
Introduction
Newly acquired HIV-1 infections are largely the result
of heterosexual contact (1). While mechanical barriers
such as condoms can be effective in preventing sexual
transmission of HIV-1, this method is not always
accepted by male partners or is otherwise impractical
for use by women. The initial evaluation of alternative
prevention strategies, particularly those using tech-
niques that can be controlled by women, requires the
use of model systems of vaginal HIV-1 transmission.

In this report we describe a model of vaginal transmis-
sion in human peripheral blood leukocyte–reconstitut-
ed (HuPBL-reconstituted), severe combined immuno-
deficient (SCID) mice. This model should prove useful
because it (a) provides the capacity to screen large num-
bers of animals to determine the statistical robustness of
any observations made; (b) uses the pathogen of interest,
HIV-1; and (c) mimics a critical feature of clinical trans-
mission (i.e., preferential transmission of viruses that use
chemokine receptor-5 [CCR5] as a coreceptor). Impor-

tantly, this model specifically addresses the role of cell-
associated transmission of HIV-1. Cell-associated trans-
mission by the vaginal route has been difficult to achieve
and remains controversial in nonhuman primate mod-
els using simian immunodeficiency virus (SIV) (2, 3).
Because semen from HIV-1–infected men (4) and cervi-
cal mucus from HIV-1–infected women (5) contain both
cell-free virus and HIV-infected cells, both may be impor-
tant for sexual transmission of HIV-1. Furthermore, in
vitro model systems have consistently shown that trans-
mission of cell-associated virus is more efficient than
that of cell-free virus. Thus, models for studying the
transmission of cell-associated virus, which would not
be expected to be susceptible to virus-specific interven-
tion strategies, are critically needed.

Interruption of cell-associated transmission requires an
understanding of the processes by which virus moves
from infected donor cells to cells of the recipient. The
migration of HIV-infected cells and the movement of
assembled virus particles out of the infected donor cell are
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Because both HIV-1 virions and HIV-infected cells are present in the semen and cervical mucus of
infected individuals, HIV-1 prevention strategies must consider both cell-free and cell-associated
virus. Antibodies that target HIV-1 virions have been shown to prevent vaginal transmission of cell-
free virus in macaques, but since cell-associated transmission has not been reliably demonstrated in
this model system, no strategies to prevent such transmission have been tested. We have employed a
mouse model in which SCID mice carry human peripheral blood leukocytes (HuPBLs). In these mice,
vaginal transmission of cell-associated, but not cell-free, HIV-1 transmission occurs, mediated by
transepithelial migration of HIV-infected cells. Topical application of β-cyclodextrin (β-CD), a cho-
lesterol-sequestering agent that interferes with cell migration and budding of virus from lipid rafts,
blocks transmission of cell-associated HIV-1. The HuPBL-SCID model of vaginal HIV-1 transmission
should prove useful for investigating cell-associated HIV-1 transmucosal HIV-1 transmission, as well
as for screening reagents for their potential efficacy in preventing sexual HIV-1 transmission.
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critical to this process. Recent studies have indicated that
budding of HIV-1 occurs selectively through lipid rafts on
the cell surface (6). In addition, the ability of lipid rafts to
act as adhesion platforms has been shown to facilitate cell-
cell interactions (7) and migration (8), which may be
important for cell-to-cell transfer of virus and for entry of
infected cells through genital tract epithelia, respectively.

β-Cyclodextrins are water-soluble compounds that dis-
rupt lipid rafts by adsorbing cholesterol from cellular
membranes (9, 10). They have been shown to interrupt
cellular migration by blocking the establishment of cel-
lular polarity that is required for migration to occur (11,
12). The current study uses the HuPBL-SCID mouse
model to examine the ability of 2-hydroxypropyl 
β-cyclodextrin (2OHp-β-CD) to interrupt cell-associated
transmission of HIV-1. Our results indicate that 
2OHp-β-CD administered intravaginally prior to infect-
ed-cell challenge efficiently blocks virus transmission and
induces minimal, if any, damage to the vaginal mucosa.

