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Expression of Epidermal Growth Factor, Transforming Growth Factor-a and Their
Receptor Genes in Human Gastric Carcinomas; Implication for Autocrine Growth
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The expressions of mRNA for epidermal growth factor (EGF), transforming growth factor-a¢ (TGF-a)
and EGF receptor (EGFR) genes were examined in 7 human gastric carcinoma cell lines and 15
gastric carcinoma tissues and the corresponding normal mucosas. All of the gastric carcinoma cell
lines expressed mRNA for EGFR and TGF-a genes. TMK-1 and MKN-28 cells also expressed. EGF
mRNA. Production of EGF, TGF-¢ and EGFR protein by gastric carcinoma cell lines was also
confirmed by EGF and TGF-g specific monoclonal antibody binding. As for surgical specimens,
EGFR and TGF-z mRNA were detected at high levels in all the tumor tissues, Interestingly, EGF
mRNA was detected in 5 (33.3%) of the 15 gastric carcinomas but it was not detected in normal
tissues. Moreover, anti-EGF and anti-TGF-¢ monoclonal antibodies inhibited the spontaneous
SH-TdR uptake by gastric carcinoma cells. These results suggest that EGF and/or TGF-a produced

by tumor cells act as autocrine growth factors for gastric carcinomas.
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Recent investigations have revealed that oncogenes
encode growth factors themselves, their receptors and
other parts of the signal transduction mechanisms, which
play an important role in controlling the growth of
cancer cells and normal cells.”

The v-erbB oncogene of erythroblastosis virus codes a
product homologous to a portion of EGFR,*in which the
binding domain is deleted.”™ Binding of EGF or TGF-u
to EGFR results in activation of tyrosine specific kinase
activity and stimulates cell growth and DNA synthe-
sis.>® EGFR gene amplifications have been reported in
squamous cell carcinomas,”*”® malignant gliomas,’'?
breast carcinomas'>'® and gastric carcinomas."'®
EGFR expressions have also been reported in a variety of
tumor cells.> 7 12

We have previously demonstrated immunohistochemi-
cally that synchronous expression of EGF and EGFR
was correlated with the depth of tumor invasion, metas-
tasis and prognosis of human gastric carcinoma,”®?*"*)
Moreover, a good correlation was demonstrated between
synchronous expression of TGF-a and ¢-Ha-ras p21 and
malignancy of gastric carcinoma.®® These findings sug-

* To whom requests for reprints should be addressed.

* The abbreviations used are: TGF-a, transforming growth
factor<x; EGF, epidermal growth factor; EGFR, epidermal
growth factor receptor; MADb, monoclonal antibody; SSC,
standard saline citrate; SDS, sodium dodecyl sulfate; poly(A)™,
polyadenylated; ¢cDNA, complementary DNA; kb, kilobase;
T/N ratio, tumer/normal ratio.
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gest that some gastric carcinomas show “autocrine secre-
tion” for self-stimulation, whereby a tumor cell secretes
EGF and/or TGF-a for which the tumor cell itself has a
receptor.

In view of our immunohistochemical findings, it is
important to search for mRNA for EGF, TGF-a¢ and
EGFR in human gastric carcinomas. In this study, we
examined the expression of mRNA for EGF, TGF-a¢ and
EGFR and alterations of their genes in gastric carcino-
mas. Furthermore, we also confirmed the production of
EGF and TGF-a protein by gastric carcinoma cell lines
and also examined whether anti-EGF and anti-TGF-o
MAbs inhibit the growth of gastric carcinoma cells,

MATERIALS AND METHODS

Cell cultures and tumor tissues Seven cell lines estab-
lished from gastric carcinomas and A431 cells and HeLa
cells were routinely grown in RPMI-1640 (Nissui
Co., Tokyo) supplemented with fetal bovine serum
(Whittaker M.A. Bioproducts Inc., Maryland). TMK-1
cell line (poorly differentiated adenocarcinoma) showing
differentiation of parietal cells was established in our
laboratory. KATO-III cell line which was established
from signet ring cell carcinoma was kindly provided by
Dr. M. Sekiguchi (University of Tokyo, Tokyo). The
other five human gastric carcinoma cell lines (MKN-1,
adenosquameous cell carcinoma; MKN-7, MKN-28 and
MEKN-74, well differentiated adenocarcinoma; MKN-435,

43



Jpn. L. Cancer Res. 81, January 1990

poorly differeniiated adenocarcinoma) were kindly pro-
vided by Dr. T. Suzuki (Fukushima Medical College,
Fukushima). Fifteen primary gastric carcinomas and
their adjacent normal tissues were surgically removed,
frozen immediately thereafter in liquid nitrogen and
stored at — 80°C until use. We confirmed microscopically
that normal tissues did not contain tumor cells by cryo-
stat sectioning. :

RNA preparation and Northern analysis RNA were
extracted by the guanidium isothiocyanate/cesium chlo-
ride method.” Ten to fifteen ug of poly(A)" selected
RNA was electrophoresed on 1.09% agarose/formalde-
hyde gels and blotted onto zeta-probe nylon filter mem-
brane (Bio-Rad Laboratories). Filters were baked for 2 h
at 80°C under vacuum. Hybridization and washing pro-
cedures were performed as we have described previ-
ously.'” Filters were autoradiographed overnight with
Kodak XAR-5 films with the use of intensifying screens
at —80°C.

