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Zusammenfassung
Die chronische Pankreatitis (CP) fziebircohnet ¢

i nfl ammatorische Sch2adigung idheer VB au czhashp e ivco
Faktoren wi e chroni scher Al kohol-i smus,

erkrankungen, duktal e Obstr uktsipane |oedne re igneen e
Rolle in der.DPEPhogenesemeEmpPkmongnlesEseyv e u

i rreversi-buead exadokrinen Funktionsst©®runcg
Schmerzen und einemeeBad dh € e iRckisaerlkd r nfose n

fehrt. Di e |l nzi denz CWPnglt e Agatuvtal earkz uedelrer
epi demi ol ogi skcohneten nSutiledileamc h. eDaxe Ptodlelntt i il d
Bedrohung der °ffenddn chemdeGas uaawdtei tei ne
wirtschaBel aspung Geseéeél schaft. Hi stol ogi sc
i nsbesondere in fortgedAdHhripthtiAezn emmo a3 ted d ieexn ,
Obstruktion der ,Ausstfagithknen ngbph? mgebt vat Ei br oc¢

untdi pomagteokseen nzei Obweh Patthogenese der CP no

voll st2ndig veelmdamnwiem aktrwdel | davon aus,
von | mmunzell en und aktivierten Myofi brc
Sternzel |l edi e( PBSICs9gr,essi on der Erkrankung |

i ntsiism hen und extrinsischen FaktEomen ent
bessareecshani sVYarsscthadmdsniiesr endi asufophdermol ogi sct
Verandebedgre nCP hat dahdan ed&ntotckhtuingl wi r |
Therapieszweamegli.eahen

| nerd vorl i egenden e$tMad it aFFHrabbectne cvihiers ke h e n d
aus 28 indivi dvieeriwWeenrd eMa z lwém odlJi2re Zusammens
des Ent z-gunnddu nYt&kroommpaa r t i meretr Hal b einzel ner (
Mi kro-8Schaytte (GBBMAeKI Radineennt einn mibthaCPgi gkei t
von der tiologieprdersebrstumdniswZeg @nzI| i ch
anal yswemti émi | f&uteinaerinsa secrhtienmedrineanal yse

( Aut)diLe Assoziadliloml @avren Komposition mi t

Schweregrad, um Charakt @i ies emihkt@x ozkur i in@@&nt i
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Pankrnesausfif i zi enz assoziiert sind.
Wi r beobacht eeemehrt e €SDABIftfrielbterna tkedmi onen
deaut oi mmunen Panikmelaerigliesa Ic(khollzRwlCidPeenm d e

andefem men deWelCPere Analysen von i mmunze
zeigten, dass die H2ufigkeit von Granul oz
al koholischen CPVamideemm®dnnemnwaCP I m Gegensa

war di e DichtTeZezlylteont obxeiis cdheer uanldkh dle @ Bins c hen
Formem Vergleich zur AIP signifikant er hoh
Haufigkeit-Zaktiiewi sowweh!| T bei albkeoih oalnidsecrheenr (

CRVari antmen Vergl ei ch zurer W Btb wbddt | idc le

zugrundel i egende tiologie all ein, kei nen
Stromaaktivierung bei den Subtypen der Cl
Unterschiede bei S u bngnruunpi pnefni al ntarl aytsse, dienss ble s
THZel |l en, zyt-deloxeschuemd Tendenziell auch

Abh2ngigkeit vom aktivierten Stromaindex ur
Rol | e des Aktivierungsmusters des | mmuni
unt er s tDaeri¢chbhetr. hi naus z eBiegrteec hdueg Adt e MLz e
st &r kPsrt2edni kt oren f ¢r exokrine I nsuffizienz
zeigedass die Dichte der aktivierten PSCs
von -ANeKl | enbedZieedl Jaetm bedeutfepdsPdemdi HEe B on

Beginns einer exokrinen Pankreasdysfunkti ol
ZusammenflaBemdwir in diedfLdmdkPbejtekhnekné ¢!
TMAPr obreonn Patienten .miDarGR eat ahbilniaesurst ver f e
ein hal biaetdoemaptuitser gest ¢t ztes Analyseverfah
di gi tUanlteer sulcihsithgl ogi schen Mer kmal e der f o
ei ngewedegnr kwmdh so quantitativeWeAnealryhsenn e
identifizierten wir die zehn wichtigsten M
exokrlimewnf fdiezri eBlv@uchspei chel dr¥iseebedbxesdzi i er
tragt zZu einenmvetBensdsndrsen gdreundedu egenden

Pat heocnhn ani s rBemnt sheihednges Fort CPhheiei tens der
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l.Summary

Chronic pancirssadhdriact(eCrPi)zed by a widespre
injury of the pancreas, which is caused by
heavy al cohol consumption, tobacco use,

obsticti on as twalslk afsachteones e causatCRei snut at

a progressive uditsiemmasteel whilcehads to 1 rrever :
endocdysfeuncti on, chronic pain and.increas
The incidence and prevalence of the disease
according to recent epidemi ol ogi cal studi e
threat to publ i c heal t h, but brings hi gt
Hi st ol oCgPi, c aelslpye,catal advanced stages, i's char
damage of pancreatic acinar cell s, abnor m
amo wsndf i mmune cel | infiltration, mas si Ve
replacement .heAlftuhnoduagnhbe nt al pat hegeihlkesinot of
determined, it is wel!/l known that i mmune c:
pancreatic stellate cells play cruci al r ol
Thus, i mproved wunderstanding of hi stopat hi

pot emt idelvetl op efficacious therapeutic regi
I n the present study, we apgloimpdi meldt iof| €8
i ndi vmadrukeelo spreci sely visualize pahctrleatic
i nfl ammatsarryo maparctoments within individual
( TMA) sectbhiBpatsi dmtosn with CP. Additionally,

