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The cytopathogenic mechanisms of Trichomonas vaginalis have been debated since the 1940s. We examined
the following three proposed pathogenic mechanisms: contact-dependent extracellular killing, cytophagocyto-
sis, and extracellular cytotoxins. Serial observations of Chinese hamster ovary (CHO) cell monolayers exposed
to trichomonads revealed that (i) trichomonads form clumps, (ii) the clumps adhere to cells in culture, and (iii)
monolayer destruction occurs only in areas of contact with T. vaginalis. Kinetic analysis of target cell killing by
trichomonads revealed that the probability of CHO cell death was related to the probability of contact with T.
vaginalis, supporting the observation by microscopy that trichomonads kill cells only by direct contact.
Simultaneous studies of "lindium oxine label release from CHO cells and trypan blue dye exclusion
demonstrated that T. vaginalis kills target cells without phagocytosis. Filtrates of trichomonad cultures or from
media in which trichomonads were killing CHO cells had no effect on CHO cell monolayers, indicating that
trichomonads do not kill cells by a cell-free or secreted cytotoxin. The microfilament inhibitor cytochalasin D
(10 ,ug/ml) inhibited trichomonad killing of CHO cell monolayers by 80% (P < 0.0001). In contrast, the
microtubule inhibitor vinblastine (10-6 M) caused only 17% inhibition of trichomonad destruction of CHO cell
monolayers (P < 0.020), whereas colchicine (10-6 M) had no effect. T. vaginalis kills target cells by direct
contact without phagocytosis. This event requires intact trichomonad microfilament function; microtubule
function appears not to be essential.

Trichomonas vaginalis is a common cause of vaginitis (7,
19, 29, 42). Trichomoniasis is associated with damage to the
superficial vaginal epithelium and a profuse, acute inflam-
matory discharge (10, 16, 30, 31, 36). How the protozoan
causes these pathologic changes is not defined and has been
debated since the 1940s (16, 20, 22). Hogue first described
the effect of T. vaginalis on cell cultures, including primary
explants of human embryonic intestine, lung, and muscle
(15). "Retraction" of cells was noted on exposure to living
trichorponads. Production of similar changes by cell-free
filtrates of old trichomonad cultures suggested that the
protozoa injured cells primarily by extracellular toxins.
Kotcher and Hoogasian (21) studied the adverse effects of
viable T. vaginalis on primary chick embryo explants as well
as human cell cultures. They were unable to produce corre-
sponding changes by exposing cell cultures to protozoal
filtrates and, therefore, concluded that trichomonads dam-
age vertebrate cells by "mechanical means." Similar con-
clusions were drawn by Christian et al. (8), who studied
pathologic changes in HeLa cells exposed to T. vaginalis,
and by Kulda (23), who studied the effect of various
trichomonad species on monkey kidney cell 'cultures.
Honigberg and Ewalt suggested that trichomonads injure
vertebrate cells both by direct contact and by extracellular
cytotoxins (17). In further studies employing chicken liver
cell cultures, Farris and Honigberg also suggested that
phagocytosis of T. vaginalis by macrophages with subse-
quent damage to the macrophages might be important in
pathogenesis (9).

Several recent morphologic studies have examined the
interaction between T. vaginalis and epithelial cells. Nielsen
and Nielsen found clusters of protozoa overlying mucosal
microulcerations in biopsies from 4 of 11 women with
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trichomoniasis (24). Since trichomonads were not present in
every area of epithelial disruption, the authors concluded
that most cytopathology resulted from cell-free cytotoxins
and that contact-dependent destruction of epithelial cells
was a secondary phenomenon. Ovcinikov et al. described a
change in trichomonad morphology from spherical to
ameboid associated with development of surface projection
directed toward the epithelial cells (25). These observations
were interpreted as active phagocytosis of epithelial cells by
T. vaginalis (11, 25). Heath studied the effect of trichomon-
ads on rabbit kidney tubule cell monolayers (13). Destruc-
tion of the monolayer was observed below adherent clumps
of parasites, suggesting that "contact between parasites and
epithelial cells was an important factor in pathogenesis.'"