DNA preparation and Sounthern blot analysis High-
molecular-weight DNAs were prepared by the phenol-
chloroform method as described elsewhere.” DNAs
were digested with EcoRI and electrophoresed on 0.8%
agarose gel. DNAs were denatured, neutralized and then
transferred to a nitrocellulose filter membrane. Hybrid-
ization and washing procedures were described above,
DNA probes The 1.9 kb human EGF ¢cDNA insert from
phEGF15 was kindly provided by Dr. Graeme 1. Bell,*®
1.4 kb human TGF-a¢ cDNA by Dr. Rik Derynck®” and
pE7 which contains a 2.4 kb insert of human EGFR
cDNA by the Japanese Cancer Research Resources Bank
(JCRB). S-Actin probe was purchased from Oncor,
Gaithersburg, MD.

The binding of “I-labeled anti-TGF-a (WA-3) or anti-
EGF (KEM-10) specific MADb to carcinoma cells Prepa-
ration and characterization of MAbs against hEGF
(KEM-10) and hTGF-a (WA-3) (kindly provided by
Wakunaga Pharm. Co., Hiroshima) have been previously
described.™ All MAbs used were purified by DEAE
negative-ion exchange chromatography. Purity of MAbs
was over 95% by gel-permeation high-performance
liquid chromatography.

Membrane-bound TGF-a** and EGF were examined
by '®I-labeled WA-3 or KEM-10 binding assay in TMK-
1, and MKN-1, 7, 28, 45 and 74 cells as we have reported
recently.’® Cells were trypsinized, and plated out at 1%
10° cells per 6-well plate (NUNC) 24 h prior to initiation
of the assay. At 2 h before the assay, the medium was
exchanged with RPMI 1640 containing 20 mM HEPES,
pH 7.4. The cells were incubated for 1 h at 37°C and then
cooled on ice. The medium was exchanged with ice-cold
binding buffer (RPMI 1640 containing 0.5% BSA and 20
mM HEPES, pH 7.4). For the binding assay, wells were
set up in triplicate containing 0.1 pg of “I-WA-3 or
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KEM-10 and incubated for 3 h on ice. The samples were
washed 3 times with binding buffer, lysed with 1 &
NaOH and then counted in a gamma counter. Non-
specific binding was determined in the presence of 100 ug
of unlabeled MAbs,

EGF assay EGF was assayed by a highly specific sand-
wich enzyme-linked immunosorbent assay (ELISA) in
TMK-1, and MKN-1, 7, 28, 45 and 74 cells as we have
described elsewhere.’®

Inhibition of spontaneous *H-TdR uptake of gastric car-
cinoma cells by anti-EGF (KEM-10) or anti-TGF-a
(WA-3) MAb To determine whether EGF and/or
TGF-z act as autocrine growth factors, spontaneous
inhibition of *H-TdR uptake of MKN-28, TMK-1 and
MEKN-7 cells by specific MAbs for EGF and TGF-a was
examined. Cells were inoculated at 1X 10° cells per well
in 24-well plates (Falcon) in 1 mi of RPMI 1640 medium
with 109% FCS, and after 24 h the medium was ex-
changed with fresh medium supplemented with 0.5%
FCS. After 24 h the cells were cultured with various
concentrations of MAbs specific or nonspecific to EGF
and TGF-a for 24 h. The cells were pulsed with 0.2 uCi
per well of *"H-TdR (5 x#Ci/mmol, New England Nu-
clear) for the last 4 h of incubation,

RESULTS

EGFR mRNA levels in gastric carcinoma cell lines and
surgical specimens We initially examined human gastric
carcinoma cell lines and surgical specimens for the pres-
ence of EGFR mRNA. As shown in Fig. 1, EGFR
transcripts of 10.8 kb and 5.6 kb were clearly detectable
in most of the cell lines examined. RNAs from A431 and
HeLa cells were used as positive controls. In MKN-74
cells, the levels of 10.8 kb and 5.6 kb transcripts were
very low, but about 2.9 kb transcript, which codes the
sequence for the extracellular domain of EGFR in A431
cells, was also detected. As for surgical specimens, all the
tumor specimens and the corresponding normal tissues
exhibited 10.8 and 5.6 kb transcripts (Fig. 1). The ratio
of EGFR expression in the gastric carcinomas relative to
that of the corresponding normal mucosas was calculated
as the T/N ratio. It was calculated by summing the
densitometric signals of the two transcripts of EGFR
mRNA and the results are summarized in Table 1. The
T/N ratio ranged from 0.6 to 20 and most tumor spec-
imens showed higher mRNA levels than the correspond-
ing normal tissues. In case 198, the tumor sample over-
expressed EGFR mRNA with an additional band of
about 4.4 kb, while its normal mucosa exhibited a low
level of EGFR mRNA. 3-Actin probe was used as an
internal control (Fig. 1) and the T/N ratio was calcu-
lated as shown in Table I.
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Fig. 1. EGFR mRNA levels determined by Northern hybridization in gastric carcinoma cell lines and
surgically removed tumor specimens (T) and corresponding normal tissues (N). Numbers above the lanes
are sample numbers, RNAs from A431 cells and HeLa cells were used as positive controls. 8-Actin probe

was applied as an internal control. The intensities of autoradiographic signals were determined by
densitometry.

