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Genetic and Epigenetic Dysregulation in Endometrial Carcinoma

Koichi Yoneyama
Department of Obstetrics and Gynecology, Nippon Medical School Musashi Kosugi Hospital

Abstract

Endometrial carcinoma arises from the endometrium lining of the uterus and is a common
malignancy of the female genital tract. It is generally categorized into two subtypes, types I
and II. Type I endometrioid tumors account for 70~80% of cases, and they occur
predominantly in premenopausal and perimenopausal women. Type I tumors are low-grade,
early-stage, hormonally sensitive carcinomas; invasion of the uterine wall is minimal, so the
prognosis is usually good. By contrast, type II endometrial carcinomas, which are primarily
serous, are less common, accounting for only 10~20% of endometrial carcinomas. Type II
tumors occur mostly in older postmenopausal women, are independent of estrogen exposure,
and patients with them have a poor prognosis. The Cancer Genome Atlas Research Network
performed an integrated genomic, transcriptomic, and proteomic characterization of 373
endometrial carcinomas. The genetic analyses were based on a combination of somatic
nucleotide substitutions, microsatellite instability (MSI), and somatic copy number alterations.
On the basis of the results, endometrial cancers were classified into four groups: (1) those with
unusually high mutation rates and a unique nucleotide change spectrum (POLE [ultramuted]
group); (2) those with MSI tumors, most with MLH1 promoter methylation (MSI [hypermuted]
group); (3) those with lower mutation frequency comprising most of the microsatellite stable
endometrioid cancers (copy number-low [endometrioid] group); and (4) those consisting
primarily of serous-like cancers with extensive somatic copy number alterations and a low
mutation rate (copy number-high [serous-like] group). In addition, in respect to pathway
alterations, endometrial cancer has frequent mutations in the PI3K/AKT pathway. Regarding
the epigenetic regulation of endometrial carcinoma, microRNAs (miRNAs) have received a lot
of attention in recent years. miRNAs are a large family of small (approximately 22 molecules)
non-coding RNAs that negatively regulate protein-coding gene expression post-
transcriptionally. Recent studies have revealed dysregulated expressions of several miRNAs,
also termed “onco-miRs,” in various cancer tissues. Therefore, these onco-miRs could be
promising prognostic biomarkers of cancer progression and/or metastasis. For example, in a
recent study based on array-based comprehensive analyses, we identified miRNAs and
mRNAs significantly dysregulated in endometrioid endometrial carcinomas and demonstrated
that miR-200a, miR-200b, and miR-429 are onco-miRs that possibly target PTEN in
endometrioid endometrial carcinomas.

Understanding of the genetic and epigenetic alterations of endometrial carcinomas may
influence adequate treatments for patients.

(HARERRAEEZMERS  2017; 13: 22-30)
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1 Macroscopic appearance of endometrial carcinoma.
Endometrial carcinoma arising from lining epithelium

of endometrium is observed.
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2 Microscopic appearances of endometrial carcinoma.
a endometrioid endometrial carcinoma, grade 1
Well differentiated adenocarcinoma resembling endometrial glands were seen.

b serous endometrial carcinoma

Papillary proliferation is one of the characteristics of serous endometrial carcinoma.
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# 1 Clinical and pathological characteristics of type I and type II endometrial carcinoma

Type I Type 1I
Proportion of endometrial carcinomas 4/5 1/5
Menstrual status Pre- and perimenopausal Postmenopausal
Endocrine-metabolic disturbance Present Absent
Estrogen-associated Yes No
Background endometrium Hyperplasia Atrophy
Histological type Endometrioid Serous, clear cell
Tumor grade Low High
Depth of myometrial invasion Superficial Deep
Behavior Stable/indolent Progressive/aggressive
(SCHk 3 X 51H)
. PTEN P-53
MLHI methylation Bcatenin E-cadherin :—-53;:0“
KRAS pl6 -cadherin
PTEN
Hyperesteronism | sl sl Her2/neu P16
KRAS PIKICA PIK3CA .53 Herd/neu
/ R a sical R ™ - ™, —, | —_— | -
Nomal |y, Endometrial |, , | "M |, tewgrade || | Highgrade ( ) ( \ f o
endometrium | | hyperplasi rplasia/Endom || Endometricid 7 endometrioid Momal Atrophy Endometrial Non-gndometricid
| etrialintrazpitheial] | Sndometrisl || endometrial endometrium | —— *+ | intraepithelial |—*| endometrial
| carcinoma | | carcinoma carcinoma
\ carcinoma carcinoma

. - .y

P53, Her2/neu

A progression model for endometrioid carcinoma.

a

| Iy i

S -

A progression model for nonendometrioid (type Il) carcinoma.

b

3 Progression models for endometrial carcinomas. (3CHk 3 £ 0 51H)
a A progression model for endometrioid carcinoma. (3CHk 3 & Y 51JH)

PTEN alterations appear central to the initiation of proliferative lesions.
b A progression model for nonendometrioid (type II) carcinomas. (3CHk3 X ) 51H)
p53 mutations play a critical role in the conversion of atrophic endometrium to an endometrial intraepithelial carcinoma.

