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Aberrant CpG Island Hypermethylation of
the RUNX3 Gene in Osteosarcoma

Joo Han Oh, M D, llkyu Han, MD,, June Hyuk Kim, M.D, Gyeong Hoon Kang, M.D*
Hwan Seong Cho, M_D_T, Seung Cheol Kang, MD,, Mi-Ra Lee, MD, and Han-Soo Kim, M D,

Departments of Orthopaedic Surgery and Pathology*, Seoul National University College of Medicine, Seoul,
Department of Orthopedic Surgery, Kyungpook National University School of Medicine ', Daegu, Korea

Purpose: Transcriptional silencing of tumor suppressor genes by aberrant methylation of CpG islands
plays a crucial role in the development of human cancers. We comprehensively examined the methylation
status of several tumor suppressor genes in osteosarcoma with a special focus on the RUNX3 gene.
Materials and Methods: Methylation-specific polymerase chain reaction (MSP) was performed for osteo-
sarcoma tissues and their cell lines. MSP and RT-PCR for the RUNX3 gene were performed in the
tumor-derived cell lines and the immortalized cell lines. The demethylating agent 5-aza-2’ deoxycytidine
was used in the Sa0S-2 cell line to reverse the methylation status.

Results: Hypermethylation of the RUNX3 gene was observed in 60% (24 of 40) of the osteosarcoma
tissues, whereas other tumor suppressor genes showed very low methylation. Thirteen of 30 (43%)
tumor-derived cell lines, and U-20S and SaO0S-2 showed hypermethylation of the RUNX3 gene on
MSPCR. However, RUNX3 was expressed in the SaOS-2 cell line, as determined by RT-PCR, and the
expression was augmented by treatment with 5-aza-2’ deoxycytidine.

Conclusion: Our study suggests that aberrant methylation is an important mechanism of RUNX3
down-regulation in osteosarcoma. This data may have potential significance in developing a potential

therapeutic target for osteosarcoma.
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Aol H|E3}E]A] 9kS cytosine}t guaninel &
o]Zo]Z CpG dinucletide’} F5Hol Q= ol&
CpG island2ta 319%, CpG island2] B A2 o]
g3l AR HE 248 F83 7152 ke ﬁ—‘ii
oA oh;]. _41 olo] vy w J)r;ﬂoﬂ/q Jx}_,]

Ho| 51} A F¥FAF-AAHtumor suppressor gene)

HEAE A= Fa3t 7|0 R CpG 1s1and94 Gl
Aol WEsly} 2= vk ot} thopst £50] ofo) uf
of %) P16, hMLH1", RASSFlAS E—cad—
herin® 9] of2] 49 W A7} CpG island®]
Heakel PHo] Q= AeE defle

o]t CpG island®] HE3ste} A= oJA] histone
acetylation®] &-4}9] M AKtranscription) Z4&o]
ofsl= Zlog deA It} Histone acetylatloxmL o
AL G2 Afolof= 22 Aol glom, fARke]
F& 2Hsto] Al % A, apoptosis 1 H AlE
2312 gusicha Bag T oo, ol o) olg 7}
A FF AlazelA p53 chil RS E3leHe ZoF ol QA
Aot Az 7] T AR ‘?n_?i | A|Eo] glaL, o]
3 FAA A o] A 7179 DNA demethylation}
S histone acetylation®] %23t 93h k= ol
7} 2ol So} B Ha 9}, w3} histone deace—
tylase inhibitorE #]2]§t £ A|3Eo|A] apoptosis&-
dho] yHE|o], o2fgt AOAIE MEE o ARHOE o]
gotEs Amsf Qe

THFNMA 4F 7252 methylation A+
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RUNX (runt—domain related) AAF Q1A= %5}z
B A runt Y lozenge)ol| AEEE LT 4HF FHAE,

