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Abstract
The development of a safe and effective malaria vaccine is impeded by the complexity of the
Plasmodium life cycle. A vaccine that elicits both cell-mediated and humoral immune responses
might be needed for protection against this multistage parasitic infection. Apical membrane antigen
1 (AMA-1) plays a key role in erythrocytic invasion but is also expressed in sporozoites and in late
stage liver schizonts, where it may provide a target of protective cell-mediated immunity (CMI). A
Phase 1 trial of a vaccine consisting of recombinant AMA-1 protein and the Adjuvant system AS02A
was conducted in 60 Malian adults aged 18–55 years who were randomized to receive either half-
dose (25µg/0.25 ml) or full dose (50µg/0.5 ml) FMP2.1/AS02A or a control rabies vaccine.
Interleukin 5 (IL-5) and interferon-γ (IFN-γ) production as evaluated by ELISpot and lymphocyte
proliferation were measured after in vitro AMA-1 stimulation of peripheral blood mononuclear cells
(PBMCs) collected on Days 0 and 90. Post-FMP2.1/AS02A immunization mean stimulation indices
were significantly elevated as were the number of IL-5 spot forming cells (SFC)/106 PBMC, but no
difference was noted in INF-γ production between the AMA-1/AS02A vaccinated group and the
rabies group. These results provide evidence that complex immune responses can be induced by this
vaccination strategy and add further impetus for the continuing clinical evaluation of this vaccine.
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1. Introduction
Apical membrane antigen 1 (AMA-1) is an asexual blood-stage antigen that has been identified
in all Plasmodium species examined and is a leading malaria vaccine candidate [1–3]. Although
its precise biological function remains undefined, AMA-1 appears to play a role in erythrocytic
invasion possibly by orienting merozoites and mediating close junctional apical contact [4,5]
or direct erythrocytic binding [6]. The protein is comprised of an ectodomain in which non-
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overlapping groups of disulfide bonds define four separate domains (pro-domain and domains
I, II, and III) [7]. Correct conformational folding is critical for the invocation of protective or
inhibitory antibodies, implying that protection is directed at epitopes dependent upon correct
disulfide bonding [7–9].

Antibodies against Plasmodium falciparum AMA-1 (PfAMA-1) inhibit antigen processing and
merozoite invasion of erythrocytes [10] as well as P. falciparum growth in vitro [11,12].
Passive immunization of P. chabaudi-infected mice with AMA-1-specific polyclonal
antibodies prevents lethal parasitemia [8]. Protective immunity against malaria has been
elicited after immunization of mice and monkeys with recombinant AMA-1 [8,9,13–15]. Sero-
prevalence studies have demonstrated the presence of antibodies to AMA-1 in malaria endemic
areas [16,17] and in a longitudinal study of subjects parasitemic at entry, antibodies to AMA-1
were significantly associated with fewer episodes of clinical malaria [18].

While antibody-mediated immunity to AMA-1 appears to be critical for immune protection,
AMA-1-specific T cell-mediated immunity (CMI) might also play a significant role in
protective immunity. AMA-1 is also present on the sporozoite surface and a strong T cell
response against AMA-1 may have an inhibitory effect on sporozoite invasion and
exoerythrocytic stage development in the liver [19]. Just before the liver phase where CMI
plays a key role in host defense, AMA-1 is translocated to the surface of the sporozoite,
undergoes proteolytic cleavage and is essential to hepatocyte invasion [20,21]. T cells specific
for AMA-1 may regulate antibody production as demonstrated in immunized BALB/c mice
[9]. Evidence of antibody-independent protective CMI can be demonstrated by the finding that
AMA-1 immunized mice and immunized B-cell-deficient mice, which are then depleted of
CD4+ T cells, experience a loss of immunity unrelated to changes in antibody levels. CD4+ T
cells specific for a conserved AMA-1 cryptic epitope transferred into athymic mice resulted
in partial protection from parasite challenge [22]. T cell epitopes that elicit proliferative
responses in Kenyan volunteers have been demonstrated in P. falciparum AMA-1 [23]. Strong
T cell responses to AMA-1 were also seen in irradiated sporozoite-immunized volunteers
protected against experimental malaria challenge [24]. Thus, while antibodies play a crucial
role in protection post-AMA-1 immunization, antibody-independent CMI to AMA-1
contributes separately to the overall protective immune response in mice and might also do so
in humans.

