
Vaccination contre le virus de l’hépatite C :
où en est la recherche ?

philippe.roingeard@univ-tours.fr

INSERM U966 - Tours

XIVème Séminaire de Formation et d’Echanges en Virologie Clinique
18 septembre 2014 - Lyon

Organisé avec le concours de



HCV epidemiology in 2013

3-4 million new infections (mostly by blood contact : IVDU, unsafe medical practices, health workers)

Mohd-Hanafiad et al, Hepatology 2013

Prevalence

180 million people currently infected worldwide

each year



2.7 million HCV chronic carriers 
(1.1 diagnosed - 1.6 undiagnosed)

Cost for HCV treatment : from $ 30,000 to 50,000

Still 18,000 to 20,000 new infections / year (1 every 30 min)

Mostly young IVDU
No symptoms           less than 1% reported to health department

1 or 2 cases every month 
of healthcare transmission

HCV epidemiology in 2013 in the USA



Estimated HCV prevalence : 1 to 2 %
(15 to 30 millions of HCV chronic carriers)

IVDUs (especially in urban areas)
Iatrogenic transmission (especially in rural areas)

Risk factors for new infections :

Cost for screening + HCV treatment
 will be tremendous

most are not diagnosed

HCV epidemiology in 2013 in China



HCV genetic diversity : global distribution & response to antiviral therapies

Sustained viral response (SVR) to treatment with pegIFN+RBV : ≈ 80% in gen 2 & 3 vs ≈ 45-50% in gen 1

Direct Antiviral Agents (DAA) teloprevir & boceprevir        SVR to ≈ 65-75% in gen 1

Additionnal DAAs are now / or will be licensed (2nd generation of protease inhibitors, NS5A & NS5B inhibitors,
cyclophilin inhibitors) to  probably reach ≈ 80-90% SVR for all genotypes in the near future, without IFN

However, their high cost and sophisticated bioclinical monitoring makes their universal use unlikely

An HCV prophylactic vaccine is a medical priority          best hope of controlling the world epidemic

opportunity to significantly reduce healthcare cost

The HBV vaccine has considerably reduced the incidence of HBV-induced HCC

(especially if the HCV vaccine is associated with the HBV vacine)

Massima et al, Hepatology 2014



After many years of controversy, a partially-effective HCV vaccine (≈ 60-80% efficacy) 
appears to be a feasible goal based on :

Natural immunity demonstrated in re-exposed humans & chimpanzees

Natural immunity linked with viral-specific CD4+ & CD8+ T cell responses & 
                                                                                                          cross-neutralising antibodies

Chimpanzee studies demonstrating that vaccinated animals are protected against 
                                                                                                      the development of the carrier state



T Jake Liang - Nat Med 2013



T Jake Liang - Nat Med 2013



HCV virology

Adapted from Bartenschlager et al, Nat Rev Microbiol 2013
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HCV virology

NS proteins contain numerous mapped T-cell epitopes and are
preferentially included in T-cell vaccine candidates

E1&E2 proteins can induce neutralizing antibodies (nAbs)



HCV vaccines based on viral vectors to elicit a T-cell response

The most promising are Poxviruses & Adenoviruses encoding the NS proteins

Clinical trials are currently evaluating a Modified Vaccinia Ankara (MVA) vector for
therapeutic use (TG4040)

Reports in the last EASL meeting (April 2013) showed an improved therapeutic response in
patients treated with TG4040 as compared to PegIFN/RBV alone

Okairos has developed a strategy based on Adenoviruses (Ad) encoding gen 1b NS-3-4A-4B-5A-5B
for both therapeutic and prophylactic use

Since Ad are highly immunogenic and common, pre-existing antibodies may interfere with the
vaccine          Strategy based on rare human serotypes (Ad6) and chimpanzee adenovirus 3 (ChAd3)



HCV RNA ALT GGT

Induction of a broad CD4+ CD8+
T-cell response in vaccinated animals
(multiple primes with the 2 Ad + boost
with electroporated plasmid DNA)

After challenge with heterologous 1a
virus, all animals became infected but 
vaccinees presented :

- 100 x lower peak of viremia (average)
- short duration of viremia
- no increase in liver enzymes



Phase I trial on 40 healthy volunteers with both Ad6 & ChAd3 encoding gen 1b NS-3-4A-4B-5A-5B

Induction of specific CD4+ & CD8+ cells secreting multiples cytokines (IL2, IFNγ, TNFα)

HCV specific T cells response targeted multiple epitopes and recognized hererologous 1a or 3a HCV strains
(although to a lesser extent than for 1b)

Cross reactivity measured
by IFNγ ELISpot ex vivo

against peptides from
different genotype

After 1 year, a polyfunctional and proliferative long-term memory population was still observed



As antibodies & T-cell response against Ad6 were detected after the priming and limited the boosting
effect of the 2nd immunization with ChAd3, the trial is now performed with MVA+ChAd3

≈ 350 subjects will be enrolled

Results expected in 2015/2016



Recombinant E1-E2 vaccine

Native heterodimer complex comprising both full lenght envelope glycoproteins E1 (33KDa) & E2 (17KDa)

