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ABSTRACT
We studied the extensive molecular alterations of endometrial endometrioid adenocarcinoma
(EEA) using a crypt isolation method. We analyzed copy number variation (CNV) using a
single nucleotide polymorphism (SNP) array, genetic mutations (KRAS, BRAF, p53,
PIK3CA), DNA methylation and microsatellite instability (MSI) status. In addition, loss of
PTEN protein expression was examined. Increased chromosome copy numbers of 1q21.2-44
(22%) and 10g11.21-23.31 (28%) were seen relatively frequently in EEA, and copy-neutral
loss of heterozygosity (LOH) was also observed in 10q22.1-26.3 (22%). The CNV patterns of
EEA were classified into 4 groups through hierarchical cluster analysis. Cluster 1 had many
CNVs of 10q, and cluster 2 was characterized by MSI status. In cluster 3, increased CNVs of
1q were often seen. In cluster 4, p53 mutations were detected. KRAS and PIK3CA mutations
and reduced PTEN protein expression were common to all groups.  On the other hand, CpG
island methylator phenotype (CIMP) was rare in all groups. The data indicated an association
with chromosomal gain of 1q and 10q or 10q copy-neutral LOH in some cases. We suggest

that EEA consists with 4 groups that are characterized with molecular alterations.

Key words: CIMP, CNV, endometrial endometrioid adenocarcinoma, MSI, PTEN, SNP

array
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INTRODUCTION
The frequency of cancer in female reproductive organs is increasing, with a rising trend in
uterine cancer in particular.' The disease rate of uterine cancer has risen more than that of
cervical cancer year-over-year. Its frequency is highest among menopausal and
postmenopausal women, and the importance of diagnosis and treatment of uterine cancer is
expected to increase. In recent years, progress has been made in studies of the mechanisms of
tumor onset.>”

From the viewpoint of molecular pathology, uterine cancer can be broadly classified into
Types 1 and 2. Type 1 includes well differentiated to moderately differentiated endometrioid
adenocarcinoma that is hormone-dependent and has a good prognosis. A high frequency of
PTEN genetic mutations has been observed in Type | and KRAS mutations are also relatively
numerous. Type 1 also includes microsatellite instability (MSI).>!! In contrast, Type 2
includes poorly differentiated endometrioid adenocarcinoma, serous carcinoma and clear cell
carcinoma, which have poor prognosis.® Type 2 is characterized by p53 mutations or
numerous instances of loss of heterozygosity (LOH).' Type 1 occurs nine times more
frequently than Type 2.

Endometrial endometrioid adenocarcinoma (EEA) is by far the most common of uterine
cancers and its molecular abnormalities constitute a single molecular disease type (Type 1).
However, MSI and microsatellite stable (MSS) cancers, which are contrasting molecular
disease types, are included in Type 1, and the molecular pathological characteristics of MSS
have not been studied in EEA. In the colon, MSS is considered in nearly the same molecular
type as chromosomal instability (CIN)."! However, the two are not strictly equivalent. Thus,
there are three molecular disease types in cancer—MSI, CIN, and non-CIN—with the latter
two being equivalent to the concept of MSS. In most EEAs, tumors appear diploid,"

indicating that most EEAs are not accompanied by major changes at the chromosome level.
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However, there have been few comprehensive detailed analyses of molecular abnormalities in
EEA at the chromosome level. Moreover, there have been no reports of molecular
abnormalities of cancer cells sampled exclusively from isolated cancerous crypts. Thus, in the
present study, we extracted DNA from cancerous crypts of EEA and analyzed (1)
abnormalities at the chromosome level (CNV), (2) p53, KRAS, BRAF, PIK3CA, and PTEN
expression abnormalities, (3) MSI and (4) DNA methylation. The objective was to examine

the interrelationships among the above molecular abnormalities.