machine | earning (AutoML9t anmedtimageD ddhwe

wi t h clinical parameters oli ftdat upeetsi ewed rse
associated with prediction of exocrine 1 ns:
We obsetrbva@®45+i nfiltrates arleesmomes ffmreagu

autoi mmune @ancPore@daned swi t h adtchoehro bffacr nCsP  ar
CP Further anal ysesubafy piemmusrheb wonealdl althuclaa ro &s

granul ocytes was st AtWbBéncabmpaereedawced &ah
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CPand oG@Gmedn contrast, density of cytot oxi
amplified in both @Pwhoehmo lciocmpGRI.ddnmvilotahhley ,

the frequency owaschowvabky dncethed in al ci
asot hercoGpared At opduUPhe etiology alone di
significant changes in stroma activation i
anal ysi s showed, t hat THO <cell s, cytotoxi
granul ocytes are associated witdmaiisndaxt
(ASI) and relation to the wunderlying etio
activation pattern of inflammation plays a
Additionally, Aut oML c odiphuet attoipo nt erno bpurseadiyc t

exorceg ii nsufi fipiactiseeindayh WEPf ound the density of

PSCs with proliferative ability, foll owed b
i mportance i nonpsredtd ipatnicmg athe exocrine dysf
Overianm lphopect, we epltabl sshiendi mg 12echni que

T MA sections from @madriegdntnse d waatthesne@Hed

computati onal analgamns beneteli d d c adimatt lyyz eus ed
digitalized Iimageepi Etedhdmmdhaehtwdadg er i st
advanced CP and compared those features a
Addi ti omwal liydentteinf i feada ttuorpes &a&e0 Qiretseech cwi toH
pancreatic exocri wer kiytehbes ngdtieomt.i aQurt o i mp
underdsithnagn o f the wunderlying mechani sms i n

progireasfs the .di sease
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2.l ntroducti on

Chronic pancreatitis (CP) refers t o a fi

pancr easi,s mhulicghda variety of factors incluc
consumm@mtnidons moki ng, autoi mmune disorders a
factors and rar e scl[alus tapgthhyes | muUbgi icah !l vy, (

associated with the progressive damage of

ultimately | eads to irreversi bl 2] exocrine

2. Epi demi ol ogi c ad h rf eepaét mucrreesa toift i s
The epidemiol ogical features ofTHaclare f ar

ofuni fdbiramgnostic sdrti tderfifa cmdke t bpptrieentse | vy
wi CR par ttilcawd ea rviahjoa raltyasgGe nelr,a ltaltgui si ti on of
accurate di agnfotdeass eaf o@P ai scomprehensi ve coc
the poteskidlactor s, typi cals avleilsipiecaas|f i ma n i
i maging [fe&Rhhufsaeslsycarpcogpul-basedudien t he

preval ence and havkkeaemecpeo iidnfe ddhRe ITihteer at ur e
i ncidence of CP imebpwrapadwywscooomndéeéea o, 00
UK[ 4alnd 6.4/ 100, Op&]Joi nt 3Gedr/ Mady, PO®A rienc emitnl an
popul-bBased investigatioatcadleauctfeedby O0Baday
cases oh OPmsted koetuweegnlUS7 and 2006, i n
clinical cases and 17 7¢HiThgnosaedjabyt eggeangs:
seadjusted i ncugeasteed aiye tWwas i AvesStigatooc
capyears anddijhestegadnadssead preval ence rat
per 100, O0O0][ pIohpeaurle;ati ®na significant gende|
occurrencal of s@hmR tnieebse,a ngg ihg hreirsk of the di se
than wdéomenhh her mor e, t he most recent anal ys
i ncidence and prevdlshata bDfomh¥adawsweaseé co
demonstrate that t he nicmeiadcerdc edrraantad i cfal CP
cases per milyleiaorns ibnehtavbeietnant977 and 1986 t

1977 al®B7ROO
10
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2.2 Risk factors for developing chronic pan
t i s widelyhaccempédcuahad i nt er(aaomttiradam sh ect)w
and enviroemeénifakit o)y s contributes t o t he
progr eosfs i[CG#PHo darnaember of s piekPReRISISCI YRINKK , |

(see Tahlaga th)er prediespose to the syndr ome c

def i ni tremeyWoa emofver, functional experiments
the roles that these genes play in the cour
activating trypsiph®&@§en in the pancreas

Tabl e 1: Summar y yogfe nceo nmuctnatriiosnks f o malcivfeil @i fnrgo P
Beyet [al

Risky gene | Common mutation | Prevalence among | Mechanism for developing CP

site patients with CP
PRSS1 p.N29I, p.R122C, 31 10% Directly stimulate trypsinogen autoactivation,
p.R122H or indirectly stimulate the activation of cationic
trypsinogen via CTRC-related pathways
SPINK1 p.N34S 10% Unclear
CTRC p.G60, p.A73T, 30% Stimulate autoactivation of cationic
p.K247_R254del, trypsinogen, or fail to degrade trypsin

p.R254W, pV235|

CPA1 p.S282P 3% Reduce secretion, increase intracellular

retention, and cause endoplasmic reticulum

stress
CEL-HYB1 hybrid CEL allele 5% Reduce secretion and increase intracellular
retention
CFTR p.F508del, p.R117H, 7% Disrupt membrane ion channel activity
CLDN2 and | rs4409525, 3% Unclear
MORC4 rs12008279;
rs12688220,
rs6622126

Researchers have i ddaoai ftoreydecsmgreoaged 8oSnls 1 n
associated with prematur ehidilrpesastnloygelni rakedad
heredpdmarye atni tawst, alsoammanlant di sorder wi t h

