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•Early kinetics of HCV-specific responses 

• HCV-specific responses  

                 in acute HCV infection 

                 in chronic HCV infection 

• Effect of therapy on T cell responses 

• Strategies of functional T cell restoration 
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Infection 

Early and rapid HCV 

replication 

EVOLUTION OF HCV INFECTION 
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Different kinetics of viral replication but similar kinetics 

of T cell induction  in HCV and HBV infections 
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Infection 

Early and rapid HCV 

replication 

EVOLUTION OF HCV INFECTION 

Delayed T cell responses 
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IMPAIRED IFN- PRODUCTION BY HCV-SPECIFIC CD8 CELLS  

ACUTE STAGE OF HCV INFECTION 

Self-limited evolution Chronic evolution 
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Infection 

Early and rapid HCV 

replication 

EVOLUTION OF HCV INFECTION 

Delayed T cell responses 

Impaired CD8 function 
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Impaired CD4 

responses 

Efficient CD4 

responses 

Infection 

Early and rapid HCV 

replication 

EVOLUTION OF HCV INFECTION 

Delayed T cell responses 

Impaired CD8 function 
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HCV-specific CD8 responses associated with 

virus control or virus persistence 
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Efficient CD4 

responses 

Lack of CD8 memory maturation and 
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PHENOTYPE OF HCV-SPECIFIC CD8 CELLS 
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HCV INFECTION 
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Are the HCV-specific T cell defects of chronic HCV 

infection reversible?  

- Decline of antigen load 

 

- Modulation of the suppressive effect of CD4+FoxP3+ 

regulatory T cells 

 

-  Modulation of regulatory cytokines (IL-10, TGF-b) 

 

-  Modulation of T cell costimulatory pathways 

Potential strategies to restore the T cell function 
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Patterns of Virologic Response to PegIFN 

alfa and Ribavirin Therapy 
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LACK OF IMPROVEMENT OF HCV-SPECIFIC CD8 

RESPONSES IN THE FIRST 4 WEEKS OF THERAPY 

Sustained viral responders 
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Non sustained viral responders 
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Pilli M. et al.  Gastroenterology 2007 
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THE CAPACITY OF CD8 EXPANSION BEFORE TREATMENT CAN 

PREDICT THE RESPONSE TO THERAPY? 
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Are the HCV-specific T cell defects of chronic HCV 

infection reversible?  

- Decline of antigen load 

 

- Modulation of the suppressive effect of CD4+FoxP3+ 

regulatory T cells 

 

- Modulation of regulatory cytokines (IL-10, TGF-b) 

 

- Modulation of T cell costimulatory pathways 

Potential strategies to restore the T cell function 
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PD-1 EXPRESSION ON HCV-SPECIFIC CD8 CELLS OF PATIENTS WITH 

CHRONIC HCV INFECTION 
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PD-1/PD-L1 blockade can improve peripheral blood HCV-specific T cell 

responses in patients with chronic HCV infection 
(Penna et al. Hepatology 2007)  

100 101 102 103 104 10
0 

10
1 

10
2 

10
3 

10
4 

0.4% 

p<0.015 

1 

10 

100 

1000 

Control Ab  a-PD-L1 

fo
ld

 e
x
p

a
n

si
o

n
 

Tetramer HCV-NS5 2627 

100 101 102 103 104 10
0 

10
1 

10
2 

10
3 

10
4 

17.3% 

C
D

8
 A

P
C

 

Control Ab a-PD-L1 

p=0.015 

Anti- PD-L1 

T cell functional 

restoration 

0.4% 17.3% 

First International Course of Translational Hepatology, Florence, 2011 



Different effect of PD-1/PD-L1 blockade on intrahepatic HBV- and HCV-

specific T cell responses 
(Penna A et al. Hepatology 2007; Fisicaro P. et al 2010 Gastroenterology) 
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Effect of anti PD-L1 blockade on T reg proliferation 
(Franceschini D et al. J.Clin. Invest. 2009) 
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IDENTIFICATION OF MOLECULAR TERGETS FOR RESTORATION OF 

EXHAUSTED HCV-SPECIFIC T CELL RESPONSES 

MOLECULAR TARGETS 

Microarray analysis of immunity-

related genes in virus-specific T cells 

(SD Blackburn, Nat. Immunol. 2009) 
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EXPRESSION OF VARIOUS INHIBITORY RECEPTORS ON 

CIRCULATING HCV-SPECIFIC CD8 CELLS OF PATIENTS WITH 

CHRONIC HCV INFECTION 
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(Bengsch B. et al. PLoS Pathogens 2010) 
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Synergistic enhancement of intrahepatic HCV-specific CD8 T cell 

expansion and effector function in vitro  

by combined PD-1/CTLA-4 blockade 

Chronic HCV 
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Nakamoto N at al. 2009  

PLoS Pathogens 

Liver 

Blood 

0 10
2

10
3

10
4

10
5

0

10
2

10
3

10
4

105

0 10
2

10
3

10
4

10
5

0

10
2

10
3

10
4

105

1.06 

0 10
2

10
3

10
4

10
5

0

10
2

10
3

10
4

105

1.05 

0 10
2

10
3

10
4

10
5

0

10
2

10
3

10
4

105

2.55 

0 10
2

10
3

10
4

10
5

0

10
2

10
3

10
4

105

12.6 

0 10
2

10
3

10
4

10
5

0

10
2

10
3

10
4

105

0 3.2 

23 
0 10

2
10

3
10

4
10

5

0

10
2

10
3

10
4

105

2.0 7.8 

23.5 
0 10

2
10

3
10

4
10

5

0

10
2

10
3

10
4

105

2.2 20.1 

34.5 
0 10

2
10

3
10

4
10

5

0

10
2

10
3

10
4

105

1.2 31.2 

51.2 

+isotype +aPDL1 + aCTLA4 
+aPDL1 

/aCTLA4 

0 10
2

10
3

10
4

10
5

0

10
2

10
3

10
4

105

1.31 

0 10
2

10
3

10
4

10
5

0

10
2

10
3

10
4

105

4.56 

0 10
2

10
3

10
4

10
5

0

10
2

10
3

10
4

105

1.61 

0 10
2

10
3

10
4

10
5

0

10
2

10
3

10
4

105

6.41 

0 10
2

10
3

10
4

10
5

0

10
2

10
3

10
4

105

5.9 76.5 

10.1 
0 10

2
10

3
10

4
10

5

0

10
2

10
3

10
4

105

10.6 70.2 

14.9 
0 10

2
10

3
10

4
10

5

0

10
2

10
3

10
4

105

9.7 71.7 

13.3 

3.2 44.4 

9.5 

CD8 

N
S

3
 1

0
7

3
 t
e

t 
IF

N
-
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RESTORATION OF HCV-SPECIFIC CD8 T CELL CYTOTOXICITY 

BY TIM-3 BLOCKADE 
(McMahan R et al. J.Clin.Invest. 2010) 
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VIRUS/HOST INTERPLAY: 

THE PROTECTIVE IMMUNE RESPONSE IS OUTPACED BY HCV  
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