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Prospects for Antifibrotic Therapy  
 

 

ABSTRACT 

 
Antifibrotic therapies should preferentially be targeted to the activated 

hepatic mesenchymal cells. Those cells resemble wound healing 
myofibroblasts and synthesize an excess of extracellular matrix (ECM) 
proteins. They derive from quiescent hepatic stellate cells (HSC) and 
portal/perivascular (myo-) fibroblasts (MF). Whereas various agents 
have been shown to inhibit HSC/MF proliferation and collagen synthesis 
in vitro, only few of them are effective. Established in vivo models are 
rat secondary biliary fibrosis (chronic cholestatic liver disease) and 
reversion of fibrosis after withdrawal of a hepatotoxin like 
thioacetamide. 

The interferons (IFN-γ>α,β) have proven antiproliferative and 
fibrosuppressive activity on mesenchymal cells in culture. Retrospective 
data suggest that IFN-α therapy for hepatitis C can halt or even reverse 
fibrosis. This has to be confirmed by large randomized prospective 
studies, but an effect in biliary fibrosis is less probable. Strategies to 
inhibit the key profibrogenic cytokine TGF-β, e.g. by soluble decoy 
receptors, or molecules that are involved in TGF-β signal transduction 
are evolving but targeted approaches have to be used, in order to 
prevent unwanted side-effects. 

Novel agents are being developed in the form of orally available small 
molecule inhibitors (peptidomimetics). These include antagonists of 
certain integrins (ανβ3 or ανβ6) that are involved in HSC/MF migration 
or TGFβ-activation, respectively, or of the endothelin A receptor that 
causes contraction and proliferation of activated HSC/MF. 

Future studies will have to show if and how far drug combination is 
effective in man, combined with reasonable costs and no or irrelevant 
side-effects. Some agents are antioxidants like silymarin, a defined 
mixture of flavonoids, sho-saiko-to which contains related compounds 
like baicalein, glitazones, phosphodiesterase inhibitors like 
pentoxifylline, inhibitors of the renin-angiotensin system, halofuginone 
and some immunosuppressants like mycophenolate mofetil and 
rapamycin. 

Drug targeting to the fibrogenic liver cells is now possible by use of 
small molecular ligands that bind to receptors which are specifically 
upregulated on activated HSC/MF. These ligands can be exploited as 
carriers for otherwise toxic drugs, antisense DNA or siRNAs directed 
against profibrogenic mRNAs, such as those against procollagen I or 
TGFβ1. 

It is likely that liver fibrosis of different etiology will need different 
antifibrotic treatments. Quick progress in the clinical development of 
antifibrotic therapies can only be expected with the evolving validation 
of noninvasive, serological markers of fibrogenesis or fibrolysis. Govaresh 
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� -��                   ,"e ~��"�

                      	� ),�! ������HSC                                        N,� 	� � ��� D,� N
G� )
#       )
"#                        �"���"�">   

 ���. : /�� "	'�latent TGF β,�--� "	'� 01�  �234( 56( �	� 

!�::&   �
(%   ��
U�   �   7���   �:/
�   '4���   VD�   �
�integrin αvβ6       7���$��%   	0

'�   ;���%�   ���������>�:��   ���   	
��   �   ���
�'�   
�      ��R   5
��	0   ?��   �/���

   ��-
��   �������   �
�7��$�%   	0   '�
G�=�   �7��$�%   .      +�,�-   ����   	0Upa  

   W�����B���Urokinase plasminogen activator   �   IGFIIR  W�����B��� 

Insulin like Growth Factor II Receptor '��-
�.  

   ���7 :TGF β18�&(�   9�&�;      3�+������   �	�/������	� 

X����   ��I�   "�4
(%   �<��   56�	���   ��I&���   0
���   �   ������I&�   �
�TGF 

β1'�      �   �0�-TGF β1  '�   56�	���   ��I&���   ��4��   ���C�   �<��   ��/ 0��- .

