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Current Advancement of Oral Cancer Research and its Clinical Implications

Department of Oral & Maxillofacial Surgery, School of Dentistry, Kyungpook National University
Tae-Geon Kwon, Chin-Soo Kim

Recent advancement in molocular biology enhanced further understanding of the carcinogenesis of oral cancer and its relation
with various genetic backgrounds. Familial risk factors includes similar habits of the family and polymorphic variations of the
genes. Recently, human papilloma virus has been suggested to be linked with oral cancer progression. Enhancement of
understanding of the damage or alteration in molecular pathway in various cellular response of oral cancer progression would lead
the targeted therapy or precise early diagnosis of the oral cancer.
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I.H &2 EAg a7 Wet 3ol Fadt 93 sh=
Aoz 9EAA Flok, 19719 n|= Y&tsdo]
T s, &, EfA A A, FRIE ko] A (War against Cancer)S A3Estal ¢
AU Sof Yeh= oz Zuﬂui ol Ao A ukeg S EAE gl A A, A A9 opglo] ot
SF= O 3~5%2 A5l HAAAA R 1d QF FOA Fdtel 714l 2HE o|FA = Sith
307y Awrp pAoto @ Anhke Aoa wyEs o3t X AR Qo] ulolg Azl ukobyly
AP, el QoA WetmAge fAHAl wWel ol vAE %, 54 oheh# ®#olelAkchemical
(gene alteration)®] %22] Aol olzjdt &et  mutagen), o2 7H| FdEd Ee AS=E o
AL oA 7k dAIE ARA Hed &5, 4, ahyol BN EA 547 wolot Al E Hrekske]
Hfo|g 2 So] g7 Bghd - syt HHHY, Aol TFHEA, whA] whg|E]ol 7ol YA
BApgEste] =ako g 1970d o] oj28 ojW 7 SZH O ait 9= AAE 54 oAzl A
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g 20| gIHx 0 & Agah= ofH o] 7= o]
7Nele] 6424 o} X(genetic polymorphism)el
ghgeo] Ailohs HEjshe] Al 7t mefdAiole)
£ 7|thell FZo] 9l ATk o A3] ¢ FEE
A ka1 glom o]yt kel AL Medical
Vietnam © & UL Qb= B3Rl Asie Wk
ot Joll= B8k 20039l AZHRAA |7
NERET} bds] sfEE g, Hdols dd 4
HE XBAROoF motu]= Ao o]21 Q7] wfiE
of, & A7t Ted] A 5H A, & FE— AR
-3kt a o] wEA] AL ofg] Fopol|Af g XK
£ olFL Qlrt. o= 712A AATE Yidol vt
FEHA ehd AR A7 2 52 AR o
RS AASEAL Stk RS & Hojal g},

2 =RoAe JT Y AT FAo] Hat 9l
1) e A" EAESH o, 2) vloly
2 A3E SL7Fetol| tiste] dobi AL o] F o] HL73ete)
BRI/ X 2ol Sof| o] B A Fhofsl=R] Al =
W et el atet Aol 2 Aol dsto]
4

5] A7fslaLA) st

o J

—
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11, 75 s EXf S0P Ho|
(Molecular / Genetic
alterations in oral cancer)

7ok Wrorut g e - A &4 (genetic
3

damage)°| F4% o] NEZASHY, DNA-3|&

’

(repair), AZF7](cell cycle)52] AE FAAG
Aol B4=AQl Qa0 ZFAIE Yor|HA Al2e] 24
of B FAEE ttdA IH (multistage
process) Ot IHAQ HRtaby mdlof ofshy
A Q) Al 73}, AP (apotosis) ol THAE
TR of ] 7HA] WekEE ol ek Q1A <
gto] SRS AR Al ZEGo] Al Z1g =] o] 9Fo
AZH(initiation) @Al o] 27 T, 0% AliEof

