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This phase II study evaluated the effect of chloroquine on the specific CD8� T-cell responses to and the safety of a booster dose
of investigational human immunodeficiency virus type 1 (HIV-1) F4/AS01B vaccine containing 10 �g of recombinant fusion pro-
tein (F4) adjuvanted with the AS01B adjuvant system. Healthy adults aged 21 to 41 years, primed 3 years before with two F4/
AS01B doses containing 10 or 30 �g of F4 (ClinicalTrials.gov registration number NCT00434512), were randomized (1:1) to re-
ceive the F4/AS01B booster administered alone or 2 days after chloroquine (300 mg). F4-specific CD8�/CD4� T-cell responses
were characterized by intracellular cytokine staining and lymphoproliferation assays and anti-F4 antibodies by enzyme-linked
immunosorbent assays (ELISAs). No effect of chloroquine on CD4�/CD8� T-cell and antibody responses and no vaccine effect
on CD8� T-cell responses (cytokine secretion or proliferation) were detected following F4/AS01B booster administration. In
vitro, chloroquine had a direct inhibitory effect on AS01B adjuvant properties; AS01-induced cytokine production decreased
upon coincubation of cells with chloroquine. In the pooled group of participants primed with F4/AS01B containing 10 �g of F4,
CD4� T-cell and antibody responses induced by primary vaccination persisted for at least 3 years. The F4/AS01B booster induced
strong F4-specific CD4� T-cell responses, which persisted for at least 6 months with similar frequencies and polyfunctional phe-
notypes as following primary vaccination, and high anti-F4 antibody concentrations, reaching higher levels than those following
primary vaccination. The F4/AS01B booster had a clinically acceptable safety and reactogenicity profile. An F4/AS01B booster
dose, administered alone or after chloroquine, induced robust antibody and F4-specific CD4� T-cell responses but no significant
CD8� T-cell responses (cytokine secretion or proliferation) in healthy adults. (This study has been registered at ClinicalTrials.gov
under registration number NCT00972725).

The development of a safe and effective vaccine against human
immunodeficiency virus type 1 (HIV-1) is a global health pri-

ority (1). Disease-modifying vaccines inducing strong T-cell-me-
diated immune responses against HIV are currently under devel-
opment. These vaccine interventions were primarily aimed to
control HIV load, to delay disease progression, and to reduce the
transmission rate in high-incidence populations. There is now a
renewed interest in using these vaccines in combined strategies to
allow durable control, if not eradication, of the virus in patients
treated with highly active antiretroviral therapy (2–4). While
CD8� T cells are known to be an important immune effector
mechanism for the elimination of HIV-infected cells, it is increas-
ingly apparent that CD4� T cells provide essential help to other
components of the adaptive immune response and are also crucial
for the induction of effective HIV immunity (5–7). In particular,
CD4� T cells appear to play an important role in maintaining
functional CD8� T-cell responses (8–15).

A novel HIV-1 investigational vaccine consisting of a recom-
binant fusion protein (F4) containing four HIV-1 clade B antigens
(p17, p24, reverse transcriptase [RT], and Nef) adjuvanted with
the AS01B adjuvant system (F4/AS01B vaccine) has recently been
developed. The F4/AS01B investigational vaccine has been shown
to have an acceptable safety and reactogenicity profile and to in-
duce high frequencies of long-lasting, F4-specific, polyfunctional
CD4� T-cell responses, but no F4-specific CD8� T-cell responses,
in healthy seronegative adults and in HIV-1-infected subjects (16,
17). The efficacy of this vaccine in reducing viral load was specifically
assessed in a phase IIb, proof-of-concept trial (ClinicalTrials.gov reg-

istration number NCT01218113), but results are not available yet.
An earlier formulation of this vaccine, composed of three HIV-1
viral antigens (gp120, Nef, and Tat) and the AS02A adjuvant sys-
tem, was previously shown to induce a transient increase of
gp120-specific CD8� T-cell proliferation in healthy adults and in
adults with well-controlled chronic HIV-1 infection treated with
highly active antiretroviral therapy (2, 18, 19).

The immune response to the F4/AS01B investigational vaccine
could be improved by enhancing the antigen-specific CD8� T-cell
response. In mice, a short course of treatment with chloroquine
during primary immunization with soluble antigens improved the
priming of naive CD8� T-cell responses (20, 21). In humans, the
recall of specific CD8� T cells was enhanced by oral administra-
tion of chloroquine 2 days before a booster dose of a hepatitis B
vaccine (22). The proposed mechanism of chloroquine action is to
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improve antigen cross-presentation by dendritic cells (DCs).
Upon in vitro incubation of human DCs with chloroquine, the
alkalization of the acidic intracellular compartments and the per-
meabilization of the lysosomal membranes induce an increased
availability of nondegraded peptides in the cytosol for export into
the class I processing pathway and cross-presentation to CD8� T
cells (21, 22). However, chloroquine may also have an inhibitory
effect on the innate immune system as it has been shown to de-
crease the activation of human primary cells, including mono-
cytes, by Toll-like receptor (TLR) agonists (23–25).

In the study presented in the manuscript, healthy adults who
had previously received two primary doses of the investigational
F4/AS01B vaccine approximately 3 years before (16) were re-
cruited to assess whether chloroquine had an effect on the F4-
specific CD8� T-cell response induced by a booster dose of this
vaccine. This study also evaluated the safety and immunogenicity
of the F4/AS01B vaccine before and after booster dose administra-
tion. Additionally, the impact of chloroquine on the adjuvant
properties of AS01B was evaluated in vitro.

