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Abstract

Background: LAG-3 (CD223) is a natural high affinity ligand for MHC class Il. The soluble form
(sLAG-3) induces maturation of monocyte-derived dendritic cells in vitro and is used as a potent
Thl-like immune enhancer with many antigens in animal models. To extend this observation to
human, a proof of concept study was conducted with a clinical-grade sLAG-3, termed IMP321,

coinjected with alum-non-absorbed recombinant hepatitis B surface antigen.

Methods: In a randomised, single blind controlled phase | dose escalation study, 48 seronegative
healthy volunteers aged 18-55 years were vaccinated at 0, 4 and 8 weeks by subcutaneous injection
with 10 ug HBsAg mixed with saline (control) or with IMP321 at one of four doses (3, 10, 30 and
100 png). To evaluate the efficacy of this three injections over 2 months immunization protocol, an

additional control group was injected with the commercial vaccine Engerix-B®.

Results: IMP321 was very well tolerated. Indeed, a lower incidence of adverse events was
reported from the HBsAg plus IMP321 groups than from the Engerix-B® group. HBsAg-specific
antibody responses (anti-HBs) appeared sooner and were higher at 8 and 12 weeks in IMP321
recipients compared to HBsAg control subjects. More importantly, increased numbers of
responders to HBsAg were found in IMP321 recipients compared HBsAg group, as revealed by
higher post-vaccination frequencies of CD4 Thl or CD8 Tcl antigen specific T cells. IMP321
induced CD4 Th1 antigen-specific T cells in some of these naive individuals after only one injection,

especially in the 10 and 30 g dose groups.

Conclusion: IMP321 as an adjuvant to HBsAg was well-tolerated and enhanced T cell response
vaccine immunogenicity (i.e. induced both CD4 Thl and CD8 Tcl antigen-specific T cells). This
latter property has allowed the development of IMP321 as an immunopotentiator for therapeutic

vaccines.
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Background

A clinically effective therapeutic vaccine to fight viruses or
tumour requires the generation and expansion of specific
cytotoxic T lymphocytes (CTL) able to proliferate and/or
secrete Th1-type cytokines such as IL-2, IFNy or TNF-a
after antigen-specific stimulation. Since few years, many
efforts have been done to attempt to amplify the immune
response and to shift it towards an adequate response
using adjuvants. Almost all therapeutic vaccine adjuvant
approaches use ligands for one of the Toll-like receptors
(TLR) expressed on DC. The most studied of the TLR lig-
ands are the TLR9Y ligands deoxycytidyl-deoxyguanosin
oligodeoxynucleotides (CpG ODNs) or immunostimula-
tory DNA sequences (ISS) that are potent inducers of
inflammation ("danger signals").

In addition to the TLR agonists that are innate immunity
ligands, the immune response involves two adaptive
immunity ligands that are expressed on activated T cells
and bind to non-TLR receptors expressed on DC. These are
the CD40L and lymphocyte activation gene-3 (LAG-3 or
CD223) human proteins. Soluble forms have been tested
at the preclinical and/or clinical stage as vaccine immuno-
logical adjuvants. Clinical development of soluble CD40L
(sCD40L) has been hampered by an increased risk of
thrombosis due to direct platelet activation by sCD40L
[1]. Soluble LAG-3 (sLAG-3) binds to MHC class II mole-
cules and induces dendritic cells (DC) to mature and
migrate to secondary lymphoid organs where they can
prime naive CD4-helper and CD8-cytotoxic T cells [2-4],
leading to tumour rejection [5-7]. This maturation effect is
obtained specifically with sLAG-3 but not with any of the
tested MHC class II mAbs [3], and is dependent upon the
specific binding of sLAG-3 to MHC class II molecules
located in membrane lipid raft microdomains [8]. Finally,
the immunostimulatory activity of sLAG-3 in inducing
tumour-associated human antigen-specific CD8* T cell
responses to a much greater extent than CpG ODN [9] has
been reported recently [10], further supporting the use of
this recombinant protein as a promising candidate adju-
vant for cancer vaccination.

In the present study, we report on the clinical and biolog-
ical effects, and safety evaluation of IMP321, a GMP-grade
SLAG-3 (hLAG-3Ig) protein, in a large randomised single
blind phase I clinical trial. The results of this proof-of-con-
cept clinical study in healthy volunteers using HBsAg as a
model antigen has paved the way for the development of
this human protein as an immunopotentiator for thera-
peutic vaccines.

Methods

Study design and subject selection

This single blind controlled phase I study was conducted
at the Aster-Cephac S.A. facility in Paris. Ethical Review
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Board approval was obtained and each patient provided
voluntary informed consent. Eligible subjects were
healthy adult HBV vaccine naive volunteers, aged 18-55,
with no serologic evidence of previously resolved or cur-
rent HBV infection. However, three of these were later
found to be seroconverted (but not seroprotected) at base-
line in the post study HBsAg antibodies determination
(subjects #019, 035 and 044). Other exclusion criteria
included liver enzyme levels outside the normal range,
chronic HIV or HCV infection, or evidence of any other
clinically significant acute or chronic disease. Subjects
receiving immune suppressive medication, and those
diagnosed with an immune or autoimmune dysfunction
were not considered for this study. Female subjects had to
have gone through the menopause for a least one year, as
evidenced by lack of menstruation for the last 12 months
and hormones (FSH, estradiol) blood level measurement
at screening confirming menopausal status.

Vaccines

For the production of a clinical batch of IMP321, CHO
DHFR- cells were transfected with a plasmid coding for the
D1-D4 extra-cellular domains of human LAG-3 fused to
the Fc tail of a human IgG1 [11]. A production clone was
selected after amplification in methothrexate. The final
container clinical batch used in the present study has a
concentration of 1.1 mg/ml IMP321 (a 200 kDa dimeric
protein) and 0.09 EU/mg endotoxin, 0.4 ng/ml DNA and
6 ng/ml host cell protein contents. Experimental vaccines
contained 10 pg yeast-derived recombinant HBsAg (pro-
vided by Rhein Biotech GmbH, Diisseldorf) alone or with
3, 10, 30, 100 pg IMP321 (hLAG-31g). All vaccines were
prepared by an unblinded pharmacist at the trial site and
were administered within 1 h of mixing using a 200 pl
injection volume. Each subject received three sub-cutane-
ous (s.c.) doses at 0, 4 and 8 weeks. The first and the third
injections were done in the deltoid area of the dominant
arm. The second injection was done in the deltoid area of
the non dominant arm. Subjects in another comparative
arm received an adult dose (1 mL) of Engerix-B® (Glaxo-
SmithKline, Rixensart, BE) that contains 20 ug of alum-
absorbed yeast-derived recombinant HBsAg, which was
administered intramuscularly.

