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Abstract

Melecular subtype of breast cancer hased on
estrogen receptor (ER), progestercne receptor (PgR),
and human epidermal growth factor receptor 2
(HER 2) expressions plays a crucial role in treatment.
Such classificalion has also been proposed for
endometricid adenocarcinoma (EA), which, like
breast cancer, also forms estrogen-dependent tumors.
The aim of this study was to examine molecular
alterations in EA based on the expression of these
biomarkers. Samples from 83 EAs were obtained.
Using the crypt isolation method, we classified
EAs based on expression of ER, PgR, and HER2,
Microsatellite instability (MSI), DNA methylation

status, loss of heterozygosity (LOH) and mutations
in oncogenes were examined. Types were defined
as follows: Type A (ER+ and/or PgR+, HER2Z2-),
Type B (ER+ and/or PgR+, HER2+), Type C (ER/
PgR-, HER2+), and Type D (ER/PgR-, HER2. The
frequency of /TEN expression in Type C was lower
than that in other types. K7 ras mutations were more
frequent in Type C, and PIK3CA mutations were
more common in Type A and B. The frequency of
LLOH-high status in Type C and D was significantly
higher than that in Type A and B. Subtypes based on
these biomatrkers in EA were characierized by each
different molecular abnormality.

Key words | endomeiroid adenocarcinoma, ER, FgR, HERZ, molecular alteration

I. Introduction
Endometrial carcinoma (EC) comprises
about 4% of cancers in women worldwide,
with a higher incidence in developed countries.
The American Cancer Society estimated
that endometrial cancer was the fourth most
common cancer diagnosed and the eighth

leading cause of cancer deaths in women in
2010, EC is thought to be one of the most
important gynecological cancers.

Bockman first described the two main
clinicopathological variants of EC . Type I
tumors are low-grade and estrogen-sensitive

endometrioid adenocarcinomas (esEAs) that
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usuzlly develop in perimenocpausal women
and coexist or are preceded by complex
and atypical endometrial hyperplasia, In
contrast, type II tumors, which mainly
occur in older women, are non-endometrioid
adenocarcinomas (NEAs), very aggressive,
insensitive to estrogen stimulation, and arise
occasionally in endometrial polyps or from
precancerous lesions developing in atrophic
endometrium, NEAs are usually serous or
clear cell carcinomas. Moreover, the molecular
alterations involved in the develepment of
NEAs are different from those of esEAs. While
esEAs show microsatellite instability (MSI)
and mutations in the PTEN, k-RAS, PIK3CA,
and B-catenin genes, NEAs exhibit alterations
in p53 expression, loss of heterozygosity (LOH)
on several chromosomes, and other molecular
alterations, including changes in the expression
of STK 15, p16, E-cadherin, and HERZ **,
Sporadic colorectal cancer is a consequence
of the accumulation of genetic and epigenetic
alterations that result in the transformation
of normal colonic epithelial cells into
adenocarcinomas. The loss of genetic stability
and subsequent genetic alterations in tumor
suppressor genes and oncogenes initiate
carcinogenesis and tumaor progression. Tovoda
et al. have shown that DNA hypermethylation
in cancer-related genes plays a major role
in colorectal carcinogenesis ® The aberrant
methylation of promoter regions precedes
genetic alterations and epigenetic event
that are associated with early-stage disease.
Therefore, DNA methylation is closely
associated with carcinogenesis. However,
it is not clearly known whether a similar
mechanism Is associated with the development
of EC.

Endometrial endometrioid adenocarcinomas
(EEAs) are also thought to comprise various
tumor types in terms of prognosis, malignancy,
and molecular mechanisms. However, the
conventional hypothesis for tumorigenesis in
endometrial carcinomas is that EEA accounts
for many cases collectively classified into
type 1 ? Thus, the diversity of EEA is not
clearly understood. Like hormone-dependent
breast cancers, EEA is known to develop In

an estrogen-dominant environment. Hormone-

dependent breast tumors have recently been

classified into four types based on estrogen
receptor (ER), progesterone receptor (PgR), and
human epidermal growth factor receptor 2 (HERZ)
expression ®, and this classification has revealed
associations among histological characteristics,
prognosis, malignancy, and therapeutic
responsiveness in breast cancers . However,
few pathological or molecular pathological
studies based on the expression of these
aforementioned factors have examined EEA.
Thus, development of an effective classification
system may be important for further
understanding of EEA and for developing
effective treatment strategies against EEA.
Our aim in this study was to correlate the
clinicopathological and molecular pathological
findings for EEAs with their ER, PgR, and
HERZ expression status in order to propose a
comprehensive classification system for EEAs.

