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ABSTRACT

INTRODUCTION
ET3 is a factor with vasoconstrictive

activity originally iso

lated from cultured media of porcine vascular endothelial cells
(1). Current evidence suggests that this peptide regulates blood
pressure by modulating vascular tonus. However, we demon
strated that ET possessed a novel biological activity which
stimulates DNA synthesis in Swiss 3T3 fibroblasts at the same
concentration as that required for vasoconstriction of vessels
(2). ET was also revealed to promote cellular growth in vascular
smooth muscle cells (3, 4) and renal mesangial cells (5). Recent
observations by Inoue et al. (6) indicated that the human
genome had two other DNA sequences hybridizable to synthetic
oligonucleotides probe encoding human ET. They termed these
two putative peptides ET-2 and ET-3, while renaming the
originally isolated human ET as ET-1. The physiological roles
of ET-2 and ET-3 were not yet elucidated.
In the present study, we attempted to develop a specific
radioimmunoassay for ET-1. By using this method, we exam
ined whether cancer cells have the capacity to produce ET-1,
although ET-1 is now believed to be a specific product of
vascular endothelial cells. Since cancer cells were found to
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MATERIALS

AND METHODS

Materials. Synthetic human ET-1, big ET-1, ET-2, ET-3, and GRP
were purchased from Peptide Institute (Osaka, Japan); ANP, AVP,
CGRP, u-conotoxin GVIA, NPY, somatostatin. substance P, and VIP
were from Peninsula Laboratories, Inc. (Belmont, Ã‡A);EGF was from
Earth Chemical Co., Ltd. (Hyogo, Japan); porcine thyroglobulin was
from Sigma Chemical Co. (St. Louis, MO); BSA (Cohn Fraction V)
was from Daiichi Pure Chemicals (Osaka, Japan); ODS cartridge (SepPak C,8) was from Waters Associates (Milford, MA); Sephadex G-50
superfine was from Pharmacia (Uppsala, Sweden); Na'"I was from
New England Nuclear (Boston, MA); and I25I-ET-1 with a specific
activity of 74 TBq/mmol from Amersham International (Amersham,
Buckinghamshire, United Kingdom); 28S and 18S rRNA (calf liver)
was from Pharmacia.
Cell Culture. Two endothelial cell lines, FBHE (fetal bovine heart
endothelial cell) and CPAE (calf pulmonary artery endothelial cell)
were purchased from the American Type Culture Collection (Rockville,
MD) (7). The 42 human cancer cell lines examined were 4 mammary
carcinomas (MCF-7, BT-20 ZR-75-1, and ZR-75-30), 6 pancreatic
carcinomas (PANC-1, ASPC-1, BxPC-3, FA-6, PSN-1, and MIA
PaCa-2), 4 colon carcinomas (HT-29, COLO 201, COLO 320, and
KM12L4), 8 lung carcinomas (5 non-small cell lung carcinomas, A549, PC-9, PC-14, Lu-65, and Lu-99, 3 small cell lung carcinomas, Lu134, Lu-135, and NCI-H69), 4 gastric carcinomas (KATO-III, MKN28, MKN-45, and MKN-74), 2 hepatocellular carcinomas (Alexander
and Li-7), 4 melanomas (SEKI, A-375, G-361, and C32TG), an acute
promyelocytic leukemia (HL-60), 2 adult T-cell leukemias (HUT 102
and MT-1), 2 chronic myelocytic leukemias (KOPM-28 and K-562)
and 5 Burkitt's lymphomas (Daudi, Ramos, Jiyoye, Namalwa, and
CA46). PSN-1, Lu-65, Lu-99, Lu-134, Lu-135, Li-7, and SEKI were
established at the National Cancer Center Research Institute (Tokyo,
Japan) (8-12). FA-6 was kindly provided from Dr. N. Nagata (National
Defense Medical College, Saitama, Japan) (13). PC-9 and PC-14 were
kindly provided by Dr. Y. Hayata (Tokyo Medical College, Tokyo,
Japan) (14). NCI-H69 was kindly provided by Dr. A. F. Gazdar
(National Cancer Institute, Bethesda, MD) (15). KM12L4 was kindly
provided by Dr. K. Morikawa (Hokkaido University School of Medi
cine) (16). KOPM-28 was kindly provided by Dr. S. Nakazawa (Na
tional Saitama Hospital, Saitama, Japan) (17). HUT 102 was kindly
provided by Dr. A. F. Gazdar and Dr. R. C. Gallo (National Cancer
Institute) (18). MT-1 was kindly provided by Dr. I. Miyoshi (Kochi
Medical College, Kochi, Japan) (19). A-375, G-361, C32TG, A-549,
KATO-III, MCF-7, BT-20, ZR-75-1, ZR-75-30, HT-29, PANC-1,
ASPC-1, BxPC-3, MIA PaCa-2, HL-60, K-562, Ramos, Jiyoye, Na
malwa, and CA46 were purchased from the American Type Culture
Collection (7). MKN-28, MKN-45, MKN-74, Alexander, COLO 201,
COLO 320, and Daudi were provided by the Japanese Cancer Research
Resources Bank (Tokyo, Japan) (20). All of these cell lines were
maintained at 37Â°Cunder 5% CO2:95% air in 75-cm2 plastic tissue