Table I. Clinical Features and mRNA Levels of EGFR, TGF-, and EGF in 15 Primary Human Gastric
Carcinomas

) . "
196 F 73 sci 1 1.4 1.2 —9 1.0
197 M 74 sci v 1.7 1.5 - 1.0
198 M 80 por 111 10-20 1.8 + 1.1
199 F 63 well I 7.5 1.4 - 1.1
200 F 53 sci III 5.0 0.8 - 0.9
201 F 46 sci IV 1.2 2.3 — 1.0
202 M 68 well 111 1.7 1.3 + 1.0
203 M 54 por T 4.6 1.4 + 1.0
204 F 39 sci 111 0.6 1.1 - 0.8
67 M 63 por v 1.9 0.8 - 1.0
332 F 65 well II 2.0 1.2 - 0.9
333 F 73 por I 1.5 1.8 - 1.0
337 F 63 por 111 1.2 1.2 + 0.8
338 M 58 por 111 1.4 1.2 - 1.1
351 M 70 well 111 1.3 1.1 + 1.0

a) According to the criteria of the Japanese Research Society for Gastric Cancer (1985). Well, well differentiated
adenocarcinoma including papillary and tubular adenocarcinoma; por, poorly differentiated adenocarcinoma includ-
ing signet ring cell carcinoma and mucinous adenocarcinoma; sci, scirrhous gastric carcinoma.

b) The ratio of direct densitometric measurement of autoradiographic signals from Northern hybridization in gastric
carcinoma tissues (T) and corresponding normal tissues {N).

¢) —, Not detectable in tumor tissues or normal tissues.

d) +, Detected in tumor tissues but not detected in normal tissues.
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Fig. 2. TGF-¢ mRNA levels determined by Northern hybridization in gastric carcinoma cell lines and
surgically removed tumor specimens (T) and corresponding normal tissues (N).
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Fig. 3. EGF mRNA levels determined by Northern hybridiza-
tion in TMK-1, MKN-28 cells and surgical specimens. Positive
expression was observed in tumor tissues of case 198, 337 and
351. RNA from male mouse submandibular glands was used as
a positive control for EGF.

In order to ascertain that the mechanism of EGFR
mRNA expression was due to its gene alteration, South-
ern blotting was performed. Neither amplification nor
rearrangement was observed in gastric carcinoma cell
lines and tissues in the present study.

TGF-a and EGF mRNA levels in gastric carcinoma cell
lines and surgical specimens To examine whether
EGFR-expressing tumors express its ligands for auto-
crine growth promotion, an attempt was next made to
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detect the mRNA levels of TGF-a¢ and EGF. We used 15
g of poly(A)*-selected RNA from cell cultures and 10
1g of poly(A)*-selected RNA from surgically removed
samples. The same filters were used to examine the
mRNA levels in these studies. TGF-¢ mRNA of about
4.8 kb was clearly expressed at various levels by all
gastric carcinoma cell lines tested, but it was not detected
in mouse submandibular gland (Fig. 2). MKN-7, MKN-
28 and KATO-IIT expressed rather high levels of TGF«
and the expression levels in A431 and HeLa cells were
consistent with the data previously reported.*" In the
examination of surgical specimens, we could detect
TGF-2 mRNA not only in all the tumor tissues but alse
in the corresponding normal tissues. Some cases which
expressed a high level of 4.8 kb transcript also faintly
expressed 1.6 kb transcript as reported previously,?” 2
The T/N ratio was calculated (Table I) and ranged from
0.8 to 2.3. TGF-a¢ mRNA levels in tumor tissues of most
cases were slightly higher than those in normal mucosas,

Expression of mRNA for EGF of about 5.0 kb was
weakly but evidently detected in TMK-1 cells and MK N-
28 cells. However, it was not detected in other gastric
carcinoma cell lines after long exposures (Fig. 3). RNA
extracted from the male mouse submandibular gland was
used as a positive control. In surgical specimens, out of
15 gastric carcinoma tissues, five tumor tissues (33.3%)
exhibited EGF mRNA of 5.0 kb (Fig. 3), but EGF
mRNA was not detectable in normal tissues or other
tumor tissues (Table I}, There was no amplification or
rearrangement of TGF-a and EGF genes in the present
study. The clinico-pathological features and the T/N
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Table II, Expression of EGFR, TGF- and EGF in Gastric Carcinoma Cell Lines
EGFR TGF-u EGF
Bindi ity
mRNA m (;‘i’tges‘j‘;‘:‘l’lc)‘ Y Kd (M) mRNA pe/10° cells? mRNA pe/10" cells?

