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Abstract

We have assessed the immune-regulatory and adjuvant activities of a synthetic glycolipid, 

ABX196, a novel analog of the parental compound α-GalCer. As expected, ABX196 

demonstrated a measurable and significant adjuvant effect in mice and monkeys with no 

appreciable toxicity at the doses used to promote immune responses. We performed a phase I/II 

dose escalation study of ABX196 in healthy volunteers, with the objectives to evaluate its safety 

profile, as well as its ability to be utilized as an adjuvant in the context of a prophylactic vaccine 

against hepatitis B. ABX196 was administered at three doses: 0.2, 0.4, and 2.0µg, in fourty-four 

subjects. In all individuals injected with ABX196, peripheral blood NKT cells displayed hallmarks 

of activation, and 45% of them had measurable circulating IFN-γ 24 hours after the first 
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administration. More importantly, the addition of ABX196 to the very poorly immunogenic HBs 

antigen resulted in protective anti-HBs antibody responses in a majority of patients, demonstrating 

the adjuvant properties of ABX196 in human. Further analysis of the cohort of subjects receiving 

ABX196 with HBs antigen also indicates that a single injection appears sufficient to provide 

protection. A limited set of adverse events linked to the systemic delivery of ABX196 and access 

to the liver, is discussed in the context of formulation and the need to limit transport of ABX196 to 

secondary lymphoid tissues for maximal efficacy (Eudra-CT 2012-001566-15).
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Introduction

Antigen-specific activation or inhibition of particular T cell subsets has been one of the 

many goals of immunotherapy. The poor pharmacological properties of peptides have 

limited the applications of this approach in vivo. It appears that T cells that can be activated 

by glycolipids are one exception, as glycolipids have very well-defined transport, uptake and 

cellular distribution properties [1, 2]. A family of these glycolipids based on the α-

galactosylceramide (α-GalCer) chemistry binds efficiently to CD1d molecules and 

stimulates specifically a small subset of regulatory lymphocytes called NKT cells. NKT 

cells are powerful adjuvants of immunity that are recruited rapidly at the site of injury 

(reviewed in [3]). The main mediators of that sequence of events are IFNγ and IL-4 that 

NKT cells secrete in large quantities upon activation; subsequent IL12 secretion from DCs, 

and upregulation of CD40/CD40L on NKT, DC, and B cells sustain the priming reaction.

Preclinical studies in mice showed that ABX196, a novel analog of the parental compound 

α-GalCer, had a very similar profile to α-GalCer with respect to in vitro and in vivo 

activation of NKT cells. However, ABX196 was more potent than α-GalCer and induced a 

cytokine release comparable to the one obtained with the superagonist PBS-57.

The toxicity profile of ABX196 was excellent in mice and monkeys. At very high doses, 

liver toxicity was seen only in mice with a moderate elevation of hepatic enzymes but not in 

monkeys. Preclinical studies demonstrated induction of specific cellular and humoral 

responses at very low doses of ABX196 in the mouse model of prophylactic vaccination to 

HBV and supported the initiation of a phase I/II study of prophylactic vaccination against 

hepatitis B in healthy volunteers. Beyond the evaluation of the safety profile of ABX196, 

the study was also intended to provide preliminary evaluation of single dose vaccination 

with adjuvant, an approach that would be extremely valuable for a disease like hepatitis B 

that currently requires three injections and is for that reason poorly amenable to some high-

risk populations and developing countries.
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Material and Methods

Subjects

The study was approved by the Ethics committee (Pharma-Ethics, South Africa). Healthy 

male subjects between 18 to 45 years of age, with a body mass index (BMI) calculated as 

weight in kg/(height in m2) from 18 to 30 kg/m2, not previously vaccinated for Hepatitis B, 

with NKT percentages in blood lower than 0.3 %, were selected as test population. A 

positive laboratory test for Hepatitis B surface antigen (HBsAg), HIV 1 and 2 antibodies, 

HCV antibody, a positive test for urine drug screening, and clinical signs of acute or chronic 

disease as well current intake of drugs known to affect hepatic metabolism were criteria of 

exclusion. Written informed consent was obtained from all subjects.

