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ABSTRACT
Objective To assess a new adenovirus-based
immunotherapy as a novel treatment approach to chronic
hepatitis B (CHB).
Methods TG1050 is a non-replicative adenovirus
serotype 5 encoding a unique large fusion protein
composed of a truncated HBV Core, a modiﬁed HBV
Polymerase and two HBV Envelope domains. We used a
recently described HBV-persistent mouse model based on a
recombinant adenovirus-associated virus encoding an over
length genome of HBV that induces the chronic production
of HBsAg, HBeAg and infectious HBV particles to assess
the ability of TG1050 to induce functional T cells in face of
a chronic status.
Results In in vitro studies, TG1050 was shown to express
the expected large polyprotein together with a dominant,
smaller by-product. Following a single administration in
mice, TG1050 induced robust, multispeciﬁc and longlasting HBV-speciﬁc T cells detectable up to 1 year postinjection. These cells target all three encoded immunogens
and display bifunctionality (ie, capacity to produce both
interferon γ and tumour necrosis factor α as well as
cytolytic functions). In addition, control of circulating levels
of HBV DNA and HBsAg was observed while alanine
aminotransferase levels remain in the normal range.
Conclusions Injection of TG1050 induced both splenic
and intrahepatic functional T cells producing cytokines and
displaying cytolytic activity in HBV-naïve and HBVpersistent mouse models together with signiﬁcant
reduction of circulating viral parameters. These results
warrant clinical evaluation of TG1050 in the treatment
of CHB.

INTRODUCTION
Infection by HBV is one of the major causes and
risk factors for developing liver cancer.1 Over 2
billion people have been infected by HBV worldwide, and about 240 million of them are currently
chronically infected and at high risk of developing
cirrhosis and hepatocellular carcinoma.2 Current
chronic hepatitis B (CHB) therapies include nucleos
(t)ide analogues (NUC) aimed at inhibiting viral
replication3 4 and pegylated interferon α (IFNα).5 6

Signiﬁcance of this study
What is already known about the subject?

▸ HBV chronic infection can be controlled but is
rarely cured.
▸ HBV immunotherapeutics have been described
at preclinical and clinical levels with limited or
no efﬁcacy.
▸ This novel class of HBV therapeutics has
included HBsAg in the majority, the Core
antigen in some and only one coding for the
HBV polymerase.
▸ HBV immunotherapeutics can induce functional
T cells in HBV transgenic mice, typically mice
transgenic for a single HBV antigen, but an
effect on viral parameters has seldom been
reported following their administration,
particularly on levels of circulating HBsAg.

What are the new ﬁndings?

▸ TG1050 is the only HBV immunotherapeutic
covering in a single entity three HBV antigens/
domains, including polymerase.
▸ TG1050 induces persistence of multifunctional
HBV-speciﬁc T cell responses up to 400 days
after a single injection.
▸ Following single as well as multiple injections,
TG1050 can educate functional T cells in a HBV
chronic environment and display signiﬁcant and
persistent antiviral activity, in particular an
impact on the level of HBsAg.
▸ TG1050 is the only adenovirus-based HBV
immunotherapeutic currently planned for
testing in the clinic.

How might it impact on clinical practice in
the foreseeable future?

▸ TG1050 will next be tested in the clinic in
combination with nucleos(t)ide analogues in
the treatment of chronic hepatitis B (CHB) and
aims to increase the cure rate.
▸ If successful, TG1050 will bring a novel
treatment paradigm to patients with CHB.
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TG1050, an immunotherapeutic to treat chronic
hepatitis B, induces robust T cells and exerts an
antiviral effect in HBV-persistent mice

Hepatology

MATERIALS AND METHODS
Animals
BALB/c, C57BL/6J and HLA-A*0201 transgenic H-2 class I KO
mice (HLA-A2 mice)18 were bred at Charles River Laboratories
(L’Arbresle, France) and HLA-A*0201/DRB1*0101 transgenic
H-2 class I/class II KO mice (HLA-A2/DR1 mice)19 were bred at
the Institut Pasteur (Paris, France). Animals receiving the
adeno-associated virus (AAV)-HBV were manipulated in an A3
conﬁnement facility (see online supplement).

TG1050 adenovirus-based vector
TG1050 is based on an E1, E3 deleted non-replicative human
adenovirus serotype 5 (Ad5). It encodes a large fusion protein
composed of, from its N-term part, a truncated form of the HBV
Core protein fused to a deleted and mutated HBV Polymerase
and to two HBV Envelope (or HBsAg) domains, as shown in
ﬁgure 1 (derived from GenBank # Y07587). This vector was
constructed, produced, puriﬁed and titrated as described elsewhere.20–22 An Ad5 encoding no antigen (AdTG15149, referred
to as Empty Ad) was also used.

AAV2/8 HBV- based vector
The recombinant AAV2/8 vector carrying 1.2 copies of the HBV
genome was produced and titrated (virus genome (vg)/mL) as
described elsewhere.17

Synthetic peptides and peptide library
Synthetic peptides corresponding to HLA-A2 or H-2b or H-2d
restricted epitopes from HBV and adenovirus proteins as well as
15-mers included in HBV proteins and previously found to be
reactive (unpublished data) were purchased from Eurogentec
(Belgium) or Pro-immune (UK). Peptide amino acid sequences
were identical to those of the TG1050 (see online supplementary table S1) and used at a concentration of 10 mM.
Synthetic peptide libraries were composed of 15-mers overlapping by 11 aa covering the HBV Core, Polymerase and the
two Env domains included in TG1050. Pools were tested at a
concentration of 5 mg/mL/peptide.

Mouse immunisation
Subcutaneous immunisation of BALB/c, C57BL/6J, HLA-A2 or
HLA-A*0201/DRB1*0101 transgenic mice was performed with
108 IU (2×109 viral particles) of TG1050 or empty adenovirus.
For AAV2/8-HBV experiments, mice received a single tail vein
injection of 1×1010 or 5×1010 vg of the AAV2/8-HBV as
described previously.17 At day 32, 33, 54, 62 and 69 they were
immunised with TG1050 or empty adenovirus.

