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DNA METHYLATION OF TPEF GENE IN HEAD AND NECK
SQUAMOUS CELL CARCINOMA CELL LINES

So-Young Chun?, Jung-Ock Kim?, Su-Hyung Hong?, Yu-Kyung Chung?,
Hyun-Jung Jang?®, Yoon-Kyung Shon?, Jung-Wan Kim?*

'Dept. of Oral Microbiology, School of Dentistry, *Dept. of Pathology, School of Medicine,
*Dept. of Oral and Maxillofacial Surgery, School of Dentistry, Kyungpook National University

Head and neck squamous cell carcinoma (HNSCC) is the sixth most common malignancy worldwide. The molecular mechanisms involved in the
development and progression of these carcinomas are not well known. Abnormalities of genomic methylation patterns have been attributed arole in
carcinogenesis and local de novo methylation at tumor suppressor loci was held to be involved in silencing of tumor suppressor genes. Using Ms AP-
PCR, we previoudy isolated a hypermethylated fragment corresponded to the 5 end of TPEF gene from primary liver and lung cancer cells. To con-
firm the inactivation of TPEF gene by hypermethylation in HNSCC, we investigated correlation between methylation pattern and expression of TPEF
in 10 HNSCC cdll lines. In methylation analysis such as combined-bisulfite restriction analysis)lCOBRA) and bisulfite sequencing, only RPMI 2650
showed none methylated pattern and another 9 cell lines showed dense methylation. The TPEF gene expression level analysis using RT-PCR showed
that these 9 cell lines had not or significantly low expression levels of TPEF as compared with RPMI 2650. In addition, the increase of TPEF re-
expression by 5-AzaC as demethylating agent in 9 cell lines also indicated that TPEF expression was regulated by hypermethylation. These results of
this study demonstrate that epigenetic silencing of TPEF gene by aberrant methylation could play an important role in HNSCC carcinogenesis.

Key words: Head and neck squamous cell carcinoma (HNSCC), DNA methylation, Combined-bisulfite restriction analysislg COBRA)
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o] methylaion-sengtive arbitrarily primered polymerase chain reac-
tion(MS AP-PCR) ¥l 20|t} o] B -2 gemonic DNAE methy-
lation-sengtive 2 -insensitive redriction enzymes (eg., Hpall and
Msp I)& vl A2 g & APPCRS & sh= 2l o] th. AP-PCRE
PCRe] W3 W o &, ¢ ¢] 2] 10-20 nucleotide 4 &= 2 0] €]
primer set=- ©]-8-5tof gemonic DNA®] S0l e A< 2
A, g2 AFolA Tl dojutes HFH Y &
EE Y5, s EE Qo) 9719 a4 BE A 5 v
& 17 Wl B shet) AR5 QUTh MSAPPORE ¥
2 7hstH A A # A Q)+ fingerprinting B © 2 gemonic
DNA .= & 9 o] 4] 2] methylation 1 0] S Zropd 4= Q= 710
EHIHI QI

Liang 52 709 9 918 T4 © 2 MSAPPCR o] <)
s} methylation 1] 7+ 2ol tk DNA B < g4l shz 9175
g ato] St=dl, 2L 2 7 TPEFS] promoter +-¢] 3 exon k5ol A
@A 3+ hypermethylationo] #-2 = 1 v TPEF= 278t e, A
HAG B ere] Fokst ol A e methylaion o] of] ]
ato] =243 H = A 02 ey ek 3 A g Aol
AEALE FHHT YT

b B Aol FAF G Al T A o] fAd Aol
methylation ¥ ©] 7} Q1 =4 & A 83 4 BaU 18- ©]8-3F COBRA
assy, direct seguencing W 0 2 4 8 & RT-PCRYH o= 11
U J T2 ZAFste] methyldion W o) oo #E AL 3Hols)
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1. M|ZZ Hlj2F 2! DNA 22|

SCC 15, SCC 25, FaDU, CAL 27 78] 7. RPMI 2650 5 5% 9] A]
E 3+ ATCC (American Type Culture Collection, USA)ol| A )
33 37, SNU 585, SNU 899, SNU 1066, SNU 1076, SNU 1214 5 5
Z & a4 2523 (Korean Cdl Line Bank, Koreg)ol) A - 3}
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ATh A EF ] 7190 B i A= Table 1o Ve it