Study Design

This study was a randomized double-blinded dose-escalation study. The aims of the study 

were to evaluate the safety profile of ABX196 and to determine ABX196 activity based on 

NKT activation and induction of specific anti-HBsAg responses. Subjects who met the 

inclusion criteria were assigned to receive either 20 µg HBsAg alone, or 20 µg HBsAg with 

alum (Heberbiovac HB®), or 20 µg HBsAg with increasing doses of WT1096 

intramuscularly (0.2, 0.4, and 2.0µg) (supplementary Figure 1) in 4 successive cohorts; each 

group was intended to be injected twice at a four week interval. An independent clinical 

research organization (Keyrus Biopharma, Belgium) performed the computer-generated 

randomization.

Clinical and Laboratory Evaluations

Inclusion screen included medical history collection, recording of gender, ethnic origin, age, 

height, weight, and BMI, physical examination, electrocardiogram, blood chemistry and 

immunology panels, urine drug screen, urinalysis, alcohol breath test, and serology for 

hepatitis B, C and HIV. Physical examination, urinary drug screen and blood sample 

collection for laboratory test was performed before each treatment and at day 15, 43, and 56 

(end of study). Additional blood samples for laboratory tests were collected on day 5 

(cohorts C and D). Following each vaccine dose, participants were kept in observation for 

24 hours in order to monitor the possible occurrence of adverse reactions.

Vaccines

ABX196 (lots ABX19600411-A and ABX19600411-A) was supplied as a liposomal 

suspension at 1.0mg/ml ABX196 (Polymun Scientific, Vienna, Austria). Pre-conditioned 

vials were stored at 2–8°C. HBsAg (lot S180HBsAg003) was conditioned at 40µg/ml. 

HBsAg was mixed with either saline solution or WT1096 at the time of injection. 

Heberbiovac HB® (lots 36/30.1/.358, 36/30.1/.359 and 36/30.1/.360) was conditioned in 

1ml doses each containing 20µg of HBsAg adsorbed onto aluminum hydroxide 

(HeberBiotec HB, Havana, Cuba). All vaccines were administered intramuscularly in the 

deltoid area using needles microlance BD (21G, 40mm).
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Immunomonitoring

All samples from individual subjects were tested simultaneously on blinded samples. For 

NKT measurements, ten ml of heparinized peripheral blood were collected before and 24 

hours following each treatment, and at day 56 (end of study). PBMCs were isolated by 

Ficoll density gradient centrifugation and cryopreserved in liquid nitrogen until use. For 

staining, 1×106 PBMCs were incubated with α-GalCer or vehicle loaded CD1d-tetramers 

(ProImmune, UK) for 30 min at 4°C, then with anti-CD3 antibody (Becton–Dickinson 

Biosciences) for 30 min at 4 °C. Analysis was performed on a FACSCanto using 

CELLQuest software (BD Biosciences).

Cytokine was measured before, 4 and 24h after the first and second injections and at the end 

of study using a multiplex electrochemiluminescense assay according to the manufacturer’s 

instructions (MSD) and analyzed using the Discovery Workbench MSD software.

Anti-HBsAg antibody measurements

Anti-HBsAg antibody measurements were performed on serum samples collected before 

each treatment and at day 15, 43, and 56 using commercially available assays 

(Architect®Abbott).