This conclusion was supported by Alderete and Pearlman,
who investigated the destruction of various cell monolayers
by living trichomonads (1). Absence of cytotoxicity in the
presence of fixed trichomonads or fractions of culture filtrate
strongly implicated contact-dependent mechanisms. Thus,
the following three types of pathogenic mechanisms have
been proposed to explain the destruction of epithelial cells
by T. vaginalis: extracellular cytotoxins, cytophagocytosis,
and contact-dependent extracellular killing.
Our present studies support and extend previous observa-

tions that T. vaginalis exerts a cytolethal effect only on
direct contact with a target cell. We employed recent clinical
isolates and a different mammalian tissue culture cell line,
the Chinese hamster ovary (CHO-K1) cell line. Systems
using CHO cells have proven useful for elucidation of
pathogenic mechanisms in other protozoa because it is
possible to investigate the killing of target cells in both
monolayers and pellets (28). Mathematical analysis of the
interaction between trichomonads and target cells in pellets
was useful because such studies were independent of
trichomonad motility and permitted better control of the
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organism/target cell ratio than is possible with monolayer
systems. Investigations employing specific pharmacologic
inhibitors suggested that motility and changes in the parasite
cytoskeleton were important in the contact-dependent killing
of target cells. The potential role of phagocytosis was
dissected out by investigating the killing of radiolabeled
target cells by trichomonads.

MATERIALS AND METHODS

Isolation and cultivation of T. vaginalis. The three strains of
T. vaginalis, i.e., CHAR-1, CHAR-2, and CHAR-3, used in
these studies were isolated from women with symptomatic
vaginitis attending the Albemarle County Sexually Transmit-
ted Disease Clinic (located in central Virginia). Concomitant
cultures for other genital pathogens were negative.
Trichomonads were grown in modified Feinberg-Whittington
(FW) liquid medium (31) and incubated in anaerobic jars
(GasPak, BBL Microbiology Systems, Cockeysville, Md.) at
37°C. Isolates were subcultured every 3 to 4 days (31). The
protozoa were evaluated between 2 and 10 weeks after initial
isolation.
Trichomonads used in experiments were in the logarithmic

phase of growth and within 48 h of subculture, and .95%
exhibited normal morphology and characteristic motility.
Before being used, protozoa were washed three times by
centrifugation at 250 x g for 20 min in Hanks balanced salt
solution. Organisms were counted with a hemacytometer
and then diluted to the appropriate concentration in serum-
free FW medium adjusted to pH 7.0.

Cultivation and harvesting of CHO cells. CHO-Ki cell
cultures (ATCC CCL 61) were grown in F-12 medium
(GIBCO Laboratories, Grand Island, N.Y.) which was sup-
plemented with 10% fetal calf serum (GIBCO), penicillin
(100 U/ml), and streptomycin (100 ,ug/ml). For monolayer
experiments, CHO cells were grown to confluency in 24-
well, flat-bottom cell culture plates (no. 756-033-05; Linbro
Chemical Co., Hamden, Conn.). After removal of the
growth medium, the monolayers were washed twice before
the study. For pellet experiments, trypsinized CHO cells
(28) were suspended in FW, washed twice by centrifugation
at 250 x g for 5 min, and adjusted to 2.0 x 105 cells in 1.0 ml
of FW per polystyrene tube (12 by 75 mm; Becton Dickinson
Labware, Oxnard, Calif.).

Studies of target CHO cell killing by T. vaginalis. (i) CHO
cell monolayer experiments. Trichomonads (2 x 105) sus-

pended in 1 ml of serum-free FW were added to confluent
CHO cell monolayers and incubated at 37°C in 5% CO2. At
desired times the monolayers were evaluated with a Nikon
inverted microscope with phase contrast. At each interval,
three random observations of each monolayer were made,
and a 0 to 4 scale was used for 0 to 100% of the monolayer
remaining intact (28). Gradations of 0.25 (7.5% intact
motnolayer) were recorded.