Experimental groups

Subjects were enrolled sequentially into four cohorts
according to dose level of IMP321. Within cohorts, sub-
jects were randomised to receive an experimental vaccine
or control HBsAg alone in a 4:1 ratio. A total of 48 subjects
were immunized according to the planned three adminis-
tration schedules, 8 receiving control vaccines, 8 receiving
Engerix-B® and 32 receiving experimental vaccines with
IMP321 (n = 8 in each group). Two subjects were prema-
turely discontinued from the study after the first injection
and were replaced.
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Safety evaluation

All subjects who received a dose of the study drug were
included in the safety evaluation (n = 50). Adverse effects
were identified by clinical examination at baseline and at
the following times post administration: first dose at 4 h,
48 h, one week, and 4 weeks (just prior to second dose);
second dose at 4h, 48 h, one week and 4 weeks (just prior
to third vaccine dose); third dose at 4 h, 48 h, one week
and 4 weeks. In addition, vital signs (blood pressure and
pulse rate) and oral body temperature were recorded at
pre-dose, 0.5h, 1 h, 1.5 h, 2 h and 4 h post-dosing as well
as 48 h and 1 week after each injection. Laboratory tests
included a complete blood count, serum chemistry, liver
and renal function, and coagulation measures. Rheuma-
toid factors, anti-nuclear antibody titres (ANA) and anti-
IMP321 antibodies were measured at baseline and weeks
12.

Immunogenicity-humoral response

Immunogenicity results were analysed using the popula-
tion which completed the study (n = 48). To assess anti-
HBsAg responses, blood samples obtained at baseline and
8 and 12 weeks after the initial vaccine dosing, were
allowed to clot at room temperature for 15 minutes. Sam-
ples were centrifuged at 1,500 g at about 4°C for 10 min-
utes and the serum was aliquoted and stored in airtight
stoppered polypropylene tubes at -20°C. Sera were tested
by the Abbott AUSAB-MEIA (Abbott, Abbott Park, IL,
USA) and anti-HBs titres were expressed in mIU/mL based
on comparison with standards defined by the World
Health Organization (WHO). A protective titre was
defined as > 10 mIU/mL. The commercially available hep-
atitis B vaccine Engerix®B (20 pg HBsAg adsorbed on
alum) was used to ensure that our 3-months protocol
schedule was able to induce antibodies in most subjects.
Geometric mean of titres (GMT) was calculated using the
formula 1Qmean [log (b titers)] for each group at each time
point. Seronegative subjects have been given the arbitrary
value of 1 mIU/mL for GMT calculation.

Data analysis

The analyses for safety and tolerability parameters were
performed on all randomised subjects who received at
least one dose of study medication and who had post-
dose safety information (n = 50). Immunogenicity results
were analysed on the population which completed the
study (i.e. subjects who received 3 injections and had their
post-study visit) (n = 48). Anti-HBsAg titres measured in
mlU/mL were expressed as geometric mean titres (GMT)
for each group. The differences between GMTs achieved at
a given time point for each of the HBsAg plus IMP321
groups or the Engerix-B® group were compared with the
HBsAg alone group by Student's two-sided t-test. The pro-
portions of subjects achieving seroconversion (anti-
HBsAg> 1 mIU/mL) and seroprotection (anti-HBsAg> 10
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mlIU/mL) were compared in the combined IMP321
groups and in the Engerix-B® group versus the control
HBsAg alone group.

Immunogenicity—cellular responses

Isolation of PBMCs

Blood was collected from healthy volunteers and from
subjects included in the clinical trial at baseline and on
Day 29, 36, 57 and 85 in heparin lithium tubes (BD Vacu-
tainer™, San Jose, CA). Peripheral blood mononuclear
cells (PBMCs) were immediately isolated by gradient den-
sity (Ficoll-Paque PLUS™, Amersham, Uppsala, Sweden)
using LeucoSep tubes (Greiner Bio-one, Frickenhausen,
Germany) resuspended in fetal calf serum (FCS, Hyclone,
Logan, UT, USA) containing 10 % DMSO (Sigma Aldrich,
Saint Louis, MO), slowly chilled down to -80°C (1°C/
min) and cryopreserved in liquid nitrogen until analysis.

Ex vivo stimulation of PBMC and intra-cellular staining

Before evaluating HBsAg-specific T cell responses to fol-
low the efficacy of the immunization protocol, validation
experiments were performed on four PBMCs samples col-
lected from volunteers who had been previously immu-
nized with commercial hepatitis B vaccine. PBMCs were
thawed and stimulated using a set of 22 20-mers peptides
(overlapping by 11 aa) that span the entire HBsAg protein
sequence (1 uM of each peptide) or cultured with the
vehicle (DMSO), in the presence of Fastimmune CD28/
CD49d costimulation cocktail (BD Biosciences) for 18 h
and in the presence of brefeldin A (BD Biosciences) for the
last 16 h. In another series of experiments, PBMC samples
from three other donors were stimulated with a cytomeg-
alovirus (CMV) pp65 peptides pool (1.75 ug/ml, BD Bio-
sciences) or Staphylococcus Enterotoxin B (SEB, 1 ug/ml,
Sigma Aldrich) in the same conditions. PBMCs unstimu-
lated or stimulated with peptides or SEB were fixed, per-
meabilised using CytoFix/CytoPerm, stained with
fluorochrome-conjugated CD3-PerCP-Cy5.5, CD4-PE-
Cy7, CD8-APC-Cy7, IEN-y-FITC, TNF-0-APC and IL-2-PE
antibodies and extensively washed with PermWash buffer
(all from BD Biosciences). Cells were then analysed using
a 6-colour FACSCanto flow cytometer (BD Biosciences) to
determine the percentage of CD3+CD4+ and CD3+CD8+*
cells expressing IFN-y, TNF-o. and/or IL-2. The percentage
of cells expressing cytokines in unstimulated conditions
was subtracted from the percentage of cells obtained after
peptide stimulation. Following completion of the proto-
col, a series of samples grouping the whole kinetics for
each individual included in the clinical trial were thawed
and analysed after 18 h of ex-vivo restimulation using the
same set of HBsAg peptides. Cells were fixed, permeabi-
lised and stained as above. A very large number of PBMCs
were analysed (as an average 0.9 x 10° cells) by flow
cytometry to secure the validity of small percentages and/
or differences. Results following FACS analysis were
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Table I: Patient Characteristics (Intent-To-Treat Population)
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Parameter Engerix®-B HBsAg alone

