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The results from both clinical studies of women with recurrent vulvovaginal candidiasis and a murine model
of experimental vaginitis indicate that systemic cell-mediated immunity may not represent a dominant host
defense mechanism against vaginal infections by Candida albicans. Recent experimental evidence indicates the
presence of local vaginal immune reactivity against C. albicans. The present study was designed to examine
T-lymphocyte subpopulations in the vaginal mucosae of naive CBA/J mice. Vaginal lymphocytes (VL) were
isolated by collagenase digestion of whole vaginal tissues. Cell populations were identified by flow cytometry,
and the results were compared with those for both lymph node cells (LNC) and peripheral blood lymphocytes
(PBL). The results of flow cytometry showed that 45% 6 10% of lymphocytes in the vaginal mucosa are CD31

compared with 75% 6 5% in LNC and 50% 6 5% in PBL. The majority (85%) of CD31 VL are CD41 and
express the a/b T-cell receptor (TCR), similar to the results for LNC and PBL. In contrast to LNC and PBL,
VL contain a significantly higher percentage (15 to 20%) of g/d TCR1 cells, 80% or more of which appear to
express CD4. In addition, while CD4-CD8 cell ratios in LNC and PBL were 3:1 and 6:1, respectively, only 1%
of VL expressed CD8, resulting in a CD4-CD8 cell ratio of >100:1. Finally, while LNC and PBL recognized two
epitope-distinct (GK 1.5 and 2B6) anti-CD4 antibodies, VL recognized only 2B6 anti-CD4 antibodies. Further
analysis of VL showed that Thy-1 cells, but not CD4 cells, were reduced after intravaginal injection of
complement-fixing anti-Thy-1.2 and GK 1.5 anti-CD4 antibodies, respectively. Taken together, these data
suggest that T lymphocytes in the vaginal mucosae of mice are phenotypically distinct from those in the
periphery and that CD41 VL have an uncharacteristic or atypical expression of the CD4 receptor.

Recurrent vulvovaginal candidiasis (RVVC) is an opportu-
nistic mucosal infection caused by Candida albicans that affects
up to 5% of otherwise healthy women of child-bearing age
(26). While the use of antibiotics and oral contraceptives pre-
disposes healthy women to acute VVC (26), the underlying
factors contributing to RVVC are largely unknown. The high
incidence of mucosal candidiasis in patients with reduced cell-
mediated immunity (CMI), (i.e., AIDS [16, 21]), transplanta-
tion [3], and corticosteroid therapy [17]) strongly suggests that
deficiencies in CMI play a role in the etiology of RVVC.
However, studies examining systemic CMI in the peripheral
blood of women with RVVC have not shown a distinct pattern
of reduced activity (7, 12, 27). Moreover, although reductions
in systemic Candida-specific responsiveness have been ob-
served in some instances (7, 12, 13, 29, 30), these changes are
likely to be the consequences and not the causes of RVVC (7).
Since systemic CMI in women with RVVC is usually within
normal levels, it is logical to investigate local vaginal CMI
reactivity. This is important in light of the fact that clinical
experience shows that women with RVVC are not susceptible
to oral or esophageal candidiasis (26), while women with
chronic mucocutaneous candidiasis are generally not suscepti-
ble to vaginal candidiasis (23). We therefore postulate that
changes in local vaginal immune host defenses predispose to
RVVC. This hypothesis is supported by increasing evidence for
compartmentalized CMI reactivity in other mucosal tissues,
including the gastrointestinal tract (5, 25, 31), oral cavity (20),
and reproductive tract (14, 15, 22, 24).

Our laboratory has been studying the host defense mecha-
nisms important for protection against vaginal C. albicans in-
fections through an estrogen-dependent murine model of vag-
inal candidiasis. The results indicate that a localized vaginal C.
albicans infection stimulates Candida-specific systemic Th1-
type CMI (8, 9), but preinduced Candida-specific systemic
CMI is not protective against vaginal candidiasis (10). In con-
trast, mice given a primary vaginal C. albicans infection that
spontaneously resolves (in the absence of estrogen) are par-
tially protected against a second vaginal C. albicans infection
under conditions of pseudoestrus (6), but this is not systemi-
cally derived. Furthermore, whereas in vivo depletion of pe-
ripheral CD4 and CD8 T cells with complement-fixing anti-
bodies had no effect on the natural history of primary or
secondary vaginal C. albicans infections, depletion of CD4 T
cells significantly abrogated systemic Candida-specific Th1-
type reactivity in infected mice (11). These results support the
clinical observations and suggest that systemic CMI is not a
major host defense mechanism at the vaginal mucosa and that
a local (compartmentalized) acquired mucosal immune re-
sponse is the critical protective mechanism against vaginal C.
albicans infections.
Except for protection experiments in animals, there is a

paucity of information regarding CMI at a local cellular level
within the vaginal mucosa. The present study focused on the
identification of the T-cell populations present in the vaginal
mucosae of naive mice to determine and realize the potential
for a local CMI response against C. albicans. While a limited
number of studies have examined some aspects of vaginal T
lymphocytes in mice (15, 22), a definitive survey or profile of
specific T-cell subpopulations has not been performed for vag-
inal tissue. To address this, vaginal lymphocytes (VL) isolated
by collagenase digestion of vaginae were examined by flow
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cytometry for the expression of CD3, CD4, CD8, and the T-cell
receptor (TCR) (a/b or g/d).

