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were cultured in RPMI i640 medium (Whittaker Bioproducts,

Inc. Walkersville, MD) containing 1% penicillin-streptomycin

and 10% FCS in 75-cm2 plastic flasks at 37#{176}Cunder 5%

CO2-95% air. The OVCA 433 cell line was grown in DMEM.

When the cells had grown to 90% confluence, the culture

medium of each flask was replaced with serum-free medium.

Each culture flask was subjected to further incubation for vary-

ing times to obtain the conditioned medium used for subsequent

analysis. Cells were counted in a hemocytometer, and their

viability as assessed by trypan blue exclusion was 80-90%.

Extraction of El-i. For chromatographic analysis, con-

ditioned media were acidified with 0.1% TFA and the superna-

tant was applied to Sep-Pak Ci8 cartridges (Water Associates,

Milford, MA). After elution with 2 ml 60% acetonitrile/0.i%

TFA, the lyophilized material was analyzed by reverse-phase

HPLC, and fractions were analyzed for El-i content by RIA.

The recovery of synthetic El-i through the extraction procedure

was 78%.

Radioimmunoassay. The lyophilized El-i samples

were reconstituted in assay medium consisting of 0.1 M phos-

phate buffer (pH 7.4) containing 0.05 M NaC1, 0.1% BSA, 0.1%

Triton-X, and 0.01% sodium azide. Samples were equilibrated

for 24 h at 4#{176}Cwith specific El-i antibody (Peninsula Labo-

ratories, Belmont, CA) followed by the addition of 20,000 cpm

of ‘25llabeled El-i (2200 Ci/mmol; Du Pont New England

Nuclear Research Products, Wilmington, DE). After incubation

for an additional 48 h, free and antibody-bound tracer were

separated by the addition of sheep antiserum to rabbit immuno-

globulin and incubated for another 2 h at room temperature. The

cross-reactivity of the antiserum for El-rebated peptides (versus

El-I = 100%) was: ET-2, 7%; ET-3, 7%; and big El-i, 17%.

The sensitivity of the El-i RIA was 1.9 pg/tube, and the 50%

intercept was 36 pg/tube. The ultra- and interassay variations

were 8% and 13%, respectively.

Reverse-Phase HPLC. Extracts of the conditioned me-

dia from cell samples were dissolved in 10% acetonitrile, 0.1%

TFA (pH 2.5), and loaded on an 0.4- x 25-cm column of 10 p.m

RP-18 (Lichrosorb Merck, Darmstadt, Germany). Elution was

performed with a linear gradient of acetonitrile from 10 to 45%

in 0.1% IFA for 1 h at a flow rate of 1 ml/min; 1-ml fractions

were collected and assayed for IR-ET. The mean recovery of

standard El during four HPLC analyses was 95%.

Binding of ‘251-labeled El-i. Ovarian carcinoma cells

were cultured in 6-well plates until confluent (5 X i0� cells/

well) and then serum starved for 24 h. After a wash with assay

buffer composed of HBSS, 0.2% BSA, and 100 p.g/ml bacitra-

cm (Sigma, St. Louis, MO), cells were incubated in 500 p.1 assay

buffer containing 40 �M ‘25I-babeled El-i for time periods

ranging from 0 to 120 mm at temperatures of 4, 22, and 37#{176}C.

For equilibrium binding studies with ‘25I-babeled El-i, cells

were incubated at 37#{176}Cfor 60 mm with increasing concentra-

tions of the radioactive tracer in the presence or absence of an

excess of unlabeled El-i (1 p.M; Peninsula Laboratories). For

binding-inhibition studies, cells were incubated with tracer and

El-related peptides including El-i, ET-2, ET-3, sarafotoxin 6b

and 6c, and BQ 123 (Peninsula Laboratories), as well as the

unrelated peptide, bombesin (Sigma). At the end of the incuba-

tion period, cells were washed three times with cold PBS solu-

tion containing 0.2% BSA, then solubilized with 1 M sodium

hydroxide and analyzed for bound radioactivity in a gamma

spectrometer. El-i receptor affinity and the number of binding

sites were determined by Scatchard analysis using the LIGAND

program. Data points represent the mean of three experiments,

each performed in triplicate.

