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Trop-2/EGP-1/GA733-1 is a recently identified cell surface
glycoprotein highly expressed by human carcinomas. The
cytoplasmic tail of Trop-2 possesses potential serine and
tyrosine phosphorylation sites and a phosphatidyl-inositol
binding consensus sequence. Thus, we investigated whether
Trop-2 might be a functional signaling molecule. Using the
fluorescent probe Fura-2, we assayed the cytoplasmic cal-
cium levels in human cancer cells stimulated with anti-Trop-2
or control antibodies. Three anti-Trop-2 MAbs, Rs7-7G11,
MOv16 and 162-46.2 specifically induced a transient intracel-
lular calcium level increment in up to 40% of the experiments
performed. Polyclonal antisera recognizing recombinant
Trop-2 molecules possessed a much lower stimulation effi-
ciency. The average latency of antibody-induced Ca21 rise for
OvCa-432 cells was 64 6 26 sec. Internal Ca21 concentrations
reached peaks of 190 6 24 nM vs. basal levels of 61 6 4 nM and
returned to baseline within 193 6 37 sec. Similar values were
obtained in MCF-7 cells. For comparison, stimulation of
P2-purinergic receptors on MCF-7 and OvCa-432 cells in-
duced a Ca21 rise in most cases, leading to average internal
Ca21 concentrations of 297 6 41 and 391 6 39 nM, respec-
tively. Our findings show that Trop-2 transduces an intracellu-
lar calcium signal, are consistent with the hypothesis that it
acts as a cell surface receptor and support a search for a
physiological ligand. Int. J. Cancer 76:671–676, 1998.
r 1998 Wiley-Liss, Inc.

Trop-2/EGP-1/GA733-1 is a monomeric cell surface glycopro-
tein expressed at high levels by normal human multistratified
epithelia and trophoblast and by the majority of human carcinomas
(Alberti et al.,1992; Steinet al.,1994). We have cloned the human
(Fornaroet al., 1995) and the murine (El-Sewedyet al., 1998)
TROP2 genes (Leijet al., 1994; Szalaet al., 1990). Interestingly,
the cytoplasmic tails of the human and murine Trop-2 possess
potential serine and tyrosine phosphorylation sites and a phosphati-
dyl-inositol binding consensus sequence (El-Sewedyet al., 1998).
Thus, we speculate that Trop-2 might be a novel cell-surface
receptor, that might play a regulatory role in the growth of
carcinoma cells. Consistent with the hypothesis that Trop-2 might
be a signal transducer, it has been shown that the cytoplasmic serine
303 of Trop-2/EGP-1 can be phosphorylated by PKC (Basuet al.,
1995), although the events following the phosphorylation were not
investigated. Cytosolic Ca21 plays an important role in the
regulation of the differentiated function of several nucleated cell
types (Tsien and Tsien, 1990; Meldolesiet al.,1991). Importantly,
it participates in the regulation of the cell cycle in proliferating cells
and of tumor cells in particular (Dixonet al.,1997). Thus, it was of
interest to investigate whether Trop-2/EGP-1/GA733-1 could medi-
ate an intracelluar calcium signaling. No physiological ligand for
Trop-2 has been identified. However, specific antibodies can
cross-link cell surface receptors and induce signaling (Leitenberg
et al., 1995; Holland and Owens, 1997). Thus, we tested if the
cross-linking of Trop-2 with specific MAbs could elicit a cytosolic
calcium signal.

MATERIAL AND METHODS

Cells

The human OvCa-432 ovarian carcinoma and MCF-7 mammary
carcinoma cell lines (Albertiet al., 1992) were grown in RPMI-
1640 medium (GIBCO, Grand Island, NY). The C3H mouse L

fibrosarcoma cells were maintained in DMEM (GIBCO), with 1 g/l
glucose and sodium pyruvate. RPMI-1640 and DMEM were
supplemented with glutamine, penicillin, streptomycin and 10%
FCS (culture medium). L cell transfectants were maintained in
DMEM/HAT culture medium. The day before Ca21 measurements,
cells were collected in PBS-EDTA, filtered through a 20 µm pore
nylon mesh (Filcon, Torino, Italy) to remove cell aggregates and
seeded on sterile glass coverslips coated with poly-D-lysine (Sigma,
St. Louis, MO) (Bizzarri and Corda, 1994).

