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Choriocarcinoma Cell Membrane
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Trichosanthin is the active protein component in the Chinese herb Trichosanthes
kirilowi, which has distinct pharmacological properties. The cytotoxicity of tricho-
santhin was demonstrated by its selective inhibition of various choriocarcinoma cells.
When Jar cells were treated with trichosanthin, the influx of calcium into the cells was
observedbyconfocal laser scanningmicroscopy.Whenthedistributionof trichosanthin-
binding proteins on Jar cells was studied, two classes of binding sites for trichosanthin
were shown by radioligand binding assay. Furthermore, the cytoplasmic membrane of
Jar cells was biotinylated and the trichosanthin-binding proteins were isolated with
trichosanthin-coupled Sepharose beads. Two protein bands with molecular masses of
about 50 kDa and 60 kDa were revealed, further characterization of which should shed
light on the mechanism of the selective cytotoxicity of trichosanthin to Jar cells.

Key words: cell surface biotinylation, choriocarcinoma cells, cytotoxicity, radioligand
binding assay, trichosanthin.

Abbreviations: TCS, trichosanthin; RIP, ribosome-inactivating protein; MTT, 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl-2H-tetrazolium bromide; ECL, enhanced chemicalluminescence reagent; PLAP, placental alkaline
phosphatase; Con A, concanavalin A.

Trichosanthin (TCS) was isolated from root tubers of
Trichosanthes kirilowii Maximowicz, which is character-
ized as a type I ribosome–inactivating protein (RIP) (1, 2),
showing a very high overall structural similarity to ricin
A-chain. It catalyzes the cleavage of a specific N-glycosidic
bond in 28S rRNA, which inhibits protein synthesis by
preventing the 60S ribosomal subunit from interacting
with elongation factors. This reaction was well established
in rabbit reticulocyte lysate in vitro.

TCS has been identified as the active component in the
Chinese herb Tian Hua Fen. Its medical application was
described as early as the 3rd century and it is still being
used clinically in China to induce abortions, particularly in
the second trimester, and to treat diseases of trophoblastic
origin such as hydatidiform moles, invasive moles, and
choriocarcinoma (3–8). In the early 1990s, TCS was applied
in the treatment for AIDS or AIDS-related complex in
phase I and II studies (9, 10). However, the cytotoxicity
of TCS is largely unknown, current studies of TCS being
mainly focused on its distinct internalization and the intra-
cellular routing for it to exert ribosome-inactivating ability
in different cells.

TCS is very effective in inducing abortion (94% success
rate) with mild side effects (11). The underlying mechan-
ism was postulated to involve direct and specific injurious
effects on human syncytiotrophoblas in placental villi
(12, 13). The observed injurious effect of TCS on tropho-
blasts and other cell types also demonstrated its selective
cytotoxicity (6, 14). There is increasing evidence that TCS

binds specifically to sensitive cells. Studies on the interac-
tions of TCS with a monolayer of phospholipid membrane
indicated that TCS preferentially binds to negatively
charged phospholipid-containing membranes (15). It was
shown that the LDL receptor–related protein/a2-macroglo-
bulin receptor serves as a receptor for most RIPs (16), and
binding of these proteins to the RIPs initiates recept-
or-mediated endocytosis. Internalization of TCS into
cells of leukocyte origin is mediated by its interaction
with chemokine receptors (17). In addition, there is
evidence that TCS stimulates the production of reactive
oxygen species in Jar cells, leading to apoptosis, and the
interaction of TCS with a membrane-bound receptor might
be involved (18).

The present study examined the selective cytotoxicity
of TCS to cultured cells. The specific binding of TCS to
Jar cells was demonstrated by flow cytometry assays
and radioligand binding determination. Furthermore,
TCS-binding proteins on the Jar cell membrane were
isolated by use of TCS-Sepharose beads.

MATERIALS AND METHODS

Materials—3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT), enhanced chemicalumi-
nescence reagent (ECL), Con A Sepharose beads and rabbit
anti-actin antibody were products of Sigma. Fluo-3
acetoxymethyl ester (fluo-3/AM) was obtained from Mole-
cular Probes. Iodo-beads, Sulfo-NHS-LC-biotin and Immo-
bilized monomeric avidin kit were products of Pierce. 125I
(NaI, 1 mCi) was a product of Amersham Corp. CNBr acti-
vated Sepharose 4B were purchased from Amersham
Pharmcia Biotech. FITC-conjugated antibody against
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rabbit IgG and HRP-conjugated streptavidin were pur-
chased from Vector Laboratories. Anti-placental alkaline
phosphatase (PLAP) rabbit polyclonal antibody was from
NeoMarkers. Protein A–Sepharose suspension and protein
G plus-agarose beads were from Calbiochem. Anti-CCR5
antibody(CTC8) was from R&D. Inc. Rabbit anti-TCS anti-
body was prepared from Chinese big ear rabbit using pur-
ified TCS as immunogen.

