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LEGENDS TO TABLES AND FIGURES

Table 1. Genes upregulated in Bcl-2-overexpressing L6 myoblast sheets as compared to wild
type cell sheets.

Table 2. Echocardiography data at 3, 10, and 28 days after LAD ligation and transélantation
showing anterior and posterior wall thickness in diastolic (AWTd, PWTd) and systolic
phases (AWTs, PWTs) and left ventricular diameter in diastolic (Dd) and systolic (Ds)
phases. Units are presented in mm. Dd and Ds were used to calculate fraction shortening
(LVFS) and ejection fraction (LVEF) percentage.

Figure 1. Expressional and functional characterization of Bcl-2 in L6 myoblasts. A)
Expression of Bcl-2 protein iﬁ wild type (L6-WT) and Bcl-2-overexpressing (L6-Bc¢l2)
myoblasts. B) Immunofluorescence (IF) detection of Bel-2 in L6 myoblasts suggesting
cytoplasmic and .perinuclear localizatioﬁ. C) Mitochondrial activity as measured with MTT
assay in L6-WT and L6-Bcl2 in myoblast cultures treated for 48 hours. D) Number of
adherent L6-WT and L6-Bcl2 myoblasts in cultures treated for 48 hours. E) Quantification of
early apoptosis as measured by FITC-labeled annexin V binding to cell surface-translocated
phosphatidy! serine. C-E) Cultures deprived of serum (left panels), and cultures with
apoptosis induced by staurosporine (80 ng/ml) (right panels).

Figure 2. Immunohistochemistry, differentiation, and VEGF expression of wild type (L6-
WT) and Bcel-2-overexpressing (L6-Bcl2) myoblast sheets. A) Hematoxylin and eosin (H&E)
stain, expression of Bcl-2 protein, cell proliferation as detected by the expression of
proliferation-associated Ki67 antigen and the evaluation of apoptotic cells by
immunodetection for active cleaved caspase-3. B) Activation of caspase-3 in L6-WT and L6-
Bcl2 myoblast sheets after 24 hours in control, serum-deprived, and staurosporine-treated (10
ng/mb) sheets. C) Immunoblots of myogenic differentiation markers troponin T and
myogenin from L6-WT and L6-Bcl2 sheets after differentiation in serum-free medium for 96

hours. Lower panels show phase contrast images demonstrating the formation of myotubes in
31



L6-Bcl2 sheets. Cell detachment and death prevail in L6-WT sheets. D) Amount of VEGF-A
in culture medium of untreated, serum-deprived, and staurosporine-treated L6-WT and L6~
Bcl2 sheets as determined with ELISA.

| Figure 3. Echocardiography for A) left ventricle ejection fraction (EF), and B) left ventricle
fraction shortening at the indicated time points after wild type (n=17, L6-WT), Bcl-2-
overexpressing (n=20, L6-Bcl2) myoblast sheet therapy for acute myocardial infarction
(AMI). Control rats (n=22) underwent AMI without sheet transplantation, and sham-operated
rats (n=5) underwent left-sided thoracotomy to control the surgery-induced effect on systolic
parameters. * p<0.05, ** p<0.01 as compared to the éontrol group; T p<0.05, 1t p<0.01 as
compared to the L6-WT group.

Figure 4. A) Quanftitative evaluation of vascular density using immunohistochemical
staining for von Willebrand factor (vWF) expression in myocardial paraffin-embedded
sections from sham-operated, wild type (L6-WT), Bcl-2 (L6-Bcl2), and control animals.
*p<0.05, ** p<0.01 as compared to the control group; T p<0.05, T} p<0.01 as compared to
the L6-WT group. B) Expression of vWF in uninfarcted, sham-operated myocardium. C)
Representative figures showing vascular density with vWF staining (brown) in infarct (left
panels), border (middle panels), and remote (right panels) areas of the left ventricle. Sections
were counterstained with hematoxylin (blue).

Figure 5. A) Quantitative evaluation of fibrosis by Sirius Red staining of myocardial
paraffin-embedded sections from sham-operated, wild type (L6-WT), Bel-2 (L6-Bcel2), and
control animals. * p<0.05, ** p<0.01 as compared to the control group; T p<0.05, 11 p<0.01
as compared to the L6-WT group. B) Background staining in uninfarcted, sham-operated
myocardium. C) Representative figures showing the amount of fibrosis (red) in infarct (left
panels), border (middle panels), and remote (right panels) areas of the left ventricle.

