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Levels of Cytoadherence and Cytotoxicity!
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Abstract

Recent reports strongly suggest that cytoadherence
and cytotoxicity by Trichomonas vaginalis require
cysteine proteinase activity. Because of the large
number of cysteine proteinases synthesized by T.
vaginalis, aligand-assay was used to identify specific
proteinases which may selectively target host cells.
Two cysteine proteinases from trichomonal extracts
withrelativemolecular masses (Mr) of 65,000 daltons
(65-kDa) and 30-kDa were found to avidly bind to
HeLa cell and vaginal epithelial cell surfaces. The
two proteinases were distinguished by differential
inhibition with leupeptin and N-o-p-tosyl-L-lysine
chloromethyl ketone (TLCK). Leupeptin pre-
treatment of live organisms inhibifed the 30-kDa
proteinase, which concomitantly reduced or
eliminated cytoadherence. The T. vaginalis isolates
with low levels of cytoadherence also had diminished

or no detectable 30-kDa proteinase activity. On the
other hand, TLCK pretreatment inhibited both the
30-kDa and 65-kDa proteinases, which resulted in
decreased levels of cytoadherence and totally
abolished contact-dependent cytotoxicity. Further-
more, isolates capable of attachment but with little
or no cytotoxicity toward HeLa cells had no
detectable host cell-bound 65-kDa proteinase.
Finally, antiserum generated to each proteinase
reacted by indirect immunofluorescence with live
organisms, suggesting a surface location for both
proteinases. This strategy and use of the ligand
assay may permit for the deliniation of the role of
two specific T. vaginalis surface proteinases in the
properties of cytoadherence and cytotoxicity. (Arch
Med Res 1995; 26:279)
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Introduction

Trichomonas vaginalis is a sexually transmitted
protozoan which parasitizes the urogenital tract of
humans. Significant human suffering, especially among
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women, results from-infection and colonization by this
pathogen (1). Morerecently, adverse pregnancy outcome
(2-4) and enhanced susceptibility to HI'V seroconversion
(5) have implicated T. vaginalis as well as other sexually
transmitted diseases (STDs) (1-5) as contributing factors
and etiologic agents. Although several virulence factors
have been reported for this parasite (6-19), the exact
contribution of these factors and properties to host
cytopathology remains unknown.

Trichomonads have many proteinases, including
numerous cysteine proteinases (20,21) and several
metalloproteinases (22). At least twenty-three distinct
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Table 1
Proteinase Inhibitors Abolish T. vaginalis Cytoadherence and Cytotoxicity®

Percent activity (% inhibition)

Expt no. Assay time (h) Addition

Cytoadherence Cytotoxicity

1 0.5 None 100.0 (0.0) ND

0.5 TLCK 50.0 (50.0) ND

0.5 Leupeptin 20.0 (80.0) ND
2 ‘ 4.0 None ND 100.0 (0.0)
4.0 TLCK ND 0.0 (100.0)
4.0 Leupeptin ND 43.3 (54.7)

*Cytoadherence and cytotoxicity were performed at least three times as before (6,9,10,23) using T. vaginalis isolate NYH 286 added to

Hel a cell monolayers.

“The length of time used for respective assay was determined before (23) to show optimal binding of parasites to cells and extent of

monolayer destruction.

¢Approximately 2 x 10° washed parasites were suspended in TYM medium and were pretreated with 1 mM TLCk or 0.2 mM leupeptin for

20 min at 37°C before adding to cell monolayer.

oThe levels of attachment and host cell killing achieved by untreated parasites was taken as 100%. Numbers represent the mean of
quadruplicate samples for a representative experiment. In this case the standard deviation of each sample was less than 5% of the values.

cysteine proteinase activities with relative molecular
"masses between 23,000 daltons (23-kDa) and 110-kDa
have been detected by two-dimensional substrate gel
electrophoresis (21). The cysteine proteinases were also
found to undergo differential expression during in vivo
and in vitro growth of isolates (21). These trichomonad
proteinases were detected in vaginal secretions of patients,
and antibody to proteinases were found in the patient
serum and vaginal secretions (12), showing the in vivo
relevance of this class of molecules.