MATERIALS AND METHODS

Mice. Female CBA/J (H-2k) mice, 8 to 10 weeks of age and purchased from
Jackson Laboratories, Bar Harbor, Maine, were used throughout these studies.
All animals were housed and handled according to institutionally recommended
guidelines. The mice from Jackson Laboratories were not colonized by C. albi-
cans, as detected by quantitative culture of stool samples (6) and vaginal lavage
fluids (8) or by positive delayed-type hypersensitivity after challenge with C.
albicans culture filtrate antigens (8).
Antibodies. Phycoerythrin (PE)- and biotin-conjugated antibodies specific for

mouse CD3 (pan-T), CD4 (L3T4), CD8a (Lyt 2), CD8b (Lyt 3), Thy-1.2, and the
a/b and g/d TCR were purchased from Pharmingen Corp., San Diego, Calif.
Biotin-conjugated antibodies were identified with cy-chrome-conjugated strep-
tavidin (Pharmingen). The anti-CD4 antibodies were from two different clones
with different epitope specificities (RM-4.5, which blocks GK 1.5 antibody
epitope specificity, and RM-4.4, which blocks 2B6 antibody epitope specificity).
Control antibodies corresponding to the source of murine antibodies included
rat immunoglobulin G2a (IgG2a), rat IgG2b, and hamster IgG (Pharmingen).
Complement-fixing antibodies specific for CD4 (IgG2b) and Thy-1.2 (IgG2b)
were obtained from the GK 1.5 and 30-H12 hybridoma cell lines (American Type
Culture Collection, Rockville, Md.), respectively. The cell lines were grown in
bulk culture, and the antibodies were collected by ammonium sulfate precipita-
tion. Antibodies were concentrated 20-fold in phosphate-buffered saline (PBS).
Fluorochrome-conjugated anti-Thy-1.2 antibodies used to detect Thy-11 cells by
flow cytometry had an epitope specificity different than that from the hybridoma
cell line used for in vivo injection.
Isolation of peripheral cell populations. Lymph node cells (LNC) (inguinal,

mesenteric, and pelvic) and peripheral blood lymphocytes (PBL) were used as
control cell populations for comparisons of cell surface antigen expression.
Lymph nodes were made into single-cell suspensions by passage through a sterile
mesh screen as previously described (9). Cells were resuspended in Hanks’
balanced salt solution (HBSS) and counted by trypan blue dye exclusion. Blood
samples from mice were collected by orbital bleeding in a heparinized tube. PBL
were isolated by differential centrifugation using lymphocyte Accu Prep (Accu-
rate Chemical and Scientific Co., Westbury, N.J.), washed, resuspended in HBSS,
and counted as described above. For each experiment, LNC were generally
pooled from 5 mice, while 10 mice were used for the isolation of PBL.
Isolation of VL. The vagina was excised, the cervix was removed, and the

remaining vaginal tissue was cut longitudinally and minced with a sterile scalpel
in complete tissue culture medium consisting of RPMI 1640 medium supple-
mented with penicillin (100 U/ml), streptomycin (100 mg/ml), L-glutamine (2
mM), 2-mercaptoethanol (53 1025 M), sodium pyruvate (2 mM), HEPES buffer
(N-2-hydroxyethylpiperazine-N9-2-ethanesulfonic acid; 20 mM), and 5% heat-
inactivated fetal calf serum (FCS) (all from GIBCO, Grand Island, N.Y.).
Minced tissues (epithelium and lamina propria) were digested in complete me-
dium with sterile 0.25% collagenase type IV (Sigma Chemical Co., St. Louis,
Mo.). Digestion was accomplished with shaking incubation at 378C for 30 min.
Before, during, and immediately after the incubation period, samples were sub-
jected to 10-s intervals of more severe agitation in a stomacher homogenizer
(Tekmar Inc., Cincinnati, Ohio). After digestion, tissues and cells were filtered
through a sterile gauze mesh and washed with RPMI 1640 medium, and addi-
tional tissue debris was excluded by slow-speed centrifugation (200 3 g) for 1
min. Cells were collected from the supernatant by centrifugation at 800 3 g,
resuspended in HBSS, and counted by trypan blue dye exclusion. Approximately
105 VL were collected per mouse. Ten mice were usually employed per exper-
iment. Random selection of mice did not distinguish between stages of the
menstrual cycle, and thus the data presented represent those for a pool of cells
from all stages of the menstrual cycle. The reproducibility of results showed that
appropriate sampling was obtained, and phenotypic results did not differ in
isolated experiments in which the majority of randomly selected animals were
either in estrus or not in estrus.
In specific experiments, LNC were used as controls for the effects of collage-

nase. These included analyses of LNC after the incubation of 2 3 107 LNC in
0.25% collagenase with shaking and homogenization at 378C and the addition of
23 107 LNC to vaginal tissue that was subsequently incubated and homogenized
in 0.25% collagenase. A third control examined the potential for antigen reex-
pression on VL in case surface antigens on vaginal cells were affected during the
isolation process. For these experiments, collagenase-treated vaginal cells were
incubated for 18 h at 4 or 378C before phenotypic analyses were performed.
Flow cytometry. Standard methodology was employed for direct and indirect

