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A substudy of a phase I/Il, prospective, multicenter
clinical trial was carried out to investigate the potential
benefit of therapeutic vaccination on hepatitis B e anti-
gen-negative patients with chronic hepatitis B (CHB),
treated efficiently with analogues. Patients were random-
ized in 2 arms, one receiving a hepatitis B virus (HBV)
envelope DNA vaccine, and one without vaccination.
At baseline, HBV-specific interferon (IFN)-y-producing T
cells were detected in both groups after in vitro expansion
of peripheral blood mononuclear cells. Vaccine-specific
responses remained stable in the vaccine group, whereas
in the control group the percentage of patients with HBV-
specific IFN-y—producing T cells decreased over time. The
vaccine-specific cytokine-producing T cells were mostly
polyfunctional CD4* T cells, and the proportion of triple
cytokine-producer T cells was boosted after DNA injec-
tions. However, these T-cell responses did not impact
on HBV reactivation after stopping analogue treatment.
Importantly, before cessation of treatment serum hepa-
titis B surface antigen (HBsAg) titers were significantly
associated with DNA or HBsAg clearance. Therapeutic
vaccination in CHB patients with persistent suppres-
sion of HBV replication led to the persistence of T-cell
responses, but further improvements should be searched
for to control infection after treatment discontinuation.
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INTRODUCTION

With more than 350 million of chronic hepatitis B virus (HBV) car-
riers worldwide, HBV infection remains an important health prob-
lem. The ultimate goal of HBV therapy is to obtain a complete viral
suppression with long-term nondetection of serum HBV DNA and
to cure the infection, i.e., to obtain clearance of serum hepatitis B
surface antigen (HBsAg) and anti-HBs seroconversion. Antiviral

drugs such as interferon (IFN)-o. and nucleos(t)ide analogues
(NUC) efficiently suppress viral replication and reduce liver-related
mortality. However, treatment with IFN-o. has limited positive
effects and numerous major side effects.! The persistence of cova-
lently closed circular HBV DNA, the risk of viral resistance and the
long-term duration of therapy are the main limits of NUC. An alter-
native approach to antiviral treatment is modulation of the immune
response that is defective in patients with chronic infection.? As the
adaptive and innate immune responses are known to be involved
in viral clearance during acute self-limiting HBV infection,>* thera-
peutic vaccination is a promising future strategy to control chronic
viral infection. Since T-cell hyporesponsiveness is associated with
high viral load, it has been suggested that reducing viral load before
applying vaccine therapy could be a rational strategy to improve
the immune response in HBV carriers. In a preliminary phase Ib
trial in lamivudine resistant patients, we have previously shown
encouraging results with 5 injections of a recombinant DNA vac-
cine encoding two out of the three HBV envelope proteins. A res-
toration of NK cell functions and HBV-specific T-cell responses
was observed, although this was transient.®” Interestingly, an anti-
HBe seroconversion occurred in the patients with the lowest viral
load at the beginning of the trial, highlighting the importance of
HBV DNA titers for successful immunotherapy. Analogues such
as lamivudine and adefovir dipivoxyl have been shown to enhance
T-cell responses concomitantly with a viral load decrease.*'° Based
on these observations, a phase I/II, open, prospective, multicenter
trial clinical trial involving chronic HBV carriers with effective
NUC treatments was designed (ClinicalTrials.gov NCT00536627).
Patients were randomized to receive HBV envelope-expressing
DNA injections or nothing and antiviral treatments were stopped
in both groups 2 weeks after the last DNA injection. The primary
endpoint of this trial was vaccine protection against the virologi-
cal breakthrough that may occur during treatment with analogues
and against reactivation after the end of analogue treatment. In this
article, we report a substudy analyzing the efficacy of the DNA vac-
cine to induce an efficient immune response in HBeAg negative
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(—) patients that were successfully treated by antivirals. We showed
that DNA vaccination allowed the maintenance of the number, the
diversity and the functionality of envelope-specific T-cell responses
and that HBsAg titers account for an important determinant of
serological and virological responses. Nevertheless, the presence of
an adaptive immune response was not able to prevent HBV reacti-
vation in patients after NUC discontinuation.