Production of recombinant Trop-2 protein
The coding region of TROP2/EGP-1/GA733-1 between the

leader sequence and the transmembrane region (Fornaroet al.,
1995) was amplified by PCR using specific primers. After subclon-
ing in the galactose-inducible pQE-10 vector (Qiagen, Chatsworth,
CA), the correctness of the resulting open reading frame and the
absence of PCR-induced mutations was confirmed by DNA
sequencing. The TROP2 constructs were transformed in XL1-blue
Escherichia colistrain and synthesis of the recombinant Trop-2
was induced by IPTG 0.2 mM for 5 hr (Studieret al.,1990). The 6
histidine-tagged recombinant Trop-2 was purified by affinity chro-
matography on chelated Ni21 columns (Qiagen), in denaturing
conditions and following the manufacturer’s instructions. Purity of
the recombinant Trop-2 protein to be used for animal immunization
was verified by PAGE.

Antibodies
The MOv-16 MAb was a gift of Dr. M. I. Colnaghi (Milano,

Italy). The T16 hybridoma was supplied by Dr. C.E. Klein
(Würzburg, Germany). The RS7-3G11 MAb was a kind gift of Dr.
R. Stein (Newark, NJ). The 162-46.2 anti-Trop-2 and T16 hybrido-
mas were grown as ascites in BALB/c or nude mice (Albertiet al.,
1992; Steinet al.,1994). The anti-CD5 (Leu-1, Becton-Dickinson,
Mountain View, CA) and PK-136 MAb were used as controls (Fig.
1) (Ledbetteret al., 1985; Koo and Peppard, 1984). The MAbs
were purified either by affinity chromatography on protein-A
Sepharose or by ion-exchange chromatography (Albertiet al.,
1992). Three micrograms of MAb in 300 µl final volume were used
in most assays (see Results). Polyclonal anti-sera recognizing
Trop-2 were obtained either by immunizing rabbits with the
recombinant Trop-2 protein produced inE. coli or by immunizing

Abbreviations: ATP: adenosine trisphosphate; [Ca21]i: free cytosolic
calcium concentration; FITC: fluorescein-isothiocyanate; MAb: monoclo-
nal antibody; PAGE: polyacrylamide gel electrophoresis; SM: staining
medium; SEM: standard error of the mean.
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mice with mouse L cells transfected with Trop-2. Pre-immune sera
from the same animals were used as controls. The titers in
bleedings were confirmed by Western blot or slot blot analysis over
recombinant Trop-2 proteins. Immunofluorescence FACS analysis
of Trop-2 transfectants and control L cells and of Trop-2 expressing
and non-expressing human carcinoma cell lines confirmed the
specificity of the antisera obtained. Polyspecific stimulations were
performed either with polyclonal antisera (3 µg) or with mixed
polyclonal antisera (1.5 µg) and anti-Trop-2 MAb (MOv16, T16,
162–46.2, 0.5 µg each). Goat anti-mouse or anti-rabbit immuno-
globulin (Serotec, Oxford, UK) were used to enhance the extent of
cross-linking induced by the anti-Trop-2 antibodies. All antibodies
were salt-exchanged to PBS in spin columns. Antibodies in PBS
were subsequently sterilized by ultracentrifugation and stored
frozen until use. All antibody preparations were spun prior to use at
15,0003 g, 4°C for 30 min to remove aggregates that could cause
non-specific stickiness to cell membranes.