1e2 B5H DNA 2g oft9l(subunit) 9l Luket H|
e} 27)2 F4E o]0 heterodimeric) T dolch”,
RUNX AA} QIAF= TGF—beta super family signaling
«l T8 = 7}Ttﬂ PR, ZF5F9] Wdof glojA
gtct, RUNX %@H@E TGF—H e}
A=l QlolA TRAER SMAD
F8-51m, A4} Hheh(normal develop—
ment) 2} %%1: ?‘é é(tumongenesm) oA Fa3g IS 3}
= Aoz Bl A7 3579 Z4H RUNX §
ZZHRUNX1, RUNX2, RUNX3)7} A= =t 1 &
RUNX3= digel, $19h, 3, watol A LOH (loss of
heterozygosity) 7} SIHSHA] Uehh= 21291 G4A| 1p36
of  WAE FF oA AR FAHHP AP,
2 dFolAls of e ollA HEst g FoF 34
I B o4 f 141}94 ngst s 28 os o5
T AN AL, o Ak WEsrtL A
G| w2 2 e RUNXSE] 55 2 oA Hi Y,
Ba)st A ZZ0 A CpG island W€ 3}e] 2l RUNXS3
o oA et ofofl tigt 444} demethylatione} §F
histone acetylation®] %&2 EAs5t14 5%

ha b
o 44 %*Xﬂ =

CHAF S Bt
. 283 ZAW NEF
1995W 5L E] 20004 Atolof Elof gldsto] A&yt
= 5% A 3, AN SR FookE AR oA
oA 9] z7]o] ﬂi’ 7Fs ek 4099 22E HEE 51
sty Z9% AEZFEE= HOS, U-20S, MG—63,
SaOS—2 NEFE #2 AE2FE 0]&51%tHAmerican
Type Culture Collection, Rockville, MD, USA),

2. =735 DNAL| &2

100 mm HjFH Al 2x 10°7H9] F53 AEE Yol
i eFstar 24417k Fell PBSE A|¥ et E24<Ql W
2l proteinase K &9} #&= Eiiﬁ/olﬁ\_ [Reifely
F& 2ZF genomic DNAS E#thQlAamp DNA
Mini Kit, QIAGEN Inc, Valencia, CA, USA )

3. HEs-50|H 42482 (Methylation-
specific polymerase chain reaction)
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FAATH 200 ng/ 1£19] DNA 10 21 (2 #g)@} pH 5.0
2 243 550 #19] modification agent (1 mM hy—
droquinone/3.5 M sodium bisulfite)S 55°Co|A] 16
AZE & vReFskGiTt, DNAS| AA= JETSORB gel &
% 7]E(Genomed, Oeynhausen, Germany)Z AM&-3}
At Eota A ukS(polymerase chain reaction,
PCR)Z $13F Z molecule®] et AAIE A5+ A2t
315 AJHHd|(sense/antisense primer) 2} 23 annea—
ling) £&E% Table 13} Zth PCR Al@dol AAH
DNA 1xl, 54 2ul, ZH29] A (primer) 1 #14
< ¥t PCRZ Perkin Elmer 4802 AR&-sto] %13
3ttt 7] DNA ¥ ¥4 (denaturation)< 97°CoflA]
S5E7F U5 AAJSH & 95°CojlA| 40x7+2] & WA, Z+
E2ujt} Table 19] £&o4 5027t A¢Hannealing)
AT th2of 72°CoA 50x7F *I%]'(extension)
35 cyclez AAFCE 2F AFo= 72°ColA 10%
HESAIA ZF PCRE =3ith 271 | WA 53k 2
3 vtk FF4 3121, 10X buffer 11, H<A]
T2 LE] E(ANTP) 0.8 11, Taq DNA 2wt
(Taq DNA polyemerase, Takara Shuzo Co., Kyoto,
Japan) 0.75 unito] H|&=s npiE S TEIL, 2
7] @ WA & 257 80CR 30i A% AUd PCRS
A BAANZ & o] EFES Suld AFH] B
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= ARkt PCRo| £ & PCR Abzel #1719
= oéf‘ligﬂ(loadmg buffer) 2 11L& A1l YA}, size
marker®} PCR AH2-& 8 14 loading@t ¥ 100 VO A]
o722~ Alagarose gel)o|Al H7]9%%(electrophoresis)
&koich. Ethidium bromide® @A ofaL 2kejA £
71(UV transilluminator)2} 7HH|et2 2jsle] o]% A
T5 2RIt At B4 FS AEY =S
Eo|7] 9, #ad ZHSole polyacrylamide gel
(PAGE) A7] 9% 2712 A35k5 E} Size marker—J
At g Aok Al S Hel A vEskE A
Brrgon, s oM Al1dE E‘?l Aol 3§] ‘ﬂ
Hobal, Yo A Al Hel Ant mEstdE Al

