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(A, EEBREOBEEITIIEAN L BH 8T LT, BRETREERORENEL»THE L
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@ small cell carcinoma 5B Hit, MO KIBIER &
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Summary

Imaging Diagnosis of Metastatic
Gastrointestinal Tumors

Tkeuko fwashita V', Kyousuke Ushio,

Akinori Iwashita 2, et al

Among metastatic tumors, characteristics of true
embolic metastasis {hamatoganeous and lymphatic
metastasis) were mainly reviewed. Frequency of metas-
tasia off malignant tumors to the gastrointestinal tract is
as follows; esophagus: 1%, stomach: 2.3~6%.
small intestine : 1.14-~2.9 %. Metastasis to the esopha-
gus seemed to the least frequent. As for the origin of
metastatic tumor, lung cancer and breast cancer were
origins comparatively more frequent in every organ. In
addition, gastric cancer, uterine cervicai cancer and
lingual cancer were origins frequent in the esophagus.
Esophageal cancer and malignant melanoma in the sto-
mach, malignant melanoma and renal cell carcinoma in
the small intestine, and cervical cancer and esophageal
cancer in the colon were frequent. As for clinical man-
ifestation, dysphagea followed by anemia was the most
frequent in the esophagus. Hematomesis and melena,
weight loss, nausea and vomiting were frequent in the
stomach. Melena and intestinal obstruction in the small

intestine, and abdominal pain, abdominal distention -
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ERISIER B DZHR

fREE XIBETE - LSRR

®85 H184 2003%
Effi 136508 (=#13 DOOF‘H+¥F&5%)
[ISBN4-260-10284-2)

and dyschezia were frequent in the coion. In a word,
various manifestations characteristic to each organ were
seen. Less than half of the cases had multiple lesions
{esophagus : 40 %, stomach : 47 %, small intestine : 34
~ 37%. colon 22 %), however, 83.3% of colonic
lesions of superficial type had multiple lesions. As for
macroscopic features, there were not only submucosal
tumor-like lesions but lesions resembling the original
cancer or malignant lymphoma. Frequency of sub-
mucosal tumor-like lesions was less than 50%
(esophagus : 40%., stomach: 439%, small intestine
33.3%, colon: 22.2~~28.6%). The principal therapeu-
tic procedure is an operation, but, as there are many
cases having metastasis to other organs, chemotherapy
is also frequently employed. Recently, less invasive
treatment such as polypectomy or EMR has been em-
ployed for solitary metastatic lesions superficial in type,
and cases in which progression has been delayed due to
such treatment have been reported. Although the prog-
nosis is generally poor, reports of cases who have sur-
vived for more than two years have recently increased.
Therefore, delay of progression can be expected by ear-
ly detection and intensive treatment.

1) Department of Radiology, National Kyushu Can-
cer Center, Fukuoka, Japan

2) Department of Pathology, Fukuoka University
Chikushi Hospital, Fukuoka, Japan
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Biological features of sporadic colorectal carcinoma with high-frequency
microsatellite instability: special reference to tumor proliferation

and apoptosis
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Abstract

Background. We evaluated the relationship between bio-
logical behavior and microsatellite instability {(MSI) status.
with or without p33 status. in sporadic colorectal carcinoma.
Methods. MSI was analvzed with regard to biological fea-
tures such as cellular proliferation and apoptotic cell death,
in addition to clinicopathological features, in 87 patients
with sporadic colorectal carcinoma.

Results. Fourteen (16.1%) of 87 tumors showed instability
at two or more of the five loci examined (high-frequency
MSI [MSI-H]). Four demonstrated instability at one locus
{(low-frequency MSI [MSI-L]). and 69 showed no instability
(microsatellite-stable [MSS]). The MSI-H tumors tended to
be focated in the proximal colon and more often were mu-
cinous carcinoma. The MSI-H tumors also tended to be in
patients with multiple colorectal carcinomas and to demon-
strate. rarely. an infiltrating growth patiern or venous inva-
sion. The incidence of p53 protein overexpression in the
MSI-H turpors was significantly lower than that in the MSI-
L/MSS tumors (21% vs 54%). There was no significant
difference in the proliferating-cell nuclear antigen (PCNA)
labeling index (PI) or apoptotic index (Al) between the
MSI-H and MSI-L/MSS tumors. The Al in the MSI-H
tumors with p33 overexpression was significantly lower than
that in the MSI-H tumors without p33 overexpression. and
was also significantly lower than that in the MSI-L/MSS
tumors with p33 overexpression. In the MSI-H tumors with
p33 overexpression. no expression of BAX protein was
found, and there was high expression of bcl-2 protein.
resulting in a low BAX/bcl-2 ratio.

