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. Summary

Enhancer of zeste homologue 2 (EZH2) is a member of polycomb group proteins that contribute
to the epigenetic silencing of target genes. EZH2 functions in a multi-protein complex called
polycomb repressive complex 2 which mediates methylation on histone H3 lysine 27. EZH2 is
known for its role in maintaining the repression of HOX genes during development. Expression of
EZH?2 rises in various kinds of cancer, and there are many reports showing that high EZH2 transcript
and protein expression levels are associated with poor clinical outcome in cancer patients.
However, little is known about the mechanism of the expression of EZH2. The aim of this study is to
analyze the mechanism which up-regulate EZH2 expression in a cancer cell.

First, to search for the pathway that changes the expression level of EZH2 in the cancer cells, six
cancer cell lines were treated with inhibitors that inhibit signals known to be activated in cancers.
While some inhibitors gave no effect on the EZH2 expression, each cell lines showed different
response to several inhibitor treatment for example MEK, PI3K, p38, JNK, NF-xB. Although the
response varied in cell lines, the EZH2 expression were commonly suppressed by MEK and PI3K
inhibitors in several cancer cell lines.

To identify a factor that increases EZH2 transcription in the cancer cells, promoter analysis of
upstream region (- 2,874 ~ + 599 bp) of the EZH2 gene was performed. EZH2 main promoter
activity exists in - 696 ~ - 9 bp region and multiple binding sites of Elk-1, a transcription factor
known as downstream of the MAPK (including MEK-ERK) signal transduction pathway, are also in
that region.

To test if EIk-1 participates in the expression of EZH2, EIk-1 knockdown using siRNA was
performed. In the cell lines, in which the expression of EZH2 was regulated by MEK inhibitor, the

result indicated that the expression of EZH2 tended to be suppressed by Elk-1 knockdown.



Furthermore, western blot analysis revealed that the phosphorylated Elk-1 and EZH2 protein
expression were correlated with each other.

In this study, inhibitor assay demonstrated that the EZH2 expression was regulated by several
signal transduction pathways. In addition, EZH2 main promoter activity was shown to exists in - 696
~ - 9 bp region. Furthermore, this region consists multiple binding sites of Elk-1, the downstream of
MEK-ERK pathway, that was found to up-regulate the EZH2 expression. Taken together, this
suggests that transcription of EZH2 is regulated by the extracellular stimulation through MAPK

pathway.
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cDNA
c-fos
c-Myc
DHMEQ
DMEM
DMSO
DNA
Dnmt
DTT
ECL
EDTA
EED
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ERK
EZH2
FBS
GAPDH
HAT
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HEPES
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HRP
JNK
LB
MAPK
MBP
MEK
MRNA
NF-xB
PBS
PcG
p-Elk-1

Bovin serum albumin

Complementary DNA

Cellular FBJ murine osteosarcoma viral oncogene homologue
Cellular myelocytomatosis oncogene
Dehydroxymethylepoxyquinomicin
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Dimethyl sulfoxide
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Heterochromatin protein 1
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c-jun N-terminal kinase
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MAP kinse-ERK kinase

Messenger RNA

Nuclear factor of kappa light polypeptide gene enhancer in B-cells
Phosphate-buffered saline
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Phospho-Elk-1



PI3K
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RNA
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SDS-PAGE
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Phosphatidylinositol 3-kinase

RNA polymerase 11

Polycomb repressive complex
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Ribonucleic acid

Revolution per minute

Runt-related transcription factor 3

Sodium dodecy!l sulfate-polyacrylamide gel electrophoresis
Small interfering RNA

Super optimal broth + catabolite repression effect
Serum response factor

Signal transducer and activator of transcription 3
Small ubiquitin-related modifier

Suppressor of zeste 12

Tris-acetate-EDTA

Tris-buffered saline + tween20

Tris-EDTA

Transcription factor

Tris (hydroxymethyl) aminomethane

Trithorax group

Ubiquitously transcribed tetratricopeptide repeat X
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DNA
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[5]
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[7, 8] H3 27
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[9]
[10] X
[1, 11]
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EZH2 Suppressor of Zeste 12