(ii) Pellet experiments. Cellular pellets were prepared by
combining 106 washed trichomonads and 2.0 x 105 washed
CHO cells (trophozoite/CHO cell ratio of 5:1) in 1.0 ml of
serum-free FW and centrifuging them at 250 x g for 5 min.
After incubation at 37°C in 5% CO2 for the desired intervals,
0.1 ml of a 4% aqueous tryphan blue dye was added to each
tube. The pellets were dispersed by vortexing, and the total
numbers of CHO cells excluding or taking up dye were
counted in a hemacytometer (minimum of 100 cells counted).
Trichomonads were distinguished from CHO cells by their
characteristic morphology and motility.

(iii) Evaluation of CHO cell killing by trichomonads by the

one-hit hypothesis. In a series of pellet experiments, the
number of trichomonads was varied from 2.5 x 104 to 5.0 x
106 while the number of target CHO cells was kept constant
at 2.0 x 105 (trichomonad/CHO cell ratio, 1:8 to 25:1).
By analogy with the contact-dependent cytopathogenicity

of lymphocytes (3, 4), the one-hit hypothesis may be de-
scribed as follows. Let t be the initial number of target
(CHO) cells, x be the number of trichomonads, and n be the
fraction of trichomonads which are effector cells. Further-
more, let y be the corrected, specific CHO cell killing by
trichomnonads (Tv); that is, y = [(% dead CHO cells with Tv
added) - (% dead CHO cells in control tube)]/[100 -(%
dead CHO cells in control tube)].

If killing of CHO cells depends on direct contact by a
single trichomonad, then the fraction of CHO cells surviving
(1 - y) should equal the probability that a target cell was not
contracted by a trichomonad (effector cell). This probability
is described by the Poisson distribution as

1 - y = e-'
ln(1 - y) = -nxlt

1n[1/(1 - y)] = nxlt
log In[1/(1 - y)] = log(nxlt)
log In[1/(1 - y)] = log(n/t) + log(x)

If n and t are kept constant, then log In [1/(1 - y)] = c +
(log x). The constant, c, will shift the curve up or down
without changing its shape or slope. Thus, if killing of target
cells occurs with one-hit kinetics, that it, if the death of a
CHO cell results from a single contact by a trichomonad,
then log In[1/(1 - y)] should be directly proportional to log x,
and a plot of the function should be a straight line with a
slope of 1.0.

(iv) "'InOx label studies. Indium-ill oxine ("'InOx) in its
complete chelated form containing 1 mCi with 0.05 ng of
oxine in 0.05 ml of ethanol was obtained from Mediphysics,
Inc., South Plainfield, N.J. For each experiment, 4 x 106
CHO cells in a confluent monolayer were labeled by adding
300 ,Ci of "'InOx in 4.5 ml of F-12 medium with 10% fetal
calf serum for 15 min at 37°C in 5% CO2 (28). Approximately
one-third of the "'InOx label was taken up by the CHO cells.
The washed monolayer was then trypsinized, and the cells
were suspended in serum-free FW i?, 5-ml polystyrene tubes.
The cells were washed once by centrifugation at 250 x g for
5 min, counted in a hemacytometer, and adjusted to 2 x 105
CHO cells per tube in 1 ml of serum-free FW. Less than 1%
of the ll'InOx was lost during the labeling and washing
procedure. CHO cell viability immediately after labeling was
97% of trypan blue dye exclusion. The activity in each tube
of CHO cells was measured with a Beckman Gamma
Counter (Beckman Instruments, Inc., Fullerton, Calif.).
Trichomonads were washed twice in Hanks balanced salt
solution and then added to the CHO cells. After centrifuga-
tion at 250 x g for 5 min, the trichomonad-CHO cell pellets
were incubated in 5% CO2 at 37°C. At desired times the
supernatants were decanted. Pellets and supernatants were
counted separately for gamma activity, with background and
decay (half life of "'In is 67.2 h) corrected for. Previous
studies demonstrated that 70% of the ll'InOx label was
released from CHO cells after 500 ,ug of amphotericin B (28)
per ml was added. This result approximates the 80% of
ll'InOx released from other tissue culture cell lines in
freeze-thaw experiments (41).