A role for the cysteine proteinases of 7. vaginalis in
pathogenicity has been implicated in numerous studies
(6-8,14,23). Morerecently, the proteinases ofT. vaginalis
have been shown to participate in vitro in important
virulence properties, such as cytoadherence (23), host
cytopathogenicity (8,18), and nutrient acquisition (14).
Ithasbeen hypothesized that the trichomonad proteinases
may mediate reactions which promote the adverse
pregnancy outcome (2-4) and the enhanced susceptibility
to HIV (5).

Because of the numerous proteinases synthesized (21)
and known to bereleased during vaginalinfection (12,19),
it would be important to attempt to devise a strategy by
which specific proteinase(s) possibly involved in a
virulence property, such as cytoadherence (10,23) and
cytotoxicity (6,7), might be identified. An attempt was
made to use a ligand assay as a means of enriching for
trichomonad proteinases with hostcell surfaces as targets.
Further analysis of cell-bound proteinase activities with
levels of cytoadherence and cytotoxicity might then
provide insight into a role in virulence for this subset of
proteinases.

Using this approach two specific trichomonad pro-
teinases were found to avidly associate with the surfaces
of host cells. A relationship was established, based on
differential inhibition of the proteinases, with
cytoadherence and cytotoxicity. Even more intriguing
were results showing that representative isolates with or
without the two proteinases correspondingly possessed
high amounts or little cytoadherence or cytotoxicity of
host cells, respectively. The significance of our
observations is discussed in terms of the role the two
specific cysteine proteinases may have as putative
virulence factors and as a basis for future research.

Materials and Methods

Parasites. Organisms were grown in Diamond's
Trypticase-yeast extract-maltose (TYM) medium
supplemented with 10% heat-inactivated horse serum
(24). Only late-logarithmic-phase organisms were used
for all experiments. Trichomonas vaginalis NYH 286,
RU 375, IR 78, and DD3 are long-term-grown isolates
used in other studies (6,9,14,15,25). T. vaginalis T001,
T002, TOO03, TO11 and T012 are fresh clinical isolates
that were recently obtained using procedures in
accordance with the ethical standards established and
approved by the Committee on Human Bioethics at the
University of Texas Health Science Centerat San Antonio.

Host Cells, Cytoadherence and Cytotoxicity. HeLa
cells [American Type Culture Collection (ATCC),
Rockville, Md] were maintained in Dulbecco-modified
minimal essential medium (DMEM) (GIBCO Labor-
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atories, Grand Island, NY) supplemented with 10% fetal
bovine serum (FBS) (Hazleton Research Products,
. Denver,PA)ina7% CO, environment at 37°C, as before
(6,10,13). Cells were harvested at approximately 80%
confluency, at which time the cells were fixed with 2.5%
glutaraldehyde as previously described (10). For
cytoadherence and cytotoxicity assays (6,10,23), HeLa
cells were seeded at a density of 2 x 10* cells in 100 pl
of DMEM-FBS per well into Costar 96-well microtiter
plates (Bellco, New Vineland, NJ) (6). Human vaginal
epithelial cells (VEC) were also obtained as before from
vaginal swabs of normal women and fixed with 2.5%
glutaraldehyde for cytoadherence (9). The ability of the
trichomonads to parasitize HeLa cells and to cause
contact-dependent host cell killing was measured by an
established procedure (6,23).

Anti-Proteinase Serum and Indirect Immuno-
fluorescence. Antibodies to the 65-kDa and 30-kDa
proteinases were generated by immunization of rabbits
using standard protocols with purified protein bands
from polyacrylamide gels copolymerized with gelatin
(10). This monospecific antiserum to each proteinase
was tested for reactivity to the proteinases (21) and was
used in indirect immunofluorescence experiments on
live parasites (15) to determine their surface location.

