞnĚĞnt� Žn� ƌĞƐpiƌĂƟŽn-linŬĞĚ

ĚihǇĚƌŽŽƌŽtĂtĞ� ĚĞhǇĚƌŽŐĞnĂƐĞ�
;�,K�,Ϳ� iƐ� ƌĞƋuiƌĞĚ� tŽ� ŽǀĞƌcŽŵĞ�
cĞll-cǇclĞ� ĂƌƌĞƐt͕� ǁhilĞ� ŵitŽchŽnĚƌiĂl�
�dW� ŐĞnĞƌĂƟŽn� iƐ� ĚiƐpĞnƐĂblĞ� ĨŽƌ�
tuŵŽƌiŐĞnĞƐiƐ.� tĞ� ĂlƐŽ� ƐhŽǁĞĚ� thĂt�
thĞ� ,^WϵϬ� ĨĂŵilǇ� chĂpĞƌŽnĞ� dZ�Wϭ�
pƌŽǀiĚĞƐ�cǇtŽpƌŽtĞcƟŽn�ŽĨ�lunŐ�cĂncĞƌ�
cĞllƐ� bǇ� up-ƌĞŐulĂƟnŐ� ĂutŽphĂŐǇ.� Kuƌ�
ƐtuĚiĞƐ� ƌĞǀĞĂlĞĚ� thĂt� ƐĞnĞƐcĞncĞ�
ŵĞĚiĂtĞƐ� thĞ� ĂcƋuiƐiƟŽn� ŽĨ� cĂncĞƌ�
cĞllƐ�chĞŵŽƌĞƐiƐtĂncĞ.��ĚĚiƟŽnĂllǇ͕ �ǁĞ�
showed that exosomes and exomers are 
ŵĂũŽƌ�plĂǇĞƌƐ�Žn�thĞ�hŽƌiǌŽntĂl�tƌĂnƐĨĞƌ�
ŽĨ�inĨŽƌŵĂƟŽn�lĞĂĚinŐ�tŽ�thĞ�ĂcƋuiƐiƟŽn�
ŽĨ� cĂncĞƌ� cĞllƐ� chĞŵŽƌĞƐiƐtĂncĞ.

Ϯ.� DitŽchŽnĚƌiĂl� dŽǆicŽlŽŐǇ:�
�ŽnƟnuinŐ� Žuƌ� ƐtuĚiĞƐ� Žn� thĞ�
ŵĞchĂniƐŵƐ� ŽĨ� ĚŽǆŽƌubicin� ;�KyͿ�
cĂƌĚiŽtŽǆicitǇ͕ � ǁĞ� ƐhŽǁĞĚ� thĂt�
nĂnŽŵŽlĂƌ� �Ky� pƌĞtƌĞĂtŵĞnt� ŽĨ�
cĂƌĚiŽŵǇŽblĂƐtƐ� inĚucĞĚ� Ă� bĞnĞĮciĂl�
ĂnĚ� pŽƐƐiblǇ� ĞpiŐĞnĞƟc-bĂƐĞĚ�
ŵitŽchŽnĚƌiĂl� ĂĚĂptĂƟŽn͕� ƌĂiƐinŐ�
thĞ� pŽƐƐibilitǇ� thĂt� Ăn� ĞĂƌlǇ� Ɛub-
thĞƌĂpĞuƟc��Ky�tƌĞĂtŵĞnt�cĂn�bĞ�uƐĞĚ�
ĂƐ� Ă� pƌĞcŽnĚiƟŽninŐ� ĂnĚ� pƌŽtĞcƟǀĞ�
ĂppƌŽĂch� ĚuƌinŐ� ĂnƟcĂncĞƌ� thĞƌĂpiĞƐ.�
�Ǉ� uƐinŐ� ŵŽuƐĞ� ƐtĞŵ� cĞll-ĚĞƌiǀĞĚ�
cĂƌĚiŽŵǇŽcǇtĞƐ͕�ǁĞ�ĚĞŵŽnƐtƌĂtĞĚ�thĂt�
ƐuŐŐĞƐt� hiŐhĞƌ� �Ky� cŽncĞntƌĂƟŽnƐ�
ŵĂinlǇ� inĚucĞƐ� pϱϯ-ĚĞpĞnĚĞnt�
ĂpŽptŽƐiƐ͕� ǁhĞƌĞĂƐ� ĨŽƌ� lŽǁĞƌ� �Ky�
cŽncĞntƌĂƟŽnƐ͕� thĞ� cĂƌĚiŽtŽǆic� ĞīĞctƐ�
inǀŽlǀĞ� biŽĞnĞƌŐĞƟc� ĨĂiluƌĞ͕� unǀĞilinŐ�
W�,� ĂƐ� Ă� pŽƐƐiblĞ� thĞƌĂpĞuƟc� tĂƌŐĞt�
tŽ� ĚĞcƌĞĂƐĞ� �Ky� cĂƌĚiŽtŽǆicitǇ.� 
tĞ� ĂlƐŽ� inǀĞƐƟŐĂtĞĚ� thĞ� tŽǆicitǇ� ŽĨ

nĞǁ� ƐǇnthĞƟc� lupĂnĞ� ĚĞƌiǀĂƟǀĞƐ͕�
ǁhich� cĂuƐĞĚ� pĞƌtuƌbĂƟŽnƐ� in� thĞ�
ŽƌŐĂniǌĂƟŽn�ŽĨ�ƐǇnthĞƟc� lipiĚ�bilĂǇĞƌƐ͕�
leading to changes in membrane 
ŇuiĚitǇ͕ � ĂnĚ� lŽƐƐ� ŽĨ� ŵitŽchŽnĚƌiĂl�
ŽǆiĚĂƟǀĞ� phŽƐphŽƌǇlĂƟŽn� ƐhŽǁinŐ�
thĂt� pŽƐiƟǀĞlǇ� chĂƌŐĞĚ� tƌitĞƌpĞnŽiĚƐ�
target mitochondria and disrupt 
biŽĞnĞƌŐĞƟcƐ.� tĞ� cŽllĞctĞĚ͕� iƐŽlĂtĞĚ�
ĂnĚ� ƐtƌuctuƌĂllǇ� chĂƌĂctĞƌiǌĞĚ�
ĂcƟǀĞ� cŽŵpŽunĚƐ� ĨƌŽŵ� ĚiīĞƌĞnt�
algae, including Sphaerococcus 
cŽƌŽnŽpiĨŽliuƐ� ĂnĚ� �ƐpĂƌĂŐŽpƐiƐ�
ĂƌŵĂt͕� ĂnĚ� ĞǀĂluĂtĞĚ� thĞiƌ� tŽǆicitǇ�
ĂŐĂinƐt� in� ǀitƌŽ� huŵĂn� cĞllulĂƌ� cĂncĞƌ�
models including cancer stem cells.

3. M i t o c h o n d r i a - t a r g e t e d 
thĞƌĂpĞuƟcƐ:� &ŽllŽǁinŐ� pƌĞǀiŽuƐ�
ǁŽƌŬ͕� ĂnĚ� in� cŽllĂbŽƌĂƟŽn� ǁith� thĞ�
hniǀĞƌƐitǇ� ŽĨ� WŽƌtŽ͕� ǁĞ� ĚĞǀĞlŽpĞĚ�
nŽǀĞl� hǇĚƌŽǆǇbĞnǌŽic� ĂciĚ� ĚĞƌiǀĂƟǀĞƐ�
which act as dual-target ligands, 
ĂīŽƌĚinŐ� ŵitŽchŽnĚƌiĂl� ĂnƟŽǆiĚĂnt�
pƌŽtĞcƟŽn�ĂnĚ�ĂcƟnŐ�ĂƐ�chŽlinĞƐtĞƌĂƐĞ�
inhibitŽƌƐ.�&uƌthĞƌŵŽƌĞ͕�ǁĞ�ĚiƐcŽǀĞƌĞĚ�
thĂt� ŽnĞ� ŽĨ� Ɛuch� nŽǀĞl� cŽŵpŽunĚƐ͕�
�nƟKy�Ğnϯ͕� Ăct� ĂƐ� Ă� pŽtĞnt� inhibitŽƌ�
ŽĨ� thĞ� ŵitŽchŽnĚƌiĂl� pĞƌŵĞĂbilitǇ�
tƌĂnƐiƟŽn� pŽƌĞ.� /n� thĞ� ƐĂŵĞ� ƐĞƫnŐ͕�
ǁĞ� ĂlƐŽ� ĚĞǀĞlŽpĞĚ� Ă� ŵitŽchŽnĚƌiĂ-
tĂƌŐĞtĞĚ� ǀitĂŵin� <� ĚĞƌiǀĂƟǀĞ� ;DitŽ<Ϳ�
ǁhich� ǁĞ� ƐhŽǁĞĚ� tŽ� ƐĞlĞcƟǀĞlǇ�
act against lung cancer cells, while 
pƌŽtĞcƟnŐ� nŽƌŵĂl� lunŐ� ĮbƌŽblĂƐtƐ�
ĨƌŽŵ� thĞ� tŽǆicitǇ� ŽĨ� ĚŽǆŽƌubicin͕�
Ă� cŽnǀĞnƟŽnĂl� ĂnƟ-cĂncĞƌ� ĂŐĞnt.
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a) �ǀĂůƵĂƟŶŐ� ƚŚĞ� ĞīĞĐƚƐ� ŽĨ� ƌĞĮŶĞĚ�
ƐƵŐĂƌ� ŝŶƚĂŬĞ� ŽŶ� ŚĞƉĂƟĐ� ĂŶĚ� ǀŝƐĐĞƌĂů�
ƟƐƐƵĞ� ŝŶƚĞƌŵĞĚŝĂƌǇ�ŵĞƚĂďŽůŝƐŵ͗  The 
incƌĞĂƐĞĚ� cŽnƐuŵpƟŽn� ŽĨ� ƐuŐĂƌ� iƐ�
iŵplicĂtĞĚ�in�thĞ�ƐuƌŐĞ�ŽĨ�nŽnĂlcŽhŽlic�
ĨĂttǇ� liǀĞƌ� ĚiƐĞĂƐĞ� ;E�&>�Ϳ� in�tĞƐtĞƌn�
ƐŽciĞƟĞƐ.�,iŐh�ƐuŐĂƌ�intĂŬĞ�cĂn�ŵŽĚiĨǇ�
intĞƌŵĞĚiĂƌǇ� ŵĞtĂbŽliƐŵ� ŽĨ� intĞƐƟnĂl�
ŵicƌŽbiŽtĂ� ĂnĚ� ǀiƐcĞƌĂl� ĂĚipŽƐĞ�
ƟƐƐuĞƐ� in� ĂĚĚiƟŽn� tŽ� thĂt� ŽĨ� liǀĞƌ.�
Kuƌ� ŐƌŽup� hĂƐ� ĚĞǀĞlŽpĞĚ� ƐtĂblĞ-
iƐŽtŽpĞ� tƌĂcĞƌ� ŵĞthŽĚŽlŽŐiĞƐ� ĨŽƌ�
ƋuĂnƟĨǇinŐ� ŐlucŽƐĞ� ĂnĚ� ĨƌuctŽƐĞ�
ŵĞtĂbŽliƐŵ� bǇ� liǀĞƌ͕ � ǀiƐcĞƌĂl� ĨĂt�
ĂnĚ� intĞƐƟnĂl� ŵicƌŽbiŽtĂ� uƐinŐ�
ϭϯ�-ĞnƌichĞĚ� ĨƌuctŽƐĞ� ĂnĚ� ŐlucŽƐĞ.��

These methods are being applied 
tŽ� ĂniŵĂl� ŵŽĚĞlƐ� ŽĨ� ĚiĞt-inĚucĞĚ�
E�&>�� ǁith� thĞ� Ăiŵ� ŽĨ� iŵpƌŽǀinŐ�
Žuƌ� unĚĞƌƐtĂnĚinŐ� ŽĨ� thĞ� ƌŽlĞ� ŽĨ�
ĞǆtƌĂhĞpĂƟc� ƐuŐĂƌ� ŵĞtĂbŽliƐŵ� in� thĞ�
pĂthŽŐĞnĞƐiƐ� ŽĨ� E�&>�.� � dhĞ� ĞīĞct�
ŽĨ� hiŐh� ĨĂt� intĂŬĞ� Žn� thĞ� ŵĞtĂbŽlic�
ĚiƐpŽƐiƟŽn� ŽĨ� thĞƐĞ� ƐuŐĂƌƐ� iƐ� ŽĨ�
pĂƌƟculĂƌ� intĞƌĞƐt� ƐincĞ� unĚĞƌ� nŽƌŵĂl
cŽnĚiƟŽnƐ͕�lipiĚ�ŵĞtĂbŽlitĞƐ�inhibit�thĞ�
ŵĂin� pĂthǁĂǇƐ� ŽĨ� ƐuŐĂƌ� ŵĞtĂbŽliƐŵ�
incluĚinŐ� ŐlǇcŽlǇƐiƐ͕� ĚĞ� nŽǀŽ�
lipŽŐĞnĞƐiƐ�ĂnĚ�ŐlǇcŽŐĞn�ƐǇnthĞƐiƐ.�tĞ�
are also interested in characterizing 
thĞ� ŵicƌŽbiĂl� ŵĞtĂbŽliƐŵ� ŽĨ� ĨƌuctŽƐĞ�
ĂnĚ� ŐlucŽƐĞ� in� thĞ� intĞƐƟnĂl� luŵĞn�

DA/E�A�,/�s�D�Ed^

EŽǀĞl� ϭϯ�� EDZ� ĂnĂlǇƐiƐ� ŽĨ� ĨĂttǇ�
ĂciĚ� ĞnƌichŵĞnt� in� thĞ� liǀĞƌƐ� ĂnĚ�
ĂĚipŽƐĞ� ƟƐƐuĞƐ� ŽĨ� nĂtuƌĂllǇ-ĨĞĞĚinŐ�
ŵicĞ� thĂt� ǁĞƌĞ� pƌŽǀiĚĞĚ� ǁith�
΀h-ϭϯ�΁ŐlucŽƐĞ� ĂnĚ� ΀h-ϭϯ�΁ĨƌuctŽƐĞ�
in� cŽŵbinĂƟŽn� ǁith� ĚĞutĞƌĂtĞĚ�
ǁĂtĞƌ� ;Ϯ,ϮKͿ� in� thĞ� ĚƌinŬinŐ� ǁĂtĞƌ.��
dhiƐ�ĂllŽǁĞĚ�thĞ�cŽntƌibuƟŽn�ŽĨ�ĂcĞtǇl-
�Ž�� ĨƌŽŵ� ĞǆŽŐĞnŽuƐ� ĨƌuctŽƐĞ� ĂnĚ�
ŐlucŽƐĞ�tŽ�hĞpĂƟc�ĚĞ�nŽǀŽ�lipŽŐĞnĞƐiƐ�
tŽ� bĞ� ĞƐƟŵĂtĞĚ� ĂnĚ� ƌĞǀĞĂlĞĚ� thĂt�
ĨƌuctŽƐĞ� cŽntƌibutĞĚ� ĂbŽut� ϯ� ƟŵĞƐ�
ŵŽƌĞ� ĂcĞtǇl-�Ž�� thĂn� ŐlucŽƐĞ� ĨŽƌ� ĚĞ�
nŽǀŽ� lipŽŐĞnĞƐiƐ� ;ΕϯϬй� ǀĞƌƐuƐ� ϭϬйͿ.�
�Žth� ƐuŐĂƌƐ� tŽŐĞthĞƌ� ĂccŽuntĞĚ� ĨŽƌ�
ĂbŽut�ϰϬй�ŽĨ�lipŽŐĞnic�ĂcĞtǇl��Ž��ĂnĚ�
ΕϳϬй�ŽĨ�ŐlǇcĞƌŽl-ϯ-phŽƐphĂtĞ�ƐǇnthĞƐiƐ.���
dhĞ� ϭϯ�� EDZ� ĂnĂlǇƐiƐ� ĂlƐŽ� pƌŽǀiĚĞĚ�
Ă� ĚĞtĂilĞĚ� lipiĚŽŵic� pƌŽĮlĞ� ŽĨ� thĞ�
tƌiŐlǇcĞƌiĚĞ� ĨĂttǇ� ĂciĚƐ� incluĚinŐ�
inĨŽƌŵĂƟŽn� Žn� thĞiƌ� pŽƐiƟŽn� in�
thĞ� tƌiŐlǇcĞƌiĚĞ� ŵŽlĞculĞ� ʹ� ǁhich�
tŽ� ĚĂtĞ� hĂƐ� nŽt� ƌĞǀĞĂlĞĚ� bǇ� ĂnǇ�
ŵĂƐƐ-ƐpĞctƌŽŵĞtƌǇ-bĂƐĞĚ� ŵĞthŽĚ.��
dhiƐ� ĂnĂlǇƐiƐ� ƌĞǀĞĂlĞĚ� thĂt� ƐĂtuƌĂtĞĚ͕�
ŵŽnŽunƐĂtuƌĂtĞĚ� ;Dh&�Ϳ� ĂnĚ�
pŽlǇunƐĂtuƌĂtĞĚ� ĨĂttǇ� ĂciĚƐ� ;Wh&�Ϳ�
ĂƌĞ� nŽt� ƌĂnĚŽŵlǇ� ĚiƐtƌibutĞĚ� ĂŵŽnŐ�
thĞ� thƌĞĞ� ŐlǇcĞƌŽl� ĞƐtĞƌiĮcĂƟŽn

inhibited either in cell cultures or in 
our pre-clinical wound healing model, 
thĞ� ǁŽunĚ� hĞĂlinŐ� ŬinĞƟcƐ� ƌĞƐuŵĞĚ�
ŵuch� liŬĞ� in� nŽƌŵĂl� hĞĂlthǇ� ǁŽunĚƐ.

sites.  
Instead, the sn2 site is almost 
ĞnƟƌĞlǇ� ŽccupiĞĚ� bǇ� Dh&�� ĂnĚ�
Wh&�� ǁhilĞ� ƐĂtuƌĂtĞĚ� ĨĂttǇ� ĂciĚƐ�
ĂƌĞ� cŽnĮnĞĚ� tŽ� thĞ� Ɛnϭ͕ϯ� ƐitĞƐ.�

�Ɛ�pĂƌt�ŽĨ�Ă�lŽnŐ-ƐtĂnĚinŐ�ĂnĚ�ŽnŐŽinŐ�
research project we established 
that calcineurin is an important 
ĨĂctŽƌ� inǀŽlǀĞĚ� in� ŵŽĚulĂƟnŐ�
ŐlucŽƐĞ� uptĂŬĞ� in� huŵĂn� ĨĂt� cĞllƐ.�
/n� ĂĚĚiƟŽn͕� Žuƌ� ƐtuĚiĞƐ� inĚicĂtĞ� thĂt�
ĞpicĂƌĚiĂl� ĂĚipŽƐĞ� ƟƐƐuĞ� ĨƌŽŵ� hĞĂƌt�
ĨĂiluƌĞ� pĂƟĞntƐ� iƐ� clĞĂƌlǇ� ĚiīĞƌĞnt�
ĨƌŽŵ� thĞ� ĂĚũĂcĞnt� ƐubcutĂnĞŽuƐ�
ĂĚipŽƐĞ� ƟƐƐuĞ� ĨƌŽŵ� thĞ� ƐĂŵĞ�
subjects in regard to proteostasis, 
incluĚinŐ� thĞ� biŽŐĞnĞƐiƐ͕� ĨŽlĚinŐ͕�
tƌĂĸcŬinŐ�ĂnĚ�ĚĞŐƌĂĚĂƟŽn�ŽĨ�pƌŽtĞinƐ�
present within and outside the cell. 
dhiƐ� iƐ� ǀĞƌǇ� iŵpŽƌtĂnt� pĂƌƟculĂƌlǇ�
in� thĞ� ƐĞƫnŐ� ŽĨ� hĞĂƌt� ĨĂiluƌĞ.

tĞ�ǁĞƌĞ�ĂblĞ�tŽ�ƐpĞciĮcĂllǇ�chŽŽƐĞ�ĨƌŽŵ�
Ă� lĂƌŐĞ� ĚiƐcŽǀĞƌǇ� ƐcƌĞĞninŐ� Ă� nuŵbĞƌ�
ŽĨ� ŵicƌŽZE�Ɛ� thĂt� ĂƌĞ� clĞĂƌlǇ� ŽǀĞƌ-
ĞǆpƌĞƐƐiŽn� in� thĞ� ƐĞƫnŐ� ŽĨ� ĚiĂbĞtĞƐ
and our pilot studies demonstrated 
that when these microRNAs were 

tŽ� ĚĞtĞƌŵinĞ� iĨ� thĞǇ� cŽntƌibutĞ� ŵŽƌĞ�
tŽ� bĞnĞĮciĂl� pƌŽĚuctƐ� ;ĨŽƌ� ĞǆĂŵplĞ�
butǇƌĂtĞͿ� Žƌ� ĚĞtƌiŵĞntĂl� pƌŽĚuctƐ�
;ĨŽƌ� ĞǆĂŵplĞ� ĞthĂnŽl� Žƌ� ĂcĞtĂtĞͿ.�

b) �ǀĂůƵĂƚĞ� ŝŶƐƵůŝŶ� ƌĞƐŝƐƚĂŶĐĞ�ĂŶĚ� ƚŚĞ�
ŽǆŝĚĂƟǀĞ� ĐĂƉĂĐŝƚǇ� ŽĨ� ŚƵŵĂŶ� ĂĚŝƉŽƐĞ�
ƟƐƐƵĞ� ĞŝƚŚĞƌ� ĚƌƵŐͲŝŶĚƵĐĞĚ� Žƌ� ĐĂƵƐĞĚ�
ďǇ�ŚĞĂƌƚ�ĨĂŝůƵƌĞ�ŝŶ�ƚŚĞ�ĐůŝŶŝĐĂů�ƐĞƫŶŐ.

c) AƐƐĞƐƐ� ƚŚĞ� ĞīĞĐƚƐ� ŽĨ� ŶĞƵƌŽͲ� ĂŶĚ�
ĂŶƟŵŝĐƌŽďŝĂů� ƉĞƉƟĚĞƐ� ĂƐ� ǁĞůů� ĂƐ�
ƐƉĞĐŝĮĐ� ŵŝĐƌŽREAƐ� ŝŶ� ƐŬŝŶ� ĐĞůůƐ� ŝŶ�
ĐƵůƚƵƌĞ�ŝŶ�ĂŶ�ŝŶ�ǀŝƚƌŽ�ƐĞƫŶŐ�Žƌ�ŝŶ�ǀŝǀŽ�
ŝŶ� ŽƵƌ� ƉƌĞͲĐůŝŶŝĐĂů� ŵŽĚĞůƐ� ŽĨ� ǁŽƵŶĚ�
ŚĞĂůŝŶŐ� ƵŶĚĞƌ� ĚŝĂďĞƚĞƐ� ĐŽŶĚŝƟŽŶƐ͘
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dhĞ� ^tĞŵ� �Ğll-�ĂƐĞĚ� ĂnĚ� DŽlĞculĂƌ� dhĞƌĂpiĞƐ� thĞŵĂƟc�
ƐtƌĂnĚ�bƌinŐƐ�tŽŐĞthĞƌ�ninĞ�cŽƌĞ�ƌĞƐĞĂƌch�ŐƌŽupƐ�cŽŵŵittĞĚ�
tŽ�thĞ�inǀĞƐƟŐĂƟŽn�ĂnĚ�ĚĞǀĞlŽpŵĞnt�ŽĨ�innŽǀĂƟǀĞ�tŽŽlƐ�ĂnĚ�
ĂpplicĂƟŽnƐ�ĨŽƌ�pƌĞǀĞnƟŽn�ĂnĚ�tƌĞĂtŵĞnt�ŽĨ�tĂƌŐĞt�ĚiƐŽƌĚĞƌƐ͕�
nĂŵĞlǇ�nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ͕�iƐchĞŵic�ĂnĚ�inĨĞcƟŽuƐ�ĚiƐĞĂƐĞƐ͕�
as well as cancer. Being biotechnological in nature, the strand 
ĂlƐŽ�ĂccŽŵŵŽĚĂtĞƐ�Ă�cluƐtĞƌ�ŽĨ�ƌĞƐĞĂƌch�ŐƌŽupƐ�ĚĞǀŽtĞĚ�tŽ�
ƐtƌuctuƌĂl�biŽtĞchnŽlŽŐǇ͕ �cŽŵputĂƟŽnĂl�ŵŽĚĞlinŐ�ĂnĚ�pƌŽtĞin�
ĞnŐinĞĞƌinŐ͕�ĂƐ�ǁĞll�ĂƐ�tĂƌŐĞtĞĚ�biŽtĞchnŽlŽŐicĂl�ĂpplicĂƟŽnƐ�
ŽĨ� ŵicƌŽbiŽlŽŐǇ͕ � pƌŽtĞŽlǇƟc� ĞnǌǇŵĞƐ� ĂnĚ� ƐiZE�/ŵiZE�.

ZĞƐĞĂƌchĞƌƐ�in�thiƐ�ƐtƌĂnĚ�ĂƌĞ�tĂŬinŐ�ĂĚǀĂntĂŐĞ�ŽĨ�ƐtĞŵ�cĞllƐ�
ĂnĚ�ŽĨ�ŵŽlĞculĂƌ�thĞƌĂpǇ�ĂppƌŽĂchĞƐ�in�ŽƌĚĞƌ�tŽ�iͿ�ĞƐtĂbliƐh�
ĚiƐĞĂƐĞ�ŵŽĚĞlƐ�tŽ�ƐtuĚǇ�ŵŽlĞculĂƌ�ŵĞchĂniƐŵƐ�ŽĨ�tĂƌŐĞtĞĚ�
ĚiƐĞĂƐĞƐ͕� iiͿ� inǀĞƐƟŐĂtĞ� nĞǁ� ĂĚǀĂncĞĚ� nuclĞic� ĂciĚ-bĂƐĞĚ�
thĞƌĂpiĞƐ�ĂnĚ�ǀiƌĂl�ĂnĚ�nŽn-ǀiƌĂl�ĚĞliǀĞƌǇ�ǀĞctŽƌƐ͕�iiiͿ�ĚĞǀiƐĞ�ƐtĞŵ�
cĞll-bĂƐĞĚ�thĞƌĂpiĞƐ�ĨŽƌ�thĞ�iƐchĞŵiĂ�tƌĞĂtŵĞnt�ĂnĚ�ǁŽunĚ�
hĞĂlinŐ͕� iǀͿ�ĚĞǀĞlŽp�nŽǀĞl�ŵĞthŽĚƐ� ĨŽƌ� cĞll� ƌĞpƌŽŐƌĂŵŵinŐ�
ĂnĚ�ƐtĞŵ�cĞll�ŵŽĚulĂƟŽn/�ĚiīĞƌĞnƟĂƟŽn�ĂnĚ�ǀͿ�cƌĞĂtĞ�ƐtĞŵ�
cĞll-bĂƐĞĚ�ĂƐƐĂǇƐ�ĂnĚ�in�ƐilicŽ�ĂppƌŽĂchĞƐ�ĨŽƌ�ĚƌuŐ�ƐcƌĞĞninŐ.

DA/E�A�,/�s�D�Ed^

�uƌinŐ� ϮϬϭϴ͕� thĞ� ŐƌŽupƐ� in� thiƐ� ƐtƌĂnĚ� ǁĞƌĞ� pĂƌƟculĂƌlǇ�
ƐuccĞƐƐĨul� in� ĂttƌĂcƟnŐ� cŽŵpĞƟƟǀĞ� ĨunĚinŐ͕� in� ĞǆcĞƐƐ�
ŽĨ� ϱ.ϲ� ŵilliŽn� �hZK͕� ŽĨ� ǁhich� ϴϮй� ĨƌŽŵ� &�d/�^/&� ĨunĚƐ.�
�ĚĚiƟŽnĂl� ĨunĚinŐ� ƐŽuƌcĞƐ� incluĚĞ� thĞ� ,ϮϬϮϬ� ĨƌĂŵĞǁŽƌŬ�
pƌŽŐƌĂŵŵĞ� ʹ� ĨŽƌ� thĞ�D^��-/dE� E�EK^d�D͕� Ăn� ĂĚǀĂncĞĚ�
tƌĂininŐ�nĞtǁŽƌŬ� inǀŽlǀinŐ� ƌĞƐĞĂƌch�ŽƌŐĂniǌĂƟŽnƐ͕�hŽƐpitĂlƐ�
ĂnĚ�biŽtĞch/phĂƌŵĂ�cŽŵpĂniĞƐ�ĨƌŽŵ�ϳ��uƌŽpĞĂn�cŽuntƌiĞƐ�
ʹ� ĂnĚ� pƌiǀĂtĞ� cŽntƌĂctŽƌƐ� liŬĞ� tĂǀĞ� >iĨĞ� ^ciĞncĞƐ� h^�͕�
/nc.͕� hE/YhZ�� �iŽphĂƌŵĂ� �.s.� ĂnĚ� �lĂĚĞ� dhĞƌĂpĞuƟcƐ.
KǀĞƌĂll͕� ƌĞƐĞĂƌch� ĞīŽƌtƐ� ŽƌiŐinĂtĞĚ� cĂ.� ϭϯϬ� publicĂƟŽnƐ�
in� pĞĞƌ-ƌĞǀiĞǁĞĚ� intĞƌnĂƟŽnĂl� ũŽuƌnĂlƐ� ĂnĚ� bŽŽŬ� ƐĞƌiĞƐ�
;nŽt� cŽunƟnŐ� ŵĞĞƟnŐ� ĂbƐtƌĂctƐͿ͕� hĂlĨ� ŽĨ� thĞŵ� incluĚinŐ�
Ĩƌuiƞul� cŽllĂbŽƌĂƟŽnƐ� ǁith� inƐƟtuƟŽnƐ� ;ĂcĂĚĞŵic� ĂnĚ�
ŽthĞƌǁiƐĞͿ� ĨƌŽŵ� nĞĂƌlǇ� ϯϬ� ĚiīĞƌĞnt� ĨŽƌĞiŐn� cŽuntƌiĞƐ.� �Ă.�
Ϯϳй� ŽĨ� thĞ� publicĂƟŽnƐ� inǀŽlǀĞĚ� hŽƐpitĂl� ĂnĚ� hĞĂlthcĂƌĞ�
unitƐ/ĞnƟƟĞƐ� ;nŽtĂblǇ� thĞ� �ŽiŵbƌĂ� hniǀĞƌƐitǇ� ,ŽƐpitĂlƐ�
;�,h�ͿͿ� ĂnĚ� nĞĂƌlǇ� ϱϬй� cŽuntĞĚ� ǁith� thĞ� pĂƌƟcipĂƟŽn�
ŽĨ� ŽthĞƌ� WŽƌtuŐuĞƐĞ� inƐƟtuƟŽnƐ� ;incluĚinŐ� ƐĞǀĞƌĂl�
cŽŵpĂniĞƐͿ� nŽt� ĂĸliĂtĞĚ� ǁith� thĞ� hniǀĞƌƐitǇ� ŽĨ� �ŽiŵbƌĂ.�
�Ɛ� ĨŽƌ� thĞ� intĞƌnĂƟŽnĂl� cŽllĂbŽƌĂƟŽnƐ͕� thĞ� h^��
ĨĞĂtuƌĞƐ� thĞ� lĂƌŐĞƐt� cŽ-ĂuthŽƌƐhipƐ͕� ĨŽllŽǁĞĚ� bǇ�
^pĂin͕� 'ĞƌŵĂnǇ͕ � &ƌĂncĞ͕� /tĂlǇ� ĂnĚ� thĞ� EĞthĞƌlĂnĚƐ.�
dhĞ� ŵĂũŽƌitǇ� ŽĨ� thĞ� publicĂƟŽnƐ� ;ϳϭйͿ� ĂƌĞ� Yϭ͕� ǁith�
nĞĂƌlǇ� ϰϬ� in� dŽp� ϭϬй� ũŽuƌnĂlƐ͕� incluĚinŐ� �Ğll͕� EĂtuƌĞ�
�Ğll� �iŽlŽŐǇ͕ � ��^� EĂnŽ͕� EĂtuƌĞ� �ŽŵŵunicĂƟŽnƐ͕� �D�K�
:ŽuƌnĂl͕� ^ciĞncĞ� /ŵŵunŽlŽŐǇ͕ � WE�^͕� EĞuƌŽlŽŐǇ� ĂnĚ�
ZĞĚŽǆ� �iŽlŽŐǇ͕ � ǁhich� putƐ� in� ĞǀiĚĞncĞ� nŽt� ŽnlǇ� thĞ�
ƋuĂlitǇ� but� ĂlƐŽ� thĞ� ĚiǀĞƌƐitǇ� ŽĨ� ĂĚĚƌĞƐƐĞĚ� ƐubũĞctƐ�
ĂnĚ� ŵulƟĚiƐciplinĂƌǇ� nĂtuƌĞ� ŽĨ� thĞ� ŽnŐŽinŐ� ƌĞƐĞĂƌch.�
/nĚĞĞĚ� thĞ� ĂƌĞĂƐ� ŽĨ� ƌĞƐĞĂƌch� ŽĨ� thĞ

publicĂƟŽnƐ� ƌĂnŐĞ� ĨƌŽŵ� WhĂƌŵĂcŽlŽŐǇ� Θ� WhĂƌŵĂcǇ�
tŽ� �iŽtĞchnŽlŽŐǇ� Θ� �ppliĞĚ� DicƌŽbiŽlŽŐǇ͕ � tŽ� 'ĞnĞƟcƐ�
Θ� ,ĞƌĞĚitǇ͕ � ĨƌŽŵ� EĞuƌŽƐciĞncĞ� tŽ� ,ĂĞŵĂtŽlŽŐǇ.�
KǀĞƌĂll͕� thĞ� ϮϬϭϴ� publicĂƟŽnƐ� ĨĞĂtuƌĞ� Ă� �ĂtĞŐŽƌǇ�
EŽƌŵĂliǌĞĚ� �itĂƟŽn� /ŵpĂct� ŽĨ� ϭ.ϳϯ͕� ŽnĞ� ĂƌƟclĞ� cŽ-
ĂuthŽƌĞĚ�bǇ�WƌŽĨ�DiltŽn�^.��ŽƐtĂ� ;/nt� :� ^ǇƐt��ǀŽl�DicƌŽbiŽl͕�
ϮϬϭϴͿ� bĞinŐ� bŽth� Ă� ,iŐhlǇ� �itĞĚ� ĂnĚ� ,Žt� WĂpĞƌ� in� itƐ�
ĮĞlĚ� ;tŽp� ϭй� ĂnĚ� Ϭ.ϭй� citĂƟŽn� thƌĞƐhŽlĚ� ƌĞƐpĞcƟǀĞlǇͿ.�
KthĞƌ� pĞƌĨŽƌŵĂncĞ� inĚicĂtŽƌƐ� incluĚĞ� ƐĞǀĞƌĂl� ƌĞƋuĞƐtƐ� ĨŽƌ�
ĂnĚ/Žƌ�cŽncĞƐƐiŽnƐ�ŽĨ�/WZ�pƌŽtĞcƟŽn:�ŽnĞ�pĂtĞnt�ĂpplicĂƟŽn�
ĨĞĂtuƌĞƐ�Ă�ǀĞctŽƌ�ĨŽƌ�thĞ�uƐĞ�in�thĞ�tƌĞĂtŵĞnt�ŽĨ�Ă�pŽlǇŐlutĂŵinĞ�
ƌĞpĞĂt�ƐpinŽcĞƌĞbĞllĂƌ�ĂtĂǆiĂ�;W�d/�WϮϬϭϴ/ϬϱϮϭϵϵͿ͕�ĂnŽthĞƌ�
bĞinŐ�ĨŽƌ�cĞll�inĚucƟŽn/�Žƌ�ƌĞpƌŽŐƌĂŵŵinŐ�tŽ�thĞ�ĚĞnĚƌiƟc�cĞll�
ƐtĂtĞ�Žƌ�ĂnƟŐĞn�pƌĞƐĞnƟnŐ�cĞll� ƐtĂtĞ� ;W�d//�ϮϬϭϴ/ϬϱϮϯϳϴͿ.�
�� thiƌĚ� ŽnĞ� pƌŽpŽƐĞƐ� Ăn� �nƟ-nuclĞŽlin� ĂnƟbŽĚǇ�
ĨŽƌ� ŽncŽlŽŐic� uƐĞ� ;W�d//�ϮϬϭϴ/ϬϱϱϰϳϭͿ.
dhĞ� ŵĞŵbĞƌƐ� ŽĨ� thiƐ� thĞŵĂƟc� ƐtƌĂnĚ� ĂƌĞ� ĂlƐŽ� ĂcƟǀĞlǇ�
inǀŽlǀĞĚ� in� ĂĚǀĂncĞĚ� tƌĂininŐ͕� ĨĞĂtuƌinŐ� ƐĞǀĞƌĂl� Wh��
ƐtuĚĞntƐ� in� ĚŽctŽƌĂl� pƌŽŐƌĂŵŵĞƐ� cŽŽƌĚinĂtĞĚ� bǇ� �E�./�/>/�
ƌĞƐĞĂƌchĞƌƐ͕� nŽtĂblǇ� thĞ� Wh�� WƌŽŐƌĂŵŵĞ� in� �ǆpĞƌiŵĞntĂl�
�iŽlŽŐǇ� ĂnĚ� �iŽŵĞĚicinĞ� ;W����Ϳ� ǁhĞƌĞ� ĂĚǀĂncĞĚ�
cŽuƌƐĞƐ� Žn� �ŽŵputĂƟŽnĂl� �iŽlŽŐǇ͕ � �ƌuŐ� �ĞǀĞlŽpŵĞnt� Žƌ�
�ĚǀĂncĞĚ� dhĞƌĂpiĞƐ� ĂƌĞ� thĞ� ƌĞƐpŽnƐibilitǇ� ŽĨ� thiƐ� ƐtƌĂnĚ.�
� dhĞ� iŵplĞŵĞntĂƟŽn� ŽĨ� thĞ� nĞǁ� cŽƌĞ� ĨĂcilitǇ�
siƌĂsĞctŽƌ� ĨŽƌ� Žn-ĚĞŵĂnĚ� ǀiƌĂl� ǀĞctŽƌ�
ĞnŐinĞĞƌinŐ� ĂnĚ� pƌŽĚucƟŽn� iƐ� ĂlŵŽƐt� cŽncluĚĞĚ.�
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&hdhR��W>AE^

�Ɛ� �E�./�/>/� ĞntĞƌƐ� itƐ� nĞǆt� ϱ-ǇĞĂƌ� ^tƌĂtĞŐic� WƌŽŐƌĂŵŵĞ�
ƌĞbƌĂnĚĞĚ� ĂƐ� thĞ� �ĞntĞƌ� ĨŽƌ� /nnŽǀĂƟǀĞ� �iŽŵĞĚicinĞ� ĂnĚ�
�iŽtĞchnŽlŽŐǇ� ;�/��Ϳ͕� thĞ� ^tĞŵ� �Ğll-bĂƐĞĚ� ĂnĚ� DŽlĞculĂƌ�
dhĞƌĂpiĞƐ� dhĞŵĂƟc� ƐtƌĂnĚ� ǁill� bĞ� ƌĞƐtƌuctuƌĞĚ� tŽ�
ĂccŽŵŵŽĚĂtĞ�ϭϭ�ŐƌŽupƐ͕�chĂnŐinŐ� thĞ�nĂŵĞ�tŽ� /nnŽǀĂƟǀĞ�
dhĞƌĂpiĞƐ.� /t� ǁill� ĨŽcuƐ� Žn� pƌŽŵŽƟnŐ� intĞƌĚiƐciplinĂƌǇ�
ƌĞƐĞĂƌch� tƌĂnƐlĂtĂblĞ� intŽ� thĞ� ĚĞǀĞlŽpŵĞnt� ŽĨ� innŽǀĂƟǀĞ�
tŽŽlƐ� ĂnĚ� ĂppƌŽĂchĞƐ� ĨŽƌ� thĞ� pƌĞǀĞnƟŽn� ĂnĚ� tƌĞĂtŵĞnt� ŽĨ�
ĚiƐŽƌĚĞƌƐ�thĂt�ĂƌĞ�ĞǆĂcĞƌbĂtĞĚ�in�thĞ�ĂŐĞĚ�pŽpulĂƟŽn͕�Ɛuch�ĂƐ�
nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ͕�iƐchĞŵic͕�inĨĞcƟŽuƐ�ĂnĚ�cĂncĞƌ�ĚiƐĞĂƐĞƐ.

�ĂpitĂliǌinŐ�Žn�thĞ�ƌĞcĞntlǇ�ŐĞnĞƌĂtĞĚ�ƌĞƐultƐ�ĂnĚ�intĞllĞctuĂl�
pƌŽpĞƌtǇ͕ � thĞ�ŐƌŽupƐ� in�thiƐ�thĞŵĂƟc�ƐtƌĂnĚ�ǁill�uƐĞ�ƌĞcĞnt�
ĂĚǀĂncĞƐ� in� hiŐh-thƌŽuŐhput� ƐcƌĞĞninŐ͕� ĚĞĞp� ƐĞƋuĞncinŐ͕�
ĚĞliǀĞƌǇ� ĨŽƌŵulĂƟŽnƐ͕� ŵĞĚicinĂl� chĞŵiƐtƌǇ͕ � biŽiŵĂŐinŐ�
ĂnĚ� ĂniŵĂl� ŵŽĚĞlƐ� tŽ� ĚĞǀĞlŽp� innŽǀĂƟǀĞ� thĞƌĂpiĞƐ.�
dhĞǇ� ǁill� ǁŽƌŬ� in� clŽƐĞ� cŽllĂbŽƌĂƟŽn� ǁith� thĞ� ŽthĞƌ�
tǁŽ� ƐtƌĂnĚƐ� ŽĨ� �/��� in� thĞ� ĚĞǀĞlŽpŵĞnt� ŽĨ� tŽŽlƐ�
Ɛuch� ĂƐ� thĞƌĂpĞuƟc� biŽŵŽlĞculĞƐ� ;ŵiZE�Ɛ͕� pƌŽtĞin͕�
ĂnƟbŽĚiĞƐͿ͕� in� ǀitƌŽ� ŵŽĚĞlƐ� ;Ğ.Ő.� in� ǀitƌŽ� blŽŽĚ� bƌĂin�

bĂƌƌiĞƌ�ŵŽĚĞlƐͿ�ĂnĚ�biŽinĨŽƌŵĂƟcƐ�ŵŽĚĞlƐ� tŽ�ĞǆplŽƌĞ� lĂƌŐĞ�
ĚĂtĂƐĞtƐ�;Ğ.Ő.�ŵicƌŽbiŽŵĞ�ĂnĚ�ŵĞtĂŐĞnŽŵĞƐ͕�ĞtcͿ.�dhĞǇ�ǁill�
ǁŽƌŬ�in�clŽƐĞ�cŽllĂbŽƌĂƟŽn�ǁith�thĞ�ŽthĞƌ�tǁŽ�ƐtƌĂnĚƐ�ŽĨ��/���
in�thĞ�ĚĞǀĞlŽpŵĞnt�ŽĨ�tŽŽlƐ�Ɛuch�ĂƐ�thĞƌĂpĞuƟc�biŽŵŽlĞculĞƐ�
;ŵiZE�Ɛ͕�pƌŽtĞin͕�ĂnƟbŽĚiĞƐͿ͕�in�ǀitƌŽ�ŵŽĚĞlƐ�;Ğ.Ő.�in�ǀitƌŽ�blŽŽĚ�
bƌĂin�bĂƌƌiĞƌ�ŵŽĚĞlƐͿ�ĂnĚ�biŽinĨŽƌŵĂƟcƐ�ŵŽĚĞlƐ�tŽ�ĞǆplŽƌĞ�
large datasets (e.g. microbiome and metagenomes, etc). 
dhĞ� ŵicƌŽbiŽlŽŐǇ-ĚƌiǀĞn� ŐƌŽupƐ� ǁill� bĞ� pĂǇinŐ�
pĂƌƟculĂƌ� ĂttĞnƟŽn� tŽ� ĂnƟŵicƌŽbiĂl� ƌĞƐiƐtĂncĞ� ĂnĚ�
ĞǆpĂnĚ� thĞiƌ� intĞƌĞƐtƐ� tŽ� thĞ� intĞƌƐĞcƟŽn� ŽĨ� ŵŽlĞculĂƌ�
ŵicƌŽbiŽlŽŐǇ� ǁith� nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ� ĂnĚ� chƌŽnic�
ĚiƐĞĂƐĞƐ� ƐŽ� ĂƐ� tŽ� iĚĞnƟĨǇ� biŽŵĂƌŬĞƌƐ� ĂƐƐŽciĂtĞĚ� tŽ� thĞƐĞ�
pĂthŽlŽŐiĞƐ� thĂt� ŵiŐht� bĞ� uƐĞĚ� ĨŽƌ� ĞĂƌlǇ� ĚĞtĞcƟŽn.

dhĞ�thĞŵĂƟc�ƐtƌĂnĚ�ǁill�ĂlƐŽ�cŽnƟnuĞ�tŽ�cƌĞĂtĞ�tƌĂnƐlĂƟŽnĂl�
ĂnĚ� ĞcŽnŽŵicĂl� ǀĂluĞ� ĨŽƌ� thĞ��ĞntĞƌ�ZĞŐiŽn�ŽĨ� WŽƌtuŐĂl� in�
thĞ�ĂƌĞĂ�ŽĨ�biŽtĞchnŽlŽŐǇ/hĞĂlth� ƐciĞncĞƐ͕�bĞnĞĮƟnŐ� ĨƌŽŵ�
thĞ�lŽnŐ-ƐtĂnĚinŐ�linŬƐ�ĂnĚ�cŽllĂbŽƌĂƟŽnƐ�ǁith�thĞ��/K��Ed�
biŽtĞchnŽlŽŐǇ�pĂƌŬ� ;hŽƐt�ŽĨ�ϰϬй�ŽĨ� thĞ�biŽtĞch�cŽŵpĂniĞƐ�
in� WŽƌtuŐĂlͿ� ĂnĚ� thĞ� �ŽiŵbƌĂ� hniǀĞƌƐitǇ� ,ŽƐpitĂlƐ� ;�,h�Ϳ.



ϯϴ

Wh��;,ĞĂĚ�ŽĨ�'ƌŽupͿ
 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
Post Doctoral Fellow 
Post Doctoral Fellow 
Post Doctoral Fellow 
Post Doctoral Fellow 
Post Doctoral Fellow 
Post Doctoral Fellow 
Post Doctoral Fellow 
Post Doctoral Fellow 
Post Doctoral Fellow 
Post Doctoral Fellow 
Post Doctoral Fellow 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 

sĞĐƚŽƌƐ�ĂŶĚ�'ĞŶĞ�dŚĞƌĂƉǇ�'ƌŽƵƉ

�ŽncĞiĕĆŽ�WĞĚƌŽƐŽ�>iŵĂ�

Ana Bela Sarmento Ribeiro 
�nĂ�'ƌĞŐſƌiŽ�
Anália do Carmo 
�lĠǀiŽ�EŽbƌĞŐĂ�
�ĚnĂ�^ŽĂƌĞƐ�
,ĞnƌiƋuĞ�&ĂnĞcĂ�
:ŽĆŽ�EunŽ�DŽƌĞiƌĂ�
>uşƐ�WĞƌĞiƌĂ�ĚĞ��lŵĞiĚĂ�
DĂƌiĂ��ŵĄliĂ�:uƌĂĚŽ�
DĂƌiĂ��ĞlĞƐtĞ�>ŽpĞƐ�
Nuno Fonseca 
Olga Borges Ribeiro 
ZĂŐhu�<Ălluƌi�
ZŽƐĞŵĞǇƌĞ��ŽƌĚĞiƌŽ�
^ĞƌŐiŽ�WĂulŽ�D.�^iŵƁĞƐ�
Teresa Maria Martins 
Vera Caldeira de Moura 
Ana Patricia Marques 
�nĂ�dĞƌĞƐĂ�^iŵƁĞƐ�
Carlos Matos 
Catarina Miranda 
>iliĂnĂ�^iŵƁĞƐ�DĞnĚŽnĕĂ�
Magda Matos Santana 
EĠliŽ�'ŽnĕĂlǀĞƐ�
ZitĂ�WĞƌĨĞitŽ�
Zui�:ŽƌŐĞ�'ŽnĕĂlǀĞƐ�EŽbƌĞ�
^ĂnĚƌĂ�:ĞƐuƐ�
^ſniĂ�WĂtƌşciĂ��iĂƐ��uĂƌtĞ�
Ana Cristina Ferreira 
Ana Filipa Cruz 
Ana Maria Cardoso 
�nĂ�ZĂĨĂĞlĂ�KliǀĞiƌĂ�
Ana Rita Ribeiro 
�ntſniŽ��ĂǀiĚ�ZuĨinŽ�ZĂŵŽƐ�
Catarina Mendes Morais 
Daniela Santo 
Dina Farinha 
Dina Pereira 
:ĠƐƐicĂ�ĚĂ�^ilǀĂ�
Maria Inês Martins 
Mariangela Natale 
Marta Pereira 
Natália Bernardi 
WĂtƌşciĂ��lbuƋuĞƌƋuĞ�
^ŽĨiĂ�ZŽŵĂnŽ�
Sonia Pinho 
Alana Duarte 
�nĚƌĠ��ŽncĞiĕĆŽ�
Andreia Marques 
�ĂƌinĂ��lŵĞiĚĂ�,ĞnƌiƋuĞƐ�
�ĂniĞl�,ĞnƌiƋuĞƐ�
&lĄǀiĂ�ZŽĚƌiŐuĞƐ�
Frederico Pena 
:ŽĆŽ�WĂnĆŽ��ŽƐtĂ�
:ŽĆŽ�WĞĚƌŽ�^ĂntŽƐ��ƌĄƐ�

MSc Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 

:ŽĆŽ�siĞiƌĂ�
>ĂuƌĂ��ĂƌǀĂlhŽ�
Maria Inês Barros 
Mariana Biscaia Caleiras 
DĂƌiĂnĂ��ŽlĂĕŽ�
Mariana Terra 
DiŐuĞl�DŽntĞiƌŽ�>ŽpĞƐ�
WĂtƌicŬ�:ŽĞl�ĚĂ�^ilǀĂ�
Ricardo Gomes Moreira 
Tânia Marante 
Teresa  Raquel Abreu 
Vanessa  Fernandes 

^ƚĞŵ��Ğůů��ŝŽƚĞĐŚŶŽůŽŐǇ�'ƌŽƵƉ�

>inŽ�&ĞƌƌĞiƌĂ�

Akhilesh Rai 
Arnab Banerjee 
Carlos Filipe Pereira 
,uŐŽ��ŐŽƐtinhŽ�&ĞƌnĂnĚĞƐ�
>uşƐ��ƐtƌŽncĂ�
DĂƌtĂ�>ĂƌĂnũĞiƌŽ�WintŽ�
ZicĂƌĚŽ�WiƌĞƐ�ĚĂƐ�EĞǀĞƐ�
Ana Filipa Branco 
Andreia Ribeiro 
Cristiana Pires 
DiŐuĞl�>inŽ�
Patricia Pitrez Pereira 
^ſniĂ�>uǌiĂ�WinhŽ�
^uƐĂnĂ��ĂƌǀĂlhŽ�ZŽƐĂ�
^uƐĂnĂ�^iŵƁĞƐ�
Vitor Francisco 
Alexandra Ferreira 
�nĚƌĞiĂ�silĂĕĂ�
Deolinda Santinha 
Fábio Rosa 
Francesca Tomatis 
Inês Albino 
>uşƐ�DŽntĞiƌŽ�
Ricardo Abreu 
ZitĂ��lǀĞƐ�
Rita Sá Ferreira 
Tânia Barata 
Ana Carolina Caetano 
�nĂ�>ƷciĂ��unhĂ�
�ĂƌlŽƐ�:ĞƐuƐ�
Catarina Rebelo 
�ĂtĂƌinĂ�^ŽĂƌĞƐ�ĚĂ�^ilǀĂ�
Denise Marta 
,ĞlĞnĂ��iƌĞƐ�
Inês Caiado 
Inês Morais 
Inês Ribeiro 

Wh��;,ĞĂĚ�ŽĨ�'ƌŽupͿ
 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
Post Doctoral Fellow 
Post Doctoral Fellow 
Post Doctoral Fellow 
Post Doctoral Fellow 
Post Doctoral Fellow 
Post Doctoral Fellow 
Post Doctoral Fellow 
Post Doctoral Fellow 
Post Doctoral Fellow 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
PhD Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 
 



ϯϵ

^ƚĞŵ��Ğůů��ŝŽƚĞĐŚŶŽůŽŐǇ�'ƌŽƵƉ�

>uşƐ�&ilipĞ�KliǀĞiƌĂ�
DĂƌtĂ��ĂƌĆŽ�
Susana Cristina Pedreiro 
Tiago Reis 
diĂŐŽ�ZŽnĚĆŽ�
�ĂtĂƌinĂ�WƌĂĕĂ�ĚĞ��lŵĞiĚĂ�
Ana Raquel Santos 
^ĂnĚƌĂ�WinhĂnĕŽƐ�

MSc Student 
MSc Student 
MSc Student 
MSc Student 
MSc Student 
Grant Technician 
Technician 
Technician 

^ǇƐƚĞŵƐ�ĂŶĚ��ŽŵƉƵƚĂƟŽŶĂů��ŝŽůŽŐǇ�'ƌŽƵƉ� �

�ƌŵinĚŽ�^ĂlǀĂĚŽƌ�
 
Inês Miranda Santos 
Susana Pinto da Cunha 
>uşƐ�>ŽuƌĂ�
Dǐ�:ŽĆŽ�WĞĚƌŽƐĂ�^ilǀĞƐtƌĞ�

Wh��;,ĞĂĚ�ŽĨ�'ƌŽupͿ
 
PhD Student
MSc Student
Collaborator
Collaborator
 

DĞĚŝĐĂů�DŝĐƌŽďŝŽůŽŐǇ�'ƌŽƵƉ�

dĞƌĞƐĂ�KliǀĞiƌĂ�'ŽnĕĂlǀĞƐ�
 
Célia Nogueira 
Chantal Fernandes 
>iƐĂ�ZŽĚƌiŐuĞƐ�
Marta Mota 
Patricia Nunes 
Rui Soares  
:ŽƐĠ�WĞĚƌŽ��ĂptiƐtĂ��

Wh��;,ĞĂĚ�ŽĨ�'ƌŽupͿ
 
PhD 
Post Doctoral Fellow 
Post Doctoral Fellow 
PhD Student 
MD 
MD 
Collaborator 
 

DŽůĞĐƵůĂƌ�DǇĐŽďĂĐƚĞƌŝŽůŽŐǇ�ĂŶĚ�DŝĐƌŽďŝŽŵĞ�'ƌŽƵƉ�
  
EunŽ��ŵpĂĚinhĂƐ�
 
Ana Maranha Tiago 
:Žhn��ĂǀiĚ�DĂƌuŐŐ�
Susana Alarico 
Daniela Costa 
Dǐ�DĂĨĂlĚĂ��ŽƐtĂ�

Wh��;,ĞĂĚ�ŽĨ�'ƌŽupͿ
 
PhD 
PhD 
PhD 
PhD Student 
PhD Student 
 

DĞĚŝĐŝŶĂů��ŚĞŵŝƐƚƌǇ�Θ��ƌƵŐ��ŝƐĐŽǀĞƌǇ�'ƌŽƵƉ� �
  
:ŽƌŐĞ�^ĂlǀĂĚŽƌ�
 
�ƌunŽ�'ŽnĕĂlǀĞƐ�
'ĂbƌiĞlĂ�:ŽƌŐĞ�ĚĂ�^ilǀĂ�
Mª do Céu Sousa 
Dǐ�>uşƐĂ�ǀĂǌ�^Ą�DĞlŽ�
Dǐ�DĂnuĞl��ƌuǌ�^ilǀĂ�
^ĂnĚƌĂ��ntſniĂ�&iŐuĞiƌĞĚŽ�
Sara Margarida Domingues 
^ŽĨiĂ��nĂƐtĄciŽ�
Vanessa Mendes 
Daniela Marques 
:uĚitĞ��ŽiŵbƌĂ�
Dǐ�>Ă�^ĂlĞtĞ��ĂtiƐtĂ�
:ŽĂnĂ��lǀĞƐ�
:ŽĂnĂ�sĞlhŽ�
sĂƐcŽ�:uƐtinŽ�
Daniela Alho 
Dǐ��ĚuĂƌĚĂ�^ilǀĞiƌĂ�
Romina Guedes 
^ĂŵuĞl�^ilǀĞƐtƌĞ�

Wh��;,ĞĂĚ�ŽĨ�'ƌŽupͿ
 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD 
PhD Student 
PhD Student 
PhD Student 
MSc Student 
MSc Student 
MSc Student 
Collaborator 
Collaborator 
Collaborator 
Collaborator 
 

WŚĂƌŵĂĐŽŵĞƚƌŝĐƐ�'ƌŽƵƉ� � � �
 
�ŵilcĂƌ�&ĂlcĆŽ�
 
Ana Cristina Fortuna 
:ŽĂnĂ��icŬĞƌ��pĂƌşciŽ�
:ŽĂnĂ��ĂƌƌĂpiĕŽ�'ŽnĕĂlǀĞƐ�
Zui�&ilipĞ�ZĂŵŽƐ�^ilǀĂ�
Andreia Carona 
dąniĂ�^ŽƌĂiĂ�siĞiƌĂ�ĚĂ�^ilǀĂ�

Wh��;,ĞĂĚ�ŽĨ�'ƌŽupͿ
 
PhD 
PhD 
PhD Student 
PhD Student 
MSc Student 
MSc Student 
 
 

DŝĐƌŽďŝŽůŽŐǇ�ŽĨ��ǆƚƌĞŵĞ��ŶǀŝƌŽŶŵĞŶƚƐ�'ƌŽƵƉ� �
    DiltŽn�^iŵƁĞƐ�ĚĂ��ŽƐtĂ�
 
>uciĂnĂ��lbuƋuĞƌƋuĞ�WintŽ�
ZitĂ�ƐĞǀĞƌinŽ�
Inês Roxo 
Pedro Miguel Raposo 
dąniĂ�^ŽƌĂiĂ�siĞiƌĂ�ĚĂ�^ilǀĂ�

Wh��;,ĞĂĚ�ŽĨ�'ƌŽupͿ
 
Grant Technician 
Grant Technician 
Grant Technician 
Grant Technician 
MSc Student 
 
 

DŽůĞĐƵůĂƌ��ŝŽƚĞĐŚŶŽůŽŐǇ�'ƌŽƵƉ� � � �
   
/ƐĂuƌĂ�^iŵƁĞƐ�
 
�ĂƌlŽƐ�:ŽƐĠ��ŽƐtĂ�&ĂƌŽ�
�ucliĚĞƐ�siĞiƌĂ�WiƌĞƐ�
WĂulĂ�sĞƌşƐƐiŵŽ�WiƌĞƐ�
Pedro Curto 

Wh��;,ĞĂĚ�ŽĨ�'ƌŽupͿ
 
PhD 
PhD 
PhD 
PhD  
 



ϰϬ

sĞĐƚŽƌƐ�ĂŶĚ�'ĞŶĞ�dŚĞƌĂƉǇ��ͮ��;Head: M. Conceição Pedroso de LimaͿ

K�:��d/s�^

dhĞ� ƌĞƐĞĂƌch� in� thĞ� 'ƌŽup� ŽĨ� sĞctŽƌƐ�
ĂnĚ�'ĞnĞ�dhĞƌĂpǇ�hĂƐ�bĞĞn�ĚĞǀŽtĞĚ�tŽ�
thĞ�ĚĞƐiŐn�ĂnĚ�ĚĞǀĞlŽpŵĞnt�ŽĨ�cĂƌƌiĞƌƐ͕�
incluĚinŐ�ǀiƌĂl�ĂnĚ�nŽnǀiƌĂl�ǀĞctŽƌƐ͕�ĨŽƌ�
nuclĞic� ĂciĚ� ĂnĚ� ĚƌuŐ� ĚĞliǀĞƌǇ� ĂiŵinŐ�
Ăt� thĞiƌ� ĂpplicĂƟŽn� ĂƐ� tĞchnŽlŽŐicĂl�
plĂƞŽƌŵƐ� ĨŽƌ� ϭͿ� ĞƐtĂbliƐhŵĞnt� ŽĨ�
ĚiƐĞĂƐĞ� ŵŽĚĞlƐ͕� ϮͿ� ƐtuĚǇ� ŽĨ� ĚiƐĞĂƐĞ�
ŵĞchĂniƐŵƐ� ĂnĚ� ϯͿ� ĚĞǀĞlŽpŵĞnt� ŽĨ�
nĞǁ�ŵŽlĞculĂƌ�thĞƌĂpĞuƟc�ĂppƌŽĂchĞƐ�
ĨŽƌ� cĂncĞƌ� ĂnĚ� nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ�
ĚiƐŽƌĚĞƌƐ�ĂnĚ�ŽĨ�pƌŽphǇlĂcƟc�ƐtƌĂtĞŐiĞƐ.
Kuƌ� ƐtuĚiĞƐ� Žn� nŽn-ǀiƌĂl� ǀĞctŽƌƐ�
hĂǀĞ� bĞĞn� ŵĂinlǇ� ĨŽcuƐĞĚ� Žn� thĞ�
ĞǀĂluĂƟŽn� ŽĨ� thĞ� pŽtĞnƟĂl� ŽĨ� nŽǀĞl�
lipiĚ-bĂƐĞĚ�nĂnŽƐǇƐtĞŵƐ�ĂnĚ�pŽlǇŵĞƌic�
nĂnŽpĂƌƟclĞƐ�in�ŐĞnĞ�thĞƌĂpǇ�ƐtƌĂtĞŐiĞƐ�
ĨŽƌ� thĞ� tƌĞĂtŵĞnt� ŽĨ� bŽth� cĂncĞƌ� ĂnĚ�
nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ� ĚiƐŽƌĚĞƌƐ͕� ĂnĚ�
ĨŽƌ� thĞ� ĚĞǀĞlŽpŵĞnt� ŽĨ� ǀĂccinĞƐ.
EŽn-ǀiƌĂl� ǀĞctŽƌƐ͕� Ɛuch� ĂƐ� cĂƟŽnic�
lipŽƐŽŵĞƐ͕� cĂƟŽnic� pŽlǇŵĞƌƐ͕� ƐtĂblĞ�
nuclĞic� ĂciĚ� lipiĚ� pĂƌƟclĞƐ� ĂnĚ� cĞll-
pĞnĞtƌĂƟnŐ� pĞpƟĚĞƐ� hĂǀĞ� bĞĞn�
ĞǆplŽƌĞĚ� ĂƐ� cĂƌƌiĞƌ� ƐǇƐtĞŵƐ� tŽ� ĚĞliǀĞƌ�
nucleic acids, including plasmid DNA 
ĞncŽĚinŐ� thĞƌĂpĞuƟc�pƌŽtĞinƐ͕� ĂƐ�ǁĞll�
ĂƐ� ĂnƟƐĞnƐĞ� ŽliŐŽnuclĞŽƟĚĞƐ͕� ƐiZE�Ɛ�
ĂnĚ� ĂnƟ-ŵiZE�� lŽcŬĞĚ� nuclĞic� ĂciĚƐ͕�
ĂiŵinŐ�Ăt�pƌŽŵŽƟnŐ�ƐilĞncinŐ�ŽĨ�ŬnŽǁn�
oncogene proteins and both cancer-
ƌĞlĂtĞĚ�ĂnĚ�pƌŽ-inŇĂŵŵĂtŽƌǇ�ŵiZE�Ɛ.�
dhĞ�ŐƌŽup�iƐ�intĞƌĞƐtĞĚ�in�inǀĞƐƟŐĂƟnŐ�
thĞ� ĂnƟ-tuŵŽƌĂl� ĞīĞct� ŽĨ� ŐĞnĞ�
thĞƌĂpǇ� ƐtƌĂtĞŐiĞƐ͕� ĞithĞƌ� pĞƌ� ƐĞ� Žƌ� in�
cŽŵbinĂƟŽn� ǁith� chĞŵŽthĞƌĂpĞuƟc�
ĂŐĞntƐ͕� bŽth� in� ǀitƌŽ� ĂnĚ� in� ĂniŵĂl�
ŵŽĚĞlƐ� ĨŽƌ� ĚiīĞƌĞnt� tǇpĞƐ� ŽĨ� cĂncĞƌ.

A lipidomic approach to cancer 
hĂƐ� bĞĞn� ĚĞǀĞlŽpĞĚ� uƐinŐ� ZE��
intĞƌĨĞƌĞncĞ� tŽ� unƌĂǀĞl� thĞ� ƌŽlĞ�
ŽĨ� ŵĞŵbƌĂnĞ� lipiĚƐ� in� cĂncĞƌ� cĞll�
signaling and chemoresistance. In 
ĂĚĚiƟŽn͕�nŽn-ǀiƌĂl�ǀĞctŽƌƐ�ĂƌĞ�cuƌƌĞntlǇ�
bĞinŐ� ĚĞǀĞlŽpĞĚ� tŽ� ƐtuĚǇ� thĞ� ƌŽlĞ�
ŽĨ� ŵiZE�Ɛ� in� nĞuƌŽinŇĂŵŵĂƟŽn͕�
ĂiŵinŐ� Ăt� pƌŽŵŽƟnŐ� nĞuƌŽnĂl�
ƐuƌǀiǀĂl� bǇ� tĂƌŐĞƟnŐ� inŇĂŵŵĂtŽƌǇ�
ĂnĚ� nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ� pĂthǁĂǇƐ.
Fundamental research work addressing 
thĞ�ĚĞǀĞlŽpŵĞnt�ĂnĚ�phǇƐicŽchĞŵicĂl�
chĂƌĂctĞƌiǌĂƟŽn� ŽĨ� nĞǁ� nuclĞic� ĂciĚ�
ĚĞliǀĞƌǇ� ƐǇƐtĞŵƐ� hĂƐ� ĂlƐŽ� ĚĞƐĞƌǀĞĚ�
thĞ� ĂttĞnƟŽn� ŽĨ� Žuƌ� ŐƌŽup.� ZĞƐĞĂƌch�
ĞīŽƌtƐ�hĂǀĞ�bĞĞn�ĚĞǀĞlŽpĞĚ�tŽ�ĚĞĮnĞ�
thƌŽuŐh� Ă� biŽphǇƐicĂl� ĂppƌŽĂch�
the architecture parameters that 
ĞnĚŽǁ� ǀĞctŽƌƐ� ǁith� thĞ� ĂbilitǇ� tŽ�
tƌĂnƐpŽƐĞ� ŵĞŵbƌĂnĞƐ� ĂnĚ� ĞĸciĞntlǇ�
ĚĞliǀĞƌ� thĞiƌ� cĂƌŐŽ� intŽ� thĞ� cĞll.
/n� ĂĚĚiƟŽn͕� thĞ� ĨĂct� thĂt� tuŵŽƌ�
ƐuƌǀiǀĂl� ĂnĚ� pƌŽliĨĞƌĂƟŽn� ĂƌĞ� lĂƌŐĞlǇ�
ĚĞpĞnĚĞnt� Žn� thĞ� ŵicƌŽĞnǀiƌŽnŵĞnt͕�
ƌĞpƌĞƐĞntƐ�Ăn�ŽppŽƌtunitǇ�tŽ�ĞnŐinĞĞƌ�
nŽǀĞl� thĞƌĂpĞuƟc� ƐtƌĂtĞŐiĞƐ� tŽ�
address unmet medical needs, upon 
chŽŽƐinŐ� ŵŽƌĞ� thĂn� ŽnĞ� tĂƌŐĞt� ĨƌŽŵ�
thĞ�pŽŽl�ŽĨ�tuŵŽƌʹƐtƌŽŵĂ�intĞƌĂcƟŽnƐ.���
dhĞƌĞĨŽƌĞ͕� thĞ� ƐtuĚǇ� ŽĨ� thĞ�
ĨuncƟŽnĂl� cŽntƌibuƟŽn� ŽĨ� tuŵŽƌ�
ŵicƌŽĞnǀiƌŽnŵĞnt� Žn� cĂncĞƌ�
progression and metastasis, aiming 
Ăt� iĚĞnƟĨǇinŐ� nŽǀĞl� thĞƌĂpĞuƟc�
targets is becoming an emergent 
ĂƌĞĂ� ŽĨ� ƌĞƐĞĂƌch� in� Žuƌ� ŐƌŽup.�
This is aligned with the design and 

unĚĞƌƐtĂnĚinŐ� ŽĨ� thĞ� ŵĞchĂniƐƟc�
bĂƐiƐ� ŽĨ� nŽn-ǀiƌĂl� cĂƌƌiĞƌƐ� ĂiŵinŐ� Ăt�
tĂƌŐĞƟnŐ� ĚƌuŐƐ� ĂnĚ� nuclĞic� ĂciĚƐ�
tŽ� thĞ� tuŵŽƌ� ŵicƌŽĞnǀiƌŽnŵĞnt͕� in�
ŽƌthŽtŽpic� ŵuƌinĞ� ŵŽĚĞlƐ� ŽĨ� cĂncĞƌ.
siƌĂl� ǀĞctŽƌƐ͕� pĂƌƟculĂƌlǇ� lĞnƟǀiƌĂl�
ĂnĚ� ĂĚĞnŽ-ĂƐƐŽciĂtĞĚ� ǀiƌuƐĞƐ� ĂƌĞ�
pŽǁĞƌĨul� tĞchnŽlŽŐicĂl� plĂƞŽƌŵƐ�
ĨŽƌ� ŐĞnĞ� ĚĞliǀĞƌǇ� tŽ� thĞ� �E^͕� ǁhich�
ǁĞ� hĂǀĞ� bĞĞn� uƐinŐ� ĨŽƌ� inǀĞƐƟŐĂƟnŐ�
thĞ� pĂthŽŐĞnĞƐiƐ� ĂnĚ� ŵŽĚĞlinŐ� ŽĨ�
nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ� ĚiƐĞĂƐĞƐ͕� ǁith� Ă�
ĨŽcuƐ� Žn� DĂchĂĚŽ-:ŽƐĞph� ĚiƐĞĂƐĞ/
ƐpinŽcĞƌĞbĞllĂƌ� ĂtĂǆiĂ� tǇpĞ� ϯ� ;D:�Ϳ.�
dhiƐ� ŬnŽǁlĞĚŐĞ� iƐ� bĞinŐ� uƐĞĚ� bǇ�
our group to generate new induced 
pluƌipŽtĞnt� ƐtĞŵ� cĞllƐ� ĚĞƌiǀĞĚ� ĨƌŽŵ�
pĂƟĞnt� ĮbƌŽblĂƐtƐ� ĂnĚ� tŽ� ĚĞǀĞlŽp�
nĞǁ� ĚiƐĞĂƐĞ-ŵŽĚiĨǇinŐ� ĂppƌŽĂchĞƐ�
ĨŽƌ�D:��thĞƌĂpǇ.�^iŵultĂnĞŽuƐ�ǁĞ�ĂƌĞ�
intĞƌĞƐtĞĚ�in�ĚĞǀĞlŽpinŐ�tƌĂnƐplĂntĂƟŽn�
ŽĨ�nĞuƌĂl�ƐtĞŵ�cĞllƐ�ĂƐ�Ă�nĞǁ�ƐtƌĂtĞŐǇ�tŽ�
ĂllĞǀiĂtĞ� nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ� ĚiƐŽƌĚĞƌƐ.
dhĞ�ŐƌŽup�ĂlƐŽ�ĂĚĚƌĞƐƐĞƐ�Ă�thĞƌĂpĞuƟc�
ǀĂccinĞ� ĨŽƌ� hĞpĂƟƟƐ� �� ;ŽƌĂl� ĂnĚ�
ƐubcutĂnĞŽuƐͿ� uƐinŐ� ĂnƟŐĞnƐ�
(protein or DNA) encapsulated 
in� pŽlǇŵĞƌic� nĂnŽǀĞctŽƌƐ.�
In this regard, new glucan-based 
ĚĞliǀĞƌǇ� ƐǇƐtĞŵƐ� ĂblĞ� tŽ� tĂƌŐĞt� thĞ�
ĂnƟŐĞnƐ�tŽ��W� Ɛ͛�hĂǀĞ�bĞĞn�ĚĞǀĞlŽpĞĚ�
ĂnĚ� tĞƐtĞĚ� ;in� ǀitƌŽ� ĂnĚ� in� ǀiǀŽͿ.�
The group is also interested in 
thĞ� iŵŵunŽtŽǆicitǇ� ĞǀĂluĂƟŽn� ŽĨ�
thĞ� ĚĞǀĞlŽpĞĚ� ĚĞliǀĞƌǇ� ƐǇƐtĞŵƐ.

DA/E�A�,/�s�D�Ed^

ZĞŐĂƌĚinŐ� nŽn-ǀiƌĂl-ŵĞĚiĂtĞĚ� ŐĞnĞ�
ĚĞliǀĞƌǇ͕ � Ăn� ĞǆtĞnƐiǀĞ� ƐcƌĞĞninŐ� ŽĨ� Ă�
ǀĂƌiĞtǇ� ŽĨ� cĞll� pĞnĞtƌĂƟnŐ� pĞpƟĚĞƐ�
ĨŽƌ� thĞiƌ� cĂpĂcitǇ� tŽ�ŐĞnĞƌĂtĞ�ĞĸciĞnt�
nuclĞic�ĂciĚ�ĚĞliǀĞƌǇ�ƐǇƐtĞŵƐ�hĂƐ�bĞĞn�
cĂƌƌiĞĚ� Žut� ĂnĚ� ƐtƌuctuƌĞ-ĂcƟǀitǇ�
ƌĞlĂƟŽnƐhipƐ� hĂǀĞ� bĞĞn� ĞƐtĂbliƐhĞĚ. 
�� ŵiZE�-bĂƐĞĚ� thĞƌĂpǇ� ĂĚĚƌĞƐƐinŐ�
GBM cancer stem-like cells is 
cuƌƌĞntlǇ� bĞinŐ� ĚĞǀĞlŽpĞĚ.�
In this regard, miR-128, 

Ă�ŵicƌŽZE�� inǀŽlǀĞĚ� in� thĞ� ƌĞŐulĂƟŽn�
ŽĨ� ƐtĞŵnĞƐƐ� ĨĞĂtuƌĞƐ͕� ƐhŽǁĞĚ� tŽ�
be detrimental to GBM cancer 
stem-like cells (G144 cells), and its 
cŽŵbinĂƟŽn� ǁith� thĞ� ŵulƟtĂƌŐĞtĞĚ�
tǇƌŽƐinĞ� ŬinĂƐĞ� inhibitŽƌ� ;Dd</Ϳ�
ĂǆiƟnib� ǁĂƐ� iĚĞnƟĮĞĚ� ĂƐ� Ă� pŽtĞnƟĂl�
thĞƌĂpĞuƟc� ƐtƌĂtĞŐǇ� tŽ� tĂcŬlĞ� '�D.�
�ŽŵbinĂƟŽn� ŽĨ� ĂǆiƟnib� Žƌ� ƐuniƟnib�
;ĂnŽthĞƌ� Dd</Ϳ� ǁith� ŵŽĚulĂƟŽn�
ŽĨ� ŵĞŵbƌĂnĞ� lipiĚ� cŽŵpŽƐiƟŽn

ŽĨ� '�D� cĞllƐ͕� thƌŽuŐh� thĞ� ƐilĞncinŐ�
ŽĨ� ŬĞǇ� ĞnǌǇŵĞƐ� ŽĨ� lipiĚ� ŵĞtĂbŽliƐŵ͕�
ĂlƐŽ� ƐhŽǁĞĚ� tŽ� bĞ� Ă� hiŐhlǇ� pƌŽŵiƐinŐ�
thĞƌĂpĞuƟc� ĂppƌŽĂch� tŽǁĂƌĚƐ� '�D.�
KǀĞƌĞǆpƌĞƐƐiŽn� ŽĨ� ŵiZ-ϭϰϰ� ĂnĚ�
miR-200c, downregulated in GBM 
cĞllƐ� ĂnĚ� inǀŽlǀĞĚ� in� biŽĞnĞƌŐĞƟc�
ŵĞtĂbŽliƐŵ� pĂthǁĂǇƐ͕� ƌĞƐultĞĚ�
in� lŽƐƐ� ŽĨ� ŵiŐƌĂtŽƌǇ� ĂbilitǇ.�
�ŽŵbinĂƟŽn�ŽĨ�thĞ�ŵiZE��ŵŽĚulĂƟŽn�
and treatment with the mitochondria-



ϰϭ

tĂƌŐĞƟnŐ� ĚƌuŐ� ĚichlŽƌŽĂcĞtĂtĞ�
resulted in tumor cell death. 
DŽƌĞŽǀĞƌ͕ �ǁĞ�hĂǀĞ�ĚĞŵŽnƐtƌĂtĞĚ�thĂt�
ƌĞŐulĂƟŽn� ŽĨ� ŵicƌŽZE�� ĞǆpƌĞƐƐiŽn�
lĞǀĞlƐ� cŽŵbinĞĚ� ǁith� lŽǁ� ĂŵŽuntƐ�
ŽĨ� chĞŵŽthĞƌĂpĞuƟc� ĂŐĞntƐ� ƌĞƐultƐ�
in� Ă� ƐiŐniĮcĂnt� ĂnĚ� ƐǇnĞƌŐiƐƟc� cĞll�
ĚĞĂth� ĞīĞct� in� pĂncƌĞĂƟc� cĂncĞƌ� cĞll�
linĞƐ� ĂnĚ� pƌiŵĂƌǇ� cultuƌĞ� ŵŽĚĞlƐ.
&uƌthĞƌŵŽƌĞ͕� ǁĞ� ĨŽunĚ� thĂt�
ŽǆiĚĂƟǀĞ� ƐtƌĞƐƐ� ĂnĚ� ĂpŽptŽƐiƐ� ŵĂǇ�
bĞ� inǀŽlǀĞĚ� in� chĞŵŽƌĞƐiƐtĂncĞ� in�
ĂcutĞ� lĞuŬĞŵiĂ� ĂnĚ� thĂt� inŇuǆ/Ğŋuǆ�
transporters (decreased OCT1 and 
K�EdϮ�ĂnĚ�incƌĞĂƐĞ�ŽĨ�'>-W�ĂnĚ���ZW͕ �
ƌĞƐpĞcƟǀĞlǇͿ�ǁĞƌĞ�inǀŽlǀĞĚ�Žn��hƌŽnic�
DǇĞlŽiĚ� >ĞuŬĞŵiĂ� ;�D>Ϳ� ƌĞƐiƐtĂncĞ�
tŽ� iŵĂƟnib͕� ĂnĚ� thĂt� ƐiŵultĂnĞŽuƐ�
ĂĚŵiniƐtƌĂƟŽn� ŽĨ� iŵĂƟnib� ĂnĚ�
ĞǀĞƌŽliŵuƐ� ƌĞ-ƐĞnƐiƟǌĞ� ƌĞƐiƐtĂnt� cĞllƐ.
>ŽnŐ� nŽn-pƌŽtĞin� cŽĚinŐ� ZE�Ɛ�
;lncZE�ƐͿ� ĂƌĞ� cuƌƌĞntlǇ� bĞinŐ�
ƐtuĚiĞĚ� ƌĞŐĂƌĚinŐ� thĞiƌ� pŽtĞnƟĂl�

ĂƐ� thĞƌĂpĞuƟc� tĂƌŐĞtƐ� ĨŽƌ� '�D.��
/n�pĂƌƟculĂƌ͕ �ĚŽǁnƌĞŐulĂƟŽn�ŽĨ�lncZE��
Ds/,͕�ŽǀĞƌĞǆpƌĞƐƐĞĚ�in�Ă�pƌiŵĂƌǇ�'�D�
cell line, as well as in human GBM 
tumor samples, reduced the tumor cell 
ŵiŐƌĂtŽƌǇ� ĂnĚ� inǀĂƐiǀĞ� ĂbilitǇ� in� ǀitƌŽ.�
Furthermore, the combined treatment 
cŽnƐiƐƟnŐ� ŽĨ� lncZE�� Ds/,� ƐilĞncinŐ�
ĨŽllŽǁĞĚ�bǇ�'�D�cĞll�incubĂƟŽn�ǁith�thĞ�
Dd</�cĞĚiƌĂnib�lĞĚ�tŽ�tuŵŽƌ�cĞll�ĚĞĂth.
EuclĞŽlin�ĂƌiƐĞƐ�ĂƐ�Ă�ƌĞlĞǀĂnt�tĂƌŐĞt�ĨŽƌ�
cĂncĞƌ� thĞƌĂpǇ͕ � ĂƐ� it� iƐ� ŽǀĞƌĞǆpƌĞƐƐĞĚ�
Ăt�thĞ�ƐuƌĨĂcĞ�ŽĨ�cĂncĞƌ�ĂnĚ�ĂnŐiŽŐĞnic�
endothelial cells thus enabling a dual 
cĞllulĂƌ� tĂƌŐĞƟnŐ� ƐtƌĂtĞŐǇ.� /n� thiƐ�
ƌĞƐpĞct͕� ĂnƟ-nuclĞŽlin� s,,Ɛ� hĂǀĞ�
bĞĞn� ŐĞnĞƌĂtĞĚ� upŽn� ŐƌĂŌinŐ� &ϯ�
pĞpƟĚĞ-ĚĞƌiǀĞĚ� nuclĞŽlin-binĚinŐ�
ƐĞƋuĞncĞƐ�ŽntŽ�Ă�s,,���Zϭ�Žƌ���Zϯ.�
KnĞ� ŽĨ� thĞƐĞ� nuclĞŽlin-binĚinŐ� ��Zϯ-
ŐƌĂŌĞĚ� s,,� ǁĂƐ� ƐubƐĞƋuĞntlǇ� ĨuƐĞĚ�
to a human IgG1 Fc region, enabling 
Ă� ƐiŐniĮcĂnt� ĂnƟbŽĚǇ-ĚĞpĞnĚĞnt�

cĞll-ŵĞĚiĂtĞĚ� cǇtŽtŽǆicitǇ� ;����Ϳ.
ZĞŐĂƌĚinŐ�nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ�ĚiƐĞĂƐĞƐ͕�
ǁĞ� hĂǀĞ� ŐĞnĞƌĂtĞĚ� lĞnƟǀiƌĂl� ĂnĚ�
ĂĚĞnŽ-ĂƐƐŽciĂtĞĚ� ǀiƌĂl� ǀĞctŽƌƐ� tŽ�
ƐtuĚǇ� thĞiƌ� pĂthŽŐĞnĞƐiƐ� ĨŽcuƐinŐ�
Žn� DĂchĂĚŽ-:ŽƐĞph� ĚiƐĞĂƐĞ/
ƐpinŽcĞƌĞbĞllĂƌ� ĂtĂǆiĂ� tǇpĞ� ϯ� ;D:�Ϳ.��
�ĞǀĞlŽpŵĞnt� ŽĨ� lĞnƟǀiƌĂl-bĂƐĞĚ� in�
ǀiǀŽ�ŵŽĚĞlƐ� ŽĨ�D:�͕� in� ǁhich� ǁĞ� ĂƌĞ�
ĞǆpĞƌtƐ͕� ĂllŽǁĞĚ� Ĩƌuiƞul� inǀĞƐƟŐĂƟŽn�
ŽĨ� ĚiƐĞĂƐĞ-ŵŽĚiĨǇinŐ� ƐtƌĂtĞŐiĞƐ�
inǀŽlǀinŐ� ŐĞnĞ� ƐilĞncinŐ͕� intĞƌĂcƟŽn�
ŽĨ� ĂtĂǆiĂ-ƌĞlĂtĞĚ� pƌŽtĞinƐ͕� ĂutŽphĂŐǇ�
ĂcƟǀĂƟŽn͕� pƌŽtĞŽlǇƐiƐ� inhibiƟŽn� ĂnĚ�
nĞuƌĂl� ƐtĞŵ� cĞll� tƌĂnƐplĂntĂƟŽn.�
ZĞŐĂƌĚinŐ� ŐlucĂn-bĂƐĞĚ� EWƐ� ĨŽƌ�
hĞpĂƟƟƐ� �� ǀĂccinĂƟŽn͕� thĞ� ƌĞƐultƐ�
ŽĨ� iŵŵuniǌĂƟŽn� ƌĞǀĞĂlĞĚ� thĂt�
EWƐ� cŽnƐƟtutĞ� Ăn� ĞǆcĞllĞnt� ,�Ɛ�Ő�
ĂĚũuǀĂnt.� /ŵŵunŽtŽǆicŽlŽŐicĂl� ƐtuĚiĞƐ�
ƐhŽǁĞĚ� thĂt� thĞ� ƐiǌĞ� ŽĨ� thĞ� EWƐ� hĂƐ�
Ăn� iŵpŽƌtĂnt� inŇuĞncĞ�Žn� thĞ� ƌĞƐultƐ.�
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dhĞ� ŵĂin� ƐciĞnƟĮc� ŽbũĞcƟǀĞƐ� ŽĨ� thĞ�
ŐƌŽup� bĞtǁĞĞn� ϮϬϭϯ� ĂnĚ� ϮϬϭϴ� ǁĞƌĞ:�
;iͿ�tŽ�uƐĞ�ƐtĞŵ�cĞll-bĂƐĞĚ�thĞƌĂpiĞƐ�ĨŽƌ�
thĞ� tƌĞĂtŵĞnt� ŽĨ� iƐchĞŵic� ĚiƐĞĂƐĞƐ͕�
;iiͿ�tŽ�ĚĞǀĞlŽp�innŽǀĂƟǀĞ�ƐtƌĂtĞŐiĞƐ�ĨŽƌ�
cell reprograming, (iii) to implement 
ƐtĞŵ� cĞll-bĂƐĞĚ� ĂƐƐĂǇƐ� ĂnĚ� in� ƐilicŽ�
ĂppƌŽĂchĞƐ� ĨŽƌ� ĚƌuŐ� ƐcƌĞĞninŐ� ĂnĚ�
;iǀͿ� tŽ� ĚĞliǀĞƌ� nŽǀĞl� thĞƌĂpĞuƟc�
cŽŵpŽunĚƐ� iĚĞnƟĮĞĚ� in� thĞ� pƌĞǀiŽuƐ�
high-throughput approaches using 
nĂnŽtĞchnŽlŽŐǇ-bĂƐĞĚ� nŽn-ǀiƌĂl�
ǀĞctŽƌƐ.�dhĞƐĞ�ŽbũĞcƟǀĞƐ�ĂƌĞ�in�linĞ�ǁith�
thĞ�ŽbũĞcƟǀĞƐ�thĂt�hĂǀĞ�bĞĞn�pƌŽpŽƐĞĚ�
ĨŽƌ� thĞ�ƌĞƐĞĂƌch�ŐƌŽup� in�thĞ�pƌĞǀiŽuƐ�
ĂpplicĂƟŽn� ŽĨ� thĞ� ZĞƐĞĂƌch� �ĞntĞƌ.�

ϭ� -� ^tĞŵ� cĞll-bĂƐĞĚ� thĞƌĂpiĞƐ� ĨŽƌ� thĞ�
tƌĞĂtŵĞnt� ŽĨ� iƐchĞŵic� ĚiƐĞĂƐĞƐ.� dhĞ�
ŽbũĞcƟǀĞ� hĞƌĞ� ǁĂƐ� tŽ� ĞǀĂluĂtĞ� thĞ�
thĞƌĂpĞuƟc� ĞīĞct� ŽĨ� ƐtĞŵ� cĞllƐ� in�
thĞ� tƌĞĂtŵĞnt� ŽĨ� iƐchĞŵic� ĚiƐĞĂƐĞƐ�
;Ğ.Ő.� ƐtƌŽŬĞ͕� ŵǇŽcĂƌĚiĂl� inĨĂƌcƟŽn�
and chronic wounds). A clinical trial 
hĂƐ� bĞĞn� iniƟĂtĞĚ� ǁith� thĞ� ,ŽƐpitĂl�
ZŽǀiƐcŽ� WĂiƐ� ĂnĚ� �ĞntƌŽ� ,ŽƐpitĂlĂƌ�
Ğ� hniǀĞƌƐitĄƌiŽ� ĚĞ� �ŽiŵbƌĂ͕� hĂǀinŐ�
thĞ� pĂƌƟcipĂƟŽn� ŽĨ� Ă� ƐtĞŵ� cĞll�
bĂnŬinŐ� cŽŵpĂnǇ͕ � �ƌiŽĞƐtĂŵinĂl.�
dhĞ� phĂƐĞ� ////� clinicĂl� tƌiĂl� iƐ� ƌunninŐ�
ĂnĚ� it� ǁill� ĞǀĂluĂtĞ� thĞ� thĞƌĂpĞuƟc�
ĞīĞct� ŽĨ� ��ϯϰн� cĞllƐ� iƐŽlĂtĞĚ� ĨƌŽŵ�
bŽnĞ� ŵĂƌƌŽǁ� ŽĨ� ƐtƌŽŬĞ� pĂƟĞntƐ�
in acute or sub-acute phases and 
tƌĂnƐplĂntĞĚ� bǇ� cĂthĞtĞƌ� tŽ� thĞ� bƌĂin.�

Ϯ� -� dŽ� ĚĞǀĞlŽp� innŽǀĂƟǀĞ� ƐtƌĂtĞŐiĞƐ�
ĨŽƌ� cĞll� ƌĞpƌŽŐƌĂŵŵinŐ.� dhĞ� ŽbũĞcƟǀĞ�
hĞƌĞ�ǁĂƐ� tŽ�ŐĞnĞƌĂtĞ�ĂnĚ� ĨuncƟŽnĂllǇ�
chĂƌĂctĞƌiǌĞ� hĞŵĂtŽpŽiĞƟc� ƐtĞŵ� cĞll-

liŬĞ� cĞllƐ� ĨƌŽŵ� ƐŽŵĂƟc� cĞllƐ� ;ŵuƌinĞ�
and human). his is a recent research 
linĞ�;&ĞbƌuĂƌǇ�ϮϬϭϱͿ�intĞƌĞƐtĞĚ�tŽ�ƐtuĚǇ�
thĞ�ŵĞchĂniƐŵ�ŽĨ�hĞŵĂtŽpŽiĞƟc�ƐtĞŵ�
cĞll� ƐpĞciĮcĂƟŽn.� dŽ� ĂccŽŵpliƐh� thiƐ�
ŐŽĂl͕� Ă� cŽŵbinĂƟŽn� ŽĨ� cĞll� biŽlŽŐǇ�
tŽŽlƐ͕� ŐĞnĞ� ĞǆpƌĞƐƐiŽn� ĂnĚ� ƐǇƐtĞŵƐ�
biŽlŽŐǇ� ĂnĂlǇƐĞƐ� ĂƌĞ� bĞinŐ� uƐĞĚ.

3 - To implement stem cell-based 
ĂƐƐĂǇƐ� ĂnĚ� in� ƐilicŽ� ĂppƌŽĂchĞƐ�
ĨŽƌ� ĚƌuŐ� ƐcƌĞĞninŐ.� dhĞ� ŽbũĞcƟǀĞ�
hĞƌĞ� ǁĂƐ� tŽ� ĚĞǀĞlŽp� ƐĞǀĞƌĂl� ƟƐƐuĞ�
ŵŽĚĞlƐ� ĨƌŽŵ� ƐtĞŵ� cĞllƐ� thĂt� ŵĂǇ�
bĞ� Ăn� iŵpŽƌtĂnt� plĂƞŽƌŵ� ĨŽƌ� ĚƌuŐ�
ĚiƐcŽǀĞƌǇ�pƌŽŐƌĂŵƐ�ƌĞlĂtĞĚ�tŽ�iƐchĞŵic�
ĚiƐĞĂƐĞƐ.� �� pĂƌƟculĂƌ� intĞƌĞƐt� ŽĨ� thĞ�
ŐƌŽup� ǁĂƐ� tŽ� ĚĞǀĞlŽp� biŽŵĂtĞƌiĂlƐ�
ĂnĚ� biŽĞnŐinĞĞƌinŐ� plĂƞŽƌŵƐ� ĨŽƌ� thĞ�
ĞĸciĞnt� ŵĂtuƌĂƟŽn/ƐpĞciĮcĂƟŽn� ŽĨ�
stem cells and their progenies and 
thĞ� hiŐh-thƌŽuŐhput� iĚĞnƟĮcĂƟŽn� ŽĨ�
non-coding RNAs to modulate (stem) 
cĞll� ĂcƟǀitǇ.� dhĞ� ƌĞƐĞĂƌch� ŐƌŽup�
uƐĞĚ� ŵĂnǇ� tŽŽlƐ� tŽ� ĂccŽŵpliƐh� thiƐ�
ŐŽĂl͕� incluĚinŐ� thĞ� ĚĞƐiŐn� ŽĨ� nĞǁ�
biŽŵĂtĞƌiĂlƐ� ǁith� ƌĞlĞǀĂnt� biŽlŽŐicĂl�
inĨŽƌŵĂƟŽn͕�ŵŽlĞculĂƌ�ĂnĚ�cĞll�biŽlŽŐǇ͕ �
ŵicƌŽŇuiĚic� ƐǇƐtĞŵƐ͕� hiŐh� cŽntĞnt�
ĂnĂlǇƐiƐ͕� ĂnĚ� ĂniŵĂl� ĞǆpĞƌiŵĞntĂƟŽn.

ϰ� -� dŽ� ĚĞliǀĞƌ� nŽǀĞl� thĞƌĂpĞuƟc�
cŽŵpŽunĚƐ� iĚĞnƟĮĞĚ� in� thĞ�
pƌĞǀiŽuƐ� hiŐh-thƌŽuŐhput�
ĂppƌŽĂchĞƐ� uƐinŐ� nĂnŽtĞchnŽlŽŐǇ-
bĂƐĞĚ� nŽn-ǀiƌĂl� ǀĞctŽƌƐ.�
dhĞ� ŽbũĞcƟǀĞ� incluĚĞƐ� thĞ�
ĚĞǀĞlŽpŵĞnt� ŽĨ� nĂnŽtĞchnŽlŽŐǇ�
tŽŽlƐ� tŽ� cŽntƌŽl� in� ǀiǀŽ� ƐtĞŵ� cĞll�
ĂcƟǀitǇ� bĂƐĞĚ� Žn� biŽŵŽlĞculĞƐ

iĚĞnƟĮĞĚ� pƌĞǀiŽuƐlǇ� ;ƐĞĞ� ŽbũĞcƟǀĞ� ϯͿ�
bǇ� hiŐh-thƌŽuŐhput� ĂppƌŽĂchĞƐ.� dhiƐ�
ƌĞƋuiƌĞƐ� cŽntƌibuƟŽnƐ� Ăt� ĚiīĞƌĞnt�
lĞǀĞlƐ� Ɛuch� ĂƐ� thĞ� ĚĞǀĞlŽpŵĞnt� ŽĨ�
ĨŽƌŵulĂƟŽnƐ� ǁith� hiŐh� � tĞchnicĂl�
ǀĂluĞ� tŽ� bĞ� ƌĞŵŽtĞlǇ� ĂcƟǀĂtĞĚ� ĂnĚ�
thĞ� uƐĞ� ŽĨ� ĂniŵĂl� ŵŽĚĞlƐ.� dhĞ� ŵĂin�
tƌĂnƐlĂƟŽnĂl� ŽbũĞcƟǀĞƐ� ŽĨ� thĞ� ŐƌŽup�
bĞtǁĞĞn� ϮϬϭϯ� ĂnĚ� ϮϬϭϴ� ǁĞƌĞ:� ;iͿ� tŽ�
translate stem cell-based therapies into 
clinical trials and (ii) to launch new spin 
ŽīƐ�bĂƐĞĚ� in� thĞƌĂpĞuƟc/ƌĞŐĞnĞƌĂƟǀĞ�
plĂƞŽƌŵƐ� ĚĞǀĞlŽpĞĚ� in� thĞ� ŐƌŽup.�
dhĞƐĞ� ŽbũĞcƟǀĞƐ� ǁĞƌĞ� ĂliŐnĞĚ� ǁith�
thĞ�ŽbũĞcƟǀĞƐ�ĚĞĮnĞĚ�in�thĞ��E�./�/>/�
ĂpplicĂƟŽn.��t�thĂt�ƟŵĞ͕�it�ǁĂƐ�ĚĞĮnĞĚ�
ĂƐ� ŽbũĞcƟǀĞƐ� thĞ� cƌĞĂƟŽn� ŽĨ� Ăt� lĞĂƐt�
Ϯ� Ɛpin� ŽīƐ� ĂnĚ� thĞ� licĞnƐinŐ� ŽĨ� ϱ-ϭϬ�
tĞchnŽlŽŐiĞƐ�unƟl�ϮϬϮϬ.�ZĞŐĂƌĚinŐ�thĞ�
ĮƌƐt� ŽbũĞcƟǀĞ͕� thĞ� ŐƌŽup� hĂƐ� iniƟĂtĞĚ�
Ă� clinicĂl� tƌiĂl� ǁith� tǁŽ� ,ŽƐpitĂlƐ� in�
thĞ� �ĞntĞƌ� ZĞŐiŽn� ŽĨ� WŽƌtuŐĂl:� �ĞntƌŽ�
,ŽƐpitĂlĂƌ� Ğ� hniǀĞƌƐitĄƌiŽ� ĚĞ� �ŽiŵbƌĂ�
;�ŽiŵbƌĂͿ� ĂnĚ� ,ŽƐpitĂl� ZŽǀiƐcŽ�
Pais (Tocha). Regarding the second 
ŽbũĞcƟǀĞ�thĞ�ŐƌŽup�hĂƐ�lĂunchĞĚ�thƌĞĞ�
Ɛpin� ŽīƐ� cĂllĞĚ� �uƌĞDĂt͕� �ǆŽŐĞnuƐ�
dhĞƌĂpĞuƟcƐ� ĂnĚ� �Zd.� dhĞ� ŐƌŽup� hĂƐ�
also licensed 4 patents to companies.  

dhĞ� ŵĂin� tƌĂininŐ/ŽutƌĞĂch� ĂcƟǀiƟĞƐ�
ŽbũĞcƟǀĞƐ�ŽĨ� thĞ�ŐƌŽup�bĞtǁĞĞn�ϮϬϭϯ�
ĂnĚ� ϮϬϭϴ� ǁĞƌĞ:� ;iͿ� tŽ� pĂƌƟcipĂtĞ� in�
pŽƐt-ŐƌĂĚuĂtĞ�pƌŽŐƌĂŵƐ͕�ƐpĞciĮcĂllǇ� in�
thĞ�Wh��pƌŽŐƌĂŵ�ŽĨ��E��͞�iŽŵĞĚicinĞ�
ĂnĚ� �ǆpĞƌiŵĞntĂl� �iŽlŽŐǇ͟� ĂnĚ� thĞ�
Wh�� pƌŽŐƌĂŵ� ŽĨ� D/d-WŽƌtuŐĂl� in�
͞�iŽĞnŐinĞĞƌinŐ͟�ĂnĚ�;iiͿ�tŽ�pĂƌƟcipĂtĞ�
in�ŽutƌĞĂch�ĂcƟǀiƟĞƐ�ŽƌŐĂniǌĞĚ�bǇ��E�.
/�/>/� Žƌ� ĂƐƐŽciĂtĞĚ� inƐƟtuƟŽnƐ� ;/��Ϳ.

DA/E�A�,/�s�D�Ed^

�uƌinŐ� thĞ� lĂƐt� ϲ� ǇĞĂƌƐ͕� thĞ� ŐƌŽup�
has done progresses to address the 
ĨŽllŽǁinŐ�ƐciĞnƟĮc�ƋuĞƐƟŽnƐ:�;iͿ�cĂn�ǁĞ�
uƐĞ�ƐtĞŵ�cĞllƐ�tŽ�ŐĞnĞƌĂtĞ�in�ǀitƌŽ�ŵŽĚĞlƐ�
ŽĨ� ĂŐĞinŐ� ĂnĚ� ĨŽƌ� ĚƌuŐ� ƐcƌĞĞninŐ͍� ;iiͿ�
can we modulate stem cell niche 
bǇ� nĂnŽŵĂtĞƌiĂlƐ͍� ;iiiͿ� ǁhĂt� ĂƌĞ� thĞ�
ŵiZE�Ɛ�inǀŽlǀĞĚ�in�;ƐtĞŵͿ�cĞll�ƐuƌǀiǀĂl�
ĂŌĞƌ� tƌĂnƐplĂntĂƟŽn� tŽ� iƐchĞŵic�
ƐitĞƐ͍� ;iǀͿ� ǁhĂt� tƌĂnƐcƌipƟŽn� ĨĂctŽƌƐ�
ĂƌĞ� nĞcĞƐƐĂƌǇ� ĨŽƌ� cĞll� ƌĞpƌŽŐƌĂŵŵinŐ�

intŽ� hĞŵĂtŽpŽiĞƟc� Žƌ� d� cĞllƐ͍

dŽ� tĂcŬlĞ� thĞ� ĮƌƐt� ƋuĞƐƟŽn͕� ǁĞ� hĂǀĞ�
ŐĞnĞƌĂtĞĚ� Ă� huŵĂn� in� ǀitƌŽ� ŵŽĚĞl� ŽĨ�
ageing based on induced pluripotent 
ƐtĞŵ� cĞllƐ� ;iW^�ƐͿ� ĚĞƌiǀĞĚ� ĨƌŽŵ�
pĂƟĞntƐ� ǁith� WƌŽŐĞƌiĂ.� ^D�Ɛ� ĂƌĞ�
thĞ� ŵŽƐt� ĂīĞctĞĚ� cĞllƐ� in� WƌŽŐĞƌiĂ�
pĂƟĞntƐ͕�ĂlthŽuŐh�thĞ�ƌĞĂƐŽn�ĨŽƌ�Ɛuch�
ƐĞnƐiƟǀitǇ� ƌĞŵĂinƐ�pŽŽƌlǇ�unĚĞƌƐtŽŽĚ.
dhĞƌĞĨŽƌĞ͕�ǁĞ�hĂǀĞ�ƐtuĚiĞĚ�thĞ�ƌĞĂƐŽnƐ

ŽĨ� WƌŽŐĞƌiĂ-^D�Ɛ� ǀulnĞƌĂbilitǇ� uƐinŐ�
iW^�Ɛ�ŽbtĂinĞĚ�ĨƌŽŵ�WƌŽŐĞƌiĂ�ĮbƌŽblĂƐt�
pĂƟĞntƐ� ;DĂnuƐcƌipt� ƐubŵittĞĚͿ.� /n� Ă�
ƐĞpĂƌĂtĞ�ǁŽƌŬ͕�ǁĞ�hĂǀĞ�ĚĞǀĞlŽpĞĚ�Ă�in�
ǀitƌŽ� hĞĂƌt� ƟƐƐuĞ� ĨƌŽŵ� iW^�Ɛ.� &Žƌ� thĂt�
puƌpŽƐĞ͕�ǁĞ�hĂǀĞ�ĚĞǀĞlŽpĞĚ�Ă�ƐcĂīŽlĚ�
thĂt�ƌĞpƌŽĚucĞƐ�ŬĞǇ�ĂƐpĞctƐ�ŽĨ�cĂƌĚiĂc�
ĞǆtƌĂcĞllulĂƌ� ŵĂtƌiǆ� ǁhilĞ� pƌĞƐĞƌǀinŐ�
thĞ� cŽntƌĂcƟlitǇ� ŽĨ� cĂƌĚiŽŵǇŽcǇtĞƐ�
;'ŽuǀĞiĂ�Ğt�Ăl.͕��iŽŵĂtĞƌiĂlƐ�ϮϬϭϳͿ.�/n�Ăn�
inĚĞpĞnĚĞnt�ǁŽƌŬ͕�ǁĞ�hĂǀĞ�iĚĞnƟĮĞĚ͕�
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using high-throughput screening, 
ƐŵĂll� ŵŽlĞculĞƐ� thĂt� intĞƌĨĞƌĞ�
ǁith� huŵĂn� ĞŵbƌǇŽnic� ǀĂƐculĂƌ�
ĚĞǀĞlŽpŵĞnt�;sĂǌĆŽ�Ğt�Ăl.͕�WE�^�ϮϬϭϳͿ.
  
dŽ� tĂcŬlĞ� thĞ� ƐĞcŽnĚ� ƋuĞƐƟŽn͕� ǁĞ�
hĂǀĞ� ƐǇnthĞƐiǌĞĚ� nĞǁ� ĂĚǀĂncĞĚ�
nanomaterials to release small 
molecules (Boto et al., Nature 
�ŽŵŵunicĂƟŽnƐ� ϮϬϭϳͿ͕� pƌŽtĞinƐ�
;>inŽ� Ğt� Ăl.͕� EĂnŽƐcĂlĞ� ϮϬϭϳͿ� ĂnĚ�
ŵiZE�Ɛ� ;>inŽ� Ğt� Ăl.͕� ��^� EĂnŽ� ϮϬϭϴͿ�
ǁithin� cĞllƐ.� /ntƌĂcĞllulĂƌ� ĚĞliǀĞƌǇ� ŽĨ�
biŽŵŽlĞculĞƐ� iƐ� ĞǆtƌĞŵĞlǇ� uƐĞĨul� ĨŽƌ�
thĞ�ŵĂnipulĂƟŽn�ŽĨ� cĞllulĂƌ�pƌŽcĞƐƐĞƐ�
and cell reprogramming. In the past 
ĚĞcĂĚĞ͕� ĚiīĞƌĞnt� nĂnŽĨŽƌŵulĂƟŽnƐ�
hĂǀĞ� bĞĞn� ĚĞǀĞlŽpĞĚ� ĨŽƌ� thĞ�
ĚĞliǀĞƌǇ� ŽĨ� biŵŽlĞculĞƐ� tŽ� cĞllƐ.
,ŽǁĞǀĞƌ� ŵŽƐt� ŽĨ� thĞƐĞ� ƐtƌĂtĞŐiĞƐ�
ĂƌĞ� bĂƐĞĚ� Žn� thĞ� pĂƐƐiǀĞ� ĚiīuƐiŽn�
ŽĨ� thĞ� biŽŵŽlĞculĞ� ĨƌŽŵ� thĞ

nĂnŽcĂƌƌiĞƌ� Žƌ� Žn� thĞ� ĞnǌǇŵĂƟc�
ĚĞŐƌĂĚĂƟŽn� ŽĨ� thĞ� nĂnŽĨŽƌŵulĂƟŽn.�
^Ž�ĨĂƌ͕ �nŽ�ĨŽƌŵulĂƟŽn�hĂƐ�thĞ�cĂpĂcitǇ�
tŽ�ŽƌchĞƐtƌĂtĞ�thĞ�intƌĂcĞllulĂƌ�ĚĞliǀĞƌǇ�
ŽĨ�ŵulƟplĞ� biŽŵŽlĞculĞƐ� ǁith� ƌĞŵŽtĞ�
cŽntƌŽl.� ZĞcĞntlǇ͕ � ǁĞ� hĂǀĞ� ĚĞǀĞlŽpĞĚ�
Ă� ĨŽƌŵulĂƟŽn� ĂblĞ� tŽ� ŽƌchĞƐtƌĂtĞ�
thĞ� ƌĞlĞĂƐĞ� ŽĨ� Ϯ� Žƌ� ŵŽƌĞ� pƌŽtĞinƐ/
ŵiZE�Ɛ�ǁithin�thĞ�cĞll� ĨƌŽŵ�thĞ�ƐĂŵĞ�
nanocarrier using a single trigger 
;>inŽ�Ğt�Ăl.͕�EĂnŽƐcĂlĞ�ĂnĚ���^�EĂnŽͿ.

dŽ� tĂcŬlĞ� thĞ� thiƌĚ� ƋuĞƐƟŽn͕� ǁĞ� hĂǀĞ�
iĚĞnƟĮĞĚ� ƌĞcĞntlǇ� Ă� ŵiZE�� inǀŽlǀĞĚ�
in� thĞ� pƌŽƐuƌǀiǀĂl� ĞīĞct� ŽĨ� ǀĂƐculĂƌ�
ĞnĚŽthĞliĂl� ŐƌŽǁth� ĨĂctŽƌ� iŵŵŽbiliǌĞĚ�
tŽ� ĞǆtƌĂcĞllulĂƌ� ŵĂtƌiǆĞƐ� ;�ĚĂǇ� Ğt� Ăl.͕�
EĂtuƌĞ� �ŽŵŵunicĂƟŽnƐ� ϮϬϭϳͿ.� /n� Ă�
pĂƌĂllĞl� ƐtuĚǇ͕ � ǁĞ� hĂǀĞ� pĞƌĨŽƌŵĞĚ�
ƐĞǀĞƌĂl� ƐcƌĞĞninŐƐ� thĂt� lĞĚ� tŽ� thĞ�
iĚĞnƟĮcĂƟŽn� ŽĨ� ϭϱ� ŵiZE�Ɛ� ʹ� ĨƌŽŵ� Ă�
tŽtĂl� ŽĨ� ϮϬϴϬ� -� cĂpĂblĞ� ŽĨ� ĞnhĂncinŐ�

ƐtĞŵ� cĞll� ƐuƌǀiǀĂl.� dhĞ� ŵĞchĂniƐŵ� ŽĨ�
ĂcƟŽn� ŽĨ� tǁŽ� ŽĨ� thĞ� tŽp� ϭϱ� ŵiZE�Ɛ�
iƐ� cuƌƌĞntlǇ� unĚĞƌ� ĂnĂlǇƐiƐ� but� ǁĞ�
hĂǀĞ�ŵĂĚĞ�ƐiŐniĮcĂnt�pƌŽŐƌĞƐƐ� in� thĂt�
ƌĞƐpĞct.�&iƌƐtlǇ͕ �ǁĞ�hĂǀĞ�iĚĞnƟĮĞĚ�ŽnĞ�
ŵĞchĂniƐŵ� inǀŽlǀĞĚ� in� thĞ� ŵiZE�-
ŵĞĚiĂtĞĚ�ƐuƌǀiǀĂl.�dŽ�thĂt�ĞnĚ͕�ǁĞ�uƐĞĚ�
ŐĞnĞƟc� ĂnĚ� ŵŽlĞculĂƌ� tŽŽlƐ� tŽ� ƐhŽǁ�
how the selected miRNAs modulate 
Ăn� iŵpŽƌtĂnt� ƐuƌǀiǀĂl� pĂthǁĂǇ.�
^ĞcŽnĚlǇ͕ � ǁĞ� hĂǀĞ� pĞƌĨŽƌŵĞĚ� ZE�-
^ĞƋ� ĞǆpĞƌiŵĞntƐ� tŽ� ĨuƌthĞƌ� nĂƌƌŽǁ�
Žuƌ� ƐĞĂƌch� ĂnĚ� ĨullǇ� ĚiƐclŽƐĞ� thĞ�
ŵĞchĂniƐŵ�ŽĨ�ĂcƟŽn�ŽĨ�bŽth�ŵiZE�Ɛ.�
dhiƌĚlǇ͕ � ǁĞ� hĂǀĞ� ĚĞŵŽnƐtƌĂtĞĚ� thĞiƌ�
ĞīĞct�in�ǀiǀŽ͕�in�tǁŽ�ĚiīĞƌĞnt�ƐĞƫnŐƐ:�
ǁŽunĚ� hĞĂlinŐ� ĂnĚ� ŵǇŽcĂƌĚiĂl�
inĨĂƌcƟŽn� ;DĂnuƐcƌipt� in�pƌĞpĂƌĂƟŽnͿ.



44

�KDWhdAd/KEA>�AE��^z^d�D^��/K>K'z�ͮ��;Head: Armindo SalvadorͿ

K�:��d/s�^

ZĞƐĞĂƌch� Ăt� thĞ� �ŽŵputĂƟŽnĂl� Θ�
^ǇƐtĞŵƐ� �iŽlŽŐǇ� 'ƌŽup� iƐ� ƐtƌuctuƌĞĚ�
ĂlŽnŐ�thĞ�ĨŽllŽǁinŐ�thƌĞĞ�ƌĞƐĞĂƌch�linĞƐ:
ϭ.� KƌŐĂniǌĂƟŽn� pƌinciplĞƐ� ŽĨ�
biŽchĞŵicĂl� ƐǇƐtĞŵƐ.� dhĞ� ŵĂin� ŐŽĂl�
ŽĨ� thiƐ� ƌĞƐĞĂƌch� linĞ� iƐ� tŽ� ĚiƐcŽǀĞƌ͕ �
understand and exploit generic 
ƌulĞƐ� ;ŽƌŐĂniǌĂƟŽn� pƌinciplĞƐͿ� thĂt�
;ĂͿ� ƌĞlĂtĞ� thĞ� ĚĞƐiŐn� ;i.Ğ.� nĂtuƌĂllǇ�
ĞǀŽlǀĞĚ� ŵŽlĞculĂƌ� ŵĞchĂniƐŵƐͿ� ŽĨ�
biŽchĞŵicĂl� ƐǇƐtĞŵƐ� tŽ� thĞiƌ� ĨuncƟŽn͕�
and (b) hold across processes, cell 
tǇpĞƐ�ĂnĚ�ŽƌŐĂniƐŵƐ.�tĞ�ĞnǀiƐĂŐĞ�thĂt�
thĞƐĞ� nĞtǁŽƌŬ-ƐtƌuctuƌĞ� /� ĨuncƟŽn�
ƌĞlĂƟŽnƐhipƐ� ǁill� plĂǇ� in� biŽŵĞĚicinĞ�
and bioengineering a role analogous to 
thĂt�ŽĨ�Y^�Z�in�phĂƌŵĂcŽlŽŐǇ.�KbũĞctƐ�
ŽĨ� intĞƌĞƐt� in� Žuƌ� cuƌƌĞnt� ƌĞƐĞĂƌch�
ĂƌĞ� ŵĞtĂbŽlic� nĞtǁŽƌŬƐ͕� ĂnƟŽǆiĚĂnt�
ĚĞĨĞnƐĞ�ĂnĚ�ƌĞĚŽǆ�ƐiŐnĂlinŐ.�Kuƌ�ŐƌŽup�
hĂƐ� iĚĞnƟĮĞĚ� ƌĞcuƌƌĞnt� ƐtƌuctuƌĂl�
ĂnĚ� ĨuncƟŽnĂl� ŵŽƟĨƐ� in� Ăll� thĞƐĞ�
biŽŵŽlĞculĂƌ� nĞtǁŽƌŬƐ� ĂnĚ� ĚĞƌiǀĞĚ�
ĚĞƐiŐn�pƌinciplĞƐ� ;ƌĞlĂƟŽnƐhipƐ� ĂŵŽnŐ�
ŬinĞƟc� pĂƌĂŵĞtĞƌƐ� ĂnĚ� cŽŵpŽnĞnt�
cŽncĞntƌĂƟŽnƐͿ�thĂt�thĞƐĞ�ŵŽƟĨƐ�ŵuƐt�

ĨulĮll�ƐŽ�thĂt�thĞǇ�pĞƌĨŽƌŵ�thĞiƌ�ĨuncƟŽn�
ĂĚĞƋuĂtĞlǇ.� dhĞƐĞ� pƌĞĚicƟŽnƐ� ĂƌĞ�
thŽƌŽuŐhlǇ�ƐuppŽƌtĞĚ�bǇ�ĞǆpĞƌiŵĞntĂl�
ŽbƐĞƌǀĂƟŽnƐ� in� Ă� ǀĂƌiĞtǇ�ŽĨ�ŽƌŐĂniƐŵƐ�
ĂnĚ� pĞƌŵittĞĚ� ƌĂƟŽnĂliǌinŐ� thĞ�
phĞnŽtǇpĞƐ� ŽĨ� ŵutĂƟŽnƐ� ĂnĚ� ƐtƌĞƐƐ�
ƌĞƐpŽnƐĞƐ.� tĞ� ĂƌĞ� ǁŽƌŬinŐ� tŽǁĂƌĚƐ�
ĞǆplŽƌinŐ� tƌĂnƐlĂƟŽnĂl� iŵplicĂƟŽnƐ� ŽĨ�
thĞƐĞ� ĚĞƐiŐn/ĨuncƟŽn� ƌĞlĂƟŽnƐhipƐ�
in� ĚĞŐĞnĞƌĂƟǀĞ� ĚiƐĞĂƐĞƐ.� /n� pĂƌĂllĞl͕�
ǁĞ�ĂƌĞ�ĚĞǀĞlŽpinŐ�nŽǀĞl�ĞǆpĞƌiŵĞntĂl�
;ŇuǆŽŵicƐ� ĂnĚ� ƐǇnthĞƟc� biŽlŽŐǇͿ�
ŵĞthŽĚŽlŽŐiĞƐ� tŽ� ĚĞtĞƌŵinĞ� cƌiƟcĂl�
pĂƌĂŵĞtĞƌƐ� in� thĞƐĞ� ĂpplicĂƟŽnƐ.
 
Ϯ.� DŽĚĞlinŐ� thĞ� pĞƌŵĞĂƟŽn�
thƌŽuŐh� phǇƐiŽlŽŐicĂl� bĂƌƌiĞƌƐ.� dhĞ�
lŽnŐ-tĞƌŵ� ŐŽĂl� ŽĨ� thiƐ� ƌĞƐĞĂƌch� linĞ�
iƐ� tŽ� ĚĞǀĞlŽp� ƋuĂnƟtĂƟǀĞ� ƐtƌuctuƌĞ-
ĂcƟǀitǇ� ƌĞlĂƟŽnƐhipƐ� ;Y^�ZͿ� ĨŽƌ� thĞ�
pĞƌŵĞĂƟŽn�ŽĨ�phǇƐiŽlŽŐicĂl�bĂƌƌiĞƌƐ�bǇ�
ĚƌuŐƐ͕�nĂŵĞlǇ�ƟŐht�ĞnĚŽthĞliĂ�Ɛuch�ĂƐ�
the blood-brain barrier (BBB). Failure 
tŽ� cƌŽƐƐ� thĞ����� iƐ� thĞ�ŵĂin� ĨĂctŽƌ�ŽĨ�
ĂttƌiƟŽn�in�thĞ�ĚĞǀĞlŽpŵĞnt�ŽĨ�pƐǇchŽ-
ĂcƟǀĞ� ĚƌuŐƐ͕� ĂnĚ� iƐ� cĂuƐinŐ� ƐŽŵĞ� ŽĨ

ǁŽƌŬ�ƐhŽǁƐ�thĂt�thĞ�pĂƌƟƟŽn�ŽĨ�ĚƌuŐƐ�
ĂŵŽnŐ� thĞ� cŽŵpĂƌtŵĞntƐ� ƐtƌŽnŐlǇ�
ĂīĞctƐ� thĞ�ƟŵinŐ�ĂnĚ�ĞīĞcƟǀĞnĞƐƐ�ŽĨ�
thĞiƌ� pĞƌŵĞĂƟŽn� ĂcƌŽƐƐ� thĞ� ���.� tĞ�
are working towards modeling how 
ŵŽlĞculĂƌ� ĨĞĂtuƌĞƐ� ŽĨ� thĞ� ǆĞnŽbiŽƟcƐ�
iŵpĂct� Žn� thĞ� ŬinĞƟcƐ� ŽĨ� thĞƐĞ�
cƌiƟcĂl� ƐtĞpƐ� ĂnĚ� tŽ� ĂchiĞǀĞ� bĞttĞƌ�
pƌĞĚicƟŽnƐ� ŽĨ� ŽǀĞƌĂll� pĞƌŵĞĂbilitǇ. 
 
ϯ.� �ŽŵputĂƟŽnĂl� tŽŽlƐ� ĨŽƌ�
biŽŵŽlĞculĂƌ� ƐǇƐtĞŵƐ.� dhĞ� ŵĂin� ŐŽĂl�
ŽĨ� thiƐ� ƌĞƐĞĂƌch� linĞ� iƐ� tŽ� ĚĞǀĞlŽp�
ĞīĞcƟǀĞ� cŽŵputĂƟŽnĂl� tŽŽlƐ� tŽ�
ƐiŵulĂtĞ� ĂnĚ� ĂnĂlǇǌĞ� cŽŵplĞǆ�
biŽŵŽlĞculĂƌ� ƐǇƐtĞŵƐ� ĂnĚ� ƌĞĂcƟŽn�
nĞtǁŽƌŬƐ.� EĂŵĞlǇ͕ � in� ƐuppŽƌt� ŽĨ�
thĞ� ĂcƟǀiƟĞƐ� ŽĨ� thĞ� ƌĞƐĞĂƌch� linĞƐ�
ĚĞƐcƌibĞĚ� ĂbŽǀĞ.��ĞǀĞlŽpŵĞntƐ� ƌĂnŐĞ�
ĨƌŽŵ� ĨunĚĂŵĞntĂl� cŽŵputĞƌ-ƐciĞncĞ�
methods that speed-up numerical 
cŽŵputĂƟŽn� in� Ă� bƌŽĂĚ� ƌĂnŐĞ� ŽĨ�
cŽŵputĂƟŽnĂl� biŽlŽŐǇ� ĂpplicĂƟŽnƐ͕� tŽ�
tŽŽlƐ�ĨŽƌ�chĂƌĂctĞƌiǌinŐ�thĞ�ƌĞlĂƟŽnƐhip�
bĞtǁĞĞn� ĚĞƐiŐn� ĂnĚ� pĞƌĨŽƌŵĂncĞ�
ŽĨ� biŽŵŽlĞculĂƌ� ƌĞĂcƟŽn� nĞtǁŽƌŬƐ.
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Peroxiredoxins are among the 
oldest, most widespread and most 
ĂbunĚĂnt� pƌŽtĞinƐ� in� cĞllƐ.� dhĞǇ�
cŽntƌŽl� ,ϮKϮ� cŽncĞntƌĂƟŽnƐ� in� ŵŽƐt�
cĞllƐ.� /n� hiŐhĞƌ� ŽƌŐĂniƐŵƐ͕� thĞ� Ϯ-�ǇƐ�
pĞƌŽǆiƌĞĚŽǆin� //� ;WƌǆϮͿ� iƐ� ĂlƐŽ� inǀŽlǀĞĚ�
in�thĞ�,ϮKϮ�ŵĞĚiĂtĞĚ�ƌĞŐulĂƟŽn�ŽĨ�cĞll�
pƌŽliĨĞƌĂƟŽn͕�ĂpŽptŽƐiƐ͕�cĞll�ŵiŐƌĂƟŽn͕�
nĞuƌŽpƌŽtĞcƟŽn͕� ĂnŐiŽŐĞnĞƐiƐ� ĂnĚ�
tuŵŽƌiŐĞnĞƐiƐ.� hnĚĞƌƐtĂnĚinŐ� thĞ�
ŬinĞƟcƐ� ŽĨ� itƐ� ƌĞĂcƟŽnƐ� ǁith� ,ϮKϮ�
iƐ� Ă� ŬĞǇ� ƐtĞp� tŽǁĂƌĚƐ� clĂƌiĨǇinŐ� thĞ�
ŵĞchĂniƐŵƐ� ŽĨ� thŽƐĞ� ƌĞŐulĂtŽƌǇ�
pƌŽcĞƐƐĞƐ.�WƌǆϮ�iƐ�Ă�pĞntĂŵĞƌ�ŽĨ�ĚiŵĞƌƐ�
in� ĂnƟpĂƌĂllĞl� ũuǆtĂpŽƐiƟŽn.� �Ăch�
ŵŽnŽŵĞƌ�cĂƌƌiĞƐ�Ă�ǀĞƌǇ�,ϮKϮ�ƌĞĂcƟǀĞ�
�ǇƐ�;pĞƌŽǆiĚĂƟc��ǇƐ͕��WͿ͕�pƌŽǆiŵĂl�tŽ�Ă�
lĞƐƐ� ƌĞĂcƟǀĞ� ;ƌĞƐŽlǀinŐ͕��ZͿ��ǇƐ� in� thĞ�
ŽthĞƌ�ŵŽnŽŵĞƌ.� /n� thĞ� cĂtĂlǇƟc� cǇclĞ͕�
�W� ƌĞĚucĞƐ�,ϮKϮ͕� bĞinŐ� ŽǆiĚiǌĞĚ� tŽ� Ă�
ƐulĨĞnic� ĂciĚ� ;�W� ^K,Ϳ͕� ǁhich� in� tuƌn�
unĚĞƌŐŽĞƐ� Ă� cŽnĚĞnƐĂƟŽn� ǁith� thĞ�
pƌŽǆiŵĂl� �Z͕� ĨŽƌŵinŐ� Ă� ĚiƐulĮĚĞ.� dhĞ�
ĚiƐulĮĚĞ� iƐ� ƌĞĚucĞĚ� bǇ� thiŽƌĞĚŽǆin� ϭ͕�
clŽƐinŐ�thĞ�cǇclĞ.�dhĞ��W�^K,�cĂn�ĂlƐŽ�
ƌĞĂct� ǁith� Ă� ƐĞcŽnĚ� ,ϮKϮ͕� ĨŽƌŵinŐ� Ă�
cĂtĂlǇƟcĂllǇ� inĂcƟǀĞ� ƐulĮnic� ĂciĚ� ;�W�
^KϮ,Ϳ.�,ithĞƌtŽ͕� it�hĂĚ�bĞĞn�ĂƐƐuŵĞĚ�
thĂt�thĞ�tǁŽ�ĂcƟǀĞ�ƐitĞƐ�in�ĞĂch�ĚiŵĞƌ�
ŽĨ� thiƐ� ĂnĚ� ŽthĞƌ� Ϯ� �ǇƐ� Wƌǆ� ŽpĞƌĂtĞ�
inĚĞpĞnĚĞntlǇ.�,ŽǁĞǀĞƌ͕ � ĂƐ� Ă�ĚiĂŐƌĂŵ�
ŽĨ� thĞ� intĞƌcŽnǀĞƌƐiŽnƐ� ĂŵŽnŐ� thĞ�
ƌĞĚŽǆ�ƐtĂtĞƐ�ŽĨ�ĞĂch��W�in�Ă�WƌǆϮ�ĚiŵĞƌ�
;pĂnĞl� �Ϳ� ƐhŽǁƐ͕� thĞƌĞ� ĂƌĞ� ŵulƟplĞ�
pŽƐƐibiliƟĞƐ�ĨŽƌ�cŽŽpĞƌĂƟǀitǇ.�lĂƟŽn�ƌĂtĞ�
cŽnƐtĂntƐ�Ăt� thĞ� ƐĞcŽnĚ� ƐitĞ� ;Ĩ�^сĨ�K͕�
Ĩ^^сĨ^KͿ.� �ltŽŐĞthĞƌ͕ � thĞƐĞ� ƐtuĚiĞƐ�
ƌĞǀĞĂl�WƌǆϮ�ĂƐ�thĞ�ĮƌƐt�ŬnŽǁn�ĞnǌǇŵĞ

cŽnƐtĂntƐ�Ăt� thĞ� ƐĞcŽnĚ� ƐitĞ� ;Ĩ�^сĨ�K͕�
Ĩ^^сĨ^KͿ.� �ltŽŐĞthĞƌ͕ � thĞƐĞ� ƐtuĚiĞƐ�
ƌĞǀĞĂl�WƌǆϮ�ĂƐ�thĞ�ĮƌƐt�ŬnŽǁn�ĞnǌǇŵĞ�
cŽŵbininŐ� pŽƐiƟǀĞ� ĂnĚ� nĞŐĂƟǀĞ�
cŽŽpĞƌĂƟǀitǇ� in� itƐ� cĂtĂlǇƟc� cǇclĞ.�
Nitrobenzoxadiazole (NBD) labeled 
lipiĚƐ� ĂƌĞ� pŽpulĂƌ� ŇuŽƌĞƐcĞnt� pƌŽbĞƐ�
ŽĨ�ŵĞŵbƌĂnĞ�ƐtƌuctuƌĞ�ĂnĚ�ĚǇnĂŵicƐ͕�
ĂnĚ� hĂǀĞ� bĞĞn� ǁiĚĞlǇ� uƐĞĚ� in� bŽth�
ŵŽĚĞl� ƐǇƐtĞŵƐ� ĂnĚ� liǀinŐ� cĞllƐ.�
/ƌƌĞƐpĞcƟǀĞ� ŽĨ� ĂttĂchŵĞnt� tŽ� thĞ�
lipiĚ� hĞĂĚ� ŐƌŽup� Žƌ� hǇĚƌŽcĂƌbŽn�
chĂinƐ͕� thĞ� E��� ŇuŽƌŽphŽƌĞ�
ŐĞnĞƌĂllǇ� ĂĚŽptƐ� Ă� tƌĂnƐǀĞƌƐĞ� bilĂǇĞƌ�
lŽcĂƟŽn� nĞĂƌ� thĞ� hŽƐt� lipiĚ� cĂƌbŽnǇl/
ŐlǇcĞƌŽl� ŵŽiĞƟĞƐ.� ^Ɵll͕� cŽnƐiĚĞƌĂblĞ�
ǀĂƌiĂbilitǇ�iƐ�ŽbƐĞƌǀĞĚ�in�thĞ�ŵĞĂƐuƌĞĚ�
ŇuŽƌĞƐcĞncĞ� liĨĞƟŵĞƐ͕� inĚicĂƟnŐ� thĂt�
ŽǀĞƌĂll� ŇuŽƌŽphŽƌĞ� lŽcĂƟŽn� iƐ� nŽt�
thĞ� ĚĞtĞƌŵinĂnt� ŽĨ� E��� ŇuŽƌĞƐcĞncĞ�
pƌŽpĞƌƟĞƐ.� �ŽŵbininŐ� ŇuŽƌĞƐcĞncĞ�
ĞǆpĞƌiŵĞntƐ� ĂnĚ� ŵŽlĞculĂƌ� ĚǇnĂŵicƐ�
ƐiŵulĂƟŽnƐ͕� ǁĞ� ƐhŽǁ� thĂt� ĨŽƌ�
tǁŽ� ĂlŵŽƐt� iĚĞnƟcĂl� E��� pƌŽbĞƐ͕�
ƐiŐniĮcĂnt� ĚiīĞƌĞncĞƐ� in� ŇuŽƌŽphŽƌĞ�
ŽƌiĞntĂƟŽn� ĂnĚ� ŇuŽƌĞƐcĞncĞ� liĨĞƟŵĞ�
ĂƌĞ�ŽbƐĞƌǀĞĚ.�/ntĞŐƌĂƟnŐ�thĞƐĞ�ĮnĚinŐƐ�
with literature data, we demonstrate a 
cŽƌƌĞlĂƟŽn� bĞtǁĞĞn� E��� ŽƌiĞntĂƟŽn�
ĂnĚ� ŇuŽƌĞƐcĞncĞ� liĨĞƟŵĞ.� dhĞ� lĂttĞƌ�
is longer when the NBD nitro group is 
pƌĞĚŽŵinĂntlǇ� ŽƌiĞntĞĚ� tŽǁĂƌĚƐ� thĞ�
bilĂǇĞƌ�intĞƌiŽƌ͕ �cŽŵpĂƌĞĚ�tŽ�pƌŽbĞƐ�ĨŽƌ
which it points to the water medium. 
΀&ilipĞ� Ğt� Ăl.� ;ϮϬϭϵͿ� WhǇƐ.� �hĞŵ.�
�hĞŵ.�WhǇƐ.͕�;ϮϬϭϴ�W��W�,Kd��ƌƟclĞͿ΁

cŽŵbininŐ� pŽƐiƟǀĞ� ĂnĚ� nĞŐĂƟǀĞ�
cŽŽpĞƌĂƟǀitǇ� in� itƐ� cĂtĂlǇƟc� cǇclĞ.
dhƌŽuŐh� Ăn� itĞƌĂƟǀĞ� thĞŽƌĞƟc�
ĞǆpĞƌiŵĞntĂl�ĂppƌŽĂch�in�cŽllĂbŽƌĂƟŽn�
ǁith� thĞ� lĂbƐ� ŽĨ� �ƌ.� �hƌiƐƟnĞ�
tintĞƌbŽuƌn�;h.�ŽĨ�KtĂŐŽ͕�E�Ϳ�ĂnĚ��ƌ.�
&lĄǀiĂ�DĞŽƫ� ;h.� ŽĨ� ^ĆŽ� WĂulŽ͕� �ƌĂƐilͿ�
ǁĞ� ĂchiĞǀĞĚ� Ă� nĞĂƌ-cŽŵpƌĞhĞnƐiǀĞ�
chĂƌĂctĞƌiǌĂƟŽn� ŽĨ� thĞ� ĞīĞctƐ� ŽĨ� thĞ�
ƌĞĚŽǆ� ƐtĂtĞ� ŽĨ� Ă� ƐitĞ� Žn� thĞ� ƌĞĂcƟǀitǇ�
ŽĨ� thĞ� ŽthĞƌ.� dhĞ� ŵĂin� ĮnĚinŐƐ� ǁĞƌĞ�
ĂƐ�ĨŽllŽǁƐ.�;iͿ�dhĞ�ĨŽƌŵĂƟŽn�ŽĨ�thĞ�ĮƌƐt�
ƐulĨĞnic� ĂciĚ� ĨĂcilitĂtĞƐ� ƐulĨĞnǇlĂƟŽn�
ŽĨ� thĞ� ƐĞcŽnĚ� ƐitĞ� ;ĨKKуϱͿ.� dhiƐ� ǁĂƐ�
ƌĞǀĞĂlĞĚ� bǇ� thĞ� ƌĞlĂƟǀĞ� ĨƌĂcƟŽnƐ� ŽĨ�
Ϭ� � ;�͕� bluĞ�ĚŽtƐͿ͕� ϭ� � ;ǇĞllŽǁ�ĚŽtƐͿ� ĂnĚ�
Ϯ�ĚiƐulĮĚĞ�ĚiŵĞƌƐ�;ŐƌĞĞn�ĚŽtƐͿ�ĨŽƌŵĞĚ�
upŽn� tƌĞĂtŵĞnt� ŽĨ� WƌǆϮ� ǁith� ǀĂƌiŽuƐ�
Ɛub� ƐtŽichiŽŵĞtƌic� ,ϮKϮ� ĂŵŽuntƐ� ;�͕�
ĚĂƐhĞĚ� linĞƐ͕� pƌĞĚicƟŽn� in� ĂbƐĞncĞ�
ŽĨ� cŽŽpĞƌĂƟǀitǇ͖� ƐŽliĚ� linĞƐ͕� bĞƐt�
Įt� ŽĨ� Ă� ŬinĞƟc� ŵŽĚĞl� ĂllŽǁinŐ� ĨŽƌ�
cŽŽpĞƌĂƟǀitǇͿ.�;iiͿ�dhĞ�ĨŽƌŵĂƟŽn�ŽĨ�thĞ�
ĮƌƐt� ĚiƐulĮĚĞ� ĚĞlĂǇƐ� thĞ� ĨŽƌŵĂƟŽn� ŽĨ�
thĞ� ƐĞcŽnĚ�ŽnĞ� ;Ĩ��уĨK�/ϮͿ.� dhiƐ�ǁĂƐ�
ƌĞǀĞĂlĞĚ�bǇ�thĞ�hithĞƌtŽ�unĂppƌĞciĂtĞĚ�
ŵulƟ-ĞǆpŽnĞnƟĂlitǇ� ŽĨ� thĞ� dƌp�
ŇuŽƌĞƐcĞncĞ� ƌĞcŽǀĞƌǇ� ǁhĞn� WƌǆϮ� iƐ�
ŽǆiĚiǌĞĚ� bǇ� ,ϮKϮ� in� ƐtŽppĞĚ� ŇŽǁ�
ĞǆpĞƌiŵĞntƐ� ;�� �͕� ϭ� � tŽ� ϯ� ĞǆpŽnĞnƟĂl�
bĞƐt�Įt�cuƌǀĞƐ�ǁith�Ϭ.ϱ�ђD�WƌǆϮ�н�Ϭ.ϱ�
ђD�,ϮKϮ͕�in�ƌĞĚͿ.�;iiiͿ�dhĞ�ĨŽƌŵĂƟŽn�ŽĨ�
thĞ�ĮƌƐt�ĚiƐulĮĚĞ�inŇuĞncĞƐ�nĞithĞƌ�thĞ�
ƐulĨĞnǇlĂƟŽn�nŽƌ� thĞ� ƐulĮnǇlĂƟŽn� ƌĂtĞ�
cŽnƐtĂntƐ� Ăt� thĞ� ƐĞcŽnĚ� ƐitĞ� ;ĨK�сϭ͕�
Ĩ^�сĨ^KͿ.�;iǀͿ�dhĞ�ĨŽƌŵĂƟŽn�ŽĨ�thĞ�ĮƌƐt�
ƐulĨĞnic� ĂciĚ� inŇuĞncĞƐ� nĞithĞƌ� thĞ�
cŽnĚĞnƐĂƟŽn�nŽƌ�thĞ�ƐulĮnǇlĂƟŽn�ƌĂtĞ
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K�:��d/s�^

dhĞ� ŵĂin� intĞƌĞƐtƐ� ŽĨ� thĞ� ŐƌŽup�
are centered in microbial agents 
ŽĨ� huŵĂn� ĚiƐĞĂƐĞ͕� itƐ� biŽlŽŐicĂl�
tƌĂitƐ� ƌĞlĞǀĂnt� tŽ� inĨĞcƟŽn� ĂnĚ�
ƐĞĞŬinŐ� ĨŽƌ� innŽǀĂƟǀĞ� thĞƌĂpiĞƐ.�
Immunosenescence, rendering the 
ĞlĚĞƌlǇ� ŵŽƌĞ� ƐuƐcĞpƟblĞ� tŽ� inĨĞcƟŽn͕�
iƐ� ŽnĞ� ŽĨ� Žuƌ� ŵĂũŽƌ� ĨŽcuƐ͕� incluĚinŐ�

DA/E�A�,/�s�D�Ed^

ĂīĞcƟnŐ� thĞ� ƌĞƐpiƌĂtŽƌǇ� ƐǇƐtĞŵ.�
tĞ� cŽnƟnuĞ� tŽ� puƌƐuĞ� hŽǁ�
the purinergic metabolism and 
adenosine A2A receptors can be 
modulated to ameliorate pathological 
cŽnĚiƟŽnƐ� ŽĨ� thĞ� ĞlĚĞƌlǇ� Ɛuch� ĂƐ�
chƌŽnic� inŇĂŵŵĂƟŽn� ŽĨ� thĞ� Őut.�

iƐ� ŽnĞ� ŽĨ� Žuƌ� ŵĂũŽƌ� ĨŽcuƐ͕� incluĚinŐ�
ŵŽĚulĂƟŽn� ŽĨ� Őut� inŇĂŵŵĂƟŽn�
ĂnĚ� chƌŽnic� ƌĞƐpiƌĂtŽƌǇ� ĚiƐĞĂƐĞƐ.
�uƌinŐ�thĞ�pĞƌiŽĚ�ŽĨ�thiƐ�ƌĞpŽƌt�;ϮϬϭϴͿ�
Žuƌ� ƐpĞciĮc� ŽbũĞcƟǀĞƐ� ǁĞƌĞ� tŽ� ƐĞĞŬ�
ĨŽƌ�nŽǀĞl�thĞƌĂpiĞƐ�tŽ�ĞƌĂĚicĂtĞ�ĨunŐĂl�
inĨĞcƟŽnƐ� ǁith� Ă� ĨŽcuƐ� Žn� ŽƌĂl� ĂnĚ�
bŽnĞ� � biŽĮlŵƐ� ĂnĚ� ĮlĂŵĞntŽuƐ� ĨunŐi

&ŽllŽǁinŐ� Žuƌ� cŽllĂbŽƌĂƟŽn� ǁith� Ăn�
ĞǆpĞƌt� in� ĂlŐĂĞ� it� ǁĂƐ� iĚĞnƟĮĞĚ� ŽnĞ�
ŵŽƌĞ͕�ĨƌŽŵ�thĞ�pŽƌtuŐuĞƐĞ�cŽĂƐt͕�thĂt�
hĂƐ�Ă�hiŐh�pŽtĞnƟĂl�ŽĨ�pƌŽǀiĚinŐ�ƐĂĨĞ�;it�iƐ�
ĞĚiblĞͿ�ĂnĚ�hiŐhlǇ�ĞĸciĞnt�ĂnƟĨunŐĂlƐ.�
�lƐŽ͕� ĂccŽƌĚinŐ� tŽ� pƌĞǀiŽuƐ� Žuƌ� in�
ǀitƌŽ� ĮnĚinŐƐ͕� ǁĞ� pƌŽǀĞĚ͕� Ğǆ� ǀiǆŽ͕�
thĂt� �nƟŵicƌŽbiĂl� WhŽtŽĚǇnĂŵic�
dhĞƌĂpǇ� uƐinŐ� Ăn� ĂlŐĂl� ĚĞƌiǀĞĚ�
chlŽƌŽphǇll� ĂƐ� phŽtŽƐĞnƐiƟǌĞƌ͕ � iƐ� ĂblĞ�

tŽ� ĞƌĂĚicĂtĞ� cŽŵplĞǆ� ĚĞntĂl� biŽĮlŵƐ.�
dŽŐĞthĞƌ� ǁith� Ă� ŐƌŽup� ŽĨ� cliniciĂnƐ͕�
including an imunoallergologist 
ĂnĚ� Ăn� ŽtŽƌhinŽlĂƌǇnŐŽlŽŐiƐt͕� ǁĞ�
ƐtuĚiĞĚ� thĞ� ŵǇcŽbiŽŵĞ� ŽĨ� thĞ� uppĞƌ�
ƌĞƐpiƌĂtŽƌǇ� ƐǇƐtĞŵ� ŽĨ� ĂllĞƌŐic� pĂƟĞntƐ�
ĂnĚ͕� in� ƐĞƌĂ� ŽĨ� thŽƐĞ� pĂƟĞntƐ͕� ǁĞ�
pĞƌĨŽƌŵĞĚ� Ă� ƐcƌĞĞninŐ� ŽĨ� /Ő�Ɛ� ĂŐĂinƐt�
ĨunŐĂl� cĞll� ǁĂll� ĞǆtƌĂctƐ� ĨƌŽŵ� thĞ�
ĨunŐi� iƐŽlĂtĞĚ� ĨƌŽŵ� thŽƐĞ� pĂƟĞntƐ.

DŽƌĞŽǀĞƌ͕ � Ăn� in� ǀitƌŽ� ƐtuĚǇ� iƐ� bĞinŐ�
iniƟĂtĞĚ� in� ŽƌĚĞƌ� tŽ� unĚĞƌƐtĂnĚ� iĨ�
ŽnĞ� ĂlŐĂl� ĞǆtƌĂct� iƐ� ĂblĞ� tŽ� pƌĞǀĞnt�
ĨunŐĂl�ƐĞnƐiƟǌĂƟŽn�in�ĂllĞƌŐic�pĂƟĞntƐ.���

Figure 1 – Exposure of Aspergillus Fumigatus to Osmundea pinnatifida extracts: modification of sporulation pattern
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K�:��d/s�^

dhĞ� 'ƌŽup Ɛ͛� ŽbũĞcƟǀĞƐ� ĂƌĞ� cĞntĞƌĞĚ�
on 3 research lines (Microbial 
WĂthǁĂǇƐ͕� DicƌŽbiŽŵĞ� in� �hƌŽnic�
�iƐĞĂƐĞƐ͕� Wublic� ,ĞĂlth� DicƌŽbiŽlŽŐǇͿ�
ĂnĚ� ĂƌĞ� ƐuŵŵĂƌiǌĞĚ� bĞlŽǁ:�
DǇcŽbĂctĞƌiĂl�WĂthǁĂǇƐ�-�DǇcŽbĂctĞƌiĂ�
ĂƌĞ� ͞Ă� ŐlŽbĂllǇ� ĞƐtĂbliƐhĞĚ� pƌiŽƌitǇ�
ĨŽƌ� ǁhich� innŽǀĂƟǀĞ� nĞǁ� tƌĞĂtŵĞntƐ�
ĂƌĞ� uƌŐĞntlǇ� nĞĞĚĞĚ͟� ;t,K͕� ϮϬϭϳͿ�
thĂt� cĂn� cĂuƐĞ� Ăn� ĂƌƌĂǇ� ŽĨ� inĨĞcƟŽnƐ�
bĞǇŽnĚ� tubĞƌculŽƐiƐ� ;d�Ϳ͕� ŵŽƐtlǇ�
in� thĞ� chƌŽnicĂllǇ� ill� ĂnĚ� in� thĞ�
ĞlĚĞƌlǇ.� tĞ� Ăiŵ� Ăt� ĚĞciphĞƌinŐ� ŐĞnĞ�
ĨuncƟŽnƐ� ĂnĚ� chĂƌĂctĞƌiǌĞ� ĞnǌǇŵĞƐ�
ĨŽƌ� biŽƐǇnthĞƐiƐ� ŽĨ� pŽlǇŵĞthǇlĂtĞĚ�
pŽlǇƐĂcchĂƌiĚĞƐ͕� ŵŽĚulĂtŽƌƐ� ŽĨ� ĨĂttǇ�
ĂciĚƐ� ŵĞtĂbŽliƐŵ� ĂnĚ� ĂƐƐĞŵblǇ� ŽĨ�
thĞ� ŵǇcŽbĂctĞƌiĂl� cĞll� ǁĂll͕� ĂnĚ� ĂlƐŽ�
pŽtĞnƟĂl� tĂƌŐĞtƐ� ĨŽƌ� ƌĂƟŽnĂl� ĚĞƐiŐn�
ŽĨ� innŽǀĂƟǀĞ� ĂnƟŵǇcŽbĂctĞƌiĂlƐ.
�iŽƐǇnthĞƐiƐ� ŽĨ� nŽǀĞl� ĂnƟŵicƌŽbiĂlƐ� -�

�cƟnŽbĂctĞƌiĂl� ƐĞcŽnĚĂƌǇ�ŵĞtĂbŽlitĞƐ�
ĂƌĞ� ŬnŽǁn� ĨŽƌ� thĞiƌ� ŐƌĞĂt� chĞŵicĂl�
ĚiǀĞƌƐitǇ� ĂnĚ� uniƋuĞ� biŽlŽŐicĂl�
ĂcƟǀiƟĞƐ� ;ĂnƟbĂctĞƌiĂl͕� ĂnƟĨunŐĂl͕�
ĂnƟpĂƌĂƐiƟc͕� ĂnƟǀiƌĂl͕� ĂnƟcĂncĞƌ� Žƌ�
iŵŵunŽƐuppƌĞƐƐiǀĞ� ĂŐĞntƐͿ.� ^uŐĂƌ-
ŵŽĚiĨǇinŐ� ĞnǌǇŵĞƐ� ĞncŽĚĞĚ� in�
ƌĂƌĞ� ŐĞnĞ� cluƐtĞƌ� ŽĨ� �cƟnŽbĂctĞƌiĂ�
containing a glucosamine kinase we 
ƌĞcĞntlǇ�iĚĞnƟĮĞĚ�ǁill�bĞ�chĂƌĂctĞƌiǌĞĚ�
tŽ� ĞluciĚĂtĞ� thĞ� biŽƐǇnthĞƐiƐ� ĂnĚ�
uniƋuĞ� chĞŵiƐtƌǇ� bĞhinĚ� Ă� putĂƟǀĞ�
ĂnƟbiŽƟc� ǁhilĞ� ĂlƐŽ� pĂǀinŐ� thĞ� ǁĂǇ�
tŽ�ŵĞĚicĂl� ĂnĚ� inĚuƐtƌiĂl� ĂpplicĂbilitǇ.
Microbiome in Chronic Diseases - 
WĂƌŬinƐŽn Ɛ͛� �iƐĞĂƐĞ:� tĞ� ƐŽuŐht� tŽ�
pƌŽĮlĞ� thĞ� ĚǇƐbiŽƟc� Őut� ŵicƌŽbiŽŵĞ�
ŽĨ� pĂƟĞntƐ� ǁith� ƐpĞciĂl� ĨŽcuƐ� Žn�
neurotoxin-producing microbes and to 
ĞǀĂluĂtĞ�thĞ�ĞīĞctƐ�ŽĨ�Ɛuch�nĞuƌŽtŽǆin
on neuronal mitochondrial metabolism. 

�iĂbĞtĞƐ:� Kuƌ� ŽbũĞcƟǀĞ� in� thiƐ� linĞ�
ŽĨ� ƌĞƐĞĂƌch� ǁĂƐ� tŽ� pƌŽĮlĞ� ĚiĂbĞƟc�
ĨŽŽt� ulcĞƌƐ� ;�&hͿ� ŵicƌŽbiŽŵĞ� in� Ă�
ƋuĞƐt� ĨŽƌ� uniƋuĞ� ŵicƌŽbiĂl� ƐiŐnĂtuƌĞƐ�
ĨŽƌ� ĨutuƌĞ� bĂctĞƌiŽthĞƌĂpĞuƟc�
intĞƌǀĞnƟŽn.� tĞ� ĂlƐŽ� ĂiŵĞĚ� Ăt� thĞ�
cŽnƐtƌucƟŽn�ŽĨ�Ă�uniƋuĞ��&h�ŵicƌŽbiĂl�
biŽbĂnŬ� ĞƐƐĞnƟĂl� ĨŽƌ� ĨutuƌĞ� ƌĞƐĞĂƌch.
Wublic� ,ĞĂlth� -� tĞ� Ăiŵ� Ăt� Ă�
cŽŵpƌĞhĞnƐiǀĞ� ƐcƌĞĞninŐ� ŽĨ�
ĚŽŵĞƐƟc� ǁĂtĞƌ� ĚiƐtƌibuƟŽn�
ƐǇƐtĞŵƐ� tŽ� ĂƐƐĞƐƐ� pƌĞǀĂlĞncĞ� ŽĨ�
ŽppŽƌtuniƐƟc� ŵǇcŽbĂctĞƌiĂ� cĂuƐinŐ�
pulŵŽnĂƌǇ� inĨĞcƟŽnƐ� in� ƐuƐcĞpƟblĞ�
inĚiǀiĚuĂlƐ.� 'ĞnŽŵic� ĮnŐĞƌpƌinƟnŐ�
ǁill� ĂllŽǁ� unĚĞƌƐtĂnĚinŐ� ŽĨ� thĞ�
ĞpiĚĞŵiŽlŽŐǇ� ĂnĚ� ĂnƟŵicƌŽbiĂl�
resistance determinants associated 
tŽ� thiƐ� ƌĂpiĚlǇ� ŐƌŽǁinŐ� hĞĂlth� thƌĞĂt.�
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45.700€

 
 

100.000€

WK>zZ�W�-��n�intƌiŐuinŐ�ŵǇcŽbĂctĞƌiĂl�pŽlǇƐĂcchĂƌiĚĞ:�ƌĞcǇclinŐ͕�ƌĞplicĂƟŽn�ĂnĚ�
bĞǇŽnĚ.�WK�/-Ϭϭ-Ϭϭϰϱ-&���Z-ϬϮϵϮϮϭ͕�&�d/&���Z͕�WŽƌtuŐĂl�;W/:�EunŽ��ŵpĂĚinhĂƐͿ. 

^d�Z/>��ZK'�>� -� 'ƌĞĞn� ŵĞthŽĚ� tŽ� pƌĞpĂƌĞ� ƐtĞƌiliǌĞĚ� biŽpŽlǇŵĞƌƐ-
bĂƐĞĚ� ĂĞƌŽŐĞlƐ.� WK�/-Ϭϭ-Ϭϭϰϱ-&���Z-ϬϯϮϲϮϱ͕� &�d/&���Z͕�
WŽƌtuŐĂl� ;W/:� DĂƌĂ� �ƌĂŐĂ͕� ��Yh�͖� W/� Ăt� �E�:� EunŽ� �ŵpĂĚinhĂƐͿ. 

WZKdKdZ�E^&�Z� ͞diŵĞhp .͟� WƌŽũĞtŽ� /E�^WK� ///͕� WƌŽŐƌĂŵĂ� KpĞƌĂciŽnĂl� ĚĞ�
�ŽlĂbŽƌĂĕĆŽ�dƌĂnƐĨƌŽntĞiƌiĕĂ�ϮϬϭϰ-ϮϬϮϬ�WK�d�W/&���Z�;^uƐĂnĂ��lĂƌicŽͿ.

WƌĞǀĂlġnciĂ� Ğ� ǀĂƌiĂbiliĚĂĚĞ� ŐĞnĠƟcĂ� ĚĞ� ŵicŽbĂctĠƌiĂƐ� nĆŽ-tubĞƌculŽƐĂƐ�
Ğŵ� ĂŵbiĞntĞ� ĚŽŵĠƐƟcŽ.� WƌĠŵiŽ� dhŽŵĠ-sillĂƌ/�ŽĞhƌinŐĞƌ� /nŐĞlhĞiŵ�
ϮϬϭϳ͕� ^ŽciĞĚĂĚĞ� WŽƌtuŐuĞƐĂ� WnĞuŵŽlŽŐiĂ� ;W/:� ZĂƋuĞl� �uĂƌtĞ͖� �Ž-
W/:� EunŽ� �ŵpĂĚinhĂƐͿ.� WƌŽŵŽtŽƌ:� /^WhW͕ � hniǀĞƌƐitǇ� ŽĨ� WŽƌtŽ. 

dhĞ� tŽǆinŽŐĞnic� Őut� ŵicƌŽbiŽŵĞ� in� ƐpŽƌĂĚic� WĂƌŬinƐŽn Ɛ͛� �iƐĞĂƐĞ:� Ă� ƋuĞƐt� ĨŽƌ�
͞ĂnƟW�biŽƟcƐ .͟� WƌĠŵiŽ� ^ĂntĂ� �ĂƐĂ� EĞuƌŽciġnciĂƐ� DĂntĞƌŽ� �ĞlĂƌĚ͕� ^ĂntĂ� �ĂƐĂ�
ĚĂ� DiƐĞƌicſƌĚiĂ� ĚĞ� >iƐbŽĂ� ;W/:� ^ĂnĚƌĂ� D.� �ĂƌĚŽƐŽ͖� �Ž-W/:� EunŽ� �ŵpĂĚinhĂƐͿ. 

,ĞĂlthǇ�ŐinŐϮϬϮϬ� -� �ĞciphĞƌinŐ� ŵicƌŽbiŽŵĞ� ƐiŐnĂtuƌĞƐ� in� chƌŽnic�
ĚiƐĞĂƐĞƐ� ĨŽƌ� ĞĂƌlǇ� ĚiĂŐnŽƐiƐ� ĂnĚ� ŵŽĚulĂƟŽn� thĞƌĂpiĞƐ.� ��EdZK-
Ϭϭ-Ϭϭϰϱ-&���Z-ϬϬϬϬϭϮ-EϮϯϮϯ� ;W/:� :ŽĆŽ� ZĂŵĂlhŽ� ^ĂntŽƐͿ� ;,Z�
buĚŐĞt� tŽ� thĞ� DŽlĞculĂƌ� DǇcŽbĂctĞƌiŽlŽŐǇ� Θ� DicƌŽbiŽŵĞ� 'ƌŽupͿ. 

D/�ZK��Z�� -� DicƌŽbiŽŵĞ� ŽĨ� ĚiĂbĞƟc� ulcĞƌƐ:� ĞĂƌlǇ� ĚiĂŐnŽƐiƐ͕� pƌŽŐnŽƐiƐ� ĂnĚ�
thĞƌĂpǇ.� /E&�ZD��͕� &unĚŽ� pĂƌĂ� Ă� /nǀĞƐƟŐĂĕĆŽ� Ğŵ� ^ĂƷĚĞ͕� &/^-&/^-ϮϬϭϱ-Ϭϭͺ
�/�ͺϮϬϭϱϬϲϯϬ-ϭϰϰ�;W/:�^ſniĂ�WĞƌĞiƌĂ͖��Ž-W/:�EunŽ��ŵpĂĚinhĂƐͿ.

&ƵŶĚŝŶŐ�ĂǀĂŝůĂďůĞ�ƚŽ�ƚŚĞ�DŽůĞĐƵůĂƌ�DǇĐŽďĂĐƚĞƌŝŽůŽŐǇ�ĂŶĚ�DŝĐƌŽďŝŽŵĞ�'ƌŽƵƉ



ϰϴ

ZĞlĞǀĂnt� ƌĞƐĞĂƌch� ĂchiĞǀĞŵĞntƐ�
in the three research lines (see 
ĂbŽǀĞͿ� tĂƌŐĞtĞĚ� bǇ� thĞ� DŽlĞculĂƌ�
DǇcŽbĂctĞƌiŽlŽŐǇ� ĂnĚ� DicƌŽbiŽŵĞ�
'ƌŽup�in�ϮϬϭϴ�ĂƌĞ�ƐuŵŵĂƌiǌĞĚ�bĞlŽǁ:�

DŽlĞculĂƌ� DǇcŽbĂctĞƌiŽlŽŐǇ� -� tĞ�
hĂǀĞ� ĚĞciphĞƌĞĚ� Ăn� unpƌĞcĞĚĞntĞĚ�
ŵĞchĂniƐŵ� ĨŽƌ� ƌĞplicĂƟŽn� ĂnĚ�
ƌĞcǇclinŐ� ŽĨ� Ă� ŵǇcŽbĂctĞƌiĂl�
pŽlǇƐĂcchĂƌiĚĞ� ƌĞƋuiƌĞĚ� ĨŽƌ�
ŵŽĚulĂƟŽn� ŽĨ� ĨĂttǇ� ĂciĚ� ŵĞtĂbŽliƐŵ�
ĂnĚ� ĂƐƐĞŵblǇ� ŽĨ� thĞ� cĞll� ĞnǀĞlŽpĞ.�
dhĞƐĞ� ĮnĚinŐƐ� builĚ� Žn� pƌĞǀiŽuƐ�
ĂchiĞǀĞŵĞntƐ�in�Žuƌ�ŐƌŽup�;DĞnĚĞƐ�Ğt�
Ăl͕�EĂt�WƌŽĚ�ZĞpͿ�thĂt�cŽŵpƌĞhĞnƐiǀĞlǇ�
ĚĞĮnĞĚ� tǁŽ� ĞƐƐĞnƟĂl� ŵǇcŽbĂctĞƌiĂl�
pĂthǁĂǇƐ� ĂnĚ� nĞǁ� pƌŽŵiƐinŐ� tĂƌŐĞtƐ.�
tĞ�hĂǀĞ�nŽǁ�ĚĞciphĞƌĞĚ�thĞ�ĮƌƐt�ƐtĞp�
ŽĨ� ŽnĞ� ŽĨ� thĞƐĞ� nŽǀĞl� ŵǇcŽbĂctĞƌiĂl�
pĂthǁĂǇƐ� ;ZipŽll-ZŽǌĂĚĂ� Ğt� Ăl͕� WE�^Ϳ.

�iŽƐǇnthĞƐiƐ� ŽĨ� nŽǀĞl� ĂnƟŵicƌŽbiĂlƐ�
-� tĞ� iĚĞnƟĮĞĚ� Ăn� �cƟnŽbĂctĞƌiĂl�
glucosamine kinase whose gene is 
pĂƌt� ŽĨ� Ăn�ŽƌphĂn�biŽƐǇnthĞƟc� cluƐtĞƌ�

tŽŐĞthĞƌ� ǁith� ŽthĞƌ� ƐuŐĂƌ� ŵŽĚiĨǇinŐ�
ĞnǌǇŵĞƐ� in� Ă� uniƋuĞ� ŽƌŐĂniǌĂƟŽn�
thĂt� hintƐ� Ăt� Ă� cŽŵplĞtĞlǇ� nŽǀĞl�
clĂƐƐ� ŽĨ� ƐĞcŽnĚĂƌǇ� ŵĞtĂbŽlitĞƐ.�
dhiƐ� ĨĂŵilǇ� ŽĨ� ŬinĂƐĞƐ� iƐ� liŬĞlǇ� tŽ�
ƌĞpƌĞƐĞnt� thĞ� ŵiƐƐinŐ� linŬ� ĨŽƌ�
incŽƌpŽƌĂƟŽn� ŽĨ� ĞnǀiƌŽnŵĞntĂl�
ŐlucŽƐĂŵinĞ�intŽ�ĂnƟbiŽƟc�biŽƐǇnthĞƐiƐ�
pĂthǁĂǇƐ� ;DĂnƐŽ� Ğt� Ăl͕� ŵ�iŽͿ.
 
WĂƌŬinƐŽn Ɛ͛� 'ut� DicƌŽbiŽŵĞ� -� tĞ�
inǀĞƐƟŐĂtĞĚ� thĞ� Őut� ŵicƌŽbiŽŵĞ� ŽĨ�
WĂƌŬinƐŽn Ɛ͛� �iƐĞĂƐĞ� ;W�Ϳ� pĂƟĞntƐ� ĂƐ�
ǁĞll� ĂƐ� thĞ� iŵpĂct� ŽĨ� Őut� ĚǇƐbiŽƐiƐ�
in� thĞ� pĂthŽlŽŐǇ.� DicƌŽbiŽŵĞ�
pƌŽĮlĞƐ� ŽĨ� W�� pĂƟĞntƐ� ƌĞǀĞĂlĞĚ�
ŵicƌŽbiĂl� ƐiŐnĂtuƌĞƐ� pƌŽnĞ� ĨŽƌ�
bĂctĞƌiŽthĞƌĂpĞuƟc� intĞƌǀĞnƟŽn.� Kuƌ�
ǀitƌŽ� ĂnĚ� in� ǀiǀŽ� ƌĞƐultƐ� cŽnĮƌŵĞĚ�
hŽǁ� Ă� ƐpĞciĮc� ŵicƌŽbiĂl� nĞuƌŽtŽǆin�
impacts neuronal mitochondrial 
ŵĞtĂbŽliƐŵ� ĂnĚ� ƐŽŵĞ� W�� ĨĞĂtuƌĞƐ�
;�ĂƌĚŽƐŽ�Θ��ŵpĂĚinhĂƐ͕�&ƌŽnt�WhǇƐiŽlͿ.

�iĂbĞƟc� tŽunĚƐ� DicƌŽbiŽŵĞ� -�
^ĂŵplinŐ� ĚiĂbĞƟc� pĂƟĞntƐ� ƐŬin� ĂnĚ�

ǁŽunĚƐ� ĂnĚ� iƐŽlĂƟŽn� ŽĨ� ƌĞlĞǀĂnt�
ŵicƌŽbiŽtĂ� ĂllŽǁĞĚ� cƌĞĂƟŽn� ŽĨ� Ă� �&h�
biŽbĂnŬ� ǁith� ŽǀĞƌ� ϭϭϬϬ� ƐtƌĂinƐ� ŽĨ� ϱϬ�
ĚiīĞƌĞnt�ƐpĞciĞƐ͕�inƐtƌuŵĞntĂl�ĨŽƌ�ĨutuƌĞ�
research (Pereira et al, Front Microbiol). 
�nƟŵicƌŽbiĂl� ƐuƐcĞpƟbilitǇ� tƌiĂlƐ�
ĂnĚ� intĞƌƐpĞciĮc� cŽŵpĞƟƟŽn� ĂƐƐĂǇƐ�
ƌĞǀĞĂlĞĚ� bĂctĞƌiĂl� cŽŵŵunicĂƟŽn�
phĞnŽŵĞnĂ� in� thĞ� �&h� ĞcŽƐǇƐtĞŵ.�
'ĞnŽŵĞƐ� ŽĨ� ƌĞlĞǀĂnt� �&h�
microbiota were sequenced.

Wublic� ,ĞĂlth� -� tĞ� hĂǀĞ� iƐŽlĂtĞĚ�
nŽntubĞƌculŽuƐ� ŵǇcŽbĂctĞƌiĂ� ;EdDͿ�
ĨƌŽŵ� ĚiīĞƌĞnt� ǁĂƌĚƐ� in� Ă� hŽƐpitĂl.�
^uƐcĞpƟbilitǇ� ĂƐƐĂǇƐ� iĚĞnƟĮĞĚ�
ŵulƟĚƌuŐ� ƌĞƐiƐtĂnt� phĞnŽtǇpĞƐ͕�
pŽƐinŐ� hĞĂlth� ƌiƐŬƐ� tŽ� inpĂƟĞntƐ�
(Pereira et al, BMC Microbiol). 
tĞ� ƐĂŵplĞĚ� ǁĂtĞƌ� ĚiƐtƌibuƟŽn�
ƐǇƐtĞŵƐ� ŽĨ� EdD� pĂƟĞntƐ͛� hŽuƐĞƐ.�
DulƟplĞ� ŵǇcŽbĂctĞƌiĂl� ƐpĞciĞƐ�
ǁĞƌĞ� iĚĞnƟĮĞĚ� bǇ� ǁhŽlĞ� ŐĞnŽŵĞ�
sequencing, including members 
ŽĨ� D.� ĂbƐcĞƐƐuƐ-chĞlŽnĂĞ� clĂĚĞ�
iƐŽlĂtĞĚ� ĨƌŽŵ� ŵŽƐt� hŽuƐĞƐ.



ϰϵ

DĞĚŝĐŝŶĂů��ŚĞŵŝƐƚƌǇ�Θ��ƌƵŐ��ŝƐĐŽǀĞƌǇ�ͮ��;Head: Jorge A. R. SalvadorͿ

K�:��d/s�^

WĞntĂcǇclic� tƌitĞƌpĞnŽiĚƐ� ĂƌĞ� Ă� clĂƐƐ�
ŽĨ� phĂƌŵĂcŽlŽŐicĂllǇ� ĂcƟǀĞ� ĂnĚ�
ƐtƌuctuƌĂllǇ� ƌich� nĂtuƌĂl� pƌŽĚuctƐ�
ǁith� pƌiǀilĞŐĞĚ� ŵŽƟĨƐ� ĨŽƌ� ĨuƌthĞƌ�
ŵŽĚiĮcĂƟŽnƐ� ĂnĚ� ^�Z� ĂnĂlǇƐĞƐ.�
tĞ�ĨŽcuƐĞĚ�Žn�thĞ�ĂnƟcĂncĞƌ�ĂcƟǀitǇ�ŽĨ�
thĞ�ƐĞŵiƐǇnthĞƟc�uƌƐĂnĞ�tƌitĞƌpĞnŽiĚƐ�
ĚĞƌiǀĂƟǀĞƐ� ŽĨ� ŵĂĚĞcĂƐƐic� ĂciĚ.��
tĞ� ƐǇnthĞƟǌĞĚ� Ă� ƐĞƌiĞƐ� ŽĨ� nŽǀĞl�
ŵĂĚĞcĂƐƐic�ĂciĚ�;D��Ϳ�ĚĞƌiǀĂƟǀĞƐ�ĂnĚ�
ƐcƌĞĞnĞĚ� thĞŵ� ĨŽƌ� ĂnƟtuŵŽƌ� ĂcƟǀitǇ�
against the NCI-60 cancer cell line panel. 
�lǌhĞiŵĞƌ Ɛ͛� ĚiƐĞĂƐĞ� iƐ� Ă� ƐĞǀĞƌĞ�
nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ� ĚiƐŽƌĚĞƌ� ĂnĚ�
ƐŽ� ĨĂƌ� thĞƌĞ� iƐ� nŽ� pƌĞǀĞnƟŽn�
Žƌ� tƌĞĂtŵĞnt� ŽĨ� thiƐ� ĚiƐŽƌĚĞƌ.�
Kuƌ� ŵĂin� ŐŽĂl� iƐ� thĞ� iĚĞnƟĮcĂƟŽn�
ŽĨ� nŽǀĞl� ĂnƟ-�lǌhĞiŵĞƌ Ɛ͛� ĂŐĞntƐ͕�
nĂŵĞlǇ� ŵŽlĞculĞƐ� tĂƌŐĞƟnŐ�
����ϭ͕� bǇ� cŽŵbininŐ� ĚiƐƟnct�
but� cŽŵplĞŵĞntĂƌǇ� ĂppƌŽĂchĞƐ.

DA/E�A�,/�s�D�Ed^

tĞ� ƐǇnthĞƟǌĞĚ� Ă� ƐĞƌiĞƐ� ŽĨ� nŽǀĞl�
ŵĂĚĞcĂƐƐic�ĂciĚ�;D��Ϳ�ĚĞƌiǀĂƟǀĞƐ�ĂnĚ�
ƐcƌĞĞnĞĚ� thĞŵ� ĨŽƌ� ĂnƟtuŵŽƌ� ĂcƟǀitǇ�
against the NCI-60 cancer cell line 
pĂnĞl.�^ŽŵĞ�ŽĨ�thĞ�tĞƐtĞĚ�cŽŵpŽunĚƐ͕�
ƐhŽǁĞĚ� hiŐh� ƐiŵilĂƌitǇ� in� thĞiƌ�
ƐĞlĞcƟǀitǇ� pĂttĞƌnƐ� ǁith� ƐiŐniĮcĂnt�
ŐƌŽǁth�inhibitŽƌǇ�ĂcƟǀitǇ�Ăt�nĂnŽŵŽlĂƌ�
cŽncĞntƌĂƟŽnƐ� ĨŽƌ� ϴϬй� ŽĨ� thĞ� tuŵŽƌ�
cĞllƐ� linĞƐ� hĂƌbŽƌinŐ� thĞ� �-ZĂĨsϲϬϬ��
ŵutĂƟŽn.�
^tƌuctuƌĞ-ĂcƟǀitǇ�ĂnĂlǇƐiƐ�ƌĞǀĞĂlĞĚ�thĂt�
a 5-membered A ring containing an 
Ă͕b-unƐĂtuƌĂtĞĚ� ĂlĚĞhǇĚĞ� ƐubƐƟtutĞĚ�
Ăt� �-Ϯϯ� ǁith� Ă� Ϯ-ĨuƌŽǇl� ŐƌŽup� ƐĞĞŵƐ�
tŽ�bĞ�cƌuciĂl�tŽ�pƌŽĚucĞ�thiƐ�pĂƌƟculĂƌ�
ŐƌŽǁth�inhibiƟŽn�ƐiŐnĂtuƌĞ.�
&ŽllŽǁ-up� ĂnĂlǇƐiƐ� ƌĞǀĞĂlĞĚ� thĂt�
thĞƐĞ� cŽŵpŽunĚƐ� cĂn� ĞīĞcƟǀĞlǇ�
inhibit� �Z<� cĂƐcĂĚĞ� ƐiŐnĂlinŐ� in�
�-ZĂĨsϲϬϬ�ŵutĂƟŽn� bĞĂƌinŐ� cĞll�
linĞƐ� bǇ� ƌĞĚucinŐ� ZĂĨ� pƌŽtĞin� lĞǀĞlƐ�
ĂnĚ͕� cŽnƐĞƋuĞntlǇ͕ � D�<� ĂnĚ� �Z<�
phŽƐphŽƌǇlĂƟŽn�ǁithŽut�ĂnǇ�ĞīĞct�Žn�
thĞiƌ�tŽtĂl�pƌŽtĞin�lĞǀĞlƐ.��K/:�ϭϬ.ϯϯϴϵ/

dhĞ�ǁŽƌŬ�plĂn�ƌĞŐĂƌĚinŐ�cŽŵputĂƟŽnĂl�
studies includes pharmacophore-
bĂƐĞĚ� ǀiƌtuĂl� ƐcƌĞĞninŐ� ĂnĚ�ŵŽlĞculĂƌ�
docking studies with the purposed 
in� iĚĞnƟĨǇinŐ� hitƐ� ĂcƟnŐ� ǁith� hiŐh�
ĂĸnitǇ�Žn�����ϭ�ĂcƟǀĞ�ƐitĞ�;ĂllŽǁinŐ�Ă�
ƌĞĚucƟŽn�in�thĞ�nuŵbĞƌ�ŽĨ�cŽŵpŽunĚƐ�
tŽ� ĞǀĂluĂtĞͿ͕� ĂnĚ� pƌĞĚicƟŽn� ŽĨ� in�
ƐilicŽ� phĂƌŵĂcŽŬinĞƟc� ;Ğ.Ő.͕� blŽŽĚ-
bƌĂin� bĂƌƌiĞƌ� ;���Ϳ� pĞƌŵĞĂƟŽnͿ� ĂnĚ�
tŽǆicitǇ� pƌŽpĞƌƟĞƐ� tŽ� ĂƐƐuƌĞ� ŽnlǇ�
the compounds with the suitable 
pƌŽĮlĞ� ǁill� bĞ� ĞǆpĞƌiŵĞntĂllǇ� tĞƐtĞĚ.�
dhĞ� biŽlŽŐicĂl� ĞǀĂluĂƟŽn� ĂiŵƐ� tŽ�
ĂƐƐĞƐƐ� thĞ� hitƐ� ����ϭ� inhibiƟŽn�
pŽtĞncǇ͕ � cĞllulĂƌ� tŽǆicitǇ� ĂnĚ� in�
ǀiǀŽ� ĞĸcĂcǇ� ŽĨ� thĞ� bĞƐt� cĂnĚiĚĂtĞ�
uƐinŐ� ĂniŵĂl� ŵŽĚĞlƐ� ŽĨ� thĞ� ĚiƐĞĂƐĞ.
�ĚĚiƟŽnĂlǇ� ǁĞ� ĂlƐŽ� ĨŽcuƐĞĚ� Žn�
thĞ� ĂnƟ->ĞiƐhŵĂniĂ� ĂcƟǀitǇ� ŽĨ� thĞ�
ƐǇnthĞƟc� cŽŵpŽunĚ͕� thĞ� ϰ-΀;Ϯ�Ϳ-

Eǲ-;Ϯ͕Ϯǲ-bithiĞnǇl-ϱ-ŵĞthǇlĞnĞͿhǇĚƌĂ-
ǌinĞcĂƌbŽnǇl΁-ϲ͕ϳ-ĚihǇĚƌŽ-ϭ-phĞnǇl-
ϭ,-pǇƌĂǌŽlŽ΀ϯ͕ϰ-Ě΁pǇƌiĚĂǌin-ϳ-ŽnĞ�;dϲͿ.
�īĞctƐ� Žn� thĞ� cĞll� cǇclĞ͕� ĂpŽptŽƐiƐ/
nĞcƌŽƐiƐ� ĞǀĞntƐ͕� ŵŽƌphŽlŽŐǇ� ĂnĚ�
�E�� intĞŐƌitǇ� ǁĞƌĞ� ĂlƐŽ� plĂnnĞĚ.
�nƟŵicƌŽbiĂl� ƌĞƐiƐtĂncĞ� iƐ� cŽnƐiĚĞƌĞĚ�
ŽnĞ�ŽĨ�thĞ�ŵĂũŽƌ�Wublic�,ĞĂlth�thƌĞĂtƐ�
nŽǁĂĚĂǇƐ͕� ǁith� ǀĞƌǇ� ĨĞǁ� thĞƌĂpĞuƟc�
ŽpƟŽnƐ�ĨŽƌ�thĞ�tƌĞĂtŵĞnt�ŽĨ�ŵulƟĚƌuŐ�
ƌĞƐiƐtĂnt� 'ƌĂŵ-nĞŐĂƟǀĞ� bĂctĞƌiĂ.�
dhĞƌĞĨŽƌĞ͕� it� iƐ� cƌuciĂl� tŽ� unĚĞƌƐtĂnĚ�
thĞ� ŵŽlĞculĂƌ� ĞpiĚĞŵiŽlŽŐǇ�
ĂnĚ� ŵĞchĂniƐƟc� ĚiƐƐĞŵinĂƟŽn�
ŽĨ� ĚƌuŐ� ƌĞƐiƐtĂncĞ� tŽ� ĚĞlinĞĂtĞ�
ĨuƌthĞƌ� ĮŐhƟnŐ� ĂppƌŽĂchĞƐ.�
tĞ� hĂǀĞ� ĨŽcuƐĞĚ� Žn� thĞ� bĞtĂ-
lĂctĂŵ� ƌĞƐiƐtĂncĞ� ĚiƐƐĞŵinĂƟŽn�
in Acinetobacter spp.  

ĨchĞŵ.ϮϬϭϴ.ϬϬϰϯϰ�
 
�ŽncĞƌninŐ� �lǌhĞiŵĞƌ Ɛ͛� ĚiƐĞĂƐĞ͕�
molecular modeling studies allowed 
to gain new insights into the structural 
ĨĞĂtuƌĞƐ� ŽĨ� ����ϭ� ĂnĚ� thĞ� ŐĞnĞƌĂƟŽn�
ĂnĚ� ǀĂliĚĂƟŽn� ŽĨ� ƐtƌuctuƌĞ-bĂƐĞĚ� ĂnĚ�
ligand-based pharmacophore models 
ĨŽllŽǁĞĚ� tǁŽ� ƌĂƟŽnĂl� ƐtƌĂtĞŐiĞƐ�ʹ�ŽnĞ�
ƌĞpƌĞƐĞntƐ� thĞ� ĞƐƐĞnƟĂl� intĞƌĂcƟŽnƐ�
ŽĨ� ����ϭ-liŐĂnĚ� cŽŵplĞǆĞƐ� ĂnĚ� thĞ�
ŽthĞƌ�ǁĂƐ�bĂƐĞĚ�Žn�ƐtƌuctuƌĂllǇ�ĚiǀĞƌƐĞ�
chĞŵicĂlƐ� ŽĨ� ŬnŽǁn� pŽtĞnt� ����ϭ�
inhibitors. 
dhĞƐĞ� phĂƌŵĂcŽphŽƌĞ� hǇpŽthĞƐĞƐ�
ǁĞƌĞ� ǀĂliĚĂtĞĚ� thƌŽuŐh� ƐtĂƟƐƟcĂl�
pĂƌĂŵĞtĞƌƐ�ĂnĚ�thĞn�uƐĞĚ�tŽ�ĂccuƌĂtĞlǇ�
screen large druglike compound 
databases. 
dhĞ� ƌĞtƌiĞǀĞĚ� hitƐ� ǁĞƌĞ� ĮltĞƌĞĚ� tŽ�
pƌĞĚict� thĞiƌ� ĂbilitǇ� tŽ� cƌŽƐƐ� thĞ� ����
and molecular docking enabled the 
ƐĞlĞcƟŽn�ŽĨ� thĞ�bĞƐt� cĂnĚiĚĂtĞƐ� ĨŽƌ� in�
ǀitƌŽ� ƐcƌĞĞninŐ� ĂƐƐĂǇ.� >ĂƐtlǇ͕ � cĞll-ĨƌĞĞ�
ĂƐƐĂǇƐ�iĚĞnƟĮĞĚ�Ă�cŽllĞcƟŽn�ŽĨ�nĞǁ�

and desirable hits that modulate 
����ϭ� ĂcƟǀitǇ� Ăt� thĞ� ŵicƌŽŵŽlĂƌ�
lĞǀĞl.� ĚŽi:� ϭϬ.ϯϯϴϵ/ĨchĞŵ.ϮϬϭϴ.ϬϬϭϳϴ�
ĂnĚ� ƌĞƐultƐ� unĚĞƌ� publicĂƟŽn.� 
 
dhĞ� ƐǇnthĞƟc� cŽŵpŽunĚ͕� thĞ� ϰ-΀;Ϯ�Ϳ-
Eǭ-;Ϯ͕Ϯǭ-bithiĞnǇl-ϱ-ŵĞthǇlĞnĞͿ� hǇĚƌĂ-
ǌinĞcĂƌbŽnǇl΁-ϲ͕ϳ-ĚihǇĚƌŽ-ϭ-phĞnǇl-
ϭ,-pǇƌĂǌŽlŽ΀ϯ͕ϰ-Ě΁pǇƌiĚĂǌin-ϳ-ŽnĞ� ;dϲͿ�
and T6 encapsulated in glucan-rich 
pĂƌƟclĞƐ͕� ŵĂinlǇ� cŽŵpŽƐĞĚ� bǇ� thĞ�
cĞll� ǁĂll� ŽĨ� ^ĂcchĂƌŽŵǇcĞƐ� cĞƌĞǀiƐiĂĞ�
;'WƐͿ͕�ƐhŽǁĞĚ�ĂnƟ-pĂƌĂƐiƟc�ĂcƟǀitǇ�Žn��
>ĞiƐhŵĂniĂ�inĨĂntuŵ.
dhĞ� ĂcƟǀitǇ� ŽĨ� dϲ� ǁĂƐ� chĂƌĂctĞƌiǌĞĚ�
bǇ� ĞǀĞntƐ� ŽĨ� cĞll� ĚĞĂth� bǇ� ĂpŽptŽƐiƐ�
liŬĞ� incƌĞĂƐĞĚ� ZK^� pƌŽĚucƟŽn͕� cĞll�
ƐhƌinŬĂŐĞ͕�phŽƐphĂƟĚǇlƐĞƌinĞ�ĞǆpŽƐuƌĞ�
ĂnĚ��E��ĨƌĂŐŵĞntĂƟŽn.�
tĞ�cŽncluĚĞ�thĂt�dϲ�cĂn�bĞ�cŽnƐiĚĞƌĞĚ�
Ă� pƌŽŵiƐinŐ� ĂnƟ->ĞiƐhŵĂniĂ�
cŽŵpŽunĚ͕�ĂnĚ�thĂt�thĞ�uƐĞ�ŽĨ�'WƐ�ĨŽƌ�
ĚƌuŐ� ĞncĂpƐulĂƟŽn� iƐ� Ăn� intĞƌĞƐƟnŐ�
ĂppƌŽĂch� tŽ� thĞ� ĚĞǀĞlŽpŵĞnt� ŽĨ� nĞǁ�
ĞīĞcƟǀĞ�ĂnĚ�lĞƐƐ�tŽǆic�ĨŽƌŵulĂƟŽnƐ.



