2 S. Funaki et al. / European Journal of Cardio-Thoracic Surgery

P-value
N S C
-~ Number 130 34 53 43
Gender
Male 74 22 26 26 0.8
Female 56 12 27 17
Age in years (mean * SD) 68+9.0 67+9.2 67:93 69+11.0 03
. P-stage
| 98 30 42 26 0.01
1l 20 3 5 12
. HMortv 12 1 6 5
. Tumour histology
Adenocarcinoma 92 21 41 30 0.8
Squamous cell carcinoma 26 8 10 8

Miscellaneous 12 5

MATERIALS AND METHODS
Detection of ITCs

The methods used for the detection of ITCs were reported in detail
in our previous study [12]. Briefly, 50 pl/ml of a RosetteSep’
Human CD45 Depletion Cocktail (Stemcell Technologies, Inc.,
Vancouver, Canada) was added to individual whole blood samples
and mixed well. After incubation at room temperature, the mixture
was diluted with an equal volume of phosphate buffered saline
plus 2% fetal bovine serum and mixed gently. The diluted sample
was then layered on the top of a Ficoll-Paque™ PLUS and centri-
fuged, then enriched ITCs were removed from the Ficoll-Paque™
PLUS-plasma interface. The cells were centrifuged down to
polylysine-coated glass slides using a cytospin device. Cells on the
slides were subjected to Papanicolaou staining.

Patients

One hundred and thirty consecutive patients (56 males, 74
females; range 28-88 years old, median 68.0 years) with primary
non-small-cell lung cancer who did not undergo preoperative
chemotherapy and/or radiation therapy were evaluated using
our method (Table 1). Written informed consent was obtained
from all enrolled patients. This study conformed to the ethical
guidelines of Osaka University Graduate School of Medicine and
was approved by the institutional review board of Osaka
University Medical Hospital. All patients underwent a segmen-
tectomy (n=11), lobectomy or bilobectomy (n=119) during sys-
tematic mediastinal lymphadenectomy procedures performed
from August 2008 to 2010 at Osaka University Medical Hospital.

Postoperative staging of all patients was determined according
to the tumour-node-metastasis (TNM) classification of the Union
for International Cancer Control, ver. 7, 2009 (Table 1). The median
follow-up duration was 19 (6-22 months). In follow-up examina-
tions, all patients were evaluated at 3-month intervals. Each evalu-
ation included a physical examination, chest X-ray and blood tests
including tumour markers, while additional thoraco-abdominal CT
scans were generally performed at 6-month intervals.

Blood samples, and ITC detection and enrichment

All blood samples were collected immediately after tumour re-
section by gently aspirating from the tumour-draining PV using
an 18-gauge needle and placed in 10-ml ethylenediaminetetraa-
cetic acid tubes. ITCs were isolated using a negative selection
method from 1-ml blood samples using the method described
in Section 2.1.

Evaluation and classification of clusters

Using all of the samples, one glass slide containing enriched ITCs
from each patient was prepared and assessed by Papanicolacu
staining. These examinations were performed independently by
2 cytologists (Eiichi Morii and Hideo Yoshimura) who were
unaware of the patient’s clinical data. For morphological assess-
ment, each cytologist distinguished cancer cells from normal
cells by light microscopy based on their morphological appear-
ance, such as cell size and shape, nuclear size and shape and
nuclear-cytoplasmic ratio. Furthermore, for cluster formation as-
sessment, patterns of [TCs were classified into the following
three types: no tumour cells (N), singular tumour cells (S) and
clustered tumour cells (C). The correlations of patient character-
istics with the distribution of ITC morphology in pulmonary
venous blood are shown in Table 1. There were no significant
differences regarding patient characteristics excluding p-staging
among the three groups (N, S and C).

Clinical-pathological analyses according
to morphological appearance

To reveal the relationships between clinical-pathological findings
and ITC morphology, we examined the following parameters:
serum CEA, size of solid primary tumour in CT findings, patho-
logical stage and BVI evaluated by haematoxylin and eosin or
elastic van Gieson staining. In patients with CEA 25 ng/ml, solid
lesion size 20 mm in diameter and SUV-max 22.5 were consid-
ered to be elevated values [7, 13]. Statistical analysis was



S. Funaki et al. / European Journal of Cardio-Thoracic Surgery 3

performed using commercially available statistics software (JMP
version 9, SAS Institute). A P-value <0.05 was considered to indi-
cate a statistically significant difference. The characteristics of the
patients were compared using the t-test, chi-square test and
Fisher's exact test. Tukey-Kramer was used to compare the mean
values of groups. For the analysis of follow-up data, survival
curves were calculated using the Kaplan-Meier method, and
survival distributions were compared with a log-rank test. In
addition to examining the relationships among ITC morphology
and clinical-pathological findings, we utilized logistic regression
analysis. Furthermore, to examine the risk ratios of recurrence, a
multivariate Cox's hazard model was used.

RESULTS
ITC classification and prognosis

ITCs classified as S were detected in 53 of the 130 patients
(40%), while those classified as C were found in 43 (33%). During
the median follow-up period of 19 months, 33 patients suffered
cancer relapse, 21 in the C group, 9 in S and 3 in N. In the
relapsed cases, exclusive local recurrence occurred in 11 (pleura
in 7, chest wall in 2, hilar lymph node in 2, mediastinal lymph
node in 1), local and distant metastases in 8 (bilateral lungs in 3,
mediastinal lymph node and neck lymph node in 4, mediastinal
lymph node and bone in 1) and exclusive distant metastasis in
13 (contralateral lung in 4, adrenal grand in 3, brain and liver in
2, other organs in 4). Relapse-free survival curves demonstrated
that survival in the C group was significantly worse (Fig. 1).
Table 2 also shows the 2-year recurrence free rate according
to clinical parameters obtained during the follow-up period.
From those results, all of the examined parameters showed an
adequate predictive value.

