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ABSTRACT

In female nude mice, epidermal growth factor (EGF) was present at a
mean concentration of 42.8 Â±16.9 (SD) ng/mg wet tissue in the suhman-
dibular gland and 0.28 Â±0.13 ng/ml in the plasma. Sialoadenectomy
(removal of the submandibular glands) decreased circulating EGF to
{indÃ©tectablelevels (<0.1 ng/ml). The possible role of EGF in transplan
tation and growth of mouse mammary tumors in nude mice was examined
by sialoadenectomy, anti-EGF treatment, and EGF replacement therapy.
The success rate of transplantation of a spontaneous mouse mammary
tumor into nude mice was 55% in normal females and 17% in sialoade-
nectomized animals. Anti-EGF treatment of sialoadenectomized mice
completely abolished the implantation of the tumor. Daily administration
of EGF at a dose of 5 Mgper mouse to both normal and sialoadenectomized
animals enhanced the success rate of tumor implantation to more than
80%. Sialoadenectomy and/or anti-EGF treatment of tumor-bearing nude
mice reduced the growth of implanted mammary tumors. These results
suggest that EGF is important for implantation and growth of sponta
neous mouse mammary tumor in female nude mice.

INTRODUCTION

EGF,2 a polypeptide with a molecular weight of 6045, is

produced in large amounts in the submandibular gland of mice
(1). It is also found in various biological fluids such as plasma,
milk, urine, and saliva (2, 3). Although its function in the body
remains largely unclear, EGF has been shown to exert diverse
biological actions by influencing proliferation, differentiation,
and functional activities of various types of normal and neo-
plastic mammalian cells (4,5). It has also been shown that EGF
enhances the carcinogenicity of methylcholanthrene in mouse
skin tumor in vivo (6) and potentiates the tumorigenicity of
Kirsten sarcoma virus in the rat ovarian granulosa cells in vitro
(7).

Several lines of evidence indicate that mouse mammary gland
is a target tissue of EGF. EGF has been shown to stimulate
proliferation of mammary epithelia and to inhibit functional
differentiation of these cells (8). EGF also stimulates prolifer
ation of mouse mammary cancer cells in culture (9). Recently,
it was reported that EGF plays a crucial role in spontaneous
mammary tumorigenesis in C3H/HeN mice (10). This strain
of mice has a high incidence of spontaneous mammary tumor,
and its etiology is complex, including viral, genetic, and hu
moral factors (11).

The nude mouse has been important in cancer research since
it accepts grafts of malignant tumors due to its unique immu-
nodeficient property (12) and permits us to study the biology
and biochemistry of various types of tumors. At present, how
ever, it is not known whether EGF is present in nude mice and/
or plays some role in the growth of tumor transplants. In the
present study, we have determined EGF concentrations in the
submandibular gland and plasma of nude mice. In addition, we
have examined the possible role of EGF in implantation and
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growth of mouse spontaneous mammary tumors in these ani
mals by using sialoadenectomy, EGF replacement therapy, and
anti-EGF antiserum treatment which can be given without
immunological complications. Our data suggest that EGF is
involved in implantation and growth of mouse mammary tumor
in nude mice.

MATERIALS AND METHODS

Female nude mice (NIHs-nu) were obtained from the Animal Breed
ing Facility, National Institutes of Health, and maintained in an aseptic
environment. At 5 weeks of age, sialoadenectomy was performed under
ether anesthesia. The operated animals recovered quickly without any
sign of abnormality, as judged by general behavior, eating and drinking
habits, and weight gains. Two weeks after the operation, they were used
for transplantation experiments.

Mouse mammary tumor fragments were transplanted into nude mice
by using a modified method described by Satyaswaroop et ai. (13).
Briefly, about 20 mg of spontaneous mammary tumor from C3H/HeN
mice were transplanted s.c. in the infrascapular region of the mice with
use of a 12-gauge tracer. Sham-operated (normal) and sialoadenectom
ized nude mice were age and weight matched. The animals were
inspected daily and tumor size was determined with a caliper in 2
dimensions.