Conclusion. In sporadic colorectal carcinoma. an MSI-H
tumor with p33 protein overexpression may display aggres-
sive biological features,

S. Mori - Y. Qgata (=) - K. Shirouzu
Department of Surgery. Kurume University School of Medicine,
67 Asahi-machi. Kurume, Fukuoka 830-0011. Japan
. Tel. +81-942-31-7306: Fax —81-942-34-0709
e-mail: vogata@med.kurume-u.ac.jp

Key words Sporadic colorectal carcinoma - Microsatellite
instability - Cellular proliferation - Apoptosis - PCNA. - p33

introduction

Two main genetic pathways leading to colorectal adenocar-
cinoma can be distingnished.”” Tumors generated by the
classic “suppressor™ pathway display marked chromosomal
instability. with frequent cvtogenetic abnormalities and
alleic losses.” The second genetic pathway is involved in
the development of tumors in patients with hereditary
nonpolyposis colorectal cancer (HNPCC). The hallmark
of this alternative “mutator”™ pathway is widespread
microsatellite instability (MSI). which is characterized by an
accumulation of somatic alterations in the length of simple.
repeated sequences called microsatellites. High-frequency
microsatellite instability (MSI-H) results from DNA repair
error® The MSI that is typically seen in HNPCC is also
reportedly observed in sporadic colorectal carcinoma.” The
transforming growth factor (TGT) P receptor tvpe II gene.
the insulin-like growth factor 1I receptor gene. and the
BAX gene, which encode molecules related to tumor
proliferation and apoptosis. have been found to be targets
for MSL™

Colorectal adenocarcinomas originating through the
suppressor pathway differ in pathological features from
those originating through the mutator pathway."" Further-
more. patients with an MSI-H tumor have a more favorable
survival than patients with low-frequency MSE (MSI-L) or
microsatellite-stable (MSS) tumor.”™ However. reasons
for the favorable survival in patients with an MSI-H tumor
are still unclear. In general. the high mutational load in
MSI-H tumors is suspected to be detrimental to their
growth and metastatic potential. Thus. biological features
related to the functions of the target genes for MSI in spo-
radic colorectal carcinoma should be particularly evaluated
and compared with those in colorectal carcinomas derived
from the suppressor pathway.
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In the present study. to investicate anv correlation
between malignant biological behavior and MSI status. we
analyzed MSI with regard to biological features such as
cellular proliferation and apoptosis, in addition to clinico-
pathological features. We also discuss the prognosis of
patients with sporadic colorectal carcinoma according to
MSI status. We demonstrated a significant relationship
between MSI status. combined with p33 protein expression
status. and apoptosis in sporadic colorectal carcinoma.
using immunohistochemical techniques and terminal
deoxy-nucleotidvl transferase-mediated dUTP-biotin nick
end-labeling (TUNEL) staining,

Patients and methods
Patients and specimens

A total of 87 patients with sporadic colorectal carcinomas
who underwent surgery between 1995 and 1998 at Kurume
University Hospital were reviewed. The tumors were
defined as sporadic colorectal carcinoma by excluding
familial adenomatous polyposis and HNPCC according to
the Amsterdam criteria I1."” The patients had had no preop-
erative chemotherapy or radiation therapy. Fresh surgical
specimens and formalin-fixed specimens were used for MSI
analysis. histopathological examination, immunostaining,
and TUNEL staining, Fifiy-five patients were male, and 32
were female. The patients ranged in age from 38 to 36 years.
and their average age was 63.8 = 10.5 years. The series
consisted of 23 patients with cancer in the proximal colon,
35 patients with cancer in the distal colon, and 29 patients
with rectal cancer. Pathological factors and staging for
colorectal cancer were defined according to the Interna-
tional Union Against Cancer TNM classification.'® The
grading of lvmphatic permeation and venous invasion was
defined according to our previous reports.”*

Follow-up investigations were performed through outpa-
tient visits. by letter, or by telephone, and the most recent
date of contact for each patient was regarded as the final
date of survival. The maximum patient follow-up period
was 78 months, and the mean follow-up period was 38
months.