Relationships of ITC morphology with clinical
and histopathological findings

The relationships among ITC morphology, clinical background
and histopathological findings are shown in Fig. 2. There were
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Figure 1: Relapse-free survival curves according to ITC morphology. N: no
tumour cells; S: singular tumour cells; C: clustered tumour cells.

significant differences regarding ITC morphology for the clinical
parameters serum CEA, positive BVI ratio and advanced p-stage.
In cases classified as C, the levels of those parameters were
elevated when compared with the N and S cases. In contrast,
there were no significant differences regarding 1TC morphology
for elevated SUV-max and solid lesion size (Fig. 2). In addition,
multivariate analysis revealed BVI to be one of the most import-
ant factors to determine the ITC morphology (Table 3).

DISCUSSION

The present findings of blood samples taken from the PV of
resected lungs of patients with lung cancer showed that the
morphological pattern of ITCs was correlated with the clinical-
pathological parameters for BVI. These results may provide new
and important information regarding ITCs in the blood of
affected patients.

The presence of ITCs in blood has been reported to be a
useful biomarker in lung cancer patients [8-11]. We previously
reported that ITCs in the PV were detected using a
CD45-negative selection method and found that not only their
presence but also cluster formation may be a prognostic indica-
tor for early recurrence of lung cancer [12]. In cases with singular
cancer cells, the recurrence rate was low when compared with
those with cluster formation. However, it remains unclear
whether ITC morphology is related to histopathological

findings or clinical background. In the present study, we mainly
investigated the relationships between the ITC morphological
appearance and clinical pathological findings.

Recent studies have found that ITCs in blood have morpho-
logical and biological diversity. Hou et al. [14] used a filtration
method (isolation by size of epithelial tumor cells [ISET]) to
detect and enrich circulating tumour cells (CTCs) according to

Variables N 2Y-RFS (%) P-value
1 ITCs in PV <0.001
None (N) 34 93
Singular () 53 64
Clustered (C) 44 26
2 P-stage <0.001
Early (1) 98 71
Advanced (I, lil, IV) 32 35
3 Serum CEA
Low (<5 ng/ml) 103 66
High (25 ng/ml) 25 43
4 SUV-max <0.001
Low (<5) 51 77
High (25) 43 31
5 BVI <0.001
Negative 71 92
Positive 59 30

6 Solid lesion <0.001
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Figure 2: Relationships among ITC morphology and clinical parameters. The vertical axis indicates a high or positive ratio of each individual parameter. (A) Solid
lesion size in CT findings (220 mm). (B). SUV-max in PET findings (25). (C) Blood vessel invasion. (D) Serum CEA (25 ng/ml). (E) Advanced pathological stage

(IAIAV).

the cell size obtained from the blood of lung cancer patients
and then analysed their biological characteristics. Based on
immunochemical staining results, they showed that clustered
CTCs survive longer and have greater anti-apoptosis potential
when compared with singular cells. Their findings correspond to
our previous results.

As for other predictive factors, histopathological analyses have
also provided important information about the biological char-
acteristics of primary cancer. Table 2 shows the factors indicated
to have a significant predictive value in the present study,
with BVI found to be one of the most revealing prognostic
biomarkers. Several groups have reported that BVI was a useful
predictive factor for recurrence and metastasis [4, 5]. However,
the related mechanisms have not been fully elucidated. In the
present study, we found that the presence of clustered cancer
cells was strongly related to BVI by primary tumours, as the posi-
tive ratio of BVI was significantly higher in cases with clustered

ITCs when compared with the N and S groups. Our results
showed that clustered ITCs in blood were seen in most cases
with BVI, whereas singular cancer cells were also found in cases
without BVI. This discrepancy may be because singular ITCs are
more easily shed from microvascular vessels around the primary
tumour that are too small to be diagnosed as positive BVI, while
clustered ITCs may enter the bloodstream mainly as a result of
large vessel invasion in an amount adequate for a BVI positive
diagnosis. Our findings suggest that BVI indicates not only the
presence of singular cancer cells in the bloodstream, but also
clustered cancer cells with metastasis potential. In addition, clus-
tered cancer cells may be easily shed from the invaded vein
into the bloodstream in cases with vessel invasion, resulting in
metastasis. For further analysis of the prognostic recurrent value
of these clinical parameters, risk ratios after excluding apparent
local recurrence cases were calculated using the Cox's propor-
tional hazard model (Table 4). Those results also revealed BVI as
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P-value Odds ratio 95% Cf

/N
BVI (+) <0.01 5.85 1.54-30.04
CT (solid >2 cm) 0.25 049 0.13-1.65
CEA (>5 ng/ml) 031 1.56 0.33-8.68
P-stage (I, Ill, IV) 0.8 119 0.24-6.07
SUV-max (>2.5) 08 1.19 0.31-4.75

N
BVI(+) <001 103.38 15.3-2215

CT (solid >2 cm) 0.77 073 007-521
CEA (5 ng/ml) 039 233 034-19.75
P-stage (II, IIl, IV) 0.56 191 018-203

0.008-2.23

SUV-max (>2.5) 021 021

95% Cl

© CEA (>5 ng/ml) 0.35-3.29

0.42-55.54

CT (solid >2 cm) . .
BVI . 3 1.14-20.38

P-stage (I, 111, 1IV)
SUV-max (>2.5)

1.01-8.93
0.88-24.71

an independent predictive factor, while they suggest that the
presence of BVI is an important factor to determine the morph-
ology of ITCs in blood and the relationship to distant metastasis.

