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Introduction

Å Criteria to define a precursor to invasive cancer:
ÅMust be associated with an increased risk of the cancer
Å Resulting cancer arises from cells within the precursor
Å Precursors differ from the normal tissue
Å Precursors differ from the cancer
Å A method should be available by which the precursor can be diagnosed

Å Comparable morphology in humans and mouse models

Precursor- Definition



Introduction

Å PancreaticIntraepithelialNeoplasia(PanIN)

Å Intraductalpapillarymucinousneoplasia(IPMN)

Å Mucinouscysticneoplasia(MCN)

Å ( AtypicalFlat Lesions(AFL))

Precursorsof PDAC



PancreaticIntraepithelial Neoplasia(PanIN)
ÅMicroscopic (<0.5cm) 
ÅFlat or papillary
ÅNoninvasive
ÅArise in small intra- or  interlobular 

pancreatic ducts
ÅNumber increases with age
ÅMale=Female
ÅHead>Body/Tail
ÅOften multifocal

ÅDuctal epithelial proliferation 
Åconfined to the native pancreatic 

ducts (<1mm)
Åappropriate setting
Åno significant acinardifferentiation

Occur in several mouse models 
(chemically induced and GEMM)



PancreaticIntraepithelial Neoplasia(PanIN)
Noninvasiveepithelial proliferations within the smaller pancreatic ducts

PanIN1A: flat with uniform, tall columnar cells, basally located nuclei and abundant 
supranuclearmucin, nuclei small, basally located, round to oval

PanIN1B: morphologically identical to PanIN1A, but with papillary, micropapillaryor 
basally pseudostratifiedarchitecture

Maitra et al. Mod Pathol2003

Common geneticalterations:
Å Telomereshortening
Å Activatingpoint mutation of KRAS
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PAS-reaction PAS-Alcianbluestaining



PancreaticIntraepithelial Neoplasia(PanIN)
Noninvasiveepithelial proliferations within the smaller pancreatic ducts

PanIN2: flat or papillary with some nuclear abnormalities (loss of polarity, nuclear 
crowding, enlarged nuclei, pseudostratificationor hyperchromatism), rarely mitoses

Maitra et al. Mod Pathol2003

Common geneticalterations:
Å Telomereshortening
Å Activatingpoint mutation of KRAS
Å Inactivatingmutations in p16/CDKN2
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PancreaticIntraepithelial Neoplasia(PanIN)
Noninvasiveepithelial proliferations within the smaller pancreatic ducts

PanIN3: papillary or micropapillary, cribriform with loss of polarity, dystrophic goblet 
cells, mitoses (normal/abnormal), nuclear irregularities, prominent (macro) nucleoli; 
άōǳŘŘƛƴƎ ƻŦŦέ ƛƴǘƻ ǘƘŜ ƭǳƳŜƴΣ ƭǳƳƛƴŀƭ ƴŜŎǊƻǎƛǎΤ ƴƻ ƛƴǾŀǎƛƻƴ ǘƘǊƻǳƎƘ ǘƘŜ ōŀǎŜƳŜƴǘ 
membrane

Maitra et al. Mod Pathol2003

Common geneticalterations:
Å Telomereshortening
Å Activatingpoint mutation of KRAS
Å Inactivatingmutationsin p16/CDKN2
Å Inactivationof SMAD4, TP53 andBRCA2



PancreaticIntraepithelial Neoplasia(PanIN)
Noninvasiveepithelial proliferations within the smaller pancreatic ducts

PanIN3: papillary or micropapillary, cribriform with loss of polarity, dystrophic goblet 
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Human PanIN

Ki67 p53

Low-grade 

High-grade 



Low-grade mPanIN

CK19: red
Amylase: brown
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PancreaticIntraepithelial Neoplasia(PanIN)
Noninvasiveepithelial proliferations within the smaller pancreatic ducts

Humansvs. mousemodels

Å Appropriatesetting(confinedto native 
pancreaticducts, < 1mm)

Å Isdistinguishedfrom IPMN by size(< 
1cm) andmorphology

ÅαCancerizationά of ductscanmimic
PanIN



PancreaticIntraepithelial Neoplasia(PanIN)
Noninvasiveepithelial proliferations within the smaller pancreatic ducts

Humansvs. mousemodels

Å Appropriatesetting(confinedto native 
pancreaticducts, < 1mm)

Å Ductular-insular complexesshouldnot be
classifiedasPanINs

Å Isdistinguishedfrom IPMN by size(< 
1cm) andmorphology

ÅαCancerizationά of ductscanmimic
PanIN



IPMN

Humansvs. mousemodels

Å Cysticpapillaryneoplasms
Å Cysticstructures>1mm
Å Papillary, noninvasiveepithelial

proliferationswith varyingdegreesof
cellularatypia

Å Might resemblehuman IPMN

Described in models with:
Å Concomitant ŜȄǇǊŜǎǎƛƻƴ ƻŦ ¢DCʰ ŀƴŘ 

KrasG12D

Å Additional deletion of Smad4 in Cre-
KrasG12D model

Å Grossly visible mucin-producing 
epithelial neoplasm in main 
pancreatic duct or one of its branches

Å Papillary architecture



IPMN

Humansvs. mousemodels

Å Grossly visible mucin-producing 
epithelial neoplasm in main 
pancreatic duct or one of its branches

Å Papillary architecture

KrasG12D-Ela TGFθ

Å Cysticpapillaryneoplasms
Å Cysticstructures>1mm
Å Papillary, noninvasiveepithelial

proliferationswith varyingdegreesof
cellularatypia

Å Might resemblehuman IPMN

Intestinal type Pancreatobiliarytype



Ptf1a+/Cre;KrasG12D;Ela-Tgfa

Siveke et al, Cancer Cell2007



MCN

Humansvs. mousemodels

ÅMucin-producing epithelial cells 
associated with an ovarian-type of 
stroma

Å Different degrees of eptihelialdysplasia
Å Stromaexpresses progesterone and 

estrogenreceptors and inhibin
Å Associated carcinoma in about 30% of 

MCN

Å Cystic neoplasms with mucinous 
epithelium

Å²ƛǘƘ ŘŜƴǎŜ άƻǾŀǊƛŀƴ-ǘȅǇŜέ stroma
Å Presence/absence of associated invasive 

carcinoma should be documented
Å Occurred after additional Smad4or 

Notch2deletion in KC model



Precursorsof PDAC in mousemodels

Mazur, Siveke; Gut 2011



Acinarductal metaplasia(ADM)
ÅMetaplasia = Conversion or replacement of one differentiated cell type with another
Å ADM: acinarcells undergo metaplasia to a ductal cell phenotype in a setting of acute 

or chronic inflammation
Å Occurrence of tubular complexes (TC) and mucinous tubular complexes (MTC)

Humansvs. mousemodels

Å ADM progressivelyextendswith increasing
age(in Ptf1Cre;KrasG12D ςmiceabout77% 
of wholepancreasreplacedwith 36 weeks)

Ptf1-Cre;KrasG12D 3 months
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ADM

Kras
Notch
TGFh
Rac1

Raf/MEK/ERK
Χ

De La O et al, PNAS2008
Sivekeet al, CancerCell2007
Guerra et al, CancerCell 2007
Heid et al, Gastroenterology2011
Shi et al, Oncogene, 2013

inflammation

Tubularcomplexes



Ptf1a+/Cre(ex1);LSL-KrasG12D (4 weeks)

Amylase: brown
CK19: red


