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Etiology and Carcinogenesis of Pancreatic Ductal Adenocarcinoma
Si Young Song, M.D.

Division of Gastroenterology, Department of Internal Medicine, Yonsei University College of Medicine, Seoul, Korea

Pancreatic cancer is currently the major leading cause of cancer-related deaths in the Western countries with an
overall 5-year survival rate of less than 3%. The key aim of investigation is to identify the cellular population in
which some of the earliest molecular events occur, presumably the ultimate target for carcinogenic insult.
Advances in pathological classification and genetics have improved our descriptive understanding of this disease.
However, important aspects of pancreatic cancer biology remain poorly understood. Factors associated with the in-
creased risk of pancreatic cancer include smoking, chronic pancreatitis, diabetes, prior gastric surgery, and ex-
posure to radiation or chemicals. A number of syndromes have been identified with the increased incidence of
pancreatic cancer, including familial atypical multiple-mole melanoma syndrome, hereditary nonpolyposis colorectal
cancer, and hereditary pancreatitis, etc. Recently, there have been growing evidences that stem cell biology could
provide new insights into the understanding of cancer biology. Three postulates regarding the relationship between
stem and tumor cells have been proposed. First, the similarities in the mechanims that regulate self-renewal of
normal stem cells and cancer cells. Second, the possibility that tumor cells might arise from normal stem cells
and third, the notion that tumors might contain ‘cancer stem cells’ - rare cells with indefinite proliferative poten-
tial which drive the formation and growth of tumors. New insights for the cancer stem cells and their possible
markers in pancreatic cancer have been suggested recently. Further observations of molecular and cellular events
in the early stage of pancreatic carcinogenesis may have important implications regarding the cellular lineage re-
sponsible for pancreatic ductal metaplasia and neoplasia, and provide further support for the presence of stem cell
capabilities within mature pancreatic epithelium. (Korean J Gastroenterol 2008;51:71-83)
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Table 1. Risk Factors for Pancreatic Cancer
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Table 2. Inherited Disorders Associated with Pancreatic Cancer

. Increased age (>45 years)

. Cigarette smoking

. Chronic pancreatitis

. Prior history of lung, head and neck, and bladder cancer
. Diabetes mellitus — long standing

. High intake of fried or fatty food

AN kAW =

. Hereditary pancreatitis

. Multiple endocrine neoplasia

. Hereditary nonpolyposis colorectal cancer

Familial adenomatous polyposis and Gardner’s syndrome

. Familial atypical multiple mole melanoma syndrome

. Von Hippel-Lindau syndrome

. Single family of insulin-dependent diabetes mellitus and
nine cases of pancreatic cancer through three generations
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Table 3. Histologic Subtypes of Pancreatic Cancer and Predominant Genetic Alterations

Tumor Histologic features

Known genetic alterations

Ductal adenocarcinoma
well-to poorly-differentiated

Osteoclast-like giant
cell tumor
Serous cystadenoma

scar
Mucinous Cystic tumor containing mucin-producing
cystadenocarcinoma epithelium; “ovarian-type” stroma

Intraductal papillary-

mucinous carcinoma mucin-producing epithelium

Acinar cell carcinoma

Undifferentiated neoplastic epithelial cells and
osteoclast-like non-neoplastic giant cells
Numerous small cysts around a central stellate

Intraductal localization; papillary structures of

Acinar cell differentiation, occasional endocrine
differentiation; lobules separated by scant
stroma; solid and trabecular regions

Abnormal gland formation; desmoplastic stroma; KRAS2 point mutation, CDKN2A, TP53, and

MADH4 inactivation, multiple other genetic
alterations

KRAS2 point mutation

Loss of VHL

KRAS?2 point mutation, 7P53 loss

KRAS?2 point mutation, STKI11/LKBI gene
inactivation, overexpression of HER-2/NEU,

loss of heterozygosity of 6q, 17p, 18q, and 8p
KRAS2 point mutation, APC/ 83 -catenin alterations,

allelic loss on 11p

APC]| B -catenin mutations, MADH4 loss,
overexpression of IGF2, allelic loss of 11p

B -catenin mutation

Pancreatoblastoma Acinar cell differentiation, squamoid nests,
occasional endocrine differentiation; lobules and
nests separated by dense fibrous stroma

Solid-pseudopapillary Monomorphic cells of epithelial origin, may

carcinoma express mesenchymal or endocrine markers;

solid with central pseudopapillary pattern
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PanIN-1B (ductal papillary hyperplasia)® %1J}32, PanIN-2 oF whAle] wAIF el oz ofsfislar Q)
(ductal papillary hyperplasia with atypia)& 71*] PanIN-3 ABAEEe] uketabdoll A HER-2/neu, K-ras, p21™*7"
(severe ductal dyspasia or carcinoma in situ) 2 Z13§gt & X & FAAF Hol= PanIN 7] HWWollA] =7 A|2Fsh,
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Table 4. New Nomenclature for Classification of Duct Lesions in the Pancreas