e

A2 Ho |7t Al&EH o) EX A (promotion) &
Ao} Fdeo] W= A2 FHHo=RE ¥

ot ol FFE SAlshs dAke I AR et
o] YAIRE gFo] Al2tEl= Aol 2-8-= T Ak

FAFS HHE = Q= A oR AE A AT
o] AZFHET}, o] Al7]s= o2 7F Al @A = A o]
ok AQlo] AAEH o] AAtE = AR Fobd 4
U 7HARl dAlolt), 1 TR = ko FHA
(progression)d] ©|2A| E|H FdHL7}F WEA
Aeh= oM A== JsH ok, ofuff AA|EZ =
Ho 7} A &E|aL AJ3Ee}t A|Eze] 7] (extracellular
matrix){F Al el FA7F A7HA A7 &
dsHA ek, o] BAolA of2] 71A] protease A&
ool A|329] 7]A9H(basement membrane)©]
Bokal =0 P W upide RISH ot o
o o] ol A% A7) st dddor &
#gd(angiogenesis)o| Zo] dojupA| Hcy,
olgfgt el ol| A fHH R HPH AL -
F(field of genetically altered cells)©] 2™
o]2|3t field cancerization W&ol At 2 2x}9F
o] A7l= Ao FFZEUY, & FHAHoRE W}
e A|lE7F AP 0w FAske] obA] XRIEER] ok
FH(nhon—invasive field)7}A] ¥=50] 4517 &
o, o] Fio] oba] Hu|H o7 FFo| YAl = &
ARE A A Q1 Ay 4 F)7F Hr, o] o] v =
HAE AA skt ste et o] fieldw Al HobAl

O

o] At 52 ZefskA Hrt, Califano 5(1996)”
< ol Rl A hyperplasia(Z2F
Aol A o]F@A(dysplasia), AW (carcinoma

in situ), 222 PR TGl ol2e 24 W
2J3HA1Ql IS AAA| 4] thefet ~HE- o] A
2k F7kskm, o] Ade st e AL E
(progenitor cel)olA GeiE SUst G2 el uj
e 7= AdAlEe] S4B olEt ol Stk
SRS AL A R s B [ i R e B R
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TP53, CHDKN2A, pRb 52 o 74
pathway 7} A7) B A] field cancerization
= ZAE = Aer HuEI glov” ofAw gk
et A4 Hske] sfelS b s] wofsiA|= fstal

=
s
At

1. 8% 22 M(Genetic instability)z2t &
Alix| 0]A (Chromosomal aberrations)

1) 7L MEZR S tH

T Aol A= Therst AAA oS e
4= Stk PMIEL] 97%ol A BAA] 3p7t FEA &
2 AAHOR AEH Z o s 9lar 70%°)
A= 11q13F917F 55 sigol Hexd”. &
8] 11q137919] $52 Pdwrt =1, D71, A
Wik Holgo] w2 790l RIMsHA vehdty .
o] 11p13%-9oll= A:Z9] DNA 4719 G1/S
ATHS 2A-3H= Cyelin D1 $AA7} ek 1 99

o

T B3lert W (poorly differentiated)ollAl
1p, 11q, 13, 19, 22q9 TFo°] THt== B7F %
o R O AAA| 9] A oo} 7] A 0] Hrt,
dEE&° 9p21F Y= pl6, pld cyclin-
dependent— kinase inhibitor& encoding 3}
7] ool o] FEO MR A4 (alleleic
loss)o] el A UetuAl "ok, = Kings
College 9| - |t A+txle| olahH, F7FHE )
Aot AlESA 3p24-26, 3p21, 3pl3, 9p21E:
A9 Aol g Ado] skt o]4d2] locusell
A HAE S, dREEC] AAT| RaL AFTEC]
254 F71ek= A O02 UrhgTh?, o]F o|ggda
A(loss of hetorozygosity)o|2tal gt} & Hiw
BHE U2 Q7G4 5 R7F A ] Rt
T A e Holdle AR fel, 1 7)E
o] FdS St SHA|TE 0] FHATF FAHO|
o &sto] Y| thgf-AAke] s 42t 75

