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Introduction

Mouse models of pancreatic neuroendocrine tumors

* Different approaches:

* Transgenic expression of oncogenes under insulin or preproglucagon promoter
* Global/Tissue specific Men1 deletion/inactivation

* Glucagon receptor deletion

* (Vhl deletion:— only islet hyperplasia, no tumors)

e Others



Transgenic Oncogene Expression under
Insulin Promoter

Insulin is exclusively expressed in B cells of pancreatic islets

Insulin promoter used to drive 8 cell-specific transgenic oncogene expression

Rat insulin gene-2 (RIP) promoter used to drive transgenic expression of simian virus 40
(SV40) large T antigen (Hanahan, Nature 1985)

RIP-Tag models are the most widely used PNET mouse models today



Transgenic Oncogene Expression under

Insulin Promoter
Rip-Tag2 model

Start expressing T antigen at the embryonic stage

* 3 cell hyperplasia by 8 weeks of age

* Death due to hypoglycemia at 9 to 12 weeks

 When fed with high sugar diet: develop 5 cell hyperplasia and subsequent highly
vascularized insulinomas at 10 to 20 weeks

e Angiogenesis switch important for tumor formation, can be decreased by blocking
VEGFR2

* Aggressive PNETs with nuclear pleomorphism and frequent mitoses

e Rarely lymph node and liver metastasis



Transgenic Oncogene Expression under
Insulin Promoter

Rip-Tag2 model

Stage

“Normal”

Hyperplastic/
dysplastic islet

Angiogenic islet

Islet tumor or
insulinoma

Invasive carcinoma
type 1

Invasive carcinoma
type 2

Nucleus/cytoplasm
ratio

Similar to wt B cells

Increased

Increased

Increased

Increased

Increased

Lesional size

Similar (<0.2 mm
diameter)

Variably larger (0.2—

0.5 mm diameter)

Variably larger (<1
mm diameter)

Much larger (1-10
mm diameter)

Much larger (1-10
mm diameter)

Variable

Vascular
morphology
Similar to wt islet
capillaries
Similar to wt islet
capillaries

Abnormal vessels:

dilated and/or
torturous

Abnormal vessels:

dilated and/or
torturous

Abnormal vessels:

dilated and/or
torturous

Variable

Margins with
exocrine tissue
Well-defined, similar
to wt islets
Well-defined, similar
to wt islets

Well-defined similar
to wt islets

Well-defined, no
invasion

Focal regions of
invasion with
adjacent margins;

Widespread
invasion



Transgenic Oncogene Expression under
Insulin Promoter

* Normal islets in mice:
* \Varyin size
* Unevenly distributed throughout the mouse pancreas (in contrast to humans)
* Majority of mouse islets are located in interlobular spaces (periductal or

perivascular) while human islets are located intralobular without close association
with larger ducts and vessels
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Mouse models of PNET

Transgenic Oncogene Expression under
Insulin Promoter

Rip-TagZ model (courtesy of V. Fendrich, Marburg)
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Transgenic Oncogene Expression under
Insulin Promoter

Rip-TagZ model (courtesy of V. Fendrich, Marburg)
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Transgenic Oncogene Expression under

Insulin Promoter
Rip-Tag2 model
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Transgenic Oncogene Expression under
Insulin Promoter

Rip-Tag2 model

torturous adjacent margins;
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Transgenic Oncogene Expression under

Insulin Promoter
Rip-Tag2 model

Proposed progression model of islet tumors in Rip-Tag2 mice (Lopez & Hanahan, Cancer cell 2002)
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Comparative aspects: Are invasive Carcinoma type 1/2 comparable to
NET/NEC in humans?



Transgenic Oncogene Expression under
Preproglucagon Promoter

Preproglucagon promoter is expressed in pancreatic a cells, intestinal epithelium and
CNS

2 models: Glu2-Tag (Efrat et al. Neuron 1988) and Glu-Tag (Lee et al. J Biol Chem. 1992)

Both with expression of large T antigen under preproglucagon promoter

Develop a cell hyperplasia and subsequent glucagonomas (Glu2-Tag 9 to 12 months,
Glu-Tag 3 months, aggressive neoplasia)

Mice neoplasia resemble sporadic human glucagonomas



Vhl Deletion

e Different models described

* Mice develop islet hyperplasia but no PNETs

PNETSs are relatively rare in VHL disease and VHL is not a
relevant tumor suppressor gene in endocrine pancreas



Insights into tumor development

Multistage PNET tumorigenesis in animal models

* Distinct morphological stages (simultaneously present):
* Hyperplasia
e Dysplasia
* PNETs

Additional mutations
Angiogenesis

.

Additional mutations
in Men1, etc

Oncogene activation
TSG inactivation
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islet (

Glucagon signaling
inhibition

Babu et al., Pancreas 2013



Percent survival

Summary

Most widely used model: RIP-Tag2-model
Most models show similar tissue-level features to human tumors (despite different
initiating events esp. in models using SV40 large T-antigen)
Models are especially useful for preclinical trials
* Effectiveness of sunitinib, everolimus and rapamycin in human disease was
predicted in RIP-Tag2 model

* Models also predict limitations of specific treatment strategies
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Summary

Most widely used model: RIP-Tag2-model

Most models show similar tissue-level features to human tumors (despite different
initiating events esp. in models using SV40 large T-antigen)

Models are especially useful for preclinical trials

Importance of angiogenic switch in RIP-Tag models as potential therapeutic target
(transferable to human disease?)

PNET transdifferentiation from glucagonoma to insulinoma (molecular mechanisms
still unclear) in mouse models (humans?)

Outlook: Gene expression profiling of different stages of tumorigenesis in different

mouse models -> identification of commonly dysregulated genes