Immunization strategies that induce both a strong humoral response and CMI may be desirable
in development of an AMA-1-based malaria vaccine. A Phase 1 trial of AMA-1/AS02A in
malaria-naïve adults conducted at the Walter Reed Army Institute for Research (WRAIR)
revealed strong humoral and cellular responses [3]. In the subsequent, presently described trial
we measured CMI in semi-immune Malian adults after immunization with three doses of
AMA-1 (FMP2.1/AS02A). Enhanced AMA-1-specific CMI was demonstrated in vaccine
recipients as compared to control volunteers. These results, together with those demonstrating
strong anti-AMA-1 antibody responses [25] provide evidence that multifaceted immune
responses can be induced by this vaccination strategy and add further impetus for the continuing
clinical evaluation of this vaccine.

2. Methods
2.1. Study design and vaccine administration

The clinical study was conducted at the Bandiagara Malaria Project research clinic in
Bandiagara, a rural town of 13,634 inhabitants in the Dogon country in central Mali. Malaria
transmission is seasonal and heavy with children aged less than 10 years having an average of
two clinical malaria episodes per transmission season [26] and severe malaria affecting 2.3%
of children less than 6 years of age [27]. The malaria transmission season extends from July

Lyke et al. Page 2

Vaccine. Author manuscript; available in PMC 2009 July 8.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



to December. Venous blood was obtained from semi-immune Malian adults aged 18–55 years
(mean age 28 years) on enrollment into a study evaluating the safety and immunogenicity of
an AMA-1 malaria vaccine and again, at defined post-vaccination intervals [25]. The
recombinant E. coli-expressed protein consists of a lyophilized preparation of a major portion
of ectodomain of the 3D7 clone of PfAMA-1 (FMP2.1, Lot 0917) manufactured under current
Good Manufacturing Practices (cGMP) by WRAIR Pilot Bio-production facility (Forest Glen,
MD, United States) [28]. The AS02A adjuvant, manufactured by GSK Biologicals (Rixensart,
Belgium), is composed of an oil-in-water emulsion and two immunostimulants, 3-deacylated
monophosphoryl lipid A (MPL®) and QS21 derived from Quillaja saponaria (Antigenics Inc.,
Lexington, MA). A comparator vaccine consisting of the RabAvert® rabies vaccine (Chiron
Corporation, Emeryville, CA), a sterile preparation of killed rabies virus was used. Vaccines
were administered by intramuscular injection in the left deltoid muscle.

Sixty adults were randomized in a double-blind 2:1 ratio in two staggered cohorts. Cohort 1
was randomized to either half-dose (25µg) of FMP2.1 in 0.25 ml AS02A (n = 20) or comparator
vaccine (n = 10) whereas Cohort 2 was randomized to either full dose (50µg) of FMP2.1 in
0.5 ml AS02A (n = 20) or comparator vaccine (n = 10). Volunteers were vaccinated at 0, 1,
and 2 months and followed for 12 months after enrollment. The first vaccination was
administered in December 2004 at the end of transmission season with the second and third
doses administered in January and February 2005. Day 90 of the study was during March 2005.
The trial was conducted in compliance with the International Conference on Harmonization
Good Clinical Practices, the Declaration of Helsinki and regulatory requirements of Mali.
Study protocols were reviewed and approved by institutional review boards (IRBs) of the
University of Bamako, the University of Maryland, the United States Army Surgeon General
and the National Institute of Allergy and Infectious Diseases. Individual informed consent was
obtained from each participant prior to screening and enrollment. Consent of illiterate
participants was documented by their thumbprints and by signatures of independent witnesses.
Permission to import and administer the investigational products in Mali was granted by the
Republic of Mali Ministry of Health. The trial was monitored by the United States Army
Medical Materiel Development Activity and the National Institute of Allergy and Infectious
Diseases/Division of Microbiology and Infectious Diseases.

2.2. Peripheral blood mononuclear cell (PBMC) collection
Whole blood was collected in sterile EDTA tubes on enrollment, prior to vaccination (Day 0),
and at Day 90 (30 days post-vaccination dose 3). Blood was refrigerated and processed by
density centrifugation within 2 h of acquisition, utilizing lymphocyte separation medium (ICN
Biomedical Inc.) following standard techniques. PBMC were linear rate frozen using isopropyl
alcohol containers to −70 °C at the field site before transferring to liquid nitrogen storage
containers for transportation to the University of Maryland. Immunologic assays were
performed at the University of Maryland. The specific assays and methodology were chosen
in order to compare results to those used in malaria-naïve volunteers recruited previously at
WRAIR [3]. Vaccine grade antigen for the immunologic assays was kindly donated by
WRAIR.