RESULTS
Ex vivo HBV-specific T-cell responses in patients
Seventy patients with viral load below 12 IU/ml were random-
ized to receive five injections of pPCMV-S2S DNA (vaccine group)
or nothing (control group) on week (W) 0 (baseline), W8, W16,
W40, and W44. To avoid a potential impact of the HBeAg status
on the immune response, only 31 patients from the vaccine group
and 28 patients from the control group that were HBeAg negative
were included in this substudy (Figure 1 and Table 1). Among
them, 17 and 9 patients expressed the human leucocyte antigen
(HLA)-A2 molecule in the vaccine and control groups, respec-
tively (Table 1). The frequencies of circulating HBV-specific T
cells were evaluated by tetramer staining (Supplementary Figure
S1b). Positive envelope- (52.9% and 55.6%) and core- (47.1% and
55.6%) specific responses were detected at baseline in patients
from the vaccine and control group, respectively. However, the
frequencies of HBV-specific CD8 responses were rather low
(median/range,<0.1%/0.01-0.28) and did not show a significant
improvement in vaccinated patients over time (data not shown).
T-cell responses in 59 patients were also assessed using the
IEN-y ELISpot assay, after an ex vivo stimulation of periph-
eral blood mononuclear cells (PBMCs) with pools of peptides.
The peptides encompassed either the preS2 and S domains of
the HBV envelope protein and were designed based on the
sequence of the immunogens expressed by the DNA vaccine
or the core protein of the HBV virus of genotype D. The mag-
nitude, the distribution and the specificity of vaccine-induced
T-cell responses against HBV proteins in all patients positive for
ELISpot are shown in Figure 2 for the two study groups. At base-
line, few patients had circulating core-specific (23.7%, 14/59)
and envelope-specific (16.9%, 10/59) IFN-y-producing T cells,
with only two patients having responses directed against both
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the preS2 and S antigens. The intensity of ex vivo positive T-cell
responses to HBV peptide pools was generally weak. At WO, the
median of PreS2-, S- and Core-specific IFN-y-secreting T cells
was 65, 45, and 58/10° cells within the control group and 83,
55, and 48 secreting T cells/10° cells within the vaccine group.
A slight increase was observed after stimulation with the preS2
peptide pool at W40 and W46 in the vaccine group (median/
range, 150/55-410 and 290/60-620, respectively) compared to
WO (median/range, 83/50-235) but did not reach statistical lev-
els (Figure 2, upper right). Core-specific responses remained
unchanged in both groups.

To investigate the vaccine-specific cytokine profile of PBMCs,
the cytokine milieu secreted by the cells stimulated in the same
conditions as the ELISpot was evaluated using Luminex tech-
nology (Figure 3). IL-2, IL-4, and IL-5 cytokine production was
never detected (data not shown). The PBMC cytokine profile of
11 CHB patients from each group that were randomly selected
was first compared to that from 10 healthy volunteers. Following
stimulation with HBV peptide pools of PBMCs of CHB individ-
uals taken at WO and of healthy volunteers, a secretion of IL-6,
GM-CSE, and IL-8 was observed (Figure 3a). However, only
the production of IL-6 and GM-CSF met statistical significance
in CHB carriers compared to healthy people after HBV-specific
stimulation (preS2, P = 0.004 and 0.0002; S, P = 0.033 and 0.006;
Core, P =0.001 and 0.001, respectively). A significant increase of
TNF-o was also observed after envelope-derived peptide stimu-
lation of PBMCs from CHB patients (Figure 3a). In addition
to these cytokines, the production of IL-1B by PBMCs was sig-
nificantly enhanced in CHB patients, suggesting that cells from
HBV-infected patients tend to produce inflammatory cytokines
when stimulated by HBV antigens. In a longitudinal study and
compared to baseline, a threefold increase at W18 in IFN-y pro-
duction and a fourfold increase at W46 in IL-6 production were
observed following stimulation with preS2-derived peptides in
the vaccine group but changes remained not statistically differ-
ent from the control group (Figure 3b, left panels). No significant
change in other cytokine concentrations was observed during the
follow-up although a production of inflammatory cytokines IL-8
and IL-1P3 was sporadically noticed in the control group following
HBYV antigen stimulation.
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Figure 1 Treatment and sampling schedule. Antiviral treatments were stopped at W48 for all chronic hepatitis B (CHB) HBeAg negative patients
except for 7 and restarted when hepatitis B virus (HBV) DNA level was >120 IU/ml in sera and this was confirmed by a second test 2 weeks later. Some
patients were re-treated after the first positive viremia without waiting for the results of retesting according to the physician’s decision. Dotted lines
represent fluctuating periods of time. Blood samples were collected at WO, W18, W40, and W46 for immunological assessments.
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Table 1 Clinical characteristics of the patients included in the substudy

Characteristics of groups Vaccine Control
HBeAg negative no.
No. 31 28
Age (year)
Median 49.3 46.3
Range 26.3-73.4 28.8-73.6
Male sex*
No. (%) 21(67.7) 25 (89.3)
Treatments at baseline bi-therapy®
No. (%) 14 (45) 14 (50)
Mono-therapy
No. (%) 17 (55) 14 (50)
Antiviral treatment duration (year)
Median 4.8 8.5
Range 1.4-17.0 2.1-19.3
HLA-A2 positive
No. (%) 17 (54.8) 9(32.1)
HBsAg (log IU/ml)
Wko
Median 3.37 3.31
Range 0.50 to 4.31 -0.52 to 4.36
Wk 46
Median 3.22 3.26
Range —0.13 to 4.43 —2.00 to 4.31

?After breaking the code, the baselines between the two groups were compa-
rable except for the sex ratio (P = 0.046). ®PAdefovir and lamivudine, lamivudine
and tenofovir, or emtricitabine and tenofovir.