Monitoring of induced T cell responses
IFNγ ELISPOT and intracellular cytokine staining (ICS) assays
IFNγ ELISPOT and double or triple IFNγ/tumour necrosis
factor α (TNFα) and interleukin 2 (IL-2) intracellular cytokine
staining (ICS) assays were performed on splenocytes of BALB/C,
C57BL/6J and HLA-A2 mice as described in the online supplement and published previously.23 24 Assays were also performed
as described for HLA A2/HLA DR1 mice.17 23

Pentamer and activation and memory marker staining
Whole blood collected on EDTA was incubated with PE-labelled
MGL-H2Kb-pentamer (ProImmune, UK) and anti-CD8α-APC
(clone 53-6.7), anti-CD44-FITC (clone IM7, BD Bioscience)
and anti-CD62L-PE-Cy7 (clone MEL-14) or anti-CD8α-PerCP
(clone 53-6.7, BD, Bioscience), anti-CD27-APC (Clone L.
G.3A10, Biolegend) and anti-CD43-PE-Cy7 (Clone 1B11,
Biolegend) antibodies as described previously.23 Red blood cells
were lysed (FACS Lysing solution, BD, Bioscience) and collected
cells were washed, ﬁxed and assessed by ﬂow cytometry (FACS
Canto II, BD Bioscience). The data were analysed using the BD
DIVA software.

Viral and biochemical parameters in AAV2/8-HBV
injected mice
HBsAg was assayed with commercial ELISA kit (Bio-Rad,
France) as previously described17 and HBV viraemia was
assessed using an Architect Abbot automat or direct quantitative
RT-PCR (see online supplement).

Figure 1 The HBV fusion protein encoded by TG1050 under a CMV promoter is schematically represented. It is composed of a truncated HBV core
(aa 1–148) fused to a deleted and mutated Polymerase (aa 1–832, Δ aa 538–544 and Δ aa 710–742 and mutations D689H, V769Y, T776Y, D777H)
in which two selected domains of HBsAg are inserted (Env1 aa 14–51 inserted in deletion Δ aa 538–544 of Pol and Env2 aa 165–194 inserted in
deletion Δ aa 710–742 of Pol).
1962
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Despite the ability of these treatments to control HBV replication in the great majority of patients and to improve liver histology, complete cure of HBV is achieved in only 3–5% of
patients. Therefore, most patients require costly life-long
treatments.
In patients resolving infection, development of broad and
robust CD8+ and CD4+ T cell responses targeting multiple
HBV antigens that produce cytokines and display cytolytic properties have been observed7 8 and correlated with virus control
and/or elimination.9 In contrast, patients with CHB display
weak, narrowed and dysfunctional HBV immune T cell
responses.10–12 Among the new therapeutic arsenal being developed, immunotherapeutics aimed at inducing immune responses
similar to those found in resolvers represent a growing ﬁeld.
Although ﬁrst-generation HBV-speciﬁc immunotherapies have so
far had limited success in the clinic, a number have been capable
of inducing HBV-speciﬁc responses in patients with CHB.13 14
Most HBV-speciﬁc immunotherapeutics currently tested in clinical trials involve only 1–2 antigens and, except for a poxvirusbased candidate, none of them is based on a viral vector.15 16
TG1050 is a novel immunotherapeutic based on a nonreplicative adenovirus 5 vector encoding a unique and large
fusion protein composed of modiﬁed HBV Core and Polymerase
and selected domains of the Env proteins. We show here that a
single injection of TG1050 is broadly immunogenic, including in
a HBV-persistent model,17 and displays antiviral properties.

Hepatology

Figure 1 depicts the organisation of the large HBV encoded
polyprotein. This organisation resulted from the choice of HBV
proteins known to be targeted by T cells during infection, in
particular resolutive infection (eg, Core) and/or containing clusters of T cell epitopes (eg, Env1 and Env2), together with the
need to generate a genetically stable vaccine ﬁt for manufacturing (mutations in POL). In vitro expression of the HBV fusion
protein was analysed by western blotting (see online supplementary ﬁgure S1A) and revealed a faint band corresponding to the
Core-Pol-Env fusion protein (about 115 kDa, the calculated
molecular weight (MW) being 113.9 kDa) as well as several
additional bands corresponding to lower MW (ranging from 15
to 50 kDa). Products between 15 and 26 kDa were only
detected with a Core-speciﬁc antibody and with a Pol-speciﬁc
antibody targeting the N-terminus of the protein, while they
were not detected with a Pol-speciﬁc antibody targeting aa 225–
250 of the Polymerase (data not shown), suggesting that the
observed products correspond to N-terminus cleavage products
of the HBV fusion protein.
Analysis by bidimensional electrophoresis followed by immunoblot together with LC-MS/MS analysis was performed to
characterise the different protein species generated (see online
supplementary ﬁgure S1B and C). Data conﬁrmed that products
around 26 kDa are composed of the N-terminal part of the
fusion protein—that is, the HBV Core protein and N-term
amino acids of the Polymerase protein.

