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FlUr meine Familie

"Where the hell is the pancreas, anyway? | don't even know what the damn thing does

beside give you cancerMawk Hawkins
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|. INTRODUCTION

Experimental animal models of human diseases are increasingly used from basic
science to preclinical drug developmé¢Barthold and others 200%undberg and
others 2012Valli and others 2007 This implicates an urgent need for experts
being in the position to examine these models for pathophysiological and
pathohistological changes and therefore programs to train these gxiradsgf

2009. Despite the risingeed for expertsraining programs do not exist in Europe.
Therefore, an international, wddased disease model training program for students
with a higher university degresas developed within the frame of the Erasmus
Lifelong Learning Programme (prajeN° 517860LLP-1-2011-1-FI-ERASMUS

FEXI). Specialists in pedagogy, human and veterinary pathology, biochemistry and

mouse models of human disedsened the consortium

As atest run for the training programorphologicaphenotyping of a mouse model

of pancreatic ductal adenocarcinoma (PDAC) was performed in this thesis using
conventional histologyimmunohistochemistry and morphometric analy&ier

this purpose, a mouse line was generated by crossing thehaeficterized mouse

line for PDAC, the LE-KRAS®2D*:ptf1a’/Cee D mjce (Siveke and others 20p7

with mice deficient for the stromal protein Tenascin C (TNE3aga and others
1992. Tumorstroma interactionsy PDAC, which is a very lethal disease, play a
key role and contribute to the highly aggressive nature of this canceiHwaag

and others 2008 TNC is overexpressed the stromasurroundghg the precursor
lesions of PDACand in the strom of PDAC itself The overexpression of the

Al argeodo splice variant of TNC character:i
(Esposito and others 200@&xogenous TNC promotes migration and invasion of
pancreatic cancer cell lines aadnixed matrix of TNC and fibronectin blocks cell
adhesion through activation of the integsignaling cascad@Paron and others
2011).

To investigatethe functional role of TNC in PDAC progression in vivyd,SL-
KRASCL2D*pif1 g/Cre@DTNC”  (KC-TNCko)  and  LSEKRASC2P*
Ptf1a/Ce©UTNC(KC-TNChet) mice where compared to LBIRASC2D™
Ptf1a/c®®Y (KC) mice, focusing on a detailed morphological and

histopathological analysis of this newly generated mouse strain. The aim of this
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project was tacquire newknowledge of TNC functionin particular in thesarly

phases of PDAC development.
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[l. LITERATURE REVIEW

1. Web-based learning platform for comparative histology

1.1. Comparative pathology and comparative medicine

The term Acomparative pathologyo describ
diseases incomparisonto human diseasesS’The American Heritage Medical

Dictionaryd e f i nes ¢ o mp ar athepathelogpda animalldisegses, as 0
especially in r el atDictonaries2008 maamehire the at hol o
"'s Medi cal Di ct i oafeld of swehce evhich t he d
compares specific human pathologies with those seen in natural animal-eagdels

Segen

di abetes insipidus in Brattl eb(egen r at s,
2005. Whilst in former times authors focused on comparing zoonosis in animals

and humansit was not beforethe 20" centurythat animal models for human

diseases have been develogBadder 2004 As animals have been increasingly

used in research, in 1967 the National Institute of General Medical Sciences started

a comparative medicine programdetectmore animal diseasessemblinghuman
diseases The membersrealized the importance daftudying these animals to
understand the underlying mechanisms of the particular disease gaid insight

in the disease process in humanisis knowledge would help to identify models

for pharmacological, toxicological and drug development studlém core

disciplines of this comparative medicine program werathology, physiology,
psychology, anatomy and pharmacology. It was clearly statedthbse basic

disciplines and all medical professions should be involved to work hand in hand

(Gay 1967 Nielsen 1983 Gay pointed out that comparative medicine is an
interdisciginary science and that it is important that medicine and veterinary
medi cine should exchange. They defined ¢
phenomenabasico t he di s e a(&ay496h Nine gdark later,Bestadl e s 0
and others described the meaning of C 0 Mf
nature, cause and cure of abnormal structure andidanict people, animals and

plants for the evenal application, and benefit @l living things (Bustad and

others 197%

In the United States, education in laboratory animal medicine can be performed as

aresidency program or a postdoctoral fellowship. The first training program offered
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was at the Boman Grey Medical School, initiated in 1960. Shortly after, other
training programs followed at the Tulane University, the Stanford University, the
University of Florida, thelohns Hopkins Universitythe University of Missouri,

the Edgewood Arsenal, Maryld and the Brooks Air Force Base, Texdabe
Jackson laboratories started to offer a summer school program already in the year
1924(Fox 1983. Still, education in comparison of laboratory and human oneeli

and pathology remains elusig@undberg and others 2012

1.2. Lack of expertsin animal modeling and pathology

Overthe past century, the laboratory mohss become the model aninraimany
laboratories to mimic human diseag¥alli and others 2007 The mouse harbors
manyadvantage$ from cheap, smaknd easy to handle aitalbreed to the broad
similarity of the murindo the human genomaAfter the human genome was almost
completelyrevealed the mouse was the first ndruman speciewhosegenome

was sequenced. Ninetyne % of the human genes acerservedin the murine
genome(Mouse Genome Sequencing and others ROB#ditionally to these
genetic similarities, wst physiologic and plablogic characteristics have been
shown to harbor similarities in mouse and human, as for instance nervous,
cardiovascular, endocrine, immune, musculoskeletal and other organ systems
(Rosenthal and Brown 20p™Mice and rats compse 95%of the animds used in
biomedical research. The remaining 5% are covered by several animal species as
human and norhuman primates, cowsheep swing dogs, cats, birds, rabbits,
guinea pigs, hamstersh, frogs, nematodefuit flies, even yeasts and pea plans
(Simmons 2008

The histopathological evaluation ahimal models isa factor that might cause
wrong interpretations ihot properly carried out by an expefdditionally, this
histopathological evaluation might lfristrating evernin simple cases because of
unexpected events as leaky promoters, neomorphic or hypomorphic allelic
expression instead of allelic deletion, noigial infections and genetically
differences between murine strginssince all these factors may affect the
phenotype (Sellers and Ward 20)2 Several mouse strainsharbor distinct
pathological background lesigras for example the commonly usBALB/cByJ
straindisplayshepatic steatosis already in youmgle animals(Serpi and others

2013. Especially thee lesionglue to a distinct murine background straiight
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cause sever differences in thgeneticallyengineered mice (GEM) and should

therefore always be consi@eito influence the resu(Sellers and Ward 20)2

Working with an experienced pathologist, educated in murine and human
histopathology, is often undervalue@ardiff and otherspublished in 2008 a
statistic depicting an enormous increase in publications working with GEM,
meanwhile the number of pathologisworking with GEMs is only slightly
increasing In 2003, the ratio publication dealing with kneamlt mice to
pathologists involved was about 5000 to 1300; meanwhile in 2006 it was over 7000
to not even 2000 pathologistéCardiff and others 2008 Several studies and
publicatiors reveal a clear need for experts trained in animal models of human
diseaseand their distinct histopatholo@g this fielchas beeexpanding in the last

20 years(Barthold and others 200Bouley and others 200€ardif and others
2008 Sundberg and others 2012

An important fact is the knowledge distinguishnormal background lesions of

various mouse strainfom the lesionof interest Many mouse strains show
abnormalities in their physiology without any pathological impdtis gapof

pathological knowledgenight causepublications of wrong interpretationsor

instance, Fu and coworkers misinterpreted abnormally enlargpdtial glandss
ateratomanot knowing about the existence of these glatde authors wrote an

erratum to indicate this fa¢Fu and others 2002Ince and coworkers called this
selfevaluation of slidesby nonpathologistswithout involving an expert in
comparative pathology ddiit-yourself (DIY) pathologg (Ince and others 2008

Robert Cardiff addresses this problem in
AWithout access to comparative pathologi
wi t h ¢ on Ha fdresees an?aggravation of this problem as e.g. the NIH
Knockout Mouse Project (KOMR)enerated numerous new mouse models which

need to be analyzed histopatholodig@Cardiff 2009.

Although in the last years a growingtlsf resourcegas books, articles in journals
and web pagesavebeen developed to facilitate the pathologic analysis of rodents
compared to human@Bolon and others 20)}2this material cannot replace a
training courselnasmuch ashiereis no specific training program included in the
traditionally pathology residency core courgbe only chance to develop skills in
this field is to learn by experiendaging lucky enough tbnd a mentor providing

the exprtise. As these mentors, especially in Eur@pe,very rare, this might be
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tricky. A specialist in comparative pathologgt onlyneedto be trained in basic
mouse biology which includes husbandry, pathogens, stpsnific diseaseand

alsoin modernbiomedical researdbut also human pathologgundberg and others
2012. Modern pathology training programs should include training in differences
between mouse strains and their individual background lesions, géffielemdes,

lesion in aging mice and embryonic developmellers and Ward 20)2A
standardized morphological phenotyping is therefore necessary and it is important
to depict dfferences in murine background stra{iMossbrugger and others 2007
Unfortunately, these requiremerdse notevencompletely achieved yeah the
training pogram of veterinarian pathologistdn US, the American College of
Veterinary PathologistfACVP) offers training in animal models used in
biomedical diseases with spontaneous background lesions, and has workshops,
which cover the human diseadstp://www.acvp.org). In Europe, theEuropean
College of Veterinary Pathologis(ECVP) has only included laboratory animal
pathology in their training program, boffers summers schools, symposiums and
meetings about comparative patholdgitp://www.ecvpath.org/ In Germany, the
training program is less defined, but includes Ilaboratory animals
(http://www.bltk.de/fileadmin/bltk/user_upload/Dokumente/images/stories/weiter
bildung/wlb2003/anlagel/2:D-fta-pathologie.pdf [date: 01.10.2014]). New
technologies as sle scanners and webmicroscopy offer the possibility not only to
preserve rare, important material, but also to reach more people over distances and

these resources or mentors might be easier to (ekrhilton and others 20).2

1.3. Advantages of eearning

The term dearning describesa form of electnically supported learning and
teaching(Kerres 2013 and has gainedignificant value in biomedical education.
Existing learning strategies can be improved by providing new methods to already
existing traditional learning techniqugBoeker and Klar 20Q6Dev 2006.
Different elearning strategies have bealescribed: passive, facilitated learning,
interactive learnesystem, learneteacher and ixtual reality learnessystem
(Maxwell and Mucklow 201p E-learning offers the opportunity to improve
learningwith new toolsgven though the participants are imothe sameoom. This
includes animations that can be controlled by the user, exercises with self
assessment and feedback, videos and podcasts that can be streamed on demand.

Important assets oflearning for students are teapply ofmaterial whichcan be
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easily accessed, an improvederactivity and the freedom not to follow time
schedles. Webbased learning can be performed any time and in any location with
internetaccesses, well s u i(Maewetll andoMucklove202t udent s
Especidly in the field of medical education;learning offers the opportunity to
create case studies which can be attended by the studsiits, instance the
CASUS system in German veterinarian universi{@srchers and others 2010

The Univesity of Leipzig, Germany, uses Moodle as aleaning platform to

teach their students, offer courses and show curriéuleantages for the teachers
include the wide accessibility ahateria] which is easy to update once it is
establishegdand the posbility to pursue the students learning actividatentially

no time restriction interferes with the offered matedat teachers are able to
update the material any tim@he disadvantage of-learning is the time and
personnel needed to set up a coursaertheless,-eearning does not exclude the
teacher, a personal inteteon is possible when needed and necessalgaiBing

does not center the teacher, therefore students are able to work according their
individual preferencegSalter and others 20L4Even more, dearning can be
individualized, tailored to the students pace of learning, making it a crucial tool for
st ud e ndtidnfMasic@@08Maxwell and Mucklow 201p

1.4. Moodle

Martin Dougiamas developed the u$eendly opensource course management
systemMoodle in 1999 to improve classical learning platforms. It offers a broad
spectrum of tools to work with, for instance wiki, a chatting tool, databases, blogs,
calendars and newswire. Moodle is freely available and simple to handle. The
program is used iapproximately 214 countries for more than 4,784,691 courses
with over 45 million students and 1.1 million teach@sssieres and others 2012
Seluakumaran and others 201This widely used tool is beneficial for the
provision of courses in universities, curriculapplication of courses and
examinations, as well as in the area of medical education to implement case reports,
patient cases and macroscopical and histological pigiBedsakumaran and others
2011).

1.5. Webmicroscope
Virtual microscopes are increasingly used in medical education, ranging from

dental students to veterinary students in every field of educa®nyell as
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postgraduate programs. By digitalization of histological or histopathological slides,
teaching cdections can be used for wélased learnin@Szymas and Lundin 2011

The usage of virtual slides offers many advantages regarding accessibility,
efficiency, pedagogic features and costs. The slide can be accessed from every PC
with an internet connection and all students can review the same slide, they do not
need to ben the same classroom. Therefore, teachers are able to provide the best
slides to all students. A webmicroscope is efficient, as students do not need to adjust
the focus, condenser and lightening as with a traditional microscope and can
therefore faster aess the next slide. Annotations and group discussions offer a
broad spectrum for teaching. However, in terms of didactical aspects, it should be
considered teaching traditional microscopy as well to train students with the
handling of a traditional microepe. Disadvantages of digital microscopy include
mainly technical aspects, e.g. less resolution of low magnifications on the PC screen

or difficulties in scanning artifacts in tiss(ieee 2009.

