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1. Antibody specificity for the principal neutralization domain (PND) of the human
immunodeficiency virus type 1 (HIV-1) was studicd in plasma from 122 HIV-1-infected individuals
residing in Brazil.

2. Using 8 overlapping sequential pentadecapeptides corresponding to the third variable
region (V3) of 5 different HIV-1 isolates in an enzyme-linked immunosorbent assay (ELISA), a
preferential recognition of the peptides with amino acid sequences corresponding to the HIV-1
isolates I1IB and MN (maximal reactivities of 60-70%) compared to the isolates SC, WMJ-2 or RF
(maximal reactivitics below 60%) was observed.

3. A difference was observed in the overall reactivity pattern to HIV-1 SC peptides of
plasma collected from individuals residing in the Brazilian states of Rio de Janeiro and Bahia.
However, a statistically significant increased recognition by Bahian plasma was only observed for the
HIV-1 SC C55 peptide.

4, The mean CD4/CD8 ratio of the group of plasma with an isolate-restricted recognition
of peptides (0.522 + 0.074) was significantly lower than that of the total group of plasma (1.00 +
0.18).
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Introduction

The detection of Human Immunodeficiency Virus (HIV) neutralizing
antibodies (Weiss et al., 1986) initiated the search for the antigenic epitopes
capable of inducing neutralizing antibodies and the evaluation of the efficacy of
HIV neutralization by these antibodies. The third variable region (V3) of the
envelope glycoprotein gpl20 of HIV-1 has been identified as the “principal
ncutralizing domain” (PND) of this virus (Goudsmit et al., 1988; La Rosa et al.,
1990). As progress towards vaccines, immunoprophylactic and immunotherapeu-
tic drugs is being reported it is necessary to analyze the potential effectiveness of
such measures in countries where the study of the characteristics of the virus has
only been started recently. This is the case for Brazil, where very large numbers of
AIDS cases have been reported but very little is known about the HIV polymor-
phism. As a number of studies on V3 region sequences and its induced immune
response are reported, it becomes clear that HIV-1 isolates from different geo-
graphical areas such as Thailand (Pau et al., 1993), the Commonwealth of Inde-
pendent States (former Soviet Union: Cheingsong-Popov et al., 1993), Tanzania
(Zwart ct al., 1993), the Central African Republic (Murphy et al., 1993) and
Ethiopia (Aychunie et al., 1993) are quite different from the V3 region consensus
described for the European/North-American isolates that have been used in the
development of anti-HIV/AIDS vaccines.

In this report, an indirect method for evaluating HIV polymorphism at
the PND has been employed, which is based on the analysis of specificity of
antibodies in plasma from HIV-1-infected persons residing in Brazil against
synthetic peptides.

Material and Methods

Patients

Blood was collected from HIV-1-positive patients at different hospitals
in Rio de Janciro, RJ (N = 103) (individuals enrolled in a “Multicenter study of
AIDS transmission in Rio de Janciro” financed by NIAID/PAHO/Brazilian Minis-
try of Health) and Salvador, BA (N = 19), between 1988 and 1992. Diagnosis was
based on results obtained by enzyme immunoassay (Abbott HIV-1 recombinant
EIA, Abbott Divisdo Diagnostica, Sdo Paulo, SP) and confirmed by Western blot
(HIV-1 Biotech/Dupont HIV-1 Western blot kit, Biotech Research Laboratories
Inc., Rockville, MD). Only plasma samples that were positive in both tests were
used in this study. All plasmas were separated into aliquotes upon arrival and
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stored at -20°C. Information on age, sex and clinical classification was available in
most cases. Analysis of peripheral blood cells was carried out for 93/103 patients
from Rio de Janeiro using the labelled monoclonal antibody reagent T4-RD1/T8-
FITC for differential labelling of CD4+ and CD8+ lymphocytes and the reagent
T11-RD1/B1-FITC for the labelling of total T and B lymphocytes (Coulter Corpo-
ration, Hialeah, FL). CD4/CDS8 ratios were compared by statistical analysis (Tay-
lor et al., 1989).