T-cell proliferative responses were measured by [*H]thymi-
dine incorporation. At baseline, all the 59 HBe-negative patients
exhibited a strong proliferative response to purified protein deriv-
ative (mean stimulation index (SI) > 70) and tetanus toxoid (mean
SI > 38) recall antigens that persisted over time (data not shown).
From WO to W46, responders to the core protein (SI > 8) fluc-
tuated in percentage from 24.1 to 40% and 29.6 to 40.7% in the
vaccine and control groups, respectively. Conversely, a positive
proliferative response specific to HBV envelope proteins (SI > 3)
was detectable in only three patients (8%) in both groups at base-
line. During the follow-up, a transient proliferative response in an
additional patient from each group toward HBsAg was observed.
Overall, there were no significant differences between groups at
any time point. Moreover, the DNA immunization was not able to
amplify the pre-existing proliferative response found in the vac-
cine group (data not shown).

Frequency and specificity of in vitro IFN-y T-cell
responses

Since HBV-specific responses were hardly detectable ex vivo in
patients, short-term T-cell lines were derived from fresh PBMCs
stimulated for 10 days with different peptide pools corresponding
to the HBV core and envelope (preS2 and S) proteins. At baseline,
the in vitro culture greatly improved the frequency of patients with
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Figure 2 Ex vivo interferon (IFN)-y production by peripheral blood
mononuclear cells (PBMCs) after stimulation with hepatitis B virus
(HBV)-derived peptides. HBV-specific IFN-y-secreting T cells were
evaluated by the ELISpot assay at WO, W18, W40, and W46 in PBMCs
from control (n = 28; left panels, empty circles) and vaccine (n = 31;
right panels, black circles) groups after stimulation with preS2, S or Core
peptide pools. Each symbol stands for one patient and only responders
are shown. The number of IFN-y—producing cells is expressed per 10°
PBMCs and horizontal black bars represent medians.

HBV-specific IFN-y-producing T cells compared to that found
after ex vivo stimulation, with around 70% of responders after pep-
tide stimulations (compare Figures 2 and 4a). However, the pro-
portion of patients that responded to the core protein decreased
gradually over a 6-month period in both groups (Figure 4a, top).
The frequency of patients with IFN-y-producing T cells after stimu-
lation with the envelope-derived peptide also decreased in the con-
trol group from 87% at WO to 33% at W40 (Figure 4a, bottom).
Interestingly, this contrasted to the vaccine group in which the
number of responders remained stable over time. To further char-
acterize this sustained response, the fine specificity of the T cells
was analyzed by using subpools of the envelope-derived peptides.
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Figure 3 Cytokine production by peripheral blood mononuclear cells (PBMCs) after stimulation with HBV peptides. PBMCs were stimulated
as described in Figure 2 and the concentrations of IL-1f, IL-10, TNF-0, and of IL-6, IL-8, GM-CSF, IFN-y cytokines released in the supernatants were
determined at 48 and 96 hours, respectively. (a) The values of each axis represent the median concentration of cytokines (pg/ml) after stimulation
of PBMCs from a group of healthy volunteers (n = 10; white circles) or from chronic hepatitis B (CHB) patients (n = 22; black circles) taken at W0. P
values show statistical differences between patients and healthy volunteers (*P < 0.05; **P < 0.01;***P < 0.001). (b) The changes in cytokine profile
after vaccination were calculated as the ratio of the cytokine concentrations found at W18, W40, or W46 and WO. The squares on each axis represent
the calculated mean ratio for patients from the vaccine (n=11; black squares) and control (n = 11; white squares) groups. Ratios greater than 2 (bold
lines) are considered as positive.

In spite of variable proportion of T-cell specificities at baseline,  and S subpools gave rise to IFN-y secretion at the four time points

the six envelope subpools of peptides derived from the vaccine  studied in the vaccine group whereas the number of pools able to
sequence were recognized in both groups (Figure 4b). All preS2  generate a T-cell response declined gradually in the control group
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with only 3 S subpools recognized at W46. These results suggest a
positive effect of the vaccination on the maintenance of the diversity
of envelope-specific memory T cells.