BREZ B0 5 2 L% v, MRRFENREE O 7
L— FIHMEL, TEHBAORMIZERY. BHIHER
Th5.

Type II FEAEBRADILRIZEEROK 1/5TH D,
MIRERICHIET 5 2 L%\, T A +ay v IR
ThY, NHWEZOMG A LN, MR
WIZIEENIERE O REE & 0, RIS (X
2b) THY, WM D Type TIZHHE SN 5.
TR EMNEAIBRZ SN D, MRS R EE 0 7
L—FidEL, FEHEAORMEIZEL, BEENND
BHLRTV. BEEIAHETHS.

2. FEARPAICH T ZEGFEER
Type ]l FTERVBADFEET NV EEZDIIHT2-

T, IEHFEARD S FEWREREGHEN, S 512
FNBERBEANEL2REBEVFZZ 515 (K3-a)’.

MLH1 ® X F L —3 3 » & & |2 PTEN (phosphate
and tensin homologue detected from chromosome
10) #EfnFEAENESG AR EEO R IckR I,
PIK3CA, KRAS, B-catenin D#fn AR E LB~
47 0% 754 PAEE (microsatellite instability :
MSD) HPEELEZEZHET A, MSIIZE L T Type
I TEARPADK /3 ICBESNDH, Type I T
EWAATIEENTH S, PTEN #AnF13 A5 A I8
ZTE LCoMiEEZ 4 L, PTEN ORHER 1 PISK
pathway Z Gt (L S &, Mgz 8EmL, 2 A1k
2% 59 %. PTEN BIZFOMNGEHALORF & LT
{5255, Loss of heterozygosity (LOH), promotor
hypermethylation 2B 5-3 %5 2%, #7-% ¥ Y = %
74 v 7 %P L L TmicroRNA IZ X % PTEN
mRNA OFIHIH O EEMED Z 2 5T 5

Type II FEERD AL Tk de novo TZERE PR
A5 pb3 D H & #E THUBME MG 72 & 0 I HH N i
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FAICE 288 (R3-b) 23 TITATEL TV 2 HAR
B A3 b LTI E 3 A W RE 7 EAMRIE S T w
BT F 72, BEVEOMEAE W & % mismatch repair
(MMR) A # =22 3R7-NTW2 2 LR EDBHS
NTWwa. Type II FEMAKIA TR DFENLLE
LTp53 DERFBKIFLN, #90% ICBREh 5.
f 77, FEPIBERRE CTld p53 DA RIX 10~20% 12 & &
Y FEARMBERMERFEOMM KL L LT
endometrial intraepithelial carcinoma (EIC) 23415
NTBY, FEEREIIAAET 2 FEHNEOK 90%
ICEIC O & 5N 5" 2 @ EIC D 75~80%
2 TICps3 DERNPBHE I N L. EIC 7 5 %
PERRHE ~ O #EAT 121X E-cadherin, p-16, HER2/neu
BRPNEBE L2 5L EZLNTWSEY
BHIREFEERPATETFEERDIA DK 2~5% 12
TFAET 5. FERD AN S B AR RE B 7 DA
#213 Lynch fEfiehe, B4, @EEIFERY K- 2K
Ws%E (hereditary nonpolyposis colorectal cancer :
HNPCC) EBEMETH 5. WO ABEEEEERXL L
4. Lynch JEBEHEO XD T EARNPAZFIET 54
JEY A 713 40~60%, KHs o H£JE) X 713 40~
60%, PJNIEEASA D FIIE 10~20% & X528 JHIK
BN AEFSIE, KIBOBEH, KRAOKEE, T
ERDB A EODVATIERE DI EDBILEN 5.
JFERE LTIZDNA I Ay FBEBET 77 3 —
(MLH1, MSH2, MSH6, PMS2) O 45l 25 5 7%
HHLCTWA., #Mfdie LTIEDNA I A~y F151
BREORRERE ZRIL T 2RIEL ENb~ A 70T
TA MLEMBEDPHONG. F/2, BED/ T 7 4
VAR R & T MLH1, MSH2, MSH6, PMS?2
BENTH T 2 SRR LA D EHTH 5.

