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T7 Nk (oral leukoplakia) = 77 A% WA (oral premalignant
lesion) & 7Fg W& MI&(85%) & AASHL, 1L TollA oF 4~15%7F ¢t
OF oY= Aor dHA Qlrk oYt ot o] (cancer progression) S

o7 T4 A WA AEEAA (biomarker) & 37| e ThFdt A
0] o]FolA gkt

A= 7 29 o]/ (epithelial dysplasia) oA T4 C® o=+
Wil b= E4S 2zt Ay o]&@Ale] ¢4 o]AH(genetic abnormality) &
copy number variation(CNV) #24& F3& #2353

He zAsrH o7 Ay o] FA] (epithelial dysplasia)©] EQl¥ 277 9]
WS WAE Hriekglon, 20 4 ol FA#E IS o FAge] T
W3kA] ¢S 32k (non—progressing epithelial dysplasia)©]al, 774
29 B FYofA F7Feteo] W e 82} (progressing epithelial dysplasia)
o]t}. Formalin—Fixed Paraffin—Embedded (FFPE) Z XA DNAE F&3
31, Tagman copy number assayS ©|&3Fo] CNVY X9 WIx T8 F
de dEeh

B ATE S 7 AT oldA AN FAUYCE olFH= WA=
% 3p, 9p9t 13q HA|elA CNV7ZF YERdth= A3, CNVZE of 2] 9] %] o]l A

UEhe Zlo] olaly Mavh 2 549 Fsih oy Yaw o)W

=5 = -1
e g gle ol 94 (progression risk) & ¢ 7 Stk AdRAoR 74 o
WS ol 7AYo R o d TheAdol 2 WAE Fa, H=H0R AR
st3 Wwa] 374 # sted Ego] 9 Aol




L A &

77 Nk (oral leukoplakia) = 774 ¢t A (oral premalignant
lesion, OPL) & 7H& 2 H]&(85%)& 2tA gttt (Neville, 2009). 1 &
oA oF 4~15%7} TR ® o|dqH = Zor LA vk (Reibel, 2003;
Saito et al., 2001; Schepman et al., 1998; Silverman et al., 1984). 7%
ksl A RS AAste VIeS FE A9 olF4d (epithelial
dysplasia) & +5¢F dZel 7|x3t} olgd 7|+E5 olgeto] 4 Wint

T A¥HgdeR LFska, A 2 fgel weEk 4y 394

o

(epithelial hyperplasia), % A3 ©]&A (mild epithelial dysplasia), &

oy

= Ay o]&E A (moderate epithelial dysplasia), % A3 o]3A]

(severe epithelial dysplasia) &2 &7 3tth. I8y %7] HA(HE U

=~
FEE 43 oGt T WWFY oRRS o Ty, A¥ure] oby 13
4% olgHul, 2R 9% Prh 2k FAY HYEE JH A5
@ 5 g wWEel mok AT 5 Je AR/ Bestd



T2 MRkl o4 old (cancer progression) ¥ #HE A=A A}
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B Aol e /A4 WsE 3= Jlojn, o] & &Rlsty] fF &
HAe WH 2 array comparative genomic hybridization (aCGH), &Y 4
7] ©3 4 (single nucleotide pleomorphism <SNP>) array, copy number
assay = °|&dto] ¥4 FEolA Yeluds ANA olds e Zlojtt
(du Manoir et al.,, 1993; Kallioniemi et al., 1992; Mayo et al., 2010;
Pinkel and Albertson, 2005; Wang et al., 2007).

A FAAE AWHOZ T NS A (copy) T AAT FAA
wel sh, E, il A Y BASE 2 497 muda, E §A%

AA7F A€ @ A5 #AE =, ©]& copy number variation (CNV) o] 2}
1 Stk CNVE EA| (duplication) Y A<= (deletion) o] ¢]3F DNA A 9]
1 Kb (kilobase) ©]%2] copy number W3E 2w]|dtt} (24 g3} Ichiro,
2008; Feuk et al.,, 2006). CNV+ 412 th38 4 (polymorphism) ol A
b, 54 F912 CNVE ZEe] 24zl dlo] 5
Av AW A A EA FEth CNV 799 FdzarE dd 25 &

geo] fAA AAF Ei W] fEelqe] WolE e A LAYl
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¥ o]@A WAy WEe Ay 3348 HadM #EE v (Califano et
al., 1996; Emilion et al., 1996; Roz et al., 1996). Califano 5 (1996)°]
FAF kel U 4 WY Bde As AAEH. 252 3p
9} 9p21 $1A19] &4 (loss) 2 2/d o] & (cancer progression) o] 7+
| &A YEuE steb= A3, A Ay REA HATH
Fete] o] o3 wAlel wet AAl o) WevE Frksh=