Flow cytometry immunofluorescence analysis
Cell staining was performed essentially as described (Albertiet

al., 1994) (Fig. 1). Briefly, cell suspensions (200 µl) were incubated
with saturating amounts of the appropriate MAb for 30 min on ice,
washed and, if necessary, incubated with 1 µg of fluorescein-
isothiocyanate (FITC)-conjugated secondary antibody for 30 min
on ice. After washing, the cells were re-suspended in medium with
0.5 µg/ml of propidium iodide to allow gating of dead cells.
Fluorescence analysis was made on a fluorescence-activated cell
sorter (FACS-STAR, Becton Dickinson, Sunnyvale, CA) (Alberti
et al.,1992; 1994).

Measurement of cytosolic Ca21

[Ca21]i recordings were performed on cells adhering to glass
coverslips (Bizzarri and Corda, 1994). Briefly, 1–53 104 cells
were seeded on poly-d-lysine coated 243 24 mm coverslips the
day before the recording. Coverslips were washed twice with
HEPES-buffered PBS with Ca21 and Mg21, 0.1 mg/ml BSA, pH
7.4 and incubated in the same buffer with 2–5 µM Fura-2 AM
(Boehringer Mannheim, Germany), at room temperature for 30–80
min depending on the cell line. The coverslips were then trans-
ferred to a perfusion chamber mounted on the stage of a Zeiss IM35
microscope and maintained at 37°C. Ca21 recordings were per-

formed as previously described (Bizzarri and Corda, 1994) using a
dual excitation spectrofluorimeter at 340/380 nm (model CM1T11I,
Spex Industries, Edison, NJ) with emission at 505 nm. Groups of
2–5 cells were selected and their [Ca21]i was recorded for 1–2 min
to ensure stability of the signal. Control antibodies were added and
the cell signals were recorded for further 6–8 min to ensure the
absence of non-specific signaling. After washing, anti-Trop-2/EGP-
1/GA733-1 antibodies were added and the signal was recorded for
10 min. If no signal was apparent after 5 min, goat anti-mouse or
anti-rabbit antisera were added after washing to increase the level
of Trop-2 cross-linking. Adenosine trisphosphate (ATP) (Sigma)
was mostly used at a final concentration of 5 µM (Dixonet al.,
1997; Popper and Batra, 1993). Measured 340/380 nm ratio values
were then converted to free calcium concentration (Bizzarri and
Corda, 1994). At the end of the recordings, 4 µM ionomycin and 50
mM EGTA were added to obtain maximum ratio (Rmax), minimum
ratio (Rmin), and the constantb (the ratio of the fluorescence
measured at 380 nm in Ca21-freevs. Ca21-saturating solution), as
described by Bizzarri and Corda (1994). The calcium signaling
parameters are presented as mean6 SEM throughout. Each of the
traces presented in Figures 2–4 is representative of several
recordings performed (Tables I and II).

RESULTS

Production of recombinant Trop-2 and of polyclonal
anti-Trop-2 antisera

Since it was unclear whether the available anti-Trop-2 MAb
would have been able to elicit a calcium signal, polyclonal
anti-human Trop-2 antibodies were produced both in mice and in
rabbits. The coding region of Trop-2 between the leader sequence
and the transmembrane region (Fornaroet al.,1995) was expressed
in E. coli and purified to essential homogeneity by affinity
chromatography. The purity of the recombinant Trop-2 protein for
animal immunization was verified by PAGE. The antibody titers in
the sera from immunized rabbits were verified by slot blot, Western
blot and flow cytometry analysis (Fig. 1). Anti-Trop-2 antisera did
not significantly label cells transfected with Trop-1/Ep-CAM
(Fornaroet al.,1995; Litvinovet al.,1994) (not shown), confirm-
ing that the Trop-2 responses did not depend on a co-expression of
Trop-1. Bacteria do not preserve the glycosylation pattern of

FIGURE 1 – Immunofluorescence analysis of OvCa-432 (a, c) and
MCF-7 (b, d) cells. Cells were stained with T16 MAb (a, b) or with
anti-Trop-2 polyclonal antisera (b, d) (solid line). Dotted lines indicate
staining with control antibodies.

