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Oophorectomized, estrogen-treated rats were immunized by the intravaginal or intranasal route with a
mannoprotein extract (MP) or secreted aspartyl proteinases (Sap) of Candida albicans, with or without cholera
toxin as a mucosal adjuvant. Both routes of immunization were equally effective in (i) inducing anti-MP and
anti-Sap vaginal antibodies and (ii) conferring a high degree of protection against the vaginal infection by the
fungus. These data suggest that appropriate fungal antigens and adjuvant can be used to protect against

candidal vaginitis, by either route.

Clinical studies on recurrent vulvovaginal candidiasis as well
as several investigations with estrogen-dependent murine mod-
els of this disease led to the suggestion that local rather than
systemic humoral and/or cellular immunity plays a defensive
role (5, 6, 11-13, 18). Members of our group have specifically
addressed the issue of the protective role of antibodies against
specific virulence factors of Candida albicans in a model of
estrogen-dependent rat vaginitis (7, 8). Several lines of evi-
dence support this role. In particular, a substantial therapeutic
effect by local administration of monoclonal antibodies against
mannoprotein (MP) (16) or secretory aspartyl proteinase
(Sap) of the fungus was obtained (7). Moreover, active intra-
vaginal immunization with MP or Sap conferred an elevated
degree of antibody-mediated protection from vaginal infection
by C. albicans (4-7). These results and those found by others
(14, 15) laid the foundation for studies on the preventative or
therapeutic use of vaccines against vaginal candidiasis.

Particular attention has recently been focused on mucosal
immunization and its capacity to induce a high level of anti-
body and cell-mediated immune response at distant mucosal
sites or even systemically (1). It is well known that the modal-
ities of antigen administration and the type of adjuvant exert a
critical role in the induction of protection, a notation of par-
ticular importance for a multifaceted, multiorgan disease such
as candidiasis in normal or immunocompromised patients (2,
17). Several microbial toxins, among which are the cholera
toxin (CT) produced by Vibrio cholerae, and nontoxic deriva-
tives from this and other microorganisms have shown a great
potential as mucosal adjuvants for local and systemic antibody
responses (9, 10, 22). Considering that all previous evidence of
antibody protective responses at the vaginal level were ob-
tained by local immunization (4-7), while there would be sev-
eral advantages in immunizing at a nonvaginal mucosal site, we
have now compared intranasal to intravaginal immunization
with soluble Candida antigens and CT as a mucosal adjuvant
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for induction of a specific antibody response at the vaginal
level and outcome of vaginal infection by C. albicans.

The yeast used throughout this study was C. albicans SA-40,
first isolated from the vaginal secretion of a subject with acute
vaginitis. The modalities of fungal growth, induction, and as-
sessment of experimental vaginal infection in oophorecto-
mized rats were as previously described (4, 6-8).

For active immunization, groups of five rats were immunized
by the intravaginal (i.v.g.) or intranasal (i.n.) route, three times
at weekly intervals, with 100 ng of MP or a Sap preparation,
mostly consisting of the Sap 2 component (7), added with 10
pg of CT (kindly provided by Swiss Serum and Vaccine Insti-
tute, Bern, Switzerland). For i.n. immunization the rats were
lightly anesthetized by intraperitoneal administration of 45 mg
of 10% ketamine/kg of body weight (Ketavet 100; Farmaceutici
Gellini Spa Aprilia, Latina, Italy) and 5 mg of 2% Xilazine/kg
(Rompum Bayer AG, Leverkusen, Germany). The inoculum
was delivered as two applications of 5 pl to each nostril for a
total volume of 10 wl per dose.

Control animals for both i.n. and i.v.g. immunizations re-
ceived only CT or only sterile saline. One week after the last
immunization, all animals were challenged i.v.g. with 107 cells
of C. albicans, and the infection was monitored by enumeration
of CFU, as reported elsewhere (4, 6, 7). Three independent
experiments for each immunization (MP or Sap plus or minus
CT) and each immunization route (i.n. or i.v.g.) were carried
out. The presence of antibodies was assayed in the vaginal
wash by a previously described enzyme-linked immunosorbent
assay (ELISA) (4, 7). Briefly, 200 wl of an in-house manno-
protein extract solution (MP) (17) or Sap (kindly provided by
P. A. Sullivan, Massey University, Palmerston North, New
Zealand) (5 pg/ml in 0.2 M sodium carbonate) was used as the
coating antigen for the detection of any specific antibody and
was dispensed into the wells of a polystyrene microtitration
plate which was kept overnight at 4°C. After three washes with
Tween 20-phosphate-buffered saline buffer, 1:2 dilutions of
vaginal fluids were distributed in triplicate wells and the plates
were incubated for 1 h at room temperature. Each well was
washed again with Tween 20—-phosphate-buffered saline buffer,
and predetermined optimal dilutions of alkaline phosphatase
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conjugate, sheep anti-rat immunoglobulin G (IgG), IgM, or
IgA (obtained from Serotec Ltd; Kidlington, Oxford, United
Kingdom) were added. Bound alkaline phosphatase was de-
tected by the addition of a solution of para-nitrophenyl phos-
phate in diethanolamine buffer, and the plates were read at
A,ps with an automated microreader (Labsystem Multiscan,
Helsinki, Finland) blanked against air. A vaginal fluid was
considered positive for a determined antibody when the optical
density was greater than 2 times the value of the well coated
with the same antigen and tested with the vaginal fluid of an
unimmunized, uninfected rat (these 1:2-diluted fluids never
exceeded the readings of 0.14 (for IgA) and 0.10 (for both IgM
and IgG). ELISA-positive vaginal fluids were confirmed by
Western blotting, as described elsewhere (4).