SCC 158} SCC 25% 0.4 ug/ml hydrocortisones ¥ §} 3t
DMEM/han s F-128)] 2] o] A, FaDU <} RPMI 26502 MEM Hlj 4]
ol 4], CAL27-2 DMEM ujj 2] of| 4], SNU A =52 RPMI 1640
ujj z] ol A 25 10% fetd bovine saumS- 3 7151 5% COz 5=
o Al Fat A th. ol 5 Al X5 2578 DNAE #2617 9] 5k
Sambrook 53] W & o] &5tk 2, 4] £ 2 phosphate
buffered sdine (PBS, pH 7.4) &9 0.2 2% A& § 1 nl 9
extraction solution [10 mM TrisCl (pH 8.0), 0.1 mM EDTA (pH 80),
05% SDS, 20 1l /ml pancredic RNasg|-& ¥ o] #o] &2 5 o
trifuge tube® & 71t} 37C ol A 3+ A]7F W= 8k %, 30 ul 2] pro-
tanase K (20 mg/ml )E 3 7}8} 3l B0C of| A] 3A1 7+ E-9F Wh-2- A1 7
o} WHS-E-2 7H7} phend (pH 8.0), phendl/chloroform, chloroform
o] &M Z FHY FZ 3 § 5000xgE 1557 YA E2) 5t
Aol S B39l th of 714 0.2val.2] 10 M anmonium acetate
2} 0.8 vol.9] isopropanol S T 5te] DNAE A A A7 & 70%9)
J et 2 M3 2 el S TE buffer (10 mM Tris 1 mM EDTA,
pH 8.0)0ll =0 A AH-&-F ATt

2

2. Bisulfite Modification

Hermen 52 ¢] vl -&- v 3 3} o genomic DNA 2] hisulfite modi-
ficationS 4=3) 5} %4t} 2, genomic DNA 5 ygS bisUlfite BF-g-o]
Z dojuA R o2 Hstal o eh& = HHAZ] H A% A
7|7 24550 W E F 718kt o) & HE =1 02M NaOHZ
37C ol A 10527+ ¥F-S-A]7] 7. 10 mM hydroouinone 30 4l <} 3M
sodium bisulfite (pH 5.0) 520 ul £ ¥ o 4o} = 5] 50C ol A 164]
7F ¥F-S-A) 7 t}. Biulfite modified DNA= Wizard DNA dean-Up
system (Promega, USA)&- ©]-§-3to] A 8taL 80 ul 8] 22
dutiondt & 2 Z =% 03M NaOHo|| A 557} 37C o] A] 1H-S-A]
ZAth W30 4 DNAE ol e 2 A AA7] 5 A%, 20
ul &) TE buffer (pH 8.0)0l] =] -201C o] 0] K. 35}H 4 PCR)
A3 T

Table 1. Primaty sites and tumor sources of cell lines

Cdl lines Primary gtes Gender/Age, Race
SCC15 Tongue M/55

SCC25 Tongue M/70

FeDU Pharynx M/56, Caucasan
RPMI 2650 Nasd sgptum unknown
CAL27 Tongue M/56, Caucasan
SNU585 Larynx, supraglottic M/56, Mongoloid
SNU89 Larynx, glottic M/56, Mongoloid
SNU1066 Larynx, glottic M/62, Mongoloid
SNU1076 Larynx, supraglottic M/60, Mongoloid
NU1214 Larynx, glottic M/55, Mongoloid
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3. COBRA assayE 0|28t TPEF methylation &4

TPEFR-A 2] promotere] methylation 3 =2 ZA}at7] $138)

7keks} o kol A] H] 1A methylation W o] 7} ¥l 514 U ot
RO Z W7l 915 PCRUY O 2 FEe it o] A&
DNA = bisulfites] ¢ja] W ® o] A}-&3 primerse 5 -
TAG AGT TGT ACG AAT TAG TTA TGG TGT TGT(S) & 5~
CAT CAA CAA TTC CCC TTA TTT CTC TAA AAS) o] 3l t}
PCRYF-3-F7] = 95 C ol A 53 F¢F W73 8 - 95 C of| 4] 1v‘i'~7J,
S5C o A 1iE-7F, 72CC ol A 1%7&9& 3557] AN &7 vpA| ut
O & T2Col A 10 5t XY A7 o1 wh-3-4HE2 358 bpdd
t}. o] PCR WF&-21=-2- redn (JETSORB, Genomed) ©. & 4 Al| 3}
o] COBRA (Combined Bisulfite Restriction Andyss) assay & & 5}
o] methylation ¥ 3}= ZA}etgdth =, BU 1 (New England
Biolab)s- #] 2] ate] 60C ol 4 3417k wh-3-A] 7 2% agaroseo] A
27193 = 3} CGCG recognition site7} sodium bisulfite 2] 2] $-oj]
& JU 2 CGCCE frA| 5o A= =215 A& ste] mahyla
tion -5 A8 THHQ. 2.