'�/�   ��	   ���   7�5���I&�        5
�C/   �	   7���$���%   ��R   �G�B�   F��L�   '�
=   �
� 

'��:�0   .'�/�5���I&�   ���
���   �:/
�   '�
�E       ��L�   �����   Y	
=   	0   ��C��   .&

'��/	�0   ���J&   ��:�0��   �::&   .   F
(4
D�   	0in-vitro          !��:�:�&	
����   ?�

   .�   ����   7
8����camostate mesilate  '�     �
�(�%��*   �%   +��$�   ���<   �/���

latent TGF β0��>�   �	   5�   �
(%   �%   .�   . 
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   �������   ��   �����   ����   ��� 

����� /���   	
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�� /    �
������ 

  

�� 

                                                              ���   D,�   D���   �
C�   �S   ������   ,e   '��d�   8��   m��   )��   (       .                 ��6�B����
#

(halofuginone)                 ,�w��
�S O�                                                           ,"e D
"�"F �� @! ��� �L
64 @��� 

           )
�	l
�dichroa febrifuga                �� ��� @*                                   N,"� 	� D�
� -�� � ,�S      )
"#      

                                                  ,��
/�����   ��   ��
�   m��   ),�!   ������(thioacetamide)                   Z"B�"�   

                                 ���   D,�   ),�!   ������   ���%3   )��   (       .                                           ��"6�B����
#   1@6��   Z�
B   @/�

                       @/�
6�   a�&�   -��/��A                                         ,"6�
�   ��
#�
6�2���3��
/�   D,�MMP-3          �   

MMP-13                     '
G�
i�   	�   in-vitro                   ���   D��*      )                                 D,"C�   �"C/6�   @G�
i�

Popov              ��	
�#   �       .( 

 

             "�##�   $��%�                                                              ��	&
&�&�   "�&#&#&�   �����   ��'(��)   ��� 

   )Modulators of fibrogenic signal transduction         : (    	�

           '
G�
i�In-vitro          �%!�/63          -����(pentoxifylline)                                	
"0"� O"� @! 

              )��J%� D,66!                                                                        ,"�"��"� 	
0� ZB�� ��� -�!�/�� �%���F
/�S � ���/��

                       ���*����� ;��� ���!                     N��� � ���3 )
#         )
#HSC          �"�       ��"� )�� (   1

              N,� 	� ���                                                         �"%!�/63 1
0��� 	� )���J4 ������ �����> )
#                   -"�"�"�"�

                        ZB�� 
06� �!�	��Uu     %                                           �� ),�! @/�
� ���� ���! 	� E#
!       ���"F .      

       �%!�/63                                                                                        E"#
"!   @"*   �	   R"�"p"6"�   �   ���*   E#
!   ZB��   -����

(downregulaticn)           	�   mRNA                   ���!��3   )
#I               �"�   ),�!         ��"�   .

                        N��� ;��� D�
� -��       )
#HSC                          �� ,���� D,� N
G�    ���     .                     +�"< �� @/���

                       Z�� �	�� -�� �\��                       ���* E��8�� �
�mRNA     )T IMP-I                       8"�"� ),�! 

  ��                                                                           �"� �	�� ������ ,e '��d� E#
! �L
* ��� -�� @! ���       ���"F )�� (   .

                       ���
/��F��3 8����(pioglitazone)                             ���
"/��\���	 
� (rosiglitazone)  

                  �%���FS @!Peroxisome Proliferator Activated Receptor- γ 

(PPAR-γ)                                                N,�   	�   ���!   ����   E#
!   ZB��   1,6/%#                        ���"���   )
#

                                                                       ���   D,�   
0���   	�   -�%!��   ��   ��
�   ������   �   m��   )���J4 )�� (   . 