Measurement of [Ca2�]1. Basal and El-i-stimulated

[Ca2�]� levels were measured in single cells according to the

method of Grynkiewicz et a!. (21). OVCA 433 cells were plated

(5 X i04/coverslip) on 25-mm glass coverslips coated with

0.01% poly-L-lysine (Sigma) and loaded with 2 p.M fura-2/

acetoxy methyl ester (Molecular Probes, Eugene, OR) for 1 h at

37#{176}Cin modified M-i99. Subsequently, the cells were rinsed

twice and maintained in the dark at 22#{176}C. After additional

rinsing, the coverslip holder was mounted on the stage of an

inverted microscope (Axiovert 135; Zeiss, Thornwood, NY),

and the cells were alternately exposed to excitation at 334 and

380 nm. The light emitted from each cell at 500 nm was

recorded once per second by a videocamera (Attofluor; Atto

Instruments, Rockville, MD) and stored as fluorescence inten-

sity in a microcomputer. The results are expressed as the ratio of

the emitted bight intensities at the two different excitation wave-

lengths after agonist stimulation minus the ratio before stimu-

lation ([334:380]). The records were analyzed and smoothed

using software from Attofluor. Using a series of Ca2� buffers

and the free acid of fura-2 (Calbiochem, San Diego, CA), we

determined that an increase of 334:380 from 1 to 2 ([334:380] =

1) was equal to an increase in [Ca2�]1 of 1 p.M.

Thymidine Incorporation Assay. Cells were seeded in

96-well plates at approximately 80% confluence (2 X i0�

cells/well) and incubated in medium containing 0.5% FCS for

24 h to induce quiescence. Selected concentrations of El ago-

nists and/or antagonists (Peninsula Laboratories) were then

added, and after 18 h, when the cells were confluent, 1 p.Ci

[methyl-3H]thymidine (6.7 Ci/mmol; DuPont, New England Nu-

clear) was added to each well. Six h later the culture media were

removed, and the cells were washed three times with PBS, fixed

with 10% trichloroacetic acid for 15 mm, washed twice with

100% ethanol, and solubilized with 0.4 N sodium hydroxide.

The cell-associated radioactivity was then determined by liquid

scintillation counting. Swiss 313 fibroblasts were used in each

experiment as positive controls for the mitogenic action of El- 1,

and showed half-maximal and maximum responses to 10 �M and

10 nM El-i, respectively. The responses to all agents were

assayed in sextuplicate, and results were expressed as the means

of three independent experiments.

Cell Proliferation Assay. Tumor cells were seeded at

S X i0� cells/well in 12-well plates and cultured for 24 h,

then incubated in 2 ml serum-free medium in the absence or

presence of El-i and/or BQ 123 (100 nM). At the indicated

times, cells were dispersed by trypsinization and counted in

a hemocytometer.

RESULTS

Production of IR-El-1 by Ovarian Carcinoma Cells.
Increasing amounts of extracts of conditioned medium from

SK-OV-3 cells exhibited parallelism with synthetic El-i in the

RIA (Fig. 1A), consistent with their production of El-i. The

elution profile of IR-ET-1 during reverse-phase HPLC of such
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Fig. I A, parallel inhibition of ‘2”I-labeled El-i binding to specific antiserum by standard ET-i (#{149})and an extract of conditioned medium from a

12-h culture of 5 X 106 SK-OV-3 cells j). The slopes of the ET-1 standard curve and the medium extract calculated by unweighted linear regression
were -0.614 and -0.623, respectively. B/B0 , bound/free ratio. B, reverse-phase HPLC elution profile of IR-ET-1 in extract of conditioned medium

from SK-OV-3 cells. Arrow, elution position of standard human ET-1. - - -, percentage of acetonitnle in linear elution gradient from 10 to 45%.
Identical results were obtained in two different experiments performed on separate ovarian medium extracts.
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Fig. 2 Release of immunoreactive ET-i from SK-OV-3 (#{149}),A 2780

(0), and OVCA 433 (0) cell lines as a function of time. Cells were
incubated for 24 h in serum-free medium prior to the experiment. The

conditioned medium was collected at the indicated times, and the
IR-ET-i concentration was determined as described in ‘ ‘Materials and
Methods. ‘ ‘ Each point represents the mean value for three individual

conditioned media. Bars, SD.
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SK-OV-3 cell-conditioned medium showed a major peak in a

position corresponding to standard human El-i (Fig. 1B). The

release of IR-El-1 from SK-OV-3, A 2780, and OVCA 433

cells increased over a 24-h period, with detectable production as

early as 6 h after the replacement of the culture medium (from

56.1 ± 4.2 for SK-OV-3 to 61.2 ± 5.0 fmol/iO” cells for OVCA

433 cells) and maximum production at 12 h (from 65 ± 3.7 for

A 2780 to 75.2 ± 4.0 fmol/l06 cells for OVCA 433 cells), with

no further increases at 24 h (Fig. 2).

