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- BE MEFHAM DUsSP4st DUSPeE WHEN 331D methylatonE o 212 g83fbch
SERPINASE WROst TPC MEFHAM Hdo| ZHaFd 9 oM promotor?t methylationT]
o 23l 0 demethylating agent?|l 5 AZA odB® HEHUE 0 unmethvlation® ™A E 0|
o e R B

- e aHe FAWA  DUSP4d DUSPSE 25 unmethvlation®EH  2ld o
SERFINASE 8292 B3/18HA methylation=H 313

- SERPNASE methylation status2h - T § 5302 clinico patholegic characteristic®
corelatione ZAFEHH HAbE T SERFINASTH methylation® 3£ ZHA BRAF mutation©|
841%4(53/63), unmathylaton® ZHAHE BRAF mutation0| 538% (192 fF2aH Witth
(p=0,024)

- HA - EdH FF9E BRAF mutation HE4 22 S42c2 USH 4% I BRAF
mutations-4 2HAE TEF  Hol?} SERPINAS methylation 2HAME 4084 @410,
SERPINAS unmethylationZHAHE 167 (/822 methylation 2HAH  HZZ Hol2} O
Egh A 2¥ou EHE e HFR£ btk (p=011D

FE  MAPEMTHE A {8 SERPINASE HHE H FEUAN HHEo 3leH
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Project Summary

DHA Methvlation of MAFK signaling inhibiting genes in
Title of Praoject ' : :
papillary thyvroid carcinoma

papilary  thyroid carcinoema, MAFKE, DUSPRE4, DUSEE, SERFINASL,

Koy Word
ey Words BRAF

Fraject Leader Hi—W ool Chung

Associated Company [Mone

Purpose : the purpose of this research was to identify methlation status of MAPK
signaling inhikiting genes located sgenes that are differently  expressed in papillary
thyroid cancer according to BHAF mutaiton status and clinical

Methed : 76 PTC paraffin embedded tissue and 5 PTC cel lines were studied
LUSF4d DUSPS and SEHPINAS gene expression and promotor methylation was
serched using methylation specific PCH and walidiated through bisulfite sequencing,
In cell lines, expression change was confirmed after treatment of demethylating
agent S AZA cod Clinico—pathological characteristics are comnpared according o
BHAF mutation status and each gene promotor methylation status,

Hesults @ DUSP4 and DUSPE expression increased in all cell line and DMNA of two
gene was unmethylated, SERFINAS gene expression decreased in two cell line and
those was associated with promotor  expression, SERPINAS  methylation  is
associated with higher BHAF mutation rate, SERFIMAS methvlation group showed
higher lymphnode metastasis rate than unmethyvlated group in BHAF  mutation
negative PTC,

Conclusion @ MAFPHK signaling inhibiting gene SERFPINASLS expression decreased in
PTC cell line and and its expression is regulated by promotor  methylation,
SERFINAS methylation is associated with higher EHAF mutation rate,
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2 A7Ade e 9 23
Z} Patients and meathods

1) Tissua samples

- THAHHAY i f5Uder I ENES AEYE Fabe dkd 54 23
- BRAF mutation =42 167 (21,1%2, BRAF mutation 342 60 (7a®0d 0 4r27ke 4
el EhE glake EHAC mols 9ol staged?t BRAF mutationdhd Z2HAM 6332 F2
oHH RESITE (=004

(Table 1, clinicopathologic characteristcs of patisnts),

d

- HEF & 108 gahds FHe FHa A 23 100 GH §5Y 235 =5¢€ Had

M pairwize)

- MzF  3H4H 54 AZF 38 (WPA, TPCL, WRO, DRO, XTC)

variakla tha, %0 BEAF (-) BRAF (+) ol

Ada < 45 &/18 (300 25/80 48T 36/78 (474
2 45 /16 (300 3380 (333 40478 (52 8)

SeE mals 47418 (23 10/80 (167 1476 (18 40
farmals 12416 (73 30/80 (83.3) 63/768 (31.68)

p, method Lobectomy 1416 @3 4/80 BT 3/78 (66
Total thyroidectomy  13/16 (337 56/80 (333 T1/78 (8340

T stadse T1 TG (43.8) 24780 (40 3078 (4080
T2 1716 8.2 QA0 0D 1776 (13
T3 &718 (30D 3680 (B0 44078 (379