immunofluorescence of VL. Briefly, 105 VL, 13 105 to 23 105 PBL, or 106 LNC
were pelleted in Eppendorf tubes and then incubated for 30 min on ice with 1 mg
of fluorochrome- or biotin-conjugated antibodies diluted in 100 ml of PBS–2%
FCS (PBS-FCS). The cells were washed twice with 250 ml of PBS-FCS after
incubation. Biotin-labeled cells were incubated for an additional 30 min on ice
with cy-chrome-conjugated streptavidin (0.05 mg) and similarly washed with
PBS-FCS. The samples were analyzed by a FACScan flow cytometer (Becton
Dickinson Immunocytometry Systems, Mountain View, Calif.) by trained per-
sonnel at MLPCCCMDAnalytical Cytometry Facility at Wayne State University.

Cells incubated with rat IgG2a, rat IgG2b, or hamster IgG isotype control
antibodies were used to determine the background fluorescence. Compensation
for each fluorochrome was determined by parallel single-color analysis of cells
labeled with one of each fluorochrome-conjugated antibody. The gating limits for
the analysis of VL were determined from an analysis of positive-staining cells
recovered after the addition of 2 3 107 LNC to the VL isolation protocol. Data
are expressed in histograms of fluorescence intensity versus the number of
fluorescing cells, indicating the percentage of the cell population positive for a
specific cell surface antigen. Whereas the background fluorescence for LNC was
generally 2 to 4%, VL consistently fluoresced at 8 to 10% but without resolution
of any defined cell population similar to those obtained with antibodies to
specific antigenic markers. Therefore, the isotype control antibodies included in
each experiment were considered the true baseline fluorescence used to evaluate
and illustrate the results for the T-cell-specific antigen markers.
In vivo cellular depletion. Mice were randomized to receive local intravaginal

injections of anti-Thy-1.2 or GK 1.5 anti-CD4 antibodies. Mice were injected in
vaginal tissue at each of two sites with 50 ml (100 mg) of antibody in PBS every
2 to 3 days for 1 week (600 mg of antibody). Control animals received injections
of PBS. VL and LNC were collected after this 1-week period and analyzed by
flow cytometry for surface marker expression as described above. Seven mice
were used per antibody treatment.

RESULTS

Identification of VL by flow cytometry. VL isolated from
collagenase-digested vaginal tissue were labeled with biotin-
conjugated anti-CD3 antibodies and subsequently with cy-
chrome-conjugated streptavidin and analyzed by flow cytom-
etry. The results are illustrated in Fig. 1. The results of light
scatter analysis (Fig. 1A) are shown, with the location of cells
staining positive for cy-chrome-conjugated anti-CD3 antibod-
ies shown in red. CD31 cells represented 12% of the total
vaginal cells isolated. For subsequent analyses, the cell popu-
lations monitored for fluorescence were restricted to the re-
gion containing the majority of CD31 cells (circled in Fig. 1A)
and defined as the lymphoid-like cell compartment, recogniz-
ing that fewer CD31 cells were sporadically detected outside
the gated region. By using these parameters, T cells, as deter-
mined by anti-CD3 antibody staining, were found to constitute
approximately 50% of the lymphoid cell compartment (Fig.
1B). The background fluorescence (Fig. 1C and D), as deter-
mined by cellular staining with isotype control antibodies, was
found to be approximately 9 to 12% with rat IgG2a antibodies,
8% with rat IgG2b antibodies, and negligible with hamster IgG
antibodies. As shown, specific fluorochromes (cy-chrome and
PE) had no effect on background staining since interchanging
antibodies and fluorochromes showed similar staining patterns
(Fig. 1C and D). By using similar staining procedures, purified
LNC were 75%6 5% CD31 and PBL were 50%6 5% CD31,
with isotype control antibodies showing 1 to 2% positive stain-
ing with either cell type (data not shown).
TCR expression of VL. LNC, PBL, and vaginal cells were

dual labeled with biotin-conjugated anti-CD3 antibodies fol-
lowed by cy-chrome-streptavidin and either PE-conjugated an-
ti-a/b or PE-conjugated anti-g/d TCR antibodies and analyzed
by flow cytometry. The fluorescence results for lymphoid-like
vaginal cells (defined above) are shown in Fig. 2. Greater than
80% of CD31 VL expressed the a/b TCR (56% of lymphoid-
like cells) (Fig. 2A); the remaining 20% of CD31 VL (9% of
lymphoid-like cells) expressed the g/d TCR (Fig. 2B). The
CD31 a/b and g/d TCR1 cells in the lymph nodes and PBL
were 97 and 3%, respectively (data not shown).
CD4 and CD8 expression on VL. LNC, PBL, and vaginal