Methods
Cell culture. Blood was obtained from HIV-negative vol-
unteers at the Johns Hopkins University Hemapheresis
Laboratory. HuPBMCs were isolated by centrifugation
on Ficoll-Hypaque gradient (Pharmacia Biotech AB,
Uppsala, Sweden) and were washed and suspended at 
5 × 107/ml in PBS prior to intraperitoneal administra-
tion to SCID mice. HuPBMCs that were used as inocula
were maintained in RPMI-1640 (Life Technologies Inc.,
Grand Island, New York, USA), supplemented with 10%
FCS, penicillin-streptomycin, and gentimicin (all sup-
plements from Life Technologies Inc.), hereafter referred
to as complete RPMI (cRPMI). PBMCs were stimulated
with phytohemagglutinin (PHA; Sigma Chemical Co.,
St. Louis, Missouri, USA) for 2 days; cells were then
exposed to 300 fifty-percent tissue culture infectious
doses (TCID50) of HIV-1Ba-L in cRPMI with IL-2 (10
U/ml; Boehringer Mannheim Biochemicals Inc., Indi-
anapolis, Indiana, USA). Infected-cell cultures were
maintained in cRPMI supplemented with IL-2 for 10
days prior to inoculation into the mice. Limiting dilu-
tion–PCR (LD-PCR) was performed using HIV-1 gag-
specific primers as described previously (13) to deter-
mine the extent to which HuPBMCs were infected with
HIV-1. To assess virus recovery from cells harvested from
the peritoneal cavities of challenged mice, uninfected
HuPBMCs were stimulated with PHA and maintained
in IL-2–supplemented media (1 × 106 per mouse) in
preparation for coculture with the peritoneal cells recov-
ered from the HuPBL-SCID mice.

HIV-1 virus preparation. A single lot of the inoculum virus,
HIV-1Ba-L, was purchased (Advanced Biotechnologies Inc.,
Columbia, Maryland, USA). Virus was aliquoted and
stored in liquid N2 until used to infect HuPBMCs. The
TCID50 inoculated was confirmed using the MAGI assay
(MAGI-CCR5, a HeLa-CD4 cell line that expresses CCR5
and that has an integrated copy of the HIV-1 long termi-
nal repeat–driven β-D-galactosidase reporter gene), and by
titration on peripheral blood–derived monocytes.

Vaginal infection of HuPBL-SCID mice with HIV-1. Female
mice with severe combined immunodeficiency (C.B-17
SCID) (14, 15) were obtained from Charles River Labora-
tories (Wilmington, Massachusetts, USA) or from our
SCID mouse colony (established using C.B-17 mice from
The Jackson Laboratory Inc.). The mice were treated sub-
cutaneously with 2.5 mg progestin (Depo-Provera; Phar-
macia Corp., Peapack, New Jersey, USA) on the same day
as administration of 5 × 107 unstimulated HuPBMCs
intraperitoneally in 1 ml PBS. Seven days following prog-
estin treatment and reconstitution of the SCID mice with
HuPBMCs, the mice were anesthetized and administered
pelleted, cell-free HIV-1Ba-L (up to 106 TCID50), or super-
natant fluids from HIV-1Ba-L–infected HuPBLs, 
HIV-1Ba-L–infected HuPBLs, or HIV-1MN–infected HuPBLs
(1 × 106 per mouse). In all cases in groups receiving HIV-
infected PBLs as inoculum, the cells were obtained from a
donor other than that from which cells were obtained for
the original transplant into the peritoneal cavities of the
mice. In the β-CD experiments, the mice received either 
β-CD (3% wt/vol in PBS) 5 minutes prior to receiving 
1 × 106 HIV-1Ba-L–infected HuPBLs; 1 × 106

HIV-1Ba-L–infected HuPBLs preincubated with 3% β-CD;
or 1 × 106 HIV-1Ba-L–infected HuPBLs suspended in PBS.
Mice remained anesthetized for 5 minutes following
intravaginal inoculation by pipette. Extreme care was
taken to avoid causing trauma to vaginal tissues. Two
weeks later the mice were euthanized and peritoneal cells
were recovered by lavage with cold PBS. The cells recovered
by lavage (of both murine and human origin) were assayed
by DNA-PCR for human β-globin to confirm the success
of the human cell engraftment in the mice and to assay for
the presence of HIV-1 in the recovered HuPBMCs, which
was also determined by coculture of recovered peritoneal
cells with uninfected, PHA-stimulated HuPBMCs.