MATERIALS AND METHODS
Study design and participants. This phase II, self-contained, parallel,
open, randomized study (registered at ClinicalTrials.gov under registra-
tion number NCT00972725) was conducted in a single center in Belgium
between December 2009 and October 2010. Study participants were
healthy adults who were between 18 and 40 years of age at the time of the
first vaccination in the initial study (ClinicalTrials.gov registration num-
ber NCT00434512), which was conducted approximately 3 years earlier
(16). In the initial study, two primary doses of the F4/AS01B investiga-
tional vaccine, containing 10 or 30 �g of F4 recombinant protein per dose,
were administered according to a 0- and 1-month vaccination schedule.
Eligible participants had received both primary doses of the F4/AS01B

investigational vaccine and were CD4� T-cell responders at 14 days after
the second dose. Participants were considered to be CD4� T-cell respond-
ers if they had a frequency of CD4� T cells specific to at least one compo-
nent of the F4 antigen, producing at least two markers among interleu-
kin-2 (IL-2), tumor necrosis factor alpha (TNF-�), gamma interferon
(IFN-�), and CD40-ligand (CD40L) higher than 0.03% (Fig. 1).

Participants were negative for anti-hepatitis B core protein and anti-
hepatitis C virus antibodies at screening, had provided written informed
consent, and had agreed to receive the HIV test results planned during the
whole study duration (26). Women of childbearing potential were en-
rolled if they had practiced adequate contraception for 30 days prior to
vaccination, had a negative pregnancy test on the day of vaccination,
and agreed to continue adequate contraception during the study. Stan-

dard eligibility criteria were used for enrollment, as detailed in the
ClinicalTrials.gov registry.

In the present study, participants were randomized (1:1) to receive
either a single dose of chloroquine 2 days before the booster dose of the
F4/AS01B vaccine containing 10 �g of F4 (chloroquine group) or only the
booster dose of the F4/AS01B vaccine (control group). Blood samples
were collected from the participants just before the booster dose admin-
istration (day 0) and on days 7, 14, 30, and 180.

The randomization was performed at GlaxoSmithKline (GSK) Vac-
cines (Rixensart, Belgium) using a standard SAS (SAS Institute Inc., Cary,
NC) program. The randomization list was generated using a blocking
scheme (block size, 2), and the treatments were distributed to the study
centers in accordance with the randomization block size. The randomiza-
tion used a minimization procedure accounting for the CD4� T-cell cat-
egory values of the participants, which were based on both their CD4�

T-cell response frequencies (compared to the median value of their
group) and the F4/AS01B vaccine dosage (10 �g or 30 �g) that they had
received in the initial study. The study was open due to the different
treatment schedules between the two groups, but the laboratory personnel
responsible for immunogenicity testing were blinded.

The study was conducted in accordance with the Good Clinical Prac-
tice Guidelines and the Declaration of Helsinki, and the protocol and
associated documents were reviewed and approved by the investigational
independent ethics committee of the University Hospital of Ghent, Bel-
gium. Written informed consent was obtained from each participant
prior to the performance of any study-related procedure. A summary of
the protocol is available at http://www.gsk-clinicalstudyregister.com
(GSK study 113165).

Study vaccines and products. The freeze-dried fraction of the F4/
AS01B investigational vaccine contained 10 �g of the recombinant fusion
protein F4 comprising four HIV-1 clade B antigens (p24 [BH10], RT
[HXB2], Nef [Bru-Lai], and p17 [BH10]), 20 mg of sucrose, and 630 �g of
sodium sulfite. The freeze-dried fraction was reconstituted with the AS01B

adjuvant system containing 50 �g of 3-O-desacyl-4=-monophosphoryl
lipid A (MPL) and 50 �g of QS-21 (Quillaja saponaria Molina, fraction 21;
Antigenics, Inc., Lexington, MA, USA) in a suspension of liposomes in
phosphate-buffered saline. The reconstituted vaccine solution (0.5 ml)
was injected into the deltoid muscle of the participant’s nondominant
arm on day 0.

In the chloroquine group, one tablet of 300 mg of chloroquine
(Nivaquine; Sanofi-Aventis, France) was administered orally 2 days be-
fore the booster dose of the F4/AS01B vaccine. The same conditions in
terms of chloroquine dose and timing of administration were used in the
previous study, in which an effect of chloroquine on vaccine-induced
CD8� T-cell responses was observed following administration of a
booster dose of hepatitis B vaccine (22).

Study objectives. The first coprimary objective of this study was to
evaluate the effect of chloroquine on the specific CD8� T-cell response to
a booster dose of the F4/AS01B investigational vaccine at day 14. The
second coprimary objective was to evaluate the reactogenicity and safety
of the booster dose of the F4/AS01B vaccine. The secondary objectives of
this study included the evaluation of the F4-specific CD8�/CD4� T-cell
and antibody responses induced by the F4/AS01B vaccine with or without
chloroquine.

Post hoc exploratory analyses were also performed to assess the CD8�/
CD4� T-cell proliferation and the ability of proliferating CD8�/CD4� T
cells to produce F4-specific cytokines following administration of the F4/
AS01B vaccine. In the manuscript, we also present the results of in vitro
experiments evaluating the effect of chloroquine on the MPL- and QS-21-
dependent activation of human primary cells.