culture flasks by using the original medium described in the references
or the catalogues. The culture media for all these cell lines were
supplemented with 10% FCS. When the cells had grown to 90%
confluence, the spent media of these cell lines were collected and
analyzed.
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Endothelin (1 I )-1 is a vasoconstrictor peptide derived from endothelial
cells and now known to be a local regulator of vascular tonus. Recent
studies, however, have revealed that 11-1 functions also as growth factor
in various cells. By using a specific 111 radioimmunoassay, immunoreactive (IR) I 1-1, ranging from 4.2 to 150 pM (minimum detectable
amount, 4.0 p\i), was detected in 13 of 42 human cancer cell lines. The
frequencies of IR-ET-1 production and its concentrations were high in
mammary, pancreatic, and colon carcinoma cell lines. IR-ET-1 produced
by cancer cells possessed the same molecular size as synthetic ET-1 and
also had ET-1-like biological activity. Moreover, Northern blot analysis
revealed bands corresponding to ET-1 mRNA in cancer cell lines, indi
cating that IR-ET-1 produced by cancer cells is a product of the ET-1
gene. Since ET-1 in the spent media is present in a sufficient amount to
stimulate cellular growth, we sought ET-1 receptors in four pancreatic
carcinoma cell lines and human skin fibroblasts. No ET-1 receptors were
detected in the pancreatic carcinoma cell lines. However, human skin
fibroblasts possessed a large number of ET-1 receptors. This finding
raises the possibility that ET-1 produced by cancer cells plays a modu
lator j role in the growth of stromal cells surrounding cancer cells.

produce a large amount of ET-1, we further investigated the
presence of ET-1 receptors in cancer cells as well as fibroblasts
for testing the possibility whether ET-1 was an autocrine or
paracrine growth factor.
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CAG GTG GCA GAA GTA GAC ACA CTC TTT ATC CAT CAG
GGA CG A GCA GGA GCA-3', containing the coding sequence for
Cys'-Trp21 of the ET-1 (25), are used as the probe. With the aim of
determining the integrity of tissue polyadenylated RNA extracted, the
expressed of human ii-actin mRNA was examined by the previously
described method (26).
Binding of 125I-ET-1. Binding assay of '"I-ET-1 in 4 pancreatic
carcinoma cell lines (PANC-1, ASPC-1, BxPC-3, and FA-6) producing
IR-ET-1 and 3 primary cultured human skin fibroblasts was studied.
Confluent cells in a 35-mm dish were incubated with '"I-ET-1 (50 pivi)

in 0.5 ml Hanks' balanced salt solution containing 0.1% BSA at 37Â°C
for 60 min. They were washed and solubilized with l M NaOH, and
then the cell-bound radioactivity was determined. Specific binding was
calculated by subtracting nonspecific binding determined by experi
ments performed in the presence of a 100-fold excess of unlabeled ET1. In two primary cultured human skin fibroblasts expressing specific
ET-1 binding sites, Scatchard plot analysis (27) were performed by the
previously described method (2).