In conclusion, the presence of ITCs in the PV of resected lungs
of lung cancer patients was shown to be related to varied
morphologies, while significant relationships were found among
clinical factors and histopathological findings. Importantly, BVI
may indicate the presence of clustered ITCs. Our results support
the notion that BVI is a predictive factor for early recurrence and
distant metastasis, as a large number of clustered ITCs with
metastatic potential may be disseminated from invaded blood
vessels. These findings should be helpful to further elucidate the
mechanism of metastasis in lung cancer.
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Abstract: The present study evaluated the potential clinicopathologic significance of elevated microsatellite altera-
tion at selected tetra-nucleotide (EMAST) in non-small cell lung cancer (NSCLC). Sixty-five NSCLCs (19 squamous
cell carcinomas, 39 adenocarcinomas, one adenosquamous cell carcinoma, and 6 large cell carcinomas) were
examined for EMAST in the ten selected tetra-nucleotide markers. Traditional microsatellite instability (MSI) in the
five mono- or di-nucleotide markers of the Bethesda panel was also examined, and compared with EMAST. The inci-
dence of EMAST was higher than that of traditional MSI, as 64.6% (42/65) and 12.3% (8/65) tumors respectively
exhibited EMAST and traditional MS! in at least one marker. EMAST and traditional MS! appear to occur indepen-
dently, as no significant association in their incidence was found (Fisher's exact test, P = 0.146). Subjects who ex-
hibited EMAST in two or more markers had a significantly higher incidence of history of other malignant neoplasms
(42.9% [9/21]), compared to those with less than two markers (16.3% [7/43] (Chi-square test, P = 0.021)). Taken
together, impairment of molecular machinery for maintaining stable replication of the tetra-nucleotide-repeating
regions, which would differ from machinery for mono- or di-nucleotide-repeating regions, may elevate susceptibility
to NSCLCs and certain neoplastic diseases. Elucidation of the potential molecular mechanism of EMAST is expected
to lead to a discovery of a novel genetic background determining susceptibility to NSCLC and other multiple neo-
plasms. This is the first report describing a clinicopathologic significance of EMAST in NSCLC.

Keywords: Non-small cell lung cancer, elevated microsatellite alteration at selected tetra-nucleotide, microsatellite
instability, chromosomal instability, loss of heterozygosity, muitiple malignant neoplasms

Introduction

Lung cancer is one of the most common causes
of cancer-related death in the developed world
[1, 2]. Even among patients with early stage dis-
eases, a substantial proportion die due to
recurrent disease (the 5-year survival rate is
66.0-83.9% in stage IA and 53.0-66.3% in
stage IB for non-small cell tung cancer [NSCLC])
[3-5]. Understanding the biological properties
and molecular mechanism of NSCLCs is impor-
tant for the development of a novel therapeutic
strategy.

Genetic instability is one of the most essential
properties of malignant neoplasm [7-12]. Two
different types of genetic instability, microsatel-
lite instability (MSI) and chromosomal instabili-
ty (CSI), have been well investigated in a variety
of malignant neoplasms [8-10, 12-14]. While
some types of malignancies preferentially
exhibit the MSI phenotype, others preferentially
exhibit the CSI phenotype [9-11]. For hereditary
non-polyposis colorectal cancer (HNPCC), MSI
due to germ line alterations of mismatch repair
genes (i.e., hMLH1, hMSH2 and hMSH®) is an
essential molecular basis of its development
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Table 1. Essential information for cases of NSCLCs examined

that the underlying
mechanism maintain-

Sex
Male
Female

Age (year)

Smoking history
Smoker
Non-smoker

Brinkmann index
Medical history of malignant neoplasm
Present
Absent
Unknown
Family history of malignant neoplasm
Present
Absent
Unknown
Histological subtype
SQC
ADC
ASC
LCC
pT factor
pT1
pT2
pT3
Extent of operation
Lobectomy
Segmentectomy
Partial resection

meanSD (range)

mean+SD (range) 810 + 943.2 (0-5000)

ing replication stability

46 of mono- or di-nucleo-
19 tide-repeating regions
67+10 (40-82) is different from that

of  tetra-nucleotide-
repeating regions [6,

52 23]. The potential
13 alterations in novel

molecules other than

known mismatch
16 repair factors (i.e.,
48 hMLH1, hMSH2 and
1 hMSH6) could be

involved in the occur-
rence of EMAST and

zg promote carcinogene-

sis of NSCLC. Similar
6 to traditional MSI in

mono- or di-nucleo-
19 tide-repeating regions,
39 EMAST in the unset-
1 tled tetra-nucleotide-
6 repeating regions has

been evaluated among
a7 individual studies [16,

2123, 26-29]. A
26 recent study proposed
2 ten candidate regions

as universal markers
43 for assessment of
12 EMAST [6]. To our
10 knowledge, EMAST in

NSCLC, non-small cell lung cancer; SQC, Squamons cell lung carcinoma; ADC, Adenocarci-
noma; ASC, Adenosquamous carcinoma; LCC, Large cell carcinoma.

[10, 11, 14, 15, 32]. On the other hand, for
NSCLC, CSI plays an important role in carcino-
genesis, as homozygous/heterozygous dele-
tions in certain chromosomal loci frequently
occur [9, 10, 13, 17-19]. Participation of MSI in
carcinogenesis of the lung has been negatively
interpreted based on the results from studies
analyzing conventional mono- or di-nucleotide-
repeating microsatellite regions (Bethesda
panel) [20]. Interestingly, several studies of
tetra-nucleotide-repeating microsatellite
regions have demonstrated frequent MSI in
NSCLC, and have proposed the term, “elevated
microsatellite alteration at selected tetra-
nucleotide (EMAST)” [21-23]. However, the par-
ticipation of MSI in NSCLC remains controver-
sial [13, 16-26]. Moreover, these findings imply

396

NSCLC in these ten
markers has yet to be
investigated.