MATERIALS AND METHODS

Patients
We enrolled 32 cases of EEA surgically resected from April, 2011 through August, 2013, in
the Department of Obstetrics and Gynecology at Iwate Medical University Hospital. Patients
who had undergone preoperative chemotherapy were excluded. The clinicopathological
backgrounds of the 32 patients are shown in Table 1. Histological classification was
performed according to General Rules for Management of Uterine Cancer, Rev. 3.1 Degree
of nuclear atypia was classified based on the pathology standards of our hospital. According
to this classification, those exhibiting degree of nuclear atypia and nucleiform irregularity
with cleatly elevated nucleoli and nuclear chromatin were classified as high grade nuclear
atypia. Those exhibiting uniform nuclear size without noticeable nucleiform irregularity or
elevated nucleoli and nuclear chromatin were classified as low grade [Fig. 1 (A)l.

The present study was conducted with the approval of the ethics committee of the [wate

Medical University School of Medicine (approval number H24-208).

Crypt Isolation Method

Fresh samples of tumor tissues and normal tissues were obtained from resected EEAs. The
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tumor samples were obtained primarily from the central area of the tumors. Normal
endometrial mucosa was taken from the most distal portion of endometrium. Crypt isolation
from the tumor and normal mucosa was performed in accordance with a previously reported
method."* Briefly, fresh mucosa and tumor were minced with a razor into minute pieces and

then were incubated at 37°C for 30 min in calcium- and magnesium-free Hanks' balanced

salt solution (CMF) containing 30 mmol/L EDTA, Following this procedure, the tissue was
then stirred in CMF for 30 - 40 min. Normal and tumor glands were separated from the
endometrial mucosa or fibrous stroma. The isolated tumor glands were immediately fixed in

70% ethanol and stored at 4°C until used for DNA extraction [Fig. 1 (B)].

The fixed isolated tumor glands were observed under a dissection microscope (SZ.60,
Olympus, Tokyo, Japan), The isolated tumor glands were processed routinely to confirm its
nature using paraffin-embedded histological sections. Contamination by other materials such
as interstitial cells was not evident in the samples that were examined, as shown in previous

repotts. 14

Total Genome CNV/LOH Analysis by SNP Array

Total genome CNV/LOH analysis was performed using a single nucleotide polymotphism
(SNP) array. Extracted DNA was adjusted to a concentration of > 50 pg/puL. CNV analysis
was performed using an [llumina HumanCytoSNP-12 BeadChip (Illumina, Inc. San Diego,
USA) with roughly 300,000 probes. In the analysis of chromosome CNVs, the CNV value
was calculated from B allele frequency and log R ratio using the IHumina KaryoStudio
software program,'> and the chromosome CNVs were classified as described below. In the
classification of chromosome copy number variations by CNV partition algorithms,'® a copy

number > 2 was defined as chromosomal gain and < 2 as LOH, and a region in which
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homoalleles were in sequence with a copy number of 2 as copy-neutral LOH.

For those cases in which we observed CNV > 10 M base-pair (bp), they were defined as
“large general changes™ for each class, i.e., chromosomal gain, LOH and copy-neutral LOH.
These were termed large general gain, large general LOH, and large general copy-neutral
LOH, respectively. In addition, to evaluate the extent of the CNVs, the total length of bp in
the abnormal regions of each subject was calculated and analyzed. Cluster analysis was
performed on the CNV data obtained by SNP array using the ward’s linkage algorithm (JMP

version 10, SAS Institute, Cary, NC, USA).

P33, KRAS, BRAF and PIK3CA Mutation Analysis

Mutation analysis of each gene was performed by polymerase chain reaction (PCR), KRAS
and BRAF were analyzed by pyrosequencing using respective KRAS and BRAF Pyro Kits
(Qiagen, Hilden, Germany). When a total of 15% or more mutations in the tumor sample
examined were observed, “mutation-positive” was termed.

Single strand conformational polymorphism (SSCP) analysis was used to screen PCR
products derived from exons 5-8 of the p53 gene and from exon 9 and 20 of the PIK3CA
gene in patient tumor and normal serum samples. Direct sequencing was analyzed by an
automatic ABI PRISM 310 Genetic Analyzer using an ABI PRISM Big Dye Terminator v1.1

Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA)."