After determination of "'In activity, the pellets were
suspended in 1.0 ml of fresh FW, 0.1 ml of 4% aqueous
trypan blue dye was added, and the tubes were vortexed
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gently. The remaining viable and nonviable CHO cells were
counted with a hemacytometer (27).

(v) Filtrate and sonic extract studies. Trichomonad suspen-
sions containing i05 to i07 organisms per ml of serum-free
FW medium were incubated for 2 h at 37°C in 5% C02;
trichomonad motility remained >90% after centrifugation at
250 x g for 5 min. The supernatants were decanted, passed
through a filter (Acrodisc; 45-p,m pore diameter; Gelman
Sciences, Inc., Anp Arbor, Mich.), and used as trichomonad
filtrate. Cell-free filtrates of 105 to 107 T. vaginalis organisms
actively destroying CHO cell monolayers were prepared in
the same manner. Undiluted filtrates from protozoa and from
protozoa plus CHO cells were added to CHO cell monolay-
ers.
Organisms were washed three times in Hanks balanced

salt solution, counted, and then diluted in serum-free FW to
105 to 107 organisms per ml. Suspensions were sonicated on
ice with a Branson Sonifier (model no. 5125; Heat Systems
Co., Melville, N.Y.) equipped with microtip and set at six,
for six bursts of 20-s duration each. Sonic extracts were
examined microscopically to ensure disruption of all
trichomonads. Sonic extracts were added to intact CHO cell
monolayers, and the monolayers were observed as described
previously.
To dedrease the possibility of cytotoxin inactivation,

experiments were repeated in the presence of the serine
protease inhibitor, phenylmethylsulfonyl fluoride (38). As
described above, 108 protozoa were sonicated on ice, and
5% (vol/vol) phenylmethylsulfonyl fluoride solution (6 mg/ml
in 95% ethanol) was added to the sonic extract. The treated
sonic extracts were then added to CHO cell monolayers.

Studies with pharmacologic inhibitors of microfilament and
microtubtile functions. Cytochalasin D (cyto D) (Sigma
Chemical Co., St. Louis, Mo.) was diluted in dimethyl
sulfoxide (Sigma) to a concentration of 500 jig/ml and stored
at -20°C (28). The stock solution was further diluted in
serum-free FW to either 1.0 or 10 ,ug/ml prior to use. Washed
protozoa were added to the cyto D solution to achieve a final
concentration of 106 organisms per ml, and the mixtures
were then added to C140 cell monolayers or used in pellet
studies.

Colchicine (Sigma) was diluted to a concentration of i0'
M in Puck saline F and stored at -20°C (28). For use, the
colchicine stock solution was diluted to 10-6 M in serum-free
FW medium. Doubly washed trichomonads were added at a
concentration of 106 organisms per ml, and the suspension
was incubated at 37°C in 5% CO2 for 2 h (26). One milliliter
of the colchicine-treated trichomonads was then added to
confluent CHO cell monolayers or trypsinized CHO cells for
pellet experiments.

Vinblastine sulfate (Eli Lilly & Co., Indianapolis, Inc.)
was diluted in normal saline to 10-3 M and stored at -20°C
(28). Prior to use, the stock solution was diluted to 10-6 M in
serum-free FW. Trichomonads were washed and suspended
in the vinblastine solution at 106 organisms per ml for
monolayer and pellet experiments.

Destruction of monolayers and of cells in pellets was
analyzed by the Student's t test (32).