The present study examined 65 NSCLCs for
EMAST in the ten markers and analyzed the
potential associations between EMAST and a
series of clinicopathologic parameters.

Materials and methods
Tumor samples

Sixty-five NSCLCs (19 squamous cell carcino-
mas [SQCs], 39 adenocarcinomas [ADCs], one
adenosquamous cell carcinomas, 6 large cell
carcinomas [LCCs]) without lymph node metas-
tasis and preoperative chemotherapy or radia-
tion therapy were investigated. Characteristics
of patients are summarized in Table 1. All
tumors were re-evaluated and diagnosed by

IntJ Clin Exp Pathol 2013;6(3):395-410
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Table 2. Information for microsatellite markers and PCR-primers used

Marker Chromosomal  Primer sequence (5’-3") Annealing tem-  Size of PCR-product
location perature (°C) (bp)
Selected tetra-nucleotide makers
D8S321 Chromosome 8 S:GATGAAAGAATGATAGATTACAG 58 Approx. 245
A:ATCTTCTCATGCCATATCTGC
D20Ss82 20p12.3 S:GCCTTGATCACACCACTACA 61 246-270
A:GTGGTCACTAAAGTTTCTGCT
uT5037 Chromosome 8 S:TTCCTGTGAACCATTAGGTCA 60 Approx. 145
A:GGGAGACAGAGCAAGACTC
D8S348 8024.13-8q24.3 S:ACCGACAGACTCTTGCCTCCAAA 58 Approx. 408
A:TCACTCAGCTCCCATAACTTGGCAT
D25443 2p13.2-2p13.1  S:GAGAGGGCAAGACTTGGAAG 58 Approx. 251
A:ATGGAAGAGCGTTCTAAAACA
D21S1436 219211 S:AGGAAAGAGAAAGAAAGGAAGG 58 Approx. 178
ATATATGATGAAAGTATATTGGGGG
D9S747 9g32 S:GCCATTATTGACTCTGGAAAAGAC 56 182-202
A:CAGGCTCTCAAAATATGAACAAAAT
D9S303 9¢21.32 S:CAACAAAGCAAGATCCCTTC 55 Approx. 163
ATAGGTACTTGGAAACTCTTGGC
D9S304 9q21 S:GTGCACCTCTACACCCAGAC 60 Approx. 165
ATGTGCCCACACACATCTATC
MYCL1 1p34.1 S:TGGCGAGACTCCATCAAAG 53 140-209
A:CTTTTTAAGCTGCAACAATTTC
Bethesda Panel markers
D5S346 5q21-22 S:ACTCACTCTAGTGATAAATCGGG 55 96-122
A:AGCAGATAAGACAGTATTACTAGTT
BAT25 4912 S:TCGCCTCCAAGAATGTAAGT 58 Approx. 125
ATCTGCATTTTAACTATGGCTC
BAT26 2p16 S:TGACTACTTTTGACTTCAGCC 58 Approx. 125
A:AACCATTCAACATTTTTAACCC
D28123 2p16 S:AAACAGGATGCCTGCCTTTA 60 197-227
A:GGACTTTCCACCTATGGGAC
D17S250 17q11.2-17912 S:GGAAGAATCAAATAGACAAT 52 151-169
A:GCTGGCCATATATATATTTAAACC
p53 loss of heterozygosity marker
TP53alu 17p.13.1 S:.TCGAGGAGGTTGCAGTAAGCGGA 55 Approx. 150

A:AACAGCTCCTTTAATGGCAG

Approx., approxymetly.

board-certified pathologists according to UICC
classification (7th edition) of tumors [30] and
World Health Organization Classification of
Tumours of the lung. The study plan was
approved by the ethics committee of Yokohama
City University Graduate School of Medicine.
Inclusive informed consent for research use
was obtained from all patients providing
materials.

397

Laser-capture micro-dissection of neoplastic
cells and DNA extraction

Neoplastic cells were isolated from paraffin-
embedded tissue sections using a laser cap-
ture micro-dissection system (PALM MCB,
Bernried, Germany). Paired reference DNA was
extracted from non-tumoral lung tissue or the
regional lymph nodes using the High Pure PCR

int J Clin Exp Pathol 2013;6(3):395-410
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RTN

Case 15

Case 21

EMAST

Caseb

Figure 1. A. Representative results of alterations at a selected tetra-nucleotide repeating region (D9S303). PCR
products were separated by polyacrylamide gel electrophoresis and visualized by silver stain. Case 5 (right panel)
exhibits elevated microsatellite alternations at selected tetra-nucleotide (EMAST), as shifted bands (arrows) appear
in the tumor sample (T) compared to non-tumor sample (N). Case 21 (center panel) exhibits loss of heterozygosity
(LOH), as the slower migrating band (asterisk) of the two bands in the non-tumor sample (N) disappeared in the tu-
mor sample (T). Case 15 (left panel) exhibits no alteration (RTN: retain) and serves as a reference. B. Representative
results of immunohistochemistry for p53. Examples of strong (left panel), faint (center panel), and negative (right

panel) expression are shown. Magnification: x400.

Template Preparation Kit (Roche GmbH,
Mannheim, Germany) according to the manu-
facturer’s instructions.