FIGURE 2 – Increase of [Ca21]i in OvCa-432 cells stimulated with 5
µM ATP. Arrows indicate, respectively, the addition of ATP, of 2 mM
EGTA in PBS w/o Ca21 and Mg21, of ATP in PBS/EGTA and of 0.9
mM Ca21 in PBS/ATP. Arrowheads indicate washes. [Ca21]i levels are
indicated.
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eukaryotic molecules and glycosylation could mediate ligand
recognition and affect signaling (Dinget al., 1995). Thus, poly-
clonal antisera were also produced against native glycosylated
Trop-2 molecules by injecting C3H mice with plasma cell mem-
branes from L cells transfected with Trop-2. Extensive adsorption
of the sera on untransfected mouse L cells effectively removed
anti-L cell reactivity, as determined by flow cytometry.

Flow cytometry analysis
All the cell lines monitored for [Ca21]i levels,i.e., OvCa-432 and

MCF-7 cells and transfected L cells, were confirmed to express

high levels of Trop-2 by flow cytometry analysis (Fig. 1). The
anti-Trop-2 reactivity of the Rs7-7G11 MAb (Steinet al., 1994)
was demonstrated by specific staining of Trop-2 transfected L cells.

Measurement of cytosolic Ca21 cell labeling
of coverslip-adherent cells

Preliminary experiments determined for both OvCa-432, MCF-7
and L cells conditions for efficient Fura-2 AM labeling and signal
stimulation. Three to ten micrograms of purified antibodies or
3-10 µl of antisera in 300 µl final volume were used. Three µg
proved routinely sufficient for specific stimulation of OvCa-432
cells and were used throughout. For comparison, 0.2 µg of
anti-Trop-2 are sufficient to stain 53 104 OvCa-432 cells
essentially to saturation, as assayed by flow cytometry. Preliminary
experiments indicated that both OvCa-432 and MCF-7 cells are
sensitive to fluid shear stress and temperature fluctuations and these
can provoke spontaneous rises in calcium levels (Grierson and
Meldolesi, 1995). Thus, temperature control (37°C) was accurately
maintained, antibody solutions were kept at 37°C and slowly added

FIGURE 3 – [Ca21]i recordings in OvCa-432 (a, b) and MCF-7 (C)
cells. (a) Increase of [Ca21]i in OvCa-432 cells stimulated with MAb
162-46.2. (b) Increase of [Ca21]i in OvCa-432 cells stimulated with
MAb MOv16. (c) Increase of [Ca21]i in MCF-7 cells stimulated with
MAb MOv16. Arrows indicate the addition of the antibody. [Ca21]i
levels are indicated.

FIGURE 4 – [Ca21]i recordings in OvCa-432 cells. (a) Increase of
[Ca21]i in OvCa-432 cells stimulated with mAb MOv16. (b) Increase of
[Ca21]i in OvCa-432 cells stimulated with 5 µM ATP. The first arrow
indicates the addition of the antibodies, the second indicates washing
with PBS/BSA. [Ca21]i levels are indicated.
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to the cells and the stability of cell fluorescence was ensured for
several minutes before proceeding with the assay. A large number
of recordings (n$ 69) indicate that the basal [Ca21]i of the
OvCa-432 cells is 636 3 nM and that of the MCF-7 cells is
586 6 nM.

