
Women with Cervicovaginal Antibody-Dependent Cell-Mediated
Cytotoxicity Have Lower Genital HIV-1 RNA Loads

Pratip Nag1,a, Jenney Kim1, Vytautas Sapiega2, Alan L. Landay3, James W. Bremer3, Jiri
Mestecky4, Patricia Reichelderfer5, Andrea Kovacs6, Jonathan Cohn7, Barbara Weiser8,
and Linda L. Baum1

1Department of Microbiology and Immunology, Rosalind Franklin University of Medicine and
Science, North Chicago, Illinois 2Pediatric Critical Care, Lutheran General Hospital, Park Ridge,
Chicago, Illinois 3Department of Immunology/Microbiology, Rush Medical College, Chicago,
Illinois 4University of Alabama at Birmingham, Birmingham 5National Institute of Child Health and
Human Development, Rockville, Maryland 6University of Southern California Medical Center, Los
Angeles 7Wayne State University School of Medicine, Detroit, Michigan 8Wadsworth Center, New
York State Department of Health, Albany

Abstract
Antibodies that mediate human immunodeficiency virus (HIV)-specific antibody-dependent cell-
mediated cytotoxicity (ADCC) are present in the cervical fluid of many HIV-positive women;
however, the role that these antibodies play in host defense against HIV is not known. To
understand the contribution of ADCC in cervical secretions as a protective mechanism against
HIV, we evaluated ADCC titers in paired serum and cervical-lavage (CVL) samples from >300
HIV-1–positive women who participated in the multicenter Division of AIDS Treatment Research
Initiative Study 009. The present study demonstrates that women with CVL ADCC activity had
lower genital viral loads than did women with serum ADCC activity only. Women with CVL
ADCC activity were likely to have HIV-1 gp120–specific immunoglobulin (Ig) G, but not IgA, in
their cervical fluid. This finding suggests that specific IgG in cervical fluid can mediate ADCC
activity that inversely correlates with genital viral load.

Antibody-dependent cell-mediated cytotoxicity (ADCC) combines acquired and innate
immunity. The acquired response provides the antibodies; the effector cells are part of innate
immunity. Innate ADCC effector cells include NK cells [1], monocytes and macrophages
[2], polymorphonuclear leukocytes [3], and eosinophils [4]; they are not antigen specific, but
they lyse infected cells after binding to the antibody’s Fc region.

The specific contribution of innate immunity to host defense against HIV is controversial.
The importance of innate immunity for viruses such as cytomegalovirus and herpes simplex
viruses is clear [5, 6]. Vaccines against lymphocytic choriomeningitis virus are not
protective unless they induce ADCC antibodies [7]. Children deficient in CD16+CD56+ NK
cells can have life-threatening infections with herpes viruses, such as varicella-zoster virus.
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Cytotoxic T lymphocytes (CTLs) are more important for other viruses. Antibodies, CTLs,
natural immunity, and ADCC all contribute to host defense against HIV infection and delay
disease progression. The relative contribution of each to host defense against HIV-1 has not
been determined.

Our knowledge of the infective and immune processes in the female genital tract is limited
[8]. Antibodies that mediate ADCC against HIV-1 gp120 in an in vitro assay are present in
cervical-lavage (CVL) fluid [9], but we have not determined the isotype of these antibodies.
ADCC effector cells are primarily specific for IgG1 [10, 11]. Although IgA is predominant
in many mucosal secretions [12], cervical fluid normally contains slightly more IgG than
IgA [13]; also, when a woman is infected with HIV-1, the HIV-1–specific antibodies are
almost exclusively IgG [13]. Although secretory IgA (S-IgA) antibodies may mediate
ADCC [14], HIV-1–positive women have relatively high concentrations of HIV-1–specific
IgG antibodies in their cervical fluid [15, 16]. Either class of antibody could be responsible
for the functional activity reported elsewhere [9].

HIV-1–specific ADCC antibodies are present in the serum [17] and cervical fluid [9] of
many HIV-1–positive women. Serum ADCC antibodies contribute to the protective defense
against HIV disease progression; rapid progressors in the Multicenter AIDS Cohort Study
had low titers, whereas long-term survivors had high titers [17]. When individuals have high
CD4+ cell numbers, plasma ADCC activity correlates with lower plasma viral loads [18].
ADCC antibody level correlates with higher CD4+ cell numbers and lower viral loads [19].
Longitudinal in vivo studies in macaques have shown that ADCC activity correlates with
delayed progression to AIDS [20]. All of these studies have addressed the role that ADCC
plays in the circulation, but they have not addressed the contribution of ADCC to mucosal
defense in the female genital tract.