Analysis of alteration in selected microsatellite
markers

The ten selected tetra-nucleotide-repeating
markers proposed by the previous study
(D8S321,D20882,UT5037,D8S348,D2S5443,
D21S1436, D9S747, DO9S303, D9S304, and
MYCL1) [6] and the Bethesda panel (D5S346,
BAT25, BAT26, D28123, and D17S250) [15]
were examined. Primers used and appropriate
annealing temperatures are listed in Table 2.
PCR products were separated by polyacryl-
amide gel electrophoresis and visualized by sil-
ver stain [8]. MSI was judged based on a shiftin
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extra bands in the tumor sample, which was
not found in non-tumoral samples (Figure 1A).
Among the cases with different repeat lengths
in the microsatellite regions (informative
cases), loss or unequivocally lower signal in
either of the two bands in the tumor sample
was judged as loss of heterozygosity (LOH)
(Figure 1A).

Analysis of LOH in p53 gene locus

The deletion of the p53 gene locus on chromo-
some 17p13.1 was also examined using a mic-
rosatellite marker (TP53alu) [33]. Primers used
and appropriate annealing temperatures are
listed in Table 2. LOH was judged in the same
manner as described above.

Int J Clin Exp Pathol 2013;6(3):395-410
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5QC

ADC LCC

Frequency

bl il |

Cases

ADC

Cases

Figure 2. A. Frequency of EMAST (the number of regions where instability occurred among the ten selected tetra-
nucleotide-repeating regions) in each case. B. Frequency of traditional microsatellite instability (MSl) (number of
regions where instability occurred among the five regions of the Bethesda panel) in each case. SQC, squamous cell

carcinoma; ADC, adenocarcinoma; LCC, large cell carcinoma.

Histopathology

The largest tumor sections were cut from for-
malin-fixed, paraffin-embedded tissue blocks.
The sections were deparaffinized, rehydrated,
and incubated with 3% hydrogen peroxide, fol-
lowed by blocking of endogenous peroxidase
activity and non-immunospecific protein bind-
ing with 5% goat serum. The sections were
boiled in citrate buffer (0.01 M, pH 6.0) for 15
min to retrieve masked epitopes and then incu-
bated with a primary antibody against p53
(D07, Dako, Ely, UK), Ki-67 (MIB1, Dako), factor
Vill-related antigen (F8/86, Dako), and D2-40
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(D2-40, Becton Dickinson, San Joes, CA).
Immunoreactivity was visualized using an
Envision detection system (Dako), and the
nuclei were counterstained with hematoxylin.
Intensity of immunohistochemical signals of
p53 protein was classified into negative (score
0), faint (score 1), and strong (score 2). Strong
intensity was defined as an obviously intense
signal in the nuclei (Figure 1B). Faint intensity
was defined as unequivocally less signal, but
not negative, in comparison to strong intensity
(Figure 1B). The p53 expression level was cal-
culated as a percentile of the averaged inten-
sity level, as described elsewhere [34]. Values

Int J Clin Exp Pathol 2013;6(3):395-410
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Figure 3. A. Frequency of EMAST (number of tumors exhibiting instability in tumors that could be examined) in each
region. B. Frequency of MSI (number of tumors exhibiting instability in tumors that could be examined) in each
region SQC, squamous cell carcinoma; ADC, adenocarcinoma; LCC, large cell carcinoma.

of less than or equal to the median value
(1.13%) were classified as low expressers and
values of more than 1.13% were classified as
high expressers. Labeling index of MIB1 was
calculated as the proportion of cells with posi-
tive nuclei by counting 500-1000 cancer cells.
The Ki-67 labeling indices of <10% and >10%
were classified as low and high levels, accord-
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ing to the results of our previous study [35].
Vascular and lymphatic invasion was evaluated
by elastica van Gieson stain, D2-40 Stain and
factor Viil-related antigen stain.

Statistical analysis

The possible associations between EMAST/
LOH status and various clinicopathologic

Int J Clin Exp Pathol 2013;6(3):395-410
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Figure 4. A. Incidence of loss of heterozygosity (LOH) in the selected tetra-nucleotide-repeating regions informative
in each case. B. Incidence of LOH in the regions informative of the Bethesda panel in each case. SQC, squamous
cell carcinoma; ADC, adenocarcinoma; LCC, large cell carcinoma.

parameters were analyzed with Fisher’'s exact
test or Chi-square test. The post-operative dis-
ease-free span was defined as the period from
the date of surgery to the date when the recur-
rence of disease was diagnosed. An observa-
tion was censored at the last follow-up if the
patient was alive or had died of a cause other
than lung cancer. The differences in overall sur-
vival rate and in disease-free survival rate were
analyzed using log-rank test. P values less than
0.05 were considered significant. All statistical
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analyses were performed using SPSS software
(SPSS for Windows Version 11.0 J; SPSS;
Chicago, IL).

Results

Instability in selected tetra-nucleotide-repeats
and Bethesda panel

Among the 65 tumors examined, 56 could be
examined for alteration in all the microsatellite
regions. The remaining 9 could not be exam-

IntJ Clin Exp Pathol 2013;6(3):395-410
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Figure 5. A. Incidence of tumors exhibiting LOH in the selected tetra-nucleotide-repeating regions informative in
each region. B. Incidence of tumors exhibiting LOH in the regions informative of the Bethesda panel in each region.
SQC, squamous cell carcinoma; ADC, adenocarcinoma; LCC, large cell carcinoma.

ined, 7 in one marker (D2S443, D8S348, EMAST in either of the ten tetra-nucleotide-
D9S303, or D21S1436) and 2 in two markers repeating regions was found in 64.6% (42/65)
(D2S443 and D9S304, D8S348 and D9S304). of tumors (Figure 2A): 26 of 39 (66.7%) ADCs,
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Table 3. Associaton between EMAST and clicopathologic subjects