The architect anti-HBs assay is a two steps immune assay, using Chemiluminescent 

Microparticle Immunoassay (CMIA) technology, for the quantitative determination of anti-

HBs in human serum. In the first step, sample and recombinant HBsAg (rHBsAg) coated 

paramagnetic microparticles are combined. Anti-HBs present in the sample binds to the 

rHBsAg coated microparticles. After washing, acridinium-labeled rHBsAg conjugate is 

added in the second step. Following another wash cycle, Pre Trigger and Trigger solutions 

are added to the reaction mixture. The resulted chemiluminescent reaction is measured as 

relative lights units (RLUs). A direct relationship exists between the amount of anti-HBs in 

the sample and the RLUs detected by the ARCHITECT immunoassay system optics. The 

concentration of anti-HBs is determined using a previously generated ARCHITECT anti-

HBs calibration curve. If the concentration of the specimen is less than 10.0 mIU/mL, the 

specimen is considered non-reactive by the architect anti-HBs assay. Samples with anti-HBs 

concentration greater than or equal to 10.0 mIU/mL are considered reactive.

Statistical analysis

Statistical analyses were performed using SAS® software (version 9.1). Data from the 

HBsAg and commercial vaccine treatment groups were pooled across their respective 

cohorts. Data from 0.4µg ABX196 treatment were pooled across cohorts A and D.

Results

Preclinical studies

A large number of α-GalCer variants were tested in mice and compared to α-GalCer and 

known agonists of NKT cells such as PBS-57 [4]. Our final choice was ABX196, based on 

its capacity to activate NKT cells in vitro and in vivo with a profile very comparable to 

PBS-57. The structures of α-Galcer, PBS-57 and ABX196 are shown in Figure 1A. The 
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GMP synthesis of ABX196 was accomplished using a synthetic pathway based on the 

published C6”-modified glycolipids [5]. ABX196 was synthesized as reported for related 

compounds with small molecules appended at C6 on galactose via amides, except that acetic 

anhydride was used to form the acetamide group, and lignoceric acid was used in the 

synthesis of the ceramide portion of the molecule. The synthetic scheme of ABX196 is 

shown in supplementary Figure 2. The structure of ABX196 was confirmed by proton and 

carbon NMR spectroscopy and mass spectrometry. Its administration in mice induced the 

systemic production of large quantities of IFNγ comparable to those induced by PBS-57 

(Figure 1B). However, as compared to α-GalCer, ABX196 induced significant reduced 

quantities of IL-4, indicating a Th1 bias (Figure 1C). In vitro experiments showed that NKT 

cells from adult PBMC proliferate in response to α-GalCer (KRN 7000) stimulation 

(100ng/ml) in the presence of IL-2, but the expansion was significantly lower when 

compared to ABX196 or PBS-57 (not shown). The adjuvant properties of ABX196 were 

demonstrated for antigen-specific cytolytic CD8 T cell responses when compared to the 

administration of the antigen or glycolipid alone (Figure 1D). Cytotoxic activity of CD8+ T 

cells was assessed by VITAL assay on blood samples collected one day after injection of the 

SIINFEKL-loaded targets. As shown, ABX196 and PBS-57 exhibited similar cytotoxic 

activity at low and high doses, while at very low doses (1ng/mouse), the cytotoxicity 

induced by α-GalCer was significantly lower; these results confirmed the known ad juvant 

properties of NKT agonists [6], and also demonstrated that ABX196 was a potent as 

PBS-57, and more potent than α-GalCer.

Toxicity studies

Pre-clinical toxicity studies were carried out in mice and monkeys. The potential liver 

toxicity of NKT cell activation is well known, and even determinant in hepatitis models such 

as the one induced by the injection of concanavalin A [7]. Consequently, we examined the 

level of blood aminotransferases (both alanine and aspartate aminotransferases) in 

preliminary toxicities studies and in a co-administration study of HBsAg and ABX196 in 

mice and monkeys. Preliminary toxicity studies were performed using PBS-57 and 

ABX196. In the mouse, increase in transaminase activities was not observed with the 

compounds at all doses (up to 10 µg/mouse) as measured two weeks after the last injection. 

In monkeys, the increase in transaminases was found in one animal out of four at the highest 

dose tested (100µg/Kg) and only with compound PBS-57 (not shown). In the regulatory 

toxicology study of co-administration of HBsAg and ABX196, modification of the liver 

biology was not observed. Monkeys were tested to the maximal dose of 1.5 µg per kg 

without adverse effects (Figure 2).

