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Establishment and Characterization of Human Gastric Carcinoma Lines with High
Metastatic Potential in the Liver: Changes in Integrin Expression Associated with

the Ability to Metastasize in the Liver of Nude Mice

Takahiro Yasoshima,! Ryuichi Denno, Satoshi Kawaguchi,® Noriyuki Sato,’ Yojiro
Okada,’ Hideki Ura,' Kokichi Kikuchi® and Koichi Hirata'

'First Department of Surgery, *Department of Orthopedic Surgery, 'First Department of Pathology,
Sapporo Medical University School of Medicine, South 1, West 16, Chuo-ku, Sappore 060

There is a need to establish animal models which are suitable for investigation of human gastric cancer
metastasis to the liver. To this end, a human gastric carcinoma line, AZ521 was injected into the
spleens of nude mice. Cells from the few liver metastatic foci of injected AZ521 were expanded in
vitro and subsequently injected into the spleems of nude mice. By repeating these procedures three
times, we were able to obtain a cell line, designated as AZ-H3c, with high metastatic potential in nude
mice. Liver metastasis developed in 15 of 21 (71%) animals injected with AZ-H3c, but in only 14%
of those injected with parental AZ521. Further, AZ-H3c caused faster tumor development than did
AZ521. However, the primary AZ-H3c tumors and liver metastatic AZ-H3c tumors showed essen-
tially the same histological appearance. We also analyzed the cell surface expression of adhesion
molecules. The data showed that the expression of VLA-1, VLA-2, VLA-3, VLA-4, VLA-5 was
enhanced in AZ-H3c. In contrast, the expression of VLA-6, av53, E-cadherin, ICAM-1 and LFA-1
was reduced in this high-metastatic line. These results suggest that 81 integrins play an important role
in the liver metastasis of human gastric carcinoma cells. Our high-metastatic line should be useful for

studies aimed at the prevention of liver metastasis.
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Recent studies have suggested that hematogenous me-
tastasis requires a series of biological interactions of
tumor cells with extracellular matrix (ECM) or with
various adhesion molecules.” ¥ Indeed, these interactions
are dependent on the expression of cell surface receptors
of ECM and adhesion molecules. Some of these receptors
belong to the integrin family.** The integrins are hetero-
dimers consisting of noncovalently associated ¢ and §
subunits, and have been divided into three major sub-
families. At least six different subunits are associated
with members of the §1 subunit family (called very late
antigen: VLA). VLA-1"* and VLA-2% interact with both
collagen and laminin. VLA-3 binds to fibronectin, colla-
gen, and laminin, and also binds to a novel glycoprotein,
epigrin, which is an ECM component of human foreskin
keratinocytes.!” VLA-5" and VLA-6'? are receptors for
fibronectin and laminin, respectively. @v33 is a receptor
for vitronectin. The cell surface expression of integrin
molecules on tumors such as melanoma,'” carcinoma of
the bladder,' neuroblastoma,'® colon cancer,'® ' osteo-
sarcoma,’™ and small lung cell carcinoma'” has been
reported, and it has been suggested that these molecules
may be involved in the mechanism of tumor metastasis.

The inactivation of E-cadherin (epithelial cadherin),
which is a Ca®"-dependent cell-cell adhesion molecule,
may trigger the release of cancer cells from cancer
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nests,”*" Suppression of the invasion function by E-
cadherin has been observed in in vitro studies. Further-
more, E-cadherin expression was strong in well differ-
entiated carcinomas, whereas it was generally reduced
in undifferentiated ones showing a strong invasive char-
acter. ICAM-1 is a sialylated glycoprotein which binds
to the leucocyte integring LFA-1 (CD11a/CD18) and
Mac-1 (CD11b/CD18) to support cell-cell adhesion
and induction and effector functions in the immune res-
ponse.??

Liver metastasis is very often observed in human gas-
tric carcinoma, which is one of the most frequent causes
of cancer death in Japan. The establishment of relevant
animal metastatic models of these tumors is very impor-
tant in the search for new therapeutic agents of gastric
carcinoma. Recently, an attempt to demonstrate meta-
static activity in the liver from human cancers has been
made using intrasplenic injections of cancer cells®*® or
by using intact tissue orthotopic implant techniques.?” 2%
However, animal models suvitable for the investigation of
gastric tumor metastasis to the liver have not been
reported. In this paper, we describe a line, designated as
AZ-H3c, with high metastatic potential in the liver. By
comparing AZ-H3c with the parental AZ521, we also
analyzed several features of the cell surface expression of
adhesion molecules,
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MATERIALS AND METHODS

Animals Female BALB/c nu/nu mice, which originated
from the Central Institute for Experimenial Animals
(Kawasaki), were obtained from CLEA Japan, Inc.
(Tokyo). Animals which were 6-7 weeks old and
weighed 20-22 g were used.