Normal Normal
Squamous metaplasia Epidermoid metaplasia, multi-layered metaplasia
PanIN-1A Pyloric gland metaplasia, goblet cell metaplasia, mucinous hypertrophy, flat duct lesion without atypia,

mucinous ductal hyperplasia, simple hyperplasia, mucinous cell hyperplasia, flat ductal hyperplasia,
non-papillary epithelial hypertrophy

PanIN-1B Papillary hyperplasia, papillary duct lesion without atypia, and ductal hyperplasia

PanIN-2 Atypical hyperplasia, papillary duct lesion with atypia, low-grade dysplasia, and some cases of
moderate dysplasia. Mucous metaplasia and pyloric gland metaplasia commonly involve small
branch ducts or extend into lobules surrounding PanIN in ducts. Such involvement has been called
adenomatoid or adenomatous hyperplasia, especially when the change dominates involvement of
ductal epithelium. It is regarded as part of the spectrum of PanIN-1.

PanIN-3 Carcinoma in situ, intraductal carcinoma, high-grade dysplasia, severe dysplasia, and some cases of
moderate dysplasia

Pancreas Cancer Think Tank sponsored by NCI (1999, Sep. 16-19, Park City, Utah).
PanIN, pancreatic intraductal neoplasia.

PanIN-3
F’Elnolr':l ;tpéd cells PanIN-2 3 « Budding into lumen )
9 ; * Nuclear abnormalities: « Severe nuclear Adenocarcinoma
Normal duct * Mucin production e.g. enlargement, atypia « Invasive growth
* Low cuboidal cells PanIN-1B some loss of polarity, « Mitosis, some * Marked stromal
. Slngle cell layer * Papillary architecture crowding abnormal reaction (desmopla5|a)
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Fig. 1. PanIN model for pancreatic carcinogenesis.
PanIN, pancreatic intraductal neoplasia.
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Table 5. Genetic Alterations in Pancreatic Cancer
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Ip, 8p, 17p, 19pollA] &3] dojupm], 3kxkd 11770014 608
N7EA 2] cPEAL ] breakpoints”} HE] L Qi) o AA|7)
AR H9e FFAATAAE sk de 497wl
Wi}, #AAetollA B3] £AE]E locus 18¢21-2 TGE- 5 <)
AZA DA Bolsli= MADH4/SMAD4/DPC4 S AAS X
shsta glom, o]9loll’= BRCA2 (13q12), Z%AA5-4=}
CDKN24/TP16/MTS1 (9p21), RBI (13q14.2), TP53 (17p13) &

o] 9JrKTable 5).

Genes Chromosome

Mechanism of inactivation

Frequency (%)

Tumor suppressor

plé 9P

p53 17p

DPC4 18q

BRCA2 13q

MKK4 17p

LKBI/STKI11 19p

ALKS5 & TGFBR2 9q, 3p

RBI 13q
Oncogenes

K-ras 12p

HER-2/neu 17q

MYB, AKT2, AIBI 6q, 19q, 20q
DNA mismatch repair

MSH2, MLHI, others 2p, 3p, others

LOH+IM 40
Homozygous deletion 40
Hypermethylation 15
LOH+IM 50-75
Homozygous deletion 30
LOH+IM 20
Germline mutation 4-7
Homozygous deletion, LOH+IM 4
LOH+IM, Homozygous deletion 5
Homozygous deleteion 4
Mutation/small deletion 0-7
Point mutations codon 12, 13 80-100
Overexpression 70
Amplification 10-20
Unknown <5

LOH, loss of heterozygosity; IM, intragenic mutation.
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Fig. 2. Similarities between nor-
mal stem cells and cancer cells.
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Table 6. Recently Suggested Cancer Stem Cell Markers in Solid Tumor

Reference

Cancer type Cancer stem cell marker
Breast cancer CD24-/CD44+/Lin-

Brain tumor CD133+

Prostate cancer CDI33+/ITG a,f "
Melanoma CD20+

Hepatocellular Ca CD133+

Colon cancer CD133+

Pancreatic cancer CD24+/CD44+/ESA+

CD133+/CXCR4+

Clarke MF. PNAS 2003;100:3983

Dirks PB. Nature 2004;432:396

Collins AT. J Cell Sci 2004;117:3539
Fang D. Cancer Res 2005;65:9328
Moriwaki H. BBRC 2006;351:820

De Maria R. Nature 2007;445:111
Simeone DM. Cancer Res 2007;67:1030
Hermann PC. Cell Stem Cell 2007;1:313
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Fig. 4. Tumorsphere formation in various pancreatic cancer cell lines.
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