II. Materials and Methods
1. Tumor samples
Between April 2004 and September 2012,
83 EEAs were obtained surgically from 83
patients undergoing resection of the uterus at
the Iwate Medical University Hospital after
obtaining informed consent. The patients
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Table 1. Clinicopathotogical findings for endemetrial
endometrieid carcinomas in this study

Total {endometrioid carcinoma) n==83
Apge (means) 31 ~ 82 (57.0)
Grade
1 44 (53.0)
2 28 (337
3 11 (13.3)
FIGO stage
I 55 (66.3)
I 8 (9.6)
1L 18 (21.7)
v ‘ 2 (2.4)
Lymphovascular invasion
negative 66 (79.5)
positive 17 (20.5)

(%)

ranged in age from 31 to 82 years (mean, 57.3
years). Patients who underwent radiotherapy
and chemotherapy before surgery were not
included in the study. The study was approved
by the Ethics Committee of Iwate Medical
University School of Medicine (reg. no. H24-
80), waiving the requirement for informed
consent for this study. Tumor histological
type and stage were classified according to
the General Rules for Clinical and Pathological
Management of Uterine Corpus Cancer ™.
Clinicopathological data for the 83 patients in
our study are shown in Table 1. -

2. Crypt isclation technique for tumor cell

isolation

Fresh tumor and normal tissue samples
were obtained from lsurgical specimens
removed during surgery for EEA. A sample
of normal endometrium was removed from
a site distant from the lesion. Crypt isolation
from the tumor and normal endometrium
was performed as described previously
.18 This method can separate all crypts
from intervening stroma. Briefly, fresh

endometrium and tumor were minced with
a razor then incubated at 37 °C for 30 min
in calcium- and magnesium-free Hanks'
balanced salt solution (CMF) containing 30
mmol/L ethylene-diaminetetraacetic acid
{(EDTA). Following this procedure, the tissue
was stirred in CMF for 30-40 min. The
isolated crypts were immediately fixed in
70% ethanol and stored at 4°C until DNA
extraction. The fixed, isolated crypts were
examined under a dissection microscope (37.60;
Olympus, Tokyo, Japan). Normal crypts
were clearly distinguishable from tumor
crypts based on their characteristic features
reported elsewhere ™. The isolated crypts
were processed routinely for histopathological
analysis to morphologically confirm they
were well isolated. No contamination (such as
interstitial cells) was observed in any of the 83
samples. A representative sample is shown in
Figure 1.

3. Immunochistochemical procedure

EREA specimens were fixed in buffered
formalin and embedded in paraffin according
to routine procedures. For this study, 3
um-thick sections were prepared, dried,
deparaffinized, and rehydrated before
microwave ftreatment (H2500, Microwave
Processor, Bio-Rad, Hercules, CA, USA) in
Tris(hydroxymethyl) aminomethane-EDTA
buffer (pH 9.0) for 30 min. An automatic
staining machine (DAKO Envision+ system)
was used for the immunchistochemical

1
procedure ™.

The slides were counterstained
in hematoxylin, dehydrated, and mounted.
For immunchistochemistry (IHC) analysis,
samples from isolated crypts and tissue hlocks
of samples adjacent to samples isolated using

the crypt isolation method were examined.
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Fig 1. Case 1 (a) Histological section of endometrial endometricid adenocarcinom

5 i

a, Grade

1. (H&E, 100 X ). (b} Positive immunchistochemical staining for ER in specimen (100
X ). (¢} Histology of crypts (H&E, 200 X ). (d) Positive immunohistochemical staining
for ER in crypts (200 X ). Case 2 (c) Histological section of endometrial endometrioid
adenocarcinoma, Grade 1. (H&E, 100 x ). (f) Positive immunchistochemical staining
for PgR in specimen (100 X ). (g) Histology of crypts (H&E, 200 X ). (h) Positive
immunohistochemical staining for PgR in crypts (200 X ). Case '3 (§) Histological
section of endometrial endometricid adenocarcinoma, Grade 1. (H&E, 100 X ). ()
Immunochistochemical staining (score 3) for HER2 (100 X ), (k) Histology of crypts
(H&E, 200 x )}, () Positive immunochistochemical staining for HER2 in crypt (200 x ),
The definition of each score is described in the Materials and Methods section.