Figure 6. A) Quantitative evaluation of proliferative cells as assessed with the expression of
proliferation associated Ki67 nuclear antigen (dark brown). Figure shows mean + SEM

densitometry values from the immunohistochemistry of myocardial paraffin-embedded
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sections of sham-operated, wild type (L6-WT), Bcl-2 (L6-Bcl2), and control animals. *
p<0.05, ** p<0.01 as compared to the control group, T p<0.05, 1 p<0.01 as compared to the
L6-WT group. B) Expression of Ki67 in uninfarcted, sham-operated myocardium. C)
Representative figures of showing proliferating cells by Ki67 expression in infarct (left
panels), border (middle panels), and remote (right panels) areas of the left ventricle. Sections
were double-stained to detect muscle tiésue by tropomyosin (red) expression. Sections were
counterstained with hematoxylin (blue).

Figure 7. A) Quantitative evaluation of the number of c-kit expressing cells in the
myocardium. Paraffin-embedded sections were stained from sham-operated, wild type (L6-
WT), Bel-2 (L6-Bcel2), and control animals. * p<0.05, as compared to the L6-WT group, **
p<0.01 as compared to the control group. B) Representative figures of c-kit expressing cells
in the myocardium from sham-operated (upper left panel), control (uppér right panel), L.6-
WT (lower left panel) and L6-Bcl2 (lower right panel) groups. Sections were counterstained
with Nuclear Fast Red.

Figure 8 Quantitative evaluation of cell survival after myoblast cell sheet transplantation. A)
Analysis of green fluorescence intensity from the apical surface of hearts 3 weeks after
transpiantation of GEP-expressing wild type (L6-WT-GFP, n=6) and Bcl-2-overexpressing

(L6-Bcl2-GFP, n=6) cell sheets. B) Representative bright field (left panels) or fluorescence

(right panels) images of excised hearts three weeks after surgery.
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ABSTRACT
Introduction. Conflicting: data exist regarding the. rele-
vance of high-frequency microsatellite instability (MSI-H)
for predicting the prognosis and benclits of 5-fluorouracil
(5-FU)-based chemotherapy. This study mvestigated the
-‘usefulness of MSI as either a prognostic indicator. or pre-
dictor of distinct clinical attributes regarding the use: of
adjuvant chemotherapy with 5-FU and its: analogues: in
gastric cancer.
Materials and methods. Data and tumor specimens were
collected from 240 gastric cancer patients from 1993 (o
2002. Five microsatellite loci were analyzed using a high-
intensity microsatellite analysis reported previously. A Cox
proportional hazard model was used to compare the clinical
data and survival as well as any associations between MSI
and 5-FU treatment status of patients with MSI or micro-
satellite stability (MSS) gastric cancers. A 3-(4,5-dimethyl-
2-thiazolyl) -2,5-diphenyl-2H-tetrazolium bromide (MTT)
assay was conducted in 168 cases to investigate chemo-
sensitivity to 5-FU.
Results. This analysis identified 22 MSEH (9.4%),° 23
MSI-L(10.7%), and 193 MSS (79.9%) tumors. Gastric
cancer with MSI-H tended to have increased likelihood to
show higher age, antral location of the fumor, and lymph
vessel involvement (P < 0.05). Univariate analyses failed
to show any difference between the MSI-H and MSS/MSI-
L ‘groups with respect to overall survival. Furthermore,
survival after the administration of 5-FU did not correlate
with MSI ‘status, and MSI was not associated with 5-FU
sensitivity by MTT assay.
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Conclusion. The results of this study indicate that MSI
status’has no clear influence on overall survival or response
to' 5-FU in- gastric cancer.