TMK-1 ++ 144.0x 10° 5291071 + 1.7 + 358

KATO-III + NE NE -t NE — NE

MEKN-1 +++ 34.5x10° 218 x 1071 + 1.4 - 85

MEKN-7 ++ 14.5x 10° 245% 107" A 22.8 — ND

6500 % 1072

MKN-28 ++ 21.4x10° 144 X 10" 1 ++ 147 + 218
- MKN-45 + 22.3x10° 244x10712 + 6.4 - 163

MXN-74 + ND ND + 1.6 — 98

a) Specific binding determined by '*I-hEGF,

&) Binding of "®I-WA-3 to membrane-bound precursor of carcinoma cells (cpm). *I-WA-3 1000 cpm=10 pg TGF-«

precursor.
¢) EGF content was determined by ELISA.
NE, not examined; ND, not detected.

ratio was also examined, but we found no correlation
between these parameters and the T/N ratio.

The binding of *I-labeled anti-TGF-a (WA-3) or anti-
EGF (KEM-10) MAD to gastric carcinoma cells and
EGF assay We next determined the specific binding of
I1abeled anti-TGF-« (WA-3) and anti-EGF (KEM-
10) MAD to six gasiric carcinoma cell lines to detect
membrane-bound TGF-¢*” and EGF, respectively. Spe-
cific binding of '"I-anti-TGF-¢ (WA-3) MAb was
detected at various levels in gastric carcinoma cells as
shown in Table II. The binding ranged from 2282 ¢pm to
142 cpm and MKN-7 and MEKN-28 cells revealed rela-
tively high binding activity (Table IT). Specific binding of
’I-anti-EGF (KEM-10) MAb was not detectable in
these cell lines.

On the other hand, EGF assay was performed by an
ELISA that does not react with human TGF-«. EGF
protein was present in the lysates of gastric carcinoma
cells (Table II). TMK-1 and MKN-28 cells had EGF
protein at concentrations of 358 and 218 pg/10’ cells,
respectively, but it was not detected in MKN-7 cells.
These results strongly indicate that gastric carcinoma
cells produce EGF and TGF-a protein.

Inhibition of spontaneous *H-TdR nptake of gastric car-
cinoma cells by anti-EGF (KEM-10) or anti-TGF-a
(WA-3) MAb The *H-TdR uptake by MKN-28 cells
when treated with MAbs was compared to that of a
non-treated group (Table IIT). Anti-EGEF MAb (KEM-
10) reduced the *H-TdR incorporation by 67% at the
concentration of 1000 gg/ml. Interestingly, anti-TGF-¢
MADb (WA-3) also reduced the *H-TdR uptake by 65%.
In the case of TMK-1 cells, anti-EGF {KEM-10}) MADb
inhibited the *H-TdR uptake by 82%, while anti-TGF-a
(WA-3) MADb inhibited the uptake by 32%. On the other

Table III.  Percent Inhibition of Spontaneous *H-TdR. Uptake
by MAbs in MKN-28

Dose of MAbs (¢2g/ml)

0 106 1000
Anti-EGF MAb 0 7 67
Anti-TGF-a¢ MAb 0 21 65
Anti-IgE MAb 0 =5 30

hand, the KEM-10 and WA-3 reduced the *H-TdR
uptake of MKN-7 cells by 449 and 749, respectively, at
the concentration of 1000 yg/ml but the control MAD
had little effect on the cells. These results indicate that
anti-EGF (KEM-10) and anti-TGF-¢ (WA-3) MAbs
inhibit the biological activity of endogenous EGF and/or
TGF-a by blocking their binding to the receptors.

DISCUSSION

We have previously demonstrated that gastric carci-
noma cell lines, including TMK-1, MKN-1, MKN-7,
MKN-28, MKN-45, have high-affinity EGFR.® In the
present study, we initially examined the expression of
mRNA for EGFR by gastric carcinoma cell lines and
compared the expression levels to the total binding sites/
cell as shown in Table I1. The expression level of mRNA
and the amounts of binding site/cell showed slight dis-
crepancies among the cell lines, but most of the gastric
carcinoma cell lines synthesized EGFR mRNA and pro-
tein. In MKN-74, only 2.9 kb transcript was detected,
but EGFR binding activity was not detected. Moreover,
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MKN-74 cells showed no response to hEGF in cell
growth and DNA synthesis.”

