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AIDS RESEARCH AND HUMAN RETROVIRUSES 

Volume 14, Supplement 3, 1998, pp. S-277-S-289 

Mary Ann Liebert, Inc. 
 

Development of Bivalent rgp120 Vaccines to 

Prevent HIV Type 1 Infection 


PHILLIP W. BERMAN 

ABSTRACT 

A new generation of "bivalent" gpl20-based vaccines, effective against subtype B and subtype E viruses, has 
been developed. Antisera from rabbits and humans immunized with these vaccines are able to neutralize 
macrophage tropic and T-cell tropic viruses grown in activated peripheral blood mononuclear cells (PBMCs). 
These vaccines are now available for efficacy trials to determine the role of humoral immunity in providing 
protection against human immunodeficiency virus type I (illV-I) infection. 

INTRODUCTION 

OVER THE LAST DECADE several promising candidate ac
quired immunodeficiency syndrome (AIDS) vaccines 

have been developed.1-3 One of the best chamcterized human 
immunodeficiency virus type 1 (HTV-1) vaccine products is re
combinant gpl20 (rgpI20). Phase 1 and phase 2 clinical trials 
have shown that rgpl20 is safe and immunogenic in humans. 
The vaccines typically induce virus-neutralizing antibodies in 
humans and protect chimpanzees from experimental infection 
with HIV -1. The development of bivalent vaccine formulations 
of rgpl20 has expanded the range of the immune response, so 
that the majority of known viruses are recognized. The next 
logical step in the development of these vaccines is field trials 
in humans to determine their efficacy in preventing infection 
in populations at high risk for HIV -1 infection. 

Rationale for gp120-based HlV-J vaccine 

Many lines of evidence suggest that a strong antibody re
sponse to the HIV-l envelope glycoprotein, gpl20, will be an 
essential feature of any AIDS vaccine. gp120 is the major pro
tein on the surface of the virus4-6 and mediates attachment of 
the virus to the two types of cell surface receptors, CD47,8 and 
a chemokine receptor,9 required for HTV-l infection. 

Immunoadsorption studies have shown that most of the virus
neutralizing antibodies in serum fTom HTV-l infected humans 
bind to gp120,10 and most of the monoclonal antibodies that 
neutralize macrophage tropic and T cell tropic viruses bind to 
gp120.u~13 Finally passive transfer studies with monoclonaP4 
and polyclonal antisera15 have shown that antibodies to gp120 

are both necessary and sufficient to protect nonhuman primates 
from infection by HIV-I and related lentiviruses. Although sev
eml alternative strategies (e.g., bacteria, yeast, insect cells, and 
recombinant viruses) have been considered for the production 
of gp120 for use in vaccines, experience has shown that the 
best way to produce commercially useful quantities that accu
rately duplicate the protein and carbohydrate structure of gp120 
is through the use of genetically engineered mammalian cells 
(e.g., Chinese hamster ovary cells). 

Selection of vaccine antigens 

The only viral proteins known to occur on the surface ofviri
ons and HIV-l infected cells are gp120 and gp41, both derived 
from the common precursor, gp160. gp41 is an integml mem
brane protein that mediates cell-to-cell and virion-to-cell fusion, 
and anchors gp 120 to the surface of virions and virus infected 
cells through noncovalent interactions. Although it has long 
been recognized that gp120:gp41 complexes occur natumlly as 
oligomeric spike structures, only recently has it been demon
strated that the HIV-l spikes represent trimers of gp120:gp41 
complexes.16,17 

Based on analogy with other subunit vaccines (influenza, he
patitis B), where subunit oligomerization is known to be criti
cal factor for vaccine efficacy, it has long been suspected that 
oligomeric forms of the HIV -1 envelope glycoprotein complex 
might represent a more potent vaccine antigen than monomeric 
forms of gp120 or gp41. Surprisingly, it has been difficult to 
show that vaccine antigens incorporating gpl20 and gp41 (e.g., 
full-length gp160) or soluble forms of gp160 (e.g., gp140) have 
any advantage over gp120 with respect to the quality (based on 
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virus neutralization) or potency of the antibody response. Pre
viously, we reported that soluble gp 160 oligomers elicited a dif
ferent spectrum of antibodies than rgp12018 but that that im
munization with this antigen failed protect chimpanzees from 
mV-1 infection.19 

The recognition that HIV -1 exhibits two distinct phenotypes 
(discussed below), raisedthe possibility that oligomeric forms 
of gp160 from macrophag~ tropic viruses might be more ef
fective than monomeric gp120. To test this possibility we com
pared the immuriogenicity of gp120 and gpl60 produced in 
mammalian cells from T cell tropic and the macrophage tropic 
strains of my-I. We found (unpublished data) that rabbit sera 
raised against both antigens neutralized the macrophage tropic 
JRcsf strain ofHIV-1 and no consistent advantage in macrophage 
tropic virus neutralizing activity was seen with gp 160-based anti
gens compared with gpl20-derived antigens. Based on these ex
periments, as well as other considerations (ability to distingish 
vaccine-induced immune responses from immune responses due 
to virus infection) we have selected gp120 as the basis of two 
new vaccine products, AIDSV AX BIB and AIDSV AX BIE. 

