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We macroscopically classified 25 gastric and 23 colorectal advanced eancers into “contracted” and
“uncontracted” types, and found immunohistochemically that integrin subunit &3 was more frequently
expressed in the extracellular matrix (ECM) in the former than in the latter (75%:9/12 vs. 38%:
5/13 in gastric and 86%:6/7 vs. 25%:4/16 in colorectal cancers, respectively). Integrin subunit a3
was also expressed more frequently in cancers producing transforming growth factor-beta (TGF-3),
which is related to ECM deposition, integrin expression and cell mobility, than in those which did not
produce TGF-5 (67%:10/15 vs, 40%:4/10 in gastric and 579%:4/7 vs. 38%:6/16 in colorectal cancers,
respectively). Tn addition, integrin subunit &3 was not expressed in 2 benign gastric ulcers comhined
with gastric cancer elsewhere in the stomach. On the other hand, a retrospective analysis of 107 cases
of rectal cancer which recurred after a curative operation revealed that local recurrence was more
frequent in “contracted” than “uncontracted” types (449:11/25 vs. 26%:21/82), These results may
suggest that the abundant interstitial fibrosis which leads to remarkable gastric or colorectal wall
contraction is a result of the interaction between cancer cells and ECM, along with the expression of
integrin and/or the production of TGF-5. This fibrosis may also be closely related to the mode of

gastric and colorectal cancer invasion.
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Considerable attention has recently been focused on
the interaction between cancer cells and extracellular ma-
trix (ECM), i.e., growth promotion of fibroblasts by basic
fibroblast growth factor® released from cancer cells, or in-
duction of metalloproteinase (MMP-1) by cancer cells.> ¥
Adhesion molecules which target the ECM also play an
important role in cancer invasion and metastasis.*®

On the other hand, some adenocarcinomas are abun-
dant in ECM with massive fibrosis, which leads to signifi-
cant gastric or colorectal wall contraction, and this is
thought to result from the interaction between cancer
cells and ECM.

In this study, we attempted to determine the relation-
ship of the macroscopic appearance of wall contraction
in gastric and colorectal advanced cancers to their ex-
pression of integrin, transforming growth factor-beta
(TGF-8), and tumor behavior.

MATERIALS AND METHODS

Criteria for macroscopical classification of “contracted”
and “wncontracted” types Observing the macroscopic
appearance of the fresh resected specimen, we classified
the cancers which are accompanied with fold conver-
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gency and/or stricture of the gastrointestinal tract which
looks like a bow tie into “contracted” type (Fig. 1, A and
C) and the other cancers without such appearance into
“uncontracted” type (Fig. 1, B and D).
Immunohistochemical analysis of integrin subunit &3 and
TGF-8 Twenty-five gastric and 23 colorectal advanced
cancer cascs which were operated upon at the National
Cancer Center Hospital East from July 1992 to Septem-
ber 1994 were immunohistochemically examined for
their expression of integrin subunit @3 and production of
TGF-8. Two of the 25 gastric cancer cases werc com-
bined with benign gastric ulcer scar elsewhere in the
stomach. These two lesions were also investigated im-
munohistochemically. All of the cancerous lesions were
classified as either “contracted” or “uncontracted” type.
The surgical specimens were embedded in OCT com-
pound and stored at —80°C immediately after resection
until they were sliced into 4 gm-thick sections.

The primary antibodies used were rabbit polyclonal
anti-human integrin subunit o3 antibody (Chemicon,
CA, USA) and rabbit polyclonal anti-human TGF-8
antibody (R & D Systems, MN, USA). The sections were
fixed for 5 min with a 1:1 mixture of acetone/chloro-
form, and treated for 30 min with 10% normal swine
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Fig. 1.

Macroscopic appearance ol fresh resected specimens of “contracted” (A and C) and “uncontracted” (B and D) types

of gastric and colorectal cancers. The advanced gastric cancer is accompanied with fold convergency (A ). The colon tract with

stricture at the cancer looks like a bow tie (C).

serum in phosphate-buffered saline (PBS) (blocking
buffer). The internal peroxidase was blocked with 0.3%
H,0; in methanol for 20 min. The sections were in-
cubated overnight with the primary antibody diluted to a
working concentration in blocking buffer at 4°C, and
then rinsed three times with PBS and incubated for 1 h at
room temperature with 1:100 diluted biotinylated anti-
rabbit 1gG antibody. The standard avidin-biotin-horse-
radish peroxidase method was used (Vectastain ABC kit
CA, USA). The sections were counterstained and ex-
amined microscopically.