S Fole A9 7GR Tl AR O A

Normal Hyperplasia or Severe dysplasia Invasive
(’ epithelium mild dysplasia or SCC in situ SCC
Carcinogen exposure _ _ o .
(alcohol, smoke) + Telomerase activation « Cyclin D activation + MMP-2/9 activation
* EGFR « EBV activation of |+ 18q del
Genetic changes + Trisomy 7 EGFR/NK-kb « PTEN activation
(Polymorphisms of +9p21del « VEGF/VEGFR
DNA repair genes & « P16/p14 |na_ct|vat|on activation
metabolic enzymes) + TP53 mutation * 11913, 13921
* 3p del « 8p del
Epigenetic Abberations " * HPV inhibition of p53
(promotor methylation, gupression

histone code)

Genomic instability

08 1. 88 SAMSSE WOt E8Ye| SN HalE Xekels Taeel wern
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A El=t olebt dAfo] FE A fHAF
(tumor suppression gene)o] LERFHA o]

A A 75 ARAe] ok MAA7)E gle] B

7h FR POﬂ O]w %ol 3. 5HH ZJE i\:"“:]l A
Ut A-zlof| ofshH FrFek ghatol| 9lo] 7H5E o]

= 7<% relative risk FHAYAE) +=3.79 9
on HEuygaF ozl ool FAl] AdtH A+
(multiple primary tumor)7} & -5 A&
Ars 7.892 tds] =A HeUAY, S5
(multiple primary cancer)°] = 4%
L FAA AvkE AFetA vehdiths AE Hoj
AL Qlet,

xS

o

o2 o2

N

2) Epigenetics

Epigenetics ¥ DNA Q7|4 dofl= s X
HOoHAE FAAY] 2Ho] dojub A4S Ut
Aoz ol AR W] Moyt AR Ao
e A LIk & o} Yojux
b g Bo] $4 4 ek Aolty, o
2 promotor site®] chromatine®l histone
modification®] €JgF DNA methylation]| H3}
of &gt Ao BuE QIth?, Methylation ©] &
oJURR| Qkotof k= ¢~ methylationo| 27| A
o™ L Rl A7t qlom thREe] 9 ok
Al GHAFE 0] methylation®HA] 21 W&o] oA
w31 oofjufe} FAEO] BHAo] S7LsHA He,
AR AAZE AJALE] = oA ol 7t 7k 5
promotor®] £4 £(CpG island: Cytosine—
guanine dinucleotides)ll methylation©] ¥o]
U™ Histone deacetylase(HDAC)7} methyl-

—N &2 o

|

CpG-binding domain proteino| 2 g3}
histone?] acetyl group< ol WA},
Methyl-CpG-binding domain protein o
HMT(Histone methyl transferase)”} 2¢sH|
w1 A3e HMT+= methyl 7| histone®] 42
Al# HMT-methyl 53AE 44304 Hrh,
Histone modification® DNA methylation»c’—
30 tAdof| Fa3t g3hS 4=y Mk of e} &
Aol e ke 7] wizol” Aeke| ot —FE
o] vk Oﬂé T Q= A= 7‘515‘}741 01741]_’
ltt. # Chang 372 &+

715 4] BFata Hof| tisto] |3kl "”7]" A
o]# gt methylationol ¢lsto] % == gene
silencing WY& skl Qlot, E3E o] gt
DNA methylatione A& & thEdE AT £
gk 7H9 o7 ko], 2= 9| targeto] Hich
£3] Azacytidine, Decitabine¥t Z2 DNA
methylation A=Y 3= o] tfsto]
2 A7} o] Fof A AL Qi

N

. M St (oncogene)

G- H2Honcogene) = AIES AN ER
A7) =8 THo] Q= 4L EEtt Proto-
oncogene FFA 02 Aol EA k= A}
=, Nazo) At w3tol| IAISHARE ZdHolY A
2} #9] 5ol o A A Het
oFo] Aol a3t ¥Eo] Q)= proto—oncogene
o= A&dAY AFAA &4 [EGFR,
Epidermal growth factor receptor EI|AdA<]
A4A); int-2(FGF3); hast-1(FGF4)], AlZ]
AEHLQIA} (ras gene family, raf, stat—3), &
ARRIZ} (c—mye, fos, jun), AIZF7] 2AIA;
[cyclin D1(bel-1)], AZAFEQIA} (bel-2, Bax)
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QUi o5t =2 [