Vaginal epithelial morphology. Four BALB/c and four
HuPBL-SCID mice were sham-treated or treated with
2.5 mg Depo-Provera 1 week prior to the experiment.
Mice were euthanized and reproductive tissues were col-
lected and dissected. Excised vaginal tissue was fixed
(Omnifix; Zymed Laboratories Inc., South San Francis-
co, California, USA) overnight and embedded in paraf-
fin, sectioned, and stained with hematoxylin and eosin.

Fluorescent in situ hybridization. Six SCID mice were
treated with 2.5 mg progestin, with or without HuPBL
reconstitution (i.e., peritoneal transplant of human
cells). Spleen with peritoneal mesentery, and vaginal
tissues, were fixed in paraformaldehyde and embedded
in paraffin. Sections were mounted on slides, deparaf-
finized, and made permeable by immersion in 50% glyc-
erol in 0.1× SSC at 90°C, followed by incubation in
protease solution (16). Sections were then co-dena-
tured with a biotin-labeled, human pan-centromere
probe (Cytocell Ltd., Banbury, United Kingdom) at
75°C, and hybridized overnight. Slides were then
washed, and bound probe was detected with CY3-con-
jugated streptavidin (Cytocell). Tissue sections were
counterstained with DAPI, and examined and pho-
tographed with epifluorescence microscopy.
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Vaginal epithelial toxicity. CF-1 mice were pretreated with
2.5 mg progestin; 1 week later, three groups of three mice
each were inoculated with 50 µl of either PBS, 1% (wt/vol)
nonoxynol-9, or 3% (wt/vol) β-CD (∼20 mM; Cyclodex-
trin Technologies Development Inc., Gainesville, Florida,
USA). Each test solution also contained the membrane-
impermeant DNA-binding fluorescent dye ethidium bro-
mide homodimer-1 (20 µM; Molecular Probes Inc.,
Eugene, Oregon, USA) (17). Fifteen minutes after expo-
sure to the test agents, the mice were euthanized, and the
vaginas were dissected, opened longitudinally, and viewed
by fluorescent microscopy using a TRITC filter set.

Results
Use and effect of progesterone pretreatment in establishing a
murine model of vaginal HIV-1 transmission. Studies in
nonhuman primate models of SIV or chimeric simian-
human immunodeficiency virus (SHIV) transmission
have frequently pretreated the challenged animals with
progesterone (2, 18, 19), with the stated purpose of syn-
chronizing the estrous cycle among experimental ani-
mals. This treatment also alters the cellular architec-
ture of the vaginal epithelium, facilitating viral
transmission by this route (2, 19). Progestin treatment
of HuPBL-SCID mice similarly caused the multilayer,
stratified, squamous epithelium of the untreated
mouse vagina (Figure 1a) to assume a cervixlike, single-
layer, columnar morphology (Figure 1b). Thus prog-
estin treatment has the effect of rendering the mouse
vagina morphologically unlike the human vagina (Fig-
ure 1c) and similar to human, columnar cervical epithe-

lium (Figure 1d), which in organ culture is more read-
ily infected with HIV-1 than is vaginal tissue (20). In a
series of pilot studies (data not shown), it was deter-
mined that neither cell-free nor cell-associated HIV-1
could be transmitted in HuPBL-SCID mice by the vagi-
nal route without prior administration of progestin
(medroxyprogesterone acetate, Depo-Provera).