To describe the clinicopathological features of gastric
and colorectal cancers, we adopted the General Rules for
Gastric Cancer Study of the Japanese Research Society
for Gastric Cancer (1994) and the General Rules for
Clinical and Pathological Studies on Cancer of the
Colon, Rectum and Anus of the Japanese Research
Society for the Colon and Rectum (1994), respectively.
These features were compared between “contracted” and
“uncontracted” types.

Macroscopic appearance and mode of recurrence To
investigate the clinical significance of macroscopic wall
contraction, 170 cases of colorectal cancer which re-
curred after curative operation performed at the Na-
tional Cancer Center Hospital from 1975 to 1980 were
examined. We classified all the cancers into “contracted”
or “uncontracted” type based on pictures of the fresh
resected specimens. The clinicopathelogical features and
mode of recurrence were compared beteen “contracted”
and *“uncontracted” types. The mode of recurrence was
based on the site at which recurrence was first detected.

RESULTS

Macroscopic appearance, expression of integrin subunit
a3 and production of TGF-3

1. Clinicopathological features of the materials ex-
amined immunohistochemically: Table I shows the mac-
roscopic appearance and clinicopathological features of
the gastric and colorectal cancers. Of the 25 gastric
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Table I. Macroscopic Appearance and Clinicopathological Features of Gastric {A) and Colorectal

(B) Cancers: Immunchistochemically Analyzed Cases

Clinicopathological Macroscopic appearance
features Contracted Uncontracted
A.. Gastric cancer n=12 n=13
Macroscopic type (1,2/3,4) 3/9 (25/75) 8/5 (62/38)
Histology® (W/M/P/S/U ) 0/4/5/1/2 3/6/1/73/0
(0/33/42/8/17) (23/46/8/23/0)

Depth of invasion® (mp/s)
Lymphatic permeation (—/+)
Vascular permeation (—/+) 2/10 (17/83)
LN metastasis (—,+) 0/12 (0/100)
B. Colorectal cancer n=7
Macroscopic type (1/2) 0/7 (0/100)
Histology (W/M/muc)
Depth of invasion (mp/s)
Lymphatic permeation (—/+)*
Vascular permeation (—/+)
LN metastasis (—,+) 1/6 (14/86)
Dukes (B/C) /7 (0/100)

0/12 (0/100)
0/12 (0/100)

0/7 (0/100)
0/7 (0/100)
0/7 (0/100)

1/6/0 (14/86/0)

3710 (23/77)
2/11 (15/85)
3/10 (23/77y
0/12 (0/100)
n=16

2/14 (13/87)
5/10/1 (31/63/6)
3/13 (19/81)
6/10 (38/62)
7/9 (44/56)
8/8 (50/50)
8/8 (50/50)

a) W, well differentiated adenocarcinoma; M, moderately differentiated adenocarcinoma; P, poorly
differentiated adenocarcinoma; 8, signet ring cell carcinoma; U, undifferentiated carcinoma; mue, mucin-

ous carcinoma.
b) mp, muscularis propria; s, serosa,
#* P<0.05.

Table II. Macroscopic Appearance and Interstitial Expres-
sion of Integrin a3 in Gastric and Colorectal Cancers

Macroscopic Integrin o3
appearance (+) (—) Total

Gastric cancer

Contracted 9 (75) 3(25) 12 (100)

Uncontracted 5 (38) 8 (62) 13 (100}
Colorectal cancer

Contracted 6 (86) :I* 1(14) 7 {100)

Uncontracted 4 (25) 12 (75) 16 (100)
* P<0.05.
( ): Percent.

cancer cases, 12 (48%) were “contracted” type and the
remaining 13 (52%) were “uncontracted” type. Accord-
ing to the general rules for macroscopic typing, 75% (9/
12) of the former, but only 38% (5/13) of the latter were
type 3 or 4 (P=0.0749). Histologically, 67% (8/12) of
the former, but only 31% (4/13) of the latter were
diffuse type (P=0.0812).

Of the 23 colorectal cancer cases, 7 (309%) were “con-
tracted” type and the remaining 16 (70%) were “un-
contracted” type, The incidence of vascular (lymphatic
and venous) permeation and lymph node metastasis was
higher in the former group than in the latter (P=0.0793,
0.0467 and 0.1242, respectively).
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2, Macroscopic appearance and interstitial expression
of integrin subunit a3: Table II shows the relationship
between macroscopic appearance and interstitial expres-
sion of integrin subunit a3, In gastric cancer cases,
interstitial expression of integrin subunit a3 (Fig. 2A)
was seen in 75% (9/12) of the “contracted” type, but
in only 38% (5/13) of the “uncontracted” type (P—
0.111). In colorectal cancers, this expression of integrin
subunit a3 (Fig. 2B) was more frequently seen in “con-
tracted” type (6/7:86%) than in “uncontracted” type
(4/16:25%) (P<0.05). Interstitial expression of integrin
subunit &3 was not observed in the benign ulcer scar
present elsewhere in the stomach of two cases (Fig. 2C).