The antibodies used in this study are shown
in Table 2,
4, Immunochistochemical assessment of ER,
PgR, and HER2 '
Immunoreactivity to anti-HER2 antibodies
was observed in the cell membrane and was
scored semiquantitatively using the Food
and Drug Administration (FDA) approved

scoring system as: 0, no immunostaining; 1+,
incomplete membranous immunostaining
of less than 10% of tumor cells: 2+, weak
complete membranous immunostaining of
greater than 10% of tumor cells; and 3+,
strong complete membranous staining of
greater than 109% of tumor cells. Scores of 0
or 1+ indicated a negative result, while scores
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Table 2. List of antibodies used inthis study

Antibody Clonarity Clone Supplier Dilution
ER Monoclonal 1D5 Dako 1:2
PgR Monoclonal PgR636 Dako 1:6
HER2 Palyclonal - Dako 11300
po3 Monoclenal DO-7 Novocastra 1:100
PTEN Monoclonal "6H2.1 Dako 1:100

Fig 2. Case 1{a}) Endometrial endometrioid adenocarcinoma, Grade 1 (H&E, 100
% ). {b) Positive immunochistochemical staining for p53 (100 X ). Case 2 {(c}
Endometrial endomelrioid adenocarcinoma, Grade 1 (H&E, 200 x ). (d) negative
immunohistochemical staining for PTEN (200 X ). The definition of each
immunohistochemical staining score is described in the Materials and Methods
section.

of 2+ and 3+ were regarded as positive for
HER2 expression ™. ER and PgR expression
was quantified based on the percentage of
stained cells and the intensity of nuclear
staining. The percentage of positive cells
was graded as follows: 1 = 0-25% of nuclei
stained; 2 = 26-75% of nuclei stained; 3 =
more than 76% of nuclel stained. The staining

intensity was scored as follows: 1 = absent

or weak, 2 = strong, 3 = very strong. The
sum of both of the parameters determined
the THC score. IHC scores of 2 or less were
considered negative, whereas IHC scores of
3 or more were considered positive ', These

THC scores were evaluated independently by

2 experienced pathologists. Representative
tumors and crypts are shown in Figure 1.
5. Molecular subtypes of EEA using ER,
PgR, and HER2
Subtype definitions of EEAs were as
follows: Type A (ER+ and/or PR+, HER2.),
Type B (ER+ and/or PR+, HER2+), Type
C (ER-, PR-, HER2+), and Type D (ER-, PR,
HERZ-).
6. Immunohistochemical assessment for
pb3 and PTEN expression
Immunostaining data for pb3 were
expressed as the percentages of positive
epithelial cells in relation to the total number
of cells counted in at least 5-10 representative




80 ' Hidetoshi ToMAEECH], el al.

high-power fields (500-1,000 epithelial celts).
Cnly nuclear staining was regarded as
significant ', Tumor cells with weak
staining were not considered positive. In the
evaluation of p53 overexpression, samples
showing greater than 30% staining were
considered positive. Tumors considered
positive showed diffuse positive cytoplasmic
and nuclear staining in the majority (> 909)
of cells. Positive staining in tumor cells was
comparable to that detected in normal stromal
cells, Tumors with no staining or only rare
staining (< 10%) were considered negative for
PTEN ™. Representative tumors are shown in
Figure 2.

