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Abstract

The observation that 70% of HIV-infected pregnant women
do not transmit infection vertically suggests that antibody ther-
apy may be effective in the prevention of transmission of HIV
infection from mother to child. Currently, there is an incom-
plete understanding of the processes involved in vertical trans-
mission of HIV infection. The elucidation of the serological
basis of maternal immunity as it relates to protection from ver-
tical transmission is the goal of this study. Wehave screened 20
maternal sera from HIV+ individuals of known vertical trans-
mission status for reactivity with 31 peptides spanning the en-
tire envelope glycoprotein of HIV-1. Of interest was reactivity
to regions outside of the V3 loop of gpl20. The findings have
been examined in relationship to transmission status, as well as
to in vitro anti-HIV-1 biological activity. Our results indicate
that lack of vertical transmission is correlated with high viral
neutralization activity, but not with antisyncytial activity nor
with binding to the V3 peptides examined in this study. Also,
the transmission group bound to fewer gp4l peptides when
compared with the nontransmission group, suggesting that im-
mune responses to gp4l may be important in preventing trans-
mission. These findings may provide insights into the design of
passive immunotherapies. (J. Clin. Invest. 1992. 89:1923-
1930.) Key words: synthetic peptides * protective humoral im-
munity . neutralization - syncytia * peptide-based immunity

Introduction

HIV is the etiologic agent of AIDS and related disorders (1, 2).
The destruction of CD4+ cells through direct infection by HIV
is a hallmark of this disease (3). This depletion of the T helper
subset ultimately results in profound immunosuppression.
HIV- 1 evades immune surveillance by multiple mechanisms,
including the inhibition of immune responsiveness through de-
letion of CD4+ cells and extensive variation of envelope pro-
teins, gp 120 and gp4l (4).

Progression to symptomatic disease states in HIV-infected
individuals is correlated with lower humoral and in vitro T cell
immune responses. Antisyncytial and group-specific neutraliza-
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tion activity are observed more frequently in the asymptomatic
patient population than in patients with AIDS. Several pep-
tides corresponding to defined regions of the HIV envelope,
including the V3 loop region of gp 120, are able to induce pro-
tective immune responses in experimental animals; this result
suggests that a complete understanding of the complex nature
of the anti-HIV envelope responses will enable development of
immunologically relevant strategies which will benefit HIV-in-
fected individuals.

Pediatric AIDS is an important medical problem (5).
Current estimates indicate that womennow represent 12% of
AIDS cases in the US and that 80% of these HIV-infected
womenare of child-bearing age. Of these HIV-infected women,

6,000 bear children each year, and it is estimated that about
1,200-2,100 of these infants will be infected by HIV.

The timing and mechanism of viral infection of the fetus or
neonate is being intensely investigated but is still incompletely
understood. Studies support vertical transmission of HIV to
the fetus in utero, and to the neonate at the time of delivery or
postpartum. In fact, HIV has been cultured, or HIV DNAde-
tected in abortuses of less than 15 wk ofgestational age (6, 7). In
utero, transmission of HIV is also supported by the fact that
children can become infected despite delivery by Cesarean sec-
tion (8). However, most infected newborns appear clinically
and immunologically normal at birth. Some children may be
infected after exposure to maternal blood at the time of deliv-
ery. In addition, the exchange of blood before birth or at birth
between the mother and infant has been documented, and ma-
ternal lymphocytes can be found in the circulation of the child
at birth. Also, postpartum infection has been documented in
children exposed to breast milk (9).

It is unknown if free virus can cross the placenta, but in-
fected maternal blood cells can be found postpartum in the
circulation of some infants and these cells can support HIV
infection in vitro. In addition, HIV-1 infection has been ob-
served by immunochemical and molecular methods in villous
trophoblastic derivatives, villous mesenchymal cells, and em-
bryonic blood precursors of an 8-wk gestational fetus (10).