Cell line and cell culture The human gastric carcinoma
line AZ521 was obtained from the Japanese Cancer
Research Resources Bank (Tokyo). The cell line was
maintained in a culture of RPMI 1640 medium supple-
mented with 109 fetal calf serum (FCS) (Sigma, St.
Louis, MO), 2 mM L-glutamine, 50 units/ml penicillin,
and 50 mg/ml streptomycin (GIBCO, Grand Island,
NY). Cells were passaged and expanded by trypsiniza-
tion of cell monolayers followed by replating every 4-5
days. The culture media were changed every 2--3 days.
For mouse inoculation, cells in log-phase growth were
harvested by trypsinization, and a medium containing
10% FCS was added. After washing three times with
serum-free RPMI 1640, cells were resuspended in phos-
phate-buffered saline (PBS). Cells were kept at 37°C until
inoculation into mice.

Selection of liver metastatic cell lines Human gastric
carcinoma cell lines with high liver metastatic capability
were established by in vivo stepwise selections according
to the method described by Fidler et al.*) Briefly, a
human gastric carcinoma cell line, AZ521 (5X10°) was
injected into the spleens of nude mice. After 5 weeks, the
mice were killed and the livers with a few metastatic foci
of AZ521 cells were harvested. Single cell suspensions
were made by mincing and trypsinization, and then cul-
tured in vitro. The cells in this culture were designated as
AZ-Hlc. AZ-Hlc cells were subsequently injectéd into
the spleens of nude mice for the second cycle of selection.
The livers were harvested, cells were cultured, and AZ-

H2c was obtained. The same procedure was repeated
using AZ-H2¢ cells, and AZ-H3c was established upon
the third cycle of selection. Each resultant cell line was
used for experiments at in vitro passage 3-7.

Evaluation of growth rate and metastatic potential of cell
lines Cultured AZ521 and AZ-H3c cells (1X 107 cells,
passage 5) were inoculated subcutaneously into four 6-
week-old nude mice. The resulting tumors were mea-
sured with calipers and their volume was estimated by
using the formula V=LXWXH/2 (¥, volume; L,
length; W, width; H, height). The ability to form meta-
static foci in the liver was determined following an
intrasplenic injection as described by Fidler et al.™®
Briefly, AZ521 and AZ-H3c cells (5% 10%/0.1 ml in PBS)
were injected into the spleens of nude mice using a 26-
guage needle. The mice were killed approximately 5 or 10
weeks after the injection, and autopsied. The ability of
cells to produce metastasis in nude mice was evaluated.
Antibodies and fluorescence-activated cell sorter (FACS)
analysis Cell surface expression of adhesion molecules
on AZ521 and AZ-H3c was analyzed by flow cytometry
using various monoclonal antibodies (mAbs) listed in
Table 1. FACS analysis was carried out as previously
reported.*”

RESULTS

Tumorigenicity and metastasis We first examined the in
vivo tumorigenicity of parental AZ521 and metastatic
AZ-H3c lines. Nude mice were injected s.c, with AZ521
and AZ-H3c. As shown in Fig. 1, AZ-H3c cells grew
much more rapidly than AZ521 cells. Mice were killed at
30 days after intrasplenic inoculation of tumor cells, and
metastatic foci were observed. As shown in Fig. 2, mice
injected with AZ-H3¢ showed multiple round metastases
in the liver. The pathohistology of these foci is illustrated

Table I. Summary of the mAbs Used in the Study

Antigen mAb name Source Ref.
Integrin a1 Ts2/7 (Asc.) Dr, Martin E. Hemler 46)

(Dana-Farber Cancer Institute, Boston, MA)

Integrin a2 IIE1Q (Sup.) Dr. Martin E. Hemler 47)
Integrin a3 IIF5 (Asc.) Dr. Martin E. Hemler 48)
Integrin a4 B5G10 (Asc.) Dr. Martin E. Hemler 49)
Integrin a5 A5-PUJ2 (Sup.) Dr. Martin E. Hemler 30)
Integrin o6 A6-ELE (Sup.) Dr. Martin E. Hemler 50)
Integrin 51 A-1AS5 (Asc.) Dr. Martin E. Hemler 51)
Integrin avA3 LM609 CHEMICON International Inc. (Temecula, CA)
LFA-1 G43-25B Pharmingen (San Diego, CA)
E-cadherin HECD-1 Takara (Tokyo)
ICAM-1 HASS (Asc.) Dr. K. Imai 52)

(Sapporo Med. Univ. Sch. Med., Sapporo)
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Fig. 1. The growth curves of the AZ521 and AZ-H3c lines

implanted into subcutis of nude mice as cell suspensions.
AZ-H3c cells grew much more rapidly than AZ521. Bars
represent mean*SE.