Identification of Host Cell-Binding Proteinases.
The ligand assay has been used for the identification of
trichomonad adhesins (10,25) and employed here to
identify cysteine proteinases which bind to the surfaces
of HeLa cells and VECs. Briefly, 2 x 107 organisms
washed three times were resuspended in 500 pl of
phosphate-buffered saline (PBS, 137 mM NaCl, 2.7 mM

KCl, 4 mM Na,HPO,, and 1.5 mM KH,PO,, pH 7.0) and '

lysed with 50 pl of 10% sodium deoxycholate (Sigma
Chemical Co., St. Louis, MO) (10,25). After gentle
homogenization and incubation for 20 min at 4°C, this
detergent extract was diluted to 1 ml volume, layered on
a 10% sucrose cushion and centrifuged at 16,000 x g for
30 min at4°C (10,25). Clarified protein extract was then
added directly to 10° pelleted fixed HeLa cells or VECs
and incubated for 1 h at 37°C with gentle stirring in
siliconized microfuge tubes. Cells were then centrifuged
at 800 x g for 5 min, washed three times with PBS
containing 0.05% sodium deoxycholate, and suspended
in electrophoresis dissolving buffer containing 2% [3-
mercaptoethanol (26). After heating for 20 min at 60°C,
cells wereremoved by centrifugation and eluted proteins
analyzed by 10% sodium dodecylsulfate (SDS)-
polyacrylamide gel electrophoresis (PAGE) containing
0.2 % co-polymerized gelatin (Bio-Rad Laboratories,
Richmond, CA) as a substrate (20,21,27). After
electrophoresis, SDS was removed by washing the gel
for2hin2.5% Triton X-100. To activate proteinases, the
gel was immersed in 100 mM sodium acetate buffer, pH
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Figure 1. Identification of epithelial cell-binding proteinases
present in’ detergent extracts of T. vaginalis NYH 286 using
substrate-gel electrophoresis, as described in Materials and
Methods. VEC refers to vaginal epithelial cells.

4.0, containing 1 mM dithiothreitol for 2 h at 37°C with
gentle stirring, followed by staining the gels with 0.25%

‘Coomassie blue R-250 for 1 h. After destaining, clear

bands indicative of proteolytic activity were visualized
against a stained background. Inhibition of proteinases
was accomplished by pretreatment of live trichomonads
in PBS containing TLCK or leupeptin (Sigma) for 20
min at 37°C (23).

Results

Selective Binding by T. vaginalis Proteinases to
Hela Cells

We combined the use of the ligand assay (10,25) with
electrophoretic analysis for proteinase activity (20,21,27)
to determine whether any of the numerous proteinases of
T. vaginalis (21) might bind to host cell surfaces. In this
way a selective enrichment of a subset of proteinases
might provide a means for identifying any specific
proteinases involved in certain properties, i.e., cytoad-
herence and cytotoxicity. Figure 1 shows the repre-
sentative pattern of total trichomonad proteinases (lane
1) incubated with fixed HeLa cells or vaginal epithelial
cells (VECs). Two prominent proteinase activities with
relative molecular weights of 65-kDa and 30-kDa were
always detected in contrast to other minor bands. In >30
experiments performed to date with a total of 30 fresh
and long-term-grown isolates, only the 65-kDa and 30-
kDa proteinase activities always bound to HeLa cells
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(lane 2) and VECs (lane 3) when compared to the
numerous-proteinases of the total extract (lane 1) and as
reported before (21). These epithelial cell-binding
proteinases could only be recovered after heating fixed
cellsin electrophoresis dissolving buffer (24), suggesting
a high-affinity binding to host-cell surfaces. Proteinase
activities were never detected from fixed HeLa cells or
VECs handled by themselves (not shown).

Selective Inhibition of the 65-kDa and 30-kDa
Proteinases

We demonstrated that proteinase inhibitors, like TLCK
and leupeptin, were effective in decreasing T. vaginalis
cytoadherence and contact-dependent cytotoxicity (Table
1). For example, Table 1 shows representative results
from numerous experiments. Leupeptin was effective in
reducing by 80 to 100% the levels of cytoadherence. In
contrast, TLCK, while affecting levels of adherence by
~50%, always drastically diminished or abolished
cytotoxicity (Table 1).