2 Pk,

4. = 2|t AWAL SEUEALHES(Reverse-
transcriptase polymerase chain reaction)
HEsts 71 o] HQl RUNX3e| tjate] RUNX3
mRNA - A I Aol QleA] Yotr 7 %’43P°fl
RUNX3 wWgap7b 7 & Uehd 5% Alxs
Sa05—2% olgsto] o= A2 AIF *15”0} St 100 mm
Rl & 1x10° A29] s wjokatal, 2447k H
o] DNA demethylating agent?l 5—aza—2" deoxy—
cytidine (5—aza—dc) T+ histone deacetylade inhi—

Table 1. Primer Sequences and PCR Conditions of Tumor Suppressor Genes for Methylation-specific PCR

Name Forward Reverse Size (bp) Temp*.

APC ™ TATTGCGGAGTGCGGGTC TCGACGAACTCCCGACGA 98 55
U GTGTTTTATTGTGGAGTGTGGGTT CCAATCAACAAACTCCCAACAA 108 60

COox2 M TTAGATACGGCGGCGGCGGC TCTTTACCCGAACGCTTCCG 161 61
U ATAGATTAGATATGGTGGTGG TGGT CACAATCTTTACCCAAACACTTCCA 171 61

DAP-K M GGATAGTCGGATCGAGTTAACGTC CCCTCCCAAACGCCGA 98 60
U GGAGGATAGTTGGATTGAGTTAATGTT CAAATCCCTCCCAAACACCAA 98 60

E-cadherin M TTAGGTTAGAGGGTTATCGCGT TAACTAAAAATTCACCTACCGAC 115 57
U TAATTTTAGGTTAGAGGGTTATTGT CACAACCAATCAACAACACA 97 53

GSTP1 M TTCGGGGTGTAGCGGTCGTC GCCCCAATACTAAATCACGACG 91 59
U GATGTTTGGGGTGTAGTGGTTGTT CCACCCCAATACTAAATCACAACA 97 59

MGMT M TTTCGACGTTCGTAGGTTTTCGC GCACTCTTCCGAAAACGAAACG 81 65
U TITGTGTTTTGATGTTTGTAGGTTTTTGT AACTCCACACTCTTCCAAAAACAAAACA 93 59

RASSF1IA M GTGTTAACGCGTTGCGTATC AACCCCGCGAACTAAAAACGA 93 60
U TTITGGTTGGAGTGTGTTAATGTG CAAACCCCACAAACTAAAAACAA 105 60

RUNX3 M TATTCGTTAGGGTTCGTTCGT AAACAACCACGAAAAACGAC 121 60
U AAGTGGGAAAGTAGAAGTGGTG CCAAACAAACTACAAACAACCA 126 60

THBS1 M TGCGAGCGTTTTTTTAAATGC TAAACTCGCAAACCAACTCG 74 62
U GTTTGGTTGTTGTTTATTGGTTG CCTAAACTCACAAACCAACTCA 115 62

*annealing temperature, TM, methylated; TU, unmethylated.



288

bitor?l trichostatin A (TSA)Z A2}t ojR+,
5—aza—dc A2, TSA A2+t 5—aza—dc+TSA #
g7 g thro] A& asleIt, 5—aza—dee 54 M
Z 397+ A5kl TSA= 600 nME 197F A Fe,
ofE: A & AR LAY HIE wEbh] Sl
mRNA & #4593 AL SERAANSS Al
ysioict. o= AE7F B¢ T RNAE w23t &4
RNA 1 ugl 22X g 42°CollA random hexamer®} re—
verse transcriptases ©|-8310] cDNAE A2}skal o]
cDNAE o]%s}o:] PCR u}g.o_ 01 [©) ;th;} PCR a}&g
95°Coll A 55 7+ 27] & WA 3 35 cycle®E 95°Col|A]
3027F, 55°ColA 3027k, T2°Co|A 30%7t, 18]aL 72°C
oA 107t sl WA o= AAFtt GAPDHE 5
Zoko] Qha A3k cDNA A9l me&Ads F43
o] HFS-NE 1% ob7FE A Aol A7) 53kl ethi—
dium bromide® FAste] AyE &R1Fct o] Auto
AIRE =017] flste] EUe Almol sl 23]9 A=
£ A sho] 22 AW YeeAE SRl

o JH«I

s

5. Bisulfite SMAI MY &M (Bisulfite genomic se-
quencing)

vlgsl-Eolq Faasddugos Wss FA
3 Hol8g gelstn e oA=L s} 45
ZAFs7] fIted, 4709 EEstE 5% AlEZ59] DNA
£ o= Bisulfite *X} Sk %4:% AR+
P2 AdEiste] A HA AMEA| 5-ATT TTG GAG GAT