7. DNA extraction

DNA was extracted from normal and
tumor samples isolated by the crypt
isolation method (83 crypts were isolated
from each sample), using standard sodium
dodecylsulfate/proteinase K treatment.
Samples were resuspended in TE buffer (10
mmol/L Tris-HCI, 1 mmoel/L EDTA [pH 8.0}
to the equivalent of 1000 cells/ul.. DNA was
extracted in a similar fashion,

8. Mutation analysis of the Kiras BRAF,

and PIK3CA genes

Mutations in codons 12 and 13 in the Ki-ras
gene and the mutation cluster region of the
BRAF gene were examined using bisulfate
pyrosequencing as described previously .
Mutation in exons 9 and 20 in PIK3CA was
examined by direct sequencing using the
ABI PRISM Big Dye Terminator v1.1 Cycle
Sequencing Kit {(Applied Biosystems, Foster
City, CA, USA). Sequencing fragments were
detected by capillary electrophoresis using an
automated ABI PRISM 310 Genetic Analyzer
(Applied Biosystems)®.

9, Assessment of LOH by polymerase chain
reaction

LOH studies were performed by polymerase
chain reaction (PCR) amplification of 13 highly
polymorphic microsatellite markers (0352402,
D351234, D55107, D5S346, D5S299, D5SEZ,
D10S2491, D1052492, D135118, D1351563,
TP53, D185487, and DCC) located at 6
chromosomal loci {3p, 5q, 10q, 13q, 17p, and
18} ™. Seventeen microsatellite sequences
were obtained from specific primers reported
in the GDB Human Genome Database (http://
gdbwww.gdb.org/gdb/). Sequences of the
primers used are described elsewhere ™.
The data were collected automatically and
analyzed by GeneScan 3.1 software (Applied
Biosystems). LOH was determined by
calculating the ratio of the peak areas of
the constitutional alleles as described
previously- %, In this study, we defined LOH
as less than 0.7 (g-value) in this ratio.

10. Scoring of LOH status

LOH status was scored according to
the following criteria, A tumor sample was
considered to be LOH-high if 4 or more of the
markers showed allelic loss. When the data
showed that less than 3 markers were lost,
the tumor was designated as LOH-low,

11, Analysis of MSI

The primers proposed by the National
Cancer Institute Workshop on Microsatellite
Instability (BAT 25, BAT 26, D55346,
D25123, and D175250) were used in this
study ®. The PCR conditions have been
described elsewhere *. Products were run
on an ABI PRISM 377 fluorescent DNA
sequencer. MSI was defined as the presence
of an additional peak. A tumor sample was
considered to be MSI-high (MSI-H) when
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Table 3. Clinicopathelogical findings for endometrial endometrioid carcinomas in each subtype

Type A (%)

Histolopical subtype Type B (%) Type C (%) Type D (%}
Endometrioid carcinoma 15 (19.2) 52 {627y 10 (12.8) 6 (7.7}
Age (means) 33-81 (585) 40-80 (B5.7) 50-77 (61.8} 46-71 (57,6}
Grade

Gradel 8 (63.3) 32 (61.5) 3 (30.0) 2 (333

Grade2 5(33.3) 16 (30.8) 5 (60.0) 1 (16.6)

Grade3 2{13.3) 4770 2 (2000 3 (b0.0)
FIGO stage

P/l 14 (93.3) 43 8270 4 (40.0) 2 (33.3)

m/v 1 (6.7 9173 6 (600 4 (66.7)
Lymphovascular invasion

negative 13 (86.7) 44 (84.6) 6 (60.0) 3 (60.0)

positive 2(13.3) 8 (154} 4 (40.0) 3 (50.0)

2 or more of the markers demonstrated
instability and MSI-low when only 1 marker
was unstable. However, tumors showing
one alteration using the above criteria and
categorized as MSI-How were considered MSS
in this analysis.

12, Confirmation of DNA methylation

status

Bisulfite treatment of genomic DNA was
carried out as described previously *. For
examination of methylation status, we used a
bisulfate pyrosequencing restriction analysis
as described previously ®' SFRPI, SFRPZ,
SFRPS, DKK-2, DKK-3, MLI-1, p16, HOXAZ,
mir-34b/c, and MINT-1 genes were analyzed
using primers, restriction enzymes, and
conditions as previously described ™ . Tumors
were classified as methylation-negative/
low (methylation-low) if 1 or 2 loci were
methylated and methylation-high if 3 or more
were methylated.

13. Statistical analysis

The data were analyzed using the »* test
with the aid of StatView-IV software (Abacus
Concepts, Berkeley, CA, USA), Samples were

determined to be significantly different when
p-values were 0.05 or less.