Cell Lines and Cell Culture—JEG-3 choriocarcinoma
cells and mouse prostate cancer cell line RM-1 were
grown in modified essential medium (MEM) (Gibco BRL)
containing penicillin (100 U/ml), streptomycin (100 mg/ml)
and 10% (v/v) fetal bovine serum (FBS) in a humidified
atmosphere of 5% CO2 at 37�C. Jar choriocarcinoma,
Wish and THP-1 cells were cultured in RPMI-1640
medium (Gibco BRL) supplemented with 10% FBS,
penicillin (100 U/ml), and streptomycin (100 mg/ml).

Cytotoxicity Assay—The MTT assay for measuring
cytotoxicity and cell growth was performed as previously
(19, 20). In brief, 100 ml of cell suspension (3 · 104 cells)
was seeded into wells of 96-well tissue-culture plates con-
taining the indicated concentrations of TCS and incubated
for 48 h. Control cells were not treated with TCS. MTT
(5 mg/ml final concentration) was added to each well,
and after incubation for 4 h, the formazan crystals
produced by viable cells were dissolved for 12 h in 100 ml
of 10% SDS–50% DMF. The absorbance at 570 nm was
measured. The viable cell number was expressed as a
percentage of control cells.

Confocal Laser Scanning Microscopy—For fluorescence
measurements, the cells were incubated in a standard solu-
tion containing 5 mM fluo-3/AM (ester form of Ca2+ indica-
tor dye) in RMPI 1640 for 1 h at 37�C. After being rinsed
three times with a Hepes solution, the cells were treated
with 25 mg/ml TCS for 5 min. The images of [Ca2+] were
recorded every 10 s for up to 10 min by confocal laser
scanning microscopy, with excitation at 488 nm and
emission at 525 nm.

Flow Cytometric Assay—Previously established methods
were followed (21, 22). In brief, adherent cells were
digested with trypsin (0.25%)-EDTA (0.03%) solution,
washed twice and resuspended in PBS (1 · 106 cells/ml).
Following incubation with 10 mg of TCS at 4�C for 4 h,
0.5 ml aliquots of cells were washed with PBS, then incu-
bated with rabbit anti-TCS antibody (1:1,000) in PBS con-
taining 2%BSA at 4�C for 1 h. Specific binding of TCS was
detected using FITC-conjugated antibody against rabbit
IgG. The cells were analyzed by flow cytometry (FACScan,
BD Bioscience). Basal cell fluorescence intensity was deter-
mined with cells stained with the secondary antibody
alone. For the analysis of CCR5, anti-CCR5 antibody
(CTC8) (10 mg) was incubated with cells at 4�C for
30 min before treatment with TCS.

Purificathon, Labeling of TCS and Binding Assay—TCS
was purified from freshly harvested root tubes of
Trichosamthes kirilowii Maximlwicz as previously
described (23). Radioiodination of TCS was performed
with Iodo-beads according to the supplier’s instructions.
The beads were rinsed twice with 50 mM Na2HPO4, pH 7.0,
and dried. The beads were the added to a solution of 10 ml of
125I (NaI, 1 mCi) diluted in 190 ml of 100 mM Na2HPO4,
pH 7.0, and left at room temperature for 5 min. Then 20 mg
of TCS dissolved in 10 ml of 100 mM Na2HPO4 was added.

After 20 min of incubation at room temperature, the solu-
tion was removed from the tube to terminate the reaction.
Labeled TCS was separated from free iodine on a Sephadex
G-25 column preequilibrated with PBS, pH 7.4, containing
0.2% BSA. Fractions of 0.5 ml were collected and the radio-
activity was counted in a gamma counter.