Mouse EGF antiserum prepared in rabbits (Anti-EGF; Collaborative
Research, Lexington, MA) was administered s.c. to sham-operated and
sialoadenectomized mice in a volume of 100 ul daily immediately after
the transplantation. The EGF antiserum was capable of binding 200 ;iu
of EGF per 100 Â¿tlas determined by a modification of the Ouchterlony
double immunodiffusion method (14). The anti-EGF was specific in
the sense that neither transforming growth factor a nor nerve growth
factor at 1-ng/ml to 1-Mg/ml concentrations inhibited the binding of
EGF to anti-EGF antiserum as determined by EGF radioimmunoassay.
Daily s.c. administration of EGF (Collaborative Research; culture
grade) at a dose of S Mgin 100 Â«Iof phosphate-buffered saline to sham-
operated and sialoadenectomized mice was started on the day of tumor
transplantation. At the end of the 3-week experimental period, all of
the animals were sacrificed and dissected. The tumor tissues were
weighed and fixed in 5% formalin for histological examination. Sections
were stained with hematoxylin and eosin and the presence of viable
tumor cells was examined microscopically.

Effect of sialoadenectomy and/or anti-EGF treatment on the growth
of mouse mammary tumor transplanted into nude mice was studied as
follows. Mouse mammary tumor was transplanted into normal 7-week-
old female nude mice as described above. Mice having a growing tumor
were sialoadenectomized or sham operated at 3 weeks after the trans
plantation of tumor specimens. Daily administration of anti-EGF or
normal rabbit serum at a dose of 100 u\ per mouse was started on the
day of operation. Tumor size was determined daily.

Concentrations of EGF in the submandibular gland and plasma were
determined in both sham-operated and sialoadenectomized 7-week-old
nude mice. Sialoadenectomy was performed 2 weeks prior to the
experiment. Blood was collected from the trunk vein under light ether
anesthesia, immediately chilled on ice, and centrifugea at 8,700 x g for
5 min at 4Â°C.The plasma was aspirated and stored at -20Â°Cuntil use.

The submandibular glands of sham-operated mice were excised,
weighed, and homogenized in phosphate-buffered saline. The homog-
enates were centrifuged at 12,000 x g for 20 min at 4"C. The superna-
tants were removed and stored at -20Â°Cuntil use. EGF concentrations

were determined by radioimmunoassay using the liquid phase double
antibody method (IS).
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RESULTS

The submandibular glands in 7-week-old female nude mice
weighed 85.8 Â±4.6 (SD) mg and contained EGF at a mean
concentration of 42.8 Â± 16.9 ng/mg wet tissue. EGF was
present in the plasma of sham-operated nude mice at a concen
tration 0.28 Â±0.13 ng/ml. Sialoadenectomy markedly reduced
the EGF content of the plasma to less than 0.1 ng/ml (the level
of sensitivity). These results suggest that the submandibular
gland may be a major source of circulating EGF in nude mice.

The data in Table 1 summarize the percentage of successful
implantation of spontaneous mammary tumor into nude mice
under various conditions. The tumors transplanted into sham-
operated nude mice gradually decreased in size in the first 2
weeks, but approximately 55% of them were successfully im
planted and subsequently started to grow; the remaining 45%
of the tumors failed to implant and became remnant. The
percentage of successful mammary tumor implantation was
enhanced to 90% by daily s.c. administration of EGF to normal
nude mice at a 5-Â¿Â¿gdose per mouse.

In sialoadenectomized nude mice, only 17% of the tumor
transplants were successfully implanted, while the majority of
tumors became degenerative. EGF administration given daily
at a dose of 5 /*g to sialoadenectomized mice increased the
percentage of successful implantation to 88%. On the other
hand, daily anti-EGF treatment of sialoadenectomized mice
completely inhibited the implantation of mammary tumor
transplants. HistolÃ³gica! examination showed that fibrosis oc
curred in the remnant. Administration of normal rabbit serum
did not change the success rate of tumor implantation.

The growth of successfully implanted mouse mammary tu
mors in normal nude mice was relatively constant once the
tumors started to grow 3 weeks after inoculation; tumor size
doubled in 2.4 days (Fig. 1). Anti-EGF treatment given daily
to normal mice increased the doubling time to 5 days. Siaload
enectomy of nude mice reduced the rate of tumor growth to a
similar extent. However, sham operation and normal rabbit
serum administration did not change the growth rate. Anti-
EGF administered to sialoadenectomized mice almost com
pletely inhibited tumor growth for the first 3 days and thereafter
a slow growth occurred with a doubling time of 8 days.

DISCUSSION

In the present study, 55% of transplanted mouse mammary
tumors were successfully implanted in female nude mice. This
value is in accordance with those reported previously in trans-

Table1 EffectofSialoadenectomy,treatmentwithEGFantiserum,and
replacementof EGFonimplantationof mousemammarytumorintonudemice

Daily EGF treatment was given s.c. to sham-operated or sialoadenectomized
female nude mice at a dose of S pg per mouse for 3 weeks starting immediately
after C3H/HeN mammary tumor transplantation. Anli-EGF antiserum and
normal rabbit serum were given to sialoadenectomized mice at a dose of 100 pi
per mouse for 3 weeks immediately after tumor inoculation.