Phenotype and functionality of T-cell responses
Having established the presence of preS2- and S-specific IFN-
Y-producing T cells in patients, a more extensive characterization
was performed on available frozen PBMCs from 12 vaccinated
and 10 control patients by intracellular staining (Figure 5). At
baseline, short-term cultures of PBMCs stimulated with vaccine-
derived peptides were unable to activate cytokine-producing
CD4™ T cells in half of the patients and CD8™ T cells in 58.3% and
60% of the patients from the vaccine and control groups, respec-
tively (data not shown). Patients with PBMCs responding to the
stimulation had predominantly HBV-specific CD4 T cells (Figure
5a). Over time, the percentage of vaccinated patients with CD4™ T
cells producing Th1 cytokines had a propensity to increase at W46
after the two last doses of vaccine. This was not the case in the con-
trol group where a downward trend was observed from W18 for
IL-2 and TNF-o. (Figure 5a, left panel). The proportion of patients
with positive CD8" T-cell responses fluctuated over time in both
groups but tended to decrease in the vaccine group especially at
W18 and re-increase thereafter (Figure 5a, right panel). In the
control group, the mean frequency of T-cell responses measured
by ICS assay was stable and less than 0.082%, 0.074%, and 0.255%
for IFN-y, IL-2, and TNF-0. CD4% T cells, respectively (Figure
5b, left panel). An increase in the mean percentage of IFN-
v-(0.200%)-at W18 and of TNF-0,-(0.395%) producing CD4*
T cells was observed at W40 in the vaccine group. However, this
increase remained non significant. The percentage of cytokine-
producing CD8* T cells remained low (<0.1%) (Figure 5b, right
panel) except for TNF-o but the observed high concentrations
were only attributed to one patient (see Supplementary Figure
S2 for analysis at single patient level).

The degree of functionality of the responding cells detected by
a polychromatic ICS assay is shown in Figure 6 for both the vac-
cine and the control groups. At baseline, the contribution of the
CD4* T-cell subset with three functions was totally absent in the
control group due to the low frequency of IFN-y-secreting cells
(see Figure 5b and Supplementary Figure S2, left panels). The
functional properties of antigen-specific CD4" T-cell responses
differed substantially over time with an increase in the number of
patients acquiring CD4™" T cells with 2 and 3 functions in the vac-
cine group only. These functionalities were boosted after the DNA
injections. This effect was notable as early as W18. Cytokine-
positive CD8 T cells were only single or double producers (data
not shown).

Virological and serological profiles after treatment
discontinuation

We next asked whether the presence of multifunctional T cells in
vaccinated patients could prevent HBV reactivation after cessa-
tion of NUC treatments at W48. As stated in the protocol, two
and five patients from the control and vaccine group did not
stop therapy due to virological breakthroughs between W0 and
W46. HBV DNA levels were evaluated every month after NUC
discontinuation. Serum HBV DNA was negative at W48 in the
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Figure 4 Percentage of patients with T-cell responses and diversity
of responses. Fresh peripheral blood mononuclear cells (PBMCs) from
patients taken at different time points were stimulated with peptide
pools corresponding to the hepatitis B virus (HBV) capsid (core) and
envelope proteins for 10 days and interferon (IFN)-y-secreting T cells
were enumerated by an in vitro ELISpot assay. (a) Percentage of patients
with positive IFN-y ELISpot response (responders) among vaccine (n =
17; black bars) and control (n = 16; white bars) groups over time. (b) Pie
charts represent the relative frequency of cells producing IFN-y following
re-stimulation with preS2 and S1-S5 envelope subpools.

D PreS2

remaining patients but became detectable (>12 TU/ml; 1.1 log,,
IU/ml) 1 month after treatment discontinuation (Figure 7a,
W52). When HBV DNA levels were >120 IU/ml (2.1 log,, IU/
ml), viremia was confirmed by a second test 2 weeks later. For
10 patients, HBV DNA level was available at only one time point
during the off-therapy period because they resume their antiviral
treatment without waiting for confirmation of viremia. If HBV
DNA levels continued to increase at a 2-week interval, patients
were considered as relapsers and they resumed their NUC treat-
ment. Between W58 and W62, only one patient from each group
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Figure 5 Production of envelope-specific Th1 cytokines by short-term cell lines. Frozen peripheral blood mononuclear cells (PBMCs) of patients
from vaccine (n = 12) and control (n = 10) groups were thawed and stimulated in vitro for 10 days with peptide pools corresponding to the envelope
proteins encoded by the vaccine, and T-cell responses were measured by ICS assay. (a) Frequency of patients with envelope-specific IFN-y-, IL-2—,
or TNF-a—secreting CD4% (left panel) and CD8™ (right panel) T cells analyzed from WO to W46. Black and white bars represent % of patients with
cytokine-producing cells from vaccine and control groups, respectively. (b) IFN-y, IL-2, and TNF-o. production by CD4% (left panel) and CD8" (right
panel) T cells was evaluated from WO to W46. Results are expressed as mean frequency of cytokine-positive T cells + SEM.

cleared HBV DNA in serum and stayed negative until W72 but
remained HBsAg positive.

Remarkably, 36.4% (8/22) patients from the vaccine group
demonstrated a decline of serum HBV DNA levels on two consec-
utive measurements (Figure 7a, bold lines) and were considered
as virological responders. By contrast, only 25% (5/20) of patients
from the control group displayed a similar trend.

