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Summary. The expression of epidermal growth factor
(EGF) was examined on various human tissues by radio-
immunoassay, immunohistochemistry and Northern
blot analysis. Immunoreactive EGF was found in most
of the human tissues by radioimmunoassay at various
levels. Large quantities of EGF were detected in the
kidney and thyroid gland. Immunohistochemically,
EGF immunoreactivity was detected mainly in the epi-
thelial cells of the lung, stomach, duodenum, pancreas,
kidney, pituitary gland, thyroid gland, mammary gland,
ovary, uterus and placenta. Weakly EGF-positive cells
were also found in the adrenal gland. The results of
EGF-immunostaining were not always consistent with
the data from radioimmunoassay. We consider that the
amount of EGF measured by radioimmunoassay reflects
the density of EGF-positive cells in the tissues and the
concentration of EGF in individual EGF-positive cells.
Furthermore, EGF mRNA was expressed in the salivary
gland, thyroid gland, mammary gland and kidney. It
is thus evident that EGF is produced by a variety of
human tissues. The kidney expressed exceptionally high
levels of EGF mRNA which was about one-tenth of
the expression in mouse submandibular gland, suggest-
ing that most of EGF in the urine is produced and secret-
ed by the epithelial cells of renal tubules.
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Introduction

Epidermal growth factor (EGF) is a pleiotrophic poly-
peptide of 53 amino acids which was first purified from
male mouse submandibular gland (Cohen 1962; Cohen
and Taylar 1974). Human urogastrone, a potent inhibi-
tor of gastric acid secretion, was subsequently isolated
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from human urine and is shown to be identical to human
EGF (Cohen and Carpenter 1975; Gregory 1975; Star-
key et al. 1975). EGF stimulates proliferation and differ-
entiation of a great variety of cell types in vivo and
in vitro (Carpenter 1981; Al-Nafussi 1982; Dembinski
and Johnson 1985; Yasui etal. 1988c). EGF acts
through its specific cell surface receptor which is a glyco-
protein with a molecular weight of 170 kDa (Cohen
et al. 1982; Ullrich et al. 1984). EGF receptor has tyro-
sine specific protein kinase activity and shows au-
tophosphorylation as well as phosphorylation of target
molecules in response to EGF (Ushiro and Cohen 1984;
Hunter 1984). EGF receptor is encoded by c-erbB proto-
oncogene, which is a cellular counterpart of v-erbB on-
cogene of avian erythroblastosis virus (Downward et al.
1984). Although many of its biochemical propertics have
been clarified, the site of production of human EGF
has not been fully elucidated. A large quantity of mouse
EGF is produced in the granular convoluted tubule cells
in the submandibular gland (Gresik and Barka 1977;
Noorden et al. 1977). Human EGF has been found in
the saliva, sweat, milk, plasma and urine (Starkey and
Orth 1977; Dailey et al. 1978; Hirata and Orth 1979b;
Hirata et al. 1980). Several studies dealing with the local-
ization of human EGF-producing cells by radioimmuno-
assay or immunohistochemistry demonstrated that cer-
tain levels of EGF were detected in a variety of tissues
including the kidney, thyroid gland, salivary gland and
duodenum (Hirata and Orth 1979a; Kasselberg et al.
1985; Stahlman et al. 1989). No comparative study be-
tween radioimmunoassay and immunohistochemistry
has been reported. In addition, EGF contents in human
tissues reported previously (Starkey and Orth 1977; Hir-
ata and Orth 1979a, b) are too low to account for the
large amounts of EGF excreted in the urine (microgram
quantities). Thus, the identification of the main source
of EGF in the urine has not been made. Furthermore,
even though both assays show EGF immunoreactivity,
it is still possible that EGF is produced by different
cells and temporarily stored in the cells or bound to
the cells.
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Table 1. Quantitation of epidermal growth factor (EGF) in human