HuPBL-SCID mice are susceptible to vaginal transmission
of cell-associated, but not cell-free, HIV-1. To determine
whether HuPBL-SCID mice, transplanted intraperi-
toneally with 5 × 107 uninfected, unstimulated human
PBMCs 1 week earlier, were susceptible to cell-associat-
ed or cell-free virus, mice were exposed vaginally 
to cell-free HIV-1Ba-L (CCR5-utilizing strain) and 
HIV-1Ba-L–infected HuPBMCs (Table 1).

High-titer, cell-free HIV-1 and virus obtained from
supernatant fluid from the HIV-1–infected HuPBMCs
used in the same experiment (i.e., recently budded virus)
were tested. HIV-1–infected HuPBMCs were prepared
for inoculation into the mice 10 days after in vitro expo-
sure of PHA- and IL-2–stimulated cells to HIV-1.
Despite intravaginal inoculation of up to 1 × 106.5

TCID50 of cell-free HIV-1Ba-L, virus was not transmitted
to the HuPBMCs that had been transplanted intraperi-
toneally in the mice. However, cell-associated HIV-1Ba-L

was efficiently transmitted vaginally in the HuPBL-
SCID mice with as few as 250,000 HuPBMCs, between
1% and 5% of which were infected with HIV-1 (i.e., as few
as 103.5 HIV-1–infected cells). HuPBMCs infected to
similar levels with HIVMN, a CXCR4-using variant, and
inoculated intravaginally transmitted infection much
less efficiently (Table 2).

Vaginal inoculation of HIV-1–infected PBMCs does not
induce visible damage to the vaginal epithelium. While great
care was taken to avoid causing damage to the repro-
ductive epithelium upon administration of 
HIV-1–infected PBMCs, histology was performed on the
vaginal epithelium to demonstrate the absence of gross
cellular damage (Figure 2) following administration of
tissue culture medium containing an irrelevant protein.
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Figure 1
Progesterone treatment of C.B-17 SCID mice thins the vaginal epithe-
lium. Female C.B-17 scid/scid mice, or BALB/c mice (not shown) were
given either saline or 2.5 mg Depo-Provera and euthanized after 7
days. Tissues were collected and processed as described in Methods.
Tissue sections shown are hematoxylin and eosin–stained vaginal
epithelium from (a) an untreated mouse in estrus (×120), (b) a prog-
estin-treated mouse (×120), (c) normal human vagina (×50), and (d)
normal human cervix (×160). While there are striking differences
between the progestin-treated vaginal epithelium of a SCID mouse
and the untreated, stratified, squamous vaginal epithelium (murine),
the similarities in morphology and cellular architecture are apparent
between the thin, columnar, progestin-treated, murine vaginal
epithelium and the human, columnar, cervical epithelium.

Table 1
Cell-associated virus is transmitted in the HuPBL-SCID mouse model
of vaginal HIV-1 transmission

HIV inoculum Number of mice from which HIV-1 was cultured/
Number of mice exposed to HIV-1

HIV-1Ba-L–infected HuPBMCs

1.00 × 106 cells 56/66A

0.25 × 106 cells 4/5A

0.10 × 106 cells 4/9
0.05 × 106 cells 1/5
0.01 × 106 cells 0/9

HIV-1Ba-L cell-free virus

1.0 × 106.5 TCID50 0/7
1.0 × 106 TCID50 0/5
1.0 × 105 TCID50 0/5

AP < 0.05 compared with cell-free virus.



Human PBMCs transplanted into the HuPBL-SCID peritoneal
cavity do not populate the reproductive tract. To determine
whether human cells placed into the peritoneal cavity
could migrate to sites in the vaginal mucosa and/or sub-
mucosa, HuPBMCs were transplanted into the peritoneal
cavities of progesterone-treated female HuPBL-SCID
mice. Seven days later the mice were euthanized and tissue
sections of the vagina, spleen, and peritoneal mesentery
were hybridized with a human pan-centromere probe to
detect human cells. Whereas abundant human cells were
found in the peritoneal mesentery (Figure 3a), and occa-
sionally in the spleen of all the HuPBL-SCID mice (not
shown), no human cells were detected in the vaginal tis-
sues (Figure 3b). Thus, in this model, there appear to be
no locally accessible target cells in the vagina that free virus
could infect following intravaginal inoculation.