Regarding the biochemical responses, HBV reactivation was
associated with a transient and mild increase in alanine amino-
transferase (ALT) levels. Only 3 and 2 patients in the vaccine and
control group experienced an increase of ALT >5 times upper
limit of normal, respectively. ALT values returned to normal lev-
els after the patients had resumed their treatment by W56 and
after. Four patients became HBsAg negative (two in each group)
between W60 and W72 after they restarted their antiviral treat-
ment. Among them, one patient from the control group even sero-
converted to anti-HBs. Notably, the four patients with serological
responses or the two patients with HBV DNA clearance were
patients with HBsAg titers <100 IU/ml at baseline. HBsAg levels,
measured at W46, were significantly lower in patients with HBsAg

680

loss (serological responders, Figure 7b) compared to relapsers
and virological responders (20.6+18 versus 4,916+1,206 and
1,713+£535; P = 0.002 and P = 0.02, respectively). A significant
difference (P = 0.04) was also found between relapsers and viro-
logical responders underlying the importance of HBsAg levels as
a determinant of virological response.

DISCUSSION

Functional impairment of Th1 and Th2 immunity is a key feature
of chronic HBV infection.? In addition to the clearance of the
HBV DNA and histological improvements, NUC treatments have
been shown to restore to some extent T-cell immunity in CHB
patients®'* but the ultimate goal (i.e., HBsAg/anti-HBs serocon-
version) remains to be reached. HBV-specific therapeutic immu-
nization could represent a promising add-on therapy in order to
activate or re-activate defective T-cell responses. Our longitudinal
study was designed to investigate the efficacy of such treatment in
efficiently treated CHB patients. The T-cell responses obtained in
this trial were qualitatively and quantitatively different from those
obtained in our pilot study. In the first trial,® the HBsAg-based
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Figure 6 Evolution of cytokine expression patterns in T cells over
time. Pie charts were created taking into account the total CD4" T-cell
responses of 13 and 11 patients from the vaccine and control groups,
respectively. Pies stand for the mean fractions of CD4™ T cells able to
produce single (white segment), double (gray segment), or triple (black
segment) Th1 cytokines (IFN-y, IL-2, and TNF-o) after stimulation with
envelope-derived peptide pools at WO, W18, W40, and W46.

DNA vaccine was able to induce or re-activate envelope-specific
responses, whereas in this study, it only led to their maintenance,
but the status of patients was different since they were mainly
HBeAg positive and were not treated by NUC. However, in both
trials our results confirm that ex vivo HBV T-cell reactivity is weak
in the blood of CHB patients.®!! After in vitro expansion, the per-
centage of positive T-cell responders to HBV antigens at W0 was
higher in this study than in our previous trial (70% versus 30%).
This higher rate of positive responders could be either assigned to
the antiviral treatment since most of patients were treated by NUC
for years or to their HBeAg negative status.’

Most of the HBsAg-specific T cells detected in patients were
CD4™ T cells and the vaccine regimen appeared to maintain them
and to increase their diversity and their polyfunctionality. This is
important in CHB infection where an adequate CD4%" T-cell help
is required for efficient CD8* T-cell responses.’> However, due to
the low frequency of responses, robust statistical analysis could
not be performed and we can not exclude that these discrepencies
may be due to fluctuation in T-cell responses in periphery. In our
study, the slight change observed in the CD4 population did not
seem to impact on the function and the number of HBV-specific
CD8 T cells. Even if we cannot rule out that the CD8 T cells were
compartmentalized within the liver, a more rational explanation
is that the NUC treatments by controlling the infection, had also
decreased the number of available HBV-infected target cells pre-
senting HBV peptides in the liver. This may have resulted in a pro-
gressive loss of some T-cell specificities as observed at W40 and
W46 in the control group whereas vaccine injections could have
maintained the diversity of HBV-envelope T-cell responses in the
vaccine group (see Figure 4b). In addition, the expression of Bim
was found increased on HBV-specific CD8 T liver cells from CHB
patients and was not modulated by long-term antiviral therapy.'>!*
The persistent upregulation in the liver of the pro-apoptotic Bim
protein could have induced a premature death of the primed T
cells.”” As in patients treated with IFN-o, the marked depletion of
effector CD8 T cells may limit the recovery of effective antiviral
T-cell responses.'*

Atafirst glance, the vaccine therapy did not show a tremendous
additive effect to the antiviral therapy when NUC were stopped.
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Figure 7 Virological responses after treatment discontinuation. (a)
Time course of hepatitis B virus (HBV) DNA levels (log10 [U/ml) in sera of
chronic hepatitis B (CHB) patients from the control (n = 20) and vaccine
(n = 22) groups after treatment discontinuation at W48. As stated in the
protocol, two and five patients from the control and vaccine groups did
not stop therapy due to virological breakthroughs between W0 and W46.
For 6 and 4 from the control and vaccine groups, HBV DNA level was
available at only one time point during the off-therapy period because
they resume their antiviral treatment without waiting for confirmation
of viremia. Bold lines stand for virological responders (VR) defined as a
decline of serum HBV DNA levels on two consecutive measurements.
Dotted lines correspond to relapsers. (b) HBsAg titers (IU/ml) in relaps-
ers (n=29), VR (n = 13), and serological responders (SR; n = 4) at W46.

