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Abstract

The induction of protective or therapeutic cellularimmunity against hepatitis C virus (HCV) is a difficult goal. In a previous work we showed
that immunization with a recombinant adenovirus encoding HCV-NS3 (RAdNS3) could partially protect mice from challenge with a vaccinia
virus encoding HCV antigens. We sought to investigate whether systemic administration of an immunostimulatory monoclonal antibody
directed against the lymphocyte surface molecule CD137 could enhance the immunity elicited by RAINS3. It was found that treatment with
anti-CD137 mAb after the administration of a suboptimal dose of RAANS3 enhanced cytotoxic and T helper cell responses against HCV
NS3. Importantly, the ability of RAANS3 to induce protective immunity against challenge with a recombinant vaccinia virus expressing HCV
proteins was markedly augmented. Thus, combination of immunostimulatory anti-CD137 mAb with recombinant adenoviruses expressing
HCV proteins might be useful in strategies of immunization against HCV.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction clearance after acute infection, whereas absence of this T-
cell response leads to viral persistence and chronic hepatitis
Infection by HCV is the major cause of non-A, non-B hep- [9,13]. Several studies have also detected cytotoxic T cell re-
atitis, affecting an estimated 170 million people worldwide sponses against NS3 protein in HCV patida-16] Thus,
[1]. Itis characterised by a high tendency to chronicity, which NS3 might be a good target for the development of anti-HCV

often progresses to cirrhosis and liver car{egrViral clear- prophylactic or therapeutic vaccination.
ance after acute hepatitis or after IleNtherapy is usually Recombinant viruses constitute an attractive strategy to
associated with strong CD4 and CD8 T cell respoifi3e$2]. induce strong cellular immune responses. In a previous work

In particular, cellular T helper immune response against non- we showed that the replication-deficient adenovirus RAANS3
structural NS3 HCV protein has been associated with viral expressing HCV NS3 protein was able to induce both €D4
and CD8 cellular immunity[17]. When mice were immu-
T Comespondi hor. Tel: 434,948 194700x3010: fax: +34 948 194717 nized with 1x 10° pfu of RAINS3, 60% of the animals were
Eo”e_SpO” ingauthor. Tel.: XoOLY; fax: * protected against challenge with arecombinant vaccinia virus
-mail addressesimelero@unav.es (. Melero), jjlasarte@unav.es . .
(3.J. Lasarte). expressing HCV proteins (vHCV1-3011). However, when the
1 |.M. and J.J.L share credit for senior authorship. dose of RAINS3 was reduced toBL0P pfu, only a marginal

0264-410X/$ — see front matter © 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.vaccine.2005.02.003


https://core.ac.uk/display/83571296?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

3494 L. Arribillaga et al. / Vaccine 23 (2005) 3493-3499

induction of anti-NS3 T cell responses were detected and 2. Materials and methods
no protection against vHCV1-3011 challenge was elicited.
It has been recently described that HCV proteins might im- 2.1. Mice
pair dendritic cell differentiation and mediate an immuno-
inhibitory effect on the induction of anti-HCV immune re- Female BALB/c mice, 4-6 weeks old were purchased
sponseg18-20] Thus, strategies aimed at augmenting the from Harlan (Barcelona, Spain), hosted in appropriated ani-
immunogenicity of the recombinant adenovirus expressing mal care facilities during the experimental period and handled
NS3 might have important implications for a potential anti- following the Institutional guidelines required for experimen-
HCV vaccine. tation with animals.

