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tis, Candida-specific delayed-type hypersensitivity (DTH) was
measured as previously reported (5). Results showed that
DTH values for TCR ␦⫺/⫺ and wild-type mice were similarly
positive on day 10 postinoculation (0.312 ⫾ 0.09 mm and
0.25 ⫾ 0.06 mm, respectively) and negative on day 4, consistent
with the development of Candida-specific DTH following infection (5). Thus, ␥/␦ TCR⫹ T cells have no demonstrable
influence on Candida-specific DTH and DTH could not explain the observed infection results.
In studies examining local cellular changes during infection,
flow cytometric analysis performed as previously described (8)
showed no significant changes in the percentages of vaginal
CD4⫹ or CD8⫹ ␣/␤ TCR⫹ cells in TCR ␦⫺/⫺ mice compared
to those in wild-type mice on days 4 and 10 postinoculation. As
a confirmation, vaginal tissue sections prepared from TCR
␦⫺/⫺ and wild-type mice on day 10 postinoculation and stained
with hematoxylin and eosin (H&E) (Hema-3 staining kit;
Fisher Scientific, Pittsburgh, Pa.) showed no evidence of a
leukocyte infiltrate or any changes in the local cellular composition as a result of infection (Fig. 2).

Recurrent vulvovaginal candidiasis, caused predominantly
by Candida albicans, is an opportunistic fungal infection affecting an estimated 5 to 10% of otherwise healthy women of
childbearing age (20). Cell-mediated immunity (CMI) involving Th1-type ␣/␤ T-cell-receptor-positive (TCR⫹) CD4⫹ T
cells is the predominant host defense mechanism against C.
albicans at mucosal surfaces (1, 18). However, studies of
women with recurrent vulvovaginal candidiasis and an experimental murine model of vaginal candidiasis show little if any
protective role for systemic and mucosal CMI (3, 4, 6, 7).
Together, these results suggested that some form of tolerance
or immunoregulation inhibits more profound CMI against vaginal candidiasis.
We and others have shown that vagina-associated T cells are
phenotypically distinct from those in the periphery, with high
percentages of ␥/␦ TCR⫹ T cells compared to those in the
periphery (8, 10, 11, 16). The purpose of the current study was
to more clearly define the role of ␥/␦ TCR⫹ T cells in immunity
to experimental vaginal candidiasis using TCR ␦⫺/⫺ mice that
are homozygous for the Tcrdtm/MomC mutation and consequently deficient in ␥/␦ T cells in all adult lymphoid and epithelial organs (12).
To assess the role of ␥/␦ TCR⫹ T cells in the host response
to experimental vaginal candidiasis, female TCR ␦⫺/⫺ mice
(C57BL/6 background) (9) and wild-type mice (Jackson Laboratory, Bar Harbor, Maine), 8 to 12 weeks of age, were vaginally inoculated with stationary-phase C. albicans 3153A blastoconidia as previously described (5). Quantitative culture of
vaginal lavage fluid demonstrated that the vaginal fungal burden in TCR ␦⫺/⫺ mice was significantly less than in wild-type
mice (Fig. 1) (P ⬍ 0.05 and 0.001 on days 4 and 10, respectively). This suggested that the presence of ␥/␦ TCR⫹ T cells
increased the susceptibility of mice to experimental C. albicans
vaginitis. To identify a systemic immune correlate for the resistance of TCR ␦⫺/⫺ mice to experimental C. albicans vagini-

FIG. 1. Experimental vaginal candidiasis in the absence of ␥/␦
TCR⫹ T cells. Groups of 10 estrogen-treated TCR ␦⫺/⫺ and wild-type
C57BL/6 mice were inoculated vaginally with 5 ⫻ 104 C. albicans
blastoconidia. Mice were sacrificed on days 4 and 10 postinoculation,
and vaginal fungal burden was quantified by culture of vaginal lavage
fluid. Data are mean numbers of CFU (103) ⫾ standard errors of the
means (SEM) for four experiments. ⴱ, P ⬍ 0.05; ⴱⴱ, P ⬍ 0.0001.
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Conditions consistent with tolerance or immunoregulation have been observed in experimental Candida
albicans vaginal infections. The present study investigated the role of ␥/␦ T cells in experimental vaginal
candidiasis. Results showed that T-cell receptor ␦-chain-knockout mice had significantly less vaginal fungal
burden when compared to wild-type mice, suggesting an immunoregulatory role for ␥/␦ T cells in Candida vaginitis.
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Local immunity was evaluated by the presence of Th1-type
(gamma interferon and interleukin-12 [IL-12]) and Th2-type
(IL-4, IL-10, and transforming growth factor ␤1) cytokines in
infected TCR ␦⫺/⫺ and wild-type mice by enzyme-linked immunosorbent assay (BD Pharmingen or Genzyme Diagnostics,
Cambridge, Mass) with concentrations normalized to total
protein (BCA kit; Pierce, Rockford, Ill.) as previously described (22). Although cytokines were detected throughout
infection as per previous studies (22), including high concentrations of transforming growth factor ␤1 suggestive of local
immunoregulation, no differences in vaginal cytokine concen-