cells were dual labeled with PE- or biotin-conjugated anti-a/b
or anti-g/d TCR antibodies together with either anti-CD4 or
anti-CD8a (Lyt 2) antibodies. The results for PE- and cy-
chrome-fluorescent lymphoid-like vaginal cells are illustrated
in Fig. 3. Within the lymphoid-like cell limits, 38% were a/b
TCR1 CD41 (Fig. 3A), 6% were g/d TCR1 CD41 (Fig. 3B),
2% were a/b TCR1 CD81 (Fig. 3C), and ,1% were g/d
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TCR1 CD81 (Fig. 3D). The total distribution of CD4 and
CD8 cells (Fig. 3E) showed that 40% of VL were CD41, while
,1% expressed CD8, including negligible cells expressing both
CD4 and CD8. The results for LNC and PBL, as expected,
showed that a/b TCR1 cells expressed either CD4 or CD8,
while g/d TCR1 cells were CD42 CD82 (data not shown). In
contrast to the CD4-CD8 cell ratios in LNC and PBL (3:1 and
6:1, respectively), the CD4-CD8 cell ratio in the vagina was
.100:1. Taken together, these data show that (i) the majority
of vaginal cells are CD41 and express the a/b TCR, (ii) the
majority of vaginal g/d T cells also express CD4, and (iii) few
vaginal cells express CD8.
To further examine the observed lack of expression of CD8

on VL, experiments were designed to assess the potential for
atypical expression of the a- and/or b (Lyt 3)-chains of the
CD8 receptor on VL. For this, both LNC and vaginal cells
were dual labeled with PE- or biotin-conjugated anti-CD8a
and anti-CD8b antibodies. The results show that 90% of CD81

cells in the lymph nodes (10% of all LNC) expressed both the
a- and b-chains of the CD8 receptor (Fig. 4A), while VL
showed negligible expression of either chain alone and only
1% were positive for both chains (Fig. 4B).
During our preliminary analyses of CD4 expression on vag-

inal cells, we observed that anti-CD4 antibodies of different
epitope specificities recognized lymphoid-like vaginal cells dif-
ferentially. Specifically, while VL did not bind anti-CD4 anti-
bodies specific for the epitope recognized by GK 1.5 anti-CD4
antibodies, VL did bind anti-CD4 antibodies specific for the
epitope recognized by 2B6 anti-CD4 antibodies. To examine
this interesting staining pattern more closely, LNC, PBL, and
vaginal cells were dual labeled with anti-CD4 antibodies of

FIG. 2. TCR expression on VL. Cells (105) isolated from collagenase-di-
gested vaginae were labeled with biotinylated-conjugated anti-CD3 antibodies,
cy-chrome (CYC)-conjugated streptavidin, and PE-conjugated anti-a/b or anti-
g/d TCR antibodies and analyzed by flow cytometry. Gated regions for analysis
were determined by positive-staining cells recovered from vaginal cell isolation in
the presence of LNC. (A) CD31 versus a/b TCR1 cells; (B) CD31 versus g/d
TCR1 cells. The percentage in each quadrant represents the fluorescent positive
cells within the lymphoid-like cell limits (Fig. 1A). Data shown are of a repre-
sentative experiment of no less than five repeats using 10 mice per experiment.

FIG. 1. Identification of VL by flow cytometry. Cells (105) isolated from
collagenase-digested vaginae were labeled with biotinylated anti-CD3 antibodies
and subsequently with cy-chrome (CYC)-conjugated streptavidin. Control sam-
ples were labeled with PE-conjugated hamster (HAM) IgG and PE- or CYC-
conjugated rat IgG isotype control antibodies. The labeled samples were ana-
lyzed by flow cytometry on the basis of gated regions determined by analysis of
cells recovered from the isolation of vaginal cells in the presence of LNC. (A) 908
versus forward light scatter analysis (size and granularity); (B) CYC fluores-
cence, representing CD31 cells; (C and D) background fluorescence of isotype
control antibodies. Percentages represent fluorescent positive cells within the
limits circled in panel A (lymphoid-like cells). Data shown are of a representative
experiment of no less than five repeats using 10 mice per experiment. FL2,
second fluorescent label.
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both epitope specificities and analyzed by flow cytometry. The
results are shown in Fig. 5. In the LNC (Fig. 5A) and PBL (Fig.
5B) cell fractions, .90% of CD41 cells bound antibodies of
both epitope specificities, representing 45 and 41% of total
LNC and PBL, respectively. Similarly, cells recovered after the
addition of 2 3 107 LNC to the vaginal cell isolation prepara-
tion recognized both epitope-distinct anti-CD4 antibodies
(Fig. 5C), albeit at a different level of resolution compared with
that of LNC alone (Fig. 5A) or LNC incubated in collagenase
(data not shown). In contrast, 80% of CD41 VL recognized
2B6 anti-CD4 antibodies, but not GK 1.5 anti-CD4 antibodies
(29% of total VL) (Fig. 5D), with ,20% of CD41 VL recog-
nizing both anti-CD4 antibodies (8% of total VL). The results
did not differ appreciably when CD41 cells were analyzed with
a single antibody (single label) or in combination with other
T-cell-specific antibodies in a triple label (data not shown). In
other experiments, VL showed similar staining patterns for

both CD4 and CD8 when antibodies with different conjugated
fluorochromes were used for labeling, as well as when labeling
was performed after an 18-h incubation of isolated cells in
complete medium at either 4 or 378C to examine potential
reexpression of surface antigens (data not shown).
In vivo cellular depletions. To examine the putative in situ