Immunohistochemical Analysis

Immunostaining was performed using an automatic immunostainer (Dako Autostainer) and
the primary antibody was anti-PTEN (6H2.1, 1:100 dilution, Dako). Staining positivity of
PTEN was determined by comparing interstitial cells. When staining was low or negative in

at least 90% of the cancer cells, it was judged to be negative for PTEN expression.'®
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MSI Analysis
Analysis was performed by PCR using the markers BAT25, BAT26, D3S346, D2S123, and
D178250 according to NCI criteria.'' In MSI determinations, those in which MSI was seen in

2 or more markers were determined as MSI-high, and those with iess than 2 were determined

as MSI-low,

DNA Methylation Analysis

The DNA methylation rate in promoter regions of MLH-1, MINT-1, MINT-2, MINT-31, p16
was analyzed by bisulfite pyrosequencing using the DNA obtained from the isolated tumor
glands recovered as described above.'” A DNA methylation rate of 30% or higher was
considered DNA methylation-positive. Those in which 2 or more of the 5 markers were
methylation-positive were termed CIMP-positive, and those in which | or no

methylation-positive markers were termed CIMP-negative.

Statistical Analysis

Statistical analysis of data was performed using the statistical software Stat Mate III for
Windows Ver. 3.07 (Atom, Tokyo, Japan) and PRISM6 (GraphPad Software, La Jolla, CA). A
x2 test and Man-Whitney U-test was performed for comparing 2 .groups. P < 0.05 was

considered a significant difference.

RESULTS
SNP Array Analysis of EEA
Figure 2 (a) shows the total number of regions in which the chromosome copy number was

abnormal according to SNP array analysis of the 32 patients diagnosed with EEA. In the
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abnormal region of each chromosome, large general gains were seen in 1q21.2-44 (7/32,
21.9%), 8q22.2-24.3 (4/32, 12.5%), 10p15.3-11.1 (7/32, 12.5%), 10q11.21-23.31 (9/32,
28.1%) and 10q23.31-26.3 (5/32, 15.6%). In addition, large general copy-neutral LOH was
seen in 10q22.1-26.3 (7/32, 21.9%). In large general LOH, there were no frequently
appearing aberrations, On the other hand, chromosomal gain of < 10 Mbp was seen in 5q35.3
(3/32, 9.3%), 7q11.23 (3/32, 9.3%) and 16q23.1 (3/32, 9.3%) (Table 2).

The total length of alterations in chromosomal gain and copy-neutral LOH were
significantly higher than the LOH (P < 0,01). No significant difference was seen between

chromosomal gain and copy-neutral LOH [Fig. 2 (b)].

Mutation analysis and immunohistochemical examination
p53 mutations were seen in 4 of the 32 cases (12.5%). Mutations of KRAS, BRAF, and
PIK3CA were detected in 5 cases (15.6%), only 1 case (3.1%) and 8 cases (25.0%),

respectively (Table 3). Reduced PTEN expressions was seen in 21 cases (65.6%) (Table 3).

MSI Analysis
MSI-high was observed in 7 of the 32 cases (21.9%) (Table 3). For the total length of
alterations in chromosomal gains, MSI-high tended to be more frequent than MSI-low (P =

0.063). The total length of alterations in overall CNVs was significantly smaller (P < 0.05)

(Fig. 3).

DNA Methylation Analysis
In DNA methylation analysis, 4 of the 32 cases (12.5%) were CIMP-positive (Table 3).
Methylation of MLH-1 was found in 3 of the 32 cases (9.4%). Although the frequency of

MLH-I methylation in MSI-high cases (2/7, 28.6%) tended to be higher than that in MSI-low
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cases (1/25, 4.0%), no significant difference was found.