RESULTS

Studies of CHO cell killing by T. vaginalis. (i) Monolayer
studies. A distinct sequence of events was noted on direct
microscopic examination when trichomonads were added to
intact CHO cell monolayers (Fig. 1A). Clusters of organisms
were not apparent on inspection of the monolayers immedi-

ately after the addition of trichomonads. At 1 h, organisms
had aggregated into multiple clumps (Fig. 1B) over the intact
monolayer. Destruction of the CHO cell monolayers first
occurred beneath the clumps of trichomonads (Fig. 1C) and
by 5 h had proceeded in centrifugal fashion until the
monolayer was disrupted completely (Fig. 1D). Increasing
the number of trichomonads in the inoculum over a range of
1.6 x 104 to 1.6 x 106 organisms per ml (Fig. 2) increased the
rate of CHO cell monolayer destruction (P < 0.001).

(ii) Pellet studies. Trichomonal killing of target CHO cells
in cellular pellets was evaluated (Fig. 3). After 4 h,
trichomonads killed significant numbers of CHO cells (P <
0.0001). The total number of viable plus nonviable but intact
CHO cells was less than 100%o (P < 0.05), indicating either
extracellular lysis or phagocytosis of intact CHO cells by
trichomonads.

In a serum-free system, we evaluated the killing of CHO
cells by trichomonads in pellets, varying the concentration
of protozoa over a 2.3-log range while maintaining a constant
number of target cells. There was a linear relationship
between the log In of corrected CHO cell killing and the log
of trichomonad concentration, with a slope of 0.94 and a
correlation coefficient of 0.97 (Fig. 4), indicating that in the
pellet syttenl one trichomonad kills one target CHO cell and
only upon direct contact.

(iii) Studies of trichomonad killing of ll"InOx-labeled CHO
cells. A comparison of microscopic cell counts with trypan
blue dye with the simultaneous release of llInOx label from
target CHO cells revealed killing of CHO cells by protozoa
at 2, 4, and 6 h (P < 0.01) (Fig. 5). Significantly more CHO
cells took up trypan blue in the presence of trichomonads
than in control tubes at 2, 4, and 6 h (P < 0.0001). After 6 h
of incubation, only 21.5% of the CHO cells were alive by
trypan blue exclusion, and 33% of the llInOx label re-
mained in the pellet.

(iv) Studies of trichomonad filtrates and sonic extracts.
Filtrates of 105 to 107 trichomonads per ml and filtrates from
trichomopads actively destroying CHO cells had no effect on
CHO cell monolayers. The addition of filtrates from
trichomonads (107/ml) actively destroying CHO cells did not
increase the tate ofCHO cell monolayer destruction by fresh
trichomonads (103 to 105/ml). Sonic extracts of trichomonads
(107/ml) with or without the protease inhibitor phenyl-
methylsulfonyl fluoride had no effect on CHO cell monolay-
ers after 24 h at 37°C.

Studies with pharmacologic inhibitors of microfilament and
microtubule functions. The specific microfilament inhibitor
cyto D (12, 35) reduced target cell killing by trichomonads in
both monolayer and pellet systems. Cyto D (1.0 or 10.0
,ug/ml) inhibited the destruction of CHO cell monolayers by
trichomonads (P < 0.0001) (Fig. 6). Cyto D at 10 ,ug/ml
inhibited target cell killing in pellets (Fig. 3) by 80% (P <
0.0001), but cyto D at 1 ,ug/ml had no effect. Cyto D at 1 or
10 p.g/ml in serum-free FW was nontoxic to CHO cells, and
trichomonad viability remained >95% for 24 h. On micro-
scopic examination, the protozoa retained flagellar motion at
both cyto D concentrations.

Colchicine and vinblastine bind to different sites in mam-
malian cells, resulting in inhibition of microtubule function
(5, 26, 40). Neither drug was toxic to CHO cells or
trichomonads under the experimental conditions. Colchicine
(10-6 M) did not inhibit protozoal killing of CHO cells in
confluent monolayers (Fig. 7) or in pellets (Fig. 3).
Vinblastine (10-6 M) caused a smfll (16.7%) but statistically
significant inhibition of trichomonad-mediated CHO cell
monolayer destruction (Fig. 6) at 4 and 5 h (P < 0.02). In
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FIG. 1. CHO cell monolayer destruction by virulent T. vaginalis at a concentration of 106 trichomonads per ml in serum-free FW medium.
(A) Intact confluent monolayer prior to addition of trichomonads. (B) After 1 h, the protozoa have formed clumps which adhere to the
monolayer. (C) Monolayer disruption occurs only in areas in contact with trichomonads. (D) After 5 h, there is >75% monolayer destruction
by the trichomonads. Similar observations were made in over 30 different experiments.

pellet studies, neither colchicine nor vinblastine inhibited the
killing of CHO cells by trichomonads (Fig. 4).