CD4� and CD8� T-cell responses. (i) Intracellular cytokine stain-
ing. The frequencies of CD4� and CD8� T cells expressing specific mark-
ers (IL-2, TNF-�, IFN-�, or CD40L [BD Biosciences]) upon in vitro stim-
ulation of peripheral blood mononuclear cells (PBMCs) with pools of
peptides covering the sequences of the p17, p24, RT, and Nef antigens

FIG 1 Study design. Study participants received two doses of the F4/AS01B

investigational vaccine (10, 30, or 90 �g of F4 recombinant protein per dose) in
a previous study (primary vaccination; study NCT00434512) and a third dose
(10 �g of F4 recombinant protein per dose) in the current study (booster
vaccination). Responders, participants with a frequency of antigen-specific
CD4� T cells of �0.03% at 44 days after the first dose of the F4/AS01B vaccine
in the previous study; N, number of participants; CQ, chloroquine.
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were determined by flow cytometry (LSRII cytometer; Becton Dickinson)
using intracellular cytokine staining (ICS), as previously described (16).
Flow cytometry analyses were performed using FlowJo, version 9 (Tree
Star), software. The ICS results were expressed as percentages of CD4� or
CD8� T cells expressing specific markers after background subtraction
(net frequencies). Frequencies of CD4� or CD8� T cells expressing spe-
cific markers in response to F4 were determined by addition of the indi-
vidual frequencies of CD4� or CD8� T-cell responses to each of the four
individual antigens.

CD8� T-cell responder rates were defined as percentages of individu-
als who exhibited frequencies of CD8� T cells expressing at least one
cytokine among IL-2, TNF-�, and IFN-� equal to or above prespecified
cutoffs upon stimulation with at least one, two, three, or all four antigens
and with each individual antigen. The prespecified cutoffs, which were
based on the 95th percentile of the specific CD8� T-cell responses at the
prebooster time point, were 0.0439% for RT, 0.0464% for Nef, 0.0240%
for p17, 0.0296% for p24, and 0.0711% for F4. CD4� T-cell responder
rates were defined as percentages of individuals who exhibited frequencies
of CD4� T cells expressing at least two cytokines, including IL-2, equal to
or above 0.03% upon stimulation with at least one, two, three, or all four
antigens and with each individual antigen (16). Cytokine coexpression
profiles for CD4� T-cell responses were defined as frequencies of p17-,
p24-, Nef-, and RT-specific CD4� T cells expressing IL-2 and/or TNF-�
and/or IFN-� and/or CD40L.

(ii) Lymphoproliferation assay. In a post hoc analysis, the specificity
of the CD4� and CD8� T-cell proliferation and the potential impact of an
in vitro bystander effect linked to the IL-2 produced by the F4-stimulated
CD4� T cells were assessed at prevaccination and at 44 and 360 days
postvaccination in the initial study and at days 0, 14, and 180 in the
present study by combining a 5,6-carboxyfluorescein diacetate succinimi-
dyl ester (CFSE) proliferation assay with a short in vitro ICS.

Thawed PBMCs were labeled with the fluorescent dye CFSE and cul-
tured for 5 days in medium containing a pool of peptides covering the
sequence of the F4 antigen (1.25 �g/peptide/ml) or in medium alone. Five
days later, the cells of these primary cultures were harvested, washed, and
split in three fractions that were restimulated during 18 h in medium that
did not contain peptides or that contained 1.25 �g/peptide/ml of irrele-
vant peptides (thrombospondin-related anonymous protein [TRAP]) or
1.25 �g/peptide/ml of the pool of peptides covering the sequence of the F4
antigen (27). After the two first hours, brefeldin A was added to all cul-
tures to block the secretion of cytokines and induce their accumulation in
the cells. After this second culture lasting 18 h, extracellular staining (CD4
and CD8 [BD Biosciences] and Live/Dead [L&D; Invitrogen]) was per-
formed, followed by intracellular staining (CD3, IL-2, IFN-�, and TNF-�
[BD Biosciences]). Proliferating cells showed a reduction in CFSE fluo-
rescence intensity (CFSElow T cells). The lymphoproliferation results were
expressed, on the one hand, as frequencies of F4-specific CD4� or CD8�

CFSElow T cells among all CD4� or CD8� T cells (expressed as stimula-
tion index) and, on the other hand, as frequencies of F4- and TRAP-
specific CD4� or CD8� CFSElow T cells expressing a combination of
cytokines (IL-2, TNF-�, or IFN-�).

Antibody responses. Standard in-house enzyme-linked immunosor-
bent assays (ELISA) were used to measure immunoglobulin G (IgG) an-
tibody concentrations in ELISA units (EU) for p17, p24, RT, Nef, and F4,
as previously described (16). The cutoffs for seropositivity were 187
mEU/ml for p17, 119 mEU/ml for p24, 125 mEU/ml for RT, 232 mEU/ml
for Nef, and 42 mEU/ml for F4.

In vitro impact of chloroquine on MPL- and QS-21-dependent acti-
vation of PBMCs. PBMCs were isolated from the buffy coat fraction ob-
tained from routine blood donor donations. Mononuclear cells were ob-
tained by centrifugation over Ficoll-Hypaque gradients. PBMCs were
cultured in complete medium containing RPMI 1640 medium supple-
mented with 50 �M 2-mercaptoethanol (2-ME), 1 mM sodium pyruvate,
100 U/ml penicillin, 100 �g/ml streptomycin, 2 mM L-glutamine, 1%
nonessential amino acids (Life Technologies), and 10% fetal calf serum

(FCS; PAA Laboratories). A total of 1 � 106 PBMCs were preincubated in
96-well plates for 1 h with chloroquine (Sigma-Aldrich) at the indicated
concentration. MPL (1 �g/ml) or QS-21 (5 �g/ml) was added to the cell
culture, and the cells were incubated overnight. Supernatants were then
collected in triplicates, and the levels of IL-6, TNF-�, and IL-1-� were
assessed by cytokine bead array (CBA; BD Bioscience).