HBsAg + 3 ug IMP321  HBsAg + 10 ug IMP321

HBsAg + 30 ug IMP321  HBsAg + 100 g IMP321

Number enrolled 8 8 9
Number completed 8 8 8
Age (years)Mean £ SD  32.1 £ 11.2 410114 31.4+80
Gender?
Male 7 7 9
Female | | 0
Raceb
Caucasian 7 6 6
Black | | |
Asian 0 0 |
Other 0 | |

9 8 8
8 8 8
29.0 + 9.2% 373+£97 359+74

8 8
0 0 0
5 6 7
2 2 |
| 0 0
| 0 0

aStudent's t-test. * p < 0.05 compared to HBsAg alone control group.
b Chi-square. P >0.05 compared to HBsAg alone control group.

defined as the difference in response to HBsAg-peptides at
D29, D36, D57 or D85 versus D1. The confidence interval
depended on the numbers of relevant events (CD3+*CD4+
or CD3+CD8+ events) collected in each sample, the
amount of background stimulation at D1 and difference
between D1 and D29, D36, D57 or D85 time points. This
difference was significant with a power of 90 % (p < 0.05)
if the number of CD4+or CD8+ cells collected was larger
than calculated CD4+ or CD8+* events using the formula:

2%((D+100+ D1+100)+2)x (1 — ((D +100 + D1 +100) +2) X 8.6)
(D+100-D1+100)?

where D is the percentage of CD3+ CD4+ or CD3+*CD8+
cells expressing at least one cytokine on D29, D36, D57 or
D85 upon stimulation and D1, the percentage of CD3+*
CD4+ or CD3+*CD8+ cells expressing at least one cytokine
on D1.

Binding of HBsAg-specific pentamers

After completion of the protocol, PBMC harvested from a
HLA-A2+ donor on D1, D57 and D85 were thawed and
cultured with two HLA-A2-restricted HBsAg peptides
(GLSPTVWLSV and WLSLLVPFEV, 1 uM each) in the pres-
ence of IL-2 (20 IU/ml) for 10 days. Fresh autologuous
PBMC were loaded with the two peptides and added to
the culture for additional 10 days. Fresh IL-2 was added
every two days during the two rounds of stimulation.
Cells were then incubated with the two HBsAg peptides/
HLA-A2 pentamers (HLA-A*0201) conjugated to PE,
washed, stained with CD3-PerCP-Cy5.5, CD4-APC-Cy?7,
CDS8-FITC, CD14-APC antibodies and analysed by flow
cytometry. After exclusion of CD 14+ monocytes, the bind-
ing of pentamers on CD3+*CD8+ cells was determined.

Results

Population characteristics

This study was conducted between May 2005 and Decem-
ber 2005. A total of 113 subjects were screened, of which

50 were enrolled and received at least one dose of vaccine.
Baseline characteristics and demographics were evenly
distributed among the six cohorts, with the exception of
age in the HBsAg plus 10 pg IMP321 group (Table 1). All
but two subjects completed the study. One subject in the
HBsAg + 3 ug IMP321 and one subject in the HBsAg + 10
pg IMP321 withdrew from the study after the first immu-
nization for personal reasons. They were replaced by 2
other subjects.

Safety and tolerance

Overall, IMP321 plus HBsAg was characterised by a good
tolerability profile at the four doses tested. A lower inci-
dence of subjects experiencing AEs was reported after
injection of IMP321 plus HBsAg (38 %) or HBsAg alone
(25 %) than after injection of Engerix®-B (62.5 %). The
most common observed non-serious adverse events
included local injection site pain (4/35) and erythema (2/
35), as well as systemic symptoms such as nausea (2/35)
and headache (5/35) (see Table 2). Injection site pains
and erythema were considered certainly related to the
study drugs, whereas nausea and headache were consid-
ered possibly related. Most of these AEs were of mild to
moderate intensity and resolved without any corrective
treatment. Following vaccine injection, oral temperature,
blood pressure, and pulse rate remained stable from base-
line to hour 4, as well as on day 3 and day 8 post-dosing
(data not shown). One subject from the HBsAg plus 100
pg IMP321 group developed a pruritus and a papular rash
2 hours after the first injection, which could be indicative
of an allergic reaction; the symptoms were transient, not
reproduced after the following injections and no medical
or pharmacological intervention was required.

There were no consistent or dose-related changes in bio-
chemical haematological or rheumatological measures
(data not shown). Moreover, antibodies to IMP321 were
not detected in sera collected from subjects on D29, D36,
D57 and D85 (not shown). Altogether, these data show
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Table 2: Frequency of AEs reported during the study (Intent-To-Treat Population).

