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Summary
Background Current HIV prophylactic vaccines evaluate HIV Env as purified proteins. CD40.HIVRI.Env is an
innovative antigen delivery targeting gp140 Env from HIV Clade C 96ZM651 to CD40-expressing antigen-presenting
cells, thus harnessing the intrinsic immune-stimulant properties. DNA-HIV-PT123 vaccine encodes 96ZM651
gp140/Gag and 97CN54 Pol/Nef.

Methods Seventy-two HIV-negative volunteers were enrolled between 05/2021 and 10/2022 in a phase 1 placebo-
controlled trial conducted in France and Switzerland (N◦ EudraCT: 2020-001814-40; NCT04842682). Volunteers
were randomized (5:1 active versus placebo) in groups receiving either 0.3, 1.0, or 3.0 mg CD40.HIVRI.Env
(Hiltonol® adjuvanted) alone or co-administered with DNA-HIV-PT123 at weeks (W) 0, 4, and 24. Safety and
immunogenicity were monitored until W48. The primary safety endpoint was the proportion of participants per
dose cohort and randomized arm without any grade 3 or 4 biological (abnormal laboratory values), or clinical local
or systemic solicited, or unsolicited adverse events between W0 and W48 considered to be related or possibly
related to the investigational products.

Findings CD40.HIVRI.Env was well tolerated. Env-specific CD4+ T-cells (IL-2+ or IFN-γ+ or TNF+) were detected in
all vaccinees from W6 to W26 and persisted until W48 without a dose–response signal or an effect of DNA-HIV-
PT123 co-administration. At W26, IgG response rates (RR) against autologous and nine heterologous gp120/gp140
were 89–100% across all groups and 56–100% at W48. RR against 96ZM651gp70V1V2 were high (90–100%) at W6
and W26 in all groups. Tier1A MW965.26 neutralizing antibody (nAb) titres were detectable in 50–100% of
vaccinated individuals at W26, with a dose–response signal, while one volunteer developed nAbs against five
Tier2 viruses.
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Abstract

Human papillomavirus (HPV), particularly HPV16 and HPV18,
can cause cancers in diverse anatomical sites, including the ano-
genital and oropharyngeal (throat) regions. Therefore, develop-
ment of safe and clinically effective therapeutic vaccines is an
important goal. Herein, we show that a recombinant fusion protein
of a humanized antibody to CD40 fused to HPV16.E6/7 (aCD40-
HPV16.E6/7) can evoke HPV16.E6/7-specific CD8þ and CD4þ

T-cell responses in head-and-neck cancer patients in vitro and in
humanCD40 transgenic (hCD40Tg)mice in vivo. The combination
of aCD40-HPV16.E6/7 and poly(I:C) efficiently primed HPV16.
E6/7-specific T cells, particularly CD8þ T cells, in hCD40Tg mice.
Inclusion of montanide enhanced HPV16.E6/7-specific CD4þ, but

not CD8þ, T-cell responses. Poly(I:C) plus aCD40-HPV16.E6/7
was sufficient to mount both preventative and therapeutic immu-
nity against TC-1 tumors in hCD40Tg mice, significantly increasing
the frequency of HPV16-specific CD8þ CTLs in the tumors, but not
in peripheral blood. In line with this, tumor volume inversely
correlated with the frequency of HPV16.E6/7-specific CD8þ T cells
in tumors, but not in blood. These data suggest that CD40-targeting
vaccines for HPV-associated malignancies can provide a highly
immunogenic platform with a strong likelihood of clinical benefit.
Data from this study offer strong support for the development
of CD40-targeting vaccines for other cancers in the future.
Cancer Immunol Res; 4(10); 823–34. !2016 AACR.

Introduction
Human papillomavirus (HPV) infection is the most common

sexually transmitted infection in the United States, with most
sexually active individuals acquiring HPV. Approximately 79
million people are currently infected with HPV, and 14 million
are newly infected each year in the United States (1, 2).