Gastric cancer is one of the: leading causes of cancer
death worldwide, although its incidence has decreased In
Western and some Asian countries, including Japan.'
Multiple genetic and epipenctic alterations in oncogenes;
tumor-suppressor. genes, cell-cycle regulators, cell adhe-
sion molecules, DNA repair genes, and genetic instability
as well “as: telomerase activation  are implicated in:the
multistep process of gastric carcinogene.s‘is.:"4 The specific
combinations of these alterations: differ in- the two histo-
logical types of gastric cancer, indicating’ that intestinal-
and diffuse-type carcinomas have distinct: carcinogenetic
pathways,2 Microsatellite instability (MSI):is a phenome-
non which is caused by a mismatch repair. gene deficiency
and is observed in around 20% of gastric cancer patients.
Gastric cancer with high-frequency microsatellite insta-
bility (MSI high; MSI-H) represents a: well-defined subset
of carcinomas, showing distinctive clinicopathological
features.””* In colon cancer, tumors with MSI-H are
characteristic of hereditary nonpolyposis colorectal cancer
syndrome (HNPCC) which, in the majority of cases, is
associated with early age at onset and which is caused by
germline mutations in one of the mismatch repair (MMR)
genesf}“iz In contrast, the: MSI-H: phenotype’ in gastric
cancer is predominantly caused by epigenetic hyperme-
thylation of the AMLHI as MMR gene rather than germline
mutations in one of the MMR genes.i‘MS Hypermethyla-
tion ‘of the promoter. of the hMLH] gene occurs in more
than 30% of human gastric cancer tissues.'>’®'” Thus MSI
in gastric cancer is frequent enough not to be ignored. Not
only genetic factors: but also dietary " intake, cigarette
smoking, and alcohol  consumption - may. influence the




Chemosensitivity and Survival in- MSI Gastric Cancer

2511

development of hMLH1-methylated gastric cancer.’” MSI-
H and microsatellite stable (MSS)/MSI-L gastric cancer
differ in some pathological and clinical findings.’ ¥ Many
studies found a better prognosis of MSI-H tumors. in
comparison with MSI-Land MSS' tumors with respect to
overall and disease-free survival."™'* However, other
studies found no influence of MSI on survival.”*?* The
mechanism by which MSI may influence clinical outcome
is unknown in gastric cancer:

Currently, tumor stage is the most important predictor of
prognosis for gastric cancer. A recent pivotal Japanese trial
showed that systemic adjuvant chémotherapy, using an oral
5-FU derivative improved survival time for stage II and I
gastric cancer.” In the same manner as for gastric cancer,
adjuvant: chemotherapy. improved: the survival of stage II
and III colon cancer. However, some studies found that
MSI-H tumors may be resistant to 5-FU.2** In contrast,
others - found - a better - chemosensitivity 1n. MSI-H
turnors.”~" However, these findings remain controversial.
So far, no-one has shown any clear results. in regard to
whether MSI is a prognostic or predictive factor for 5-FU
sensitivity in. gastric: cancer. This study was therefore ‘a
retrospective. study of -unselected ~patients  with': gastric
cancer, irrespective of ‘age at diagnosis or tumor stage, to
identify tumor MSI status and analyze its relationship with
overall survival and chemosensitivity.

PATIENTS AND METHODS
Tissue Samples

Primary gastric: carcinoma  tissues and corresponding
normal mucosa were obtained from 240 Japanese patients
who underwent surgery in the Deypartment of Surgery II at
Kyushu University Hospital between 1993 and 2000. No
patient - had ' received chemotherapy  before . surgery:
Informed consent was obtained from each patient prior fo
tissue acquisition; and the study was approved by the eth-
ical committee of Kyushu University. All the tumors,
examined microscopically by pathologists, were diagnosed
as adenocarcinoma and classified according to the criteria
of the Japanese Research Society for Gastric Cancer. The
cancer tissues and the well-separated normal gastric
mucosa obtained from the gastrectomies were immediately
cut into two pieces. Half of the specimen was kept in liquid
nitrogen for DNA extraction, and the another half was
immediately put into medium (Minimal Essential Medium;
MEM) for chemosensitivity tests: The genomic DNA was
prepared by proteinase K digestion and phenol—chloroform
extraction; which was then followed by ethanol precipita-
tion. In all cases, the histopathological type of the tumors
was determined to be adenocarcinoma.

