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Abstract. The frequency of synchronous or metachronous
multiple primary carcinomas in patients with gastrointestinal
carcinoma or colorectal carcinoma (CRC) has been reported
to be ~10%. We determined the role of hMSH2 and hMLH1 in
double carcinomas with both GC and CRC. Fifty-six patients
with synchronous or metachronous colorectal carcinoma with
gastric carcinoma (CRC with GC), and 69 patients with CRC
alone was included in our study. We investigated their clinico-
pathological characteristics, family history and immuno-
histochemical stains of hMSH2 and hMLH1 were compared
between the patients with CRC alone and those with both CRC
with GC. The defective protein expression of hMSH1 and/or
hMLHI in colorectal carcinomas was significantly higher in
patients with both CRC with GC than in those with CRC alone
(p<0.0001). The survival rate in patients with both CRC with
GC was significantly lower than that in those with CRC alone
(p<0.01), in addition, the survival rate in patients with defective
protein expression of hMSH?2 and/or hMLH1 was higher than
in those with a positive protein expression of hMSH2 and/or
hMLHI1 in CRC with GC (p<0.05). The incidence of defective
protein expression of hMSH2 and/or hMLH1 in CRC with GC
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patients suggests that abnormalities in the function of hMSH2
and hMLHI may play an important role in carcinogenesis.
Our findings indicate that the CRC patients who demonstrate
a defective protein expression of hMSH2 and/or hMLH1 have
a higher risk of developing secondary carcinoma in the
gastrointestinal tract.

Introduction

The general frequency of multiple primary carcinomas has
been reported to be 10% in Japan and in other countries (1,2).
In particular, the frequency of synchronous or metachronous
carcinomas of colorectum and lung was higher than other
cancers (1,3). In previous studies, the prognosis of these patients
was usually influenced by the site of the second primary
carcinoma (4). However, the biologic nature and the prognosis
of multiple primary carcinomas by itself were not clarified.
Over the past decade, the most thoroughly documented
hereditary carcinoma has been hereditary nonpolyposis
colorectal carcinoma (HNPCC). HNPCC is now recognized
as an autosomal dominant carcinoma susceptibility syndrome
frequently caused by a germ line mutation in DNA mismatch
repair (MMR) genes. To date, germ line mutations in hMSH2
and hMLHI account for up to 90% of all reported MMR
gene mutations in HNPCC kindreds (5,6). One of the first
successful efforts of the International Collaborative Group on
HNPCC (ICG-HNPCC) at its meeting in Amsterdam in 1990
was the establishment of a set of selection criteria for families
with HNPCC (Lynch syndrome, Amsterdam criteria I) (7).
However, some investigators feel that these criteria exclude
some classic HNPCC families because they do not take into
account the extracolonic cancers that are also a part of this
syndrome, and the evaluation of the literature on the tumor
spectrum of HNPCC indicated that cancers of the endo-
metrium, stomach, ovaries, small bowel, ureter, renal pelvis,
brain, and hepatobiliary tract are all associated with HNPCC
(8-12). Among these tumors, cancers of endometrium, ureter,
renal pelvis and small bowel have the highest relative risk, and
therefore, they tend to be the most specific for HNPCC. The
revised ICG-HNPCC criteria (Amsterdam criteria II) included


https://www.spandidos-publications.com/10.3892/or.16.1.41

42 YAMAMOTO et al: LOSS OF PROTEIN EXPRESSION OF hMLH1 AND hMSH2 IN DOUBLE PRIMARY CARCINOMAS

Table I. Clinicophathological findings in CRC alone or CRC with GC.