Measurement of cytosolic Ca21 ATP stimulation
ATP is a physiological stimulus that efficiently signals through

an elevation of the [Ca21]i levels in several transformed human
epithelial cell lines (Dixonet al., 1997; Popper and Batra, 1993).
Thus, stimulation by ATP was used throughout as an indicator of
integrity of cell calcium signalling and for comparison with the
characteristics of the antibody induced calcium rises. ATP re-
sponses in MCF-7 cells have been characterised and are dependent
on a P2u purinergic receptor (Dixonet al., 1997). However, no
similar evidence was available for the OvCA-432 cells. Thus, we
investigated if ATP can induce a calcium signal in OvCa-432 cells
and how it compares with signaling in MCF-7. Concentrations of
ATP $ 0.5 µM induce cytosolic calcium rises in the OvCA-432
cells and 5 µM ATP reproducibly caused efficient stimulation, in
good agreement with results obtained with other human cancer cell
lines (Dixon et al., 1997; Popper and Batra, 1993). ATP 5 µM
induces in the OvCA-432 cells [Ca21]i levels of 3306 40 nM over
the basal level (net increase 545673 % vs the basal). For
comparison, the same concentrations of ATP induce a 2386 40 nM
rise over the basal level in the MCF-7 cells (net increase 4166
82%vs.the basal) (Figs. 2, 4, Table II). The response to ATP in the
OvCa-432 cells has 2 components, similarly to what has been
observed in MCF-7 cells. A first component is fast and of short
duration and probably depends on IP3 stimulation of Ca21 release
from internal stores, whereas the second one is more prolonged and
is due to extracellular calcium entry (Fig. 2). Indeed, as Ca21 is
removed by washing and addition of 2 mM EGTA, the second
component is eliminated and is restored by subsequent addition of
Ca21 (Fig. 2) (n 5 6).

Measurement of cytosolic Ca21, stimulation
with anti-Trop-2 antibodies

Most of the anti-Trop-2/EGP-1/GA733-1 stimulation assays
were performed on highly Trop-2 expressing human cell lines,i.e.,
the ovarian carcinoma OvCa-432 and the mammary carcinoma
MCF-7 (Fig. 1). One hundred and twelve independent recordings
were performed on OvCa-432 and 64 were obtained on MCF-7
cells stimulated with anti-Trop-2 antibodies. Significant rises in
[Ca21]i were frequently observed using anti-Trop-2 antibodies. The
cells used in the assays did not respond to antibodies with irrelevant
binding specificities (Table I), thus excluding signaling through
IgG Fc receptors. Moreover, since some MAbs that efficiently
bound Trop-2 did not signal (Table I), non-specific effects by
antibodies bound to the cell membrane were also excluded. Since
all the analyses were performed on small groups of cells, both the
frequency and the intensity of the increases of [Ca21]i induced by
anti-Trop-2 MAb represent an average of the responses of the
different cells (Bizzarri and Corda, 1994). The efficiency of
response varied widely among the different anti-Trop-2 MAbs
used, the highest being for the MOv16 and Rs7-7G11 MAbs on
OvCa-432 cells (Table I). However, no significant differences were
detectable among cytoplasmic calcium profiles obtained with
different MAbs (Fig. 3 and data not shown). Polyspecific stimula-
tions were also attempted, either with polyclonal antisera or with
polyclonal antisera mixed with anti-Trop-2 MAb. However, they
all proved quite unefficient (Table I). Since Trop-2 is glycosylated
(Alberti et al., 1992) and glycosylation could significantly affect
signaling (Leconteet al., 1994; Ding et al., 1995), mouse
polyclonal antisera directed against native Trop-2 molecules were
also produced. However, these did not perform significantly better
than the rabbit anti-recombinant Trop-2 antisera (data not shown).
Since polyclonal antisera efficiently bound to Trop-2 (Fig. 1), these
findings suggest competition between different anti-Trop-2 epitope
specificities (Albertiet al., 1992; Steinet al., 1994), because of
competitive binding (Albertiet al.,1992) or of negative signaling
by some antibodies. The addition of anti-immunoglobulin antisera
induced Ca21 signaling in about 30% of the cells unresponsive to
anti-Trop-2 MAb alone, suggesting that the frequency of Ca21

