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Inhibition of Cell Attachment, Invasion and Metastasis of Human Carcinoma Cells

by Anti-integrin 5, Subunit Antibody

Shin Fujita,"? Hiroko Suzuki, Masao Kinoshita and Setsuo Hirohashi®
Pathology Division, National Cancer Center Research Institute, 5-1-1 Tsukiji, Chuo-ku, Tokyo 104

We investigated the expression of 2, integrins in human carcinoma cell lines, and the anti-metastatic
and anti-invasive effects of a newly established anti-human £, subunit menoclonal antibody designated
NCC-INT-7. All the examined carcinoma cell lines expressed 3, integrins upon immunoblot analysis.
NCC-INT-7 completely inhibited the adhesion of carcinoma cells to laminin, fibronectin, collagens
and acetone-fixed tissues including lung, liver and brain. In an in vifre invasion model, NCC-INT-7
inhibited the invasion of human bladder carcinoma cell line T24 and human gastric carcinoma cell
lines TMK-1, MKN-45 and MKN-74 through an artificially reconstructed basement membrane. In
an in vive nude mouse peritoneal dissemination model using MKN-45 and TMK-1, NCC-INT-7
significantly reduced the number of tumor nodules in the mesentery. In an in vivo nude mouse liver
metastasis model using a serially transplantable human colonic carcinoma, COL-2-JCK, NCC-INT-7
significantly reduced the number of tumor nodules in liver. These results indicate that 5, integrins play
an important role in the tissue attachment, migration, invasion and metastasis of human carcinoma
cells, and that this new monoclonal antibody is useful for studies aimed at prevention of metastasis.
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The adhesion of cancer cells to extracellular matrix
proteins (ECMP*) is thought to play an important role in
invasion and metastasis.” Integrin molecules, composed
of two subunits @ and §, are the cellular receptors for
binding to ECMP, including laminin, fibronectin, colla-
gens and vitronectin.>> Fourteen a subunits and 8 A
subunits have been reported. Some a subunits associated
with more than one S8 subunit.>® However, many a
subunits asscciate with only one £ subunit. Thus, the
integrin superfamily is subdivided into subfamilies ac-
cording to the S subunits, i.e. the 5, subfamily, 8, sub-
family, 5; subfamily and others. The 3, subfamily, which
is identical to the very-late-activation antigens (VLA),
includes the fibronectin receptor, laminin receptor and
collagen receptor of epithelial cells, fibroblasts and lym-
phocytes. The 3, subfamily is composed of LFA-1, Mac-
1 and p150,90, and the 3; subfamily is composed of Gp
ITb/IIIa and vitronectin receptor. Others include a.f8,
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integrin and some recently detected integrins.’®'® Epi-
thelial cells express 3, integrins and a4 8, integrin.® Thus,
these integrins are thought to mediate carcinoma cell
adhesion to ECMP.

Recently, alterations of expression in the integrins
have been reported in carcinoma tissues as well as cul-
tured carcinoma or transformed cells."*" It is suggested
that alteration of integrin expression is associated with
alteration of cell adhesiveness and cell mobility, and thus
with the invasiveness and metastatic ability of carcinoma
cells.

In this study, we established an anti-human 3, subunit
monoclonal antibody designated NCC-INT-7 and used it
to investigate the expression of 3, integrins as a whole in
human carcinoma cells. We also examined the roles of
A, integring in invasion and metastasis using an in sity
adhesion assay, in which carcinoma cell adhesion to
acetone-fixed target organs was examined, and an in vitro
invasion assay, in addition to in vivo liver metastasis and
peritoneal dissemination models. We found that NCC-
INT-7 clearly inhibited the attachment of carcinoma
cells to both ECMP and to acetone-fixed tissues, and also
affected invasion and metastasis in experimental models,
This is the first report of anti-invasive and anti-metastatic
effects of anti3; subunit antibody in in vive models.