RESULTS
RIA for ET-1. The amounts of ET-1 which inhibited the
labeled antigen binding by 10 and 50% were 1.5 and 20 fmol/
tube, respectively (Fig. 1). The variation coefficients of interand intraassay at 20 fmol/tube were 9.6% (n = 8) and 7.0% (n
= 10), respectively. Cross-reaction with other peptides was
determined with comparison of the amounts of peptide to
inhibit the labeled antigen binding to antiserum by 50%. When
the cross-reactivity of ET-1 was taken to be 100%, this value of
big ET-1 was 150%; however, ET-2 and ET-3 did not crossreact significantly (0.014 and 0.005%, respectively). These re
sults suggest that this antiserum is highly specific for ET-1 and
big ET-1. Other peptides including ANP, AVP, CGRP, uconotoxin GVIA, EGF, GRP, NPY, somatostatin, substance
P, and VIP did not show any significant cross-reactivity (less
than 0.005%).
IR-ET-1 in Spent Media. When 20 ml of fresh medium
containing 80 fmol or 8 pmol of ET-1 were extracted, the
recovery rates were 74 Â±11.5 and 73 Â±9.5% (mean Â±SD, n =
5), respectively. IR-ET-1 was not detected in any extract pre
pared from fresh medium. The levels of IR-ET-1 in two spent
media prepared from FBHE and CPAE were 2.9 and 3.0 nM,
respectively. As shown in Fig. 2, IR-ET-1 was detected in 13
spent media of 42 cancer cell lines (31 %) and the concentrations
ranged from 4.2 to 150 pM. These 13 ET-producing cancer cell
lines were all 4 mammary carcinoma cell lines (MCF-7, BT-20,
ZR-75-1, and ZR-75-30), 5 of 6 pancreatic carcinoma cell lines
(PANC-1, ASPC-1, BxPC-3, FA-6, and PSN-1), 2 of 4 colon
carcinoma cell lines (HT29 and COLO 320), 1 of 4 gastric
carcinoma cell lines (KATO-III), and 1 giant cell carcinoma of
8 lung carcinoma cell lines (Lu-65). The dose-response curves
of the extracts with IR-ET-1 activity were parallel to that of
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Fig. 1. Dose-response curves of ET-1, big ET-1. and the extracts prepared
from spent media of several cell lines. The dose-response curves are plotted on
the basis of the equivalent of ml of spent medium. The percentage of observed
binding/initial binding (B/B0) was plotted in a logit scale. â€¢,ET-1; ir, big ET-1;
O, CPAE; A, FBHE; A, PANC-1; â€¢,HT-29; D, BxPC-1.
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Monolayer cultures of human skin fibroblasts were derived from
expiants of elbow skin obtained from 3 healthy male volunteers (2932 years old) by cutting with a razor (21). Skin fibroblasts were grown
in Dulbecco's modified Eagle's medium supplemented with 10% FCS.
In this study 20-30 population-doubling levels of skin fibroblasts were
used.
Extraction Method. The spent medium (20 ml) was applied to an
activated ODS cartridge. The material retained on the ODS cartridge
was eluted with 3 ml of 80% acetonitrile in 0.1% trifluoroacetic acid.
The eluates were lyophilized and reconstituted to 0.4 ml with assay
buffer (see below). As control, the same volume of fresh medium (newly
prepared culture medium supplemented with 10% PCS) for each human