Study population

One hundred and thirty six subjects underwent pre-inclusion screening (Supplementary 

Table 1). Reasons for exclusion were: presence of serum anti-HBs antibodies (50%), NKT 

cell levels > 0.3 % (22%), prohibited drug substance use (12 %), withdrawal of consent, and 

other causes (2%) (use of prohibited medication, positivity for Hepatitis C, HIV, anti-HB 

core antibody, high BMI, history of TB). Among the 44 participants in the intention-to-treat 

population, the treatment groups were similar in demographic characteristics 
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(Supplementary Table 2). Most subjects were mainly mixed ethnicity. The mean age of the 

volunteers was 27 years, and the average BMI was 24 kg/m2.

NKT cells characterization

All subjects analyzed received at least one vaccination. NKT cell numbers determined 

before the first injection defined the 100% level for each individual subject. Representative 

plots of 3 subjects administered with HBsAg + saline or Heberbiovac HB® or HBsAg + 

ABX196 (dose 0,2µg) are shown in Supplementary Figure 3. As shown in Figure 3, when 

compared to this reference, 24h post-injection NKT numbers dropped to very low levels in 

all subjects receiving ABX196 at all three doses (32.6% mean (20.2 to 45%) whereas 

subjects receiving Heberbiovac HB® or HBsAg remained at starting levels with means of 

87.3 (43.5 to 131%) and 88.7% (67.3 to 110%), respectively. In ABX196-treated groups, 

recovery of starting NKT cell numbers was not observed. At the end of study, the average 

number was 43.8% (22.3 to 65.3%) for these latter groups, whereas Heberbiovac HB®-

receiving subjects were at 124.2% (69.4 to 179%), and HBsAg-receiving subjects at 98.6% 

(66.6 to 130.6%).

In conclusion, at all doses tested and irrespective of the starting blood NKT cell percentages, 

ABX196 induced a down regulation of T cell receptor level on NKT cells, a hallmark of 

NKT cell activation [8].

Cytokine responses

To follow and monitor possible systemic effects of the vaccination, measurements of 

circulating cytokines were carried out at each visit. This study revealed two significant 

features. Firstly, both TNFα and IL-10 were detected in a percentage of all groups, 

consistent with the activation of inflammatory pathways (TNFα) and anti-inflammatory 

regulatory loops (IL-10) (Figure 4). An interesting feature of the TNFα secretion is that it 

was detectable only at the end of study and never at an earlier point, even in the occurrence 

of a serious side effect with the exception of one patient. To the opposite, IL-10 was 

detectable mostly following the first injection and was consistent with a resolving phase. 

The second most important observation was that ABX196 induced systemic detectable IFNγ 

24 hours after the first administration in 45% of subjects (13/29) (Figure 4). Noticeably, 

IFNγ secretion was measurable only after the first injection. The disappearance of this 

cytokine following the second injection, and the concurrent diminution of NKT cell numbers 

demonstrated the direct relationship between NKT cells and IFNγ secretion, and suggested 

strongly that following a single injection of agonist, NKT cells were anergic or 

hyporesponsive as observed in mice [9].

Adverse events

A total of 293 adverse events (AEs) were recorded and 251 of them could be associated with 

one of the injected ABX196 vaccines (Table 1). As anticipated most AEs were mild or 

moderate and included the most subjective manifestations such as headaches and asthenia. 