2.3. CMI assays
2.3.1. Lymphocyte proliferation assay—150,000 cells/well were plated in triplicates in
96-well plates, incubated with media, or FMP2.1 (AMA-1) at 3µg/ml for 6 days and 3H-
thymidine incorporation determined [29]. Stimulation indices (SI) were calculated by dividing
the mean counts per minute (cpm) of triplicate wells containing AMA-1-specific antigen by
the mean cpm observed in media controls. Values that fell outside the 95% confidence interval
(CI) of replicate wells were excluded from analysis. Positive samples were defined as (1) mean
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of wells with AMA-1 antigen differing significantly from media control by paired t-test (one-
tailed, P < 0.05); (2) SI > 2; (3) mean cpm> 1000 over that of media control.

2.3.2. ELISpot—(a) Gamma interferon-(IFN-γ)-secreting cells were quantified using a
modified cytokine enzyme-linked immunospot (ELISpot) assay [30]. 50,000 and 100,000 cells/
well were plated in duplicate on 96-well plates (Millipore, MAHA, Bedford, MA) coated with
5µg/ml human anti-IFN-γ (clone 2G1, Endogen, Rockford, IL) and incubated overnight with
AMA-1 (1.0 and 10µg/ml). Anti-CD28/anti-CD49d monoclonal antibodies (clones 28.2 and
9F10, respectively; Pharmingen, San Diego, CA) at 1µg/ml were added as co-stimulants
[31]. The negative and positive controls were Aim-V media alone and anti-CD3/anti-CD28
beads (3µl/ml, Dynal Biotech, Oslo, Norway), respectively. Bound IFN-γ was detected using
biotinylated anti-IFN-γ mAb (2µg/ml, clone B133.5, Endogen) followed by a 2-h incubation.
Avidin peroxidase (1:400) was added followed by 1-h incubation. A 50:1 dilution of True Blue
substrate (Kirkegaard and Perry Lab, Gaithersburg, MD) was added for 15 min followed by a
distilled water wash. (b) Interleukin 5 (IL-5) secreting cells were quantified using an ELISpot
kit (Mabtech USA, Cincinnati, OH) [32]. Cells were plated in duplicate at 200,000 and 400,000
cells/well on 96-well plates coated with 15µg/ml human anti-IL-5 (clone TRFK5) and
incubated overnight with AMA-1 (1.0 and 10µg/ml). Aim-V media and phytohemagglutinin
(PHA) at 1µg/ml (Sigma Leucoagglutinin (PHA-L) lectin from Phaseolus vulgaris L-2769)
were used as negative and positive controls, respectively. Bound IL-5 was detected using
biotinylated anti-IL-5 mAb (2µg/ml, clone 5A10) followed by avidin peroxidase and True Blue
substrate detection of spots as described above. For both ELISpot assays, cells were counted
both manually and with the aid of an automatic counter (Bioreader 3000, BioSys Inc., The
Colony, TX). Stringent criteria identified responders: (1) stimulant wells >8 spots per well, (2)
the number of spots in stimulant wells greater than twice that in media control wells and (3)
the mean number of spots in stimulant wells differing significantly from media controls by
paired t-test (one-tailed, P < 0.05). Responders were defined as subjects with a detectable
response to antigen at either the 100,000 cell or at both the 50,000 and 100,000 cell
concentrations. Media results were subtracted from those observed in stimulant wells and
expressed as net SFC/106 PBMC. CMI results were excluded if anti-CD3/anti-CD28 stimulated
cells failed to exhibit strong (>800 SFC/106 PBMC or >5 SI) responses. All experiments were
done in a blinded, randomized fashion using standardized reagents of identical lots.