Microsatellite Instability Analysis

MSI was analyzed in this study using a DNA sequencer
with five  microsatellite markers,  The oligonucleotide
primers were synthesized and then purified by high-per-
formance liquid chromatography (HPLC). The sequences
of the primers for polymerase chain reaction (PCR) were:
D285123-5'; 5-AAACAGGATGCCTGCCTTTA, D25123-
3. S-GGACTTTCCACCTATGGGAC, D5S107-5"; 5'-G
GCATCAACTTGAACAGCAT, D5S107-3;  5-GATC
CACTTTAACCCAAATAC, D10S197-5'; 5'-ACCACTG
CACTTCAGGTGAC,; D10S197-3"; 5-GTGATACTGTCC
TCAGGTCTCC, D115904-5"; 5~ATGACAAGCAATCC
TTGAGC, D115904-3'; 5-CTGTGTTATATCCCTAAAG
TGTGA; D13§175-5"; 5-TGCATCACCTCACATAGGT
TA, D13S175-3"; 5-TATTGGATACTTGAATCTGCTG.
The PCR reactions using genomic DNA were performed
using a TAKARA GeneAmp PCR Reagent Kit and were
run in a Perkin-Elmer GeneAmp PCR system 9700 (Nor-
walk, CT). The thermal conditions of the system were as
follows: one cycle at 95°C for 4 min; 35 cycles at 95°C for
0:5 min, 55°C for 0.5 min, and 72°C for 0.5 min; and one
cycle at 72°C for: 10.min. The DNA derived from the
cancer tissues were amplified with ROX-labeled 5’ primer

- ‘and cold ‘3 primer,; whereas the. DNA from the normal

tissues was amplified with HEX-labeled 5 primer and cold
3" primer. ‘The running condition of the Perkin-Elmer
Genetic Analyzer 310 (Norwalk;, CT) was described pre-
viously.?” The data were processed by the ABI software
GeneScan. An alteration in: the length of a microsatellite
PCR fragment obtained from a cancerous tissue specimen
was defined as: MSI positivity. The detailed determination
method: was . previously reported.}z’28 MSI ‘status . was
classified ‘as. follows: high frequency of microsatellite
instability (MSI-H) when MSI was demonstrated in two or
more of five analyzed markers, low frequency of micro-
satellite instability (MSI-L) when MSI wus demonstrated in

_one out of five analyzed markers, and microsatellite sta-

bility (MSS) when no positive MSI were detected in any of
the loci.

Chemosensitivity: Test

One ' ‘hundred -~ and . sixty-eight  patient . specimens
underwent an in vitro. chemosensitivity  test.-The: succi-
nate dehydrogenase inhibition: (SDI) test was conducted
as previously described by Takeuchi et al.?* Cell
viability ‘was estimated based on succinate ‘dehydroge-
nase (SD) activity, and was - determined - using - 3-(4,5-
dimethyl-2-thiazolyl) -2,5-diphenyl-2H-tetrazolium bromide
(MTT).
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Statistical Methods

Statistical significance was determined using Student’s
t-test ind the chi-squire test with Yates’s correlation factor,
and was also confirmed via a two-tailed Fisher exact test, A
difference was considered significant when the P-value was
less than 0.05.

RESULTS

Correlations Between: MSI Status and
Clinicopathological Factors in Gastric Cancer

Screening identified 240 patients with gastric cancers for
whom pathological - material and- follow-up- data were
available: Table I shows 22 MSI-H (9.4%), 25 MSI-L
(10.7%), and 193 MSS (79.9%) tumors. In many previous
reports, MSI status was. categorized: into .two. groups,
including MSI-H and MSS/MSI-L, since MSI-L tumors
demonstrate very similar: clinicopathological ‘ features to
those of MSS tumors.”* *® In our past reports, MSI was
classified into type A and type B MSI.'**1=* However, a
classification of MSI-L and MSI-H was used in this article
simply ‘todiscuss - the pathological characteristics.  Fur-
thermore, in the same way as noted. in other previous
reports, MSS and MSL-L werc categorized in the same
group as MSS/MSLL. MSI-H was associated with higher
age (P < 0.05), antral location of the tamor (P < 0.05),
and lymph vessel involvement (P < 0.05); however, MSI-
H was not associated with the intestinal type according to
Lauren classification, depth: of invasion or tumor stage
(Table 2).

MSI Status and Prognosis in Gastric Cancer

. The median follow-up of all patients was 983 +
861 days and within the study period, 64 patients (28.2%)
died. Adjuvant chemotherapy was performed for 76/240
(31.7%) patients. A Cox regression model for a univariate
analysis was used to assess the effect of MSI status on
survival. ‘This analysis failed to show any difference
between the MSI-H and MSS/MSI-L groups with respect to
overall survival (Fig. 1).