Structure of gp120 

gp 120 is a complex molecule (Fig. 1) containing 18 cysteine 
residues (that form 9 disulfide bridges) and approximately 25 
N-linked glycosylation sites.2o Comparison of sequences from 
different strains of HIV-121 have defined 5 conserved regions 
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(C1-C5) and 5 variable regions (VI-V5) of gp120 (Fig. 1). A 
number of discrete functions can be attributed to different re
gions of the molecule. For example the VI, V2, V3, the C4 do
mains of gp120 have been shown to contain epitopes recog
nized by virus neutralizing antibodies. 11,22-27 

Mutagenesis experiments and studies with monoclonal anti
bodies have shown that the C4 domain, and a discontinuous re
gion spauning the C3 and C4 domains, is involved with CD4 
binding.28 However, it was surprising that antibodies to the C4 
domain that blocked CD4 binding seemed less potent than an
tibodies to other regions of the molecule, particularly the V3 
domain. Within the V3 domain a sequence termed the princi
ple neutralizing determinant (PND) was identified that was crit
ical for the binding of many potently neutralizing antibod
ies.22,25,29 The reason that antibodies to the V3 domain exhibit 
potent neutralizing activity remained a mystery for many years. 
However, recent studies have provided a structural basis for 
their activity. It is now recognized that HIV -1 requires two re
ceptors for infection, CD4 and one of several chemokine re
ceptors.30-32 It is now recognized that the C4 domain is located 
in close proximity to the CD4 binding site, and the V3 domain 
appears to represent part of the chemokine receptor binding 
site.9,33,34 

Compelling evidence now exists to show that virus binding 
to cell surfaces is a two-step process where initial docking is 
mediated by CD4, which then causes a conformational change 
in gp 120 that exposes the chemokine receptor binding site.9,33,34 
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FIG. 1. Aniino acid sequence and dis sulfide structure of MN-rgp120. Circled areas indicate approximate location of epitopes 
recognized by virus neutralizing antibodies. 

This is a copy of an article published in AIDS Research and Human Retroviruses © 1998 [copyright Mary Ann Liebert, Inc.]; 
AIDS Research and Human Retroviruses is available online at: http://www.liebertonline.com.

http:binding.28
http:sites.2o
http:infection.19


BIVALENT rgp120 VACCINES 

Once the CD4 and chemokine receptor binding sites on gpl20 
are engaged, a conformational change in gp41 is thought to oc
cur that mediates fusion between the lipid envelope of the virus 
with the plasma membrane of the cell, and the concomitant in
jection of the'viral genome (contained within the nucleocapsid) 
into the cell. Thus antibodies to the V3 region appear to neu
tralize virus infectivity by int~rfering with the binding of gp120 
to chemokine coreceptors (CXCR4 or CCR5). 

Virus variation between genetic subtypes 

It is well known that HIV-l is a highly mutable virus, and 
that genetic variation represents a major challenge in AIDS vac
cine development. Molecular epidemiological analysis has de
fined approximately nine genetic subtypes of HIV -1, and have 
shown that different genetic subtypes are present in different 
regions of the world.35,36 Like other RNA virus vaccines, it is 
expected that multivalent vaccines, incorporating gp120 from 
several different genetic subtypes, will be required to achieve 
a high level of protection against viruses circulating worldwide, 
Thus, the first-generation AIDS vaccines are likely to be ef
fective against viruses that predominate in specific geographic 
regiol1~ (e.g., United States, Western Europe, Southeast Asia), 
and will then be expanded to increase the breadth of protection 
against viruses in circulation in other geographic regions where 
multiple virus serotypes are in circulation and no single virus 
serotype predominates (e.g., sub-Saharan Africa). 

Virus variation within genetic subtypes 

While differences in genetic subtype represent one level of 
virus variation important for vaccine development, virus vari
ation within a given subtype may also be an important factor 
in the development of a successful AIDS vaccine. Within each 
genetic subtype, two types of sequence variation appear to be 
important for vaccine development: (1) variation that deter
mines virus tropism and (2) variation affecting the structure of 
epitopes recognized by virus-neutralizing antibodies. 

It is now recognized that HIV -1 exhibits two distinct phe
notypes related to virus tropism: T-cell tropic viruses and 
macrophage tropic viruses. T-cell tropic viruses can be cultured 
in T-cell lines, induce syncytia formation (SI), and require the 
CXCR4 (fusin) chemokine receptor for infection. Macrophage 
tropic viruses are unable to grow in T cell lines, are unable to 
induce syncytia formation (NSI), and require the CCR5 
chemokine receptor for infection. Based on chemokine recep
tor usage, macrophage tropic viruses have recently been termed 
R5 viruses, and T-cell tropic viruses are termed X4 viruses. For 
the purpose of this article, we use the term macrophage tropic 
viruses to indicate viruses that depend on CCR5 for infection, 
and the term, T-cell tropic viruses, to indicate CXCR4 depen
dent viruses. 

Macrophage tropic and T-cell tropic viruses differ in their 
sensitivity to in vitro neutralization. Thus, viruses capable of 
growth in T-cell lines are typically 10- to 1oo-fold more sen
sitive to neutralization by antibodies37 and soluble CD4.38,39 

Several studies suggest that virus tropism correlates with clin
ical disease progression, Thus, macrophage tropic viruses are 
pres-ent in all stages of HIV-1 infection, whereas T-cell tropic 
viruses are associated with an accelerated course of disease pro
gression.40-43 
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Based on these differences in virus tropism and pathogene
sis it is important for HIV-1 vaccines to stimulate an immune 
response that is effective against both kinds of virus. The best 
way to guarantee such responses is to include envelope glyco
proteins derived from both types of virus in vaccine products. 

Neutralization sites are polymorphic 

Considerable data from monoclonal antibody binding stud
ies have documented that many of the regions of gpI20 recog
nized by virus-neutralizing antibodies are polymorphic, and that 
polymorphism at these sites affect antibody binding. The best 
known example of this oceurs in the V3 domain where it has 
been observed44,45 that approximately 66% of virus isolates 
from the United States and Western Europe possess the con
sensus sequences: IGPGRA or GPGRAF at the tip of the V3 
loop (Fig. 2). These sequences define whether viruses are MN
like or non-MN-like. The importance of sequence variation in 
this region was demonstrated previously where antisera to the 
MN strain of HIV-1 neutralized a wide variety of viruses that 
possessed these sequences, whereas these antisera failed to neu
tralize viruses with radical amino acid substitutions in this re
gion. 1•45,46 Conversely antisera made to strains of viruses (e.g., 
illB, RF) that differed from the MN in this region were essen
tially strain specific and showed little if any cross-neutraliza
tion. 