expression of the CD4 receptor on vaginal cells, mice were
injected intravaginally with complement-fixing antibodies (an-
ti-Thy-1.2 or GK 1.5 anti-CD4) over 1 week, after which VL
and LNC were collected and analyzed for expression of the
respective surface marker by flow cytometry using fluores-
cence-conjugated antibodies with epitope specificities different
from those used to inject the animals. The rationale was that if
the CD4 receptor was atypically expressed in situ in vaginal
tissue as it is after vaginal cell isolation, vaginal CD4 cells
would not be affected by in vivo treatment with GK 1.5 anti-
CD4 antibodies while Thy-11 vaginal cells would be reduced or
eliminated in control mice treated with anti-Thy-1.2 antibod-
ies. The results are summarized in Table 1. Mice treated with
anti-Thy-1.2 antibodies showed an 83% reduction in Thy-11

cells (56 to 9.2%) in the lymph nodes and a 35% reduction in
the vagina (37 to 24%). In contrast, while mice treated with
GK 1.5 anti-CD4 antibodies showed a 79% reduction in CD41

cells in the lymph nodes (analyzed by 2B6 anti-CD4 antibod-
ies), the percentage of CD41 cells in the vagina remained
unchanged at 28%. The lack of a greater reduction in Thy-11

cells in the vagina was presumably due to the concentration
and access to complement within the mucosal tissue. Interest-
ingly, intravenous administration of these same antibodies had
no effect on the expression of Thy-11 or CD41 cells in the
vaginal mucosa, despite a greater than 90% reduction in the
respective cells in the lymph nodes (unpublished observations).

DISCUSSION

The results of this study provide important evidence that
T-cell populations in the vaginal mucosae of naive mice are
phenotypically distinct from those in the periphery. Although
CD41 a/b TCR1 T cells predominate in the vaginal mucosa in
a manner similar to that in the lymph nodes and peripheral
blood, analysis by flow cytometry provided several distinguish-
ing characteristics of VL. Firstly, the g/d TCR1 population in
the vaginal mucosa (15 to 20%) is approximately five- to sixfold

FIG. 3. CD4 and CD8 expression on VL. Cells (105) isolated from collage-
nase-digested vaginae were labeled with biotinylated anti-CD4 or anti-CD8 (a-
chain) antibodies followed by cy-chrome (CYC)-conjugated streptavidin, and
PE-conjugated anti-a/b or anti-g/d TCR antibodies or with biotinylated anti-
CD4 antibodies, CYC-streptavidin, and PE-conjugated anti-CD8a antibodies
and analyzed by flow cytometry. Gated regions for analysis were determined
from positive-staining cells recovered from vaginal cell isolation in the presence
of LNC. (A) CD41 versus a/b TCR1 cells; (B) CD41 versus g/d TCR1 cells; (C)
CD81 versus a/b TCR1 cells; (D) CD81 versus g/d TCR1 cells; (E) CD41

versus CD81 cells. The percentage in each quadrant represents the fluorescent
positive cells within the lymphoid-like cell limits (Fig. 1A). Data shown are of a
representative experiment of five repeats using 10 mice per experiment.

FIG. 4. CD8 expression on VL versus peripheral lymphocytes. LNC (106)
and cells isolated from collagenase-digested vaginae (105) were labeled with
biotinylated anti-CD8a, Cy-chrome (CYC)-conjugated streptavidin, and PE-
conjugated anti-CD8b antibodies and analyzed by flow cytometry. Gated regions
for analysis were determined from positive-staining cells recovered from vaginal
cell isolation in the presence of LNC. (A) CD8a1 versus CD8b1 LNC; (B)
CD8a1 versus CD8b1 vaginal (VAG) cells. The percentage in each quadrant
represents the fluorescent positive cells within the lymphoid-like cell limits. Data
shown are of a representative experiment of two repeats using 10 mice per
experiment.
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greater than that in the periphery. Secondly, in contrast to the
g/d TCR1 cells in the periphery (which are largely CD42

CD82), a high percentage of g/d TCR1 cells in the vaginal
mucosa stained positive with anti-CD4 antibodies. Thirdly, nei-
ther a/b nor g/d TCR1 vaginal T cells express CD8, which
resulted in an enormous CD4-CD8 cell ratio (.100:1) com-
pared with the ratio observed in LNC and PBL. Moreover,
there was no evidence for the presence of the gut-associated
CD8aa receptor (1) suggestive of extrathymic maturation (18)
or an uncharacteristic CD8 receptor (e.g., CD8bb). In each
case, although a pool of LNC and vaginal cells was used to
identify the limits of analysis (gated regions), the resolution of
specific cell populations as detected by fluorescence intensity
was more dilute compared with LNC and PBL. We contend
that these differences reflect the inherent fact that the vaginal
cells were isolated from mucosal rather than lymphoid tissue.
The fourth and most interesting characteristic of VL is the

fact that although CD41 cells were identified in the vaginal
mucosa, unlike peripheral lymphocytes, VL recognized 2B6
but not GK 1.5 epitope-distinct anti-CD4 antibodies. In con-
trast, the control group consisting of cells recovered from a
pool of LNC and vaginal tissues subjected to enzymatic diges-
tion stained positive for both epitope-distinct anti-CD4 anti-
bodies (Fig. 5C). This control not only provided evidence for
changes and shifts in the flow cytometric resolution of positive-
staining LNC subjected to enzymatic digestion but also clearly
showed that lymphocytes can retain their phenotypic charac-