DISCUSSION
We have determined that viable T. vaginalis isolated from

women with symptomatic vaginitis kills target CHO cells
exclusively on direct contact. In agreement with the micros-
copy findings of previous workers (11, 13), we observed that
trichomonads formed clumps, the clumps then adhered to
cell culture monolayers, and monolayer destruction oc-
curred only in areas in contact with protozoa. Neighboring
cells not in contact with protozoa remained intact. We
propose that motile T. vaginalis may move away from
epithelium they have already damaged, thus explaining the
clinical observation that cytopathology is observed in epi-
thelium apparently free of protozoa (24). Because motile
trichomonads were not distributed uniformly over the
monolayers, it was important to examine the observation of
contract-dependent killing of cells in culture by using a
system in which parasite motility was not a factor.
We evaluated the kinetics of the killing of CHO cells by

trichomonads in pellets by varying the concentration of
trichomonads while maintaining a constant number of target
cells. In these experiments, the trichomonads were pre-
vented from clumping, indeed from moving, thus facilitating
more rigid control of target/effector cell ratios than is possi-
ble in monolayer studies. As the number of organisms was
increased over a 2.3-log range while the number of target
cells was held constant, the fraction of target cells killed was
directly proportional to the probability of their making direct
contact with trichomonads. If target cell death were medi-
ated by diffusible substances, such linear proportionality
would not be expected (3, 4). The slope of the regression line
in Fig. 4 should be proportional to the number of direct
contacts necessary to kill a target cell. The slope of 0.94 thus
suggests that contact with a single trichomonad is lethal for
a target cell. This analysis supports the visual observation
that trichomonads kill cells by direct contact (4, 14).

Studies with "' InOxine-labeled CHO cells and simulta-
neous trypan blue dye exclusion confirmed that trichomon-
ads kill the target cells in culture by an extracellular process.
After 6 h, 33% of the initial "1'In label remained in the
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FIG. 2. CHO cell monolayer destruction by a single T. vaginalis strain at different inoculum concentrations. Increasing the inoculum
concentration of trichomonads from 1.6 x 104/ml to 1.6 x 106/ml significantly increased the rate of monolayer destruction. Each point
represents the mean of six monolayers ± the standard error of the mean (SEM). Six separate experiments were done with three different
isolates. A single T. vaginalis isolate (CHAR-1) was used in these experiments. Similar dose-response relationships were observed with other
isolates, although the rate of monolayer destruction by similar numbers of different isolates varied as a function of the intrinsic virulence of
the isolates. Control monolayers incubated in similar medium without organisms remained intact.

cellular pellet. This amount represented the sum of activity
in viable CHO cells, retained label in nonviable intact CHO
cells, and "'InOx in CHO cells phagocytized by protozoa.
Based on direct counts of viable CHO cells and dead intact
CHO cells (which retain 20% of their label) (25, 31), 30% of
the initial label would be expected to remain in the pellet. If,
however, significant numbers of living CHO cells had been
phagocytized by trichomonads, then the trichomonads
would be expected to contain radiolabel, and the pellet
should manifest higher total counts. Because all of the
gamma activity in the pellet could be accounted for by
directly visualized living and intact dead CHO cells, none of
the radioactivity in the pellet could be attributed to phago-
cytized CHO cells (28). We conclude that T. vaginalis kills
target cells on direct contact, while the target cell remains
extracellular to the effector cell, and without phagocytosis.
We evaluated the potential role of secreted or cell-free