Polymorphism at neutralizing epitopes in other regions of 
gp120 has similarly been documented. We and others have dis
covered a common polymorphism (K for E) at position 429 in 
the C4 domain of gp120 that effects the binding of virus-neu
tralizing monoclonal antibodies.26 Polymorphisms that affect 
virus neutralization occur in the VI and V211,27,47 domains of 
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FIG. 2. Distribution of V3 domain sequence polymorphism. 
Representation (%) of V3 domain PND sequences in 160 ran
doruly selected independent infections in the United States (data 
provided by B. Korber, Los Alamos National Laboratories). 
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gp120 as well as at discontinuous epitopes.27,48,49 Data from 
sequence ana1y~is and monoclonal antibody binding experi
ments have allowed us to develop a proprietary algorithm 
(Table 1) to define antigenic ally significant polymorphisms at 
virus neutralizing epitopes of gp120. Our analysis suggests that 
polymorphisms at neutralizing sites are finite and often assort 
independently. Analysis pf variation at neutralizing epitopes 
provides a method for ratiomil selection of envelope glycopro
teins for inclusion into multivalent vaccines. Thus if the first 
component of a multivalent vaccine possesses a linear epitope 
pattern of: aI, b2, c3, the we would select second component 
with complementary epitope pattern (e.g., a2, bl, cl). 

Molecular epidemiology is required for 
antigen selection 

Perhaps the most important requirement for the development 
of an AIDS vaccine is the identification of high-risk cohorts in 
which vaccine efficacy trials can be conducted. Once such co
horts are identified, epidemiology studies are required to char
acterize the ~erotypes of the viruses circulating in those popu
lations, so that vaccines can be produced that match the viruses 
that are being transmitted. 

Historically vaccine serotyping studies have been carried out 
in animal models. However, in the case of HIV -1, animal mod
els suitable for serotyping studies do not exist. To overcome 
this limitation, molecular epidemiology studies, aimed at defm
ing polymorphisms affecting humoral and cellular immunity are 
the most powerful tools currently available. The strength of this 
approach was demonstrated in 1990 where La Rosa et a/.44 se
quenced the V3 domain of 245 virus isolates from the United 
States and concluded that the sequence of the common llIB lab
oratory isolate was unrepresentative of viruses circulating in the 
United States, and predicted that vaccines that resembles the 
sequence of the MN strain of HIV-l were more representative 
of viruses in circulation. Subsequent studies showed that vac
cines possessing V3 domain sequences similar to the MN strain 

TABLE 1. ALGORITHM TO ANALYZE SEQUENCE 

VARL,\TION AT gpl20 NEUTRALIZING EPITOPES 


Epitope Loci 

Linear Discontinuous 

A B C D E F 

Alleles 

al 
a2 
a3 

bl 
b2 
b3 

c1 
c2 
c3 

dl 
d2 
d3 

el 
e2 
e3 

f1 
f2 
f3 

an bn cn dn en fn 

Functionally significant sequence variation occurs at multi
ple loci (epitopes) recognized by virus neutralizing antibodies 
(A-F). Such loci include the VI, V2, V3, and C4 domains of 
gp120, as well as discontinuous epitopes bridging different 
domains. Antigenically significant variation at each locus is 
used to define alleles at each neutralizing site (lower case). Anti
genic variation at each epitope is highly restricted and 
variants can be treated as independently assorting elements. 
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of HIV-I were superior to IIIB-based vaccines with respect to 
eliciting antibodies able to neutralize a variety of diverse iso
lates.1,46 

Subsequent studies have defined neutralizing epitopes in the 
VI, V2, and C4 domain ofHIV_I,n,27.47,50,51 and sequence in
formation has been collected regarding the polymorphism at 
each neutralizing site, Although abundant sequence informa
tion is available that describes polymorphism among subtype 
B viruses, much less information is available regarding poly
morphism among other genetic subtypes. If vaccines are to be 
produced for regions where non subtype B viruses are preva
lent, a great deal more sequence information needs to be col
lected. Ideally this information should come from the actual co
horts where vaccine efficacy trials could take place. 

Immunogenicity of rgpJ20 

To date, our group has produced rgpl20 from approximately 
12 diverse strains of HIV-l for immunization studies, 4 of 
which (IIIB, MN, A244, and GNE8) have been manufactured 
for human clinical trials. In addition many other envelope gly
coproteins have been expressed for antigen binding and epitope 
mapping studies. All of the recombinant gpl20s tested to date 
are highly immunogenic in rodents (mice guinea pigs, rabbits) 
and nonhuman primates (macaques, baboons, and chimpanzees) 
and typically elicit enzyme-linked immunosorbent assay 
(ELISA) titers in the 10-4 to 10-6 range. Anti-gpl20 antisera 
typically show a high degree of cross-reactivity with gp1208 
from different genetic subtypes (Fig. 3A) and resemble sera 
from HIV -I-infected people with respect to the magnitude and 
cross-reactivity of antibody response. 

Many studies have shown that gpl20 typically induces anti
bodies against functionally significant epitopes of gp120. Thus, 
antisera from rgp 120 immunized animals typically contains an
tibodies to the chemokine receptor binding site (V3 domain) 
and CD4 binding site (C4 domain). In addition, recombinant 
gp120 also induces antibodies to regions in the V2 domain 
known to be recognized by virus-neutralizing monoclonal an
tibodies. 

