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Topical microbicides (cellulose acetate 1,2 benzene dicarboxylate [CAP], PRO 2000, SPL7013, and UC781)
are being investigated to reduce the sexual transmission of human immunodeficiency virus type 1 (HIV-1).
These products were shown to prevent the transfer of infectious HIV-1 from urogenital and colorectal epithelial
cell lines to peripheral blood mononuclear cells. However, it was unclear if the topical microbicides rendered
the virus noninfectious and/or reduced the binding to the epithelial cells. To test this, epithelial cells were
cultured with HIV-1 in the presence or absence of topical microbicides or their placebos. The cells were washed,
RNA lysates were made, and real-time PCR was performed for HIV-1. PRO 2000 and SPL7013 significantly
(P < 0.0001) reduced the amount of bound HIV-1 to the colorectal epithelial cell line across clades A, B, C, and
CRF01-AE. While none of the products reduced the binding of HIV-1 clades A and C to the urogenital cell line,
CAP, PRO 2000, and SPL7013 significantly (P < 0.002) reduced the binding of clades B and CRF01-AE. In
general, PRO 2000 and SPL7013 placebos significantly (P < 0.0001) reduced the amount of bound HIV-1 but
were less than the active products. UC781, its placebo, and hydroxyethyl cellulose (placebo for CAP) minimally
affected the amount of bound HIV-1. These results suggest that rendering HIV-1 noninfectious may not
correlate to the amount of HIV-1 bound to epithelial cells and possible shedding into mucosal secretions.
Therefore, functional virological assays in addition to measuring viral RNA should be included when clinically
evaluating topical microbicide use by infected persons.

Sexual transmission of human immunodeficiency virus type
1 (HIV-1) through mucosal surfaces is the most common mode
of transmission worldwide, with women representing the ma-
jority of new infections (22). Despite evidence showing that
latex condoms are effective at preventing the sexual transmis-
sion of HIV-1 (6, 13, 26, 29), their use is inconsistent. More-
over, many women lack the ability to negotiate condom use
with their sexual partner (10, 15, 28). This highlights the need
for products such as topical microbicides that could decrease
HIV-1 transmission at mucosal sites and be used without part-
ner consent. Although sexual transmission of HIV-1 is not fully
understood, current data suggest that HIV-1 associates with
but does not infect vaginal/cervical epithelial cells (8, 31). The
duration of this association may impact the establishment of
HIV-1 infection by providing an opportunity for the virus to
interact with underlying immune cell targets. Potential anti-
HIV-1 microbicides are designed to interfere with the HIV
transmission cycle while maintaining the integrity of the epi-
thelial barrier.

Several mechanisms of action exist for microbicide candi-
dates. These strategies include (i) strengthening the innate

immune defenses (e.g., antimicrobial peptides), (ii) killing or
inactivating the pathogen (nonoxynol-9, cellulose acetate 1,2-
benzene dicarboxylate [CAP]), (iii) inhibiting viral fusion and
entry (e.g., napthphalene sulfonate polymers [PRO 2000], den-
drimers [SPL7013], CAP), and (iv) inhibiting viral replication
(e.g., reverse transcriptase inhibitors [UC781]). We previously
have shown that microbicide candidates CAP, PRO 2000,
SPL7013, and UC781 inhibit infectious virus transfer from
epithelial cells to activated immune cells (9). However, it was
unclear if the microbicides tested were inhibiting interactions
between the virus and epithelial cells or rendering the virus
noninfectious through other means. The purpose of this study
was to investigate the association of HIV-1 with epithelial cells
and determine whether the formulated microbicides affect the
adherence of HIV-1 associated with these epithelial cells.