TG1050 induces high percentages of polyfunctional CD8+
T cells producing IFNγ and TNFα and displaying cytolytic
activity in naïve mouse models
The ability of TG1050 to induce HBV-speciﬁc polyfunctional
T cells was assessed by ICS assay in three mouse strains following one injection.
In HLA-A2 mice (ﬁgure 2A), TG1050 induced IFNγ-producing
CD8+ T cells targeting the Core and Polymerase proteins (up to
7.5% and 9.5% of IFNγ+ CD8+T cells), most of them also producing TNFα. In C57BL/6J mice (ﬁgure 2B), IFNγ-producing
CD8+ T cells targeting the three HBV antigens were detected
(up to 2.4%, 1% and 3.2% of IFNγ+ CD8+ T cells speciﬁc for
Core, Env and Polymerase respectively), with at least half of
these cells producing both IFNγ and TNFα. Finally, in BALB/C
mice (ﬁgure 2C), TG1050 induced IFNγ-producing CD8+ T cells
speciﬁc of Env1 domain and Polymerase (up to 0.7% and 6.8%
of IFNγ+CD8+ T cells speciﬁc for Env1 and Polymerase,
respectively), most of them also producing TNFα. Overall, no
(HLA-A2) or weak (C57BL/6J and BALB/c) CD4+ T cells were
detected in these experiments. Frequencies of TG1050-induced
IFNγ-producing cells were also assessed using IFNγ ELISPOT
assay (see online supplementary ﬁgure S2). Responses targeting
epitopes from all three encoded antigens were detected with variable magnitude and hierarchy depending on the mouse strain.
In vivo cytotoxic T lymphocyte (CTL) assays were performed
to assess functional capacity of TG1050-induced CD8+ T cells
in vivo in the three different mouse lines (see online supplementary ﬁgure S3). Cytolytic CD8+ T cells targeting Core and
Polymerase (HLA-A2 and C57BL/6J, see online supplementary
ﬁgure S3A and B) or Core, Pol and Env (BALB/c, see online supplementary ﬁgure S3C) were detected with percentages of lysis
ranging from 6% to 83%. Of note, all three Pol and Core
HLA-A2 epitopes described in patients with HBV were
Martin P, et al. Gut 2015;64:1961–1971. doi:10.1136/gutjnl-2014-308041

recognised by the induced T cells including the Core18–27 epitope
(referred to as FLP) associated with resolution of infection.7 25 26
Overall, these data illustrate the capacity of TG1050 to induce
potent, multi-antigenic, polyfunctional CD8+ T cells displaying
in vivo cytolytic activity speciﬁc to all encoded HBV antigens.

TG1050 induces long-lasting functional HBV-speciﬁc T cells
displaying recall potential
In C57BL/6J mice, HBV-Core pentamer staining showed a peak
of Core-speciﬁc T cells in blood 14 days post-injection (mean of
3.4%), followed by a decrease up to day 96 (mean value around
0.6% at day 96, ﬁgure 3A, left panel). The percentage of
Core-speciﬁc T cells progressively decreased but was still clearly
detectable when measured at day 310 and in some mice up to
day 400. Analysis of the CD44/CD62L phenotype—which
allows effector memory cells to be distinguished from central
memory cells—on Core-speciﬁc T cells showed that a single
injection of TG1050 induces mostly effector memory cells
(CD44+/CD62L− cells, percentages ranging from 95% at day
14 to 60% at day 400), but with the appearance of a signiﬁcant
proportion of central memory cells observed from day 310
(28% and 35% of Core-speciﬁc T cells being CD44+/CD62L+
at day 310 and day 400, respectively) (ﬁgure 3A right panel).
Analysis of CD27/CD43 phenotypes on Core-speciﬁc T cells, in
particular the CD27+/CD43− population which has been
described as having good recall potential,27 showed that 20% of
induced Core-speciﬁc cells were CD27+/CD43− during the
ﬁrst 100 days post-injection of TG1050. This proportion
increased to 29% and 36% at the latest analysed time points.
Functional HBV-speciﬁc T cells producing IFNγ remained
detectable more than 1 year after one immunisation (ﬁgure 3B).
The frequency of detected Pol-speciﬁc T cells was the highest
(mean 290 spots/106 cells), followed by Core-speciﬁc T cells
(mean 160 spots/106 cells) and Env1-speciﬁc T cells (mean 75
spots/106 cells). Half or more of HBV-speciﬁc CD8+ T cells
detected 400 days after one immunisation were still able to
produce both IFNγ and TNFα. These T cells targeted mainly
Polymerase and Core antigens (ﬁgure 3C).

TG1050 is able to induce functional T cells and antiviral
responses in HBV-persistent HLA-A2/DR1 transgenic mice
following a single administration
TG1050 immunogenicity was evaluated in the recently
described AAV-HBV-persistent model.17 Both short-term and
long-term studies were performed.