A high frequency of responders at baseline could have also per-
haps concealed the positive effect of vaccination. Treatment dis-
continuation was set only 2 weeks after the last vaccine injection.
T cells were both at an effector and memory stage at the time of
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re-encountering the viral antigens. Effector cells probably died
due to antigenic overstimulation after the re-increase in viral load
at that time. In our study, proliferative responses to HBsAg did
not increase in vaccinated patients suggesting that memory cells
that were induced by previous vaccine injections had not acquired
sufficient proliferative capacity.'” Moreover, the trial was designed
at a time when little was known concerning the drawbacks of
long-term treatment discontinuation. HBV DNA was detectable
in all patients within the first month and peaked between 1 and
2 months of treatment discontinuation. This is in agreement with
the recent work of Hadziyannis et al."® where a similar population
of HBeAg negative patients were treated long-term by adefovir
and where rebound of viral DNA over 10,000 IU/ml was observed
during off-treatment. For safety reasons, stringent criteria were
applied to our study. NUC treatment was restarted as soon as the
threshold of 120 IU/ml HBV DNA in two consecutive measure-
ments at 15 days apart was reached even though the HBV DNA
tended to decrease. This could also contribute to the disappointing
results obtained. It should be noted that the actual EASL clinical
practice guidelines are to treat patients only when the HBV DNA
level is over 2,000 IU/mL" In our trial, only a few hepatic flares
were observed after therapy withdrawal but most of our patients
resumed their antiviral treatment by 2 months after treatment
discontinuation. Nevertheless, although non significant, the per-
centage of patients with a decline in serum HBV DNA levels was
higher in the vaccine than in the control group. We can speculate
that the sustained and multifunctional immune response detected
in the vaccine group could have had a positive effect on the con-
trol of viremia. However, no correlation was found between the
magnitude of T-cell responses and virological response.

One of the most striking findings is the correlation between
control of viremia and HBsAg levels. Our results confirms that
an HBsAg level of less than 100 IU/ml before treatment cessa-
tion represents a good predictor of subsequent HBsAg loss as
previously shown by Hadziyannis et al.'® We also showed that the
control of viremia after treatment discontinuation was associated
with lower HBsAg levels in our patients. HBsAg levels appear
therefore as a convenient tool to predict the outcome of the dis-
ease after NUC cessation. It could have been interesting to analyze
T-cell responses in patients with no DNA rebound. Unfortunately,
PBMCs from the patients of the vaccine group were not available
after NUC discontinuation. Sporadic in vitro T-cell responses but
no proliferation to the envelope proteins were detected between
WO to W46 in the 2 patients with controlled viremia. Roughly
throughout the trial, no significant difference was detected in
HBV-specific T-cell responses between patients with or without
HBsAg loss. However, T-cell responses were assessed with pep-
tides matching with genotype D (i.e., the vaccine sequence). In
France, genotype D is present in around one third of the HBV-
infected patients?® meaning that our tools did not perfectly match
with the genotype of the viruses present in two third of patients.

Our trial showed that DNA vaccination allowed the mainte-
nance of the number, the diversity and the functionality of T-cell
responses and that HBsAg titers account for an important deter-
minant of serological and virological responses. Nevertheless, the
combination of DNA vaccination with antiviral long-term treat-
ment was not able to prevent HBV reactivation in patients after
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NUC discontinuation. In order to be more effective, future immu-
notherapies should deal with the viral antigen levels, the profound
defect of virus-specific T cells present in CHB patients and the
numerous inhibitory pathways that take place in the liver to avoid
the destruction of this vital organ. Heterologous prime-boost
approaches* combining injection of proteins to induce humoral
responses able to decrease the HBsAg levels with the induction
and maintenance of HBV-specific CD8 T cells by electroporated
DNA or viral vectors could represent a more powerful way to
enhance immune responses in CHB.