Expression of El Receptors in Ovarian Carcinoma

Cells. Of the four ovarian carcinoma cell lines tested, all

except the BG-i cells expressed detectable cell surface binding

sites with high affinity for ‘25I-labeled El-i. Specific binding of

‘251-labeled El-i to the tumor cells occurred rapidly and was

time and temperature dependent. As shown in Fig. 3, specific

binding was maximal after 60-mm incubation at 37#{176}Cand

remained constant up to 90 mm. At 22 and 4#{176}Cthe maximum

specific binding was obtained at 120 mm and was only 40% of

that observed at 37#{176}C.Subsequent binding studies using 1251.

labeled El-i were performed at 37#{176}Cfor 60 mm. Nonspecific

binding, measured in the presence of 1 p.M unlabeled peptide,

was less than 20% of the total binding. The Scatchard plot of the

data derived from the saturation isotherm for binding to the

SK-OV-3 cell line is shown in Fig. 4. As observed in the SK-

OV-3 cell line, the binding data indicated that ‘�I-babeled El-i

was bound to a single class of high-affinity receptor sites. The

results of the binding experiments are presented in Table 1. The

dissociation constants ranged from 0.02 nM for OVCA 433 cells

to 0.15 nM for SK-OV-3 cells, and receptor number ranged from

2,600 sites/cell for SK-OV-3 cells to 43,600 for OVCA 433

cells, which expressed the largest number of high-affinity re-

ceptors for El-i. Competition for ‘251-babeled El-i binding to

SK-OV-3 cells by unlabeled El-i, El-2, El-3, sarafotoxin 6b

(S6b), sarafotoxin (S6c), a selective EIB receptor agonist (22),

and BQ 123, an ETA antagonist (23), is shown in Fig. 5.

Whereas the half-maximal inhibitory concentrations of El-i

and El-2 were 150 and 250 pM, respectively, those of BQ 123,

El-3, and S6b were 65, 125, and 140 nM, respectively, and that

Research. 
on September 26, 2021. © 1995 American Association for Cancerclincancerres.aacrjournals.org Downloaded from 

http://clincancerres.aacrjournals.org/


‘10 20 30 60 90 120

Time (mm)

11 10 9 8

�Iog [Peptide] M

0 50 100 150 200 250

1062 Autocrine Growth Actions of ET-1 in Ovarian Cancer Cells

0)
C

�0
C

03��.

s.0

0
4)
0.

(I)

Fig. 3 Kinetics of specific binding of ‘25I-labeled ET-1 to SK-OV-3
cells. Specific binding of the radiohigand was measured for up to 120

mm at temperatures of 4, 22, and 37#{176}C.Nonspecific binding for each

time interval was determined by the addition of an excess (i0_6 M) of
the unlabeled peptide.
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Table I Binding constants of ET receptors in ovarian carcinoma cell

lines”

Cell line Kd (nM) Receptors/cell

OVCA 433 0.02 ± 0.004 43,600 ± 900

A 2780 0.03 ± 0.005 7,709 ± 500
SK-OV-3 0.15 ± 0.02 2,600 ± 150

a Binding studies were performed as described in ‘ ‘ Materials and

Methods,’ ‘ and the data were analyzed using the LIGAND program.
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Fig. 5 Inhibition of ‘25I-labeled ET-1 binding by ET-i-related pep-

tides. SK-OV-3 cells were incubated for 60 mm at 37#{176}Cin the presence

of 40 �M WI-labeled ET-1 and increasing concentrations of ET-1-
related or -unrelated peptides. Binding is expressed as a percentage of

bound radioligand in the absence of unlabeled peptide; each point is the
mean of data from three experiments.

1251-Endothelin-l pM

Fig. 4 Saturation binding of ‘�I-labeled El-i to SK-OV-3 cells. In-

creasing concentrations of 1�I-labeled ET-1 were added to cells in

triplicate in the absence (total binding) or presence (nonspecific binding)

of unlabeled ET-1 (100 nM) and incubated for 60 mm at 37#{176}C.Scat-
chard transformation of the specific binding from saturation binding
experiments was calculated and plotted using the LIGAND program
(inset). B/F, bound/free ratio.

of S6c was > 1000 flM. The specificity of binding was indicated

by the inability of the unrelated peptide bombesin to inhibit

binding of ‘251-labeled El-i.