3. The Cancer Genome Atlas : TCGA 7O =¥
MIKBFEFLADKEENT / LB

12O AMBIZLZHOBIRFREVPEET 5D
&, MR RIREC I R R SHVIRRIC Y ) AR (BT S
PREDSTfE L CW A ENBRNEEZHND. T
PAMBORED 1 DEEZ 6N, 7/ AT EEE
HEND. oo 1 2123 ¥ —#%M (copy number
variation : CNV) 2% V), Milans®o BRI sr
2 DNA Wrh 283 ¥ — oA @M X ) 8, w84
5. TODICEETFOAE—EHIENTLIL L
B0, DBABITHHEMLALRE LToCNV I,
copy number alteration : CNA EFEENS. Z o
AR BT 2 IRMIR 4 o ¥ —$0% 1L somatic  copy
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number alterations (SCNAs) X2V F® TCGA 12 &
LMENIBWTTFERDBAT ) AR D 1 DOFP L
LTHwbsLZ.

TCGA Ti&, 373 BIOFE=EMRIA FHNERIE 307
i, ST 53 ), AR 13 61) 12X LT single
nucleotide polymorphism (SNP) 7 L £ % H w72
SCNAs O fig #7 (n=363), MSI# #& (n=373), 4 T~
7 UfEHT (exome sequence analysis) (n=248),
oY A2 )T b—=24 (n=333), T U T *— AN
(n=293) 7 L %47\, Z O F % 2013 4F |2 Nature
REICAELE. ENSofER, TEARIALZ (D
POLE ultramuted, (2) microsatellite instability
hypermuted, (3)copy-number low, (4)copy-number
high 4250 HFT)—I25E L (R4).

(1) POLE ultramuted group®

232 B 17 B (7%) & BHEEIZIRV 2SI PHERE
Ao 7z, POLE BIZFERDHED D DI, v f 701
774 PARREE (MSD MADBEED S D%
A, EHD 30D 7N — T L TERICEET
TR L, ultramuted group EMEHEN BT &k
ol (K4).

(2) microsatellite instability hypermuted group’

microsatellite instability 2 £9% 7V — 7 TP #IX
FEETH- 72, HIRTFERBEIE o7 T2,
MLH1 ® mRNA expression 23% U T\ T MLH1 7
ODE—F—DAFMLIZE2bDLEZ LN (B
4).

(3) copy-number low (endometrioid cancers)
group?

Microsatellite stable T copy-number low T 0 %
WIEBEARR S 5 7V —TFTH Y, FHRIGPEET
otz BHIE (52%) TCTNNBI OZREIES
N7z, bS5 A7) 7 b — L DN Tid progesterone
receptor expression 25 H V. BRIV E VPHEDAR T
HbHZLEIREEIN (K4).

(4) copy-number high (serous-like cancers)?
ZDTN—TIIIHENEIRNE & 1/4 O grade 3 @
HANBERE DL E Sz #90% @ JE Bl 2 TP53
DERNA LN, F 72, EHEICFBXW7 (22%),
PPP2R1A (22%) DERVHER S NI THRIIRD
ARETH-7 (XK4).

fih, #mTERIZH LTk, PIK3CA & PIK3RI
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a o POLE (ultramutated) MS (hypermitated) Copy-numbar kw (endomatrioid) Copy-number high (serous-ike)
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4 Mutation spectra across endometrial carcinomas. (3CHk2 X ) 5I1H)
a Mutation frequencies (vertical Axis, top panel) plotted for each tumour (horizontal axis). Nucleotide substitutions
are shown in the middle panel, with a high frequency of C-to-A transversions in the sample with POLE exonucease

mutations. CN, copy number.

b Tumours were stratified into four groups by (1) nucleotide substitution frequencies and patterns, (2) MSI status,

and (3) copy-number cluster. SNV single nucleotide variant.

¢ POLE-mutant tumours have significantly better progression-free survival, whereas, copy-number high tumours

have the poorest outcome.

d Reccurently muted genes are different between the four subgroups. Shown are the mutation frequencies of all
genes that were significantly mutated in at least one of the four groups (MUSIC, asterisk denotes FDR<0.05).