MST analysis

Representative tumor samples and fragments of corre-
sponding normal mucosa were obtained from fresh surgical
specinens. and stored in liquid nitrogen until DNA exirac-
tion. Genomic DNA was extracted from tissue using a stan-
dard phenol-chloroform procedure.” For MSI evaluation,
we amplified five microsatellite regions, using the following
primer sets: for the short arm of chromosome 2 {(D2S5123),
for the short arm of chromosome 3 (D351067). for the short
arm of chromosome 17 (TP53), for the long arm of chromo-
some 18 (DI8S51), and for the short arm of chromosome

323

{BAT26), These primers were obtained with a 380A DNA
synthesizer (Applied Biosystems: Perkin-Elmer, Foster
City. CA, USA), using a previously described protocol.™
We developed a simple method. using ffuorescence-based
polymerase chain reaction (PCR) with an autosequencer
for amplication of the five microsatellite loci. The PCR
reaction was performed in one tube. using a RoboCycler 40
PCR machine (Stratagene. La Jolla. CA, USA) over 29
cycles with 0.2-1ul of primers and a Gene Amp kit (Roche
Molecular Systems. Branchburg. NJ. USA) under the con-
ditions recommended by the kit supplier. In brief. we used
a 50-ul aliquot containing 100ng of DNA. 10mM Tris-HCI
(pH 83). 75mM KCl. and L.5mM MgCl,. PCR products
were denatured for Smin at 95°C in formamide dve, and
electrophoresed in a 3% polyacrylamide gel containing 6 M
urea, using a PRISM377 DNA sequencer (Applied
Biosystems: Perkin-Elmer). The electrophoresis was per-
formed using Tris-Borate-EDTA (TBE) buffer at 3000V,
and the interval time to collect fluorescence signals on the
autosequencer was 2400 scans per hour.

The MSIs of the five genes were assessed. In principle,
detection of PCR product peaks was performed using Gene
Scan software™ (Applied Biosystems). When PCR products
of abnormal size or novel alleles compared with corre-
sponding normal tissue were recognized, the genes were
defined as showing MSI. Tumors exhibiting MSI with at
least two of the five microsatellite markers were classified as
MSI-H.” Tumors demonstrating instability at a single locus
were classified as MSI-L. and tumors without instability at
any of the five loci examined were classified as MSS.2 In all
the analyses associated with MSI, MSI-L and MSS tumors
were grouped together and are indicated as MSI-L/MSS.

Immunostaining

Immunohistochemical staining was performed using a la-
beled streptavidin-biotin technique (SLAB kit: DAKO
Cytomation, Carpinteria. CA, USA) on 4-um thick, forma-
lin-fixed, and paraffin-embedded sections. In brief. after
deparaffinization, the sections were autoclaved at 120°C for
10min in citrate buffer. Nonspecific binding activity was
inhibited with blocking serum at room temperature for
20min. Sections were then incubated with primary mono-
clonal antibody against p33 (DO7; DAKQ Cytomation.
Glostrup, Denmark), diluted at 1:50: monoclonal antibody
against p21 {WAF1: Novocastra Laboratories. Newcastle.
UK). dituted at 1:30: monoclonal antibody against pro-
liferating-cell nuclear antigen (PCNA) (PC-10: DAKO
Cytomation, Glostrup, Denmark); monoclonal antibody
against BAX (Anti-BAX: Upstate, Waltham. NY. USA):
and monoclonal antibody against bel-2 (clonei24: DAKO
Cytomation) at 4°C overnight, respectively. followed bv
incubation with biotinylated link antibody and peroxidase-
labeled streptavidin at room temperature for 20 min. Stain-
g was detected using 3-amino-9-ethylcarbazol (DAKO
Cytomation, Carpinteria, CA. USA) for p33 and 3'.3'-
diaminobenzidine (DAKO Cytomation, Carpinteria, CA.

—277—



324

USA) for p2l, and then counterstaining was done with
hematoxylin.

Labeling of apoptotic cells by TUNEL assay

TUNEL staining allows the in-situ delection of apoptotic
cells. After deparaffinization and rehvdration. the tissue
sections were incubated in 20ug/mi of proteinase K. for
I3min at room temperature. After a rinsing in phosphate-
buffered saline (PBS) for 5min. endogenous peroxidase
activity was blocked by incubating the sections in 2% H.O,
for Smin al room temperatuse. Following the rinsing in
PBS. the slides were covered with equilibration buffer
{ApopTag Plus in sitv apopiosis detection kit: Serologicals.
Norcross. GA. USA). and incubated for 13min at room
temperature. Apoplotic cells were then identified using an
immunoperoxidase detection system.