Short-term monitoring
Two experiments were performed in order to closely assess the
kinetics of appearance of TG1050-induced T cells. The ability
of TG1050 to induce functional T cells producing cytokines was
assessed 2 weeks after TG1050 immunisation. Analysis performed on spleen cells of AAV-HBV mice showed that TG1050
was able to induce IFNγ-producing cells speciﬁc for HLA-A2
epitopes located within Polymerase, Core and Env to a lower
extent (ﬁgure 4A). The frequencies of IFNγ-producing cells and
of responding mice were notably detectable but lower in these
mice (median values up to 105 and 73 spots/106 splenocytes in
experiments 1 ( p<0.01) and 2 ( p=NS), respectively), than in
HBV-free mice (median values up to 1389 and 605 spots/106
splenocytes in experiments 1 and 2, respectively). Splenic
CD8+ T cells producing at least one cytokine could be detected
in 60% and 40% of AAV-injected mice with percentages of
detection reaching 0.32% and 0.7% (experiments 1 and 2
respectively, ﬁgure 4B). In comparison, median values of CD8+
1963
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RESULTS
TG1050 composition and in vitro characterisation of HBV
protein expression via TG1050
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Figure 2 Analysis of induced T cell responses following single injection of TG1050 using interferon γ (IFNγ)/tumour necrosis factor α (TNFα) ICS
assay in (A) HLA-A2 transgenic mice, (B) C57BL/6J mice and (C) BALB/c mice. HLA-A2 transgenic mice or C57BL/6J or BALB/c mice were immunised
once subcutaneously with TG1050 or an empty Adenovirus (negative control) and HBV-speciﬁc immune responses were monitored on spleen cells
using IFNγ/TNFα intracellular cytokine staining assays using single peptides or pools of peptides derived from Core, Env or Polymerase HBV proteins
for stimulation. The results are presented as the percentage of IFNγ and/or TNFα producing CD8+ or CD4+ T cells for each group. Each bar
corresponds to an individual mouse. For each mouse, the white bar represents the percentage of CD8+ or CD4+ T cells producing TNFα alone, the
grey bar represents the percentage of CD8+ or CD4+ T cells producing IFNγ and TNFα and the black bar represents the percentage of CD8+ or CD4
+ T cells producing IFNγ alone.
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Figure 3 Analysis of long-term HBV-speciﬁc T cells following a single injection of TG1050 up to 400 days post-injection. C57BL/6J mice were
immunised once subcutaneously with TG1050 or an empty Ad (negative control). (A) HBV-speciﬁc cells were monitored and quantiﬁed along time in
whole blood of injected mice by pentamer staining of HBV Core-speciﬁc T cells. An example of a dot plot obtained for one representative mouse
injected with TG1050 at each time point is also shown on the right side of the graphs. Phenotypes of these Core-speciﬁc T cells were assessed by
following CD44 and CD62L as well as CD27 and CD43 markers. Examples of dot plots obtained for CD62 L/CD44 and CD27/CD43 staining
experiments in TG1050-injected mice are also shown at the top of the ﬁgure (shown for day 400). Pie charts representative of the mean percentages
of HBV Core (MGL epitope)-speciﬁc CD8+ T cells displaying the indicated phenotypes are shown. (B, C). Interferon γ (IFNγ) ELISPOT (B) and
intracellular cytokine staining (ICS) (C) assays realised at 400 days post-injection were performed using spleen cells and pools of overlapping
peptides covering, respectively, the HBV Core protein (PC1, PC2), the 2 Env domains (PE1, PE2) and the HBV polymerase protein (PP4) or irrelevant
peptides (IRR). For ELISPOT assay (3B), the horizontal dotted line represents the threshold of ELISPOT positivity. Each individual mouse is represented
by an empty (empty Ad injected mice) or a plain (TG1050 injected mice) circle and the black line represents the mean of each group. For IFNγ/
tumour necrosis factor α (TNFα) ICS assay (C), the results are presented as the percentage of IFNγ- and/or TNFα-producing CD8+ T cells for each
group. For each mouse, the white bar represents the percentage of CD8+ T cells producing TNFα alone, the grey bar represents the percentage of
CD8+ T cells producing IFNγ and TNFα and the black bar represents the percentage of CD8+ T cells producing IFNγ alone.

Hepatology

T cells producing at least one cytokine were up to 9.1% and
17.4% and found in up to 100% and 60% of HBV-free
responding mice (experiments 1 and 2, respectively). In experiment 1, detected cells produced mainly one or two cytokines
(mostly IFNγ+ or IFNγ+/TNFα+) in HBV-free and AAV-HBV
injected mice (data not shown). Liver-inﬁltrating HBV-speciﬁc
T cells were also monitored (ﬁgure 4). In AAV-HBV injected
mice, cytokine-producing cells were detected in both experiments, albeit with distinct frequencies ( percentage of responding mice ranged from 20% to 60%). The percentages of
HBV-speciﬁc cells producing IFNγ and/or TNFα and/or IL-2
and the percentages of responding mice were lower in
AAV-HBV mice than in HBV-free mice (21% vs 0.46% of CD8
+ T cells producing at least one cytokine; experiment 1, median
values). Some IL-2 producing cells were detected in the liver of
AAV-HBV injected mice, hence the overall proportion of multiple cytokine producer cells (double and triple) approximated
80%, with a slightly lower proportion in HBV-free mice (data
not shown). In experiment 2, due to the high background
observed within the liver, no CD8+ T cells producing cytokines
(single or multiple) could be detected in the control HBV-free
mice. In AAV-HBV injected mice, one mouse injected with
TG1050 displayed detectable CD8+ T cells producing at least
one cytokine (ﬁgure 4C).
As shown in ﬁgure 5, circulating HBV DNA remained stable
(experiment 1) or increased (experiment 2) in the control
groups that received an empty Ad vector (experiment 1, HBV
DNA increased 0.7–1.7-fold from 6 to 14 days post-Empty Ad
injection; experiment 2, HBV DNA increased 4-fold and 9-fold
at 6 and 10 days post TG1050 injection, respectively;
ﬁgure 5A). In contrast, TG1050-injected mice controlled HBV
1966

DNA increase from 6 to 10 or 14 days post-injection. A strong
trend was observed in both experiments, and statistical signiﬁcance was reached in experiment 2 at day 38 ( p=0.0174).
Initial levels of HBV DNA were different in both experiments, a
factor that may have inﬂuenced the effect of TG1050.
Injection of TG1050 did not affect HBsAg levels in experiment 1, although the levels were consistently lower. A statistically signiﬁcant effect was seen in experiment 2 (ﬁgure 5B). In
this experiment, a decrease was maintained over three consecutive time points, ( p=0.0296, p=0.0319 and p=0.022 between
AAV-HBV+Empty Ad and AAV-HBV+TG1050 groups for days
38, 42 and 48, respectively).
No increase in ALAT levels over normal values was detected
in either experiment, independently of the analysed groups
(data not shown).