Of the more than 150 different types of HPV (3), high-risk
HPV strains (HPV16 and 18) are strongly associated with many
cancers of the cervix, vagina, vulva, penis, and anus (4, 5). Up to
22% of adults are HPV16-seropositive, but most primary infec-
tions are cleared without sequelae (6–8). The clinical observa-

tions are similar for HPV18. However, in a small but significant
proportion of individuals, their immune systems fail to erad-
icate the virus and it becomes latent. Such persistent infection
can lead to cancers. A recent U.S. population-based study
conducted by the Centers for Disease Control and Prevention
shows that 66% of cervical cancers, 55% of vaginal cancers,
79% of anal cancers, and 62% of oropharyngeal cancers are
attributable to HPV16 or 18. Each year in the United States, an
estimated 26,000 new cancers are attributable to HPV, about
17,000 in women and 9,000 in men (9). Among these cancers,
HPV-associated head-and-neck cancers, including oropharyn-
geal squamous cell carcinomas, have recently risen dramatically
in men under 50 years old, whereas the incidence of HPV-
negative oropharyngeal cancers has decreased (10). Although
many of the HPV-positive tumors can be cured with modern
multidisciplinary treatment approaches, development of new
and effective therapeutic vaccines against HPV-associated
malignancies is of importance to bring better benefit to the
patients.

HPV oncogenes E6 and E7 drive malignant transformation by
inactivating the p53 and retinoblastoma tumor suppressor genes
(11). Such tumor-associated antigens (TAA, E6/7) of viral origin
are constitutively expressed in HPV-infected nonmalignant and
malignant cells. As a consequence, E6 and E7 are ideal immuno-
therapeutic target antigens to evoke cellular immune responses,
particularly CD8þ cytotoxic T lymphocytes (CTL), which are the
major effector cells that kill tumors. These unique characteristics
of HPV-associated malignancies, which are distinct from many
other cancers where TAAs are of host origin, provide an oppor-
tunity to develop effective immunotherapeutic vaccines. Several
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HPV (cancer)

Prophylactic setting

hCD40 Tg mice

HYPOTHESISBACKGROUND
• Persistent chronic HBV infection 

(CHB) is associated with impaired 
functional T-cell specific responses 
and a lack of memory T-cells 
against core (C), polymerase (P), 
and envelope proteins (S) 1. 

• Therapeutic vaccination is aimed to 
relieve exhausted T-cells and to 
stimulate recall memory T-cells. We 
have developed an antigen-
presenting cell (APC)-targeting 
approach allowing the delivery of 
specific antigens through a mAb 
targeting the CD40 receptor. 

1 Rossi M Gut 2023, Dusséaux Gastroenterology 2017, Thimme R, J 
Virol 2001,  Boni C  J Virol 2007, Guidotti Science, 1999

1. HBV C, P, and S proteins (genotype 
Dayw) were screened in silico to 
identify immunogenic and conserved 
epitopes. Six selected peptides were 
fused to a humanized anti-CD40 
IgG4 mAb. 

2. PBMCs from NUC-treated 
chronically infected donors (n=19) 
were stimulated in vitro with 1nM to 
10nM of the vaccine, and the 
expansion of functional CD4+ and 
CD8+ memory T-cells was analyzed 
by flow cytometry. 

3. The immunogenicity of the resulting 
CD40.HBV vaccines was evaluated 
in hCD40 transgenic mice in a 
prime/boost regimen (13 µg/mouse 
with 50 µg of Poly-ICLC). IgG 
binding to S and C was measured 
via Luminex assay, while T-cell 
immunity was assessed using IFN-γ 
ELISpot.
Statistical analysis. (i) human PBMCs: 
Wilcoxon matched-pairs t-test (ii) mouse 
studies: ordinary two-way ANOVA; *p<0.05, 
**p<0.01; ***p<0.01, ****p<0.0001

Lenght HLA-I HLA-II HLA-I HLA-II HLA-I HLA-II Nb AA percentage
S-Pep1 35 19 12 44% 11% 1 1 32 85%
S-Pep2 53 61 80 77% 56% 1 2 22 91%

C-Pep3 42 34 145 81% 67% 3 2 40 96%
C-Pep4 59 60 145 93% 74% 2 0 38 91%

P-Pep5 78 101 253 92% 92% 3 1 30 96%
P-Pep6 73 83 190 96% 78% 1 0 154 96%
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1. In silico down-selection of HBV immunogenic peptides
● T- and B-cell epitope mapping of HBV S, C and P
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●● Down-selection of 6 HBV immunogenic peptides

Ex: HBs (Dayw)

Two peptides from S and 2 from C were selected and successfully conjugated 
with the CD40 mAb (CD40.HBV(S/C)), or the non-targeting IgG4 control mAb 
(IgG4.HBV(S/C)) while 2 peptides from P were associated with a second 
vaccine (CD40.HBV(P))

3. Cellular and humoral responses in hCD40 tg mice
● Study plan

●● HBs and HBc humoral responses

●●● HBV-specific T-cells responses

The co-injection of CD40.HBV(S/C) and 
CD40.HBV(P) induced significant serum 
HBs and HBc IgG responses (P<0.0001 
and P<0.01, respectively)

• Vaccine candidates induced in vivo HBs 
and HBV P-specific IFN-γ ELISpot 
responses (p<0.01, p<0.0001, respectively) 
compared to mock injection. 

