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island methylation, telomerase shortening, telomerase reactivation, microsatellite instability 52| &
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27 mE 7)o AgeluA, Aol WAete] Adelidl Fod AL ka9l gol
FEE I gieh, e obg7hA L B el wlal Algete] wekadel vig olsle g
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Moz ulekd Holn] 3 ole] U3t Wb Be AT Yo

A AL AFAEA 71D AT AL(80~90%)°] HEES AA|elv, AEAELS E
deto] ofE] olgo g FEE F ok AAGA EES] FHA wWele
Huxlglot HAJAQE o]2le] FHAE ohekst 4% Wol7t Huxs QekE 1). o]
% Kras §FARe] 2384 Edwlols HAStellA 7Ha &3] dE=E = §44 wold 3

=
thol™, Al A $AE = 44 Heke £ 13 2k

N
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2. Al FRA X FHAF HO|
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E 1. Histologic subtypes of pancreatic cancer and predominant genetic alterations

Tumor Histologic features Known genetic alterations
Ductal Abnormal gland formation; KRAS2 point mutation,
adenocarcinoma desmoplastic stroma; CDKN2A, TP53, and MADH4

Osteoclast-like giant
cell tumor

Serous cystadenoma

Mucinous
cystadenocarcinoma

Intraductal papillary-
mucinous carcinoma

Acinar cell carcinoma

Pancreatoblastoma

Solid-pseudopapillary
carcinoma

well-to poorly-differentiated

Undifferentiated neoplastic
epithelial cells and osteoclast-like
non-neoplastic giant cells
Numerous small cysts
around a central stellate scar
Cystic tumor containing
mucin-producing epithelium;
“ovarian-type” stroma
Intraductal localization;
papillary structures of
mucin-producing epithelium

Acinar cell differentiation,

occasional endocrine differentiation;
lobules separated by scant stroma;

solid and trabecular regions

Acinar cell differentiation, squamoid nests,
occasional endocrine differentiation;
lobules and nests separated

by dense fibrous stroma

Monomorphic cells of epithelial origin;
may express mesenchymal

or endocrine markers;

solid with central pseudopapillary pattern

inactivation, multiple other
genetic alterations
KRAS2 point mutation

Loss of VHL

KRAS2 point mutation,
7P53 loss

KRAS2 point mutation,
STK11/LKBI gene inactivation,
overexpression of HER-Z/NEU,
loss of heterozygosity of 6q,
17p, 18q, and 8p

KRAS2 point mutation,

APC/ [-catenin alterations,
allelic loss on 11p

APC/ B-catenin mutations,
MADH4 loss, overexpression

of IGF2, allelic loss of 1lp

[3-catenin mutation

B allelee] W5 Wo]o}l FHEE single allele loss (loss of one gene copy) ol &3l Bv|&AIs}
o} vbHol| -5-A R+ mutation, translocation, amplification, overexpression G-oll 2]3l A
sk A 9pell 9113k CDKN2ApI6= AASEollA &3] vlZAstE = FAAe] slitol
t}. pl6<2 cyclin-dependent kinase (CDK) inhibitor w-oll ¥£3t%¥]™ CDK 4,60 2]3l Rb-1 %=
9] QAZLE AAlslE 7les Zavlk. CDKN24pi16°] A4S Rb-19] FAAL QA3E
Zz#Hsb GYs AZEF7] old& HAAZIch A} AgolA pres]
tion(40%), single allele loss (40%), promoter hypermethylation (15%) & UthstAl yeldcl

4412 homozygous dele-
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7P53 gene (chromosome 17p)2] H|ZA3t= AIAL 50~75%A4 JE=H F HA] allele?]
W wole} FukEl & allele®] 4£AE QI BFAEICE p53-2 DNA &4l ulE G1, G2ollA]
AE F7) AAE FEsH p539] &4 DNA E4ols Estar AlE F7)71 F =] A
sto] A7 ol e 3 vIABAAY AEESL S vy, MADH4/SMAD4/DPC4 %

o A FA A (chromosome 18q)& HAYS 55% XA homozygous deletion (~30%),
single allele loss (~25%) &9 = <3l v|&A3tH . MADH4/SMAD4/DPC42] A=A -2

TGF-B%} activin® 2 FE S AxH AL AF HA2E Wafisle] AlE A 3 759 &
A = GYS AIEFT] checkpoint 227|529 Fo o3 AEZ AA A =4 J]eo] &
Arl= AE Zidheh Ras AR Edwlo] vl AA T #AAGA 7H4 v
s Wbk Al Aol 90% ol BellAl KRAS2 SRRk A Aoyt wAF Y
Ras 54 A= %X}"’* 21,0002] guanine nucleotide Z3% wFAZ A|FEo] ZF4] 7l B35
z2Aste AZAG Faog ATge s vk AGAFEA Ras AL w|&A3H
GDP Z3& v IA3} GTP AE2] ddlE2 EAst™ raf, MEK 3 ERK G2 whuiQl4l
3 A4S X3 chuiol Al oAulS S 3143)4]7) tleksl Azlolzl ¢=8-x4|9F od A=