MATERIALS AND METHODS

Cultured cell lines and xenografts The human carcinoma
cell lines listed in Table I were maintained in RPMI-1640
supplemented with 10% heat-inactivated FCS at 37°C in
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a humidified atmosphere containing 5% CO0,/95% air.
Cell lines PC-1, PC-6, PC-9, PC-14 and H-1 were
supplied by Y. Hayata. Cell lines TMK-1, MKN-7,
MKN-28, MKN-45, MKN-74 and KATO-III were
supplied by T. Suzuki. Cell lines N231 and H69 were
supplied by A.F. Gazdar, Cell lines MCF-7, T24, COLO
201, COLO 205, SW837 and SWI1116 were obtained
from the American Type Culture Collection. Cell lines
CCK-81 and A431 were obtained from the Japanese
Cancer Research Resources Bank. c-Lu-65A (adherent
type), c-Lu-65F (floating type), c-Co-11, ¢-Li-21, c-Li-
24, Okada and PA-1 were established in our labora-
tory‘zz, 23)

A human colon carcinoma xenograft COL-2-JCK was

supplied by Y. Onishi. This tumor was maintained by
serial transplantation into the subcutaneous tissue of
athymic mice (BALB/c nu/nu).
Monoclonal antibodies Murine monoclonal antibody
NCC-INT-7 (Ig(G;, k) was obtained by immunizing a
BALB/c mouse with c-Lu-65F cells and screening anti-
bodies which had the ability to inhibit the binding of cells
to type 1V collagen-coated wells. The monoclonal anti-
body was purified from mouse ascites and culture super-
natant using a MAPS II Kit (Bio-Rad, Richmond, CA)
according to the manufacturer’s instructions. NCC-INT-
7 immunoprecipitated two subunits of 150 kDa and 130
kDa by non-reducing SDS-PAGE, corresponding to the
a and S, subunits of integrin, as shown in Fig. 1. An
‘anti-fibronectin receptor monoclonal antibody which rec-
ognizes the £, subunit, purchased from Iwaki, Tokyo,
was used as a control. The inhibition of carcinoma cell
adhesion to laminin, fibronectin and type IV collagen by
NCC-INT-7 and preclearing analysis by NCC-INT-7
clearly demonstrated that NCC-INT-7 is specific to the
B, subunit (Fig. 1),

For all the experiments with NCC-INT-7, a mono-
clonal antibody, NCC-LU-226, raised against lung carci-
noma was used as a negative control. This monoclonal
antibody has the same isotype as NCC-INT-7, but shows
no effect on cell function, including adhesion and growth.
Immunoblot analysis Cultured cells were lysed in lysis
buffer consisting of PBS(+), 1 mM PMSF (Sigma, St.
Louis, MO) and 50 mM #n-octyl S-D-glucopyranoside
(Sigma). The total protein concentration in' the cell
lysates was adjusted to 2 mg/ml using a BIO-RAD
Protein Assay (Bio-Rad) according to the manufac-
turer's instructions. Cell lysates were mixed with
Laemmli’s sample buffer and denatured at 100°C for 5
min. Samples of 10 ug protein/lane were electrophoresed
in 7.5% SDS-polyacrylamide gel*” and transferred to
Immobilon (Millipore, Bedford, MA). The membranes
were blocked with blocking buffer for 3 h as described
previously,™ incubated for 2 h with primary antibody
and washed 3 times in T-PBS. Then, they were incubated
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Fig. 1. Immunoprecipitation and preclearing analysis with
anti-fibronectin receptor antibody and NCCINT-7. L.
surface-labeled c-Lu-65A lysates were subjected to immuno-
precipitation using anti-fibronectin receptor antibody (lane 1)
and NCC-INT-7 (lane 2) and analyzed by 7.5% SDS-PAGE
under non-reducing conditions. Bands of 150 kDa and 130
kDa were immunoprecipitated with anti-fibronectin receptor
antibody and NCC-INT-7. The surface-labeled c-Lu-635A
lysates were precleared twice with NCC-INT-7, subjected to
immunoprecipitation using anti-fibronectin receptor antibody
(lene 3) and analyzed by 7.5% SDS-PAGE under non-
reducing conditions.

for 30 min with peroxidase-conjugated anti-mouse IgG
(IBL, Fujioka) diluted 1:1,000 with the blocking buffer
without azide, washed in T-PBS, incubated with ECL
reagents (Amersham, Amersham, UK) for 1 min and
exposed to X-ray film according to the manufacturer’s
instructions. Optical density of the detected bands was
measured using a Model 620 video densitometer (Bio-
Rad).