2.4. Statistical analysis
Analyses of differences in IFN-γ and IL-5 production by ELISpot or proliferation of cells
between clinical groups were performed using χ2-analysis (EpiInfo; Center for Disease Control
and Prevention; 2000). A two-sided Student’s t-test was used for analysis of continuous
variables with equal variance and χ2-test for categorical variables using SPSS 10.0 (2000; SPSS
Corp., Chicago, IL). Spearman rank order correlation (SigmaStat 3.0) was used to analyze the
correlation of CMI and antibody assays at Day 90 since the data did not appear to meet
assumptions about normality, hemoscedasticity, and linearity. Statistical significance was set
at a P < 0.05 without adjustment for multiple comparisons.

3. Results
3.1. Lymphocyte proliferation

Lymphocyte proliferation assays were performed with PBMC from volunteers on Day 0 and
90. Fifty-five of 60 volunteers had PBMC from both time points (19 controls receiving
RabAvert®, 18 volunteers receiving the half-dose FMP2.1/AS02A and 18 volunteers receiving
the full dose FMP2.1/AS02A). Three participants had insufficient cells collected for analysis
and two participants’ PBMC did not respond to the positive control stimuli. The Day 0
geometric mean SI for all participants with paired samples was 1.63 (range 0.33–13.33) (1.59
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for RabAvert®, 2.38 for half-dose FMP2.1/AS02A, and 1.15 for full dose FMP2.1/AS02A;
no statistical difference was noted between groups) (Table 1). The Day 90 geometric mean SI
was 1.41 for RabAvert®, 5.19 for half-dose FMP2.1/AS02A, and 6.53 for full dose FMP2.1/
AS02A. No differences in SI were noted between the half and full dose FMP2.1/AS02A.
Intercohort analyses reveal higher FMP2.1/AS02A Day 90 vaccine responses compared to
RabAvert® (25µg: 5.19 vs. 1.08, P = 0.005 and 50µg: 6.53 vs. 1.88, P = 0.004). Paired pre-
and post-vaccination SI is depicted in Fig. 1. The SI was positive in 28/37 (76%) of the
combined FMP2.1/AS02A vaccine recipients compared to 4/19 (21%) of RabAvert®
recipients (Yates corrected χ2 < 0.0001, 95% CI [0.2–0.54]).

3.2. ELISpot
(a) ELISpot assays (IFN-γ and IL-5) were performed on paired PBMC from Days 0 to 90 in
56 of 60 enrolled volunteers. The mean IFN-γ secretion by PBMC in response to AMA-1 (1
and 10µg/ml) as detected by ELISpot was quantified. Media SFC were subtracted from final
SFC counts and expressed as SFC/106 PBMC (Table 2). A measurable background response
to AMA-1 stimuli was noted at both the 1 and 10µg/ml concentrations for all groups (105–182
mean SFC/106 PBMC) with 55% of PBMC collected from volunteers before vaccination (Day
0) producing IFN-γ. A significant increase in detectable IFN-γ production was noted from Days
0 to 90 for both the FMP2.1/AS02A and the RabAvert® groups. However, there were no
differences between the mean SFC/106 PBMC from the vaccine group compared to the control
vaccine group. Similarly, there were no differences in the amounts of IFN-γ secreted by PBMC
from volunteers who received the full and half-doses of FMP2.1/AS02A. (b) The mean IL-5
secretion by PBMC in response to AMA-1 (1 and 10µg/ml) as detected by ELISpot was also
quantified (Table 2). Little detectable IL-5 secretion was measured before vaccination (1.5–
3.3 SFC/106 PBMC). Significant increases in IL-5 production were observed at Day 90 for
both the half and full dose FMP2.1/AS02A groups compared to Day 0 results and the
RabAvert® group. The half-dose FMP2.1/AS02A group had the highest cytokine secretion
measured although this was not significantly different than the full dose FMP2.1/AS02A group
(1µg/ml: 90.5 vs. 38.6 SFC/106 PBMC, P=0.13, 10µg/ml: 121.5 vs. 69.4 SFC/106 PBMC, P
= 0.19). A small but significant increase in IL-5 secretion was also noted between Days 0 and
90 RabAvert® results after stimulation of PBMC with 10µg/ml of AMA-1 (3.3 vs. 42.4 SFC/
106 PBMC, P = 0.01). This was also observed between Days 0 and 90 in the RabAvert® group
in cultures stimulated with 1.0µg/ml AMA-1 but was statistically insignificant.

