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ABSTRACT

We investigated the effect of irradiation on the surface antigen expression of
proto-oncogene c-erbB-2 on human adenocarcinoma cell lines. Cultured human
colonic adenocarcinoma cell BM314 and gastric adenocarcinoma cells MKN45
were irradiated to investigate the expression of the Erb B-2 protein. Interferon-
gamma (IFN-y) was also used to treat these cancer cells. The expression of
ErbB-2 showed remarkable increases on the surface of the membrane. Such
upregulation was shown to be dose dependent, namely, higher radiation doses
were associated with increased antigen expression. However, IFN-y administ-
ration did not show an increased expression of proto-oncogene c-erbB-2. These
findings may explain partially the increased immunogenity of tumor cells
following irradiation. The effect of irradiation is distinct from that of IFN-y
administration, suggesting that a different mechanism of action is present.
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INTRODUCTION

In addition to the direct cytocidal effects, the indirect effects of radiation
have recently been studied (1, 2). However, there have been only a few investi-
gations describing the immunological effects of radiation on the surface of tumor
cells (3-8). We reported that the expression of tumor-associated antigens such as
YH206 and CEA, major histocompatibility complex (MHC) Class I antigen and
intercellular adhesion molecule (ICAM) -1 in cultured human adenocarcinoma
cells, is enhanced after low-dose irradiation (9-11).
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Proto-oncogene c-erb B-2, discovered by Akiyama et al. (12), has been classi-
fied as a gene resembling an EGF (epidermal growth factor) receptor gene (13).
Its product is believed to be associated with tumor cell proliferation and
prognosis (14, 15). In the present study, we investigated the effects of radiation
on proto-oncogene c-erb B-2 product.

MATERIALS AND METHODS

Tumor cell lines

Human colonic adenocarcinoma cells BM314 and human gastric adeno-
carcinoma cells MKN45 were used. Both lines were maintained at 37°C, 5% CO;
in RPMI-1640 medium containing 10% fetal calf serum.

Monoclonal antibodies
Monoclonal antibody (MoAb) E-907 (IgG 1) to proto-oncogene c-erb B-2
product (16) was used in this study. ‘

X-ray irradiation

Tumor cell lines on a rotating plate were irradiated with a X-ray generator
(SOFTEX M-150W, Softex Co. Tokyo, Japan) operating at 150 kVp and 9 mA
with a 0.5-mm aluminum filter at a dose rate of 1.16 Gy/minute.

Treatment of cultured cells

The untreated and recombinant human interferon-y (IFN, a generous gift
from TORAY, Kamakura, Japan) treated cells were designated as the controls,
while the x-ray irradiated cells were subdivided into 3 dosage groups (5, 10 and
12Gy). 5 X 10° BM314 cells or 1 X 10® MKN cells with 10ml of medium in
plastic containers were incubated for 24 hours and either exposed to radiation or
treated with 200u/ml of IFN at room temperature. One hundred twenty hours
after culturing began, without further changes of the medium, the cells were
harvested and the supernatants were collected. The cells were counted using a
coulter counter (Coulter Electronics, Hialeak, FL). Both cells at the time of
collection were in the stationary phase.

Flow cytometry

For an indirect fluorescent antibody procedure, MoAb E-907 was used to
detect and proto-oncogen c-erb B-2 product on the collected cells. After one
hour of incubation on ice, the cells were exposed to a 1:10 dilution of fluorescein
isothiocyanate-labeled goat anti-mouse Ig (Tago, Burlingame, CA) for another 30
minutes on ice, after which they were fixed by 70% ethanol and preserved at 4C.
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These cells were then analyzed for green fluorescence on flow cytometry (Epics-
C, Coulter Electronics). The 488-nm line of a 500mW argon ion laser was used
to excite fluorescence using a 530-nm short-pass filter. For each sample, 3 X 10*
cells were counted. The experiment was performed three more times and similar

data were obtained each time.
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Fig. 1 Analysis of c-erbB2 expression on the
membrane of BM314 cells by flow
cytometry. Control cells, cells ex-
posed to 2000 U of interferon-y, and
cells exposed to 5, 10, and 12 Gy.
Cells were treated 24 hours after
cultivation and incubated for another
96 hours before collection.
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Analysis of c-erbB2 expression on the
membrane of MKN45 cells by flow
cytometry. Control cells, cells ex-
posed to 2000 U of interferon-y, and
cells exposed to 5, 10, and 12 Gy.
Cells were treated 24 hours after
cultivation and incubated for another
96 hours before collection.
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Table 1 Changes of the expression on the tumor cells with X-ray irradiation and interferon-y