[Ca2�]� Responses of OVCA 433 Celhs to El-i. Ago-

nist-induced [Ca2�]1 responses were analyzed in OVCA 433

cells, which express abundant high-affinity receptors for El-i.

In most of the cells tested, El-i induced dose-dependent bipha-

sic increases in [Ca2�]1. The increase in [Ca2�]1 was from a

basal level of 150-200 nM to peak values of 1.2-1.8 p.M as

indicated by the increase in the fura-2 fluorescence ratio (Table

2 and Fig. 6). The [Ca2�]1 responses typically consisted of a

spike phase followed by a prolonged plateau phase (Fig. 6). The

latency of the response decreased with increasing El- 1 concen-

tration. The ETA-selective receptor antagonist BQ 123 blocked

the increase in [Ca2�]1 evoked by 100 nM El-i in 90% of the

cells tested. These data indicate that the ETA binding sites

expressed by ovarian carcinoma cells are functional receptors,

and are linked to the intracellular Ca2� signaling pathway,

probably through activation of phospholipase C.

Effects of El-i on [3H]Thymidine Incorporation in

Ovarian Carcinoma Cells. Assays for El-induced mitogenic

responses were performed on all three cell lines that express El
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Table 2 ET-i-induced [Ca2�], response s of single OVCA 433 cellsa

ET-i concentration 334/380 ratio % of Total cells analyzed

100 �M 0.4 ± 0.2 20 ( 4)

1 nM 1.0 ± 0.2 51 (14)

10 nM 0.9 ± 0.3 73 (17)

lOOnM 1.3±0.5 64(16)

1 p.M 1.6±0.6 58( 6)

receptors. When ovarian carcinoma cells were incubated in

serum-free medium with El-i for 24 h, [3H]thymidine incor-

poration was stimulated in a dose-dependent manner. The dose-

response patterns of OVCA 433, A 2780, and SK-OV-3 to

increasing concentrations of El-i are shown in Fig. 7. Several

studies have shown that El-i is a comitogen that requires low

concentrations of serum or insulin for maximum mitogenic

activity (24). To examine whether the action of El-i was

significantly affected by the presence of comitogens, we added

El-i to quiescent SK-OV-3 cells in the presence of 2% FCS.

Under these conditions El-i stimulated a larger dose-dependent

increase in thymidine incorporation than in the absence of serum

(Fig. 8). Since El-i stimulated mitogenic responses in the

OVCA 433 cell line, we evaluated the possibility that El-i

could act as an autocrine growth factor by coincubating the cells

with El-i and the ETA receptor antagonists BQ 123 and BQ

610. In this experiment, the stimulatory action of iO flM El-i on

[3H}thymidine incorporation by OVCA 433 cells was com-

pletely inhibited in the presence of 100 nM BQ 123 and BQ 610

(Fig. 9A). The selective EIB agonists S6c and IRL 1620 (25)

failed to stimulate thymidine incorporation and when coincu-

bated with El-i did not affect its stimulatory action on thymi-

dine incorporation (Fig. 9B). In the same experiment, iO nM

El-3 caused only a slight increase in thymidine incorporation,

and the selective ETB antagonist BQ 788 (26) did not inhibit the

response to 10 nM El-i. Taken together, these data indicate that

mitogenic signaling by El-i is mediated by the ETA receptor

subtype.

In addition to defining the receptor-mediated action of

El-i on thymidine incorporation by the ovarian tumor cells, we

also determined the extent to which such growth responses were

manifested as an increase in cell proliferation. Under serum-free

conditions, El-i induced significant and dose-dependent in-

creases in cell number, as shown in Fig. iOA. Furthermore,

addition of 100 nM BQ 123 completely inhibited the prolifera-

tive response of OVCA 433 cells to El-i, consistent with its

mediation by their ETA receptors. To determine whether endo-

genous El-i produced by the tumor cells exerts a similar

proliferative action, cells were incubated for up to 72 h in the

absence or presence of BQ i23. In this experiment, the sponta-

neous growth rate of the OVCA 433 cells in serum-free medium

was significantly inhibited in the presence of the ETA antagonist

(Fig. lOB), demonstrating that El-i acts as an autocrine regu-

lator of tumor cell proliferation.