Peptides

Peptides synthetized at the Karolinska Institute, Stockholm, Sweden
were used (Rossi et al., 1989). Table 1 presents the amino acid sequence of each
peptide used in this study. Eight pentadecapeptides having an overlap of 10 amino
acids corresponding to the V3 loop were used for each of 5 well characterized
HIV-1 strains. HIV-1 IIIB, MN and SC are from North American/European
isolates and WMJ-2 and RF represent Caribbean isolates.

Enzyme linked immunosorbent assay (ELISA)

Peptides (10 pg/ml in 0.1 M sodium carbonate buffer, pH 9.5) were
dispensed into Maxisorb microtiter plates (Nunc Laboratories, Roskilde, Den-
mark), 50 pl/well. After 60-min incubation at room temperature followed by
overnight (or longer) incubation at 4°C, the plates were saturated with a solution of
3% (w/v) bovine serum albumin in 0.15 M phosphate buffered saline, pH 7.4
(PBS-3% BSA), for 1 h at room temperature. After one wash with PBS, heat-
denatured (56°C/1 h) plasma samples diluted 1:100 in PBS-0.3% BSA were added
to each well (50 pl/well), with duplicates prepared for each sample and quadrupli-
cates for the negative control (heat-inactivated normal human plasma pool). After
60-min incubation at room temperature, the plates were washed with PBS contain-
ing 0.05% Tween 20, and 50 pl of conjugate (horseradish peroxidase labelled
goat anti-human IgG, Sigma, St. Louis, MO) diluted in PBS-0.3% BSA was added
to each well. After 60 min at room temperature the plates were washed and 50 pl
of the substrate/developer solution (0.01% hydrogen peroxide and 0.5 mg/ml
ortho-phenylenediamine in 0.1 M sodium citrate-phosphate buffer, pH 5.0) was
added. After 10 min, 50 pl of 2 M sulfuric acid was added to each well and the
plates were read at 492 nm in a Titertek Multiscan reader (Flow Laboratories,
McLean, VA).

The cut-off value used was the mean of the quadruplicate negative
control values plus four times the standard error (mean + 4 SEM). Sample values
were the mean of the duplicate sample values minus the cut-off value. Assays were
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Table 1 - Amino acid sequence of the peptides used in the present study.

These overlapping sequential pentadecapeptides C50-C58 correspond to the third
variable region (V3) of the envelope glycoprotein gp120 of five different HIV-1

isolates.

HIV-1 isolate IIIB

C50 - NTSVEINCTRPNNNT
C51 - INCTRPNNNTRKSIR
C52 - PNNNTRKSIRIQRGP
C53 - RKSIRIQRGPGRAFV
C54 - IQRGPGRAFVTIGKI
C55 - GRAFVTIGKIGNMRQ
C56 - TIGKIGNMRQAHCNI
C57 - NMRQAHCNISRAKW
C58 - AHCNISRAKWNNTLK

HIV-1 isolate SC

C50 - KEAVEINCTRPNNNT
C51- INCTRPNNNTTRSIH
C52- PNNNTTRSIHIGPGR
C53- TRSIHIGPGRAFYAT
C54- IGPGRAFYATGDIIG
C55- AFYATGDIIGIIGDI
C56- GDIIGIIGDIRKAHC
C57- IIGDIRKAHCNISRA
C58 - AHCNISRAKWNNTLK

HIV-1 isolate RF

C50- NASVQINCTRPNNNT
C51- INCTRPNNNTRKSIT
C52- PNNNTRKSITKGPGR
C53- RKSITKGPGRVIYAT
C54- ITKGPGRVIYATGQI
C55- GRVIYATGQIIGDIR
C56- ATGQIIGDIRKAHCN
C57- IGDIRKAHCNLSRAQ
C58 - AHCNLSRAQWNNTLK