trations were observed between groups on days 4 and 10 postinoculation to explain the increased resistance of TCR ␦⫺/⫺
mice to infection (data not shown).
As local CMI did not reveal any correlates for the increased
resistance of TCR ␦⫺/⫺ mice to C. albicans vaginal infection,
we next examined Candida-specific antibodies in vaginal lavages (pooled from 8 to12 animals per group) collected from
TCR ␦⫺/⫺ and wild-type mice by enzyme-linked immunosorbent assay using Candida soluble cytoplasmic substances as the
capture antigen as described elsewhere (L. Cárdenas-Freytag,
C. Steele, F. L. Wormley, Jr., E. Cheng, J. D. Clements, and
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FIG. 2. H&E staining of vaginal tissue during experimental vaginal candidiasis in the absence of ␥/␦ TCR⫹ T cells. Whole vaginal tissues from
estrogen-treated TCR ␦⫺/⫺ and wild-type C57BL/6 mice were excised on day 10 postinoculation, frozen in optimal-cutting-temperature medium,
and sectioned (10 m). Sections were stained with H&E using a Hema-3 staining kit and examined at ⫻10 (A and C) and x40 (B and D)
magnification. The ⫻40 image is taken from the boxed region of the ⫻10 image.
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well as their unique TCR variable gene segments (V␥4V␦1) (11),
may be important to their site-specific immunoregulatory role.
This work was supported by grant AI 32556 from the National
Institute of Allergy and Infectious Diseases, National Institutes of
Health.
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P. L. Fidel, Jr., submitted for publication). On days 4 and 10
postinoculation negligible levels of vaginal Candida-specific
immunoglobulin G (IgG) and IgA were detected in both
groups of mice (data not shown). Interestingly, a similar lack of
Candida-specific IgG and IgA was observed in CBA/J mice
both during a primary vaginal infection (unpublished results)
and following mucosal immunization with Candida antigen and
the mucosal adjuvant LT(R192G) (Cárdenas-Freytag et al.,
submitted).
We also examined mechanisms of innate resistance. Vaginal
epithelial cells from uninfected mice have been shown to inhibit the growth of C. albicans in vitro (21). Vaginal epithelial
cells from TCR ␦⫺/⫺ and wild-type mice were similarly capable
of inhibiting the growth of C. albicans 50 to 65% at an effectorto-target (epithelial cell to C. albicans) ratio of 80:1 (data not
shown), consistent with previous results obtained with CBA/J
mice (21). We also investigated the presence of NO2 in vaginal
tissue homogenates of infected mice using the Griess technique (19), based on the nitric oxide-dependent candidicidal
activity of macrophages (13). Results showed that NO2 levels
in vaginal homogenates were similar between TCR ␦⫺/⫺ and
wild-type mice on days 4 (18.2 ⫾ 1.4 and 23.5 ⫾ 2.2 mol/mg
of protein in TCR ␦⫺/⫺ and wild-type mice, respectively) and
10 (29.7 ⫾ 3.4 and 23.6 ⫾ 2.1 mol/mg of protein in TCR ␦⫺/⫺
and wild-type mice, respectively) postinoculation. Thus, the
enhanced resistance to infection in the absence of ␥/␦ TCR⫹ T
cells did not appear to be associated with vaginal epithelial
cell-mediated anti-Candida activity or NO2 production.
The results of this study suggesting an immunoregulatory
role for ␥/␦ TCR⫹ T cells leading to exacerbation of infections
is supported by other models of experimental Salmonella enterica serovar Choleraesuis (2) and Listeria monocytogenes (17)
infection. Although resistance to lethal infection with Salmonella enterica serovar Choleraesuis was associated with a reduced inflammatory response, like in the present study, the
mechanism for resistance to L. monocytogenes is yet to be
elucidated. In contrast, the findings herein are contrary to the
increased susceptibility to infection observed in other experimental models (14, 15) and to the increased susceptibility to
experimental vaginal Candida infection in mice depleted of ␥/␦
TCR⫹ T cells observed in a study using complement-fixing
antibodies (13). In the latter study, however, depletion of vaginal ␥/␦ TCR⫹ T cells was not confirmed. Although the mechanism by which ␥/␦ TCR⫹ T cells increase susceptibility to
infection is unknown, the resistance observed was consistent
and reproducible. Thus, it appears that ␥/␦ TCR⫹ T cells are
involved in some form of tolerance or immunoregulation inhibiting a more profound response to C. albicans at the vaginal
mucosa. Additionally, this immunoregulatory role appears to
be at both innate and adaptive levels since the effects were seen
at days 4 and 10 postinoculation. An immunoregulatory role
would be important to the survival of this vaginal commensal
organism and benefit the host as well by the limited inflammatory response upon exposure to Candida. While ␥/␦ TCR⫹ T
cells are not abundant at the vaginal mucosa, their high percentage of total cells compared to that in the periphery (8), as
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