3.3. Correlation of immunologic responses
Anti-FMP2.1 antibody responses were determined by enzyme-linked immunosorbent assay
(ELISA) at WRAIR and previously reported [25]. We studied the correlation of immunological
responses by analyzing the results of the CMI assays against the antibody response and also
between concomitant CMI assays. Correlations were noted between the lymphocyte
proliferative and anti-FMP2.1 antibody responses [correlation coefficient (ρ) = 0.543, P <
0.001] and between IL-5 secretion as measured by ELISpot assay and anti-FMP2.1 antibody
responses (ρ = 0.383, P = 0.003). A correlation was also observed between the results of the
IL-5 ELISpot assay and the lymphocyte proliferative responses (ρ = 0.526, P < 0.001). No
correlation was observed between IFN-γ secretion as measured by ELISpot and all other
immunological measurements.

4. Discussion
The FMP2.1/AS02A malaria vaccine appears to induce detectable cellular as well as humoral
responses in malaria semi-immune adults. Measurable T cell-mediated immune responses
(IL-5 production and lymphocyte proliferative responses) were detected in semi-immune
malaria-exposed adults who received the AMA-1 vaccine. A balanced Th1/T2 cytokine
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response has been described in preclinical monkey trials after vaccination with AS02A
adjuvanted to P. falciparum MSP142 antigen as compared to other adjuvants (AS01B, AS05,
and AS08) formulated to MSP142 which invoked an enhanced Th1 response [33]. Likewise,
both IFN-γ and IL-5 production has been described in preclinical studies with RTS,S/AS02A
[34], and Phase I studies in malaria-naïve U.S. volunteers vaccinated with FMP2.1/AS02A
[3]. Enhanced IL-5 production was noted in the half-dose FMP2.1/AS02A group as compared
to the full dose FMP2.1/AS02A group. While the significance of this is unclear, the paradoxical
findings of higher CMI responses in response to lower doses of adjuvanted protein, was also
observed in U.S. malaria-naïve volunteers receiving AMA-1/AS02A [3] as well as volunteers
receiving AMA-1/AS01B, Liver stage antigen 1 (LSA-1)/AS02A and LSA-1/AS01B (M.
Spring, J. Cummings and D.G. Heppner, personal communication). In contrast to the results
seen in the U.S.-based trial, no differences in IFN-γ production were noted between recipients
of FMP2.1/AS02A and the comparator rabies vaccine [3].

Protective immunity to malaria has been shown to correlate with detectable cellular immune
responses. B and T cell responses have been measured in response to defined AMA-1 epitopes
in volunteers naturally exposed to malaria [17,23]. Moreover, proliferative responses to
parasitized RBC (pRBC) in U.S. volunteers immunized with attenuated falciparum sporozoites
correlated with protection against subsequent sporozoite challenge [24]. We detected
measurable increases in cellular immunologic responses to AMA-1 after vaccination in an adult
Malian population. This is encouraging in that responses to vaccination are detectable against
a high background of acquired immunity. Differences in immune responses between vaccine
and control groups may be more pronounced in the target population of children who have less
acquired immunity. The paucity of long-lived T cell memory responses that develop in response
to malaria antigens even in the setting of repetitive antigen exposure has long been noted. The
immune response to blood stage malaria antigens appears to evolve over years and acquisition
of immunity may continue into adulthood [17]. While T helper cells may facilitate AMA-1-
specific antibody production [9], other effector T cell functions may contribute to host
immunity independently of antibody. Immunization with recombinant P. chabaudi AMA-1 in
mice stimulates immune protection against homologous P. chabaudi infection. This appears
to be partially mediated by CD4+ cells in an antibody-independent fashion but in synergism
with anti-AMA-1 antibodies [22]. In this model, IFN-γ was not detected in response to
vaccination and challenge. This parallels our findings showing no difference in IFN-γ
production as measured by ELISpot between vaccine groups at Day 90 but contrasts with the
findings in malaria-naïve adults in which potent IFN-γ production was measured in response
to vaccination [3]. Of note, in the latter study vaccination also stimulated dose dependent IL-5
production in malaria-naïve adults. In areas of ongoing malaria transmission, IFN-γ production
to this vaccine as measured by ELISpot may not serve as a relevant measure of CMI acquisition.
Whether a Th2-biased CMI, as evidenced by IL-5 production, correlates with enhanced
protective efficacy will be assessed in greater detail in upcoming Phase 2 vaccine trials.

