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BEE
FNID DS AT, AR F RGN 2 E DT ) LFH LDNAD A F/AERE A b2 )
VEDATF I, TEF/MEREDEMIC L VEZ 2085 ) ARENEE L TWD. 2SAMREOH
FHRCIS A BEREE A D FE BN 3517 5 DNA A F /L BB % AL EAI(DNA  methyltransferase
inhibitor: DNMTi), & A k> 2 F /LR ER 54 (histone methyltransferase inhibitor: HMTY),
bt A kT F B ER (histone deacetylase  inhibitor: HDACY) D HANFIZ U TITHR
ST STV DD, MR LR 2 2 B IEAIO PR Z OFA AVER O 5 FHEREIC S
WTEHICIEM S NICiE S TW RV, ARBFSE T HPER - b SR A (2 %4 % DNMT,
HMTi, HDACIOOF AR L 2R ER &, D4R W TRE 21T - 72
b b PR R - b B2 i Bk Ca9-22 i, HSC-2 #l i |2 Fll % 7 i £ @ DNMTi (5-Aza-2*
deoxycydine : 5-Aza-dC, RG108), HMTi (3-deazaneplanocin A: DZNep), HDACi (trichostatin A :
TSAZIRIL, MBEHEFERZHIE L7z, 5-Aza-dC, TSAIL, & % HAMMBLCIREEKFAIIZCa9- 22/
iel, HSC-2AMa DR 2K~ S 7. ARIRED5-Aza-dC £ TSA, RG108 & TSADHHHALEIZ &
V) IR OARLETER D S 5722 DA T 25880 b/, F7-Ca9-22fifd TiIDZNep & TSA D HALER
(2L > THMISHIARD S SR DR T 28T, T OISR TR T R b —2 2 203
JJEHADAZ IR KD D7D, caspase 3/TiEMER L OMIIEICSOWTRETL7-. O, Ca9-
22 CIITSAD FMALERIT 1 V) caspase 3/TDOIEMHALAGED B3, 5-Aza-dC & TSA, RG108&
TSAOOFFHAERIZ X B ERITERD HvZeno7=. LarL, DZNep & TSAOGFHLERIZ X U caspase
SIMEMEDA E/R AR Hiv/e. —J5, HSC-2Hifa TIXTSAD B L ONZPFHALERIC & %
caspase 3/TIEMEDIETRITGRD Bz -7z
HREE SIEHT 2> & Ca9-224 1 TIEDZNep & TSADBEHALERIZ X W SEADBINAZE S i, £ 7=
RG108& TSA, DZNep & TSADHFHALERIZ IV G2IMBI DN b7z, HSC-2#fu T, 5-

Aza-dC L TSA, DZNep & TSADGFHALERIC X SEAOBIINNZRD iz, & 5i25-Aza-dC & TSAD



OFFAWERIZ X 0 BEE 72 G2V OIGINANGRE D ATz, Z ORBRa)E 1% IEICDNARE A B - Ty
L0y, “ARBEHDNAUIMIOFEECH L B A b)Y 7o FH2AXD U R b (y H2AXIZ DWW T
western blot/E(Z TR L7-. £ OFER, Ca9-22id Cld5-Aza-dC, DZNep, TSAD BEMALERZ L D )
205D vy H2AXD LS D5588 B, & 5125-Aza-dC £ TSA, RG108 £ TSA, DZNep & TSA & DML
BIZ XY y HAXIZHm Sz, £7-HSC-2/al 380 T $ 5-Aza-dCoO HMULIRIZ L D 1.5(5D v
H2A XD EFH B 54, 5-Aza-dCETSA, RG108 & TSA, DZNep & TSA & OOFFHALERIZ LV v
H2A X3 S 7z,

LLEDRER)S, 5-Aza-dC, RG108 & TSADJHAIALELC L 2RO L, 7R h— A
M2 L5 HDOTIE22 < DNAGEIC L HSH], G2MBICOMPYE IO IEAEIE LT\ D Z & pvRm
STz, —7, Ca9-22/ifu Tl DZNep & TSADNfHALEE Ceaspase 3/7DIEHEDHEFRAGRD Bz Z
EMMDT AR b= A LSH, G2MI COAME IO AT L TD 2 EAVRIB I {7z, AFFE)
HFF DAV AL KR ODNMTI, HMTi, HDACIOGFHIZ X A= &7 7 KFRED O ERAE LR

WL THNTHD Z L amET 56D ThHD.

SR IHEE « PR BRI, DNAA FVEGERBEERIEERA |, 5-Aza-dC, b A b A F/VEAER
BERIAEHA , DZNep, & A b7 & F/ALEEZRILER], TSA, AIISHGHE, MM, 7R F—

A, H2AX



Abstract

Carcinogenesis involves genomic abnormalities such as gene mutations and chromosomal translocations, and
epigenomic abnormalities caused by DNA methylation and the modifications of histone methylation and acetylation.
The treatment with DNA methyltransferase inhibitors (DNMTi), histone methyltransferase inhibitors (HMTi), and
histone deacetylase inhibitors (HDACI) in regulating cancer cell growth and cancer-related gene expression have been
investigated. However, the combined effects of these inhibitors on oral squamous cell carcinoma cells and the
molecular mechanisms of their anticancer effects have not been fully elucidated. In this study, we investigated the
cytotoxic effects of combination treatment with DNMTi, HMTi, and HDACIi on oral squamous cell carcinoma cells
and their molecular mechanisms.

Human oral squamous cell carcinoma cell lines Ca9-22 and HSC-2 were treated with various concentrations of
DNMTi (5-Aza-deoxycydine: 5-Aza-dC, RG108), HMTi (3-deazaneplanocin A: DZNep), and HDACI (trichostatin
A: TSA). 5-Aza-dC and TSA decreased the cell proliferation rare of Ca9-22 and HSC-2 cells in a concentration-
dependent manner. Combined treatment with low concentrations of 5-Aza-dC or RG108 and TSA further decreased
the cell proliferation of both cells. In Ca9-22 cells, the combined treatment with DZNep and TSA further decreased
the cell proliferation rate. To determent whether the decrease in cell proliferation was due to apoptosis or cell cycle
arrest, caspase activity and cell cycle were assessed. In Ca9-22 cells, although activation of caspase 3/7 was detected in
TSAalone, no further increase in the caspase activity was observed in the combination of 5-Aza-dC or RG108 and TSA.
However, the combination with DZNep and TSA significantly increased the caspase activity in Ca9-22 cells. In HSC-
2 cells, there was no enhancement of caspase 3/7 activity by TSA alone or by the combined treatment with 5- Aza-dC
or RG108 and TSA. Cell cycle analysis showed that in Ca9-22 cells, treatment with 5-Aza-dC, DZNep and TSAalone
or in combination with DZNep and TSA increased S phase, and combined treatment with RG108 and TSA or with
DZNep and TSA increased G2/M phase. In HSC-2 cells, S phase was increased by treatment with 5-Aza-dC and
RG108 alone, and by combined treatment with 5-Aza-dC and TSA, DZNep and TSA. Furthermore, treatment with 5-

Aza-dC alone or in combination with 5-Aza-dC and TSA resulted in a significant increase in G2/M phase. To



determine whether DNA damage was involved in the cell cycle arrest, the phosphorylation of the histone variant
H2A X (yH2A.X), which is a marker of double-stranded DNA breaks (DDB}), was examined by western blotting. In
Ca9-22 cells, the treatment with 5-Aza-dC, RG108, DZNep and TSA alone increased the yH2A.X by about 2-fold,
and the combined treatment with 5-Aza-dC, RG108, DZNep and TSA enhanced the phosphorylation. In HSC-2 cells,
5-Aza-dC alone increased the yH2A. X by 1.5-fold, and the combined treatment with 5-Aza-dC, RG108, DZNep and
TSAenhanced the phosphorylation.

These results suggest that the decrease in cell proliferation caused by the combined treatment of 5-Aza-dC, RG108
and TSAis not due to apoptosis alone, but also involves cell cycle arrest in the S and G2/M phase due to DNA damage.
These results suggest that epigenomic therapy with a combination of low concentrations of DNMTi, HMTi, and

HDAC: is effective against oral squamous cell carcinoma.