Human PBMCs introduced vaginally migrate to the regional
lymph nodes of HuPBL-SCID mice. To define the basis for
transmission of cell-associated virus, we examined
whether HuPBMCs, both uninfected and HIV-1–infect-
ed, were capable of migrating from the vagina to the site
of transplanted human cells in the peritoneal cavity.
HuPBMCs were labeled with bisbenzamide (3 µg/ml); the
fluorescent human cells (1 × 107) were added vaginally to
Depo-Provera–treated mice, and 4 hours later the iliac
lymph nodes of each mouse were removed and homoge-
nized on a cell strainer. Fluorescent cells were detected in
the lymph nodes (mean cell number 204, ranging from 0
to 395, up to 5% of the cells recovered from the lymph
nodes of SCID mice). The human cells migrated to the
iliac lymph nodes of both progestin-treated BALB/c and
progestin-treated HuPBL-SCID mice (data not shown).

β-CD prevents cell-associated HIV-1 transmission and is not
toxic to the vaginal epithelium. This model could be used to
address specifically the problem of inhibiting cell-asso-
ciated transmission. Since β-CD has been shown to
inhibit cell migration (11, 12) as well as inhibit the infec-
tivity of HIV-1–infected cells (21), we tested the ability
of β-CD to inhibit vaginal transmission of cell-associat-
ed HIV-1. Reconstituted HuPBL-SCID mice were chal-
lenged intravaginally with 1 × 106 PBMCs infected with

HIVBa-L after receiving progesterone subcutaneously and
HuPBMCs intraperitoneally. For two of the experimen-
tal groups the HIV-1–infected PBMCs were preincubat-
ed in 20 µl of either PBS or 2OHp-β-CD (3% wt/vol)
before the mixture was inoculated intravaginally. A
third group of mice were given 20 µl 2OHp-β-CD (3%)
intravaginally followed 5 minutes later by infected
PBMCs in PBS (10 µl). The results (Table 3) indicate
that β-CD significantly inhibited cell-associated HIV-1
transmission by this route, even when administered
prior to exposure to HIV-1–infected PBMCs.

To examine the effect of β-CD on the vaginal epithe-
lium, CF-1 mice were pretreated with progesterone and
1 week later were inoculated with 50 µl of PBS, 1%
(wt/vol) nonoxynol-9, or 3% (wt/vol) β-CD (∼20 mM)
containing the membrane-impermeant DNA-binding
fluorescent dye ethidium bromide homodimer-1. The
vaginas of the mice were viewed by fluorescent
microscopy. While 1% nonoxynol-9 (Figure 4a) caused
considerable epithelial damage as indicated by the
membrane-damaged cells that are fluorescent, the
vaginal epithelial cells of β-CD–treated mice had little
membrane damage (Figure 4b) and appear more simi-
lar to the vaginal epithelium of the negative control,
PBS-treated mice (Figure 4c).

Discussion
Several mechanisms have been proposed by which 
HIV-1 is able to traverse the epithelium of the geni-
tourinary tract to establish productive infection in
lymph nodes. Studies have suggested that HIV-1 can be
transmitted from infected lymphocytes to epithelial
cells (22, 23), or through the epithelium, which serves
as a conduit through which virus is transcytosed, pre-
sumably to cells within the lamina propria that are sus-
ceptible to productive infection (24). In vivo intravagi-
nal inoculation of rhesus macaques with SIV has
demonstrated rapid association of the virus with den-
dritic cells adjacent to or between the epithelial cells lin-
ing the genitourinary tract (25, 26), or with quiescent
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Table 2
CCR5-utilizing strains of HIV-1 are transmitted vaginally in HuPBL-SCID
miceA

HIV inoculum Number of mice from which HIV-1 was cultured/
Number of mice exposed to HIV-1

HIV-1Ba-L(R5)–infected HuPBMCs

1.00 × 106 cells 5/5B

0.25 × 106 cells 4/5B

0.05 × 106 cells 1/5

HIV-1MN(X4)–infected HuPBMCs

1.00 × 106 cells 1/5
0.25 × 106 cells 0/5
0.05 × 106 cells 0/5

ARepresentative of two separate experiments with five mice per group. 
BP < 0.05 compared with an equal number of HIV-1MN–infected HuPBLs.

