RAPID COMMUNICATION

Jpn. J. Cancer Res.

81, 967-970, October 1990

Alloimmunization with Cultured Human Stomach Cancer Cell Lines and the
Establishment of Human-Human Hybridomas Producing Monoclonal Antibodies

Kotaro Koyama,' Koichi Akiyama,® Hiroharu Kawahara,® Akira Egashira® and Hiroki
Murakami®

’Biotechnology, Technical Research Center, Marubeni Feed Co., 1292 Kotare, Shibu-cho, Ono-shi,
Hyogo 675-13, *Food Science and *Technology Institute, Graduate School of Genetic Resources Tech-
nology, Kyushu University, 6-10-1, Hakozaki, Higashi-ku, Fukuoka 812

Alloimmunization with the cultured human stomach cancer cell lines MKN-45 and MKN-28 was
conducted and human-human hybridomas were established. Living MKN-45 cells (10" cells per
injection) were injected monthly 34 times into one of the authors (K.K.) over 2 years and living MKN-
28 cells (107 cells per injection) were co-injected 14 times after the 20th injection of MKN-45 alone.
Cultured stomach cancer cells injected subcutaneously into K.K.’s forearm were rejected completely,
although they grew transiently at the injection site. All the injections were made voluntarily at the
direction of K.K. himself. Two human-human hybridomas producing monoclonal antibodies reactive
with MKN-45 and MKN-28 cells, respectively, were separated from a hybridoma of human B-
lymphoblastoid cell line named HO 323/WIL2-NS and lymphocytes in K.K.’s peripheral blood. One
cell line of the hybridoma FMK-H3 produced IgM-type monoclonal antibody, and the other line,
EMK-F7, produced IgG-type antibody. These two human-human monoclonal antibodies were highly
reactive with MKN-45 and MKN-28 cells, weakly reactive with MKN-74 stomach cancer cell line,
and not reactive with the other stomach cancer cell lines tested (MKN-1, MKN-7, TMK-1, NUGU-
2, NUGC-3, NUGC-4 and KATO-III).
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Human monoclonal antibodies reactive with cancer
cell lines have been isolated from human-human hybrid-
omas of human B lymphoma cell lines and lymphocytes of
cancer patients,' and therapeutic application of human
monoclonal antibodies (MoAbs) has been attempted in
cancer patients.” No study, however, has been reported
on MoAbs obtained from hybridomas of human B-
lymphoma cell lines and human B-lymphocytes produced
by injecting living human cancer cells as an antigen.

.Tumor cells transplanted into humans are generally
rejected, since the tumor transplant and the recipient are
Immunologically allogenic to each other. Induction of
antibodies to various tumor-associated antigens in re-
Sponse to the injected tumor cells can be expected. We
attempted to separate a human-human MoAb for a
tun}or-associated antigen of human stomach cancer cells
by injecting living tumor cells into an allogenic host. The
cultured MKN-45 cell line used for the injection was
established from a poorly differentiated adenocarcinoma
of the human stomach.® The culture medium was serum-
free RDF-ITES* (a 2:1:1 mixture of RPMI 1640, Ham’s
F12 and Dulbecco’s modified Eagle’s media containing
10 #g of human-type insulin per ml, 10 #g of human-type
transferrin per ml, 10 mol of ethanolamine and 2.5 nmol
of sodium selenite) supplemented with 100 xg each of
streptomycin, kanamycin and penicillin per ml. The cells
were subcultured 10 times in this medium and were free

of mycoplasmas. The cells cultured in the medium were
then harvested with a cell scraper. After being washed
and suspended in phosphate-buffered saline (PBS), they
were injected subcutaneously into the forearm or upper-
arm of one of the authors (K.K.). All injections of
the living cancer cell lines were performed voluntarily at
the insistence of K.K. himself. Numerous animal ex-
periments suggested that no substantial risk to the volun-

. teer could be expected to be involved in this study. In

addition, this experiment was not expected to expose
other people in the community to any risk. The details of
the injection schedule are as follows: first, 10® cells were
suspended in PBS and injected subcutaneously weekly
5 times. Then 10’ cells were injected subcutaneously
monthly 34 times in order to stimulate the immune
response. In addition, to obtain antibody with a high titer
for stomach cancer, another human stomach cancer cell
line, MKN-28 (differentiated adenocarcinoma)® was
selected. MKN-28 was cultured in the RDF medium
containing 1% K.K.’s serum and 10’ cells were injected
subcutaneously along with the MKN-45 cells as a mix-
ture. The injection of MKN-28 cells was started after 20
of the monthly injections of MKN-45 cells had been
given. :

Six hours after the injection of cells, flares (outside
diameter 50-78 mm) and swelling appeared in the subcu-
taneous area of the forearm, but these diminished after
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Fig. 1. A biopsied tissue sample, 5 days after subcutaneous
injection of 10 living MKN-45 cultured cells. HE stain, > 200.
Proliferation of tumor cells with lymphocytic infiltration and
necrosis in the dermis and subcutaneous tissue is seen.

48 h. Sclerotic swelling and flares (outside diameter 20
mm) occurred after 3 days and completely disappeared
after 20-30 days. Figure 1 shows a biopsy specimen 5
days after the injection; living tumor cells are evident.
These observations, after the injection of MKN-45 and
MKN-28 cells, were almost the same throughout the
course of repeated injections. Cytotoxicity to MKN-45
and MKN-28 cells was determined by an in vitro assay
using the inactivated serum of K.K. sampled after the
injection of MKN-45 and MKN-28 cells. The assay
procedure was as follows: the serum samples were added
to RPMI medium containing 5% fetal calf serum and 2
units of complement for the hemolytic system (guinea
pig serum). MKN-45 cells (1< 10*) were added to 5 ml
of medium in the plates. The plates were then incubated
at 37°C in a CO, incubator for 3 days, and the number of
living cells which survived was determined by means of
trypan blue staining. No toxicity was observed even when
50% serum samples were assayed.