TABLE 1 Frequency of microsatellite instability of gastric cancer

MSI status Incidence (%)
MSS 193.(79.9%)
MSI-L 25 (10.1%)
MSI-H 22:(9.4%)

TABLE 2 Clinicopathological featurés and microsatellite instability
of gastric cancer

Variable MSS/MSI-L (n = 218) - MSI-H (n = 22).. - P-value
Gender
Male 123 6 N.S.
-~ Female 69 16
Age 633 67.8 <0.05
Histology®
Intestinal 84 11 N.S.
Diffused 7 113 11
Depth of invasion
T, T2 95 13 N.S.
T3, T4 98 9
Histological lymph node metastasis
Negative 54 100 N.S.
Positive 139 12
Lymph vessel involvement
Iy &) 59 1 <0.05
Iy ()¢ 134 21
Vascular involvement
Negative: 111 i3 N.S.
Positive 82 9
Location”
E/U° 67 2 <0.05
M/L 125 20
Stage
I+1 86 12 N.S:
oI+ 1V 107 10

2-Case for which the histological diagnosis could not be determined
were excluded

® ly (=) No lymphatic invasion’ was observed
¢ 1y () The lymphatic invasion was observed
4 Case for which the location could not be determined were excluded

° The tumor location was expressed as followings; the esophagus (E),
upper. (U); middle (M), and lower (L)

MSI Status and Chemosensitivity in Gastric Cancer

The regimens in the 76 cases who received chemo-
therapy were as follows: tegafur/uracil in 27 cases, 5-FU
bolus injection in 20 cases, doxifluridine in 11 cases, 1-
hexylcarbamoyl-5-fluorouracil (HCFU) in 8 cases, tegafur
in 6 cases, and tegafur/gimeracil/oteracil potassium in 4
cases. They are all derivatives of 5-fluorouracil.

A Cox regression model for a univariate analysis was
used to assess the effect of MSI status on survival in.the 76
patients who underwent adjuvant chemotherapy. We found
a small difference between the patients who received
adjuvant chemotherapy and those who did not receive any
adjuvant chemotherapy, but it was not significant (Fig. Za).
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FIG. 1 Overall survival in all cases: The bold line is MSS and dotted
line is MSI-H/L

Survival after administration of 5-FU or its derivatives did
not correlate with - MSI status (Fig..2b). When the chemo-
therapcutic sensibilities of these patients: were studied in an
MTT assay in 168 patients, MSI was not associated with
the 5-FU sensitivity (Fig. 3). The chemosensitivity test was
repeated for the other chemotherapeutic agents, such as
cisplatin (CDDP), adriamy¢in, and mitomycin; however,
no difference was found among the patients regarding each
MSI status group (data not shown). =

DISCUSSION

Gastric cancer (GC) remains a leading cause of cancer
mortality worldwide: Although the association between
clinicopathological factors and MSI has been well investi-
gated in colon cancer, their proportion and association with
clinicopathological factors remain to be proven in gastric
cancer. It is unclear whether MSI is a prognostic factor or a
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FIG. 2 a Overall survival in all cases following the use of adjuvant
chemotherapy: The bold line is for the patients who received adjuvant
chemotherapy and the dotted line is for: the patients who did not
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FIG. 3 In: vitro: chemosensitivity  tést using MTT assay.. When the
chemotherapeutic sensibilities of these. patients: were studied: in: an
MTT assay,. MSI was: not: associated with. 5-FU. sensitivity, Cell
viability::was’ estimated " based ‘on ~succinate dehydrogenase ' (SD)
activity, and was determined using 3-(4,5-dimethyl-2-thiazolyl) -2,5-
diphenyl-2H tetrazolium bromide (MTT)

predictive’ factor in' gastric cancer. The most important
clinical findings concerning microsatellite instabilities is
their effect on the prognosis of patients and chemosensitivity
to 5-FU for adjuvant chemotherapy in colon cancer. There is
improved survival - in patients with = non-microsatellite
instability-high - (MSI-L/N) - tumors after  5-fluorouracil-
based chemotherapy that does not extend to patients with
microsatellite instability-high tumors (MSI-H).”* Benatti
et ak also reported that type of genomic instability could
influence the prognosis of CRC, in particular in stages II
and III, and 5-fluorouracil-based chemotherapy does not
improve survival among MSI-H patients. Therefore, MSI is
regarded as a predictive factor in colon cancer. However, the
survival difference was influenced 'by the patients of
heredifary nonpolyposis (HNPCC) colorectal cancer who
were diagnosed: at a younger age and less advanced in
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received adjuvant chemotherapy: b Overall survival following the use
of adjuvant chemotherapy. The bold line is for MSS and dotted line is
for MSI-H/L