CRC alone CRC with GC
(n=69) (n=56)
Factor CRC GC P-value
Age (year, mean, SD) 63.6x10.3 65.1£8.9 NS
Sex (male/female) 46/23 42/14 NS
Histology (well diff. adeno ca/poorly diff. adeno ca) 66/3 55/1 NS
Location (Rt. colon/Lt. colon/Rectum) 11/33/25 15/23/18 NS
Dukes (A/B/C/D/Unclear) 36/10/23/0/0 26/7/19/2/2 NS
Staging (I/1/11I/TV/Unclear) 14/32/23/0/0 13/20/19/2/2 NS
MSH2 (-) 0(0) 15 (26.3) 2(3.6) <0.0001"
: |

MLHI (-) 5(7.2) 20 (35.7) 14 (25.0) <0.0005™

|| - | ‘ <0.02"
MSH?2 and/or MLH1 (-) 5(7.2) 24 (42.1) 15 (26.8) <0.0001"

[ o0p

CRC alone, colorectal carcinoma alone; CRC with GC, colorectal carcinoma with gastric carcinoma; GC, gastric carcinoma; values

represent the number of patients, with the percentages in parentheses; NS, not significant; *, ™, ",

significant difference.

HNPCC-associated cancer (cancer of endometrium, ureter,
renal pelvis and small bowel). According to numerous data,
the causes of the development of colorectal carcinoma with
gastric carcinoma (CRC with GC) have not been clarified.
One hypothesis involves the loss of DNA MMR in the carcino-
genesis of CRC with GC, which belongs to an HNPCC-
associated cancer. The other is not influenced by DNA MMR.

The objective of this study is to clarify the characteristics of
patients with CRC with GC, and compare the findings with
patients demonstrating colorectal carcinoma (CRC) alone. In
addition to the general clinicopathologic characteristics, we
also investigated the family history of cancer and the immuno-
histochemical protein expression of hMSH2 and hMLHI, in
order to clarify whether or not GC should be considered a type
of HNPCC-associated cancer in patients demonstrating CRC
with GC.

Materials and methods

Patients. The subjects of our study consisted of 125 CRC
patients with or without GC who underwent a colorectal
resection and gastrecomy combined with lymph node dissection
at the National Kyushu Cancer Center between 1974 and 1999.
Fifty-six patients underwent a surgical resection for both GC
and CRC (age; 47-85 years). Thirty-one of 56 patients had
synchronous and the other 25 patients had metachronous
multiple primary carcinomas. Sixty-nine Japanese patients
were selected from 1745 patients who underwent a surgical
resection between 1974 and 1999 due to CRC without GC as
control subjects (age; 39-82 years). The control subjects for

each patient were chosen based on similar gender, age, Dukes
stage and the location of tumor. The age was based on the
occurrence of the first carcinoma.

All resected specimens were microscopically examined for
the histologic type, the depth of invasion, and the presence of
lymph node metastasis according to the TNM classification
of stomach and colorectum (UICC)-5th English edition (13).
The diagnostic criteria of multiple primary carcinomas were
based on those of Warran er al (14): 1) the existence of
carcinoma; 2) the presence of carcinomas in separate locations;
3) one carcinoma was not a metastatic lesion of another
carcinoma. The diagnostic criteria for synchronous multiple
gastric carcinoma (MGC) was also based on those of Moertel
et al (15): 1) each lesion had to be a pathologically proven
malignancy; 2) all lesions had to be separated by an interval
of a microscopically normal gastric wall; and 3) the possibility
that one of the lesions represented a local extension or meta-
static tumor had to be ruled out beyond any reasonable doubt.

Immunohistochemical study. Immunohistochemical analyses
for expressions of hMSH2 and hMLH1 proteins were
performed on 4-p-thick formalin-fixed paraffin-embedded
tissue sections of colorectal and gastric carcinomas, using
Dako EnVision™ + System, HRP (DAB) (Dakocytomation-
California Inc., Carpinteria, CA). The sections were deparaf-
finized in xylene and dehydrated through graded alcohol to
water. The sections were immersed in Dako target retrieval
solution high pH, pH 10.0, and were subjected to heat-
induced antigen retrieval in a water bath, 98°C for 40 min,
and then were cooled slowly at room temperature for 20 min.
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Figure 1. Immunohistochemical staining for h(MSH2 and hMLHI1 proteins. Sections were stained using antibodies for either AMSH2 (A-C) or h(MLHI1 (D-F).
(A and D) Normal tissue specimens. (B and D) Tumor tissue specimens in a case with CRC alone. (C and F) Tumor tissue specimens in a case with CRC with GC.