%l

2

RF gk
mitogenic A2l TFHQ J&S st vk AA| tellA= 30% o] Foll A ras
22l Eodujo]7} o A stEl GTP 2% Ras W A-S A 3MAIA Ras
off &3k A&HQ A%

RafE A|ERto g Ee|go] 2ASA]7It Kﬂi‘-ﬂ'_‘li °] &% Raft kinaseZ4] MEK$}
MAP kinase 22 THHAEE dFZHo=w QA7 L, 019}7\%’01 243}l MAP kinaset™
MEo g olFslo] mye, fos, jun T AANAES SASANA Az A4 9 3ol &
A FAAES HEA FoEH ATAGs hAsA "t o|9Eo] ras AR AW

Al

IALA g4 s HAATIH F2 e

Z o

r
i)

W)
g

olol] 2]k 2|4 Q] Ras-MAP kinase
Z7)el Foddtria G gk

3) Epigenetic silencing

TS AR B4 3F= homozygous deletion (=T 7 WA allele] W] Hole} Fub
%l single allelic deletion® & e} T=3E 50 promoter region®] CpG island hypermethylation
72 epigenetic events %3 UER7|E g

AB Aokl 60%0lA RARB (20%), CDKN2A/TP16 (18%), CACNAIG (16%), TIMP3 (11%),
CDHI (%), THBSI (1%), MLHI (4%) & 18] % AF2] hypermethylationo] BlAJ3glo] 4=
9t} CpG island hypermethylation H|3 A2l 90% ©]/ollA]  preproenkephalin (PENK)
locus®] WS JAlBl= ez Azl

A AR Ade] AT WA E CDKN2ATPI6 and PENK +737A+e] CpG island
methylation S7}7} 2E|w] HA2oke] Bt AollA A ALZ <% PanIN (Pancreatic
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Intraepithelial neoplasia) W 2] I3t} Wo] I3tz FAol| wldste] Frlsla,
PanIN-3 W o] 21%0llA] TPI6 methylation ©]-go] FTZ=|w] PanIN-3 W 9] 46%0ll4 PENK
A7k methylation ©]go] PE vk &% nlgA AT WA FAA Hold Exle A
A A Age] Slde] e FAelA Aw A Al Fekel A AA WS et
9 £gol 1 Aew A7HL

4) AL Ot

ARFANAE BAA Wo] wE FAAL Solmlol Ry olieh B A4 Il

=S
|
E oAlE

fr

a2

I ol9} FHHE FE&AE EIEE Tyrosine-kinase T EE 7FA = transmembrane glyco-
proteine encodingdl+= HERZ/NEU/ERBB2= 7374 1A UlEn|e} o]&v] AlE EFofA] iy
"l HERYNEUS| &2 precursor (PanIN) W H¥} 2 E3}xl | AQtollA HFlshy
PanIN ®®H 9] o] A A=l F3iAZL et

ALl A= thakst tyrosine-kinase A AQAA FEAI9F 2|7h=e] ®Wd o] Frylxlo] vk
Epidermal growth factor receptor (EGFR) ligandQ! epidermal growth factor (EGF), transforming
growth factor-alpha (TGF-alpha), amphiregulin 5°] Z7}%|o] glow o]& ciwl nlde] =7je}
Az = o] AATAI7E ). Fibroblast growth factor (FGF), FGF-receptor, insulin-like
growth factor I (IGF-I), IGF-1 receptor, nerve growth factor (NGF), vascular endothelial growth
factor (VEGF) 59 WHdZ7lE R %o tumorigenicity?] Z7}e} dzto] Qlc}.

Z| <+ serial analysis of gene expression (SAGE), cDNA microarrays, oligonucleotide arrayS 3
A FAA LEE AA e FEHeR AAT ¢ e vt el ARGlAE
AEEa glom A =223} nlasto] At 2H oA gt S FAA HEe] dA
3 F7HEIS ol EEa vk AR ghiio] Hejo|u} HAdolel] FulHvH o] ¥FF
&3 A AA ZAREA A8 & glow] 3 Al i HEE NEHE A
Wate Aol F g vk LHlE Mesothelin®] Fhd2 T WY =4 JF A4S 3l
60ol|e] AAR AL T 600l Hefloll A Q= A Akl xge A=y WY &£

A el o B4 AeA AR ALATe o 5% 2H o] wkgol
27} obd AeA AR 2HelA SAGES Bl FYH

12%2] e} wy GAHA ] A In situ hybridizationo] 2 AlWE At HAAR AR F
ADAIANEE =8]8 desmoplastic region W] 7HE Alxe) it
2 FARES iy AlEol AT M AFollA] ut

