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Factor on the Growth of MKN-28 Human Gastric 

Carcinoma Transplanted into Nude Mice 
Yoichi Murayama, Yasuyuki Onishi and Yoshio Mishima 

The effects of human recombinant epidermal growth factor (EGF) on the growth of MKN-28 human gastric 
carcinoma, transplanted into nude mice were studied. Modulation of tissue CAMP and EGF receptor levels by 
EGF was also studied to reveal the mechanism of the growth inhibitory effects of EGF. EGF exhibited a dose- 
dependent growth inhibitory effect on MKN-28 human gastric carcinoma transplanted into nude mice. Local 
injection of 2 ng of EGF moderately inhibited the growth of MKN-28 gastric carcinoma, while injections of 
20 ng, 200 ng and 2 p.g of EGF signiikantly inhibited tumour growth. EGF decreased tissue CAMP levels in a 
dose-dependent manner within 24 h after EGF injection. On the other hand, EGF increased the EGF receptor 
levels up to two or three fold within 24 h after EGF injection. Conversely, the EGF receptor aflinity for EGF 
decreased according to the increase in EGF receptor levels. 
EurJ Cancer, Vol. 28A, No. 12, pp. 199~1999,1992. 

INTRODUCTION 
EPIDEFMAL GROWTH factor (EGF) binds to its cell surface 
receptor and stimulates cell proliferation in various epithelial 
cells. EGF also inhibits cell growth in vitro of some types of 
breast cancer, epidermal cancer and oesophageal cancer which 
have high levels of EGF receptors [ 1,2]. We recently reported 
the growth inhibitory effects of EGF on MX- 1 and UM-1 human 
breast cancer and ES-4 oesophageal cancer transplanted into 
nude mice [3]. In this paper, we present an interesting relation- 
ship between EGF dose and tumour growth of MKN-28 gastric 
carcinoma transplanted into nude mice. 

In addition to these investigations, the modulation of intra- 
cellular cyclic adenosine monophosphate (CAMP) and EGF 
receptor levels by EGF in MKN-28 gastric carcinoma trans- 
planted into nude mice was studied to reveal the mechanism of 
the growth inhibitory effects of EGF on these carcinomas. 

MATERIALS AND METHODS 
Animals 

Adult athymic nude mice (SPF/VAF Crj: CD-l(IcR)-nu: 
Charles River Breeding Laboratories Japan, Azugi, Japan), 
weighing 3a g were housed under specific pathogen-free 
conditions. 

Tumours 
MKN-28 human gastric carcinoma was obtained from a lymph 

node metastasis of gastric carcinoma in a 70-year-old female in 
1975. The MKN-28 cell line is a well-differentiated adenocarcin- 
oma. This cell line was obtained from Immuno-Biological Lab- 
oratory (IBL Inc., Fugioka, Gunma, Japan) [4]. 
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Experimental protocol 
MKN-28 cells were grown in RPMI-1640 supplemented with 

fetal bovine serum. Cell (5 x 10’) in 0.3 ml of saline were 
transplanted into the subcutaneous tissue. 58 days after trans- 
plantation, the initially 2 x 3 mm tumour had grown to 
15 x 15 mm and was transplanted into 15 nude mice. Tumour- 
bearing mice were divided into five groups 13 days after trans- 
plantation. Each group consisted of three experiments. For each 
group, 0.2 ml of buffer solution, containing 2 ng, 20 ng, 200 ng, 
2 kg of EGF or no EGF, was injected subcutaneously around 
the tumour (EGF was dissolved in 0.2 ml of phosphate buffered 
saline, pH 7.4). The animals were examined on each of the 
subsequent 7 days for tumour growth and the diameter of 
the tumour was measured with calipers in two perpendicular 
directions (length and width). The estimated tumour weight, 
growth rate and growth curve were recorded to evaluate the 
effects of EGF on tumour growth. The estimated tumour weight 
(W) was calculated as follows: W = length (mm) x width 

