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Abstract

While investigating whether proteins retrieved by cervicovaginal lavages (CVL) from women with cervical
intraepithelial neoplasia (CIN) might correlate with risk of progression to invasive cervical cancer, we unex-
pectedly identified HIV gag and env glycoprotein in CVL from women with HIV-negative serology. HIV anti-
gens were consistently identified by mass spectrometry (MS) in CVL from 4 women but were absent in CVL
from the remaining 16 women. HIV serologies of all 20 patients were negative for both HIV-1 and HIV-2
antibodies. To validate the unexpected MS findings we performed Western blot (WB) and immunoaffinity
chromatography (IC) analysis of CVL for HIV proteins, viral load assays of paired CVL and blood samples, and
immunohistochemical HIV p24 expression in cervical biopsy specimens. WB analysis of CVL for prostate-
specific antigen (PSA) was performed to exclude semen contamination as the source of HIV proteins. WB and IC
results demonstrated the presence of HIV-1 gp41 and p24 antigens in four CVL that were identified by MS to
have the HIV proteins. Despite negative serology, HIV RNA in CVL and HIV p24 in cervix biopsies were
detected in patients with HIV antigen-positive CVL. HIV p24-positive CVL were PSA negative. All 20 subjects
remained HIV seronegative throughout the study. Women with HIV proteins and RNA were comparatively
older. Our findings suggest that CVL HIV proteins in women with CIN could be markers for unrecognized HIV
exposure or subclinical infection. Proteomic screening of cervical secretions may be useful in identifying sero-
negative women exposed to HIV and=or at risk for AIDS.

Introduction

Modern diagnostic criteria for many diseases now
include DNA and=or RNA analyses.1 Protein markers

may be more useful because disease-related alterations in
cellular functions correlate more with post translational
modifications of protein rather than with protein expression.2

For several years, we have been involved in studies investi-
gating the risk factors associated with precursor cervix cancer
lesions, referred to as cervical intraepithelial neoplasia
(CIN).3–7 While investigating whether any of the proteins
identified in cervicovaginal lavage (CVL) specimens from
women with CIN might characterize the precursor cervix
cancer state we unexpectedly found HIV proteins in CVL

samples from four of our studied patients by peptide mass
fingerprinting (PMF). Our study subjects were neither drug
users nor at particularly high risk for HIV infection. They
attended the gynecological clinics at a municipal hospital for
routine Pap tests. The Pap smears were abnormal and sub-
sequent cervical biopsies were diagnosed as CIN. Women
with CIN 1 lesions were enrolled for the proteomic study to
determine the correlation of cervix-specific protein expression
with regression=progression patterns of cervical dysplasia.
The unexpected findings of HIV proteins in CVL samples of
our patients compelled us to undertake the present study.

An association of HIV and human papillomavirus (HPV)-
related cervical disease in our patient population has been
recognized since the late 1980s.8–10 An increased incidence of
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CIN is reported in HIV-infected women, most notably in pa-
tients with high risk HPV infection.11,12 Investigators have also
shown that CIN is more common in immune-compromised
women regardless of whether the immune suppression is
congenital, iatrogenic, or acquired.13 In HIV-infected women
CIN lesions are multifocal, progress rapidly, have high re-
currence rates, and require more stringent monitoring and
intervention.14 In Zambia, 30% of an unselected population of
150 HIV-positive women, many of whom were already on
antiretroviral therapy, had advanced CIN and 20% had cer-
vical cancer.15 In the United States, 1.3% of all women over the
age of 13 years with AIDS were reported to have invasive
cervical cancer, which prompted the Center for Disease
Control and Prevention to include invasive cervical cancer on
the list of AIDS-defining illnesses in 1993.16 HIV proteins
have been detected in CVL from HIV-infected seropositive
women.17,18 However, little is known about HIV proteins in
cervicovaginal fluids in HIV-seronegative women. Our study
confirms the presence of HIV viral proteins and RNA in CVL
samples and in biopsied cervical tissues of HIV-negative pa-
tients, which is unrelated to semen contamination.

Materials and Methods

Subject recruitment

Twenty asymptomatic volunteer women aged 18–50 years,
with abnormal Pap smears and histopathologically confirmed
low grade dysplasia were recruited with informed consent
from the gynecology clinics of Jacobi Medical Center ( JMC),
a municipal hospital in the Bronx, New York. Completed
questionnaires provided routine demographic data, as well as
information regarding reproductive and gynecological his-
tories. The protocol was approved by the Institutional Review
Board (IRB) of the Albert Einstein College of Medicine. HIV
testing was offered as a part of the routine patient care pro-
tocol with the option to refuse testing. HIV serology was
performed at the HIV testing facility of JMC.

The study subjects were followed for a period of 1 year at
3-month intervals. Eight of the patients were followed for
a period of up to 2.5 years. As we became convinced that HIV
proteins unrelated to semen contamination were consistently
present in CVLs, the patients were referred for repeat HIV
serologies to the JMC HIV clinic regardless of whether HIV
proteins were detected in their CVLs or not.