responses depends on the intensity of cross-linking. The antibody-
induced Ca21 rises showed a latency ranging from less than 2 sec to
about 200 sec (Table II). Calcium levels reached their peak values
in 6 to 150 sec and returned to baseline levels between 32 and 300
sec. The antibody-induced Ca21 rises over the basal level are of
1276 22 nM (net increase 1956 29%vs. basal) for the OvCa-432
cells (range 35–268 nM) and of 1926 82 nM (net increase 2856
143%vs. basal) for the MCF-7 cells (range 143–274 nM) (Table
II). Preliminary analysis indicates that Trop-2 can transduce signals
also in the absence of extra-cellular Ca21, suggesting that one
component of Trop-2 signaling is induction of Ca21 release from
intracellular stores (data not shown). Interestingly, comparison
with ATP calcium signals indicates that the highest peaks of [Ca21]i
induced by anti-Trop-2 antibodies are quite close to those induced
by ATP. Thus, since multiple cells were analyzed in each recording,
the lower average [Ca21]i rises by anti-Trop-2 MAbvs.ATP is due
at least in part to the different efficiency of recruitment of signaling
units (20–40% for antibodiesvs. 90% for ATP) (Bizzarri and
Corda, 1994). In other words, antibodies only rarely recruited all
the cells under observation, whereas this was quite often the case
for ATP.

DISCUSSION

The human Trop-2/GA733-1/EGP-1 is a cell surface glycopro-
tein expressed at high levels by normal human multistratified
epithelia and trophoblast and by the majority of human carcinomas
(Alberti et al.,1992; Steinet al.,1994). Interestingly, the cytoplas-
mic tail of Trop-2/GA733-1/EGP-1 can be phosphorylated on
serine 303 (Basuet al.,1995), suggesting a role of this molecule in

TABLE I – INDUCTION OF CYTOSOLIC CALCIUM MOBILIZATION AFTER
CROSS-LINKING WITH ANTI-TROP-2GA733-1/EGP-1 ANTIBODIES

Target cells OvCa-432 MCF-7

Rs7-7G111,2 40% (2/5) ND
MOv162 19% (16/62) 10% (3/30)
162-46.22 8% (2/25) 0% (0/12)
T162 0% (0/20) 0% (0/10)
Control MAb3,4 0% (0/112) 0% (0/30)
Anti-Trop-2 polyclonals 9% (1/11) 8% (1/12)
Anti-Trop-2 polyclonals and MAb 11% (1/9) ND5
Pre-immune sera4 0% (0/20) 0% (0/12)
ATP 100% (26/26) 92% (25/27)

1Increase of [Ca21]i/number of total experiments, percentage. The
ratios of the absolute numbers are indicated in parenthesis.–2MAb
anti-Trop-2 (Albertiet al.,1992; Steinet al.,1994).–3PK136, anti-NK-
1.1 (Koo and Peppard, 1984) and Leu-1, anti-CD5 (Ledbetteret al.,
1985).–4Control MAb and/or pre-immune sera were added before each
measurement.–5ND: not done.

TABLE II – CHARACTERISTICS OF THE CALCIUM SIGNAL INDUCED BY
ANTI-TROP-2/GA733-1/EGP-1 MAb OR ATP

Cell
lines

[Ca21]i nM
Seconds

Basal1 Peak2 Latency3 Return to
baseline4

OvCa @Trop-2 646 4 1916 24 656 26 1936 37
ATP 616 4 3916 39 #2 4406 39

MCF-7 @Trop-2 716 7 2646 75 776 23 137
ATP 596 4 2976 41 #2 4006 46

1Basal [Ca21]i levels are indicated (6SEM).–2Peak [Ca21]i levels6
SEM.–3Latency between stimulus and response. When latency was too
short to be correctly quantified, it is indicated as 2 sec or less.–4Time
necessary to return to baseline levels.
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signal transduction. Thus, we have tested the hypothesis that
Trop-2 could act as a signal transducer in transformed cells.
Cross-linking of cell surface receptors is probably critical for
signaling (Lemmonet al., 1997) and antibodies directed against
cell surface receptors can be efficient cross-linkers and signal
inducers (Holland and Owens, 1997; Leitenberget al.,1995). Thus,
since a physiological ligand for Trop-2 has not been identified yet,
we assayed the intracellular Ca21 levels after an antibody-mediated
cross-linking.