1.6. Aim of the project

Aim of this projectwas to develop a training program for researshvorking wih

animal models and offer an international training coukseombination of animal
model pathology and human pathology in this course should help researchers with
their future work.To further validate theourse system, a deeper morphological
phenotypingof a mouse model for PDAC was performed, as described in section
2.

2. Pancreatic cancer and tenascHC

2.1. Pancreatic cancer

There are many different cancers of the pancoEssribed although the term
pancreatic cancer is synonymously used for pancreatitaldadenocarcinoma
(PDAC), which accounts for more than @)of malignant neoplasiaf thehuman
pancreasg(Bosman 2010Maitra and Hruban 2008 PDAC is a tumor of the
exocrine compartment of the pancreas, originating froetis with a ductal
phenotypeand accompanied by a dense stromal reaction, called desmoplasia
(Maitra and Hruban 200Q8This aggressive solid tumor is highly challenging to
treatbecause of its extensive local invasieasly systemic dissemination, most
often in liver, lung and peritoneu(®amuel and Hudson 201 2Z'he desmoplastic

stromal is reaction linked with a low perfusion rate leading to a reduced
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accessibilityof intravenously administered therapeu{jé¢élson and others 20)4

2.1.1. Epidemiology

PDAC is alethal disease with a dismal overall prognosis. In the EU and US it has
bemme the fourth leading cancer death in 2013 and the eight leading cause for
cancer related death worldwide. In the past 30 yeRIDAC has shown little
improvement in survival and cancer mortaltyd cancepredictions underscore

this trend:PDAC is the aly major cancer site with no predicted improvement of
mortality rategMalvezzi and others 201 %iegel and others 201.3n the United
States 45,220 patients have been newly diagnosed in 2013, which is an increase of
3 % to the year 201@NVang and others 20)L3The five year survival rate is below

5%, which accounts for the very aggressive nature of this cé®iegrel and others
2013. Known risk factes that have been identified are sex, age, race, rare genetic
conditions, smoking, obesity, alcohol abuse, chronic and hereditary pancreatitis,
diabetes and infectious diseag@lsamarrai and others 201Wormann and Algul

2013 Yadav and Lowenfels 201.3PDAC is predominantly a disease of the elderly;

it is very seldom diagnosed in patts younger than 40 yeatee mean age of the

patients diagnosed is 73 ye@®orstra and others 2008laitra and Hruban 2008

2.1.2. Prognosis and therapy

In addition to thaedismaloutlook, patientsgenerallyhave a poor response to radio

and chemotherapy. Most patients are diagnosed in an advstaged as the tumor
remains silent untiltiinvades in other structures. Abdominalrmpis often the first
symptom of the disease, but at this tinhe, tumor is mostly beyond cuf@iMagno

1999. Surgey is the only treatment with a chanfoe healing but only a minor

part of patients (120 %) qualifies for surgical resectigBultana and others 20/12

The median survival ranges from 2.5 months to 24.1 months, depending on the
stage, with a median overall survival of less than 12 mq@ttismoria and others

2007, Siegel and others 201.2To date, the standard chemotherapy is gemcitabine,
although the gemcitabifeee FOLFIRINOX regimen @U/folfinic acid,
irinotecan and oxaliplatin) showed a higher median sat¥han gemcitabine alone
(Heinemann and others 2Q12n early detection of the disease might improve the
worse prognosis and serum levels of many enzymes and antigens have been tested,
but no reliable marker candidate has been tlatleso far(Hidalgo 2010 Locker

and others 20Q6Targeting the tumor stroma might be a promising therapy concept
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in PDAC asit is characterized by poor vascularizatioanda denselesmoplastic
stroma which may contribute to impaired drug delivery and thexgesistancéo
chemotherapyNeesse and others 2011

2.1.3.  Precursor lesions of PDAC

Different distinct precursor lesions of PDA@e described in the literatyre
including pancreatic intraepithelial neoplasia (PanIN), intradug@pillary
mucinous neoplasm (IPMN) and mucinous cystic heoplasm (MCNhp@eed to
IPMNs and MCNs, Panlire the most frequent precursor lesidnscontrast to
PanIN lesions, IPMNs and MCNseaalready established neoplasfivkitra and
Hruban 2008 More recently, another type of precursor leswas proposed:
atypical flat lesions (AFLJAichler and others 20)2

Pancreatic intraepithelial neoplasia (PanIN)

PanIN lesions are clearly defined and classifesions in the WHO classification

as follows PanINare nonrinvasive, microscopic proliferative epithelial lesions
arising in smaller pancreatic ducts and ductules and are subdivided intec BgnIN
PanIN1B, PanIN2 and PanIN3, depending on the degree oftological and
architectural atypiaalways with a diameter less than 1.dAanIN1A are flat
epithelial lesions with minimal atypia. Characteristicalije cells areall and
columnar, containing abundant mueiith basal orierdgtion andsmall, round @

oval nucle. The similar PanINLB lesions harbor additionally a papillary,
micropapillary or basally pseudostratifiadchitecture. Panli lesions are flat or
papillary and show nuclear abnormalities as loss of polarity, nuclear crowding,
enlarged nuclei, pseo-stratification and hyperchromatism.itilses area rare
finding. PanIN3 are papillary or micropapillary,lesions with marked atypia.
Seldom, this lesions can be fl&udding of epithelial cells into the lumen of the
lesions and luminal necrosis can be found in these lesions. In addition, loss of
nuclear polarity, dystrophic goblet cells, abnormal mitoses, nuclegularities

and prominent nucleoli are a common find{iryuban and others 200Kern and
others 2001 These morphological alteratioase accompaniealy an accumulation

of genetic akrations, summarized in Figure 1
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Normal » PaleA» PanIN1B » PanIN2 » PanIN3 » PDAC

ductal
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Figure 1: Progression model qfancreatic intraepithelial neoplagi@anIN andpancreatic ductal
adenocarcinom&PDAC) formation: Accumulation of genetic alterations leads to PanIN and finally
PDAC formation modified by authofHruban and others 20D6

Accordingly, murine PanIN are similarly defined as human Pafifiuban and
others 200%

Intraductal papillary mucinous neoplasm (IPMN)

In contrast to PanIN, IPMNs are lesions at least 1 cm in size, arising in the main
pancreatic duct or branch ducts. Mucin production and papillary architecture are
the histologic features ofPMNs (Furukawa and others 2005IPMNs ae
subdivided into makduct(21-36 %), branchduct(40-48 %) and mixed duct types
(16-38 %); branchduct IPMNs usually have a foveolar appearance and are
thereforecal e d A-gppé 0 j c me a-duet PMNseare rhiatolagically
divided int-0o,thpancweatntwbibiggpreoyt dependi
on morphological and immunohistochemical feasurProgression to invasive
PDAC s quite common in maiductlPMNs (4864 %) andless frequernin branch

duct IPMNs (1620 %) (Schlitter and Esposito 201.2The 5year survival rate is
depending on the histological sub&yp and ranges from 52%
(pancreatobiliarstype) to 84% (oncocytietype). PDAC arising in the context of
IPMN have a better prognogiBurukawa and others 2011

Mucinous cystic neoplasm (MCN)

MCNs are mucin producing, cy&irming epithelial neoplasmswithout

communicatiorwith the pancreatic ducendsurrounded by a distinctive ovarian
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type stromaimmunohistochemically expressing hormeneeeptor antigeng hese
lesions are predominantly detected in won(@8%) Histologically, MCNscan
display low to hgh-grade dysplasiaOne third of MCNs are resected with an
associated invasive carcinoma. Theear survival for resected patients with
noninvasive MCNs is almost 10% and about 586 for patients with invasive

cancer(Crippa and others 200Blruban and Fukushima 2008

Atypical flat lesions (AFL)

AFL have only recentlybeendescribed as amwer type ofpotential precursor
lesions. Discovered ithe KC mice the presence of this lesion was confirmed in
nonrtumorous specimen ahdividuals belonging tdamilial pancreatic cancer
(FPC) kindred AFL are proliferating, nomucinous, flat ductalelsions with
enlarged and hyperchromatic nuclei and prominent nucleoli surrounded by a fibrous
and cellrich stroma that can have a loose, myxoid appearance. Mitoses are a
common finding. These lesiossem tarise from tubular complexes (T@ichler

and others 201Bockman 199Yin areas of tissue remodeling, so called aeinar
ductal netaplasia (ADM), andheir frequency increasesith the age of mice.
Compared to PanINmurine AFL display a higher proliferation activity ¢80 %),

p53 positivity and s t(Aidverand othecsQ)aThd at i on
consideration of AFL as precursor lesions might influence the controversial
discussion whther PDAC arises from ductal, acinar or centroacinar (Blerra

and others 20Q™McDonald and others 20L2ZFigure 2depicts a possible way of

PDAC development from acinar and centroacinar cells

A — B s

' lesions lesions
'rubuurﬁpnm ' ’ q ’ mpm Tubular :ﬂmpll

Inudnom mplnn: mPanIN
lesions

A

Mucinous tubular hPanIN
complexes

AmylasaTrypsin A Smacd
A ckie A Pax1
A Muct A 53

A M2 @ piep
MucSAC ==, Stromal reacton

IR Proiferation

Figure 2: Possible carcinogenesis from AFL lesions, A: mouse, B: humgpical flat lesions

(AFL) arise in a setting of acinaluctal metaplasia (ADM) lesions with tubular complexes (TCs)



1. Literature Review 13

and mucinous tubular complexes (MTCs), proposhw flat carcinogenesis mogehodified by
author(Aichler and others 2032

2.1.4. Genetic alterations

PDAC develops as a result of successive accumulation of genetic alterations in pre
neoplastic lesions, including mutations itne key driver genesKRAS
P16/CDKN2ATP53andSMAD4/DPC4.8Hruban and others 20R0rhe mutation

of the oncogen&RASis an early event in the development of PDAC, which can
be detected in 92 % of PaniM lesions. More than 9% of human PDAC contain
an activaing point mutation in th&RASgene, mainly changing codon 12 from
glycine to aspartate or valime exon 2 Further mutations in codon 13 and 61 are
observedoccasionally(Almoguera and others 1988iankin and others 2012
Kanda and others 2012nactivation of the tumor suppressor g&@KN2Agene

iIs another early event in PDAC. Around 30 of PanIN1A lesions harbor a
CDKN2Amutation, and more than 95 of PDAC have an inactivatedDKN2A
gene due to homozygous deletion, inactivation mutation in one allele and loss of
heterozygosity or promoter hypermethylati@@ttenhof and others 2011The
subsequent loss of functional pl6 protein leadsamoincreased cell cycle
progression{Schutte and others 1997 late event in the tumorigenesis of PDAC
is the inactivation of thelP53 gene by missense mutation of one allele and
subsequent loss of the second allele. It is mutated in abot @G6PDAC and
functional loss of the protein p53 leads to accumulationfuother genetic
abnormalities through ar#ipoptotic effects in the presence of DidAmage
(Bardeesy and others 2QO0Rozenblum and others 1997Similar to TP53
inactivation ofSMADA4is found only in highgradePanIN indicating another late
evert in the progression to PDAC. Fiffywe % of PDAC cases harbor&VIAD4
inadivation (Hruban and others 200Uascilar and others 201

2.1.5. Stromal componentand tumor microenvironment

PDAC harbor a characteristic stromal reaction, called desmoplasia. This
desmoplastic stroma is mainly fodi in PDAC, rarely in other pancreatic primary

or secondary tumors of the pancreas and represents for up%o0®@he tumor
volume (Kloppel and others 2004 It is characterized by a deposition of
extracellular matrix proteins and a cellular component consisting of stellate cells,
activated filboblasts and myofibroblasts, as well aglammatory cells The

extracellular matrix proteins argynthesized mainly by pancreatic stellate cells
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(PSC)and in a lower amount by cancer c€Neesse and others 201Thestroma

acts as a mechanical barrier to the tumor, restricting the vascularity of the tumor
and hereby limiting the effect of argancer drugsHereby, itplays an important

role in the process of tumor formation, progression, invasion and metastasis,
protection from apoptosis and cancer stem cell mainten@ta@ng and others
2008 Korc 2007%.