cancer cell line was extracted in the same manner. Furthermore, to
determine the recovery rate of the extraction method, synthetic ET-1
(80 fmol or 8 pmol) was added to fresh medium (20 ml) and extracted.
RIA. Synthetic ET-1 was conjugated to porcine thyroglobulin by
carbodiimide condensation (22). The conjugate was emulsified with an
equal volume of complete Freund's adjuvant and used for immuniza
tion. Ten guinea pigs were immunized and one of the anitsera (GP-ET1-8-2) was used at a final dilution of 1:7000 in this study. The assay
was performed in 0.1 M phosphate buffer, pH 7.4, containing 0.1 M
NaCl, 0.06% (v/v) monoethanolamine, 1% (w/v) disodium EDTA,
0.9% (w/v) tetrasodium EDTA and 0.1% BSA. Monoethanolamine
was used to minimize the adsorption of peptides to the test tubes.
Synthetic ET-1 was used as the assay standard and the results were
expressed as mol equivalent of ET-1. The total incubation volume was
0.7 ml, and the incubation was carried out for 24 h at 4Â°C.After
addition of properly diluted goat anti-guinea pig -^-globulin antibody
(Antibodies Inc., Davis, CA), assay tubes were further incubated for 24
h at 4Â°C.For separating the bound from free '"I-ET-1, assay tubes
were centrifuged at 1500 x g for 30 min at 4Â°Cand decanted, and the
precipitant was counted by gamma counter. Cross-reaction with other
peptides including big ET-1, ET-2, ET-3, ANP, AVP, CGRP, uconotoxin GVIA, EGF, GRP, NPY, somatostatin, substance P, and
VIP was examined.
Gel Permeation Chromatography. Extracts prepared from the spent
media of two endothelial cell lines (FBHE and CPAE), 3 pancreatic
carcinoma cell lines (PANC-1, ASPC-1, and BxPC-3), a colon carci
noma cell line (HT-29), and a mammary carcinoma cell line (MCF-7)
were chromatographed on a Sephadex G-50 superfine column (1.0 x
45 cm) which was equilibrated and eluted with l M acetic acid. The
extracts were eluted at a rate of 6 ml/h from the column by the fraction
collector-pump control system (23). Successive fractions of 0.8 ml each
were collected, lyophilized, and reconstituted in the assay buffer. The
column was calibrated with ET-1, big ET-1, '"I-BSA and Na'"I.
Biological Activity of Partially Purified IR-ET-1 Produced by Cancer
Cells. Biological activity was estimated by isometric contraction of rat
thoracic aortic strips in a 10-ml organ bath (1).
Serum free-spent medium of PANC-1 (1500 ml) was extracted by
the method described above. The extract was chromatographed on a
Sephadex G-50 superfine column. Fractions corresponding to IR-ET1 were pooled, measured for total IR-ET-1 content, and then tested in
the bioassay.
Northern Blot Analysis. Five cell lines were examined for expression
of ET-1 mRNA. These were an endothelial cell line (FBHE), a colon
carcinoma cell line (HT-29), and 3 pancreatic carcinoma cell lines
(PANC-1, ASPC-1, and MIA PaCa-2). Polyadenylated RNA extrac
tion, gel electrophoresis, and Northern blot hybridization were per
formed by the previously described method (24). For detecting ET-1