Statistical analysis

Differences in distributions between the different variables
were calculated by the y° test or Fisher's exact test when
appropriate. In comparisons with continuous distribution. a
two-sample i-test was used. Survival rates based on the MSI
status were calculated using the Kaplan-Meier method.
Comparison of the survival rates was performed using the
log-rank test.

Results
MSI status

A tumor was classified as MSI-H when instability at two or
more microsatellite loci was detected (more than or equal
t0 40% ). Fourtleen (16.1%) of the 87 tumors were classified
as MSI-H. Of these i4 MSI-H tumors. 1 displaved instabil-
ity with all five microsatellite markers. 2 displaved instabil-
ity with four microsatellite markess. 2 displaved instability
with three microsatellite markers. and 9 displaved instabil-
ity with two microsatellite markers. Four tumors (4.6%)
demonstrated instability at one locus (MSI-L). and 69
(79.3%) showed no instability at any of the five loci exam-
ined {MSS). The BAT26 marker exhibited MSI in 14
{100%) of the 14 MSI-H tumors.

Clinicopathological features according to MSI status

Correlations between MSI status and clinicopathological
factors are summarized in Table 1. The incidence (43 %) of
a proximal colon tumor in MSI-H cases was higher than that
(23%) in MSI-L/MSS cases. The incidence (29%) of muci-
nous adenocarcinoma in MSI1-H cases was higher than that
{3%) in MSI-L/MSS cases. The MSI-H cancers had a sig-
nificantly higher incidence {21%) of multiple colorectal
cancers {(synchronous. 2 cases: metachronous. 1 case). MSI-
H tumors rarelv demonstrated an infiltrating growth pat-

tern or severe venous invasion, although these differences
from MSI-L/MSS were not significant. There was no differ-
ence in age, sex, tumor infiltration, lvimphatic invasion. or
lymph node involvement between the patients according to
MSI status.

The cumulative 5-year-survival rates of patients with
MSI-H tumors and MSI-L/MSS tumors were 82% and 62%,
respectively, but the difference did not reach significance
(Fig. 1).

The incidence of p33 and p2] immunoexpression
according to MSI status

Immunostaining of p33 was observed in the tumor cell
nuclei (Fig. 2a). When p33 staining was seen in 10% or more
tumor cells. the case was defined as positive for p33.” in
consideration of what was shown to correlate closely with
p33 mutation. Positivity of p53 protein expression was seen
in 49% of the patients (42 of 86). Immuncreactivity for p21
was also detected in the tumor cell nuclei (Fig. 2b). When
positive tumor staining for p21 was seen in 10% or more
tumor cells, the case was considered as positive for p21,
Positivity of p21 protein expression was seen in 28% of the
patients (24 of 86). Positivity of p33 protein expression in
MSI-H tumnors was 21.4% {3 of 14): this was significantiy
lower than that (54.1%: 39 of 72) in MSI-L/MSS tumors. No
significant difference in the incidence of p21 protein
overexpression was found between the MSI-H and MSI-L/
MSS tumors (35.7% vs 20.4%). When the tumors were
classified according to both the MS! status and p53 protein
expression. 39, 33, 11. and 3 tumors were defined as MSI-L/
MSS and p33-positive, MSI-L/MSS and pS3-negative,
MSI-H and p33-negative, and MSI-H and p33-positive,
respectively.

11 MSI-H (n=14)
8- e
@
& 61
T; ] MSI-L/MSS (n=73)
T4
: .
&
2 P=0.209 (logtank test)
0 -

T T T T T T 1 M T M I 1 Il

0 12 24 36 48 60 72

Survival Duration (months)

Fig. 1. Survival curves according to microsatellite instability MSI
status. Cumulative survival curves of the patients with high-frequency
MSI (MS/-H) and low-frequency MSI/microsatellite stable (MS/-L/
M35y tumors were prepared using the Kaplan-Meier method. Statisti-
cal comparison was performed using the log-rank test
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Table 1. Clinicopathological factors and MSI status

Clinicopathoiogical factors MSI-H MST-L/MSS P value
(%) (%)