Another important key player of the tumor microenvironmenthis immune
system. Antigens associated to cancer are expressed by PDAC and competent CD4
and CD8 T cells with specifiaceceptors againgtancer antigens are expressed in

the bone marrow of patients harboring PDASChmitzWinnenthal and others
2006. Pancreatic cancer cells are known to be able to evade the immune system
and cancer associated inflammation evident in the tumor stroma might serve as a

barrier to the surveillance of the immune sys{&ayne and others 2012

2.1.6. Mouse models of pancreatic cancer

Animal models closely mimickinthehuman disease are helpitigunderstand the
pathogenesis of PDAC and to reveal the mechanism letalingasive cancer. In
2003 Hingorani and othersgeneraéd amouse model with a Cre recombinase
dependent, endogenous, conditiokieds mutant alleé on pancreas specific PBX
1 orp48 promotergsee Figure B These mouse modadgveloplow-gradce and, to

a less extent, higgradePanIN as well as ADM closely resembling the human
disease

Adult

@ﬁ@ﬁgwam

Foregut Early Committed
Ducts

Endoderm Pancreatic Pancreatic
Buds Progenitor

Figure 3: Pancreatic developmentranscription factors that program the early progenitor cells in
the developing murine pancreas are indicated. R@Xpression stes with embryonic day 8.5 and

p48 expression begins with embryonic day 9.5. These progenitor cells develbgetblmages of
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the pancreasnodified by autho(Hingorani and others 2003

As in human PDACasingleKras mutationleads not necessarily invasive cancer
(Hingorani and others 20D3Therefore,further genetic alterationsave to be
targetede.g.Cdkn2a Tp53 and Smad4on a mutanKras background, leadintp
fully invasive PDAC with metastasééguirre and others 2003ingorani and
others 2005Kojima and others 20Q7A further breakthrough was the development
of a doxycycline dependent, conditionally inducildeas allele in the mouse,
showing thathe Kras mutation is required for the maintenance of ADM, PanIN
and PDAC andhat theinactivatian of Kras leads to regression of PDAQCollins
and others 2012&ollins and others 2012b

Modelsotherthan GEMs used tomimic human disease aleeterotopicxenograft
models, withsubcutaneousnplantation ofhuman cancer cells in nude or severe
combined immunodeficient (SCID) animaknotherpossibilityis the orthotopic
xenograft model, with tissue grafted in the pancr@ae limiting factor of these
two models isthat the recipients arammunocompromisedanimalsto avoid
rejection ofhumantissues so modulation of the tumor growth by the immune
systemss lacking. Furthermore, these mice show onlynaimal or no stromla
reaction(Capella and others 1999ing and others 2030

In summarytransgenianouse models gbrecursor lesionand PDAC offer new
possibilities totest the validity ofearly detection methods araf therapeutic
strategies and to investigate cellular origins and molecular pathways involved in the

development, progression and invasion of RDA

2.2. TenascinC

TenascinC belongs to a family ofarge oligoneric extracellular matrix proteins
the tenascins (TN)displaying a distinct expression pattern during development,
tissue maintenance and diseaBHC wasdetectedby dfferent working groups
independently andofmer names include gliommesenchymal ECMantigen
(GMEM) (Bourdon and others 1983hexabrachioiiEricksonand Inglesias 1994
myotendinous antigefChiquet and Fambrough 19841 glycoproteirfKruse and
others 198p and cytotactin(Grumet and others 198%until in 1986 Chiquet
Ehrismann and others introduced the name ten&SbiguetEhrismann and others
1986. TNC was the first tenascin described more in dégfibreother TNseven
have been detected in humansluding tenascirR (TNR, restrictin, janusin),
tenascirX (TNX, gene X) and tenasciW (TNW, tenascidAN), and additionally
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tenascirY (TNY) in chicken(Jones and Jones 2000&enascin was chosen as
common name as it is a protein enrolled
hold) (Mackie 199FandtheC i n TNC st an dGhiquetghrisndnayt oact i
and Tucker 2011

The umanTNC gene is localized on chromosome 9 in band@@2(Rocchi and
others 1991 TNC, as all TNs, consists of a common set of structural motifs,
including heptad repeats, Edike repeats, fibronectin type Il (FNIII) domains
and a Gterminal globular domain. Thaisulfide linked oligomer consists of an 180
and ar800-kD subunit linked together in a central corenaposing a hexabrachion
(Figure 4 (Vaughan and others 1987

TA Domain EGFL Repeats FN-III Domains FG Globe

<=(-N000000000000™™™ [ - ™ @

HEPTAD

Figure 4. Structure of TNC:Schematic presentation of the hexameric TNC (A), and the TNC
oligomer (B).The six oligomers are linked together at the tenascin assembly (TA) domain by coiled
coil interactions in the HEPTAD region. THeft arrow represents terminal stgine residues.
Mammalian TNC contains 14 EGFL repeats &tl7 FNIII domains (black: conserved, white:
alternatively spliced variants). The fibrinogen globe represents #teen@nal end modified by
author(Jones and Jones 20Q0b

Every arm contains an aminoterminal tenascin assembly (TA) domain in which the
TNC polypeptides aabe linked together by terminal cysteine residues afd-3U
helical heptad repea{€onway and Parry 1991The TA domain is followed by
14.5 epidermal growth factdike (EGFL) repeats, each containing six cysteine
residues, which participate in intrachain disulfide bonds. These EGFL repeats are
important for the adhesion to fibroblasts and neu(brscher and others 1991n
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the carboxyterminal direction, 817 fibronectinlll (FN-III) repeats are present, 8
conserved and up to 9 alternatively splicedIHNepeats(Pas and others 20D6

The domains ararranged in two sheets of seven 4qnth r a-kstlared§Barbn and
others 199 and account for the flexibility of TNQCarr and others 199.7The

FN-11I repeats are altered by alternative splicing of TNC mRNA and distinct
expression pattern of these sli@iants have been described in development and
disease, modulating the biological function of TKESposito and others 2006
Jones and Jones 2000mterestingly, TNC promotes adhesive and-adtiesive
actions, depending on the binding to different EMC proteins or cell surface
receptors. Alternative splicing does influence this binding, as it has been shown for
the cell surface receptor annexin Il, which binds to the alternatively splicéd FN
region AD of the large TNC splice varia(€hung and Erickson 1994

The Gterminal end of TNC is represented by the fibrinogen (FG) globe, which
contains polypetde loops, formed by two disulfide bonds and has &i-Biading

site (Jones and others 1989 his domain interacts with other proteins of the ECM
and cell surface receptors, e.g. collagens, imisgand heparin@ilev andothers
1997. These interactions promote TNC dependent activities, like migration,
proliferation and regulation okl adhesiongOrend 200% Proteins like TNC, that
contain binding sites for major structural proteins in the ECM and specific cell
surface receptors ar e(Raberts2081d/aribuneffectsi cel | ul
of TNC on cell behavior are mediated through the existence of specific receptors.
Different cell types are able to produce TNG,ifestance stromal cel(©skarsson

and Massague 201.2n human brain, e.g. oligodendrocytes and astrocytes express
different splicevariants of TNC, oligodendrocytes the larger ones, meanwhile

astrocytes the smaller on@arwood and others 20P4

2.2.1. TenascinC in developmentand the adult organism

TNC is expressed in a restricted pattern during embryogenesis and early postnatal
development. It was detected at sidedisgueremodeling in the mesenchyme
around the epithelium undergoing differentiation, for instance in the mammary
gland, the tooth bud formation, the early tubulogenesis in the kidney and the
urogenital sinus at the sites of formation of prostatic buds and vagina. @ngans
express highest levels of TNC are thymus, lung and cerebéBage and tiers

1997).
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In the adult organism, TNC is tightly regulated and restricted to tissues which
undergo either mechanical stress, such as tendons, ligaments and smscies

or exhibit a high cell turnover as lymphoid organs and hair buds in the skin
(ChiquetEhrismann and others 2014Examples for aas of restricted TNC
expression in the adult organism are the basement membrane of the skin, mucosa
of the colon, ductal salivary glands, vessel walls of various organs, visceral smooth
muscle, the mammary gland after lactation and the uterus during egtle and
pregnancyJuuti and others 2d0Saga and others 199Reappearance of TNC in
adult tissue is triggered by injury and tissue regeneration as well as in healing
wounds, arteriosclerosis and can@@hiquetEhrismann and Tucker 20L1As in

vivo, TNC expression of most cultured cells is dependent on certain growth factors
and hormones. For instance, TNC expression in cultured fibroblasts is only
detectable after incubation with factors associated with inflammation and wound
healing, like transfrming growth factob , basic fibrobl ast
interleukinl1 (ChiquetEhrismann and others 1995

2.2.2. TenascinC and cancer

Strong expression of TNC in the adult organism feund in the tumor
microenvironment(Orend 200% In most epithelial tumogstumorassociated
fibroblasts are the source of TNC, not the epithelial tumor cells themselves.
Interestingly, innonepithelial derived tumors, such as melanoma or glioblastoma,
the tumor cells are the source of TN epithelial tumors,mmunohistochemistry
revealsa fibrous network of TNC immunoreactivity surrounding tumor cell nests.
A correlation between elevatexpressionf TNC andlocal infiltration of adjacent
normal tissue andncreased metastasis many types of cancewas observed
(ChiquetEhrismann and Tucker 20l Moreover,TNC expression is upregulated
duringangiogenesif inflammatory and neoplastic diseaséSIC concentrations
have been linked to tumor recurrence and prognosis, but the findings are
contradictory, underscoring the several functions of this prot@rend and
ChiquetEhrismann 2006 In breast cancer and colorectal cancer TNC expression
is conneted with worse prognosis, whereascervical and gastric cancpatients

have a better prognosis with a TNC immunoreactivity in immunohistochemistry of
tumor sampleqJuuti and others 2004TNC expression in breast canosas

investigated intensively. Here, ihducesan epitheliatmesenchymal transith

(EMT)-like change in breast canceells by bindngpf Uv b1 and Uvbeé
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(Katoh and others 20).3Another interesting feature is the fact, that often the large
splice variant of TNC isssociated witltumors. Borsiand otherdound that the
extracellular matrix pH influences the splicing of TNC mRNA in normal
fibroblasts, meanwhile malignant cellscixsively produce the large TNC mRNA
(Borsi andothers 1995 Antibodies against these splice variants might therefore

play a role in diagnosis and thergi@hiquetEhrismann and Chiquet 2003

2.2.3. Distribution and function of tenascinC in pancreatic cancer

Comparedo normal tissue, the distribution of extracellular matrix proteins such as
TNC differs in PDAC. TNC expression was found to be upregulated in PDAC,
mostlyin the stromasurrounding tumor cell§Juuti and others 2004inder and
others 2001 Juutiand othergorrelated immunohistochemical TN{gtectionwith
patient survivatate They showed thatNC expression waassociateavith poorly
differentiated tumor grades apdtientsage. No correlation between the expression
of TNC and stage, tumor size, lymph node statusastesis or tumor locatiarould

be detected. Interestingly, male patientsTNC expression seemeéd correlate

with a higher survival(Juuti and others 2004 Gong and othersdetecteda
correlation between higlevels ofspliced TNC in sera of patients and gemcitabine
resistanc€Gong and others 20L(Espositoand otherseportedin 2006 thatPSC

are the min source of TNC, ndhepancreatic cancer cellsemselvesHere, they
could show that the expression is induce

and transforming growth factor beta (T®F(Esposito and others 2006

Large TNC splie variantshave been found iprecursors of PDA@ndPDAC as

well asin chronic pancreatitis, but not in normal pancreas and the expression
intensityincreasesrom low-gradePanINto invasive PDAC. In normal pancreatic
tissue, the distribution of TNC is restricted to the muscular wall of blood vessels

and the stroma surrading interlobular ductéEsposito and others 2006

Functional analysi®of TNC in vitro showed that TNC increases growth and
adhesion of poorly differentiated pancreatic cancer cell lines. MorasiagTNC
as growing substrathe cell linesexhibited higher migration rate. Proliferation of
pancreatic tumor cells was enlcad by TNC(Paron and others 20LThe role of
TNC on apoptosis is not clear and resultssaraetimes controversigMidwood

and others 20)1However, tleseresultsindicatea possible tumosupportiverole
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of TNC in PDAC. Unfortunatelylittle is known about the role of TNC in the
pancreas harboring only precursesions

2.2.4. Mouse models of tenaschC

In 1992,Sagaand othersucceeded in developing mutant mice lacking TGy
replaed two-thirds of exon 2 and parts of intron 2 of the TNC gene with a lacZ
gene,which inducedacZ expressiorinstead of TNC. To their surprise, the mice
developed normally and showed no obviabsormalitie{Saga and others 1902
Finally, in 1996, Forsbergnd othersndependently generateddifferentmutant
mouse modelackingthe TNC gene and confirmgateviaus findings TNC was
deleted by switchinthe coding region of exontd a neomycin gen@-orsberg and
others 1995 However, TNC null micesshowed some abnormalities as low body
weight and low pregnancy ratdsukamauchand otherdirst described abnormal
behavior of TNC knockout miceThe mice exhibited a prolonged exploratory
behavior in a new surrounding and had problems to habituate to the unknown
circumstancegFukamauchi and others 1996urther, abnormaliéis inthe central
nervous systentdevdopment of lung and prostate as welragenerative processes
after injury and stress have been detectéifuentesDiaz and others 2002le
Chevigny and others 200&l-Karef and others 200 Garcion and others 2004
Ishii and others 20Q8\akao and others 199&oth-Kleiner and others 2004
Moreover, it has been found th#te TNC knockout mouse has a reduced
inflammatory responsgChiquetEhrismann and Tucker 20L1Interestingly,
knockout of other gendike Bcl-2, Smad8 Msx2 and MMR19 seemnto influence

the expression of TNC anthereforethe phenotypgChiquetEhrismann and
Tucker 201}, making it important to generate mouse models for special cancer

types to elucidate the role of TNC in several cancer.sites

2.3. Aim of the project

Aim of this work was to compar@n ablation of TNC in a mouse model of PDAC
to a wellestablished mouseodel of PDAC. Hereby, the focus was seatguire
new knowledge of TNC function, in particular in therlggohases of PDAC

development as thdismaldisease has still a worse progis
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1. MATERIAL A ND METHODS

1. Web-based learning platform for comparative histology

1.1. Material
Material used during the course is listed in the annex.

1.2. Methods

1.2.1. Human tissue

Tissue samples were obtained from the archive ofltls@tute of Pathology,
TechnischaJniversitat Minchen, Germany. After surgical removal, tissue samples
were fixed in 4 % buffered formalin and embedded in paraffin aftenr@4n a
paraffin embedding machinEor routinely diagnostic purposes, histochemical and

if necessaryimmunohistobemicalstainingsvereperformed as described in detail

in 22.2-2.2.6 The use of human material foliglprojectwas approved by the local
ethics committee of the Technische Universitat Minchen, Germany, and written
informed consent was obtained frorhdtients

1.2.2.  Murine tissue

Murine tissue slidesf wild type micewere kindly provided by the mouse platform
of theGerman Mouse ClinifGMC), Helmholtz Zentrum MiincherGermanyThe

mice were housed and bred at the animal facilities oGt€, in accordance with

the German Animal Protection Law with permission from the responsible
veterinary authorityWild type micewere euthanized in a G@hamler, tissues
were harvested, fixed in% buffered formalin and embedded in paraffin after 24

hrs.H&E staining of organ tissue sectiomsreperformed.