cytotoxins in the extracellular killing of target cells by T.
vaginalis. Filtrates of trichomonad cultures or of viable
protozoa actively destroying CHO cells had no effect on
CHO cell monolayers. In addition, filtrates did not increase
the rate of monolayer disruption by low numbers of intact,
viable trichomonads. Trichomonad sonic extracts also had
no effect on target cells. Experiments were done in a
serum-free system and with a serine protease inhibitor to
decrease the potential for interference by serum or for
proteolytic destruction of a cell-free toxin. These findings
are in accord with the recent report by Alderete and Pearl-
man on the interaction of pathogenic T. vaginalis with a
variety of tissue culture cell monolayers including human
urogenital and vaginal (HeLa), human epithelial (HEp-2),
normal baboon testicular, and monkey kidney (Vero) cells
(1). There was no evidence of a role for toxic trichomonal
products in disruption of these monolayers by the protozoa.

Although it is theoretically possible that diffusible sub-
stances produced by the trichomonads are diluted away from
sites of contact between effector and target cells or that such
products are very short-lived, these studies provided no

T
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After 4hr.

c,50

Control Tv Tv *Vb Tv+ Colch. Tv CytoD Tv+CytoD
lsgAnm lOug/ml

FIG. 3. Effect of microtubule and microfilament inhibitors on
killing of CHO cells in pellets with T. vaginalis (Tv) after 4 h of
incubation. The total of viable (unshaded portion) and nonviable
(shaded portion) CHO cells in tubes with protozoa was less than
100% (P < 0.05). Trichomonad-mediated CHO cell killing was not
inhibited by 10-6 M vinblastine (Vb), 10-6 M colchicine (Colch.), or
1 ,ug of cyto D (CytoD) per ml. However, at 10 FLg/ml, cyto D
significantly decreased the killing of CHO cells by T. vaginalis (P <
0.0001). Control experiments were done in serum-free medium
without organisms, in medium containing dimethyl sulfoxide, and in
medium containing each inhibitor at concentrations identical to
those in experiments done with viable trichomonads. Each bar
represents the mean + SEM of 19 to 29 studies in four different
experiments.
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FIG. 4. Contact-dependent CHO cell killing by T. vaginalis (T.v.) in pellet studies. The corrected, specific CHO cell killing (y) was

determined for each inoculum concentration of trichomonads. Corrected CHO cell killing (y) represents the reduction in target cell survival
in pellets containing trichomonads compared with CHO cell survival in serum-free medium without trichomonads. Each point is the mean +

SEM for 5 to 9 experiments. The log ln(1/1 - y) was then plotted against the log number of protozoa. The slope of the linear regression line
was 0.94, and the correlation coefficient was 0.97. Therefore, the probability of CHO cell death equals the probability of contact with a single
trichomonad.

experimental evidence supporting a role for extracellular
cytotoxins in the in vitro killing of cells in culture.

Electron microscopy investigations have concluded that
T. vaginalis contains both microfilaments and microtubules
(18, 24, 25). When trichomonads were in contact with
epithelial cells, the parasite cytoskeleton was oriented such
that most microfilaments were in the portion of the
trichomonad in contact with the epithelium (24). T. vaginalis
microtubules are primarily located in the flagella and
axostyle (25). The potent micofilament inhibitor cyto D (37,

A~~~~~~. Trypan

Blue

Control

% Viable
CHO Cells s

"'Indium 50 _ tst"I

Remaining s

25 Tv
Trypon
BlueJ

39) significantly inhibited trichomonad cytopathogenicity for
tissue culture cell monolayers but was not toxic to
trichomonads or CHO cells and did not abolish protozoan
motility. In the pellet system, in which contact was ensured
by centrifugation of protozoa and target cells together,
eliminating the role for trichomonad motility, cyto D at a
concentration of 10 ,ug/ml inhibited killing by 80%. These
morphologic and physiologic findings suggest that intact
trichomonad microfilament function was necessary for the
killing of target cells.
Trichomonad microfilament function may be important in