11
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peneti]d®dAh rleacregnet | eccoatwme@ll ysi s conducted by
et ial Eugwpgeedatonspi caousebéhea omninrugllee ot i de
polymorphi BRRSSBARSS % el ocus andM@RC4 hleo CLDN?2
wi ahcolCd] L. Mut at i SPRISNKIa ser i nien hpirboittecars ege ne
arsi gni faiscsaonctilayt ed wi th tropical sealvecinfgi ¢ p
as a di sease emdoditfhieerpriongvroelsvsi on of recurre
(AR [CP2,.AdS8Yymuleatiidrrqices recognize alcohol
the mavnronmentaflorr|[iBPh ef acstsorci adoholh oht ake
and tobaccogd iwinthlhemi nci dencd ooff oCPotwemd dos
dependent, mastetaeernnt i npesfogamedormgl Dit al vy
suggssanoki ng more than 5.5 ci galrcearbcels per d
t h&8rmg/ariendepemidekhtf act emmrda oftfo fICA4H.e 15

2.3 Etiological classification of chronic p
Despite t he amaplpagpeaushloyl ogi c al characteris
pancr é@atdiegadss i sts of a randefofrtdinadae®deg,ent
i's still no definitely wuniformed and stand.
the |iterature, which is partly due to the
pat hol ogical mechdm®i,sm6égft hdtepdweemtt e fi ed
CP, based on the causatifver msaictohrsqgniac 4alhee
pancr e ataiuttiospnamucnree(aXlijR)c Br oni ¢ pahstrrewladti itv e
chronic pdnopaeatetivel | as ot hers which are
It i's well k n oawmi stthoarty ,t hcel i matcwal r emaatniinf e st a
strategy of CP vary according to the disti
mechanj $hpnproved insights into pathologica
forms of thlae dihsee poda& ef nogei uasl esdp eaatidf anacts.t
Previous i nvesti gateixocness sailwabihodt ecomBatmpt i
consistently mapeponthrei bluitsotr soft ¢ L8 evdlBdpi ni
Prol onged alcohol ingestion can seaenditize

maypr omot e i ntrapancreatic actifv®ti on0]of
12
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Mor eover, et hanol me t agbeonleistinesso u @ & c eal cetriavt aet |
pancreatiel bsel(lP&8Cs)cand facilitate chroni
[ 2.1]

AliPs a relatively rare tfypine eoéfth ypca nacsrse af tiietdi s

t woaubty@Rédgdype 1 refers to | ymphoplasmacytic

w h
as
ep
mo
Ob
du

of

i n
en
Tr

of

2.
Th
de
pa
ti

ich is the pancreatied amandi fde sSteatsieon Tghpel
i di opeatemita i dugtancreatititdhgwanbl acyhtadlcl
i thelialt hlgeasncorneasnt wobheseti ties share C
rphol ogical characteristics[adaB8 are sens|
structive pancreatitis occurs in the ar esé¢
eatoange of realoosic surchl zessmht ohyaseric

ten secondary t,0 pamwtres apgarcc rteaatuintai,s duct a

benign or malli2floredbvaeareoptdaeciralstacdccltwsrieo
sulting from the above reasons tends to
cretoapwdflrewul ts in duecetvaelnthiyap eyt ednrsiivoinn

fl ammat or yacriensapronc@lslp r-enjf uvgti on of di g

zy heL,. 24]

opical pahormatoftidi opathi ¢ypdean aateist i s,
emanrsdet abdomanmal ppacneatic ductsaidscalcif
sistanf28hasetgpe of paomi eaiemideéevel ap mog ¢
untrieepeai dirloypi dalkeue pieoams | ndi a, where n
d cyanogenicregl grtomenpg@s Jar e

il1, a | arge proportion of cases of CP d:
mmonsesauare | abeled as idiopathic.

4 Pathogenesis of chronic pancreatitis

e fundamental pathogenesis OVerCPthe pastl
cades, sever al theories have been propos
rtly due to the |l ack of adequate ani mal
ssue Whicleesmpe | | i ng evi denfcoesqgusehnot@esh &t o &P

13
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repetouti APoXBt her sstuwgdgieesst t hat CPfenan al so
only oneomrieveapRseds@eciidildpatfbirc[ pancreat
16, . ITB¢ histological ci hnacrl aucdtee rv st ii @wss od e g
pancreati pareareanlay malcr osl b, duct al structur
i nfl ammatoryawnmas@oveedeipborso[sidisn .t he di sease
progrespasdricssnuiepli swmeduékt obcel [(UHGM) mat r i
and f attMorteiosmseueed dii t i ont e fcaiulsumeg of exoc
endocfrumet ilextngndi ng i nflammatory stimuld. c

riecdevel ppnocgeactddaeénar ci Mo2ma s

2.4.1 Premature activation of trypsinogen
t he fol lloavnmagt dmyf responses.

It has been proposed that i nappropriately
pancrienas i at esef t pan oanneda tciotnitsi nues to play ro
t hper ogr estshido s ea53®,. TBO$ concepéebnywasheprwor ks
froGei sand coll eagues in a preclin-i onal mo d .