tissues by radioimmunoassay

Tissue EGF content
(ng/g wet weight)
1. Circulatory system
Heart (11)® 2.1940.26°
Aorta (4) 2.52+40.99
2. Respiratory system
Trachea (5) 0.38+0.22
Lung (8) 2.03+0.33
3. Digestive organ
Tongue (3) 0.7340.35
Salivary gland (9) 3.724+0.92
Esophagus (5) 1.374+0.28
Stomach, fundus (14) 2.26+0.43
antrum (13) 1.90+0.49
Duodenum (6) 0.67+0.18
Jejunum (4) 1.1240.49
Ileum (4) 3.31+£1.75
Caecum (3) 3.5340.65
Appendix (3) Not detectable
Colon (13) 1.19+0.38
Rectum (4) 1.214+0.47
Liver (6) 1.73+0.64
Gallbladder (7} 0.75+0.25
Pancreas (7) 1.38+0.29
4. Urinary organ
Kidney (6) 4.514+0.78
Ureter (2) 1.63
Urinary bladder (2) 0.58

5. Endocrine organ

Pituitary gland
Thyroid gland (8)
Arenal gland (2)

6. Reproductive organ

Testis (2)
Prostate (4)
Ovary (2)
Uterus (6)
Vagina (1)
Mammary gland

7. Hematopoietic system

Bone marrow (2)
Lymph node (3)
Spleen (7)
Thymus

8. Others

Bone (2)

Muscle, striated (4)
smooth (34)

Skin (2)

Brain (1)

Placenta (2)

Not examined
7.144+0.96
3.74

1.14
3.05+£1.63
1.87
0.824+0.17
0.56

Not examined

2.86
1.4540.26
2.5840.23
Not examined

3.00
1.744+0.56
1.7240.23
1.00
0.68
1.02

* Number of samples examined
® Mean+SE

This paper presents our comparative study on the
quantity and localization of EGF by radidimmunoassay
and immunohistochemistry in several human tissues.
Moreover, expression of human EGF mRNA was stud-
ied by Northern blot analysis.

Materials and methods

Human tissues from 41 different sites were obtained by surgical
operations or autopsies which were performed within 1 h after
death at Hiroshima University Hospital. They were fixed in 10%
neutral formalin and embedded in paraffin. Portions of them were
frozen in liquid nitrogen immediately after removal and stored
at —80° C for radioimmunoassay. For Northern blot analysis, only
tissue samples obtained by surgical operations were used. All the
tissues were histologically confirmed as showing no pathological
changes. Clinical data showed no endocrine disorder in any of
the patients from whom the samples were taken.

The EGF content in human tissues was measured by the double
antibody method using anti-human EGF antibody and anti-rabbit
IgG goat serum as described (Tahara et al. 1986). Affinity-purified
anti-human EGF antibody was kindly provided by Wakunaga
(Hiroshima). This antibody is human EGF specific and has no
cross-reactivity with other peptides, including mouse EGF, fibro-
blast growth factor, platelet-derived growth factor, epithelial cell
growth supplement, secretin, insulin, glucagon, cholecystokinin
and endorphin (Tahara et al. 1986). Standard assay condition was
as follows. Each tissue (about 1.0 g wet weight) was homogenized
in five volumes of 1 M acetic acid and extraction was repeated
twice. A mixture of the first and second supernatants was lyophi-
lized and dissolved in 1 ml phosphate-buffered saline (PBS). Ali-
quots (100 ul) were incubated at 4° C in 800 pl PBS containing
10 pg of ['?5Ithuman EGF (2100 mCi/umol) and anti-EGF anti-
body at a dilution of 1:10000. EGF was labelled with Na!?°]
(Amersham, England) by the chloramine T method. After incuba-
tion overnight, 100 pl anti-rabbit 1gG goat serum (diluted 1:10;
MBI, Nagoya, Japan), 100 ul polyethylene glycol and 100 ul nor-
mal rabbit serum (diluted 1:100) as a carrier were added, followed
by incubation for 6 h at 4° C. The reactants were then centrifuged
and the precipitates were counted in an Aloka y-autoscintillation