either the initial adherence of the parasites to target cells or
the postadherence cytolytic events. In morphologic studies,
T. vaginalis undergoes ameboid changes on contact with
target cells or inert surfaces, and the areas of contact are rich
in microfilaments (13). These cytoskeletal changes may be
important for attachment to target cells. Cyto B, a less
potent and less specific inhibitor of microfilament function
than cyto D, reduced the adherence of T. vaginalis to glass
surfaces (6). Studies demonstrating that surface adhesive
proteins such as fibronectin align with internal microfila-
ments (19) suggest that alterations in microfilament function
may directly influence the ability of cells to attach to one
another. In other experimental systems, cytochalasins re-
duced lymphocyte- and macrophage-mediated cytolysis of
tumor cells by interfering with adherence (2, 14, 33, 34), and
cytochalasins also decreased target cell killing by a virulent

FIG. 5. CHO cell survival in trichomonad (Tv)-CHO cell pellets
with both trypan blue (- - -) exclusion and 'llInOx counts ( ). By
trypan blue exclusion, there was significant killing of CHO cells in
pellets with trichomonads (P < 0.01). Counts of IllnOx in labeled
CHO cells also demonstrated significant killing of CHO cells in
pellets with trichomonads at 2, 4, and 6 h compared with that in
control tubes (P < 0.01). The control experiments were done in
serum-free medium without trichomonads. Each point represents
the mean + SEM of six studies in three different experiments.
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FIG. 6. Effect of microfilament inhibition on CHO cell monolayer destruction by trichomonads. Cyto D (--- -) at both 1 and 10 p.g/ml
significantly inhibited CHO cell monolayer destruction by T. vaginalis (Tv) (P < 0.0001). Control experiments were done in serum-free
medium, in medium containing cyto D dissolved in dimethyl sulfoxide, and in medium containing dimethyl sulfoxide at concentrations
identical to those in experiments done with viable trichomonads. Each point represents the mean ± SEM of 9 to 16 studies in six different
experiments.
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FIG. 7. Effect of microtubule inhibition on CHO cell monolayer destruction by trichomonads (Tv). Colchicine (Colch) at 106 M did not

significantly reduce trichomonad-mediated CHO cell monolayer destruction. Vinblastine (Vb) at 10-6M caused statistically significant
inhibition of monolayer destruction at both 4 and 5 h (P < 0.020). Control studies were done in serum-free medium and in serum-free medium
containing each inhibitor at concentrations identical to those in experiments with trichomonads. Each point represents the mean + SEM of
9 to 18 studies in six different experiments.
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axenic strain of Entamoeba histolytica by inhibiting both
adherence and postadherence events (28, 29).
The microtubule inhibitors colchicine and vinblastine, at

10-6 M, are specific for different sites on rnammalian
microtubules and have been shown to reduce macrophage-
mediated cytolysis (5, 26, 35, 40). Colchicine had no effect
on protozoal killing ofCHO cells in monolayers or in pellets.
Although vinblastine slightly reduced CHO cell monolayer
disruption, it had no effect in pellet studies. This result
implies that the relatively small reduction in CHO cell
monolayer destruction was a consequence of decreased
trichomonad motility. It is also possible that colchicine and
vinblastine merely have no activity for the microtubules of
T. vaginalis. It is of interest, in this respect, that colchicine
and vinblastine, even in concentrations 25- to 30-fold higher
than those used in our study, had no effect on trichomonad
adherence to glass (6). The inhibition seen with cyto D and
the lack of effect of colchicine and vinblastine may indicate
a vital role for an adherence event in trichomonad cytopatho-
genicity.
Using an in vitro model, we examined the pathogenic

mechanisms of T. vaginalis. Trichomonads appear to kill
target cells exclusively by direct contact, not by a cell-free or

secreted cytotoxin. Contact-dependent killing does not in-
volve phagocytosis of living CHO cells by T. vaginalis.
Target cell killing is dependent on intact trichomonad micro-
filament function.
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