ϱϬ

ĞīĞcƟǀĞ� ĂnĚ� lĞƐƐ� tŽǆic� ĨŽƌŵulĂƟŽnƐ�
;/ntĞƌnĂƟŽnĂl� :ŽuƌnĂl� ŽĨ� �iŽlŽŐicĂl�
DĂcƌŽŵŽlĞculĞƐ.� ϭϭϵ:� ϭϮϲϰ-
ϭϮϳϱ.� httpƐ://ĚŽi.ŽƌŐ/ϭϬ.ϭϬϭϲ/ũ.
iũbiŽŵĂc.ϮϬϭϴ.Ϭϴ.ϬϭϵͿ.�tĞ�ĂlƐŽ�ƐhŽǁĞĚ�
thĂt�ŽĨ�ŐlǇcŽĂlŬĂlŽiĚƐ�;�ƌĂǌiliĂn�:ŽuƌnĂl�
ŽĨ�WhĂƌŵĂcŽŐnŽƐǇ�Ϯϴ͕�ϲϳϯ-ϲϳϳ�httpƐ://
ĚŽi.ŽƌŐ/ϭϬ.ϭϬϭϲ/ũ.bũp.ϮϬϭϴ.Ϭϳ.ϬϬϴͿ�
ĂnĚ� >ĂǀĂnĚulĂ� ĞǆtƌĂctƐ� hĂĚ� ĂcƟǀitǇ�
ĂŐĂinƐt� >ĞiƐhŵĂniĂ� ;�ppliĞĚ� ^ciĞncĞƐ�
ϵ;ϭϱͿ:ϯϬϱϲ.�ĚŽi:�ϭϬ.ϯϯϵϬ/ĂppϵϭϱϯϬϱϲͿ.�
In A. baumannii, 

ǁĞ�hĂǀĞ�ĚĞtĞctĞĚ�thĞ�blĂE�D-ϭ�ŐĞnĞ͕�
encoding an emerging carbapenemase, 
ĨŽƌ� thĞ� ĮƌƐt� ƟŵĞ� in� thĞ� duniƐiĂn�
tĞƌƌitŽƌǇ͕ � ĂƐ�ǁĞll� ĂƐ� Ă� hiŐh� pƌĞǀĂlĞncĞ�
ŽĨ� thĞ� blĂKy�-Ϯϯ� ŐĞnĞ͖� ƌĞnĚĞƌinŐ�
bĞtĂ-lĂctĂŵƐ� inĞīĞcƟǀĞ� ĂŐĂinƐt� thĞƐĞ�
strains. 
/n� WŽƌtuŐĂl͕� it� ǁĂƐ� ĨŽunĚ� ĂnŽthĞƌ�
cĂƌbĂpĞnĂŵĂƐĞ͕� <W�-ϯ͕� in� Ă� ƐtƌĂin�
ƌĞƐiƐtĂnt�tŽ�thĞ�lĂƐt�thĞƌĂpĞuƟc�ŽpƟŽnƐ�
cŽliƐƟn�ĂnĚ�ƟŐĞcǇclinĞ�;pĂn-ƌĞƐiƐtĂntͿ.
�ll�thĞƐĞ�ŐĞnĞƐ�hĂǀĞ�thĞ�pŽtĞnƟĂl

tŽ� ƐpƌĞĂĚ� ĂƐ� ĚĞŵŽnƐtƌĂtĞĚ� in� ǀitƌŽ.�
DŽƌĞŽǀĞƌ͕ � ǁĞ� ĨŽunĚ� thĂtnĂtuƌĂl�
tƌĂnƐĨŽƌŵĂƟŽn͕� Ăn� unĞǆplŽƌĞĚ�
hŽƌiǌŽntĂl� ŐĞnĞ� tƌĂnƐĨĞƌ� ŵĞchĂniƐŵ͕�
plĂǇ�Ă�ƌŽlĞ�in�thĞ�ĚiƐƐĞŵinĂƟŽn�ŽĨ�nŽn-
ƌĞƐiƐtĂncĞ� cŽĚinŐ� ŐĞnĞƟc� ĞlĞŵĞntƐ�
;inƐĞƌƟŽn�ƐĞƋuĞncĞƐͿ�bǇ�chƌŽŵŽƐŽŵĂl�
ƌĞcŽŵbinĂƟŽn� thĂt� lĞĂĚ� tŽ� chĂnŐĞƐ�
in� thĞ� ƐuƐcĞpƟbilitǇ� pƌŽĮlĞ� tŽ� thiƌĚ-
ŐĞnĞƌĂƟŽn� cĞphĂlŽƐpŽƌinƐ� in� �.�
baumannii.



ϱϭ

DŝĐƌŽďŝŽůŽŐǇ�ŽĨ��ǆƚƌĞŵĞ��ŶǀŝƌŽŶŵĞŶƚƐ�ͮ��;Head: Milton CostaͿ

K�:��d/s�^

ϭͿ� �ŽnƟnuĞĚ� ƐtuĚiĞƐ� Žn� thĞ�
ŵĞchĂniƐŵƐ� inǀŽlǀĞĚ� in� ƐtƌĞƐƐ�
ĂĚĂptĂƟŽn� ŽĨ� thĞƌŵŽphilic͕�
hĂlŽphilic� ĂnĚ� ĚĞƐiccĂƟŽn-ƌĞƐiƐtĂnt�
bĂctĞƌiĂ� ĂnĚ� ĂlƐŽ� in� ŵĞŵbĞƌƐ� ŽĨ�
thĞ� WlĂnctŽŵǇcĞtĞƐ͕� Ăn� unuƐuĂl�
ĚĞĞp-ƌŽŽtĞĚ� linĞĂŐĞ� ŽĨ� bĂctĞƌiĂ.
ϮͿ� dŽ� iĚĞnƟĨǇ� nĞǁ�
cŽŵpĂƟblĞ� ƐŽlutĞƐ� ĂnĚ� ĞluciĚĂtĞ�
thĞiƌ� biŽƐǇnthĞƟc� pĂthǁĂǇƐ� ĂnĚ�
their role in stress tolerance.

DA/E�A�,/�s�D�Ed^

3) To isolate and characterize 
nŽǀĞl� ŽƌŐĂniƐŵƐ� ĨƌŽŵ� ĞǆtƌĞŵĞ�
ĞnǀiƌŽnŵĞntƐ� ĨŽƌ� bĂƐic� ƐtuĚiĞƐ� ĂnĚ�
ĨŽƌ� thĞiƌ� biŽtĞchnŽlŽŐicĂl� pŽtĞnƟĂl.
ϰͿ� DĞtĂŐĞnŽŵicƐ� ŽĨ� ĞǆtƌĞŵĞ�
ĞnǀiƌŽnŵĞntƐ� in� WŽƌtuŐĂl͕� nĂŵĞlǇ�
hot springs, salt mines and solar 
ĞǆpŽƐĞĚ� ƌŽcŬ� ƐuƌĨĂcĞƐ� tŽ� lŽŽŬ� ĨŽƌ�
ĞnǌǇŵĞƐ� inǀŽlǀĞĚ� in� thĞ� ĚĞŐƌĂĚĂƟŽn�
ŽĨ� plĂƐƟcƐ͕� ǁŽŽĚ� pƌŽĚuctƐ� Ɛuch�
ĂƐ� cĞllulĂƐĞ͕� liŐnin� ĂnĚ� ǆǇlĂn.�

� ϱͿ� dŽ� unƌĂǀĞl� thĞ� ŵicƌŽbiĂl� ĚiǀĞƌƐitǇ�
ĂnĚ� cŽŵŵunitǇ� ƐtƌuctuƌĞ� ŽĨ� Ă� ĚĞĞp�
ŵinĞƌĂl� ǁĂtĞƌ� ĂƋuiĨĞƌ� ĂnĚ� thĞ�
bŽttlĞĚ� ǁĂtĞƌ� pƌŽĚucĞĚ� ĨƌŽŵ� ƐĂiĚ�
ǁĂtĞƌ� uƐinŐ� ŵĂƐƐiǀĞlǇ� pĂƌĂllĞl� ϰϱϰ�
pǇƌŽƐĞƋuĞncinŐ� ŽĨ� thĞ� ϭϲ^� ƌZE��
ŐĞnĞ͕� �''�͕� &/^,� ĂnĚ� culƟǀĂƟŽn.�

ϭ.�ZĞcĞnt�ƌĞƐĞĂƌch�lĞĚ�tŽ�thĞ�ĚĞƐcƌipƟŽn�
ŽĨ� nĞǁ� bĂctĞƌiĂ� ĂnĚ� ĂƌchĂĞĂ� ĨƌŽŵ�
ĞǆtƌĞŵĞ� ĞnǀiƌŽnŵĞntƐ� ǁith� thĞ�
puƌpŽƐĞ�ŽĨ�ĮnĚinŐ�nĞǁ�ŽƌŐĂniƐŵƐ�thĂt�
hĂǀĞ�biŽtĞchnŽlŽŐicĂl�pŽtĞnƟĂl.�
dhĞƐĞ�ŽƌŐĂniƐŵƐ�hĂǀĞ�ĚiīĞƌĞnt�ŽƌiŐinƐ�
that also contribute to our knowledge 
ŽĨ� ŵicƌŽbiĂl� ĚiǀĞƌƐitǇ� ĂnĚ� thĞiƌ�
ŵĞtĂbŽlic� ĂnĚ� biŽƐǇnthĞƟc� pƌŽcĞƐƐĞƐ.�
dhĞ� ŐĞnŽŵĞƐ� ƐĞƋuĞncĞ� ĂnĂlǇƐiƐ� ŽĨ�
ŽǀĞƌ�ϮϬ�ŐĞnŽŵĞƐ�hĂƐ�bĞĞn�thĞ�ƐŽuƌcĞ�
ŽĨ� ŐĞnĞƐ� thĂt� hĂǀĞ� biŽtĞchnŽlŽŐicĂl�
pŽtĞnƟĂl.�

Ϯ.� tĞ� ĞŵbĂƌŬĞĚ� Žn� Ăn� ĞǆtĞnƐiǀĞ�
ƐtuĚǇ� Žn� thĞ� biŽĚiǀĞƌƐitǇ� ŽĨ� ƐĞǀĞƌĂl�
geothermal areas in Portugal using 
in� Ɛitu� ĞǆĂŵinĂƟŽn� ŽĨ� ϭϲ^� ƌZE�� ŐĞnĞ�
ƐĞƋuĞncĞƐ�ĂƐ�Ă�ŵŽĚĞƌn�ĂƐƐĞƐƐŵĞnt�ŽĨ�
biŽĚiǀĞƌƐitǇ.� /t� iƐ� ǁĞll� ŬnŽǁn� thĂt� thiƐ�
ŵĞthŽĚŽlŽŐǇ� pƌŽĚucĞƐ� Ăn� ĞǆtƌĞŵĞlǇ�
ŐŽŽĚ� pictuƌĞ� ŽĨ� thĞ� biŽĚiǀĞƌƐitǇ� ƐincĞ�
thĞ� ǀĂƐt�ŵĂũŽƌitǇ�ŽĨ�ŽƌŐĂniƐŵƐ� cĂnnŽt�
be isolated in culture.

ϯ.�tĞ�ĂlƐŽ�cŽnƟnuĞĚ�Žuƌ�ƐtuĚiĞƐ�ŽĨ�thĞ�
iĚĞnƟĮcĂƟŽn�ĂnĚ

ĨuncƟŽn� ŽĨ� cŽŵpĂƟblĞ� ƐŽlutĞƐ�
iƐŽlĂtĞĚ� ĨƌŽŵ� ĞǆtƌĞŵŽphilic�
ŽƌŐĂniƐŵƐ͕� nĂŵĞlǇ� ƐliŐhtlǇ� hĂlŽphilic�
thĞƌŵŽphilĞƐ͕� ĂƐ� ǁĞll� ĂƐ� ĞǆtƌĞŵĞlǇ�
ƌĂĚiĂƟŽn� ƌĞƐiƐtĂnt� ŽƌŐĂniƐŵƐ.� dhĞƐĞ�
ƐtuĚiĞƐ� lĞĚ� tŽ� thĞ� iĚĞnƟĮcĂƟŽn� ŽĨ�
Ă� nĞǁ� cŽŵpĂƟblĞ� ƐŽlutĞ͕� ;ϮZͿ-Ϯ-
;ϭ-K-ɲ-�-ŵĂnnŽpǇƌĂnŽƐǇlͿ -ϯ-;ϭ-
K-ɲ-�-ŐlucŽpǇƌĂnŽƐǇlͿ-�-ŐlǇcĞƌĂtĞ�
;D'lǇ'.� 'ĞnĞƐ� ǁith� hiŐh� iĚĞnƟtǇ�
tŽ� thŽƐĞ� lĞĂĚinŐ� tŽ� thĞ� ƐǇnthĞƐiƐ� ŽĨ�
ŐlucŽƐǇlŐlǇcĞƌĂtĞ�ĂnĚ�ŐlucŽƐǇlŐǇcĞƌŽl.
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dhĞ� lŽnŐ-tĞƌŵ� ŐŽĂl� ŽĨ� Žuƌ� ŐƌŽup� iƐ� tŽ�
cŽntƌibutĞ�tŽ�Ă�bĞttĞƌ�unĚĞƌƐtĂnĚinŐ�ŽĨ�
thĞ�ŵŽlĞculĂƌ�ŵĞchĂniƐŵƐ�ŽĨ�ŵicƌŽbiĂl�
pĂthŽŐĞnicitǇ� ĂnĚ� ĨĂcilitĂtĞ� thĞ�
iĚĞnƟĮcĂƟŽn�ŽĨ�nĞǁ�ĨĂctŽƌƐ/ŵŽlĞculĂƌ�
pĂthǁĂǇƐ� thĂt� ŵĂǇ� cŽnƐƟtutĞ�
pĂthŽŐĞn-� Žƌ� hŽƐt-ĚiƌĞctĞĚ� tĂƌŐĞtƐ� ĨŽƌ�
thĞƌĂpĞuƟc� intĞƌǀĞnƟŽn.� Kuƌ� cuƌƌĞnt�
research interests can be summarized 
in�thĞ�ĨŽllŽǁinŐ�ƐtƌĂnĚƐ:
iͿ�^tuĚǇ�ŽĨ�pƌŽtĞŽlǇƐiƐ�ĂnĚ�pƌŽtĞŽƐtĂƐiƐ�
in� thĞ� cŽntĞǆt� ŽĨ� inĨĞcƟŽn͕� bŽth� Žn�
thĞ� ƌĞlĞǀĂncĞ� ŽĨ� thĞƐĞ� ŵĞchĂniƐŵƐ�
ĨŽƌ� bĂctĞƌiĂl� pĂthŽŐĞnĞƐiƐ� ĂnĚ� ĨŽƌ�
ŵŽĚulĂƟnŐ�hŽƐt-pĂthŽŐĞn�intĞƌĂcƟŽnƐ.�

Kuƌ� ŵĂin� ǁŽƌŬinŐ� ŵŽĚĞl� iƐ� ^pŽttĞĚ�
&ĞǀĞƌ�'ƌŽup�;^&'Ϳ�ZicŬĞttƐiĂ.
iiͿ� hnĚĞƌƐtĂnĚ� thĞ� ŵŽlĞculĂƌ�
ŵĞchĂniƐŵƐ� thĂt� ĚĞĮnĞ� ƐpĞciĞƐ-
ƐpĞciĮc� pĂttĞƌnƐ� ŽĨ� ^&'� ZicŬĞttƐiĂ�
cĞllulĂƌ�tƌŽpiƐŵ�ĂnĚ�thĞiƌ�ƌĞlĞǀĂncĞ�ĨŽƌ�
ƌicŬĞttƐiĂl�pĂthŽŐĞnĞƐiƐ.���������������������������������
iiiͿ� /ĚĞnƟĮcĂƟŽn� ŽĨ� bĂctĞƌiĂl� ǀiƌulĞncĞ�
pƌŽtĞinƐ� ;Ğ.Ő.� ƐuƌĨĂcĞ-ĞǆpŽƐĞĚ�
ŵĞŵbƌĂnĞ� pƌŽtĞinƐͿ� ƐuƐcĞpƟblĞ� ŽĨ�
ĂnƟbŽĚǇ-bĂƐĞĚ� tĂƌŐĞƟnŐ� ƐtƌĂtĞŐiĞƐ͕�
ĨŽƌ� bŽth� ƐtƌuctuƌĂl� ĂnĚ� ĨuncƟŽnĂl�
chĂƌĂctĞƌiǌĂƟŽn� ĂnĚ/Žƌ� ulƟŵĂtĞ�
thĞƌĂpĞuƟc�intĞƌǀĞnƟŽn.

/n�Ă�pĂƌĂllĞl�ƐtƌĂnĚ�ǁĞ�Ăiŵ�tŽ:
iǀͿ� �ŽnƟnuĞ� ĞǆplŽƌinŐ� thĞ� ĨuncƟŽnĂl�
ĂnĚ� biŽtĞchnŽlŽŐicĂl� ĂƐpĞctƐ� ŽĨ� plĂnt�
;ĂƐpĂƌƟcͿ�pƌŽtĞĂƐĞƐ.

These research programs combine 
ĚiǀĞƌƐĞ� ŵĞthŽĚŽlŽŐiĞƐ� ĨƌŽŵ� cĞll�
biŽlŽŐǇ͕ � ƐtƌuctuƌĂl� ĂnĚ� ŵŽlĞculĂƌ�
biŽlŽŐǇ͕ � ƌĞcŽŵbinĂnt� �E�� tĞchnŽlŽŐǇ�
ĂnĚ� hĞtĞƌŽlŽŐŽuƐ� pƌŽtĞin� pƌŽĚucƟŽn͕�
biŽchĞŵicĂl� ĂnĚ� biŽphǇƐicĂl� pƌŽtĞin�
chĂƌĂctĞƌiǌĂƟŽn͕� pƌŽtĞin� chĞŵiƐtƌǇ͕ �
cŽŵplĞŵĞntĞĚ� ǁith� ǀĂƌiŽuƐ� ƐǇƐtĞŵ-
ǁiĚĞ�ƋuĂnƟtĂƟǀĞ�ĂppƌŽĂchĞƐ.

Novel	anti-
infectives	

Identification	of	
new	pathogen- or	
host-directed	
therapeutic	

targets

Development	of	
new		biological	

drugs	for	
immunotherapies
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ϭͿ� /ĚĞnƟĮcĂƟŽn� ŽĨ� bĂctĞƌiĂl� ĂnĚ� hŽƐt�
ĨĂctŽƌƐ� ƌĞƋuiƌĞĚ� ĨŽƌ� thĞ� ĚiīĞƌĞnt�
intƌĂcĞllulĂƌ� ĨĂtĞ� ŽĨ� pĂthŽŐĞnic� ǀĞƌƐuƐ�
nŽn-pĂthŽŐĞnic�ƐpĞciĞƐ�ŽĨ�ZicŬĞttƐiĂ�in�
macrophage-like cells

ͻ�tĞ�puƌƐuĞĚ�ǁith�ƐtuĚiĞƐ�tŽ�unĚĞƌƐtĂnĚ�
in� ĚĞtĂil� thĞ� ƌŽlĞ� ŽĨ� ŵĂcƌŽphĂŐĞƐ�
in� ƌicŬĞttƐiĂl� pĂthŽŐĞnĞƐiƐ.� hnĚĞƌ�
thĞ� cŽllĂbŽƌĂƟǀĞ� pƌŽũĞct� ǁith� �ƌ.�
:uĂn� DĂƌƟnĞǌ� ;>^h͕� h^�Ϳ͕� ǁĞ� hĂǀĞ�
ĞǀĂluĂtĞĚ� ĞĂƌlǇ� hŽƐt� tƌĂnƐcƌiptŽŵic�
ƌĞƐpŽnƐĞƐ�bǇ�ZE�ƐĞƋ�;Ăt�ŽnĞ�hpiͿ�ĂnĚ�
pƌŽtĞŽŵĞ�ƐiŐnĂtuƌĞƐ�bǇ�^t�d,-D^�;Ăt�
Ϯϰ�hpiͿ�ŽĨ�d,W-ϭ�ŵĂcƌŽphĂŐĞƐ�inĨĞctĞĚ�
with R. conorii and R. montanensis. 
dhĞƐĞ�ƌĞƐultƐ�pƌŽǀiĚĞ�thĞ�ĮƌƐt�ĞǀiĚĞncĞ�
ĨŽƌ� Ă� ƐubƐtĂnƟĂl� ƌĞpƌŽŐƌĂŵŵinŐ� ĂnĚ�
ŵĞchĂniƐƟc� ĚiīĞƌĞncĞƐ� bĞtǁĞĞn�
ZicŬĞttƐiĂ-ŵĂcƌŽphĂŐĞ-tƌŽpic� ǀƐ.� nŽn-
tƌŽpic� phĞnŽtǇpĞƐ� ;tǁŽ� ŵĂnuƐcƌiptƐ�
ƐubŵittĞĚͿ.

ϮͿ� �ĞǀĞlŽpŵĞnt� ŽĨ� Ă� cŽƌĞ� plĂƞŽƌŵ�
ƐpĞciĂliǌĞĚ�Žn�ĂnƟbŽĚǇ-bĂƐĞĚ�pƌŽĚuctƐ�
ĂnĚ�ƐĞƌǀicĞƐ�

ͻ� tĞ� hĂǀĞ� cŽnƟnuĞĚ� thĞ�
iŵplĞŵĞntĂƟŽn� ĂnĚ� pƌŽŵŽƟŽn� ŽĨ�
Ă� uniƋuĞ� tĞchnŽlŽŐicĂl� plĂƞŽƌŵ�
ĨŽƌ� pƌŽĚucƟŽn� ŽĨ� ĂnƟbŽĚiĞƐ� in�
ĂǀiĂn�ŵŽĚĞlƐ�;Ğ.Ő.�chicŬĞn͕�ƋuĂilƐͿ͖�
thĞ� plĂƞŽƌŵ� ƐuppŽƌtƐ� ĂnƟbŽĚǇ�
ĚiƐcŽǀĞƌǇ� cĂŵpĂiŐnƐ� ĂŐĂinƐt�
ŵulƟplĞ� tĂƌŐĞtƐ� ŽĨ� intĞƌĞƐt� ;ĨƌŽŵ�
microbial to human ones) and will 
ulƟŵĂtĞlǇ�ĞnĂblĞ�thĞ�ĚĞǀĞlŽpŵĞnt�
ŽĨ� nŽǀĞl� iŵŵunŽthĞƌĂpiĞƐ� ĂnĚ�
immunoresearch tools. 
dhĞ� cŽƌĞ� ŽĨ� thĞ� ĂnƟbŽĚǇ�
tĞchnŽlŽŐicĂl� plĂƞŽƌŵ� iƐ� thĞ�
�E�� �ǀiĂn� dĞchnŽlŽŐicĂl� hnit͕� Ă�
unique animal research unit also 
iŵplĞŵĞntĞĚ� bǇ� thĞ� ŐƌŽup� ĂnĚ�
ĨullǇ� ĚĞĚicĂtĞĚ� tŽ� ĞǆplŽit� biƌĚƐ� ĂƐ�
biŽƌĞĂctŽƌƐ.� dhĞ� ĂǀiĂn� unit� iƐ� ĂlƐŽ�
thĞ�ŽnlǇ�ŽnĞ�ŽĨ�itƐ�ŬinĚ�in�WŽƌtuŐĂl.�
KĨ� nŽtĞ� iƐ� thĞ� ĚĞǀĞlŽpŵĞnt� ŽĨ�
pƌŽpƌiĞtĂƌǇ� hŽuƐinŐ� ƐǇƐtĞŵƐ� ĨŽƌ�
ĞŐŐ-lĂǇinŐ� �Žtuƌniǆ� ũĂpŽnicĂ�
ŵŽĚĞl� hŽƐtƐ� ;/ntĞƌnĂƟŽnĂl� WĂtĞnt�
�pplicĂƟŽn�ƐubŵittĞĚͿ͕�thĂt�ĞnĂblĞ�
cŽƌĞ�ZΘ��ĂcƟǀiƟĞƐ.

ϯͿ� �iŽchĞŵiƐtƌǇ͕ � biŽlŽŐǇ� ĂnĚ�
biŽtĞchnŽlŽŐǇ�pŽtĞnƟĂl�ŽĨ�plĂnt��WƐ

ͻ�dŽ�Ăiŵ�Ăt�ĚĞǀĞlŽpinŐ�ŵŽƌĞ�ĞīĞcƟǀĞ�
ƐŽluƟŽnƐ� ǁith� pŽtĞnƟĂl� ĨŽƌ�
ƐcĂlĂbilitǇ� ŽĨ� pƌŽĚucƟŽn� ĂnĚ�
cŽŵŵĞƌciĂl� ĂpplicĂƟŽn͕� ƐĞǀĞƌĂl�
ƐtƌĂtĞŐiĞƐ�hĂǀĞ�bĞĞn�unĚĞƌtĂŬĞn�in�
ŵŽƌĞ�ƌĞcĞnt�ǇĞĂƌƐ�tŽ�ĞƐtĂbliƐh�nĞǁ�
cardoon-based rennets. 
dhiƐ� ƌĞǀiĞǁ� pƌŽǀiĚĞƐ� Ăn� ŽǀĞƌǀiĞǁ�
Žn�thĞƐĞ�ĚĞǀĞlŽpŵĞntƐ�ĂnĚ�Žn�thĞ�
cuƌƌĞntlǇ�ĂǀĂilĂblĞ�ƐŽluƟŽnƐ͕�ǁhich�
ƌĂnŐĞ�ĨƌŽŵ�pƌŽĚucinŐ�ƐtĂnĚĂƌĚiǌĞĚ�
ĨŽƌŵulĂƟŽnƐ� ŽĨ� nĂƟǀĞ� cĂƌĚŽŽn�
ĞnǌǇŵĞƐ͕� tŽ� thĞ� ŽpƟŵiǌĂƟŽn� ŽĨ�
thĞ� hĞtĞƌŽlŽŐŽuƐ� pƌŽĚucƟŽn� ŽĨ�
cĂƌĚŽƐinƐ�ĂnĚ�cǇpƌŽƐinƐ�tŽ�ŐĞnĞƌĂtĞ�
ƐǇnthĞƟc� ǀĞƌƐiŽnƐ� ŽĨ� thĞƐĞ� ŵilŬ-
clŽƫnŐ� ĞnǌǇŵĞƐ.� �lŵĞiĚĂ� �.D.� Θ�
^iŵƁĞƐ� /.� ;ϮϬϭϴͿ� �ĂƌĚŽŽn-bĂƐĞĚ�
ƌĞnnĞtƐ�ĨŽƌ�chĞĞƐĞ�pƌŽĚucƟŽn.��ppl�
DicƌŽbiŽl� �iŽtĞchnŽl.� httpƐ://ĚŽi.
ŽƌŐ/ϭϬ.ϭϬϬϳ/ƐϬϬϮϱϯ-Ϭϭϴ-ϵϬϯϮ-ϯ

ͻ� � � � � �inĂƌǇ� blĞnĚƐ� ŽĨ� ^.� ŵĂƌiĂnuŵʹ
ŇŽǁĞƌ� ĞǆtƌĂct� ĂnĚ� chǇŵŽƐin͕�
ĂƐ� cŽĂŐulĂnt� pƌĞpĂƌĂƟŽnƐ͕�
ĞnĂblĞĚ� thĞ� ŵĂnuĨĂctuƌĞ� ŽĨ�
ŵiniĂtuƌĞ� chĞĞƐĞƐ� ǁith� ĚiƐƟncƟǀĞ�
chĂƌĂctĞƌiƐƟcƐ� cŽŵpĂƌĞĚ� tŽ� thŽƐĞ�
ŽĨ�chǇŵŽƐin-ƌĞnnĞtĞĚ�chĞĞƐĞƐ.�
dhĞ� phǇƐicŽchĞŵicĂl� pĂƌĂŵĞtĞƌƐ͕�
ƐĞnƐŽƌǇ� ĂttƌibutĞƐ� ŽĨ� thĞ�
chĞĞƐĞƐ͕� ĂnĚ� in-ǀitƌŽ� ǁĂtĞƌ-
ƐŽlublĞ� ĂnƟŽǆiĚĂnt� ĂcƟǀitǇ� ǁĞƌĞ�
ĂnĂlǇǌĞĚ� ĂnĚ� cŽŵpĂƌĞĚ� tŽ� thŽƐĞ�
pƌŽpĞƌƟĞƐ� ŽbtĂinĞĚ� ĨƌŽŵ� cŽntƌŽl�
chǇŵŽƐin-ƌĞnnĞtĞĚ� chĞĞƐĞƐ.�
^.� ŵĂƌiĂnuŵʹŇŽǁĞƌ� ĞǆtƌĂct͕�
ĂƐ� Ă� ƐŽuƌcĞ� ŽĨ� pĞpƟĚĂƐĞ� ǁith�
ĚiƐƟncƟǀĞ� chĂƌĂctĞƌiƐƟcƐ͕� iƐ� Ă�
ƐuitĂblĞ� ƐubƐƟtutĞ� ĨŽƌ� chǇŵŽƐin�
in� ŵiniĂtuƌĞ-chĞĞƐĞ� pƌŽĚucƟŽn.�
dhĞ� ĂĚĚiƟŽn� ŽĨ� ǀĞŐĞtĂblĞ� ƌĞnnĞt�
cŽntƌibutĞĚ� tŽ� thĞ� ĚĞǀĞlŽpŵĞnt�
ŽĨ�Ăn�intĞnƐĞ�ĂƌŽŵĂ�ĂnĚ�cŽnĨĞƌƌĞĚ�
ĂnƟŽǆiĚĂnt� ĂcƟǀitǇ� tŽ� thĞ� chĞĞƐĞƐ�
ĂnĚ� ǁhĞǇƐ.� �ŽlŽŵbŽ� D.>.͕� Ğt� Ăl.�
(2018) Miniature cheeses made 
ǁith� blĞnĚƐ� ŽĨ� chǇŵŽƐin� ĂnĚ� Ă�
ǀĞŐĞtĂblĞ�ƌĞnnĞt�ĨƌŽŵ�ŇŽǁĞƌƐ

ŽĨ� ^ilǇbuŵ� ŵĂƌiĂnuŵ:� �nǌǇŵĂƟc�
chĂƌĂctĞƌiǌĂƟŽn� ŽĨ� thĞ� ŇŽǁĞƌ-
cŽĂŐulĂnt� pĞpƟĚĂƐĞ.� &ŽŽĚ�
�hĞŵiƐtƌǇ�EŽǀ�ϭϱ͖Ϯϲϲ:ϮϮϯ-Ϯϯϭ.

ͻ� ^iǆ� inĚiǀiĚuĂl� cĂƌĚŽŽn�
ŐĞnŽtǇpĞƐ;ϭDʹϲDͿ� ǁĞƌĞ� ƐĞlĞctĞĚ�
based on a wide and consistent 
ĚiǀĞƌƐitǇ� ŽĨ� tŽtĂl� ĂnĚ� ƐpĞciĮc�
cĂƌĚŽƐin�cŽncĞntƌĂƟŽnƐ�in�ŇŽǁĞƌƐ.�
During three growing seasons, 
thĞ� ƐtĂbilitǇ� ŽĨ� ϭϮ� biŽchĞŵicĂl�
chĂƌĂctĞƌiƐƟcƐ� ŽĨ� ŇŽǁĞƌ� ĞǆtƌĂctƐ�
and 26 plant morphological 
ĚĞƐcƌiptŽƌƐ�ǁĂƐ�cŽnĮƌŵĞĚ.�
dhĞ� cĂƌĚŽƐin� pƌŽĮlĞƐ� ŽĨ� ĞĂch�
ŐĞnŽtǇpĞ͕� bĂƐĞĚ� Žn� ĨŽuƌ� ŵĂin�
groups A0, A1, A and B, were 
ƐtĂblĞ� ĚuƌinŐ� thĞ� ĂnnuĂl� ŇŽǁĞƌ�
hĂƌǀĞƐƟnŐ�pĞƌiŽĚ�ĂnĚ�ŽǀĞƌ�Ăll�thƌĞĞ�
ǇĞĂƌƐ.� dhiƐ� ŬnŽǁlĞĚŐĞ� ǁill� ĂllŽǁ�
Ăn� iŵpƌŽǀĞŵĞnt� in� thĞ� ƋuĂlitǇ�
ĂnĚ� ƐtĂnĚĂƌĚiǌĂƟŽn� ŽĨ� cĂƌĚŽƐin�
pƌŽĮlĞƐ�ĨƌŽŵ�cĂƌĚŽŽn�ŇŽǁĞƌƐ�uƐĞĚ�
ĨŽƌ� chĞĞƐĞ� pƌŽĚucƟŽn� ĂnĚ� ŽthĞƌ�
innŽǀĂƟǀĞ� ĂpplicĂƟŽnƐ.� �ĂƌƌĂcŽƐĂ�
P., et al. (2018) Selected Cardoon 
;�ǇnĂƌĂ�cĂƌĚunculuƐ�>.Ϳ�'ĞnŽtǇpĞƐ�
^uitĂblĞ� ĨŽƌ� W�K� �hĞĞƐĞƐ� in�
Mediterranean Regions. Chem. 
�iŽĚiǀĞƌƐ.�:ul͖ϭϱ;ϳͿ:ĞϭϴϬϬϭϭϬ.

ͻ� tĞ� puƌƐuĞĚ� ǁith� thĞ� ĨuncƟŽnĂl�
chĂƌĂctĞƌiǌĂƟŽn� ŽĨ� thĞ� ĂtǇpicĂl�
ĂƐpĂƌƟc� pƌŽtĞĂƐĞ� ;�WͿ� ĨƌŽŵ�
�ƌĂbiĚŽpƐiƐ� nĂŵĞĚ� �^WZϭ͕� ĨŽƌ�
�tǇpicĂl� �ƐpĂƌƟc� WƌŽtĞĂƐĞ� in�
ZŽŽtƐ� ϭͿ.� �^WZϭ� ŽǀĞƌĞǆpƌĞƐƐiŽn�
ƐuppƌĞƐƐĞĚ� pƌiŵĂƌǇ� ƌŽŽt� ŐƌŽǁth�
ĂnĚ� lĂtĞƌĂl� ƌŽŽt� ĚĞǀĞlŽpŵĞnt͕�
iŵplǇinŐ� Ă� pƌĞǀiŽuƐlǇ� unŬnŽǁn�
biŽlŽŐicĂl�ƌŽlĞ�ĨŽƌ�Ăn��W�;ŵĂnuƐcƌipt�
ƐubŵittĞĚͿ.
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/nternat®onal®þat®on

Wro¹e�tÝ�®n��olla�orat®on

/ntĞƌnĂƟŽnĂliǌĂƟŽn�hĂƐ�bĞĞn�Ă�pĞƌŵĂnĞnt�cŽncĞƌn�ŽĨ�thĞ��E�./�/>/�ƐtƌĂtĞŐǇ.�dŽ�ĂttĂin�thiƐ�ŐŽĂl�thĞ�ƌĞƐĞĂƌchĞƌƐ�hĂǀĞ�bĞĞn�
ĞncŽuƌĂŐĞĚ�tŽ�ĞƐtĂbliƐh�cŽlĂbŽƌĂƟŽnƐ�ĂnĚ�ũŽint�pƌŽũĞctƐ�ǁith�lĂbŽƌĂtŽƌiĞƐ�ĂbƌŽĂĚ͕�ĂnĚ�tŽ�cŽlĂbŽƌĂtĞ�in�thĞ�ŽƌŐĂniǌĂtŽn�ŽĨ�
intĞƌnĂƟŽnĂl�ƐciĞnƟĮc�ŵĞĞƟnŐƐ.�

NeuroscieNce, VisioN aNd BraiN diseases straNd

^ǇŶĂƉƐĞ��ŝŽůŽŐǇ�'ƌŽƵƉ�

�ĂƌĚŽƐŽ��>͕�&ĞƌnĂnĚĞƐ��͕��ŐuilĂƌ-WiŵĞntĞl�:�͕�ĚĞ��nŐĞliƐ�D,͕�'uĞĚĞƐ�:Z͕��ƌitŽ�D�͕�KƌtŽlĂnŽ�^�Ğt�Ăl.�;ϮϬϭϴͿ�dŽǁĂƌĚƐ�ĨƌĂiltǇ�
biŽŵĂƌŬĞƌƐ:��ĂnĚiĚĂtĞƐ�ĨƌŽŵ�ŐĞnĞƐ�ĂnĚ�pĂthǁĂǇƐ�ƌĞŐulĂtĞĚ�in�ĂŐinŐ�ĂnĚ�ĂŐĞ-ƌĞlĂtĞĚ�ĚiƐĞĂƐĞƐ.��ŐĞinŐ�ZĞƐ�ZĞǀ�ϰϳ:�Ϯϭϰ-Ϯϳϳ.�

'uĞĚĞƐ�:Z͕�>ĂŽ�d͕ ��ĂƌĚŽƐŽ���>͕��l�<hŽuƌǇ�:�;ϮϬϭϴͿ�ZŽlĞƐ�ŽĨ�ŵicƌŽŐliĂl�ĂnĚ�ŵŽnŽcǇtĞ�chĞŵŽŬinĞƐ�ĂnĚ�thĞiƌ�ƌĞcĞptŽƌƐ�in�ƌĞŐulĂƟnŐ�
ĂlǌhĞiŵĞƌ Ɛ͛�ĚiƐĞĂƐĞ-ĂƐƐŽciĂtĞĚ�ĂŵǇlŽiĚ-Ƙ�ĂnĚ�dĂu�pĂthŽlŽŐiĞƐ.�&ƌŽnƟĞƌƐ�in�EĞuƌŽlŽŐǇ�ϵ:ϱϰϵ.�

^inŐĞƌ�t͕�DĂnthĞǇ�D͕�WĂnĨŽƌĚ-tĂlƐh�Z͕�DĂtt�>͕�'ĞiƐlĞƌ�,^͕�WĂƐƐĞƌi��͕��Ăũ�'͕�dŽnŐiŽƌŐi��͕�>ĞĂl�'͕��uĂƌtĞ���͕�^ĂlĂǌĂƌ�/>͕��cŬĞƌt�
W͕ �ZŽhbŽcŬ�<͕�,u�:͕�^tƌŽtŵĂnn�:͕�Zuth�W͕ ��iŵŵĞƌŵĂnn�h͕�ZƺƫŐĞƌ�>͕�Ktt�d͕ �^chiŵŵĂnŐ�d͕ �<nippĞƌ�D.�;ϮϬϭϴͿ���E&-liǀĞ-ĞǆŽn-
ǀiƐuĂliǌĂƟŽn�;�>�sͿ�ĂllŽǁƐ�ĚiīĞƌĞnƟĂl�ĚĞtĞcƟŽn�ŽĨ���E&�tƌĂnƐcƌiptƐ�in�ǀitƌŽ�ĂnĚ�in�ǀiǀŽ.�&ƌŽnt�DŽl�EĞuƌŽƐci.�ϭϭ:ϯϮϱ.�

DĞlŽ�Z͕� >ĞŵŽƐ��͕� WƌĞtŽ��:͕��lŵĞiĚĂ� :'͕��ŽƌƌĞiĂ� :�'͕� ^ĞnƐŽǇ�K͕�DŽƌĞiƌĂ� /^͕� �ŽŵputĂƟŽnĂl��ppƌŽĂchĞƐ� in��nƟbŽĚǇ-�ƌuŐ�
�ŽnũuŐĂtĞ�KpƟŵiǌĂƟŽn�ĨŽƌ�dĂƌŐĞtĞĚ��ĂncĞƌ�dhĞƌĂpǇ͕ ��uƌƌ�dŽp�DĞĚ��hĞŵ.�ϮϬϭϴ͖�ϭϴ͕�ϭϬϵϭ-ϭϭϬϵ.

^chiĞĚĞl���͕�<ŽƐĞ�D͕��ĂƌƌĞtŽ��͕��uĞƐchbĞll��͕�DŽƌƌĂ�'͕�̂ ĞnƐŽǇ�K͕�DŽƌĞiƌĂ�/^͕��WƌĞĚicƟŽn�ĂnĚ�tĂƌŐĞƟnŐ�ŽĨ�intĞƌĂcƟŽn�intĞƌĨĂcĞƐ�
in�'-pƌŽtĞin�cŽuplĞĚ�ƌĞcĞptŽƌ�ŽliŐŽŵĞƌƐ͕��uƌƌ�dŽpicƐ�DĞĚ��hĞŵ͕�ϮϬϭϴ͖�ϭϴ͕�ϳϭϰ-ϳϰϲ.

DŽƌĞiƌĂ�/^�Θ�̂ ĞnƐŽǇ�K͕�DŽĚulĂƟŽn�ŽĨ�pƌŽtĞin-pƌŽtĞin�intĞƌĂcƟŽnƐ�ĨŽƌ�thĞ�ĚĞǀĞlŽpŵĞnt�ŽĨ�ĞīĞcƟǀĞ�thĞƌĂpĞuƟcƐ�ʹ �ĨƌŽŵ�Ă�ũŽint�
pĞƌƐpĞcƟǀĞ�ŽĨ�ĞǆpĞƌiŵĞntĂl�ĂnĚ�cŽŵputĂƟŽnƐ͕��uƌƌ�dŽpicƐ�DĞĚ��hĞŵ͕�ϮϬϭϴ͖�ϭϴ͕�ϲϰϱ-ϲϰϲ.

<uƌŬcuŽŐlu��͕�<ŽuŬŽƐ�W/͕��itƌŽ�E͕�dƌĞllĞt�D�͕�ZŽĚƌiŐuĞƐ�:W'>D͕�DŽƌĞiƌĂ�/^͕�ZŽĞl-dŽuƌiƐ�:͕�DĞlƋuiŽnĚ��^:͕�'ĞnŐ��͕�̂ chĂĂƌƐchŵiĚt�
:͕� yuĞ� >�͕�sĂnŐŽnĞ��͕��Žnǀin��D::͕�WĞƌĨŽƌŵĂncĞ�ŽĨ�,���K�<�ĂnĚ�Ă� ƐiŵplĞ� cŽntĂct-bĂƐĞĚ�pƌŽtĞin-liŐĂnĚ�binĚinŐ�ĂĸnitǇ�
pƌĞĚictŽƌ�in�thĞ��ϯZ�'ƌĂnĚ��hĂllĞnŐĞ�Ϯ͕�ϮϬϭϴ͕�:��Žŵput��iĚĞĚ�DŽl��ĞƐ͕�ϯϮ;ϭͿ:�ϭϳϱ-ϭϴϱ.

WƌĞtŽ��W͕ ��lŵĞiĚĂ�:'͕�̂ chĂĂƌƐchŵiĚt͕�:�yuĞ�>�͕�DŽƌĞiƌĂ�/^͕��Žnǀin��D::͕��ŽŵputĂƟŽnĂl�tŽŽlƐ�ĨŽƌ�thĞ�ƐtƌuctuƌĂl�chĂƌĂctĞƌiǌĂƟŽn�
ŽĨ�pƌŽtĞinƐ�ĂnĚ�thĞiƌ�cŽŵplĞǆĞƐ�ĨƌŽŵ�ƐĞƋuĞncĞ-ĞǀŽluƟŽnĂƌǇ�ĚĂtĂ.��ncǇclŽpĞĚiĂ�ŽĨ��nĂlǇƟcĂl��hĞŵiƐtƌǇ͕ �ϮϬϭϴ�-�/n�pƌĞƐƐ.
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�ŐĞĂ�:.�Ğt�Ăl�;ϮϬϭϴͿ��ŽƌƌiŐĞnĚuŵ�tŽ�͞�uƌŽpĞĂn�cŽntƌibuƟŽn�tŽ�thĞ�ƐtuĚǇ�ŽĨ�ZK^:�Ă�ƐuŵŵĂƌǇ�ŽĨ�thĞ�ĮnĚinŐƐ�ĂnĚ�pƌŽƐpĞctƐ�ĨŽƌ�
thĞ�ĨutuƌĞ�ĨƌŽŵ�thĞ��K^d�ĂcƟŽn��DϭϮϬϯ�;�h-ZK^Ϳ .͟�ZĞĚŽǆ��iŽlŽŐǇ�ϭϰ͕�ϲϵϰ-ϲϵϲ.

&ĞƌƌĞiƌĂ� EZ͕� >ĞĚŽ� �͕� >ĂƌĂnũinhĂ� :͕� 'ĞƌhĂƌĚt� '�͕� ĂnĚ� �ĂƌbŽƐĂ� ZD.� ;ϮϬϭϴͿ� ^iŵultĂnĞŽuƐ�ŵĞĂƐuƌĞŵĞntƐ� ŽĨ� ĂƐcŽƌbĂtĞ� ĂnĚ�
ŐlutĂŵĂtĞ�in�ǀiǀŽ�in�thĞ�ƌĂt�bƌĂin�uƐinŐ�cĂƌbŽn�ĮbĞƌ�nĂnŽcŽŵpŽƐitĞ�ƐĞnƐŽƌƐ�ĂnĚ�ŵicƌŽbiŽƐĞnƐŽƌ�ĂƌƌĂǇƐ.��iŽĞlĞctƌŽchĞŵiƐtƌǇ�
ϭϮϭ:ϭϰϮ-ϭϱϬ.��K/:�ϭϬ.ϭϬϭϲ/ũ.biŽĞlĞchĞŵ.ϮϬϭϴ.Ϭϭ.ϬϬϵ.

RĞĚŽǆ��ŝŽůŽŐǇ�ĂŶĚ��ƌĂŝŶ�^ĞŶƐŝŶŐ

�ĂƌlŽƐ�>ŽpĞǌ�KƟn�-�&ĂcultĂĚ�ĚĞ�DĞĚicinĂ͕�hniǀĞƌƐiĚĂĚ�ĚĞ�KǀiĞĚŽ͕�KǀiĞĚŽ͕�^pĂin�;�ŽllĂbŽƌĂƟǀĞ�ZĞƐĞĂƌch͕�'ƌĂĚuĂtĞ�tƌĂininŐ͖�
WƌĞŵĂtuƌĞ�ĂŐinŐ�ĂnĚ�pƌŽŐĞƌiĂ�ŵŽĚĞlƐ͖�hĂllŵĂƌŬƐ�ŽĨ�ĂŐinŐ͖�ƐciĞnƟĮc�ĂĚǀiƐŽƌͿ.

�ƌic�'ƌŽuǌŵĂnn�-��iǀiƐiŽn�ŽĨ�WhĂƌŵĂcŽlŽŐǇ�ĂnĚ�dŽǆicŽlŽŐǇ͕ �hniǀĞƌƐitǇ�ŽĨ�>ĂuƐĂnnĞ͕�^ǁitǌĞƌlĂnĚ�;�ŽllĂbŽƌĂƟǀĞ�ZĞƐĞĂƌch͖�EWz�
ĂnĚ�EWz�ĨƌĂŐŵĞntƐ�ĂƐƐĞƐƐŵĞntͿ

ZubĞn�EŽŐuĞiƌĂƐ�-��/Dh^͕�hniǀĞƌƐitǇ�ŽĨ�^ĂnƟĂŐŽ�ĚĞ��ŽŵpŽƐtĞlĂ͕�^pĂin�;�ŽllĂbŽƌĂƟǀĞ�ZĞƐĞĂƌch͖�hŽƐt�ŽĨ�ŽnĞ�DĂƐtĞƌ�ƐtuĚĞnt�
ĂnĚ�ŽnĞ�Wh��ƐtuĚĞnt͖͕�hǇpŽthĂlĂŵuƐ�ĂnĚ�liǀĞƌ�cƌŽƐƐtĂlŬͿ͖

yĂǀiĞƌ�EiƐƐĂn�-�/-^tĞŵ͕�WĂƌiƐ͕�&ƌĂncĞ�;�ŽllĂbŽƌĂƟǀĞ�ZĞƐĞĂƌch�Θ��Ž-ƐupĞƌǀiƐŽƌ�ŽĨ�Wh��ƐtuĚĞnt͖�hŽƐt�ŽĨ�ŽnĞ�Wh��ƐtuĚĞnt͖�in�ǀitƌŽ�
progeria models).

�nŐĞlĂ�ZĞlſŐiŽ�-��hĂƌitĠ�-�hniǀĞƌƐitćtƐŵĞĚiǌin��Ğƌlin͕�cŽƌpŽƌĂtĞ�ŵĞŵbĞƌ�ŽĨ�&ƌĞiĞ�hniǀĞƌƐitćt��Ğƌlin͕�,uŵbŽlĚt�-�hniǀĞƌƐitćt�ǌu�
�Ğƌlin͕�ĂnĚ��Ğƌlin�/nƐƟtutĞ�ŽĨ�,ĞĂlth͕�/nƐƟtutĞ�ĨŽƌ�dhĞŽƌĞƟcĂl��iŽlŽŐǇ͕ �'ĞƌŵĂnǇ�;ciƌcĂĚiĂn�ƌhǇthŵ͕�cŽ-ƐupĞƌǀiƐŽƌͿ

dhĞ�ŐƌŽup�iƐ�intĞŐƌĂtĞĚ�in�Ă��K^d��cƟŽn�͞�n�intĞŐƌĂƟǀĞ�ĂcƟŽn�ĨŽƌ�ŵulƟĚiƐciplinĂƌǇ�ƐtuĚiĞƐ�Žn�cĞllulĂƌ�ƐtƌuctuƌĂl�nĞtǁŽƌŬƐ .͟�
�K^d��cƟŽn.���ϭϱϮϭϰ.

EĞƵƌŽĞŶĚŽĐƌŝŶŽůŽŐǇ�ĂŶĚ�AŐŝŶŐ

WĂƉĞƌƐ�;ŝŶƚĞƌŶĂƟŽŶĂů�ĐŽůůĂďŽƌĂƟŽŶͿ
^ĞĞ��uƌŽpĞĂn�WƌŽũĞctƐ�ĂbŽǀĞ.

'uƌĞl�^�͕��ĂƐtĞlŽ-�ƌĂncŽ�D͕�^ĂcŬ��d͕ ��uĞcŬĞƌ�&.��ƐƐĞƐƐinŐ�thĞ�&uncƟŽnĂl�ZŽlĞ��ŽĨ�&ƌŽntĂl��ǇĞ�&iĞlĚƐ�in�sŽluntĂƌǇ�ĂnĚ�ZĞŇĞǆiǀĞ�
^ĂccĂĚĞƐ�hƐinŐ��ŽnƟnuŽuƐ�dhĞtĂ���uƌƐt�^ƟŵulĂƟŽn.�&ƌŽnt�EĞuƌŽƐci.�ϮϬϭϴ��Ğc�ϭϰ͖ϭϮ:ϵϰϰ.�

KliǀĞiƌĂ� &͕ �>ĞuǌǇ��͕��ĂƐtĞlhĂnŽ�:͕��hiŽƟƐ�<͕�,ĂƐƐĞlbĂlch�^'͕�ZinnĞ�:͕�DĞnĚŽnĕĂ��͕�KttŽ�D͕�>lĞſ��͕�^ĂntĂnĂ� /͕� :ŽhĂnƐƐŽn�:͕�
�nĚĞƌl-^tƌĂub�^͕��ƌniŵ��͕��ĞĞƌ��͕��lĞƐĂ�Z͕�&ŽƌtĞĂ�:͕�^ĂnnĂ-<ĂiƐĂ�,͕�WŽƌtĞliuƐ��͕�WĂnnĞĞ�:͕��ĞttĞƌbĞƌŐ�,͕��lĞnnŽǁ�<͕�DŽƌĞiƌĂ��W͕ �
�bƌunhŽƐĂ��͕�EŽƌĚbĞƌŐ��͕��ĂƐtĞlŽ-�ƌĂncŽ�D.��ĂtĂ�ĚƌiǀĞn�ĚiĂŐnŽƐƟc�clĂƐƐiĮcĂƟŽn�in��lǌhĞiŵĞƌ Ɛ͛�ĚiƐĞĂƐĞ�bĂƐĞĚ�Žn�ĚiīĞƌĞnt�
ƌĞĨĞƌĞncĞ�ƌĞŐiŽnƐ�ĨŽƌ�nŽƌŵĂliǌĂƟŽn�ŽĨ�Wi�-W�d�iŵĂŐĞƐ�ĂnĚ�cŽƌƌĞlĂƟŽn�ǁith��^&�cŽncĞntƌĂƟŽnƐ�ŽĨ��ɴ�ƐpĞciĞƐ.�EĞuƌŽiŵĂŐĞ�
�lin.�ϮϬϭϴ��uŐ�ϭϵ͖ϮϬ:ϲϬϯ-ϲϭϬ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.nicl.ϮϬϭϴ.Ϭϴ.ϬϮϯ.�Ğ�ŽllĞcƟŽn�ϮϬϭϴ.�WubDĞĚ�WD/�:�ϯϬϭϴϲϳϲϰ͖
 

^ĐŝĞŶƟĮĐ�ĐŽůůĂďŽƌĂƟŽŶƐ

^ĞƌŐĞ�WicĂuĚ͕�/nƐƟtut�ĚĞ�>Ă�siƐiŽn͕�WĂƌiƐ͕�&ƌĂncĞ
ZĞǌĂ�&ĂƌiǀĂƌ͕ �,ĂƌǀĂƌĚ�hniǀĞƌƐitǇ͕ �h^�ĂnĚ�Dc'ill�hniǀĞƌƐitǇ͕ ��ĂnĂĚĂ
ZĂinĞƌ�'ŽĞbĞl͕�hniǀĞƌƐitǇ�ŽĨ�DĂĂƐtƌicht�
�ŐnĞtĂ�EŽƌĚbĞƌŐ͕�<ĂƌŽlinƐŬĂ�/nƐƟtutĞ
DichĂĞl�tibƌĂl͕�hniǀĞƌƐitǇ�ŽĨ�&ƌĂnŬĨuƌt
�uŐĞniŽ�ZŽĚƌiŐuĞǌ͕�hniǀĞƌƐitǇ�ŽĨ��hilĞ
�lcinŽ�^ilǀĂ͕�hniǀĞƌƐitǇ�ŽĨ��ĂliĨŽƌniĂ�Ăt�>ŽƐ��nŐĞlĞƐ
&ƌĞĚ�hllĞn͕�<ĂƌŽlinƐŬĂ�/nƐƟtutĞ
sĂlĞƌiĞ�sŽŽn͕�hniǀĞƌƐitǇ�ŽĨ��ĂŵbƌiĚŐĞ
ZichĂƌĚ��ĚĚĞn͕�:Žhn�,ŽpŬinƐ�hniǀĞƌƐitǇ
WŽƐt-ŐƌĂĚuĂƟŽn�ĂnĚ�pŽƐt-ĚŽcƐ�intĞƌchĂnŐĞ

sŝƐŝŽŶ͕��ƌĂŝŶ�/ŵĂŐŝŶŐ�ĂŶĚ��ŽŐŶŝƟǀĞ�EĞƵƌŽƐĐŝĞŶĐĞ



ϱϲ

ͲEĞƚǁŽƌŬƐ͗
DĞŵbĞƌ�ŽĨ�thĞ�^tĞĞƌinŐ��ŽŵŵittĞĞ�ŽĨ�thĞ��uƌŽpĞĂn�EĞuƌŽƐciĞncĞ��ĂŵpuƐ�;ǁith�hniǀ.��ŵƐtĞƌĚĂŵ͕�dhĞ�EĞthĞƌlĂnĚƐ͖�hniǀ.�
�ŽƌĚĞĂuǆ͕�&ƌĂncĞ͖�hniǀ.��uƌich͕�^ǁitǌĞƌlĂnĚ͖�hniǀ.�'ŽƫnŐĞn͕�'ĞƌŵĂnǇͿ
DĞŵbĞƌ�ŽĨ�thĞ��uƌŽpĞĂn�EĞtǁŽƌŬ�ŽĨ�EĞuƌŽƐciĞncĞƐ�/nƐƟtutĞƐ�;�E/-EĞtͿ�
DĞŵbĞƌ�ŽĨ�thĞ��ƐƐŽciĂƟŽn�ĨŽƌ�^ciĞncĞ�ĂnĚ�/nĨŽƌŵĂƟŽn�Žn��ŽīĞĞ�

ͲRĞƐĞĂƌĐŚ�ŐƌĂŶƚƐ͗
��W�^-&�d�pƌŽŐƌĂŵ�ǁith�Zui�WƌĞĚiŐĞƌ�;hniǀ.�&ĞĚĞƌĂl�^ĂntĂ��ĂtĂƌinĂ͕��ƌĂǌilͿ
:Žint�pƌŽũĞct�ŽĨ�thĞ��ƐƐŽciĂƟŽn�EĂƟŽnĂlĞ�ĚĞ�ZĞchĞƌchĞ�͚ZKlĞ�ŽĨ��ĚĞnŽƐinĞ�ZĞcĞptŽƌƐ�Žn�ƐǇnĂpƐĞ�ƐtĂbiliǌĂƟŽn�;ZK�ZͿ͛�ǁith�
^ĂbinĞ�>ĞǀǇ�;�EZ^͕�/nƐƟtuƌ�&Ğƌ�ă�DŽulin͕�WĂƌiƐͿ�ĂnĚ��hƌiƐtŽphĞ��ĞƌnĂƌĚ�;/E^�ZD͕�hniǀ.DĠĚitĞƌƌĂnnĠĞ͕�DĂƌƐĞillĞͿ.

Ͳ'ƌĂĚƵĂƚĞ�ƚƌĂŝŶŝŶŐ͗
�Ž-ƐupĞƌǀiƐiŽn�ŽĨ�Ă�Wh��ƐtuĚĞnt�;DĂƌĂ�zŽnĞ�&ĞƌnĂnĚĞƐͿ�ǁith�'ĞĂnnĞ�DĂtŽƐ�;hniǀ.�&ĞĚĞƌĂl��ĞĂƌĄ͕��ƌĂǌilͿ
�Ž-ƐupĞƌǀiƐŽn� ŽĨ� Ă� Wh�� ƐtuĚĞnt� ;�nŐĞlĂ� WĂtƌiciĂ� &ƌĂnĕĂͿ� ǁith� Zui� WƌĞĚiŐĞƌ� ;hniǀ.� &ĞĚĞƌĂl� ^ĂntĂ� �ĂtĂƌinĂ͕� �ƌĂǌilͿ 
�Ž-ƐupĞƌǀiƐŽn�ŽĨ�Ă�Wh��ƐtuĚĞnt�;DĂƌinĂ��pĂƌĞciĚĂ�DĂŐnini�WŽƌtĞƐͿ�ǁith�Zui�WƌĞĚiŐĞƌ�;hniǀ.�&ĞĚĞƌĂl�^ĂntĂ��ĂtĂƌinĂ͕��ƌĂǌilͿ
�Ž-ƐupĞƌǀiƐŽn�ŽĨ�Ă�Wh��ƐtuĚĞnt�;>iƐiĂnĞ�^ŽuǌĂͿ�ǁith�WĂblŽ�WĂnĚŽlĨŽ�;hniǀ.�&ĞĚĞƌĂl�&luŵinĞnƐĞ͕��ƌĂǌilͿ
�Ž-ƐupĞƌǀiƐiŽn�ŽĨ�Ă�Wh��ƐtuĚĞnt�;�ŵbĞƌ�<ĞƌŬhŽĨƐͿ�ǁith�,uibĞƌt�DĂnǀĞlĚĞƌ�;hniǀ.�ŵƐtĞƌĚĂŵ͕�dhĞ�EĞthĞƌlĂnĚƐͿ
�Ž-ƐupĞƌǀiƐiŽn�ŽĨ�Ă�Wh��ƐtuĚĞnt�;yinli�yuͿ�ǁith�EĞlƐŽn�ZĞbŽlĂ�;hniǀ.��ŽƌĚĞĂuǆ͕�&ƌĂncĞͿ

WƵƌŝŶĞƐ�ĂŶĚ��ƌĂŝŶ��ŝƐĞĂƐĞƐ

WŽƐƚͲŐƌĂĚƵĂƟŽŶ�ĂŶĚ�ƉŽƐƚͲĚŽĐƐ�ŝŶƚĞƌĐŚĂŶŐĞ

&Ğliǆ��uĞcŬĞƌ�;pŽƐtĚŽctŽƌĂl�ĨĞllŽǁ�ĨƌŽŵ�thĞ�hniǀĞƌƐitǇ�ŽĨ�DĂĂƐtƌicht�ĂnĚ�ƌĞcĞntlǇ�ĂǁĂƌĚĞĚ�Ă�DĂƌiĞ��uƌiĞ�&ĞllŽǁƐhipͿ
 

EĞƚǁŽƌŬŝŶŐ

ͻ� �ŽŽƌĚinĂƟŽn�ŽĨ�thĞ�EĂƟŽnĂl��ƌĂin�/ŵĂŐinŐ�EĞtǁŽƌŬ
ͻ� WĂƌƟcipĂƟŽn�in��uƌŽ�iŽiŵĂŐinŐ�;�uƌŽpĞĂn�inĨƌĂƐtƌuctuƌĞͿ
ͻ� WĂƌƟcipĂƟŽn�in�Wt�ƌin͕�Ă�bƌĂnch�ŽĨ���Z/E�;�uƌŽpĞĂn�inĨƌĂƐtƌuctuƌĞͿ
ͻ� WĂƌƟcipĂƟiŽn�in��ŐĞinŐ@�ŽiŵbƌĂ͕��uƌŽpĞĂn�/nnŽǀĂƟŽn�WĂƌtnĞƌƐhip�Žn��cƟǀĞ�ĂnĚ�,ĞĂlthǇ��ŐĞinŐ
ͻ� DĞŵbĞƌ�ŽĨ�/nnŽ^d�Z^͕��/d�,ĞĂlth�<nŽǁlĞĚŐĞ�/nnŽǀĂƟŽn��ŽŵŵunitǇ
ͻ� WĂƌƟcipĂƟŽn�in��uƌŽpĞĂn�WƌŽũĞctƐ�;&Wϳ�ĂnĚ�,ϮϬϮϬͿ:��ƌĂindƌĂin͕�/EĨƌĂĚĞǀ͕ �DĂƌiĞ��uƌiĞ��cƟŽnƐ͕�^d/W��
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'ƌĂĚƵĂƚĞ�dƌĂŝŶŝŶŐ͗

-�͞EĞuƌŽĚĞŐĞnĞƌĂƟǀĞ�ĚiƐŽƌĚĞƌƐ͕͟ �Wh��WƌŽŐƌĂŵŵĞ�in��ǆpĞƌiŵĞntĂl��iŽlŽŐǇ�ĂnĚ��iŽŵĞĚicinĞ͕�ŽƌŐĂniǌĞĚ�bǇ�thĞ��E�-�ĞntĞƌ�ĨŽƌ�
EĞuƌŽƐciĞncĞ�ĂnĚ��Ğll��iŽlŽŐǇ͕ �hniǀĞƌƐitǇ�ŽĨ��ŽiŵbƌĂ.
�ŽŽƌĚinĂtŽƌƐ:��nĂ��ƌiƐƟnĂ�ZĞŐŽ�ĂnĚ��lĄuĚiĂ�WĞƌĞiƌĂ
�ĂtĞ:�Ϯϯ�ʹ�Ϯϳ��pƌil͕�ϮϬϭϴ
>ŽcĂl:��E��;ĂnĮtĞĂtƌŽ��Ě.�&ĂculĚĂĚĞ�ĚĞ�DĞĚicinĂ͕�ϮǑ�ĂnĚĂƌ͕ �hniǀĞƌƐiĚĂĚĞ��ŽiŵbƌĂ-pſlŽ�/Ϳ

-� ͞EĞuƌŽƐciĞncĞ� ĂnĚ�DĞntĂl� ,ĞĂlth:� Ă� �linicĂl� ĂnĚ�DŽlĞculĂƌ� WĞƌƐpĞcƟǀĞ͕͟ � dhĞ� �ŽctŽƌĂl� WƌŽŐƌĂŵŵĞ� in� ,ĞĂlth� ^ciĞncĞƐ͕�
ŽƌŐĂniǌĞĚ�bǇ�thĞ�&ĂcultǇ�ŽĨ�DĞĚicinĞ͕�hniǀĞƌƐitǇ�ŽĨ��ŽiŵbƌĂ.
�ŽŽƌĚinĂtŽƌƐ:��nĂ��ƌiƐƟnĂ�ZĞŐŽ�ĂnĚ��ntſniŽ�&ƌĞiƌĞ.
�ĂtĞ:�&ĞbƌuĂƌǇ�Ϯϲ�ʹ�DĂƌch�Ϯ͕�ϮϬϭϴ
>ŽcĂl:�i��Z��uĚitŽƌiuŵ�;WſlŽ�///�ʹ�WſlŽ�ĚĂƐ��iġnciĂƐ�ĚĂ�^ĂƷĚĞ͕��ǌinhĂŐĂ�ĚĞ�^ĂntĂ��ŽŵbĂ͕��ĞlĂƐͿ

�ŽůůĂďŽƌĂƟǀĞ�ƉƵďůŝĐĂƟŽŶƐ͗
- Ferreiro and Pita (2018) Oncotarget 9, 32929-32942.
-�WĞtƌĞllĂ�Ğt�Ăl.�;ϮϬϭϴͿ�,uŵ.�DŽl.�'ĞnĞt.�Ϯϳ͕�ϮϭϮϱ-Ϯϭϯϳ.
-�^ilǀĂ�Ğt�Ăl.�;ϮϬϭϴͿ�����-�DŽlĞculĂƌ��ĂƐiƐ�ŽĨ��iƐĞĂƐĞ�ϭϴϲϰ͕�ϯϰ-ϰϰ.

DŝƚŽĐŚŽŶĚƌŝĂů��ǇƐĨƵŶĐƟŽŶ�ĂŶĚ�^ŝŐŶĂůŝŶŐ�ŝŶ�EĞƵƌŽĚĞŐĞŶĞƌĂƟŽŶ�

�ŽůůĂďŽƌĂƟǀĞ�WƵďůŝĐĂƟŽŶƐ͗

tillĞŵiũn�:.�:ĂnƐĞn͕�ZiŬ�KƐƐĞnŬŽppĞlĞ͕��ĞttǇ�D.�diũŵƐ͕��nnĞ�D.�&ĂŐĂn͕�KƐŬĂƌ�,ĂnƐƐŽn͕�tilliĂŵ��.�<lunŬ͕�tiĞƐũĞ�D.�ǀĂn�ĚĞƌ�
&liĞƌ͕ �sictŽƌ�>.�sillĞŵĂŐnĞ͕�'iŽǀĂnni��.�&ƌiƐŽni͕��ĚĂŵ�^.�&lĞiƐhĞƌ͕ ��lbĞƌtŽ�>lĞſ͕�DĂƌŬ��.�Dintun͕��nĚĞƌƐ�tĂllin͕�^ĞbĂƐƟĂĂn�
�nŐĞlbŽƌŐhƐ͕��uŬ�>.�EĂ͕�'ćĞl��hĠtĞlĂt͕�:ŽƐĠ�>uiƐ�DŽlinuĞǀŽ͕�^uƐĂn�D.�>ĂnĚĂu͕�EiŬlĂƐ�DĂttƐƐŽn͕�:ŽhĂnnĞƐ�<ŽƌnhubĞƌ͕ �KƐĂŵĂ�
^Ăbƌi͕��hƌiƐtŽphĞƌ��.�ZŽǁĞ͕�>ucillĂ�WĂƌnĞƫ͕�:uliuƐ�WŽpp͕�dŽƌŵŽĚ�&lĂĚbǇ͕ �tilliĂŵ�:.�:ĂŐuƐt͕�WĂulinĞ��ĂltĞn͕��ŽnŐ�zŽunŐ�>ĞĞ͕�ZiŬ�
sĂnĚĞnbĞƌŐhĞ͕��ĂtĂƌinĂ�ZĞƐĞnĚĞ�ĚĞ�KliǀĞiƌĂ͕��liƐĂbĞth�<ĂpĂŬi͕�>utǌ�&ƌŽĞlich͕��ĚƌiĂn�/ǀĂnŽiu͕�dŽŵĂƐǌ�'ĂbƌǇĞlĞǁicǌ͕�DĂƌcĞl�D.�
sĞƌbĞĞŬ͕�WĄƐcuĂl�̂ ĂnchĞǌ-:uĂn͕�,Ğlŵut�,ilĚĞbƌĂnĚt͕�sincĞnt��ĂŵuƐ͕�DĂƌǌĞnĂ��bŽch͕��ĂǀiĚ�:.��ƌŽŽŬƐ͕��lĞǆĂnĚĞƌ��ƌǌĞǌŐĂ͕�:uhĂ�
K.�ZinnĞ͕��nĚƌĞǁ�EĞǁbĞƌŐ͕��lĞǆĂnĚƌĞ�ĚĞ�DĞnĚŽnĕĂ͕�DĂƌiĞ�^ĂƌĂǌin͕�'il��.�ZĂbinŽǀici͕�<ĂƌinĞ�DĂĚƐĞn͕�DilicĂ�'.�<ƌĂŵbĞƌŐĞƌ͕ �
�ŐnĞtĂ�EŽƌĚbĞƌŐ͕�sincĞnt�DŽŬ͕��ĂƌbĂƌĂ�DƌŽcǌŬŽ͕��ĂǀiĚ��.�tŽlŬ͕�Whilipp�d.�DĞǇĞƌ͕ �DĂŐĚĂ�dƐŽlĂŬi͕��ŵǇlŽiĚ��iŽŵĂƌŬĞƌ�ƐtuĚǇ�
ŐƌŽupΎ͖�Whilip�^chĞltĞnƐ͕�&ƌĂnƐ�Z:�sĞƌhĞǇ͕ �WiĞtĞƌ� :ĞllĞ�siƐƐĞƌ.��ƐƐŽciĂƟŽn�ŽĨ�cĞƌĞbƌĂl�ĂŵǇlŽiĚ-��ĂŐŐƌĞŐĂƟŽn�ǁith�cŽŐniƟǀĞ�
ĨuncƟŽninŐ�in�pĞƌƐŽnƐ�ǁithŽut�ĚĞŵĞnƟĂ.��:�D��WƐǇchiĂtƌǇ.�ϮϬϭϴ�:Ăn�ϭ͖ϳϱ;ϭͿ:ϴϰ-ϵϱ.

�Ğƌƌ�/͕�^chŵitǌ�D͕�<Ăƌch��͕�sillĂƌ-WiƋuĠ��͕�<ĂnĂtĂ��͕�'ŽǁlĂnƐŬĂ��͕��şĂǌ->ucĞnĂ��͕�^ŬlĂǀiĂĚiƐ�d͕ �^iŬŽƌƐŬĂ��͕�>ibĞƌƐŬi�WW͕ �sĂƌŐĞƐ��͕�
,ĞƌŵĂnn�W͕ �<nippĞƌ�d͕ �'ŽĞbĞl�^͕�&ĞƌƌĞƌ�/͕��ĞttĞƌbĞƌŐ�,͕��lĞnnŽǁ�<͕��ĂlĞƌŽ�D͕�>ĂĚŽŐĂnĂ��͕�
^ĄnchĞǌ-sĂllĞ�Z͕�^ĂntĂnĂ� /͕��ĂlĚĞiƌĂƐ� /͕� >lŽƌĞnƐ�&.��ĞƌĞbƌŽƐpinĂl�ŇuiĚ�EĞuƌŽĮlĂŵĞnt�>iŐht� in�nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ�ĚĞŵĞnƟĂ:��
ĞǀĂluĂƟŽn�ŽĨ�ĚiĂŐnŽƐƟc�ĂccuƌĂcǇ�in�thĞ�ĚiīĞƌĞnƟĂl�ĚiĂŐnŽƐiƐ�ŽĨ�pƌiŽn�ĚiƐĞĂƐĞƐ.��lǌhĞiŵĞƌƐ��ĞŵĞnƟĂ.�ϮϬϭϴ�:un͖ϭϰ;ϲͿ:ϳϱϭ-
763.

DĂttƐƐŽn�E͕�'ƌŽŽt��͕�:ĂnƐĞn�t:͕�>ĂnĚĂu�^͕�sillĞŵĂŐnĞ�s͕��nŐĞlbŽƌŐhƐ�^͕�Dintun�D͕�>lĞŽ��͕�DŽlinuĞǀŽ�:>͕�:ĂŐuƐt�t͕�&ƌiƐŽni�'�͕�
/ǀĂnŽiu��͕��hĠtĞlĂt�'͕�ZĞƐĞnĚĞ�ĚĞ�KliǀĞiƌĂ��͕�ZŽĚƌiŐuĞ�<D͕�<ŽƌnhubĞƌ�:͕�tĂllin��͕�<liŵŬŽǁicǌ-DƌŽǁiĞc��͕�<ĂnĚiŵĞllĂ�Z͕�WŽpp�
:͕��ĂltĞn�WW͕ ��ĂƌƐlĂnĚ��͕��lcŽlĞĂ��͕��lŵĚĂhl�/^͕��ĂlĚĞiƌĂƐ�/͕�ǀĂn��uchĞŵ�D�͕��ĂǀĞĚŽ��͕��hĞn�<͕��ŽhĞn���͕�&ƂƌƐtĞƌ�^͕�&ŽƌtĞĂ�:͕�
&ƌĞĚĞƌiŬƐĞn�<^͕�&ƌĞunĚ->Ğǀi�z͕ �'ill�<�͕�'ŬĂtǌiŵĂ�K͕�'ƌiŵŵĞƌ�d͕ �,ĂŵpĞl�,͕�,ĞƌuŬŬĂ�^<͕�:ŽhĂnnƐĞn�W͕ �ǀĂn�>ĂĞƌĞ�<͕�ĚĞ�>ĞŽn�D͕�
DĂiĞƌ�t͕�DĂƌcuƐƐŽn�:͕�DĞulĞnbƌŽĞŬ�K͕�DƆllĞƌŐĊƌĚ�,D͕�DŽƌƌiƐ�:�͕�DƌŽcǌŬŽ��͕�EŽƌĚlunĚ��͕�WƌĂbhĂŬĂƌ�^͕�WĞtĞƌƐ�K͕�ZĂŵi�>͕�
ZŽĚƌşŐuĞǌ-ZŽĚƌşŐuĞǌ��͕�ZŽĞ��D͕�ZƺthĞƌ��͕�^ĂntĂnĂ�/͕�^chƌƂĚĞƌ�:͕�^ĞŽ�^t͕�^ŽininĞn�,͕�^piƌu�>͕�^tŽŵƌuĚ��͕�^tƌuǇĨƐ�,͕�dĞuniƐƐĞn�
��͕�sĞƌhĞǇ�&Z:͕�sŽƐ�^:�͕�ǀĂn�tĂĂlǁiũŬ�ǀĂn��ŽŽƌn�>:�͕�tĂlĚĞŵĂƌ�'͕�tĂllin��<͕�tilƞĂnŐ�:͕�sĂnĚĞnbĞƌŐhĞ�Z͕��ƌŽŽŬƐ��:͕�&lĂĚbǇ�
d͕ �ZŽǁĞ���͕��ƌǌĞǌŐĂ��͕�sĞƌbĞĞŬ�DD͕�^ĂƌĂǌin�D͕�tŽlŬ���͕�&lĞiƐhĞƌ��^͕�<lunŬ�t�͕�EĂ��>͕�^ĄnchĞǌ-:uĂn�W͕ �>ĞĞ��z͕ �EŽƌĚbĞƌŐ��͕�
dƐŽlĂŬi�D͕��ĂŵuƐ�s͕�ZinnĞ�:K͕�&ĂŐĂn��D͕��ĞttĞƌbĞƌŐ�,͕��lĞnnŽǁ�<͕�ZĂbinŽǀici�'�͕�,ĂnƐƐŽn�K͕�ǀĂn��ĞƌcŬĞl��ED͕�ǀĂn�ĚĞƌ�&liĞƌ�
tD͕�^chĞltĞnƐ�W͕ �siƐƐĞƌ�W:͕�KƐƐĞnŬŽppĞlĞ�Z.�WƌĞǀĂlĞncĞ�ŽĨ�thĞ�ĂpŽlipŽpƌŽtĞin���ɸϰ�ĂllĞlĞ�in�ĂŵǇlŽiĚ�ɴ�pŽƐiƟǀĞ�ƐubũĞctƐ�ĂcƌŽƐƐ�
thĞ�ƐpĞctƌuŵ�ŽĨ��lǌhĞiŵĞƌ Ɛ͛�ĚiƐĞĂƐĞ.��lǌhĞiŵĞƌƐ��ĞŵĞnƟĂ.�ϮϬϭϴ�:ul͖ϭϰ;ϳͿ:ϵϭϯ-ϵϮϰ.

sillĂƌ-WiƋuĠ��͕�^chŵitǌ�D͕�>ĂchŵĂnn� /͕�<Ăƌch��͕��ĂlĞƌŽ�K͕�^tĞhŵĂnn��͕�^ĂƌƌŽƐ�^͕�>ĂĚŽŐĂnĂ��͕�WŽlĞŐŐi��͕�^ĂntĂnĂ� /͕�&ĞƌƌĞƌ�
/͕�DitƌŽǀĂ��͕�WŽcchiĂƌi�D͕��ĂlĚĞiƌĂƐ�/͕��ĂlĞƌŽ�D͕��ŽllinƐ�^:͕�'ĞƐchǁinĚ�D�͕�^ĄnchĞǌ-sĂllĞ�Z͕��Ğƌƌ�/͕�>lŽƌĞnƐ�&.��ĞƌĞbƌŽƐpinĂl�
ŇuiĚ�tŽtĂl�WƌiŽn�pƌŽtĞin� in�thĞ�ƐpĞctƌuŵ�ŽĨ�pƌiŽn�ĚiƐĞĂƐĞƐ.� �DŽl�EĞuƌŽbiŽl.�ϮϬϭϴ�:ul�ϯϬ.�ĚŽi:�ϭϬ.ϭϬϬϳ/ƐϭϮϬϯϱ-Ϭϭϴ-ϭϮϱϭ-ϭ. 
 
DĂtŽƐ�DZ͕�&ĞƌƌĞiƌĂ��͕�,ĞƌuŬŬĂ�^<͕�^ŽininĞn�,͕�:ĂnĞiƌŽ��͕�^ĂntĂnĂ�/͕��ĂlĚĞiƌĂƐ�/͕��lŵĞiĚĂ�DZ͕�>lĞſ��͕��ŽlƐ-/cĂƌĚŽ�K͕��ĞnuƐƐi�>͕�
�inĞƫ�'͕�WĂtĞƌlini��͕�'hiĚŽni�Z͕�EĂcŵiĂƐ��͕�DĞulĞnbƌŽĞŬ�K͕�ǀĂn�tĂĂlǁiũŬ�ǀĂn��ŽŽƌn�>:�͕�<uipĞƌiũ�,�͕�,ĂuƐnĞƌ�>͕�tĂlĚĞŵĂƌ�
'͕� ^iŵŽnƐĞn��,͕� dƐŽlĂŬi�D͕�'ŬĂtǌiŵĂ�K͕�KliǀĞiƌĂ��Z͕�sĞƌbĞĞŬ�DD͕��lĂƌiŵŽn� :͕�,iltunĞn�D͕�ĚĞ�DĞnĚŽnĕĂ��͕�DĂƌƟnƐ�D.�
YuĂnƟtĂƟǀĞ�ŐĞnĞƟcƐ�ǀĂliĚĂtĞƐ�pƌĞǀiŽuƐ�ŐĞnĞƟc�ǀĂƌiĂntƐ�ĂnĚ�iĚĞnƟĮĞƐ�nŽǀĞl�ŐĞnĞƟc�plĂǇĞƌƐ�inŇuĞncinŐ��lǌhĞiŵĞƌ Ɛ͛�ĚiƐĞĂƐĞ�
cĞƌĞbƌŽƐpinĂl�ŇuiĚ�biŽŵĂƌŬĞƌƐ.�:��lǌ��iƐ�ϮϬϭϴ͖�ϲϲ;ϮͿ:ϲϯϵ-ϲϱϮ.

AŐŝŶŐ�ĂŶĚ��ƌĂŝŶ��ŝƐĞƌĂƐĞƐ͗�ĂĚǀĂŶĐĞĚ�ĚŝĂŐŶŽƐŝƐ�ĂŶĚ�ďŝŽŵĂƌŬĞƌƐ



ϱϴ

sĞƌhĞiũĞn�:͕�ǀĂn�ĚĞƌ��ĞĞ�:͕�'iũƐĞlincŬ�/͕�sĂn�ĚĞn��ŽƐƐchĞ�d͕ ��illĞn�>͕�,ĞĞŵĂn��͕�'ſŵĞǌ-dŽƌtŽƐĂ��͕�>lĂĚſ��͕�^ĂnchĞǌ-sĂllĞ�Z͕�'ƌĂī�
�͕�WĂƐtŽƌ�W͕ �WĂƐtŽƌ�D�͕��ĞnuƐƐi�>͕�'hiĚŽni�Z͕��inĞƫ�'͕��lĂƌiŵŽn�:͕�ĚĞ�DĞnĚŽnĕĂ��͕�'Ğlpi��͕�dƐŽlĂŬi�D͕�iĞhl-^chŵiĚ�:͕�EĂcŵiĂƐ�
�͕��lŵĞiĚĂ�DZ͕��ŽƌƌŽni��͕�DĂtĞũ�Z͕�Zuiǌ��͕��nŐĞlbŽƌŐhƐ�^͕sĂnĚĞnbĞƌŐhĞ�Z͕��Ğ��ĞǇn�WW͕ ��ƌutƐ�D͕�sĂn��ƌŽĞcŬhŽǀĞn��͕�^lĞĞŐĞƌƐ�
<͖���>E�h��ŽnƐŽƌƟuŵ͖��h��K���ŽnƐŽƌƟuŵ.��ŽŵŵŽn�ĂnĚ�ƌĂƌĞ�d�<ϭ�ǀĂƌiĂntƐ�in�ĞĂƌlǇ-ŽnƐĞt��lǌhĞiŵĞƌ�ĚiƐĞĂƐĞ�in�Ă��uƌŽpĞĂn�
cŽhŽƌt.�EĞuƌŽbiŽl��ŐinŐ.�ϮϬϭϴ�&Ğb͖�ϲϮ:Ϯϰϱ.Ğϭ-Ϯϰϱ.Ğϳ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.nĞuƌŽbiŽlĂŐinŐ.ϮϬϭϳ.ϭϬ.ϬϭϮ.�

WhiltũĞnƐ� ^͕� sĂn�DŽƐƐĞǀĞlĚĞ� ^͕� ǀĂn� ĚĞƌ� �ĞĞ� :͕�tĂutĞƌƐ� �͕� �illĞn� >͕� sĂnĚĞnbulcŬĞ�D͕� sĂnĚĞnbĞƌŐhĞ� Z͕� /ǀĂnŽiu� �͕� ^iĞbĞn�
�͕�tillĞŵƐ��͕��ĞnuƐƐi�>͕�'hiĚŽni�Z͕��inĞƫ�'͕��ŽƌƌŽni��͕�WĂĚŽǀĂni��͕�WĂƐtŽƌ� W͕ ��iĞǌ-&ĂiƌĞn�D͕��ŐuilĂƌ�D͕�ĚĞ�DĞnĚŽnĕĂ��͕�
DiltĞnbĞƌŐĞƌ-DiltĠnǇi� '͕� ,ĞƌnĄnĚĞǌ� /͕� �ŽĂĚĂ�D͕� Zuiǌ� �͕� EĂcŵiĂƐ� �͕� ^Žƌbi� ^͕� �lŵĞiĚĂ�DZ͕� ^ĂntĂnĂ� /͕� �lĂƌiŵſn� :͕� >lĞſ� �͕�
&ƌiƐŽni�'�͕�^ĂnchĞǌ-sĂllĞ�Z͕�>lĂĚſ��͕�'ſŵĞǌ-dŽƌtŽƐĂ��͕�'Ğlpi��͕�sĂn�ĚĞn��ƌŽĞcŬ�D͕�WĞĞtĞƌƐ�<͕��ƌĂƐ�W͕ ��Ğ��ĞǇn�WW͕ ��nŐĞlbŽƌŐhƐ�
^͕� �ƌutƐ�D͕� sĂn� �ƌŽĞcŬhŽǀĞn� �͖� ��>E�h� �ŽnƐŽƌƟuŵ͖� �h� �K�� �ŽnƐŽƌƟuŵ.� ZĂƌĞ� nŽnƐǇnŽnǇŵŽuƐ� ǀĂƌiĂntƐ� in� ^KZdϭ� ĂƌĞ�
ĂƐƐŽciĂtĞĚ�ǁith�incƌĞĂƐĞĚ�ƌiƐŬ�ĨŽƌ�ĨƌŽntŽtĞŵpŽƌĂl�ĚĞŵĞnƟĂ.�EĞuƌŽbiŽl��ŐinŐ.�ϮϬϭϴ�:un͖ϲϲ:ϭϴϭ.Ğϯ-ϭϴϭ.ĞϭϬ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.
neurobiolaging.2018.02.011. 
 
'ŽnǌĄlĞǌ-dĂblĂƐ�D͕��ƌĞƐpŽ�/͕�sitĂl��>͕�KtĞƌŽ��͕�EiĞtŽ���͕�^ŽuƐĂ�W͕ �WĂƟnŽ-�lŽnƐŽ�D�͕��ŽƌchĞtĞ�>�͕�dĆŽ�,͕�ZĞbĞlŽ�K͕��ĂƌbŽƐĂ�D͕�
�lŵĞiĚĂ�DZ͕�'uĞĚĞƐ��&͕ �>ŽpĞƐ�D�͕�&ƌĞnch�W:͕�KƌĨĂŽ��͕�dĂbĞƌnĞƌŽ�D�.�WƌŽŐnŽƐƟc�ƐtƌĂƟĮcĂƟŽn�ŽĨ�ĂĚult�pƌiŵĂƌǇ�ŐliŽblĂƐtŽŵĂ�
ŵulƟĨŽƌŵĞ� pĂƟĞntƐ� bĂƐĞĚ� Žn� thĞiƌ� tuŵŽƌ� ŐĞnĞ� ĂŵpliĮcĂƟŽn� pƌŽĮlĞƐ.� � KncŽtĂƌŐĞt.� ϮϬϭϴ� :un� ϭϱ͖ϵ;ϰϲͿ:ϮϴϬϴϯ-ϮϴϭϬϮ.�
ĚŽi:ϭϬ.ϭϴϲϯϮ/ŽncŽtĂƌŐĞt.ϮϱϱϲϮ.�

�ĂƌĂĚĂƌĂn-,ĞƌĂǀi�z͕ ��illĞn�>͕�EŐuǇĞn�,W͕ �sĂn�DŽƐƐĞǀĞlĚĞ�^͕��ĂĞtƐ�:͕��Ğ�:ŽnŐhĞ�W͕ ��nŐĞlbŽƌŐhƐ�^͕��Ğ��ĞǇn�WW͕ �sĂnĚĞnbulcŬĞ�
D͕�sĂnĚĞnbĞƌŐhĞ�Z͕�sĂn��ĂŵŵĞ�W͕ ��ƌĂƐ�W͕ �^ĂlŵŽn��͕�^ǇnŽĨǌiŬ�D͕�,ĞuƟnŬ�W͕ �tilŬĞ��͕�^iŵŽn-^ĂnchĞǌ�:͕�ZŽũĂƐ-'ĂƌciĂ�Z͕�duƌŽn-
^ĂnƐ�:͕�>lĞſ��͕� /llĄn-'ĂlĂ� /͕��lĂƌiŵſn�:͕��ŽƌƌŽni��͕�WĂĚŽǀĂni��͕�WĂƐtŽƌ� W͕ ��iĞǌ-&ĂiƌĞn�D͕��ŐuilĂƌ�D͕�'Ğlpi��͕�^ĂnchĞǌ-sĂllĞ�Z͕�
�ŽƌƌĞŐŽ-�ciũĂ�^͕�DĂtĞũ�Z͕�WĂƌŽbŬŽǀĂ��͕�EĂcŵiĂƐ��͕�^Žƌbi�^͕��ĂŐnŽli�^͕�ĚĞ�DĞnĚŽnĕĂ��͕�&ĞƌƌĞiƌĂ��͕�&ƌĂiĚĂŬiƐ��D:͕��iĞhl-^chŵiĚ�
:͕��lĞǆŽpŽulŽƐ�W͕ ��lŵĞiĚĂ�DZ͕�^ĂntĂnĂ�/͕�sĂn��ƌŽĞcŬhŽǀĞn��͕�ǀĂn��ĚĞƌ��ĞĞ�:͖���>E�h��ŽnƐŽƌƟuŵ͖��h��K���ŽnƐŽƌƟuŵ.�EŽ�
ƐuppŽƌƟǀĞ�ĞǀiĚĞncĞ� ĨŽƌ�d/�ϭ�ŐĞnĞ�ŵutĂƟŽnƐ� in�Ă��uƌŽpĞĂn�cŽhŽƌt�ŽĨ��>^-&d��ƐpĞctƌuŵ�pĂƟĞntƐ.�EĞuƌŽbiŽl��ŐinŐ.�ϮϬϭϴ�
^Ğp͖ϲϵ:Ϯϵϯ.Ğϵ-Ϯϵϯ.Ğϭϭ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.nĞuƌŽbiŽlĂŐinŐ.ϮϬϭϴ.Ϭϱ.ϬϬϱ.�

�ĞƌŽni�:ZD͕��utƌĂ�Z>͕�,ŽnũŽ�Z^͕�>lĞƌĞnĂ�:��:ƌ͕ ��cŽƐtĂ��y͕�DĞĚĞiƌŽƐ�W&s͕�'ĂlĞƌĂ�D&͕ ��ĂnĂƌĚŽ���͕�WiĂǌǌŽn�&�͕��iĂƐ��d͕ �EŽǀŽ-
&ilhŽ� 'D͕�DŽntĞnĞŐƌŽ�DD͕�DĂĚiĂ� &�Z͕� �ĞƌtŽlĂ� �Z͕� ĚĞ�DĞlŽ� :�͕� <uliŬŽǁƐŬi� >�͕� <iŵ� ��� ;ϮϬϭϴͿ� ��DulƟcĞntƌic� �ƌĂǌiliĂn�
/nǀĞƐƟŐĂƟǀĞ�^tuĚǇ�ŽĨ��ŽpǇ�EuŵbĞƌ�sĂƌiĂƟŽnƐ� in�WĂƟĞntƐ�ǁith��ŽnŐĞnitĂl��nŽŵĂliĞƐ�ĂnĚ� /ntĞllĞctuĂl��iƐĂbilitǇ.� �^ciĞnƟĮc�
ZĞpŽƌtƐ�ϴ;ϭͿ:ϭϯϯϴϮ.�ĚŽi:�ϭϬ.ϭϬϯϴ/Ɛϰϭϱϵϴ-Ϭϭϴ-
KthŵĂn�D�<͕�'ƌǇŐĂlĞǁicǌ��͕�<ŽųŬŽǁƐŬĂ->ĞƑniĂŬ��͕�DĞlŽ�:�͕��ĂƌƌĞiƌĂ� /D͕�>iĞhƌ�d� ;ϮϬϭϴͿ��ƌǇpƟc�EhWϮϭϰ-��>ϭ�ĨuƐiŽn�ǁith�
cŽŵplĞǆ�ŬĂƌǇŽtǇpĞ͕�ĞpiƐŽŵĞƐ�ĂnĚ�intƌĂ-tuŵŽƌ�ŐĞnĞƟc�hĞtĞƌŽŐĞnĞitǇ�in�Ă�d-cĞll�lǇŵphŽblĂƐƟc�lǇŵphŽŵĂ.�:��ĂncĞƌ�DĞtĂƐtĂƐiƐ�
dƌĞĂt�ϰ:ϱϬ.��K/:�ϭϬ.ϮϬϱϭϳ/Ϯϯϵϰ-ϰϳϮϮ.ϮϬϭϴ.ϰϭ�
 
�ĂpĞlĂ�ĚĞ�DĂtŽƐ�ZZ͕�KthŵĂn�D�<͕�&ĞƌƌĞiƌĂ�'D͕��ŽƐtĂ��^͕�DĞlŽ�:�͕��ĂƌƌĞiƌĂ�/D͕�ĚĞ�^ŽuǌĂ�Dd͕ �>ŽpĞƐ���͕��ŵĞƌĞnciĂnŽ�D͕�>ĂnĚ�
D'W͕ �>iĞhƌ�d͕ �ZibĞiƌŽ�Z�͕�^ilǀĂ�D>D�;ϮϬϭϴͿ�DŽlĞculĂƌ�ĂppƌŽĂchĞƐ�iĚĞnƟĨǇ�Ă�cƌǇpƟc�D��KD�ƌĞĂƌƌĂnŐĞŵĞnt�in�Ă�chilĚ�ǁith�Ă�
ƌĂpiĚlǇ�pƌŽŐƌĞƐƐiǀĞ�ŵǇĞlŽiĚ�nĞŽplĂƐŵ.���ĂncĞƌ�'ĞnĞt͖�ϮϮϭ:Ϯϱ-ϯϬ

EĂƌĂnũŽ�D'͕�ZŽĚƌiŐuĞƐ-^ŽĂƌĞƐ� &͕ �WĞŹĂƐ->lĞĚſ��D͕�dĂƌĂǌŽnĂ-^ĂntŽƐ��͕� &ĂƌiŹĂƐ�,͕�ZŽĚĞiƌŽ� /͕� dĞƌĄn��͕�'ƌĂǌinĂ�D͕�DŽǇĂ�'�͕�
>ſpĞǌ->ſpĞǌ�D͕�^ĂƌŵiĞntŽ��W͕ ��ĂlǌĂĚillĂ�>Z͕�ZĂŵşƌĞǌ-ZŽĂ�Z͕�KƌƟǌ->ſpĞǌ�Z͕��ƐtĠǀĞǌ-�ĂƌƌiǌŽ�&�͕�^ŽƐĂ-DĂcşĂƐ�D͕��ĂƌƌĂntĞƐ�Z͕�
>>ĞƌĞnĂ��͕���/��-�ŽnƐŽƌƟuŵ�ŽĨ� thĞ� /bĞƌŽ-�ŵĞƌicĂn�EĞtǁŽƌŬ�ŽĨ�WhĂƌŵĂcŽŐĞnĞƟcƐ�ĂnĚ�WhĂƌŵĂcŽŐĞnŽŵicƐ�Z/��&� ;ϮϬϭϴͿ.�
/ntĞƌĞthnic�sĂƌiĂbilitǇ� in��zWϮ�ϲ͕��zWϮ�ϵ͕� ĂnĚ��zWϮ�ϭϵ�'ĞnĞƐ�ĂnĚ�WƌĞĚictĞĚ��ƌuŐ�DĞtĂbŽliƐŵ�WhĞnŽtǇpĞƐ� ĂŵŽnŐ�ϲϬϲϬ�
/bĞƌŽ-�ĂnĚ�EĂƟǀĞ��ŵĞƌicĂnƐ:�Z/��&-��/����ŽnƐŽƌƟuŵ�ZĞpŽƌt�Žn�WŽpulĂƟŽn�WhĂƌŵĂcŽŐĞnŽŵicƐ.��KD/�^͖�ϮϮ;ϵͿ:ϱϳϱ-ϱϴϴ.�ĚŽi:�
ϭϬ.ϭϬϴϵ/Žŵi.ϮϬϭϴ.Ϭϭϭϰ.�

/ŶƚĞƌŶĂƟŽŶĂů�EĞƚǁŽƌŬƐ

^ĞǀĞƌĂl�intĞƌnĂƟŽnĂl�cŽllĂbŽƌĂƟŽnƐ�ĂiŵinŐ�tŽ�bƌinŐ�nĞǁ�ĚĞǀĞlŽpŵĞntƐ�tŽ�thĞ�ƌĞƐĞĂƌch�pĞƌĨŽƌŵĞĚ�in�thĞ�ŐƌŽup�hĂǀĞ�bĞĞn�
ĞƐtĂbliƐhĞĚ:
:Žint�WƌŽŐƌĂŵinŐ�in�EĞuƌŽĚĞŐĞnĞƌĂƟǀĞ�ĚiƐŽƌĚĞƌƐ�;:WE�Ϳ�ĂnĚ��ĂƌlǇ��lǌhĞiŵĞƌ Ɛ͛��iƐĞĂƐĞ��ŽnƐŽƌƟuŵ�;����Ϳ

�ĂǇlŽƌ��ŽllĞŐĞ�ŽĨ�DĞĚicinĞ�;,ŽuƐtŽn͕�h^�Ϳ�ʹ �>ĞĞ-:un�tŽnŐ͖��&ĞƌnĂnĚŽ�̂ cĂŐliĂ͕�hniǀĞƌƐitǇ�ŽĨ�EĞǁcĂƐtlĞ�upŽn�dǇpĞ�;h<Ϳ͖�ZŽbĞƌt�
dĂǇlŽƌ͕ �DitŽchŽnĚƌiĂl��iŽlŽŐǇ�hnit�-�DĞĚicĂl�ZĞƐĞĂƌch��Žuncil�;�ĂŵbƌiĚŐĞ͕�h<Ϳ͖�DĂƐƐiŵŽ��ĞǀiĂni͕�,ŽƐpitĂl�^Ăint�:ŽĂn�ĚĞ��Ġu�
;�ĂƌcĞlŽnĂ͕�̂ pĂinͿ͖�ZĂĨĂĞl��ƌtuch��;�ŽĞnǌǇŵĞ�Y;ϭϬͿ�ĚĞĮciĞncǇ�ƐtuĚǇ�ŐƌŽupͿ�ĂnĚ��ĚƌiĄn�>>ĞƌĞnĂ��/�����linicĂl�ZĞƐĞĂƌch��ĞntƌĞ�
�ǆtƌĞŵĂĚuƌĂ�hniǀĞƌƐitǇ�,ŽƐpitĂl�ĂnĚ�DĞĚicĂl�^chŽŽl͕�;�ĂĚĂũŽǌ͕�^pĂinͿ.



ϱϵ

WĂƌƟcipĂƟŽn�in�thĞ��/d�,ĞĂlth�pƌŽũĞct�͞,ĞĂlthǇ�>iĨĞƐtǇlĞ�/nnŽǀĂƟŽn�YuĂƌtĞƌƐ�ĨŽƌ��iƟĞƐ�ĂnĚ��iƟǌĞnƐ�;,ĞĂ>/YƐ�ϰ��iƟĞƐͿ͟�ϮϬϭϴ.�
Focus Group coordinator.

�ĂŵpŽƐ��:͕�DĂƌƟnƐ�:͕��ƌuĚǌĞǁƐŬǇ��͕��ŽƌƌĞiĂ�^͕�^ĂnƟĂŐŽ��Z͕�tŽlĚbǇĞ��W͕ ��ŵbƌſƐiŽ��&.�/ŵpĂct�ŽĨ�tǇpĞ�ϭ�ĚiĂbĞtĞƐ�ŵĞllituƐ�ĂnĚ�
ƐitĂŐlipƟn�tƌĞĂtŵĞnt�Žn�thĞ�nĞuƌŽpĞpƟĚĞ�z�ƐǇƐtĞŵ�ŽĨ�ƌĂt�ƌĞƟnĂ.��lin��ǆp�KphthĂlŵŽl.�ϮϬϭϴ�&Ğb�ϭϰ.��K/:�ϭϬ.ϭϭϭϭ/cĞŽ.ϭϯϭϳϲ.

DĂĚĞiƌĂ�D,͕� ZĂƐhiĚ� <͕� �ŵbƌſƐiŽ� �&͕ � ^ĂnƟĂŐŽ� �Z͕� >ĂnŐŵĂnn� d.� �lŽcŬĂĚĞ� ŽĨ�ŵicƌŽŐliĂl� ĂĚĞnŽƐinĞ� �Ϯ�� ƌĞcĞptŽƌ� iŵpĂctƐ�
inŇĂŵŵĂtŽƌǇ�ŵĞchĂniƐŵƐ͕� ƌĞĚucĞƐ��ZW�-ϭϵ�cĞll�ĚǇƐĨuncƟŽn�ĂnĚ�pƌĞǀĞntƐ�phŽtŽƌĞcĞptŽƌ� lŽƐƐ� in�ǀitƌŽ.�^ci�ZĞp.�ϮϬϭϴ�&Ğb�
Ϯ͖ϴ;ϭͿ:ϮϮϳϮ.��K/:�ϭϬ.ϭϬϯϴ/Ɛϰϭϱϵϴ-Ϭϭϴ-ϮϬϳϯϯ-Ϯ.

^ĂŵpĂiŽ�d�͕�ĚĞ�KliǀĞiƌĂ�>&͕ ��ŽnƐtĂnƟnŽ�>�͕��ŽƐtĂ��W͕ �WŽlucĞnŽ�''͕�DĂƌƟnƐ�t�͕��Ăl-�iŵ�d͕ �ĚĞ�KliǀĞiƌĂ�<�͕�>uĚŬĂ�&<͕�WƌĞĚiŐĞƌ�
Z�͕�dĂƐcĂ��/͕�WĞƌĞiƌĂ�&�.�>ŽnŐ-dĞƌŵ�EĞuƌŽbĞhĂǀiŽƌĂl��ŽnƐĞƋuĞncĞƐ�ŽĨ�Ă�^inŐlĞ�<ĞtĂŵinĞ�EĞŽnĂtĂl��ǆpŽƐuƌĞ�in�ZĂtƐ:��īĞctƐ�
Žn��ĞllulĂƌ�siĂbilitǇ�ĂnĚ�'lutĂŵĂtĞ�dƌĂnƐpŽƌt�in�&ƌŽntĂl��ŽƌtĞǆ�ĂnĚ�,ippŽcĂŵpuƐ.�EĞuƌŽtŽǆ�ZĞƐ.�ϮϬϭϴ�Kct͖�ϯϰ;ϯͿ:ϲϰϵ-ϲϱϵ.�

ZĞƐĞĂƌch�ĞǆchĂnŐĞ�pƌŽŐƌĂŵŵĞ�ǁith�intĞƌnĂƟŽnĂl�inƐƟtuƟŽnƐ:
�ŽƌŽtĞũĂ�:uŬic�ʹ�͞�Ăn��WW-/s�inhibitŽƌƐ�pƌĞǀĞnt�ƌĞƟnĂl�nĞuƌŽĚĞŐĞnĞƌĂƟŽn�ĂnĚ�blŽŽĚ-ƌĞƟnĂl�bĂƌƌiĞƌ�bƌĞĂŬĚŽǁn�in�ŵulƟplĞ�
ƐclĞƌŽƐiƐ͍�͞�-�&ĂcultǇ�ŽĨ�DĞĚicinĞ͕��ƌŽĂƟĂ.
'ƌĂĚuĂtĞ�dƌĂininŐ�EĞtǁŽƌŬƐ:�^tĂnĚinŐ��ŽŵŵittĞĞ�Žn�ZĞƐĞĂƌch��ǆchĂnŐĞ�;^�KZ�Ϳ�ŽĨ�thĞ�/ntĞƌnĂƟŽnĂl�&ĞĚĞƌĂƟŽn�ŽĨ�DĞĚicĂl�
^tuĚĞntƐ��ƐƐŽciĂƟŽnƐ�;/&D^�Ϳ

dƵŝƟŽŶ�ŽĨ�ŵĞĚŝĐĂů�ƐƚƵĚĞŶƚƐ͗
�llĞn��ƌiŐittĂ�<Ğil͕�ŵĞĚicĂl�ƐtuĚĞnt�ĨƌŽŵ��ĞlŐiuŵ͕�:ulǇ�ϮϬϭϴ͖
DĂŐĚĂlĠnĂ�sĂǀƎşŬŽǀĄ͕�ŵĞĚicĂl�ƐtuĚĞnt�ĨƌŽŵ��ǌĞch�ZĞpublic͕�:ulǇ�ϮϬϭϴ. 
 
�ŽllĂbŽƌĂƟǀĞ��/d�,ĞĂlth�pƌŽũĞct�;,ĞĂ>/YƐϰ�iƟĞƐͿ�ǁith�/nƐƟtutŽ�WĞĚƌŽ�EunĞƐ�ĂnĚ�hniǀĞƌƐitǇ�DĞĚicĂl��ĞntĞƌ�'ƌŽninŐĞn�tŽ�
ƐuppŽƌt�hĞĂlthǇ�liǀinŐ�ĂnĚ�ĂcƟǀĞ�ĂŐĞinŐ.�KƌŐĂniǌĂƟŽn�ŽĨ�WƌĂĕĂ�siĚĂн͕�Ă�public�ĞǀĞnt�in��ŽiŵbƌĂ͕�:uǇ�ϮϬ-ϮϮ.

�ĞǀĞlŽpŵĞnt�ŽĨ�Ă�DKK��͞�nĚ�ŽĨ�>iĨĞ��ĂƌĞ͟�ĨŽƌ��/d�,ĞĂlth���Z���ŽnƐŽƌƟuŵ.

�ŽŽƌĚinĂƟŽn�ŽĨ�thĞ�hniǀĞƌƐitǇ�ŽĨ��ŽiŵbƌĂ��Z���hĂiƌ�;�Z�@h�Ϳ�,ϮϬϮϬ�tiĚĞninŐ�pƌŽũĞct.

WƌĞpĂƌĂƟŽn�ĂnĚ�ƐubŵiƐƐiŽn�ŽĨ�WhĂƐĞ�Ϯ�,ϮϬϮϬ�tiĚĞninŐ�dĞĂŵinŐ�pƌŽũĞct�͞ DulƟĚiƐciplinĂƌǇ�/nƐƟtutĞ�ŽĨ��ŐĞinŐ:�D/�-WŽƌtuŐĂl .͟

/ŶƚĞƌŶĂƟŽŶĂů�ĐŽůůĂďŽƌĂƟŽŶƐ͗
hniǀĞƌƐiĚĂĚĞ�ĚĞ�htƌĞcht.�,ŽlĂnĚĂ
hniǀĞƌƐiĚĂĚĞ�ĚĞ�^.�&ƌĂnciƐcŽ.��ƌĂŐĂnĕĂ�WĂuliƐtĂ.��ƌĂƐil
hniǀĞƌƐiĚĂĚĞ�ĚĞ�ZiŽ�WƌĞtŽ.�ZiŽ�WƌĞtŽ.��ƌĂƐil
hniǀĞƌƐiĚĂĚĞ�ĚĞ��ĂŵpinĂƐ.��ƌĂƐil

EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ



ϲϬ

MetaBolisM, agiNg aNd disease straNd

�Ğůů�DĞƚĂďŽůŝƐŵ�ĂŶĚ�YƵĂůŝƚǇ��ŽŶƚƌŽů

/K^�WƌĞƐƐ��bŽŽŬ
�lǌhĞiŵĞƌ Ɛ͛��iƐĞĂƐĞ:�EĞǁ��ĞŐinninŐƐ͖�^ĞƌiĞƐ��ĚǀĂncĞƐ�in��lǌhĞiŵĞƌ Ɛ͛��iƐĞĂƐĞ͖�sŽluŵĞ�ϲ͖�ϮϬϭϴ͖��ĚitŽƌƐ:�'ĞŽƌŐĞ�WĞƌƌǇ͕ �:ĞƐƷƐ�
�ǀilĂ͕�WĂulĂ�/.�DŽƌĞiƌĂ͕��ĂƌŽn��.�^ŽƌĞnƐĞn͕�DĂƐƐiŵŽ�dĂbĂtŽn
ISBN978-1-61499-875-4 (print) | 978-1-61499-876-1 (online)

�ĂƌŵĞn�'ĂƌcşĂ-ZŽĚƌiŐuĞǌ�ĨƌŽŵ�/nƐƟtutĞ�ŽĨ��iŽlŽŐǇ�ĂnĚ�DŽlĞculĂƌ�'ĞnĞƟc.��^/�-hniǀĞƌƐitǇ�ŽĨ�sĂllĂĚŽliĚ͕�^pĂin.��ŽllĂbŽƌĂƟǀĞ�
research.

�ŽƐŵĞƟcƐ��uƌŽpĞ�;httpƐ://ǁǁǁ.cŽƐŵĞƟcƐĞuƌŽpĞ.ĞuͿ͕�ǁhich�ƌĞpƌĞƐĞntƐ�ĂbŽut�ϰϬ�ŽĨ�thĞ�ǁŽƌlĚ Ɛ͛�lĂƌŐĞƐt�cŽƐŵĞƟcƐ�cŽŵpĂniĞƐ͕�
incluĚinŐ� >͛KƌĞĂl͕� hnilĞǀĞƌ͕ � WƌŽctĞƌ� Θ� 'ĂŵblĞ͕� ,ĞnŬĞl͕� '^<͕� �ĞiĞƌƐĚŽƌĨ͕ � �ŽlŐĂtĞ-WĂlŵŽliǀĞ� ^�͕� ^hiƐĞiĚŽ͕� ĂŵŽnŐ� ŽthĞƌƐ.�
�ŽllĂbŽƌĂƟǀĞ�WƌŽũĞct

DĂuƌşciŽ� ^ĨŽƌcin͕��ĞpĂƌtĂŵĞntŽ�ĚĞ�DicƌŽbiŽlŽŐiĂ� Ğ� /ŵunŽlŽŐiĂ͕� /nƐƟtutŽ�ĚĞ��iŽciġnciĂƐ͕�hE�^W͕ϭϴϲϭϴ-ϵϳϬ͕��ŽtucĂtu͕� ^W͕ �
�ƌĂƐil.��ŽllĂbŽƌĂƟǀĞ�WƌŽũĞctƐ�;WƌſpŽliƐ:�DŽĚulĂĕĆŽ�ĚĂ�ĂpƌĞƐĞntĂĕĆŽ�ĂnƟŐĠnicĂ�Ğ�ĂƟǀĂĕĆŽ�ĚiĨĞƌĞnciĂl�ĚĞ�linĨſcitŽƐ�d͖��nƟĚĂĚĞ�
&inĂnciĂĚŽƌĂ:�&�W�^W͕ ��ƌĂƐil͕�ZĞĨĞƌġnciĂ:�ϮϬϭϱ/Ϭϯϰϵϯ-ϯ.

'ĞŽƌŐĞ�WĞƌƌǇ�ĨƌŽŵ��ŽllĞŐĞ�ŽĨ�^ciĞncĞƐ͕�hniǀĞƌƐitǇ�ŽĨ�dĞǆĂƐ�Ăt�^Ăn��ntŽniŽ͕�dy͕�h^��ʹ�cŽllĂbŽƌĂƟǀĞ�ƌĞƐĞĂƌch

DŝƚŽĐŚŽŶĚƌŝĂ�DĞƚĂďŽůŝƐŵ�ĂŶĚ��ŝƐĞĂƐĞ�'ƌŽƵƉ

�ŽůůĂďŽƌĂƟŽŶƐ͗
�lbĞƌt�ZiǌǀĂnŽǀ͕ �<ĂǌĂn�&ĞĚĞƌĂl�hniǀĞƌƐitǇ͕ �ZuƐƐiĂ
�nĂtŽlǇ��hitŬŽǀich͕��ƌŽǁn�hniǀĞƌƐitǇ͕ �h^��
�niŬĂ�,Ăƌtǌ͕��ũŽƌn��ĂuĞƌ͕ �hniǀĞƌƐitǇ�ŽĨ�<ĞntucŬǇ͕ �h^��
�lĞŵĞnƐ�^tĞĞŐbŽƌn͕�hniǀĞƌƐitǇ�ŽĨ��ĂǇƌĞuth͕�'ĞƌŵĂnǇ�
�ĂniĞl��ŽƌtĂ͕�hniǀĞƌƐitǇ�ŽĨ�^ĆŽ�WĂulŽ͕��ƌĂǌil
�ĂǀiĚ�^inclĂiƌ͕ �,ĂƌǀĂƌĚ�DĞĚicĂl�^chŽŽl͕�h^��
�ƌich�'nĂiŐĞƌ͕ �KƌŽbŽƌŽƐ͕��uƐtƌiĂ
&ĂuƐƟnŽ�DŽllinĞĚŽ͕��^/�͕�^pĂin�
/ŐnĂciŽ�sĞŐĂ-EĂƌĞĚŽ͕�hniǀĞƌƐitǇ�ŽĨ�KǀiĞĚŽ͕�^pĂin�
:Ăn�<ŽpĞcŬǇ͕ ��cĂĚĞŵǇ�ŽĨ�^ciĞncĞƐ͕��ǌĞch�ZĞpublic�
:iiƌi�EĞuǌil͕�'ƌiĸth�hniǀĞƌƐitǇ͕ ��uƐtƌĂliĂ
:ŽĂn�ZŽƐƐĞlŽ͕��^/�͕�^pĂin�
:Žhn�tiƐĞ͕�hniǀĞƌƐitǇ�ŽĨ�>ŽuiƐǀillĞ͕�>ŽuiƐǀillĞ͕�h^�
>ĂuƌĂ�sĞƌŐĂni͕�hniǀĞƌƐitǇ�ŽĨ�'ĞnŽĂ͕�/tĂlǇ
>ŽuiƐĞ�dŽƌp��ĂlŐĂĂƌĚ͕��ĞpĂƌtŵĞnt�ŽĨ�^ciĞncĞ͕�^ǇƐtĞŵƐ�ĂnĚ�DŽĚĞlƐ͕��ĞnŵĂƌŬ
DĂƌiĂ��lŵĞiĚĂ͕�hniǀĞƌƐitǇ�ŽĨ��ƌŬĂnƐĂƐ͕�h^�
DĂƌiĂ�&ĞlicĞ��ƌiǌǌi͕�hniǀĞƌƐită�ĚĞŐli�^tuĚi�Ěi�dŽƌinŽ͕�/tĂlǇ
DĂƌiĂ�WŽƌƟllŽ͕�hniǀĞƌƐitǇ�ŽĨ�thĞ��ĂƐƋuĞ��ŽuntƌǇ͕ �^pĂin
DĂƌiuƐǌ�tiĞcŬŽǁƐŬi͕�EĞnƐŬi�/nƐƟtutĞ͕�WŽlĂnĚ
DĂƌŬ�EiũlĂnĚ͕�>ĂuƌĂ��Žǆ͕�hniǀĞƌƐitǇ�ŽĨ�dĞǆĂƐ�,ĞĂlth�^ciĞncĞ��ĞntĞƌ͕ �h^�
EiŬĂ��ĂniĂl͕��ĂnĂ-&ĂƌbĞƌ��ĂncĞƌ�/nƐƟtutĞ͕�h^�
WĂtƌiciĂ�^cŽtt͕�:Žn�,ŽlǇ͕ �<ĞnĚĂll�tĂllĂcĞ͕�hniǀĞƌƐitǇ�ŽĨ�DinnĞƐŽtĂ͕�h^�
WĞtĞƌ�EĂthĂniĞlƐǌ͕�hniǀĞƌƐitǇ�ŽĨ�tǇŽŵinŐ͕�h^�
WiĞƌŽ�WŽƌƟncĂƐĂ͕�hniǀĞƌƐitǇ�ŽĨ��Ăƌi͕�/tĂlǇ
WinchĂƐ��ŽhĞn͕�hniǀĞƌƐitǇ�ŽĨ�^ŽuthĞƌn��ĂliĨŽƌniĂ͕�h^�
^ĂbĞƌ�,uƐƐĂin͕�tƌiŐht�^tĂtĞ�hniǀĞƌƐitǇ͕ �h^�
tĞƌnĞƌ�<ŽŽpŵĂn͕�ZĂĚbŽuĚ�hniǀĞƌƐitǇ�DĞĚicĂl��ĞntƌĞ͕�dhĞ�EĞthĞƌlĂnĚƐ

EĞƚǁŽƌŬ
'ƌĂĚuĂtĞ�tƌĂininŐ�nĞtǁŽƌŬ:�͞&K/��'Z�^͕͟ �,ϮϬϮϬ-D^��-/dE-ϮϬϭϲ͕�ZĞĨ.�ϳϮϮϲϭϵ͕�ϮϬϭϳ-ϮϬϮϬ�
ZĞƐĞĂƌch�ƐtĂī�ĞǆchĂnŐĞ�nĞtǁŽƌŬ:�͞ŵt&K/��'Z�^͕͟ �D^��-Z/^�-ϮϬϭϲ͕�ZĞĨ.�ϳϯϰϳϭϵ͕�ϮϬϭϳ-ϮϬϮϬ�



ϲϭ

sŝƐŝƟŶŐ�ƌĞƐĞĂƌĐŚĞƌƐ
�lŵĂǌ��ŬhunǌiĂnŽǀ�;ϮϬϭϴͿ͕�<ĂǌĂn�&ĞĚĞƌĂl�hniǀĞƌƐitǇ͕ �ZuƐƐiĂ
WĂtƌǇcũĂ�EiĞǁŽĚŽǁƐŬĂ�;ϮϬϭϴͿ͕�DĞĚicĂl�hniǀĞƌƐitǇ�ŽĨ��iĂųǇƐtŽŬ͕�WŽlĂnĚ
<ĂƌŽlinĂ�^iĞǁiĞƌĂ�;ϮϬϭϴͿ͕�DĞĚicĂl�hniǀĞƌƐitǇ�ŽĨ�>ŽĚǌ͕�WŽlĂnĚ�:Žhn�tiƐĞ�;ϮϬϭϴͿ͕��ĞpĂƌtŵĞnt�ŽĨ�WhĂƌŵĂcŽlŽŐǇ�ĂnĚ�dŽǆicŽlŽŐǇ͕ �
^chŽŽl�ŽĨ�DĞĚicinĞ͕�hniǀĞƌƐitǇ�ŽĨ�>ŽuiƐǀillĞ͕�h^�

KƚŚĞƌ͗
DĞŵbĞƌƐ�ŽĨ�thĞ�DD��ĂƌĞ�cŽnƐiƐtĞntlǇ�inǀŽlǀĞĚ�in�pĞĞƌ-ƌĞǀiĞǁinŐ�ĨŽƌ�ƐciĞnƟĮc�ũŽuƌnĂlƐ͕�ĂnĚ�ĂƐ�ĞǀĂluĂtŽƌƐ�ĨŽƌ�ĨunĚinŐ�ĂŐĞnciĞƐ�
;Ğ.Ő.�&�d͕ ���-Z��͕�ĂnĚ�ŽthĞƌƐͿ

DĞƚĂďŽůŝĐ��ŽŶƚƌŽů�'ƌŽƵƉ

�ŽllĂbŽƌĂƟǀĞ�publicĂƟŽn�ǁith�WƌŽĨ�<iŵǲƐ�'ƌŽup�ĨƌŽŵ�,ĂƌǀĂƌĚ͕�h^���,uĂnŐ͕�,.͕�^ĞunŐ-,ǁĂn�>.͕�>iŵĂ͕�/.^.͕�<iŵ͕�^.^.͕��ĂŐŽn͕�
z͕ �<ĂnŐ͕�D-�.͕�^ĞŽ͕�:.�.͕�ZǇu͕�D.:.͕�^hŽnŐ͕�D.͕�,ǁĂnŐ͕��.,.͕�>i͕�W.͕�DĞnŐ͕�,.͕��hunŐ͕��-,.͕�<iŵ͕�D.^.͕�WĂƌŬ͕�<.^.͕�DĂcĞĚŽ͕�D.W.͕�
thitĞ͕�D.͕��ĞlĞǁ͕�'.�.͕�:ŽnĞƐ͕�:.'.�ĂnĚ�<iŵ͕�z-�.�ϮϬϭϴ.�ZhŽ-ŬinĂƐĞ�ƌĞŐulĂtĞƐ�ŽbĞƐitǇ-inĚucĞĚ�ĨĂttǇ�liǀĞƌ�ĚiƐĞĂƐĞ�bǇ�ĚƌiǀinŐ�ĚĞ�
nŽǀŽ�lipŽŐĞnĞƐiƐ.�:.��lin.�/nǀĞƐt.�ϭϮϴ͕�ϱϯϯϱ-ϱϯϱϬ.

�ŽllĂbŽƌĂƟŽn�ǁith�WƌŽĨ�DĂtthĞǁ�DĞƌƌitt�Ăt�thĞ�hniǀĞƌƐitǇ�ŽĨ�&lŽƌiĚĂ:�EĂƟŽnĂl�^ciĞncĞ�&ŽunĚĂƟŽn�;WϭϳϴϮϳͿ�͞,iŐh-ƐĞnƐiƟǀitǇ�
ϭϯ��EDZ�iƐŽtŽpŽŵĞƌ�ĂnĂlǇƐiƐ�ŽĨ�tƌiŐlǇcĞƌiĚĞ�ĨĂttǇ�ĂciĚ�ĞnƌichŵĞnt�ĨƌŽŵ�΀h-ϭϯ�΁ĨƌuctŽƐĞ͟�Ψϭϱ͕ϬϬϬ͕��EŽǀ�ϭ͕�ϮϬϭϴ-Kct�ϯϭ͕�ϮϬϮϭ.
>ŽnŐ�ƐtĂnĚinŐ�ĂnĚ�ŽnŐŽinŐ�cŽllĂbŽƌĂƟŽn�ǁith�cŽllĞĂŐuĞƐ� in�^ǁĞĚĞn͕�:Ăn��ƌiŬƐƐŽn�ĂnĚ�DĂƌiĂ�:ŽĂŽ�WĞƌĞiƌĂ.��Ž-ĂuthŽƌƐ�ĂnĚ�
exchange students between laboratories.

>ŽnŐ-ƐtĂnĚinŐ�ĂnĚ�ŽnŐŽinŐ�cŽllĂbŽƌĂƟŽn�ǁith�cŽllĞĂŐuĞƐ�in��ĞnŵĂƌŬ͕�>ŽuiƐĞ�d��ĂlŐĂĂƌĚ͕�ǁith�ǁhŽŵ�ǁĞ�hĂǀĞ�bĞĞn�publiƐhinŐ�
ĂnĚ�cŽ-ĨŽunĚĞĚ�ĂnĚ�ĞǆchĂnŐĞĚ�ƐtuĚĞntƐ͕�incluĚinŐ�Wh��ƐtuĚĞntƐ.

steM cell-Based aNd Molecular therapies BraNd

WƌŽũĞĐƚƐ�ƵŶĚĞƌ�ŝŶƚĞƌŶĂƟŽŶĂů��ŽŶƐŽƌƟƵŵƐͬEĞƚǁŽƌŬƐ͗
-��uƌŽpĞĂn�̂ pinŽcĞƌĞbĞllĂƌ��tĂǆiĂ�dǇpĞ�ϯ/DĂchĂĚŽ-:ŽƐĞph��iƐĞĂƐĞ�/niƟĂƟǀĞ͖�:Žint�WƌŽŐƌĂŵŵĞ�Žn�EĞuƌŽĚĞŐĞnĞƌĂƟǀĞ��iƐĞĂƐĞ�
ZĞƐĞĂƌch.��uƌŽpĞĂn��ŽnƐŽƌƟuŵ.�ϮϬϭϲ-ϮϬϭϵ.
-��ĚǀĂncĞĚ�ŵŽĚĞlƐ�ŽĨ�pŽlǇŐlutĂŵinĞ�ĚiƐŽƌĚĞƌƐ�;,�͕�^��ϯ͕�^��ϳͿ͖�:Žint�WƌŽŐƌĂŵŵĞ�Žn�EĞuƌŽĚĞŐĞnĞƌĂƟǀĞ��iƐĞĂƐĞ�ZĞƐĞĂƌch.�
�uƌŽpĞĂn��ŽnƐŽƌƟuŵ.�ϮϬϭϲ-ϮϬϭϵ.
-�̂ Ǉn^pƌĞĂĚ:�ZŽlĞ�ĂnĚ�ŵĞchĂniƐŵ�ŽĨ�ĂlphĂ-ƐǇnuclĞin�ĂnĚ�ĂtĂǆin-ϯ�ƐpƌĞĂĚinŐ�in�WĂƌŬinƐŽn�ĂnĚ�DĂchĂĚŽ-:ŽƐĞph�ĚiƐĞĂƐĞƐ.�ϮϬϭϯ�
:WE��dƌĂnƐnĂƟŽnĂl�cĂll�ĨŽƌ�͞�uƌŽpĞĂn�ƌĞƐĞĂƌch�pƌŽũĞctƐ�ĨŽƌ��ƌŽƐƐ-�iƐĞĂƐĞ��nĂlǇƐiƐ�ŽĨ�WĂthǁĂǇƐ�ƌĞlĂtĞĚ�tŽ�EĞuƌŽĚĞŐĞnĞƌĂƟǀĞ�
�iƐĞĂƐĞƐ.�ZĞĨ.�:WE�-��/ϬϬϬϭ/ϮϬϭϯ.��uƌŽpĞĂn��ŽnƐŽƌƟuŵ.�ϮϬϭϱ-ϮϬϭϴ.
-���lipiĚŽŵic�ĂnĚ�ŵiZE�-bĂƐĞĚ�ƐtƌĂtĞŐǇ�ĨŽƌ�ŐliŽblĂƐtŽŵĂ�tƌĞĂtŵĞnt͕�;�Ϭϯ/ϮϬϭϲͿ
WƌŽũĞtŽ�ĂŽ�ĂbƌiŐŽ�ĚŽ�WƌŽŐƌĂŵĂ�ĚĞ��ĕƁĞƐ�/ntĞŐƌĂĚĂƐ�>uƐŽ-�lĞŵĆƐ.�ϮϬϭϲ-ϮϬϭϴ�
-� � &ŽlĂtĞ-dĂƌŐĞt� EĂnŽĚĞǀicĞƐ� dŽ� �cƟǀĂtĞĚ� DĂcƌŽphĂŐĞƐ� &Žƌ� ZhĞuŵĂtŽiĚ� �ƌthƌiƟƐ� ;&K>^D�ZdͿ͖� EDW-Ϭϲ-ϮϬϭϱ� -� EŽǀĞl�
nĂnŽŵĂtƌicĞƐ�ĂnĚ�nĂnŽcĂpƐulĞƐ.��uƌŽpĞĂn��ŽnƐŽƌƟuŵ͕�:ĂnϮϬϭϲ-�ĞcϮϬϭϵ.
-�'ŽEĂnŽ�iŽDĂt�ǁith�ƌĞĨĞƌĞncĞ�WƌŽ^ĂĨĞ/ϬϬϬϭ/ϮϬϭϲ�;Ăbƌil�ϮϬϭϳ/ŵĂƌch�ϮϬϭϵͿ.
-�dŽǁĂƌĚƐ�Ă�ƐinŐlĞ�thĞƌĂpǇ�ǁith�Ă�ƐǇnĞƌŐiƐƟc�ĚƌuŐ�cŽŵbinĂƟŽn�ĂŐĂinƐt�tƌiplĞ�nĞŐĂƟǀĞ�bƌĞĂƐt�cĂncĞƌ�ĂnĚ�nĞuƌŽblĂƐtŽŵĂ�bǇ�
nuclĞŽlin-ŵĞĚiĂtĞĚ�ŵulƟcĞllulĂƌ�tĂƌŐĞƟnŐ.�&unĚinŐ�ĂŐĞncǇ:��hZKE�EKD���//�;�Z�E�dͿ͕�ϮϬϭϲ-ϮϬϮϬ.

-�EĞǁ�ĚiĂŐnŽƐƟc�ĂnĚ�thĞƌĂpĞuƟc�tŽŽlƐ�ĂŐĂinƐt�ŵulƟĚƌuŐ�ƌĞƐiƐtĂnt�tuŵŽƌƐ�-��K^d�ĂcƟŽn���ϭϳϭϬϰ��;ϮϬϭϴ/ϮϬϮϮͿ.

sĞĐƚŽƌƐ�ĂŶĚ�'ĞŶĞ�dŚĞƌĂƉǇ�'ƌŽƵƉ



ϲϮ

KnŐŽinŐ��ŽllĂbŽƌĂƟŽnƐ�ǁith:
-�dhĞ�hniǀĞƌƐitǇ�ŽĨ�DunƐtĞƌ�;'ĞƌŵĂnǇͿ
-�dhĞ�hniǀĞƌƐitǇ�ŽĨ�'ƌŽninŐĞn�;thĞ�EĞthĞƌlĂnĚƐͿ
-�EŽƌthǁĞƐtĞƌn�hniǀĞƌƐitǇ�;h^�Ϳ
 
 
 
/Es/d���^�D/EAR^ 

ϭ.� ͞/ĚĞnƟĮcĂƟŽn�ŽĨ�pƌŽ�ƐuƌǀiǀĂl�ŵicƌŽZE�Ɛ͟�-�/�/>/͕�&ĂcultǇ�ŽĨ�DĞĚicinĞ͕�hniǀĞƌƐitǇ��ŽiŵbƌĂ͕�WŽƌtuŐĂl�;ϮϬϭϴͿ

Ϯ.� ͞^tĞŵ��ĞllƐ�ĂnĚ�ZĞŐĞnĞƌĂƟǀĞ�DĞĚicinĞ͕͟ �hniǀĞƌƐitǇ��ǀĞiƌŽ͕�WŽƌtuŐĂl�;ϮϬϭϴͿ

WK^d�R^

:��ƌiƐpiŵ͕�,�&ĞƌnĂnĚĞƐ͕�W�:ŽnŬhĞiũŵ�ĂnĚ���̂ ĂƌiƐ:�WuƌiĮcĂƟŽn�ŽĨ�plĂtĞlĞt-ƌich�plĂƐŵĂ�ǁith�pĞpƟĚĞ-ĨuncƟŽnĂliǌĞĚ�ŵicƌŽƐphĞƌĞƐ:�
KZ^�ϮϬϭϴ��nnuĂl�DĞĞƟnŐ͕�h^�͕�ϮϬϭϴ.

�ntunĞƐ͕�,,Ύ͕��ĂƌĚŽƐŽ͕�ZΎ͕��ŽnĂƌi͕��͕��ŽƌƌĞiĂ͕�:͕�>ĞĂl͕��͕�<ŽƐƟc͕�/͕�:iŵĠnĞǌ-�ĂlƐĂ͕��͕��ĂƌƌĂĚĂƐ͕��͕�WintŽ͕�s͕��ĂƌǀĂlhŽ͕��͕�&ĞƌƌĞiƌĂ͕�
>.�͞�ŽntƌŽllĞĚ�ĚĞliǀĞƌǇ�ŽĨ�ĞǆŽƐŽŵĞƐ�ĨŽƌ�chƌŽnic�ǁŽunĚ�hĞĂlinŐ .͟

�y//�^pĂniƐh-WŽƌtuŐuĞƐĞ��ŽnĨĞƌĞncĞ�Žn��ŽntƌŽllĞĚ��ƌuŐ��ĞliǀĞƌǇ͕ ��ŽiŵbƌĂ͕�:ĂnuĂƌǇ�ϭϰ-ϭϲ͕�ϮϬϭϴ.�

�ŬhilĞƐh�ZĂiΎ͕��ĂtĂƌinĂ�WƌĂĕĂΎ͕�diĂŐŽ�^ĂntŽƐ͕��nĂ��ƌiƐtŽǀĆŽ͕�ZŽŵĞŽ��ĞcchĞlli͕�DĂƌiĞ-WiĞƌƌĞ��ĞhŽucŬ͕�>iliĂnĂ��ĞƌnĂƌĚinhŽ�ĂnĚ�
>inŽ�^.�&ĞƌƌĞiƌĂ.�͞dĂƌŐĞƟnŐ�thĞ�nĞuƌŽŐĞnic�nichĞƐ�ŽĨ�ĂĚult�bƌĂin�bǇ�pĞpƟĚĞ-cŽnũuŐĂtĞĚ�nĂnŽpĂƌƟclĞƐ .͟�y//�^pĂniƐh-WŽƌtuŐuĞƐĞ�
�ŽnĨĞƌĞncĞ�Žn��ŽntƌŽllĞĚ��ƌuŐ��ĞliǀĞƌǇ͕ ��ŽiŵbƌĂ͕�:ĂnuĂƌǇ�ϭϰ-ϭϲ͕�ϮϬϭϴ.�

ZĂi͕��͕��ŽŵunĞ͕�D͕��hĞƌĞĚĚǇ͕ �<<͕�WintŽ͕�̂ ͕��ĚĂǇ͕ �̂ ͕�&ĞƌƌĞiƌĂ͕��&͕ ��unhĂ͕�Z͕�ZŽĚƌiŐuĞƐ͕�Z͕�>ĞƌŵĂ͕�:͕�̂ iŵƁĞƐ͕�WE͕�WƌĠĂt͕�s͕�&ĞƌƌĞiƌĂ͕�
>.�͞>>ϯϳ�pĞpƟĚĞ�cŽnũuŐĂtĞĚ�ŐŽlĚ�nĂnŽpĂƌƟclĞƐ�ǁith�ƐupĞƌiŽƌ�ƐŬin�ƌĞŐĞnĞƌĂƟŽn�pƌŽpĞƌtǇ .͟�y//�^pĂniƐh-WŽƌtuŐuĞƐĞ��ŽnĨĞƌĞncĞ�
Žn��ŽntƌŽllĞĚ��ƌuŐ��ĞliǀĞƌǇ͕ ��ŽiŵbƌĂ͕�:ĂnuĂƌǇ�ϭϰ-ϭϲ͕�ϮϬϭϴ.�

>inŽ͕�DD͕�^iŵƁĞƐ͕�^͕�silĂĕĂ͕��͕��ntunĞƐ͕�,͕��ŽnĂƌi͕��͕�&ĞƌƌĞiƌĂ͕�>.�͞EĞĂƌ-inĨƌĂƌĞĚ�tƌiŐŐĞƌĞĚ�ƌĞlĞĂƐĞ�ŽĨ�ŵiZE�Ɛ�ĨŽƌ�ŵŽĚulĂƟŽn�ŽĨ�
cĞll�ĂcƟǀitǇ .͟�y//�^pĂniƐh-WŽƌtuŐuĞƐĞ��ŽnĨĞƌĞncĞ�Žn��ŽntƌŽllĞĚ��ƌuŐ��ĞliǀĞƌǇ͕ ��ŽiŵbƌĂ͕�:ĂnuĂƌǇ�ϭϰ-ϭϲ͕�ϮϬϭϴ.�

WinhŽ͕� ^Ύ͕� ZĞbĞlŽ͕� �Ύ͕� ^ĂntŽƐ͕� d͕ � 'uĞĚĞƐ͕� :͕� �ĞƌnĂƌĚinŽ͕� >͕� WĞĕĂ͕� :͕� &ĞƌƌĞiƌĂ͕� >.� ͞DŽĚulĂƟnŐ� nĞuƌĂl� ƐtĞŵ� cĞllƐ� ĂcƟǀitǇ� bǇ�
nĂnŽpĂƌƟclĞ�liŐht-ĂcƟǀĂƟŽn .͟�y//�^pĂniƐh-WŽƌtuŐuĞƐĞ��ŽnĨĞƌĞncĞ�Žn��ŽntƌŽllĞĚ��ƌuŐ��ĞliǀĞƌǇ͕ ��ŽiŵbƌĂ͕�:ĂnuĂƌǇ�ϭϰ-ϭϲ͕�ϮϬϭϴ.�

>inŽ͕� DΎ͕� ^iŵƁĞƐ͕� ^Ύ͕� WinhŽ͕� ^͕� &ĞƌƌĞiƌĂ͕� >.� ͞/ntƌĂcĞllulĂƌ� ĚĞliǀĞƌǇ� ŽĨ� ŵulƟplĞ� pƌŽtĞinƐ� ǁithŐ� ƐpĂƟŽ-tĞŵpŽƌĂl�
cŽntƌŽl .͟� y//� ^pĂniƐh-WŽƌtuŐuĞƐĞ� �ŽnĨĞƌĞncĞ� Žn� �ŽntƌŽllĞĚ� �ƌuŐ� �ĞliǀĞƌǇ͕ � �ŽiŵbƌĂ͕� :ĂnuĂƌǇ� ϭϰ-ϭϲ͕� ϮϬϭϴ.� 
 
&ƌĂnciƐcŽ͕� s͕� &ĞƌƌĞiƌĂ͕� >.� ͞EĞĂƌ-inĨƌĂƌĞĚ� liŐht� tƌiŐŐĞƌĞĚ� ƌĞlĞĂƐĞ�ŽĨ� biŽĂcƟǀĞ�ŵŽlĞculĞƐ� ĨƌŽŵ� ƐupƌĂŵŽlĞculĂƌ�ŵŽĚiĮĞĚ� ŐŽlĚ�
nĂnŽƌŽĚƐ .͟�y//�^pĂniƐh-WŽƌtuŐuĞƐĞ��ŽnĨĞƌĞncĞ�Žn��ŽntƌŽllĞĚ��ƌuŐ��ĞliǀĞƌǇ͕ ��ŽiŵbƌĂ͕�:ĂnuĂƌǇ�ϭϰ-ϭϲ͕�ϮϬϭϴ.�

:ĞƐuƐ͕��͕��bƌĞu͕�Z͕�&ĞƌnĂnĚĞƐ͕�,͕�&ĞƌƌĞiƌĂ͕�>.�͞/ƐŽlĂƟŽn�ĂnĚ�chĂƌĂctĞƌiǌĂƟŽn�ŽĨ�uƌinĂƌǇ�ĞǆtƌĂcĞllulĂƌ�ǀĞƐiclĞƐ�ĨŽƌ�ZĞŐĞnĞƌĂƟǀĞ�
DĞĚicinĞ .͟�ϭƐt�DĞĞƟnŐ�Žn�sĞƐiculĂƌ��iŽlŽŐǇ͕ ��ŽiŵbƌĂ͕�&ĞbƌuĂƌǇ�ϭϲ-ϭϳ͕�ϮϬϭϴ.

^ĂnƟnhĂ͕��͕��ŽnĂƌi͕��͕�WintŽ͕�s͕�&ĞƌnĂnĚĞƐ͕��͕�^ĂntŽƐ͕�d͕ ��ĞnĂƌĚinŽ͕�>͕��ĂƌǀĂlhŽ͕��>͕�&ĞƌƌĞiƌĂ͕�>.�͞�ǆŽƐŽŵĞƐ-bĂƐĞĚ�thĞƌĂpǇ�ĨŽƌ�
ƐtƌŽŬĞ .͟�ϭƐt�DĞĞƟnŐ�Žn�sĞƐiculĂƌ��iŽlŽŐǇ͕ ��ŽiŵbƌĂ͕�&ĞbƌuĂƌǇ�ϭϲ-ϭϳ͕�ϮϬϭϴ.
  
�ŽnƐtĂnƟniĚĞƐ͕��͕�ZĂi͕��͕�̂ ƌiniǀĂƐ͕�D͕�&ĞƌƌĞiƌĂ͕�>͕��Ăƌƌ͕ ��.�͞ �ŽŵpĂƌiƐŽn�ŽĨ�>ĂbĞlinŐ��ĂpĂcitǇ�ĨŽƌ�WƌŽtĂŵinĞ-ƐulphĂtĞ-cŽnũuŐĂtĞĚ�
ĂnĚ�&u'�E�-lĂbĞlĞĚ�WƌŽŐĞnitŽƌ��ĂƌĚiĂc�^tĞŵ��ĞllƐ�uƐinŐ�WĞƌŇuŽƌŽcĂƌbŽn�EĂnŽpĂƌƟclĞ�>ĂbĞlƐ�ĨŽƌ�/n�siǀŽ�DuƌinĞ��ĂƌĚiĂc�ϭϵ&�
DZ//DZ^ .͟��nnuĂl�DĞĞƟnŐ�/^DZD-�^DZD��in�WĂƌiƐ͕�&ƌĂncĞ͕�:unĞ�ϭϲ-Ϯϭ͕�ϮϬϭϴ.�

�ntunĞƐ͕�,,͕��ĂƌĚŽƐŽ͕�Z͕��ŽƌƌĞiĂ͕�:͕�<ŽƐƟc͕� /͕�>ĞĂl͕��͕��ŽnĂƌi͕��͕��ĂƌƌĂĚĂƐ͕��͕��ĂƌǀĂlhŽ͕��͕�&ĞƌƌĞiƌĂ͕�>.�͞�ĞƐĞnǀŽlǀiŵĞntŽ�ĚĞ�
uŵ�hiĚƌŽŐĞl�pĂƌĂ� libĞƌtĂĕĆŽ�cŽntƌŽlĂĚĂ�ĚĞ�ĞǆŽƐƐŽŵĂƐ� -�uŵĂ�nŽǀĂ�ĞƐpĞƌĂnĕĂ�pĂƌĂ� tƌĂtĂŵĞntŽ�ĚĞ�ulcĞƌĂƐ�ĚiĂbĠƟcĂƐ .͟� ϭϰǑ�
�ŽnŐƌĞƐƐŽ�WŽƌtuŐuġƐ�ĚĞ��iĂbĞtĞƐ͕�,ŽtĞl�diǀŽli�DĂƌinĂ�silĂŵŽuƌĂ͕�DĂƌch�ϵ-ϭϭ͕�ϮϬϭϴ.�

�bƌĞu͕�Z�͕�ĚĂ��ŽƐtĂ�DĂƌƟnƐ͕�W�͕�&ĞƌnĂnĚĞƐ͕�,͕�&ĞƌƌĞiƌĂ͕�>.�͞�ǆtƌĂcĞllulĂƌ�sĞƐiclĞ��nŐinĞĞƌinŐ:�DŽĚulĂƟŽn�ŽĨ�EŽn-cŽĚinŐ�ZE��
�ŽntĞnt .͟��D�K�WƌĂcƟcĂl��ŽuƌƐĞ:��ǆtƌĂcĞllulĂƌ�sĞƐiclĞƐ:�&ƌŽŵ��iŽlŽŐǇ�tŽ��iŽŵĞĚicĂl��pplicĂƟŽnƐ͕��D�>�,ĞiĚĞlbĞƌŐ͕�'ĞƌŵĂnǇ͕ �
April 8-14, 2018.

^ƚĞŵ��Ğů��ŝŽƚĞĐŚŶŽůŽŐǇ



ϲϯ

&ĞƌnĂnĚĞƐ͕�,͕� �ŽnĂƌi͕� �͕� �ĚĂǇ͕ � ^͕� ^ĞĂbƌĂ͕� �͕� �ĂƌĂtĂ͕� d͕ � �bƌĞu͕� Z͕� >ĞĂl͕� �͕� �ĂƌǀĂlhŽ͕� �͕� &ĞƌƌĞiƌĂ͕� >.� ͞,iŐh-cŽntĞnt� ƐcƌĞĞninŐ�
iĚĞnƟĮĞƐ�pƌŽ-ƐuƌǀiǀĂl�ŵicƌŽZE�Ɛ .͟��^��ϮϬϭϴ͕�Ϯϵth��uƌŽpĞĂn��ŽnĨĞƌĞncĞ�Žn��iŽŵĂtĞƌiĂlƐ͕�DĂĂƐtƌicht͕�EĞthĞƌlĂnĚƐ͕�^Ğp�ϵ-ϭϯ͕�
2018.

^ǇƐƚĞŵƐ�ĂŶĚ��ŽŵƉƵƚĂƟŽŶĂů��ŝŽůŽŐǇ�'ƌŽƵƉ

dĂŵpĞƌĞ�hniǀĞƌƐitǇ�ŽĨ�dĞchnŽlŽŐǇ�;&inlĂnĚͿ�
ZĞƐĞĂƌchĞƌƐ:�/lpŽ�sĂttulĂinĞn͕�DĂƫ�:ĂǀĂnĂinĞn
WƌŽũĞct:�YuĂnƟtĂƟǀĞ�ĂƐƐĞƐƐŵĞnt�ŽĨ�ƌĂtĞ�cŽnƐtĂntƐ�ĨƌŽŵ�ŵŽlĞculĂƌ�ĚǇnĂŵicƐ�ƐiŵulĂƟŽnƐ

hniǀĞƌƐitǇ�ŽĨ�KtĂŐŽ�;EĞǁ��ĞĂlĂnĚͿ:�
ZĞƐĞĂƌchĞƌƐ:��hƌiƐƟnĞ�tintĞƌbŽuƌn͕��lĞǆĂnĚĞƌ�WĞƐŬin
WƌŽũĞctƐ:�
���hĂƌĂctĞƌiǌinŐ�thĞ�ŽpĞƌĂƟŽn�ŽĨ�thĞ�WƌǆϮ/dƌǆϭ/dƌǆZ�ƐǇƐtĞŵ�in�huŵĂn�ĞƌǇthƌŽcǇtĞƐ.
���hĂƌĂctĞƌiǌinŐ�thĞ�ŬinĞƟcƐ�ĂnĚ�ŵŽlĞculĂƌ�ŵĞchĂniƐŵƐ�ŽĨ�huŵĂn�Ϯ-�ǇƐ�pĞƌŽǆiƌĞĚŽǆinƐ.
��hnĚĞƌƐtĂnĚinŐ�thĞ�ƌĞĚŽǆ�ƌĞƐpŽnƐĞƐ�ŽĨ�ĞƌǇthƌŽcǇtĞƐ�ŽĨ�'ϲW�-ĚĞĮciĞnt�chilĚƌĞn.

hniǀĞƌƐitǇ�ŽĨ�^ĆŽ�WĂulŽ�;�ƌĂƐilͿ
ZĞƐĞĂƌchĞƌ:�&lĄǀiĂ�DĞŽƫ
WƌŽũĞct:��hĂƌĂctĞƌiǌinŐ�thĞ�ŬinĞƟcƐ�ĂnĚ�ŵŽlĞculĂƌ�ŵĞchĂniƐŵƐ�ŽĨ�huŵĂn�Ϯ-�ǇƐ�pĞƌŽǆiƌĞĚŽǆinƐ.

hniǀĞƌƐitǇ�^ĂinƐ�/ƐlĂŵ�DĂlĂǇƐiĂ�;DĂlĂǇƐiĂͿ
ZĞƐĞĂƌchĞƌƐ:�&ŽŽŬ-�hŽĞ��hĞĂh
WƌŽũĞct:�hnĚĞƌƐtĂnĚinŐ�thĞ�ƌĞĚŽǆ�ƌĞƐpŽnƐĞƐ�ŽĨ�ĞƌǇthƌŽcǇtĞƐ�ŽĨ�'ϲW�-ĚĞĮciĞnt�chilĚƌĞn

hniǀĞƌƐitǇ�ŽĨ�^ĂĂƌlĂnĚ�;'ĞƌŵĂnǇͿ:�
ZĞƐĞĂƌchĞƌƐ:��lŵĂƌ�,ĞinǌlĞ�
WƌŽũĞct:� �ĞǀĞlŽpŵĞnt� ĂnĚ� ĂpplicĂƟŽn� ŽĨ� Ă� ŵĞthŽĚ� ĨŽƌ� pƌŽĮlinŐ� ŵitŽƟc-cǇclĞ-ĚĞpĞnĚĞnt� ŵĞtĂbŽliƐŵ� ǁithŽut� hĂǀinŐ� tŽ�
ƐǇnchƌŽniǌĞ�cĞllƐ�

s/d�hniǀĞƌƐitǇ�;/nĚiĂͿ�
�ŽŽpĞƌĂƟŽn�in�ƌĞƐĞĂƌch�tƌĂininŐ�ŽĨ��.�dĞch.�ĂnĚ�D.�^c.�ƐtuĚĞntƐ

DŽuƐĞ�'��;�K^d��cƟŽn��DϭϰϬϮͿ
WĂƌƟcipĂƟŽn�in�tŽƌŬinŐ�'ƌŽup�ϰ:�͞EŽǀĞl�dĞchnŽlŽŐiĞƐ�ĂnĚ�&utuƌĞ��ĞǀĞlŽpŵĞntƐ͟

DŽůĞĐƵůĂƌ�DǇĐŽďĂĐƚĞƌŝŽůŽŐǇ�ĂŶĚ�DŝĐƌŽďŝŽŵĞ�'ƌŽƵƉ
�ĚŝƚŽƌŝĂů��ŽĂƌĚ�DĞŵďĞƌ�
^ciĞnƟĮc�ZĞpŽƌtƐ
&ƌŽnƟĞƌƐ�in�/ŵŵunŽlŽŐǇ�;'uĞƐt��ĚitŽƌͿ

/ŶǀŝƚĞĚ�>ĞĐƚƵƌĞƐ�
�ŽŵŵunicĂblĞ��iƐĞĂƐĞƐ:�DŽlĞculĂƌ�DǇcŽbĂctĞƌiŽlŽŐǇ�ĂnĚ�thĞ�DicƌŽbiŽŵĞ�
ϵth����dW�&Žƌuŵ:��linicĂl� ƌĞƐĞĂƌch�ĂnĚ�ƐuƐtĂinĂblĞ�ĚĞǀĞlŽpŵĞnt� in�Ɛub-^ĂhĂƌĂn��ĨƌicĂ͕�ϭϵ-Ϯϭ�^Ğp�ϮϬϭϴ͕�>iƐbŽĂ/�ŽiŵbƌĂ͕�
WŽƌtuŐĂl�;EunŽ��ŵpĂĚinhĂƐͿ

dhĞ�hiĚĚĞn�ŵicƌŽbiŽŵĞ�in�WĂƌŬinƐŽn Ɛ͛��iƐĞĂƐĞ�
ϵth��nnuĂl�tŽƌlĚ��ŽnŐƌĞƐƐ�EĞuƌŽdĂlŬ-ϮϬϭϴ͕�ϭϲ-ϭϴ�DĂǇ�ϮϬϭϴ͕��ĂnŐŬŽŬ͕�dhĂilĂnĚ�;^ĂnĚƌĂ��ĂƌĚŽƐŽ�ĂnĚ�EunŽ��ŵpĂĚinhĂƐͿ

WĂthǁĂǇƐ�tŽ�ƐtĞŵ�thĞ�ƟĚĞ�ŽĨ�d��ĚƌuŐ�ƌĞƐiƐtĂncĞ�in�thĞ�ŵiĚƐt�ŽĨ�Ă�d�-�iĂbĞtĞƐ�ƐtŽƌŵ
tŽƌlĚ�,ĞĂlth�^uŵŵit�ZĞŐiŽnĂl�DĞĞƟnŐ�ϮϬϭϴ͕�ϭϵ��pƌ�ϮϬϭϴ͕��ŽiŵbƌĂ͕�WŽƌtuŐĂl�;EunŽ��ŵpĂĚinhĂƐͿ

tŽƌŬƐhŽp:�dubĞƌculŽƐĞ�ʹ�cŽnhĞcĞƌ�pĂƌĂ�cŽŵbĂtĞƌ.� /s��/�E�>�^d�Dн>.�Ϯϭ-Ϯϯ��uŐuƐt�ϮϬϭϴ͕�DĂputŽ͕�DŽǌĂŵbiƋuĞ�;^uƐĂnĂ�
Alarico)



ϲϰ

DĞĚŝĐŝŶĂů��ŚĞŵŝƐƚƌǇ�Θ��ƌƵŐ��ŝƐĐŽǀĞƌǇ�'ƌŽƵƉ

�ŽůůĂďŽƌĂƟŽŶƐ
�nthŽnǇ�:.��lĂƌŬĞ͕�uniǀĞƌƐitǇ�ŽĨ�'uĞlph͕��ĂnĂĚĂ�;EunŽ��ŵpĂĚinhĂƐͿ
dŽŵ�>.��lunĚĞll͕�hniǀĞƌƐitǇ�ŽĨ��ĂŵbƌiĚŐĞ͕�hnitĞĚ�<inŐĚŽŵ�;EunŽ��ŵpĂĚinhĂƐͿ
'unillĂ�<ĂllĞniuƐ͕�<ĂƌŽlinƐŬĂ�/nƐƟtutĞt͕�^tŽcŬhŽlŵ͕�^ǁĞĚĞn�;EunŽ��ŵpĂĚinhĂƐͿ

�ŽůůĂďŽƌĂƟǀĞ�ƉƵďůŝĐĂƟŽŶ

-�>ĞĂnĚƌŽ�ĚĂ��ŽƐtĂ��lĞŵĞnƟnŽ͕��nŐĞlĂ�DĂƌiĂ��ƌĞnĂƐ�sĞlĄƐƋuĞǌ͕�dhĂiƐ�'ĂbĂn�WĂƐƐĂlĂcƋuĂ͕�>ĞƟciĂ�ĚĞ��lŵĞiĚĂ͕�DĂƌciĂ��.^.�
'ƌĂŵinhĂ͕�'ilŵĂƌciŽ��.�DĂƌƟnƐ͕�>şŐiĂ�^ĂlŐuĞiƌŽ͕��ĂƌlŽƐ��ĂǀĂlĞiƌŽ͕�DĂƌiĂ�ĚŽ��Ġu�^ŽuƐĂ͕�ZĂƋuĞl�Z.�.�DŽƌĞiƌĂ.�ϮϬϭϴ.�͞/n�ǀitƌŽ�
ĂcƟǀiƟĞƐ�ŽĨ�ŐlǇcŽĂlŬĂlŽiĚƐ�ĨƌŽŵ�thĞ�^ŽlĂnuŵ�lǇcŽcĂƌpuŵ�ĂŐĂinƐt�>ĞiƐhŵĂniĂ�inĨĂntuŵ͕͟ ��ƌĂǌiliĂn�:ŽuƌnĂl�ŽĨ�WhĂƌŵĂcŽŐnŽƐǇ�
Ϯϴ͕�ϲϳϯ-ϲϳϳ�httpƐ://ĚŽi.ŽƌŐ/ϭϬ.ϭϬϭϲ/ũ.bũp.ϮϬϭϴ.Ϭϳ.ϬϬϴ

-�sŽlpĂtŽ�,͕�̂ cĂƌiŽt���͕�̂ ŽĂƌĞƐ��&W͕ �:ĂcŽŵini��W͕ �ZŽƐĂ�&�͕�̂ ĂƌƌĂŐiŽttŽ�D,͕�hĞĚĂ-EĂŬĂŵuƌĂ�d͕ �ZubiƌĂ��&͕ �WĞƌĞiƌĂ�'D͕�DĂnĂĚĂƐ�Z͕�
>ĞitĆŽ��:͕��ŽƌŐĞƐ�K͕�EĂŬĂŵuƌĂ��s͕�̂ ŽuƐĂ�D��.�ϮϬϭϴ.�͞ /n�ǀitƌŽ�ĂnƟ->ĞiƐhŵĂniĂ�ĂcƟǀitǇ�ŽĨ�dϲ�ƐǇnthĞƟc�cŽŵpŽunĚ�ĞncĂpƐulĂtĞĚ�
in�ǇĞĂƐt-ĚĞƌiǀĞĚ�ɴ-;ϭ͕ϯͿ-Ě-ŐlucĂn�pĂƌƟclĞƐ͕͟ �/ntĞƌnĂƟŽnĂl�:ŽuƌnĂl�ŽĨ��iŽlŽŐicĂl�DĂcƌŽŵŽlĞculĞƐ.�ϭϭϵ:�ϭϮϲϰ-ϭϮϳϱ.�httpƐ://ĚŽi.
ŽƌŐ/ϭϬ.ϭϬϭϲ/ũ.iũbiŽŵĂc.ϮϬϭϴ.Ϭϴ.Ϭϭϵ.

,.� �Ğn� �hĞiŬh͕� ^.� �ŽŵinŐuĞƐ͕� �.� ^ilǀĞiƌĂ͕� z.� <ĂĚƌi͕� E.� ZŽƐĄƌiŽ͕�D.�DĂƐtŽuƌi͕� '.� :.� �Ă� ^ilǀĂ.�DŽlĞculĂƌ� chĂƌĂctĞƌiǌĂƟŽn� ŽĨ�
cĂƌbĂpĞnĞŵĂƐĞƐ�ŽĨ�clinicĂl��cinĞtŽbĂctĞƌ�bĂuŵĂnnii�iƐŽlĂtĞƐ�ĨƌŽŵ�Ă�hniǀĞƌƐitǇ�,ŽƐpitĂl�in�duniƐiĂ.�ϯ��iŽtĞch.�ϴ:Ϯϵϳ.�httpƐ://
ĚŽi.ŽƌŐ/ϭϬ.ϭϬϬϳ/ƐϭϯϮϬϱ-Ϭϭϴ-ϭϯϭϬ-ϯ.

^.��ŽŵinŐuĞƐ͕�E.�ZŽƐĄƌiŽ͕�,.��Ğn��hĞiŬh͕�'.�:.��Ă�^ilǀĂ.� /^�bĂϭ�ĂnĚ�dnϲϭϲϴ�ĂcƋuiƐiƟŽn�bǇ�nĂtuƌĂl�tƌĂnƐĨŽƌŵĂƟŽn�lĞĂĚƐ�tŽ�
thiƌĚ-ŐĞnĞƌĂƟŽn�cĞphĂlŽƐpŽƌinƐ�ƌĞƐiƐtĂncĞ�in��cinĞtŽbĂctĞƌ�bĂuŵĂnnii.�/nĨĞcƟŽn͕�'ĞnĞƟcƐ�ĂnĚ��ǀŽluƟŽn.�ϲϯ:ϭϯ-ϭϲ.�httpƐ://
ĚŽi.ŽƌŐ/ϭϬ.ϭϬϭϲ/ũ.ŵĞĞŐiĚ.ϮϬϭϴ.Ϭϱ.ϬϬϳ.

'ƌĂĚƵĂƚĞ�dƌĂŝŶŝŶŐ�EĞƚǁŽƌŬƐ

-�ŽŽpĞƌĂƟŽn:��ƌĂƐŵuƐ��ǆchĂnŐĞ�WƌŽŐƌĂŵŵĞ�ŽĨ�DĂƐtĞƌ�in�WhĂƌŵĂcǇ͕ ��ip.tŽ�^ciĞnǌĞ�ĚĞl�&ĂƌŵĂcŽ͕�hniǀ.�ĚĞŐli�^tuĚi�Ěi�WĂǀiĂ�
;ϮϬϭϴͿ͖� ^ilǀiĂ� DĂŐƌŽ͖� ͞dŽǁĂƌĚ� thĞ� iĚĞnƟĮcĂƟŽn� ŽĨ� nŽǀĞl� ĂnƟlĞiƐhŵĂniĂl� cŽŵpŽunĚƐ.� /n� ǀitƌŽ� pƌŽĮlĞ� ŽĨ� ƐĞŵiƐǇnthĞƟc�
cŽŵpŽunĚƐ�ĨƌŽŵ��ƌĞŵuƌuƐ�pĞƌƐicuƐ�ĂnĚ�ĂƌǇlĂlŬĞnilĂŵinĞƐ͟
^upĞƌǀiƐŽƌƐ:�DĂƌiĂ�ĚŽ��Ġu�^ŽuƐĂ�ĂnĚ�^iŵŽnĂ��ŽllinĂ.

-'ƌĂnt:�WZK:�dK^�D��/D�d//��W�^/�EWY/&�W^.�WƌŽŐƌĂŵĂ�ĚĞ��ŽutŽƌĂĚŽ�^ĂnĚuşchĞ�nŽ��ǆtĞƌiŽƌ�-ϴϴϴϴϭ.ϭϵϬϭϬϵ/ϮϬϭϴ-Ϭϭ.
�ŽlƐĂ��ŽutŽƌĂĚŽ�ĚŽ�WƌŽŐƌĂŵĂ�ĚĞ�WſƐ-�ŐƌĂĚuĂĕĆŽ�Ğŵ��iŽtĞcnŽlŽŐiĂ͕��ĞntƌŽ�ĚĞ��iġnciĂƐ��ǆĂtĂƐ�Ğ�dĞcnŽlŽŐiĂ��iġnciĂƐ��ǆĂtĂƐ�Ğ�
dĞcnŽlŽŐiĂ͕�hniǀĞƌƐiĚĂĚĞ�&ĞĚĞƌĂl�ĚĞ�^ĆŽ��ĂƌlŽƐ�;h&^��ZͿ�ʹ��ƌĂƐil.
EĂŵĞ:�>ĂiǌĂ�'ĂbƌiĞlĂ�'ĂǀiŽli��ŽĞlhŽ
WƌŽũĞct:�͞�ƟǀiĚĂĚĞ�lĞiƐhŵĂniciĚĂ�ĚĞ�cŽŵplĞǆŽƐ�ĚĞ�bĂƐĞƐ�ĚĞ�^chiī�in�ǀiǀŽ͕�ĂǀĂliĂnĚŽ�cĂƌŐĂ�pĂƌĂƐitĄƌiĂ�Ğ�pĞƌĮl�ĚĞ�citŽcinĂƐ͟͟
>ŽcĂl:�&&h�
^upĞƌǀiƐŽƌƐ:�DĂƌiĂ�ĚŽ��Ġu�^ŽuƐĂ͕�&ĞƌnĂnĚĂ�ĚĞ�&ƌĞitĂƐ��nibĂl�Ğ��lſǀiƐ�tĞƐlĞǇ�K.�ĚĞ�^ŽuǌĂ.

-�ŽŽpĞƌĂƟŽn:��ƌĂƐŵuƐ��ǆchĂnŐĞ�WƌŽŐƌĂŵŵĞ͕�ĨŽƌ�thĞ�ĂcƋuiƐiƟŽn�ŽĨ�thĞ��ĂchĞlŽƌ��ĞŐƌĞĞ�in�DĞĚicĂl�>ĂbŽƌĂtŽƌǇ�^ciĞncĞƐ
^tuĚĞntƐ:��nnĞ��lĞŵĞnƟnĞ�>inĚĞ�Ğ�/ĚĂ�EƆŬlinŐ�TƐtĞbƆ
,ŽŵĞ�inƐƟtuƟŽn:��ĞpĂƌtŵĞnt�ŽĨ�>iĨĞ�^ciĞncĞƐ�ĂnĚ�,ĞĂlth͕�KƐlŽ�DĞtƌŽpŽlitĂn�hniǀĞƌƐitǇ͕ �EŽƌǁĂǇ�
,ŽƐt�inƐƟtuƟŽn:�>Ăb.�DicƌŽbiŽlŽŐǇ͕ �&ĂcultǇ�ŽĨ�WhĂƌŵĂcǇ͕ �hniǀĞƌƐitǇ�ŽĨ��ŽiŵbƌĂ
WƌŽũĞct:�͞�iƐƐĞŵinĂƟŽn�ŽĨ�plĂƐŵiĚ-ŵĞĚiĂtĞĚ�cŽliƐƟn�ƌĞƐiƐtĂncĞ͕�bǇ�nĂtuƌĂl�tƌĂnƐĨŽƌŵĂƟŽn�in��cinĞtŽbĂctĞƌ�bĂuŵĂnnii�-��n�
ĞǆpĞƌiŵĞntĂl�ƐtuĚǇ͟
diŵĞ�pĞƌiŽĚ:��pƌil�tŽ�:unĞ�ϮϬϭϴ
^upĞƌǀiƐŽƌƐ:�'ĂbƌiĞlĂ�:ŽƌŐĞ�ĚĂ�^ilǀĂ�ĂnĚ�^ĂƌĂ��ŽŵinŐuĞƐ.

WĂƌƟĐŝƉĂƟŽŶ�ŽĨ�ƚŚĞ�RĞƐĞĂƌĐŚ�'ƌŽƵƉ�Ăƚ�ƚŚĞ�ŝŶƚĞƌŶĂƟŽŶĂů�ůĞǀĞů

-� �ŽŽpĞƌĂƟŽn:� WƌŽũĞctŽ� ĮnĂnciĂĚŽ�pĞlŽ� /nƐƟtutŽ�EĂciŽnĂl� ĚĞ� �iġnciĂ͕� dĞcnŽlŽŐiĂ� pĂƌĂ� Ă� /nŽǀĂĕĆŽ� &ĂƌŵĂcġuƟcĂ� /E�dͺiĨ� ͕�
chĂŵĂĚĂ�/E�d-D�d//�EWƋ/�ĂpĞƐ/&ĂpƐ�nǑ�ϭϲ/ϮϬϭϰ.
ditlĞ:�͞�ŽŵpŽƐiĕĆŽ�ƋuşŵicĂ�Ğ�ĂcƟǀiĚĂĚĞ�ĚĞ�plĂntĂƐ�ĂƌŽŵĄƟcĂƐ�ĚĂ�ƌĞƐĞƌǀĂ�ŇŽƌĞƐtĂl��ĚŽlphŽ��ucŬĞ-ŵĂnĂuƐ-�ŵĂǌŽnĂƐ�cŽntƌĂ�
pƌŽtŽǌŽĄƌiŽƐ�ŇĂŐĞlĂĚŽƐ�ĚŽƐ�ŐĞnġƌŽƐ�>ĞiƐhŵĂniĂ�Ğ�dƌǇpĂnŽƐŽŵĂ�͞
�ŽŽƌĚinĂtŽƌƐ:�/ǀĂn�ĚĂ�ZŽchĂ�WittĂ͕�hniǀĞƌƐiĚĂĚĞ�&ĞĚĞƌĂl�ĚĞ�WĞƌnĂŵbucŽ�;h&W�Ϳ�ĂnĚ�EŽƌbĞƌtŽ�WĞpŽƌinĞ�>ŽpĞƐ͕�&ĂculĚĂĚĞ�ĚĞ�
�iġnciĂƐ�&ĂƌŵĂcġuƟcĂƐ�ĚĞ�ZibĞiƌĆŽ�WƌĞtŽ�;h^WͿ͕��ƌĂƐil.�



ϲϱ

�ŽůůĂďŽƌĂƟǀĞ�ƉƵďůŝĐĂƟŽŶƐ�AďŽǀĞ�ŝŶ�WƵďůŝĐĂƟŽŶƐ

�ŽllĂbŽƌĂtĞ�pƌŽũĞct�lĞĚ�bǇ�ZĂŵŽn�ZŽƐƐĞllŽ-DŽƌŽ�ĂnĚ�ƐŽŵĞ�tǁĞntǇ�ŽthĞƌ�ǁŽƌlĚǁiĚĞ�inǀĞƐƟŐĂtŽƌƐ�tŽ�inǀĞƐƟŐĂtĞ�hiŐh�ƐĂlt�ƐitĞƐ�
bǇ�ŵĞtĂŐĞnŽŵic�ĂnĂlǇƐiƐ�ĂnĚ�cultuƌĞ�ĚĞpĞnĚĞnt�iƐŽlĂƟŽn�ŽĨ�hǇpĞƌhĂlŽphilic�ŽƌŐĂniƐŵƐ.�KnŐŽinŐ.

�ŽllĂbŽƌĂƟŽn�ǁith� tǁŽ� WŽliƐh� cŽllĞĂŐuĞƐ� ĨƌŽŵ� thĞ�hniǀĞƌƐitǇ� ŽĨ� >ŽĚũ� tŽ� iƐŽlĂtĞ� ĂnĚ� tŽ� pĞƌĨŽƌŵ�ŵĞtĂŐĞnŽŵic� ĂnĂlǇƐiƐ� ŽĨ�
hǇpĞƌhĂlŽphilĞƐ�in�WŽliƐh�ƐĂlt�DinĞƐ.

ϭ.��ĚǀĂncĞĚ�tŽŽlbŽǆ�ĨŽƌ�ƌĂpiĚ�ĂnĚ�cŽƐt-ĞīĞcƟǀĞ�ĨuncƟŽnĂl�ŵĞtĂŐĞnŽŵicƐ�ƐcƌĞĞninŐ:�ŵicƌŽbiŽlŽŐǇ�ŵĞĞtƐ�DicƌŽĨuiĚicƐ�
;D�d�&>h/�/�^Ϳ.�,KZ/�KE�ϮϬϮϬ��ŽŵiƐƐĆŽ��uƌŽpĞiĂ͕��/Kd��-ϲ-ϮϬϭϱ͕�pƌŽũĞct�'��ϲϴϱϰϳϰ.�:unĞ�ϮϬϭϲ�;DiltŽn�^.�ĚĂ�
Costa, Group leader).

DŝĐƌŽďŝŽůŽŐǇ�ŽĨ��ǆƚƌĞŵĞ��ŶǀŝƌŽŶŵĞŶƚƐ�'ƌŽƵƉ

�ŽůůĂďŽƌĂƟǀĞ�ƉƵďůŝĐĂƟŽŶƐ�

�ŽlŽŵbŽ�D.>.͕�&ĞƌnĄnĚĞǌ��.͕��iŵinŽ��.s.͕�>iŐŐiĞƌi��.͕��ƌunŽ�D.͕�&ĂƌŽ��.͕�sĞƌşƐƐiŵŽ�W.�.͕�sĂiƌŽ-�ĂǀĂlli�̂ .�;ϮϬϭϴͿ�DiniĂtuƌĞ�chĞĞƐĞƐ�
ŵĂĚĞ�ǁith�blĞnĚƐ�ŽĨ�chǇŵŽƐin�ĂnĚ�Ă�ǀĞŐĞtĂblĞ� ƌĞnnĞt� ĨƌŽŵ�ŇŽǁĞƌƐ�ŽĨ�^ilǇbuŵ�ŵĂƌiĂnuŵ:��nǌǇŵĂƟc�chĂƌĂctĞƌiǌĂƟŽn�ŽĨ�
thĞ�ŇŽǁĞƌ-cŽĂŐulĂnt�pĞpƟĚĂƐĞ.�&ŽŽĚ��hĞŵiƐtƌǇ�EŽǀ�ϭϱ͖Ϯϲϲ:ϮϮϯ-Ϯϯϭ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.ĨŽŽĚchĞŵ.ϮϬϭϴ.Ϭϲ.ϬϬϳ.�;/ŵpĂct�ĨĂctŽƌ�
ϮϬϭϳ:�ϰ.ϵϰϲ͕�YuĂƌƟlĞ�in�&ŽŽĚ�^ciĞncĞ�Θ�dĞchnŽlŽŐǇ:�YϭͿ

�ŽůůĂďŽƌĂƟǀĞ�RĞƐĞĂƌĐŚ

�ƌ.��lĞǆĂnĚĞƌ�tlŽĚĂǁĞƌ͕ �DĂcƌŽŵŽlĞculĂƌ��ƌǇƐtĂllŽŐƌĂphǇ�>ĂbŽƌĂtŽƌǇ͕ �E�/-&ƌĞĚĞƌicŬ͕�h^�͕
�ƌ.��licĞ�z.��hĞunŐ͕�hniǀĞƌƐitǇ�ŽĨ�DĂƐƐĂchuƐĞttƐ�Ăt��ŵhĞƌƐt͕��ŵhĞƌƐt͕�h^�.
�ƌ.�:uĂn�:.�DĂƌƟnĞǌ͕��ĞpĂƌtŵĞnt�ŽĨ�WĂthŽbiŽlŽŐicĂl�^ciĞncĞƐ͕�>^h�^chŽŽl�ŽĨ�sĞtĞƌinĂƌǇ�DĞĚicinĞ͕��ĂtŽn�ZŽuŐĞ͕�h^�
�ƌ.�WittĞƌ�,uĞƐŐĞn͕��ĞntƌĂl�/nƐƟtutĞ�ĨŽƌ��nŐinĞĞƌinŐ͕��lĞctƌŽnicƐ�ĂnĚ��nĂlǇƟcƐ�;���-ϯͿ͕�&ŽƌƐchunŐƐǌĞntƌuŵ:ƺlich͕�'ĞƌŵĂnǇ
�ƌ.�>iƐƐĂ�,ĞƌƌŽn͕�ZŽƐlin�/nƐƟtutĞ͕�hniǀĞƌƐitǇ�ŽĨ��ĚinbuƌŐh͕�^cŽtlĂnĚ
�ƌ.�̂ ĂnĚƌĂ�sĂiƌŽ-�ĂǀĂlli͕��/WZKs�-�ĞntƌŽ��ƐŽciĂĚŽ��/�W��͕��ĞpĂƌtĂŵĞntŽ�ĚĞ��iĞnciĂƐ��iŽlſŐicĂƐ͕�&ĂcultĂĚ�ĚĞ��iĞnciĂƐ��ǆĂctĂƐ͕�
>Ă�WlĂtĂ͕��ƌŐĞnƟnĂ

�ŽƵƌƐĞƐ�Θ��ŽŶĨĞƌĞŶĐĞƐ

/E^dZh�d�^uppŽƌtĞĚ�dƌĂininŐ��ŽuƌƐĞ:�&ƌŽŵ�pƌŽtĞin�ƐtƌuctuƌĞ�tŽ�biŽlŽŐicĂl� ĨuncƟŽn�thƌŽuŐh� intĞƌĂctŽŵicƐ�ʹ�Ăn� intĞŐƌĂtĞĚ�
ǀiĞǁ͕�ϮnĚ��ĚiƟŽn.��Ž-ŽƌŐĂniǌĞƌƐ�ĂnĚ�ŵĞŵbĞƌƐ�ŽĨ�thĞ�^ciĞnƟĮc��ŽŵŵittĞĞ.