On the other hand, EGFR mRNA was detected in all
the surgical specimens tested. We have recently reported
the amplification and overexpression of the EGFR gene
in a gastric carcinoma.'” In the present study, no ampli-
fication of EGFR gene was detected but EGFR mRNA
was detected not only in tumor tissues but also in normal
mucosas. However, tumor tissues exhibited higher
mRNA expression levels than those in the adjacent
normal tissues. Higher levels of EGFR mRNA might
provide for uncontrolled growth of carcinoma celis. The
incidence of EGFR mRNA expression in tumor tissues
was not consistent with our previous immunohistochem-
ical finding that EGFR immunoreactivity was present in
about 30-40% of gastric carcinomas,”™ Further study is
necessary to elucidate whether mRNA expression mir-
rors the protein synthesis or kinase activities and also
which cells synthesize mRNA.

EGF and TGF-a act through a2 common receptor and
share many biological activities. EGF plays an important
role in mammary tumorigenesis.*” Some breast carci-
noma cells express EGF mRNA, and its expression is
increased by progestins.®” In gastric carcinoma patients,
EGF plays an important role in progression and high
malignancy.”” But so far, little is known about the EGF
mRNA levels in pastric carcinomas. In the present study,
EGF mRNA was detected by TMK-1 and MKN-28 cells
and these cells contained relatively high levels of EGF
protein in their lysates compared to those of other cells
(Table IT)., Furthermore, we have recently reported that
exogenous EGF increased the cell growth and stimulated
the synthesis of EGFR mRNA.* Such a phenomenon
is also observed in breast carcinoma cells’® and A431
cells.*® Moreover, we have also confirmed as an auto-
crine model that anti-EGF (KEM-10) and anti-TGF-a
(WA-3) inhibited the spontaneous *H-TdR uptake by
MKN-28 cells.

In surgical specimens, EGF mRNA was detected in
five gastric carcinoma tissues (33.3%) among 15 gastric
carcinomas, but interestingly it was not detected in
normal gastric mucosas. The incidence of EGF mRNA
expression in tumor tissues did not differ from immuno-
histochemical data that EGF was found in about 20—
30% of advanced gastric carcinomas.” In case 198, the
tumor tissue expressed a high level of EGFR mRNA
and also expressed mRNA for EGF. Stern et al
demonstrated as an autocrine model that FR3T3
fibroblasts transfected with synthetic sequences encoding
EGF in expression vector revealed uncontrolled pro-
liferation and transformation.”” Furthermore, Velu et al
reported that NIH 3T3 cells transfected with EGFR gene
by retrovirns vector overexpressed a full-length EGFR
and that they developed a fully transformed phenotype in
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the presence of EGF.” These in vivo and in vitro findings
strongly suggest that EGF acts as an autocrine growth
factor through its surface receptors in some gastric carci-
nomas.

On the other hand, TGF-¢ mRNA was detected in all
the gastric carcinoma cell lines tested, as reported previ-
ously in other tumor cells.®*> Moreover, membrane-
bound TGF-a was also detected by binding of **I-anti-
TGF-a MAb (WA-3) and the levels of TGF-2 mRNA
were consistent with the protein levels as shown in Table
II. The amount of 25 kDa TGF-a precursor level was
calculated as pg/10° cells, on the supposition that a single
antibody binds to a single antigen. Di Marco et al*V
demonstrated an autocrine interaction between TGF-
and EGFR which supports our present data. In their
investigation, expression of either TGF-¢ or EGFR alcne
was not sufficient to induce the transformed phenotype in
NIH3T3 cells and both the TGF-a¢ and EGFR over-
expression is essential to transform the cells. Recent
investigations have revealed that membrane-bound pro-
TGF-a binds to EGFR on the surface of contiguous cells
and induces receptor autophosphorylation*? leading to
signal transduction.”” As for surgical specimens, TGF-a
mRNA was detected not only in tumor tissues but also in
all the corresponding normal tissues, but the level of
mRNA in tumor tissues was generally higher than that in
normal tissues. Recently, Malden et al*® revealed the
expression of TGF-¢ mRNA in normal mucosas of
esophagus, stommach, small intestine and colon. Our data
are similar to their data. Moreover, we found that
TGF-z in normal gastric mucosa was immunohisto-
chemically detected not only in epithelial cells but also in
macrophages. Therefore, macrophages might be one of
the sources of mRNA in surgical specimens.*” This
should be further examined by in situ hybridization to
elucidate the localization of TGF-u expression in normal
tissues and we should elucidate whether the TGF-a
mRNA is translated into a precursor or mature protein in
the normal gut.

As this paper was being prepared for submission,
Bennett et al.* reported the expression of growth factors
and EGFR in gastric carcinoma tissues. But in their
analysis, TGF-a¢ and EGFR were poorly expressed com-
pared to our data and EGF mRNA was not examined.
The difference might be due to how fresh the samples
were and the amount of RNA applied in each case.
Furthermore, we have analyzed DNA, RNA and protein
levels in gastric carcinoma cell lines. On the other hand,
the expression levels of TGF-3 and PDGF mRNA were
similar to their data as we have reported recently.”*®

The direct inhibition of MAb for EGF and TGF-a was
demonstrated by MKN-28, TMK-1 and MKN-7 cells. In
conclusion, these results overall strongly suggested that
EGF and/or TGF-a produced by tumor cells might act



as autocrine growth factors in the progression of gastric
carcinomas.