mRNA, synthetic oligodeoxyribonucleotides 5'-CCA AAT GAT GTC
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synthetic ET-1 indicating that the active materials present in
the extracts had displacement characteristics similar to those
of the synthetic ET-1 (Fig. 1). It is worth noting that the
frequency of IR-ET-1 production and its concentrations in
mammary, pancreatic, and colon carcinomas are high when
compared with other cancer cell lines.
Gel Permeation Chromatography of IR-ET-1 in Cell Lines.
The gel filtration patterns of the extracts prepared from the
spent media of 2 endothelial cell lines (FBHE and CPAE), 3
pancreatic carcinoma cell lines (PANC-1, ASPC-1, and BxPC3), a colon carcinoma cell line (HT-29), and a mammary car
cinoma cell line (MCF-7) are shown in Fig. 3. The major peak
was eluted in a position similar to that for ET-1. In addition, a
small but definite peak eluted in a position similar to big ET-1
in all extracts examined.
Biological Activity of Partially Purified IR-ET-1 Produced by
Cancer Cells. The effects of synthetic ET-1 and partially purified
IR-ET-1 from PANC-1 on contraction of rat aortic strips are
shown in Fig. 4. IR-ET-1 partially purified from the spent
medium of PANC-1 induced a slow-onset and long-lasting
contraction of rat aortic strips in a dose-dependent manner,
and it is difficult to wash out. This contraction pattern is similar
to that of synthetic ET-1. The vasoconstrictive activity of the
partially purified IR-ET-1 from PANC-1 was calculated to be
approximately 40% when compared to synthetic ET-1 at the
concentration of 1 n.M.
Northern Blot Analysis in Cell Lines. Autoradiographs of
Northern blot analysis using the probe for ET-1 mRNA are
shown in Fig. 5. In all cell lines producing a large amount of
IR-ET-1, the band with molecular size of 2.3 kilobases was
detected. In MIA PaCa-2 which did not produce IR-ET-1, the
band was not detected. When the probe for /i-actin mRNA was
used, a 2.0-kilobase band was detected in each cell line (data
not shown).
Specific Binding of '"I-ET-1 to Various Cells. As reported
previously, appreciable specific binding of 125I-ET-1 was ob
served in Swiss 3T3 fibroblasts, but no significant specific
binding was found in 4 pancreatic cancer cell lines (Table 1).
In contrast, a specific binding was found in 3 skin fibroblasts
(Table 1). As shown in Fig. 6, Scatchard plot analysis for skin
fibroblasts revealed that the Ka of the specific binding was 0.4
nM and the number of specific binding sites was 4.0 x 104/cell.
DISCUSSION
In the present study, a specific RIA for ET-1 is described.
When two vascular endothelial cell lines expressing ET-1
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Fig. 3. Gel filtration patterns of extracts prepared from the spent media of
endothelial cells and cancer cell lines measured by ET-1 RIA. a. FBHE; h. CPAE;
c. PANC-1; d, ASPC-1; e. BxPC-1;/. HT-29; g, MCF-7. Markers are shown at
the top. big ET. big ET-1: ET, ET-1.