SUZ12  Embryonic Ectoderm Development EED PcG Polycomb

Repressive Complex 2 PRC2 [9,13] PRC2

H3 27 H3K27 3
H3K27
[14] PRC2 H3K27 JMJD3  UTX
TrxG
[15] EZH2 SET PRC2
EZH2
X
EZH2
[11, 16]
EZH2 Vav EZH2
[17] EZH2
EZH2
[18-23] EZH2

EZH2

( 3) EZH2 in vitro

[18, 19, 24, 25] EZH2

[19, 25] EZH2 DNA

RUNX3 E-cadherin [26,
27] EZH2



EZH2 EZH2
EZH2 E2F
[24] EZH2  microRNA
microRNA EZH2
[28] E2F
EZH2 microRNA
EZH2 EZH2
EZH2
EZH2
EZH2
EZH2
3kb EZH2 (-2874 bp +599 bp)
EZH2
MEK-ERK Elk-1
EZH2
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)

2 DLD-1 LNCaP MDA-MB-231 TE-10

RPMI 1640 medium  10% Fetal bovine serum (FBS) 1% Penicillin/Streptomycin 1%

L-Glutamin 37 5% CO, PANC-1 Dulbecco’s

modified Eagle’s medium (DMEM) 10% FBS 1% Penicillin/Streptomycin 1%
L-Glutamin 37 5% CO, HeLa 50% DMEM

50% McCoy’s 5A Medium  10% FBS 1% Penicillin/Streptomycin 1% L-Glutamin

37 5% CO,
)
DLD-1 LNCaP PANC-1 3.0 x 10° HeLa MDA-MB-231 TE-10 2.0
x 10° 6-well plate well 24

DMSO 30 uM 10058-F4

(Merck) 50 uM LY294002 (Merck) 25 uM SB203580 (Merck) 50 uM SP600125

(Merck) 10 uM Stattic (Merck) 40 uM U0126 (Promega) 100 uM DHMEQ (

)

DMSO

24

3) PCR

6-well plate 1 well Phosphate-Buffered Saline (PBS) 1 ml 2

TRIzol reagent (Invitrogen) 1 ml 5
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200 ul 10
3 15000 rpm 10
500 pl 10 15000 rpm 10
75% 1ml
15000 rpm 5 10
total RNA cDNA PrimeScript RT reagent Kit (Takara) 5X

Prime Script Buffer 2 ul, Prime Script RT Enzyme Mix 0.5 ul, Random 6 mer 0.5 ul, Total RNA

500 ng PCR Thermal Cycler (Takara) 37 15 85
5 PCR Real-Time PCR SYBR Premix Ex Taq (Takara)
3A SYBR Premix Ex Taq 12.5 ul, 10 uM Forward Primer 0.5 pul, 10
uM Reverse Primer 0.5 ul, cDNA 2 pl, 9.5 ul 1
Smart Cycler (Cepheid) 95 10 (95 5 60 30 ) x 37cycles
PCR GAPDH mRNA
(4) RNA
Elk-1 SiIRNA SiRNA  Ambion (EIk-1: siRNA ID 114510 )
Elk-1 siRNA SiRNA 375 nM
OPTI-MEN | (Gibco) 200 pl 20 ul/ml DharmaFECT transfection reagent
(Dharmacon) / OPTI-MEN 1 200 pl 20
24
OPTI-MEN | 2 1 well 1.6ml  OPTI-MEN I
400 pl SIRNA SiRNA 12
36 MRNA
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PCR

(%) ( 4
i) PCR
PCR Prime STAR HS DNA Polymerase with GC Buffer (Takara) 2X
Prime STAR GC Buffer (MG? plus) 25 ul, dNTP Mixture 4 pl, PrimeSTAR HS DNA

Polymerase 0.5 ul, 10 uM Forward Primer 0.5 ul, 10 uM Reverse Primer 0.5 ul, Template

