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ABSTRACT

Trichomonas vaginalis is a pathogen that infects the squamous epithelium of the human urogenital tract. Although
the details of the process through which this microorganism parasites host tissues and ultimately causes disease are
largely unknown, most authors agree that a necessary first step for establishing infection is the adhesion of the
parasite to vaginal epithelial cells. High levels of proteolytic activity have been found in T. vaginalis, and it has been
proven that some of these proteases are involved in the colonization of the host. Since there are no effective
vaccine candidates against this organism, and the presence of resistance against metronidazole during treatment is
not infrequent, there is a pressing need for the development of new strategies for the control of this infection. This
paper studies the role of a 62 kDaT. vaginalis secreted protease on the adherence of this parasite to epithelial cells,
showing that monoclonal antibodies (mAbs) against this enzyme can inhibit this process both in vitro and in vivo,
and that intranasal immunization with this protein, adjuvated with either cholera toxin or CpG-containing
oligodeoxynucleotides, can protect mice against an intravaginal challenge. Results suggest that this 62 kDa pro-
tease is a potential vaccine candidate against trichomoniasis, a disease for which no vaccines are available.

Introduction

Infection with Trichomonas vaginalis is one of the
most prevalent sexually transmitted diseases, with a
wide geographical distribution and such ahigh rate of
transmission that it is estimated that 170 million per-
sons are infected each year [1]. T. vaginalis isassoci-
ated to a number of health problemsin both men and
women, including increasing transmission rate for the
Human Immunodeficiency Virus, and increasing the
incidence of cervical intraepithelial neoplasias in
women and non-gonococcal urethritisand chronic pros-
tatitisin men [2]. This parasite infects the squamous
epithelium of the human urogenital tract, and although
the details of the process through which this microor-
ganism parasitesthe host tissues and ultimately causes
disease are largely unknown, most authors agree that
anecessary first step for establishing infection is the
adhesion of the parasite to the vaginal epithelial cells.
High levels of proteases have been found in T.
vaginalis, and it has been proven that some of these
proteases are involved in this step [3]. Garber and
Lemchuk-Favel have purified and partialy character-
ized a60 kDa protease which has been found in every
T. vaginalis isolate examined so far, suggesting that
this protein might be useful for diagnostics [4]. Due
to the absence of an effective vaccine candidate for
this infection and the frequent appearance of resis-
tance to metronidazole, the drug most often used for
its treatment, there is a pressing need for developing
an effective strategy for the control of this parasito-
sis. Therefore, we have studied the role of a 62 kDa
secreted protease from T. vaginalis (which isidentical
to the 60 kDa protein reported by Garber and
Lemchuk-Favel in 1989) on the adherence of thispara-
siteto epithelial cells. We show that monoclonal anti-
bodies (mAbs) against this enzyme inhibit adherence
invitro and in vivo, and that nasal vaccination with
this protease, together with choleratoxin (CT) or CpG-
containing oligodeoxynucleotides, €licits an immune

response capabl e of protecting mice against an intrav-
agind challenge.

Materials and methods

The 60 kDa protease was purified using minor modi-
fications to the procedure described by Garber and
Lemchuk-Favel [4], employing ionic exchange and gel
filtration FPLC. Its purity was verified by sodium
dodecyl sulphate polyacrylamide gel electrophoresis
(SDS-PAGE). The mAbs against the protease were
obtained and purified following the technology de-
scribed by Godin JB [5]. A total of 50 parasites were
fixed per reaction zone for indirect immunofluores-
cence, using 10 uL of the experimental mAbstogether
with their corresponding controls and devel oping them
with a fluorescein isothiocyanate-anti-mouse conju-
gate. The cytoadherence assays used the Hel a epi-
thelia cell line, labeling the parasites with tritiated
thymidine [3]. Passive protection studies for the
mAbswere carried out by injecting them at aconcen-
tration of 2 mg/mL in a model of intraperitoneal T.
vaginalis infection in Balb/c mice. The Griess reac-
tion [6] was used to measure nitric oxide concentra-
tion in macrophage cultures containing the parasites
and the mADbs, aswell asin the seraof miceinocul ated
intraperitoneally with the mAbs and then challenged
with T. vaginalis.