MATERIALS AND METHODS

Cells. Epithelial cell lines were obtained from the American Type Culture
Collection (Manassas, VA). Unless otherwise indicated, all tissue culture re-
agents were obtained from Invitrogen Corp., Carlsbad, CA. The urogenital cell
line (A431) (12) and the colorectal cell line (Caco-2) (11) were grown in Dul-
becco’s modified Eagle’s medium supplemented with 10% fetal bovine serum,
100 mM L-glutamine, 100 U/ml penicillin, 100 �g/ml streptomycin, and 0.1 mM
sodium bicarbonate. Cells were maintained at 37°C, 7% CO2. Normal human
peripheral blood mononuclear cells (PBMCs) were obtained by leukophoresis
from HIV-1-negative blood donors, purified by differential centrifugation, and
stored in the gas phase of liquid nitrogen until needed. PBMCs were depleted of
CD8 T cells by using anti-CD8-conjugated magnetic beads (Dynal, Lake Success,
NY) according to the manufacturer’s instructions. The CD8-depleted PBMCs
were stimulated for 3 days at 37°C in 7% CO2 in complete RPMI 1640 medium
(cRPMI with 10% fetal bovine serum, 100 mM L-glutamine, 100 U/ml penicillin,
and 100 �g/ml streptomycin) supplemented with 10% interleukin-2 and 0.5
�g/ml of phytohemagglutinin-P which showed optimal proliferation as measured
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by [3H]thymidine. After 3 days, the PBMCs were washed and suspended in
cRPMI with 10% interleukin-2 (Roche Diagnostics, Indianapolis, IN).

Topical microbicides. All microbicides tested were in formulations designed
for human use (Table 1). Micronized CAP was provided in the formulation of
Aquateric (containing approximately 13% CAP; FMC Corp., Philadelphia, PA)
by Lindsey F. Kimball Research Institute (NewYork, NY) and Dow Pharmaceu-
tical Sciences (Petaluma, CA). Hydroxyethyl cellulose was provided by the man-
ufacturer and used as a placebo for CAP. PRO 2000 (4% formulation), a
formulated naphthalene sulfonate polymer, and its placebo were provided by
Indevus Pharmaceuticals, Inc., (Lexington, MA). SPL7013, a polylysine den-
drimer formulated into a 5% gel, and its placebo were provided by Starpharma
Pty. Ltd., Melbourne, Australia. UC781 (0.1% formulation), a formulated re-
verse transcriptase inhibitor, and its placebo were provided by Biosyn, Inc.,
Huntington Valley, PA. Each microbicide and its placebo were previously tested
for toxicity against epithelial cell lines (9). Nontoxic dilutions in this study were
created by diluting the formulated product in culture medium and were as
follows: CAP, 1:50; HEC, 1:10; PRO 2000 and placebo, 1:25; SPL7013 and
placebo, 1:25; UC781 and placebo, 1:10.

HIV stocks. Laboratory-adapted subtype B, HIV-1BaL, was obtained from
Advanced Biotechnologies, Inc.(Columbia, MD), and HIV-1LAI was obtained
from the Centers for Disease Control and Prevention (Atlanta, GA) stocks. All
primary isolates were obtained through the AIDS Research and Reference
Reagent Program, Division of AIDS, National Institute of Health. (Bethesda,
MD). The primary isolates utilized in this study include clade A (CCR5,
97USSN54 and CXCR4, 96USSN20), clade B (CRCX4, 93US143), clade C
(CCR5, 96USNG58 and CXCR4, 96USNG31), and clade CRF01-AE (CCR5,
93TH078 and CXCR4, CMU08). The RNA copies of each viral stock were
determined by the Amplicor HIV-1 monitor test, version 1.5 (Roche Molecular
Systems, Alameda, CA).

HIV-1 transfer from epithelial cells to PBMCs. The urogenital (A431) epi-
thelial cell line was plated at 5 � 105 cells per well of 12-well plates and cultured
overnight. Anti-HIV-1 efficacy was tested by adding a diluted concentration of
the product while the cells were exposed to virus. The diluted concentrations of
each microbicide and placebo were previously determined to be nontoxic to the
epithelial cells and PBMCs (9). HIV-1BaL (100 TCID50/well) was mixed with the
diluted microbicide or placebo and immediately added to the epithelial cultures
in duplicate for 18 h. The cultures were washed three times with phosphate-
buffered saline before 2.5 � 106 activated PBMCs were added. Half-volume
medium changes were done every 3 to 4 days, and the supernatant was stored at
�80°C to test for HIV-1 infection by using an HIV-1 p24gag protein enzyme-
linked immunosorbent assay (Coulter Immunology, Hialeah, FL).

Determination of HIV-1 RNA bound to epithelial cells. Urogenital (A431) and
colorectal (Caco-2) epithelial cell lines were plated separately at 2.5 � 105

cells/well in 24-well plates and cultured overnight at 37°C, 7% CO2. To evaluate
how much HIV-1 was bound to the epithelial cells, RNA equivalents of an HIV-1
isolate (100, 10, or 1) were added to the appropriate wells (virus controls). To
test the effect that the formulated microbicides have on HIV-1 binding, nontoxic
concentrations of formulated products were mixed with 100 RNA equivalents
of virus (REV) and immediately added to the appropriate wells. Each treat-
ment or virus control was performed in duplicate and cultured overnight at
37°C, 7% CO2.