Vaccinations occurred between December 2004 and February 2005 and Day 90 serum was
collected in March 2005 at the height of the dry season when malaria transmission is virtually
undetectable. Samples were processed in random order, with representative Day 0 and 90
samples included in each experiment using identical reagents and lots of fetal calf serum for
cell cryopreservation and for processing of immunologic assays. Negligible IL-5 was detected
pre-vaccination (Day 0). In contrast, detectable IFN-γ was noted at Day 0 in both vaccine
recipients and RabAvert® controls. This observation is likely the result of CMI acquired by
ongoing exposure to parasites during the transmission season. Similarly, 20/56 (35.7%)
volunteers had detectable lymphocyte proliferative responses at Day 0 as well as antibody
responses with significant vaccine-induced boosting peaking by Day 74 [25].Modest increases
in IFN-γ production were detected after stimulation of post-vaccination PBMC (collected
during the dry season) with AMA-1 in all groups, including the rabies comparator. The
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mechanism(s) for these increases in the absence of ongoing malaria transmission are unclear.
It is possible that during the malaria transmission season, persistent sub-clinical infection,
which is common in semi-immune adults, results in continuous exposure to high levels of
malaria antigens leading to down-regulation of IFN-γ responses to these antigens and to
decreased inflammatory responses. Similarly, it is known that inducible T regulatory cells may
influence the immunologic response to malaria infection during transmission season [35].
These phenomena might not occur during the dry season when exposure to malaria antigens
is greatly diminished. Blood smears were not done on asymptomatic individuals so we cannot
investigate these theories. Potential explanations for the absence of a measurable vaccine-
induced increase in IFN-γ production as detected by ELISpot may have been the failure of the
vaccine to induce persistent cellular response in this population. Additionally, we sampled
PBMC 28-day post-dose three in this study whereas in the previous study in malaria naïve
adults, we sampled PBMC at 14 days post-dose three and did find significant increases in IFN-
γ by ELISpot. Other potential factors include a technical difference in the assay whereby PBMC
were plated at 50,000 and 100,000 per well from the Malian adult study (to reduce background)
compared to 200,000 per well PBMC from the malaria naïve adults.

Both the lymphocyte proliferation and the IL-5 ELISpot assays demonstrated a clear increase
in CMI correlating with vaccination. A mild but significant increase in IL-5 production in the
control group receiving rabies vaccine at Day 90 was noted in response to antigenic stimulation
by AMA-1 (10µg/ml). This increase was modest in comparison to the vaccine recipients and
was not observed in cultures stimulated with 1µg/ml AMA-1. The results suggest that Th2
cytokine responses may be a better indicator of this vaccine’s “take” than Th1 responses
represented by IFN-γ although more research needs to be performed including measurement
of other Th2 cytokine responses to validate this contention and to assess the impact of the
adjuvant in this response. Furthermore, the fact that close correlations were observed between
antibody response, lymphocyte proliferation responses and IL-5 production argues strongly
for this vaccine construct being able to elicit a wide array of host immune responses. An
ongoing Phase 2 trial of this vaccine in children will assess associations between these immune
responses and protection against disease and measure the impact of parasite diversity on CMI
and antibody responses.

We have demonstrated a CMI response in relation to vaccination with FMP2.1/AS02A in
malaria-experienced Malian adults. Our studies demonstrate AMA-1-specific lymphocyte
proliferation and IL-5 production in response to vaccination and a close correlation of these
CMI responses to antibody production. Whether these CMI responses are mainly supporting
antibody production or represent other important mechanisms of CMI effector immunity (e.g.,
expansion of T memory subsets, production of other cytokines not evaluated in the present
study, etc.) remains to be determined. Nevertheless, the finding that a multifaceted immune
response is elicited after a three-dose vaccination series with AMA-1 is encouraging for future
development of this protein construct alone or as part of a vaccine comprised of multiple
malaria antigens. If protective efficacy is demonstrated in the Phase 2 pediatric trial of the
FMP2.1/AS02A vaccine that is presently underway in Mali the cellular immunity associated
with this protection will be studied.
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Fig. 1.
Lymphocyte proliferative responses in subjects immunized with FMP2.1/AS02A or
RabAvert®, Paired Day 0 and 90 stimulation indices (SI) of proliferating PBMC from semi-
immune Malian adults receiving either the three-dose series of FMP2.1/AS02A (a) half (25µg/
0.25 ml) or (b) full (50µg/0.5 ml) doses or (c) comparator RabAvert® vaccine.
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