Long-term monitoring
Monitoring of spleen cells up to 4 months after TG1050 injection (see online supplementary ﬁgure S4A, IFNγ ELISPOT
assay) showed induction of high frequencies of IFNγ-producing
cells targeting Core, Polymerase and Env domains. Frequencies
of IFNγ+ cells and percentages of responding mice were comparable between TG1050 immunised HBV-free (PBS) and
AAV-HBV mice. A high percentage of HBV-speciﬁc CD8+ T
cells producing IFNγ and/or TNFα and/or IL-2 was detected in
HBV-free and AAV-HBV mice (see online supplementary ﬁgure
S4B). The percentages of cells producing one, two and three
cytokines were almost identical between the two groups,
whether tested in the spleen or the liver (see online supplementary ﬁgure S4C).
Martin P, et al. Gut 2015;64:1961–1971. doi:10.1136/gutjnl-2014-308041
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Figure 3 continued.
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Viral parameters following TG1050 or empty-Ad administration were low in this experiment at the time of TG1050 administration (mean 7.11 mg/mL HBsAg and <300 IU/mL DNA in
Martin P, et al. Gut 2015;64:1961–1971. doi:10.1136/gutjnl-2014-308041

50% of mice), probably due to the use of a lower dose of
AAV-HBV injected compared with that used in the short-term
experiments (5 times lower ie, 1×1010 vg). Hence, no impact on
1967
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Figure 4 Analysis of short-term
HBV-speciﬁc functional T cells in
HLA-A2/DR1 AAV-HBV-persistent mice
following a single TG1050
immunisation. HLA-A2/HLA-DR1
transgenic mice were intravenously
injected with PBS or AAV-HBV (day 0)
and immunised 1 month later (day 32)
with either TG1050 or empty
adenovirus. Induced HBV-speciﬁc
immune responses were assessed
2 weeks after TG1050 or empty Ad
immunisation through (A) IFNγ
ELISPOT assay on spleen cells and
interferon γ (IFNγ)/tumour necrosis
factor α (TNFα) intracellular cytokine
staining assays using (B) spleen cells
and (C) liver-inﬁltrating lymphocytes.
The analytical conditions are as
described in ﬁgure 3, except that
HLA-A2-restricted peptides were used
(see online supplementary table S1).
Data from two experiments are
presented. In experiment 2, data from
the group PBS+TG1050 could not be
exploited due to high background. NE,
non-evaluable.

Hepatology

HBV DNA at day 47 or day160 could be seen (data not shown).
Overall, comparison at all time points showed that HBsAg levels
were consistently lower in AAV-HBV mice immunised with
TG1050 than in mice receiving an empty Ad, and signiﬁcantly
different at day 47 (see online supplementary ﬁgure S5).
In conclusion, data collected in HLA-A2/DR1 mice show that
TG1050 can educate functional T cells in a HBV-persistent
environment and can impact on both HBV DNA and HBsAg
levels, albeit in a transient manner.

TG1050 is able to induce functional T cells and sustained
antiviral responses in HBV-persistent C57BL/6J mice
following multiple administrations
The AAV-HBV-persistent model was set up in C57BL/6J mice
and TG1050 was injected up to four times.
Mice were immunised once with TG1050 at day 32 post
AAV-HBV injection; half of them were monitored for viral parameters and sacriﬁced for immune monitoring at day 46/47
(ﬁgure 6A left panel and C). The remaining mice were kept
alive, injected an additional three times at 1-week intervals and
followed for viral parameters up to day 105 (ﬁgure 6A right
panel and B). A strong reduction in HBV-DNA titres was
quickly observed (2 and 3 weeks after ﬁrst TG1050 immunisation) compared with control mice (26-fold and 44-fold,
ﬁgure 6A). Following additional injections, the HBV-DNA titre
remained signiﬁcantly reduced until the end of monitoring.
HBsAg titres also decreased 2–3 weeks after ﬁrst TG1050
1968

immunisation and remained low up to day 105 (10 weeks after
ﬁrst immunisation) in mice receiving three additional injections
of TG1050 compared with control mice.
The percentages of HBV-speciﬁc cells producing IFNγ and/or
TNFα and/or IL-2 were monitored 2 weeks after the ﬁrst
TG1050 injection and were found to be lower in HBV-persistent
mice than in HBV-free mice (8.4% vs 1.9% of IFNγ+ CD8+
T cells, ﬁgure 6C). However, as a higher number of CD8+ T cells
was observed in the liver of AAV-HBV mice (about three times
more than in HBV-free mice), absolute numbers of HBV
Polymerase-speciﬁc CD8T cells induced by TG1050 in the
AAV-HBV and HBV-free mice were very close (data not shown).
An IFNγ response was detected in all TG1050-injected mice,
both HBV-free and persistent, whereas the percentage of HBV
persistent mice displaying TNFα+ and/or IL-2+ CD8+ T cells
was low (50% and 0%) compared with HBV-free mice (100%
and 80%). The percentage of TG1050-induced cells secreting at
least two cytokines was higher in HBV-free mice (45%) than in
HBV-persistent mice (19%).
Overall, data collected in C57BL/6J HBV-persistent mice
show that TG1050 induces a rapid and sustained antiviral effect
following multiple injections.

DISCUSSION
Adenovirus vectors are extremely potent at inducing cellularbased immune responses to the encoded immunogens and have
been used to develop vaccines against a range of infectious
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Figure 5 Monitoring of viral parameters in HLA-A2/DR1 AAV-HBV-persistent mice. HLA-A2/HLA-DR1 transgenic mice were intravenously injected
with PBS or AAV-HBV (day 0) and immunised 1 month later (day 32) with either TG1050 or empty adenovirus. (A) HBV DNA and (B) HBsAg data are
represented as mean fold changes (DNA and HBsAg) compared with their respective mean level at day 28 before TG1050 ( plain circle curve) or
empty Ad (empty circle curve) immunisation or in non-immunised mice (cross curve, for experiment 1 only). Statistical analyses were performed
using mixed models and ANOVA for repeated measures. *p<0.05.
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diseases and cancers.28 Ad serotype 5 has been the most widely
used Ad vector, displaying a good safety proﬁle and a remarkable capacity to induce long-lasting and broad T cell-based
immune responses, in particular those driven by CD8+.29
TG1050 is an Ad-5 vector expressing a unique fusion protein
that includes the Core protein described as an effective target of
T cell responses in HBV resolvers.30 31 We show here in mouse
models that a single administration of TG1050 induces mainly
Martin P, et al. Gut 2015;64:1961–1971. doi:10.1136/gutjnl-2014-308041