Radioligand binding was carried out using intact Jar
cells suspended in a binding buffer containing serum-free
DMEM suplemented with 0.2% BSA following previously
established methods (24–26). Typically, 125I-TCS binding
was carried out in a final volume of 0.5 ml of binding buffer
containing 1 · 106 cells and different concentration of
125I-TCS for 1 h at 4�C. Cell-bound radioactivity was recov-
ered by rapid vacuum filtration through Whatman GF/B
filter paper using a Brandel cell harvester. The filter paper
was washed twice with 50 mM Tris-Cl, pH 7.4, containing
150 mM NaCl. Specific 125I-binding was defined as the total
binding less nonspecific binding. All measurements were
made in triplicate via three independent experiments and
were analyzed by the computer with program GraphPad
Prism (GraphPad Software, Inc., USA).

Preparation of TCS- and BSA-Sepharose Beads—TCS
and BSA were each conjugated to CNBr activated Sephar-
ose beads according to the supplier’s instructions. The fide-
lity of TCS-Sepharose beads was confirmed by application
to the affinity purification of rabbit antibody against TCS.

Cell Surface Biotinylation—To identify TCS-binding
proteins, live Jar cells were labeled with biotin following
the supplier’s instructions. In brief, 1 · 108 cells were
harvested at the log phase of growth and washed three
times with ice-cold PBS buffer (pH 8.0). Cells were then
resuspended in 10 ml of the same buffer, and the cell
surface proteins were labeled with biotin by addition of
10 mg of Sulfo-NHS-LC-biotin, followed by incubation at
room temperature for 30 min with end-to-end rotation. The
reaction was terminated by washing off excess free biotin
with PBS/0.1% BSA.

Cell Extraction and Pull-Down—Jar cells labeled with
biotin were lysed in 5 ml of cell lysis buffer (50 mM Tris-Cl,
pH 7.4, 150 mM NaCl, 1 mM EDTA, 1% Triton X-100, and
1 mM PMSF) for 30 min on ice. The extract was centrifuged
for 5 min at a speed of 12,000 rpm. The clarified super-
natant was applied to an immobilized monomeric avidin
column, and the bound biotinylated proteins were eluted
with elution buffer (PBS, pH 7.4, 2 mM D-biotin) following
the supplier’s instructions. The biotinylated proteins puri-
fied by immobilized monomeric avidin were divided into
aliquots corresponding to 2.5 · 107 cells and was pre-
pulled-down with BSA-Sepharose beads at 4�C for 2 h.
The supernatant was incubated with TCS-Sepharose
beads at 4�C overnight, then washed with PBS. The pre-
cipitated proteins were eluted with the SDS sample buffer
and boiled for 3 min before separation by SDS-PAGE. The
proteins were then transferred onto immobilon-P mem-
brane, followed by detection with HRP-conjugated strep-
tavidin. For the analysis of sugar side chains or CCR5, the
supernatant pre-pulled-down with BSA-Sepharose beads
was incubated with Con A–Sepharose beads or anti-CCR5
antibody–conjugated protein G plus-agarose beads before
being pulled down with TCS-Sepharose beads.

RT-PCR and Immunoblotting—For RT-PCR, total
RNA was isolated from Jar and THP-1 cells with Trizol
reagent (Promega). About 5 mg of total RNA was reversely

726 X. Xia et al.

J. Biochem.

 at Peking U
niversity on Septem

ber 29, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


transcribed into cDNA (M-MLV Reverse Transcriptase,
Promega), and 1/20 of the products was used in a 50-ml
PCR reaction. Conditions for the PCR reaction were:
94�C, 60 s; 94�C, 30 s, 60�C, 45 s, 72�C 60 s for 25 cycles,
with a final extension for 10 m at 72�C. Primers used were
as follows: 50-atggatgatgatatcgccgc-30 and 50-aggattccttct-
gacccatg-30 for actin (27), 50-tgctactcgggaatcataaaaact-30

and 50-ttctgaacttctccccgacaaa-30 for CCR5 (28). To detect
the expression of CCR5, Jar and THP-1 cells were collected
and suspended with lysis buffer (50 mM Tris-Cl, pH 8.0,
150 mM NaCl, 1% Triton X-100, 100 mg/ml PMSF, 1 mM
EDTA). Proteins were separated by 10% SDS-PAGE and
transferred onto immobilon-P membrane. Membranes
were blocked for 1 h at room temperature in blocking buffer
(TTBS, 2% BSA), then incubated with anti-CCR5 antibody
(CTC8) (1:1,000) overnight at 4�C, rinsed and incubated for
1 h with a HRP-conjugated goat antibody against mouse
IgG (1:1,000). Chemiluminescence detection was per-
formed with ECL reagent.