/nǀitĞĚ�tĂlŬ:�thĂt�cĂn�ǁĞ�;ƐƟllͿ�lĞĂƌn�ĨƌŽŵ�plĂnt�ĂƐpĂƌƟc�pƌŽtĞĂƐĞƐ͍�/ƐĂuƌĂ�^iŵƁĞƐ͕�ϰth�WlĂnt�WƌŽtĞĂƐĞ�ĂnĚ�WƌŽŐƌĂŵŵĞĚ��Ğll�
�ĞĂth�^ǇŵpŽƐiuŵ.�ϭϭ-ϭϯ�^ĞptĞŵbĞƌ͕ �'hĞnt͕��ĞlŐiuŵ.�

DŽůĞĐƵůĂƌ��ŝŽƚĞĐŚŶŽůŽŐǇ�'ƌŽƵƉ

EĂŵĞ:��DĂƌiĂ�ĚŽ��Ġu�ZŽĚƌiŐuĞƐ�ĚĞ�^ŽuƐĂ
�uƌĂƟŽn:�ϮϬϭϲ-ϮϬϮϬ

-�WƌŽŐƌĂŵ:�ϯǑ�dĞƌŵŽ��ĚiƟǀŽ�ĂŽ��ŽnǀĠniŽ�'ĞƌĂl�ĚĞ��ŽŽpĞƌĂĕĆŽ�ĞntƌĞ�Ă�hniǀĞƌƐiĚĂĚĞ�ĚĞ��ŽiŵbƌĂ� ;WŽƌtuŐĂlͿ�Ğ�Ă�&unĚĂĕĆŽ�
KƐǁĂlĚŽ��ƌuǌ-�&/K�Zh��;�ƌĂƐilͿ

-��ŽŽpĞƌĂƟŽn:��ŽŽpĞƌĂĕĆŽ��cĂĚġŵicŽ-�iĞnơĮcŽ�nŽ�ąŵbitŽ�ĚŽƐ��ƐtuĚŽƐ�Ğŵ�^ĂƷĚĞ�hƌbĂnĂ͕�ĞntƌĞ�Ž�'ƌupŽ�ĚĞ�/nǀĞƐƟŐĂĕĆŽ�ĚĂ�
'ĞŽŐƌĂĮĂ�ĚĂ�^ĄuĚĞ͕�&ĂculĚĂĚĞ�ĚĞ�&ĂƌŵĄciĂ�ĚĂ�hniǀĞƌƐiĚĂĚĞ�ĚĞ��ŽiŵbƌĂ�Ğ�ĚĂ�&unĚĂĕĆŽ�KƐǁĂlĚŽ��ƌuǌ�&/K�Zh�.
�ŽŽƌĚinĂtŽƌƐ:�WĂulĂ�^ĂntĂnĂ� ;'/'^/&>h�/WŽƌtuŐĂlͿ͖�DĂƌiĂ�ĚŽ��Ġu�ZŽĚƌiŐuĞƐ�ĚĞ�^ŽuƐĂ� ;&&h�͕�WŽƌtuŐĂlͿ͖�DĂƌcĞlŽ��ĞƐƐĂ�ĚĞ�
&ƌĞitĂƐ�;�E^W/&iŽcƌuǌ/�ƌĂƐilͿ͖'ƌĂǌiĞlĂ��Ănini�;/E//&iŽcƌuǌ/�ƌĂƐilͿ.
�uƌĂƟŽn:�ϮϬϭϱ-ϮϬϭϵ



ϲϲ
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:�Eh�Zz�ϮϬϭϴ

KƌŐĂniǌinŐ�ŽĨ�thĞ�cŽnĨĞƌĞncĞ:�͞�y//�^pĂniƐh-WŽƌtuŐuĞƐĞ��ŽnĨĞƌĞncĞ�ŽĨ�thĞ��ŽntƌŽllĞĚ�ZĞlĞĂƐĞ�^ŽciĞtǇ͟
�ĂtĞ:�ϭϰ-ϭϲ�:ĂnuĂƌǇ�ϮϬϭϴ͕�
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:��ŽncĞiĕĆŽ�WĞĚƌŽƐŽ�>iŵĂ

KƌŐĂniǌinŐ�ŽĨ�thĞ�ƐĞŵinĂƌ�͞/ntƌŽĚuctiŽn�tŽ�WhĂƌŵĂcŽŐĞnŽŵicƐ�ʹ�clinicĂl�ĂpplicĂtiŽnƐ͕͟ �ĂbŽut�thĞ�bĂƐic�cŽncĞptƐ�ĂnĚ�
clinicĂl�ĂpplicĂtiŽnƐ�ŽĨ�WhĂƌŵĂcŽŐĞnŽŵicƐ͕�Wh��WƌŽŐƌĂŵŵĞ�in�,ĞĂlth�^ciĞncĞƐ�ĂnĚ�D^c�in��iŽŵĞĚicĂl�ZĞƐĞĂƌch͕�&ĂcultǇ�ŽĨ�
DĞĚicinĞ͕�hniǀĞƌƐitǇ�ŽĨ��ŽiŵbƌĂ.�
�ĂtĞ:�Ϯϱ�:ĂnuĂƌǇ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:�DĂnuĞlĂ�'ƌĂǌinĂ�ĂnĚ��ĂtĂƌinĂ�ZĞƐĞnĚĞ�KliǀĞiƌĂ

KƌŐĂniǌinŐ�ŽĨ�thĞ�^ĞŵinĂƌ:�DicƌŽnutƌiĞnt�ƐĞnƐinŐ�ĂnĚ�ĞĂƌlǇ-liĨĞ�iŵŵunĞ�ĚĞĨĞnƐĞ͕�DĂnuĞlĂ�&ĞƌƌĞiƌĂ͕��hĂŵpĂliŵĂuĚ�
&ŽunĚĂtiŽn͕��ĞntĞƌ�ĨŽƌ�thĞ�hnŬnŽǁ͕�>iƐbŽn͕�WŽƌtuŐĂl
�ĂtĞ:�ϯϭ�:ĂnuĂƌǇ�ϮϬϭϴ͕�
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:�WĂulŽ�KliǀĞiƌĂ

KƌŐĂniǌinŐ��ŽĨ�thĞ�tŽƌŬƐhŽp��͞/ntĞŐƌĂtinŐ�'liĂl�ĂnĚ�EĞuƌŽnĂl�&unctiŽn͕͟ ��E�-�ĞntĞƌ�ĨŽƌ�EĞuƌŽƐciĞncĞ�ĂnĚ��Ğll��iŽlŽŐǇ�
;http://ǁǁǁ.cnbc.pt/nĞǁƐĞǀĞntƐ/nĞǁƐͺƐhŽǁ.ĂƐp͍iĚnĞǁсϭϵϮϲͿ�
�ĂtĞ:�:ĂnuĂƌǇ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:��ĂƌlŽƐ��uĂƌtĞ

&��Zh�Zz�ϮϬϭϴ

KƌŐĂniǌinŐ�ŽĨ�thĞ�ŵĞĞtinŐ:�&ƌŽŵ�WƌŽtĞin�^tƌuctuƌĞ�tŽ��iŽlŽŐicĂl�&unctiŽn�dhƌŽuŐh�/ntĞƌĂctŽŵicƐ:�Ăn�intĞŐƌĂtĞĚ�siĞǁ�ʹ�ϮnĚ�
edition, Cantanhede
�ĂtĞ:�ϱ�-ϵ�&ĞbƌuĂƌǇ�ϮϬϭϴ�
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:��ƌunŽ�DĂnĚĂƐ�

KƌŐĂniǌinŐ�ŽĨ�thĞ�ŵĞĞtinŐ:�͞ϭǑ��uƌƐŽ�tĞſƌicŽ-pƌĄticŽ�ĚĞ�citŽŐĞnĠticĂ�Ğ�ŐĞnſŵicĂ�lĂbŽƌĂtŽƌiĂl .͟�>ĂbŽƌĂtſƌiŽ�ĚĞ��itŽŐĞnĠticĂ�Ğ�
'ĞnſŵicĂ͕��/D�'K͕�&ĂculĚĂĚĞ�ĚĞ�DĞĚicinĂ͕�hniǀĞƌƐiĚĂĚĞ�ĚĞ��ŽiŵbƌĂ͕�
�ĂtĞ:ϭϵ-Ϯϯ�&ĞbƌuĂƌǇ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:�:ŽĂnĂ��ĂƌbŽƐĂ�ĚĞ�DĞlŽ͕�/ƐĂbĞl�DĂƌƋuĞƐ��ĂƌƌĞiƌĂ�Ğ��ĂtĂƌinĂ�ZĞƐĞnĚĞ�
KliǀiĞƌĂ

KƌŐĂniǌinŐ�ŽĨ�thĞ�^ĞŵinĂƌ:�͞�ĂƐĂl�ŐĂnŐliĂ�pĂthŽphǇƐiŽlŽŐǇ:�ĨƌŽŵ�ŵŽǀĞŵĞnt�tŽ�bĞhĂǀiŽƌ�ĂnĚ�ĞŵŽticŽnƐ͟
^pĞĂŬĞƌ:�:ŽƐĠ��.�KbĞƐŽ�;,ŽƐpitĂl�hniǀĞƌƐitĂƌiŽ�,D�WuĞƌtĂ�ĚĞl�^uƌ͕ �hniǀĞƌƐiĚĂĚ���h�^Ăn�WĂblŽ͕�DĂĚƌiĚ͕�^pĂinͿ͕�&ĂculĚĂĚĞ�ĚĞ�
DĞĚicinĂ͕�hniǀĞƌƐiĚĂĚĞ�ĚĞ��ŽiŵbƌĂ�;pſlŽ�///Ϳ
�ĂtĞ:�Ϯϴ�&ĞbƌuĂƌǇ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:��ƌiƐtinĂ�ZĞŐŽ

D�Z�,�ϮϬϭϴ

KƌŐĂniǌinŐ�ŽĨ�thĞ�^ĞŵinĂƌ:�͞dhinŬinŐ�bĞǇŽnĚ�thĞ�niŐƌĂ:�ĂlphĂ-ƐǇnuclĞin-ŵĞĚiĂtĞĚ�ƐǇnĂptic�ĚǇƐĨunctiŽn�in�thĞ�hippŽcĂŵpuƐ͟�
^pĞĂŬĞƌ:�diĂŐŽ�&.�KutĞiƌŽ�;hniǀ.�DĞĚicĂl��ĞntĞƌ�'ŽĞttinŐĞn͕�'ŽĞttinŐĞn͕�'ĞƌŵĂnǇͿ͕�&ĂculĚĂĚĞ�ĚĞ�DĞĚicinĂ͕�hniǀĞƌƐiĚĂĚĞ�ĚĞ�
�ŽiŵbƌĂ�;pſlŽ�///Ϳ
�ĂtĞ:�ϭ�DĂƌch�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:��ƌiƐtinĂ�ZĞŐŽ



ϲϳ

KƌŐĂniǌinŐ�ŽĨ�thĞ��ŽuƌƐĞ:�W�����͞&iŐhtinŐ�/nĨĞctiŽn͟��ŽuƌƐĞ͕�Wh��WƌŽŐƌĂŵŵĞ�in��ǆpĞƌiŵĞntĂl��iŽlŽŐǇ�ĂnĚ��iŽŵĞĚicinĞ
�ĂtĞ:�ϱ-ϵ�DĂƌch�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:�EunŽ��ŵpĂĚinhĂƐ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:��/d�,ĞĂlth���Z���ŽnƐŽƌtiuŵ�ŵĞĞtinŐ͕��ŽiŵbƌĂ
�ĂtĞ:�ϴ-ϵ�DĂƌch�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:�&ƌĂnciƐcŽ��ŵbƌſƐiŽ

KƌŐĂniǌinŐ�ŽĨ�thĞ�tŽƌŬƐhŽp:�͞ZĞiŵĂŐininŐ�ĚĞŵĞntiĂ�pƌĞǀĞntiŽn�ĂnĚ�cĂƌĞ͕͟ ��ŽiŵbƌĂ
�ĂtĞ:�ϵ�DĂƌch�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:�&ƌĂnciƐcŽ��ŵbƌſƐiŽ

KƌŐĂniǌinŐ�ŽĨ�thĞ��ŽuƌƐĞ:��ĚǀĂncĞĚ��ŽuƌƐĞ�͞�ŐĞinŐ:�ĨƌŽŵ�cĞllulĂƌ�pƌŽcĞƐƐĞƐ�tŽ�thĞ�ŽƌŐĂniƐŵ͟�ŽĨ�����;�ǆpĞƌiŵĞntĂl��iŽlŽŐǇ�
ĂnĚ��iŽŵĞĚicinĞͿ�Wh��pƌŽŐƌĂŵ͕�Ăt��ĞntĞƌ�ĨŽƌ�EĞuƌŽƐciĞncĞƐ�ĂnĚ��Ğll��iŽlŽŐǇ�ŽĨ�hniǀĞƌƐitǇ�ŽĨ��ŽiŵbƌĂ͕��ŽiŵbƌĂ͕�WŽƌtuŐĂl
�ĂtĞ:�ϭϰ�DĂƌch�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:��lĄuĚiĂ��ĂǀĂĚĂƐ

KƌŐĂniǌinŐ�ŽĨ�thĞ�^ĞŵinĂƌ:�DŽŽĚ�ĚiƐŽƌĚĞƌƐ:�cŽntƌŽǀĞƌƐiĞƐ�Žn�nŽƐŽlŽŐic�ĂnĚ�nŽƐŽŐƌĂphic�ĂƐpĞctƐ͕��ĂƌlŽƐ�^ĂƌĂiǀĂ͕�&ĂcultǇ�ŽĨ�
DĞĚicinĞ͕�hniǀĞƌƐitǇ�ŽĨ��ŽiŵbƌĂ͕�WŽƌtuŐĂl
�ĂtĞ:�DĂƌch�ϭϱ͕�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:�WĂulŽ�KliǀĞiƌĂ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:�^ĞƐƐĆŽ�ĚĞ��ncĞƌƌĂŵĞntŽ�KĨiciĂl�ĚĂ�^ĞŵĂnĂ�/ntĞƌnĂciŽnĂl�ĚŽ��ĠƌĞbƌŽ�ϮϬϭϴ-�dhĞŵĞ:�͞�ĞŵĞntiĂ�
ĂnĚ�^tƌĞƐƐ͟�-�>ŽcĂl:�&E���ʹ�&ſƌuŵ��ŽiŵbƌĂ�
�ĂtĞ:�ϭϴ�DĂƌch�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:��ƌiƐtinĂ�ZĞŐŽ

KƌŐĂniǌinŐ�ŽĨ�thĞ��ŽuƌƐĞ:�/n�htĞƌŽ�WƌŽŐƌĂŵŵinŐ�ŽĨ��Ěult�DĞtĂbŽliƐŵ�ĂnĚ��iƐĞĂƐĞ�ʹ������ŽctŽƌĂl�WƌŽŐƌĂŵ��ŽuƌƐĞ.
�ĂtĞ:�Ϯϲ-ϯϬ�DĂƌch�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:�WĂulŽ�KliǀĞiƌĂ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:�WŽƌtuŐuĞƐĞ��iĂbĞtĞƐ�^ŽciĞtǇ�dƌĂnƐlĂtiŽnĂl�ZĞƐĞĂƌch�^tuĚǇ�'ƌŽup�DĞĞtinŐ
�ĂtĞ:�DĂƌch�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:�:Žhn�:ŽnĞƐ

�WZ/>�ϮϬϭϴ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:�ϭƐt�DĞĞtinŐ�Žn�sĞƐiculĂƌ��iŽlŽŐǇ͕ �hniǀĞƌƐitǇ�ŽĨ��ŽiŵbƌĂ͕�WŽƌtuŐĂl
�ĂtĞ:�ϭϲʹϭϳ��pƌil�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:��lĄuĚiĂ�WĞƌĞiƌĂ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:�^ĞŵinĂƌ:�͞dĂƌŐĞtinŐ�thĞ�ŬǇnuƌĞninĞ�pĂthǁĂǇ�in�nĞuƌŽĚĞŐĞnĞƌĂtiǀĞ�ĚiƐĞĂƐĞƐ:�ĨƌŽŵ�ŵĞchĂniƐŵƐ�
tŽ�thĞƌĂpĞuticƐ͟�^pĞĂŬĞƌ:�&lĂǀiĂnŽ�'iŽƌŐini�;�ĞpĂƌtŵĞnt�ŽĨ�'ĞnĞticƐ͕�hniǀĞƌƐitǇ�ŽĨ�>ĞicĞƐtĞƌ͕ �hnitĞĚ�<inŐĚŽŵͿ
�ĂtĞ:�Ϯϯ��pƌil�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:��E���ƌiƐtinĂ�ZĞŐŽ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:�^ĞŵinĂƌ:�͞�Z-ŵitŽchŽnĚƌiĂ�cƌŽƐƐ-tĂlŬ�in�nĞuƌŽĚĞŐĞnĞƌĂtiŽn:�ĨŽcuƐ�Žn�&ĂŵiliĂl��lǌhĞiŵĞƌ Ɛ͛�
ĚiƐĞĂƐĞ͟�^pĞĂŬĞƌ:�WĂŽlĂ�WiǌǌŽ�;�ĞpĂƌtŵĞnt�ŽĨ��iŽŵĞĚicĂl�^ciĞncĞƐ͕�hniǀĞƌƐitǇ�ŽĨ�WĂĚŽǀĂ͕�WĂĚŽǀĂ͕�/tĂlǇͿ
�ĂtĞ:�Ϯϳ��pƌil�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:��nĂ��ƌiƐtinĂ�ZĞŐŽ

D�z�ϮϬϭϴ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:�dƌĂnƐŵĞŵbƌĂnĞ�cĂlciuŵ�ĞǆchĂnŐĞ�in�pŽlĂƌiǌĞĚ�ĂnĚ�ĚĞpŽlĂƌiǌĞĚ�ŵitŽchŽnĚƌiĂ�in�ƐŵŽŽth�ŵuƐclĞ�
cĞllƐ͕�EĂtĂliĂ�EĂuŵŽǀĂ-<ĂnĚĂuƌŽǀĂ͕�/nƐtitutĞ�ŽĨ��ŽŵplĞǆ�^ǇƐtĞŵƐ͕��iŽĞlĞctƌŽnicƐ͕�&ŽƌƐchunŐƐǌĞntƌuŵ�:ƺlich͕�'ĞƌŵĂnǇ
�ĂtĞ:�ϰ�DĂǇ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:�WĂulŽ�KliǀĞiƌĂ



ϲϴ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:��ĚǀĂncĞĚ�cŽuƌƐĞ�Žn�WƌinciplĞƐ�ĂnĚ�WƌĂcticĞƐ�in��ƌuŐ��ĞǀĞlŽpŵĞnt͕�ǁithin�thĞ�Wh��pƌŽŐƌĂŵ�Žn�
�iŽŵĞĚicinĞ�ĂnĚ��ǆpĞƌiŵĞntĂl��iŽlŽŐǇ͕ ��E�͕��ŽiŵbƌĂ�-�&unĚĂĕĆŽ��ĂlŽuƐtĞ�'ulbĞnŬiĂn͕�>iƐbŽn
�ĂtĞ:�ϭϬ-ϭϭ�DĂǇ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:��ŽncĞiĕĆŽ�WĞĚƌŽƐŽ�>iŵĂ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:�^ĞŵinĂƌ:�͞�iŽŵĂƌŬĞƌƐ�ĂnĚ�tĂƌŐĞtƐ�in�nŽn-ĂlcŽhŽlic�ĨĂttǇ�liǀĞƌ�ĚiƐĞĂƐĞ͕͟ ��ĞntƌŽ�ĚĞ�EĞuƌŽciġnciĂƐ�Ğ�
�iŽlŽŐiĂ��ĞlulĂƌ͕ �hniǀĞƌƐiĚĂĚĞ�ĚĞ��ŽiŵbƌĂ�;pſlŽ�/Ϳ͕��ĞcşliĂ�ZŽĚƌiŐuĞƐ�;iDĞĚ.h>iƐbŽĂ͕�hniǀĞƌƐitǇ�ŽĨ�>iƐbŽnͿ
�ĂtĞ:�ϭϴ�DĂǇ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:��nĂ��ƌiƐtinĂ�ZĞŐŽ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:�͞///�^ǇŵpŽƐiuŵ�ŽĨ�thĞ�WŽƌtuŐuĞƐĞ�'liĂl�EĞtǁŽƌŬ͕͟ �WŽƌtŽ
�ĂtĞ:�ϭϴ�DĂǇ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:��&ƌĂnciƐcŽ��ŵbƌſƐiŽ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:�DitŽchŽnĚƌiĂl��iŽlŽŐǇ�ĂnĚ�DĞĚicinĞ�ǁŽƌŬƐhŽp�Ăt�thĞ�ϱϮnĚ�DĞĞtinŐ�ŽĨ�thĞ��uƌŽpĞĂn�^ŽciĞtǇ�ŽĨ�
�linicĂl�/nǀĞƐtiŐĂtiŽn�;�^�/Ϳ͕��ĂƌcĞlŽnĂ͕�^pĂin
�ĂtĞ:�DĂǇ�ϯϬ�ʹ�:unĞ�ϭ͕�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:�WĂulŽ�KliǀĞiƌĂ

:hE��ϮϬϭϴ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:��hĂƌinŐ�thĞ�ϭϵth��iĞnniĂl�DĞĞtinŐ�ŽĨ�thĞ�/ntĞƌnĂtiŽnĂl�^ŽciĞtǇ�ĨŽƌ�&ƌĞĞ�ZĂĚicĂl�ZĞƐĞĂƌch�;^&ZZ/Ϳ͕�
>iƐbŽn
�ĂtĞ:�ϰ-ϳ�:unĞ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:�:ŽĆŽ�>ĂƌĂnũinhĂ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:�ϭϵth�^&ZZ/��iĞnniĂl�DĞĞtinŐ͕�>iƐbŽn͕�WŽƌtuŐĂl
�ĂtĞ:�ϰ-ϳ�ũunĞ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:��ĂtĂƌinĂ�ZĞƐĞnĚĞ�KliǀĞiƌĂ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:�ϭϵth��iĞnniĂl�DĞĞtinŐ�ŽĨ�thĞ�^ŽciĞtǇ�ĨŽƌ�&ƌĞĞ�ZĂĚicĂl�ZĞƐĞĂƌch�/ntĞƌnĂtiŽnĂl͕�>iƐbŽĂ
�ĂtĞ:�ϰ-ϳ�:unĞ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:��ƌŵinĚŽ�^ĂlǀĂĚŽƌ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:�>Ă-&ĞnŐ��ŽnŐ͕�^chŽŽl�ŽĨ�DĞĚicĂl�^ciĞncĞ͕�'ƌiĨĨith�hniǀĞƌƐitǇ͕ ��uƐtƌĂliĂ
�ĂtĞ:�ϴ�:unĞ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:�WĂulŽ�:.�KliǀĞiƌĂ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:�ϭǑ�^iŵpſƐiŽ�ĚĞ�/nǀĞƐtiŐĂĕĆŽ�Ğŵ�dubĞƌculŽƐĞ�Ğ�DicŽbĂctĠƌiĂƐ�nĆŽ�dubĞƌculŽƐĂƐ�Ğŵ�WŽƌtuŐĂl͕�
Coimbra 
�ĂtĞ:�ϭϴ�:unĞ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:�EunŽ��ŵpĂĚinhĂƐ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:��ĚĞnŽƐinĞ�cŽntƌŽl�ŽĨ�ƐǇnĂptic�ĂctiǀitǇ�Θ�nĞuƌŽpƐǇchiĂtƌic�ĚiƐĞĂƐĞƐ͛�intĞŐƌĂĚŽ�nĂ�ƌĞuniĆŽ�
ciĞntşĨicĂ�WhZ/E�^�ϮϬϭϴ�/ntĞƌnĂtiŽnĂl�-��ĂƐic�ĂnĚ�dƌĂnƐlĂtiŽnĂl�^ciĞncĞ�Žn�WuƌinĞƌŐic�^iŐnĂlinŐ�ĂnĚ�itƐ��ŽŵpŽnĞntƐ�ĨŽƌ�Ă�
,ĞĂlthǇ�ĂnĚ��ĞttĞƌ�tŽƌlĚ�-�&Žǌ�ĚĞ�/ŐuĂĕu͕��ƌĂƐil
�ĂtĞ:�ϭϵ-ϮϮ�:unĞ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:�ZŽĚƌiŐŽ��unhĂ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:�^iŵpŽƐiuŵ�͞�ĚĞnŽƐinĞ�ƐiŐnĂlinŐ�in�thĞ�ƌĞtinĂ͕͟ �Ăt�͞WuƌinĞƐ�ϮϬϭϴ�/ntĞƌnĂtiŽnĂl͕͟ �&Žǌ�ĚŽ�/ŐuĂĕu͕�
Brazil,
�ĂtĞ:�ϭϵ-ϮϮ�:unĞ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:�&ƌĂnciƐcŽ��ŵbƌſƐiŽ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:�ϲth�/ntĞƌnĂtiŽnĂl�/bĞƌiĂn��iŽphǇƐicƐ��ŽnŐƌĞƐƐ͕��ĂƐtĞllſn�;^pĂinͿ
�ĂtĞ:�ϮϬ-ϮϮ�:unĞ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:��ƌŵinĚŽ�^ĂlǀĂĚŽƌ



ϲϵ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:�͞KncŽ��ŵĞƌŐĞncĞ�&Žƌuŵ͟��ĂƌcĞlŽnĂ
�ĂtĞ:�Ϯϭ�-�ϮϮ�:unĞ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:�&ƌĂnciƐcŽ��ŵbƌſƐiŽ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:�tŽƌŬƐhŽp�Žn�͞�ŐĞinŐ:�ŵŽĚĞlƐ�ĂnĚ�thĞƌĂpiĞƐ͕͟ �&ĂcultǇ�ŽĨ�DĞĚicinĞ͕�hniǀĞƌƐitǇ�ŽĨ��ŽiŵbƌĂ͕�WŽlŽ�///
�ĂtĞ:�Ϯϳ�:unĞ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:�>inŽ�&ĞƌƌĞiƌĂ�;dhĞ�ŵĞĞtinŐ�hĂĚ�thĞ�cŽntƌibutiŽn�ŽĨ��lĞƐƐĂnĚƌŽ�Kƌi�;>Ğibniǌ�
/nƐtitutĞ�ŽĨ��ŐĞinŐ͕�'ĞƌŵĂnǇͿ͕�dhŽŵĂƐ�ǀŽn��ŐlinicŬi�;hniǀĞƌƐitǇ�ŽĨ�EĞǁcĂƐtlĞ͕�h<Ϳ͕��ƌunŽ�:ĞƐuƐ�;/DD�ĂnĚ�hniǀĞƌƐitǇ�ŽĨ�
�ǀĞiƌŽͿ͕�DĂnuĞl�^ĂntŽƐ�;hniǀĞƌƐitǇ�ŽĨ��ǀĞiƌŽͿ͕��lĂuĚiĂ��ĂǀĂĚĂƐ�;hniǀĞƌƐitǇ�ŽĨ��ŽiŵbƌĂͿ͕�ZŽĚƌiŐŽ��unhĂ�;hniǀĞƌƐitǇ�ŽĨ�
�ŽiŵbƌĂͿ�ĂnĚ�:ŽĆŽ�DĂlǀĂ�;hniǀĞƌƐitǇ�ŽĨ��ŽiŵbƌĂͿ.��ppƌŽǆiŵĂtĞlǇ�ϳϱ�inĚiǀiĚuĂlƐ�ĨƌŽŵ�ĂcĂĚĞŵiĂ�ĂnĚ�ƌĞƐĞĂƌch�inƐtitutiŽnƐ�
attended this meeting).

:h>z�ϮϬϭϴ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:�͞s/��Ğll��ultuƌĞ�ĂnĚ�diƐƐuĞ�dƌĂininŐ��ŽuƌƐĞ�-��ĞǇŽnĚ�thĞ�DicƌŽƐcŽpĞ͕��ultuƌinŐ�>iĨĞ͕͊͟ ��ŽiŵbƌĂ
�ĂtĞ:�ϵ�-�ϭϯ�:ulǇ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:�&ƌĂnciƐcŽ��ŵbƌſƐiŽ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:�DitŽWŽƌtŽ�ϮϬϭϴ:�DitŽchŽnĚƌiĂl�ĞǀŽlutiŽn͕�ŵĞtĂbŽliƐŵ�ĂnĚ�ĚiƐĞĂƐĞ.�/ntĞƌnĂtiŽnĂl�^ǇŵpŽƐiuŵ͕�
hniǀĞƌƐitǇ�ŽĨ�WŽƌtŽ͕�WŽƌtuŐĂl
�ĂtĞ:�ϭϯ�:ulǇ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:�WĂulĂ�DŽƌĞiƌĂ�

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞtinŐ:�KƌŐĂniǌĂtiŽn�ŽĨ�Ϯ�ĞǀĞntƐ�Žn�͞�/d�,ĞĂlth�^tƌĞnŐthĞn��ĚucĂtiŽn�in�,ĞĂlthǇ�>iǀinŐ�ĂnĚ��ctiǀĞ�
�ŐĞinŐ͕͟ ��'ƌĂnĚĞ�,ŽtĞl�ĚŽ�>uƐŽ
�ĂtĞ:�ϭϳ-ϭϴ�:ulǇ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂtiŽn:�&ƌĂnciƐcŽ��ŵbƌſƐiŽ

^�Wd�D��Z�ϮϬϭϴ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞƟnŐ:�^uŵŵĞƌ�^chŽŽl�Žn��ŽŵputĂƟŽnĂl��iŽlŽŐǇ͕ ��ŽiŵbƌĂ�
�ĂtĞ:�ϱ�ʹ�ϭϰ�^ĞptĞŵbĞƌ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂƟŽn:��ƌŵinĚŽ�^ĂlǀĂĚŽƌ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞƟnŐ:�^ǇŵpŽƐiuŵ�͞dhĞ�ĞŵĞƌŐinŐ�ƌŽlĞƐ�ŽĨ�ĞǆtƌĂcĞllulĂƌ�ǀĞƐiclĞƐ�in�hĞĂlth�ĂnĚ�ĚiƐĞĂƐĞƐ�ŽĨ�thĞ�ĞǇĞ͟-�yy///�
�iĞnniĂl�DĞĞƟnŐ�ŽĨ�thĞ�/ntĞƌnĂƟŽnĂl�^ŽciĞtǇ�ĨŽƌ��ǇĞ�ZĞƐĞĂƌch�;/^�ZͿ͕��ĞlĨĂƐt
�ĂtĞ:�ϵ-ϭϯ�^ĞptĞŵbĞƌ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂƟŽn:�&ƌĂnciƐcŽ��ŵbƌſƐiŽ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞƟnŐ:�͞ϭǑ��uƌƐŽ�tĞſƌicŽ-pƌĄƟcŽ�ĚĞ�citŽŐĞnĠƟcĂ�Ğ�ŐĞnſŵicĂ�lĂbŽƌĂtŽƌiĂl͕͟ �>ĂbŽƌĂtſƌiŽ��ĚĞ��itŽŐĞnĠƟcĂ�Ğ�
'ĞnſŵicĂ͕��/D�'K͕�&ĂculĚĂĚĞ�ĚĞ�DĞĚicinĂ͕�hniǀĞƌƐiĚĂĚĞ�ĚĞ��ŽiŵbƌĂ
�ĂtĞ:�ϭϵ-Ϯϯ�^ĞptĞŵbĞƌ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂƟŽn:�:ŽĂnĂ���DĞlŽ͕�/ƐĂbĞl�DĂƌƋuĞƐ��ĂƌƌĞiƌĂ��

K�dK��Z�ϮϬϭϴ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞƟnŐ:�/ntĞŐƌĂƟŽn�ŽĨ�thĞ��Ž-ĞǀŽlǀĞĚ�DitŽnuclĞĂƌ�'ĞnŽŵĞƐ͕��ĂǀiĚ�>ĞĞ͕�hniǀĞƌƐitǇ�ŽĨ�^ŽuthĞƌn��ĂliĨŽƌniĂ͕�
h^�
�ĂtĞ:�ϮϮ�KctŽbĞƌ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂƟŽn:�WĂulŽ�KliǀĞiƌĂ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞƟnŐ:�DitŽchŽnĚƌiĂl��E��ĂnĚ��ĞƌiǀĞĚ�WĞpƟĚĞƐ�in�,ĞĂlth�ĂnĚ��iƐĞĂƐĞ͕�hniǀĞƌƐitǇ�ŽĨ��ŽiŵbƌĂ͕�WŽƌtuŐĂl
�ĂtĞ:�Ϯϯ�KctŽbĞƌ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂƟŽn:�WĂulŽ�KliǀĞiƌĂ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞƟnŐ:�͞�/d�,ĞĂlth�^tƌĞnŐthĞn��ĚucĂƟŽn�in�,ĞĂlthǇ�>iǀinŐ�ĂnĚ��cƟǀĞ��ŐĞinŐ͕͟ �hniǀĞƌƐitǇ�ŽĨ�>iƐbŽn
�ĂtĞ:�Ϯϱ-Ϯϲ�KctŽbĞƌ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂƟŽn:�&ƌĂnciƐcŽ��ŵbƌſƐiŽ



ϳϬ

EKs�D��Z�ϮϬϭϴ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞƟnŐ:�͞KE�Kd,KE͕͟ �'ƌĂnĂĚĂ
�ĂtĞ:�ϭϮ�-�ϭϯ�EŽǀĞŵbĞƌ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂƟŽn:�&ƌĂnciƐcŽ��ŵbƌſƐiŽ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞƟnŐ:�͞///�^iŵpſƐiŽ�EĂciŽnĂl�ĚĞ�KZ���Ɛ�ʹ�ϯZƐ�in�ĂcƟŽn͕͟ ��ŽiŵbƌĂ
�ĂtĞ:�ϭϱ�EŽǀĞŵbĞƌ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂƟŽn:�&ƌĂnciƐcŽ��ŵbƌſƐiŽ

����D��Z�ϮϬϭϴ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞƟnŐ:�ϭƐt�DicƌŽbiŽŵĞ-'ut-�ƌĂin��ǆiƐ�ũŽint�ŵĞĞƟnŐ͕��ŽiŵbƌĂ
�ĂtĞ:�ϳ��ĞcĞŵbĞƌ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂƟŽn:�EunŽ��ŵpĂĚinhĂƐ�Θ�^ĂnĚƌĂ�D.��ĂƌĚŽƐŽ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞƟnŐ:�͞/�^iŵpſƐiŽ�>uƐŽ-�ƌĂƐilĞiƌŽ�ĚĞ�EĞuƌŽciġnciĂƐ͕͟ �&ŽƌtĂlĞǌĂ
�ĂtĞ:�ϭϳ-ϮϬ��ĞcĞŵbĞƌ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂƟŽn:�&ƌĂnciƐcŽ��ŵbƌſƐiŽ

KƌŐĂniǌinŐ�ŽĨ�thĞ�DĞĞƟnŐ:��ncŽntƌŽ�ĚĞ�:ŽǀĞnƐ�/nǀĞƐƟŐĂĚŽƌĞƐ�Ğŵ��iŽlŽŐiĂ��ƐtƌutuƌĂl�Ğ��ŽŵputĂciŽnĂl�;�:/���Ϳ͕�WŽƌtŽ
�ĂtĞ:��ĞcĞŵbĞƌ�ϮϬϭϴ
�E�./�/>/�ŵĞŵbĞƌƐ�inǀŽlǀĞĚ�in�thĞ�ŽƌŐĂniǌĂƟŽn:��ĂƌlŽƐ��uĂƌtĞ



ϳϭ

'ra�uate�^tu�®eÝ�Wro¦raÃÃe

AĚǀĂŶĐĞĚ��ŽƵƌƐĞƐ�ϮϬϭϴ

�E��WŚ��ƉƌŽŐƌĂŵŵĞ�;W����Ϳ�ĐŽƵƌƐĞ
:ĂŶƵĂƌǇ�ϮϭͲ&ĞďƌƵĂƌǇ�ϭ�ϮϬϭϴ
>ƵŝƐĂ��ŽƌƚĞƐ͕��E��;ůĐŽƌƚĞƐΛĐŶĐ͘ƵĐ͘ƉƚͿ

&ŝŐŚƟŶŐ�/ŶĨĞĐƟŽŶ
DĂƌĐŚ�ϱͲϵ�ϮϬϭϴ
EƵŶŽ��ŵƉĂĚŝŶŚĂƐ͕��E��;ŶƵŵĞŶŝƵƐΛĐŶĐ͘ƵĐ͘ƉƚͿ

AŐĞŝŶŐ͗�ĨƌŽŵ�ĐĞůůƵůĂƌ�ƉƌŽĐĞƐƐĞƐ�ƚŽ�ƚŚĞ�ŽƌŐĂŶŝƐŵ
DĂƌĐŚ�ϭϮͲϭϴ�ϮϬϭϴ
�ůĄƵĚŝĂ��ĂǀĂĚĂƐ͕��E��;ĐĐĂǀĂĚĂƐΛĐŝ͘ƵĐ͘ƉƚͿ

/Ŷ�hƚĞƌŽ�WƌŽŐƌĂŵŵŝŶŐ�ŽĨ�ĂĚƵůƚ�ŵĞƚĂďŽůŝƐŵ�ĂŶĚ�ĚŝƐĞĂƐĞ
DĂƌĐŚ�Ϯϲ�ʹ�ϯϬ�ϮϬϭϴ
WĂƵůŽ�KůŝǀĞŝƌĂ�Θ�:ŽĆŽ�RĂŵĂůŚŽͲ^ĂŶƚŽƐ͕��E��;ƉĂƵůŽůŝǀΛĐŝ͘ƵĐ͘Ɖƚ�ͬ�ũƌĂŵĂůŚŽΛĐŝ͘ƵĐ͘ƉƚͿ

^ǇŶĂƉƐĞƐ͕�EĞƵƌŽŶĂů��ŝƌĐƵŝƚƐ�ĂŶĚ��ĞŚĂǀŝŽƌ
AƉƌŝů�ϵ�ʹ�ϮϬ�ϮϬϭϴ
AŶĂ�>ƵşƐĂ��ĂƌǀĂůŚŽ͕��ĂƌůŽƐ��͘��ƵĂƌƚĞ͕�:ŽĆŽ�WĞĕĂ͕��E��;�ĂůĐΛĐŶĐ͘ƵĐ͘Ɖƚ͕�ĐďĚƵĂƌƚĞΛĐŝ͘ƵĐ͘Ɖƚ͕��ũƉĞĐĂΛĐŶĐ͘ƵĐ͘ƉƚͿ

tŽƌŬƐŚŽƉ�͞AŐĞŝŶŐ͗�ŵŽĚĞůƐ�ĂŶĚ�ƚŚĞƌĂƉŝĞƐ͟
:ƵŶĞ�Ϯϳ�ʹ�ϮϬ�ϮϬϭϴ
>ƵşƐ��ƐƚƌŽŶĐĂ͕�&Dh��;ůƵŝƐ͘ĞƐƚƌŽŶĐĂΛƵĐ͘ƉƚͿ

/s�YƵĂŶƟƚĂƟǀĞ�&ůƵŽƌĞƐĐĞŶĐĞ�DŝĐƌŽƐĐŽƉǇ��ŽƵƌƐĞ
^ĞƉƚĞŵďĞƌ�Ϯϰ�ʹ�Ϯϴ�ϮϬϭϴ
>ƵşƐĂ��ŽƌƚĞƐ͕�DĂƌŐĂƌŝĚĂ��ĂůĚĞŝƌĂ͕�dĂƟĂŶĂ��ĂƚĂƌŝŶŽ͕��E��;ŵŝĐĐΛĐŶĐ͘ƵĐ͘ƉƚͿͿ
  

�ƵƌŝŶŐ�ϮϬϭϴ��E�͘/�/>/�ŽƌŐĂŶŝǌĞĚ�ϴ�AĚǀĂŶĐĞĚ��ŽƵƌƐĞƐ� ;ŝŶƐĞƌƚĞĚ�Ăƚ� ƚŚĞ��ŽĐƚŽƌĂů�WƌŽŐƌĂŵŵĞ� ŝŶ��ǆƉĞƌŝŵĞŶƚĂů�
�ŝŽůŽŐǇ�ĂŶĚ��ŝŽŵĞĚŝĐŝŶĞ�Ͳ�W�����Ăƚ��E�Ϳ�ĂŶĚ�ŚŽƐƚĞĚ�ϲϵ�ƐĞŵŝŶĂƌƐ͘�>ŽĐĂů�ŐƌĂĚƵĂƚĞ�ƐƚƵĚĞŶƚƐ�ĂŶĚ�ƌĞƐĞĂƌĐŚĞƌƐ�
ĂƩĞŶĚĞĚ�ƚŚĞ�ƐĞŵŝŶĂƌƐ͕�ǁŚĞƌĞĂƐ�ƚŚĞ�ĂĚǀĂŶĐĞĚ�ĐŽƵƌƐĞƐ�ĂůƐŽ�ŵĞƚ�ƚŚĞ�ŝŶƚĞƌĞƐƚ�ŽĨ�ƉĞŽƉůĞ�ĨƌŽŵ�ŽƚŚĞƌ�WŽƌƚƵŐƵĞƐĞ�
hŶŝǀĞƌƐŝƟĞƐ͘� �ĞƐŝĚĞƐ� ƚŚĞ� ŽƌŐĂŶŝǌĂƟŽŶ� ŽĨ� ĐŽƵƌƐĞƐ� ĂŶĚ� ƐĞŵŝŶĂƌƐ͕� �E�͘/�/>/� ĂůƐŽ� ƐƵƉƉŽƌƚĞĚ� ŽŶŐŽŝŶŐ� ƌĞƐĞĂƌĐŚ�
ǁŽƌŬ� ĨŽƌ� WŚ͘�͘� ĂŶĚ� D͘^Đ͘� ƚŚĞƐĞƐ͘� dŚƌŽƵŐŚŽƵƚ� ƚŚŝƐ� ǇĞĂƌ� ϯϲ� WŚ͘�͘� ĂŶĚ� ϵϬ� D͘^Đ͘� ƚŚĞƐĞƐ� ǁĞƌĞ� ĐŽŶĐůƵĚĞĚ͘



ϳϮ

�E�͘/�/>/�^ĞŵŝŶĂƌƐ

:anuarù

&e�ruarù

DĞƐŽƐĐŽƉŝĐ�ŝŵĂŐŝŶŐ�ĨŽƌ�ƚŚĞ�ůŝĨĞͲƐĐŝĞŶĐĞƐ͗�ƚƌĞŶĚƐ�ĂŶĚ�ĐŚĂůůĞŶŐĞƐ
5.1.2018
'ĂďƌŝĞů�DĂƌƟŶƐ
/nƐƟtutŽ�'ulbĞnŬiĂn��iġnciĂ�;/'�Ϳ

WƌŽůŝĨĞƌĂƟŽŶ�ĂŶĚ�DŽǀĞŵĞŶƚ�Ͳ�DŽĚĞůŝŶŐ�AŶŐŝŽŐĞŶĞƐŝƐ
10.1.2018
RƵŝ�dƌĂǀĂƐƐŽ
�ĞntĞƌ�ĨŽƌ�WhǇƐicƐ�ŽĨ�thĞ�hniǀĞƌƐitǇ�ŽĨ��ŽiŵbƌĂ 

DĞƐĞŶĐŚǇŵĂů�ƐƚƌŽŵĂů�ĐĞůůƐ�ĨŽƌ�ƚŚĞ�ƚƌĞĂƚŵĞŶƚ�ŽĨ�ƐƉŝŶŽĐĞƌĞďĞůůĂƌ�ĂƚĂǆŝĂƐ͗�ĐĂŶ�ƚŚĞǇ�ŵĂŬĞ�ƚŚĞ�ĚŝīĞƌĞŶĐĞ͍
12.1.2018
�ĂƚĂƌŝŶĂ�DŝƌĂŶĚĂ
CNC, Coimbra

RĞďƵŝůĚŝŶŐ�ďƌĂŝŶ�ĐŝƌĐƵŝƚƌŝĞƐ͗�/Ɛ�ƚŚĞ�ŝŶŇĂŵŵĂƚŽƌǇ�ŵŝůŝĞƵ�ĚĞƚĞƌŵŝŶĂŶƚ͍
22.1.2018
^ŽĮĂ�'ƌĂĚĞ
>uĚǁinŐ-DĂǆiŵiliĂnƐ-hniǀĞƌƐitǇ�ŽĨ�Dunich

dƌĂŶƐůĂƟŽŶ�ƐƚĂƌƚƐ�ǁŝƚŚ�WĂƚŚŽůŽŐǇ
24.1.2018
dąŶŝĂ�DĞŶĚĞƐ��ĂƌǀĂůŚŽ
,iƐtŽlŽŐǇ�ĂnĚ��ŽŵpĂƌĂƟǀĞ�WĂthŽlŽŐǇ�>Ăb͕�/DD

^ĐŝĞŶĐĞ�ĂŶĚ�ĞƚŚŝĐƐ�ďĞƚǁĞĞŶ�ƚŚĞ�ůĂď�ĂŶĚ�ƚŚĞ�ƉŽůŝƟĐĂů�ĚĞĐŝƐŝŽŶ�ŵĂŬŝŶŐ�ƐƉŚĞƌĞ
26.1.2018
DĂƌŝƐĂ�DĂƟĂƐ
�uƌŽpĞĂn�WĂƌliĂŵĞnt

EŽŶĐŽĚŝŶŐ�REAƐ�ĂƐ�ƚƌŝŐŐĞƌƐ�ŽĨ�ĐĂƌĚŝĂĐ�ŵŝĐƌŽǀĂƐĐƵůĂƌ�ƌĞŵŽĚĞůŝŶŐ�ŝŶ�,ĞĂƌƚ�&ĂŝůƵƌĞ
30.1.2018
WĂƵůĂ�DĂƌƟŶƐ
��Z/D�/nƐƟtutĞ�-�hniǀĞƌƐitǇ�DĂĂƐtƌicht

DŝĐƌŽŶƵƚƌŝĞŶƚ�ƐĞŶƐŝŶŐ�ĂŶĚ�ĞĂƌůǇͲůŝĨĞ�ŝŵŵƵŶĞ�ĚĞĨĞŶĐĞ
31.1.2018
DĂŶƵĞůĂ�&ĞƌƌĞŝƌĂ
�hĂŵpĂliŵĂuĚ�&ŽunĚĂƟŽn͕��ĞntĞƌ�ĨŽƌ�thĞ�hnŬnŽǁ͕�>iƐbŽn
 

 

 
hŶĚĞƌƐƚĂŶĚŝŶŐ�RŝĐŬĞƩƐŝĂͲŚŽƐƚ�ŝŶƚĞƌĂĐƟŽŶƐ͗�ƚŚĞ�ƉƌŽƚĞĂƐĞ͕�ƚŚĞ�dƌŽũĂŶ�,ŽƌƐĞ�ĂŶĚ�ŽƚŚĞƌ�ƐƚŽƌŝĞƐ
2.2.2018
/ƐĂƵƌĂ�^ŝŵƁĞƐ
�E�͕�h�-�iŽtĞch

�ƌŽƐƐͲůŝŶŬŝŶŐͬŵĂƐƐ�ƐƉĞĐƚƌŽŵĞƚƌǇ�ƐƚƌĂƚĞŐŝĞƐ�ĨŽƌ�ĂƉƉůŝĐĂƟŽŶƐ�ŝŶ�ŝŶƚĞŐƌĂƟǀĞ�ƐƚƌƵĐƚƵƌĂů�ďŝŽůŽŐǇ
7.2.2018
AůĞǆĂŶĚĞƌ�>ĞŝƚŶĞƌ
/nƐƟtutĞ�ŽĨ�DŽlĞculĂƌ�^ǇƐtĞŵƐ��iŽlŽŐǇ͕ ��d,��uƌich
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WƌŽƚĞŝŶ�ŇĞǆŝďŝůŝƚǇ�ĂŶĚ�ƐĞůĞĐƟǀĞ�ƉƌŽŵŝƐĐƵŝƚǇ�ŝŶ�ƌĂƟŽŶĂů�ĚƌƵŐ�ĚĞƐŝŐŶ
8.2.2018
�ĂƌůŽƐ��ĂŵĂĐŚŽ
hniǀĞƌƐitǇ�ŽĨ�WittƐbuƌŐ͕�h^�

dŚĞ�ŝŶǀŽůǀĞŵĞŶƚ�ŽĨ�ĂƐƚƌŽĐǇƚĞƐ�ŝŶ�ĐŽŐŶŝƟǀĞ�ƉƌŽĐĞƐƐŝŶŐ
9.2.2018
:ŽĆŽ�&ŝůŝƉĞ�KůŝǀĞŝƌĂ
/�s^͕�hniǀĞƌƐitǇ�ŽĨ�DinhŽ

dĂƌŐĞƟŶŐ�Ă�ŶĞƵƌŽĚĞŐĞŶĞƌĂƟǀĞ�ĚŝƐĞĂƐĞ͗�ĨƌŽŵ�ďĞŶĐŚƚŽƉ�ƚŽ�ďŝŽƚĞĐŚ
9.2.2018
RƵŝ��ƌŝƚŽ
hniǀĞƌƐitǇ�ŽĨ��ŽiŵbƌĂ�ĂnĚ��^/D�thĞƌĂpĞuƟcƐ

WŚŽƐƉŚŽůŝƉŝĚ�ŵĂƩĞƌƐ�ŝŶ�ƚŚĞ�ƌĞŐƵůĂƟŽŶ�ŽĨ�ŶĞƵƌŽŶ�ĂŶĚ�ŐůŝĂů�ĨƵŶĐƟŽŶ
16.2.2018
WĞĚƌŽ��ƌŝƚĞƐ
/�D�͕�iϯ^͕�hniǀĞƌƐitǇ�ŽĨ�WŽƌtŽ

dĂƵ�ƚŚĞƌĂƉĞƵƟĐƐ�ŝŶ�ďƌĂŝŶ�ƉĂƚŚŽůŽŐǇ͗��ǆƉůŽƌŝŶŐ�ƚŚĞ�ůŝŶŬ�ďĞƚǁĞĞŶ�ĚĞƉƌĞƐƐŝŽŶ�ĂŶĚ�AůǌŚĞŝŵĞƌǲƐ�ĚŝƐĞĂƐĞ
23.2.2018
/ŽĂŶŶŝƐ�^ŽƟƌŽƉŽƵůŽƐ
/�s^͕�hniǀĞƌƐitǇ�ŽĨ�DinhŽ

�ĂƐĂů�ŐĂŶŐůŝĂ�ƉĂƚŚŽƉŚǇƐŝŽůŽŐǇ͗�&ƌŽŵ�ŵŽǀĞŵĞŶƚ�ƚŽ�ďĞŚĂǀŝŽƌ�ĂŶĚ�ĞŵŽƟŽŶƐ
28.2.2018
:ŽƐĠ�A͘�KďĞƐŽ
hniǀĞƌƐitǇ�,ŽƐpitĂl�,D�WuĞƌtĂ�ĚĞl�^uƌ͕ ���h-^Ăn�WĂblŽ�hniǀĞƌƐitǇ͕ �DĂĚƌiĚ͕�^pĂin

�ĂĐƚĞƌŝĂů�ůŝƉŝĚ�ƌĂŌƐ�ĚŝƐĂƐƐĞŵďůǇ�ŝŶŚŝďŝƚƐ�DR^A�ĂŶƟďŝŽƟĐ�ƌĞƐŝƐƚĂŶĐĞ
28.2.2018
�ĂŶŝĞů�>ŽƉĞǌ
EĂƟŽnĂl��ĞntƌĞ�ĨŽƌ��iŽtĞchnŽlŽŐǇ�;�E�Ϳ�Θ�^pĂniƐh�EĂƟŽnĂl�ZĞƐĞĂƌch��Žuncil�;�^/�Ϳ͕�DĂĚƌiĚ͕�^pĂin

Dar�«

dŚŝŶŬŝŶŐ�ďĞǇŽŶĚ�ƚŚĞ�ŶŝŐƌĂ͗�ĂůƉŚĂͲƐǇŶƵĐůĞŝŶͲŵĞĚŝĂƚĞĚ�ƐǇŶĂƉƟĐĐ�ĚǇƐĨƵŶĐƟŽŶ�ŝŶ�ƚŚĞ�ŚŝƉƉŽĐĂŵƉƵƐ
1.3.2018
dŝĂŐŽ�&ůĞŵŝŶŐ�KƵƚĞŝƌŽ
�ĞpĂƌtŵĞnt�ŽĨ�EĞuƌŽ�ĞŐĞnĞƌĂƟŽn�ĂnĚ�ZĞƐtŽƌĂƟǀĞ�ZĞƐĞĂƌch͕��ĞntĞƌ�ĨŽƌ��ƌĂin͕
hniǀĞƌƐitǇ�DĞĚicĂl��ĞntĞƌ�'ŽĞƫnŐĞn͕�'ŽĞƫnŐĞn͕�'ĞƌŵĂnǇ

A'�ŝŶŐ�ŝŶ�ŽďĞƐŝƚǇ�ĂŶĚ�ƚǇƉĞ�Ϯ�ĚŝĂďĞƚĞƐ͗�ŐůǇĐŽƚŽǆŝŶƐ�ĂŶĚ�ŝŵĂŐŝŶŐ�ďŝŽŵĂƌŬĞƌƐ�ŝŶ�ŵĞƚĂďŽůŝĐ�ĚŝƐŽƌĚĞƌƐ
2.3.2018
WĂƵůŽ�DĂƚĂĨŽŵĞ
/�/>///��Z�ĂnĚ��^dĞ^�͕��ŽiŵbƌĂ

�ŶƚĞƌŽƉĂƚŚŽŐĞŶƐ�ƐŚĂƉĞ�ŵŝĐƌŽďŝŽƚĂ�ďŝŽĮůŵƐ͗�EĞǁ�ŝŶƐŝŐŚƚƐ�ŝŶƚŽ�ƚŚĞ�ĐĂƵƐĞƐ�ŽĨ�ƉŽƐƚͲŝŶĨĞĐƟŽƵƐ�ŝŶŇĂŵŵĂƟŽŶ
5.3.2018
AŶĚƌĞ��ƵƌĞƚ
hniǀĞƌƐitǇ�ŽĨ��ĂlŐĂƌǇ͕ ��ĂnĂĚĂ

hƐĞ�ŽĨ�ƚŚĞ�ĐǇƚŽƐŬĞůĞƚŽŶ�ƚŽ�ĐŽŶƚƌŽů�^ŚŝŐĞůůĂ�/ŶĨĞĐƟŽŶ
7.3.2018
^ĞƌŐĞ�DŽƐƚŽǁǇ
/ŵpĞƌiĂl��ŽllĞŐĞ�>ŽnĚŽn͕�h<
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Apr®l

�ŽŶƐĞƋƵĞŶĐĞƐ�ŽĨ�ƐŚŽƌƚ�ƚĞůŽŵĞƌĞƐ�ƚŽ�ƚŚĞ�ŽƌŐĂŶŝƐŵ
13.3.2018
DŝŐƵĞů�'ŽĚŝŶŚŽ�&ĞƌƌĞŝƌĂ
/nƐƟtutĞ�ĨŽƌ�ZĞƐĞĂƌch�Žn��ĂncĞƌ�ĂnĚ��ŐinŐ�ŽĨ�EicĞ͕�&ƌĂncĞ͖�/nƐƟtutŽ�'ulbĞnŬiĂn�ĚĞ��iġnciĂ͕�KĞiƌĂƐ͕�WŽƌtuŐĂl

DŽŽĚ�ĚŝƐŽƌĚĞƌƐ͗�ĐŽŶƚƌŽǀĞƌƐŝĞƐ�ŽŶ�ŶŽƐŽůŽŐŝĐ�ĂŶĚ�ŶŽƐŽŐƌĂƉŚŝĐ�ĂƐƉĞĐƚƐ
15.3.2018
�ĂƌůŽƐ�^ĂƌĂŝǀĂ
&ĂcultǇ�ŽĨ�DĞĚicinĞ͕�hniǀĞƌƐitǇ�ŽĨ��ŽiŵbƌĂ

/ŶƚƌŝŶƐŝĐ�ĂŶĚ�ĞǆƚƌŝŶƐŝĐ�ƌĞŐƵůĂƟŽŶ�ŽĨ�ĐŝƌĐĂĚŝĂŶ�ďƌĂŝŶ�ŽƐĐŝůůĂƚŽƌƐ
16.3.2018
,ƵŐŚ�WŝŐŐŝŶƐ
hniǀĞƌƐitǇ�ŽĨ�DĂnchĞƐtĞƌ͕ �h<

�ŶǀŝƌŽŶŵĞŶƚĂů�ŵŝĐƌŽďŝŽůŽŐǇ͗�ĨƌŽŵ�ďĂƐŝĐ�ĞĐŽůŽŐǇ�ƚŽ�ďŝŽƚĞĐŚŶŽůŽŐǇ
21.3.2018
EĞǁƚŽŶ�'ŽŵĞƐ
��^�D�ĂnĚ�hniǀĞƌƐitǇ�ŽĨ��ǀĞiƌŽ

RŽůĞ�ŽĨ�ŚŝƉƉŽĐĂŵƉĂů�ŶĞƵƌŽŐĞŶŝĐ�ƌĞƐĞƌǀĞ�ŝŶ�ĂŐŝŶŐ�ĂŶĚ�AůǌŚĞŝŵĞƌǲƐ��ŝƐĞĂƐĞ
23.3.2018
�ůŝƐĂďĞƚĞ�&ĞƌƌĞŝƌŽ
CNC, Coimbra

EŽŶͲŐĞŶŽŵŝĐ�ƐƉĞƌŵ�ĐŽŶƚƌŝďƵƟŽŶƐ�ƚŽǁĂƌĚƐ�ĞŵďƌǇŽ�ĚĞǀĞůŽƉŵĞŶƚ
28.3.2018
�ĂǀŝĚ�DŝůůĞƌ
hniǀĞƌƐitǇ�ŽĨ�>ĞĞĚƐ͕�h<

dŚĞ�ƌŽůĞ�ŽĨ�ƌĞĚŽǆ�ƐĞŶƐŝƟǀĞ�ŝŽŶ�ĐŚĂŶŶĞůƐ�ŝŶ�ƚŚĞ�ƉĂƚŚŽŐĞŶĞƐŝƐ�ŽĨ�ĂĐƵƚĞ�ƉĂŶĐƌĞĂƟƟƐ
29.3.2018
:ƷůŝĂ�&ĂŶĐǌĂů
hniǀĞƌƐitǇ�ŽĨ�^ǌĞŐĞĚ͕�^ǌĞŐĞĚ͕�,unŐĂƌǇ

/ŵƉĂŝƌĞĚ�ŶĞƵƌĂů�ĚĞǀĞůŽƉŵĞŶƚ�ƌĞƐƚƌŝĐƚƐ�ŽƌŐĂŶŝƐŵ�ƌĞĐŽǀĞƌǇ�ƵƉŽŶ�ƌĞǀĞƌƐŝďůĞ�ůŽƐƐ�ĐŽŚĞƐŝŽŶ�ĂŶĚ�ĐŽŶƐĞƋƵĞŶƚ�ĂŶĞƵƉůŽŝĚǇ
4.4.2018
>ĞŽŶĂƌĚŽ�'ĂƐƚŽŶ�'ƵŝůŐƵƌ
IGC, Oeiras

sŝƐƵĂů�ďŝŶĚŝŶŐ͗�ŚŽǁ�ďƌĂŝŶ�ŽƐĐŝůůĂƟŽŶƐ�ƐŚĂƉĞ�ƉĞƌĐĞƉƟŽŶ
6.4.2018
'ĂďƌŝĞů��ŽƐƚĂ
/�/>///��Z�ĂnĚ��/�/d͕ ��ŽiŵbƌĂ

^ƚƌĞƉƚŽŵǇĐĞƐ�ƐŬŝůůƐ�ĨŽƌ�ƚŚĞ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�ŶĂƚƵƌĂů�ƉƌŽĚƵĐƚƐ
11.4.2018
DĂƌƚĂ�DĞŶĚĞƐ
/�D�//ϯ^

�EA�ŵĞƚŚǇůĂƟŽŶ�ƉůĂǇĞƌƐ�ŝŶ�ŵĞŵŽƌǇ�ĨŽƌŵĂƟŽŶ
13.4.2018
AŶĂ�D͘D͘�KůŝǀĞŝƌĂ
/ntĞƌĚiƐciplinĂƌǇ��ĞntĞƌ�ĨŽƌ�EĞuƌŽƐciĞncĞƐ͕
hniǀĞƌƐitǇ�ŽĨ�,ĞiĚĞlbĞƌŐ͕�'ĞƌŵĂnǇ
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WƌŝŶĐŝƉůĞĚ�ǀŝĞǁƐ�ŽŶ�ƐǇŶĂƉƐĞ�ĂŶĚ�ĐŝƌĐƵŝƚƐ͗�^ƚĂƟƐƟĐĂů�ĂŶĚ�ĚĞĞƉ�ůĞĂƌŶŝŶŐ
13.4.2018
RƵŝ�WŽŶƚĞ��ŽƐƚĂ
�ĞpĂƌtŵĞnt�ŽĨ�WhǇƐiŽlŽŐǇ͕ ��nĂtŽŵǇ�ĂnĚ�'ĞnĞƟcƐ͕�hniǀĞƌƐitǇ�ŽĨ�KǆĨŽƌĚ͕�h<�ĂnĚ
�ĞpĂƌtŵĞnt�ŽĨ�WhǇƐiŽlŽŐǇ͕ ��hniǀĞƌƐitǇ�ŽĨ��Ğƌn͕�^ǁitǌĞƌlĂnĚ

dŽǁĂƌĚ�Ă�ĐŝƌĐƵŝƚ�ůĞǀĞů�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�ĐŽŐŶŝƟŽŶ
18.4.2018
:ŽĞ�WĂƚŽŶ
�hĂŵpĂliŵĂuĚ�&ŽunĚĂƟŽn͕�>iƐbŽn͕�WŽƌtuŐĂl

>ŝŶŬŝŶŐ�ŽďĞƐŝƚǇ�ĂŶĚ�ĐĂŶĐĞƌ�ƚŚƌŽƵŐŚ�ĂŶŐŝŽŐĞŶĞƐŝƐ
18.4.2018
RĂƋƵĞů�^ŽĂƌĞƐ
&ĂcultǇ�ŽĨ�DĞĚicinĞ�ŽĨ�thĞ�hniǀĞƌƐitǇ�ŽĨ�WŽƌtŽ�ĂnĚ�iϯ^

dŚĞ�ĚŽƵďůĞͲďƵƌĚĞŶ�ŽĨ�ƚƵďĞƌĐƵůŽƐŝƐ�ĂŶĚ�ĚŝĂďĞƚĞƐ�ŝŶ�'ƵŝŶĞĂͲ�ŝƐƐĂƵ�ĂŶĚ�ƚŚĞ�ůŝŶŬ�ƚŽ�ƚŚĞ��E�
19.4.2018
WůĄĐŝĚŽ��ĂƌĚŽƐŽ
/E�^��-�EĂƟŽnĂl�Wublic�,ĞĂlth�/nƐƟtutĞ͕�'uinĞĂ-�iƐƐĂu

>ĞƐƐŽŶƐ�ĨƌŽŵ�ƐǇŶĂƉƟĐ�ĚǇƐĨƵŶĐƟŽŶ�ŝŶ�ĂŐŝŶŐ�ƚŽ�ŵŽĚĞů�ŶĞƵƌŽĚĞŐĞŶĞƌĂƟŽŶ
19.4.2018
>ƵŝƐĂ�>ŽƉĞƐ
/DD͕�hniǀĞƌƐitǇ�ŽĨ�>iƐbŽn͕�WŽƌtuŐĂl

EĞƵƌŽďŝŽůŽŐǇ�ŽĨ�ƐŽĐŝĂů�ďĞŚĂǀŝŽƌ�ŝŶ�ǌĞďƌĂĮƐŚ
20.4.2018
RƵŝ�KůŝǀĞŝƌĂ
/^W�͕�>iƐbŽĂ͕�WŽƌtuŐĂl
/nƐƟtutŽ�'ulbĞnŬiĂn�ĚĞ��iġnciĂ͕�KĞiƌĂƐ͕�WŽƌtuŐĂl��hĂŵpĂliŵĂuĚ��ĞntĞƌ͕ �>iƐbŽĂ͕�WŽƌtuŐĂl

dĂƌŐĞƟŶŐ�ƚŚĞ�ŬǇŶƵƌĞŶŝŶĞ�ƉĂƚŚǁĂǇ�ŝŶ�ŶĞƵƌŽĚĞŐĞŶĞƌĂƟǀĞ�ĚŝƐĞĂƐĞƐ
23.4.2018
&ůĂǀŝĂŶŽ�'ŝŽƌŐŝŶŝ
�ĞpĂƌtŵĞnt�ŽĨ�'ĞnĞƟcƐ͕�hniǀĞƌƐitǇ�ŽĨ�>ĞicĂƐtĞƌ͕ �h<

dŚĞ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ŶĞŐĂƟǀĞ�ƌĞŐƵůĂƚŽƌ�D�:�ĂƐ�Ă�ŶĞǁ�ƚŚĞƌĂƉĞƵƟĐ�ƚĂƌŐĞƚ�ĨŽƌ�ůŝǀĞƌ�ĚŝƐĞĂƐĞ
23.4.2018
DĂůƵ�DĂƌơŶĞǌͲ�ŚĂŶƚĂƌ
>iǀĞƌ��iƐĞĂƐĞ�>ĂbŽƌĂtŽƌǇ͕ ��/��biŽ'uE�͕��iǌŬĂiĂ͕�^pĂin

�RͲŵŝƚŽĐŚŽŶĚƌŝĂ�ĐƌŽƐƐͲƚĂůŬ�ŝŶ�ŶĞƵƌŽĚĞŐĞŶĞƌĂƟŽŶ͗�ĨŽĐƵƐ�ŽŶ�&ĂŵŝůŝĂů�AůǌŚĞŝŵĞƌ�Ɛ�ĚŝƐĞĂƐĞ
27.4.2018
WĂŽůĂ�WŝǌǌŽ
�ĞpĂƌtŵĞnt�ŽĨ��iŽŵĞĚicĂl�^ciĞncĞƐ
hniǀĞƌƐitǇ�ŽĨ�WĂĚŽǀĂ͕�WĂĚŽǀĂ͕�/tĂlǇ

Daù

�KƐ�ĂŶĚ��KE�dƐ�ŽŶ�DŝĐƌŽƐĐŽƉǇ�/ŵĂŐŝŶŐ
2.5.2018
>ƵŝƐĂ��ŽƌƚĞƐ
CNC, Coimbra



ϳϲ

dƌĂŶƐŵĞŵďƌĂŶĞ�ĐĂůĐŝƵŵ�ĞǆĐŚĂŶŐĞ�ŝŶ�ƉŽůĂƌŝǌĞĚ�ĂŶĚ�ĚĞƉŽůĂƌŝǌĞĚ�ŵŝƚŽĐŚŽŶĚƌŝĂ�ŝŶ�ƐŵŽŽƚŚ�ŵƵƐĐůĞ�ĐĞůůƐ
4.5.2018
EĂƚĂůŝĂ�EĂƵŵŽǀĂͲ<ĂŶĚĂƵƌŽǀĂ
/nƐƟtutĞ�ŽĨ��ŽŵplĞǆ�^ǇƐtĞŵƐ͕��iŽĞlĞctƌŽnicƐ͕�&ŽƌƐchunŐƐǌĞntƌuŵ
:ƺlich͕�'ĞƌŵĂnǇ

�ƵŝůĚŝŶŐ�ƚŚĞ�ƉƌĞĐůŝŶŝĐĂů�ƉĂĐŬĂŐĞ�ƚŽǁĂƌĚƐ�ĐůŝŶŝĐĂů�ŝŶǀĞƐƟŐĂƟŽŶ�ŽĨ�ŚƵŵĂŶ�ŶĞƵƌĂů�ƐƚĞŵ�ĐĞůůƐ�ŝŶ�ĂŐĞ�ƌĞůĂƚĞĚ�ŵĂĐƵůĂƌ�
ĚĞŐĞŶĞƌĂƟŽŶ
11.5.2018
AůĞǆĂŶĚƌĂ��ĂƉĞůĂ
�iŽtĞchnŽlŽŐǇ��ŽnƐultĂnt͖�&ŽƌŵĞƌ�^ĞniŽƌ��iƌĞctŽƌ�ŽĨ�ZĞƐĞĂƌch�-�^tĞŵ�ĞllƐ�inc͕�WĂlŽ��ltŽ͕�h^�

EŽǀĞů�ĂƉƉƌŽĂĐŚĞƐ�ĨŽƌ�ƚŚĞ�ƚƌĞĂƚŵĞŶƚ�ŽĨ�ŚĞĂƌƚ�ĨĂŝůƵƌĞ͗�ǁŚĞŶ�ŶĂŶŽƚĞĐŚŶŽůŽŐǇ�ŵĞĞƚƐ�ŵĞĚŝĐŝŶĞ
16.5.2018
�ĂŶŝĞůĞ��ĂƚĂůƵĐĐŝ
EĂƟŽnĂl�ZĞƐĞĂƌch��Žuncil�;�EZͿ͕�/nƐƟtutĞ�ŽĨ�'ĞnĞƟc�ĂnĚ��iŽŵĞĚicĂl�ZĞƐĞĂƌch�;/Z'�Ϳ

dĂƵ�Ă�ĚǇƐŚŽŵĞŽƐƚĂƟĐ�ƉƌŽƚĞŝŶ�ŝŶ�AůǌŚĞŝŵĞƌ�Ɛ�ĚŝƐĞĂƐĞ͗�ŝŵƉĂĐƚ�ĨŽƌ�ĐŽŐŶŝƟŽŶ�ĂŶĚ�ŵĞƚĂďŽůŝƐŵ
16.5.2018
�ĂǀŝĚ��ůƵŵ
/nƐĞƌŵ�hDZ-^ϭϭϳϮ
hniǀĞƌƐitĠ�>illĞ͕�&ƌĂncĞ

�ŝŽŵĂƌŬĞƌƐ�ĂŶĚ�ƚĂƌŐĞƚƐ�ŝŶ�ŶŽŶͲĂůĐŽŚŽůŝĐ�ĨĂƩǇ�ůŝǀĞƌ�ĚŝƐĞĂƐĞ
18.5.2018
�ĞĐşůŝĂ�RŽĚƌŝŐƵĞƐ
iDĞĚ͕�hniǀĞƌƐitǇ�ŽĨ�>iƐbŽn

͞DĞĞƚ�ƚŚĞ�/ŶĚƵƐƚƌǇ͗͟�WŚŽƚŽĚǇŶĂŵŝĐ�dŚĞƌĂƉǇ�ŝŶ�KŶĐŽůŽŐǇ
25.5.2018
�ůĄƵĚŝĂ�^ŝůǀĂ
,ĞĂĚ�ŽĨ�ZĞƐĞĂƌch�ĂnĚ�/nnŽǀĂƟŽn�Ăt��luĞphĂƌŵĂ͕��KK/�ĞputǇ���K@>uǌiƟn

DƵůƟĚƌƵŐ�ƌĞƐŝƐƚĂŶƚ�ƚƵŵŽƌƐ͗�ŶŽǀĞů�ĚŝĂŐŶŽƐƟĐ�ĂŶĚ�ƚŚĞƌĂƉĞƵƟĐ�ƚŽŽůƐ
30.5.2018
D͘�,ĞůĞŶĂ�sĂƐĐŽŶĐĞůŽƐ
/W�d/DhW/iϯ^�-��ĂncĞƌ��ƌuŐ�ZĞƐiƐtĂncĞ�'ƌŽup

:une

&ƌŽŵ�ďĞĚƐŝĚĞ�ƚŽ�ďĞŶĐŚ͗�ƚŚĞ�ƌŽůĞ�ŽĨ�ĐŚŽůĞƐƚĞƌŽů�ŚĞŵŝĞƐƚĞƌƐ�ŝŶ�ĐŽƌŽŶĂƌǇ�ĂƌƚĞƌǇ�ĚŝƐĞĂƐĞ
6.7.2018
KơůŝĂ�sŝĞŝƌĂ
���K�͕�EKs��hniǀĞƌƐitǇ͕ �>iƐbŽn

WŚǇƐŝĐĂů�ĐƵĞƐ�ƚŽ�ŐƵŝĚĞ�ǀĂƐĐƵůĂƌ�ĚŝīĞƌĞŶƟĂƟŽŶ�ĂŶĚ�ĂƐƐĞŵďůǇ
7.6.2018
^ŚĂƌŽŶ�'ĞƌĞĐŚƚ
:ŽhnƐ�,ŽpŬinƐ�ĨŽƌ�EĂnŽ�iŽdĞchnŽlŽŐǇ͕ ��ĂlƟŵŽƌĞ͕�h^�

DĂŵŵĂůŝĂŶ�ƐƉĞƌŵ�ŵŽƟůŝƚǇ͗�ĨĞƌƟůŝƚǇ͕�ŵĞƚĂďŽůŝƐŵ�ĂŶĚ�ƐĞůĮƐŚ�ŐĞŶĞƐ
8.6.2018
AůĞǆĂŶĚƌĂ�AŵĂƌĂů
DĂǆ�WlĂncŬ�/nƐƟtutĞ�ĨŽƌ�DŽlĞculĂƌ�'ĞnĞƟcƐ͕��Ğƌlin͕�'ĞƌŵĂnǇ
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,ŽƌŝǌŽŶƚĂů�ƚƌĂŶƐĨĞƌ�ŽĨ�ǁŚŽůĞ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ƌĞƐƚŽƌĞƐ�ƚƵŵŽƌŝŐĞŶŝĐ�ƉŽƚĞŶƟĂů�ŝŶ�ŵƚ�EAͲĚĞĮĐŝĞŶƚ�ĐĂŶĐĞƌ
8.6.2018
>ĂͲ&ĞŶŐ��ŽŶŐ
^chŽŽl�ŽĨ�DĞĚicĂl�^ciĞncĞ͕�'ƌiĸth�hniǀĞƌƐitǇ͕ ��uƐtƌĂliĂ

KǆŝĚĂƟŽŶ�ŽĨ�ƵƌŝĐ�ĂĐŝĚ�ŝŶ�ŝŶŇĂŵŵĂƚŽƌǇ�ĐŽŶĚŝƟŽŶƐ͗�ƚŚĞ�ƵŶĚĞƌůǇŝŶŐ�ĐĂƵƐĞ�ŽĨ�ƵƌŝĐͲƌĞůĂƚĞĚ�ƉĂƚŚŽůŽŐŝĞƐ
11.6.2018
&ůĄǀŝĂ�DĞŽƫ
hniǀĞƌƐiĚĚĂĞ�ĚĞ�^ĆŽ�WĂulŽ͕��ƌĂƐil

^ƵƉƉƌĞƐƐŝŽŶ�ŽĨ�ƉƌŽƚĞŽƚŽǆŝĐŝƚǇ�ďǇ�ƐĞƌŽƚŽŶĞƌŐŝĐ�ƐŝŐŶĂůŝŶŐ͗�ŝŵƉĂĐƚ�ŽŶ�ŶĞƵƌŽĚĞŐĞŶĞƌĂƟǀĞ�ĚŝƐĞĂƐĞƐ
15.6.2018
AŶĚƌĞŝĂ�dĞŝǆĞŝƌĂͲ�ĂƐƚƌŽ
/�s^͕�hniǀĞƌƐitǇ�ŽĨ�DinhŽ

tŚĂƚ�ĚƌŝǀĞƐ�ĐǇƚŽŬŝŶĞƐŝƐ�ŝŶ�ďĂĐƚĞƌŝĂů�ĐĞůůƐ͍
20.6.2018
DĂƌŝĂŶĂ�'ŽŵĞƐ�WŝŶƚŽ
/nƐƟtutŽ�ĚĞ�dĞcnŽlŽŐiĂ�YuşŵicĂ�Ğ��iŽlſŐicĂ��ntſniŽ�yĂǀiĞƌ�;/dY�Ϳ
hniǀĞƌƐiĚĂĚĞ�EŽǀĂ�ĚĞ�>iƐbŽĂ

EĞƵƌŽŝŶŇĂŵŵĂƟŽŶ�ŝŶ�DƵƟƉůĞ�^ĐůĞƌŽƐŝƐ͗�ĨƌŽŵ�ƚĂƌŐĞƚ�ĚŝƐĐŽǀĞƌǇ�ƚŽ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�Ă�ƚŚĞƌĂƉĞƵƟĐ�ƐƚƌĂƚĞŐǇ
22.6.2018
AĚĞůĂŝĚĞ�&ĞƌŶĂŶĚĞƐ
iDĞĚ.�h>iƐbŽĂ͕�hniǀĞƌƐitǇ�ŽĨ�>iƐbŽn

DŽůĞĐƵůĂƌ�/ŵĂŐŝŶŐ�ǁŝƚŚ�W�d͗�ĨƌŽŵ�ďĞŶĐŚ�ƚŽ�ďĞĚƐŝĚĞ͙�ĂŶĚ�ďĂĐŬ
26.6.2018
AŶƚĞƌŽ�AďƌƵŶŚŽƐĂ
/nƐƟtutĞ�ŽĨ�EuclĞĂƌ�^ciĞncĞƐ��ppliĞĚ�tŽ�,ĞĂlth

DĞƐĞŶĐŚǇŵĂů�ƐƚƌŽŵĂů�ĐĞůůƐ�ĨŽƌ�ƚŚĞ�ƚƌĞĂƚŵĞŶƚ�ŽĨ�ƐƉŝŶŽĐĞƌĞďĞůůĂƌ�ĂƚĂǆŝĂƐ͗�ĐĂŶ�ƚŚĞǇ�ŵĂŬĞ�ƚŚĞ�ĚŝīĞƌĞŶĐĞ͍
29.6.2018
�ĂƚĂƌŝŶĂ�DŝƌĂŶĚĂ
CNC, Coimbra

:ulù

�ĚŝƚĞĚ�DĂŐŶĞƟĐ�RĞƐŽŶĂŶĐĞ�^ƉĞĐƚƌŽƐĐŽƉǇͲ&ĂƐƚĞƌ
31.7.2018
RŝĐŚĂƌĚ��ĚĚĞn
:Žhn�,ŽpŬinƐ�hniǀĞƌƐitǇ

YƵĂŶƟƚĂƟǀĞ��ŝŽůŽŐǇ�ŽĨ�ŚǇĚƌŽŐĞŶ�ƉĞƌŽǆŝĚĞ�ƐŝŐŶĂůŝŶŐ
20.7.2018
&ĞƌŶĂŶĚŽ�AŶƚƵŶĞƐ
�ĞntĞƌ�ŽĨ��hĞŵiƐtƌǇ�ĂnĚ��iŽchĞŵiƐtƌǇ͕ �&ĂcultǇ�ŽĨ�^ciĞncĞƐ͕�hniǀĞƌƐitǇ�ŽĨ�>iƐbŽn

dĂƌŐĞƟŶŐ�ƐŽůŝĚ�ƚƵŵŽƌƐ�ǁŝƚŚ�ůŝƉŝĚͲďĂƐĞĚ�ŶĂŶŽƉĂƌƟĐůĞƐ
13.7.2018
EƵŶŽ�&ŽŶƐĞĐĂ
CNC, Coimbra

WĞƌŽǆŝƌĞĚŽǆŝŶƐ͕�ƚŚĞ�ƚŚŝŽƌĞĚŽǆŝŶ�ƐǇƐƚĞŵ�ĂŶĚ�ƌĞĚŽǆ�ƐŝŐŶĂůůŝŶŐ
12.7.2018
�ŚƌŝƐƟŶĞ�tŝŶƚĞƌďŽƵƌŶ
hniǀĞƌƐitǇ�ŽĨ�KtĂŐŽ͕�EĞǁ��ĞĂlĂnĚ



ϳϴ

AƌƟĮĐŝĂů�/ŶƚĞůůŝŐĞŶĐĞ�ŝŶ�^ƚƌƵĐƚƵƌĂů��ŝŽůŽŐǇ
11.7.2018
/ƌŝŶĂ�DŽƌĞŝƌĂ
�E�/�h�-�iŽtĞch͕��ĂntĂnhĞĚĞ

K�to�er

^epteÃ�er

/Ŷ�ǀŝƚƌŽ�ŵŽĚĞůŝŶŐ�ŽĨ�RĞƩ�^ǇŶĚƌŽŵĞ͗�Ă�ƌŽĂĚ�ƚŽ�ŚŝŐŚ�ĐŽŶƚĞŶƚ�ŝŵĂŐŝŶŐ�ĚƌƵŐ�ƐĐƌĞĞŶŝŶŐ
17.9.2018
'ĂďƌŝĞůĞ��Ăũ
�.Z.�./.E.��ĞntƌĞ�ĨŽƌ�EĞuƌŽƐciĞncĞ
hniǀĞƌƐitǇ�ŽĨ�dƌiĞƐtĞ͕�/tĂlǇ

AĚĚƌĞƐƐŝŶŐ�ƚŚĞ�ŵĞĐŚĂŶŝƐŵ�ŽĨ�ƉƌŽƚĞŝŶ�ŝŵƉŽƌƚ�ŝŶƚŽ�ƉĞƌŽǆŝƐŽŵĞƐ�ƵƐŝŶŐ�ŝŶ�ǀŝƚƌŽ�ĂƉƉƌŽĂĐŚĞƐ
26.9.2018
:ŽƌŐĞ�AǌĞǀĞĚŽ
iϯ^͕�hniǀĞƌƐitǇ�ŽĨ�WŽƌtŽ

AůǌŚĞŝŵĞƌ͛Ɛ��ŝƐĞĂƐĞ͗�dŚĞ�ĂŵǇůŽŝĚ�ŚǇƉŽƚŚĞƐŝƐ�ĂŶĚ�ƚŚĞ�ŝŶǀĞƌƐĞ�tĂƌďƵƌŐ�ĞīĞĐƚ
28.9.2018
>ůŽǇĚ��ĞŵĞƚƌŝƵƐ
D����ƐƐŽciĂtĞ�ŽĨ�WŽpulĂƟŽn�'ĞnĞƟcƐ͕�,ĂƌǀĂƌĚ�hniǀĞƌƐitǇ͕ �h^�

dĂƌŐĞƟŶŐ�ƐŝƌƚƵŝŶ�Ϯ�ƚŽ�ŝŵƉƌŽǀĞ�ŵĞƚĂďŽůŝĐ�ĨƵŶĐƟŽŶƐ
26.10.2018
WĞĚƌŽ�'ŽŵĞƐ
�E�͕�hniǀĞƌƐitǇ�ŽĨ��ŽiŵbƌĂ

�ŶŐŝŶĞĞƌŝŶŐ��ŝŽŵĂƚĞƌŝĂůƐ�ĂŶĚ�WƌŽĐĞƐƐĞƐ�ĨŽƌ��ŽŶĞ�ĂŶĚ��ĂƌƟůĂŐĞ��ŝŽĨĂďƌŝĐĂƟŽŶ
24.10.2018
WĞĚƌŽ�DŽƌŽƵĕŽ
WŽlǇtĞchnic�/nƐƟtutĞ�ŽĨ�>ĞiƌiĂ͕�>ĞiƌiĂ͕�WŽƌtuŐĂl

/ŶƚĞŐƌĂƟŽŶ�ŽĨ�ƚŚĞ��ŽͲĞǀŽůǀĞĚ�DŝƚŽŶƵĐůĞĂƌ�'ĞŶŽŵĞƐ
22.10.2018
�ĂǀŝĚ�>ĞĞ
hniǀĞƌƐitǇ�ŽĨ�^ŽuthĞƌn��ĂliĨŽƌniĂ͕�>ŽƐ��nŐĞlĞƐ͕�h^�

,Žǁ�ǀĂĐĐŝŶĞƐ�ƚƌĂŝŶ�ƚŚĞ�ŝŵŵƵŶĞ�ƐǇƐƚĞŵ�ŝŶ�ǁĂǇƐ�ŶŽ�ŽŶĞ�ĞǆƉĞĐƚĞĚ
18.10.2018
�ŚƌŝƐƟŶĞ�^ƚĂďĞůů��ĞŶŶ
^tĂtĞnƐ�^Ğƌuŵ�/nƐƟtut͕��ŽpĞnhĂŐĞn͕��ĞnŵĂƌŬ

RŽůĞ�ŽĨ�ŚŝƉƉŽĐĂŵƉĂů�ĂĚĞŶŽƐŝŶĞ�AϮA�ƌĞĐĞƉƚŽƌƐ�ŝŶ�ƉƐǇĐŚŝĂƚƌŝĐ�ĚŝƐŽƌĚĞƌƐ
12.10.2018
WĂƵůĂ��ĂŶĂƐ
�E�͕�hniǀĞƌƐitǇ�ŽĨ��ŽiŵbƌĂ

DĞĐŚĂŶŝƐŵƐ�ŽĨ�ŶƵĐůĞĂƌ�ƉŽƐŝƟŽŶŝŶŐ�ĚƵƌŝŶŐ�ĐĞůů�DŝŐƌĂƟŽŶ�ĂŶĚ�ŵƵƐĐůĞ�ĚĞǀĞůŽƉŵĞŶƚ
10.10.2018
�ĚŐĂƌ�'ŽŵĞƐ
/DD͕�hniǀĞƌƐitǇ�ŽĨ�>iƐbŽn



ϳϵ

EoòeÃ�er

�ǆƉůŽƌŝŶŐ�ƌĞƐƉŝƌĂƚŽƌǇ�ĐŚĂŝŶƐ
7.11.2018
DĂŶƵĞůĂ�WĞƌĞŝƌĂ
/dY�͕�EKs�͕�>iƐbŽn͕�WŽƌtuŐĂl

KůĨĂĐƚŽƌǇ�ďƵůďĞĐƚŽŵǇ�ŝŶ�ŵŝĐĞ�ĂƐ�Ă�ŵŽĚĞů�ŽĨ�ĚĞƉƌĞƐƐŝŽŶ
16.11.2018
RŽďĞƌƚŽ�&�AůŵĞŝĚĂ
�ĞpĂƌtĂŵĞntŽ�ĚĞ��iŽƋuşŵicĂ͕�/nƐƟtutŽ�ĚĞ��iġnciĂƐ��ĄƐicĂƐ�ĚĂ�^ĂƷĚĞ͕�hniǀĞƌƐiĚĂĚĞ�&ĞĚĞƌĂl�ĚŽ�ZiŽ�'ƌĂnĚĞ�ĚŽ�^ul͕�WŽƌtŽ�
Alegre, RS, Brazil

KƉƉŽƌƚƵŶŝƟĞƐ�ŝŶ�WŽůǇƐĂĐĐŚĂƌŝĚĞƐ�ƚŽǁĂƌĚƐ�ŚĞĂůƚŚŝĞƌ�ŐƵƚ�ŵŝĐƌŽďŝŽƚĂ
16.11.2018
DĂŶƵĞůĂ�WŝŶƚĂĚŽ
�ĂthŽlic�hniǀĞƌƐitǇ�ŽĨ�WŽƌtuŐĂl͕�WŽƌtŽ

RŽůĞ�ŽĨ�AĚĞŶŽƐŝŶĞ�AϮA�ƌĞĐĞƉƚŽƌƐ�ŝŶ�ŝŵŵƵŶŽƚŚĞƌĂƉǇ
19.11.2018
^ƚĞƉŚĞŶ�,ĂƞŝĞůĚ
EĞǁ��nŐlĂnĚ�/nŇĂŵŵĂƟŽn�ĂnĚ�diƐƐuĞ�WƌŽtĞcƟŽn�/nƐƟtutĞ
EŽƌthĞĂƐtĞƌn�hniǀĞƌƐitǇ͕ ��ŽƐtŽn͕�h^�

�ůŽĐŬĐŚĂŝŶ͘�tŚĂƚ�ŝƐ�ŝƚ͍�'ŽŽĚ�ĨŽƌ͍
21.11.2018
WĂƵůŽ�RƵƉŝŶŽ�ĚĂ��ƵŶŚĂ
�/^h�͕�hniǀĞƌƐitǇ�ŽĨ��ŽiŵbƌĂ

�ŚƌŽŵĂƟŶ�ŵŽĚƵůĂƚŽƌƐ�ŽĨ�ĐĞůůƵůĂƌ�ƌĞƉƌŽŐƌĂŵŵŝŶŐ�ĂŶĚ�ĐĂŶĐĞƌ
28.11.2018
AůĞǆĂŶĚƌĞ�'ĂƐƉĂƌ�DĂŝĂ
DĂǇŽ��linic͕�h^�

dŚĞ�ŶĞƵƌĂů�ĐŽƌƌĞůĂƚĞƐ�ŽĨ�ďŝƐƚĂďůĞ�ŵŽƟŽŶ�ƉĞƌĐĞƉƟŽŶ
30.11.2018
:ŽĆŽ��ƵĂƌƚĞ
�/�/d-/�E�^͕�hniǀĞƌƐitǇ�ŽĨ��ŽiŵbƌĂ

�e�eÃ�er

'ĞŶĞƟĐ�ƌĞŐƵůĂƟŽŶ�ŽĨ�ƐƵƐĐĞƉƟďŝůŝƚǇ�ƚŽ�ŝŶĨĞĐƟŽŶ�ŝŶ�ƐƚĞŵͲĐĞůů�ƚƌĂŶƐƉůĂŶƚĂƟŽŶ
5.12.2018
AŐŽƐƟŶŚŽ��ĂƌǀĂůŚŽ
/�s^͕�hniǀĞƌƐitǇ�ŽĨ�DinhŽ

KƉƟĐĂů�ĂƉƉƌŽĂĐŚĞƐ�ƚŽ�ƐƚƵĚǇ�ƐƚƌŝĂƚĂů�ĚŽƉĂŵŝŶĞ�ŶĞƵƌŽƚƌĂŶƐŵŝƐƐŝŽŶ�ĂŶĚ�ĐŽƌƟĐŽƐƚƌŝĂƚĂů�ƉůĂƐƟĐŝƚǇ
7.12.2018
�ĂŶŝĞůĂ�WĞƌĞŝƌĂ
�hĂŵpĂliŵĂuĚ�&ŽunĚĂƟŽn͕�>iƐbŽn

�īĞĐƚƐ�ŽĨ�ůŝĨĞůŽŶŐ�ƚƌĂŝŶŝŶŐ�ŽŶ�d�ůǇŵƉŚŽĐǇƚĞƐ�ƐĞŶĞƐĐĞŶĐĞ
12.12.2018
AŶĂ�dĞŝǆĞŝƌĂ
&���&͕ �hniǀĞƌƐitǇ�ŽĨ��ŽiŵbƌĂ



ϴϬ

�ĞǀĞůŽƉŝŶŐ�ƚŚĞ�ŶĞǆƚͲŐĞŶĞƌĂƟŽŶ�ŝŶĚƵĐŝďůĞ�'�E&�'ĞŶĞ�dŚĞƌĂƉǇ
17.12.2018 
>ƵşƐ�YƵŝŶƟŶŽ
�E^�'ĞnĞ�dhĞƌĂpǇ͕ �>unĚ�hniǀĞƌƐitǇ͕ �^ǁĞĚĞn

>ĂƌŐĞ�ƐĐĂůĞ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�RĞĐŽŵďŝŶĂŶƚ�WƌŽƚĞŝŶƐ�ƵƐŝŶŐ�Ă�WŽƵůƚƌǇ�dƌĂŶƐŐĞŶŝĐ�^ǇƐƚĞŵ
19.12.2018
/ĂŝŶ�^ŚĂǁ
Ks�'�E�'ƌŽup�>iŵitĞĚ͕�/ƌĞlĂnĚ

dŚĞ�^ĞƫŶŐ�ƵƉ�ŽĨ�ĂŶ�^W&�&ůŽĐŬ�ŽĨ��ŚŝĐŬĞŶƐ�ĨŽƌ�RĞƐĞĂƌĐŚ͗��ƐƚĂďůŝƐŚŝŶŐ�dŚĞ�tŽƌůĚǲƐ�ĮƌƐƚ�'ĞƌŵͲ&ƌĞĞ��ŚŝĐŬĞŶ�&ůŽĐŬ�ƉƌŽĚƵĐŝŶŐ�
'ĞƌŵͲ&ƌĞĞ�ĞŐŐƐ
19.12.2018
>ĞŽŶĂƌĚ�DŽƌĂŶ
Ks�'�E�'ƌŽup�>iŵitĞĚ͕�/ƌĞlĂnĚ

dŚĞ�ŝŵĂŐŝŶŐ�ŽĨ�ŶĞƵƌŽŝŶŇĂŵŵĂƟŽŶ�ĂŶĚ�ŽǆŝĚĂƟǀĞ�ƐƚƌĞƐƐ�ŝŶ�ƉƐǇĐŚŽƟĐ�ƉĂƚŚŽůŽŐǇ
21.12.2018
dŝĂŐŽ�RĞŝƐ�DĂƌƋƵĞƐ
/nƐƟtutĞ�ŽĨ��linicĂl�^ciĞncĞƐ͕�/ŵpĞƌiĂl��ŽllĞŐĞ�>ŽnĚŽn͕�h<



ϴϭ

phd thesis coNcluded iN 2018

AŵďĞƌ�<ĞƌŬŚŽĨƐ
�ĂīĞŝŶĞ͕�ĂĚĞŶŽƐŝŶĞ�ĂŶĚ�ĂĐĞƚǇůĐŚŽůŝŶĞ�ĂŶĚ�ŶĞƵƌŽŶĂů�ĨƵŶĐƟŽŶ�ŝŶ�ƚŚĞ�ĐŽƌƚĞǆ
:ƵŶĞ�ϮϬϭϴ͘
^ƵƉĞƌǀŝƐŽƌ͗�RŽĚƌŝŐŽ��ƵŶŚĂ�

AŶĂ�/ƐĂďĞů�WŝŶĂ�RŽĚƌŝŐƵĞƐ�
dŚĞ�ŶĞƵƌĂů�ďĂƐŝƐ�ŽĨ�ĚǇƐůĞǆŝĂ�&ĂĐƵůƚǇ�ŽĨ�DĞĚŝĐŝŶĞ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�sŝƐŝŽŶ͕��ƌĂŝŶ�/ŵĂŐŝŶŐ�ĂŶĚ��ŽŐŶŝƟǀĞ�EĞƵƌŽƐĐŝĞŶĐĞ

AŶĂ�DĂƌŝĂ�ĚĞ�&ŝŐƵĞŝƌĞĚŽ�sĂůĂĚŽ
�ŝŽůŽŐŝĐĂů�ŵĂƌŬĞƌƐ�ŝŶ�DƵůƟƉůĞ�^ĐůĞƌŽƐŝƐ͗�RĞůĞǀĂŶĐĞ�ĨŽƌ�ƉƌŽŐŶŽƐŝƐ�ĂŶĚ�ƚŚĞƌĂƉĞƵƟĐƐ
DĂǇ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�AŐŝŶŐ�ĂŶĚ��ƌĂŝŶ�ĚŝƐĞĂƐĞƐ͗�ĂĚǀĂŶĐĞĚ�ĚŝĂŐŶŽƐŝƐ�ĂŶĚ�ďŝŽŵĂƌŬĞƌƐ

AŶĂ�^ŽĮĂ��ƐƟŵĂ�ĚĂ��ƵŶŚĂ��ŽĞůŚŽ
�ĂƌĂĐƚĞƌŝǌĂĕĆŽ�ĚĂƐ�ĂůƚĞƌĂĕƁĞƐ�ŶŽ�ďŝŽĮůŵĞ�Ğ�ŶĂ�ƐĂůŝǀĂ�ĚĞ�ĚŝĂďĠƟĐŽƐ�ĚŽ�ƟƉŽ�ϭ�ĐŽŵ�ďŽŵďĂ�ĚĞ�ŝŶƐƵůŝŶĂ͗�ĞƐƚƵĚŽƐ�ŝŶ�ǀŝǀŽ�Ğ�ŝŶ�
ǀŝƚƌŽ�Ğŵ�ĮďƌŽďůĂƐƚŽƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

AŶĂďĞůĂ��ĂƉƟƐƚĂ�WĞƌĞŝƌĂ�WĂƵůĂ
�ƐƚƵĚŽ�ĚŽƐ�ĞĨĞŝƚŽƐ�ĐŝƚŽƚſǆŝĐŽƐ�Ğ�ŶĂ�ĚĞŶƟŶŽŐĠŶĞƐĞ�ƌĞƉĂƌĂĚŽƌĂ�ŝŶĚƵǌŝĚŽƐ�ƉŽƌ�Ƶŵ�ŶŽǀŽ�ŵĂƚĞƌŝĂů�Ğŵ�ƉƌŽƚĞĕƁĞƐ�ƉƵůƉĂƌĞƐ�
ĚŝƌĞƚĂƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

�ĞĂƚƌŝǌ�DĂƌŝĂ�WŝŶƚŽ��ƌƵǌ��ŽƐƚĂ
AǀĂůŝĂĕĆŽ�ĚŽƐ�ĞĨĞŝƚŽƐ�ĐĞůƵůĂƌĞƐ͕�ŚƵŵŽƌĂŝƐ�Ğ�ŵŽůĞĐƵůĂƌĞƐ�ĚĂ�ĂĚŵŝŶŝƐƚƌĂĕĆŽ�ĚŽ�ƚĞĚƵŐůƵƟĚĞ�ŶƵŵ�ŵŽĚĞůŽ�ĂŶŝŵĂů�ĚĞ�
ĂŶĂƐƚŽŵŽƐĞ�ŝŶƚĞƐƟŶĂů
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

�ĞƌŶĂƌĚŽ�DĂƌƟŶƐ�ĚĂ��ƵŶŚĂ�AďĞĐĂƐŝƐ
�ŶŐŝŶĞĞƌŝŶŐ�ŚƵŵĂŶ�ŝŶ�ǀŝƚƌŽ�ĐĂƌĚŝĂĐ�ƟƐƐƵĞ�ŵŽĚĞůƐ�ĨŽƌ�ƉƌĞĐůŝŶŝĐĂů�ƌĞƐĞĂƌĐŚ
KĐƚŽďĞƌ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�>ŝŶŽ�&ĞƌƌĞŝƌĂ

�ůĂŶŬĂ�<ĞůůĞƌŵĂǇĞƌ�
^ƵƉĞƌͲƌĞƐŽůƵƟŽŶ�ŝŵĂŐŝŶŐ�ƌĞǀĞĂůƐ�ĚŝīĞƌĞŶƟĂů�ŽƌŐĂŶŝǌĂƟŽŶ�ĂŶĚ�ƌĞŐƵůĂƟŽŶ�ŽĨ�ED�A�ƌĞĐĞƉƚŽƌ�ƐƵďƚǇƉĞƐ�
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗��ĂƌůŽƐ��ĂŶĚĞŝƌĂ��ƵĂƌƚĞ

�ŽŵŝŶŝƋƵĞ�&ĞƌŶĂŶĚĞƐ
RŽůĞ�ŽĨ��ĂƐƉƌϭ�ĂŶĚ��ĂƐƉƌϮ�ŝŶ�ƚŚĞ�ƌĞŐƵůĂƟŽŶ�ŽĨ�ŐůƵƚĂŵĂƚĞƌŐŝĐ�ƚƌĂŶƐŵŝƐƐŝŽŶ�ĂŶĚ�ƐǇŶĂƉƟĐ�ƉůĂƐƟĐŝƚǇ�Ͳ�ŝŵƉůŝĐĂƟŽŶ�ĨŽƌ�ĚŝƐĞĂƐĞ�
ƉĂƚŚŽŐĞŶĞƐŝƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗��ĂƌůŽƐ��ĂŶĚĞŝƌĂ��ƵĂƌƚĞ



ϴϮ

�ĚŶĂ�&ŝůŝƉĂ�WĂŝƐ�^ŽĂƌĞƐ
�ĞƚĂͲŐůƵĐĂŶͲďĂƐĞĚ�ĂĚũƵǀĂŶƚƐ�ĨŽƌ�ŚĞƉĂƟƟƐ���ǀĂĐĐŝŶĂƟŽŶ͗�ƉĂƌƟĐƵůĂƚĞ�ĚĞƐŝŐŶ�ĨŽƌ�ƉƌŽƉŚǇůĂƟĐ�ĂŶĚ�ƚŚĞƌĂƉĞƵƟĐ�ŶĞĞĚƐ
DĂƌĐŚ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�KůŐĂ��ŽƌŐĞƐ
 
�ŵĂŶƵĞů�EĞƌǇ�ĚĞ�KůŝǀĞŝƌĂ�YƵĂƌƟŶ��ŽƐƚĂ
DŽĚƵůĂƟŽŶ�ŽĨ�ƚŚĞ�ŚĞŵĂƚŽƉŽŝĞƟĐ�ƐƚĞŵ�ĐĞůů�ŶŝĐŚĞ�ďǇ�ƉŚŽƚŽͲƚƌŝŐŐĞƌĂďůĞ�ŶĂŶŽƉĂƌƟĐůĞƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌƐ͗�>ŝŶŽ�&ĞƌƌĞŝƌĂ�ĂŶĚ�RŝĐĂƌĚŽ�EĞǀĞƐ

�ƌŝĐŬĂ�&ƌĂŶĐŝƐůĂŝŶĞ��ŝĂƐ��ŽƐƚĂ
AǀĂůŝĂĕĆŽ�ĚŽ�ƉŽůŝŵŽƌĮƐŵŽ�D^,ϯ�Đ͘ϯϭϯϯ�'хA�Ğŵ�ĐĂƌĐŝŶŽŵĂ�ĚĞ�ĐĠůƵůĂƐ�ĞƐĐĂŵŽƐĂƐ�ĚĞ�ŽƌŽĨĂƌŝŶŐĞ�
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

&ƌĂŶĐŝƐĐŽ�DĂŶƵĞů�YƵĞŝƌŽǌ�'ŽŶĕĂůǀĞƐ
WŚǇƐŝŽͲƉĂƚŽůŽŐŝĐĂů�ƌŽůĞ�ŽĨ�ĞĐƚŽͲϱ͛ͲŶƵĐůĞŽƟĚĂƐĞ�ʹ�Ă�ŶĞǁ�ƚĂƌŐĞƚ�ĨŽƌ�ŶĞƵƌŽƉƌŽƚĞĐƟŽŶ
DĂǇ�ϮϬϭϴ͘
^ƵƉĞƌǀŝƐŽƌ͗�RŽĚƌŝŐŽ��ƵŶŚĂ�

/ŶġƐ�DŝƌĂŶĚĂ�^ĂŶƚŽƐ�
AŶĂůǇƐŝƐ�ŽĨ�ŵĞƚĂďŽůŝĐ�ŚĞƚĞƌŽŐĞŶĞŝƚǇ�ŽǀĞƌ�ĐĞůů�ĚŝǀŝƐŝŽŶ�ĐǇĐůĞ�ŝŶ�ŶŽŶ�ƐǇŶĐŚƌŽŶŝǌĞĚ�ǇĞĂƐƚ͘�A�ϭϯ�ͲďĂƐĞĚ�ĞǆƉĞƌŝŵĞŶƚĂůͲ
ĐŽŵƉƵƚĂƟŽŶĂů�ĂƉƉƌŽĂĐŚ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�AƌŵŝŶĚŽ�^ĂůǀĂĚŽƌ

/ŶġƐ�DĂƌŝĂ�ĚĞ��ĂƌǀĂůŚŽ�>ĂşŶƐ
DĞƚĂďŽůſŵŝĐĂ͕�ŐĞŶĠƟĐĂ�Ğ�ĂŵďŝĞŶƚĞ͗�ƵŵĂ�ŶŽǀĂ�ĂďŽƌĚĂŐĞŵ�ŝŶƚĞŐƌĂĚŽƌĂ�ŶĂ�ĚĞŐĞŶĞƌĞƐĐġŶĐŝĂ�ŵĂĐƵůĂƌ�ƌĞůĂĐŝŽŶĂĚĂ�ĐŽŵ�Ă�
ŝĚĂĚĞ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�AŐŝŶŐ�ĂŶĚ��ƌĂŝŶ�ĚŝƐĞĂƐĞƐ͗�ĂĚǀĂŶĐĞĚ�ĚŝĂŐŶŽƐŝƐ�ĂŶĚ�ďŝŽŵĂƌŬĞƌƐ

:ŽĂŶĂ��ĂůĕĂ�^ŝůǀĂ
DŽůĞĐƵůĂƌ�DĞĐŚĂŶŝƐŵƐ�ŽĨ�'ůŝŽďůĂƐƚŽŵĂ�RĞƐŝƐƚĂŶĐĞ͗�'ůŝŽŵĂ�^ƚĞŵͲ>ŝŬĞ�AŶĚ�EŽŶͲ^ƚĞŵ�>ŝŬĞ��ĞůůƐ�^ƉĞĐŝĮĐ�dĂƌŐĞƚƐ�
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�AŶĂ��ĞůĂ�^ĂƌŵĞŶƚŽ�

:ŽĆŽ�AŶĚƌĠ�^ĂƌŐĞŶƚŽ�AƌĂƵũŽ�ĚĞ�&ƌĞŝƚĂƐ�
�ŶĚŽƚŚĞůŝĂů�ƉƌŽŐĞŶŝƚŽƌ�ĐĞůůƐ�ŝŶ�ŶĞŽĂŶŐŝŽŶĞƐŝƐ�ŽĨ�ĂĐƵƚĞ�ŝƐĐŚĞŵŝĐ�ƐƚƌŽŬĞ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�>ŝŶŽ�&ĞƌƌĞŝƌĂ

>ĞŝƐĂ�>ŽƉĞƐ�AŐƵŝĂƌ
AǀĂůŝĂĕĆŽ�ĚŽ�ƉŽůŝŵŽƌĮƐŵŽ�yW��Đ͘ϮϴϭϱAх��Ğŵ�ĐĂƌĐŝŶŽŵĂ�ĚĞ�ĐĠůƵůĂƐ�ĞƐĐĂŵŽƐĂƐ�ĚĞ�ŽƌŽĨĂƌŝŶŐĞ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

DĂĨĂůĚĂ�RŝƚĂ�Aǀſ��ĂĐĂůŚĂƵ
�ƐƚĂďůŝƐŚŝŶŐ�ƚŚĞ�ƉĂƚŚŽŐĞŶŝĐŝƚǇ�ŽĨ�ŶŽǀĞů�ŵŝƚŽĐŚŽŶĚƌŝĂů��EA�ŵƵƚĂƟŽŶƐ͗�Ă�ĐĞůů�ĂŶĚ�ŵŽůĞĐƵůĂƌ�ďŝŽůŽŐǇ�ĂƉƉƌŽĂĐŚ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�AŐŝŶŐ�ĂŶĚ��ƌĂŝŶ�ĚŝƐĞĂƐĞƐ͗�ĂĚǀĂŶĐĞĚ�ĚŝĂŐŶŽƐŝƐ�ĂŶĚ�ďŝŽŵĂƌŬĞƌƐ

DĂƌŝĂ�ĚĞ�ůĂ�^ĂůĞƚĞ�ĚĞ�:ĞƐƵƐ��ĂƉƟƐƚĂ
RĂƟŽŶĂů�ĚĞƐŝŐŶ͕�ƐǇŶƚŚĞƐŝƐ�ĂŶĚ�ĞǀĂůƵĂƟŽŶ�ŽĨ�ŶŽǀĞů�ĂŶƟĐĂŶĐĞƌ�ĐŚĞŵŽƉŽƚĞŶƟĂƚŽƌƐ�ĂĐƟŶŐ�ŽŶ��EAͲƌĞƉĂŝƌ�ƉĂƚŚǁĂǇƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌƐ͗�:ŽƌŐĞ�^ĂůǀĂĚŽƌ�Ğ�DĂƌŝĂ�DĂŶƵĞů��ƌƵǌ�^ŝůǀĂ



ϴϯ

DĂƌŝůŝŶĞ�^ŝůǀĂ�
hŶǀĞŝůŝŶŐ�ƚŚĞ�ƌŽůĞ�ŽĨ�ŵŝĐƌŽREAƐ�ŝŶ�ƐǇŶĂƉƟĐ�ƉůĂƐƟĐŝƚǇ�
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗��ĂƌůŽƐ��ĂŶĚĞŝƌĂ��ƵĂƌƚĞ

WĂƚƌŝĐŝĂ��ŝŽŐŽ�EƵŶĞƐ�
WŚŽƚŽĚǇŶĂŵŝĐ�ƚŚĞƌĂƉǇ�ĂƉƉůŝĞĚ�ƚŽ�ĂƐĞƉƐŝƐ�ŽĨ�ƌŽŽƚ�ĐĂŶĂůƐ͟�WŚ��ŝŶ�,ĞĂůƚŚ�^ĐŝĞŶĐĞƐ͕�ŝŶ��ĞŶƟƐƚƌǇ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�dĞƌĞƐĂ�'ŽŶĕĂůǀĞƐ

WĂƚƌşĐŝĂ�^ŽĮĂ�AůĕĂĚĂ�dŽŵĄƐ�ĚĞ�DŽƌĂŝƐ
dŚĞ�ƌŽůĞ�ŽĨ�ĂĚĞŶŽƐŝŶĞ�AϮA�ƌĞĐĞƉƚŽƌ�ŝŶ�ƚŚĞ�ŵŝŐƌĂƟŽŶ�ŽĨ�ĐŽƌƟĐĂů�ƉƌŝŶĐŝƉĂů�ŶĞƵƌŽŶƐ
EŽǀĞŵďĞƌ�ϮϬϭϴ͘
^ƵƉĞƌǀŝƐŽƌ͗�RŽĚƌŝŐŽ��ƵŶŚĂ�

WĞĚƌŽ�dŝĂŐŽ��ĂƌĚŽƐŽ��ƵƌƚŽ
RŝĐŬĞƩƐŝĂͲDĂĐƌŽƉŚĂŐĞ�ƚƌŽƉŝƐŵ͗�Ă�ůŝŶŬ�ƚŽ�ƌŝĐŬĞƩƐŝĂů�ƉĂƚŚŽŐĞŶŝĐŝƚǇ͍
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�/ƐĂƵƌĂ�^ŝŵƁĞƐ

RƵŝ�DŝŐƵĞů�RƵĂ�&ŝůŝƉĞ�DĂƌƟŶƐ�
dƌĂŶƐƉůĂŶƚĂĕĆŽ�ŚĞƉĄƟĐĂ͗�ŶŽǀŽƐ�ĨĂƚŽƌĞƐ�ĚĞ�ƉƌŽŐŶſƐƟĐŽ�ĚĂ�ƌĞŐƵůĂĕĆŽ�ĚĂ�ĨƵŶĕĆŽ�ŵŝƚŽĐŽŶĚƌŝĂů�ŶĂ�ŝƐƋƵĞŵŝĂͬƌĞƉĞƌĨƵƐĆŽ
:ƵůǇ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�:ŽĆŽ�>ĂƌĂŶũŝŶŚĂ�

^ĂŵƵĞů�&ŝůŝƉĞ��ƵĂƌƚĞ��ŚŝƋƵŝƚĂ�
dŚĞ�ĐŚĂŶŐŝŶŐ�ďƌĂŝŶ�ŝŶ�AůǌŚĞŝŵĞƌ͛Ɛ�ĚŝƐĞĂƐĞ͗�ŝƐ�ƚŚĞ�ƌĞƟŶĂ�Ă�ŵŝƌƌŽƌ�ŽĨ�ĚŝƐĞĂƐĞ�ŽŶƐĞƚ�ĂŶĚ�ƉƌŽŐƌĞƐƐŝŽŶ͍�
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�sŝƐŝŽŶ͕��ƌĂŝŶ�/ŵĂŐŝŶŐ�ĂŶĚ��ŽŐŶŝƟǀĞ�EĞƵƌŽƐĐŝĞŶĐĞ

^ſŶŝĂ�DĂƌŐĂƌŝĚĂ�EĞƚŽ�RŽƐĂ�WĞƌĞŝƌĂ
WƌŽƚĞĐƟǀĞ�ƌŽůĞ�ŽĨ�ĂŶƚŚŽĐǇĂŶŝŶƐ�ŽŶ�ŝŶƚĞƐƟŶĂů�ŝŶŇĂŵŵĂƟŽŶ�ŝŶ�ĐŽŵƉĂƌŝƐŽŶ�ǁŝƚŚ�ϱͲĂŵŝŶŽƐĂůŝĐǇůŝĐ�ĂĐŝĚ͗�ŝŶ�ǀŝƚƌŽ�ĂŶĚ�ŝŶ�ǀŝǀŽ�
ĂƉƉƌŽĂĐŚĞƐ͘�
&ĞďƌƵĂƌǇ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�:ŽĆŽ�>ĂƌĂŶũŝŶŚĂ�

^ŽĮĂ�WĞƌĞŝƌĂ��ŽŶƐƚĂŶƟŶŽ�RŽŵĂŶŽ
dƵŵŽƌ�ƚĂƌŐĞƟŶŐ�ŽĨ�ŶĂŶŽďŽĚǇͲďĂƐĞĚ�ƉůĂƞŽƌŵƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�AŶĂ��ĞůĂ�^ĂƌŵĞŶƚŽ�

dŝĂŐŽ�DĂŶƵĞů�WŽŵďŽ�AůĨĂƌŽ
AĚĞŶŽƐŝŶĞ�ƌĞĐĞƉƚŽƌƐ�ŝŶ�ŝŶŇĂŵŵĂƚŽƌǇ�ůƵŶŐ�ĚŝƐĞĂƐĞƐ
�:ĂŶƵĂƌǇ�ϮϬϭϴ͘
^ƵƉĞƌǀŝƐŽƌ͗�RŽĚƌŝŐŽ��ƵŶŚĂ�

sĂŶĞƐƐĂ�&ŝůŝƉĂ��ŽĞůŚŽ�^ĂŶƚŽƐ
�īĞĐƚ�ŽĨ�ŵĞƚŚǇůƉŚĞŶŝĚĂƚĞ�ŽŶ�ďůŽŽĚͲďƌĂŝŶ�ďĂƌƌŝĞƌ�ĨƵŶĐƟŽŶ�ŝŶ�ŚĞĂůƚŚ�ĂŶĚ�ĂƩĞŶƟŽŶ�ĚĞĮĐŝƚ�ŚǇƉĞƌĂĐƟǀŝƚǇ�ĚŝƐŽƌĚĞƌ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ



ϴϰ

Master thesis

AĚƌŝĂŶĂ�:ĞƐƵƐ�DĂƌƟŶƐ��ƵĂƌƚĞ
WĂƉĞů�ĚŽƐ�DĂƌĐĂĚŽƌĞƐ��Ɖ�AD�Ğ�K�dϰ�ŶĂ�ƌĞƐƉŽƐƚĂ�ăƐ�ĚŝĨĞƌĞŶƚĞƐ�ĂďŽƌĚĂŐĞŶƐ�ƚĞƌĂƉġƵƟĐĂƐ�ĚĞ�ĐĂŶĐƌŽ�ŶĂ�ĐĂďĞĕĂ�Ğ�ƉĞƐĐŽĕŽ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

AůĂŶĂ�'ĂďƌŝĞůǇ�RĞŝƐ��ƵĂƌƚĞ͖�
/ŵŵƵŶŽĐǇƚŽƚŽǆŝĐŝƚǇ�ŽĨ�ĐŚŝƚŽƐĂŶ�ŶĂŶŽƉĂƌƟĐůĞƐ͗�ĞīĞĐƚ�ŽĨ�ĐŚŝƚŽƐĂŶ�ĚĞĂĐĞƚǇůĂƟŽŶ�ĚĞŐƌĞĞ
:ƵůǇ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�KůŐĂ��ŽƌŐĞƐ

AůĞǆĂŶĚƌĂ�DĂƌŝĂ�:��ŽƵƚŽ�KůŝǀĞŝƌĂ�
�ǇƚŽŐĞŶŽŵŝĐ��ŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ�DŽŶŽĐůŽŶĂů�'ĂŵŵŽƉĂƚŚǇ�WĂƟĞŶƚƐ�
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�AŐŝŶŐ�ĂŶĚ��ƌĂŝŶ�ĚŝƐĞĂƐĞƐ͗�ĂĚǀĂŶĐĞĚ�ĚŝĂŐŶŽƐŝƐ�ĂŶĚ�ďŝŽŵĂƌŬĞƌƐ

AůĞǆĂŶĚƌĞ�>ŽƵƌĞŝƌŽ�
�R/^WRͲ�ĂƐ͗��ŽŶǀĞƌƟŶŐ�Ă��ĂĐƚĞƌŝĂů��ĞĨĞŶĐĞ�DĞĐŚĂŶŝƐŵ�ŝŶƚŽ�Ă�^ƚĂƚĞͲŽĨͲƚŚĞͲĂƌƚ�'ĞŶĞƟĐ�DĂŶŝƉƵůĂƟŽŶ�dŽŽů
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�DĞĚŝĐŝŶĂů��ŚĞŵŝƐƚƌǇ�Θ��ƌƵŐ��ŝƐĐŽǀĞƌǇ�'ƌŽƵƉ

AŶĂ��ĂƚĂƌŝŶĂ�ĚĞ�:ĞƐƵƐ�WĂŝƐ�WĞƌĞŝƌĂ
�ĞƌĞŐƵůĂƚĞĚ�ŝŶŇĂŵŵĂƐŽŵĞ�ŝŶ��ŝƉŽůĂƌ��ŝƐŽƌĚĞƌ�;��Ϳ͗�Ă�ŵĂƩĞƌ�ŽĨ�ƐƚƌĞƐƐ͍
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌƐ͗��ůĄƵĚŝĂ�DĂƌŝĂ�&ƌĂŐĆŽ�WĞƌĞŝƌĂ�Θ��ĂƌůŽƐ��ĂŶĚĞŝƌĂͲ�ƵĂƌƚĞ

AŶĂ��ĂƌǀĂůŚŽ
�ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ŶĂŶŽƐǇƐƚĞŵƐ�ĨŽƌ�ĚƌƵŐ�ĚĞůŝǀĞƌǇ�ŝŶƚŽ�ĐĂŶĐĞƌ�ĐĞůůƐ�
^ĞƉƚĞŵďĞƌ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�,ĞŶƌŝƋƵĞ�&ĂŶĞĐĂ

AŶĂ��ĂƚĂƌŝŶĂ�KůŝǀĞŝƌĂ��ĂƐƚĞůĂ�
�ĨĞŝƚŽƐ�ĚŽ�ƐƵŵŽ�ĚĞ�ŵŝƌƟůŽ�ŶĂ�ĞǀŽůƵĕĆŽ�ĚĂ�ĚŝƐĨƵŶĕĆŽ�ŚĞƉĄƟĐĂ�ŶƵŵ�ŵŽĚĞůŽ�ĂŶŝŵĂů�ĚĞ�ƉƌĠͲĚŝĂďĞƚĞƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

AŶĂ�&ŝůŝƉĂ�dĞŝǆĞŝƌĂ�^ĂůǀĂĚŽƌ�
WƌĞƉĂƌĂƟŽŶ�ŽĨ�ƐĞŵŝƐǇŶƚŚĞƟĐ�ĚĞƌŝǀĂƟǀĞƐ�ŽĨ�ĂďŝĞƚĂŶĞ�ƚǇƉĞ�ĚŝƚĞƌƉĞŶĞƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�DĞĚŝĐŝŶĂů��ŚĞŵŝƐƚƌǇ�Θ��ƌƵŐ��ŝƐĐŽǀĞƌǇ�'ƌŽƵƉ

AŶĂ�&ŝůŝƉĂ�dĞůĞƐ
A�ŝŶŇƵġŶĐŝĂ�ĚŽ�ŵŝĐƌŽĂŵďŝĞŶƚĞ�ĚĂ�ĐĂǀŝĚĂĚĞ�ŽƌĂů�ŶĂ�ĚŝĨĞƌĞŶĐŝĂĕĆŽ�ĚĞ�ĐĠůƵůĂƐ�ƟƉŽ�ĞƐƚĂŵŝŶĂů
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

AŶĂ�>ƷĐŝĂ�DĂƌƋƵĞƐ
RĞƐŝƐƚĂŶĐĞ�ƚŽ�ĐŽůŝƐƟŶ͗�Ă�ƉƵďůŝĐ�ŚĞĂůƚŚ�ŝƐƐƵĞ͍
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�DĞĚŝĐŝŶĂů��ŚĞŵŝƐƚƌǇ�Θ��ƌƵŐ��ŝƐĐŽǀĞƌǇ�'ƌŽƵƉ

AŶĂ�RŝƚĂ�EĞƚŽ�DĞƐƚƌĞ�
�ĐƚŽŶƵĐůĞŽƟĚĂƐĞƐ�ŝŶŇƵĞŶĐĞ�ŝŶ��ĂŶĚŝĚĂ�ƐƉƉ͘�/ŶĨĞĐƟŽŶƐ
�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�dĞƌĞƐĂ�'ŽŶĕĂůǀĞƐ



ϴϱ

AŶĂ�RŝƚĂ�KůŝǀĞŝƌĂ��ŽĞůŚŽ
WŝŶŶŝŶŐ��ŽǁŶ�dRWsϭ͗�AĐƵƉƵŶĐƚƵƌĞ�AŶĂůŐĞƐŝĂ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

AŶĂ�RŝƚĂ�WŝŶŚĞŝƌŽ
RĞƐŝƐƚġŶĐŝĂ��ĂĐƚĞƌŝĂŶĂ�Ă��ĂƌďĂƉĞŶĞŵŽƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�DĞĚŝĐŝŶĂů��ŚĞŵŝƐƚƌǇ�Θ��ƌƵŐ��ŝƐĐŽǀĞƌǇ�'ƌŽƵƉ

AŶĂ�dĞƌĞƐĂ�DĂƌƟŶƐ
A�ƌĞƐƉŽƐƚĂ�ŝŵƵŶŽůſŐŝĐĂ�ŝŶĂƚĂ�ŶĂ�ĚŽĞŶĕĂ�ĚĞ�AůǌŚĞŝŵĞƌ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�AƌŵĂŶĚĂ�^ĂŶƚŽƐ

AŶĚƌĠ�^ĂŶƚŽƐ�WĂƵůĂ�
�ǇƐĨƵŶĐƟŽŶĂů�KůĨĂĐƚŽƌǇ��ƌĂŝŶ�RĞŐŝŽŶƐ�AŶĚ�^ƚĂƟƐƟĐĂů��ůĂƐƐŝĮĐĂƟŽŶ�KĨ��ŝƐĞĂƐĞ�^ƚĂƚƵƐ͗�AŶ�ĨDR/�^ƚƵĚǇ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�sŝƐŝŽŶ͕��ƌĂŝŶ�/ŵĂŐŝŶŐ�ĂŶĚ��ŽŐŶŝƟǀĞ�EĞƵƌŽƐĐŝĞŶĐĞ

AŶĚƌĠ�AůĞǆĂŶĚƌĞ�&ĞƌƌĞŝƌĂ�^ĂůǀĂĚĂ�
^ƵďͲƌĞŐƵůĂĕĆŽ�ĚĞ�yW��Ğŵ�ĐĠůƵůĂƐ�,Ğ>Ă�ĞǆƉŽƐƚĂƐ�Ă�ĐŝƐƉůĂƟŶĂ�Ğ�ƐƵĂƐ�ŝŵƉůŝĐĂĕƁĞƐ�ŶĂ�ƚĞƌĂƉġƵƟĐĂ�ĚŽ�ĐĂŶĐƌŽ�ĚŽ�ĐŽůŽ�ĚŽ�ƷƚĞƌŽ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

AŶƚŽŶĞůůĂ��ŝ�ĂƌŽ�
AŶƟŵŝĐƌŽďŝĂů�ƐƵƐĐĞƉƟďŝůŝƚǇ�ĂŶĚ�ĐŽŵƉĞƟƟŽŶ�ŽĨ�ĚŝĂďĞƟĐ�ƐŬŝŶ�ŵŝĐƌŽďŝŽƚĂ͘
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌƐ͗�AŶĂ�DĂƌĂŶŚĂ�Θ�EƵŶŽ��ŵƉĂĚŝŶŚĂƐ

�ĄƌďĂƌĂ�&ŝůŝƉĂ�&ĞƌŶĂŶĚĞƐ�ĚĞ��ĂƐƚƌŽ�DŽƌĂŝƐ�RĂŵĂůŚŽ
WĞƌƚƵƌďĂĕĆŽ�ĚĞ�,ŝƉĞƌĂƟǀŝĚĂĚĞ�Ğ��ĠĮĐĞ�ĚĞ�AƚĞŶĕĆŽ�;W,�AͿ�Ğ�AďŽƌĚĂŐĞŶƐ�dĞƌĂƉġƵƟĐĂƐ��ŵĞƌŐĞŶƚĞƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�AƌŵĂŶĚĂ�^ĂŶƚŽƐ

�ĞĂƚƌŝǌ�ĚĞ�KůŝǀĞŝƌĂ�DĂƌƟŶƐ�
�īĞĐƚ�ŽĨ�ŝŶĐƌĞƟŶͲďĂƐĞĚ�ƚŚĞƌĂƉǇ�ŽŶ�ŐĂƐƚƌŽŝŶƚĞƐƟŶĂů�ŵŽƟůŝƚǇ�ŝŶ�ĂŶ�ĂŶŝŵĂů�ŵŽĚĞů�ŽĨ�DƵůƟƉůĞ�^ĐůĞƌŽƐŝƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

�ĞĂƚƌŝǌ��ŝĂƐ�&ĞƌƌĞŝƌĂ
A�ŝŶŇƵġŶĐŝĂ�ĚŽ�ĂůĞůŽ�ĞƉƐŝůŽŶ�ϰ�ĚŽ�ŐĞŶĞ�ĚĂ�ĂƉŽůŝƉŽƉƌŽƚĞşŶĂ���ŶŽ�ƌŝƐĐŽ�ĚĞ�ĚĞƐĞŶǀŽůǀŝŵĞŶƚŽ�ĚĂ�ĚŽĞŶĕĂ�ĚĞ�AůǌŚĞŝŵĞƌ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�AƌŵĂŶĚĂ�^ĂŶƚŽƐ

�ĞĂƚƌŝǌ�&ŝůŝƉĂ�sĂƌĞůĂ��ƐƚƌĞŵŽƌĞƐ
dŚĞ�ƌŽůĞ�ŽĨ�ĂƵƚŽƉŚĂŐǇ�ĂĐƟǀĂƟŽŶ�ŵĞĚŝĂƚĞĚ�ďǇ�>ĞƚͲϳ�ŝŶ�Ă�ƚƌĂŶƐŐĞŶŝĐ�ŵŝĐĞ�ŵŽĚĞů�ŽĨ�DĂĐŚĂĚŽͲ:ŽƐĞƉŚ��ŝƐĞĂƐĞ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�>ƵŝƐ�WĞƌĞŝƌĂ�ĚĞ�AůŵĞŝĚĂ

�ĞĂƚƌŝǌ�KůŝǀĞŝƌĂ
dŚĞ�ƌŽůĞ�ŽĨ�ɲͲĂĚĚƵĐŝŶ�ŝŶ�ƚŚĞ�ĨƵŶĐƟŽŶ�ĂŶĚ�ƐƚƌƵĐƚƵƌĞ�ŽĨ�ƌĞƟŶĂ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ



ϴϲ

�ĞĂƚƌŝǌ�WŝŶŚĞŝƌŽ�>ŽƉĞƐ
WůĂƐŵĂ�AƚŵŽƐĨĠƌŝĐŽ�&ƌŝŽ�ŶŽ�ƚƌĂƚĂŵĞŶƚŽ�ĚŽ�RĞƟŶŽďůĂƐƚŽŵĂ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

�ĞĂƚƌŝǌ�^ĂŶƚŽƐ�>ĂƉĂ
RK>��K&�'>h�K^��D�dA�K>/^D�/E�Dz�>K�z^W>A^d/��^zE�RKD�^�Ͳ�&K�h^�KE�^>�ϮA�;'>hdͿ�&AD/>z
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗��ŽŶĐĞŝĕĆŽ�WĞĚƌŽƐŽ�>ŝŵĂ

�ŝďŝĂŶĂ��ŽƌƌĞŝĂ�^ŝůǀĂ
YƵŝĞƚ͊�dŚĞǇ�DĂǇ��Ğ�Ăƚ�RĞƐƚ͗�DĞƚĂďŽůŝĐ�RĞŐƵůĂƟŽŶ�ŽĨ�WĂƵƐĞĚ�WůƵƌŝƉŽƚĞŶĐǇ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�:ŽĆŽ�RĂŵĂůŚŽ�^ĂŶƚŽƐ

�ĂƌŝŶĂ�^ĂŶƚŽ�,ĞŶƌŝƋƵĞƐ
DŽĚŝĮĞĚͲ�ǆŽƐŽŵĞƐ�ĂƐ�'ĞŶĞ��ĞůŝǀĞƌǇ�sĞĐƚŽƌƐ�ĨŽƌ�ƚŚĞ�dƌĞĂƚŵĞŶƚ�ŽĨ�DĂĐŚĂĚŽͲ:ŽƐĞƉŚ��ŝƐĞĂƐĞ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�>ƵŝƐ�WĞƌĞŝƌĂ�ĚĞ�AůŵĞŝĚĂ

�ĂƌůŽƐ�AůďĞƌƚŽ�'ĂƐƉĂƌ�ĚĞ�:ĞƐƵƐ
hƌŝŶĞ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ͗�ǁĂƐƚĞ�Žƌ�Ă�ƉŽǁĞƌĨƵů�ƚŽŽů͍
^ĞƉƚĞŵďĞƌ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�>ŝŶŽ�&ĞƌƌĞŝƌĂ

�ĂƌůŽƐ�AŶĚƌĞ�sŝĞŐĂƐ��ĂƌƌĞƚŽ
AƉƉůǇŝŶŐ�ĐŽŵƉƵƚĂƟŽŶĂů�ƚŽŽůƐ�ƚŽ�ƚŚĞ�ƐƚƵĚǇ�ŽĨ�'W�RƐ�ƐƚƌƵĐƚƵƌĞ�ĂŶĚ�ĚǇŶĂŵŝĐƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗��ĂƌůŽƐ�ďĂŶĚĞŝƌĂ��ƵĂƌƚĞ

�ĂƚĂƌŝŶĂ�AůĞǆĂŶĚƌĂ�^ŝŵƁĞƐ�,ĞŶƌŝƋƵĞƐ�RŽůŽ�
A�hƟůŝǌĂĕĆŽ�ĚĞ�,ĞůŵŝŶƚĂƐ�ŶĂ�dĞƌĂƉġƵƟĐĂ�ĚĂ�AƐŵĂ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�DĞĚŝĐŝŶĂů��ŚĞŵŝƐƚƌǇ�Θ��ƌƵŐ��ŝƐĐŽǀĞƌǇ�'ƌŽƵƉ

�ĂƚĂƌŝŶĂ�/ƐĂďĞů�DŽƌĞŝƌĂ�>ĞŝƚĆŽ
/ŵƉĂĐƚ�ŽĨ�ĂŶ�ĂƐƚƌŽĐǇƟĐ�ƉĂƚŚŽůŽŐǇ�ŽŶ�ŚŝƉƉŽĐĂŵƉĂů�ŵĞŵŽƌǇ
^ĞƉƚĞŵďĞƌ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�RŽĚƌŝŐŽ��ƵŶŚĂ

�ĄƟĂ�^ŽĮĂ�RĞƐĞŶĚĞ�>ŽƉĞƐ
RŽůĞ�ŽĨ�ĂƐƚƌŽĐǇƚĞƐ�ŝŶ�ƐǇŶĂƉƟĐ�ƉůĂƐƟĐŝƚǇ�ĂŶĚ�ŵĞŵŽƌǇ�ŝŶ�ĂŶŝŵĂů�ŵŽĚĞůƐ�ŽĨ�AůǌŚĞŝŵĞƌ͛Ɛ�ĚŝƐĞĂƐĞ
^ĞƉƚĞŵďĞƌ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�RŽĚƌŝŐŽ��ƵŶŚĂ

�ůĄƵĚŝĂ�ĚĞ�:ĞƐƵƐ�AǌĞŶŚĂ
�ĞĮŶŝŶŐ�dƌĂŶƐĐƌŝƉƟŽŶĂů�EĞƚǁŽƌŬƐ�hŶĚĞƌůǇŝŶŐ��ĞŶĚƌŝƟĐ��Ğůů�,ĞƚĞƌŽŐĞŶĞŝƚǇ�hƐŝŶŐ��ŝƌĞĐƚ��ĞůůƵůĂƌ�RĞƉƌŽŐƌĂŵŵŝŶŐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�AŐŝŶŐ�ĂŶĚ��ƌĂŝŶ�ĚŝƐĞĂƐĞƐ͗�ĂĚǀĂŶĐĞĚ�ĚŝĂŐŶŽƐŝƐ�ĂŶĚ�ďŝŽŵĂƌŬĞƌƐ

�ůĄƵĚŝĂ�^ŽĮĂ��ĂƌƌĞƚŽ��ĂŶƚĂĚĞŝƌŽ�
�ĂƌĂĐƚĞƌŝǌĂĕĆŽ�ŵŽůĞĐƵůĂƌ�ĚĞ�ŝƐŽůĂĚŽƐ�ĐůşŶŝĐŽƐ�ĚĞ�<ůĞďƐŝĞůůĂ�ƉŶĞƵŵŽŶŝĂĞ�ƉƌŽĚƵƚŽƌĞƐ�ĚĞ�ĐĂƌďĂƉĞŶĞŵĂƐĞƐ�ĞͬŽƵ�ƌĞƐŝƐƚĞŶƚĞƐ�
ă�ĐŽůŝƐƟŶĂ
:ƵůǇ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�DĞĚŝĐŝŶĂů��ŚĞŵŝƐƚƌǇ�Θ��ƌƵŐ��ŝƐĐŽǀĞƌǇ�'ƌŽƵƉ



ϴϳ

�ůĄƵĚŝŽ�&ŝŐƵĞŝƌĞĚŽ��ŽƐƚĂ�
�ǆƉĞƌŝŵĞŶƚĂů��ŶŚĂŶĐĞŵĞŶƚ�ŽĨ��ĞůůƵůĂƌ�KyW,K^�RĞůŝĂŶĐĞ�ĨŽƌ�DŝƚŽĐŚŽŶĚƌŝĂů�,ĞĂůƚŚ�AƐƐĞƐƐŵĞŶƚ͗��ĞǀĞůŽƉŵĞŶƚ�
ĂŶĚ�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ�Ă�ƌĂƉŝĚ�ĂŶĚ�ĞĸĐŝĞŶƚ�ŵĞƚŚŽĚ�ƚŽ�ŝŶĚƵĐĞ�KyW,K^�ŝŶ�ƐŬŝŶ�ĮďƌŽďůĂƐƚƐ͕�ĨŽƌ�ƚŚĞ�ĂƐƐĞƐƐŵĞŶƚ�ŽĨ�
ŵŝƚŽĐŚŽŶĚƌŝĂů�ƚŽǆŝĐŝƚǇ�ĂŶĚ�ƉƌŽƚĞĐƟŽŶ
^ĞƉƚĞŵďĞƌ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌĞƐ͗�DĂƌŝĂ�dĞƌĞƐĂ�KůŝǀĞŝƌĂ�ĂŶĚ�AŶƚſŶŝŽ�DŽƌĞŶŽ

�ƌŝƐƟĂŶĂ��ĂŶŝĞůĂ�EĞǀĞƐ�:ŽƐĠ
�ĞŵġŶĐŝĂ�ĂƉſƐ�AĐŝĚĞŶƚĞ�sĂƐĐƵůĂƌ��ĞƌĞďƌĂů
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�AƌŵĂŶĚĂ�^ĂŶƚŽƐ

�ƌŝƐƟĂŶĂ�sŝĚĞŝƌĂ�RĂŵŽƐ
DŽĚĞůůŝŶŐ�DĂĐŚĂĚŽͲ:ŽƐĞƉŚ��ŝƐĞĂƐĞ͗�ĨƌŽŵ�ŝŶĚƵĐĞĚ�WůƵƌŝƉŽƚĞŶƚ�^ƚĞŵ��ĞůůƐ�ƚŽ�ŵĂƚƵƌĞ�ŶĞƵƌŽŶĂů�ƐƵďƚǇƉĞƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�>ƵŝƐ�WĞƌĞŝƌĂ�ĚĞ�AůŵĞŝĚĂ

�ĂŶŝĞů�AŐŽƐƟŶŚŽ�
�ŝĂŐŶſƐƟĐŽ�ĚŝĨĞƌĞŶĐŝĂů�ĚĞ�ĚŽĞŶĕĂƐ�ŶĞƵƌŽĚĞŐĞŶĞƌĂƟǀĂƐ�ĐŽŵ�ďĂƐĞ�Ğŵ�ĚĂĚŽƐ�ŵƵůƟŵŽĚĂŝƐ�ĚĞ�ŝŵĂŐĞŵ�;W�d�Ğ�RĞƐƐŽŶąŶĐŝĂ�
DĂŐŶĠƟĐĂͿ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�sŝƐŝŽŶ͕��ƌĂŝŶ�/ŵĂŐŝŶŐ�ĂŶĚ��ŽŐŶŝƟǀĞ�EĞƵƌŽƐĐŝĞŶĐĞ

�ĂŶŝĞů�AůĞǆĂŶĚƌĞ�^ŽƵƐĂ�,ĞŶƌŝƋƵĞƐ
W^�ƐͲĚĞƌŝǀĞĚ�E�^�Ɛ�ĨŽƌ�ŶĞƵƌŽƌĞŐĞŶĞƌĂƟŽŶ�ŝŶ�D:�
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�>ƵŝƐ�WĞƌĞŝƌĂ�ĚĞ�AůŵĞŝĚĂ

�ŝĂŶĂ�^ĂŶƚŽƐ��
�ƉŝĐĂƌĚŝĂů�ĂĚŝƉŽƐĞ�ƟƐƐƵĞ�ďŝŽůŽŐǇ
^ĞƉƚĞŵďĞƌ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗��ƵŐĠŶŝĂ��ĂƌǀĂůŚŽ

�ŝŽŐŽ�AŶĚƌĠ�DĂůŚĞŝƌŽ�WĂƐƐŽƐ
�ŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ�ƚŚĞ�ƉŽƐƚƐǇŶĂƉƟĐ�ĚĞŶƐŝƚǇ�ŝŶ�Ă�ƚƌĂŶƐŐĞŶŝĐ�ŵŽƵƐĞ�ŵŽĚĞů�ŽĨ�,ƵŶƟŶŐƚŽŶ͛Ɛ�ĚŝƐĞĂƐĞ
:ƵůǇ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�AŶĂ��ƌŝƐƟŶĂ�RĞŐŽ

�ŝŽŐŽ�RĂĨĂĞů�DĞŶĚĞƐ�WĞƐƐŽĂ�
�ůĂƐƐŝĮĐĂĕĆŽ�ĂƵƚŽŵĄƟĐĂ�ĚĞ�ǀŽĐĂůŝǌĂĕƁĞƐ�ƵůƚƌĂƐƐƀŶŝĐĂƐ�ĚĞ�ƌŽĞĚŽƌĞƐ͗�ĞƐƚƵĚŽ�ĚŽ�ŶĞƵƌŽĚĞƐĞŶǀŽůǀŝŵĞŶƚŽ�
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�sŝƐŝŽŶ͕��ƌĂŝŶ�/ŵĂŐŝŶŐ�ĂŶĚ��ŽŐŶŝƟǀĞ�EĞƵƌŽƐĐŝĞŶĐĞ

�ŝŽŐŽ�^ĂŶƚŽƐ
AǀĂůŝĂĕĆŽ�ĚŽ�ƉŽƚĞŶĐŝĂů�ƚĞƌĂƉġƵƟĐŽ�ĚŽƐ�ŝŶŝďŝĚŽƌĞƐ�ĚĂƐ�ƉƌŽƚĞşŶĂƐ�ĚĞ�ƐŚŽĐŬ�ƚĠƌŵŝĐŽ�Ğŵ�EĞŽƉůĂƐŝĂƐ�ŚĞŵĂƚŽůſŐŝĐĂƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�AŶĂ��ĞůĂ�ƐĂƌŵĞŶƚŽ

�ŝŽŐŽ�^ĂŶƚŽƐ
K�ƉŽƚĞŶĐŝĂů�ĞĨĞŝƚŽ�ƚĞƌĂƉġƵƟĐŽ�ĚĂ�ŝŶŝďŝĕĆŽ�ĚĂ�ƉƌŽƚĞşŶĂ�ĚĞ�ĐŚŽƋƵĞ�ƚĠƌŵŝĐŽ�ϵϬ�ŶĂ�ůĞƵĐĞŵŝĂ�ŵŝĞůŽŝĚĞ�ĐƌſŶŝĐĂ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�AŐŝŶŐ�ĂŶĚ��ƌĂŝŶ�ĚŝƐĞĂƐĞƐ͗�ĂĚǀĂŶĐĞĚ�ĚŝĂŐŶŽƐŝƐ�ĂŶĚ�ďŝŽŵĂƌŬĞƌƐ

�ŵĂŶƵĞůĂ�^ŽĂƌĞƐ
dĞƌĂƉġƵƟĐĂ�ĚĂ�DĂůĄƌŝĂ͗�EŽǀĂƐ�AďŽƌĚĂŐĞŶƐ�EĂŶŽƚĞĐŶŽůſŐŝĐĂƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�DĞĚŝĐŝŶĂů��ŚĞŵŝƐƚƌǇ�Θ��ƌƵŐ��ŝƐĐŽǀĞƌǇ�'ƌŽƵƉ



ϴϴ

&ƌĞĚĞƌŝĐŽ�DĞŶĚĞƐ�Ğ�WĞŶĂ
�R/^WRͲŵĞĚŝĂƚĞĚ�ƉƌĞͲƚƌĂŶƐĐƌŝƉƟŽŶĂů�ƐŝůĞŶĐŝŶŐ�ŽĨ�AdyEϯ͕�ƚŚĞ�ŐĞŶĞ�ŝŶǀŽůǀĞĚ�ŝŶ�DĂĐŚĂĚŽͲ:ŽƐĞƉŚ�ĚŝƐĞĂƐĞ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�>ƵŝƐ�WĞƌĞŝƌĂ�ĚĞ�AůŵĞŝĚĂ

'ŽŶĕĂůŽ�:ŽƌŐĞ�ĚŽƐ�^ĂŶƚŽƐ��ĂůƚĞŝƌŽ
RĄĚŝŽͲϮϮϯ�ŶŽ�ƚƌĂƚĂŵĞŶƚŽ�ĚŽ�ĐĂƌĐŝŶŽŵĂ�ĚĂ�ƉƌſƐƚĂƚĂ�ŵĞƚĂƐƚĄƟĐŽ͗�ĞƐƚƵĚŽ�ĚŽƐ�ĞĨĞŝƚŽƐ�Ğŵ�ůŝŶŚĂƐ�ĐĞůƵůĂƌĞƐ�ŶŽƌŵĂŝƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

,ĞůĞŶĂ�/ƐĂďĞů�RĞŝƐ�AŝƌĞƐ�
AŶƟͲƐĞŶĞƐĐĞŶĐĞ�ĚƌƵŐƐ
^ĞƉƚĞŵďĞƌ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�>ŝŶŽ�&ĞƌƌĞŝƌĂ

/ŶġƐ�AůĞǆĂŶĚƌĂ�&ŝŐƵĞŝƌĞĚŽ�ĚĞ�AůŵĞŝĚĂ
�ĨĞŝƚŽ�ĚĂ�ĞǆƉŽƐŝĕĆŽ�Ă�ďĞƚĂŵĞƚĂƐŽŶĂ�Ğ�Ă�ĚĞǆĂŵĞƚĂƐŽŶĂ�ŶĂ�ŵŽƌĨŽůŽŐŝĂ�Ğ�ĮƐŝŽůŽŐŝĂ�ĚĂ�ŵŝĐƌŽŐůŝĂ�Ͳ�ƌĞůĂĕĆŽ�ĞƐƚƌƵƚƵƌĂͲ�
ĂƟǀŝĚĂĚĞ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

/ŶġƐ�'ŽŶĕĂůǀĞƐ
AŶĄůŝƐĞ�ĚŽ�ƚƌĂŶƐĐƌŝƉƚŽŵĂ�ĚĞ�ƚƵŵŽƌĞƐ�ĚĂ��ĂǀŝĚĂĚĞ�KƌĂů͗�EŽǀŽƐ��ŝŽŵĂƌĐĂĚŽƌĞƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�AŐŝŶŐ�ĂŶĚ��ƌĂŝŶ�ĚŝƐĞĂƐĞƐ͗�ĂĚǀĂŶĐĞĚ�ĚŝĂŐŶŽƐŝƐ�ĂŶĚ�ďŝŽŵĂƌŬĞƌƐ

/ŶġƐ�DĂƌŝĂ�EŽŐƵĞŝƌĂ��ĂƌĚŽƐŽ
&ĞƚĂů�>ŝǀĞƌ�DŝƚŽĐŚŽŶĚƌŝĂ�AůƚĞƌĂƟŽŶƐ�ŝŶ�ĂŶ�KǀŝŶĞ�DŽĚĞů�ŽĨ�DĂƚĞƌŶĂů�KďĞƐŝƚǇ
^ĞƉƚĞŵďĞƌ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌĞƐ͗�WĂƵůŽ�:͘�KůŝǀĞŝƌĂ�ĂŶĚ�AŶƚſŶŝŽ�DŽƌĞŶŽ

/ŶġƐ�KůŝǀĞŝƌĂ�&ĞƌƌĞŝƌĂ
AǀĂůŝĂĕĆŽ�ĚĂ�ĐŝƚŽƚŽǆŝĐŝĚĂĚĞ�ĚŽ�'ƵƩĂ&ůŽǁΠ�ďŝŽƐĞĂů͗�ĞƐƚƵĚŽ�ŝŶ�ǀŝƚƌŽ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

/ŶĞƐ�dŽŵĠ�RŝďĞŝƌŽ
�ƌĞĂŬŝŶŐ�ƚŚĞ�ďĂƌƌŝĞƌƐ�ŽĨ�,&Ɖ�&͗�Ă�ŶĞǁ�ďůŽŽĚ�ǀĞƐƐĞů�ŽŶ�Ă�ĐŚŝƉ�ŵŽĚĞů
^ĞƉƚĞŵďĞƌ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�>ŝŶŽ�&ĞƌƌĞŝƌĂ

/ƐĂďĞů�WĂƚƌşĐŝĂ��ŝĂƐ�DĞŝƌĞůĞƐ
�ĨĞŝƚŽƐ�ĚĞ�ĨĄƌŵĂĐŽƐ�ƉĂƌĂ�Ž�ĐŽŶƚƌŽůŽ�ĚĂ�ĚŽƌ�ŶŽ�ĐĂŶĐƌŽ�ĚĂ�ƉƌſƐƚĂƚĂ�ŵĞƚĂƐƚĄƟĐŽ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

:ŽĂŶĂ�RĂŵŽƐ
WƌĞƉĂƌĂƟŽŶ�ĂŶĚ�ĨƵŶĐƟŽŶĂůŝǌĂƟŽŶ�ŽĨ�ŵĞƐŽƉŽƌŽƵƐ�ƐŝůŝĐĂ�ŶĂŶŽƉĂƌƟĐůĞƐ�ƚŽ�ŵĞĚŝĂƚĞ�ĂŶƟƚƵŵŽƌ�ƐƚƌĂƚĞŐŝĞƐ��
^ĞƉƚĞŵďĞƌ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�,ĞŶƌŝƋƵĞ�&ĂŶĞĐĂ

:ŽĂŶĂ�RŝƚĂ�WŝŶƚŽ�sĞůŚŽ�
^ƚƵĚǇ�ŽĨ�ƚŚĞ�ƌĞŐŝŽƐĞůĞĐƟǀĞ�ĂĐǇůĂƟŽŶ�ƌĞĂĐƟŽŶƐ�ŽĨ�ƉŽůǇĚĂƟŶ�ƵŶĚĞƌ�ĞŶǌǇŵĂƟĐ�ĐĂƚĂůǇƐŝƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�DĞĚŝĐŝŶĂů��ŚĞŵŝƐƚƌǇ�Θ��ƌƵŐ��ŝƐĐŽǀĞƌǇ�'ƌŽƵƉ
 



ϴϵ

:ŽĂŶĂ�^ĂŵƉĂŝŽ�
RĞŽƌŐĂŶŝǌĂĕĆŽ�ĚŽ�ĐĠƌĞďƌŽ�Ğ�ƉůĂƐƟĐŝĚĂĚĞ�ŶĞƵƌŽƐĞŶƐŽƌŝĂů�
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�sŝƐŝŽŶ͕��ƌĂŝŶ�/ŵĂŐŝŶŐ�ĂŶĚ��ŽŐŶŝƟǀĞ�EĞƵƌŽƐĐŝĞŶĐĞ
 
:ŽĆŽ��ĂƌĚŽƐŽ�
�ǆƉůŽƌŝŶŐ�ƚŚĞ�ƌŽůĞ�ŽĨ�^ŝƌƚƵŝŶ�Ϯ�ŝŶ�ůŝƉŝĚ�ŚŽŵĞŽƐƚĂƐŝƐ
:ƵůǇ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗��ůĄƵĚŝĂ��ĂǀĂĚĂƐ

:ŽĆŽ�WĞĚƌŽ��ƐƟǀĞŝƌĂ��ĂŵƉŽƐ�^ŝůǀĂ�
EŽŶͲsŽůŝƟŽŶĂů�^ĞŶƐŽƌǇ�EĞƵƌŽͲ&ĞĞĚďĂĐŬ�
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�sŝƐŝŽŶ͕��ƌĂŝŶ�/ŵĂŐŝŶŐ�ĂŶĚ��ŽŐŶŝƟǀĞ�EĞƵƌŽƐĐŝĞŶĐĞ

:ŽĆŽ�RƵŝ��ŽƌƌĞŝĂ�ĚĞ��ĂƌǀĂůŚŽ�Ğ��ƌƵǌ�
EƵƚƌŝƟŽŶǲƐ�ŝŶŇƵĞŶĐĞ�ŽŶ�ĂŐŝŶŐ�Ͳ�ƉĂƚŚŽƉŚǇƐŝŽůŽŐŝĐĂů�ŵĞĐŚĂŶŝƐŵƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

:ƵůŝĂŶĂ�'ŽŶĕĂůǀĞƐ�AƌĂƷũŽ
�ŽŵƉůĞǆŽƐ�ĚĞ��ŽďƌĞ�ĚĞƌŝǀĂĚŽƐ�ĚŽ�ŝŵŝĚĂǌŽůĞ͗�ƐşŶƚĞƐĞ�Ğ�ĂǀĂůŝĂĕĆŽ�ĚĂ�ĂƟǀŝĚĂĚĞ�ĂŶƟƚƵŵŽƌĂů
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

>ŝĂ�DĂƌƋƵĞƐ�Ğ��ŽƐƚĂ�
�ƐƚƵĚŽ�ĚŽƐ�ĞĨĞŝƚŽƐ�ƉƌŽƚĞƚŽƌĞƐ�ĚŽƐ�ĂŐŽŶŝƐƚĂƐ�ĚŽ�ƌĞĐĞƚŽƌ�ĚŽ�'>WͲϭ�ŶĂ�ƌĞƟŶŽƉĂƟĂ�ĚŝĂďĠƟĐĂ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

>ŝůŝĂŶĂ�RŽĚƌŝŐƵĞƐ��ŝĂƐ
�īĞĐƚ�ŽĨ�ĂŵǇůŽŝĚͲďĞƚĂ�ƉĞƉƟĚĞƐ�ŽŶ�ĂƐƚƌŽĐǇƟĐ��ĂϮн�ƐŝŐŶĂůŝŶŐ�ĂŶĚ�ŐůŝŽƚƌĂŶƐŵŝƐƐŝŽŶ͗�ŵŽĚƵůĂƟŽŶ�ďǇ�ĂĚĞŶŽƐŝŶĞ�AϮA�
ƌĞĐĞƉƚŽƌƐ
^ĞƉƚĞŵďĞƌ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�RŽĚƌŝŐŽ��ƵŶŚĂ

>ƵşƐ��ĂďĂŶĂƐ
�ĞǀĞůŽƉŵĞŶƚ�ĂŶĚ�ĞǀĂůƵĂƟŽŶ�ŽĨ�ƉŽůǇŵĞƌŝĐͲďĂƐĞĚ�ŶĂŶŽƐǇƐƚĞŵƐ�ĨŽƌ�ĂƉƉůŝĐĂƟŽŶ�ŝŶ�ŐĞŶĞ�
AƉƌŝů�ĚĞ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�,ĞŶƌŝƋƵĞ�&ĂŶĞĐĂ

DĂŶƵĞů�DŽƵƌĂ�RĂŵŽƐ
�ǆƉůŽƌŝŶŐ�ƐƵĐĐĞƐƐ�ŶĞƚǁŽƌŬ�ŝŶ�ƌĞĂů�ƟŵĞ�ĨƵŶĐƟŽŶĂů�ŵĂŐŶĞƟĐ�ƌĞƐŽŶĂŶĐĞ�ŝŵĂŐŝŶŐ�;ƌƞDR/Ϳ�ŶĞƵƌŽĨĞĞĚďĂĐŬ�
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�sŝƐŝŽŶ͕��ƌĂŝŶ�/ŵĂŐŝŶŐ�ĂŶĚ��ŽŐŶŝƟǀĞ�EĞƵƌŽƐĐŝĞŶĐĞ

DĄƌĐŝĂ�AůĞǆĂŶĚƌĂ��ĂŵƉŽƐ�AŐƵŝĂƌ�
^ǇŶƚŚĞƐŝƐ͕�ƉŚŽƚŽƉŚǇƐŝĐĂů�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ͕�ĂŶĚ�ďŝŽůŽŐŝĐĂů�ĞǀĂůƵĂƟŽŶ�ŽĨ�ƉƌŽŵŝƐŝŶŐ�ƚŚĞƌĂŶŽƐƟĐ�ĂŐĞŶƚƐ�ĨŽƌ�ĐĂŶĐĞƌ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

DĄƌĐŝĂ�:ŽĂŶĂ�EĂƐĐŝŵĞŶƚŽ�dĞŝǆĞŝƌĂ�
/ŶǀĞƐƟŐĂƟŽŶ�ŽĨ�ŐĞŶĞƐ�ĂƐƐŽĐŝĂƚĞĚ�ƚŽ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ŝŵƉŽƌƚ�ĂŶĚ�ƉŽƐƚͲƚƌĂŶƐůĂƟŽŶĂů�ƉƌŽĐĞƐƐŝŶŐ�ŝŶ�>ĞďĞƌ͛Ɛ�,ĞƌĞĚŝƚĂƌǇ�KƉƟĐ�
EĞƵƌŽƉĂƚŚǇ�;>,KEͿ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�AŐŝŶŐ�ĂŶĚ��ƌĂŝŶ�ĚŝƐĞĂƐĞƐ͗�ĂĚǀĂŶĐĞĚ�ĚŝĂŐŶŽƐŝƐ�ĂŶĚ�ďŝŽŵĂƌŬĞƌƐ



ϵϬ

DĂƌŝĂ��ĂƌŽůŝŶĂ�WĞƌĞŝƌĂ�RĞŝƐ
AŶŐŝŽŐĞŶŝĐ�ƐƟŵƵůĂƟŽŶ�ŽĨ�ƚŚĞ�ĐƌǇŽƉƌĞƐĞƌǀĞĚ�ŽǀĂƌŝĂŶ�ƟƐƐƵĞ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�:ŽĆŽ�RĂŵĂůŚŽ�^ĂŶƚŽƐ

DĂƌŝĂ�ĚĂ�WĂǌ�KůşŵƉŝŽ�>ĂƌĚŽƐĂ�WĂǌ�
AŶĂůǇƐŝƐ�ŽĨ�ĞǇĞƚƌĂĐŬŝŶŐ�ĚĂƚĂ�ĂƉƉůŝĞĚ�ƚŽ�ĂƵƟƐŵ�ƐƉĞĐƚƌƵŵ�ĚŝƐŽƌĚĞƌ�ĚƵƌŝŶŐ�ǀŝƌƚƵĂů�ƌĞĂůŝƚǇ�ĞǆƉĞƌŝŵĞŶƚƐ�
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�sŝƐŝŽŶ͕��ƌĂŝŶ�/ŵĂŐŝŶŐ�ĂŶĚ��ŽŐŶŝƟǀĞ�EĞƵƌŽƐĐŝĞŶĐĞ

DĂƌŝĂŶĂ�AŵĂƌĂů�'ŽƵǀĞŝĂ�
WƌĞƉĂƌĂƟŽŶ�ŽĨ�ŶĞǁ�ƐĞŵŝͲƐǇŶƚŚĞƟĐ�ƐƚĞƌŽŝĚƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�sŝƐŝŽŶ͕��ƌĂŝŶ�/ŵĂŐŝŶŐ�ĂŶĚ��ŽŐŶŝƟǀĞ�EĞƵƌŽƐĐŝĞŶĐĞ

DĂƌŝĂŶĂ�&ŝůŝƉĂ�'ŽŶĕĂůǀĞƐ�DĂĚĞŝƌĂ�RŽĚƌŝŐƵĞƐ
dŚĞ�ŝŵƉĂĐƚ�ŽĨ�ƉŚǇƐŝĐĂů�ĞǆĞƌĐŝƐĞ�ŽŶ�ĐŝƌĐƵůĂƟŶŐ�ĞǆƚƌĂĐĞůůƵůĂƌ�ǀĞƐŝĐůĞƐ�ŽŶ�ŵĞƚŚĂŵƉŚĞƚĂŵŝŶĞͲŝŶƚŽǆŝĐĂƚĞĚ�ŵŝĐĞ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

DĂƌŝĂŶĂ�AŵĂƌĂů�'ŽƵǀĞŝĂ�
WƌĞƉĂƌĂƟŽŶ�ŽĨ�ŶĞǁ�ƐĞŵŝͲƐǇŶƚŚĞƟĐ�ƐƚĞƌŽŝĚƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�sŝƐŝŽŶ͕��ƌĂŝŶ�/ŵĂŐŝŶŐ�ĂŶĚ��ŽŐŶŝƟǀĞ�EĞƵƌŽƐĐŝĞŶĐĞ

DĂƌŝĂŶĂ�RĂƋƵĞů�AŶƚƵŶĞƐ��ŽůĂĕŽ
�ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ŶĂŶŽƐŝǌĞĚ�ŐůƵĐĂŶ�ƉĂƌƟĐůĞƐ�ǁŝƚŚ�ŝŵŵƵŶŽƐƟŵƵůĂƚŽƌǇ�ĨƵŶĐƟŽŶ�ĂƐ�Ă�ĚĞůŝǀĞƌǇ�ƐǇƐƚĞŵ�ĨŽƌ�ĐƵƌĐƵŵŝŶ
:ƵůǇ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�KůŐĂ��ŽƌŐĞƐ

DĂƌŝĂŶĂ�^ĞŶĚĆŽ�>ŝƐďŽĂ�DĞŶĞƐĞƐ
dŚĞ�ƵƐĞ�ŽĨ�ŚĞůŵŝŶƚŚ�ƉĂƌĂƐŝƚĞƐ�ƚŽ�ƚƌĞĂƚ�ĂůůĞƌŐŝĐ�ĂŶĚ�ĂƵƚŽŝŵŵƵŶĞ�ŝŶŇĂŵŵĂƚŽƌǇ�ĚŝƐĞĂƐĞƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�DĞĚŝĐŝŶĂů��ŚĞŵŝƐƚƌǇ�Θ��ƌƵŐ��ŝƐĐŽǀĞƌǇ�'ƌŽƵƉ

DĂƌŝĞ��ĂďŬŽǀĄ
dŚĞ�ŝŵƉĂĐƚ�ŽĨ�ƚŚĞ�ĐŝƌĐĂĚŝĂŶ�ƌŚǇƚŚŵ�ƌĞŐƵůĂƟŽŶ�ŽŶ�ŚǇƉŽƚŚĂůĂŵŝĐ�ŵĞƚĂďŽůŝĐ�ƉĂƚŚǁĂǇƐ
:ƵůǇ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗��ůĄƵĚŝĂ��ĂǀĂĚĂƐ

DĂƌŝŶĂ�WĂƐƐŽƐ
&ĂĐƚŽƌĞƐ�ĚĞ�ƌŝƐĐŽ�ŐĞŶĠƟĐŽ�ƉĂƌĂ�ƉĞƌĚĂƐ�ĨĞƚĂŝƐ�ĚĞ�ƌĞƉĞƟĕĆŽ�Ğŵ�ŐƌĄǀŝĚĂƐ�ĐŽŵ�ĐŽŵƉůŝĐĂĕƁĞƐ�ŽďƐƚĠƚƌŝĐĂƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�AŶĂ��ĞůĂ�^ĂƌŵĞŶƚŽ

DĂƌƚĂ�^ŝůǀĂ�>ĂƉŽ�WĂŝƐ�
�ŝĂŐŶſƐƟĐŽ�ĚŝĨĞƌĞŶĐŝĂů�ĚĞ�ĚŽĞŶĕĂƐ�ŶĞƵƌŽĚĞŐĞŶĞƌĂƟǀĂƐ�ĐŽŵ�ďĂƐĞ�Ğŵ�ĚĂĚŽƐ�ĚĞ�W�d�Ğŵ�ĐŽƌƌĞůĂĕĆŽ�ĐŽŵ�ŽƵƚƌĂƐ�
ŵŽĚĂůŝĚĂĚĞƐ�ĚĞ�ŝŵĂŐĞŵ�
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�sŝƐŝŽŶ͕��ƌĂŝŶ�/ŵĂŐŝŶŐ�ĂŶĚ��ŽŐŶŝƟǀĞ�EĞƵƌŽƐĐŝĞŶĐĞ

DŝŐƵĞů�EĂǀĂƌƌŽ
ϭϯ��EDR�ĂŶĂůǇƐŝƐ�ŽĨ�ƚƌŝŐůǇĐĞƌŝĚĞ�ĨĂƩǇ�ĂĐŝĚ�ĞŶƌŝĐŚŵĞŶƚ�ĨƌŽŵ�ϭϯ�ͲĞŶƌŝĐŚĞĚ�ůŝƉŽŐĞŶŝĐ�ƐƵďƐƚƌĂƚĞƐ
^ĞƉƚĞŵďĞƌ�ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�:ŽŚŶ�:ŽŶĞƐ



ϵϭ

EĂƚĂƐŚĂ�ĚĞ�&ĄƟŵĂ�KůŝǀĞŝƌĂ��ƐƚĞǀĞƐ�RŽƐĄƌŝŽ
EĂƚƵƌĂů�dƌĂŶƐĨŽƌŵĂƟŽŶ�ŝŶ�AĐŝŶĞƚŽďĂĐƚĞƌ�ƐƉƉ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�DĞĚŝĐŝŶĂů��ŚĞŵŝƐƚƌǇ�Θ��ƌƵŐ��ŝƐĐŽǀĞƌǇ�'ƌŽƵƉ

EƵŶŽ��ĞůƚƌĆŽ
^ƚĂƌŐĂǌŝŶ�ŵƵƚĂƟŽŶƐ�ĂŶĚ�ƉƐǇĐŚŝĂƚƌŝĐ�ĚŝƐŽƌĚĞƌƐ͗�ƚŚĞ�ĐĂƐĞ�ŽĨ�ŝŶƚĞůůĞĐƚƵĂů�ĚŝƐĂďŝůŝƚǇ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗��ĂƌůŽƐ�ďĂŶĚĞŝƌĂ��ƵĂƌƚĞ

<ĄƟĂ�RŝďĞŝƌŽ�ĚĞ�:ĞƐƵƐ
/ŵŵƵŶŽůŽŐǇ�ĂŶĚ�ŐĞŶĞƟĐƐ�ŝŶ�ŶŽŶŚƵŵĂŶ�ƉƌŝŵĂƚĞƐ͗�^ƚƵĚǇ�ŽĨ�</Rϯ�>ϬϮ�ŝŶƚĞƌĂĐƟŽŶ�ǁŝƚŚ�D,�ͲĐůĂƐƐͲ/�ůŝŐĂŶĚƐ�ŽĨ�ƌŚĞƐƵƐ�
ŵĂĐĂƋƵĞƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�AŐŝŶŐ�ĂŶĚ��ƌĂŝŶ�ĚŝƐĞĂƐĞƐ͗�ĂĚǀĂŶĐĞĚ�ĚŝĂŐŶŽƐŝƐ�ĂŶĚ�ďŝŽŵĂƌŬĞƌƐ

WĂƚƌşĐŝĂ�^ĂŶƚŽƐ�ĚĞ�KůŝǀĞŝƌĂ
A�ŝŶƚĞƌĂĕĆŽ�ĞŶƚƌĞ�Ă�^/Rdϭ�Ğ�Ž�ŵdKR�ĐŽŵŽ�Ƶŵ�ĞŵĞƌŐĞŶƚĞ�ĂůǀŽ�ƚĞƌĂƉġƵƟĐŽ�ƉĂƌĂ�Ž�ĐĂŶĐƌŽ�ĚĂ�ďĞǆŝŐĂ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

WĞĚƌŽ�sĂůĂĚĂ�
��ƐƚƵĚŽ�ĚŽ�ƉĞƌĮů�ŵŽůĞĐƵůĂƌ�ĚĞ�ƌĞƐŝƐƚġŶĐŝĂ�ĂŶƟŵŝĐƌŽďŝĂŶĂ�ĚĞ�,ĞůŝĐŽďĂĐƚĞƌ�ƉǇůŽƌŝ
�ϮϬϭϴ
�^ƵƉĞƌǀŝƐŽƌ͗�dĞƌĞƐĂ�'ŽŶĕĂůǀĞƐ

RĂĨĂĞů�^ŝůǀĂ
�ŝŽŵĂƌŬĞƌ��ŝƐĐŽǀĞƌǇ�ŝŶ�AůǌŚĞŝŵĞƌ�ĂŶĚ�WĂƌŬŝŶƐŽŶ�͛Ɛ�ĚŝƐĞĂƐĞ͗�Ă�WƌŽƚĞŽŵŝĐƐ�ĂƉƉƌŽĂĐŚ�ƚŽ�W�D�Ɛ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�AŐŝŶŐ�ĂŶĚ��ƌĂŝŶ�ĚŝƐĞĂƐĞƐ͗�ĂĚǀĂŶĐĞĚ�ĚŝĂŐŶŽƐŝƐ�ĂŶĚ�ďŝŽŵĂƌŬĞƌƐ

RĂĨĂĞů�^ŝůǀĂ��ĂƌǀĂůŚŽ
RĞŐƵůĂƟŽŶ�ŽĨ�ED�A�ƌĞĐĞƉƚŽƌ�ĚǇŶĂŵŝĐƐ�ďǇ���E&�ŝŶ�ĐƵůƚƵƌĞĚ�ŶĞƵƌŽŶƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗��ĂƌůŽƐ�ďĂŶĚĞŝƌĂ��ƵĂƌƚĞ

RĂƋƵĞů��ŝƌĞŝƚŽ�&ĞƌŶĂŶĚĞƐ
�ŽŵƉĂƌŝƐŽŶ�ŽĨ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ƉĂƌĂŵĞƚĞƌƐ�ďĞƚǁĞĞŶ�ǇŽƵŶŐ�ĂŶĚ�ĂŐĞĚ�ŽŽĐǇƚĞƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�:ŽĆŽ�RĂŵĂůŚŽ�^ĂŶƚŽƐ

RŝĐĂƌĚŽ��ŽƐƚĂ
K�ĚĞƐĂĮŽ�ĐůşŶŝĐŽ�ŝŵŝŶĞŶƚĞ�ĚĂ�ŶĞƵƚƌŽƉĞŶŝĂ�ĨĞďƌŝů�Ͳ�ƵŵĂ�ĂŶĄůŝƐĞ�ƌĞƚƌŽƐƉĞƟǀĂ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�AŶĂ��ĞůĂ�^ĂƌŵĞŶƚŽ

RŝĐĂƌĚŽ�DŽƌĞŝƌĂ
/ŶǀĞƐƟŐĂƟŽŶ�ŽĨ�DƵƚĂŶƚ�AƚĂǆŝŶͲϯ�^ƉƌĞĂĚŝŶŐ�ŝŶ�DĂĐŚĂĚŽͲ:ŽƐĞƉŚ��ŝƐĞĂƐĞ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�>ƵŝƐ�WĞƌĞŝƌĂ�ĚĞ�AůŵĞŝĚĂ

RŽĚŽůĨŽ��ŐƵĂƐ
Ϯ��Žƌ�ŶŽƚ�Ϯ��ƚŚĂƚ�ŝƐ�ƚŚĞ�ƋƵĞƐƟŽŶ�ĂďŽƵƚ�ƚŚĞ�ƐǇŶĂƉƟĐ�ƉƌŽƚĞĂƐŽŵĞ�ŝŶ�ŐůƵƚĂŵĂƚĞƌŐŝĐ�ƐǇŶĂƉƐĞƐ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗��ĂƌůŽƐ�ďĂŶĚĞŝƌĂ��ƵĂƌƚĞ



ϵϮ

RŽƐĂ�DĂĨĂůĚĂ�AŵŽƌŝŵ�&ŝŐƵĞŝƌĞĚŽ�
'A�A�ůĞǀĞůƐ�ƌĞůĂƚĞ�ƚŽ��K>��ƐŝŐŶĂů�ŝŶ�EĞƵƌŽĮďƌŽŵĂƚŽƐŝƐ�dǇƉĞ�ϭ�
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�sŝƐŝŽŶ͕��ƌĂŝŶ�/ŵĂŐŝŶŐ�ĂŶĚ��ŽŐŶŝƟǀĞ�EĞƵƌŽƐĐŝĞŶĐĞ

RƵƚĞ�dĂǀĂƌĞƐ
sĂůŝĚĂƟŽŶ�ŽĨ�Ă�ƐŝREA�ƚĂƌŐĞƟŶŐ�W/ϯ<�A�ŐĞŶĞ�ƚŽǁĂƌĚƐ�ĐŽůŽƌĞĐƚĂů�ĐĂŶĐĞƌ�ƚŚĞƌĂƉǇ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌƐ͗��ůĄƵĚŝĂ�DĂƌŝĂ�&ƌĂŐĆŽ�WĞƌĞŝƌĂ�Θ�>şŐŝĂ�RŽĚƌŝŐƵĞƐ

dąŶŝĂ�AůǀĞƐ
A�ǀŝĂ�ĚĞ�ƐŝŶĂůŝǌĂĕĆŽ�ĚŽ�tEdͬɴͲĐĂƚĞŶŝŶĂ�Ğ�Ž�ƐĞƵ�ƉĂƉĞů�ŶĂƐ�ůĞƵĐĞŵŝĂƐ�ŵŝĞůŽŝĚĞƐ�
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�AŶĂ��ĞůĂ�ƐĂƌŵĞŶƚŽ

dąŶŝĂ�/ƐĂďĞů�^ĂŶƚŽƐ��ŽĞůŚŽ
EƵƚƌŝƟŽŶ�ƌŽůĞ�ŝŶ�ŝŶŇĂŵŵĂƟŽŶ�ĂŶĚ�ĂŐŝŶŐ͘͟ �DĂƐƚĞƌ�ŝŶ�DĞĚŝĐŝŶĞ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ŽŝŵďƌĂ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�EĞǁ�dĂƌŐĞƚƐ�ĂŶĚ�dŚĞƌĂƉĞƵƟĐƐ�ĨŽƌ��ŚƌŽŶŝĐ��ŝƐĞĂƐĞƐ

dŝĂŐŽ�KĐŚƀĂ�WŝƌĞƐ
�ǆƉůŽƌŝŶŐ�:ĂƉĂŶĞƐĞ�ƋƵĂŝů�ŝŵŵƵŶĞ�ƌĞƉĞƌƚŽŝƌĞƐ�ĨŽƌ�ĂŶƟďŽĚǇ�ĚŝƐĐŽǀĞƌǇ
ϮϬϭϴ
^ƵƉĞƌǀŝƐŽƌ͗�/ƐĂƵƌĂ�^ŝŵƁĞƐ



ϵϯ

de�«nolo¦ù�dranÝ¥er

dƌĂnƐlĂƟŽnĂl�ƌĞƐĞĂƌch�ĂnĚ�tĞchnŽlŽŐǇ�tƌĂnƐĨĞƌ�hĂǀĞ�bĞĞn�pƌŽŐƌĞƐƐiǀĞlǇ�ĚĞǀĞlŽpĞĚ�in��E��lĞĂĚinŐ�tŽ�Ă�pƌŽŵiƐinŐ�intĞƌĂcƟŽn�
ǁith�/nĚuƐtƌǇ�ĂnĚ�lŽcĂl�ĂuthŽƌiƟĞƐ.�
dhĞ�ŵĂin�cŽntƌibuƟŽn�ŽĨ��E�� ĨŽƌ� thĂt�ŐŽĂl�ǁĂƐ� thĞ�cƌĞĂƟŽn�ŽĨ�Ă� tĞchnŽlŽŐǇ� tƌĂnƐĨĞƌ�unit͕��iŽcĂnt͕� in� cŽllĂbŽƌĂƟŽn�ǁith�
�ĂntĂnhĞĚĞ�DunicipĂl��Žuncil.�dhiƐ�unit�bĞcĂŵĞ�thĞ�ĂnchŽƌ�ŽĨ��iŽcĂnt�WĂƌŬ͕�Ă��iŽtĞchnŽlŽŐǇ�WĂƌŬ�thĂt�iƐ�ƌĂpiĚlǇ�ŐƌŽǁinŐ�bǇ�
ĂtƌĂcƟnŐ�nĞǁ��iŽtĞchnŽlŽŐǇ�cŽŵpĂniĞƐ.

�/K�AEd �KDWAE/�^�KW�RAd/E'�/E��/K�AEd�WAR<

�iŽcĂnt� iƐ� Ă� pƌiǀĂtĞ͕� nŽn-pƌŽĮt͕� innŽǀĂƟŽn� cĞntƌĞ� cƌĞĂtĞĚ�
bǇ��E��� tŽŐĞthĞƌ�ǁith� thĞ�ŵunicipĂlitǇ�ŽĨ��ĂntĂnhĞĚĞ� ĨŽƌ�
tĞchnŽlŽŐǇ�tƌĂnƐĨĞƌ� in�biŽtĞchnŽlŽŐǇ.�&ŽunĚĞĚ�ϴ�ǇĞĂƌƐ�ĂŐŽ͕�
�iŽcĂnt�pƌŽǀiĚĞƐ�ƐĞƌǀicĞƐ�ĂnĚ�ZΘ��ĂcƟǀiƟĞƐ�bĂƐĞĚ�Žn�pŽƐt-
ŐĞnŽŵic�plĂƞŽƌŵƐ�Ɛuch�ĂƐ�ǁhŽlĞ-ŐĞnŽŵĞ�ƐĞƋuĞncinŐ͕��E��
chipƐ͕�pƌŽtĞŽŵicƐ͕�intĞƌĂctŽŵicƐ�ĂnĚ�ŵĞtĂbŽlŽŵicƐ.�^ĞǀĞƌĂl�
ƌĞƐĞĂƌch�pƌŽũĞctƐ�ĂƌĞ�cuƌƌĞntlǇ�in�pƌŽŐƌĞƐƐ�inǀŽlǀinŐ�ƌĞƐĞĂƌch�
inƐƟtuƟŽnƐ͕�hŽƐpitĂlƐ�ĂnĚ�cŽŵpĂniĞƐ.�

�t�thĞ�pƌĞƐĞnt�ϮϬ�cŽŵpĂniĞƐ�ŽpĞƌĂtĞ�in��iŽcĂnt�WĂƌŬ:��W-�iŽ͕�
�iŽcĂnt� sĞntuƌĞƐ͕� �iŽtƌĞnĚ͕� �ŽnǀĞƌĚĞ/��s͕� � �ƌiŽĞƐtĂŵinĂl͕�
�ƋuiŐĞƌŵinĂl͕�,ittĂŐ��iŽtĞcnŽlŽŐǇ͕ �/ntĞƌĂctŽŵĞ͕�'ĞnĞWƌĞĚid͕ �
'ĞnĞbŽǆ͕� 'ĞnĞ>Ăb͕� DĂtĞƌĂ͕� sĞtĚiĂŐnŽƐ͕� ϰ,ĞĂlth͕� �ĞllϮ�͕�
<lŽn͕� Eutƌi�ĚĚ͕� dƌĞĂt� h͕� ZĞŐϰ>iĨĞ� ĂnĚ� �ŽiŵbƌĂ� 'ĞnŽŵicƐ.�
�lŽnŐ�ǁith��iŽcĂnt�thĞǇ�ĨŽƌŵ�Ă�biŽtĞch�cluƐtĞƌ�ŽĨ�ĞǆcĞllĞncĞ�
thĂt�ĂttƌĂctĞĚ�ĂltŽŐĞthĞƌ�ŽǀĞƌ�ϳϬDΦ�ĞuƌŽƐ�inǀĞƐtŵĞnt�;ϱϬй�
iƐ�pƌiǀĂtĞͿ�ĂnĚ�ŐĞnĞƌĂtĞĚ�ϰϬϬ�hiŐhlǇ�ƋuĂliĮĞĚ�ũŽbƐ.�



ϵϰ

^�®en�e��oÃÃun®�at®on�an��
Kutrea�«

Coordinator: Cláudia Cavadas, PhD 
Team: Adalberto Fernandes, Ana Teresa Viegas & Sara Varela Amaral

KnĞ� ŽĨ� thĞ� ŵĂũŽƌ� chĂllĞnŐĞƐ� ŽĨ� thĞ�
cŽntĞŵpŽƌĂƌǇ� ƌĞƐĞĂƌch� iƐ� tŽ� ĚĞǀĞlŽp�
nĞǁ� ĂnĚ� innŽǀĂƟǀĞ� ǁĂǇƐ� tŽ� ĞnŐĂŐĞ�
ƐŽciĞtǇ� in� ƐciĞncĞ�ĂnĚ�ƐciĞnƟĮc� tŽpicƐ.�
dhiƐ� iƐ� thĞ� ŵĂin� ƌŽlĞ� ŽĨ� ^ciĞncĞ�
�ŽŵŵunicĂƟŽn� KĸcĞ� -� ĚiƐƐĞŵinĂƟnŐ�
ƐciĞnƟĮc� ĂĚǀĂncĞƐ� tŽ� thĞ� bĞnĞĮt�
ŽĨ� ƐŽciĞtǇ� ĂnĚ� tŽ� thĞ� ƌĞƐĞĂƌch�
pƌŽcĞƐƐ� itƐĞlĨ͕ � liĂiƐinŐ� bĞtǁĞĞn�
thĞ� ĚiīĞƌĞnt� ĂƌĞĂƐ� ŽĨ� thĞ� ƌĞƐĞĂƌch�
inƐƟtutĞ͕� thĞ� ŵĞĚiĂ͕� ĂnĚ� thĞ� publicƐ.�
^ciĞncĞ��ŽŵŵunicĂƟŽn�KĸcĞ�ŐŽĂlƐ�ĂƌĞ:
ͻ� dŽ� ĨŽƐtĞƌ� ĚiĂlŽŐuĞ� bĞtǁĞĞn�

ƐciĞnƟƐtƐ� ĂnĚ� ĚiīĞƌĞnt�
ŐƌŽupƐ� ŽĨ� ƐŽciĞtǇ� -� ƐtuĚĞntƐ͕�
ĞlĚĞƌlǇ͕ � tĞĂchĞƌƐ͕� Ğtc͖

ͻ� dŽ� pƌŽǀiĚĞ� public� ĂccŽuntĂbilitǇ͕ �
ĞthicĂllǇ� ũuƐƟĮĞĚ� bǇ� thĞ� public�
nĂtuƌĞ� ŽĨ� ƐciĞnƟĮc� ĨunĚinŐ͖

ͻ� dŽ� ĞnŐĂŐĞ� ƐŽciĞtǇ�
in� ƌĞƐĞĂƌch� pƌŽcĞƐƐ͖�

ͻ� dŽ� ƐpƌĞĂĚ� Žuƌ� ƐciĞnƟĮc� ĮnĚinŐƐ�
through media (newspaper, 
ƌĂĚiŽ͕� dsͿ� ĂnĚ� ƐŽciĂl� nĞtǁŽƌŬƐ͖�

ͻ� dŽ� cƌĞĂtĞ� ƐciĞnƟĮc� cultuƌĞ�
through public engagement 
projects in order to construct 

���������Ă�tƌulǇ�ƐciĞnƟĮc�ciƟǌĞnƐhip�ĂnĚ�Ă�����
���������ŵŽƌĞ�ŬnŽǁlĞĚŐĞĂblĞ�ƐŽciĞtǇ͖�
ͻ� dŽ� cŽnƐŽliĚĂtĞ� �E�� inƐƟtuƟŽnĂl�

iŵĂŐĞ� ĨŽƌ� thĞ� nĂƟŽnĂl� ĂnĚ�
intĞƌnĂƟŽnĂl� ƐciĞnƟĮc�
ƐǇƐtĞŵ͕� nĂƟŽnĂl� ĂnĚ� ƌĞŐiŽnĂl�
pŽliƟcĂl� ĚĞciƐiŽn-ŵĂŬĞƌƐ͕�
public� ĂnĚ� pƌiǀĂtĞ� ĨunĚĞƌƐ͕�
ĂnĚ� ĚiīĞƌĞnt� tǇpĞƐ� ŽĨ� publicƐ͖

ͻ� dŽ� inƐpiƌĞ� ĂnĚ� ĞnŐĂŐĞ� ƐciĞnƟƐt�
in� ƐciĞncĞ� cŽŵŵunicĂƟŽn�
iniƟĂƟǀĞƐ͕� ŐiǀĞ� thĞŵ� tŽŽlƐ� thĂt�
iŵpƌŽǀĞ� thĞ� public� ĞnŐĂŐĞŵĞnt͖�

ͻ� dŽ� ĞǀĂluĂtĞ� Žuƌ� ƐciĞncĞ�
cŽŵŵunicĂƟŽn�ƐtƌĂtĞŐiĞƐ�in�ŽƌĚĞƌ�
tŽ�iŵpƌŽǀĞ�ĂnĚ�unĚĞƌƐtĂnĚ�thĞ�bĞƐt�
pƌĂcƟcĞƐ� tŽ� ĞnŐĂŐĞ� cŽŵŵunitǇ�
in� ƐciĞncĞ� ĂnĚ� ƐciĞnƟĮc� thĞŵĞƐ͖�

ͻ� To establish strategies that 
cŽntƌibutĞƐ� tŽ� Ă� bĞttĞƌ�
cŽŵŵunicĂƟŽn� ĂnĚ� tĞĂŵ� Ɛpiƌit�
inside the research center.

Kuƌ� pĂƌtnĞƌƐhipƐ� ʹ� �iġnciĂ� siǀĂ͕�
^ciĞncĞ� DuƐĞuŵ� ŽĨ� thĞ� hniǀĞƌƐitǇ�
ŽĨ� �ŽiŵbƌĂ͕� hniǀĞƌƐitǇ� ŽĨ� �ŽiŵbƌĂ͕�
DĂƌĂtŽnĂ� ĚĂ� ^ĂƷĚĞ͕� /nƐƟtutŽ� ĚĞ� �

ĚucĂĕĆŽ� Ğ� �iĚĂĚĂniĂ͕� :ŽƌnĂl�
WƷblicŽ͕� �ĂnĂ� &ŽunĚĂƟŽn͕�
bĞtǁĞĞn� ŽthĞƌƐ� ʹ� ĂƌĞ� cƌuciĂl� tŽ�
ƐtƌĂtĞŐicĂllǇ� tĂƌŐĞt� ĚiīĞƌĞnt� publicƐ.�
Kuƌ� ĂcƟǀiƟĞƐ� hĂǀĞ� bĞĞn� ƐuppŽƌtĞĚ�
bǇ� ƐĞǀĞƌĂl� ĂƐƐŽciĂƟŽnƐ� ĂnĚ� ƐciĞnƟĮc�
ƐŽciĞƟĞƐ� ĂƐ� �iŽchĞŵicĂl� ^ŽciĞtǇ͕ �
&ĞĚĞƌĂƟŽn� ŽĨ� �uƌŽpĞĂn� EĞuƌŽƐciĞncĞ�
^ŽciĞƟĞƐ͕� ^ŽciĞĚĂĚĞ� WŽƌtuŐuĞƐĂ� ĚĞ�
Neurociências, Sociedade Portuguesa 
ĚĞ� /ŵunŽlŽŐiĂ͕� �ƐƐŽciĂĕĆŽ� WŽƌtuŐuĞƐĂ�
ĚŽ�̂ ŽnŽ͕��lǌhĞiŵĞƌ�WŽƌtuŐĂl͕��ƐƐŽciĂĕĆŽ�
WŽƌtuŐuĞƐĂ�ĚĞ��ŽĞntĞƐ�ĚĞ�,unƟnŐtŽn͕�
�ƐƐŽciĂĕĆŽ� WŽƌtuŐuĞƐĂ� ĚĞ� �iĂbĠƟcŽƐ�
ĚĞ� WŽƌtuŐĂl͕� �ƐƐŽciĂĕĆŽ� WŽƌtuŐuĞƐĂ�
ĚĞ� �tĂǆiĂƐ� ,ĞƌĞĚitĄƌiĂƐ� ĂnĚ� ^ŽciĞĚĂĚĞ�
WŽƌtuŐuĞƐĂ�ĚĞ��iŽlŽŐiĂ�ĚĂ�ZĞpƌŽĚuĕĆŽ.�
dhĞƌĞĨŽƌĞ͕� �E�./�/>/� hĂƐ� bĞĞn�
ƐtƌŽnŐlǇ� cŽŵŵittĞĚ� tŽ� pƌŽŵŽƟnŐ� ĂnĚ�
ĚiƐƐĞŵinĂƟnŐ� ƐciĞnƟĮc� ŬnŽǁlĞĚŐĞ�
tŽ� ƐŽciĞtǇ� thƌŽuŐh� thĞ� ĞnthuƐiĂƐƟc�
inǀŽlǀĞŵĞnt�ŽĨ�itƐ�ƌĞƐĞĂƌchĞƌƐ�in�ƐciĞncĞ�
cŽŵŵunicĂƟŽn�pƌŽũĞctƐ�uƐinŐ�ĚiīĞƌĞnt�
ƐtƌĂtĞŐiĞƐ:�iͿ�ĚiƐƐĞŵinĂƟŽn�thƌŽuŐh�thĞ�
ŵĞĚiĂ͖�iiͿ�thƌŽuŐh�ĚiŐitĂl�cŽŵŵunicĂƟŽn�
;ǁĞbƐitĞƐ� ĂnĚ� ƐŽciĂl� nĞtǁŽƌŬƐͿ͖� iiiͿ�
through public engagement projects.