DEBRZIA4DDTRTOTI V=TI DN T
72, INLOEREHTLHHITILPTEN DEHR% &
L) T EDNLHVD,
hypermuted 7' )V — 7 & copy-number low 7 Vv —7
[23B VT PTEN ORI Z 2 HAIZH -
722

INA 7 = A NI L CIE B R 2%A TliX PISK/
AKT 827 = A NICEBETER S A LR, ZThid
TCGA TR I N/ D EDFEHONA LD &
BETH o 7.

CCETTERBPAICBIILY ) LB EEARTE
2. 225, TEAPAICEET L ZEY ) A5
HDH) b4 70 RNAIWCKES2HTHI L LT 5.

¥512 microastellite  instability

4. microRNA

<4 71 RNA (microRNA : miRNA) &%, #22
ik (18~24 Hi2E) ® RNA TH VY, ¥ v s % a—
FL 748 RNA (non-coding RNA : ncRNA) T

H 5. FENEIET O messenger RNA @ mRNA (24
4L, mRNA O 5 ¥ 3 7 M ORR % WH§ %
C L THIEFRHAOMEINFEL, T¥Y 247147
AEED 1D LTHWTWS. —DD< 4 711 RNA
3, B ho@ETeEne L, 4, ok, Ml
Bagm, G SRE, DAL SRR A RFGICEE LT
AV

(1) microRNA D4R E1ER

microRNA DA RGEFE %2 B 5 (TR 35,

W TIVIIBRNA R 25 —E¥ THEI N
primary microRNA (%, Drosha-DGCRS # &1k & #%
&3 5. FL TstemV— 7AW Y HE SN
precursor microRNA & 72 %. Precursor microRNA
&, exportin-5-Ran-GTP 12X V), BA (S NS,
Precursor microRNA (&, DICER IZX Y stem V—7
NOREEMM L ZEHRNAZY DI NS, K
\2, RNA FHEREIY 4 L > Y ¥ 784K (RNA-induced
silencing complex : RISC) Offj & THIHD F il A
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5 The linear’ canonical pathway of microRNA processing. (3CHk 14 & 0 51/H)
The microRNA processing pathway has long been viewed as linear and universal

to all mammalian miRNA.

¥%. microRNA 1, 9 mRNA o3& LT3 ik
FHANHE, (3" untranslated region : SUTR) IZ#EA L
mRNA YIHi, 7 & O mRNA OFIFRER R 7 7 =
MBI X B AREEAIC X 5 mRNA O xR L,
LR AR T ORI & G A ISR L Tw 5

microRNA 1%, kD34, b & E’ﬁ’&’lﬁ%ﬁ
NI BVWTRERTTRTH L. fi)5, ¥4 71 RNA
DFFOBART HEBREDBAE T 2 L 3A, ZTDMDE
COBRHAERTLHENELE V5.

3 £, miRbase version 21 T i & I mature
microRNA 1%, 2500 L EOFEENEFHFIN TS

(2) H*A & microRNA

W3 A & microRNA (ZB89 2 WF7e 13 FRIE 1235 m L
TWhb., ZNHOMTRIZ 2 DTSN, H11ED
AGFEEOFRREAETL & microRNA @ B IZ B 5 % WF
HTH5D. B2ENADBWRFERIEMDONNA + < —
A1 —& LT microRNA Z 0l 3505 TH 5.

INFE THALICH AT % microRNA Off) % F &
L T mature microRNA ® miRNA-5p strand {Z7EH

PHEF > Tz, L Lad Sk Tld, DICER R
DROSHA 72 & microRNA O AEBGEFEICEIFRT % @ 1n
FOERIMNFALICEEG T AL EPHL N E - TE
7z, JE LRI NES; (Sertori-Leydig cell tumor 7%
&) OFA4Z DICER] OZ R MRS 5 & & 2l
ST
ANZEER T % microRNA X, JEE 0BGl 2 3

oncogenic miRNA (oncomiRs) & #5545 % P35
% tumor suppressor miRNA (tumor suppressor
miRs) 2T oMb, ZN6 OFEH % IEH Rk &
AR CIIR 35 &, —#IYIT oncomiRs (& ALk

SEAHEIM L, tumor suppressor miRs (FAHEHEGHLRR
THRIFET LT S" (X6).

microRNA X mRNA 45 2> mRNA o F o B & (12
LRI E TS, BIZIE, PTEN 2 EDHA
P EAR T2 5K S 2 AHIH mRNA  (tumor
suppressor mRNA) #fEg & L T% D mRNA Off) %
9% microRNA 1, oncogenic miRNA & ’-E
Nz (F6). Stz v, WAMGEET O X
L= IR D 2 L TRALDFINENT WS S
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Tumor-suppressing
miRMNAs

Downregulation

R — e VY «— — IR —— AN

Tumor-suppressor mRNA

Tumorigenesis

Oncogene mRNA

6 Carcinogenic mechanism of oncogenic miRNAs and tumor suppressor miRNAs.

(SCHR 18 X D 51H)

L2 b, ZFoiA, tumor suppressor miRNA TH
5.