Despite the evidence that HIV infection of children can
occur in utero, 65-80% of all infants seem to escape infection
(1 1). Little is known about the immune responses that might
affect perinatal transmission of HIV. There are data suggestive
of a protective role for humoral immunity in vertical transmis-
sion of HIV infection. Four studies have suggested a correla-
tion between the presence of certain maternal antibodies and a
reduced incidence of infection in the infant (12-15). In each
study, the antibody measured was directed against the gpl2O
envelope protein. High titer anti-gpl 20 antibodies against con-
served portions of the V3 hypervariable loop of gp1 20, and
high affinity/avidity antibodies against the principal neutraliz-
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ing domain (PND) of the V3 hypervariable loop have been
identified as potential correlates of protection. Maternal anti-
body may protect the fetus by reducing the quantity of in-
fectious virus in the maternal circulation or by passive transfer
of protective antibody to the fetus during the last 3-4 mo of
pregnancy. One report suggested an increased incidence of
HIV infection in premature infants who may have lower levels
of passively acquired maternal antibody (16). So far, no infor-
mation is available to assess the ability of antibodies from an
individual mother to neutralize or react with the virus variant
transmitted to her own infant. Additionally, there has been no
detailed analysis of the contribution of the humoral immune
response to regions outside the V3 region and maternal HIV
transmission.

The goal of the present study is to identify humoral im-
mune responses which may be protective against the vertical
transmission of HIV. The identification of specific protective
immune responses would enhance the promise of immune-
based therapy to prevent prenatal and perinatal transmission
of HIV.

Methods
Patient samples. The maternal sera and plasma samples were obtained
through a collaborative investigation with the Mothers/Infants Cohort
Study ( 14). Briefly, the Mothers/Infants Cohort Study is a prospective
investigation, and the sera samples in this study were from women
attending obstetric clinics in NewYork City. All the womenwere drug
abusers and/or Haitian. They were all established to be HIV seroposi-
tive by ELISA and Western blot analysis during the first trimester (17,
18). Sample number 13 was from a mother in the process of serocon-
verting late in the third trimester, and this particular sample, although
weakly reactive in enzyme-linked immunosorbent assay against viral
lysate and several peptides, was not unequivocally positive by standard
whole virus Western blot.

In addition, information on the HIV infected status of the offspring
of these womenwas also available. Seropositive mothers whose infants
are found to meet the Centers for Disease Control (CDC) definition of
perinatal HIV- I infection are classified as transmitting mothers,
whereas seropositive mothers of children with no sign of infection and
who have lost maternal antibody are classified as nontransmitting
mothers (19). In this study, 13/20 of the mothers (65%) are classified as
transmitters, whereas 7/20 of the mothers (35%) are classified as non-
transmitters. Of the seven infected children, two had asymptomatic
infection (CDC Classification: P-1) while five had symptomatic infec-
tion (CDC Classification: P-2). All of the maternal serum samples
tested in this study were drawn during the last trimester of pregnancy.
These patient samples were heat inactivated for 60 min at 560C before
use in peptide binding or biological characterization assays.

Cell lines. The H9 cell line (a cutaneous T lymphoma line) infected
by HIV-IIIB was used in the neutralization assay. The H9 cell line
infected by HIV-MN was used in the antisyncytial assays. SupT I and
Hut78 cells were used as the target cell lines for the antisyncytial and
neutralization assays respectively. All cell lines were obtained from the
National Institutes of Health AIDS Repository (Bethesda, MD).

gp4J and gpJ20 peptides. Synthetic peptides were developed by
methods previously described (20). The gp 120 and gp4l peptides used
in these assays are listed in Table I. They were synthesized based on the
sequence of the IIIB isolate of HIV- 1. Each of the peptides was at least
80%pure, making them suitable for ELISA/RIA assays. The following
peptides used in this study were generous gifts of Dr. Jay Berzofsky of
the National Institute of Health: 35, 36, 40, 41, 93, 94, 95, 96, 97, 106,
107, 117, 120, 121, 123, 128, 129, and 132.

