
[CANCER RESEARCH 53, 4102-4106. September 1. 1993]

Interleukin la Acts as an Autocrine Growth Stimulator for Human Gastric
Carcinoma Cells1

Reiko Ito, Yasuhiko Kitadai, Eikai Kyo, Hiroshi Yokozaki, Wataru Yasui, Uki Yamashita, Hiromasa Nikai, and
Eiichi Tahara2

First Department of Pathology [K. I., Y. K., E. K., H. Y., W. Y., E. T.Â¡,Department of Parasitology Â¡U.Y.Â¡,Hiroshima University Sellimi of Medicine, and Department of Oral
Pathology Â¡R.I., H. N./, Hiroshima University School of Dentistry, 1-2-3 Kasumi, Minami-ku, Hiroshima 734, Japan

ABSTRACT

The expression and effect of interleukin la (IL-la) were examined in
human gastric carcinoma cell lines to determine if IL-la acts as a growth

stimulator for these cells. Six of 8 gastric carcinoma cell lines expressed
IL-la mRNA at various levels. Among them, TMK-1 and MKN-7 cells
secreted IL-la into the culture fluid, in an especially large amount by
MKN-7 cells. Scatchard plot analysis of IL-la binding revealed that
TMK-1 cells had only one type of high-affinity receptors, whereas MKN-7
cells had high- and low-affinity receptors. Cell growth and DNA synthesis
of TMK-1 and MKN-7 cells were stimulated by IL-la, and those of
MKN-7 were inhibited by addition of anti-IL-la antibody or IL-1 receptor

antagonist. The expression of IL-la mRNA by these cell lines was induced
by either IL-la, epidermal growth factor, or transforming growth factor

a. On the other hand, IL-la increased the mRNA expression for trans

forming growth factor a and epidermal growth factor receptor. These
findings indicate that IL-la is an autocrine growth stimulator for gastric

carcinoma cells and the interaction with epidermal growth factor/
transforming growth factor a/receptor system should be involved in the
growth modulation by IL-la.

INTRODUCTION

Gastrointestinal carcinomas express a variety of growth factors and
their receptors which regulate the growth of cancer cells in an auto
crine and/or paracrine manner (1). We have previously reported that
EOF3 and TGF-a produced by tumor cells act as autocrine growth

factors (2â€”4-)and synchronous expression of EOF, TGF-a, and EGFR

evidently contributes to biological malignancy of gastric carcinoma
(5-7). Recently, it has been reported that cytokines, including IL-1,
IL-2, and IL-6 also function as growth factor for several kinds of
tumor cells (8-10).

IL-la, which is mainly produced by activated macrophages, medi

ates many of the local and systemic responses to infection and in
flammation (11-13). IL-la activates T-cells, B-cells, and endothelial

cells, increases number of neutrophilic cells, and affects the expres
sion of various adhesion molecules (14). On fibroblasts, IL-la stim

ulates proliferation, prostaglandin production, and collagenase secre
tion. It has been recently reported that IL-la is secreted by certain

carcinoma cells such as thyroid carcinoma and ovarian carcinoma
(10, 15, 16). IL-la has been confirmed to behave as autocrine growth

stimulator on thyroid carcinoma cells in addition to normal fibroblasts
and ATL cells (17-19). On the other hand, IL-la inhibits the growth
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of a breast carcinoma cell line MCF-7 (20). However, no study has

been made on gastric carcinoma cells to elucidate the biological role
of IL-la.

In the present study, we examined the expression of IL-la in gastric
carcinoma cell lines. Furthermore, the effect of IL-la on cell prolif

eration and expression of growth factor/receptor genes in gastric car
cinoma cell lines were studied.

MATERIALS AND METHODS

Cell Culture. Eight cell lines derived from human gastric carcinomas were
used. The TMK-1 cell line was established from poorly differentiated adeno-

carcinoma in our laboratory (21). Five gastric carcinoma cell lines of the MKN
series (MKN-l,adenosquamous cell carcinoma; MKN-7, MKN-28, and MKN-
74, well-differentiated adenocarcinoma; MKN-45, poorly differentiated ade-

nocarcinoma) were kindly provided by Dr. T. Suzuki (Fukushima Medical
University, Fukushima, Japan). The KATO-III and HSC-39 cell lines which

were established from signet ring cell carcinoma were kindly provided by Dr.
M. Sekiguchi (University of Tokyo, Tokyo, Japan) and Dr. K. Yanagihara
(Hiroshima University, Hiroshima, Japan) (22), respectively. A431 and HeLa
cells were also used. All the cell lines were routinely maintained in RPMI 1640
(Nissui Pharmaceutical Co., Ltd., Tokyo, Japan) containing 10% FBS (Whit-

taker, Walkersville, MA) under conditions of humidified 5% CO2 in air at
37Â°C.They were grown to subconfluence in the medium described above.