Safety. The occurrence, intensity, and relationship to vaccination of
local (injection site pain, redness, and swelling) and general (fever, fatigue,
headache, and gastrointestinal symptoms) solicited adverse events (AEs)
were recorded for 7 days after vaccination and of unsolicited AEs for 30
days after vaccination. The severity of AEs was graded on a scale of 1 to 3,
with grade 3 symptoms defined as redness or swelling of �50 mm, fever
of �39.0°C, and any other symptom preventing normal daily activities.

The occurrence and relationship to vaccination of serious adverse
events (SAEs) and AEs of specific interest, including immune-mediated
diseases (IMDs), were reported during the entire study period.

Routine hematology and biochemistry tests were performed on days 0,
7, 30, and 180.

Statistical methods. (i) Study cohorts. The effect of chloroquine on
the CD8�/CD4� T-cell and antibody responses was evaluated on the
according-to-protocol (ATP) immunogenicity cohort, which included all
evaluable participants meeting all eligibility criteria and complying with
the procedures defined in the protocol and for whom data concerning
immunogenicity endpoints were available.

As the 10-�g F4 dosage of the F4/AS01B investigational vaccine was
selected to progress to further clinical development, analyses of safety
were done on the pooled total vaccinated cohort (TVC), which included
all vaccinated participants who had received this formulation of the vac-
cine in the initial study (pooled TVC for 10-�g-primed participants, i.e.,
no distinction between participants having received chloroquine or not).

The secondary immunogenicity objectives were evaluated for the
pooled group of participants from the ATP immunogenicity cohort, who
had received the 10-�g F4 dosage of the F4/AS01B investigational vaccine
in the initial study (pooled ATP immunogenicity cohort for 10-�g-
primed participants).

(ii) Statistical analyses. To evaluate the first coprimary objective, two
groups were considered significantly different if the standardized asymp-
totic 95% confidence interval (CI) for the difference in rates between
groups did not contain the value 0.

Descriptive statistics were used to present the demographic character-
istics, the CD4� and CD8� T-cell responses, and the results of the lym-
phoproliferation assays.

The stimulation index was obtained by dividing the geometric mean of
the percentage of CD4� or CD8� T cells that were F4-specific CFSElow

CD4� or CD8� T cells (obtained from cells cultured in medium contain-
ing the F4 pool of peptides and restimulated in medium containing no
peptides, irrelevant peptides, or the F4 pool of peptides) by the geometric
mean of the background results (obtained from cells cultured and restim-
ulated in medium alone).

Seropositivity rates and geometric mean antibody concentrations
(GMCs) for anti-F4 antibodies were calculated with 95% CIs, using the
exact method for binomial variables for seropositivity rates and the anti-
logs of the 95% CIs of the mean log10-transformed antibody concentra-
tions for GMCs. Antibody concentrations below the assay cutoff were
given an arbitrary value of half the cutoff for the GMC calculation.

The percentages of participants reporting each solicited and unsolic-
ited symptom were tabulated with 95% CIs. SAEs were described in detail.

Analyses were performed using SAS software, version 9.2 (SAS Insti-
tute Inc., Cary, NC, United States), and Proc StatXact, version 8.1.

(iii) Sample size and study power. With a total of 40 evaluable partic-
ipants, the study would have 99% power to detect a difference in frequen-
cies of F4-specific CD8� T-cell responder rates between the chloroquine
and the control groups. Considering that up to 10% of the participants
might not be evaluable for immunogenicity, enrollment was planned at 44
participants.
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RESULTS
Demographics. Of the 34 participants who agreed to attend a
screening for this study, two did not fulfill the eligibility criteria,
one was not eligible due to time schedule, one was not willing to
participate, and two withdrew before vaccination (loss of fol-
low-up and consent withdrawal not due to an AE). Therefore, 28
participants were included in the TVC: 10 and 18 participants who
received the 10-�g and the 30-�g F4 doses of the F4/AS01B inves-
tigational vaccine in the initial study, respectively (Fig. 1). These
participants were randomized: 13 were included in the chloro-
quine group, and 15 were in the control group. All participants
were included in the ATP immunogenicity cohort except for one
in the control group who was excluded due to noncompliance
with the blood sampling schedule. The pooled ATP immunoge-
nicity cohort for 10-�g-primed participants included 10 partici-
pants.

In the TVC, the mean (standard deviation) age of the partici-
pants was 24.6 (4.5) years at vaccination, 60.7% of participants
were women, and 92.9% were White-Caucasian (Table 1).

Chloroquine effect on the immune response. (i) CD8� T-cell
response. In the ATP immunogenicity cohort, only 7.7% (1/13) of
participants in the chloroquine group and 23.1% (3/13) in the
control group responded to at least one antigen in terms of CD8�

T cells expressing at least one cytokine among IL-2, TNF-�, and
IFN-� at day 14. No participant responded to more than one
antigen. The group difference, which was 	15.4% (95% CI,
	45.1 to 15.39), did not reach the predefined statistical signifi-
cance. Of note, the planned number of 20 evaluable participants
per group was not reached.