Figure 2
SCID mice treated with progestin have intact vaginal epithelium fol-
lowing administration of medium containing an irrelevant protein
with a pipette. Histology was performed as described in Methods.
Tissue sections were fixed overnight and embedded in paraffin, sec-
tioned, and stained with hematoxylin and eosin.



T cells similarly positioned in the reproductive tract
(27). All of these mechanisms of transmission involve
some exposure of free virus to the extracellular envi-
ronment, providing an opportunity, albeit possibly
quite brief (26), for virus-specific intervention strate-
gies to be effective at the mucosal surface.

Of additional concern, however, is the possibility that
lymphocytes or macrophages from the infected donor
could migrate directly through the epithelium of the
genitourinary tract to infect lymphocytes in lymph
nodes draining the genitourinary tract. We argue that
anti-HIV antibodies or other virion-specific strategies,
while important and perhaps necessary for a protective
effect, may not be sufficient.

Previous references to such migrating cells have referred
to them as “Trojan horse” leukocytes because of their abil-
ity to hide virus from virus-specific defenses that might
exist within the genitourinary tract (28). While consider-
able effort has been directed toward the identification of
virus-specific intervention strategies that would be effec-
tive against sexual transmission of human and simian
immunodeficiency viruses (18, 29, 30), there has been lit-
tle effort to identify strategies for interrupting migration
of infected cells to regional lymph nodes.

The mouse model of vaginal transmis-
sion presented here demonstrates the vagi-
nal transmission of HIV-1 using infected-
cell inocula. The HuPBL-SCID model is
unique in that the processes of cell-associ-
ated HIV-1 transmission can be examined
in the absence of the possibility that cell-
free virus is mediating transmission. In
fact, the amount of infectious virus pro-
duced by the number of infected cells in
our inocula would be predicted (31) to be

dramatically less than the 1 × 106 TCID50 of free virus
that failed to infect the mice.

Rather, in this model, HIV-1–infected PBMCs are able
to migrate through cervixlike epithelium to regional
lymph nodes. Therefore this system can be used to eval-
uate strategies that may be effective in blocking cell-asso-
ciated transmission. To date, cell-associated SIV has not
been successfully transmitted by the vaginal route in a
macaque model (2), although both cell-free and cell-
associated HIV-1 have been transmitted by viral inocu-
lations at the cervical os of chimpanzees (3). Similarly,
both cell-free and cell-associated feline immunodefi-
ciency virus have been transmitted in cat models of vagi-
nal infection (32, 33).

In the current model, only CCR5-utilizing HIV-1
could be efficiently transmitted and establish infection
in the HuPBMCs that had been previously transplant-
ed intraperitoneally into the mice. It is unclear whether
this preferential transmission reflects preferential
movement of CCR5-utilizing virus–infected cells across
the mucosal barrier or an enhanced ability of these
viruses to continue productive infection in the unacti-
vated HuPBMCs residing in the peritoneal cavity 7 days
after human cell transplantation (34). This finding
does, however, parallel the observation that viruses that
can use CCR5 as a coreceptor for entry are preferen-
tially transmitted in the clinical setting.

Unlike other model systems of vaginal transmission,
the HuPBL-SCID mouse model of transmission is
dependent upon the movement of virus-infected cells
to sites at which other human cells exist, in this case the
peritoneal cavity of the infected mice. We have not
examined whether transmission or persistent virus
infection is observed in the absence of human target
cells in the peritoneal cavity. In the clinical setting, allo-
geneic target cells would be present in the lymph nodes
to which these cells have been observed to migrate.