It seemed logical to attempt next to determine whether
the HeLa cell-binding proteinases were selectively
inhibited by TLCK and leupeptin. Live organisms were
pretreated with TLCK or leupeptin prior to the ligand
assay, and conditions used did not affect parasite viability
or motility. Figure 2 (lane 2) shows complete inhibition
of both the 65-kDa and 30-kDa proteinases by TLCK.
Leupeptin treatment, on the other hand, selectively
inactivated the 30-kDa proteinase (lane 3). Since live
organisms were treated prior to solubilization for the
ligand assay, these results also possibly indicate that the
inhibitors acted on proteinases localized on the parasite
surface.

Relationship Between the T. vaginalis 65-kDa
and 30-kDa Proteinases with Host Cytotoxicity
and Cytoadherence, Respectively

Many isolates were tested further for the presence of
host cell-binding proteinase activities and evaluated for
levels of cytoadherence and cytotoxicity as shown in
Table 1. All long-term-grown isolates, known to have
depressed levels of host cytoadherence, possessed
decreased amounts of cell-bound 30-kDa proteinase
activity (Figure 3A). Fresh isolates, on the other hand,
had both higher amounts of 30-kDa proteinase bound to
cells and elevated levels of adherence. Furthermore,
long-term-grown isolates with diminished cytoadherence
had no detectable 30-kDa proteinase (Figure 3A), as
evidenced by the representative isolates IR 78, DD3 and
AL8W. These data strongly suggest a relationship
between the 30-kDa proteinase with the property of
cytoadherence.

Figure 3B also shows that isolates without detectable
65-kDa proteinase, such as isolate T003, had co-
rrespondingly less cytotoxicity. Alternatively, isolates
with higher amounts of 65-kDa proteinase, like T0OO01,
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Figure 2. Effects of TLCK and leupeptin on the activity of
epithelial cell-binding cysteine proteinases from T. vaginalis
NYH 286 using substrate-gel electrophoresis as in Figure 1.
The cell-binding trichomonads proteinases were eluted from
fixed Hela cells after incubation with detergent extract as
described in Materials and Methods. Inhibition of proteinases
was accomplished by pretreatment of live trichomonads with
1 mM TLCK, (lane 2) or 0.2 mM leupeptin (lane 3) for 20 min
at 37°C before detergent extraction, and compared to
untreated organisms (lane 1). MW refers to molecuiar weight
standards in kDa.

T011 and TO12, gave enhanced host cell killing. All
long-term-grownisolates withreduced 65-kDa proteinase
activity were unable to efficiently kill host cells under
the assay conditions used. No less than 50 different
isolates were examined, and results were obtained which
were identical to those of the representative isolates
shown here. '

Antiserum to the 65-kDa and 30-kDa Proteinases
Detects the Surface of Live Trichomonads

Indirect immunofluorescence was performed on live
parasites with monospecific antiserum generated to the
30-kDaand 65-kDa proteinases. The presence of antibody
to the respective proteinases was established using an
immunoprecipitation assay recently described (21). Both
antisera, butnotcontrol, prebleed serum, readily detected
the surface of live organisms, indicating asurface location
for the host cell-binding proteinases (data not shown).
These data are consistent with the experiments performed
above on the selective inhibition of the proteinases upon
treatment of live organisms with TLCK and leupeptin.
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A. Long-Term
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B. Fresh Isolates
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Figure 3. Relationship between Hela cell-binding proteinases of long-term-grown isolates (A) vs. fresh clinical isolates (B),
using substrate-gel electrophoresis as in Figure 1, with levels of host cytoadherence and cytotoxicity. Cytoadherence (Adh) and
cytotoxicity (Cyt) for each isolate were determined with organisms from the same culture used for preparing extract for the ligand
assay as indicated in Materials and Methods section. The values of cytoadherence and cytotoxicity were compared with isolate
NYH 286 as in Table 1. MW refers to molecular weight standards in kDa.

Discussion

Given the high number of total proteinases in T.
vaginalis (20,21,27), an approach whichidentifies certain
proteinases with possible roles in virulence would be
important. This reportstrongly suggests that two cysteine
proteinases of 7. vaginalis are capable of binding to host
cell surfaces. As such, these two proteinases may be
studied further for any contribution to virulence
properties. '

Therelationships between the two proteinase activities
with cytotoxicity and cytoadherence is especially
noteworthy. A reduction by 280% in the levels of
cytoadherence (Table 1) by leupeptin inhibition of the
30-kDa proteinase (Figure 2), in addition to the greatly
reduced or absent cytoadherence by parasites without
the 30-kDa proteinase (Figure 3), strongly suggested a
role for this molecule in the attachment to host cells (23).
Moreover, the 30-kDa proteinase activity and
correspondingly higher levels of cytoadherence were
always elevated in fresh-isolates when compared with
long-term-grown isolates, as reported before (10).
Whether this proteinase is involved in the property of
cytoadherence, as has been proposed before by us (23),
remains to be determined.