4. Bisulfite sequencingE E38t TPEF methylation 241

TPEF -7 7-2] methylaion®l 71X €& E41517] 5k
bisulfite} =] 2] ) DNAE COBRA assayol| A 2} &< 3 pimer &
AeEle] ZZ, A7 5 5 pGEM-T Easy Vector (Prmlega)ﬂ ) A
32 E. coli IM1099]] transformations} 3 th. o] &< ampicillin
(200 wg/ m YIPTG (05 mM)/X-gd (80 we/ml)®] &% LB plateol]
E=sled vedtor7} trandformation’ white colony T £ 2] 594 T}
Ampiciling %33F LB A A u x| of] o] &2 vl %3} plasmid
DNAE 52313 EoR [ & A 2] 3lo] 2% agarose gd Zoll A1 €
3= DNAQ) 41312 <13} 7 ABI 3100 (Applied Biosystems)
automated DNA sequencar - o] £-31e] T7 == SPeprimer 2 4 7|

Ad S A8

5. Demethylating agent, 5-aza-2 -deoxycytidine (5-AzaC)
o Xe|

A& 100mme] plaed 1x 10°02] Al L=
5= 5-AzaC (Sigma, USA)E 1jj ¢ =
DMEM 1640 w} ] & 57| 3% 4] 327F A2l stsich. 1L F 5
AZaCE 27 &8 =93 wjx &2 s1F ¢ uj kst H PBS (pH
7THE T W Aol 3L 4 Z 2 F ol totd RNAS £2] 5l RT-
PCR) AH4 541t

6. RT-PCR
TRIzol reagent (GIBCO BRL, USA)E A}-&-3to] &2 3 totd
RNA 5 ug2 M-MuLV Reverse Transcription System (MBI

Fermantoas, Lituania) S ©]-&-3te] cDNAZ THE & th2-3} 742
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pimerE o] -&-3ate] PCRE A Al skl th. TPEF coding - 9]¢l <
3} 28%bpE =£3}7] 935te] 5 -ACA CTT TGC GAG GGC
TITT(S % 5 -TCT GGT AGC TCT CCCCAT TG (AS)= primer
2 A3 th RT-PCR2] W § t) =0 & GAPDHE A&}
9o primer+= GAPDH-238S, 5 -GAG TCA ACG GAT TTG
GTC GT¢}+ GAPDH—238AS, 5-TTG ATT TTG GAG GGA TCT
CG=E 238pE 533 th PCRY] ¥H-3-3712 95 C oA 55
QP WA S, 95C°ﬂ/‘1 1371, 85C of| A 232 7H 72C ol A 22 7F
O 2 30577 AA S mpA HO 2 T2C ol A 7=k 28] Al A
T} PCR2] Wh-S-2tE-2 2% agarosegdol| A A 7] 94 5 &1 5 ehidi-

um bromide=. ¢ A 3} 2} 2] A 7ol 4 &l 8} Sl et

mz =
1. COBRA assayES 0|28t TPEF methylation 244

Genomic DNAE- sodium biaulfite 2] 2] o] ¥ 3 A]713- BaU |
< ] 2] 3 COBRA assgyel| A = ZAM A 773 7o Al 25 105
= 95 (90%)°l A methylatione] 2}<1 ] 1 THHg. 1A). RPMI 2650
o] 73-5-oll = BaU ]| <3l fragmentation o] §l= A= B
o} methylationo] =] o} 914 - 10 2 LhelitTh HHA ThE A
EF| A BF mahylaion =71 =& A0 2 AFE g

5 739b 5 100 o] TPEF el 94 & RT-PORE 81
28 A 37 methylationo) ja FZE R &S RPMI 265000 A

TPEF 2 &4 =7} v ¢ =& 2 0 2 Yelytth v SCC 15,
SCC 25 2 SNU 12140l M= A &) BA 5 =] AU 1 He7t
o - 23S & 5 AR UH A 67 = F
kS JeER QA thFg. 1B). 5Aza x 2] 2 3 TPEF A 2d

DREe) wa

o=
S A= AT} o] Hord 332 x gl g Ry
q AEFAAN Eeo] S715}s et Methylationo] 427 o

Z
Fe RPMI 26508 5-Aza 2] 2] A, S0 A] vh& 2Fe] o] ¢
‘Rit}(ﬁg. 1B).
3. Bisulfite 248 £ direct sequencing® 0|28t TPEF
methylation2| £Ad