Three groups of 10 female BALB/c mice each were
immunized by intranasal route with 20 m (20 ng) of
the protei nase without adyuvants, and proteinase plus
CT (5 mg) or CpG (10 ny), respectively. Two other
groupswere immunized with each of theses adjuvants
plus saline (0.15 M NaCl). A six group was immu-
nized with saline. Serum and vaginal lavage fluid
samples were collected pre- immunization, 10 days
after the second immunization and 1-week after the T.
vaginalis challenge. All sample were stored at -20° C
until assayed by ELISA.
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Results

The purification of this protease yielded 3 fractions

with enzymatic activity, containing proteins of 62,
40 and 29 kDa respectively. Three stable hybrido-
mas producing 1gG1-subclass mAbs (4D8, 3C11,
1A8) against the protease were obtained, of which
only two (4D8 and 1A8) produced antibodies ca-
pable of binding the parasite in an immunofluores-
cence assay. Anin vitro assay for adhesion to HeLa
monolayers showed that all three mAbs (4D8, 1A8
and 3C11) were able to inhibit the adherence of the
parasiteto the cells (Figure 1). The monoclonal anti-
body 4D8, administered intraperitoneally 24 hours
beforeachallengewithT. vaginalis, was ableto pro-
tect the majority of the mice. Thiswas also observed
for mAb 1A8, although the protective effect was
lower. A high level of nitric oxide was found in the
cultures and in the sera of mice treated with mAb
4D8 (tables 1 and 2, respectively). SinceT. vaginalis
infectsthe human genital tract, and in order to deter-
mine whether immunization with this protease could
protect female mice against a vaginal challenge, 2
groups of mice were vaccinated intranasally with the
62 kDaantigen adjuvated with either choleratoxin or
CpG oligodeoxynucleotides, and four control groups
were immunized with CT, CpG, protease or saline
alone, respectively. After conditioning the animals
for infection and challenging with 8 x 10° parasites,
vagina sampleswere collected for ng the pres-
ence or absence of T. vaginalis. Therate of infection
ranged from 5 to 15% of the mice for the experimen-
tal groups (p-62-CT and p-62-CpG) and from 80 to
90% for the control groups (table 3). The levels of
antibodies against p-62 in the seraand vagina washes
of the mice were measured by ELISA, finding sig-
nificant concentrations of 1gG (p<0.05) and IgA
(p<0.01) against the antigen in the vaginal washes of
the experimental groups.

Discussion

The fundamental role of T. vaginalisproteasesdur-
ing the process of cytoadherence has been revealed
by the studies of Mendoza-Lépez et al. [1] and
Arroyo and Alderete [3]. Their observations are co-
herent with the results of this study, which shows
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Figure 1. Effect of the mAbs against the 62 kDa protease on
the adhesion of T. vaginalis to cultured Hela cells. The
thymidine-labeled parasites and the mAb were added to Hela
cells and incubated for 30 min. Results correspond to two
separate experiments, and show the mean * standard
deviation of 10 wells. Student t-test.

* Statistically significant differences in comparison to the
unrelated mAb.

Table 1. Nitric oxide determined in macrophage cultures
treated with mAbs in the presence of the parasite

Nitrite (LM)
Mean = SD

590.01 = 32.53*
676.75 +26.52 *

Incubation

1A8 + LPS + IFNg
4D8 + LPS + IFNg
4D8 + LPS + IFNg + L-NMMA 96.4 +7.60
Unrelated mAb + LPS + IFNg 83.20 £4.27

A total of 6 x 104 parasites together with the mAbs were placed
in wells containing 3x105 cultured macrophages. Two hours
later, LPS, gIFN and L-NMMA were added, and the supernatants
were collected 18 hours later and mixed with Griess reagent to
measure the nitric oxide concentration. The values represent the
mean and standard deviation from 5 wells (n = 5). Statistical
significance was estimated using Student’s t-test.