I stades I 11716 (888 27/80 (43 3876 (300
11 316 (31.3) 33080 (350 3876 (300

Stagat =1 8716 (383  20/80 (333 29/76 (38.2)
=2 1716 8.3 a0 0D 1776 (13
=3 316 (313 38/80 (B33 43/78 (B8
Sd 1/16 6.3 280 (33 376 (34

Extrathyroidal extansion tiedative 16 438 1780 (233 2478 (31.8)
pagitive 8716 (363 4380 (717 33776 (B4

mean tumeor size {om) 120 + 066  1,40+057

e, of metastatc lvmph noda 275466 2532474

Tabls 1. Clinic-patholodical charactaristics of the patisnts, (¢ p=0045, Y p=0.073)

o MEFZEH RNA &

Guiagan AH2 BMeasy Mini kit® 0|23tH H3ALE recommendationd THEY cell pallet= 28
E| ENAE F=3% ENAZ quality checks H & JMMse HEH WaH Bicanalyzer (Agilent)
£ 0| E25tH RNAZ qualityE FAEH o HZE3 A E BT

Hoety 13 232X DNASE 9 FCR



- 2EAE BE FAE mme T 40 W 2 HE EW(E0mM Tris-HCUpH 80, 1mM EDTA, 0.35%%
Tween 20, 200 pd/ml proteinase FD2 T HEYTD 35THAM 724 3F B3 dH2 A7 H BiZ
FCRES A H3h

- PCR B2 mM decxvnuclotide triphosphata, 1.5 unit of Pweo polymerase: Bochs
IMMaolacular Biochemicals, 1 pmeol primer, 1x PCR buffer SN2 0|2 4|3 H, 23 1-2
W & 92 HE 49 W ETTF ¥, mineral cil 1 WES FH7HH

- Perkin Elmer 9600 Thermal Cycler® ©|=3t PCRE AW

- 4THA 32T HE £ T 30z, 50THAM s0x, 220 72CHAM 3027 253 AW,

- PCR 4HB2 220 agarose geldH AZ|EEE AT &, othium bromideZ 4 Wahe] 23T

- PCR ofEE phenclichloreform £Ne® 18 FH3 = og2d ZdA5 1, DNAZ 20 we
Z5%0] 59 % 2% agaross gol WIYEez Eeldtn 2Zte DNAS QIAEX I gel
sxtraction Wit® O|2oH +#F FHoH 15w SRFE AH 223

- PCEY AEE primers T 22

+ DSR4
F: AGG OGG CTA TGA GAG GTT TT
R: CAC TGC CGA GET AGA GGA AG

» DUEFS
F: CTT GGA O5T GTT GGA GGA AT
B: AAT GGEC CTC AGEH GAA AAA CT

» SERFINA 3
F: GTC CAG CAC AAA GAT GCA GA
R: CAG O5FT CTT CAT G&EZ ACT TA

4) Methylation specific PCER (MSE)
_ OE3 T primerg AHEHH methylation specific PCRE A5

» DUEFS

M F: GTT TTA ATG ATT GAA ACS TTT C
M R ATT ACC GAA CTC CTC TCC G

UM F: AGG TTT TAA TGA TTG AAA TGT TTT
UM E: Add TTA CCA AAC TCC TCT CCA

+ DSR4
MF: GTC GCG TTT TAT TTA AGT TTC G
ME: AAA ATT TAT TAA TAC TCC TCC GOG



UM F: GET TGT GTT TTA TTT AAG TTT TGG
UM E: Add ATT TAT TAA TAC TOZ TOCZ ACA CT

» SERFINA 3
MF: GTT TGT AGG TAG GTT TGT TGe TC
ME: ACA TCG ATA CTT ACT ATA TCC CGET A

UM F: GTT TGT AGG TAG GTT TGT TGE TTG
UM E: ACA TCA ATA CTT ACT ATA TCC CAT A

30 Bisulfita sequencing for walidation of MEF

DA 1-2 w30 ng)+¥ auwmatic DA sequencer3?? DA Sequencer. FE Applied Biosystam)
2 ol &8t fluorescence cvcle ssquencing WH S B DNA YFEZIS o Td it A2 A
22 FH, PCERH MEEH primerES sequerncing primer® 0| E@D EHIUHEH U MHEES

clustal w pregram@ver, 1,502 2 methylation 28 HA=h

22

1) 4N f5U4HdETFdAH BRAF =H¥Ho| % DNA methylaton® T-E target gene
BEpI‘BESlOIl d‘ ‘H’