Genomic DNA Z sodium bisulfiteZ ¥ 3 3+ & PCRE =%,
doningdt 5~ direct sequencing=- ©]-8- 3+ TPEF methylation2] -4

o A= COBRA assay ] A 75 218 = AUt o] £-9] kol
L 217719 CpGstert Q= Ao 2 QHg o, ojn ZZ
5 59 2 sequencing 2 2} methylation ¥ 71 0. 2 el w CpG
stesE Fg. 20l WeR Stk Zh Al 25 2 2 methylation W1 =5
A EH, WA FaDUS| 73 -5-¢ll = 571 €] d0ne°1W At 1547H
(90.6%)°ll A methyldion ©] &<lxo] 74 =2 N5 H A
™, RPMI 26502] 7 -9-0ll = ol % gk nte} 7o) 471 €] done0ﬂ/\1
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5-AzaC - + - + - A T .

TPEF
GAPDH —|

Fig. 1. COBRA assay (A), and TPEF expression by RT-PCR (B) of HNSCC cell lines. (A), A 358-bp PCR fragment cleaved by
BstUl when methylation is present in bisulfite-modified DNA. M, 100-bp DNA ladder. (B), cDNA from HNSCC cell lines either
untreated (=) or treated (+) with demethylating agent, 5-aza-2' -deoxycytidine (5-AzaC) was amplified by PCR using TPEF,
or glyceraldehyde 3-phosphated dehydrogenase (GAPDH)-specific primers.

2650 27 585 899 1066 1076 121

(B)
(A) |
cagagttgcacgaactagccatggtgctgtgggagtcccegeggeagtgeageagetggacactttgega
12 3

gggcttttgetggetgetgetgetgeccgteatgetactcategtageccgeccggtgaagetegetget

4 5 6 7 8

+1 +100 +200 +300 +400

I | I i ttcectacctecttaagtgactgecaaacgeccaccggetggaattgetetggtaagtecagaacceecy
9 10 11

! 4
tececccgacccattaactecgcagaagaacacgegtatccagecacagaccagectacceetagegegectee

1 415 1
< P PCR Product

tcageccctcacctectactgecctagaceectaataccacccacctetatccagagaaacaaggggaac
tgttgeag

Fig. 2. (A) The 5 region of TPEF and PCR product (arrow). Each thick mark represents a CpG site. (B) Sequences of PCR
products for COBRA assay and bisulfite sequencing analysis. |, BstUl recognition sites for COBRA assay: Underlined
sequences indicate the position of primers site of PCR from bisulfite-treated DNA for CpG islands. Positions of CpG sites are
numbered 1-17 and are indicated by bold letters.
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Fig. 3. Bisulfite sequencing date of the 5 region of TPEF in
HNSCC cell lines. Closed circles, ®, represent methylated
CpG sites, and open circles, O, represent unmethylated
CpG sites. Horizontal rows of circles indicate indivisual
clones that were sequenced after PCR amplification and
cloning of bisulfite-modified DNA.

Table 2. Bisulfite sequencing of TPEF in HNSCC cell lines

Cdl lines Totd no.of dones Methylated CpG sites, average(%)
SCC15 3 90 (529
SCC25 5 146 (859)
FeDU 5 154 (90.6)
RPMI 2650 4 175 (103
CAL27 5 144 (84.7)
SNU585 4 145 (85.3)
SNU8X9 5 11.8 (694)
SNU1066 5 133 (782
S\NU1076 4 133 (782)
SNU1214 2 105 (618
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% 7 1.87(10.6%) ] CpG site7} methylation =] o] 7174 S ¥l %
E Ve Atk U A Al 20 = 3 97H(52.9%) - 14.67)
(85.9%)<] CpG site7} methylation =] o1 1A THFg. 3). ©1/3<] 2
72 Table29)) A7) 8to] Vbl T

V.o #

o 2 3 DNA mehylaion d1++= 18] &
IS AT E T el A9} A
167, E-cadheri 5 2 4ol S EAAFHAAES de

Al E oA F 4¢3t 27 o 4] DNA methylation ¥ o] o] < oF
W O SR g vk el F L, A 2e) A7E
Fo] epigeric mutation® 2 8]z 4 9 7ebe w7
Rorel A methylations} BEE A28 FHAAE 2= A7)
woR ke 9 g sk,