1.2.3. Consortium

The project was financed bgRASMUS Lifelong Learning 517860LLP-1-1-FI-
ERASMUSFEXI. A network of universities teaching disease model pathology has
been developed through the j@a. Theconsortium was composéy the Institute

of Pathology, Technische Uniatat Minchen, Munich, Germanghe Palmenia
Centre for Continuing Education niversity of Helsinki, FinlandTurku Center for
Disease Modeling, University of Turku, Finland and thell€ge of Medical,

Veterinary and Life Sciences, University of Glasgow, Scotland.ri@mbers of
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the consortium offered broad knowledge and inclutiepecialiss in pedagogy,

medical and veterinary pathology and mouse models of human disease

1.2.4. Developmern of a curriculum

A curriculum for theweb-basedcourse contenvasdevelopedThe structure for

the overall curriculumwas planned together bthe members of the consortium
usingMoodle as an interactive wddased tool. &rther discussiongere hold by
videoconferenceandin faceto-face meetings. Quality criteria farcomprehensive
learning,the e-learning contentthe online tutoring and mentoringhe webinars,

and the scanned slides utilized, have been applied in order to ensure that the
curriculumwasbased on the latest research and pedagogical knowledge

1.2.4.1. Normal murine tissue

Murine tissue 8des from the mouse strains BALB/gB C3HeBFeJ,
129P20laHsd, C57BL6I, FVBNJ and C57BLA& were obtained from the mouse
platform of the Helmholtz Zentrum Maéhen. A least one representative female
and male example with straspecific background lesions was selected. H&E
sections included murine brairfcerebrum, cerebellum, bratesn), neck
(esophagus, trachea, thyroid, parathyroid), thoracic and abdomgaaiso(lung,
heart, thymus, liver, kidney, spleen), reproductive organs (ovaries with fallopian
tube, uterus, vagina, bladder, testes, epididymis, prostate), gladdgmph nodes
(adrenal glands, salivary glands, lymph nodes) and gastrointestinal tifactkin
(stomach, small intestine, large intestine, pancreas,. skin)

1.2.4.2. Basic lesions

To highlight basic pathological lesionsp@opriate human tissue sections were
screenedrom the archive of thénstitute of PathologyTechnische Universitét
Minchen Gemanyand interesting cases were selecliégdsue sections of animal
models fitting to the human tissue sectiargse used from the mouse tissue archive

of Prof. Dr. EspositoRepresentativéd&E slidesas well ashistochemical and
immunohistochemical stainsere usedif important to understand the case. In
detail, thechosenexampes comprised cell adaptation reactiofiypertrophy,
hyperplasia, atrophy and metaplasia), cell injury and death (apoptosis, necrosis),
inflammation (acute, chronic, granulomatoasyl tssue repairTable 1contains a

detailed description of thraurine and humalesionsincluded in the course
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Cell reaction

Human example

Murine example

Cell
adaptations

Hypertrophy

Cardiac hypertrophy

Leydig cell
hypertrophy
(AROM+ mouse
mode)

Hyperplasia

Prostatic hyperplasia

Adrenal subcapsular
cell hyperplasia
(incidental finding in a
femaleBalbcbyJ
mouse)

Atrophy

Tests drophy

Tests drophy
(incidental finding in
normal129P20laHsd
male mouse)

Metaplasia

Gastric intestinal
metaplasia

Pancreatic @nar
ductal metaplasia
(cerulein induced
acute pancreatitis,
C57BL6NmMouse
strain)

Squamous epithelial
metaplasia cervix

Cell injury and
death

Apoptosis

Apoptotic bodies in
viral hepatitis

Wilson disease
(Atp7b’ rat mode)
(Zischka and others
2011

Lichen ruber

Acute pancreatiis
(cerulein induced
acute pancreatitis,
C57BL6Nmouse
strain)

Necrosis

Acute liver failure

Toxic liver necrosis
(C57BL6NmMouse
strain, unexpected
toxicity after
experimental drug
administration)

Colliquative necrosis
in acute pancreatitis

Tumor necrosis liver
(Wistar rat treated
with
Diethylnitrosamindo
achieve hepatocellula
carcinoma)

Cardiac infarction

Inflammation

Acute
inflammation

Acute
bronchopneumonia

Acute
bronchopneumonia
(incidental finding in a
normalC57BL6N
mouse)

Acute pancreatitis

Acute pancreatitis
(ceruleininduced
acute pancreatitis,
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C57BL6NmMouse
strain)

Ascending cholangitis

Ascending cholangitis
(mouse model for
sclerosing cholangitjs
C57BL6Nmouse
strain)(Fickert and
others 200

Chronic
inflammation

Autoimmune
pancreatitis

Chronic pancreatitis
(mouse model of
immune modulated
form of chronic
pancreatitiscourtesy
of Bo Kong, Surgical
department, TUM)

Primary sclerosing
cholangitis

Chronic cholangitis
(mouse model for
sclerosing cholangitjs
C57BL6Nmouse
strain)(Fickert and
others 200

Granulomatous

Granulomatous

Granulomatous
hepatitis
(Helicobacter

Inflammation hepatitis hepaticusnfection in

a femaleBalbcbyJ
mouse)

Foreign body reaction

skin
Liver cirrhosis
(chemically induced

Tissue repair | Fibrosis Liver cirrhosis liver cirrhosis, Wistar

rat with oral
administration of
dibromoacetic acid

Keloid

Tablel:

1.2.5.

Digital images of appropriate histochemical and immunohistochesectibns for
the use in the Webieroscope were obtained with a figéde scanner (ScanScope
CS, Aperio) at 40Xmagnification (0.25 um/pixel redution). Images were saved

in the fastesta process .svs file format with a .jpg compression to minimize the file

Det ail ed

Digitalization

content of t he

Webmi croscope

mo dul e

size. Images were stored on small hard drives and sent to the partners in Finland to

upload them in the Webieroscope.
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1.2.6.  Annotation of slides in the Webmicroscope

Annotation of the slids was performed after uploading to the Webmicroscope
server. Four different signs (circle, rectangle, polygon and arrow) and five colors
(yellow, red, green, blue and black) were available in the Webmicroscope slide
viewer. A new annotation was opened #mel lesions were described by using the
signs and colorsNormal murine histology of organs and relevant background
lesions were highlighted in the common mouse strains BALRIcB3HeBFeJ,
129P20laHsd, C57BLBI, FVBNJ and C57BLE. In the basic lesions apt,
important features of the changes seen in the particular organs were highlighted and
short introductions towards cases, mouse strains and background information of the

underlying diseases were prepared. Additional features were annotated as well.

1.2.7.  Pilot Course

A part of the developed curriculum was carried out in the Pilot Course, which was
run from 15.04.2013 to 30.06.2013. Additionally, two final examinations in July
and in August were hold. Students were recruited in January 2013. After the Pilot
Course, feedback was collected from the students. Each module of the Pilot Course
was evaluated separately in terms of quality of the instruction, the course material
and the organization of the course modules. Additionally, the students evaluated
their ownlearning progress and improvement and the relevance of the course for
their work. Moodle was used as afearning environment for the course platform
and internal communications of teachers and students. The content of the Pilot
Course focused on compavat pathology in mice and humans. This included
PowerPoint presentations linked to a virtual microscope (Webmicroscope, hosted
by the University of Turku, Finland, prepared by the Technische Universitat
Munchen), video clips (prepared by the Universitfofku and Helsinki), recorded
lectures (prepared by every partner, voice over spoken by Prof. VD Janet Patterson
Kane, University of Glasgow, Scotland) and interactive exercises (prepared by
every partner in the corresponding module). Information aboikbeCourse was

distributedvia a public website designed for the projduty://pathpath.euby the

University of Helsinki, Finland

2. Example for phenotyping of a mousestrain: The TNC


http://pathpath.eu/
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model

2.1. Material

Material usedduring the course is listed in the annex and relevant material as

follows.

2.1.1. Antibodies
Primary antibodies

Product Application/Dilution| Company

Anti-claudin18 IHC (1:1000) Life Technologies GmbH, Darmstadt

éntl—cleaved caspasel 1uc (1:1000) New England Biolabs, Frankfurt

Anti-E-cadherin IHC (1:100) New England Biolabs, Frankfurt

Anti-HES1 IHC (1:50) Bloz_ol Diagnostica Vertrieb GmbH,
Eching

ANti-Ki-67 IHC (1:200) BD Transduction Laboratories,
Heidelberg

Anti-notch2 IHC (1:10) DSHB, lowa (USA)

. . Santa Cruz Biotechnology, Inc.,

Anti-p16 IHC (1:200) Heidelberg

Anti-tenascinC IHC (1:1000) Abcam plc., Cambridge (UK)

Anti-TROMA I i

(CK19) IHC (1:800) DSHB, lowa (USA)

Anti-b-catenin IHC (1:500) BD Transduction Laboratories,
Heidelberg

Secondary antibodies

Product

Application/Dilution | Company

Biotin-labeled goat anti
mouse IgG

IHC (Ready to use) | KPL, Inc.,Gaithersburg (USA)

Biotin-labeled goat anti
rabbit 1I9G

IHC (Ready to use) | KPL, Inc.,Gaithersburg (USA)

Dako EnVision+ System
HRP, Labelled Polymer
Anti-Mouse

Dako Deutschland GmbH,

IHC (Ready to use) Hamburg

Dako EnVision+ System
HRP, Labelled Polymer
Anti-Rabbit

Dako Deutschland GmbH,

IHC (Ready to use) Hamburg

Biotinylated antirat IgG
(H+L)

VectorLaboratories Inc.,

IHC (1:300) Burlingame (USA)
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2.1.2.  Primer pairs

Primer sequencassedfor genotypingof mutant mice

PrimerTenascinC genotyping

TN-G-1-2 (FW) | 5 &GAA GTC ACT AGA AAC TAG TGG ACAACT G3 06

TN-150R
(~36TN)
TN-lacZ (RE) 5 &£TC CAT GCT TGG AAC AAC GAG CGC AGS 6

5 AAG CTAGAAAGATGC CTG GG3 6

PrimerKras®'?P genotyping

K004 (FW) 5 &TC GAC AAG CTC ATG CGG GT& 6
K005 (FW) 5 -AGC TAG CCACCATGG CTT GAG TAAGTCTGC R 6
K006 (RE) 5 &€CT TTA CAA GCG CAC GCAGAC TGT AGA3 6

PrimerCr e / Bdndtypikh

C001 (FW) 5 &A\CC AGC CAGCTATCAACTCG3 6

C002 (RE) SAdTACATTGG TCCAGCCACG3 6

C003 (FW) 5 &€TA GGC CAC AGA ATT GAAAGATCT3 0
C004 (RE) 5-8TA GGT GGA AAT TCT AGC ATC ATC G3 N;j

2.2. Methods

2.2.1. Animals

All mice were housed and bred at the animal facilities of the German Mouse Clinic,
Helmholtz Zentrum Munich. All work with the mice was carried out in accordance
with the German Animal Protection Law with permission from the responsible
veterinary authort. TNC" animals were breed with.SL-Kras®?®* and
Ptf1a/c" D mutant mice on a C57BL6N backgroundbtataintriple mutant mice
(KC-TNChetand KC-TNCKQ. LSL-Kras®'??"* and Ptf1ac"®% mice were breed

to obtaindouble mutant miceK(C). Relevantmice and corresponding littermate
controls were euthanized in a €€hamber. Mutant pancreata were lested after
15,12, 9, 6, 3, 2 ant months.