ACKNOWLEDGMENTS

This work was supported in part by a Grant-in-Aid for
Cancer Research from the Ministry of Health and Welfare,

REFERENCES

1} Sporn, M. B. and Roberts, A. B. Autocrine growth factors
and cancer. Nature, 313, 745-747 (1983),

2) Ulirich, A., Coussens, L., Hayflick, J. 8., Dull, T. J., Gray,
A., Tam, A. W, Lee, J., Yarden, Y., Libermann, T. A.,
Schlessinger, J., Downward, J., Mayes, E. L. V., Whittle,
N., Waterfield, M. D. and Seeburg, P. H. Human epider-
mal growth factor receptor cDNA sequence and aberrant
expression of the amplified gene in A431 epidermoid carci-
noma cells. Narure, 309, 418-425 (1984).

3) Xu, Y, Ishii, 8., Clark, A. J. L., Sullivan, M., Wilson, R.
K., Ma, D. P, Roe, B. A,, Merlino, G. T. and Pastan, L
Human epidermal growth factor receptor cDNA is homoel-
ogous to a variety of RNAs overproduced in A431 carci-
noma cells. Nature, 309, 806-810 (1984).

4) Downward, J., Yarden, Y., Mayes, E., Scrace, G., Totty,
N., Stockwell, P., Ullrich, A., Schlessinger, J. and
Waterfield, M. D. Close similarity of epidermal growth
factor receptor and v-erb-B oncogene protein sequences.
Nature, 307, 521-527 (1984).

5) Stoscheck, C. M. and King, L. E., Jr. Role of epidermal
growth factor in carcinogenesis. Cancer Res., 46, 1030-
1037 (1986).

6) Ochiai, A., Takanashi, A., Takekura, N., Yoshida, K.,
Miyamori, S., Harada, T. and Tahara, E. Effect of human
epidermal growth factor on cell growth and its receptor in
human gastric carcinoma cell lines. Jpn. J. Clin, Oncol,, 18,
15-25 (1988).

7) Yamamoto, T., Kamata, N., Kawano, H., Shimizu, $.,
Kuroki, T., Toyoshima, K., Rikimaru, K., Nomura, N.,
Ishizaki, R., Pastan, I., Gamou, 8. and Shimizu, N. High
incidence of amplification of the epidermal growth factor
receptor gene in human squamous carcinoma cell lines.
Cancer Res., 46, 414-416 (1986).

8) Hunis, J., Ueda, M., Ozawa, S., Abe, O., Pastan, I. and
Shimizu, N. Hyperproduction and gene amplification of
the epidermal growth factor receptor in squamous cell
carcinomas. Jpn. J. Cancer Res., 76, 663-666 (1983).

9) Libermann, T. A., Nusbaum, H. R., Razon, N., Kris, R.,
Lax, 1., Soreq, H., Whittle, N., Waterfield, M. D., Ullrich,
A. and Schlessinger, J. Amplification, enhanced expres-
sion and possible rearrangement of EGF receptor gene in
primary human brain tumors of glial origin. Nature, 313,
144-147 (1985).

10) Malden, L. T., Novak, U, Kaye, A. H. and Burgess, A. W,
Selective amplification of the cytoplasmic domain of the

Growth Factors in Gastric Carcinoma

Japan. The authors are grateful to Dr. S. Iwamori and Dr. Y.
Hayashi (Hiroshima City Asa Hospital) for providing surgical
specimens and Dr. T. Fuwa (Wakunaga Pharm. Co.,
Hiroshima, Japan) for providing human recombinant EGF,
TGF-a and their specific MAbs.

(Received August 21, 1989/Accepted December I, 1989)

epidermal growth factor receptor gene in glioblastoma
multiforme. Cancer Res., 48, 2711-2714 {1988).

11} Wong, A. J., Binger, S. H., Binger, D. D, Kinzler, K. W_,
Harnilton, S. R. and Vogelstein, B. Increased expression
of the epidermal growth factor receptor gene in malignant
gliomas is invariably associated with gene amplification.
Proc. Natl Acad. Sci. USA, 84, 6899-6903 (1987).

12) Humphrey, P. A., Wong, A. J., Vogelstein, B., Friedman,
H. 8., Werner, M. H., Binger, D. D. and Binger, S. H.
Amplification and expression of the epidermal growth
factor receptor gene in human glioma zenografts. Cancer
Res., 48, 2231-2238 (1988).

13) Filmus, I., Pollak, M. N., Cailleau, R. and Buick, R. N.
MDA-468, a human breast cancer cell line with a high
number of epidermal growth factor (EGF) receptors, has
an amplified EGF receptor gene and is growth inhibited by
EGF. Biochem. Biophys. Res. Commun., 128, 898-905
(1985),

14) Ro, J., North, 5. M., Gallick, G, E., Hortobagyi, G. N.,
Gutterman, J. U. and Blick, M. Amplified and over-
expressed epidermal growth factor receptor gene in un-
cultured primary human breast carcinoma. Cancer Res.,
48, 161-164 (1988).

