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Abstract (German)

Einleitung: Die Rolle der Expression vom Ostrogenrezepbata (ERD ) beim dukt
Pankreasadenokarzinom (PDAC) ist weitgehend unbekannt. Préaklinische Daten deuten

zusatzlich zur klassischen ligandenabhangigen nuklearen Aktivitat auf eine éstrogenunabhéngige
Aktivierung des ER durch andere Signalwege hin. &seli Studie untersuchten wir den Effekt

der Expression von ER , phosphotftbgtd (pERO) em SERT 3, phosph
STAT3 (pSTAT3) und IL6 auf das Gesamtiiberleben und das rezidivfreie Uberleben bei

Patienten mit reseziertem PDAC.

Methodik: 175 Patenten, bei denen im Zeitraum zwischen 2003 und 2010 ein duktales
Adenokarzinom des Pankreas reseziert wurde, wurden identifiziert. Aus dem paraffin
eingebetteten Tumormaterial wurden Tissue Microarrays (TMA) konstruiert, die mit
spezifischen Antikorpern fidie oben genannten Molekile geféarbt wurden. Die Expression von
ERDb undb pEWRrde standardisiert mi t Hil fe des
(IRS) ausgewertet. Die Expression der Marker wurde dann mit klinischen und pathologischen
Parametern koefiert und anschlieend wurde eine univariate sowie multivariate

Uberlebensanalyse (Kapkmeier bzw. CoxRegression) durchgefiihrt.

Ergebnisse: Alle funf Marker wurden in der Mehrheit der Tumoren (>50%) exprimiert. Die
univariate Analyse der Uberlebensdatrgab, dass ein hoheres UICC Stadium, ein niedrigerer
Tumordifferenzierungsgrad, das Vorhandensein von Residualtumor (R1) und die Expression von
PERD j ewei | s mi t einer signifikant ke¢rzeren
einhergingen. Fur dienderen Marker ergab sich keine signifikante Korrelation mit dem
Uberleben. Die multivariate Analyse bestatigte die f#iERxpression als unabhangigen
prognostischen Faktor. Die pHiRExpression korrelierte mit einem kirzeren gesamten (hazard
ratio 1.9; P=121) und tumorfreien Uberleben (hazard ratio 1.9; P=0.033).

Schlussfolgerung:Die Expression von pelR korr el i ert mi t einer ut
stellt damit einen unabh&ngigen negativen prognostischen Faktor fur das PDAC dar. Die
zugrundeliegendemmolekularen Mechanismen sind nicht ausreichend charakterisiert und
bedirfen weiterer Untersuchung. Anhand dieser Daten kénnte ein Kollektiv von Patienten
identifiziert werden, die neben einer adjuvanten zytotoxischen Therapie von einer Therapie mit

SERMs pofitieren kénnten.



Abstract (English)

Background: The role of estrogen receptor beta (ER e X p r edsctli pangreatic n
adenocarcinoma(PDAC) is largely unknown. Liganthdependent phosphorylation and
activation of ERb may pl ay a the &46/8M&3nsignalng pathway and, as a
result, in tumor progression. Here, we examined the effect d§ER phosp h-6r Yy p&Red
b) , STAT3, phosphoryl at e6dexp&3sianT 8n the pofefalh angl) a

recurrenceree survival in a cohort giatients with resecte@DAC.

Methods: We identified 175 patients who underwent pancreatic resectioRDéC. Tissue
microarrays were constructed fraanchival tumor specimens. Thesere stainedvith specific
antibodies for the above molecules. The expression ebERa n db pvwaRs eval uat ed
immunoreactive score (IRS) by Remmele. The expression ai#rkerswas then correlated

with clinicopathological parameters and survival analysis performed.

Results: More than halfof the tumor samples showed high expression of all thenfiakers
Univariate survival analysis showed that higher UICC stage, tumor grade, residual(Righor

and expression of peR wer e corr el ali ad diseasdres suwivat. Alrtheo v e r
other markersinvestigatedshowed no prognostic relevance. Cox multivariate analysis revealed
thatpERDb expressi on was an independent factor
(hazard ratio 1.99= 0.021) and diseadese survival (hazard ratio 1.8+ 0.033).