                  '
G�
i�   	�in-vitro           ���
/��F                                                         �   -"�"/""���"���   	
0�   ZB��   
#

             ���!��3I            N���   ��            )
#HSC/MF     ��       ,���       .        ���
/��F                           @"*   @"!   
"#

                                                                                   	�   -���%��   @*   ���
%>   ���0*   �0B   Z�
6�   )
#�	��   ��   ��   ���6L

                               h�i�   ������[   ���
I#��
2/��                                   @*   D,6�S   	�   ���   -��   1,��                 ��   ���6L

                                                                    ,��	   	
!   @*   ),�!   ������   ,e   �ds�   D�(�
*   )
0�
�	�   ��   . 

 

          ����������           *+���   ���                        �&�&�&������   ���    (Vasoactive 

mediators)   :                 �!�	��   )�	��                                                       -"�"���,�S   D,���F   �%���F
/�S   @!   )�

(ETAR)                              ��   $�kB   �p�   @*   1���      ,�S       .                               �"6"G�   D,���F   -��ETAR          �   

                                N���   ��`�   �   q
�(��   ZB��         )
#HSC/MF     ��             M                   8/6�   ll
�/>�   �   ���

                           ��   �
��   8��   �	   ���!   ,6!       .         ��
>   	�        @!ETBR                                 1q
"�(��   E#
!   ZB��   

Relaxation                                  ���*��������   ,����   E#
!   �          ��   
#         ��� )         =�|  .( 

                                                                      �!�	��   �%���F
/�S   8����   1
0���   	�   )���J4   ������   	�ETAR      

              ]
�   
*LU13525                 ',�   @*   |                                               
"�   �	   ),�!   ���!   ����   @/J#   |u   %

         ��   E#
!   ,#�       .                                                                         ),"�"!   ������   K���   ��   �3   @/J#   @�   �	��   �F�   �/>

                     ��   8��   ���   K���                   ,�
*   �ds�   ,���� )�� (   . 

          �%���F
/�S                              -�%�
�����S D,���F )
#I                               D,"6"6"! 	
0� 
�                         R"�8"�S )
"#

       ����F�*                            -"�"%�
"�����S D,66�    (angiotensin converting enzyme)      

  ��                                                                      ,���,6�*   ���{�   @*   
0���   	�   �	   ),�!   ������   ���   ,6���� )����� (             ���   1

                                                                                              �"*��"*   ,4   1)������   ,e   '��d�   �,�   �#
�   )��*   �
��   �	��   ���   ��8��

                                                                                                 	
"!   @*   �
%��   	�   l
*   ���   	
C�   �
�	�   	�   @!   D��*   ��
#���   ��   �/C�*

  ��   ��	       .                                                                                        '
"�"d�   ��"6#   �
%��   	�   
#�	��   -��   ������   ,e   '��d�   -���*
6*

          ���   D,C�   . 

 

                                                                    ,�&%&��+( �! ���	
�� � ,�	-� �. �����! 	���in-vitro :  

                                                                                                 )
"#��"*	
!   )��*   
0�S   ��   ���*   @!   ,�	��   ��B�   
#�	��   ��   )�
��   ��,G�

                                           ��   	��A   �6��
*   D�
J/��   �	��   )�\��                                              ��`�   )��B   
#�	��   -��   �   1,���F

    N���         )
#HSC/MF          ��   �	                                             �"�   
0�S   ��/3�3S   ZB��   
�   ,���F          ,"��"�   .

                                                                    ��   E#
!   �	   ����
�   ,����   @!   ,6/%#   R#   )�\��   )
#�	��          ,"6"#�   .

  @*                �� @���� 	�<                                                                                -"�"%�
"�
"3�	 ="`"� �6��� �\*�!�� )
#�	�� @* ���� 

(rapamycin)                                      ="�"/��� 'l�6���
� � (mycophonolate mofetil)      

           ��!   D	
��   )�
	��   (       .           ��   -�6j�#              -��
/��   ����        
#   )��   (                    D,"66!	
0�   �   1            )
"#
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����� /���   	
� /   ��
�� /    �
������ 

              8������S )Patsenker                                       D,C�   �C/6�   @G�
i�   1��	
�#   �          (                             ��"*   ]
�   8��   �	

   )          N�,BU         . (                                                                N,"�   	�   ,�
*   
#�	��   -��   )������   ,e   '��d�   @/���            )
"#

                                      ,���   @G�
i�   ),�!   ������   �����> . 