At day 14, the median frequency of F4-specific CD8� T cells
was 0.0478% and 0.0450% of CD8� T cells in the chloroquine and
control groups, respectively (Fig. 2). The median frequency of
CD8� T cells specific to each individual antigen stayed below the
predefined cutoffs at all time points in both groups (data not
shown). However, at day 7, one participant in the control group
had a relatively high frequency of p17- and p24-specific CD8� T
cells (0.303% and 0.187% of CD8� T cells, respectively), and one
participant in the chloroquine group had a relatively high fre-
quency of RT-specific CD8� T cells (0.1539% of CD8� T cells)
compared to the other participants in their groups (third quartile
[Q3], 0.01% for p17 and p24 and 0.02% for RT).

To further identify a potential chloroquine effect on the CD8�

T-cell response induced by the F4/AS01B vaccine, the ability of

CD8� T cells to divide upon in vitro stimulation with the F4 pool
of peptides was evaluated in post hoc analyses. In the ATP immu-
nogenicity cohort, the median stimulation index values of CD8�

CFSElow T cells stimulated with F4 peptides at day 14 were 13.31
and 11.85 in the chloroquine (n 
 8) and the control (n 
 9)
groups, respectively (Fig. 3A and B). In order to take into account
a potential in vitro bystander cell proliferation, all cells were re-
stimulated with a pool of peptides covering the sequence of the F4
antigen or with irrelevant peptides (TRAP, as a negative control)
and analyzed by ICS. The median frequencies of F4-specific CD8�

CFSElow T cells expressing at least one cytokine at day 14 were
0.019% and 0.014% in the chloroquine (n 
 11) and control (n 

11) groups, respectively (Fig. 3C and D). The median frequencies
of TRAP-specific CD8� CFSElow T cells expressing at least one
cytokine at day 14 were 0.0001% and 0.0029% in the chloroquine
(n 
 10) and the control (n 
 7) groups, respectively. There was a
minor observed difference between frequencies of F4-specific and
TRAP-specific CD8� CFSElow T cells although the frequencies
were low, and no statistical comparison was performed.

The median stimulation index and frequency of F4 specific
CD8� CFSElow T cells observed after F4/AS01 booster dose were
similar to those observed following the two primary doses.

(ii) CD4� T-cell response. At day 14, the observed CD4� T-
cell responder rates to at least one antigen were similar in the
chloroquine and control groups (92.3% [12/13] of participants in
each group). The median frequencies of F4-specific CD4� T cells
expressing at least two cytokines, including IL-2, were also similar
in the chloroquine (0.5272%) and control (0.6035%) groups (see
Fig. S1A in the supplemental material).

The median stimulation index values of CD4� CFSElow T cells
stimulated with F4 peptides at day 14 were 76.57 and 30.23 in the
chloroquine (n 
 10) and control (n 
 10) groups, respectively
(see Fig. S2A and B in the supplemental material). The median

TABLE 1 Demographic characteristics

Characteristic

Value for TVC

Chloroquine
group (n 
 13)

Control group
(n 
 15)

Age
Mean age � SD (yr) 25.1 � 5.3 24.3 � 3.7
Age range (yr) 21–41 21–34

Sex (no. [%])
Female 7 (53.8) 10 (66.7)
Male 6 (46.2) 5 (33.3)

Race (no. [%])
White, Caucasian/European heritage 13 (100) 13 (86.7)
White, Arabic/North African heritage 0 (0.0) 1 (6.7)
Other 0 (0.0) 1 (6.7) FIG 2 Frequency of CD8� T cells expressing at least one cytokine (IL-2,

TNF-�, or IFN-�) in response to the F4 fusion protein following a booster dose
of the F4/AS01B vaccine (ATP immunogenicity cohort). CQ�, participants in
the chloroquine group, who received a chloroquine dose 2 days before the
booster dose of F4/AS01B; CQ	, participants in the control group, who only
received the booster dose of F4/AS01B; PREIII, prebooster dose given approx-
imately 3 years post-primary vaccination; PIII(D7), PIII(D14), PIII(D30),
PIII(D180), 7, 14, 30, and 180 days after the booster dose, respectively. The
percentage of CD8� T cells expressing cytokines in response to the fusion
protein F4 was determined by adding the individual frequencies of the CD8�

T-cell response to each of the four individual antigens. In the box plot, the
central box shows the interquartile range (Q1 to Q3), with the thick horizontal
line representing the median (Q2) and the whiskers (above and below the box)
representing the maximum and the minimum, respectively.
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frequencies of F4-specific CD4� CFSElow T cells expressing at least
one cytokine were 0.851% and 0.5332% in the chloroquine (n 

11) and control (n 
 11) groups, respectively. The median fre-
quency of TRAP-specific CD4� CFSElow T cells was 0.0001% in
both the chloroquine (n 
 10) and the control (n 
 7) groups (see
Fig. S2C and D).

(iii) Antibody response. The anti-F4 antibody seropositivity
rates and GMCs observed in both groups were comparable al-
though no statistical analyses were performed to detect differences
between groups. All participants were seropositive for anti-F4 an-
tibodies throughout the follow-up period. The anti-F4 antibody
GMCs peaked at day 14 in the chloroquine group (83,863.4 mEU/
ml; 95% CI, 56,912.6 to 123,576.8 mEU/ml) and at day 30 in the
control group (65,633.5 mEU/ml; 95% CI, 42,838.2 to 100,558.8
mEU/ml) (see Fig. S1B in the supplemental material).