Key words : Oral squamous cell carcinoma cells, DNA methyltransferase inhibitor, 5-Aza-dC, histone

methyltransferase inhibitor, DZNep, histone deacetylation inhibitor, TSA, cell proliferation, cell cycle, apoptosis,

H2A X
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MDD AARIE, 23 AWFUBAG T OTEPEALRCDS AAHNE R F O ANEM L 2 i Z B n - RE I L 0
25V, ZNHOBISTREY, BnFARSCUREGMIRE R S0 ) DI EDNAD A F/UERE A b
VR RTED AT, TEFIMMEIR EOBERI L VIEZ DS ) ARENEE LAY, e
7 LEEE, DNARE R b DA TF LT BT /U7 EOILFHERIZ LY, @RO7 v~ F L A#iE
WEALL, TORE, BInTORBRENHT2H SN 529, —fRIZ, DNAA F/UITEEMHIC, b2

R DT EF AU TIEHAIAER L, < OBRAOT S ) ZREETIERID & 138725 2 LA
HINTND2I, 207, =BT LAEFENE L TCINERIET 287 LA3EDBRHTF SN, fixl
MRS LT DRREDTRFAIRAVR SHL TV DY,

DNA A F/L{k1, DNA A F L LEEBEESE (DNA methyltransferase : DNMT) 12 L - T CpG
dinucleotides it 511 >+ b ¥V DIRFBIFTLFE~D A FVFEOE NI L 29, @EIHIEE T T D
Retinoblastoma tumor suppressor gene (Rb), p16™<* Breast-cancer susceptibility gene (BRCAL)7¢ & D~ 1 E—
A —fEk T, CpG7 A 7 > ROEMEE A F/ALBIEE STV 52, 2 b OFEIHIER D07 7' —
Z—FEICDNAA FIUEEE Z 5 &, BERTF- OGS EESH, =) 7Ly b —Ea R SAHEIERT
D A FIALCPGREE Z L /"7 EIZ L - T, BB S50, ZOxT s ) ZEFIZL Y FEE
il ST IEIIHNRR T ORBLA EHE S5 2 03, DAIREO— OOk L L TEZ b, Zi
F TV ONDODNAX F/HLFERIAFE S TE TV D9. X7 LAY FRODNMTRHE A
(DNMT inhibitor: DNMTi) T % 5-aza-2-deoxycytidine (5-Aza-dc) (%, DNABHRIEH-DNASHIZEL Y
iAEH, DNMTUIARALERICHE B L, ZOMEHEZLET 2 2 & TDNADRA F/UERHE S 157, B
BOFER 7 LA RAES FDNMTICTdH 2RG1081E, MfaatEAME<, DNMTOIEMESLAET S
T & CHEHHH SIS 2 A T LT % Z EAVRENTNDY. L L7273 bRG108D A
R LBl 3 D PUBERIAR P v 7 LD PFIBIRIZ OV TS, SN STV VRN,

DNADAFIALLISMNT S, B R k2 R BEON-HKIGERD U 2 L BIED A F /AL T B F ks

EOFERBIEMD BT HENCE G LT\, Za<wF o OEAREf THHX 7 LAY —Ai, a7



E A R THDHE A NH2A, H2B, H3, H4M 23 732 F 0 8 &K& Rk L, ZDJEFH% 146 bpd
DNAEEFNTNDI, —IICE 2 h DT EF /UL, DNAL & X b O ERRD, A—7
YT I T 47 uvF ARBELTEL L, E X MDA TFIAUTER S ) O UEREEONEITS
U TR I BLOIE L0 22 E kR 72 R A 72 639, B X M A FLVEEBEFE  (histone
methyltransferase: HMT) T % Enhancer of zeste homolog 2 (EZH2) 1013, t % h>H3D27&H O
VU URREED N U AF UL (H3K27me3) ZFHE L, Ba B2 %10, EZH2 DR E LRI
JrECF e 7R &, HEATIE - B DRBIN A FF>% < OFEE TRl ST\ 51219, EZH200 b X K
A F AL, HMTIEF] (HMT inhibitor: HMTi) T % 3-deazaneplanocin A (DZNep)iZ &
o T S 41515, DZNep DR E HIER V- LR 4 5 D28 EIUIEE Ty ST 5231617,
DNMTi & OO KL DHWESZDFAZ DN TIEH SN ST 720,

LR R DOTEFMUL, BR R T TS (histone acetyltransferases: HAT) (Z&-> Tk X K
VH3B LUHAZ T B F VNSNS Z LIk > TRE SR, BEEOTRHEL7Z2 a~F k&
725918, ZOERFIEMHIE, HATICEAE A DU DU EROT7T2F Kz L U 2 ot
EAKDON, B A R ODNANDFEEINFHEY, ZORREGTRFOfREEMEESN D Z LIk D
19, v 2 MU BT LS (histone deacetylase: HDAC) 1X, 7t F /U bENIZt R ko BAICH
BLETETFAREZIVERS 2 LICL Y 7 a~F UAEED R S, BB FIELNH S 52020,
HDACITHEGEMHEA RIS GENTEY, AF/MESNADNABERICY 7 b—h&h, BA Ry
T B F UL L CIRGIREE A S 5125 2520, E7-HDAC 1%, DNA#SSDNABRBGHEEIC
HEIRT DI R b Z LT ORI B> T Y, HDACOBHEIZ L W DNARGOERE A
S, IOt A HE S 5D, Z D=, HDACEHEF] (HDAC inhibitor: HDACH) (%, Z DR
BOFREMENDHINAAI L U TEER STV 522, Trichostatin A (TSA) (3, 587) CHEER72HDACIT &
N52) 7 a~TF L OFRERSCER G TEAIRD 2 L X7 B OREEEILIC L - T, B\G T OiRT 221k
SHEHLZLEWRSNTWD 2, DR LR 245 O T SASHE R LM 3V T, TSAZR ED

HDACIIZ, MIlERIDELE, 7R b —3 A OFFECB I HUI T DI ONWTE L ORER 2 S



TW5 23 HDACIOHUEIZIEMIE, BRI 63 2 AERAER ClIA TH D & STV DA,
[ TS (253 2 HDACIO BRARIEIZIRER CTh 5 Z & DG ST\ 539, D72 HHDACI &
DNMTi% ETdFiA AR 5 23R E ORFFET, TUBEIRA @D 5720122 < OEFIE
ORI T 53540, LinL, AR LRI C k9 2 HDACLE DNMTIZ: EDx= 7 B3R
& DB LA FHEENEOAZINE L ZD A J1 = XN TEHSTITH SN SR TU R ¥1-43),
DX HIZDNAD A F /UL B A b OFFFREIERC X DB - RERIENISERECERE L T\ D =
LM, Z< OEMEEFIC SN T BT DEOHFREDHINE SN TG R ST 42144
46, Lo L7es b AFERT: ERGRICKTT 2 2 b= v ) AIROOHHMERZ OB AAER 05 1t
(ZDWTIRIERI 2 832, AL CIE AR LR ANaL 9~ 2 DNMTL, HMTi , HDACioOff
R K DR EEER & 2 DI DWW TIRET ATV, PR BRI 2 =7 ) LR

EDOAET DWW TR LTz,



MRS BB
1. A3
5-Aza-dCi, Selleck Chemicals (Houston, TX, USA)7>5, F£7-RG1083 L UHMTI T %HDZNepid, Tocris
Bioscience (Bristol, UK) 75 AF L7z, TSAiIMerk (Darmstadt, Germany) 75 £ 7=, dimethyl sulfoxide
(DMSO), g vk vy v L, Fu7 7 —EHEA cocktail, 35 L OWLY FebEEREEA] cocktaili X,
Sigma-Aldrich (St. Louis, MO, USA)/>5 [ A L7=. Cell counting kit-81%, [FH~ (BEA, HA) 2»HAF LT
Caspase-Glo 3/7 Assay SystemiZ, Promega (Madison, W1, USA) L W AF-L7z. 5-Aza-dC, RG108, TSA/ZDMSO