Cluster Analysis in Copy Number Variation

Cluster analysis was performed based on the results of the CNV analysis. Clusters were
classified into 4 groups, and Figure 4 (A) shows a heat map of the data. In cluster 1,
chromosomal gain and copy-neutral LOH were characteristically seen with high frequency in
the chromosome 10q (P < 0.01), and in cluster 3, chromosomal gain and copy-neutral LOH
were characteristically seen with high frequencies in the chromosome 1q (P < 0.05) (Table 3).
Compared with clusters 1 and 3, cluster 2 was characterized by having a significantly smaller
total length of alterations in chromosomal gain and overall CNV (P < 0.01) [Fig. 4 (B)]. On
the other hand, in cluster 4, sporadic changes without any characteristic abnormalities were

seen,

Cluster Analysis and Clinicopathological Examinations

We compared cluster classification and clinicopathological parameters. In cases classified in
cluster 1, the frequency of cases exhibiting high grade nuclear atypia was high (6 of 7 cases,
85.7%). Conversely, in cluster 2, the frequency of low grade nuclear atypia was high (13 of
17 cases, 76.5%), and there was a significant difference between the 2 groups (P < 0.05)

(Table 3).

Cluster Analysis and Clinical Molecular Biological Examination

No significant correlation was observed between cluster classification and cancer-associated
gene’ mutation analysis or immunostaining results. With regard to possible associations
between a cluster group and MSI, all cases MSI-positive were seen in cluster 2 with a

frequency of 41.2% (7 of 17 cases) (Table 3). In a comparison of each cluster group and DNA
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methylation analysis, cases with CIMP-positive were seen in cluster 1 (1/7, 14.3%) and 2
(3/17, 17.6%), but no significant difference in the frequencies of CIMP-positive cases was
seen between clusters (Table 3). Although reduced expression of PTEN and mutation of
PIK3CA were commonly observed in the 4 groups, a correlation between chromosomal gain

of 10q and expression of PTEN were not found.

DISCUSSION
The molecular mechanisms underlying the onset of EEA are generally classified into Types 1
and 2. However, it is known that tumorigenesis of EEA that accounts for many Type 1 cases
is not attributable to a single mechanism, but is made up of different molecular pathways. In
particular, it is clear that MSI-type molecular abnormalities have a different tumorigenic
mechanism than MSS-type, but they are collectively classified in EEA. We believe that the
differences between the two must be clarified. The MSS-type molecular mechanism of EEA
has not been sufficiently studied thus far. Since molecular abnormalities of MSS-type cancer
cells are characterized by instability of chromosomal abnormalities,” DNA ploidy often also
exhibits an aneuploid pattern. However, it has been reported that EEA often exhibits a diploid
pattern.'? In diploid cells, chromosome-level abnormalities are generally in a small region,
and in MSI cancer, which is an abnormality of the microsatellite region, cells are known to be

22224 and it is difficult to

diploid.?! The frequency of MSI in EEA is approximately 30%,
explain the fact that EEA often exhibits a diploid pattern by MSI alone. Therefore, to
understand in depth the nature of EEA, it is important to analyze the association between
chromosome-level abnormalities and the molecular and clinicopathological characteristics of
Type 1 cancer.

The crypt isolation method was used in the present analysis to obtain DNA that

originated exclusively from cancer cells. Crypt isolation is an excellent method that satisfies
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the requirements for both high quantity and high quality DNA from cancer cells. To obtain
highly reliable results in an SNP array, a certain quantity of unfragmented DNA must be
used, The results in the present study were both highly reproducible and reliable. Isolated
cancerous crypts are extremely effective for performing molecular analysis of cancer.
Examining chromosomal regions containing copy number abnormalities provides
important information for identifying genes that play key roles in oncogenesis. In the present
study, chromosomal gains were seen with relatively high frequencies in 1¢21.2-44 (21.9%),
8q22.2-24.3 (12.5%), 10p15.3-11.1 (12.5%), 10q11.21-23.31 (28.1%) and 10q23.31-26.3
(15.6%). Copy-neutral LOH was seen frequently in 10¢22.1-26.3 (21.9%). On the other hand,
the frequency of regions exhibiting LOH was low. Chromosomal gain has often been reported
in 1q, 8q, 10p, 10q, and 19p,” and LOH has been reported in 4q, 16q, and 189.2**" Levan K
el al. reported that chromosomal gain was often seen in 1¢25-q42 (30%), 19pter-p13.1
(26%), 19q13.1-q13.3 (19%), 8q21-q22, 8q22-qter (17%), 10q21-q23 (14%) and 10p (13%).
LOH was often seen in 4q22-ater (8%), 16q21-qter (8%), and 18¢21-qgter (8%).*® Analysis of
the cancer genome atlas (TCGA) data suggest that chromosomal gain was shown in 1p36-p31
(7.8%), 1qi2-g44 (17.8%), 3q21-g29 (8.9%), 7q31-q36 (7.8%), 8ql2-q24 (10.0%) and
11q11-q14 (5.6%), while copy-neutral LOH were low, and there was no evidence of LOH.
Although reported loci of chromosomal abnormality in TCGA are very similar to those in the
present study, the frequency of abnormalities, especially copy-neutral LOH and LOH were
lower than in the present study. We suggest that crypt isolation method would be
advantageous for molecular analysis including CNV analysis using SNP array. From the
above results, we believe that chromosomal gains in 1q, 8q, 10p and 10q are characteristic
abnormalities in"'EEA. On the other hand, copy-neutral LOH-of 10q was seen in some cases
in the present study. We belicve this to be due to the fact that chromosomal abnormalities not