RIA and ELISA binding assays. RIA and ELISA were performed
by standard methodologies (21, 22) Peptides were dissolved in 0.05 M
carbonate-bicarbonate buffer (pH 9.6) at a concentration of 10 ,g/nml.
50 Al (500 ng) of the peptides were immobilized in 96-well polyvinyl-

chloride plates (Dynatech Laboratories, Inc., Alexandria, VA) over-
night at 40C. Plates were washed and nonspecific sites were blocked
with PBScontaining 1%BSA(blocking buffer) overnight at 40C. Dilu-
tions of HIV-positive maternal sera were made in blocking buffer at
dilutions of 1:50 and 1:500, and incubated in peptide coated plates
overnight at 40C. Plates were washed with PBS and incubated with
75,000 cpm of '25I-labeled goat anti-human IgG. The antibody was
iodinated by a chloramine T method previously described (23). Plates
were washed, dried, and counted in a gammacounter to measure spe-
cific binding. Normal human serum (i.e., HIV seronegative) was used
as a control. Alternatively, ELISA assays were performed in polysty-
rene plates (Dynatech Laboratories, Inc.) in which 0.05% Tween 20
(Sigma Chemical Co., St. Louis, MO) was included in the washing,
blocking, and dilution buffers. The secondary antibody used was goat
anti-mouse Ig conjugated to horseradish peroxidase (HRP; Sigma
Chemical Co.). The substrate used for color development was 3,3',5,5'
tetramethyl-benzidine dihydrochloride (TMB; Sigma Chemical Co).
Absorbance of samples was measured in a plate reader (MR5000; Dyn-
atech Laboratories, Inc.) and expressed as OD450 nm.

The results of the binding assays are represented in Tables II and IV.
Antisyncytial assay. To analyze the effect of the maternal serum

samples on HIV- I fusion, SupT I cells were used as target cells. Dilu-
tions of the different maternal serum samples were made in 96-well
plates in RPMI 1640 media containing 10% FCS at final dilutions of
1:4, 1:8, 1:16, 1:32, 1:64, 1:128, 1:256, or 1:512. HIV-1 infected cells
(MN isolate) were then plated in the wells at a density of - 104 cells/
well. SupTl target cells were then added at 5 X 105/well, and the num-
ber of syncytia are determined after 3 d of incubation. Inhibition of
syncytium formation by a serum sample was considered significant if
the dilution which yielded a 50% reduction in the number of syncytia
when compared with control was greater than 1:32. The average num-
ber of syncytia in the control (NHS) wells at the above dilutions were
45.5, 48.5, 44, 48, 48.5, 41.5, 42, and 45.5 respectively.

Neutralization assay. 20 ,l of maternal sera samples was placed in
96 round-bottom-well plates at final dilutions of 1: 10, 1:90, and 1 :810
in RMPI. The HIV-IIIB viral isolate was diluted in RPMI to a TCID50
of 100 U/ml. 20 Ml of the virus solution was placed in each well, and the
plate was incubated for 1 hour at 40C. Hut-78 cells were incubated with
2 Mg/ml of polybrene for I h at 370C in a CO2incubator. The HUT-78
cells were washed and resuspended in fresh RPMI to a final concentra-
tion of 4 x 106 cells/ml. 10 Ml of the cell suspension was added to each
well, and the plate was incubated for 1 h in a 37°C, CO2incubator. 15
M, of the serum/cell per virus solution was aliquoted to a new plate
containing 200 AL of fresh RPMI and incubated for 6 d. After 6 d, 100 Ml
was used to analyze for p24 antigen. The p24 capture ELISA assay kit,
designed by the Coulter Electronics Inc. (Hialeah, FL) was used to
perform the measurements.

Further, sera samples at the same dilutions as described above were
tested for residual p24 core protein or antibody to insure the results
were due only to viral infection. All samples failed to demonstrate
residual p24 antigen or anti-p24 antibody at the above dilutions when
tested in the p24 ELISA assay kit.