Collection and processing of CVL samples

Approximately 10 ml of CVL was collected from each
patient. Half of each CVL was collected in tubes containing
a cocktail of protease inhibitors (Roche, Indianapolis, IN)
and the other half was collected separately for the detection
of HPV DNA as previously reported.19 CVL samples were
placed on ice and processed within 2 h of collection. Soluble
protein fractions of the CVL samples were prepared by
centrifuging the samples at 229,000�g for 20 min at 48C. Su-
pernatants were aliquoted and stored at�208C until analysis.

Polyacrylamide gel electrophoresis
and mass spectrometry of CVL samples

CVL protein concentrations were determined using a Nano
Drop ND-1000 spectrophotometer (NanoDrop Technologies,

Inc., Wilmington, DE). Due to wide variations in protein
concentrations among CVL samples, the samples were not
normalized prior to electrophoresis, and 20-ml aliquots of CVL
were analyzed by one-dimensional (1D) sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). CVL
samples along with protein markers (Rainbow marker 800,
GE Healthcare, Piscataway, NJ) were loaded onto precast 10%
Tris–HCl polyacrylamide gels (Bio-Rad, Hercules, CA). The
gels were either stained with Coomassie brilliant blue to ex-
amine the protein profiles or electroblotted onto nitrocellulose
membranes (Schleicher Schuell Bioscience, Inc., Keene, NH)
for Western blot (WB) analysis.

Multiple Coomassie-stained polypeptide bands were ex-
cised from each of the gel lanes and processed for in-gel
trypsin digestion. Tryptic peptides were analyzed using
matrix-assisted laser desorption ionization time-of-flight
mass spectrometry, peptide mass fingerprinting (MALDI-
TOF MS, PMF). Portions of the gel from adjacent blank lane(s)
corresponding to the regions of the Coomassie-stained poly-
peptide bands were cut and processed simultaneously to
serve as controls. The tryptic peptides were purified using
either C-18 ZipTips (Millipore Corporation, Bedford, MA ) or
PepClean C-18 Spin Columns (Pierce, Rockford, IL), as per the
manufacturers’ instructions. Equal volumes (1.5 ml each) of
the purified CVL peptide mixture and matrix solution (satu-
rated a-cyano-4-hydroxycinnamic acid in 50% acetonitrile=
water containing 0.1% TFA) were mixed, and 1.5 ml of the re-
sultant mixture spotted onto a MALDI-TOF target plate. Mass
spectrometry measurements were acquired on a Voyager-DE
STR MALDI-TOF mass spectrometer (Applied Biosystems,
Foster City, CA) in positive ion reflector mode at a resolu-
tion of 4500. One hundred shots were summed to obtain
the spectrum. Protonated molecular ions (MþH)þ of three
trypsin autodigestion peptides (m=z 842.51, 1045.56, and
2211.10) and a matrix peak (m=z 568.14) were used as internal
calibrants. Unique monoisotopic peaks (m=z values) with
distinct peptide isotopic envelopes, not seen in the control
spectra, were selected for protein identification (PMF) using
ProFound and MASCOT (in-house) search engines against
the NCBI nonredundant database. The taxonomic categories
used were All Taxa, Homo sapiens, and Virus. The peptide mass
tolerance ranged from 10 to 150 ppm. The proteins were
considered as candidate proteins if (1) they were the top hits,
(2) they had two to seven monoisotopic peaks matching with
the identified proteins, (3) the sequence coverage was be-
tween 20% to 40%, and (4) the Profound and Mascot scores
were significant ( p< 0.05). Positive protein identification was
based on the published guidelines of criteria for reporting
identified proteins by mass spectrometry.20

Western blot assays of CVL for HIV
and prostate-specific antigens

WB was performed on all CVL samples using HIV-specific
p24 and gp41 mouse monoclonal antibodies (mAbs). Non-
specific proteins were blocked with 3% milk in Tris-buffered
saline (pH 7.4), containing 0.1% Tween-20 (TBST). Immuno-
reactive protein bands were visualized using an enhanced
chemiluminescent reagent (GE Healthcare, Piscataway, NJ),
as per the manufacturer’s direction. The dilution of the pri-
mary antibodies used for WB analysis varied between 1:500
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and 1:800. Secondary antibody was used at a dilution of
1:3000. HIV-1 p24 mouse mAbs were purchased from three
different vendors (Abcam Inc., Cambridge, MA; ZeptoMetrix,
Buffalo, NY, and Cliniqa, Fallbrook, CA) and another that was
obtained from the New York Blood Bank (courtesy of Dr.
Shibo Jian). Recombinant full-length HIV-1 p24 (BioWorld,
Dublin, OH) was used as positive control. The other mAbs
used for WB assays included HIV-1 gp41 (ZeptoMetrix, Buf-
falo, NY), human serum albumin (HSA, Abcam Inc. Cam-
bridge, MA), phosphotyrosine 4G10 (Upstate Cell Signaling
Inc., San Francisco, CA), and prostate specific antigen (PSA)
(Santa Cruz Biotechnology, Inc., Santa Cruz, CA), which
corresponded to amino acid residues 1–261 of the full-length
human PSA. The secondary antibody was a goat antimouse
horseradish peroxidase-conjugated polyclonal antibody (BD
Biosciences, Franklin Lakes, NJ). The presence of HIV p24 and
gp41 antigens was examined in all CVL samples obtained at
3-month intervals for periods ranging from 1 to 2.5 years.