TTG TTT TGG G—3' (sense) ¥ 5'—CAA CCT ACC
CRA CTA ATC CC-3' (antisense)9} & HA| A|EHA|
5—CRG GGT TGT TTC RIT TTA TTT G—3' (sense)
g 5'-CCC TTT CAC CRT TCR CAC CCC—3' (anti—
sense)S AFE-3}Y sodium bisulfiteE # ] 3t genomic
DNAS ZZ3Jt} FZ2 95°CollA 128 27| & HA
% 35 cycle® 95°Cof|A] 30%, 50°Cof|A] 30z, 72°Ce]
A 30%, ZLE]aL 72°Col A 1087t vpAet 3HdS st
= WA 02 13t PCR BhE AHe2 S ARl 4
Asta pCR2.1-TOPO ®E|(Invitrogen, Carlsbad,
CA, USA)E 293}, 28 2479 4] PCR H
4 71ES AMESt] A 8-S atelitHABI Prism Dye
Terminator Cycle Sequencing Kits (Perkin—Elmer,
Foster City, CA, USA)Z} ABI Prism 377 DNA Se—

=2]3 ZAM2| ZF & A3 |FHRe HES}

£219] genomic DNAE °]&-5}o] wE3-5
TR LAY R MEIE HARE FHRRE
=, T dollAl WiEsht wol shakevha Has of |
3 T FAAER, A2 7] 24 BeEe f4%
(C0X-2), M A% Ae #H FHAHAPC, RASSF-
1A), DNAS] &5 9 Hzo] HH FHZHMGMT,
GSTP1), A=A ZAKapoptosis)oll A¥HE fH2HDAP—
kinase, RUNX3), neoangiogenesis®} #H% 2=}
(THBS1), 18] Ho](metastasis)o] THE GFHAZHE-
cadherin) So|%lt}t, HAF A3 RUNXS -GHAbof| A 7}
A w2 d(60%) 2 WEsrt BaE S ThFig. 1).
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Fig. 1. Methylation status of various tumor suppressor genes
in osteosarcoma (n=40).
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Fig. 2. Methylation of RUNX3 gene using methylation-specific
PCR in osteosarcoma cell lines, (A) The results of 10 repre-
sentative cell lines cultured from osteosarcoma tissues are
shown, Numbers 2, 3, 7, 8 show methylated bands, (B) The
results of 4 immortalized cell lines are shown, Sa0S-2 and U-
20S showed methylation of RUNX3,

A0] ujg} BEETHFg, 24).

3. BH3|E ZRZ NZEZ0|A RUNX3 SHRIR| HES}

Bysly 9% AEZR(MG-63, HOS, U-208,
Sa0S—2)o 4] RUNX32| wEs} AeE 437 913l
HEst-Eold FHALAYTES APt MG
63 9 HOS A|Z& RUNX3 HE3E Holz] §FofoL),
U—-208¢t Sa0S—2+ HE3ts UeithFig. 2B).

4, A™AL PCR (RT-PCR)0O|A] RUNX32| 25
DNA #1257} RUNX3 mRNA % AMl3} ool
=) otz $lstel, A% Aol RUNXS w93}
713 e 50052 Aol FUNKS W e
A FURAANES oz ww ol
”El RUNX3 @lo] HjgdA o s AEH At SaOS—
2 DNA demethylating agent?_] 5—aza—dC&2 A7
3l RUNX3 HH&lo] 271311 histone deacetylase
inhibitorq] TSAS A 2]a}2F RUNX3 #rdo] 7hagict,