observed in the past were detected because our analytic method used a SNP array with
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isolated tumor glands. .OH, which is closely associated with tumorigenesis in EEA, has not
been reported in previous studies, and results have been similar to those of the present study.
While it is possible that an increased chromosome copy number has a role in the occurrence
of BEA, it was also suggested that LOH or a reduced chromosome copy number has little
association with the occurrence of EEA.

It has been demonstrated that chromosome-level abnormalities are important in the
progression of many types of cancer. In a report by Yamamoto E ef al., it was shown that
CNVs of chromosome alleles have a key role when colon adenoma becomes cancerous.”
Furthermore, a comparison of gastric mucosal cancer and gastric submucosal cancer by Sugai
T et al. also indicated that accumulated LOH was seen in the latter.® These findings suggest
that chromosome-level abnormalities are important in the progression of cancer. There have
been several reports on chromosome-level abnormalities in EEA.? Pere H ef al. compared
EEA, serous adenocarcinoma and clear cell carcinoma and found that the frequency of copy
number aberrations was lower in the former.®! This report suggests that the frequency of copy
number aberrations is low in EEA. In the present study, copy number aberrations were
expressed as total DNA length. A report by Sawada T ef al. also determined copy number
aberrations in colon cancer as total DNA length,” but it is clear that compared with these
findings, the degree of copy number aberrations in EEA is small. This suggests the possibility
that copy number abnormalities do not have an important role in the progression of EEA.

Chromosome CNVs contribute to the progression of many cancers. Suchiro Y ef al.
compared the number of copy number abnormalities in EEA classified by stages and reported
that the number was small in early stage cancers.”* This report suggests that genome-level
abnormalities have an important role in infiltration in EEA. On the other hand, there was no
cortelation between increasing stage and CNVs in the present study (data not shown), and

future examination of the association between increased CNVs and stages is required.
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In this study, we performed hierarchical cluster analysis of 32 cases of EEA. The results
were stratified into clusters 1, 2, 3 and 4. The features of cluster 1 were copy-neutral LOH
and chromosomal gain in the long arm of chromosome 10, whereas in cluster 3, a high
frequency of chromosomal gain was seen in the long arm of chromosome 1. There were
fewer CNVs in cluster 2, and the frequency of MSI was high, Here, we found no indication
of an association between clinicopathological findings and genetic mutations that appear
commonly in EEA. This finding shows that the abnormalities in PTEN, KRAS, and PIK3CA
in EEA *'! are characteristic of early stages of oncogenesis. That is, it demonstrates that they
are genetic abnormalities common to EEA. However, the number of cases analyzed was
small, and we believe that further study of these points is required.