Immunoprecipitation For cell-surface labeling, cultured
cells were radio-iodinated witn '®I-sodium iodide for 15
min at room temperature by the iodogen method,>”
washed 3 times in PBS, lysed for 15 min on ice with
PBS(+), 1 mM PMSF and 0.5% Triton-X-100 and cen-
trifuged at 15,000g for 10 min at 4°C. The lysates were
incubated with CNBr-activated Sepharose 4B (Phar-
macia, Uppsala, Sweden) or Affi-gel protein A (Bio-Rad)
conjugated with monoclonal antibody, according to the
manufacturer’s instructions, for 2 h at room tempera-
ture. The precipitates were washed, and the antigens
were eluted in Laemmli's sample buffer for 5 min at
100°C, with or without reduction with 10 mM dithio-
threitol (Sigma). The samples were finally analyzed by
SDS-PAGE on 7.5% polyacrylamide slab gels, followed
by autoradiography.



In situ adhesion assay Human tissues obtained at au-
topsy were fixed in acetone at 4°C and stored at —20°C
overnight, then embedded in paraffin using the AMeX
method.”™ The sections were cut at a thickness of 3 ym
and dewaxed with xylene and acetone. Then 2.0X10°
carcinoma cells/ml were mounted on the sections with
monoclonal antibodies at various dilutions, or Gly-Arg-
Gly-Asp-Ser-Pro (GRGDSP) peptide (Iwaki, Tokyo) or
Gly-Arg-Gly-Glu-Ser-Pro (GRGESP) peptide (Iwaki),
and incubated for 1 or 2 h at 37°C in a moist chamber.
The sections were washed in PBS, and the attached
carcinoma cells were fixed with Cytokeep (Nippon Shoji,
Osaka) and stained with hematoxylin and eosin. For
quantification, the numbers of attached carcinoma cells
on the sections were counted microscopically.
In vitro invasion assay The in vitro invasion assay was
~ carried out according to the method reported previ-
ously.”™ Filters of Chemotaxicell (Kurabo, Osaka) with
an 8.0-um pore size were coated with 5 g of fibronectin
in a volume of 50 g1 on their lower surfaces and with
basement membrane Matrigel (Collaborative Research
Inc., Bedford, MA) diluted 20-fold with cold PBS on the
upper surface of the filters (100 gl/filier). Carcinoma
cells were suspended at a final concentration of 2 X 105/
ml in D-MEM with 0.19% BSA. Cell suspensions (200 1)
were added to the upper compartment with antibodies,
and conditioned medium of the human fibroblast cell line
WI-38 (600 #1) was added to the lower compartment and
incubated at 37°C for an appropriate time. The carci-
noma cells on the upper surface were wiped with a cotton
swab. The filters were fixed with methanol, and stained
with hematoxylin. The numbers of carcinoma cells on the
lower surface were counted using a microscope in 5 fields
at a magnification of X400.
Liver metastasis and peritoneal dissemination models in
nude mice In the peritoneal dissemination model, 500 x1
of PBS containing gently trypsinized MKN-45 or TMK-
1 cells (2X10°/ml) was injected intraperitoneally into
each of five nude mice (BALB/c nu/nu, 5 weeks old,
male). In MKN-45 experiments, 100 yg/mouse NCC-
INT-7 or negative control antibody was administered on
days 0, 1, 2, 3 and 4, intraperitoneally. In the TMK-1
experiment, antibodies were administered at 500 pg/
mouse only on day 0, and the mice were killed at 21 days
after the injection. Peritoneal dissemination was evalu-
ated from the number of tumor nodules in the mesentery.
In the liver metastasis model, nude mice were anesthe-
tized with ethyl ether. The abdominal wall was excised,
the spleen was exposed, and 50 yl of PBS containing
gently trypsinized MKN-74 (2 X 10/ml) or COL-2-JCK
(2 X 10%/ml) with 100 zg/mouse NCC-INT-7 or negative
control antibody, was injected into each of five nude mice
just under the splenic capsule. The spleen was returned to
the peritoneal cavity, and the abdominal wall and skin
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were closed with sutures. The mice were killed at 60 days
after the injection. Metastasis to the liver was evaluated
from the number of tumor nodules in the liver. The
statistical significance of differences between the groups
was determined by using the two-tailed ¢ test.