In addition to WB assays that were conducted to monitor
for the presence of HIV antigens in the CVL samples at serial
clinic visits, the following WB assays were performed to fur-
ther confirm the presence of HIV p24 in the CVL: briefly, four
equal aliquots of a CVL sample were loaded onto a gel. After
transferring the proteins, the immunoblot was split into four
sections, each section corresponding to one sample lane. Four
different HIV-1 p24 mAbs were obtained from four different
sources, and each immunoblot section was probed with a
separate mAb. The remaining procedure of the WB assay was
performed as described earlier. The specificity of the HIV

antigen-positive bands on immunoblots was additionally
verified by probing HIV antigen-positive and -negative im-
munoblots with a potent irrelevant mAb to HSA.

In another separate WB assay we examined whether the
positive signals on immunoblots probed with HIV-1 p24 mAb
were due to IgG present in the CVL sample. For this WB assay,
one HIV antigen-negative and three HIV antigen-positive
CVL were loaded in duplicate on a gel. After transferring the
proteins, the immunoblot was divided into two. One-half of
the immunoblot was probed with both primary and second-
ary antibodies, and the other half was probed with secondary
antibody alone.

PSA in CVL was also analyzed by the WB method using
mAb raised against human PSA, p30 (Santa Cruz Biotech-
nology, Inc., Santa Cruz, CA). PSA was analyzed from all
women obtained at two different clinic visits and for women
with HIV antigen-positive CVL (HAPC), for a minimum of
three clinic visits.

Immunoaffinity chromatography of CVL

Immunoaffinity chromatography (IC) was performed us-
ing the Microlink Protein Coupling Kit (Pierce, Rockford, IL)
as per the manufacturer’s instructions. Compared to recom-
binant HIV p24 protein that was used as control, HIV p24
antigen in the CVL was found to migrate slowly in the im-
munoblots in all our WB assays. We therefore suspected that
the viral protein in the CVL might be phosphorylated. We,
hence used phosphotyrosine 4G10 mAb to prepare the affinity

Table 1. Demographic Characteristics of Patients

Patient Age Pap resulta Smoking statusb
Contraception

statusc
HPV DNA

in CVL
PSA status

of CVLd
HIV-1 p24 in CVL

(MALDI TOF PMF)

1 46 LGSIL Nonsmoker Tubal ligation Positive type 58 Positive Positive
2 27 ASCUS Nonsmoker Condom Positive type 16 Negative Negative
3 37 ASCUS Nonsmoker Tubal ligation Negative Positive Positive
4 22 Negative

for CIN
Nonsmoker Intrauterine device Negative Not analyzed Negative

5 25 LGSIL Nonsmoker Condom Positive type 72 Negative Negative
6 50 LGSIL Nonsmoker Condom Positive type 39 Negative Positive
7 34 LGSIL Nonsmoker Condom Negative Positive Negative
8 46 HGSIL Smoker Condom Negative Negative Negative
9 20 LGSIL Nonsmoker Condom Positive type 18 Positive Negative
10 25 ASCUS Nonsmoker Pills Positive type 33 Positive Negative
11 22 ASCUS Nonsmoker Pills Positive type 59 Negative Negative
12 21 ASCUS Nonsmoker Pills Positive type 16 Negative Negative
13 21 ASCUS Nonsmoker Pills Negative Positive Negative
14 23 Negative

for CIN
Smoker Pills Negative Not analyzed Negative

15 40 LGSIL Nonsmoker Pills Negative Negative Positive
16 25 HGSIL Nonsmoker Pills Positive type 62 Not analyzed Negative
17 31 ASCUS Nonsmoker Condom Negative Negative Negative
18 18 ASCUS Nonsmoker Condom Positive type 16 Not analyzed Negative
19 36 Negative

for CIN
Nonsmoker Tubal ligation Negative Positive Negative

20 24 Negative
for CIN

Nonsmoker Pills Positive type 16 Negative Negative

aLGSIL=HGSIL, low=high grade squamous intraepithelial lesion; ASCUS, atypical cells of unknown significance.
bSmokers smoked ½ to 2 packs a day for at least 1 year.
cWomen on contraceptive pills for at least a period of 6 months and on other various forms of contraception.
dThe PSA status of four CVL samples was not determined because fresh CVL was not available when PSA assays could be done.
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column. For each IC assay, 160 ml of CVL was loaded onto the
columns and WB assays of the eluates were performed using
HIV-1 p24 and phosphotyrosine 4G10 mAbs.

HIV viral load assays of paired blood and CVL samples

HIV viral load assays of paired CVL and blood samples
were performed for two patients with HAPC employing the
VERSANT HIV RNA 3.0 assay (bDNA) Test kit (Siemens,
Tarrytown, NY) as per the manufacturer’s instructions. The
lower limit of sensitivity of the method used was 75 copies of
HIV RNA=ml. The viral load data of the remaining two pa-
tients with HAPC were not determined because fresh CVL
and blood specimens were not available for viral load studies
and these two women were lost to follow-up.