Since it was previously shown that active i.v.g. immunization
with MP or Sap in Freund’s adjuvant conferred protection
against vaginal C. albicans challenge (4, 7), we preliminarily
addressed the confirmation of previous data by using CT in-
stead of Freund’s adjuvant. In addition, we examined whether
protection could be achieved by i.n. immunization with the
same antigens, with or without CT. Rats given only CT or
saline i.v.g. or i.n. served as controls. As shown in Fig. 1A
(which refers to one typical experiment out of the three per-
formed with similar results), the rats immunized with MP by
either the in. or the iv.g. route were characterized by early
clearance of the fungal cells from the vagina compared to rats
given the adjuvant or saline only, as demonstrated by a nearly
50% reduction of vaginal Candida counts by the first 48 h after
challenge. This early, 2-day clearance rate was significantly
more pronounced in the animals immunized, by either route,
with the antigen plus CT, an effect which persisted for at least
2 weeks after challenge (Fig. 1). There was no significant dif-
ference at any but the occasional time point in the candidal
CFU between the animals immunized by the i.n. and those
immunized by the i.v.g. route, and in both cases the infection
was cleared by 21 days after challenge, when the rats given
saline or CT only were still infected with an average of around
10 X 10° CFU/ml of vaginal fluid (Fig. 1A).

As shown in Fig. 1B (which also refers to one out of three
experiments with similar results), immunization with Sap also
resulted in statistically significant acceleration of fungal clear-
ance from the vagina in the first week of infection, both when
the animals were immunized with the antigen only and, more
significantly, when CT was coadministered with Sap (particu-
larly in the first 5 days after challenge). The effect on clearance
somewhat faded away in the second and third weeks of infec-
tion, although, on day 21, all immunized animals had no fungal
cells in their vaginas, in contrast to the controls, which were all
still infected (from 8 X 10? to 14 X 10° cells/ml of vaginal fluid;
Fig. 1B). Comparison of data in Fig. 1A and B, together with
the two other experiments performed and not shown, suggests
that MP immunization was slightly more effective than Sap
immunization in accelerating clearance of Candida organisms
from the vagina, both after i.n. and i.v.g. immunization, some-
what confirming previous results of ours (4, 7).

Overall, the data in Fig. 1A and B cumulatively indicated
that administration of MP and Sap was protective against C.
albicans vaginal challenge, that the degree of protection was
generally greater when the antigen was administered with the
mucosal adjuvant, and finally, that the two routes of antigen
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and adjuvant administration conferred a substantially equiva-
lent protection in terms of the rate of fungus clearance from
rat vaginas.

We also examined whether and to what extent antigen-spe-
cific antibodies were induced in the rat vagina following pro-
tective immunization with MP or Sap, with or without CT. To
this aim, the vaginal fluids of i.n.- or i.v.g.-immunized rats and
controls were harvested before (time zero) and after (28 days)
immunization with the respective antigen and/or CT and tested
in ELISA for specific antibody. We also sought for anti-MP
and anti-Sap antibodies after challenge with C. albicans, which
would theoretically constitute a booster immunization, consid-
ering that both MP and Sap are secreted during C. albicans
infection (5, 19, 20). Tables 1 and 2 show the results of one of
two independent determinations of vaginal anti-MP and anti-
Sap antibodies expressed as the optical density readings of the
ELISA with MP or Sap as the coating antigen. Animals im-
munized i.v.g. or i.n. with MP antigen in conjunction with CT
developed a measurable level of anti-MP antibody (IgG and
IgA) compared to the animals given MP only (which showed
barely detectable antibody levels) and those given saline or CT
only, which showed no antibodies at all (Table 1). The anti-MP
antibody levels were significantly boosted by C. albicans chal-
lenge in animals immunized with MP plus CT but not in those
previously immunized with MP only, indicating that the barely
detectable ELISA reading in the vaginal fluid of these animals
was probably an aspecific background. The booster effect was
particularly noticeable for IgG and with the i.n. route. No
antibodies against MP were detected in animals immunized
with Sap, with or without CT, and none were detected in
controls animals either, i.e., rats not immunized or given ad-
juvant only, even after C. albicans challenge (Table 1), thus
indicating the absence of immunogenic mannoprotein constit-
uents in our Sap preparation.