* Represents statistically significant differen ces compared to the
unrelated mAbs

Table 2. Nitric oxide determined in the sera of mice
inoculated with mAbs against the T. vaginalis protease

Group mAb Nitrite (UM) Mean + SD
1 3C11 80.09 + 24.03
2 1A8 139.90 +39.77 *
3 4 D8 165.82 + 65.58 *
4 Unrelated 83.20 + 21.40

Four groups of animals were inoculated intraperitoneally at a
concentration of 2 mg/mL with the mAb. After 24 h the animals
were challenged intraperitoneally with 8 x 106 parasites per mouse,
and serum nitric oxide concentrations were determined 3 days later
using the Griess reaction. The values represent the mean and
standard deviation from 5 mice (n = 5). Statistical significance was
estimated using Student’s ttest.

* Represents statistically significant differences compared to the
unrelated mAbs

that mAbs against a 62 kDa protease can inhibit
this process.

The administration of mAb 4D8, 24 hours before
an intraperitoneal challenge, protected 92% of the
mice. Significantly, this antibody displayed the high-
est inhibitory values for adhesion in vivo, followed
by mAb 1A8; suggesting that the epitopes recognized
by these antibodies are important for the events of
cellular adhesion in T. vaginalis.

Our results prove that these mAbs may exert their
protective effect through cellular mechanisms, prob-
ably through the interaction with residing macroph-
ages at the peritoneum. The generation of nitric oxide

Table 3. Protective effect of nasal immunization against the p-62 protease on the infection

with T. vaginalis in Balb/c mice

Mice infected with T.
vaginalis/group®

Pretreatment A B Infected rpice/ Infection
Total mice percentage (%)

p-62' 8/10 10/10 18/20 90
p-62 + TC? 0/10 1/10 1/20 5*
p-62 + CpG® 1/10 2/10 3/20 15+
CT Control* 10/10 8/10 18/20 90
CpG Control® 8/10 8/10 16/20 80
Saline solution 9/10 9/10 18/20 90

20 gy antigen (dose/mouse).’

20 ny antigen, 5 ug CT (dose/mouse).?
20 ny antigen, 10 ug CpG (dose/mouse).?
5 pg CT (dose/mouse).*

10 pg CpG (dose/mouse).’

The mice received an intravaginal challenge of 8 x 10° parasites 2 weeks after the last immunization.®

* Represents statistically significant differences compared to the control (saline solution). Statistical

significance was estimated using Student’s t-test.
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is typical of many cells involved in the immune re-
sponse, such as natural killers (NK), monocytes and
macrophages [7]. Previous studieswith Trichomonas
foetus have shown that high levels of nitrite probably
inactivate the FeS proteins in the hydrogenosomes,
leading to the death of the parasite [8]. The high levels
of nitric oxide found in the sera of mice treated with
mAbs 4D8 and 1A8, as well as the nitric oxide mea-
surements taken during the in vitro experiment, sug-
gest that thisisindeed the cause of the toxic effect of
the antibodies on the parasites in the in vitro model.
The use of intranasal immunization schemeshasthe
advantage that this route can potentially induce both
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systemic and mucosal responses, with the latter ap-
pearing at local or remote effector sites[9]. Our results
show that intranasal immunization with the 62 kDa
proteinase with CpG or CT is not only capable of
inducing specific anti-p-62 antibodiesin the serum, but
alsoinvaginal secretions, resulting in protection against
the challenge with T. vaginalis. Results also suggest
that both adjuvants are effective for thisimmunization
route, and that high |gA levelsare animportant compo-
nent of aprotectiveimmune response against thispara-
site. New studies are needed to elucidate the immune
response mechanisms activated by the immunization
against T. vaginalis with the 62 kDa protease.
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