m ceapidly devel op&d®f cslploowepdn ® piye € B

mani hgwittahci nar e xctetlilond i nfl ammatory inf il
formation, and fat[t3yl]Jti ssue repl acement
2. 4.2 | mmune cell s pl ay i ndi spdrmsvafbl e r ol

pancreatitis

Bot h i nnat e and adapsi varei mmuwnwel vegstiem
pathophysi ol ogpamdr eatoil tuits oni Mdt udpshggAP an
play an essenti al rol e iarlkemowntefdimgriune r e
plasticity. | t i's widely ddMd®pdreapbhtahges cl
mar ked bgxEDé&ssrieonmai nl y i lmepdutceatierdf [ianmmat o
response and the early stages of chronic i
pancremandag ilgerowed macrophages rapidly tra

pancreatic areas and skewedkert dwaer dcsonMX oph
14
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chemoattractant factors a[nd2l]m n faldamma toor yt ¢
phagocytosing necrotic cellular debri s, ac
| arge amountesfamcdemptkoli nes that are i mpl
i nfl ammatorly38elspodphsretsrast to M1, alternat.i
macrophages, defined by CD206 expression,

di sease and wound hlenail manlg ,e xi pnecrliundgi mniga |ICaPn d ¢

collectively indicate the remarkable enri
|l esi onp386f @FRInctional research demonstrate
are closely |linked to the fibrooatedthoge

crosstal k witHh 3activated PSCs

Dendritic cell s (DCs) , ma k i-pnrge sept ian gk eg/e | |
popul atitchreenatenkmmunéeaedgpt mmane ¢\BB8t em
39] The mechanistitberdeeebbpmD€®mMamhs | arge
undefined. For mer i nvestsiogfatti loense de@lilcd edr
progressiTohni sofcadhP.be expl ained, in part, by
i ncl ude §¢&eeseusbtt ywlietsh each of texdns i subgyp
di sti nct Pfeuvous expeonmests reveal that DC-Sign+ expressing

immature DCs mediate DC migration and adhesion, T cell activities, and

immune initiation and escape [40,41],wher eas CD83 matmreDPCss si ng
regulate DC activation and maintain immune homeostasis [42]. Mor eov er , it
reportedrilkam@@tpodgul ati onsnpprracled hian
devel opmpamncroadatnice r on t het bracclkkg hofi n@R ci n
pancr eat i-rce satnrtHZzgtebrelv iTat ede ICID&A +i Mhi bt ti ng My
dependent [ g8t hway

't i s well studied ptamatr efhdti it d bgorgahrevaltee ur s e«
( MPO+nfil| t rsgpteecs fi calplyaynecatropbal s,rol es [
enzymes adctheeserony of acinar <cell s damage
i nfl ammati on, as welfl seg@momedtiictaitd .ondlor e
neutrophil i nfiltrartdfoor ncaotniton balft eSP ttoo t QR

t hfeor maotfi oomnt r apam¢rddadti c stone
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I n addition to innate | mmune syesqueanh,l yadap
critical for thdngdaotubbdidyainpensoicsy toefs R.ay a vi
i n adaptive i mmundg heyptemsi Basefl oael | surf.
T cells can be split into seveeQICDS§ubset s,
t he regdlulcatidoosyP3 +he T helper celdmsgdhda he men
nat Kkrid(INke)e I[(ICD56mi)t h eaclexefrtti mgmdi stinct f
[ 45 4P6rlevi ous examinations indicat)e, tThth2 t he
( GATA3 +) , and TH17 cells (1 L17A+) is remar
bl ood of patients with CP compared to the
the pancreatic | esiwinflsiilarcee lolnsl ya nddo mii Hhlathtc e
the fewerofprésB2nseseaebgdphridrattheoemdemodsés at e
thahe freduelnktly ande nfird2t hwans 9 Indétr ac f€EBi on s
patients with diabetes compared with heal
without di abettlse i madolcae me gt ofb- t hese
cedysfurdatriionng progfl ddHi2omw edfl sCRvere-describ
tumorigenic mediators driving chronic pan:
t owlasr mal t gaasf ofrdmIheohrequencycelfl sywasoxi
observed si gni higre amdhrkcyr eeaxsp aonfd pati ents witfF
and tembmel otcal i zed <closely to mpdmcgr etaliatc p:
cytotoxic cells proball4p@]l ead to tissue di.
Al t hough accumul ating trials indicate the

NK cells in the [p3Q,hiolgkhetsiigatoifomMsP on t he

of thestypaws of | ymphocytes to the devel op
initiate humor al i mmunity in the adaptive |
anti boBdieesl | s i nitiate humor al i mmunity i |

through produci ngMempeacB éd el fasnet g ubeondtid ¢ys e d

in the dynamics of T cell proliferation, (
antipgreensenting capacity or throluma]  Tohreoduci |
i mmune function of sNKyptcetl dsi ¢ sT alnahplioauyt e

capaci tcyantecoedklid land t o ipnrfoldauncoeyn tvaoakrsyiuaalbss,
16
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ad FONTNR )19 53]However, the biological me c h e
role of NK cells in the progress of CP r em
2. 8PSCs ar e irbefsepronfsi brous characteristics o
During the cour san orfe gtaincc sxtéddlliRCagpder iqpend d e
functgtoaastddt er hhaivoti clom qut ecstaienmat ed phenoty
[ 5.48]0 (fidr i s well daoctuimeanttgedd appd@ad | es i n t he
devel opment of pANvRae adky tyo Koiif e kasnissf or mi n g
growt h B al{@@Gbgrp!| atdedreitved gr owt h famdc t or s (
complement component C5aar e assochnatedawi bh of PSCs &
consequupernetgudbfat exnrmate{ EXKEyNt h[e5sdi,sl 651 s
worth not ibidi rtehcattn bteheeh ct i on bebWwekbhr amensinar
PSCs drives the process Xaet fpabowiggdeendersg s du
evidence thatde€CD42d sgikghisfi cantly upregul a:
associ atEeE@M wsyiht hesi s annmaRiSI@df i 1€ B.6]
Additionally, activated PSCsA/-pBopduche char g
stroskéw macr oplwagesoMar i zatgigormvating panc]