RESULTS

Expression of 8, integrins on cultured carcinoma cells
We examined the expression of 8, integrins on the cul-
tured human carcinoma cell lines using immuncblot anal-
ysis (Table I). All the carcinoma cell lines expressed the
f3; subunit to various degrees, and the cells which showed
strong expression (+-+-+) were adherent to ECMP as
well as the culture dish. This result suggests that carci-
noma cells still required the 8, integrins for binding to
ECMP.

Our results revealed minor variations in the molecular
weight of 3, subunits among the cell lines (Fig. 2). The
molecular weight of the 3, subunit of CCK-81 was the
highest among the carcinoma cells examined. A lower
molecular-weight band corresponded to the pre-3; sub-
unit, the precursor of the 4, subunit.” c-Lu-65-A clearly
showed the pre-8; subunit band. However, the pre-3,
subunit was not detectable in many carcinoma cell lines.
Inhibition by NCC-INT-7 of carcinoma cell adhesion to
the acetone-fixed tissues Attachment of carcinoma cells
to normal tissues, e.g. lung, liver, brain, stomach, colon,
testis, thyroid, kidney and spleen, was examined by using
the in sity adhesion assay. All the carcinoma cell lines
examined became attached to the acetone-fixed tissue
sections. Carcinoma cells became preferentially attached
to the stroma and basement membrane, which contain
fibronectin, laminin, and collagens (Fig. 3). Carcinoma
cells showed good attachment to organs containing a
large amount of stroma and basement membranes. This
suggested that attachment to the acetone-fixed tissue
sections was mediated by ECMP and their receptors. To
confirm this, NCC-INT-7 or GRGDSP peptide was
added to cell suspensions and their effects on cell attach-
ment were examined. GRGDSP peptide partially in-
hibited the adhesion of PA-1, SW1116, COLO 205,
A431, c-Lu-65A and c-Lu-65F to the sections, whereas
GRGESP peptide used as a negative control did not
inhibit the adhesion (Fig. 3 D, E). On the other hand,
NCC-INT-7 strongly inhibited the adhesion of these cells
to the scetions in a concentration-dependent manner
(Fig. 4), indicating that attachment to the acetone-fixed
tissues was mediated by B, integrins. The inhibition was
not due to cytotoxicity of the antibody, since NCC-INT-
7 was not cytotoxic in a cytotoxicity assay with human
complement,” and incubation of carcinoma cells with
NCC-INT-7 at 100 yg/ml did not affect the viability or
proliferation of tumor cells in vitro (data not shown).
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Table 1.

Expression of 5, Integrins on Human Carcinoma Cell Lines

Cell line B, expression

Cell line £ expression

Lung carcinoma

Adenocarcinoma
Okada +9
PC-% ++8
PC-14 +++9
Squamous cell carcinoma
PC-1 +
Large cell carcinoma
c-Lu-65A ++
¢-Lu-65F +
Small cell carcinoma
PC-6 +
N-231 +
Gastric carcinoma
MEKN-7 +++
MEKN-28 +
MEKN-45 +
MKN-74 +t
TMK-1 +
KATO-II1 +

Colonic carcinoma

COLO 201 +

COLO 205 +

SwWille +-+

SW837 +-

CCK-81 ++

c-CO-11 ++
Hepatocellular carcinoma

c-Li-21 +++

c-Li-24 +4++
Pancreatic carcinoma

PA-1 +++
Cholangiocellular carcinoma

H-1 +
Breast carcinoma

MCF-7 -+
Urinary bladder carcinoma

T24 +++
Epidermoid carcinoma

Ad431 +++

@) The absorbance of the 8, subunit band is lower than 0.5 times that of ¢-Lu-63A.
b) The absorbance of the 5, subunit band is between 0.5 and 1.5 times that of c-Lu-65A.
¢) The absorbance of the 8, subunit band is higher than 1.5 times that of ¢-Lu-65A.

Fig. 2. Immunoblot analysis of 8, integrin expressed on
human carcinoma cell lines. Cell lysates of MKN-28, MKN-
74, MKN-7, and c-Lu-65A were subjected to 7.5% SDS-
PAGE under non-reducing conditions and blotted onto
Immobilon, and the 53, subunit was detected with anti-fibro-
nectin recepor antibody. The 130-kDa band is B, integrin and
the lower-molecular-weight band is pre 3, integrin {c-Lu-65A
and MKN-74). Expression of 5, integrin is weak in
MKN-28 (+), intermediate in MKN-74, c-Lu-65A, and
CCK-81 (++), and strong in MKN-7 (+++). The molecu-
lar weight of 8, integrin of CCK-81 is higher than that of
other carcinoma cells.