ϵϱ

^�/�E���/E�d,��D��/A

D��/A

dhĞ� ^ciĞncĞ� �ŽŵŵunicĂƟŽn� KĸcĞ� iƐ� in� chĂƌŐĞ� ŽĨ� thĞ� public� ƌĞlĂƟŽnƐ� pƌŽcĞƐƐ͕� cŽŵŵunicĂƟnŐ� ƐciĞncĞ� ǁith�
nĞǁƐ-ǀĂluĞƐ� in� thĞ� cŽntĞǆt� ŽĨ� ĚiīĞƌĞnt� ĂŐĞnĚĂ-ƐĞƫnŐƐ͕� pƌĞƐĞƌǀinŐ� thĞ� ĂccuƌĂcǇ� ŽĨ� ƐciĞnƟĮc� ŬnŽǁlĞĚŐĞ͕�
ĂnĚ� ƐuccĞƐƐĨullǇ� liĂiƐinŐ� ƌĞƐĞĂƌchĞƌƐ� ǁith� ũŽuƌnĂliƐtƐ.� &iŐuƌĞ� ϭ� ƐhŽǁƐ� thĞ� ŵĞĚiĂ� ĂppĞĂƌĂncĞ� ĚuƌinŐ� ϮϬϭϴ.

Figure 1 – CNC.IBILI at the Media during 2018.



ϵϲ

�yd�REA>͗�^K�/A>�E�dtKR<^

�/'/dA>��KDDhE/�Ad/KE

 
dŽ� ƌĞĂch� Ă� ǁiĚĞƌ� pŽpulĂƟŽn� ǁĞ� iŵpƌŽǀĞ� Žuƌ� pƌĞƐĞncĞ� in� ƐŽciĂl� nĞtǁŽƌŬƐ.� �t� thĞ� ŵŽŵĞnt� ǁĞ� hĂǀĞ� Ă� tŽtĂl� ŽĨ�
ϵ.Ϯϰϲ� ĨŽllŽǁĞƌƐ� Ăt� ĚiīĞƌĞnt� ƐŽciĂl� nĞtǁŽƌŬƐ:� ĨĂcĞbŽŽŬ͕� tǁittĞƌ͕ � linŬĞĚin� ĂnĚ� inƐtĂŐƌĂŵ͕� ĂƐ� ƐhŽǁn� Ăt� &iŐuƌĞ� Ϯ.

Figure 2 – Followers of CNC social networks. 

/Ed�REA>͗�E�t^>�dd�R�͞^zE�R'/�^͟

�E��hĂƐ�itƐ�Žǁn�intĞƌnĂl�ŵŽnthlǇ�nĞǁƐlĞttĞƌ�cĂllĞĚ�͞^ǇnĞƌŐiĞƐ .͟�dhĞ�ŵĂin�ŐŽĂl�ŽĨ�thiƐ�nĞǁƐlĞttĞƌ�iƐ�tŽ�pƌŽŵŽtĞ�thĞ�intĞƌĂcƟŽn�
ĂŵŽnŐ�thĞ�ŵĞŵbĞƌƐ͕�lĞĂĚinŐ�tŽ�Ă�ŐƌĞĂtĞƌ�cŽŽpĞƌĂƟŽn.�/n�ŽƌĚĞƌ�tŽ�ĂchiĞǀĞ�thiƐ�ŐŽĂl͕�͞ ^ǇnĞƌŐiĞƐ͟�ĚiƐƐĞŵinĂtĞƐ�ƐĞǀĞƌĂl�ƌĞlĞǀĂnt�
inĨŽƌŵĂƟŽn�ĂbŽut� thĞ�cĞntĞƌ͕ � ƌĞlĂtĞĚ� tŽ� thĞ�ƐciĞnƟĮc� ƌĞƐĞĂƌch͕� ƐciĞncĞ�cŽŵŵunicĂƟŽn͕� ĨunĚinŐ�ĂnĚ�ĞǀĞntƐ͕� thƌŽuŐh� thĞ�
ĨŽllŽǁinŐ�ƐĞcƟŽnƐ:

ͻ� thĂt�,ĂppĞnĞĚ͍
ͻ� WublicĂƟŽnƐ
ͻ� �ǁĂƌĚƐ�/�,ŽnŽƌƐ
ͻ� �ǀĞntƐ�Ăt��E�
ͻ� ^ciĞnƟĮc�DĞĞƟnŐƐ�ĂnĚ��ǀĞntƐ
ͻ� Wublic��nŐĂŐĞŵĞnt�in�^ciĞncĞ
ͻ� CNC on the News
ͻ� KppŽƌtuniƟĞƐ
ͻ� EĞǁ�ĨĂcĞƐ�ͮ�EĞǁ�ƌŽlĞƐ
ͻ� �Žn͛t�ŵiƐƐ�Žut
ͻ� Wh���ĞĨĞnƐĞƐ
ͻ� thĂt�till�,ĂppĞn͍
ͻ� W������ĚǀĂncĞĚ��ŽuƌƐĞƐ
ͻ� �E�./�/>/�^ĞŵinĂƌƐ
ͻ� diŵĞlinĞ�;ĨutuƌĞ�ĞǀĞntƐͿ



ϵϳ

dhĞ�nĞǁƐlĞttĞƌ�iƐ�ĚiƐtƌibutĞĚ�thƌŽuŐh�Ă�ƐpĞciĮc�ŵĂilinŐ�liƐt͕�ƌĞĂchinŐ�ŵŽƌĞ�thĂn�ϰϬϬ�cŽntĂctƐ͕�incluĚinŐ�ƌĞƐĞĂƌchĞƌƐ�ĂnĚ�nŽn-
ƌĞƐĞĂƌch�ƐtĂī.�
DŽƌĞŽǀĞƌ͕ �thĞ�nĞǁƐlĞttĞƌ�iƐ�pŽƐtĞĚ�Žn�Žuƌ�ǁĞbƐitĞ�ĂnĚ�ĂlƐŽ�Žn�Žuƌ�ƐŽciĂl�ŵĞĚiĂ�nĞtǁŽƌŬƐ͕�in�ŽƌĚĞƌ�tŽ�ŐĞt�thĞ�public�ĂǁĂƌĞ�ŽĨ�
Žuƌ�nĞǁƐ�ĂnĚ�ĂcƟǀitǇ.�/n�ϮϬϭϴ�ǁĞ�lĂunchĞĚ�ϭϮ�ĞĚiƟŽnƐ�ŽĨ�^ǇnĞƌŐiĞƐ.�

Wh�>/���E'A'�D�Ed�/E�^�/�E���

�E�./�/>/�iƐ�ƐtƌŽnŐlǇ�inǀŽlǀĞĚ�in�Wublic��nŐĂŐĞŵĞnt�in�^ciĞncĞ�pƌŽũĞctƐ.�&iŐuƌĞ�ϯ�ƐhŽǁƐ�thĞ�ŐĞnĞƌĂl�ĚĂtĂ�ĨƌŽŵ�ϮϬϭϴ�ƌĞlĂtĞĚ�tŽ�
thiƐ�ŬinĚ�ŽĨ�iniƟĂƟǀĞƐ.

Figure 3 – Data of Public Engagement Projects during 2018. 

�RA/E�AtAR�E�^^�t��<�Έ�AtΉ�

March 2018

dhĞ� �ƌĂin� �ǁĂƌĞnĞƐƐ� tĞĞŬ� ;��tͿ� ϮϬϭϴ� ŽƌŐĂniǌĞĚ� bǇ� �E�./�/>/͕� ƐuppŽƌtĞĚ� bǇ� &�E^͕� ��E�� &ŽunĚĂƟŽn� ĂnĚ� ^ŽciĞĚĂĚĞ�
Portuguesa de Neurociências, happened in Coimbra (1st-30th March 2019). 
Kuƌ�pƌŽũĞct�ʹ�EĞuƌŽ�ĂĚǀĞntuƌĞƐ�-�ĂiŵĞĚ�tŽ�incƌĞĂƐĞ�thĞ�ƐciĞnƟĮc�cultuƌĞ�in�nĞuƌŽƐciĞncĞ�ĂƐ�ǁĞll�ĂƐ�ĞnŐĂŐĞ�ƐŽciĞtǇ�in�ƐciĞnƟĮc�
research (Figure 3).



ϵϴ

Figure 3 – Programme of CNC.IBILI BAW 2018.

dhĞ���t�ϮϬϭϴ�pƌŽŵŽtĞĚ�ƐĞǀĞƌĂl�ĂcƟǀiƟĞƐ:

ϭ͘�E�hRKͳA�s�EdhR�^�Ad�d,��^�,KK>^�

EĞuƌŽƐciĞnƟƐtƐ�ǁĞnt�tŽ��lĞŵĞntĂƌǇ͕ �DiĚĚlĞ�ĂnĚ�,iŐh�^chŽŽlƐ͕�^ĞniŽƌ�hniǀĞƌƐiƟĞƐ�ĂnĚ��ƐƐŽciĂƟŽnƐ�tŽ�ĚĞliǀĞƌ�nĞuƌŽƐciĞncĞ�
inĨŽƌŵĂƟŽn�in�ĚiīĞƌĞnt�ĨŽƌŵĂtƐ:�hĂnĚƐ-Žn�ĂcƟǀiƟĞƐ͕�ŐĂŵĞƐ͕�ĨŽƌŵĂl�lĞctuƌĞƐ͕�ĂnĚ�ĞǆpĞƌiŵĞntƐ�;&iŐuƌĞ�ϰͿ.�

Figure 4 – Photos of the activities at schools and community centers.



ϵϵ

Ϯ͘�E�hRKͳA�s�EdhR�^�Ad�d,��>A�

�uƌinŐ���t�ƌĞƐĞĂƌchĞƌƐ�ĨƌŽŵ��E�./�/>/�ŽpĞnĞĚ�thĞ�ĚŽŽƌƐ�ŽĨ�thĞiƌ�lĂbŽƌĂtŽƌiĞƐ�ĂnĚ�ƌĞcĞiǀĞĚ�ǀiƐitƐ�ĨƌŽŵ�ĚiīĞƌĞnt�publicƐ�thĂt�
cĂn�ĞǆplŽƌĞ�ĚiīĞƌĞnt�thĞŵĞƐ�in�nĞuƌŽƐciĞncĞ�ĂƐ:��Ăn�ǁĞ�ĞnhĂncĞ�Žuƌ�bƌĂin͍͖��ǇĞ�ĂƐ�Ă�ǁinĚŽǁ�ĨŽƌ�bƌĂin͖�^tuĚǇ�ŽĨ�huŵĂn�
bĞhĂǀiŽƌ͖�,Žǁ�ĚŽ�ǁĞ�hĂǀĞ�ĞnĞƌŐǇ�tŽ�thĞ�bƌĂin͍͖,Žǁ�nĞuƌŽnƐ�ĚiĞ�in��lǌhĞiŵĞƌǲƐ�ĚiƐĞĂƐĞ͍͖�EĞuƌŽnƐ͕�ŽbĞƐitǇ�ĂnĚ�ĂŐinŐ͖��ƌĂin�
ĚĞǀĞlŽpŵĞnt.�

ϯ͘�E�hRKͳA�s�EdhR�^�Ad�d,��Wh��

�uƌinŐ���t�ǁĞ�pƌŽŵŽtĞĚ�thĞ�ϲth�ĞĚiƟŽn�ŽĨ�Wubh���ŽiŵbƌĂ�ĂnĚ�ϯ�Wh��ƐtuĚĞntƐ�ƐhĂƌĞ�thĞiƌ�pƌŽũĞctƐ�ǁith�thĞ�ĂuĚiĞncĞ�in�Ă�
ǀĞƌǇ�pŽpulĂƌ�pub�in��ŽiŵbƌĂ.��dhĞ�ƐtuĚĞntƐ�ĂƌĞ�ĨƌŽŵ�ĚiīĞƌĞnt�ĂƌĞĂƐ:�nĞuƌŽƐciĞncĞ͕�pƐǇchŽlŽŐǇ�ĂnĚ�ĂƐtƌŽphǇƐicƐ.�dhĞ�cĞntƌĂl�
theme was the brain.

ϰ͘�D/�RK^�/�E���W,KdK�'A>>�Rz

tĞ�lĂunchĞĚ�thĞ�ĞǆhibiƟŽn�͞ dhĞ�bĞĂutǇ�ŽĨ�Žuƌ�cĞllƐ͟�ǁith�ŵŽƌĞ�thĂn�ϳϬ�ŵicƌŽƐcŽpǇ�iŵĂŐĞƐ�ŽbtĂinĞĚ�ĚuƌinŐ�ƌĞƐĞĂƌch�pƌŽũĞctƐ�
Ăt��E��ĂnĚ�/�/>/.�dhĞ�ĞǆhibiƟŽn�ƌĞƐultĞĚ�ĨƌŽŵ�Ă�pĂƌtnĞƌƐhip�bĞtǁĞĞn��E�./�/>/�ĂnĚ��ŽiŵbƌĂǲƐ�ƐciĞncĞ�cĞntĞƌ��ǆplŽƌĂtſƌiŽ�
ĂnĚ�ǁill�bĞ�ĂǀĂilĂblĞ�ĨŽƌ�ǀiƐitƐ�ĚuƌinŐ�ϭ�ǇĞĂƌ.��ŌĞƌ�thiƐ�pĞƌiŽĚ͕�thĞ�ĞǆhibiƟŽn�ǁill�bĞ�ĞǆpŽƐĞĚ�in�ƐciĞncĞ�ĂnĚ�cultuƌĂl�cĞntĞƌƐ�
ĚiīĞƌĞnt�WŽƌtuŐuĞƐĞ�ciƟĞƐ�;&iŐuƌĞ�ϱͿ.

Figure 5 – “The beauty of our cells” exhibition. 

ϱ͘�^�>&/��^�/�E���

/n�ŽƌĚĞƌ� tŽ�cƌĞĂtĞ�ŵĞĞƟnŐ�plĂcĞƐ�bĞtǁĞĞn�ƐciĞncĞ�ĂnĚ�ƐŽciĞtǇ͕ �ǁĞ�ĚĞǀĞlŽpĞĚ�ĂuĚiŽ-�ǀiƐuĂl�cŽntĞntƐ�ĂbŽut�nĞuƌŽƐciĞncĞ�
ƌĞƐĞĂƌch�ĂnĚ�bƌĂin�ĨĂctƐ.�tĞ�ĚĞǀĞlŽpĞĚ�ĮǀĞ�ƐŵĂll�ŵŽǀiĞƐ͕�͞^ĞlĮĞ�^ciĞncĞ͕͟ �ǁhĞƌĞ�ĚiīĞƌĞnt�nĞuƌŽƐciĞnƟƐtƐ�ĞǆplĂinĞĚ�in�Ăn�
inĨŽƌŵĂl�ǁĂǇ�thĞiƌ�ƌĞƐĞĂƌch�pƌŽũĞctƐ.�dhĞ�ǀiĚĞŽƐ�ǁĞƌĞ�ƐhĂƌĞĚ�Ăt��E��ǇŽutubĞ�chĂnnĞl�ĂnĚ�ƐŽciĂl�nĞtǁŽƌŬƐ�;ĨĂcĞbŽŽŬ�ĂnĚ�
tǁittĞƌͿ.

ϲ͘�^WE��s�Ed�ͳ��RA/E�AE����D�Ed/A�

18th March, FNAC Coimbra  

^ĞƐƐiŽn�ĨŽƌ�ŐĞnĞƌĂl�ĂuĚiĞncĞ�ĂbŽut�ĚĞŵĞnƟĂ�Ăt�Ă�public�cĂĨĠ�in�Ă�ƐhŽppinŐ�cĞntĞƌ.�dhĞ�iniƟĂƟǀĞ�cŽuntĞĚ�ǁith�thĞ�pĂƌƟcipĂƟŽn�
ŽĨ�Ă�pƐǇchŽlŽŐiƐt͕�tǁŽ�ŵĞĚicĂl�ĚŽctŽƌƐ͕�Ă�nĞuƌŽƐciĞnƟƐt�ĂnĚ�thĞ�pƌĞƐiĚĞnt�ŽĨ��lǌhĞiŵĞƌ�ĂƐƐŽciĂƟŽn�;&iŐuƌĞ�ϲͿ.�
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Figure 6 – “Brain and Dementia” public event. 

Kuƌ���t�ĂcƟǀiƟĞƐ�inǀŽlǀĞĚ�ŵŽƌĞ�thĂn�ϳϬ�ƌĞƐĞĂƌchĞƌƐ�ĂnĚ�ƌĞĂchĞĚ�ĚiƌĞctlǇ�ŵŽƌĞ�thĂn�ϭϬϬϬ�pĞŽplĞ�ĨƌŽŵ�ĚiīĞƌĞnt�publicƐ�in�
thĞ�ĨŽllŽǁinŐ�ĂcƟǀiƟĞƐ:�EĞuƌŽ-ĂĚǀĞntuƌĞƐ�Ăt�thĞ�ƐchŽŽlƐ͕�EĞuƌŽ-ĂĚǀĞntuƌĞƐ�Ăt�thĞ�lĂbƐ͕�EĞuƌŽ-ĂĚǀĞntuƌĞƐ�Ăt�thĞ�pub͕�lĂunch�
ŽĨ�ĞǆhibiƟŽn�͞dhĞ�bĞĂutǇ�ŽĨ�Žuƌ�cĞllƐ͕�public�ĞǀĞntƐ.�dhĞƌĞ�ǁĞƌĞ�Ϯϲ�nĞǁƐ�publiƐhĞĚ�ĂbŽut�Žuƌ���t�pƌŽũĞct�in�nĂƟŽnĂl�ĂnĚ�
ƌĞŐiŽnĂl�nĞǁƐpĂpĞƌƐ.�/n�ĚiŐitĂl�ŵĞĚiĂ�ʹ�ĨĂcĞbŽŽŬ͕�linŬĞĚin͕�tǁittĞƌ�ĂnĚ�inƐtĂŐƌĂŵ�-��ǁĞ�ŵĂĚĞ�ϯϮ�pŽƐtƐ�ĂbŽut���t�;ǁith�ϰ�ϴϰϵ�
likes, shares and comments) and reached 43 900 people.

tKR>��^>��W��Az�
ϭϲd,�DAR�,�ϮϬϭϵ

�E��ũŽint�thĞ�WŽƌtuŐuĞƐĞ�̂ lĞĞp��ƐƐŽciĂƟŽn�;�W^Ϳ�tŽ�cĞlĞbƌĂtĞ�tŽƌlĚ�̂ lĞĞp��ĂǇ�ϮϬϭϴ�;ϭϲth�DĂƌchͿ�ĂnĚ�ĚĞǀĞlŽpĞĚ�Ăn�ĞǆtĞnƐiǀĞ�
cĂŵpĂiŐn�Žn�thĞ�ǁĞĞŬƐ�bĞĨŽƌĞ�ĂnĚ�ĂŌĞƌ�thĞ�tŽƌlĚ�^lĞĞp��ĂǇ�;t^�Ϳ.� /t�ǁĂƐ�ĚiƌĞctĞĚ�tŽ�Ăll�ĂŐĞƐ�ŽĨ�pƌŽĨĞƐƐiŽnĂl�ĂnĚ�nŽn-
pƌŽĨĞƐƐiŽnĂl�pĞŽplĞ.�KnĞ�ŽĨ�thĞ�ĂiŵƐ�ŽĨ�thĞ�cĂŵpĂiŐn�ǁĂƐ�thĂt�ĞǀĞƌǇ�pŽƌtuŐuĞƐĞ�liǀĞ�bĞinŐ�ǁhŽ͕�Žn�thĞ�ϭϲth�DĂƌch͕�ǁĞnt�tŽ�
school, to work, to internet or social network, read the newspaper, listened to the radio or watched TV, would hear about the 
iŵpŽƌtĂncĞ�ŽĨ�ƐlĞĞp͕�hŽǁ�tŽ�ƌĞƐpĞct�it͕�tŽ�hĂǀĞ�Ă�ŐŽŽĚ�liĨĞ.�dhiƐ�cĂŵpĂiŐn�pƌŽŵŽtĞĚ�ƐĞǀĞƌĂl�iniƟĂƟǀĞƐ:�

1. ϭ.��ŽŵicƐ:�tĞ�pƌŽĚucĞĚ�thĞ�cŽŵic�Ɛtƌip�͞sŽǇĂŐĞƐ�ǁithŽut� inƐŽŵniĂ͟� � ;&iŐuƌĞ�ϳͿ�ĂbŽut�ƐlĞĞp�tŽ�cĞlĞbƌĂtĞ�tŽƌlĚ�
^lĞĞp��ĂǇ�;ϭϲth�DĂƌchͿ�in�Ă�nĂƟŽnĂl�nĞǁƐpĂpĞƌ�-�WƷblicŽ.�WƷblicŽ�iƐ�ŽnĞ�ŽĨ�thĞ�ŵŽƐt�pƌĞƐƟŐiŽuƐ�ĚĂilǇ�nĞǁƐpĂpĞƌ�in�
WŽƌtuŐĂl.�dhĞ�cŽŵicƐ�ĞǆplŽƌĞĚ�thĞ�iŵpŽƌtĂncĞ�ŽĨ�ƐlĞĞp�ĨŽƌ�bƌĂin�ĨuncƟŽn�ĂnĚ�thĞ�ƌĞƐĞĂƌch�thĂt�hĂǀĞ�bĞĞn�ŵĂĚĞ�in�
thiƐ�ĮĞlĚ.�dhĞ�cŽŵic�Ɛtƌip�ƌĞĂchĞĚ�ϯϯ�ϯϱϯ�pĞŽplĞ�;ĚĂilǇ�ciƌculĂƟŽn�nuŵbĞƌͿ.�

Figure 7 – “Voyages without insomnia”.  
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1. Ϯ.���t^��lĞĂŇĞt:���lĞĂŇĞt�ǁĂƐ�ĚŽnĞ�ǁith�thĞ�Ɛtƌip�cĂƌtŽŽn�ĂnĚ�it�ǁĂƐ�ƐpƌĞĂĚ�tŽ�Ăll�thĞ�ƐŽciĂl�ĂnĚ�cultuƌĂl�ĞǀĞntƐ�thĂt�
ǁĞƌĞ�tĂŬinŐ�plĂcĞ�Žn�thĞ�t^��Žn��ŽiŵbƌĂ͖

2. ϯ.��ǀĞnt:�tĞ�pƌŽŵŽtĞĚ�thĞ�public�ĞǀĞnt�͞/Ɛ�ƐlĞĞp�Ă�ǁĂƐtĞ�ŽĨ�ƟŵĞ͍͟� in��ǆplŽƌĂtſƌiŽ�ƐciĞncĞ�cĞntĞƌ.�dhiƐ� inĨŽƌŵĂl�
ƐĞƐƐiŽn� tĂƌŐĞt� chilĚƌĞn� ĨƌŽŵ� ĞlĞŵĞntĂƌǇ� ƐchŽŽl� ĂnĚ� ĞǆplŽƌĞĚ� thĞ� iŵpŽƌtĂncĞ� ŽĨ� ƐlĞĞp.� dhĞ� ĞǀĞnt� ŽccuƌƌĞĚ� Ăt�
,ĞŵiƐĨĞƌiuŵ�ĂnĚ�cŽuntĞĚ�ǁith�thĞ�pĂƌƟcipĂƟŽn�ŽĨ�ŽnĞ�ŵĞĚicĂl�ĚŽctŽƌ�ĂnĚ�ŽnĞ�nĞuƌŽƐciĞnƟƐt.��bŽut�ϯϬ�chilĚƌĞn�
pĂƌƟcipĂtĞĚ.�

3. ϰ.�siĚĞŽ:�Ă�ǀiĚĞŽ�ǁĂƐ�ĞlĂbŽƌĂtĞĚ�tŽ�ĂlĞƌt�ĨŽƌ�thĞ�iŵpŽƌtĂncĞ�ŽĨ�ĂttĞnĚinŐ�tŽ�ƐlĞĞp�ƌhǇthŵƐ�tŽ�ĂchiĞǀĞ�Ă�hĞĂlthǇ�liĨĞ.�
/t�ǁĂƐ�ƐpƌĞĂĚ�Žut�tŽ�ŵĂin�ds�chĂnnĞlƐ͕�ŵĂnǇ�hŽƐpitĂlƐ�ĂnĚ�hĞĂlth�cĞntƌĞƐ͕�hŽŵĞcĂƌĞ�pƌŽǀiĚĞƌƐ͕�phĂƌŵĂciĞƐ͕�ƐitĞ͕�
ƐŽciĂl�nĞtǁŽƌŬƐ�;ŵŽƌĞ�thĂn�ϯϯϬ�ϬϬϬ�ǀiĞǁƐ�ĂllͿ͖

4. ϱ.�DĂnǇ�intĞƌǀiĞǁƐ�Žn�thĞ�ŵĂin�ds�chĂnnĞlƐ͕�ƌĂĚiŽ͕�ŵĂŐĂǌinĞƐ�ĂnĚ�nĞǁpĂpĞƌƐ.

^�/�E���/E�d,��>A�
^�Wd�D��R�ϮϬϭϴ

^ciĞncĞ� in� thĞ�>Ăb�pƌŽŐƌĂŵ͕�ƐuppŽƌtĞĚ�bǇ��iġnciĂ�siǀĂ͕� ƌĂiƐĞƐ�hiŐh�ƐchŽŽl� ƐtuĚĞntƐ͛�ĂǁĂƌĞnĞƐƐ�ŽĨ�cĂƌĞĞƌ�ŽppŽƌtuniƟĞƐ� in�
nuŵĞƌŽuƐ�ƐciĞnƟĮc�ĮĞlĚƐ͕�nĂŵĞlǇ�thĞ�biŽŵĞĚicĂl�ƐciĞncĞƐ͕�bǇ�pƌŽŵŽƟnŐ�ƐciĞncĞ�ĞĚucĂƟŽn�ĂnĚ�ĞǆpĞƌiŵĞntĂl�ƌĞƐĞĂƌch.�/n�
ϮϬϭϴ�ǁĞ�ƌĞcĞiǀĞĚ�Ϯϯ�hiŐh-ƐchŽŽl�ĨŽƌ�intĞƌnƐhipƐ�in�ĚiīĞƌĞnt�ƌĞƐĞĂƌch�ĮĞlĚƐ�;dĂblĞ�ϭ͖�&iŐuƌĞ�ϴͿ.�dhiƐ�iniƟĂƟǀĞ�ǁĂƐ�Ăn�ŽppŽƌtunitǇ�
tŽ�cŽnĚuct�hĂnĚƐ-Žn�ƌĞƐĞĂƌch�unĚĞƌ�thĞ�ŵĞntŽƌƐhip�ŽĨ�ĞǆpĞƌiĞncĞĚ�inƐtƌuctŽƌƐ�Ăt�ŽnĞ�ŽĨ�thĞ�nĂƟŽnĂl Ɛ͛�pƌĞŵiĞƌ�biŽŵĞĚicĂl�
ƌĞƐĞĂƌch�ĨĂciliƟĞƐ.�dhĞ�ϭϮ�ƐciĞnƟĮc�intĞƌnƐhipƐ�ŽīĞƌĞĚ�in�ϮϬϭϴ�ǁĞƌĞ�thĞ�ĨŽllŽǁinŐ:��

Table 1 – Internships for high-school students from “Science in the Lab” programme. 
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Figure 8 – Students involved in the Science in the Lab project 2018.

^�/�E���/E�d,��^hDD�R�
:h>z�AE��^�Wd�D��R�ϮϬϭϴ

�uƌinŐ�ϮϬ�ĚĂǇƐ͕�^ciĞncĞ��ŽŵŵunicĂƟŽn�KĸcĞ͕�ǁith�ZſŵulŽ�^ciĞncĞ��ĞntĞƌ�ĂnĚ�^ciĞncĞ�DuƐĞuŵ͕�ĚĞǀĞlŽpĞĚ�ĂcƟǀiƟĞƐ�tŽ�
ƐŽciĞtǇ�in�ƐtƌĞĞtƐ�ŽĨ�thĞ��ŽiŵbƌĂǲƐ�ĚŽǁntŽǁn�;�ĂĨĠ�^ĂntĂ��ƌuǌͿ�in�ŽƌĚĞƌ�tŽ�bƌinŐ�ƐciĞnƟĮc�ŬnŽǁlĞĚŐĞ�clŽƐĞ�tŽ�cŽŵŵunitǇ.�ϭϬ�
ƌĞƐĞĂƌchĞƌƐ�ĂcƟǀĞlǇ�pĂƌƟcipĂtĞĚ�in�thiƐ�iniƟĂƟǀĞ.�

�hRKW�AE�R�^�AR�,�R^ǲE/',d�Έ�REΉ�
^�Wd�D��R�ϮϬϭϴ

�uƌŽpĞĂn�ZĞƐĞĂƌchĞƌƐǲ�EiŐht�iƐ�Ăn�iniƟĂƟǀĞ�pƌŽŵŽtĞĚ�bǇ�thĞ��uƌŽpĞĂn�hniŽn�thĂt�ĂiŵƐ�tŽ�ũŽin�ĞĚucĂƟŽn�ĂnĚ�ĞntĞƌtĂinŵĞnt�
cƌĞĂƟnŐ�ŵĞĞƟnŐ�plĂcĞƐ�bĞtǁĞĞn�ƐciĞnƟƐtƐ�ĂnĚ�ĚiīĞƌĞnt�public͕�pƌŽŵŽƟnŐ�Ă�ƌĞĂl�intĞƌĂcƟŽn�thƌŽuŐh�ƐciĞncĞ�cŽŵŵunicĂƟŽn�
ƐtƌĂtĞŐiĞƐ� ĂƐ� hĂnĚƐ-Žn� ĂcƟǀiƟĞƐ͕� ŽnĞ-Žn-ŽnĞ� cŽnǀĞƌƐĂƟŽnƐ͕� ĞǆhibiƟŽnƐ� ĂnĚ� ĂƌƟƐƟc� pĞƌĨŽƌŵĂncĞƐ.� /n� �ŽiŵbƌĂ� �ZE� ǁĂƐ�
ŽƌŐĂniǌĞĚ�bǇ�hniǀĞƌƐitǇ�ŽĨ��ŽiŵbƌĂ��E��hĂƐ�bĞĞn�Ă�pĂƌtnĞƌ�ŽĨ� thiƐ�ĞǀĞnt� in��ŽiŵbƌĂ�ƐincĞ�ϮϬϬϵ.� � /n�ϮϬϭϴ��E�./�/>/�ǁĞƌĞ�
Ăt� �ŽiŵbƌĂ� �ŽtĂnicĂl� 'ĂƌĚĞn� ĂnĚ� Ăt� ^ciĞncĞ�DuƐĞuŵ.�tĞ� ĚĞǀĞlŽpĞĚ� Ă� ƐĞt� ŽĨ� hĂnĚƐ-Žn� ĂcƟǀiƟĞƐ� ;in� ĚiīĞƌĞnt� ĮĞlĚƐ� ĂƐ�
nĞuƌŽƐciĞncĞ͕�cĞll�biŽlŽŐǇ͕ �ŵicƌŽƐcŽpǇͿ�ĂnĚ��E�./�/>/�ƌĞƐĞĂƌchĞƌƐ�pĂƌƟcipĂtĞĚ�in�ŽnĞ-tŽ-ŽnĞ�cŽnǀĞƌƐĂƟŽnƐ�ǁith�publicƐ.�DŽƌĞ�
thĂn�ϭϬϬ�ƌĞƐĞĂƌchĞƌƐ�ĨƌŽŵ��E�./�/>/�pĂƌƟcipĂtĞĚ�in�thiƐ�iniƟĂƟǀĞ�ǁith�ϭϵ�hĂnĚƐ-Žn�ĂcƟǀiƟĞƐ͕�ƐpĞĞĚ-ĚĂƟnŐ�ĂnĚ�Ăn�ĂƌtΘƐciĞncĞ�
pĞƌĨŽƌŵĂncĞ�;cŽllĂbŽƌĂƟŽn�ǁith�DĂƌiŽnĞtͿ.�DŽƌĞ�thĂn�ϭϭϬϬ�pĞŽplĞ�ǀiƐitĞĚ��ŽtĂnicĂl�'ĂƌĚĞn�ĂnĚ�^ciĞncĞ�DuƐĞuŵ�ĚuƌinŐ�
�ZE.

��h�Ad/KEA>�/E/d/Ad/s�^�t/d,�/��

/nƐƟtutŽ�ĚĞ��ĚucĂĕĆŽ�Ğ��iĚĂĚĂniĂ�;/��Ϳ�iƐ�Ă�ƐciĞncĞ�cĞntĞƌ�in�DĂŵĂƌƌŽƐĂ�thĂt�pƌŽŵŽtĞƐ�thĞ�ƐciĞncĞ�ĞĚucĂƟŽn�ĂŵŽnŐ�thĞ�lŽcĂl�
cŽŵŵunitǇ.��E��ĂcƟǀĞlǇ�cŽllĂbŽƌĂtĞ�ǁith�/���iniƟĂƟǀĞƐ:�ŽǀĞƌĂll�ϭϴϯ�pĞŽplĞ�pĂƌƟcipĂtĞĚ�in�thĞ�ĂcƟǀiƟĞƐ�thĂt�inǀŽlǀĞĚ�ϯϱ��E��
ƌĞƐĞĂƌchĞƌƐ.�/n�ϮϬϭϴ͕��E��ƌĞƐĞĂƌchĞƌƐ�pĂƌƟcipĂtĞ�in�ƐĞǀĞƌĂl�iniƟĂƟǀĞƐ:�

ͻ� ϯ��ŽnĨĞƌĞncĞƐ�;ϵϵ�pĂƌƟcipĂntƐͿ:�
1. ͞�ĠlulĂƐ�ĞƐtĂŵinĂiƐ:�Ž�ƋuĞ�ƐĆŽ͍�KnĚĞ�ĞƐtĆŽ͍͟
2. ͞�nĄliƐĞ�ĚĞ�ciƌcuitŽƐ�nĞuƌŽnĂiƐ�Ğŵ�ĚŽĞnĕĂƐ�pƐiƋuiĄtƌicĂƐ͟
3. ͞��ĚŽĞnĕĂ�ĚĞ�WĂƌŬinƐŽn:�ĚiĨĞƌĞntĞƐ�ŵĞcĂniƐŵŽƐ͕�Ă�ŵĞƐŵĂ�;ĚiƐͿĨunĕĆŽ͟

ͻ� ϳ��ĚǀĂncĞĚ�cŽuƌƐĞƐ�ĨŽƌ�hiŐh-ƐchŽŽl�ƐtuĚĞntƐ�ĂnĚ�tĞĂchĞƌƐ�;ϳϬ�pĂƌƟcipĂntƐͿ:�
1. ͞�iŽlŽŐiĂ�ŵŽlĞculĂƌ:�ĚŽ�ŐĞnĞ�ă�pƌŽtĞinĂ͟
2. ͞�ĞƐĂĮŽƐ�nĂ�ƐĂƷĚĞ:�ĚŽĞnĕĂƐ�ĚŽ�ƐĠc.yy/͟
3. “Diabetes gestacional”
4. “Neurociências I”
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5.     “Neurociências II”
ϲ.�����͞ZĞŐulĂĕĆŽ�cĞlulĂƌ͟
ϳ.�����͞DĞtĂbŽliƐŵŽ�Ğ�ĞnǀĞlhĞciŵĞntŽ:�ă�pƌŽcuƌĂ�ĚŽ�Ğliǆiƌ�ĚĂ�ũuǀĞntuĚĞ͟

ͻ� ϯ�intĞƌnƐhip�pƌŽŐƌĂŵĞƐ�ĨŽƌ�hiŐh-ƐchŽŽl�ƐtuĚĞntƐ�;ϭϰ�pĂƌƟcipĂntƐͿ

d,�AdR��Θ�^�/�E���

^incĞ� ϮϬϬϵ� �E�� hĂƐ� pĂƌƟcipĂtĞĚ� in� ƐĞǀĞƌĂl� ĂcƟǀiƟĞƐ� thĂt� uƐĞ� thĞ� ĂƌƟƐƟc� lĂnŐuĂŐĞ� tŽ� ĞǆplŽƌĞ� ƐciĞnƟĮc�
ƐubũĞctƐ� in� ŽnĞ� ĂttĞŵpt� tŽ� cƌĞĂtĞ� nĞǁ� ǁĂǇƐ� ŽĨ� cŽŵŵunicĂƟnŐ� ǁith� thĞ� public.� ^ĞǀĞƌĂl� thĞĂtƌĞ� plĂǇƐ� ǁĞƌĞ�
ƐtĂŐĞĚ� in� clŽƐĞ� cŽllĂbŽƌĂƟŽn� ǁith� �E�� ƌĞƐĞĂƌchĞƌƐ͕� ĞithĞƌ� ĂƐ� ĂctŽƌƐ͕� ĂuthŽƌƐ� Žƌ� ƐŽuƌcĞƐ� ŽĨ� inƐpiƌĂƟŽn.�
/n� ϮϬϭϴ� Žuƌ� ƌĞƐĞĂƌchĞƌƐ� cŽllĂbŽƌĂtĞ� ǁith� tǁŽ� ĚiīĞƌĞnt� pƌŽũĞctƐ� ǁith� DĂƌiŽnĞt� thĞĂtƌĞ� cŽŵpĂnǇ:� 

• ^ŝƐƚĞŵĂƐ�ĐŽƌƉŽƌĂŝƐ�
�E��ǁĂƐ�Ăn�ĂcƟǀĞ�pĂƌtnĞƌ�in�͞^iƐtĞŵĂƐ��ŽƌpŽƌĂiƐ͟�pƌŽũĞct.�/n�ϮϬϭϴ͕��E��pĂƌƟcipĂtĞĚ�in�thĞ�ĨŽllŽǁinŐ�iniƟĂƟǀĞƐ:�
ͻ� dhĞ��ŵpĂƟc�>iŵbŽ�plĂǇ:��E��ƌĞƐĞĂƌchĞƌƐ�ǁĞƌĞ�Ăt�thĞ�thĞĂtƌĞ�ĨŽǇĞƌ�bĞĨŽƌĞ�ĂnĚ�ĂŌĞƌ�thĞ�plĂǇ�tĂlŬinŐ�ĂbŽut�

nĞuƌŽƐciĞncĞ�iƐƐuĞƐ͖�
ͻ� dhĞ�̂ ĞcƌĞt�ŐlĂnĚ�plĂǇ:��E��pĂƌƟcipĂtĞĚ�in�thĞ�cŽnƐtƌucƟŽn�ŽĨ�Ăn�ĂƌtΘƐciĞncĞ�ǁŽƌŬƐhŽp�tĂƌŐĞƟnŐ�chilĚƌĞn�ĂbŽut�

thĞ�bƌĂin�ĂnĚ�nĞuƌŽnƐ.�tĞ�ŽƌŐĂniǌĞĚ�Ă�pilŽt�ƐĞƐƐiŽn�ǁith�ϮϬ�pƌiŵĂƌǇ�ƐchŽŽl�ƐtuĚĞntƐ�tŽ�tĞƐt�thĞ�ǁŽƌŬƐhŽp.�dhĞ�
ǁŽƌŬƐhŽp�ǁill�ĂccŽŵpĂnǇ�Ă�thĞĂtƌĞ�plĂǇ�ĂbŽut�bŽĚǇ�ƐǇƐtĞŵƐ.�

• hŶŬŶŽǁŶŶĞƐƐ�>Ăď�
dhĞ�͚hnŬnŽǁnnĞƐƐ�>Ăb͛�iƐ�Ă�ƌĞƐĞĂƌch�ĂnĚ�cƌĞĂƟŽn�iniƟĂƟǀĞ�tŽ�tĂcŬlĞ�ƐciĞnƟĮc�chĂllĞnŐĞƐ�ǁith�Ăn�intĞƌĚiƐciplinĂƌǇ�
tĞĂŵ�ŽĨ�ƐciĞnƟƐtƐ�ĂnĚ�ĂƌƟƐtƐ.�dhĞ�Ăiŵ�iƐ�tŽ�ĂĚĚƌĞƐƐ�unƌĞƐŽlǀĞĚ�ƐciĞnƟĮc�pƌŽblĞŵƐ�uƐinŐ�ĂƌƟƐƟc�pĞƌƐpĞcƟǀĞƐ͕�tŽŽlƐ�
ĂnĚ�tĞchniƋuĞƐ͕�tƌǇinŐ�tŽ�ĂchiĞǀĞ͕�ĞǀĞntuĂllǇ͕ �ƐŽŵĞ�pƌŽŐƌĞƐƐ�Žƌ�ĞnliŐhtĞnŵĞnt�ƌĞŐĂƌĚinŐ�thŽƐĞ�pƌŽblĞŵƐ͕�ĂnĚ�tŽ�
ĞǀĂluĂtĞ�thĞ�pƌŽcĞƐƐ�ĂnĚ�pŽƐƐiblĞ�ĂĚǀĂntĂŐĞƐ�ŽĨ�ĂĚĚƌĞƐƐinŐ�ƐciĞnƟĮc�ƋuĞƐƟŽnƐ�in�Ăn�intĞƌĚiƐciplinĂƌǇ�ǁĂǇ.�/n�ϮϬϭϴ͕�
thĞ�͚hnͺnͺͺnnͺͺͺ>Ăb͛�hĂĚ�Ă�ϯ�ĞǀĞnt�ǁhĞƌĞ�thĞ�pƌŽblĞŵ�Ăt�ƐtĂŬĞ�iƐ�ĚiƐcuƐƐĞĚ�ĂnĚ�thĞ�ƌĞƐultƐ�ŽĨ�thĞ�ƌĞƐĞĂƌch�ĂƌĞ�
pƌĞƐĞntĞĚ.�dhĞ�ĮƌƐt�public�ƐĞƐƐiŽn�tŽŽŬ�plĂcĞ� in�^ĞptĞŵbĞƌ�ϮϬϭϴ͕�ĚuƌinŐ��uƌŽpĞĂn�ZĞƐĞĂƌchĞƌƐǲEiŐht�ĂnĚ�cŽunt�
ǁith�Ăn�ĂuĚiĞncĞ�ŽĨ�Ϯϴ�pĞŽplĞ.���thĞĂtƌĞ�pĞƌĨŽƌŵĂncĞ�ĂbŽut�K^��;KbƐtƌucƟǀĞ�^lĞĞp��pnĞĂͿ�ǁĂƐ�ƐtĂŐĞĚ.�ϲ��E��
ƌĞƐĞĂƌchĞƌƐ�ǁĞƌĞ�inǀŽlǀĞĚ�in�thĞ�ŵĞĞƟnŐƐ͕�ĚiƐcuƐƐiŽn�ĂnĚ�pƌĞpĂƌĂƟŽn�ŽĨ�thĞ�thĞĂtƌĞ�pĞƌĨŽƌŵĂncĞ.�

�RA/E��h^<�R^

dhĞ��ƌĂin��uƐŬĞƌƐ�pƌŽũĞct�ĂiŵƐ�tŽ�pƌŽŵŽtĞ�public�ĞnŐĂŐĞŵĞnt�in�ƐciĞncĞ͕�ũŽininŐ�ƐciĞncĞ�ǁith�thĞ�ĚĂilǇ�ĂnĚ�cultuƌĂl�liĨĞ�ŽĨ�thĞ�
citǇ͕ �ĂnĚ�hĂǀĞ�Ăn�iŵpĂct�Žn�lŽcĂl�cŽŵŵuniƟĞƐ.�
/tƐ�inĨŽƌŵĂl�nĂtuƌĞ�pƌŽŵŽtĞƐ�thĞ�unĚĞƌƐtĂnĚinŐ�ŽĨ�ĚĂilǇ-liĨĞ�biŽchĞŵicĂl�phĞnŽŵĞnĂ͕�ĚĞŵǇƐƟĨǇinŐ�thĞ�iŵĂŐĞ�ŽĨ�ƐciĞnƟƐtƐ͕�
ĂnĚ�incƌĞĂƐinŐ�thĞ�ƐciĞnƟĮc�litĞƌĂcǇ.�
dhiƐ�pƌŽũĞct�ĂlƐŽ�ƌĞǀĞĂlĞĚ�tŽ�bĞ�iŵpŽƌtĂnt�tŽ�ƐciĞnƟƐtƐ�tŽ�inƐpiƌĞ�nĞǁ�ŐĞnĞƌĂƟŽnƐ�ǁith�ƐciĞnƟĮc�ŬnŽǁlĞĚŐĞ�tŽ�cŽŵŵunicĂtĞ�
ƐciĞncĞ�ǁith�thĞ�ƐŽciĞtǇ.�/nƐpiƌĞĚ�bǇ�buƐŬĞƌƐ͛�ƐtƌĞĞt�pĞƌĨŽƌŵĂncĞƐ͕�thĞ�pƌŽũĞct�͞�ƌĂin��uƐŬĞƌƐ͟�ǁĂƐ�bŽƌn�ĂiŵinŐ�tŽ�cĂptuƌĞ�
thĞ�ĂttĞnƟŽn�ŽĨ�thĞ�public�tŽ�unǀĞil�ĂnĚ�ĞǆplŽƌĞ�biŽchĞŵicĂl�phĞnŽŵĞnĂ�in�Ăn�inĨŽƌŵĂl�ĞnǀiƌŽnŵĞnt͕�tĂŬinŐ�ĂĚǀĂntĂŐĞ�ŽĨ�thĞ�
ƐciĞnƟĮc�ĞǆpĞƌƟƐĞ�ŽĨ�thĞ�ƌĞƐĞĂƌchĞƌƐ�Žuƌ�cĞntĞƌ.�
dhĞ�ƌĞƐĞĂƌchĞƌƐ�lĞŌ�thĞiƌ�lĂbŽƌĂtŽƌiĞƐ�ĂnĚ�ĞŵbƌĂcĞĚ�thĞ�chĂllĞnŐĞ�tŽ�tĂŬĞ�ƐciĞncĞ�tŽ�thĞ�citǇ Ɛ͛�ĚĂilǇ�liĨĞ�ĂnĚ�cŽŵŵunicĂtĞ�
ǁith�thĞ�ƐŽciĞtǇ�in�public�ƐpĂcĞƐ͕�Ɛuch�ĂƐ�ƐtƌĞĞtƐ͕�pĂƌŬƐ͕�bĞĂchĞƐ�ĂnĚ�pubƐ͕�ĂŵŽnŐ�ŽthĞƌƐ.�tith�thiƐ�pƌŽũĞct͕�ǁĞ�ĂiŵĞĚ�tŽ�bƌinŐ�
ƐciĞncĞ�clŽƐĞ�tŽ�thĞ�ƐŽciĞtǇ�bǇ�cƌĞĂƟnŐ�ŵĞĞƟnŐ�plĂcĞƐ�bĞtǁĞĞn�ƐciĞnƟƐtƐ�ĂnĚ�ciƟǌĞnƐ͕�builĚinŐ� inĨŽƌŵĂl�ĂnĚ�unĞǆpĞctĞĚ�
cŽnǀĞƌƐĂƟŽnƐ� ĂbŽut� ƐciĞnƟĮc� cŽntĞntƐ͕� ǁith� ŵĂin� ĨŽcuƐ� Žn� �E�./�/>/� tĂƌŐĞt� ƌĞƐĞĂƌch� ĮĞlĚƐ:� nĞuƌŽƐciĞncĞ͕� ŵĞtĂbŽliƐŵ�
ĂnĚ�biŽtĞchnŽlŽŐǇ.� /n� tŽtĂl͕�ǁĞ�hĂĚ� ĂƌŽunĚ�ϳϲϰ�pĞŽplĞ�pĂƌƟcipĂƟnŐ� in�Žuƌ� ĂcƟǀiƟĞƐ� thƌŽuŐhŽut� thĞ�ϭϲ�ĞǀĞntƐ�ǁith� thĞ�
pĂƌƟcipĂƟŽn�ŽĨ�Ϯϰ�ƌĞƐĞĂƌchĞƌƐ�;&iŐuƌĞ�ϵ͖�dĂblĞ�ϮͿ.�
dhiƐ�pƌŽũĞct�ǁĂƐ�ƐpŽnƐŽƌĞĚ�bǇ��iŽchĞŵicĂl�^ŽciĞtǇ.�
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Figure 9 – Some of Brain Buskers events. 

Table 2 – Details of the Brain Buskers events. 
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ϯR��^�/�E���&�^d/sA>�͵�K>/s�/RA��K��A/RRK�Έ&��/K�Ή
K�dK��Z�ϮϬϭϴ

&Ğ�iK�� iƐ�Ă�ƐciĞncĞ�ĨĞƐƟǀĂl�thĂt�hĂppĞnĞĚ�ĞǀĞƌǇ�ǇĞĂƌ� in�KliǀĞiƌĂ�ĚŽ��ĂiƌƌŽ�ĚuƌinŐ�ϯ�ĚĂǇƐ͕�pƌŽŵŽtĞĚ�bǇ��ąŵĂƌĂ�DunicipĂl�
ĚĞ�KliǀĞiƌĂ�ĚŽ��ĂiƌƌŽ�ĂnĚ�/nƐƟtutŽ�ĚĞ��ĚucĂĕĆŽ�Ğ��iĚĂĚĂniĂ.�Ϯϭ��E�./�/>/�ƌĞƐĞĂƌchĞƌƐ�pĂƌƟcipĂtĞĚ�ǁith�hĂnĚƐ-Žn�ĂcƟǀiƟĞƐ͕�
ŐĂŵĞƐ�ĂnĚ�tĂlŬƐ.��EuŵbĞƌƐ�ĨƌŽŵ�&Ğ�iK��ϮϬϭϴ�ƐhŽǁĞĚ�thĂt�ŵŽƌĞ�thĂn�ϱϱϬϬ�pĞŽplĞ�ǀiƐitĞĚ�thĞ�iniƟĂƟǀĞ.�

Figure 10 – Researchers in FeCiOB 2018. 

^�/�E���Θ�d��,EK>K'z�t��<�
EKs�D��Z�ϮϬϭϴ

�uƌinŐ�^ciĞncĞ�Θ�dĞchnŽlŽŐǇ�tĞĞŬ��E�./�/>/� ƌĞƐĞĂƌchĞƌƐ�pƌŽŵŽtĞĚ�ƐĞǀĞƌĂl� ƐciĞncĞ�cŽŵŵunicĂƟŽn� iniƟĂƟǀĞƐ� in�ĚiīĞƌĞnt�
ǀĞnuĞƐ.� dhiƐ� iniƟĂƟǀĞ� inǀŽlǀĞĚ� ϰϬ� �E�./�/>/� ƌĞƐĞĂƌchĞƌƐ� ĂnĚ�ŵŽƌĞ� thĂn� ϴϮϬ� pĞƌƐŽnƐ.� ^ciĞncĞ� Θ� dĞchnŽlŽŐǇ�tĞĞŬ� ϮϬϭϴ�
pƌŽŵŽtĞĚ�thĞ�ĨŽllŽǁinŐ�ĂcƟǀiƟĞƐ:�

ͻ� siƐitƐ� tŽ� ƐchŽŽlƐ� ;ϭϯ�ǀiƐitƐ� tŽ� ƐchŽŽlƐ͕�ŵŽƌĞ� thĂn�ϰϯϬ�ƐtuĚĞntƐ� ĨƌŽŵ�ŬinĚĞƌŐĂƌtĞn� tŽ� ƐĞcŽnĚĂƌǇ� ƐchŽŽlƐ�ǁith� thĞ�
pĂƌƟcipĂƟŽn�ŽĨ�Ϯϳ�ƌĞƐĞĂƌchĞƌƐͿ͖�

ͻ� KpĞn�>ĂbƐ�;ϱ�ŽpĞn�lĂbƐ͕�ϳϴ�ƐtuĚĞntƐ�ĨƌŽŵ�ŬinĚĞƌŐĂƌtĞn�tŽ�ƐĞcŽnĚĂƌǇ�ƐchŽŽlƐ�ǁith�thĞ�pĂƌƟcipĂƟŽn�ŽĨ�ϭϮ�ƌĞƐĞĂƌchĞƌƐͿ
ͻ� ^ciĞnƟƐtƐ�Žn�thĞ��uƐ�;ϱ�iniƟĂƟǀĞƐ͕�ŵŽƌĞ�thĂn�ϭϴϬ�pĞŽplĞ�ƌĞĂchĞĚ�ǁith�thĞ�pĂƌƟcipĂƟŽn�ŽĨ�ϭϭ�ƌĞƐĞĂƌchĞƌƐͿ
ͻ� Wubh���ŽiŵbƌĂ�;ϭ�iniƟĂƟǀĞ͕�͕�ŵŽƌĞ�thĂn�ϱϬ�pĞŽplĞ�Žn�thĞ�ĂuĚiĞncĞ�ǁith�thĞ�pĂƌƟcipĂƟŽn�ŽĨ�ϭ��E�./�/>/�ƌĞƐĞĂƌchĞƌͿ
ͻ� ^ciĞncĞ��ĂǇ�Ăt�silĂ�EŽǀĂ�ĚŽ�dĂǌĞŵ�;ϭ�iniƟĂƟǀĞ͕�ŵŽƌĞ�thĂn�ϵϬ�pĞƌƐŽnƐ�ƌĞĂchĞĚ�ǁith�thĞ�pĂƌƟcipĂƟŽn�ŽĨ�Ϯ��E�./�/>/�

researchers)

Figure 11 – Some photos of Science & Technology Week 2018.
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^�/�E���Ad��h'
:h>z�ϮϬϭϴ

dhĞ��uƌŽpĞĂn�hniǀĞƌƐitǇ�'ĂŵĞƐ�;�h'Ϳ�ĂnĚ�ƐŽŵĞ��E��ƌĞƐĞĂƌchĞƌƐ͕�nĂŵĞlǇ�ĨƌŽŵ��uƌŽpĞĂn�pƌŽũĞct�&K/��'Z�^�;cŽŽƌĚinĂtĞĚ�bǇ�
�E�Ϳ͕�pĂƌtnĞƌĞĚ�tŽ�cŽŵŵunicĂtĞ�thĞ�biŽlŽŐicĂl�unĚĞƌpinninŐƐ�ŽĨ�ĞǆĞƌciƐĞ�pƌĂcƟcĞ�Žn�Žuƌ�bŽĚǇ�in�ŽƌĚĞƌ�tŽ�pƌŽŵŽtĞ�Ă�hĞĂlthǇ�
liĨĞƐtǇlĞ� ĨŽƌ�bŽĚǇ�ĂnĚ�ŵinĚ.� &Žƌ� thiƐ�puƌpŽƐĞ͕� ϱϮ� ƌĞƐĞĂƌchĞƌƐ�ǁĞƌĞ� inǀŽlǀĞĚ� in�ǁƌiƟnŐ�ϭϰ� illuƐtƌĂtĞĚ� chƌŽniclĞƐ�publiƐhĞĚ�
biǁĞĞŬlǇ� in��iĄƌiŽ�ĚĞ��ŽiŵbƌĂ͕�ƌĞcŽƌĚinŐ�ƐhŽƌt�ƌĂĚiŽ�ƌubƌicƐ�Ăt�ZĂĚiŽ�hniǀĞƌƐiĚĂĚĞ�ĚĞ��ŽiŵbƌĂ�;Zh�Ϳ�ĂnĚ�pĂƌƟcipĂƟnŐ� in�
ƐpĞĞĚ-ĚĂƟnŐ�Ăt�Ăn� intĞƌĂcƟǀĞ�ŽutƌĞĂch�bŽŽth�;dhĞ�WĂĚĚlĞ��ĂƌͿ�Ăt� thĞ��h'ϮϬϭϴ�pƌĞcinct�ĚuƌinŐ�thĞ�ŐĂŵĞƐ�pĞƌiŽĚ.� /n�thĞ�
ĚŽŵĂin�ŽĨ��ƌtн^ciĞncĞ͕�bĞƐiĚĞƐ�thĞ�illuƐtƌĂƟŽnƐ�ĨŽƌ�thĞ�chƌŽniclĞƐ͕�Ăn�illuƐtƌĂtŽƌ�ǁŽƌŬĞĚ�tŽŐĞthĞƌ�ǁith�ƐŽŵĞ�ƌĞƐĞĂƌchĞƌƐ�ĨŽƌ�
thĞ�pƌŽĚucƟŽn�ŽĨ�Ă�ƐhŽƌt�cŽŵic�lĂunchĞĚ�in�WƷblicŽ�ŽnlinĞ.��h'-�E��pƌŽũĞct�intĞnĚĞĚ�tŽ�ƌĞĂch�Ă�bƌŽĂĚĞƌ�ĂnĚ�ŵŽƌĞ�ĚiǀĞƌƐĞ�
public�ĂƐ�pŽƐƐiblĞ�bǇ�cƌĞĂƟnŐ�cŽntĞnt� tŽ�bĞ�ĚiƐplĂǇĞĚ� thƌŽuŐh�ŵulƟplĞ� ĨŽƌŵĂtƐ�ĂnĚ�ǀiĂ�ĚiīĞƌĞnt�ŵĞĚiuŵƐ͕�ĞnŐĂŐinŐ� thĞ�
ĂuĚiĞncĞ�Žn�thĞiƌ�ŵŽƐt�pƌĞĨĞƌƌĞĚ�cŽŵŵunicĂƟŽn�chĂnnĞl.�
dhĞn�ƐĞǀĞƌĂl�iniƟĂƟǀĞƐ�tŽŽŬ�plĂcĞ:�

1. /lluƐtƌĂtĞĚ��hƌŽniclĞƐ:�

tĞ� pƌŽĚucĞĚ� ϭϰ� illuƐtƌĂtĞĚ� chƌŽniclĞƐ� thĂt�ǁĞƌĞ� publiƐhĞĚ� in� �iĄƌiŽ� ĚĞ� �ŽiŵbƌĂ� ;ƌĞŐiŽnĂl� nĞǁƐpĂpĞƌ� ʹ� ĚĂilǇ� ciƌculĂƟŽn�
nuŵbĞƌ:� ϳϮϯϵ� ƌĞĂĚĞƌƐ/ĚĂǇͿ͕� �h'�nĞǁƐlĞttĞƌ� ;ϯϲϭϮ� ƐubƐcƌibĞƌƐͿ� ĂnĚ�ǁĞbƐitĞƐ� ʹ� �E�� ;ϯϬϴϭ� ǀiƐuĂliǌĂƟŽn� bĞtǁĞĞn� :ul-^Ğp�
ϮϬϭϴͿ͕���h'�;ϭϯϰϵ�ǀiƐuĂliǌĂƟŽnƐ�bĞtǁĞĞn�:ul-^Ğp�ϮϬϭϴͿ�ĂnĚ�&K/��'Z�^�;ϱϳ�ǀiƐuĂliǌĂƟŽnƐ�bĞtǁĞĞn�:ul-^Ğp�ϮϬϭϴͿ.�dhĞ�thĞŵĞƐ�
ĞǆplŽƌĞĚ�ǁĞƌĞ:�

ͻ� WhǇƐicĂl�ĞǆĞƌciƐĞ͕�hĞĂlth�ĂnĚ�ĨĂt-ĨƌĞĞ�liǀĞƌƐ:��n�intƌŽĚucƟŽn
ͻ� WuŵpinŐ�ŵĞtĂbŽliƐŵ:�dhĞ�ƌŽlĞ�ŽĨ�ĞǆĞƌciƐĞ
ͻ� ,Žǁ�ŵǇ�ĨĂt�liǀĞƌ�bĞcĂŵĞ�ǀĞƌǇ�Ɛliŵ
ͻ� 'ŽŽĚ�ĨŽŽĚ�ĂnĚ�ĞǆĞƌciƐĞ�Ă�ĚĂǇ�ŬĞĞpƐ�thĞ�ĚŽctŽƌ�ĂǁĂǇ
ͻ� ��tĂlĞ�ŽĨ�Ă�;tŽŽ�ŵuchͿ�ƐuŐĂƌ�ĂnĚ�hŽǁ�tŽ�ĮŐht�it
ͻ� dhĞ�;ŐŽŽĚͿ�ƌĞƐiĚĞntƐ�ĨƌŽŵ�ǁithin�ĂnĚ�hŽǁ�tŽ�ŬĞĞp�thĞŵ�hĂppǇ
ͻ� �ǆĞƌciƐĞ�ĂnĚ�thĞ��ĂƌĚiŽǀĂƐculĂƌ�ƐǇƐtĞŵ:�/nƐĞpĂƌĂblĞ�in�hĞĂlth�ĂnĚ�ĚiƐĞĂƐĞ
ͻ� dhĞ�dic-dĂc�ŽĨ��ǆĞƌciƐĞ�WƌĂcƟcĞ
ͻ� �ǆĞƌciƐĞ�WƌĂcƟcĞ�ĂnĚ�;/nͿĨĞƌƟlitǇ
ͻ� �ǆĞƌciƐĞ�pƌĂcƟcĞ�ĂƐ�Ă�nĂtuƌĂl�bĞnĞĮciĂl�thĞƌĂpǇ�ĨŽƌ�ŵĞnŽpĂuƐĞ
ͻ� EŽt�tŽ�ŵŽǀĞ�bĞcĂuƐĞ�it�huƌtƐ͕�Žƌ�ŵŽǀinŐ�nŽt�tŽ�huƌt͍
ͻ� �ǆĞƌciƐĞ�WƌĂcƟcĞ�ĂnĚ��ƌĂin��ĞǀĞlŽpŵĞnt
ͻ� ^pŽƌtƐ�ĂnĚ�EĞuƌŽĚĞŐĞnĞƌĂƟǀĞ��iƐĞĂƐĞƐ
ͻ� DĞŵŽƌǇ�Zun�-��bŽut�thĞ�cŽŐniƟǀĞ�bĞnĞĮtƐ�ŽĨ�ĞǆĞƌciƐĞ

Figure 12 – Some illustrated chronicles (illustrations: Rui Tavares).



ϭϬϳ

Ϯ.� ZĂĚiŽ�piĞcĞƐ:�

tĞ�pƌŽĚucĞĚ�ǁith�Zh��ϭϯ�ƐŵĂll�ƌĂĚiŽ�piĞcĞƐ�thĂt�ĞǆplŽƌĞ�ƌĞlĂƟŽnƐhipƐ�bĞtǁĞĞn�ƐpŽƌtƐ�ĂnĚ�ƐciĞncĞ.�dhĞ�ƌĂĚiŽ�piĞcĞƐ��ǁĞnt�Ăiƌ�
ĞǀĞƌǇ�ĚĂǇ�ĚuƌinŐ��h'�;Ăt�ϭϬϳ.ϵ�&D�-�Zh�Ϳ�ĂnĚ�ǁĞƌĞ�ƐhĂƌĞĚ�in��E��ƐŽciĂl�nĞtǁŽƌŬƐ.�Zh��ĚĞĚicĂtĞĚ�Ă�Ϯ�hŽuƌ�ƌĂĚiŽ�pƌŽŐƌĂŵŵĞ�
tŽ�thiƐ�pƌŽũĞct.�^ĞĞ�hĞƌĞ�thĞ�ĮƌƐt�pĂƌt�ĂnĚ�thĞ�ƐĞcŽnĚ�pĂƌt.�

ϯ.� >ĞĂŇĞtƐ�͞,ĞĂlthǇ�liǀinŐ�ǁith�ĞǆĞƌciƐĞ͟

tĞ�pƌŽĚucĞĚ�ϮϬϬϬ� lĞĂŇĞtƐ�cŽntĂininŐ�thĞ� illuƐtƌĂƟŽnƐ�ĂnĚ�thĞ�ŵĂin�ƐciĞnƟĮc�ŵĞƐƐĂŐĞƐ�ŽĨ� thĞ�chƌŽniclĞƐ�ĂnĚ�ĚiƐtƌibutĞĚ�
thƌŽuŐh�thĞ�citǇ�ĚuƌinŐ��h'.�

Figure 13 – Leaflet (illustrations: Rui Tavares).

4. Short comic 

��ƐhŽƌt�cŽŵic�͞�ǆĞƌciƐĞ͕�ŵitŽchŽnĚƌiĂ͙Θ�hƐ͟�ǁĞƌĞ�lĂunchĞĚ�in�WƷblicŽ�ŽnlinĞ�ĚuƌinŐ�thĞ�ĮƌƐt�ĚĂǇ�ŽĨ��h'�ϮϬϭϴ.�dhĞ�cŽŵic�
ĞǆplŽƌĞĚ�ƐŽŵĞ�biŽŵĞĚicĂl�cŽntĞnt�ĂƐ�ĞnĞƌŐǇ�hŽŵĞŽƐtĂƐiƐ͕�ĞnĞƌŐǇ�ĞǆpĞnĚituƌĞ͕�ĂcƟn-ŵǇŽƐin�ƐǇƐtĞŵ͕�ŵitŽchŽnĚƌiĂl�biŽŐĞnĞƐiƐ�
ĂnĚ�phǇƐicĂl�ĂcƟǀitǇ�ƌĞcŽŵŵĞnĚĂƟŽnƐ.�dhĞ�nuŵbĞƌ�ŽĨ�thĞ�pĂŐĞǀiĞǁƐ�iƐ�ϲϴϭϰ.�

Figure 14 – Comic “Exercise, mitochondria...& Us” (illustrations: Rui Tavares).



ϭϬϴ

ϱ.� ^pĞĞĚ-ĚĂƟnŐ�ǁith�ƐciĞnƟƐtƐ�in�WĞĚĂl��Ăƌ�

�uƌinŐ��h'�;ϭϰth-Ϯϴth�:ulǇͿ�ǁĞ�pƌŽŵŽtĞ�ƐpĞĞĚ-ĚĂƟnŐ�ǁith�ƐciĞnƟƐtƐ�Ăt�thĞ�ŐĂŵĞƐ�ĂƌĞnĂ�;ĞǀĞƌǇ-ĚĂǇͿ.�ϭϭϭϮ�pĞŽplĞ�intĞƌĂct�
ǁith�ƌĞƐĞĂƌchĞƌƐ�in�WĞĚĂl��Ăƌ�ʹ�pĞŽplĞ�ĨƌŽŵ�ϯϯ�nĂƟŽnĂliƟĞƐ͕�ŵĂinlǇ�ǇŽunŐ�ĂĚultƐ�ĂnĚ�ϯϲй�ĂƌĞ�ĨŽƌĞiŐnĞƌ.�

Wh�,���K/D�RA�

Wubh��iƐ�Ăn�inĨŽƌŵĂl�ƐciĞncĞ�cŽŵŵunicĂƟŽn�iniƟĂƟǀĞ�ǁhĞƌĞ�Wh��ƐtuĚĞntƐ�ƐhĂƌĞ�thĞiƌ�pƌŽũĞctƐ͕�ĂǀŽiĚinŐ�Ă�ĨŽƌŵĂl�pƌĞƐĞntĂƟŽn.�
dhĞ�ĞǀĞnt�hĂppĞnƐ�ŵŽnthlǇ� in�Ă�ǀĞƌǇ�pŽpulĂƌ�pub�in��ŽiŵbƌĂ.��uƌinŐ�ϮϬϭϴ͕�ϭϮ�ƌĞƐĞĂƌchĞƌƐ�ĨƌŽŵ��E�./�/>/�pĂƌƟcipĂtĞĚ�in�
Wubh�.��Ăch�ĞĚiƟŽn�hĂƐ�Ăn�ĂǀĞƌĂŐĞ�ĂuĚiĞncĞ�ŽĨ�ϰϬ�pĞŽplĞ�thĞn�ĂbŽut�ϰϴϬ�pĞŽplĞ�intĞƌĂctĞĚ�ǁith�thiƐ�ĞǀĞnt.

Figure 15 – Participants of PubhD Coimbra during 2018 (some of them are from CNC.IBILI)

�KD/�^ 
D�Z�,͕�D�z��E��:h>z�ϮϬϭϴ

/n� ŽƌĚĞƌ� tŽ� ĞǆplŽƌĞ� ĚiīĞƌĞnt� lĂnŐuĂŐĞƐ� tŽ� cŽŵŵunicĂtĞ� ƐciĞnƟĮc� tŽpicƐ� ĂnĚ� tŽ� tĂƌŐĞt� ǁiĚĞ� ĂuĚiĞncĞƐ� ǁĞ� ĚĞǀĞlŽpĞĚ� Ă�
pĂƌtnĞƌƐhip�ǁith�:ŽƌnĂl�WƷblicŽ͕�ŽnĞ�ŽĨ�thĞ�ŵŽƐt�pƌĞƐƟŐiŽuƐ�ĚĂilǇ�nĞǁƐpĂpĞƌ�in�WŽƌtuŐĂl�;ĚĂilǇ�ciƌculĂƟŽn�nuŵbĞƌ:�ϯϯ�ϬϬϬͿ.�/n�
thiƐ�cŽntĞǆt�ǁĞ�pƌŽĚucĞĚ�thƌĞĞ�cŽŵicƐ͕�inǀŽlǀinŐ�ĚiīĞƌĞnt�ƌĞƐĞĂƌchĞƌƐ�ĂnĚ�Ăn�illuƐtƌĂtŽƌ:�ŽnĞ�ĂbŽut�ƐlĞĞp�;lĂunchĞĚ�Ăt�t^�Ϳ͕�
ŽnĞ�ZĞpƌŽĚucƟŽn�ĂnĚ�ŽnĞ�ĂbŽut�^ciĞncĞ�ĂnĚ�^pŽƌt�;lĂunchĞĚ�ĚuƌinŐ��h'�ϮϬϭϴ͕�ŽnlǇ�ŽnlinĞͿ.

Figure 16 – “Voyages in (in)fertility” - one of the comics produced during 2018 (illustrations: Rui Tavares).



ϭϬϵ

dRA/EE/E'�AE���KDDhE/�Ad/KE�t/d,�W��R^�

'iǀĞ�tŽŽlƐ�ĂnĚ�inƐpiƌĞ�ƐciĞnƟƐtƐ�tŽ�cŽŵŵunicĂtĞ�iƐ�cƌuciĂl�ĂnĚ�ƌĞƋuiƌĞƐ�ŬnŽǁlĞĚŐĞ�nŽt�ŽnlǇ�ŽĨ�ƐciĞncĞ͕�but�ŽĨ�ĂbŽut�ĞthicƐ͕�
inĨŽƌŵĂƟŽn� tĞchnŽlŽŐiĞƐ͕� ũŽuƌnĂliƐŵ͕� ǀiƐuĂl� cŽŵŵunicĂƟŽn� ĂnĚ� public� ĞnŐĂŐĞŵĞnt.� ^ciĞncĞ� �ŽŵŵunicĂƟŽn� KĸcĞ�
ŽƌŐĂniǌĞĚ�Ăn�ĂĚǀĂncĞĚ�cŽuƌƐĞ͕� intĞŐƌĂtĞĚ� in�Wh��WƌŽŐƌĂŵŵĞ� in��ǆpĞƌiŵĞntĂl��iŽlŽŐǇ�ĂnĚ��iŽŵĞĚicinĞ� ;W����Ϳ͕� in�ŽƌĚĞƌ�
tŽ�hĞlp�ƐciĞnƟƐtƐ�tŽ�ĞnŐĂŐĞ�thĞ�public�in�ĚiīĞƌĞnt�ĞnǀiƌŽnŵĞntƐ.�ϮϬ�ƐtuĚĞntƐ͕�ĨƌŽŵ�W�����ĂnĚ�ĨƌŽŵ�ŽthĞƌ�Wh��pƌŽŐƌĂŵƐ͕�
pĂƌƟcipĂtĞĚ�in�thiƐ�intĞnƐiǀĞ�cŽuƌƐĞ�;ϱ-ĚĂǇƐͿ�ǁith�thĞ�pĂƌƟcipĂƟŽn�ŽĨ�Ϯϱ�ƐpĞĂŬĞƌƐ�ĨƌŽŵ�ĚiīĞƌĞnt�ĮĞlĚƐ�ĂƐ�public�ĞnŐĂŐĞŵĞnt�
in�ƐciĞncĞ͕�ŵĞĚiĂ͕�tĞchnŽlŽŐǇ�tƌĂnƐĨĞƌ͕ �cĂƌĞĞƌ�ĚĞǀĞlŽpŵĞnt�ĂnĚ�ĂƌtΘƐciĞncĞ.�

A�sAE�����KhR^��͵��KEE��d/E'�R�^�AR�,�R^�t/d,�d,��^K�/�dz
:�Eh�Zz�ϮϬϭϴ�

�����Az
:�Eh�Zz�ϮϬϭϴ�

^tuĚĞntƐ�ĨƌŽŵ�W�����pƌŽŐƌĂŵŵĞ�ŽƌŐĂniǌĞĚ�Ă�ŵĞĞƟnŐ�ǁith�ĂctuĂl�ĂnĚ�ŽlĚ�W�����ƐtuĚĞntƐ�tŽ�ƐhĂƌĞ�iĚĞĂƐ�ĂnĚ�ĞǆpĞƌiĞncĞƐ.�
�uƌinŐ�thĞ�ĞǀĞnt�thĞ�pĂƌƟcipĂntƐ�ĞǆplŽƌĞĚ�thĞŵĞƐ�ĂƐ�cĂƌĞĞƌ�ĚĞǀĞlŽpŵĞnt͕�ƐciĞncĞ�cŽŵŵunicĂƟŽnƐ͕�inĚuƐtƌǇ�ĂnĚ�ƌĞƐĞĂƌch�
in�ĚiīĞƌĞnt�ĮĞlĚƐ.�dhĞ�����ĚĂǇ�lĂunchĞĚ�Ăn�ĂǁĂƌĚ�ƐpŽnƐŽƌĞĚ�bǇ��luĞphĂƌŵĂ�ʹ�ϮnĚ����/�luĞphĂƌŵĂ�ĂǁĂƌĚ�ʹ�tĂƌŐĞƟnŐ�Wh��
ƐtuĚĞntƐ.�dhĞ�ĂǁĂƌĚĞĚ�ƐtuĚĞnt�ǁĞnt�tŽ�Ăn��uƌŽpĞĂn�biŽŵĞĚicĂl�cŽnĨĞƌĞncĞ�bǇ�ĨƌĞĞ.�ϰϳ�pĞŽplĞ�pĂƌƟcipĂtĞĚ�in�����ĚĂǇ�ϮϬϭϴ.

Figure 17 – BEB day programme. 

���R�&KR�d,Kh',d
:�Eh�Zz�ͳ�����D��Z�ϮϬϭϴ�

^ciĞncĞ� �ŽŵŵunicĂƟŽn� KĸcĞ� ĂnĚ� ŽthĞƌ� �E��ŵĞŵbĞƌƐ� hŽƐtĞĚ� thĞ� iniƟĂƟǀĞ� ͞�ĞĞƌ� ĨŽƌ� dhŽuŐht͕͟ � Ăn� ĞǀĞnt� tŽ� pƌŽŵŽtĞ�
nĞtǁŽƌŬinŐ�bĞtǁĞĞn��E��ŵĞŵbĞƌƐ.�/n�ϮϬϭϴ�ǁĞ�hŽƐtĞĚ�ϳ�ĞĚiƟŽnƐ�ŽĨ��͞�ĞĞƌ�ĨŽƌ�dhŽuŐht͟�ǁith��ƌĂŌ��ĞĞƌ�ŬinĚlǇ�pƌŽǀiĚĞĚ�bǇ�
Žuƌ�ƌĞƐĞĂƌchĞƌ�:Žhn�:ŽnĞƐ.�.



ϭϭϬ

�ore�&a�®l®t®eÝ�at��E�

dhĞ� �niŵĂl� ,ŽuƐĞ� &ĂciliƟĞƐ� ĂƌĞ� Ă� ƐhĂƌĞĚ� ƌĞƐŽuƌcĞ� thĂt�
pƌŽǀiĚĞƐ�ƐĞƌǀicĞƐ�in� lĂbŽƌĂtŽƌǇ�ĂniŵĂl�ĞǆpĞƌiŵĞntĂƟŽn�ĂnĚ�
huƐbĂnĚƌǇ͕ �ĨŽƌ�Ăll��E��ĂnĚ�&Dh��ƐciĞnƟƐtƐ�uƐinŐ�ĂniŵĂlƐ�in�
their research.
�t� thĞ�pƌĞƐĞnt��E�� ƌunƐ� tǁŽ�ĂniŵĂl� ĨĂciliƟĞƐ͕�h�-�/Kd��,�
�niŵĂl�&ĂcilitǇ�lŽcĂtĞĚ�Ăt�h�-�/Kd��,�builĚinŐ�in��ĂntĂnhĞĚĞ�
ĂnĚ� &Dh�/�E�� �niŵĂl� &ĂcilitǇ� lŽcĂtĞĚ� Ăt� &ĂculĚĂĚĞ� ĚĞ�
Medicina, Polo I, Coimbra. 
dhĞ� &Dh�/�E�� �niŵĂl� &ĂcilitǇ� iƐ� Ă� cŽnǀĞnƟŽnĂl� tǇpĞ�
ĨĂcilitǇ� ǁith� � thĞ� cĂpĂcitǇ� tŽ� hŽuƐĞ� ĂbŽut� ϰϬϬϬ� ĂniŵĂlƐ͕�
ŵicĞ� ĂnĚ� ƌĂtƐ� ;DuƐ� ŵuƐculuƐ� ĂnĚ� ZĂttuƐ� nŽƌǀĞŐicuƐͿ.� 
/t� hĂƐ� Ă� ͞clĞĂn͟� ĂƌĞĂ� ĨŽƌ� ĂniŵĂl� pƌŽĚucƟŽn� ĂnĚ� Ăn�
experimental area that includes animal rooms, procedures 
ƌŽŽŵ�ĂnĚ�ƋuĂƌĂnƟnĞ�ƌŽŽŵ.�
dhĞ� �E�ͺh�-�/Kd��,� �niŵĂl� &ĂcilitǇ� hĂƐ� thĞ� cĂpĂcitǇ� tŽ�
hŽuƐĞ� ϭϱϬϬ� ƐpĞciĮc� pĂthŽŐĞn� ĨƌĞĞ� ;^W&Ϳ� ĂniŵĂlƐ.� /t� hĂƐ� Ă�
bĂƌƌiĞƌ�ĂƌĞĂ�ĨŽƌ�ĂniŵĂl�pƌŽĚucƟŽn͕�Ă�ƋuĂƌĂnƟnĞ�ĂƌĞĂ�ĂnĚ�Ăn�
ĞǆpĞƌiŵĞntĂl�ĂƌĞĂ.�/n�thĞ�ĞǆpĞƌiŵĞntĂl�ĂƌĞĂ�thĞƌĞ�iƐ�Ă�lĞǀĞl�
Ϯ�biŽƐĂĨĞtǇ�ĂƌĞĂ�;��^>ϮͿ�ĨŽƌ�pĞƌĨŽƌŵinŐ�ĂniŵĂl�ĞǆpĞƌiŵĞntƐ�
ĂƐƐŽciĂtĞĚ� ǁith� ĂŐĞntƐ� ǁith� ŵŽĚĞƌĂtĞ� pŽtĞnƟĂl� ƌiƐŬ� tŽ�
huŵĂnƐ�ĂnĚ/Žƌ�thĞ�ĞnǀiƌŽnŵĞnt͕�incluĚinŐ�ĂŐĞntƐ�thĂt�cĂuƐĞ�
ŵilĚ�ĚiƐĞĂƐĞƐ�in�huŵĂnƐ�ĂnĚ�ĂƌĞ�nŽt�tƌĂnƐŵittĞĚ�bǇ�ĂĞƌŽƐŽlƐ.
dhĞ� ĂniŵĂl� ĨĂciliƟĞƐ� hŽuƐĞ� ƌŽĚĞntƐ� ǁith� ǁilĚtǇpĞ�
phĞnŽtǇpĞ͕� but� ĂlƐŽ� ŐĞnĞƟcĂllǇ� ĂltĞƌĞĚ� ƐtƌĂinƐ͕� ĞithĞƌ� ĚuĞ�
tŽ�ƐpŽntĂnĞŽuƐ�ŵutĂƟŽnƐ�Žƌ�ĚuĞ�tŽ�huŵĂn�ŵĂnipulĂƟŽnƐ.� 
�t� thiƐ� ƟŵĞ� thĞ� ŐĞnĞƟcĂllǇ� ĂltĞƌĞĚ� ƐtƌĂinƐ� ĂƌĞ� ƌĞlĂtĞĚ� tŽ�
chĂnŐĞƐ� in� thĞ�nĞuƌŽlŽŐicĂl�ƐǇƐtĞŵ͕� iŵŵunĞ�ƐǇƐtĞŵ�ĂnĚ� in�
ŵĞtĂbŽlic�cŽntƌŽl�ĂnĚ�ĞǆpƌĞƐƐiŽn�ŽĨ�ƌĞpŽƌtĞƌ�ŐĞnĞƐ.
dhĞ� ĂniŵĂl� ĨĂciliƟĞƐ� pƌŽǀiĚĞ� ƐpĞciĂliǌĞĚ� ĂniŵĂl� ƐĞƌǀicĞƐ͕�
nĂŵĞlǇ�bƌĞĞĚinŐ�ĂnĚ�hŽuƐinŐ�ŽĨ�tƌĂnƐŐĞnic/ŬnŽcŬŽut�ƐtƌĂinƐ͕�
pƌŽĚucƟŽn�ŽĨ�ƌĂtƐ/ŵicĞ�ĞŵbƌǇŽƐ�ĂnĚ�littĞƌƐ�ĂnĚ�ƐuppŽƌt�tŽ�
ĂniŵĂl�ĞǆpĞƌiŵĞntĂƟŽn�pƌŽcĞĚuƌĞƐ.�

AE/DA>�,Kh^�

Head of Unit: Prof. João Laranjinha

^tĂī: 
 
WĂulĂ�DŽtĂ�;�ĞƐiŐnĂtĞĚ�sĞtĞƌinĂƌiĂn�ĂnĚ��niŵĂl�&ĂciliƟĞƐ�
Coordinator) 

�ĂƌŵĞn�^ĞŵiĆŽ�;&Dh�/�E���niŵĂl�&ĂcilitǇ�cŽŽƌĚinĂtŽƌ͕ � 
 
�niŵĂl�tĞlĨĂƌĞ�ƌĞƐpŽnƐiblĞ�ĂnĚ�cĂƌĞtĂŬĞƌ�Ϳ 

&ĄƟŵĂ�'ƌĂĕĂ�;&Dh�/�E��cĂƌĞtĂŬĞƌͿ 

DſnicĂ�^ĞƌƌĂnŽ�;&Dh�/�E���ĂƐƐiƐtĂnt�tĞchniciĂn�ĂnĚ�
caretaker) 

DĂƌiĂ��uŐĠniĂ��ĂŵpŽƐ�;&Dh�/�E���ĂƐƐiƐtĂnt�tĞchniciĂn�
and caretaker) 

^ĂnĚƌĂ�&ƌĞiƌĞ�;&Dh�/�E����niŵĂl�tĞlĨĂƌĞ�ƌĞƐpŽnƐiblĞ�ĂnĚ�
caretaker) 

dąniĂ�ZibĞiƌŽ�;h�-�/Kd��,��niŵĂl�&ĂcilitǇ��ŽŽƌĚinĂtŽƌ�ĂnĚ�
�niŵĂl�tĞlĨĂƌĞ�ƌĞƐpŽnƐiblĞͿ 

&ĄƟŵĂ�DŽƌĞiƌĂ�;h�-�/Kd��,��niŵĂl�tĞlĨĂƌĞ�ƌĞƐpŽnƐiblĞ�
and caretaker) 
 

dƌĂinĞĞƐ:� 

�ƌiƐƟnĂ�dĞiǆĞiƌĂ�;cĂƌĞtĂŬĞƌͿ 

Milene Ribeiro (caretaker)

Laminar flow chamberAnimal room - IVC cages (type1)



ϭϭϭ

¥loó��®toÃetrù�un®t

Platform Scientific Director: Carlos Filipe Pereira, Ph.D.
Platform Coordinator: Isabel Nunes Correia, Ph.D.
Unit Technician: Cândida Mendes, MSc
Unit Technician: Susana Pedreiro, MSc

dhĞ�&lŽǁ��ǇtŽŵĞtƌǇ�hnit͕�Ăt�thĞ��ĞntĞƌ�ĨŽƌ�EĞuƌŽƐciĞncĞ�ĂnĚ��Ğll��iŽlŽŐǇ͕ �pƌŽǀiĚĞƐ�ƐciĞnƟĮc�ĂnĚ�tĞchnicĂl�ƐuppŽƌt�tŽ�Ăll��E��
researchers, external academic units and companies. 
dhĞ�hnit�iƐ�ĚiǀiĚĞĚ�bĞtǁĞĞn�WŽlŽ�/�in��ŽiŵbƌĂ�ĂnĚ�in�h�-�iŽtĞch�in��ĂntĂnhĞĚĞ͕�thĂt�ĂƌĞ�cuƌƌĞntlǇ�ĞƋuippĞĚ�ǁith�Ă��ĞctŽn�
�icŬinƐŽn�&��^�Ălibuƌ�cĞll�ĂnĂlǇƐĞƌ�;ϰ�cŽlŽuƌƐͿ�ĂnĚ�Ă�WĂƌtĞc��Ǉ&lŽǁ��^pĂcĞ�cĞll�ƐŽƌtĞƌ�;ϳ�cŽlŽuƌƐͿ͕�ĂnĚ�ǁith�Ă��ĞctŽn��icŬinƐŽn�
�ccuƌiΡ��ϲ�cĞll�ĂnĂlǇƐĞƌ�;ϰ�cŽlŽuƌƐͿ�ǁith�ĂutŽ-ƐĂŵplĞƌ�ĂnĚ�Ă��ĞcŬtŽn��icŬinƐŽn�&��^�ƌiĂ�///�cĞll�ƐŽƌtĞƌ�;ϭϮ�cŽlŽuƌƐͿ͕�ƌĞƐpĞcƟǀĞlǇ.
^incĞ�ϮϬϬϳ͕�ǁhĞn�thĞ�unit�ǁĂƐ�cƌĞĂtĞĚ͕�ŇŽǁ�cǇtŽŵĞtƌǇ�hĂƐ�ĞŵĞƌŐĞĚ�ĂƐ�Ăn�iŵpŽƌtĂnt�ĂnĚ�cĞntƌĂl�tĞchniƋuĞ�ĨŽƌ�thĞ�ĨulĮlŵĞnt�
ŽĨ�ŵĂnǇ��E��ƌĞƐĞĂƌch�pƌŽũĞctƐ͕�ĂnĚ�thĞƌĞ�hĂƐ�bĞĞn�Ăn�iŵpŽƌtĂnt�inǀĞƐtŵĞnt�in�ĂcƋuiƌinŐ�ƐtĂtĞ�ŽĨ�thĞ�Ăƌt�tĞchnŽlŽŐǇ�ƐŽ�thĂt�
new research areas can be implemented. 
dhĞ�unit�pƌŽǀiĚĞƐ�tƌĂininŐ�tŽ�inĞǆpĞƌiĞncĞĚ�ƌĞƐĞĂƌchĞƌƐ�ĂnĚ�ŽƌŐĂniǌĞƐ�ĂnnuĂl�ŇŽǁ�cǇtŽŵĞtƌǇ�ƐĞŵinĂƌƐ�ǁith�thĞ�puƌpŽƐĞ�tŽ�
ŵĂŬĞ�thiƐ�pŽǁĞƌĨul�tĞchnŽlŽŐǇ�ŬnŽǁn�ĂnĚ�ĂǀĂilĂblĞ�tŽ�Ăll��E��ƌĞƐĞĂƌchĞƌƐ.�

FACSAriaTMIII (Becton Dickinson) – 12 colours

FACSCalibur (Becton Dickinson) - 4 colours



ϭϭϮ

Ã®�roÝ�opù�®Ãa¦®n¦��enter�o¥��o®Ã�ra�Ͳ��n�

Head of Unit: Luísa Cortes

dhĞ�DicƌŽƐcŽpǇ� /ŵĂŐinŐ� �ĞntĞƌ� ŽĨ� �ŽiŵbƌĂ͕� Ăt� thĞ� �ĞntĞƌ�
ĨŽƌ� EĞuƌŽƐciĞncĞ� ĂnĚ� �Ğll� �iŽlŽŐǇ� ;D/��-�E�Ϳ͕� iƐ� Ăn� ŽpĞn�
inĨƌĂƐtƌuctuƌĞ� ĨŽƌ� cŽnǀĞnƟŽnĂl� ĂnĚ� ĂĚǀĂncĞĚ� iŵĂŐinŐ�
tĞchniƋuĞƐ͕�bĂƐĞĚ�Žn�>iŐht�DicƌŽƐcŽpǇ.�
dhĞ� D/��-�E�� hĂƐ� hiŐhlǇ� ƐŬillĞĚ� ĂnĚ� ŵulƟĚiƐciplinĂƌǇ�
ƐciĞnƟĮc� ƐtĂī� ĚĞĞplǇ� cŽŵŵittĞĚ� tŽ� thĞ� tƌĂininŐ� ŽĨ� nĞǁ�
uƐĞƌƐ� ĂnĚ� thĞ� plĂnninŐ� ŽĨ� ŵicƌŽƐcŽpǇ� bĂƐĞĚ� ĞǆpĞƌiŵĞntƐ͕�
bǇ� chŽŽƐinŐ� ĞƋuipŵĞnt� ĂnĚ� ĂcƋuiƐiƟŽn� pƌŽtŽcŽl͕� ĂnĚ�
pĞƌĨŽƌŵinŐ� iŵĂŐinŐ� pƌŽcĞƐƐinŐ� ĂnĚ� ĂnĂlǇƐiƐ.� /n� ϮϬϭϴ͕� thĞ�
D/���ĨĂcilitǇ�ƐuppŽƌtĞĚ�ĂƌŽunĚ�ϮϰϬ�uƐĞƌƐ�ĨƌŽŵ�ϱϴ�ƌĞƐĞĂƌch�
ŐƌŽupƐ͕�ǁith�ŵŽƌĞ�thĂn�ϮϱϬϬϬ�hŽuƌƐ�ŽĨ�ĞƋuipŵĞnt�uƐĂŐĞ.�
D/��-�E�� iƐ� Ă� ǁĞll-ĞƐtĂbliƐhĞĚ� ĂnĚ� ƌĞnŽǁnĞĚ� ĨĂcilitǇ� Ăt�
thĞ�WŽƌtuŐuĞƐĞ�ƐciĞnƟĮc�cŽŵŵunitǇ�ǁhich�cĂn�bĞ�ĂttĞƐtĞĚ�
bǇ� thĞ� incƌĞĂƐĞ� nuŵbĞƌ� ŽĨ� ĞǆtĞƌnĂl� ƐĞƌǀicĞƐ� pĞƌĨŽƌŵĞĚ� Ăt�
thĞ� ĨĂcilitǇ.� �ǆtĞƌnĂl� uƐĞƌƐ� ĂƌĞ� ĨƌŽŵ� ĚiīĞƌĞnt� WŽƌtuŐuĞƐĞ�
ƌĞƐĞĂƌch� inƐƟtuƟŽnƐ:� hniǀĞƌƐitǇ� ŽĨ� �ŽiŵbƌĂ͕� hniǀĞƌƐitǇ� ŽĨ�
�lŐĂƌǀĞ͕� hniǀĞƌƐitǇ� ŽĨ� DinhŽ͕� hniǀĞƌƐitǇ� ŽĨ� �ĞiƌĂ� /ntĞƌiŽƌ͕ �
����>͕� hniǀĞƌƐitǇ� ŽĨ� �ǀŽƌĂ.� dhĞ� ŵŽƐt� ƌĞƋuĞƐtĞĚ� ƐĞƌǀicĞƐ�
ĂƌĞ:� ǁiĚĞĮĞlĚ� ŵicƌŽƐcŽpǇ͕ � cŽnĨŽcĂl� ŵicƌŽƐcŽpǇ� ĂnĚ� lĂƐĞƌ�
ŵicƌŽĚiƐƐĞcƟŽn.
dhĞ� ĨĂcilitǇ� ŽƌŐĂniǌĞƐ� ƌĞŐulĂƌ� ĂĚǀĂncĞĚ� cŽuƌƐĞƐ� tŽ� Ăll� thĞ�
ƐciĞnƟĮc�cŽŵŵunitǇ�pƌŽǀiĚinŐ�thĞ�ĨunĚĂŵĞntĂlƐ͕�ĂƐ�ǁĞll�ĂƐ�
thĞ� ĂĚǀĂncĞĚ� tĞchniƋuĞƐ� Žn� ŇuŽƌĞƐcĞncĞ�ŵicƌŽƐcŽpǇ͕ � liǀĞ�
cĞll� iŵĂŐinŐ� ĂnĚ� iŵĂŐĞ� ĂnĂlǇƐiƐ.� �ĂtĂƌinŽ� d.͕� �ĂlĚĞiƌĂ�D.s.�
ĂnĚ� �ŽƌtĞƐ� >.� ŽƌŐĂniǌĞĚ� thĞ� ͞/s� YuĂnƟtĂƟǀĞ� &luŽƌĞƐcĞncĞ�
DicƌŽƐcŽpǇ��ŽuƌƐĞ͟�;�E�͕�^Ğpt�Ϯϰth-�ϮϴthͿ�ĂnĚ�cŽŽƌĚinĂtĞĚ�
thĞ�͞WƌĂƟcĂl��ŽuƌƐĞ�Žn��Ălciuŵ�/ŵĂŐinŐ͕͟ �Ăt�thĞ�hniǀĞƌƐitǇ

ŽĨ��ĞiƌĂ� /ntĞƌiŽƌ͕ � ĂƐ�Ă� cŽllĂbŽƌĂƟŽn�ǁith� ��/�^-h�/� -�,ĞĂlth�
^ciĞncĞƐ� ZĞƐĞĂƌch� �ĞntĞƌ� ;ϮϮnĚ-ϮϯƌĚ� EŽǀĞŵbĞƌ� ϮϬϭϴͿ͖�
�ŽƌtĞƐ� >� lĞctuƌĞĚ� Ăt� ƐĞǀĞƌĂl� pŽƐt-ŐƌĂĚuĂƟŽn� cŽuƌƐĞƐ� ;thĞ�
���� ĂnĚ� ,ĞĂlth� ^ciĞncĞ� �ŽctŽƌĂl� WƌŽŐƌĂŵŵĞƐ.� DĂƐtĞƌ�
WƌŽŐƌĂŵŵĞ�Ăt�thĞ�sĂllĂĚŽliĚ�hniǀĞƌƐitǇͿ
D/��-�E��iƐ�Ă��ĞiƐƐ�>ĂbƐ@lŽcĂƟŽn�WĂƌtnĞƌ�ŽĨ�thĞ�cŽŵŵunitǇ�
ŽĨ���/^^�cuƐtŽŵĞƌƐ͕�ƐhĂƌinŐ�ĂnĚ�pƌŽǀiĚinŐ�in�ĚĞpth�ŬnŽǁlĞĚŐĞ�
ĂnĚ� ĚĞĚicĂtĞĚ� ƐĞƌǀicĞƐ͕� ĂnĚ� ǁith� ĞǆpĞƌƟƐĞ� in� ƐpĞciĮc�
ĂpplicĂƟŽnƐ�ŽĨ�iŵĂŐinŐ�tĞchnŽlŽŐiĞƐ.�/n�ĂccŽƌĚĂncĞ�ǁith�thĞ�
pƌŽtŽcŽl�ĂŐƌĞĞŵĞnt�>Ăb@lŽcĂƟŽn͕�D/��-�E��hĂƐ�pĞƌĨŽƌŵĞĚ�
ĞǆtĞƌnĂl�ƐĞƌǀicĞƐ�ĨŽƌ��Ăƌl��ĞiƐƐ�DicƌŽƐcŽpǇ�ĂnĚ�ǁĂƐ�cŽntĂctĞĚ�
tŽ�pƌŽǀiĚĞ�ƐpĞciĂliǌĞĚ�tĞchnicĂl�ƐĞƌǀicĞ� in�thĞ�ĂƌĞĂ�ŽĨ�>ĂƐĞƌ�
DicƌŽĚiƐƐĞcƟŽn� tŽ� thĞ� Whilip�DŽƌƌiƐ� cŽŵpĂnǇ.� dhiƐ� ƐĞƌǀicĞ�
ǁĂƐ�ĨullǇ�ƐuppŽƌtĞĚ�bǇ�thĞ�Whilip�DŽƌƌiƐ�cŽŵpĂnǇ�ĂnĚ͕�ŐiǀĞn�
thĞ�ƐpĞciĮcĂƟŽn�ŽĨ�thĞ�ƐĂŵplĞƐ͕�thĞ�ƐĞƌǀicĞ�ǁĂƐ�pƌŽǀiĚĞĚ�Ăt�
thĞ�cŽŵpĂnǇ Ɛ͛�pƌĞŵiƐĞƐ�in�EĞuchĂtĞl͕�^ǁitǌĞƌlĂnĚ.
DŽƌĞŽǀĞƌ͕ �D/��-�E�� iƐ�Ă�nŽĚĞ�ŽĨ� thĞ�WŽƌtuŐuĞƐĞ�WlĂƞŽƌŵ�
ĨŽƌ��iŽ/ŵĂŐinŐ�;WW�/Ϳ͕�Ă�ƌĞƐĞĂƌch� inĨƌĂƐtƌuctuƌĞ�ŽĨ�thĞ�ZE/��
ƌŽĂĚŵĂp͕��ŽƌtĞƐ�>�bĞinŐ�thĞ��ŽŽƌĚinĂtŽƌ�ĨŽƌ�thĞ�DŽnĚĞŐŽ�Θ�
�ĞiƌĂƐ�WŽlĞ.�D/��-�E��ĂlƐŽ�pĂƌƟcipĂtĞƐ�in�thĞ��uƌŽ�iŽ/ŵĂŐinŐ�
nĞtǁŽƌŬ͕�ǁhich�iƐ�Ăn��^&Z/�iniƟĂƟǀĞ.

dĞĂŵ:
>uşƐĂ��ŽƌtĞƐ͕�Wh�
Margarida Vaz Caldeira, PhD
dĂƟĂnĂ��ĂtĂƌinŽ͕�Wh�



ϭϭϯ

�uƌinŐ�ϮϬϭϴ� thĞ�>^D^�ĚĞǀĞlŽpĞĚ�ƐĞǀĞƌĂl� ƌĞƐĞĂƌch�pƌŽũĞctƐ�
cŽŽƌĚinĂtĞĚ� bǇ� �E�͕� but� ĂlƐŽ� nĂƟŽnĂl� ĂnĚ� intĞƌnĂƟŽnĂl�
cŽllĂbŽƌĂƟŽnƐ.�
dhĞ�ƌĞƐĞĂƌch�pĞƌĨŽƌŵĞĚ�ŽǀĞƌ�thĞ�lĂƐt�ǇĞĂƌƐ�ƌĞƐultĞĚ�in�ĨŽuƌ�
publicĂƟŽnƐ�ǁith�Ăn�ĂǀĞƌĂŐĞ�/&�ĂbŽǀĞ�ĨŽuƌ.�
�ĞƐiĚĞƐ�thĞ�cŽnƟnuĂƟŽn�ŽĨ�Ăn�&�d�pƌŽũĞct�ƐtĂƌtĞĚ�in�ϮϬϭϲ�ĂnĚ�
a PAC project started in 2017, both with a strong proteomics 
and metabolomics component, the lab also increased the 
nuŵbĞƌ�ŽĨ�ĨunĚĞĚ�pƌŽũĞctƐ.�
KnĞ�pƌŽũĞct�hĞĂĚĞĚ�bǇ�thĞ�lĂb͕�tǁŽ�pƌŽũĞctƐ�cŽ-hĞĂĚĞĚ�ĂnĚ�
ĮǀĞ�ŵŽƌĞ�pƌŽũĞctƐ�ǁith�cŽllĂbŽƌĂƟŽnƐ.�
dhĞ�cĞƌƟĮĞĚ�ƐĞƌǀicĞƐ�unĚĞƌ� thĞ� /^K�ϵϬϬϭ�cŽŵpliĂncĞ�hĂǀĞ�
bĞĞn� ĞǆtĞnĚĞĚ� ĂnĚ� nĞǁ� plĂnƐ� tŽ� cŽǀĞƌ� thĞ� ƌĞŵĂininŐ�
lĂbŽƌĂtŽƌǇ� ƌĞƐĞĂƌch� ŵĞthŽĚƐ� unĚĞƌ� thiƐ� cŽŵpliĂncĞ� ĂƌĞ�
bĞinŐ�iŵplĞŵĞntĞĚ�;bĞcŽŵinŐ͕�thĞƌĞĨŽƌĞ͕�thĞ�ŽnlǇ�/^K�ϵϬϬϭ�
cĞƌƟĮĞĚ�ƌĞƐĞĂƌch�ŵĂƐƐ�ƐpĞctƌŽŵĞtƌǇ�lĂb�in�WŽƌtuŐĂlͿ.

l®¥e�Ý�®en�eÝ�ÃaÝÝ�Ýpe�troÃetrù�Ͳ�lÝÃÝ

Head of Unit: Bruno Manadas

dhĞ� iŵpĂct� ŽĨ� Žuƌ� ƌĞƐĞĂƌch� in� thĞ� cŽŵŵunitǇ� hĂƐ� ƌĂiƐĞĚ�
ƋuitĞ� ƐiŐniĮcĂntlǇ� ĂƐ� thĞ� nuŵbĞƌ� ŽĨ� pƌŽũĞctƐ� clĞĂƌlǇ� ƐhŽǁ.�
,ŽǁĞǀĞƌ͕ �ǁĞ�ĂlƐŽ�bĞliĞǀĞ�thĂt�thĞ�inǀitĂƟŽnƐ�tŽ:� iͿ�pĞƌĨŽƌŵ�
cŽllĂbŽƌĂƟǀĞ�pƌŽũĞctƐ͕� iiͿ�ǁƌitĞ�bŽŽŬ�chĂptĞƌƐ�ĂnĚ�tutŽƌiĂlƐ͕�
ĂnĚ�iiiͿ�ĚiƐƐĞŵinĂtĞ�Žuƌ�ƌĞƐĞĂƌch�thƌŽuŐh�ĂĚǀĂncĞĚ�cŽuƌƐĞƐ�
ĂnĚ� ƐĞŵinĂƌƐ͕� ƐhŽǁƐ� thĞ� inŇuĞncĞ� ŽĨ� thĞ� ƌĞƐĞĂƌch� bĞinŐ�
pĞƌĨŽƌŵĞĚ�in�thĞ�ŐƌŽup.�
Kuƌ�ƐtƌŽnŐ�tĞchnŽlŽŐicĂl�cĂpĂbiliƟĞƐ͕�ĚĞǀĞlŽpĞĚ�ŽǀĞƌ�thĞ�lĂƐt�
ǇĞĂƌƐ͕�ĂƌĞ�nŽǁ�ƌĞƐulƟnŐ�in�hiŐhĞƌ�biŽlŽŐicĂl�iŵpĂct�ƌĞƐĞĂƌch�
pĂpĞƌƐ�ĂnĚ�ĚĞŵŽnƐtƌĂƟnŐ�thĞiƌ�pŽtĞnƟĂl�tŽ�bĞ�tƌĂnƐpŽƐĞĚ�tŽ�
biŽŵĂƌŬĞƌ� ƌĞƐĞĂƌch�ŵĂinlǇ� in�ĂƐƐŽciĂƟŽn�ǁith� tƌĂnƐlĂƟŽnĂl�
ĂppƌŽĂchĞƐ.�dhĞƐĞ�inĚicĂtŽƌƐ�hĂǀĞ�cŽntƌibutĞĚ�tŽ�incƌĞĂƐinŐ�
thĞ� cliniciĂn Ɛ͛� pĞƌcĞpƟŽn� ƌĞŐĂƌĚinŐ� thĞ� pŽtĞnƟĂl� ŽĨ� thĞ�
tĞchnŽlŽŐǇ� ĞǆiƐtĞnt� in� thĞ� lĂb� ǁhich� ƌĞƐultĞĚ� in� thĞ�
ĞƐtĂbliƐhŵĞnt�ŽĨ�intĞŐƌĂƟǀĞ�ƐcƌĞĞninŐ�pƌŽũĞctƐ�ĨŽƌ�thĞ�ƐĞĂƌch�
ŽĨ�nĞǁ�biŽŵĂƌŬĞƌƐ�ĨŽƌ�ƐĞǀĞƌĂl�ĚiƐĞĂƐĞƐ.

DA/E�A�,/�s�D�Ed^

Example of a proteomics screening performed on PBMCs from First Episode of Psychosis (SCZ) and matched controls (Ctr) 
where 1413 proteins were quantified between all samples (left panel); 59 proteins show statistically meaningful differences 

(center panel), and they allow a pattern recognition between the two groups (right panel).
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Head of Unit: Manuela Grazina

Staff: 
Superior Technicians | Marta Simões and Maria João Santos.

dhĞ� ĚiƌĞctŽƌ� ŽĨ� thĞ� >ĂbŽƌĂtŽƌǇ� ŽĨ�
Mitochondrial BioMedicine and 
dhĞƌĂnŽƐƟcƐ� ;>�iŽDidͿ� ;DĂnuĞlĂ�
'ƌĂǌinĂͿ� ŵĂintĂinƐ� intĞƌnĂƟŽnĂl�
cŽllĂbŽƌĂƟŽnƐ͕� ĂllŽǁinŐ� ƐiŐniĮcĂnt�
ĚĞǀĞlŽpŵĞntƐ�in�thĞ�ĂƐƐĂǇƐ�pĞƌĨŽƌŵĞĚ͕�
nĂŵĞlǇ� ǁith� WƌŽĨ.� >ĞĞ-:un� tŽnŐ�
ĂnĚ� �ŽctŽƌ� &ĞƌnĂnĚŽ� ^cĂŐliĂ� ;�ĂǇlŽƌ�
�ŽllĞŐĞ�ŽĨ�DĞĚicinĞ͕�,ŽuƐtŽn�ʹ�dĞǆĂƐ͕�
h^�Ϳ͕�WƌŽĨ.�DĂƐƐiŵŽ��ĞǀiĂni�;DZ�

Certification NP EN ISO 9001:2015.

DitŽchŽnĚƌiĂl��iŽlŽŐǇ�hnit͕��ĂŵbƌiĚŐĞ͕�
h<Ϳ͕�WƌŽĨ.�ZŽbĞƌt�dĂǇlŽƌ�;DitŽchŽnĚƌiĂl�
WĂthŽlŽŐǇ͕ � hniǀĞƌƐitǇ� ŽĨ� EĞǁcĂƐtlĞ�
upŽn� dǇnĞ͕� h<Ϳ� ĂnĚ� �ƌ.� ZĂĨĂĞl� �ƌtuch�
;,ŽƐpitĂl�^Ăint�:ŽĂn�ĚĞ��Ġu͕��ĂƌcĞlŽnĂ͕�
^pĂinͿ�ĂnĚ�WƌŽĨ.��ĚƌiĄn�>>ĞƌĞnĂ�;�/����
�linicĂl�ZĞƐĞĂƌch��ĞntƌĞ�Ăt��ǆtƌĞŵĂĚuƌĂ�
hniǀĞƌƐitǇ�,ŽƐpitĂl�ĂnĚ�DĞĚicĂl�^chŽŽl͕�
hniǀĞƌƐiĚĂĚ� ĚĞ� �ǆtƌĞŵĂĚuƌĂ͕� �ĂĚĂũŽǌ͕�
Spain). 

dhĞ�ĚiƌĞctŽƌ�ŽĨ�>�iŽDid�ĂlƐŽ�intĞŐƌĂtĞƐ�
tǁŽ� intĞƌnĂƟŽnĂl� cŽnƐŽƌƟĂ:� �ŽY�
ĚĞĮciĞncǇ� ƐtuĚǇ� ŐƌŽup� ;ƐincĞ� ϮϬϭϬͿ�
ĂnĚ� ��/��-�ŽnƐŽƌƟuŵ� ŽĨ� thĞ� /bĞƌŽ-
�ŵĞƌicĂn�EĞtǁŽƌŬ�ŽĨ�WhĂƌŵĂcŽŐĞnĞƟcƐ�
ĂnĚ� WhĂƌŵĂcŽŐĞnŽŵicƐ� ;Z/��&Ϳ͕� ƐincĞ�
ĨĞbƌuĂƌǇ�ϮϬϭϮ.

�uƌinŐ� thiƐ� ǇĞĂƌ͕ � in� thĞ� cŽnƟnuitǇ�
ŽĨ� thĞ� pƌĞǀiŽuƐ͕� thĞ� cultuƌĞ� ŽĨ�
ĮbƌŽblĂƐtƐ� ǁĂƐ� pĞƌĨŽƌŵĞĚ� ĨŽƌ� thĞ�
ĂccŽŵpliƐhŵĞnt� ŽĨ� ĨuncƟŽnĂl� ƐtuĚiĞƐ�
tŽ� ĞluciĚĂtĞ� thĞ� pĂthŽŐĞnicitǇ� ŽĨ�
nŽǀĞl� ŐĞnĞƟc� ǀĂƌiĂntƐ� iĚĞnƟĮĞĚ� in�
pĂƟĞntƐ.� /t� incluĚĞĚ� ƐĂŵplĞƐ� ŽĨ� ŽnĞ�
pĂƟĞnt� pƌĞƐĞnƟnŐ� ĞncĞphĂlŽpĂthǇ�
ǁith�ĞpilĞpƐǇ�ĂnĚ�ĂnŽthĞƌ�pĂƟĞnt�ǁith�
cĂƌĚiŽŵǇŽpĂthǇ� ĂnĚ� nĞphƌŽpĂthǇ͕ �
bŽth� ǁith� ĚiīĞƌĞnt� nŽǀĞl� ǀĂƌiĂntƐ�
iĚĞnƟĮĞĚ�in�Ă�ŐĞnĞ�;&�^d<�ϮͿ�inǀŽlǀĞĚ�
in� pŽƐt-tƌĂnƐcƌipƟŽnĂl� ƌĞŐulĂƟŽn� ŽĨ�
mitochondrial gene expression. 
�ĚĚiƟŽnĂl� ĮbƌŽblĂƐt� ƐĂŵplĞƐ� ŽĨ�
cŽntƌŽlƐ�ǁĞƌĞ� ƐĞĞĚĞĚ� ĨŽƌ� cŽŵpĂƌĂƟǀĞ�
ĂnĂlǇƐĞƐ.

�ell��ulture��®a¦noÝ®Ý �®o�«eÃ®�al�AnalùÝ®Ý

&un�t®onal�^tu�®eÝ

DŝƚŽĐŚŽŶĚƌŝĂů� RĞƐƉŝƌĂƚŽƌǇ� �ŚĂŝŶ�
;DR�Ϳ� ĂŶĚ� <ƌĞďƐ� ĐǇĐůĞ� ĞŶǌǇŵĞƐ� 

�iŽchĞŵicĂl� ĂƐƐĂǇƐ� ƌĞlĂtĞĚ� tŽ�
DZ�� biŽŐĞnĞƐiƐ͕� ĨuncƟŽninŐ� ĂnĚ�
ŵĂintĞnĂncĞ�ĂƌĞ�ĞƐƐĞnƟĂl�ĨŽƌ�ĂchiĞǀinŐ�
thĞ�pƌŽbĂblĞ�ĚiĂŐnŽƐiƐ�ŽĨ�DitŽchŽnĚƌiĂl�
Diseases.
�� tŽtĂl� ŽĨ� ϴ� pĂƟĞntƐ� ƐuƐpĞctĞĚ� ŽĨ�
ŵitŽchŽnĚƌiĂl� cǇtŽpĂthiĞƐ� ǁĞƌĞ�
ƐtuĚiĞĚ͕� cŽƌƌĞƐpŽnĚinŐ� tŽ� thĞ� ĂnĂlǇƐiƐ�
ŽĨ� ϵ� ƐĂŵplĞƐ͕� in� ϵϬ� ĂƐƐĂǇƐ͕� incluĚinŐ�
lǇŵphŽcǇtĞƐ� iƐŽlĂtĞĚ� ŽĨ� pĞƌiphĞƌĂl�
blood (6), muscular biopsies (2) and 
ĮbƌŽblĂƐtƐ� ;ϭͿ.��n�DZ��ĚĞĮciĞncǇ�ǁĂƐ�
ĚĞtĞctĞĚ�in�thƌĞĞ�pĂƟĞntƐ�;ϯϳ.ϱ�йͿ.

&ŽllŽǁinŐ�thĞ�ƌĞƐĞĂƌch�ĚĞǀĞlŽpĞĚ�in�thĞ�
ƐcŽpĞ�ŽĨ�Ă�Wh��thĞƐiƐ͕�Ă�ƐĞt�ŽĨ�ĨuncƟŽnĂl�
ŐĞnŽŵicƐ͛� ĂƐƐĂǇƐ� ǁĂƐ� iŵplĞŵĞntĞĚ͕�
hiŐhliŐhƟnŐ� thĞ� ƌĞǀĞƌƐĞ� tƌĂnƐlĂƟŽnĂl�
ƌĞƐĞĂƌch�nĂtuƌĞ�ŽĨ�thĞ�ǁŽƌŬ�ĚĞǀĞlŽpĞĚ�
Ăt�thĞ�>�iŽDid͕ �ƌĞinĨŽƌcinŐ�thĞ�bƌiĚŐĞƐ�
bĞtǁĞĞn�ƐĞƌǀicĞƐ�ĨŽƌ�ĚiĂŐnŽƐƟc

�� tŽtĂl� ŽĨ� ϴ� pĂƟĞntƐ� ƐuƐpĞctĞĚ� ŽĨ�
ŵitŽchŽnĚƌiĂl� cǇtŽpĂthiĞƐ� ǁĞƌĞ�
ƐtuĚiĞĚ͕� cŽƌƌĞƐpŽnĚinŐ� tŽ� thĞ� ĂnĂlǇƐiƐ�
ŽĨ� ϵ� ƐĂŵplĞƐ͕� in� ϵϬ� ĂƐƐĂǇƐ͕� incluĚinŐ�
lǇŵphŽcǇtĞƐ� iƐŽlĂtĞĚ� ŽĨ� pĞƌiphĞƌĂl�
blood (6), muscular biopsies (2) and 
ĮbƌŽblĂƐtƐ� ;ϭͿ.��n�DZ��ĚĞĮciĞncǇ�ǁĂƐ�
ĚĞtĞctĞĚ�in�thƌĞĞ�pĂƟĞntƐ�;ϯϳ.ϱ�йͿ.

�ŽYϭϬ�ƋƵĂŶƟĮĐĂƟŽŶ 

dǁŽ�ƐĂŵplĞƐ�ŽĨ�ŵuƐclĞ�ǁĞƌĞ�ĂnĂlǇǌĞĚ�
tŽ�ĚĞtĞƌŵinĞ� thĞ��ŽYϭϬ� lĞǀĞlƐ� in� tǁŽ�
pĂƟĞntƐ� ǁith� ĂtĂǆiĂ.� dhĞ� cŽĞnǌǇŵĞ�
content was normal in both samples.

screening and applied biomedical 
ƌĞƐĞĂƌch.� /n� ŽnĞ� pĂƟĞnt� pƌĞƐĞnƟnŐ�
ĞncĞphĂlŽpĂthǇ� ǁith� ĞpilĞpƐǇ͕ � Ă�
ŵutĂƟŽn�hĂƐ�bĞĞn�ĨŽunĚ�ĂīĞcƟnŐ�thĞ�
pƌŽtĞin� &ĂƐ-ĂcƟǀĂtĞĚ� ƐĞƌinĞ-thƌĞŽninĞ�
ŬinĂƐĞ�ĚŽŵĂin�Ϯ͕� thĞ�ŵutĂƟŽn� iŵpĂct�
ĨŽƌ�thĞ�phĞnŽtǇpĞ�ǁĂƐ�ĂnĂlǇƐĞĚ�bǇ�Ă�Ĩ

uncƟŽnĂl�ŐĞnŽŵicƐ�ĂppƌŽĂch.�
DĂũŽƌ�ĂltĞƌĂƟŽnƐ�ǁĞƌĞ�ĞǀiĚĞnt�ĂŵŽnŐ�
thĞ� ƌĞƐultƐ�ŽĨ�ĚiīĞƌĞnt� ĂƐƐĂǇƐ͕�nĂŵĞlǇ�
thĂt� ŵitŽchŽnĚƌiĂl� ĂƐƐĞŵblǇ� ǁĂƐ�
ƐiŐniĮcĂntlǇ� ĂltĞƌĞĚ� ĨŽƌ� cŽŵplĞǆ� /�
;&iŐuƌĞ�ϭ͕�pĂƟĞnt�WϯͿ͕�ĞǀĂluĂtĞĚ�bǇ��luĞ�
EĂƟǀĞʹW�'��ǁith
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'ĞnĞƟc�ƐcƌĞĞninŐ� iƐ� thĞ�ŽnlǇ�ĂǀĂilĂblĞ�
tŽŽl� ĨŽƌ� ĂttĂinŵĞnt� ŽĨ� Ă� ĚĞĮniƟǀĞ�
ĚiĂŐnŽƐiƐ�in�ŵĂnǇ�ĚiƐĞĂƐĞƐ.��ŽncĞƌninŐ�
KyW,K^� ĚiƐŽƌĚĞƌƐ� ĂnĚ� ŐiǀĞn� itƐ�
ĚuĂl� ŐĞnĞƟc� ŽƌiŐin͕� cŽŵplĞǆitǇ� ĂnĚ�
hĞtĞƌŽŐĞnĞitǇ͕ � thĞ� ƐtuĚǇ� ŽĨ� nuclĞĂƌ�
genome, mitochondrial DNA and 
biŐĞnŽŵic� cƌŽƐƐtĂlŬ� ĨĂctŽƌƐ͕� uƐinŐ�
Ă� ŐĞnĞƟc� intĞŐƌĂƟǀĞ� ĂppƌŽĂch� iƐ�
ŵĂnĚĂtŽƌǇ͕ �ĂlthŽuŐh�ǀĞƌǇ�cŽŵplĞǆ.

DŝƚŽĐŚŽŶĚƌŝĂů��EA�;ŵƚ�EAͿ�ŐĞŶŽŵĞƐ�
ƐƚƵĚŝĞƐ͗� ϯϮ� ƐĂŵplĞƐ� ;blŽŽĚ� ʹ� ϯϬ� ĂnĚ�
ŵuƐclĞ� ʹ� ϮͿ� ǁĞƌĞ� ƌĞcĞiǀĞĚ� ĨŽƌ� �E��
ĞǆtƌĂcƟŽn.� �� ƐĂŵplĞ� ŽĨ� �E��ǁĂƐ� ĂlƐŽ�
ƌĞcĞiǀĞĚ�ĨŽƌ�ŐĞnĞƟc�ĂnĂlǇƐiƐ.
DŽlĞculĂƌ� ĚiīĞƌĞnƟĂl� ĂnĂlǇƐĞƐ� ŽĨ�
ŵitŽchŽnĚƌiĂl�cǇtŽpĂthiĞƐ�hĂǀĞ�bĞĞn

pĞƌĨŽƌŵĞĚ�bǇ�tŽtĂl�ŵt�E��ƐĞƋuĞncinŐ�
ĂnĂlǇƐiƐ� uƐinŐ� EĞǆt� 'ĞnĞƌĂƟŽn�
^ĞƋuĞncinŐ� ;E'^Ϳ͕� cŽǀĞƌinŐ� Ăll�
ŵt�E�� ƐĞƋuĞncĞ� ǀĂƌiĂƟŽnƐ͕� incluĚinŐ�
cŽnĮƌŵĞĚ� pĂthŽŐĞnic� ŵutĂƟŽnƐ�
associated to MRC diseases. 
�uƌinŐ�ϮϬϭϴ͕�Ϯϰ�ƐĂŵplĞƐ�ŽĨ�Ϯϯ�pĂƟĞntƐ�
ǁĞƌĞ� ĂnĂlǇƐĞĚ� uƐinŐ� thiƐ� ƐtƌĂtĞŐǇ�
ĂnĚ� thĞ� ĮnĚinŐƐ� incluĚĞĚ� ƐĞǀĞƌĂl�
pŽlǇŵŽƌphiƐŵƐ�in�Ăll�ƐĂŵplĞƐ�ĂnĚ�tǁŽ�
pŽint� ŵutĂƟŽnƐ� ;ŵ.ϭϭϳϳϴ'х�� ĂnĚ�
ŵ.ϭϯϱϭϯ'х�Ϳ� in� tǁŽ� pĂƟĞntƐ� ;ϴ.ϯйͿ.�
dhĞƐĞ� pĂthŽŐĞnic� ŵutĂƟŽnƐ� ǁĞƌĞ�
ĨuƌthĞƌ� cŽnĮƌŵĞĚ� bǇ� W�Z-Z&>W� ĂnĚ�
ĂutŽŵĂtĞĚ�ƐĞƋuĞncinŐ͕�ƌĞƐpĞcƟǀĞlǇ.
�� pĂthŽŐĞnic� ŵutĂƟŽn� ;ŵ.ϭϰϰϴϳdх�Ϳ�
ǁĂƐ�ƐcƌĞĞnĞĚ�in�blŽŽĚ�ĂnĚ�ĂŵniŽcǇtĞƐ�
ƐĂŵplĞƐ�ŽĨ�Ă�ĨĂŵilǇ�ŵĞŵbĞƌ�ŽĨ�ŽnĞ

inĚĞǆ� cĂƐĞ͕� pƌĞǀiŽuƐlǇ� ĚiĂŐnŽƐĞĚ� Ăt�
>�iŽDid͕ �but�thĞ�ŵutĂƟŽn�ǁĂƐ�ĂbƐĞnt�in�
thĞƐĞ�ƐĂŵplĞƐ.�'ĞnĞ�pĂnĞl�ĂnĂlǇƐiƐ�ǁĂƐ�
ĂlƐŽ� pĞƌĨŽƌŵĞĚ� in� ƐĞlĞctĞĚ� ƐĂŵplĞƐ͕�
ĂccŽƌĚinŐ�tŽ�clinic�ŵĂniĨĞƐtĂƟŽnƐ.�
dhĞ� dŽp� ϯ� >,KE� pƌiŵĂƌǇ� ŵutĂƟŽnƐ�
ǁĞƌĞ� ĂnĂlǇƐĞĚ� in� thƌĞĞ� pĂƟĞntƐ� ǁith�
>,KE� ƐuƐpiciŽn͕� tŽ� ŐiǀĞ� Ă� ĨĂƐtĞƌ�
response to the cases.
/n� ĂĚĚiƟŽn͕� thĞ� ƐcƌĞĞninŐ� ŽĨ� Ă� ƐinŐlĞ�
ŵutĂƟŽn�;ŵ.ϭϱϱϱ�х'Ϳ�in�thƌĞĞ�pĂƟĞntƐ�
ǁith� �ĞĂĨnĞƐƐ� ǁĂƐ� ĂlƐŽ� pĞƌĨŽƌŵĞĚ.�
dhĞ� ƐĞƋuĞncinŐ� ŽĨ� thĞ�Dd-ZEZϭ� ŐĞnĞ�
ǁĂƐ�ĂlƐŽ�ĂccŽŵpliƐhĞĚ�in�ŽnĞ�ŽĨ�thĞƐĞ�
pĂƟĞntƐ.
dhĞ�ƐcƌĞĞninŐ�ŽĨ�ĚĞlĞƟŽnƐ�uƐinŐ�ŇĂnŬinŐ�
W�Z�ŽĨ�ϲ�hŽt-ƐpŽt�ƌĞŐiŽnƐ�ǁĂƐ�cŽnƟnuĞĚ. 

 
 

cŽnƐĞƋuĞncĞƐ� ŽĨ� iĚĞnƟĮĞĚ� ĚiƐĞĂƐĞ-
cĂuƐinŐ�ŵutĂƟŽnƐ� ĂnĚ/Žƌ� phĞnŽtǇpĞƐ�
ƌĞpƌĞƐĞnƟnŐ� Ăn� iŵpŽƌtĂnt� tŽŽl� in� thĞ�
ƐcŽpĞ�ŽĨ�ĚiĂŐnŽƐƟc�ƐtuĚiĞƐ.

in� ǁhŽŵ� EĂƟǀĞʹW�'�� ǁith�
ŵitŽchŽnĚƌiĂl-ĞnƌichĞĚ� ĨƌĂcƟŽnƐ�
;D�&ƐͿ� ŽĨ� ĮbƌŽblĂƐtƐ.� dhiƐ� ƐtuĚǇ� ǁĂƐ�
pƌĞƐĞntĞĚ�in�ϭϱth�^ǇŵpŽƐiuŵ�ŽĨ�thĞ�

WŽƌtuŐuĞƐĞ� ^ŽciĞtǇ� ĨŽƌ� DĞtĂbŽlic�
Disorders, showing that inherent 
KyW,K^-ĂƐƐĞŵblǇ� pƌŽĮlĞƐ� pƌŽǀiĚĞ�
ĨuƌthĞƌ�ƌĞlĞǀĂnt�inĨŽƌŵĂƟŽn�ĂbŽut



ϭϭϲ

�ŽƉǇ� ŶƵŵďĞƌ� ;ŵƚ�EAͿ� ĂƐƐĂǇƐ are 
pĂƌt� ŽĨ� thĞ� ŐĞnĞƟc� ŵitŽchŽnĚƌiĂl�
ŐĞnŽŵĞ� ƐcƌĞĞninŐ� ĨŽƌ� ĚiĂŐnŽƐƟcƐ�
ŽĨ� DitŽchŽnĚƌiĂl� �E�� ĚĞplĞƟŽn�
ƐǇnĚƌŽŵĞƐ� ;D�^Ϳ͕�ǁhich� iƐ� cĂuƐĞĚ� bǇ�
ĚĞĨĞctƐ�in�intĞƌŐĞnŽŵic�cŽŵŵunicĂƟŽn�
and comprising a heterogeneous group 
ŽĨ�ĚiƐĞĂƐĞƐ͕�nĂŵĞlǇ�ĚuĞ�tŽ�nuclĞĂƌ�ŐĞnĞƐ�
ŵutĂƟŽnƐ� lĞĂĚinŐ� tŽ� ƐĞǀĞƌĞ� ƌĞĚucƟŽn�
ŽĨ�ŵt�E��cŽntĞnt͕�ǁith�ĞnĞƌŐǇ�ĨĂiluƌĞ.
�ŽncĞƌninŐ� thĞ� ƐcƌĞĞninŐ� ŽĨ� nuclĞĂƌ�
ŐĞnŽŵĞ� ;n�E�Ϳ� ĚĞĨĞctƐ� cĂuƐĂƟǀĞ� ŽĨ�
MRC diseases, 30 samples were screened 
bǇ� nĞǆt� ŐĞnĞƌĂƟŽn� ƐĞƋuĞncinŐ� ;E'^Ϳ.�
�ĚĚiƟŽnĂllǇ͕ �WK>'ϭ�ŐĞnĞ�ǁĂƐ�ĂnĂlǇƐĞĚ�
in� ϲ� ƐĂŵplĞƐ͕� ĂllŽǁinŐ� thĞ� ĚĞtĞcƟŽn�
ŽĨ� ƐŽŵĞ� ƐĞƋuĞncĞ� ǀĂƌiĂƟŽnƐ͕� but� nŽ�
pĂthŽŐĞnic�ŵutĂƟŽnƐ�ǁĞƌĞ�iĚĞnƟĮĞĚ.
^cƌĞĞninŐ� ŽĨ� KW�ϭ� ŐĞnĞ� ;ϭ� ƐĂŵplĞͿ�
ƌĞǀĞĂlĞĚ�Ă�pĂthŽŐĞnic�ŵutĂƟŽn

�®o®n¥orÃat®�Ýǲ�AnalùÝ®Ý

RĞŐĂƌĚŝŶŐ� ƚŚĞ� ďŝŽŝŶĨŽƌŵĂƟĐƐ� ĂŶĂůǇƐŝƐ�
ĂnĚ� ĨŽllŽǁinŐ� thĞ� ŐĞnĞƟc� ƐcƌĞĞninŐ�
ŽĨ� bŽth� ŐĞnŽŵĞƐ͕� incluĚinŐ� ŵt�E��
cŽntĞnt͕�thĞ�ĂpplicĂƟŽn�ŽĨ�in�ƐilicŽ�tŽŽlƐ�
iƐ�Ă�hiŐhlǇ�lĂbŽƌiŽuƐ�tĂƐŬ�thĂt�ĂllŽǁƐ�thĞ�
iĚĞnƟĮcĂƟŽn� ŽĨ� ƐĞƋuĞncĞ� ǀĂƌiĂntƐ� in�
thĞ�pĂƟĞntƐ͕�but�ĂlƐŽ�thĞ�pƌĞĚicƟŽn�ŽĨ�
pĂthŽŐĞnicitǇ.
�ccŽƌĚinŐ�tŽ�thĞ�pƌŽcĞĚuƌĞ�ĨŽllŽǁĞĚ�Ăt�
thĞ�>�iŽDid͕ �ĂƌŽunĚ�ϴϬϬ�ƐĞƋuĞncĞ�

ǀĂƌiĂƟŽnƐ�ǁĞƌĞ�ĂƐƐiŐnĞĚ�in�thĞ�ŵt�E�͕�
incluĚinŐ� ƐĞǀĞƌĂl� pŽlǇŵŽƌphiƐŵƐ͕�
ƐŽŵĞ� ƌĞpŽƌtĞĚ� ĂltĞƌĂƟŽnƐ� ĂnĚ� tǁŽ�
pŽint� ŵutĂƟŽnƐ� ;ŵ.ϭϭϳϳϴ'х�� ĂnĚ�
ŵ.ϭϯϱϭϯ'х�Ϳ͕� ĂƐƐŽciĂtĞĚ� ǁith� >,KE�
ĂnĚ� >ĞiŐh� ^ǇnĚƌŽŵĞ� ƌĞƐpĞcƟǀĞlǇ͕ � in�
tǁŽ�pĂƟĞntƐ.�
ZĞŐĂƌĚinŐ� thĞ� �ǆŽŵĞ� ĂnĂlǇƐiƐ͕� thĞ�
biŽinĨŽƌŵĂƟcƐ� ĂppƌŽĂch� iƐ� hiŐhlǇ�
cŽŵplĞǆ� ĂnĚ� lĂbŽƌiŽuƐ.� dhĞ� ǁŽƌŬŇŽǁ�
ĨŽƌ� thĞ� biŽinĨŽƌŵĂƟcƐ͛� ĂnĂlǇƐiƐ� Ăt�
thĞ� >�iŽDid� ǁĂƐ� ĨulĮllĞĚ͕� ĂllŽǁinŐ�
ĚĞtĞcƟŽn� ŽĨ� thŽuƐĂnĚƐ� ŽĨ� ŐĞnĞƟc�
ǀĂƌiĂƟŽnƐ͕� ǁhich� ǁĞƌĞ� ƐubŵittĞĚ� tŽ�
biŽinĨŽƌŵĂƟcƐ�ĮltĞƌinŐ�ĨŽƌ�iĚĞnƟĮcĂƟŽn�
ŽĨ� thĞ� ŵŽƐt� pƌŽbĂblĞ� cĂuƐĞ� ŽĨ� thĞ�
ĚiƐĞĂƐĞ.� �ŵŽnŐ� thĞ� ƐĂŵplĞƐ� in� ƐtuĚǇ͕ �
thĞ�Ĩull�ĞǆĂŵinĂƟŽn�ĂnĚ�ĂpplicĂƟŽn�ŽĨ�
the decision diagrams was completed 
in three cases.
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�uƌinŐ� ϮϬϭϴ͕� thĞ� EĞuƌŽŐĞnĞƟcƐ�
>ĂbŽƌĂtŽƌǇ� cŽnƟnuĞĚ� tŽ� puƌƐuĞ� thĞ�
ŐĞnĞƟc� chĂƌĂctĞƌiǌĂƟŽn� ŽĨ� pĂƟĞntƐ�
with Parkinson disease (PD), Alzheimer 
disease (AD), Frontotemporal lobar 
ĚĞŐĞnĞƌĂƟŽn� ;&d>�Ϳ� ĂnĚ� �ŵǇŽtƌŽphic�
lĂtĞƌĂl�ƐclĞƌŽƐiƐ�;�>^Ϳ�pƌŽǀiĚinŐ�Ăn�ĞĂƌlǇ�
ĂnĚ� ĂccuƌĂtĞ� ĚiĂŐnŽƐiƐ� tŽ� pĂƟĞntƐ�
ƌĞĨĞƌƌĞĚ� ĨƌŽŵ� ĚiīĞƌĞnt� hŽƐpitĂlƐ� in�
thĞ�cŽuntƌǇ.��lƐŽ͕�thiƐ�ǇĞĂƌ�thĞ�ŐĞnĞƟc�
tĞƐtƐ� hĂǀĞ� bĞĞn� ĞǆpĂnĚĞĚ� tŽ� ŽthĞƌ�
bƌĂin� ĚiƐĞĂƐĞƐ� Ɛuch:� ĂƐ� cĂǀĞƌnŽuƐ�
ŵĂlĨŽƌŵĂƟŽnƐ� ĂnĚ� cĞƌĞbƌĂl� ƐŵĂll�
ǀĞƐƐĞl� ĚiƐĞĂƐĞ� ;^s�Ϳ͕� in� cŽllĂbŽƌĂƟŽn�
ǁith� EĞuƌŽlŽŐiƐtƐ� ĨƌŽŵ� thĞ� �ĞntƌŽ�
,ŽƐpitĂlĂƌ� Ğ� hniǀĞƌƐitĄƌiŽ� ĚĞ� �ŽiŵbƌĂ�
;�,h�Ϳ.�dhĞ�ŐĞnĞƟc�tĞƐtƐ�ĞncŽŵpĂƐƐĞĚ�
bŽth� ĚiĂŐnŽƐƟc� tĞƐtƐ� ĂnĚ� pƌĞĚicƟǀĞ�
tĞƐtƐ� ƌĞĨĞƌƌĞĚ� ĨƌŽŵ� thĞ� EĞuƌŽlŽŐǇ�
ĚĞpĂƌtŵĞnt� ĂnĚ� 'ĞnĞƟc� cŽunƐĞlinŐ�
unit͕� ƌĞƐpĞcƟǀĞlǇ͕ � in� ŽƌĚĞƌ� tŽ� iĚĞnƟĨǇ�
ĂƐǇŵptŽŵĂƟc� ƌĞlĂƟǀĞƐ� Ăt� hiŐh-ƌiƐŬ� tŽ�
ĚĞǀĞlŽp�thĞ�ĚiƐĞĂƐĞ.�dhĞ�ŵĞthŽĚŽlŽŐǇ�
uƐĞĚ� inǀŽlǀĞĚ� ŵĂinlǇ� ƐĞƋuĞncinŐ�
ŽĨ� ŐĞnĞƐ� ǁhich� cŽulĚ� ŽccuƌƌĞĚ�
inĚiǀiĚuĂllǇ͕ � ŐĞnĞ-bǇ-ŐĞnĞ͕� uƐinŐ�
^ĂnŐĞƌ� ƐĞƋuĞncinŐ� Žƌ� bǇ� ŐĞnĞ� WĂnĞlƐ�
uƐinŐ� EĞǆt� 'ĞnĞƌĂƟŽn� ^ĞƋuĞncinŐ�
tĞchnŽlŽŐǇ� ;E'^Ϳ͕� ƌĞcĞntlǇ� ĚĞǀĞlŽpĞĚ�
in�thĞ�lĂbŽƌĂtŽƌǇ.�&Žƌ�thĞ�tĂƌŐĞtĞĚ�E'^͕�
Ă�pĂnĞl�ŽĨ�ϯϳ�ŬnŽǁn�cĂuƐĂƟǀĞ-ŐĞnĞƐ�

ĂƐƐŽciĂtĞĚ�ǁith���͕��>^͕�W�͕�&d>��ĂnĚ�
SVD has been selected. 
dhuƐ͕� ǁith� thiƐ� ĂppƌŽĂch͕� ƐŽŵĞ� ŽĨ�
thĞ� ƐƟll� ŐĞnĞƟcĂllǇ� unĞǆplĂinĞĚ�
cĂƐĞƐ� hĂǀĞ� bĞĞn� ƐŽlǀĞĚ͕� ĂnĚ� thĞ�
ĚiƐĞĂƐĞƐ� ŵutĂƟŽn� ƐpĞctƌuŵ� ĂnĚ� thĞ�
clinicĂl� ĂƐƐŽciĂtĞĚ� phĞnŽtǇpĞƐ� hĂǀĞ�
bĞĞn� incƌĞĂƐĞĚ.� ,ŽǁĞǀĞƌ͕ � thĞ� uƐĞ�
ŽĨ� thiƐ� nĞǁ� tĞchnŽlŽŐǇ� hĂƐ� bƌŽuŐht�
new problems and challenges, both 
Ăt� thĞ� tĞchnicĂl� lĞǀĞl� ĂnĚ� in� tĞƌŵƐ�
ŽĨ� ĚĂtĂ� ĂnĂlǇƐiƐ͕� ĂƐ� ǁĞll� ĂƐ� ĨŽƌ� thĞ�
intĞƌpƌĞtĂƟŽn�ŽĨ�thĞ�ƌĞƐultƐ.�dhĞƌĞĨŽƌĞ͕�
ĚuƌinŐ� ϮϬϭϴ�ǁĞ�hĂǀĞ� bĞĞn� ĨŽcuƐĞĚ� in�
ĚĞǀĞlŽpinŐ� ĂnĚ� ĂcƋuiƌinŐ� ĞǆpĞƌiĞncĞ�
in� thĞ� ŐĞnĞƟc� ǀĂƌiĂƟŽn� intĞƌpƌĞtĂƟŽn�
pƌŽcĞƐƐ� bĞĨŽƌĞ� ƌĞpŽƌƟnŐ� thĞ� ŐĞnĞƟc�
ƌĞƐult.� dhĞ� ǀĂƌiĂntƐ� intĞƌpƌĞtĂƟŽn�
ǁĂƐ� bĂƐĞĚ� Žn� cƌitĞƌiĂ� publiƐhĞĚ� bǇ�
thĞ� �ŵĞƌicĂn� �ŽllĞŐĞ� ŽĨ� DĞĚicĂl�
'ĞnĞƟcƐ�ĂnĚ�'ĞnŽŵicƐ�;��D'Ϳ�ǁhich�
ƌĞcŽŵŵĞnĚĞĚ� thĂt� thĞ� ǀĂƌiĂntƐ� hĂǀĞ�
tŽ� bĞ� ĂllŽcĂtĞĚ� tŽ� ŽnĞ� ŽĨ� thĞ� ĮǀĞ�
cĂtĞŐŽƌiĞƐ:� iͿ� clĞĂƌlǇ� pĂthŽŐĞnic� ;clĂƐƐ�
sͿ͕�iiͿ�liŬĞlǇ�tŽ�bĞ�pĂthŽŐĞnic�;clĂƐƐ�/sͿ͕�
iiiͿ� unŬnŽǁn� clinicĂl� ƐiŐniĮcĂncĞ� ;clĂƐƐ�
///Ϳ͕� iǀͿ�unliŬĞlǇ�tŽ�bĞ�pĂthŽŐĞnic�;clĂƐƐ�
//Ϳ�ĂnĚ�ǀͿ�clĞĂƌlǇ�nŽt�pĂthŽŐĞnic�;clĂƐƐ�/Ϳ.�
,ĞncĞ͕�ƐupplĞŵĞntĂƌǇ�ƐtuĚiĞƐ�ĨŽcuƐĞĚ�
Žn� litĞƌĂtuƌĞ� ƌĞpŽƌtĞĚ͕� pŽpulĂƟŽn�
ƌĞƋuĞnciĞƐ͕�clinicĂl�pƌĞƐĞntĂƟŽnƐ͕

Ĩ� ŵutĂƟŽn� ĚĂtĂbĂƐĞƐ� ĂnĚ� pŽƐƐiblǇ�
cĂƐĞ-ƐpĞciĮc� ƌĞƐĞĂƌch� ĚĂtĂ� hĂǀĞ� bĞĞn�
pĞƌĨŽƌŵĞĚ� tŽ� ĂchiĞǀĞ� Ăn� ĂccuƌĂtĞ�
clĂƐƐiĮcĂƟŽn�ŽĨ�thĞ�iĚĞnƟĮĞĚ�ǀĂƌiĂntƐ.�
/n� ϮϬϭϴ͕� thĞ� ǀĂƌiĂntƐ� ŽĨ� unŬnŽǁn�
ƐiŐniĮcĂncĞ� ;sh^Ϳ� ƌĞpƌĞƐĞntĞĚ�
Ă� pƌŽblĞŵ� ĨŽƌ� thĞ� intĞƌpƌĞtĂƟǀĞ�
pƌŽcĞƐƐ� ĂnĚ� tŽĚĂǇ� thĞiƌ� pƌiŽƌiƟǌĂƟŽn�
ƌĞŵĂinƐ� Ă� pƌiŵĂƌǇ� chĂllĞnŐĞ� ƐincĞ� itƐ�
iĚĞnƟĮcĂƟŽn� cŽulĚ� nŽt� bĞ� uƐĞĚ� ĨŽƌ�
thĞ� clinicĂl� ŵĂnĂŐĞŵĞnt� ŽĨ� pĂƟĞntƐ�
ĂnĚ�ĨĂŵiliĞƐ.�,ĞncĞ͕�ĚiīĞƌĞnt�pipĞlinĞƐ�
ƐtƌĂtĞŐiĞƐ� uƐinŐ� biŽinĨŽƌŵĂƟcƐ͛�
ĂnĂlǇƐiƐ� hĂǀĞ� bĞĞn� ĚĞǀĞlŽpĞĚ� tŽ�
pĞƌĨŽƌŵ� thĞ� ƌĞĂĚinŐ͕� ĂliŐnŵĞnt� ĂnĚ�
thĞ� ǀĂƌiĂnt� cĂllinŐ.� /n� ĂĚĚiƟŽn͕� thĞ�
ǇiĞlĚĞĚ� ǀĂƌiĂntƐ� ǁĞƌĞ� ĞǀĂluĂtĞĚ� ĨŽƌ�
cŽǀĞƌĂŐĞ� ĂnĚ� ǀiƐuĂllǇ� inƐpĞctĞĚ� uƐinŐ�
thĞ� /ntĞŐƌĂƟǀĞ� 'ĞnŽŵicƐ� siĞǁĞƌ�
ĂnĚ� Ă� ŵulƟƐtĞp� pƌŽcĞƐƐ� ǁŽƌŬŇŽǁ͕�
incluĚinŐ�ŵĂppinŐ͕� ǀĂƌiĂnt� cĂllinŐ� ĂnĚ�
ĂnnŽtĂƟŽn͕� ǁhich� ǁĂƐ� ĚĞǀĞlŽpĞĚ�
ĂnĚ� ŽpƟŵiǌĞĚ� tŽ� inĚiǀiĚuĂllǇ� ĂƐƐĞƐƐ�
ǀĂƌiĂntƐ� pĂthŽŐĞnĞcitǇ͕ � ĂccŽƌĚinŐ� tŽ�
thĞ� cuƌƌĞntlǇ� ��'^� ŐuiĚĞlinĞƐ.� �lƐŽ͕�
ƐĞǀĞƌĂl� in� ƐilicŽ� pƌĞĚicƟŽn� ĂlŐŽƌithŵƐ�
hĂǀĞ� bĞĞn� uƐĞĚ� ĂƐ� ǁĞll� ĂƐ� thĞ� ĂllĞlic�
ĨƌĞƋuĞncǇ� ĂǀĂilĂblĞ� in� ĚiīĞƌĞnt�
pŽpulĂƟŽnƐ� ĚĂtĂbĂƐĞƐ� ;ĞŐ.� ϭϬϬϬ�
'ĞnŽŵĞ�pƌŽũĞct�ĂnĚ��ǆ��Ϳ.

ĂƐƐŽciĂtĞĚ� ǁith� �ŽŵinĂnt� hĞƌĞĚitĂƌǇ�
ŽpƟc�ĂtƌŽphǇ.�KnĞ�cĂƐĞ�;ĨĂŵilǇ�ƌĞlĂƟǀĞͿ�
ǁĂƐ�ĂlƐŽ�ĂnĂlǇƐĞĚ�tŽ�cŽnĮƌŵ�Ă�ŵutĂƟŽn�
in�^hZ&ϭ�ŐĞnĞ�ĚĞtĞctĞĚ� in� inĚĞǆ�cĂƐĞ.�
dhĞ� ƌĞlĂƟǀĞ�ǁĂƐ� hĞtĞƌŽǌǇŐŽuƐ� ĨŽƌ� thĞ�
ŵutĂƟŽn.



ϭϭϳ

�ellular�De�«ano�®olo¦ù

Head of Unit: Mário Grãos

dhĞ�ŐƌŽup Ɛ͛�ŵĂin�ƌĞƐĞĂƌch�intĞƌĞƐt�iƐ�in�
thĞ� ĮĞlĚ� ŽĨ� �ĞllulĂƌ� DĞchĂnŽbiŽlŽŐǇ͕ �
ĚĞǀĞlŽpinŐ�pƌŽũĞctƐ�thĂt�ĞǆtĞnĚ�ǁithin�
thĞ� bƌŽĂĚĞƌ� ĂƌĞĂƐ� ŽĨ� �ĞllulĂƌ� ĂnĚ�
DŽlĞculĂƌ� �iŽlŽŐǇ͕ � �iŽchĞŵiƐtƌǇ� ĂnĚ�
EĞuƌŽƐciĞncĞƐ.�tĞ�hĂǀĞ�bĞĞn�ĨŽcuƐinŐ�
on understanding the molecular details 
ĂnĚ� intƌĂcĞllulĂƌ� ƐiŐnĂlinŐ� pĂthǁĂǇƐ�
ƌĞƐpŽnƐiblĞ� ĨŽƌ� intĞŐƌĂƟnŐ� biŽphǇƐicĂl�
ĂnĚ� biŽchĞŵicĂl� ƐƟŵuli� ;thƌŽuŐh�
ŵĞchĂnŽtƌĂnƐĚucƟŽnͿ� inǀŽlǀĞĚ� in�
cĞllulĂƌ�ĚiīĞƌĞnƟĂƟŽn͕�cĞllulĂƌ�pŽtĞncǇ�
;ŵĂintĞnĂncĞ�ŽĨ�unĚiīĞƌĞnƟĂtĞĚ�ƐtĂtĞ�
ĂnĚ�ƌĞpƌŽŐƌĂŵŵinŐͿ�ĂnĚ�ƌĞŐulĂƟŽn�ŽĨ�
the cellular proteome. 
Our current models include adult 
and pluripotent stem cells, neural 
pƌŽŐĞnitŽƌƐ� ĂnĚ� ŽthĞƌ� cĞll� tǇpĞƐ�
ƌĞlĞǀĂnt� ĨŽƌ� nĞuƌŽĚĞŐĞnĞƌĂƟǀĞ�
ĚiƐĞĂƐĞƐ� ;nĂŵĞlǇ� ŵulƟplĞ� ƐclĞƌŽƐiƐͿ͕�
ƌĞŐĞnĞƌĂƟǀĞ�ĂnĚ�pƌĞciƐiŽn�ŵĞĚicinĞ.

^pĞciĮcĂllǇ͕ �in�ϮϬϭϴ�ǁĞ�ĂiŵĞĚ�tŽ:
ϭ.� hnƌĂǀĞl� thĞ� ŵŽlĞculĂƌ�
ŵĞchĂniƐŵƐ� inǀŽlǀĞĚ� in� thĞ�
ŵĞchĂnŽƌĞŐulĂƟŽn�ŽĨ�ŽliŐŽĚĞnĚƌŽcǇtĞ

Ě�tŽ�Žccuƌ�in�thĞ�bƌĂin�ŽĨ�D^�pĂƟĞntƐ.�
ĚiīĞƌĞnƟĂƟŽn� ;ĂƐ� Ă� ĨŽllŽǁ� up� ƐtuĚǇ�
ŽĨ� >ŽuƌĞnĕŽ� Ğt� Ăl.͕� ^ciĞnƟĮc� ZĞpŽƌtƐ͕�
2016). 
dhĞ� �ƌ�in-D^� pƌŽũĞct� ;ǁhich� ƐtĂƌtĞĚ�
in� ϮϬϭϴͿ� hĂƐ� Ă� pĂƌƟculĂƌ� ĨŽcuƐ� in� thĞ�
cŽntĞǆt�ŽĨ�DulƟplĞ�^clĞƌŽƐiƐ� ;D^Ϳ�ĂnĚ�
the mechanical changes reporteIn 
thĞ� ĨutuƌĞ� ǁĞ� ĂlƐŽ� Ăiŵ� tŽ� pƌŽǀiĚĞ�
ĚĂtĂ� ƌĞŐĂƌĚinŐ� bƌĂin� ĞlĂƐƟcitǇ� ŽĨ� D^�
pĂƟĞntƐ�unĚĞƌŐŽinŐ�ĚiƐƟnct�tƌĞĂtŵĞnt�
ƌĞŐiŵĞnƐ͕� pƌŽǀiĚinŐ� ĨutuƌĞ� ĚiƌĞcƟŽnƐ�
ĨŽƌ� nĞǁ� tƌĞĂtŵĞntƐ� tĂcŬlinŐ� Ɛuch�
biŽphǇƐicĂl�iƐƐuĞƐ.

Ϯ.� dĞƐt� thĞ� inŇuĞncĞ�ŽĨ�ĚiƐƟnct�
lĂŵinin� iƐŽĨŽƌŵƐ� ĚuƌinŐ� thĞ� in� ǀitƌŽ�
ĚiīĞƌĞnƟĂƟŽn� ŽĨ� ŽliŐŽĚĞnĚƌŽcǇtĞƐ�
unĚĞƌ� ĚĞĮnĞĚ� ŵĞchĂnicĂl� cŽnĚiƟŽnƐ.�
�lthŽuŐh� lĂŵinin-Ϯϭϭ� iƐ� unĚŽubƞullǇ�
Ă� ŵĂũŽƌ� ĞǆtƌĂcĞllulĂƌ� ŵĂtƌiǆ� ;��DͿ�
ĞlĞŵĞnt�ƌĞpŽƌtĞĚ�tŽ�bĞ�inǀŽlǀĞĚ�in�thĞ�
ĚiīĞƌĞnƟĂƟŽn� ŽĨ� ŽliŐŽĚĞnĚƌŽcǇtĞƐ͕�
there are hints in the literature 
ƐuŐŐĞƐƟnŐ�thĂt�ŽthĞƌ�lĂŵinin�iƐŽĨŽƌŵƐ�
ŵĂǇ�ĂlƐŽ�plĂǇ�Ăn�iŵpŽƌtĂnt�ĂnĚ�ǇĞt

rather unexplored role in this context.

ϯ.� �ĚĚƌĞƐƐ� thĞ� ĞīĞct� ŽĨ�
mechanical cues and understand the 
unĚĞƌlǇinŐ� ŵĞchĂniƐŵƐ� inǀŽlǀĞĚ� in�
cĞllulĂƌ�ƌĞpƌŽŐƌĂŵŵinŐ�tŽ�pluƌipŽtĞncǇ.�
Cellular reprogramming was a major 
bƌĞĂŬthƌŽuŐh� in� thĞ� ƐtĞŵ� cĞll� biŽlŽŐǇ�
ĮĞlĚ.�
EĞǀĞƌthĞlĞƐƐ͕� ŵuch� ƌĞŵĂinƐ� tŽ� bĞ�
unĚĞƌƐtŽŽĚ� ƌĞŐĂƌĚinŐ� thĞ� unĚĞƌlǇinŐ�
mechanisms and how the extracellular 
ĞnǀiƌŽnŵĞnt� inŇuĞncĞƐ� cĞll�
reprogramming.

ϰ.� �ǀĂluĂtĞ� thĞ� ĞīĞct� ŽĨ�
biŽphǇƐicĂl� ƐƟŵuli� in� thĞ� ĞǆtƌĂcĞllulĂƌ�
ĂnĚ� intƌĂcĞllulĂƌ� pƌŽtĞŽŵĞ� ŽĨ�
ŵĞchĂnŽƐĞnƐiƟǀĞ�cĞllƐ.�
dhĞ� ƐpĞciĮc�ŽbũĞcƟǀĞ�ŽĨ� thĞ� ĨŽƌŵĞƌ� iƐ�
thĞ�pƌŽĚucƟŽn�ŽĨ�ĞnhĂncĞĚ�ƐĞcƌĞtŽŵĞ�
ĨŽƌ� thĞ� ƌĞƐcuĞ� ŽĨ� nĞuƌŽnĂl� cĞllƐ͕� ĂnĚ�
ŽĨ� thĞ� lĂttĞƌ� iƐ� tŽ� ĨuƌthĞƌ� unĚĞƌƐtĂnĚ�
thĞ� ŵĞchĂniƐŵƐ� inǀŽlǀĞĚ� in� cĞllulĂƌ�
ŵĞchĂnŽtƌĂnƐĚucƟŽn.



ϭϭϴ

�ƌunŽ� DĂnĂĚĂƐ͕� �E�Ϳ� ǁhŽƐĞ� lĞǀĞlƐ�
chĂnŐĞ�ƐiŐniĮcĂntlǇ�in�thĞ�ĞǆtƌĂcĞllulĂƌ�
medium or in the intracellular milieu 
ŽĨ� D^�Ɛ� ;ŵĞƐĞnchǇŵĂl� ƐtĞŵ/ƐtƌŽŵĂl�
cells) cultured on substrates with 
ĚiƐƟnct�ĚĞŐƌĞĞƐ�ŽĨ�ƐƟīnĞƐƐ.�
&Žƌ� thĞ� ĮƌƐt� pĂƌt͕� ǁĞ� hĂǀĞ� uƐĞĚ� thĞ�
cŽnĚiƟŽnĞĚ� ŵĞĚiuŵ� ;�DͿ� ŽĨ� thĞƐĞ�
cĞllƐ�ĂnĚ�cŽŵpĂƌĞĚ�itƐ�ĂbilitǇ�tŽ�ƌĞƐcuĞ�
nĞuƌŽnƐ� chĂllĞnŐĞĚ� ǁith� ŽǆiĚĂƟǀĞ�
ƐtƌĞƐƐ� ĂŐĞntƐ.�tĞ� ĨŽunĚ� Ăn� ĞnhĂncĞĚ�
ƌĞƐcuinŐ� cĂpĂcitǇ� ŽĨ� thĞ� �D� ŽbtĂinĞĚ�
ĨƌŽŵ�cĞllƐ� cultuƌĞĚ�Žn� ƐubƐtƌĂtĞƐ�ǁith�
ƐpĞciĮc� ŵĞchĂnicĂl� cŽnĚiƟŽnƐ� in�
cŽŵpĂƌiƐŽn� ǁith� thĂt� ŽbtĂinĞĚ� ĨƌŽŵ�
cĞllƐ� cultuƌĞĚ� in� ƐtĂnĚĂƌĚ� cŽnĚiƟŽnƐ�
;pŽlǇƐtǇƌĞnĞ�ƟƐƐuĞ�cultuƌĞ�plĂtĞƐͿ.�
dhiƐ� ƐuŐŐĞƐtƐ� thĂt� thĞ� ĚiƐƟnct�
ŵĞchĂnicĂl� pƌŽpĞƌƟĞƐ� ŽĨ� cĞll� cultuƌĞ�
substrates, which resulted in changes 
in� thĞ� cŽŵpŽƐiƟŽn�ŽĨ� thĞ� cŽnĚiƟŽnĞĚ�
ŵĞĚiĂ͕� in� ĨĂct� hĂƐ� Ă� ƐiŐniĮcĂnt�
ĨuncƟŽnĂl� iŵpĂct� Žn� thĞ� nĞuƌŽnĂl�
ƌĞcuinŐ�ĂbilitǇ�ŽĨ�thĞ��D.�
tĞ� ĂƌĞ� cuƌƌĞntlǇ� ĞǆplŽiƟnŐ� thĞƐĞ�
ŽbƐĞƌǀĂƟŽnƐ� ĂnĚ� ƐtuĚǇinŐ� thĞ� ƌŽlĞ�
ŽĨ� ĚiƐƟnct� ĚiīĞƌĞnƟĂllǇ� ĞǆpƌĞƐƐĞĚ�
proteins. 
&Žƌ� thĞ� ƐĞcŽnĚ�pĂƌt͕�ǁĞ�hĂǀĞ� ĨŽcuƐĞĚ�
Žn� ŽnĞ� ŽĨ� thĞ� pƌŽtĞinƐ� iĚĞnƟĮĞĚ͕�
ǁhich� ǁĞ� hĂǀĞ� ƐhŽǁn� ĨŽƌ� thĞ� ĮƌƐt�
ƟŵĞ� tŽ� ƌĞƐpŽnĚ� tŽ�ŵĞchĂnicĂl� ƐƟŵuli�
bŽth� in� tĞƌŵƐ� ŽĨ� ĞǆpƌĞƐƐiŽn� lĞǀĞl� ĂnĚ�
ƐubcĞllulĂƌ�lŽcĂliǌĂƟŽn.�
dhiƐ� pƌŽtĞin� plĂǇƐ� ƐĞǀĞƌĂl� iŵpŽƌtĂnt�
ƌŽlĞƐ� in� thĞ� cĞll� ;bŽth� in� phǇƐiŽlŽŐǇ�
and disease), which we are 
cuƌƌĞntlǇ� ĚiƐƐĞcƟnŐ� in� Ă� cŽntĞǆt� ŽĨ�
ŵĞchĂnŽtƌĂnƐĚucƟŽn.

Ϯ.�tĞ�tŽŽŬ�ĂĚǀĂntĂŐĞ�ŽĨ�ĚiƐƟnct�huŵĂn�
ƌĞcŽŵbinĂnt�lĂŵinin�iƐŽĨŽƌŵƐ�tŽ�ƐĞtup�
ƐĞǀĞƌĂl� in� ǀitƌŽ� ƐtuĚiĞƐ� in� ŽƌĚĞƌ� tŽ�
unĚĞƌƐtĂnĚ� thĞ� cĂpĂcitǇ� ŽĨ� Ɛuch� ��D�
proteins to support the adhesion and 
ĚiīĞƌĞnƟĂƟŽn� ŽĨ� ŽliŐŽĚĞnĚƌŽcǇtĞ�
progenitor cells (using the rat CG4 cell 
line as a model). 
Comparing with recombinant 
lĂŵinin-Ϯϭϭ� ;ĂƐ� ǁĞll� ĂƐ� itƐ� puƌiĮĞĚ�
counterpart), the main laminin 
ĚĞƐcƌibĞĚ� in� ŽliŐŽĚĞnĚƌŽcǇtĞ� biŽlŽŐǇ͕ �
ǁĞ� ĨŽunĚ� ĂnŽthĞƌ� lĂŵinin� iƐŽĨŽƌŵ�
(reported to be present in the CNS) 
thĂt� ĞǆcĞlƐ� thĞ� cĂpĂcitǇ� ŽĨ� thĞ� ĨŽƌŵĞƌ�
in�pƌŽǀiĚinŐ�ĂĚhĞƐiŽn�;nuŵbĞƌ�ŽĨ�cĞllƐ/
ĂƌĞĂͿ� ĂnĚ� ĚiīĞƌĞnƟĂƟŽn� ;ŵŽƌĞ�D�Wн�
cĞllƐ/ĂƌĞĂ� ĂnĚ� hiŐhĞƌ� ŵŽƌphŽlŽŐicĂl�
ĚiīĞƌĞnƟĂƟŽnͿ� ŽĨ� ŽliŐŽĚĞnĚƌŽcǇtĞƐ�
when cultured in rat brain-compliant 
ƐubƐtƌĂtĞƐ� ;zŽunŐ Ɛ͛� ŵŽĚuluƐ� ŽĨ� ϲ.ϱ�
ŬWĂ͕� ĂƐ� ƐhŽǁn� in� >ŽuƌĞnĕŽ� Ğt� Ăl.͕�
^ciĞnƟĮc� ZĞpŽƌtƐ� ϮϬϭϲ� ĂnĚ� ĚiƐcuƐƐĞĚ�
in� >ŽuƌĞnĕŽ� ĂnĚ� 'ƌĆŽƐ͕� &ƌŽnƟĞƌƐ� in�
Cellular Neuroscience, 2016). 
�Ɛ� ĨutuƌĞ� ǁŽƌŬ͕� it� ƌĞŵĂinƐ� tŽ�
ĚiƐƐĞct� thĞ� ŵĞchĂniƐƟc� ĚĞtĂilƐ� ĂnĚ�
tŽ� unĚĞƌƐtĂnĚ� thĞ� ƐiŐniĮcĂncĞ� ŽĨ�
thĞƐĞ� ĮnĚinŐƐ͕� nŽt� ŽnlǇ� ĨŽƌ� thĞ�
ƐĞtup� ŽĨ� in� ǀitƌŽ� ŽliŐŽĚĞnĚƌŽcǇtĞ�
ĚiīĞƌĞnƟĂƟŽn� plĂƞŽƌŵƐ͕� but� in�
ǀiǀŽ� ĂƐ� ǁĞll� ĂƐ.� dhiƐ� ǁŽƌŬ� ƌĞƐultĞĚ�
in a MSc thesis (under embargo). 
 
ϯ.� �Ɛ� pĂƌt� ŽĨ� Žuƌ� unpubliƐhĞĚ� ǁŽƌŬ͕�
ǁĞ� iĚĞnƟĮĞĚ� tǁŽ� ƐĞtƐ� ŽĨ� pƌŽtĞinƐ�
;bǇ� pĞƌĨŽƌŵinŐ� ƋuĂnƟtĂƟǀĞ� ĂnĚ�
unbiĂƐĞĚ� pƌŽtĞŽŵicƐ� ĂnĂlǇƐĞƐ� in�
cŽllĂbŽƌĂƟŽn� ǁith� thĞ� ŐƌŽup� ŽĨ

dhĞ�ŵĂin�ĂchiĞǀĞŵĞntƐ�ŽbtĂinĞĚ�ĚuƌinŐ�
ϮϬϭϴ� ƌĞŐĂƌĚinŐ� thĞ� ĂĨŽƌĞŵĞnƟŽnĞĚ�
ŽbũĞcƟǀĞƐ�ǁĞƌĞ�thĞ�ĨŽllŽǁinŐ:

ϭ.��Ɛ�pĂƌt�ŽĨ�Žuƌ�unpubliƐhĞĚ�ǁŽƌŬ͕�ǁĞ�
iĚĞnƟĮĞĚ�ŽnĞ� tƌĂnƐcƌipƟŽn� ĨĂctŽƌ� ;d&Ϳ�
thĂt� ƌĞƐpŽnĚƐ� tŽ� ŵĞchĂnicĂl� ƐƟŵuli�
in� ŽliŐŽĚĞnĚƌŽcǇtĞ� pƌŽŐĞnitŽƌ� cĞllƐ�
(OPCs), which has been described in 
thĞ� litĞƌĂtuƌĞ� tŽ� plĂǇ� Ă� cƌiƟcĂl� ƌŽlĞ�
ĚuƌinŐ�ŽliŐŽĚĞnĚƌŽcǇtĞ�ĚiīĞƌĞnƟĂƟŽn.�
tĞ�ĂƌĞ�cuƌƌĞntlǇ�chĂƌĂctĞƌiǌinŐ�thiƐ�d&�
ĂnĚ�hĂǀĞ�ƐĞtup�Ăn�ĞǆpƌĞƐƐiŽn�ƌĞpŽƌtĞƌ�
ƐǇƐtĞŵ� in�ŽƌĚĞƌ� tŽ�unĚĞƌƐtĂnĚ� itƐ� ƌŽlĞ�
in� thĞ� ƌĞŐulĂƟŽn� ŽĨ� ŽliŐŽĚĞnĚƌŽcǇtĞ�
ĚiīĞƌĞnƟĂƟŽn�bǇ�ŵĞchĂnŽŵŽĚulĂƟŽn.�
�nŽthĞƌ� pĂƌt� ŽĨ� thiƐ� ƐtuĚǇ� ;in�
cŽllĂbŽƌĂƟŽn� ǁith� thĞ� lĂbŽƌĂtŽƌǇ�
ŽĨ� 'ŽnĕĂlŽ� �ĂƐtĞlŽ� �ƌĂncŽ� Ăt� thĞ�
<ĂƌŽlinƐŬĂ� /nƐƟtutĞͿ� iƐ� ĨŽcuƐĞĚ� Žn� thĞ�
ĞpiŐĞnĞƟc�chĂnŐĞƐ�ŽccuƌƌinŐ�ĚuƌinŐ�thĞ�
ĚiīĞƌĞnƟĂƟŽn� ŽĨ� KW�Ɛ� unĚĞƌ� ĚiƐƟnct�
ŵĞchĂnicĂl� cŽnĚiƟŽnƐ� ŵiŵicŬinŐ�
phǇƐiŽlŽŐǇ� ĂnĚ� ĚiƐĞĂƐĞ� ;nĂŵĞlǇ� D^Ϳ.�
tĞ� iĚĞnƟĮĞĚ� Ă� ƐubtǇpĞ� ŽĨ� ĞpiŐĞnĞƟc�
ŵŽĚiĮcĂƟŽnƐ� thĂt� ĂƌĞ� ŵŽĚulĂtĞĚ� in�
ƌĞƐpŽnĚ�tŽ�ŵĞchĂnicĂl�ĨĂctŽƌƐ�in�KW�Ɛ͕�
ǁhŽƐĞ�ŵĞchĂniƐƟc�ĚĞtĂilƐ�ĂƌĞ�cuƌƌĞntlǇ�
being characterized. 
dhĞ� ĂĨŽƌĞŵĞnƟŽnĞĚ� ƐtuĚiĞƐ� tĂŬĞ�
ĂĚǀĂntĂŐĞ� ŽĨ� ŵĞchĂnicĂllǇ� ĚĞĮnĞĚ�
plĂƞŽƌŵƐ� ;thĂt� ŵiŵic� ŵĞchĂnicĂl�
ĂnĚ� biŽchĞŵicĂl� cŽŵpŽnĞntƐ� ŽĨ� thĞ�
extracellular matrix) which allow to 
pĞƌĨŽƌŵ� Ğǆ� ǀiǀŽ� ƐtuĚiĞƐ͕� ƐuitĂblĞ� ĨŽƌ�
cultuƌinŐ� pƌiŵĂƌǇ� cĞllƐ� ĂnĚ� cĞll� linĞƐ.�
tĞ�hĂǀĞ�ĂlƐŽ�ĞƐtĂbliƐhĞĚ�in�thĞ�lĂb�thĞ�
iƐŽlĂƟŽn͕�cultuƌĞ�ĂnĚ�ĚiīĞƌĞnƟĂƟŽn�ŽĨ�
ŵŽuƐĞ�pƌiŵĂƌǇ�KW�Ɛ.



ϭϭϵ
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The genome sequencing unit - 
'ĞnŽinƐĞƋ� ʹ� iƐ� ƐpĞciĂliǌĞĚ� in� thĞ� ĮĞlĚ�
ŽĨ�ŽŵicƐ.�
dhĞ� hnit� ŐƌĂntƐ� ĂccĞƐƐ� tŽ� thĞ� Ĩull�
pŽtĞnƟĂl�ŽĨ�thĞ�ƐtĂtĞ-ŽĨ-thĞ-Ăƌt�ŽĨ�nĞǆt�
ŐĞnĞƌĂƟŽn�ƐĞƋuĞncinŐ�ĞƋuipŵĞnt�ĂnĚ�
biŽinĨŽƌŵĂƟcƐ�ĚĂtĂ�ĂnĂlǇƐiƐ.�
dhĞ� hnit� hĂƐ� Ă� ŵulƟĚiƐciplinĂƌǇ�
tĞĂŵ� ŽĨ� ĞǆpĞƌtƐ� in� ƐĞƋuĞncinŐ� ĂnĚ�
biŽinĨŽƌŵĂƟcƐ͕� ĚĞliǀĞƌinŐ�pĞƌƐŽnĂliǌĞĚ�
ƐŽluƟŽnƐ͕� ĨƌŽŵ� cŽnƐultĂncǇ� in�
ĞǆpĞƌiŵĞntĂl� ĚĞƐiŐn� tŽ� ĚĂtĂ� ĂnĂlǇƐiƐ�
ǁith�uƐĞƌ-ĨƌiĞnĚlǇ�ŽutputƐ.

'ĞnŽinƐĞƋ� pƌŽǀiĚĞƐ� ƐĞƌǀicĞƐ� tŽ�
companies and research groups in the 
ĮĞlĚ�ŽĨ� >iĨĞ�^ciĞncĞƐ͕�ĂnĚ�cŽllĂbŽƌĂtĞƐ�
in�ZΘ��pƌŽũĞctƐ�ǁith�ŽthĞƌ�cŽŵpĂniĞƐ�
Žƌ�inƐƟtutĞƐ.
 
^ĞƌǀicĞƐ� ĂǀĂilĂblĞ� Ăt� 'ĞnŽinƐĞƋ�
;ƐĞƋuĞncinŐ� ĂnĚ� biŽinĨŽƌŵĂƟcƐͿ: 

ͻ� Small genome sequencing and 
ĂnnŽtĂƟŽn͖

ͻ� �ǆŽŵĞ� ƐĞƋuĞncinŐ� ĂnĚ� ǀĂƌiĂnt�
ĂnnŽtĂƟŽn͖

Head of Unit: Conceição Egas

Staff: 
Graduate Technician | Cristina Barroso 
Principal Technician | Maria José Simões
Bioinformatician | Hugo Froufe 

ͻ� thŽlĞ�tƌĂnƐcƌiptŽŵĞ�ĂnĚ�ZE�-^ĞƋ͖
ͻ� �iŽĚiǀĞƌƐitǇ� ƐtuĚiĞƐ� Žn�

ĞnǀiƌŽnŵĞntĂl�cŽŵŵuniƟĞƐ͖
ͻ� Metagenome sequencing and 

ĂnnŽtĂƟŽn.

dhĞ� >ĂbŽƌĂtŽƌǇ� iƐ� pĂƌt� ŽĨ� 'ĞnŽŵĞWd�
-� EĂƟŽnĂl� &ĂcilitǇ� ĨŽƌ� 'ĞnŽŵĞ�
^ĞƋuĞncinŐ�ĂnĚ��nĂlǇƐiƐ�;ZE/�Ϳ�;ƌĞĨ.Ϭϭ/
^�/�d/ϮϬϭϲͿ� ĂnĚ� iƐ� cĞƌƟĮĞĚ� unĚĞƌ�EW�
�E� /^K�ϵϬϬϭ:ϮϬϭϱ� ĨŽƌ�nĞǆt� ŐĞnĞƌĂƟŽn�
ƐĞƋuĞncinŐ� ŽĨ� nuclĞic� ĂciĚƐ� ĂnĚ�
biŽinĨŽƌŵĂƟcƐ� tŽŽlƐ� ĨŽƌ��E��ĂnĚ�ZE��
ĂnĂlǇƐiƐ.

dhiƐ� ǇĞĂƌ� thĞ� unit� ĂĚĚĞĚ� thĞ�EĞǆt^ĞƋ�
plĂƞŽƌŵ� ;/lluŵinĂͿ� tŽ� thĞ� ŽthĞƌ� tǁŽ�
ƐĞƋuĞncĞƌƐ� ĂǀĂilĂblĞ͕�Di^ĞƋ� ;/lluŵinĂͿ�
and Ion Proton (ThermoFisher) and 
ǀĂliĚĂtĞĚ� thĞ� ĞǆŽŵĞ� ƐĞƋuĞncinŐ͕�
and the genome and metagenome 
ƐĞƋuĞncinŐ� ĂpplicĂƟŽnƐ� ǁith� thĞ�
nĞǁ� ƐĞƋuĞncĞƌ.� �iŽinĨŽƌŵĂƟcƐ�
ĂnĂlǇƐĞƐ�ǁĞƌĞ�ĂlƐŽ�ǀĂliĚĂtĞĚ� ĨŽƌ� thĞƐĞ�
ĂpplicĂƟŽnƐ.

/n� ĞǆŽŵĞ� ƐĞƋuĞncinŐ͕� thĞ� lĂbŽƌĂtŽƌǇ�
cŽnƟnuĞĚ� thĞ� ĚĞǀĞlŽpŵĞnt� ŽĨ�
�ǆŽŵĞ>ŽupĞ͕� Ă� uƐĞƌ-ĨƌiĞnĚlǇ� ǀĂƌiĂnt�
intĞƌpƌĞtĂƟŽn� ƐŽŌǁĂƌĞ.� dhiƐ� ƐŽŌǁĂƌĞ�
ǁĂƐ�pƌĞƐĞntĞĚ�Ăt��^,'ϭϴ�;DilĂn͕�/tĂlǇͿ�
ĂnĚ��^,'ϭϴ�;^Ăn��iĞŐŽ͕�h^�Ϳ.��

'ĞnŽinƐĞƋ� pĂƌƟcipĂtĞƐ� in� thĞ� ,ϮϬϮϬ�
pƌŽũĞct�DĞtĂŇuiĚicƐ:��ĚǀĂncĞĚ�tŽŽlbŽǆ�
ĨŽƌ� ƌĂpiĚ� ĂnĚ� cŽƐt-ĞīĞcƟǀĞ� ĨuncƟŽnĂl�
ŵĞtĂŐĞnŽŵic�ƐcƌĞĞninŐ�-�ŵicƌŽbiŽlŽŐǇ�
ŵĞĞtƐ� ŵicƌŽŇuiĚicƐ� ;ƌĞĨ.� ϲϴϱϰϳϰ-Ϯ.�
2016-2020) and in the P2020 project 
/nϮ'ĞnŽŵĞ� ʹ� /ntĞŐƌĂƟǀĞ� ĂppƌŽĂch� in�
thĞ� ĚiĂŐnŽƐiƐ� ŽĨ� ŐĞnĞƟc� ĚiƐĞĂƐĞƐ� ;ƌĞĨ.�
17800).

/n� ϮϬϭϴ� thĞ� >ĂbŽƌĂtŽƌǇ� ƐĞƋuĞncĞĚ�
ϲϳϳ� ƐĂŵplĞƐ� ĨŽƌ� ĞǆtĞƌnĂl� cliĞntƐ͕� in� Ă�
tŽtĂl� ŽĨ� ϯϵ.ϴ� 'b.� �iŽĚiǀĞƌƐitǇ� ƐĂŵplĞƐ�
ǁĞƌĞ� thĞ� ŵŽƐt� ƌĞƋuĞƐtĞĚ� ĂpplicĂƟŽn͕�
ǁith� Ă� tŽtĂl� ŽĨ� ϮϬ.ϯϭ� 'b� ƐĞƋuĞncĞĚ.�
^ĞƋuĞncinŐ�ƐĞƌǀicĞƐ�ĂnĚ�biŽinĨŽƌŵĂƟcƐ�
ǁĞƌĞ� ĂĚĚiƟŽnĂllǇ� pƌŽǀiĚĞĚ� ĨŽƌ� �E��
users, with 135 samples sequenced and 
Ă�tŽtĂl�ŽĨ�ϳϲ.ϱ'b.

NextSeq, Illumina



ϭϮϬ

ReÝear�«�WaperÝ

�lbuƋuĞƌƋuĞ͕� >uciĂnĂ͕� �nĂ� ZitĂ� D.� WŽlſniĂ͕� �ƌiƐƟnĂ� �ĂƌƌŽƐŽ͕� ,uŐŽ� :.�.� &ƌŽuĨĞ͕� KlŐĂ� >ĂŐĞ͕� �lĞǆĂnĚƌĞ� >ŽbŽ-
�Ă-�unhĂ͕� �ŽncĞiĕĆŽ� �ŐĂƐ͕� ĂnĚ� DiltŽn� ^.� �Ă� �ŽƐtĂ.� ͞ZĂinĞǇĂ� ŽƌbicŽlĂ� 'Ğn.� EŽǀ.͕� ^p.� EŽǀ.� Ă� ^liŐhtlǇ�
dhĞƌŵŽphilic� �ĂctĞƌiuŵ� ŽĨ� thĞ� WhǇluŵ� �ĂctĞƌŽiĚĞtĞƐ� ĂnĚ� thĞ� �ĞƐcƌipƟŽn� ŽĨ� ZĂinĞǇĂcĞĂĞ� &Ăŵ.� EŽǀ.͟ �
/ntĞƌnĂƟŽnĂl� :ŽuƌnĂl� ŽĨ� ^ǇƐtĞŵĂƟc� ĂnĚ� �ǀŽluƟŽnĂƌǇ� DicƌŽbiŽlŽŐǇ͕ � ϮϬϭϴ.� ĚŽi:ϭϬ.ϭϬϵϵ/iũƐĞŵ.Ϭ.ϬϬϮϱϱϲ. 

�ĂƌƌŽƐ͕�/nġƐ͕�,uŐŽ�&ƌŽuĨĞ͕�'ĞŽƌŐĞ�DĂƌnĞllŽƐ͕��ŽncĞiĕĆŽ��ŐĂƐ͕�:ĞnniĨĞƌ��ĞlĂnĞǇ͕ �DichĞlĞ��lĂŵp͕�ZicĂƌĚŽ�^ĞƌƌĆŽ�^ĂntŽƐ͕�ĂnĚ�
ZĂul��ĞttĞncŽuƌt.�͞DĞtĂtƌĂnƐcƌiptŽŵicƐ�WƌŽĮlĞ�ŽĨ�thĞ�'ill�DicƌŽbiĂl��ŽŵŵunitǇ�ĚuƌinŐ��ĂthǇŵŽĚiŽluƐ�ĂǌŽƌicuƐ.��ƋuĂƌiuŵ�
�ccliŵĂƟǌĂƟŽn�Ăt��tŵŽƐphĞƌic�WƌĞƐƐuƌĞ.͟ ��/D^�DicƌŽbiŽlŽŐǇ͕ �ϮϬϭϴ.�ĚŽi:ϭϬ.ϯϵϯϰ/ŵicƌŽbiŽl.ϮϬϭϴ.Ϯ.ϮϰϬ.

�ĂƌĚŽƐŽ͕� :ŽĂnĂ� D.^.͕� >uşƐ� &ŽnƐĞcĂ͕� �ŽncĞiĕĆŽ� �ŐĂƐ͕� ĂnĚ� /ƐĂbĞl� �bƌĂntĞƐ.� ͞�ǇƐtĞinĞ� WƌŽtĞĂƐĞƐ�
^ĞcƌĞtĞĚ� bǇ� thĞ� WinĞǁŽŽĚ� EĞŵĂtŽĚĞ͕� �uƌƐĂphĞlĞnchuƐ� ǆǇlŽphiluƐ:� /n� ^ilicŽ� �nĂlǇƐiƐ.͟ �
�ŽŵputĂƟŽnĂl� �iŽlŽŐǇ� ĂnĚ� �hĞŵiƐtƌǇ͕ � ϮϬϭϴ.� ĚŽi:ϭϬ.ϭϬϭϲ/ũ.cŽŵpbiŽlchĞŵ.ϮϬϭϴ.ϭϬ.Ϭϭϭ. 