JII. Results
1. IHC subtype associations with
clinicopathological findings

The characteristics of each subtype are
given in detfail in Table 3. The frequencies
of FIGO stage 1/1I in Type A or Type B
tumors were significantly higher than those
of Type C or Type D tumors, respectively (p
<0.01). There were no significant differences
in the frequencies of tumor grade and
lymphovascular invasion hetween each type.

2. Immunohistochemical findings

The results for overexpression of
ph3 and loss of PTEN expression are
displayed in Figure 3. The frequency of pb3
overexpression in Type C was significantly
higher than that in Type B {p<0.05) and
loss of PTEN expression in Type C was
significantly lower than in Type A and B (p<
0.05).

3. Analysis of Kiras, BRAF, and PIK3CA

mutations
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Fig. 3. Frequencies of p53 overexpression and
Joss of PTEN expression in each subtype.
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Fig 4. Frequencies of Ki-ras, BRAF, and PIK3CA
mutations in each subtype.
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Fig. 5. (a) Frequencies of LOH at multiple cancer-related chromogsomal loci in cach subtybe.
(b) T'requencies of LOH-high status in each subtype.

Findings for Ki-ras, BRAF, and PIK2CA
mutations are summarized in Figure 4.
Mutations in the Ki-ras gene were more
frequent in Type C (50.09%) than in other
types of tumors. Mutations in the PIXSCA
gene were more common in Type A (20.0%)
and Type B (21.6%). Additionally, mutations
in the BRAF gene were found only in Type D
(16.7%). The differences were not significant,

4, Analysis of LOH

The LOH data are summarized in Figure
5. Allelic loss of 10q was a common alteration

in all subtypes. Allelic losses of 17p and
13q were more freqguent in Type C (30%
and 409, respectively) and D (33.3% and
50%, respectively) than in Type B (6.7% and
14.69%, respectively; p<0.05). The frequencies
of 3p and 18q allelic losses were significantly
higher in Type D (509 and 50%, respectively)
than in Type B (8.6% and 8.3%, regpectively;
p<0.01). Finally, allelic loss at bgq was more
frequently found in Type A (46.7%) and D
(27.3%) than in Type B (14.6%; p<0.05).

The frequency of LOH-high tumors was
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Fig 6. Freguencies of MSI and MSS tumors in
each subtype.

significantly higher in Type C {20%) and D
(33.39) than in Type B (3.89%; p<0.05).

5. Analysis of MSI

The frequency of MSIs in each subtype
is shown Figure 6. There was no difference
in the frequency of MSIS( among each
subtype. MLH-1 methylation ‘status differed
significantly between MSIs (56.5%) and MSSs
(6.7%; p<0.001),

6. Analysis of methylation

The methylation frequencies at several

Joci for each tumor type are shown in Figure
7. A high frequency of SFRFI methylation
was observed in all subtypes (73‘.3%, 56.39%,
60.09%, and 83.3%, respectively). Although
methylation of SFRFPZ, HOXAS, and mir34h/
¢ was more frequent in Type A, B, and D
(40.0%, 48.1%, and 50.09%, respectively,
for SFRPZ; 86.7%, 80.8%, and 100.0% for
HOXAZQ: and 46.7%, 48.1%, and 66.7% for
mir3dbsc) compared with Type C (20.0% for
SFRPZ; 40.0% for HOXA 9, and 20.0% for -
mir34h/c), differences were not significant.
Only difference in /OXAY methylation was
significant (p<0.05).

7. Analysis of molecular status

The molecular status of each subtype is
displayed in Figure 8. LOH-L./methylation-H
status was more frequently found in Types
A, B, and D (26.7%, 36.5%, and 50.0%,
respectively) than in Type C (10_.0%). The
frequency of LOH-L/methylation-H in Type
D was significantly higher than in Type C (p

100%

90% 1

80% 1

70% |

60% 1
50% 1
40%

30% 1
20%
10% 1

Type A
BType B
o HType G
BType D

#p<0.05

0% 1~

Q\ Q‘)ﬂ Q‘) 2
CDQ‘?‘ %QQ\ %QQ‘ 0\{5

'd Q{\ NB vﬁb W& &N

Fig. 7. Frequencies of multiple gene promoter methylations in each subtype.
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Fig. 8 Frequencies of LOH and methylation status in each subtype.