15} Yoshida, X., Tsuda, T.,, Matsumura, T., Tsujino, T.,
Hattori, T., Ito, H. and Tahara, E. Amplification of
epidermal growth factor receptor (EGFR) gene and
oncogenes in human gastric carcinomas. Virchows Arch.
B, 57, 285-290 (1989).

16) Nomura, N., Yamamoto, T., Toyoshima, K., Ohami, .,
Akimura, K., Sasaki, 8., Nakagami, Y., Kanauchi, H.,
Shoji, T., Hiraoki, H., Matsui, M. and Ishizaki, R. DNA
amplification of the c-myc and c-erbB-1 genes in a human
stomach cancer. Jpn. J. Cancer Res., 77, 1188-1192
(1986).

17) Ozawa, S., Ueda, M., Ando, N., Abe, O. and Shimizu, N.
Epidermal growth factor receptors in cancer tissues of
esophagus, lung, pancreas, colorectum, breast and stom-
ach. Jpn. J. Cancer Res., 79, 1201-1207 (1988).

18) QOzawa, 8., Ueda, M., Ando, N., Abe, O. and Shimizu, N,
High incidence of EGF receptor hyperproduction in
esophageal squamous-cell carcinomas. Int. J. Cancer, 39,
333-337 (1987).

19) Kamata, N., Chida, K., Rikimaru, K., Horikoshi, M.,
Enomoto, 8. and Kuroki, T. Growth-inhibitory effects of
epidermal growth factor and overexpression of its recep-

49



Jpn. 1. Cancer Res. 81, January 1990

20)

21

"

22)

23)

24}

25)

26)

27)

28)

29)

30)

31)

32)

50

tors on human squamous cell carcinomas in culture.
Cancer Res., 46, 1648-1653 (1986).

Yasui, W., Sumiyoshi, H., Hata, J., Kameda, T., Ochiai,
A., Tto, H, and Tahara, E. Expression of epidermal
growth factor receptor in human gastric and colonic carci-
nomas. Cancer Res., 48, 137-141 (1988).

Yasui, W., Hata, J., Yokozaki, H., Ochiai, A., Ito, H. and
Tahara, E. Interaction between epidermal growth factor
and its receptor in progression of human gastric carci-
noma. Int. J. Cancer, 41, 211-217 (1988).

Yao, M., Shuin, T., Misaki, H. and Kubota, Y. Enhanced
expression of c-myc and epidermal growth factor receptor
(C-erbB-1) genes in primary human renal cancer. Carcer
Res., 48, 67536757 (1988).

Tahara, E., Sumiyoshi, H., Hata, J., Yasui, W., Taniyama,
K., Hayashi, T., Nagae, 8. and Sakamoto, S. Human
epidermal growth factor in gastric carcinoma as a biologic
marker of high malignancy. Jpn. J. Cancer Res., 77, 145~
152 (1986).

Yamamoto, T., Hattori, T. and Tahara, E. Interaction
between transforming growth factor-alpha and c-Ha-ras
p21 in progression of human gastric carcinoma. Pathol.
Res. Pract., 183, 663-669 (15988).

Maniatis, T., Fritsch, E. F. and Sambrook, J. “Molecular
Cloning: A Laboratory Manual,” 8th Ed., pp. 187-210
(1984). Cold Spring Harbor Laboratory, New York.
Bell, G. I, Fong, N. M., Stempien, M. M,, Wormsted, M.
A., Caput, D.,, Ku, L., Urdea, M. S., Rall, L. B. and
Sanchez-Pescador, R. Human epidermal growth factor
precursor: cDNA sequence, expression in vitro and gene
organization. Nucleic Acids Res., 14, 8427-8446 (1986).
Derynck, R., Roberts, A. B., Winkler, M. E., Chen, E. Y.
and Goeddel, D. V. Human transforming growth factor-
&: precursor structure and expression in E. coli. Cell, 38,
287-297 (1984).

Imanishi, K., Yamaguchi, K., Kuranami, M., Kyo, E.,
Hozumi, T. and Abe, K. Inhibition of growth of human
lung adenocarcinoma cell lines by anti-transforming
growth factor-@ monoclonal antibody, J. Natl. Cancer
Inst., 81, 220-223 (1989).

Teixido, J., Glimore, R., Lee, D. C. and Massague, J.
Integral membrane glycoprotein properties of the pro-
hormone pro-transforming growth factor-w. Nature, 326,
883-885 (1987).

Yoshida, K., Kyo, E., Tsuda, T., Tsujino, T., Ito, M.,
Niimoto, M. and Tahara, E. EGF and TGF-g, the ligands
of hyperproduced EGFR in human esophageal carcinoma
cells, act as autocrine growth factors. Int. J. Cancer (1990),
in press.