CD8 T cells (2–5%), although HBV-speciﬁc CD4 T cells were
also detected to a lesser extent (0.05–0.15%). While CD4
T cells are important in HBV control,32 CD8 T cells have been
shown to be essential in clearance of HBV, as demonstrated in
depletion studies performed in chimpanzees33 and in studies
describing functional exhaustion of HBV-speciﬁc CD8 T cells in
patients with CHB.34 The detection of multispeciﬁc T cells targeting all three TG1050-encoded immunogens and producing
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Figure 6 Monitoring of viral and immunological parameters in C57BL/6J AAV-HBV-persistent mice. C57BL/6J naïve mice were intravenously
injected with PBS or AAV-HBV (day 0) and immunised 1 month later (day 32) with either TG1050 or empty adenovirus. (A) HBV DNA and (B) HBsAg
data are represented as mean fold changes (DNA and HBsAg) compared with their respective mean level before TG1050 ( plain circle curve) or
empty Ad (empty circle curve) immunisation. Statistical analyses were performed using mixed models and ANOVA for repeated measures. The
analysis was done on changes from baseline in percentage. For DNA, the analysis was performed on ranks in order to fulﬁl the mixed model
hypothesis. *p<0.05. Induced HBV-speciﬁc immune responses were assessed 2 weeks after TG1050 or empty Ad immunisation (day 47) with
interferon γ (IFNγ)/tumour necrosis factor α (TNFα)/interleukin 2 (IL-2) intracellular cytokine staining assays using liver-inﬁltrating lymphocytes (C),
using the H-2b restricted peptide VSA ( polymerase) for in vitro stimulation. The results are presented as the percentage of CD8+ T cells producing at
least IFNγ or TNFα or IL-2. The percentage of mice displaying a positive response is indicated at the top of the graph.
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HBsAg levels in the serum of vaccinated mice was achieved,
reaching statistical signiﬁcance in two of the three reported shortterm experiments, both in a HLA-A2/HLA-DR1 and in a C57BL/
6J background. In a similar mouse model, Tay et al47 showed that
the threshold of antigen expression within the liver is a dominant
factor determining the fate of T cells, with a high percentage of
cells being silenced. Interestingly, in C56BL/6J AAV-HBV mice, a
single administration resulted in a dramatic reduction in both
HBV DNA and HBsAg (>1 log decrease for the DNA), and a signiﬁcant decrease was sustained until day 105. This persistent
effect may be linked to the three additional closely-spaced boosting injections administered. HLA-A2/DR1 mice have been shown
to harbour a low percentage CD8+ T cells (reaching only 2–3%
of total splenocytes48), a feature that may have been suboptimal
with respect to mounting of TG1050 antiviral efﬁcacy. In
humans a correlation has been reported between T cell exhaustion and viral load and/or antigenic load; the higher the levels of
viral parameters carried by the patients, the more immune
defects are observed.31 Together our observations suggest that
multiple TG1050 administrations may have to be used in the
clinic, particularly in patients with higher viral markers.
Application of closely spaced administrations of viral-vectored
immunotherapeutics, as performed here, has shown clinical efﬁcacy in the treatment of patients with chronic hepatitis C.49
TG1050 is intended to be ﬁrst developed in the clinic in combination with NUC, hence the ultimate goal will be elimination of
HBsAg. At that stage, our preclinical data show the capacity of
TG1050 to affect the levels of HBsAg in the absence of a signiﬁcant elevation of alanine aminotransferase. In patients, long-term
treatment with NUC has been shown in in vitro expansion
studies to restore some T cell functionality.50 The combination of
TG1050 with NUC and possibly with blockers of inhibitory
molecules described in HBV T cells of patients with CHB such as
PD-1, TIM-3 and SLAM,51 52 should be explored.
In conclusion, we have developed a novel active targeted
immunotherapeutic that displays a number of immunological
features found in HBV-infected resolvers together with the capacity to exert antiviral activity on a stand alone-based approach.
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Supplementary
Supplementary Material and Methods
Cells
The human lung carcinoma A549 cell line (ATCC, CCL-185) and the human embryonic
kidney HEK 293 cell line (ATCC, CRL-1573) were used.

Western-blot analysis for HBV protein expression
Monolayers of A549 cells were mock-infected with AdTG15149 or infected at 250 Infectious
Unit (IU) /cell with TG1050. MG132 (proteasome inhibitor, 10 µM) was added 18 h postinfection and 48 h post-infection, cells were lysed and analyzed by Western-blot using mouse
monoclonal antibody anti-Pol Hep B Pol 2C8 (that recognizes aa 8-20 of the Polymerase)
(Santa Cruz). Mouse monoclonal antibody anti-Pol Hep B 8D5 (that recognizes aa 225-250 of
the Polymerase) and mouse monoclonal anti-Core HepB C1-5 (that recognizes aa 70-80 of the
Core) (Santa Cruz) were also used (data not shown). A goat anti-mouse HRP conjugated
antibody (DakoCytomation) was used as secondary antibody and immunocomplexes were
detected using an enhanced HRP-luminol chemiluminescence system (Immune-Star WesternC, BIO-RAD).

2D gel electrophoresis and LC-MS/MS
2D gel electrophoresis samples were overall prepared as for western blot analysis experiments
with few changes: HEK 293 cells were infected and lysed by 2D lysis buffer (9M Urea, 2M
Thiourea, 4% CHAPS and 60 mM DTT). Each strip (Biorad ReadStripTM IPG Strip 17cm pH
3-10 L) was loaded with one mg of protein, isofocalized and then transferred on a 12% SDSPAGE for a 2nd dimension separation.