Immunohistochemical localization of HIV p24
in biopsied cervix tissues

Immunohistochemical localization of HIV p24 antigen in
cervix biopsy tissues was performed to clarify the source of
p24 antigen in the CVL. Twenty cervix biopsies were ana-
lyzed. Tissue sections were cut from formalin-fixed paraffin-
embedded tissue blocks that were available after diagnostic
evaluations. The presence of large numbers of erythrocytes
and blood vessels in cervix biopsies yielded high backgrounds
when stained with DAB. Hence, the alkaline phosphatase
staining method was employed. Tissue sections (4 mm) were
subjected to heat-induced epitope retrieval in citrate buffer.
HIV-1 p24 expression in the tissue was detected using HIV-1
p24 mAb (Dako, Carpinteria, CA). Each tissue served as its
own control, and the immunohistochemistry (IHC) was car-
ried out replacing the primary antibody with an equal amount
of mouse IgG. An autopsied brain tissue that was known to
express HIV-1 p24 was obtained from a patient with HIV
encephalitis, and sections from this tissue were used as positive
controls for the IHC assays. The antigen–antibody complex
formed in the presence of alkaline phosphatase-conjugated
secondary antibody (Southern Biotech, Birmingham, AL) was
visualized using nitroblue tetrazolium=bromochloroindolyl
phosphate (NBT=BCIP) as substrate. Endogenous phosphatase
was blocked by levimasole. Tissue sections were counter-
stained with hematoxylin or Fast Red.

Results

Pap smears obtained from women on the same day as their
CVL samples ranged from ‘‘within normal limits’’ through
high grade squamous intraepithelial lesions (HGSIL). HPV
DNA was detected in 11 out of 20 (55%) women and catego-
rized as follows: high-risk types 16, 18, 33, 35, 39, and 53; low-
risk type 72; and unknown risk type 62 (Table 1). Four women
were identified as having HIV p24 and gp41 antigens in their
CVL samples. The mean ages of women with and without
HIV protein-positive CVL samples were 43.2 years �5.1 SD
(n¼ 4) and 26.2 years�6.9 SD (n¼ 16), respectively ( p¼ 0.002
by Student’s t test, assuming unequal variances). The PSA
status of all 20 CVL samples is presented in Table 1. A positive
PSA status in the table indicates that a signal on immunoblots
was observed at least once when the CVL samples were ex-
amined at serial clinic visits. PSA-positive bands were noted
in 7 out of 16 CVL samples analyzed. However, the possibility
that the HIV proteins identified in the CVL samples were from

semen contamination was excluded by the absence of PSA in
samples that were positive for HIV p24 antigen (data not
shown). Table 2 summarizes the available clinical information
on our subjects, including sexual history, reproductive his-
tory, and the frequency of HIV testing.

Protein expression profiling of CVL samples

The protein concentrations of the 20 CVL samples ranged
from 0.18 to 1.34 mg=ml. The gel patterns (Fig. 1) showed
distinct polypeptide bands across a wide range of molecular
weights in each of the lanes, with marked variations in the
protein profiles among CVL samples.

Mass spectrometry of CVL

PMF results using ProFound and MASCOT identified HIV-
1 gag and HIV-1 env glycoprotein in CVL samples of 4 out of
20 women in the study. PMF results ranked HIV-1 env gly-
coprotein and HIV gag protein as the first significant candi-
date proteins with 16–46% coverage. The experimentally
identified peptide sequences were found to be contiguous and
overlapped with peptide sequences of identified HIV env
glycoprotein and gag protein that exist in the Protein Data
Bank. A representative mass spectrometry result of Well 26
Band 2 identifying HIV gag protein is described. Fourteen
unique monoisotopic ions were obtained from the corre-
sponding spectrum, compared to control. The PMF results,
with mass tolerance set at 100 ppm, ranked HIV gag protein
(accession no. gi 2959955) as the number one protein in the list,
with an expectation value of 0.002 and with 30% sequence
coverage. Out of a total 14 unique monoisotopic ions, 8 ions
matched to the following 8 HIV gag peptides: FYKTLR
(826.484 m=z), AEQASQEVK (988.418 m=z), DYVDRFYK

Table 2. HIV Testing, Sexual and Reproductive

Histories of Study Subjects

Patient
Frequency of

HIV serologies

Number of
lifetime male
vaginal sex

partners
Number of
pregnancies

Number of
live births

1a 3 2 5 5
2 4 4 2 2
3a 1 1 1 1
4 4 3 1 0
5 1 3 2 1
6a 3 4 2 2
7 4 1 5 5
8 1 4 3 2
9 8 2 3 1
10 4 3 1 1
11 1 6 3 2
12 8 21 2 0
13 1 2 1 0
14 6 2 2 1
15a 1 1 4 2
16 4 8 2 0
17 2 8 1 1
18 5 1 2 1
19 1 2 5 3
20 2 10 1 1