The occurrence of MSI was higher in cluster 2 than in the other groups. The total length
of copy number aberrations in MSI-high and MSI-low was examined in this study, but the
total length of copy number aberrations in MSI-low was long. We believe that it is greatly
affected by the total length of increased copy number; however, no statistically significant
difference was seen between MSI-high and MSI-low in this regard. Although a close
association between MSI and CIMP has been pointed out in colon cancer,® a similar
association was not indicated in EEA. The marker of Toyota M ef al.> used in the present
study is considered to be an excellent CIMP marker in digestive tract cancers such as colon
cancer, but we believe that it might not accurately detect CIMP in EEA that has a completely
different onset mechanism. Many of the cancers in cluster 2 were high MSIL, but the
frequency of chromosome-level abnormalities was low. Cluster 2 included a high number of
cases, and we believe that it is a typical type of EEA. In the present study, we found that
infiltration occurred without chromosome-level abnormalities being acquired. There is also
the possibility of a molecular disease type in which various epigenetic abnormalities have key

roles in molecular tumorigenesis in EEA.
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We examined chromosome copy number abnormalities in EEA using an SNP array.
Chromosomal gains in EEA were seen with relatively high frequencies in 1q, 8q, 10p and
10g, but the frequency of LOH was low. Our data demonstrated that, the frequencies of
chromosomal gains were greater than those of LOH in EEA, suggesting that chromosomal
gains have an important role in this disease. In hierarchical cluster analysis, it was shown that
patterns of chromosomal abnormalities could be stratified into 4 groups. In our study of
chromosonie copy number using SNP array analysis of isolated tumor crypts, we believe that
the data are more reliable than those previously reported. Thus, this study provides valuable

findings in the study of molecular abnormalities in EEA. Future additional study is required.
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Table 1 Clinicopathological findings for
endometrial endometrioid adenocarcinomas
in this study

Clinicopathological findings

Total 32 (%)
Age (means) 29-89 (53.0)
Grade 1 18 (56.3)
2 13 (40.6)
3 1(3.1)
Nuclear atypia  High 14 (43.7)
Low 18 (56.3)
FIGO stage [ 22 (68.8)
I 5 (15.6)
1] 5 (15.6)
v 0 (0.0)
Myometrium <1/2 20 (62.5)
INnvasion
z1/2 12 (37.5)
Lymph node positive 3(9.4)

metastasis
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Table 2 Frequency of copy number variations in 32 cases
of endometrioid adenocarcinoma

Chromosome- Alteration Frequency (%)
region
1q21.2-44 LG gain 7/32 (21.9)
5q35.3 Gain 3/32 (9.3)
7q11.23 Gain 3/32 (9.3)
8q22.2-24.3 LG gain 4/32 (12.5)
10p15.3-11.1 LG gain 7/32 (12.5)
10q11.21-23.31 LG gain 9/32 (28.1)
10g23.31-26.3 LG gain 5/32 (15.6)

10¢q22.1-26.3 LG copy-neutral LOH  7/32 (21.9)

16¢23.1 Gain 3/32 (9.3)

Gain, Chromosomal gain; LG copy-neutral LOH, Large
general copy-neutral LOH; LG gain, Large general gain;
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Table 3 Clinicopathological findings and molecular biological analysis and 1¢q chromosomal gain,
10q chromosomal gain and copy-neutral LOH in each cluster group

Total Clusterl Cluster2 Cluster3 Clusterd Pvalue
(%) (%) (%) (%) (%)
Total 32 (100) 7(21.9) 17 (53.1) 6(18.8) 2(6.2)
Age 29-89 38-72 29-63 39-89 60-63
(means) (53.0) (52.6) (50.7) (57.8) 61.5)
Grade 1 18(56.3)  2(28.6) 12 (70.8) 4 (66.7) 0 (0
2 13(40.8) 4 (57.1) 5 (29.4) 2 (33.8) 2 (100)
3 1(3.1) 1(14.8) 0 (0) 0@ 0
Nuclear High 12375  6(85.7) 4 (23.5) 1(16.7) 1 (50.0} 1P<0.05
atypia ¥ Low 20(62.5)  1(14.3) 13 (76.5) 5 (83.3) 1 (50.0)
FIGO I/l 27(84.4)  6(85.7 13 (76.5) 6 (100) 2 (100)
stage /v - 5(15.6) 1(14.8) 4 (23.5) 0 (0} 0O
Lymph node +  3(9.4) 1(14.3) 2(11.8) 0 (0) 0
metastasis
1q gain § 7(21.9) 0 (O 0 () 6 (100) 1 {50.0) 1P<0.01
10q gain, 13(40.6)  7(100) 2 (11.8) 2(33.3) 2 (100) §P<0.05
copy-neutral LOH §
pb3 4 (12.5) 1(14.3) 2 (1.8) 0 (0} 1 (50.0)
KRAS 5 (15.6) 2 (28.6) 2 (11.8) 0 (O 1 (50.0)
BRAF 1(3.1) 00 0 (0 1(16.7) 0 (0}
PIK3CA 8 (25.0) 3 (42.9) 4(23.5) 1(18.7) 0 ()
PTEN 21(65.6)  6(85.7) 11 (64.7) 3 (50.0) 1 (50.0)
MSI-high 7(21.9) 0 (0) 7(41.2) 0 (0) 0 (0)
CIMP-positive 4 (12.5) 1(14.3) 3(17.8) 0 (0 0 (0