DNA1 pl, 18.5 ul 1 PCR Thermal Cycler (Takara)
(98 10 68 1 /kb) x 30 cycles PCR
ii) /

DNA 300 pl Phenol/Chloroform/Isoamyl alcohol
(25:24:1) (Wako) 30 8000
rpm 5

30 8000 rpm 5
1/10 3M NaOAc (pH 5.2) 2.5 (-
20 ) 15000
rom 4 10 70% (-20 )1 ml
15000 rpm 4 5 TE buffer

(10 mM Tris, 1 mM EDTA, pH 8.0)

i)

0.5 units/ul : 200 ng/ul DNA, 1X H buffer (Takara) 37

-13-



iv)
DNA 1/5 6X Loading buffer (Takara) 0.8%
1X TAE buffer (40 mM Tris, 40 mM
, 1 mM EDTA, pH 8.0 ), 500 ng/ml 100 V
Molecular Imager ChemiDoc XRS (Biorad)
V) DNA
312 nm
QlAquick Gel
Extraction Kit (Qiagen) DNA
vi)
0.03 pmol Vector DNA, 0.3 pmol Insert DNA DNA 5l
DNA Ligation Kit Ver. 2.1 (Takara) I 5 pul 16 8
vii)
DNAS5 ul  DNA Ligation Kit Ver. 2.1 111 0.5 ul XL1-Blue
Competent Cells (Stratagene) 50 pl 30
42 90 2
42 SOC medium ( 2% 0.5% yeast extract, 10 mM NaCl, 2.5 mM KCI, 10
mM MgCl,, 10 mM MgSO,, 20 mM ) 200 pl 37 1

-14-



LB (20 mg/ml LennoXL Broth Base 15 mg/ml Agar 4 ug/ml Ampicillin) 25

ul 225 ul 37

viii)
LB 1 2ml LB
(20 mg/ml LennoXL Broth Base 4 pg/ml Ampicillin) 37 12

Plasmid Mini Kit (Qiagen)

iX)
BigDye Terminnator v3.1 Cycle Sequencing Kit (Applied
biosystems) Terminator Ready Reaction Mix 8 p, DNA (
)2 ul, 1 uM 3.2 ul, 6.8 ul PCR Thermal Cycler
(Takara) 9% 1 (96 10 50 5 60 4 ) x 25cycles
PCR 3M NaOAc (pH 5.2) 2 ul, 95% 50 pl
15 15000 rpm 20
70% 250 pl 15000 rpm 5
DNA Hi-Di Formamide (Applied
biosystems) 40 pl 10 95 2
5 ABI PRISM 3100 Genetic Analyzer

(Applied biosystems)

100 ml LB

37 Plasmid Maxi Kit (Qiagen)
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EZH2 2874 +599 bp ( +1 ) i) PCR
PCR 3B EZH2-2874, EZH2 +599R  Template DNA
genomicDNA (50 ng/ul) DNA (300 uh) i)
/ Bglll  Mlul (Takara)
iii) iv)
V) pGL3 Basic reporter vector (Promega) iii)
V) EZH2 DNA vi)
vii) viii)
Bglll  Mlul iii)
DNA iX)
EZH2 DNA
X)
ii) / 1 pg/ul DNA
TE buffer pGL-2874 pGL-2874
( 3 EZH2 -2704 EZH2 -9, EZH2 -2704R)
i), ii) Miul iii)
(6)

1.6 ug 0.16 png pGL-TK Vector (Promega)
OPTI-MEN 1 (Gibco) 100 pl 40 pl/ml Lipofectamin 2000 (Invitrogen) /
OPTI-MEM 1100 pl 20
12-well plate well 15 x 10° MDA-MB-231 24
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OPTI-MEN | 2 1 well Iml  OPTI-MEN I

200 ul 4

20 1 well PBSO5ml 2
Dual-Luciferase Reporter Assay System (Promega) 1X

Passive Lysis Buffer 250 pl 15 20 ul
96-well plate Assay System  LAR 11100 ul  Lumines cencer JNR (Atto)
Firefly luciferase Stop & Glo Reagent
100 pl Renilla luciferase
Firefly luciferase Renilla luciferase (Firefly luciferase
/Renilla luciferase )