Dendritic cells (DC) are a subset of antigen presenting
cells with potentimmunostimulatory properties forthe induc- 5 5 ca|is and viruses
tion of T cell responsei®1]. These cells capture and process
antigens, migrate to lymphoid tissues, express costimulatory 1,5 hundred and ninty-three cells (ECACC no.:
molecules and produce cytokines and chemokines that at'85120602), derived from human embryonic kidney and sta-
tract and activate T cells. Interaction of these costimulatory bly transfected with the E1 region of the adenovirus type 5
molecules with their ligands constitute the needed “second (Ad5), were used for generation and propagation of the re-
signal” for the full activation of T cells. Thus, combination  ¢ympinant adenoviruses. Recombinant adenovirus express-
Qf an antigen with costimulatory_ s_ignals on the immuniza- ing hepatitis NS3 (HCV) protein (RAINS3) under the con-
tion schedule may have a beneficial effect to enhance cellu-yq| of the cytomegalovirus major immediate early promoter
lar immune responses against a defined ant[ger3} A was generated as descrilj¢d]. The recombinant adenovirus
number of costimulatory signals provided by members of the |, ;¢ propagated on 293 cells and purified in a CsCl isopic-
TNF receptor superfamily (TNFR) have been shown t0 aug- pic panding step. Viral band was dialyzed against 0.01 M
ment T cell responses. Among these ligand-receptor pairs atTris, pH 8.0. At this stage, the virus was kept in aliquots
the surfaqe of DQ and T cells th_at may amplify T cell re- 5+ _go°c. P815 cells (ATCC TIB64) were used as tar-
sponses, interaction of CD137 with its ligand CD137L, has get celis for cytotoxicity assays. BSC-1 cells (kindly pro-
been shown to activate strongly T cell immunity (reviewed \ijeq by Dr. J.A. Berzofsky, NIH Bethesda, MD) were
in [24]). used for titration of vaccinia virus in ovaries. These cell

CD137 is expressed on activated, but not resting T Cells jines \were cultured in RPMI-1640 medium plus 10% foetal
[25]. Also, CD137 expression has been detected on B q4f serym, antibiotics and %10-5M 2-mercaptoethanol

cells, macrophages, dendritic cells, activated NK cells, or 5+ 37°c and 5% CG. Vaccinia virus VHCV1-3011 ex-
eosinophils although the physiological significance of the pressing HCV polyprotein was kindly provided by Dr. CM

expression on these cell types remains to be elucidated (regjqe (Washington University School of Medicine, St. Louis,
viewed in[26]). A single ligand for CD137 has been iden- MO).

tified whose expression has been found on activated den-
dritic cells, B cells and macrophag¢27—30] There is

ample evidence that CD137 driven signals are potent for
CD8'" T cell stimulation[23,31-40]and if provided together

with those signals from CD28 and TCR, the T lympho- . ' T )
cytes reach optimal levels of activati§2s,34,38,39] Thus, ~ acids 1192-1458) was expresseétstherichia coland pu-
treatments with agonistic anti-CD137 monoclonal antibod- fified as previously describefd7]. Peptide p1215, which

ies have shown to induce potent CTL-mediated antitumor ef- €1COMpasses an immunodominant cytotoxic T cell epi-
fects[31,41] synergizing with tumor antigen immunization tOP€ Within NS3[17], was synthesized by the solid phase

2.3. NS3 recombinant protein and peptide synthesis

The HCV NS3 helicase domain from HCV H (amino

[41,42] method using a multiple synthesizer as previously described
In the present study, we have studied whether the ad-[43], analyzed by HPLC and used without further purifica-
tion.

ministration of anti-CD137 after immunization with a sub-
optimal dose of RAINS3 improves the anti-HCV immune
response induced in mice. As a surrogate for HCV infec- 2.4. Production and purification of anti-CD137 mAb

tion (which does not infect mice), mice immunized with a

non-protective dose of RAINS3 followed by anti-CD137 A rat IlgG2a against murine CD137 was produced as pre-
antibody administration were challenged with a recombi- viously described41]. The protein in the culture super-
nant vaccinia virus expressing HCV polyprotein (vHCV1- natants was purified using a HiTrap protein G-sepharose
3011). As discussed below, we show that co-administration column (Amersham Pharmacia Biotech, Piscataway, NJ)
of anti-CD137 antibodies strongly potentiates both €CD4 and dialyzed in LPS-free PBS. Endotoxin levels were
and CD8 T cell responses against HCV NS3 protein and tested using a Quantitative Chromogenic Limulus Amebo-
achieves full protection of mice from infection with vHCV1- cyte Lysate assay (Bio-Whittaker) and were <0.5f&g)/
3011. protein.