2.2.2. DNA extraction from mouse tails
At weaning, threeweeks old mice were anesthetized with isoflurane for
idenification with ear punching and tail clippirigr DNA analysis0.2- 0.5 cm of

the tail were cut and bleeding was stopped with silver nitFadeevaluation of
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mutant micegachmouse tail wasncubated with 25Ql tail lysis buffer (50 mM
TRIS-HCL pH 80,100 mM EDTA, 100 mM NaCl, % SDS, 0.5 mg/ml proteinase
K) at 55°C overnight on a gently rocking platform (700rpm). 200 pl of aqua ad

iniectabilia and 200 ul phenahloroformisoamyl alcohol weradded to the tissue

lysate, mixed by repeatedviersionand centrifuged for 1®in at 13.000 rpm at

RT. The upper aqueous layer waansferred to a new tube a@@d0pl chloroform

isoamyl alcohol (24:1) was added. The lysate was mixed and centrifuged as

described above. The upper aqueous layer was transfer@chew tube. DNA

precipitation was performed with 800 pl of cold ethanol ¥0The precipdted

DNA was centrifuged for 15nin at 13.000 rpm at 4C and the supernatant

discarded. The same step was repeated with 400 pl of etha¥olAfCer removing

the supernatant, DNA was dried at 4G and resuspended in 30 pl aqua ad

iniectabilia. DNA concentration and quality was measured by reading absorbance
at 230, 260 and 280 nm and diluted to 100 ng/ul for further PCR analysis.

2.2.3.

Genotypng Master Mix
10X buffer (15 mM Mg")
dATP

dCTP

dGTP

dTTP

Cresol Red sodium salt
Sucrose

PCR for mouse genotyping

1.16X
1.74 mM

NDNDNDN
(o)l e)Ne) )]

3
3
3
3
6

= oo
—ZZZL

. 5
.98 %

DB DNDNDNDN
Q ™M MmMmm

For theTNC (wild-typepresence) PCR a 25 pl reaction was set as follows:

Genotyping Mastermix
Primer G12

Primer 30TN
Taq polymerase
DNA

1.5 I

2
1.
1.
0
1

o 0100
m momm

€
I
I
I
I

For theLacZ (TNCko presence) PCR a 25 pl reaction was set asafsilo

Genotyping Mastermix
Primer G12

Primer lacZ

Tag polymerase

DNA

21.5¢l
1.0¢l
1.0¢l
0.5

e |
1.0 ¢l

The amplification parameters were set as following:
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95°C 5 min initial denaturation

35 cycles with:

94 °C 1 min denaturation

60 °C 2 min annealing

72 °C 1 min elongation

72 °C 10 min final elongation

For thewtKras (Kras wild-typepresence) PCR a 25 pl reaction was set as follows:

Genotyping Mastermix 2 1. 5 ¢ |

Primer KOO04 (FW) 1.0
Primer KOO6 (RE) 1.0 ¢l

Taq polymerase 0.5 ¢l

DNA 1.0 ¢l

For themutKras(Kras®*??-*presence) PCR a 25 pl reaction was set as follows:

Genotyping Mastermix 2 1. 5 ¢l

Primer KOOS5 (FW) 1.0
Primer KOO6 (RE) 1.0 ¢l

Taq polymease 0.5 ¢l

DNA 1.0 ¢l

The amplification parameters were set as following:

95°C 5 min initial denaturation

35 cycles with:

95 °C 1 min denaturation

60 °C 1 min annealing

72 °C 1:30 min elongation
72 °C 10 min final elongation

For theCr e / RQrd pteBence and internal PCR control) PCR a 27 pl reaction

was set as follows:

Genotyping Mastermix 21.5¢l

Primer C001 (FW) 10
Primer C002 (RE) 1.0¢l
Primer C003 (FW) 10
Primer C004 (RE) 1.0¢l
Taq polymerase 0.5¢l

DNA 1.0 ¢l
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The amplification parameters were set as following:
95°C 5 min initial denaturation

35 cycles with:

95 °C 1 min denaturation

60 °C 1 min annealing

72 °C 1:30 min elongation
72 °C 10 min final elongation

Each PCR set included a positive and a negative control. The amplification product
was visualizedby gel electrophoresis on % agrose gel in TBE containing
05 g/ ml ethidium bromide. Gel I mages wer

system.

2.2.4.  Murine tissue collection

Tissue samples were obiad from mice after euthanasiafter resection, the
harvested pancreas was cut parallel to the longitudinal axis of the organ. One half
was fixed in 4% neutral buffered formalin and embedded in paraffin after 24 hrs
with a paraffin embedding machinéddite GmbH, Burgdo)f for subsequent
histological and immunohistochemical analysis. The other half was submerged in
RNAlater® and stored a80 °C for futuremolecular analyses.

2.2.5.  Hematoxylin and eosin stain (H&E)

For H&E shining 3 pum tissue sections wewneere cut on anicrotonme, mounted on
microscope slides and dried overnight. After heating in the oven for 30 mifi@t 65
sections were dewaxed in xylene and rehydrated with ethanol and distilled water.
Subsequently, theestions were stained for 5 min with hematoxylin for nuclear
staining. The slides were washed with running tap water for 5 min to obtain
differentiation. Eosinophilic structures were stained for 5 min with eosin. Finally,
the slides were washed in runnig twater and dehydrated in alcohol and xylene.

To protect the tissue, coverslips were mounted with a drop of mounting medium.

2.2.6. MassonGoldner trichrome stain

Paraffin fixed tissues were dewaxed and rehydrated as described above. Then the
sections were staind f o r 10 min with Weigertoés ir
staining. Between each staining the sections were rinsed in distiiéer and
differentiated in 1% acetic acid. The slides wermaised with Ponceau S dye for
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4 min, with phosphotungstic acid hyade Orange G for 4 min and with light green

for 4 min. Dehydration and tissue protection was performed as described above.
Muscle fibers were stainegkd, fibrin pink, collagens greemuclei black and
erythrocytes red.

2.2.7.  Alcian Blue-Periodic acid-Schiff reaction (PAS) stain

Paraffin fixed tissues were dewaxed and rehydrated as described above.
Subsequentlythe sections were dipped i/@acidic acid for 2 min and stained for

5 min with Alcian Blue stain. The slides wetinsed with tap water for2min and

transferred to an automatic stainer. Here, the sections were immersed in-sodium
pericdate for 5 min and 15 sec in ¥ethanol bfore staining them with PAS with

for 6 min. Before and aft ethe sideawenei ng wi |
rinsed withrunning tap watemDehydration and tissue protection was performed as

described abovécidic mucins were stained blue, neutral mucins magenta, mixed

mucins blue to purple and nuclei blue.

228. Movatbs pentachrome stain (Verhoeff)
Paraffin fixed tissues were ediaxed and rehydrated as described above.
Subsequently, the sections were pretreated4nagetic acid for 30 sec and stained
for 30 min with 1% Alcian Blue stain. The slides were rinsed with tap water for 2
min and stained for 8 min with Verhoefblution for nuclear staining. Following
this, the slides were differentiated 18 aqueous ferrichloride for 1 min and
rinsed in tap water for 10 min. Subsequently, the slides were stained for 6 min in
crocein scarleacid fuchsinefor cytoplasmic staiing, followed by diffeentiation

in 1 % acetic acid. fien the slides were placed iP2 phosphotonungstic acid,
differentiated in 1 % acetic acid for 1 min and treated if®&hanol for 3 and 15

min. Last step was a stain for 15 min in safron du gatifai staining of fibers.
Dehydration and tissue protection was performed as described dhmlei and
elastic fibers are stained bHaack (in the murine pancreatic tissue nuclei are
stained greyred), collagen fibers and reticular fibers yellow, ma@nd mucin

blue, elastic fibers and muscle red.

2.2.9. Immunohistochemistry
For immunohistochemistry2-3 um tissue sections were mounted on Superfrost®
Plus microscope slides and dried overnight at 37 °C. After heating in the oven for

30 min at 65 C, sectios were dewaxed in xylene and rehydrated ireded series
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of ethanol (2x 1006, 2x 96%, 2x 70%) and distilled water. Heat induced epitope
retrieval (HIER) was performed in a pressure cooker with citrate buffer or in a water
bath with EDTA bufer for eat 20 min (see table)2slides were then allowed to
cool down in the buffer for 30 min. Staining was either performed manually or with
the Dako Autostainer Universal Staining System (AS) in a humified chamber.
Endogenous peradase activity was blocked i8 % HxO, for 10 min or with
Universal Block for 20min. Non-specific binding sites were blocked by either
rabbit serum or goat serum diluted in TBS (manually) or wadbuffer (AS) for

30 min according to the host species of the secondary antibody. Yentdoodies

with adequate dilution in antibody diloe were applied over night at 4C
(manually) or for 2 hr at room temperatReTl) (AS), dilution see table. Positive

and negative controls were used to determine a successful result. Subsequently, the
slides were washed three timé&s TBSAvashng buffer and the matching
biotinylated secondary antibody was added for 30 min at RT. Slides wenedvas
again three times with TB®Ashng buffer before streptavidihorseradish
peroxidase was adde@hen need& for 30 min at RT. If a polymer detection
system was used, the last two steps were replaced by adding Dako Envision for 30
min at RT. After another washing step colorimetric detection was performed using
diaminobenzidine (DAB). The color reaction was efved under the microscope
and stopped with distilled water. Counterstaining with hematoxylin for 10 min was
performed followed by differentiation under running tap water. Dehydration and

tissue protection was achieved as described above

_ o Serum Secondary
Antibody Type| Dilution HIER _ )
blocking antibody
_ ) citrate 3% goat Envision anti
Anti-b-catenin AS 1:100
buffer serum Mouse
_ . citrate 3% goat _ _
Anti-claudin18 AS | 1:1000 goatantirabbit
buffer serum
Anti-cleaved citrate 3 % goat _ _
man.| 1:800 goatantirabbit
caspass buffer serum
_ _ citrate 3 % goat _ _
Anti-E-cadherin | AS 1:200 goatantirabbit
buffer serum
_ citrate 10% rabbit _ _
Anti-HES1 man.| 1:50 ratantirabbit
buffer serum
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o citrate 3% goat _ _
Anti-Ki-67 AS 1:200 goatantirabbit
buffer serum
_ citrate 10% rabbit _ _
Anti-notch2 man.| 1:50 rat-anti-rabbit
buffer serum
_ citrate 10% goat _ _
Anti-p16 man.| 1:200 goatantirabbit
buffer serum
Anti-TROMA I EDTA 3 % rabbit _ _
AS 1:800 ratanti-rabbit
(CK19) buffer serum

Table2: Primary antibodies usddr murine tissue sections

2.2.10. Markers for PDAC in humans and mice
pl6

P16 can be seen as a connection between the control of cell cycle and cancer
development (Serrano 1997). In physiological conditions, p16 controls ti& G1
checkpoint of the cell cycle bynhibiting the kinase activity of the CDK4/6, thus
preventing the phosphorylation of Rb. The expression of pl6 is increased by
different factors, including aging, exposure to DAmaging agents, and
oncogenes and it is an important regulator of smTes(Rayess and others 2012

In PDAC and in its pFcursor lesions genetic and epigenetic events inactivate the
pl6 tumor suppressor, thereby overcomihg induction of cell senescence
(Ottenhof and others 2011).

Ki67

Ki67 is a nuclear antigen. The protein is absent in quiescent cells in GO, but
universaly expressed in cells that proliferate. Therefore, Ki67 serves as a
proliferation marker (Pathmanathan and Balleine 2013The evaluation of
proliferation in mice has to be performeatefully, taking into account that the rate

of cell division in pancreatic mice parenchyma reaches its maximum between 15
and 30 days after birth. In this period of rapid growth, centroacinar, ductal and

acinar cells exhibit similar mitotic indices (Daaad others 1981).

Cleaved caspasg

Cleaved caspas® can be used as a marker of apopt&esjuential activation of
caspases is a central step in both pathways of the apoptotic process.-Gaspase

apoptosis related cysteaspartic acid protease amoh effector caspase. After
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cleavage through initiator caspasesspase8 activates downstream tatge
Antibodies against cleavedaspase detect cells that undergo apoptosis
(Kuribayashi and others 2006

CK19

Cytokeratin 19 belongs to the keratin family, and is an important maéoker
immunohistochemical evaluation of tumors. Under normal conditions, CK19 is
expressed in normal ductal epithelium. PanIN lesions, MTCs and PDAC express
CK19 (Jain and others 20L0PanIN lesions are defined as ductular lesion with a
size less than 1 mm, arising of pancreatic ducts in a setting of unaffected acinar

parentiyma (Hruban and others 2006).

Claudin18 and other adhesion moldes

Claudin18 (CLN-18), a tightjunction protein, is under physiological conditions

only expressed in human body in the gastric epithelial cells and lung. The splice

version 2, CLN18.2 was described as a novel, specific marker for precursor lesions

of PanINand PDAC. Normal human acinar parenchyma, ductal cells and islet cells

show no membranous immunoreactivity for GILR (Tanaka and others 2011

Woll and others 2004 The Wntsignaling pathway components&Ea d her + n and D
catenin are important for epitheltd-mesenchymal transition (EMT). EMT acts as

an important factor in fibrosis of tissue and in development of cgican and

others 2011

Notchsignaling

In cancerous tissue, the embryonic signaling pathway Notch is reactivated and leads
to progession of the tumor growth and promotes insensitivity towards
chemotherapy. Wormann and Algul showed that in PDAC Notch ligands
receptors are upregulated when compared to normal pancreatic Tikgusotch
components seemo promote development of A&ls and BAC (Wérmann and
Algul, 2013).Although theNotchsignaling pathway is apparently necessary in the
early development of the pancreas, it is suppressed in the adult(degaen and
others 2000 The transcription factddeslis a downstream target gene of thetch
pathway. Itis nuclear expressed by an activatioiNotchpathway. Hingoranand
othersdescribed the PanIN lesions of their mutant mice to be strongly positive for
nuclear und weakly positive for cytoplasnieslexpression, but not in the normal



IIl. Material and Médtods 35

pancreas except in centroacinar c@igorani and others 200®liyamoto and
others 2008

2.2.11. Analysis of histo and immunohistochemicalstainings and reactions
Stanings and immunoreactionsvere analyzed either serguantitativdy or

quantitatively as described below.