(7)
(50 mM HEPES 150 mM NaCl 1.5 mM MgCl, 0.5 mM EDTA

10% glycerol 1% Triton X-100 10 mM NaF 1 mM DTT 1 mM phenylmethylsulfonyl

fluoride) -80 3
30 8900 x g 4
1
20 ug 12 SDS-polyacrylamide gel
Immobilon-P PVDF membrane (Millipore) 1
blocking buffer ( 5% skim milk / TBS-T) 4

Elk-1(1:200) p-Elk-1(1:200) Actin
(1:1000) (Santa Cruz) TBS-T 10 x 3 1
HRP-goat anti-rabbit 1gG ( 1 :

3000 ) HRP-rabbit anti-mouse IgG ( 1 : 3000 ) HRP-rabbit anti-goat 1gG ( 1 : 3000 )
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(Zymed) TBS-T 10 x 3 ECL Western Blotting Detection Reagents
(GE Healthcare) 1 Molecular Imager

ChemiDoc XRS (Biorad)
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EZH2 mRNA

EZH2
(MDA-MB-231) (HeLa)
(LNCaP) EZH2 mRNA
c-Myc (10058-F4)  NF-xB (DHMEQ) PI3K
p38 (SB203580)  JNK (SP600125)  STAT3
(U0126) EZH2 mRNA
MDA-MB-231 PI3K p38 MEK
( 5 Hela  JNK 2
( 6) LNCaP NF-kB PI3K 1/2
7) EZH2
EZH2
57 EZH2
2 PI3K
( 89
(PANC-1) (TE-10) MEK
DLD-1 TE-10
(P<0.05)( 8) PI3K
DLD-1 TE-10 EZH2 mRNA
001)( 9 MEK

-19-
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EZH2

(2) EZH2
EZH2 EZH2
genomic DNA EZH2
- 2874 bp + 599 bp PCR
MDA-MB-231
( 10) -696bp
-9bp + 599 bp
EZH2 - 696 bp
-9bp
DNA
TRANSFAC 6.0 ( 1)
Elk-1, NF-xB, c-Myb, STAT1 EZH2
Elk-1 EZH2 3
Elk-1 serum response factor (SRF)
- 696 bp Elk-1 MAPK
MEK-ERK
MEK EZH2
( 9 MEK-ERK-Elk-1 EZH2
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(3) Elk-1 EZH2

Elk-1  EZH2 Elk-1
siRNA Elk-1 EZH2 mRNA (
12)  Elk-1 65 88 MDA-MB-231 Elk-1

EZH2 mRNA 1/2 MDA-MB-231

MEK EZH2 PANC-1 TE-10

EZH2 (P <0.01) HeLa LNCaP MEK

EZH2 mRNA

MEK EZH2 Elk-1

EZH2

Elk-1
Elk-1
siRNA  MDA-MB-231 (
13) siRNA pGL-456
(P < 0.05)
pGL-151 Elk-1 SiRNA
Elk-1 EZH2
-456  -151bp
(4) Elk-1 EZH2
Elk-1 EZH2
Elk-1 EZH2
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MDA-MB-231 MEK
(SB203580)
Elk-1 EZH2
Elk-1
( 15)

(U0126)

(U+SP+SB)

-22-
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Elk-1 EZH2
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Elk-1
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EZH2
EZH2 mRNA
EZH2
MEK PIBK EZH2
EZH2 MEK
Elk-1 Elk-1  siRNA
Elk-1 EZH2