Table 2. Immunohistochemical localization of EGF in human tis-

sues

Tissue EGF content EGF immunoreactivity
(ng/g wet weight)

Lung 2.03+0.33* Bronchial epithelial cells

Salivary gland 3.72+0.92 Ductal cells

Stomach (antrum) 1.90 + 0.49 Epithelial cells

in pyloric glands
Duodenum 0.67+0.18 Epithelial cells

in Brunner’s gland
Pancreas 1.38+0.29 Acinar cells
Kidney 4.51+0.78 Epithelial cells

of renal tubules
Pituitary gland ~ Not examined  Endocrine cells in anterior lobe
Thyroid gland  7.1410.96 Follicular epithelial cells

Adrenal gland 3.74 Medulla cells
Bone marrow 2.86 Megakaryocytes
Mammary gland Not examined  Glandular and ductal cells
Ovary 1.87 Follicle cells
Uterus 0.82+0.17 Epithelial cells

of endometrial gland
Placenta 1.02 Epithelial celis

* Mean+SE
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Fig. 1. Immunchistochemical detection of epidermal growth factor
(EGF) in several human tissues. A Salivary gland. EGF immunore-
activity is restricted to ductal cells. x 410. B Thyroid gland. Follicu-
lar epithelium shows EGF immunoreactivity. x 325. C Brunner’s
gland of the duodenum. x 650. A small number of epithelial cells
contain EGF immunoreactivity. D Pancreas. EGF immunoreactiv-
ity is observed in some acinar cells. x650. E Endometrium of

the uterus. All epithelial cells of endometrial gland show EGF
immunoreactivity. x 650. F Cortex of the kidney. EGF immunore-
activity is observed in the epithelial cells of renal tubules. x 820
G Mammary gland. Many epithelial cells of the mammary gland
show immunoreactivity to EGF. x 325. H Mouse submandibular
gland. The granular convoluted tubule cells are strongly positive
to EGF. x 165
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counter (Tokyo, Japan). All assays were done in triplicate. More
than 90% of exogenous EGF was consistently recovered in this
assay. The limit of detection in this assay was about 100 pg/g EGF.

For immunohistochemistry a modification of the immunoglob-
ulin enzyme bridge technique (ABC method) was used as described
previously (Yasui etal. 1988a). Deparaffinized tissue sections
(4 um) were immersed in methanol containing 0.03% hydrogen
peroxide for 20 min to block the endogenous peroxidase activity
and then incubated with non-immunized goat serum (diluted 1:20)
for 30 min to block the non-specific antibody binding sites. The
sections were treated consecutively for more than 30 min with:
(1) anti-EGF antibody (diluted 1:20) at room temperature; (2)
biotinylated anti-rabbit IgG goat serum (diluted 1:100, Vector,
Burlingame, Calif.); and (3) avidin DH-biotinylated horseradish
peroxidase complex (Vecstatin ABC kit, Vector). Peroxidase stain-
ing was performed for 10-20 min using a solution of 30 mg 3,3"-
diaminobenzidine-tetrahydrochloride (DAB) in 100 ml of 50 mM
Tris-HCI (pH 7.5) containing 0.001% hydrogen peroxide. The sec-
tions were counterstained with 3% methyl green. The specificity
of the reaction was determined as follows: (1) anti-EGF antibody
was absorbed at 4° C overnight with excess EGF; (2) non-immune
rabbit serum was used in the primary reaction.