1

Gels were either stained with Coomassie Instantblue™ overnight or blotted on PVDF
membranes, incubated with 2C8 monoclonal antibody as described above and developed with
colorimetric substrate 4CN (Biorad). Total protein spots on blots were developed using
colloidal gold staining (Biorad). Areas on Coomassie stained gels corresponding to
immunoreactive spots were located and 4 to 14 pieces of gel/area were excised for mass
spectrometry analysis. Gel pieces were treated by either trypsin or pepsin after reduction and
alkylation. Resulting peptides were directly analyzed by nanoLC-MS/MS on a
nanoACQUITY Ultra-Performance-LC (UPLC, Waters, Milford, MA) equipped with C18
precolumn (Waters Corp.), and an analytical BEH130 C18 column (Waters Corp.), 75 µm x
250 mm, 1.7 µm particle size. The MS and MS/MS analyzes were performed on the
SYNAPT™ (Waters, Milford, MA).26 Data were interpreted using Mascot (version 2.4.1,
Matrix science, London, England) and Scaffold 3 (version 3.6.5; Proteome Software Inc.,
Portland, OR, USA) software was used to identify proteins and hits corresponding to the
TG1050 primary structures (deduced from the 6 possible reading frames).

Mice. All mice were used following the requirement of the CEE directive 86/6009 and French
law. From 1st February 2013, the CEE directive 2010/63/UE of 22th September 2010 and the
French décret n° 2013-118 of 1st February 2013 were applied. BALB/c, C57BL/6J and HLAA*0201 transgenic, H-2 class I KO mice ( HLA-A2 mice),18 were housed for experiments at
the Plateau de Biologie Expérimentale de la Souris (PBES, Lyon, France) while HLAA*0201/DRB1*0101 transgenic, H-2 class I/class II KO mice (HLA-A2/DR1 mice),19 were
housed in the animal facility of Institut Pasteur (Paris, France).

2

Peptides. Synthetic peptide libraries were synthesized by ProImmune with Prospector™
LCMS Crude technique. Two pools of peptides covering the Core protein, 9 pools of peptides
covering the Polymerase, 1 pool covering Env1 and 1 pool covering Env2 were composed
(comprising from 9 to 25 peptides).

In vivo CTL assays
In vivo CTL assays were performed as described by Fournillier et al,24. Of note, for BALB/C
and C57BL/6J mouse experiments pulsed and unpulsed cells were respectively stained with 2
and 16 µM of CFSE.

HBV-DNA qRT-PCR
Viral DNA from 50 µL mouse plasma samples has been purified using the MagMAX™-96
Viral RNA/DNA Isolation Kit (Ambion) according to manufacturer’s specifications. Purified
viral DNA has been resuspended in 50 µL of elution buffer. Five µL (diluted 10x in H2O)
were tested for HBV-specific DNA by qRT-PCR in a 20 µL reaction using the GeneSig HBV
qPCR kit (PrimerDesign™Ltd) according to manufacturer’s instructions on a 7500HT RealTime PCR

System

(Applied

Biosystems).

Analysis

was

performed

using

SDS v2.0.6 software (Applied Biosystems).

Triple Intracellular Cytokine Staining Assays (IFNγ/TNFα/IL2)
Livers were collected 15 days after adenovirus injection. Red blood cells were lysed and liver
infiltrating lymphocytes were incubated in supplemented MEM culture medium in presence
of 1μM of VSA (VSAAFYHLPL) peptide and GolgiPlug. After 5h at 37°C and overnight at
4°C cells were washed with 1 % FCS-PBS and incubated with anti-CD16/CD32 (clone
3

2.4G2) for 10min at 4°C. Then 1 % FCS-PBS containing Live/Dead Violet and monoclonal
antibodies against CD4-V500 (RM4.5) and CD8a-APC-H7 (53-6.7) were incubated 30min at
4°C. After washes, cells were fixed and permeabilized for 20min at room temperature with
Cytofix/Cytoperm and washed with Perm/Wash solution. Perm/Wash solution containing
monoclonal antibodies against CD3-PerCP (145-2C11), IFNγ-A488 (XMG1.2), IL2-PE
(JES6-5H4) and TNFα-APC (MP6-XT22) were incubated 30 min at 4°C. After washes, cells
were resuspended in 1% FCS-PBS and analyzed by flow cytometry using a BD FACS Canto
II cytometer. A technical cut-off value was determined as 25 x 100/average number of
CD3e+, CD8α+ or CD4+ cells. Additionally an experimental cut-off value was calculated as 3
times the standard deviation (SD) of values obtained without stimulation (medium). A
response was then considered as positive if the percentage of cytokine-positive cells was
higher than both cut-off values.

Supplementary Figures and Tables
Figure S1 (-A, -B and -C): TG1050 in vitro and biochemical characterization
Expression of the HBV fusion protein by TG1050 was assessed by Western Blot (S1-A) and
analysed using mouse monoclonal anti-Pol Hep B Pol 2C8 antibody. Arrow on the right
indicates the position of the full length Core-Pol-Env protein. Proteomic analysis of 2C8
immunoreactive protein species was performed (S1-B). Z1, Z2 and Z3 displayed respectively
apparent MWs of 24 kDa and an isoelectric point (pI) of ~5 +/-0.5, 13 kDa and pI of ~5.5 +/0.5 and 24 kDa and undetermined pI (no isofocalization). Sequences obtained after trypsin or
pepsin digestions and identified by LC-MS/MS analysis are shown (S1-C). Peptides
corresponding to TG1050 polyprotein were reported on the partial sequence in green, orange
and red for sequences respectively identified after pepsin treatment only, after pepsin and
trypsin treatments and after trypsin treatment only. Epitope recognized by the 2C8 antibody is

4

underlined. All peptides matched the sequence of the expected reading frame but only
covered the first 202 residues of the fusion protein. Peptides from Z1 and Z3 regions covered
similar parts of the TG1050 HBV fusion protein (i.e. from F24 and D29, respectively for Z1
and Z3, to K202) potentially representing the same protein isofocalized and non isofocalized
respectively. The difference of coverage observed between Z1 and Z3 could be explained by a
difference of both quantity and purity of the same immunoreactive protein in the two zones.
Z2-generated peptides covered a more restricted portion of the polyprotein than Z1/Z3 (from
W71 to K202). It could be hypothesized that the main 2C8 immunoreactive products in Z1 Z2
and Z3 correspond to stable degradation products of the polyprotein that accumulate in the
cell. The major immunoreactive 2C8 product in Z1 and Z3 regions could correspond to the
first ~210 residues of the fusion protein containing a nearly intact core and the 50-60 first
residues of Pol (calculated MW of 24 kDa and pI of 4.9). Z2 could be a more degraded
product than Z1/Z3, lacking the first 50-60 residues of the polyprotein (calculated MW of 15
kDa and pI of 5.3). This N-terminal degradation could explain both the vertical (24 to 15 kDa)
and horizontal (pI 4.9 to 5.3) migration shifts of Z2 versus Z1.