Engerix®-B
(N=8)

HBsAg alone
(N=8)

HbsAg + IMP321 3ug
N=9)

HBsAg+ IMP321 10
ng (N=9)

HBsAg+ IMP321

HBsAg+ IMP321 100ug
30ug (N=8) (N=8)

n % AE n % AE n %

AE

n % AE % AE % AE

Total 5 625 5 2 250 4 5 55.6

2 22.2 4 2 25.0 3 4 50.0 I

Aphthous Stomatitis . . . . . . |
Diarrhoea . . . . . . |
Dyspepsia . . . . . .
Nausea | 125 | . . . |
Asthenia 2 25.0 2
Influenza Like lllness . . . |
Injection Site Erythema
Injection Site Haemorrhage . . . . . . |
Injection Site Induration | 125 | . . . .
Injection Site Pain | 125 | I 125 | |
Localised Oedema . . . . . . |
Herpes Simplex . . . . . . |
Sinusitis . . . I 125 |
Urinary Tract Infection . . . . . . |
Contusion
Back pain
Myalgia
Headache
Erythema
Pruritus .
Psoriasis . . . |
Rash Papular

12.5 |

12.5 |

| 12.5 |
12.5 |
| 12.5 |

| 12.5 |

| 12.5 2
. . . | 12,5 [
| 1.1 l. . . . . . .
2 222 2 . . . 2 25.0 3
| 12.5 |

| 12.5 |

that the injections of IMP321 were well tolerated with few
reported non serious AEs and no sign of induced autoim-
munity.

Yaccine immunogenicity

Hepatitis B antibody titres

In our screening procedure, more than 40 % of volunteers
were rejected before enrolment because of HBsAg titers
above the 10 IU/mL cut-off. Following completion of the
study, all sera samples were tested in a GLP laboratory to
quantify titres against a WHO standard and 3 out of 48
volunteers turn not to be naive individuals because of low
HBsAg titres at Day 1 (seeTable 3). For all subsequent
analyses on HBsAg antibody titres, only naive individuals
were taken into account.

Following immunization with Engerix-B®, seroprotection
was obtained in all subjects (100 %) after three vaccina-
tions (Table 3), confirming the validity of our 1 and 2
months booster immunization schedule (i.e. compared to
the 1 and 6 months schedule). In 5 subjects out of 8, the
third immunization was necessary to obtain seroprotec-
tion. These numbers are consistent with previously pub-
lished results on seroconversion following vaccination
with Engerix-B°®.

Following immunization with HBsAg alone, induction of
low anti-HBsAg antibodies titres, not allowing seroprotec-
tion was observed in two out of 7 naive subjects (28.5 %)

(Table 3). It is however interesting to note that seroprotec-
tion was induced in a subject who already exhibited anti-
HBsAg antibodies at low level at Day 1 (Table 3).
Together, these results show that 10 ug HBsAg alone has a
relatively poor immunogenic activity when not adsorbed
on alum (i.e., no protection from antigen protein degra-
dation, no long-term antigen depot effect). It is able to
boost a memory response but not able to prime de novo
naive T cells and to induce a seroprotective antigen-spe-
cific B-cell immune response.

Addition of IMP321 to HBsAg resulted in earlier appear-
ance of anti-HBs antibodies compared to the control
HBsAg alone group. At four weeks post-second injection
(Week 8), no naive subjects in the control HBsAg alone
group had detectable anti-HBsAg antibodies (see Table 3).
In contrast, 2 out of 8 (25 %) naive subjects receiving
HBsAg plus 3 pg IMP321 had seroconverted four weeks
after second injection. It should be noted that, even at this
early time point, both IMP321 recipients who had sero-
converted after the second immunization in the 3 pg
group had attained seroprotective titers. Following the
third immunization, 75 % of subjects in the HBsAg plus 3
pg IMP321 group showed seroconversion with a seropro-
tection rate of 37.5 %. Seroconversion and seroprotection
rates at Week 12 were lower in the other IMP321 recipi-
ents groups with the exception of the HBsAg + 100 pg
IMP321 group, but still above the rate obtained in the
HBsAg alone control group. Despite a trend toward higher
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Table 3: HBsAg antibody responses
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Subject WO W8 W12 Subject WO W8 W2
Engerix®-B HBsAg + IMP321 10 ug
003 0 178 2253 013 0 0 |
008 0 2589 7055 0I5 0 0 4
014 0 0 54 017 0 0 0
023 0 4 442 oi18 o0 2 28
026 O 3054 3156 019 9 504 609
032 0 0 28 020 0 0 0
040 O 9 164 1021 0 0 0
043 0 2 17 022 0 0 0
# Seroconverted? 0 6 (75%) 8 (100%) # Seroconverted? 0 | (14.2%) 3 (42.8%)
# Seroprotected> 0 3 (37.5%) 8 (100%) # Seroprotected? 0 0 1 (14.2%)
GMTa b | 23.75 313.56 GMTab | 1.10 1.96
HBsAg alone HBsAg + IMP321 30 ng
006 O 0 0 025 0 0 0
012 0 0 0 027 0 0 0
olé 0 0 0 029 0 0 0
024 0 0 0 030 O 0 26
028 0 0 7 031 0 0 0
034 0 0 0 033 0 0 4
039 0 0 2 035 2 136 467
044 | 24 321 036 O 0 0
# Seroconverted> 0 0 2 (28.5%) # Seroconverted? 0 0 2 (28.5%)
# Seroprotected> 0 0 0 # Seroprotected? 0 0 1 (14.2%)
GMTa b [ | 1.46 GMTa b | | 1.94
HBsAg + IMP321 3 ng HBsAg + IMP321 100 ng
00l 0 540 2229 037 0 0 3
002 O 35 51 038 0 0 3
004 O 0 0 041 0 0 0
005 O 0 0 042 0 0 0
007 O 0 | 045 0 0 0
009 O 0 12 046 O 0 0
1010 0 0 | 047 0 0 0
oll 0 0 5 048 0 0 0
# Seroconverted? 0 2 (25%) 6 (75%) # Seroconverted? 0 0 2 (25%)
# Seroprotected> 0 2 (25%) 3 (37.5%) # Seroprotected? 0 0 0
GMTa b | 342 7.15 GMTab | | 1.31

Protective titres are indicated in bold

2 GMT, seroconversion and seroprotection calculations were based on naive subjects only.

b Value of zero are assigned the value of | for the GMT calculation.

values in the 3 pg group, anti-HBs GMTs were not statisti-
cally significantly higher than the GMT for HBsAg alone
recipients for Week 8 and 12 and this non-significance
may in part be attributed to the small number of individ-
uals per group.