(mm)2/2(mg). 
The tumour growth rate was defined as WbWa where Wa is 

the estimated tumour weight on day 13 after transplantation 
(before treatment), and Wb is the estimated tumour weight on 
day 7 after treatment. The EGF receptor levels were also assayed 
in the control and EGF-treated tumours removed on day 7 after 
injection. In a further experiment, buffer solution, 2 ng of EGF 
or 2 pg of EGF was subcutaneously injected around the tumour 
(tumour weight: average range 684 mg, 550-936 mg). Tumour 
was removed 24 h after injection and stored at -80°C. EGF 
receptor and CAMP levels in the tumours were assayed to detect 
modulation of the EGF receptor and CAMP levels by EGF. 

EGF receptor (EGF-R) assay 
EGF-R binding capacity was determined using a modification 

of the competitive binding assay described by Fitzpatrick or 
Sainsbury [3, 5, 61. Tumour specimens were minced and 
homogenised using several intermittent bursts of a Polytron in 
ice-cold buffer. The homogenate was then centrifuged at 1000 g 
for 10 min at 4°C. The supernatant was centrifuged at 100 000 g 
for 35 min at 4°C. The membrane pellets were resuspended in 

1996 



Effects of EGF on Tumour Growth of Human Cancer 1997 

phosphate buffer. 100 ~1 of membrane fractions were incubated 
with [‘2sI]EGF (0.01 pmolellO0 $/tube) in the presence or 
absence of 200 ~1 of unlabelled EGF (O-80 nM) for 2 h at 25°C. 
The binding was stopped by addition of ice-cold phosphate 
buffer containing bovine serum albumin (2 mg/ml). To separate 
the bound and free fractions, samples were incubated with 
500 ~1 of 0.6% y-globulin and 500 ~1 of 32% polyethylene glycol 
6000 for 30 min at 4”C, followed by centrifugation at 2000 g for 
30 min at 4°C. The pellets were counted in a gamma counter. 
The results were expressed as fmol bound per mg of membrane 
protein (measured according to Lowry et al. [7]). 

330 0 Buffer only (n=3) 
x 2 ng of EGF In=31 

300 A 200ng of EGF (n-3) 
0 20 ng of EGF (n=3) 

b 
& 250 

Dissociation constant (&) was determined using Scatchard 
plot of the binding data [8] and levels of EGF-R-EGF complex 
were determined at various concentrations of added EGF. A 
Scatchard plot of the ratio of concentrations of specifically 
bound [‘2SI]EGF to free hormone (B:U) vs. bound hormone 
concentration was prepared. Where a single binding component 
was present, the equilibrium constant of dissociation, &, was 
equal to the reciprocal of the slope of this curve, and the 
extrapolated intercept on the abscissa was equal to the concen- 
tration of the binder-hormone complex. 

0357 0 

Days after treatment 

Binding capacity (BC) and K,+ were calculated as follows: 
Fig. 1. Effect of EGF on tumour growth of MKN-28 gastric carci- 

noma. 

BC = 4Xkoncentration of protein 
Kd=XN, 

where X is bound [12SI]EGF concentration and Y is the ratio of 
concentration of bound [1251]EGF to free hormone (Fig. 2). & 
was calculated after eight measurements. 