Mice Treatment
Implantation

Sham-operatedSham-operatedSialoadenectomizedSialoadenectomizedSialoadenectomizedSialoadenectomizedNoneEGFNoneEGFNormal

rabbitserumEGF

antiserum24101288855"90*17*88250"
" /' â€¢0.05 compared with sialoadenectomized mice receiving no treatment.
* P < 0.05 compared with sham-operated mice receiving no treatment.
' r â€¢0.01 compared with sham-operated mice receiving no treatment.
d P < 0.01 compared with sialoadenectomized mice receiving no treatment (x2

test).

i 2

-2 10

Days

Fig. I. Effect of Sialoadenectomy and/or anti-EGF treatment on the growth
of mouse mammary tumor transplanted into nude mice. Mouse mammary tumor
was transplanted into normal 7-week-old female nude mice as described in
"Materials and Methods." Mice having a growing tumor were sialoadenectomized

or sham operated at 3 weeks after the transplantation of tumor specimens. Daily
administration of anti-EGF or normal rabbit serum at a dose of 100 /il per mouse
was started on the day of operation (day 0). Tumor size was determined daily.
The relative tumor growth is given as mean Â±SE in comparison with the tumor
size on day 0. Each group consisted of 5 mice. O, sham-operated and normal
rabbit serum treated; A, sham operated and anti-EGF serum treated; Â».siaload
enectomized and normal rabbit serum treated; A, sialoadenectomized and anti-
EGF serum treated.

plantation studies of various types of tumors in nude mice (16).
The percentage of mammary tumor implantation into nude
mice was increased by EGF treatment and decreased by sia-
loadenectomy. Moreover, EGF treatment of sialoadenectom
ized mice increased the incidence of successful implantation of
mammary tumor. These results suggest that EGF is involved
in mammary tumor implantation into nude mice.

Our study showed that EGF is present in the submandibular
gland of female nude mice at a mean concentration of 42.8 ng/
mg wet tissue. This value is similar to that found in normal
females (3, 15, 17, 18). EGF was also found in the plasma of
female nude mice at a mean concentration of 0.28 ng/ml.
Sialoadenectomy of nude mice reduced the plasma EGF to
undetectable levels, suggesting that the submandibular gland
serves as a major source of circulating EGF in these animals.

Anti-EGF given to sialoadenectomized mice completely pre
vented tumor implantation into the animals. The inhibitory
effect of anti-EGF raises the possibility that there may be some
other source(s) of EGF in addition to the submandibular gland.
There are several reports which indicate that cultured breast
cancer cells release growth factors such as EGF and EGF-
related polypeptides (19, 20). The secretion of such peptides
was suggested to stimulate the tumor growth by an autocrine
or panierini- mechanism (19, 20). It is conceivable that locally

produced EGF contributes to the implantation and growth of
the mammary tumor cells to some extent.

The incidence of mammary tumor in C3H females has been
reported to increase markedly from the age of 30 weeks and to
be preceded closely by an increase in the submandibular gland
EGF (10). Sialoadenectomy reduced the tumor incidence sig
nificantly and increased the latency period of tumor develop
ment. Moreover, Sialoadenectomy of mammary tumor-bearing
animals caused a rapid and sustained cessation of tumor growth,
which was restored to a normal level by EGF administration.
In the present study, Sialoadenectomy and/or anti-EGF treat
ment of nude mice also reduced the rate of growth of success
fully implanted mammary tumor. It is thus of interest to note
that EGF may play an important role in the growth of mam
mary tumor both in the host animals and in the nude mice. In
addition, the present study raises the possibility that EGF may
be important for the implantation and growth of other tumor
cells in nude mice. Sialoadenectomy combined with anti-EGF

4652

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/17/4651/2428241/cr0470174651.pdf by guest on 19 M

ay 2023



EPIDERMAL GROWTH FACTOR IN NUDE MICE

treatment of nude mice may be a useful means of assessing the
involvement of EGF in implantation and proliferation of var
ious types of tumors.

At present, the precise mechanism by which EGF stimulates
the implantation of tumors is not denned. Since EGF receptors
are present in both normal and neoplastic mammary cells (21-
23) and since EGF is a potent mitogen for these cells in vitro
(9, 24), the growth factor may directly enhance proliferation of
the transplanted tumor cells. There is an alternative possibility
that EGF acts indirectly by producing an environment suitable
for tumor implantation.
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