Three subjects receiving HBsAg in conjunction with ABX196 experienced severe AEs. In 

these three instances, systemic IFNγ (at level of 72, 302 and 2303 pg/ml respectively) was 

accompanied by a transitory increase in hepatic transaminases levels (AST and ALT) 
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(Figure 5). None of the individuals of the HBsAg group, and only one from the Heberbiovac 

HB® group showed an elevation of ALT and AST at day 5 (46 and 53 UI/L, respectively 

(supplementary Figure 4). At that same sampling time, 33% (2/6) and 50% (3/6) subjects 

receiving HBsAg with 0.2µg and 0.4µg ABX196, respectively, showed a slight elevation of 

ALT while a slight elevation was noted at 24 hours post dose in 42% (5/12) subjects 

receiving HBsAg with 2µg ABX196 (supplementary Figure 5); all the subjects in the 0.2µg 

ABX196 group had enzymes level that remained below the three-fold range that would have 

triggered their exclusion from treatment (supplementary Table 3). To the opposite, two 

subjects from the 0.4µg ABX196 group and one from the 2.0µg ABX196 group had ALT 

levels that justified their withdrawal; these patients were the SAEs. In all three cases, the 

liver biology was altered only transiently and to moderate levels (Figure 5). In any case, it 

appears reasonable to associate IFNγ secretion, liver toxicity and dose of ABX196 with the 

occurrence of SAEs.

Antibody response

The success of hepatitis B vaccination is based on anti-HBsAg antibody titers at the end of 

immunization; a titer higher than 10 international units constitutes the hallmark of a 

successful protective response. As shown in Figure 6A, at the end of study 17% (1/6), 50% 

(3/6), and 79% (15/19) of individuals receiving HBsAg alone, Heberbiovac HB®, and 

HBsAg with ABX196 (all doses), respectively, developed protective immunity. In the 

Heberbiovac HB® and HBsAg alone groups, protective antibodies responses were not seen 

before the second injection (day 43), whereas titers of 18 IU/ml were seen at day 15 in 

patient 407 who received a single injection of HBsAg with 0.4µg ABX196 and developed an 

SAE, and titers of 17 IU/mL were seen at day 28 in one subject administered with HBsAg 

and 2.0µg ABX196. Amongst the four highest responders (titers >100IU/L), two were 

immunized with HBsAg and 2.0µg ABX196 (anti-HBsAg titers of 160IU and 171IU/L) and 

the other two with Heberbiovac HB® (anti-HBsAg titers of 175IU and 182IU/L). Figure 6B 

shows the antibodies titers in seroprotected subjects. It is important to also notice that five 

out of six subjects (83%) who received a single injection of HBsAg with 0.4µg ABX196 

developed protective anti-HBsAg immunity, a number comparable to the subjects who 

received two doses of the same vaccine formulation (75%, 3 out of 4 subjects). Altogether, 

these results demonstrated the adjuvant effect of ABX196 in man for the development of 

protective anti-HBsAg immunity, and suggested that this effect was observed after a single 

injection of the vaccine when it combined the antigen and ABX196.

Post-clinical studies

It is very obvious from this first clinical trial that the concept of using NKT cell agonists as 

adjuvants of immunity is validated. However, it is also obvious that serious side effects 

linked to the systemic delivery of the compound to the liver and the subsequent activation of 

the liver-resident NKT cells and production of IFNγ, need to be eliminated to allow the use 

of ABX196 or related molecules in the formulation of prophylactic vaccines. In order to do 

so, we have decided to explore new formulations that could alter the systemic delivery of 

ABX196 in mice. The validation of this approach is shown in Figure 7 where the classical 

liposomal formulation is compared to an emulsion containing ABX196, oil, solvent and/or 

surfactant. In this particular case, both IFN-γ secretion and the level of blood ALT are 
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greatly diminished when ABX196 is formulated in an emulsion as compared to the 

liposomal delivery (Figure 7 A and B). However, the cytotoxic activity as assessed by 

VITAL assay showed that the emulsion formulation did not impact on the antigen, as OVA 

specific cytotoxic responses were induced following immunization with the emulsion 

formulation (Figure 7C). These data demonstrate that alternate formulations could modify 

the systemic effects of ABX196. Consequently, it is reasonable to assume that the potential 

liver toxicity of NKT agonists can be lessened by formulations that limit transport to the 

liver.