teristics during the isolation procedure. The latter is also sup-
ported by the increased percentage of GK 1.5-positive cells in
the pool of LNC and vaginal cells compared with that for
vaginal cells alone (Fig. 5). We cannot, however, exclude the
alternative possibility that the CD4 receptor on vaginal and
peripheral CD4 cells is identical but that vaginal cells are more
vulnerable to enzymatic digestion so that the GK 1.5-specific
epitope on vaginal cells but not LNC becomes cleaved or
partially digested during isolation. This appears unlikely,
though, for several reasons. Firstly, the expression of CD4 (by
both 2B6 and GK 1.5 anti-CD4 antibodies) was unchanged on
VL after postcollagenase incubation of cells to assess surface
antigen reexpression. Secondly, the reduction in Thy-11 cells,
but not CD41 cells, in the vagina after intravaginal injection of
anti-Thy-1.2 and GK 1.5 anti-CD4 complement-fixing antibod-
ies, respectively, suggests that the distinct phenotype of vaginal
CD4 cells similarly occurs in situ. Similar results were observed
when VL and LNC collected from naive animals were treated
in vitro with anti-Thy-1.2 or GK 1.5 anti-CD4 antibodies and
subsequently with complement (data not shown). Taken to-
gether, our data suggest that the CD4 receptor on vaginal CD4
cells is atypically expressed compared with expression on pe-
ripheral CD4 cells. It is unclear at present whether both a/b
and g/d CD41 vaginal T cells share the same property with
respect to the expression of the CD4 receptor. We speculate
that at least vaginal a/b T cells share this property since they
constitute the majority of CD41 cells in the vaginal mucosa.
Further studies are needed to confirm both the CD4 expres-
sion on the smaller g/d T-cell population and whether it too is
atypically expressed.
The putative atypical expression of the CD4 receptor on

vaginal CD4 cells may be due to the lack of the epitope that
recognizes GK 1.5 anti-CD4 antibodies, or alternatively, the
epitope that recognizes GK 1.5 anti-CD4 antibodies may be
masked because of a different conformation or glycosylation
pattern of the CD4 receptor. Studies that incorporate dena-
turing agents (immunohistochemistry or Western blot [immu-
noblot] analysis) are in progress to address this important
issue.
Noteworthy in this study was the fact that the fluorescent

staining patterns observed for the limited numbers of vaginal
cells located outside the defined gated (lymphoid-like) region
were not different from those inside the gated region (data not
shown). These results indicate that a small percentage of T

FIG. 5. CD4 receptor expression on VL versus peripheral lymphocytes. LNC (106), PBL (2 3 105), and cells from collagenase-digested vaginae (105) were labeled
with biotinylated (plus cy-chrome [CYC]-conjugated streptavidin) and PE-conjugated anti-CD4 antibodies with distinct epitope specificities for the CD4 receptor. These
anti-CD4 antibodies are derived from two distinct clones (RM-4.4 and RM-4.5) and block 2B6 and GK 1.5 anti-CD4 antibodies, respectively. Flow cytometric analyses
of the recognition of epitope-distinct 2B6 and GK 1.5-like anti-CD4 antibodies on LNC (A), PBL (B), VL isolated in the presence of LNC (VAG1LNC) (C), and VL
(VAG) (D) are shown. The percentage in each quadrant represents the fluorescent positive cells within the lymphoid-like cell limits. Data shown are of a representative ex-
periment of five repeats using seven mice per experiment for analysis of vaginal cells and five mice per experiment for pooled samples of lymph nodes and vaginal tissues.

TABLE 1. Lack of effect on vaginal CD41 cells after intravaginal
injection of GK 1.5 anti-CD4 complement-fixing antibodiesa

Treatment

% of cells positive for:

CD4 (2B6) Thy-1.2

LNC VL LNC VL

PBSb 47 28 56 37
Anti-Thy-1.2 NDc ND 9 24
Anti-CD4 (GK 1.5) 10 28 ND ND
% Reduction 79 0 83 35

a Complement-fixing antibodies (100 mg) were injected into the vaginal wall at
each of two sites in a volume of 50 ml every 2 to 3 days for 1 week. The total
antibody injected was 600 mg.
b Negative control.
c ND, not determined.
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cells exist outside the arbitrary lymphoid-like region in naive
animals but do so without obvious phenotypic divergence, in-
cluding the recognition of anti-CD4 antibodies. Whereas such
cells may be considered larger blasting-type T cells on the basis
of light scatter characteristics, we speculate that they instead
represent naive cells that remained aggregated to or associated
with larger epithelial cells during the isolation process. Never-
theless, while our analysis focused on the majority of T cells in
the vaginal preparation defined within a population of cells
with lymphoid-like light scatter characteristics, we recognize
that during analysis of vaginal cells under specific conditions
(i.e., infection), attention should be given to cells outside this
defined region, which may include larger blasting antigen-re-
sponsive T cells.
There are several points of contrast between the results