HIV-1 isolate MN

C50 - NESVQINCTRPNYNK
C51 - INCTRPNYNKRKRIH
C52 - PNYNKRKRIHIGPGR
C53 - RKRIHIGPGRAFYTK
C54 - IGPGRAFYTTKNIIG
C55- AFYTTKNIIGTIRQA
C56- KNIIGTIRQAHCNIS
C57 - TIRQAHCNISRAKWN
C58 - AHCNISRAKWNDTLR

HIV-1 isolate WMJ-2

C50- NESVEINCTRPYNNV
C51-INCTRPYNNVRRSLS
C52- PYNNVRRSLSIGPGR
C53- RRSLSIGPGRAFRTR
C54- IGPGRAFRTREIIGI
C55- AFRTREIIGIIRQAH
C56- EIIGIIRQAHCNISR
C57 - IRQAHCNISRAKWNN
C58 - AHCNISRAKWNNTLK
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repeated when the duplicate readings did not agree within 20%. When the second
evaluation of the reactivity of the plasma samples with the peptide in question pro-
duced results with an unacceptable variation between duplicates (two cases) the
data for this sample/peptide combination were excluded from the analysis. Cut-off
values ranged from 0.080 to 0.250 (no background values were subtracted).

Statistical analysis

The ratios of the number of CD4 to CD8 cells for the different plasma
groups and reactivities with different synthetic peptides were compared using the
Student #-test, with the statistical significance taken as P<0.05. The mean values
and standard deviation of the means (SD) are indicated in the text.

Results
Reactivity of Brazilian plasma with PND peptides

A total of 122 plasma samples from HIV-1-infected individuals residing
in Brazil were assayed by ELISA with the peptides described in Table 1. The
overall percent reactivity is shown in Table 2. Two of the samples tested showed
no detectable reaction with any of the peptides used in this study, even though
both were diagnosed positive by EIA and Western blot assays. Eight of 122
samples (6.5%) presented low reactivity with isolated peptides. The highest
reactivity (% of samples with positive reaction) was obtained with HIV-1 MN

' isolate-derived peptides C51 (57%), C52 (62%) and C53 (63%), the C56 peptide -

from HIV-1 isolate 1B (75%) and peptide C58 (58%) from the HIV-1 RF isolate.

" The overall reactivity with SC-derived peptides (2-55%) was unexpectedly low.
* Reactivity with sequential peptides from cach isolate was highest for the C51-C53
~ peptides, closcly followed by recognition of the C56-C58 peptides (I1IB isolate) or

Lt b i e F e et S

C57-C58 peptides (all other isolates), while only the plasma samples that showed
an overall high reactivity with all peptides recognized the C50-C51 or C53-C56
sequential peptides from the isolates tested. The lowest reactivity (16-30%) was
observed with peptides from the WMJ-2 HIV-1 isolate, with very low reactivity
even for its C53 peptide (6.5%).

Cross-reactivity with peptides from different HI V-1 isolates

Of the 122 plasma samples tested, 46 (38%) reacted with more than 3

- corresponding peptides from the different isolates, the highest cross-reactivity
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Table 2 - Reactivity of Brazilian plasma samples with the sequential overlapping pentadecapeptides
C50-C58 corresponding to the third variable region of the envelope glycoprotein gp120 of five
HIV-1 isolates. =

Data are reported as percent of plasma containing antibodies to peptides (horizontal line) related to
those present in the different isolates (vertical entries) determined with an ELISA direct binding
assay. Plasma were obtained from 122 patients positive for HIV-1 by both ELISA and Western blot.

Isolates  C50 Cs1 C52 Cs3 C54 C55 C56 Cs57 C58

I1IB 13.2 41.3 50.0 34.7 342 55.5 75.4 53.7 48.4
MN 347 57.4 62.2 62.8 32.0 26.7 49.2 31.1 27.9
SC 213 22.9 21.3 16.9 17.1 11.0 24 54.5 52,5
WMJ-2 9.0 26.2 13.9 6.5 29.7 21.9 5.1 29.7 27.0

RF 30.3 19.8 28.9 22.5 17.3 31.9 22.5 388 58.3

being observed with peptides C57 and C58, followed by C51 and C52. Twenty-
nine percent and 30% of the plasmas showed reactivity with 2 and 3 HIV-1 isolate-
derived peptides, respectively, mainly with peptides from the HIV-1 MN, IIIB and
RF isolates. Only 17.2% (21/122) of the plasmas reacted with peptides from only
one HIV-1 isolate, and most of them (14/21) reacted preferentially with HIV-1
I1IB isolate-derived peptides.