0.5

S

0.4

Ã«

0-3

,-*-/

0.2
0.1
O
20

60

40

80

100

min

Fig. 4. Constrictive effects on rat aortic strips of synthetic ET-1 (
) and
IR-ET-1 (
) prepared from the conditioned medium of pancreatic carcinoma
cell line. PANC-I. Arrows and numerals, time at which synthetic ET-1 and IRET-1 were added and the corresponding cumulative concentrations (nM). respec
tively: H'. time of washout of the chamber with Krebs-Ringer solution.

mRNA were examined by this RIA, a large amount of IR-ET1 was detected in the extracts prepared from spent media of
these cell lines.
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Fig. 2. Frequency of detection and the concentrations of IR-ET-1 determined
by ET-1 RIA in extracts prepared from the spent media of various types of human
cancer cell lines, ca.. carcinoma; mal., malignancy.
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However, it seems that the detection frequency in several spec
ified types of cancer cell lines were too high to be explained
binding
(fniol/10'
cells)110NDÂ°NDNDND664641simply by such a mechanism. Alternatively, we speculate that
CellsSwiss
the normal ductal or acinar cells may have the capacity to
fibroblastsPANC-I
3T3
(pancreaticcarcinoma)ASPC-1
produce ET-1 and that cancer cells derived from these cells
maintain this capacity. In this context, it will be required to
(pancreaticcarcinoma)BxPC-3
know whether ET-1 exists in normal epithelial cells. At any
(pancreaticcarcinoma)FA-6
rate, the present study suggests that some cancer cells share at
least one of the properties of vascular endothelial cells, produc
(pancreatic car
tion of ET-1.
cinoma)Human
fibroblast123Specific
skin
Our previous study indicated that a ET-1 concentration
greater than 100 pM is sufficient to potentiate DNA synthesis
in Swiss 3T3 fibroblasts. The present study demonstrated that
" ND. not detectable.
ET-1 concentration in the spent media ranged from 4.2 to 150
PM. These results may suggest that ET-1 concentration in the
This assay system demonstrated IR-ET-1 in 13 of 42 extracts
microenvironment surrounding cancer cells is sufficient to stim
prepared from human cancer cell lines (31%). Several points of ulate cellular growth. These findings promoted us to investigate
evidence indicate that IR-ET-1 produced by cancer cells is the expression of ET-1 receptors in ET-1-producing cancer
actually ET-1: (a) gel filtration studies revealed that the major
cells, but, as far as examined, they had no ET-1 receptors. Since
IR-ET-1 peak in these extracts eluted in the position corre
these cancer cell lines produce appreciable amounts of ET-1,
sponding to synthetic ET-1; (b) IR-ET-1 partially purified from
the possibility should be kept in mind that ET-1 receptors were
the spent medium of a pancreatic carcinoma cell line had ET- occupied by ET-1 molecules produced by cancer cells. Then,
1-like biological activity constricting rat aortic strips; (c) North
we investigated the presence of ET-1 receptors in human skin
ern blot analysis showed that the band with a molecular size fibroblasts following our previous findings that Swiss 3T3 fi
corresponding to that of ET-1 mRNA was detected in the cancer
broblasts possessed a large number of ET-1 receptors. We found
cell lines producing a large amount of IR-ET-1. This suggests
that all of the fibroblasts examined in this study possessed ETthat IR-ET-1 produced by cancer cell lines was the product of 1 receptors in almost same number as those present on Swiss
a ET-1 gene. With regard to two putative peptides, ET-2 and
3T3 fibroblasts (2) and vascular smooth muscle cells (28). Thus,
ET-3, they did not cross-react significantly in our ET-1 RIA.
it is reasonable to speculate that ET-1 plays a role stimulating
Therefore, it is reasonable to conclude that IR-ET-1 in the cellular growth of mesenchymal cells in a paracrine fashion;
spent media of cancer cell lines is ET-1.
these cancer cell lines were demonstrated to produce IR-ET-1
The present study demonstrated a significant difference in very frequently. Further studies are required to investigate the
ET-1 production according to the types of malignancies. Eleven
morphological and biochemical changes of fibroblasts sur
of 14 mammary, pancreatic and colon carcinoma cell lines rounding ET-1-producing cancer cells.
produced IR-ET-1. In contrast, only 2 of 18 gastric, lung, and
hepatocellular carcinoma cell lines and melanoma cell lines
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produced IR-ET-1. Moreover, 10 cell lines of hematological
malignancies did not produce IR-ET-1. Since ET-1 is the
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specific product of vascular endothelial cells, this phenomenon
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Table 1 Specific binding of labeled ET-1 to cultured cells
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Fig. 5. Detection of ET-1 mRNA in an endothelial cell line and cancer cell
lines, a. FBHE; h, HT-29; c, PANC-1; d, ASPC-1: e. MIA PaCa-2. Unlabeled
18S and 28S rRNAs were used as size markers.

l-ET-1 added InM)
Fig. 6. Specific binding of '"I-ET-1 to human skin fibroblasts and Scatchard
plot analysis (inset). Specific binding (A) was determined in the presence (O) or
absence (â€¢)of a 100-fold excess of unlabcled ET-1.
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