aIndicates subjects with HIV antigen-positive CVLs.
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(1104.499 m=z), EPFRDYVDR (1195.604 m=z), MYSPTSILDIR
(1294.531 m=z), TLRAEQASQEVK (1358.717 m=z), MYSPTS-
ILDIRQGPK (1704.904 m=z), and VHPVQAGPIPPGQLREPR
(1947.016 m=z). Another representative mass spectrometry
result of Well 8 Band 1 identifying HIV env glycoprotein is
depicted as well. Twenty-seven unique monoisotopic ions
were obtained from the corresponding spectrum, compared to
control. The PMF results, with mass tolerance set at 150 ppm,
ranked HIV env glycoprotein (accession no. gi 31075611) as
the number one protein in the list with an expectation value
of 0.001 and with 17% sequence coverage. Out of a total 27
unique monoisotopic ions, 9 ions matched to the following
9 HIV peptides: LTVWGIK (815.412 m=z), IEEGGGEQGSGR
(1174.522 m=z), IKQIIINMWQR (1328.622 m=z), LLEDSQ-
NQQEK (1330.572 m=z), VANQLGKHFPNK (1351.652 m=z),
IVVTIISVVNRVR (1466.802 m=z), MIFWMLMISKATDK
(1713.762 m=z), VSFEPIPIHYCTPAGFAILK (2258.962 m=z),
and NIIVQFTESVPINCTRPNNNTR (2586.062 m=z).

PMF identified other significant candidate proteins from
polypeptide bands of the same gels or other CVL sample-
loaded gels. These included HPV-related early and late
proteins, hepatitis C viral proteins, albumin, IgG heavy
and light chains, T cell receptor chain, MHC Class II anti-
gen, a2-macroglobulin precursor, b-globin chain, and sperm-
associated antigen (data not shown).

Confirmation of HIV proteins in CVLs

The WB and IC results are collectively depicted in Figs. 2–4.
The immunoblot of Gel 1 in Fig. 2a depicts four HIV-1
p24 antigen-positive CVL samples. Gel 2 shows one HIV-1
p24 antigen-positive and three HIV-1 p24 antigen-negative
CVL samples. The immunoblot of Fig. 2b shows one HIV-1
gp41 antigen-negative and three gp41 antigen-positive CVL
samples. The Coomassie-stained protein profiles of lane 2 of
both gels (Gel 2 Fig. 2a and Fig. 2b) show distinct polypeptide
bands, yet the respective immunoblots show an absence of
HIV-1 p24 and gp41 antigens, suggesting thereby that the
presence of HIV proteins in the CVL samples was not de-
pendent on the protein concentrations.

Figure 3 depicts the results of the four immunoblots that
were probed with four different HIV-1 p24 mAbs. The iden-
tical results of the four immunoblots, even though the four
mAbs originated from different clones, confirmed the pres-
ence of HIV p24 in the CVL. The WB assay that was conducted
to evaluate whether IgG in CVL was responsible for the im-

munopositive bands showed that the signals were absent
when the primary antibody was omitted, thereby validating
that the immunopositive bands were not due to immuno-
globulins (data not shown). All HIV antigen-positive and
-negative immunoblots were also probed with mAb to HSA to
verify the specificity of the viral protein positive bands. Dis-
tinct immunopositive bands were seen in all immunoblots
probed with HSA that corresponded to approximately 65 kDa
molecular weight (data not shown), thereby validating that
the positive bands seen when probed with HIV antibodies
were HIV antigen specific. A representative IC result is shown
in Fig. 4.

The presence of an HIV-1 p24-positive signal in affinity
column eluate (lane 5) confirmed the presence of HIV p24 in
the CVL sample. An increase in the intensity of the p24 signal
was noted in lane 5 of the immunoblot compared to lanes 3
and 4 (Fig. 4a). Perhaps the 8-fold increase in sample volume
loaded onto the immunoaffinity column (160 ml compared to
20ml in each of lane 3 and 4) accounted for the difference in
signal strengths. The difference in sample volume could also
explain why HIV p55 was seen only in lane 5 of the immu-
noblot and not in the other two sample lanes. The WB results
after reprobing the previous immunoblot with recombi-
nant phosphotyrosine 4G10 mAb showed phosphotyrosine-
positive signals in lanes 3, 4, and 5 of the immunoblot and
not in lane 2 or 6 (Fig. 4b). When the HIV p24-positive and
phosphotyrosine-positive immunoblots were overlaid on top
of each other the p24 and phosphotyrosine-positive bands
were found to coincide, suggesting thereby that HIV p24
protein in CVL was phosphorylated on tyrosine.

Viral load of paired CVL and blood samples

The viral loads of the two CVL samples positive for HIV
proteins were 407 and 2780 copies=ml, even though the viral
load of both paired plasma samples was below the detectable
level of 75 copies=ml. When adjusted for the total CVL sam-
ple retrieved during the lavage process (*10 ml per lavage),
the calculated viral loads were 4070 copies and 27,800 copies
per lavage, suggesting that these two women had in fact been
exposed to HIV.