Elk-1 EZH2

1) EZH2

EZH2

EZH2
EZH2 PI3K
LY294002 6 4 1/2 EZH2
( 9) 2/3 EZH2
PI3K-Akt EZH2
MEK U0126

( 8 EZH2

JNK SP600125 3 HelLa
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JNK

HelLa

EZH2

EZH2

( 57

EZH2

EZH2

MDA-MB-231 Hela

EZH2 mRNA

EZH2

EZH2

HelLa

EZH2

EZH2

EZH2

JNK

c-Myc NF-xB p38

MEK

EZH2 mRNA
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EZH2
MEK
EZH2 mRNA
2
(2) EZH2 -696 -9 bp
EZH2
(10
Hela) (
-696 -9 bp
-2874 -697 bp
EZH2
EZH2 696 bp
TATA box
50%
box GC box
( 11)
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cross talk

PI3K LNCaP
(89 EZH2
696 bp
MDA-MB-231 (293T
) 9 bp
EZH2
EZH2
151 -9 bp CCAAT
EZH2
E2F EZH2



-442  -151 bp [24]

E2F

NF-xB Elk-1 NF-xB

NF-xB EZH2

Elk-1 3 MEK-ERK-EIk-1
EZH2 STAT],
c-Myb EZH2 696 bp
EZH2
EZH2

(3)Elk-1  EZH2

Elk-1  Ets MAPK
[29] EIk-1  helix-turn-helix DNA MAP
SRF MAP

ERK JNK p38

DNA Elk-1
c-fos
[29-31] Elk-1 MAPK
EZH2
MDA-MB-231 p38 EZH2 ( 5
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(4)

Elk-1 p38

Elk-1 ERK JINK p38
MDA-MB-231
MRNA EZH2
microRNA EZH2
EZH2
EZH2
EZH2
EZH2
EZH2 MAPK Elk-1
EZH2 Elk-1
EZH?2

Elk-1

JNK

EZH2
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1. H3/H4

H3K4 Setl
Trx/MLL
ALL

Set9
ALR

H3K27 EZH2
G9a

H3K79 DotlL

H3R2/17/26 CARM1
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DLD-1 88% RPMI 1640 medium
LNCaP 10% FBS
MDA-MB-231 1% Penicillin/Streptomycin
TE-10 1% L-Glutamin
88% DMEM
10% FBS
PANC-1 1% Penicillin/Streptomycin
1% L-Glutamin
44% DMEM
44% McCoy's 5A Medium
HeLa 10% FBS

1% Penicillin/Streptomycin
1% L-Glutamin
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(A) PCR
Gene symbol | Forward primer (5'-3") Reverse primer (5'-3")
EZH2 CCCTGACCTCTGTCTTACTTGTGGA | ACGTCAGATGGTGCCAGCAATA
GAPDH GCACCGTCAAGGCTGAGAAC ATGGTGGTGAAGACGCCAGT
ELK1 CACTTCTGGAGCACCCTGAGTC AGAGGCCATCCACGCTGATA
(B)
Primer name | Forward primer (5'-3")
EZH2 -2874 | GAACGCGTAGGCTGGAGCACAGTGATGT
EZH2 -2704 | GAACGCGTCCAGGCTGGTCTCGGAGCTT
EZH2 -2282 | GAACGCGTTCACATCTCAGCTGCATAACC
EZH2 -2106 | GAACGCGTTTTAGGAAAGGCGGGAAAAT
EZH2 -1839 | GAACGCGTGCTTGCAGTGAGCTGAGATG
EZH2 -1516 | GAACGCGTTTCCTCTGGGTTGAGGTAGC
EZH2 -1182 | GAACGCGTCGCCTTGCAAATATCCTCAC
EZH2 -1089 | GAACGCGTACGAACAGTGGAAGGGTCTG
EZH2 -696 GAACGCGTGACAACCAGAGCGAAACTCC
EZH2 -456 GAACGCGTGGTTCAAACTTGGCTTCCAG
EZH2 -151 GAACGCGTACGCGCTGCCAGTGCCCG
EZH2 -9 GAACGCGTGGGGGGGCCAAATAAAAGC
Reverse primer (5'-3")
EZH2 +599R | GAAGATCTGGTCCCACCAACTTGTGTCT
EZH2 -2704R | GAAGTCGAGGTGGGAAGCTC
(©
Primer name | (5'-3")
RVprimer3 CTAGCAAAATAGGCTGTCCC
GLprimer2 CTTTATGTTTTTGGCGTCTTCCA
(D) EMSA
Primer name Forward primer (5'-3")