Fig. 2. Macroscopic views of a metastatic liver tumor after
intrasplenic injection of AZ-H3c. Multiple round metastases
in the liver are seen.

in Fig. 3, showing poorly differentiated adenocarcinoma,
with essentially the same appearance for parental AZ521
and AZ-H3c tumors.

To evaluate the potential of AZ-H3c to metastasize to
the liver, we employed a greater number of mice. The
metastatic potential of AZ-Hlc and AZ-H2c was also
determined. The data (Table I1) indicate that although
A7Z-Hlc and AZ-H2c showed enhanced metastatic po-
tential as compared to that of parental AZ521, AZ-H3c

Liver-metastasizing Gastric Tumor Lines
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Fig. 3. Microscopic views of the subcutaneous tumors of
AZ521 and AZ-H3c and the metastatic liver tumor after intra-
splenic injection of AZ-H3c. A, subcutaneous tumor of AZ521;
B, subcutaneous tumor of AZ-H3c¢; C, metastatic liver tumor
after intrasplenic injection with AZ-H3c. Tissues were fixed,
embedded, sectioned, and stained with hematoxylin and eosin
using standard procedures. X 100.

was the most highly metastatic line. Since there was a
possibility that the difference of metastatic potential be-
tween AZ521 and AZ-H3c may only reflect that of
growth potential of the cells, we observed the liver metas-
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Table II.  Metastasis after Intrasplenic Injection of Gastric Carcinoma Lines
Ga.stric Total Liver metastasis at 5 weeks after inoculation
carcmoma mouse
line number Experiment 1 (%) Experiment 2 (%) Total (%)
AZ521 14 0/8  (0) 276 (33) 2/14 (14)
AZ-Hlc 5 3/5 (60) ND 3/5 (60)
AZ-H2c 4 2/4 (50) ND 2/4 (50)
AZ-H3c 21 9/14 (64) 6/7 (86) 15721 (71)
ND: not determined.
N/C E-cadherin ICAM-1 LFA-1
1.0 5.0 10
AZ521
e ta 19 =y 1 ‘, \N"‘ .- -
3.0 50 11
AZ-H3c
T 'f"ﬁﬂlr‘l“‘tﬁ'"hv'r'—vﬁ'rvw— T T

Fig. 4. FACS analysis of the cell surface expression of E-cadherin, ICAM-1, and LFA-1 on AZ52]1 and AZ-H3c. Abscissa;
logarithm of fluorescence intensity. Ordinate; relative cell number. The dotted lines show positive controls. Each number
indicates the actual number of positive cells (%). Cell samples were stained with the mAbs shown in Table I and analyzed by

FACS.

tasis at 10 weeks after injection. Although the splenic
tumors in AZ521-injected mice were similar in size to
those in the case of AZ-H3e¢, only one out of eight mice
showed liver metastasis (data not shown). These data
seem to rule out the above possibility. It was also ob-
served that AZ521, AZ-Hlc, AZ-H2c and AZ-H3c all
showed metastasis to mesenteric lymphnodes. However,
none of the lines exhibited pulmonary metastasis (data
not shown),

Expression of metastasis-related cell surface molecules
on AZ521 and AZ-H3c lires It would be interesting to
know the characteristics of metastasis-related cell surface
antigens in the various cells. To this end, we employed
parental AZ521 and the most highly metastatic line,
AZ-H3c. To determine how integrin and other adhesion
molecules are expressed on the cell surface of AZ521 and
AZ-Hi3c lines, FACS analysis was performed using
mAbs. As compared with the parental AZ52]1 line, de-
creased cell surface expression of E-cadherin, ICAM-1
and LFA-1 was observed in AZ-H3c line (Fig. 4). In
contrast, this line showed an increase in the cell surface
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expression of VLA-1, VLA-2, VLA-3, VLA-4, YLA-5
and integrin 81 subunit, especially VLA-1 (Fig. 5). VLA-
6 and avf33 expression was reduced, The results of suc-
cessive FACS analysis (three more times) indicated that
expression of these molecules is stable during culture of
these cells.