                             /�0�   *�01   ���(�!   ,23��(                                  ��	&
&��   "�##�   �����   ���   :

    D��L               �� @6�� �*         M              D,���F 

��(/%� ����                                 �%���F
/�S 
* �	 �4
� )
#   )
#      

                        ��   1��!   	
0�   y�*��                       �%���F
/�S   -��   ����                                         =":"/"� ��
#�	�� @* �	 
#

                                     N��� @* N
:�� @* )�
�� =�
�� @! ��!                                     ,"�"! 	� ������ D,66! ,���� )
#

              �� �
C� �	    ,6#�     .                '
G�
i� 	�in-vitro        � in-vivo                          @! )�(�> )
#,�/I3 

      D,���F       )
#PDGF-B                     ?�� ���! � |                    �� ��
�
6� �	              ,"6"6"!                   �"�
"�    

   D,�   ,��       .           @G�
i�   	�                                                                       )�"("�>   ,�/I3   
/!�   ),�	�   =���   P�	8�   ��   ,G*   )�

                                  ?��   ���!   D,66!   ��
�
6�|     )                                              �"���   N
:��   ��
%��   -�����S   @*   @!   (

                                                          ��   E�*   ,6/%����   1������   @*   �/��   m��   @*Yu       %                                   	�   �	   ,"�/I3   -��   ��

    N���         )
#HSC                                             ,"6"*
�*   m��   ,�!   	�   D,�   N
G�      )��   (       .                            -"�"6"^   �k"�

                  ��   ��
#,�/I3
/!�           @*   ,6����                                                            �"�	
"�"L   @"*   5,"66!   =�L   =�
>   '	�4 

  ��                                                                                           )�	   �"*   
"#,�/I3   -��   P��<   ��   �	   ���
J/�   ������   ,e   ����   ����

    N���                                                ��!   =(/6�   ������   D,66!   ,����   )
# )         =��  .( 

                                            ��
�   ��	
��   �   �����!   �#4   ��'��(�!   :                         �"� �"p� @*        ,"�	

   ��#                                                                 ��� 1�����[ )
#��� ,> 	� ������ ,e ���� �� ]�,!               )��B ,6����

                                                           ,���\* �
%�� 	� �ds� ��� @* �	 ),�! ������       .                  M          ,"6^ )
0�
�	� ll
�/>�

                                                                                             �"��
"J"/� '��d� ]�,! �# @! ������ ,e )�	�� ,6^ �� =C/� ���	��

                 ,6�
* @/���   )  @*            N
`� ���6L       :                                                       O"��"&"� 18������� O��&� 18������� 	
0�

              N��� ��/3�3S                  ���*�������� )
#       (                                              ,"6"�
"* ,6���� 	
�%* ��� -��

   )        N�,BU           =� 1W         . (                          �� ���	 -�6^ �� D�
J/�� 
*                                
"* �	 ��
#�	�� ����

                                                      ��l�< ',� )��* �/�! q	��L � �/�! ���   )                                  �"�L ��S 
� ,�
� �/> �   (

                                             ��! 8���� ),�! ������ 	
^� ��� @*       .                                          �"�
"0�
�	� -�6^ �e
> N
> 	�

      N,� 	�                          @G�
i� �&� ),�! ������ )
#               ,�	��   	��A    . 

   ����� :   ���	�
��   ��   ��   ���
   ��   ����   ������   ��   �������

�����   ���
   ����   ������   ��   !"����   ��#. 

./�J/���   	0   .&   7��$�%   �R   �
��	�0   7�   '�
�   
�/�   ��:�0��   '/���Z   �
�

"��   	
U�/�   0	��   
�/�   	0   7��$�%   �R   ����   F��L�   
�   �   !�-   F
$L�. 