Bustginh, E=F oy AgEolA Ee] WA B ofyet Ay 3
A3 Ay olgAd B¥Aa, & 7] 7 wNESolA R 3pot 9pE HIESH 9
AALl ofe] FelA oA AAE Holes ZoE FH

(Califano et al., 1996; Garnis et al., 2009; Ha et al., 2002; Partridge et
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al., 1998; Partridge et al., 1997). o= 77 WNkZo] oA o|ag o4
s BAREA FHA o]ife] Zt: FAA &84S AAF sl
AT 542 1) 7 kg vebd  ole £
copy number assays °|&3to] #raual 2) 7 RS Zte 84 5
T E olqyE A 4d o]} FA BHAN FAUORE o]FHA
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¥ 1. Characteristics of patients

Non—progressing Progressing

epithelial dysplasia epithelial dysplasia

Sex
15/5 3/4
(Male/Female)
Age (Mean, year) 52 62
2. Held 2% ek % DNA #2

27709 et EE=S microtomeS o] &3t 20m FAE °F 103
Adtstel ddS Aotk DNA F&55 98 xyleneo 2 e #1735k
3L, ethanol® A% 3} 71 3% proteinase K& A7}t ¥ 56TCeoA Hj
st &3lA7Ia, =Y wAbA3(formalin crosslinking) & 37

(reverse) A 7]7] 98] 1A17F %o 90CollA] wjkal<d o},

3. Copy number variation &4

2771¢ FFPE %% ®EoJX ¥& genomic DNA(gDNA)E o] &35}
CNV &A1& Aldekiar, & 28 o] 879 82k oA assayE A
Bsleit). 2442k e] FFPE ¥ 2o 92 gDNA9 Tagman copy number
assay (Life technologies corporation, Carlsbad, CA, USA) % Tagman

copy number reference assay (Life technologies corporation, Carlsbad,



CA, USA)E 329 wellel ¥, duplex real—time polymerase chain
reaction(RT—PCR) & &3}tk PCR cycle> 95TolA 104, 95Tl
A 15%3F 403], 60CeolA 1837 543+ 7900 HT PCR system(Life

technologies corporation, Carlsbad, CA, USA) & AF&3}3i T}



¥ 2. Tagman copy number assay

Gene
Cytoband Gene name Assay location Gene function Assay 1D
symbol
cyclin—dependent kinase inhibitor c¢hr9:21976994 Hs04367145_cn
9p21.3c¢ CDKNZ2A CDK inhibitor
2A (melanoma, pl6, inhibits CDK4) chr9:21987690 Hs03717798_cn
chr11:69466166 Hs02666923_cn
11q13.3d CCND1 cyclin D1 Regulate CDK kinase
chr11:69469088 Hs01978234_cn
chrl7:7572767 Hs02821479_cn
17p13.1c¢ TP53 tumor protein p53 Regulate cell division
chr17:7578588 Hs06423639_cn
Ras association (RalGDS/AF—-6) chr3:50367666 Multiple function of tumor Hs02560777_cn
3p21.31a RASSF1
domain family member 1 chr3:50370782 suppression Hs03490926_cn
chr3:60249964 Diadenosine triphosphate Hs03499888_cn
3pl4.2c FHIT fragile histidine triad gene
chr3:60192696 hydrolase Hs03469498_cn
chr8:19802042 Instructions for making an Hs03689798_cn
8p21.3c LPL lipoprotein lipase
chr8:19823926 enzyme Hs00778029_cn
chr18:48568378 Hs06436145_cn
18q21.2a SMAD4 SMAD family member 4 TGF—-p TF
chr18:48605262 Hs02599864 _cn
chr13:48884045  Transcriptional repression; Hs07038675_cn
13q14.2b RB1 retinoblastoma 1

chr13:48938126

control of E2Fs

Hs06369868_cn




Z 7] 3,

o

Copy number assaye &3 4 A} (target gene) A4S &
reference assayi W5~ ) (diploid genome) X F 79| copies®
o]Fojx oz d# 7]F A Y(reference sequence) S FEA|ZIt)
2 Ao A= AMA] 14, cytoband 14q11.2¢] £A3k= ribonuclease P
RNA component H1 (H1RNA) gene (RPPH1)<S 7|5 A4 (reference
sequence) & ©| &3} t}.