1320

Inhibition by NCC-INT-7 of carcinoma cell invasion in
in vitro invasion assay T24, MKN-74, TMK-1 and
MKN-74 cells were added to the upper chamber. After
2 h incubation at 37°C, NCC-INT-7 or negative control
antibody (10 gg/ml) was added to the upper chamber.
NCC-INT-7 was added to the chamber after carcinoma
cells had become attached to the Matrigel, since NCC-
INT-7 did not detach cells which had already become
attached to ECMP. In this invasion assay, NCC-INT-7
inhibited invasion significantly even after the carcinoma
cells had become attached to the Matrigel (Table II, Fig.
5). This result indicated that 5, integrins play an impor-
tant role in invasion.
Inhibition by NCC-INT-7 of liver metastasis and perito-
neal dissemination of human carcinoma cell lines in
in vivo nude mouse models TMK-! and MKN-45 cells
were injected into the peritoneal cavity of nude mice
with NCC-INT-7 or with negative control antibody, and
3 weeks later, peritoneal dissemination was observed in
the mesentery, peritoneal wall, omentum and abdominal
lymph nodes. For evaluation, the numbers of tumor
nodules in the mesentery were counted (Table III).
NCC-INT-7 produced significant decreases in the num-
bers of tumor nodules in the mesentery of MKN-45 and
TMK-1 (P<0.05 in Exp. 1 of MKN-45, P<0.1 in Exp.
2 of MKN-45, P<0.01 in TMK-1) (Fig. 6).
COL-2-JCK and MKN-74 were injected into the nude
mice with 100 gg/mouse NCC-INT-7 or with negative
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Fig. 3. In situ adhesion assay of human carci-
noma cell lines, Human carcinoma cell lines were
incubated on sections of acetone-fixed tissue and
adherent cells were fixed and stained with hema-
toxylin and eosin. A; SW 1116 adhered to the
intestinal tissues of colon submucosa {arrowhead).

B; PA-1 adhered to the intima (arrowhead) and
d adventitia (arrow) of veins. C; SWI1116 adhered
to alveolar septa of lung. D; SWI1116 was incu-
bated with 0.25 mg/ml GRGESP peptide. The
gt adhesion to liver was not inhibited by GRGESP
peptide. SW1116 adhered to intrahepatic bile ducts
(arrowhead) and the stroma (arrow) of liver. E;
SW1116 was incubated with 0.25 mg/ml
GRGDSP peptide. The adhesion to liver was par-
tially inhibited, but not with statistical significance.
SW1116 adhered to the portal vein (arrowhead)
and atroma (arrow). Scale bar, 100 gm.
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Table II. Effect of NCC-INT-7 on in vitro Invasion of Cancer
Cells
Cell I No. of cells (mean* 8SD)

e ltne NCC-INT-7 group Nagative control group
T24% 43,7+ 18.6% 158.3£32.4%
MEKN-74% 0* 8.0+t6.8*
MEKN-45% 2.3+24* 18.9+11.4*
TMK-19 1.8+1.7% 15.2£6.2%

) Incubated at 37°C for 6 h.

b) Incubated at 37°C for 2 days.
¢) Incubated at 37°C overnight.
¥k P<0.0001. % P<0.005.
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Fig. 4. NCC-INT-7 inhibition of carcinoma cell ad-
hesion to acetone-fixed tissues. (A, B) c-Lu-65-A
was incubated on acetone-fixed lung with 10 gg/ml
NCC.INT-7 (A) or 10 gg/ml control antibody (B)
for 2 h at 37°C. The arrowhead indicates adherent
carcinoma cell. Scale bar, 50 um. (C) c-Lu-65A was
incubated on the acetone-fixed lung with serially
diluted NCC-INT-7 or control antibody. The cells
adherent to the lung were counted by visual obser-
vation. Percent adhesion; number of cells on lung
incubated with antibody/number of cells on lung
incubated without antibody X 100. Each point repre-
sents the mean of duplicated examinations

