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ABSTRACT

The third variable region (V3 loop) of the human immunodeficiency virus (HIV) external glycoprotein gp120 contains
the principal neutralizing domain of this protein. Our group has developed multi-epitope polypeptides (MEP),
bearing several copies of the V3 loop from different HIV-1 isolates. These chimeric proteins have been able to elicit
broadly reactive neutralizing antibodies when administered in Complete Freund's Adjuvant (CFA). For human
vaccines, a less reactogenic adjuvant is required. The MEPs TAB9 and TAB13 contain the Y3 region from six and eight
HIV-1 isolates, respectively, fused to the amino terminus of the Neisseria meningitidis P64K protein. In this paper we
describe the effect of several adjuvants and immunomodulators on the antibody response against these MEPs in
rabbits and mice. Oil adjuvants proved to be more efficient in promoting the antibody response against MEPs than
Alum, Quil A or combinations of Alum with IL-2 and yIFN. The subclass composition of the antibody response was
very dependent on the adjuvant employed. CFA induced high levels of IgG2a and IgG2b, while for the rest of the
products IgG1 was predominant. We also concluded that the novel oil adjuvant Montanide ISA720 is as efficient as
CFA or Incomplete Freund’s Adjuvant in stimulating the humoral response in mice and rabbits and therefore, it was
selected for further studies in primates.
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RESUMEN

La tercera region variable (el lazo V3) de la glicoproteina externa gp120 del virus de la inmunodeficiencia humana
(VIH) contiene el dominio principal de neutralizacion de esta proteina, Nuestro grupo ha desarrollado el concepto
de polipéptidos multiepitépicos (PME), proteinas quiméricas que portan varias copias del lazo V3 de diferentes
aislamientos del VIH-1. Estas proteinas han sido capaces de inducir una amplia respuesta de anticuerpos neutralizantes
cuando se administran en Adyuvante Completo de Freund (ACF). Para vacunas de uso humano, se requiere un
adyuvante menes reactogénico. Los PME TAB? y TAB13 contienen la region V3 de seis y ocho aislamientos de VIH-
1, respectivamente, fusionados al extremo amino de la proteina P64K de Neisseria meningitidis. En este articulo se
describe el efecto de diferentes adyuvantes e inmunomoduladores en la respuesta de anticuerpos contra estos PME
en conejos y ratones. Los adyuvantes oleaginosos estimularon la respuesta inmune humoral contra los PME de
forma maés eficiente que la aluming, el Quil A o combinaciones de altmina con IL-Z e IFNy. La composicién de
subclases de |g especifica para los PME varié en dependencia del adyuvante empleado. Los mayores niveles de
lgG2a e IlgG2b se obtuvieron con ACF, mientras que otros adyuvantes indujeron IgG1 predominantemente. También
concluimos que el nuevo adyuvante oleaginoso Montanide ISA720 es tan eficiente como el ACF o el Adyuvante
Incompleto de Freund en la estimulacién de la respuesta humoral en ratones y conejos, y fue seleccionado para

estudios posteriores en primates.

Introduction

The vast majority of the current available viral vac-
cines are composed of cither attenuated or inacti-
vated whole viruses. Due to their high intrinsic im-
munogenicity, these can induce a protective immune
response in the absence of immunological adjuvants,
or simply by adsorption to Alum. On the other hand,
the only subunit vaccine available, the anti-hepatitis
B vaccine, forms a “virus-like” particle that resembles
the natural pathogen and is also strongly immuno-
genic. However, there is an increasing number of vi-
ral diseases in which the aforementioned vaccination
approaches cannot be implemented. The use of small
peptides and recombinant subunits has been exten-
sively investigated in the last years as components
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for new generation and extremely safe vaccines, but
in most of these cases, the immunostimulatory ca-
pacity of Alum is limited. This fact has prompted
the evaluation of novel, more potent immunological
adjuvants intended for human applications.