Remarkably, anti-Trop-2 MAb induced significant and frequent
rises in the cytoplasmic [Ca21]i, whereas no responses were elicited
by control MAb (Table I). Similarly to other MAb-stimulated cell
surface signaling molecules (Holland and Owens, 1997; Leitenberg
et al., 1995) and references therein), the percentages of responses
varied widely among the MAbs used, with the highest percentage
for the MOv16 (20% of responses) and the RS-7G11 (40% of
responses). Possible reasons for this include binding of the various
MAbs to different epitopes of Trop-2/EGP-1/GA733-1 (Steinet al.,
1994) or to the same epitope but with grossly different affinity.
However, MOv-16, T16 and 162-46.2 are all high affinity MAbs
and bind to the same or closely spaced epitopes of Trop-2 (Alberti
et al., 1992). An alternative possibility is that the different MAbs
might induce a different relative orientation of the bound Trop-2,
which might affect signalling to downstream cytoplasmic mol-
ecules.

The finding of responses in up to 40% of the cases and of
induced increases of 200–300% over the basal [Ca21]i when using
anti-Trop-2 antibodies indicates an efficient signaling ability. In the
majority of experiments the stimulated calcium increase appeared
within 1–2 min after the administration of the antibodies, whith the
latest responses appearing within 3–4 min. Taking into account the
time necessary for diffusion and binding, these time frames are
consistent with a fast signaling after the cross-linking of Trop-2.
Both OvCa-432 and MCF-7 cells express markedly heterogeneous
levels of Trop-2. Thus, it would be of interest to determine if the
signaling capacity of Trop-2 depends on its cell surface density.
The increase in free cytosolic calcium concentration due to the
activation of cell surface receptors is caused by the opening of Ca21

channels or by the release of Ca21 from intracellular stores, or both

(Meldolesiet al.,1991; Tsien and Tsien, 1990). We have shown for
OvCa-432 that ATP induces a biphasic response with an initial
mobilization of Ca21 from internal stores, and a subsequent
channel-mediated entry of extracellular Ca21 (Tsien and Tsien,
1990; Meldolesiet al., 1991; Popper and Batra, 1993). The Ca21

signaling mediated by the cross-linking of Trop-2 appears similar
to that of purinergic receptors. Consistently, preliminary analysis
indicates that Trop-2 can transduce signals in the absence of
extra-cellular Ca21, indicating that it can induce Ca21 release from
intracellular stores (data not shown).

Since Trop-2/EGP-1/GA733-1 transduces a calcium signal in
different cell lines and with good efficiency, we speculate that this
is a physiological function of Trop-2. The homologous Trop-1/Ep-
CAM has been proposed to be an adhesion molecule (Litvinovet
al., 1994), although Trop-1 self-recognition has been questioned
(Fornaroet al., 1995). Thus, our findings support a search for a
physiological ligand for Trop-2/EGP-1/GA733-1, since it might be
involved in cell adhesion to a substrate or to other cells. Different
adhesion molecules,e.g., integrins (Schwartzet al., 1993), can
transduce a signal through an increase in cytoplasmic Ca21,
similarly to Trop-2. Remarkably, signaling by integrins can regu-
late several responses linked to adhesion to a substrate, including
cell growth (Assoian, 1997). A similar role for Trop-2 would be of
interest and would be consistent with the high expression of this
molecule in tumour cells. The recent finding that human cancer
cells can express an oncogenic chimaeric mRNA between Cyclin
D1, a master regulator of the G1-S transition in the cell cycle, and
TROP2/EGP-1/GA733-1 (data not shown) also support a role of
Trop-2 in tumor growth.
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