Tissue CAMP assay 
Tissue CAMP was determined using a radioimmunoassay as 

described by Steiner et al. [9] Tissue was stored at -80°C prior 
to analysis. Tissue was homogenised in iced conditions after 
adding 1 ml of 0.1 N HCl and then centrifuged at 3000 rpm for 
15 min at 4°C. 2 ml of supernatant was succinylated prior to 
tissue CAMP assay. The level of tissue CAMP was determined. 
by radioimmunoassay using a Yamasa radioimmunoassay Kit 

[lOI. 

receptor for EGF was also investigated in these tumours. EGF 
increased the binding capacity of the EGF receptor for EGF 
from 100 to 487 fmol/mg of protein for 7 days after EGF 
treatment. Modulation of CAMP and EGF receptor binding 
capacity by EGF was also seen at 24 h after injection of EGF 
(Table 1). EGF decreased tissue CAMP in a dose-dependent 
manner within 24 h after EGF injection. Tissue CAMP levels in 
control turnours, and tumours treated with 2 ng and 2 @g of 
EGF were 1888,1049 and 884 pmoYg of wet tissue, respectively. 
On the other hand, EGF increased EGF receptor levels within 
24 h after EGF injection. EGF receptor levels of control tumour, 
and tumour treated with 2 ng and 2 kg of EGF were 100, 326 
and 200 fmoVmg of protein, respectively. According to the 
increase in EGF receptor levels, affinity of the EGF receptor for 
EGF decreased as shown in Fig. 2. 

Materials DISCUSSION 

Human recombinant EGF was obtained from Wakunaga 
COLT (Hiroshima, Japan). EGF was biochemically synthesised 
from the amino acid sequence reported by Gregory [ 11, 121. 

Twnour growth and response to EGF treatment 

Statistical analysis 

It has been reported that the amount of EGF binding to the 
EGF receptor was 12.68 (1.98) fmol/mg of protein in gastric 
carcinoma and 5.72 (2.15) fmoYmg protein in non-neoplastic 
gastric mucosa, indicating that MKN-28 human gastric carci- 

Statistical analysis was performed using the Student’s t-test. 

RESULTS 
As shown in Fig. 1, EGF depressed turnout growth in a dose- 

dependent manner. A decrease in tumour weight was noted 
after injection of 2 pg of EGF. Tumour growth rates of the 
control tumour and tumours treated with 2 ng, 20 ng, 200 ng 
and 2 p.g of EGF were [mean (S.D.)] 4.6 (0.9), 3.0 (0.3), 1.5 
(0.3), 1.8 (0.7) and 0.8 (0.7), respectively. Growth rate [mean 
(SE)] of tumours treated with 20 ng, 200 ng and 2 kg of EGF 
was 1.4 k 0.7. This is significantly different from that of control 
tumour (P < 0.001). The mean growth rates of control tumour 
and tumour treated with 2 ng of EGF were also significantly 
different (P < 0.05). Doubling time of control tumours was 
4.25 days and that of tumours treated with 2 ng of EGF was 
6.22 days. 

Table 1. Modulation of intra-cellular CAMP and EGF receptor by 
EGF in MKN-28 gastric carcitwma at 24 h after treatment with 

EGF 

Tumours 

bra-cellular 

CAMP 
(pmole/g of 
wet &sue) 

Binding 
capacity of 

EGF receptor 
(fmole/mg of 

protein) 

Control 

Tumour treated 
with 2 ng of EGF 

Tumour treated 
with 2 pg of EGF 

1888 100 319 

1049 326 411 

884 200 518 

Modulation of CAMP levels and binding capacity of the EGF 

Kd (PM) 
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Bound C’2513 EGF (fmole/ml) 

Fig. 2. Scatchard plot of the binding. 
A: Control tumour binding capacity (BC) = 100 fmole/mg of protein, 
K,, = 319 PM. B: Tumour at 24 h after treatment with 2 ng of EGF: 
BC = 326 fmole/mg of protein, K, = 411 PM. C: Tumour at 24 h 
after treatment with 2 pg of EGF: BC = 200 fmole/mg of protein, 
Kd = 518 PM. D: Tumour on day 7 after treatment with EGF: 

BC = 487 fmole/mg of protein, K, = 1167 PM. 

noma has a high level of EGF receptor binding [ 131. We can 
explain the strong growth inhibitory effect of EGF on growth of 
MKN-28 human gastric carcinoma transplanted into nude mice 
from the high EGF receptor level of this tumour based’on the 
results of EGF treatment with 20 ng, 200 ng and 2 pg of EGF. 
We can also explain the weak growth inhibitory effect of 2 ng of 
EGF for the same reason. 