B FEURIPAREDKFELERLEL TO
microRNA, 4%F(C PTEN & U PIBK/AKT /N X 7
IA~DOAE

FEARD AN T % microRNA OB 7 #5113 % 8
WA AN, §8 5 0% E N3 55

BiaR L72 & 9 I EMARMA TIEPISK/AKT 78 &
TIADPEELRBETH S, TCCAIZ X BHEHH
PIK3CA & PIK3R1 DA FERIITFEARNAD 4D
DFTRTCOY T 7N —FIEHETED SNz (K 4-
d). ¥7-, PTEN O#ETZE¥IL copy-number high
(serous-like cancers) ZFx< 3 20% 77— 7Tk
% 80% Ll RicElgis sz (R4-d).

Phosphoinositide 3-kinase (PI3K) &, £ /¥ h—
W) VIRE DA ) b= IVER 3D KERSE A SR RINIC
VUL T LK TH L. PTEN X PISK O W O
) UBILEEFZETH AH. T2, AKT I PISK FitdH
D%y 7 F Vs ThHsbs (RT7). PTENIC X %]
FIA T IIUETFIRAD Y ZF VAL, M5t A
WAL S M FE B CIRREM 2T b b,

FEHOE, o, TEARBENEREICBT S
microRNA O&ENZEI L T2 array-based (S L
7z ZOKEHE, microRNA 200 family (miR-200 family)
DD FEE LT miR-200a, miR-200b, miR-429 73
EFBICHLPARTREEHAL TS Z L MR L
. 2N 5l oncomiRs & LTI &, PTEN mRNA
ZIHIL TV B R R U7, T RS R
#5 T3 PTEN ORI Z R 3 EHETHO LN 5.
)7, PTEN a1 OERDAOFEF T PTEN mRNA

ZPH L, PTEN&ZHABH ZHI# L T b H6E 2
microRNA 2%H - T % W FEPEAVRIE S 1 72°

— &AL miR-200 family (miR-200a, miR-200b, miR-
429, miR-200c, miR-141) (3% < OEMENES; DA A
KCBOWTEBEBHLTWA 2 EXWME SN TS, miR-
200 family 1% epithelial-to-mesenchymal transition (2
B L, JEGFEAEICHIHIICE C 2 &Moo Ty
%" ZHUIK LT miR-200  family %, 25 AR TIHEBL
BEMLTWE IR TFERIPAILCBIT S
microRNA 707 74 ) Y 7 ORB#O1 2L %2 5
n5.

4) DPADBEXRFEMADNAA~T—H—-ELT
D microRNA DIt

BRI EIH & microRNA (2RI U 72 BF 28 b & AL
fibhCwa. BUE, FEESADHEESHNIZTFEN
BEAMZIC L D ITbhTwas. LaL, LIZLIEEE
DIEIFEAED 7203 OHBIZ WIS WIFRErFE o h
T,

Torres A®” 51, TEEPADBRI~—H—& LT
M3 D miR-9 B & O miR-1228 DA G b, H 5D
WiE miR-9 & miR-92a DI AEDLENEHTH Y,
R LI EE 73%, GFELEE 100%, 728 13IREE 79%, ¥
HPEE100% THAHZ Larmir L7z T/, migEho
miR-200b, miR-200c, miR-203, miR-449a |, % & i3
A 1/2 2B BDPEIPOT—A—L b LS
L72% 4% % microRNA Z IR EHEO<Y —H — &
LT3 2 HI9ER88M5 % 2 L B3 PRI LS.
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‘ Estrogen ‘ Progesterone ‘
Tﬂﬁm:1¢$K3Hﬂﬂﬁ;ﬁﬁﬁﬁﬁﬁﬁﬁﬂﬂﬁﬁﬁﬁ&ﬁﬁﬂﬁ
— EF—®)

4;E-BP1 |

Translation / Cell Growth

7 The molecular mechanism leading to endometrial cancer. (3CRk 20 & 0 51H)
The simplified diagram depicts the critical pathways in endometrial cancer. Arrows
indicate stimulation. Block lines indicate inhibition. ER and PR are likely all nuclear
effects, but ER effects could be membrane bound effects.
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