�ĞƌƋuĞiƌĂ͕�d.͕��.��ĂƌƌŽƐŽ͕�,.�&ƌŽuĨĞ͕��.��ŐĂƐ͕�ĂnĚ�Z.��ĞttĞncŽuƌt.�͞DĞtĂŐĞnŽŵic�^iŐnĂtuƌĞƐ�ŽĨ�DicƌŽbiĂl��ŽŵŵuniƟĞƐ�in��ĞĞp-
^ĞĂ�,ǇĚƌŽthĞƌŵĂl�^ĞĚiŵĞntƐ�ŽĨ��ǌŽƌĞƐ�sĞnt�&iĞlĚƐ.͟ �DicƌŽbiĂl��cŽlŽŐǇ͕ �ϮϬϭϴ.�ĚŽi:ϭϬ.ϭϬϬϳ/ƐϬϬϮϰϴ-Ϭϭϴ-ϭϭϰϰ-ǆ.
'ŽnĕĂlǀĞƐ͕� D.d.W.͕� D.:.� �ĞnitŽ͕� D.Ě.'.� �ſƌĚŽbĂ͕� �.� �ŐĂƐ͕� �.s.� DĞƌchĄn͕� �./.� 'ĂlǀĄn͕� ĂnĚ� ^.� Zuiǌ-DŽǇĂnŽ.�
͞�ĂctĞƌiĂl� �ŽŵŵuniƟĞƐ� in� ^ĞƌpĂ� �hĞĞƐĞ� bǇ� �ultuƌĞ� �ĞpĞnĚĞnt� dĞchniƋuĞƐ͕� ϭϲ^� ZZE�� 'ĞnĞ� ^ĞƋuĞncinŐ�
ĂnĚ� ,iŐh-dhƌŽuŐhput� ^ĞƋuĞncinŐ� �nĂlǇƐiƐ.͟ � :ŽuƌnĂl� ŽĨ� &ŽŽĚ� ^ciĞncĞ͕� ϮϬϭϴ.� ĚŽi:ϭϬ.ϭϭϭϭ/ϭϳϱϬ-ϯϴϰϭ.ϭϰϭϰϭ. 

DĂƌŐĞƐin͕� Z.͕� �.-�.� �hĂnŐ͕� >.� �lbuƋuĞƌƋuĞ͕� ,.:.�.� &ƌŽuĨĞ͕� �.� �ŐĂƐ͕� ĂnĚ� D.^.� �Ă� �ŽƐtĂ.� ͞>ǇƐŽbĂctĞƌ� ƐilǀĞƐtƌiƐ� ^p.� EŽǀ.͕�
/ƐŽlĂtĞĚ� ĨƌŽŵ� �lpinĞ� &ŽƌĞƐt� ^Žil͕� ĂnĚ� ZĞclĂƐƐiĮcĂƟŽn� ŽĨ� >utĞiŵŽnĂƐ� tŽlĞƌĂnƐ� ĂƐ� >ǇƐŽbĂctĞƌ� tŽlĞƌĂnƐ� �Žŵb.� EŽǀ.͟ �
/ntĞƌnĂƟŽnĂl� :ŽuƌnĂl� ŽĨ� ^ǇƐtĞŵĂƟc� ĂnĚ� �ǀŽluƟŽnĂƌǇ� DicƌŽbiŽlŽŐǇ� ϲϴ͕� nŽ.� ϱ� ;ϮϬϭϴͿ.� ĚŽi:ϭϬ.ϭϬϵϵ/iũƐĞŵ.Ϭ.ϬϬϮϳϭϬ. 

DĂƌŐĞƐin͕� ZŽƐĂ͕� >uciĂnĂ� �lbuƋuĞƌƋuĞ͕� �Ğ� �hĂŽ� �hĂnŐ͕� ,uŐŽ� :.�.� &ƌŽuĨĞ͕� ZitĂ� ^ĞǀĞƌinŽ͕� /nġƐ� ZŽǆŽ͕� �ŽncĞiĕĆŽ�
�ŐĂƐ͕� ĂnĚ� DiltŽn� ^.� ĚĂ� �ŽƐtĂ.� ͞^ŽliŵicƌŽbiuŵ� ƐilǀĞƐtƌĞ� 'Ğn.� EŽǀ.͕� ^p.� EŽǀ.͕� /ƐŽlĂtĞĚ� ĨƌŽŵ� �lpinĞ� &ŽƌĞƐt� ^Žil.͟ �
/ntĞƌnĂƟŽnĂl� :ŽuƌnĂl� ŽĨ� ^ǇƐtĞŵĂƟc� ĂnĚ� �ǀŽluƟŽnĂƌǇ� DicƌŽbiŽlŽŐǇ͕ � ϮϬϭϴ.� ĚŽi:ϭϬ.ϭϬϵϵ/iũƐĞŵ.Ϭ.ϬϬϮϴϲϭ. 

WintŽ͕� �ĄƟĂ͕� ^uƐĂnĂ� ^ŽuƐĂ͕� ,uŐŽ� &ƌŽuĨĞ͕� �ŽncĞiĕĆŽ� �ŐĂƐ͕� �hƌiƐtŽphĞ� �lĠŵĞnt͕� &lŽƌĞncĞ� &ŽntĂinĞ͕� ĂnĚ� �nĂ� �.� 'ŽŵĞƐ.�
͞�ƌĂŌ� 'ĞnŽŵĞ� ^ĞƋuĞncĞ� ŽĨ� �ĂcilluƐ� ĂŵǇlŽliƋuĞĨĂciĞnƐ� ƐubƐp.� plĂntĂƌuŵ� ƐtƌĂin� &itŽ-&ϯϮϭ͕� Ăn� �nĚŽphǇtĞ�DicƌŽŽƌŐĂniƐŵ�
ĨƌŽŵ� siƟƐ� ǀiniĨĞƌĂ� ǁith� �iŽcŽntƌŽl� WŽtĞnƟĂl.͟ � ^tĂnĚĂƌĚƐ� in� 'ĞnŽŵic� ^ciĞncĞƐ͕� ϮϬϭϴ.� ĚŽi:ϭϬ.ϭϭϴϲ/ƐϰϬϳϵϯ-Ϭϭϴ-ϬϯϮϳ-ǆ. 

ZĂŵŽƐ͕��.D.͕��.�hƐiĠ͕�W.��ĂƌbŽƐĂ͕�W.D.��ĂƌƌŽƐ͕�d.��ĂpŽtĞ͕�/.��hĂǀĞƐ͕�&.�^iŵƁĞƐ͕�Ğt�Ăl.�͞dhĞ��ƌĂŌ�'ĞnŽŵĞ�^ĞƋuĞncĞ�ŽĨ��ŽƌŬ�KĂŬ.͟ �
^ciĞnƟĮc��ĂtĂ�ϱ�;ϮϬϭϴͿ.�ĚŽi:ϭϬ.ϭϬϯϴ/ƐĚĂtĂ.ϮϬϭϴ.ϲϵ.



ϭϮϭ

D®toyd�^erò®�eÝ�>a�oratorù

�uƌinŐ� ĚƌuŐ� ĚĞǀĞlŽpŵĞnt͕� thĞ� ƌŽĂĚ�
tŽǁĂƌĚƐ� ƐuccĞƐƐĨul� ŵĂƌŬĞt� ĞntƌǇ� ĂlƐŽ�
ĚĞpĞnĚƐ�Žn�ǁhĞthĞƌ�tŽǆicitǇ�tŽ�ƟƐƐuĞƐ�
iƐ� pƌŽpĞƌlǇ� pƌĞĚictĞĚ� in� pƌĞ-clinicĂl�
ƐtĂŐĞƐ.� �t� thiƐ� cƌiƟcĂl� ƟŵĞ� ĨŽƌ� thĞ�
ĚĞǀĞlŽpŵĞnt�ŽĨ�nŽǀĞl�ĚƌuŐƐ͕�it�iƐ�cƌiƟcĂl�
to assess whether a drug candidate 
presents cellular and mitochondrial 
liĂbiliƟĞƐ� ǁhich� ŵĂǇ� cĂuƐĞ� Žī-tĂƌŐĞt�
tŽǆicitǇ.� ^incĞ� ŵitŽchŽnĚƌiĂ� ĂƌĞ� thĞ�
cĞll� pŽǁĞƌhŽuƐĞƐ� ĂnĚ� ƌĞƐpŽnƐiblĞ� ĨŽƌ�
ŵĂnǇ� cƌiƟcĂl� tĂƐŬƐ� in� cĞll�ŵĞtĂbŽliƐŵ͕�
chĞŵicĂl� ĞnƟƟĞƐ� thĂt� ĚĞŵŽnƐtƌĂtĞ�
tŽǆicitǇ� tŽ� thĂt� intƌĂcĞllulĂƌ� ŽƌŐĂnĞllĞ�
lĞĂĚ� tŽ� Ă� biŽĞnĞƌŐĞƟc� ĚiƐƌupƟŽn� ŽĨ�
thĞ�cĞll͕�ĨŽllŽǁĞĚ�bǇ�ŽƌŐĂn�ĨĂiluƌĞ.�KnĞ�
ĞǆĂŵplĞ� iƐ� ĚƌuŐ-inĚucĞĚ� liǀĞƌ� inũuƌǇ͕ �
ǁhich�iƐ�thĞ�ŵĞchĂniƐŵ�bĞhinĚ�ƐĞǀĞƌĂl�
cĂƐĞƐ� ŽĨ� ĚƌuŐ� ǁithĚƌĂǁĂl� ĨƌŽŵ� thĞ�
ŵĂƌŬĞt.� WƌĞĚicƟŽn� ŽĨ� ŵitŽchŽnĚƌiĂl�
tŽǆicitǇ� in� ĞĂƌlǇ� pƌĞ-clinicĂl� ƐtĂŐĞƐ� iƐ�
thuƐ�ĞƐƐĞnƟĂl�tŽ�phĂƌŵĂ�cŽŵpĂniĞƐ�ĨŽƌ�
Ă�ŵŽƌĞ�ƐuccĞƐƐĨul�ƌŽĂĚ�tŽ�ŵĂƌŬĞt.

Coordinator: Paulo Oliveira 

KƵƌ�ŵŝƐƐŝŽŶ� 

dhĞ� ŵĂin� ŽbũĞcƟǀĞ� ŽĨ� DitŽyd� ƐĞƌǀicĞ�
plĂƞŽƌŵ� iƐ� tŽ� ƐuppŽƌt� cŽŵpĂniĞƐ�
or academic research groups in 
pƌĞĚicƟnŐ� thĞ� ŵitŽchŽnĚƌiĂl� tŽǆicitǇ�
ŽĨ� ƐinŐlĞ� ŵŽlĞculĞƐ� Žƌ� ŵiǆtuƌĞƐ� ǁith�
ĂpplicĂƟŽnƐ�in�phĂƌŵĂcĞuƟcĂl�inĚuƐtƌǇ͕ �
ĞnǀiƌŽnŵĞntĂl� ƐciĞncĞƐ͕� nĂnŽpĂƌƟclĞƐ�
ĂnĚ� pŽlǇŵĞƌ� ĚĞǀĞlŽpŵĞnt͕� ĨŽŽĚ�
inĚuƐtƌǇ͕ �ĂƐ�ǁĞll�ĂƐ�ŽthĞƌ�ĂpplicĂƟŽnƐ͕�
ǁith� thĞ� ulƟŵĂtĞ� ŽbũĞcƟǀĞ� ŽĨ�
intƌŽĚucinŐ� ƐĂĨĞƌ� chĞŵicĂlƐ� in� thĞ�
ĞnǀiƌŽnŵĞnt� ĂnĚ� huŵĂn� ƐǇƐtĞŵƐ. 

KƵƌ��ĂĐŬŐƌŽƵŶĚ

<nŽǁ-hŽǁ� in� cĞll� ĂnĚ� ŵitŽchŽnĚƌiĂl�
ŵĞtĂbŽliƐŵ� ĂnĚ� tŽǆicŽlŽŐǇ͕ � ƐtĂnĚĂƌĚ�
ĂnĚ� ǀĞƌiĮĞĚ� pƌŽtŽcŽlƐ� thĂt� cĂn� bĞ�
adapted to high-throughput screening.

dĞĐŚŶŽůŽŐǇ�

^ĞĂhŽƌƐĞ� y&ϵϲ� �ǆtƌĂcĞllulĂƌ� Ňuǆ�
�nĂlǇǌĞƌ͖� �ǇtĂƟŽn� ϯ� DulƟplĂtĞ�
ZĞĂĚĞƌ͕ � ��d/�^� dKyyƐ� ĂnĂlǇǌĞƌ͕ �
D�/K� �ƋuĂ^pĞc� ŵiĚ-inĨƌĂƌĞĚ�
ƐpĞctƌŽƐcŽpǇ� ĂnĂlǇǌĞƌ͕ � ,ĂnƐĂtĞch�
ŽǆǇŐƌĂph͕� �&y-ϵϲ� ƋZd-W�Z� ŵĂchinĞƐ. 

RΘ�͗

�ĞǀĞlŽpinŐ� nĞǁ� ƐcƌĞĞninŐ� ŵĞthŽĚƐ�
ĂnĚ� iĚĞnƟĨǇinŐ� biŽŵĂƌŬĞƌƐ� ŽĨ� ĚiƐĞĂƐĞ�
and drug-induced mitochondrial 
tŽǆicitǇ.

dĞĂŵ:� WĂulŽ� KliǀĞiƌĂ� ;�ŽŽƌĚinĂtŽƌͿ�
͕dĞƌĞƐĂ�KliǀĞiƌĂ�ĂnĚ�silŵĂ�^ĂƌĚĆŽ.

>®¥e�^�®en�eÝ�DaÝÝ�^pe�troÃetrù�Ͳ�>^D^

�uƌinŐ�ϮϬϭϴ�thĞ�>^D^�ĚĞǀĞlŽpĞĚ�ƐĞǀĞƌĂl�
ƌĞƐĞĂƌch�pƌŽũĞctƐ�cŽŽƌĚinĂtĞĚ�bǇ��E�͕�
but� ĂlƐŽ� nĂƟŽnĂl� ĂnĚ� intĞƌnĂƟŽnĂl�
cŽllĂbŽƌĂƟŽnƐ.�dhĞ�ƌĞƐĞĂƌch�pĞƌĨŽƌŵĞĚ�
ŽǀĞƌ� thĞ� lĂƐt� ǇĞĂƌƐ� ƌĞƐultĞĚ� in� Ă�
ƐiŐniĮcĂnt� nuŵbĞƌ� ŽĨ� publicĂƟŽnƐ͕�
ĂlŽnŐ� ǁith� thĞ� cŽnƟnuĂƟŽn� ŽĨ� Ăn�
&�d� pƌŽũĞct� ĂnĚ� bĞŐinninŐ� ŽĨ� Ă� W���
project, both with a strong proteomics 
and metabolomics component. The 
cĞƌƟĮĞĚ� ƐĞƌǀicĞƐ� unĚĞƌ� thĞ� /^K� ϵϬϬϭ�
cŽŵpliĂncĞ� hĂǀĞ� bĞĞn� ĞǆtĞnĚĞĚ� ĂnĚ�
nĞǁ� plĂnƐ� tŽ� cŽǀĞƌ� thĞ� ƌĞŵĂininŐ�
lĂbŽƌĂtŽƌǇ� ƌĞƐĞĂƌch� ŵĞthŽĚƐ� unĚĞƌ�
this compliance are being implemented 
;bĞcŽŵinŐ�thĞƌĞĨŽƌĞ�thĞ�ŽnlǇ�/^K�ϵϬϬϭ�
cĞƌƟĮĞĚ� ƌĞƐĞĂƌch� ŵĂƐƐ� ƐpĞctƌŽŵĞtƌǇ�
lab in Portugal).

Coordinator: Bruno Manadas 

dhĞ� iŵpĂct� ŽĨ� Žuƌ� ƌĞƐĞĂƌch� in� thĞ�
cŽŵŵunitǇ�hĂƐ�ƌĂiƐĞĚ�ƋuitĞ�ƐiŐniĮcĂntlǇ�
ĂƐ�thĞ�nuŵbĞƌ�ŽĨ�publicĂƟŽnƐ͕�pƌŽũĞctƐ͕�
ĂnĚ� ƐĞƌǀicĞƐ� pƌŽǀiĚĞĚ� clĞĂƌlǇ� ƐhŽǁ.�
,ŽǁĞǀĞƌ͕ � ǁĞ� ĂlƐŽ� bĞliĞǀĞ� thĂt� thĞ�
inǀitĂƟŽnƐ� tŽ:� iͿ� pĞƌĨŽƌŵ� cŽllĂbŽƌĂƟǀĞ�
projects, ii) write book chapters and 
tutorials, and iii) disseminate our 
ƌĞƐĞĂƌch� thƌŽuŐh� ĂĚǀĂncĞĚ� cŽuƌƐĞƐ�
ĂnĚ� ƐĞŵinĂƌƐ͕� ƐhŽǁƐ� thĞ� inŇuĞncĞ�
ŽĨ� thĞ� ƌĞƐĞĂƌch� bĞinŐ� pĞƌĨŽƌŵĞĚ� in�
the group. Our strong technological 
cĂpĂbiliƟĞƐ͕� ĚĞǀĞlŽpĞĚ� ŽǀĞƌ� thĞ� lĂƐt�
ǇĞĂƌƐ͕� ĂƌĞ� nŽǁ� ƌĞƐulƟnŐ� in� hiŐhĞƌ�
biological impact research papers 
ĂnĚ� ĚĞŵŽnƐtƌĂƟnŐ� thĞiƌ� pŽtĞnƟĂl� tŽ�
be transposed to biomarker research 
ŵĂinlǇ�in�ĂƐƐŽciĂƟŽn�ǁith�tƌĂnƐlĂƟŽnĂl�

ĂppƌŽĂchĞƐ.� dhĞƐĞ� inĚicĂtŽƌƐ� hĂǀĞ�
cŽntƌibutĞĚ� tŽ� incƌĞĂƐĞ� thĞ� cliniciĂn Ɛ͛�
pĞƌcĞpƟŽn� ƌĞŐĂƌĚinŐ� thĞ� pŽtĞnƟĂl�
ŽĨ� thĞ� tĞchnŽlŽŐǇ� ĞǆiƐtĞnt� in� thĞ� lĂb�
ǁhich�ƌĞƐultĞĚ�in�thĞ�ĞƐtĂbliƐhŵĞnt�ŽĨ�
intĞŐƌĂƟǀĞ� ƐcƌĞĞninŐ� pƌŽũĞctƐ� ĨŽƌ� thĞ�
ƐĞĂƌch� ŽĨ� nĞǁ� biŽŵĂƌŬĞƌƐ� ĨŽƌ� ƐĞǀĞƌĂl�
diseases.

DA/E�A�,/�s�D�Ed^



ϭϮϮ

^erò®�eÝ�an���oreÝ�at�/�/>/

dhĞ�ĂniŵĂl�ĨĂcilitǇ�Ăt�/�/>/-^ub-hniĚĂĚĞ�
ϭ�ĚĂ�&Dh��iƐ�Ă�licĞnƐĞĚ�ĞƐtĂbliƐhŵĞnt�
ĨŽƌ� thĞ� uƐĞ� ĂnĚ� bƌĞĞĚinŐ� ŽĨ� ĂniŵĂlƐ�
;ƌŽĚĞntƐͿ.��ll�pƌŽcĞĚuƌĞƐ�ĂƌĞ�pĞƌĨŽƌŵĞĚ�
in� ĂccŽƌĚĂncĞ� ǁith� nĂƟŽnĂl� lĂǁƐ� ĂnĚ�
�uƌŽpĞĂn� ŐuiĚĞlinĞƐ� Žn� lĂbŽƌĂtŽƌǇ

AE/DA>�¥a�®l®tù

Coordinator: Flávio Reis, PhD (freis@fmed.uc.pt)

ĂniŵĂl� ǁĞlĨĂƌĞ.� dhĞ� ĂniŵĂl� ĨĂcilitǇ�
ǁŽƌŬƐ�clŽƐĞlǇ�ǁith�thĞ��niŵĂl�tĞlĨĂƌĞ�
�uthŽƌitǇ�;KZ���Ϳ�ĂnĚ�Ăll�pƌŽũĞctƐ�ĂnĚ�
ƌĞƐĞĂƌchĞƌƐ�Ăt�/�/>/�uƐinŐ�ĞǆpĞƌiŵĞntĂl�
ĂniŵĂlƐ� ŵuƐt� hĂǀĞ� cĞƌƟĮcĂƟŽn� ĂnĚ/
Žƌ� ĂppƌŽǀĂl� bǇ� thĞ� nĂƟŽnĂl� ĂuthŽƌitǇ

ƌĞŐulĂƟnŐ� thĞ� ƐĞctŽƌ͕ � thĞ� 'ĞnĞƌĂl�
�iƌĞctŽƌĂtĞ� ŽĨ� &ŽŽĚ� ĂnĚ� sĞtĞƌinĂƌǇ�
;�'�sͿ.� dhĞ� ĂniŵĂl� ĨĂcilitǇ� pƌŽǀiĚĞƐ�
tĞchnicĂl� ƐuppŽƌt� tŽ� &Dh� Ɛ͛� ƌĞƐĞĂƌch�
ĂnĚ� tĞĂchinŐ� ĂcƟǀiƟĞƐ� inǀŽlǀinŐ�
experimental animals.

dhĞ� ,iŐh-ZĞƐŽluƟŽn� �iŽ-/ŵĂŐinŐ�
>ĂbŽƌĂtŽƌǇ� iƐ� Ă� tĞchnŽlŽŐicĂl�
plĂƞŽƌŵ� ŵĂnĂŐĞĚ� bǇ� thĞ� &ĂcultǇ�
ŽĨ� DĞĚicinĞ� ŽĨ� thĞ� hniǀĞƌƐitǇ� ŽĨ�
�ŽiŵbƌĂ� ;&Dh�Ϳ.� dhĞ� >����Z� iƐ� pĂƌt�
ŽĨ� thĞ� EĂƟŽnĂl� EĞtǁŽƌŬ� ŽĨ� �lĞctƌŽn�
DicƌŽƐcŽpǇ� ;WŽlĞ� ŽĨ� thĞ� hniǀĞƌƐitǇ�
ŽĨ� �ŽiŵbƌĂ� -� ZED�Ϳ� ĂnĚ� thĞ� ŽnlǇ

>A��AR�ʹ�,/',ͲR�^K>hd/KE��/K/DA'/E'�>A�

Head of Unit: Henrique Girão (hmgirao@fmed.uc.pt)

inĨƌĂƐtƌuctuƌĞ� ǁith� Ă� tƌĂnƐŵiƐƐiŽn�
ĞlĞctƌŽn� ŵicƌŽƐcŽpǇ� ;d�DͿ� ƐpĞciĂllǇ�
ĚĞĚicĂtĞĚ� tŽ� ĂpplicĂƟŽnƐ� in� ,ĞĂlth�
^ciĞncĞƐ� in� thĞ� cĞntƌĂl� ƌĞŐiŽn� ŽĨ�
WŽƌtuŐĂl.� dhĞ� >����Z� ĞƋuipŵĞntƐ͕�
incluĚinŐ� d�D͕� cŽnĨŽcĂl� ĂnĚ�
ŇuŽƌĞƐcĞncĞ� ŵicƌŽƐcŽpĞƐ͕� ĂƌĞ�
ĂǀĂilĂblĞ� tŽ� ƌĞƐĞĂƌchĞƌƐ� ŽĨ� thĞ

hniǀĞƌƐitǇ�ŽĨ��ŽiŵbƌĂ�ĂƐ�ǁĞll�ĂƐ�ŽthĞƌƐ�
ĨƌŽŵ� ĞǆtĞƌnĂl� ĂcĂĚĞŵic� inƐƟtuƟŽnƐ͕�
hospitals and companies.
dhĞ�>����Z�pƌŽǀiĚĞƐ�tĞchnicĂl�ƐuppŽƌt�
Žn� ƐĞǀĞƌĂl� ŵicƌŽƐcŽpicĂl� tĞchniƋuĞƐ�
incluĚinŐ� liǀĞ� iŵĂŐinŐ͕� iŵŵunŽŐŽlĚ�
lĂbĞlinŐ�ĂnĚ�cŽƌƌĞlĂƟǀĞ�ƐtuĚiĞƐ.

�Yh/WD�Ed:

 Leica ultramicrotome with a cryo unit (EM UC6 and 
EM FC)

Fluorescence microscope Zeiss Axio Observer.Z1

Staff: Mónica Zuzarte - Technician (mzuzarte@uc.pt)



ϭϮϯ

Confocal Microscope Zeiss LSM 710 which includes 3 
R7FL spectral channels, 5 laser lines: 458, 488, 514, 

561 and 633 

FEI-Tecnai G2 Spirit Biotwin transmission electron 
microscope operating up to 120 kV

�>��dRK�E��&A>K'RAW,z�ͬ��sK<���WKd�Ed/A>^

dhĞ� ĨutuƌĞ� ŽĨ� ƐĞnƐŽƌǇ� nĞuƌŽƐciĞncĞ�
in� huŵĂnƐ� iƐ� hiŐhlǇ� ĚĞpĞnĚĞnt�
Žn� ŵulƟŵŽĚĂl� ŵĞthŽĚŽlŽŐicĂl�
ĂppƌŽĂchĞƐ�tŽ�ƐtuĚǇ�bƌĂin�ĨuncƟŽn.�dhiƐ�
ŵulƟĚiƐciplinĂƌǇ� pƌŽũĞct� ĂiŵƐ� tŽ� tĂŬĞ�
ĂĚǀĂntĂŐĞ� ŽĨ� ĂlƌĞĂĚǇ� ĞǆiƐƟnŐ� ŬnŽǁ-
hŽǁ� ĂnĚ� ĞƋuipŵĞnt� -� pƐǇchŽphǇƐicĂl�
lĂbŽƌĂtŽƌiĞƐ� ĂnĚ� tĞchniƋuĞƐ� tŽ� ƐtuĚǇ�
bƌĂin� ƐtƌuctuƌĞ� ĂnĚ� ĨuncƟŽn� ;DZ/͕�
^W��d͕ �ƐŽŽn�W�dͿ�ʹ�ĂnĚ�intĞŐƌĂtĞ�thĞŵ�
ǁith� hiŐh-ƌĞƐŽluƟŽn� ĞlĞctƌŽphǇƐiŽlŽŐǇ�
tŽ�ƐtuĚǇ�ƐĞnƐŽƌǇ�ĂnĚ�ŵŽtŽƌ�ĨuncƟŽn.�
�� ŵĂũŽƌ� ŐŽĂl� iƐ� tŽ� ƐtuĚǇ� ŵĞchĂniƐŵƐ�
ŽĨ�ǀiƐuĂl�pĞƌcĞpƟŽn�ŽĨ�ŵŽǀĞŵĞnt�ĂnĚ�
ƐhĂpĞ͕�bǇ�ŵĂppinŐ�ĞlĞctƌŽphǇƐiŽlŽŐicĂl�
ƌĞƐpŽnƐĞƐ� tŽ� cŽnĚiƟŽnƐ� ĚĞĮnĞĚ� bǇ�
ŵŽƟŽn͕� cŽlŽuƌ͕ � ŽƌiĞntĂƟŽn� Žƌ� tĞǆtuƌĞ�
cŽntƌĂƐt͕� ĂnĚ� ƌĞlĂƟnŐ� thĞŵ� tŽ� ƌĞƐultƐ�
ŽbtĂinĞĚ� ĨƌŽŵ� ŽthĞƌ� ƐtƌĂtĞŐiĞƐ� ŽĨ�
ĨuncƟŽnĂl�ŵĂppinŐ.�
DŽĚĞlƐ� ŽĨ� ǀiƐuŽŵŽtŽƌ� intĞŐƌĂƟŽn�ǁill�
bĞ� ƐtuĚiĞĚ� in� nŽƌŵĂl� pŽpulĂƟŽnƐ� ĂnĚ�
in Parkinson Disease. 
&uƌthĞƌ͕ � nĞuƌĂl� ŵĞchĂniƐŵƐ� ŽĨ� ǀiƐuĂl�
ĂnĚ�ĂuĚitŽƌǇ�plĂƐƟcitǇ�ǁill�bĞ�cŽŵpĂƌĞĚ�
in� nŽƌŵĂl� inĚiǀiĚuĂlƐ� ĂnĚ� pĂƟĞntƐ�
;ƐŽŵĞ� ǁith� ƐĞnƐŽƌǇ� pƌŽƐthĞƐiƐͿ͕� ĂƐ�
ǁĞll� ĂƐ� iŵplicĂƟŽnƐ� ĨŽƌ� ƌĞhĂbilitĂƟŽn. 

�ƋƵŝƉŵĞŶƚ
,ŝŐŚͲĚĞŶƐŝƚǇ�ŚƵŵĂŶ�ĞůĞĐƚƌŽƉŚǇƐŝŽůŽŐǇ�
ĂŵƉůŝĮĞƌƐ�ĂŶĚ�ǁŽƌŬƐƚĂƟŽŶ
dhiƐ� iƐ�Ă���'/�ZW�ĚĂtĂ�ĂcƋuiƐiƟŽn�ĂnĚ�
ƐiŐnĂl� pƌŽcĞƐƐinŐ� ƐǇƐtĞŵ� ĞƐƐĞnƟĂl� ĨŽƌ�
ƌĞcĞiǀinŐ�͕�cŽnĚiƟŽninŐ͕�ĂnĚ�pƌŽcĞƐƐinŐ�
thĞ� ƐiŐnĂlƐ� ĨƌŽŵ� ��'� ĞlĞctƌŽĚĞƐ�
;^zE�DW^� ��/��� ϰΎϯϮ� chĂnnĞlƐ�
ĂŵpliĮĞƌƐ�ǁith�hiŐh-ƐpĞĞĚ��/��ĂnĚ�

��'� ĂnĚ� D�'� ƐŽuƌcĞ� ƌĞcŽnƐtƌucƟŽn.
tŽ�ĂllŽǁ�thĞ�cŽŵpĂƌiƐŽn�ŽĨ�ƌĞƐultƐ�ĂnĚ�
tŽ� ĞnhĂncĞ� thĞ� ĂccuƌĂcǇ� ŽĨ� ƐŽluƟŽnƐ. 
 
sŝƐƵĂů� ĂŶĚ� ĂƵĚŝƚŽƌǇ� ƐƟŵƵůĂƟŽŶ�
ƐŽŌǁĂƌĞ�ĂŶĚ�ŚĂƌĚǁĂƌĞ
^d/D� iƐ� Ă� cŽŵbinĂƟŽn� ŽĨ� hĂƌĚǁĂƌĞ�
ĂnĚ� ƐŽŌǁĂƌĞ� ǁhich� cĂn� pƌĞƐĞnt�
ĂuĚiŽ� ĂnĚ� ǀiƐuĂl� ƐƟŵuli� tŽ� ƐubũĞctƐ.�
dhĞ� ƐǇƐtĞŵ� iƐ� ĨullǇ� pƌŽŐƌĂŵŵĂblĞ�
ĂnĚ� ĂllŽǁƐ� ĨŽƌ� ĂnǇ� iŵĂŐinĂblĞ�
cŽŵbinĂƟŽn� ŽĨ� ƐƟŵuli.� dd>� ŽutputƐ�
ŐuĂƌĂntĞĞ� ƐǇnchƌŽniƐĂƟŽn� ǁith�
��'/�W� ǁŽƌŬƐtĂƟŽnƐ͕� ǁhich�
ƌĞnĚĞƌƐ� thiƐ� ĞƋuipŵĞnt� ĞƐƐĞnƟĂl�
ĨŽƌ� ƐtuĚiĞƐ� in� ƐĞnƐŽƌǇ� nĞuƌŽƐciĞncĞ.
 
�ǇĞ� dƌĂĐŬĞƌ� ƚŽ� ŝŶƚĞŐƌĂƚĞ� ǁŝƚŚ� ǀŝƐƵĂů�
ƐƟŵƵůĂƟŽŶ
dhiƐ�ĞƋuipŵĞnt�ĂllŽǁƐ�tŽ�ŵĞĂƐuƌĞ�ĞǇĞ�
pŽƐiƟŽn�in�ƌĞlĂƟŽn�tŽ�thĞ�ǀiĞǁĞĚ�iŵĂŐĞ�
ĂnĚ� tŽ� ƐǇnchƌŽniǌĞ� thĞ� ĂcƋuiƐiƟŽn�
ǁith� bĞhĂǀiŽuƌĂl� ƌĞƐpŽnƐĞƐ� ĂnĚ� ��'.
 
�ŝŐŝƟǌĞƌ� ĨŽƌ� ϯ�� ůŽĐĂůŝǌĂƟŽŶ� ŽĨ�
ĞůĞĐƚƌŽĚĞƐ� ĂŶĚ� ĮĚƵĐŝĂƌǇ� ŚĞĂĚ�
ůĂŶĚŵĂƌŬƐ
dhĞ�&�^dZ�<�ĚiŐiƟǌĞƌ�hĞlpƐ�ĞƐtĂbliƐhinŐ�
ϯ�� lŽcĂliǌĂƟŽn� ŽĨ� ĞlĞctƌŽĚĞƐ� ĂnĚ�
ĮĚuciĂƌǇ� hĞĂĚ� lĂnĚŵĂƌŬƐ� ĨŽƌ�
cŽƌĞŐiƐtƌĂƟŽn� ŽĨ� ��'� ŵĞĂƐuƌĞŵĞntƐ�
ǁith� iŵĂŐĞƐ� ĨƌŽŵ� DZ/͕� �d͕ � Žƌ� W�d.

EĞuƌŽ^cĂn� ��'/�ZW� tŽƌŬƐtĂƟŽn�
(Scan,computer, card)). 
dhĞ�hiŐh�nuŵbĞƌ�ŽĨ�ĂcƋuiƐiƟŽn�chĂnnĞlƐ�
iƐ� ƌĞƋuiƌĞĚ� tŽ� ĂĚĚ� ƐpĂƟĂl� ƌĞƐŽluƟŽn�
tŽ� thĞ� hiŐh� tĞŵpŽƌĂl� ƌĞƐŽluƟŽn�
ƐiŐnĂl� ĂnĚ� ĂllŽǁ� ĨŽƌ� lŽcĂliǌĂƟŽn�
ŽĨ� ƐŽuƌcĞƐ� ŽĨ� ĂcƟǀitǇ� in� thĞ� bƌĂin. 

,ŝŐŚͲĚĞŶƐŝƚǇ� ĞůĞĐƚƌŽĚĞ�
ĂƌƌĂǇƐ� ĂŶĚ� ĂĐĞƐƐŽƌŝĞƐ 
,iŐh-ĚĞnƐitǇ� ĂƌƌĂǇ� cĂpƐ� ŽĨ� ĞlĞctƌŽĚĞƐ͕�
thĂt� cŽŵĞ� in� ĚiīĞƌĞnt� ƐiǌĞƐ� ;chilĚƌĞn�
tŽ� ĂĚultͿ� ĂnĚ� ƌĞnĚĞƌ� pŽƐƐiblĞ� ĨĂƐtĞƌ�
ƐubũĞct� pƌĞpĂƌĂƟŽn� ĨŽƌ� ƐiŵultĂnĞŽuƐ�
ƌĞcŽƌĚinŐƐ�ǁith�ŵĂnǇ�ĞlĞctƌŽĚĞƐ.�
dhiƐ� iƐ� Ăn� ĂbƐŽlutĞ� ƌĞƋuiƌĞŵĞnt� ĨŽƌ�
hiŐh-ĚĞnƐitǇ�ƌĞcŽƌĚinŐƐ.�
Acessories include rechloriding 
equipment and electrodes. 

^ŽŌǁĂƌĞ� ĨŽƌ� ĐŽͲƌĞŐŝƐƚƌĂƟŽŶ� ŽĨ�
ĚŝīĞƌĞŶƚ� ƚĞĐŚŶŝƋƵĞƐ� ;��'͕� W�d͕ �
ĨDR/Ϳ� ĂŶĚ� ƐŽƵƌĐĞ� ůŽĐĂůŝǌĂƟŽŶ
dhiƐ� ƐŽŌǁĂƌĞ� intĞŐƌĂtĞƐ� ŵulƟplĞ͕�
cŽŵplĞŵĞntĂƌǇ� iŵĂŐĞ� ŵŽĚĂliƟĞƐ�
;��'� ĂnĚ� D�'͖� DZ/͕� ĨDZ/� Žƌ� �dͿ.�
�Ǉ� cŽŵbininŐ� thĞ� lĂtĞƐt� tĞchniƋuĞƐ�
ĨŽƌ�ŵĞĂƐuƌinŐ� ĞlĞctƌicĂl� ĂcƟǀitǇ� in� thĞ�
bƌĂin� ǁith� ĂnĂtŽŵicĂl� ĂnĚ� ĨuncƟŽnĂl�
iŵĂŐinŐ͕� it� pƌŽǀiĚĞƐ� Ă� pŽǁĞƌĨul� nĞǁ�
ŵĞthŽĚ� ĨŽƌ� ĂccuƌĂtĞlǇ� lŽcĂliǌinŐ� thĞ�
ƐŽuƌcĞ� ŽĨ� Ɛuch� ĂcƟǀitǇ.� dhĞ� ƐŽŌǁĂƌĞ�
uƐĞƐ�thĞ�Ĩull�phǇƐicĂl�ĂnĂtŽŵǇ�ĨƌŽŵ�DZ�
ĂnĚ� �d� tŽ� builĚ� inĚiǀiĚuĂliǌĞĚ� thƌĞĞ-
ĚiŵĞnƐiŽnĂl� ŵŽĚĞlƐ� ŽĨ� thĞ� ƐŬull� ĂnĚ�
bƌĂin͕�ǁhich� ĂƌĞ� cƌiƟcĂl� in� pinpŽinƟnŐ�
thĞ�ƐitĞ�ŽĨ�nĞuƌĂl�ĂcƟǀitǇ.� /t� intĞŐƌĂtĞƐ�
ĨuncƟŽnĂl� iŵĂŐinŐ� Ɛuch� ĂƐ� ĨDZ/� ǁith�



ϭϮϰ

RĞƐĞƌǀĂƟŽŶ�ĂŶĚ��ŽŶƚĂĐƚ 

�ŽŶĚŝƟŽŶƐ�ĨŽƌ�ƚŚĞ�hƟůŝǌĂƟŽŶ�ŽĨ�ƚŚĞ�
�ƋƵŝƉŵĞŶƚ͗ 

&Žƌ� ZĞƐĞĂƌchĞƌƐ� ŽĨ� thĞ� WĂƌƟcipĂƟnŐ�
/nƐƟtuƟŽnƐ:� dhĞ� ƟŵĞ� ĂllŽcĂƟŽn� ŽĨ�
uƐĂŐĞ�ǁill�bĞ�ŵĂnĂŐĞĚ�bǇ�thĞ�ŵĞŵbĞƌƐ�
ŽĨ� thĞ� siƐuĂl� WƐǇchŽphǇƐiŽlŽŐǇ� >Ăb�
;/�/>/�ʹ�&Ăc.�ŽĨ�DĞĚicinĞͿ.�
dhiƐ� lĂb�ǁill� pƌŽǀiĚĞ� tĞchnicĂl� ƐuppŽƌt�
ĨŽƌ� thĞ� ƌunninŐ� ŽĨ� ĞǆpĞƌiŵĞntƐ� bǇ� Ăll�
ŐƌŽupƐ�thĂt�ǁill�inǀŽlǀĞĚ�in�cŽllĂbŽƌĂƟǀĞ�
ƌĞƐĞĂƌch�;ƐĞĞ�liƐt�ĂbŽǀĞͿ.

but� ĞĂch� ŐƌŽup� iƐ� ƌĞƐpŽnƐiblĞ� ĨŽƌ�
experimental design and costs with 
ŵĂtĞƌiĂlƐ�ƌĞƋuiƌĞĚ�ĨŽƌ�thĞ�ĞǆpĞƌiŵĞntƐ�
&Žƌ� ZĞƐĞĂƌchĞƌƐ� ŽĨ� KthĞƌ� /nƐƟtuƟŽnƐ:��
Groups that do not belong to the list 
ŽĨ� ŐƌŽupƐ� inǀŽlǀĞĚ� in� cŽllĂbŽƌĂƟǀĞ�
ƌĞƐĞĂƌch͕� cĂn� uƐĞ� thĞ� ĨĂcilitǇ͕ � but� ǁill�
hĂǀĞ� tŽ� pĂǇ� ĨŽƌ� tĞchnicĂl� ƐuppŽƌt� in�
ƐĞƫnŐ� up� thĞ� ĞǆpĞƌiŵĞnt� ĂƐ� ǁĞll� ĂƐ�
cŽƐtƐ� ǁith� ŵĂtĞƌiĂlƐ� ƌĞƋuiƌĞĚ� ĨŽƌ� thĞ�
experiments. 
&uƌthĞƌŵŽƌĞ͕� ƟŵĞ� uƐĂŐĞ� ǁill� bĞ�
cŽnƐtƌĂinĞĚ� bǇ� ƟŵĞ� ƌĞŵĂininŐ� ĨƌŽŵ�
thĞ�uƐĂŐĞ�ŽĨ�ŐƌŽupƐ�inǀŽlǀĞĚ�in�thĞ�

pƌŽũĞct͕�ĂnĚ�ǁill�bĞ�nĞŐŽƟĂtĞĚ�ǁith�thĞ�
ŵĂnĂŐinŐ�lĂb�;siƐuĂl�WƐǇchŽphǇƐiŽlŽŐǇ�
>ĂbͿ.�

Prices
175 € + IVA 20% per hour including 
technician.

�ŽntĂct:
WƌŽĨ.�DiŐuĞl��ĂƐtĞlŽ-�ƌĂncŽ
dĞl:�нϯϱϭ�ϮϯϵϰϴϬϮϬϬ
�ŵĂil:�ŵcbƌĂncŽ@ĨŵĞĚ.uc.pt�

DĂŶĂŐĞĚ� ĂŶĚ� ĨƵŶĚĞĚ� ďǇ� &�d� ;&ŽƵŶĚĂƟŽŶ� ĨŽƌ� ^ĐŝĞŶĐĞ� ĂŶĚ� dĞĐŚŶŽůŽŐǇͿ͕� ƵŶĚĞƌ� ƚŚĞ� EĂƟŽŶĂů� WƌŽŐƌĂŵ� ĨŽƌ� ^ĐŝĞŶƟĮĐ� RĞͲ
ĞƋƵŝƉŵĞŶƚ�;WER�Ϳ͕�ĐŽͲĨƵŶĚĞĚ�ďǇ�WK�/ϮϬϭϬ͕�ƐŽƵƌĐĞ�&���R

>A�KRAdKRz�K&��/K^dAd/^d/�^�AE��D��/�A>�/E&KRDAd/�^

dhĞ� >ĂbŽƌĂtŽƌǇ� ĨŽƌ� �iŽƐtĂƟƐƟcƐ�
ĂnĚ� DĞĚicĂl� /nĨŽƌŵĂƟcƐ� iƐ� Ă� pĂƌt�
ŽĨ� thĞ� &ĂcultǇ� ŽĨ� DĞĚicinĞ� ŽĨ� thĞ�
hniǀĞƌƐitǇ� ŽĨ� �ŽiŵbƌĂ.� /t� iƐ� ĚĞĚicĂtĞĚ�
tŽ� ƌĞƐĞĂƌch͕� tĞĂchinŐ� ĂnĚ� ƐciĞnƟĮc�
cŽllĂbŽƌĂƟŽn� in� �iŽƐtĂƟƐƟcƐ.

^ĞƌǀŝĐĞƐ
tĞ� ŽīĞƌ� ƐciĞnƟĮc� cŽllĂbŽƌĂƟŽn� in�
ƐtuĚǇ� ĚĞƐiŐn� ĂnĚ� ƐtĂƟƐƟcĂl� ĂnĂlǇƐiƐ.�
dhƌŽuŐhŽut� thĞ� ǇĞĂƌ�ǁĞ�ĂlƐŽ�ŽƌŐĂniƐĞ�
Ă�lĂƌŐĞ�nuŵbĞƌ�ŽĨ�cŽuƌƐĞƐ�Žn�ƐtĂƟƐƟcƐ.
 
�ŽƵƌƐĞƐ
tĞ�cuƌƌĞntlǇ�ŽīĞƌ�Ă�nuŵbĞƌ�ŽĨ�cŽuƌƐĞƐ͕�
ƐĞĞ� thĞ� Ĩull� liƐt� hĞƌĞ� ;in� � WŽƌtuŐuĞƐĞͿ.�

/n� thiƐ� pĂŐĞ� ŽnlǇ� cŽuƌƐĞƐ� in�
�nŐliƐh� ĂƌĞ� liƐtĞĚ.� tĞ� ĂƌĞ� ŽpĞn� tŽ�
organising courses upon request.

^ƚĂī
^ciĞnƟĮc��ŽŽƌĚinĂtŽƌ:
Miguel Castelo-Branco, MD. Ph.D

dĞĂĐŚŝŶŐ� ĂŶĚ� RĞƐĞĂƌĐŚ� ^ƚĂī� ĂŶĚ�
ĐŽůůĂďŽƌĂƚŽƌƐ͗
�ĄƌbĂƌĂ�KliǀĞiƌŽƐ͕�Wh.�.
Francisco Caramelo, Ph.D.
Margarida Marques, B.Sc.
DĂƌiƐĂ�>ŽuƌĞiƌŽ͕�D.^c.
KơliĂ��ĂƌĚŽƐŽ�Ě �͛lŵĞiĚĂ͕�Wh.�.

AĚŵŝŶŝƐƚƌĂƟǀĞ�^ƚĂī͗
Cláudia Caridade
 

�ŽŶƚĂĐƚ�/ŶĨŽƌŵĂƟŽŶ
 
�ŽntĂct�WĞƌƐŽn:��lĄuĚiĂ��ĂƌiĚĂĚĞ
�ĚĚƌĞƐƐ:��ǌinhĂŐĂ�^ĂntĂ��ŽŵbĂ͕��ĞlĂƐ
3000-548 Coimbra
WhŽnĞ:�нϯϱϭ�ϮϯϵϰϴϬϬϮϴ
&Ăǆ:�нϯϱϭ�ϮϯϵϰϴϬϮϭϳ
�ŵĂil:�biŽĞƐtĂƟƐƟcĂ@ĨŵĞĚ.uc.pt

ͻ� AƵĚŝƚŽƌŝƵŵ
dhĞ�ĂuĚitŽƌiuŵ�nĂŵĞĚ�͞ WƌŽĨ.��ƌ.�:ŽĆŽ�:ŽƐĠ�WĞĚƌŽƐŽ�>iŵĂ͟�iƐ�lŽcĂtĞĚ�Ăt�thĞ�/�/>/��uilĚinŐ�ǁith�ϴϬ�ƐĞĂtƐ�ĞƋuippĞĚ�ǁith�cŽŵputĞƌ�
and microphone.



ϭϮϱ

&un�®n¦�at��E�

/n�ϮϬϭϴ�ĨunĚinŐ�ŽĨ�͞ >ĂbŽƌĂtſƌiŽ��ƐƐŽciĂĚŽ�ʹ ��ĞntƌŽ�ĚĞ�EĞuƌŽciġnciĂƐ�Ğ��iŽlŽŐiĂ��ĞlulĂƌ͟�ĂƐcĞnĚĞĚ�thĞ�ĂŵŽunt�ŽĨ�ϲ.ϰϲϵ͕ϵϳϬ͕ϭϮΦ.

dhĞ�ŵĂin�ĮnĂncinŐ�cŽntƌibuƟŽn�ǁĂƐ�ŵĂĚĞ�bǇ�͞&unĚĂĕĆŽ�pĂƌĂ�Ă��iġnciĂ�Ğ�dĞcnŽlŽŐiĂ� ;&�dͿ͕͟ �cŽncĞƌninŐ�ŐlŽbĂl� inƐƟtuƟŽn�
pƌŽŐƌĂŵƐ�ĂnĚ�nĂƟŽnĂl�pƌŽũĞctƐ͕�nĂŵĞlǇ�ĂŵŽunt�ŽĨ�������ϱ.Ϯϲϳ.ϳϲϲ͕ϰϰΦ�ĚiƐtƌibuitĞĚ�ĂƐ�ĨŽllŽǁƐ:

^tƌĂtĞŐicĂl�WƌŽũĞctͺ�h/�/E�h/Ϭϰϱϯϵ/ϮϬϭϯ� ������������������Ϯ.ϯϯϴ.ϬϮϵ͕ϱϴΦ
WƌŽũĞctƐ:� � � � � � Ϯ.ϯϳϯ.ϭϭϲ͕ϳϵΦ� �
^ciĞncĞ�WƌŽŐƌĂŵ:� � � � � ���ϱϱϲ.ϲϮϬ͕ϬϳΦ

dhĞ�ƌĞlĂtĞĚ�itĞŵƐ�ƐuppŽƌtĞĚ�thĞ�ŵĂin�pĂƌt�ŽĨ��ĞntĞƌ�ĨŽƌ�EĞuƌŽƐciĞncĞ�ĂnĚ��Ğll��iŽlŽŐǇ�ĞǆpĞnƐĞƐ�ĚuƌinŐ�ϮϬϭϴ.����������������������������������������������

�ĞƐiĚĞƐ��ĞntĞƌ�ĨŽƌ�EĞuƌŽƐciĞncĞ�iƐ�ĮnĂncĞĚ�bǇ�ŽthĞƌ�nĂƟŽnĂl�ĂnĚ�intĞƌnĂƟŽnĂl�ĂŐĞnciĞƐ.�/n�ϮϬϭϴ��ĞntĞƌ�ĨŽƌ�EĞuƌŽƐciĞncĞ�
ƌĞcĞiǀĞĚ�thĞ�ĂŵŽunt�ŽĨ�ϭ.Ϭϴϵ.ϰϲϯ͕ϴϳΦ�

^ĞƌǀicĞƐ�iƐ�ĂnŽthĞƌ�iŵpŽƌtĂnt�ǀĞctŽƌ�ŽĨ�Žuƌ�inƐƟtuƟŽn�ǁhich�ĂƐcĞnĚƐ�ϳϲϰ.ϲϵϱ͕ϲϭΦ.

/n�thĞ�ĨŽllŽǁinŐ�ĂƌĞ�liƐtĞĚ�&�d�ŽnŐŽinŐ�pƌŽũĞctƐ�ĂƐ�ǁĞll�ĂƐ�ŽthĞƌ�nĂƟŽnĂl�ĂnĚ�intĞƌnĂƟŽnĂl�pƌŽũĞctƐ.

EŽtĞ:�&inĂncinŐ�ǀĂluĞƐ�ĂƌĞ�bĂƐĞĚ�Žn�ĞǆpĞnĚituƌĞ�ǀĂluĞƐ�ϮϬϭϴ



ϭϮϲ

Kn¦o®n¦�Wro¹e�tÝ

TITLE FINANCING
AGENCY

STARTING
Date

ENDING
DATE

BUDGET EXPENDITURE

UID/NEU/04539/2013 
- COORDINATOR: João 
Ramalho de Sousa 
Santos -  PROPONENTE: 
Universidade Coimbra -  
PARTICIPANTS: CNBC, 
IBILI

Fundação para Ciência e 
a Tecnologia - REF. UID/
NEU/04539/2013

01/01/2015 31/12/2018 8169962,33 € 2338029,58 €

                                                                          Sub-Total Strategical Projet    2 338 029,58 €

A reação 
neuroinflamatória em 
respostas à inflamação 
sistémica aguda 
durante delirium e 
o seu impacto na 
trajectória cognitiva 
e progressão para 
demência: estudo caso-
controlo longitudinal 
com biomarcadores 
imagiológicos e 
moleculares - 
C O O R D I N A T O R : 
Joaquim Manuel Soares 
Cerejeira

Fundação para Ciência 
e a Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-032501

26/07/2018 25/07/2021 233 309,26 € 18 042,40 €

BaiTS -Dendr ímeros 
biodegradáveis para o 
desenho de terapias 
n e u r o p r o t e c t o r a s 
d i r e c c i o n a d a s 
para o tratamento 
de acidentes 
vasculares cerebrais - 
COORDINATOR: Carlos 
Jorge A. M. B. Duarte 
-  PROPONENTE: 
INEB-Instituto de 
Engenharia Biomédica -  
PARTICIPANTS: CNBC

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/CTM-
NAN/3547/2014

01/07/2016 01/07/2019 17 200,00 € 0,00 €

A interação entre 
cAMP e Sirtuínas como 
um mecanismo de 
controlo mitocondrial 
e metabólico - 
COORDINATOR: Carlos 
Manuel Marques 
Palmeira

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/BIM-
MEC/6911/2014

31/03/2016 31/12/2019 199 260,00 € 32 924,38 €



ϭϮϳ

Exossomas libertados 
de celulas estaminais 
pluripotentes induzidas 
- impacto na (dis)
função mitocondrial na 
Doença de Huntington 
e potencial sistema - 
COORDINATOR: Ildete 
Ferreira

Fundação para Ciência 
e a Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-032316

06/07/2018 05/07/2021 235 334,58 € 235 334,58 €

E x o s s o m a s 
libertados de 
celulas estaminais 
p l u r i p o t e n t e s 
induzidas - impacto 
na (dis)função 
m i t o c o n d r i a l 
na Doença de 
Huntington e 
potencial sistema 
para distribuição de 
terapêutica baseada 
em microRNA - 
COORDINATOR:  Ana 
Cristina Carvalho 
Rego

E x o s s o m a s 
libertados de 
celulas estaminais 
p l u r i p o t e n t e s 
induzidas - impacto 
na (dis)função 
m i t o c o n d r i a l 
na Doença de 
Huntington e 
potencial sistema 
para distribuição de 
terapêutica baseada 
em microRNA - 
COORDINATOR:  Ana 
Cristina Carvalho 
Rego

06/07/2018 05/07/2021 238 749,98 € 27 314,46 €

“ D i r e c i o n a m e n t o 
multicelular mediado 
pela nucleolina 
de combinação 
sinergística de 
fármacos para 
o tratamento do 
cancro da mama 
triplo negativo e 
neuroblastoma - 
C O O R D I N A T O R : 
João Nuno Sereno 
de A. Moreira

Fundação para 
Ciência e a 
Tecnologia - REF. 
ENMed/0005/2015

01/06/2016 29/02/2020 146 200,00 € 27 661,48 €

CANCEL STEM - 
E s t a m i n a l i d a d e 
das células do 
cancro: um desafio 
e uma oportunidade 
para avançar 
no tratamento 
em Oncologia - 
C O O R D I N A T O R : 
João Nuno Sereno 
de A. Moreira 
-  PROPONENTE: 
IPATIMUP -  
P A R T I C I P A N T S : 
CNBC

Fundação para 
Ciência e a Tecnologia 
- REF. CANCEL STEM

01/01/2017 31/12/2019 523 881,28 € 222 976,04  €  



ϭϮϴ

Alterações no 
proteoma sináptico 
e excitabilidade 
neuronal num 
modelo de epilepsia 
do lobo temporal 
induzido por 
a d m i n i s t r a ç ã o 
de pilpcarpina - 
C O O R D I N A T O R : 
Carlos Jorge A. M. B. 
Duarte

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-028656

01/07/2018 30/06/2021 238 747,12 € 8 192,30 €

O transportador de 
K+ - CL- (KCO) como 
alvo para manter a 
neurotransmissão 
GABAergica: uma 
nova estratégia 
terapeutica para 
a epilepsia - 
C O O R D I N A T O R : 
Miranda Mele

Fundação para 
Ciência e a 
Tecnologia - REF. 
CENTRO-01-0145-
FEDER-030659

01/06/2018 01/06/2018 237 446,80 € 16 957,27 €

Caracterização do 
papel de microRNAs 
na fibrose 
cardíaca através 
de abordagens de 
genómica funcional. 
- COORDINATOR: 
Miguel Luís Cunha 
Mano

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-029894

26/07/2018 25/07/2021 234 226,71 € 2 877,82 €

Novas abordagens 
em Encefalopatia 
hipóxicoisquémica: 
i n v e s t i g a ç ã o 
translacional para 
diagnosticar e 
monitorizar resposta 
a terapia com 
células estaminais 
- COORDINATOR: 
Bruno José F. 
O. Manadas -  
P R O P O N E N T E : 
Centro de 
Neurociências e 
Biologia Celular -  
PARTICIPANTS: UBI

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-029311

01/06/2018 31/05/2021 203 025,04 € 18 077,42 €

Distúrbios afetivos: 
biomarcadores e 
deteção precoce  - 
C O O R D I N A T O R : 
Bruno José F. O. 
Manadas

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-030943

26/07/2018 26/07/2018 238 743,45 € 6 648,13 €



ϭϮϵ

POINTERS - 
I n t e r a ç õ e s 
nemátode da 
madeira do pinheiro-
árvore hospedeira: 
à descoberta  
de alternativas 
sustentáveis para 
a gestão da doença 
da murchidão 
do pinheiro - 
C O O R D I N A T O R : 
Bruno José F. 
O. Manadas -  
P R O P O N E N T E : 
U n i v e r s i d a d e 
de Coimbra -  
P A R T I C I P A N T S : 
CNBC

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-031999

26/07/2018 25/07/2021 53 749,75 € 2 497,19 €

Impacto da agreação 
generalizada de 
proteínas ao longo da 
vida em mamíferos 
e implicações para 
o desenvolvimento 
de doenças 
relacionadas com 
o envelhecimento 
- COORDINATOR: 
Bruno José F. 
O. Manadas -  
P R O P O N E N T E : 
U n i v e r s i d a d e 
de Aveiro -  
P A R T I C I P A N T S : 
CNBC

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-029843

01/06/2018 31/05/2021 26 250,00 € 0,00 €

Além do Beta-
Amilóide - As 
A l t e r a ç õ e s 
P a t a g é n i c a s 
Precoces na Doença 
de Alzheimer  - 
C O O R D I N A T O R : 
Bruno José F. 
O. Manadas -  
P R O P O N E N T E : 
Universidade de 
Lisboa_Faculdade 
de Medicina -  
P A R T I C I P A N T S : 
CNBC

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/MED-
NEU/27946/2017

01/09/2018 01/09/2018 106 997,37 € 27 883,97 €



ϭϯϬ

Melhoria cognitiva 
no cérebro idosoe 
demênsia vascular 
em humanos através 
da funcionalização 
do acoplamento 
neurovascular: uma 
estratégia mecanística  
- COORDINATOR: 
João António 
Nave Laranjinha -  
PROPONENTE: Centro 
de Neurociencias 
e Biologia Celular -  
PARTICIPANTS: CHUC, 
UC

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-029099

26/07/2018 25/07/2021 100 955,61 € 100 955,61 €

Influência das 
antocianinas extraídas 
de mirtilos cultivados 
em Portugal na conexão 
entre o intestino 
e o cérebro nas 
pertubações do espetro 
do autismo: utilização 
de modelos in vitro e in 
vivo - COORDINATOR: 
Leonor Martins de 
Almeida

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-029089

01/06/2018 31/05/2021 239 694,84 € 18 098,61 €

Monitorização in 
vivo de marcadores 
neurometabólicos com 
biossensores baseados 
em microelétrodos - 
COORDINATOR: Rui 
Manuel Silva G. Barbosa 
-  PROPONENTE: 
U n i v e r s i d a d e 
de Coimbra -  
PARTICIPANTS: CNBC

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-028261

25/07/2018 24/07/2021 63 125,00 € 5 727,55 €

Bloqueio da 
neurodegenerescência 
por dispersão de 
silenciadores génicos. 
- COORDINATOR: Luis 
Pereira de Almeida

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-029716

01/07/2018 01/07/2018 238 749,59 € 21 482,09 €



ϭϯϭ

Papel da 
d e s r e g u l a ç ã o 
dos microRNAS 
na doença de 
MAchado - Joseph: 
D e s e nvo lv i m e n to 
de uma estratégia 
terapeutica baseada 
em microRNAS - 
C O O R D I N A T O R : 
Sonia Patricia Dias 
Duarte

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-032309

06/07/2018 05/07/2021 239 947,00 € 26 645,43 €

O impacto do 
transplante de 
células estaminais 
n e u r o e p i t e l i a i s 
derivadas de 
células estaminais 
p l u r i p o t e n t e s 
induzidas na doença 
de Machado-Joseph 
- COORDINATOR: 
Liliana Mendonça

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-030737

15/06/2018 14/06/2021 238 600,73 € 23 517,63 €

O papel do 
metabolismo extra-
hepático da frutose 
no desenvolvimento 
de doença hepática 
- COORDINATOR: 
John Griffith Jones 
-  PROPONENTE: 
Centro de 
Neurociências e 
Biologia Celular -  
PARTICIPANTS: UA

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-028147

01/06/2018 31/05/2021 185 084,57 € 4 781,37 €

Recetores A2A da 
adenosina como 
desencadeadores 
de disfunção 
mnemónica na 
doença de Alzheimer: 
Mecanismos e 
p o s s o b i l i d a d e 
terapeutica - 
C O O R D I N A T O R : 
Rodrigo Pinto S. A. 
Cunha 

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-031274

01/07/2018 30/06/2021 236 326,73 € 32 510,44 €



ϭϯϮ

Papel e mecanismos 
da propagação 
da sinucleina 
e da ataxina-3 
nas    doenças 
de Parkinson e 
Machado-Joseph' - 
COORDINATOR: Luis 
Pereira de Almeida 

Fundação para Ciência 
e a Tecnologia - REF. 
JPND-CD/0001/2013

01/03/2015 31/12/2018 150 000,00 € 20 111,06 €

Estratégias de 
reparação e 
repressão génica 
para tratar a doença 
de Machado-Joseph 
- COORDINATOR: 
Luis Pereira de 
Almeida  

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/NEU-
NMC/0084/2014

01/04/2016 31/12/2019 199 998,00 € 43 012,15 €

Iniciativa Europeia 
para a doença 
de Machado-
Joseph / Ataxia 
Espinocerebelosa 
do tipo 3 - 
COORDINATOR: Luis 
Pereira de Almeida 

Fundação para Ciência 
e a Tecnologia - REF. 
JPCOFUND/0001
/2015

01/05/2016 30/09/2019 175 000,00 € 42 041,17 €

"Controlo da 
proliferação de 
c a r d i o m i ó c i t o s 
na doença e 
em medicina 
regenerativa." - 
COORDINATOR: Luis 
Pereira de Almeida 
-  PROPONENTE: 
Faculdade de 
Ciencias Medicas 
(FCM/UNL) -  
P A R T I C I P A N T S : 
CNBC

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/BIM-
MED/3363/2014

01/05/2016 31/10/2019 20 040,00 € 490,10 €

DŽĚĞlŽƐ� ĂǀĂnĕĂĚŽƐ�
ĚĞ� ĚŽĞnĕĂƐ� ĚĞ�
poliglutaminas - 
�KKZ�/E�dKZ:� >uiƐ�
Pereira de Almeida 

&unĚĂĕĆŽ� pĂƌĂ� �iġnciĂ�
Ğ� Ă� dĞcnŽlŽŐiĂ� -� Z�&.�
:W�K&hE�/ϬϬϬϱ/ϮϬϭϱ

Ϭϭ/Ϭϰ/ϮϬϭϲ ϯϬ/Ϭϵ/ϮϬϭϵ 275 000,00 € 78 002,47 €

K� ĞƐtĂĚŽ� pĂuƐĂĚŽ:�
uŵ� ŵĠtŽĚŽ� inŽǀĂĚŽƌ�
para bioengenharia 
ĚĞ� �ĠlulĂƐ� �ƐtĂŵinĂiƐ�
-� �KKZ�/E�dKZ:� :ŽĆŽ�
Ramalho de Sousa 
Santos

&unĚĂĕĆŽ� pĂƌĂ� �iġnciĂ�
Ğ� Ă� dĞcnŽlŽŐiĂ� -� Z�&.�
� � E d Z K - Ϭ ϭ - Ϭ ϭ ϰ ϱ -
&���Z-ϬϮϴϴϳϭ

Ϭϭ/Ϭϲ/ϮϬϭϴ ϯϭ/Ϭϱ/ϮϬϮϭ 237 976,10 € 17 074,61 €



ϭϯϯ

Pesquisa de novos 
b i o m a r c a d o r e s 
para a infertilidade 
masculina de origem 
desconhecida  - 
C O O R D I N A T O R : 
Sandra Catarina 
Gomes Amaral 

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-028599

06/07/2018 05/07/2021 236 679,82 € 29 928,83 €

Valor prognóstico 
e protector da eixo 
de  Clusterina-
PON1 sobre as 
c o m p l i c a ç õ e s 
da obesidade - 
C O O R D I N A T O R : 
John Griffith Jones 
-  PROPONENTE: 
Associação Protetora 
Diabetes Portugal 
-  PARTICIPANTS: 
CNBC

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/BIM-
MET/4265/2014

01/07/2016 31/12/2019 39 576,00 € 2 352,00 €

MitoBOOST: Uma 
Terapeutica de 
Nova Geração para 
a Doença de Fígado 
Gordo Não Alcoólico 
Baseado na Entrega 
Inteligente de 
A n t i o x i d a n t e s 
à Mitocôndria - 
C O O R D I N A T O R : 
Paulo Jorge G. 
S. S. Oliveira 
-  PROPONENTE: 
Centro de 
Neurociencias e 
Biologia Celular  -  
PARTICIPANTS: UP

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/DTP-
FTO/2433/2014

01/04/2016 30/09/2019 134 052,00 € 34 867,79 €

"FishFree: Uma 
contribuição para 
a validação de um 
ensaio alternativo 
ao teste letal 
com peixes". - 
C O O R D I N A T O R : 
Paulo Jorge G. 
S. S. Oliveira 
-  PROPONENTE: 
U n i v e r s i d a d e 
de Coimbra -  
P A R T I C I P A N T S : 
CNBC

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/AAG-
TEC/4966/2014

01/07/2016 30/06/2019 25 680,00 € 10 847,87 €



ϭϯϰ

Desenvolvimento de 
novos antioxidantes 
dirigidos para as 
mitocondrias na 
melhoria do fenótipo 
da Esclerose 
Lateral Amiotrofica 
familiar SOD1 - 
C O O R D I N A T O R : 
Filomena Silva 
-  PROPONENTE: 
Centro de 
Neurociencias e 
Biologia Celular -  
PARTICIPANTS: UP

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-029391

01/05/2018 30/04/2021 148 765,17 € 10 285,78 €

Ao Encontro das 
Regras para a 
Permeação Passiva 
através da Barreira 
Hemato-Encefálica 
- COORDINATOR: 
Armindo José 
Alves S. Salvador 
-  PROPONENTE: 
U n i v e r s i d a d e 
de Coimbra -  
P A R T I C I P A N T S : 
CNBC

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/DTP-
FTO/2784/2014

01/07/2016 31/12/2019 69 072,00 € 18 492,18 €

Relação entre 
adenosina e 
i n s t a b i l i d a d e 
cromossomal: uma 
nova perspetiva 
para compreender 
o mecanismo 
oncogénico em 
glioblastoma - 
C O O R D I N A T O R : 
Armindo José 
Alves S. Salvador 
-  PROPONENTE: 
Universidade da 
Beira Interior 
-  PARTICIPANTS: 
CNBC

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/ BIM-
ONC/7121/2014

01/04/2016 01/10/2019 5 000,00 € 2 497,02 €

Doenças cognitivas 
como sinaptopatias: 
Impacto de 
m u t a ç õ e s 
h u m a n a s n o 
gene CACNG2 - 
COORDINATOR: Ana 
Luisa Monteiro de 
Carvalho

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-028541

01/07/2018 30/06/2021 236 245,47 € 22 567,18 €



ϭϯϱ

D e s e n v o l v i m e n t o 
de ferramenta 
moleculares para a 
doença de Machado-
Joseph: moduladores 
de conformações 
tóxicas em proteínas 
com poliglutaminas 
- COORDINATOR: 
Ana Luisa Monteiro 
de Carvalho 
-  PROPONENTE: 
Instituto Biologia 
Molecular e Celular 
-  PARTICIPANTS: 
CNBC

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-031173

01/07/2018 30/06/2021 38 600,00 € 0,00 €

M e c a n i s m o s 
patogénicos da 
encefalite autoimune 
sináptica associada 
a anticorpos 
anti-CASPR2 - 
C O O R D I N A T O R : 
Sandra Manuela D. 
Santos 

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-029452

15/06/2018 14/06/2021 236 222,74 € 20 802,03 €

Os altos e baixos 
do stress celular:" 
a hipótese MAM" 
para a patofisiologia 
da doença Bipolar 
- COORDINATOR: 
Cláudia Maria Fragão 
Pereira 

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-028214

26/07/2018 25/07/2021 237 822,11 € 6 157,06 €

D e s e n v o l v i m e n t o 
de micropartículas 
para transporte de 
compostos ativos em 
aplicação pulmonar 
usando insulina 
como modelo - 
COORDINATOR: Maria 
Teresa T. Cruz Rosete 
-  PROPONENTE: 
U n i v e r s i d a d e 
de Aveiro -  
P A R T I C I P A N T S : 
CNBC

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-029560

01/07/2018 30/06/2021 20 125,00 € 0,00 €



ϭϯϲ

Papel dos astrócitos 
no controlo da 
m e m ó r i a - f o c o 
nos recetores 
adenosina A2A - 
C O O R D I N A T O R : 
Paula Maria Garcia 
Agostinho 

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/NEU-
NMC/4154/2014

01/05/2016 31/07/2019 178 742,00 € 42 430,38 €

NiNjA - Nova 
e s t r a t é g i a 
Neuroendócrina para 
um envelhecimento 
saudável - 
C O O R D I N A T O R : 
Cláudia Margarida G. 
Cavadas 

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-030167

01/06/2018 31/05/2021 238 646,90 € 34 683,08 €

A detecção precoce 
da Apneia do 
Sono como uma 
nova estratégia 
para atrasar o 
envelhecimento - 
COORDINATOR:  Ana 
Rita Álvaro

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-029002

06/07/2018 05/07/2021 237 109,13 € 26 321,69 €

Cartilfactory - 
D e s e nvo lv i m e n to 
e Construção 
de um Sistema 
Automatizado de 
Fabricação em Larga 
Escala de Engenharia 
de Cartilagem 
C o m b i n a n d o 
Eletrofiação 3D 
de condrócitos 
e expansão 
celular 3D com 
estímulo mecânico 
em Bioreator - 
C O O R D I N A T O R : 
Alexandrina M. 
F. S. P. Mendes 
-  PROPONENTE: 
U n i v e r s i d a d e 
de Aveiro -  
P A R T I C I P A N T S : 
CNBC

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-028424

01/06/2018 31/05/2021 70 234,45 € 2 353,18 €



ϭϯϳ

M e c a n i s m o s 
sinápticos envolvidos 
nas acções dos 
c a n a b i n o i d e s 
no cérebro e 
sua modulação 
por receptores 
de adenosina: 
implicações para 
a regulação do h 
- COORDINATOR: 
Attila Köfalvi 
-  PROPONENTE: 
Instituto Medicina 
Molecular -  
PARTICIPANTS: CNBC

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/DTP-
FTO/3346/2014

01/03/2016 28/02/2019 9 900,00 € 2 109,62 €

C A R D I O S T E M : 
Tecidos cardíacos e 
terapias baseadas em 
células estaminais 
para aplicações 
cardiovasculares - 
COORDINATOR: Lino 
da Silva Ferreira -  
PROPONENTE: Centro 
de Neurociências 
e Biologia Celular 
-  PARTICIPANTS: 
AISTID; INEB; FMV-
UTL; IBET; 

Fundação para 
Ciência e a Tecnologia 
- REF. MITP-TB/
ECE/0013/2013

01/12/2014 31/05/2018 405 316,00 € 40 433,75 €

Diagnóstico e 
prognóstico da 
e s q u i z o f r e n i a : 
a caminho de 
uma medicina 
personalizada? - 
COORDINATOR: Bruno 
José F. O. Manadas

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/NEU-
SCC/7051/2014

01/06/2016 01/06/2019 199 857,00 € 55 348,60 €

" P r o t e o s t a s i a 
da huntingtina e 
mitocondria: alvos 
para prevenir a 
disfunção neuronal na 
doençade Huntington" 
- COORDINATOR: 
Paula Isabel da 
Silva Moreira 
-  PROPONENTE:  
Instituto de Ciências e 
Tecnologias Agrárias  -  
PARTICIPANTS: CNBC

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/NEU-
NMC/0412/2014

01/06/2016 01/12/2019 36 000,00 € 12 375,17 €



ϭϯϴ

EXERCITANDO O 
FUTURO: "Exercício 
Voluntário Durante 
Diabetes Gestacional 
com um Estratégia 
para Melhorar a 
Função Mitocondrial 
na Descendência". 
- COORDINATOR: 
António Joaquim 
Matos Moreno 
-  PROPONENTE: 
Centro de 
Neurociências e 
Biologia Celular -  
PARTICIPANTS: UP

 Fundação para 
Ciência e a 
Tecnologia- REF. 
P T D C / D T P -
DES/1082/2014

01/04/2016 30/09/2019 129 152,41 € 47 010,14 €

P o l y m e r i c 
NanoBioMaterials 
for drug delivery: 
developing and 
i m p l e m e n t a t i o n 
of safe-by-design 
concept enabling 
safe healthcare 
solutions - 
COORDINATOR: Olga 
Maria Fernandes R. 
Borges  

Fundação para 
Ciência e a 
Tecnologia - REF. 
ProSafe/0001/2016

01/04/2017 30/06/2019 149 977,00 € 81 312,76 €

IF/01007/2015 - 
C O O R D I N A T O R : 
Henrique Manuel S. 
Faneca 

Fundação para 
Ciência e a 
Tecnologia - REF. 
IF/01007/2015

01/07/2017 31/10/2021 50 000,00 € 14 680,21 €

Arcadelike - 
D e s e nvo lv i m e n to 
da Arquitectura 
Fisiológica do 
colagénio em 
cartilagem  - 
C O O R D I N A T O R : 
Alexandrina M. 
F. S. P. Mendes 
-  PROPONENTE: 
UA - Universidade 
de Aveiro -  
P A R T I C I P A N T S : 
Centro de 
Neurociências e 
Biologia Celular

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/EMS-
TEC/3263/2014

01/06/2016 03/03/2019 73 368,00 € 48 553,41 €



ϭϯϵ

" R e c e t o r e s 
i o n o t r ó p i c o s 
híbridos: um novo 
conceito de recetor" 
- COORDINATOR: 
Ricardo Jorge A. 
Rodrigues 

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/NEU-
NMC/3567/2014

01/05/2016 31/10/2018 199 418,72 € 27 051,90 €

R e d 2 D i s c o v e r y -
As macroalgas 
v e r m e l h a s 
S p h o e r o c o c c u s 
C o r o n o p i f o l i u s 
e Asparagopsis 
armata como alvos 
para a descoberta 
de novos fármacos  
- COORDINATOR: 
Maria Carmen 
M. C. Alpoim 
-  PROPONENTE: 
Instituto Politécnico 
de Leiria -  
P A R T I C I P A N T S : 
CNBC

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/MAR-
BIO/6149/2014

01/06/2016 31/05/2019 26 700,00 € 786,97 €

SNAPs alternativas 
na libertação de 
neurotransmissores: 
da função molecular 
à disfunção 
neurocognitiva - 
C O O R D I N A T O R : 
Paulo César da Silva 
Pinheiro 

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/BIA-
CEL/29451/2017

01/10/2018 30/09/2021 234 410,41 € 7 215,11 €

Eficácia pré-clinica 
do sulforafano ou 
do extrato total 
de Brássicas: 
Uma estratégia 
para combater a 
obesidade e valoriza 
os subprodutos 
de Brássicas - 
C O O R D I N A T O R : 
Paulo Jorge G. 
S. S. Oliveira 
-  PROPONENTE: 
Universidade de 
Trás os Montes 
e Alto Douro -  
P A R T I C I P A N T S : 
CNBC

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-029152

01/06/2018 31/05/2021 41 525,00 € 7 500,02 €



ϭϰϬ

MitoCIN .: 
D e s e nvo lv i m e n to 
de antioxidantes 
m i t o c o n d r i a i s 
baseados em 
derivados do 
ácido cinnamico  - 
C O O R D I N A T O R : 
Paulo Jorge G. S. S. 
Oliveira 

 - REF. CENTRO-
0 1 - 0 1 4 5 -
FEDER-037586

12/01/2018 31/12/2020 48 161,27 € 0,00 €

MitoBEN - 
C O O R D I N A T O R : 
Paulo Jorge G. S. S. 
Oliveira  

Fundação para 
Ciência e a 
Tecnologia - REF. 
CENTRO-01-0145-
FEDER-037892

01/01/2018 31/12/2020 47 140,37 € 5 454,78 €

Uso de fitoquímicos 
r e d o x - a c t i v o s 
para desencadear 
a hormesis 
m i t o c o n d r i a l : 
Desenvolvimento de 
uma nova geração 
de ingredientes 
para a cosmética 
- COORDINATOR: 
Marta Sofia 
Marques Simões 
-  PROPONENTE: 
Centro de 
Neurociências e 
Biologia Celular -  
PARTICIPANTS: UP

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-028607

26/07/2018 25/07/2021 159 006,95 € 0,00 €

D e s e nvo lv i m e n to 
e validação 
de métodos 
inovadores da 
saúde mitocondrial. 
- COORDINATOR: 
Maria Teresa 
M. C. Oliveira 
-  PROPONENTE: 
Centro de 
Neurociências e 
Biologia Celular -  
PARTICIPANTS: UC

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-029297

06/07/2018 05/07/2021 166 749,26 € 29 313,98 €



ϭϰϭ

O papel dos 
m e c a n i s m o s 
de controlo de 
qualidade da perda 
da homeostase 
proteica nas doenças 
neurodegenerativas 
associadas a idade - 
COORDINATOR: Ana 
Raquel Fernandes 
Esteves 

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-030712

15/06/2018 14/06/2021 224 839,21 € 15 260,48 €

I F/ 0 0 8 1 2 / 2 0 1 2 /
C P O 1 5 1 / C T 0 0 0 1 
- COORDINATOR: 
João Peça Silvestre

Fundação para 
Ciência e a 
Tecnologia - REF. 
I F / 0 0 8 1 2 / 2 0 1 2 /
CPO151/CT0001

01/07/2013 31/01/2018 50 000,00 € 0,00 €

"Hierarquia social 
e adversidades 
no período 
juvenil: regulação 
neuroepigenét ica 
e modulação 
optogenética dos 
circuitos do cortex 
pré-frontal". - 
C O O R D I N A T O R : 
João Peça Silvestre -  
PROPONENTE: CNBC 
-  PARTICIPANTS: 

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/NEU-
SCC/3247/2014

01/04/2016 01/10/2019 198 205,00 € 50 769,32 €

IF/01302/2012 - 
C O O R D I N A T O R : 
Paulo César da Silva 
Pinheiro

Fundação para 
Ciência e a 
Tecnologia - REF. 
IF/01302/2012

01/10/2013 30/09/2018 50 000,00 € 25 291,72 €

IF/00123/2013 - 
C O O R D I N A T O R : 
Ricardo Simão Vieira 
Pires 

Fundação para 
Ciência e a 
Tecnologia - REF. 
IF/00123/2013

15/12/2013 14/12/2018 50 000,00 € 509,59 €

IF/00694/2013 - 
C O O R D I N A T O R : 
Miguel Luís Cunha 
Mano 

Fundação para 
Ciência e a 
Tecnologia - REF. 
IF/00694/2013

01/07/2014 28/02/2018 50 000,00 € 12,00 €

Combinação de 
h i g h - t h r o u g h p u t 
screening e 
análise single-cell 
para o estudo de 
RNA regulatórios 
envolvidos nas 
etapas iniciais  de 
infecção campylobac 
- COORDINATOR: 
Miguel Luís Cunha 
Mano

Fundação para 
Ciência e a Tecnologia 
- REF. Infect-
ERA/0001/2014

01/04/2015 31/12/2018 124 980,00 € 47 235,90 €



ϭϰϮ

"Identificação e 
c a r a c t e r i z a ç ã o 
funcional de 
m i c r o R N A s 
reguladores de 
dano cardíaco por 
esquemia-reperfusão" 
- COORDINATOR: 
Miguel Luís Cunha 
Mano 

Fundação para 
Ciência e a 
Tecnologia - 
REF. PTDC/BIM-
MEC/2968/2014

01/04/2016 31/12/2019 177 541,08 € 59 554,12 €

S t a p h y l o c o c c u s 
aureus intracelular: 
identificação de 
factores bacterianos 
e celulares envolvidos 
na invasão do 
hospedeiro por 
estirpes clinicamente 
relevantes - 
C O O R D I N A T O R : 
Miguel Luís Cunha 
Mano 

F u n d a ç ã o 
para Ciência e 
a Tecnologia 
- REF. Infect-
ERA/0001/2015

01/10/2016 30/09/2019 106 233,00 € 16 070,68 €

I F / 0 0 5 7 8 / 2 0 1 4 /
CP1258/CT0002 - 
COORDINATOR: Irina 
Moreira

Fundação para 
Ciência e a 
Tecnologia - REF. 
IF/00578/2014/
CP1258/CT0002

15/01/2015 14/01/2020 50 000,00 € 25 536,58 €

Mecanismos da 
indução hemogénica 
em fibroblastos 
humanos - 
COORDINATOR: Carlos 
Filipe R. L. Pereira 

Fundação para 
Ciência e a 
Tecnologia - 
REF. PTDC/BIM-
MED/0075/2014

01/03/2016 01/06/2019 198 687,00 € 31 612,42 €

Visualização da terapia 
génica dos sistema 
nervoso central'. - 
COORDINATOR: Luisa 
Maria O. P. L. Cortes

Fundação para 
Ciência e a 
Tecnologia - REF. 
P T D C / B B B -
NAN/0932/2014

01/06/2016 31/05/2019 199 999,00 € 26 079,69 €

"Glicerol como 
ingrediente alternativo 
para rações de 
p e i x e - p o t e n c i a l 
para aquacultura". 
- COORDINATOR: 
Ivan Daniel 
Santos M. Viegas -  
PROPONENTE: Centro 
de Neurociências 
e Biologia Celular -  
PARTICIPANTS: UP

Fundação para 
Ciência e a 
Tecnologia - 
REF. PTDC/CVT-
NUT/2851/2014

31/03/2016 30/03/2019 170 244,00 € 50 841,29 €



ϭϰϯ

"Regulação de 
m e c a n i s m o s 
de plasticidade 
h o m e o s t á t i c a 
dependente de 
experiência pelas 
proteínas Contactin-
a s s o c i a t e d 
protein 1 e 2". - 
C O O R D I N A T O R : 
Susana Louros

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/NEU-
NMC/4888/2014

31/03/2016 30/09/2018 199 623,21 € 40 033,05 €

Co - encapsulação 
em transportadores 
l i p i d o s 
nanoestruturados 
como uma 
p l a t a f o r m a 
multifuncional para 
o tratamento de 
tumores cerebrais 
- COORDINATOR: 
Carla Sofia 
Pinheiro Vitorino 
-  PROPONENTE: 
C e n t r o 
Neurociencias e 
Biologia celular -  
PARTICIPANTS: UL

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/CTM-
NAN/2658/2014

01/07/2016 30/06/2019 166 492,00 € 66 237,29 €

" P e q u e n a s 
moléculas inibidoras 
do proteassoma: 
um passo em frente 
na descoberta 
de fármacos 
antitumorais" - 
C O O R D I N A T O R : 
Jorge Salvador 
-  PROPONENTE: 
FARM-ID - 
A s s o c i a ç ã o 
da Faculdade 
de Farmacia -  
P A R T I C I P A N T S : 
CNBC

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/QEQ-
MED/7042/2014

01/07/2016 31/12/2019 60 636,00 € 25 117,58 €

"Papel do Exercício 
Físico no tratamento 
da hipertensão 
Resistente" - 
C O O R D I N A T O R : 
Maria Joana 
Barbosa de Melo 
-  PROPONENTE: 
Universidade de 
Aveiro

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/DTP-
DES/1725/2014

01/09/2016 30/06/2019 10 800,00 € 4 640,83 €



ϭϰϰ

C a r a c t e r i z a ç ã o 
dos mecanismos 
moleculares de 
sobrevivência de 
Rickettsia no hospedeiro 
para desenvolvimento 
de novas estratégias 
terapêuticas - 
COORDINATOR: Isaura 
I. Gonçalves Simões  

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-029592

26/07/2018 25/07/2021 236 788,94 € 7 770,49 €

IF/01182/2015 - 
COORDINATOR:  Vilma 
A. Sardão

Fundação para 
Ciência e a 
Tecnologia - REF. 
IF/01182/2015

01/07/2017 30/06/2021 50 000,00 € 28 527,83 €

IF/01272/2015 - 
C O O R D I N A T O R : 
Alexandra Teresa Pires 
Carvalho 

Fundação para 
Ciência e a 
Tecnologia - REF. 
IF/01272/2015

01/07/2017 01/07/2021 50 000,00 € 35,40 €

IF/01492/2015 - 
COORDINATOR:Paula 
Canas

Fundação para 
Ciência e a 
Tecnologia - REF. 
IF/01492/2015

01/07/2017 01/07/2021 49 950,00 € 14 469,86 €

IF/01105/2015 - 
COORDINATOR: Ana 
Sofia Bregieiro Eulálio 

Fundação para 
Ciência e a 
Tecnologia - REF. 
IF/01105/2015

01/07/2017 01/07/2021 50 000,40 € 6 732,91 €

IF/00825/2015 - 
COORDINATOR: Célia 
Alexandra F.O. Aveleira 

Fundação para 
Ciência e a 
Tecnologia - REF. 
IF/00825/2015

01/07/2017 01/07/2021 50 000,00 € 21 566,34 €

Alergénios cutâneos: 
moléculas com uma 
aplicação terapêutica 
improvavel para a 
doença de Alzheimer - 
COORDINATOR: Maria 
Teresa T. Cruz Rosete 

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-029369

26/07/2018 25/07/2021 235 872,07 € 29 141,54 €

Contribuição dos 
Fatores Psicológicos 
na Cura da Úlcera 
do Pé Diabético, em 
Indicadores Fisiológicos 
de Prognóstico de 
Cura e Qualidade de 
Vida - COORDINATOR: 
Eugénia Maria 
L. Carvalho 
-  PROPONENTE: 
Universidade do Minho 
-  PARTICIPANTS: CNBC

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-028163

26/07/2018 25/07/2021 26 015,63 € 1 117,51 €



ϭϰϱ

Um polissacarídeo 
intrigante de 
m i c o b a c t é r i a s : 
r e c i c l a g e m , 
replicação e 
aplicações. - 
C O O R D I N A T O R : 
Nuno Miguel 
Silva Empadinhas 
-  PROPONENTE: 
Centro de 
Neurociências e 
Biologia Celular 
-  PARTICIPANTS: 
IBMC; UM

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-029221

01/06/2018 14/06/2021 137 134,94 € 17 082,88 €

Métodos verdes para 
preparar aerogel 
esterlizado à base 
de biopolímeros 
- COORDINATOR: 
Nuno Miguel 
Silva Empadinhas 
-  PROPONENTE: 
U n i v e r s i d a d e 
de Coimbra -  
P A R T I C I P A N T S : 
CNBC

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-032625

25/07/2018 24/07/2021 29 849,55 € 0,00 €

Os receptores A2A 
para a adenosina 
controlam a 
formação de 
axónios durante o 
d e s e nvo lv i m e n t o 
neuronal: novas 
e s t r a t é g i a s 
para prevenir a 
epileptogénes - 
C O O R D I N A T O R : 
Joana Medeiros 
Vieira Marques 

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-028160

06/07/2018 05/07/2021 238 108,56 € 31 589,96 €

Identificação e 
c a r a c t e r i z a ç ã o 
funcional de 
microRNAs que 
regulam a infecção 
por estirpes de 
S t p h y l o c o c c u s 
aureus clinicamente 
relevantes. - 
C O O R D I N A T O R : 
Ana Sofia Bregieiro 
Eulálio 

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-029999

26/07/2018 25/07/2021 234 226,71 € 0,00 €



ϭϰϲ

Desenvolvimento de 
um nanossistema 
inovador para mediar 
um estratégia 
t e r a p ê u t i c a 
combinada e multi-
alvo para o carcinoma 
hepatocelular. - 
C O O R D I N A T O R : 
Henrique Manuel S. 
Faneca

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-030916

01/07/2018 30/06/2021 238 634,37 € 15 318,44 €

Um modelo 
vascular de Progeria 
para identificar 
mediadores da perda 
de células do musculo 
liso. - COORDINATOR: 
Lino da Silva Ferreira -  
PROPONENTE: Centro 
de Neurociências 
e Biologia Celular -  
PARTICIPANTS: UC

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-029229

26/07/2018 25/07/2021 213 487,06 € 15 566,14 €

D e s e n v o l v i m e n t o 
de novos materiais 
p i e z o e l é t r i c o s 
baseados em 
de peptídeos 
a u t o - o r g a n i z a d o 
n a n o e st r u t u r a d o s 
- COORDINATOR: 
Lino da Silva Ferreira 
-  PROPONENTE: 
U n i v e r s i d a d e 
de Aveiro -  
P A R T I C I P A N T S : 
CNBC

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-031679

01/06/2018 30/05/2021 24 375,00 € 1 353,16 €

BrainEdition:controlo 
remoto da edição 
genética em celulas 
estaminais neurais. 
- COORDINATOR: 
Sónia Pinho

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-028060

22/06/2018 21/06/2021 239 947,07 € 27 634,13 €

Uma biblioteca 
de nanoparticulas 
activáveis por 
acção da luz para a 
libertação de terapias 
baseadas em RNA - 
COORDINATOR: Vitor 
Francisco 

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-029414

06/07/2018 05/07/2021 238 697,08 € 27 478,44 €



ϭϰϳ

Vacina Terapêutica 
para a Hepatite 
B crónica: 
D e s e nvo lv i m e n to 
de nanopartículas 
à base de glucano 
com o objectivo 
de direccionar 
os antigénios 
para as células 
imunitárias e induzir 
actividade antiviral - 
COORDINATOR: Olga 
Maria Fernandes R. 
Borges  

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-030331

15/07/2018 14/07/2021 234 902,55 € 17 247,02 €

E X O - H E A R T : 
Protecção e 
r e g e n e r a ç ã o 
cardíaca mediada 
pela administração 
sistémica e 
d i r e c c i o n a d a 
de exosomas. - 
C O O R D I N A T O R : 
Hugo Agostinho 
Machado Fernandes

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-029919

01/07/2018 30/06/2021 237 289,21 € 16 848,38 €

Indução de Células 
A p r e s e n t a d o r a s 
de Antigénio por 
R e p r o g r a m a ç ã o 
Celular Direta - 
C O O R D I N A T O R : 
Carlos Filipe R. L. 
Pereira 

Fundação para 
Ciência e a 
Tecnologia - REF. 
CENTRO-01-0145-
FEDER-030013

01/06/2018 31/05/2021 238 471,74 € 28 229,21 €

Reconstrução do 
Programa de Células 
Estaminais do Cancro 
- COORDINATOR: 
Carlos Filipe 
R. L. Pereira 
-  PROPONENTE: 
Instituto de Patologia 
e Imunologia 
Molecular UP -  
P A R T I C I P A N T S : 
CNBC

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-029017

01/07/2018 30/06/2021 56 250,00 € 7 274,86 €

Translação da 
r e p r o g r a m a ç ã o 
celular direta em 
células dendrítcas 
na imunoterapia 
do cancro. - 
C O O R D I N A T O R : 
Carlos Filipe R. L. 
Pereira 

Fundação para 
Ciência e a 
Tecnologia - REF. 
CENTRO-01-0145-
FEDER-039473

01/04/2018 31/03/2021 48 925,50 € 7 495,94 €



ϭϰϴ

Imunoterapias contra 
sistemas de efluxo para 
modulação de bactérias 
multiresistentes - 
COORDINATOR: Ricardo 
Simão Vieira Pires -  
PROPONENTE: Centro de 
Neurociências e Biologia 
Celular -  PARTICIPANTS: 
UNL

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-030550

15/11/2018 14/11/2021 220 849,74 € 121,46 €

P r o p r i e d a d e s 
viscoelásticas do cérebro 
em Esclerose Multipla 
e implicações em 
mecanomodulação de 
oligodendrócitos: uma 
abordagem celular e 
clínica - COORDINATOR: 
Mário Grãos -  

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-029516

26/07/2018 25/07/2021 192 615,36 € 20 322,04 €

Aplicação de Deep 
Learning ao processo de 
investigação de novas 
drogas anticancerígenas  
- COORDINATOR: Irina 
Moreira -  PROPONENTE: 
Centro de Neurociências 
e Biologia Celular  
-  PARTICIPANTS: 
INESC-Instituto de 
Engenharia de Sistemas 
e Computadores, 
Tecnologia e Ciência

Fundação para 
Ciência e a 
Tecnologia - REF. 
P O C I - 0 1 - 0 1 4 5 -
FEDER-031356

15/06/2018 14/06/2021 196 773,35 € 10 554,60 €

Alvejamento de 
transportadores de 
aminoácidos cationicos 
para radioteranóstica do 
cancro: uma abordagem 
experimental e de 
quimica computacional 
- COORDINATOR: Irina 
Moreira -  PROPONENTE: 
IST-ID -  PARTICIPANTS: 
CBNC

Fundação para 
Ciência e a 
Tecnologia - 
REF. PTDC/QUI-
NUC/30147/2017

01/09/2018 31/08/2021 23 449,35 € 0,00 €

Proteínas Membranares 
- desenvolvimento 
de novas técnicas 
de modelação 
computacional e 
sua aplicação ao 
estudo dos recetores 
acoplados a proteína - 
COORDINATOR: Irina 
Moreira -  PROPONENTE: 
Instituto Superior Técnico 
-  PARTICIPANTS:CNBC 

Fundação para 
Ciência e a 
Tecnologia - 
REF. PTDC/QUI-
OUT/32243/2017

03/09/2018 02/09/2021 78 850,00 € 17 672,03 €
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Desenho racional 
de uma esterase 
termoestável para 
a produção de 
bioplásticos de alto 
valor para aplicações 
biomédicas - 
C O O R D I N A T O R : 
Alexandra Teresa 
Pires Carvalho 
-  PROPONENTE: 
Centro de 
Neurociências e 
Biologia Celular 
-  PARTICIPANTS: 
Universidade de 
Aveiro

Fundação para 
Ciência e a Tecnologia 
- REF. MIT-EXPL/
ISF/0021/2017

03/09/2018 02/12/2019 93 157,99 € 12 810,02 €

V e s í c u l a s 
extracelulares de 
Giardia lamblia na 
i m u n o m o d u l a ç ã o 
de células do 
h o s p e d e i r o : 
potencial aplicação 
terapêutica das 
EVs de Giardia na 
inflamação intestinal  
- COORDINATOR: 
Maria do Céu 
Rodrigues de Sousa

Fundação para 
Ciência e a Tecnologia 
- REF. PTDC/SAU-
PAR/31506/2017

17/09/2018 16/09/2021 238 721,61 € 0,00 €

Projetos de 
D e s e nvo lv i m e n to 
e Implementação 
de Infraestruturas 
de Investigação 
inseridas no RNIE 
- COORDINATOR: 
Bruno José F. 
O. Manadas -  
P R O P O N E N T E : 
Faculdade de 
Ciencias da 
U n i v e r s i d a d e 
de Lisboa -  
P A R T I C I P A N T S : 
CNBC e Outros

Fundação para 
Ciência e a Tecnologia 
- REF. Nó da RNEM - 
Dr. Bruno Manadas

01/01/2017 31/12/2019 356 157,06 € 56 465,62 €

PPBI_Portuguese 
Platform of 
Biolmaging - 
C O O R D I N A T O R : 
Luisa Maria O. 
P. L. Cortes -  
P R O P O N E N T E : 
Instituto de Biologia 
Molecular e Celular

IBMC - REF. Rede 
PPBI - Dra. Luisa 
Cortes

01/06/2017 30/05/2020 275 180,00 € 25 971,45 €
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Sub-Total FCT Projects 2 373 116,79 €

P r o g r a m a 
Investigador FCT 
- COORDINATOR: 
Catarina Isabel N. R. 
Oliveira 

 Fundação 
para Ciência e 
a Tecnologia- 
REF. Programa 
Investigador FCT_2ª 
edição

08/05/2013 31/05/2019 1 203 584,00 € 134 867,61 €

P r o g r a m a 
I n v e s t i g a d o r 
FCT 2014 - 
C O O R D I N A T O R : 
João Ramalho de 
Sousa Santos 

Fundação para 
Ciência e a Tecnologia 
- REF. Programa 
Investigador FCT 
2014_3ª edição

01/01/2015 25/01/2020 1 951 567,79 € 43 736,19 €

P r o g r a m a 
Investigador FCT_4ª 
e - COORDINATOR: 
João Ramalho de 
Sousa Santos 

 Fundação para 
Ciência e a Tecnologia 
- REF. Programa 
Investigador FCT_4ª 
edição

01/11/2016 25/11/2021 2 065 304,67 € 378 016,27 €

Sub-Total Science Program 556 620,07 €

L i f e S c i e n c e s 
B y C E N T R O : 
Valorização do 
Conhecimento em 
Ciências da Vida 
- COORDINATOR: 
João Ramalho de 
Sousa Santos

I n s t i t u t o 
Financeiro para o 
D e s e n v o l v i m e n t o 
Regional - REF. 
L i f e S c i e n c e s 
ByCENTRO

27/03/2017 26/03/2019 213 123,88 € 32 736,27 €

Modifying Machado-
Joseph disease 
progression by 
caffeine blockage 
of Adenosine 
A2A receptors. - 
COORDINATOR: Luis 
Pereira de Almeida

National Ataxia 
Foundation - REF. 
Caffeine MJD/SCA3-
Ataxia

01/01/2013 31/12/2019 11 186,27 € 2 599,82 €

Exploring striatal 
p o s t s y n a p t i c 
SAPAP3 in 
Huntington's disease 
- COORDINATOR: 
Ana Cristina Carvalho 
Rego

The University 
Hospital of Ulm - REF. 
Exploring striatal 
postsynaptic SAPAP3 
in Huntington's 
disease

01/10/2018 30/09/2019 50 000,00 € 11 362,59 €

 Combination therapy 
s y n e r g i s t i c a l l y 
a c c e l e r a t e s 
diabetic wound - 
C O O R D I N A T O R : 
Eugénia Maria L. 
Carvalho 

EFSD-Europ. Found. 
S. Diabetes - REF. 
EFSD-Microvascular 
Complicatio

09/11/2015 31/12/2019 70 000,00 € 8 120,05 €
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 Adenosine A2A 
receptors as 
triggers of memory 
- COORDINATOR: 
Rodrigo Pinto S. A. 
Cunha 

 Fundação para 
Ciência e a 
Tecnologia- REF. 
Maratona da Saúde 
2016

01/05/2017 30/04/2019 24 980,00 € 0,00 €

MATERA_5402 - 
COORDINATOR: Lino 
da Silva Ferreira

 - REF. MATERA_5402 01/09/2010 31/12/2018 27 820,88 € 2 205,55 €

Peripheral NPY 
reverts HGPS 
phenotype: a study 
in human fibroblasts 
and mouse model 
- COORDINATOR: 
Cláudia Margarida G. 
Cavadas 

Progeria Research 
Foundation - REF. 
Progeria - Peripheral 
NPY

01/09/2015 30/06/2018 107 000,00 € 0,00 €

P r o m o t i n g 
e n d o t h e l i a l 
progenitor cell 
function in diabetic 
would healing - 
C O O R D I N A T O R : 
Ermelindo Carreira 
Leal 

European Foundation 
for the Study of 
Diabetes/JDRF/Novo 
Nordisk European 
Programme in Type 1 
Diabetes Research

01/01/2013 31/12/2019 50 000,00 € 1 167,07 €

Evaluate novel 
calpain inhibitors 
from Blade 
Therapeutics - 
COORDINATOR: Luis 
Pereira de Almeida

Blade Therapeutics - 
REF. Blade

19/07/2018 18/07/2019 140 000,00 € 1 049,57 €

The transplantation 
of induced 
pluripotent stem 
cells (IPSC) - 
derived neural 
sem cells (NSC) in 
M a c h a d o -J o s e p h 
disease (MJD) - 
C O O R D I N A T O R : 
Liliana Mendonça 

National Ataxia 
Foundation - REF. The 
transplantation of 
IPSC-derived neural 
stem cells (NSC) in 
M a c h a d o_J o s e p h 
disease (MJD)

01/01/2016 30/07/2018 13 673,78 € 389,18 €

Does the 
t r a n s p l a n t a t i o n 
of mutant ataxin-
3 - d e p l e t e d 
p a t i e n t - d e r i v e d 
NSC alleviates 
Machado Joseph 
disease (MSD) - 
C O O R D I N A T O R : 
Liliana Mendonça 

AFM - Association 
Française contre les 
Myopathies 

02/05/2016 03/07/2018 49 000,00 € 30 579,07 €
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Silencing Machado-
Joseph Disease/
S p i n o c e r e b e l l a r 
ataxia type 3 trough 
the systemic route - 
COORDINATOR: Rui 
Jorge Gonçalves P. 
Nobre

National Ataxia 
Foundation

31/12/2013 31/12/2019 10 823,71 € 671,84 €

Exosomes as gene 
delivery vectors for the 
treatment of Machado-
Joseph disease/
s p i n o c e r e b e l l a r 
ataxia type 3 - 
COORDINATOR: Rui 
Jorge Gonçalves P. 
Nobre 

AFM - Association 
Française contre 
les Myopathies 

14/03/2017 31/12/2018 45 000,00 € 37 121,36 €

 Early life stress and 
social hieraschies: the 
role - COORDINATOR: 
João Peça Silvestre

Bial-Portela & 
Companhia, S.A. - 
REF. 266/16 Early 
life stress

01/01/2017 31/12/2019 48 000,00 € 14 189,05 €

“ M i t o c h o n d r i a l 
Trafficking In 
Alzheimer Disease: 
Revealing the 
Role of Hummr.” - 
COORDINATOR: Paula 
Isabel da Silva Moreira 

A l z h e i m e r ´ s 
A s s o c i a t i o n 
- REF. NIRG-
1 3 - 2 8 2 3 8 7 _
Mitochondrial

01/11/2013 31/12/2019 71 495,56 € 4 030,11 €

“In chemico, in 
silico and in vitro 
modelling to predict 
human respiratory 
allergens” - 
COORDINATOR: Maria 
Teresa 
T. Cruz Rosete 

The Johns Hopkins 
University - REF. 
In chimico in 
silico-2014-07

05/02/2014 28/02/2018 48 445,22 € 2 823,12 €

W81XWH-18-1-0532_
Adenosine Receptor 
Antagonism Affords 
Integrated Benefits for 
Neurological 
Symptoms of 
Neurological 
Symptoms of 
Neurofibromatosis Typ 
- 
C O O R D I N A T O R : 
Rodrigo Pinto 
S. A. Cunha 

Army Medical 
Research - 
REF. 
W81XWH-18-1-
0532_Adenosine 
Receptor

15/09/2018 14/09/2019 99 714,38 € 0,00 €
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Schizophrenia as 
a Disruption of 
D e v e l o p m e n t a l 
Homeostatic Plasticity: 
A Role for Stargazin - 
COORDINATOR: Ana 
Luisa Monteiro de 
Carvalho

Brain & Behavior - 
REF. 2015 NARSAD 
Indep Investigat 
Grant

15/09/2015 19/09/2018 79 372,06 € 7 708,61 €

Behavior,
electrophysiological 
and brain imaging 
analyses of mice 
expressing a CACNG2 
mutation associated 
with intellectual 
disability” - 
COORDINATOR: Ana 
Luisa  Monteiro de 
Carvalho 

Fondation Jérôme 
Lejeune - 
REF. Behavior,
electrophysiological…

08/07/2016 09/07/2018 26 000,00 € 14 084,26 €

“Advanced Induced 
Pluripotent Stem 
Cell –based Models 
of Machado-
Joseph disease” - 
COORDINATOR: Magda 
Santana

National Ataxia 
Foundation - REF. 
Advanced Induced 
Pluripotent

01/01/2016 31/12/2019 31 905,49 € 37,00 €

The changing brain in 
Alzheimer´s disease: 
is the retina a reliable 
mirror of disease 
onset progression? - 
COORDINATOR: António 
F. R. G. Ambrósio 
-  PROPONENTE: 
Universidade de Coimbra 
-  PARTICIPANTS: CNBC

Universidade de 
Coimbra - REF. Prémio 
Mantero Belard 2015

01/01/2016 31/12/2018 45 240,00 € 13 766,11 €

Multiple Sclerosis_
RG-1601-075 - 
COORDINATOR: Carlos 
Jorge A. M. B. Duarte

National Multiple 
Sclerosis - REF. 
Multiple Sclerosis_
RG-1601-075

01/10/2016 30/09/2019 149 762,29 
€

40 941,99 €

The toxinogenic gut 
microbiome in sporadic 
Parkinson`s Disease: a 
quest for "antiPDbiotics 
- COORDINATOR: 
Sandra Morais Cardoso

 SCML- REF. Prémio 
Mantero Belard´2016

01/01/2017 31/12/2019 199 098,00 
€

62 629,38 €

The influence of 
maternal bonding 
in neuroimmune 
synaptic sculptin - 
COORDINATOR: Ana 
Luisa Colaço Cardoso

Bial-Portela & 
Companhia, S.A. - 
REF. The influence of 
maternal...26

01/01/2017 31/12/2019 45 000,00 € 21 025,88 €
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Calpain-mediated 
p r o t e o l y s i s 
in Machado-
Joseph disease 
- COORDINATOR: 
Ana Teresa Antunes 
Simões 

National Ataxia 
Foundation - REF. 
Calpain-mediated 
proteolysis…

01/01/2017 31/12/2018 14 210,00 € 0,00 €

T o w a r d s 
personalized beta-
cell mass imaging 
in type 2 Diabetes 
- Consortium 
Agreement - 
ZonMw file Nº 40-
4 1 2 0 0 - 9 8 - 9 3 0 7 
- Date 01-07-2017 
- COORDINATOR: 
Nuno Miguel Silva 
Empadinhas 

INFARMED - REF. 
FIS-FIS-2015-01_
DIA_20150630-1

01/02/2017 28/02/2019 100 000,00 € 28 716,24 €

T o w a r d s 
personalized beta-
cell mass imaging 
in type 2 diabetes 
- COORDINATOR: 
Hugo Agostinho 
Machado Fernand 
-  PROPONENTE: 
Stichting Katholieke 
Universiteit 

Zon Mw - REF. Zon 
Mw

06/08/2017 06/06/2021 128 059,00 € 19 237,00 €

Santhera - 
C O O R D I N A T O R : 
Maria Manuela 
Monteiro Grazina 

S a n t h e r a 
Netherlands - REF. 
Optic Nerve Atrophy_
Santhera

01/07/2018 30/06/2020 63 999,98 € 12 667,45 €

Inhibition of 
m a c r o p h a g e 
protein tyrosine 
p h o s p h a t a s e 
!B (PTP1B) as a 
novel therapy for 
improved wound 
healing in diabetes 
- COORDINATOR: 
Eugénia Maria L. 
Carvalho 

The University Court 
of the University of 
Aberdeen - REF. DUK 
grant_ PTP1B

17/09/2018 16/09/2019 17 327,45 € 11 172,38 €

FLAD - Health  
Care 2020 - 
C O O R D I N A T O R : 
Paulo Jorge G. S. S. 
Oliveira 

Fundação Luso-
Americana - REF. 
FLAD - Health  Care 
2020

01/01/2018 31/03/2019 20 000,00 € 19 117,39 €

Bolsa PMJMCD2017 
- COORDINATOR: 
Rodrigo Pinto S. A. 
Cunha 

Fundação Amélia de 
Mello - REF. Bolsa 
PMJMCD2017

01/01/2018 31/12/2019 25 000,00 € 16 537,29 €
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Prémio Mantero 
Belard 2017 - 
C O O R D I N A T O R : 
Carlos Jorge A. 
M. B. Duarte -  
PROPONENTE: IMM 
-  PARTICIPANTS: 
CNBC

SCML - REF. Prémio 
Mantero Belard 2017

01/01/2018 31/12/2020 5 093,25 € 1 292,07 €

C o o p e r a ç ã o 
Científica e 
T e c n o l ó g i c a 
F C T / H U N G R I A 
2017/2018 - 
C O O R D I N A T O R :  
Anabela Marisa Azul

Fundação para 
Ciência e a Tecnologia 
- REF. Cooperação 
Científica e 
T e c n o l ó g i c a 
F C T / H U N G R I A 
2017/2018

01/01/2018 31/12/2018 2 000,00 € 563,60 €

Paulo Cesar da 
Silva Pinheiro - 
C O O R D I N A T O R : 
Paulo César da Silva 
Pinheiro 

Fundação Calouste 
Gulbenkian - REF. 
Paulo Cesar da Silva 
Pinheiro

01/01/2005 31/12/2018 10 000,00 € 319,44 €

3º Simpósio 
International PDBE 
- COORDINATOR: 
João Ramalho de 
Sousa Santos 

 - REF. 3º Simpósio 
International PDBE

01/07/2016 31/12/2018 2 195,64 € 0,00 €

Paula Isabel da 
Silva Moreira - 
C O O R D I N A T O R : 
Paula Isabel da Silva 
Moreira

L`Oréal - REF. Paula 
Isabel da Silva 
Moreira

01/11/2008 31/12/2018 20 000,00 € 0,00 €

Human Chromaffin 
Cells and NPY - 
C O O R D I N A T O R : 
Cláudia Margarida G. 
Cavadas 

 - REF. Human 
Chromaffin Cells and 
NPY

20/11/2002 31/12/2018 5 851,58 € 0,00 €

Prémio em 
O b e s i d a d e 
Abbott/SPE - 
C O O R D I N A T O R : 
Cláudia Margarida G. 
Cavadas 

SPEDM - REF. Prémio 
em Obesidade 
Abbott/SPE

20/03/2009 31/12/2018 5 000,00 € 0,00 €

Tecnimede - 
R E M A N E S C E N T E 
- COORDINATOR: 
Cláudia Margarida G. 
Cavadas 

 - REF. Tecnimede - 
REMANESCENTE

01/10/2014 31/12/2018 7 918,01 € 0,00 €

ESCI 2014 - 
C O O R D I N A T O R : 
Paulo Jorge G. S. S. 
Oliveira 

ESCI - REF. ESCI 
2014

01/12/2014 30/09/2018 527,30 € 0,00 €
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Fens Course 2017 
- COORDINATOR: 
Paulo Jorge G. S. S. 
Oliveira 

Fundação Luso-
Americana - REF. 
Febs Course 2017

01/06/2017 01/06/2018 800,00 € 0,00 €

 Bolsa Edgar Cruz 
e Silva/SCML, 
edição 2016/17 
- COORDINATOR: 
Armanda Emanuela 
Castro Santos 

SCML - REF. Bolsa 
Edgar Cruz e Silva/
SCML, edição 
2016/17

01/07/2017 31/12/2018 5 000,00 € 1 168,36 €

Modulation of 
autophagy as a novel 
therapeutic strategy 
for Machado-
Joseph diseas - 
COORDINATOR: Luis 
Pereira de Almeida 

National Ataxia 
Foundation - REF. 
National Ataxia 
Foundation

01/01/2010 31/12/2018 10 400,01 € 100,00 €

Terapia Machado 
Josefh - 
COORDINATOR: Luis 
Pereira de Almeida  

 - REF. Terapia 
Machado Josefh

01/01/2012 31/12/2018 7 031,75 € 0,00 €

M i n i - S i m p o s y u m 
'Vaccines and A - 
COORDINATOR: Olga 
Maria Fernandes R. 
Borges

NOVARTIS FARMA 
S.A. - REF. Mini-
Simposyum Vaccines 

01/03/2011 31/12/2018 250,00 € 0,00 €

P r é m i o 
Envelhecimento SPN 
- COORDINATOR: 
Elisabete Batista 
Ferreiro

Sociedade Port. 
N e u r o c i ê n c i a s 
- REF. Prémio 
Envelhecimento SPN

01/06/2011 31/12/2020 15 600,00 € 6 395,99 €

APU/ASTELLAS 2011 
- COORDINATOR: 
João Nuno Sereno 
de A. Moreira 

APU - REF. APU/
ASTELLAS 2011

25/07/2012 31/12/2018 7 000,00 € 57,54 €

EFSD - European 
Foundation Study 
Di - COORDINATOR: 
Eugénia Maria L. 
Carvalho

EFSD-Europ. Found. 
S. Diabetes - REF. 
Saldos Fundos EFSD 
transitados

09/01/2013 31/12/2019 16 960,43 € 2 571,57 €

AsHeCe - 
Marta Pereira - 
C O O R D I N A T O R : 
João Nuno Sereno 
de A. Moreira

 - REF. AsHeCe - 
Marta Pereira

01/01/2013 31/12/2018 8 000,00 € 0,00 €

Bolsa Cient.
LPCE2014 Miranda 
M - COORDINATOR: 
Carlos Jorge A. M. B. 
Duarte 

Liga Port. contra 
Epilepsia - REF. Bolsa 
C i e n t . L P C E 2 0 1 4 
Miranda M

31/03/2014 31/12/2018 3 500,00 € 0,00 €
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Fundos FBG - 
C O O R D I N A T O R : 
Maria Manuela 
Monteiro Grazina

Sanofi aventis, Lda. - 
REF. Fundos LBG

10/12/2013 31/12/2018 16 938,51 € 3 148,34 €

Fundos Obesidade 
- COORDINATOR: 
Maria Manuela 
Monteiro Grazina 

Sanofi aventis, 
Lda. - REF. Fundos 
Obesidade

01/06/2017 31/12/2018 10 000,00 € 7 741,14 €

G I F T 2 0 1 4 _ A n a 
Burgueiro - 
COORDINATOR: Ana 
Adelaide Burgeiro /
Eugénia Carvalho

EFSD-Europ. Found. 
S. Diabetes - REF. 
G I F T 2 0 1 4 _ A n a 
Burgueiro

01/05/2014 31/12/2018 2 679,87 € 367,94 €

Bial - 
COORDINATOR: Inês 
Maria Pombinho de 
Araújo 

Bial - REF. Bial 01/09/2014 31/12/2018 15 293,99 € 2 804,64 €

Exocord - 
REMANESCENTE - 
COORDINATOR: Lino 
da Silva Ferreira 

Ciência Viva - 
REF. Exocord - 
REMANESCENTE

01/01/2017 31/12/2018 32 458,67 € 2 274,99 €

DAAD - 2015/2016 
- Isaura Simõ - 
C O O R D I N A T O R : 
Isaura I. Gonçalves 
Simões

Fundação para 
Ciência e a 
Tecnologia - REF. 
DAAD - 2015/2016 - 
Isaura Simões

05/02/2015 31/08/2018 4 000,00 € 0,00 €

Livro de 
Neurociências - 
COORDINATOR: Ana 
Cristina Carvalho 
Rego 

E u r o p e a n 
Commission - 
REF. Livro de 
Neurociências

01/01/2016 31/12/2019 2 400,00 € 0,00 €

Brain Buskers - 
COORDINATOR: Sara 
Varela Amaral 

Liga Port. contra 
Epilepsia - REF. Brain 
Buskers

29/11/2017 31/12/2018 1 135,00 € 1 030,29 €

A lipidomic and 
m i R N A - b a s e d 
strategy for 
g l i o b l a s t o m a 
treatment - 
COORDINATOR: Mª 
Conceição Pedroso 
Lima

IBMC - REF. Prog. 
Ações Integ. Luso-
Alemãs

01/01/2016 31/10/2018 4 000,00 € 699,60 €

EMBO 3145 - 
C O O R D I N A T O R : 
Ana Sofia Bregieiro 
Eulálio 

EMBO - REF. EMBO 
3145

01/04/2017 31/12/2019 13 919,00 € 680,41 €

FAPESP - 
C O O R D I N A T O R : 
Attila Köfalvi

  REF. FAPESP 01/09/2017 31/12/2018 2 140,00 € 400,17 €
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Prémio 2º lugar no 
concurso Janssen 
Inovação 2018 - 
COORDINATOR: Sara 
Silva

Janssen-Cilag - REF. 
Prémio 2º lugar no 
concurso Janssen 
Inovação 2018

17/05/2018 31/12/2018 20 000,00 € 7 180,00 €

Astrazeneca - iMed 
Conference 10.0 
- COORDINATOR: 
Rodrigo Filipe Nunes 
Ribeiro

F u n d a ç ã o 
Astrazeneca - REF. 
Astrazeneca - iMed 
Conference 10.0

01/11/2018 31/12/2019 3 000,00 € 0,00 €

U n i v e r s i d a d e 
Kazan_bench fees 
- COORDINATOR: 
Paulo Jorge G. S. S. 
Oliveira

Universidade Kazan 
- REF. Universidade 
Kazan

17/09/2018 16/09/2019 1 800,00 € 1 644,13 €

EMBO_Wiley - 
C O O R D I N A T O R : 
Ana Sofia Bregieiro 
Eulálio

EMBO - REF. EMBO_
Wiley

01/11/2018 30/11/2018 5 782,00 € 5 781,00 €

Ocupação Científica 
de Jovens nas Férias 
2018

 Ciência Viva - REF. 
Ciência Viva 2018

01/05/2018 30/12/2018 3 576,00 € 3 544,35 €

Bolsa SPOT João 
Pedro Moreira - 
C O O R D I N A T O R : 
Alexandrina M. F. S. 
P. Mendes 

Sociedade de 
Ortopedia e 
Traumatologia  - REF. 
Bolsa SPOT João 
Pedro Moreira

23/01/2018 31/12/2020 2 500,00 € 712,11 €

Semana do cérebro 
2018 - BAW 
project 2018 - 
COORDINATOR: Sara 
Varela Amaral 

FENS - REF. Semana 
do cérebro 2018 - 
BAW project 2018

15/02/2018 31/12/2018 1 000,00 € 741,79 €

Prémio  "Best 
Scientific Poster 
from the Innovative 
C o m p e t i t i o n -
A s t r a Z e n e c a 
Foundation" - 
C O O R D I N A T O R : 
João Miguel Esteves 
C.S. Cardoso 

F u n d a ç ã o 
Astrazeneca - 
REF. Prémio_Best 
Scientific Poster 
from the Innovative 
C o m p e t i t i o n -
A s t r a Z e n e c a 
Foundation

01/01/2018 31/12/2021 1 000,00 € 354,30 €

14º Edição 
do Programa 
Doutoral PDBEB 
- COORDINATOR: 
João Ramalho de 
Sousa Santos 

Bluepharma - REF. 
14º Edição do 
Programa Doutoral 
PDBEB

01/01/2018 31/12/2018 500,00 € 0,00 €
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FENS and IBRO-
PERC Support 
for Graduate 
Courses in 2018 - 
COORDINATOR: Ana 
Luisa Monteiro de 
Carvalho

FENS - REF. FENS 
IBRO-PERC

01/02/2018 30/06/2019 6 000,00 € 4 355,76 €

Novas terapias para 
Doença de Chagas: 
reposicionamento 
de drogas com efeito 
sinergístico com 
Benzonidazol para 
combater infecção 
por Trypanosoma  
- COORDINATOR: 
Miguel Luis Cunha 
Mano

Fundação para 
Ciência e a Tecnologia 
- REF. FCT/
CAPES-2018/2019

16/04/2018 30/04/2019 4 500,00 € 2 771,55 €

Estudo da expressão 
de microRNAs 
por células da 
microglia infectadas 
pelo vírus zika. - 
COORDINATOR: Ana 
Luisa Colaço Cardoso 

Gustavo Adolfo 
Arganaraz - REF. 
microRNAs_Gustavo

01/05/2018 30/04/2019 2 567,78 € 2 675,25 €

METAFLUIDICS - 
Advanced toolbox 
for rapid and cost-
effective functional 
m e t a g e n o m i c 
screening - 
microbiology meets 
microfluidics - 
C O O R D I N A T O R : 
Milton Simões da 
Costa

Univ. Autónoma 
Madrid - REF. 
GA 685474 
B I O T E C - 6 - 2 0 1 5 
Metafluidics

01/06/2016 31/05/2020 407.590,00 33 795,00 €

TRoMBONE - 
748583 "Therapy 
for regeneration of 
Heart Muscle based 
on targeted delivery 
of exosomoes." - 
COORDINATOR: Lino 
da Silva Ferreira 

Research Executive 
Agency - REF. 
TRoMBONE - 748583

01/04/2017 31/03/2019 160 635,60 € 79 610,35 €
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Foie Gras_722619 
“Foie Gras: 
B i o e n e r g e t i c 
remodeling in the 
p a t h o p h y s i o l o g y 
and treatment of 
non-alcoholic fatty 
liver disease” - 
C O O R D I N A T O R : 
Paulo Jorge G. 
S. S. Oliveira - 
P A R T I C I P A N T S : 
Fyziologicky Ustav, 
UNIBA, FFUL, 
NENCKI, UPORTO, 
INTITUT NATIONAL, 
CNR, HMGU, CSIC

E u r o p e a n 
Commission - REF. 
Foie Gras - 722619

01/01/2017 31/12/2020 890 860,21 € 232 682,74 €

Rise Foie 
Gras_734719 “Non-
invasive Profiling 
of Mitochondrial 
Function in Non-
Alcoholic Fatty 
Liver Disease” - 
C O O R D I N A T O R : 
Paulo Jorge G. 
S. S. Oliveira - 
P A R T I C I P A N T S : 
CNR, FFUL, HMGU, 
CSIC, UNIBA, 
UPORTO, NENCKI, 
KCL, MEDIAGNOST, 
APDP, OROBOROS, 
microBiolytics

E u r o p e a n 
Commission - REF. 
Foie Gras RISE - 
734719

01/06/2017 31/05/2021 79 000,00 € 20 046,54 €

Support for 
training and career 
d e v e l o p m e n t 
of researchers 
(Marie Curie) - 
C O O R D I N A T O R : 
João Nuno Sereno 
de A. Moreira 
-  PROPONENTE: 
University of 
Copenhagen 

E u r o p e a n 
Commission - REF. 
Marie Curie grant 
316610

01/10/2012 31/12/2019 201 432,00 € 8 737,40 €

1 5 9 3 0 2 - 1 - 2 0 0 9 
Blanka Kellermay - 
COORDINATOR: Ana 
Luisa Monteiro de 
Carvalho 

VU University 
Medical Centre - REF. 
1 5 9 3 0 2 - 1 - 2 0 0 9 
Blanka Kellermay

01/09/2014 31/10/2018 121 900,00 € 3 776,40 €
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Functional high-
t h r o u g h p u t 
analysis of the role 
of microRNAs in 
cardiac ischemia-
reperfusion injury 
- COORDINATOR: 
Miguel Luís Cunha 
Mano 

European 
Commission - 
REF. 
701096-microCardio
-MSCA-IF-EF-ST

01/03/2016 31/12/2019 148 635,60 € 18 349,24 €

Training European 
Network: Metabolic 
D y s f u n c t i o n 
associated with 
P h a r m a c o l o g i c a l 
Treatment of 
Schizophrenia - 
C O O R D I N A T O R : 
Eugénia Maria L. 
Carvalho/John Jones 

Agencia Estatal 
CSIC - REF. 
TREATMENT-721236

01/01/2017 31/12/2020 433 224,72 € 124 183,92 €

New nanomaterials 
for neural stem 
cells drug delivery - 
COORDINATOR: Lino 
da Silva Ferreira 

Queen Mary 
University (QMUL)- 
REF. NANOSTEM

01/06/2018 31/05/2022 715 069,08 € 42 664,14 €

P r o d u c t i o n 
and Testing of 
h u m A n - d e r i v e d 
Neurons and brain 
organoids: advanced 
model probing in 
neurodevelopment 
disorders - 
C O O R D I N A T O R : 
João Peça Silvestre 

E u r o p e a n 
Commission - REF. 
ProTeAN-799164

07/05/2018 06/05/2022 148 638,60 € 47 556,18 €

Sub-Total Others National e International Projects 1 089 463,87 €

Summer School - 
C O O R D I N A T O R : 
Armindo José Alves 
S. Salvador 

 - REF. Summer 
School

01/06/2015 01/10/2019 5 020,00 € 761,07 €

Curso Bioteria 
Teór/Prát_2015 - 
C O O R D I N A T O R : 
João António Nave 
Laranjinha

 - REF. Curso Bioteria 
Teór/Prát_2015

01/08/2015 31/12/2018 8 298,50 € 0,00 €

Brain without 
borders - 
COORDINATOR: Luis 
Pereira de Almeida

 - REF. Brain without 
borders

01/09/2016 31/12/2018 1 470,78 € 574,20 €
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Formações do Gab. 
Comunicação - 
COORDINATOR: Sara 
Varela Amaral  

 - REF. Angariação 
fundos Gab. 
Comunicação da 
Ciência

01/01/2017 31/12/2018 140,00 € 0,00 €

Cursos de faturação 
Paulo Oliveira - 
COORDINATOR: Paulo 
Jorge G. S. S. Oliveira 

 - REF. Cursos de 
faturação Paulo 
Oliveira

01/09/2017 31/12/2018 713,40 € 248,49 €

Faturação Cursos 
Paula Mota - 
COORDINATOR:Paula 
Mota

 - REF. Faturação 
Cursos Paula Mota

01/11/2018 31/12/2018 19 000,00 € 1 075,03 €

From Protein 
Structure to biological 
funtion through 
interactomics- an 
integrated view 
(2nd edition) - 
C O O R D I N A T O R : 
Bruno José F. O. 
Manadas 

 - REF. Cursos Bruno 
Manadas

01/01/2018 31/12/2018 10 150,00 € 8 870,48 €

Fórum Pós-docs 
- COORDINATOR: 
Ermelindo Carreira 
Leal -  

 - REF. Fórum Pós-
docs

01/02/2018 31/12/2018 1 200,00 € 656,44 €

G E N e t i c 
F r o n t o t e m p o r a l 
d e m e n t i a 
Initiative (GENFI) 
- COORDINATOR: 
Isabel Santana

 University College 
London (UCL) REF. 
GENFI

15/02/2016 31/12/2018 14 138,08 € 1 103,60 €

AAV-miATXN3w, AAV-
GFP reporter, and new 
to develop transgene-
containing AAVs - 
COORDINATOR: Luis 
Pereira de Almeida 
-  PROPONENTE: 
UNIQURE Biopharma 
B.V. -  PARTICIPANTS: 
CNBC; UC

 uniQure - REF. 
C o l l a b o r a t i o n 
agreement_uniQure 
biopharma B.V.

17/12/2018 17/12/2020 52 187,50 € 0,00 €

INNOTECH 2015 - 
COORDINATOR: João 
Ramalho de Sousa 
Santos

Laboratoire Innotech 
- REF. INNOTECH 
2015

31/12/2014 31/07/2019 203 086,76 € 16 430,21 €

R e v a s c u l a r i z a ç ã o 
e angiogénese - 
COORDINATOR: João 
Ramalho de Sousa 
Santos

 - REF. 
Revascularização e 
angiogénese, Merck

20/12/2016 30/09/2019 121 951,22 € 9 012,03 €
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Nanodrug 3rd 
Summer School&Int 
- COORDINATOR: 
Lino da Silva Ferreira 

Queen Mary 
University (QMUL) - 
REF. Nanodrug 3rd 
Summer School&Int

01/04/2014 31/12/2019 19 984,00 € 660,95 €

Study: Evaluation 
of Gecko polymer 
ability to inhibit 
bacterial growth 
by direct contact - 
COORDINATOR: Lino 
da Silva Ferreira

 Gecko Biomedical 
- REF. Evaluation of 
Gecko polymer...

17/07/2017 31/12/2019 2 000,00 € 0,00 €

TimeUp - INESPO 
III - COORDINATOR: 
Susana Alarico

Universidade de 
Coimbra - REF. 
TimeUp - INESPO III

01/03/2018 30/06/2019 3 252,03 € 258,36 €

Exploring the role 
of pridopidine on 
m i t o c h o n d r i a l 
function and 
dynamics in 
H u n t i n g t o n ` s 
disease models - 
COORDINATOR: Ana 
Cristina Carvalho 
Rego 

TEVA Pharmaceutical 
Indust. - REF. 
Exploring the role of 
pridopid

01/01/2017 31/12/2019 120 282,00 € 45 375,86 €

Supplementat ion 
of Coriolus 
versicolor (biomass) 
- a nutritional 
p r e s y m p t o m a t i c 
approach against 
cognitive deficits - 
COORDINATOR: Ana 
Cristina Carvalho 
Rego

  Micology Research 
Laboratories- REF. 
Micology 

01/09/2017 31/12/2019 7 000,00 € 4 724,69 €

NIH - 
HHSN27120
1700216P - 
C O O R D I N A T O R : 
Attila 
Köfalvi 

 NIH - 
REF. NIH - 
HHSN27120
1700216P

01/01/2017 31/12/2019 8 449,59 € 55,78 €

D D Z _ F L A M E _ L _
study - 
C O O R D I N A T O R : 
John Griffith Jones 

German Diabetes 
Center - REF. DDZ_
FLAME_L_study

01/06/2017 31/12/2018 10 234,00 € 94,82 €

Project Furan 
toxicity in human 
and rat hepatocytes 
- COORDINATOR: 
Carlos Manuel 
Marques Palmeira 

 Institute For Scientific 
Information on Coffee 
- REF. Comparison the 
acute effects..

01/08/2017 30/11/2018 28 200,00 € 4 479,94 €
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Stress, Resilience 
and Epigenetic 
alterations: Frontal 
cortex and Social 
dominance. - 
COORDINATOR: Ana 
Cristina Carvalho 
Rego

Sigma-Tau B.V - 
REF. Consultancy 
Agreement - Sigma-
Tau B.V. and UC_
StREs-FSD

01/01/2018 31/12/2018 18 500,00 € 4 127,60 €

Faturação Dr. 
Lino Ferreira - 
COORDINATOR: Lino 
Ferreira

 - REF. Faturação Dr. 
Lino Ferreira

01/01/2018 31/12/2018 3 278,68 € 0,00 €

Targeting mutant 
ATXN3 for the 
treatment of 
S p i n o c e r e b e l l a r 
Ataxia 3 (SCA3) - 
COORDINATOR: Luis 
Pereira de Almeida 

Wave Life Sciences 
USA, Inc. - REF. Wave 
Collaboration_Luis 
Almeida

01/04/2018 31/12/2020 200 000,00 € 14 230,26 €

Sub-Total  Others Services 112 739,81 €

TOTAL 6 469 970,12 €
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TITLE FINANCING
AGENCY

PRINCIPAL 
INVESTIGATOR

STARTING
DATE

ENDING
DATE

BUDGET
(IBILI)

EXPEDITURE
2018

Unidade de I&D 
- IBILI

FCT

UID/04538/2015

Miguel Castelo-
Branco

01/01/2018 31/12/2018 1.833.000,00€ 467.811,61€

Quanti f icação 
em PET: 
construção de 
um sistema 
d i s t r i b u í d o 
n ã o - i n v a s i v o 
para medida 
da função de 
entrada arterial

FCT

W d � � / � � � -
�D�/ϱϯϳϴ/ϮϬϭϰ

Francisco 
Caramelo

01/01/2016 31/12/2018 62.708,00€
21.923,79 €

C r o s s t a l k 
b e t w e e n 
pĞ ƌ i ǀ Ă Ɛ c u l Ă ƌ�
a d i p o s e 
tissue and 
blŽŽĚ� ǀĞƐƐĞlƐ�
in� ŽbĞƐitǇ�
ĂnĚ� ǀĂƐculĂƌ�
ĚǇƐĨunctiŽn

FCT

W d � � / � / D -
D�d/ϰϰϰϳ/ϮϬϭϰ

Cristina Sena Ϭϭ/Ϭϳ/ϮϬϭϲ Ϭϭ/Ϭϳ/ϮϬϭϵ 199.512,00 € 55 829,94 €

Functional 
Neuroimaging 
in 
newborns with 
perinatal 
ĂƐphǇǆiĂ�
predicting 
neuro-
ĚĞǀĞlŽpŵĞntĂl�
outcome

FCT

W d � � / � d W -
W/�/ϲϬϯϮ/ϮϬϭϰ

'uiŽŵĂƌ�KliǀĞiƌĂ Ϭϭ/Ϭϲ/ϮϬϭϲ ϯϭ/Ϭϱ/ϮϬϭϵ 115.416,00 € 47.706,69 €
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O sistema cancro-
imunidade como 
alvo da terapia 
com a membrana 
amniótica humana 
no carcinoma 
hepatocelular

/E&�ZD��

& /^ -ϮϬϭϱ -Ϭϭͺ
KE�ͺϮϬϭϱϬϲϯϬ

Filomena 
Botelho

15/05/2016 15/09/2018 85.000,00 € 18.054,08 
€

EŽǀĂƌtiƐ EŽǀĂƌtiƐ Francisco 
�ŵbƌſƐiŽ

- - 30.000,00€ 30.000,00€

00The changing 
brain in Alzheimer's 
�iƐĞĂƐĞ:� iƐ� thĞ� ƌĞtinĂ�
a reliable mirror 
ŽĨ� ĚiƐĞĂƐĞ� ŽnƐĞt�
pƌŽŐƌĞƐƐiŽn͍

SANTA CASA 
D/^�Z/�KZ�/�

SANTA CASA 
MB-1049-2015

Francisco 
�ŵbƌſƐiŽ

Ϭϭ/Ϭϭ/ϮϬϭϲ ϯϭ/ϭϮ/ϮϬϭϴ 154.608,00 € 31.085,68 €

Redes sinápticas e 
abordagens 
cŽŵpƌĞĞnƐiǀĂƐ�ĚĞ�
medicina 
personalizada 
Ğŵ�ĚŽĞnĕĂƐ�
neuro-
comportamentais 
ĂŽ�lŽnŐŽ�ĚĂ�ǀiĚĂ�
-�D��W�Z^z^d

FCT

POCI-01-0145-
&���Z-ϬϭϲϰϮϴ

Miguel Castelo-
Branco

Ϭϭ/Ϭϳ/ϮϬϭϲ ϯϬ/Ϭϵ/ϮϬϭϵ 743.519,83 € 213.958,38 
€

DiaMarkData - 
/ĚĞntiĨicĂĕĆŽ� ĚĞ�
nŽǀŽƐ�biŽŵĂƌcĂĚŽƌĞƐ�
precoces das 
c Ž ŵ p l i c Ă ĕ Ɓ Ğ Ɛ�
ĚĂ� ĚiĂbĞtĞƐ:� ĚŽ�
m e t a b o l i s m o 
ă� iŵĂŐiŽlŽŐiĂ�
multimodal de 
sistemas 

/E&�ZD��

& /^ -ϮϬϭϱ -Ϭϭͺ
�/�ͺϮϬϭϱϬϲϯϬ-
173

Miguel Castelo-
Branco

ϭϱ/Ϭϯ/ϮϬϭϳ ϭϱ/Ϭϵ/ϮϬϭϵ 129.929,50 € 84.337,15 €

' Ă ŵ Ğ � � > -�
' Ă ŵ i Ĩ i c Ă t i Ž n�
ƐuppŽƌtinŐ� �ctiǀĞ�
ĂnĚ��ƐƐiƐtĞĚ�>iǀinŐ

YZ�E

� � E d Z K -
0 1 - 0 2 4 7 -
&���Z-Ϭϭϳϵϰϴ

Miguel Castelo-
Branco

Ϭϭ/ϭϬ/ϮϬϭϲ ϯϬ/Ϭϵ/ϮϬϭϵ 126.183,57 € 31.765,95 €

�ƌĂin,ĞĂlthϮϬϮϬ CCDRC

� � E d Z K -
0 1 - 0 1 4 5 -
&���Z-ϬϬϬϬϬϴ

>uiƐ��lŵĞiĚĂ/
Francisco 
�ŵbƌſƐiŽ

Ϭϭ/Ϭϭ/ϮϬϭϳ ϯϭ/ϭϮ/ϮϬϮϬ 1.599.829,61€ -

,ĞĂlthǇ�ŐinŐϮϬϮϬ CCDRC
� � E d Z K -
0 1 - 0 1 4 5 -
&���Z-ϬϬϬϬϭϮ

:ŽĆŽ�ZĂŵĂlhŽ/
,ĞnƌiƋuĞ�'iƌĆŽ

Ϭϭ/Ϭϭ/ϮϬϭϳ ϯϭ/ϭϮ/ϮϬϮϬ 1.795.810,88 -



Taking imaging into 
the therapeutic 
domain: self-
regulation of brain 
systems for mental 
disorders

�h

BRAINTRAIN

Miguel Castelo-
Branco

01/11/2013 30/10/2018 638.000,00 
€ 

5.494,29€

� u ƌ Ž - � i Ž / ŵ Ă Ő i n Ő�

WƌĞpĂƌĂtŽƌǇ� WhĂƐĞ� //� -�

Project

�D�>� -� �uƌŽpĞĂn�

DŽlĞculĂƌ��iŽlŽŐǇ�>

,ϮϬϮϬ� -� �ǆcĞllĞnt�

Science

,ϮϬϮϬ� -� �ǆcĞllĞnt�

Science

Miguel Castelo-

Branco

Ϭϭ/Ϭϭ/ϮϬϭϲ ϯϭ/ϭϮ/ϮϬϭϴ 15.302,50€ -€

�ƌĂin� ƐtiŵulĂtiŽn� ŽĨ�

ĂttĞntiŽn� nĞtǁŽƌŬƐ:�

examining old principles 

ĂnĚ� ĚĞǀĞlŽpinŐ� nĞǁ�

clinical applications

�ŽŵŵiƐƐiŽn� KĨ�

dhĞ� �uƌŽpĞĂn�

Communit\

,ϮϬϮϬ� -� �ǆcĞllĞnt�

Science

dD^ͺ�dd

Miguel Castelo-

Branco

Ϭϭ/Ϭϲ/ϮϬϭϲ ϯϭ/Ϭϱ/ϮϬϭϴ 148.635,00€

�Z�Ăth��-�ϲϲϵϬϴϴ �ŽŵŵiƐƐiŽn� KĨ�

dhĞ� �uƌŽpĞĂn�

Communit

,ϮϬϮϬ� -� ^ŽciĞtĂl�

Challenges

:ŽĆŽ�DĂlǀĂ Ϭϭ/Ϭϱ/ϮϬϭϵ ϯϬ/Ϭϲ/ϮϬϮϬ 2.762.404,48€ 355.005,80€

DĂnĂŐinŐ� inĨlĂŵŵĂtiŽn�

in diabetic retino

�ĂǇĞƌ� ,ĞĂlthcĂƌĞ�

Pharmaceuticals 

Ana Raquel 

Santiago

Ϭϭ/ϭϭ/ϮϬϭϱ Ϯϴ/ϬϮ/ϮϬϭϴ 44.331.00€ 8.841,22€

E��^h^� -�

E�hZK���Wd�d /KE�

�&d�Z� ��d�Z��d� �E��

Z�&Z��d/s�� ^hZ'�Zz�

^dh�z

�uƌŽpĞĂn�̂ ŽciĞtǇ�ŽĨ�

Cataract and

:ŽĂƋuiD��ĂƌlŽƐ�

Neto Murta

ϭϯ/Ϭϱ/ϮϬϭϲ ϭϮ/Ϭϱ/ϮϬϭϵ 392.706,00€ 33.695,86

KE�KE�d�^h�K� /Ed�ZZ�' Maria Filomena 

Botelho

Ϭϭ/Ϭϲ/ϮϬϭϲ ϯϬ/Ϭϲ/ϮϬϭϵ 235.382,90€ 34.761,66 €

ϭϴϬϯϲ-,��>/Y^ϰ�/d/�^ �/d� ,ĞĂlth�

InnoStars e.V.

:ŽĆŽ�DĂlǀĂ Ϭϭ/Ϭϭ/ϮϬϭϴ ϯϭ/ϭϮ/ϮϬϭϴ 67.000,00€ 40.578,12 €

ϭϴϰϲϭ-�/d�>���>>/E' �/d� ,ĞĂlth�

InnoStars e.V.

:ŽĆŽ�DĂlǀĂ Ϭϭ/Ϭϭ/ϮϬϭϴ ϯϭ/ϭϮ/ϮϬϭϴ 10.000,00€ 1.896,96 €

ϭϴϮϱϲ�-���Z����DWh^ �/d� ,ĞĂlth�

InnoStars e.V.

:ŽĆŽ�DĂlǀĂ Ϭϭ/Ϭϭ/ϮϬϭϴ ϯϭ/ϭϮ/ϮϬϭϴ 36.000,00€ 19.163,80 €

W�d� cŽŵ� ƐiƐtĞŵĂ�

inŽǀĂĚŽƌ� ĚĞ� lĞituƌĂ�

ĚuplĂ� pĂƌĂ� cŽƌƌĞĕĆŽ� ĚĞ�

DOI

FCT

W d � � / � � � -
/D'/ϰϵϬϵ/ϮϬϭϰ

Ana Cristina 

Santos

Ϭϭ/Ϭϲ/ϮϬϭϲ ϯϭ/ϭϮ/ϮϬϭϴ 23.220,00€ 2.702,71 €
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R e g u l a ç ã o 
farmacológica das 
proteínas da família 
p53: a caminho 
de novas terapias 
anticancerígenas

FCT

W d � � / � d W -
&dK/ϭϵϴϭ/ϮϬϭϰ

Flávio Nelson 
Reis

01/04/2016 01/04/2019 20.004,00€ 18.054,08 €

��^zW�d

ANI
Ana Cristina 

Santos

Ϭϭ/ϭϬ/ϮϬϭϲ ϯϬ/Ϭϵ/ϮϬϭϴ 116.329,52€ 31.344,97 €

W W � / ʹ W l Ă t Ă Ĩ Ž ƌ ŵ Ă�

Portuguesa de 

Bioimagem

A g ê n c i a 

�ĞƐĞnǀŽlǀiŵĞtŽ� Ğ�

�ŽĞƐĆŽ

,ĞnƌiƋuĞ�'iƌĆŽ Ϭϭ/Ϭϲ/ϮϬϭϳ ϯϬ/Ϭϱ/ϮϬϮϬ 218.906,00€ 112.063,62 €

�� nŽǀĞl� ŵĞchĂniƐŵ�

tŽ� ƌĞ-pĂiƌ� ,&p�&� ĂnĚ�

endothelial damage

FCT

Z�-W�/Z�-�ϬϯϮϭϳϵ

,ĞnƌiƋuĞ�DĂnuĞl�

W.�'iƌĆŽ

ϮϮ/Ϭϲ/ϮϬϭϴ Ϯϭ/Ϭϲ/ϮϬϮϭ 233.434,48€ 5.293,69 €

T a i l o r e d 

microenCAPsulat ion 

tĞchnŽlŽŐǇ� ĨŽƌ�

�ǆtƌĞŵĞ� KǆǇŐĞn-

^ĞnƐitiǀĞ� ���tĞƌiĂ�

ǁith� bĞnĞĨiciĂl� ĞĨĨĞctƐ�

Žn� Őut� ŵicƌŽbiŽtĂ:�

WƌŽĚuctiŽn͕� ƐtĂbilitǇ�

ĂnĚ� ĨunctiŽnĂlitǇ�

enhancements in 

ǀĂƌiŽuƐ�cĂƌƌiĞƌƐ

FCT

��W�K^���� -�
031400

&lĄǀiŽ�EĞlƐŽn�ZĞiƐ Ϭϭ/Ϭϲ/ϮϬϭϴ ϯϭ/Ϭϱ/ϮϬϮϭ 23.634,25€ -

hƐĞ� ŽĨ� bluĞbĞƌƌǇ� ũuicĞ�

as a nutraceutical 

ƐtƌĂtĞŐǇ� tĂƌŐĞtinŐ� Őut�

ĚǇƐbiŽƐiƐ� tŽ� pƌĞǀĞnt�

thĞ� pƌŽŐƌĞƐƐiŽn� ĨƌŽŵ�

prediabetes to diabetes

FCT

&Zhd/&z�-�ϬϯϭϳϭϮ

&lĄǀiŽ�EĞlƐŽn�ZĞiƐ Ϯϲ/Ϭϳ/ϮϬϭϴ Ϯϱ/Ϭϳ/ϮϬϮϭ 239.304,92€ 65,82 €

Speed, crash and 

ƌun:� ĞǆĞƌƐŽŵĞƐ� bŽŽƐt�

neuroenergetics and 

mood in mice on speed

M O O D 
�y�Z^KD�^� -�
030786

Frederico G.S.C. 

Pereira

Ϯϲ/Ϭϳ/ϮϬϭϴ Ϯϱ/Ϭϳ/ϮϬϮϭ 239.413,80€ 65,82 €

Modeling Angiogenesis 

in� dǇpĞ� Ϯ� �iĂbĞtĞƐ�

Mellitus - integrating 

experimental and 

theoretical approaches

ANGIODIA -031743 Raquel Maria 

^ĞiĕĂ

Ϯϲ/Ϭϳ/ϮϬϭϴ Ϯϱ/Ϭϳ/ϮϬϮϭ 33.125,00€ -

Kn� thĞ� ƌiŐht� ƐiĚĞ:�

unǀĞilinŐ� thĞ�

ŵĞchĂniƐŵƐ� ŽĨ�

pulŵŽnĂƌǇ�hǇpĞƌtĞnƐiŽn�

ƌĞǀĞƌƐĂbilitǇ� ĂnĚ� thĞ�

hĞĂƌt�ĨĂiluƌĞ�pƌŽŐƌĞƐƐiŽn

Z/',d-Ϯ,�-ϬϯϮϰϭϰ Zui�DiŐuĞl�>ĂnĕĂ�

Baptista

Ϯϲ/Ϭϳ/ϮϬϭϵ Ϯϱ/Ϭϳ/ϮϬϮϭ 7.500,00€ 4.908,35 €



E n v i r o n m e n t a l 
e n r i c h m e n t 
protects adult 
h i p p o c a m p a l 
n e u r o g e n e s i s 
and memory 
decline induced 
by systemic 
inflammation

DĞƌcuDĞŵŽƌǇ�-�
031699

Carlos Alberto 
Ribeiro

Ϯϲ/Ϭϳ/ϮϬϭϴ Ϯϱ/Ϭϳ/ϮϬϮϭ 239.475,67€ -

�ŽntƌibutiŽn� ŽĨ�
ŽliǀĞ� pŽlǇphĞnŽlƐ�
ĂnĚ� ŽliǀĞ� Žil� ĨŽƌ�
thĞ� pƌĞǀĞntiŽn�
ŽĨ� cĂƌĚiŽǀĂƐculĂƌ�
diseases

W,�EK>/s�� -�
032492

&lĄǀiŽ�EĞlƐŽn�
Reis

Ϭϳ/ϬϳϮϬϭϴ Ϭϲ/Ϭϳ/ϮϬϮϭ 238.115,29 -

�iĂlǇƐiƐ� ŵĞŵbƌĂnĞƐ�
bǇ� ĚĞƐiŐn:� tĂƌŐĞtinŐ�
n e u t r o p h i l 
elastase to reduce 
i n Ĩ l Ă ŵ ŵ Ă t i Ž n /
ŽǆiĚĂtiǀĞ� ƐtƌĞƐƐ� in�
end-stage renal 
disease

�/�>ϰ>/&�� -�
031322

&lĄǀiŽ�EĞlƐŽn�
Reis

ϭϬ/Ϭϴ/ϮϬϭϵ Ϭϵ/Ϭϴ/ϮϬϭϵ 23.643,50€ -



ϭϳϬ

Wu�l®�at®onÝ

�bĞcĂƐiƐ͕� �͕� 'ŽŵĞƐ-�lǀĞƐ͕� W͕ � ZŽƐĂ͕� ^͕� 'ŽuǀĞiĂ͕� W͕ � &ĞƌƌĞiƌĂ͕� >͕� ^ĞƌƌĂ͕� D͕� �lǀĞƐ͕� WD.� ͞�� huŵĂn�
inĚucĞĚ� pluƌipŽtĞnt� ƐtĞŵ� cĞll� ĚĞƌiǀĞĚ� cĂƌĚiĂc� ŵŽĚĞl:� nĞǁ� iniƐŐhtƐ� in� thĞ� cƌŽƐƐtĂlŬ� bĞtǁĞĞn�
cĂƌĚiŽŵǇŽcǇtĞƐ� ĂnĚ� ĞnĚŽthĞliĂl� cĞllƐ .͟� �iŽtĞchnŽlŽŐǇ� ĂnĚ� �iŽĞnŐinĞĞƌinŐ� �K/:ϭϬ.ϭϬϬϮ/bit.ϮϲϵϮϵ 

�cƷƌciŽ� Z�͕� ^cŽŵpĂƌin� �͕� �ŽnniŽt� :͕� ^ĂlǀĂĚŽƌ� :�Z͕� ^Ătchi-&ĂinĂƌŽ� Z͕� &lŽƌinĚŽ� ,&͕ � 'uĞĚĞƐ� Z�.�
^tƌuctuƌĞ-&uncƟŽn� �nĂlǇƐiƐ� ŽĨ� /ŵŵunĞ� �hĞcŬpŽint� ZĞcĞptŽƌƐ� tŽ� 'uiĚĞ� �ŵĞƌŐinŐ� �nƟcĂncĞƌ�
/ŵŵunŽthĞƌĂpǇ.� :� DĞĚ� �hĞŵ.� ϮϬϭϴ� �Ğc� Ϯϳ͖ϲϭ;ϮϰͿ:ϭϬϵϱϳ-ϭϬϵϳϱ.� ĚŽi:� ϭϬ.ϭϬϮϭ/ĂcƐ.ũŵĞĚchĞŵ.ϴbϬϬϱϰϭ 

�ŐuiĂƌ� �^:ƌ͕ � ^pĞcŬ� ��͕� �ŵĂƌĂl� /D͕� �ĂnĂƐ� WD͕� �unhĂ� Z�� ;ϮϬϭϴͿ� dhĞ� ĞǆĞƌciƐĞ� ƐĞǆ� ŐĂp� ĂnĚ� thĞ� iŵpĂct� ŽĨ� thĞ�
ĞƐtƌŽuƐ� cǇclĞ� Žn� ĞǆĞƌciƐĞ� pĞƌĨŽƌŵĂncĞ� in� ŵicĞ.� ^ciĞnƟĮc� ZĞpŽƌtƐ� ϴ:� ϭϬϳϰϮ.� �K/:� ϭϬ.ϭϬϯϴ/Ɛϰϭϱϵϴ-Ϭϭϴ-ϮϵϬϱϬ-Ϭ 

�lŵĞiĚĂ� �.D.� Θ� ^iŵƁĞƐ� /.� ;ϮϬϭϴͿ� �ĂƌĚŽŽn-bĂƐĞĚ� ƌĞnnĞtƐ� ĨŽƌ� chĞĞƐĞ� pƌŽĚucƟŽn.� �ppl� DicƌŽb 
iŽl� �iŽtĞchnŽl.� httpƐ://ĚŽi.ŽƌŐ/ϭϬ.ϭϬϬϳ/ƐϬϬϮϱϯ-Ϭϭϴ-ϵϬϯϮ-ϯ� ;ZĞǀiĞǁͿ� ;/ŵpĂct�
ĨĂctŽƌ� ϮϬϭϳ:� ϯ.ϯϰϬ͕� YuĂƌƟlĞ� in� �iŽtĞchnŽlŽŐǇ� Θ� �ppliĞĚ� DicƌŽbiŽlŽŐǇ:� YϮͿ 

�lǀĞƐ��͕��ĂƟƐtĂ�^͕�Ě �͛lŵĞiĚĂ�K�͕�^ŽuƐĂ�>͕��unhĂ�>͕��ĞƌnĂƌĚĞƐ�Z͕��ĂƐtĞlŽ-�ƌĂncŽ�D.�dhĞ�ƌĞƟnĂl�ŐĂnŐliŽn�cĞll� lĂǇĞƌ�pƌĞĚictƐ�
nŽƌŵĂl-ĂppĞĂƌinŐ�ǁhitĞ�ŵĂttĞƌ�tƌĂct�intĞŐƌitǇ�in�ŵulƟplĞ�ƐclĞƌŽƐiƐ:���cŽŵbinĞĚ�ĚiīuƐiŽn�tĞnƐŽƌ�iŵĂŐinŐ�ĂnĚ�ŽpƟcĂl�cŽhĞƌĞncĞ�
tŽŵŽŐƌĂphǇ�ĂppƌŽĂch.�,uŵ��ƌĂin�DĂpp.�ϮϬϭϴ�:Ăn�ϭϱ.�ĚŽi:�ϭϬ.ϭϬϬϮ/hbŵ.Ϯϯϵϰϲ.�΀�pub�ĂhĞĂĚ�ŽĨ�pƌint΁�WubDĞĚ�WD/�:�Ϯϵϯϯϰϭϱϲ� 

�ŵĂƌĂl��͕�DŽuŐĂ�̂ ͕�̂ iŵƁĞƐ�D͕�WĞƌĞiƌĂ�,�͕��ĞƌnĂƌĚinŽ�/͕�YuĞntĂl�,͕�WlĂǇlĞ�Z͕�DcEĂŵĂƌĂ�Z͕�KliǀĞiƌĂ�'͕��ĂƐtĞlŽ-�ƌĂncŽ�D.���&ĞĂƐibilitǇ�
�linicĂl�dƌiĂl�tŽ�/ŵpƌŽǀĞ�̂ ŽciĂl��ttĞnƟŽn�in��uƟƐƟc�̂ pĞctƌuŵ��iƐŽƌĚĞƌ�;�^�Ϳ�hƐinŐ�Ă��ƌĂin��ŽŵputĞƌ�/ntĞƌĨĂcĞ.�&ƌŽnt�EĞuƌŽƐci.�ϮϬϭϴ�:ul�
ϭϯ͖ϭϮ:ϰϳϳ.�ĚŽi:�ϭϬ.ϯϯϴϵ/ĨninƐ.ϮϬϭϴ.ϬϬϰϳϳ.�Ğ�ŽllĞcƟŽn�ϮϬϭϴ.�WubDĞĚ�WD/�:�ϯϬϬϲϭϴϭϭ͖�WubDĞĚ��ĞntƌĂl�WD�/�:�WD�ϲϬϱϱϬϱϴ� 

�nĂ� ^.� �.� sĂlĚĞiƌĂ͕� �ĂniĞl� �.� Zitt͕� �ĞbŽƌĂh� <.� DŽƌƌiƐŽn͕� :ĂŵĞƐ� �.� DcDĂhŽn͕� <iƌŬ� Z.� 'uƐtĂĨƐŽn� ĂnĚ�
:ŽƌŐĞ� �.� Z.� ^ĂlǀĂĚŽƌ͕ � ^ǇnthĞƐiƐ� ĂnĚ� �iŽlŽŐicĂl� �ǀĂluĂƟŽn� ŽĨ� EĞǁ� DĂĚĞcĂƐƐic� �ciĚ� �ĞƌiǀĂƟǀĞƐ� dĂƌŐĞƟnŐ�
�Z<� �ĂƐcĂĚĞ� ^iŐnĂlinŐ� &ƌŽnƟĞƌƐ� in� �hĞŵiƐtƌǇ͕ � Ϯϴ� ^ĞptĞŵbĞƌ� ϮϬϭϴ͕� �K/:� ϭϬ.ϯϯϴϵ/ĨchĞŵ.ϮϬϭϴ.ϬϬϰϯϰ 
 
�nũŽ͕� ^./.� ĂnĚ� �.� DĂnĂĚĂƐ͕� �� tƌĂnƐlĂƟŽnĂl� ǀiĞǁ� ŽĨ� cĞllƐ͛� ƐĞcƌĞtŽŵĞ� ĂnĂlǇƐiƐ� -� ĨƌŽŵ�
untĂƌŐĞtĞĚ� pƌŽtĞŽŵic� tŽ� pŽtĞnƟĂl� ciƌculĂƟnŐ� biŽŵĂƌŬĞƌƐ.� �iŽchiŵiĞ.� ϮϬϭϴ� �Ğc͖ϭϱϱ:ϯϳ-ϰϵ 

�nũŽ͕� ^./.� ĂnĚ� �.� DĂnĂĚĂƐ͕� �� tƌĂnƐlĂƟŽnĂl� ǀiĞǁ� ŽĨ� cĞllƐ͛� ƐĞcƌĞtŽŵĞ� ĂnĂlǇƐiƐ� -� ĨƌŽŵ� untĂƌŐĞtĞĚ� pƌŽtĞŽŵic� tŽ� pŽtĞnƟĂl�
ciƌculĂƟnŐ� biŽŵĂƌŬĞƌƐ.� �iŽchiŵiĞ.� ϮϬϭϴ� �Ğc͖ϭϱϱ:ϯϳ-ϰϵ.� ĚŽi:ϭϬ.ϭϬϭϲ/ũ.biŽchi.ϮϬϭϴ.Ϭϱ.ϬϬϳ.� �pub� ϮϬϭϴ� DĂǇ� ϭ 

�ƌĂƷũŽ͕� d.� DĞlŽ͕� �.�.� DĂciĞl͕� �.� WĞƌĞiƌĂ͕� �.D.� DŽƌĂiƐ͕� �.Z.� ^ĂnƟnhĂ͕� :.&.� dĂǀĂƌĞƐ͕� ,.� KliǀĞiƌĂ͕� �.^.� :uƌĂĚŽ͕� s.� �ŽƐtĂ͕� W.�
�ŽŵinŐuĞƐ͕� D.Z.D.� �ŽŵinŐuĞƐ͕� D.�.^.� ^ĂntŽƐ͕� ͞�ƌƌŽƌƐ� in� pƌŽtĞin� ƐǇnthĞƐiƐ� incƌĞĂƐĞ� thĞ� lĞǀĞl� ŽĨ� ƐĂtuƌĂtĞĚ� ĨĂttǇ� ĂciĚƐ�
ĂnĚ� ĂīĞct� thĞ� ŽǀĞƌĂll� lipiĚ� pƌŽĮlĞƐ� ŽĨ� ǇĞĂƐt͕͟ � W>Ž^� KnĞ� ϭϯ;ϮϬϭϴͿ� ĞϬϮϬϮϰϬϮ.� �K/:� ϭϬ.ϭϯϳϭ/ũŽuƌnĂl.pŽnĞ.ϬϮϬϮϰϬϮ 

�ĂcĂlhĂu� D.͕� ^iŵƁĞƐ� D.͕� ZŽchĂ� D.� �.͕� ,ĂƌĚǇ� ^.� �.͕� sincĞnt� �.� �.͕� �uƌĆĞƐ� :.͕� DĂcĄƌiŽ� D.� �.͕� ^ĂntŽƐ� D.� :.͕� ZĞbĞlŽ� K.͕�
>ŽpĞƐ��.͕�WƌĂtĂƐ� :.͕�DĞnĚĞƐ��.͕� �uǌĂƌtĞ�D.͕�ZĞŐŽ��.��.͕�'iƌĆŽ�,.͕�tŽnŐ�>.-:.��.͕� dĂǇlŽƌ�Z.�t.͕�'ƌĂǌinĂ�D.� ;ϮϬϭϴͿ��iƐclŽƐinŐ�
thĞ� ĨuncƟŽnĂl� chĂnŐĞƐ� ŽĨ� tǁŽ� ŐĞnĞƟc� ĂltĞƌĂƟŽnƐ� in� Ă� pĂƟĞnt� ǁith� �hƌŽnic� WƌŽŐƌĞƐƐiǀĞ� �ǆtĞƌnĂl� KphthĂlŵŽplĞŐiĂ:�
ƌĞpŽƌt� ŽĨ� thĞ� nŽǀĞl� ŵt�E�� ŵ.ϳϰϴϲ'х�� ǀĂƌiĂnt.� EĞuƌŽŵuƐcul.� �iƐŽƌĚ.� Ϯϴ͕� ϯϱϬ-ϯϲϬ.� �K/:� ϭϬ.ϭϬϭϲ/ũ.nŵĚ.ϮϬϭϳ.ϭϭ.ϬϬϲ 

�ĂcĂlhĂu�DĂ͕�WƌĂtĂƐ�:͕�^iŵƁĞƐ�D͕�DĞnĚĞƐ��͕�ZibĞiƌŽ��͕�^ĂntŽƐ�D:͕��iŽŐŽ�>͕�DĂcĄƌiŽ�D�͕�'ƌĂǌinĂ�D�;ϮϬϭϴͿ.�ZĞƐpŽnƐĞ�tŽ�͞/n�
ƐilicŽ�pƌĞĚicƟŽn�iƐ�inƐuĸciĞnt�tŽ�ĂƐƐĞƐƐ�pĂthŽŐĞnicitǇ�ŽĨ�ŵt�E��ǀĂƌiĂntƐ .͟��uƌ�:�DĞĚ�'ĞnĞt.͖�:Ăn͖ϲϭ;ϭͿ:ϰϲ-ϰϳ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.
ĞũŵŐ.ϮϬϭϳ.Ϭϴ.ϬϬϴ.��pub�ϮϬϭϳ��uŐ�ϭϮ
 
�ĂcĂlhĂu�Db͕�^iŵƁĞƐ�D͕�ZŽchĂ�D�͕�,ĂƌĚǇ�^�͕�sincĞnt���͕��uƌĆĞƐ�:͕�DĂcĄƌiŽ�D�͕�^ĂntŽƐ�D:͕�ZĞbĞlŽ�K͕�>ŽpĞƐ��͕�WƌĂtĂƐ�:͕�
DĞnĚĞƐ��͕��uǌĂƌtĞ�D͕�ZĞŐŽ���͕�'iƌĆŽ�,͕�tŽnŐ�>�͕�dĂǇlŽƌ�Zt͕�'ƌĂǌinĂ�D�;ϮϬϭϴͿ.��iƐclŽƐinŐ�thĞ�ĨuncƟŽnĂl�chĂnŐĞƐ�ŽĨ�tǁŽ�
ŐĞnĞƟc�ĂltĞƌĂƟŽnƐ�in�Ă�pĂƟĞnt�ǁith��hƌŽnic�WƌŽŐƌĞƐƐiǀĞ��ǆtĞƌnĂl�KphthĂlŵŽplĞŐiĂ:�ZĞpŽƌt�ŽĨ�thĞ�nŽǀĞl�ŵt�E��ŵ.ϳϰϴϲ'х��
ǀĂƌiĂnt.�EĞuƌŽŵuƐcul��iƐŽƌĚ.͖�Ϯϴ;ϰͿ:ϯϱϬ-ϯϲϬ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.nŵĚ.ϮϬϭϳ.ϭϭ.ϬϬϲ



ϭϳϭ

�ĂlĕĂ-^ilǀĂ�:͕�ĚŽ��ĂƌŵŽ��͕�dĆŽ�,͕�ZĞbĞlŽ�K͕��ĂƌbŽƐĂ�D͕�DŽuƌĂ-EĞtŽ�s͕�^ĂƌŵĞntŽ-ZibĞiƌŽ���͕�>ŽpĞƐ�D�͕�DŽƌĞiƌĂ�:E͕�EuclĞŽlin�
iƐ�ĞǆpƌĞƐƐĞĚ�in�pĂƟĞnt-ĚĞƌiǀĞĚ�ƐĂŵplĞƐ�ĂnĚ�ŐliŽblĂƐtŽŵĂ�cĞllƐ͕�ĞnĂblinŐ�iŵpƌŽǀĞĚ�intƌĂcĞllulĂƌ�ĚƌuŐ�ĚĞliǀĞƌǇ�ĂnĚ�cǇtŽtŽǆicitǇ.��
�ǆpĞƌiŵĞntĂl��Ğll�ZĞƐĞĂƌch͕�ϯϳϬ;ϭͿ:ϲϴ-ϳϳ�;ϮϬϭϴͿ.��K/:ϭϬ.ϭϬϭϲ/ũ.ǇĞǆcƌ.ϮϬϭϴ.Ϭϲ.ϬϬϱ

�ĂlĕĂ-^ilǀĂ�:͕�DĂƟĂƐ��͕��ĂƌŵŽ���͕�^ĂƌŵĞntŽ-ZibĞiƌŽ���͕�>ŽpĞƐ�D�͕�DŽuƌĂ-EĞtŽ�s.��ĞllulĂƌ�ĂnĚ�ŵŽlĞculĂƌ�ŵĞchĂniƐŵƐ�ŽĨ�
ŐliŽblĂƐtŽŵĂ�ŵĂliŐnĂncǇ:�/ŵplicĂƟŽnƐ�in�ƌĞƐiƐtĂncĞ�ĂnĚ�thĞƌĂpĞuƟc�ƐtƌĂtĞŐiĞƐ.�^Ğŵin��ĂncĞƌ��iŽl.�ϮϬϭϴ�^Ğp�Ϯϱ.�pii:�^ϭϬϰϰ-
ϱϳϵy;ϭϴͿϯϬϬϳϮ-ϱ.��K/:ϭϬ.ϭϬϭϲ/ũ.ƐĞŵcĂncĞƌ.ϮϬϭϴ.Ϭϵ.ϬϬϳ.�΀�pub�ĂhĞĂĚ�ŽĨ�pƌint΁�ZĞǀiĞǁ.�WD/�:�ϯϬϮϲϲϱϳϭ

�ĂlĚĞiƌĂƐ� /͕� ^ĂntĂnĂ� /͕� >ĞitĆŽ�D:͕�'ĞnƐ�,͕� WĂƐcŽĂl� Z͕� dĄbuĂƐ-WĞƌĞiƌĂ�D͕��ĞĂtŽ-�ŽĞlhŽ� :͕��uƌŽ��͕��lŵĞiĚĂ�DZ͕�KliǀĞiƌĂ��Z��
�ĚĚiƟŽn� ŽĨ� thĞ� �ɴϰϮ/ϰϬ� ƌĂƟŽ� tŽ� thĞ� cĞƌĞbƌŽƐpinĂl� ŇuiĚ� biŽŵĂƌŬĞƌ� pƌŽĮlĞ� incƌĞĂƐĞƐ� thĞ� pƌĞĚicƟǀĞ� ǀĂluĞ� ĨŽƌ� unĚĞƌlǇinŐ�
�lǌhĞiŵĞƌ Ɛ͛� ĚiƐĞĂƐĞ� ĚĞŵĞnƟĂ� in�ŵilĚ� cŽŐniƟǀĞ� iŵpĂiƌŵĞnt.� � � �lǌhĞiŵĞƌƐ� ZĞƐ� dhĞƌ.� ϮϬϭϴ�DĂƌ� ϮϬ͖ϭϬ;ϭͿ:ϯϯ.� ĚŽi:� ϭϬ.ϭϭϴϲ/
s13195-018-0362-2

�ĂƌbŽƐĂ�ZibĞiƌŽ��͕��ŽucĞlŽ�D͕�dĞnƌĞiƌŽ�Z͕�^iŵƁĞƐ��d͕ �DĂƌƋuĞƐ�'͕�ZibĞiƌŽ�>͕��ŽƌtĞƐĆŽ��͕�^ĂƌŵĞntŽ-ZibĞiƌŽ���.��lŽnĂl�ƐhiŌƐ�in�
D�^�-�ĨƌŽŵ�^&ϯ�ϭ�tŽ���,Ϯ.�>ĞuŬ�>ǇŵphŽŵĂ.�ϮϬϭϴ��pƌ�ϰ:ϭ-ϰ.��K/:�ϭϬ.ϭϬϴϬ/ϭϬϰϮϴϭϵϰ.ϮϬϭϴ.ϭϰϰϯϰϱϮ.�΀�pub�ĂhĞĂĚ�ŽĨ�pƌint΁�
WD/�:�Ϯϵϲϭϲϴϱϯ

�ĂƌƌĂcŽƐĂ�W.͕�ZŽƐĂ�E.͕��ĂƌƌŽƐ�D.͕�WiƌĞƐ��.�;ϮϬϭϴͿ�̂ ĞlĞctĞĚ��ĂƌĚŽŽn�;�ǇnĂƌĂ�cĂƌĚunculuƐ�>.Ϳ�'ĞnŽtǇpĞƐ�̂ uitĂblĞ�ĨŽƌ�W�K��hĞĞƐĞƐ�
in�DĞĚitĞƌƌĂnĞĂn�ZĞŐiŽnƐ.��hĞŵ.��iŽĚiǀĞƌƐ.�:ul͖ϭϱ;ϳͿ:ĞϭϴϬϬϭϭϬ.�ĚŽi:�ϭϬ.ϭϬϬϮ/cbĚǀ.ϮϬϭϴϬϬϭϭϬ.�;/ŵpĂct�ĨĂctŽƌ�ϮϬϭϳ:�ϭ.ϲϭϳ͕�
YuĂƌƟlĞ�in��hĞŵiƐtƌǇ͕ �DulƟĚiƐciplinĂƌǇ:�YϯͿ

�uƌŐĞiƌŽ� �͕� &ŽnƐĞcĂ� ��͕� �ƐpinŽǌĂ� �͕� �ĂƌǀĂlhŽ� >͕� >ŽuƌĞnĕŽ� E͕� �ntunĞƐ� D͕� �ĂƌǀĂlhŽ� �.� WƌŽtĞŽƐtĂƐiƐ� in� ĞpicĂƌĚiĂl� ǀĞƌƐuƐ�
ƐubcutĂnĞŽuƐ�ĂĚipŽƐĞ�ƟƐƐuĞ�in�hĞĂƌt�ĨĂiluƌĞ�ƐubũĞctƐ�ǁith�ĂnĚ�ǁithŽut�ĚiĂbĞtĞƐ.��iŽchiŵ��iŽphǇƐ��ctĂ�DŽl��ĂƐiƐ��iƐ.ϮϬϭϴ�
:un͖ϭϴϲϰ;ϲ�Wt��Ϳ:Ϯϭϴϯ-Ϯϭϵϴ.�ĚŽi:ϭϬ.ϭϬϭϲ/ũ.bbĂĚiƐ.ϮϬϭϴ.Ϭϯ.ϬϮϱ.��pub�ϮϬϭϴ��pƌ�ϰ.�WubDĞĚ�WD/�:�ϮϵϲϮϱϭϳϵ͖�WubDĞĚ��ĞntƌĂl�
WD�/�:�WD�ϲϯϳϱϲϴϴ

���lǀĞƐ͕�:�^ilǀĂ͕�^�WintĞuƐ͕�,�'ĂƐpĂƌ͕ �D���lpŽiŵ͕�>�D��ŽtĂnĂ͕�Z�WĞĚƌŽƐĂ.�&ƌŽŵ�DĂƌinĞ�KƌiŐin�tŽ�dhĞƌĂpĞuƟcƐ:�dhĞ��nƟtuŵŽƌ�
WŽtĞnƟĂl�ŽĨ�DĂƌinĞ��lŐĂĞ-�ĞƌiǀĞĚ��ŽŵpŽunĚƐ.�&ƌŽnt�WhĂƌŵĂcŽl.�ϵ:ϳϳϳ.��K/:�ϭϬ.ϯϯϴϵ/ĨphĂƌ.ϮϬϭϴ.ϬϬϳϳϳ

��KliǀĞiƌĂ͕� &��ĂŐiĚĞ͕� :�dĞiǆĞiƌĂ͕�Z��ŵŽƌiŵ͕�>�^ĞƋuĞiƌĂ͕� &�DĞƐiƟ͕�d�^ilǀĂ͕� :�'ĂƌƌiĚŽ͕�&�ZĞŵiĆŽ͕�^�silĂƌ͕ ���hƌiĂƌtĞ͕�W:�KliǀĞiƌĂ͕�
&� �ŽƌŐĞƐ.� ,ǇĚƌŽǆǇbĞnǌŽic� �ciĚ� �ĞƌiǀĂƟǀĞƐ� ĂƐ� �uĂl-dĂƌŐĞt� >iŐĂnĚƐ:� DitŽchŽnĚƌiŽtƌŽpic� �nƟŽǆiĚĂntƐ� ĂnĚ� �hŽlinĞƐtĞƌĂƐĞ�
/nhibitŽƌƐ.�&ƌŽnt.��hĞŵ.�ϲ:ϭϮϲ��K/:�ϭϬ.ϯϯϴϵ/ĨchĞŵ.ϮϬϭϴ.ϬϬϭϮϲ

�.�'iŽƌŐiĂ͕�͙͕�W:�KliǀĞiƌĂ͕�s��^ĂƌĚĂŽ͕�͙͕�DZ�tiĞcŬŽǁƐŬi.�DitŽchŽnĚƌiĂ�ĂnĚ�ZĞĂcƟǀĞ�KǆǇŐĞn�^pĞciĞƐ�in��ŐinŐ�ĂnĚ��ŐĞ-ƌĞlĂtĞĚ�
�iƐĞĂƐĞƐ.�/nt.�ZĞǀ.��Ğll�DŽl.��iŽl.�ϯϰϬ:ϮϬϵ-ϯϰϰ�

�ĂnĂƐ�WD͕�WŽƌciƷnculĂ�>K͕�̂ iŵƁĞƐ��W͕ ��uŐuƐtŽ��͕�̂ ilǀĂ�,�͕�DĂchĂĚŽ�E:͕�'ŽnĕĂlǀĞƐ�E͕��lĨĂƌŽ�dD͕�'ŽnĕĂlǀĞƐ�&Y͕��ƌĂƷũŽ�/D͕�ZĞĂl�
:/͕��ŽĞlhŽ�:�͕��nĚƌĂĚĞ�'D͕��lŵĞiĚĂ�Z�͕��hĞn�:&͕ �<ŽĨĂlǀi��͕��ŐŽƐƟnhŽ�W͕ ��unhĂ�Z��;ϮϬϭϴͿ�EĞuƌŽnĂl�ĂĚĞnŽƐinĞ��Ϯ��ƌĞcĞptŽƌƐ�ĂƌĞ�
cƌiƟcĂl�ŵĞĚiĂtŽƌƐ�ŽĨ�nĞuƌŽĚĞŐĞnĞƌĂƟŽn�tƌiŐŐĞƌĞĚ�bǇ�cŽnǀulƐiŽnƐ.�ĞEĞuƌŽ�ϱ:�ĞϬϯϴϱ-ϭϴ.�ĚŽi:�ϭϬ.ϭϱϮϯ/�E�hZK.Ϭϯϴϱ-ϭϴ.ϮϬϭϴ

�ĂnĚĞiĂƐ��͕�^ĞbĂƐƟĆŽ�/͕��ĂƌĚŽƐŽ�^͕��ĂƌǀĂlhŽ��͕�^ĂntŽƐ�D^͕�KliǀĞiƌĂ��Z͕�DŽƌĞiƌĂ�W/͕��uĂƌtĞ��/.��ƌĂin�'>W-ϭ//'&-ϭ�^iŐnĂlinŐ�ĂnĚ�
�utŽphĂŐǇ�DĞĚiĂtĞ��ǆĞnĚin-ϰ�WƌŽtĞcƟŽn��ŐĂinƐt��pŽptŽƐiƐ�in�dǇpĞ�Ϯ��iĂbĞƟc�ZĂtƐ.�DŽl�EĞuƌŽbiŽl.�ϮϬϭϴ�DĂǇ͖ϱϱ;ϱͿ:ϰϬϯϬ-
ϰϬϱϬ.�ĚŽi:�ϭϬ.ϭϬϬϳ/ƐϭϮϬϯϱ-Ϭϭϳ-ϬϲϮϮ-ϯ.�

�ĂnĞiƌĂƐ͕��.͕��ĂliƐtŽ͕�&.͕�ĚĂ�^ilǀĂ͕�'.:.͕�>itŽ͕�>.͕�DĞlŽ-�ƌiƐƟnŽ͕�:.͕��uĂƌtĞ͕��.�&iƌƐt�ĚĞƐcƌitpƟŽn�ŽĨ�cŽliƐƟn�ĂnĚ�ƟŐĞcǇclinĞ-ƌĞƐiƐtĂnt�
�cinĞtŽbĂctĞƌ� bĂuŵĂnnii� pƌŽĚucinŐ� <W�-ϯ� cĂƌbĂpĞnĞŵĂƐĞ� in� WŽƌtuŐĂl.� �nƟbiŽƟcƐ͕� ϮϬϭϴ͕� ϳ͕� ϵϲ.� httpƐ://ĚŽi:ϭϬ.ϯϯϵϬ/
ĂnƟbiŽƟcƐϳϬϰϬϬϵϲ

�ĂƌĚŽƐŽ��>͕�&ĞƌnĂnĚĞƐ��͕��ŐuilĂƌ-WiŵĞntĞl�:�͕�ĚĞ��nŐĞliƐ�D,͕�'uĞĚĞƐ�:Z͕��ƌitŽ�D�͕�KƌtŽlĂnŽ�^�Ğt�Ăl.�;ϮϬϭϴͿ�dŽǁĂƌĚƐ�ĨƌĂiltǇ�
biŽŵĂƌŬĞƌƐ:��ĂnĚiĚĂtĞƐ�ĨƌŽŵ�ŐĞnĞƐ�ĂnĚ�pĂthǁĂǇƐ�ƌĞŐulĂtĞĚ�in�ĂŐinŐ�ĂnĚ�ĂŐĞ-ƌĞlĂtĞĚ�ĚiƐĞĂƐĞƐ.��ŐĞinŐ�ZĞƐ�ZĞǀ�ϰϳ:�Ϯϭϰ-Ϯϳϳ

�ĂƌĚŽƐŽ�^͕�DŽƌĞiƌĂ�W/.��iĂbĞƐitǇ�ĂnĚ�bƌĂin�ĚiƐtuƌbĂncĞƐ:���ŵĞtĂbŽlic�pĞƌƐpĞcƟǀĞ.�DŽl��ƐpĞctƐ�DĞĚ.�ϮϬϭϴ�Kct�ϭϱ.�pii:�^ϬϬϵϴ-
Ϯϵϵϳ;ϭϴͿϯϬϬϳϵ-ϳ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.ŵĂŵ.ϮϬϭϴ.ϭϬ.ϬϬϮ.

�ĂƌĚŽƐŽ�^͕�^ĞiĕĂ�ZD͕�DŽƌĞiƌĂ�W/.�hncŽuplinŐ�WƌŽtĞin�Ϯ�/nhibiƟŽn��ǆĂcĞƌbĂtĞƐ�'lucŽƐĞ�&luctuĂƟŽn-DĞĚiĂtĞĚ�EĞuƌŽnĂl��īĞctƐ.�
EĞuƌŽtŽǆ�ZĞƐ.�ϮϬϭϴ�&Ğb͖ϯϯ;ϮͿ:ϯϴϴ-ϰϬϭ.�ĚŽi:�ϭϬ.ϭϬϬϳ/ƐϭϮϲϰϬ-Ϭϭϳ-ϵϴϬϱ-Ǉ

�ĂƌĚŽƐŽ� ^D͕� �ŵpĂĚinhĂƐ� E� ;ϮϬϭϴͿ� dhĞ� ŵicƌŽbiŽŵĞ-ŵitŽchŽnĚƌiĂ� ĚĂncĞ� in� pƌŽĚƌŽŵĂl� WĂƌŬinƐŽn Ɛ͛� ĚiƐĞĂƐĞ.� &ƌŽnƟĞƌƐ� in�
WhǇƐiŽlŽŐǇ�ϵ:ϰϳϭ.�K/:�ϭϬ.ϯϯϴϵ/ĨphǇƐ.ϮϬϭϴ.ϬϬϰϳϭ



ϭϳϮ

�ĂƌŵŽ��.͕�EĂiĂ�>.͕�>ŽpĞƐ��.͕�ZĞŐŽ��.��.�;ϮϬϭϴͿ�DitŽchŽnĚƌiĂl�ĚǇƐĨunctiŽn�in�,untinŐtŽn Ɛ͛�ĚiƐĞĂƐĞ.��Ěǀ��ǆp�DĞĚ��iŽl.�ϭϬϰϵ͕�
ϱϵ-ϴϯ.�ĚŽi:�ϭϬ.ϭϬϬϳ/ϵϳϴ-ϯ-ϯϭϵ-ϳϭϳϳϵ-ϭͺϯ

�ĂƌǀĂlhŽ��͕�DŽƌĞiƌĂ� W/.�KǆiĚĂtiǀĞ� ^tƌĞƐƐ:���DĂũŽƌ� WlĂǇĞƌ� in� �ĞƌĞbƌŽǀĂƐculĂƌ��ltĞƌĂtiŽnƐ��ƐƐŽciĂtĞĚ� tŽ�EĞuƌŽĚĞŐĞnĞƌĂtiǀĞ�
�ǀĞntƐ.�&ƌŽnt�WhǇƐiŽl.�ϮϬϭϴ�:ul�ϯ͖ϵ:ϴϬϲ.�ĚŽi:�ϭϬ.ϯϯϴϵ/ĨphǇƐ.ϮϬϭϴ.ϬϬϴϬϲ.�Ğ�ŽllĞctiŽn�ϮϬϭϴ.