EMAST-low EMAST-high P value
Sex 0.743
Male (46) 31 15
Female (19) 12 7
Age (year) mean+SD 674+ 9.6 66.4+11.1 0.713
Smoking history 0.233
Smoker (52) 36 16
Non-smoker (13) 7 6
Brinkmann index mean+SD 928.7 £ 891.3 994.5 + 1057.8 0.793"
Medical history of malignant neoplasm (64) 0.021
Present (16) 7 9
Absent (48) 36 12
Family history of malignant neoplasm (59) 0.926
Present (30) 20 10
Absent (29) 19 10
Histological subtype 0.905
SQC (19) 12 7
ADC (39) 24 15
ASC (1) 1 0
LcC (6) 6 0
pT factor 0.621
pT1 (37) 25 12
pT2 (26) 16 10
pT3 (2) 2 0
Vascular invasion (65) 0.161
Present (19) 15 4
Absent (46) 28 18
Lymphatic invasion (65) 0.349
Present (14) 11 3
Absent (51) 32 19
Proliferaitve activity? (61) 0.747
Low (Ki67 index < 10%) (21) 14 7
High (Ki67 index > 10%) ‘ (40) 25 15
Ki-67 index mean+SD 23.9% +19.8 27.2%+22.8 0.557"
p53 immunohistochemical expression (65) 0.663
Low (p53socre £1.13) (33) 21 12
High (p53 score > 1.13) (32) 22 10
p53 score meantSD 205+314 22.7+28.9 0.784"
p53 LOH (35) 0.213
Present (6) 3 3
Absent (29) 22 7

“Statistical association was analyzed by Fisher’s exact test or chi-square test, and difference was analyzed by Student’s t test.
EMAST, elevated microsatellite alteration at selected tetra-nucleotide; SQC, squamous cell carcinoma; ADC, adenocarcinoma;
ASC, Adenosquamous carcinoma; LCC, large cell carcinoma. #Four cases were not available for immonohistochemical exami-
nation due to too small tumors.

14 of 19 (73.7%) SQCs, and 2 of 6 (33.3%) D2S443 (11/65, 16.9%), D9S303 (9/65,
LCCs. Among the ten regions, EMAST tended to 13.8%), D9S304 (9/65, 13.8%), D20S82
preferentially occur at D8S321 (12/65, 18.5%), (8/65, 12.3%), D2151436 (8/65, 12.3%), and
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Table 4. Associaton between LOH at tetra-nucleotide markers and clicopathologic subjects

LOH-low LOH-high P value
Sex 0.928
Male (46) 32 14
Female (19) 13 6
Age (year) mean+SD 67.9 £ 10.5 65.0+£8.8 0.276"
Smoking history 0.622
Smoker (52) 36 16
Non-smoker (13) 9 4
Brinkmann index meantSD 1000.1 + 931.6 848.2+981.8 0.548"
Medical history of malignant neoplasm (64) 0.533
Present (16) 12 4
Absent (48) 32 16
Family history of malignant neoplasm (59) 0.275
Present (30) 20 10
Absent (29) 23 6
Histological subtype 0.880
SQC (19) 14 5
ADC (39) 28 11
ASC (1) 0 1
LCC (6) 3 3
pT factor 0.808
pT1 (37) 26 11
pT2 (26) 19 7
pT3 (2) 0 2
Vascular invasion (65) 0.936
Present (19) 13 6
Absent (46) 31 15
Lymphatic invasion (65) 0.260
Present (14) 8 6
Absent (51) 36 15
Proliferaitve activity* (61) 0.907
Low (KiB7 index < 10%) (21) 15 6
High (Ki67 index > 10%) (40) 28 12
Ki-67 index mean+SD 26.0% +20.8 23.2%+21.2 0.627"
p53 immunohistochemical expression (65) 0.857
Low (p53 socre £ 1.13) (33) 22 11
High (p53 score > 1.13) (32) 22 10
p53 score mean+SD 23.9+31.2 15.3+28.1 0.295*
p53 LOH (35) 0.329
Present (6) 3 3
Absent (29) 20 9

*Statistical association was analyzed by Fisher's exact test or chi-square test, and difference was analyzed by Student’s t test.
LOH, loss of heterozygosity; SQC, squamous cell carcinoma; ADC, adenocarcinoma; ASC, Adenosquamous carcinoma; LCC,
large cell carcinoma; *Four cases were not available for immonohistochemical examination due to too small tumors.

D8S348 (7/65, 10.8%) than at UT5037 (3/65, We also found that 12.3% (8/65) of tumors (6
4.6%), D9ST47 (5/65, 7.7%), and MYCL1 (1/65, of 39 [15.4%] ADCs, 2 of 19 [10.5%] SQCs)
1.5%) (Figure 3A). exhibited traditional MSI in either of the mono-
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Figure 6. Association between EMAST and 5-year overali survival (A) and 5-year disease-free survival (B). Kaplan-
Meier survival curves are shown. EMAST-high: tumors exhibiting EMAST in two or more of the tetra-nucleotide-
repeating regions. EMAST-low: tumors exhibiting the EMAST in one or none of the regions. Five-year overall survival
rates were 79.9% and 31.4% in EMAST-low and -high groups, respectively (Log-rank test, P = 0.0018) (A). Five-year
disease-free survival rates were 73.9% and 68.5% in EMAST-low and -high groups, respectively (Log-rank test, P =
0.9148) (B).

or di-nucleotide-repeating regions of the (19.0%) tumors (3/19 [15.8%] squamous cell
Bethesda panel (Figure 2B). Traditional MSI carcinomas, 5 of 39 [12.8%] adenocarcinomas
was found at three markers, BAT 26 (4/65, and 3 of 6 [50%] large cell carcinomas) (Figure
6.2%), D2S8123 (2/65, 3.1%) and D17S250 4B). LOH tended to preferentially occur at
(1/65, 1.5%) (Figure 3B). BAT25 (2/17, 11.8%), BAT 26 (2/4, 50.0%), and