Conclusions:Expressionof pEf® consti tutes an i ndeRDAGand nt

©

is correlated with poor prognosis. The underlying molecular mechanisms require further
investigation These data may help in identifying patients who could benefit from additional

therapeutic regimens, including selective estrogen receptor modulators.



1 Introduction

1.1 Pancreatic cancer

1.1.1 Incidence

Malignancies of the pancreas accoumaboutthreepercent of all cancers, brgmain the fourth

most common cause of cangetated deathn both sexes in the western world and the sixth
worldwide (1) Due to its typical late presentation and its refractory naRPAC has the worst
survival rate of all cancers, with aygar survival rate of <5% I he disease is rare before the age

of 45, but the incidence rises sharply therea#ecording to the German Centre for Cancer
Registry Data of the Robeltoch-Institut, the average age for men is 71 and for women 75 years

in Germany Theincidence of pancreatic cancer varies by sex and race and is greater in younger
men than in younger womghut decreases with increasing age (rtael&emale ratio 1.3:1{2)
Disease rates are also greateffrican Americans than in Caucasia(i33

1.1.2 Risk factors

Acquired risk factorsfor pancreatic cancer atebacco smokingType 2 diabetes mellitus
nonhereditarychronic pancreatitisobesity and lack of physical activif§) There are alssome
studies concerning diési 12) coffee, alcohol consumptigii3i 15) Aspirin and NSAID
use(16i 19) Helicobacer pylori andhepatitis B virug20) as risk factors for pancreatic cancer
but the results are inconsistehitto 10 percent of patients with exocrine pancreatic cancer have a
first-degreerelative with the diseag@1i 23) This suggests a role for familial aggregation and/or
genetic factors in pancreatic can¢24) These patientpresentwith the diseasat an earlieage

than hose with noninherited diseaib,26) Betweenthreeand 16 percent ofhe patientsare
estimated to hava known genetic syndrona a strong family historyhat predisposes theto

the diseas€22,23)

1.1.3 Molecular pathogenesis

In pancreaticcancer, key signaling pathways are dysregulated contributing to pancreatic
tumorigenesisMultiple combinations ofsomatic mutations are commonly found exocrine
pancreas carcinon(@7) Inherited and acquired mutations in specific caifassociated genes
lead to develoimg of pancreatic adenocarcinom@s 30) including nutational activation of
oncogene$KRAS), inactivation of tumor suppressor gerf€®53, p16/CDKN2A, SMADAand
inactivation of genome maintenance gefiddLH1 and MSH2. Apart from these, therarealso



manyothergenetic aberrations in patients waHamilial predisposition to pancreatic can(®t)

A KRAS gene mutation wasreported in more than 90 percent of pancreatic
carcinoma(28,32,33) KRAS mutations are also present akgancerous lesions of invasive
pancreatic canceand he prevalence of mutations incremséth increasing degrees of dysplasia
in these lesions(34i 38) The progression of dysplasia to adenocarcinoma is biologically
characterized by the accumulation ofvariety of genetic aberrationgzurthermore, other
molecular mechanisnmichas methylation, mitochondrial mutations and miRMA expression

have been described as possible facio pancreatic tumorigenesis.

1.1.4 Pathology

The majority of pancreatic neoplasrabout 85 percentare ductal adenocarcinomas, caused by
malignant transformation of cells of the exocrine pancreas from the ductal epithelium.
Precancerous lesions of invasive pancreatic cancer are mucinous cystiasme@pICN),
intraductal papillary mucinous neoplasm (IPMN) and pancreatic intraepithelial neoplasm
(PanIN)(39) Histologic grading ivased upon the degree of differentiation and the prevalence of
mitotic cells A threetiered grading system tgpically used(grade 1, well differentiated; grade

2, moderately differentiated; grade 3, poorly differentiated), althduggly anaplastic tumors

are sometimes designated gradd@).Because ofhe proximity tothe adjacent structurégortal

vein, superior mesenteric artery or vein, aortajegativeresection margircan bedifficult to
achieve,resulting very often immicroscopically positive resection margi(R1 resectiop In
published studieshe rate of R1 resections varies widely, ranging froefo to >75%due to
insufficient standardization of histopathologicaxamination, concerning especially the
circumferential resection margin (CRNY1i 43) Regional peripancreatic lymph nodes are
frequently positivewhile perineural invasion both within and beyond the pancreasoalsarsin

these tumors.