5—aza—dC%} TSAE FAlo A2lstelS o RUNX3 &
o] F7Hilch(Fig. 3).
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Hgsl-Eo]d 23 F AN 02 L3S At
@ dlolelg Flsta CpG otdAEY vEe} 158
2AFsE7] flete], Be 2EHIE T5F M52 DNA
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M Sa0Ss-2

600 bp —
. m 040 bp

Fig. 3. Expression of RUNX3 in Sa0S-2 cell line by RT-PCR.
RUNX3 was expressed in Sa0S-2 cell line, Treatment with
Trichostatin A (TSA) down-regulated RUNX3 expression, which
was reversed by co-treatment with 5-aza-2' deoxycytidine (5-
aza-dC), Lane 1: control, lane 2: 5-aza-dC, lane 3: TSA, lane 4:
5-aza-dC+TSA,
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P1 P2
MG-63 0000000000000 0000O00000O000000 0000000000000
0000000000000 00000000000000000  OOO00O0000000
0000000000000 00000000000000000  OOOO0O0O0000000
0000000000000 00000000000000000  OOOO0O0O0000000
0000000000000 00000000000000000  OOOO0OO0000000
0000000000000 00000000000000000  OOOO00O00000000

0000000000000
0000000000000
0000000000000
0000000000000
0000000000000
0000000000000

HOS ©00000000000000000000000000000
0000000000000 00000000000000000
0000000000000 00000000000000000
0000000000000 00000000000000000
0000000000000 00000000000000000
0000000000000 00000000000000000

U-20S

@0 o]e] ceeee

ole]

Sa0s-2

0000

00000

oe

Fig. 4. Bisulfite genomic sequencing of 4 immortalized osteo-
sarcoma cell lines, Most of the CpG islands were methylated in
Sa0S-2 and U-20S cell lines, However, some unmethylated CpG
sires were also observed,
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37} H*?ﬂ% e At 3}‘214 RUNX3
A x}— P1 (distal) ¥ P2 (proximal) Z2HEo|A] &
AH 4 glon P2 ZERuEZL fEsiEo] e
RUNX3 P1 Z2WEE F3f 4@ 5 =t s
Eo)& Z3Ha AR A A SaOS—2= P1 (distal)
4 P2 (proximal) Z2HE Q] tjio] HgslE o] 919)
O YR7L vuEsE B rk(Fig. 4).
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2 ves}el 2-& epigenetic mechanismol 2J3jA =
o]0l Aoz FeA ok CpG island®] H|A
A v sto] ofdt FoF oA GARe] WA oA 7t

d

n xo

o}, o] A 3 & Al F7](cell cycle), 23 3
(invasion), DNA repair ¥ apoptosis 53} H#% 2
& A} o] 23t CpG island 9] B]78/34 wE3to|
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M T ol o] Il ool YeliA] FHdo] 7Hsgt
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A CpG island®] B]7434Q1 wlEsl7} whake ofd 7}
TR tigto] Z5FolA 9 mEs} S E46t
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et 2202 Bl ujefel NZFo A w2 Hj&R
sRel=|Qlct, WEstE $HA]7]+= DNA demethylating
agent® A5} o) RUNX39| dhglo] EYE| Qi)
Esteller 57& 919k, jaet, ok =gato] 157
T8 FTF 35 taEsk= 60071 olde] Hd 5% 24
oA 127) FAAte] e RE = #E3Hhyperme—
thylation) & 43tk A I §-42= % A,
Mz F7] 24, AEAL DNA 28], Aol 28dh=
ofg] IAA Fa3t IS sk AR Y FT
o2&t CpG island®] WE3lE Aot WHO R,
HE 3} Fojofut 2-8-5l= A|etA A (restriction enzyme)
= A= Ag Wl Southern blot hybridization
oju} TARLAMTES o] &3 o] & 2olA
Ak, W ko] DNAZF B astal, Algtasrt Q18
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¥ (false positive)S Lo 4 Qi L F 99
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AAReEE FAH7IAE WEsh= S5—azacytidine E=
S5—aza—2" deoxycytidined] 93 JHE 4= lonz,
olg|gt wEa} I wAYZ 2L £ MES A=
WAS 7pdeE 4= ik, DNAY 5—aza—2" deoxycy—
tidineS #A7}5ld DNA methyltransferase®} -SAH|
Atol o] B|7F A FHA% PAHo= Qls), DNA me—
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