Immunohistochemistry of biopsied cervix tissues

HIV p24 antigen-positive signals were noted in small
foci in cervical biopsy tissues from four women with HIV

FIG. 1. Coomassie Brilliant blue-stained SDS gels showing protein profiles of cervicovaginal lavage samples. Protein
concentrations of the CVL samples ranged from 0.18 to 1.34 mg=ml; 20-ml CVL sample was loaded per lane. The Coomassie-
stained gel patterns of 20 individual CVL samples show distinct polypeptide bands across a wide range of molecular weights.
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antigen-positive CVL (HAPC) (Fig. 5a, c, e, and g). In tissues
of the remaining 16 women with HIV antigen-negative CVL
the HIV p24 antigen could not be detected. Two representa-
tive tissue sections, obtained from a woman with HIV antigen-
negative CVL, in which HIV p24 antigen-positive signals
were not detected, are shown in Fig. 6a and b: a tissue section
that was probed with the primary antibody HIV-1 p24 mAb
(Fig. 6a) and the other section from the same biopsy tissue was
probed with mouse IgG to serve as its control (Fig. 6b). Figure
6c shows HIV p24-positive multinucleated giant cells in hu-

man brain tissue from an HIV-infected subject that was used
as positive control for the IHC assays. One HIV p24 antigen-
positive cervical biopsy section stained for the presence of
HLA-DR antigen showed that the antigen was also present.
However, the two antigens did not colocalize (Fig. 6d).

Discussion

While monitoring the regression=progression patterns of
cervix dysplasia in women with CIN we evaluated proteins in

FIG. 2. HIV-1 antigen-positive immunoblots of CVL samples and corresponding Coomassie-stained SDS gels. (a) Of the 20
CVL samples analyzed for the presence of HIV-1 p24 at serial clinic visits, the WB data of six representative CVL samples are
shown. Lane 3 of both Gel 1 and Gel 2 represents the same CVL sample. Gel 1 of (a) shows the immunoblot of four HIV-1
p24-positive samples and their respective Coomassie-stained protein profiles. Gel 2 of (a) shows three representative HIV-1
p24-negative CVL in lanes 2, 4, and 5 of the immunoblot with their respective Coomassie-stained protein profiles shown
above. (b) CVL samples of all 20 patients were also analyzed for the presence of HIV-1 gp41 antigen by WB and four
representative WB data are shown: one HIV-1 gp41 antigen-negative CVL in lane 2 of the immunoblot, and three HIV-1 gp41
antigen-positive CVL samples in lanes 3, 4, and 5 of the immunoblot, respectively. The corresponding Coomassie-stained
protein profiles of the samples are shown above.

FIG. 3. Immunoblots probed with four mouse HIV-1 p24 monoclonal antibodies raised from separate clones. Equal aliquots
of a CVL sample were loaded four times on a gel. After transferring the proteins the immunoblot was split into four sections
and probed with an HIV-1 p24 mAb obtained from the following sources: (1) Abcam Inc., Cambridge, MA; (2) Cliniqa,
Fallbrook, CA; (3) ZeptoMetrix, Buffalo, NY; and (4) New York Blood Bank, New York, NY. Identical bands in all four
immunoblots confirmed the presence of HIV-1 p24 in the CVL.
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CVL for a possible association with cervical pathology. Bac-
teria, fungi, spermatozoa, leukocytes, and other contaminants
of the cervical milieu are frequently retrieved by a lavage. We
used the soluble protein fractions from CVL to circumvent
these resident contaminants and to focus primarily on cervix-
associated proteins. The identification of HIV gag and env
glycoprotein in the CVL samples of four women by MALDI-
TOF peptide mass fingerprinting was unexpected. The
significant PMF results from two different search engines,
ProFound and Mascot, provided confidence that HIV gag and
env glycoprotein were likely to be present in these four CVL
samples. CVL samples obtained at follow-up clinic visits
showed the continued presence of HIV env and gag proteins
by mass spectrometry PMF in the same four women and the
absence of the HIV antigens in the remaining 16 women.
These results were of particular interest because all 20 women
were negative for HIV-1 and -2 antibodies.

These findings prompted us to reexamine the CVL samples
and confirm the presence of these viral proteins using con-
ventional and unconventional techniques: enzyme-linked
immunosorbent assay (ELISA), WB, and IC. ELISA was per-
formed only once (data not shown) while WB and IC assays
were performed repeatedly, and all three techniques con-
firmed the presence of HIV-1 p24 in the four CVL samples and
their absence in the remaining 16 CVL samples. WB studies
additionally confirmed that the positive signals seen on the
immunoblots probed with HIV p24 mAb were not due to IgG,
they were HIV protein specific, and that the HIV proteins in
CVL were not recent contributions from male partners’ se-
men. The patients were referred to the HIV testing facility of
JMC for follow-up HIV serologies. Review of their electronic
charts indicated that all patients were consistently seronega-
tive for both HIV-1 and HIV-2 antibodies. Follow-up HIV
testing was not initiated until we were confident that HIV
proteins were present in CVL, and since patients entered the
study at different times the number of HIV serologies was not
the same for all subjects (Table 2). Noncompliance with re-
ferral to the HIV service may have also played a role in this
variability. IC results of the present study suggested that HIV

p24 protein in CVL was phosphorylated on tyrosine (Fig. 4).
These results are similar to those reported by other investi-
gators who have shown that cultured CD4þ lymphocytes
infected with HIV released p24 protein phosphorylated at
serine residues21,22 in the culture medium.