�ĂƐtĞlhĂnŽ� :͕��uĂƌtĞ� /�͕� &ĞƌƌĞiƌĂ��͕��uƌĂĞƐ� :͕�DĂĚĞiƌĂ�,͕��ĂƐtĞlŽ-�ƌĂncŽ�D.�dhĞ� ƌŽlĞ�ŽĨ� thĞ� inƐulĂ� in� intuitiǀĞ�ĞǆpĞƌt�buŐ�
ĚĞtĞctiŽn�in�cŽŵputĞƌ�cŽĚĞ:�Ăn�ĨDZ/�ƐtuĚǇ.��ƌĂin�/ŵĂŐinŐ��ĞhĂǀ.�ϮϬϭϴ�DĂǇ�ϵ.�ĚŽi:�ϭϬ.ϭϬϬϳ/ƐϭϭϲϴϮ-Ϭϭϴ-ϵϴϴϱ-ϭ.�΀�pub�ĂhĞĂĚ�
ŽĨ�pƌint΁�WubDĞĚ�WD/�:�ϮϵϳϰϰϴϬϮ

�ĂƐtĞlhĂnŽ� :͕� dĂǀĂƌĞƐ� W͕ � DŽuŐĂ� ^͕� KliǀĞiƌĂ� '͕� �ĂƐtĞlŽ-�ƌĂncŽ� D.� ^tiŵuluƐ� ĚĞpĞnĚĞnt� nĞuƌĂl� ŽƐcillĂtŽƌǇ� pĂttĞƌnƐ� ƐhŽǁ�
ƌĞliĂblĞ� ƐtĂtiƐticĂl� iĚĞntiĨicĂtiŽn� ŽĨ� ĂutiƐŵ� ƐpĞctƌuŵ� ĚiƐŽƌĚĞƌ� in� Ă� ĨĂcĞ� pĞƌcĞptuĂl� ĚĞciƐiŽn� tĂƐŬ.� �lin� EĞuƌŽphǇƐiŽl.� ϮϬϭϴ�
DĂǇ͖ϭϮϵ;ϱͿ:ϵϴϭ-ϵϴϵ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.clinph.ϮϬϭϴ.Ϭϭ.ϬϳϮ.��pub�ϮϬϭϴ�&Ğb�ϮϬ.�WubDĞĚ�WD/�:�Ϯϵϱϱϰϱϴϭ�

�ĂtĂƌinĂ�D.�DŽƌĂiƐ͕��nĂ�D.��ĂƌĚŽƐŽ͕�WĞĚƌŽ�W.��unhĂ͕�>uşƐĂ��ŐuiĂƌ͕ �EunŽ�sĂlĞ͕��ŵşliŽ�>ĂŐĞ͕�DĂƌinĂ�WinhĞiƌŽ͕��lĄuĚiĂ�EunĞƐ͕�
WĂulĂ�'ŽŵĞƐ͕�^ĂlĞttĞ�ZĞiƐ͕�D.�DĂƌŐĂƌiĚĂ��.�.��ĂƐtƌŽ͕�DĂƌiĂ��.�WĞĚƌŽƐŽ�ĚĞ�>iŵĂ�ĂnĚ��ŵĄliĂ�^.�:uƌĂĚŽ�;ϮϬϭϴͿ��cǇlĂtiŽn�ŽĨ�thĞ�
^ϰϭϯ-Ws�cĞll-pĞnĞtƌĂtinŐ�pĞptiĚĞ�ĂƐ�Ă�ŵĞĂnƐ�ŽĨ�ĞnhĂncinŐ�itƐ�cĂpĂcitǇ�tŽ�ŵĞĚiĂtĞ�nuclĞic�ĂciĚ�ĚĞliǀĞƌǇ:�ƌĞlĞǀĂncĞ�ŽĨ�pĞptiĚĞ/
lipiĚ�intĞƌĂctiŽnƐ.��iŽchiŵicĂ��iŽphǇƐicĂ��ctĂ-�iŽŵĞŵbƌĂnĞƐ�ϭϴϲϬ͕�Ϯϲϭϵ-Ϯϲϯϰ.��K/:ϭϬ.ϭϬϭϲ/ũ.bbĂŵĞŵ.ϮϬϭϴ.ϭϬ.ϬϬϮ

�&�.�ZŽĚƌiŐuĞƐ͕���̂ ĞƌƌĂnŽ͕�D/�WĂtƌşciŽ͕�DD�sĂl�DD͕�W��lbuƋuĞƌƋuĞ͕�:�&ŽnƐĞcĂ͕��D&�'ŽŵĞƐ͕��:��bƌunhŽƐĂ͕���WĂiǀĂ͕�>��ĂƌǀĂlhŽ͕�
D&��ŽtĞlhŽ͕�>��lŵĞiĚĂ͕�/D��ĂƌƌĞiƌĂ͕�D���lpŽiŵ.�^tƌŽŵĂ-ĚĞƌiǀĞĚ�/>-ϲ͕�'-�^&�ĂnĚ��ctiǀin-��ŵĞĚiĂtĞĚ�ĚĞĚiĨĨĞƌĞntiĂtiŽn�ŽĨ�lunŐ�
cĂƌcinŽŵĂ�cĞllƐ�intŽ�cĂncĞƌ�ƐtĞŵ�cĞllƐ.�^ci�ZĞp.ϭ͖ϴ;ϭͿ:ϭϭϱϳϯ.��K/:ϭϬ.ϭϬϯϴ/Ɛϰϭϱϵϴ-Ϭϭϴ-Ϯϵϵϰϳ-ǁ
�hĂnĚ�<͕�ZĂũĞƐhǁĂƌi͕��ĂnĚĞiĂƐ��͕��ĂƌĚŽƐŽ�^D͕��hĂǀĞƐ�^͕� ^ĂntŽƐ�D�.�dĂcƌinĞ-ĚĞĨĞƌipƌŽnĞ�hǇbƌiĚƐ�ĂƐ�ŵulti-tĂƌŐĞt-ĚiƌĞctĞĚ�
ŵĞtĂl�chĞlĂtŽƌƐ�ĂŐĂinƐt��lǌhĞiŵĞƌ Ɛ͛�ĚiƐĞĂƐĞ:�Ă�tǁŽ-in-ŽnĞ�ĚƌuŐ.�DĞtĂllŽŵicƐ.�ϮϬϭϴ�Kct�ϭϳ͖ϭϬ;ϭϬͿ:ϭϰϲϬ-ϭϰϳϱ.�ĚŽi:�ϭϬ.ϭϬϯϵ/
c8mt00143j

�hiƋuitĂ�^͕�ZŽĚƌiŐuĞƐ-EĞǀĞƐ���͕��ĂptiƐtĂ�&/͕��ĂƌĞchŽ�Z͕�DŽƌĞiƌĂ�W/͕��ĂƐtĞlŽ-�ƌĂncŽ�D͕��ŵbƌſƐiŽ��&.�dhĞ�ZĞtinĂ�ĂƐ�Ă�tinĚŽǁ�
Žƌ�DiƌƌŽƌ�ŽĨ�thĞ��ƌĂin��hĂnŐĞƐ��ĞtĞctĞĚ�in��lǌhĞiŵĞƌ Ɛ͛��iƐĞĂƐĞ:��ƌiticĂl��ƐpĞctƐ�tŽ�hnƌĂǀĞl.�DŽl�EĞuƌŽbiŽl.�ϮϬϭϵ�:Ăn�ϱ.�ĚŽi:�
ϭϬ.ϭϬϬϳ/ƐϭϮϬϯϱ-Ϭϭϴ-ϭϰϲϭ-ϲ.�΀�pub�ĂhĞĂĚ�ŽĨ�pƌint΁�ZĞǀiĞǁ.�WubDĞĚ�WD/�:�ϯϬϲϭϮϯϯϮ

�hun͕�:.͕��.�KƌĞn͕��.sĞntŽƐĂ͕�,.��hƌiƐtĞnƐĞn͕��.�Zuiǌ��ƌĂhĂl͕�D.�^.�ĚĂ��ŽƐtĂ͕��.�ZŽŽnĞǇ͕ �,.�zi͕�y-t.�yu͕�^.��Ğ�DĞǇĞƌ�Θ�D.��.�
dƌuũillŽ.�;ϮϬϭϴͿ�WƌŽpŽƐĞĚ�ŵiniŵĂl�ƐtĂnĚĂƌĚƐ�ĨŽƌ�thĞ�uƐĞ�ŽĨ�ŐĞnŽŵĞ�ĚĂtĂ�ĨŽƌ�thĞ�tĂǆŽnŽŵǇ�ŽĨ�pƌŽŬĂƌǇŽtĞƐ.�/ntĞƌnĂtiŽnĂl�:ŽuƌnĂl�
ŽĨ�^ǇƐtĞŵĂtic�ĂnĚ��ǀŽlutiŽnĂƌǇ�DicƌŽbiŽlŽŐǇ.�ϲϴ:�ϰϲϭ-ϰϲϲ.�httpƐ://ĚŽi.ŽƌŐ/ϭϬ.ϭϬϵϵ/iũƐĞŵ.Ϭ.ϬϬϮϱϭϲ�
�ŽiŵbƌĂ� :ZD͕�DĂƌƋuĞƐ��&&͕ ��ĂptiƐtĂ�^:͕�WĞƌĞiƌĂ��D&͕ �DŽƌĞiƌĂ�W/͕��iniƐ�d�W͕ �^ĂntŽƐ���͕�^ĂlǀĂĚŽƌ� :�Z.�,iŐhliŐhtƐ� in�����ϭ�
/nhibitŽƌƐ�ĨŽƌ��lǌhĞiŵĞƌ Ɛ͛��iƐĞĂƐĞ�dƌĞĂtŵĞnt.�&ƌŽnt��hĞŵ.�ϮϬϭϴ�DĂǇ�Ϯϰ͖ϲ:ϭϳϴ.�ĚŽi:�ϭϬ.ϯϯϴϵ/ĨchĞŵ.ϮϬϭϴ.ϬϬϭϳϴ.�Ğ�ŽllĞctiŽn�
2018

�ŽiŵbƌĂ� W͕ � &ƌĞitĂƐ� :W͕ � 'ŽnĕĂlǀĞƐ� d͕ � 'il�D,͕� &iŐuĞiƌĞĚŽ�D� ;ϮϬϭϴͿ.� WƌĞpĂƌĂtiŽn� ŽĨ� ŐĞntĂŵicin� ƐulĨĂtĞ� ĞlutinŐ� ĨibĞƌ�ŵĂtƐ� bǇ�
ĞŵulƐiŽn�ĂnĚ�bǇ�ƐuƐpĞnƐiŽn�ĞlĞctƌŽƐpinninŐ.�DĂtĞƌiĂlƐ�̂ ciĞncĞ�Θ��nŐinĞĞƌinŐ��.�ĚŽi.ŽƌŐ/ϭϬ.ϭϬϭϲ/ũ.ŵƐĞc.ϮϬϭϴ.Ϭϵ.Ϭϭϵ�;/ŵpĂct�
ĨĂctŽƌ�;ϮϬϭϳͿ:��ϱ.ϬϴϬ͖�YϭͿ

�ŽlŽŵbŽ�D.>.͕�&ĞƌnĄnĚĞǌ��.͕��iŵinŽ��.s.͕�>iŐŐiĞƌi��.͕��ƌunŽ�D.͕�&ĂƌŽ��.͕�sĞƌşƐƐiŵŽ�W.�.͕�sĂiƌŽ-�ĂǀĂlli�̂ .�;ϮϬϭϴͿ�DiniĂtuƌĞ�chĞĞƐĞƐ�
ŵĂĚĞ�ǁith�blĞnĚƐ�ŽĨ�chǇŵŽƐin�ĂnĚ�Ă�ǀĞŐĞtĂblĞ� ƌĞnnĞt� ĨƌŽŵ�ĨlŽǁĞƌƐ�ŽĨ�^ilǇbuŵ�ŵĂƌiĂnuŵ:��nǌǇŵĂtic�chĂƌĂctĞƌiǌĂtiŽn�ŽĨ�
thĞ�ĨlŽǁĞƌ-cŽĂŐulĂnt�pĞptiĚĂƐĞ.�&ŽŽĚ��hĞŵiƐtƌǇ�EŽǀ�ϭϱ͖Ϯϲϲ:ϮϮϯ-Ϯϯϭ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.ĨŽŽĚchĞŵ.ϮϬϭϴ.Ϭϲ.ϬϬϳ.�;/ŵpĂct�ĨĂctŽƌ�
ϮϬϭϳ:�ϰ.ϵϰϲ͕�YuĂƌtilĞ�in�&ŽŽĚ�^ciĞncĞ�Θ�dĞchnŽlŽŐǇ:�YϭͿ

�ŽƌinĂ�'hĞbĞƐ͕�EĂthĂliĞ�'ƌŽĞn͕�z��hĞuŬ͕�^�&u͕�,uŐŽ�&ĞƌnĂnĚĞƐ�ĂnĚ��ĂniĞl�^ĂƌiƐ:�DuƐclĞ-ƐĞcƌĞtĞĚ�ĨĂctŽƌƐ�iŵpƌŽǀĞ�ĂntĞƌiŽƌ�
cƌuciĂtĞ�liŐĂŵĞnt�ŐƌĂĨt�hĞĂlinŐ:�Ăn�in�ǀitƌŽ�ĂnĚ�in�ǀiǀŽ�ĂnĂlǇƐiƐ.�diƐƐuĞ��nŐinĞĞƌinŐ͕�WĂƌt��͕�Ϯϰ;ϯ-ϰͿ:ϯϮϮ-ϯϯϰ͕�ϮϬϭϴ�;�ŽƌƌĞƐpŽnĚinŐ�
ĂuthŽƌͿ��K/:ϭϬ.ϭϬϴϵ/tĞn.d��.ϮϬϭϲ.Ϭϱϰϲ

�ŽƐtĂ�^͕��ĂǀĂĚĂƐ��͕��ĂǀĂlĞiƌŽ��͕�^ĂlŐuĞiƌŽ�>͕�ĚŽ��Ġu�^ŽuƐĂ�D.�ϮϬϭϴ.�͞/n�ǀitƌŽ�ƐuƐcĞptibilitǇ�ŽĨ�dƌǇpĂnŽƐŽŵĂ�bƌucĞi�bƌucĞi�
tŽ�ƐĞlĞctĞĚ�ĞƐƐĞntiĂl�ŽilƐ�ĂnĚ�thĞiƌ�ŵĂũŽƌ�cŽŵpŽnĞntƐ͕͟ ��ǆpĞƌiŵĞntĂl�WĂƌĂƐitŽlŽlŽŐǇ͕ �ϭϵϬ:ϯϰ-ϰϬ.�httpƐ://ĚŽi.ŽƌŐ/ϭϬ.ϭϬϭϲ/ũ.
exppara.2018.05.002

Ě͛��lŵĞiĚĂ�K�͕�siŽlĂntĞ�/Z͕�YuĞnĚĞƌĂ��͕��ĂƐtĞlŽ-�ƌĂncŽ�D.�DitŽchŽnĚƌiĂl�pĂthŽphǇƐiŽlŽŐǇ�bĞǇŽnĚ�thĞ�ƌĞtinĂl�ŐĂnŐliŽn�cĞll:�
ŽccipitĂl�'����iƐ�ĚĞcƌĞĂƐĞĚ�in�ĂutŽƐŽŵĂl�ĚŽŵinĂnt�Žptic�nĞuƌŽpĂthǇ.�'ƌĂĞĨĞƐ��ƌch��lin��ǆp�KphthĂlŵŽl.�ϮϬϭϴ�Kct�ϭϱ.�ĚŽi:�
ϭϬ.ϭϬϬϳ/ƐϬϬϰϭϳ-Ϭϭϴ-ϰϭϱϯ-ǌ.�΀�pub�ĂhĞĂĚ�ŽĨ�pƌint΁�WubDĞĚ�WD/�:�ϯϬϯϮϰϰϭϵ



ϭϳϯ

�ĂlŐĂĂƌĚ�>d͕ ��ĂƌǀĂlhŽ��.�tĂntĞĚ:�DicƌŽZE�Ɛ�tŽ�thĞ�ĂiĚ�ŽĨ�thĞ�ĚiĂbĞtic�ĨŽŽt.�dƌĞnĚƐ��ĂƌĚiŽǀĂƐc�DĞĚ.�ϮϬϭϴ�̂ Ğp�ϲ͖.��Ži:ϭϬ.ϭϬϭϲ/ũ.
tcŵ.ϮϬϭϴ.Ϭϵ.ϬϬϮ.�΀�pub�ĂhĞĂĚ�ŽĨ�pƌint΁�WubDĞĚ�WD/�:�ϯϬϮϵϮϰϲϵ

�iĂƐ��͕�>ŽuƌĞnĕŽ��D͕��ĂƌbŽƐĂ�ZD͕�>ĂƌĂnũinhĂ�:�ĂnĚ�>ĞĚŽ���;ϮϬϭϴͿ��nĂlǇƐiƐ�ŽĨ�ƌĞƐpiƌĂtŽƌǇ�cĂpĂcitǇ�in�bƌĂin�tiƐƐuĞ�pƌĞpĂƌĂtiŽnƐ:�
hiŐh-ƌĞƐŽlutiŽn�ƌĞƐpiƌŽŵĞtƌǇ�ĨŽƌ�intĂct�hippŽcĂŵpĂl�ƐlicĞƐ.��nĂlǇticĂl��iŽchĞŵiƐtƌǇ�ϱϱϭ͕�ϰϯ-ϱϬ

�iŽŐŽ�W͕ �DŽtĂ�D͕�&ĞƌnĂnĚĞƐ��͕�^ĞƋuĞiƌĂ��͕�WĂlŵĂ�W͕ ��ĂƌĂŵĞlŽ�&͕ �EĞǀĞƐ�D'WD^͕�&ĂuƐtinŽ�D�&͕ �'ŽnĕĂlǀĞƐ�d͕ �^ĂntŽƐ�:D�;ϮϬϭϴͿ.�
/Ɛ� thĞ� chlŽƌŽphǇll� ĚĞƌiǀĂtiǀĞ� �n;//ͿĞ;ϲͿDĞ� � Ă� ŐŽŽĚ� phŽtŽƐĞnƐitiǌĞƌ� tŽ� bĞ� uƐĞĚ� in� ƌŽŽt� cĂnĂl� ĚiƐinĨĞctiŽn͍� WhŽtŽĚiĂŐnŽƐiƐ�
WhŽtŽĚǇn�dhĞƌ.�ϮϮ:ϮϬϱ-Ϯϭϭ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.pĚpĚt.ϮϬϭϴ.Ϭϰ.ϬϬϵ.�;/ŵpĂct�ĨĂctŽƌ:��Ϯ.ϴϵϱ�;ϮϬϭϳͿ͖�YϮͿ

�iŽnşƐiŽ��͕��uĂƌtĞ�/�͕�WĂtƌşciŽ�D͕��ĂƐtĞlŽ-�ƌĂncŽ�D.�dƌĂnƐcƌĂniĂl�DĂŐnĞtic�̂ tiŵulĂtiŽn�ĂƐ�Ăn�/ntĞƌǀĞntiŽn�dŽŽl�tŽ�ZĞcŽǀĞƌ�ĨƌŽŵ�
>ĂnŐuĂŐĞ͕�^ǁĂllŽǁinŐ�ĂnĚ��ttĞntiŽnĂl��ĞĨicitƐ�ĂĨtĞƌ�^tƌŽŬĞ:���^ǇƐtĞŵĂtic�ZĞǀiĞǁ.��ĞƌĞbƌŽǀĂƐc��iƐ.�ϮϬϭϴ�Kct�ϭϵ͖ϰϲ;ϯ-ϰͿ:ϭϳϲ-
ϭϴϯ.�ĚŽi:�ϭϬ.ϭϭϱϵ/ϬϬϬϰϵϰϮϭϯ.�΀�pub�ĂhĞĂĚ�ŽĨ�pƌint΁�ZĞǀiĞǁ.�WubDĞĚ��WD/�:�ϯϬϯϰϯϯϬϰ�

�iŽt��͕��ŐnĞǁ�d͕ �^ĂnĚĞƌƐŽn�:͕�>iĂŽ��͕��ĂƌǀĞƌ�:͕�EĞǀĞƐ�ZW�͕�'uptĂ�Z͕�'uŽ�z͕ �tĂtĞƌƐ��͕�^ĞtŽ�^͕��ĂniĞlƐ�D:͕��Žŵbi��͕�>ŽĚŐĞ�d͕ �
DŽƌtĞn�<͕�tilliĂŵƐ�^�͕��nǀĞƌ�d͕ �/bŽƌƌĂ�&:͕�sŽtƌubĂ�D͕�WŽultŽn�:.�͞sĂliĚĂtinŐ�thĞ�ZĞĚD/d/'&W->�ϯ�DŽuƐĞ�DŽĚĞl�bǇ�^tuĚǇinŐ�
DitŽphĂŐǇ� in� �utŽƐŽŵĂl� �ŽŵinĂnt� Kptic� �tƌŽphǇ� �uĞ� tŽ� thĞ� KW�ϭYϮϴϱ^dKW�DutĂtiŽn.͟ � &ƌŽnt� �Ğll� �Ğǀ� �iŽl.� ϮϬϭϴ� ^Ğp�
ϭϵ͖ϲ:ϭϬϯ.�ĚŽi:�ϭϬ.ϯϯϴϵ/ĨcĞll.ϮϬϭϴ.ϬϬϭϬϯ

ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.nicl.ϮϬϭϴ.Ϭϴ.ϬϮϯ.�Ğ�ŽllĞctiŽn�ϮϬϭϴ.�WubDĞĚ�WD/�:�ϯϬϭϴϲϳϲϰ͖�WubDĞĚ��ĞntƌĂl�WD�/�:�WD�ϲϭϮϬϲϬϱ�
�uĂƌtĞ� �/͕� ^ĂntŽƐ� D^͕� KliǀĞiƌĂ� �Z͕� DŽƌĞiƌĂ� W/.� �ƌĂin� inƐulin� ƐiŐnĂllinŐ͕� ŐlucŽƐĞ� ŵĞtĂbŽliƐŵ� ĂnĚ� ĨĞŵĂlĞƐ͛� ƌĞpƌŽĚuctiǀĞ�
ĂŐinŐ:� �� ĚĂnŐĞƌŽuƐ� tƌiĂĚ� in� �lǌhĞiŵĞƌ Ɛ͛� ĚiƐĞĂƐĞ.� EĞuƌŽphĂƌŵĂcŽlŽŐǇ.� ϮϬϭϴ� :ul� ϭ͖ϭϯϲ;Wt� �Ϳ:ϮϮϯ-ϮϰϮ.� ĚŽi:� ϭϬ.ϭϬϭϲ/ũ.
neuropharm.2018.01.044

�uĂƌtĞ��/͕�^ũƂŐƌĞn�D͕�^ĂntŽƐ�D^͕�KliǀĞiƌĂ��Z͕�DŽƌĞiƌĂ�W/͕��ũƂƌŬƋǀiƐt�D.��uĂl�dhĞƌĂpǇ�ǁith�>iƌĂŐlutiĚĞ�ĂnĚ�'hƌĞlin�WƌŽŵŽtĞƐ�
�ƌĂin�ĂnĚ�WĞƌiphĞƌĂl��nĞƌŐǇ�DĞtĂbŽliƐŵ�in�thĞ�Zϲ/Ϯ�DŽuƐĞ�DŽĚĞl�ŽĨ�,untinŐtŽn Ɛ͛��iƐĞĂƐĞ.�^ci�ZĞp.�ϮϬϭϴ�:un�ϭϮ͖ϴ;ϭͿ:ϴϵϲϭ.�
ĚŽi:�ϭϬ.ϭϬϯϴ/Ɛϰϭϱϵϴ-Ϭϭϴ-ϮϳϭϮϭ-ǁ

�uĂƌtĞ�/�͕��ƌitŽ-�ŽƐtĂ�^͕��ĂǇŽllĂ�Z͕��ĂƐtĞlŽ-�ƌĂncŽ�D.�dhĞ�ƌŽlĞ�ŽĨ�WƌĞĨƌŽntĂl���ŽƌtĞǆ�in�Ă��ĂttlĞ�ŽĨ�thĞ�^ĞǆĞƐ��ilĞŵŵĂ�inǀŽlǀinŐ�
Ă��ŽnĨlict�bĞtǁĞĞn�dƌibĂl�ĂnĚ�ZŽŵĂntic�lŽǀĞ.�^ci�ZĞp.�ϮϬϭϴ��uŐ�ϭϰ͖ϴ;ϭͿ:ϭϮϭϯϯ.�ĚŽi:�ϭϬ.ϭϬϯϴ/Ɛϰϭϱϵϴ-Ϭϭϴ-ϯϬϲϭϭ-ϲ.��WubDĞĚ�
WD/�:�ϯϬϭϬϴϮϱϭ͖�WubDĞĚ��ĞntƌĂl�WD�/�:�WD�ϲϬϵϮϰϮϭ�

Ͱ�uĂƌtĞ�:DE͕�̂ ŬŽuŐ��͕�̂ ilǀĂ�,�͕��ĂƌǀĂlhŽ�Z�͕�'ƌuĞttĞƌ�Z͕��unhĂ�Z��;ϮϬϭϴͿ�/ŵpĂct�ŽĨ�cĂĨĨĞinĞ�cŽnƐuŵptiŽn�Žn�tǇpĞ�Ϯ�ĚiĂbĞtĞƐ-
inĚucĞĚ�ƐpĂtiĂl�ŵĞŵŽƌǇ�iŵpĂiƌŵĞnt�ĂnĚ�nĞuƌŽchĞŵicĂl�ĂltĞƌĂtiŽnƐ�in�thĞ�hippŽcĂŵpuƐ.�&ƌŽntiĞƌƐ�in�EĞuƌŽƐciĞncĞ�ϭϮ:�ϭϬϭϱ.�
�K/:�ϭϬ.ϯϯϴϵ/ĨninƐ.ϮϬϭϴ.ϬϭϬϭϱ

�uƌĆĞƐ�:͕�dĄbuĂƐ-WĞƌĞiƌĂ�D͕��ƌĂƷũŽ�Z͕��uƌŽ��͕��ĂlĚĞiƌĂƐ�/͕�^ĂntiĂŐŽ��͕�^ĂntĂnĂ�/.�dhĞ�,ĞĂĚ�duƌninŐ�^iŐn�in��ĞŵĞntiĂ�ĂnĚ�DilĚ�
�ŽŐnitiǀĞ� /ŵpĂiƌŵĞnt:� /tƐ� ZĞlĂtiŽnƐhip� tŽ� �ŽŐnitiŽn͕� �ĞhĂǀiŽƌ͕ � ĂnĚ� �ĞƌĞbƌŽƐpinĂl� &luiĚ� �iŽŵĂƌŬĞƌƐ.� �ĞŵĞnt�'ĞƌiĂtƌ� �ŽŐn�
�iƐŽƌĚ.�ϮϬϭϴ͖ϰϲ;ϭ-ϮͿ:ϰϮ-ϰϵ.�ĚŽi:�ϭϬ.ϭϭϱϵ/ϬϬϬϰϴϲϱϯϭ

�ŐĞĂ�:.�Ğt�Ăl�;ϮϬϭϴͿ��ŽƌƌiŐĞnĚuŵ�tŽ�͞�uƌŽpĞĂn�cŽntƌibutiŽn�tŽ�thĞ�ƐtuĚǇ�ŽĨ�ZK^:�Ă�ƐuŵŵĂƌǇ�ŽĨ�thĞ�ĨinĚinŐƐ�ĂnĚ�pƌŽƐpĞctƐ�ĨŽƌ�
thĞ�ĨutuƌĞ�ĨƌŽŵ�thĞ��K^d�ĂctiŽn��DϭϮϬϯ�;�h-ZK^Ϳ .͟�ZĞĚŽǆ��iŽlŽŐǇ�ϭϰ͕�ϲϵϰ-ϲϵϲ

�ƐtĞǀĞƐ� �Z͕� WĂlŵĂ� �D͕� 'ŽŵĞƐ� Z͕� ^ĂntŽƐ� �͕� ^ilǀĂ� �&͕ � �ĂƌĚŽƐŽ� ^D.� �cĞtǇlĂtiŽn� ĂƐ� Ă� ŵĂũŽƌ� ĚĞtĞƌŵinĂnt� tŽ� ŵicƌŽtubulĞ-
ĚĞpĞnĚĞnt�ĂutŽphĂŐǇ:�ZĞlĞǀĂncĞ�tŽ��lǌhĞiŵĞƌ Ɛ͛�ĂnĚ�WĂƌŬinƐŽn�ĚiƐĞĂƐĞ�pĂthŽlŽŐǇ.��iŽchiŵ��iŽphǇƐ��ctĂ�DŽl��ĂƐiƐ��iƐ.�ϮϬϭϴ�
�Ğc�ϭϳ.�pii:�^ϬϵϮϱ-ϰϰϯϵ;ϭϴͿϯϬϰϳϱ-ϳ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.bbĂĚiƐ.ϮϬϭϴ.ϭϭ.Ϭϭϰ

&.�>ĞbƌĞ͕�D.�.�WĞĚƌŽƐŽ�ĚĞ�>iŵĂ͕��Ě��.�>ĂǀĞllĞc�ĂnĚ�K.��ŽƌŐĞƐ�;ϮϬϭϴͿ�DĞchĂniƐtic�ƐtuĚǇ�ŽĨ�thĞ�ĂĚũuǀĂnt�ĞīĞct�ŽĨ�chitŽƐĂn-
Ăluŵinuŵ�nĂnŽpĂƌticlĞƐ.�/ntĞƌnĂtiŽnĂl�:.�WhĂƌŵĂcĞuticƐ�ϱϱϮ͕ϳ-ϭϱ

&.^.��ĂƌǀĂlhŽ͕��.D.�DŽƌĂiƐ͕�:.�,ŽlǇ͕ ��.�<ƌĂƐutƐŬǇ͕ �^.s.�zĞŵĞtƐ͕�W.�.�<ƌĂƐutƐŬǇ͕ ��.^.�:uƌĂĚŽ͕�W.:.�KliǀĞiƌĂ͕�d.>.�^ĞƌĂĨiŵ͕�͞dŽǆicitǇ�ŽĨ�
lupĂnĞ�ĚĞƌiǀĂtiǀĞƐ�Žn�ĂniŽnic�ŵĞŵbƌĂnĞ�ŵŽĚĞlƐ͕�iƐŽlĂtĞĚ�ƌĂt�ŵitŽchŽnĚƌiĂ�ĂnĚ�ƐĞlĞctĞĚ�huŵĂn�cĞll�linĞƐ:�ZŽlĞ�ŽĨ�tĞƌŵinĂl�
ĂlŬǇl�chĂinƐ͕͟ ��hĞŵicŽ-�iŽlŽŐicĂl�/ntĞƌĂctiŽnƐ�Ϯϵϲ�;ϮϬϭϴͿ�ϭϵϴ-ϮϭϬ.��K/:�ϭϬ.ϭϬϭϲ/ũ.cbi.ϮϬϭϴ.ϭϬ.ϬϬϮ�



ϭϳϰ

&�dĞiǆĞiƌĂ͕���KliǀĞiƌĂ͕� &��ĂŐiĚĞ͕�Z��ŵŽƌiŵ͕� :�'ĂƌƌiĚŽ͕�&��ŽƌŐĞƐ͕�W:�KliǀĞiƌĂ.��iƐcŽǀĞƌǇ�ŽĨ�Ă�nĞǁ�ŵitŽchŽnĚƌiĂ�pĞƌŵĞĂbilitǇ�
tƌĂnƐitiŽn�pŽƌĞ�;ŵWdWͿ� inhibitŽƌ�bĂƐĞĚ�Žn�ŐĂllic�ĂciĚ.� :.��nǌ.� /nhib.�DĞĚ.��hĞŵ.�ϯϯ;ϭͿ:ϱϲϳ-ϱϳϲ��K/:ϭϬ.ϭϬϴϬ/ϭϰϳϱϲϯϲϲ.ϮϬϭ
ϴ.ϭϰϰϮϴϯϭ�&ĞƌnĂnĚĞƐ�>DW͕ ��ĂƌtĄŐĞnĞƐ�^�͕��ĂƌƌŽƐ�D�͕��ĂƌǀĂlhĞiƌŽ�d�s^͕��ĂƐtƌŽ�E�&͕ �^chĂŵnĞ�D'͕�>iŵĂ�ZZ͕�WƌĞĚiŐĞƌ�Z�͕�
DŽntĞiƌŽ�D�͕�:ƷniŽƌ���&͕ ��unhĂ�Z�͕�DĂiĂ��^&�;ϮϬϭϴͿ�ZĞpĞĂtĞĚ�cǇclĞƐ�ŽĨ�binŐĞ-liŬĞ�ĞthĂnŽl�ĞǆpŽƐuƌĞ�inĚucĞ�iŵŵĞĚiĂtĞ�ĂnĚ�
ĚĞlĂǇĞĚ�nĞuƌŽbĞhĂǀiŽƌĂl�chĂnŐĞƐ�ĂnĚ�hippŽcĂŵpĂl�ĚiƐĨunctiŽn�in�ĂĚŽlĞƐcĞnt�ĨĞŵĂlĞ�ƌĂtƐ.��ĞhĂǀiŽƌĂl��ƌĂin�ZĞƐĞĂƌch�ϯϱϬ:�ϵϵ-
ϭϬϴ.��K/:�ϭϬ.ϭϬϭϲ/ũ.bbƌ.ϮϬϭϴ.Ϭϱ.ϬϬϳ

&ĞƌƌĞiƌĂ�&^͕�WĞƌĞiƌĂ�:D^͕�ZĞiƐ��͕�^ĂnchĞƐ�D͕��uĂƌtĞ�:s͕�'ŽŵĞƐ�>͕�DŽƌĞnŽ��͕��ĂƐtĞlŽ-�ƌĂncŽ�D.��ĂƌlǇ�ǀiƐuĂl�cŽƌticĂl�ƐtƌuctuƌĂl�
chĂnŐĞƐ�in�ĚiĂbĞtic�pĂtiĞntƐ�ǁithŽut�ĚiĂbĞtic�ƌĞtinŽpĂthǇ.�'ƌĂĞĨĞƐ��ƌch��lin��ǆp�KphthĂlŵŽl.�ϮϬϭϳEŽǀ͖Ϯϱϱ;ϭϭͿ:Ϯϭϭϯ-Ϯϭϭϴ.�
ĚŽi:�ϭϬ.ϭϬϬϳ/ƐϬϬϰϭϳ-Ϭϭϳ-ϯϳϱϮ-ϰ.��pub�ϮϬϭϳ��uŐ�ϰ.�WubDĞĚ�WD/�:�ϮϴϳϳϵϯϲϮ�

&ĞƌƌĞiƌĂ�/͕�^ilǀĂ��͕�DĂƌtinƐ�:�͕�EĞǀĞƐ͕��D͕��ƌuǌ�Dd.�EĂtuƌĞ�ĂnĚ�ŬinĞticƐ�ŽĨ�ƌĞĚŽǆ�iŵbĂlĂncĞ�tƌiŐŐĞƌĞĚ�bǇ�ƌĞƐpiƌĂtŽƌǇ�ĂnĚ�ƐŬin�
chĞŵicĂl�ƐĞnƐitiǌĞƌƐ�Žn�thĞ�huŵĂn�ŵŽnŽcǇtic�cĞll�linĞ�d,W-ϭ.�ZĞĚŽǆ��iŽl.�ϮϬϭϴ�:un͖ϭϲ:ϳϱ-ϴϲ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.ƌĞĚŽǆ.ϮϬϭϴ.ϬϮ.ϬϬϮ

&ĞƌƌĞiƌĂ� EZ͕� >ĞĚŽ� �͕� >ĂƌĂnũinhĂ� :͕� 'ĞƌhĂƌĚt� '�͕� ĂnĚ� �ĂƌbŽƐĂ� ZD.� ;ϮϬϭϴͿ� ^iŵultĂnĞŽuƐ�ŵĞĂƐuƌĞŵĞntƐ� ŽĨ� ĂƐcŽƌbĂtĞ� ĂnĚ�
ŐlutĂŵĂtĞ�in�ǀiǀŽ�in�thĞ�ƌĂt�bƌĂin�uƐinŐ�cĂƌbŽn�ĨibĞƌ�nĂnŽcŽŵpŽƐitĞ�ƐĞnƐŽƌƐ�ĂnĚ�ŵicƌŽbiŽƐĞnƐŽƌ�ĂƌƌĂǇƐ.��iŽĞlĞctƌŽchĞŵiƐtƌǇ�
ϭϮϭ:ϭϰϮ-ϭϱϬ.��K/:�ϭϬ.ϭϬϭϲ/ũ.biŽĞlĞchĞŵ.ϮϬϭϴ.Ϭϭ.ϬϬϵ

&ĞƌƌĞiƌĂ͕��&͕ ��ŽŵunĞ͕�D͕�ZĂi͕��͕�&ĞƌƌĞiƌĂ͕�>͕�^iŵƁĞƐ͕�WE.�͞�tŽŵiƐtic-lĞǀĞl�inǀĞƐtiŐĂtiŽn�ŽĨ�Ă�>>ϯϳ�cŽnũuŐĂtĞĚ�ŐŽlĚ�nĂnŽpĂƌticlĞ�
bǇ� ǁĞll-tĞŵpĞƌĞĚ� ŵĞtĂĚǇnĂŵicƐ .͟� :ŽuƌnĂl� ŽĨ� WhǇƐicĂl� �hĞŵiƐtƌǇ� WĂƌt:� �� ϮϬϭϴ͕� ϭϮϮ;ϯϱͿ͕� ϴϯϱϵ-ϴϯϲϲ.� �K/:� ϭϬ.ϭϬϮϭ/ĂcƐ.
jpcb.8b05717

&ĞƌƌĞiƌŽ��.͕�WitĂ�/.�Z.͕�DŽtĂ�^.�/.͕�sĂlĞƌŽ�:.͕�&ĞƌƌĞiƌĂ�E.�Z.͕�&ĞƌnĂnĚĞƐ�d.͕��ĂlĂbƌĞƐĞ�s.͕�&ŽntĞƐ-ZibĞiƌŽ��.��.͕�WĞƌĞiƌĂ�&.��.Ύ͕�ZĞŐŽ��.�
�.Ύ�;ϮϬϭϴͿ��ŽƌiŽluƐ�ǀĞƌƐicŽlŽƌ�biŽŵĂƐƐ�incƌĞĂƐĞƐ�ĚĞnĚƌitic�ĂƌbŽƌiǌĂtiŽn�ŽĨ�nĞǁlǇ-ŐĞnĞƌĂtĞĚ�nĞuƌŽnƐ�in�ŵŽuƐĞ�hippŽcĂŵpĂl�
ĚĞntĂtĞ�ŐǇƌuƐ.�KncŽtĂƌŐĞt�ϵ͕�ϯϮϵϮϵ-ϯϮϵϰϮ.��Ύ�Ž-cŽƌƌĞƐpŽnĚinŐ�ĂuthŽƌƐ��K/:ϭϬ.ϭϴϲϯϮ/ŽncŽtĂƌŐĞt.Ϯϱϵϳϴ

&ilipĞ͕�,.��.�>͕�:ĂǀĂnĂinĞn͕�D.͕�^ĂlǀĂĚŽƌ͕ ��.͕�'ĂlǀĆŽ͕��.͕�sĂttulĂinĞn͕� /.͕�>ŽuƌĂ͕�>.�D.�^.͕�DŽƌĞnŽ͕�D.�:.� ;ϮϬϭϴͿ.�͞YuĂntitĂtiǀĞ�
ĂƐƐĞƐƐŵĞnt�ŽĨ�ŵĞthŽĚƐ�uƐĞĚ�tŽ�ŽbtĂin�ƌĂtĞ�cŽnƐtĂntƐ�ĨƌŽŵ�ŵŽlĞculĂƌ�ĚǇnĂŵicƐ�ƐiŵulĂtiŽnƐ�ʹ�tƌĂnƐlŽcĂtiŽn�ŽĨ�chŽlĞƐtĞƌŽl�
ĂcƌŽƐƐ�lipiĚ�bilĂǇĞƌƐ .͟�:ŽuƌnĂl�ŽĨ��hĞŵicĂl�dhĞŽƌǇ�ĂnĚ��ŽŵputĂtiŽn�ϭϰ�;ϳͿ͕�ϯϴϰϬʹϯϴϰϴ.��K/:�ϭϬ.ϭϬϮϭ/ĂcƐ.ũctc.ϴbϬϬϭϱϬ

&ilipĞ͕�,.��.�>.͖�WŽŬŽƌnĄ͕�a.͖�,ŽĨ͕ �D.͖��ŵĂƌŽ͕�D.͖�>ŽuƌĂ͕�>.�D.�^.�;ϮϬϭϵͿ.�͞KƌiĞntĂtiŽn�ŽĨ�nitƌŽ-ŐƌŽup�ŐŽǀĞƌnƐ�thĞ�ĨluŽƌĞƐcĞncĞ�
liĨĞtiŵĞ�ŽĨ�nitƌŽbĞnǌŽǆĂĚiĂǌŽlĞ�;E��Ϳ-lĂbĞlĞĚ�lipiĚƐ�in�lipiĚ�bilĂǇĞƌƐ .͟�WhǇƐ.��hĞŵ.��hĞŵ.�WhǇƐ.�Ϯϭ͕�ϭϲϴϮ-ϭϲϴϴ.��K/:�ϭϬ.ϭϬϯϵ/
c8cp06064a 

&ŽnƐĞcĂ���Z'͕��ĂƌǀĂlhŽ��͕��ƌiŬƐƐŽn�:t͕�WĞƌĞiƌĂ�D:.��ĂlcinĞuƌin�iƐ�Ăn�iŵpŽƌtĂnt�ĨĂctŽƌ�inǀŽlǀĞĚ�in�ŐlucŽƐĞ�uptĂŬĞ�in�huŵĂn�
ĂĚipŽcǇtĞƐ.�DŽl��Ğll� �iŽchĞŵ.�ϮϬϭϴ��uŐ͖ϰϰϱ;ϭ-ϮͿ:ϭϱϳ-ϭϲϴ.�ĚŽi:� ϭϬ.ϭϬϬϳ/ƐϭϭϬϭϬ-Ϭϭϳ-ϯϮϲϭ-Ϭ.� �pub�ϮϬϭϴ� :Ăn�Ϯϳ.� WubDĞĚ�
WD/�:�ϮϵϯϴϬϮϰϬ͖�WubDĞĚ��ĞntƌĂl�WD�/�:�WD�ϲϬϲϬϳϱϴ

&ƌĂnĕĂ� �W͕ � dĂŬĂhĂƐhi� ZE͕� �unhĂ� Z�͕� WƌĞĚiŐĞƌ� Z�� ;ϮϬϭϴͿ� WƌŽŵiƐĞƐ� ŽĨ� cĂĨĨĞinĞ� in� �ttĞntiŽn� �ĞĨicit� ,ǇpĞƌĂctiǀitǇ� �iƐŽƌĚĞƌ�
;��,�Ϳ:�ĨƌŽŵ�ĂniŵĂl�ŵŽĚĞlƐ�tŽ�clinicĂl�pƌĂcticĞ.�:ŽuƌnĂl�ŽĨ��ĂĨĨĞinĞ�ĂnĚ��ĚĞnŽƐinĞ�ZĞƐĞĂƌch�ϴ:�ϭϯϮ-ϰϮ

&ĞƌnĂnĚĞƐ� >DW͕ ��ĂƌtĄŐĞnĞƐ� ^�͕��ĂƌƌŽƐ�D�͕��ĂƌǀĂlhĞiƌŽ�d�s^͕��ĂƐtƌŽ�E�&͕ � ^chĂŵnĞ�D'͕� >iŵĂ�ZZ͕�WƌĞĚiŐĞƌ�Z�͕�DŽntĞiƌŽ�
D�͕�:ƷniŽƌ���&͕ ��unhĂ�Z�͕�DĂiĂ��^&�;ϮϬϭϴͿ�ZĞpĞĂtĞĚ�cǇclĞƐ�ŽĨ�binŐĞ-liŬĞ�ĞthĂnŽl�ĞǆpŽƐuƌĞ�inĚucĞ�iŵŵĞĚiĂtĞ�ĂnĚ�ĚĞlĂǇĞĚ�
nĞuƌŽbĞhĂǀiŽƌĂl�chĂnŐĞƐ�ĂnĚ�hippŽcĂŵpĂl�ĚiƐĨunctiŽn�in�ĂĚŽlĞƐcĞnt�ĨĞŵĂlĞ�ƌĂtƐ.��ĞhĂǀiŽƌĂl��ƌĂin�ZĞƐĞĂƌch�ϯϱϬ:�ϵϵ-ϭϬϴ.��K/:�
ϭϬ.ϭϬϭϲ/ũ.bbƌ.ϮϬϭϴ.Ϭϱ.ϬϬϳ

&ĞƌƌĞiƌĂ�&^͕�WĞƌĞiƌĂ�:D^͕�ZĞiƐ��͕�^ĂnchĞƐ�D͕��uĂƌtĞ�:s͕�'ŽŵĞƐ�>͕�DŽƌĞnŽ��͕��ĂƐtĞlŽ-�ƌĂncŽ�D.��ĂƌlǇ�ǀiƐuĂl�cŽƌticĂl�ƐtƌuctuƌĂl�
chĂnŐĞƐ�in�ĚiĂbĞtic�pĂtiĞntƐ�ǁithŽut�ĚiĂbĞtic�ƌĞtinŽpĂthǇ.�'ƌĂĞĨĞƐ��ƌch��lin��ǆp�KphthĂlŵŽl.�ϮϬϭϳEŽǀ͖Ϯϱϱ;ϭϭͿ:Ϯϭϭϯ-Ϯϭϭϴ.�
ĚŽi:�ϭϬ.ϭϬϬϳ/ƐϬϬϰϭϳ-Ϭϭϳ-ϯϳϱϮ-ϰ.��pub�ϮϬϭϳ��uŐ�ϰ.�WubDĞĚ�WD/�:�ϮϴϳϳϵϯϲϮ�

&ĞƌƌĞiƌĂ�/͕�^ilǀĂ��͕�DĂƌtinƐ�:�͕�EĞǀĞƐ͕��D͕��ƌuǌ�Dd.�EĂtuƌĞ�ĂnĚ�ŬinĞticƐ�ŽĨ�ƌĞĚŽǆ�iŵbĂlĂncĞ�tƌiŐŐĞƌĞĚ�bǇ�ƌĞƐpiƌĂtŽƌǇ�ĂnĚ�ƐŬin�
chĞŵicĂl�ƐĞnƐitiǌĞƌƐ�Žn�thĞ�huŵĂn�ŵŽnŽcǇtic�cĞll�linĞ�d,W-ϭ.�ZĞĚŽǆ��iŽl.�ϮϬϭϴ�:un͖ϭϲ:ϳϱ-ϴϲ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.ƌĞĚŽǆ.ϮϬϭϴ.ϬϮ.ϬϬϮ
&ĞƌƌĞiƌĂ� EZ͕� >ĞĚŽ� �͕� >ĂƌĂnũinhĂ� :͕� 'ĞƌhĂƌĚt� '�͕� ĂnĚ� �ĂƌbŽƐĂ� ZD.� ;ϮϬϭϴͿ� ^iŵultĂnĞŽuƐ�ŵĞĂƐuƌĞŵĞntƐ� ŽĨ� ĂƐcŽƌbĂtĞ� ĂnĚ�
ŐlutĂŵĂtĞ�in�ǀiǀŽ�in�thĞ�ƌĂt�bƌĂin�uƐinŐ�cĂƌbŽn�ĨibĞƌ�nĂnŽcŽŵpŽƐitĞ�ƐĞnƐŽƌƐ�ĂnĚ�ŵicƌŽbiŽƐĞnƐŽƌ�ĂƌƌĂǇƐ.��iŽĞlĞctƌŽchĞŵiƐtƌǇ�
ϭϮϭ:ϭϰϮ-ϭϱϬ.��K/:�ϭϬ.ϭϬϭϲ/ũ.biŽĞlĞchĞŵ.ϮϬϭϴ.Ϭϭ.ϬϬϵ

&ĞƌƌĞiƌĂ͕��&͕ ��ŽŵunĞ͕�D͕�ZĂi͕��͕�&ĞƌƌĞiƌĂ͕�>͕�^iŵƁĞƐ͕�WE.�͞�tŽŵiƐtic-lĞǀĞl�inǀĞƐtiŐĂtiŽn�ŽĨ�Ă�>>ϯϳ�cŽnũuŐĂtĞĚ�ŐŽlĚ�nĂnŽpĂƌticlĞ�
bǇ� ǁĞll-tĞŵpĞƌĞĚ� ŵĞtĂĚǇnĂŵicƐ .͟� :ŽuƌnĂl� ŽĨ� WhǇƐicĂl� �hĞŵiƐtƌǇ� WĂƌt:� �� ϮϬϭϴ͕� ϭϮϮ;ϯϱͿ͕� ϴϯϱϵ-ϴϯϲϲ.� �K/:� ϭϬ.ϭϬϮϭ/ĂcƐ.
jpcb.8b05717



ϭϳϱ

&ĞƌƌĞiƌŽ��.͕�WitĂ�/.�Z.͕�DŽtĂ�^.�/.͕�sĂlĞƌŽ�:.͕�&ĞƌƌĞiƌĂ�E.�Z.͕�&ĞƌnĂnĚĞƐ�d.͕��ĂlĂbƌĞƐĞ�s.͕�&ŽntĞƐ-ZibĞiƌŽ��.��.͕�WĞƌĞiƌĂ�&.��.Ύ͕�ZĞŐŽ��.�
�.Ύ�;ϮϬϭϴͿ��ŽƌiŽluƐ�ǀĞƌƐicŽlŽƌ�biŽŵĂƐƐ�incƌĞĂƐĞƐ�ĚĞnĚƌitic�ĂƌbŽƌiǌĂtiŽn�ŽĨ�nĞǁlǇ-ŐĞnĞƌĂtĞĚ�nĞuƌŽnƐ�in�ŵŽuƐĞ�hippŽcĂŵpĂl�
ĚĞntĂtĞ�ŐǇƌuƐ.�KncŽtĂƌŐĞt�ϵ͕�ϯϮϵϮϵ-ϯϮϵϰϮ.��Ύ�Ž-cŽƌƌĞƐpŽnĚinŐ�ĂuthŽƌƐ��K/:ϭϬ.ϭϴϲϯϮ/ŽncŽtĂƌŐĞt.Ϯϱϵϳϴ

&ilipĞ͕�,.��.�>͕�:ĂǀĂnĂinĞn͕�D.͕�^ĂlǀĂĚŽƌ͕ ��.͕�'ĂlǀĆŽ͕��.͕�sĂttulĂinĞn͕� /.͕�>ŽuƌĂ͕�>.�D.�^.͕�DŽƌĞnŽ͕�D.�:.� ;ϮϬϭϴͿ.�͞YuĂntitĂtiǀĞ�
ĂƐƐĞƐƐŵĞnt�ŽĨ�ŵĞthŽĚƐ�uƐĞĚ�tŽ�ŽbtĂin�ƌĂtĞ�cŽnƐtĂntƐ�ĨƌŽŵ�ŵŽlĞculĂƌ�ĚǇnĂŵicƐ�ƐiŵulĂtiŽnƐ�ʹ�tƌĂnƐlŽcĂtiŽn�ŽĨ�chŽlĞƐtĞƌŽl�
ĂcƌŽƐƐ�lipiĚ�bilĂǇĞƌƐ .͟�:ŽuƌnĂl�ŽĨ��hĞŵicĂl�dhĞŽƌǇ�ĂnĚ��ŽŵputĂtiŽn�ϭϰ�;ϳͿ͕�ϯϴϰϬʹϯϴϰϴ.��K/:�ϭϬ.ϭϬϮϭ/ĂcƐ.ũctc.ϴbϬϬϭϱϬ

&ilipĞ͕�,.��.�>.͖�WŽŬŽƌnĄ͕�a.͖�,ŽĨ͕ �D.͖��ŵĂƌŽ͕�D.͖�>ŽuƌĂ͕�>.�D.�^.�;ϮϬϭϵͿ.�͞KƌiĞntĂtiŽn�ŽĨ�nitƌŽ-ŐƌŽup�ŐŽǀĞƌnƐ�thĞ�ĨluŽƌĞƐcĞncĞ�
liĨĞtiŵĞ�ŽĨ�nitƌŽbĞnǌŽǆĂĚiĂǌŽlĞ�;E��Ϳ-lĂbĞlĞĚ�lipiĚƐ�in�lipiĚ�bilĂǇĞƌƐ .͟�WhǇƐ.��hĞŵ.��hĞŵ.�WhǇƐ.�Ϯϭ͕�ϭϲϴϮ-ϭϲϴϴ.��K/:�ϭϬ.ϭϬϯϵ/
c8cp06064a 

&ŽnƐĞcĂ���Z'͕��ĂƌǀĂlhŽ��͕��ƌiŬƐƐŽn�:t͕�WĞƌĞiƌĂ�D:.��ĂlcinĞuƌin�iƐ�Ăn�iŵpŽƌtĂnt�ĨĂctŽƌ�inǀŽlǀĞĚ�in�ŐlucŽƐĞ�uptĂŬĞ�in�huŵĂn�
ĂĚipŽcǇtĞƐ.�DŽl��Ğll� �iŽchĞŵ.�ϮϬϭϴ��uŐ͖ϰϰϱ;ϭ-ϮͿ:ϭϱϳ-ϭϲϴ.�ĚŽi:� ϭϬ.ϭϬϬϳ/ƐϭϭϬϭϬ-Ϭϭϳ-ϯϮϲϭ-Ϭ.� �pub�ϮϬϭϴ� :Ăn�Ϯϳ.� WubDĞĚ�
WD/�:�ϮϵϯϴϬϮϰϬ͖�WubDĞĚ��ĞntƌĂl�WD�/�:�WD�ϲϬϲϬϳϱϴ

&ƌĂnĕĂ� �W͕ � dĂŬĂhĂƐhi� ZE͕� �unhĂ� Z�͕� WƌĞĚiŐĞƌ� Z�� ;ϮϬϭϴͿ� WƌŽŵiƐĞƐ� ŽĨ� cĂĨĨĞinĞ� in� �ttĞntiŽn� �ĞĨicit� ,ǇpĞƌĂctiǀitǇ� �iƐŽƌĚĞƌ�
;��,�Ϳ:�ĨƌŽŵ�ĂniŵĂl�ŵŽĚĞlƐ�tŽ�clinicĂl�pƌĂcticĞ.�:ŽuƌnĂl�ŽĨ��ĂĨĨĞinĞ�ĂnĚ��ĚĞnŽƐinĞ�ZĞƐĞĂƌch�ϴ:�ϭϯϮ-ϰϮ

&ƌŽǌi�:͕�ĚĞ��ĂƌǀĂlhŽ�,t͕�KttŽni�'>͕��unhĂ�Z�͕�>ĂƌĂ��Z�;ϮϬϭϴͿ��iƐtinct�ƐĞnƐitiǀitǇ�tŽ�cĂĨĨĞinĞ-inĚucĞĚ�inƐŽŵniĂ�ƌĞlĂtĞĚ�tŽ�ĂŐĞ.�
:ŽuƌnĂl�ŽĨ�WƐǇchŽphĂƌŵĂcŽlŽŐǇ�ϯϮ:�ϴϵ-ϵϱ.��K/:ϭϬ.ϭϭϳϳ/ϬϮϲϵϴϴϭϭϭϳϳϮϮϵϵϳ

&^��ĂƌǀĂlhŽ͕��D�DŽƌĂiƐ͕�:�,ŽlǇ͕ �D�<ƌĂƐutƐŬǇ͕ �^s�zĞŵĞtƐ͕�W��<ƌĂƐutƐŬǇ͕ ��:�DŽƌĞnŽ͕��^�:uƌĂĚŽ͕�W:�KliǀĞiƌĂ͕�d>�^ĞƌĂĨiŵ.�dŽǆicitǇ�ŽĨ�
>upĂnĞ��ĞƌiǀĂtiǀĞƐ�Žn��niŽnic�DĞŵbƌĂnĞ�DŽĚĞlƐ͕�/ƐŽlĂtĞĚ�ZĂt�DitŽchŽnĚƌiĂ�ĂnĚ�^ĞlĞctĞĚ�,uŵĂn��Ğll�>inĞƐ:�ZŽlĞ�ŽĨ�dĞƌŵinĂl�
�lŬǇl��hĂinƐ.��hĞŵ.��iŽl.�/ntĞƌĂct.�Ϯϵϲ:�ϭϵϴ-ϮϭϬ.��K/:�ϭϬ.ϭϬϭϲ/ũ.cbi.ϮϬϭϴ.ϭϬ.ϬϬϮ

'ĂbƌiĞl� �:͕� �lŵĞiĚĂ�DZ͕� ZibĞiƌŽ�D,͕� �ĂƌnĞiƌŽ� �͕� sĂlĠƌiŽ� �͕� WinhĞiƌŽ� ��͕� WĂƐcŽĂl� Z͕� ^ĂntĂnĂ� /͕� �ĂlĚĞiƌĂƐ� /.� /nĨluĞncĞ� ŽĨ�
�utǇƌǇlchŽlinĞƐtĞƌĂƐĞ�in�WƌŽŐƌĞƐƐiŽn�ŽĨ�DilĚ��ŽŐnitiǀĞ�/ŵpĂiƌŵĞnt�tŽ��lǌhĞiŵĞƌ Ɛ͛��iƐĞĂƐĞ.��:��lǌhĞiŵĞƌƐ��iƐ.�ϮϬϭϴ͖ϲϭ;ϯͿ:ϭϬϵϳ-
ϭϭϬϱ.�ĚŽi:�ϭϬ.ϯϮϯϯ/:��-ϭϳϬϲϵϱ

'ĂƐpĂƌ�D�͕� &ŽnƐĞcĂ� ��͕� �ntunĞƐ�D:͕� &ƌiŐĞƌiŽ� �͕� 'ŽŵĞƐ�E'D͕� siĞiƌĂ�D͕� ^ĂntŽƐ� ��͕� �ƌuǌ�Dd͕ � �Žtƌiŵ�D�͕� �ĂŵpŽƐ�D'.�
WŽlǇphĞnŽlic�chĂƌĂctĞƌiǌĂtiŽn�ĂnĚ�biŽĂctiǀitǇ�ŽĨ�Ăn�KǆĂliƐ�pĞƐ-cĂpƌĂĞ�>.�lĞĂĨ�ĞǆtƌĂct.�EĂt�WƌŽĚ�ZĞƐ.�ϮϬϭϴ�DĂƌ͖ϯϮ;ϲͿ:ϳϯϮ-ϳϯϴ.�
ĚŽi:�ϭϬ.ϭϬϴϬ/ϭϰϳϴϲϰϭϵ.ϮϬϭϳ

'ĞƌĂlĚŽ��&͕ �WĞƌĞiƌĂ�:͕�EunĞƐ�W͕ �ZĞiŵĆŽ�^͕�^ŽuƐĂ�Z͕��ĂƐtĞlŽ-�ƌĂncŽ�D͕�WintŽ�^͕��ĂŵpŽƐ�:'͕�ĚĞ��ĂƌǀĂlhŽ�D.��ĞǇŽnĚ�ĨƌĂctiŽnĂl�
ĂniƐŽtƌŽpǇ� in� ĂŵǇŽtƌŽphic� lĂtĞƌĂl� ƐclĞƌŽƐiƐ:� thĞ� ǀĂluĞ� ŽĨ� ŵĞĂn͕� ĂǆiĂl͕� ĂnĚ� ƌĂĚiĂl� ĚiĨĨuƐiǀitǇ� ĂnĚ� itƐ� cŽƌƌĞlĂtiŽn� ǁith�
ĞlĞctƌŽphǇƐiŽlŽŐicĂl�cŽnĚuctiǀitǇ�chĂnŐĞƐ.�EĞuƌŽƌĂĚiŽlŽŐǇ.�ϮϬϭϴ�DĂǇ͖ϲϬ;ϱͿ:ϱϬϱ-ϱϭϱ.�ĚŽi:�ϭϬ.ϭϬϬϳ/ƐϬϬϮϯϰ-Ϭϭϴ-ϮϬϭϮ-ϲ.��pub�
ϮϬϭϴ�DĂƌ�ϮϮ.�WubDĞĚ�WD/�:�Ϯϵϱϲϰϰϵϴ�

'iuƐĞppĞ��ƌiƐcĞnti͕��ĂƌŵĞlŽ��Ğ�DĂƌiĂ͕��lĞƐƐiĂ�>ŽnŐŽni͕��lĞŵĞnƐ�ǀĂn��littĞƌƐǁiũŬ͕�,uŐŽ�&ĞƌnĂnĚĞƐ͕�'iŽǀĂnni�sŽǌǌi�ĂnĚ�>ŽƌĞnǌŽ�
DŽƌŽni:� ^ŽĨt-ŵŽlĞculĂƌ� iŵpƌintĞĚ� ĞlĞctƌŽƐpun� ƐcĂĨĨŽlĚƐ� tŽ�ŵiŵic� ƐpĞciĨic� biŽlŽŐicĂl� tiƐƐuĞƐ.� �iŽĨĂbƌicĂtiŽn͕� ϭϬ;ϰͿ:ϬϰϱϬϬϱ͕�
ϮϬϭϴ.��K/:ϭϬ.ϭϬϴϴ/ϭϳϱϴ-ϱϬϵϬ/ĂĂĚϰϴĂ

'ŽŵĞƐ͕��D͕�<uƌŽchŬin͕� /͕��hĂnŐ͕��͕��ĂniĞl͕�D͕�>Ăǁ͕�<͕�^ĂtiũĂ͕�E͕�>ĂchŵĂnn͕��͕�tĂnŐ͕��͕�&ĞƌƌĞiƌĂ͕�>͕�DĂǲĂǇĂn͕��͕��hĞn͕��<͕�
WĂpĂtƐĞnŬŽ͕� �͕� >ĞŵiƐchŬĂ͕� /Z͕� DŽŽƌĞ͕� <�͕� WĞƌĞiƌĂ͕� �-&.� ͞�ŽŽpĞƌĂtiǀĞ� tƌĂnƐcƌiptiŽn� ĨĂctŽƌ� inĚuctiŽn� ŵĞĚiĂtĞƐ� hĞŵŽŐĞnic�
ƌĞpƌŽŐƌĂŵŵinŐ .͟��Ğll�ZĞpŽƌtƐ�ϮϬϭϴ͕�Ϯϱ;ϭϬͿ͕�ϮϴϮϭ-Ϯϴϯϱ.��K/:�ϭϬ.ϭϬϭϲ/ũ.cĞlƌĞp.ϮϬϭϴ.ϭϭ.ϬϯϮ

'ŽŵĞƐ͕��.�.͕�^.^.�DĞnĚĞƐ͕�Z.�.��ƐƐuncĂŽ-^ilǀĂ͕�&.'.�dĞiǆĞiƌĂ͕��.K.�WiƌĞƐ͕�^./.��nũŽ͕��.�DĂnĂĚĂƐ͕�,.�>ĞitĞ-�lŵĞiĚĂ͕�:.D.�'iŵblĞ͕�
E.�^ŽuƐĂ͕��.�.�>ĞpŽƌĞ͕�E.�.�^ilǀĂ͕�ĂnĚ��.:.�^ĂlŐĂĚŽ͕��Ž�dƌĂnƐplĂntĂtiŽn�ŽĨ��ĚipŽƐĞ�tiƐƐuĞ-ĚĞƌiǀĞĚ�^tƌŽŵĂl��ĞllƐ�ĂnĚ�KlĨĂctŽƌǇ�
�nƐhĞĂthinŐ��ĞllƐ�ĨŽƌ�^pinĂl��ŽƌĚ�/nũuƌǇ�ZĞpĂiƌ.�^tĞŵ��ĞllƐ.�ϮϬϭϴ�DĂǇ͖ϯϲ;ϱͿ:ϲϵϲ-ϳϬϴ.�ĚŽi:�ϭϬ.ϭϬϬϮ/ƐtĞŵ.Ϯϳϴϱ.��pub�ϮϬϭϴ�&Ğb�
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'ŽŵĞƐ͕��.�.͕�^.^.�DĞnĚĞƐ͕�Z.�.��ƐƐuncĂŽ-^ilǀĂ͕�&.'.�dĞiǆĞiƌĂ͕��.K.�WiƌĞƐ͕�^./.��nũŽ͕��.�DĂnĂĚĂƐ͕�,.�>ĞitĞ-�lŵĞiĚĂ͕�:.D.�'iŵblĞ͕�
E.�^ŽuƐĂ͕��.�.�>ĞpŽƌĞ͕�E.�.�^ilǀĂ͕�ĂnĚ��.:.�^ĂlŐĂĚŽ͕��Ž-dƌĂnƐplĂntĂtiŽn�ŽĨ��ĚipŽƐĞ�tiƐƐuĞ-ĚĞƌiǀĞĚ�^tƌŽŵĂl��ĞllƐ�ĂnĚ�KlĨĂctŽƌǇ�
�nƐhĞĂthinŐ� �ĞllƐ� ĨŽƌ� ^pinĂl� �ŽƌĚ� /nũuƌǇ� ZĞpĂiƌ.� ^tĞŵ� �ĞllƐ.� ϮϬϭϴ� DĂǇ͖ϯϲ;ϱͿ:ϲϵϲ-ϳϬϴ� � httpƐ://ǁǁǁ.ncbi.nlŵ.nih.ŐŽǀ/
pubŵĞĚ/ϮϵϯϱϮϳϰϯ����ĚŽi:�ϭϬ.ϭϬϬϮ/ƐtĞŵ.Ϯϳϴϱ

'uĞĚĞƐ�:Z͕�>ĂŽ�d͕ ��ĂƌĚŽƐŽ���>͕��l�<hŽuƌǇ�:�;ϮϬϭϴͿ�ZŽlĞƐ�ŽĨ�ŵicƌŽŐliĂl�ĂnĚ�ŵŽnŽcǇtĞ�chĞŵŽŬinĞƐ�ĂnĚ�thĞiƌ�ƌĞcĞptŽƌƐ�in�ƌĞŐulĂtinŐ�
ĂlǌhĞiŵĞƌ Ɛ͛�ĚiƐĞĂƐĞ-ĂƐƐŽciĂtĞĚ�ĂŵǇlŽiĚ-Ƙ�ĂnĚ�dĂu�pĂthŽlŽŐiĞƐ.�&ƌŽntiĞƌƐ�in�EĞuƌŽlŽŐǇ�ϵ:ϱϰϵ



ϭϳϲ

ŐuƌĞl�Ɛc͕�cĂƐtĞlŽ-bƌĂncŽ�ŵ͕�ƐĂcŬ�Ăt͕�ĚuĞcŬĞƌ�Ĩ.�ĂƐƐĞƐƐinŐ�thĞ�ĨunctiŽnĂl�ƌŽlĞ� �ŽĨ�ĨƌŽntĂl�ĞǇĞ�ĨiĞlĚƐ� in�ǀŽluntĂƌǇ�ĂnĚ�ƌĞĨlĞǆiǀĞ�
ƐĂccĂĚĞƐ� uƐinŐ� cŽntinuŽuƐ� thĞtĂ� � buƌƐt� ƐtiŵulĂtiŽn.� ĨƌŽnt� nĞuƌŽƐci.� ϮϬϭϴ� ĚĞc� ϭϰ͖ϭϮ:ϵϰϰ.� ĚŽi:� ϭϬ.ϯϯϴϵ/ĨninƐ.ϮϬϭϴ.ϬϬϵϰϰ.�
ĞcŽllĞctiŽn�ϮϬϭϴ.�pubŵĞĚ�pŵiĚ:�ϯϬϲϭϴϱϳϯ͖�pubŵĞĚ�cĞntƌĂl�pŵciĚ:�pŵcϲϯϬϮϬϬϲ

'ƌĞŐſƌiŽ� ��͕� >ĂcĞƌĚĂ�D͕� &iŐuĞiƌĞĚŽ� W͕ � ^iŵƁĞƐ� ^͕� �iĂƐ� ^͕�DŽƌĞiƌĂ� :E͕�DĞĞtinŐ� thĞ� nĞĞĚƐ� ŽĨ� bƌĞĂƐt� cĂncĞƌ:� Ă� nuclĞŽlin Ɛ͛�
pĞƌƐpĞctiǀĞ.���ƌiticĂl�ZĞǀiĞǁƐ�in�KncŽlŽŐǇ/,ĞŵĂtŽlŽŐǇ͕ �ϭϮϱ:ϴϵ-ϭϬϭ�;ϮϬϭϴͿ.��K/:�ϭϬ.ϭϬϭϲ/ũ.cƌitƌĞǀŽnc.ϮϬϭϴ.Ϭϯ.ϬϬϴ
'ƌĞŐſƌiŽ���͕�>ĂcĞƌĚĂ�D͕�&iŐuĞiƌĞĚŽ�W͕ �^iŵƁĞƐ�^͕��iĂƐ�^͕�DŽƌĞiƌĂ�:E͕�dhĞƌĂpĞutic�/ŵplicĂtiŽnƐ�ŽĨ�thĞ�DŽlĞculĂƌ�ĂnĚ�/ŵŵunĞ�
>ĂnĚƐcĂpĞ�ŽĨ�dƌiplĞ-EĞŐĂtiǀĞ��ƌĞĂƐt��ĂncĞƌ͕ �WĂthŽlŽŐǇ�ĂnĚ�KncŽlŽŐǇ�ZĞƐĞĂƌch.�Ϯϰ;ϰͿ:ϳϬϭ-ϳϭϲ�;ϮϬϭϴͿ.��K/:�ϭϬ.ϭϬϬϳ/ƐϭϮϮϱϯ-
017-0307-2

,.� �Ğn� �hĞiŬh͕� ^.� �ŽŵinŐuĞƐ͕� �.� ^ilǀĞiƌĂ͕� z.� <ĂĚƌi͕� E.� ZŽƐĄƌiŽ͕�D.�DĂƐtŽuƌi͕� '.� :.� �Ă� ^ilǀĂ.�DŽlĞculĂƌ� chĂƌĂctĞƌiǌĂtiŽn� ŽĨ�
cĂƌbĂpĞnĞŵĂƐĞƐ�ŽĨ�clinicĂl��cinĞtŽbĂctĞƌ�bĂuŵĂnnii�iƐŽlĂtĞƐ�ĨƌŽŵ�Ă�hniǀĞƌƐitǇ�,ŽƐpitĂl�in�duniƐiĂ.�ϯ��iŽtĞch.�ϴ:Ϯϵϳ.�httpƐ://
ĚŽi.ŽƌŐ/ϭϬ.ϭϬϬϳ/ƐϭϯϮϬϱ-Ϭϭϴ-ϭϯϭϬ-ϯ

,iƌĞŵĂthĂĚ��͕��hĂnĚ�<͕�dŽlĂǇĂn�>͕�ZĂũĞƐhǁĂƌi͕�<Ğƌi�Z^͕��ƐtĞǀĞƐ��Z͕��ĂƌĚŽƐŽ�^D͕��hĂǀĞƐ�^͕�^ĂntŽƐ�D�.�,ǇĚƌŽǆǇpǇƌiĚinŽnĞ-
bĞnǌŽĨuƌĂn�hǇbƌiĚƐ�ǁith�pŽtĞntiĂl�pƌŽtĞctiǀĞ�ƌŽlĞƐ�ĨŽƌ��lǌhĞiŵĞƌǲƐ�ĚiƐĞĂƐĞ�thĞƌĂpǇ.�:�/nŽƌŐ��iŽchĞŵ.�ϮϬϭϴ�&Ğb͖ϭϳϵ:ϴϮ-ϵϲ.�ĚŽi:�
ϭϬ.ϭϬϭϲ/ũ.ũinŽƌŐbiŽ.ϮϬϭϳ.ϭϭ.Ϭϭϱ.��pub�ϮϬϭϳ�EŽǀ�Ϯϭ

,iƌĞŵĂthĂĚ��͕�<Ğƌi�Z^͕��ƐtĞǀĞƐ��Z͕��ĂƌĚŽƐŽ�^D͕��hĂǀĞƐ�^͕�^ĂntŽƐ�D�.�EŽǀĞl�dĂcƌinĞ-,ǇĚƌŽǆǇphĞnǇlbĞnǌiŵiĚĂǌŽlĞ�hǇbƌiĚƐ�
ĂƐ�pŽtĞntiĂl�ŵultitĂƌŐĞt�ĚƌuŐ�cĂnĚiĚĂtĞƐ�ĨŽƌ��lǌhĞiŵĞƌ Ɛ͛�ĚiƐĞĂƐĞ.��uƌ�:�DĞĚ��hĞŵ.�ϮϬϭϴ�DĂƌ�Ϯϱ͖ϭϰϴ:Ϯϱϱ-Ϯϲϳ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.
ĞũŵĞch.ϮϬϭϴ.ϬϮ.ϬϮϯ.� �pub� ϮϬϭϴ� &Ğb� ϭϮhttp://ǁǁǁ.ƐciĞncĞĚiƌĞct.cŽŵ/ƐciĞncĞ/ĂƌticlĞ/pii/^ϬϯϬϬϵϬϴϰϭϴϯϬϭϯϬϱ� ĚŽi:�
ϭϬ.ϭϬϭϲ/ũ.biŽchi.ϮϬϭϴ.Ϭϱ.ϬϬϳ

/�'ƌĂttĂŐliĂnŽ͕�>W�DŽntĞǌinhŽ͕�W:�KliǀĞiƌĂ͕�'�&ƌƺhbĞcŬ͕�:�'ſŵĞǌ-�ŵbƌŽƐi͕�&�DŽntĞcuccŽ͕�&��ĂƌbŽnĞ͕�DZ�tiĞcŬŽǁƐŬi͕���Y.-
,.�tĂnŐ͕�W�WŽƌtincĂƐĂ.�dĂƌŐĞtinŐ�DitŽchŽnĚƌiĂ� tŽ�KppŽƐĞ� thĞ�WƌŽŐƌĞƐƐiŽn�ŽĨ�EŽn-�lcŽhŽlic�&ĂttǇ�>iǀĞƌ��iƐĞĂƐĞ.��iŽchĞŵ.�
WhĂƌŵĂcŽl.�ϭϲϬ:�ϯϰ-ϰϱ.��K/:ϭϬ.ϭϬϭϲ/ũ.bcp.ϮϬϭϴ.ϭϭ.ϬϮϬ

/�DĂƌƋuĞƐ-�lĞiǆŽ͕���^ĂntŽƐ-�lǀĞƐ͕�:Z�dŽƌƌĞllĂ͕�W:�KliǀĞiƌĂ͕�:�DĂŐĂlhĆĞƐ͕����ƐcĞnƐĆŽ�;ϮϬϭϴͿ��ǆĞƌciƐĞ�ĂnĚ��ŽǆŽƌubicin�tƌĞĂtŵĞnt�
ŵŽĚulĂtĞ�cĂƌĚiĂc�ŵitŽchŽnĚƌiĂl�ƋuĂlitǇ�cŽntƌŽl�ƐiŐnĂlinŐ.��ĂƌĚiŽǀĂƐc.�dŽǆicŽl.�ϭϴ;ϭͿ:ϰϯ-ϱϱ��K/:�ϭϬ.ϭϬϬϳ/ƐϭϮϬϭϮ-Ϭϭϳ-ϵϰϭϮ-ϰ

/� DĂƌƋuĞƐ-�lĞiǆŽ͕� �� ^ĂntŽƐ-�lǀĞƐ͕� W:� KliǀĞiƌĂ͕� W/� DŽƌĞiƌĂ͕� :� DĂŐĂlhĆĞƐ͕� �� �ƐcĞnƐĆŽ.� dhĞ� �ĞnĞĨiciĂl� ZŽlĞ� ŽĨ� �ǆĞƌciƐĞ� in�
DitiŐĂtinŐ��ŽǆŽƌubicin-inĚucĞĚ�DitŽchŽnĚƌiŽnŽpĂthǇ.��iŽchiŵ.��iŽphǇƐ.��ctĂ�ʹ�ZĞǀ.��ĂncĞƌ�ϭϴϲϵ;ϮͿ:ϭϴϵ-ϭϵϵ��K/:�ϭϬ.ϭϬϭϲ/ũ.
bbcan.2018.01.002

/���ĂƌbŽƐĂ͕�/�sĞŐĂ-EĂƌĞĚŽ͕�Z�>ŽuƌĞiƌŽ͕��&��ƌĂncŽ͕�Z�'ĂƌciĂ͕�WD�^cŽtt͕�W:�KliǀĞiƌĂ.�dZ�Wϭ�ZĞŐulĂtĞƐ��utŽphĂŐǇ�in�>unŐ��ĂncĞƌ�
�ĞllƐ.��uƌ.�:.��lin.�/nǀĞƐt.�ϰϴ�;ϰͿ:�ĞϭϮϵϬϬ��K/:�ϭϬ.ϭϭϭϭ/Ğci.ϭϮϵϬϬ

:�dĞiǆĞiƌĂ͕����ĞuƐ͕�&��ŽƌŐĞƐ͕�W:�KliǀĞiƌĂ.�DitŽchŽnĚƌiĂ:�dĂƌŐĞtinŐ�DitŽchŽnĚƌiĂl�ZĞĂctiǀĞ�KǆǇŐĞn�^pĞciĞƐ�ǁith�
DitŽchŽnĚƌiŽtƌŽpic�WŽlǇphĞnŽlic-bĂƐĞĚ��ntiŽǆiĚĂntƐ.�/nt.�:.��iŽchĞŵ.��Ğll��iŽl.�ϰ͖ϵϳ:ϵϴ-ϭϬϯ.��K/:�ϭϬ.ϭϬϭϲ/ũ.
biocel.2018.02.007

:�dĞiǆĞiƌĂ͕�&��ĂƐit͕�,'�^ǁĂƌtƐ͕�D�&ŽƌŬinŬ͕�W:�KliǀĞiƌĂ͕�W,'D�tillĞŵƐ͕�t:.,.�<ŽŽpŵĂn.��ǆtƌĂcĞllulĂƌ��ciĚiĨicĂtiŽn�/nĚucĞƐ�ZK^-�
ĂnĚ�ŵWdW-ŵĞĚiĂtĞĚ��ĞĂth�in�,�<Ϯϵϯ��ĞllƐ.�ZĞĚŽǆ��iŽl.�ϭϱ:ϯϵϰ-ϰϬϰ��K/:ϭϬ.ϭϬϭϲ/ũ.ƌĞĚŽǆ.ϮϬϭϳ.ϭϮ.Ϭϭϴ

:�dĞiǆĞiƌĂ͕�Z��ŵŽƌiŵ͕�<�^ĂntŽƐ͕�W�^ŽĂƌĞƐ͕�^��ĂttĂ͕�'���ŽƌtŽpĂƐƐi͕�d>�^ĞƌĂĨiŵ͕�s��^ĂƌĚĆŽ͕�:�'ĂƌƌiĚŽ͕�&��ŽƌŐĞƐ͕�W:�KliǀĞiƌĂ.�
�iƐƌuptiŽn�ŽĨ�DitŽchŽnĚƌiĂl�&unctiŽn�ĂƐ�DĞchĂniƐŵ�ĨŽƌ��nti-cĂncĞƌ��ctiǀitǇ�ŽĨ�Ă�EŽǀĞl�DitŽchŽnĚƌiŽtƌŽpic�DĞnĂĚiŽnĞ�
�ĞƌiǀĂtiǀĞ.�dŽǆicŽlŽŐǇ.�ϯϵϯ:ϭϮϯ-ϭϯϵ��K/:ϭϬ.ϭϬϭϲ/ũ.tŽǆ.ϮϬϭϳ.ϭϭ.Ϭϭϰ

:ĞƐuƐ�^.͕�^ŽĂƌĞƐ��.͕��ŽƌchĂƌĚ�'.͕��ŽƌŐĞƐ�K.�;ϮϬϭϴͿ͖��ĚũuǀĂnt�ĂctiǀitǇ�ŽĨ�pŽlǇ-Ğ-cĂpƌŽlĂctŽnĞ/chitŽƐĂn�nĂnŽpĂƌticlĞƐ�
chĂƌĂctĞƌiǌĞĚ�bǇ�ŵĂƐt�cĞll�ĂctiǀĂtiŽn�ĂnĚ�/&E-�ĂnĚ�/>-ϭϳ�pƌŽĚuctiŽn͖�:ĞƐuƐ�^.͕�^ŽĂƌĞƐ��.͕��ŽƌchĂƌĚ�'.͕��ŽƌŐĞƐ�K.͖�DŽl�WhĂƌŵ.͖�
ϭϱ;ϭͿ:ϳϮ-ϴϮ�ĚŽi:�ϭϬ.ϭϬϮϭ/ĂcƐ.ŵŽlphĂƌŵĂcĞut.ϳbϬϬϳϯϬ�

:ĞƐuƐ�^͖�^ŽĂƌĞƐ��͖��ƌuǌ�D͖��ŽƌŐĞƐ�K�;ϮϬϭϴͿ͖��ǆŽƐŽŵĞƐ�ĂƐ�ĂĚũuǀĂntƐ�ĨŽƌ�thĞ�ƌĞcŽŵbinĂnt�hĞpĂtitiƐ���ĂntiŐĞn:�&iƌƐt�ƌĞpŽƌt͖�
�uƌŽpĞĂn�:ŽuƌnĂl�ŽĨ�WhĂƌŵĂcĞuticƐ�ĂnĚ��iŽphĂƌŵĂcĞuticƐ�;ϮϬϭϴͿ�ϭϯϯ:�ϭ-ϭϭ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.Ğũpb.ϮϬϭϴ.Ϭϵ.ϬϮϵ.

:iŵĞnĞǌ-�ĂlƐĂ͕��͕�WintŽ͕�^͕�YuĂƌtin͕��͕�>inŽ͕�DD͕�&ƌĂnciƐcŽ͕�s͕�&ĞƌƌĞiƌĂ�>.�͞EĂnŽpĂƌticlĞƐ�cŽnũuŐĂtĞĚ�ǁith�phŽtŽ-clĞĂǀĂblĞ�
linŬĞƌƐ�ĨŽƌ�thĞ�intƌĂcĞllulĂƌ�ĚĞliǀĞƌǇ�ŽĨ�biŽŵŽlĞculĞƐ .͟��iŽcŽnũuŐĂtĞ��hĞŵiƐtƌǇ�ϮϬϭϴ͕�Ϯϵ�;ϱͿ͕�ϭϰϴϱʹϭϰϴϵ



ϭϳϳ

:ŽĆŽ��ƌiƐpiŵ͕��ƌuŵĂ�&u͕��nŐĞl�>ĞĞ͕�,uŐŽ�&ĞƌnĂnĚĞƐ͕�WĂtƌicŬ�zunŐ͕�WĂƐcĂl�:ŽnŬhĞiũŵ�ĂnĚ��ĂniĞl�^ĂƌiƐ:��iŽĂctiǀĞ�tĂpĞ�ǁith�
�DW-Ϯ�binĚinŐ�pĞptiĚĞƐ�cĂptuƌĞƐ�ĞnĚŽŐĞnŽuƐ�ŐƌŽǁth�ĨĂctŽƌ�ĂnĚ�ĂccĞlĞƌĂtĞƐ�hĞĂlinŐ�ĂĨtĞƌ�ĂntĞƌiŽƌ�cƌuciĂtĞ�liŐĂŵĞnt�
ƌĞcŽnƐtƌuctiŽn.��ŵĞƌicĂn�:ŽuƌnĂl�ŽĨ�^pŽƌtƐ�DĞĚicinĞ͕�ϰϲ;ϭϮͿ:ϮϵϬϱ-Ϯϵϭϰ͕�ϮϬϭϴ.��K/:�ϭϬ.ϭϬϴϴ/ϭϳϱϴ-ϱϬϵϬ/ĂĂĚϰϴĂ

:ŽƌŐĞ�>͕��ĂnĄƌiŽ�E͕��ĂƐtĞlhĂnŽ�:͕��ĂƐtĞlŽ-�ƌĂncŽ�D.�WƌŽcĞƐƐinŐ�ŽĨ�pĞƌĨŽƌŵĂncĞ-ŵĂtchĞĚ�ǀiƐuĂl�ŽbũĞct�cĂtĞŐŽƌiĞƐ:�ĨĂcĞƐ�ĂnĚ�
plĂcĞƐ�ĂƌĞ�ƌĞlĂtĞĚ�tŽ�lŽǁĞƌ�pƌŽcĞƐƐinŐ�lŽĂĚ�in�thĞ�ĨƌŽntŽpĂƌiĞtĂl�ĞǆĞcutiǀĞ�nĞtǁŽƌŬ�thĂn�ŽthĞƌ�ŽbũĞctƐ.��uƌ�:�EĞuƌŽƐci.�ϮϬϭϴ�
�pƌ͖ϰϳ;ϴͿ:ϵϯϴ-ϵϰϲ.�ĚŽi:�ϭϬ.ϭϭϭϭ/Ğũn.ϭϯϴϵϮ.��pub�ϮϬϭϴ�DĂƌ�Ϯϲ.��WubDĞĚ�WD/�:�ϮϵϰϵϵϬϴϵ�

:dĞiǆĞiƌĂ͕����hĂǀĂƌƌiĂ͕�&��ŽƌŐĞƐ͕�>�tŽũtcǌĂŬ͕�DZ�tiĞcŬŽǁƐŬi͕���<ĂƌŬuciŷƐŬĂ-tiĞcŬŽǁƐŬĂ͕�W:�KliǀĞiƌĂ.��iĞtĂƌǇ�WŽlǇphĞnŽlƐ�ĂnĚ�
DitŽchŽnĚƌiĂl�&unctiŽn:�ZŽlĞ�in�,ĞĂlth�ĂnĚ��iƐĞĂƐĞ.��uƌƌ.�DĞĚ.��hĞŵ.�ĚŽi:�ϭϬ.Ϯϭϳϰ/ϬϵϮϵϴϲϳϯϮϰϲϲϲϭϳϬϱϮϵϭϬϭϴϭϬ

:uĚitĞ�Z.�D.��ŽiŵbƌĂ͕��ĂniĞlĂ�&.�&.�DĂƌƋuĞƐ͕�^ĂlĞtĞ�:.��ĂtiƐtĂ͕��lĄuĚiĂ�D.�WĞƌĞiƌĂ͕�WĂulĂ�/.�DŽƌĞiƌĂ͕�dĞƌĞƐĂ��.�W.��iniƐ͕��ƌŵĂnĚĂ�
�.�^ĂntŽƐ�ĂnĚ�:ŽƌŐĞ��.�Z.�^ĂlǀĂĚŽƌ.�,iŐhliŐhtƐ�in�����ϭ�/nhibitŽƌƐ�ĨŽƌ�thĞ��lǌhĞiŵĞƌ Ɛ͛��iƐĞĂƐĞ�tƌĞĂtŵĞnt.�&ƌŽntiĞƌƐ�in�
�hĞŵiƐtƌǇ�;ϮϬϭϴͿ�ϲ:ϭϳϴ.�ĚŽi:�ϭϬ.ϯϯϴϵ/ĨchĞŵ.ϮϬϭϴ.ϬϬϭϳϴ.�;/&�ϯ͕ϳϴϮ͕�Yϭ��hĞŵiƐtƌǇͿ

:uĚitĞ�Z.�D.��ŽiŵbƌĂ͕��ĂniĞlĂ�&.�&.�DĂƌƋuĞƐ͕�^ĂlĞtĞ�:.��ĂtiƐtĂ͕��lĄuĚiĂ�D.�WĞƌĞiƌĂ͕�WĂulĂ�/.�DŽƌĞiƌĂ͕�dĞƌĞƐĂ��.�W.��iniƐ͕��ƌŵĂnĚĂ�
�.�^ĂntŽƐ�ĂnĚ�:ŽƌŐĞ��.�Z.�^ĂlǀĂĚŽƌ.�,iŐhliŐhtƐ�in�����ϭ�/nhibitŽƌƐ�ĨŽƌ�thĞ��lǌhĞiŵĞƌ Ɛ͛��iƐĞĂƐĞ�tƌĞĂtŵĞnt.�&ƌŽntiĞƌƐ�in�
�hĞŵiƐtƌǇ�;ϮϬϭϴͿ�ϲ:ϭϳϴ.�ĚŽi:�ϭϬ.ϯϯϴϵ/ĨchĞŵ.ϮϬϭϴ.ϬϬϭϳϴ

<ĞllĞƌŵĂǇĞƌ��.͕�&ĞƌƌĞiƌĂ�:.^.͕��upuiƐ�:.͕�>ĞǀĞt�&.͕�'ƌillŽ-�ŽƐch��.͕��ĂƌĚ�>.͕�>inĂƌĞƐ->ŽǇĞǌ�:.͕��ŽuchĞt��.͕��hŽƋuĞt��.͕�ZuƐĂŬŽǀ�
�.�.͕��Žn�W.͕�^ibĂƌitĂ�:.�.͕��ŽŐnĞt�>.͕�^ĂinlŽƐ�D.͕��ĂƌǀĂlhŽ��.>.͕�'ƌŽc�>.�;ϮϬϭϴͿ��iĨĨĞƌĞntiĂl�EĂnŽƐcĂlĞ�dŽpŽŐƌĂphǇ�ĂnĚ�
&unctiŽnĂl�ZŽlĞ�ŽĨ�'luEϮ-ED���ZĞcĞptŽƌ�^ubtǇpĞƐ�Ăt�'lutĂŵĂtĞƌŐic�^ǇnĂpƐĞƐ.�EĞuƌŽn�ϭϬϬ͕�ϭϬϲ-ϭϭϵ�ĞϭϬϳ.��K/:�ϭϬ.ϭϬϭϲ/ũ.
neuron.2018.09.012

<ĞllĞƌŵĂǇĞƌ��.͕�&ĞƌƌĞiƌĂ�:.^.͕��upuiƐ�:.͕�>ĞǀĞt�&.͕�'ƌillŽ-�ŽƐch��.͕��ĂƌĚ�>.͕�>inĂƌĞƐ->ŽǇĞǌ�:.͕��ŽuchĞt��.͕��hŽƋuĞt��.͕�ZuƐĂŬŽǀ�
�.�.͕��Žn�W.͕�^ibĂƌitĂ�:.�.͕��ŽŐnĞt�>.͕�^ĂinlŽƐ�D.͕��ĂƌǀĂlhŽ��.>.͕�'ƌŽc�>.�;ϮϬϭϴͿ��iĨĨĞƌĞntiĂl�EĂnŽƐcĂlĞ�dŽpŽŐƌĂphǇ�ĂnĚ�
&unctiŽnĂl�ZŽlĞ�ŽĨ�'luEϮ-ED���ZĞcĞptŽƌ�^ubtǇpĞƐ�Ăt�'lutĂŵĂtĞƌŐic�^ǇnĂpƐĞƐ.�EĞuƌŽn�ϭϬϬ͕�ϭϬϲ-ϭϭϵ�ĞϭϬϳ.��K/:�ϭϬ.ϭϬϭϲ/ũ.
neuron.2018.09.012

<ĞƌŬhŽĨƐ��͕��ĂnĂƐ�WD͕�diŵŵĞƌŵĂn��:͕�ZĞĂl�:/͕�yĂǀiĞƌ��͕��unhĂ�Z�͕�DĂnƐǀĞlĚĞƌ�,�͕�&ĞƌƌĞiƌĂ�^'�;ϮϬϭϴͿ��ĚĞnŽƐinĞ��Ϯ��
ƌĞcĞptŽƌƐ�cŽntƌŽl�ŐlutĂŵĂtĞƌŐic�ƐǇnĂptic�plĂƐticitǇ�in�ĨĂƐt�ƐpiŬinŐ�intĞƌnĞuƌŽnƐ�ŽĨ�thĞ�pƌĞĨƌŽntĂl�cŽƌtĞǆ.�&ƌŽntiĞƌƐ�in�
WhĂƌŵĂcŽlŽŐǇ�ϵ:ϭϯϯ.��K/:ϭϬ.ϯϯϴϵ/ĨphĂƌ.ϮϬϭϴ.ϬϬϭϯϯ

<ĞƌŬhŽĨƐ��͕�yĂǀiĞƌ���͕�^ilǀĂ��^͕��ĂnĂƐ�WD͕�/ĚĞŵĂ�^͕��ĂĂǇĞn�:�͕�&ĞƌƌĞiƌĂ�^'͕��unhĂ�Z�͕�DĂnƐǀĞlĚĞƌ�,��;ϮϬϭϴͿ��ĂĨĨĞinĞ�
cŽntƌŽlƐ�ŐlutĂŵĂtĞƌŐic�ƐǇnĂptic�tƌĂnƐŵiƐƐiŽn�ĂnĚ�pǇƌĂŵiĚĂl�nĞuƌŽn�ĞǆcitĂbilitǇ�in�huŵĂn�nĞŽcŽƌtĞǆ.�&ƌŽntiĞƌƐ�in�
WhĂƌŵĂcŽlŽŐǇ�ϴ:�ϴϵϵ.��K/:ϭϬ.ϯϯϴϵ/ĨphĂƌ.ϮϬϭϳ.ϬϬϴϵϵ

<uƌŬcuŽŐlu��͕�<ŽuŬŽƐ�W/͕��itƌŽ�E͕�dƌĞllĞt�D�͕�ZŽĚƌiŐuĞƐ�:W'>D͕�DŽƌĞiƌĂ�/^͕�ZŽĞl-dŽuƌiƐ�:͕�DĞlƋuiŽnĚ��^:͕�'ĞnŐ��͕�
^chĂĂƌƐchŵiĚt�:͕�yuĞ�>�͕�sĂnŐŽnĞ��͕��Žnǀin��D::͕�WĞƌĨŽƌŵĂncĞ�ŽĨ�,���K�<�ĂnĚ�Ă�ƐiŵplĞ�cŽntĂct-bĂƐĞĚ�pƌŽtĞin-liŐĂnĚ�
binĚinŐ�ĂĨĨinitǇ�pƌĞĚictŽƌ�in�thĞ��ϯZ�'ƌĂnĚ��hĂllĞnŐĞ�Ϯ͕�ϮϬϭϴ͕�:��Žŵput��iĚĞĚ�DŽl��ĞƐ͕�ϯϮ;ϭͿ:�ϭϳϱ-ϭϴϱ

>ĞĂnĚƌŽ�ĚĂ��ŽƐtĂ��lĞŵĞntinŽ͕��nŐĞlĂ�DĂƌiĂ��ƌĞnĂƐ�sĞlĄƐƋuĞǌ͕�dhĂiƐ�'ĂbĂn�WĂƐƐĂlĂcƋuĂ͕�>ĞticiĂ�ĚĞ��lŵĞiĚĂ͕�DĂƌciĂ��.^.�
'ƌĂŵinhĂ͕�'ilŵĂƌciŽ��.�DĂƌtinƐ͕�>şŐiĂ�^ĂlŐuĞiƌŽ͕��ĂƌlŽƐ��ĂǀĂlĞiƌŽ͕�DĂƌiĂ�ĚŽ��Ġu�^ŽuƐĂ͕�ZĂƋuĞl�Z.�.�DŽƌĞiƌĂ.�ϮϬϭϴ.�͞/n�ǀitƌŽ�
ĂctiǀitiĞƐ�ŽĨ�ŐlǇcŽĂlŬĂlŽiĚƐ�ĨƌŽŵ�thĞ�^ŽlĂnuŵ�lǇcŽcĂƌpuŵ�ĂŐĂinƐt�>ĞiƐhŵĂniĂ�inĨĂntuŵ͕͟ ��ƌĂǌiliĂn�:ŽuƌnĂl�ŽĨ�WhĂƌŵĂcŽŐnŽƐǇ�
Ϯϴ͕�ϲϳϯ-ϲϳϳ�httpƐ://ĚŽi.ŽƌŐ/ϭϬ.ϭϬϭϲ/ũ.bũp.ϮϬϭϴ.Ϭϳ.ϬϬϴ

>ĞĂnĚƌŽ�d͕ �E.�ZŽĚƌiŐuĞǌ͕�W.�ZŽũĂƐ͕�:.�>�^Ănǌ͕�D.�^.�ĚĂ��ŽƐtĂ�Θ�Z.��ŵilƐ�;ϮϬϭϴͿ�^tuĚǇ�ŽĨ�ŵĞthĂnŽŐĞnic�ĞnƌichŵĞnt�cultuƌĞƐ�ŽĨ�
ƌŽcŬ�cŽƌĞƐ�ĨƌŽŵ�thĞ�ĚĞĞp�Ɛ��ubƐuƌĨĂcĞ�ŽĨ�thĞ�/bĞƌiĂn�WǇƌitic��Ğlt.�,ĞliǇŽn.�ϰ:�ĞϬϬϲϬϱ

>ĞĚŽ��͕��ĂƌbŽƐĂ�ZD�ĂnĚ�>ĂƌĂnũinhĂ�:�;ϮϬϭϴͿ�DŽĚulĂtiŽn�ŽĨ�cĞllulĂƌ�ƌĞƐpiƌĂtiŽn�bǇ�ĞnĚŽŐĞnŽuƐlǇ�pƌŽĚucĞĚ�nitƌic�ŽǆiĚĞ�in�ƌĂt�
hippocampal slices. Methods Mol Biol 1782, 89-107

>ĞĚŽ͕��͕�>ŽuƌĞnĕŽ͕��&͕ �>ĂƌĂnũinhĂ͕�:.�ĂnĚ��ĂƌbŽƐĂ͕�ZD�;ϮϬϭϴͿ.��ŽncuƌƌĞnt�ŵĞĂƐuƌĞŵĞnt�ŽĨ�nĞuƌŽchĞŵicĂl�ĂnĚ�
ĞlĞctƌŽphǇƐiŽlŽŐicĂl�ĂctiǀitǇ�ǁith�ŵicƌŽĞlĞctƌŽĚĞ�ĂƌƌĂǇƐ:�EĞǁ�pĞƌƐpĞctiǀĞƐ�ĨŽƌ�ĂŵpĞƌŽŵĞtƌǇ.��uƌƌĞnt�KpiniŽn�in�
�lĞctƌŽchĞŵiƐtƌǇ͕ �ϭϮ͕�ϭϮϵ-ϭϰϬ.��K/:�ϭϬ.ϭϬϭϲ/ũ.cŽĞlĞc.ϮϬϭϴ.Ϭϱ.Ϭϭϴ



ϭϳϴ

>ĞĨĨĂ��d͕ �&ĞƌƌĞiƌĂ�^'͕�DĂchĂĚŽ�E:͕�^ŽuǌĂ��D͕�ZŽƐĂ�&͕ �<inchĞƐŬi�'�͕��ĂƌǀĂlhŽ��͕�dĂŬĂhĂƐhi�ZE͕�WŽƌciƷnculĂ�>K͕�^ŽuǌĂ�
�K͕��unhĂ�Z�͕�WĂnĚŽlĨŽ�W�;ϮϬϭϴͿ��ĂĨĨĞinĞ�ĂnĚ�cĂnnĂbinŽiĚ�ƌĞcĞptŽƌƐ�ŵŽĚulĂtĞ�iŵpulƐiǀĞ�bĞhĂǀiŽƌ�in�Ăn�ĂniŵĂl�ŵŽĚĞl�
ŽĨ��ttĞntiŽnĂl��ĞĨicit�ĂnĚ�,ǇpĞƌĂctiǀitǇ��iƐŽƌĚĞƌ.��uƌŽpĞĂn�:ŽuƌnĂl�ŽĨ�EĞuƌŽƐciĞncĞ�ϰϵ:�ϭϲϳϯ-ϴϯ.�;ϮϬϭϵͿ�ĚŽi:�ϭϬ.ϭϭϭϭ/
Ğũn.ϭϰϯϰϴ.��pub�ϮϬϭϵ�&Ğb�ϴ.

>ĞŵŽƐ��͕�DĞlŽ�Z͕�WƌĞtŽ��:͕��lŵĞiĚĂ�:'͕�DŽƌĞiƌĂ�/^͕��ŽƌĚĞiƌŽ�DE�^͕�/n�ƐilicŽ�ƐtuĚiĞƐ�in�thĞ�ĚƌuŐ�ƌĞƐĞĂƌch�ĂŐĂinƐt�WĂƌŬinƐŽn Ɛ͛�
ĚiƐĞĂƐĞ��uƌƌ�EĞuƌŽphĂƌŵĂcŽlŽŐǇ͕ �ϮϬϭϴ͖ϭϲ;ϲͿ:ϳϴϲ-ϴϰϴ

>iŵĂ͕��&͕ �DĂǇ�'͕��ŽlunŐĂ�:͕�WĞĚƌĞiƌŽ͕�^͕�WĂiǀĂ͕��͕�&ĞƌƌĞiƌĂ͕�>͕��nǀĞƌ͕ �d͕ �/bŽƌƌĂ͕�&:͕�WiƌĞƐ�ĚĂƐ�EĞǀĞƐ͕�Z.Ύ�͞KƐŵŽtic�ŵŽĚulĂtiŽn�ŽĨ�
chƌŽŵĂtin�iŵpĂctƐ�Žn�ĞĨĨiciĞncǇ�ĂnĚ�ŬinĞticƐ�ŽĨ�cĞll�ĨĂtĞ�ŵŽĚulĂtiŽn .͟�^ciĞntiĨic�ZĞpŽƌtƐ�ϮϬϭϴ͕�ϴ͕�ϳϮϭϬ.��K/:ϭϬ.ϭϬϯϴ/Ɛϰϭϱϵϴ-
018-29328-3

>inŽ͕�DD͕�&ĞƌƌĞiƌĂ͕�>.�͞>iŐht-tƌiŐŐĞƌĂblĞ�ĨŽƌŵulĂtiŽnƐ�ĨŽƌ�thĞ�intƌĂcĞllulĂƌ�cŽntƌŽllĞĚ�ƌĞlĞĂƐĞ�ŽĨ�biŽŵŽlĞculĞƐ .͟��ƌuŐ�
�iƐcŽǀĞƌǇ�dŽĚĂǇ�ϮϬϭϴ͕�Ϯϯ;ϱͿ͕�ϭϬϲϮ-ϭϬϳϬ.��K/:ϭϬ.ϭϬϭϲ/ũ.ĚƌuĚiƐ.ϮϬϭϴ.Ϭϭ.Ϭϭϵ

>inŽ͕�DD͕�^iŵƁĞƐ͕�^͕�silĂĕĂ͕��͕��ntunĞƐ͕�,͕��ŽnĂƌi͕��͕�&ĞƌƌĞiƌĂ͕�>.�͞DŽĚulĂtiŽn�ŽĨ�ĂnŐiŽŐĞnic�ĂctiǀitǇ�bǇ�liŐht-ĂctiǀĂtĂblĞ�
ŵiZE�-lŽĂĚĞĚ�nĂnŽcĂƌƌiĞƌƐ .͟���^�EĂnŽ�ϮϬϭϴ͕�ϭϮ;ϲͿ͕�ϱϮϬϳ-ϱϮϮϬ.��K/:�ϭϬ.ϭϬϮϭ/ĂcƐnĂnŽ.ϳbϬϳϱϯϴ

>ŽuƌĞnĕŽ��&͕ �>ĞĚŽ��͕��ĂĞtĂnŽ�D͕��ĂƌbŽƐĂ�ZD�ĂnĚ�>ĂƌĂnũinhĂ�:.�;ϮϬϭϴͿ��ŐĞ-�ĞpĞnĚĞnt�/ŵpĂiƌŵĞnt�ŽĨ�EĞuƌŽǀĂƐculĂƌ�ĂnĚ�
EĞuƌŽŵĞtĂbŽlic��ŽuplinŐ�in�thĞ�,ippŽcĂŵpuƐ.�&ƌŽntiĞƌƐ�in�WhǇƐiŽlŽŐǇ�ϵ:ϵϭϯ.��K/:�ϭϬ.ϯϯϴϵ/ĨphǇƐ.ϮϬϭϴ.ϬϬϵϭϯ

>ŽuƌŽƐ�^.Z.͕��ĂlĚĞiƌĂ�'.>.͕��ĂƌǀĂlhŽ��.>.�;ϮϬϭϴͿ�^tĂƌŐĂǌin��ĞphŽƐphŽƌǇlĂtiŽn�DĞĚiĂtĞƐ�,ŽŵĞŽƐtĂtic�^ǇnĂptic��ŽǁnƐcĂlinŐ�ŽĨ�
�ǆcitĂtŽƌǇ�^ǇnĂpƐĞƐ.�&ƌŽnt�DŽl�EĞuƌŽƐci�ϭϭ͕�ϯϮϴ.��K/:�ϭϬ.ϯϯϴϵ/ĨnŵŽl.ϮϬϭϴ.ϬϬϯϮϴ

>uchĞtti�&͕ �&ĂlciĞƌi��͕�DĞnĚĞƐ��&.�dhĞ�͞:ŽuƌnĂl�ŽĨ�&unctiŽnĂl�DŽƌphŽlŽŐǇ�ĂnĚ�<inĞƐiŽlŽŐǇ͟�:ŽuƌnĂl��lub�^ĞƌiĞƐ:�,iŐhliŐhtƐ�
Žn�ZĞcĞnt�WĂpĞƌƐ�in��ǆĞƌciƐĞ-/nĚucĞĚ�/ŵŵunĞ�ZĞƐpŽnƐĞ.�:�&unctiŽnĂl�DŽƌphŽl�<inĞƐiŽl.�ϮϬϭϴ:�ϯ;ϯͿ͕�ϰϮ.��Ži:�ϭϬ.ϯϯϵϬ/
ũĨŵŬϯϬϯϬϬϰϮ

D��ĂũǌiŬŽǀĂΎ͕...͕����ŽĞlhŽ͕...͕�d��unhĂ-KliǀĞiƌĂ͕...͕d>�^ĞƌĂĨiŵ͕...͕s��^ĂƌĚĂŽ͕...͕�W:�KliǀĞiƌĂ͕...:iƌi�EĞuǌil.�ZĞĂctiǀĂtiŽn�ŽĨ�
�ihǇĚƌŽŽƌŽtĂtĞ��ĞhǇĚƌŽŐĞnĂƐĞ�bǇ�ZĞƐpiƌĂtiŽn�ZĞƐtŽƌĞƐ�duŵŽƌ�'ƌŽǁth�ŽĨ�DitŽchŽnĚƌiĂl��E�-ĚĞplĞtĞĚ��ĂncĞƌ��ĞllƐ.��Ğll�
DĞtĂb͕�Ϯϵ:�ϭ-ϭϴ�

DĂchĂĚŽ-WĞƌĞiƌĂ͕�D͕�^ĂntŽƐ͕�d͕ �&ĞƌƌĞiƌĂ͕�>͕��ĞƌnĂƌĚinŽ͕�>͕�&ĞƌƌĞiƌĂ͕�Z.�͞/ntƌĂǀĞnŽuƐ�ĂĚŵiniƐtƌĂtiŽn�ŽĨ�ƌĞtinŽic�ĂciĚ-lŽĂĚĞĚ�
pŽlǇŵĞƌic�nĂnŽpĂƌticlĞƐ�pƌĞǀĞntƐ�iƐchĞŵic�inũuƌǇ�in�thĞ�iŵŵĂtuƌĞ�bƌĂin .͟�EĞuƌŽƐciĞncĞƐ�>ĞttĞƌƐ�ϮϬϭϴ͕�ϲϳϯ͕�ϭϭϲ-ϭϮϭ.�
�K/:ϭϬ.ϭϬϭϲ/ũ.nĞulĞt.ϮϬϭϴ.ϬϮ.Ϭϲϲ

DĂncŽ�>͕�^ilǀĂ��͕�&iĚĂlŐŽ�d͕ �DĂƌtinhŽ�W͕ �^ĂƌŵĞntŽ���͕�ZibĞiƌŽ�D>.�sĞnŽuƐ�thƌŽŵbŽĞŵbŽliƐŵ�ƌiƐŬ�ĂƐƐŽciĂtĞĚ�ǁith���K͕�&ϭϭ�
ĂnĚ�&''�lŽci.��lŽŽĚ��ŽĂŐul�&ibƌinŽlǇƐiƐ.�ϮϬϭϴ�^Ğp͖Ϯϵ;ϲͿ:ϱϮϴ-ϱϯϮ.��K/:�ϭϬ.ϭϬϵϳ/D��.ϬϬϬϬϬϬϬϬϬϬϬϬϬϳϱϯ.�WD/�:�Ϯϵϵϵϱϲϱϵ

DĂƌcĞlŽ͕��ĚƌiĂnĂ͖��ƌitŽ͕�&ilipĂ͖��ĂƌŵŽ-^ilǀĂ͕�̂ ĂƌĂ͖�DĂtŽƐ͕��ĂƌlŽƐ��.͖��lǀĞƐ-�ƌuǌĞiƌŽ͕�:ŽĂŽ͖�sĂƐcŽncĞlŽƐ-&ĞƌƌĞiƌĂ͕��nĂ͖�<ŽppĞnŽl͕�
ZĞbĞŬĂh͖� DĞnĚŽncĂ͕� >iliĂnĂ͖� ĚĞ� �lŵĞiĚĂ͕� >uiƐ� WĞƌĞiƌĂ͖� EŽbƌĞŐĂ͕� �lĞǀiŽ.� �ŽƌĚǇcĞpin� ĂctiǀĂtĞƐ� ĂutŽphĂŐǇ� thƌŽuŐh� �DW<�
phŽƐphŽƌǇlĂtiŽn�tŽ�ƌĞĚucĞ�ĂbnŽƌŵĂlitiĞƐ� in�DĂchĂĚŽ-:ŽƐĞph�ĚiƐĞĂƐĞ�ŵŽĚĞlƐ.�,hD�E�DK>��h>�Z�'�E�d/�^͕��pub�ϮϬϭϴ�
^Ğp�ϭϯ͕�Ϯϴ;ϭͿ:�ϱϭ-ϲϯ.��K/:�ϭϬ.ϭϬϵϯ/hŵŐ/ĚĚǇϯϮϴ

DĂƌŐĞƐin͕�Z.͕��-���hĂnŐ͕�>.��lbuƋuĞƌƋuĞ͕�,.�:.��.�&ƌŽuĨĞ͕��.��ŐĂƐ�Θ�D.�^.�ĚĂ��ŽƐtĂ�;ϮϬϭϴͿ�>ǇƐŽbĂctĞƌ�ƐilǀĞƐtƌiƐ�Ɛp.�nŽǀ.͕�iƐŽlĂtĞĚ�
ĨƌŽŵ�ĂlpinĞ�ĨŽƌĞƐt�ƐŽil�ĂnĚ�ƌĞclĂƐƐiĨicĂtiŽn�ŽĨ�>utĞiŵŽnĂƐ�tŽlĞƌĂnƐ�ĂƐ�>ǇƐŽbĂctĞƌ�tŽlĞƌĂnƐ�cŽŵb.�nŽǀ.�/ntĞƌnĂtiŽnĂl�:ŽuƌnĂl�ŽĨ�
^ǇƐtĞŵĂtic�ĂnĚ��ǀŽlutiŽnĂƌǇ�DicƌŽbiŽlŽŐǇ.�ϲϴ:ϭϱϳϭ-ϭϱϳϳ.�ĚŽi:�ϭϬ.ϭϬϵϵ/iũƐĞŵ.Ϭ.ϬϬϮϳϭϬ

DĂƌŐĞƐin͕�Z.͕�>.��lbuƋuĞƌƋuĞ͕��-���hĂnŐ͕�,.�:.��.�&ƌŽuĨĞ͕�Z.�^ĞǀĞƌinŽ͕�/.�ZŽǆŽ͕��.��ŐĂƐ��Θ�D.�^.�ĚĂ��ŽƐtĂ�;ϮϬϭϴͿ�^ŽliŵicƌŽbiuŵ�
ƐilǀĞƐtƌĞ� Ɛp.� nŽǀ.͕� iƐŽlĂtĞĚ� ĨƌŽŵ�ĂlpinĞ� ĨŽƌĞƐt� ƐŽil.� /ntĞƌnĂtiŽnĂl� :ŽuƌnĂl� ŽĨ� ^ǇƐtĞŵĂtic� ĂnĚ��ǀŽlutiŽnĂƌǇ�DicƌŽbiŽlŽŐǇ͕ ��K/�
ϭϬ.ϭϬϵϵ/iũƐĞŵ.Ϭ.ϬϬϮϴϲϭ

DĂƌiƐĂ�DĂchĂĚŽ͕�EĂtĄliĂ�DĂƌtinƐ͕�>iŐiĂ�^ĂlŐuĞiƌŽ͕��ĂƌlŽƐ��ĂǀĂlĞiƌŽ͕�DĂƌiĂ�ĚŽ��Ġu�^ŽuƐĂ.�ϮϬϭϴ.�͞>ĂǀĂnĚulĂ�Ɛpp.�Ănti-pƌŽtŽǌŽĂ�
ĂctiǀitǇ:�ĞŵphĂƐiƐ�Žn�ĞƐƐĞntiĂl�ŽilƐ�ĞĨĨĞct�ĂŐĂinƐt�>ĞiƐhŵĂniĂ� inĨĂntuŵ͕�>ĞiƐhŵĂniĂ�ŵĂũŽƌ�ĂnĚ�>ĞiƐhŵĂniĂ�tƌŽpicĂ�ƐtƌĂinƐ .͟����
�ppliĞĚ�^ciĞncĞƐ�ϵ;ϭϱͿ:ϯϬϱϲ.�ĚŽi:�ϭϬ.ϯϯϵϬ/ĂppϵϭϱϯϬϱϲ

DĂƌƋuĞƐ��W͕ ��unhĂ-^ĂntŽƐ� :͕�>ĞĂl�,͕�^ŽuƐĂ-&ĞƌƌĞiƌĂ�>͕�WĞƌĞiƌĂ�ĚĞ��lŵĞiĚĂ�>͕��ĂǀĂĚĂƐ��͕�ZŽƐŵĂninhŽ-^ĂlŐĂĚŽ�:.��ipĞptiĚǇl�
pĞptiĚĂƐĞ� /s� ;�WW-/sͿ� inhibitiŽn� pƌĞǀĞntƐ� ĨibƌŽƐiƐ� in� ĂĚipŽƐĞ� tiƐƐuĞ� ŽĨ� ŽbĞƐĞ�ŵicĞ.� �iŽchiŵ��iŽphǇƐ� �ctĂ�'Ğn� ^ubũ.� ϮϬϭϴ�
DĂƌ͖ϭϴϲϮ;ϯͿ:ϰϬϯ-ϰϭϯ.��K/:ϭϬ.ϭϬϭϲ/ũ.bbĂŐĞn.ϮϬϭϳ.ϭϭ.ϬϭϮ



ϭϳϵ

DĂƌƋuĞƐ��Z͕�'ŽŵĞƐ���͕��ĂĞtĂnŽ�'͕��ĂƐtĞlŽ-�ƌĂncŽ�D.�/nƐŽŵniĂ��iƐŽƌĚĞƌ�ĂnĚ��ƌĂin Ɛ͛��ĞĨĂult-DŽĚĞ�EĞtǁŽƌŬ.��uƌƌ�EĞuƌŽl�
EĞuƌŽƐci�ZĞp.�ϮϬϭϴ�:un�ϵ͖ϭϴ;ϴͿ:ϰϱ.�ĚŽi:�ϭϬ.ϭϬϬϳ/ƐϭϭϵϭϬ-Ϭϭϴ-Ϭϴϲϭ-ϯ.�ZĞǀiĞǁ.�WubDĞĚ�WD/�:�Ϯϵϴϴϲϱϭϱ�;pĚĨ�ĂǀĂilĂblĞͿ.

DĂƌƋuĞƐ͕��nĂ�WĂtƌiciĂ͖��unhĂ-^ĂntŽƐ͕�:ĂnĞtĞ͖�>ĞĂl͕�,ĞlĞnĂ͖�^ŽuƐĂ-&ĞƌƌĞiƌĂ͕�>iŐiĂ͖�ĚĞ��lŵĞiĚĂ͕�>uiƐ�WĞƌĞiƌĂ͖��ĂǀĂĚĂƐ͕��lĂuĚiĂ͖�
ZŽƐŵĂninhŽ-^ĂlŐĂĚŽ͕� :ŽĂnĂ.��ipĞptiĚǇl�pĞptiĚĂƐĞ� /s� ;�WW-/sͿ� inhibitiŽn�pƌĞǀĞntƐ� ĨibƌŽƐiƐ� in�ĂĚipŽƐĞ� tiƐƐuĞ�ŽĨ�ŽbĞƐĞ�ŵicĞ.�
�/K�,/D/����d��/KW,z^/�����d�-'�E�Z�>�^h�:��d^͕�ϮϬϭϴ͕�ϭϴϲϮ;ϯͿ:�ϰϬϯ-ϰϭϯ.��K/:�ϭϬ.ϭϬϭϲ/ũ.bbĂŐĞn.ϮϬϭϳ.ϭϭ.ϬϭϮ

DĂƌƋuĞƐ-�lĞiǆŽ�/͕�^ĂntŽƐ-�lǀĞƐ��͕�KliǀĞiƌĂ�W:͕�DŽƌĞiƌĂ�W/͕�DĂŐĂlhĆĞƐ�:͕��ƐcĞnƐĆŽ��.�dhĞ�bĞnĞĨiciĂl�ƌŽlĞ�ŽĨ�ĞǆĞƌciƐĞ�in�ŵitiŐĂtinŐ�
ĚŽǆŽƌubicin-inĚucĞĚ�DitŽchŽnĚƌiŽnŽpĂthǇ.� �iŽchiŵ� �iŽphǇƐ� �ctĂ� ZĞǀ� �ĂncĞƌ.� ϮϬϭϴ� �pƌ͖ϭϴϲϵ;ϮͿ:ϭϴϵ-ϭϵϵ.� ĚŽi:� ϭϬ.ϭϬϭϲ/ũ.
bbcan.2018.01.002

DĄƌƋuĞǌ-:uƌĂĚŽ�^͕��şĂǌ-�ŽlunŐĂ�:͕�ĚĂƐ�EĞǀĞƐ�ZW͕ �DĂƌtinĞǌ->ŽƌĞntĞ��͕��lŵĂǌĄn�&͕ �'uĂntĞƐ�Z͕�/bŽƌƌĂ�&:.�͞DitŽchŽnĚƌiĂl�lĞǀĞlƐ�
ĚĞtĞƌŵinĞ� ǀĂƌiĂbilitǇ� in� cĞll� ĚĞĂth� bǇ� ŵŽĚulĂtinŐ� ĂpŽptŽtic� ŐĞnĞ� ĞǆpƌĞƐƐiŽn.͟ � EĂt� �Žŵŵun.� ϮϬϭϴ� :Ăn� Ϯϲ͖ϵ;ϭͿ:ϯϴϵ.� ĚŽi:�
ϭϬ.ϭϬϯϴ/Ɛϰϭϰϲϳ-�Ϭϭϳ-ϬϮϳϴϳ-ϰ

DĂƌtinƐ�ZD͕�WintŽ�ZŽlŽ��͕�^ŽĞiƌŽ�dĞŽĚŽƌŽ�:͕�&uƌtĂĚŽ��͕��ĂĞtĂnŽ�KliǀĞiƌĂ�Z͕�dƌĂlhĆŽ�:'͕�WĂlŵĞiƌĂ��D.��ĚĚitiŽn�ŽĨ��ĞƌbĞƌinĞ�
tŽ�WƌĞƐĞƌǀĂtiŽn�^ŽlutiŽn�in�Ăn��niŵĂl�DŽĚĞl�ŽĨ��ǆ�siǀŽ�>iǀĞƌ�dƌĂnƐplĂnt�WƌĞƐĞƌǀĞƐ�DitŽchŽnĚƌiĂl�&unctiŽn�ĂnĚ��iŽĞnĞƌŐĞticƐ�
ĨƌŽŵ�thĞ��ĂŵĂŐĞ�/nĚucĞĚ�bǇ�/ƐchĞŵiĂ/ZĞpĞƌĨuƐiŽn.�/nt�:�DŽl�^ci.�ϭϵ;ϭͿ.�pii:��Ϯϴϰ.��K/:ϭϬ.ϯϯϵϬ/iũŵƐϭϵϬϭϬϮϴϰ

DĂƌtinƐ�ZD͕�dĞŽĚŽƌŽ�:^͕�&uƌtĂĚŽ��͕�ZŽlŽ��W͕ �WĂlŵĞiƌĂ��D͕�dƌĂlhĆŽ�:'.�ZĞcĞnt�inƐiŐhtƐ�intŽ�ŵitŽchŽnĚƌiĂl�tĂƌŐĞtinŐ�ƐtƌĂtĞŐiĞƐ�
in�liǀĞƌ�tƌĂnƐplĂntĂtiŽn.�/nt�:�DĞĚ�^ci.�ϭϱ:Ϯϰϴ-Ϯϱϲ.��K/:�ϭϬ.ϳϭϱϬ/iũŵƐ.ϮϮϴϵϭ

DĂtŽƐ� W͕ � &iŐuĞiƌinhĂ��͕� WĂƌĂnhŽƐ��͕�EunĞƐ� &͕ � �ƌuǌ� W͕ �'ĞƌĂlĚĞƐ� �&'�͕� �ƌuǌ�Dd͕ � �ĂtiƐtĂ�Dd.� �iŽĂctiǀitǇ� ŽĨ� �cĂnthuƐ�ŵŽlliƐ�
-� �ŽntƌibutiŽn� ŽĨ� bĞnǌŽǆĂǌinŽiĚƐ� ĂnĚ� phĞnǇlpƌŽpĂnŽiĚƐ.� :� �thnŽphĂƌŵĂcŽl.� ϮϬϭϴ� ^Ğp� ϳ͖ϮϮϳ:ϭϵϴ-ϮϬϱ.� ĚŽi:� ϭϬ.ϭϬϭϲ/ũ.
jep.2018.09.013

DĂtŽƐ͕��ĂƌlŽƐ��.͖�ĚĞ��lŵĞiĚĂ͕�>uiƐ�WĞƌĞiƌĂ͖�EŽbƌĞŐĂ͕��lĞǀiŽ.�DĂchĂĚŽ-:ŽƐĞph�ĚiƐĞĂƐĞ/ƐpinŽcĞƌĞbĞllĂƌ�ĂtĂǆiĂ�tǇpĞ�ϯ:�lĞƐƐŽnƐ�
ĨƌŽŵ�ĚiƐĞĂƐĞ� pĂthŽŐĞnĞƐiƐ� ĂnĚ� cluĞƐ� intŽ� thĞƌĂpǇ.� :KhZE�>�K&�E�hZK�,�D/^dZz͕ � �pub� ϮϬϭϴ�Kct� ϱ͕� ϭϰϴ;ϭͿ:� ϴ-Ϯϴ.��K/:�
ϭϬ.ϭϭϭϭ/ũnc.ϭϰϱϰϭ

DĞlŽ��͕�&ŽnƐĞcĂ��͕�DŽuƌĂ-ZĂŵŽƐ�D͕��lŵĞiĚĂ-^ĂntŽƐ�d͕ ��ĂnĂǀĂƌƌŽ�D�.�&ĞŵĂlĞ�cĂncĞƌ�pĂtiĞntƐ͛�pĞƌcĞptiŽnƐ�ŽĨ�thĞ�ĨĞƌtilitǇ�
pƌĞƐĞƌǀĂtiŽn�ĚĞciƐiŽn-ŵĂŬinŐ�pƌŽcĞƐƐ:��n�ĞǆplŽƌĂtŽƌǇ�pƌŽƐpĞctiǀĞ�ƐtuĚǇ.� :�WƐǇchŽƐŽc�KncŽl.�ϮϬϭϴ�DĂǇ-:un͖ϯϲ;ϯͿ:ϯϲϰ-ϯϴϭ.�
ĚŽi:�ϭϬ.ϭϬϴϬ/ϬϳϯϰϳϯϯϮ.ϮϬϭϴ.ϭϰϯϲϲϮϵ.��pub�ϮϬϭϴ�DĂƌ�ϮϬ

DĞlŽ� �͕� &ŽnƐĞcĂ��͕� ^ilǀĂ� �͕� �lŵĞiĚĂ-^ĂntŽƐ� d͕ � �ĂnĂǀĂƌƌŽ�D�.� WŽƌtuŐuĞƐĞ� ŽncŽlŽŐiƐtƐ͛� pƌĂcticĞƐ� ƌĞŐĂƌĚinŐ� ĨĞŵĂlĞ� ĨĞƌtilitǇ�
pƌĞƐĞƌǀĂtiŽn:�thich�bĂƌƌiĞƌƐ�ŵŽƐt�ƌĞlĂtĞ�tŽ�thĞƐĞ�pƌĂcticĞƐ͍��uƌ�:��ĂncĞƌ��ĂƌĞ�;�nŐlͿ.�ϮϬϭϴ�DĂƌ͖Ϯϳ;ϮͿ:ĞϭϮϴϭϮ.�ĚŽi:�ϭϬ.ϭϭϭϭ/
Ğcc.ϭϮϴϭϮ�DĞlŽ� :�� ;ϮϬϭϴͿ� 'ĞnĞticƐ� ĂnĚ�DǇŽcĂƌĚiĂl� /nĨĂƌctiŽn.� ZĞǀ� WŽƌt� �ĂƌĚiŽl.� ^ϬϴϳϬ-Ϯϱϱϭ;ϭϴͿϯϬϱϯϴ-ϵ.� ĚŽi:� ϭϬ.ϭϬϭϲ/ũ.
repc.2018.08.001

DĞlŽ�Z͕� >ĞŵŽƐ��͕�WƌĞtŽ��:͕��lŵĞiĚĂ� :'͕��ŽƌƌĞiĂ� :�'͕� ^ĞnƐŽǇ�K͕�DŽƌĞiƌĂ� /^͕� �ŽŵputĂtiŽnĂl��ppƌŽĂchĞƐ� in��ntibŽĚǇ-�ƌuŐ�
�ŽnũuŐĂtĞ�KptiŵiǌĂtiŽn�ĨŽƌ�dĂƌŐĞtĞĚ��ĂncĞƌ�dhĞƌĂpǇ͕ ��uƌƌ�dŽp�DĞĚ��hĞŵ.�ϮϬϭϴ͖�ϭϴ͕�ϭϬϵϭ-ϭϭϬϵ

DĞlŽ�d͕ �DĂƌƋuĞƐ�^^͕�&ĞƌƌĞiƌĂ�/͕��ƌuǌ�Dd͕ ��ŽŵinŐuĞƐ�W͕ �^ĞŐunĚŽ�D�͕�Θ��ŽŵinŐuĞƐ�DZD.�EĞǁ�/nƐiŐhtƐ�in��nti-inĨlĂŵŵĂtŽƌǇ�
ĂnĚ��ntiŽǆiĚĂnt�WƌŽpĞƌtiĞƐ�ŽĨ�EitƌĂtĞĚ�WhŽƐphŽlipiĚƐ.�>ipiĚƐ.�ϮϬϭϴ�:Ăn͖ϱϯ;ϭͿ:ϭϭϳ-ϭϯϭ.�ĚŽi:�ϭϬ.ϭϬϬϮ/lipĚ.ϭϮϬϬϳ

DĞnĚĞƐ��&͕ ��ƌuǌ�Dd͕ �'uĂllilŽ�K.��ĚitŽƌiĂl:�dhĞ�WhǇƐiŽlŽŐǇ�ŽĨ� /nĨlĂŵŵĂtiŽn�-�dhĞ�&inĂl��ŽŵŵŽn�WĂthǁĂǇ�tŽ��iƐĞĂƐĞ.�&ƌŽnt�
WhǇƐiŽl.�ϮϬϭϴ��Ğc�ϰ͖ϵ:ϭϳϰϭ.ĚŽi:�ϭϬ.ϯϯϴϵ/ĨphǇƐ.ϮϬϭϴ.Ϭϭϳϰϭ

DĞnĚĞƐ��&͕ ��ƌuǌ�d�ĂnĚ�'uĂlillŽ�K�;ϮϬϭϴͿ�dhĞ�WhǇƐiŽlŽŐǇ�ŽĨ� /nĨlĂŵŵĂtiŽnͶdhĞ�&inĂl��ŽŵŵŽn�WĂthǁĂǇ�tŽ��iƐĞĂƐĞ.�&ƌŽnt.�
WhǇƐiŽl.�ϵ:ϭϳϰϭ.�ĚŽi:�ϭϬ.ϯϯϴϵ/ĨphǇƐ.ϮϬϭϴ.Ϭϭϳϰϭ

DĞnĚĞƐ��͕�KliǀĞiƌĂ�DD͕�DŽƌĞiƌĂ�W/͕��ŽutinhŽ�:͕�EunĞƐ�&D͕�WĞƌĞiƌĂ��D͕�sĂlĞntĆŽ�W͕ ��nĚƌĂĚĞ�W�͕�siĚĞiƌĂ�Z�.��ĞnĞĨiciĂl�ĞĨĨĞctƐ�
ŽĨ�ǁhitĞ�ǁinĞ�pŽlǇphĞnŽlƐ-ĞnƌichĞĚ�ĚiĞt�Žn��lǌhĞiŵĞƌ Ɛ͛�ĚiƐĞĂƐĞ-liŬĞ�pĂthŽlŽŐǇ.�:�Eutƌ��iŽchĞŵ.�ϮϬϭϴ�DĂǇ͖ϱϱ:ϭϲϱ-ϭϳϳ.�ĚŽi:�
ϭϬ.ϭϬϭϲ/ũ.ũnutbiŽ.ϮϬϭϴ.ϬϮ.ϬϬϭ

DĞnĚĞƐ-WinhĞiƌŽ͕��.͕�&.'.�dĞiǆĞiƌĂ͕�^./.��nũŽ͕��.�DĂnĂĚĂƐ͕�>.�.��ĞhiĞ͕�ĂnĚ��.:.�^ĂlŐĂĚŽ͕�^ĞcƌĞtŽŵĞ�ŽĨ�hnĚiĨĨĞƌĞntiĂtĞĚ�EĞuƌĂl�
WƌŽŐĞnitŽƌ��ĞllƐ�/nĚucĞƐ�,iƐtŽlŽŐicĂl�ĂnĚ�DŽtŽƌ�/ŵpƌŽǀĞŵĞntƐ�in�Ă�ZĂt�DŽĚĞl�ŽĨ�WĂƌŬinƐŽn Ɛ͛��iƐĞĂƐĞ.�^tĞŵ��ĞllƐ�dƌĂnƐl�DĞĚ.�
ϮϬϭϴ�EŽǀ͖ϳ;ϭϭͿ:ϴϮϵ-ϴϯϴ..�httpƐ://ǁǁǁ.ncbi.nlŵ.nih.ŐŽǀ/pubŵĞĚ/ϯϬϮϯϴϲϲϴ�ĚŽi:�ϭϬ.ϭϬϬϮ/Ɛctŵ.ϭϴ-ϬϬϬϵ



ϭϴϬ

DĞnĚĞƐ-WinhĞiƌŽ͕��.͕�&.'.�dĞiǆĞiƌĂ͕�^./.��nũŽ͕��.�DĂnĂĚĂƐ͕�>.�.��ĞhiĞ͕�ĂnĚ��.:.�^ĂlŐĂĚŽ͕�^ĞcƌĞtŽŵĞ�ŽĨhnĚiĨĨĞƌĞntiĂtĞĚ�EĞuƌĂl�
WƌŽŐĞnitŽƌ��ĞllƐ�/nĚucĞƐ�,iƐtŽlŽŐicĂl�ĂnĚ�DŽtŽƌ�/ŵpƌŽǀĞŵĞntƐ�in�Ă�ZĂt�DŽĚĞl�ŽĨ�WĂƌŬinƐŽn Ɛ͛��iƐĞĂƐĞ.�^tĞŵ��ĞllƐ�dƌĂnƐl�DĞĚ.�
ϮϬϭϴ�EŽǀ͖ϳ;ϭϭͿ:ϴϮϵ-ϴϯϴ.�ĚŽi:�ϭϬ.ϭϬϬϮ/Ɛctŵ.ϭϴ-ϬϬϬϵ.��pub�ϮϬϭϴ�^Ğp�ϮϬ

DiƌĂnĚĂ͕��ĂtĂƌinĂ�KliǀĞiƌĂ͖�DĂƌcĞlŽ͕��ĚƌiĂnĂ͖� ^ilǀĂ͕� dĞƌĞƐĂ�WĞƌĞiƌĂ͖��ĂƌĂtĂ͕� :ŽĂŽ͖�sĂƐcŽncĞlŽƐ-&ĞƌƌĞiƌĂ͕��nĂ͖�WĞƌĞiƌĂ͕��inĂ͖�
EŽbƌĞŐĂ͕��lĞǀiŽ͖��uĂƌtĞ͕�^ŽniĂ͖��ĂƌƌŽƐ͕�/nĞƐ͖��lǀĞƐ͕�:ŽĂnĂ͖�^ĞƌĞnŽ͕�:ŽƐĞ͖�WĞtƌĞllĂ͕�>ŽƌĞnĂ�/tĂti͖��ĂƐtĞlhĂnŽ͕�:ŽĂŽ͖�WĂiǀĂ͕�sitŽƌ�
,uŐŽ͖�ZŽĚƌiŐuĞƐ-^ĂntŽƐ͕�WĂulŽ͖��lǀĞƐ͕�sĞƌĂ͖�EunĞƐ-�ŽƌƌĞiĂ͕�/ƐĂbĞl͖�EŽbƌĞ͕�Zui�:ŽƌŐĞ͖�'ŽŵĞƐ͕��ĞliĂ͖��ĂƐtĞlŽ-�ƌĂncŽ͕�DiŐuĞl͖�
ĚĞ��lŵĞiĚĂ͕�>uiƐ�WĞƌĞiƌĂ.�ZĞpĞĂtĞĚ�DĞƐĞnchǇŵĂl�^tƌŽŵĂl��Ğll�dƌĞĂtŵĞnt�^uƐtĂinĂblǇ��llĞǀiĂtĞƐ�DĂchĂĚŽ-:ŽƐĞph��iƐĞĂƐĞ.�
DK>��h>�Z�d,�Z�Wz͕ �ϮϬϭϴ͕�Ϯϲ;ϵͿ:�Ϯϭϯϭ-Ϯϭϱϭ.��K/:�ϭϬ.ϭϬϭϲ/ũ.ǇŵthĞ.ϮϬϭϴ.Ϭϳ.ϬϬϳ

DŽƌĂtſ� y͕� >uũĄn� Z͕� 'ŽnĕĂlǀĞƐ� E͕�tĂtĂnĂbĞ�D͕� �ltĂĨĂũ� y͕� �ĂƌǀĂlhŽ� �>͕� &ĞƌnĄnĚĞǌ-�uĞŹĂƐ� s͕� �unhĂ� Z�͕� �iƌuĞlĂ� &� ;ϮϬϭϴͿ�
DĞtĂbŽtƌŽpic� ŐlutĂŵĂtĞ� tǇpĞ� ϱ� ƌĞcĞptŽƌ� ƌĞƋuiƌĞƐ� cŽntĂctin-ĂƐƐŽciĂtĞĚ� pƌŽtĞin� ϭ� tŽ� cŽntƌŽl� ŵĞŵŽƌǇ� ĨŽƌŵĂtiŽn.� ,uŵĂn�
DŽlĞculĂƌ�'ĞnĞticƐ�Ϯϳ:�ϯϱϮϴ-ϰϭ.��K/:�ϭϬ.ϭϬϵϯ/hŵŐ/ĚĚǇϮϲϰ

DŽƌĞiƌĂ�/^�Θ�̂ ĞnƐŽǇ�K͕�DŽĚulĂtiŽn�ŽĨ�pƌŽtĞin-pƌŽtĞin�intĞƌĂctiŽnƐ�ĨŽƌ�thĞ�ĚĞǀĞlŽpŵĞnt�ŽĨ�ĞĨĨĞctiǀĞ�thĞƌĂpĞuticƐ�ʹ �ĨƌŽŵ�Ă�ũŽint�
pĞƌƐpĞctiǀĞ�ŽĨ�ĞǆpĞƌiŵĞntĂl�ĂnĚ�cŽŵputĂtiŽnƐ͕��uƌƌ�dŽpicƐ�DĞĚ��hĞŵ͕�ϮϬϭϴ͖�ϭϴ͕�ϲϰϱ-ϲϰϲ

DĞlŽ�:��;ϮϬϭϴͿ�'ĞnĞticƐ�ĂnĚ�DǇŽcĂƌĚiĂl�/nĨĂƌctiŽn.�ZĞǀ�WŽƌt��ĂƌĚiŽl.�̂ ϬϴϳϬ-Ϯϱϱϭ;ϭϴͿϯϬϱϯϴ-ϵ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.ƌĞpc.ϮϬϭϴ.Ϭϴ.ϬϬϭ
DĞlŽ�Z͕� >ĞŵŽƐ��͕�WƌĞtŽ��:͕��lŵĞiĚĂ� :'͕��ŽƌƌĞiĂ� :�'͕� ^ĞnƐŽǇ�K͕�DŽƌĞiƌĂ� /^͕� �ŽŵputĂtiŽnĂl��ppƌŽĂchĞƐ� in��ntibŽĚǇ-�ƌuŐ�
�ŽnũuŐĂtĞ�KptiŵiǌĂtiŽn�ĨŽƌ�dĂƌŐĞtĞĚ��ĂncĞƌ�dhĞƌĂpǇ͕ ��uƌƌ�dŽp�DĞĚ��hĞŵ.�ϮϬϭϴ͖�ϭϴ͕�ϭϬϵϭ-ϭϭϬϵ

DĞlŽ�d͕ �DĂƌƋuĞƐ�^^͕�&ĞƌƌĞiƌĂ�/͕��ƌuǌ�Dd͕ ��ŽŵinŐuĞƐ�W͕ �^ĞŐunĚŽ�D�͕�Θ��ŽŵinŐuĞƐ�DZD.�EĞǁ�/nƐiŐhtƐ�in��nti-inĨlĂŵŵĂtŽƌǇ�
ĂnĚ��ntiŽǆiĚĂnt�WƌŽpĞƌtiĞƐ�ŽĨ�EitƌĂtĞĚ�WhŽƐphŽlipiĚƐ.�>ipiĚƐ.�ϮϬϭϴ�:Ăn͖ϱϯ;ϭͿ:ϭϭϳ-ϭϯϭ.�ĚŽi:�ϭϬ.ϭϬϬϮ/lipĚ.ϭϮϬϬϳ

DĞnĚĞƐ��&͕ ��ƌuǌ�Dd͕ �'uĂllilŽ�K.��ĚitŽƌiĂl:�dhĞ�WhǇƐiŽlŽŐǇ�ŽĨ� /nĨlĂŵŵĂtiŽn�-�dhĞ�&inĂl��ŽŵŵŽn�WĂthǁĂǇ�tŽ��iƐĞĂƐĞ.�&ƌŽnt�
WhǇƐiŽl.�ϮϬϭϴ��Ğc�ϰ͖ϵ:ϭϳϰϭ.ĚŽi:�ϭϬ.ϯϯϴϵ/ĨphǇƐ.ϮϬϭϴ.Ϭϭϳϰϭ

DĞnĚĞƐ��&͕ ��ƌuǌ�d�ĂnĚ�'uĂlillŽ�K�;ϮϬϭϴͿ�dhĞ�WhǇƐiŽlŽŐǇ�ŽĨ� /nĨlĂŵŵĂtiŽnͶdhĞ�&inĂl��ŽŵŵŽn�WĂthǁĂǇ�tŽ��iƐĞĂƐĞ.�&ƌŽnt.�
WhǇƐiŽl.�ϵ:ϭϳϰϭ.�ĚŽi:�ϭϬ.ϯϯϴϵ/ĨphǇƐ.ϮϬϭϴ.Ϭϭϳϰϭ

DĞnĚĞƐ��͕�KliǀĞiƌĂ�DD͕�DŽƌĞiƌĂ�W/͕��ŽutinhŽ�:͕�EunĞƐ�&D͕�WĞƌĞiƌĂ��D͕�sĂlĞntĆŽ�W͕ ��nĚƌĂĚĞ�W�͕�siĚĞiƌĂ�Z�.��ĞnĞĨiciĂl�ĞĨĨĞctƐ�
ŽĨ�ǁhitĞ�ǁinĞ�pŽlǇphĞnŽlƐ-ĞnƌichĞĚ�ĚiĞt�Žn��lǌhĞiŵĞƌ Ɛ͛�ĚiƐĞĂƐĞ-liŬĞ�pĂthŽlŽŐǇ.�:�Eutƌ��iŽchĞŵ.�ϮϬϭϴ�DĂǇ͖ϱϱ:ϭϲϱ-ϭϳϳ.�ĚŽi:�
ϭϬ.ϭϬϭϲ/ũ.ũnutbiŽ.ϮϬϭϴ.ϬϮ.ϬϬϭ

DĞnĚĞƐ-WinhĞiƌŽ͕��.͕�&.'.�dĞiǆĞiƌĂ͕�^./.��nũŽ͕��.�DĂnĂĚĂƐ͕�>.�.��ĞhiĞ͕�ĂnĚ��.:.�^ĂlŐĂĚŽ͕�^ĞcƌĞtŽŵĞ�ŽĨ�hnĚiĨĨĞƌĞntiĂtĞĚ�EĞuƌĂl�
WƌŽŐĞnitŽƌ��ĞllƐ�/nĚucĞƐ�,iƐtŽlŽŐicĂl�ĂnĚ�DŽtŽƌ�/ŵpƌŽǀĞŵĞntƐ�in�Ă�ZĂt�DŽĚĞl�ŽĨ�WĂƌŬinƐŽn Ɛ͛��iƐĞĂƐĞ.�^tĞŵ��ĞllƐ�dƌĂnƐl�DĞĚ.�
ϮϬϭϴ�EŽǀ͖ϳ;ϭϭͿ:ϴϮϵ-ϴϯϴ..�httpƐ://ǁǁǁ.ncbi.nlŵ.nih.ŐŽǀ/pubŵĞĚ/ϯϬϮϯϴϲϲϴ�ĚŽi:�ϭϬ.ϭϬϬϮ/Ɛctŵ.ϭϴ-ϬϬϬϵ

DĞnĚĞƐ-WinhĞiƌŽ͕��.͕�&.'.�dĞiǆĞiƌĂ͕�^./.��nũŽ͕��.�DĂnĂĚĂƐ͕�>.�.��ĞhiĞ͕�ĂnĚ��.:.�^ĂlŐĂĚŽ͕�^ĞcƌĞtŽŵĞ�ŽĨhnĚiĨĨĞƌĞntiĂtĞĚ�EĞuƌĂl�
WƌŽŐĞnitŽƌ��ĞllƐ�/nĚucĞƐ�,iƐtŽlŽŐicĂl�ĂnĚ�DŽtŽƌ�/ŵpƌŽǀĞŵĞntƐ�in�Ă�ZĂt�DŽĚĞl�ŽĨ�WĂƌŬinƐŽn Ɛ͛��iƐĞĂƐĞ.�^tĞŵ��ĞllƐ�dƌĂnƐl�DĞĚ.�
ϮϬϭϴ�EŽǀ͖ϳ;ϭϭͿ:ϴϮϵ-ϴϯϴ.�ĚŽi:�ϭϬ.ϭϬϬϮ/Ɛctŵ.ϭϴ-ϬϬϬϵ.��pub�ϮϬϭϴ�^Ğp�ϮϬ

DiƌĂnĚĂ͕��ĂtĂƌinĂ�KliǀĞiƌĂ͖�DĂƌcĞlŽ͕��ĚƌiĂnĂ͖� ^ilǀĂ͕� dĞƌĞƐĂ�WĞƌĞiƌĂ͖��ĂƌĂtĂ͕� :ŽĂŽ͖�sĂƐcŽncĞlŽƐ-&ĞƌƌĞiƌĂ͕��nĂ͖�WĞƌĞiƌĂ͕��inĂ͖�
EŽbƌĞŐĂ͕��lĞǀiŽ͖��uĂƌtĞ͕�^ŽniĂ͖��ĂƌƌŽƐ͕�/nĞƐ͖��lǀĞƐ͕�:ŽĂnĂ͖�^ĞƌĞnŽ͕�:ŽƐĞ͖�WĞtƌĞllĂ͕�>ŽƌĞnĂ�/tĂti͖��ĂƐtĞlhĂnŽ͕�:ŽĂŽ͖�WĂiǀĂ͕�sitŽƌ�
,uŐŽ͖�ZŽĚƌiŐuĞƐ-^ĂntŽƐ͕�WĂulŽ͖��lǀĞƐ͕�sĞƌĂ͖�EunĞƐ-�ŽƌƌĞiĂ͕�/ƐĂbĞl͖�EŽbƌĞ͕�Zui�:ŽƌŐĞ͖�'ŽŵĞƐ͕��ĞliĂ͖��ĂƐtĞlŽ-�ƌĂncŽ͕�DiŐuĞl͖�
ĚĞ��lŵĞiĚĂ͕�>uiƐ�WĞƌĞiƌĂ.�ZĞpĞĂtĞĚ�DĞƐĞnchǇŵĂl�^tƌŽŵĂl��Ğll�dƌĞĂtŵĞnt�^uƐtĂinĂblǇ��llĞǀiĂtĞƐ�DĂchĂĚŽ-:ŽƐĞph��iƐĞĂƐĞ.�
DK>��h>�Z�d,�Z�Wz͕ �ϮϬϭϴ͕�Ϯϲ;ϵͿ:�Ϯϭϯϭ-Ϯϭϱϭ.��K/:�ϭϬ.ϭϬϭϲ/ũ.ǇŵthĞ.ϮϬϭϴ.Ϭϳ.ϬϬϳ

DŽƌĂtſ� y͕� >uũĄn� Z͕� 'ŽnĕĂlǀĞƐ� E͕�tĂtĂnĂbĞ�D͕� �ltĂĨĂũ� y͕� �ĂƌǀĂlhŽ� �>͕� &ĞƌnĄnĚĞǌ-�uĞŹĂƐ� s͕� �unhĂ� Z�͕� �iƌuĞlĂ� &� ;ϮϬϭϴͿ�
DĞtĂbŽtƌŽpic� ŐlutĂŵĂtĞ� tǇpĞ� ϱ� ƌĞcĞptŽƌ� ƌĞƋuiƌĞƐ� cŽntĂctin-ĂƐƐŽciĂtĞĚ� pƌŽtĞin� ϭ� tŽ� cŽntƌŽl� ŵĞŵŽƌǇ� ĨŽƌŵĂtiŽn.� ,uŵĂn�
DŽlĞculĂƌ�'ĞnĞticƐ�Ϯϳ:�ϯϱϮϴ-ϰϭ.��K/:�ϭϬ.ϭϬϵϯ/hŵŐ/ĚĚǇϮϲϰ

DŽƌĞiƌĂ�/^�Θ�̂ ĞnƐŽǇ�K͕�DŽĚulĂtiŽn�ŽĨ�pƌŽtĞin-pƌŽtĞin�intĞƌĂctiŽnƐ�ĨŽƌ�thĞ�ĚĞǀĞlŽpŵĞnt�ŽĨ�ĞĨĨĞctiǀĞ�thĞƌĂpĞuticƐ�ʹ �ĨƌŽŵ�Ă�ũŽint�
pĞƌƐpĞctiǀĞ�ŽĨ�ĞǆpĞƌiŵĞntĂl�ĂnĚ�cŽŵputĂtiŽnƐ͕��uƌƌ�dŽpicƐ�DĞĚ��hĞŵ͕�ϮϬϭϴ͖�ϭϴ͕�ϲϰϱ-ϲϰϲ

DŽƌĞiƌĂ�W/.�^ǁĞĞt�DitŽchŽnĚƌiĂ:���^hŽƌtcut�tŽ��lǌhĞiŵĞƌ Ɛ͛��iƐĞĂƐĞ.�:��lǌhĞiŵĞƌƐ��iƐ.�ϮϬϭϴ͖ϲϮ;ϯͿ:ϭϯϵϭ-ϭϰϬϭ.�ĚŽi:�ϭϬ.ϯϮϯϯ/
:��-ϭϳϬϵϯϭ



ϭϴϭ

DŽƌĞiƌĂ-^ilǀĂ��͕��ĂƌƌĞttiĞƌŽ���͕�KliǀĞiƌĂ��^�͕�ZŽĚƌiŐuĞƐ�^͕�ĚŽƐ�^ĂntŽƐ->ŽpĞƐ�:͕��ĂnĂƐ�WD͕��unhĂ�Z�͕��lŵĞiĚĂ�D��ĂnĚ�&ĞƌƌĞiƌĂ�
d>� ;ϮϬϭϴͿ��nĂnĚĂŵiĚĞ�ĞĨĨĞctƐ� in�Ă� ƐtƌĞptŽǌŽtŽcin-inĚucĞĚ��lǌhĞiŵĞƌ Ɛ͛�ĚiƐĞĂƐĞ-liŬĞ� ƐpŽƌĂĚic�ĚĞŵĞntiĂ� in� ƌĂtƐ.� &ƌŽntiĞƌƐ� in�
EĞuƌŽƐciĞncĞ�ϭϮ:�ϲϱϯ.��K/:ϭϬ.ϯϯϴϵ/ĨninƐ.ϮϬϭϴ.ϬϬϲϱϯ

DŽuƌitǌĞn�Ds͕��bŽuƌĂǇĂlĞ�^͕��ũĂǌ�Z͕��ƌĚŽn���͕��ĂƌǀĂlhŽ��͕��ĂlŐĂĂƌĚ�>d͕ �ZŽuƌƐŐĂĂƌĚ�D͕�:ĞnƐƐĞn�,.�EĞuƌŽtĞnƐin͕�ƐubƐtĂncĞ�W͕ �
ĂnĚ�inƐulin�ĞnhĂncĞ�cĞll�ŵiŐƌĂtiŽn.�:�WĞpt�^ci.�ϮϬϭϴ�:ul͖Ϯϰ;ϳͿ:ĞϯϬϵϯ.�ĚŽi:�ϭϬ.ϭϬϬϮ/pƐc.ϯϬϵϯ.��pub�ϮϬϭϴ�:un�Ϯϱ.�WubDĞĚ�WD/�:�
29938867

EŐ͕�<^͕�^ŵith͕�:�͕�Dc�tĞĞƌ͕ �DW͕ �DĞĂĚ͕���͕�tĂƌĞ͕�:͕�:ĂcŬƐŽn͕�&K͕�&ĞƌƌĞiƌĂ͕�>͕��uƌĞ͕�<͕�ZŽǁlĞǇ͕ �:�͕�ZĞĞǀĞ͕��͕��ƌinĚlĞǇ͕ ���͕�<Ăƌp͕�
:D.�͞�iŽpƌŽcĞƐƐ�ĚĞciƐiŽn�ƐuppŽƌt�tŽŽl�ĨŽƌ�ƐcĂlĂblĞ�ŵĂnuĨĂctuƌĞ�ŽĨ�ĞǆtƌĂcĞllulĂƌ�ǀĞƐiclĞƐ .͟��iŽtĞchnŽlŽŐǇ�ĂnĚ��iŽĞnŐinĞĞƌinŐ�
;ƐubŵittĞĚͿ.��K/:�ϭϬ.ϭϬϬϮ/bit.ϮϲϴϬϵ

EſbƌĞŐĂ��͕�^iŵƁĞƐ��d͕ ��uĂƌtĞ-EĞǀĞƐ�:͕��uĂƌtĞ�^͕�sĂƐcŽncĞlŽƐ-&ĞƌƌĞiƌĂ��͕��unhĂ-^ĂntŽƐ�:͕�WĞƌĞiƌĂ��͕�^ĂntĂnĂ�D͕��ĂǀĂĚĂƐ��͕�ĚĞ�
�lŵĞiĚĂ�>W.�DŽlĞculĂƌ�DĞchĂniƐŵƐ�ĂnĚ��ĞllulĂƌ�WĂthǁĂǇƐ�/ŵplicĂtĞĚ�in�DĂchĂĚŽ-:ŽƐĞph��iƐĞĂƐĞ�WĂthŽŐĞnĞƐiƐ.��Ěǀ��ǆp�DĞĚ�
�iŽl.�ϮϬϭϴ͖ϭϬϰϵ:ϯϰϵ-ϯϲϳ.��K/:�ϭϬ.ϭϬϬϳ/ϵϳϴ-ϯ-ϯϭϵ-ϳϭϳϳϵ-ϭͺϭϴ

EŽǀŽ��D͕��ĂtiƐtĂ�^͕��lǀĞƐ��͕�Ě �͛lŵĞiĚĂ�K�͕�DĂƌƋuĞƐ�/�͕�DĂcĄƌiŽ��͕�^ĂntĂnĂ�/͕�^ŽuƐĂ�>͕��ĂƐtĞlŽ-�ƌĂncŽ�D͕��unhĂ�>.�dhĞ�nĞuƌĂl�
bĂƐiƐ�ŽĨ�ĨĂtiŐuĞ�in�ŵultiplĞ�ƐclĞƌŽƐiƐ:���ŵultiŵŽĚĂl�DZ/�ĂppƌŽĂch.�EĞuƌŽl��lin�WƌĂct.�ϮϬϭϴ��Ğc͖ϴ;ϲͿ:ϰϵϮ-ϱϬϬ.�ĚŽi:�ϭϬ.ϭϮϭϮ/
�W:.ϬϬϬϬϬϬϬϬϬϬϬϬϬϱϰϱ.�WubDĞĚ�WD/�:�ϯϬϱϴϴϯϳϵ͖�WubDĞĚ��ĞntƌĂl�WD�/�:�WD�ϲϮϵϰϱϯϯ

KliǀĞiƌĂ� &͕ �>ĞuǌǇ��͕��ĂƐtĞlhĂnŽ�:͕��hiŽtiƐ�<͕�,ĂƐƐĞlbĂlch�^'͕�ZinnĞ�:͕�DĞnĚŽnĕĂ��͕�KttŽ�D͕�>lĞſ��͕�^ĂntĂnĂ� /͕� :ŽhĂnƐƐŽn�:͕�
�nĚĞƌl-^tƌĂub�^͕��ƌniŵ��͕��ĞĞƌ��͕��lĞƐĂ�Z͕�&ŽƌtĞĂ�:͕�^ĂnnĂ-<ĂiƐĂ�,͕�WŽƌtĞliuƐ��͕�WĂnnĞĞ�:͕��ĞttĞƌbĞƌŐ�,͕��lĞnnŽǁ�<͕�DŽƌĞiƌĂ��W͕ �
�bƌunhŽƐĂ��͕�EŽƌĚbĞƌŐ��͕��ĂƐtĞlŽ-�ƌĂncŽ�D.��ĂtĂ�ĚƌiǀĞn�ĚiĂŐnŽƐtic�clĂƐƐiĨicĂtiŽn�in��lǌhĞiŵĞƌ Ɛ͛�ĚiƐĞĂƐĞ�bĂƐĞĚ�Žn�ĚiĨĨĞƌĞnt�
ƌĞĨĞƌĞncĞ�ƌĞŐiŽnƐ�ĨŽƌ�nŽƌŵĂliǌĂtiŽn�ŽĨ�Wi�-W�d�iŵĂŐĞƐ�ĂnĚ�cŽƌƌĞlĂtiŽn�ǁith��^&�cŽncĞntƌĂtiŽnƐ�ŽĨ��ɴ�ƐpĞciĞƐ.�EĞuƌŽiŵĂŐĞ�
�lin.�ϮϬϭϴ��uŐ�ϭϵ͖ϮϬ:ϲϬϯ-ϲϭϬ

KliǀĞiƌĂ�&WD͕�DŽƌĞiƌĂ��W͕ �ĚĞ�DĞnĚŽnĕĂ��͕�sĞƌĚĞlhŽ��͕�yĂǀiĞƌ��͕��ĂƌƌŽcĂ��͕�ZiŽ��:͕��ĂƌĚŽƐŽ��͕��ƌuǌ��͕��bƌunhŽƐĂ��͕��ĂƐtĞlŽ-
�ƌĂncŽ�D.��Ăn�ϭϭ�-Wi�-W�d�ZĞlĂtiǀĞ��ĞliǀĞƌǇ�Zϭ�Žƌ�ϭϭ�-Wi�-W�d�WĞƌĨuƐiŽn�ZĞplĂcĞ�ϭϴ&-&�'-W�d�in�thĞ��ƐƐĞƐƐŵĞnt�ŽĨ��ƌĂin�
EĞuƌŽĚĞŐĞnĞƌĂtiŽn͍� :� �lǌhĞiŵĞƌƐ� �iƐ.� ϮϬϭϴ͖ϲϱ;ϭͿ:ϴϵ-ϵϳ.� ĚŽi:� ϭϬ.ϯϮϯϯ/:��-ϭϴϬϮϳϰ.� WubDĞĚ� WD/�:� ϯϬϬϱϲϰϮϭ͖� WubDĞĚ�
�ĞntƌĂl�WD�/�:�WD�ϲϬϴϳϰϯϳ�

KliǀĞiƌĂ�DiƌĂnĚĂ��͕�DĂƌcĞlŽ��͕�^ilǀĂ�dW͕ ��ĂƌĂtĂ�:͕�sĂƐcŽncĞlŽƐ-&ĞƌƌĞiƌĂ��͕�WĞƌĞiƌĂ��͕�EſbƌĞŐĂ��͕��uĂƌtĞ�^͕��ĂƌƌŽƐ� /͕��lǀĞƐ�:͕�
^ĞƌĞnŽ�:͕�WĞtƌĞllĂ�>/͕��ĂƐtĞlhĂnŽ�:͕�WĂiǀĂ�s,͕�ZŽĚƌiŐuĞƐ-^ĂntŽƐ�W͕ ��lǀĞƐ�s͕�EunĞƐ-�ŽƌƌĞiĂ�/͕�EŽbƌĞ�Z:͕�'ŽŵĞƐ��͕��ĂƐtĞlŽ-�ƌĂncŽ�
D͕�WĞƌĞiƌĂ�ĚĞ��lŵĞiĚĂ�>.�ZĞpĞĂtĞĚ�DĞƐĞnchǇŵĂl�̂ tƌŽŵĂl��Ğll�dƌĞĂtŵĞnt�̂ uƐtĂinĂblǇ��llĞǀiĂtĞƐ�DĂchĂĚŽ-:ŽƐĞph��iƐĞĂƐĞ.�DŽl�
dhĞƌ.�ϮϬϭϴ�^Ğp��ϱ͖Ϯϲ;ϵͿ:Ϯϭϯϭ-Ϯϭϱϭ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.ǇŵthĞ.ϮϬϭϴ.Ϭϳ.ϬϬϳ.��pub�ϮϬϭϴ�:ul�ϭϮ.�WubDĞĚ�WD/�:�ϯϬϬϴϳϬϴϯ͖�WubDĞĚ�
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WĂniƐĞllŽ-ZŽƐĞllſ��͕��lǀĂ�E͕�&lŽƌĞƐ�D͕�>ŽpĞǌ��͕��ĂƐtƌŽ��ĞnştĞǌ��͕�&Žlch-WuǇ��͕�ZŽlŽ��͕�WĂlŵĞiƌĂ��͕��ĚĂŵ�Z͕��ĂƌbŽnĞll�d͕ �ZŽƐĞllſ-
�ĂtĂĨĂu�:.��lĚĞhǇĚĞ��ĞhǇĚƌŽŐĞnĂƐĞ�Ϯ�;�>�,ϮͿ�in�ZĂt�&ĂttǇ�>iǀĞƌ��ŽlĚ�/ƐchĞŵiĂ�/nũuƌǇ.�/nt�:�DŽl�̂ ci.�ϭϵ;ϵͿ.��Ϯϰϳϵ.��K/:�ϭϬ.ϯϯϵϬ/
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WĂniƐĞllŽ-ZŽƐĞllſ��͕�>ŽpĞǌ��͕�&Žlch-WuǇ��͕��ĂƌbŽnĞll�d͕ �ZŽlŽ��͕�WĂlŵĞiƌĂ��͕��ĚĂŵ�Z͕�EĞt�D͕�ZŽƐĞllſ-�ĂtĂĨĂu�:.�ZŽlĞ�ŽĨ�ĂlĚĞhǇĚĞ�
ĚĞhǇĚƌŽŐĞnĂƐĞ�Ϯ�in�iƐchĞŵiĂ�ƌĞpĞƌĨuƐiŽn�inũuƌǇ:��n�upĚĂtĞ.�tŽƌlĚ�:�'ĂƐtƌŽĞntĞƌŽl.�Ϯϰ;ϮϳͿ:Ϯϵϴϰ-Ϯϵϵϰ.��K/:ϭϬ.ϯϳϰϴ/ǁũŐ.ǀϮϰ.
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WĂniƐĞllŽ-ZŽƐĞllſ��͕�sĞƌĚĞ��͕� >ŽpĞǌ��͕�&lŽƌĞƐ�D͕�&Žlch-WuǇ��͕�ZŽlŽ��͕�WĂlŵĞiƌĂ��͕�,ŽttĞƌ�'͕��ĂƌbŽnĞll� d͕ ��ĚĂŵ�Z͕�ZŽƐĞllſ-
�ĂtĂĨĂu.��ǇtŽpƌŽtĞctiǀĞ�DĞchĂniƐŵƐ�in�&ĂttǇ�>iǀĞƌ�WƌĞƐĞƌǀĂtiŽn�ĂŐĂinƐt��ŽlĚ�/ƐchĞŵiĂ�/nũuƌǇ:����ŽŵpĂƌiƐŽn�bĞtǁĞĞn�/'>-ϭ�
ĂnĚ�,d<.��:.�/nt�:�DŽl�^ci.�ϭϵ;ϮͿ.�pii:��ϯϰϴ.��K/:�ϭϬ.ϯϯϵϬ/iũŵƐϭϵϬϮϬϯϰϴ

WĂƌƐ�^͕��ƌiƐtŽ� &͕ � /nĂciŽ� :D͕�ZŽƐĂƐ�'͕��ĂƌƌĞiƌĂ� /D͕�DĞlŽ� :�͕�DĞnĚĞƐ� W͕ �DĂƌtinƐ��^͕�ĚĞ��lŵĞiĚĂ�>W͕ �DĂiŽ� :͕��nũŽƐ�Z͕��ĞlŽ� :��
;ϮϬϭϴͿ�'ĞnĞƌĂtiŽn�ĂnĚ�chĂƌĂctĞƌiǌĂtiŽn�ŽĨ�Ă�huŵĂn�iW^�cĞll�linĞ�ĨƌŽŵ�Ă�pĂtiĞnt-ƌĞlĂtĞĚ�cŽntƌŽl�tŽ�ƐtuĚǇ�ĚiƐĞĂƐĞ�ŵĞchĂniƐŵƐ�
ĂƐƐŽciĂtĞĚ�ǁith���E�ϱ�p.ZϭϱϮ,�ĂltĞƌĂtiŽn.�^tĞŵ��Ğll�ZĞƐ.�ϮϬϭϴ�DĂǇ͖Ϯϵ:ϮϬϮ-ϮϬϲ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.Ɛcƌ.ϮϬϭϴ.Ϭϰ.Ϭϭϱ.��pub�ϮϬϭϴ�
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ϭϴϮ

WĂƌƐ͕�^Ğlin͖��ƌiƐtŽ͕�&ĞƌnĂnĚŽ͖�/nĂciŽ͕�:ŽƐĞ�D.͖�ZŽƐĂƐ͕�'ƌĂcĂ͖��ĂƌƌĞiƌĂ͕�/ƐĂbĞl�DĂƌƋuĞƐ͖�DĞlŽ͕�:ŽĂnĂ��ĂƌbŽƐĂ͖�DĞnĚĞƐ͕�WĂtƌiciĂ͖�
DĂƌtinƐ͕��uĂƌtĞ�^ĂƌĂiǀĂ͖�ĚĞ��lŵĞiĚĂ͕�>uiƐ�WĞƌĞiƌĂ͖�DĂiŽ͕�:ŽƐĞ͖��nũŽƐ͕�Zui͖��ĞlŽ͕�:ŽƐĞ��.�'ĞnĞƌĂtiŽn�ĂnĚ�chĂƌĂctĞƌiǌĂtiŽn�ŽĨ�Ă�
huŵĂn�iW^�cĞll�linĞ�ĨƌŽŵ�Ă�pĂtiĞnt-ƌĞlĂtĞĚ�cŽntƌŽl�tŽ�ƐtuĚǇ�ĚiƐĞĂƐĞ�ŵĞchĂniƐŵƐ�ĂƐƐŽciĂtĞĚ�ǁith���E�ϱ�p.ZϭϱϮ,�ĂltĞƌĂtiŽn.�
^d�D���>>�Z�^��Z�,͕�ϮϬϭϴ͕�Ϯϵ:�ϮϬϮ-ϮϬϲ.��K/:�ϭϬ.ϭϬϭϲ/ũ.Ɛcƌ.ϮϬϭϴ.Ϭϰ.Ϭϭϱ

WĞƌĞƐtƌĞlŽ�d͕ ��hĞn�t͕��ŽƌƌĞiĂ�D͕�>Ğ��͕�WĞƌĞiƌĂ�^͕�ZŽĚƌiŐuĞƐ��^͕�^ŽuƐĂ�D/͕�ZĂŵĂlhŽ-^ĂntŽƐ�:͕�tiƌtǌ��.�^tĞŵ��Ğll�ZĞpŽƌtƐ.�Wluƌi-
/Y:�YuĂntiĨicĂtiŽn�ŽĨ��ŵbƌǇŽnic�^tĞŵ��Ğll�WluƌipŽtĞncǇ�thƌŽuŐh�Ăn�/ŵĂŐĞ-�ĂƐĞĚ��nĂlǇƐiƐ�^ŽĨtǁĂƌĞ.�ϮϬϭϴ��uŐ�ϭϰ͖ϭϭ;ϮͿ:ϲϬϳ.�
ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.ƐtĞŵcƌ.ϮϬϭϴ.Ϭϳ.Ϭϭϲ

WĞƌĞƐtƌĞlŽ�d͕ ��ŽƌƌĞiĂ�D͕�ZĂŵĂlhŽ-^ĂntŽƐ�:͕�tiƌtǌ��.�dƌĞnĚƐ��Ğll��iŽl.�DĞtĂbŽlic�ĂnĚ�DĞchĂnicĂl��uĞƐ�ZĞŐulĂtinŐ�WluƌipŽtĞnt�
^tĞŵ��Ğll�&ĂtĞ͕�ϮϬϭϴ��Ğc͖Ϯϴ;ϭϮͿ:ϭϬϭϰ-ϭϬϮϵ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.tcb.ϮϬϭϴ.Ϭϵ.ϬϬϱ�

WĞƌƌǇ�'͕��ǀilĂ�:͕�DŽƌĞiƌĂ�W/͕�^ŽƌĞnƐĞn���͕�dĂbĂtŽn�D.�WƌĞĨĂcĞ.�:��lǌhĞiŵĞƌƐ��iƐ.�ϮϬϭϴ͖ϲϰ;ƐϭͿ:^ϭ.�ĚŽi:�ϭϬ.ϯϮϯϯ/:��-ϭϳϵϵϰϱ

WĞtƌĞllĂ�>.�/.͕��ĂƐtĞlhĂnŽ�:.͕�ZibĞiƌŽ�D.͕�^ĞƌĞnŽ�:.�s.͕�'ŽnĕĂlǀĞƐ�^.�/.͕�>ĂĕŽ�D.�E.͕�,ĂǇĚĞn�D.͕�ZĞŐŽ��.��.Ύ͕��ĂƐtĞlŽ-�ƌĂncŽ�D.Ύ�
;ϮϬϭϴͿ���ǁhŽlĞ�bƌĂin�lŽnŐituĚinĂl�ƐtuĚǇ�in�Ă�ŵŽuƐĞ�ŵŽĚĞl�ŽĨ�,untinŐtŽn Ɛ͛�ĚiƐĞĂƐĞ�ƐhŽǁƐ�ĚiƐtinct�tƌĂũĞctŽƌiĞƐ�ŽĨ�nĞuƌŽchĞŵicĂl͕�
ƐtƌuctuƌĂl�cŽnnĞctiǀitǇ�ĂnĚ�ǀŽluŵĞtƌic�chĂnŐĞƐ.�,uŵ.�DŽl.�'ĞnĞt.�Ϯϳ͕�ϮϭϮϱ-Ϯϭϯϳ.��Ύ�Ž-cŽƌƌĞƐpŽnĚinŐ�ĂuthŽƌƐ��K/:�ϭϬ.ϭϬϵϯ/
hŵŐ/ĚĚǇϭϭϵ

WĞtƌĞllĂ�>/͕��ĂƐtĞlhĂnŽ�:D͕�ZibĞiƌŽ�D͕�^ĞƌĞnŽ�:s͕�'ŽnĕĂlǀĞƐ�^/͕�>ĂĕŽ�DE͕�,ĂǇĚĞn�DZ͕�ZĞŐŽ���͕��ĂƐtĞlŽ-�ƌĂncŽ�D.���ǁhŽlĞ�
bƌĂin�lŽnŐituĚinĂl�ƐtuĚǇ�in�thĞ�z��ϭϮϴ�ŵŽuƐĞ�ŵŽĚĞl�ŽĨ�,untinŐtŽn Ɛ͛�ĚiƐĞĂƐĞ�ƐhŽǁƐ�ĚiƐtinct�tƌĂũĞctŽƌiĞƐ�ŽĨ�nĞuƌŽchĞŵicĂl͕�
ƐtƌuctuƌĂl�cŽnnĞctiǀitǇ�ĂnĚ�ǀŽluŵĞtƌic�chĂnŐĞƐ.�,uŵ�DŽl�'ĞnĞt.�ϮϬϭϴ�:un�ϭϱ͖Ϯϳ;ϭϮͿ:ϮϭϮϱ-Ϯϭϯϳ.�ĚŽi:�ϭϬ.ϭϬϵϯ/hŵŐ/ĚĚǇϭϭϵ.�
WubDĞĚ�WD/�:�ϮϵϲϲϴϵϬϰ�

WiĞŵŽntĞƐĞ�>͕�dŽŵĄƐ��͕�,iƌĞŵĂthĂĚ��͕��ĂpƌiĂti�s͕��ĂnĚĞiĂƐ��͕��ĂƌĚŽƐŽ�^D͕��hĂǀĞƐ�^͕�^ĂntŽƐ�D�.��ŽnĞpĞǌil�ƐtƌuctuƌĞ-bĂƐĞĚ�
hǇbƌiĚƐ�ĂƐ�pŽtĞntiĂl�ŵultiĨunctiŽnĂl�Ănti-�lǌhĞiŵĞƌ Ɛ͛�ĚƌuŐ�cĂnĚiĚĂtĞƐ.�:��nǌǇŵĞ�/nhib�DĞĚ��hĞŵ.�ϮϬϭϴ��Ğc͖ϯϯ;ϭͿ:ϭϮϭϮ-ϭϮϮϰ.�
ĚŽi:�ϭϬ.ϭϬϴϬ/ϭϰϳϱϲϯϲϲ.ϮϬϭϴ.ϭϰϵϭϱϲϰ

WinhŽ�^η͕�DĂcĞĚŽ�D,η͕�ZĞbĞlŽ��η͕�^ĂƌŵĞntŽ��Ύ͕�&ĞƌƌĞiƌĂ� >Ύ.� ͞^tĞŵ�cĞllƐ�ĂƐ�ǀĞhiclĞƐ�ĂnĚ� tĂƌŐĞtƐ�ŽĨ�nĂnŽpĂƌticlĞƐ .͟��ƌuŐ�
�iƐcŽǀĞƌǇ�dŽĚĂǇ�ϮϬϭϴ͕�Ϯϯ;ϱͿ͕�ϭϬϳϭ-ϭϬϳϴ.��K/:ϭϬ.ϭϬϭϲ/ũ.ĚƌuĚiƐ.ϮϬϭϴ.Ϭϭ.ϬϯϬ

WinhŽ� d^͕� �ŽƌƌĞiĂ� ^�͕� WĞƌƌǇ� '͕� �ŵbƌſƐiŽ� �&͕ � DŽƌĞiƌĂ� W/.� �iŵiniƐhĞĚ� K-'lcE�cǇlĂtiŽn� in� �lǌhĞiŵĞƌ Ɛ͛� ĚiƐĞĂƐĞ� iƐ� ƐtƌŽnŐlǇ�
cŽƌƌĞlĂtĞĚ�ǁith�ŵitŽchŽnĚƌiĂl�ĂnŽŵĂliĞƐ.��iŽchiŵ��iŽphǇƐ��ctĂ�DŽl��ĂƐiƐ��iƐ.�ϮϬϭϴ�EŽǀ�ϲ.�pii:�^ϬϵϮϱ-ϰϰϯϵ;ϭϴͿϯϬϰϰϬ-y.�ĚŽi:�
ϭϬ.ϭϬϭϲ/ũ.bbĂĚiƐ.ϮϬϭϴ.ϭϬ.Ϭϯϳ

WinhŽ� d^͕� sĞƌĚĞ� �D͕� �ŽƌƌĞiĂ� ^�͕� �ĂƌĚŽƐŽ� ^D͕�DŽƌĞiƌĂ� W/.� K-'lcE�cǇlĂtiŽn� ĂnĚ� nĞuƌŽnĂl� ĞnĞƌŐǇ� ƐtĂtuƐ:� /ŵplicĂtiŽnƐ� ĨŽƌ�
�lǌhĞiŵĞƌ Ɛ͛�ĚiƐĞĂƐĞ.��ŐĞinŐ�ZĞƐ�ZĞǀ.�ϮϬϭϴ�^Ğp͖ϰϲ:ϯϮ-ϰϭ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.Ăƌƌ.ϮϬϭϴ.Ϭϱ.ϬϬϯ

WintŽ�DD^�͕�DĂƌinhŽ-ZĞiƐ��W͕ ��lŵĞiĚĂ��͕�&ƌĞitĂƐ�^͕�^iŵƁĞƐ�DZ͕��iniǌ�D>͕�WintŽ��͕�ZĂŵŽƐ�W͕ �^ilǀĂ��&͕ �DŽƌĞiƌĂ�W/.�&inŐĞƌnĂil�
tƌĂcĞ�ĞlĞŵĞnt�cŽntĞnt�in�ĞnǀiƌŽnŵĞntĂllǇ�ĞǆpŽƐĞĚ�inĚiǀiĚuĂlƐ�ĂnĚ�itƐ�inĨluĞncĞ�Žn�thĞiƌ�cŽŐnitiǀĞ�ƐtĂtuƐ�in�ĂŐĞinŐ.��ǆpŽƐuƌĞ�
ĂnĚ�,ĞĂlth�ϮϬϭϴ͖�ϭ-ϭϰ

WitƌĞǌ͕�WZ͕��ƐtƌŽncĂ͕�>͕�sĂǌĆŽ͕�,͕��ŐĞƐipĞ͕��>͕��ŽƌĨ͕ ��>͕�EĂǀĂƌƌŽ͕��͕�>ĠǀǇ͕ �E͕�̂ ĂnĚƌĞ-'iŽǀĂnnŽli͕��͕�EiƐƐĂn͕�y͕�&ĞƌƌĞiƌĂ͕�>.�͞ ^ubƐtƌĂtĞ�
tŽpŽŐƌĂphǇ�ŵŽĚulĂtĞƐ�cĞll�ĂŐinŐ�Žn�Ă�WƌŽŐĞƌiĂ�cĞll�ŵŽĚĞl .͟���^��iŽŵĂtĞƌiĂlƐ�^ciĞncĞ�ĂnĚ��nŐinĞĞƌinŐ�ϮϬϭϴ͕�ϰ;ϱͿ͕�ϭϰϵϴ-ϭϱϬϰ
WŽlǀŽƌĂ-�ƌĂnĚĂŽ͕��uĂƌtĞ͖�:ŽĂƋuiŵ͕�DĂƌiĂnĂ͖�'ŽĚinhŽ͕�/nĞƐ͖��pƌilĞ͕��ŽŵĞnicŽ͖��lǀĂƌŽ͕��nĂ�ZitĂ͖�KnŽĨƌĞ͕�/ƐĂbĞl͖�ZĂpŽƐŽ͕��nĂ�
�lĂuĚiĂ͖�ĚĞ��lŵĞiĚĂ͕�>uiƐ�WĞƌĞiƌĂ͖��uĂƌtĞ͕�^ŽĨiĂ�d.͖�ĚĂ�ZŽchĂ͕�^iŵĂŽ�d.�>ŽƐƐ�ŽĨ�hiĞƌĂƌchicĂl�iŵpƌintinŐ�ƌĞŐulĂtiŽn�Ăt�thĞ�WƌĂĚĞƌ-
tilli/�nŐĞlŵĂn�ƐǇnĚƌŽŵĞ�lŽcuƐ� in�huŵĂn�iW^�Ɛ.�,hD�E�DK>��h>�Z�'�E�d/�^͕�ϮϬϭϴ͕�Ϯϳ;ϮϯͿ:�ϯϵϵϵ-ϰϬϭϭ.��K/:�ϭϬ.ϭϬϵϯ/
hŵŐ/ĚĚǇϮϳϰ

WƌĂĕĂ͕��Ύ͕�ZĂi͕��Ύ͕�̂ ĂntŽƐ͕�d͕ ��ƌiƐtŽǀĆŽ͕���͕�WinhŽ͕�̂ >͕��ĞcchĞlli͕�Z͕��ĞhŽucŬ͕�D-W͕ ��ĞƌnĂƌĚinŽ͕�>͕�&ĞƌƌĞiƌĂ͕�>.�͞ ��nĂnŽĨŽƌŵulĂtiŽn�
ĨŽƌ�thĞ�pƌĞĨĞƌĞntiĂl�ĂccuŵulĂtiŽn�in�ĂĚult�nĞuƌŽŐĞnic�nichĞƐ .͟�:ŽuƌnĂl��ŽntƌŽllĞĚ�ZĞlĞĂƐĞ�ϮϬϭϴ͕�Ϯϴϰ͕�ϱϳ-ϳϮ.��K/:�ϭϬ.ϭϬϭϲ/ũ.
jconrel.2018.06.013

WƌĞtŽ��W͕ ��lŵĞiĚĂ�:'͕�̂ chĂĂƌƐchŵiĚt͕�:�yuĞ�>�͕�DŽƌĞiƌĂ�/^͕��Žnǀin��D::͕��ŽŵputĂtiŽnĂl�tŽŽlƐ�ĨŽƌ�thĞ�ƐtƌuctuƌĂl�chĂƌĂctĞƌiǌĂtiŽn�
ŽĨ� pƌŽtĞinƐ� ĂnĚ� thĞiƌ� cŽŵplĞǆĞƐ� ĨƌŽŵ� ƐĞƋuĞncĞ-ĞǀŽlutiŽnĂƌǇ�ĚĂtĂ.� �ncǇclŽpĞĚiĂ�ŽĨ��nĂlǇticĂl� �hĞŵiƐtƌǇ͕ � ϮϬϭϴ� -� /n�pƌĞƐƐ͖�
httpƐ://ĚŽi.ŽƌŐ/ϭϬ.ϭϬϬϮ/ϵϳϴϬϰϳϬϬϮϳϯϭϴ.Ăϵϲϭϱ