Anti-Sap antibody levels are shown in Table 2. These anti-
bodies were consistently detected only in animals immunized
with the specific antigen and CT, and the booster effect of C.
albicans challenge appeared to be little and probably relevant
only for the IgA levels (Table 2). Some anti-Sap antibodies
were detected also in the animals immunized with MP and CT,
but with no booster effect by C. albicans challenge (Table 2),
indicating that our in-house mannoproteic extract could con-
tain Sap traces.

Opverall, these results demonstrate the elicitation of both
anti-MP and anti-Sap antibodies in animals immunized with
the respective antigen and with CT as an adjuvant to substan-
tially similar extents via the i.n. and the i.v.g. routes. They also
demonstrate that (i) the most relevant protective isotypes (IgG
and IgA) were produced, and (ii ) the infection by C. albicans
constituted a potent booster of vaginal antibody formation,
mainly against MP, a highly represented antigenic cell-surface
and secretory constituent of the fungus (19, 20, 21).

Experimental models of vaginitis in rodents have recently
been addressed to study the anti-Candida response and mech-
anisms of antifungal protection at the vaginal level (3-8, 11-
14). In our rat model of vaginal candidiasis, the presence of
protective antibodies and T-helper type 1 cytokines in the
vaginal fluids, the in vitro proliferation of vaginal lymphocytes
in response to Candida antigenic stimulation, and the in-
creased number of activated CD4™ cells after C. albicans chal-
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FIG. 1. (A) Outcome of vaginal infection by C. albicans in rats immunized with MP (A) or Sap (B), plus or minus CT, and controls, as indicated.
Each curve represents the mean (* standard error) of the number of fungal CFU for five rats. Statistical significance was assessed by Student’s
t test (two-tailed), set at P < 0.05. In Fig. 1A, at all indicated time points, there was a statistically significant difference between the vaginal number
of CFU for controls and CT-only animals and those for animals given MP and MP plus CT, as well as between the number of vaginal CFU for
animals given MP only and those given MP plus CT, by either route, with the exception of the number of CFU on day 5 (difference nonsignificant
between the number of CFU for animals given intranasal MP or MP plus CT). (B) At days 1, 2 and 5, there was a statistically significant difference
between the numbers of vaginal CFU for controls and CT-only animals and those for animals given Sap or Sap plus CT, by either route, as well
as between the number of vaginal CFU for animals given Sap only and those given Sap plus CT, by either route. On days 7 and 14, the animals
given CT only had significantly lower counts than the control rats, yet the animals immunized with Sap plus CT had significantly fewer vaginal CFU

than those given CT only.

lenge constitute good evidence for induction of locally ex-
pressed Candida-specific antibody and helper-T-cell responses,
potentially synergizing anticandidal protection at the vaginal
level (6).

In this paper, we have demonstrated that i.n. immunization
with MP or Sap, mixed with the potent mucosal adjuvant CT,
induced a high degree of protection against vaginal challenge
with C. albicans. Importantly, the degree of protection after i.n.

immunization was totally comparable to that achievable with
i.v.g. immunization, as shown in this and previous papers (4, 6,
7), demonstrating the substantial equivalence of the two routes
of mucosal immunization and the well-known communication
among mucosal compartments (1, 5). This acquires particular
significance for anti-Candida immunization owing to the rec-
ognized advantages of the i.n. route in terms of ease of admin-
istration and subject compliance to immunization itself.
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TABLE 1. Anti-MP antibody levels” in the vaginal fluids of
rats immunized i.v.g. and i.n. with MP or Sap and
challenged or not with C. albicans®

Level of anti-MP antibody“ for group

Immunized and

Immunization® Immunized only challenged

IeG IgM IgA IgG IgM IgA
None 0.09 0.07 0.14 0.20 0.09 0.22
CT, in. 0.09 0.10 0.09 0.18 0.15 0.22
CT, iv.g. 0.08 0.10 0.08 ND¢ ND ND
MP, i.n. 0.22 0.19 0.21 0.21 0.18 0.18
MP, iv.g. 0.25 0.09 0.24 0.20 0.14 0.21
MP + CT, i.n. 0.34 0.11 0.34 0.89 0.48 0.64
MP + CT, iv.g. 0.38 0.09 0.33 0.55 0.34 0.51
Sap, i.n. 0.14 0.10 0.16 0.23 0.22 0.24
Sap, i.v.g. 0.15 0.10 0.16 0.22 0.11 0.24
Sap + CT, i.n. 0.19 0.18 0.17 0.18 0.22 0.26

Sap + CT, iv.g. 0.16 0.15 0.18 0.22 0.11 0.24

“ Measured by ELISA on pools of vaginal washes from each rat (five per
group) (diluted 1:2) taken at the end of the immunization protocol (day 28 since
the first administration of the immunogen) and on day 7 after challenge.

b Challenge: 107 C. albicans cells in 0.1 ml.