In a previous study, we used very stringent criteria for a positive response and reported that
~16% of HIV-1–positive women had HIV-1–specific CVL ADCC antibodies [9]. Although
this demonstrated that infected women can have cervical ADCC, the sample size was too
small to draw conclusions about the role that ADCC plays in local host defense against
HIV-1. In the present study, we evaluated the ADCC activity of paired serum and CVL
samples from 302 women who participated in the Division of AIDS Treatment Research
Initiative Study 009 (DATRI 009). In an effort to determine the effect that ADCC activity
has on HIV disease, we then compared data on ADCC activity with data from other DATRI
009 investigators on samples collected at the same visit.

SUBJECTS, MATERIALS, AND METHODS
Study population

Paired serum and CVL samples were obtained from 302 HIV-1–positive women enrolled in
DATRI 009 between January 1997 and July 1998. Before entry into the study, women were
positive for HIV-1 and had been receiving either stable or no antiretroviral therapy (ART)
for at least 1 month, were 18–45 years of age, were not pregnant, and had an intact uterus
and cervix. ADCC activity was determined for 282 of the 302 women. Clinical, virologic,
and immunologic characteristics of this cohort have been described elsewhere [21].
Informed consent was obtained from all women who provided serum and/or CVL samples
for these studies. Investigators followed the human-experimentation guidelines of the US
Department of Health and Human Services, and protocols were approved by the appropriate
institutional review boards.

To establish baseline ADCC activity, HIV-1–negative serum and CVL samples were used.
Serum (n = 20) and CVL (n = 15) samples were collected from women in the Chicago
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cohort of the Women’s Interagency HIV Study (WIHS). The WIHS is a multicenter
prospective study designed to determine the effect of HIV-1 infection in women.

ART status of participants
Women were treated with antiretroviral medications on the basis of their disease
progression, as determined by their physician. Study participants reported the type and
number of medications they were taking at the time of enrollment. The majority of women,
61% (173/282), were receiving ART: 34% were taking 3–4 antiretroviral medications, 21%
were taking 2 antiretroviral medications, and 2% were taking only 1 antiretroviral
medication.

Sample collection
CVL and endocervical-swab samples were collected from women who had abstained from
douching, using spermicides, receiving antimicrobial and antifungal therapy, and having
vaginal intercourse for 48 h before the study visit. Abstinence during the prior 48 h was
confirmed by a negative assay for seminal-fluid antigen in CVL fluid (SEMA test; Humagen
Fertility Diagnostics). CVL samples were collected by irrigating the cervical os with 10 mL
of nonbacteriostatic saline that was aspirated from the posterior vaginal fornix. To obtain
supernatants, CVL samples were centrifuged at 400 g for 10 min. Endocervical swabs were
used to collect samples for quantitation of HIV-1 RNA. A puritan sterile Dacron polyester-
tip applicator (Harwood Products) was inserted into the cervical os and rotated 360 degrees.
The swabs were placed in a 4 mol/L guanidine isothiocynate solution, mixed with
mercaptoethanol. The swabs were then placed in extraction medium before reverse-
transcription polymerase chain reaction (RT-PCR) was performed. Plasma used for
quantitation of HIV-1 RNA was obtained from peripheral blood collected in acid-citrate
dextrose. All samples were frozen at −70°C and were shipped to the central repository.

Target cells
CEM.NKR, a CD4+ NK cell–resistant cloned cell line derived from CEM [22], were used as
target cells in the 51Cr-release assay. CEM.NKR cells have <5% NK cell activity. More than
90% of the target cells bind recombinant HIV-1 gp120 after 1 h of incubation, as determined
by flow cytometry (data not shown). Target cells (6 × 106) were incubated with 100 μCi of
Na2 51CrO4 (DuPont) for 1 h, washed, and incubated with recombinant HIV-1MN gp120 (13
μg/mL; Chiron) for 1 h. Target cells (2000 in a 100-μL volume) were added to each
microtiter well.