<0.05). There were significant differences of
LOH-H/methylation-H status between Type
D (33.3%) and Types B and C (0% and 09,
respectively),

IV. Discussion

In this study, DNA samples obtained by the .

crypt isolation technique were used instead
of those cobtained from fresh tissues, as would
ustally be used. Recent studies have detected
various moelecular abnormalities not only in
cancer cells but also in the intervening stromal
cells, In ulcerative colitis, the presence of
molecular abnormalities has been reported in
the stromal cells of inflammatory mucosa !,
It is also known that mutations in PTEN and
DPC4 occur in interstitial cells of juvenile
polyposis 3", Therefore, in order to analyze
molecular abnormalities specific to tumor
cells, it is essential {o collect only tumor cells,
Crypt isolation allows a large amount of high
quality DNA to be obtained from tumor
cells, thereby providing a useful method for
identifying abnormalities specific to tumor
cells. Microdissection has also been employed
for specifically analyzing tumor cells, but

this method has been recognized as being
inappropriate for obtaining iarge amounts of
high quality DNA. However, few molecular
analyses of EEAs have used isolated tumor
crypt cells; instead, most clinical specimens
being analyzed have used samples that also
contain ihtervening stroma. In our study,
crypt specimens were isolated from FEAs
without stromal contamination. The crypt
isolation technique is expected to provide a
useful molecular analysis method for EEA.

In this study, we analyzed the clinico-
pathological characteristics of each tumor
type, classified according to ER, PgR, and
HER2 expression. We found that most Type
A and B fumors, which were hormone
receptor-positive, were at stage 1/Il, with
highly differentiated profiles showing no
vascular invasion. In contrast, Type C and D
tumors, which were hormone receptor-negative,
\Rferc at stage T1I/1V, and most were moderately
to poorly differentiated. Previous reports have
also shown correlations among disease stage,
differentiation status, and prognosis in patients
with hormone receptor-positive tumors **,

consistent with our results. However,
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contradictory reports have described HER2
overexpression as a poor prognostic factor *
or as unrelated to prognosis ¥). Further
analysis of HERZ overexpression as a
prognostic factor is needed. The results of the
present study, like those of others reported to
date, suggest that hormone receptor-positive
tumors are generally found at a relatively
early stage and are highly differentiated. In
contrast, there is no tendency for increases
in the frequency of HER2 overexpression
in poorly differentiated, advanced cancer,
according to the classification employed in the
present study.

pH3 overexpression was observed at a
low frequency in all tumor types, but the
frequency tended to be higher in Type
C and D tumors than in Type A and B
tumors. According to reports published to

date, the frequency of pbh3 overexpression

is high in type 2 and low in type 1 cancers
(10-20%) % Our results suggest that p53
overexpression is associated with Type C
tumorigenesis. As discussed above, the extent
of pb3 overexpression is generally low in
EA, which raises the possibility that cancers
with HER 2 overexpression have molecular
abnormalities different from those of cancers
that express other hormone receptors. In the
present study, it was unclear at which stage
nb3 was overexpressed in Type C tumors,
Thus, future research is required to determine
the possible role of p53 overexpression
in Type € tumors at earlier stages.
Furthermore, the present study showed that
the frequency of pb3 overexpression was
high in Type D tumors, as well, although the
difference did not reach statistical significance.
Although further studies are necessary

because of the limited number of Type D
tumors in this study, p53 overexpression has
heen reported to be associated with a poor
prognosis in breast cancer, warranting further
studies of pb3 overexpression in EEA.

PTEN mutations have been observed in
50-80% of cases with Type T EC and are a
major molecular abnormality in this cancer .
Loss of PTEN activity has also been observed
at an earlier stage, characterized by atypical
endometrial hyperplasia, indicating that PTEN
inactivation is an important early abnormality
in EC*. In the present study, loss of or
reduced PTEN expression was observed in all
tumor types other than Type C. This raises
the possibility that Type C tumors develop
through a tumorigenic mechanism different
from that of the other types. Although
the cause of this difference is unclear, the
development of tumors for Type C tumors
may resemble that of so-called Type 2 EC,
which progresses from atrophic endometrium
to poorly differentiated EA by bypassing
endometrial hyperplasia. Further studies
focusing on this possibility are necessary.