Tagman probe”} target geneell A2&% ¢ fluorescent dye(FAM
or VIC)7} w3 E x|t Al £ 749 fluorescent dye”’} quencher
dyest A3 AHZE ol UA HER dyer} YA =t

Zhzko] 3t Qhol EAfstE B A A Ve A4 EAl 5 4] 4
3 cycle threshold(Ct) & ¥lu st WH-& AFESFSITE Cycle threshold&

threshold line¥} <% F4°] wabge| dld3sti= PCR cycles &3tt}. Ct

Zol == DNA oFo] #rim ekt (1% 1)

Ampification Piot

100 B

_ ARn

Detector[755 1 =] PetfaRnve. oyoe ] Trvestot| 01166268

% 1. Cycle threshold (Ct). The x axis represents the number of

cycles and the y axis represents an arbitrary fluorescence unit.



Aol s 51 MGy 7= ALY Ct @9 Aol (ACh & 46t
Atk A E(test sample) oA SAE ACtE, H3E ALl + MY &
FE 2zt F3 ¥ (calibrator sample) 2} vl @k th A A4 4
£ zl= F31 32 %92 = human genomic DNA (Promega Corporation,
USA) S AHgsksltt.
RT-PCR F% & EA Jo st A3} #2423 CopyCaller software
(Life technologies corporation, Carlsbad, CA, USA)E A}&3st=

comparative Ct(AACT) relative quantitation analysisE& %3l o]Fo] %t}

ot

mlo

DNA F&7 F34 o] 24 Aol e woF wmd pL
I ZARRE TSk, S mato] o kel Hoh=A o ¢ GRS S

ot
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¥ 3. Non—progressing epithelial dysplasia

1 67 M Buccal mucosa 12
2 60 F Mn. Gingiva 11
3 52 M Mn. Gingiva 7
4 53 F Tongue 7
5 59 M Tongue 12
6 25 M Tongue 5
7 38 M Buccal mucosa 6
8 51 M Mx. Gingiva 8
9 57 M Tongue 7
10 24 M Palate 5
11 67 M Tongue 6
12 45 F Mx. Gingiva 6
13 o7 M Buccal mucosa 4
14 40 M Tongue 4
15 53 M Buccal mucosa 5
16 68 M Buccal mucosa 6
17 62 F Buccal mucosa 5
18 72 F Tongue 6
19 50 M Buccal mucosa 9
20 34 M Tongue 5

Mx : maxilla, Mn : mandible, M : male, F : female

11



¥ 4. Progressing epithelial dysplasia

Patient Age Sex Site Interval
number (Month)
21 64 M Buccal mucosa 45
22 61 M Tongue 17
23 62 F Mn. Gingiva 13
24 60 F Tongue 42
25 62 F Tongue o4
26 61 F Tongue 117
27 61 M Mn. Gingiva 13

2. Copy number variation® ¥l&%=

RT-PCRE A3s 277019 74 Ay o|gdA F 4719 I (patient
number 1,2,5,21) ¢4 PCR Tl Aottt 71 A1 2= FFPE 3#:29]
579 7 DNAZ} 5538ty fragmentation®] wWol & 2ls A7fs = & Stk

CNV #4& Aldst A4 23/ 74 1] o34
oA CNV7F Yebgth. CNVZE YEbE Wk oA W aeA 713813

PA
o BE olaly WAzl @ ZEl o]4e CNVE mel Wi wolaly Wi

of
—
A}
N

_
P
1
N
\e}
xR

~

7hedl 42.9%%ke] CNVE Hith

E3] Al 7 o4 th4e] CNVE olaAd WA (66.
Ebk 3 wlo]sA] iAo E SEQTHG.9%). oW | 5}
© Fqt 3.3 HeolA YERSEAIRE vlo]a A WA {4 wgrt veRd