1) EGFR (Epidermal growth factor oFE = A2 F4(proliferation) S E7dk=
receptor HI|HEQIXt £~ZX)) EGFRY 7|5& YAIgl= FHA A= AA =L 9l
o4 7|Y¥9l AstraZenecaolA+ 2@;7]|7HE t}. £3] Cetuximab (Erbitux®)2 EGFRY
QJAFAIE Tof 200340l AL Herx| = Al o] monoclonal antibody2A], 4202 s &=
[e]

A (Iressa®, Gefitinib)}& AT SI9ich, shAlst  ZRerolal BAbAIRe Hastol AHGES U5
ApeIe B o ofo] Euh WE glold  FDACIH B4 £ vk Uk (13 2).

AstraZenecaZl S 4 FYEE Wt % EGFRZ Al223EH0] =849 shta Hotulgat 3
Aof| Al X7} Q5] USEHA &3l 2010 49+ Ay WO down—stream target= AUl c}, dct

g Syt A H| AN ZF ¢ (non—small cell EGFRo] ¢AlslE]H MAPK, Akt, ERK, Jak/STAT
lung cancer) XA Ajghd 0 &2 13} ]| =of ARG pathways= &3t AlEZS] F4] AP 3%, 3
5918 viglt), o] ¢fo] ulZ EGFR A Ho|(EH A, Ao| Tt 2 9] xlYabgS dstA Hop
o7} Q= 7ol A oFER 2R3t o] oF a4 EGFRe] &83F 22 o|Zlo] A &A|9] 402 o84
Ao g R F7F oll= A|AH 02 ARGE| L §) Hop el 73eke] o35 UEhl= FAALE o] 8E|A

O} of2] k] AR s A2 ooy, W — EGFR @A ol 97} 55 - X|5A9 a5
EGFRS FAFAZF0f YA T4 5ol A B7kslet ol 8 4= 7] whze |,
=0 ujg2 uE | Ishitoya (1989)50] skl
S BAEJAT® | ZF7HA] cetuximab, lapatinib, 2) Ras Oncogene family, Cyclin D1, Bcl-2
zalutumumab, erlotinib, anitumumab &3 Z& Ras proto—oncogene = GTP binding
Cell membrane - " iy
pramsszzrt 4@ snotioin 4 T rapatints F sunitinib

= sorafenib—
,

- gefinitib
dasatinib
—GE
AZD0530 @ lonafarnib

bosutinib
RAS

PI3K e l farnesyl
transferase
l fRAS

perifosine — AKT l

Nucleus

Cyclin- flavopiridol ::Q::::Sta'
icicli Histone
dependent ) p—seliciclib |—LBH589
k?nases UCN-01 deacetylases FR901228
BMS-387082 MS-275

PHA-739358

temsirolimus l
RAD001 —1 MTOR
AP23573

MP 529 Aurora BI2356 holos

MmN 8054 —(  kinases nzra— | like
AZD 1152 AB.C kinases

midostaurin i
Protein 26S b
enzas(aurin_| |~ bortezomib
PROLIFERATION MIGRATION METASTASES ANGIOGENESIS

O3 2 Pl BEE NSHLHH Y 22tol s EX

00k

ot 2
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proteing &5to] AlZE A AZ2d Y= Az
49 signal(mitogenic signal)& HEul=t] 3ois}
o et A= o]83t ras oncogene family %
UE7F e E= Aor BuEy Jof, dE &
of Tfjol] o5t 7ete] A9 K-ras &/dHolet
o] e,

ANEZ 7] 249 positive regulator 2 2-gsh=
Cyclin D12 p16, p21, p263 Z2 £ oA 44
Apof| ofsto] ARHTE?, ofA] =gho] ofx|= §lot
Cyclin D1o] 5A2Q1 oF] s} edo] glomP
T A, dupad Aol AFtE BEIEe] Qo
AHAAF, Bel-2 94 TP Baxird o] A4l