Overall, these data show that IMP321 as an adjuvant to
non-absorbed HBsAg, is able to induce HBsAg antibodies
in 43 % of naive individuals (i.e. 13 out of 30), with sero-
protection being obtained in 2 and 5 naive subjects fol-
lowing the second and the third immunization,
respectively.

Validation of intra-cellular staining after ex vivo
stimulation with peptides

Before evaluating HBsAg-specific T cells response by intra-
cellular staining to detect cytokines in T cells by flow
cytometry analysis after short term ex-vivo stimulation
with a pool of 22 HBsAg overlapping peptides (20 aa
overlapping by 11), standard operation procedures were
established and fixed. First, blood samples from 4 differ-
ent donors previously immunized by a commercial hepa-
titis B vaccine were collected and PBMCs independently
purified and frozen by two different operators. PBMCs
were then stimulated by the HBsAg peptide pool for 18
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Reproducibility of T cell responses to HbsAg. PBMCs from 4 donors were independently purified by density gradient
centrifugation and frozen by two different operators. PBMCs were then thawed and cultured with a HBsAg peptide pool or
vehicle for 18 hours, in the presence of brefeldin A and the expression of IL-2, INF-y and TNF-a in CD3*CD4*and CD3*CD8*
cells was determined by specific staining and flow cytometry analysis. Background cytokine expression from unstimulated cells
was subtracted from HBsAg peptide-stimulated cells. Percentages of CD4* (panel A) and CD8* (panel B) T cells either IL-2-
IFN-y* TNF-o, IL-2- IFN-y"TNF-a*, IL-2* [FN-y- TNF-o, IL-2- [FN-y* TNF-a*, IL-2* IFN-y- TNF-a*, IL-2* IFN-y* TNF-or- or IL-2*
IFN-y* TNF-a* obtained for the four donors in two independent experiments are presented.

hours in the presence of brefeldin A and stained with
fluorochrome-conjugated CD3, CD4, CDS8, IL-2, INF-y
and TNF-a-specific antibodies. The percentages of
CD3+CD4+*and CD3+CD8+ cells expressing cytokines after
HBsAg-stimulation obtained by the two operators are pre-
sented in Figure 1. Only two donors out of four had devel-
oped a detectable antigen-specific Th1l cytokine CD4
response after HBsAg peptide pool stimulation (Figure
1A). No CD8+T cell cytokine response was observed (Fig-
ure 1B). Similar results were obtained in the experiments
performed by the two different operators.

Since CMV-specific CD8 responses are easily observed in
normal donors, the reproducibility of the intra-cellular
staining method to detect cytokine expression in CD4 and
CD8 T cell subpopulations was performed after stimula-
tion with a peptide pool spanning the sequence of CMV
pp65. PBMCs from three donors were stimulated with the
CMYV pp65 peptides and stained to detect cytokine expres-
sion in ten independent experiments performed by two
operators (Figure 2A and 2B). Control stimulation with
SEB superantigen was added (Figure 2C and 2D). All three
PBMC samples displayed a detectable cytokine response

Page 7 of 15

(page number not for citation purposes)



Journal of Immune Based Therapies and Vaccines 2007, 5:5 http://www jibtherapies.com/content/5/1/5

A
0.3 0.3 0.3
w
3 02 0.2 0.2
<
[a]
O
s
e 01 0.1 0.1 n
Eﬁiﬁﬁﬁﬁ!@ﬁ ﬁﬁﬁ!%
. il

0
Expt#1 2345678910
Operator#1 Operator#2

0
Expt# 12345678910
Operator#1 Operator#2

Expt#12345678910
Operator#1 Operator#2

B Donor #1 Donor #2 Donor #3
0.3 1.5 0.3
- - -
- -
M -
] -
8 0 1.0 0.2
£y
8
bt -
S o 0.5 0.1 - -
B om M H = AH A IL2+ INF+ TNF+
= I=1HE =TT [l o= P D
H_-HHH'HH' H M BB IL2+ INF+ TNF-
0

Expt#1 2345678910
Operator#1 Operator#2

0
Expt# 123456780910
Operator#1 Operator#2

0
Expt#123456780910
Operator#1 Operator#2

IL2+ INF- TNF+

IL2- INF+ TNF+

Donor #1 Donor #2 Donor #3
c B IL2+ INF- TNF-
15 15 15
[ IL2- INF- TNF+
© [JIL2- INF+ TNF-
g 10 10 . 10
. |
g I - Slarp i
— I 11 || m -
[s]
e 54 Q E LY 5 = 5
N = S sl 5 0

0 0 - LU
Expt# 12345678910 Expt#12345678910 Expt#12345678910

Operator#1 Operator#2 Operator#1 Operator#2 Operator#1 Operator#2
Donor #1 Donor #2 Donor #3
15
15 m 15
- - M
2 4 - nl -
g 10 0 = 10 [
& -
a =
(@]
k] 5
* 5 = 5 i 1
0 0

0
Expt#12345678910
Operator#1 Operator#2
Donor #3

Expt#1 2345678910
Operator#1 Operator#2
Donor #1

Expt#1 2345678910
Operator#1 Operator#2
Donor #2

Figure 2

Reproducibility of T cell responses to CMV pp65 and SEB. Frozen PBMCs from 3 donors were independently thawed
and cultured with CMV ppé5 peptide pool or vehicle (panels A and B) or with SEB (panels C and D) by two operators at five
different occasions. The expression of IL-2, INF-y and TNF-a in CD3*CD4* and CD3*CD8" cells was determined by specific
staining and flow cytometry analysis. Background cytokine expression from unstimulated cells was subtracted from CMV pp65
peptides-stimulated cells. Percentages of CD4* (panel A and C) and CD8" (panel B and D) T cells either IL-2- IFN-y* TNF-a, IL-
2- IFN-y- TNF-a*, IL-2* IFN-y- TNF-ar-, IL-2- IFN-y* TNF-a*, IL-2* IFN-y- TNF-a*, IL-2* IFN-y* TNF-a- or IL-2* [FN-y* TNF-a*
obtained for the three donors in ten independent experiments are presented.