Discussion

Earlier studies have used NKT agonists in man in the context of advanced cancers for which 

traditional chemotherapies had failed. In all instances, series were very small and αGalcer, 

the only NKT agonist used, was either injected I.V. directly into the tumor [10] or loaded in 

autologous dendritic cells before reinfusion in patients [11–13]. Most of the patients 

receiving these experimental treatments had very compromised immune systems and low 

numbers of NKT cells. Consequently, the effects of the therapy, and the side effects, were 

difficult to appreciate in such heterogeneous groups. Our study is the first of its kind as it 

meant to evaluate the effects of a stronger agonist of NKT cells than αGalcer in healthy 

subjects and in the context of a prophylactic vaccine. As expected, the N KT cell agonist 

ABX196 demonstrated a measurable and significant adjuvant effect in mice and monkeys 

with no appreciable toxicity at the doses used to promote immune responses. The first 

surprise of the current clinical trial is the maximal effective dose of ABX196 in man as 

compared to mice and monkeys. Neither animal model was predictive of the maximal 

effective dose in human, highlighting the known limitations of pre-clinical studies in 

animals [14, 15]. This discrepancy highlights the differences of lipid composition and 

transport of human and animal sera. The precise molecular basis for this difference is 

currently unknown but lipoprotein abundance and distribution between omnivorous and 

rodent species should be explored first [16]. The cellular uptake and catabolism of NKT 

agonists could also be different between species [2, 17].

The side effects that we observed in the current study can reasonably be attributed to the 

transport of ABX196 to the liver and the subsequent activation of the liver NKT cells. This 

direct activation leads to the secretion of IFNγ by NKT cells and recruited NK cells [18] and 

hepatocyte damage due to the direct cytokines cytotoxicity. It is also reasonable to assume 

that if we can limit the systemic delivery of ABX196 to the liver, we should be capable of 

limiting IFNγ systemic production and side effects. This reasoning is based on experimental 

results in knockout mice in which glycolipid transport to the liver is limited by the absence 

of FAAH protein [19]. In this model, αGalcer transport to the liver is greatly compromised, 

leading to the absence of systemic IFNγ secretion but increased vaccinal responses [19]. It 

appears reasonable to envisage that formulation could achieve the same result of limiting 

serum transport and deleterious effects.

Based on the downregulation of TCR on their NKT cells after vaccination and the antibody 

response that was obtained, it is clear that ABX196 elicited a stimulation of NKT cells in 

vivo in most subjects. Therefore, the usage of ABX196 to stimulate NKT cells in vivo is 
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validated. Because the activation and antibody responses appeared independent of the basal 

level of peripheral blood NKT ce lls, it suggests that the adjuvant effects that are seen with 

NKT agonists are linked to the lymph node-resident NKT cells and not to the circulating 

NKT cells. The compartmentalization of the NKT cell populations has been well 

documented in the mouse and is most likely important in man as well [20].

The most important conclusion of our study is that ABX196 is an adjuvant in human. 

Indeed, the addition of ABX196 to the very poorly immunogenic HBsAg resulted in 

vigorous anti-HBs antibody responses. The study was underpowered to conclude definitely 

whether ABX196 with the HBsAg was a superior vaccine than the commercial vaccine or 

not but the ABX196 groups converted to protective titers in 79% of the subjects whereas 

only 50% of the subjects receiving the commercial vaccine did. Finally, the current results 

also suggest that protective immune responses can be obtained after a single injection in a 

majority of subjects when ABX196 is associated to the antigen.

In conclusion, the adjuvanticity of NKT agonists was demonstrated in man for the 

vaccination against hepatitis B. The control and reduction of the systemic delivery of the 

glycolipid adjuvant to the liver by reformulation or new modes of administration will be 

needed for large scale use of NKT agonists in immunotherapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. ABX196 demonstrates an agonist and adjuvant activity in mice
(A) α-Galcer, PBS-57 and ABX196 [(2S, 3S, 4R)-2-tetracosanoylamino-1-O-(6-Acetamido-

α-D galactopyranosyl) octadecane-1,3,4-triol] structures.