Derynck, R., Goeddel, D. V., Ullrich, A., Gutterman, J.
U., Williams, R. D., Bringman, T. 8. and Berger, W. H.
Synthesis of messenger RNAs for transforming growth
factor & and 5 and the epidermal growth factor receptor by
human tumers. Cancer Res., 47, 707-712 (1987).
Kurachi, H., Okamoto, S. and Oka, T. Evidence for the
involvement of the submandibular gland epidermal growth

33)

34)

35)

36)

37)

38)

39)

40}

41)

42)

43)

44)

factor in mouse mammary tumorigenesis. Proc. Natl. Acad.
Sci. US4, 82, 5940-5943 (1985).

Murphy, L. C., Murphy, L. I, Dublik, D., Bell, G. 1. and
Shiu, R. P. C. Epidermal growth factor gene expression in
human breast cancer cells: regulation of expression by
progestins. Cancer Res., 48, 4555-4560 (1988).

Yoshida, K., Takanashi, A., Kyo, E., Ito, M., Ito, H.,
Niimoto, M., Hattori, T. and Tahara, E. Epidermal
growth factor induces the expression of its receptor gene in
human gastric carcinoma cell line TMK-1. Jpn. J. Cancer
Res., 80, 734746 (1989),

Kudlow, J. E., Cheung, C. Y. M. and Bjorge, J. D.
Epidermal growth factor stimulates the synthesis of iis
own receptor in a human breast cancer cell line. J. Biol.
Chem., 261, 4134-4138 (1986).

DePalo, L. and Das, M. Epidermal growth factor-induced
stimulation of epidermal growth factor-receptor synthesis
in human cytotrophoblasts and A431 carcinoma cells,
Cancer Res., 48, 1105-1109 (1988).

Stern, D. F., Hare, M. A. and Weinberg, R. A. Construc-
tion of a novel oncogene based on synthetic sequences
encoding epidermal growth factor, Science, 235, 321-324
{1987).

Velu, T. J., Beguinot, L., Vass, W. C., Wilingham, M. C,,
Merlino, G. T., Pastan, I. and Lowy, D. R. Epidermal
growth factor-dependent transformation by a human EGF
receptor proto-oncogene. Science, 238, 1408-1410 (1987).
Smith, I. J., Derynck, R. and Korc, M. Production of
transforming growth factor ¢ in human pancreatic cancer
cells: evidence for a superagonist autocrine cycle. Proc.
Natl. Acad. Sci. USA, 84, 75677570 (1987).

Bates, S. E., Davidson, N. E., Valverius, E. M., Freter, C.
E., Dickson, R. B., Tam, J. P., Kudlow, J. E., Lippman,
M. E. and Salomon, D. S. Expression of transforming
growth factor a and its messenger ribonucleic acid in
human breast cancer: its regulation by estrogen and its
possible functional significance, Mol Endocrinol., 2, 543—
555 (1988).

Di Marco, E., Pierce, J. H., Fleming, T. P., Kraus, M. H.,
Molloy, C. J., Aaronson, S. A. and Di Fiore, P. P. Auto-
crine interaction between TGFa and EGF-receptor: quan-
titative requirements for induction of the malignant pheno-
type. Oncogene, 4, 831-838 (1989).

Wong, S. T., Winchell, L, F., McCune, B. K., Earp, H. S.,
Teixido, J., Massagué, J., Herman, B. and Lee, D. C. The
TGF-a precursor expressed on the cell surface binds to the
EGF receptor on adjacent cells, leading to signal transduc-
tion. Cell, 56, 495-506 (1989).

Brachmann, R., Lindquist, P. B., Nagashima, M., Kobhr,
W., Lipari, T., Napier, M. and Derynck, R. Transmem-
brane TGF-a precursors activate EGF/TGF-a receptors.
Cell, 56, 691-700 (1989).

Malden, L. T., Novak, U. and Burgess, A. W. Expression
of transforming growth factor alpha messenger RNA in
the normal and neoplastic gastro-intestinal tract. Int. J.
Cancer, 43, 380-384 (1989).



Growth Factors in Gastric Carcinoma

45) Rappolee, D., Mark, D., Banda, M. J. and Werb, Z. and Tahara, E. Expression of TGF-A and procollagen type
Wound macrophages express TGF-a¢ and other growth I and type III in human gastric carcinomas. Int. J. Cancer,
factors in vivo: analysis by mRNA phenotyping. Science, 44, 394-398 (1989).

241, 708-712 (1989). 48} Tsuda, T., Yoshida, K., Tsujino, T., Nakayama, H.,

46) Bennett, C., Paterson, I. M., Corbishley, C. M. and Kajivama, G. and Tahara, E. Coexpression of platelet-
Lugmani, ¥. A. Expression of growth factor and epider- derived growth factor (PDGF) A-chain and PDGF recep-
mal growth factor receptor encoded transcripts in gastric tor genes in human gastric carcinomas. Jpn. J. Cancer
tissues. Cancer Res., 49, 2104-2111 (1989). Res., 80, 813-817 (1989).

47) Yoshida, K., Yokozaki, H., Niimoto, M., Ito, H., Ito, M.

51