Studies with IIm-rgp12019 and MN-rgp12059 showed that 
immunization could protect chimpanzees from infection by ho
mologous and heterologous strains of HIV-l including a pri
mary isolate of HIV-l SF-2. The heterologous protection was 
particularly significant because the envelope glycoprotein of 
this virus differed from MN-rgp120 by approxitnately 20% in 
amino acid sequence. This high degree of sequence variation is 
similar to the degree of variation seen among clinical isolates 
circulating in populations infected with subtype B viruses. Fi
nally, although on a worldwide basis sexual transmission of 
HIV -I is more common than intravenous transmission, all of 
the available evidence suggests that intravenous trdnsmission is 
far more efficient than sexual transmission, and may represent 
a more rigorous virus infection paradigm.52 

Immunogenicity of gp120 from T cell tropic and 
macrophage tropic isolates of HIV-J 

The difference in growth characteristics and virus-neutral
ization sensitivity between macrophage tropic and T cell tropic 
viruses (discussed above) suggested that there might be signif
icant differences in the structure ofenvelope glycoproteins from 
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FIG. 3. Cross-reactivity of antisera from humans immunized 
with MN-rgpI20. Data shown represent results from ELISA as
says where human antisera to MN-rgp120 was tested for reac
tivity to seven diverse isolates of HIV-1 from different subtypes 
(A) or seven randomly selected macrophage tropic (CCR5 
tropic) isolates from subtype B viruses (B). 

macrophage tropic and T-cell tropic viruses. To explore this 
possibility we examined the ability of antibodies to elicited in 
humans against gp120 from the SI, T-cell tropic, MN strain of 
HIV-I to bind to recombinant gpl20 cloned from seven pri
mary, macrophage tropic strains ofHIV-l. We found (Fig. 3B), 
that total antibody binding to MN was similar to that of the pri
mary, macrophage tropic viruses. These results showed the anti
genic structure of gpl20 from macrophage tropic viruses is not 
grossly different from the antigenic structure of gpl20 from T
cell tropic viruses. 

Finally, studies with monoclonal antibodies have failed to 
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detect a significant difference in the epitopes present on 
macrophage tropic and T-cell tropic viruses. Thus, most of the 
monoclonal antibodies capable of neutralizing macrophage 
tropic isolates of HIV-I are able to bind to recombinant 
gpI20.1l- 13 By this criteria, MN-rgp120 appears to possess the 
epitopes responsible for neutralization of macrophage tropic 
viruses. These results suggest that the problem in making an 
effective vaccine is not finding a new antigen, but rather opti
mizing the immunogenicity of important antigenic sites on 
gp120 . 

Virus-neutralization experiments 

While not proven, most investigators agree that in vitro virus 
neutralization provides a potential correlate of vaccine efficacy. 
However, there are conflicting data concerning which virus neu
tralization assay represents the best indicator of protective im
munity. Many laboratories have shown that T-cell line adapted 
viruses can be neutralized by sera from HIV -I infected humans 
and volunteers immunized with experimental HIV-1 vac
cines.3,53-55 Moreover there is a good correlation between pro
tection from virus challenge and the presence of neutralizing 
antibodies has been established in animal models of HIV-1 in
fection. Thus, protection of chimpanzees from HIV-l infection, 
and rhesus macaques from infection by chimeric SIV /IllV 
viruses (SHIV), both correlate with levels of neutralizing anti
bodies and suggest a threshold titer of approximately 1 :200 pro
vides protection from intravenous virus challenge. 19,56 

However, the relevance of these assays was called into ques
tion by the discovery of macrophage tropic, R5 viruses. These 
viruses' cannot be grown in most T -cell lines, are not infectious 
in chimpanzees, and show poor infectivity when incorporated 
into SHIV constructs. Although initial reports suggested that 
macrophage tropic, R5 viruses were readily neutralized by sera 
from HIV -1 infected humans, it is now recognized that most 
sera from infected individuals shows weak and sporadic neu
tralizing activity against macrophage tropic R5 viruses, and of 
these, few exhibit broad neutralizing activityY Macrophage 
tropic, R5 viruses are sensitive to neutralization by pooled and 
concentrated immunoglobulin from HlV-1 infected people 
(HIVIG),58 by a few rare, highly selected monoclonal antibod
ies, and by selected sera from HIV -I infected individuals. 13,57 

Studies in our laboratory examined the ability of human and 
animal sera to recombinant gpl20 to neutralize macrophage 
tropic isolates. We found that many sera possessed activity, but 
that macrophage tropic NSI isolates of HIV-1 were more diffi
cult to neutralize in vitro than T-cell tropic isolates. Thus, an
tisera from HIV -1 infected humans neutralize most T-cell tropic 
isolates at high dilution (10-2 to 10-4). In contrast only about 
50% of HIV-l-positive sera neutralizes macrophage tropic 
viruses grown in peripheral blood mononuclear cells (PBMCs) 
and those that do rarely exhibit neutralization titers greater than 
3 X 10-2• 

What is the relevance of antibodies able to neutralize 
macrophage tropic viruses to protection from HIV -\ infection? 
Because macrophage tropic, R5 viruses are present throughout 
the course of HIV-\ infection, they clearly represent an impor
tant class of virus. However, because of difficulties involved in 
the culture of these viruses (discussed below) the relevance of 
in vitro neutralization assays using these viruses is subject to 
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debate. Because vaccine efficacy trials have not been carried 

out, there is no direct evidence to support the relevance of ei

ther T-cell tropic' neutralization assays or macrophage tropic 

neutralization assays to protection from HIV -1 infection. How

ever, results- from chimpanzee infectivity studies raised serious 


, doubts as to the validity of neutralization assays carried out in 

activated PBMCs. 