RESULTS

Sensitivities of Choriocarcinoma Cells to TCS—The cyto-
toxicity of TCS to cells is summarized in Fig. 1. The 50%
inhibitory dosage for TCS was around 5 mg/ml for Jar cells,
7 mg/ml for JEG-3, 100 mg/ml for Wish and for RM-1. Both
choriocarcinoma cell lines (Jar and JEG-3) appeared to be
sensitive to TCS, which is consistent with the observation
by radioactive precursors incorporation determination (6),
suggesting that the selective sensitivity was probably
related to certain inherent properties of choriocarcinoma
cells.

Confocal Laser Scanning Microscopy Analysis of
Intracellular Ca2+ Levels—Confocal microscopy was used
to study the changes of [Ca2+] in Jar cells treated with TCS.
Jar cells were untreated (A) or treated (B) with 25 mg/ml
TCS for 5 min. Images of fluo-3 fluoresence were collected
by confocol laser scanning microscopy. Figure 2B reveals
high fluo-3 fluorescence in the cells treated with TCS.

Specific Binding of TCS on Jar Cells—Using a cell
surface–binding assay, we examined the interaction of
TCS with Jar cells and Wish cells. In this assay, an

FITC-conjugated antibody against rabbit IgG was used
to detect the binding of TCS to these cells by flow cyto-
metry. Figure 3 shows that the histogram was shifted to
right when TCS was incubated with Jar cells. The shift was
not seen when TCS was incubated with Wish cells. Thus,
specific binding of TCS on Jar cells was detected.

Total radioactivity of 125I-TCS was 5.6 · 107 cpm.
Assuming 100% recovery, specific activity was approxi-
mately 2.8 · 106 cpm/mg. This value was used to estimate
125I-TCS in all binding experiments.

Figure 4 shows the binding isotherm for TCS on Jar
cells with Scatchard plot as an insert. A good curve
fit was achieved for a model suggesting two classes of
saturable binding sites for 125I-TCS binding to Jar cells:
a high affinity binding site (Bmax1 = 10,351 – 2,400 sites/
cell, Kd1 = 0.2358 – 0.1 nmol/liter) and a low affinity binding
site (Bmax2 = 102,037 – 31,500 sites/cell, Kd2 = 10.41 –
3 nmol/liter).

Two Binding Proteins Specific for TCS on
Choriocarcinoma Cells—Rabbit anti-TCS polyclonal
antibody was purified on an affinity column with immobi-
lized TCS (Fig. 5A), which showed TCS-Sepharose beads
worked very well.

Cell surface biotinylation and ECL detection was fast
and as efficient as the radioactive assay involving cell

Fig. 1. Inhibitory effect of TCS on the growth of cultured
cells. The cells were incubated with TCS for 48 h. The cell viability
was measured by MTT assay. Growth inhibition is shown as the
percentage of TCS-treated live cells to the control cultures. Each
point is the mean of results obtained from three individual culture
wells, and the standard deviation is less than 5%. The cell lines
tested were Jar, JEG-3, Wish and RM-1.

Fig. 2. Observation of the changes in intracellular Ca2+

concentration by confocal laser scanning microscopy.
For measurement of [Ca2+], the cells were loaded with 5 mM
fluo-3/AM for 1 h at 37�C followed by the treatment with (B) or
without (A) 25 mg/ml TCS for 5 min.

Fig. 3. FACS analysis of TCS binding onto Jar cells. Jar cells
and Wish cells were incubated with TCS. The binding events were
analyzed by flow cytometry. Results were presented as histograms
of the log fluorescent intensities of 104 cells from the representative
of three independent experiments. The unfilled histogram shows
the staining of TCS, while the filled histogram indicates the basal
cell fluorescence intensity.
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surface labeling with 125I (29, 30). In order to isolate
TCS-binding proteins from Jar cells, membrane
impermeable derivatives of biotin were used to label
cytoplasmic membrane proteins. The biotinylated

membrane proteins were purified by immobilized mono-
meric avidin and pulled down with TCS-Sepharose
beads. The precipitated proteins were separated by
SDS-PAGE and transfered to blotting membrane, then

Fig. 4. Saturation experiments with
125I-TCS binding on Jar cells. Intact
cells (5 · 105 cells/500 ml) were incubated
for 1 h at 4�C with 11 different concentrations
of 125I-TCS ranging from 0.1 to 4 nmol/liter in
duplicate. Nonspecific binding was deter-
minated in the presence of 1 mmol/liter
TCS. Binding data were plotted according
to Scatchard. SD for each data point was
less than 10%. Parameters were calculated by
computer analysis assumingtwo binding sites
according to computer program GraphPad
Prism. It showed a typical two-binding-sites
model for intact Jar cells (Bmax1 = 10,351 –
2,400 sites/cell, Kd1 = 0.2358 – 0.1 nmol/liter;
Bmax2 = 102,037 – 31,500 sites/cell, Kd2 =
10.41 – 3 nmol/liter). Diamonds: specific
binding; triangles: non-specific binding;
circles: total binding.