RNA extraction. All wells were washed three times with phosphate-buffered
saline. The cell monolayer was observed for intactness before proceeding. Cells
were lysed using RNeasy lysis buffer (QIAGEN, Valencia, CA), homogenized
with the QIAGEN QIAshredder, and extracted using the RNeasy protocol with

optional DNase digestion. RNeasy columns were washed with two 25-�l volumes
of RNase-free H2O to yield a total volume of 50 �l RNA per sample.

Quantitative real-time PCR. The amount of virus bound to epithelial cells
was determined using an in-house real-time PCR (17). Forward and reverse
primers were designed from a conserved HIV-1 sequence in the long terminal
repeat (LTR) region. Each reaction contained 12.5 �l of master mix com-
posed of 1 �l (each) of forward primer (0.2 �M), reverse primer (0.4 �M),
and HIV probe (0.2 �M) mix, 1 �l of deoxynucleoside triphosphate mix, 1 �l
of enzyme mix, 5 �l of 5� buffer (QIAGEN Onestep PCR kit), 0.2 �l of
RNase inhibitor (Roche Diagnostics), and 1.5 �l of a 1:100 dilution of 100
�M Rox Standard II (Standard II; Synthegen, Houston, TX). Extracted
DNase-digested RNA (12.5 �l) was added to each reaction mixture. Each
sample was run in triplicate in a 96-well format using the ABI-prism 7000
sequence detection system.

Statistical analysis. To measure the effect that cell type, viral subtype, and
microbicide have on virus bound to epithelial cells, a mixed-effects model was
used. Cell type, viral subtype, and microbicide were fixed effects, and the re-
peated measures on the wells and different experiments (or batches) were the
random effects. Bonferroni adjustments were made to significance levels for
multiple comparisons. All modeling was done using SAS version 9.1 (SAS Insti-
tute, Cary, NC).

RESULTS

CAP, PRO 2000, SPL7013, and UC781 were previously
shown to prevent the transfer of infectious HIV-1 from uro-
genital (HEC-1-A [uterine carcinoma] and ME-180 [cervical
carcinoma]) and colorectal (Caco-2 and SW873) epithelial
cells to PBMCs (9). Those findings have been extended using
the A431 epithelial cell line, which has characteristics similar to
vaginal epithelial cells. To determine the extent of microbicide
effectiveness at reducing HIV-1 transfer, day 10 was analyzed
because this is the day on which virus replication began to
plateau in the control wells. On day 10, CAP, PRO 2000,
SPL7013, and UC781 reduced infectious HIV-1BaL transfer by
6.1, 3.8, 7.2, and 6.1 log10, respectively (Fig. 1). HEC and PRO
2000 placebo were similar to the control and did not affect the
transfer of infectious HIV-1BaL. UC781 placebo modestly re-
duced the transfer of HIV-1BaL by 1.9 log10, while SPL7013
placebo reduced the transfer of HIV-1BaL by 7.2 log10, similar
to the SPL7013 gel. These data were consistent with our pre-
vious work showing that the formulated microbicides blocked
transfer of infectious virus and the placebos, SPL7013 and
UC781, but not PRO 2000, had modest reductions of infec-
tious virus transfer (9). While these topical microbicides re-
duce the transfer of infectious HIV-1 to activated immune
cells, it is unclear how these products affect this transfer, i.e.,
whether they inactivate the virus with or without affecting viral
binding to the epithelial cells.

TABLE 1. Topical microbicide products and placebos tested

Product
(reference) Constituent Placebo Placebo constituent

CAP (21) Pharmaceutical excipient; 13% polyanionic polymer
with antimicrobial activity

Hydroxyethyl cellulose 3.25% aqueous gel

PRO 2000 (24) Naphthalene sulfonate polymer (4%) with
antimicrobial activity

Cross-linked polyacrylic acid
polymer-based aqueous gel

1% gelling agent with pH
buffering capacity

SPL7013 (5) Lysine dendrimer (5%) in which the surface has
been derivatized with sodium naphthalene
disulfonate groups with antimicrobial activity

Cross-linked polyacrylic acid
polymer-based aqueous gel

5% gelling agent with pH
buffering capacity

UC781 (3) Tight binding (0.1%) nonnucleoside reverse
transcriptase inhibitor; anti-HIV-1 activity only