- BRAF mutation status of PTC cell lines (Figure 13 H3H AEZE 5232 HMEF £ NPA
2} DROE BRAF mutanto| 1 WRO, ¥TC, TRC M EZEFE BRAF wild type0| ST

- DUSP 4 expression and metylation status: 3 HMEF ZFHAM DUSFP4 expressions S7F
Ho 2lel o DUSP4 promotore meatylation® ™ 2R #2HTh (Figure 2-(a))

- DUSPS expression and methylation status: H A M2 HAEZF nEd 4 DUSEs 7F 2HEd
2l o DUSFS promaotors methylation@ H 22 &E2roh (figure 2-0b0)

- SERFINAS sxpression and methylation stams: WEROst TPCHEFHM = w0 2 f.lEIO‘l 2
A0 XTC, DRO, NPAHAME Tdol Zra=e 217 f85ith weol 28 WhROst TPCHE
HAHE SERPINASE promotor?h methylation® ™ 21 Th ( Figure 2-()

E
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(o)

Fig 2 Tardet gene sxpression and DA methvlation status of each cell line, (a) DUSFE 4

sxpression and metylation status, (kY DUSFS expression and methylation status (o) SERFINAS
axpression and methylation status

2) Validaton of methvlaton status using bisulfite saquencing,

- MSPE HEHYE validation®?| fatd U2 2sMet bz 2 SHAM bisulfits sequecing
= dATET nE AN MSP E2bsl bigulfits sequencing & 2= match® A Th (Figure 3)
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Figure 3 Validatdon of MSEF by bisulfite sequencing, (a) Serpina 3 mathsr].ation b MMSF and

bisulfita sequencing, methylation®D 2 252 N9 sampleH A S bisulfite® 2] & CpG island?F TE
NFHA SIS,



3 TaH 252t fxFolM denethylating agent HT| o]l 2|3 target gene ezpression?
Ll
- DUSP 4 sxpression chande after administration of 5 aza (demethylating agent): 572 M EF

DEHAM H2| £ £33 YHI methylaton status®F HE A2 (Figurs 4-(a), 4-b))

- DUSP & sxpression chande after administration of 5 aza (demethylating agent): 5= MEF
DEHAM Hel & &34 Y3 methylaton status®F HE A2 (Figurs 5-(a), 5-(b)

- SERFINAS expression chands after administration of 5aza (demethylating agent): WERO 2}
TPC MEFHA demethylation® H THF SERPINASY WdHo| S2tE4n o & HEFHAME
demethyladon® FHE (Figure 6-(a), 6-bD

CTR 02 1 2 SmM L 1.1 | H §
-
- - - - - I - SSSSEs-TET
===
(a) (b

Figura 4, (@) DUSF4 expression change after administration of T AZA No expression
changes were observed after adminstration, (b Maethylaton change of DUSP4 promotor after
administration, all promeaters rmmained unmethylated,
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(a) (b

Figura 3 (a) DUSPS expression change after administration of 3 AZA. Mo expression
changes were observed after adminstration, (b Methylaton change of DUSPS promotor after
administration, all prometers rmmained unmethylatad,

cTR oot | ] Smi 111 1.1 | | |
= === I
T 0
o T “a-sc-acg
e [
pro [ —
{a) (b

Figura 6 (3a) SEEFINAS sxpression changs aftar adminiswation of 3 AZA. Expression
increased aftar adminstration of TAZA in WED and TFC cell lina, () Methslation change of
DUUSFS promotor after administration 5 AZA, Maethvlated promotors are demethylatad in WERD
and TPC cell line,,

_10_



4) FdH F5Y 22N A rarg

- DUSP43 DUSEFSE 4k Zhbd £52 23 n2HM unmethylation = 24 ol

t gene DNA methylation status

- SERFINASE W4 FHed F5F%2 32990 G3/78H A methvlation® ™ 23 oF (Figurs T

- Z2b2F 1o E| AdzA A Y methylationtdE Bl udH 23RS O methylation®
tutnordt match® = 42 A E 3T unmethylated O 2% O (Figure 8)

by s i
000y > L R B R

I00bp =
100bp =

I00bp —p
100bp =2

Figure 7 Bepresentative foature of SEBFINAS methwlation in paraffin embedded tissua