(ZEAfE L, DZNepl3Z&BIMUKICISR L, 9% % T20°CThRAF LT,

2. MERaREE

b AR EE ik Ca9-22 (cat#t: JCRB0625) 35X UHSC-2 (cat#t: JCRB0622) [, Japanese
Collection of Research Bioresources (JCRB) &/ N> 2 (KBR) 72D AT L7z, Ca9-22Hiai L PIE D
JRFEE B4, E - HSC-2H X AR RS D5 Y o \ERRE B DO 3B S U7k ThH v
JREARR ERICITE b & STV 54749, BRI, FHBE L7210% Flafrinl (fetal
bovine serum: FBS; Bio West, Miami, FL, USA), 1% penicillin G/streptomycin sulfate (Thermo Fisher
Scientific, Waltham, MA USA) %2 &7 ' RPMI1640571# (Thermo Fisher Scientific)(VA F 5845%H#) H1C,
37C, 5% CODRMETFTRZEL, 3H Z LIt L7z, ##I2i%, phosphate-buffered saline (PBS;
Thermo Fisher Scientific)iZ CHIfE 2 PE%%, 0.25% trypsin / 0.01% EDTA (Thermo Fisher Scientific)

% T H MBI 245 CATE OMIIEEI ZHREE L, #kds L OSERRICHZ.

3. HMIEIEROAIE
Ca9-22:4fa L UHSC-24I L, 967K~ — T (Becton Dickinson Labware, Franklin Lakes,
NJ, USA) 123X 108 cells/well OFfiREE TR L, 5e8b:#A HVT37°C, 5%COD5A4: T T24H5H

B LT-1%, Fix 7R ODNMTL (5-Aza-de, RG108) , HMTi (DZNep) , HDACi (TSA) Z#shnL,



24, 48, 72, 96IRFHHILIE 7=, RTRREHCIE, PHEAIANINE & [FEOBEBEDMSOZ M 2. ek,
Cell counting Kit-8 ([f{=) OWST-8k3E (10 pD %% 7 =/MIIRML, 37°C, 5%CO544: T C2IfHs %
L, v 7 nu7L—hk—%— (Multiskan Bichromatic; Labsystems Diagnostics, Helsinki, Finland)

Z I T450 nm DWW TRIGE L7-. HIEEFAsRIE, STRREEOAIIEHRFE2100% & L CRREAIRIME:

DHFERDOEE () ZHH L.

4. Caspasel&tEDHEIE

Caspase 1ii1E1%, Caspase-Glo 3/7 Assay System (Promega) % FH\ CHlllE L7-. Ca9-22 e, HSC-
2 ez AR OWE & 7] CHifaEc96 /XK~ L— b (Thermo Fisher Scientific) (Z#&fE
L, SeaRhz VT 37°C, 5%C02 DA R T 24 IR L2, fix 2REOMERZENL, 24
REEJALER U7, BHEAES, & 7LD 100 pl OR52E BiG2BRZE L, Caspase-Glo 3/7 Assay i3
IR Vo7 = 1) AN S -caspase 3/7 DFE) 100 pl 247/ UZEIML, 7L— MY
—L (BM Bio, #U0) 2R L, 30 BMERZR, 37C, 30 /i SH/L 3/ A—%— (centroXS3 LBIEO,
BERTHOLD, Bad Wildbad, Germany)z FV T 76t A IE L 7. Caspase I&MEIL, XHHEHED caspase 1& 1

210 & U, HEAGIEEDcaspase IGPEDERE L TEE LT

5. kSR

Ca9-22 filds L O HSC-2 i 2 Z 1 2413.6 X 10° cellshvell 351 TN 1.8 X 10° cellsiwell Oz C
6 cm dish (Becton Dickinson Labware) (ZHfE L, SE8R5HIT24 IKfiihsE%, A FEAEAIZASINL, 48,
72, 96 HFRIREEE LT, 5814, 0.25% trypsin/ 0.01% EDTA (Thermo Fisher Scientific) % fV Tl %
B L, Ok L7z PBS CUalk, 70%m=4 /7 —/L (FoLHEEE, )18 CEE Liz. £k, Ml 250
pg/ml @ RNase A (= v R —r, B T 37°C, 30 /oAU L7-%, 50 pgiml o3 7k m ey w L
(propidium iodide: PI; Sigma-Aldrich) % #sI1 L4°C, 30 /oML U7=. MBSt L, PI Yeta L7-1 X

10* fE DA% 7 v —H h A—%— (Cell Sorter SH800, Sony, Hi0) THHTL, FMfEIDE 2D 2T
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—VIZH HHDOEIE (%) 13, Cell Sorter Software Ver 2.1 (Sony) % AU CTHEMNT L 7=,

6. MR OFE

Ca9-22 s LU HSC-2 Al & L2411 X 10 cells/ dish 35 & TS X 10° cells/dish iR T 10
cm dish (Becton Dickinson Labware) (ZHEFEL, Se4h5liC24 BEEES %, SRPHERIZIRINL, 48, 72
IEfREEE L7, B5381%, kA Li- PBS THEfr L, £/ 22 L—$— (CORNING, Corning, NY, USA)%
FWCHlaZE L, 4°C, 2,400 X g T 3 sfilizi L, Pi L7-/iRic 300 pl @ IP kinase buffer (50
mM HEPES [pH 8.0], 150 mM NaCl, 2.5 mM EGTA, 1 mM EDTA, 1 mM dithiothreitol [DTT], 0.1% Tween 20,
10% glycerol, 1 mM phenylmethylsulfonyl fluoride [PMSF], 1% 7" @7 7 —ERHZEHA| cocktail, 1% fiii ) > E{l,
FEFRRAEFA cocktail — #2,#3,1 mM NaF, 1 mM NaVOs) Z Nz Tl L7-. Z ORI A K T 10 43
MERE L7-1%, @B (Bioruptor UCW-310, Sonichio, fH43)11) THIRZRA:L, 12,000 X g T10
Syfiiat Ul U C BB ARk & Ue, B oo MilahHii o 2 o7 IR, & /37 Btask

3% (Bio-Rad, Hercules, CA, USA) % T Bradford {E49)CHIE L 7=.

7. Western blot 1%

FfOfhHRIE, 4 X Laemmli Sample buffer (BioRad) ZH\\C, —EDH /7 EE|ZHHELLT-.
ZD%, 95°C, 5 Ay CEVEMESE7-1%, 4-20% Mini-PROTEAN TGX Stain-Free Precast Gels (Bio-Rad) %
FWT SDS-RY T 7 VAT I RPVERIKEN A ToT-. KIS T14, & L—rOfRZ X7 O %
Chemi Doc MP A * — 72 27 L(BioRad) Z W TT V2 /AL L%, &3 R T A NG AL
(Trans-Blot Turbo, Bio-Rad) % fi\ T, polyvinylidene fluoride (PVDF)fiX (Bio-Rad) |Z#s5. L7-. #ix54&
T, PVDF &L, 5% bovine serum albumin (BSA, Roche, Basel, Switzerland) % &¢ Tris buffered
saline (TBS)-Tween buffer (20 mM Tris-HCl [pH 7.4], 137.5 mM NaCl, 0.1% Tween-20) % f\», =&
WIZT 1R 7ry X JAEE T 572, 78 v ¥ 71, rabbit anti-human phospho-H2A.X
(Ser139) monoclonal HifAG#RfE% 1/1,000; Cell Signaling Technology, Danvers, MA, USA)% 4 C, 12

FEEISUCME, £ D% TBS-Tween buffer C 3 [AI4 L, —&kPifKE LT horseradish peroxidase %
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FE# U7~ donkey anti-rabbit IgG antibody (7% 1/2,000; GE Healthcare, Chicago, IL, USA) % &
M7z, ZRPUARUG%, # DOiEIZWest Pico Chemiluminescent Substrate (Pierce, Rockford, IL,

USA) ZHW TS, (L7 F /1% Chemi Doc MP A A —Y 7V A7 A (Bio-Rad) %
MANTT O VA Lo, —REURIC KD B SRR N ROFRBLEE, B /X7 B RITH

U TIRE(L L, MIRRH O3 D R e LTRI L.