MATERIALS AND METHODS

Patient populations and study design. The protocol of the ANRS HB02
VAC-ADN was submitted, registered online at the NIH International
Clinical Trials Registry Platform (NCT00536627) and was approved by our
institutional ethical committee. This clinical trial was an open, prospec-
tive, phase I/II, randomized, multicenter trial conducted from February
2008 to October 2010 in France. An informed consent was obtained from
each patient and the study protocol conformed to the ethical guidelines of
the 1975 Declaration of Helsinki. Exclusion criteria were coinfection with
human immunodeficiency, hepatitis C and D viruses; intravenous drug use
or excessive alcohol consumption; past anti-HBV vaccination less than 5
years previously; treatment with immune stimulating molecules in the last
year or immunosuppressive treatment; immune-mediated disorder; kidney
or demyelinating diseases; Human leucocyte antigen DR15/16 phenotype
and pregnancy. Seventy NUC-treated HBsAg-positive patients with chronic
hepatitis B, a serum ALT value lower than fivefold the upper limit of normal
and with an HBV DNA <12 IU/ml for at least 1 year prior to randomiza-
tion were enrolled (Figure 1 and Table 1). Patients were randomized to
receive pPCMV-52.S DNA vaccine or nothing on day 0 and W8, W16, W40,
and W44. The vaccine administration was performed by two intra-deltoid
injections of 0.5 mg of vaccine in each muscle. The pPCMV-52.S plasmid and
safety of the vaccine regimen have been previously described and indicated
that the vaccine was well tolerated.® The immunological assays were per-
formed before starting therapy at the baseline (W0) and three times during
treatment (W18, W40, and W46). Patients stopped their NUC treatment at
W48 and were studied up to W72. Qualitative serum HBsAg and HBeAg,
quantitative HBV DNA (Abbott RealTime HBVassay, Abbott France S.A.S.,
Rungis, France or COBAS TagMan HBV Test, Roche Molecular Diagnostics,
Meylan, France; limit of quantification 10 and 12 IU/ml, respectively) and
ALT were performed at various time points. Quantitative serum HBsAg
(Abbott Architect HBsAg assay, Abbott France S.A.S.; dynamic range 0.05-
250.0 IU/ml) was measured at W0 and W46. Peripheral blood mononuclear
cells from 10 healthy volunteers unvaccinated for hepatitis B were supplied
by the Platform ICAReB (Institut Pasteur, France) from the cohort project
approved by the Ile-de-France ethics committee and the Health Research
Ministry under the code no. DC 2008-68 and served as negative controls for
HBV-specific proliferative responses, ELISpot assays and cytokine produc-
tion. HLA-A2 patients were identified by incubation of fresh PBMCs with
an anti-HLA-A2 PE-labeled antibody (AbD Serotec, Colmar, France).

HBYV antigens, synthetic peptides, and pentamers. Purified recombinant
HBsAg particles (genotype D) were produced in CHO cells (a gift from
Aventis Pasteur, Val de Reuil, France). A recombinant preparation of full-
length HBV core antigen (HBcAg) purified from E. Coli was provided by
the Center for Genetic Engineering and Biotechnology (Havana, Cuba).
Phytohemagglutinin (Becton Dickinson, Franklin Lakes, NJ), purified tet-
anus toxoid (Aventis Pasteur, Marcy I'Etoile, France) and tuberculin puri-
fied protein derivative (Statens Serum Institut, Copenhagen, Denmark)
were used as positive controls in proliferation assays.

Overlapping peptides (15 mers with 10-residue overlap) covering the
complete preS2 (n =10), S (n = 30) and capsid (n = 36) proteins from HBV
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(genotype D) were synthetized with a minimum purity level of 80% and
were purchased from PolyPeptide group (Strasbourg, France). In some
experiments, five subpools of S peptides (S1 to S5) were used. A pool of
32 control peptides derived from common pathogens from Anaspec (San
Jose, CA) was used as a positive control.

Four fluorescent MHC class I pentamers presenting the HBV HLA-A2
epitopes Core 18-27 (FLPSDFFPSV), env 183-191 (FLLTRILTI), env
335-343 (WLSLLVPFV) and env 348-357 (GLSPTVWLSYV) of genotype
D (Proimmune, Oxford, UK) were used to study the CD8 response.
Two HCV HLA-A2 epitopes Core 132-140 (DLMGYIPLV) and NS3
(CINGVCWTYV) were used as negative controls (Supplementary Figure
S1b). Ex vivo frequencies of pentamer-positive cells exceeding 0.01% of
CDS8 cells were considered positive.

PBMC isolation and proliferation assays. PBMCs were isolated from fresh
heparinized blood by Ficoll-Hypaque density gradient centrifugation. For
proliferation assays, PBMCs were cultured in triplicate (1.5x 10° cells/well)
in 96-well round-bottom microplates for 5 days in the presence of HBsAg (3
ug/ml), HBcAg (1 pug/ml), phytohemagglutinin (5 ug/ml), TT (10 pg/ml),
purified protein derivative (10 pg/ml) or medium alone.”> On day 5, cul-
tures were labeled by incubation for 8-16 hours with 1 pCi [*H]thymidine/
well (specific activity 25 pCi/mmol, Perkin Elmer, Courtaboeuf, France).
The proliferative response was evaluated by determining *H-thymidine
uptake with a beta counter (Microbeta, Perkin Elmer). The mean of the
triplicates were used for the analysis. The SI was calculated as the ratio
of the mean number of counts per minute in the presence and absence
of antigen. The specificity of proliferation assays was determined with
PBMCs from anti-HBs-antibody-negative healthy volunteers. A response
was scored as positive if the ratio was greater than the mean response plus
2 SD in healthy individuals and corresponded to a SI greater or equal to 3
and 8 for HBsAg and HBcAg, respectively.