Bole it 2.0 2oLk (E 5, 6)

B
1o
Jdo
N
12
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3. Copy number variation® -3

BE EEOA CNVZE 7P S8kl e F-90i= 3pst 9palon 7zt
32.6%, 17.4% & ettt vlol3Ad ¥aelM= 3pel CNVZE 7Hd &3t
ol Wiolx= 3p, 9pst 13qelA CNVZF WakA vebsit) vlo]iAy

Aol A= 3plast 3p219) Aol 747t 294, 23.5% A JERETh ®EA, o]
A WAaolME 3pld, 3p213 9p219] AEo] BF 50% A EbsT)

nlo] Al W oA 3p el thE 919 CNVe ZE8A e 1
2= 9p, 18q, 17p(EF 5.9%) A Th.

3p Sl & 2919 CNVZF YEhu= Rl o34 W aoA S713
o 9pel A% oF 8¥(50%), 18qst 17pe -+ °F 691(33.3%) 713
=748tk 13q, 11g8}t 8p2 CNVE o] 84 W Ao A vt YEstth (£ 5, 6)

l:h
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¥ 5. Copy number variation in DNA from epithelial dysplasia

nlojggAs  o]gyig® D

28T 17 6

CNV7} ol ¥ & 6 (35.3) 6 (100.0)  0.014
Al 7 el7de] CNV 1 (5.9) 4 (66.7) 0.008
3pl4 CNV 5 (29.4) 3 (50.0) 0.621
3p21 CNV 4 (23.5) 3 (50.0) 0.318
9p21 CNV 1 (5.9 3 (50.0) 0.040
18q21 CNV 1 (5.9) 2 (33.3) 0.155
17p13 CNV 1 (5.9 2 (33.3) 0.155
13q14 CNV 0 3 (50.0) 0.011
11q13 CNV 0 2 (33.3) 0.059
8q21 CNV 0 2 (33.3) 0.059

TEE A9 g WEE

> Fisher’ s exact test

[e))]
=

14



¥ 6. Summary of copy number variation for all samples

Sample
number

3pl4.2 3p21.31 9p21.3 18qg2l.2 17pl3.1 13ql4.2 11ql3.3

8p21.3

Non—progressing epithelial dysplasia

Progressing epithelial dysplasia

22
23
24
25
26
27

+

+ + + + +

+ + +

+ : copy number gain, — : copy number loss

15
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IV.

= oA A (erythematous) =< 1

77

K<l
=

3 A Y verrucoid hyperplastic pattern

@] (erosive) HAE X3

or

o

(Silverman et al., 1984).

tel, AAel A

Z 33
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Aol Azl ofgws ¢

ST

B’

o
Mﬂ

il
—_

X
x
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B212 A}A (molecular event)

F7} o)A ge,

(molecular staging system)”7} %

KN

ol
5 -

o]t} (Partridge et al., 1999).
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CNVE Aw 4 (rearrange) & F-9 <kl AAY =2 7h7bolof Q=
Azxpe] dde) JFs F= 2%t 134 (polymorphism) ]t} (Henrichsen
et al., 2009). QIZ+e HE AN Foluit F e BAlFE Zh=d],
A< (deletion), &3 (duplication), 94 (inversion), 9] (translocation) £}
22 T2 Aol o CNVZE dojuA Aot ol @ HAle] 73
$HT ¥ =AY @2 HAF(transcription) S YHEo] vl (Hastings
et al., 2009). CNV §42 HE FolA dAvjdoz & + e 944
W& (microscopic chromosomal alteration) ¥} @ 7] W3} (single—
nucleotide change) A}o]9] 7+AS A4dd| +t}(Lee and Scherer, 2010).
1959 o SSollA ¥ 21 trisomyE Ao =® HI7HA ¢F, W
A Ay e FA7 Adsko] CNVel #dEo] itk Fo]

oy ATE E3d] delFth(Lee and Scherer, 2010; Stankiewicz and

o g

¢
it

Lupski, 2010).