Biotin-EZH2 -456

Biotin-GGTTCAAACTTGGCTTCCAG

Reverse primer (5'-3")

EZH2 -151R

CGGGCACTGGCAGCGCGT

-30-
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>

Relative ratio

Relative ratio

A)

cell lines

2.5 7
5 -
15 7
1
0.5 7
0
cell lines
EZH2 mRNA
(WI38) EZH2 mRNA
EZH2/GAPDH WI38 1
B) EZH2/GAPDH TE-10
1
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+1  EZH2

-2874 +599 EZH2

. _} 4_ . Chromosome 7,

148135408..148212347
Gene accession number:

NC_000007.12

Mlu | + Forward Primer Reverse Primer + Bgl 11

- J
~N

pGL3-Basic Vector Mlu | = —1 —
4—
Bgl Il I.;
— — —
Luciferase
— I->_ —

3 Mlu | cut site

Insert Mlu | cut
PCR

EZH2 promorter

r}
I->

pGL-2874

Luciferase

Ligation

pGL3-Basic Vector

*=  Forward primer (+ Mlu | cut site)
4~ Reverse primer
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Relative EZH2 mRNA level

**

1.5 7 %
*% T Sk
—
1 -
0.5 T
0 .
< & & & P N
F & F & & F S
Ny N 2 S
Inhibitor :  [] [ |
5. MDA-MB-231 EZH2 mRNA
MDA-MB-231 24 30 uM 10058-F4 (c-Myc ) 100 uM
DHMEQ (NF-xB ) 50 uM LY?294002 (PI3K ) 25 uM SB203580 (p38
) 50 uM SP600125 (JNK ) 10 uM Stattic (STAT3 ) 40 uM
U0126 (MEK )
DMSO 24 MRNA EZH2
MRNA EZH2/GAPDH *:P<0.05 **: P<0.01, Error bar :
+ SD.,n=3
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Relative EZH2 mRNA level

3-
1
2.5 7
27 * *
1.5 7 T
T T
1
0.5 1
™ Q Q N ) S ©
Q ) >
o N4 N &P & &
F & & K & T 09
SHEERSNICUR G
Inhibitor :  [] [ |
6. HelLa EZH2 mRNA
HeLa 24 30 uM 10058-F4 (c-Myc ) 100 uM DHMEQ
(NF-xB ) 50 uM LY294002 (PI3K ) 25 uM SB203580 (p38 )
50 uM SP600125 (INK ) 10 uM Stattic (STAT3 ) 40 uM U0126 (MEK
)
DMSO 24 MRNA EZH2 mRNA
EZH2/GAPDH *:P<0.05 **:P<0.01, Errorbar:+ S.D.,n
=3
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Relative EZH2 mRNA level

**

**

**

|_ *
1.4 7
1.2 7 [
1-
0.8 ]
0.6 T
0.4 7
0.2 1
,v 4§l d§b <§9 <§? é§? ij
& > o & & &S
N < 2 S
Inhibitor :  [] [ |
7. LNCaP EZH2 mRNA
LNCaP 24 30 uM 10058-F4 (c-Myc ) 100 uM
DHMEQ (NF-xB ) 50 uM LY294002 (PI3K ) 25 uM SB203580 (p38
) 50 pM SP600125 (INK ) 10 pM Stattic (STAT3 ) 40 pM
U0126 (MEK )
DMSO 24 MRNA EZH2
MRNA EZH2/GAPDH *:P<0.05, **: P<0.01, Error bar :
+ SD.,n=3
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Inhibitor :  [] [ |
8. MEK
MDA-MB-231 HelLa LNCaP DLD-1 PANC-1 TE-10 24
40 uM U0126 (MEK )
DMSO 24 mMRNA
EZH2 mRNA EZH2/GAPDH *:P<0.05 **:P<
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