Although the detection of HIV antibodies in serum is cur-
rently the hallmark of HIV diagnosis, investigators have
shown that appreciable amounts of HIV antigens and RNA
can also be detected in cervical secretions from HIV-infected
women.17,18 The viral loads of the two HAPCs in this study
were 4070 and 27,800 copies even though HIV RNA was
undetectable in their paired blood samples. Our findings are
analogous to those reported by other investigators who have
shown that in HIV-seropositive women, the viral loads and
HIV genotypes of paired cervicovaginal secretions and blood
are independently regulated and can differ. Active HIV viral
replication in cervical secretions did not always correlate with
a detectable plasma viral load.23

Numerous CD4þ cells reside in cervical mucosa, including
T lymphocytes, macrophages, and dendritic cells.24 Cultured
cervical epithelial cells isolated from hysterectomized uteri
express CD4 and CCR5 coreceptors.25 Significantly elevated
expression of CCR5 was also detected in cervical tissues from
HIV-infected women compared to biopsies from healthy
normal women.26 Leukocytes, endocervical, exocervical, and
vaginal cells are common constituents of CVL. The HIV pro-
teins identified in CVLs in our study may well have originated
from any of these cells or from other CVL contaminants.
Cervical biopsy specimens from the studied patients were
therefore examined for HIV p24 antigen to determine the
site(s) of protein expression. Immunopositive signals were
noted in the four cervical biopsies from women with HAPC
(Fig. 5a, c, e, and g) and were undetectable in the biopsies from
women with HIV antigen-negative CVL (Fig. 6a). In two of
these HIV-positive specimens, immunopositive spots were
seen both in tissue sections probed with HIV p24 mAb and
that which was probed with mouse IgG to serve as controls
(Fig. 5 c, e, d, and f, respectively). The number of im-
munopositive spots in the tissue sections probed with the

FIG. 4. Immunoblot of immunoaffinity column eluates probed with HIV-1 p24 and phosphotyrosine 4G10 mAbs. The
samples loaded on the gel were as follows: lane 1¼molecular weight marker; lane 2¼HIV-1 p24 full length recombinant
protein (positive control); lane 3¼untreated CVL sample; lane 4¼CVL sample treated with protein Aþprotein G treated to
remove IgG; lane 5¼ eluate from the immunoaffinity column in which the CVL sample was loaded; lane 6¼ eluate from the
control immunoaffinity column. The HIV-1 p24-positive band in lane 5 (chromatography column eluate) confirmed the
presence of p24 antigen in the CVL. Two additional bands were noted in lane 5, one corresponding to 41 kDa and the other to
55 kDa. These are probably HIV 41 and 55 gag proteins that could be visualized only when 160 ml of CVL was loaded onto the
column (a). (b) The WB results when the same immunoblot was reprobed with phosphotyrosine, recombinant 4G10 mAb.
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primary antibody was, however, greater. Levimasole was
used to block the endogenous phosphatase levels. Our data
suggest that in these two tissues, the endogenous phosphatase
level was perhaps increased because the amount of levimasole
used should have completely blocked the endogenous phos-
phatase level, but was found to be insufficient. Protein tyro-
sine phosphatases are a large group of enzymes that regulate
many signal transduction processes that are critical for
maintaining the homeostasis and efficient cellular activa-
tion.27 In disease states, specifically during HIV infection, this
delicate balance between tyrosine kinase and tyrosine phos-
phatase is disturbed.

It is reported that following HIV infection, the host re-
sponds by increasing endogenous phosphatase levels to ac-
tivate the resident T cells.27,28 Hence, increased endogenous
phosphatase in the cervix tissue in our study could be a
manifestation of HIV infection. HLA-DR is a transmembrane
glycoprotein that is expressed on antigen-presenting cells

such as B lymphocytes, monocytes, macrophages, thymic
epithelial cells, and activated T cells. We investigated whether
the HIV-positive cells in cervix biopsy tissue were also HLA-
DR-positive. The tissue section was doubly probed with HIV
p24 and HLA-DR mAbs. The data showed that both HIV p24
and HLA-DR antigens were present in the tissue but the two
antigens did not colocalize (Fig. 6d). Confirmation of HIV p24
expression in cervical tissue by antigen blocking and pheno-
type characterization of the HIV p24-positive cells would
have been useful, but the biopsy tissue samples were small
and the number of tissue sections available for study was
limited.