Fig. 5. Pull-down of TCS-binding proteins
from Jar cells. (A) SDS-PAGE analysis of the
affinity purification of anti-TCS antibody. Lane 1,
protein markers; lane 2, rabbit anti-TCS anti-
serum; lane 3, purified antibody. (B) The biotiny-
lated proteins were purified by use of immobilized
monomeric avidin and detected with anti-actin
antibody or anti-PLAP antibody. Lane 1, 3: total
proteins from Jar cells; lane 2, 4: total membrane
proteins purified by immobilized monomeric
avidin. (C) Identification and characterization of
TCS-binding proteins from Jar cells. The surface
biotinylated proteins on Jar cells were purified by
use of immobilized monomeric avidin and pre-
pulled-down with BSA-Sepharose beads, then
with anti-CCR5 antibody–conjugated protein G
plus-agarose beads (lane 5) or Con A–Sepharose
beads (lane 6) or without (lanes 3 and 4). The
supernatants were pulled down with
TCS-Sepharose beads, then washed with PBS
(lanes 3, 5, and 6) or excessive TCS (lane 4). The
precipitated proteins were separated by
SDS-PAGE and transferred to Immobilon-P mem-
brane, followed by detection with HRP-conjugated
streptavidin. Lane 1, total proteins; lane 2, total
biotinylated proteins purified by use of immobi-
lized monomeric avidin.
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visualized by probing with HRP-conjugated streptavidin.
Figure 5C (lane 3) shows that TCS-Sepharose beads pulled
down two proteins of 50 kDa and 60 kDa from Jar cells,
which were regarded as the putative TCS binding proteins
on the Jar cell membrane. Figure 5C (lane 4) showed that
these two proteins could also be washed off TCS-Sepharose
beads with an excess of TCS. As the positive control to show
the fidelity of this assay, biotinylated PLAP (a membrane
protein) was dectectable (Fig. 5B, lane 4) by anti-PLAP
polyclonal antibody in the biotinylated membrane proteins
purified by use of immobilized monomeric avidin. But actin
(non-membrane protein) was not biotinylated or detectable
with anti-actin antibody (Fig. 5B, lane 2).

Con A displays high affinities to terminal a-D-mannosyl,
a-D-glucosyl and sterically related residues (31, 32). When
the biotinylated membrane proteins purified by immobi-
lized monomeric avidin were pulled down with Con A–
Sepharose beads before TCS-Sepharose beads, the two
TCS-binding proteins disappeared (Fig. 5B, lane 6),
which indicated that they could bind to ConA and thus
contained sugar side chains.

CCR5 Is Not Involved in the Binding of TCS with Jar
Cells—TCS specifically associated with beta-chemokine
receptor CCR5 (17), of which the molecular mass was
determined to be about 42 or 62 kDa (33). It is tempting
to investigate whether the two binding proteins specific for
TCS on choriocarcinoma cells were CCR5. RT-PCR and
Western blotting analysis (Fig. 6, A and B) confirmed
that Jar cells do not express CCR5, which is consistent
with the previous report (28). CCR5 antibody (CTC8)
recognized N-terminal epitopes of CCR5 and blocked
HIV gp120 binding much more efficiently than chemokine
(34). Figure 6C shows that CCR5 antibody did not interfere
with the specific association of TCS with Jar cells. If the
biotinylated membrane proteins purified by use of immo-
bilized monomeric avidin were pre-pulled-down with
anti-CCR5 antibody–conjugated protein G plus-agarose
beads, two TCS-binding proteins could still be pulled
down with TCS-Sepharose from the supernatant (Fig. 5B,
lane 5), which indicated that CCR5 was not involved in the
binding of TCS with Jar cells.