Page 8 of 15

(page number not for citation purposes)



Journal of Immune Based Therapies and Vaccines 2007, 5:5 http://www jibtherapies.com/content/5/1/5

* 4 3322
A 03 08 04
P *
3
+ 0.2 *
<
o *
o
S 01 M .
el e i
858 ~RBhn ~ABGE 8B ~ABLD 8BS ~8BL 8BS Time point (day)
003 008 014 023 026 032 040 043  Subject#
B 0.3
©
3
+ 0.
<
o
&)
S 0.1
® i
o g Viges thoq Dotp I Rng agfa, AUINE 1.
DO DO DO DONLD DO DONL el DO . .
—AO0O ~ANOLO —ANVRO —ANOD —ADOVO —AMOD —AMBR —AN®M0K  Time point (day)
006 012 016 024 028 034 039 044 Subject #
c 0.3
K2
©
o
Y 0.2
o
(@]
“6 01 * ok Kk
= I-=
oll HDH Wlnnl maall A B fHARA AT all .. ol W IL2* INF* TNF?
~2858 8GR ~A3GR ~ABBR —AB5L AL ~ABLE ~ABLH Time point (day) | BH IL2* INF* TNF-
001 002 004 005 007 009 1010 011  Subject# [ 1L2* INF- TNF*
D o3 VA IL2: INF* TNF*
3 I IL2" INF- TNF-
2o I IL2- INF- TNF*
3 CJIL2 INF* TNF-
(@]
‘s 0.1 «
L I T :
ol A Alas | EFNETITY R
DONLD DONLD DONLD DO DONLD DONLD DONLO DONLD . .
C—AOBD —ANHD ~ABBO ~ANOBD ~AABR ~AMHD —AMBO ~AN®Wwo Time point (day)
013 015 017 018 019 020 1021 022  Subject#
E o3
K%)
)
o
+ 0.2
<
o
&)
S 0.1 L * -
ol-oafla mnn AUANA DDHDH A 8., DHH n Af_nmo
BGRB8 8BRS ~ABGE —ABBR A8 —A8GB —A8GBB Time point (day)
025 027 029 030 031 033 035 036 Subject #
F o3
i)
©
© 0.2
N
&% "
o
&) * *
5 01 . f
53 [ ] -
olBHlla UD‘UHH !HHHI nlleH o o A An D felll HDHIH
DONLD DONLD DONLO DONLD DONLD DONLD DONLD DONLD . .
CAOBD —AMBO —ANOLRX —AMBDO ~ANOOVRX ~AMBD —AMBKD ~AN®W®  Time point (day)
037 038 041 042 045 046 047 048 Subject #

Figure 3

Percentage of CD4* T cells expressing IFN-y, TNF-o and/or IL-2 upon HBsAg-peptide stimulation. PBMC were
isolated from whole blood by density gradient and frozen. Following completion of the protocol, cells were thawed and cul-
tured with 22 HBsAg 20-mers peptides or with vehicle for 18 hours, in the presence of brefeldin A. PBMC were then fixed,
permeabilized and stained with fluorochrome-conjugated CD3, CD4, CD8, IFN-y, TNF-a, IL-2 specific antibodies. The per-
centage of CD3*CD4* T lymphocytes expressing IFN-y, TNF-a and/or IL-2 was determined by flow cytometry. Background
cytokine expression from unstimulated cells was subtracted from HBsAg peptides-stimulated cells. Percentages of CD4* lym-
phocytes either IL-2- IFN-y* TNF-a-, IL-2- IFN-y- TNF-a*, IL-2* [FN-y- TNF-ar, IL-2- IFN-y* TNF-a*, IL-2* [FN-y- TNF-a*, IL-2*
IFN-y* TNF-o- or IL-2* IFN-y* TNF-o.* are presented in groups Engerix-B® (panel A), HBsAg alone (panel B), HBsAg + 3 ug
IMP321 (panel C), HBsAg + 10 pg IMP321 (panel D), HBsAg + 30 pg IMP321 (panel E) and HBsAg + 100 pg IMP321 (panel F)
for every subject at every time point (see x-axis). Statistically significant increases (p < 0.05) are shown by an asterisk.
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Figure 4

Induction of CD4* Thl cell response to HBsAg peptides. Unstimulated and HBsAg peptides-stimulated PBMC were
stained with fluorochrome-conjugated CD3, CD4, CD8, IFN-y, TNF-a, IL-2 specific antibodies. The percentage of CD3*CD4*
T lymphocytes expressing at least one cytokine was determined by flow cytometry. Background cytokine expression from
unstimulated cells was subtracted from HBsAg peptides-stimulated cells and the induction of Th| response at D29 (open cir-
cle), D36 (gray circle), D57 (dark gray circle) or D85 (closed circle) compared to D1 was calculated for each subject displaying
a statistically significant increase (p < 0.05, see Figure 3) using the formula:

0 O okines cells at or or 7 or X
% of cytokines™ cells at D29 or D36 or D57 or D85)x 100
% of cytokines' cells at D1

—100

in both CD4 and CD8 T cell subsets after CMV pp65 stim-
ulation. A high frequency of CMV pp65-specific Tc1 CD8+*
T cells was found in donor#2's PBMCs (>1 %, Figure 2B,
middle panel). The means and standard deviations of the
percentages of CD4+ and CD8* T cells expressing these
cytokines were calculated for the three donors. Inter-
experiments and inter-operators coefficient variations
(CV) were determined. Repeatability of the results
obtained by each operator was 17 % and 14 % for both T
cell populations. Overall inter-experiments and inter-
operators CV were 19 % and 15 % for antigen-specific
CD4 and CDS8 response, respectively. Inter-experiments
and inter-operators CV calculated for SEB-stimulation
were 19 % and 10 % for CD4 and CD8 populations,
respectively. To avoid additional variability, the monitor-
ing of the T cell response in the clinical trial was per-
formed by a single operator who obtained 15 % and 14 %
CV on CD4 and CD8 antigen-specific responses, respec-
tively.