& el AT B A0 A ZT 5 AP,

3.

oQ

oAx| XXt (Tumor supressors)

HAAFAA = AEF71E HEA sHAY AlZA
Fof| Bojgtet, o] oA A= HEdAHol
(point mutation), AlZW9] ThlA FE= Hio]ZHA
THH AT ASEAY Em A A E 0] 750 sk ®
o}, 7P tiaEA 2l Aol p5b3 Aol p5b3 4l
A= 17pl13.19] A SHHA 4 Xﬂ«] A
(genome stability)S FA8R= 7152 dh= Tl
A ko=t o] 24 DNA =41} /\Pﬁ 2
A 5= A5 "ok A5ols ps3 S| oA

o gho] ZASIT AAAIE = A W] 9
of o] gl ale AjsEo] wermbyo] Holshs Wk A
A2 BRI IF p53E B g ogxel A%

gral et ps3th o] oAk ‘21694 Oﬁ“é%—ook‘ﬂ]
Mol 74 Mg S0 Waoln”, p53e] o
(mutant)= 77857 FUlA BT A5 Yehl=
Aoz deA Uop*? E3F pad AT HAR
(surgical margin)oA p53¢] WHo|7l w2 A2
AE 79 27] AP 23 AHeke] 7hs g ot
go] ek, o] wfof ZIYH koA Hol7t U

Hygw ‘El‘ﬂr“”.

pl6 THAL FFA| T =ZA CDKN2A
(Cyclin—dependent kinase inhibitor 2A)2 &
2|7t} o] p16& CDK4, CDK6S}F 4&slA vk
go] 0]&59] Cyclin Dol ¥-8-8H4] ZoHe S oh= <
& s AR S] FALE AAlS
o]H3t &= retinoblastoma protein (Rb)E
5sto] wiZiEch $19] p16-CDK4/6-Cyclin D
complex+= Rb9| JAIEHE Wafste] Alzx7]7}
Gl-> S & Zdu= Ae Asigie}, webA] pl6 o]
$OH Rb o EE/J3} dojuA| =|aL Ajsz/d o]
ZAEX] 2 AR = Al ZRE T,

A
1l
¥

S MRIXt (Angiogenesis)

VEGF (vascular endothelial growth factor),
FGF-1 & —2 (Fibroblast growth factor 1 &
2), Interleukin—8(IL-8)5°]H & AN §
go] ¥ A5 TS Q= AEE o]8d = S
o} 2T SoAle IR M2 #2o® 6t
QI o] 59 Bevacizumab (Avastin®)<
VEGFo| &Aoo 2 2835= A AA o+l =
£ FAE GenentechollA] 7iEEo] 2004 dEH-E

gl 2 8=l gl

11, Hroj2j Aot 7yet

Frreko] vkl 9lojA] H|E e} &o) 71 =
a3t 344 94wkl A AT HPV (human
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QUi o5t =2 [

oo o/
T =5 RV =AM 2t HPV 26N FZiok
p53 HH0|A] AAl p53 Wild typeZ=Xf
Rb(Retinoblastoma protein) =7} Rb ZtA
SAEESH 29I p16 XL p16 BHLs
cyclin D 1pgbsd cyclin D A{&tsd
HPV DNA/RNA QiZ HPV DNA (type 16, 85% O|AkS| case|

M), HPV E6, E7 RNA

>
ol
2
>
>
ro
jo
-
>

At SR A TR}, ko] SFAG

RGNE] £ RGE 25
Y TaEm = ENE T =ERE
T T (50M| Of4) HE o4 (45M o)

A2l ZHA g2 A2 ZHH BErE

2rlEIE XiolAgt grldlE BT 4E

DE 548 29 ZFZ oI5 (0ropharynx, Tonsil & Tongue
QA 9ol base)