The endogenous peroxidase activity was blocked by
incubation with blocking solution, 0.03% H,0, and sodium
azide, and specimens were washed in TBS, 50 mmol/l Tris-
HCI, 150 mmol/l NaCl, pH 7.6. The sections were incubated
overnight at 4°C with one of the following mouse monoclonal
antibodies: clone FE11 (antibody against MSH2; 1:33;
Oncogene Research Products, USA): clone G168-15 (antibody
against MLH1; 1:33; BD Biosciences, USA), diluted by
Dako antibody diluent with background reducing component.
After rinsing 3 times with TBS, the sections were incubated
with polymer solution, the HRP-labeled dextran polymer
conjugated to goat polyclonal anti-mouse immunoglobulin
antibody for 60 min at room temperature. The sections were
washed 3 times with TBS. Finally, the sections were incubated
with diaminobenzidine and H,O,, counterstained in hema-
toxylin, washed in tap water, dehydrated through graded
alcohol, cleared in xylene, and cover-slipped. Negative controls
consisted of substituting Dako antibody diluent with back-
ground reducing components without the primary antibodies
for each immunostain.

Immunohistochemical analyses for the protein expression
of hMSH2 and hMLH1 were performed on the mucosa of the
stomach and colon from patients who underwent a colectomy
or gastrectomy for benign disease. The normal musoca was
used as a positive control for the expressions of hMSH2 and
hMLHI.

The immunohistochemical protein expression of hMSH2
and hMLH1 was evaluated independently by two observers.
A total of 1000 tumor cells in five representative high power
fields (200 tumor cells for each field) were counted under a
photomicroscope. The score from each individual case was

determined as the average of the results recorded by the two
observers. The overall extent of immunoreaction was expressed
using the following criteria for the expression of hMSH2
and hMLH1: 0-5% staining was considered to be a negative
finding, while anything >5% was regarded to indicate positive
staining.

Statistical analysis. Differences among the groups were
determined using Student's t-test. The survival curve of the
patients was determined according to the Kaplan-Meier
method. The significance of differences in the survival between
the two groups was tested using the log-rank (Mentel-Cox)
test. StatView-5.0 Software (SAS Institute, Cary, NC, USA)
was used to perform all statistically analyses. A value of
p<0.05 was considered to be statistically significant.

Results

Immunohistochemical protein expression of hMSH2 and
hMLHI in CRC alone and CRC with GC. The clinicopatho-
logical findings of patients in CRC with GC were compared
with patients in CRC alone (Table I). There are no statistically
significant differences in the two groups.

Fig. 1 shows the immunohistochemical staining for hMSH2
and hMLHI of normal and colorectal carcinoma tissues in
both CRC alone and CRC with GC. The protein expression
of hMSH2 and hMLH1 was maintained in the CRC tissue
specimens in most patients with CRC alone. In Table I, the
loss of the protein expression for hMSH?2 in CRC with GC
was significantly more frequent than that in CRC alone
(0%:26.3%, p<0.0001, Fig. 1B and C). Similarly, the loss
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Table II. Clinicophathological findings with or without hMSH2 and/or h(MLHI(-) in CRC with GC.