For Northern blot analysis RNA were extracted by the guani-
dium isothionate/caesium chloride method (Maniatis et al. 1984).
Ten micrograms of poly(A)* selected RNA was electrophoresed
on 1% agarose/formaldehyde gel and blotted onto Zeta-probe ny-
lon filter membrane (Bio-Rad, Richmond, California). Filters were
baked for 2 h at 80° C under vacuum. After prehybridization, hy-
bridization was performed at 42° C for 12-15 h using 3*P-labelled
huyman EGF cDNA probe (Yoshida et al. 1990). Hybridization
solution contained 0.1 M PIPES-NaOH (pH 6.8), 0.65 M NaCl,
5x Denhardt’s solution (1 x Denhardt’s solution contains 0.02%
w/v each of bovine serum albumin, Ficoll, and polyvinyl pyroli-
dine), 0.1% sodium dodecyl sulphate (SDS), 50% deionized forma-
mide, 10% dextran sulphate and 100 pg/ml salmon sperm DNA.
Filters were washed twice with 0.1 x SSC-0.1% SDS (1x SSC
consists of 0.15 M NaCl and 15 mM sodium citrate) for 30 min
at room temperature, followed by two washes in 0.1 x SSC-0.1%
SDS for 60 min at 65° C and a rinse in 0.1 x SSC. The filters
were autoradiographed with Kodak XAR-5 films.

The 1.9 kb human EGF ¢cDNA insert from phEGF15 was
kindly provided by Dr. Graeme I. Bell (Bell et al. 1986). f-Actin
probe was purchased from Oncor (Gaithersburg, Md).

Results

The amounts of EGF measured by radioimmunoassay
in various human tissues are shown in Table 1. Immuno-
reactive EGF was detected in all the tissues examined
except for the appendix. Large quantities of EGF were
found in the kidney (4.514+0.78 ng/g wet weight;
mean + SE) and thyroid gland (7.14 +0.96 ng/g). A rela-
tively large quantity of EGF (3.72£0.92 ng/g) was de-
tected in the salivary gland where the major portion
of mouse EGF is found (Cohen and Savage 1974; Gresik
and Barka 1977). More than 3 ng/g of EGF was found
in the ileum, caecum, adrenal gland and prostate.

The results of immunostaining of EGF in various
human tissues are summarized in Table 2. The salivary
gland, kidney and thyroid which showed large quantities
of EGF (more than 3 ng/g) by radioimmunoassay con-
tained EGF-immunoreactive cells (Fig. 1A, B, F). The
epithelial cells in the ducts, renal tubules and follicles
were positive to EGF. Weakly EGF-positive cells were
also found in the medulla of adrenal gland. EGF immu-
noreactivity was detected in the bronchial epithelium of

the lung and megakaryocytes in the bone marrow, both
of which showed certain levels of EGF (about 2 ng/g)
in radioimmunoassay. Only a small number of EGF-
positive cells were detected in the stomach, duodenum
and pancreas, which showed small quantities of EGF
by radioimmunoassay (Fig. 1C, D). The epithelial cells
of the mammary gland, uterus and placenta also showed
EGF immunoreactivity (Fig. 1 E, G). However, some tis-
sues such as the ileum, caecum and prostate, which
showed more than 3 ng/g of EGF, did not reveal EGF
immunoreactivity in any celis. Thus, the resuits of EGF
immunostaining were not necessarily consistent with the
levels of EGF measured by radioimmunoassay.

The expression of EGF mRNA in human tissues is
shown in Fig. 2. EGF mRNA was detected as about
5.0 kb transcript in the salivary gland, thyroid gland and

5.0Kb »

5.0Kb »

-

-

p-actin .......

Fig. 2. Northern blot analysis of EGF mRNA on several human
tissues. RNA was extracted from several human tissues obtained
by surgical operation and 10 pg of poly(A)* selected RNA was
subjected to Northern blot analysis as described in Materials and
methods. Autoradiographic exposure time was 6 h (upper panel)
and 24 h (lower panel) at —80° C. In case of mouse submandibuiar
gland, 1 pg of the RNA was subjected to Northern blot analysis
under exactly the same conditions as the other tissues. We used
B-actin probe as an internal control




kidney, which had a large amount of EGF measured
by radioimmunoassay. The kidney expressed extremely
high levels of EGF mRNA, which was about one-tenth
of the expression in mouse submandibular gland. (In
Fig. 2, we applied 10 pg and 1 pg of RNA from the
kidney and mouse submandibular gland, respectively.)
EGF mRNA expression was also detected in the mam-
mary gland. Expression of EGF mRNA was not de-
tected in the mucosa of the oesophagus, colon or both
the antrum (data not shown) or fundus of the stomach.