L. Arribillaga et al. / Vaccine 23 (2005) 3493-3499 3495

2.5. Measurement of cytotoxic T cell activity after 3. Results
immunization with RAANS3
3.1. Anti-CD137 monoclonal antibody administration

Mice were immunized i.p. with & 10° pfu of RAINS3 after immunization with a recombinant adenovirus
virus in 500ul of PBS. Four days after immunization they expressing HCV-NS3 protein enhances CO4cell
received ani.p. administration of 19@ of anti-CD137 mon- response against NS3
oclonal antibody, 10f.g of rat IgG or saline (three mice per
group). Twelve to 15 days after immunization, spleens were  In a previous study, we showed that i.p. immunization
removed, homogenized andgL0P cells cultured in 96-well with 10° pfu of a recombinant adenovirus expressing HCV-
plates in RPMI-1640 medium supplemented with 10% fetal NS3 protein (RAdNS3) was able to induce both T helper and
calf serum, antibiotics and% 10~°M of 2-mercaptoethanol, T cytotoxic anti-NS3 responsk?]. The elicited immune re-
in the presence or absence of peptide pl1215ud/l). sponse was able to protect around 60% of mice against chal-
Five days later, cytotoxic activity was measured as previ- lenge with the recombinant vaccinia vHCV1-3011 express-
ously describef4] using a conventional cytotoxicity assay ing HCV proteins. However, when the dose of adenovirus
using radio-labeled P815 cells pulsed with p1215 as targetused for immunization is reduced tox510° pfu, neither T
cells. helper nor T cytotoxic T cell response against NS3 are de-
tected and no protection against vHCV1-3011 was observed.
Induction, expansion and maintenance of T cell responses
are achieved through intricate and precise interactions be-
_ , _ tween CD4 T cells, CD8 T cells and dendritic cells. Among

Spleen cells from immunized animals were plated on 96- ¢ gifferent ligand-receptor pairs implicated, interaction of
well U-bottomed plates at 8 10> cells/well with culture  ©p137) expressed on dendritic cells and CD137 on T cells
medium in the presence or absence of NS3 proteirg(inl), has been shown to be very important for maintenance and full
or peptide p1215 (2pg/ml) to a final volume of 0.25ml. In - oy hansion of activated T cells. For these reasons we tested
some experiments, 1Q@y/ml of anti-CD4 or anti-CD8 an-  yhe capacity of an agonistic anti-CD137 specific monoclonal

tibodies (obtained from rat anti-mouse hybridomas GK 1.5 ,ntinady to enhance the immune response against an antigen
and H35 17.2, respectively) were added to the cultures. S“'injected at a suboptimal dose. Thus, groups of mice were im-

pernatants (5QI) were remov_ed 48 h later for the measure- ., jnized i.p. first with 5¢ 10° pfu of RAANS3 followed by
ment of IFN<y. IFN-y production was measured by EUSA, the i.p. administration of 10Qg of anti-CD137. As controls,
(Pharmingen, San Diego, CA) according to manufacturer's v, groups of RAINS3 immunized mice were injected with
Instructions. saline or with 10Qug of rat IgG. Also, we included other con-

trol group of mice treated only with anti CD137 antibodies.
Mice were sacrificed 12—-15 days after adenovirus immuniza-
tion and spleen cells were cultured in the presence or absence
of NS3 protein. IFNy present in the culture supernatants
was measured by ELISA. As it is shownig. 1A, immu-
nization with 5x 10° pfu of RAANS3 did not induce T cells

2.6. Cytokine measurement

2.7. Invivo protection against infection with a
recombinant vaccinia virus expressing HCV proteins

Immunized mice were challenged i.p. withx5.0° pfu
of the recombinant vaccinia vHCV1-3011 expressing ! )
HCV polyprotein (10 mice per group). Three days af- ab_le to produc_e IFNin response to NSS recombinant pro-
ter vaccinia challenge, mice were sacrificed and ovaries €in- However, if RAANS3 immunization is followed by anti-
removed, weighted, homogenized, sonicated and as-CD137 administration, spleen cells produce high amounts of

sayed for VHCV1-3011 titre by plating serial 10-fold IFN-v in response to NS3. Administration of anti-CD137 in
dilutions of samples on a plate of BSC-1 indica- the absence of a previous immunization with RAINS3, or the

tor cells. After 2 days of culture, cells were stained administration of rat IgG after RAANS3 immunization did not
have any effect on IFN+production. The IFNy production
was mediated by CD4T cells since addition of anti-CD4 to
the cultures, but not anti-CD8 or control antibodies, inhibited
the production of this cytokind~{g. 1B).

with crystal violet to detect pfu at each serial dilu-
tion.