ϭϴϯ

YuĞƌiĚŽ͕�DD͕� &ĞlŐuĞiƌĂƐ�,W͕ � ZĂi͕� �͕�DŽntĞiƌŽ͕� �͕�KliǀĞiƌĂ͕��͕� &ĞƌƌĞiƌĂ͕� >͕�DĂƌtinƐ�D�>.� ͞�ntiŵicƌŽbiĂl� cŽĂtinŐ� tŽ� pƌĞǀĞnt�
inĨĞctiŽnƐ�ĂƐƐŽciĂtĞĚ�ǁith�pŽlǇuƌĞthĂnĞ�ǁithŽut� inĚucinŐ�plĂtĞlĞt�ĂĚhĞƐiŽn�ĂnĚ�ĂctiǀĂtiŽn .͟��ĚǀĂncĞĚ�DĂtĞƌiĂlƐ� /ntĞƌĨĂcĞ�
;ƐubŵittĞĚͿ.��K/:�ϭϬ.ϯϯϵϬ/ŵĚϭϳϬϰϬϮϰϯ

ZĂƐhĞĚi��^͕�ĚĞ�ZŽŽ�^&͕ ��tĂŵĂn�>D͕��ĚŵŽnĚƐ�D�͕�^ilǀĂ���͕�^cĂƌĞllĂ��͕�,ŽƌbĂcǌĞǁƐŬĂ��͕��nĂǌŽĚŽ��͕��ƌǀĂƐ��͕�ZĂŵĂlhŽ�ĚĞ�
�ĂƌǀĂlhŽ��͕�^ĂƌtŽƌiŽ��͕��ĞĞƌĞnĚŽnŬ���D͕��iĂǌ-'ĂƌciĂ��͕�^uh��^͕�DĞlŽ��͕��nĚĞƌƐĞn��z͕ �DŽttĂ��͕�'ƌĞĞnblĂtt��D͕�sĂn�DŽĞƌ��͕�
�ĂnĚ��͕�ZĞiƐ�&D͕�̂ ĄnchĞǌ�&͕ �dĞƌƌĂĚŽ�'͕�ZŽĚƌiŐuĞƐ�:<͕�DĂƌcŽƐ�ĚĞ�DĞnĞƐĞƐ���̂ ilǀĂ�:͕�̂ ŵitǌ�:͕�DĞĚƌĂnŽ�:͕�>ĞĞ�:Z͕�tinŬlĞƌ-�ƌĞpĂǌ�<͕�
^ŵith�<͕�&ĞƌƌĞiƌĂ�DĞlŽ���̂ ilǀĂ�>,͕�tilĚt�>͕�̂ ĂlĂŵĂ�D͕��Ğl�DĂƌ��nĚƌĠƐ�D͕��ŽuƌlŽn�Dd͕ �sĞŐĂ�D͕��hĞhin�D�͕��Ğ�sŽƐ�D͕�<hƌŽuĨ�D͕�
^uǌuŬi�E͕��ǌŵǇ�K͕�&ŽntŽuƌĂ�W͕ ��ĂŵpŽƐ-:uniŽƌ�W,�͕�DĂllŵĂnn�W͕ ��ǌĂŵbuũĂ�Z͕�DĂƌinhŽ�ZD͕��nĚĞƌƐŽn�Z�͕�:Ăch�Z͕��ntunĞƐ�Z�͕�
DitchĞll�Z͕�&Ăthi�Z͕��ĚiŐĂ�^<͕�dĂŬĂĞ�̂ ͕�<iŵ�̂ ,͕�ZŽŵĞƌŽ�^͕�'ƌiĞcŽ�̂ �͕�̂ hĂulŽǀ�d͕ �&uƌui�d͕ ��lŵĞiĚĂ-^ĂntŽƐ�d͕ �EĞlĞn�t͕�:ĂǇĂƐinŐhĞ�z͕ �
^uŐiƐhitĂ�z͕ �tŽŽĚƌuĨĨ�d<.�^uƌǀĞǇ�ŽĨ�dhiƌĚ-WĂƌtǇ�WĂƌĞntinŐ�KptiŽnƐ��ƐƐŽciĂtĞĚ�tith�&ĞƌtilitǇ�WƌĞƐĞƌǀĂtiŽn��ǀĂilĂblĞ�tŽ�WĂtiĞntƐ�
tith��ĂncĞƌ��ƌŽunĚ�thĞ�'lŽbĞ.��:�'lŽb�KncŽl.�ϮϬϭϴ�^Ğp͖ϰ:ϭ-ϳ.�ĚŽi:�ϭϬ.ϭϮϬϬ/:'K.ϮϬϭϳ.ϬϬϵϵϰϰ

ZĂƐhĞĚi��^͕�ĚĞ�ZŽŽ�^&͕ ��tĂŵĂn�>D͕��ĚŵŽnĚƐ�D�͕�^ilǀĂ���͕�^cĂƌĞllĂ��͕�,ŽƌbĂcǌĞǁƐŬĂ��͕��nĂǌŽĚŽ��͕��ƌǀĂƐ��͕�ZĂŵĂlhŽ�ĚĞ�
�ĂƌǀĂlhŽ��͕�^ĂƌtŽƌiŽ��͕��ĞĞƌĞnĚŽnŬ���D͕��iĂǌ-'ĂƌciĂ��͕�^uh��^͕�DĞlŽ��͕�zĚinŐ��nĚĞƌƐĞn��͕�DŽttĂ��͕�'ƌĞĞnblĂtt��D͕�sĂn�
DŽĞƌ��͕��ĂnĚ��͕�ZĞiƐ�&D͕�^ĄnchĞǌ�&͕ �dĞƌƌĂĚŽ�'͕�ZŽĚƌiŐuĞƐ�:<͕�ĚĞ�DĞnĞƐĞƐ���^ilǀĂ�:D͕�^ŵitǌ�:͕�DĞĚƌĂnŽ�:͕�>ĞĞ�:Z͕�tinŬlĞƌ-
�ƌĞpĂǌ�<͕�^ŵith�<͕�&ĞƌƌĞiƌĂ�DĞlŽ���^ilǀĂ�>,͕�tilĚt�>͕�^ĂlĂŵĂ�D͕��Ğl�DĂƌ��nĚƌĠƐ�D͕��ŽuƌlŽn�Dd͕ �sĞŐĂ�D͕��hĞhin�D�͕��Ğ�sŽƐ�
D͕�<hƌŽuĨ�D͕�^uǌuŬi�E͕��ǌŵǇ�K͕�&ŽntŽuƌĂ�W͕ ��ĂŵpŽƐ-:uniŽƌ�W,�͕�DĂllŵĂnn�W͕ ��ǌĂŵbuũĂ�Z͕�DĂƌinhŽ�ZD͕��nĚĞƌƐŽn�Z�͕�:Ăch�
Z͕��ntunĞƐ�Z�͕�DitchĞll�Z͕�&Ăthi�Z͕��ĚiŐĂ�^<͕�dĂŬĂĞ�^͕�<iŵ�^,͕�ZŽŵĞƌŽ�^͕��hĞĚiĚ�'ƌiĞcŽ�^͕�^hĂulŽǀ�d͕ �&uƌui�d͕ ��lŵĞiĚĂ-^ĂntŽƐ�
d͕ �EĞlĞn�t͕�:ĂǇĂƐinŐhĞ�z͕ �^uŐiƐhitĂ�z͕ �tŽŽĚƌuĨĨ�d<.�:�'lŽb�KncŽl.�^uƌǀĞǇ�ŽĨ�&ĞƌtilitǇ�WƌĞƐĞƌǀĂtiŽn�KptiŽnƐ��ǀĂilĂblĞ�tŽ�WĂtiĞntƐ�
tith��ĂncĞƌ��ƌŽunĚ�thĞ�'lŽbĞ.�ϮϬϭϴ�^Ğp͖ϰ:ϭ-ϭϲ.�ĚŽi:�ϭϬ.ϭϮϬϬ/:'K.ϮϬϭϲ.ϬϬϴϭϰϰ

ZĞĂl�:/͕�^iŵƁĞƐ��W͕ ��unhĂ�Z�͕�&ĞƌƌĞiƌĂ�^'͕�ZiĂl���;ϮϬϭϴͿ��ĚĞnŽƐinĞ��Ϯ��ƌĞcĞptŽƌƐ�ŵŽĚulĂtĞ�thĞ�ĚŽpĂŵinĞ��Ϯ�ƌĞcĞptŽƌ-
ŵĞĚiĂtĞĚ�inhibitiŽn�ŽĨ�ƐǇnĂptic�tƌĂnƐŵiƐƐiŽn�in�thĞ�ŵŽuƐĞ�pƌĞĨƌŽntĂl�cŽƌtĞǆ.��uƌŽpĞĂn�:ŽuƌnĂl�ŽĨ�EĞuƌŽƐciĞncĞ�ϰϳ:�ϭϭϮϳ-ϯϰ.�
�K/:�ϭϬ.ϭϭϭϭ/Ğũn.ϭϯϵϭϮ

ZibĞiƌŽ�/W͕ ��ĂƌĂŵĞlŽ�&͕ ��ƐtĞǀĞƐ�>͕�KliǀĞiƌĂ��͕�DĂƌƋuĞƐ�&͕ ��ĂƌƌŽƐŽ�>͕�DĞlŽ�:�͕��ĂƌƌĞiƌĂ�/D�;ϮϬϭϴͿ�'ĞnŽŵic�ĂnĚ�ĞpiŐĞnĞtic�
ƐiŐnĂtuƌĞƐ�ĂƐƐŽciĂtĞĚ�ǁith�ƐuƌǀiǀĂl�ƌĂtĞ�in�ŽƌĂl�ƐƋuĂŵŽuƐ�cĞll�cĂƌcinŽŵĂ�pĂtiĞntƐ.�:��ĂncĞƌ�ϵ;ϭϭͿ:ϭϴϴϱ-ϭϴϵϱ.�ĚŽi:ϭϬ.ϳϭϱϬ/
jca.23239

ZibĞiƌŽ�/W͕ �ZŽĚƌiŐuĞƐ�:͕�DĂƐcĂƌĞnhĂƐ��͕�<ŽƐǇĂŬŽǀĂ�E͕��ĂƌĂŵĞlŽ�&͕ �>iĞhƌ�d͕ �DĞlŽ�:�͕��ĂƌƌĞiƌĂ�/D�;ϮϬϭϴͿ��ǇtŽŐĞnĞtic͕�ŐĞnŽŵic�
ĂnĚ�ĞpiŐĞnĞtic�chĂƌĂctĞƌiǌĂtiŽn�ŽĨ�,^�-ϯ�tŽnŐuĞ�cĞll�linĞ͕�ǁith�lǇŵphnŽĚĞ�ŵĞtĂƐtĂƐiƐ.�:�KƌĂl�^ciĞncĞ�ϲϬ:ϳϬ-ϴϭ

ZibĞiƌŽ�D͕��ĂƐtĞlhĂnŽ�:͕�WĞtƌĞllĂ�>/͕�^ĞƌĞnŽ�:͕�ZŽĚƌiŐuĞƐ�d͕ �EĞǀĞƐ��͕�>ĞtƌĂ�>͕��ĂptiƐtĂ�&/͕�^ĞiĕĂ�Z͕�DĂtĂĨŽŵĞ�W͕ ��ĂƐtĞlŽ-�ƌĂncŽ�
D.�,iŐh-ĨĂt�ĚiĞt�inĚucĞƐ�Ă�nĞuƌŽŵĞtĂbŽlic�ƐtĂtĞ�chĂƌĂctĞƌiǌĞĚ�bǇ�chĂnŐĞƐ�in�ŐlutĂŵĂtĞ�ĂnĚ�E-ĂcĞtǇlĂƐpĂƌtĂtĞ��pŽŽlƐ�
ĂƐƐŽciĂtĞĚ�ǁith�ĞĂƌlǇ�ŐlucŽƐĞ�intŽlĞƌĂncĞ:��n�in�ǀiǀŽ�ŵultiŵŽĚĂl�DZ/�ƐtuĚǇ.�:�DĂŐn�ZĞƐŽn�/ŵĂŐinŐ.�ϮϬϭϴ�:Ăn�Ϯϲ.�ĚŽi:�
ϭϬ.ϭϬϬϮ/ũŵƌi.ϮϱϵϰϮ.�΀�pub�ĂhĞĂĚ�ŽĨ�pƌint΁�WubDĞĚ�WD/�:�ϮϵϯϳϳϰϭϮ�

ZibĞiƌŽ�D:͕��ĂƐtĞlŽ-�ƌĂncŽ�D.��ŐĞ-ƌĞlĂtĞĚ�ĚiĨĨĞƌĞncĞƐ�in�ĞǀĞnt-ƌĞlĂtĞĚ�pŽtĞntiĂlƐ�ĂnĚ�pupillĂƌǇ�ƌĞƐpŽnƐĞƐ�in�cuĞĚ�ƌĞĂctiŽn�
tiŵĞ�tĂƐŬƐ.�EĞuƌŽbiŽl��ŐinŐ.��ϮϬϭϵ�:Ăn͖ϳϯ:ϭϳϳ-ϭϴϵ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.nĞuƌŽbiŽlĂŐinŐ.ϮϬϭϴ.Ϭϵ.ϬϮϴ.��pub�ϮϬϭϴ�^Ğp�Ϯϳ.�WubDĞĚ�
WD/�:�ϯϬϯϲϲϮϵϭ

ZŽĚƌiŐuĞƐ��&͕ �^ĞƌƌĂnŽ��͕�WĂtƌşciŽ�D/͕��sĂl�DD͕���lbuƋuĞƌƋuĞ�W͕ �&ŽnƐĞcĂ�:͕�'ŽŵĞƐ��͕��bƌunhŽƐĂ��:͕�WĂiǀĂ��͕��ĂƌǀĂlhŽ�>͕�
�ŽtĞlhŽ�D&͕ ���lŵĞiĚĂ�>͕��ĂƌƌĞiƌĂ�/D�Ğ��lpŽiŵ�D�.�^tƌŽŵĂ-ĚĞƌiǀĞĚ�/>-ϲ͕�'-�^&�ĂnĚ��ctiǀin-��ŵĞĚiĂtĞĚ�ĚĞĚiĨĨĞƌĞntiĂtiŽn�ŽĨ�
lunŐ�cĂƌcinŽŵĂ�cĞllƐ�intŽ�cĂncĞƌ�ƐtĞŵ�cĞllƐ.��^ciĞntiĨic�ZĞpŽƌtƐ�ϴ:ϭϭϱϳϯ�;ϭϮ�pĂŐĞƐͿ�;ϮϬϭϴͿ.��K/:ϭϬ.ϭϬϯϴ/Ɛϰϭϱϵϴ-Ϭϭϴ-Ϯϵϵϰϳ-ǁ

ZŽĚƌiŐuĞƐ͕��ĂƌlŽƐ�&.��.͖�^ĞƌƌĂnŽ͕��uƌicŽ͖�WĂtƌiciŽ͕�DĂƌiĂ�/.͖�sĂl͕�DĂƌiĂnĂ�D.͖��lbuƋuĞƌƋuĞ͕�WĂtƌiciĂ͖�&ŽnƐĞcĂ͕�:ŽĂŽ͖�'ŽŵĞƐ͕�
�ĞliĂ�D.�&.͖��bƌunhŽƐĂ͕��ntĞƌŽ�:.͖�WĂiǀĂ͕��ƌtuƌ͖��ĂƌǀĂlhŽ͕�>inĂ͖�&ilŽŵĞnĂ��ŽtĞlhŽ͕�D.͖��lŵĞiĚĂ͕�>uiƐ͖��ĂƌƌĞiƌĂ͕�/ƐĂbĞl�D.͖�
�lpŽiŵ͕�DĂƌiĂ��ĂƌŵĞn.�^tƌŽŵĂ-ĚĞƌiǀĞĚ�/>-ϲ͕�'-�^&�ĂnĚ��ctiǀin-��ŵĞĚiĂtĞĚ�ĚĞĚiĨĨĞƌĞntiĂtiŽn�ŽĨ�lunŐ�cĂƌcinŽŵĂ�cĞllƐ�intŽ�
cĂncĞƌ�ƐtĞŵ�cĞllƐ.�^�/�Ed/&/��Z�WKZd^͕�ϮϬϭϴ͕�ϴ:�ϭϭϱϳϯ.��K/:�ϭϬ.ϭϬϯϴ/Ɛϰϭϱϵϴ-Ϭϭϴ-Ϯϵϵϰϳ-ǁ

ZŽĚƌiŐuĞƐ-EĞǀĞƐ���͕��iƌĞƐ�/�͕�sinĚĞiƌinhŽ�:͕��ŽiĂ�Z͕�DĂĚĞiƌĂ�D,͕�'ŽnĕĂlǀĞƐ�&Y͕��unhĂ�Z�͕�^ĂntŽƐ�W&͕ ��ŵbƌſƐiŽ��&�ĂnĚ�
^ĂntiĂŐŽ��Z�;ϮϬϭϴͿ��lĞǀĂtĞĚ�pƌĞƐƐuƌĞ�chĂnŐĞƐ�thĞ�puƌinĞƌŐic�ƐǇƐtĞŵ�ŽĨ�ŵicƌŽŐliĂl�cĞllƐ.�&ƌŽntiĞƌƐ�in�WhĂƌŵĂcŽlŽŐǇ�ϵ:�ϭϲ.�
�K/:�ϭϬ.ϯϯϴϵ/ĨphĂƌ.ϮϬϭϴ.ϬϬϬϭϲ

ZŽŵĂnŽ�^͕�DŽuƌĂ�s͕�^iŵƁĞƐ�^͕�DŽƌĞiƌĂ�:EΎ͕�'ŽnĕĂlǀĞƐ�:Ύ͕��nticĂncĞƌ�ĂctiǀitǇ�ĂnĚ�ĂntibŽĚǇ-ĚĞpĞnĚĞnt�cĞll-ŵĞĚiĂtĞĚ�
cǇtŽtŽǆicitǇ�ŽĨ�nŽǀĞl�Ănti-nuclĞŽlin�ĂntibŽĚiĞƐ.��^ciĞntiĨic�ZĞpŽƌtƐ.�ϮϬϭϴ�DĂǇ�ϭϬ͖ϴ;ϭͿ:ϳϰϱϬ.�ĚŽi:�ϭϬ.ϭϬϯϴ/Ɛϰϭϱϵϴ-Ϭϭϴ-Ϯϱϴϭϲ-
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ϭϴϰ

^.��ŽŵinŐuĞƐ͕�E.�ZŽƐĄƌiŽ͕�,.��Ğn��hĞiŬh͕�'.�:.��Ă�^ilǀĂ.�/^�bĂϭ�ĂnĚ�dnϲϭϲϴ�ĂcƋuiƐitiŽn�bǇ�nĂtuƌĂl�tƌĂnƐĨŽƌŵĂtiŽn�lĞĂĚƐ�tŽ�
thiƌĚ-ŐĞnĞƌĂtiŽn�cĞphĂlŽƐpŽƌinƐ�ƌĞƐiƐtĂncĞ�in��cinĞtŽbĂctĞƌ�bĂuŵĂnnii.�/nĨĞctiŽn͕�'ĞnĞticƐ�ĂnĚ��ǀŽlutiŽn͕�ϮϬϭϴ͕�ϲϯ:ϭϯ-ϭϲ.�
httpƐ://ĚŽi.ŽƌŐ/ϭϬ.ϭϬϭϲ/ũ.ŵĞĞŐiĚ.ϮϬϭϴ.Ϭϱ.ϬϬϳ

^ĂnĚƌĂ�:ĞƐuƐ͕��liǌĂnŐĞlĂ�,.�&ƌĂŐĂl͕��ĚlĞǇ�&.�ZubiƌĂ͕��ĚǀĂni��.�Duniǌ͕��ƌtuƌ�:.�D.�sĂlĞntĞ͕�KlŐĂ��ŽƌŐĞƐ�;ϮϬϭϴͿ͖�dhĞ�incluƐiŽn�ŽĨ�
chitŽƐĂn�in�pŽlǇ-Ğ-cĂpƌŽlĂctŽnĞ�nĂnŽpĂƌticlĞƐ:�/ŵpĂct�Žn�thĞ�ĚĞliǀĞƌǇ�ƐǇƐtĞŵ�chĂƌĂctĞƌiƐticƐ�ĂnĚ�Žn�thĞ�ĂĚƐŽƌbĞĚ�ŽǀĂlbuŵin�
ƐĞcŽnĚĂƌǇ�ƐtƌuctuƌĞ͖���W^�WhĂƌŵ^cidĞch.�ϭϵ;ϭͿ:ϭϬϭ-ϭϭϯ��K/:�ϭϬ.ϭϮϬϴ/ƐϭϮϮϰϵ-Ϭϭϳ-ϬϴϮϮ-ϭ

^ĂntĂnĂ�/͕��ĂlĚĞiƌĂƐ�/͕�^ĂntiĂŐŽ��͕��uƌŽ��͕�&ƌĞitĂƐ�^͕�dĄbuĂƐ-WĞƌĞiƌĂ�D͕��lŵĞiĚĂ�DZ͕�KliǀĞiƌĂ��Z�hnĚĞƌlǇinŐ�biŽlŽŐicĂl�
pƌŽcĞƐƐĞƐ�in�ŵilĚ�cŽŐnitiǀĞ�iŵpĂiƌŵĞnt:�ĂŵǇlŽiĚŽƐiƐ�ǀĞƌƐuƐ�nĞuƌŽĚĞŐĞnĞƌĂtiŽn.��:��lǌhĞiŵĞƌƐ��iƐ.�ϮϬϭϴ͖�ϲϰ;ƐϭͿ:^ϲϰϳ-^ϲϱϳ.�
ĚŽi:�ϭϬ.ϯϮϯϯ/:��-ϭϳϵϵϬϴ

^ĂntŽƐ��͕�^ĂntŽƐ�D:͕��lǀĞƐ-&ĞƌƌĞiƌĂ�D͕��ŽĞlhŽ�d͕ �^ĞƋuĞiƌŽƐ�:͕��lŽnƐŽ�/͕�KliǀĞiƌĂ�W͕ �^ŽuƐĂ��͕�>ĞŵŽƐ��͕�'ƌĂǌinĂ�D�
;ϮϬϭϴͿ.�ŵt�E��cŽpǇ�nuŵbĞƌ�ĂƐƐŽciĂtĞĚ�ǁith�ĂŐĞ�ŽĨ�ŽnƐĞt�in�ĨĂŵiliĂl�ĂŵǇlŽiĚ�pŽlǇnĞuƌŽpĂthǇ.�:�EĞuƌŽl�EĞuƌŽƐuƌŐ�
WƐǇchiĂtƌǇ.͖ϴϵ;ϯͿ:ϯϬϬ-ϯϬϰ.�ĚŽi:�ϭϬ.ϭϭϯϲ/ũnnp-ϮϬϭϳ-ϯϭϲϲϱϳ.��pub�ϮϬϭϳ�Kct�ϭϬ

^ĂƌĂiǀĂ͕��͕�dĂlhĂĚĂ͕��͕�ZĂi͕��͕�&ĞƌƌĞiƌĂ͕�Z͕�&ĞƌƌĞiƌĂ͕�>͕�tiĞlŽch͕�d͕ ��ĞƌnĂƌĚinŽ͕�>Ύ͕�ZuƐchĞƌ͕ �<Ύ.�͞DicƌŽZE�-ϭϮϰ-lŽĂĚĞĚ�
nĂnŽpĂƌticlĞƐ�incƌĞĂƐĞ�ƐuƌǀiǀĂl�ĂnĚ�nĞuƌŽnĂl�ĚiĨĨĞƌĞntiĂtiŽn�ŽĨ�nĞuƌĂl�ƐtĞŵ�cĞllƐ�in�ǀitƌŽ�but�ĚŽ�nŽt�cŽntƌibutĞ�tŽ�ƐtƌŽŬĞ�
ŽutcŽŵĞ�in�ǀiǀŽ .͟�W>Ž^�KnĞ�ϮϬϭϴ͕�ϭϯ;ϯͿ:�ĞϬϭϵϯϲϬϵ.��K/:�ϭϬ.ϭϯϳϭ/ũŽuƌnĂl.pŽnĞ.ϬϭϵϯϲϬϵ

^ĂƌŐĞntŽ-&ƌĞitĂƐ�:͕��ĚĂǇ�^͕�EunĞƐ��͕��ŽƌĚĞiƌŽ�D͕�'ŽuǀĞiĂ��͕�^ilǀĂ�&͕ �DĂchĂĚŽ��͕�ZŽĚƌiŐuĞƐ��͕�^ĂntŽ�'�͕�&ĞƌƌĞiƌĂ��͕��ĂƐtĞlŽ-
�ƌĂncŽ�D͕�&ĞƌƌĞiƌĂ�>͕��unhĂ�>.��nĚŽthĞliĂl�WƌŽŐĞnitŽƌ��ĞllƐ�inĨluĞncĞ�ĂcutĞ�ĂnĚ�ƐubĂcutĞ�ƐtƌŽŬĞ�hĞŵŽĚǇnĂŵicƐ.�:��EĞuƌŽl�
^ci.�ϮϬϭϴ�&Ğb�ϭϱ͖ϯϴϱ:ϭϭϵ-ϭϮϱ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.ũnƐ.ϮϬϭϳ.ϭϮ.ϬϮϴ.��pub�ϮϬϭϳ��Ğc�Ϯϰ.�WubDĞĚ�WD/�:�ϮϵϰϬϲϴϴϵ�

^ĂƌŐĞntŽ-&ƌĞitĂƐ͕�:͕��ĚĂǇ͕ �^͕�EunĞƐ͕��͕��ŽƌĚĞiƌŽ͕�D͕�'ŽuǀĞiĂ͕��͕�^ilǀĂ͕�&͕ �DĂchĂĚŽ͕��͕�ZŽĚƌiŐuĞƐ͕��͕��ŽƌĚĞiƌŽ͕�'͕�&ĞƌƌĞiƌĂ͕�
�͕��ĂƐtĞlŽ-�ƌĂncŽ͕�D͕�&ĞƌƌĞiƌĂ͕�>Ύ�ĂnĚ��unhĂ͕�>Ύ.�͞�nĚŽthĞliĂl�pƌŽŐĞnitŽƌ�cĞllƐ�inĨluĞncĞ�ĂcutĞ�ĂnĚ�ƐubĂcutĞ�ƐtƌŽŬĞ�
hĞŵŽĚǇnĂŵicƐ .͟�:ŽuƌnĂl�ŽĨ�thĞ�EĞuƌŽlŽŐicĂl�^ciĞncĞƐ�ϮϬϭϴ͕�ϯϴϱ͕�ϭϭϵ-ϭϮϱ.��K/:�ϭϬ.ϭϬϭϲ/ũ.ũnƐ.ϮϬϭϳ.ϭϮ.ϬϮϴ

^ĂƌŐĞntŽ-&ƌĞitĂƐ͕�:͕��ĚĂǇ͕ �^͕�EunĞƐ͕��͕��ŽƌĚĞiƌŽ͕�D͕�'ŽuǀĞiĂ͕��͕�^ilǀĂ͕�&͕ �DĂchĂĚŽ͕��͕�ZŽĚƌiŐuĞƐ͕��͕�^ĂntŽ͕�'�͕�&ĞƌƌĞiƌĂ͕�
�͕��ŵŽƌiŵ͕��͕�^ŽuƐĂ͕�^͕�'ŽŵĞƐ͕���͕��ĂƐtĞlŽ-�ƌĂncŽ͕�D͕�&ĞƌƌĞiƌĂ͕�>Ύ�ĂnĚ��unhĂ͕�>Ύ.�͞�nĚŽthĞliĂl�pƌŽŐĞnitŽƌ�cĞllƐ�
ĞnhĂncĞ�blŽŽĚ-bƌĂin�bĂƌƌiĞƌ�pĞƌŵĞĂbilitǇ�in�ƐubĂcutĞ�ƐtƌŽŬĞ .͟�EĞuƌŽlŽŐǇ�ϮϬϭϴ͕�ϵϬ;ϮͿ͕�ĞϭϮϳ-Ğϭϯϰ.��K/:ϭϬ.ϭϮϭϮ/
tE>.ϬϬϬϬϬϬϬϬϬϬϬϬϰϴϬϭ

^ĂƌŐĞntŽ-&ƌĞitĂƐ͕�:͕�WĞƌĞiƌĂ͕��͕�'ŽŵĞƐ͕��͕��ŵŽƌiŵ͕�W͕ �DĂtŽƐ͕�d͕ ��ĂƌĚŽƐŽ͕��DW͕ �^ilǀĂ�&͕ �^ĂntŽ͕�'�͕�EunĞƐ͕��͕�'ĂlĞŐŽ͕�K͕��ĂƌĚĂ͕�
:͕��ƌĂncŽ͕�:͕�>ŽuƌĞnĕŽ͕�s͕��unhĂ͕�>͕�&ĞƌƌĞiƌĂ͕�>.��͞^dZK<�ϯϰ�ƐtuĚǇ�pƌŽtŽcŽl:���ƌĂnĚŽŵiǌĞĚ�cŽntƌŽllĞĚ�phĂƐĞ�//Ă�tƌiĂl�ŽĨ�intƌĂ-
ĂƌtĞƌiĂl���ϯϰн�cĞllƐ�in�ĂcutĞ�iƐchĞŵic�ƐtƌŽŬĞ .͟�&ƌŽntiĞƌƐ�EĞuƌŽlŽŐǇ�ϮϬϭϴ͕�ϵ͕�ϯϬϮ.��K/:�ϭϬ.ϯϯϴϵ/ĨnĞuƌ.ϮϬϭϴ.ϬϬϯϬϮ

^chiĞĚĞl���͕�<ŽƐĞ�D͕��ĂƌƌĞtŽ��͕��uĞƐchbĞll��͕�DŽƌƌĂ�'͕�^ĞnƐŽǇ�K͕�DŽƌĞiƌĂ�/^͕��WƌĞĚictiŽn�ĂnĚ�tĂƌŐĞtinŐ�ŽĨ�intĞƌĂctiŽn�
intĞƌĨĂcĞƐ�in�'-pƌŽtĞin�cŽuplĞĚ�ƌĞcĞptŽƌ�ŽliŐŽŵĞƌƐ͕��uƌƌ�dŽpicƐ�DĞĚ��hĞŵ͕�ϮϬϭϴ͖�ϭϴ͕�ϳϭϰ-ϳϰϲ

^ĞlǀĂŐŐiŽ͕�'.͕��ŽĞlhŽ͕�W.D.�.D.͕�^ĂlǀĂĚŽƌ͕ ��.�;ϮϬϭϴͿ.�͞DĂppinŐ�thĞ�phĞnŽtǇpic�ƌĞpĞƌtŽiƌĞ�ŽĨ�thĞ�cǇtŽplĂƐŵic�Ϯ-�ǇƐ�
pĞƌŽǆiƌĞĚŽǆin�-�thiŽƌĞĚŽǆin�ƐǇƐtĞŵ.�ϭ.�hnĚĞƌƐtĂnĚinŐ�cŽŵŵŽnĂlitiĞƐ�ĂnĚ�ĚiĨĨĞƌĞncĞƐ�ĂŵŽnŐ�cĞll�tǇpĞƐ͕͟ �ZĞĚŽǆ��iŽlŽŐǇ�ϭϱ͕�
Ϯϵϳ-ϯϭϱ.��K/:�ϭϬ.ϭϬϭϲ/ũ.ƌĞĚŽǆ.ϮϬϭϳ.ϭϮ.ϬϬϴ

^ĞƋuĞiƌĂ��͕�^ĞĂbƌĂ��͕�WĂlŵĂ�W͕ ��ĂƌĚŽƐŽ��͕�WĞĕĂ�:͕��^ĂntŽƐ�:�;ϮϬϭϴͿ��ĨĨĞctƐ�ŽĨ�Ă�EĞǁ��iŽcĞƌĂŵic�DĂtĞƌiĂl�Žn�,uŵĂn��picĂl�
WĂpillĂ��ĞllƐ.�:�&unct��iŽŵĂtĞƌ�ϵ͕�ϳϰ.

^ĞƌƌĂ��͕��lŵĞiĚĂ�>͕��iniƐ�d�;ϮϬϭϴͿ��iĞtĂƌǇ�pŽlǇphĞnŽlƐ:�Ă�nŽǀĞl�ƐtƌĂtĞŐǇ�tŽ�ŵŽĚulĂtĞ�ŵicƌŽbiŽtĂ-Őut-bƌĂin�ĂǆiƐ.�dƌĞnĚƐ�&ŽŽĚ�
^ci�dĞchnŽl�ϳϴ:�ϮϮϰ-Ϯϯϯ.�ĚŽi.ŽƌŐ/ϭϬ.ϭϬϭϲ/ũ.tiĨƐ.ϮϬϭϴ.Ϭϲ.ϬϬϳ�;/&�ϴ͕ϱϭϵ͖�Yϭ�&ŽŽĚ�^ciĞncĞ�/�iŽtĞchnŽlŽŐǇͿ

^ĞƌƌĂ͕�^.�.͕�:.�.��ŽƐtĂ͕�Z.�.��ƐƐuncĂŽ-^ilǀĂ͕�&.'.�dĞiǆĞiƌĂ͕�E.�.�^ilǀĂ͕�^./.��nũŽ͕��.�DĂnĂĚĂƐ͕�:.D.�'iŵblĞ͕�>.�.��ĞhiĞ͕�ĂnĚ�
�.:.�^ĂlŐĂĚŽ͕�/nĨluĞncĞ�ŽĨ�pĂƐƐĂŐĞ�nuŵbĞƌ�Žn�thĞ�iŵpĂct�ŽĨ�thĞ�ƐĞcƌĞtŽŵĞ�ŽĨ�ĂĚipŽƐĞ�tiƐƐuĞ�ƐtĞŵ�cĞllƐ�Žn�nĞuƌĂl�
ƐuƌǀiǀĂl͕�nĞuƌŽĚiĨĨĞƌĞntiĂtiŽn�ĂnĚ�ĂǆŽnĂl�ŐƌŽǁth.��iŽchiŵiĞ͕�ϮϬϭϴ.�ϭϱϱ:�p.�ϭϭϵ-ϭϮϴ.�httpƐ://ǁǁǁ.ncbi.nlŵ.nih.ŐŽǀ/
pubŵĞĚ/ϯϬϯϰϮϭϭϮ�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.biŽchi.ϮϬϭϴ.Ϭϵ.ϬϭϮ

^ĞƌƌĂ͕�^.�.͕�:.�.��ŽƐtĂ͕�Z.�.��ƐƐuncĂŽ-^ilǀĂ͕�&.'.�dĞiǆĞiƌĂ͕�E.�.�^ilǀĂ͕�^./.��nũŽ͕��.�DĂnĂĚĂƐ͕�:.D.'iŵblĞ͕�>.�.��ĞhiĞ͕�ĂnĚ��.:.�
^ĂlŐĂĚŽ͕�/nĨluĞncĞ�ŽĨ�pĂƐƐĂŐĞ�nuŵbĞƌ�Žn�thĞ�iŵpĂct�ŽĨ�thĞ�ƐĞcƌĞtŽŵĞ�ŽĨ�ĂĚipŽƐĞ�tiƐƐuĞ�ƐtĞŵ�cĞllƐ�Žn�nĞuƌĂl�ƐuƌǀiǀĂl͕�
nĞuƌŽĚiĨĨĞƌĞntiĂtiŽn�ĂnĚ�ĂǆŽnĂl�ŐƌŽǁth.���iŽchiŵiĞ.�ϮϬϭϴ��Ğc͖ϭϱϱ:ϭϭϵ-ϭϮϴ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.biŽchi.ϮϬϭϴ.Ϭϵ.ϬϭϮ.��pub�ϮϬϭϴ�
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ϭϴϱ

^ilǀĂ��.��.͕�&ĞƌƌĞiƌĂ�/.�>.͕�,ĂǇĚĞn�D.�Z.͕�&ĞƌƌĞiƌŽ��.͕�ZĞŐŽ��.��.�;ϮϬϭϴͿ��hĂƌĂctĞƌiǌĂtiŽn�ŽĨ�ƐubǀĞntƌiculĂƌ�ǌŽnĞ-ĚĞƌiǀĞĚ�
pƌŽŐĞnitŽƌ�cĞllƐ�ĨƌŽŵ�ŵilĚ�ĂnĚ�lĂtĞ�ƐǇŵptŽŵĂtic�z��ϭϮϴ�ŵŽuƐĞ�ŵŽĚĞl�ŽĨ�,untinŐtŽn Ɛ͛�ĚiƐĞĂƐĞ.�����-�DŽlĞculĂƌ��ĂƐiƐ�ŽĨ�
�iƐĞĂƐĞ�ϭϴϲϰ͕�ϯϰ-ϰϰ.��K/:�ϭϬ.ϭϬϭϲ/ũ.bbĂĚiƐ.ϮϬϭϳ.Ϭϵ.ϬϬϵ

^ilǀĂ���͕�>ĞŵŽƐ��͕�'ŽnĕĂlǀĞƐ�&Y͕�WliĄƐƐŽǀĂ��s͕�DĂchĂĚŽ�E:͕�^ilǀĂ�,�͕��ĂnĂƐ�WD͕��unhĂ�Z�͕�>ŽpĞƐ�:W͕ ��ŐŽƐtinhŽ�W�;ϮϬϭϴͿ�
�lŽcŬĂĚĞ�ŽĨ�ĂĚĞnŽƐinĞ��Ϯ��ƌĞcĞptŽƌƐ�ƌĞcŽǀĞƌƐ�ĞĂƌlǇ�ĚĞĨicitƐ�ŽĨ�ŵĞŵŽƌǇ�ĂnĚ�plĂƐticitǇ�in�thĞ�tƌiplĞ�tƌĂnƐŐĞnic�ŵŽuƐĞ�ŵŽĚĞl�
ŽĨ��lǌhĞiŵĞƌ Ɛ͛�ĚiƐĞĂƐĞ.�EĞuƌŽbiŽlŽŐǇ�ŽĨ��iƐĞĂƐĞ�ϭϭϳ:�ϳϮ-ϴϭ.��K/:ϭϬ.ϭϬϭϲ/ũ.nbĚ.ϮϬϭϴ.Ϭϱ.ϬϮϰ

^ilǀĂ��&͕ ��ƐcĂĚĂ-ZĞbĞlŽ�^͕��ŵĂƌĂl�^͕�dĂǀĂƌĞƐ�Z^͕�^chlĂtt�^͕�ZĂŵĂlhŽ-^ĂntŽƐ�:͕�DŽtĂ�W�.��Ăn�ǁĞ�inĚucĞ�ƐpĞƌŵĂtŽŐĞnĞƐiƐ�in�
thĞ�ĚŽŵĞƐtic�cĂt�uƐinŐ�Ăn�in�ǀitƌŽ�tiƐƐuĞ�cultuƌĞ�ĂppƌŽĂch͍͕�W>Ž^�KnĞ.�ϮϬϭϴ�&Ğb�ϳ͖ϭϯ;ϮͿ:ĞϬϭϵϭϵϭϮ.�ĚŽi:�ϭϬ.ϭϯϳϭ/ũŽuƌnĂl.
pŽnĞ.ϬϭϵϭϵϭϮ.�Ğ�ŽllĞctiŽn�ϮϬϭϴ�^ilǀĂ�'͕��uĂƌtĞ�/�͕��ĞƌnĂƌĚinŽ�/͕�DĂƌƋuĞƐ�d͕ �siŽlĂntĞ�/Z͕��ĂƐtĞlŽ-�ƌĂncŽ�D.�KƐcillĂtŽƌǇ�
ŵŽtŽƌ�pĂttĞƌninŐ�iƐ�iŵpĂiƌĞĚ�in�nĞuƌŽĨibƌŽŵĂtŽƐiƐ�tǇpĞ�ϭ:�Ă�bĞhĂǀiŽuƌĂl͕���'�ĂnĚ�ĨDZ/�ƐtuĚǇ.�:�EĞuƌŽĚĞǀ��iƐŽƌĚ.�ϮϬϭϴ�DĂƌ�
ϮϮ͖ϭϬ;ϭͿ:ϭϭ.�ĚŽi:�ϭϬ.ϭϭϴϲ/Ɛϭϭϲϴϵ-Ϭϭϴ-ϵϮϯϬ-ϰ.�WubDĞĚ�WD/�:�Ϯϵϱϲϲϲϰϱ͖�WubDĞĚ��ĞntƌĂl�WD�/�:�WD�ϱϴϲϯϴϵϲ�
 
^ilǀĂ�:�W͕ �DŽtĂ�D͕�DĂƌtinƐ�&K͕�EŽŐuĞiƌĂ��͕�'ŽnĕĂlǀĞƐ�d͕ ��ĂƌnĞiƌŽ�d͕ �WintŽ�:͕��uĂƌtĞ��͕��ĂƌƌŽƐ��^͕�:ŽnĞƐ�:'͕�'il��D�;ϮϬϭϴͿ.�
/ntĞƐtinĂl�DicƌŽbiĂl�ĂnĚ�DĞtĂbŽlic�WƌŽĨilinŐ�ŽĨ�DicĞ�&ĞĚ�ǁith�,iŐh-'lucŽƐĞ�ĂnĚ�,iŐh-&ƌuctŽƐĞ��iĞtƐ.�:�WƌŽtĞŽŵĞ�ZĞƐ.�
ϭϳ:ϮϴϴϬ-Ϯϴϵϭ.�ĚŽi:�ϭϬ.ϭϬϮϭ/ĂcƐ.ũpƌŽtĞŽŵĞ.ϴbϬϬϯϱϰ�;/ŵpĂct�ĨĂctŽƌ:��ϯ.ϵϱϬ�;ϮϬϭϳͿ͖�YϭͿ

^ilǀĂ�W͕ �&ĞƌnĂnĚĞƐ��͕��ĂƌƌŽƐ�>͕�&ĞƌƌĞiƌĂ�/�^͕�WĞƌĞiƌĂ�>�ĂnĚ�'ŽnĕĂlǀĞƐ�d�;ϮϬϭϴͿ.�dhĞ�ĂntiĨunŐĂl�ĂctiǀitǇ�ŽĨ�ĞǆtƌĂctƐ�ŽĨ�KƐŵunĚĞĂ�
pinnĂtiĨiĚĂ͕�Ăn�ĞĚiblĞ�ƐĞĂǁĞĞĚ͕�inĚicĂtĞƐ�itƐ�uƐĂŐĞ�ĂƐ�Ă�ƐĂĨĞ�ĞnǀiƌŽnŵĞntĂl�ĨunŐiciĚĞ�Žƌ�ĂƐ�ĨŽŽĚ�ĂĚĚitiǀĞ�pƌĞǀĞntinŐ�pŽƐt-
hĂƌǀĞƐt�ĨunŐĂl�ĨŽŽĚ�cŽntĂŵinĂtiŽn.�&ŽŽĚ�&unct.�ϮϬϭϴ��Ğc�ϭϯ͖ϵ;ϭϮͿ:ϲϭϴϳ-ϲϭϵϱ.�ĚŽi:�ϭϬ.ϭϬϯϵ/�ϴ&KϬϭϳϵϳ��;/ŵpĂct�ĨĂctŽƌ:�
ϯ.Ϯϴϵ�;ϮϬϭϳͿ͖�YϭͿ

^iŵƁĞƐ��͕�^ilǀĂ�/͕��ĂƌǀĂlhŽ��͕�^ilǀĂ�^͕�^ĂntŽƐ�^͕�DĂƌƋuĞƐ�'͕�ZibĞiƌŽ��͕�ZŽƋuĞ��͕��ĂƌĚĂ�:͕�^ĂƌŵĞntŽ-ZibĞiƌŽ���͕��ŽŵinŐuĞƐ�
D�Z͕�ZibĞiƌŽ�>͕�WĂiǀĂ��.�YuĂntiĨicĂtiŽn�ĂnĚ�phĞnŽtǇpic�chĂƌĂctĞƌiǌĂtiŽn�ŽĨ�pĞƌiphĞƌĂl�blŽŽĚ�sɷϭ�н�d�cĞllƐ�in�chƌŽnic�
lǇŵphŽcǇtic�lĞuŬĞŵiĂ�ĂnĚ�ŵŽnŽclŽnĂl���cĞll�lǇŵphŽcǇtŽƐiƐ.��ǇtŽŵĞtƌǇ����lin��ǇtŽŵ.�ϮϬϭϴ�Kct�ϭϳ.��K/:�ϭϬ.ϭϬϬϮ/
cǇtŽ.b.Ϯϭϲϰϱ.�΀�pub�ĂhĞĂĚ�ŽĨ�pƌint΁�WD/�:�ϯϬϯϯϰϯϯϵ

^iŵƁĞƐ��W͕ �^ilǀĂ��'͕�DĂƌƋuĞƐ�:D͕�WŽchŵĂnn��͕�WŽƌciƷnculĂ�>K͕�&ĞƌƌĞiƌĂ�^͕�KƐĞƐ�:W͕ ��ĞlĞǌĂ�ZK͕�ZĞĂl�:/͕�<ƂĨĂlǀi��͕��Ăhƌ���͕�
>ĞƌŵĂ�:͕��unhĂ�Z�͕�ZŽĚƌiŐuĞƐ�Z:�;ϮϬϭϴͿ�'lutĂŵĂtĞ-inĚucĞĚ�ĂnĚ�ED���ƌĞcĞptŽƌ-ŵĞĚiĂtĞĚ�nĞuƌŽĚĞŐĞnĞƌĂtiŽn�ĞntĂilƐ�WϮzϭ�
ƌĞcĞptŽƌ�ĂctiǀĂtiŽn.��Ğll��ĞĂth�ĂnĚ��iƐĞĂƐĞ�ϵ:�Ϯϵϳ.��K/:�ϭϬ.ϭϬϯϴ/Ɛϰϭϰϭϵ-Ϭϭϴ-Ϭϯϱϭ-ϭ

^iŵƁĞƐ�D͕��ĞƌnĂƌĚĞƐ�D͕��ĂƌƌŽƐ�&͕ ��ĂƐtĞlŽ-�ƌĂncŽ�D.�siƌtuĂl�dƌĂǀĞl�dƌĂininŐ�ĨŽƌ��utiƐŵ�^pĞctƌuŵ��iƐŽƌĚĞƌ:�WƌŽŽĨ-ŽĨ-�ŽncĞpt�
/ntĞƌǀĞntiŽnĂl�^tuĚǇ.�:D/Z�^ĞƌiŽuƐ�'ĂŵĞƐ.�ϮϬϭϴ�DĂƌ�ϮϬ͖ϲ;ϭͿ:Ğϱ.�ĚŽi:�ϭϬ.Ϯϭϵϲ/ŐĂŵĞƐ.ϴϰϮϴ.�WubDĞĚ�WD/�:�ϮϵϱϱϵϰϮϱ͖�
WubDĞĚ��ĞntƌĂl�WD�/�:�WD�ϱϴϴϯϬϳϴ�

^iŵƁĞƐ�D͕�DŽntĞiƌŽ�Z͕��nĚƌĂĚĞ�:͕�DŽuŐĂ�^͕�&ƌĂnĕĂ�&͕ �KliǀĞiƌĂ�'͕��ĂƌǀĂlhŽ�W͕ ��ĂƐtĞlŽ-�ƌĂncŽ�D.���EŽǀĞl��iŽŵĂƌŬĞƌ�ŽĨ�
�ŽŵpĞnƐĂtŽƌǇ�ZĞcƌuitŵĞnt�ŽĨ�&ĂcĞ��ŵŽtiŽnĂl�/ŵĂŐĞƌǇ�EĞtǁŽƌŬƐ�in��utiƐŵ�^pĞctƌuŵ��iƐŽƌĚĞƌ.�&ƌŽnt�EĞuƌŽƐci.�ϮϬϭϴ�
EŽǀ�ϭ͖ϭϮ:ϳϵϭ.��ĚŽi:�ϭϬ.ϯϯϴϵ/ĨninƐ.ϮϬϭϴ.ϬϬϳϵϭ.�Ğ�ŽllĞctiŽn�ϮϬϭϴ.�WubDĞĚ�WD/�:�ϯϬϰϰϯϮϬϰ͖�WubDĞĚ��ĞntƌĂl�WD�/�:�
PMC6221955

^inŐĞƌ�t͕�DĂnthĞǇ�D͕�WĂnĨŽƌĚ-tĂlƐh�Z͕�DĂtt�>͕�'ĞiƐlĞƌ�,^͕�WĂƐƐĞƌi��͕��Ăũ�'͕�dŽnŐiŽƌŐi��͕�>ĞĂl�'͕��uĂƌtĞ���͕�^ĂlĂǌĂƌ�/>͕��cŬĞƌt�
W͕ �ZŽhbŽcŬ�<͕�,u�:͕�^tƌŽtŵĂnn�:͕�Zuth�W͕ ��iŵŵĞƌŵĂnn�h͕�ZƺttiŐĞƌ�>͕�Ktt�d͕ �^chiŵŵĂnŐ�d͕ �<nippĞƌ�D.�;ϮϬϭϴͿ���E&-liǀĞ-ĞǆŽn-
ǀiƐuĂliǌĂtiŽn�;�>�sͿ�ĂllŽǁƐ�ĚiĨĨĞƌĞntiĂl�ĚĞtĞctiŽn�ŽĨ���E&�tƌĂnƐcƌiptƐ�in�ǀitƌŽ�ĂnĚ�in�ǀiǀŽ.�&ƌŽnt�DŽl�EĞuƌŽƐci.�ϭϭ:ϯϮϱ
^ŽĂƌĞƐ��͕�:ĞƐuƐ�^͕��ŽƌŐĞƐ�K.�;ϮϬϭϴͿ͖�KƌĂl�hĞpĂtitiƐ���ǀĂccinĞ:�chitŽƐĂn�Žƌ�ŐlucĂn�bĂƐĞĚ�ĚĞliǀĞƌǇ�ƐǇƐtĞŵƐ�ĨŽƌ�ĞĨĨiciĞnt�,�Ɛ�Ő�
iŵŵuniǌĂtiŽn�ĨŽllŽǁinŐ�ƐubcutĂnĞŽuƐ�pƌiŵinŐ͖�^ŽĂƌĞƐ��͕�:ĞƐuƐ�^͕��ŽƌŐĞƐ�K.͖�/nt�:�WhĂƌŵ.͖�ϭϱ͖�ϱϯϱ;ϭ-ϮͿ:�Ϯϲϭ-Ϯϳϭ͖�ĚŽi:�
ϭϬ.ϭϬϭϲ/ũ.iũphĂƌŵ.ϮϬϭϳ.ϭϭ.ϬϬϵ

^ŽĂƌĞƐ��͖�:ĞƐuƐ�^͖��ŽƌŐĞƐ�K.�;ϮϬϭϴͿ��hitŽƐĂn:ɴ-ŐlucĂn�pĂƌticlĞƐ�ĂƐ�Ă�nĞǁ�ĂĚũuǀĂnt�ĨŽƌ�thĞ�hĞpĂtitiƐ���ĂntiŐĞn͖��uƌ�:�WhĂƌŵ�
�iŽphĂƌŵ�͖�ϭϯϭ:ϯϯ-ϰϯ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.Ğũpb.ϮϬϭϴ.Ϭϳ.Ϭϭϴ

^ŽuƐĂ�d͕ �^ĂǇĂl��͕��uĂƌtĞ�:s͕��ŽƐtĂ�'E͕�DĂƌtinƐ�Z͕��ĂƐtĞlŽ-�ƌĂncŽ�D.��ǀiĚĞncĞ�ĨŽƌ�ĚiƐtinct�lĞǀĞlƐ�ŽĨ�nĞuƌĂl�ĂĚĂptĂtiŽn�tŽ�bŽth�
cŽhĞƌĞnt�ĂnĚ�incŽhĞƌĞntlǇ�ŵŽǀinŐ�ǀiƐuĂl�ƐuƌĨĂcĞƐ�in�ǀiƐuĂl�ĂƌĞĂ�hDd.�EĞuƌŽiŵĂŐĞ.�ϮϬϭϴ�Kct�ϭ͖ϭϳϵ:ϱϰϬ-ϱϰϳ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.
nĞuƌŽiŵĂŐĞ.ϮϬϭϴ.Ϭϲ.Ϭϳϱ.��pub�ϮϬϭϴ�:un�ϯϬ.�WubDĞĚ�WD/�:�Ϯϵϵϲϰϭϴϲ�

^W�WĞƌĞiƌĂ͕��D��ĞuƐ͕�d>�^ĞƌĂĨiŵ͕�d��unhĂ-KliǀĞiƌĂ͕�W:�KliǀĞiƌĂ.�DĞtĂbŽlic�ĂnĚ�WhĞnŽtǇpic��hĂƌĂctĞƌiǌĂtiŽn�ŽĨ�,uŵĂn�^Ŭin�
&ibƌŽblĂƐtƐ�ĂĨtĞƌ�&ŽƌcinŐ�KǆiĚĂtiǀĞ��ĂpĂcitǇ.�dŽǆicŽl.�^ci.�ϭϲϰ;ϭͿ:ϭϵϭ-ϮϬϰ��K/:ϭϬ.ϭϬϵϯ/tŽǆƐci/ŬĨǇϬϲϴ



ϭϴϲ

^ilǀĂ� '͕� �uĂƌtĞ� /�͕� �ĞƌnĂƌĚinŽ� /͕� DĂƌƋuĞƐ� d͕ � siŽlĂntĞ� /Z͕� �ĂƐtĞlŽ-�ƌĂncŽ�D.� KƐcillĂtŽƌǇ� ŵŽtŽƌ� pĂttĞƌninŐ� iƐ� iŵpĂiƌĞĚ� in�
nĞuƌŽĨibƌŽŵĂtŽƐiƐ�tǇpĞ�ϭ:�Ă�bĞhĂǀiŽuƌĂl͕���'�ĂnĚ�ĨDZ/�ƐtuĚǇ.�:�EĞuƌŽĚĞǀ��iƐŽƌĚ.�ϮϬϭϴ�DĂƌ�ϮϮ͖ϭϬ;ϭͿ:ϭϭ.�ĚŽi:�ϭϬ.ϭϭϴϲ/Ɛϭϭϲϴϵ-
Ϭϭϴ-ϵϮϯϬ-ϰ.�WubDĞĚ�WD/�:�Ϯϵϱϲϲϲϰϱ͖�WubDĞĚ��ĞntƌĂl�WD�/�:�WD�ϱϴϲϯϴϵϲ�

^ilǀĂ�:�W͕ �DŽtĂ�D͕�DĂƌtinƐ�&K͕�EŽŐuĞiƌĂ��͕�'ŽnĕĂlǀĞƐ�d͕ ��ĂƌnĞiƌŽ�d͕ �WintŽ�:͕��uĂƌtĞ��͕��ĂƌƌŽƐ��^͕�:ŽnĞƐ�:'͕�'il��D�;ϮϬϭϴͿ.�
/ntĞƐtinĂl�DicƌŽbiĂl�ĂnĚ�DĞtĂbŽlic�WƌŽĨilinŐ�ŽĨ�DicĞ�&ĞĚ�ǁith�,iŐh-'lucŽƐĞ�ĂnĚ�,iŐh-&ƌuctŽƐĞ��iĞtƐ.�:�WƌŽtĞŽŵĞ�ZĞƐ.�ϭϳ:ϮϴϴϬ-
Ϯϴϵϭ.�ĚŽi:�ϭϬ.ϭϬϮϭ/ĂcƐ.ũpƌŽtĞŽŵĞ.ϴbϬϬϯϱϰ�;/ŵpĂct�ĨĂctŽƌ:��ϯ.ϵϱϬ�;ϮϬϭϳͿ͖�YϭͿ

^ilǀĂ�W͕ �&ĞƌnĂnĚĞƐ��͕��ĂƌƌŽƐ�>͕�&ĞƌƌĞiƌĂ�/�^͕�WĞƌĞiƌĂ�>�ĂnĚ�'ŽnĕĂlǀĞƐ�d�;ϮϬϭϴͿ.�dhĞ�ĂntiĨunŐĂl�ĂctiǀitǇ�ŽĨ�ĞǆtƌĂctƐ�ŽĨ�KƐŵunĚĞĂ�
pinnĂtiĨiĚĂ͕�Ăn�ĞĚiblĞ�ƐĞĂǁĞĞĚ͕� inĚicĂtĞƐ� itƐ�uƐĂŐĞ�ĂƐ�Ă�ƐĂĨĞ�ĞnǀiƌŽnŵĞntĂl� ĨunŐiciĚĞ�Žƌ�ĂƐ� ĨŽŽĚ�ĂĚĚitiǀĞ�pƌĞǀĞntinŐ�pŽƐt-
hĂƌǀĞƐt� ĨunŐĂl� ĨŽŽĚ� cŽntĂŵinĂtiŽn.� &ŽŽĚ� &unct.� ϮϬϭϴ��Ğc�ϭϯ͖ϵ;ϭϮͿ:ϲϭϴϳ-ϲϭϵϱ.� ĚŽi:� ϭϬ.ϭϬϯϵ/�ϴ&KϬϭϳϵϳ�� ;/ŵpĂct� ĨĂctŽƌ:�
ϯ.Ϯϴϵ�;ϮϬϭϳͿ͖�YϭͿ

^iŵƁĞƐ��͕�^ilǀĂ�/͕��ĂƌǀĂlhŽ��͕�^ilǀĂ�^͕�^ĂntŽƐ�^͕�DĂƌƋuĞƐ�'͕�ZibĞiƌŽ��͕�ZŽƋuĞ��͕��ĂƌĚĂ�:͕�^ĂƌŵĞntŽ-ZibĞiƌŽ���͕��ŽŵinŐuĞƐ�D�Z͕�
ZibĞiƌŽ�>͕�WĂiǀĂ��.�YuĂntiĨicĂtiŽn�ĂnĚ�phĞnŽtǇpic�chĂƌĂctĞƌiǌĂtiŽn�ŽĨ�pĞƌiphĞƌĂl�blŽŽĚ�sɷϭ�н�d�cĞllƐ�in�chƌŽnic�lǇŵphŽcǇtic�
lĞuŬĞŵiĂ�ĂnĚ�ŵŽnŽclŽnĂl��� cĞll� lǇŵphŽcǇtŽƐiƐ.��ǇtŽŵĞtƌǇ����lin��ǇtŽŵ.�ϮϬϭϴ�Kct�ϭϳ.��K/:�ϭϬ.ϭϬϬϮ/cǇtŽ.b.Ϯϭϲϰϱ.� ΀�pub�
ĂhĞĂĚ�ŽĨ�pƌint΁�WD/�:�ϯϬϯϯϰϯϯϵ

^iŵƁĞƐ��W͕ �̂ ilǀĂ��'͕�DĂƌƋuĞƐ�:D͕�WŽchŵĂnn��͕�WŽƌciƷnculĂ�>K͕�&ĞƌƌĞiƌĂ�̂ ͕�KƐĞƐ�:W͕ ��ĞlĞǌĂ�ZK͕�ZĞĂl�:/͕�<ƂĨĂlǀi��͕��Ăhƌ���͕�>ĞƌŵĂ�
:͕��unhĂ�Z�͕�ZŽĚƌiŐuĞƐ�Z:�;ϮϬϭϴͿ�'lutĂŵĂtĞ-inĚucĞĚ�ĂnĚ�ED���ƌĞcĞptŽƌ-ŵĞĚiĂtĞĚ�nĞuƌŽĚĞŐĞnĞƌĂtiŽn�ĞntĂilƐ�WϮzϭ�ƌĞcĞptŽƌ�
ĂctiǀĂtiŽn.��Ğll��ĞĂth�ĂnĚ��iƐĞĂƐĞ�ϵ:�Ϯϵϳ.��K/:�ϭϬ.ϭϬϯϴ/Ɛϰϭϰϭϵ-Ϭϭϴ-Ϭϯϱϭ-ϭ

^iŵƁĞƐ�D͕��ĞƌnĂƌĚĞƐ�D͕��ĂƌƌŽƐ�&͕ ��ĂƐtĞlŽ-�ƌĂncŽ�D.�siƌtuĂl�dƌĂǀĞl�dƌĂininŐ�ĨŽƌ��utiƐŵ�^pĞctƌuŵ��iƐŽƌĚĞƌ:�WƌŽŽĨ-ŽĨ-�ŽncĞpt�
/ntĞƌǀĞntiŽnĂl� ^tuĚǇ.� :D/Z� ^ĞƌiŽuƐ� 'ĂŵĞƐ.� ϮϬϭϴ� DĂƌ� ϮϬ͖ϲ;ϭͿ:Ğϱ.� ĚŽi:� ϭϬ.Ϯϭϵϲ/ŐĂŵĞƐ.ϴϰϮϴ.� WubDĞĚ� WD/�:� ϮϵϱϱϵϰϮϱ͖�
WubDĞĚ��ĞntƌĂl�WD�/�:�WD�ϱϴϴϯϬϳϴ�

^iŵƁĞƐ�D͕�DŽntĞiƌŽ� Z͕� �nĚƌĂĚĞ� :͕� DŽuŐĂ� ^͕� &ƌĂnĕĂ� &͕ � KliǀĞiƌĂ� '͕� �ĂƌǀĂlhŽ� W͕ � �ĂƐtĞlŽ-�ƌĂncŽ�D.� �� EŽǀĞl� �iŽŵĂƌŬĞƌ� ŽĨ�
�ŽŵpĞnƐĂtŽƌǇ�ZĞcƌuitŵĞnt�ŽĨ�&ĂcĞ��ŵŽtiŽnĂl� /ŵĂŐĞƌǇ�EĞtǁŽƌŬƐ� in��utiƐŵ�^pĞctƌuŵ��iƐŽƌĚĞƌ.�&ƌŽnt�EĞuƌŽƐci.�ϮϬϭϴ�EŽǀ�
ϭ͖ϭϮ:ϳϵϭ.��ĚŽi:�ϭϬ.ϯϯϴϵ/ĨninƐ.ϮϬϭϴ.ϬϬϳϵϭ.�Ğ�ŽllĞctiŽn�ϮϬϭϴ.�WubDĞĚ�WD/�:�ϯϬϰϰϯϮϬϰ͖�WubDĞĚ��ĞntƌĂl�WD�/�:�WD�ϲϮϮϭϵϱϱ

^inŐĞƌ�t͕�DĂnthĞǇ�D͕�WĂnĨŽƌĚ-tĂlƐh�Z͕�DĂtt�>͕�'ĞiƐlĞƌ�,^͕�WĂƐƐĞƌi��͕��Ăũ�'͕�dŽnŐiŽƌŐi��͕�>ĞĂl�'͕��uĂƌtĞ���͕�^ĂlĂǌĂƌ�/>͕��cŬĞƌt�
W͕ �ZŽhbŽcŬ�<͕�,u�:͕�^tƌŽtŵĂnn�:͕�Zuth�W͕ ��iŵŵĞƌŵĂnn�h͕�ZƺttiŐĞƌ�>͕�Ktt�d͕ �^chiŵŵĂnŐ�d͕ �<nippĞƌ�D.�;ϮϬϭϴͿ���E&-liǀĞ-ĞǆŽn-
ǀiƐuĂliǌĂtiŽn�;�>�sͿ�ĂllŽǁƐ�ĚiĨĨĞƌĞntiĂl�ĚĞtĞctiŽn�ŽĨ���E&�tƌĂnƐcƌiptƐ�in�ǀitƌŽ�ĂnĚ�in�ǀiǀŽ.�&ƌŽnt�DŽl�EĞuƌŽƐci.�ϭϭ:ϯϮϱ

^ŽĂƌĞƐ��͕�:ĞƐuƐ�^͕��ŽƌŐĞƐ�K.�;ϮϬϭϴͿ͖�KƌĂl�hĞpĂtitiƐ���ǀĂccinĞ:�chitŽƐĂn�Žƌ�ŐlucĂn�bĂƐĞĚ�ĚĞliǀĞƌǇ�ƐǇƐtĞŵƐ�ĨŽƌ�ĞĨĨiciĞnt�,�Ɛ�Ő�
iŵŵuniǌĂtiŽn�ĨŽllŽǁinŐ�ƐubcutĂnĞŽuƐ�pƌiŵinŐ͖�̂ ŽĂƌĞƐ��͕�:ĞƐuƐ�̂ ͕��ŽƌŐĞƐ�K.͖�/nt�:�WhĂƌŵ.͖�ϭϱ͖�ϱϯϱ;ϭ-ϮͿ:�Ϯϲϭ-Ϯϳϭ͖�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.
ijpharm.2017.11.009

^ŽĂƌĞƐ��͖�:ĞƐuƐ�^͖��ŽƌŐĞƐ�K.�;ϮϬϭϴͿ��hitŽƐĂn:ɴ-ŐlucĂn�pĂƌticlĞƐ�ĂƐ�Ă�nĞǁ�ĂĚũuǀĂnt�ĨŽƌ�thĞ�hĞpĂtitiƐ���ĂntiŐĞn͖��uƌ�:�WhĂƌŵ�
�iŽphĂƌŵ�͖�ϭϯϭ:ϯϯ-ϰϯ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.Ğũpb.ϮϬϭϴ.Ϭϳ.Ϭϭϴ

^ŽuƐĂ�d͕ �^ĂǇĂl��͕��uĂƌtĞ�:s͕��ŽƐtĂ�'E͕�DĂƌtinƐ�Z͕��ĂƐtĞlŽ-�ƌĂncŽ�D.��ǀiĚĞncĞ�ĨŽƌ�ĚiƐtinct�lĞǀĞlƐ�ŽĨ�nĞuƌĂl�ĂĚĂptĂtiŽn�tŽ�bŽth�
cŽhĞƌĞnt�ĂnĚ�incŽhĞƌĞntlǇ�ŵŽǀinŐ�ǀiƐuĂl�ƐuƌĨĂcĞƐ�in�ǀiƐuĂl�ĂƌĞĂ�hDd.�EĞuƌŽiŵĂŐĞ.�ϮϬϭϴ�Kct�ϭ͖ϭϳϵ:ϱϰϬ-ϱϰϳ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.
nĞuƌŽiŵĂŐĞ.ϮϬϭϴ.Ϭϲ.Ϭϳϱ.��pub�ϮϬϭϴ�:un�ϯϬ.�WubDĞĚ�WD/�:�Ϯϵϵϲϰϭϴϲ�

^W�WĞƌĞiƌĂ͕��D��ĞuƐ͕�d>�^ĞƌĂĨiŵ͕�d��unhĂ-KliǀĞiƌĂ͕�W:�KliǀĞiƌĂ.�DĞtĂbŽlic�ĂnĚ�WhĞnŽtǇpic��hĂƌĂctĞƌiǌĂtiŽn�ŽĨ�,uŵĂn�^Ŭin�
&ibƌŽblĂƐtƐ�ĂĨtĞƌ�&ŽƌcinŐ�KǆiĚĂtiǀĞ��ĂpĂcitǇ.�dŽǆicŽl.�^ci.�ϭϲϰ;ϭͿ:ϭϵϭ-ϮϬϰ��K/:ϭϬ.ϭϬϵϯ/tŽǆƐci/ŬĨǇϬϲϴ

^pĂĚĂƌi�Z�͕��ĂǀĂĚĂƐ��͕�ĚĞ��ĂƌǀĂlhŽ���d^͕�KƌtŽlĂni��͕�ĚĞ�DŽuƌĂ��>͕�sĂƐƐĂlŽ�W&.��ZŽlĞ�ŽĨ��ĞtĂ-ĂĚƌĞnĞƌŐic�ZĞcĞptŽƌƐ�ĂnĚ�^iƌtuin�
^iŐnĂlinŐ� in� thĞ�,ĞĂƌt��uƌinŐ��ŐinŐ͕�,ĞĂƌt�&ĂiluƌĞ͕�ĂnĚ��ĚĂptĂtiŽn� tŽ�^tƌĞƐƐ.��Ğll�DŽl�EĞuƌŽbiŽl.�ϮϬϭϴ� :Ăn͖ϯϴ;ϭͿ:ϭϬϵ-ϭϮϬ.�
�K/:ϭϬ.ϭϬϬϳ/ƐϭϬϱϳϭ-Ϭϭϳ-Ϭϱϱϳ-Ϯ

d��unhĂ-KliǀĞiƌĂ͕�>�&ĞƌƌĞiƌĂ͕��Z��ŽĞlhŽ͕��D��ĞuƐ͕�W:�KliǀĞiƌĂ.��ŽǆŽƌubicin�dƌiŐŐĞƌƐ��iŽĞnĞƌŐĞtic�&ĂiluƌĞ�ĂnĚ�pϱϯ��ctiǀĂtiŽn�in�
DŽuƐĞ�^tĞŵ��Ğll-ĚĞƌiǀĞĚ��ĂƌĚiŽŵǇŽcǇtĞƐ.�dŽǆicŽl.��ppl.�WhĂƌŵĂcŽl.�ϯϰϴ:ϭ-ϭϯ��K/:ϭϬ.ϭϬϭϲ/ũ.tĂĂp.ϮϬϭϴ.Ϭϰ.ϬϬϵ

dĂǀĂƌĞƐ�Z^͕��ƐcĂĚĂ-ZĞbĞlŽ�^͕�^ilǀĂ��&͕ �^ŽuƐĂ�D/͕�ZĂŵĂlhŽ-^ĂntŽƐ�:͕��ŵĂƌĂl�^.�ZĞpƌŽĚuctiŽn.��ntiĚiĂbĞtic�thĞƌĂpiĞƐ�ĂnĚ�ŵĂlĞ�
ƌĞpƌŽĚuctiǀĞ�ĨunctiŽn:�ǁhĞƌĞ�ĚŽ�ǁĞ�ƐtĂnĚ͍͕�ϮϬϭϴ�:Ăn͖ϭϱϱ;ϭͿ:Zϭϯ-Zϯϳ.�ĚŽi:�ϭϬ.ϭϱϯϬ/Z�W-ϭϳ-ϬϯϵϬ



ϭϴϳ

dĞŵiĚŽ-&ĞƌƌĞiƌĂ�D͕�&ĞƌƌĞiƌĂ��'͕��ĂtĂlhĂ�s>͕�DĂƌƋuĞƐ-DŽƌŐĂĚŽ�/͕��ŽĞlhŽ�:�͕�WĞƌĞiƌĂ�W͕ �'ŽŵĞƐ�Z͕�WintŽ��͕��ĂƌǀĂlhŽ�^͕��ĂnĂƐ�
WD͕��uǀĞliĞƌ�>͕��uĠĞ-^chĞƌƌĞƌ�s͕�&ĂiǀƌĞ��͕��ĂƋi�z͕ �DƺllĞƌ���͕�WiŵĞntĞl�:͕�^chiĨĨŵĂnn�^E͕��uĠĞ�>͕��ĂĚĞƌ�D͕�KutĞiƌŽ�d&͕ ��luŵ��͕�
�unhĂ�Z�͕�DĂƌiĞ�,͕�WŽuƐinhĂ�W�͕�>ŽpĞƐ�>s�;ϮϬϭϴͿ��ŐĞ-ƌĞlĂtĞĚ�ƐhiĨt�in�>d��iƐ�ĚĞpĞnĚĞnt�Žn�nĞuƌŽnĂl�ĂĚĞnŽƐinĞ��Ϯ��ƌĞcĞptŽƌƐ�
intĞƌplĂǇ�ǁith�ŵ'luZϱ�ĂnĚ�ED���ƌĞcĞptŽƌƐ.�DŽlĞculĂƌ�WƐǇchiĂtƌǇ�;in�pƌĞƐƐͿ��K/:ϭϬ.ϭϬϯϴ/ƐϰϭϯϴϬ-Ϭϭϴ-ϬϭϭϬ-ϵ

dĞŽĚŽƌŽ�:^͕�sĂƌĞlĂ��d͕ ��uĂƌtĞ�&s͕�'ŽŵĞƐ��W͕ �WĂlŵĞiƌĂ��D͕�ZŽlŽ��W.� /nĚiƌubin�ĂnĚ�E��н�pƌĞǀĞnt�ŵitŽchŽnĚƌiĂl� iƐchĂĞŵiĂ/
ƌĞpĞƌĨuƐiŽn�ĚĂŵĂŐĞ�in�ĨĂttǇ�liǀĞƌƐ.��uƌ�:��lin�/nǀĞƐt.�ĚŽi:�ϭϬ.ϭϭϭϭ/Ğci.ϭϮϵϯϮ.��K/:ϭϬ.ϭϭϭϭ/Ğci.ϭϮϵϯϮ

siĚĂl���͕��ĂncĂ�W͕ �WĂƐcŽĂl��'͕��ŽƌĚĞiƌŽ�'͕�̂ ĂƌŐĞntŽ-&ƌĞitĂƐ�:͕�'ŽuǀĞiĂ��͕��ĂƐtĞlŽ-�ƌĂncŽ�D.��ilĂtĞƌĂl�ǀĞƌƐuƐ�ipƐilĞƐiŽnĂl�cŽƌticŽ-
ƐubcŽƌticĂl�ĂctiǀitǇ�pĂttĞƌnƐ�in�ƐtƌŽŬĞ�ƐhŽǁ�hĞŵiƐphĞƌic�ĚĞpĞnĚĞncĞ.�/nt�:�̂ tƌŽŬĞ.�ϮϬϭϴ�:Ăn�ϭ:�ϭϮ;ϭͿ:ϳϭ-ϴϯ�ϭϳϰϳϰϵϯϬϭϴϳϲϳϭϲϰ.�
ĚŽi:�ϭϬ.ϭϭϳϳ/ϭϳϰϳϰϵϯϬϭϴϳϲϳϭϲϰ.�΀�pub�ĂhĞĂĚ�ŽĨ�pƌint΁�WubDĞĚ�WD/�:�ϮϵϲϭϴϮϵϭ

siĞiƌĂ��/͕��lŵĞiĚĂ�W͕ ��ĂnĄƌiŽ�E͕��ĂƐtĞlŽ-�ƌĂncŽ�D͕�EunĞƐ�Ds͕��ĂƐtƌŽ-�ĂlĚĂƐ��.�hniƐĞnƐŽƌǇ�ĂnĚ�ŵultiƐĞnƐŽƌǇ�^ĞlĨ-ƌĞĨĞƌĞntiĂl�
ƐtiŵulĂtiŽn�ŽĨ�thĞ�lŽǁĞƌ�liŵb:�ĂnĞǆplŽƌĂtŽƌǇ�ĨDZ/�ƐtuĚǇ�Žn�hĞĂlthǇ�ƐubũĞctƐ.�WhǇƐiŽthĞƌ�dhĞŽƌǇ�WƌĂct.�ϮϬϭϴ�:Ăn͖ϯϰ;ϭͿ:ϮϮ-ϰϬ.�
ĚŽi:�ϭϬ.ϭϬϴϬ/Ϭϵϱϵϯϵϴϱ.ϮϬϭϳ.ϭϯϲϴϳϱϴ.��pub�ϮϬϭϳ�^Ğp�ϭ.�WubDĞĚ�WD/�:�ϮϴϴϲϮϱϯϭ

sŽlpĂtŽ�,͖�^cĂƌiŽt��͖�^ŽĂƌĞƐ��͖�:ĂcŽŵini��͖�ZŽƐĂ�&͖�^ĂƌƌĂŐiŽttŽ�D͖�hĞĚĂ-EĂŬĂŵuƌĂ�d͖�ZubiƌĂ��͖�WĞƌĞiƌĂ�'͖�DĂnĂĚĂƐ�Z͖�>ĞitĆŽ�
�͖� �ŽƌŐĞƐ� K͖� EĂŬĂŵuƌĂ� �͖� ^ŽuƐĂ�D.� ;ϮϬϭϴͿ͖� /n� ǀitƌŽ� Ănti->ĞiƐhŵĂniĂ� ĂctiǀitǇ� ŽĨ� dϲ� ƐǇnthĞtic� cŽŵpŽunĚ� ĞncĂpƐulĂtĞĚ� in�
ǇĞĂƐt-ĚĞƌiǀĞĚ�ɴ-;ϭ͕ϯͿ-�-ŐlucĂn�pĂƌticlĞƐ͖�/ntĞƌnĂtiŽnĂl�:ŽuƌnĂl�ŽĨ��iŽlŽŐicĂl�DĂcƌŽŵŽlĞculĞƐ��ϭϭϵ:ϭϮϲϰ-ϭϮϳϱ͖�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.
ijbiomac.2018.08.019.

tĂnŐ͕��i-:iĂn͖�,ĂnĞt͕��ŽiĨĞ͖�tĞiƐhĂĞupl͕��ĂniĞl͖�DĂƌtinƐ͕�/nĞƐ�D.͖�^ŽǁĂ͕��nnĂ�^.͖�ZiĞƐƐ͕�KlĂĨ͖�^chŵiĚt͕�dhŽƌƐtĞn.��iǀĂlpƌŽĞǆ�
ƐŽĚiuŵ� ŵŽĚulĂtĞƐ� nuclĞĂƌ� lŽcĂliǌĂtiŽn� ŽĨ� ĂtĂǆin-ϯ� ĂnĚ� pƌĞǀĞntƐ� cĞllulĂƌ� tŽǆicitǇ� cĂuƐĞĚ� bǇ� ĞǆpĂnĚĞĚ� ĂtĂǆin-ϯ.� �E^�
E�hZK^�/�E���Θ�d,�Z�W�hd/�^͕�ϮϬϭϴ͕�Ϯϰ;ϱͿ:�ϰϬϰ-ϰϭϭ.��K/:�ϭϬ.ϭϭϭϭ/cnƐ.ϭϮϳϵϱ

�uǌĂƌtĞ�D͕��lǀĞƐ-^ilǀĂ�:D͕��lǀĞƐ�D͕��ĂǀĂlĞiƌŽ��͕�^ĂlŐuĞiƌŽ�>͕��ƌuǌ�Dd.�EĞǁ�inƐiŐhtƐ�Žn�thĞ�Ănti-inĨlĂŵŵĂtŽƌǇ�pŽtĞntiĂl�ĂnĚ�
ƐĂĨĞtǇ�pƌŽĨilĞ�ŽĨ�dhǇŵuƐ�cĂƌnŽƐuƐ�ĂnĚ�dhǇŵuƐ�cĂŵphŽƌĂtuƐ�ĞƐƐĞntiĂl�ŽilƐ�ĂnĚ�thĞiƌ�ŵĂin�cŽŵpŽunĚƐ.�:��thnŽphĂƌŵĂcŽl.�ϮϬϭϴ�
Kct�Ϯϴ͖ϮϮϱ:ϭϬ-ϭϳ.��K/:ϭϬ.ϭϬϭϲ/ũ.ũĞp.ϮϬϭϴ.Ϭϲ.ϬϮϱ

�upĂnēiē� �͕� �uƌĂtŽ��͕� <iŵ� :^͕� zĞini� �͕� WŽƌĂt� �͕�siĂnĂ��^͕�'lŽbĞƌƐŽn->Ğǀin��͕�tĂŬƐ� d͕ � �ƐhhĂƌ� �͕�DŽƌĞiƌĂ� :E͕� ^Ătchi-&ĂinĂƌŽ�
Z͕� �iƐĞnbĂch� >͕� :unŐ� ^͕� &lŽƌinĚŽ� ,&.� EĂnŽpĂƌticulĂtĞ� ǀĂccinĞ� inhibitƐ� tuŵŽƌ� ŐƌŽǁth� ǀiĂ� iŵpƌŽǀĞĚ� d� cĞll� ƌĞcƌuitŵĞnt� intŽ�
ŵĞlĂnŽŵĂ�ĂnĚ�hu,�ZϮ�bƌĞĂƐt�cĂncĞƌ.�EĂnŽŵĞĚicinĞ:�EĂnŽtĞchnŽlŽŐǇ͕ ��iŽlŽŐǇ͕ �ĂnĚ�DĞĚicinĞ.�ϭϰ;ϯͿ:ϴϯϱ-ϴϰϳ�;ϮϬϭϴͿ.��K/:�
ϭϬ.ϭϬϭϲ/ũ.nĂnŽ.ϮϬϭϳ.ϭϮ.Ϭϭϭ



ϭϴϴ

Kt«er�/nternat®onal�Wu�l®�at®onÝ

�.�'ŽnĕĂlǀĞƐ͕�>.��lŵĞiĚĂ͕��.W.�^ilǀĂ͕��.&.�ZibĞiƌŽ͕��.&.��ŵbƌſƐiŽ͕��.��ƌiƐtſǀĆŽ�ĂnĚ�Z.�&ĞƌnĂnĚĞƐ.�dhĞ�ĚipĞptiĚǇl�pĞptiĚĂƐĞ-ϰ�
;�WW-ϰͿ� inhibitŽƌ� ƐitĂŐliptin� ĂŵĞliŽƌĂtĞƐ� ƌĞtinĂl� ĞnĚŽthĞliĂl� cĞll� ĚǇƐĨunctiŽn� tƌiŐŐĞƌĞĚ� bǇ� inĨlĂŵŵĂtiŽn.� �iŽŵĞĚicinĞ� Θ�
WhĂƌŵĂcŽthĞƌĂpǇ.�ϮϬϭϴ͖�ϭϬϮ:ϴϯϯ-ϴϯϴ.�;�K/:�ϭϬ.ϭϬϭϲ/ũ.biŽphĂ.ϮϬϭϴ.Ϭϯ.ϭϰϰͿ

���'ŽnĕĂlǀĞƐ͕���DĂcĞĚŽ͕�Z��lǀĞƐ͕�:�:ŽƌŐĞ͕��ĂƌbŽƐĂ-ZibĞiƌŽ��͕�DĂƌƋuĞƐ�'͕�:ŽƌŐĞ�>͕��ŽƌtĞƐĆŽ��͕�^ĂƌŵĞntŽ-ZibĞiƌŽ���.��lĚĞhǇĚĞ�
ĚĞhǇĚƌŽŐĞnĂƐĞƐ�ĂƐ�pŽtĞntiĂl�biŽŵĂƌŬĞƌƐ�in�ŵǇĞlŽiĚ�nĞŽplĂƐiĂƐ.�WulŵŽnŽl.�ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:Ϯ

���^ilǀĂ͕��s�sĂǌ͕��^�KliǀĞiƌĂ͕�^��ŽƌƌĞiĂ͕�Z�&ĞƌƌĞiƌĂ͕�>��ƌĞitĞnĨĞlĚ͕�:�DĂƌtinĞǌ�ĚĞ�KliǀĞiƌĂ͕�Z�WĂlŵĞiƌĂ�ĚĞ�KliǀĞiƌĂ͕���WĞƌĞiƌĂ͕���
WĂlŵĞiƌĂ-ĚĞ-KliǀĞiƌĂ͕�Dd��ƌuǌ.��nti-inĨlĂŵŵĂtŽƌǇ�ĂctiǀitǇ�ŽĨ�pŽƌtuŐuĞƐĞ�thĞƌŵĂl�ǁĂtĞƌƐ.�dŽǆicŽlŽŐǇ�>ĞttĞƌƐ�ϮϬϭϴ͕�Ϯϵϱ^͕�^ϲϵʹ
S266

�lbuƋuĞƌƋuĞ͕�>.͕�&.��.�ZĂinĞǇ�Θ�D.�^.�ĚĂ��ŽƐtĂ�;ϮϬϭϴͿ�dhĞ�ĨĂŵilǇ�dƌuĞpĞƌĂcĞĂĞ.��ĞƌŐĞǇ Ɛ͛�DĂnuĂl�ŽĨ�^ǇƐtĞŵĂticƐ�ŽĨ��ƌchĂĞĂ�ĂnĚ�
�ĂctĞƌiĂ͕�ĚŽi.ŽƌŐ/ϭϬ.ϭϬϬϮ/ϵϳϴϭϭϭϴϵϲϬϲϬϴ.ĨbŵϬϬϮϴϵ͕�ϰth��ĚitiŽn�;^upĞƌǀiƐinŐ��ĚitŽƌ͕ �tilliĂŵ��.�thitŵĂnͿ͕�,ŽbŽŬĞn͕�EĞǁ�
:ĞƌƐĞǇ͕ �tilĞǇ

�lbuƋuĞƌƋuĞ͕�>.͕�&.��.�ZĂinĞǇ�Θ�D.�^.�ĚĂ��ŽƐtĂ�;ϮϬϭϴͿ�dhĞ�ŐĞnuƐ��ƋuicĞllĂ.��ĞƌŐĞǇ Ɛ͛�DĂnuĂl�ŽĨ�^ǇƐtĞŵĂticƐ�ŽĨ��ƌchĂĞĂ�ĂnĚ�
�ĂctĞƌiĂ͕�ĚŽi.ŽƌŐ/ϭϬ.ϭϬϬϮ/ϵϳϴϭϭϭϴϵϲϬϲϬϴ.ŐbŵϬϭϰϲϱ͕�ϰth��ĚitiŽn�;^upĞƌǀiƐiŐ��ĚitŽƌ͕ �tilliĂŵ��.�thitŵĂnͿ͕�,ŽbŽŬĞn͕�EĞǁ�
:ĞƌƐĞǇ͕ �tilĞǇ

�lbuƋuĞƌƋuĞ͕� >.͕� &.��.�ZĂinĞǇ�Θ�D.�^.�ĚĂ��ŽƐtĂ� ;ϮϬϭϴͿ�dhĞ�ŐĞnuƐ�'ĂiĞllĂ.��ĞƌŐĞǇ Ɛ͛�DĂnuĂl�ŽĨ�^ǇƐtĞŵĂticƐ�ŽĨ��ƌchĂĞĂ�ĂnĚ�
�ĂctĞƌiĂ͕�httpƐ://ĚŽi.ŽƌŐ/ϭϬ.ϭϬϬϮ/ϵϳϴϭϭϭϴϵϲϬϲϬϴ.ŐbŵϬϭϰϲϵ͕�ϰth��ĚitiŽn�;^upĞƌǀiƐiŐ��ĚitŽƌ͕ �tilliĂŵ��.�thitŵĂnͿ͕�,ŽbŽŬĞn͕�
EĞǁ�:ĞƌƐĞǇ͕ �tilĞǇ

�lbuƋuĞƌƋuĞ͕�>.͕�&.��.�ZĂinĞǇ�Θ�D.�^.�ĚĂ��ŽƐtĂ�;ϮϬϭϴͿ�dhĞ�ŐĞnuƐ�DĞiŽthĞƌŵuƐ.��ĞƌŐĞǇ Ɛ͛�DĂnuĂl�ŽĨ�^ǇƐtĞŵĂticƐ�ŽĨ��ƌchĂĞĂ�ĂnĚ�
�ĂctĞƌiĂ͕�ĚŽi.ŽƌŐ/ϭϬ.ϭϬϬϮ/ϵϳϴϭϭϭϴϵϲϬϲϬϴ.ŐbŵϬϬϰϳϲ.pubϮ͕�ϰth��ĚitiŽn�;^upĞƌǀiƐinŐ��ĚitŽƌ͕ �tilliĂŵ��.�thitŵĂnͿ͕�,ŽbŽŬĞn͕�
EĞǁ�:ĞƌƐĞǇ͕ �tilĞǇ

�lbuƋuĞƌƋuĞ͕�>.͕�&.��.�ZĂinĞǇ�Θ�D.�^.�ĚĂ��ŽƐtĂ�;ϮϬϭϴͿ�dhĞ�ŐĞnuƐ�dĞpiĚĂŵŽƌphuƐ.��ĞƌŐĞǇ Ɛ͛�DĂnuĂl�ŽĨ�^ǇƐtĞŵĂticƐ�ŽĨ��ƌchĂĞĂ�
ĂnĚ��ĂctĞƌiĂ͕�ĚŽi.ŽƌŐ�/ϭϬ.ϭϬϬϮ/ϵϳϴϭϭϭϴϵϲϬϲϬϴ.ŐbŵϬϭϰϱϱ͕�ϰth��ĚitiŽn� ;^upĞƌǀiƐiŐ��ĚitŽƌ͕ �tilliĂŵ��.�thitŵĂnͿ͕�,ŽbŽŬĞn͕�
EĞǁ�:ĞƌƐĞǇ͕ �tilĞǇ

�lbuƋuĞƌƋuĞ͕�>.͕�&.��.�ZĂinĞǇ�Θ�D.�^.�ĚĂ��ŽƐtĂ�;ϮϬϭϴͿ�dhĞ�ŐĞnuƐ�dĞpiĚicĞllĂ.��ĞƌŐĞǇ Ɛ͛�DĂnuĂl�ŽĨ�^ǇƐtĞŵĂticƐ�ŽĨ��ƌchĂĞĂ�ĂnĚ�
�ĂctĞƌiĂ͕���ĚŽi.ŽƌŐ/ϭϬ.ϭϬϬϮ/ϵϳϴϭϭϭϴϵϲϬϲϬϴ.ŐbŵϬϭϰϲϰ͕�ϰth��ĚitiŽn�;^upĞƌǀiƐiŐ��ĚitŽƌ͕ �tilliĂŵ��.�thitŵĂnͿ͕�,ŽbŽŬĞn͕�EĞǁ�
:ĞƌƐĞǇ͕ �tilĞǇ

�lbuƋuĞƌƋuĞ͕�>.͕�&.��.�ZĂinĞǇ�Θ�D.�^.�ĚĂ��ŽƐtĂ�;ϮϬϭϴͿ�dhĞ�ŐĞnuƐ�dhĞƌŵuƐ.��ĞƌŐĞǇ Ɛ͛�DĂnuĂl�ŽĨ�^ǇƐtĞŵĂticƐ�ŽĨ��ƌchĂĞĂ�ĂnĚ�
�ĂctĞƌiĂ͕� httpƐ://ĚŽi.ŽƌŐ/ϭϬ.ϭϬϬϮ/ϵϳϴϭϭϭϴϵϲϬϲϬϴ.ŐbŵϬϬϰϳϳ.pubϮ͕� ϰth� �ĚitiŽn� ;^upĞƌǀiƐiŐ� �ĚitŽƌ͕ � tilliĂŵ� �.� thitŵĂnͿ͕�
,ŽbŽŬĞn͕�EĞǁ�:ĞƌƐĞǇ͕ �tilĞǇ

�lbuƋuĞƌƋuĞ͕�>.͕�&.��.�ZĂinĞǇ�Θ�D.�^.�ĚĂ��ŽƐtĂ�;ϮϬϭϴͿ�dhĞ�ŐĞnuƐ�dƌuĞpĞƌĂ.��ĞƌŐĞǇ Ɛ͛�DĂnuĂl�ŽĨ�^ǇƐtĞŵĂticƐ�ŽĨ��ƌchĂĞĂ�ĂnĚ�
�ĂctĞƌiĂ͕�ĚŽi.ŽƌŐ/ϭϬ.ϭϬϬϮ/ϵϳϴϭϭϭϴϵϲϬϲϬϴ.ŐbŵϬϭϯϮϴ͕�ϰth��ĚitiŽn�;^upĞƌǀiƐinŐ��ĚitŽƌ͕ �tilliĂŵ��.�thitŵĂnͿ͕�,ŽbŽŬĞn͕�EĞǁ�
:ĞƌƐĞǇ͕ �tilĞǇ

�lbuƋuĞƌƋuĞ͕�>.͕�,.�&ƌŽuĨĞ͕��.��ŐĂƐ͕�&.��.�ZĂinĞǇ�Θ�D.�̂ .�ĚĂ��ŽƐtĂ�;ϮϬϭϴͿ�dhĞ�ŐĞnuƐ��lbiĚŽǀuluŵ.��ĞƌŐĞǇ Ɛ͛�DĂnuĂl�ŽĨ�̂ ǇƐtĞŵĂticƐ�
ŽĨ��ƌchĂĞĂ�ĂnĚ��ĂctĞƌiĂ͕�ĚŽi.ŽƌŐ/ϭϬ.ϭϬϬϮ/ϵϳϴϭϭϭϴϵϲϬϲϬϴ.ŐbŵϬϭϰϱϲ͕�ϰth��ĚitiŽn�;^upĞƌǀiƐinŐ��ĚitŽƌ͕ �tilliĂŵ��.�thitŵĂnͿ͕�
,ŽbŽŬĞn͕�EĞǁ�:ĞƌƐĞǇ͕ �tilĞǇ

�lŵĞiĚĂ-&ĞƌƌĞiƌĂ� �͕� ^ilǀĂ-dĞiǆĞiƌĂ� Z͕� >ĂƌĂnũŽ�D͕� �lŵĞiĚĂ�E͕� �ƌitĞƐ�'͕� �iĂƐ� &ĞƌƌĞiƌĂ� :͕�DĂƌƋuĞƐ� /͕� EĞǀĞƐ� Z͕� ^ĞƌĂŵbĞƋuĞ� �͕�
dĞiǆŽ�Z͕��bƌĂntĞƐ��D͕��ĂƌĂŵĞlŽ�&͕ ��ŽtĞlhŽ�D&.��ĨĨĞct�ŽĨ�cŽlĚ�ĂtŵŽƐphĞƌic�plĂƐŵĂ�in�huŵĂn�cĂncĞƌ�cĞllƐ�linĞƐ.�WulŵŽnŽlŽŐǇ�
ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϭϯ

�lŵĞiĚĂ-&ĞƌƌĞiƌĂ��͕�^ilǀĂ-dĞiǆĞiƌĂ�Z͕�>ĂƌĂnũŽ�D͕�>ŽpĞƐ��͕��bƌĂntĞƐ��D͕��ĂƌĂŵĞlŽ�&͕ ��ŽtĞlhŽ�D&.�WƌŽĚuctiŽn�ŽĨ�ƌĞĂctiǀĞ�ŽǆǇŐĞn�
ƐpĞciĞƐ�in�bƌĞĂƐt�cĂncĞƌ�ǁith�cŽlĚ�ĂtŵŽƐphĞƌic�plĂƐŵĂ�tƌĞĂtŵĞnt.�WulŵŽnŽlŽŐǇ�ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϭϯ



ϭϴϵ

�lǀĞƐ��͕�DĂŵĞĚĞ���͕��lǀĞƐ�D͕�KliǀĞiƌĂ�W&͕ �ZŽchĂ�̂ D͕��ŽtĞlhŽ�D&͕ �DĂiĂ��:.�'lǇcŽlǇƐiƐ�inhibitiŽn�ĂƐ�Ă�ƐtƌĂtĞŐǇ�ĨŽƌ�hĞpĂtŽcĞllulĂƌ�
cĂƌcinŽŵĂ�tƌĞĂtŵĞnt͍��uƌƌĞnt��ĂncĞƌ��ƌuŐ�dĂƌŐĞtƐ.�ϮϬϭϴ͖�ϭϴ:ϭ.��K/:�ϭϬ.Ϯϭϳϰ/ϭϱϲϴϬϬϵϲϭϴϲϲϲϭϴϬϰϯϬϭϰϰϰϰϭ

�lǀĞƐ�DZW͕ ��ŽiĂ�Z͕��ĂŵpŽƐ��:͕�DĂƌtinƐ�:͕�EunĞƐ�^͕�DĂĚĞiƌĂ�D,͕�^ĂntiĂŐŽ��Z͕�WĞƌĞiƌĂ�&�͕�ZĞiƐ� &͕ ��ŵbƌſƐiŽ��&͕ ��ĂptiƐtĂ�&/.�
^ubtlĞ�thinninŐ�ŽĨ�ƌĞtinĂl�lĂǇĞƌƐ�ǁithŽut�ŽǀĞƌt�ǀĂƐculĂƌ�ĂnĚ�inĨlĂŵŵĂtŽƌǇ�ĂltĞƌĂtiŽnƐ�in�Ă�ƌĂt�ŵŽĚĞl�ŽĨ�pƌĞĚiĂbĞtĞƐ.�DŽl�siƐ.�
ϮϬϭϴ͖�Ϯϰ:�ϯϱϯ-ϯϲϲ

�lǀĞƐ�Z͕�'ŽnĕĂlǀĞƐ���͕�:ŽƌŐĞ�:͕��lŵĞiĚĂ��͕�^ĂƌŵĞntŽ-ZibĞiƌŽ���.��lĂcƌiĚĂƌ�ĂƐ�Ă�ŵŽĚulĂtŽƌ�ŽĨ�iŵĂtinib�ƌĞƐiƐtĂncĞ.�WulŵŽnŽl.�
ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϭϱ-ϭϲ�

�lǀĞƐ� Z͕� 'ŽnĕĂlǀĞƐ� ��͕� :ŽƌŐĞ� :͕� >uşƐ� �͕� ZibĞiƌŽ� �͕�DĂƌƋuĞƐ� '͕� :ŽƌŐĞ� >͕� ZŽĚƌiŐuĞƐ-^ĂntŽƐ� W͕ � &ƌĞitĂƐ-dĂǀĂƌĞƐ� W͕ � �lŵĞiĚĂ� �͕�
^ĂƌŵĞntŽ-ZibĞiƌŽ���.�DicƌŽƌnĂƐ�pƌŽĨilĞ�in�cŵl�ʹ�Ă�pŽtĞntiĂl�biŽŵĂƌŬĞƌ�tŽ�iŵĂtinib�ƌĞƐpŽnƐĞ.�WulŵŽnŽl.�ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�
ϭͿ:ϭϲ�

�lǀĞƐ�Z^͕�'ŽnĕĂlǀĞƐ���͕�:ŽƌŐĞ�:͕��lŵĞiĚĂ��͕�̂ ĂƌŵĞntŽ-ZibĞiƌŽ���.�W'W�ĂnĚ���ZW�inhibitŽƌ�ĂƐ�Ă�ŵŽĚulĂtŽƌ�ŽĨ�iŵĂtinib�ƌĞƐiƐtĂncĞ.�
,ĞŵĂ^phĞƌĞ�ϮϬϭϴ͖�Ϯ;^ϭͿ:ϴϲϯ

�lǀĞƐ�Z^͕�'ŽnĕĂlǀĞƐ���͕� :ŽƌŐĞ� :͕� >uşƐ��͕� ZibĞiƌŽ��͕�DĂƌƋuĞƐ�'͕� :ŽƌŐĞ� >͕� ZŽĚƌiŐuĞƐ-^ĂntŽƐ� W͕ � &ƌĞitĂƐ-dĂǀĂƌĞƐ� W͕ ��lŵĞiĚĂ��͕�
^ĂƌŵĞntŽ-ZibĞiƌŽ���.�/ŵĂtinib�ƌĞƐpŽnƐĞ�ĂnĚ�ŵicƌŽZE�Ɛ�pƌŽĨilĞ�in��D>�-���biŽŵĂƌŬĞƌ�ĨŽƌ�ĚƌuŐ�ƌĞƐpŽnƐĞ.�,ĞŵĂ^phĞƌĞ�ϮϬϭϴ͖�
Ϯ;^ϭͿ:ϴϳϵ

�D�^ilǀĂ͕�W:�KliǀĞiƌĂ.��ǀĂluĂtiŽn�ŽĨ�ZĞƐpiƌĂtiŽn�ǁith��lĂƌŬ-dǇpĞ��lĞctƌŽĚĞ�in�/ƐŽlĂtĞĚ�DitŽchŽnĚƌiĂ�ĂnĚ�WĞƌŵĞĂbiliǌĞĚ��niŵĂl�
�ĞllƐ.�DĞthŽĚƐ�DŽl��iŽl.͖ϭϳϴϮ:ϳ-Ϯϵ.��Ži:�ϭϬ.ϭϬϬϳ/ϵϳϴ-ϭ-ϰϵϯϵ-ϳϴϯϭ-ϭͺϮ

�ŵbƌŽƐiŽ��&͕ �EĞǀĞƐ��͕��hiƋuitĂ�^͕��ĂƌĞchŽ�Z͕��ĂptiƐtĂ�&͕ ��ĂŵpŽƐ��:͕�DŽƌĞiƌĂ�W.�ϮϬϭϴ.�^tƌuctuƌĂl͕�ĨunctiŽnĂl�ĂnĚ�ŵŽlĞculĂƌ�
ĂltĞƌĂtiŽnƐ�in�thĞ�ƌĞtinĂ�ŽĨ�Ă�ŵŽuƐĞ�ŵŽĚĞl�ŽĨ��lǌhĞiŵĞƌ Ɛ͛�ĚiƐĞĂƐĞ.�/nǀĞƐtiŐĂtiǀĞ�KphthĂlŵŽlŽŐǇ�Θ�siƐuĂl�^ciĞncĞ.�ϱϵ

�nĂ�/��uĂƌtĞ͕�DĂƌiĞ�̂ ũƂŐƌĞn͕��ĠbŽƌĂ�DĞnĂ͕�/nġƐ�E��lǀĞƐ͕�DĂƌiĂ�̂ �̂ ĂntŽƐ͕��ĂtĂƌinĂ�Z�KliǀĞiƌĂ͕�WĂulĂ�/�DŽƌĞiƌĂ͕�DĂƌiĂ��ũƂƌŬƋǀiƐt.�
�ĨĨĞctƐ� ŽĨ� ĚuĂl� ĂĚŵiniƐtƌĂtiŽn� ŽĨ� liƌĂŐlutiĚĞ� ĂnĚ� ŐhƌĞlin� Žn� bƌĂin�ŵitŽchŽnĚƌiĂl�ŵĞtĂbŽliƐŵ� in� thĞ� ƌϲ/Ϯ�ŵŽuƐĞ.� :� EĞuƌŽl�
EĞuƌŽƐuƌŐ�WƐǇchiĂtƌǇ�ϴϵ�;^uppl�ϭͿ͕��ϵϮ-�ϵϮ�

�nĂ�ZĂƋuĞl�^ĂntiĂŐŽ͕�ZĂƋuĞl��ŽiĂ͕�/nġƐ��iniƐ��iƌĞƐ͕��ntſniŽ�&ƌĂnciƐcŽ��ŵbƌſƐiŽ͕�ZŽƐĂ�&ĞƌnĂnĚĞƐ.�^ǁĞĞt�ƐtƌĞƐƐ:�cŽpinŐ�ǁith�
ǀĂƐculĂƌ�ĚǇƐĨunctiŽn�in�ĚiĂbĞtic�ƌĞtinŽpĂthǇ.�&ƌŽnt�WhǇƐiŽl.�ϮϬϭϴ�:ul�ϭϯ͖�ϵ:ϴϮϬ.��K/:�ϭϬ.ϯϯϴϵ/ĨphǇƐ.ϮϬϭϴ.ϬϬϴϮϬ.�Ğ�ŽllĞctiŽn�
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�ntŽniŽ�&��ŵbƌŽƐiŽ͕��ĂtĂƌinĂ�EĞǀĞƐ͕�̂ ĂŵuĞl��hiƋuitĂ͕�ZĂĨĂĞl��ĂƌĞchŽ͕�&ilipĂ��ĂptiƐtĂ͕��liƐĂ�:��ĂŵpŽƐ͕�WĂulĂ�DŽƌĞiƌĂ.�̂ tƌuctuƌĂl͕�
ĨunctiŽnĂl�ĂnĚ�ŵŽlĞculĂƌ�ĂltĞƌĂtiŽnƐ�in�thĞ�ƌĞtinĂ�ŽĨ�Ă�ŵŽuƐĞ�ŵŽĚĞl�ŽĨ��lǌhĞiŵĞƌ Ɛ͛�ĚiƐĞĂƐĞ.�/nǀĞƐtiŐĂtiǀĞ�KphthĂlŵŽlŽŐǇ�Θ�
Visual Science 59 (9), 6077-6077

�ntunĞƐ� �unhĂ� /͕� :ĂƌĚiŵ� WĞƌĞiƌĂ� �͕� ZibĞiƌŽ� ::͕� sĞƌĆŽ� W͕ � �ĂlĚĞiƌĂƐ� /͕� ^ĂntiĂŐŽ� �.� �ĞtĂ-pƌŽpĞllĞƌpƌŽtĞin� ĂƐƐŽciĂtĞĚ�
nĞuƌŽĚĞŐĞnĞƌĂtiŽn�;�W�EͿ�ʹ�ĨƌŽŵ�phĞnŽtǇpĞ�tŽ�ŐĞnŽtǇpĞ.��uƌ�:�EĞuƌŽl.�ϮϬϭϴ͖�Ϯϱ;^uppl�ϮͿ:�ϱϵϵ

�ntunĞƐ�,W͕ �dĞiǆŽ�Z͕��ĂƌǀĂlhŽ�:�͕��liƐĞu�D͕�DĂƌƋuĞƐ�/͕�DĂŵĞĚĞ��͕�EĞǀĞƐ�Z͕�KliǀĞiƌĂ�Z͕�dĂǀĂƌĞƐ-ĚĂ-^ilǀĂ��͕�WĂƌĂĚĂ��͕��bƌĂntĞƐ�
�D͕�&iŐuĞiƌĞĚŽ��͕��ŽtĞlhŽ�D&.��iĂbĞtĞƐ�ŵĞllituƐ�ĂnĚ�pƌŽƐtĂtĞ�cĂncĞƌ�ŵĞtĂbŽliƐŵ:�/Ɛ�thĞƌĞ�Ă�ƌĞlĂtiŽnƐhip͍��ƌchiǀiŽ�/tĂliĂnŽ�Ěi�
hƌŽlŽŐiĂ�Ğ��nĚƌŽlŽŐiĂ�ϮϬϭϴ.�ϵϬ�;ϯͿ͕�ϭϴϰ-ϭϵϬ.��K/:ϭϬ.ϰϬϴϭ/ĂiuĂ.ϮϬϭϴ.ϯ.ϭϴϰ

�ĞĂtŽ-�ŽĞlhŽ�:͕�WĞƌĞiƌĂ�D͕��ĂlĚĞiƌĂƐ�/͕�sĂlĠƌiŽ��͕��uƌŽ��͕��ĂƌnĞiƌŽ��͕�̂ ĂntiĂŐŽ��͕�ZibĞiƌŽ�,͕�KliǀĞiƌĂ��͕�̂ ĂntĂnĂ�/.�EĞuƌŽpƐǇchiĂtƌic�
ƐǇŵptŽŵƐ�in�DilĚ��ŽŐnitiǀĞ�/ŵpĂiƌŵĞnt:�biŽlŽŐicĂl�ĚĞtĞƌŵinĂntƐ�ĂnĚ�pƌĞĚictiŽn�ŽĨ�cŽnǀĞƌƐiŽn.��uƌ�:�EĞuƌŽl.�ϮϬϭϴ͖�Ϯϱ;^uppl�
ϮͿ:�ϵϱ

�ĞbiĂnĂ� ^Ą-DŽuƌĂ͕� WĂtƌşciĂ� �ŽucĞiƌŽ͕� >uşƐ� �ĂtĂƌinŽ͕� �iĂnĂ� 'uĂƌĚĂĚŽ͕� DĂũĂ� ĚĞ� �ƌitŽ͕� �ĄƌbĂƌĂ� 'ŽŵĞƐ͕� Zui� dĂǀĂƌĞƐ͕� :ŽĆŽ�
ZĂŵĂlhŽ-^ĂntŽƐ͕��nĂ�D.�dĞiǆĞiƌĂ͕�>uşƐ�ZĂŵĂ͕�&lĄǀiŽ�ZĞiƐ͕��nĂbĞlĂ�DŽtĂ-WintŽ͕�DĂnuĞl�sĞƌşƐƐiŵŽ͕��ĂƌlŽƐ�'ŽnĕĂlǀĞƐ͕��ntſniŽ�
�unhĂ͕�:ŽĆŽ�K.�DĂlǀĂ.��ƌiĚŐinŐ�hĞĂlth�ĂnĚ�ƐŽciĂl�cĂƌĞ�ǁith�thĞ�citiǌĞnƐ�ʹ�thĞ�cĂƐĞ�ŽĨ�Ğit�hĞĂlth�pƌŽũĞct�͞,ĞĂ>/YƐϰ�itiĞƐ͟�ĂnĚ�
͞pƌĂĕĂ�ǀiĚĂн͕͟ �in�WŽƌtuŐĂl.��ĂƌĞ�tĞĞŬlǇ�ϮϬϭϴ͖�Ϯ:Ϯϭ-Ϯϰ

�ĞƐƐĂ��͕�^ŽĂƌĞƐ�:͕�ZĂiŵunĚŽ�>͕�>ŽuƌĞiƌŽ�:�͕�'ŽŵĞƐ��͕�ZĞiƐ�&͕ �^ŽĂƌĞƐ�D>͕�^ĂntŽƐ��͕��uƌĞũĂ��͕��hĂuĚhuƌi�^Z͕�>ŽpĞǌ-,ĂbĞƌ��͕�
<ĂǌĂniĞtǌ�D'͕�'ŽnĕĂlǀĞƐ�:͕�^iŵƁĞƐ�D&͕ �ZiũŽ�W͕ �^ĂƌĂiǀĂ�>.��iƐcŽǀĞƌǇ�ŽĨ�Ă�ƐŵĂll-ŵŽlĞculĞ�pƌŽtĞin�ŬinĂƐĞ��ɷ-ƐĞlĞctiǀĞ�ĂctiǀĂtŽƌ�
Ϯ�ǁith�pƌŽŵiƐinŐ�ĂpplicĂtiŽn�in�cŽlŽn�cĂncĞƌ�thĞƌĂpǇ.��Ğll��ĞĂth�Θ��iƐĞĂƐĞ�ϮϬϭϴ͖�ϵ;ϮͿ:Ϯϯ.��K/:�ϭϬ.ϭϬϯϴ/Ɛϰϭϰϭϵ-Ϭϭϳ-Ϭϭϱϰ-ϵ



ϭϵϬ

�ŽƐnic-�nticĞǀiƐh�^�Ğt�Ăl�;:�DĂlǀĂ�iƐ�cŽ-ĂutŽƌͿ��Z/��phĂƌŵĂcǇ�ϮϬϭϴ�͞�llĞƌŐic�ƌhinitiƐ�cĂƌĞ�pĂthǁĂǇƐ�ĨŽƌ�cŽŵŵunitǇ�phĂƌŵĂcǇ͟�
;ϮϬϭϴͿ��llĞƌŐǇ�ĚĞc�ϭϴ.��K/:�ϭϬ.ϭϭϭϭ/Ăll.ϭϯϳϬϭ

�ŽuƐƋuĞt�Ğt�Ăt�;:�DĂlǀĂ�iƐ�ŵĞŵbĞƌ�ŽĨ�D�^<�ŐƌŽupͿ�;ϮϵϭϴͿ�D�^<�ϮϬϭϳ:��Z/��ĚiŐitĂllǇ-ĞnĂblĞĚ͕�intĞŐƌĂtĞĚ͕�pĞƌƐŽn-cĞntƌĞĚ�
cĂƌĞ�ĨŽƌ�ƌhinitiƐ�ĂnĚ�ĂƐthŵĂ�ŵultiŵŽƌbiĚitǇ�uƐinŐ�ƌĞĂl-ǁŽƌlĚ-ĞǀiĚĞncĞ.��lin�dƌĂnƐl��llĞƌŐǇ�ϴ:ϰϱ͖��K/.ŽƌŐ/ϭϬ.ϭϭϴϲ/ƐϭϯϲϬϭ-
018-0227-6

�ƌşŐiĚĂ�Z�WinhŽ͕��nĂ�/��uĂƌtĞ͕�>iliĂnĂ�D��lŵĞiĚĂ͕�WĂulĂ�D��ĂnĂƐ͕�WĂulĂ�/�DŽƌĞiƌĂ͕�DiŬĞ�W�DuƌphǇ͕ �:ŽƌŐĞ�D��KliǀĞiƌĂ.�
�ĨĨĞctƐ�ŽĨ�D/dKY�Žn�bĞhĂǀiŽuƌĂl�ĂnĚ�biŽchĞŵicĂl�phĞnŽtǇpĞƐ�ŽĨ�Ă�huntinŐtŽn Ɛ͛�ĚiƐĞĂƐĞ�ŵŽuƐĞ�ŵŽĚĞl.�:�EĞuƌŽl�EĞuƌŽƐuƌŐ�
WƐǇchiĂtƌǇ�ϴϵ�;^uppl�ϭͿ͕��ϵϭ-�ϵϮ�

�ƌitĞƐ� '͕� >ĂƌĂnũŽ� D͕� WĞƌĞiƌĂ� E͕� �ĂŵpŽƐ� D͕� KliǀĞiƌĂ� �^Z͕� WinĞiƌŽ� D͕� WinhŽ� Ğ� DĞlŽ� dDs�͕� �ŽtĞlhŽ� D&.� EŽǀĞl�
ϰ͕ϱ͕ϲ͕ϳ-tĞtƌĂhǇĚƌŽpǇƌĂǌŽlŽ΀ϭ͕ϱ-Ă΁� pǇƌiĚinĞ� ĨuƐĞĚ� chlŽƌinƐ� ĂƐ� ǀĞƌǇ� cǇtŽtŽǆic� cŽŵpŽunĚƐ� ĂŐĂinƐt� ŵĞlĂnŽŵĂ� cĂncĞƌ� cĞllƐ.�
WulŵŽnŽlŽŐǇ�ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϭϬ�

�uƌŐĞiƌŽ��͕�&ŽnƐĞcĂ���͕��ƐpinŽǌĂ��͕��ĂƌǀĂlhŽ�>͕�>ŽuƌĞnĕŽ�E͕��ntunĞƐ�D͕��ĂƌǀĂlhŽ��.�WƌŽtĞŽƐtĂƐiƐ�in�ĞpicĂƌĚiĂl�ǀĞƌƐuƐ�
ƐubcutĂnĞŽuƐ�ĂĚipŽƐĞ�tiƐƐuĞ�in�hĞĂƌt�ĨĂiluƌĞ�ƐubũĞctƐ�ǁith�ĂnĚ�ǁithŽut�ĚiĂbĞtĞƐ.��iŽchiŵ��iŽphǇƐ��ctĂ�DŽl��ĂƐiƐ��iƐ.�ϮϬϭϴ�
ϭϴϲϰ:Ϯϭϴϯ-Ϯϭϵϴ

�ĂĞtĂnŽ-KliǀĞiƌĂ�Z͕�'ŽŵĞƐ�D�͕��bƌĂntĞƐ��D͕�dĂǀĂƌĞƐ-^ilǀĂ��͕�KliǀĞiƌĂ�D͕�>ĂƌĂnũŽ�D͕�YuĞiƌſƐ��͕��ĂƐĂltĂ->ŽpĞƐ�:͕�WiƌĞƐ�^͕�
�ĂƌǀĂlhŽ�>͕�'ŽuǀĞiĂ�Z͕�ZŽĚƌiŐuĞƐ�^ĂntŽƐ�W͕ �WƌiŽlli��'͕�dƌĂlhĆŽ�:'͕��ŽtĞlhŽ�D&.�ZĞǀiƐitinŐ�cŽlŽƌĞctĂl�cĂncĞƌ�ĂniŵĂl�ŵŽĚĞlʹ�n�
iŵpƌŽǀĞĚ�ŵĞtĂƐtĂtic�ŵŽĚĞl�ĨŽƌ�ĚiƐtĂl�ƌĞctŽƐiŐŵŽiĚ�cŽlŽn�cĂƌcinŽŵĂ.�WĂthŽphǇƐiŽlŽŐǇ�ϮϬϭϴ.�Ϯϱ�;ϮͿ͕�ϴϵ-ϵϵ.��K/:ϭϬ.ϭϬϭϲ/ũ.
pĂthŽphǇƐ.ϮϬϭϴ.ϬϮ.ϬϬϮ

�ĂŵpŽƐ��͕��ĂŵpŽƐ��:͕�ĚŽ��ĂƌŵŽ��͕��ĂƌĂŵĞlŽ�&͕ �DĂƌtinƐ�:͕�ĚĞ�^ŽuƐĂ�:W�͕��ŵbƌſƐiŽ��&͕ �^ilǀĂ�Z.�ϮϬϭϴ.��ǀĂluĂtiŽn�ŽĨ�ŵĂƌŬĞƌƐ�ŽĨ�
ŽutcŽŵĞ�in�ĚiĂbĞtic�ŵĂculĂƌ�ĞĚĞŵĂ.��ǇĞ�ĂnĚ�siƐiŽn.�ϱ:Ϯϳ.��K/:�ϭϬ.ϭϭϴϲ/ƐϰϬϲϲϮ-Ϭϭϴ-Ϭϭϭϵ-ϵ.

�ĂŵpŽƐ��͕��ĂŵpŽƐ��:͕�ĚŽ��ĂƌŵŽ��͕�WĂtƌşciŽ�D͕��ĂƐtƌŽ�ĚĞ�^ŽuƐĂ�:W͕ ��ŵbƌſƐiŽ��&͕ �^ilǀĂ�Z.�ϮϬϭϴ.��hŽƌŽiĚĂl�thicŬnĞƐƐ�chĂnŐĞƐ�
ƐtƌĂtiĨiĞĚ�bǇ�ŽutcŽŵĞ�in�ƌĞĂl-ǁŽƌlĚ�tƌĞĂtŵĞnt�ŽĨ�ĚiĂbĞtic�ŵĂculĂƌ�ĞĚĞŵĂ.�'ƌĂĞĨĞΖƐ��ƌchiǀĞ�ĨŽƌ��linicĂl�ĂnĚ��ǆpĞƌiŵĞntĂl�
KphthĂlŵŽlŽŐǇ.�Ϯϱϲ:ϭϴϱϳ-ϭϴϲϱ.��K/:�ϭϬ.ϭϬϬϳ/ƐϬϬϰϭϳ-Ϭϭϴ-ϰϬϳϮ-ǌ

�ĂŵpŽƐ��:͕�DĂƌtinƐ�:͕��ƌuĚǌĞǁƐŬǇ��͕��ŽƌƌĞiĂ�^͕�^ĂntiĂŐŽ��Z͕�tŽlĚbǇĞ��W�͕��ŵbƌſƐiŽ��&.�ϮϬϭϴ.�dhĞ�iŵpĂct�ŽĨ�tǇpĞ�
ϭ�ĚiĂbĞtĞƐ�ŵĞllituƐ�ĂnĚ�ƐitĂŐliptin�tƌĞĂtŵĞnt�Žn�thĞ�nĞuƌŽpĞptiĚĞ�z�ƐǇƐtĞŵ�ŽĨ�ƌĂt�ƌĞtinĂ.��linicĂl�Θ��ǆpĞƌiŵĞntĂl�
KphthĂlŵŽlŽŐǇ.�ϰϲ:ϳϴϯ-ϳϵϱ.��K/:�ϭϬ.ϭϭϭϭ/cĞŽ.ϭϯϭϳϲ

�ĂŵpŽƐ��:͕�zĂtĞƐ�:.�ϮϬϭϴ.�^inŐlĞ�ŵŽlĞculĞ�chĂƌĂctĞƌiƐĂtiŽn�ŽĨ�nĂnŽpĂƌticlĞƐ�uƐinŐ�Ă�nĂnŽpŽƌĞ-bĂƐĞĚ�ƐtŽchĂƐtic�ĚĞtĞctiŽn�
ŵĞthŽĚ�;ZĞǀiĞǁͿ.�^ĞnƐŽƌƐ�ĂnĚ��ctuĂtŽƌƐ��:��hĞŵicĂl.�Ϯϱϱ:ϮϬϯϮ-ϮϬϰϵ.��K/:�ϭϬ.ϭϬϭϲ/ũ.Ɛnb.ϮϬϭϳ.Ϭϵ.Ϭϭϰ

�ĂŵpŽƐ�D͕�WĞƌĞiƌĂ�E�D͕�>ĂƌĂnũŽ�D͕�EĂƐciŵĞntŽ��&K͕��ƌitĞƐ�'͕�WinĞiƌŽ�D͕��ŽtĞlhŽ�D&͕ �WinhŽ�Ğ�DĞlŽ�dDs�.�EŽǀĞl�
phŽtŽƐĞnƐitiǌĞƌƐ�ĂƐ�pƌŽŵiƐinŐ�thĞƌĂnŽƐtic�ĂŐĞntƐ�ĨŽƌ�cĂncĞƌ�tƌĞĂtŵĞnt.�WulŵŽnŽlŽŐǇ�ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϭϯ.�/&:�ϭ͕ϳϯϭ.�Yϰ:�
ZĞƐpiƌĂtŽƌǇ�^ǇƐtĞŵ

�ĂnĂƐ�WD͕��unhĂ�Z�͕��ŐŽƐtinhŽ�W�;ϮϬϭϴͿ.��ĚĞnŽƐinĞ�ZĞcĞptŽƌƐ�in��lǌhĞiŵĞƌ Ɛ͛��iƐĞĂƐĞ.�/n:�dhĞ��ĚĞnŽƐinĞ�ZĞcĞptŽƌƐ͕�ĞĚƐ.�
�ŽƌĞĂ�W�͕�sĂƌĂni�<͕�'ĞƐƐi�^͕�DĞƌiŐhi�^͕�sincĞnǌi�&͕ �pp.�ϮϱϵʹϮϴϬ͕�^pƌinŐĞƌ͕ �EĞǁ�zŽƌŬ.�ĚŽi:ϭϬ.ϭϬϬϳ/ϵϳϴ-ϯ-ϯϭϵ-ϵϬϴϬϴ-ϯͺϭϭ

�ĂƌĚŽƐŽ�^D͕��ƐtĞǀĞƐ��Z͕�^ilǀĂ��&͕ ��ĂnĚĞiĂƐ��͕��ŵpĂĚinhĂƐ�E�;ϮϬϭϴͿ�dhĞ�ƌŽlĞ�ŽĨ�ŵitŽchŽnĚƌiĂ�in�nĞuƌŽnĂl�innĂtĞ�iŵŵunitǇ�
ĂctiǀĂtiŽn:�ƌĞlĞǀĂncĞ�ĨŽƌ�WĂƌŬinƐŽn Ɛ͛�ĚiƐĞĂƐĞ.��uƌŽpĞĂn�:ŽuƌnĂl�ŽĨ��linicĂl�/nǀĞƐtiŐĂtiŽn�ϰϴ:Ϯϳ-Ϯϳ

�ĂƌŵŽ��.͕�EĂiĂ�>.͕�>ŽpĞƐ��.͕�ZĞŐŽ��.�.�;ϮϬϭϴͿ�DitŽchŽnĚƌiĂl��ǇƐĨunctiŽn�in�,untinŐtŽn Ɛ͛��iƐĞĂƐĞ.�/n:�WŽlǇŐlutĂŵinĞ�
�iƐŽƌĚĞƌƐ.��ĚǀĂncĞƐ�in��ǆpĞƌiŵĞntĂl�DĞĚicinĞ�ĂnĚ��iŽlŽŐǇ͕ �;EſbƌĞŐĂ��.͕�WĞƌĞiƌĂ�ĚĞ��lŵĞiĚĂ�>.͕��ĚƐ.Ϳ͕�ǀŽl�ϭϬϰϵ͕�^pƌinŐĞƌ͕ �
�hĂŵ�;/^�E:�ϵϳϴ-ϯ-ϯϭϵ-ϳϭϳϳϴ-ϰ͖�ĚŽi.ŽƌŐ/ϭϬ.ϭϬϬϳ/ϵϳϴ-ϯ-ϯϭϵ-ϳϭϳϳϵ-ϭͺϯͿ

�ĂƌnĞiƌŽ��͕��ĂlĚĞiƌĂƐ�/͕�DŽƌĞiƌĂ��͕��ĂƐtĞlhĂnŽ�:͕��ĂƐtĞlŽ-�ƌĂncŽ�D͕�^ĂntĂnĂ�/.��ŽŵpĂƌiƐŽn�ŽĨ��ŵǇlŽiĚ��iŽŵĂƌŬĞƌƐ�in�
�lǌhĞiŵĞƌ Ɛ͛��iƐĞĂƐĞ�ʹ�Ă�DŽnŽcĞntƌic�^tuĚǇ.��uƌ�:�EĞuƌŽl.�ϮϬϭϴ͖�Ϯϱ;^uppl�ϮͿ:�ϵϭ

�ĂƌǀĂlhŽ�D:͕�>ĂƌĂnũŽ�D͕��bƌĂntĞƐ��D͕��ĂƐĂltĂ->ŽpĞƐ�:͕�^ĂƌŵĞntŽ-^ĂntŽƐ��ϲ͕��ŽƐtĂ�d͕ �^ĞƌĂŵbĞƋuĞ��͕��lŵĞiĚĂ�E͕�'ŽnĕĂlǀĞƐ�
d͕ �DĂŵĞĚĞ��͕��ncĂƌnĂĕĆŽ�:͕�KliǀĞiƌĂ�Z͕�WĂiǀĂ��͕�ĚĞ��ĂƌǀĂlhŽ�Z͕��ŽtĞlhŽ�&͕ �KliǀĞiƌĂ��.��nĚŽŵĞtƌiĂl��ĂncĞƌ�^phĞƌĞƐ�^hŽǁ�
�ĂncĞƌ�^tĞŵ��ĞllƐ�WhĞnŽtǇpĞ�ĂnĚ�WƌĞĨĞƌĞncĞ�ĨŽƌ�KǆiĚĂtiǀĞ�DĞtĂbŽliƐŵ.�WĂthŽlŽŐǇ�Θ�KncŽlŽŐǇ�ZĞƐĞĂƌch͕�ϮϬϭϴ.�EŽǀ�Ϯϵ.��K/:�
ϭϬ.ϭϬϬϳ/ƐϭϮϮϱϯ-Ϭϭϴ-Ϭϱϯϱ-Ϭ



ϭϵϭ

�ŽĞlhŽ��͕�WĂulĂ��͕�DŽtĂ�D͕�>ĂƌĂnũŽ�D͕��bƌĂntĞƐ�D͕��ĂƌƌilhŽ�&͕ �&ĞƌƌĞiƌĂ�D͕�^ilǀĂ�D͕��ŽtĞlhŽ�&͕ ��ĂƌƌilhŽ��.��ĞntĂl�cĂƌiĞƐ�ĂnĚ�
bĂctĞƌiĂl�lŽĂĚ�in�ƐĂliǀĂ�ĂnĚ�ĚĞntĂl�biŽĨilŵ�ŽĨ�tǇpĞ�ϭ�ĚiĂbĞticƐ�Žn�cŽntinuŽuƐ�ƐubcutĂnĞŽuƐ�inƐulin�inĨuƐiŽn.�:ŽuƌnĂl�ŽĨ��ppliĞĚ�
KƌĂl�^ciĞncĞ�ϮϬϭϴ͖�Ϯϲ:ĞϮϬϭϳϬϱϬϬ.��K/:�ϭϬ.ϭϱϵϬ/ϭϲϳϴ-ϳϳϱϳ-ϮϬϭϳ-ϬϱϬϬ

�ŽĞlhŽ-^ĂntŽƐ�s͕��ĂƌĚŽƐŽ�&>͕�>ĞitĆŽ�Z�͕�&ŽntĞƐ-ZibĞiƌŽ���͕�^ilǀĂ��W.�/ŵpĂct�ŽĨ�ĚĞǀĞlŽpŵĞntĂl�ĞǆpŽƐuƌĞ�tŽ�ŵĞthǇlphĞniĚĂtĞ�
Žn�ƌĂt�bƌĂinΖƐ�iŵŵunĞ�pƌiǀilĞŐĞ�ĂnĚ�bĞhĂǀiŽƌ:��ŽntƌŽl�ǀĞƌƐuƐ���,��ŵŽĚĞl.��ƌĂin��ĞhĂǀ�/ŵŵun.�ϮϬϭϴ�&Ğb͖�ϲϴ:ϭϲϵ-ϭϴϮ.��K/:�
ϭϬ.ϭϬϭϲ/ũ.bbi.ϮϬϭϳ.ϭϬ.Ϭϭϲ

�ŽĞlhŽ-^ĂntŽƐ�s͕��ĂƌĚŽƐŽ�&>͕�DĂŐĂlhĆĞƐ��͕�&ĞƌƌĞiƌĂ-dĞiǆĞiƌĂ�D͕�>ĞitĆŽ�Z�͕�'ŽŵĞƐ��͕�ZitŽ�D͕��ĂƌbŽƐĂ�D͕�&ŽntĞƐ-ZibĞiƌŽ���͕�
^ilǀĂ��W.��ĨĨĞct�ŽĨ�chƌŽnic�ŵĞthǇlphĞniĚĂtĞ�tƌĞĂtŵĞnt�Žn�hippŽcĂŵpĂl�nĞuƌŽǀĂƐculĂƌ�unit�ĂnĚ�ŵĞŵŽƌǇ�pĞƌĨŽƌŵĂncĞ�in�lĂtĞ�
ĂĚŽlĞƐcĞnt�ƌĂtƐ.��uƌ�EĞuƌŽpƐǇchŽphĂƌŵĂcŽl.�ϮϬϭϴ��Ğc�ϭϯ.�pii:�̂ ϬϵϮϰ-ϵϳϳy;ϭϴͿϯϭϵϵϮ-ϴ.��K/:�ϭϬ.ϭϬϭϲ/ũ.ĞuƌŽnĞuƌŽ.ϮϬϭϴ.ϭϮ.ϬϬϳ
�ŽƐtĂ� �W͕ � 'ŽnĕĂlǀĞƐ� ��͕� �bƌĂntĞƐ� �D͕� �lǀĞƐ� Z͕�DĂtĂĨŽŵĞ� W͕ � ^ĞiĕĂ� Z͕� ^ĂƌŵĞntŽ-ZibĞiƌŽ� ��͕� �ŽtĞlhŽ�D&͕ � �ĂƐtƌŽ-^ŽuƐĂ� &.�
/ntĞƐtinĂl��pithĞliĂl�^tĞŵ��ĞllƐ:��iƐtinct��ĞhĂǀiŽƌ��ĨtĞƌ�^uƌŐicĂl�/nũuƌǇ�ĂnĚ�dĞĚuŐlutiĚĞ��ĚŵiniƐtƌĂtiŽn.�:ŽuƌnĂl�ŽĨ�/nǀĞƐtiŐĂtiǀĞ�
^uƌŐĞƌǇ�ϮϬϭϴ.ϯϭ�;ϯͿ͕�Ϯϰϯ-ϮϱϮ.��K/:ϭϬ.ϭϬϴϬ/Ϭϴϵϰϭϵϯϵ.ϮϬϭϳ.ϭϮϵϰϮϭϳ

�ŽƐtĂ��W͕ �'ŽnĕĂlǀĞƐ���͕��bƌĂntĞƐ��D͕��lǀĞƐ�Z͕�DĂtĂĨŽŵĞ�W͕ �̂ ĞiĕĂ�Z͕�̂ ĂƌŵĞntŽ-ZibĞiƌŽ���͕��ŽtĞlhŽ�D&͕ ��ĂƐtƌŽ-^ŽuƐĂ�&.�diƐƐulĂƌ�
ŐƌŽǁth�ĨĂctŽƌƐ�pƌŽĨilĞ�ĂĨtĞƌ�tĞĚuŐlutiĚĞ�ĂĚŵiniƐtƌĂtiŽn�Žn�Ăn�ĂniŵĂl�ŵŽĚĞl�ŽĨ�intĞƐtinĂl�ĂnĂƐtŽŵŽƐiƐ.�EutƌiciŽn�,ŽƐpitĂlĂƌiĂ�
ϮϬϭϴ.�ϯϱ�;ϭͿ͕�ϭϴϱ-ϭϵϯ.��K/:ϭϬ.ϮϬϵϲϬ/nh.ϭϯϮϲ

�ŽƐtĂ� W͕ �'ƌĂǀĞtŽ� :͕�^ĂntŽƐ��͕�&ĞƌnĂnĚĞƐ��͕��lbĂnŽ�,͕�KƐſƌiŽ�E͕��lĂƌicŽ�^͕�KliǀĞiƌĂ�s͕�&ĞƌƌĞiƌĂ�^� ;ϮϬϭϴͿ�DĞthicillin-ƌĞƐiƐtĂnt�
^tĂphǇlŽcŽccuƐ�ĂuƌĞuƐ�ƐpƌĞĂĚinŐ�thƌŽuŐh�ŵĞĚicĂl�ĚĞǀicĞƐ�uƐĞĚ�in�nuƌƐinŐ�cĂƌĞ:�ǁhĂt�cĂn�ǁĞ�lĞĂƌn�ĨƌŽŵ�WŽƌtuŐĂl͍�/ntĞƌnĂtiŽnĂl�
:ŽuƌnĂl�ŽĨ�/nĨĞctiŽuƐ��iƐĞĂƐĞƐ�ϳϯ:ϮϵϮʹϮϵϯ.�ĚŽi.ŽƌŐ/ϭϬ.ϭϬϭϲ/ũ.iũiĚ.ϮϬϭϴ.Ϭϰ.ϰϬϴϭ

ĚĂ��ŽƐtĂ͕�D.�^.͕�>.��lbuƋuĞƌƋuĞ�Θ�&.��.�ZĂinĞǇ�;ϮϬϭϴͿ�dhĞ�ĨĂŵilǇ�dhĞƌŵĂcĞĂĞ.��ĞƌŐĞǇ Ɛ͛�DĂnuĂl�ŽĨ�^ǇƐtĞŵĂticƐ�ŽĨ��ƌchĂĞĂ�ĂnĚ�
�ĂctĞƌiĂ͕�ĚŽi.ŽƌŐ/ϭϬ.ϭϬϬϮ/ϵϳϴϭϭϭϴϵϲϬϲϬϴ.ĨbŵϬϬϬϵϯ.pubϮ͕�ϰth��ĚitiŽn�;^upĞƌǀiƐinŐ��ĚitŽƌ͕ �tilliĂŵ��.�thitŵĂnͿ͕�,ŽbŽŬĞn͕�
EĞǁ�:ĞƌƐĞǇ͕ �tilĞǇ

�ĂlŐĂĂƌĚ�>d͕ ��ĂƌǀĂlhŽ��.�tĂntĞĚ:�DicƌŽZE�Ɛ�tŽ�thĞ�ĂiĚ�ŽĨ�thĞ�ĚiĂbĞtic�ĨŽŽt.�dƌĞnĚƐ��ĂƌĚiŽǀĂƐc�DĞĚ.�ϮϬϭϴ�̂ Ğp�ϲ͖.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.
tcm.2018.09.002

�ĂlŐĂĂƌĚ�>d͕ � >ĞĂl���͕�EiĞlƐĞn�Z͕�DŽuƌĂ� :͕� ^ŽƌĞnƐĞn���͕� :ƆƌŐĞnƐĞn�Wd͕ �tĞnŐĞl� :͕��ĂƌǀĂlhŽ��.� /ŵpƌŽǀĞĚ�ǁŽunĚ�hĞĂlinŐ�ĂnĚ�
ĚĞƌĞpƌĞƐƐiŽn� ŽĨ� ĨibƌŽblĂƐt� ŐƌŽǁth� ĨĂctŽƌ� ϳ� bǇ� inhibitiŽn� ŽĨ� thĞ� ĚiĂbĞtĞƐ-inĚucĞĚ� ŵicƌŽZE�-ϭϱϱ.� WŽƐtĞƌ� cŽŵŵunicĂtiŽn�
pƌĞƐĞntĞĚ�Ăt�thĞ�͞ϳϴth�^ciĞntiĨic�^ĞƐƐiŽnƐ͟�ŽĨ�thĞ��ŵĞƌicĂn��iĂbĞtĞƐ��ƐƐŽciĂtiŽn͕�KƌlĂnĚŽ͕�h^͕�:unĞ͕�ϮϬϭϴ.�ϮϬϭϴ->��-ϱϵϵϭ-
Diabetes

�ĂlŐĂĂƌĚ�>d͕ � >ĞĂl���͕�EiĞlƐĞn�Z͕�DŽuƌĂ� :͕� ^ŽƌĞnƐĞn���͕� :ƆƌŐĞnƐĞn�Wd͕ �tĞnŐĞl� :͕��ĂƌǀĂlhŽ��.� /ŵpƌŽǀĞĚ�ǁŽunĚ�hĞĂlinŐ�ĂnĚ�
ĚĞƌĞpƌĞƐƐiŽn� ŽĨ� ĨibƌŽblĂƐt� ŐƌŽǁth� ĨĂctŽƌ� ϳ� bǇ� inhibitiŽn� ŽĨ� thĞ� ĚiĂbĞtĞƐ-inĚucĞĚ� ŵicƌŽZE�-ϭϱϱ.� WŽƐtĞƌ� cŽŵŵunicĂtiŽn�
pƌĞƐĞntĞĚ�Ăt�thĞ�͞ϳϴth�^ciĞntiĨic�^ĞƐƐiŽnƐ͟�ŽĨ�thĞ��ŵĞƌicĂn��iĂbĞtĞƐ��ƐƐŽciĂtiŽn͕�KƌlĂnĚŽ͕�h^͕�:unĞ͕�ϮϬϭϴ.�ϮϬϭϴ->��-ϱϵϵϭ-
Diabetes

ĚĞ�DiŐuĞl�'�͕��bƌĂntĞƐ��D͕� >ĂƌĂnũŽ�D͕�'ƌiǌŽttŽ��z<͕��ĂŵpŽƌĞǌĞ��͕��iƌĞƐ�WĞƌĞiƌĂ� :͕� �ƌitĞƐ�'͕� ^ĞƌƌĂ��͕� WinĞiƌŽ�D͕�ZŽchĂ-
'ŽnƐĂlǀĞƐ� �͕� �ŽtĞlhŽ�D&͕ � 'ŽnĕĂlǀĞƐ� WƌiŽlli� �.� �� nĞǁ� thĞƌĂpĞutic� pƌŽpŽƐĂl� ĨŽƌ� inŽpĞƌĂblĞ� ŽƐtĞŽƐĂƌcŽŵĂ:� WhŽtŽĚǇnĂŵic�
thĞƌĂpǇ.�WhŽtŽĚiĂŐnŽƐiƐ�ĂnĚ�WhŽtŽĚǇnĂŵic�dhĞƌĂpǇ�ϮϬϭϴ.Ϯϭ͕�ϳϵ-ϴϱ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.pĚpĚt.ϮϬϭϳ.ϭϭ.ϬϬϵ.��pub�ϮϬϭϳ�EŽǀ�ϮϮ

ĚĞ�KliǀĞiƌĂ�W͕ ��ĞƌnĂƌĚinŽ�Z>͕��bƌĂntĞƐ�D͕��ŽtĞlhŽ�D&͕ �&iŐuĞiƌĞĚŽ��͕�^ilǀĂ��D͕�WĞƌĞiƌĂ�:�͕�KliǀĞiƌĂ�W&͕ ��lǀĞƐ�D'.�/Ɛ�^/Zdϭ�ĂnĚ�
DdKZ�intĞƌplĂǇ�Ăn�ĂƌiƐinŐ�thĞƌĂpĞutic�tĂƌŐĞt�ĨŽƌ�blĂĚĚĞƌ�cĂncĞƌ͍�WulŵŽnŽlŽŐǇ�ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:Ϯϭ

�ĞlŐĂĚŽ-^ilǀĂ�:͕�&ĞƌnĂnĚĞƐ�Z͕�WitĂ�/Z͕�WĞƌĞiƌĂ�&�͕�:ĂŐuƐǌĞǁƐŬi�D͕�'utiĠƌƌĞǌ-�hicŽ�:>͕�ZibĞiƌŽ-ZŽĚƌiŐuĞƐ�d͕ �'iƌĆŽ�,͕�/ŽĂnnŽu��͕�
'ŽnĕĂlǀĞƐ� >.� /ntƌĂǀĂƐculĂƌ� iŵĂŐinŐ͕� hiƐtŽpĂthŽlŽŐicĂl� ĂnĂlǇƐiƐ͕� ĂnĚ� cĂtĞchŽlĂŵinĞ� ƋuĂntiĨicĂtiŽn� ĨŽllŽǁinŐ� cĂthĞtĞƌ-bĂƐĞĚ�
ƌĞnĂl�ĚĞnĞƌǀĂtiŽn�in�Ă�ƐǁinĞ�ŵŽĚĞl:�thĞ�iŵpĂct�ŽĨ�pƌĞbiĨuƌcĂtiŽn�ĞnĞƌŐǇ�ĚĞliǀĞƌǇ.�,ǇpĞƌtĞnƐ�ZĞƐ.�ϮϬϭϴ�^Ğp͖�ϰϭ;ϵͿ:ϳϬϴ-ϳϭϳ.�
ĚŽi:�ϭϬ.ϭϬϯϴ/ƐϰϭϰϰϬ-Ϭϭϴ-ϬϬϳϮ-Ǉ.��pub�ϮϬϭϴ�:ul�ϭϯ�

�ŽŵinŐuĞƐ� �^��͕� ^ĞƌĂŵbĞƋuĞ� �W͕ � >ĂƌĂnũŽ�D͕�DĂƌtŽ� �DD͕� sĞiŐĂ� &:�͕� ^ĂƌŵĞntŽ-ZibĞiƌŽ� ��͕� &iŐuĞiƌĂƐ� �ZZ͕� �ŽtĞlhŽ�D&͕ �
�ŽuƌĂĚŽ�D�Z&.��pithĞliĂl-ŵĞƐĞnchǇŵĂl�tƌĂnƐitiŽn�ĂnĚ�ŵicƌŽZE�Ɛ:��hĂllĞnŐĞƐ�ĂnĚ�ĨutuƌĞ�pĞƌƐpĞctiǀĞƐ�in�ŽƌĂl�cĂncĞƌ.�,ĞĂĚ�Θ�
EĞcŬ�ϮϬϭϴ.�ϰϬ;ϭϬͿ:ϮϯϬϰ-Ϯϯϭϯ.�ĚŽi:�ϭϬ.ϭϬϬϮ/hĞĚ.Ϯϱϯϴϭ.��pub�ϮϬϭϴ��uŐ�ϭϴ

�ŽuƌĂĚŽ͕��.�&.��.�Z.͕�^ǁĂƌt͕�D.�Θ��ĂƌǀĂlhŽ͕��.�d.�W.�thǇ�thĞ�&lĂǀin��ĚĞninĞ��inuclĞŽtiĚĞ�;&��Ϳ��ŽĨĂctŽƌ�EĞĞĚƐ�dŽ��Ğ��ŽǀĂlĞntlǇ�
>inŬĞĚ�tŽ��ŽŵplĞǆ�//�ŽĨ�thĞ��lĞctƌŽn-dƌĂnƐpŽƌt��hĂin�ĨŽƌ�thĞ��ŽnǀĞƌƐiŽn�ŽĨ�&��,Ϯ�intŽ�&��.��hĞŵ.�ʹ��uƌ.�:.�Ϯϰ͕�ϱϮϰϲʹϱϮϱϮ�
;ϮϬϭϴͿ��K/:�ϭϬ.ϭϬϬϮ/chĞŵ.ϮϬϭϳϬϰϲϮϮ



ϭϵϮ

�uĂƌtĞ��͕�'ƌĂĕĂ�^͕�^ĂlǀĂĚĂ��͕�dĞiǆĞiƌĂ�W�͕�WiƌĞƐ��^͕�DĂƌƋuĞƐ�/�͕��ŽƐtĂ��&�͕�>ŽpĞƐ-�ŐuiĂƌ�>͕��ipƌiĂnŽ�D�͕�KliǀĞiƌĂ�Z�͕�^ilǀĂ�D&͕ �
ZibĞiƌŽ�:�͕�>iŵĂ��^W͕ ��bƌĂntĞƐ��D͕��ŽtĞlhŽ�D&.�/ŵŵunŽhiƐtŽchĞŵicĂl�chĂƌĂctĞƌiǌĂtiŽn�ŽĨ�thĞ�&Ă�u�cĞll�linĞ�bĞĨŽƌĞ�ĂnĚ�ĂĨtĞƌ�
iŽniǌinŐ�ƌĂĚiĂtiŽn�-�pƌĞliŵinĂƌǇ�ƌĞƐultƐ.�WulŵŽnŽlŽŐǇ�ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϭϵ

�uĂƌtĞ��͕�'ƌĂĕĂ�̂ ͕�̂ ĂlǀĂĚĂ��͕�dĞiǆĞiƌĂ�W�͕�WiƌĞƐ��^͕�DĂƌƋuĞƐ�/�͕��ŽƐtĂ��&�͕�>ŽpĞƐ-�ŐuiĂƌ�>͕�EĞǀĞƐ�Z͕�'ŽnĕĂlǀĞƐ���͕�̂ ĂƌŵĞntŽ��͕�
ZibĞiƌŽ�:�͕�>iŵĂ��^W͕ ��bƌĂntĞƐ��D͕��ŽtĞlhŽ�D&.�&��h�ƌĞƐpŽnƐĞ�tŽ�ciƐplĂtin͕�ĚŽcĞtĂǆĞl�ĂnĚ�ϱ-ĨluŽƌŽuƌĂcil�-�in�ǀitƌŽ�pƌĞliŵinĂƌǇ�
ƌĞƐultƐ.�WulŵŽnŽlŽŐǇ�ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϭϴ-ϭϵ

�uĂƌtĞ�:D͕�'ĂƐpĂƌ�Z͕��ĂĞtĂnŽ�>͕�WĂtƌşciŽ�W͕ ��unhĂ��͕�DĂtĞuƐ-WinhĞiƌŽ��͕��lǀĞƐ�E�͕�^ĂntŽƐ��Z͕�&ĞƌƌĞiƌĂ�^'͕�^ĂƌĚinhĂ�s͕�KliǀĞiƌĂ�
:&͕ �^ŽuƐĂ�E͕��unhĂ�Z�͕��ŵbƌſƐiŽ��&͕ �ZŽĚƌiŐuĞƐ��:͕�WintŽ�>͕�'ŽŵĞƐ����;ϮϬϭϴͿ.��ƌĂin�ƌĞŐiŽn-ƐpĞciĨic�cŽntƌŽl�ŽĨ�ŵicƌŽŐliĂ�bǇ�
ĂĚĞnŽƐinĞ� �Ϯ�� ƌĞcĞptŽƌƐ:� uncŽuplinŐ� ĂnǆiĞtǇ� ĂnĚ� cŽŐnitiŽn� in� ĨĞŵĂlĞ� ƌŽĚĞntƐ.� �uƌŽpĞĂn� EĞuƌŽpƐǇchŽphĂƌŵĂcŽlŽŐǇ�
Ϯϴ:^ϯϱ-^ϯϲ.ϮϬϭϵ�ĚŽi:�ϭϬ.ϭϬϬϮ/ŐliĂ.Ϯϯϰϳϲ.��pub�ϮϬϭϴ�EŽǀ�Ϯϭ

�untĞn͕�W.�t.�Ğt�Ăl.�dhĞ�ƐtƌuctuƌĞ�ŽĨ�̂ Őƌ�/�bŽunĚ�tŽ��E�͖�ƌĞcŽŐnitiŽn�ŽĨ�Ăn�ϴ�bĂƐĞ�pĂiƌ�tĂƌŐĞt.�EuclĞic��ciĚƐ�ZĞƐ.�ϯϲ͕�ϱϰϬϱʹϱϰϭϲ�
;ϮϬϬϴͿ.��K/:�ϭϬ.ϭϬϵϯ/nĂƌ/ŐŬnϱϭϬ

�uƌĆĞƐ�:͕�DĂƌtinƐ�D͕�dĄbuĂƐ-WĞƌĞiƌĂ�D͕��uƌŽ��͕�^ĂntiĂŐŽ��͕��ĂlĚĞiƌĂƐ�/͕�^ĂntĂnĂ�/.�EĞuƌŽpƐǇchiĂtƌic�ƐǇŵptŽŵƐ�in�ǀĂƌiĂntƐ�ŽĨ�
WƌiŵĂƌǇ�WƌŽŐƌĞƐƐiǀĞ��phĂƐiĂ.��uƌ�:�EĞuƌŽl.�ϮϬϭϴ͖�Ϯϱ;^uppl�ϮͿ:�ϱϳϲ

�ncĂƌnĂĕĆŽ�:�͕�WiƌĞƐ��^͕��ŵĂƌĂl�Z�͕�'ŽnĕĂlǀĞƐ�d:͕�>ĂƌĂnũŽ�D͕��ĚuĂƌĚŽ��ĂƐĂltĂ->ŽpĞƐ�:͕�'ŽnĕĂlǀĞƐ���͕�^ĂƌŵĞntŽ-ZibĞiƌŽ���͕�
�bƌĂntĞƐ��D͕��ŽtĞlhŽ�D&.��utǇƌĂtĞ͕�Ă�ĚiĞtĂƌǇ�ĨibĞƌ�ĚĞƌiǀĂtiǀĞ�thĂt�iŵpƌŽǀĞƐ�iƌinŽtĞcĂn�ĞĨĨĞct�in�cŽlŽn�cĂncĞƌ�cĞllƐ.�dhĞ�:ŽuƌnĂl�
ŽĨ�EutƌitiŽnĂl��iŽchĞŵiƐtƌǇ�ϮϬϭϴ.�ϱϲ͕�ϭϴϯ-ϭϵϮ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.ũnutbiŽ.ϮϬϭϴ.ϬϮ.Ϭϭϴ.��pub�ϮϬϭϴ�DĂƌ�ϯ

�ǀĂluĂtiŽn�ŽĨ� ŽǆiĚĂtiǀĞ� ƐtƌĞƐƐ� in� ĂcutĞ�pĂncƌĞĂtitiƐ.� W� ^ilǀĂ-sĂǌ͕� >W�ZĂtŽ͕��D��bƌĂntĞƐ͕���'ŽuǀĞiĂ͕�D��ĂƐtĞlŽ-�ƌĂncŽ͕�D&�
�ŽtĞlhŽ͕�:'�dƌĂlhĆŽ.�WĂncƌĞĂtŽlŽŐǇ.�ϮϬϭϴ͕�ϭϴ�;ϰͿ͕�^ϭϲϳ-^ϭϲϴ

&ĞiŽ-�ǌĞǀĞĚŽ�Z͕��ŽƐtĂ�sD͕��ĂƌbŽƐĂ��:͕�dĞiǆĞiƌĂ-'ŽŵĞƐ��͕�WitĂ�/͕�'ŽŵĞƐ�^͕�WĞƌĞiƌĂ�&�͕��uĂƌtĞ-�ƌĂƷũŽ�D͕��uĂƌtĞ�:�͕�DĂƌƋuĞƐ�&͕ �
&ĞƌnĂnĚĞƐ��͕��ĂƐtŽƐ�D>͕��ĂƌǀĂlhŽ�&͕ ��ĂpĞlĂ�:W.��ŐĞĚ�ƌĂtƐ�ĂƌĞ�ŵŽƌĞ�ǀulnĞƌĂblĞ�thĂn�ĂĚŽlĞƐcĞntƐ�tŽ�ΗĞcƐtĂƐǇΗ-inĚucĞĚ�tŽǆicitǇ.�
�ƌch�dŽǆicŽl.�ϮϬϭϴ�:ul͖�ϵϮ;ϳͿ:ϮϮϳϱ-ϮϮϵϱ.�ĚŽi:�ϭϬ.ϭϬϬϳ/ƐϬϬϮϬϰ-Ϭϭϴ-ϮϮϮϲ-ϴ.��pub�ϮϬϭϴ�:un�ϰ

&ĞƌnĂnĚĞƐ��͕��ŽƐtĂ� W͕ �'ƌĂǀĞtŽ�:͕�^ĂntŽƐ��͕�KƐſƌiŽ�E͕��lĂƌicŽ�^͕��lbĂnŽ�,͕�KliǀĞiƌĂ�s͕�&ĞƌƌĞiƌĂ�^� ;ϮϬϭϴͿ��ƌĞ�nuƌƐĞƐ�uniĨŽƌŵƐ�
Ă� ƌĞƐĞƌǀŽiƌ� ĨŽƌ�DĞthicillin-ƌĞƐiƐtĂnt� ^tĂphǇlŽcŽccuƐ�ĂuƌĞuƐ͍� >ĞƐƐŽnƐ� tŽ�bĞ� lĞĂƌnĞĚ� ĨƌŽŵ�WŽƌtuŐĂl.� /ntĞƌnĂtiŽnĂl� :ŽuƌnĂl�ŽĨ�
/nĨĞctiŽuƐ��iƐĞĂƐĞƐ�ϳϯ:ϮϲϬ-Ϯϲϭ.�ĚŽi.ŽƌŐ/ϭϬ.ϭϬϭϲ/ũ.iũiĚ.ϮϬϭϴ.Ϭϰ.ϰϬϬϴ

&ĞƌnĂnĚĞƐ� Z͕� siĂnĂ� ^�͕� EunĞƐ� ^͕� ZĞiƐ� &.� �iĂbĞtic� Őut� ŵicƌŽbiŽtĂ� ĚǇƐbiŽƐiƐ� ĂƐ� Ăn� inĨlĂŵŵĂŐinŐ� ĂnĚ� iŵŵunŽƐĞnĞƐcĞncĞ�
cŽnĚitiŽn�thĂt�ĨŽƐtĞƌƐ�pƌŽŐƌĞƐƐiŽn�ŽĨ�ƌĞtinŽpĂthǇ�ĂnĚ�nĞphƌŽpĂthǇ.��iŽchiŵ��iŽphǇƐ��ctĂ�DŽl��ĂƐiƐ��iƐ.�ϮϬϭϴ�Kct�ϭ.�pii:�̂ ϬϵϮϱ-
ϰϰϯϵ;ϭϴͿϯϬϯϲϳ-ϯ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.bbĂĚiƐ.ϮϬϭϴ.Ϭϵ.ϬϯϮ.��pub�ϮϬϭϴ�Kct�ϭ

&ĞƌƌĞiƌĂ� �͕� :ŽƌŐĞ� :͕� �lǀĞƐ� Z͕� 'ŽnĕĂlǀĞƐ� ��͕� ^ĂƌŵĞntŽ� ZibĞiƌŽ� ��.�tnt/ɴ-cĂtĞnin� ĂnĚ� hĞĚŐĞhŽŐ� inhibitŽƌƐ� ĂƐ� thĞƌĂpĞutic�
ĂppƌŽĂchĞƐ�in��-cĞll�nĞŽplĂƐŵƐ.�,ĞŵĂ^phĞƌĞ�ϮϬϭϴ͖�Ϯ;^ϭͿ:ϱϴϮ-ϱϴϯ

&ĞƌƌĞiƌĂ��͕�:ŽƌŐĞ�:͕��lǀĞƐ�Z͕�'ŽnĕĂlǀĞƐ���͕�^ĂƌŵĞntŽ-ZibĞiƌŽ���.��ŽnƐĞƌǀĞĚ�ĞŵbƌǇŽnic�ƐiŐnĂlinŐ�pĂthǁĂǇƐ�inhibitŽƌƐ�ĂƐ�nĞǁ�
thĞƌĂpĞutic�ƐtƌĂtĞŐiĞƐ�in��-cĞll�nĞŽplĂƐŵƐ.�WulŵŽnŽl.�ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϭϴ

&ĞƌƌĞiƌĂ�/.�>.͕��ĂƌŵŽ��.͕�EĂiĂ�>.͕�DŽtĂ�^.�/.͕�ZĞŐŽ��.��.�;ϮϬϭϴͿ��ƐƐĞƐƐinŐ�ŵitŽchŽnĚƌiĂl�ĨunctiŽn�in�in�ǀitƌŽ�ĂnĚ�Ğǆ�ǀiǀŽ�ŵŽĚĞlƐ�
ŽĨ�,untinŐtŽn Ɛ͛�ĚiƐĞĂƐĞ.�/n:�͚DŽlĞculĂƌ�DĞthŽĚƐ�in��iŽlŽŐǇ:�,untinŐtŽn Ɛ͛��iƐĞĂƐĞ͛�;WƌĞciŽuƐ�^.͕�ZŽƐƐĞƌ��.��.�ĂnĚ��unnĞtt�^.��.͕�
�ĚƐ.Ϳ�^pƌinŐĞƌ�WƌŽtŽcŽlŽƐ͕�,uŵĂnĂ�WƌĞƐƐ�;/^�E:�ϵϳϴ-ϭ-ϰϵϯϵ-ϳϴϮϰ-ϯͿ͕��hĂptĞƌ�ϭϵ͕�pp.�ϰϭϱ-ϰϰϮ.�&ĞƌƌĞiƌĂ�/.�>.͕��ĂƌŵŽ��.͕�EĂiĂ�>.͕�
DŽtĂ�^.�/.͕�ZĞŐŽ��.��.�;ϮϬϭϴͿ��ƐƐĞƐƐinŐ�ŵitŽchŽnĚƌiĂl�ĨunctiŽn�in�in�ǀitƌŽ�ĂnĚ�Ğǆ�ǀiǀŽ�ŵŽĚĞlƐ�ŽĨ�,untinŐtŽn Ɛ͛�ĚiƐĞĂƐĞ.�DĞthŽĚƐ�
Mol Biol. 1780, 415-442

&ĞƌƌĞiƌĂ�DD͕��ƌitŽ��&͕ �DĂƌƋuĞƐ��&͕ �&ƌĞitĂƐ�>&͕ ��ĂƌƌilhŽ��͕��bƌĂntĞƐ��D͕�WiƌĞƐ��^͕��ŐuiĂƌ�D:͕��ĂƌǀĂlhŽ�>͕��ŽtĞlhŽ�D&͕ �&ĞƌƌĞiƌĂ�
:D&.��Ăn�thĞ�ƌĞŐĞnĞƌĂtiǀĞ�pŽtĞntiĂl�ŽĨ�Ăn�ĂlŬĂli-ĨƌĞĞ�biŽĂctiǀĞ�ŐlĂƐƐ�cŽŵpŽƐitiŽn�bĞ�ĞnhĂncĞĚ�ǁhĞn�ŵiǆĞĚ�ǁith�ƌĞƐŽƌbĂblĞ�
ɴ-d�W͍��ĞƌĂŵicƐ�/ntĞƌnĂtiŽnĂl�ϮϬϭϴ.ϰϰ�;ϱͿ͕�ϱϬϮϱ-ϱϬϯ

&ĞƌƌĞiƌŽ��͕�WitĂ�/Z͕�DŽtĂ�^/͕�sĂlĞƌŽ�:͕�&ĞƌƌĞiƌĂ�EZ͕�&ĞƌnĂnĚĞƐ�d͕ ��ĂlĂbƌĞƐĞ�s͕�&ŽntĞƐ-ZibĞiƌŽ���͕�WĞƌĞiƌĂ�&�͕�ZĞŐŽ���.��ŽƌiŽluƐ�
ǀĞƌƐicŽlŽƌ� biŽŵĂƐƐ� incƌĞĂƐĞƐ� ĚĞnĚƌitic� ĂƌbŽƌiǌĂtiŽn� ŽĨ� nĞǁlǇ-ŐĞnĞƌĂtĞĚ� nĞuƌŽnƐ� in� ŵŽuƐĞ� hippŽcĂŵpĂl� ĚĞntĂtĞ� ŐǇƌuƐ.�
KncŽtĂƌŐĞt.�ϮϬϭϴ��uŐ�ϯϭ͖ϵ;ϲϴͿ:ϯϮϵϮϵ-ϯϮϵϰϮ.�ĚŽi:ϭϬ.ϭϴϲϯϮ/ŽncŽtĂƌŐĞt.Ϯϱϵϳϴ.�Ğ�ŽllĞctiŽn�ϮϬϭϴ��uŐ�ϯϭ



ϭϵϯ

&ilŽŵĞnĂ�^.�'.�^ilǀĂ͕��lĄuĚiŽ�&.��ŽƐtĂ͕�ZicĂƌĚŽ�:.�DĂƌƋuĞƐ͕�WĂulŽ�:.�KliǀĞiƌĂ͕�ĂnĚ�'ŽnĕĂlŽ��.�WĞƌĞiƌĂ�;ϮϬϭϴͿ.�WhĂƌŵĂcŽlŽŐicĂl�
dĂƌŐĞtinŐ�ŽĨ�thĞ�DitŽchŽnĚƌiĂl�WĞƌŵĞĂbilitǇ�dƌĂnƐitiŽn�WŽƌĞ�ĨŽƌ��ĂƌĚiŽpƌŽtĞctiŽn.�/n�DitŽchŽnĚƌiĂl��iŽlŽŐǇ�ĂnĚ��ǆpĞƌiŵĞntĂl�
dhĞƌĂpĞuticƐ͕�WĂulŽ�:.�KliǀĞiƌĂ��ĚƐ.͕�^pƌinŐĞƌ�;EzͿ

&ŽnƐĞcĂ���Z'͕��ĂƌǀĂlhŽ��͕��ƌiŬƐƐŽn�:t͕�WĞƌĞiƌĂ�D:.��ĂlcinĞuƌin�iƐ�Ăn�iŵpŽƌtĂnt�ĨĂctŽƌ�inǀŽlǀĞĚ�in�ŐlucŽƐĞ�uptĂŬĞ�in�huŵĂn�
ĂĚipŽcǇtĞƐ.�DŽl��Ğll��iŽchĞŵ.�ϮϬϭϴ��uŐ͖ϰϰϱ;ϭ-ϮͿ:ϭϱϳ-ϭϲϴ.��K/:ϭϬ.ϭϬϬϳ/ƐϭϭϬϭϬ-Ϭϭϳ-ϯϮϲϭ-Ϭ

'ĂƐpĂƌ�Z͕�^ŽĂƌĞƐ-�unhĂ��͕��ŽiŵbƌĂ��͕�&ŽntĞƐ-ZibĞiƌŽ���͕�^ŽuƐĂ�E͕��ŵbƌſƐiŽ��&͕ �ZŽĚƌiŐuĞƐ��:͕�'ŽŵĞƐ����;ϮϬϭϴͿ.�WƌĞnĂtĂl�ĂnĚ�
ĂĚulthŽŽĚ�ƐtƌĞƐƐ:�ŐĞnĚĞƌ-ĚĞpĞnĚĞnt�ĞĨĨĞctƐ�in�bĞhĂǀiŽuƌ.�&�E^��bƐtƌ.�&ϭϮϬ

'ŽŵĞƐ� �͕� ,ĞnƌiƋuĞƐ� �͕� 'ĂƐpĂƌ� Z͕� �lŵĞiĚĂ� /͕� &ŽntĞƐ-ZibĞiƌŽ� ��͕� �ŵbƌſƐiŽ� �&� ;ϮϬϭϴͿ.� DicƌŽŐliĂ� ŐĞnĚĞƌ� ĚiŵŽƌphiƐŵ:�
ŽƌŐĂniǌĂtiŽnĂl�ĞĨĨĞct�ŽĨ�tĞƐtŽƐtĞƌŽnĞ�ĂnĚ�iŵpĂct�Žn�ĂnǆiŽuƐ-liŬĞ�bĞhĂǀiŽuƌ.��&�E^��bƐtƌ.��ϭϱϵ

'ŽnĕĂlǀĞƐ���͕�DĂcĞĚŽ��͕��ĂƌbŽƐĂ�ZibĞiƌŽ��͕��lǀĞƐ�Z͕�:ŽƌŐĞ�:͕�DĂƌƋuĞƐ�'͕�:ŽƌŐĞ�>͕��ŽƌtĞƐĆŽ��͕�^ĂƌŵĞntŽ�ZibĞiƌŽ���.��iĂŐnŽƐtic�
pŽtĞntiĂl�ŽĨ�ĂlĚĞhǇĚĞ�ĚĞhǇĚƌŽŐĞnĂƐĞƐ�iƐŽĞnǌǇŵĞƐ�in�D�^�ĂnĚ��D>.�,ĞŵĂ^phĞƌĞ�ϮϬϭϴ͖�Ϯ;^ϭͿ:ϵϯϳ-ϵϯϴ

,ĞnƌiƋuĞƐ��͕�DĂtĞuƐ-WinhĞiƌŽ�D͕�'ĂƐpĂƌ�Z͕��uĂƌtĞ�:D͕�WinhĞiƌŽ�,͕�&ŽntĞƐ�ZibĞiƌŽ���͕��unhĂ�Z�͕��ŵbƌſƐiŽ��&͕ �'ŽŵĞƐ����
;ϮϬϭϴͿ.� �ƌĂin� ƌĞŐiŽn� ĂnĚ� ŐĞnĚĞƌ-ƐpĞciĨic�ŵicƌŽŐliĂ� ƐubpŽpulĂtiŽnƐ:� Ăn�ŽƌŐĂniǌĂtiŽnĂl� ĞĨĨĞct� ŽĨ� ĂĚĞnŽƐinĞ��Ϯ�� ƌĞcĞptŽƌ� in�
ŵicƌŽŐliĂ�ŵŽƌphŽlŽŐǇ.�&�E^��bƐtƌ.��ϭϲϬ

,uĂnŐ͕�,.͕� ^ĞunŐ-,ǁĂn� >.͕� >iŵĂ͕� /.^.͕� <iŵ͕� ^.^.͕��ĂŐŽn͕� z͕ � <ĂnŐ͕�D-�.͕� ^ĞŽ͕� :.�.͕� ZǇu͕�D.:.͕� ^hŽnŐ͕�D.͕�,ǁĂnŐ͕��.,.͕� >i͕� W.͕�
DĞnŐ͕�,.͕��hunŐ͕��-,.͕�<iŵ͕�D.^.͕�WĂƌŬ͕�<.^.͕�DĂcĞĚŽ͕�D.W.͕�thitĞ͕�D.͕��ĞlĞǁ͕�'.�.͕�:ŽnĞƐ͕�:.'.�ĂnĚ�<iŵ͕�z-�.�ϮϬϭϴ.�ZhŽ-ŬinĂƐĞ�
ƌĞŐulĂtĞƐ�ŽbĞƐitǇ-inĚucĞĚ�ĨĂttǇ�liǀĞƌ�ĚiƐĞĂƐĞ�bǇ�ĚƌiǀinŐ�ĚĞ�nŽǀŽ�lipŽŐĞnĞƐiƐ.�:.��lin.�/nǀĞƐt.�ϭϮϴ͕�ϱϯϯϱ-ϱϯϱϬ^ilǀĂ͕�:.͕�DŽtĂ͕�D.͕�
DĂƌtinƐ͕�&.͕�EŽŐuĞiƌĂ͕��.͕�'ŽnĕĂlǀĞƐ͕�d.͕��ĂƌnĞiƌŽ͕�d.͕�WintŽ͕�:.͕��uĂƌtĞ͕��.͕��ĂƌƌŽƐ͕��.͕�:ŽnĞƐ͕�:.'.͕�'il͕��.�ϮϬϭϴ.�/ntĞƐtinĂl�ŵicƌŽbiĂl�
ĂnĚ�ŵĞtĂbŽlic�pƌŽĨilinŐ�ŽĨ�ŵicĞ�ĨĞĚ�ǁith�hiŐh-ŐlucŽƐĞ�ĂnĚ�hiŐh-ĨƌuctŽƐĞ�ĚiĞtƐ.�:.�WƌŽt.�ZĞƐ�ϴ͕�ϮϴϴϬ-Ϯϴϵϭ.��K/:ϭϬ.ϭϬϮϭ/ĂcƐ.
jproteome.8b00354

/.�&ĞƌƌĞiƌĂ͕��.�^ŽuƐĂ͕�^.�^ilǀĂ͕�&.�:uĚĂƐ͕��.��ĂǀĂĚĂƐ͕��.�&.�DĞnĚĞƐ.��ǆpƌĞƐƐiŽn�ĂnĚ�ĨunctiŽn�ŽĨ�EĞuƌŽpĞptiĚĞ�z�ƌĞcĞptŽƌƐ�in�huŵĂn�
ĂƌticulĂƌ� cĂƌtilĂŐĞ:� inĨluĞncĞ�ŽĨ� ŐĞnĚĞƌ�ĂnĚ�ŽƐtĞŽĂƌthƌitiƐ.��nn�ZhĞuŵ��iƐ.� ϮϬϭϴ͖�ϳϳ� ;^uppl�ϮͿ:� ϭϮϰϯ-ϭϮϰϰ.��K/:�ϭϬ.ϭϭϯϲ/
annrheumdis-2018-eular.6528

:��ĂlŵĞiƌŽ͕�D��ĂƌƌĂƐcĂl͕���'ŽŵĞƐ͕���&ĂlcĆŽ͕�:�^ĞƌƌĂ͕�Dd��ƌuǌ͕��D�EĞǀĞƐ.�/ŵpĂct�ŽĨ�ĚiĨĨĞƌĞnt�'DW�ŵĞĚiĂ�in�thĞ�pƌŽĚuctiŽn�
ŽĨ�ĚĞnĚƌitic�cĞllƐ�ĨŽƌ�nĞǆt-ŐĞnĞƌĂtiŽn�cĂncĞƌ�iŵŵunŽthĞƌĂpǇ:�&unctiŽnĂl�ĂnĚ�ŵĞtĂbŽlic�chĂƌĂctĞƌiǌĂtiŽn.��nnĂlƐ�ŽĨ�KncŽlŽŐǇ�
2018, P41

:.d.� &ĞƌƌĞiƌĂ͕� :.� WinĂ͕� �.�.&.� ZibĞiƌŽ͕� Z.� &ĞƌnĂnĚĞƐΎ͕� :.W.�.� dŽŵĠΎ͕� D.^.� ZŽĚƌşŐuĞǌ-DŽƌŐĂĚĞΎ� ĂnĚ� d.� dŽƌƌĞƐΎ.� ^ǇnthĞƐiƐ͕�
chĂƌĂctĞƌiǌĂtiŽn� ĂnĚ� in� ǀitƌŽ� ĞǀĂluĂtiŽn� ŽĨ� �ĂƌbŽhǇĚƌĂtĞ-cŽntĂininŐ� ZuthĞniuŵ� WhthĂlŽcǇĂninĞƐ� ĂƐ� thiƌĚ� ŐĞnĞƌĂtiŽn�
phŽtŽƐĞnƐitiǌĞƌƐ�ĨŽƌ�WhŽtŽĚǇnĂŵic�dhĞƌĂpǇ.��hĞŵWhŽtŽ�hĞŵ.�ϮϬϭϴ͖�Ϯ:�ϲϰϬ-ϲϱϰ.��;�K/:�ϭϬ.ϭϬϬϮ/cptc.ϮϬϭϴϬϬϬϲϱͿ

:ĂƌĂŬ͕�/.͕��ĂƌŽƐĂ͕��.͕�DĂƌtinƐ͕�&.K.͕�^ilǀĂ͕�:.�.W.͕�^ĂntŽƐ͕��.͕��ĞlĞǁ͕�'.�.͕�ZitŽ͕�:.͕�siĞŐĂƐ͕�/.͕�dĞiǆĞiƌĂ͕�:.͕�KliǀĞiƌĂ͕�W.:.�ĂnĚ�:ŽnĞƐ͕�:.'.�
ϮϬϭϵ.�^ŽuƌcĞƐ�ŽĨ�hĞpĂtic�ŐlǇcŽŐĞn�ƐǇnthĞƐiƐ�in�ŵicĞ�ĨĞĚ�ǁith�ŐlucŽƐĞ�Žƌ�ĨƌuctŽƐĞ�ĂƐ�thĞ�ƐŽlĞ�ĚiĞtĂƌǇ�cĂƌbŽhǇĚƌĂtĞ.��DĂŐn.�ZĞƐ.�
DĞĚ�ϴϭ͕�ϲϯϵ-ϲϰϰ.�ĚŽi:�ϭϬ.ϭϬϬϮ/ŵƌŵ.Ϯϳϯϳϴ.��pub�ϮϬϭϴ�:ul�Ϯϵ

:ŽĆŽ� �ĂlŵĞiƌŽ͕�DǇlĞnĞ� �ĂƌƌĂƐcĂl͕� �ĠliĂ� 'ŽŵĞƐ͕� �ŵşlcĂƌ� &ĂlcĆŽ͕�DĂƌiĂ� dĞƌĞƐĂ� �ƌuǌ� ĂnĚ� �ƌunŽ�DiŐuĞl� EĞǀĞƐ.� ;EŽǀĞŵbĞƌ�
ϳth�ϮϬϭϴͿ.�,iŐhliŐhtinŐ�thĞ�ZŽlĞ�ŽĨ���-E<��Ğll�/ntĞƌplĂǇ�in�/ŵŵunŽbiŽlŽŐǇ�ĂnĚ�/ŵŵunŽthĞƌĂpǇ.��ĞnĚƌitic��ĞllƐ͕�^ǀĞtlĂnĂ�W.�
�hĂpŽǀĂl͕�/ntĞchKpĞn͕��K/:�ϭϬ.ϱϳϳϮ/intĞchŽpĞn.ϳϴϴϬϰ

:ŽƌŐĞ�:͕�WiƌĞƐ��͕��lǀĞƐ�Z͕�'ŽnĕĂlǀĞƐ���͕�^ĂƌŵĞntŽ-ZibĞiƌŽ���.��Ăn�ŐĂŵĂ-ƐĞcƌĞtĂƐĞ�inhibitŽƌƐ�bĞ�Ă�ŐŽŽĚ�thĞƌĂpĞutic�ĂppƌŽĂch�
in�ĂcutĞ�lǇŵphŽblĂƐtic�lĞuŬĂĞŵiĂ͍�WulŵŽnŽl.�ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϭϵ-ϮϬ
:ŽƌŐĞ�:͕�WiƌĞƐ��͕��lǀĞƐ�Z^͕�'ŽnĕĂlǀĞƐ���͕�^ĂƌŵĞntŽ-ZibĞiƌŽ���.�EŽtch�pĂthǁĂǇ�ĂƐ�Ă�thĞƌĂpĞutic�tĂƌŐĞt�in�ĂcutĞ�lǇŵphŽblĂƐtic�
lĞuŬĞŵiĂ.�,ĞŵĂ^phĞƌĞ�ϮϬϭϴ͖�Ϯ;^ϭͿ:ϳϰϵ

>ĂŵbĞƌt͕��.�Z.�Ğt�Ăl.�̂ tƌuctuƌĞƐ�ŽĨ�thĞ�ZĂƌĞ-�uttinŐ�ZĞƐtƌictiŽn��nĚŽnuclĞĂƐĞ�EŽt/�ZĞǀĞĂl�Ă�hniƋuĞ�DĞtĂl��inĚinŐ�&ŽlĚ�/nǀŽlǀĞĚ�
in��E���inĚinŐ.�^tƌuctuƌĞ�ϭϲ͕�ϱϱϴʹϱϲϵ�;ϮϬϬϴͿ�

>ĂƌĂnũĞiƌĂ�W͕ ��uƋuĞ�D͕�sŽũtĞŬ�D͕�/nĄciŽ�D:͕�^ilǀĂ�/͕�DĂŵĞĚĞ���͕�>ĂƌĂnũŽ�D͕�WĞĚƌĞiƌŽ�^͕��ĂƌǀĂlhŽ�D:͕�DŽuƌĂ�W͕ ��bƌĂntĞƐ��D͕�
DĂiĂ��:͕��ŽŵinŐuĞƐ�W͕ ��ŽŵinŐuĞƐ�Z͕�DĂƌtinhŽ��͕��ŽtĞlhŽ�D&͕ �dƌinĚĂĚĞ�,͕�WĂiǀĂ��.��ŵniŽtic�ŵĞŵbƌĂnĞ�ĞǆtƌĂct�ĚiĨĨĞƌĞntiĂllǇ�
ƌĞŐulĂtĞƐ� huŵĂn� pĞƌiphĞƌĂl� blŽŽĚ� d� cĞll� ƐubƐĞtƐ͕� ŵŽnŽcǇtĞ� ƐubpŽpulĂtiŽnƐ� ĂnĚ�ŵǇĞlŽiĚ� ĚĞnĚƌitic� cĞllƐ.� �Ğll� ĂnĚ� diƐƐuĞ�
ZĞƐĞĂƌch͕�ϮϬϭϴ͖�ϯϳϯ;ϮͿ:ϰϱϵ-ϰϳϲ.��K/:�ϭϬ.ϭϬϬϳ/ƐϬϬϰϰϭ-Ϭϭϴ-ϮϴϮϮ-ϭ



ϭϵϰ

>ĂƌĂnũŽ�D͕��ĂƌǀĂlhŽ�D:͕��ŽƐtĂ�d͕ ��lǀĞƐ��͕�KliǀĞiƌĂ�Z�͕��ĂƐĂltĂ->ŽpĞƐ�:͕��ŽƌĚĞiƌŽ�W͕ ��ŽtĂƐ�&͕ ��bƌĂntĞƐ��D͕�WĂiǀĂ��͕�KliǀĞiƌĂ��͕�
�ŽtĞlhŽ�D&.�DĂŵŵŽƐphĞƌĞƐ�ŽĨ�hŽƌŵŽnĂl�ƌĞcĞptŽƌ�pŽƐitiǀĞ�bƌĞĂƐt�cĂncĞƌ�ĚiǀĞƌŐĞ�tŽ�tƌiplĞ-nĞŐĂtiǀĞ�phĞnŽtǇpĞ.�dhĞ��ƌĞĂƐt�
ϮϬϭϴ.�ϯϴ͕�ϮϮ-Ϯϵ��K/:ϭϬ.ϭϬϭϲ/ũ.bƌĞĂƐt.ϮϬϭϳ.ϭϭ.ϬϬϵ

>ĞitĆŽ�D:͕� ^ĂntĂnĂ� /͕� KlŵĞĚŽ�s͕�EĂĚĂl� �͕� >Ğ� �ĂƐtĂƌĚ�E͕� �ĂlĚĞiƌĂƐ� /.� �ĞƌĞbƌŽƐpinĂl� ĨluiĚ� ��ϰϮ� ĂnĚ� tdĂu�ŵĞĂƐuƌĞŵĞnt� Žn�
>hD/Wh>^�Π�':�ĂnĂlǇticĂl�ǀĞƌiĨicĂtiŽn�ĂnĚ�ŵĞthŽĚ�cŽŵpĂƌiƐŽn.��lǌĞiŵĞƌ Ɛ͛�Θ��ĞŵĞntiĂ�ϮϬϭϴ͖�ϭϰ;ϳͿ:�WϯϵϬͿ

>ĞitĆŽ�Z�͕�^ĞƌĞnŽ�:͕��ĂƐtĞlhĂnŽ�:D͕�'ŽnĕĂlǀĞƐ�^/͕��ŽĞlhŽ-^ĂntŽƐ�s͕�&ŽntĞƐ-ZibĞiƌŽ��͕��ĂƐtĞlŽ-�ƌĂncŽ�D͕�^ilǀĂ��W.��ƋuĂpŽƌin-ϰ�
ĂƐ�Ă�EĞǁ�dĂƌŐĞt�ĂŐĂinƐt�DĞthĂŵphĞtĂŵinĞ-/nĚucĞĚ��ƌĂin��ltĞƌĂtiŽnƐ:�&ŽcuƐ�Žn�thĞ�EĞuƌŽŐliŽǀĂƐculĂƌ�hnit�ĂnĚ�DŽtiǀĂtiŽnĂl�
�ĞhĂǀiŽƌ.�DŽl�EĞuƌŽbiŽl.�ϮϬϭϴ�DĂƌ͖�ϱϱ;ϯͿ:ϮϬϱϲ-ϮϬϲϵ.��K/:�ϭϬ.ϭϬϬϳ/ƐϭϮϬϯϱ-Ϭϭϳ-Ϭϰϯϵ-Ϭ

>ŽpĞƐ� �͕� ^ilǀĂ-dĞiǆĞiƌĂ� Z͕� >ĂƌĂnũŽ�D͕� &ĞƌƌĞiƌĂ� �͕� �ĂƌĂŵĞlŽ� &͕ � �ŽtĞlhŽ�D&.� dĂƌŐĞtinŐ� ƌĞtinŽblĂƐtŽŵĂ�ǁith� plĂƐŵĂ-ĂctiǀĂtĞĚ�
ŵĞĚiuŵ.�WulŵŽnŽlŽŐǇ�ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϭ

>ŽuƐĂ�/͕�EĂƐciŵĞntŽ�,͕�ZŽchĂ�^͕��ĂtĂƌinŽ��͕�ZĞiƐ�&͕ �ZġŐŽ��͕�^ĂntŽƐ-^ilǀĂ��͕�^ĞĂbƌĂ��͕�ZibĞiƌŽ�^͕��ĞlŽ�>.�/nĨluĞncĞ�ŽĨ�ϲ-ŵŽnth�
phǇƐicĂl�ĂctiǀitǇ�pƌŽŐƌĂŵƐ�Žn�ƌĞnĂl�ĨunctiŽn�in�ŽbĞƐĞ�bŽǇƐ.�WĞĚƌiĂtƌic�EĞphƌŽl�ϮϬϭϴ͖�ϴϯ;ϱͿ:ϭϬϭϭ-ϭϬϭϱ

>uciĂnĂ� &ĞƌƌĞiƌĂ͕� �nĂ� Z.� �ŽĞlhŽ͕� WĂulŽ� :.� KliǀĞiƌĂ� ĂnĚ� dĞƌĞƐĂ� �unhĂ-KliǀĞiƌĂ� ;ϮϬϭϴͿ.� DitŽchŽnĚƌiĂl� dŽǆicitǇ� /nĚucĞĚ� bǇ�
�hĞŵŽthĞƌĂpĞutic��ƌuŐƐ.�/n�DitŽchŽnĚƌiĂl��ǇƐĨunctiŽn�bǇ��ƌuŐ�ĂnĚ��nǀiƌŽnŵĞntĂl�dŽǆicĂntƐ͕�dǁŽ�sŽluŵĞ�^Ğt͕�zǀŽnnĞ�till�
ĂnĚ�:ĂŵĞƐ��.��ǇŬĞnƐ��ĚƐ.͕�:Žhn�tilĞǇ�Θ�^ŽnƐ͕�/nc.