The relationship between EGF receptor status and response 
to EGF is very important. Squamous cell carcinoma such as ES- 
4 oesophageal cancer have high levels of EGF receptors on 
the cell surface and this tumour transplanted into nude mice 
responded very well to EGF as previously reported [3]. There is 
a positive correlation between response to EGF and EGF 
receptor status based on the in viva results using MX-1 and UM- 
1 human breast cancer and the in vitro results using other breast 
cancer cell lines (AlAb 496, MCF-7, T-47, HBL-100, BT-474, 
SK-Br-3, BT-20, DU4475, and Lev III) [l]. For example, A- 
43 1 epidermoid cancer cells and BT-20 breast cancer cells which 
exhibit amplification of the EGF receptor gene respond very 
well to EGF. These cells respond to both high and low concen- 
trations of EGF. On the other hand, DU4475 and Lev III, 
which do not have detectable EGF receptor binding sites, do 
not respond to EGF. These results indicate that the EGF 
receptor may have discriminatory power of response to EGF. 

Modulation of EGF receptor and CAMP by EGF 
The mechanism of action of EGF in the cell is not currently 

adequately understood. The first part of the process involves 
binding to the EGF receptor. The second involves internalisation 
through the G protein, which is an oncoproten of the ras 
oncogene. The third process involves activation of the so-called 
effector which causes /activation of adenylate(A) cyclase and 
production of CAMP. The next signal-transduction is mediated 
through A-kinase. Finally, EGF activates many types of onco- 
genes, including rus, myc, and fos [4, 141. EGF also activates 
transcription of EGF receptor gene mRNA [4, 14, 151. To 
elucidate a detailed mechanism of the growth inhibitory action 
of EGF, we investigated the modulation of tissue CAMP levels 
and EGF receptor by MKN-28 human gastric carcinoma trans- 
planted into nude mice, followed by treatment with EGF. 

We demonstrated that 2 kg of EGF increased the binding 
capacity of the EGF receptor for EGF in MKN-28 human 
gastric carcinoma transplanted into nude mice. This modulation 
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2. 

3. 
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phenomenon is an effect of EGF on day 7 after EGF injection, 
and was also found in MKN-28 tumour removed at 24 h after 
treatment with EGF. There have been other papers which have 
reported the EGF-induced modulation of the EGF receptor. 
Johansson and Andersson [ 161 reported that a two-fold increase 
in the level of EGF receptor mRNA was observed 2-4 h after 
intraportal EGF injections. Cohen et al. [17] reported EGF 
receptor-protein kinase interactions and EGF stimulated phos- 
phorylation activity of the EGF receptor in A-431 human 
epidermoid carcinoma cells. 

Tahara et al. [4] reported that the 170 kDa EGF receptor was 
markedly phosphorylated by 10 and 100 nmol/l of EGF in an in 
vitro study. In addition to the modulation of the EGF receptor 
level, the decreased affinity of the EGF receptor for EGF is also 
important. It is suggested that decreased affinity of the EGF 
receptor for EGF binding associated with the increased EGF 
receptor level may be an important mechanism in the growth 
inhibitory effect of EGF in MKN-28 gastric carcinoma. 