(B) Mice (3 per group) received by I.M. injection PBS, or empty liposome or α-Galcer (1µg) 

or PBS-57 (1µg) or ABX196 (1µg). Sera were collected before and 12, 24 and 48 hours post 

injection. IFN-γ level was assessed by cytometric bead array (CBA).

(C) Mice (3 per group) received by I.M. injection PBS, or empty liposome or α-Galcer (1µg) 

or PBS-57 (1µg) or ABX196 (1µg). Sera were collected before and 2, 4, 12 and 24 hours 

post injection. IL-4 level was assessed by cytometric bead array (CBA).

(D) Mice (6 per group) received by I.M. injection, PBS, OVA (50µg) or α-Galcer 

(KRN7000) (1µg) or ABX196 (1µg) or PBS-57 (1µg) or OVA (50µg) mix with α-Galcer or 

with PBS-57 or with ABX196 at three doses (1ng, 100ng and 1µg). Fourteen days later, 

mice received (I.V. injection) a mix of irrelevant peptide and SIINFEKL pulsed splenocytes 

differentially labelled with CFSE. The specific lysis was assessed in the blood 24h later by 

flow cytometry.
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Figure 2. Toxicity profile of ABX196 in mice and monkeys
For mice experiments, ABX196 was repeatedly administered intramuscularly to Swiss Crl 

CD1 mice of 9 weeks at three doses levels (40, 200 and 1000ng) alone or combined to the 

antigen HBsAg (2µg/mouse). The three intramuscular administrations were separated by 2 

weeks and followed by a 1-day or 14-days observation period. Group 1 animals (controls) 

(solid line empty box) received the vehicle, Group 2 received ABX196 alone (200ng) (solid 

line filled box), Group 3 (dash line empty box), 4 (short dash line empty box) and 5 (short 

dash line filled box) received ABX196 at a dose level combined to the antigen. Each group 

consisted of 20 mice. Half of the mice were euthanized 24 hours and the other half 21 days 

after the last dosing. Results are shown for ALT (A) and AST (B). Isolated increase when 

compared to the control group was noted for ALT and AST activities in one animal of group 

2 (496 IU/L and 415 IU/L respectively). In the absence of relevant increased activity of 

these enzymes in other animals from this group and in the higher dose groups, and in the 

absence of pre-test evaluation, it could not be concluded whether this observation was 

already present in this animal before treatment or was due to individual responsiveness.

For monkey experiments, ABX196 was repeatedly administered intramuscularly on days 0, 

21 and 42 to Cynomolgus monkeys (Macaca fascicularis) of 36 to 45 months (weighing 

from 2.2 to 2.9 kg) at 1, 5µg/kg alone or combined to the antigen HBsAg (2µg/Kg). Group 1 

animals (controls) (solid line filled box) received the vehicle, Group 2 received ABX196 

alone (solid line empty box) and Group 3 ABX196 combined to the antigen (short dash line 
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empty box). Each group consisted of 6 mice. Blood samples were collected pretest 

(predose), the day after the first administration (24 hours post dose1) and at the end of the 

treatment period (24 hours post dose3). Results are shown for ALT (C) and AST (D)
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Figure 3. Systemic response of NKT cells to ABX196
Sequential blood samples were taken prior to and 24 hours following each administration, 

and at the end of study (EOS, on day 56). NKT numbers were defined as percentage of α-

GalCer-CD1d tetramer positive cells in the CD3-positive cell population. Graph shows data 

normalized to the respective frequencies measured before dosing (pre dose1) in healthy 

volunteers who received either HBsAg (HBsAg: n= 7 subjects), Heberbiovac HB® (n= 8) or 