7. WERHRYT

FAHPAONTIE, T 7 1 GraphPad Prism9 (Version 9.1.0, GraphPad Software, San Diego, CA,
USA) % FAWTITY,  SEELLEDOZRER O eI E— ol E S HUoT (one-way analysis of variance:
one-way ANOVA) (T X DA EMELMER L7ztk, *IIREE S DL EIEMEIZIIDunnettis, AHED LR

BT TurkeytE 2 V=, AREAUETL, 0.058 L, p<0.05& i A aEED & LT
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S
1. DR LRI 5 DNMTiOMBEHERIC RiE§ &

F T DI O PER - LR AR %9 2 DNMTIOALBERF ] 2 IR E 9 5 72D, Ca9-22fHfads LY
HSC-2#125-Aza-dC (2 uM) & 7= 1Z7A#E L L CODMSOZ FMN L, #HRH5H R £ R A 12 Cell
counting kit-8% AW THIE L7z (Fig 1A, B). ZDOf5R, 5-Aza-dCUshntg, 72W#R] LV Ca9-22#Mi,
HSC-2HDO AR O A B /MK T AT Tz, KIC5-Aza-dCOf NI E 2 e+ 5 72912,
Tl % 72 FEDB-Aza-dCE VRN L, T2REE#% OMIfuEs=R 211 L7 (Fig 1C, D). 5-Aza-dCiZ, JREEKT
HJIZCa9-22dds L UHSC-2AMaDOAMaEIR=R 2 A I T S W72, Ca9-22ifd, HSC-2AMa 24925
5-Aza-dCOBy INEREIEIE, £H2H00.05 uM, 0.1 pMTh 7=, LUFOFERTITH =7 ) 2D N
FIRERCIE, HSC-2MIROMIR =K F 25388 Hi-0.1 uM OIREED5-Aza-dCEEMT 25 Z &I
L7-.

WIHVERIREFF D72 HIEX 7 LA KRDNMTI Tdh 52 RG10800Ca9-22/fi, HSC-2Hfa D Hifuss
TR R ET B A Wt L7z (Fig 2). RG108 100 uMO#shIE, 2485175962 F51 T 2 miHIlao1s
BRI BME PR biveno7- (Fig 2A, B). & 2 Tk 72REEORGI08ZIRINL, T2RF#E%Z O
AR AT & 2 A, 5 uM, 10 uMOIKEEE ORG1081%, Ca9-22ifiw, HSC-2HIa D HEFE=R 2K
SHEDMHFZR LTz, L L7eh HXRERETH 5 DMSOALEE & ORITHEFH R B 2T H v/
Mole. LLFOEBRTITH v ) AEOOAMBECIIEEEOR MEMEZ /R L7z 5 uM ORED

RG108%fM4 25 Z Lic L.

2. ARERE_EREMIRIC R 3 HMTiOHIEHTERIZ KT
S X|ZHTMi T& % DZNep?>Ca9-22lifie, HSC-2HED MR ZIFET A OV TRa LT
( Fig 3) . DZNep (1 uM )i, Ca9-22HlaiZ 5\ T 7215 & 0 HRBSER O MEADFE0 B
MR B2 TR0 b - 7-(Fig 8A). —J5, HSC-21Z3\W\ Tk 72m:H X 0 A B/l ErrE

DX TR0 i (Fig 3B).
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URITHE % 723 EE O DZNep DAIHEFIERITR T DEH 2 Gt Lz & 25, Ca9-22#fa ClIiR kAR
7R AR RESE DA A L DAL, St e A B2 TR bivieoT- (Fig 3C) . —7, KR
EDDZNep (0.1 1M, 0.2 uM) (%, HSC-2HlaOHfiER 2 A Bl F =872 (Fig 3D) . LA EOfERD

5, LLFOFEBRCIT 5 =84 ) 23RO I 5 DZNepDIEE, 0.2 uM & L=

3. PR EREMIZ %4 5 HDACIOMIEHEERIC R T HE
#IZHDAC T 5TSADCa9-22#ifiu+s L OHSC-2#fiE DO AHEfERIZ K IE T BN SV CThiiat
L7- (Fig4) .TSA @1 uM )i, Ca9-22fl i T72MEE L v (Fig 4A) , £7-HSC-21235\  TI348HE
MLV (Fig 4B) A ERAMIEIROK F3580 i/, % 2 THi A 723 OTSADAMREHEFE=RI %4
HYERZEMET LT- & 2 A, Ca9-22fais X OHSC-2HE CRREKAFH 2 TR O F 3 L b,
A& HIZTSAIREE 0.056 pM X Y A EZ2HAHEIEROEK T 2580 bz (Fig 4CD) . ZORERNHLL
TOFEBRTITH =5 ) LIEOPHRAER TRV D TSADREELE, 0.05 uM & L7z
LD ) DEROHEMPPEOFERD S, Ca9-22#ifius L UHSC-2#a % RG108, DZNep CHUH
WUER U235 A0, MRS D0 UG- 720 o 1203, 5-Aza-de, TSA TR L 7354121
MR NZE LR T T2 2 RGN E R o7, 2T b OFERICHESE, RIZCa9-22F &
O\, HSC-2Hfa a5 54 5 Fe/ Ma iR EEO DNMTI, HMTi 35 X UHDACIO BRI DU T

et L7z

4. ORERE_EREAIRIC R4 5 DNMTI, HMTi, HDACiO§t B O FI TR RIS+

Fig 5/ZDNMTi, HMTi, HDACiOfF AR, T2REHIZH51) 5 Ca9-228e, HSC-2fMAa o AluEsEE
%R, Ca9-22MfiE Tld5-Aza-dC £ 72 1FRG108 & TSADHFFHLLER T, HMALEE & s U A7 5 7
HSIE=ROIK F 27~ L7 (Fig 5A, lane 7, 10). F7-DZNep & TSAOHFHMEE T, FIRESE=R A BIZIK
FL7= (Fig 5A, lane 11) . & 5125-Aza-deE 7213RG108 & DZNep3s L UTSAD3FIFFFALEL TIE, Ca9-

22K DHIMETERN & HIZIK F L= (Fig 5A, lane 8, 12) . L7>L5-Aza-dC%721ZRG108 & DZNep
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DOOFFALERE, BB X 2 HIFER O T & i U ChoT 072 R Lave & o7 (Fig bA,
lane 6,9) .

HSC-24AEClE, 5-Aza-dCE7=1TRG108 & TSADHFFMLEE T, HIBLHFERI 532 PN A TR
SNz (Fig 5B, lane 7, 10) , Ca9-22HaZ b~ THIHIERI I N S hvo 72, BBV Z 212, Ca9-22
Ha CBIER S 7=DZNep & TSAOOHAALEE (Fig 5B, lane 11) , 3 X U'DNMTI (5-Aza-de, RG108) &
DZNep, TSAD3AIGALER(Fig 5B, lane 8, 12) (2 X A HIIEHEFE=R O] OHSRIERI RO B/ -
7=

LU EOREED D, B VEREEODNMTI (5-Aza-dC, RG108) »HDACI T 5 TSADHFHIAENL,
B Z L~ T Ca9-22/fa s L OHSC-2Mfa ORI iR 2 A BICH O ST Z E R b e 785
7z. FE7-Ca9-22fi TI1ZDZNep & TSADHHHAERIC & » T b AR 2 A BT S5 2 L 3

Hinklpolz.