A previous study has shown that K-ras
mutation is a common alteration in EC *.
The frequencies of point mutations in codons
12 and 13 are approximately 6% to 16% in
endometrial hyperplasia > *¥. In the present
study, K-ras mutations were more frequent
in Type C. This finding indicates that X-ras
mutation plays an important role in the
development of Type C tumors. The present
results highlight the importance of K-ras
mutation in the development of some specific
types of EC.

In colorectal cancer, BRAF mutations
have been shown to occur frequently in
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patients with CIMP or MSI *, showing a
characteristic clinicopathological pattern. In
EEA, MSIs are reported to occur at a high
frequency ™ but a relationship between MSI
and BRAF mutations has not been reported.
In the present study, BRAF mutations were
rare, except in Type D tumors. No correlation
of this mutation with MSIs or CIMPs was
detected. These results suggest that, unlike
BRAF mutations in colorectal cancer,
BRAF mutations in EEA are not associated
with a clinicopathologically or molecular
pathologically characteristic disease type.
PIK3CA mutations have been shown to
oceur in some colorectal cancers and are
regarded as an important driver mutation
in this type of cancer *. Oncogenic mutation
of PIKZCA is reportedly present in EC, as
well, with a frequency of approximately 40%
in EEA in particular **® This mutation is
thus considered to play an impértant role
in the development of EEA. In the present
study, PIXFCA mutations were observed in
approximately 209% of Type A and B tumors.
The cobhserved frequency was lower than
those reperted previously, and the reason
for this discrepancy is unclear. However, our
results suggest that the frequency of PIK3CA
mutations varied among subtypes, warranting
further elucidation of the role of this mutation.
In this study, we also investigated LOH at
each cancer-related chromosomal Jocation,
The frequency of LOH was found to be
clearly higher in Type C and D tumors
than in Type A and B tumors. In colorectal
cancer, two types of representative molecular
abnormalities — chromosomal instability (CIN)
and MSI - have been demonstrated ¥, The

former is associated with relatively large

chromosomal abnormalities, accompanied
by common abnormalities, such as [.LOH
and p53 mutations ¥ *®. In contrast, the
latter is associated with few chromosemal
abnormalities, with conly low accumulation of
LOH and mostly without p53 mutations ** *\.
A CIN-type mechanism may play a major role
in some specific type of EC, especially Type D,
MSI-positive cancer was observed in all
tumor types, showing no differences in
frequency among different types. In colorectal
cancer, MSI is thought to be caused by DNA -
methylation in the promoter region of the
MLH-1 gene ™ MSI is reported to occur
at a frequency of approximately 10% in
colorectal and gastric cancers, while MSI is
observed in 9-30% of EEAs**”, giving EEAs
the highest frequency of MSI among cancers
of all organs. MSI is 2 common alteration in all
types of EC.

Finally, we searched for methylation of
tumor suppressor genes, a phenomenon
postulated to be associated with the
development of EEA. Important signal
transduction pathways in oncogenesis include
the Wnt and p53 pathways. SFRPI, SFRPZ,
and DKK 2 are relaied to the former pathway,
while mir-34b/c is related to the latter.
SFRP1 methylation was common to all tumor
types, whereas methylation of SFRPZ and
DEKZ varied depending on the tumor type. In
contrast, mir-74h/c methylation was frequent
in all tumor types except Type C. Previous
studies have suggested that mir-34b/c and
p53 expression are interrelated ™ : given the
high frequency of p53 mutations in Type C
and D tumors, mir-34b/c may be a promising
target for therapy for Type D tumors.
These findings suggest the importance of
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DNA methylation of various genes in the
development of EEA.,

In the present study, we classified EEA
into four types based on ER, PgR, and HER?2
expression status and analyzed the molecular
abnormalities in each type. The molecular
abnormalities in EEA were related to the
above four phenotypes, suggesting that these
phenotypes, as proposed herein, may be useful
for classifying EEAs. Conventionally, EEA
is classified as a Type [ cancer., However,
this study demonstrated that type I cancer
actually consists of tumor groups that are
different hoth clinicopathologically and in
terms of molecular abnormalities. In addition,

it is possible that the optimal treatment
approaches for EEA vary depending on the
tumeor types defined in this work. Further
studies are warranted.
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