Age (mean * SD) 63.6 = 10.7 63.8 = 10,5 0.935

Tumor size (mm: mean = SD) 584 £ 27} 31.9 = 209 0.309

Sex 0.259
Male 11 (79 44 (60)
Female 3(21) 29 (40)

Location i 0.063
Proximal colon 6 (43) 17 (23)
Distal colon 7 (50) 28 (38)
Rectum N 28 (38)

Histological type 0.012
Well 6 (43) 39 (53)
Mod 4 (29) 26 (36)
Por Q0 3(7N
Muc 4 (29) 2(3)

pT-factor 0451
pTi-2 1(7 15 (18)
pT3-4 13 (93) 6} (82)

pN-factor 0.799
pNQ 6 (43) 34 (47)
piNi-2 8 (57} 39 (33)

M-factor 0.333
MO 11 (79 49 (67)
M1 3421 24 (33)

Grade of lymphatic permeation™ 0.766
Iy 0-1 10 (71) 48 (66)
Iy 2-3 4(29) 25 (34)

Grade of venous invasion'’ 0.128
v0-1 12 (36) 46 (63) :
v 2-3 214 27 (37)

Growth pattern 0.044
Expanding type 10 (71) 31 (42)
Infiltrating type 4 (29) 42 (58)

Multiple cancer 0.028
Negative 11 (79) 71(97)
Positive 32D 2(3)

well, well-differentiated adenocarcinoma: mod. mederately differentiated adenocarcinoma: por.
poorly differentiated adenocarcinoma: muc, mucinous adenocarcinoma: MSI, microsatellite in-
stability; MSI-H. high-frequency MSI; MSI-L, low-frequency MSI: MSS, microsatellite stable

PCNA labeling index (PI) and apoptosis index (AI)
according to MSI status

The PI was scored as the fraction of positively stained
tumor cell nuclei among 500 to 1000 tumor cells (Fig. 2d).
The Pi of 87 patients available for PCNA scoring was 57.0
= 1.6. On the other hand, apoptotic tumor cells were scat-
tered in the tumor tissues (Fig. 2¢). The Al was scored as
the mean value of apoptotic tumor cells per one field under
200 kght microscopy in five random felds. The Al of 87
patients available was 2.18 = 0.25.

There was no significant difference in PI or Al between
the MSI-H and MSI-L/MSS tumors. When compared in
combination with pS3 protein status, the AT in the MSI-H
tumors with p33 protein overexpression was significantly
lower than that in the MSI-H tumors without p33 protein
overexpression as well as being significantly lower than that
in the MSI-L/MSS tumors with p53 protein overexpression.
No difference in PI was found according to the combined
status of p33 expression and MSI (Table 2).

Immunoexpression of BAX and bcl-2 according to
MSI status

Both BAX and bel-2 protein were expressed in the cyto-
plasm of the tumor cells (Fig. 2e.f). When positive staining
of BAX and bel-2 occurred in more than 10% of tumor
cells, the case was considered as positive for BAX and
bel-2. The positive ratios for BAX and bel-2 expression
were compared according to MSI status. The ratio of BAX
expression in the MSI-H tumors appeared to be lower than
that in the MSI-L/MSS tumors. although the difference did
not reach significance. The positive ratio of BAX expres-

sion was stratified according to the combined status of MSI

and p33 protein expression. No BAX expression was found
in the MSI-H tumors with p33 protein overexpression: the
incidence of BAX expression was 45% in the MSI-H tu-
mors without p33 overexpression, 62% in the MSI-L/MSS
tumors with p33 overexpression. and 67% in the MSE-L/
MSS tumors without p33 overexpression, with no significant
differences seen between these groups. When the tumors
were classified into three groups and scored 1 to 3 for the
concomitant expression of bel-2 and BAX (score 1, bel-2-
positive and BAX-negative; score 2, bcl-2-positive and
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Fig. 2a-f. Immunestaining and terminal deoxynucleotidy] transferase-
mediated dUTP-biotin nick-end labeling (TUNEL) staining. Immuno-
staining for p33. p21. proliferating—cell nuctear antigen (PCNA). BAX.
and bel-2. and TUNEL staining. were performed as described in
“Materials and methods™. a Nuclear staining of p33. b p21. and d

BAX-negative: score 3. bel-2-negative and BAX-positive),
the score in the MSI-H tumors with p33 overexpression was
significantly lower than that in the MSI-L/MSS tumors with
p33 overexpression or that in the MSI-L/MSS tumors with-
out p33 overexpression (Table 3).