Cross-linked polyacrylic acid
polymer-based aqueous gel

1% gelling agent with pH
buffering capacity

VOL. 51, 2007 MICROBICIDE EFFECTS ON CELLULAR HIV BINDING 1973



Since little is known about the association between HIV-1
and epithelial cells, differences in binding based on HIV-1
clade and coreceptor usage was investigated. A431 or Caco-2
epithelial monolayers were cultured with 100, 10, or 1 REV
from representative primary HIV-1 isolates from clades A, B,
C, and CRF01-AE as well as laboratory adapted isolates, HIV-
1BaL and HIV-1LAI, and the relative amount of HIV-1 bound
was determined using quantitative real-time PCR. Although
the HIV-1 isolates tested showed evidence that the amount of
epithelial-associated viral RNA varied, as represented by the
cycle threshold, these differences did not group by viral clade
(Fig. 2). Overall, less HIV-1 was bound to the A431 cell line
than the Caco-2 cell line, as shown by the higher cycle thresh-
old values (P � 0.004). Further analysis showed no significant
differences in HIV-1 clade binding to the A431 cell line. Clades
B, C, and CRF01-AE bound to similar levels to the Caco-2 cell
line, but CRF01-AE bound less than clade A (P � 0.001).
When grouped by coreceptor usage, CXCR4-using isolates did

not bind as well as CCR5-using isolates to the Caco-2 cell line
(P � 0.05), but there was no significant difference for the A431
cell line.

Next, the topical microbicide products were tested to deter-
mine whether or not they affect the binding of HIV-1 to the
epithelial cells. When nontoxic dilutions of formulated prod-
ucts or their placebos were incubated with HIV-1BaL or HIV-
1LAI, CAP, PRO 2000, and SPL7013 significantly inhibited the
association of both viruses with the A431 cell line compared to
the untreated 100-REV control (P � 0.002) (Fig. 3A). Inter-
estingly, the placebos for PRO 2000 and SPL7013 inhibited
binding of HIV-1BaL (P � 0.001) and SPL7013 placebo also
inhibited HIV-1LAI (P � 0.001). UC781 and its placebo as well
as the placebo for CAP (HEC) did not reduce the binding of
the laboratory-adapted HIV-1 to the A431 cell line. Using the
Caco-2 cell line, similar results were obtained, with the excep-
tion of CAP not affecting HIV-1LAI binding (Fig. 3B).

HIV-1BaL and HIV-1LAI are clade B laboratory-adapted

FIG. 1. Ability of microbicide product and placebo formulations to block clade B HIV-1BaL transfer from A431 epithelial cell lines to activated
PBMCs. Epithelial cell lines were cultured overnight with virus and nontoxic epithelial concentrations of product or placebo. The cells were
washed, and activated PBMCs were added. Virus infection of the PBMCs was monitored using the HIV-1 p24gag enzyme-linked immunosorbent
assay. The data presented are the averages � standard errors of the means from at least two independent experiments. Cultures that were positive
for HIV infection had HIV-1 p24 levels of �1 ng/ml, as indicated by the horizontal line. Product dilutions were 1:50 for CAP, 1:10 for HEC, 1:25
for PRO 2000 and placebo, 1:25 for SPL7013 and placebo, and 1:10 for UC781 and placebo (9). The formulated microbicide is listed along with
its placebo designated by the small “p.”

1974 ROTH ET AL. ANTIMICROB. AGENTS CHEMOTHER.



viruses that utilize CCR5 or CXCR4 coreceptor, respectively,
to initiate infection. Although laboratory-adapted isolates did
not appear to bind differently than primary isolates, it may be
possible that microbicides differentially affect the binding of
primary HIV-1 isolates to epithelial cells. Primary HIV-1 iso-
lates that represent several different HIV-1 clades were in-
cluded to evaluate viral adherence to epithelial cells (Fig. 3A
and B). While CAP significantly (P � 0.01) reduced the bind-
ing of 5 of 7 primary HIV-1 isolates to the A431 cell line, it had
no effect on the binding of the primary isolates to the Caco-2
cell line. The placebo HEC had minimal effect on the reduc-
tion of HIV-1 binding to either cell line. Compared to HEC,
CAP significantly (P � 0.01) inhibited more virus binding to
the A431 cell line but not to the Caco-2 cell line. PRO 2000
significantly (P � 0.01) reduced the binding of 4 of 7 primary
HIV-1 isolates to the A431 cell line and of 7 of 7 primary
HIV-1 isolates to the Caco-2 cell line. The PRO 2000 placebo
had similar results to PRO 2000. Compared to PRO 2000
placebo, PRO 2000 significantly (P � 0.01) inhibited more
virus binding to the Caco-2 cell line but not to the A431 cell
line. SPL7013 and SPL7013 placebo behaved in a manner