described here for CBA/J mice and those described for vaginal
cells in other murine strains, as well as in relation to T cells at
other mucosal sites, including intestinal intraepithelial lympho-
cytes and gingival T cells of the oral mucosa. Flow cytometric
analyses of T cells in the aforementioned mucosal tissues
showed that while a/b TCR1 cells often predominated, the
percentages of g/d T cells were always considerably higher than
that in the periphery (15, 20, 22, 25). Thus, our results add to
the accumulating evidence suggesting a role for g/d T cells in
first-line defense against pathogens invading the skin or mu-
cosal surfaces. In comparison to the limited data available for
VL from other murine strains, our results differed in three
specific areas, a lower percentage of g/d T cells (reported to be
as high as 50% in BALB/cJ (H-2d) and C57BL/6 (H-2b) mice
(15, 22), a predominance of putative CD41 g/d T cells, and
negligible numbers of CD81 cells. These differences may relate
to genetic diversity (differences in the class II major histocom-
patibility complex) or reflect differences in obtaining cells by
mechanical disruption (15, 22) versus enzymatic digestion. Ad-
ditionally, the actual percentages of vaginal cells detected by
immunofluorescence were much lower in previous studies (15,
22), presumably because of analyses performed on total cells
rather than on gated regions with lymphoid-like light scatter
characteristics (Fig. 1). Furthermore, if the CD4 receptor on
VL in the other genetic strains is atypically expressed as it is in
CBA/J mice, the use of GK 1.5 anti-CD4 antibodies in the
named studies would have identified fewer CD41 cells in the
vaginal pool. This might also explain the low-level CD4 expres-
sion on g/d T cells in previous reports (15, 22) and, together
with small numbers of CD81 cells, would explain the low levels
but fairly even distribution of CD4 and CD8 cells in one report
(15).
The presence of distinct subpopulations of T cells in the

vaginal mucosa adds support for the concept of local CMI as a
potential host defense mechanism in the female reproductive
tract. In a recent report from our laboratory, we showed that
mice given a primary vaginal infection with C. albicans can be
partially protected against a second vaginal infection in the
absence of any detectable participation by systemic CMI (6).
Since the in situ location of mucosal cells and changes in
respective cell populations can be indicative of potential im-
mune function (24), it will be interesting to determine how the
T-cell subpopulations change (numbers and phenotype) after
C. albicans vaginal infection and to define the in situ location
of each T-cell subpopulation in the vaginal tissue before and
after infection, as well as during the protective effect. Similarly,
in vitro proliferation and/or cytokine production by mucosal
cells in response to antigenic stimulation is good evidence for
putative local immune reactivity. To date, although consider-
able data exist for the ability of murine intestinal intraepithelial
lymphocytes to produce cytokines (4, 5, 28, 31), the only re-

ports of vaginal cell responses are cytotoxic T-lymphocyte re-
sponses by vaginal CD8 cells in macaques (19) and prolifera-
tion and/or cytokine production by genital tract cells in
response to chlamydial antigens in a murine model of Chla-
mydia trachomatis genital infection (2, 14).
In summary, the present data significantly extend the infor-

mation regarding distinctive phenotypic properties of VL com-
pared with those in the periphery and provide interesting new
evidence for putative atypical expression of the murine CD4
receptor on VL. These results support the concept of some
level of independence (compartmentalization) pertaining to
mucosal T-cell populations and vaginal immunity.

ACKNOWLEDGMENTS

This work was supported by Public Health Service grant AI-32556
from the National Institute of Allergy and Infectious Diseases.
We thank Jack Sobel and Maria Lynch for their assistance in prep-

aration of the manuscript.

REFERENCES

1. Bandeira, A., S. Itohara, M. Bonneville, O. Burlen-Defranoux, T. Mota-
Santos, A. Coutinho, and S. Tonegawa. 1991. Extrathymic origin of intestinal
intraepithelial lymphocytes bearing T-cell antigen receptor gamma delta.
Proc. Natl. Acad. Sci. USA 88:43–47.

2. Cain, T. K., and R. G. Rank. 1995. Local Th1-like responses are induced by
intravaginal infection of mice with the mouse pneumonitis biovar of Chla-
mydia trachomatis. Infect. Immun. 63:1784–1789.

3. Clift, R. A. 1984. Candidiasis in the transplant patient. Am. J. Med. 77(Suppl.
4D):34–38.

4. Dillon, S. B., B. J. Dalton, and T. MacDonald. 1986. Lymphokine production
by mitogen and antigen activated mouse intraepithelial lymphocytes. Cell.
Immunol. 103:326–338.

5. Ebert, E. C. 1990. Intra-epithelial lymphocytes: interferon-gamma produc-
tion and suppressor/cytotoxic activities. Clin. Exp. Immunol. 82:81–85.

6. Fidel, P. L., Jr., M. E. Lynch, D. H. Conaway, L. Tait, and J. D. Sobel. 1995.
Mice immunized by primary vaginal Candida albicans infection develop
acquired vaginal mucosal immunity. Infect. Immun. 63:547–553.

7. Fidel, P. L., Jr., M. E. Lynch, V. Redondo-Lopez, J. D. Sobel, and R.
Robinson. 1993. Systemic cell-mediated immune reactivity in women with
recurrent vulvovaginal candidiasis (RVVC). J. Infect. Dis. 168:1458–1465.

8. Fidel, P. L., Jr., M. E. Lynch, and J. D. Sobel. 1993. Candida-specific cell-
mediated immunity is demonstrable in mice with experimental vaginal can-
didiasis. Infect. Immun. 61:1990–1995.

9. Fidel, P. L., Jr., M. E. Lynch, and J. D. Sobel. 1993. Candida-specific Th1-
type responsiveness in mice with experimental vaginal candidiasis. Infect.
Immun. 61:4202–4207.