Neutralizing activity by a serum sample was considered significant
if the dilution which yielded a 50% reduction in OD450nm(a measure
of p24 antigen levels) when compared with control was greater than
1:10 (i.e., in this assay dilutions of 1:90 or 1:810).

Statistical analysis. Comparisons of number of peptides which
bound maternal serum samples were made between the transmission
group and the nontransmission group. The data was analyzed using the
unpaired Student's t test. For the determination of differences in the
binding of specific peptides between transmission and nontransmis-
sion groups, the Spearman's rank-order correlation test was performed.

Results

Binding of maternal sera to peptides from gpl20 and gp4J
14 peptides, spanning 46% (a total of 239 aa) of the gpl20
external membrane glycoprotein, and 17 peptides spanning
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66% (a total of 236 aa) of the gp4l transmembrane glycopro-
tein were used in binding assays of the maternal serum sam-
ples. The approximate location of these peptides on a linear
mapof gp 120 and 41 is shown in Fig. 1. Binding was examined
by RIA or ELISA. A list of the gp120 and gp4l peptides tested,
their location in the envelope glycoprotein, and sequences are
given in Table I.

Binding to peptidesfrom the amino terminus ofgp120. Sev-
eral maternal serum samples had reactivity to 1 or more of 3
peptides spanning aa 51 through 85 of the amino terminus of
gp 120 (peptides 93, 94, and 95, Table II). No binding of mater-
nal sera to 4 peptides from the amino terminus (peptides 59,
60, 96, and 97) was observed. Peptides 96 and 97 are from a
region near to the putative sites for the binding of gpl20 to
gp4 1, and deletion of the amino acid residues within this region
of gp120 inhibits viral receptor binding of the CD4 molecule
(24). Of the six maternal sera binding to peptide 93, one (17%)
was from the vertical transmission group and five (83%) were
from the nontransmission group. In addition, three (50%) and
six (100%) ofthe six samples which bound possessed neutrliza-
tion and antisyncytial activity, respectively. Of the two mater-
nal sera binding to peptide 94, neither were from the vertical
transmission group. Of the three maternal sera binding to pep-
tide 95, one was from the vertical transmission group.

Binding to peptides from the V3 loop ofgpl20. There was
significant binding of a number of the maternal serum samples
to peptides from the V3 loop of gpl20. The peptides 106, 107,
1029-33, and pl8p span amino acids 296-322, and 30, 95, 50,
and 35% of the maternal serum samples bound to these pep-
tides, respectively. Other investigators have determined a
correlation between binding to particular regions of the V3
loop and protection from transmission of infection (13-15).
Our results do not support such a relationship (Table III).

Binding to peptides from the CD4 binding site. Peptide
B138 spans aa 421 through 438. Seven of the maternal samples
reacted to peptide B138. This is an interesting observation
since in other reports this region has appeared to be immunosi-
lent in HIV-infected patients. Of those samples that bound,
two were from the vertical transmission group.

Binding to peptides from the carboxy terminus. 16 (80%) of

Table I. gpJ20 and gp4J Peptides Screened in Assay

Frt Last
Peptide amino amino
name acid acid Sequence

gpl20 Peptides
60 031 052 ATEKLWVTVYYGVPVWLEA1TTL
93 051 065 TLFCASDAKAYDTEV
94 061 075 YDTEVHNVWATHACV
95 071 085 THACVPTDPNPQEW
96 081 095 PQEVVLVNVTGENFNM
97 127 141 VSLKCI'DLKNDTNTN
59 145 165 SSGRMIMEKGEIKNCSFNIST