DISCUSSION

TCS exhibits a very broad spectrum of biological and
pharmacological activities, including nuclease, protein-
synthesis–inhibiting, immunosuppressive, abortifacient,
anti-tumor and anti–human immunodeficiency virus
activities (1–11), which might be dependent (2, 16) or
independent of its RIP activity (17, 18, 35). The interaction
between TCS and plasma membrane proteins is crucial for
its cytotoxicity, but the nature of this interaction has
remained elusive. This study was carried out to directly
investigate the binding of TCS to the cells.

The choriocarcinoma cells were very sensitive to TCS
(Fig. 1). The interaction between 125I-labelled TCS with
intact Jar cells was examined in this report. The cor-
responding Scatchard plots were curvilinear, which
indicated two classes of binding sites on Jar cells: a
high affinity binding site (Bmax1 = 10,351 – 2,400 sites/
cell, Kd1 = 0.2358 – 0.1 nmol/liter) and a low affinity binding
site (Bmax2 = 102,037 – 31,500 sites/cell, Kd2 = 10.41 –
3 nmol/liter). This specific binding was confirmed by flow
cytometry analysis (Fig. 3), in which TCS binding was
specifically detected on Jar cells. To identify the binding
proteins to TCS, the best approach would be to isolate them
from sensitive cells and characterize them. In this report,
affinity beads with immobilized TCS were used to pull
down the binding proteins to TCS from Jar cells. As a
result, two proteins with molecular mass of 50 kDa and
60 kDa that specifically bind to TCS-Sepharose beads
(Fig. 5C) were identified. These proteins could also be
washed off TCS-Sepharose beads with excessive TCS,
which suggested that these account for two classes of
saturable binding sites for TCS on the Jar cell membrane
(Fig. 4).

Some studies have indicated that TCS might enter the
cell via the endocytic receptors such as low-density
lipoprotein receptor-related protein and megalin, in
order to exert its ribosome-inactivating effects inside the
cell, in a way similar to saparin and ricin internalization
(16). However, the selective cytotoxicity of TCS, such as its
abortifacient, anti-HIV and anti-tumor activity, had not

Fig. 6. CCR5 is not involved in the
binding of TCS to Jar cells. (A)
RT-PCR analysis of the expression of
CCR5 in THP-1 and Jar cells. Lane 1,
DNA marker; lane 2 and lane 3, actin
for THP-1 cells and Jar cells; lane 4
and lane 5, CCR5 for THP-1 cells
and Jar cells. (B) Western blotting
analysis of the expression of CCR5
in THP-1 and Jar cells. (C) FACS ana-
lysis of TCS binding onto Jar cells. The
unfilled histogram shows staining of
TCS in the presence of anti-CCR5
antibody (—) or without (—), while
the filled histogram indicates the
basal cell fluorescence intensity.
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been fully elucidated. Some RIPs showed various degrees
of abortifacient activity, while others, such as ricin, did not
(23). This study demonstrated that the two proteins spe-
cifically associated with TCS were clearly not low-density
lipoprotein receptor–related protein or megalin, which
have molecular masses of more than 200 kDa (16). Some
TCS mutations designed to enhance its internalization by
addition of amino acid sequences almost abolished its anti-
HIV activity (35). Our previous study also revealed that
some TCS mutants in which RIP activity was almost
absent still retained some abortifacient activity (36).
TCS could greatly stimulate chemotaxis and G protein
activation of chemokines, mediated through functional
interaction between TCS and chemokine receptors, inde-
pendently of its RIP activity (17). All of the above studies
may lead to the hypothesis that the abortifacient activity of
TCS selectively injuring choriocarcinoma cells might
involve a mechanism different from its in vitro non-specific
inhibitory activity to protein synthesis.

In an earlier study, we have shown that TCS could
activate G protein on the membrane of Jar cells by
GTPgS-binding assay (37). Our recent work indicates
that TCS inhibits PKC activity (Li J, unpublished obser-
vations). Zhang et al. (18) showed that TCS stimulated
the production of reactive oxygen species and induced
the activation of caspase-3 in Jar cells. Though the
molecular mechanism underlying the cytotoxicity of TCS
is largely unknown, we have shown in this report that TCS
leads to a transient increase of intracellular Ca2+ level
(Fig. 2). Moreover, we demonstrated there are two binding
proteins specific for TCS on the cytoplasmic membrane of
Jar cells. These two proteins were neither low-density
lipoprotein receptor-related protein and megalin nor
CCR5. Further characterization of these two novel
TCS-binding proteins might provide new insight into the
mechanism involved in TCS’s inducing-abortions, anti-
tumor and anti-HIV activity.
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