Effector cells
Peripheral-blood leukocytes (PBLs) were obtained from the blood of HIV-1–negative
healthy donors with a history of consistently high ADCC activity, by use of a standardized
anti-HIV IgG preparation (HIVIG; North American Biologicals). Peripheral-blood
mononuclear cells (PBMCs) were isolated by ficoll-hypaque (Sigma) density-gradient
centrifugation and were rotated in RPMI 1640 plus 20% fetal bovine serum with carbonyl
iron particles for 1 h at 37°C. A magnet was used to remove monocytes that had ingested the
iron particles. PBLs (monocyte-depleted PBMCs) were diluted to yield effector-totarget
(E:T) cell ratios of 40:1, 20:1, and 10:1.

Antibodies
Serum and CVL samples were the source of antibodies for ADCC assays. Paired serum and
CVL samples from HIV-1–positive women (n = 302) were obtained from the study
population. To establish baseline activity, serum (n = 20) and CVL (n = 15) samples were
also obtained from HIV-1–negative women in the WIHS. Samples were stored at −70°C
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before testing and were diluted to final dilutions of 1:50, 1:100, 1:500, 1:1000, and 1:10,000,
for serum samples, and 1:10, 1:50, 1:100, 1:500, 1:1000, and 1:10,000, for CVL samples. In
each experiment, HIVIG was included as a positive control.

51Cr-release assay
Paired HIV-1–positive serum and CVL samples from each participant were assessed for
ADCC activity in the same assay. Dilutions of serum samples, CVL samples, or HIVIG (50
μL/well for each) were incubated in 96-well microtiter plates (VWR) with 2000 target cells.
In each assay, HIVIG was used as a positive control for standardization. After 30 min,
effector cells from selected healthy women with known levels of ADCC activity were added
to give E:T ratios of 40:1, 20:1, and 10:1. Each E:T ratio was assayed in quadruplicate.
Background NK cell activity was measured by incubating effector cells with target cells in
the absence of any potential source of antibodies. The spontaneous and maximum release
of 51Cr were obtained by incubating targets with either medium or 0.5% Triton X-100
(BioWhittaker), respectively. The microtiter plates were incubated for 3.5 h in a humidified
5% CO2 environment at 37°C; 100 μL of supernatant was then harvested, and 51Cr release
was measured (Micromedic ME plus; ICN Micromedic Systems).

The percentage of specific 51Cr release was calculated by the following formula: %SR =
[(experimental cpm–spontaneous cpm)/(maximum cpm–spontaneous cpm)] × 100, where
cpm is counts per minute. The %SR from 3 E:T ratios were converted into lytic units (LU20)
[23]. An LU20 is defined as the inverse of the number of effector cells × 106 required for
lysis of 20% of the target cells. The ADCC titer is the inverse of the highest dilution that had
significant LU20 activity.

HIV-1 RNA loads in serum, endocervical-swab, and CVL samples
HIV-1 RNA loads in serum, endocervical-swab, and CVL samples were determined by RT-
PCR (Roche Amplicor HIV-1 assay; Roche Molecular Systems), as described by Mulder et
al. [24]. Assays were performed in laboratories that were participating in the Virology
Health Quality Assurance Program (Division of AIDS [DAIDS], National Institute of
Allergy and Infectious Diseases [NIAID], National Institutes of Health [NIH]). Use of this
assay and information about the viral loads in the women in this cohort have been reported
elsewhere [25, 26]. The lower limit of detection for this assay is 400 copies/mL.

Levels of HIV-1 gp120–specific IgG and IgA
A single dilution of serum or CVL fluid was incubated in microtiter plates coated with a
CHO cell–expressed recombinant HIV-1MN gp120 (Genentech), and an ELISA was
performed as described elsewhere [27]. The gp120-specific antibodies were quantified by
interpolating the optical densities on calibration curves constructed from standardized S-IgA
or serum IgG, as described elsewhere [28, 29].

CD4+ and CD8+ T cell numbers
CD4+ and CD8+ T cell numbers were determined by flow cytometry [30] in laboratories
participating in the Immunology Health Quality Assurance Program (DAIDS, NIAID, NIH).