Figure 8 Comparison of SERFPINAS methylation in twmor and normal thyroid tissus

5) SERPINAS methylation stams2t 34H §5%e d-ddel=Hd o5 ¢iabste H#AAH
- SERPINASE methvlation status2h e e $5%42| clinico patholegic charactaristics
corelation® ZAMEHH H3FE T SERFINAS?H methylation® 3= 2HA BRAF mutation?|
84,1%:(53/83), unmethylatdon® ZFHAE BRAF mutation0| 538% (WIDHZ H25H w3bch
(p=0024) (Tabla 2

-q1 -



BRAF(-) ERAF(+) Total
6/13 (46.2) 1713 (33.8) 13/76 A7
8376 (329

Iethylated (n, %)
Unmethylated
g walus

5363 (341

10/83 (139
0,024

Table 2 Cormelation betwesn SERFPINAS methslation and BEAF mutation
# I BRAF
A% (4410,

T3h2 BRAF mutation Y423 2422 Yro 24
H=E fol7t o

- dH i ZH {5
mutation=-4 2HAHE HE=EZF Ho|?t SERFINAT methylation 2HA
SERPINAS unmethvlation@HA = 187 (1/6)2 2 methylation 2HA
Ezt AL BE3locy EHAEC R fFoTRlE #3TH (p=0.114) (Tabls 3

—

BEAF(-) BEAF(+)
Ilethsl Unimethyl Tatal Iiethyl Urmethyl Tatal
MO (o, %) 38 (833 810 B0y 11718 BETy 47 (371 23/53 (434 ZTED (43
N1 14 (8" 4110 €403 316 €313 37 29y 30453 (568) 3380 (53
g walus 0,114 0,386

Table 3 Correlation betwesn LI metastasis and SERFINAS methylation according te BRAF

tmutation,

_12_



3. A¢dz g g 48

= Abdatbe] WEZ| A ER23 9¥E 9= BRAF S8 EHH 2 AFAHT
H A H = &8 322 SERPINASE WHEo| Thahd £Fehd ZraEd 2
I oolzsk Wb f2l2 SERPINAS £33 promotors methlationd & 29 o
'Igr
=
=
2|

-

T

=

rt

|-d| o

i uT
3}

= H
dab weE 2REAE @A HY ZHRA 7 AT A2 epigenatic machanism® R 977t
2 atth DNA HESE fHxe BdE 289 EEHY 718 € suss S54H 33
o WHE HHate <ho A B HAfo a5 ¥ o M FEUHAME NSEY £
o HH £32kE HEHZ YA oy ol 2739 920 o 2oA ok A 54
A= PTEN, RASSF14A, TIMP3. DAPKES UM &3 methyladono| EHAM Sl
TIMP3 S4HM F3242 methylations - sbe] dEst FHEN 3t SERPINASE tPAS
inhibitor2 E%4e 2|2 AHE HMaer] S5 432 3ttt 18 02 SERPINASSE WHEZ
Ae 242 JHT HAE 2AdM S5 H¥E Yo £5F 5 UT HAHE 2 H7AE o
HHPHMNE Ted 54 23 SERPINASY ZH4E 215 vf 2t 2 dRdAE oy
gt W Zhs e Z|HE SUTF SERFINASE methylationd S S3ich E3F o5 W= 3
HEH HHE ol 2oty Fdd FFY HEF 2 SERFINASHRHAE demethylationt| 2 24
A8 FHoh Jnzz FHEHHAE o Sat At f5EUHAM SERPINASE MEd Ao
A Fdd fFEUE JHE HHAR £ e Y E HEEAL fAHE B HPHAE
RAR betaft @ AFE domethvlationA| A T MEFe Wabd gt HHE S7HME + 3
=% Bt gtk a8oe 2 H@3pd 270 SERPINASY demsthylation?| §54 HZE
L& HEAR F EXd tigt 27 H27F E ¥ Aoloh
£ 97N E SERFINASZ methylation0| BRAFE@HO|g Hpo| 332 Heih
HAHole Fdd FFHAM ZHE 2D 2lE EA Hdom Tabd fEobe whet
Ao 2T 2 ofyzt H FFue dEUxzE FEUD s ag U #2lysbe A
%ﬂq%tﬂﬁl H“@H'EFI- 568520 BE LR OFF £oD0% BRAFEHHO|ZE b
SRCHH oLt e Y 2k YTk A EdEE
(e | 12?._ BRAFEOCIH#M:} sl ZHARY £Zel oM T BRAF M AT H
d x50 ¢l §@zke WHo met BRaFE Ez7F A oin 7hde He 3 el
U 2 920 AL BRAF B9 <49 ZalEdM SERPINALS BHH 0| EH% =
HEH BREAFEHHO 42 F SERPINASE methylation?| 3= 2
we|etd o E:qlake]  FholE Holr @Sttt OEF o|z{§F BRAFE
SERFINAS DNA methylation?h2 HPEHE SERPINAS methvlation®] 7|3 BRAF
7t e FtsdE £ET F UH AFH FIE S FHA Hdgke F|HE wE T %4
7t Baad EiEf AdE THAY HFodS AR BRAFEHEHO[Z $E
SERFINASS| methylationo| e K53 Holgt 4*341"& A% E3ed 0IE1EJ At
EREAFEHAH 7L O 8 H 2= affactor mobeouls® EBHE ZFF £ 2= 7|Ho| 2l=s
gtk
HdEHcE ok FFU HEFHAY SYHH £H7| SERPINASeY W Il
promotor] methylation®| 2| Ho|H o|Z3h ¥ a4+ demethylation agent™d =@ 4
2l1 SERPINASS methylations BRAFEHHO| <fdzb #HHo| 3t £F  damethylating
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agent® ETHZ M2 Fle-dd h5E 9 32a BRAFEAH 0| &t S Y £33 maethylationtAl