similar to that of PRO 2000 and PRO 2000 placebo for both
cell lines. UC781 significantly (P � 0.01) reduced the binding
of 4 of 7 primary HIV-1 isolates to the A431 cell line and of 1
of 7 primary HIV-1 isolates to the Caco-2 cell line. The UC781
placebo reduced the binding of 2 of 7 primary HIV-1 isolates
to the A431 cell line and 1 of 7 primary isolates to the Caco-2
cell line. As a result, there was no statistical difference between
UC781 and UC781 placebo in the binding of HIV-1 to the
epithelial cell lines.

DISCUSSION

HIV-1 has the ability to bind to epithelial cells, remain
infectious, and be transferred to activated immune cells (8, 31).
HIV-1 binding to epithelial cells is believed to occur through a
nonspecific interaction with heparan sulfate proteoglycans
(19). Topical microbicide products may or may not affect the
interaction between HIV-1 and the epithelial cell depending
on their mode of action. The data presented here show that,
overall, there was no quantitative difference between HIV-1
clades binding to A431 and Caco-2 epithelial cell lines, with the

FIG. 2. Ability of HIV-1 viral isolates to bind to epithelial cell lines. Monolayers of 2.5 � 105 Caco-2 or A431 cells were incubated with 1, 10,
and 100 REV of an HIV-1 isolate. Cells were washed and lysed, and RNA was extracted. Real-time PCR was used to amplify RNA from a
conserved HIV-1 LTR region, and the average cycle threshold � standard error of the mean is graphed. These data represent results from at least
two independent experiments performed in triplicate. All P values were determined with respect to a mixed-effects model of virus bound to
epithelial cells. Binding of HIV-1 isolates to the A431 cell line are presented in the upper panels. HIV-1 isolates binding to the Caco-2 cell line
are presented in the lower panels. Clade A (N20, N54); clade B (BaL, LAI, 143); clade C (G31, G58); CRF01-AE (078, CMU08). R5 (CCR5) and
X4 (CXCR4) represent coreceptor usage by the virus.
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exception of CRF01-AE binding less than clade A to the
Caco-2 cell line. When stratified based on coreceptor usage,
CCR5-using HIV-1 bound better to the epithelial cells. The
envelope of CCR5-using viruses is less basic than CXCR4-
using viruses (14) and should bind less well to heparan sulfate
proteoglycans. It is unknown why the CCR5-using HIV-1
bound better to the epithelial cell lines but suggests that addi-
tional factors/receptors, such as galactosyl ceramide, may play
a role in virus binding (2).

Inhibiting infectious virus transfer from epithelial cells to
PBMCs can be the result of several different mechanisms.
Determining the extent of HIV-1 binding to epithelial cells in
the presence of candidate microbicides can provide informa-
tion on whether the microbicide is rendering the virus nonin-
fectious by limiting its access to epithelial binding sites and/or
by disrupting the viral transmission cycle once the virus has
adhered to the epithelial layer. PRO 2000 inhibits infectious
virus transfer by binding to gp120 (24, 25). PRO 2000 was
shown to bind the gp120 of CCR5- and CXCR4-using viruses
equally well (25). The large structure of the microbicide inhib-
its virus/cell interactions, effectively producing a matrix which
“traps” HIV-1 so access to the cell is limited. The activity for
SPL7013, an acidic lysine dendrimer, is similar. The negative
charge attracts and hinders virus from accessing target cells
(30). Both PRO 2000 and SPL7013 reduced the binding of
HIV-1 to the epithelial cells. Similarly, CAP binds to the gp120
and inhibits the reactivity to CCR5 and CXCR4, thus acting as
a fusion inhibitor (20, 21). CAP, which has been shown to
reduce infectious virus transfer from several epithelial cell
lines to activated PBMCs (9), surprisingly only inhibited bind-
ing of HIV-1 to the A431 cell line. UC781, which directly
targets HIV-1 by inhibiting the reverse transcriptase, was
shown not to affect the association of HIV-1IIIB (a laboratory-
adapted virus) with an epithelial cell layer (4). This is in agree-
ment with our data showing a minimal effect on HIV-1BaL and
HIV-1LAI binding to the epithelial cell lines but preventing
HIV-1 replication (9). It was unexpected that UC781 inhibited
binding of 4 of 7 primary isolates to A431 cells and 1 of 7
primary isolates to Caco-2 cells. The formulated product may
contain ingredients that affect virus binding, as the UC781
placebo affected HIV-1 binding to a similar level.