5. ORI BRI 2 DNMTL, HMTi, HDACiO ST X B caspase 3/TIEMEIC RIE T
o

I Z ODNMTi, HMTi, HDACIOOF AR X A HIRHETEROIL TR ED K D70 A =X LT L
DHEBESNTZODETT D720, TR b= ZADFEL 3§ Td LHeaspase 3/7 IEHESSDIZ-OUNTHEHT L
7= (Fig 6). Ca9-22/ia 4 4 FEFHEA|C 24 HILIL L, caspase 3/7 IOV TR L7z & 25, 5-Aza-
dC, RG108, DZNep® HIMALELZ X Hcaspase 3/7 IEMED LHITFRD /a7 (Fig 6A, lane
2,3,4), TSAO BRI Z X V) caspase 3/7 #EMITHISAE - L= (Fig 6A,lane 5) . L)L, 5-Aza-dC &
TSA, RG108 & TSADOPFRHMIRIZ & Heaspase 3/7 TEMEDHETRNFNTFRD Hv72n -7 (Fig 6A, lane
6, D KIHRAIIZDZNep & TSAD G, Ca9-22ffiadDcaspase 3/7 {EIEAZ A EICHIIR S ¥~ (Fig
6A, lane 8) . —J5, HSC-2/iC 1T 2 2 b0 5/ 2O ML X OPHHAHIC X 2
caspase 3/TEMEDHE L EHIFFERD bzno7= (Fig 6B). ZiuH OfERIE, DNMTI, HMTi, HDACH

OOEFABEC X DHMEGEROK T, 7R b= ZAFIMIC L5 6O TIHRNWZ L 2R LTS,
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6. HFERE EREMIZ4 5 DNMTI, HMTi, HDACiO#FIALERIC X 2 Ml RN RIS e

WIZZ ODNMTi, HMTi, HDACiOHIEI %3 DB W TiREF L7, Fig 712Ca9-22uls
B LT/ LEERIE, 48R I 1T 2 MIaE I O OEIE 23, BEARMSING X 2 GO/G 1
DHNINIERD SZed-7-28 (Fig TA), 5-Aza-dC, DZNep, 35 L OTSADHME(Fig 7B, lane 2, 4, 5),
¥ L O'DZNep & TSADfF F4LER (Fig 7B, lane 8)IZ & 0 SHIDHINA R Hi, F7=RG108& TSA,
DZNep & TSADHHIALEL(Fig 7C, lane 7, 2 & W G2MBIDHINAFRD B

HSC-241a Tl35-Aza-dC, RG108D HUM4LEE (Fig 7E, lane 2, 3), 35X U%-Aza-dC & TSA, DZNep &
TSADOHEALLEE(Fig 7E, lane 6, 8)IZ XV SHIOHIINAZRD Bz, F7-5-Aza-dCOEMALELE K O%-
Aza-dC & TSADHHHAERC X v BEZE 72 G2/MEADEINAERD H1U(Fig 7F, lane 2, 6), ZDOG2/MB DL

INZANGO/GIIDR L 7338 btz (Fig 7D, lane 2, 6) .

VL Eo#ERA S, DNMTI, HMTi, HDACiO B, 33 X OMFFAAEIIC X 1 Ca9-22/li, HSC-2/f

JaDOSH], G2/ COMPE OIS IEHES D Z LR BN E o7,

7. AR BRIz 52 DNMTI, HMTi, HDACIOGHHAHEIZ L 5 e X b H2AXD U U4k
CRIET R

WA Z ORI E IO IEIZDNARE A B > Ty, —ABHDNAUINOFRE CH L e A R

ANY T FH2AXD Y L (YH2A . X)5IZO\V  Twestern blotiZ s Thiat L7 (Fig 8). Ca9-22:i,
HSC-2HMfal S FEFR A 2RI L, 720 & ISR 23 L, stain-free gelZ FIVNVToREL,
WH Ry BERIE LT, 0%, i) UEEH2A XA Z O CTwestern bloti&(Z & W yH2A. XD
FEVARRI L, TOFRBIEY, #¥ /37 BTk L TEHE(L LT-. Ca9-22/lld Tld5-Aza-dC, DZNep,
TSADERMALEZ X 0 K92(5DyH2A XD _EF235388 H1U(Fig 8A, lane 2, 4, 5), & 5H1Z5-Aza-dCE
TSA, RG108 £ TSA, DZNep & TSA & OO L W 20D 1 U bidEiR < 7= (Fig 8A, lane 6, 7,

8). F7=HSC-2Ml 235\ T 5-Aza-dCOHMIERIZ L V) 1.5(5DyH2A XD 523589 H1U(Fig 8B,
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lane 2), [AF125-Aza-dC, RG108, DZNep & TSA & O L 20D U U Rfbidsgsi s - (Fig
8B, lane 6, 7,8).

= OFEHIE, DNMTi, HMTi, HDACIi O BRI 1 —AGDNAYINSE X, & BB
& DNAFEEGAHETR S AU R, yH2A XOFBUERISFE SN2 Z L4732 LT 5. LLEORER
75, DNMTi, HMTi, HDACiOGFHHAERE, Ca9-221E, HSC-2AMIAD iR A KT S8, 20

KT R b= R I20 T SHEHOE L BRI D> TV D Z LB LNE o7
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£ %

RO R AR, B TFERIET TRIDNAD A F LR A h o Z ST EDAF L, 7T
IR EIZ X DT ) DEF GG L TEBY, =5 ) AEENE LIZERRERERARICH ST
29, L UHARERY- ERUEICK 2= B0 ) DRREO AT Do T OV TIRZE 21T
SN SIL TRV, ARFZE Tl AVER- ERCEE Mk Ca9-22#e, HSC-2Mfal x4 HRIRE D
DNMTi, HMTi, HDACIOHf AL X 2 M s E iR & 2 05y TR C OV T 21T o 72,
ZOfER, DNMTiE LTV 25-Aza-dC, RG108 £ HDACi & L Cf#ifH L7-TSA L DM L v,
Ca9-22ifffifiel, HSC-2AMADMIEIERAATEIMNT L7z, £7-Ca9-22/ffal23\ v Tid, HMTi TH 5D
DZNep & TSA & OPFFLIIC & - T HAIUEIEEDIR 25380 bivke. ZhbD= s ) LD
(2 & DAREIHER O F O5 THEIC, 77 h— A L DNATBREIC L 2SH, G2/MIIZF31) 2 e
DIEIED B> TS Z EAVRIB S LTz

DNMTi & HDACi & OO & D HIEHEAEROK F ORI T, iz 2ok CHts ShCis v 8540,
O HIEIZIE, Y= X7 ¢ Z B S TO D EIGER A 7R h— AR
72 EOFHEMAIZ LD A Ty = K 1353840 & @R TR BIRHEIARAT L7 WS ANMTAET 259, A TS
-DNASEIKIZIE, 2 T/ULCpGHEA# » 737 B T Hmethyl-CpG-binding protein (MeCP2)7235 4
L, HDACs L A RETEEL L, bR N7 BT /UL L CEREIHPRAEZR & B2 LTV 5520, =
ODNARX F /Ut L b A U7 2 FUANIC K 28 s O5RE 7 58 BUMHIE, TSA & KRS -Asa-dCIT
L0 EEE LS, RS, MRREERTEE S , TR h— Y ABER AR EORBIGHE S
D T &S KT 53840, —J7, DNMTi & HDACI & OfHHAERC K 2/ EFR 0K Fi%, DNA
BEICE > THERT S 2 L bS5 ), HDAC 1%, DNABRICDNABEEREIZ LRSS
Ataxia-telangiectasia mutated (ATM)72 EDIEE 2 k& L7 B OFRBHENC H B> T 5%, HDAC 13,
i 7RI CREIIRGED S TRV, HDACORHEIZ L W ATMZ: & ODNASHE R G - DR
T L, DNABRIGEOIEE I S 415 Z & CTrafiaofiaE o L, MlsensidFg Shs2. Lizii>T
DNMTi T %5-Aza-dCIZ L 2 DNATRIGEATHE S 412 L5550, HDACIIZ J 5 DNABTEE S F- DFEHL
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ETIC LV AR+ 72DNAMEERISHEL, ZORER, DNABREA T 25 2 £12 80 G2/MEIC oMl
D IEDNFHFE S 559, ARBFFEICI T HDNMTI & HDACIOJFALERIC L 0, —AEH{DNAYIK O+5
HETdH HyH2A XS DOFEEIERHGRO B, ZOREER, S, G2MBITOMEHDOIEIEAFHEI NIz &
Bz bbb,

ABFFETIZHMTI T 5 DZNep & HDACI Tb 5 TSADHFAERIC L > T, Ca9-224MiaIZ 350 THE
JUAEAFROFE RN TR bivlc. HMTITH HDZNepld, AU a—24 - V7 Ly —HEE K2
(Polycomb repressor complex 2 : PRC2DIKINT-TH D b A kv A F/VHAREREREZH2 % il L
AR HBOMEI /e A hrra— R THHH3K2TD kU AF Uk (H3K27Tme3) #4519, K5
FERIZ R CIE, DZNep ETSA L OFFRAERIZ LY, #IfHYE A ko a— R CTHDHH3K2Tme3 D
&, ke A b a— R THHHIKAD b U AF Lk (H3K4m3)DEMNAEER S TR Y, #flE7e
7 1 u = F I AARREDTEMAZRIBIC A S, B THEBDORE REDFED IS Z L lE SN T
W55, F -, ArEE e A iSRRI TIEDZNep & TSA & OOF LRI X v G2/MEIZ
B DREHOMELE, B LOT R— b2 ZOFBEEHZRD STV S5859, ARFSEIZI80 VT HDZNep &
TSA & OO X 0 SHI72 & TN G2/ME COMfE D15 11 & caspase 3/TIEMEDHITRAGFED HiL
20D, HEMIHIEGES -, TR b AREE G ORBINTHE SN TR E R HiLb.