(iv) In vitro impact of chloroquine on MPL- and QS-21-de-
pendent activation of PBMCs. The adjuvant AS01B is thought to
play a key role in the response to the F4/AS01B investigational
vaccine by activating the innate immune system due to its immu-
nostimulatory components MPL, a TLR4 agonist, and the saponin
QS-21 (28, 29). Here, the potential impact of chloroquine on the
response induced by the adjuvant was assessed by measuring the
ability of PBMCs to secrete IL-6 upon incubation with MPL and
QS-21.

In the in vitro experiments, chloroquine decreased both MPL-
and QS-21-dependent IL-6 production by stimulated PBMCs
from healthy donors in a dose-dependent manner, suggesting that
chloroquine decreased the ability of primary human cells to re-
spond to the immunostimulatory components of AS01B (Fig. 4).
A similar dose-dependent decrease was observed in TNF-� and
IL-1-� production (data not shown).

Persistence and booster effect of the F4/AS01B investiga-
tional vaccine. Primary comparisons did not reveal any effect of
chloroquine on the CD4�/CD8� T-cell or antibody responses.
Thus, further immunogenicity and safety analyses were carried
out on the pooled group of participants, who had received the
F4/AS01B investigational formulation selected to progress to fur-
ther clinical development (containing 10 �g of F4) in the initial
study. Moreover, as no significant vaccine effects on CD8� T-cell
response and proliferation were detected, the persistence and
booster effect of the F4/AS01B vaccine were not further described
in terms of CD8� T-cell response.

(i) CD4� T-cell response. Before the administration of the
booster dose of the F4/AS01B vaccine, approximately 3 years after
the primary vaccination course, the CD4� T-cell responder rate
was 60% (6/10) to at least one or two antigens, 30% (3/10) to at
least three antigens, and 20% (2/10) to all four antigens (see Table
S3 in the supplemental material). Most of the participants dis-

FIG 3 Stimulation index of CD8� CFSElow T cells stimulated with F4 peptide pools (A and B) and frequency of F4- and TRAP-specific CD8� CFSElow T cells
expressing at least one cytokine following primary and booster doses of the F4/AS01B investigational vaccine (C and D) in the chloroquine (A and C) and the
control (B and D) groups (ATP immunogenicity cohort). CFSE, 5,6-carboxyfluorescein diacetate succinimidyl ester; F4, pool of peptides covering the sequence
of F4 antigens; PRE, prevaccination in the initial study; PII(D44), 44 days after primary vaccination; PII(D360), 360 days after primary vaccination; PREIII,
prebooster dose given approximately 3 years post-primary vaccination; PIII(D14), 14 days after the booster dose; PIII(D180), 180 days after the booster dose; SI,
stimulation index; TRAP, tartrate-resistant acid phosphatase (irrelevant peptides). In the box plot, the central box shows the interquartile range (Q1 to Q3), with
the thick horizontal line representing the median (Q2) and the whiskers (above and below the box) representing the maximum and the minimum, respectively.
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played a specific CD4� T-cell response upon in vitro stimulation
with p24 and RT, but the frequencies of specific CD4� T cells
expressing at least two cytokines, including IL-2, stayed below the
predefined cutoff after stimulation with Nef and p17.

After the administration of the booster dose of the F4/AS01B

vaccine, a high percentage of participants developed a specific
CD4� T-cell response to all four antigens at all time points (see
Table S3 in the supplemental material). At day 14, the CD4� T-cell
responder rate was 100% (9/9) to at least one antigen, 88.9% (8/9)
to at least two or three antigens, and 66.7% (6/9) to all four anti-
gens. The frequency of F4-specific CD4� T cells peaked between
day 7 and day 14 and was comparable to that measured after the
second primary dose (Fig. 5).

The booster dose of the F4/AS01B investigational vaccine in-
duced F4-specific CD4� T cells that exhibited a polyfunctional

phenotype, expressing mainly CD40L and IL-2 in combination or
not with TNF-� (Fig. 6A). This cytokine coexpression profile, in
which approximately 50% of the F4-specific CD4� CD40L� T
cells secreted at least two cytokines, was maintained during at least
6 months and was similar to that observed following primary vac-
cination (Fig. 6B).

(ii) Antibody response. Before the administration of the
booster dose of the F4/AS01B vaccine, all participants in the
pooled ATP immunogenicity cohort for 10-�g-primed partici-
pants were seropositive for anti-F4 antibodies. The anti-F4 anti-
body GMCs at 3 years after primary vaccination (316.7 mEU/ml;
95% CI, 154.6 to 648.6 mEU/ml) had decreased by 21.7-fold com-
pared with those measured at 14 days after primary vaccination
(6,874.0 mEU/ml; 95% CI, 5,621.3 to 8405.8 mEU/ml).

The booster dose of the F4/AS01B vaccine elicited a robust

FIG 4 In vivo impact of chloroquine on the MPL- and QS-21-dependent IL-6 production by stimulated human peripheral blood mononuclear cells. MPL (1
�g/ml), 3-O-desacyl-4=-monophosphoryl lipid A; QS-21 (5 �g/ml), Quillaja saponaria Molina, fraction 21.