Discussion

We first examined the quantities of EGF in various hu-
man tissues by radioimmunoassay and found that all
the tissues examined except for the appendix showed
varying levels of EGF. More than 3 ng/g EGF was
found in the thyroid gland, salivary gland, ileum, cae-
cum, adrenal gland, kidney and prostate, among which
EGF-immunoreactive cells were immunohistochemically
observed in the thyroid gland, salivary gland and kidney.
Weakly immunoreactive cells to EGF were also found
in the adrenal medulla. However, the ileum, caecum and
prostate did not show any EGF-positive cells by immu-
nohistochemistry. The discrepancy may be due to low
concentration of EGF in individual cells, although the
amount of EGF was more than 3 ng/g by radioimmuno-
assay. However, in the present study, we cannot exclude
the possibility that the EGF immunoreactivity detected
by radioimmunoassay might be due to contamination
with mesenchymal components such as connective tissue
or endothelial cells, which have also been shown to be
EGF-immunoreactive. It is also possible that radioim-
munoassay might be influenced by an EGF-like peptide
co-extracting with EGF but showing different tissue dis-
tribution. However, EGF-positive cells were detected in
the lung, stomach, duodenum, pancreas, ovary, etc.
whose EGF content was lower than 3 ng/g. As shown
in Fig. 1, only a small number of EGF-immunoreactive
cells were observed in these tissues (for example, the
duodenum and pancreas). Therefore, it is likely that the
quantities of EGF measured by radioimmunoassay also
reflect the density of EGF-positive cells in individual
tissues.

Even though both radicimmunoassay and immuno-
histochemistry showed EGF immunoreactivity, it is still
possible that EGF is produced by different cells in other
tissues and temporarily stored in the cells. It is also prob-
able that EGF is not produced by the cells but is bound
to EGF receptor of the cells, showing EGF immunoreac-
tivity in these assays. We then examined EGF mRNA
expression in the tissues in order to confirm the produc-
tion of EGF by the tissues. Expression of EGF mRNA
was detected in the thyroid gland, salivary gland and
kidney, which showed a high level of EGF immunoreac-
tivity. EGF mRNA was also expressed in the mammary
gland, where EGF-immunoreactive cells were found in
the glands and ducts. It seems to be consistent with the
fact that milk contains a significant amount of EGF
(Hirata and Orth 1979b; Pesonen et al. 1987). There-
fore, in these tissues, EGF is evidently produced by the
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tissues. Nevertheless expression of EGF mRNA was not
detected in the oesophagus, stomach and colon, where
a certain level of EGF immunoreactivity was detected
by radioimmunoassay. Two possible explanations of this
discrepancy can be made. One is that the small amount
of EGF mRNA in these tissues could not be detected
by the sensitivity of Northern blot analysis we per-
formed. The second is that EGF immunoreactivity in
these tissues did not result from the production of EGF
by the tissues. It is well known that the epithelial cells
of the oesophagus, stomach and colon possess EGF re-
ceptor and the proliferation of these mucosae is stimu-
lated by EGF (Yeh and Scheving 1981; Yasui etal.
1988b, c¢; Yoshida et al. 1990). We might examine the
possibility that EGF is produced by different tissues and
is bound to the cell surface receptor temporarily. How-
ever, this possibility seemed unlikely because the immu-
nohistochemical analysis showed that EGF immunore-
activity was mainly found in the cytoplasm of the cells.