ARFFETIE, 5-Aza-dCITHMILEIC X > THIRERIFINSMIAEFROE FAFHE Lz, Zd5-Aza-
dCIZ X DML AR O I, DNADHA F/AGITHAT L 72V EFPZ X D MIIAEFROIK T8 E 2 5
5. 5Aza-dCly, X7 LAY MEEAT, DNABERIKHICDNASHIZER Y JA £, DNMT LA ARG
al, TOEMELZAFET S Z L TDNADHA F/ULRFHEI D08, 0L TRV IAENT5-Aza-dC
IIDNAERZRE L, DNABEZFHET 5 Z LA BT 5550, ARFZETIE, 5-Aza-dCo HIRILEE

X 0 Ca9-22f, HSC-2fl 233\ CDNA “ AU OFEE T &b 2yH2A X2 DOFBLNGEH Hivi- =
&M 55-Aza-dCH _ABHDNAUW 2 &, MilEBHoE IEFE S E B2 bN5.
RG108/%, DNMT1DIEMERNZRET 5 & 9 IZ5kGH S 7ZDNMTITH V), K lia-CriE i

F PRI L 3B CHIBEEEME MR N & & 23 ST 5860, AAFZEIC BV T HRG1081E, 720 £ ©
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D HAMLPECLE AR - B O AR O N 2755 L e h o7z, L) LRG108 & TSA & Ofif
R L0, Ca9-22ffiw, HSC-2/fa DAINIEIH=RZAX F 7. Z OO L 0 yH2A X2 D%
BIAEIR S T2 2 &0, [ARRIC —ASEDNAYINHC X 2 AfaE B o4 1k K 2 Bl & 5 x i b.
—J5, FENESENG, SERTY EREAIICRS O T, RG10SIZHEAMMERIC X 0 Ml AR T %
FHEL, MR A BT R b= A L G2MB COMBE I A5 LS5 2 LA SN T
V56162, = ORG108IZx1 9 2 FEMIE DR MEDE T, YetafROREVEHERHNIBE 5922 ha 27T
D AFIAGIREER L — 7 1~ F LI 2 F/AVOENIRAFE L T D FTREMEDSRIZ S AL TN 59,
AWFZETIE, Ca9-22#Hld & HSC-2Miflod = &5/ LK KRF$ 2 B HEDIE V38D b7z, Ca9-22#f
N CIZHDACI Cd 5 TSAD HMALEE, & 7-HMTiCT# 5 DZNep & TSA & O BRI X 0, HifuEsE
FERFEIMCT L, caspase 3/TEMEDHITRENENTRO iz, —J5, HSC-28lia CIETSAIT %3 2 szt
MM, DZNep & TSA & OFFFHALERIC X Heaspase 3/7TDOIEMHAL-CHIIIFEROIL T 6380 HL7eh o 7=,
Z DCa9-22fif & HSC-2Hfd THOxT 5 ) LAFEITHRE T DS DO DM TEER L TV M2 DN T
1, ARWFFETITMRES L TWOZRNAS, MliE AR FPHEGE I B B3 2 i An 1 DI BN Z B o 2 s 5K 7
nuclear factor kB (NF-kB) D1EH 7215 A LoD W36 I 7 p53 (TP53) AR 73EF -
L TWDATREMEDYE 2 HiLD. NF-«BIE, £ < OIS\ THEEZRIEMH EFR80 i, M4
17, HIHICBI T 25 I AT L UL RO BERRIE 3 D EIZ B - T 260, AR
78 CHERA L 72 HSC-2/ Rl LTEH HIZ2NF-«kBOTEHA LA HALD Z & 52563, TSAITX 3 DS DK
TICBIE LT D ATREMEN B 2 b5, E7 IR CTh 2pb3id, HMiluEMoE T, DNABHE, i
BB E A L, MR o> SEM s A B 5 D HERE A A9 560, TP53, NIPEmm- T RT3\ Cali
FEIZZEEL3300D 54189, RSB CHEA L 72 Ca9-22/, HSC-2HIIEIZI5V T b TPSSD A RO EN i
SITVWD, ZOZERITIE, BFAMpS3ORREDTERNTRD b DA L, BpAEMIps3 L 137 HikRE
145 (gain of function) R FNFAET 569, HSC-2HilalZd51) 2 TPS3DZ T~ V) 6L A h 6
DEERIDAT T A 2 T RF—DRA L Fa—T—2ar (GGAIZLY, 7L—A3 7 "REZY,

TV UNEEIEa RUOPHEBLT 5 Z & 03 ST 560, PSRz isu T, HSC-2#flaT
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13p53 % LRI EDFRBNTRD LI & EREER LT 5  (data not shown). —J7, Ca9-22#fEd
TP530 B3 TPASER DR v s AR v FTHHDNAFES KA A ATET D I Ak AT L D 248
FBHOTNLX=r RV MITR77y WIZEBLIZHDOTHY (R248W) 6, 522K Dps3AVEL
S, DNAREGTEMEZR GONCZ w7 B AEEM 2 AT 2MWEZ R0, L7z3-> T, Ca9-22ffflc
i} %5 DZNep & TSA & OOFFMERIZ L5 7 7 b— 3 AOFEIY, MR Rps3I2 L0 7R h— &
BhELE S FOFREFHEIC L2 AIREMNE 2 b D, JeATHIE CIRaM a8 B IR/ 253 5 5-Aza-
dC L HDACi & OfF ALY, p53R428WA L 2 A 9% H MMl ZFv »Ceaspase 3DTEME L& FHH
D 2 ENHRE ST D™, E72HDACUTKT DMl DI ME & pb3As KL/ Ml & 1 b ikRES
RIS Fpb3 % AT HHMAD T3 2 & HHE S TR0 ™, AR 1T 5 Ca9-22/fid & HSC-2/4f
FADTSAIZX T DS MEDENE —ET 5. Lo TR LEGEICKT 2= 5 ) MEEEZ S 2
% & EIEFHHRNE-kBOTEHA R TPS3DZEFOVERIZ OWTIRIT T 5 Z L NEETH 5.
FIVERR - ERGEE ORI R\ CIIAVRIEIRRIC & 2 B 2 Lo R FREE 72 & A OQOL K
THRECDAREMENE 2 B, K VREED D722 < T i IEDOBI M E L ST b, T4,
programmed cell death protein-1/2 (PD-1, PD-2) X cytotoxic T lymphocyte-associated antigen-4
(CTLA-O)ZAER & T 55008 F = v 7 A o MHERNC L 28RS, Haniais s L THRIGH S
NTWDD, L L 2D OFIERRIET, —HOBETEWIUEEIRZ R, AN 5
IRER S &> 5747, Z DARSEMDIRR DO—DITE B FDOT S ) LEFENEE LT\ D 2 L3
SNTEY™, FIEEHRARICBEWNT, =87 L3R E OGN ERIEDOR I 2 mD 5 Z L DVRSH
TWD™, AL, RIREO=ES ) ZEOHF B AR LRI bR EE L TR TH
5T LAY & LI, AMFETHE DAV RITSERE L = v SFRIEIC L D OFRRIEDO A D

DI OBWRC L ET A b D EEZD.
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& i

AzeRml ERcmiiiaik Ca9-22:fic, HSC-2ffal 2392 DNMTI, HMTi, HDACIOHF AR K %

MG EIEM 2L, LT ORGSO,

1.