FIG 5 Frequency of CD4� T cells expressing IL-2 and at least one other cytokine in response to the F4 fusion protein following primary and booster doses of the
F4/AS01B investigational vaccine (pooled ATP immunogenicity cohort for 10-�g-primed participants). PRE, prevaccination in the initial study; PII(D44),
PII(D60), PII(D180), PII(D360), 44, 60, 180, and 360 days after primary vaccination; PREIII, prebooster dose given approximately 3 years post-primary
vaccination; PIII(D7), PIII(D14), PIII(D30), PIII(D180), 7, 14, 30, and 180 days after the booster dose. The percentage of CD4� T cells expressing cytokines in
response to the fusion protein F4 was determined by adding the individual frequencies of the CD4� T-cell response to each of the four individual antigens. In the
box plot, the central box shows the interquartile range (Q1 to Q3), with the thick horizontal line representing the median (Q2) and the whiskers (above and below
the box) representing the maximum and the minimum, respectively.
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increase in anti-F4 antibody concentrations, with GMCs well
above those observed after the primary vaccination course (Fig.
7). At day 14, anti-F4 antibody GMCs (91,109.3 mEU/ml; 95% CI,
54,647.1 to 151,900.2 mEU/ml) were 13.3- and 287.7-fold higher
than anti-F4 antibody GMCs measured at 14 days and 3 years after
the primary vaccination course, respectively.

Safety. No differences in reactogenicity and safety of the
booster dose of the F4/AS01B vaccine were observed between the
chloroquine and control groups (no formal statistical compari-
sons were performed, and data are not shown), allowing pooling
of the safety results.

In the pooled TVC for 10-�g-primed participants (n 
 10), all
participants reported pain during the 7-day follow-up period after
administration of the booster dose of the F4/AS01B vaccine (Fig.
8). Only two participants reported solicited local symptoms with
grade 3 intensity; one participant had grade 3 pain, and the other
had grade 3 swelling. The most frequently reported solicited gen-
eral symptom was fatigue, which was reported by nine partici-
pants (90%). Grade 3 fatigue and headache were reported by two
participants (20%). No grade 3 fever (temperature of �39°C) was

FIG 6 (A) Cytokine coexpression profile of F4-specific CD4� CD40L� T cells before and following a booster dose of the F4/AS01B investigational vaccine
(pooled ATP immunogenicity cohort for 10-�g-primed participants). (B) Pie chart of F4-specific CD4� CD40L� T-cell responses after primary vaccination in
the initial study (NCT00434512 [15]) (ATP immunogenicity cohort for 10-�g F4/AS01 group) and before and after the booster dose in the present study (pooled
ATP immunogenicity cohort for 10-�g-primed participants). PREII, prevaccination in the initial study; PII(D14) and PII (360), 14 and 360 days after primary
vaccination; PREIII, prebooster dose given approximately 3 years post-primary vaccination; PIII(D7), PIII(D14), PIII(D30), and PIII(D180), 7, 14, 30, and 180
days after the booster dose. The percentage of CD4� CD40L� T cells expressing cytokines in response to the fusion protein F4 was determined by adding the
individual frequencies of the CD4� CD40L� T-cell response to each of the four individual antigens. In the box plot, the central box shows the interquartile range
(Q1 to Q3), with the thick horizontal line representing the median (Q2) and the whiskers (above and below the box) representing the maximum and the
minimum, respectively. Pie charts represent percentages as proportions.

FIG 7 Geometric mean concentrations (GMCs) for anti-F4 IgG antibodies
after administration of the primary and booster doses of the F4/AS01B inves-
tigational vaccine (pooled ATP immunogenicity cohort for 10-�g-primed
participants). Dosing abbreviations are as defined in previous legends.
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reported, and solicited symptoms with grade 3 intensity lasted for
a maximum of 2 days.

During the 30-day postvaccination period, 16 unsolicited AEs
were reported by eight participants (80%), of which 10 AEs were
considered causally related to vaccination: three participants had
chills; two participants had myalgia; and lymphadenopathy, influ-
enza-like illness, injection site reaction, arthralgia, and insomnia
were each reported by one participant. Four grade 3 unsolicited
AEs were reported by three participants (30%). Influenza-like ill-
ness was reported by two participants, and chills and insomnia
were each reported by one participant. All grade 3 unsolicited AEs
resolved without sequels. No IMDs or SAEs were reported in this
study.

DISCUSSION

The present study was designed to evaluate the effect of previous
administration of chloroquine on the specific CD8� T-cell re-
sponse induced by a booster dose of the F4/AS01B investigational
vaccine in healthy adults. When ICS assays were used, F4-specific
CD8� T-cell responder rates and magnitudes remained low after
the booster dose administration and were not affected by the pre-
vious administration of chloroquine. The lack of F4-specific
CD8� T-cell responses observed in both groups was in line with
the results of the initial study, in which no F4-specific CD8� T
cells were detected in healthy HIV-uninfected adults following
primary vaccination with the F4/AS01B vaccine (16). High levels
of F4-specific CD8� T cells were detected in HIV-1-infected pa-
tients using this assay (17), suggesting that the absence of detect-
able CD8� T cells was more linked to the lack of vaccine response
than to the ICS assay.

Since the ability to proliferate to recall antigens is an important
feature of protective memory T cells, vaccine-induced CD8� T-
cell proliferation upon restimulation with F4 peptides was as-
sessed in post hoc analyses. The F4/AS01B investigational vaccine,
which induced high frequencies of F4-specific CD4� T cells ex-
pressing IL-2, a growth factor that supports T-cell proliferation
upon reactivation by cognate antigen recognition, could trigger in
vitro bystander T-cell proliferation (30, 31). Therefore, the fre-

quency of vaccine-specific proliferating CD8� T cells was evalu-
ated using an alternative lymphoproliferation assay, combining a
CFSE proliferation assay followed by a short antigen stimulation
and ICS. Following administration of the booster dose of the F4/
AS01B investigational vaccine, no effect of previous administra-
tion of chloroquine on CD8� T-cell proliferation was detected.
CD8� T-cell proliferation seemed higher after stimulation with
F4-specific peptides than with irrelevant peptides although the
frequencies were very low (�0.02%), and no formal statistical
comparisons were performed. These results suggest either that the
vast majority of CD8� T cells detected by the initial ICS assay
proliferated due to a bystander effect of the IL-2 produced by the
stimulated CD4� T cells or that the methods used in the present
study were not optimal to detect vaccine-induced CD8� T-cell
proliferation.