Statistical analysis
Data analysis was performed by use of SPSS software (version 11). Unless stated otherwise,
the independent-sample t test or the Mann-Whitney U test was used to compare means and
medians, respectively, between 2 groups of continuous variables. Comparison of proportions
was performed by the 2-sample z test. For statistical analysis, viral loads were log10
transformed.

Nag et al. Page 4

J Infect Dis. Author manuscript; available in PMC 2011 June 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



RESULTS
Criteria for positive ADCC activity against HIV-1

Serum or CVL samples were considered to be positive for ADCC antibodies if they had an
LU20 value greater than both (1) the mean baseline NK activity plus 1 SD (NK effectors and
targets without antibody) and (2) the mean baseline LU20 value plus 1 SD of samples from
HIV-1–negative women. Mean baseline activity was obtained from serum (n = 20) and CVL
(n = 15) samples from HIV-1–negative women. We had previously used more-stringent
criteria; however, when these new criteria were employed, women who previously would
not have been considered to be positive had activity at multiple dilutions or had LU20 values
substantially greater than the mean baseline NK activity, indicating that these women clearly
had ADCC activity (table 1). For this reason, we adopted these less-stringent criteria.

Serum and CVL ADCC activity in HIV-1–positive women
Paired serum and CVL samples from 282 HIV-1–positive women were analyzed for ADCC
antibodies against HIV-1 gp120. Figure 1A shows the percentages of women who had
ADCC antibodies at each indicated site, regardless of activity at the other site. In the present
study, the majority of HIV-1–positive women had serum ADCC antibodies, and ~50% had
CVL ADCC antibodies (figure 1A). Most HIV-1–positive women (258/261) had serum
ADCC antibody titers ≥1000, whereas CVL ADCC antibody titers were evenly distributed
throughout the range evaluated (i.e., 10-10,000 [data not shown]). Figure 1B demonstrates
that the majority of the HIV-1–positive women had activity in serum and CVL fluid. Six
women who did not have serum ADCC antibodies had CVL ADCC antibodies (figure 1B).
Of these, 2 had titers ≥10,000 (highest LU20, 18.8 and 25.7), 1 had a titer of 100 (highest
LU20, 13.0), and 3 had titers of 10 (highest LU20, 10.8, 11.8, and 12.5). Fifteen women did
not have ADCC antibodies at either site (figure 1A).

Effect of ART status on ADCC activity in HIV-1–positive women
Women who had not been receiving ART for at least 1 month before enrollment were
considered to be not receiving ART. Women who were taking ≥1 antiretroviral medication
were considered to be receiving ART. We wanted to determine whether the presence of
ADCC activity was associated with the ART status of HIV-1–positive women.

Overall, HIV-1–positive women were equally likely to have ADCC activity, regardless of
their ART status. Women taking ≥3 antiretroviral medications (n = 102) were as likely to
have ADCC activity in serum or CVL fluid as were women who were taking <3
antiretroviral medications (n = 71) (data not shown). Also, women receiving a combination
of nucleoside/nucleotide reverse-transcriptase inhibitor (NRTI) and nonnucleoside reverse-
transcriptase inhibitor (NNRTI) with a protease inhibitor (PI) were as likely to have ADCC
activity in their serum (93% vs. 90%) or CVL fluid (53% vs. 51%) as were women receiving
an NRTI/NNRTI combination without a PI.

HIV-1–specific CVL ADCC antibodies correlate with lower genital HIV-1 load
Approximately 50% of the HIV-1–positive women in the present study had CVL ADCC
antibodies of any titer (figure 1A); ~25% had titers of CVL ADCC antibodies ≥500. Because
CVL ADCC antibodies could penetrate the surrounding tissues of the vaginal canal, interact
with local ADCC effector cells, and potentially reduce genital HIV-1 RNA load, we
compared CVL ADCC activity with genital HIV-1 RNA load. ADCC antibody titers were
determined by a standard 4-h 51Cr-release assay. HIV-1 RNA loads in endocervical-swab
samples were determined by the Roche Amplicor HIV-1 assay.
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Women were separated into 2 groups, on the basis of the presence or absence of CVL
ADCC activity. Overall, women with a CVL ADCC antibody titer ≥500 had genital HIV-1
RNA loads that were lower than those of women who did not have CVL ADCC antibodies.
This difference was significant when all women were considered, regardless of whether
parametric analysis (figure 2) or nonparametric analysis was performed. This difference was
significant both in a Spearman’s correlation analysis (P = .04) and in a Mann-Whitney U
test analysis (P = .08). That these P values were not smaller indicates that these statistically
significant differences were not robust. Genital viral loads were also significantly higher in
women who were not receiving ART (P = .02, for not receiving ART; figure 2). In women
receiving ART, the difference in viral load between women with and those without ADCC
antibodies was not significant (P = .15, for receiving ART; figure 2), presumably because
antiretroviral medications reduce viral load in the genital tract.

