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Involvement of the epigenetic aberration of hypoxia inducible factor 2 (HIF2) in
development of uterine leiomyoma
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To obtain master gene candidates that may have key roles in the development of
uterine leiomyomas (ULs), we First performed network analysis by combining genome-wide mRNA expression
data, protein-protein gene interaction network data and genome-wide DNA methylation data. Then we
obtained 5 master gene candidates. Of 5 candidate genes, we focused on HIF2 and NRG1. In ULs, HIF2
expression is downregulated with DNA hypermethylation and NRG1 is upregulated with DNA hypermethylation.
Force expression of NRG1 in uterine smooth muscle cells (UtSMCs) showed several signaling pathways such
as TGF-beta signaling and Wnt/beta-catenin signaling, that has been shown to be upregulated in ULs.
Knockdown of HIF2 was not succeeded because the UtSMCs did not show enough levels of HIF2 expression. The
results suggest that NRG1 is involved in the pathogenesis and development in ULs.

DNA NRG1 EGR HIF2



20-70%

Q0L

BMI

DNA

DNA

DNA

DNA
RLGS (Restriction
Landmark Genomic Scanning)
D-REAM(microarray-based DNA methylation
analysis with restriction tag-mediated
amplification)
X

(Molecular Human Reproduction, 2009:
28 2537, 2010; Journal of
Reproduction and Development, 2011)
(
23791846) 3
DNA
I1lumina
HumanMethylation450 BeadChip (11lumina
USA) GeneChip® Human Gene 1.0ST Array

23-24

(Affymetrix, USA) MRNA
DNA
120
(PLOS ONE, 2013)

DNA
925
76
76 5
DNA
Hypoxia
Inducible Factor 2(HIF2)
Neureglin1(NRG1)
HIF2
HIF2 DNA mRNA
HIF2
HIF2
EGF (
)
NRG1
NRG1 EGF
EGF

ligand



HIF2
NRGL
EGF
HIF2/NRGL  DNA
NRGL
hTERT
(hTERT UtSNC)
(pLVSIN- IRES-ACGFP )
PCCALL2
CDNA
NRGL MRNA
PCR pLVSIN
HIF2
SiRNA  hTERT UtSNC HIF2

(GeneChip Human Gene ST
Array, Affimetrix) mRNA
Ingenuity Pathway

Analysis (IPA)

(1NRGL
PCCALL2 NRGL
NRGL hTERT UtSMC
NRGL

(PLVSIN-1RES-ACGFP vector)
NRG1
hTERT UtSMC NRG1

O NRGIBEIRBELUF I AR Z—

PLVSIN-NRG1-IRES-AcGFP Vector

Xhol Nofl
' '

iNRGIORF . IRES?  AcGFPI |

Flllllll*::::[::::::?

GTGAATTCC TCGAGACTAGTTCTAGAGCGGCCGCGGATCC
CACTTAAGGAGCTCTGATCAAGATCTCG AGG

O LUFIANARGA—DERR R FEEBHMBEAD KR

hTERT USSMC: REIXFERAR LY 5

1.NRG1

(2)NRG1
MRNA
NRG1 NRG1
hTERT UtSMC (mock)
1.5 624
359
265 2
NRGL 359 265 624
2.NRG1
(3)NRG1
1PA pathway
1PA pathway

Hepatic fibrosis Human Embryonic Stem
Cell Pluripotency Role of Osteoblasts
Regulation of the Epithelial-Mesenchymal
Transition Pathway  G-Protein Coupled
Receptor Signaling Adipogenesis Pathway

Factors Promoting Cardiogenesis in
Vertebrates Wnt/[3 -catenin Signaling
pathway 3
pathway

Hepatic Fibrosis Regulation of the

Epithelial-Mesenchymal Transition

Pathway Factors Promoting Cardiogenesis

in Vertebrates Wnt/p -catenin Signaling
pathway

pathway
pathway

Wnt2B  TGFB3

NRG1

pathway
Wnt/B -catenin signaling
TGFB  key factor signaling
DNA

NRG1
WNT2B TGFB3



HIF2
HIF2
mRNA

hTERT UtSMC
HIF2

Ingenuity Canonical Pathways

Molecules

Hepatic Fibrosis/ Hepatic Stellate Cell
Activation

Human Embryonic Stem Cell Pluripotency

Role of Osteoblasts, Osteoclasts and
Chondrocytesin Rheumatoid Arthritis

Regulation of the Epithelial-Mesenchymal
Transition Pathway

G-Protein Coupled Receptor Signaling

Adipogenesis pathway

Factors Promoting Cardiogenesisin
Vertebrates
Wnt/B-catenin Signaling

Gai Signaling

Role of Macrophages, Fibroblastsand
Endothelial Cellsin Rheumatoid Arthritis

TNFSF4,|CAM1,FLT1,FGF2,SMA
D3,IL6R,SMAD7,VEGFB,CCL2,CS
F1HGF,|GFBP3,TGFB3LAMALS
ERPINEL, TNFRSF11B
PIK3C2B,BMP4,FGF2,SMAD3 W
NT2B,SMAD7,|NHBA,NOG,SPHK
1,S1PR1,TGFB3,FGFRL1,TCF7L2
SFRP4,PIK3C2B,CTSK,BMP4,SM
AD9,WNT2B,I TGA2,ACP5MAP3K
5,CSF1,TRAF5DKK1ADAMTS5,T
CF7L2BIRC2,TNFRSF11B,IL11
LOX,PIK3C2B,NOTCH3,SNAI2,F
GF2,SMAD3,WNT2B,FOXC2,CDH
2,GABLHGF,TGFB3,FGFRL1,TC
F7L2
PIK3C2B,HTR2B,PDE9A,RGS7,R
GS4,ADRA1D,PLCB4,HTR1B,ADR
A2A,NPR3,RASGRP1,RGSI10,S1IPR
1,PDE5A,MAP3K8,ADORA2B,AD
Cy7
TP53,FOXC2,RUNX1T1,BMP4,SM
AD9,SREBF1,FGF2,SMAD3,FABP
4,FGFRL1
BMP4,SMAD9Y,TGFBR3,CDC6,TG
FB3,DKK1,NOG,TCF7L2
TP53,SFRP4,CDH2,GJA1, TGFBR3
JWNT2B,RARB,CD44,TGFB3,DKK
1,TCF7L2
HTR1B,RALA,NPR3,ADRA2A,RG
S7,RGS10,S1PR1,RGS4,ADCY7
PIK3C2B,SFRP4,SOCS3,C5ARL,IC
AM1,FGF2WNT2B,|L6R,VEGFB,
PLCB4,CCL2,CSF1,DKK1,TRAFS,

TCF7L2,TNFRSF11B
3.NRG1
IPA pathway
3
88
2015 4 23

Ryo Maekawa Shun Sato Kosuke Joh Maki
Okada Masahiro Shinagawa Lifalee Hiromi
Asada Toshiaki Taketani Yoshiaki
Yamagata Hiroshi Tamura Norihiro
Sugino Epigenome-transcriptome approach
facilitates  the investigation  of
underlying epigenetical deregulation in
uterine leiomyomas IFFS international
meeting 2015 2015 4 26

€Y

2015 5 25

MAEKAWA  Ryo

90598749