CRC with GC hMSH?2 and/or hAMLH]1(-) hMSH2 and hMLH1(+)

(n=56) (n=24) (n=32) p-value
Age (year, mean, SD) 64.7+10.5 65.3+7.6 NS
Sex (male/female) 19/5 23/9 NS
Histology (well diff. adeno ca/poorly diff. adeno ca) 24/0 31/1 NS
Location (Rt. colon/Lt.colon/Rectum) 5/9/10 10/15/7 NS
Dukes (A/B/C/D/Unclear) 10/5/8/1/0 16/2/11/1/2 NS
Staging (I/I 1/11 I/I V/Unclear) 4/11/8/1/0 9/9/11/1/2 NS

CRC with GC, colorectal carcinoma with gastric carcinoma; values represent the number of patients, with the percentages in parentheses;

NS, not significant.
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Figure 2. The prognostic value in CRC with or without GC. Kaplan-Meier
curves of the disease-free survival for patients with CRC alone (n=69) and
CRC with GC (n=56) are shown.

of the protein expression for hMLH1 in CRC with GC was
significantly more frequent than that in CRC alone
(7.2%:35.7%, p<0.0005, Fig. 1E and F). In particular, the
loss of protein expression for hMSH?2 and/or hMLH1 of CRC
in patients with both CRC with GC was significantly more
frequent that in CRC alone (7.2%:42.1%, p<0.0001).

Survival in CRC alone and CRC with GC. Fig. 2 shows the
survival rates of the two groups, and the survival rate in the
CRC alone group was significantly higher than that in the
CRC with GC group (p<0.01).

The clinicopathological findings of patients with a loss of
protein expression for hMSH2 and/or hMLH1 were compared
with patients showing a positive protein expression for
hMSH2 and/or hMLH1 (Table II). The age, the location of
tumor, and Dukes stage showed no statistically significant
differences between the two groups. The survival rate in
patients with loss of protein expression of hMSH2 and/or
hMLHI1 was significantly more higher than that in those
showing a positive protein expression for h(MSH2 and hMLH1
among the CRC with GC patients (p<0.05, Fig. 3).

Family history of cancer in CRC alone and CRC with GC.
We investigated the family history of cancer in patients with
both CRC alone and CRC with GC (Table III). There was no

100 7
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Figure 3. The prognostic value in CRC with GC. Kaplan-Meier curves of
survival for patients with defective protein expression of hMSH2 and/or
hMLHI1 (n=24) and protein expression of hMSH2 and/or hMLH1 (n=32) are
shown. Negative, a defective protein expression of hMSH2 and/or hMLH1;
Positive, a positive protein expression of hMSH2 and/or hMLH1.

difference in the frequency of a positive family history of
cancer between CRC alone group and CRC with GC group
(30 of 69 vs. 19 of 56). There was also no difference in the
age of patients with or without a family history of cancer.
However, the loss of a protein expression for h(MSH2 and/or
hMLHI1 in patients, who were aged <65 years was the most
frequent among the patients demonstrating CRC with GC
(12 of 23,52.2%, Table III).

The types of cancer among family members were examined
in the two groups (Table IV). The types of cancer among the
family members in CRC alone group were gastric, lung, and
liver, while those in CRC with GC were gastric, uterus, and
colon. Of note, GC was most frequently observed in family
members demonstrating both CRC with GC and CRC alone.
The number of GCs is the largest among all the family history
cancer types (Table IV) because GC is the most common
cancer in Japan. The frequency of a loss of a protein
expression for hMSH?2 and/or hMLHI1 in the family history
of cancer in CRC alone was lower than that in those
demonstrating CRC with GC. In particular, the frequency of
a loss of a protein expression for htMSH2 and/or h(MLH1 was
high in patients with a family history of cancer in the
colorectum and uterus carcinomas of family members among
CRC with GC group (Table 1V).
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CRC alone CRC with GC

Family history Total hMSH2 and/or hMLH1(-) Total hMSH2 and/or hMLHI1(-)
Negative 39 3 7.7 37 14 (37.8)

Age at diagnosis <65 16 1 (6.3) 15 (40.0)

of 1st cancer =65 23 2 (8.7) 22 8 (36.4)
Positive 30 2 6.7) 19 10 (52.6)

Age at diagnosis <65 16 0 (O] 8 6 (75.0)

of 1st cancer >65 14 2 (14.3) 11 4 (36.4)

CRC alone, colorectal carcinoma alone; CRC with GC, colorectal carcinoma with gastric carcinoma; values represent the number of

patients, with the percentages in parentheses.