Human cells transplanted into the peritoneum do not
appear to migrate to the vaginal mucosa or submucosa.
Thus the failure of free virus to be transmitted in this
system may simply reflect the poor migratory ability of
free virus and the absence of human target cells within
and beneath the vaginal mucosa. These findings, there-
fore, do not indicate that free virus is not transmitted in
the clinical setting, but rather demonstrate that infect-
ed-cell migration through cervical epithelium must be
considered in any intervention strategy.
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Figure 3
Human cells do not populate the HuPBL-SCID mouse vagina.
HuPBMCs were transplanted into the peritoneal cavity of proges-
terone-treated, female HuPBL-SCID mice. Tissue sections of the vagi-
na, spleen, and peritoneal mesentery taken 7 days later were
hybridized with a human pan-centromere probe to detect human
cells. Whereas abundant human cells were found in the peritoneal
mesentery (a), and occasionally in the spleen (not shown), no human
cells were detected in the vaginal tissues (b). No human cells were
detected in an additional negative control, a mouse that did not
receive a HuPBL transplant (not shown).

Table 3
Ability of β-CD to inhibit vaginal transmission of cell-associated HIV-1 in HuPBL-
SCID mice

Treatment of HIV-infected cells Number of mice from which HIV-1 was cultured/
Number of mice exposed to HIV-1

HuPBMCs premixed with PBS 12/17
HuPBMCs premixed with β-CD 2/16A

β-CD administered intravaginally 1/11A

prior to infected HuPBMC challenge

AP < 0.01 compared with HuPBMCs premixed with PBS.



The migration of mononuclear cells through murine
vaginal epithelium has been previously documented
(35–37). The current studies reinforce the notion that
the single layer of columnar epithelial cells present on
the surface of the cervix is more susceptible to trans-
migration of HIV-infected PBMCs and, conversely, that
the stratified squamous epithelium lining the normal
vagina is less vulnerable to transepithelial transmis-
sion, presumably by reducing the efficacy of transep-
ithelial migration. Progesterone treatment of the mice
effectively converts the vaginal stratified squamous
epithelium into a cervixlike columnar epithelium, thus
greatly increasing the surface area within the murine
vagina that is covered with columnar epithelium. In the
clinical setting a much larger human cervical epithelial
surface would be available for such transmission.

Using the HuPBL-SCID model of vaginal transmission,
we have identified a candidate agent that is highly effec-
tive in interrupting vaginal transmission of cell-associat-
ed HIV-1. Application of β-CD to the vaginal mucosa
prior to inoculation with HIV-1–infected cells dramati-
cally reduced transmission of cell-associated virus. 
β-Cyclodextrins are cyclic, water-soluble carbohydrates
composed of seven glucose units (38) and have been used
clinically as food additives (38), and as molecular com-
plexing agents that can increase the solubility and stabil-
ity of some poorly soluble drugs, which have then been
administered by the intravenous route (39). As might be
expected from the systemic tolerance of β-cyclodextrins
in the human clinical setting, the current studies indicate
that 2OHp-β-CD applied to the vaginal mucosa was sub-
stantially less toxic than a subclinical concentration of
the widely used spermicide nonoxynol-9.

It is likely that migration through the epithelium
involves, as an initial step, interaction between lym-
phocytes and/or macrophages and epithelial cells.
Clustering of lipid rafts on the cell membrane results
in enhancement of cell binding and migration (8), and
conversely, disruption of those rafts with β-CD dimin-
ishes cell-cell interactions and migration (11, 12).
Moreover, the production of HIV-1 virions from such
cholesterol-depleted cells is dramatically decreased, and
these virions are significantly less infectious (21). Alter-
natively, or in addition, β-CD has been shown to dis-

rupt signaling events and pathways that may be critical
for the process of transepithelial transmission of 
HIV-1. Relevant to the current studies are the observa-
tions that disruption of lipid rafts prevents cells from
developing the polarity required for cell migration (8).

The current studies indicate that the mouse model of
vaginal transmission of cell-associated virus provides a
simple and inexpensive model to identify agents that may
be necessary components of vaginal products for pre-
venting the sexual transmission of HIV. These studies
demonstrate that 2OHp-β-CD significantly blocks vagi-
nal transmission of cell-associated HIV-1 and warrants
further study in the preclinical and clinical settings.
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