fibrosis pB6pression

25Aim of this study

Whil e decades of studies from both cell C L
hasw been invented in an attempt to deci phe
complicated pathogenesis of CP, clinical

chall enges of translating | abdhiagacr yoef i ndi
partly explained hnodeeHatiof aecntt itrhedty amirmaolr t
course of the devwhhiogghmg ntshegfini C®ETiameect | vy

anal yeiumgn | EBs otho opaahol agi ol t hedel istewnse
Therefowaghd coll ect hufrracoom stplreee i snemrsce of
resected for CP and evaluated the hi stope
i mmne infiltratesl |l paramad hgmabmat hicoeomphaet mw

|l esi ons wusing melcthinplgaei>e dtomgienihreg wi th ¢ omg
17
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i mage anlahleys¢cembination of mul tipl ex st ai
analiysisot helhptcedadt e ytmiienedi vi dual cel l ul a
and pmrdwanti t,y hathtanaksei si t possible to cl e

spati al di stribution characteristies of tr
cel l ul ar aAmrcihmale ca xup eersiommesni tsst ehnatviey provi ded
t hat i mmutnaek elceegp & stpuisthi ng t he o r oCgPr. e sTshiiosn

i ndi cates téxatemwmeyeerasndndi ng of 1 mmune sig
CP |l esions hasmbdefpotéet nalt ur al hi story c
i mprove the clinicals. oumnhcodets pogpétame tpati e
spatheéitg i bault i omar act ei msmuinespaalch®atic funct
cells, and stromal compartments wwWeéhin the
wiflr tchbempar e those parameters among pati el
dimsd¢ti casuuscehsg!| cojcolaut oi onmainreyacntd dviegpat hi c

eti ot mgy ptaitfiw@nnth hi st ol ogi cAad d istuibotnyaplelsy,ofweC
apply automatic machine | eartreinng atl e cf hemait quu e
predict the devel opment of exocr Omre insuf
findhayse strong e»opleinddeipallcyt t d he hi stopath
signatur,eswhafclhCPb e ohredapnfiuzlé nfowixypme i ment s

anavfor t he i netfrfo dcuacctiioouns. aafher apeuti c

18
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3Met hods

31St udy obgrectdesi gn

The present study is designed to character:i
of the fibroinflammatory stroma awidtparenc!
CP via the application odt aa ndongp rteehcehnnsii quuee
series of tissue microarray sectWemsds I( TMAs)
adopt anad muelftiinpel e x st ai yk nTgh\gAbracsteodcoodn f or a
prevwou&somui jkmdvacol weapuappropriate modi
[ 57,, 5w8hich allows wus to atcwedlonpe $ esdiutai viea X
stainingsi ) sisagtei osnarting with hematoxylin ¢
repeatedpstepsyofnd secondary E&€ntt aibmidiyg i nc
whol e dsigsd@ahnhni ng, aawndd acnhtri cor@otgyelmalc g wei

t hentfieg@®t uskesombplarctcomeangest her with parenchyn
components, t-sitr@®ien imud b png myendpshho iodmap kreea |l ,

myel i d maplkerln,d panexeoatinmecande str oma

bi omapamwevierpr epardesdt aamedomwneadqponding antib

( TabPRe Hemat oxgtlainni ng wi || compl ement t |
characterization I n terms Qoéantmdrogfhadli ogi c
extracel |l uloampomatirmmune cel | deposition,

parenclaywchalme s e ncconnyproanlea® s hi eawcecdor di ng t o t h
pi xXieht engihetyaiofi ng i 9wstiinsgs uaen caolrgeor i t hm dev

NI'H | maged software.

Tab?2&taining panels for multiplex staining assay

PangLymphoid My el oi d Pancreati qMorphol og
bi omar ker |bi omarker|exocFrine
Or de endocrine
stroma

bi omar ker

1 H* H* H* HE

2 GATAS DGSi gn Pa#eratin
19
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3 T-bet Cbh206 CDh45

4 FoxP3 CD6 8 PHH3

5 CD20 MP O a SMA

6 CD8 Cb2o0 I nsul in

7 CDh4 CD56 PGP9. 5

8 CD3 CD3 Perilipin

9 CD56 CDh45 Amyl ase

10 CDh45 CD74 Desmin

11 CTLA4 Tryptase MMP 7

12 I LAY cbs8s3 Si r-Red/ Fa;g
Green

The | yrbp loonag &kree | i's designed for comprehen:

of | ymgd,tressi ncl uding T BKI Lkg]WBerceedd st he nmdy e |

bi omamplearel focusses on ot her | eukocytes
grnaul ox € nd masds cwdllls-eabbed tp@anacteiane
endocamaestbrioomaap &aeebncemstommarcr eabcci ne
and endoelricwlesgprar t,menv e celalnsEECMPECss.i t i on
The s pmarikeormbi nfadri oenach cel Hubat alyagboltey p e
3.

TabB€el l ular Il ineage and corhriecsnpaornkdeirnsg i denti fi cati

Cellular linldentification biomarkers

Leukocytes CD45+CKh9 | 4 a1s PIGIPR-. 5

Cytotoxic T |CD45+CD3+CDB8+CD4

Regul atory T CD45+CD3FGR®3+CTLA4+

Activated T |CD45+CD3+EDKR3+

TH17 CD45+CD3-FGR®3 17 A
TH1 CD45+CD3+CDUECDBet +
TH2 CD45+CD3+CDUECDATAS+
T oshEH 0) CD45+CD3-4COSTA GATA3
B cell CD45+Qmmes-6D20 +
NK cells CD45+ @56+ CD20