Produced in CHO or Hela cell lines

E1-E2 retained in the ER via transmembrane domain (TMD)

Primes the induction of viral nAbs a CD4+ T-cell response

COOH

NH2

NH2

E1 E2
ER lumen

HOOCcytoplasm

Dr M. Houghton & collaborators



Recombinant E1-E2 vaccine

Combined HCV vaccine preclinical data in the chimpanzee model

(combined results from homologous HCV 1a  & heterologous HCV 1a challenges)

Chimpanzee studies performed at over the course of 15 years (1994-2009)

with various adjuvants and recombinant E1-E2 of varying purities

Houghton & Abrignani, Nature 2005 ; Houghton Immunol Reviews 2011

Vaccinees

Controls

number acute infection chronic infection

number that developed:

31

24

26 (84%)

24 (100%)

5 (16%)

15 (62%)
P < 0.001

/



Phase I trial with E1-E2 recombinant vaccine (gen 1a) + MF59 as adjuvant

Anti-E1-E2 (ELISA)

60 healthy volunteers (4 groups of 15 individuals with 4x injections of 4, 20 or 100 µg)

Vaccine safe & well-tolerated

Elicits anti-E1-E2 titers in the same range as in protected chimpanzees

Induces a strong lymphoproliferative response to E1-E2

20 µg E1-E2 dose administered on month 0, 1 & 6 appears optimal
(100% of subjects developped a humoral response after the 3rd vaccination)



Phase I trial with E1-E2 recombinant vaccine (gen 1a) + MF59 as adjuvant
(neutralization assays with sera collected 2 weeks post-3rd vaccination with 100 µg)

5/13 human sera neutralized over 50% of heterologous HCVcc 1a
(2 of which neutralized up to 80% of viral infectivity)

Neutralization normalized using the pre-vaccination sera of the same individual



Phase I trial with E1-E2 recombinant vaccine (gen 1a) + MF59 as adjuvant
(neutralization assays with sera collected 2 weeks post-3rd vaccination with 100 µg)

3 sera with high neutralization properties were choosen for further analysis 
2/3 sera presented a broad range of neutralization against HCVcc of all 7 genotypes
(the lowest efficiency being observed in genotypes 2, 3 & 7) 

(Dr Houghton) is planning to test the efficacy of an improved recombinant E1-E2 vaccine in Canadian IVDUs



Hepatitis B & hepatitis C viruses

HBV HCV
Family / genomeHepadnavirus / DNA Flavivirus / RNA

Structure E2
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Chimeric HBV-HCV envelope proteins containing
the  complete HCV E1 and/or E2 protein sequence

(HCV 1a genotype) self assemble into subviral
particles resembling to the HBV vaccine

anti-S

anti-E1 + anti-E2

Stable production of ≈ 10 µg/ml  HBs Ag in the supernatant of CHO clones

subviral particles 
are secreted and used 
for the HBV vaccine

Patent : Nｰ 08/03377 (June 17, 2008)
Nｰ PCT/FR2009/051142 (June 15, 2009)



or adjuvant alone
3 x 15 µg (week 0, 2, 4)

of particles
serum collected week 6

+ controls with
adjuvant alone

 (MF 59 Addavax ®)

+ controls with
Engerix

The best immunogen for anti-HCV response  is the subviral particle containing the E2-S chimeric protein
(rabbits & mice data, with different adjuvants)

The anti-HBs response is equivalent to the response induced by a commercial HBV vaccine, suggesting that the chimeric
particles could replace existing HBV vaccines whilst providing the additional benefit of protection against HCV.

anti-E1 or E2

anti-HBs



or adjuvant alone

Evaluation of the neutralizing response against HCVcc genotypes 1a, 1b, 2 and 3 in vitro

Sera containing anti-E2 elicited by the chimeric HBV-HCV (genotype 1a) particles neutralize infections 
with HCVcc  from different heterologous strains of various genotypes : 1a = 1b > 2a > 3.



or adjuvant alone

1a

Evaluation of the neutralizing antibodies titers



Production of subviral particles containing HCV envelope from different genotypes is in process in Tours
to immunize with a mix of particles and increase the cross-neutralizing properties of this vaccine candidate

1a
1b 3

4

Massima et al, Hepatology 2014



  The entire HCV E1 and/or E2 env proteins, are incorporated in secreted subviral particles
   resembling the HBV vaccine.

  Sera containing anti-E1 and anti-E2 elicited by the chimeric HBV-HCV (genotype 1a) particles
  neutralize different HCV heterologous strains of various genotypes (1a, 1b, 2a and 3).

  This vaccine candidate could be produced by the same procedures established for HBV vaccines,
  reducing the time and cost of its industrial development.

  The anti-HBs response induced by the chimeric particles is equivalent to the response induced by a
  commercial HBV vaccine, suggesting that this vaccine could replace existing HBV vaccines whilst
  providing the additional benefit of protection against HCV.

  A bivalent HBV-HCV prophylactic vaccine is of potential interest as the population at risk of infection
  with these two viruses are essentially the same (persons exposed to infected blood).

Conclusions
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