Tumor-associated Ag ICAM-1
Treatment MHC Class I c-erb B2
(CEA mRNA) (mRNA)
Tt 1
X-ray T
(rm (1)
- ()
IFN 1 —
(—) (D)
RESULTS

To evaluate the effect of irradiation on the expression of c-erbB-2, human
adenocarcinoma cells were irradiated with X-ray. Fig 1 shows the expression of
c-erb B-2 product on the surface of BM314 cells by flow cytometry. The mean
channel of fluorescent intensity was 78 in the untreated population and 71 in the
INF-treated cell population ; but with an increase in the radiation dosage, the
number of cells with greater intensities increased. The mean channel was 106
(1.6-fold) in the 12-Gy irradiated cell population. Figure 2 shows the results of
the analysis of MKN45 cells. The mean channel was 116 in the untreated
poplulation, while the 10-Gy irradiated cell population showed an increase to 131.
The figure for the IFN-treated cell population was 113 (second panel of Fig, 2),
showing no increase over the control.

It was concluded that irradiation caused increases in the expression of c-erb
B-2 product on the cell surface, but that IFN had no effect on it.

DISCUSSION

Radiotherapy is the most effective modality for treatment of locally ad-
vanced carcinoma, Moreover, total body or half body irradiation by fractionated
low doses irradiation not including the primary lesion in the irradiated field has
been reported to be an effective therapeutic modality (17-18). The efficacy of
these low dose irradiation can not be explained by the cytocidal effect of the
radiation alone from a radiobiologic point of view. In addition to the cytotoxic
activity of irradiation, there may be some process of cellular immunological
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damage involved in modulating the immune response.

Proto-oncogene c-erbB-2 has been classified as a gene resembling an EGF
receptor gene. Its product is abundantly and relatively frequently expressed in
epithelial adenocarcinoma such as breast and stomach cancers and is therefore
currently noted as a marker molecule for immunotherapy (20) or radiolabeled
tumor detection (21).

The present study showed that X-ray irradiation, but not IFN administration,
caused increases in the expression of c-erbB-2 on the tumor cell surface. We
have recently reported that X-ray irradiation causes a marked increase in the
expression of adenocarcinoma-associated antigens such as YH206 and CEA and
that the irradiated cells showed slight, but clear increases in the expression of
ICAM-1. However, IFN-y administration caused marked increases in MHC Class
I antigen. Table 1 shows the changes of various antigens treated by irradiation
_and IFN-y administration which we found. Thus it is interesting that immune
responses can be modified by altering the quantities of various antigens on the
tumor cell surface. We believe that it is extremely significant to observe the
fluctuations of the antigens on the surface of tumor cells caused by irradiation.
The effect of X-ray irradiation on the tumor cell surface antigens including the
mRNA level, is distinct from that of IFN administration suggesting that a
different mechanism is operating in these two modalities.

The mechanism involved in the augmentation of these various antigens by
low dosage irradiation has not yet been elucidated. As for IFN actions, the
presence of the IFN consensus sequence is known to be responsible at the gene
level for antigens such as CEA (22). It is known that T cells produce endo-
geneous IFN-y, which when produced in tumor cells up-regulates the level of
expression of MHC Class I and ICAM-1 in the cells, thus becoming instrumental
in immunological surveillance. It has been thought that radiotherapy caused an
immunosuppressive effect in the host. It has been observed, however, that X-ray
irradiation increases the level of various membrane antigens of tumor cells,
offering a possibility of facilitating their recognition by CTL (23) or other related
cells (24). In such situations, it would be necessary to select an appropriate
dosage so as not to cause damage to cells of the immune system. It is necessary
to perform in vivo research on this subject. The present study indicated for the
first time that certain dosages of radiation have an effect not only on the
expression of the carcinoembryonic antigen.and ICAM-1 but also on the
expression of c-erbB-2 in tumor cells.
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