MassonGoldnerTrichrome

Analysis of Masson staiwas performed in collaboration with Raisa SeRhD,
BiocenterOulu, Finland In ddail, slides were scanned at 20X magnification,
computer aided analysis was perforntgddiscrimination of stained pixeksnd
percentage of architectural distorted areas (stained green) to whole tissue area

(stained recnd greepwas calculated.

Alcian Blue-PAS

Analysis of Alcian BluePAS stain vas done in collaboration withussi Kupari

MSc, Institute of BiomedicingUniversity of Helsinki, FinlandIn detail, digital

images were captured from évandom areas filled wittuctular lesions atQX

magniication from three different slides per anin@hchieve &otal number ofl5
images/animal | magelJ wi t h t he Plagm | o r d
(http://www.mecourse.com/landinig/software/cdeconv/cdeconv)htraé used to

analyze the slides, as this plugin cascdminate between different hisfoemical

stains Vectors for Alcian Ble (AB) and hematoxylin (H) and PAS andwére

used to analyze the AB and PAS staining on the secffuifrok and Johnston
200]). The images were transformed to grayscale 8t ) and opened with
d e c 0 n v eplugint. The andlsis was first performed on AB and H and then

repeated for PAS anid. The information received forematoxylin was not used.

The threshold was set on the level where minimum nonspecific signal was seen.

The area covered by AB and PAS was then measured and the full tissue area of the
image was calculated. The ratioroticin covered (PAS, AB) ardafal tissue area

was calculatedadr all images.

Movat pentachrome stain

Movat pentachrometain was analyzed in collaboration widhn. rer. natAnnette
FeuchtingerHelmholtz Zentrum MiuncheiGermany Slides were scanned 20K

magnification andDefiniens software (Tissue Studio,Definieng was used to
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discriminate colors of different stained areas. Normal ductular structures and
vessels werexcluded from thanalysis. Architectural distortedeas with fibrosis
were calculaed and set in percentage the completely analyzed are&igure 5

shows an example of the color deconvolution.

Figure5: Mutant pancreata of a KC animal, stained with Movat stain, 10x, B: Color deconvolution
to calculate fibrotic areas, 2x

Anti-TROMA 11l (CK19), Anti-claudin18, ani-E-cadherin, antb-catenin

These proteins showed a membranous staining pattern and had therefore been
selected for computer based analysis. Slides were scannedXmnaa@@ification

with the Aperi o CS SystAeaQuaantticaternvCaoloruat ed \
Deconvolution Software (Spectrum, Aperio). Percentage of stained area to whole

area was measuredAnti-TROMA Il (CK19) analysis was performed in

collaboration with Raisa Serpi.

Anti-Ki-67, anticleaved caspas® antipl6, antinotch2, antHES1

The expression of these markers was evaluated focusing on regions of iierest.
detail five random areas of architectural distortion psecursorlesionswere
selected andt least 100 cells were countéche percentage of positivellsewas

then assessed.

2.2.12. Data evaluation and satistical analysis

Results are expressed amghmeticmean + standard error of the mean. Statistical
analysis was performed cooperation with Dr. Alexander Hapfelmeibrstitut fur
Medizinische Statistik wh Epidemiologie TUM, using the software IBM SPSS
Statistics 2Xor Windows and Microsoft Excel softwardormality was tested and
two-way analysis of variance t u d etestivas sisedo determine the significance
and pvalues< 0.05 were considered sifjpant. Graphs were generated using

Microsoft Excel software.
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V. RESULTS

Aim of this project was to developveeb-based online course for disease model
pathology which is reported in section. With the knowledge gained during
development and hosting of the course, a subsequent characterization of a tumor
model for pancreaticancer was performed. The results of this charaetissiz are

presented in section two

1. Web-based learning platform for comparative histology
The PATHPATH project

1.1. Pilot course

1.1.1. Recruitment of students

In February 2013, 36 postgraduate students with ata s t mastersd degr
medical or natural science field were enrolled from the partner universtigs

students came from Germany, 11 from Finland, 16 from UK and 1 from Denmark

Their countries of originrwere Denmark, Finland, Germany, Gree&sland,

Sweden, England, Scotland, Brazil,i@d India, Iran and Pakistan. Twesftur

students had a natural science background (M.Sc., biochemistry or biology) and

eight student®ad amedial background (MD). 32 students started the cokse.

the dJudmt s6 backgrounds vari edthdyhad mghmedi c al
differences in background knowledge. Medical students were more comfortable in
histology, but less in biomedical aspegsscreation of genetically engineered mice

andvice versdor biochamical studentsStudents had to fill in a questionnaire and

wrote a short letter of motivation about their readongarticipatingn the course.

The motivation of mo st studentsd was to
histology and background lesioakdifferent mouse strains, as they were working

oNn mouse projects

1.1.2.  Content of the course

The course content offer@dcomposition of basic knowledge in mouse and human
biology, biochemistry and histology, important for everyone working with mouse
modelsof human diseases and in particular disease model patholdgistsontent

of the modules is displayed belon examination at the end of each modulectiést
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the learned knowledge of the students.

1.1.2.1. Modules

The pilot coursevasdivided intothe followingspecific moduls:

Module 1:  Basics in experimental animals and how to cregémetically
engineereanice

Module 2:  Basic histologyof different mouse strainsWebmicroscopyself
studying

Module 3:  Basic histology of different mouse strains: exercises

Module 4:  Mouse necropsy and sample collection

Module 5:  Processing and stainimg histological samples

Module 6:  Description of the gross pathology

Module 7:  Basic pathological lesions

Module 8:  Histological description of neoplasms

Final examination

The collected materigresented in the Moodle platform, inclad&ebmicroscope
slides, recorded lectures with voioger technology including video clips, recorded
interactive live lectures, discussion forums, learning exercises and matetial o
final examination. Figuré shows the timeline of the pilot course, outlining the time
framesgiven to the students tmmpleteeach module and to finish the examination.
Module 1was preparedy the group of the University of Turku and covers
principals of the creation of GEM. The group of the Technische Universitét
Minchen (TUM) developed module 2 and 3. In particular, they cover the basic
histology and histopathology of the commonly used seatrains C57BL/6N and
C57BL/6J (module 2) and BALB/cByJ, C3HeB/F&29P20laHsdand FVB/NJ
(module 3). These modules are described in detail under 1.1.2.2. Moduls 4
covered bythe group of the University délasgowandincludes generajuidelines

for necropsy, sample collection and preparation of mice. Modulasaleveloped

by the groups of the Universities of Turku and Helsinki aonslersthe basic
handling ofhistologicalsamples. This includes tissue processing, embedding and
histochemical and imunohistochemal stainings. The gpoof the University of
Glasgowtook care oimodule 6, whichdeals withgross pathology. Module was
preparedy TUM and deals witbasic lesions ihuman and murine histopathology,
described in detail under point 1.1.2The group of the University dblasgow
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developed module 8; it covers principles in murine neoplasia. A final examination

completed the course, which was held in July and Augigtire 6gives adetail

overview of the time table of the pilot course.

Recruitment Module 2: Module 4: Module 6: Module 8: Module 9:
of students Basic Mouse Description Histological Final
histology of necropsy and of gross description of examination 2
mousestrains: sample pathology neoplasms
WM-self collection
Deadline: studying
28.2.13 15.4:28.4.13 7.5-19.5.13 27.5:9.6.13 | 17.6-30.6.13 20.8.13
| Februar | March | April June July August |
Module 1: Module 3: Module 5: Module 7: Module 9:
Experimental Basic Processing Basic Final
animals histology of and staining pathological | examination 1
GM mice mouse strains] histological lesions
WM- samples
exercises
15.4:28.4.13 | 29.4:19.5.13 | 20.5-26.5.13 3.6-23.6.13 17.7.13

Figure 6: Time bar with recruitment of the students andinaetable of the pilot course WM
(Webmicroscope).

1.1.2.2. Module 2 and 3

In module 2, histological descriptions and slides of the commonly@SéBL/6N

and C57BL/6J mouse straingere available for selstudying. In module 3, the
mouse strains BALB/cByJ, C3HeB/Fel29P20laHsd and FVB/NJ were
introduced. The contents of module 2 and 3 could be used to complete the
examination. Students accessed the link to the Webmicrosoptodle.

1.1.2.2.1Content module 2

Here, students were able &xamineextensively annotatetlistological slides
stained with H&E from a male and female mousach strain containsideslisted
below.Aim of this module was to getl students familiar with the Iséc histology
of a murine model and learn basic histologic expresskanghermore, physiologic

correlations were explained and presented in the particular context.
Brain

Brain slides cortin a section of the cerebrurapproximately at the high of

dienceplalonto mesencephalon and a section of the cerebellum or brain stem.

Reproductive organs
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Slides of female reproductive organs include the ovaries, fallopian tube, uterus,
cervix, vagina with fornices, ureter and urinary bladder. Slides of male miceenclud
testis, epididymis, vas deferens, prostate, seminal vesicle, urethra and urinary
bladder.

Neck
The setions of the neck contain trachea, esophagus, thyroid gland and parathyroid.

Thoracic and abdominal organs

This slide shows het lung, thymus, liverspleenand kidney.

Glandsand lymph nodes

This slide contains sections of the salivary glands, the adrenal gland$yamgh

node

Gastrointestinal tract and skin

This section contains the forestomach with limiting ridge and the glandular

stomachsectionof small and large intestine, pancreas and skin.

In general, relevargtructures of these sectewereannotated, as well as artifacts
and pathological abnormalitieigure 7indicates an example of an annotatain

normal histology
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Blue rectangle: The portal tracts.
contain a branch of the hepatic artery
(red arrow), a branch of the portal
e vein (blue arrow), bile ductules (green
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arrows). Murine portal tracts contain
less connective tissue than those of
humans and are less evident at low
magnification. Hepatocytes are
arranged in one cell thick plates.
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after formalin fixation. These vacuoles
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Figure 7: Tissue slide with annotations A&ompleteslide with annotations on the rightdsj B:
Annotation of normal liver tissue

1.1.2.2.2Content module 3

In this module,in addition tothe mouse strains of module 2, BALB/cByJ,
C3HeB/FeJ129P20laHsdand FVB/NJ mouse strains are presentéa focus of
this modulewas to point outdifferences in background lesions between the
different mouse strains as well diferences between female and male mice and
the similarities and differences to huméahistology. Furthermore, physiologic
correlations were presented and discussed. Whenever possibielage lesions

wereincluded.Figure 8show annotated examples of different background lesions
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in the mousetrains;Table3 gives anoverview of backgound lesions.

e’

[ )
08
5 T

<.,
%

CBy_f_Multitissue Block

Annotations

O[O @[k ]

List  Open | Edit
Heart - other findings
Note the dystrophic cardiac
calcifications (DCC) in epicardium. In
8 our experience, these calcifications
predominantly occur in BALB/c mice of
both genders. DCC primarily involve
he epicardium of the right ventricle
and are independent from plasma
calcium levels. The lesion increases.
i slightly with age.
Aoy

ow

Snapshots Create snapshot

i 48
Progress : [ ] 100%

5 Y=

- e

- e
- g‘] - 4
oW

B&N_f_Adrenal_Salivary Glands_L

" Adrenal

Accessory adrenal nodes (green
ircle) may occur in about S0% of
STBLIS mice. They are common in

P other strains, such as Balb/c mice an
t o less common in A and C3H strains.
! Accessory adrenal nodes should not
L ot ", b mistaken for sdronal cortal
:LQW} J neoglasms. Red arrow indicates the
o5, J A subcapsular cel hyperplasia, which i
:'.:”( T 77c" " 2 quite common finding in B mice,

A5l especially in females. In our
‘1}? . experience, 50% of femals BEN mice
s |
§or A Girnle

s

Create snapsh

4 Progress : [] 100%

Figure 8: A: Annotation of dystrophic cardiac calcification in a female BALB/cByJ mouse, B:

Annotation of accessory cortical node and subcapsular cell hyperplasia in a@G&mBIgN mouse.
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Strain

Lymphoid organs

Heart

Adrenal glands

Corpus callosum

Liver

Pancreas

C57BL/6J

Female: no fat cells at a
instead area of increase
vascularization between
cortex and medula
subcapsular cell
hyperplasia

Small non-
specific infitrates

C3HeB/FeJ

Better developed
lymphoid organs

- Peyer's patches
intestine

- BALT

- B-cellmarginal zone
spleen

- extramedullary
hematopoesis in spleg
(erys, megakaryocyte|

Female: rare fat cells
between

cortex and medulla
increased vascularizatio
area less conspicious
subcapsular cell
hyperplasia

male: subcapsular cell
hyperplasia

Rarely infitrates
increased numbe
of necrotic foci

Lipomatosis

Balb/cAnPt

Male:
calcifications in
epicardium

Female: fat

cell zone between corte
and

medulla

increased vascularizatio
area not existing

Rarely infitrates

S129/3

Female: rare fat cels
between

cortex and medula
increased vascularizatio
area less conspicious
no subcapsular cell
hyperplasia

Without corpus callosun

(Rarely infitrates

BALB/cByJ

Female: BALT,
peyer's patches

Epicardial
calcifications

Subcapsular cel
hyperplasia

Without corpus callosun|

Male: liver
steatosis

C57BL6/Ntac

Female: subcapsular ce
hyperplasia

129P2/OlaHsd

No subcapsular cell
hyperplasia

FVBIN

Female: muttifocal
hepatocelular
necrosis

Lipomatosis

Table3: Background lesions argenderdifferences irstrains presented in modules 2 an(&arpi
and others 2013

1.1.2.2.3Examination module 2 and 3

Forevaluai on of the st ud e n ttestshad beea praparadg

progi
Theyincluded19 questions, which had to be answered by annotating a picture taken

by the students themselvgm(t |, questions 419) and four open questis (part I,

guestions 223). In part I, students had to recapitulate their learned knowledge

about normal histological structures of organs, physiological context, background

lesions in mice and gender differences in mouse strains. The didactic goal was to

make them familiar with istological and pathohistological structures. Part Il
challenged the students to utilize their new knowledgeousated. For instance,

they had to discuss why they should use a certain background strain for a clearly

defined project athavoid other stras. Figure hows an example of each type of
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guestion. Students were allowed to use the course material to answer the questions.
Detailed solution to the questis were providdafterwardsAdditionally, students
receiveda personal feedback about theaspive results and explanation of their

mistakes.