Hepatitis B-specific T cell responses

To investigate the T cell response to HBsAg vaccination in
the different groups, PBMCs were cultured for 18 hr with
the same pool of 22 HBsAg overlapping peptides and the
number of antigen-specific T cells was determined by flow
cytometry after IFN-y, TNF-a, and IL-2 intracellular stain-
ing in CD3+CD4+ and CD3+CD8+ cells. The percentage of
CD4+ T cells expressing these Th1-type cytokines upon
stimulation with antigenic peptides is shown in Figure 3.

Five subjects out of 8 (62.5 %) in the Engerix-B® group dis-
played an increase in the percentage of CD4 T cell express-
ing cytokines upon stimulation with HBsAg peptides on
D29, D36, D57 or D85 compared to D1 (Figure 3A). In
contrast, no subject displayed a significant increase of the
percentage of responding CD4+T cells in the HBsAg alone
group (Figure 3B), indicating that the antigen alone was
unable to induce a detectable CD4+T cells response, even
in one antigen-experienced subject (#044) who became
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Figure 5

Percentage of CD8* T cells expressing IFN-y, TNF-o. and/or IL-2 upon HBsAg-peptide stimulation. PBMC were
stimulated with HBsAg peptides and stained as described in the legend to Figure 3. The percentage of CD3*CD8* T lym-
phocytes expressing IFN-y, TNF-a and/or IL-2 was determined by flow cytometry. Background cytokine expression from
unstimulated cells was subtracted from HBsAg peptides-stimulated cells. Percentages of CD8* lymphocytes either IL-2- IFN-y*
TNF-ov, IL-2-1FN-y- TNF-a*, IL-2* [FN-y"TNF-at-, IL-2- IFN-y* TNF-a*, IL-2* IFN-y- TNF-a.*, IL-2* IFN-y* TNF-o- or IL-2* IFN-y*
TNF-a* are presented in groups Engerix-B® (panel A), HBsAg alone (panel B), HBsAg + 3 ng IMP321 (panel C), HBsAg + 10 ug
IMP321 (panel D), HBsAg + 30 g IMP321 (panel E) and HBsAg + 100 ng IMP321 (panel F) for every subject at every time point
(see x-axis). Statistically significant increase (p < 0.05) are shown by an asterisk.
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Figure 6

Induction of CD8* Tcl cell responses to HBsAg peptides. Unstimulated and HBsAg peptides-stimulated PBMC were
stained with fluorochrome-conjugated CD3, CD4, CD8, IFN-y, TNF-a, IL-2 specific antibodies. The percentage of CD3*CD8*
T lymphocytes expressing at least one cytokine was determined by flow cytometry. Background cytokine expression from
unstimulated cells was subtracted from HBsAg peptides-stimulated cells and the induction of Tcl response at D29 (open cir-
cle), D36 (gray circle), D57 (dark gray circle) or D85 (closed circle) compared to D1 was calculated for each subject displaying
a statistically significant increase (p < 0.05, see Figure 5) using the formula:

(% of cytokines™ cells at D29 or D36 or D57 or D85)x100
% of cytokines™ cells at D1

—100

seroprotected after vaccination (Table 3). In groups receiv-
ing IMP321, an increase in the frequency of specific CD4+
T cells producing Th1-type cytokines was observed in 2
subjects (25 %) in the 3 and 10 pg groups (Figure 3C and
3D), 3 subjects in the 30 pg group (37.5 %, Figure 3E) and
4 in the 100 pg group (50 %, Figure 3F). Thus exposure to
IMP321 is associated with the induction of a detectable
antigen-specific Th1 CD4 cell response in 25 to 50 % of
the subjects compared to 0 % in the absence of IMP321.
It is to note that none of the three antigen-experienced
subjects pre-vaccination developed a CD4 Th1 response
even if Ab titres were boosted (see above). Importantly,
the kinetics of circulating CD4+T cells response was heter-
ogeneous in responding subjects. While the T cell
response kept increasing over time for three subjects (two
in the Engerix®-B group, one in the IMP321 100 png
group), repeating injections resulted in all the others in a
decrease of Th1 CD4 T cell frequencies in blood.

In addition to the increased number of subjects displaying
aTh1 CD4 cell response in the IMP321 groups compared
to HBsAg alone, the magnitude of the Th1 response was
also determined. Figure 4 shows the fold increase percent-
ages of CD4+T cells expressing at least one cytokine upon

HBsAg stimulation on D29, D36, D57 and D85 versus D1
for each responder. In the subjects who displayed a signif-
icant increase, CD4+ T cell response seems to be more
intense in cohorts 10 or 30 pg IMP321 compared to 3 pg
and 100 pg. Strikingly, at D29, i.e. after only a single injec-
tion, the response in IMP321 recipients was as intense as
the one observed in the Engerix-B® group. As mentioned
above, the intensity of the response at D85 seems to
decrease compared to other time points in every groups,
whereas 2 subjects in the Engerix-B® group displayed a
continuous increase in the intensity of the response.

For the early time point D29, IMP321 plus 10 pg HBsAg
is as efficient at inducing the CD4+ T cell responses as an
established commercial vaccine incorporating 20 png
HBsAg adsorbed onto alum, a process known to protect
HBsAg from degradation with, in addition, a depot effect
for long lasting antigen release. For later time points, the
mix of IMP321 plus HBsAg is unable to induce further
increases (in contrast to Engerix-B®in two individuals).