The differences noted in binding of CCR5-using and
CXCR4-using HIV-1 to the two epithelial cell lines and the
effects that the products have on this binding are difficult to
interpret. Many factors may be involved. The epithelial cells
lack the CD4 receptor; however, they do express galactosyl
ceramide as noted above that would aid in virus-cell adhesion.
Further, differential levels of receptors that nonspecifically
help in virus adhesion, such as heparan sulfate proteoglycans,
would influence virus binding. How these molecules behave in
the presence of these formulated topical microbicides has yet

to be determined. It has been suggested that epithelial cells
could be one of the “gatekeepers” that restricts HIV-1 entry
(18). The epithelial cells lining the genital tract are different
from those lining the gastrointestinal tract in terms of function,
cell receptor expression, and structure. Clearly, additional cells
and cell lines need to be evaluated to determine if these dif-
ferences in virus binding and the effects of the products could
be attributed to the genital and gastrointestinal tracts.

HEC has been proposed to be the “universal” placebo for
clinical trials (27). The reasons for this are its stability, safety,
and lack of any anti-HIV-1 activity in vitro and in vivo. The
results presented here and elsewhere (9) show that HEC does
not reduce HIV-1 binding to epithelial cells or the transfer of
infectious HIV-1 from epithelial cells to immune cells. The
placebos for PRO 2000 and SPL7013 did reduce the binding of
HIV-1 to the epithelial cells. However, the PRO 2000 placebo
did not reduce the transfer of infectious HIV-1, while the
SPL7013 placebo and, to a lesser extent, the UC781 placebo
did, as was shown here and elsewhere (9). These placebos
contain cross-linked polyacrylic acid polymer-based aqueous
gel (Carbopol) which has anti-HIV-1 activity in vitro (1, 9, 23).
The overall ability of these placebos (formulations) to affect
the binding of HIV-1 to the epithelial cells and the transfer of
infectious virus may be the result of proprietary ingredients
added to the formulations. The data suggest that a reduction in
binding of HIV-1 to the epithelial cells does not equate to a
reduction of infectious virus; an active ingredient is needed to
prevent transfer of infectious HIV-1. It should be noted that,
overall, less HIV-1 was bound to the epithelial cells when the
active ingredient was present.

Topical microbicides will be used by HIV-1-infected
women either because they are unaware of their infection
status or to protect their sexual partner. The work presented
here suggests that an effective microbicide may not affect
the viral RNA levels, as measured in cervicovaginal secre-
tions. For instance, cervicovaginal secretions taken from an
HIV-1-infected person using UC781 could contain similar
amounts of viral RNA (although noninfectious) as without
microbicide use. Conversely, CAP, PRO 2000, or SPL7013
could inhibit cell-free HIV-1 from maintaining an associa-
tion with epithelial cells and, potentially, the immune cell
targets. A reduction of viral RNA levels could be possible in
cervicovaginal secretions from a person using those prod-
ucts. Therefore, measuring only HIV-1 RNA levels may not
be enough to determine microbicide efficacy. To address this
issue, functional virological assays (7, 16), in addition to
measurement of HIV-1 RNA, should be used when deter-
mining the effectiveness of a microbicide in clinical trials
with HIV-1-infected participants.

FIG. 3. Effect of formulated microbicide products on HIV-1 binding on the A431 (A) and Caco-2 (B) cell lines. Monolayers of 2.5 � 105 Caco-2
or A431 cells were incubated with 100 REV of an HIV-1 isolate in the absence or presence of the diluted formulated microbicide or placebo. Cells
were washed and lysed, and RNA was extracted. Real-time PCR was used to amplify RNA from a conserved HIV-1 LTR region, and the average
cycle threshold � standard error of the mean is graphed. These data represent results from at least two independent experiments performed in
triplicate. All P values were determined with respect to a mixed-effects model of virus bound to epithelial cells. @, P � 0.01; #, P � 0.001; *, P �
0.0001 (relative to the 100-REV control [no microbicide or placebo]). The formulated microbicide is listed along with its placebo designated by
the small “p.”
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