Since the Acquired Immune Deficiency Syndrome
(AIDS) was first described [1] and the global implica-
tions of this pandemic were recognized, several re-
search groups have been focused on the prevention of
an infection with HIV, AIDS is one of these examples
where the usc of conventional vaccines is clearly not
recommendable. Morcover, given the extreme genetic
divergence of HIV, a conventional vaccine using a spe-
cific viral subtype would probably not be able to confer
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protection against the variants existing worldwide [2].
Other strategies based on recombinant and synthetic
subunit vaccines designed to generate a broadly reac-
tive antibody response might be more efficient to ac-
complish this goal |3, 4].

QOur group has reported the generation of multi-
epitope polypeptides (MEP) carrying in tandem the V3
regions of the gpl120 protein from several HIV-1 iso-
lates as a novel alternative to generate a wide antibody
response against V3 loop [3, 6]. The aim of this study
was o evaluate the capacity of several adjuvants to
enhance and modulate the humoral immune response
in rabbits and mice, against two of these MEPs, dec-
nominated TAB9 and TAB13, and to select the more
attractive among them for further development of pre-
clinical and clinical studies.

Six adjuvants and two immunomodulators were se-
lected for this study on the basis of their availability and
their documented properties. Besides Alum, which is
the only adjuvant currently approved for human vac-
cines, we evaluated Complete Freund’s Adjuvant (CFA)
and Incomplete Freund’s Ajuvant (IFA), which have
been traditionally used in animal experiments, but their
application in humans has been limited by the extensive
reactogenicity they produce [7]. Another oil adjuvant,
Monianide ISA 888 (M-ISA888), has been success-
fully used in veterinary vaccines, but its composition is
rather similar to IFA. We also included the adjuvant
Montanide ISA 720 (M-ISA720), which is based in
metabolizable animal oil and is thought to be less
reactogenic in humans [8]. Quil A is a saponin frac-
tion from Quilaria saponaria that has been widely
used in-animal experiments. Its more purified deriva-
tive, QS21, has been recently employed in several
clinical trials [9]. Finally, 11.-2 and yIFN were em-
ployed due to their documented immunomodulatory
cffect on antibody response [10, 11].

Materials and Methods

Animals

Female Balb/c mice, of six weeks of age (20 g of weight),
were obtained from CENPALAB, Havana, Cuba. New
Zealand white female rabbits between 2,0 and 2.5 kg
were also supplied by CENPALAB.

HIV-1 multi-epitope polypeptides

TAB9 is a MEP containing six copies of the central
region of the V3 loop from isolates LR150, JY I, RF,
MN, BRVA and I1IB in this order, fused to the amino
terminal 47 amino acids from P64K protein of Neis-
seria meningitidis. TAB13 contains two additional
V3 regions from consensus sequences C§ and C6 ac-
cording to the phenetic classification system proposed
by Myers et al. [12, 13].

Protein purification

Cultures of E. coli W3110 trpA905 cells transformed
with plasmids pTAB9 or pTAB13 bearing sequences
encoding proteins TAB9 and TAB13 respectively,
were harvested and suspended in Tris 10 mM, EDTA
1 mM, pH 8.0 (TE)at 0.1 g of biomass/mL. Lysozyme
was added 10 a final concentration of 25 pg/mL, and
the cells were incubated for 1 h with gentle, occasional
mixing. After sonication at 4 °C and centrifugates, the
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pellet was washed with TE + 4M urea and then ex-
tracted in TE + 8M urea. DNA was precipitated with
1% streptomycin sulfate before the chromatographic
step. This material was centrifuged and the superna-
tant was loaded onto a 10 x 250 mm C4 reverse-
phase column for high-performance liquid chroma-
tography (HPLC). A continuous gradient from
10 to 80% acetonitrile in 0.1% trifluoroacetic acid
was used for the elution. A flow rate of 1.5 mL/min
was employed and the absorbance at 280 nm was
monitored. The purity of the final preparation was
assessed by SDS-PAGE [14].

Preparation of adjuvants

Aluminum hydroxide (Alum). Aluminum hydroxide
(Alhydrogel, Superfos Bioscclor, Vedbaek, Denmark)
was mixed with protein ata 70:1 (Alum:protein) ratio.
The mixture was incubated with gentle agitation for 1 h
at 37 °C. The preparation was centrifuged for 15 min
at 10 000 rpm (Himac centrifuge, Hitachi®, Japan) and
protein concentration was determined by the method
of Bradford [15].