Comparison of plasma from different geographical areas in Brazil

The plasma samples were divided into 2 groups, one from Rio de Janeiro
and one from Salvador, Bahia. The antibody specificity of the 19 plasmas from
Salvador appeared to differ from that of the Rio de Janeiro samples (N = 103),
mainly in terms of reactivity to HIV-1 SC-derived peptides, as shown by the
reactivity data presented in Figure 1. However, only the difference in reactivity to
the HIV-1 SC C55 peptide was statistically significant (P<0.05) between groups.
The overall degree of reactivity was similar for the two groups of plasmas, plasma
from both regions presenting either little or no reactivity to any of the peptides
tested, “isolate restricted” reactivity or a very high degree of cross-reactivity for
peptides from different HIV-1 isolates. Most marked, however, was the almost
identical reactivity to the HIV-1 isolate MN-derived peptides (Figure 1).

Correlation between ELISA reactivity and CD4/CD8 ratio

The content of CD4-positive lymphocytes was measured in blood
samples from 93 of the 122 individuals. The group included all clinical stages and
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samples from both sexes (Figure 2, column A). Forty-five samples (47%) had a
CD4/CD8 ratio above 0.80 (the lower limit of the CD4/CD8 ratio obtained for
non-infected controls), with a mean + SD value of 1.00 + 0.18 (N = 40). When the
ratios of the 29 most cross-reactive plasmas were analyzed, 17 (59%) showed
ratios above 0.80, with mean values of 0.992 + 0.16 (Figure 2, column B). In
comparison, 13 of the 17 plasmas (77%) reacting primarily with peptides of just
one isolate had ratios below the 0.80 limit, with a mean value of 0.522 + 0.074
(Figure 2, column C). The mean CD4/CD8 ratios of the “strain specific” group of
plasmas differed significantly from the total group of plasmas (P<0.05).

Brazilian J Med Biol Res 27(5) 1994



1232

Discussion

The titer of antibodies
in HIV-1-infected individuals ca-
pable of reacting with the PND
appears to be related to the virus-
neutralizing capacity of the serum
(Boettiger et al., 1990; Broliden
et al., 1992; Cheingsong-Popov
et al., 1992). The importance of
HIV-1 neutralizing antibodies has
been established in many studies
(reviewed by Naraetal., 1991). A
predominance of the HIV-1 MN/
SC/SF, serotype has been de-
scribed in European and North
American studies (Nara et al,,
1991). The data for our Brazilian
sample differ in that the reactivity
with the HIV-1 SC isolate-de-
rived peptides was lower than that
observed with the HIV-1 MN-de-
rived peptides (statistically sig-
nificant, P<0.05, for reactivity
with the HIV-1 SC CS55 peptide
only).

Within the Brazilian
plasma samples analyzed in this
study, those from Salvador, BA,
did appear to present a more “Eu-
ropean/North-American” reactiv-
ity than those from Rio de
Janciro, RJ, since they presented

V. Bongertz et al.
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CD4/CD8
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Figure 2 - Comparison of ratios of CD4- and CD8-
positive lymphocytes in peripheral blood of HIV-1-posi-
tive patients residing in Brazil. Vertical bars represent
the mean £ SD of the different groups. Discontinued
lines indicate normal control values. 4, Total population
studied (N = 93); B, plasmas with high cross-reactivity
with gp120 V3 loop peptides (29/93); C, plasmas with
reactivity essentially restricted to peptides from only
one HIV-1 isolate (17/93).

similarly high titers for peptides derived from both MN and SC isolates (no

statistical analysis carried out).