EGF and TGF-a Treatment of Gastric Carcinoma Cells. After 24 h of
serum starvation, 1 niu concentrations of EGF or TGF-a were added. The cells

were treated for 0 h (control), 1, 3, and 12 h, and RNAs were extracted. Human
recombinant EGF and TGF-a were kindly provided by Wakunaga Pharmaceu

tical Co. (Hiroshima).
IL-la Treatment of Gastric Carcinoma Cells. After 24 h of serum star

vation, 10 units/ml IL-la were added. The cells were treated for 0 h (control),
1,3, 12, and 24 h, and RNAs were extracted. Recombinant human IL-la was

kindly donated by Dr. M. Yantada (Dainippon Pharmaceutical Co. Ltd., Osaka,
Japan).

Northern Blot Analysis. RNA was prepared by the cesium chloride-guani-
dine-thiocyanate method modified as described elsewhere (23). Five fig of

total RNAs or polyadenylated selected RNAs were electrophoresed on 1%
agarose gel containing 6% formaldehyde and were transferred to a nylon
membrane filter. Hybridization, using '2P-labeled probe, and washing were

performed as described previously (3), and filters were exposed to X-ray film.
The 2.3-kilobase human IL-la cDNA insert from pEP3()2 was used (24).

The 1.4-kilobase human TGF-a cDNA insert from sp65C17N3 and the 1.0-
kilobase TGF-ÃŸcDNA insert from pÃŸCl were kindly provided by Dr. R.
Derynck. The 1.6-kilobase human ERBB2 cDNA insert from pCER204 was
kindly provided by Dr. T. Yamamoto. The 2.4-kilobase human EGFR cDNA

insert from pE7 were obtained from the Japanese Cancer Research Resources
Bank. A ÃŸ-actinprobe was purchased from Oncor, Gaithersburg, MD.

Measurement of IL-la. The cells were seeded in 12-well dishes (Costar,
Cambridge, MA) at 1 X 10s cells/well and grown to 70% confluency in RPMI

1640 containing 10% FBS. The cells were then cultured with serum-free
medium for 72 h and the content of IL-1 a in the culture fluid was measured by
using a human IL-la enzyme-linked immunosorbent assay kit (Otsuka Phar
maceutical Co., Ltd., Tokushima, Japan) according to manufacturer's instruc

tions. The experiments were performed in duplicate and were repeated twice.
IL-1 Binding Assay. The cells were seeded in 6-well dishes (Falcon, Lin

coln Park, NJ) at 1 X K)6 cells/well. After 24 h, the cells were washed with the

binding medium (RPMI 1640 containing 1% bovine serum albumin), and
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Fig. 1. Expression of IL-la mRNA by gastric carcinoma cell lines. Five fig of poly-
adenylated selected RNA was subjected to Northern blot analysis by using -i2P-labeled
IL-la cDNA as described in "Materials and Methods." A ÃŸ-actinprobe was used as an

internal control.

various dilutions of 125I-labeled IL-la or unlabeled IL-la in 0.4 ml of the

binding medium were added. Nonspecific binding was estimated by using 100
niu concentration of unlabeled IL-la. Binding reaction was carried our for 4 h
at 4Â°C.Data were obtained from duplicate experiments.

Cell Growth and DNA Synthesis. The cells were seeded in 12-well dishes
(Costar) at 1 x IO4 cells/well and cultured in RPMI 1640 containing 0.5% FBS

in the presence of various concentrations of IL-la up to 100 units/ml, anti-
IL-la antibody (1%). and/or IL-I receptor antagonist (100 pg/ml). Anti-IL-la

antibody blocked the activity of 100 units of recombinant IL-la at the con
centration of 0.5% (8). IL-lra was kindly provided by Otsuka Pharmaceutical

Co. Ltd. Normal rabbit IgG at the same concentration was used as a control for
IL-la antibody. To examine the growth induction of IL-la, the medium was

changed every 2 days and cell number was counted by using a Nesbauer type
counting chamber every 2 days. To examine dose-dependent effect of IL-la or
growth inhibition of IL-la antibody or IL-lra, the cells were counted after the

treatment for 3 days.
To measure the DNA synthesis, about 5 X IO4 cells were plated on 24-well

tissue culture plates (Faleon) and cultured in RPMI 1(>40containing 10% FBS
for 48 h. After serum starvation for 48 h, IL-la was added at various concen

trations and incubated for a further 24 h. The cells were incubated with
[3H]thymidine (0.2 mCi/ml) for 4 h. After intensive washing, incorporated

radioactivity was measured by liquid scintillation counting. All the experi
ments were performed in duplicate and repeated three times.