ol g JAHH izt £7F 77 R

4 d742 4 sRE4dn
(1) 9344
7 W B I AR =2 AW H A

Al AEE FHelad A 1M AR 22 S

o %

YRS FHlEkn SlS

2R 2b 2EAH acknowladgement® Ahdalod 2 23S Hopgh HY

2) ExS4En
7l A3Ex9 B4
TE HEHE2EE ZHEF () Eac R
H-e3ats B z2e {3 5 2xse 50% (6H FHa S
o 1002 (R E EH*E.FIJRH ?z'f’er
A
BRAF Ed#o| 4 20 100 s ﬂﬁf*—"ﬁ—,‘mmﬁ
13d s [HEEH 54 PCRY =2 HAE olE, A0 100%: ¢ i-3aLE 1003«:,0112\1
(2008) HE 3 3 HMo| FEEwE
z =3 g|=2; Eafel oA 1002 (M2 50].4 TaREGT
ﬂiTﬁtpggﬁﬁ%gﬁgﬁ A 10 GENE ETGJIHEH;:SG# HpHE
5 10054 (M2 2 ?4«*_1,40\ NELER
e et of £ abete] Hp BA 20 TE #Ha A -f‘-ﬁ“* A4S
A=
L} #=H7he #obdo] mE e zof g ALAE A
o o el b A= st
B al W A oe Adade gols
Aoy FHe £44 dR OE tagate] ddtolgE FHEHUS
BEEAF %?ﬂ%ol %LHJHﬁlﬁl F"Dli—"'lél doubla chach® BE%F?OCI%N% @fﬂ
i (=] El HI=
DNA HEshet RI3 YHTe| 42N of x| SERPINASRIZL HESlAh A% 2o
DA HE3e ?lﬁgﬁ*’jﬂ' A2 validation | DNA sequencing# -I-l-il?-l- H¥ 3 PCRE 27}
e [
DA HE et 23l dF92bebe] hpaA BRAF mutationZk H=F Ho| FFst
HE A4EEHE S
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T = A - i]| a
Clinical Endecrinalegy(IF :3,3538)
stez =2 A 1 B
HHAHH B2 LikEEr e
| Ef

(2 A4 FEAF
FLN el i o S |

i
do
n
a [+]
s
KA
i
re

1) SERPINAS §8 AF2| DNA methylation®h ZH4

SERPINAS f3abs WY 4H £54 dAFUae M2 52 BRAF §82ke &
HHo| g oo 2l o082 BRAF =HWHo|s HaA AE2IEAHE FedsS =2AF7 '|'|‘:1'_|'
AP S U d3FY, E3 BRAF E¢@Ho| 249 #HaAM H=FHolsb Aol e FAHE
H%oO0EZ HC B2 BRAF =¢#o| S43ate] ZAES 230 different pathwaytlA
SERPINAS f3 ke d3d tizk 978 9 HFY

2 MAFE HTHT A F37k2 methylation®t F32F Yo 2be] A 32H,

FAate] wHPdds oy FRR7F 2| Hol AE2atn SIR[RF epigenetic mechanism©| F&3F 4
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