We also showed here (Table 1) and before (23) that,
under certain conditions, TLLCK but not leupeptin was
able to inhibit killing of host cells. The presence of the

65-kDa cell-binding cysteine proteinase was related to
the ability of the parasites to destroy cells in monolayer
cultures. TLCK inhibition of both cell-binding proteinases
prevented the parasite killing of host cell monolayers in
vitro. Although further experiments will be necessary to
prove that the 65-kDa proteinase mediates cytotoxicity,
these data do suggest that this proteinase may predispose
host cells to trichomonal-mediated damage.

The synthesis of many proteinases by the parasite
during infection has been established (12,21). Many
patients have a large array of soluble trichomonad
proteinases in vaginal secretions in addition to vaginal
antibody to the proteinases (12), providing evidence of
relevance during trichomoniasis. In addition, the release
by trichomonads, during in vitro growth and multipli-
cation, of numerous proteinases (19) illustrates the active
process by which these molecules are present during the
dynamics of the infection.

The binding of both proteinases with host cell surfaces
may be indicative of either specific recognition of
substrate by the proteinases or the existence of receptors
on host cells for the proteinases. Either possibility awaits
further experimentation. It is interesting to speculate on
the mechanism by which the 30-kDa proteinase may be
involvedincytoadherence. Previous work has shown the
requirement of proteinase action on the trichomonal
surface prior to attachment to host cells (23). A hypothesis
was proposed whereby theT. vaginalisadhesins (10,25),
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which are sensitive to the cysteine proteinases released
by the parasite (10) and possibly protected from
trichomonad proteinases being released during growth
(19), would require unmasking prior to receptor
recognition on host cells. It is possible that deposition of
proteinases on the host cell surface represents a step in
the preparation of adhesins for function. It is also
conceivable that the proteinase(s), once on the host
surface, have the adhesin proteins as substrates. In this
scenario a receptor-ligand type of interaction necessary
for cytoadherence may require first the deposition of the
two proteinases.

It is noteworthy that no proteinase activity was ever
detected from purified adhesins tested similarly(10).
Even more rtecently (unpublished observations),
recombinant adhesins were found to have no detectable
proteinase activity under these experimental conditions.
Thisis reaffirmed by the absence of any immunoreactivity
of the anti-proteinase serum with any of the four purified
adhesins (10). Thus, these epithelial cell-binding parasite
proteinases represent molecules distinct from the bona
fide adhesins (10).

Attempts were also made to demonstrate whether anti-
proteinase serum inhibited the properties of cyto-
adherence and/or cytotoxicity. Unfortunately, possibly
due to the low-titered specific antibody, efficient
inhibition was not observed. Alternatively, it is possible
that the antibody is ineffective at inhibiting the enzyme
activity or is removed from the parasite surface during
the co-incubation periods between parasites and host
cells. The extensive membrane perturbations that occur
upon 7. vaginalisrecognition of epithelial cells has been
established (13). This, too, may account for mobilization
of the antibody-neutralized proteinase away from the
site of action (13). Atany rate, future work with possibly
affinity-purified, high-titered antibody and/or purified
proteinases should yield insight into the role of these
molecules in the host-parasite interaction.

An earlier paper by us also provided evidence for a
surface proteinase (21), albeita proteinase with adifferent
electrophoretic mobility than that seen here for the 30-
kDa and 65-kDa proteinases. It is equally noteworthy
thatthe hostcell-binding proteinases reside on the surface.
This may be the first report on the binding of two surface
proteins from 7. vaginalis to host cells. This presence of
surface proteinases by a parasite that synthesizes many
cysteine (20,21) and metalloproteinases (22) may be
significant and requires more experimentation.
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