   $��% :            &�	��' ��() !*�+,-� ���	�
��       �/(� ��� �� �� !"�� ��� 

HSC!
   ���0   &��   ��1�   �	/�. 

   56#&   !�/��1VI (CVIR)   �-	   ��&
%   !�/��1   �β    "&#�   7�   '-
/(PDGF)     �

   !�/��1A ������/��[  (ETAR)  ����   ��	   ��   �
�HSC       7����   !��-   �
�(�%   

'�   ����   �0
�7�::&   ."I�/�1
�/�   S���'�   '�
G�=�   �
�!�/��1   ���   5���    
��

0�&   	
��   �	   .'�   ��:TJ�    !��/����1   ����   .&   ',\�&   �
������   7�   5���    �	   
��

'�   '�
�
:-   ��	   ��   �	   7��$�%   �R   �
��	�0   
�/�   ]��)   7�   �   0�&   !0
����   �::&

����   �
�HSC  ����   
�   �0�&   +3�:�   !�-   �
(%      7���$���%   �R   �
��	�0   .����

����   +=�0   �
�HSC �::&   �
J^�   �	   0�=   7��$�%   �R   F��L�   �   �/�-.  

   $��2 :����   ������   ��()   ��   !"����   ��#   !	�
��   ������ 

F�	
G�=� : 

AT: angiotensin, CTGF: connective tissue growth factors,  
ET-1: endothelin-1, ETAR: endothelin A receptor,  

IGFIIR: insulin like growth factor receptor II,  
MMF: mycophenolate mofetil, NGFR: nerve growth factor 

receptor, tPA: tissue plasminogen activator,  
PPAR-γ: peroxisome proliferators receptor-γ,  

TSP-1: thrombospondin-1. 
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����� /���   	
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�� /    �
������ 

  

�	 

                                                              �&�����5� 	�67� ��	�� �. "�	8� ��	
�� � 9�(�!     �&�   :

                                  N���   ����L   ����   ���0*   �0B                                      �"�   1���"�"�   	�   ),�!   )
#         ���"�

                                                                                         � ,�	 ZB�� @! ��! D���# )�\�� )
0�
�	� 
* �	 ������ ,e )
0�
�	�

                �����
I# ��`�                                ,"���F ,�! 	� D�
� )
#     .     @"*                                            P"�	8"� N
"`"� ���"6"L

                                   �����
I# ��
� �0B ,�	 )
#	�/!
�                       N��� P�	8� 
� 1,�,B )
#   )
#      

             -��
�6*(stem cells)                         �����
I#   ,����   �0B                       ��   �	   D�
�   )
#                ]
�   ����

   ��*   )�����   (       .                                                                                      	��"A   D�	   )�,"/"*�   	�   '
G�
i�   ��6#   @i*�	   -��   	�   @^   �F�

                                                                                         )��"*   ���
6�   )�,�,�
!   @!   ���	
��*   	�   D,6�S   	�   ���   -��   1,�	��

                                                                 ��!   D�
J/��   	
#�	   -��   ��   ���/*   1,6/%��   ,�!   ,���3       .                           '
"G�
i�   ��   =�A

                                                                                      -2�i�   
�   ���F   ]
���   '
����>   	�   )�,G/�   '
G�
i�   ���   ]�l   ��
%��

                               �����
I#   ,����   O��&�   R���                                                            ���"*   �"i"�   E"��8"��   @"*   ��6�   
#

                      ���   ),�!   )
0����,*   ��� . 