Genital viral load was also compared with CVL ADCC activity. Women with CVL ADCC
antibody titers ≥500 had significantly less genital viral load than did women with serum
ADCC activity and CVL ADCC titers <500 (P = .03, Student’s t test). This correlation held
for women not receiving ART (P = .05, Student’s t test), but it was not significant for
women receiving ART.

No relationship between plasma viral load and CVL ADCC antibodies
A higher plasma viral load may lead to increased production of antibodies in serum and
CVL fluid, therefore making it more likely for HIV-1–positive women to have CVL ADCC
activity. We compared the mean plasma HIV-1 RNA load in HIV-1–positive women with
CVL ADCC antibodies to those in HIV-1–positive women without CVL ADCC antibodies.
All women with results for both plasma HIV-1 RNA and CVL ADCC antibodies were
evaluated. There was no significant difference between the plasma HIV-1 RNA loads of
HIV-1–positive women with and those without CVL ADCC antibodies. This was the case
regardless of whether results were analyzed by parametric tests (table 2) or the
nonparametric Mann-Whitney U test (P = .88). ART status did not alter this observation.

Relationships between antibody concentrations and the presence of CVL ADCC activity
To determine whether women with CVL ADCC activity had more HIV-1–specific CVL
ADCC antibodies than did women without CVL ADCC activity, we compared the mean
concentrations of HIV-1 gp120–specific IgG and IgA. All women with data on CVL ADCC
activity and genital viral load (252/282) were analyzed. Women with CVL ADCC activity
had a 2-fold higher concentration of HIV-1 gp120–specific IgG in their CVL samples (P = .
02, Mann-Whitney U test). However, the difference in HIV-1 gp120–specific IgA
concentrations at this site was not significant (P = .58, Mann-Whitney U test).

It is possible that antibodies from the plasma cross mucosal barriers and are responsible for
CVL ADCC activity. Therefore, we determined whether women with CVL ADCC activity
had higher HIV-1 gp120–specific antibodies in their blood—women with CVL ADCC
activity did not have higher levels of HIV-1 gp120–specific IgG in their blood (P = .56,
Mann-Whitney U test). Together, the last 2 sections show that the presence or absence of
CVL ADCC activity is associated with the concentration of HIV-1–specific IgG in CVL
fluid and is not associated with plasma viral load or the concentration of antibody in the
circulation.

Relationships between CVL ADCC activity and HIV-1–specific IgG and IgA in CVL fluid
ADCC activity is usually mediated by immunoglobulins of the IgG isotype. Some evidence
suggests that IgA may contribute to ADCC activity at mucosal sites [14]. We wanted to
determine whether IgG, IgA, or both were responsible for CVL ADCC activity. We
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evaluated women with CVL ADCC activity to determine the proportion of women with
HIV-1 gp120–specific IgG and IgA in their CVL fluid. All women with CVL ADCC
activity and data on HIV-1–specific IgG and IgA were studied (n = 108). Figure 3 illustrates
that the majority of women (100/108) with CVL ADCC activity had HIV-1 gp120–specific
IgG in their CVL fluid. Ninety (82%) of 108 women did not have any HIV-1 gp120–specific
IgA. Furthermore, none of the women with CVL ADCC activity had HIV-1 gp120–specific
antibody restricted exclusively to the IgA isotype. In women with CVL ADCC activity, a
greater proportion of women had HIV-1 gp120–specific IgG than IgA (P < .001) (figure 3).
In summary, the majority of women with CVL ADCC activity had HIV-1 gp120–specific
IgG, whereas none of the women with CVL ADCC activity had HIV-1 gp120–specific IgA
alone.