Two independent studies59,69 reported that sera from chim
panzees protected from HIV -1 infection by immunization with 
candidate vaccines failed to neutralize the HIV -1 challenge 
stock grown in activated PBMCs. However these sera were able 
to neutralize a T-cell line adapted (TCLA) variant of the chal
lenge virus grown in T-cell lines. This lack of correlation be
tween protection and in vivo and neutralization in vitro (PBMC 
assay) suggested that the conditions of infection used in the 
PBMC assay ntight not be relevant to those that occur during 
the course of natural-infection (discussed below). 

The conditions of infection in virus infectivity assays 
fail to replicate the conditions of infection during 
natural transmission 

Many lines of evidence suggest that the conditions of infec
tion in natural transmission of HIV-1 differ markedly from the 
conditions of infection in experimental HIV -1 infection. A sum
mary of these differences is provided in Table 2. One major 
difference between natural infection and experimental infection 
relates to the probability that virus binding results in produc
tive infection. Although both resting T-cells, and activated T
cells, can be infected by HIV-l, only the activated T-cells can 
sustain a productive infection.61-<i3 Infection of resting T-cells 
results in abortive infection.64,65 Because activated T-cells nor
mally represent a small fraction of T-cel1s in peripheral blood, 
only a small percentage of virus-cell interactions normally re
sult in productive infection. In contrast, most models of exper
imental infection depend on T-cell lines or activated PBMCs 
where virtually all of the cells in culture can sustain a produc
tive infection. Besides providing a cellular substrate that can 
sustain HIV -1 replication, the use of potent mitogens such as 
phytohemagglutinin (PHA) and interleukin-2 (IL-2) results in 
the synthesis of cytokines (e.g., tumor necrosis factor [TNF]), 
transcription factors (e.g.,NFK,8), and adhesion molecules (e.g., 
ICAM -1) able to enhance replication and infectivity above and 
beyond physiological levels.66 

A second major difference between experimental HIV -1 in

fection and natural HIV -1 infection is that HIV -1 infection in 
humans appears to take place under conditions where the viral 
innoculum is small and the probability of infection per expo
sure is low. In contrast experimental infection involves condi
tions where the virus innoculum is high (typically to 50% tis
sue culture infective dose [TCIDso]) and the probability of 
infection is high. Epidentiological data suggest that the proba
bility of infection per virus exposure is comparatively low (e.g., 
1:100-1:1000 depending on the mode of transmission).67.68 
This conclusion is consistent with DNA sequence data show
ing that virus variation during acute infection is extremely lim
ited and suggest that HIV -I infection often results from trans
mission of a single infectious unit.69- 71 One consequence of a 
small virus innoculum relates to the creation of a genetic bot
tleneck. Studies with other RNA viruses (Duarte et al., 1994) 
have provided evidence that under conditions where mutation 
rates are high, viruses transmitted through a genetic bottleneck 
tend to have mutations resulting in a lowered fitness. 

With these considerations in ntind, it is likely that experi
mental models of HIV-1 infection overestimate the difficulty 
in neutralizing HIV -I during natural transmission, and at best, 
are insensitive indicators of vaccine efficacy in humans. These 
facts suggest that the standard culture procedure used in most 
macrophage tropic virus neutralization assays provides viruses 
with significant, nonphysiological growth advantages that are 
unlikely to exist during natural HIV-I infection.59•72 New gen
eration assays, using more selective means to activate T -cells, 73 
or using "resting T-cells,"72 prontise to provide data more rel
evant to the conditions of natural infection. 

High titer human sera to MN-rgp120 neutralize 
macrophage tropic viruses 

After analyzing the conditions of infection used in neutral
ization assays, we reasoned that increasing the effective anti
body concentration might counteract some of the nonphysio
logical growth advantages provided to macrophage tropic 
viruses cultured in vitro. Mindful of the observation that hy
perimmune globulin prepared from HIV -I infected individuals 
exhibited virus neutralizing activity in this assay, we tested sera 
from MN-rgp120 infected volunteers concentrated by a proce
dure used to test hyperimmune globulin. The results of this 
study are shown in Figure 4A. We found that concentrated sera 
from MN-rgp120 immunized serum donors was able to neu
tralize several macrophage tropic viruses (JRcsf, 301660, and 

TABLE 2. CONDmONS OF INFECTION IN ASSAYS TO EVALUATE HIV-I VACCINE EFFICACY 

In vivo infection In vitro infection 

Conditions of infection Human Chimpanzee T cells PBMCs 

Input virus (TCIDso) Low High High High 
CD4 + cells that sustain infection (activated) Low Low High High 
CD4+ cells unable to sustain infection (unactivated) High High Low Low 
Genetic bottleneck Yes No No No 
Physical and biological barriers to virus dissemination Many Few None None 
Virus selected for high infectivity and rapid growth No Yes Yes Yes 

nphysiological induction of genes facilitating virus replication No No Some Yes 
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FIG. 4. Human antisera to MN-rgp120 neutralizes 
macrophage tropic isolates of HIV -1. A, hyperimmune globu
lin was prepared from serum donors immunized with MN
rgp120, and the resulting preparation was tested for neutraliz
ing activity against three macrophage tropic viruses: JRcsf, 
shaded circles; 301660, open circles; RVL05, shaded squares; 
and one T-cell tropic primary isolate, BZ167, open squares. B, 
unconcentrated serum from an MN-rgp120 immunized indi
vidual (collected at the 12-month time point after four immu
nizations) was tested for neutralizing activity against the pro
totypic macrophage tropic virus, JRcsf (shaded circles). p24 
antigen production from control cultures is indicated by open 
squares. All neutralization assays were carried out in PHA ac
tivated PBMCs using methods similar to those described by 
Wrinn et al.65 

RVL05) grown in PBMCs, but not the subtype B, BZ167 strain 
of HIV -1 that has an unusual V3 loop sequence. These results 
demonstrated that immunization with MN-rgp120 can elicit an
tibodies able to neutralize macrophage tropic, R5 strains of 
virus, but the concentration of antibodies to these sites in un
fracrionated serum was low. 