DISCUSSION

In the present study, we established new lines of
human gastric carcinoma with metastatic potential.
Namely, the metastatic tumors of nude mice intraspleni-
cally injected with parental AZ521 cells were harvested,
and the cell line, AZ-Hlc, was established in vitro. Two
additional cycles of the selection procedure yielded
another cell line, designated as AZ-H3c, with a high
metastatic ability in the liver of nude mice. This is the
first such in vitro line of human gastric carcinoma.,

There are several mechanisms that confer upon cells a
high liver metastatic capacity. It is well known that
hematogenous metastasis occurs as a consequence of
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Fig. 5. FACS analysis of the cell surface expression of integrin family members on AZ521 and AZ-H3ec. Abscissa; logarithm of
fluorescence intensity. Ordinate; relative cell number. Each number indicates the actual number of positive cells (%). Cell
samples were stained with the mAbs shown in Table I and analyzed by FACS.

sequential steps: (i) growth of neoplastic cells in the
primary lesion, (ii) vascularization and local invasion,
(iii) entrance into blood vessels, (iv) survival and circu-
lation, (v) arrest in the capillary beds of a target organ,
(vi) extravasation toward the organ parenchyma, and
(vii) tumor cell growth.*” Therefore, a mechanism that
affects any of these steps can influence the metastatic
potential of tumor cells. Since our model starts with an
intrasplenic injection, it does not reflect the entire scope
of hematogenous liver metastasis of gastric carcinomas.
Nonetheless, it is highly likely that a step involving tumor
cell growth is critical for the liver metastasis of gastric
carcinoma, since AZ-H3c cells injected into the subcutis
of nude mice grew much more rapidly than did AZ521
cells. At present, it is not known whether the differential
growth ability in the subcutis reflects back to the primary
lesion or is restricted to the metastatic lesion. In this
regard, it would be worth attempting to inject those

lines orthotopically into the stomach wall, as has been
reported for other carcinomas using intact tumor
tissue. 2’ 323

In all steps of hematogenous metastasis, a variety of
cell adhesion molecules are known to be critically in-
volved.”" 33 Therefore, we next examined the expres-
sion of various integrins, immunoglobulins, and E-
cadherin in AZ521 cells and AZ-H3c cells. It should be
noted that AZ521 cells expressed all VLA integrins with a
characteristic pattern of low levels of VLA-1 and VLA-2,
moderate levels of VLLA-4 and VLA-5, and higher levels
of VLA-3 and VLA-6. So far no report has appeared on
the expression of VLA integrins in gastric carcinoma.
However, the above findings suggest that there may be a
tumor-type-related VLA expression in gastric carcinoma.
Supporting this idea, Miettinen et al.'” reported that
expression patterns of VLA integrins in various carci-
nomas except gastric carcinoma were quite different from
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that observed for AZ521 cells. We are currently inves-
tigating VLA expression in gastric carcinoma tissues.
Comparison of AZ521 and AZ-H3c cells demonstrated
that there are certain changes in the expression of adhe-
sion molecules associated with high liver metastatic ca-
pacity. The expression level of all VLA integrins except
VLA-6 was substantially higher in AZ-H3c¢ cells, suggest-
ing that these increased integrins may be important in the
formation of liver metastasis. For example, it is possible
that AZ-H3c cells are better able to interact with the
capillary beds of the liver through increased surface
VLA-4 that binds to VCAM-1 on the endothelial cells.
The importance of VLA-4/VCAM-1 interaction in
hematogenous metastasis has already been shown.?
Also, increased VLA-1, VLA-2, and VLA-3 can support
attachment of AZ-H3c cells to the subendothelial base-
ment membrane by binding to their ligands, laminin and
type IV collagen. VLA-3 is a classical fibronectin recep-
tor recognizing the RGD amino acid sequence” and a
crucial role of VLA-5 in metastasis has been demon-
strated by the fact that RGD-containing synthetic pep-
tides completely blocked the experimental lung metasta-
sis of melanoma cells.® The role of VLA-6 in metastasis
remains controversial, for example, in breast carci-
noma.**¥ Therefore, impaired expression of VLA-6 on
AZ-H3c might favor metastasis. Because of the complex-
ity of the metastatic cascade, the roles of the integrins
can not be simply determined. Some authors have pro-
posed a negative role of VLA-4 or VLA-3 in tumor
metastasis.** *) At present, it is not even clear that the
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altered expression of integrins in AZ-H3c cells necessar-
ily reflects a change in their function. In this regard, we
recently observed that an intravenous injection of
GRGDTP-peptide (2 mg/mouse) completely inhibited
the liver metastasis formation by AZ-H3c cells, suppori-
ing the idea that at least VLA-5 in AZ-H3c cells plays a
significant role (data not shown).

In conclusion, we have established new lines of human
gastric carcinoma that efficiently and preferentially me-
tastasize to the liver when injected into the spleens of
nude mice. A comparative analysis using high-metastatic
cell lines and the low-metastatic parental line demon-
strated that a difference in the growth potential is likely
to be related to the acquired high metastatic capacity.
Furthermore, there were substantial changes in the ex-
pression levels of adhesion molecules in the high-
metastatic line, such as an increase in integring VLA-1 to
VLA-5, suggesting their possible contribution to the
mechanism of liver metastasis. Our experimental model
should be useful for research into metastasis of human
gastric carcinoma.
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