The present study did not confirm the chloroquine effect on
vaccine-induced CD8� T-cell responses that was observed in the
study conducted by Accapezzato et al. following administration of
a booster dose of hepatitis B vaccine although the same conditions
were used in terms of chloroquine dose and timing of administra-
tion in both trials (22). One explanation could be the antigen
specificity of the vaccine-induced CD8� T-cell responses. Al-
though the peptide sequences included in F4 have CD8� T-cell
epitopes, this large synthetic polyantigenic protein might not have
been delivered to the cytoplasm, processed via the major histo-
compatibility complex class I pathway, and presented to CD8� T
cells as efficiently as the particulate hepatitis B surface (HBs) an-
tigens (22). Moreover, the chloroquine-mediated delivery of the
HBs antigens to the cytoplasm might be increased by the alumi-
num hydroxide component of the hepatitis B vaccine since it is
known that aluminum induces an increase in antigen uptake by
the antigen-presenting cells (29). The F4 fusion protein could be
more efficiently processed by the human major histocompatibility
complex class I molecules to induce a more potent HIV-specific
cytotoxic immune response if a recombinant vector was used to
carry the HIV antigens as this has been previously shown for a
similar HIV fusion antigen delivered by an attenuated recombi-
nant poxvirus (32). A second potential explanation could be the

FIG 8 Solicited local and general symptoms during the 7-day postvaccination period following administration of a booster dose of the F4/AS01B investigational
vaccine (pooled total vaccinated cohort for 10-�g-primed participants). Error bars represent 95% confidence intervals.
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negative interference between chloroquine and components of
the AS01B adjuvant system. As observed for other innate signals,
such as TLR4 and TLR9 (23–25), chloroquine decreased the im-
mune-stimulatory properties of two adjuvant components
(QS-21 and MPL) in terms of cytokine production by stimulated
human primary cells. Although the measured response may not be
directly linked to CD8� T-cell induction, it suggests that the in-
nate response to the adjuvant could be altered in vivo, thereby
decreasing its ability to stimulate an antigen-specific response
(33). However, this hypothesis is not supported by the results of
the present study as the chloroquine did not affect the CD4� T-
cell or antibody responses induced by the booster dose of the
F4/AS01B investigational vaccine, which were comparable or
higher than after the two primary doses.

The high polyfunctional F4-specific CD4� T-cell frequencies
and responder rates and anti-F4 antibody concentrations induced
by the two primary doses of the F4/AS01B investigational vaccine
persisted for at least 3 years in healthy adults, in line with the
results of the initial study (16). The booster dose of the F4/AS01B

vaccine induced a strong F4-specific CD4� T-cell recall response,
which persisted for at least 6 months, had approximately the same
frequency and exhibited a similar polyfunctional phenotype as
that observed following primary vaccination. Strong and persis-
tent CD4� T-cell responses were also induced by the F4/AS01B

vaccine (16) or by a previous HIV-1 vaccine candidate comprising
gp120 and a Nef-Tat fusion protein in healthy adults and in sub-
jects with HIV-1 infection (2, 17–19). These findings are impor-
tant since the presence of polyfunctional and persistent HIV-spe-
cific CD4� T cells in HIV-infected individuals is associated with
long-term nonprogression (11, 34–36). Furthermore, the loss of
HIV-1-specific CD8� T-cell proliferation after acute HIV infec-
tion appears to be restored by vaccine-induced HIV-specific
CD4� T cells both in vitro and in vivo (11).

The booster dose of the F4/AS01B vaccine also induced a robust
increase in anti-F4 antibody concentrations, which reached
higher levels than those observed after primary vaccination, sug-
gesting that the F4/AS01B investigational vaccine induced im-
mune memory in healthy adults. The high level and persistence of
antibodies could be explained by the concomitant induction of
CD4� T cells that could provide strong help in differentiating B
cells into long-lived plasma cells or memory B cells. Further anal-
ysis would be needed to better characterize these B-cell responses.

The safety profile of the booster dose of the F4/AS01B investi-
gational vaccine was clinically acceptable. No SAEs or IMDs were
reported, nor were any additional safety concerns raised after the
booster dose administration (16).

Although this study was limited by the low number of partici-
pants, it is unlikely that the conclusions on lack of chloroquine
effect would have been different if the planned number of 20
evaluable participants per group was reached. Another potential
limitation of this study was its open design, due to the different
treatment schedules between the two groups, which is unlikely to
have influenced the immunogenicity assessments since the labo-
ratory personnel responsible for immunogenicity testing were
blinded.

In conclusion, this study showed that a booster dose of the
F4/AS01B investigational vaccine, administered alone or 2 days
after chloroquine, induced a strong humoral immune response
and a robust F4-specific CD4� T-cell immune response exhibiting
a polyfunctional phenotype but no significant CD8� T-cell re-

sponse. These results suggest that two primary doses of the F4/
AS01B investigational vaccine induce long-lasting memory B-cell
and CD4� T-cell responses in healthy adults.
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