Neutralization of macrophage tropic viruses by high
titer serum from MN-rgp120 immunized volunteers 

Based on the results obtained with hyperimmune globulin, 
we examined high-titer sera from individuals immunized with 
MN-rgp120 for neutralizing activity against the macrophage 
tropic JRcsf strain of mV-l grown in activated PBMCs. We 
found that the highest neutralizing titers were from a phase 1 
trial of MN-rgp120 carried out in Thailand, and that sera col
lected after the 12-month booster injection had significantly bet
ter neutralizing activity than sera collected after the 6-month 
injection. These results (Fig. 4B) confirmed that MN-rgp120 
can stimulate an antibody response able to neutralize 
macrophage tropic viruses, and suggests that an affinity matu
ration step may be required to elicit such activity. 

Extensive analysis of results from macrophage tropic virus 
neutralization assays has shown that the assay is subject to many 
variables (including antibody titer), and that once the variables 
are controlled and the assay optimized for working at low-serum 
dilutions, consistent neutralization of macrophage tropic NSI 
and T-cell tropic SI isolates can be reproducibly demonstrated 
with high titer antisera to recombinant gp120. Based on these 
experiments, we have concluded that the activated PBMC neu
tralization assays are relatively insensitive indicators of virus 
neutralization. Our results suggest that there is a systematic er
ror in such assays, and that results from this kind of experiment 
greatly underestimate the potency and virus neutralizing activ
ity elicited by rgp120. 

Selection and development AIDSV AX BIE: a vaccine 
for the Pacific Rim 

Vaccine efficacy trials require the identification of high-risk 
cohorts, extensive characterization of the viruses circulating in 
the cohort, a well-developed infrastructure to support both the 
medical and ethical issues involved in AIDS vaccine trials. 
Moreover, chances of success are greatly improved if the frrst
generation vaccines can be tested in cohorts where virus het
erogeneity is minimal. Based on these considerations, one lo
cation where HlV -1 vaccines can be tested is in Southeast Asia. 
Although national education programs in countries such as 
Thailand have greatly reduced the incidence of new infections 
in the general population, selected cohorts still have high in
fection rates despite counseling and prevention prograrns.14 Ex
tensive molecular epidemiological analysis has shown that the 
virus that is most often transmitted in Thailand, subtype E, is 
much more homogeneous that the transmitted in any other pop
ulation that has been described. Thus intrapatient variation in 
gp120 sequences ranges from 10-12% among subtype E virus 
infections in Thailand,75 whereas intrapatient variation ranges 
from 15-20% among subtype B virus infections in the United 
States.35 Because sequence variation is limited, we believe that 
the vaccine efficacy trials should have a better chance of suc
cess in Thailand than anywhere else in the world. 

Our group has cloned and expressed several subtype E en
velope glycoproteins from Thailand. The sequence of the en
velope glycoprotein from the CM244 strain of HlV -1, collected 
in Chiang Mai Thailand in 199076 is typical of subtype E viruses 
currently circulating in Thailand. A molecular clone of the en
velope glycoprotein (A244) was selected for expression and 
preclinical immunogenicity studies. Antisera to A244-rgp120 
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FIG. 5. Neutralization of subtype B and E macrophage tropic 
viruses by rabbit antisera to A244-rgp120 or AIDSVAX BIB. 
A, rabbit antisera to A244-rgp120 (shaded circles) was tested 
for the ability to neutralize the parental, subtype E, CM-244 
strain of HIV-l). p24 antigen production from control cultures 
is indicated by open squares. B, rabbit antisera to AIDSVAX 
BIE (containing MN-rgp120 + A244-rgp120) was tested for 
the ability to neutralize two subtype B primary isolates: Jrcsf 
(shaded circles), 301660 (open squares), and one subtype E 
macrophage tropic virus, Th92009 (open circles). All neutral
ization assays were carried out in PHA activated PBMCs using 
methods similar to those described by Wrinn et al.65 

produced in rabbits neutralized the parental macrophage tropic 
virus (Fig. 5A), but showed poor activity against the MN strain 
ofHIV-l (data not shown). When A244-rgp120 was combined 
with MN-rgp120, bivalent formulations neutralized a variety of 
subtype B and subtype E macrophage and T cell tropic viruses 
(Fig. 5B). Based on the A244 immunogenicity profJ1e, we have 
developed a bivalent vaccine termed AIDS V AX BIE designed 
to be effective against both subtype B viruses and subtype E 
viruses. A summary of the characteristics of the two antigens 
(MN-rgp120 and A244-rgp120) contained in AIDS V AX BIE is 
provided in Table 3. Phase 1/2 immunogenicity studies with 
this product are currently in progress. Preliminary results sug
gest that the immunogenicity. and reactogenicity of this vaccine 

TABLE 3. CHARACTERISTICS OF 


BIVALENT AIDSVAX BIE VACCINE 


Polymorphism MN-rgpJ20 A244-rgpJ20 

Tropism T-cell tropic Macrophage tropic 
Chemokine receptor CXCR4 CCR5 
Syncytia formation SI NSI 
V2 epitope SIGDK SIRDK 
V3 PND GPGRAF GPGQYF 
V3 flanking sequence RIHI...YTTKNIK ~ITI... YRTGDII 
C4 Epitope (429-432) KVGK GAGQ 

is similar to monovalent gp120 vaccines. Our results demon
strate for the frrst time that combining antigens from two dif
ferent subtypes greatly expands the breadth of antibody re
sponse and suggest that multivalent vaccines can be produced 
that will be effective against viruses circulating in different re
gions in the world. 