Relationship between CVL ADCC activity and CD4+ and CD8+ T cell numbers
We compared the number of CD4+ and CD8+ T cells in women with and those without CVL
ADCC activity [30]. Women with CVL ADCC activity did not have higher CD4+ T cell
numbers (mean ± SD, 382 ± 220 vs. 433 ± 275 cells/mL; P = .10) or higher CD8+ T cell
numbers (mean ± SD, 836 ± 491 vs. 969 ± 718 cells/mL; P = .89) than did women without
CVL ADCC activity. This was true even when women were separated into groups on the
basis of their ART status (data not shown).

DISCUSSION
The effector functions of protective immunity work together in host defense against disease.
Components of innate immunity come into play first, because they do not require antigen-
driven proliferation and differentiation of effector cells. Mechanisms of acquired immunity
join the defense if innate immunity is insufficient. Primary induction of the antigen-specific
response requires at least 1 week, and reactivation takes 2–3 days. In the absence of repeated
exposure, antibody remains in the system, but activated CTLs disappear. If antigen-specific
CTLs were the only immune effector population stimulated by vaccination, on exposure, the
virus would have ≥2 days to establish infection before CTLs could mount a defense. If an
individual were vaccinated, the antibodies generated after the initial exposure would enable
ADCC effector cells to directly kill virus-infected cells immediately after natural exposure
to the virus. Therefore, ADCC could potentially be a very important immune effector
function in protection after vaccination.

In most women, the first site of HIV exposure is the vagina. ADCC antibodies are found in
the CVL fluid of some HIV-1–positive women [9]. The experiments described in the present
study were designed to determine whether these ADCC antibodies affect HIV-1. We have
studied paired serum and CVL samples from 311 HIV-1–positive women in DATRI 009.
Aliquots of these samples were sent to all DATRI investigators and substudy investigators.
The data from all studies were available for comparative analysis, which greatly increased
our ability to evaluate the importance of ADCC in host defense against HIV-1 infection and
disease progression.

In previous studies, our goal was to demonstrate the presence of CVL ADCC activity, so
high cutoff values were used. Consequently, women who had activity were not counted. We
have, therefore, modified the criteria for positive ADCC activity. When the new cutoff was
used, ~50% of the women studied had CVL ADCC activity, and most exhibited measurable
serum activity (figure 1). The data in table 1 support this. Further support comes from
testing of multiple samples from the same women; when this was done, ADCC status was
invariably confirmed (data not shown). Multiple values from the same woman were not
included in our analysis.
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We were concerned that drug treatment might alter ADCC activity. We, therefore, evaluated
the effect of therapy. There was no standardized therapy regimen; all women who were
receiving any ART were considered to be receiving ART. Figure 4 demonstrates that ART
status did not affect the presence or site of ADCC activity, but it did affect correlations
where viral load was a factor (figure 2).

The most significant finding of the present study was that women with CVL ADCC
antibodies had significantly lower genital HIV-1 RNA loads than did women without CVL
ADCC antibodies (figure 2). Genital viral load in these women may be caused by CVL
ADCC activity; alternatively, higher CVL ADCC activity and lower genital viral load may
be caused by a third parameter. The most striking difference in viral load was seen in the
group of women who were not receiving ART. Because ART reduces viral load, differences
between those who had CVL ADCC activity and those who did not were less apparent. CVL
ADCC activity also had an effect on genital viral load; however, this comparison was not as
robust, probably because CVL fluid are diluted during collection. Genital viral loads for the
women in the present study are published elsewhere [25].

Although some evidence suggests that HIV-1 in the genital tract evolves independently from
HIV-1 in the plasma [31], in the present study, it was possible that plasma viral load might
affect genital viral load. Had this been the case, women with CVL ADCC activity might
have had lower genital viral loads because they had lower plasma viral loads. It has been
demonstrated in the present study that the women with lower plasma viral loads were not the
women with lower genital viral loads; this makes it more likely that the reduced viral loads
in women with CVL ADCC antibodies resulted from ADCC activity in tissues of the genital
tract.