2 A7E & MSAPPCR Wi < o] &-3}] =
o oled A7E FYSE F A2 g2
hypermethylation =] o] 91%= TPEF -2 2}¢] 5 3
31, 0] §-91= TPEFS UTRe A] Al &3to] exon 1.5 2 3tete= A
& & ol CpGidande] & F+ ] %]t} TPEF= Northern medter blot
BAE kel 419 FFH, A, vt T Hg o Ay A
o A e ol€] forebraine]l 4] Eks] A E = A0 E deA 9l
oA 27 0 72 271 ¢ folligatin domainz} 171 ¢] EGF domain
S 7IA+ trangmembrain protein® =2, folligating- activina} o}~
o] TGR familys Agtele] 159) 2H8-¢ Asfsle A0
B3 5T QTR T 5k TPEFe} S9te) BAlol ek B3
52, Young 59 v §-44) 347 kel A HPRETPER) 3
A& Y&l Rsal #| g 3 4 recognition site?] f-F 5 o] &3
COBRA assy = Al ot tf 2] 7 o of] A1 46/55 (84%), A1 5+l
41 609 (66%), HIth 23 &l A 17/27 (63%) <] == Hl == TPEF
7F methylation=] o] 9152 #&ak3ith. Liang 52> 3ol
A methyldione] =7 Uebd Al 55 ti o & 1571 ] CpG site
o] methylationS- ZA}sle] Z1 W1 =7} 71%0] ™, methylation-send-
tive single nudeatide primer extenson (Ms-SNUPE) asssyS- 4 A] 3}
of whget 168 & 118 (69%), th o> 44 = 3& (15%)7F =+
W 7% A 1) hypremethylation=] o] 8188 W 51913, &
3 2 A Wk ol 2 F9) 9] HAF2 7 of A 12 methylationo]

#4& B7k3he] TREFS] mathylation o) 49z
Aol X 2o} F43t 374 S B AsHE Aoz F
215193 T}, Uchida 522 tomoregulin (=TPEF)©] MKN 28 ¢] ¢}A4]
EFo| A ebB-42] tyrosne phosphorylations] Zz1e1x}2 W3
st B 2 TPEF7} 17424 o] proliferation, differentiation, &5+
gooptosis] &= el sk A0 ' F 4 = 3 At

2 AT A= 105 9] T2 7 A 250 A TPEFS 791 9]
methylation £4]-& ¢]5}o] BtU1S ©]2- 3+ COBRA asssy= %
AbgE A 3}, RPMI 26505 A €] gk 95 9] Al ZFol| A Ao
hypermethyldiono] ¥2zH=| Aot o 2] gk A= T4 Al =
Froll A o] methylation B o] 7} o] o] 7HehAll s 5-4/8(50%) K.t
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A s R B TS HojFrh 3 bisfite ssquendng
Fholl A = RPMI 26502 A 9] BLE A Z 70 ] done'd 3
529%-906%2] CpG site7} methylations] o] 2122 3218}
A2 0|5 H 5] toid RNAE )40 2 RT-PCRE: &)
& 7 3 RPMI 26500 A TPEF7} 71 o] '8 5= 2 o= ot
E}k 0.1, SCC 15 (52.9%), SCC 25 (85.9%6), SNU 1214 (61.8%)5
M EFN A= 719 walo] HA] etk o] 2l EH 9] 2ol
7} methylation 1ol o & 2 91< 8eletr] 91ste] demethylat-
ing agent?] 5-AzaCE 71 2] 3 2 3+ RPMI 26502] 73 18] 4 %
& WA ko TPEFZ} 7] o] Rl 4] 49k A ol A
T RF EEo] F7hskd . B¢k FaDU (90.6%) % SNU 1066
(7B2%)°] 7ol = A E BH S7HE Hylow], A Al
FFol A = SAzZC ofsl WA =7}t SUHE AR 1
BT o213 AR v o] £ ek Al 50l A TPERS]
methylation F-37-F LA = 7hell FEo] e ALz &l
S ek sHARE o] 2] 3k 4 717} methylation ©] 9] ef] T2 negative
factore]l 3k Gl Ah tiH A 24 5 F302<1 wole]
T AFY T YL HE o] B3t HehEAfo] B2 A
L2 oA
B 7] Ass FHew TPEFE dA7HA Hue W
&, A, 7l ofof FAHF-G Al EF0 A = methylar
tion ¥ olol ojaf B8 s} 5= M2 FEAA FrAAR F
7 =] v, TPEF promoter®] 5 upstesam ¢ <] methylation 2 I
EHF] WA TS AT FOE FYRA S WL
2 @ A7E AAlstel FARGe] 27139 3 A5
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