D.��iƐpŽ͕�W.D.Z.�WĞƌĞiƌĂ͕�&.�^ĞtĂƌŽ͕�D.^.�ZŽĚƌşŐuĞǌ-DŽƌŐĂĚĞΎ͕�ZŽƐĂ�&ĞƌnĂnĚĞƐΎ͕�d.�dŽƌƌĞƐΎ�ĂnĚ� :.W.�.�dŽŵĠΎ.���'ĂlĂctŽƐĞ-
�ĞnĚƌitic�^ilicŽn�;/sͿ�WhthĂlŽcǇĂninĞ�ĂƐ�Ă�WhŽtŽƐĞnƐitiǌinŐ��ŐĞnt�in��ĂncĞƌ�WhŽtŽĚǇnĂŵic�dhĞƌĂpǇ.��hĞŵWluƐ�hĞŵ.�ϮϬϭϴ͖�ϴϯ͕�
ϴϱϱ-ϴϲϬ.�;�K/:�ϭϬ.ϭϬϬϮ/cplu.ϮϬϭϴϬϬϯϳϬͿ

D.��ĂiǆinhĂ͕�W.�KliǀĞiƌĂ͕�/.�.��iƌĞƐ͕��.&.��ŵbƌſƐiŽ͕��.Z.�^ĂntiĂŐŽ͕�D.�^ĂntŽƐ�ĂnĚ�:.�^ĂntŽƐ.��hĂƌĂctĞƌiǌĂtiŽn�ŽĨ��ŽƌnĞĂl��hĂnŐĞƐ�
in�Ă�dǇpĞ�ϭ��iĂbĞtic��niŵĂl�DŽĚĞl.�hltƌĂƐŽunĚ�DĞĚ��iŽl.�ϮϬϭϵ�DĂƌ͖ϰϱ;ϯͿ:ϴϮϯ-ϴϯϮ.��K/:�ϭϬ.ϭϬϭϲ/ũ.ultƌĂƐŵĞĚbiŽ.ϮϬϭϴ.ϭϭ.ϬϬϮ.�
�pub�ϮϬϭϴ��Ğc�ϯϭ

DĂchĂĚŽ�Z͕��ĂlĚĞiƌĂƐ�/͕��unhĂ�'͕�DŽƌĂiƐ�Z͕�>ĞŵŽƐ�Z͕��ĂĞtĂnŽ�'͕��ĂƐtĞlŽ-�ƌĂncŽ�D͕�̂ ĂntĂnĂ�/.�ZŽlĞ�ŽĨ�ƋuĂntitĂtiǀĞ�DZ/�ŵĞĂƐuƌĞƐ�
in�pƌŽŐnŽƐtic�ĂƐƐĞƐƐŵĞnt�ŽĨ�DilĚ��ŽŐnitiǀĞ�/ŵpĂiƌŵĞnt�pĂtiĞntƐ�ĂnĚ�cŽƌƌĞlĂtiŽn�ǁith��ĞƌĞbƌŽƐpinĂl�&luiĚ�biŽŵĂƌŬĞƌƐ.��uƌ�:�
EĞuƌŽl.�ϮϬϭϴ͖�Ϯϱ;^uppl�ϮͿ:�ϵϲ

DĂĚĞiƌĂ�D,͕� ZĂƐhiĚ� <͕� �ŵbƌſƐiŽ� �&͕ � ^ĂntiĂŐŽ� �Z͕� >ĂnŐŵĂnn� d.� �lŽcŬĂĚĞ� ŽĨ�ŵicƌŽŐliĂl� ĂĚĞnŽƐinĞ� �Ϯ�� ƌĞcĞptŽƌ� iŵpĂctƐ�
inĨlĂŵŵĂtŽƌǇ�ŵĞchĂniƐŵƐ͕� ƌĞĚucĞƐ��ZW�-ϭϵ�cĞll�ĚǇƐĨunctiŽn�ĂnĚ�pƌĞǀĞntƐ�phŽtŽƌĞcĞptŽƌ� lŽƐƐ� in�ǀitƌŽ.�^ci�ZĞp.�ϮϬϭϴ�&Ğb�
Ϯ͖ϴ;ϭͿ:ϮϮϳϮ.��K/:�ϭϬ.ϭϬϯϴ/Ɛϰϭϱϵϴ-Ϭϭϴ-ϮϬϳϯϯ-Ϯ

DĂlǀĂ�:K͕��ŵĂĚŽ��͕�ZŽĚƌiŐuĞƐ��͕�DŽtĂ-WintŽ��͕��ĂƌĚŽƐŽ��&͕ �dĞiǆĞiƌĂ��D͕�dŽĚŽ-�Žŵ��͕��ĞǀĞƐĂ��͕��ŵbƌſƐiŽ��&͕ ��unhĂ��>͕�
'ŽŵĞƐ��͕��ĂntĂƐ��͕��bƌĞu��͕� ^ĂntĂnĂ� /͕� �ŽuƐƋuĞt� :͕� �pſƐtŽlŽ� :͕� ^ĂntŽƐ� >͕�DĞnĞƐĞƐ�ĚĞ��lŵĞiĚĂ� >͕� /llĂƌiŽ�D͕�sĞƌşƐƐiŵŽ�Z͕�
ZŽĚƌiŐuĞƐ�s�ĂnĚ�sĞƌşƐƐiŵŽ�Dd�;ϮϬϭϴͿ�dhĞ�ƋuĂĚƌuplĞ�hĞliǆ-bĂƐĞĚ�innŽǀĂtiŽn�ŵŽĚĞl�ŽĨ�ZĞĨĞƌĞncĞ�^itĞƐ�ĨŽƌ��ctiǀĞ�ĂnĚ�,ĞĂlthǇ�
�ŐĞinŐ�in��uƌŽpĞ:�dhĞ��ŐĞinŐ@�ŽiŵbƌĂ�cĂƐĞ�ƐtuĚǇ.�&ƌŽnt�DĞĚ�ϱ:�ϭϯϮ.��K/:�ϭϬ.ϯϯϴϵ/ĨŵĞĚ.ϮϬϭϴ.ϬϬϭϯϮ

DĂƌiĂ��.� WĞĚƌŽƐŽ�ĚĞ� >iŵĂ�ĂnĚ��ŵĄliĂ� ^.� :uƌĂĚŽ� ;ϮϬϭϴͿ� ͞&iŐhtinŐ� cĂncĞƌ�ǁith�pĞptiĚĞƐ:� ĨƌŽŵ� tƌĂnƐlŽcĂtŽƌ� tŽ� ƌĂĚiŽlĂbĞlĞĚ�
pĞptiĚĞƐ͟�/n�͞;WdͿϮ�WĞptiĚĞ�dhĞƌĂpĞuticƐ�in�WŽƌtuŐĂl͟�;WĂulĂ�'ŽŵĞƐ͕�ĂuthŽƌͿ͕�dhĞ��uƌŽpĞĂn�WĞptiĚĞ�^ŽciĞtǇ�EĞǁƐlĞttĞƌ͕ �iƐƐuĞ�
57

DĂƌƋuĞƐ�/�͕�EĞǀĞƐ��Z͕��bƌĂntĞƐ��D͕�WiƌĞƐ��^͕�dĂǀĂƌĞƐ-ĚĂ-^ilǀĂ��͕�&iŐuĞiƌĞĚŽ��͕��ŽtĞlhŽ�D&.�dĂƌŐĞtĞĚ��lphĂ�dhĞƌĂpǇ�uƐinŐ�
ZĂĚiuŵ-ϮϮϯ:�&ƌŽŵ�phǇƐicƐ�tŽ�biŽlŽŐicĂl�ĞĨĨĞctƐ.��ĂncĞƌ�dƌĞĂtŵĞnt�ZĞǀiĞǁƐ.�ϮϬϭϴ.�ϲϴ:ϰϳ-ϱϰ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.ctƌǀ.ϮϬϭϴ.Ϭϱ.Ϭϭϭ.�
�pub�ϮϬϭϴ�DĂǇ�Ϯϱ

DĂƌƋuĞƐ� /�͕�EĞǀĞƐ��Z͕��bƌĂntĞƐ��D͕�WiƌĞƐ��^͕�dĂǀĂƌĞƐ-^ilǀĂ��͕��ntunĞƐ�,͕��ĂƌĂŵĞlŽ� &͕ �ZŽĚƌiŐuĞƐ� d͕ �DĂtĂĨŽŵĞ�W͕ ��ŽƐtĂ�'͕�
^ĞiĕĂ�Z͕�&iŐuĞiƌĞĚŽ��͕��ŽtĞlhŽ�D&.�ZĂĚiŽbiŽlŽŐicĂl�ĞĨĨĞctƐ�unĚĞƌlǇinŐ�thĞ�clinicĂl�ĞĨĨicĂcǇ�ŽĨ�ƌĂĚiuŵ-ϮϮϯ�in�ŵĞtĂƐtĂtic�pƌŽƐtĂtĞ�
cĂncĞƌ:�in�ǀitƌŽ�ƐtuĚiĞƐ.�WulŵŽnŽlŽŐǇ�ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϭϮ

DĂƌƋuĞƐ�s͕�ZibĞiƌŽ�/W͕ �DĂƐcĂƌĞnhĂƐ��͕�ZŽĚƌiŐuĞƐ�:D͕�&ĞƌƌĞiƌĂ�^/͕�>ŽpĞƐ-�ŐuiĂƌ�>͕��ŽƐtĂ��͕�>iŵĂ��͕��ŽtĞlhŽ�D&͕ ��bƌĂntĞƐ��D͕�
DĞlŽ� :�͕� �ĂƌƌĞiƌĂ� /D.� &��h͕� Ă�phĂƌǇnŐĞĂl� tuŵŽƌ� cĞll� linĞ:� �ǇtŽŐĞnĞtic� ĂnĚ� ŐĞnŽŵic� chĂƌĂctĞƌiǌĂtiŽn.� WulŵŽnŽlŽŐǇ�ϮϬϭϴ͖�
Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϴ



ϭϵϱ

DĂƌtinƐ�Z͕�DĂƌtşn-^iĞƌƌĂ��͕�>ĂƌĂnũĞiƌĂ�W͕ ��bƌĂntĞƐ��D͕�dƌĂlhĆŽ�:'͕��ŽtĞlhŽ�D&͕ �>ĞitĞ�:͕�&uƌtĂĚŽ��͕��ĂƐtƌŽ�Ğ�^ŽuƐĂ�&͕ �WĂiǀĂ��.�
�ǀĂluĂtiŽn�ŽĨ�d�cĞll-ŵĞĚiĂtĞĚ�ĂntituŵŽƌ�iŵŵunĞ�ƌĞƐpŽnƐĞ�in�liǀĞƌ�tuŵŽƌƐ-Ăn�ĂppƌŽĂch�uƐinŐ�tuŵŽƌ�ĂnĚ�pĞƌiphĞƌĂl�blŽŽĚ�
ƐĂŵplĞƐ.�,W�͕�ϮϬϭϴ͖�ϮϬ�;ϮͿ:^ϮϲϮ

DĂƌtinƐ�Z͕�EĞŵĠƐiŽ�Z͕��ĂƌĚŽƐŽ�<͕�KliǀĞiƌĂ�Z͕��ŽnƐtąnciŽ�s͕��ĂlǀĆŽ�:͕�'ŽnĕĂlǀĞƐ���͕�^ĂƌŵĞntŽ-ZibĞiƌŽ���͕��bƌĂntĞƐ��D͕�
�ŽtĞlhŽ�D&͕ �dƌĂlhĆŽ�:'͕��ĂƐtƌŽ-^ŽuƐĂ�&.�/ŵpĂct�ŽĨ�ƐplĞnic�ĂƌtĞƌǇ�liŐĂtiŽn�ĂĨtĞƌ�ĂlppƐ�Žn�liǀĞƌ�ǀiĂbilitǇ͕ �ƌĞŐĞnĞƌĂtiŽn�ĂnĚ�
ĨunctiŽn�-�ŽutcŽŵĞƐ�ŽĨ�Ăn�ĞǆpĞƌiŵĞntĂl�ƐtuĚǇ�in�ĂniŵĂl�ŵŽĚĞl.�WulŵŽnŽlŽŐǇ�ϮϬϭϴ͖�Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϭϭ

DĂƌtinƐ�Z͕�EĞŵĠƐiŽ�Z͕��ĂƌĚŽƐŽ�<͕�KliǀĞiƌĂ�Z�͕�'ŽnĕĂlǀĞƐ���͕�^ĂƌŵĞntŽ�ZibĞiƌŽ���͕��bƌĂntĞƐ��D͕��ŽtĞlhŽ�D&͕ �dƌĂlhŽĂ�
:'͕��ĂƐtƌŽ�Ğ�^ŽuƐĂ�&.�^plĞnic�ĂƌtĞƌǇ�liŐĂtiŽn�ĂĨtĞƌ��>WW^�uƐinŐ�Ăn�ĂniŵĂl�ŵŽĚĞlʹ�ǀĂluĂtiŽn�ŽĨ�itƐ�iŵpĂct�Žn�liǀĞƌ�ĨunctiŽn͕�
ǀiĂbilitǇ�ĂnĚ�ƌĞŐĞnĞƌĂtiŽn.�,W�͕�ϮϬϭϴ͖�ϮϬ�;^ϮͿ:�^Ϯϲϴ

DĂƌtinƐ�Z͕�ZibĞiƌŽ�/W͕ �dĂǀĂƌĞƐ�/͕��bƌĂntĞƐ��D͕��ŽtĞlhŽ�D&͕ �DĞlŽ�:�͕�&uƌtĂĚŽ��͕�dƌĂlhĆŽ�:'͕��ĂƌƌĞiƌĂ�D͕��ĂƐtƌŽ�Ğ�^ŽuƐĂ�&.�
WƌiŵĂƌǇ�tuŵŽƌƐ�ŽĨ�thĞ�liǀĞƌ:�hĞpĂtŽcĞllulĂƌ�cĂƌcinŽŵĂ�ĂnĚ�chŽlĂnŐiŽcĂƌcinŽŵĂ�ŐĞnŽŵic�chĂƌĂctĞƌiǌĂtiŽn.�,W�͕�ϮϬϭϴ:�ϮϬ�;ϮͿ:�
S400

DĂƌtşn-^iĞƌƌĂ��͕�DĂƌtinƐ�Z͕�>ĂƌĂnũĞiƌĂ�W͕ ��bƌĂntĞƐ��D͕��iŽŐŽ��͕�KliǀĞiƌĂ�W͕ �^ĞƌƀĚiŽ�D͕��lĞǆĂnĚƌinŽ�,͕�dƌĂlhĆŽ�:'͕��ŽtĞlhŽ�D&͕ �
>ĞitĞ�:͕�&uƌtĂĚŽ��͕��ĂƐtƌŽ-^ŽuƐĂ�&͕ ��ŽŵinŐuĞƐ�Z͕�WĂiǀĂ��.��ǀĂluĂtiŽn�ŽĨ�tuŵŽuƌ�inĨiltƌĂtinŐ�lĞuŬŽcǇtĞƐ�ĂnĚ�pĞƌiphĞƌĂl�blŽŽĚ�
d͕ �E<͕�ŵŽnŽcǇtĞƐ�ĂnĚ�ĚĞnĚƌitic�cĞllƐ�ĨƌŽŵ�pĂtiĞntƐ�ǁith�hĞpĂtŽcĞllulĂƌ�cĂƌcinŽŵĂ�ĂnĚ�chŽlĂnŐiŽcĂƌcinŽŵĂ.�WulŵŽnŽlŽŐǇ�
ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϭ

DĂƌtinƐ-EĞǀĞƐ�^Z͕��lĞtŽn-:ĂnƐĞn��D͕�'ŽŵĞƐ��D&.�dhĞƌĂpǇ-inĚucĞĚ��nƌichŵĞnt�ŽĨ��ĂncĞƌ�^tĞŵ-liŬĞ��ĞllƐ�in�^ŽliĚ�,uŵĂn�
duŵŽƌƐ:�thĞƌĞ�ĚŽ�ǁĞ�ƐtĂnĚ͍�WhĂƌŵĂcŽl�ZĞƐ.�ϮϬϭϴ�EŽǀ͖�ϭϯϳ:ϭϵϯ-ϮϬϰ.��K/:�ϭϬ.ϭϬϭϲ/ũ.phƌƐ.ϮϬϭϴ.ϭϬ.Ϭϭϭ�

DĂƌtinƐ-EĞǀĞƐ�^Z͕�WĂiǀĂ-KliǀĞiƌĂ��/͕�&ŽntĞƐ-ZibĞiƌŽ��͕��ŽǀĠĞ�:sD'͕��lĞtŽn-:ĂnƐĞn��D͕�'ŽŵĞƐ��D&.�/tZ-ϭ͕�Ă�tĂnŬǇƌĂƐĞ�
inhibitŽƌ͕ �ĂttĞnuĂtĞƐ�tnt/ɴ-cĂtĞnin�ƐiŐnĂlinŐ�in�cĂncĞƌ�ƐtĞŵ-liŬĞ�cĞllƐ�ĂnĚ�inhibitƐ�in�ǀiǀŽ�thĞ�ŐƌŽǁth�ŽĨ�Ă�ƐubcutĂnĞŽuƐ�
huŵĂn�ŽƐtĞŽƐĂƌcŽŵĂ�ǆĞnŽŐƌĂĨt.��ĂncĞƌ�>Ğtt.�ϮϬϭϴ�&Ğb�ϭ͖�ϰϭϰ:ϭ-ϭϱ.��K/:�ϭϬ.ϭϬϭϲ/ũ.cĂnlĞt.ϮϬϭϳ.ϭϭ.ϬϬϰ.�ĚŽi:�ϭϬ.ϭϬϭϲ/ũ.
cĂnlĞt.ϮϬϭϳ.ϭϭ.ϬϬϰ.��pub�ϮϬϭϳ�EŽǀ�ϴ

DĂƌtŽ��D͕�>ĂƌĂnũŽ�D͕�WĂulĂ��͕��bƌĂntĞƐ��D͕�'ŽnĕĂlǀĞƐ���͕�^ĂƌŵĞntŽ-ZibĞiƌŽ���͕��ĂbƌitĂ��͕��ŽtĞlhŽ�D&͕ ��ĂƌƌilhŽ��.�'inŐiǀĂl�
ĨibƌŽblĂƐtƐ�cĂn�ĚĞƐĚiĨĞƌĞntiĂtĞ�intŽ�ƐtĞŵ-liŬĞ�cĞllƐ.�WulŵŽnŽlŽŐǇ�ϮϬϭϴ͖�Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:Ϯϵ

DĂtŽƐ͕��ĂƌlŽƐ��.͖��ĂƌŵŽnĂ͕�sitŽƌ͖�siũĂǇĂŬuŵĂƌ͕ �hĚĂǇĂ-'ĞĞthĂ͖�>ŽpĞƐ͕�^ĂƌĂ͖��lbuƋuĞƌƋuĞ͕�WĂtƌiciĂ͖��ŽncĞicĂŽ͕�DĂƌiĂnĂ͖�
EŽbƌĞ͕�Zui�:ŽƌŐĞ͖�EŽbƌĞŐĂ͕��lĞǀiŽ͖�ĚĞ��lŵĞiĚĂ͕�>uiƐ�WĞƌĞiƌĂ.�'ĞnĞ�dhĞƌĂpiĞƐ�ĨŽƌ�WŽlǇŐlutĂŵinĞ��iƐĞĂƐĞƐ.�WK>z'>hd�D/E��
�/^KZ��Z^͕�ϮϬϭϴ͕���D�͕�ǀŽluŵĞ�ϭϬϰϵ:�ϯϵϱ-ϰϯϴ͕�EŽbƌĞŐĂ͕��͖��Ğ�lŵĞiĚĂ͕�>W��ĚƐ�;^pƌinŐĞƌͿ.��K/:�ϭϬ.ϭϬϬϳ/ϵϳϴ-ϯ-ϯϭϵ-ϳϭϳϳϵ-
ϭͺϮϬ

Dc/ntŽƐh�:͕��lŽnƐŽ��͕�DĂc>uƌĞ�<͕�^tĞǁĂƌt��͕�<ĞŵpĞn�d͕ �DĂiƌ��͕��ĂƐtĞl-�ƌĂncŽ�D͕��ŽĚinĂ��͕�&ĞƌnĂnĚĞǌ->liŵŽƐ�&͕ �&lĞŵinŐ�
'͕�'ĞnniŵĂtĂ��͕�'illĞƐpiĞ�h͕�,ĂƌƌiƐŽn��͕�/llĂƌiŽ�D͕�:uniuƐ-tĂlŬĞƌ�h͕�<ĂŵpŽliƐ��&͕ �<ĂƌĚĂƐ�W͕ �>ĞǁĞŬ�W͕ �DĂlǀĂ�:͕�DĞnĚittŽ�
�͕�^cullin��͕�tiĞƐĞ��͖�^/DW�d,z��ŽnƐŽƌtiuŵ�;ϮϬϭϴͿ���cĂƐĞ�ƐtuĚǇ�ŽĨ�pŽlǇphĂƌŵĂcǇ�ŵĂnĂŐĞŵĞnt�in�ninĞ��uƌŽpĞĂn�
cŽuntƌiĞƐ:�/ŵplicĂtiŽnƐ�ĨŽƌ�chĂnŐĞ�ŵĂnĂŐĞŵĞnt�ĂnĚ�iŵplĞŵĞntĂtiŽn.�W>K^�KnĞ.�ϭϯ;ϰͿ:�ĞϬϭϵϱϮϯϮ.��K/:�ϭϬ.ϭϯϳϭ/ũŽuƌnĂl.
pone.0195232. eCollection 2018

DĞnĚŽncĂ͕�>iliĂnĂ�^.͖�KnŽĨƌĞ͕�/ƐĂbĞl͖�DiƌĂnĚĂ͕��ĂtĂƌinĂ�KliǀĞiƌĂ͖�WĞƌĨĞitŽ͕�ZitĂ͖�EŽbƌĞŐĂ͕��lĞǀiŽ͖�ĚĞ��lŵĞiĚĂ͕�>uiƐ�WĞƌĞiƌĂ.�
^tĞŵ��Ğll-�ĂƐĞĚ�dhĞƌĂpiĞƐ�ĨŽƌ�WŽlǇŐlutĂŵinĞ��iƐĞĂƐĞƐ.�WK>z'>hd�D/E���/^KZ��Z^͕�ϮϬϭϴ͕���D�͕�ǀŽluŵĞ�ϭϬϰϵ:�ϰϯϵ-ϰϲϲ͕�
EŽbƌĞŐĂ͕��͖��Ğ�lŵĞiĚĂ͕�>W��ĚƐ�;^pƌinŐĞƌͿ.��K/:�ϭϬ.ϭϬϬϳ/ϵϳϴ-ϯ-ϯϭϵ-ϳϭϳϳϵ-ϭͺϮϭ

DitŽchŽnĚƌiĂl�biŽĞnĞƌŐĞticƐ:�DĞthŽĚƐ�ĂnĚ�WƌŽtŽcŽlƐ�;ϮnĚ��ĚitiŽnͿ.��ĂƌlŽƐ�D.�WĂlŵĞiƌĂ�ĂnĚ��ntſniŽ�:.�DŽƌĞnŽ�;�ĚitŽƌƐͿ.�
^ĞƌiĞƐ�͞DĞthŽĚƐ�in�DŽlĞculĂƌ��iŽlŽŐǇ .͟�,uŵĂnĂ�WƌĞƐƐ͕�^pƌinŐĞƌ͕ ��h�
 
DitŽchŽnĚƌiĂl��iŽlŽŐǇ�ĂnĚ��ǆpĞƌiŵĞntĂl�dhĞƌĂpĞuticƐ͕�WĂulŽ�:.�KliǀĞiƌĂ�;�ĚitŽƌͿ�^pƌinŐĞƌ�;EzͿ�ĚŽi:�ϭϬ.ϭϬϬϳ/ϵϳϴ-ϯ-ϯϭϵ-
73344-9

DŽƌĂiƐ��W�͕�WitĂ�/Z͕�&ŽntĞƐ-ZibĞiƌŽ���͕�WĞƌĞiƌĂ�&�.�dhĞ�nĞuƌŽbiŽlŽŐicĂl�ŵĞchĂniƐŵƐ�ŽĨ�phǇƐicĂl�ĞǆĞƌciƐĞ�in�
ŵĞthĂŵphĞtĂŵinĞ�ĂĚĚictiŽn.��E^�EĞuƌŽƐci�dhĞƌ.�ϮϬϭϴ�&Ğb͖Ϯϰ;ϮͿ:ϴϱ-ϵϳ.��K/:ϭϬ.ϭϭϭϭ/cnƐ.ϭϮϳϴϴ

DŽuƌitǌĞn�Ds͕��bŽuƌĂǇĂlĞ�^͕��ũĂǌ�Z͕��ƌĚŽn���͕��ĂƌǀĂlhŽ��͕��ĂlŐĂĂƌĚ�>d͕ �ZŽuƌƐŐĂĂƌĚ�D͕�:ĞnƐƐĞn�,.�EĞuƌŽtĞnƐin͕�ƐubƐtĂncĞ�
W͕ �ĂnĚ�inƐulin�ĞnhĂncĞ�cĞll�ŵiŐƌĂtiŽn.�:�WĞpt�^ci.�ϮϬϭϴ�Ϯϰ:�ĞϯϬϵϯ.�ĚŽi:�ϭϬ.ϭϬϬϮ/pƐc.ϯϬϵϯ.��pub�ϮϬϭϴ�:un�Ϯϱ.�WubDĞĚ�WD/�:�
Ϯϵϵϯϴϴϲϳ.��K/:ϭϬ.ϭϬϬϮ/pƐc.ϯϬϵϯ



ϭϵϲ

EĂiĂ�>.͕�ZĞŐŽ��.�;ϮϬϭϴͿ�/ƐŽlĂtiŽn�ĂnĚ�ŵĂintĞnĂncĞ�ŽĨ�ƐtƌiĂtĂl�nĞuƌŽnƐ.��iŽ-pƌŽtŽcŽl�ϴ;ϴͿ:�ĞϮϴϮϯ.�ĚŽi:�ϭϬ.Ϯϭϳϲϵ/�iŽWƌŽtŽc.ϮϴϮϯ
EĞǀĞƐ��Z͕��bƌĂntĞƐ��D͕�ZibĞiƌŽ�/W͕ �&ĞƌƌĞiƌĂ�^/͕�DĂƌƋuĞƐ�/�͕�DĂƌƋuĞƐ�s͕�dĂǀĂƌĞƐ-^ilǀĂ��͕��ĂƌƌĞiƌĂ�/D͕�&iŐuĞiƌĞĚŽ��͕��ŽtĞlhŽ�
D&.��hĂƌĂctĞƌiǌĂtiŽn�ŽĨ�ŐĞnŽŵic�pƌŽĨilĞ�ŽĨ�blĂĚĚĞƌ�cĂncĞƌ:�ĂƌƌĂǇ-cŽŵpĂƌĂtiǀĞ�ŐĞnŽŵic�hǇbƌiĚiǌĂtiŽn�ĂƐ�Ă�hiŐh-thƌŽuŐhput�
ĂppƌŽĂch.�WulŵŽnŽlŽŐǇ�ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:Ϯϴ

EĞǀĞƐ�:͕�:ŽƌŐĞ�:͕��lǀĞƐ�Z͕�'ŽnĕĂlǀĞƐ���͕�^ĂƌŵĞntŽ�ZibĞiƌŽ���.�WĂƌthĞnŽliĚĞ͕�Ăn�nĨ-ʃb�inhibitŽƌ͕ �inĚucĞ�cĞll�ĚĞĂth�ĂnĚ�ƐuppƌĞƐƐ�
cĞll�pƌŽliĨĞƌĂtiŽn�in�lǇŵphŽiĚ�ŵĂliŐnĂnciĞƐ.�,ĞŵĂ^phĞƌĞ�ϮϬϭϴ͖�Ϯ;^ϭͿ:ϳϰϯ

EĞǀĞƐ� :͕� :ŽƌŐĞ� :͕� �lǀĞƐ� Z͕� 'ŽnĕĂlǀĞƐ� ��͕� ^ĂƌŵĞntŽ-ZibĞiƌŽ� ��.� WĂƌthĞnŽliĚĞ� ĂƐ� Ă� nĞǁ� thĞƌĂpĞutic� ĂppƌŽĂch� in� ĂcutĞ�
lǇŵphŽblĂƐtic�lĞuŬĞŵiĂ.�WulŵŽnŽl.�ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϭϳ

EŽbƌĞŐĂ͕� �lĞǀiŽ͖� ĚĞ� �lŵĞiĚĂ͕� >uiƐ� WĞƌĞiƌĂ.� WŽlǇŐlutĂŵinĞ� �iƐŽƌĚĞƌƐ� WƌĞĨĂcĞ.� WK>z'>hd�D/E�� �/^KZ��Z^͕� ϮϬϭϴ͕� ��D�͕�
ǀŽluŵĞ�ϭϬϰϵ:�s-s/͕�EŽbƌĞŐĂ͕��͖��Ğ�lŵĞiĚĂ͕�>W��ĚƐ�;^pƌinŐĞƌͿ.��K/:�ϭϬ.ϭϬϬϳ/ϵϳϴ-ϯ-ϯϭϵ-ϳϭϳϳϵ-ϭ

EŽbƌĞŐĂ͕��lĞǀiŽ͖�^iŵŽĞƐ͕��nĂ�dĞƌĞƐĂ͖��uĂƌtĞ-EĞǀĞƐ͕�:ŽĂnĂ͖��uĂƌtĞ͕�^ŽniĂ͖�sĂƐcŽncĞlŽƐ-&ĞƌƌĞiƌĂ͕��nĂ͖��unhĂ-^ĂntŽƐ͕�:ĂnĞtĞ͖�
WĞƌĞiƌĂ͕��inĂ͖� ^ĂntĂnĂ͕�DĂŐĚĂ͖��ĂǀĂĚĂƐ͕��lĂuĚiĂ͖�ĚĞ��lŵĞiĚĂ͕� >uiƐ�WĞƌĞiƌĂ.�DŽlĞculĂƌ�DĞchĂniƐŵƐ�ĂnĚ��ĞllulĂƌ�WĂthǁĂǇƐ�
/ŵplicĂtĞĚ� in�DĂchĂĚŽ-:ŽƐĞph� �iƐĞĂƐĞ� WĂthŽŐĞnĞƐiƐ.� WK>z'>hd�D/E���/^KZ��Z^͕� ϮϬϭϴ͕� ��D�͕� ǀŽluŵĞ� ϭϬϰϵ:� ϯϰϵ-ϯϲϳ͕�
EŽbƌĞŐĂ͕��͖��Ğ�lŵĞiĚĂ͕�>W��ĚƐ�;^pƌinŐĞƌͿ.��K/:�ϭϬ.ϭϬϬϳ/ϵϳϴ-ϯ-ϯϭϵ-ϳϭϳϳϵ-ϭͺϭϴ

EunĞƐ͕�^.͖�siĂnĂ͕�^�͖��ĂƐtĞlĂ͕��͖�ZŽlŽ͕��W͖�WĂlŵĞiƌĂ͕��D͖��nĚƌĞ͕�D�͖��ĂǀĂĚĂƐ͕��� ͖�WintĂĚŽ͕�DD͖�ZĞiƐ͕� &.� -��luĞbĞƌƌǇ� ũuicĞ�
ĂttĞnuĂtĞƐ�liǀĞƌ�inũuƌǇ�pƌŽŐƌĞƐƐiŽn�in�Ă�ƌĂt�ŵŽĚĞl�ŽĨ�ĚiĞt-inĚucĞĚ�pƌĞĚiĂbĞtĞƐ.��sŽluŵĞ:�ϭϮϯ���^pĞciĂl�/ƐƐuĞ:�^/���^upplĞŵĞnt:�
Ϯ���WĂŐĞƐ:�ϰϴ-ϰϵ��DĞĞtinŐ��bƐtƌĂct:�WϬϱϱ.

KliǀĞiƌĂ�DiƌĂnĚĂ��͕�DĂƌcĞlŽ��͕�^ilǀĂ�dW͕ ��ĂƌĂtĂ�:͕�sĂƐcŽncĞlŽƐ-&ĞƌƌĞiƌĂ��͕�WĞƌĞiƌĂ��͕�EſbƌĞŐĂ��͕��uĂƌtĞ�^͕��ĂƌƌŽƐ� /͕��lǀĞƐ�:͕�
^ĞƌĞnŽ�:͕�WĞtƌĞllĂ�>͕��ĂƐtĞlhĂnŽ�:͕�WĂiǀĂ�s,͕�ZŽĚƌiŐuĞƐ-^ĂntŽƐ�W͕ ��lǀĞƐ�s͕�EunĞƐ-�ŽƌƌĞiĂ�/͕�EŽbƌĞ�Z:͕�'ŽŵĞƐ��͕��ĂƐtĞlŽ-�ƌĂncŽ�
D͕�WĞƌĞiƌĂ�ĚĞ��lŵĞiĚĂ�>.�ZĞpĞĂtĞĚ�DĞƐĞnchǇŵĂl�̂ tƌŽŵĂl��Ğll�dƌĞĂtŵĞnt�̂ uƐtĂinĂblǇ��llĞǀiĂtĞƐ�DĂchĂĚŽ-:ŽƐĞph��iƐĞĂƐĞ.�DŽl�
dhĞƌ.�ϮϬϭϴ�^Ğp�ϱ͖�Ϯϲ;ϵͿ:Ϯϭϯϭ-Ϯϭϱϭ.��K/:�ϭϬ.ϭϬϭϲ/ũ.ǇŵthĞ.ϮϬϭϴ.Ϭϳ.ϬϬϳ.��pub�ϮϬϭϴ�:ul�ϭϮ.�

KƌiĄ� Z�͕�DĂlǀĂ� :K͕� &ŽlĞǇ� W>͕� &ƌĞitĂƐ� Z^͕� �ŽlicŬ��d� ĂnĚ�'uĞƌƌĂnt� Z>� ;ϮϬϭϴͿ� ZĞǀiƐitinŐ� /nbƌĞĚ�DŽuƐĞ�DŽĚĞlƐ� tŽ� ^tuĚǇ� thĞ�
�ĞǀĞlŽpinŐ��ƌĂin:�dhĞ�WŽtĞntiĂl�ZŽlĞ�ŽĨ�/ntĞƐtinĂl�DicƌŽbiŽtĂ.�&ƌŽnt�,uŵĂn�EĞuƌŽƐci.�ϭϮ͖��K/:�ϭϬ.ϯϯϴϵ/Ĩnhuŵ.ϮϬϭϴ.ϬϬϯϱϴ
W.��ĂƌǀĂlhŽ͕��.�d.�Ğt�Ăl.�^pĂtiĂl�ƌĞƋuiƌĞŵĞnt�ĨŽƌ�W�DK�ĨŽƌ�tƌĂnƐĨŽƌŵĂtiŽn�ŽĨ�nŽn-nĂtiǀĞ�linĞĂƌ�ƐubƐtƌĂtĞƐ.�WhǇƐ.��hĞŵ.��hĞŵ.�
WhǇƐ.�ϮϬ͕�ϮϱϱϴʹϮϱϳϬ�;ϮϬϭϴͿ.��K/:ϭϬ.ϭϬϯϵ/cϳcpϬϳϭϳϮh

W.D.Z.� WĞƌĞiƌĂ͕�t.� Ziǌǀi͕� E.s.^.�.<.� �hupĂthiƌĂũu͕� E.� �ĞƌiƐhĂ͕� Z.� &ĞƌnĂnĚĞƐ͕� :.W.�.� dŽŵĠ� ĂnĚ� �.D.� �ƌĂin.� �ĂƌbŽn-ϭ� ǀĞƌƐuƐ�
�ĂƌbŽn-ϯ�>inŬĂŐĞ�ŽĨ�Ě-'ĂlĂctŽƐĞ�tŽ�WŽƌphǇƌinƐ:�^ǇnthĞƐiƐ͕�hptĂŬĞ͕�ĂnĚ�WhŽtŽĚǇnĂŵic��ĨĨiciĞncǇ.��iŽcŽnũuŐ��hĞŵ.�ϮϬϭϴ͕�Ϯϵ:�
ϯϬϲ-ϯϭϱ.�;�K/:�ϭϬ.ϭϬϮϭ/ĂcƐ.biŽcŽnũchĞŵ.ϳbϬϬϲϯϲͿ

WĂiǀĂ-KliǀĞiƌĂ��/͕�DĂƌtinƐ-EĞǀĞƐ�^Z͕��bƌunhŽƐĂ��:͕� &ŽntĞƐ-ZibĞiƌŽ��͕�'ŽŵĞƐ��D&.�dhĞƌĂpĞutic�pŽtĞntiĂl�ŽĨ� thĞ�ŵĞtĂbŽlic�
ŵŽĚulĂtŽƌ�DĞtĨŽƌŵin�Žn�ŽƐtĞŽƐĂƌcŽŵĂ� cĂncĞƌ� ƐtĞŵ-liŬĞ� cĞllƐ.� �ĂncĞƌ��hĞŵŽthĞƌ�WhĂƌŵĂcŽl.� ϮϬϭϴ� :Ăn͖ϴϭ;ϭͿ:ϰϵ-ϲϯ.��K/:�
ϭϬ.ϭϬϬϳ/ƐϬϬϮϴϬ-Ϭϭϳ-ϯϰϲϳ-ϲ

WĂƌŬ͕��.�<.�Ğt�Ăl.��ŽŵĂin�^ǁĂppinŐ�in��llŽƐtĞƌic�DŽĚulĂtiŽn�ŽĨ��E��^pĞciĨicitǇ.�W>K^��iŽl.�ϴ͕�ĞϭϬϬϬϱϱϰ�;ϮϬϭϬͿ.��K/:�ϭϬ.ϭϯϳϭ/
journal.pbio.1000554

WĂulĂ���W͕ �>ĂƌĂnũŽ�D͕�DĂƌtŽ��D͕�WĂulŽ�̂ ͕��bƌĂntĞƐ��͕��ĂƐĂltĂ->ŽpĞƐ�:͕�DĂƌƋuĞƐ-&ĞƌƌĞiƌĂ�D͕��ŽtĞlhŽ�D&͕ ��ĂƌƌilhŽ��.��iƌĞct�pulp�
cĂppinŐ:�ǁhĂt�iƐ�thĞ�ŵŽƐt�ĞĨĨĞctiǀĞ�thĞƌĂpǇ͍�ʹ �ƐǇƐtĞŵĂtic�ƌĞǀiĞǁ�ĂnĚ�ŵĞtĂ-ĂnĂlǇƐiƐ.�:ŽuƌnĂl�ŽĨ��ǀiĚĞncĞ��ĂƐĞĚ��ĞntĂl�WƌĂcticĞ�
ϮϬϭϴ:ϭ-ϭϳ.��K/:�ϭϬ.ϭϬϭϲ/ũ.ũĞbĚp.ϮϬϭϴ.ϬϮ.ϬϬϮ

WĂulŽ�:.�KliǀĞiƌĂ�;ϮϬϭϴͿ.�/ntƌŽĚuctiŽn:�DitŽchŽnĚƌiĂ͕�thĞ��Ğll�&uƌnĂcĞƐ.�/n�DitŽchŽnĚƌiĂl��iŽlŽŐǇ�ĂnĚ��ǆpĞƌiŵĞntĂl�dhĞƌĂpĞuticƐ͕�
WĂulŽ�:.�KliǀĞiƌĂ��ĚƐ.͕�^pƌinŐĞƌ�;EzͿ

WĞƌĞiƌĂ�E�D͕�>ĂƌĂnũŽ�D͕�WinĂ�:͕�KliǀĞiƌĂ��^Z͕�&ĞƌƌĞiƌĂ�:�͕�^ĄnchĞǌ-^ĄnchĞǌ��͕��ĂƐĂltĂ->ŽpĞƐ�:͕�'ŽnĕĂlǀĞƐ���͕�^ĂƌŵĞntŽ-ZibĞiƌŽ�
��͕�WiŹĞiƌŽ�D͕�^ĠƌŐiŽ�^ĞiǆĂƐ�ĚĞ�DĞlŽ�:͕��ŽtĞlhŽ�D&͕ �WinhŽ�Ğ�DĞlŽ�dDs�.��ĚǀĂncĞƐ�Žn�phŽtŽĚǇnĂŵic�thĞƌĂpǇ�ŽĨ�ŵĞlĂnŽŵĂ�
thƌŽuŐh�nŽǀĞl�ƌinŐ-ĨuƐĞĚ�ϱ͕�ϭϱ-ĚiphĞnǇlchlŽƌinƐ.��uƌŽpĞĂn�:ŽuƌnĂl�ŽĨ�DĞĚicinĂl��hĞŵiƐtƌǇ�ϮϬϭϴ.�ϭϰϲ͕�ϯϵϱ-ϰϬϴ.��K/:ϭϬ.ϭϬϭϲ/ũ.
ejmech.2017.12.093

WinhĞiƌŽ� ,͕� 'ĂƐpĂƌ� Z͕� �ĂptiƐtĂ� &/͕� &ŽntĞƐ-ZibĞiƌŽ� ��͕� �ŵbƌſƐiŽ� �&͕ � 'ŽŵĞƐ� ��.� ͞�ĚĞnŽƐinĞ� �Ϯ�� ƌĞcĞptŽƌ� ŵŽĚulĂtĞƐ�
ŐlucŽcŽƌticŽiĚ-inĚucĞĚ�ŵŽƌphŽlŽŐicĂl�ĂltĞƌĂtiŽnƐ�in�ĂǆŽnƐ�but�nŽt�in�thĞ�ĚĞnĚƌitĞƐ�ŽĨ�hippŽcĂŵpĂl�nĞuƌŽnƐ .͟�&ƌŽnt�WhĂƌŵĂcŽl.�
ϮϬϭϴ�DĂƌ�ϭϵ͖ϵ:Ϯϭϵ.��K/:�ϭϬ.ϯϯϴϵ/ĨphĂƌ.ϮϬϭϴ.ϬϬϮϭϵ



ϭϵϳ

WiƌĞƐ� �^͕�DĂƌƋuĞƐ� �Z͕� �ncĂƌnĂĕĆŽ� :�͕� �bƌĂntĞƐ� �D͕�DĂƌƋuĞƐ� /�͕� >ĂƌĂnũŽ�D͕�KliǀĞiƌĂ� Z͕� �ĂƐĂltĂ->ŽpĞƐ� :�͕� 'ŽnĕĂlǀĞƐ� ��͕�
^ĂƌŵĞntŽ-ZibĞiƌŽ���͕��ŽtĞlhŽ�D&.��ƐcŽƌbic�ĂciĚ�chĞŵŽƐĞnƐitiǌĞƐ� cŽlŽƌĞctĂl� cĂncĞƌ�cĞllƐ�ĂnĚ�ƐǇnĞƌŐiƐticĂllǇ� inhibitƐ� tuŵŽƌ�
ŐƌŽǁth.�&ƌŽntiĞƌƐ�in�WhǇƐiŽlŽŐǇ�ϮϬϭϴ͖ϵ:�ϵϭϭϭ.��K/�ϭϬ.ϯϯϴϵ/ĨphǇƐ.ϮϬϭϴ.ϬϬϵϭϭ

Z.�&ĞƌnĂnĚĞƐ͕�^.�.�siĂnĂ͕�^.�EunĞƐ�ĂnĚ�&.�ZĞiƐ.��iĂbĞtic�Őut�ŵicƌŽbiŽtĂ�ĚǇƐbiŽƐiƐ�ĂƐ�Ăn�inĨlĂŵŵĂŐinŐ�ĂnĚ�iŵŵunŽƐĞnĞƐcĞncĞ�
cŽnĚitiŽn�thĂt�ĨŽƐtĞƌƐ�pƌŽŐƌĞƐƐiŽn�ŽĨ�ƌĞtinŽpĂthǇ�ĂnĚ�nĞphƌŽpĂthǇ.�����ʹ �DŽlĞculĂƌ��ĂƐiƐ�ŽĨ��iƐĞĂƐĞ.�pii:�̂ ϬϵϮϱ-ϰϰϯϵ;ϭϴͿϯϬϯϲϳ-
ϯ�;�K/:�ϭϬ.ϭϬϭϲ/ũ.bbĂĚiƐ.ϮϬϭϴ.Ϭϵ.ϬϯϮͿ

ZĂinĞǇ͕ �&.��.͕�D.�^.�ĚĂ��ŽƐtĂ�Θ�>.��lbuƋuĞƌƋuĞ͕�;ϮϬϭϴͿ�dhĞ�ŽƌĚĞƌ�dhĞƌŵĂlĞƐ.��ĞƌŐĞǇ Ɛ͛�DĂnuĂl�ŽĨ�^ǇƐtĞŵĂticƐ�ŽĨ��ƌchĂĞĂ�ĂnĚ�
�ĂctĞƌiĂ͕�ĚŽi.ŽƌŐ/ϭϬ.ϭϬϬϮ/ϵϳϴϭϭϭϴϵϲϬϲϬϴ.ŽbŵϬϬϬϰϱ.pubϮ͕�ϰth��ĚitiŽn�;^upĞƌǀiƐinŐ��ĚitŽƌ͕ �tilliĂŵ��.�thitŵĂnͿ͕�,ŽbŽŬĞn͕�
EĞǁ�:ĞƌƐĞǇ͕ �tilĞǇ

ZibĂu��͕�:ŽƌŐĞ�:͕��lǀĞƐ�Z͕�ZibĞiƌŽ�/W͕ ��ĂƌƌĞiƌĂ�/D͕�'ŽnĕĂlǀĞƐ���͕�^ĂƌŵĞntŽ-ZibĞiƌŽ���.��piŐĞnĞtic�ŵŽĚulĂtŽƌƐ�in�b�cĞll�ĂcutĞ�
lǇŵphŽblĂƐtic�lĞuŬĞŵiĂ.�WulŵŽnŽl.�ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϭϳ-ϭϴ

ZibĂu��͕�:ŽƌŐĞ�:͕��lǀĞƐ�Z͕�ZibĞiƌŽ�/W͕ �DĂƌƋuĞƐ��ĂƌƌĞiƌĂ�/͕�'ŽnĕĂlǀĞƐ���͕�^ĂƌŵĞntŽ�ZibĞiƌŽ���.��piŐĞnĞtic�ŵŽĚulĂtŽƌƐ�ƐhŽǁ�in�
ǀitƌŽ�thĞƌĂpĞutic�pŽtĞntiĂl�tŽ�tƌĞĂt���cĞll�ĂcutĞ�lǇŵphŽblĂƐtic�lĞuŬĞŵiĂ.�,ĞŵĂ^phĞƌĞ�ϮϬϭϴ͖�Ϯ;^ϭͿ:ϳϰϱ

ZibĞiƌŽ�D͕��ĂƐtĞlhĂnŽ�:͕�WĞtƌĞllĂ�>/͕�^ĞƌĞnŽ�:͕�ZŽĚƌiŐuĞƐ�d͕ �EĞǀĞƐ��͕�>ĞtƌĂ�>͕��ĂptiƐtĂ�&/͕�^ĞiĕĂ�Z͕�DĂtĂĨŽŵĞ�W͕ ��ĂƐtĞlŽ-�ƌĂncŽ�D.�
,iŐh-ĨĂt�ĚiĞt�inĚucĞƐ�Ă�nĞuƌŽŵĞtĂbŽlic�ƐtĂtĞ�chĂƌĂctĞƌiǌĞĚ�bǇ�chĂnŐĞƐ�in�ŐlutĂŵĂtĞ�ĂnĚ�E-ĂcĞtǇlĂƐpĂƌtĂtĞ�pŽŽlƐ�ĂƐƐŽciĂtĞĚ�
ǁith�ĞĂƌlǇ�ŐlucŽƐĞ�intŽlĞƌĂncĞ:�Ăn�in-ǀiǀŽ�ŵultiŵŽĚĂl�DZ/�ƐtuĚǇ.�:�DĂŐn�ZĞƐŽn�/ŵĂŐinŐ.�ϮϬϭϴ�:Ăn�Ϯϲ.��K/:�ϭϬ.ϭϬϬϮ/ũŵƌi.ϮϱϵϰϮ�

ZicĂƌĚŽ��ŵŽƌiŵ͕� ^ŽĨiĂ� �ĞnĨĞitŽ͕� :ŽƐĠ� dĞiǆĞiƌĂ͕� &ĞƌnĂnĚŽ��ĂŐiĚĞ͕� WĂulŽ� :.�KliǀĞiƌĂ͕� ĂnĚ� &ĞƌnĂnĚĂ��ŽƌŐĞƐ� ;ϮϬϭϴͿ.� dĂƌŐĞtinŐ�
DitŽchŽnĚƌiĂ:� dhĞ� ZŽĂĚ� tŽ� DitŽchŽnĚƌiŽtƌŽpic� �ntiŽǆiĚĂntƐ� ĂnĚ� �ĞǇŽnĚ.� /n� DitŽchŽnĚƌiĂl� �iŽlŽŐǇ� ĂnĚ� �ǆpĞƌiŵĞntĂl�
dhĞƌĂpĞuticƐ͕�WĂulŽ�:.�KliǀĞiƌĂ��ĚƐ.͕�^pƌinŐĞƌ�;EzͿ

ZitŽ͕� :.͕�siĞŐĂƐ͕� /.͕� WĂƌĚĂl͕�D.�.͕�DĞtŽn͕� /.͕��ĂĂnĂntĞ͕� /.s.� ĂnĚ� :ŽnĞƐ͕� :.'.�ϮϬϭϴ.� ��iƐpŽƐitiŽn�ŽĨ�Ă�ŐlucŽƐĞ� lŽĂĚ� intŽ�hĞpĂtic�
ŐlǇcŽŐĞn�bǇ�ĚiƌĞct�ĂnĚ�inĚiƌĞct�pĂthǁĂǇƐ�in�ũuǀĞnilĞ�ƐĞĂbĂƐƐ�ĂnĚ�ƐĞĂbƌĞĂŵ.�^ci.�ZĞpŽƌtƐ.�ϴ͕��ƌticlĞ�nuŵbĞƌ:�ϰϲϰ�ĚŽi:ϭϬ.ϭϬϯϴ/
Ɛϰϭϱϵϴ-Ϭϭϳ-ϭϵϬϴϳ-Ǉ

ZitŽ͕�:.͕�siĞŐĂƐ͕�/.͕�WĂƌĚĂl͕�D.�.͕�DĞtſn͕�/.͕��ĂĂnĂntĞ͕�/.s.�ĂnĚ�:ŽnĞƐ͕�:.'.�ϮϬϭϵ.�htiliǌĂtiŽn�ŽĨ�ŐlǇcĞƌŽl�ĨŽƌ�ĞnĚŽŐĞnŽuƐ�ŐlucŽƐĞ�ĂnĚ�
ŐlǇcŽŐĞn�ƐǇnthĞƐiƐ�in�ƐĞĂbĂƐƐ�;�icĞntƌĂƌchuƐ�lĂbƌĂǆͿ:�Ă�pŽtĞntiĂl�ŵĞchĂniƐŵ�ĨŽƌ�ƐpĂƌinŐ�ĂŵinŽ�ĂciĚ�cĂtĂbŽliƐŵ�in�cĂƌniǀŽƌŽuƐ�
ĨiƐh.��ƋuĂcultuƌĞ�ϰϵϴ͕�ϰϴϴ-ϰϵϱ

ZŽĚƌiŐuĞƐ��&�͕�^ĞƌƌĂnŽ��͕�WĂtƌşciŽ�D/͕�sĂl�DD͕��lbuƋuĞƌƋuĞ�W͕ �&ŽnƐĞcĂ�:͕�'ŽŵĞƐ��D&͕ ��bƌunhŽƐĂ��:͕�WĂiǀĂ��͕��ĂƌǀĂlhŽ�>͕�
�ŽtĞlhŽ�D&͕ ��lŵĞiĚĂ�>͕��ĂƌƌĞiƌĂ�/D͕��lpŽiŵ�D�.�^tƌŽŵĂ-ĚĞƌiǀĞĚ�/>-ϲ͕�'-�^&�ĂnĚ��ctiǀin-��ŵĞĚiĂtĞĚ�ĚĞĚiĨĨĞƌĞntiĂtiŽn�ŽĨ�lunŐ�
cĂƌcinŽŵĂ�cĞllƐ�intŽ�cĂncĞƌ�ƐtĞŵ�cĞllƐ.�^ciĞntiĨic�ZĞpŽƌtƐ.ϮϬϭϴ.�ϴ�;ϭͿ͕�ϭϭϱϳϯ.��K/:�ϭϬ.ϭϬϯϴ/Ɛϰϭϱϵϴ-Ϭϭϴ-Ϯϵϵϰϳ-ǁ

ZŽĚƌiŐuĞƐ��&�͕�^ĞƌƌĂnŽ��͕�WĂtƌşciŽ�D/͕�sĂl�DD͕��lbuƋuĞƌƋuĞ�W͕ �&ŽnƐĞcĂ�:͕�'ŽŵĞƐ��D&͕ ��bƌunhŽƐĂ��:͕�WĂiǀĂ��͕��ĂƌǀĂlhŽ�>͕�
�ŽtĞlhŽ�D&͕ ��lŵĞiĚĂ�>͕��ĂƌƌĞiƌĂ�/D͕��lpŽiŵ�D�.�^tƌŽŵĂ-ĚĞƌiǀĞĚ�/>-ϲ͕�'-�^&�ĂnĚ��ctiǀin-��ŵĞĚiĂtĞĚ�ĚĞĚiĨĨĞƌĞntiĂtiŽn�ŽĨ�lunŐ�
cĂƌcinŽŵĂ�cĞllƐ�intŽ�cĂncĞƌ�ƐtĞŵ�cĞllƐ.�^ci�ZĞp.�ϮϬϭϴ��uŐ�ϭ͖�ϴ;ϭͿ:ϭϭϱϳϯ.��K/:�ϭϬ.ϭϬϯϴ/Ɛϰϭϱϵϴ-Ϭϭϴ-Ϯϵϵϰϳ-ǁ

ZŽĚƌiŐuĞƐ�:D͕�ZibĞiƌŽ�/W͕ ��bƌĂntĞƐ��D͕�'ŽnĕĂlǀĞƐ���͕�DĂƌƋuĞƐ�/�͕�>ŽuƌĞnĕŽ��^͕��ĂƐĂltĂ->ŽpĞƐ�:͕��ĠƐĂƌ�W͕ ��ŽƌƌĞŐŽ�D͕�̂ ĂƌŵĞntŽ-
ZibĞiƌŽ���͕��ŽtĞlhŽ�D&͕ �DĞlŽ� :�͕��ĂƌƌĞiƌĂ� /D.�,E^���cĞll� linĞƐ�ǁith�ĚiĨĨĞƌĞnt� ƌĂĚiŽƐĞnƐitiǀitiĞƐ�hĂǀĞ�ĚiƐtinct� ƌĞƐpŽnƐĞƐ� tŽ�
ƌĂĚiĂtiŽn�tƌĞĂtŵĞnt.�WulŵŽnŽlŽŐǇ�ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:Ϯϭ

ZŽĚƌiŐuĞƐ-EĞǀĞƐ���͕��iƌĞƐ�/�͕�sinĚĞiƌinhŽ�:͕��ŽiĂ�Z͕�DĂĚĞiƌĂ�D,͕�'ŽnĕĂlǀĞƐ�&Y͕��unhĂ�Z�͕�^ĂntŽƐ�W&͕ ��ŵbƌſƐiŽ��&͕ �^ĂntiĂŐŽ�
�Z.��lĞǀĂtĞĚ�pƌĞƐƐuƌĞ�chĂnŐĞƐ�thĞ�puƌinĞƌŐic�ƐǇƐtĞŵ�ŽĨ�ŵicƌŽŐliĂl�cĞllƐ.�&ƌŽnt�WhĂƌŵĂcŽl.�ϮϬϭϴ�:Ăn�Ϯϰ͖�ϵ:ϭϲ.��K/:�ϭϬ.ϯϯϴϵ/
ĨphĂƌ.ϮϬϭϴ.ϬϬϬϭϲ.�Ğ�ŽllĞctiŽn�ϮϬϭϴ

ZŽǆŽ�Z͕�WiƌĞƐ��^͕��bƌĂntĞƐ��D͕�EĞŵĠƐiŽ�Z͕� :ŽƌĚĆŽ��͕�'uilhĞƌŵĞ��͕�^ĂntŽƐ�>͕�WĞƌĞiƌĂ��͕�KliǀĞiƌĂ��͕�DĂƌtinƐ�Z͕�DĂƌtinƐ�Zd͕ �
�ƌiƐtinĂ�/͕�ZŽŵĆŽǌinhŽ�:͕�dƌĂlhĆŽ�:'͕��ŽtĞlhŽ�D&.��Ăn�ǁĞ�ĞĂt�tŽ�pƌĞǀĞnt�cĂncĞƌ͍�dhĞ�inĨluĞncĞ�ŽĨ�ĚiĞt�Žn�cŽlŽƌĞctĂl�cĂncĞƌ.�
WulŵŽnŽlŽŐǇ�ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϭϰ

Zui�&.�^iŵƁĞƐ͕�dĞƌĞƐĂ��unhĂ-KliǀĞiƌĂ͕��lĄuĚiŽ��ŽƐtĂ͕�silŵĂ�^ĂƌĚĆŽ�ĂnĚ�WĂulŽ�:.�KliǀĞiƌĂ�;ϮϬϭϴͿ.�/n�/n�ǀitƌŽ�ŵĞthŽĚŽlŽŐiĞƐ�tŽ�
inǀĞƐtiŐĂtĞ�ĚƌuŐ�inĚucĞĚ�tŽǆicitiĞƐ.�DitŽchŽnĚƌiĂl��ǇƐĨunctiŽn�bǇ��ƌuŐ�ĂnĚ��nǀiƌŽnŵĞntĂl�dŽǆicĂntƐ͕�dǁŽ�sŽluŵĞ�^Ğt͕�zǀŽnnĞ�
till�ĂnĚ�:ĂŵĞƐ��.��ǇŬĞnƐ��ĚƐ.͕�:Žhn�tilĞǇ�Θ�^ŽnƐ͕�/nc.



ϭϵϴ

^ĂŵpĂiŽ�d�͕�ĚĞ�KliǀĞiƌĂ�>&͕ ��ŽnƐtĂntinŽ�>�͕��ŽƐtĂ��W͕ �WŽlucĞnŽ�''͕�DĂƌtinƐ�t�͕��Ăl-�iŵ�d͕ �ĚĞ�KliǀĞiƌĂ�<�͕�>uĚŬĂ�&<͕�WƌĞĚiŐĞƌ�
Z�͕�dĂƐcĂ��/͕�WĞƌĞiƌĂ�&�.�>ŽnŐ-dĞƌŵ�EĞuƌŽbĞhĂǀiŽƌĂl��ŽnƐĞƋuĞncĞƐ�ŽĨ�Ă�^inŐlĞ�<ĞtĂŵinĞ�EĞŽnĂtĂl��ǆpŽƐuƌĞ�in�ZĂtƐ:��ĨĨĞctƐ�
Žn��ĞllulĂƌ�siĂbilitǇ�ĂnĚ�'lutĂŵĂtĞ�dƌĂnƐpŽƌt�in�&ƌŽntĂl��ŽƌtĞǆ�ĂnĚ�,ippŽcĂŵpuƐ.�EĞuƌŽtŽǆ�ZĞƐ.�ϮϬϭϴ�Kct͖�ϯϰ;ϯͿ:ϲϰϵ-ϲϱϵ.�
�K/:ϭϬ.ϭϬϬϳ/ƐϭϮϲϰϬ-Ϭϭϴ-ϵϵϮϳ-ǆ

^ĂŵƌĞth���Ğt�Ăl.�;:�DĂlǀĂ�iƐ�cŽ-ĂuthŽƌͿ�;ϮϬϭϴͿ�'ĞŽlŽcĂliǌĂtiŽn�ǁith�ƌĞƐpĞct�tŽ�pĞƌƐŽnĂl�pƌiǀĂcǇ�ĨŽƌ�thĞ��llĞƌŐǇ��iĂƌǇ��WW�-�Ă�
D�^<�ƐtuĚǇ.�tŽƌlĚ��llĞƌŐǇ�KƌŐĂniǌĂtiŽn�:ŽuƌnĂl�ϭϭ:ϭϱ��K/:�ϭϬ.ϭϭϴϲ/ƐϰϬϰϭϯ-Ϭϭϴ-Ϭϭϵϰ-ϯ

^ĂntŽ�'�͕��ĂlĚĞiƌĂƐ�/͕�'uĞƌƌĞiƌŽ�Z͕�ZibĞiƌŽ�:�͕��unhĂ�Z͕�zŽunŐƐtĞin�d͕ �EĂnthĂpiƐĂl�^͕�>ĞitĆŽ�:͕�&ĞƌnĂnĚĞƐ��͕��ĂƌĂŵĞlŽ�&͕ ��lŵĞiĚĂ�
DZ͕��ƌĄƐ�:͕�^ĂntĂnĂ�/.��ĚĞnŽƐinĞ��ĞĂŵinĂƐĞ�dǁŽ�ĂnĚ�/ŵŵunŽŐlŽbulin�D��ccuƌĂtĞlǇ��iĨĨĞƌĞntiĂtĞ��Ěult�^nĞĚĚŽnΖƐ�^ǇnĚƌŽŵĞ�
ŽĨ�hnŬnŽǁn��ĂuƐĞ.��ĞƌĞbƌŽǀĂƐc��iƐ.�ϮϬϭϴ͖ϰϲ;ϱ-ϲͿ:Ϯϱϳ-Ϯϲϰ.��K/:�ϭϬ.ϭϭϱϵ/ϬϬϬϰϵϱϳϵϰ.

^ĂntŽ�Z͕� ^ĂntŽƐ��>͕� dĞiǆĞiƌĂ� W͕ � WiƌĞƐ� ^͕��bƌĂntĞƐ��D͕�'ŽnĕĂlǀĞƐ���͕� ZŽchĂ��͕� ^iŵƁĞƐ�W�͕�DĞnĚĞƐ� &͕ � �ŽtĞlhŽ�D&.� �ĞllulĂƌ�
ƌĞƐpŽnƐĞ�tŽ�iŽniǌinŐ�ƌĂĚiĂtiŽn:�in�ǀitƌŽ�ƐtuĚiĞƐ�Žn�huŵĂn�pƌŽƐtĂtĞ�cĂncĞƌ�cĞll�linĞƐ.�WulŵŽnŽlŽŐǇ�ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϭϮ

^ĂntŽƐ��>͕�^ĂntŽƐ�>͕�^ĂntŽ�Z͕�dĞiǆĞiƌĂ� W͕ �WiƌĞƐ�^͕��bƌĂntĞƐ��D͕�'ŽnĕĂlǀĞƐ���͕�ZŽchĂ��͕�^iŵƁĞƐ�W�͕�DĞnĚĞƐ� &͕ ��ŽtĞlhŽ�D&.�
ZĂĚiĂtiŽn�ĞĨĨĞctƐ�Žn�huŵĂn�cĞll�linĞƐ�ŽĨ�ŽƐtĞŽƐĂƌcŽŵĂ�ĂnĚ�ƌĞtinŽblĂƐtŽŵĂ.�WulŵŽnŽlŽŐǇ�ϮϬϭϴ͖�Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϭϭ

^ĂntŽƐ��͕��lǀĞƐ�Z͕�'ŽnĕĂlǀĞƐ���͕�:ŽƌŐĞ�:͕�'iƌĆŽ�,͕��ĂtĂƌinŽ�^͕��ĂƌbŽƐĂ�ĚĞ�DĞlŽ�:͕�^ĂƌŵĞntŽ-ZibĞiƌŽ���.�,ĞĂt�ƐŽcŬ�pƌŽtĞin�ϵϬ�
inhibitiŽn�ĂƐ�Ă�pŽtĞntiĂl�thĞƌĂpĞutic�tĂƌŐĞt�in�chƌŽnic�ŵǇĞlŽiĚ�lĞuŬĞŵiĂ.�,ĞŵĂ^phĞƌĞ�ϮϬϭϴ͖�Ϯ;^ϭͿ:ϴϲϰ

^ĂntŽƐ��͕��lǀĞƐ�Z͕�'ŽnĕĂlǀĞƐ���͕�:ŽƌŐĞ�:.��ĂtĂƌinŽ�^͕�'iƌĆŽ�,͕��DĞlŽ�:�͕�^ĂƌŵĞntŽ-ZibĞiƌŽ���.�dhĞ�pŽtĞntiĂl�thĞƌĂpĞutic�ĞĨĨĞct�
ŽĨ�hĞĂt�ƐŽcŬ�pƌŽtĞin�ϵϬ�inhibitiŽn�in�chƌŽnic�ŵǇĞlŽiĚ�lĞuŬĞŵiĂ.�WulŵŽnŽl.�ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϭϲ-ϭϳ

^ĂntŽƐ�W͕ �DĂƌtinƐ�Z͕�DuƌtinhŽ��͕�^ĞƌƌĂ�D�^͕�WiƌĞƐ��^͕��bƌĂntĞƐ��D͕��ŽtĞlhŽ�D&.�^ǇnthĞƐiƐ�ŽĨ��h;//Ϳ�cŽŵplĞǆĞƐ�ĚĞƌiǀĞĚ�ĨƌŽŵ�
iŵiĚĂǌŽlĞ�ĂnĚ�cǇtŽtŽǆic�ĂctiǀitǇ�ĞǀĂluĂtiŽn�ĂŐĂinƐt�bƌĞĂƐt�cĂncĞƌ.�WulŵŽnŽlŽŐǇ�ϮϬϭϴ͖�Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϳ

^ĂntŽƐ�W͕ �DuƌtinhŽ��͕�WiƌĞƐ��^͕��ƌĂƷũŽ�':͕�DĂƌtinƐ�&Z͕��bƌĂntĞƐ��D͕��ŽtĞlhŽ�D&͕ �^ĞƌƌĂ�D�^.��ǇtŽtŽǆicitǇ�ŽĨ�Zh;//Ϳ�ĂnĚ�Zh;///Ϳ�
ƐĂlĞn�cŽŵplĞǆĞƐ�ĂŐĂinƐt�bƌĞĂƐt�cĂncĞƌ�cĞll�linĞƐ.�WulŵŽnŽlŽŐǇ�ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϴ

^ĞnĂ��͕��ipƌiĂnŽ�D͕��ŽtĞlhŽ�D&͕ �^ĞiĕĂ�Z.�>ipŽic��ciĚ�WƌĞǀĞntƐ�,iŐh-&Ăt��iĞt-/nĚucĞĚ�,ĞpĂtic�^tĞĂtŽƐiƐ�in�'ŽtŽ�<ĂŬiǌĂŬi�ZĂtƐ�bǇ�
ZĞĚucinŐ�KǆiĚĂtiǀĞ�^tƌĞƐƐ�dhƌŽuŐh�EƌĨϮ��ctiǀĂtiŽn.�/ntĞƌnĂtiŽnĂl�:ŽuƌnĂl�ŽĨ�DŽlĞculĂƌ�^ciĞncĞƐ�ϮϬϭϴ.�ϭϵ;ϵͿ͕�ϮϳϬϲ.�ϭϬ.ϯϯϵϬ/
iũŵƐϭϵϬϵϮϳϬϲ��K/:ϭϬ.ϯϯϵϬ/iũŵƐϭϵϬϵϮϳϬϲ

^ĞƌĂŵbĞƋuĞ��͕�>ĂƌĂnũŽ�D͕��ĂƌǀĂlhŽ�D:͕�&ĞƌƌĞiƌĂ�:͕�dĞiǆŽ�Z͕��bƌĂntĞƐ��D͕��ŽtĞlhŽ�D&.�dhĞ�inĨluĞncĞ�ŽĨ��>�,�inhibitŽƌƐ� in�
ĞnĚŽŵĞtƌiĂl�cĂncĞƌ�cĞllƐ.��D��,ĞĂlth�^ĞƌǀicĞƐ�ZĞƐĞĂƌch͕�ϮϬϭϴ͖�ϭϴ;^uppl�ϮͿ:ϰϳ

^ĞƌĂŵbĞƋuĞ��͕�>ĂƌĂnũŽ�D͕��ĂƌǀĂlhŽ�D:͕�dĞiǆŽ�Z͕��bƌĂntĞƐ��D͕��ŽtĞlhŽ�D&.�dhĞ�ĞǀĂluĂtiŽn�ŽĨ�ĂlĚh�inhibitŽƌƐ�in�ĞnĚŽŵĞtƌiĂl�
cĂncĞƌ�ƐtĞŵ�cĞllƐ.�WulŵŽnŽlŽŐǇ�ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϭϲ

d.^.�WinhŽ͕�^.�.��ŽƌƌĞiĂ͕�'.�WĞƌƌǇ͕ ��.&.��ŵbƌſƐiŽ�ĂnĚ�W./.�DŽƌĞiƌĂ.��iŵiniƐhĞĚ�K-'lcE�cǇlĂtiŽn�in��lǌhĞiŵĞƌΖƐ�ĚiƐĞĂƐĞ�iƐ�ƐtƌŽnŐlǇ�
cŽƌƌĞlĂtĞĚ� ǁith�ŵitŽchŽnĚƌiĂl� ĂnŽŵĂliĞƐ.� �iŽchiŵ.� �iŽphǇƐ.� �ctĂ�DŽl.� �ĂƐiƐ� �iƐ.� ϮϬϭϴ͕� pii:� ^ϬϵϮϱ-ϰϰϯϵ;ϭϴͿϯϬϰϰϬ-y.� ĚŽi:�
ϭϬ.ϭϬϭϲ/ũ.bbĂĚiƐ.ϮϬϭϴ.ϭϬ.Ϭϯϳ

dĄbuĂƐ�ĚĂ��unhĂ�WĞƌĞiƌĂ�D͕��lŵĞiĚĂ�DZ͕��uƌĆĞƐ�:͕�>ĞitĆŽ�D:͕��uƌŽ��͕��ĂlĚĞiƌĂƐ�/͕�KliǀĞiƌĂ��Z͕�^ĂntĂnĂ�/.�^Y^dDϭ�ŵutĂtiŽnƐ�
ĂƐƐŽciĂtĞĚ�ǁith�>ĞǁǇ�bŽĚǇ�ĚĞŵĞntiĂ.��uƌ�:�EĞuƌŽl.�ϮϬϭϴ͖�Ϯϱ;^uppl�ϮͿ:�ϱϳϲ

dĂǀĂƌĞƐ� /͕� DĂƌtinƐ� Z͕� ZibĞiƌŽ� /W͕ � �bƌĂntĞƐ� D͕� �ŽtĞlhŽ� D&͕ � dƌĂlhĆŽ� :'͕� DĞlŽ� :�͕� �ĂƌƌĞiƌĂ� /D.� 'ĞnŽŵic� ĂnĚ� ĞpiŐĞnĞtic�
chĂƌĂctĞƌiǌĂtiŽn� ŽĨ� chŽlĂnŐiŽcĂƌciŽnŽŵĂ� ǁith� ŵĞthǇlĂtiŽn-ƐpĞciĨic� ŵultiplĞǆ� liŐĂtiŽn-ĚĞpĞnĚĞnt� pƌŽbĞ� ĂŵpliĨicĂtiŽn.�
WulŵŽnŽlŽŐǇ�ϮϬϭϴ͖Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϲ

dĂǀĂƌĞƐ�/͕�DĂƌtinƐ�Z͕�ZibĞiƌŽ�/W͕ ��bƌĂntĞƐ�D͕��ŽtĞlhŽ�D&͕ �dƌĂlhĆŽ�:'͕�DĞlŽ�:�͕��ĂƌƌĞiƌĂ�/D.�DŽlĞculĂƌ�ŬĂƌǇŽtǇpĞ�ŽĨ�hĞpĂtic�
nĞŽplĂƐŵƐ.�WulŵŽnŽlŽŐǇ�ϮϬϭϴ͖�Ϯϰ;�Ɛp��ŽnŐ�ϭͿ:ϳ

dĂǀĂƌĞƐ-�Ă-^ilǀĂ��͕��lŵĞiĚĂ-&ĞƌƌĞiƌĂ��͕�^ilǀĂ-dĞiǆĞiƌĂ�Z͕��liƐĞu�D͕�>ĂƌĂnũŽ�D͕�DĂƌƋuĞƐ�/͕�EĞǀĞƐ�Z͕��bƌĂntĞƐ��D͕��ĂƌĂŵĞlŽ�&͕ �
&iŐuĞiƌĞĚŽ��͕��ŽtĞlhŽ�D&.�dhĞ�ĨutuƌĞ�ŽĨ�ƐĞlĞctiǀĞ�ŽncŽlŽŐǇ�thĞƌĂpǇ�ĂppliĞĚ�tŽ�uƌŽlŽŐicĂl�tuŵŽƌƐ-plĂƐŵĂ�ŵĞĚicinĞ�;pƌĞliŵinĂƌǇ�
ƌĞƐultƐͿ.��uƌŽpĞĂn�hƌŽlŽŐǇ�^upplĞŵĞntƐ�ϮϬϭϴ͖�ϭϳ�;ϮͿ:ĞϯϮϬ



ϭϵϵ

dĞnƌĞiƌŽ�WintŽ� :͕� WĞƌĞiƌĂ� &�͕� >ŽuƌĞiƌŽ�D�͕�'ĂŵĂ�Z͕� &ĞƌnĂnĚĞƐ�,>.� �ĨĨicĂcǇ��nĂlǇƐiƐ� ŽĨ� �ĂpƐĂicin� ϴй�WĂtch� in�EĞuƌŽpĂthic�
WĞƌiphĞƌĂl�WĂin�dƌĞĂtŵĞnt.�WhĂƌŵĂcŽlŽŐǇ.�ϮϬϭϴ͖�ϭϬϭ;ϱ-ϲͿ:ϮϵϬ-Ϯϵϳ.��K/:ϭϬ.ϭϭϱϵ/ϬϬϬϰϴϳϰϰϰ

d^�WinhŽ͕� ^���ŽƌƌĞiĂ͕� W/�DŽƌĞiƌĂ.� dhĞ�bittĞƌƐǁĞĞt� ƌĞlĂtiŽn�bĞtǁĞĞn�K-'lcE�cǇlĂtiŽn� ĂnĚ��lǌhĞiŵĞƌΖƐ� ĚiƐĞĂƐĞ:� Ă� ĨŽcuƐ� Žn�
ŵitŽchŽnĚƌiĂ.��hZKW��E�:KhZE�>�K&��>/E/��>�/Es�^d/'�d/KE�ϰϴ͕�ϭϭϭ-ϭϭϭ

siĂnĂ�^�͕�ZĞiƐ�&͕ ��lǀĞƐ�Z.�dhĞƌĂpĞutic�uƐĞ�ŽĨ�ŵdKZ�inhibitŽƌƐ�in�ƌĞnĂl�ĚiƐĞĂƐĞƐ:�ĂĚǀĂncĞƐ͕�ĚƌĂǁbĂcŬƐ͕�ĂnĚ�chĂllĞnŐĞƐ.�KǆiĚ�
DĞĚ��Ğll�>ŽnŐĞǀ.�ϮϬϭϴ͖�ϮϬϭϴ:ϯϲϵϯϲϮϱ.��K/:ϭϬ.ϭϭϱϱ/ϮϬϭϴ/ϯϲϵϯϲϮϱ

siĞiƌĂ��͕��ĂlĚĞiƌĂƐ�/͕�>ĞŵŽƐ�Z͕�̂ ĂntiĂŐŽ��͕��unhĂ�'͕��lŵĞiĚĂ�DZ͕��ĂƐtĞlŽ-�ƌĂncŽ�D͕�̂ ĂntĂnĂ�/.�dhĞ�ƌŽlĞ�ŽĨ�Ă�cuĞĚ�ƌĞcĂll�ŵĞŵŽƌǇ�
tĞƐt�in�thĞ�pƌĞĚictiŽn�ŽĨ�DilĚ��ŽŐnitiǀĞ�/ŵpĂiƌŵĞnt�cŽnǀĞƌƐiŽn�tŽ��lǌhĞiŵĞƌ Ɛ͛�ĚiƐĞĂƐĞ.��uƌ�:�EĞuƌŽl.�ϮϬϭϴ͖�Ϯϱ;^uppl�ϮͿ:�ϵϮ

�hĂnŐ͕�y.-,.͕�dĞĞ͕�>.�z.͕�tĂnŐ͕�y.-'.͕�,uĂnŐ͕�Y.-^.�Θ�zĂnŐ͕�̂ .-,.�KĨĨ-tĂƌŐĞt��ĨĨĞctƐ�in��Z/^WZ/�ĂƐϵ-ŵĞĚiĂtĞĚ�'ĞnŽŵĞ��nŐinĞĞƌinŐ.�
DŽl.�dhĞƌ.�-�EuclĞic��ciĚƐ�ϰ͕�ĞϮϲϰ�;ϮϬϭϱͿ.��K/:ϭϬ.ϭϲϮϴϴ/ũ.Ǉcǌǌ.ϭϴ-ϭϯϱ



ϮϬϬ

/n�WreÝÝ

�lŵĞiĚĂ͕��.��.͕�&iŐuĞiƌĞĚŽ͕�W.�Θ��ĂƌǀĂlhŽ͕��.�d.�W.�WŽlǇcĂpƌŽlĂctŽnĞ��nǌǇŵĂtic�,ǇĚƌŽlǇƐiƐ:���DĞchĂniƐtic�^tuĚǇ.���^�KŵĞŐĂ�ϰ͕�
ϲϳϲϵʹϲϳϳϰ�;ϮϬϭϵͿ�/n�WƌĞƐƐ

�ĂnĞƌũĞĞ͕��͕��lǀĞƐ͕�s͕�ZŽnĚĆŽ͕�d͕ �^ĞƌĞnŽ͕�:͕�>inŽ͕�D͕�ZibĞiƌŽ͕��͕��bƌunhŽƐĂ͕��Ύ͕�&ĞƌƌĞiƌĂ͕�>Ύ.�͞��pŽƐitƌŽn-ĞŵiƐƐiŽn�tŽŵŽŐƌĂphǇ�
;W�dͿ/ŵĂŐnĞtic�ƌĞƐŽnĂncĞ�iŵĂŐinŐ�;DZ/Ϳ�plĂtĨŽƌŵ�tŽ�tƌĂcŬ�in�ǀiǀŽ�ƐŵĂll�ĞǆtƌĂcĞllulĂƌ�ǀĞƐiclĞƐ .͟�EĂnŽƐcĂlĞ�;ƐubŵittĞĚͿ

�lĞƌƐch͕�:͕�&ƌĂnciƐcŽ͕�s͕�ZĞbĞlŽ͕��͕�:iŵĞnĞǌ͕��͕�,ĞnƌiƋuĞƐ-�ntunĞƐ͕�,͕�'ŽnǌĂtŽ͕��͕�WintŽ͕�̂ ͕�>iĞĚl͕�<͕�,Ăupt͕�<͕�&ĞƌƌĞiƌĂ͕�>.�͞ ��liŐht-
ĂctiǀĂtĂblĞ�nĂnŽpĂƌticlĞ�libƌĂƌǇ�ĨŽƌ�thĞ�cŽntƌŽllĞĚ�ƌĞlĞĂƐĞ�ŽĨ�nŽn-cŽĚinŐ�ZE�Ɛ .͟��nŐĞǁ��hĞŵ�/nt��Ě�;ƐubŵittĞĚͿ

�ŽuƐƋuĞt�Ğt�Ăl.�;:�DĂlǀĂ�iƐ�ŵĞŵbĞƌ�ŽĨ�D�^<�ŐƌŽupͿ�;ϮϬϭϴͿ��llĞƌŐic�ZhinitiƐ�ĂnĚ�itƐ�/ŵpĂct�Žn��ƐthŵĂ�;�Z/�Ϳ�WhĂƐĞ�ϰ�;ϮϬϭϴͿ:�
�hĂnŐĞ�ŵĂnĂŐĞŵĞnt�in�ĂllĞƌŐic�ƌhinitiƐ�ĂnĚ�ĂƐthŵĂ�ŵultiŵŽƌbiĚitǇ�uƐinŐ�ŵŽbilĞ�tĞchnŽlŽŐǇ.�:.��llĞƌŐǇ��lin�/ŵŵunŽl�;/n�WƌĞƐƐͿ�
^ϬϬϵϭ-ϲϳϰϵ;ϭϴͿϯϭϯϱϵ-ϵ.��K/:�ϭϬ.ϭϬϭϲ/ũ.ũĂci.ϮϬϭϴ.Ϭϴ.Ϭϰϵ.�;/n�WƌĞƐƐͿ

&ĞƌƌĞiƌĂ͕�>.�͞thĂt�huŵĂn�blŽŽĚ-bƌĂin�bĂƌƌiĞƌ�ŵŽĚĞlƐ�cĂn�tĞll�uƐ�ĂbŽut�����ĨunctiŽn�ĂnĚ�ĚƌuŐ�ĚiƐcŽǀĞƌǇ͍͟��ǆpĞƌt�KpiniŽn�Žn�
�ƌuŐ��iƐcŽǀĞƌǇ�;ƐubŵittĞĚͿ

&ĞƌƌĞiƌĂ͕�Z͕��ĞƌnĂƌĚinŽ͕�>͕�&ĞƌƌĞiƌĂ͕�>.�͞ �ƌuŐ�ĚĞliǀĞƌǇ�ƐǇƐtĞŵƐ�ĨŽƌ�ƌĞtinŽic�ĂciĚ:�uncŽǀĞƌinŐ�Ĩull�ƌĂnŐĞ�ŽĨ�biŽŵĞĚicĂl�ĂpplicĂtiŽnƐ .͟�
Nature Communications (submitted)

&ƌĂnciƐcŽ͕�s͕�>inŽ͕�D͕�&ĞƌƌĞiƌĂ͕�>.�͞��ŵŽĚulĂƌ�ƐǇƐtĞŵ�ĨŽƌ�thĞ�ĚĞliǀĞƌǇ�ŽĨ�ƐŵĂll�biŽŵŽlĞculĞƐ�bĂƐĞĚ�in�ƐupƌĂŵŽlĞculĂƌ�ŵŽĚiĨiĞĚ�
ŐŽlĚ�nĂnŽƌŽĚƐ .͟�:ŽuƌnĂl�ŽĨ�EĂnŽbiŽtĞchnŽlŽŐǇ�;ƐubŵittĞĚͿ

,ĞnƌiƋuĞƐ-�ntunĞƐ͕�,Ύ͕��ĂƌĚŽƐŽ͕�ZD^͕Ύ��ŽnĂƌi͕��͕��ŽƌƌĞiĂ͕�:͕�>ĞĂl͕���͕�:iŵĞnĞǌ-�ĂlƐĂ͕��͕�>inŽ͕�D͕��ĂƌƌĂĚĂƐ͕��͕�<ŽƐtic͕�/͕�'ŽŵĞƐ͕�
�͕�<Ăƌp͕�:D͕��ĂƌǀĂlhŽ͕��͕�&ĞƌƌĞiƌĂ͕�>.�KƌchĞƐtƌĂtinŐ�thĞ�ƌĞlĞĂƐĞ�ŽĨ�ƐŵĂll�ĞǆtƌĂcĞllulĂƌ�ǀĞƐiclĞƐ�bǇ�Ă�liŐht-tƌiŐŐĞƌĂblĞ�hǇĚƌŽŐĞl.�
ACS Nano (submitted)

Η,ŽƐt-ŐuĞƐt� intĞƌĂctiŽn� tŽ� ĂǀŽiĚ� phŽtŽƐĞnƐitiǌĞƌ� ĂŐŐƌĞŐĂtiŽn� ĨŽƌ� ĞĨĨiciĞnt� phŽtŽĚǇnĂŵic� ĂntibĂctĞƌiĂl� cŽĂtinŐ .͟� �ĚǀĂncĞĚ�
,ĞĂlthcĂƌĞ�DĂtĞƌiĂlƐ�;ƐubŵittĞĚͿ.

>&�&ĞƌƌĞiƌĂ͕�d��unhĂ-KliǀĞiƌĂ͕����sĞlŽƐŽ͕��&��ŽƐtĂ͕�<��tĂllĂcĞ͕�W:�KliǀĞiƌĂ.�^inŐlĞ�EĂnŽŵŽlĂƌ��ŽǆŽƌubicin��ǆpŽƐuƌĞ�dƌiŐŐĞƌƐ�
�ŽŵpĞnƐĂtŽƌǇ�DitŽchŽnĚƌiĂl�ZĞƐpŽnƐĞƐ�in�,ϵcϮ��ĂƌĚiŽŵǇŽblĂƐtƐ͟�&ŽŽĚ��hĞŵ.�dŽǆicŽl.�ϭϮϰ:�ϰϱϬ-ϰϲϭ�ϯ�in�pƌĞƐƐ.

DĂnƐŽ� :�͕�EunĞƐ-�ŽƐtĂ��͕�DĂcĞĚŽ-ZibĞiƌŽ� ^͕� �ŵpĂĚinhĂƐ�E͕�WĞƌĞiƌĂ�W:�.�DŽlĞculĂƌ� ĨinŐĞƌpƌintƐ� ĨŽƌ� Ă�nŽǀĞl� ŐlucŽƐĂŵinĞ�
ŬinĂƐĞ�ĨĂŵilǇ�in��ctinŽbĂctĞƌiĂ.�ŵ�iŽ͕�/n�pƌĞƐƐ.

DĂƌtinƐ͕��.�ZĂtiŽnĂl�ĚĞƐiŐn�ŽĨ�tƌĂnƐcƌiptiŽn�ĨĂctŽƌƐ�ĂƐ�biŽƐĞnƐŽƌƐ.�;�ŽiŵbƌĂ�hniǀĞƌƐitǇ͕ �ϮϬϭϵͿ.�in�WƌĞƐƐ.

DĞnĚĞƐ�:͕�'ĂƐpĂƌ�Z͕��ĂĞtĂnŽ�>͕�WĂtƌşciK�W͕ �^ŽĂƌĞƐ-�unhĂ��͕�DĂtĞuƐ-WinhĞiƌŽ��͕��lǀĞƐ�E�͕�^ĂntŽƐ��Z͕�&ĞƌƌĞiƌĂ�^'͕�^ĂƌĚinhĂ�s͕�
KliǀĞiƌĂ�:&͕ �&ŽntĞƐ-ZibĞiƌŽ��͕�^ŽuƐĂ�E͕��unhĂ�Z�͕��ŵbƌſƐiŽ��&͕ �WintŽ�>͕�ZŽĚƌiŐuĞƐ��:͕�'ŽŵĞƐ����;ϮϬϭϴͿ.�ZĞŐiŽn-ƐpĞciĨic�cŽntƌŽl�
ŽĨ�ŵicƌŽŐliĂ�bǇ�ĂĚĞnŽƐinĞ��Ϯ��ƌĞcĞptŽƌƐ:�uncŽuplinŐ�ĂnǆiĞtǇ�ĂnĚ�ĂƐƐŽciĂtĞĚ�cŽŐnitiǀĞ�ĚĞĨicitƐ�in�ĨĞŵĂlĞ�ƌĂtƐ.�'liĂ�;ϭ-ϭϭͿ.in�
press.

WĞƌĞiƌĂ�^'͕��lĂƌicŽ�^͕�diĂŐŽ�/͕�ZĞiƐ��͕�EunĞƐ-�ŽƐtĂ��͕��ĂƌĚŽƐŽ�K͕�DĂƌĂnhĂ��͕��ŵpĂĚinhĂƐ�E.�^tuĚiĞƐ�ŽĨ�ĂntiŵicƌŽbiĂl�ƌĞƐiƐtĂncĞ�
in�ƌĂƌĞ�ŵǇcŽbĂctĞƌiĂ�ĨƌŽŵ�Ă�nŽƐŽcŽŵiĂl�ĞnǀiƌŽnŵĞnt.��D��DicƌŽbiŽlŽŐǇ͕ �/n�pƌĞƐƐ.

WitƌĞǌ͕� WZ͕� �ƐtƌŽncĂ͕� >͕� sĂǌĆŽ͕� ,͕� ,ĂƌhŽuƌi͕� <͕� dhŽƌntŽn͕� �͕� EĂǀĂƌƌŽ͕� �͕� �ŐĞƐipĞ͕� �->͕� >ĠǀǇ͕ � E͕�DĂŐĂlhĆĞƐ͕� :W͕ � �Ğ� ^ĂnĚƌĞ-
'iŽǀĂnnŽli͕��͕�EiƐƐĂn͕�y͕�ZŽƐĞll͕��͕�&ĞƌƌĞiƌĂ�>.�͞��chip�tŽ�ƐtuĚǇ�thĞ�ǀulnĞƌĂbilitǇ�ŽĨ�pƌŽŐĞƌŽiĚ�ƐŵŽŽth�ŵuƐclĞ�cĞllƐ�tŽ�ĨlŽǁ�ƐhĞĂƌ�
stress”. Nature Communications (submitted)

WƌĂĕĂ͕� �͕� ZŽƐĂ͕� ^͕� ^Ğǀin͕� �͕� �ĞcchĞlli͕� Z͕��ĞhŽucŬ͕�D-W͕ � &ĞƌƌĞiƌĂ͕� >.� ͞�ĞƌiǀĂtiŽn�ŽĨ� bƌĂin-liŬĞ� ĞnĚŽthĞliĂl� cĞllƐ� ĨƌŽŵ�huŵĂn�
pluƌipŽtĞnt�ƐtĞŵ�cĞll-ĚĞƌiǀĞĚ�ĞnĚŽthĞliĂl�pƌŽŐĞnitŽƌ�cĞllƐ .͟�^tĞŵ��Ğll�ZĞpŽƌtƐ�;ƐubŵittĞĚͿ



ϮϬϭ

ZibĞiƌŽ��͕�YuintĂ�Z͕�ZĂpŽƐŽ��͕�sĂlĞntiŵ��͕��lbuƋuĞƌƋuĞ�:͕�'ƌĂǌinĂ�D�;ϮϬϭϴͿ.��zWϮ�ϲ�WhĂƌŵĂcŽŐĞnĞticƐ�dĞƐtinŐ�ĂnĚ�WŽƐt-
�ĞƐĂƌĞĂn�^ĞctiŽn�WĂin�^cŽƌĞƐ-Ă�WƌĞliŵinĂƌǇ�^tuĚǇ.�WĂin�DĞĚ.͖�DĂƌ�ϭϮ.�ĚŽi:�ϭϬ.ϭϬϵϯ/pŵ/pnǇϬϯϯ.�΀�pub�ĂhĞĂĚ�ŽĨ�pƌint΁�

ZipŽll-ZŽǌĂĚĂ� :͕� �ŽƐtĂ� D͕� DĂnƐŽ� :�͕� DĂƌĂnhĂ� �͕� DiƌĂnĚĂ� s͕� ^ĞƋuĞiƌĂ� �͕� sĞntuƌĂ� DZ͕� DĂcĞĚŽ-ZibĞiƌŽ� ^͕� WĞƌĞiƌĂ� W:�͕�
�ŵpĂĚinhĂƐ� E.� �iŽƐǇnthĞƐiƐ� ŽĨ� ŵǇcŽbĂctĞƌiĂl� ŵĞthǇlŵĂnnŽƐĞ� pŽlǇƐĂcchĂƌiĚĞ� ƌĞƋuiƌĞƐ� Ă� uniƋuĞ� ϭ-K-ŵĞthǇltƌĂnƐĨĞƌĂƐĞ�
ƐpĞciĨic�ĨŽƌ�ϯ-K-ŵĞthǇlĂtĞĚ�ŵĂnnŽƐiĚĞƐ.�WƌŽcĞĞĚinŐƐ�ŽĨ�thĞ�EĂtiŽnĂl��cĂĚĞŵǇ�ŽĨ�^ciĞncĞƐ�ŽĨ�thĞ�h�^��͕�/n�pƌĞƐƐ.

ZŽĚƌiŐuĞƐ�Z:͕�DĂƌƋuĞƐ�:D͕��unhĂ�Z��;ϮϬϭϴͿ�WuƌinĞƌŐic�ƐiŐnĂllinŐ�ĂnĚ�bƌĂin�ĚĞǀĞlŽpŵĞnt.�^ĞŵinĂƌƐ�in��Ğll�ĂnĚ��ĞǀĞlŽpŵĞntĂl�
�iŽlŽŐǇ�;in�pƌĞƐƐͿ.��K/:�ϭϬ.ϭϬϭϲ/ũ.ƐĞŵcĚb.ϮϬϭϴ.ϭϮ.ϬϬϭ

ZŽƐĂ͕�^͕�WitƌĞǌ͕�W͕ �&ĞƌnĂnĚĞƐ͕�,Ύ͕�&ĞƌƌĞiƌĂ͕�>Ύ.�͞��hiŐh-thƌŽuŐhput�ƐcƌĞĞninŐ�ŵĞthŽĚ�tŽ�iĚĞntiĨǇ�cŽŵpŽunĚƐ�ĚiƐplĂǇinŐ�huŵĂn�
ǀĂƐculĂƌ�ĞŵbƌǇŽnic�tŽǆicitǇ .͟��uƌƌĞnt�pƌŽtŽcŽlƐ�in�^tĞŵ��Ğll��iŽlŽŐǇ�;ƐubŵittĞĚͿ

ZŽƐĂ͕�^͕�WƌĂĕĂ͕��͕�WitƌĞǌ͕�WZ͕�'ŽuǀĞiĂ͕�W:͕��ƌĂnŐuƌĞn͕�y>͕�ZicŽtti͕�>͕�&ĞƌƌĞiƌĂ͕�>.�͞&unctiŽnĂl�chĂƌĂctĞƌiǌĂtiŽn�ŽĨ� iW^�-ĚĞƌiǀĞĚ�
ĂƌtĞƌiĂl-�ĂnĚ�ǀĞnŽuƐ-liŬĞ�ĞnĚŽthĞliĂl�cĞllƐ .͟�^ciĞntiĨic�ZĞpŽƌtƐ�;ƐubŵittĞĚͿ�

^Ą-DŽuƌĂ��͕��ŽucĞiƌŽ�W͕ ��ĂtĂƌinŽ�>͕�'uĂƌĚĂĚŽ��͕�ĚĞ��ƌitŽ�D͕�'ŽŵĞƐ��͕�dĂǀĂƌĞƐ�Z͕�ZĂŵĂlhŽ-^ĂntŽƐ�:͕�dĞiǆĞiƌĂ��͕�ZĂŵĂ�>͕�ZĞiƐ�&͕ �
DŽtĂ-WintŽ��͕�sĞƌşƐƐiŵŽ�D͕�'ŽnĕĂlǀĞƐ��͕��unhĂ���ĂnĚ�DĂlǀĂ�:K�;ϮϬϭϴͿ��ƌiĚŐinŐ�,ĞĂlth�ĂnĚ�^ŽciĂl��ĂƌĞ�ǁith�thĞ��itiǌĞnƐ�ʹ�thĞ�
�ĂƐĞ�ŽĨ��/d�,ĞĂlth�WƌŽũĞct�͞,ĞĂ>/YƐϰ�itiĞƐ͟�ĂnĚ�͞WƌĂĕĂ�siĚĂн͕͟ �in�WŽƌtuŐĂl.��ĂƌĞ�tĞĞŬlǇ͕ �/n�WƌĞƐƐ.

^ĂntŽƐ͕�^.�DŽlĞculĂƌ�ĚǇnĂŵicƐ�ƐtuĚiĞƐ�ŽĨ�ƌĂƌĞ-cuttinŐ�ƌĞƐtƌictiŽn�ĞnĚŽnuclĞĂƐĞƐ.�;�ŽiŵbƌĂ�hniǀĞƌƐitǇ͕ �ϮϬϭϵͿ.

͞^pĂtiĂllǇ� �ŽnĨininŐ� ^uƌĨĂcĞ� ZŽuŐhnĞƐƐ� Žn� �ǆpŽnĞntiĂllǇ� 'ƌŽǁinŐ� WŽlǇĞlĞctƌŽlǇtĞ� DultilĂǇĞƌ� &ilŵƐ .͟� �ĚǀĂncĞĚ� DĂtĞƌiĂlƐ�
/ntĞƌĨĂcĞ�;ƐubŵittĞĚͿ.

zĂŽ͕�diĂn-diĂn͖�tĂnŐ͕�:inŐ͖�yuĞ͕�zun-&Ăn͖�zu͕�tĞiũiĂnŐ͖�'ĂŽ͕�YiĂnŐ͖�&ĞƌƌĞiƌĂ͕�>inŽ͖�ZĞn͕�<Ğ-&ĞnŐ͖�:i͕�:iĂn.�͞ ,ŽƐt-ŐuĞƐt�intĞƌĂctiŽn�
tŽ�ĂǀŽiĚ�phŽtŽƐĞnƐitiǌĞƌ�ĂŐŐƌĞŐĂtiŽn�ĨŽƌ�ĞĨĨiciĞnt�phŽtŽĚǇnĂŵic�ĂntibĂctĞƌiĂl�cŽĂtinŐ .͟���^�DĂcƌŽ�>ĞttĞƌƐ�;ƐubŵittĞĚͿ.



�^ta¥¥�>®Ýt

E�D� diŵĞ�й�Ăt��E�./�/>/

�ĚĞƌbĂl�^ilǀĂ��ŐuiĂƌ�:uniŽƌ 0,15

Akhilesh Rai 1,00

�lcinŽ�:ŽƌŐĞ�>ŽpĞƐ�>ĞitĆŽ 0,50

�lĚinĂ�^uƐĂnĂ��ƌĂŐŽnġƐ�ĚĂ��ŽncĞiĕĆŽ�WiƌĞƐ�ZĞiƐ 0,25

�lĞǆĂnĚƌĂ�dĞƌĞƐĂ�WiƌĞƐ��ĂƌǀĂlhŽ 1,00

Alexandrina Maria Ferreira dos Santos Pinto Mendes 0,80

Americo Manuel Costa Figueiredo 0,30

�ŵşlcĂƌ��ĞltĂ�&ĂlcĆŽ�ZĂŵŽƐ�&ĞƌƌĞiƌĂ 0,30

Ana Adelaide Caldeira Burgeiro 0,20

Ana Bela Sarmento Antunes Cruz Ribeiro 0,30

Ana Branco Maranha Tiago 1,00

Ana Branco Maranha Tiago 1,00

Ana Catarina Batista Gomes 1,00

�nĂ��ĂtĂƌinĂ�ZibĞiƌŽ�ĚĂ�'ƌĂĕĂ�&ŽnƐĞcĂ 1,00

Ana Cristina Aguiar dos Santos 0,80

�E���Z/^d/E����/ZZ����&KZdhE� 0,30

�nĂ��ƌiƐtinĂ��ĂƌǀĂlhŽ�ZĞŐŽ 0,60

�nĂ��ƌiƐtinĂ�>ĞĂl�'ƌĞŐſƌiŽ 0,30

�nĂ��ƌiƐtinĂ�WĞƌĞiƌĂ�'ŽnĕĂlǀĞƐ 0,50

�nĂ��ƌiƐtinĂ�ZŽƐĂ�ĚĂ�^ilǀĂ 1,00

�nĂ�ĚŽƐ�^ĂntŽƐ��ĂƌǀĂlhŽ 0,20

�nĂ��liƐĂ�^pĞcŬ 0,15

Ana Filipa Marques de Brito 0,30

Ana Filipa Roque Branco 1,00

Ana Isabel Marques Duarte 1,00



ϮϬϯ

Ana Isabel Pina Rodrigues 1,00

�nĂ�>uiƐĂ��ŽlĂcŽ��ĂƌĚŽƐŽ 1,00

�nĂ�>uiƐĂ�DŽntĞiƌŽ�ĚĞ��ĂƌǀĂlhŽ 0,80

Ana Margarida Coelho Abrantes 0,50

�nĂ�DĂƌŐĂƌiĚĂ�ĚĂ��ƌuǌ�>ĞĚŽ 1,00

Ana Maria Sequeira Cardoso 1,00

�nĂ�WĂtƌşciĂ��ĂƌƌĞiƌĂ�DĂƌƋuĞƐ 1,00

�nĂ�WĂtƌşciĂ�&iŐuĞiƌĞĚŽ�ZŽchĂ�^iŵƁĞƐ 1,00

Ana Isabel Pina Rodrigues 1,00

�nĂ�>uiƐĂ��ŽlĂcŽ��ĂƌĚŽƐŽ 1,00

�nĂ�>uiƐĂ�DŽntĞiƌŽ�ĚĞ��ĂƌǀĂlhŽ 0,80

Ana Margarida Coelho Abrantes 0,50

�nĂ�DĂƌŐĂƌiĚĂ�ĚĂ��ƌuǌ�>ĞĚŽ 1,00

Ana Maria Sequeira Cardoso 1,00

�nĂ�WĂtƌşciĂ��ĂƌƌĞiƌĂ�DĂƌƋuĞƐ 1,00

�nĂ�WĂtƌşciĂ�&iŐuĞiƌĞĚŽ�ZŽchĂ�^iŵƁĞƐ 1,00

Ana Paula Marques de Sousa 0,50

�nĂ�WĂulĂ�WĞƌĞiƌĂ�ĚĂ�^ilǀĂ�DĂƌtinƐ 0,80

�nĂ�ZĂƋuĞl�&ĞƌnĂnĚĞƐ��ƐtĞǀĞƐ 1,00

Ana Raquel Sarabando Santiago 1,00

�nĂ�ZitĂ��ŽƐtĂ�^ilǀĂ��lǀĂƌŽ 1,00

�nĂ�^ĂlŽŵĠ�ĚŽƐ�^ĂntŽƐ�WiƌĞƐ�>ŽuƌĞnĕŽ 0,50

�nĂ�^ŽĨiĂ��ƌĞŐiĞiƌŽ��ulĄliŽ 1,00

�nĂ�^ŽĨiĂ�ĚĞ�:ĞƐuƐ�ZŽĚƌiŐuĞƐ 1,00

�nĂ�dĞƌĞƐĂ��ntunĞƐ�^iŵƁĞƐ 1,00

Ana Teresa Moreira de Almeida Santos 0,30

�nĂ�dĞƌĞƐĂ�KliǀĞiƌĂ�ZuĨinŽ 0,80

�nĂbĞlĂ�DĂƌiƐĂ�ĚĞ�:ĞƐuƐ�ZŽĚƌiŐuĞƐ��ǌul 1,00

Anabela Mota Pinto 0,30

Anabela Pinto Rolo 1,00



Anália Georgina Vital do Carmo 0,35

�nĚƌĠ�yĂǀiĞƌ�ĚĞ��ĂƌǀĂlhŽ�EĞŐƌĆŽ�sĂlĞntĞ 1,00

Andreia Marques Ribeiro 1,00

�nŐĞlĂ�ZŽƐĂlinĂ�^ĂnchĞƐ�/nĄciŽ 1,00

�nŐĞlŽ�:ŽƐĠ�ZibĞiƌŽ�dŽŵĠ 0,60

�ntĞƌŽ�:ŽƐĠ�WĞnĂ��ĨŽnƐŽ�ĚĞ��bƌunhŽƐĂ 0,30

�ntſniŽ�&ƌĂnciƐcŽ�ZŽƐĂ�'ŽŵĞƐ��ŵbƌſƐiŽ 0,80

ĂntŽniŽ�ũŽĂŽ�ĨĞƌƌĞiƌĂ�ĚĞ�ŵĂcĞĚŽ�Ğ�ƐĂntŽƐ 0,40

�ntŽniŽ�:ŽĂƋuiŵ�ĚĞ�DĂtŽƐ�DŽƌĞnŽ 0,60

�ntſniŽ�DĂnuĞl�'uĞƌƌĂ�^ĂntŽƐ�WiƌĞƐ 0,30

�ntſniŽ�WĞĚƌŽ��ĂƌƌŽƐ�'ŽŵĞƐ 1,00

�ƌŵĂnĚĂ��ŵĂnuĞlĂ��ĂƐtƌŽ�Ğ�^ĂntŽƐ 0,60

�ƌŵinĚŽ�:ŽƐĠ��lǀĞƐ�ĚĂ�^ilǀĂ�^ĂlǀĂĚŽƌ 1,00

Arnab Banerjee 1,00

�ttilĂ�<ƂĨĂlǀi 1,00

�ĄƌbĂƌĂ��ĞcşliĂ��ĞƐƐĂ�ĚŽƐ�^ĂntŽƐ�KliǀĞiƌŽƐ�WĂiǀĂ 0,80

�ĂƌbĂƌĂ�ĚĂ�^ilǀĂ�ZŽchĂ 0,60

�ĂƌbĂƌĂ�KliǀĞiƌĂ�'ŽŵĞƐ�ĚĂ�^ilǀĂ 0,70

Belmiro Ataide da Costa Parada 0,40

�ƌunŽ�:ŽƐĠ�&ĞƌnĂnĚĞƐ�KliǀĞiƌĂ�DĂnĂĚĂƐ 1,00

�ƌunŽ�DiŐuĞl��iƌĞitŽ�WĞƌĞiƌĂ�>ĞitĆŽ 1,00

�ƌunŽ�DiŐuĞl�&ĞƌƌĞiƌĂ�'ŽnĕĂlǀĞƐ 1,00

�ĂĞtĂnĂ��nŐĞlicĂ��ƌŵitĂŽ�DŽntĞiƌŽ��ĂƌǀĂlhŽ 0,20

Carla Isabel dos Santos Marques 1,00

carla maria nunes lopes 1,00

Carlos Adriano Albuquerque Andrade de Matos 1,00

Carlos Alberto Fontes Ribeiro 0,20

�ĂƌlŽƐ�&ilipĞ�ZibĞiƌŽ�>ĞŵŽƐ�WĞƌĞiƌĂ 1,00

�ĂƌlŽƐ�:ŽƌŐĞ��lǀĞƐ�DiƌĂnĚĂ��ĂnĚĞiƌĂ��uĂƌtĞ 0,80

�ĂƌlŽƐ�:ŽƐĠ�&iĂlhŽ��ŽƐtĂ�&ĂƌŽ 0,50



ϮϬϱ

Carlos Manuel Marques Palmeira 1,00

Carlos Manuel Matias 0,60

Catarina Alexandra Reis Vale Gomes 0,50

�ĂtĂƌinĂ�/ƐĂbĞl�EĞnŽ�ZĞƐĞnĚĞ�ĚĞ�KliǀĞiƌĂ 0,60

Catarina Morais Seabra 1,00

�ĂtĂƌinĂ�KliǀĞiƌĂ�WƌĂĕĂ�ĚĞ��lŵĞiĚĂ 1,00

�ĂtĂƌinĂ�^ŽĨiĂ�KliǀĞiƌĂ�DiƌĂnĚĂ 1,00

�ĄtiĂ�&ilipĂ�>ŽuƌĞnĕŽ�DĂƌƋuĞƐ 1,00

�ĠliĂ��lĞǆĂnĚƌĂ�&ĞƌƌĞiƌĂ�ĚĞ�KliǀĞiƌĂ��ǀĞlĞiƌĂ 1,00

�ĠliĂ�>ĂuƌinĚĂ�ĚŽƐ�^ĂntŽƐ�EŽŐuĞiƌĂ 0,40

Célia Margarida dos Santos Cabral 0,80

Celia Maria Freitas Gomes 1,00

�ĞlƐŽ�,ĞnƌiƋuĞ�&ƌĞitĂƐ��lǀĞƐ 1,00

Chantal Ana Vicencia Fernandes 1,00

�lĂuĚiĂ�DĂƌŐĂƌiĚĂ�'ŽncĂlǀĞƐ��ĂǀĂĚĂƐ 0,80

�lĄuĚiĂ�DĂƌiĂ�&ƌĂŐĆŽ�WĞƌĞiƌĂ 0,80

�lĞǀiŽ��ĂǀiĚ�ZŽĚƌiŐuĞƐ�EŽbƌĞŐĂ 0,05

Cristiana Ferreira Pires 1,00

�ƌiƐtinĂ�/ƐĂbĞl�DĂƌƋuĞƐ�DĂuƌşciŽ�ĚĞ��ĂƌǀĂlhŽ 1,00

�ƌiƐtinĂ�DĂƌiĂ�dƌiƐtĆŽ�^ĞnĂ 0,90

Denisa Daud Mateus 0,20

�iĂnĂ�&ilipĂ�&ĞƌƌĞiƌĂ�ĚĂ�^ilǀĂ 1,00

�iĂnĂ�:uƌĂĚŽ�^ĂntŽƐ�^ĞƌƌĂ 1,00

Dominique Moreira Fernandes 1,00

�ĚnĂ�&ilipĂ�WĂiƐ�^ŽĂƌĞƐ 1,00

�liƐĂ�ZĞŐinĂ�&iŐuĞiƌĂƐ�:uliĆŽ�/nĄciŽ�ĚĞ��ĂŵpŽƐ 1,00

�liƐĂbĞtĞ��ĂptiƐtĂ�&ĞƌƌĞiƌŽ 1,00

�liƐĂbĞtĞ�^ŽĨiĂ��ǌĞnhĂ��ĂlhĂu�:ŽƌŐĞ 0,40

�lƐĂ�&ĞƌnĂnĚĂ�ĚĞ�^ŽuƐĂ�,ĞnƌiƋuĞƐ 1,00

�ŵiliĂ��ŽncĞiĕĆŽ�WĞĚƌŽƐĂ��uĂƌtĞ 0,80



�ƌŵĞlinĚŽ��ĂƌƌĞiƌĂ�>ĞĂl 1,00

�ucliĚĞƐ�WiƌĞƐ 0,40

�uŐĞniĂ�DĂƌiĂ�>ŽuƌĞncŽ�ĚĞ��ĂƌǀĂlhŽ 1,00

�unicĞ�siƌŐiniĂ�sĂlĚĞǌ�&ĂƌiĂ��iĚĂƌƌĂ�WĂlŵĞiƌĂŽ��ĂƌƌilhŽ 0,30

&ĞƌnĂnĚŽ��ĂǀiĚĞ�ĚĞ�^ŽuƐĂ�Ğ�^ĂŵpĂiŽ�ĚŽƐ��iĚŽƐ 0,30

&ĞƌnĂnĚŽ�:ŽĆŽ�DŽntĞiƌŽ�:uĚĂƐ 0,40

&ĞƌnĂnĚŽ�:ŽƐĠ�&iŐuĞiƌĞĚŽ��ŐŽƐtinhŽ�Ě��bƌĞu�DĞnĚĞƐ 0,60

&ilipĂ�/ƐĂbĞl��ĂbĂĕŽ��ĂptiƐtĂ 1,00

Filipe Valente Duarte 1,00

&ilŽŵĞnĂ�:ŽƐĠ�WĞƌĞiƌĂ�ĚĂ�^ilǀĂ�'ƌilŽ�ĚĂ�^ilǀĂ 0,50

&lĄǀiŽ�EĞlƐŽn�&ĞƌnĂnĚĞƐ�ZĞiƐ 0,80

&ƌĂnciƐcŽ�:ŽƐĠ��ĞƌƋuĞiƌĂ��lǀĞƐ 0,30

&ƌĂnciƐcŽ�:ŽƐĞ�^ĂntiĂŐŽ�&ĞƌnĂnĚĞƐ��ŵĂĚŽ��ĂƌĂŵĞlŽ 0,80

&ƌĂnciƐcŽ�DĂnuĞl�YuĞiƌŽǌ�'ŽnĕĂlǀĞƐ 1,00

Frederico Guilherme de Sousa da Costa Pereira 0,50

Gabriel Nascimento Ferreira da Costa 1,00

'ĂbƌiĞlĂ��ŽncĞiĕĆŽ��uĂƌtĞ�:ŽƌŐĞ�ĚĂ�^ilǀĂ 0,60

'iƐĞlĂ�&ilipĂ��ƐƐunĕĆŽ�^ĂntŽƐ 0,00

'lĂĚǇƐ�dĂƌcilĂ�>iŵĂ��ĂlĚĞiƌĂ 1,00

'uiŽŵĂƌ�'ŽnĕĂlǀĞƐ�KliǀĞiƌĂ 0,30

,ĂnƐ��hƌiƐtiĂn��uŐuƐt��icŬhŽĨĨ 0,30

,ĞlĞnĂ��ĂtĂƌinĂ�ĚĞ��ĂƐtŽƐ�DĂƌƋuĞƐ�WĞƌĞiƌĂ 1,00

,ĞlĞnĂ�DĂƌiĂ�>ŽuƌĞnĕŽ��ĂƌǀĂlhĞiƌŽ 0,50

,ĞnƌiƋuĞ��ĞƌnĂƌĚŽ�ĚĂ�^ilǀĂ 1,00

,ĞnƌiƋuĞ�DĂnuĞl�ĚŽƐ�^ĂntŽƐ�&ĂnĞcĂ 1,00

,ĞnƌiƋuĞ�DĂnuĞl�WĂiǆĂŽ�ĚŽƐ�^ĂntŽƐ�'iƌĂŽ 1,00

,uŐŽ��ŐŽƐtinhŽ�DĂchĂĚŽ�&ĞƌnĂnĚĞƐ 1,00

/lĚĞtĞ�>uiƐĂ��ƌĂuũŽ�&ĞƌƌĞiƌĂ 1,00

Inês Alexandra Teixeira de Almeida 1,00

Inês de Sousa Bernardino 1,00



ϮϬϳ

/nġƐ��ƐtĞǀĞƐ��ĂlĚĞiƌĂƐ 0,30

Inês Ribeiro Violante 0,30

Irina de Sousa Moreira 1,00

Isabel Maria Marques Carreira 0,30

Isabel Maria Nunes Correia 1,00

/ƐĂbĞl�sitſƌiĂ�EĞǀĞƐ�ĚĞ�&iŐuĞiƌĞĚŽ�^ĂntŽƐ�WĞƌĞiƌĂ 0,40

/ƐĂuƌĂ�/ƐĂbĞl�'ŽnĕĂlǀĞƐ�^iŵƁĞƐ 1,00

/ǀĂn��ĂniĞl�ĚŽƐ�^ĂntŽƐ�DĂƌtinƐ�siĞŐĂƐ 0,50

/ǀĂn�>ĂlĂnĚĂ�^ĂlĂǌĂƌ 1,00

:ŽĂnĂ��icŬĞƌ�ĚĞ�DĞlŽ��lǀĞƐ��pĂƌşciŽ 0,20

:ŽĂnĂ��ƌiƐſƐtŽŵŽ�ĚĂ�^ilǀĂ 1,00

:ŽĂnĂ�DĞĚĞiƌŽƐ�siĞiƌĂ�DĂƌƋuĞƐ 1,00

:ŽĂnĂ�ZibĞiƌŽ�'uĞĚĞƐ 1,00

:ŽĂnĂ�dĞƌĞƐĂ�&ĞƌƌĞiƌĂ�'ŽnĕĂlǀĞƐ 1,00

:ŽĂnĂ�sĂnĞƐƐĂ��ŽƌĚĞiƌŽ�DĞlƌŽ�DŽuƌĆŽ 1,00

:ŽĆŽ��ntſniŽ�EĂǀĞ�>ĂƌĂnũinhĂ 1,00

:ŽĆŽ�&ilipĞ�ĚĂ��ŽƐtĂ�DĂƌtinƐ 1,00

:ŽĂŽ�:ŽƐĞ�KliǀĞiƌĂ�DĂlǀĂ 1,00

:ŽĆŽ�DĂnuĞl�^ĂlǀĂĚŽƌ�^iŵƁĞƐ 0,30

:ŽĆŽ�DiŐuĞl�WĞĕĂ�>iŵĂ�EŽǀŽ�^ilǀĞƐtƌĞ 0,30

:ŽĆŽ�DiŐuĞl�^ĞĂbƌĂ��ĂƐtĞlhĂnŽ 1,00

:ŽĆŽ�EunŽ�^ĞƌĞnŽ�ĚĞ��lŵĞiĚĂ�DŽƌĞiƌĂ 0,30

:ŽĆŽ�WĂulŽ�^ŽĞiƌŽ�dĞƌƌĂ�dĞŽĚŽƌŽ 1,00

:ŽĂŽ�WĞĚƌŽ�KliǀĞiƌĂ�ĚĂ�^ilǀĂ�WĂulinŽ�>ŽpĞƐ 0,40

:ŽĂŽ�WĞƌĞiƌĂ�&iŐuĞiƌĂ 1,00

:ŽĆŽ�ZĂŵĂlhŽ�^ŽuƐĂ�^ĂntŽƐ 0,50

:ŽĆŽ�sĂlĞntĞ��uĂƌtĞ 1,00

:ŽĂƋuiŵ��ĂƌlŽƐ�EĞtŽ�DuƌtĂ 0,20

:Žhn��ĂǀiĚ�DĂƌuŐŐ 1,00

:Žhn�'ƌiĨĨith�:ŽnĞƐ 1,00



:ŽƌŐĞ��ntſniŽ�ZibĞiƌŽ�^ĂlǀĂĚŽƌ 0,60

:ŽƌŐĞ�DĂnuĞl�dĂǀĂƌĞƐ�>ŽpĞƐ�ĚĞ��nĚƌĂĚĞ�^ĂƌĂiǀĂ 0,30

:ŽƐĞ��ĂƌlŽƐ�DĂƌƌĞiƌŽƐ��iŽniƐiŽ 0,45

:ŽƐĠ�'uilhĞƌŵĞ�>ŽpĞƐ�ZŽĚƌiŐuĞƐ�dƌĂlhĆŽ 0,30

:ŽƐĠ�DiŐuĞl�WintŽ��ĂƌĚŽƐŽ�ĚĞ��ŽuƌbŽn�dĞlĞƐ 1,00

:ŽƐĠ�WĂulŽ�WiƌĞƐ��ŽŵinŐuĞƐ 0,30

:ŽƐĠ�sitŽƌ�KliǀĞiƌĂ�^ĞƌĞnŽ 0,90

>ĞŽnŽƌ�DĂƌtinƐ�ĚĞ��lŵĞiĚĂ 0,50

>iliĂnĂ��ƌiƐtinĂ�WĞƌĞiƌĂ�DŽntĞǌinhŽ 0,20

>iliĂnĂ�^iŵƁĞƐ�DĞnĚŽnĕĂ 1,00

>ilũĂnĂ�'ĞŽƌŐiĞǀƐŬĂ 1,00

>inŽ�ĚĂ�^ilǀĂ�&ĞƌƌĞiƌĂ 0,90

>inŽ�DĂnuĞl�DĂƌtinƐ�'ŽncĂlǀĞƐ 0,40

>iƐĂ��ĂtĂƌinĂ�KliǀĞiƌĂ�ZŽĚƌiŐuĞƐ 1,00

>uĂnĂ��ĂƌǀĂlhŽ�EĂiĂ 0,50

>uciĞlĞ�'uĞƌƌĂ�Dinuǌǌi 0,90

>uĚŐĞƌŽ��ĂnĄƌiŽ�dĂǀĂƌĞƐ 1,00

>uiƐ�&ĞƌnĂnĚŽ�DŽƌŐĂĚŽ�WĞƌĞiƌĂ��lŵĞiĚĂ 0,80

>uiƐ�&ilipĞ�DĂƌƌĞiƌŽƐ��ĂƐĞiƌŽ��lǀĞƐ 0,30

>uşƐ�DĂnuĞl�ĚĞ�KliǀĞiƌĂ�DĂƌtinhŽ�ĚŽ�ZŽƐĄƌiŽ 0,30

>uşƐ�DiŐuĞl��ĞicinhĂ��ƌĂncŽ��ƐtƌŽncĂ 1,00

>uşƐ�DiŐuĞl�^ĂntŽƐ�>ŽuƌĂ 0,20

>uiƐĂ�DĂƌiĂ�KliǀĞiƌĂ�WinhĞiƌŽ�>ĞitĆŽ��ŽƌtĞƐ 1,00

DĂĨĂlĚĂ�ZitĂ��ǀſ��ĂcĂlhĂu 0,75

DĂĨĂlĚĂ�^ŽĨiĂ�>ĂƌĂnũŽ��ąnĚiĚŽ 1,00

Magda Matos Santana 1,00

Manuel Marques Ferreira 0,30

DĂnuĞl�dĞiǆĞiƌĂ�DĂƌƋuĞƐ�sĞƌşƐƐiŵŽ 0,30

DĂƌcŽƐ��ĂniĞl�ĚĞ��ƌitŽ�ĚĂ�^ilǀĂ��ĂƌbŽƐĂ 0,20

Margarida Alexandra Vaz Caldeira 1,00



ϮϬϵ

DĂƌiĂ��ŵĄliĂ�ĚĂ�^ilǀĂ�:uƌĂĚŽ 0,65

DĂƌiĂ��ĂƌŵĞn�DĂƌtinƐ��Ğ��ĂƌǀĂlhŽ��lpŽiŵ 0,70

DĂƌiĂ��ĞlĞƐtĞ�&ĞƌnĂnĚĞƐ�>ŽpĞƐ 0,50

Maria Céu Rodrigues Sousa 0,60

DĂƌiĂ��ƌiƐtinĂ�:ĂnuĂƌiŽ�^ĂntŽƐ 0,30

DĂƌiĂ��ƌiƐtinĂ�DŽƌĞiƌĂ�ZŽŵĂƌiǌ�Ğ��ĂƌŽƐĂ�ĚĞ�KliǀĞiƌĂ 1,00

DĂƌiĂ�ĚĂ��ŽncĞiĕĆŽ�>ŽpĞƐ�>ŽbŽ�ĚĂ�&ŽnƐĞcĂ 0,30

DĂƌiĂ�ĚĂ��ŽncĞiĕĆŽ�DŽntĞiƌŽ�WĞĚƌŽƐŽ�ĚĞ�>iŵĂ 1,00

DĂƌiĂ�ĚĂ��ŽncĞiĕĆŽ�sĞnąnciŽ��ŐĂƐ 1,00

Maria do Rosario Almeida 0,30

DĂƌiĂ��ŵĄliĂ�ĚĂ�^ilǀĂ�:uƌĂĚŽ 0,65

DĂƌiĂ��ĂƌŵĞn�DĂƌtinƐ��Ğ��ĂƌǀĂlhŽ��lpŽiŵ 0,70

DĂƌiĂ��ĞlĞƐtĞ�&ĞƌnĂnĚĞƐ�>ŽpĞƐ 0,50

Maria Céu Rodrigues Sousa 0,60

DĂƌiĂ��ƌiƐtinĂ�:ĂnuĂƌiŽ�^ĂntŽƐ 0,30

DĂƌiĂ��ƌiƐtinĂ�DŽƌĞiƌĂ�ZŽŵĂƌiǌ�Ğ��ĂƌŽƐĂ�ĚĞ�KliǀĞiƌĂ 1,00

DĂƌiĂ�ĚĂ��ŽncĞiĕĆŽ�>ŽpĞƐ�>ŽbŽ�ĚĂ�&ŽnƐĞcĂ 0,30

DĂƌiĂ�ĚĂ��ŽncĞiĕĆŽ�DŽntĞiƌŽ�WĞĚƌŽƐŽ�ĚĞ�>iŵĂ 1,00

DĂƌiĂ�ĚĂ��ŽncĞiĕĆŽ�sĞnąnciŽ��ŐĂƐ 1,00

Maria do Rosario Almeida 0,30

Maria Dulce Ferreira Cotrim 0,30

DĂƌiĂ��ŵiliĂ�ĚĞ�KliǀĞiƌĂ�YuintĂ�&ĞƌƌĞiƌĂ 0,60

DĂƌiĂ�&ilŽŵĞnĂ�ZĂbĂĕĂ�ZŽƋuĞ��ŽtĞlhŽ 0,30

DĂƌiĂ�,ĞlĞnĂ��icĂ�DĂĚĞiƌĂ 1,00

DĂƌiĂ�/ƐĂbĞl�:ĂcintŽ�^ĂntĂnĂ 0,30

DĂƌiĂ�:ŽĂnĂ�>iŵĂ��ĂƌbŽƐĂ�ĚĞ�DĞlŽ 0,30

DĂƌiĂ�:ŽĆŽ�ĚĂ�^ilǀĂ�&ĞƌnĂnĚĞƐ�>ĞĂl��ĂƌǀĂlhŽ 0,30

DĂƌiĂ�:ŽĆŽ�WĞĚƌŽƐĂ�&ĞƌƌĞiƌĂ�DŽƌĞnŽ�^ilǀĞƐtƌĞ 0,10

DĂƌiĂ�:ŽĆŽ�^ŽĂƌĞƐ�siĚiŐĂl�dĞiǆĞiƌĂ�&ĞƌƌĞiƌĂ 0,30

DĂƌiĂ�:ŽƐĠ��ƌĂŐĂ�DĂƌƋuĞƐ�ZibĞiƌŽ 1,00



DĂƌiĂ�:ŽƐĠ�EŽbƌĞ�DiŵŽ�WintŽ�^iŵƁĞƐ 0,20

DĂƌiĂ�>uiƐĂ��ĂŵpĞĆŽ�&ĞƌnĂnĚĞƐ�sĂǌ�^Ą�DĞlŽ 0,20

DĂƌiĂ�>uşƐĂ�&ĞƌƌĞiƌĂ�^ŽĂƌĞƐ�Ğ�^ilǀĂ�ZĞiƐ�ZibĞiƌŽ 0,30

DĂƌiĂ�DĂnuĞl�ĚĂ��ƌuǌ�^ilǀĂ 0,60

Maria Manuela Monteiro Grazina 0,40

Maria Margarida Souto Carneiro 0,10

Maria Teresa de Teixeira Cruz 0,80

DĂƌiĂ�dĞƌĞƐĂ�DĂƌtinƐ�ĚĂ��unhĂ�KliǀĞiƌĂ 1,00

DĂƌilinĞ�DĞnĚĞƐ�^ilǀĂ 1,00

DĄƌiŽ�DĂƌtinƐ�ZŽĚƌiŐuĞƐ�'ƌĆŽƐ 1,00

DĂƌtĂ�>ĂƌĂnũĞiƌŽ�WintŽ 1,00

DiŐuĞl��Ğ�^Ą���^ŽuƐĂ��Ğ��ĂƐtĞlŽ-bƌĂncŽ 0,90

DiŐuĞl�>uiƐ��unhĂ�DĂnŽ 1,00

DiŐuĞl�DĂƌiĂ�ĚĂ�&ŽnƐĞcĂ�DiƌĂnĚĂ�&ĞƌƌĞiƌĂ�>inŽ 1,00

DiltŽn�^iŵƁĞƐ�ĚĂ��ŽƐtĂ 1,00

miranda mele 0,20

DŽhĂŵĞĚ��ĚĨĂǁǇ�^ŽliŵĂn�,uƐƐiĞn 1,00

DſnicĂ�ĚĂ�ZŽchĂ��uǌĂƌtĞ 1,00

DŽnicĂ�:ŽĂnĂ�WintŽ�ĚŽƐ�^ĂntŽƐ 0,20

EĠliŽ�ĚĂ�DŽtĂ�'ŽnĕĂlǀĞƐ 1,00

EunŽ��ĂǀiĚ�ĚĞ�^ŽuƐĂ��hichŽƌƌŽ�ĚĂ�&ŽnƐĞcĂ�&ĞƌƌĞiƌĂ 0,30

EunŽ�DiŐuĞl�ĚĂ�^ilǀĂ��ŵpĂĚinhĂƐ 1,00

EunŽ�diĂŐŽ��ĂƌƌŽƐ�^ilǀĂ 0,50

Olga Maria Fernandes Borges Ribeiro 0,80

KtşliĂ�ĚĂ��nunciĂĕĆŽ��ĂƌĚŽƐŽ�Ě��lŵĞiĚĂ 0,90

WĂtƌşciĂ�ĚĂƐ�EĞǀĞƐ��ŽƌŐĞƐ 1,00

WĂtƌşciĂ�ZĂƋuĞl�WinhĞiƌŽ�WitƌĞǌ�WĞƌĞiƌĂ 1,00

Paula Cristina Cardoso Ramos Mota 1,00

Paula Cristina Verissimo Pires 0,40

WĂulĂ�/ƐĂbĞl�ĚĂ�^ilǀĂ�DŽƌĞiƌĂ 0,60



Ϯϭϭ

Paula Margarida Gomes Canas 1,00

Paula Maria Garcia Agostinho 0,60

WĂulŽ��ĠƐĂƌ�ĚĂ�^ilǀĂ�WinhĞiƌŽ 1,00

Paulo Fernando Martins dos Santos 0,50

WĂulŽ�:ŽƌŐĞ�'ŽuǀĞiĂ�^iŵƁĞƐ�ĚĂ�^ilǀĂ�KliǀĞiƌĂ 1,00

WĂulŽ�EunŽ��ĞntĞiŽ�DĂtĂĨŽŵĞ 0,80

WĞĚƌŽ�>uiƐ�DĂƌtinƐ�ĚĂ�&ŽnƐĞcĂ 0,30

WĞĚƌŽ�DiŐuĞl�WicĂĚŽ�ĚĞ��ĂƌǀĂlhŽ�^ĞƌƌĂnhŽ 0,30

Pedro Tiago Cardoso Curto 1,00

ZĂŵiƌŽ��ĂniĞl��ĂƌǀĂlhŽ�ĚĞ��lŵĞiĚĂ 0,10

ZĂƋuĞl�DĂƌiĂ�&inŽ�^ĞiĕĂ 0,60

ZĞnĂtĂ�^ĂntŽƐ�dĂǀĂƌĞƐ 1,00

ZicĂƌĚŽ��lĞǆĂnĚƌĞ�'ŽŵĞƐ�>ĞitĆŽ 1,00

ZicĂƌĚŽ�:ŽƌŐĞ�ĚĞ��lǀĞƐ�ZŽĚƌiŐuĞƐ 1,00

ZicĂƌĚŽ�:ŽƌŐĞ�&ĞƌnĂnĚĞƐ�DĂƌƋuĞƐ 1,00

ZicĂƌĚŽ�EĞǀĞƐ�WiƌĞƐ��ĂƐ�EĞǀĞƐ 1,00

ZicĂƌĚŽ�^iŵĆŽ�siĞiƌĂ�WiƌĞƐ 1,00

ZitĂ��ĂtĂƌinĂ�'ŽnĕĂlǀĞƐ�WĞƌĨĞitŽ 1,00

ZitĂ�DĂnuĞlĂ�WĂlŵĞiƌĂ�ĚĞ�KliǀĞiƌĂ 0,70

Rodrigo Pinto Santos Antunes Cunha 0,50

ZŽƐĂ��ƌiƐtinĂ�^iŵƁĞƐ�&ĞƌnĂnĚĞƐ 1,00

Rosa Maria Branco de Matos Resende 1,00

ZŽƐĂ�DĂƌiĂ�DŽƌĞiƌĂ��lǀĞƐ�ĚŽƐ�^ĂntŽƐ 0,40

ZŽƐĞŵĞǇƌĞ��ŵĂƌĂl��ŽƌĚĞiƌŽ 1,00

ZuĨinŽ�DĂƌtinƐ�ĚĂ�^ilǀĂ 0,30

Rui Daniel Schroder Prediger 0,15

Zui��ĂǀiĚĞ�DĂƌtinƐ�dƌĂǀĂƐƐŽ 0,20

Zui�:ŽƌŐĞ�'ŽnĕĂlǀĞƐ�WĞƌĞiƌĂ�EŽbƌĞ 1,00

Zui�DĂnuĞl��iĂƐ��ŽƌtĞƐĆŽ�ĚŽƐ�^ĂntŽƐ��ĞƌnĂƌĚĞƐ 0,60

Zui�DĂnuĞl�^ilǀĂ�'ŽŵĞƐ��ĂƌbŽƐĂ 0,50



Zui�DiŐuĞl�KliǀĞiƌĂ�ĚĂ��ŽƐtĂ 1,00

Zui�DiŐuĞl�dĞƌĞnĂƐ�>ĂnĕĂ��ĂptiƐtĂ 0,40

^ĂŵiƌĂ��ĂƌĚŽƐŽ�>ŽpĞƐ�&ĞƌƌĞiƌĂ 1,00

^ĂŵuĞl�DĂƌtinƐ�^ilǀĞƐtƌĞ 0,20

Sandra Catarina Gomes Amaral 1,00

^ĂnĚƌĂ��ƌiƐtinĂ��ĂŵpŽƐ�ĚĞ�:ĞƐuƐ 1,00

Sandra Isabel dos Santos Anjo 1,00

Sandra Isabel Freitas Mota 1,00

Sandra Manuela Domingues dos Santos 0,10

Sandra Morais Cardoso 0,60

Sara Margarida dos Santos Domingues 0,60

^ĂƌĂ�DĂtiĂƐ��ĂƌŵŽ�^ilǀĂ 1,00

Sara Varela Amaral 1,00

^ĞƌŐiŽ�:ŽƐĠ��ŽĞlhŽ��Ž��ĂƌŵŽ 0,30

Sergio Paulo Magalhaes Simoes 0,80

^ŽĨiĂ��nĚƌĞiĂ��ŽŵinŐuĞƐ�siĂnĂ 0,50

^ſniĂ��lĞǆĂnĚƌĂ�WintŽ�ZibĞiƌŽ�ĚĂ�^ilǀĂ�^ĂntŽƐ 0,50

^ſniĂ��ĂtĂƌinĂ�ĚĞ�^ŽuƐĂ��ŽƌƌĞiĂ 1,00

^ŽniĂ�>uǌiĂ��lĂƌŽ�ĚĞ�WinhŽ 1,00

^ſniĂ�WĂtƌşciĂ��iĂƐ��uĂƌtĞ 1,00

^tĞǀĞ�DĞnĚĞƐ��ĂtĂƌinŽ 1,00

^uƐĂnĂ��ĂƌǀĂlhŽ�ZŽƐĂ 1,00

^uƐĂnĂ�/ƐĂbĞl��liĂƐ��lĂƌicŽ 1,00

Susana Margarida Neto Simoes 1,00

Susana Maria Batista Tieres Tomé Cardoso 1,00

Tatiana Andreia Forjaz Amaral Catarino 1,00

dĞƌĞƐĂ�ĚŽ��ĂƌŵŽ�WiŵĞntĂ��iniƐ�^ilǀĂ 0,50

Teresa Maria Caldeira Martins 0,80

dĞƌĞƐĂ�DĂƌiĂ�&ŽnƐĞcĂ�ĚĞ�KliǀĞiƌĂ�'ŽnĕĂlǀĞƐ 0,40

sĂnĞƐƐĂ�/ƐĂbĞl�ĚĂ�^ilǀĂ�DĞnĚĞƐ 1,00



Ϯϭϯ

silŵĂ�DĂƌiƐĂ��ƌƌŽũĂĚŽ�^ŽĂƌĞƐ�^ĂƌĚĆŽ�KliǀĞiƌĂ 1,00

sştŽƌ�DĂnuĞl�ĚŽƐ�^ĂntŽƐ�&ƌĂnciƐcŽ 1,00

/Es�^d/'��KZ�^�E�K��KhdKZ��K^

�ĚĂlbĞƌtŽ��ntſniŽ�ĚĞ��ĂƐtƌŽ�WiŵĞntĂ�&ĞƌnĂnĚĞƐ 0,50

�ĚƌiĂnĂ�&ilipĂ�ĚĂ�^ilǀĂ�&ŽntĞƐ 1,00

Adriana Isabel Dias Roque 1,00

Adriana Isabel do Vale Marcelo 0,20

�ĚƌiĂnĂ�DĂƌƋuĞƐ��ĂƌǀĂlhŽ 1,00

�ŐŽƐtinhŽ�>uşƐ�WĞƌĞiƌĂ�>ĞŵŽƐ 0,30

�lĂnĂ�'ĂbƌiĞlǇ�ZĞiƐ��uĂƌtĞ 1,00

Alexander Michael Ribeiro Santos 0,40

�lĞǆĂnĚƌĂ�&ĞƌnĂnĚĞƐ�ĚĞ��ĂƌǀĂlhŽ 0,50

Alexandra Gabriela Barros Ferreira 1,00

�lĞǆĂnĚƌĞ�EunŽ�ĚĞ�DŽƌĂiƐ�^ĂǇĂl��bƌĞu��ĂŵpŽƐ 1,00

�nĂ��ĂƌŽlinĂ�^ilǀĂ��ĂĞtĂnŽ 1,00

�nĂ��ĂtĂƌinĂ�ĚĞ�:ĞƐuƐ�WĂiƐ�WĞƌĞiƌĂ 1,00

Ana Catarina Franco 1,00

Ana Cristina Franco Santos 1,00

�nĂ��ƌiƐtinĂ�>ŽpĞƐ�s�&ĞƌƌĞiƌĂ 1,00

�nĂ��ƐŵĞƌĂlĚĂ�KliǀĞiƌĂ�'uĞĚĞƐ��ŽƐtĂ 0,20

Ana Filipa Fernandes da Cruz 1,00

�nĂ�>ƷciĂ�ĚĂ�^ilǀĂ��unhĂ 1,00

�nĂ�DĂƌŐĂƌiĚĂ�ĚĂ�^ilǀĂ�&iŐuĞiƌĞĚŽ 1,00

Ana Margarida Pinto da Fonseca Almeida Ribeiro 0,60

�nĂ�DĂƌiĂ�'ŽnĕĂlǀĞƐ��ĂtiƐtĂ 1,00

�nĂ�DĂƌiĂ�DĞnĚĞƐ�ĚĂ��ƌuǌ��iŽnşƐiŽ 1,00

�nĂ�WĂtƌşciĂ�ĚŽƐ�^ĂntŽƐ�&ĞƌƌĞiƌĂ 0,30

�nĂ�ZĂĨĂĞlĂ�'ŽŵĞƐ�^ŽĂƌĞƐ�KliǀĞiƌĂ 1,00

�nĂ�ZĂƋuĞl�>iŐĞiƌŽ��ŽĞlhŽ 1,00

Ana Raquel Pereira Santos 1,00



�nĂ�ZitĂ�ĚĞ��ĂƌǀĂlhŽ��cƷƌciŽ 0,10

�nĂ�ZitĂ�'ŽnĕĂlǀĞƐ�'ĂƐpĂƌ 1,00

�nĂ�ZitĂ�'ŽnĕĂlǀĞƐ�DĂƌtinƐ 1,00

Ana Rita Macário Ribeiro 0,50

Ana Rita Moura Fernandes 1,00

�nĂ�^ŽĨiĂ�ĚĞ��ĂƐtƌŽ�sĂlĚĞiƌĂ 1,00

�nĂ�^ŽĨiĂ�&ĞƌnĂnĚĞƐ�WĂiƐ 0,20

�nĂ�^ŽĨiĂ�'ŽnĕĂlǀĞƐ��ƌiŐĂƐ 1,00

�nĂ�dĞƌĞƐĂ��ĂpitĆŽ�DŽƌĞiƌĂ�ĚĞ�^Ą 1,00

Ana Teresa de Barros Viegas 1,00

Ana Teresa Santos Costa Gaspar 0,30

Anabela Peixinho Valente de matos 0,30

�nĚƌĠ��ĂƌlŽƐ�^ilǀĂ�&ĞƌƌĞiƌĂ�ĚĞ��ĂƌǀĂlhŽ 1,00

�nĚƌĠ��ŽncĞiĕĆŽ 1,00

�nĚƌĠ�&ilipĞ��ĂltĂǌĂƌ��lǀĞƐ 1,00

André Filipe dos Santos Barbosa 1,00

Andreia Filipa Correia Carona 0,20

�nĚƌĞiĂ�&ilipĂ��Ğ�KliǀĞiƌĂ�'ŽnĕĂlǀĞƐ 1,00

�nĚƌĞiĂ�&ilipĂ�EĞǀĞƐ�ĚĂ�^ilǀĂ 1,00

�nĚƌĞiĂ�WinhĞiƌŽ�silĂĕĂ 1,00

�nĚƌĞiĂ�^ŽĨiĂ��ĂƌǀĂlhŽ�WĞƌĞiƌĂ 1,00

�nŐĞlĂ�WĂtƌiciĂ�&ƌĂnĕĂ 0,15

�nnĂ�slĂĚşŵiƌŽǀnĂ�WliĄƐƐŽǀĂ 1,00

�ntſniŽ��ĂŵpŽƐ�ĚĞ�&iŐuĞiƌĞĚŽ 0,25

�EdKE/K���s/��Zh&/EK�Z�DK^ 1,00

�ntſniŽ�:ŽƐĠ�WƌĞtŽ�DĂƌtinƐ�'ŽŵĞƐ 1,00

�ƌǇĂnĞ��ƌuǌ�KliǀĞiƌĂ�WinhŽ 1,00

�ĞĂtƌiǌ�ĚĞ�KliǀĞiƌĂ�DĂƌtinƐ 1,00

Beatriz Figueiredo Francisco 1,00

Beatriz Figueiredo Rodrigues 1,00



Ϯϭϱ

�ĞĂtƌiǌ�>ŽpĞƐ��ŽluŵbĂnŽ�DĂƌƋuĞƐ��lŵĞiĚĂ 1,00

�ibiĂnĂ��ŽƌƌĞiĂ�ĚĂ�^ilǀĂ 1,00

�ƌunŽ�:ŽƐĠ�ZŽthĞƌ�ZŽchĂ�ĚĞ�DŽƌĂĞƐ 1,00

�ąnĚiĚĂ�DĂƌşliĂ�ĚĂƐ�EĞǀĞƐ��iĂƐ 1,00

�ĂƌinĂ�^ĂntŽƐ�,ĞnƌiƋuĞƐ 1,00

�ĂƌinĂ�^ŽĨiĂ��ĂƌƌĂĚĂƐ�DĂƌĂnŐĂ 0,10

�ĂƌlŽƐ��lbĞƌtŽ�'ĂƐpĂƌ�ĚĞ�:ĞƐuƐ 1,00

Carlos André Viegas Barreto 0,30

Carlos Manuel Pinheiro Pereira Amaral 1,00

Carlos Miguel Machado Marto 0,30

�ĂƌlŽtĂ�^ŽĨiĂ�&ĞƌƌĞiƌĂ�ĚĞ�EſbƌĞŐĂ 1,00

�ĂƌŽlinĂ��ĠƐĂƌ�DĂƌtinƐ�ĚĞ�KliǀĞiƌĂ��lǀĞƐ 1,00

Carolina Isabel Pimenta Martins Ribeiro 0,10

Caroline Delgado Veloso 1,00

�ĂtĂƌinĂ��ƌĂƷũŽ�'ŽŵĞƐ�ZĞbĞlŽ 1,00

�ĂtĂƌinĂ�ĚĞ��ĂƌƌŽƐ�WintŽ�^ĂlǀĂĚŽƌ��ŽŵinŐuĞƐ 1,00

�ĂtĂƌinĂ��Ž�EĂƐciŵĞntŽ�:ŽƌŐĞ 1,00

�ĂtĂƌinĂ�/ƐĂbĞl�DŽƌĞiƌĂ�>ĞitĆŽ 1,00

Catarina Mendes Morais 1,00

�ĂtĂƌinĂ�DilhĞiƌŽ�^ŽĂƌĞƐ�ĚĂ�^ilǀĂ 1,00

�ĄtiĂ�:ŽĆŽ�DŽntĞiƌŽ�ĚĂ�^ĂntĂ 1,00

Cátia Moreira de Sousa 1,00

�ĄtiĂ�^ŽĨiĂ�ZĞƐĞnĚĞ�>ŽpĞƐ 1,00

Celia Margarida Alcobia Gomes 0,30

César Alejandro Paradinha Nunes 0,30

�/E�/��D/�Z�>>/ 1,00

Cláudia Maria Carrudo de Deus 1,00

�ƌiƐtinĂ�DĂƌiĂ�ĚĂ��ŽƐtĂ�Ğ�^ilǀĂ��ĂƌƌŽƐŽ 1,00

�ĂniĞl��lĞǆĂnĚƌĞ�^ŽuƐĂ�,ĞnƌiƋuĞƐ 1,00

Daniel Ferreira dos Santos 1,00



�ĂniĞl�&ƌĞitĂƐ��hĂǀĂƌƌiĂ 0,50

Daniela Costa Batista de Almeida 1,00

Daniela Cristina Nunes Costa 1,00

Daniela Filipa Domingues Santo 1,00

�ĂniĞlĂ�&ilipĂ�&ĞlşciŽ�DĂƌƋuĞƐ 1,00

Daniela Isabel Ferreira Madeira 1,00

�ĂniĞlĂ�DĂƌinhŽ�>ŽpĞƐ 1,00

Daniela Pereira Santana Alho 0,20

�ĂǀiĚ��ĂƐtĞlŽ 0,30

Débora Tatiana de Sousa Mena 1,00

�ĠbŽƌĂ�sĂnĞƐƐĂ�>ŽuƌĞnĕŽ�^ĞƌƌĞnhŽ 1,00

Denise Irene Marta Monteiro 1,00

�ĞŽlinĚĂ��ŽncĞiĕĆŽ�ZibĂĨĞitĂ�^ĂntinhĂ 1,00

�iĂnĂ��ĞlĂ�ĚĂ�>uǌ�^ĞƋuĞiƌĂ 0,80

�iĂnĂ�ĚŽƐ�^ĂntŽƐ�^iŵƁĞƐ�'ƌĂĕĂ 0,80

Diana Filipa Coutinho Santos 1,00

Diana Filipa Dias Duro 0,30

�iĂnĂ�&ilipĂ��uĂƌtĞ�>ŽbŽ 1,00

�inĂ�DĂƌiĂ�ĚĂ�^ilǀĂ�ZŽĚƌiŐuĞƐ�WĞƌĞiƌĂ 1,00

�inĂ�WĞƌĞiƌĂ��lǀĞƐ�&ĂƌinhĂ 1,00

�iŽŐŽ��lĞǆĂnĚƌĞ�ĚĂ�^ilǀĂ�dŽŵĠ 1,00

�iŽŐŽ��nĚƌĠ��ĨŽnƐŽ�ĚĂ�&ŽnƐĞcĂ 1,00

Diogo Figueiredo Pinho 0,00

�ĚŐĂƌ�DiŐuĞl��ĂlǀŽ�>ŽuƌĞiƌŽ�dĂǀĂƌĞƐ�ĚĂ�^ilǀĂ 0,30

�ŵĂ�^ŽĨiĂ�dƌinĚĂĚĞ�ZŽĚƌiŐuĞƐ�ĚĂ�&ŽnƐĞcĂ 1,00

�ŵĂnuĞl�:ŽƐĠ��ŽƐtĂ�DĞiƌĞlĞƐ�DĞlŽ 1,00

�ŵĂnuĞl�DŽntĞiƌŽ��ĂnĚĞiĂƐ 1,00

�uƌicŽ�ĚĂ�^ilǀĂ�^ĞƌƌĂnŽ 1,00

�uƌicŽ�DiŐuĞl�&iĂl�dĞiǆĞiƌĂ�ZibĞiƌŽ 0,80

&ĄbiŽ��lĞǆĂnĚƌĞ�&iƷǌĂ�ZŽƐĂ 1,00



Ϯϭϳ

ZicĂƌĚŽ�:ŽƌŐĞ�ĚĞ��lǀĞƐ�
Rodrigues

Doutoramento sşnculŽ�ĚĞ�ĞŵpƌĞŐŽ�
pƷblicŽ�Žu�pƌiǀĂĚŽ

/nǀĞƐtiŐĂĚŽƌ��uǆiliĂƌ - 1,00

ZicĂƌĚŽ�:ŽƌŐĞ�
Fernandes Marques

Doutoramento Bolsa EĆŽ��plicĄǀĞl�;bŽlƐĞiƌŽͿ - 1,00

ZicĂƌĚŽ�EĞǀĞƐ�WiƌĞƐ�
�ĂƐ�EĞǀĞƐ

Doutoramento sşnculŽ�ĚĞ�ĞŵpƌĞŐŽ�
pƷblicŽ�Žu�pƌiǀĂĚŽ

/nǀĞƐtiŐĂĚŽƌ��uǆiliĂƌ - 1,00

ZicĂƌĚŽ�^iŵĆŽ�siĞiƌĂ�
Pires

Doutoramento sşnculŽ�ĚĞ�ĞŵpƌĞŐŽ�
pƷblicŽ�Žu�pƌiǀĂĚŽ

Doutorado contratado 
;inclui:��iġnciĂ͕�

/nǀĞƐtiŐĂĚŽƌ�&�d͕ ��>�nǑ�
ϱϳ/ϮϬϭϲͿ

- 1,00

Rita Catarina 
'ŽnĕĂlǀĞƐ�WĞƌĨĞitŽ

Doutoramento Bolsa EĆŽ��plicĄǀĞl�;bŽlƐĞiƌŽͿ - 1,00

Rita Manuela Palmeira 
ĚĞ�KliǀĞiƌĂ

Doutoramento Bolsa EĆŽ��plicĄǀĞl�;bŽlƐĞiƌŽͿ - 0,70

Rodrigo Pinto Santos 
Antunes Cunha

�ŐƌĞŐĂĕĆŽ sşnculŽ�ĚĞ�ĞŵpƌĞŐŽ�
pƷblicŽ�Žu�pƌiǀĂĚŽ

WƌŽĨĞƐƐŽƌ��ƐƐŽciĂĚŽ - 0,50

ZŽƐĂ��ƌiƐtinĂ�^iŵƁĞƐ�
Fernandes

Doutoramento sşnculŽ�ĚĞ�ĞŵpƌĞŐŽ�
pƷblicŽ�Žu�pƌiǀĂĚŽ

/nǀĞƐtiŐĂĚŽƌ��uǆiliĂƌ - 1,00

Rosa Maria Branco de 
Matos Resende

Doutoramento sşnculŽ�ĚĞ�ĞŵpƌĞŐŽ�
pƷblicŽ�Žu�pƌiǀĂĚŽ

Doutorado contratado 
;inclui:��iġnciĂ͕�

/nǀĞƐtiŐĂĚŽƌ�&�d͕ ��>�nǑ�
ϱϳ/ϮϬϭϲͿ

- 1,00

Rosa Maria Moreira 
�lǀĞƐ�ĚŽƐ�^ĂntŽƐ

Doutoramento sşnculŽ�ĚĞ�ĞŵpƌĞŐŽ�
pƷblicŽ�Žu�pƌiǀĂĚŽ

WƌŽĨĞƐƐŽƌ��uǆiliĂƌ - 0,40

ZŽƐĞŵĞǇƌĞ��ŵĂƌĂl�
Cordeiro

Doutoramento sşnculŽ�ĚĞ�ĞŵpƌĞŐŽ�
pƷblicŽ�Žu�pƌiǀĂĚŽ

Doutorado contratado 
;inclui:��iġnciĂ͕�

/nǀĞƐtiŐĂĚŽƌ�&�d͕ ��>�nǑ�
ϱϳ/ϮϬϭϲͿ

- 1,00

ZuĨinŽ�DĂƌtinƐ�ĚĂ�^ilǀĂ Doutoramento sşnculŽ�ĚĞ�ĞŵpƌĞŐŽ�
pƷblicŽ�Žu�pƌiǀĂĚŽ

WƌŽĨĞƐƐŽƌ��uǆiliĂƌ - 0,30

Rui Daniel Schroder 
Prediger

�ŐƌĞŐĂĕĆŽ sşnculŽ�ĚĞ�ĞŵpƌĞŐŽ�
pƷblicŽ�Žu�pƌiǀĂĚŽ

WƌŽĨĞƐƐŽƌ�siƐitĂntĞ - 0,15

Zui��ĂǀiĚĞ�DĂƌtinƐ�
dƌĂǀĂƐƐŽ

Doutoramento sşnculŽ�ĚĞ�ĞŵpƌĞŐŽ�
pƷblicŽ�Žu�pƌiǀĂĚŽ

WƌŽĨĞƐƐŽƌ��uǆiliĂƌ - 0,20

Zui�:ŽƌŐĞ�'ŽnĕĂlǀĞƐ�
Pereira Nobre

Doutoramento sşnculŽ�ĚĞ�ĞŵpƌĞŐŽ�
pƷblicŽ�Žu�pƌiǀĂĚŽ

Doutorado contratado 
;inclui:��iġnciĂ͕�

/nǀĞƐtiŐĂĚŽƌ�&�d͕ ��>�nǑ�
ϱϳ/ϮϬϭϲͿ

- 1,00

Rui Manuel Dias 
�ŽƌtĞƐĆŽ�ĚŽƐ�^ĂntŽƐ�
Bernardes

Doutoramento sşnculŽ�ĚĞ�ĞŵpƌĞŐŽ�
pƷblicŽ�Žu�pƌiǀĂĚŽ

WƌŽĨĞƐƐŽƌ��uǆiliĂƌ - 0,60

Zui�DĂnuĞl�^ilǀĂ�
Gomes Barbosa

Doutoramento sşnculŽ�ĚĞ�ĞŵpƌĞŐŽ�
pƷblicŽ�Žu�pƌiǀĂĚŽ

WƌŽĨĞƐƐŽƌ��ƐƐŽciĂĚŽ - 0,50

&ĄbiŽ�ĚĞ�:ĞƐuƐ�ZibĞiƌŽ�ĚĞ�^ŽuƐĂ 1,00

&ĞƌnĂnĚĂ�DĂƌiĂ�ĚĂ��ŽncĞiĕĆŽ��ŽƌƌĞiĂ�dŽƌcĂtŽ�&ĞƌƌĞiƌĂ��ĂƌƌilhŽ 0,30

&ilipĂ��lĞǆĂnĚƌĂ�>ŽpĞƐ�^iŵƁĞƐ�ĚĂ�^ilǀĂ 1,00

&/>/W��>/D��Z�DK^�^�EdK^�:Ʒ>/K 1,00

&ilipĞ�:ŽƐĞ�ZibĞiƌŽ�DĂltĂ 1,00

&ilipĞ�DĂnuĞl�&ĂƌtŽ�WĂlĂǀƌĂ 0,20

&lĄǀiĂ�^ŽƌĂiĂ��unhĂ�ZŽĚƌiŐuĞƐ 1,00

Francesca Tomatis 1,00

Frederico Mendes e Pena 1,00

'ĂbƌiĞlĂ�>ŽpĞƐ�KliǀĞiƌĂ 1,00

'ĂbƌiĞlĂ�WiƌĞƐ�dĂǀĂƌĞƐ 1,00

Getachew Debas Belew 1,00

Giada Di Nunzio 1,00

'ŽnĕĂlŽ�^ŽuƐĂ��ƌitĞƐ 1,00

'uiĚĂ�:ŽƐĠ�&ƌĞitĂƐ��ĞntŽ 1,00

'uƐtĂǀŽ��ntſniŽ�WĞƌĞiƌĂ�ZŽĚƌiŐuĞƐ��ŽƌĚĞiƌŽ�^ĂntŽ 0,30

,ĞlĞnĂ�/ƐĂbĞl�ZĞiƐ��iƌĞƐ 1,00

,ĞlĞnĂ�DĂƌiĂ�ĚĂ�^ilǀĂ�>ĞĂl 1,00

,ĠliŽ�:ŽƌŐĞ�^iŵƁĞƐ�'ŽnĕĂlǀĞƐ 1,00

,ĞlŽşƐĂ�^ĂlŐuinhŽ�'ĞƌĂƌĚŽ 1,00

,uŐŽ��lĞǆĂnĚƌĞ�WĞƌĞiƌĂ�YuĞntĂl 1,00

,uŐŽ�:ŽƌŐĞ��ĂliƐtŽ�&ƌŽuĨĞ 0,20

/nġƐ��bƌĂntĞƐ��ƌĂǀŽ�ZŽǆŽ 1,00

Inês Isabel Nunes Caramelo 1,00

/nġƐ�:ŽĆŽ��iniƐ�&ĞƌƌĞiƌĂ 1,00

/nġƐ�DĂƌŐĂƌiĚĂ��iĂƐ��ĂbĂĕŽ��ŵĂƌĂl 0,70

Inês Maria Cunha Albino 1,00

Inês Maria Nascimento Caiado 1,00

Inês Marques Morais 1,00

/nġƐ�DĂƌtinƐ�DĂlǀĂ��ŽƌƌĞiĂ 0,20



Ϯϭϴ

/nġƐ�DĞnĚĞƐ�WƌĞŐuiĕĂ 1,00

/nġƐ�ZŽĚƌiŐuĞƐ�>ŽpĞƐ 1,00

/nġƐ�^ŽĨiĂ��iniƐ��iƌĞƐ 1,00

/nġƐ�^ŽĨiĂ�ĚŽƐ�^ĂntŽƐ�ZŽĚƌiŐuĞƐ�&ĞƌƌĞiƌĂ 1,00

Inês Tomé Ribeiro 1,00

Ines Vasconcelos Miranda Santos 0,75

Isabel Catarina Castro Duarte 0,90

Isabel Cristina do Vale Ferreira 1,00

/ǀŽ�DĂnuĞl�&ĞƌƌĞiƌĂ�DĂchĂĚŽ 1,00

:ĞĂnnĞttĞ�^chŵiĚt 1,00

:ĞƐƐicĂ�'ŽnĕĂlǀĞƐ��Ă�^ilǀĂ 1,00

:ĠƐƐicĂ�DĂƌŐĂƌiĚĂ�DĞnĚĞƐ��ŽƐtĂ 1,00

:ŽĂnĂ��ĂƌƌĂpiĕŽ�'ŽnĕĂlǀĞƐ 0,20

:ŽĂnĂ�&ilipĂ��ĂtĂƌinŽ��lǀĞƐ 0,40

:ŽĂnĂ�DĂƌŐĂƌiĚĂ��ĂƌĚŽƐŽ�^ĞƌƌĂ�DĂƌtinƐ 1,00

:ŽĂnĂ�ZitĂ�WintŽ�sĞlhŽ 0,40

:ŽĆŽ��nĚƌĠ�&iŐuĞiƌĞĚŽ�WĞƌĞiƌĂ 1,00

:ŽĆŽ��ĂƌlŽƐ�WinhŽ�ĚĂ�^ilǀĂ 1,00

:ŽĆŽ��ĂǀiĚ�WĂnĆŽ�ĚĂ��ŽƐtĂ 1,00

:ŽĂŽ��ĞŵĞtƌiŽ�'ŽncĂlǀĞƐ��ŽtŽ�DĂƌtinƐ 1,00

:ŽĆŽ��ĚuĂƌĚŽ��ĂƐĂltĂ�>ŽpĞƐ 0,30

:ŽĆŽ�&ilipĞ��lǀĞƐ��ŵŽƌiŵ 1,00

:ŽĆŽ�DĂnuĞl��uƌĂ�ZitŽ 0,50

:ŽĆŽ�DiŐuĞl��ĂlŵĞiƌŽ�WĞƌĞiƌĂ 1,00

:ŽĆŽ�DiŐuĞl�ĚĂ�^ilǀĂ�'ŽnĕĂlǀĞƐ 1,00

:ŽĆŽ�DiŐuĞl��ƐtĞǀĞƐ��ŽƌƌĞiĂ�ĚĂ�^ilǀĂ��ĂƌĚŽƐŽ 1,00

:ŽĆŽ�DiŐuĞl�DiƌĂnĚĂ�ĚĂ�ZŽchĂ 1,00

:ŽĆŽ�WĞĚƌŽ�DŽƌĞiƌĂ�ĚĞ�KliǀĞiƌĂ 0,40

:ŽĆŽ�WĞĚƌŽ�WintŽ�siĞiƌĂ 1,00

:ŽĆŽ�WĞĚƌŽ�^ĂntŽƐ��ƌĄƐ 1,00



Ϯϭϵ

:ŽĂƋuiŵ�:ŽƌŐĞ�DĂƌƋuĞƐ�DŽitĂ 0,10

:ŽƌŐĞ�DiŐuĞl��lǀĞƐ�^ilǀĂ 1,00

:ŽƐĠ�'uilhĞƌŵĞ��ŽĞlhŽ�WĞƌĞƐ�ĚĞ��lŵĞiĚĂ 0,30

:ŽƐĠ�>uşƐ�DŽntĞiƌŽ��lǀĞƐ 0,20

:ŽƐĠ�WĞĚƌŽ�^ŽuƐĂ��ĂptiƐtĂ 0,20

:uĚitĞ�ZĂƋuĞl�DĂƌtinƐ��ŽiŵbƌĂ 1,00

:uĚith�^ĂntŽƐ�WĞƌĞiƌĂ 0,50

>ĂĞtitiĂ�ĚĂ�^ilǀĂ�'ĂƐpĂƌ 1,00

>ĂƌĂ�KliǀĞiƌĂ�&ƌĂncŽ 0,90

>ĂuƌĂ�^ŽĨiĂ�^ŽĂƌĞƐ��ĂƌǀĂlhŽ 1,00

>ĞŽnŽƌ��uƌĠliŽ��ĂƌƌŽ 0,30

>şŐiĂ�sĂnĞƐƐĂ�ZŽchĂ�&ĆŽ 1,00

>iliĂnĂ�ZitĂ�sĞlinĚƌŽ�>ĞtƌĂ 0,30

>iliĂnĂ�ZŽĚƌiŐuĞƐ��iĂƐ 1,00

>iƐiĂnĞ�ĚĞ�^ĂntĂnĂ�^ŽuǌĂ 0,20

>iǀiĂ�DĂƌiĂ�ĚĞ��bƌĞu�&ƌĞiƌĞ��iŽŐŽ�^ŽuƐĂ 0,15

>uciĂnĂ��ƌĂncŽ�&ĞƌnĂnĚĞƐ 1,00

>uciĂnĂ��ĂƌŽlinĂ�>ŽpĞƐ�&ĞƌƌĞiƌĂ 1,00

>uiƐ�&ilipĞ�&ƌĂŐŽƐŽ�'ƌilŽ 1,00

>uşƐ�&ilipĞ�,ĞnƌiƋuĞƐ�KliǀĞiƌĂ 1,00

>uşƐ�&ilipĞ�DĂǆiŵinŽ�DĂƌtinƐ 0,30

>uiƐ�:ŽƌŐĞ�DĞnĚŽnĕĂ�WĞƌĞƐ�EĞŐƌĆŽ 0,20

>uşƐ�DiŐuĞl�ĚĞ��lŵĞiĚĂ�DŽntĞiƌŽ 1,00

DĂnuĞl�DĂƌiĂ�DŽuƌĂ�EĞǀĞƐ�DŽƌĞiƌĂ�WiƌĞƐ 0,30

DĂƌĂ�zŽnĞ��iĂƐ�&ĞnĂnĚĞƐ 0,15

DĄƌciĂ�:ŽĂnĂ�EĂƐciŵĞntŽ�dĞiǆĞiƌĂ 1,00

DĂƌcŽ��ntſniŽ�DĂchĂĚŽ�^iŵƁĞƐ 1,00

DĂƌcŽƐ��ntſniŽ�ĚŽƐ�^ĂntŽƐ�ZŽĚƌiŐuĞƐ�'ŽŵĞƐ 1,00

Margarida Fernandes Beatriz 1,00

DĂƌŐĂƌiĚĂ�DĂƌiĂ�'ŽnĕĂlǀĞƐ�DĂƌƋuĞƐ 0,30



ϮϮϬ

DĂƌŐĂƌiĚĂ�ZibĞiƌŽ�ĚĂ�^ilǀĂ 1,00

Maria de Fátima Machado Dias 1,00

DĂƌiĂ�ĚĞ�>Ă�^ĂlĞtĞ�ĚĞ�:ĞƐuƐ��ĂptiƐtĂ 0,40

Maria do Carmo Ribeiro Reis Maio Macario 0,20

DĂƌiĂ�/nġƐ�DŽƌŐĂĚŽ�KliǀĞiƌĂ�DĂƌtinƐ 1,00

DĂƌiĂ�/nġƐ�EunŽ��lǀĞƐ 1,00

Maria Inês Ramalho de Almeida e Sousa 1,00

DĂƌiĂ�/nġƐ�ZŽĚƌiŐuĞƐ��lĨĂiĂtĞ 1,00

Maria Inês Veiga de Almeida Barros 1,00

DĂƌiĂ�:ŽĆŽ�&ĞƌƌĞiƌĂ��ĂnĂƐ�ĚŽƐ�^ĂntŽƐ 1,00

DĂƌiĂ�:ŽĆŽ�EunĞƐ�sicĞntĞ�DĞǆiĂ�>ĞitĆŽ 1,00

DĂƌiĂ�DĂĨĂlĚĂ�^ĂntŽƐ��ŽƐtĂ 1,00

Maria Margarida Serra Coelho 0,50

Maria Moreira Soares 1,00

Maria Olinda Rodrigues Rebelo 0,15

Mariana Biscaia Caleiras 1,00

DĂƌiĂnĂ��uƌĆŽ�dĞƌƌĂ 1,00

DĂƌiĂnĂ�>ĂƌĂnũŽ 1,00

DĂƌiĂnĂ�ZĂƋuĞl��ntunĞƐ��ŽlĂĕŽ 1,00

Mariangela Natale 1,00

DĂƌiũĂ�WĞtŬŽǀic 1,00

Marina Manuela Ventura Rodrigues 1,00

Marina Portes 0,30

DĄƌiŽ�:ŽƌŐĞ�ĚĂ�^ilǀĂ��ĂƌǀĂlhŽ 1,00

Marisa Ferreira Marques 1,00

Marlene Cristina Faria Pereira 0,60

Marlene Santos Domingues 1,00

Marta Cristina de Pinho Teixeira 1,00

DĂƌtĂ�&ilipĂ�siĞŐĂƐ��ĂƌĆŽ 1,00

DĂƌtĂ�/ƐĂbĞl�&ĞƌƌĞiƌĂ�>ĞitĞ�WĞƌĞiƌĂ 1,00



ϮϮϭ

DĂƌtĂ�^ŽĨiĂ��ƌĞiƌĂ�DŽtĂ 1,00

DĂƌtĂ�^ŽĨiĂ�DĂƌƋuĞƐ�^iŵƁĞƐ 1,00

DĂƌtĂ�^ŽĨiĂ�ZŽƐĞnĚŽ�WĞƌĞiƌĂ 1,00

DiŐuĞl�DŽntĞiƌŽ�>ŽpĞƐ 1,00

DilĞnĞ�siĞiƌĂ�'ŽnĕĂlǀĞƐ 1,00

DiƌĞiĂ��lĞŵĂnǇ�i�WĂŐğƐ 1,00

EĄĚiĂ�/ƐĂbĞl�^ilǀĂ��ĂnĄƌiŽ 1,00

Natalia Sozza Bernardi 1,00

EunŽ�DiŐuĞl��ĞltƌĆŽ�DĂƌƋuĞƐ 1,00

Olga Fokt 0,30

MƐcĂƌ��ŵĂnuĞl�ĚĞ�DĞlŽ�ZŽĚƌiŐuĞƐ 1,00

WĂƐƋuĂlinŽ��Ğ�>ucĂ 1,00

WĂtƌşciĂ��lĞǆĂnĚƌĂ�ZŽƐĂĚŽ��lbuƋuĞƌƋuĞ 1,00

WĂtƌşciĂ��iŽŐŽ�EunĞƐ 0,40

WĂtƌşciĂ�ZĂƋuĞl�ZĞiƐ�DŽƌĞiƌĂ 1,00

WĂtƌiciĂ�^ŽĨiĂ��lcĂĚĂ�dŽŵĂƐ�ĚĞ�DŽƌĂiƐ 0,90

WĂtƌicŬ�:ŽĞl�ĚĂ�^ilǀĂ 1,00

Paula Cristina Correia Martins 0,30

Pedro Matos Pinto Santos Filipe 1,00

WĞĚƌŽ�DiŐuĞl��ƌşŐiĚĂ�ZĂpŽƐŽ 1,00

Pedro Miguel Caniceiro Valada 1,00

Pedro Miguel Reis Figueiredo 1,00

ZĂĨĂĞl�ĚĂ�^ilǀĂ��ĂƌǀĂlhŽ 1,00

ZĂĨĂĞl�ZibĞiƌŽ�^ĂntŽƐ�^ilǀĂ 1,00

ZĂĨĂĞlĂ�DĂƌŐĂƌiĚĂ��uƌĂ�&ĞƌƌĆŽ 1,00

ZĂƋuĞl�^ŽĨiĂ�&ƌĞitĂƐ��ŽiĂ 1,00

ZĠŵǇ��ĂƌĚŽƐŽ 1,00

Ricardo Cerqueira de Abreu 1,00

Ricardo Fernando Santos Amorim 0,50

Ricardo Gomes Moreira 1,00



ϮϮϮ

ZicĂƌĚŽ�:ŽƌŐĞ��ĂƌƌĞiƌĂ�ĚĂ�^ilǀĂ 1,00

ZicĂƌĚŽ�:ŽƌŐĞ�DĂƌƋuĞƐ�dĞiǆŽ 1,00

ZicĂƌĚŽ�:ŽƌŐĞ�EĞŐƌĆŽ�,ĞnƌiƋuĞƐ�WĞƌĞiƌĂ 0,30

ZicĂƌĚŽ�:ŽƌŐĞ�dĞiǆĞiƌĂ�DĂƌtinƐ 0,30

ZitĂ��lĞǆĂnĚƌĂ�^ilǀĠƌiŽ��lǀĞƐ 1,00

ZitĂ��ntſniŽ�ĚŽƐ�^ĂntŽƐ 1,00

Rita Rodrigues Sá Ferreira 1,00

ZitĂ�^ŽĨiĂ�ĚŽƐ�^ĂntŽƐ�^ĞǀĞƌinŽ 1,00

ZŽĚŽlĨŽ�ĚĂƐ�EĞǀĞƐ��ŐuĂƐ 1,00

Romina Paula de Aguiar Guedes 0,10

ZƷbĞn�:ŽĞl��iƐpŽ�^ĂlǀĂĚŽ 1,00

Zui�&ĞƌnĂnĚŽ�siĞiƌĂ�>iƐbŽĂ�DĂtiĂƐ�^iŵƁĞƐ 1,00

Zui�&ilipĞ�ZĂŵŽƐ�^ilǀĂ 0,20

Rui Manuel da Costa Soares 0,40

Zh/�D/'h�>�Zh��&/>/W��D�Zd/E^ 0,30

Zui�WĞĚƌŽ��ĂĞtĂnŽ�DŽƌĞiƌĂ�ĚĞ�KliǀĞiƌĂ 0,30

Zui�WĞĚƌŽ��iĂƐ�dĂǀĂƌĞƐ 1,00

Samuel Filipe Duarte Chiquita 1,00

Sandra de Almeida Reis 1,00

^ĂnĚƌĂ�WĂtƌşciĂ�EunĞƐ�ZibĞiƌŽ 0,50

^ĂnĚƌĂ�^ŽĨiĂ�DiŵŽƐŽ�WinhĂnĕŽƐ 1,00

^ĂƌĂ��ƌiƐtiĂnĂ��lǀĞƐ�sĂlĞntĞ 1,00

^ĂƌĂ��ƌiƐtinĂ�>ŽuƌĞnĕŽ�ĚŽƐ�ZĞiƐ 1,00

^ĂƌĂ�ĚĞ�:ĞƐuƐ�'ŽŵĞƐ��ƐcĂĚĂ�ZĞbĞlŽ 1,00

Sara Inês Furtado Canário 1,00

^ĂƌĂ�/ƐĂbĞl�DŽntĞiƌŽ�>ŽpĞƐ 1,00

Sara Maria de Cabral Martins Pêgo 1,00

^ĂƌĂ�WĂtƌşciĂ�ĚĞ�^ŽuƐĂ�WĞƌĞiƌĂ�DŽuƌĂ 1,00

Sara Raquel Ramalho Pereira Nunes 0,70

^ŽĨiĂ��lĞǆĂnĚƌĂ�ZĂŵŽƐ�&ĞƌƌĞiƌĂ 1,00



ϮϮϯ

^ŽĨiĂ�&ĞƌƌĞiƌĂ��nĂƐtĄciŽ 1,00

^ŽĨiĂ�WĞƌĞiƌĂ��ŽnƐtĂntinŽ�ZŽŵĂnŽ 0,30

^ſniĂ��nĚƌĞiĂ��lŵĞiĚĂ�WinhŽ 1,00

^ſniĂ�&ilipĂ�'ŽŵĞƐ�ĚŽƐ�^ĂntŽƐ 1,00

Susana Cristina Domingues Pedreiro 1,00

^uƐĂnĂ�/ƐĂbĞl�^iŵĆŽ�DŽuŐĂ 1,00

Susana Vieira Pinto da Cunha 1,00

dąniĂ��lǀĞƐ�DĂƌĂntĞ 1,00

dĂniĂ�>uşƐĂ��ĂƌbŽƐĂ��ĂƌĂtĂ 1,00

dąniĂ�DilĞnĞ�WiƌĞƐ�>ŽuƌĞnĕŽ 1,00

dąniĂ�^ŽĨiĂ�DĂƌtinƐ�DĂƌƋuĞƐ 1,00

dąniĂ�^ŽƌĂiĂ�siĞiƌĂ�ĚĂ�^ilǀĂ 0,20

dĂƌcşƐiŽ�'uĞƌƌĂ�'uiŵĂƌĆĞƐ 0,50

Teresa Margarida Ribeiro Rodrigues 1,00

dĞƌĞƐĂ�ZĂƋuĞl�dƌĞŵŽĕŽ��iĂƐ�ĚĞ��bƌĞu 1,00

diĂŐŽ��ĂtiƐtĂ��bƌĂntĞƐ�ZŽnĚĆŽ 1,00

Tiago Daniel Almeida Rodrigues 1,00

diĂŐŽ�:ŽĂŽ�ĚŽƐ�^ĂntŽƐ�ZĞiƐ 0,50

diĨĨĂnǇ�^ĂntŽƐ�WinhŽ 1,00

Vanessa Alexandra Castanheira Fernandes 1,00

Vanessa Filipa Rodrigues Costa 1,00

sĂnĞƐƐĂ�^iŵƁĞƐ�>ŽuƌĞnĕŽ 1,00

sąniĂ�DĂƌinĂ�:ŽƌŐĞ�>ĞĂl 0,20

sĂƐcŽ�^ĂntŽƐ�:uƐtinŽ 1,00

sĞƌĂ��ƌiƐtinĂ�ĚĂ�&ŽnƐĞcĂ��lǀĞƐ 0,30

Vera Martinho Pais 1,00

sĞƌĂ�DſnicĂ�DilhĞiƌĆŽ�DĞnĚĞƐ 1,00

sştŽƌ�,uŐŽ�WĞƌĞiƌĂ��lǀĞƐ 1,00

yĂǀiĞƌ�^Ą��ĂƐtƌŽ�WinhŽ 0,30

yinli�yu 1,00



ϮϮϰ

�pŽiŽ�dĠcnicŽ�/��ĚŵiniƐtƌĂtiǀŽ

�lĚĂ�DĂƌiĂ�WĂiǀĂ�'ŽnĕĂlǀĞƐ 1,00

Ana Cláudia Vicente Caridade 0,50

�nĂ�&ilipĂ�'ŽŵĞƐ�KliǀĞiƌĂ 1,00

�ntſniŽ�:ŽƐĠ��ǌinhĂŐĂ�dĞlĞƐ�'ƌilŽ 1,00

�ƌunŽ�'uilhĞƌŵĞ�^ĞƌƌĂ�Ğ�^ilǀĂ�ĚĞ��bƌĂnchĞƐ�EŽbƌĞ 1,00

�ąnĚiĚĂ��lƐĂ�&ƌiĂƐ�DĞnĚĞƐ 1,00

�ĂƌlĂ��nĚƌĞĂ�WĞƌĞiƌĂ��ntſniŽ�>ŽpĞƐ�ZŽĚƌiŐuĞƐ 1,00

�ĂƌlĂ�DĂƌŐĂƌiĚĂ�ĚŽƐ�^ĂntŽƐ�sĞƌşƐƐiŵŽ 1,00

�ĂƌŵĞn�>iĚiĂ�'ƌĂĕĂ�^ĞŵiĆŽ 1,00

Catarina Alexandra Ferreira Gomes 1,00

&ĄtiŵĂ��ƌiƐtinĂ��ŽƐ�^ĂntŽƐ��ĂƌǀĂlhŽ�'ƌĂĕĂ 1,00

,ĞiĚi�DĂƌiĂ�ĚĂ�^ilǀĂ�>ŽpĞƐ�'ŽnĕĂlǀĞƐ 1,00

/ƐĂbĞl��ŽncĞiĕĆŽ��ĂlĂĚŽ��ƐtĞǀĞƐ��ŽƐtĂ 1,00

/ƐĂbĞl�DĂƌiĂ�ĚĞ�KliǀĞiƌĂ�DĂƌtinƐ��ĂntĂƐ�&ĞƌnĂnĚĞƐ 1,00

:ŽĂnĂ�^ilǀĞƐtƌĞ�ZŽĚƌiŐuĞƐ��ipƌiĂnŽ 1,00

:ŽĆŽ�DiŐuĞl�ĚĂ�^ilǀĂ�WƌĂtĂƐ 1,00

>iĂ�ĚĂ��ŽƐtĂ�:ŽƌĚĆŽ��pĂƌiciŽ�>ŽpĞƐ 1,00

>uciĂnĂ��ŽƐtĂ�ĚĞ��lbuƋuĞƌƋuĞ�WintŽ 1,00

DĂƌiĂ��ĚĞlĂiĚĞ��unhĂ�KliǀĞiƌĂ 1,00

Maria de Fatima Sousa Martins Moreira 1,00

Maria do Céu Mendes Gomes 1,00

Maria do Rosário Ferreira da Costa Faro 1,00

DĂƌiĂ��uŐĠniĂ��lǀĞƐ�ĚĂ�^ilǀĂ�>ŽpĞƐ��ĂŵpŽƐ 1,00

DĂƌiĂ�/ƐĂbĞl�DĞnĚĞƐ�'ŽnĕĂlǀĞƐ 1,00

DĂƌiĂ�>ĞŽnŽƌ�'ŽŵĞƐ��ƌuǌ�:ĞƐuƐ 0,80

DĂƌiĂ�>uiƐĂ�ZŽchĂ��ĂlĚĞiƌĂ��ŽnitŽ 1,00

DſnicĂ��lĞǆĂnĚƌĂ�ZŽĚƌiŐuĞƐ�DŽƌĂiƐ 1,00

DŽnicĂ�lĞǆĂnĚƌĂ�silĆŽ�^ĞƌƌĂnŽ 1,00

Nilza Clara Ferreira Marques Manadas 1,00



ϮϮϱ

Paula Cristina Andrade Miranda 0,20

ZŽƐĂ��lĞǆĂnĚƌĂ�ĚŽ�ǀĂlĞ�&ŽlhĂƐ�&ĞƌnĂnĚĞƐ 1,00

ZutĞ��liĞtĞ�DĂƌƋuĞƐ�Ğ��ƌuǌ�^iŵŽĞƐ 1,00

^ĂnĚƌĂ��ƌiƐtinĂ�^ĂntŽƐ�>uiƐ 1,00

Sandra Margarida Pinheiro Freire 1,00

^ĂƌĂ�ĚĂ��ŽƐtĂ�:ŽƌĚĆŽ��pĂƌiciŽ�>ŽpĞƐ 1,00

^şlǀiĂ�DĂƌiĂ��ƐtĞǀĞƐ�ĚĞ�^ŽuƐĂ 1,00

^uƐĂnĂ��ĚĞlĂiĚĞ�ZŽchĂ�ĚĂ�^ilǀĂ 1,00

dąniĂ�^ŽĨiĂ��ŐuiĂƌ�ZibĞiƌŽ 1,00

dĂtiĂnĂ�ĚĞ��ǌĞǀĞĚŽ�WĂulĂ 1,00

dĞlŵĂ�WĂtƌiciĂ�^iŵƁĞƐ�'ƌĂĕĂ 1,00