Question No.2 — Female reproductive

Answer No.2 — Vagina in estrus
organs

The vaginal epithelium during estrus
The vaginal mucosa during estrus is
about 12 cell layers thick, the
sguamous epithelium is covered by
thick layers of keratin, Leukocytes are
not present in estrus.

* These two female mice display different stages
of the estrus cycle. Take a picture of the organ
that better shows the typical morphological i
changes, briefly describe them and indicate 3
the stage.

Answer No.2 —Vagina in metestrus

»

Vaginalfornices

nnnnnn eytes a
beginning to infiltrate the vaginal
epithelium.

Question No.20 — Mouse model

A colleague of yours is planning to design a
mouse model for non-alcoholic fat liver disease
(NAFLD), a disease that is characterized by fat

Answer No.20 — Mouse model

In our experience about 75% of young, unchallenged male
BALB/c mice displayed hepatic steatosis. You should advice your
colleague against the usage of a BALB/c strain as a background
strain for designing a model for fatty liver disease. This

L . . apparently spontaneous finding might influence the study’s
deposition and necroinflammatory foci in the outcome and interpretation.
liver. He/She would like the use Balb/cByl) mice
as a background strain. What would you tell

him/her? Justify your answer.

Figure9: Examples for questions to module 2 and 3. The examination tests the knowledge of the
students in terms of murine basic histology and histopathology, differeet@sen mouse strains

and dfferences to human histology. Answers were provided after the deadline.

1.1.2.3. Module 7

Module 7 covers basic pathological lesions in humans and mice. Before assessing
the Webmicroscope slides, students had to listen to a moduledrdéatture
consisting of Powerdint-presentationsvith voice-over. To facilitate this module,

the content was split in two parts, as indicated betwding with an examination

1.1.2.3.1Content module 7
Thecontent of module 7 covered the followitapics Cell adgptations, cell injury

and death, as well asflammation and tissue repaifhe module started with a
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lecture about cell adaptations and cell injury with corresponding virtual human and
murine tissue section$he questions for the examination were reéshtwo days

later. The second lecture about inflammation and tissue repair was opened one week
later and virtual slides were provided. The second part of the questions was

available two days after opening of the lecture.

Figure 10depicts an example of sgparative lesions in mouse and human
e 1%

.epg}’;

Ductal Metaplasia

T60um

Annotations

{ [boEm
- ﬁ List  Open Edit

} Acute pancreatitis

. Acute pancreatiis is & sudden
§ /. nflnmaton ofne pancreas.n

J 3 *7 contrast to man, acute pancreatis is
x\ﬁ/ ‘quite uncommon in mice, but & can be
¢
@

induced by repeated injection of
cerulein. This form of acute
pancreattis in mice is characterized
by interstitial edema (black arrow),
iy infiltrates of inflammatory cells
¥4 (neutrophiic granulocytes and
mononuciear cels, biue armows,
circles) and acinar-ductal metaplasia
s (red arrows).
C Arow Arow Arow

Create snapsho

nnotations
B0 @k]
List  Open | Edit
cute necrotizing pancreatitis
is is an example of acute
s necrotizing pancreatis wih diffuse
ecrosis of the pancrealic
parenchyma (biue rectangle). The
% main components of an acute
inflammation are exudation and
4 leukocyte (mainly neutrophilc
6§ granuiocytes) infitration. In s
example, massive leukocyte infitrates,
predominantly nevtrophiss (green
{ circle, arrow), are present. Additional
basic aterations in acute pancreattis
are edema due o microvascular
leakage and interstitial hemorrhage
(yelow circle) caused by destruction
of bloed vessels. Pancreatic enzymes.
autodigest the pancreatic parenchyma
(coliquative or liquefactive necrosis,
{4l blue rectangie) and the adjacent fat

tissue (fat necrosis, see second
example of acute pancreatts)
Rectangle Circle Amow

LCircle

Figure10: Example of murine (A) and human (B) acute pancreatitis. The murine pancreatitis can be

classified as interstitial, meanwhile the human pancreatitis is a necrotizing pancreatitis.

1.1.2.3.2 Examination module 7
For everysubtopicof the modulethree question were prepared. The first questions
covered theoretical knowledge about general pathology, e.g. a definition of
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metaplasia. The second and third question were covering human and murine
pahohistology. As in the previous pathohistology modules, students had to

annotateslides and compared the lesions seen in human and murine tissue.

1.1.3. Final examination

The final test was held twice 3 and 4 months after the beginning of the pilot course.
Questions about histology topics were similar to questions prepared in modules 2,
3 and 7.Thetest includeckight interactive questionsne question per modula.
maximum of 24 points was reachable and most students performed ver@uwell.

of 21 participatng students20 passed the exam, one student needed a second try.
Figure 11showsan examplef thefinal examination
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Lifelong
Learning

ATHPATH

The final examination of the pilot course “Basics in mouse modelling and pathology™
The 20™ of August, 2013

1.  Describe shortly
a. Chimeric mouse (2p)

b. Pseudopregnant female (2p)
c. Homologous recombination (2p)

2. Gastrointestinal tract
Take a picture of the stomach. Mark the forestomach, the glandular stomach and the
limiting ridge.

3. Salivary glands

Name the salivary glands. Which salivary glands show a sexual dimorphism in mice? Shorthy
describe the differences in this gland between females and males.

4. Open the Power-point presentation entitted “Ouestion 4" in this Moodle section.
a. Describe the macroscopic abnormality in the mouse shown in the second slide. Use
the descriptors we have covered in Module 6, ie. location, size, shape, color,
consistency (take a guess if the appearance indicates it), numberfextent and
distribution. Please note: we have also provided a photograph of a normal mouse in the
first slide, which does not need to be described. It is only for your reference.

b. Briefly describe the samples you would take to help you obtain a diagnosis in this
case.

5. Abnormality in brain structure
129P2/0laHsd mice frequently show an abnormality in their brain structure. Take a picture
of the brain of the 129P2/0laHsd mouse and mame this abmormnality.

6. Metaplasia
Briefly desaibe the term metaplasia and give examples for metaplasia in man and mice.

7. Chronic inflammation
Briefly define the term chronic inflammation. What are the main inflammatory cells in
chronic imflammation?

B. Open the link to a Webmicroscope slide entitled “Ouestion 87,
Write a microscopic description of the neoplasms in the organ section outlined by a blue

rectangie. Use the description method provided in our Module 8 lesson. Make sure you
look at all of the masses in this organ section before completing your description”.

Figurell: Final examination of the Pilot Course.

114. Coll ection of studentso6é feedback
The Pilot Course was adised and started with 32 students of whom 21 finished
the course successfullifter completion of the course, studemtsre asked tdill

in a feedbacisheet which 18 students completeBeedback was collected as
points,rangingfrom 0 to 5.0 points, with 5.0 points being the highssire This
grading schema was used, as it was already successfully implemented at the
University of Helsinki, Finland
(http://www.helsinki.fi/law/studies/general/credits_grading.html [date:
01.10.2014]
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Generally, the students rated tbmurse in serage with4.2 points and with4.5
pointsasthe course beingseful for their workln addition, there was a significant
improvement os t u d knawvtledg@ in murine pathology (38); students rated
themseles before the course in averagigh 2.3 pointsand after the courssith

3.9 pointsFigure12s hows a part of the studentsod fe

‘Course results ‘

Please indicate your level of agreement with the statements listed below (Strongly disagree=1, Strongly agree=5)

;:2;2; Disagree | Neutral | Agree S:gor';gé'y Average
a) The course lived up to my expectation 2 11 5 42
b) The actiuties in this course gavwe me sufficient practise 1 5 8 4 3.8
c) The course was useful for my work 1 7 10 4,5

How would you rate your level of understanding before and after taking this course?

0-20 21-40 41-60 61-80 | 81-100 | Average

Before 3 9 3 3 ==

After 2 15 1 3.9

How would you rate the training overall? Very poor| Poor | Average | Good | Excellent | Average
2 11 5 4,2

Figure1l2: Students evaluation on the course in general

Concerning module 2 @3, the average of points wag.0 points except for the
time given to finish module 3 (3.7 points). Importantly, the students gave high

points for quality of the content (4.5 and 4.3n8) and usefulness of exercises (4.3
and 4.6 points see Figurd 3.
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Module 2: Basic histology of different mouse strains: WebMicroscopy -self studying

Please indicate your level of agreement with the statements listed below (Strongly disagree=1, Strongly agree=5)

3:2;%; Disagree | Neutral | Agree S:;’r'gy Average
a) The objectives of the module were clearly defined 2 9 7 43
b) The learning activities were appropriate 1 10 7 43
¢) The learning activities were interactive 4 7 7 4,2
d) The quality of instructions was good 1 2 1 4 4,0
e) The course matenal distributed was high-quality 1 1 4 12 4,5
f) The module-based exercises were useful 1 3 3 11 43
g) The time allocated for the training was sufficient 2 12 4 4,1
Module 3: Basic histology of different mouse strains: WebMicroscopy -exercises
Please indicate your level of agreement with the statements listed below (Strongly disagree=1, Strongly agree=5)

;:;;S;; Disagree | Neutral | Agree S;r;’r'gy Average
a) The objectives of the module were clearly defined 0 12 6 43
b) The learning activities were appropriate 1 10 7 43
c) The learning activities were interactive 3 8 7 4,2
d) The quality of instructions was good 2 11 5 42
e) The course matenal distributed was high-quality 1 0 10 7 43
f) The module-based exercises were useful 8 10 4,6
g) The time allocated for the training was sufficient 2 5 8 3 3,7

Figurel3 Studentsd evaluation of module 2 and 3

As in modules 2 and 3, s>t410 gpaentst wsttother at i n g
exception of the allocated time (3.6 points). Here, as well the qualitye afontent
(4.2 ponts) and the usefulness (4.4 pojm&s rated highindicated in Figure 14

‘Module 7: Basic pathological lesions ‘

Please indicate your level of agreement with the statements listed below (Strongly disagree=1, Strongly agree=5)

j:;;?ehfe Disagree | Neutral Agree S;Z’rl? Average
a) The objectives of the module were clearly defined 1 1 10 6 4,2
b) The learning activties were appropnate 12 & 4,3
c) The leamning activties were interactive 6 5 7 41
d) The quality of instructions was good 1 1 10 6 42
e) The course material distributed was high-quality 3 9 6 4,2
f) The module-based exercises were useful 1 9 8 44
g) The time allocated for the training was sufficient 3 4 9 2 3.6

Figurel4s Studentsd evaluation of module 7
Asked for their interest in participating in a comparative, humanse organ

specific course out of 18 stewdts 17 answered with positively (94¢).

An open text form was also provided in the feedback catalogue, asking the students

for the most relevant issue concerning the course, many students answered that the
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histology part was most useful for theBxamples formident® c omment s wer e

ABasic histology as well as pathol ogical
relevant to me. The other modules also added some new information to my

preexisting knowledge. 0

i llearned a lot about microscopical stture of different organs, and ththere
are differences betweenouse strains. Also, the description of the neoplasms |

found very usefu.

fiFor me it was most important to learn about mouse histology and thesenaf
histological samples thelp me vth my future analysis of my models. This course
has covered 1B in great detail and has vemnhuch helped me to improve my
approach of histological analysis from stgorgan collection) to finist{staining
and analysis) as it covers every aspect durimg process as wleas the initial

development ahouse models.