M1 Macrophag CD45+&ID32-CD5-8MPOTr ypiCOSED 7H4CD 0-6

M2 Macrophag CD45+ a&ID32-CD5-8MPOTr y piCDSSCHD 7#4C D 046

DGSi gn+DC CD45+ QIDR-CD5BPOTry piCDSED7HMDESi gn+€D8 3

20
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Cb83+ DC

CD45+dIm32-CD5-8IPOTr y piICOSELD7H4CD8 3 +

Granul ocytes

CD45 + dB2-CD 5-BIP &

Mast cell s CD45+ -CBCD5-8APOTrypt ase+
PS€qui escent|CD46K1LAmMy !l 4 s1s #IGIP®-aSMResmreri |l ipint+t
PS€activated CD46K1LAmMyl 4 18 #IGIP®-aSMA+Desmi n+Perilipin

Duct cell s CD4-6K19 + Amy InssPdGiP®-. 5
Acinar cell siCD46K1Amyl ase +R@EBXA.I5 n
Il sl ets CD46K1-Amy | 4 :ses uPAPO+ 5
ProliferatioCD4BHHS3+

Fi brosi s

Picrosifrasuts greedlen staining

ECM remodel i

MMP 7 +

Nerves global

CD45-CK19-Amylase-Insulin-PGP9.5+

32 Pati

ents

At ot alp atf i idemtifiesd from the database of De par t meaat h @gy

byf ull text search for di aspmmongdies wefnti cshumr gn ic
pancreasecti on or dr ai fage dpreddagd brl ees fwar d
proj éadi cat itomesurfgai i nt e mwcé nupdaeciam ,s biliary
obstr upcste uvodng sy verasscul ar complications, gro

with duodenabaandbstsppaéa&anone d&birAcs cdamcesrt ai nin
controls, a ¢t emaali gonfandt atdounlsti Inosnpeci mens we
TMAGFi gure 1)

3.3sBue sadmpl ses andardi zing antibody concen

Al ur gi ampd fesr otnhpat i endliIsviendet pr estelndgr e
provideDepbayt melhabhofyy,
MU wipalr ,a f @ea rnmafd indypebdy, deemhb end d e d

Hospi tMaalx i mi | ilaundswi @
University,
tonsi |l ts swaee bt ecekmiammde ¢ odotinma-ftyseidslei d e s
for stzainnlghediconcenit madu n e rbo cmealfrik.eGChr oni c
pancreat sweuetted Szoeopti mi ze t he-iomomnmoentr at |
cebl omarTkleepstoi mal stainiamsdetserqmiemed dvwr i ng
cour se

it meki

o fc oanncteinbtordayt i on st antdhstr @i iemgohybase

of wiidsuwaall i zed targets.
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34Ti ssue samples for TMAs preparation

Tissues were already embedded in paraffin blocks at the time of TMA

development. The paraffin blocks we r e s e ct Ero forethle maltiplex2

staining analysis. With 3 cores per patient, a total of 594 cores made from the

66 patients’ CP resection specimens were included. Each panel contains 198

cores. However , ,crassserdabheng! i nandl pdahal ogi ca
out comepsat s ewhowerieni ti all yofsufpeldt ewer e

ul t i maereilfyi ®tdh ewi t ha niafneds taaftteegronsaurdde d fr om t F
studlgus, a totalwidflo n58 C peeddiper rotcse & etehde
fimalage cyadamaneWfdhigsoonsort di agrda&maabgeutoft hd
i nvopaedent spfr ep aTi Bfeil atne@ai gur e 1

i© ™y

Assessed for eligibility (n=62)

1

TMA preparation (n=66)
3 cores/patient (total cores 198)
., A

Vo

[ Allocated for analysis (n=62) } [ Staining control (n=4) ]

i

[ Patients with other } ‘ Patients with CP (n=58) ‘

manifestations (n=4)
1 * .\.I

Alcoholic Autoimmune Biliary/obstructive Idiopathic Unknown
(n=23) (n=7) (n=9) (n=2) (n=17)

Others n=28 5

Staining control (Tonsils) (n=4)

FigurConls.ort diagram shows the detail sppépahatiamol ved pa

35Conventimomadchemit@aalmMionganti body standar di
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Par ad iides ewarafd hnpl god t hrwiell ni ane s c h

ti mef.tekeeawaxi ngweseéti dehtylilraageri es of gr ad
alcohol s, sta(2itnigme®@POm 1a20Md% 5mathboh 5
changBel |l orwamydr ati on, ashedpwmiowip-baf ver ed
salinefgm®BS) Then, sl i ded$ ewawerdea as weldj eacntte dg et
retri evmilindporre s3sOur eb yc oionkneerr s i n g Xtame i gyleind e s
retrbefsfadfrol | owed by scloiode sng ndoawnt itgheen r et r i
roomemper @TabBeNelxt sl i debsl owdreen dioogre no u s

per oxirdeasret @voadgdhdi ng 3% hydrogen peroxi de
20miSn.i des wer e t hen 3watsihneeds waitethhc PSBni jnme .
Afterward, slidelsl ovekien® Vumok B8 A wif Hfh® B S

lh at room .Agapey as luir@edvi whr3@eBfamsehs wi t h 5 mi
attach Theelidese incubated widhl ptedamwyt hAn
bl ocki ng nbhuefofodri ngovreommigat next hpdraiymar y
anti bassyemeved by wdgdghiersg wtilBht PBiBsatwi t h 5m
each Nexe, slides were incubated with corre
at room temprerlad wshlei Wweesse angaasihmeidt h PBS f or 3
ti mes wi talhe akcrhi ntTihmee . sl i des wer e t hen pro
i mmunohimtcadhetaining with DAABdepeeloxpidrag e
staining, slides were was2nadi hweint,h trhuen nsilnigd e
were stained with hematoxylin forarMddani n and
foll owed w2 s ifma dsHl i diehspraves ed tahseughks

of graded alcohi®l%s 7 659 %y t alndd%,f tfbd@m a t
eachhan®gt he ,ensdecti ons wereer maonmtngmt iwvig h p

mediamili xed with coverslips.