3. Macroscopic appearance and production of TGF-4:
Table III shows the relationship between macroscopic
appearance and production of TGF-3 by cancer cells. In
gastric cancers, production of TGF-8 (Fig. 3A) was
more frequently seen in “contracted” (9/12:75%) than
in “uncontracted” (6/13:46%) cancers (P=0.226). In
colorectal cancers, there was no difference in the fre-
quency of TGF-8 production (Fig. 3B) between “con-
tracted” and “uncontracted” types (4/7:57%, 10/16:
63%, respectively, P=1.000).

4. Interstitial expression of integrin subunit a3 and the
production of TGF-8: Table IV shows the relationship
between the interstitial expression of integrin subunit a3
and the production of TGF-3. Interstitial expression of
integrin subunit a3 was observed in 10 {67%) of 15



Table III. Macroscopic Appearance and Production TGF-8
in Gastric and Colorectal Cancers
Macroscopic TGF-3 Total
appearance (+) (=)
Gastric cancer
Contracted 9 (75) 3 (25) 12 (100)
Uncontracted 6 (46) 7 (54) 13 (100)
Colorectal cancer
Contracted 4 (57) 3 (43) 7 (100)
Uncontracted 10 (63) 6 (37) 16 (100)
( ): Percent.

TGF-S8-producing gastric cancers, whereas it was seen
in 4 (40%) of the remaining 10 cancers (P=0.241). In
colorectal cancers this expression was seen in 4 (57%) of
the 7 TGF-S-producing colon cancers, and in 6 (38%)
of the remaining 16 cancers (P=0.650).
Macroscopic appearance and mode of recurrence

1. Clinicopathological features of recurrent colorectal
cancer cases examined retrospectively: Table V shows

Expression of Integrin in GI Cancers

Fig. 2. Immunohistochemistry of integrin a3 in gastric
cancer {A), colorectal cancer (B) and gastric benign ulcer
scar (C). Strong staining of integrin subunit &3 is seen in the
interstitium around the gastric (A, arrow) and colorectal (B)
cancer cells, but no staining is seen in the fibrosis of a gastric
benign ulcer scar.

the clinicopathological features of 170 recurrent cases.
Of these 170 cases, 33 (319) were classified as “con-
tracted” and the remaining 117 (69%) were “uncon-
tracted.” Among the former, 47% (25/53) were located
in the rectum, whereas 70% (82/117) of the latter were
in the rectum (P<(0.01). Serosa invasion is found in 98%
(52/53) of the “contracted” type, but in 86% (101/117)
of the “uncontracted” type (P<C0.05). Except for the
location and depth of invasion there were no significant
differences in clinicopathological features between the
two groups, such as sex, size, macroscopic and histolog-
ical types, vascular permeation, lymph node metastasis or
Dukes classification.

2. Mode of recurrence in *“contracted” and “uncon-
tracted” types: Owverall, there was no significant differ-
ence in the mode of recurrence between the “contracted”
and “uncontracted” types. However, among the rectal
cancer cases, local recurrence was found more frequently
in the “contracted” type (11/25:44%) than in “uncon-
tracted” (21/82:26%) (P=0.0787), as shown in Table
V1, although there were no significant differences in the
clinicopathological features between the two types.
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DISCUSSION

Several recent studies have indicated an interaction
between cancer cells and ECM.'"™ Integrin, an adhesion
molecule to ECM, participates in invasion and metas-
tasis.*® Integrin @381 (VLA-3) is a receptor for laminin,

Fig. 3. Immunchistochemistry of TGF-8 in gastric (A} and
colorectal {B) cancer. Cytoplasmic staining is seen in signet
ring carcinoma cells of a gastric cancer (A, arrow) and in
well differentiated tubular adenocarcinoma cells of the colon
(B, arrow).

Table IV. Interstitial Expression of Integrin Subunit @3 and

Production of TGF-3 in Gastric and Colorectal Cancers
TGF8 Integrin a3 Total

(+) (-}

Gastric cancer (+) 10 (67) 5(33) 15 (100)
(—) 4 (40) 6 (60) 10 (100)

Colorectal cancer (+) 4 (57) 3 (43) 7 (100)
{(—) 6 (38) 10(62) 16 (100)

( ): Percent.
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fibronectin and collagen.”” Integrin subunit 3 is ex-
pressed after transformation by various oncogenes. Ga-
lactoprotein b3 (Gap b3), whose expression is enhanced
on the surface of fibroblasts of guinea pigs after transfor-
mation, shares 899% homology with human integrin sub-
unit @3."" These findings strongly suggest that the
expression of integrin subunit a3 is a characteristic
resulting from malignant transformation.