2.8. Statistics
3.2. Anti-CD137 antibody administration after

Statistical analysis was carried out to evaluate the protec-immunization with RAdNS3 enhances CTL responses
tive effect of adenovirus immunization. Data were analysed against NS3
by the Kruskal-Wallis test, followed by Mann—-Whitney’s
U-test as a multiple comparison test with Bonferroni ad-  To study the CTL response induced by RAANS3 im-
justment. All statistical analyses were performed with munization, we measured the CTL activity against peptide
SPSS v6.0 for Windows package. Adtvalues were two-  p1215, which, as we have previously shojti7], encom-
tailed. passes an immunodominant cytotoxic T cell epitope within
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Fig. 1. Administration of anti-CD137 mAb after immunization with  Fig. 2. Administration of anti-CD137 mAb after immunization with
RAdNS3 enhances CD4T cell response against NS3 protein. (A) Spleen RAdNS3 enhances cytotoxic T cell response against peptide p1215 from
cells from mice immunized with RAANS3, RAdNS3 plus anti-CD137, anti- NS3. Spleen cells from mice immunized with RAANS3, RAdNS3 plus anti-
CD137 alone or with RAANS3 plus rat IgG (three mice per group), were CD137, or with RAANS3 plus rat IgG (three mice per group) were cultured
cultured in vitro in the presence or absence of recombinant NS3 protein. in vitro in the presence or absence ofid@ml of peptide p1215 from NS3.
Culture supernatants were harvested 48 h later and the presence §f IFN- (A) After 5 days of culture, CTL activity against P815 target cell pulsed
in these supernatants was measured by ELISA. (B) Spleen cells from micewith p1215 peptide was measured using ther release assay. An effec-
immunized with RADNS3 plus anti CD137 were cultured in the absence tor:target ratio of 25 was used. (B) IFfproduction after 2 days of culture
or presence of NS3. Anti-CD4, anti-CD8 or rat IgG were added to the cul- in the presence or absence of peptide p1215 was measured by ELISA. Bars
tures and IFNy secreted to the supernantant was measured by ELISA. Bars represent the mean average of triplicate samples + S.E.M.
represent the mean average of triplicate samples + S.E.M.

or with saline was unable to protect mice against challenge.
NS3. Thus, spleen cells from the groups of mice described Similarly, administration of anti-CD137 antibodies alone, 6
above were cultured in the presence or absence of peptidejays before vaccinia challenge did not protect mice against
p1215. Asinthe case ofthe T helper response, we were unablénfection. However, immunization with RAdNS3 followed

to detect cytolytic activity against P815 target cells pulsed by anti-CD137 administration was able to fully protect mice

with peptide p1215 in mice who had receivest 80° pfu of from challenge (reduction of viremia under the limit of de-
RAdNS3. However, if RAADNS3 immunization is followed

by anti-CD137 administration, a significant increase on CTL p<0.001

activity was observedHig. 2A). This enhancement was also o »

i —
observed when we measured the Ifgroduction of spleen

cells in the presence of peptide p12Figy; 2B).

p<0.001 p<0.001

—r—>
]0]—-- - - - - -

To analyze invivo the efficacy ofimmunization with a sub- T S S F————_
optimal dose of RAINS3 followed by anti-CD137 adminis- +anti CD137 + Rat IgG
tration we measured the protection of mice against infection
with VHCV1-3011 expressing HCV polyprotein. Thus, 10 Fig. 3. Anti-CD137 antibody administration after immunization with

d ft d . . izati : hall d RAdNS3 confers protection against infection with vHCV1-3011 expressing
ays aner adenovirus immunization, mice were challenge HCV polyprotein. Groups of 10 mice were immunized with: (i) RAANS3;

with 5 x 10° pfu of vHCV1-3011. Groups of mice, immu- i RAINS3 plus anti-CD137; (iiiy RANS3 plus rat IgG: (iv) anti-CD137
nized with RAdANS3 plus rat IgG or plus saline as well as alone; or (v) with saline: 10 days after immunization mice were challenged
a group of mice injected with anti-CD137 alone were in- i.p- with 5x 10P pfu of vHCV1-3011. Three days after challenge, ovaries
cluded as controls. Three days after challenge with vVHCV1- were harvgsted and vaccinia titre was _meas_ured by plating on BSC-1 cells.
3011. mice were sacrificed. the ovaries were extracted andVlral load is expressed as the log of virus titre per mg of ovary. Bars rep-
D . ! ! . . resent the mean average of virus titres from 10 mice + S.E.M. Doted line
vaccinia viral load was determined as described in meth- yepresents the limit of detection of vaccinia infection in the BSC-1-based