CNVE ze= WS A7 F 7HE vs 5 Sled, 2 AdelA A
23 W2 RT-PCRE 7|WFC R 3} target—specific detection W2] 9]
oh kA ATl whel Eo] 54 probe’t target geneoll AEste] PCR 3

AE B3] = 2 A dA AsE YA @tk Test sampleo] A

HAZ¥ 23FE control sample®} H)W3t9 copy number® =43+ 4 9l
o} o] W Y8k target genedl thd Ao %= (resolution) 7} a1, &
W A 23 probeS oF 2307019 sampleo] tiE] WEH o7 A}gs 4 9

CNVE &9Qlsl= v& ®H o2+ genome—wide detection %2]o]
Qal, JEAOSFE array CGH7F o719 ¥t Array CGHE A3 3}
iz 2] gDNA°l 27 t& 33 EdZE EAISE $o] microarrayell

hybridization A7l %, YElp= A5 AL S7F B Fas 5481



CNVE goldlA =t} Array CGH Wl o= AgtslE= probed 179}
Foll wet Adeerh gdepxity, mebs Ado=E Fol7] ffsiMe o E
T, H 2 =719 probeE ARG arrayE AlESfof vk gk g W
AFE3F arrayS TRA] AFES 4 QLo P E test sample 7 B2 7

[e)
o
fo] F7Fstt}, AR A A A A (whole chromosome) & 41 & 4 3l

oy Ar== Sl FAF dolA vehue #HdA &3 (genomic
imbalance)©] 3p, 8p, 9p, 11q, 17p, 13qolA F= #&EFHA}E= Flo] &y
Ao (Brennan, Boyle, et al., 1995; Brennan, Mao, et al., 1995; el—
Naggar et al., 1993; Huang et al., 1999; Maestro et al., 1996; Martin et
al., 2008; Nawroz et al., 1994; Nylander et al., 1996; Partridge et al.,
1999; Pateromichelakis et al., 2000; van der Riet et al., 1994; Ye et al.,
2007). o] & 3p9 WY TGl sl A5 vEhde Fd4 Wt
olaL, o] HAA F-2i7F Holx 3719 F¥F A A (tumor suppressor
gene) & Xty & A ok (Maestro et al., 1993; Wu et al., 1994).

T A AAA o el s A&l ATTE o] Fol A

(Califano et al., 1996; Garnis et al., 2009). F=3F 3 o g2 RE AL A
vl o]dA Wit 7Y HAE AE 98 YIRS gk Zlo] gl
% 9t} (Partridge et al., 1997).

Mao & (1996)°] Hx= T4 wnkZFoA velbs A4 o
ATkt 3792 xS diid oz 3pldst 9p21 P AES FAMSH
g F99 d&o] = AF FAYoz ojdd 7eido] EolA &

WSS Partridge 5 (1998)2 49 o84 2= 3149 +

i&
ol

P
o

18



74 ks 9l A Ak (erythroplakia) WAE WAFCZ 3p21, 8p21-23,
9p21, 13ql4.2, 17pl13.1, 18q21.1 P2 difAdA =+ (allelic
imbalance) & A8t L, 7 7] o]/de] doA EdHS Ze Hart
A G A ZeE o= =

S (200002 27] 77 AY WAE ZE 11339 s ez 4N
A AEHSE ZAIAL 3pgt 9p £lel% 4q, 8p, 11q, 17p FHlelA 4
AR Aol vyebE A o old e AT =T FUteE As gl
Garnis & (2009)2 62719 77 AY Wit 24702 AP FIAAELUYF

of tat aCGHE Fastgith. 7 A3, 5o P4%ow olals Fxwe
]

= @Aollth Garnis 52 @TellA o)A Aku o] g A

Wt webus A WY 791 9p, 8q, 20p, 2093t F=elE o
oz 3k Ao A= p5b3, p63F cyclin D19 ©wl W o] k3
AZelA ¢ A AAEE oS8t TAAREA TFeA ol dthal st

(WA &, 2001; S8t 5, 2002).