Integrin subunit a3 was expressed in ECM more fre-
quently in the “contracted” type of gastric and colorectal
cancers than in the “uncontracted” type. In normal
organs, its expression is limited to a few cell types,
including kidney glomeruli, and the basal cells of epider-
mis and other epithelia.'>’® In addition, it was not ex-
pressed in a benign gastric ulcer scar which showed
marked fibrosis due to ulceration, with many inflamma-
tory changes. These findings also indicate that its ex-
pression is induced not by inflammation, but by cancer
cells, especially of the “contracted” type, although it is
unclear which factors are involved.

Interstitial expression of integrin subunit a3 was seen
more frequently in TGF-S-producing gastric and colo-
rectal cancer cases than in other cases, but was not
found in all TGF-8-producing cancers. TGF-§ increases
the levels of all known £1 integrin families (x1 to @6) in
appropriate cells, as well as vitronectin receptor (@v53)
and LFA-1 (@182), but does not induce the de novo
synthesis of integrin subunits which are not apparently
expressed yet.'"™'® Therefore, it is believed that some
cther factor(s) from cancer cells may induce the inter-
stitial expression of integrin subunit @3, and TGF-8 then
increases the level of its expression.

On the other hand, TGF-8 increases the production
of interstitial fibronectin and collagens by mesenchy-
mal,”®? epithelial,?? endothelial® and cancer cells.> >
Clinically, the expression of TGF-3 has been detected in
more than 90% of scirrhous gastric cancers by Northern
blot analysis,”® suggesting that TGF-4 stimulates intersti-
tial cells such as fibroblasts and increases the deposition
of ECM in the “contracted” type cancers, particularly
gastric cancers. Immunohistochemically, TGF-8 is ex-
pressed in cancer cells more frequently in “contracted”
than in “uncontracted” gastric cancers, but not colo-
rectal cancers. Therefore, some mechanism, such as the
expression of integrin subunit @3, may contribute to wall
contraction in addition to TGF-3 production.

Clinically, it is well known that scirrhous gastric
cancer shows remarkable contraction of the gastric wall
and a poor prognosis due to diffuse lymphatic permea-
tion.?” In the present retrospective analysis, Iocal recur-
rence was more frequently seen in “contracted” than in
“uncontracted” recurrent rectal cancers after curative
resection, although no difference was seen considering all
types of colorectal cancers. Since there was no difference
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Table V. Macroscopic Appearance and Clinicopathological Features of Colorectal Cancers: Retro-

spectively Analyzed Cases

Macroscopic appearance

Clinicopathological features

Contracted

Uncontracted

n=33 n=117

Male/Female

Location {colon/rectum)
Macroscopic type (1/2/3/4)
Size (cm)

Histological type™ (W/M/P)
Depth of invasion® (sm/mp/s)
Lymphatic permeation (—,+)
Vascular permeation (—,+)
LN metastasis (—,+)

Dukes classification (A, B, C)

4.8

37/16 (70/30)
28/25 (53/47)*
3/40/9/1 (6/75/17/2)**

22/24/7 (42/45/13)
0/1/52 (0/2/98)
18/35 (34/66)
39/14 (75/25)
21/32 (40/60)
1/17/35 (2/32/66)

65/52 (56/44)

35/82 (30/70)
9/98/10/0 (8/83/9/0)
4.5

51/49/17 (43/42/15)
1/15/101 (1/13/86)
40/77 (34/66)

79/38 (68/32)

43/74 (37/63)
1/33/77 (6/28/66)

* P<0.01, %% P<0.05.
( ): Percent.

a)y W, well differentiated adenocarcinoma; M, moderately differentiated adenocarcinoma; P, poorly

differentiated adenocarcinoma.

b) sm, submucosa; mp, muscularis propria; s, serosa.

Table VI
Analyzed Cases

Macroscopic Appearance and Mode of Recurrence of Rectal Cancer Cases: Retrospectively

Macroscopic Mode of recurrence
appearance Local Peritoneum LN Liver Lung Other
Contracted 11 (44) 0 (0) 0@ 6 (24 7 (28) 1 (4)
Uncontracted 21 (26) 4 (5) 1 (1) 31 (38) 24 (29) 1(1)
( ): Percent.

in the pathological staging between the two, our findings
suggest that a few cancer cells of “contracted” type
which permeate beyond the surgical cut end may cause
local recurrence, especially in rectal cancers which are
anatomically difficult to resect with a wide margin. In
fact, the incidence of vascular permeation and lymph
node metastasis was higher in “contracted” than in “un-
contracted” colorectal cancers of immunohistochemically
analyzed cases, suggesting that “contracted” colorectal
cancers, particularly rectal cancers, may be more inva-
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