 

                                                 ��������   �   ��	�����   
����   ���   ������ 

                                                                                              )
"#�"!	
"� �"�� ]�l 1���"�"�"� ,e )
#�	�� �d� ��	�* �0B

                                                @* �	 ),�! ������ ��8�� @! ��B
0���[             M             E�3 �(�A� 

/�%� '	�4    �6�*      

                  ,���   ��
�   ,66!   )��   (       .  @*                                                        @"!   ,���   ��
�   ��
#�!	
�   ���   ]�l   ~�:�

  @*                 
��3   '	�4   )       O��
6��       (                                                               �*
��	�   ,�!   	�   �	   8�������   �   8�������   ��8��

    ,66!       .                                                                               �"����   �	
�   ����
�   )�8B�   ��   @!   ����   )
#�!	
�   ��   ���*

          ��   ,6/%#                                @B	�   
�   ��8��   ,6����(stage)                                           ��8"�"�   �   ),"�!   ������   

                   E�3   �	   8�������           ,66!   �6�*       .                    ��   @��B   -��   ��                                     ?"�"�   ���!��3   @*   ����

III          �   TIMP              ��!   D	
��          .                                                           l
"*   ),�!   8�������   �
��B   	�   
#�!	
�   -��

  ��          ,��	   )Schuppan                                       D,C�   �C/6�   @G�
i�   1��	
�#   �            . (                        -"�"6"j"�#

                      -�2���3   ��   ��
0Cg*                                            ?��   ���!   ,6�
�   @�
3   )
C[   )
#Y                         -"�"6��l   �   

(laminin)                                �
��	��
�#   -�6j�#   �   (hyaluronan)                                    ���"�"�"�   @B	�   
*   

              ,�	��   y
��	�       .               ��   �
��	��
�#                                                        ��""�"�"L   N�/��   D,66!   �G6�   ,����

                                            ,�
*   8��   ),�!   )
#,�w���6��   ]�����,��       .                           M         )l
"*   �"���   ci�   

6�e

                              �
6�2���3��
/�   ����
�X    (MMP-9)                          �
"C�   �"��   -��                    D,"6"#�

                                         ,�
*   ,�!   	�   8�������   ���
G� )         =�X    .( 

                                                                 @"B	�   -"�"�G�   �0B   )�,G/�   �#
\C�
��S   )
0:�
�(stage)      

                                                     @"/"��"F   	��A   @G�
i�   �	��   ),�!   ������      ,"��   )��   (       .     @"*                               1N
"`"�   ���"6"L

“Fibroscore”                                     ���*   ��   �S   -��G�   )��*   @!                                                ="�"�
"��"�"F
"�
F   1-�*�	

     �����                                                         
J�S   �   -���*��F�/3
#   1-���*��F
�
F   1��,�/I3U                            -"�"��*��F����   

            ��   D�
J/��                                                                         �"�"�
"I"#   	�   ),�!   ������   @B	�   -��G�   �0B   1���C      

                                  ���   @/��F   	��A   @G�
i�   �	��   )��   (       .                    ��   �%�   -��   ���                  ��,>   ,����ou   %

                              @B	�   
*   ��	
��*   ��u           
�   T                       @B	�   ��   �	   V           
�   Y               ������      )                            R"/"%"�"�   	�

      ���
/�5       (            ,#�   ���/��       .   M       

6�eFibroscore      ���                                  O��
6��   '����b�   ,����

                        ),�!   ������   	�   )                       8�������   �   8�������       (                                              ,"e   )
"0"�
�	�   �
��B   	�   �	

                      ,6!   �*
��	�   ������   . 

                                                                                          ]
"�"��   N
">   	�   
3�	�   	�   )8!��   ,6^   @G�
i�   O�   �e
>   N
>   	�

                                         �:�gC�   m�	�   �S   	�   @!   1���X                                     ="�""C�   ����   ��   ��b/�                    D,"6"#�

                                 	�   �����   �	
�   ����
�TWuu                                                        �	�"� �	 ),"�"! )	
��* 
* 	
��* 

                   �� 	��A �*
��	�   ,#�     .       ��	�4	�                                                 '
�d� @* 
#�!	
� -�� �:�gC� m�	� @!

                                                                          E"�"3 	� ),6���	� E(� ,6���/* 
#�!	
� ��� -�� 1,��*             �"6"�"*      

                                                                                       
J��   1������   ,e   )
0�
�	�   �
��B   	�   ),�!   ������   ���%3   
�   ���C�3

    ,66!   . 
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