Interleukin-2 (IL.-2) and gamma interferon (YIFN).
Human recombinant IL-2 or gIFN (Heber Biotec, Ha-
vana, Cuba) were added to the protein solution just
before injection. Ten thousand units of IL-2 and 1 mg
of gIFN were used per mouse, per inoculation.

Quil A. Quil A Saponin (Superfos Biosector, Vedbaek,
Denmark) was suspended in sterile water and added
to the protcin solution. A dose of 25 mg per animal
was employed.

CFA and IFA. The protein was mixed with an equiva-
lent volume of cither CFA or IFA (Sigma, St. Louis,
Miss) and emulsified by strong agitation during 15
min in a homogenizer (Ultraturrax). The quality of
the emulsion was tested by sampling a drop into ice-
cold water.

M-ISA720 and M-1SA888. The emulsions composed
by either M-ISA720 or M-ISAB88 (Seppic, Paris,
France) and TAB9 or TAB13 were prepared follow-
ing a similar procedure to that described for Freund’s
adjuvants. These preparations contained 30% of aque-
ous phase and 70% of oil phase as suggested by the
manufacturers.

Immunization procedures

Comparison of adjuvants in rabbits. Groups of four
New Zealand white rabbits were immunized three
times with 200 pg of TAB9 or TAB13 emulsified in
either CFA, IFA, M-ISA888, M-ISA720, Quil A,
Alum, Alum + IL-2 and Alum + yIFN on days 0, 30,
and 60. The immunogens were administered subcuta-
neously. Animals were bled 30 days after the last
inoculation and the sera titrated against TAB9 and V3
peptides in ELISA (sce below).

Escalating doses of TAB9. Three groups of New
Zealand white rabbits received three inoculations on
days 0, 15 and 30 and were bled on day 45. The doses
were 500, 750 and 1 000 pg of TAB9. ELISA titers
and neutralizing antibodies against strains MN and
11IB were also measured.

Comparative evaluation of different adjuvants in mice.
Nine groups of eight mice each were immunized with
10 pg of TABY, three times at two weeks intervals.
The immunogens were administered intraperitoneally
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in 0.1 mL for each animal. Two weeks after the third
inoculation, blood was extracted from the plexus and
animals were sacrificed. Serum was obtained and
stored until use.

Conjugation of peptides to bovine
seroalbumin (BSA)

Peptides were coupled to BSA using the heterobi-
functional agent maleimidobenzoyl-N-hydroxysuc-
cinimide ester (MBS) (Bocehringer Mannheim, Ger-
many). Five milligrams of carrier protein were
dissolved in the coupling solution (0.01 M phos-
phate buffer, pH 6.0) at 10 mg/mL and then acti-
vated with MBS solution (10 mg/mL in dimethyl
sulfoxide) to a final concentration of 1 mg/mL. The
mixture was stirred gently for 30 min at room tem-
perature. The MBS-activated BSA was dialyzed
against phosphate buffered saline (PBS) pH 7.5. Five
milligrams of each peptide were dissolved in PBS +
3M guanidine hydrochloride at 5 mg/mL. The MBS-
BSA solution was mixed with the peptide solution
for 3 h at room temperature with gentle stirring. The
conjugate was dialyzed against PBS pH 7.5 for 12 h
and stored at 4 °C.