36 Mul ti pmemnochesmi aiahfionrg di gi t al i mage cyt
evaluation
To begiang motnhv,ent i onal i snmauinmM@hsge,midceasl wer e

deparaffinxiytedewi flol | owefdr dany s @ egnrpatidead i ng
23
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al
he

SO

c o hPB SAt breehy dr aMAdsolni,delse I mmedi ately st ai
mat oxyl andf 6ol #6weidn gb gtl hi enen@ . ma mmoni a
l uti onThenyAR &iindesc weeadwi B3h ti mes quick di

dd#.The sections waqeecwsatmadu mwt7tong gmeydciian e

w a
t h
cCo
w h
Co
we
be
pr
de

P85 consequently fixed with -sbvdeslips
annimmyyysmex Panoramic MI.BFtét sctcadei msmg,an
verslips Wwegre memsl edai@mr .SImidhes wer e

en subheatead adtretd gen froertnridi@e vparlocess whi ch
X a dthbeeg me acorventi onal isnnmuinmicrhnge,midurli ng
e previous hemat oxyddmplsatlaatAg h.gr caaohi s g
wtno oom t e mpselriadteusr ewer e emdaocgesmseuws fpar oxi d
tri edali npy 3% hydrogen peroxbBbHedes werceéi o
shed wiT{@. B enE 20fibon BBSi mes with 10mi

i nBel i dest hwebrt eadwi t h bl oc kli% gB SbAu fifefr P B 6

ockisxgcti ons wer e hfeinrcsutb sggneid monaridytyt e d wi t h
ockBuhigthlmeoion i ngveoonlmgehtnext day, slides we

i th-TPBS 3witi mesOmi n at each ti me. Slides w

rresponding secondary antibody for an hi
il des were wabtheecdewitti meBB>i th 1Mfmienr at e
shihneg,slti des were processevdi Svalwimatlunomi s
e adsodhidll e per ox AM&e .rTehekb sstercattieons wer e
at ed qguietolus mo unatnidn gc onveedriead wi t h cover sl ig
o6 ki de scann$ywgmeixn Ptamer ami c MI DI [ s |
ver sl irppsmowerde by i mmardddl nffomsThh e €ss S iom

re then sAME@cUOesdt atini magQt amddy gspe ng

| oAM)taenrt i body stripping, slides were wash
oceedehdkeekx@mund of, ssttairnfirndgghewobot&i eg as
scri be(dFiagpwrvee 2)
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Deparaffinization with xylene

k

Rehydration with alcoholic serials

!

Hematoxylin staining

!

Whole-slide scan

!

Antigen retrival

|

Endogenous peroxidase blocking

i I Antibody stripping I ::: 1% Aurion BSA blocking |
i i T e e -
! 1 : Primary antibody incubation 1
- e e e et e e e e ey i I
i ' Secondary antibody incubation | !
i Repeated steps for :——————————_f————- !
I mutiplex staining I AMEC red staining -
R P . S L
' ! AMEC red destaining 4 ! Whole-slide scan I

Acquisition of all scanned images

Figure 2f.] oWorcki@apt edMahajpabn8@lef |l ects mul tiplex i mmunohi st
stainimHiggh!l i gfit eadv Wor br own arie@d edamdti e dmwelst staining cyc

3.Hl utinng bogdyusl|l pngimgeli at ed ant i blouwfyf esrt ri ppi
After stclawmmabnegi des and removi AMECt ledcovers
st aionfi dghetsi owas accompl i 86 heldi deg/s diimppdhyg et h
f o2Zmi n, foll owed floy 2&5t ane hwa/aldodd et hanol
2miinthis process sometimes needs to be rer
has renfaoirnetdhe | ymphoi d iann dvhmycehl osipde cpiafniecl san
are applied t o I|natbiebo dymmsstorei dpogeitibnge.,u bat i ng
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t he slapdediejasvbd ch cont anierds adleydc iamd i body st
buff®abla&nd3tfplue it ihjegrn a water bath with the
of 60 rounds HfRAC MO min. pdoweeatric i@axocr i
endocrine andAMEComdad apafiengnuofe wceihl bi omar k

| i K8 MA, i nsul in, PGP9. 5, amyl asejveleyilipi
strong making it difficult to completely re
approach as described above. Therefore,

concentration of gl-HCli,ne 1 %SMINM pgH2)ci a e on ¢
extending the o nZx uhoauriso,n wihineeh twas proven e

elute the staining coliomudheveledpedimynatrtkes

38 Picrosirius Réodr stcail haggnous protein
Il dentification

Thel astt ai nipnagn cir matoiceenhdecr i ne aman edst r o ma
pi cr ogeid isutsd Pi®i) woiipcer f o mené di at el tyhd-odé owi nc
stagnMMPIZAf tetrri pMMB® aoft i hbodadsmwi t h fRBS

5 minl|lidesbwecegacitfoi cnetowdrakyewi, s u dlaitz datsi o
pi cr osi ri ubsyusi lafi xwir mgre daisgrseen st aintong sol uf
coat i ndi vidnondl bleeptyi ons a &Gar kholwox aft orr oon
temper(@ahbl2eS| i des wperroed dthoewischeort washing wi
dd#@and passed through a series of alcohol
al cohol to 70 %, 9t5i%M e sa h g¢00Ms0te &cd(h2a n g e
Afterward, the sections were aleaatherde wi t h X
Finally, theoat ed \peeistmaenreant moantdi ngvmeddum

wi t h co,vefrosllliopwsesl| bde whodamrni ng.