Because both IgG and IgA can mediate ADCC [11, 14], we asked whether CVL ADCC was
mediated by IgG or IgA. Antibodies in the majority of mucosal secretions are of the IgA
isotype, except for genital tract secretions, in which both IgG and IgA occur at
approximately the same levels [13]. The same CVL samples that were tested for ADCC
activity were also tested for HIV-1 gp120–specific IgG and IgA. The data in figure 3 clearly
demonstrate that the presence of HIV-1 gp120–specific IgG antibodies in the CVL fluid of
these women could account for the ADCC activity observed in the present study, whereas
HIV-1 gp120–specific IgA antibodies could not. This finding is further supported by data
that show that women with CVL ADCC activity have a 2-fold higher concentration of
HIV-1 gp120–specific IgG in CVL fluid but not an increased concentration of HIV-1
gp120–specific IgA (P = .02). Also of note, women with CVL ADCC activity who had high
concentrations of HIV-1 gp120–specific IgG in CVL fluid did not have high concentrations
of HIV-1 gp120–specific IgG in serum (data not shown). This finding suggests that
antibodies are produced in CVL fluid independent of serum antibody production.

In summary, most HIV-1–positive women have serum ADCC activity, and ~50% have CVL
ADCC activity. Women with CVL ADCC activity are more likely to have lower genital
viral loads and, as a result, may be less likely to transmit virus to sex partners. CVL ADCC
appears to be mediated primarily by HIV-1 gp120–specific IgG in CVL fluid. These results
suggest that ADCC is important in host defense against HIV-1 in infected women.
Therefore, an effective HIV-1 vaccine should stimulate the production of CVL ADCC
antibodies.
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Figure 1.
Percentage of HIV-1–positive women with antibody-dependent cell-mediated cytotoxic
(ADCC) antibodies. Serum or cervical-lavage (CVL) samples were incubated with normal
peripheral-blood mononuclear cells in a standard 4-h 51Cr-release assay against HIV-1
gp120–bearing CEM.NKR target cells. Women were considered to have ADCC antibodies
if the lytic units (LU20) of any serum or CVL dilution was greater than both (1) the mean
baseline NK activity plus 1 SD (NK effectors and targets without antibody) and (2) the mean
baseline LU20 value plus 1 SD of negative control samples. A, Percentage of women with
ADCC antibodies in serum or CVL fluid, regardless of whether they had antibodies at the
other site; B, Percentage of women with ADCC antibodies in serum or CVL fluid, separated
on the basis of whether the women had activity in a single site or in both serum and CVL
fluid. The nos. above the bars indicate the no. of women in each group.
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Figure 2.
Antibody-dependent cell-mediated cytotoxicity (ADCC) antibodies in cervical-lavage
(CVL) fluid correlate with lower mean genital HIV-1 RNA loads. ADCC activity in CVL
fluid was determined by use of a standard 4-h 51Cr-release assay against CEM.NKR cells
adsorbed with recombinant HIV-1MN gp120. Genital viral loads in women with CVL and
serum ADCC antibody titers ≥500 were compared with those in women with serum ADCC
antibodies only. The Roche Amplicor HIV-1 assay was used to determine genital HIV-1
RNA loads. Because the lower limit of detection of this assay is 400 copies/mL, women
with undetectable virus were scored as having a viral load of 399 copies/mL. Bars provide
the SE of each group. The nos. in parentheses indicate the no. of women in each group.
ART, antiretroviral therapy.
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Figure 3.
Isotype of HIV-1 gp120–specific antibodies in the cervicolavage (CVL) fluid of women
with CVL antibody-dependent cell-mediated cytotoxicity (ADCC). ADCC activity was
determined by use of a standard 4-h 51Cr-release assay against CEM.NKR cells adsorbed
with recombinant HIV-1MN gp120. Concentrations of HIV-1 gp120–specific IgG and IgA in
CVL fluid were determined by ELISA. All women with CVL ADCC activity and data on
HIV-1–specific IgG and IgA were studied (n = 108). The nos. above the bars indicate the no.
of women in each group.
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Figure 4.
Effect of antiretroviral therapy (ART) on antibody-dependent cell-mediated cytotoxicity
(ADCC) activity. ADCC activity was determined by use of a standard 4-h 51Cr-release assay
against CEM.NKR cells adsorbed with recombinant HIV-1MN gp120. Women were
considered to have ADCC activity if the lytic units (LU20) of any serum or CVL dilution
was greater than both (1) the mean baseline NK activity plus 1 SD (NK effectors and targets
without antibody) and (2) the mean baseline LU20 value plus 1 SD of negative control
samples. The nos. above the bars indicate the no. of women in each group.
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