DNMTi T 55-Aza-dC, RG108 X HDACi T HTSA & OUf FHALEE CCa9-22#He, HSC-2HHfa
DOHFERZHEIIK T ST

% 72Ca9-2241u CIZHMTi T 5 DZNep & TSA & OOFFALERIZ L > T HHlETERO A B 72K
T BT

Z OGN X DR O T OBIRIEMRIZT AN F— 3 ZABMIC LD b0 TIE RS, K
SHDNAGIBNZ K 5SH, G2V TOMALEHIODE 12 K 2 ik & B G- LT D 2 & AR
Iz,

ABFZERERIN S, ARIREED A F VIR E A L HDACBHERIO BN L5 &5 ) ik

S AR LRI L TARITH 5 Z LV STz,
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oo
T A8 Z DI U2, ARBFFERT Likhd Z38E) 72 5 THRE & TRIEZ R D £ L7c IR
B JRRERWNEIR L IRV R0 AR GRS IR B D OF 2R LET. £
TSR, RRSCUERISH AR Z8d%, TIRMABY £ L7, AR T Am sy
B RAREILESR, AREWHORR TR Ml a AP0 1T EEEd 2 D ONTIRRERSWBIR 7
JE JRELS R A9 KRR BRI E AL U B E . S 7oA TR OB s A e 7
EE Lo A5 SORBE R 72 DONC AR, FERFEE IOV IR Ao M S

ST < S L T
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Abbreviations
5-Aza-dc  5-aza-2'-deoxycytidine
ATM Ataxia-telangiectasia mutated
BRCA1  Breast-cancer susceptibility gene
BSA bovine serum albumin
DNMT  DNA methyltransferase
DNMTi DNA methyltransferase inhibitor
DTT dithiothreitol
DZNep  3-deazaneplanocin A
EZH2 Enhancer of zeste homolog 2
HAT histone acetyltransferases
HDAC histone deacetylase
HDACi  histone deacetylase inhibitor
HMT histone methyltransferase
HMTi histone methyltransferase inhibitor
yH2A.X  phosphorylated histone variant H2A.X
PBS phosphate-buffered saline
PI propidium iodide
PMSF phenylmethylsulfonyl fluoride
PRC2 Polycomb repressor complex 2 PVDF polyvinylidene fluoride
Rb Retinoblastoma tumor suppressor gene

TBS Tris bufferedsaline
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Figure 1. Effect of DNMTi 5-Aza-dC on cell proliferation of Ca9-22 and HSC-2.

Exponentially growing Ca9-22 (A) or HSC-2 (B) cells were treated with 5-Aza-dC (2
pM) or DMSO for the indicated periods of time, and cell proliferation was measured
using a cell counting kit. Various concentrations of 5-Aza-dC were added to exponentially
growing Ca9-22 (C) or HSC-2 (D) and cultured for 72 h before measurement of cell
proliferation. Data are presented as mean + SEM of three independent experiments.
Significance for the inhibition of cell proliferation between DMSO-treated and DNMTi-

treated samples is indicated. The percentage inhibition of cell viability is shown in the

figure.
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Figure 2. Effect of DNMTi RG108 on cell proliferation of Ca9-22 and HSC-2.

Exponentially growing Ca9-22 (A) or HSC-2 (B) cells were treated with RG1058 (100
pM) or DMSO for the indicated periods of time, and cell proliferation was measured
using a cell counting kit. Various concentrations of RG108 were added to exponentially
growing Ca9-22 (C) or HSC-2 (D) and cultured for 72 h before measurement of cell
proliferation. Data are presented as mean + SEM of three independent experiments. No
significance for the inhibition of cell proliferation between DMSO-treated and RG108-
treated samples was observed. The percentage inhibition of cell viability is shown in the

columns.
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Figure 3. Effect of HMTi DZNep on cell proliferation of Ca9-22 and HSC-2.

Exponentially growing Ca9-22 (A) or HSC-2 (B) cells were treated with DZNep (1 uM)
or DMSO for the indicated periods of time, and cell proliferation was measured using a
cell counting kit. Various concentrations of DZNep were added to exponentially growing
Ca9-22 (C) or HSC-2 (D) and cultured for 72 h before measurement of cell proliferation.
Data are presented as mean + SEM of three independent experiments. Significance for
the inhibition of cell proliferation between DMSO-treated and DZNep-treated samples is

indicated. The percentage inhibition of cell proliferation is shown in the figure.
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Figure 4. Effect of HDACi TSA on cell proliferation of Ca9-22 and HSC-2.

Exponentially growing Ca9-22 (A) or HSC-2 (B) cells were treated with TSA (1 uM) or
DMSO for the indicated periods of time, and cell proliferation was measured using a cell
counting kit. Various concentrations of TSA were added to exponentially growing Ca9-
22 (C) or HSC-2 (D) and cultured for 72 h before measurement of cell proliferation. Data
are presented as mean £ SEM of three independent experiments. Significance for the
inhibition of cell viability between DMSO-treated and TSA-treated samples is indicated.

The percentage inhibition of cell proliferation is shown in the figure.
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Figure 5. Effect of combination treatment with minimum effective concertation of
DNMTI, HMTi, and HDAC: on cell proliferation of Ca9-22 and HSC-2 cells.

Exponentially growing Ca9-22 (A) or HSC-2 (B) cells were treated with either alone or
combination of 5-Aza-dC (0.1 uM), RG108 (5 uM), DZNep (0.2 uM) and/or TSA (0.05
puM) for 72 h, and cell proliferation was measured as described above. Data are presented
as mean + SEM of three independent experiments. Significance for the inhibition of cell
proliferation between DMSO-treated and inhibitor-treated samples is indicated. The

percentage inhibition of cell proliferation is shown in the in the columns.
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Figure 6. Caspase 3/7 activity in Ca9-22 and HSC-2 cells treated with minimum
effective concertation of DNMTi, HMTi, and HDACi.
Exponentially growing Ca9-22 (A) or HSC-2 (B) cells were treated with either alone or
combination of 5-Aza-dC (0.1 uM), RG108 (5 uM), DZNep (0.2 uM) and/or TSA (0.05

puM) for 24 h, and caspase 3/7 activity was measured as described in the Materials and

Methods. Caspase activity in cells treated with inhibitors expressed as fold relative to

DMSO-treated cells. Data are presented as mean + SEM of three independent

experiments. Significance for the increase in the caspase activity between DMSO-treated

and inhibitors-treated samples is indicated. The fold induction of caspase is shown above

the columns.



Figure 7

Ca9-22
* p<0.05
A GO/G1 B S C G2/M  « p<oot
wx% p <0001
;\3 100 ;\3 462 :\5 30
< < 3*7;1 iy < 235 26.1
§e) §e) 7 §e] b . **
‘g 144 ‘g = V ‘8‘
i (1] -~ w o 2 w207 281264
? ? 7/ I
2 50 8 A 1T VR
o o i V/ o 7
0 Jo) e 4 o 104 f
5 5 007 S 2
8 3 HElG 3 2
1 2 8 2 5 6 7 8 1 2 3 4 5 6 7 8
DMSO + — = — = = = =  DMSO# = = = = = = = DMSO  — = = = = = =
5-Aza-dC — + = 5-Aza-dC — + - == 5-Aza-dC = + — — — + — =
RG108 — — - - -t - RGI08B — — 4+ — — — 4 —
DZNep — — + = = = DZNep = = = + — = — +
TSA — — + + + + + TSA=— — — — + + + +
* p<005
D G0/G1 E S F G2/M w p<001
#x% p <0001
< 100- SREE £ 30 s 532
S -29.1 259 c 254 c = i
% S e % o 18.1 195 190 -%
® l:: S ek *kk *k 3
IC bl E 10 ™ 7 T 20
qJ l.‘ = q)
T 50 = 2 /) 4 e
= :l\ N o % l:l % W o
o o o /) B 7 7
% :I\ % 5— 4 l:l ? % 10— ?
S e 2 b 2
O " O % l:l % (@ 4
g . o 3 7 & 4 3, /
1 2 6 7 8 . 1 2 3 45 6 7 8 1 2 3 45 6 7 8
DMSO + — = — — — — — DMSO #+ — = = =— — — =— DMSO + — = — = = = —
5-Aza-dC — + + - - 5-Aza-dC — + — = — + — — 5Aza-dC — + — = — + — -
RG108 — — -+ - RG108 — — + — — — + — RGI08 — — + — — — + —
DZNep — — — = DZNep — — — 4+ — — — + DZNep — — = + — — — +
TSA — — + + + TSA— — — — + + + + TSA— — — — + + + +

Figure 7. Distribution of cell cycle phase in Ca9-22 and HSC-2 cells treated with
minimum effective concertation of DNMTi, HMTi, and HDACi.