MEE 232 MEE =2

LA 2 oI E0H 2 A 2 US
papilloma virus, 17t 7% HFolg )7} 47— Medical Journal)ollA] AA|o] A4g74He o &
AFUE] Ao =& shtel aa' Y|l 9l 9t HPV oAl o oAl HEshe AAd &
o} 2007 EAFATE D' Souza HAATH  AE Y oL 9J5to] HPV oyl Foig 3

o Zpgero] U9l Hlol#|29l HPVZE 74eke] 49l #sfof glrha Fakakar 9ok,

o] & 4= 3= Hreluk ok, 919he] WAof4 dle AA7IA] 320714 oS 27 v& HPV E+7F
et who| 2 e vhe|g]of Yol Fadt AT sl AR o] Qlar, TR S el 7 wRlo|

O = 457l At npizA| & o] gl vloli A 7] U= Aol FEAQ A4 79| Yd A= dHA
o] 7S doFitk= A2 A2 w02 oA U= HPV 16, 18°]tk”. E6, E7 oncoproteina
I Qi HPV #E3FE ofF &3t A¥(sexually viral genome Wol| S01313L o|Zo] ZPAEH oF
transmitted disease)2&, vlar = 4740 Al AEE oA @l Rbe} p53E =843 A1A
Al W=H AA AgHFH(Cervical cancer) ot & uiZishAl Hok, HPV-4dQ F3855%

ALY 70% ool of volelast MU GTkT o] AP, F2 MR, B, AN Sof Behn
Bk AgARol B HPVZL ARSIARoR 24 HPV-249) Bt 4 i) 54l Ak 2

el A2 AA7I-F Alol9] ARA HEL I B AEES Holn A gravtk ofEsto] AA|
2 deA ok St AEA(YA8 et 267014 Al ol o= $2 Aor HuE Q7] wizol st
oF HIRZE 4173 i SEH (6% o) 7F HPVIH o] M= 9] FeE Hoixbe e g
A s =Y ok} 2 Al = E (3 1). T HPVIA 704k 27123} oo
2 39 e dRlE AlFetar ek, @ 2Hl THAske] thefRl A=) ZdY = St

Eg| 39 Mehanna 52 9= 2|g3]#|(British
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30 1
O=esh&X
2351 m=2uystax|
20
15
15
10 - 19 .
5 i
5
0 T T T T T T
N ) 0N 5 O & )
69 qﬁ> q? (éb <§> cf> db
& N P & & & Q
« & & & & &
ol & N S A <© o
Q' \‘.\ 00 \)\ X2 Q ’b"’
Q‘b 0(: o \1" (&)
& & &
& > &
W) 2
<&

V.2 B

19714 Judah Folkman o]2k= ojzkelalr} otz
2] 0] /g7 Aol 2he-Em vk e e ot
=W & A= Stk ©]&2 New England
Journal of Medicine of H33}HTF?, o] 0|22
GA| tiFEe] 5 el A drolsofA]A] ¢kek
O} Folkman- F<3t AtEo] o] 3hdg Sk
otz S kA2 glolHE AlAlsHT 40|
At o] % X|Folli= wl= 10007 o]Fe] dAtAo]
ot g Adol digt FAIE 1L A5 sk
o, oA GAT viel o] of A7 9
2A FA AAAIT} e AR SReIA A
GEaL Qle}, olejto] 7]—%@.?, A= ALY AR
A Z2H 9] 7|5to] E]ar Qlrt,

yskel

A=

r«lo ol

017+e] FAAAFE (human genome project)©|
Aoz oy o]T A (proteome) #4171
o

Aol 288l o] AL i A

> ox
tlo o}-J 1;

2t (2006~2009)

A= ADA E - A ol A = BE fAA
FwH o7 WAslA ol o)
Cancer Gene Anatomy Project
(CGAP)7} National Cancer Institute(NCI)<
Feg AzEglon  A7oke 2dker FAReM]
A% w2 2y Aols W EAd A7
(National Institute of Dental & Craniofacial
Research)ol|A NCI¢} s F45F CGAPE
SotoP?, =) PUletEslslA s ke A
Wk op ek Wk, A9l At Foll gt et
of whel thefet ’iH ol A& ARk Qo). # 4
LSRR = g AR 1 I el B S B4
1349 = 9 59| =wF °F 60% 7t FA7IA,

5% Wl 7124

At
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