The most interesting finding observed in the present
study was that the kidney expressed an extremely high
level of EGF mRNA, which was about one-tenth of
the expression in mouse submandibular gland. Since
mouse submandibular gland contains exceptionally large
amounts of EGF (up to 1.6 mg/g wet weight) (Cohen
and Savage 1974; Hirata and Orth 1979a), the expected
EGF content in the human kidney can be roughly esti-
mated to be 150 pg/g wet weight according to the ratio
of mRNA expression in the kidney to that in mouse
submandibular gland. A fairly large amount of EGF
(about 50 pg/day) is excreted into the urine (Starkey and
Orth 1977; Dailey et al. 1978). However, only 4.5 ng/g
wet weight of EGF was detected in the kidney by radio-
immunoassay. According to available data on the stabili-
ty of tissue EGF, EGF in tissues is stable at room tem-
perature for at least 24 h (Hirata and Orth 1979a).
Therefore, it is unlikely that the period between surgical
removal or death and freezing (10 min to 1 h) accounts
for the small quantities of EGF in the present study.
EGF immunorcactivity was observed in the epithelial
cells of renal tubules. These findings overall strongly
suggest that large amounts of EGF are produced by
epithelial cells of renal tubules and secreted into the ur-
ine as well as the plasma immediately without stockpil-
ing in the kidney. Furthermore, it is possible that, like
the submandibular gland in mice, the kidney may be
a main source of EGF in human plasma. In situ hybrid-
ization would provide more information on the sites of
EGF production.

Acknowledgments. We would like to thank Wakunaga Pharmaceuti-
cal Co. for providing anti-human EGF antibody. We are also grate-
ful to K. Arihiro for providing sections of normal mammary gland
and to M. Takatani and T. Nomi for their technical assistance.
This study was supported in part by Grants-in-Aid for Cancer
Research from the Ministry of Education, Science and Culture
of Japan and the Ministry of Health and Welfare of Japan.

References

Al-Nafussi AI, Wright NA (1982) The effect of epidermal growth
factor (EGF) on cell proliferation of the gastrointestinal muco-
sa in rodents. Virchows Arch A 40:63-69



32

Bell GI, Fong NM, Stempien MM, Wormsted MA, Caput DKL,
Urdea MS, Rall LB, Sanchez-Pescador R (1986) Human epider-
mal growth factor precursor: cDNA sequence, expression in
vitro and gene organization. Nucleic Acids Res 14:8427-8446

Carpenter G (1981) Epidermal growth factor. Handb Exp Pharma-
col 57:90-126

Cohen S (1962) Isolation of a submaxillary gland protein accelerat-
ing incisor eruption and eyelid opening in the newborn animal.
J Biol Chem 137:1555-1562

Cohen S, Carpenter G (1975) Human epidermal growth factor:
isolation and chemical and biological properties. Proc Natl
Acad Sci USA 72:1317-1321

Cohen S, Savage CR Jr (1974) Recent studies on the chemistry
and biology of epidermal growth factor. Recent Prog Horm
Res 30:551-574

Cohen S, Taylar JM (1974) Epidermal growth factor: chemical
and biological characterization. Recent Prog Horm Res
30:533-550

Cohen S, Ushiro H, Stocheck C, Chinkers M (1982) A native
170,000 epidermal growth factor receptor-kinase complex from
shed membrane vesicles. J Biol Chem 257:1523-1531

Dailey GE, Kraus JW, Orth DN (1978) Homologous radioimmu-
noassay for human epidermal growth factor (urogastrone). J
Clin Endocrinol Metab 46:929-936

Dembinski AB, Johnson LR (1985) Effect of epidermal growth
factor on the development of rat gastric mucosa. Endocrinology
116:90-94

Downward J, Yarden Y, Mayes E, Scrace G, Totty N, Stockwell
P, Ullrich A, Schlessinger J, Waterfield MD (1984) Close simi-~
larity of epidermal growth factor receptor and v-erb-B onco-
gene protein sequences. Nature 307:521-527

Gregory H (1975) Isolation and structure of urogastrone and its
relationship to epidermal growth factor. Nature 257:325-328

Gresik EW, Barka T (1977) Immunocytochemical localization of
epidermal growth factor in mouse submandibular gland. J
Histochem Cytochem 25:1023-1035