As already seen in the general evaluation, the biggest issue students had with the

course, was the time allocated with the different modules:

AThe only issue for eme hwaro dtuHe 0t i me al | o

1.1.5. Differences between medical or natural sciencgudents

As previously reported, students had differences in background and therefore not
the same basic knowledge about pathohistology. After the final examination,
students were grouped int@atural science background and medical background.
Even though natural science students performed very well in the pathohistology
part(mean of correct answers: 8@), the medical students showedsignificantly
average higher pointgmean of correct answs: 97 %, p-value < 0.0%
Additionally, medical students had more often full marks.general, medical
students showed more consistent results, meanwhile students with a natural science
background differed in the group itsdfigure B shows the diffegnces in marks

between medical and natural science students.
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Figure 15: Differences in background between natural science students and medical stdents.
Medical students achieved higher points in the pathohistology pare dindd examination. The
maximum of points was 1B: Medical students reached more often full marks than natural science
students did

1.1.6. Dissemination and exploitation strategy and activities
Information about the course was available on a public welpdiieh had been

created for the projecthitp://pathpath.e)/ The course content was advertised

during a poster and variouskalin international congress@daneder and others
2013 Haneder and others 2011C. Pattersoi#ane and others 201Strauss and
others 2013

2. PDAC and TNC

2.1. Practical application of the course: PDAC project

Together with the feedback collected from the students, the PDAC project was used
to evaluate the course content. ékfthe successful run of the pilot course, the
morphological characterization of a genetically engineered mouse model for
pancreatic cancer with a depletion of the stromal protein TNC was conducted. The
results are presented and the usefulness of theecémrghe mouse project is
discussed below.

2.2. TNC expression inKC mice

In human PDAC tissue, immunohistochemistry reveals a selective stromal
accumulation of TNGEsposito and others 200d o validate whether the same is
true for murine precursors of PDAC and murine PDAC, pancred& afice were
stained for expression oNIC. A moderate to intense accumulation of stromal TNC
can be observed around ductal lesions in areas of ADiine PanIN lesions
(Figure 16 as well as in the invasive front of murine PDAC, thus confirming the

selective expression of tAecgene in the mouse model.


http://pathpath.eu/
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Figure16: A: A KC mouse mimicking human precursor lesion of PDAC. Areas of A@aNows)
and murine PanIN lesions(arrowhead)re present next to unaffectadinar areagasterisk) 5x,
HE, B: Immunolistochemistry with an antibody against TNC on pancreatic tissu&kaf mouse.
Pronounced expression of TNC (brown DAB staanrowg around dutular lesions in areas of
ADM, 10x.

2.3. Architectural distortion and classification of precursor lesions

To assesthe influence of an absence of TNC protainthe development ofiurine
pancreatic precursor lesions, triple mutant mice lacking TNC were generated. This
was performedycrossbreeding TNC null mice wikC mice, both on &257BL6N
background, to achievikC-TNChetand KC-TNCkomice. KC-TNChetand KC-
TNCkomice were smaller than their TNC bearing littermates and more prone to
biting by their siblingsas seen on their fur and adnexa and were found more often
dead in their cages. HE stained serial sectidbpsocreata oKC, KC-TNChetand
KC-TNCko mice were evaluated semuantitatively in different age groups,
ranging from one to 15 months (1 month, 2 months, 3 months, 6 months, 9 months
and 1215 months), including appropriate controls. At least four alsiper group

were analyzedKC mice alone develop the complete spectrum of precursor lesions
as well asnvasive PDAQHingorani and others 20Ddiseased pancreata of TNC
knockouts and KC mice were compared and architectural distortion of pancreata as
well asthe number and type of precursor lesions and frequency, histological
subtype and grading of PDAGsas calculated.nl addition, murine AFL were
counted/Aichler and others 20)2Figure I shows precursor lesions of PDAC that
develop inKC mice, but also TNC mutant mice. Control animals did not show any

phenotype in their pancreatic sections.
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Altogether, 106 mutant mice with the following genotypes

KC-TNCko n=28
KC-TNChet n=46
KC n=32

were used for histopathological evaluation

Figurel7: A: Murine PanIN1 lesionwith basally oriented nuclei and mucinous cytopldamows)
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next to an unaffected dutsterisk)in a KC-TNCkomouse 20x; B: murine PanIN2 lesion,with
nuclear stratificatiorfarrow)in a KC-TNCkomouseg 20x; C: murine PanlIN3 lesions, with marked
nuclear atypia, loss of basal orientation of nu@eiow)and budding of cells in the luméasterisk)
in aKC-TNCkomouse 20x;D: area of ADMwith TCs(arrow)and MTCgasterisk)n aKC-TNCko
mouse 10x E: murine AFLwith flat cells(arrow), a ductallike morphology and the typical onion

shaped stroma surrounding the legjasterisk)in a KC-TNCkomouse 40x

2.3.1. Onemonth-old mice

Mutantpancreata belonging to the group of one manithmice slowedbeginning
areas with acinaductal metaplasia and invasion of inflammatory cells, mainly
lymphocytes and plasma cells. In small tissue areas, the acinar cets fonmnmal
spaces and chandjtheir morphology to a more ductal like phenotype with adidlo
cells. Mucinous tubular complexes, ductal lesions with mucin containing columnar
cellsweredistributed within areas of ADM. These lesions are morphologically not
distinguishable from PanHd lesions. PanIN lesionswere a rare finding, and
were not connected to a specific phenotype. Single AFL lesiwese already
present in some mice at the age of one madthdifferences of number of A
between all phenotypeuld be observed. All mice exhilgit only few lesions,
which accoured forless than 86 of the pancreatic tissue. Control animals did not
show any morphological alteration in pancieéissue (Figure 18t 2.2.3.)

2.3.2. Two months-old mice

Comparedto the group of one month, pancreata show a more pronounced
architectural distortion (ranging von 10 % to 20 with formation of ADM areas
containing TCs and MTCs, a distinct inflammatory reaction and fibrosis. PanIN
lesions alsancreasedn number. Aimals belonging to groudC-TNChetandKC-
TNCkoshoweda slightly higher percentage of architectural distortion compared to

KC mice, even if not significant (Figureht 2.2.3.)

2.3.3.  Three monthsold mice
Here,distinct differences between genotymesre redily apparent. This age group

was therefore choador further analyses.

Mutant pancreata sha@s a pronounced architecalr distortion with AFL and
PanIN-1 as well as PanH2 formation. One animal belonging to tK€-TNCko

displayeda PanIN3 lesion. Asm two monthsold animalsmicebelonging to group
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KC-TNChet and KC-TNCko showed a slightly higher mean percentage of
architectural distortion comparedK& mice (Figure 18

g BKC ®BKC-TNChet @mKC-TNCko _5 KC mKC-TNChet mKC-TNCko
§ 500 S 500
2] =
? 40.0 % _ 40.0
¥ 300 52 300
6 (8]
g 200 £ 200
< <
3] 10.0 o 10.0
a ©

0.0 0.0

1 mo 2 mos 3 mos

G H

Figure18: A: Mutant pancreata of three months old mice, A, D: Representative pancreK€of a
mouse, B, EKC-TNChet C, F:KC-TNCka Murine pancreata show loss of acinar parenchyma and
architectural distortioifasterisky PanIN(arrowheadsand AFL (arrowg formation Architectural
distortion is more pronounced iKC-TNChetand KC-TNCko mice; A-C: 2x, D-F: 5 G:
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Architectural distortion of pancreatic of young animals bearing precursor lesions of PDAC.
Compared t&KC mice, KC-TNChetand KC-TNCkomice display a lgherarchitectural distortion.
H: Comparison of mutant animals of age group three months

2.3.4. Sixmonths-old mice

Mice of all genotypes exhibit around 7 architectural distorted tissue with
extended areas of ADM containing AFL, TCs and MTs dyd@hoplasmacellular
inflammatory cell infiltrate. Many PanHd and PanIN2 were detectable in all
genotypes, as well as one Par8Nesion in an animal belonging to tK€-TNCko
group.At this time pointthere was a high degree of architectural distorioall

groups and no difference could be identified.

2.3.5.  Nine months-old mice

Similarto 6 months old mice, all mutant mice dis@dyn architectural distortion

of about 95%of the tissuewith fibrosis PanIN1 and PanIN2 and AFL. PaniN3

were detected in mice of th&C-TNChetandKC-TNCkogroup and one mouse of

the KC-TNChetgroup developed PDA@ith invasion in the stomach arider
metastasesThe tumor consists of densely packed, moderately diffiated
glandular structures surrounded by a desmoplastic stromal reaction. The tumor

showeda central necrotic area with infiltration of neutrophil granulocytes

2.3.6. Twelve to fitteenmonths-old mice

As in ninemonthsold mice, all mutant mice displag an achitectural distortion
of at least 95% withfibrosis PanIiN1 and PanIiN2 and AFL. PanIN3 were
observed in all groups arsdme animalsleveloped metastatic PDA@DAC was
twice as frequent ilKC-TNCkoand KC-TNChetas inKC mice at the age of 12
months,as shown irFigure 19
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Figure19: PDAC in mutant miceAt the age of 12 months, mok&C-TNChetandKC-TNCkomice
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harbor PDAC thaiKC mice.

2.4. Fibrosis in mutant pancreata

Additionally to the progression of precursor lesipras increasing fibrosis
accanpanied tumor development.To validate and further characterize the
observationsMasson Goldner trichrome and Movat stains were performed in 3
monthsold miceand quatified as described in Methods the Masson Goldner
stain, he pattern of fibrotic deposition was similar in all groupsd mostly
displayed a perilobular and perilesional (i.e. around ADM/precursor lesions)
distribution Mice of the KC-TNChetand KC-TNCko groups showed a higher
percentage of fibrosi€l7.4% and 18.2%, respectivelywhen compared with the
KC group(12.7%). The difference between th&C andKC-TNChetgroup at the
age of three months was significgptvalues KCGTNCko to WT < 0.01, K€
TNChet to WT < 0.01, KCaWT < 0.01; KETNCko to KC 1.45and KGTNChet

to KC < 0.05respectively) Figure 20shows representative pictures of mice at the

age of three months
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Figure20: Masson Goldner stain of mutant migtethe age of three montha: KC mouse with red
stained residuahcinartissueand isletsand green fibrotic aredgx, B KC-TNChetmousewith
perilobular and perilesional accumulation of fibrotic tissaeC: KC-TNCkomousewith widely
remodeled tissuéx, D: Calculation of fibrotic areas in pancreata of wild type and mutace at
the age of three monthiKC mice show less fibrotic areas when compared@TNChetandKC-
TNCkomice.

With the Movat pentachromestain immature connective tissue stains l@due to
the high content imucopolysaccharidewherealder fibroticlesions, containing
mature collagensire stained yelloWDoello 2014. In general, irbeginningADM
lesions, a blue colored layer ofhucopolysaccharidesontaining extracellular
matrix encircledremodeled acinar parenchymend more advanced lesiowith
TCs, MTCs and AFlare surrounded by mature collag&iis could be observed
in animals of all genotypes. Interestingly,KIC-TNChetandKC-TNCkomice, an
earlier switch to the mature fibrotic tissceuldbe observedas depicted in Figure
21.As already seeintheMa s son Gol dner andarscoredheMov at 6s

tendency of animals lacking TNC towards a more fibrous phenotype
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Figure21: A: Mutant pancreata of KC animal, stained with Movagtain,10x, B: Mutant pancreata
of aKC-TNChetanimal, stained with Movat staihQx, C: Mutant pancreata ofl&C-TNCkoanimal,
stained with Movat stairl,0x, white arrow pointing tdlue coloed layer of mucopolysaccharides,
black arrow shows mature collagens with a yellow color;Result of Movat stained mutant
pancreata compared to control aningtlshe age of three monthgsults as mean values and SEM
All mutant mice show a clearly higher percentage of fibrotic tissue when compak&datoimals.
As in Masson Goldnestain, there is a tendency towards a highercentagef fibrosis in KC-
TNChetandKC-TNCkoanimals.

2.5. Mucin

As the previous stains revedlan influence of TNC on the architectural distortion

of mutant pancreata, further stains were used to assess the lack of TNC on
precancerous lesion development. In order to check the influence of the prevalence
or absence of TNC on the development andaittar of mucinous lesion, mucin
staining was used. Cytoplasmic mucin content of PanIiNs and MTCs can be
highlighted by Alcian blue stain and PAS reactiduller-Decker and others
2006. The apical mucinous cytoplasm within the lesions stains violet to blue,
depending on the pH of the containing mucin. Computer aided analysisse@s

to calculate mucin content, and results are stated as percentage of mucin to
completely pancreatic tissue area. In comparisdoice, KC-TNChetandKC-
TNCkomice show a slightly higher percentage of mucinous containing structures

(Figure 2). Thestaining pattermnvascomparable in all groups.
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Figure22: Computer aidedaiculation ofmucin containing lesionsnice at the age of three months
A: KC mouse, %; B: KC-TNChetmouse, %; C: KC-TNCko mouse, %; D: KC-TNChetand KC-

TNCkomice show a higher content wiucinoudesionscompared td&C mice

2.6. Ductular structures and PanIN

The impact of TNC on the development of tubular structures, independently from
the mucin content, was further assessed by CK19 staiNwmignal ducts PaniIN

TCs, MTCs and AFlwere allpositive for CK19 as expectedicinar cells and islets
were negative(Aichler and others 2032In comparison t&C mice, KC-TNChet

and KC-TNCko mice showed a significantly higher percentage of ductular
structuresasdepicted inFigure 23(p-valuesKC-TNCkoto WT< 0.01,KC-TNChet
toWT< 0.01,KCto WT< 0.01;KC-TNCkoto KC 0.03 andKC-TNChetto KC 0.05

respectively).
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