D2S123 (4/38, 10.5%), than at D5S346 (2/27,

EMAST and traditional MSI appear to occur 7.4%), and D17S250 (3/43, 7.0%) (Figure 5B).

independently, as no significant association in
their incidence was found (Fisher’s exact test, P Association between EMAST/MSI and clinico-
= (0.146). pathologic parameters

Tumors exhibiting EMAST in two or more of the
tetra-nucleotide-repeating regions were defined
as EMAST-high (22/65, 33.8%), and all other
tumors were defined as EMAST-low (43/65,
66.2%), according to the previous studies [15,
28]. The level of EMAST showed significant
association with medical history of an overlap
with other malignant neoplasms (Table 3).
There were no significant correlations between
the level of EMAST and other clinicopathologic
parameters (i.e., sex, age, smoking history,
family history of malighancies, histological
subtype, pathological T factor (pT), vascular
and lymphatic invasion, proliferative activity

LOH in selected tetra-nucleotide-repeats and
Bethesda panel

All the tumors examined were heterozygous in
at least two markers among the ten tetra-nucle-
otide-repeating regions, and 58 (89.2%) were
heterozygous in at least one marker of the
Bethesda panel. LOH at the tetra-nucleotide-
repeated regions was found in 41 of 65 (63.1%)
tumors (25/39 [64.1%] ADCs, 11 of 19 [57.9%]
SQCs, 4 of 6 [66.7%] LCCs and one adenosqua-
mous cell carcinoma) (Figure 4A). LOH tended
to preferentially occur at D8S348 (7/18,

38.9%), D21S1436 (10/28, 35.7%), MYCL1 [Ki-67 index], LOH of p53 locus, and

(11/31, 35.5%), D9S304 (11/44, 25.0%), immunohistochemical expression of p53 pro-

D9S303 (11/45, 24.4%), D20S82 (6/27, tein) (Table 3).

22.2%), and D8S321 (7/32, 21.9%), than at

D2S443 (5/11, 15.2%), D9S747 (5/59, 8.5%), Tumors exhibiting traditional MSI in two or more

and UT5037 (0/41, 0.0%) (Figure BA). regions of the Bethesda panel were defined as
MSI-high (0/8, 0%), and all other tumors were

LOH at the mono- or di-nucleotide regions of defined as MSl-low (8/8, 100%). There were no

the Bethesda panel was found in 11 of 58 significant correlations between the level of
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Table 5. Essential clincopathologic information and EMAST among cases with multiple malignant neoplasms

alternation in the ten selected tetra-nucleotide-repeating regions
No Sex Age Histology EMAST D8S321 D20S82 UT5037 D8S348 D2S443 D21S1436 D9S747 D9S303 D9S304 MYCL1 Overlapped Outcome  Cause of

level neoplasms death
1 M 66 SQC H - Ins - - - - - Ins - - GC+RCC Dead RCC
2 M 68 SQC H - - - - Ins - - Ins - - LC+RC Dead unknown
3 M 79 SQC H - - - Ins Ins - - LOH - GC Dead AMI
4 M 74 ADC H - Ins - - Ins - - - - - PC Dead  pneumonia
5 M 60 sSQC H - - - Ins - - Ins LOH - LOH RC Dead RC
6 M 58 SQC H Ins - - LOH - Ins - - LOH - BC Dead BC
7 F 77 ADC H Ins Ins - - LOH - - Ins - LOH MSC Alive -
8 M 53 ADC H Ins - - - Ins - - - - LOH GC Alive -
9 M 64 ADC H Ins Ins - - - - - - - LOH GC Alive B
0 M 82 SQC L - - - - - LOH ins - - - GC Dead NSCLC
11 F 76 ADC L - - - - - - - - - - uc Alive -
12 M 55 ADC L - LOH - NA - Ins - - - LOH ML Dead ML
13 M 75 ADC L - - - - - - LOH - sSS Alive -
14 M 78 ADC L - - - - - - - - - - PC Alive -
15 M 77 SQC L LOH - - NA Ins - - - NA - SCLC Dead SCLC
16 M 73 SQC L - - - - - - - - - - GC Alive -

EMAST, elevated alterations of selected tetra-nucleotide; SQC, squamous cell carcinoma; ADC, adenocarcinoma; M, male; F, female; H, high; L, low; Ins, instable; LOH, loss of heterozygosity; NA, Not available;
-, no alteration; NSCLC, Non-small cell lung carcioma; SCLC, smalt cell lung carcinoma; GC, gastric cancer; RCC, renal cell cancer; LC, laryngeal cancer; RC, rectal cancer; UC, uteirne cancer; ML, malignant
lymphoma; PC, prostate cancer; SS, synovial sarcoma; BC, bladder cancer; MSC, maxillary sinus cancer; AMi, acute myocardial infarction.
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MSI and the clinicopathologic parameters
examined (data not shown).

Association between LOH and clinicopatho-
logic parameters

Tumors exhibiting LOH in two or more tetra-
nucleotide-repeating regions were defined as
LOH/selected tetra-nucleotide (ST)-high
(20/65, 30.8%), and all other tumors were
defined as LOH/ST-low (45/65, 69.2%). There
were no significant correlations between the
level of LOH/ST and the clinicopathologic
parameters (Table 4).

Similarly, tumors exhibiting LOH in two or more
regions of the Bethesda panel were defined as
LOH/Bethesda panel (BP)-high (2/58, 3.4%),
and all other tumors were defined as LOH/
BP-low (56/58, 96.6%). There were no signifi-
cant correlations between the level of LOH/BP
and the clinicopathologic parameters (data not
shown).