T In cluster 1, high nuclear atypia was seen significantly more often. Conversely, in cluster 2, the
frequency of low grade nuclear atypia was high, and there was significant difference between the 2
groups (P < 0.05). T In cluster 3, chromosomal gain in 1q was seen significantly more often (P<
0.01). § In cluster 1, chromosomal gain and copy-neutral LOH in 10q was seen significantly more

often (P < 0.05).
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FIGURE LEGENDS

Figure 1 (A) Representative histological features of nuclear atypia in endometrial
endometrioid adenocarcinoma (EEA). (a) Nuclear atypia, low (H&E, x200). (b) Nuclear
atypia, high (H&E, x200). (B) (a) Histological section EEA (H&E, x40). (b) Isolated cancer
crypts under a dissecting microscope. (¢} Histological feature of isolated cancer glands

(H&E, x40). (d) Histological feature of isolated cancer glands (H&E, x100).
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Figure 2 (a) Overall copy number variations (CNVs) for each chromosome derived from
32 cases of endometrial endometrioid adenocarcinoma (EEA). Color coding indicates
changes on each chromosome. Blue: loss of heterozygosity (I.LOH) (0, 1), orange:
copy-neutral LOH (2}, red: chromosomal gain (3, 4). (b) Total copy number variation regions
in 32 cases of EEA. The total number of regions in which chromosome CNVs were seen in
each subject are plotted as dots. The median value is represented by a horizontal line. The
median values were 9.3 x 107 base pair (bp) for overall CNV, 5.8 x 107 bp for chromosomal

gain, 5.3 x 10° bp for copy-neutral LOH, and 9.8 x 10* bp for LOH.
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Figure 3 Overall chromosome copy number variations (CNVs) in microsatellite instability
(MSI)-high and low. Each dot represents the total length of abnormal copy number regions in
each case. The horizontal line represents the median value. (a) Overall CNV: median values
were 6.30 x 10° base pair (bp) for MSI-high and 1.49 x 10® bp for MSl-low (P < 0.05). (b)
Chromosomal gain: median values were 2.11 x 10° bp for MSI-high and 1.05 x 10® bp for
MSI-low. (¢) Copy-neutral loss of heterozygosity (LOH): median values were 5.18 x 10° bp
for MSI-high and 5.48 x 10 bp for MSI-low. (d) LOH: median values were 8.51 x 10° bp for

MSI-high and 9.60 x 10* bp for MSI-low.
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Figure 4 (A) A heat map of clustering classification by a single nucleotide polymorphism
(SNP) array data: Hierarchical cluster analysis was performed based on SNP array data of the
32 cases of endometrial endometrioid adenocarcinoma, and they were classified into 4
clusters. The results of mutation, immunohistochemical, microsatellite instability (MSI) and
methylation analysis are shown at left. (B) Comparison of the total length of alteration in
copy number variations (CNVs) between cluster groups: Each dot indicates the total length of
the alteration in CNVs of each subject. The horizontal line indicates median value (*P < 0.05,
¥%P < 0,01). (a) Overall CNV: median values were 2.39 x 10® base pair (bp) in cluster 1, 6.30
x 10% bp in cluster 2, 2.31 x 10® bp in cluster 3 and 1.19 x 10° bp in cluster 4. (b)
Chromosomal gain: median values were 1.49 x 10% bp in cluster 1, 1.12 x 10® bp in cluster 2,
2.11 x 10® bp in cluster 3 and 6.46 x 10® bp in cluster 4. (¢) Copy-neutral loss of
heterozygosity (LOH): median values were 5.03 x 107 bp in cluster 1, 3.88 x 10° bp in cluster
2, 4.54 x 10° bp in cluster 3 and 2.27 x 10"bp in cluster 4. (d) LOH: median values were 9.60
x 10" bp in cluster 1, 1.26 x 10° bp in cluster 2, 0 bp in cluster 3 and 5.22 x 10® bp in cluster