Enzyme-linked immunosorbent spot assay for IFN-y release. Nitrocellulose
HA or sterile PVDF 96-well plates (Millipore SAS, Molsheim, France)
wetted with 35% ethanol and washed were coated with 15 and 10 pg/
ml anti-IFN-y mAb (clone 1-DIK; Mabtech, Nacka Strand, Sweden) in
0.1 M bicarbonate buffer (pH 9.6), respectively. The wells were blocked
and washed, then filled, in triplicate, with PBMCs (2 x 10°/well) and the
appropriate peptide pools (1 pug/ml of each single peptide), or medium
alone. After 20 hours of incubation at 37 °C, plates were washed and incu-
bated with 1 pg/ml biotinylated anti-IFN-y monoclonal antibody (clone
7B6-1; Mabtech) for 2.5 hours at room temperature. Plates were washed
and antibody binding was detected as previously described.® A BioCys
enzyme-linked immunosorbent spot (ELISpot) automatic counter was
used to score the number of spots. The median of the triplicates was used
for the analysis. The specificity and cut-off of ELISpot assays were deter-
mined with PBMCs from healthy individuals. A positive ELISpot assay was
defined as containing at least 25 IFN-y-producing cells/million PBMCs
in median, and greater than twice as median SFC in nonstimulated wells.

Cytokine profiles. Fresh PBMCs were cultured as in ELISpot assays in
96-well plates with PreS2, S and Core peptide pools, or with medium alone.
Supernatant aliquots were harvested at 48 and 96 hours and stored at —80
°C for further analysis. Interleukin (IL)-1f, IL-10, TNF-o. and GM-CSE
1L-2, IL-4, IL-5, IL-6, IL-8, IFN-y concentrations were measured with a
human cytokine 10-Plex panel (Invitrogen, Saint-Aubin, France) using a
Luminex array reader (Luminex 100IS, Luminex, Millipore, Molsheim,
France) at 48 and 96 hours, respectively. At least 100 events were acquired
for each cytokine. For each time point, a SI was calculated as the ratio
between antigen-stimulated/control cultures. The relative cytokine
response was calculated as a ratio between postvaccination and baseline
and was considered positive if the ratio was >2.

Short-term culture and flow cytometry analysis. Fresh or frozen PBMCs
were stimulated with peptide pools covering the preS2 and S or Core
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domains of HBV (1 pg/ml of each peptide) in the presence of 20 ng/ml
of interleukin IL-7 (Cytheris SA, France) in 24-well plates. Half of the
medium was replaced every 2-3 days with complete medium supple-
mented with recombinant IL-2 (50 IU/ml) (Roche, Meylan, France). After
10 days of culture, T-cell lines were restimulated with or without the cor-
responding peptides and the production of cytokines evaluated by intra-
cellular staining with anti-IFN-v, anti-IL-2 and anti-TNF-o. monoclonal
antibodies, as previously described in detail.”® Data were acquired on a
Cyan flow cytometer (Beckman Coulter, Villepinte, France) and analyzed
with the FlowJo software (Tree star, Ashland, OR)(Supplementary Figure
Sla). To identify the degree of functionality of cells, CD3 T cells were
separated into CD4™ and CD8" T-cell lineages. Within each lineage, the
subset of cells that express each functional marker (IFN-y, TNF-0, and
IL-2) was entered into a “Boolean gating” analysis that separately identifies
the seven subsets that express each possible combination of functions. The
HBV-specific response was evaluated by subtracting background levels of
nonspecific cytokine production observed in medium alone. A response
was considered positive if the percentage value of the subset of cells with
specific secretion of cytokines was at least the value observed with medium
alone, and represented at least 0.01% of acquired cells.

Statistical analysis. Frequencies of cytokines producing T cells from
groups of patients were compared by using Wilcoxon matched pairs test
and Mann-Whitney nonparametric U test when appropriate. The sample
size of 31 patients in the vaccine group conferred 80% power, with two-
sided P = 0.05, to detect a variation of 102 IFN-y-secreting cells after
immunization and a 22% and 34% difference in the proportion of patients
with positive proliferative responses to HBsAg and HBcAg, respectively.
Results are given in median (range), unless specified otherwise. HBV DNA
was logarithmically transformed for analysis. Clinical data were compared
using the ? test. For all tests, a value of P < 0.05 was considered statisti-
cally significant. Statistical analysis were performed using Prism software
(GraphPad, La Jolla, CA).

SUPPLEMENTARY MATERIAL

Figure S1. The gating strategy for detection of HBV-specific T cells by
(a) intracellular or (b) pentamer staining.

Figure $2. Individual kinetics of the production of envelope-specific
Th1 cytokines after in vitro stimulation.
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