Isolation of hybridomas which produce monoclonal
antibodies for MKN-45 and MKN-28, from K.K.’s
B-lymphocytes and human lymphoblasts was then
attempted. The cell line used as a fusion partner was a 6-
thioguanine-resistant human B-lymphoblastoid cell line,
HO 323/WIL2-NS.” The lymphocyte preparations were
obtained by Ficoll-Paque gradient centrifugation of
K.K.'s peripheral blood, which was sampled 4 days after
each injection of 10" MKN-45% and 10" MKN-28 cells.
Cell fusion was performed by using polyethylene glycol
(MW 4,000). Selection of the hybridomas was conducted
in HAT medium (ERDF/15% FCS medium supple-
mented with 100 zM hypoxanthine, 0.4 2 M aminopterin
and 16 M thymidine)* and antibodies were screened by
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using MKN-45 and MKN-28 as target cells by enzyme-
linked immunosorbent assay (ELISA). The hybridomas
were cloned by the limiting dilution method. Immunoglo-
bulins were detected by Houghton's ELISA method.”
The MoAbs were examined for reactivity with stomach
cancer cell lines MKN-1," MKN-7,” MKN-28, MKN-
45, MKN-74, TMK-1,” NUGU-2,'” NIGC-3,"”
NUGC-4"" and KATO-IIL.'"

By means of these procedures, 1,478 hybridomas were
produced by 6 separate cell fusion experiments (30
months after), and two human-human hybridomas cell
lines were obtained, each of which produced a human
type antibody: FMK-H3 (IgM type) and EMK-F7
(1gG type).

The MoAb FMK-H3 (IgM) showed strong reactivity
with cultured MKN-45, MKN-45/K (cultured in
medium containing no serum), and MKN-28, while it
showed weak reactivity with TMK-1 and the other cul-
tured stomach cancer cell lines (MKN-1, MKN-7,
MKN-74, NUGU-2, NUGC-3, NUGC-4, and KATO-
I1I). The MoAb EMK-F7 (IgG) was also strongly reac-
tive with MKN-45, MKN-45/K MKN-28, and was not
reactive with the other stomach cancer cell lines tested
(Table I and Fig. 2).

These results indicate the appearance of B-lympho-
cytes which produce antibodies against MKN-45 and
MKN-28 cells in K.K.'s blood. Hybridoma/FMK-H3

Table I. Reactivity of Human Monoclonal Antibodies
with Human Cell Lines by ELISA

Monoclonal antibodies from hybridomas
FMK-H3? EMK-F7%
MKN-1 = T
MKN-7 = =
MKN-28 1 Foert:
MKN-45 ++
MKN-45/K < piaat
MKN-74 -+ -
TMK-1 7 =
NUGU-2 = T
NUGC-3 =
NUGC-4 = =
KATO-I11 =

The strength of the MoAb reactivity was expressed as
follows: the absorbance at 405 nm was below 0.1 (—);
0.1-0.2 (+); 0.2-0.3 (++), and over 0.3 (+++).
a) 1gM type, b) 1gG type.

The reaction was initiated by the addition of 2,2 -azino-bis-
(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt
as a substrate. After the mixture was held at 37°C for 15
min, the reaction was terminated by the addition of oxalic
acid. Absorbance at 405 nm was then determined with a
microplate electrometer.

Stomach cancer
cell line




Human Monoclonal Antibody

Fig. 2. Reactivity of MoAb/EMK-F7 (IgG) with MKN-45 (a, b, ¢) and MKN-28 (d, e, f) cultured cells. The cultured cells were
fixed with 0.06% glutaraldehyde and ELISA was performed. MoAb/EMK-F7 (1.3 mg/ml) was purified before the test. The
photographs were taken after 15-min incubation at 37°C initiated by the addition of the substrate solution. a) MKN-45 cells after
the reaction (% 100), b) ( X200), and ¢) without the reaction ( > 100); d) MKN-28 cells after the reaction ( x 100), €) ( * 200),
and f) without the reaction ( ¥ 100). The stained regions in a), b), d) and e) correspond to the reacted antigens.

and FMK-F7 so far made could be cultured in a serum-
flree medium (RDF-ITES) supplemented with egg yolk
lipoprotein.  Hybridomas were grown in the serum-free
m.edium by the use of a stirred culture vessel equipped
with a perfusion system which allowed the cells to grow

to 10’/ml. MoAb productivity by the hybridomas con-
tinued throughout the stationary phase and was 80-120
pg/ml, representing a moderate production. The MoAb
produced was easily purified from the serum-free spent
medium."”
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The MoAbs FMK-H3 and EMK-F7, which were ob-
tained by alloimmunization with MKN-45 and MKN-28,
had strong and specific reactivity with these cell lines. No
toxicity for MKN-45 or MKN-28 cells was observed in
the serum after immunization with the two cell lines, nor
was antibody for the cell lines detected by ELISA. This
result may suggest that the antibody titer in the serum is
low. It is important to know whether the specific reac-
tions of MoAb FMK-H3 and EMK-F7 for MKN-45 and
MKN-28 cell lines are targeting allogenic antigens or
tumor-associated antigens. Further studies on the antigen
reactivity for tissues and purification of the antibodies
will be required. The identification of the antigens reac-
tive with these MoAbs suggests the importance of tumor-
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associated antigens in human cancer."*'” The establish-
ment of human monoclonal antibodies applicable to
humans has been difficult and very few such antibodies
are available. In this study, we have established useful
human-human MoAbs by the experimental procedures
described in the text.
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