Enzyme-linked immunosorbent assay (ELISA)
for titration of rabbit and mice sera

All steps were carried out in a volume of 100 pL if'it
is not specificd otherwise. Polystyrene microtiter
plates (High Binding, Costar, MA, USA) were coated
for 3 hat 37 °C with the recombinant protein or BSA-
coupled peptides diluted to 2 pg/mL in 0.05 M car-
bonate-bicarbonate buffer pH 9.6. The wells were
washed twice with 0.05% Tween 20 in distilled wa-
ter and blocked with PBS containing 0.5% BSA
(Bochringher Mannheim, Germany) (blocking solu-
tion) for 1 h at 37 °C. Serum samples were serially
diluted in blocking solution containing 0.5% Twcen 20
and 7.5% of goat serum (dilution buffer), added to the
plates, and incubated for 1 h at 37 °C. Plates were
washed again three times and anti-mouse or anti-rab-
bit 1g-peroxidase conjugates were added at the ap-
propriate dilutions. For subtyping of mouse antibod-
ies, biotinylated anti-mouse Ig of the appropriate
subclass (Amersham, United Kingdom) was added at
a 1/5 000 dilution, followed by a streptavidin-
biotinylated horseradish peroxidase conjugated
(Amersham, United Kingdom) diluted 1/16 000, and
incubated for 30 min at 37 °C. Positive reactions were
visualized with o-phenylencdiamine in 0.1 M citric
acid, 0.2 M NaH,PO, pH 5.0 and 0.015% H;0; as
sustrate; the reaction was stopped with 50 uL of 2.5 M
H,S04. Measurement of optical densities (OD)at
492 nm was made in a MicroELISA plate reader.

Interpretation of the results

For TAB9 antibodics in mice, a standard curve consist-
ing of dilutions of a pool of anti-TAB9 mouse sera was
set in cvery ELISA plate. A value of 100 000 arbi-
trary units/mL was assigned to this standard serum.
The values of arbitrary units in each serum were cal-
culated from the standard curve according to the linear
regression equation.

For titration of rabbit and mouse sera with anti-sub-
class antibodies, the average OD of the corresponding
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dilution of the negative control sera was taken as the
zero-standard. The cut-off point was set as twice the
background readings. All sera were assayed twice. The
maximun dilution of the serum giving OD values above
the cut-off point was considercd as the serum titer.

Antibody titers were logarithmically transformed and
the means were compared using the ANOVA test. The
Spearman correlation test was employed to study the
association between OD and neutralization titers. The
statistical program StatWin was used.

HIV-1 neutralization assay

The neutralization assay was carried out as described
[6]. Briefly, several dilutions of rabbit sera in RPMI
1640 medium with 10% fetal calf serum (FCS) were
incubated in triplicate together with 100 TCIDS0 of
either HIV-1/I1IB or HIV-1/MN for 1 h at 37 °C in
96-well flat-bottom microplates (Costar, Cambridge,
MA, USA). A total of 1 x 10° MT4 cells were added
to each well and incubated at 37 °C. After 24 h, 150 pl.
of culture medium were replaced with fresh medium.
At the third day in culture the cells were suspended
by gently pipetting, and 100 pl. of the suspension
were replaced by fresh medium. Viral production was
estimated on day 7 by a p24 ELISA (DAVIHLAB,
San José, La Habana, Cuba). Experiments were re-
peated three times.

Results

Qil-in-water emulsions induced the highest
anti-TAB13 titers in rabbits

In a first experiment we evaluated the adjuvant effect
of several compounds on the humeoral response of rab-
bits against TAB13. Antibody titers were clearly higher
when oil adjuvants were employed. The adjuvant ef-
fect of M-ISA888 was comparable to that of other clas-
sical oil-in-water emulsions such as IFA (Figure 1).

The adjuvant effect of M-ISA720
on the antibody response against TAB
in rabbits was equivalent to that of CFA and IFA

Based on the results of the previous experiment and
following the manufacturer suggestions, we next evalu-
ated the effect of M-ISA720 (adjuvant formulation de-
signed for human vaccines) on the immune response
against TAB9. The titers of anti-TAB9 antibodies elic-
ited by this adjuvant were statistically similar to those
obtained with CFA or IFA (P > 0.05). Moreover, the
sera werc reactive against all V3 peptides included in
the protein (Table 1).

Effect of escalating doses of TAB? in M-ISA720

Since the levels of antibodies required for protection
against HIV (if any) are largely unknown, it is desir-
able for the vaccine candidates to be evaluated to in-
duce optimal levels of antibodies. In the following
experiment we evaluated the antibody response of
rabbits immunized with increasing doses of TAB9 in
M-ISA720 (Table 2). The highest antibody titers were
found for the group of animals immunized with 750
pg/mL of TAB9 (300 pg/kg body weight), but no sig-
nificant differences among doscs could be documented
(P > 0.05). However, this group also displayed the
highest neutralization titers for strains MN and [11B.