106 296 310 CI7RPNNNTRKSIRIQ
107 303 317 TRKSIRIQRGPGRAF

1029/33 304 314 RKSIGIQRGPGR
pl8p 308 322 RIQRGPGRAFVTIGK
B138 421 438 KQFINMWQEVGKAMYAPP

466 468 483 CFRPGGGDMRDNWREL
497 499 511 CTKAKRRWQREKA

gp4I Peptides
117 515 529 IGALFLGFGAAGST
560 548 577 CIVQQQNNLLRAIEAQQHLLQLTVWGIKQL

35 553 574 QNNLLRAIEAQQHLLQLTVWGI
120 572 585 WGIKQLQARILAVER
121 581 595 LAVERYLKDQQLLGI
123 601 615 KLICTTQVPWNASWS
36 612 626 ASWSNKSLEQIWNNM
40 632 646 DREINNYTSLIHSLI
41 637 651 NYTSLIHSLIEESQNQ

649 649 662 QNQQEKNEQELLEL
53 662 682 ELDKWASLWNWFNITNWLWY
55 696 716 LRIVFAVLSVVNRVRQGYSP

128 711 725 GYSPLSFQTHPIPR
129 736 750 EGGERDRDRSIRLVN
132 766 780 FSYHRLRDLLLIVTR
57 778 797 VTRIVELLGRRGWEALKYWW

1103/55 817 841 NATAIAVAEGTDRVIEWQGAYRAI

the maternal sera samples bound to peptide 497 which spans aa
499-511 of the carboxy terminus of gpl20. 77 and 71% of the
samples from the transmission and nontransmission group, re-
spectively, bound to this peptide. This region is immunoactive,

0 100 200 300 400 500

gpl20
60 95 p18P 466 497

93 96
94 1029.33

138
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600 700 800
I 1

- I I I I I LI4
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35 34
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6
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129 .7
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Figure I. A linear mapof gpl20 and gp4l is shown with the amino acid number above the map. The approximate location and designation of the
peptides used in this study are shown on this map.
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Table II. Screening of Maternal HIV+ Sera Against Peptides from gpJ20

Peptides
Sera
no. 60 93 94 95 96 97 59 106 107 1029-33 pl8p B138 466 497

Nontransmission group

1 - ++ ++ + - - - _ ++ + _ + - _
2 - - - - - - - - ++ ++ - + - ++

3 - - ++ - - - - - ++ + - - - ++

6 - + - - - - - - ++ - - + + +
7 - ++ - - - - - - + _ _ ++ _ _
8 - + - - - - - - ++ - - ++ - ++
9 - - - - - - - - ++ - - - ++ ++

11 - - - + - - - - ++ + - - - ++

12 - - - - - - - - ++ + ++ - _ -

16 - + -+ ++ + ++
17 -++ ++ + ++ ++

1 8 - -++ + +

20 - - - - - - - + ++ ++ + - - +

Transmission group

4 - ++ - - - - - - ++ - - + - ++
5 - - - - - - - - ++ + - + - +

10 - - - - - - - - + - - - - +
1 3 -++ ++ + ++
14 - - - ++ - - - ++ ++ - ++ - - -

15 - - -++ + ++ ++
19 - - - - - - - - ++ - - - - +

The following key is used for the designation of binding of the maternal sera samples to the peptides:

specific OD450 nmor cpm of sera sample binding to peptide

+

specific OD450 nmor cpm of NHSsample binding to peptide

specific OD450 nmor cpm of sera sample binding to peptide
specific OD450 nmor cpm of NHSsample binding to peptide

2

iS between 2 ! and 3

specific OD450 nmor cpm of sera sample binding to peptide
++ =

specific OD450 nmor cpm of NHSsample binding to peptide

Specific binding is defined as:

(0D450 nm or cpm of sera to wells with peptide) - (OD450 nmor cpm of sera to wells without peptide).

but antisera generated to this peptide do not demonstrate neu- three of the maternal samples from the transmission and non-
tralizing activity (unpublished observation). In addition, 15% transmission groups, respectively, bound to this peptide. Of the
of the maternal serum samples demonstrated reactivity to pep- three maternal samples that bound to peptide 466, all of them
tide 466, which spans aa 468 through 483 of gpl2O. Zero and demonstrated neutralizing and antisyncytial activity. Antisera

generated in animals against this peptide have been demon-
strated to exhibit neutralizing activity (25). In particular, one

Table III. Lack of Correlation Between Vertical Transmission maternal serum (No. 9) demonstrated very strong binding to
and Binding of Maternal Sera to V3 Loop Peptides peptide 466 and also demonstrated high neutralizing and anti-

.eptides syncytial activity. It is not clear whether this activity is due to
Peptides binding to peptide 466. Table II summarizes binding data of

Transmission status 106 107 1029-33 pl8p the maternal sera samples to the peptides from gpl20.