• HBV C-Pep4 was not predicted to be 
presented by the mouse MHC I-Ab.

• We confirmed in vivo the advantage of the 
CD40 targeting in eliciting specific T-cell 
responses by comparing the 
CD40.HBV(S/C) with IgG4.HBV(S/C). 

CONCLUSION
Two CD40-targeting vaccine candidates, incorporating 6 highly immunogenic HBV peptides, 
were produced with high quality and demonstrated immunogenicity in vivo, and were able to 
recall memory T-cell responses from PBMCs of NUC-treated CHB patients. These vaccines 
are promising candidates for further testing in humanized mice and for assessing 
their therapeutic potential.
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Anti-CD40.HBV mAb

By targeting HBV antigen 
to DC, we aim to favor 

antigen presentation and 
activation of antigen-

specific immune 
responses (T- and B cells)

●●● Production of 2 vaccine candidates in CHO cells
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2. In vitro expansion of human memory T-cells by CD40.HBV
● Vaccine-stimulated HBV-specific CD4+ T-cells (1nM)

●● Vaccine-stimulated HBV-specific CD8+ T-cells (10nM)

Both vaccines activated human polyfunctional (IFN-g±IL-2±TNF) CD4+ T-cells 
specific to S, C, and P in vitro, with significantly enhanced responses compared 
to equivalent amounts of non-targeted antigens (3 ng/mL of peptide pools).

60% of patients showed in vitro 
CD8+ T-cell responses to 
CD40.HBV vaccines, with HBc- 
and HBV Pol-specific 
responses amplified in 40% of 
NUC-treated CHB patients.

CD40.HBV(S/C)

OVLP (1ug/mL)10nM
D0 D8

ICS

S
C

CD40.HBV(P) P

10 
donors

CD8+ T-cells responses to HBV S, C or P

HBs HBc HBV Pol n
0 - - - 4

+ - - 0
1 - + - 2

- - + 1
+ + - 0

2 + - + 1
- + + 1

3 + + + 1

60%

HBs HBc HBV Pol n
0 - - - 4

+ - - 0
1 - + - 2

- - + 1
+ + - 0

2 + - + 1
- + + 1

3 + + + 1

60%

D0 D21 D28

i.p.

CD40.HBV(S/C)
+ CD40.HBV(P) 

+ Poly-ICLC i.p.

HBs / HBc IgG titers
(Luminex)

• IFN-g ELISpot
• FACS (GC)

spleen

880ng of each HBV 
vaccine antigen

hCD40 Hu/Mu

NS S
0.1

1

10

%
 C

yt
. t

ot
 / 

C
D

4+

✱

✱✱

NS C
0.1

1

10

%
 C

yt
. t

ot
 / 

C
D

4+

NS P
0.1

1

10

%
 C

yt
. t

ot
 / 

C
D

4+✱

4/6Responders: 7/8 5/7

> 1.5

Fold change

< 1.5

CHB
NUC treated

• DNA HBV 
undetect.

• Ag HBs +
• Ag HBe -
• IgG HBs -
• IgG HBe +

OVLP 
(S)

CD40.HBV
(S/C)

 OVLP 
(C)

CD40.HBV
(S/C)

 OVLP 
(P)

CD40.HBV
(P)

0.0

0.4

0.8

1.2

C
yt

+ 
C

D
4+

 T
 c

el
ls

✱ ✱✱ ✱
CD40.HBV(S/C)

OVLP 
(1ug/mL)

D0 D8

ICS

S
OVLP (S)

OVLP 
3.3 ng/mL

S

CD40.HBV(S/C) C
OVLP (C) C

CD40.HBV(P) P
OVLP (P) P

6-8 donors

ó
or

CD40.HBV
1nM

+IL-2

NS Σ (S+C+P)
0.01

0.1

1

10

%
 C

yt
. t

ot
/C

D
8+

6/10Responders:

NS S
0.1

1

10

%
 C

yt
. t

ot
/C

D
8+

NS C
0.1

1

10

%
 C

yt
. t

ot
/C

D
8+

2/10Responders: 4/10 4/10

NS P
0.1

1

10

%
 C

yt
. t

ot
/C

D
8+

> 1.5

Fold change

< 1.5