Biotecnologia Aplicada 1999; Vol.16, No.2
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A positive correlation between anti-peptide antibod-
ies and neutralization titers was found for isolates
MN (r=10.723, P =0.007) and IIIB (r = 0.689,
P =0.016).

Comparative immunogenicity of TAB?
in different adjuvant preparations in mice

The effect of the adjuvants on the antibody response
against TAB9 was also cvaluated in mice. Table 3
shows the values obtained for each experimental
group. In this model, the best responses were also
found for the oil adjuvants CI'A, IFA and M-ISA720.
Mice immunized with TAB9 in Alum or Quil A de-
veloped intermediate levels of antibodies, while they
were remarkably lower in animals receiving TABS
together with yIFN or IL-2.

Subtyping the antibody response
against TAB9

The immunization of mice allowed us to determine
the pattern of antibody subclass, which has been de-
seribed to be indicative of the nature of the helper T cell
response triggered by the immunogen. Administration
of TAB9 with CFA induced the highest titers of IgG1
and IgG2a, and lower but detectable levels of IgG2b.
On the other hand, TFA and M-ISA720 elicited 1gG1
antibodies preferentially and remarkably lower but
detectable levels of 1gG2a and [gG2b. The rest of the
adjuvants, Alhydrogel, yIFN, IL-2 and Quil A induced
almost exclusively IgG1 antibodies (Figure 2).

Discussion

Recombinant DNA technology and peptide synthe-
sis offer the potential to generate new subunit immu-
nogens that are safer and less expensive to produce
than conventional vaccines. In the case of AIDS, a
safe recombinant or synthetic subunit vaccine is
strongly recommended. In a previous work, we have
shown that MEPs from HIV-1 V3 loop can induce
broadly reactive antibodies that neutralize several labo-
ratory isolates. However, these results were achieved
formulating the protein with CFA, which is the pro-
totype potent adjuvant [7], but unacceptable for hu-
man or even veterinary vaccines due to its severe side
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Figure 1. Antibody response against TAB13 in rabbits immunized with different adjuvents and
immunomeodulators. C1-C4: rabbits (1 to 4 from left to right) immunized three times with 200 ug
of TAB13 in each edjuvant formulation; GMT: geometric mean of the antibody titers in each
group. The bars absent for rabbit 4 in M-ISAB88 and Quil A correspond to death due to toxicity of
the adyuvant.

effects, including pain, abscess formation, local ne-
crosis and fever.

In our experiments in rabbits and mice we confirmed
that CFA in particular, and other oil adjuvants that do
not contain mycobacterium, as IFA and M-ISA888,
promote the best humoral immune response against
TAB9 and TAB13. The first experiment was conducted
with TAB13 due to practical reasons, but since TAB9
showed to induce better antibody titers in rabbits [13],
it was selected for the next set of experiments. Due to
the high degree of identity between both MEPs, we
assumed that the relative effect of the adjuvants would
be similar for both proteins.

The three oil adjuvants evaluated in this experi-
ment were based on mineral oil, and their use in hu-
mans is not recommended mainly because of granu-
loma formation, which is considered a severe side effect

Table 1. Antibody response in rabbits immunized with TAB? in three oil-in-water adjuvants.

Adjuvant  Nr. TAB9 LR150 Y1 RF MN BRVA 1B G F
70 819 200 6 400 12 8OO 3200 51200 <100 12 80O 11143
71 204 800 800 100 25 600 25600 51200 B0OO 3592
bk 72 1638000 51200 204 800 3200 51200 <100 BOO 25 600
73 819 200 1600 3200 25 600 200 <100 <100 1345
G 688 778 4525 6382 9051 10763 51200 2016 6 400 83
74 409 600 3200 102 400 51200 202 400 51200 6 400 32191
MISA720 75 819 200 800 12 800 12 800 3200 3200 1600 3592
76 819 200 1600 102 400 1600 51200 3200 12 800 9051
77 1638000 25 600 51200 51 200 409 600 12 800 409 600 72 407
G 819 150 3200 51200 1522 60 708 9051 15222 16 595 100
80 819 200 800 12 BOO 800 25 600 <100 800 2786
81 1638000 6 400 12 BOO 51200 51200 25600 12 802 20318
R 82 819 200 6 400 12 BOO 6 400 3200 12 800 200 4032
37 1638000 51200 51200 3200 102 400 204 800 102 400 51200
G 1158382 6 400 18 102 10159 25600 40637 3806 11010 95