Transmitter Binding of maternal sera to peptides from gp4J
n = 7 42.9 85.7 42.9 42.8 In examining the binding of the maternal sera to peptides from

Nontransmitter gp4 1, it is evident that major reactivities to three peptides oc-
n = 13 23.0 100 53.8 30.7 cur. Peptides 121(aa 581-595), 649(aa 649-663), and 1103-

55(aa 817-841), demonstrated binding of 35, 70, and 45% of
Values are the percentages of sera samples from each group demon- the maternal sera samples, respectively. Spearman rank-order
strating binding to peptide. correlation coefficient analysis indicates that there is a signifi-
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Table IV. Screening of Maternal HIV+ Sera against Peptides From gp4l

Peptides
Sera
no. 117 560 35 120 121 123 36 40 41 649 53 55 128 129 132 57 1105-55

Nontransmission group

1 _ + _ _ ++ + _ - - ++ - - _ + + _ _
2 - - - - - - - - - + - - - - - - ++
3 - - + - - - - - - + - _ _ _ _ - _
6 - - - - ++ - - - - ++ - - - - - - ++
7 - - + - - - - - - ++ - - - - - - ++
8 - - - - - - - - - +++ + - - - - ++ ++
9 - - - - - - - - - _ _ _ _ - +

-
_

11 - - _ ++ - _ _ - _ - _
12 - ++ - - ++

16 - - - ++
17 - ++ + + ++

18 - - - - ++ + ++

20 - - - -+

Transmission group

4 - - - - - - - - - + - - - - - - ++
5 - - - - - - - - _ _ _ _ _ _ _ _ _

10 - - - -

13 - - - - - - - - - - - - - - - --

14 - ++ + ++

15 - -++ +

19 - - - - - - - - _ _ - - _ _ _ _ _

See key on Table II for legend.

cant difference in binding of samples from the transmission Anti-gp120 and gp4J responses
group to peptide 649, compared with the nontransmission In terms of the average number of peptides to which the trans-
group, suggesting that binding to this peptide is correlated with
nontransmission status. Table IV summarizes binding data of mlssion and nontransmission groups bound the folin r
the maternal sera samples to peptides from gp41. lationships can be determined: the transmission group bound

Quantitative analysis of binding to the peptides is shown in to an average of 1.1±0.45 gp4l peptides and 3.4±0.37 gpl20
Table V. Of the 13 maternal sera samples from the nontrans- peptides for a total of 4.5±0.75. Conversely, the nontransmis-
mission group 100% demonstrated binding to at least one pep- sion group bound to an average of 2.40.40 gp4 and 4.20.35
tide of both the gp4l and gpl20 peptide groups. In contrast, of gpl20 peptides for a total of 6.6±0.57. Statistically, there was a
the seven maternal samples from the transmission group, all significantly higher average number of gp41 and combined
bound to at least one of the gpl20 peptides, but only three (gp41 + gpl20) peptides to which the sera from the nontrans-
(43%) bound to at least one of the gp4l peptides. mission group bound, compared with the transmission group

Table V. Differences in Binding Patterns of Maternal HIV Positive Sera from the Vertical Transmission and Nontransmission Groups
to Peptides from gpJ20 and gp4J