Table IV. Types of cancer in family members and the protein expression of hMSH2 and/or hMLHI1 in CRC alone or CRC

with GC.

CRC alone CRC with GC
Organs of cancers No. of cases No. of cases Organs of cancers No. of cases No. of cases
in family members (no. of family) with hMSH2 in family members (no. of family) with hMSH?2

members) and/or h(MLH1(-) members) and/or h(MLH1(-)

Stomach 20 (19) 0 (O Stomach 9 (7 2 (22.2)
Lung 4 4 1 (25.0) Uterus 3 (3 2 (66.6)
Liver 3 (3 0 ) Colorectum 2 (1) 2 (100)
Uterus 1 0 ) Breast 1 (1) 0 0)
Colorectum 1 (1) 0 ) Others 11 (11) 4 (36.3)
Breast 1 ) 0 )
Others 9 9 1 (11.1)

CRC alone: colorectal carcinoma alone; CRC with GC: colorectal carcinoma; values represent the number of patients, with the percentages

in parentheses.

Immunohistochemical protein expression of hMSH2 and
hMLH]I of GC. We examined the loss of a protein expression
for h(MSH2 and/or hMLH1 of GC in patients with CRC with
GC. The loss of a protein expression for htMLH1 and hMSH2
and/or hMLHI1 of GC in patients demonstrating CRC with GC
was recognized to be 25.0 and 26.8%, respectively (Table I),
though the loss of a protein expression for hMSH2 in GC
was significantly less frequent than that for CRC in patients
of CRC with GC (p<0.001). Among the patients demonstrating
CRC with GC, the loss of a protein expression of hMSH2
and/or hMLH1 in GC and CRC tissue specimens in patients
with multiple GC (MGC) was significantly more frequent than
that in patients with single focal gastric carcinoma (SGC),
respectively (p<0.005, p<0.002, Table V).

Discussion

The proteins encoded by the MMR genes recognize and repair
base pair mismatches and the single-strand insertion/deletion

loop during DNA replication, recombination, and/or chemical
modification. Defective MMR gene activity leads to an
accumulation of replication errors (RERs) and genetic
instability, also known as a mutator phenotype, such as
microsatellite instability (MSI). Maehara et al (16) discussed
the relationship among the risk of cancer, MSI, and loss of
hMSH2/MLH1 protein. The defective protein expression of
hMSH?2 and/or hMLHI1 included patients, who have both
MSI-H and familial cancer. In addition, it has been reported
that immunohistochemistry could detect hMLH1 and hMSH2
protein abnormalities, caused by MLH1 abnormalities,
including not only gene mutations (17) but also the hMLH1
promoter DNA methylation (17,18) or MSI and its
methylation, though the methylation of the hMSH2 protein
demonstrated a very low frequency (19). Therefore, negative
staining in the immunohistochemical analysis represents gene
mutations or/ and the methylation of the hMLH1 and gene
mutations of the hMSH2, a useful alternative strategy for
identifying tumors with a defective MMR gene activity (20).
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Table V. Relationship between multifocal cancer lesions and the protein expression of hMSH2 and/or hMLH1 of MGC in

CRC with GC.
GC CRC

GC (n=56) Total No. of cases No. of cases

with hMSH2 with hMSH2

and/or h(MLHI1(-) and/or hAMLHI1(-)
SGC 49 10 (204) 17 (34.7)

j p<0.005" ] p<0.002*

MGC 7 5 (714) 7 (100)

GC, gastric carcinoma; SGC, single gastric carcinoma; MGC, multiple gastric carcinomas; values represent the number of patients, with the

percentages in parentheses; “significant difference.