Animals were immunized with 200 g of TAB? on days 0, 30 and 60 and bled on day 90. Values represent the antibody titers

against TABY and BSA-coupled V3 synthetic peptides in ELISA. No.: animal number; G: geometric mean; F: frequency

of response against peptides (percentage of positive sera)
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for healthy individuals. We therefore evaluated
M-ISA720, an adjuvant formulation recommended for
human trials. M-ISA720 differs from the other oil
adjuvants in that it is made of natural metabolizable
oil and a highly refined emulsifier from the mannide
monooleate family, with a safety profile potentially
better than IFA [8].

The results demonstrated that the antibody response
against TAB9 in M-ISA720 was comparable to that
obtained with CFA and IFA. The antibodies gener-
ated were also widely reactive against all V3 peptides
included in the protein.

Even if a potent adjuvant is going to be used, it is
highly desirable, especially in the case of an HIV vac-
cine candidate, to optimize the dose of immunogen to
achieve maximal antibody titers. Four doses of TAB%
in M-ISA720 were thus explored, and although the
differences among groups were not statistically sig-
nificant, the higher values of gcometric mean titers in
ELISA and neutralizing antibodies were achieved with
750 pg. The small number of animals used in this
study does not permit to conclude on this aspect. On
the other hand, the results of this type of experiment
can not be automatically extrapolated to other species.
Therefore, several doses of immunogen should be also
evaluated in primates and in phase I clinical trials in
humans.

Other authors have also found that M-ISA720 is
an adjuvant more potent than Alum for small recom-
binant proteins [16, 17]and that it can even trigger a
CTL response against synthetic peptides [8]. These
features have made M-ISA720 an attractive option
for human vaccines.

There have been many speculations regarding what
kind of T helper (TH) response could induce a pro-
tective response against HIV [18]. Some have pointed
out that a TH1-like immune response would be more
efficient to prevent HIV infection. These opinions are
strongly influenced by the finding that changes from
classI to class 2 response have been observed in AIDS
patients with disease progression. However, this vac-
cine candidate is based on the assumption that a strong
humeoral immune response can be protective, and the
achievement of a predominant TH2 response is re-
quired. On the contrary, in other vaccine concepts
aimed at the induction of cytotoxic lymphocytes, a TH1
response will be clearly desirable.

One of the most important features of adjuvants is
their immunomodulatory capacity [19-21]. Adjuvants
can stimulate the immune system and drive the response

Table 2. Antibody response in rabbits immunized with escalating doses of TAB9.

Anti-peptide pesponse

. ELISA TABS MN ins
Dose Rabbits .
Ab titer Neutralization Neutralization
ELISA ELISA
50% 90% 50% 90%

1 204 800 <0.1 <20 <20 <0.1 <20 <20
500 pig 2 102 400 <0.1 <20 <20 <0.1 <20 <20
3 163 800 1.8 160 80 3.1 >320 320
4 204 800 0.6 20 <20 <0.1 <20 <20

G 289 613
5 819 200 1.9 >320 80 0.8 <20 <20
750 g 6 1638 400 22 >320 320 3.0 >320 40
7 819 200 2.2 >320 320 2.4 <20 <20
8 819 200 1.5 40 20 23 <20 <20

G 974 198
9 819 200 1.8 <20 <20 22 <20 <20
Vi 10 819 200 1.9 20 <20 0.6 <20 <20
11 102 400 0.3 40 <20 <0.1 <20 <20
12 102 400 0.3 20 <20 <0.1 <20 <20