RESULTS

Expression and Secretion of IL-la by Gastric Carcinoma Cell
Lines. The expression of IL-la mRNA by gastric carcinoma cell
lines was examined by Northern blot analysis. IL-la transcript of 2.3

kilobases was clearly detected in 6 of 8 human gastric carcinoma cell
lines at various levels (Fig. 1). MKN-7 cells expressed IL-la mRNA
at an extremely high level. TMK-1 and MKN-28 cells also expressed
high levels of IL-la. The expression of IL-la mRNA was not detected
in HSC-39 and KATO-III cells.

To know whether gastric carcinoma cells secrete IL-la protein,
IL-la contents in the culture fluid were measured by enzyme-linked
immunosorbent assay. The amount of IL-la in the culture fluid of
MKN-7 and TMK-1 were 40 and 2.1 pg/ml, respectively. IL-la was

undetectable in the culture fluid of the other 6 cell lines.
Southern blot analysis revealed that neither amplification nor rear

rangement was observed in all the gastric carcinoma cell lines (data
not shown).

Binding of IL-la to Gastric Carcinoma Cell Lines. The specific
binding of I25l-labeled IL-la to the cell surface receptors of TMK-1

and MKN-7 is shown in Fig. 2. The specific binding was saturable,
and Scatchard plot analysis revealed that only one type of high-
binding-affinity receptors existed in TMK-1, whereas MKN-7 had
both of high- and low-binding-affinity receptors. An apparent disso
ciation constant (Kd) of 1.07 X IO'"' Mwas in TMK-1, while it was
1.24 X 10-'" M and 2.27 X IO'1" M in MKN-7. The IL-la binding

sites/1 cell were 2.86 X IO2 in TMK-1 and 2.55 X IO2 and 1.24 X IO3

in MKN-7, respectively.
Effect of IL-la on Proliferation of Gastric Carcinoma Cell

Lines. We next examined the effect of IL-la on the cell growth of
TMK-1 and MKN-7 cells. Ten units/ml of IL-la significantly

stimulated the cell growth of both cell lines (Fig. 3). The stimulatory
effect of IL-la was dose dependent up to 100 units/ml (Table 1).
The effect of IL-la on DNA synthesis of these cell lines was anal
yzed by the incorporation of [3H]thymidine into the cells. IL-la

increased DNA synthesis by both cell lines in a dose-dependent man

ner (Table 1).
As a mentioned above, TMK-1 and MKN-7 secreted IL-la into

medium and exogenous IL-la stimulated cell growth of these cell
lines. To examine whether IL-la acts as an autocrine growth stimu
lator, we blocked the effect of endogenous IL-la, using anti-IL-la
antibody or IL-1 receptor antagonist and searched for the cell growth.

TMK-1 MKN-7

Kd= 1.24x10'10M
2.55x102 sites/cell

K<*=1.07x10 '"M
2.86x102 sites/cell

20 40 60

IL-1 a (f mol)

40 60
IL-1 a (f mol)

100

Fig. 2. Specific binding of I25l-labelcd IL-la lo gastric carcinoma cell lines. The nonspecific binding was defined as the portion of the binding which was displaced by unlabeled
100 nw IL-lo. Points, mean of triplicate measurements. Inset, Scatchard plot analysis.
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Fig. 3. Stimulatory effect of IL-la on growth of gastric carcinoma cell lines. TMK-1 and MKN-7 cells were cultured with 0.5% FBS in the presence or absence of 10 units/ml IL-lit.
Points, average of six independent experiments; bars, SE.

Table 1 Effect of IL-lct on cell growth and DNA synthesis of gastric carcinoma
cell lines

IL-la(units/ml)01III5(110001III50100Cellno.(X104/well)Â°TMK-1

cells36.3

Â±0.3254.4
Â±0.5559.0
Â±0.8458.8
Â±1.0869.8
Â±1.12MKN-7ceIls12.110.4713.7

Â±0.6821.6
Â±1.0423.1
Â±1.2425.01

1.63|-1H]TdRi'

incorporation
(cpm/well)c1230

17.651252
118.31526
Â±23.9N.E.1640

+30.1100.5

13.69148.5
Â±5.13230.0
18.49NE234.0

Â±9.74
" The cells were cultured with 0.5% FBS in the presence of indicated concentrations

of IL-la for 3 days and the cell numbers were counted. The data represent the average Â±

SE of six independent experiments.
h TdR, thymidine; NE, not examined.
' The cells were cultured with serum-free medium in the presence of the indicated

concentrations of IL-la for 3 days and [3H]thymidine incorporation was determined as
described in "Materials and Methods."