0

lOOnM

Endothelin-1

Fig. 6 Representative tracing of [Ca2�]1 responses to ET-1 in OVCA

433. Cells grown on coverslips were loaded with fura-2 and changes in

[Ca2�]1 were measured as described in ‘ ‘Materials and Methods.”
Arrows, time of addition of El-i and BQ 123 (top panel) or El-i alone
(middle and bottom panels). Data are representative of three indepen-
dent experiments. Time scales are similar for all three panels.

DISCUSSION

The results of this study indicate that ovarian cancer cells

both produce El-i and express ETA receptors, and thus have the

potential for autocrine regulation by their peptide product. Three

cell lines produced significant amounts of endothelin, as cvi-

denced by the time-dependent accumulation of an immunoreac-

tive peptide that coeluted with El-i on HPLC and showed

parallelism with authentic El-i in radioimmunoassays. The

levels of IR-El-i production by ovarian carcinoma cells were

sufficient to maintain a concentration of El-i that is within the
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Fig. 9 Effects of El receptor agonists and antagonists on ET-i-stim-

ulated incorporation of [3H]thymidine. A, 10 nM El-i or ET-3 were
added to quiescent OVCA 433 cells, the former in the absence or
presence of the ETA antagonists BQ 123 and BQ 610 (100 nM) for 24 h

prior to measurement of [3H]thymidine incorporation. B, quiescent
OVCA 433 cells were treated with an ETB agonist (S6c and IRL 1620)
or an antagonist (BQ 788) analogue in the absence or presence of 10 nM

El- 1 . Bars, mean ± SD of data from three independent experiments,
each performed in quadruplicate. �, P < 0.01.
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Fig. 8 Dose-dependent stimulation of [3H]thymidine incorporation by

El-i in the presence and absence ofserum. SK-OV-3 tumor cells (2 X i0�’)
were cultured in 96-well plates and incubated with increasing concentra-

tions of El-I in the presence (left) and absence (right) of 2% FCS.
[3H]thymidine incorporation was measured after 24 h. Bars, mean ± SD of
data from three experiments. C, control. �, P < 0.05; **, P < 0.01.
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Fig. 7 Mitogenic responses of ovarian tumor cells to El- 1 . The effects
of increasing concentrations of ET-1 on thymidine incorporation by
OVCA 433 (0), A 2780 (0), and SK-OV-3 (#{149})cells during incubation
in serum-free medium were analyzed as described in ‘ ‘ Materials and
Methods.’ ‘ Each point represents the mean of three experiments, each
performed in quadruphicate. Bars, ±SD. �, P < 0.05.

biologically effective range for this peptide. Similar rates of

El-i production have been observed in human vascular smooth

muscle cells (27), normal breast epithelial cells (28), and human

breast cancer cell lines (12). Also, several human tumor cell

lines with epithelial-like morphology have been found to pro-

duce El-i (11-15).

The three ovarian cell lines that produced El-i were also

found to express high-affinity receptors with Kd < iO ‘#{176}M for

El-i. The relative potencies of El-ifEl-2 versus El-3 and S6c

for inhibition of 1�I-labeled El-i binding indicated that the

predominant endothelin receptor in these cells is of the ETA

subtype. The binding affinities of the ovarian El receptors were

comparable to those (Kd = 1-4 X i0 ‘#{176}M) of high-affinity El

receptors in other tumor cells (13), as well as in fibroblasts (9),

mesangial cells (10), and vascular smooth muscle cells (29). The

functional activity of the El receptors present in OVCA 433

cells was indicated by the dose-dependent increases in [Ca2�]1

observed in the majority of cells treated with El-i. The iden-

tification of the ovarian tumor receptor as the ETA subtype was

substantiated by the ability of the ETA-selective antagonist BQ

123 to block the [Ca2�]1 response to El-i.

Although the biological significance of El-i production by

tumor cells is not known, it has been suggested that El-i may

act in these tumors as an autocrine or paracrine growth factor

(13, 30-32). Kusuhara et a!. (12) showed that mammary, pan-

creatic, and colon carcinoma cell lines released El-i into their

culture media, and suggested that El-i may influence the

growth of stromal tissue surrounding the cancer cells in vivo.
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Fig. 10 Effects of ET-l and BQ 123 on growth of ovarian tumor cells.

A, OVCA 433 cells were incubated in serum-free medium with the
indicated concentrations of El-i in the absence (LI) and presence (�) of
100 nM BQ 123, and cell numbers were measured after 72 h. B, to

evaluate the autocrine action of ET-l on cell growth, OVCA 433 cells
were incubated in the absence (0) or presence (#{149})of 100 nsi BQ 123,
and cell numbers were measured at 24, 48, and 72 h. Bars, mean ± SD.
**, � < 0.01.