39Comput ati onmageaeytgo metiay ysi s

All the digital i mage cytometric anal yses \
aut omat ed pi pel ilmagec &hRrliosftiilnegr oafn d FCS ex
devel oped i n t he Il ab
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(https:// github.com/ umahaj an) mu/Bmuletfilpyl,e x _1

i nvael vteh e foll owing steps: i mage regi stra
extraction, and I|limage rcegdwartarcahtyieovne d by
overl|l apping each of the 12 images per core
Fol |l owede ebgyi st r aatlilbntdhei chagbader weonltor
deconvoilnutarodher to outl i ne anldhessep arneatgee si n.
were tdeomralized based on their core | D a

extracted accordingdt#o diecls éeciegpitietnlop®EbBeensity
exported images containing al/l identi fied
cytometric anal ysis oisiwvage FE® tdnepspaisxienlg

i ntensity of eaavh itm néei@ickiwad.g®cleé mat i c

representation of automated pipeline has be
Saving, renaming and converting each core

|- -— Collect all images per coreffolder ————— -l
| 1

Auto feed Set mismatch

parameters index to 0.5%
| |
i |

4----J

L L B N B |
Image registration

Deconvolution

Pseudo coloration |
* Segmentation
Z-stacking and motange l
Co-localization
|
measurement
 J
Image cytometry
Fi gwBrWwor-kl ow dbpircaeamput ati onal digital i mage cytometry an
310t ataktawcal ysi s
For machine | earning, patients were randon

endpdiamtanced discovery gr ougoupdov@wedsws)nd a t
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i ntroduce the binary vari dlalsed i wkei platwemnte
including botyhoméinic ahadrfamotl er HIBEDi.ais ( s e
pl atflotrtmps(¢ // wwwwd<2o .eanpl oy ed for t he base

automatically select the opti mal machine |
save computational ti me, t hemesle It @c tgiroand i eefn
boosting machine (GBM), generalized |l inear
boosting ( XGBoost), distributed random f
randomi zed trees (XRT). The parameters of ¢
an int dronal-wo&rbisdsati on on the training set,
opti mal met hod to the test seltn teoa el allaap e

~+

he best performing predictor was det er mi

D

mpl oying the performamceelmeatsiuor dfogproesdi
on the basis of the area wunder tWe <curve

selected variables related to the HAbase p

mportance adlotveei M .t0be tfosl i m pr edicetdor 0 on
set of wvariabl es.

Statistical comparisons in two variables
among di stinct cel l l i neaaneWhi wereg,. de$Sd S$S

Sttai stical tamel gisetsrioduti on of CP with dis

stromal svielhtey pesnducFiesheusdisngEStaati sTteiscta l
di fferences in more than two variables of ¢
di stinct cel | |l i neages -Walli sastsestse®d Alsli ng

operations webrye Grearpfhoprande dPr i sm 8. p < O0.05

statistically significant for all/l experi me.
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4 Resul t s

4. 1 Optimizicegmndlgiephie @ mas kteaeidonasi ngl e
tissue section

Mul tipl ex | HC staining wor kfl ow enabl i

ng

visuali zati on ofasnmaunhet itpilses uaen tsiegcetnisoni nusi ng

bi omarkers has be«mpl| prmeumoeamnrmiu abnodt h ypat hol o

expefos diagnosti ¢ alpoaurpoeentansdt s for fund
r es e arveehr the | astf 5®wG] asmsddbbeagues i niti
report-gldex pr ot ocol and s ub sreoguunedn til tye reaxtpi avhe
| abel i ngr esedlnigz egey i able evalwuation of mor e
single tissuel ssgtchgantiwg ¢ micdeeitvteylgagrnods s
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4. 2Est abl i shing seriall &l zeda nipreabgceangdi ndyi g i

pipeline
Af ter cotmpmueltticmpgtsle eo f |l HCeatai wiomeg, for a s
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Eac h of ittheer alt2iav eley dwmegsgessorted iattooedi Dg t o
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The-rceqgi stered i ndi Vvihewmasls eNlmHpemawed esoft wa
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par amectaenr she finebhnwdpdespttagde tiTBhsaue | eve
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T cellH@se ITIst, el TIBc,elTITB7 cel |l s, NEKcekl $§ s( Fiagdr e
TA) . The my el oi d Mlamaeclr oy ih 8@ anBcrophages,
immature DCs (DC-Sign+), mature DCs (CD83*), granulocytes, mast cells
( Fi g781) Ene pancreatic exocrine-endocrine and stroma panel delineates
acinar cells, duct cells, nerve cells, islet cells, fibroblast cells, fibrosis-collagen

deposition ( Fi grC} e

T-bet
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CD3
CD56
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CD74
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aSMA
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distinctopsesadenabl e discernment ofcyltyorpohxoiicd T icneelalgs
regtueray T cells, activated T cells,, TBIOaelBKds s, THI1 ¢
cel(BAli gnmerste uaddl or eds diemagea s myel oid | iMkage cell
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Col ocalofz apsieaaridor ed i magasi dat i oehtnseg vieuicdd,latesl, | s,
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4. £el | I mage anarlelsiiasbleenaibdersti fi cati on ano

ofdi stecalch phenotypes
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comed!| anbdocawietthheegment ed hematoaegl! images,
gener at magged esvienngtliltrpa ggd dpl emul hf or mati ve cE€
feat,sue hc alsl phenotype, size, Shaglél and | c
based i nformati on, i Bc| ulkAaiprae poisiteclmma@ nt e n s
| ocat iwinsspldaywnd precisely analyzed based
pi xel intenstheakar galayogoessto flow cyt ome

(Figure 8)
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respectively
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