ods. As it is shown irFig. 3, immunization with RAINS3 bioassay. Similar results were obtained in two independent experiments.
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3.3. Anti-CD137 antibody administration after
immunization with RAINS3 confers protection against
infection with vHCV1-3011 expressing HCV polyprotein
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tection in the BSC-1 cell-based bioassay). Administration of responses against HCV NS3, and this finding might have
rat IgG or saline after RAANS3 immunization did not have important implications for vaccination against HCV infec-
any protective effect. tion.
Administration of anti-CD137 antibodies after RAINS3
injection allowed the induction of a strong CTL response
4. Discussion against target cells pulsed with peptide p1215, which encom-
passes an immunodominant epitope from NS3 in BALB/c.
T cell responses against viral antigens are present inThis increase in CTL activity was associated with a marked
chronic HCV carriers. However, they are weak and ineffi- increase in the production of IFN4n response to the pep-
cient[3-10,14,15,45]In fact, the frequency of CTL precur- tide. It has been described that in vivo administration of
sors against HCV proteins found in patients with chronic an agonistic anti-CD137 antibody preferentially expands
hepatitis C is very low, in comparison to that found in HIV CD8" T cells that recognise non-dominant epitopes giving
or CMV infections[46—-48] It has been described that HCV rise to broader immune responses (in a phenomenon named
can infect DC and that expression of HCV proteins inside CD8" epitope broadening)62]. We have tested if the anti
DC induces an impairment of its stimulatory functid2®)] CD137 mAb administration was able to expand CDB
and this impairment might lead an inefficient priming of anti- cells specific for other non-dominant epitopes from NS3
HCV T cell responsefl9,29,49] Thus, there is a need for described in our previous publicatidi7]. However, we
the development of strategies able to induce potent immunehave only found an improvement in both CTL and IFN-
responses against HCV proteins that could be effective in they production capacity in response to the immunodominant
treatment and prevention of HCV infection. pl215 and not in response to the other peptides (data not
Costimulatory signals are essential for full activation and shown).
proliferation of activated T cells and it is generally accepted = We tested the capacity of this immunization protocol
that in the absence of these signals, the T cell response iscombining RAANS3 and anti-CD137 antibody administra-
ineffective and may often lead to death or unresponsivenesstion to protect mice from the infection of the recombinant
of antigen-specific T cells. CD137 molecule has been impli- replicative vaccinia virus vHCV1-3011 expressing the HCV-
cated in providing expansion and survival signals to T cells, polyprotein, as a surrogate for HCV infection. We show in
and thus, might be a target for strategies aimed at augmentinghis model that vaccination of mice with a suboptimal dose
weak T cell responses. In the present work we have tested theof RAANS3 is unable to protect mice from vaccinia chal-
effect of the administration of an agonistic anti-CD137 anti- lenge. However, when RAANS3 immunized mice were sup-
body after immunization with a suboptimal dose of a recom- plemented with anti-CD137 administration, a full protection
binant adenovirus expressing HCV-NS3 protein (RAdNS3) against challenge with the recombinant vHCV1-3011 was
on the induction of anti-NS3 CD4and CD8 cellular im- observed. Our data suggest that anti-CD137 administration
mune responses. We have administered the anti-CD137 antiafter immunization with an antigen will provide a valuable
body 4 days after immunization with the adenovirus becausetool for the induction of strong antiviral CD4 and CD8 T cell
the expression of CD137 molecule on the surface of T cells immune responses. Recombinant adenoviral vectors express-
is induced after antigen driven-TCR activation of T cells, ing HCV proteins, combined with anti CD137 administration
with a peak expression at 48—73%0]. After this immu- might be useful, not only in prophylactic vaccination, but also
nization schedule we found that anti-CD137 administration in the active immunotherapy of HCV chronically infected
strongly improved IFNy production by CD4 T cells in re- patients.
sponse to NS3 proteirF{g. 1). It has been described that
the agonistic anti-CD137 antibodies in vivo have a prefer-
ential role as a costimulation molecule for CD¥ cells, Acknowledgements
with no detectable effect on CDA cells[34-36,51] More-
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