IL-la antibody (1%) and IL-lra (100 pg/ml) inhibited the cell growth
of MKN-7 by 47.3 and 28.8%, respectively (Table 2). However, the
growth inhibition by anti-IL-la antibody and IL-lra for TMK-1 was

only 17.0 and 12.5%, respectively.
Effect of EGF and TGF-a on Expression of IL-la mRNA. We

have previously reported that EGF and TGF-a modulate the expres

sion of various growth factor/receptor genes in gastric carcinoma cell
lines. To determine whether EGF and TGF-a induce the expression of
IL-la, TMK-1 and MKN-7 cells were treated with EGF and TGF-a
and the expression of IL-la mRNA was examined. The expression of
IL-la mRNA was apparently increased by the treatment of EGF or
TGF-a (Fig. 4). The maximum induction was detected at l h after
EGF treatment in both cell lines. By TGF-a treatment, the peak of
induction was observed at 3 h in TMK-1 cells and at l h in MKN-7

cells.
Effect of IL-la on Expression of IL-la and Growth Factor/

Receptors in Gastric Carcinoma Cell Lines. We next examined the
effect of IL-la on the mRNA expression of IL-la itself and several

growth factors and their receptors. As shown in Fig. 5, the expression
of IL-la mRNA by both TMK-1 and MKN-7 cells was apparently
induced by IL-la incubation for 1 h. In TMK-1, the level of IL-la

mRNA after a 1-h incubation was about 14-fold that of the control.
Although it gradually decreased, the level of IL-la mRNA was about
8.4-fold at 24 h. The similar induction of about 6-fold was also
detected in MKN-7 at 1 h. However, the level of IL-la mRNA in
MKN-7 decreased more rapidly than that in TMK-1.

The effect of IL-la on the expression of EGFR, TGF-a, TGF-ÃŸ,
and platelet-derived growth factor is shown in Fig. 6. The expression

of EGFR mRNA by both cell lines was significantly increased by
IL-la incubation for 3 h. The expression of TGF-a mRNA was
slightly induced by IL-la for 3 h. Slight induction of TGF-ÃŸexpres
sion was found in TMK-1. IL-la temporarily decreased the expres
sion of platelet-derived growth factor mRNA by both cell lines.

DISCUSSION

In the present study, we found that IL-la mRNA was expressed by
many human gastric carcinoma cell lines, among which TMK-1 and
MKN-7 secreted IL-la into culture media, in an especially large
amount by MKN-7. Both TMK-1 and MKN-7 cell lines had signifi
cant numbers of the receptor for IL-la and their growth was stimu
lated by exogenous IL-la. Although TMK-1 cells had only one type
of high-affinity receptors and MKN-7 cells had both high- and low-

affinity receptors, they showed no remarkable difference in growth

Table 2 Effect of anii-IL-la antibody and IL-I receptor antagonist on cell growth

of gastric carcinoma cell lines

NoadditionNormal
IgG

IL-la antibody
IL-lra (100pg/ml)No

additionNormal
IgG

IL-la antibody
IL-lra (100 pg/ml)Cell

no.(XH)4/well)"TMK-1

cells36.3

Â±0.3234.1
Â±0.35

30.1 Â±0.44
3 1.7Â±0.80MKN-7

cells12.1

Â±0.4711.
6 10.82

6.1310.95
8.64 1 0.58%

of growth
inhibition''5.8

17.0
12.54.147.3

28.8
a TMK-1 and MKN-7 cells were cultured for 3 days in the presence of normal IgG

(1%) and IL-la antibody (1%), or IL-lra (100 pg/ml). The data represent the average Â±

SE of six independent experiments.
h Percentage of growth inhibition was calculated as compared with the data of cells

without treatment.
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stimulation by exogenous IL-la. The significance of the two types of

receptors should be clarified.
More interestingly, an exogenous IL-la enhanced the growth and

DNA synthesis of the two gastric carcinoma cells in a dose-dependent
manner and anti-IL-la antibody or IL-Ira significantly suppressed the
cell growth and DNA synthesis of MKN-7. But those of TMK-1 were
slightly inhibited by anti-IL-la antibody or IL-lra. These findings
were compatible with the amounts of IL-la produced by these cell
lines. Therefore, we conclude that IL-la functions as an autocrine
growth stimulator for gastric carcinoma cell line MKN-7.