"Sieve analysis" to select new antigens for 
multivalent vaccines 

Because none of the currently available in vivo or in vitro 
neutralization assays accurately replicate the conditions of in
fection during natural HIV -1 transmission, it is impossible to 
serotype HIV-l using currently available assays. While mole
cular epidemiology studies represent powerful approach to se
lect antigens for use in candidate vaccines, another potential 
source of information is provided by analysis of "breakthrough 
viruses" that arise during the course of human vaccine efficacy 
trials (sieve analysis). Breakthrough infections (infections oc
curring in people immunized with candidate vaccines) are ex
pected in all vaccine trials and can occur for a variety of rea
sons. These include incomplete immunization, infection by 
viruses that differ from the vaccine antigen, or decay of the im
mune response. Because of the high degree of sequence varia
tion seen with HIV-l, few people expect that the first-generation 
vaccines will provide complete protection. Rather it is expected 
that the first generation vaccines will have a high degree of ef
ficacy against some, but not all strains in circulation. Once vac
cine efficacy has been established with a first-generation prod
uct, it will be improved by addition of antigens from different 
virus serotypes to increase the breadth of protective immunity. 

Our group has been interested in analyzing breaktlrrough in
fections from phase 1 and phase 2 clinical trials with the goal 
of selecting new antigens to include in candidate HlV -1 vac
cines. This strategy for new antigen selection primarily depends 
on immunologic and DNA sequence analysis of breakthrough 
infections encountered in the course of clinical trials. A dia
gram of this strategy is provided in Figure 6. Given the vari
ability ofHIV-l, we think: it unlikely that one viral antigen will 
stimulate immunity against all strains of HIV-1 that are in cir
culation. However, if a vaccine has .efficacy it should provide 
protection against viruses that resemble the vaccine antigen at 
important neutralizing sites. In the case of subtype B viruses 
from the US approximately 66% (Fig. 2) possess a sequence at 
the tip of the V3 domain (principal neutralizing determinant) 
that is identical to that found in the prototypic MN isolate of 
HIV -1. Subtype B viruses that possess the MN PND sequence 
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FIG. 6. Diagram of "sieve analysis" strategy to select antigens to include in candidate AIDS vaccines. The model assumes that 
multiple HIV-l serotypes are in circulation and that no single vaccine antigen can provide complete protection. The model as
sumes that serotypes can be defmed by analysis of breakthrough infections occuring in people immunized with the first-genera
tion (monovalent) vaccine. A second-generation bivalent vaccine can be prepared by addition of an envelope glycoprotein that 
induces antibodies effective against breakthrough viruses. Additional envelope glycoproteins, representing viruses from different 
subtypes, can be added to make a trivalent or multivalent vaccine. 

are termed MN-like-viruses (see Fig. 2). Viruses possessing rad
ical amino acid substitutions in the V3 domain are termed "non
MN-like" viruses. Of the 33% of non-MN-like viruses circu
lating in the United States, no one single PND sequence 
accounts for more that 5% of the population. Based on previ
ous experience, we expect vaccines made from MN-like viruses 
to be effective against MN-like viruses and lower efficacy 
against non-MN-like viruses, such as IIlB. Sequence analysis 
of breakthrough infections77 from clinical trials of MN-rgpl20 
have provided reason to be optimistic about this approach. 
Based on sequence data, we would expect approximately 66% 
of virus infections in the United States to be caused by MN
like viruses. When the sequences from the seven infections in 
people that received three injections of MN-rgpl20 were ana
lyzed, we found that only 2 of 7 infections (29%) could be at
tributed to MN like viruses (Table 4). In contrast 23 of 32 in
fections in case matched control infections (72%) were MN-like 
viruses. In addition 4 of 5 infections (80%) in people immu
nized with another candidate vaccine could be attributed to MN
like viruses. These results demonstrate that the frequency of 

MN-like virus infections was 40% lower than that expected, 
and suggested that immunization with MN-rgpl20 prevented 
infection by MN-like viruses. Statistical analysis by several 
groups77 have calculated p values in the 0.03 to 0.06 range de
pending on the method of analysis. Because the overall num
ber of infections was small, and there were fewer placebo-im
munized recipients that vaccine recipients, it is not possible to 
draw conclusions regarding vaccine efficacy from these stud
ies. However, the difference in frequency of MN-like and non
MN like infections observed "sieving" is what would be ex
pected if vaccination was exerting a protective effect. 

Development of AIDSVAX BIB: a vaccine for subtype 
B viruses 

Having obtained sequence data consistent with a sieving ef
fect,77 the breakthrough virus envelope glycoproteins were 
cloned and expressed and tested for immunologic reactivity. 
Studies with monoclonal antibodies confirmed the sequence 
data and demonstrated that the antigenic structure of the break
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TABLE 4. PREVALENCE OF VIRUSES WITH MN-LIKE 
V3 SEQUENCES IN MN-rgp120 VACCINATED 
INDIVIDIJALS COMPARED TO OrHER COHORTS 

Cohort n MN-like V3 Sequences 

, MN-rgp120 immunized 7 29% (217) 
Other vaccine immunized 5 80% (4/5) 
Case-matched control  32 72% (23/32) 
Random HIV-positive 160 66% (1061160) 

population 

Data obtained from AVEG protocols 201 and 401. 