On the other hand, we noted significant modulations of 
CAMP by EGF. EGF caused a dose-dependent 53% decrease 
in intracellular CAMP within 24 h. This modulation causes 
inhibition of cellular metabolism which influences metabolism 
of glucose, amino acids, nucleic acids, lipids and synthesis of 
ATP, and will result in inhibition of cellular proliferation. There 
are few reports on the relationship between EGF and CAMP 
from in v&o and in viva experiments. Some reports showed a 
modulation of CAMP by EGF. Greil et al. [18] reported the 
inhibition of CAMP formation by EGF in thyroid follicles. They 
concluded that EGF inhibits CAMP formation by a raise of 
intracellular Ca2+, as well as by thedirect activation of proteinki- 
nase C, indicating that a phosphorylated product could be a 
mediator for the inhibition of adenylate cyclase. Our data in 
modulation by EGF on CAMP in MKN-28 gastric carcinoma is 
the first report in viva. Our results indicate that the decrease in 
intracellular CAMP by EGF causes growth inhibition in MKN- 
28 human gastric carcinoma transplanted into nude mice. 

In conclusion, 20 ng to 2 pg of recombinant human EGF 
exhibited inhibitory effects on tumour growth in MKN-28 
human gastric carcinoma transplanted into nude mice. These 
growth inhibitory effects of EGF may be mediated through 
modulation of the EGF receptor and intracellular CAMP by 
EGF. 
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Constitutive Tissue Factor Expression of Human 
Breast Cancer Cell Line MCF-7 is Modulated by 

Growth Factors 
Conrad Fkksel, Thomas Luther, Sybille Albrecht, Matthias Kotzsch 

and Martin Miiller 

Expression of tissue factor, the initiator of the extrinsic coagulation protease cascade, is a feature of certain 
malignant tumours. To study the modulation of tissue factor expression we incubated the breast cancer cell line 
MCF-7 with several growth factors. Epidermal growth factor (EGF), transforming growth factor (Y (TGFa) and 
interleukin-1 (IL-l) rapidly increased tissue factor expression of MCF-7 cells peaking at 6-g h after starting point 
of incubation, as determined by clotting test, enzyme linked immunosorbent assay and flow cytometry. The data 
presented support the hypothesis that modulation of constitutive tissue factor expression in tumour cells by 
TGFa and IL-1 could also occur in vivo possibly resulting from interactions of stromal and cancer cells. The 
meaning for tumour biology, however, remains unclear. 
EurJ Cancer, Vol. 28A, No. 12, pp. 1999-2002,1992. 

INTRODUCTION 
TISSUE FACTOR (TF) is a 47 kDa transmembrane glycoprotein 
receptor and the essential cofactor for factors VIINIIa, thereby 
triggering the cell surface assembly of coagulation protease 
cascade, finally leading to formation and deposition of fibrin 
[l-3]. The human TF gene has been cloned [4]. Its molecular 
biology of expression and function has been reviewed and 
discussed recently [S]. The constitutively expressed TF is prefer- 
entially detectable in cells corresponding to biological boundary 
layers (skin, epithelia of respiratory and gastrointestinal tract, 
cerebral cortex and adventitia of vessels) as described by Drake 
et al. [6] and Fleck et al. [7]. Within the vasculature, endothelia 
and monocytes can be induced by endotoxins or cytokines to 
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start synthesis of TF (for review, see [5]), a phenomenon 
which is commonly accepted as a link between haemostasis and 
inflammation [5]. TF can be also detected in cells of certain 
malignant tumours [8, 91. Furthermore, fibrin deposits have 
been localised in several tumours and metastases (10, 111, 
and clotting abnormalities are frequently observed in tumour 
patients [12, 131. But until now, there is no clear evidence what 
role, if any, TF expression and activation of blood coagulation 
cascade proteases would play in tumour growth. 

Recent studies from our laboratory have shown that human 
primary breast cancer tissues express TF in a highly individual 
manner [ 141. The amount of immunohistochemically detectable 
TF apoprotein showed a close correspondence to the procoagu- 
lant activity (PCA) of those tumour tissues. Besides the individ- 
ual variations of TF in 115 primary cancers, a highly hetero- 
geneous distribution of TF-positive cancer cells was the 
predominant pattern. The latter could reflect genomic hetero- 
geneity of the cancer cell populations, as well as different 