¢

B oA = Tagman copy number assay= ©]&3Fo] nlo|aAl H
29} o] YA Aol A UEUE CNVE o] & gheyWlon, o] 24 CNV +#
Aol 9)o]A] copy number assay’} Zte= §8AS st o7 X

Z oA 3p YA CNV7} vlolaAd WA (26.5%) 2 o] WA (50.0%)

19



oA 7H wo] yEbstth o] F FEl 3p f1X9] CNV7E Ao wmE
AAE Fe% F44 ®wgge ol AFE AYE el F & 9t
(Califano et al., 1996; Emilion et al., 1996; Mao et al., 1996; Partridge
et al., 1998; Rosin et al., 2000). %3t o]d AtelA B3 A3} {FA}S)
A, &4 F$1(3p, 9p, 13q, 18q, 17p, 11q, 8p) oA Hol= v CNV7}
o] WholAd Bt B TR Yelgorng g 99 oo
A MPE FALORE o= A 4T o]yAo] Zta Qe A4 5
Aolgtal sk 4= 3t} (Partridge et al., 1998).

T2 wEgol Yeb® Wlize] SlojA 2 A A= old A9
JRAER} o)zt Ak F 5 (2002) 9 9§ AFelA p53(17pl13) Y

2 oA U= A 29%, PO E o= AHF 43%

A gebgon B Ao e 42 5.9%, 33.3% A UERgd =3 9w 5
(2001)< cyclin D1(11q13)¢] Z&e djsl] A -3to] ooz o]y X
L A 20%, oldEHE A 80%2 WERE Yehdtin H el ot
AT = 0%, 33% A HERE AS & 5 AT Rosin 5 (2000)
o] ATtell gJstd 3pe] Af M o® olqyEA] o= Wil 25%, o F
Y= WA 64%9 allelic loss7F YEFYAL 9po A% 77 46%, 83%
] allelic loss7} WEbATRIL eFglet. WHA Ao A= vlo]hA] |
o]3 A WiolA 3pe CNVZF Z+zb 26.5%, 50.0%2 WE=Z e
9p9 AF 27 5.9%, 50.0%<] CNV7F &R1E 3t} 3p9t 9pell ol
22 WE+= Garnis & (2009) ¢ 93t AG-9l% zfo]E R
o} o]d AFEHS Apo], 1l o] d AFEvith e 4
=)= ‘]-o]l:_ /ﬂ%}joﬂ 33lE & Eg ]_ 1’ “['-7(} z] o} Hé]ig__ 24943]_37_

WRekE whHe] then, RAjnitk ALgH whe] 717 thy] wioleha

_

2
i
32 b

o
d
A

rie
2
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Aol e el ukel o] 3pgl 9po] EAMo] 7] WadA A
DAY= A2 o] F919 Fd4 Wyo] oF o]gq RHe] 27| Al s}
© AYS geFErk(Califano et al., 1996; el-Naggar et al.,, 1995). =&
T S MAoA FAFYORE oy dHe] XA EH wA wet
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Abstract

The correlation between genetic abnormalities

in oral leukoplakia and oral cancer progression
Tae—jun Kil
Department of Dental science
The Graduate School, Yonsei University

(Directed by Professor In—ho Cha, D.D.S., M.S.D., Ph.D.)

Oral leukoplakia is the most common oral premalignant lesion(OPL),
accounting for 85%. Earlier studies report the risk of cancer progression
of 4~15%. Various researches have been performed to find the biomarker
of the transforming OPLs.

We evaluated genetic abnormalities at the level of copy number
variation to investigate the risk for developing cancer in oral leukoplakias
compared with non—progressing oral leukoplakias.

The current study used 27 oral leukoplakias with histological
evidence of dysplasia. The first group(progressing dysplasia) consisted
of 7 oral lesions from patients with later progression to cancer at the
same site. The other group(non—progressing dysplasia) consisted of 20
lesions from patients with no occurrence of oral cancer, had longitudinal
follow up (>4 years). We extracted DNA from Formalin—Fixed Paraffin—
Embedded (FFPE) sample and examined chromosomal loci and

frequencies of copy number variations using Tagman copy number assays.
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Our study suggests the possibility of predicting cancer progression at
the genomic level. Copy number variation(CNV) frequently occurred in
progressing dysplasia at 3p, 9p and 13q loci. Our results also indicate that
the CNV at multiple loci is the characteristics of progressing dysplasia.
The genetic abnormalities of the true precancer demonstrate the
progressing risk which cannot be delineated by current histopathologic
diagnosis. As a result, the analysis of genetic abnormalities would be
helpful for aggressive management, closer follow up, and early detection

of invasive lesion.

Key words : copy number variation, oral leukoplakia, genetic marker,

cancer progression
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