10. Fidel, P. L., Jr., M. E. Lynch, and J. D. Sobel. 1994. Effects of preinduced
Candida-specific systemic cell-mediated immunity on experimental vaginal
candidiasis. Infect. Immun. 62:1032–1038.

11. Fidel, P. L., Jr., M. E. Lynch, and J. D. Sobel. 1995. Circulating CD4 and
CD8 T cells have little impact on host defense against vaginal candidiasis.
Infect. Immun. 63:2403–2408.

12. Fong, I. W., P. McCleary, and S. Read. 1992. Cellular immunity of patients
with recurrent or refractory vulvovaginal moniliasis. Am. J. Obstet. Gynecol.
166:887–890.

13. Hobbs, J. R., D. Briden, F. Davidson, M. Kahan, and J. K. Oates. 1977.
Immunological aspects of candidal vaginitis. Proc. R. Soc. Med. 70:11–14.

14. Igietseme, J. U., and R. G. Rank. 1991. Susceptibility to reinfection after a
primary chlamydial genital infection is associated with a decrease of antigen-
specific T cells in the genital tract. Infect. Immun. 59:1346–1351.

15. Itohara, S., A. G. Farr, J. J. Lafaille, M. Bonneville, Y. Takagaki, W. Haas,
and S. Tonegawa. 1990. Homing of a gamma/delta thymocyte subset with
homogenous T-cell receptors to mucosal epithelia. Nature (London) 343:
754–757.

16. Klein, R. S., C. A. Harris, C. B. Small, B. Moll, M. Lesser, and G. H.
Friedland. 1984. Oral candidiasis in high-risk patients as the initial manifes-
tation of the acquired immunologicdeficiency syndrome. N. Engl. J. Med.
311:354–358.

17. Knight, L., and J. Fletcher. 1971. Growth of Candida albicans in saliva:
stimulation by glucosa associated with antibiotics, corticosteroids, and dia-
betes mellitus. J. Infect. Dis. 123:371–377.

18. Lefrancois, L. 1991. Extrathymic differentiation of intraepithelial lympho-
cytes: generation of a separate and unequal T-cell repertoire? Immunol.
Today 12:436–438.

19. Lohman, B. L., C. J. Miller, and M. McChesney. 1995. Antiviral cytotoxic T
lymphocytes in vaginal mucosa of simian immunodeficiency virus-infected
rhesus macaques. J. Immunol. 155:5855–5860.

3798 FIDEL ET AL. INFECT. IMMUN.



20. Lundqvist, C., V. Baranov, S. Teglund, S. Hammarstrom, and M. L. Ham-
marstrom. 1994. Cytokine profile and ultrastructure of intraepithelial gam-
ma-delta T cells in chronically inflamed human gingiva suggest a cytotoxic
effector factor. J. Immunol. 153:2302–2312.

21. Macher, A. M. 1988. The pathology of AIDS. Public Health Rep. 103:246–
250.

22. Nandi, D., and J. P. Allison. 1991. Phenotypic analysis and gamma/delta-T
cell receptor repertoire of murine T cells associated with the vaginal epithe-
lium. J. Immunol. 147:1773–1778.

23. Odds, F. C. 1988. Chronic mucocutaneous candidosis, p. 104–110. In F. C.
Odds (ed.), Candida and candidosis. University Park Press, Baltimore.

24. Parr, M. B., and E. L. Parr. 1991. Langerhans cells and T lymphocyte subsets
in the murine vagina and cervix. Biol. Reprod. 44:491–498.

25. Poussier, P., and M. Julius. 1994. Intestinal intraepithelial lymphocytes: the
plot thickens. J. Exp. Med. 180:1185–1189.

26. Sobel, J. D. 1988. Pathogenesis and epidemiology of vulvovaginal candidia-

sis. Ann. N. Y. Acad. Sci. 544:547–557.
27. Syverson, R. A., H. Buckley, J. Gibian, and J. M. Ryan, Jr. 1979. Cellular and

humoral immune status in women with chronic Candida vaginitis. Am. J.
Obstet. Gynecol. 134:624–627.

28. Taguchi, T., J. R. McGhee, R. L. Coffman, K. W. Beagley, J. H. Eldridge, K.
Takatsu, and H. Kiyono. 1990. Analysis of Th1 and Th2 cells in murine
gut-associated tissues. J. Immunol. 145:68–77.

29. Witkin, S. S., J. Hirsch, and W. J. Ledger. 1986. A macrophage defect in
women with recurrent Candida vaginitis and its reversal in vitro by prosta-
glandin inhibitors. Am. J. Obstet. Gynecol. 155:790–795.

30. Witkin, S. S., I. R. Yu, and W. J. Ledger. 1983. Inhibition of Candida
albicans-induced lymphocyte proliferation by lymphocytes and sera from
women with recurrent vaginitis. Am. J. Obstet. Gynecol. 147:809–811.

31. Yamamoto, M., K. Fujihashi, K. W. Beagley, J. R. McGhee, and H. Kiyono.
1993. Cytokine synthesis by intestinal intraepithelial lymphocytes. J. Immu-
nol. 150:106–114.

Editor: D. H. Howard

VOL. 64, 1996 T LYMPHOCYTES IN THE MURINE VAGINAL MUCOSA 3799