PCNA. and e cytoplasmic staining of BAX and f bel-2 were observed.
p33 and p2i expressions tended to differ at the celtular level ¢
Apopiotic ceils detected by TUNEL staining were scattered. a. b X40:
d, e. f X100: ¢ X200

Discussion

An international workshop in Bethesda, Maryland. spon-
sored by the National Cancer Institute. has formulated
guidelines for the evaluation of MSI in colorectal carci-
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Table 2. Apoptosis index (AI) and PCNA labeling index (PI) in colorectal cancer tissues

Category Number Al (mean £ SE) Pvalue PI(mean * SE) P value

MST 0.327 0.347

MSI-L/MSS n=73 239x024 568 £ 1.6

‘MSI-H n=14 184033 60.6 = 3.7

MSI and p33

MSIL-L/MSS, 0p53(=) n~ =33 235x042 0.167* 55524 0.345%

MSI-L/MSS, p53{+} n =38 2.43 £ 027 0.042* 57922 Q.512*

MSI-H, p53(—) n=11 224 =032 0.012% 59.9 * 4.6 0.720*

MSI-H, p33(+) n=73 0.37 = 0,12 634 x58

MSI and p21

MSI-L/MSS, p21(—) n=32 226023 0.103%* 554 £20 0.724%*

MSL-L/MSS, p21(+} n =19  2.67 = 0.65 0.177% . 60.5 £ 3,0 0.572%*

MSI-H, p21(-—) n=29 130 = 0.37 57254

MSI-H, p21{+) n=35 2.30 + 0.34 0.021%*  66.8 = 2.5 (.234%*

*Compared with MSI-H, p53(+); ** compared w1th MSI-H, p21(-)

PCNA, proliferating—cell nuclear antigen
Table 3. Positivity of BAX and bcl-2 protein expression and the concomitant expression score
Category Number BAX P value bel-2 P value CES P value

{%) (%) (mean *+ SE)

MSI 0.072 0.775 0.015
MSI-L/MSS n=173 64.4 48.6 2.39 = 0.07
MSI-H n=14 357 42.9 1.93 = 0.20
MST and p53 0.109 0.377
MSI-L/MSS, p53(--) n =33 667 394 239 £ 011 0.007*
MSI-L/MSS, p33(+) n =39 61.3 537 . 239 %010 0.008*
MSI-H, p53(-) n=11 45.5 36.4 2.09 £ 0.21 0.114*
MSI-H, p53(+) n=3 0 66.7 133 £ 0.33

*compared with MSI-H, p53(+)
CES, concomitant expression score

noma.” According to the recommendations endorsed at the
workshop, a minimum of five markers should be employed
to assess MSI in these tumors. Furthermore, a panel of five
microsatellites has been validated as a reference panel, and
several alternative loci of established utility have also been
indicated. When the tumors in our study were classified as
MSI-H tumors and MSI-I/MSS tumors according to the
criteria, the incidence of MSI-H tumors in sporadic
colorectal carcinomas was 16%. This value is similar to that
in previous studies.”™"

It has been reported that MSI-H colorectal tumors differ
from MSI-L/MSS tumors in several pathological features,
In agreement with most previous investigations,'®** we
found that MSI-H tumeors tended to be located in the proxi-
mal colon and were more often mucinous carcinoma than
MSI-L/MSS tumors. The MSI-H tumors also tended to be
in patients with multiple colorectal carcinomas and to,
rarely, demonstrate an infiltrating growth pattern or venous
invasion.

The survival rate in the patients with MSI-H tumors
tended to be higher than that in patients with MSI-L/MSS
tumors, Previous studies in-large numbers of patients have
shown a more favorable prognosis for patients with MSI-H
colorectal carcinomas. However, the biological basis of the
more favorable clinical course of patients with MSI-H
colorectal carcinoma is still undetermined. As a suggested
reason for the favorable outcome, it has been reported that
the high mutational load in MSI-H tamors elicited a strong

host immune response arising as a result of a high mutation
rate in tumor-associated antigens.™* In fact, intense lym-
phocytic infiltration and conspicuous Crohn-like lymphoid
reaction in tumor tissues are significantly associated with
MSI-H tumors.” It has also been indicated that diploid
nuclear DNA content, determined using flow cytometry,
and low rates of loss of heterozygosity in DCC/18q, p53/17p,
and K-ras mutations represented relevant biological charac-
teristics of MSI-H colorectal carcinomas.™ In other words,
tumors derived via the “suppressor” pathway, most of
which display MSI-L/MSS, are thought to have more fre-
quent cytogenetic abnormalities related to tumor growth
and metastasis than tumors derived via the “mutator”
pathway.