control antibody intrasplenically, and 2 months later,
liver metastasis was observed. For evaluation, the num-
bers of tumor nodules in liver were counted (Table IV).
All the carcinoma cells formed tumors at the inoculation
site in the spleen and metastasized to liver and, in a few
cases, to the lung. NCC-INT-7 produced significant de-
creases in the numbers of liver nodules in mice injected
with COL-2-JCK (P<0.1) (Fig. 7). In the MKN-74
experiment, the number of tumor nodules in liver was
reduced in the mice injected with NCC-INT-7. However,
this reduction was not significant. These results strongly
suggest that 5, integrins play an important role in tiver
metastasis and peritoneal dissemination.
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Fig. 5. NCC-INT-7 inhibition of invasiveness of human carcinoma cell lines in an in vitre invasion assay. Invasiveness
of T24 across an artificially reconstituted basement membrane was examined. (A) Cells were incubated with 10 zg/ml
NCC-INT-7, which altered the cell shape from fibroblastoid to round. Arrowheads indicate a round cell. The arrow
indicates a pore in the chemotaxis membrane. (B) Cells were incubated with 10 yg/ml negative control antibody.
Arrowheads indicate a fibroblastoid cell. Many more cells have invaded in B that in A. Scale bar, 100 zm.

Table III.  Effect of NCC-INT-7 on Peritoneal Dissemination
of MKN-45 and TMX-1

Mean No. of tumor nodules in the mesentery £ SD (range)

Cell line ;
NCC-INT-7 group  Negative control group
MEKN-45 (Exp. 1)“} 4.2+3.1 (0-9) ** 2441131 (9-43) o
MKN-45 (Exp. 2)“} 5.8x+5.8 (1-13) * 25.2119.0 (3—49)*
TMK-1 42131 (1-8) 244195 (13—35)***

a) These experiments were carried out independently.
* P<0.1. %% P<0.05. *%* P<0.0L.

Fig. 6. NCC-INT-7 inhibition of peritoneal dissemination of
MEKN-45 and TMK-1. 10° carcinoma cells/mouse were in-
oculated intc nude mice intraperitoneally with NCC-INT-7
and with negative control antibody, and 3 weeks later, the
mice were killed and intestinal mesentery dissemination was
examined, (A) Intestines and mesentery from a mouse in-
oculated with MKN-45 + 100 gg of NCC-INT-7 (left) and
those from a mouse inoculated with 100 yg of negative con-
trol antibody (right). Arrowheads indicate disseminated
tumor nodules in the mesentery. (B) Intestines and mesentery
from a mouse inoculated with TMK-1 + 100 ug of NCC-
INT-7 (left) and those from a mouse inoculated with 100 ug
of negative control antibody (right). Arrowheads indicate dis-
seminated tumor nodules in the mesentery.
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Table IV. Effect of NCC-INT-7 on Liver Metastasis of COL-
2-JCK and MKN-74

Mean No. of tumor nodules in liver=8D (range)

Cell line -

NCC-INT-7 group Negative control group
COL-2-JCK® 0.8+ 1.1 (0-2)* 8.87.7 (0-1)*
MEKN-74% 0.6X0.5 (0-1) 4.41+3.9 (1-10)

a4} 10° cells/mouse were injected with 100 gg/mouse of the
antibodies,
b) 10° cells/mouse were injected with 100 ug/mouse of the
antibodies.
% P<Q.1.

’lll!ll|H’|HI’|IIJ‘I|H’IHI |II|||HE IIHI!IIIIII!I|IHI iill1|||i1lli
Fig. 7. NCC-INT-7 inhibition of liver metastasis of human
COL-2-JCK. 10° carcinoma cells/mouse were inoculated into
nude mice with NCC-INT-7 and with negative control anti-
body, and 2 months later, the mice were killed and liver
metastasis was examined. Liver from a mouse inoculated with
COL-2-JCK + 100 ztg of NCC-INT-7 (left) and that from a

mouse inoculated with 100 yg of negative control antibody
(right). Arrowheads indicate liver metastatic nodules.

DISCUSSION

Invasion and metastasis of cancer is a complex process.
As reported by Liotta et al.,” the first step is considered
to be tumor cell attachment to the extracellular matrix,
mediated by binding of specific attachment factors such
as laminin and their receptors. After attachment, local
degradation of the matrix is caused by tumor cell prote-
ases (2nd step) and the cells move into the region of the
matrix modified by proteolysis (3rd step), eventually
leading to the formation of metastasis.”” Therefore, carci-
noma cell adhesion to the extracellular matrix is very
important in invasion and metastasis, and we have in-
vestigated the role of 8, integrins in this process.