ABX196 + HBsAg (n=29 subjects): pre-dose 1 (Solid line), 24h post dose 1 (solid line 

empty box), pre-dose 2 (day 28) (dash empty box), 24 hours post-dose 2 (short-dash empty 

box), end of study (Day 56) (solid line filled box). Statistical analysis using a Fisher test 

showed no difference of NKT cell numbers between Heberbiovac HB® and HBsAg-

receiving groups, and a highly significant differe nce between those two groups and the 

ABX196-treated groups (p = 0.006 for HBsAg versus ABX196; p = 0.0001 for Heberbiovac 

HB® versus ABX196).
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Figure 4. Cytokine profile following vaccines administration in healthy subjects
Serum samples were collected prior to and 24 hours following each administration (on day 0 

and day 28), and at the end of study (EOS, on day 56) for cytokines measurements (IL-1β, 

IL-2, IL-6, IL-10, IL-12p70, IFN-γ, GM-CSF, and TNF-α) in HBsAg (plain round), 

Heberbiovac HB® (plain square) and ABX196 + HBsAg (plain triangles). Data represent 

individual subject concentration (pg/ml) for IFN-γ (A), TNF-α (B) and IL-10 (C). TNFα 

was detected in 1/7 (14%), 2/8 (25%) and 5/29 (17%) in the HBsAg alone, Heberbiovac 

HB® and ABX196-receiving groups, respectively. IL-10 was detected in 2/7 (28%), 1/8 
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(12.5%) and 10/29 (34%) in the HBsAg alone, Heberbiovac HB®, and ABX196-receiving 

groups, respectively. Detectable levels of IFNγ were never observed in the subjects 

vaccinated with HBsAg alone or Heberbiovac HB®. All other cytokines were detected only 

sporadically or not at all (IL-1β and IL-2). For instance, GMCSF was detected in only one 

subject with no apparent correlation to vaccination, whilst IL12p70 was detected only in the 

subject that developed the most severe adverse event following the injection of 2.0µg 

ABX196, and IL-6 was detected one time following a second injection of 2.0µg ABX196.
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Figure 5. Liver enzymes in three subjects with SAE
Serum ALT (plain triangles) and AST (plain squares) concentrations for subjects 0101 and 

0407 (treated with ABX196 (0.4µg) + HBsAg (A and B), and 0217 (treated with ABX196 

(2µg) (C). The participants were followed until normalization to the baseline values.
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Figure 6. Anti-HBs antibody responses in clinical cohort
(A) Blood samples were taken prior to each administration (pre-dose and on day 28 (pre 

dose2), on day 15, day 43 and at the end of study (EOS, on day 56). Data are shown for 

HBsAg (n= 7 subjects, solid line filled box), Heberbiovac HB® (n= 8 subjects, solid line 

empty box) and ABX196 + HBsAg (n=29 subjects, short dash filled box). Protective levels 

of antibodies responses (18 IU/mL) was noted from day 15 following the first administration 

in one subject in ABX196 at dose level 0.4 µg and from 28 following the first administration 
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(17 IU/mL) in another subject in ABX196 at dose level 0.4 µg. The majority of the subjects 

developed protective antibody titers from day 43.

(B) Antibodies titers in seroprotected subjects vaccinated with HBsAg (short-dashed line); 

Heberbiovac HB® (solid line empty box) and ABX196 + HBsAg (solid line filled whisker 

box).
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Figure 7. Formulation changes the toxicity of ABX196
Mice (9 per group) received by I.M. injection, PBS (empty round), empty liposome (1µg) 

(empty square), emulsion placebo (empty placebo), ABX196 (1µg) formulated in liposome 

(plain square) or in emulsion (plain triangle). Sera were collected before (−96 or −48) and 

11, 24 and 48 hours post injection for INF-γ (A) and ALT (B) measurements. Fourteen days 

later, mice received (I.V. injection) a mix of irrelevant peptide and SIINFEKL pulsed 

splenocytes differentially labelled with CFSE. The specific lysis was assessed in the blood 

24h later by flow cytometry (C).
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