With regard to tumor cell proliferation, wild p53 protein
has been implicated in controlling checkpoints during the
(1 phase of the cell cycle that may monitor the state of the
DNA. before entry into the $ phase.” Following DNA
damage, p53 protein levels rise dramatically, and the p53
induces p21 protein,® which causes G1 growth arrest
through inhibition of cyclin-dependent kinase,””® and the
entry into the S phase is delayed until the genomic lesions
are fully repaired. Otherwise, p53 protein inhibits bel-2
protein expression and induces BAX protein expression,
leading to cell apoptosis.* When p53 function is lost, tumor
cells enter the S phase without appropriate DNA repair or
induction of apoptosis, leading to fization and propagation
of genetic alterations.” Qur immunohistochemical results
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showed a significantly higher incidence of abnormal p53
protein accumulation in the MSI-L/MSS tumors compared
with the MSI-H tumors, as has been reported previ-
ously.”™*** Because MSI-L/MSS tumors derived via the
“suppressor” pathway have a high incidence of mutation of
the p53 suppressor gene, the tumors are thought to have
aggressive biological features related to tumor proliferation
and apoptosis. On the other hand, because the TGF {3
type II receptor gene, the insulin-like growth factor II
receptor gene, and the BAX gene are targets for MSL, we
have proposed that MSI-H tumors also have a high activity
of tumor proliferation and a low activity of apoptosis
induction.

Our question s how the target genes for MSI, such as the
TGF B type II receptor gene and the BAX gene, contribute
to the determination of tumor biological activity in sporadic
colorectal carcinomas. In our results, although there was no
difference in AY or PI according to MSI status, the Al in
MSI-H tumors with p53 protein overexpression was
significantly lower than that in the MSI-H tumors without
P53 protein overexpression, as well as being significantly
lower than that in the MSI-L/MSS tumors with p53 protein
overexpression. This result was explained by the concomi-
tant expression of bel-2 and BAX protein in the tumors
(these being negative and positive regulators of apoptosis,
respectively). Namely, in the MSI-H tumors with p53
protein overexpression, no expression of BAX protein was
found and there was high expression of bel-2 protein, result-

.ing in a low BAX/bcl-2 ratio. The BAX/bcl-2 ratio is report-
edly a good indicator of apoptosis.* In general, p53 gene
mutations, were identified in MSI-L/MSS tumors. Unex-
pectedly, p53 gene mutations were identified in a distinct
substantial subset of MSI-H tumors.* Our results suggested
that, in MSI-H tumors with p53 mutation, tumor apoptosis
may be strongly inhibited by alterations of related genes
which resuited from both MSI and p33 dysfunction.
Eshleman et al.® reported that MSI-H cell lines bearing
mutant 53 demonstrated the same stability of chromosome
number, and the same stability of chromosome structure,
as MSI-F cell lines with wild-type p53. It is suggested that
the apparent chromosomal stability in MSI-H sporadic
colorectal carcinomas is a consequence of the presence of
wild-type p53 alleles; otherwise, mutation on the p53 gene
in MSI-H tumors may occur accidentally in a different
manner from that in the “suppressor” pathway.

In conclusion, from the aspect of tumor growth activity,
we could not find a reason for the favorable outcome in
patients with an MSI-H tumor compared to those with an
MSI-L/MSS tumor. However, in MSI-H tumors with p353
protein overexpression, genes such as BAX and bcl-2 may
be directly affected by the loss of p53 function and by a hagh
mutational load of MSI-H, resulting in potentially high
activity of tumor growth. There is a possibility that patients
having an MSI-H tumor with p33 protein overexpression
may show a poorer prognosis compared to those having an
MSI-H tumor with wild-type p33. Unfortunately, we counld
not reach a conclusion on this point in the present study
because of the small number of samples. In the future,
studies using large sample numbers should confirm that our

data are reproducible, and whether or not the prognosis of
patients having an MSI-H tumot with p53 mutation is poor
compared to prognosis in the other subsets.
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