=
desmoplastic response©l] JolA AL W] A AF xpo|HE A|AELE Aol

A=
I ArS S desmoplastic tissue HollA 9] G2 whal o] widle FoksF A3 vl2S
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AL B 9 e 42 AFA AR A=zvh AR HE S (pancreatic  intra-
ductal neoplasia)(PanIN)Zh= d&H 2] WS Ax HAFA o=z FP=vta A= 9l
A4 AF]AZE7} PanIN-1A (flat hyperplasia)oll 4], PanIN-1B (ductal papillary hyperplasia)Z %1
8Js}l31, PanIN-2 (ductal papillary hyperplasia with atypia)E 71%] PanIN-3 (severe ductal
dyspasia or carcinoma in sit)Z F18J3F & HFA to Z HbA Sk} PanIN-15.tl= PanIN-37}
B Aol AFA o] AT AP =T Fokldh

o=
A7 B WS QTS el A AW ol @A ol Aol MehEol 7
F8 5 9t Be A% ANHT ek PanIN-1SE HE PanN-37HA] Qolih Qe
o sk W §axe] WAH Welel B ARAe 2w glow, A4 ALl
A BAEE Gebd 44 UHE Be RRolA QX sl wliel At walel
o

]

FABAgke] Wkt oll Al HER-2/neu, Keras, p21""7" §521 wo|= PanIN 7] w0
Al Bz 7] A AFsbe | Id-1/1d-2, p53, cyclin D1, DPC4/Smad4, pl6™<**, BRCA2 GA =} o4
< PanIN®| %7] wWHiol|A] P&l Kras Azt Edulols B4 ATA|ZolA =
=4 3EE 7= st PanIN-1A W E# o] X7] PanIN W oA #2&=]7] AZbsbe qFsh
Aol R wel Fdwle] HIEr} F7b3kcl. HER-2/neu SHrAzbe] Iy oA
PanIN-1A " ollA] = 82%, PanIN-3 WA= 100%0l 4] o] Fx]o] otstabg el 2
32 vleste] F713ch PanIN WM 27| HE] #E = p21V AN Y] opkd L Koras 4R
A} Zoiwlo] L HER-2/neu Y-FAAF Zhutade] oA ol Agfolr}, ple™cire] wrel Ao
nuclear atypia”} $13= PanIN-1AZ} PanIN-1Bel] H]&}o] PanIN-2/3 WH 4] £ HIEE HA]
o} P53 AR 7e &£A4e] Lojube= AAE Cyclin D19 32 PanINe| %

I Aol Lot} Id F A2 basic helix-loop-helix proteinol] 713} 2+-8-8 sfv, E3}E <

star AlE FAS SV 1d-13F 1d2 9 A] PanIN-1A/1Boll M]3l PanIN-2/3 =& &4

qhellA] "hele] #AF] F7hgkel. PanIN Wwo] Hrl Zed3t F7|ofl= DPC4/Smads 3
|

BRCA2 f+7A}e] &4do] =t o]ef Fro] HASQHe] whkatAoll= Z7] PanIN ¥ HollA]
o

i

188 =71

B cheket §407 wolrh AMAeR HAuo] YeA 4 WAUANIL FFHent
A4 Wi ANE AARTIZE] Mol aslo] B Aol °li7ﬂ‘§lv}.



: Molecular Pathogenesis of Pancreatic Cancer —3]&ete] B EE2] HQl—

R

23

Normal duct PanIN-1A PaniN-2 PaniN-3 Adenocarcinoma
* Low cuboidal + Elongated cells * Nuckar abnormalities:  « Budding inta lumen  + Invasive growth
cels * Mucin production e.g. enlargement, + Severe nuclear + Marked stromal
* Single cell layer PaniN-1B some [oss of polarity, atypia reaction (desmoplasia)
 Papillary crowding * Mitosis, some
architecture abnarmal

Norrl'ﬂl PaniN-1A PaniN-1B PaniN-2 PaniN-3 PanliN-3 + invasion

C4/Smadd  LOH 189
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ofutt. el = Akl Weles AA Ayl ARAlEe] 18-S Holvle @
AR Il o5 o] T AlxT) H= 71 A2 AIRAl A S eA e ob &4
Al om, 2ol olel Wit B AMER 7HAE] AAE I glom FHITEo W B
Aol Z1&odAaL = AAEZ A E(adult stem cel)2t Fe] A | H2E Higo] F

S AT FAY AeE A4H D e G AP ARoR 245 S 7Y
& AE FAol E3F YHn ATl B4 F3o i
Z

1
%3] ol A% AERAEE v £ olz] SHo] zH7ke] Al Eulet Aolghe w

/H OEH% ox:]r—xﬂ;i—% bl [3Ke] o o T1 &2 s %7]/(*]
Eh Fe] FAL s okt f¥o Bilehs 4% AR AdezE 44w £

AW F + Jd+v HE A JE teratoma = teratocarcinoma?} 7
. =& teratoma Li= teratocarcinomat E- germ cell 7]H2] FoFo|A|ut,
somatic cell 7|9 FgoNA L o2 AAdS F5A 3l Fv= AFE ddNA =54
A A& 5 ek
&37)ell 3 BE AV|ES

E5o] FL ?‘3‘35“’] . kA "’-’Vﬂ-—/] 7] °J°] = ‘ﬂ-j— P 2E A9
AAEE —’F@ﬂ:ﬂ rFAEL 710] He AEVF BE 94 T4 THAE
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