G 289 631

Animals received three inoculations on days 0, 15 and 30 and were bled on day 45. ELISA values are
expressed as optical density for a 1:100 dilution of the sera. Neutralization 50% and 90%: last dilution of
the sera that reduce in a 50% or 90% the production of viral p24 protein, respectively; G: geometric mean

of antibody fiters

to either a TH1- or TH2-type. In a predominant TH2
response, the antibody production is maximized, espe-
cially for IgG1 secretion, while in a typical TH1 reac-
tion the cellular immune response is enhanced and
other subclasses as 1gG2a and 2b are prevalent among
the antibodies produced in mice. To gain insight on
the TH1/TH2 balance in mice immunized with TAB9
in different adjuvants, we evaluated the subclass com-
pasition of anti-TAB9 antibodies. Animals injected
with TAB-9/CFA exhibited the highest IgG2a anti-
body titers and lower but detectable levels of [gG2b.
This capacity of CFA to induce Ig(G2a antibodies has
been described before [22, 23] and is due to the immu-
nomodulatory activities of the mycobacterium com-
ponents in a lipid environment [24].

Other oil-in-water emulsions as IFA and M-ISA720
have been described as having a low immunomodulatory
activity [19]. In this experiment, the adjuvants ¢licited
mostly IgG1 antibodies, although 1gG2a and 1gG2b were
also detected, which indicates that T cells are preferen-
tially activated to a TH2 phenotype. From this evaluation
it was concluded that M-ISA720 is very similar to IFA
in terms of both the intensity and the nature of the im-
mune response elicited.

Table 3. Anti-TAB9 response in mice immunized with TABY formulated with different adjuvants.

Mice FCA FlA M-ISA720 Al(OH), Quil A IL-2 JIFN

1 207 011 468 523 281918 143 395 130876 Q574 1539
2 223 935 543 857 109 536 51 664 55 756 13828 3 580
3 13 504 3889215 235 843 122 094 102 631 23 053 321
4 282 457 222 819 197 243 64 BO7 45 076 31035 2937
5 201 323 195 951 199 536 132 982 92 937 1515 2754
6 257175 177 207 129 821 112 440 78 494 34 437 31
7 200097 226 901 72720 48 290 = 25 866 3 493
8 241 067 114 746 105 029 170 772 - 55 938 1612
X 203 321 292 365 166 456 105 806 84 295 24 406 2033
Sd 82 003 154 379 73026 45 672 31518 16 897 1374

Values represent arbitrary units of anti-TABZ antibodies as defined in Materials and Methods. X: average; Sd: standard deviation;

~; animals that died before completion of the immunization schedule
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In this study it was also confirmed that Alum al-
most exclusively induces a typical TH2 response with
IgG1 antibodies [19, 20]. Furthermore, the other three
adjuvants YIFN, IL-2 and Quil A, induced a typical
TH2 immune response because no IgG2a or 1gG2b
were detected. Also, the antibody titers were the low-
est with these adjuvants. Several authors have dem-
onstrated a positive immunomodulatory effect of IL-
2and yIF'N [10, 19, 25], although these adjuvants have
been reported to induce primarily a THI1 response.
This apparent contradiction could be clarified by quan-
tifying the levels of TH1 and TH2 lymphokines in
serum. On the other hand, Quil A have been reported
to induce a TH2 cytokine pattern [26].

Additionally, our results indicate that neither IL-2
nor yYIFN improved significantly the effect of Alum an
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the antibody response in rabbits. However, the co-
administration of IL-2 has been reported to increase
the antibody response against several immunogens in
different species [11, 27], and murine yIFN has also
enhanced the antibody response against influenza vi-
rus in mice [28]. The latter authors were not able to
find a positive effect of human IL-2 in the antibody
response against influenza in mice. Taken together, these
results suggest that the effect of IL-2 and yIFN on the
antibody response varies depending on the antigen, the
species, and most probably on other factors as the
dose and route of immunization used, and consequently,
it should be studied on an individual basis.

From these experiments M-ISA720 was selected
for further testing of MEPs as AIDS vaccine candi-
dates in non-human primates and clinical trials.
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Figure 2. 1g class and subclass composition of the antibody re-
sponse against TAB? in mice. Mice were immunized three times
intraperitoneaclly with 10 g of TABY in different adjuvants.
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