In our Brazilian sample,

highest percent reactivity was observed with

peptides C51, C52 and C53 of the HIV-1 MN isolate, and with peptides C56, C57
and C58 of the HIV-1 isolate IIIB, followed by recognition of peptides C57 and
C58 of the HIV-1 isolates RF and SC. As can be observed from the sequences
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presented in Table 1, the C53, C54 (all isolates) and C52 (with the exception of the
I1IB isolate) peptides contain the highly conserved “GPGR” sequence situated at
the top of the V3 loop, described in the literature (Meloen et al., 1989) as being the
center of the immunodominant part of the V3 loop. The lower reactivity to the C54
peptides in comparison to the C52 and C53 peptides implies that most of the
Brazilian HIV-1 isolates with reactivities having the order MN, IIIB > RF, SC
differ from the well characterized HIV-1 isolates from the US (HIV-1 isolates MN,
IIIB and SC) or Haiti (HIV-1 isolates WMJ-2 and RF) in the antibody response
induced by the amino acids close to the GPGR top towards the C-terminal of the
V3 loop.

The C57 and C58 peptides belong to the fairly well conserved C-
terminal of the V3 loop, with very few amino acid differences between the various
HIV-1 isolates, as reflected by the high degree of simultaneous recognition of the
C57 and C58 peptides of the 5 different HIV-1 isolates tested. The high reactivity
with the C-terminal part of the V3 loop has been reported by several groups
(Wahren et al., 1989; Broliden et al., 1991; Halsey et al., 1992). The significance
of the reactivity towards the C-terminal portion of the V3 loop is still controversial
but it has been reported to be important for protection against vertical HIV-1
transmission (Rossi et al., 1989; Rossi and Moschese, 1991).

Strong reactivity of Brazilian HIV-1 positive sera with similar HIV-1
MN-derived PND peptides (corresponding to amino acid sequences present in the
C52 to C54 peptides described in this study) has been reported (Carrow et al.,
1991; Vanderborght et al., 1991). However, our analysis with overlapping pep-
tides pinpointed the reactivity to the HIV-1 MN PND amino-terminal part, includ-
ing the GPGR top of the V3 loop. The relatively high reactivity observed in the
present study with HIV-1 IIIB peptides was directed both against the C-terminal
region of the V3 loop, including amino acids of the conserved C-terminal region
beyond the V3 loop, and the ascending N-terminal side and top of the V3 loop.

High variability in the extent of reactivity of patient plasma with differ-
ent PND-derived peptides of 10 to 19 amino acids, including the GPGR top of the
loop with vicinal amino acids (commercial “V3 peptides™) has been reported and
depends on the population studied (Wahren et al., 1989; Carrow et al,, 1991;
Vanderborght et al., 1991; Broliden et al., 1992; Boudet et al., 1992; Cheingsong-
Popov et al., 1992). Nevertheless, the higher reactivity for HIV-1 MN peptides, for
example, appears to be a world-wide observation, including Africa (Nara et al.,,
1991), with most studies reparting reactivity exceeding 95% of the sera tested.
Although in the present study reactivity with corresponding PND peptides (C52,
C53) was highest with HIV-1 MN-derived peptides (62%) and our results are
similar to those reported for Brazilian sera by Carrow et al. (1991), it is also clear
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that fewer Brazilian sera recognize the HIV-1 MN PND than do European/North
American or African sera. A study comparing ELISA data with actual neutraliza-
tion of HIV-1 MN needs to be carried out to determine the significance of the
lower extent of MN PND recognition by Brazilian sera.

An attempt to correlate the serological results obtained in this study with
specific clinical data collected for each patient demonstrated that a more “isolate-
restricted” seroreactivity was accompanied by a lower CD4/CD8 ratio (P<0.05),
as shown in Figure 2, column C. Page et al. (1992) reported a similar restriction of
reactivity with PND in Western blots linked with progression to AIDS. These
results appear to agree with data obtained recently (R.M. Hendry, personal com-
munication) showing a positive correlation between degree of cross-neutralization
of different HIV-1 isolates and a lesser reduction of CD4-positive lymphocyte
numbers present in peripheral blood of HIV-1-infected individuals.
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