Average no. of Average no. of
gp4l peptides gpl20 peptides Average no. of

%ofSera %ofSera towhich towhich gpl20+gp4l
Transmission binding to binding to sera samples bind sera samples bind peptides to

status gp4l peptides gpl20 peptides (%) (%) which sera binds

Transmitter
n = 7 43 100 1.1±0.45 (24) 3.4±0.37 (76) 4.5±0.75

Nontransmitter
n = 13 100 100 2.4±0.40* (36) 4.2±0.35 (64) 6.6±0.57*

* P< 0.05 by the unpaired Student's t test compared with the transmission group. Average no. is expressed as the mean±standard error of the mean.
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Table VI. Summary of Antisyncytial, Neutralization and Peptide
Binding Reactivities of Maternal Sera Samples

Maternal sera Antisyncytial Neutralization
samples activity activity Peptide binding reactivity

Number of Number of
Dilution Dilution gp4l gpl20

resulting in resulting in peptides peptides
2 50% 2 50% bound bound

inhibition* inhibition$ (+ or ++) (+ or ++)

Nontransmission group

1 1:64 - 6 6
2 1:32 - 2 4
3 1:256 1:90 2 4
6 1:512 1:90 3 5
7 1:64 1:810 3 3
8 1:128 - 4 4
9 1:256 1:810 1 3

11 1:256 1:810 1 4
12 1:512 1:90 2 3
16 1:512 1:810 1 5
17 1:256 1:810 4 5
18 1:64 1:810 3 3
20 1:256 1:10 1 5

Transmission group
4 1:256 1:10 2 4
5 1:128 - 0 4

10 1:256 - 0 2
13 1:128 1:10 0 4
14 1:128 1:10 3 4
15 1:256 1:810 2 4
19 1:256 1:10 0 2

* Values are the lowest dilution of maternal sera which results in at
least 50%decrease in the number of syncytia formed per well when
compared with normal human serum. * Values are the lowest dilu-
tion of maternal sera which results in at least 50%decrease in absor-
bance OD450nm (a measure of p24 antigen levels), when compared
with normal human sera. - Indicates negative (i.e., a dilution of
<1:10)

(P < 0.05) (Table V). These data suggest that immune re-
sponses directed against gp4 1 may be involved in protection of
the fetus from infection by HIV- 1.

Neutralization and antisyncytial activity
Table VI summarizes data on antisyncytial and neutralization
activity for each of the maternal serum samples. In addition,
these data are shown in relationship to gp4 1 and gp l 20 binding
reactivities for each of the sera samples.

As indicated, there is no correlation between transmission
and nontransmission status in antisyncytial activity. By the
definition established for antisyncytial activity (titer > 1:32),
all maternal sera samples except no. 2 possessed significant
antisyncytial activity.

According to the definition established for neutralizing abil-
ity (titer > 1:10) 9/13 (69.2%) of nontransmitting mothers and
1/7 (14.3%) of transmitting mothers possessed neutralizing ac-
tivity, respectively. These data indicate a relationship between
high neutralization titers of maternal sera and nontransmission
status.

Discussion

The observation that - 70% of HIV positive mothers do not

transmit infection to their offspring provides a useful model for
examination of the putative mechanisms of protective hu-
moral immune responses. Although there is some evidence
that an infant can protect itself from infection by an active
cell-mediated immune response, the objective of the studies
presented in this report is to determine whether there is a ma-

ternal serological correlation with the transmission of HIV
from mother to child. Wehave examined this question by mea-

suring specific binding of maternal sera samples to a library of
peptides from gpl60 (gpl20 + gp4 1).

The humoral immune response is an important compo-

nent of protective immunity against a number of infectious
agents. In many cases, neutralizing antibodies are generated
against the infectious agents. These are antibodies that, regard-
less of the mechanism employed, can inhibit the infection of
healthy cells. Most of the targets for neutralizing antibodies
against HIV- 1 reside on the viral envelope gene products
(gp 120 and gp4 1). Several HIV- neutralization epitopes have
been identified on the external membrane glycoprotein
(gp 120). These include: (a) a region near the amino terminus
which has been shown to be important for virus entry; (b) the
V3 hypervariable loop; (c) the CD4binding domain; and (d) a

region which spans the carboxy terminus of gpl20 and the
amino terminus of gp4 1. As indicated previously, studies have
suggested a correlation between binding of maternal serum

samples to regions of the V3 loop and protection of the fetus
from infection (13-15). We examined binding of maternal
serum samples to four different peptides from the V3 region.
Wecould not confirm an association between binding to V3
and protection from vertical transmission. One potential rea-

son for this discrepancy was the use of different V3 peptides in
the present study compared with those where an association
was found. However, other investigators have also been unable
to confirm the association of nontransmission and high-titered
responses to V3 (26, 27).