Individuals who remain seronegative despite repeated ex-
posure to HIV have previously been reported by other in-
vestigators, and various mechanisms are postulated by the
authors to explain these phenomena.29–38 The finding of mu-
cosal HIV-1 proteins in four asymptomatic HIV-seronegative
women in our study is unusual. The participants did not re-

FIG. 5. HIV p24 expression in cervical biopsy specimens from women with HAPC. The immunohistochemistry results
when cervical biopsy specimens from women with HAPC were assayed by alkaline phosphatase staining method are
depicted. (a, c, e, g) The presence of HIV p24 antigen in the tissues (as indicated with arrows, magnification 200�). (b, d, f, h)
The results when the cervix tissues were processed without the primary antibody (HIV p24 mAb) to serve as negative
controls (magnification 200�). Increased endogenous phosphatase activity, which could not be blocked with levimasole, was
noted in all HIV p24-positive cervix tissues that were processed without the primary antibody to serve as controls (d, f).
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port intravenous drug use or sex work and were otherwise
not at obvious high risk for HIV (Table 2). It is worth re-
emphasizing that patients recruited for this study voluntarily
attended the gynecology clinics for routine Pap tests to screen
for cervix cancer. Women with abnormal Pap smears were
referred to the Colposcopy Clinic where they underwent
colposcopically directed cervical biopsies. Those whose bi-
opsies demonstrated grade 1 CIN were enrolled in a study
that was initially designed to investigate whether proteins
retrieved by cervical lavage correlated in any way with sub-
sequent regression of CIN or progression to invasive cervix
cancer. Our findings suggest the following possibilities: (1)
HIV-1-specific proteins can be expressed in genital tract se-
cretions and tissues due to mucosal infection that may never
be associated with seropositivity; (2) early HIV infection
limited to the genital tract will be followed by seroconversion
after a latent period, the duration of which is currently un-
known; (3) HIV infection might have been aborted with per-
sistence of some residual protein; and=or (4) the women might
have distinct genetic profiles that conferred resistance to HIV
infection. Based on our findings we suggest that identification
of HIV proteins in CVL from sexually active females might be
an earlier predictor of HIV exposure and=or subclinical in-
fection than a positive HIV serology.

Eighty percent of newly diagnosed HIV infections occur in
women aged 20–49 years.39 The female genital tract may be
more susceptible to HIV infection because of the repeated

shedding and remodeling of the endometrium with men-
struation. Leukocytes play active roles in this hormonally
controlled rebuilding process. Many leukocytes have cell
surface receptors for HIV, as do cervical epithelial cells.24–26

The availability of large numbers of HIV target cells may
make the female genital tract vulnerable for HIV infection
over the course of many menstrual cycles. Perhaps the older
mean age of women with HAPC in the present study reflects a
greater opportunity for HIV to access the host tissues during
these periods of enhanced vulnerability.

The prevalence of HIV seropositivity among women in
outpatient clinics in the Bronx has been reported to be less
than 6%,40 yet 20% of our small sample of women with CIN
had HIV proteins and RNA in their CVL. This discrepancy
might be because we may have screened for HIV antigen in
CVL at an early time before HIV antibodies appeared in the
blood. We have thus identified a cohort of HIV-seronegative
women who nevertheless appear to have been exposed to and
infected with HIV. Future studies are needed to evaluate (1)
the sensitivity and specificity of MALDI-TOF and WB for the
detection of HIV protein in CVL, (2) the possible value of these
techniques as early screens for HIV exposure prior to sero-
conversion, (3) whether HIV-seronegative patients with
HAPC are capable of transmitting the virus to noninfected
peripheral blood mononuclear cells, to their sexual partners,
or to their own fetuses, and (4) what defines the immuno-
logical profile of women in this category.

FIG. 6. HIV p24 and HLA-DR expression in cervical biopsy specimens and HIV p24-positive control. (a) A representative
IHC result showing HIV p24 antigen-negative cervix tissue after being probed with HIV p24 mAb (magnification 400�). (b) A
section of the same tissue as in (a) processed without the primary antibody to serve as control (magnification 400�). (c) HIV
p24-positive multinucleated giant cells in brain tissue that was used as positive control for the IHC assay (magnification
400�). An HIV p24-positive cervix tissue was examined for the presence of HLA-DR antigen. Blue stains (indicated with a
single arrow) show the presence of HIV p24 and brown spots (double arrow) show the presence of HLA-DR antigens in the
tissue (d, magnification 200�). (e) The same tissue processed without primary antibodies (magnification 200�).
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We recognize that detection of proviral HIV DNA and de-
termination of the HIV DNA sequence would have further
substantiated HIV infection in these women. However, the
study was not originally designed as an investigation of HIV
and we did not have a provision for DNA testing in our in-
formed consent form. Since New York State law prohibits HIV
DNA testing without patient consent, proviral DNA assay or
HIV DNA sequencing could not be performed retrospectively.

Detection of HIV antigens and=or RNA in CVL could be an
adjunct to plasma testing for the diagnosis of HIV. Im-
munological responses to HIV develop over several weeks or
months and a lag exists between entry of the virus and the
appearance of HIV antibodies in the blood. This latent period
is not usually recognized and HIV exposure without sero-
positivity is currently undiagnosed by routinely available
methods. In the effort to develop an effective vaccine against
HIV, early identification of women soon after HIV exposure
can give us insights as to the earliest pathogenic processes that
must be understood in stimulating effective immunological
responses and protection. We believe that screening for HIV
antigens in cervical secretions may offer such an investigative
opportunity and may promote new insights regarding mu-
cosal HIV infection in women.
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