Association between EMAST and clinical
outcome

The EMAST-high group showed a poorer post-
operative overall survival than the EMAST-low
group (mean survival time was 1394 days for
the EMAST-high group and 2396 days for the
EMAST-low group; log-rank test, P = 0.0018)
(Figure 6A). Of the 22 patients with EMAST-high
tumors, 12 died; 3 died of NSCLCs (the primary
cause), 3 other malignant neoplasms (i.e., renal
cell cancer, rectal cancer, bladder cancer), and
6 non-neoplastic diseases (i.e., acute myocar-
dial infarction, cardiac failure, and pneumonia).
Of the 43 patients with EMAST-low tumors, 10
died; 6 died of NSCLCs (the primary cause), 2
other malignant neoplasms (i.e., small cell lung
cancer and malignant lymphoma), and 2 non-
neoplastic diseases (i.e., cardiac failure and
decrepitude).

There was no significant difference in the dis-
ease-free survival (mean survival time was
1844 days for the EMAST-high group and 1947
days for the EMAST-low group; log-rank test, P
=0.9146) (Figure 6B), and no association
between the level of EMAST and disease recur-
rence (recurrent rate, 5/22 in the EMAST-high
group versus 11/43 in the EMAST-low group,
Chi-square test, P = 0.962). Moreover, no sig-
nificant associations were found between the

407

level of LOH/ST, LOH/BP, or MSI| and any of the
clinicopathologic parameters examined (data
not shown).

Discussion

The present study demonstrated that a consid-
erable fraction of NSCLCs was unstable in the
ten tetra-nucleotide-repeating regions and that
the incidence of EMAST is unequivocally higher
than that of traditional MSI. These findings are
comparable to those of previous studies which
showed an incidence of EMAST in NSCLC of
35-51% [21-23]. The incidence of EMAST dif-
fers among the types of malignant neoplasms,
5% in prostate cancer [6], 13% in ovarian can-
cer [29], 75% in skin cancer [27], and 43.9-
45% in bladder cancer [27, 28]. These findings
suggest a potential molecular basis for the
unique properties in different types of malig-
nant neoplasms.

The most interesting finding of the present
study is that patients with EMAST-high NSCLC
were affected by additional malighant neo-
plasms including gastric cancer and renal cell
cancer at a significantly higher incidence
(42.9% [9/21] in the EMAST-high group versus
16.3% [7/43] in the EMAST-low group). For the
16 patients who were affected by multiple neo-
plasms, essential information of their clinico-
pathologic characteristics and alterations in
the tetra-nucleotide-repeating markers are
described in Table 5. Similarly, patients with
HNPCC (Lynch syndrome) are also often affect-
ed by additional neoplasms, such as endome-
trial and gastric cancer [14, 15, 31, 32]. HNPCC
is an autosomal dominant disease with germ
line mutations in the mismatch repair genes
(i.e., AMSH2, hMLH1, and hMSH®) {10, 11, 14,
15, 32]. Defects in DNA mismatch repair due to
mutations cause traditional MSI and manifest
as frame-shift mutations in mono- or di-nucleo-
tide-repeating regions [10, 11, 14, 15, 31, 32].
Traditional MSI has been found in 85-95% of
HNPCC (and in 10-15% of sporadic colorectal
cancers, in which the mismatch repair genes
are silenced by the acquired epigenetic modifi-
cation) and is well accepted to be an important
molecular basis for promoting carcinogenesis
of certain types of malignant neoplasms [7-12].
On the other hand, EMAST, distinct from tradi-
tional MSI, is not associated with defects in
mismatch repair [23, 28]. Although the actual
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molecular mechanism of EMAST remains
unclear, previous studies of some AAAG-type
tetra-nucleotide repeating regions suggest that
p53 alterations could be involved [22]. One
recent study demonstrated an association
between the heterogeneous nuclear expres-
sion of hMSH3 and EMAST in colorectal cancer
cells, suggesting that an acquired hMSH3 alter-
ation could be its molecular mechanism [36].
The present study investigated the involvement
of p53 (LOH of p53 gene and its potential muta-
tions evaluated by immunohistochemistry) in
EMAST, but failed to obtain a result that sup-
ports previous findings [16, 21-24, 27]. The dif-
ference in the tetra-nucleotide repeating
regions examined might be responsible for this
discrepancy. Thus, establishment of universal
markers to evaluate EMAST, like the Bethesda
panel, is necessary to verify its clinicopatho-
logic significance. Moreover, a comprehensive
search for potential alterations of DNA replica-
tion/repair molecules like hMSH3 may lead to
elucidation of the molecular mechanism of
EMAST.

As for the clinical outcome, a pronounced dif-
ference in the overall survival was found
between the EMAST high- and low-groups.
However, no significant difference was found in
the disease-free survival and the recurrent
rate, or in histological grade and proliferating
activity of neoplastic cells. Notably, 3 of 22
(13.6%) patients with EMAST-high tumor died
of other malignant neoplasms, while 2 of 43
(4.7%) patients with EMAST-low tumor died of
other neoplasms. These findings suggest that
the poorer overall survival in the EMAST-high
group might be due to a high susceptibility to
malignant neoplasm, and EMAST itself does
not promote the progression process of their
carcinogenesis (that is, it does not promote the
acquisition of highly malignant activity of neo-
plastic cells).

In conclusion, impairment of molecular machin-
ery that maintains stable replication of the tet-
ra-nucleotide-repeated regions may elevate
susceptibility to NSCLCs and certain neoplastic
diseases. Elucidation of the potential molecu-
lar mechanism of EMAST could lead to discov-
ery of a novel genetic background determining
susceptibility to NSCLCs and establishment of
a novel disease susceptible for multiple neo-
plasms including NSCLCs.
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