Gastric carcinomas exhibit aberrant expression or genetic alter
ations of various growth factors and their receptors that confer growth
autonomy on tumor cells themselves by autocrine and paracrine mech
anism (1, 25). Gastric carcinoma cells produce EOF and TGF-a and
express their receptors (2, 3). EOF or TGF-a induces the expression
of mRNAs not only for TGF-a and EOF receptor but also for stromel-
ysin and collagenase (7). Thus, EGF or TGF-a successively evoke

cascade phenomena which are most convenient for tumor progression,
extracellular matrix degradation, and tumor invasion. In fact, simul
taneous expression of EGF/TGF-a and their receptor is correlated
with tumor staging and the patient's prognosis (5, 6, 26). In the present

study, the expression of IL-la, an autocrine growth stimulator, was
also induced by the treatment of EGF or TGF-a. Moreover, IL-la
increased the expression of TGF-a and EGF receptor in addition to

TMK-1 MKN-7

TMK-1

Â£

MKN-7

EGF
treatment

TGF-a
treatment

/
â€¢¿�f..

Kb

-2.3-

4J?

> -2.3- Â»leÂ»
Fig. 4. Time course of effect of EGF and TGF-a on expression of IL-la mRNA.

TMK-1 and MKN-7 cells were treated with 1 nM EGF or TGF-a for the periods indicated.
Five /xg of total RNA from MKN-7 and 5 jxg of polyadenyiated selected RNA from
TMK-1 were subjected to Northern blotting.

TMK-1

fff

MKN-7

IL-1a
-2.3Kb- Â»â€¢t

|l-actin

Fig. 5. Autoinduction of IL-la in gastric carcinoma cell lines. TMK-1 and MKN-7
cells were treated with 10 units/ml IL-la for the periods indicated, and the mRNA
expression was analyzed as in Fig. 2. The expression level after a 1-h incubation in TMK-1
and MKN-7 cells were 14- and 5.7-fold, respectively.

EGFR

TGF-u

TGF-p

PDGF

ÃŸ-actin

lilt!

-4.8-

-1.6-

:a: I ft!

Fig. 6. Time course of effect of IL-la on the expression of various growth factors/
receptors by gastric carcinoma cell lines. TMK-1 and MKN-7 cells were treated with 10
units/ml IL-la for the periods indicated. Five u,g of polyadenylated RNA were analyzed
as in Fig. 1. The expression level of EGFR after a 3-h incubation in TMK-1 and MKN-7
cells were 5.1- and 1.7-fold of the control, respectively. Those of TGF-a in both cells were
1.6- and 1.4-fold, respectively. The expression level of TGF-ÃŸin TMK-1 cells after a 3-h
incubation was 1.5-fold of the control.

IL-la itself. Therefore, IL-la may be involved in the multiautocrine

loops of the growth factor/cytokine system in gastric carcinoma.
It has been reported that IL-la possesses a diverse range of bio

logical activities, including the capacity to stimulate proliferation of
fibroblasts, modulate T-cell function (27), and induce production of
other cytokines (11). Therefore, there is a high possibility that IL-la

produced by gastric carcinoma cells may act as a paracrine factor and
cause stromal fibrosis and activation of the cytokine network. In fact,
scirrhous gastric carcinomas characterized by productive fibrosis ex
pressed IL-la mRNA at high levels (data not shown). On the other
hand, IL-la is well known to be produced by stromal cells, such as

activated macrophages, fibroblasts, and vascular endothelial cells
(11). IL-la secreted by the stromal cells could exert a great influence

on cell proliferation, differentiation, and necrosis of gastric carcinoma
in a paracrine manner.

With regard to the complex interaction between tumor cells and
stromal cells, human HGF, whose receptor is a c-met protein, also may

play an important role in progression and morphogenesis of gastric
carcinoma (1). HGF is expressed by stromal fibroblasts and stimulates
proliferation of gastric carcinoma cells which express c-met protein

(1). Recently, we have reported that 38% of gastric scirrhous carci
noma have the c-met gene amplification (28). Moreover, we have
found that the human stomach fibroblast cell line ST-Fib secretes HGF
into the culture fluid, and treatment of ST-Fib cells with TGF-a,
TGF-ÃŸ,and IL-la induces enhancement of HGF secretion (1). These
results suggest that IL-la produced by tumor cells may enhance

secretion of HGF from stromal fibroblast and then stimulate the
growth of gastric carcinoma cells indirectly.

Interestingly, we have found that many gastric carcinoma cell lines
express IL-2 and IL-6 in addition to IL-la.4 The interaction of ILs on

human gastric carcinoma cells is to be elucidated in the future.

4 Unpublished data.
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