Exponentially growing Ca9-22 (A-C) or HSC-2 (D-F) cells were treated with either alone
or combination of 5-Aza-dC (0.1 uM), RG108 (5 uM), DZNep (0.2 uM) and/or TSA
(0.05 uM) for 48 h, and percentage of cell cycle distribution (G0/G1: A, D; S:B, E; G2/M:
C, F) was measured using a flow cytometer as described in the Materials and Methods.
Data are presented as mean + SEM of three independent experiments. Significance for
the difference of cell cycle phase between DMSO-treated and inhibitors-treated samples

is indicated. The percentage difference of cell cycle phase is shown in the in the columns.
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Figure 8. Phosphorylation of histone H2A.X in Ca9-22 and HSC-2 cells treated with
minimum effective concertation of DNMTi, HMTi, and HDACi.

Exponentially growing Ca9-22 (A) or HSC-2 (B) cells were treated with either alone or
combination of 5-Aza-dC (0.1 uM), RG108 (5 uM), DZNep (0.2 uM) and/or TSA (0.05
uM) for 72 h before preparation of total cellular lysate. Total cellular lysates were then
separated by SDS-PAGE and analyzed by western blotting using an antibody against
phospho-histone H2AX, a marker for DNA double-strand breaks. Levels of p-H2A.X are
normalized to the total loading protein, and the fold expression of p-H2A.X relative to

DMSO-treated sample is shown above the blots.
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Figure 1. Effect of DNMTi 5-Aza-dC on cell proliferation of Ca9-22 and HSC-2. Exponentially
growing Ca9-22 (A) or HSC-2 (B) cells were treated with 5-Aza-dC (2 uM) or DMSO for the indicated
periods of time, and cell proliferation was measured usinga cell counting Kit. VVarious concentrations of
5-Aza-dC were added to exponentially growing Ca9-22 (C) or HSC-2 (D) and cultured for 72 h before
measurement of cell proliferation. Data are presented as mean + SEM of three independent
experiments. Significance for the inhibition of cell proliferation between DMSO-treated and DNMTi
treated samples is indicated. The percentage inhibition of cell viability is shown in the figure.

Figure 2. Effect of DNMTi RG108 on cell proliferation of Ca9-22 and HSC-2. Exponentially
growing Ca9-22 (A) or HSC-2 (B) cells were treated with RG1058 (100uM) or DMSO for the
indicated periods of time, and cell proliferation was measured usinga cell counting Kkit. VVarious
concentrations of RG108 were added to exponentially growingCa9-22 (C) or HSC-2 (D) and cultured
for 72 h before measurement of cell proliferation.Data are presented as mean + SEM of three
independent experiments. No significance forthe inhibition of cell proliferation between DMSO-
treated and RG108treated samples wasobserved. The percentage inhibition of cell viability is shown
in the columns.

Figure 3. Effect of HMTi DZNep on cell proliferation of Ca9-22 and HSC-2. Exponentially
growing Ca9-22 (A) or HSC-2 (B) cells were treated with DZNep (1 uM)or DMSO for the indicated

periods of time, and cell proliferation was measured using acell counting kit. Various concentrations
of DZNep were added to exponentially growing

Ca9-22 (C) or HSC-2 (D) and cultured for 72 h before measurement of cell proliferation.Data are
presented as mean + SEM of three independent experiments. Significance for the inhibition of cell
proliferation between DMSO-treated and DZNep-treated samples is indicated. The percentage
inhibition of cell proliferation is shown in the figure.



Figure 4. Effect of HDACIi TSA on cell proliferation of Ca9-22 and HSC-2. Exponentially
growing Ca9-22 (A) or HSC-2 (B) cells were treated with TSA (1 uM) orDMSO for the indicated
periods of time, and cell proliferation was measured using a cellcounting Kit. Various concentrations
of TSA were added to exponentially growing Ca922

(C) or HSC-2 (D) and cultured for 72 h before measurement of cell proliferation. Data are presented
as mean = SEM of three independent experiments. Significance for the inhibition of cell viability
between DMSO-treated and TSA-treated samples is indicated. The percentage inhibition of cell
proliferation is shown in the figure.

Figure 5. Effect of combination treatment with minimum effective concertation ofDNMTI,
HMTi, and HDAC: on cell proliferation of Ca9-22 and HSC-2 cells.

Exponentially growing Ca9-22 (A) or HSC-2 (B) cells were treated with either alone or combination
of 5-Aza-dC (0.1 uM), RG108 (5 uM), DZNep (0.2 uM) and/or TSA (0.05uM) for 72 h, and cell
proliferation was measured as described above. Data are presentedas mean + SEM of three independent
experiments. Significance for the inhibition of cellproliferation between DMSO-treated and inhibitor-
treated samples is indicated. The percentage inhibition of cell proliferation is shown in the in the
columns.

Figure 6. Caspase 3/7 activity in Ca9-22 and HSC-2 cells treated with minimumeffective
concertation of DNMTi, HMTi, and HDACI.

Exponentially growing Ca9-22 (A) or HSC-2 (B) cells were treated with either alone or combination
of 5-Aza-dC (0.1 uM), RG108 (5 uM), DZNep (0.2 uM) and/or TSA (0.05 pM) for 24 h, and caspase
3/7 activity was measured as described in the Materials and Methods. Caspase activity in cells treated
with inhibitors expressed as fold relative to DMSO-treated cells. Data are presented as mean = SEM of
three independent experiments.Significance for the increase in the caspase activity between DMSO-
treated and inhibitors-treated samples is indicated. The fold induction of caspase is shown above the
columns.



Figure 7. Distribution of cell cycle phase in Ca9-22 and HSC-2 cells treated with
minimum effective concertation of DNMTi, HMTi, and HDACI.

Exponentially growing Ca9-22 (A-C) or HSC-2 (D-F) cells were treated with either aloneor
combination of 5-Aza-dC (0.1 uM), RG108 (5 uM), DZNep (0.2 uM) and/or TSA (0.05 uM) for
48 h, and percentage of cell cycle distribution (G0/G1: A, D; S:B, E; G2/M:C, F) was measured
using a flow cytometer as described in the Materials and Methods. Data are presented as mean +
SEM of three independent experiments. Significance for the difference of cell cycle phase
between DMSO-treated and inhibitors-treated samples is indicated. The percentage difference of
cell cycle phase is shown in the in the columns.

Figure 8. Phosphorylation of histone H2A.X in Ca9-22 and HSC-2 cells treatedwith
minimum effective concertation of DNMTi, HMTi, and HDACI.

Exponentially growing Ca9-22 (A) or HSC-2 (B) cells were treated with either alone or
combination of 5-Aza-dC (0.1 uM), RG108 (5 uM), DZNep (0.2 uM) and/or TSA (0.05uM) for
72 h before preparation of total cellular lysate. Total cellular lysates were then separated by SDS-
PAGE and analyzed by western blotting using an antibody against phospho-histone H2AX, a
marker for DNA double-strand breaks. Levels of p-H2A.X arenormalized to the total loading
protein, and the fold expression of p-H2A.X relative to DMSO-treated sample is shown above
the blots.