4,







Tl w

Hll

a8

,!“I!“".

t B o1 A

(b)

Total length of alterations(bp)

1-3"1 09- . *ﬁ
[ ] l l
1.0x109-+ ’ °
®
4x108 e
L]
L]
]
[]
e o
=4 o o
L4 (]
2x108+ o °,° . ¢
° : ° ° °
@ ®s ° °
ee® ° ®e
°
:o ° ..o.:o "
i Y TYVORPYY S SSTS  S—" D—
’ Overall CNV Chromosomal  Copy-neutral LOH
gain LOH

*£<0.01




SOQ>*

MOT-ISW yby-1SN

et b8t 0
L ]
g
IR
5
3
L
=
S
o
L0LxZ D
L] g I
T
1 z
. L 0Ll )
HOT (P)
MOKISIN ubiy-{S N
J b a E L'
oo, ¢ =
. Py =
% =
. ]
. g
Fadlxt 2
—~h
3
* 2
=
D
g S
b0l §
[ ] r~
O
. X
T
s
LoOLxE
HOM [ennau Adog AOV

MOISIN ybBry-19IN
seosbssow - ]
-
L}
— . -g0L %L 3
o
- =
]
., =]
. L0le B
- -
s 8
S )
0% 3
- —
[=3
z
. L s0IxLE
uleb jewosowoIy) A Qv
MmoFIS yBIy-ISIN
oq-r|co 4 0
P -
™Y L
. o mw._
e . mw.
. Le0ixZ  F
-
. s
. o
=3
o
[ ] - mv..
e Lo0lxy &
. )
=
w
=
=2
[ ]
LDLxZ'L
[ ]
i [ |
o
ANO 1183370 (e)



>
>
>\../

Ti21sN)D

>

zZia1snp

i

o
o_3 K%;ﬁ o n oo o o

LzuhLwd 2 n iwisinio jSdijwioini s ioaioial o B o ol x

o = ioi m N sl i oo 8 % & owmi
i i
T

! i |
El | i |
i ; . & L
| [

>

pa21sn|) g4931sn|D
@<

p53, PIK3CA, BRAF, KRAS :mutation-positive

PTEN: Negative for PTEN expressio
MSI: MSl-high
CIMP : CIMP-positive

(B) ( ) Overall CNV
a *
1.5%10°% | P |
ok 8
T 1.2%10°%4 e —_—
~— H .
g ' !
=
s s
2 4x108- . .
] ]
“6 .
B ; .
= —_—
% 2x10° .
G i -

(b)

n

Chromosomal gain

*

ﬁ
1.1x10% * .
E . —
g 6x10°%-
&
kS
%4)(103-
] .
3 : L
o210 . » = =

=

Clusteri Cluster2 Cluster3 Clusterd

Clusteri Cluster2 Cluster3 Clusterd

P
S

Total length of copy neutral LOH (bp) )

—
o
~—

Total length of LOH (bp)

Al ! His u I

[ - (3,4) Chromosomal gain
:(2) Copy-neutral LOH

I : (0,1) LOH

Copy neutral LOH
3x10°%-
.
.
2x10°%+
L]
L]
1210°+
" .
L] . L
. B
J [ ]
Cluster1 Cluster2 Clusterd Clusterd
LOH
1.1%10°+
.
1.0x10°-
2
4x10%4
2x10%4 .
L]

Clus';er1 Cluster2 Clu;tera Clus'lem

*P<0.05, *x<0.01