All the examined carcinoma cells expressed 4, subunits
upon immunoblotting, and these served as functional
ECMP receptors even in carcinoma cell lines, because
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carcinoma cell lines which expressed 3, integrin still
adhered to wells coated with laminin, fibronectin and
collagens, and this adhesion was inhibited by anti-3,
subunit antibody. It has been reported that the expression
of 5, integrins is reduced immunohistochemically in col-
onic carcinoma and breast carcinoma tissues.*?" We
also investigated the expression of 3, integrins in gastric
and colonic carcinoma tissnes immunohistochemically.
The expression of 53, integrins was reduced in some
carcinoma tissues. However, total loss of 5; integrin was
detected only exceptionally (unpublished data). These
results indicate that 5, integrins are expressed and are
still functional as ECMP receptors in almost all human
carcinoma cells.

The molecular weights of 5, subunits showed minor
differences among carcinoma cells, These differences
might be caused by differences in post-translational mod-
ification. Post-translational modifications of integrins by
phosphorylation and glycosylation are reported to be
correlated with alterations in cell adhesiveness.*” How-
ever, no functional difference was clear in our experiments.
Thus, the mechanisms of variation in molecular weight
and their functional significance remain to be studied.,

The in situ adhesion assay is a distinctive assay for
cell adhesion to actual organs. Cell adhesion to cryo-
stat sections has been reported previously.”>* Using
this method, Netland and Zetter demonstrated organ-
specific cell adhesion of B16-F10 melanoma cells and
reticulum cell sarcoma cells.’® In the present study, we
measured cell adhesion to acetone-fixed tissue sections
and observed attachment and subsequent cell spreading
of carcinoma cells at stroma and basement membrane
sites in lung, liver, and other organs, where metastases
frequently develop. The finding that addition of NCC-
INT-7 completely inhibited carcinoma cell attachment
strongly indicated that the initial attachment to actual
organs is predominantly mediated by 3, integrins, and
that 3, integrins play an important role in the first step of
invasion and metastasis.

Integrins are divided into two groups: RGD-dependent
integrins recognizing Arg-Gly-Asp as a target sequence
for binding in ECMP, and RGD-independent integrins.
Among the 8, integrins identified so far, however, only
the binding of a8, integrin and «,8, integrin to
fibronectin is reported to be RGD-dependent, and the
binding of other 8, integrins to ECMP is reported to be
RGD-independent. RGD-independent 5, integrins are
considered to play a more important role than RGD-
dependent &, integrins in carcinoma cell attachment,
because GRGDSP peptide could only partially inhibit
the attachment of carcinoma cells to the acetone-fixed
tissues, This suggests that GRGDSP peptide alone is
unable to inhibit effectively the attachment of carcinoma
cells to actual organs. Yamada et a/. also reported that



peptides containing RGD sequence did not display
detectable effects in in vitro human cancer cell invasion
models.*” Some investigators, however, have reported
that peptide containing RGD sequence inhibits experi-
mental lung metastasis of murine melanoma.*** There-
fore, invasion and metastasis of melanoma might depend
more on RGD-dependent integrin than on RGD-
independent integrin.

We also investigated the effect of NCC-INT-7 on
carcinoma cell invasion of reconstituted basement mem-
brane using Matrigel in vitro. NCC-INT-7 significantly
inhibited the invasion of carcinoma cells even after
cancer cells had already adhered to the Matrigel. An-
other monoclonal antibody against 8, integrin was re-
ported to inhibit fibroblast migration®” and the invasion
of human fibrosarcoma cell line HT-1080.** Thus, the
effect of NCC-INT-7 on carcinoma cell invasion may be
due to the inhibition of carcinoma cell migration,

These results prompted us to investigate whether this
monoclonal antibedy inhibits metastasis in an in vive liver
metastasis model and a peritoneal dissemination model.
In the liver metastasis model, NCC-INT-7 might inhibit
the inital arrest of carcinoma cells on the liver, whereas
in the peritoneal dissemination model, it might inhibit the
initial adhesion and subsequent invasion to the perito-
neum. To a greater extent than anticipated, NCC-INT-7
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