Concerning the production of Tc1 cytokines by CD8* T
cells after ex vivo stimulation with HBsAg peptides, only a
few subjects developed a higher frequency of CD8+T cells
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Figure 7

Binding of HBsAg-specific pentamers on CD8* T cells in a subject injected with 100 ug IMP321. PBMC from a
naive HLA-A2* volunteer collected at baseline, on D57 and D85 were thawed and cultured with two HLA-A2-restricted
HBsAg peptides in the presence of IL-2 for 10 days. Fresh autologous PBMC loaded with the two peptides were added to the
culture for the second round of stimulation, and the culture was maintained for another 10 days. Cells were then incubated
with two HBsAg peptides/HLA-A2 pentamers, washed and stained with CD3, CD4, CD8, CD |4 specific antibodies. Percent-
age of CD3*CD8* cells stained by the pentamers was analysed by flow cytometry after exclusion of CD |4*cells. Dot plots
showing the binding of HBsAg-pentamers on CD8* T cells on DI (Panel A) and D57 (Panel B) after two rounds of stimulation

and on D85 after one round of stimulation are presented.

at least at one kinetics time point compared to baseline. In
contrast to the strong response of the CD4+T cells of most
of the subjects in the Engerix-B® group, a significant but
slight CD8+T cell response was observed in only two sub-
jects (25 %) one month after the first injection of the vac-
cine (Figure 5A). In HBsAg alone and 3 or 10 ug IMP321
groups, one volunteer out of 8 (12.5 %) displayed an sig-
nificant increase in the percentage of CD8 T cells express-
ing IEN-y, TNF-a or IL-2 (Figure 5B, C, and 5D). In the 30
or 100 pg IMP321 groups, respectively, 2 (25 %) and 3
(37.5 %) subjects exhibited an increase in the percentage
of responding CD8+T cells (Figure 5E and 5F). Regarding
the magnitude of the Tc1 response in subjects exhibiting a
significant increase in CD8+ T cells, one subject both in
the 30 pg and the 100 pg groups displayed an intense
response (Figure 6).

As for the CD4+T cells response, the CD8 cells response
assessed in our short term ex vivo assay decreased after
repeated immunization. PBMCs from one subject in the
100 pg IMP321 group (#037, HLA-A2+) who displayed a
detectable Th1 and a Tc1 response after only one immuni-
zation (D29) and no response after the second and the
third immunization, were cultured for one or two rounds
of in vitro stimulation with two HLA-A2-restricted pep-
tides. After amplification of the specific T cells with the

peptides, the number of CD8+T cells bearing a TCR recog-
nizing one of these two peptides presented on HLA-A2
molecules was determined by staining with pentamers
loaded with the peptides (Figure 7). The percentage of
specific CD8+ T cells detected with pentamers was higher
in PBMC from D57 and D85 compared to D1. Moreover,
10-day stimulation was sufficient to induce 2.4% of
HBsAg specific CD8+T cells from PBMC collected after the
third immunization. Thus, even if no detectable cytokine
positive T cells were detected in our short term ex vivo
assay, specific CD8* T cells with vigorous proliferative
potential were still present in low numbers (i.e. below the
detection ICS assay threshold of 0.01 % for CD8 cells)
after repeated injection of IMP321.

Discussion

To study the efficacy of IMP321 as an immunopotentiator
in man, we have used state-of-the-art immunomonitoring
techniques (i.e. direct ex vivo 6 colour FACS analysis of
antigen-specific CD4 or CD8 cells producing IL-2, IFNy or
TNF-o as detected by intra-cellular staining). Intra-cellular
staining methods allow the phenotyping of the cytokines-
producing cells with good reproducibility (Figures 1 and
2) without any cell sorting as required with standard Elis-
pot method. Moreover, at a single cell level, several
cytokines can be detected, which is not possible using
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standard Elispot, allowing a better coverage of the hetero-
geneous subsets being induced (e.g. IL-2 for the memory
phenotype).

In the present study, both high levels of Th1 CD4 and Tc1
CD8 T cells (i.e. more than 0.1 % in the corresponding
subset) have been detected in some individuals immu-
nized with 10 or 30 ug IMP321 and 10 pg HBsAg without
alum even though the HBsAg is probably at a suboptimal
dose due to the absence of protection from antigen degra-
dation or of a depot effect from the alum. The same result
has also been obtained in a previous phase I trial testing
10 and 30 pg IMP321 and a flu vaccine (manuscript sub-
mitted).

Compared to alum, injecting IMP321 with 10 pg of
HBsAg was equivalent in terms of CD4+T cell responses to
injecting 20 pg of alum-absorbed HBsAg (i.e. Engerix-B®)
after the first injection, even though there was neither
antigen protection nor any antigen depot effect in the
former condition. However, there was no consistent
build-up of either CD4 or CD8 responses after the second
and third injections. Indeed, we observed a decrease of cir-
culating responding T cells after D29 in most of the sub-
jects. It remains possible that T cells which became
antigen-experienced after the first immunization home
into lymphoid organs following subsequent immuniza-
tions. Indeed, very few antigen-specific CD8 cells (i.e.
undetectable without in vitro amplification) remained in
the blood at D57 or D85, in line with previous observa-
tions showing a compartmentalization to lymphoid tis-
sues [12].

Despite more than 10 years of research, TLR agonists have
not succeeded in showing good T cell response adjuvan-
ticity ratio in vivo. For instance, CpG ODN have been
shown to increase HBsAg Ig titers and Ab affinity, but the
induction of HBsAg-specific T cells could not be detected
in direct ex vivo assays (i.e. without any bias induced by in
vitro lymphocyte proliferation) in immunized healthy
individuals co-injected with 3 mg ISS [13] or with 1 mg
CpG ODN [14], respectively. Similarly, cohorts of 30
healthy individuals immunized with a full-dose flu vac-
cine (Fluarix®) plus 1 mg CpG 7909 did not reveal an
increased cellular response induced by CpG [15]. There-
fore the potential for TLR9 ligands to enhance CTL
responses in humans has thus far not been shown, except
for one clinical study investigating a vaccination of
melanoma patients with a Melan/MART-1 peptide plus
0.5 mg CpG emulsified in Montanide® [16].

Conclusion

In conclusion, IMP321 as an adjuvant to HBsAg was well-
tolerated and enhanced T cell response vaccine immuno-
genicity (i.e. induced both CD4 Th1 and CD8 Tc1 anti-

http://www jibtherapies.com/content/5/1/5

gen-specific T cells). Its ability to orientate the immune
response to Th1/Tc1 was confirmed by the greater increase
in the cellular than the humoral response as would be
expected for a therapeutic vaccine adjuvant. Future clini-
cal studies are underway to assess the potential of such
non-inflammatory non-TLR ligands used alone or as adju-
vants for therapeutic vaccines.
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