Hirata Y, Orth DN (1979 a) Epidermal growth factor (urogastrone)
in human tissues. J Clin Endocrinol Metab 48:667-672

Hirata Y, Orth DN (1979b) Epidermal growth factor (urogastrone)
in human fluids: size heterogeneity. J Clin Endocrincl Metab
48:673-679

Hirata Y, Moore GW, Bertagna C, Orth DN (1980) Plasma con-
centration of immunoreactive human epidermal growth factor
(urogastrone) in man. J Clin Endocrinol Metab 50:440-447

Hunter T (1984) The epidermal growth factor receptor gene and
its product. Nature 311:414-416

Kasselberg AG, Orth DN, Gray ME, Stahlman MT (1985)
Immunocytochemical localization of human epidermal growth
factor/urogastrone in several human tissues. J Histochem Cyto-
chem 33:315-322

Maniatis T, Fritsch EF, Sambrook J (1984) Molecular cloning:

a laboratory manual, 8th edn. Cold Spring Harbor Laboratory,
New York, pp 187-210

Noorden S, Heitz P, Kasper M, Pearse AGE (1977) Mouse epider-
mal growth factor: light and electron microscopical localization
by immunocytochemical staining. Histochemistry 52:329-340

Pesonen K, Viinikka L, Koskimies A, Banks AR, Nicolson M,
Perheentupa J (1987) Size heterogeneity of epidermal growth
factor in human body fluids. Life Sci 40:2489-2494

Stahlman MT, Orth DN, Gray ME (1989) Immunchistochemical
localization of epidermal growth factor in the developing hu-
man respiratory system and in acute and chronic lung disease
in the neonate. Lab Invest 60:539-547

Starkey RH, Orth DN (1977) Radioimmunoassay of human epi-
dermal growth factor (urogastrone). J Clin Endocrinol Metab
45:1144-1153

Starkey RH, Cohen S, Orth DN (1975) Epidermal growth factor:
identification of a new hormone in human urine. Science
189:800-803

Tahara E, Sumiyoshi H, Hata J, Yasui W, Taniyama K, Hayashi
T, Nagae S, Sakamoto S (1986) Human epidermal growth fac-
tor in gastric carcinoma as a biologic marker of high malignan-
cy. Jpn J Cancer Res 77:145-152

Ullrich A, Coussens L, Hayflik JS, Dull TJ, Gray A, Tam AW,
Lee J, Yarden Y, Liberman TA, Schiessinger J, Downward
J, Mayes ELV, Whittle N, Waterfield MD, Seeburg PH (1934)
Human epidermal growth factor receptor cDNA sequence and
aberrant expression of the amplified gene in A431 epidermoid
carcinoma cells. Nature 309:418-425

Ushiro H, Cohen S (1984) Identification of phosphotyrosine as
a product of epidermal growth factor-activated protein kinase
in A431 cell membranes. J Biol Chem 255:8363-8365

Yasui W, Hata I, Yokozaki H, Nakatani H, Ochiai A, Ito H,
Tahara E (19884a) Interaction between epidermal growth factor
and its receptor in progression of human gastric carcinoma.
Int J Cancer 41:211-217

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

Yasui W, Sumiyoshi H, Oda N, Miyamori S, Kameda T, Takekura
N, Takanashi A, Tahara E (1988¢) Interaction between epider-
mal growth factor and gastrin on DNA synthesis of the gastro-
intestinal mucosa in rats. Hiroshima J Med Sc1 37:1-6

Yeh YC, Scheving LE (1981) Circadian phase dependent effect
of epidermal growth factor on deoxyribonucleic acid synthesis
in ten different organs of the adult male mouse. Endocrinology
109:644-651

Yoshida K, Kyo E, Tsyjino T, Sano T, Niimoto M, Tahara E
(1990) Expression of epidermal growth factor, transforming
growth factor-o and their receptor genes in human gastric carci-
nomas: Implication for autocrine growth. Jpn J Cancer Res
81:43-51