They did not detect El-i binding sites in pancreatic tumor cell

lines, and neither the autocrine role of El-i nor the existence of

El-i receptors in other tumor cell lines that produce El-i has

been extensively studied. El-i binding sites were detected in

two epithelial carcinoma cell lines derived from human cervix

(HeLa) and larynx (Hep-2) (13); lower receptor affinity and

lesser effects of El-i on cell growth were observed in Hep-2

cells compared to HeLa cells. This observation argues against a

major role of El-i as an autocrine factor for Hep-2 cells, but

could be consistent with a paracrine action on the neighboring

stromal cells, as proposed in colon and breast tumor cells where

binding sites were present on stromal cells and on clusters of

fibroblasts surrounding tumor cells (3 1-33).

In the present study, addition of endothelin caused a con-

sistent and dose-dependent increase in DNA synthesis in ovar-

ian carcinoma cells. Of the three cell lines studied, OVCA 433

cells expressed the largest number of high-affinity receptors and

were the most responsive in terms of El-i-induced thymidine

incorporation. Maximum concentrations of El-i and EGF stim-

ulated similar increases in thymidine incorporation,4 demon-

strating that El-i is as effective as a typical growth factor such

as EGF, which shares its receptor with IGF-a. These findings

are consistent with a previous report that OVCA 433, A 2780,

and SK-OV-3 cells express EGF receptors and concomitantly

secrete TGF-a, which stimulates growth responses through an

autocrine mechanism (34).

The primary requirements for autocrine growth control

include secretion of a growth-active ligand, the presence of

functional cell surface receptors for the ligand, and stimulation

of cell proliferation by the ligand. A more rigorous criterion is

inhibition of growth by a selective receptor antagonist that

specifically blocks the biological action of the growth-promot-

ing ligand. In ovarian cells, an ETA-selective receptor antago-

nist, BQ 123, blocked the increase in [3H]thymidine uptake in

response to El-i. Furthermore, the concentration at which El-I

stimulated the mitogenic response of the cells was similar to that

required for elevation of [Ca2�]1, which was likewise inhibited

by BQ 123. These data are compatible with the importance of

Ca2� signaling and related responses in El-i-induced mitogen-

esis in vascular smooth muscle cells (8). Taken together with

previous evidence that BQ 123 inhibits El-i-induced [3H]thy-

midine uptake in vascular smooth muscle cells (23) and glomer-

72 ular mesangial cells (24), the present data demonstrate that
mitogenic signaling occurs through an ETA receptor subtype.

The ability of El-i to stimulate cell proliferation as well as

increased DNA synthesis provided further evidence for the

potential ability of the vasoactive peptide to exert autocrine

growth effects on its cells of origin. That such an action in fact

contributes to the rate of cell growth was demonstrated by the

ability of the ETA receptor antagonist to inhibit the spontaneous

proliferation of OVCA 433 cells. This finding indicates that

El-i can exert a significant autocrine action on tumor cell

growth. Such an effect was also observed by Shichiri et a!. (13)

in two epithelial carcinoma cell lines (HeLa and Hep2) that

produce El-i and express El receptors, and showed inhibition

of proliferation in the presence of a polyvalent antibody to El-I.

The pathophysiological significance of our findings in re-

lation to the possible autocrine/paracrine role for El-i in ovar-

ian cancer is open to speculation. It is clear that El-i is released

from ovarian carcinoma cell lines, and can stimulate [Ca2�]1

responses and thymidine incorporation after binding to its re-

ceptors. Thus, it is possible that El-i may exert mitogenic

actions on the tumor cells, as well as a paracrine effect on the

surrounding connective tissue. Since El-i is mitogenic for

Swiss 313 cells, endothehial cells, and vascular smooth muscle

cells, it could participate in the process of angiogenesis that

accompanies fibroblast and endothehial cell migration and pro-

liferation. This possibility is supported by the observation that

El-i expression cannot be detected in hematopoietic cells, but

is expressed in a variety of solid tumors that depend on neo-

vascularization for their development, reflecting the need for a

local microenvironment that is favorable for solid tumor growth.

The present findings support the view that El-i has the

potential to play an autocrine and/or paracrine role in the de-

velopment or progression of human ovarian carcinomas. Further

clarification of this issue is in progress by comparison of the

expression of mRNAs for El-i and its receptors in normal

ovarian surface epithelium, ovarian cystadenomas, and ovarian

cystadenocarcinomas.
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