The gp4 1 transmembrane glycoprotein represents a logical
candidate for the generation of neutralizing antibodies since it
is involved in the fusion step between HIV and the target cell,
and it cannot be shed from the surface of virally infected cells.
In fact, there are several domains in the gp41 that have been
shown to elicit neutralizing antibodies (28-30). This is the first
report, however, in which binding of maternal HIV+ sera to a

number of peptides spanning the gp4 1 glycoprotein has been
examined.

Cell-free neutralization assays have been a useful in vitro
method for the analysis of the anti-HIV potential of hyperim-
mune animal sera or HIV+ sera. In several studies, neutralizing
antibodies have been correlated with lesser manifestations and
better clinical outcome. In addition, some have shown that

decreasing neutralizing antibody titers indicate a poor progno-
sis (31, 32). However, other investigations have failed to dem-

onstrate a clear correlation between neutralizing antibody activ-

ity and clinical state, prognosis, or vertical transmission status
(14, 33-36). 9 of 13 nontransmitting mothers exhibited signifi-
cant neutralizing activity. In contrast, one of seven transmit-
ting mothers exhibited significant neutralizing activity. If we

assume no unusual bias in the sample population, this observa-
tion has direct importance for understanding the role of anti-
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HIV envelope humoral immune responses in preventing verti-
cal transmission. As indicated, several studies have suggested
an inverse correlation with reactivity to the V3 region and ver-
tical transmission. Recent other studies and data presented in
this paper do not support this earlier association. One possible
explanation for the observation is that neutralizing epitopes
other than V3 epitopes could be involved, or that conforma-
tional epitopes (which may or may not involve anti-V3 re-
sponses) may collectively mediate protection from vertical
transmission. The observation of neutralizing activity in one
transmitting mother does not necessarily diminish the impor-
tance of this observation. Minor trauma or cell spread with or
without trauma across the placenta may account for such
transmission in the presence of neutralizing levels of antibod-
ies. In any case, it will be important to determine with certainty
which types of antibodies are responsible for the observed neu-
tralization activity in these mothers.

There appears to be no correlation between antisyncytial
activity of the maternal serum samples examined in this study
and vertical transmission of HIV-l infection. These data sug-
gest that antisyncytial assays are not a useful means for identi-
fying mothers who do not transmit HIV- 1 infection to off-
spring.

Statistical analysis of the binding data indicates an associa-
tion between reactivity with peptide 649 and nontransmission
status. Experimental corroboration of this observation is ongo-
ing. In addition, there appears to be a quantitative (number of
peptides bound) differences in binding to gp4 1 and gpl 20 be-
tween the transmission and nontransmission groups. On aver-
age, sera from the nontransmission group bound to - 33%
more peptides than the samples from the transmission group.
Interestingly, 100% of the sera samples from the nontransmis-
sion group, but only 43%of the samples from the transmission
group, bound to at least one of the gp4l peptides. In addition,
sera from the nontransmission group bound to an average of
2.2-fold more gp41 peptides than the samples from the trans-
mission group. These data suggest a role for maternal humoral
immunity to gp41 in protection from vertical transmission of
HIV- 1.

This report represents the first detailed analysis of maternal
humoral immune responses to the HIV- 1 envelope glycopro-
teins outside of the V3 hypervariable loop of gpl2O. Further
study of the epitopes implicated herein mayallow prediction of
maternal humoral immune responses that protect the fetus
from vertical transmission.
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