Figure S2: Analysis of induced T cell responses following single injection of TG1050
using IFN ELISPOT assay. HLA-A2 transgenic (2A), C57BL/6J (2B) and BALB/c (2C)
mice were immunized once subcutaneously with TG1050 or an empty Ad (negative control).
IFN ELISPOT assays were realized using spleen cells and pools of overlapping peptides
covering respectively the HBV Core protein (PC1, PC2), the 2 Env domains (PE1, PE2) and
the HBV polymerase protein (PP0 – PP8), or irrelevant peptides (IRR) or medium alone
(MED). Each individual mouse is represented by a dot, median values are represented by the
bar.
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Figure S3: Analysis of induced in vivo cytolytic T cell responses following single injection
of TG1050 in HLA-A2 transgenic, C57BL/6J and BALB/C mice. HLA-A2 transgenic
mice or C57BL/6J or BALB/c mice were immunized once with TG1050 or an empty
Adenovirus (negative control) and induced HBV-specific immune responses were monitored
on spleen cells using in vivo CTL assays performed as described in Material and methods. An
example of overlay histograms obtained in each mouse strain for one of the tested peptide
(SLY for HLA-A2 mice (S3A), N13F for C57BL/6J mice (S3B) and HYF for BALB/c mice
(S3C)) is shown, the plain grey histogram corresponding to an empty Ad immunized mouse
injected with unloaded cells and HBV peptide loaded cells and the unfilled black line
histogram corresponding to a TG1050 immunized mouse injected with unloaded cells and
HBV peptide loaded cells. Percentages of specific in vivo cytolysis obtained for various HBV
peptides in each mouse strain are represented after TG1050 or empty Ad immunization. Each
empty or plain circle represents an individual mouse immunized respectively with empty Ad
or TG1050. Black lines represent the mean values of each group for each tested HBV peptide.
Dotted lines represent cut-off values for each peptide, being defined by mean value of the
percentages of specific lysis obtained with mice immunized with empty Ad for each peptide +
three times the standard deviation.

Figure S4: Induction of long term HBV-specific functional T cells in HLA-A2/HLA-DR1
AAV-HBV persistent mice following single TG1050 immunization. HLA-A2/HLA-DR1
transgenic mice were intravenously injected with PBS or AAV-HBV (day 0) and immunized
one month later (day 32) with either TG1050 or empty Ad. Long term induced HBV-specific
immune responses were then assessed 4 months post Adenovirus injection via IFN ELISPOT
assay on spleen cells (S4A) and IFN/TNFα/IL2 ICS assays using spleen cells and liver
infiltrating lymphocytes (S4B and S4C). HLA-A2 specific peptides were used for in vitro
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stimulation : SLY for polymerase, ILC and FLP for Core and FLG, VLQ and GLS for Env
domains or an irrelevant peptide. Responses observed in the 3 tested groups are represented
on 3 separate graphs. For ICS assays, cells were stimulated with a mix of the above
mentioned peptides. Results are represented as the percentage of CD8+ T cells producing at
least IFN or TNFα or IL2.
On each graph (S4B), observed percentages of IFN or TNFα or IL2 producing cells is
represented by a box and whisker plot (encompassing the minimum value, the 25th percentile,
the median, the 75th percentile and the maximum value) The percentage of mice displaying
positive response is indicated at the top of the graph.. In addition mean percentage per group
of HBV-specific induced CD8+ T cells producing 1, 2 or 3 of the tested cytokine among cells
producing at least one cytokine was represented by pie charts for the 2 groups displaying
positive responses ie PBS+TG1050 and AAV-HBV+TG1050 (S4C).

Figure S5: Monitoring of HBsAg in HLA-A2/HLA-DR1AAV-HBV mice. HBsAg levels in
sera of mice were assessed at different time points post AAV-HBV injection. Data are
represented as mean fold changes compared to their respective mean level before TG1050
(Plain circle curve) or empty Ad (empty circle curve) or buffer (cross curve) injection.
Statistical differences are indicated by the star (p<0.05; two-way RM ANOVA/ Bonferonni).

Table S1: Peptide sequences used to recall specific T cells targeting epitopes from the
Core Polymerase and Envelope proteins of HBV
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Supplementary
Table S1
HLA-A2 restricted peptides
Protein
Core

Start Position
18
59
14

End Position
27
68
22

Sequence
FLPSDFFPSV
ILCWGELMTL
VLQAGFFLL

Short name
FLP
ILC
VLQ

20

28

FLL TRI LTI

FLL

41
185
803

49
194
811

FLGGTTVCL
GLSPTVWLSV
SLYADSPSV

FLG
GLS
SLY

Start Position
93
129
179
163
396
419
44

End Position
100
143
186
177
404
428
58

Env
Pol

H2b restricted peptides
Protein
Core
Env

Pol

Sequence
Short name
MGLKFRQL
MGL
PPAYRPPNAPILSTL
P13L
FVQWFVGL
FVQ
FLWEWASARFSWLSL
F13L
FAVPNLQSL
FAV
VSAAFYHLPL
VSA
NLNVSIPWTHKVGNF
N13F

H2d restricted peptides
Protein
Core
Env
Pol

Start Position
87
28
140

End Position
85
39
148

Sequence
SYVNTNMGL
IPQSLDSWWTSL
HYFQTRHYL

Short name
SYV
IPQ
HYF
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