¢ See the text for the protocol of immunization.

4 The values are optical density readings at 405 nm. They are those of the
experiment referred to in Fig. 1A.

¢ ND, not done.

Our data again emphasize the role of specific humoral im-
munity at the vaginal level by both the i.n. and the i.v.g. routes
of immunization. Although our MP extract contained some
protein in addition to the polysaccharide, previous investiga-
tions with the use of monoclonal antibodies against mannan or
the protein constituent of MP suggested that the protection
was conferred by the antimannan antibodies (7). In this con-
text, the potent booster effect exerted by Candida challenge on
antibody response to MP might play a role in the protection
achieved by immunization or by the clearance of a primary
infection (4, 6), considering that MP contains protective

TABLE 2. Anti-Sap antibody levels” in the vaginal fluids of
rats immunized i.v.g. and i.n. with MP or Sap and
challenged or not with C. albicans®

Level of anti-Sap antibody for group

Immunized and

Immunization® Immunized only challenged

IeG IgM IgA 1eG IgM IgA
None 0.10 0.09 0.11 0.18 0.09 0.20
CT, in. 0.07 0.09 0.09 0.18 0.10 0.17
CT, iv.g. 0.09 0.08 0.09 ND* ND ND
MP, i.n. 0.17 0.18 0.21 0.14 0.11 0.17
MP, i.v.g. 0.21 0.17 0.18 0.19 0.18 0.21
MP + CT, i.n. 0.29 0.22 0.28 0.30 0.22 0.33
MP + CT, iv.g. 0.28 0.18 0.26 0.36 0.28 0.31
Sap, i.n. 0.23 0.20 0.26 0.24 0.18 0.26
Sap, i.v.g. 0.25 0.22 0.24 0.28 0.21 0.31
Sap + CT, i.n. 0.34 0.22 0.36 0.39 0.24 0.48

Sap + CT, i.v.g. 0.38 0.36 0.34 0.45 0.29 0.52

“ Measured by ELISA on pools of vaginal washes from each rat (five per
group) (diluted 1:2) taken at the end of the immunization protocol (day 28 since
the first administration of the immunogen) and on day 7 after challenge.

b Challenge: 107 C. albicans cells in 0.1 ml.

¢ See the text for the protocol of immunization.

@ The values are optical density readings at 405 nm. They are those of the
experiment referred to in Fig. 1B.

¢ ND, not done.
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epitopes (mostly B 1-2 oligosaccharides) of the fungus cell
surface (16, 19, 20, 21). Although no ad hoc transfer experi-
ments were here performed and no specific T-cell responses
were investigated, we previously demonstrated the protective
role of both anti-Sap and anti-MP antibodies by transfer ex-
periments with vaginal fluids and use of anti-MP and anti-Sap
monoclonal antibodies (4, 7). Antibody-mediated anti-Candida
protection was recently confirmed by Han and colleagues in a
mouse vaginitis model (14).

We have shown here that CT can induce protective immu-
nity when coadministered with suitable, protective fungal an-
tigens. CT has long been shown to promote the development
of both humoral and cell-mediated immune responses against
several pathogens in mucosal compartments (1, 9, 10). The
most recent evidence for this activity in the field of candidiasis
has been provided by Cardenas-Freytag et al. (2), who showed
the effectiveness of an i.n.-delivered vaccine consisting of
whole inactivated Candida cells and a CT-like mucosal adju-
vant in conferring protection from a systemic fungus challenge.

Overall, our data demonstrate that protection from candi-
diasis in our experimental model can be induced by immuni-
zation with a specific subunit vaccine preparation and with CT
as an adjuvant by the i.n. route rather than by local immuni-
zation. It is logical to expect from the wealth of information
already published that CT could easily be replaced by similarly
active, nontoxic derivatives of this and other microbial toxins.
This opens the way to an easier modality of immunization in
harmony with the functional absence of compartmentation for
anti-Candida protection at the mucosal level. The association
between antibody elicitation and protection, together with pre-
vious results (4, 6, 7), also confirms and extends the potential
of passive immunotherapy with specific antibodies against vir-
ulence factors of the fungus for anticandidal protection at
vaginal and possibly other mucosal and nonmucosal sites.

This work was supported in part by the National AIDS Research
Program under ISS contract 50D.2.
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the manuscript.
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