through viroses differed from that of the vaccine strain. For ex
ample human sera to MN-rgp120 showed poor reactivity with 
synthetic peptides deri"ed from breakthrough viros V3 do
mains. This difference in reactivity provided a criteria we could 
use to identify a second envelope glycoprotein to add to MN
rgp120 in a bivalent HIV-l vaccine. For this purpose antisera 
were raised against a number of randomly cloned macrophage 
tropic R5 viroses and tested for reactivity with breakthrough 
viros envelope glycoproteins. One antisera, from an isolate des
ignated GNE8- gave better reactivity with breakthrough viros 
V3 sequences than did antisera to other R5 isolates. GNE8
rgp120 has a sequence typical of many NSI subtype B 
macrophage tropic isolates and it sequence complements MN
rgp120 with respect to common polymorphisms at the V2 and 
C4 domain neutralizing epitopes (Table 5). Preclinical im
munogenicity studies in rabbits have shown that antisera to 
GNE8-rgp120 alone and mixtures of GNE8 and MN-rgp120 
can neutralize T cell tropic (data not shown) and macrophage 
tropic subtype B viroses (Fig. 7). 

Preliminary results showed that the immunogenicity and re
actogenicity of AIDSVAX BIB is comparable to MN-rgpI20, 
and that antigen-specific immune responses can be detected 6 
weeks after immunization. These results demonstrated that the 
breadth of the antibody response can be expanded to include 
common polymorphisms at neutralizing epitopes of combining 
envelope glycoproteins from the same genetic subtype. 

Issues related to the production of gp120 

Because comparatively small amounts of gpl20 are synthe
sized by viros-infected cells, and because inadvertent contam
ination with viros or nucleic acid from virus-infected cells rep
resents a significant biohazard, the most practical way to 
produce HlV-1 envelope proteins is through the use of recom-

TABLE 5. CHARACTERISTICS OF 


BIVALENT AIDSVAX BIB VACCINE 


Polymorphism MN-rgp120 A244-rgp120 

Cellular tropism T-cell tropic Macrophage tropic 
Chemokine receptor CXCR4 CCR5 
Syncytia formation SI NSJ 
V2 cpitope SIGDK ELRDK 
V3 PND GPGRAF GPGRAF 
V3 flanking sequence BJHL.YTTKNIK SIHL.YATGEII 
C4 Epitope (429-432) K429 E429 
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FIG. 7. Neutralization of subtype B macrophage tropic viroses 
by rabbit antisera to GNE8-rgpI20. Rabbit antisera to A244
rgp 120 was tested for the ability to neutralize the prototypic sub
type B macrophage tropic isolate JRcsf (A), or another subtype 
B macrophage tropic isolate, 301660 (B). p24 antigen produc
tion from control cultures is indicated by open squares. All neu
tralization assays were carried out in PHA activated PBMCs us
ing methods similar to those described by Wrinn et al.65 

binant DNA technology. The use of recombinant DNA tech
nology to produce recombinant gpl20 (rgpI20) not only pro
vides an abundant source of antigen. it allows for generic pro
duction and purification methods that can accelerate the 
development time and lower the cost of multivalent vaccines 
containing mixtures of rgp1208 from different genetic subtypcs. 
Because gp120 is a complex molecule, experience has shown 
that the best way to produce rgpl20 is by expression in mam
malian cells. Although it has bcen possible to express gpl20 in 
other production substrates (e.g., yeast, insect cells), these sys
tem fail to incorporate the type of terminal carbohydrate mod
ifications (e.g., sialic acid) normally found on gpl20 produced 
in viros-infected cells. Like other recombinant proteins, gp120 
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is subject to proteolysis and other alterations that arise during 
the manufacturing process. A variety of quality control proce
dures have been· developed to ensure the consistency, repro
ducibility, and stability of the final product. 

In order. facilitate the rapid introduction of vaccines effec
tive against diverse virus isolates and regulatory approval, a 
generic gp120 vaccine production strategy has been developed 
that enables gp 120s from tliff~rent strains of virus to be pro
duced arid purified by a common production and purification 
process. The strategy entails the production of rgp120 in stable 
Chinese hamster ovary cell lines, followed by an immuno
affinity purification using monoclonal antibodies directed 
against a "flag epitope" that is engineered into every gpI20 that 
is produced.1,78 Compared with other recombinant glycopro
teins, gp120 is a difficult protein to produce, and extraordinary 
methods are required to achieve high levels of expression and 
product quality. 

CONCLUSIONS 

HIV-l vaCcines based on gp120 vaccines exhibit all of the 
characteristics historically associated with successful vaccines 
(e.g., broad cross-reactivity, chimpanzee protection, in vitro 
neutralization). The new generation bivalent vaccines (AIDS
VAX B/E and AIDSV AX BIB) appear safe and immunogenic, 
elicit neutralizing antibody effective against macrophage tropic 
and T cell tropic strains of HIV-1, and are effective in stimu
lating antibodies reactive with common polymorphisms at ma
jor neutralizing sites. 

History has shown that the ultimate success of a vaccine de
pends more on the biology of virus infection rather than on im
perfect experimental models. Because natural HIV-1 infection 
is comparatively inefficient, an effective vaccine to prevent 
transmission of HlV-I, may need only to lower the probability 
of iufection by an order of magnitude (i.e., lO-fold). For ex
ample, a vaccine that reduced the probability of HlV-l iufec
tion from a frequency of 1: 100-1: 1000 in unimmunized indi
viduals (depending on risk factor)67,68 to 1:1000-1:10,000 in 
vaccinated individuals WOUld, for all intents and purposes, halt 
the transmission of HIV -1. The urgency of the HIV -1 pandemic 
requires us to aggressively pursue all potential sources of in
formation. Based on the safety, inununogenicity, animal pro
tection studies, and neutralizing activity of gp120 based vac
cines, the question is no longer: how can we afford to test these 
products? Rather the question is: how can we afford not to test 
these products? 
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