From 6 to 9% of all patients after a surgical resection of first
CRC demonstrated a second extracolonic carcinoma (21,22).
In particular, a metachronous CRC after surgery for GC, and
a metachronous GC after surgery for CRC were often found
(23,24). There have been no reports to our knowledge on the
biological nature or characteristics of any specified carci-
noma with double carcinomas of the stomach and colorectum.
A recent study demonstrated a defective protein expression
of hMSH2 and/or hMLHI1 in cases of CRC alone or GC
alone (25,26). The frequency of defective protein expression
of hMSH2 and/or hMLH1 in cases with CRC alone was
7.2% in our study and this finding closely correlated to the
reported frequency of MSI or RER in sporadic CRC. MSI-H
has been reported to be observed from 5-20% of sporadic
CRC cases (27,28). A high frequency loss of the two MMR
gene proteins was observed in patients with GC and CRC.
This frequency was especially high, namely up to 75% (6 of 8),
in cases demonstrating CRC with GC diagnosed when
patients were aged <65 years and also had a family history of
cancers.

In Fig. 3, the survival rate in patients with the defective
protein expression of hMSH?2 and/or hMLH1 was higher than
that with positive protein expression of hMSH?2 and/or
hMLHI in CRC with GC (Fig. 3, p<0.05), although the
survival rate of cases with defective protein expression of
hMSH2 and/or hMLH1 did not differ from those cases with
positive protein expression of hMSH2 and/or hMLHI1 in
CRC alone. Most published studies suggest that MSI-H CRC
have a favorable outcome (25,29,30), although not all studies
agree (31,32). MSI-H CRC has been reported to have a poor
prognosis in other carcinomas, such as endometrial and
breast carcinomas (33,34). The reasons for the different
survival rates were not elucidated. The reason that MSI-H
CRC has a favorable outcome, could be due to a self-
destructive effect of a large accumulation of numerous
mutations in the cell genome, and the biological nature of
MSI and MSS. In fact, a high chemosensitivity for 5-FU in
MSI-H patients has been recognized (30). Ribic et al
indicated the prognosis of patients with MSI and MSS in stage
IT and IIT colon cancer (35). According to their study, the
prognosis of patients with MSI-H was better than that for
those with MSI-L or MSS, and the benefits of adjuvant

chemotherapy (5-FU) were recognized in patients with MSS
or MSI-L but not in patents with MSI-H.

A review of MGC was reported by Moertel et al (15) in
1957. The frequency of MGC was 1-3.5% in Europe, USA and
Japan. In our previous cancer center study, Morita et al (36)
reported the frequency of MGC to be 6.3%, and the occurrence
of MGC was thus associated with a family history of GC.
MGC was seen in 7 of 56 patients (12.5%) with both CRC
and GC in this study. Previously, a high rate of MSI-H was
observed in MGC (37-39). The frequency of defective
protein expression of hMSH2 and/or hMLH1 in MGC was
significantly higher than that of SGC (Table V). We suggest
that some CRC with GC cases thus belong to HNPCC-
associated cancer, because the frequency of a defective protein
expression of hMSH2 and/or hMLHI1 in CRC with GC is
higher than the frequency for patients with CRC alone, the
frequency of a defective protein expression of hMSH?2 and/or
hMLHI in patients, who have carcinomas of the stomach or
colorectum in family members is higher than those, who have
other carcinoma types (Table IV), and the frequency of MGC,
related with familial history is high (Table V).

Our results suggest that hMSH2 and hMLHI1 gene
abnormalities play an important role in the tumorigenesis of
patients demonstrating CRC with GC. The relationship
between defective DNA MMR and the presence of multiple
primary carcinomas in the gastrointestinal tract may thus
allow to effectively screen patients at risk for developing
either second or third carcinomas. Therefore, a more careful
follow-up after first surgery which does not overlook
secondary carcinomas, particular in patients with a defective
protein expression of hMSH?2 and/or hMLH, is called for.
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