1.1.5 Localization and dinical symptoms

Characteristic early symptoms are missing. The localization of the cancemidete the
symptoms. Approximately65 percenbf tumors arise in the pancreatic head, 15 percent in the
pancreatic body and 10 percent in pancreatic tail. The anatomical boundary between the
pancreatic head and body is the left edge of the suprasenteric vein and between pancreatic
body and tail, the left edge of the aorfdne main symptomsof pancreatic head carcinoma are
pain, typically radiating to the bagkwveight loss and obstructive jaundice. Pain and weight loss
are also symptoms of camoma of pancreatibody or tail. Other symptoms adkarrhea and
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steatorrhea, malabsorption glucose intolerance, and paraneoplastic dsymes such as
thrombophilia irlusive thrombophlebitis migrans and Panniculitis nodulariseifef-Weber
Christian syndrome) Other nonrspecific symptoms of pancreatic cancae asthenia and
anorexia includinghausea and vomiting, which are often caused by gastric outlet obstruction

secondary to duodenal tumor invasion.

1.1.6 Diagnosis

Apart from a detailed history and a physical examination, the diagnostic evaluation of a patient
with suspected pancreatic cancer includes serologic evaluation and abdominal iiBexgnal

serum markers for pancreatic cancer have been evaluated, theusafst of which is
carbohydrate antigen 19 (also called cancexs®ciated antigen 19, CA 199).(44i 48) The

next step in the patient's evaluation is abdominal imaging, though the choice of test varies
depending upon the patient's presenting symptioseover, following the initial evaluation, a
biopsyproven diagnosis of pancreatic cander dispensable befe curative surgeryput
obligabry prior palliative therapylmportant prognostic factors at the time of diagnosis are the
general condition of the patient (ECOG), weight loss, pain and tumor markers-@JA19

1.1.7 Stagingand Classification

The key goal ofstaging workupof a patient with pancreatic canderto assesghe extent of
disease spread and evaluate the resectability of the pancreatic tu@mmputed tomography
(CT) is the preferredmethod of stagingancreatic canceOther studies include transabdominal
or endoscopicultrasound, magnetic resonance imageugd positron emission tomography
scanning. Staging laparoscopyis used for patients with clinicdy suspected peritoneal
carcinomatosigo avoid a futile laparotomyinfiltration of adjacent structures ampdesence of
distant metastases define the unresectability of pancreatic tulmmsal wnresectability is
usuallydue to vascular invasioifhe classificatin system for pancreatic cancer is basethen
tumornodemetastasis (TNM}ptagingsystem of the combined American Joint Committee on
Cancer (AJCC)/International Union Against Cancer (UI@€Yescribed in table(20)

1.1.8 Therapy and Prognosis

At the time of initial diagnosjsonly 15-20% of patientshavea potentiallycurabledisease. With
tumor resection and adjuvasystemic therapy a median survival up to two yemas be

achieved. However, at the time of diagnosis approximate30®5s of pancreatic cancer patients



have a nofresectable, nemetastatictumor (Locally Advanced Pancreatic CanceAPC),
while the majority of patients (600%) already suffer from synchronous metastatic disease.

Table 1: Classification according to TNM staging systemi - ()

Stage | Primary tumor (T) Regional lymph nodes (N) Distant metastasis (M)
0 Tis NO MO
1A T1 NO MO
IB T2 NO MO
A T3 NO MO
1B T1-3 N1 MO
1 T4 Any N MO
v Any T Any N M1
Primary tumor (T)
TX Primary tumor cannot be assessed
TO No evidence of primary tumor
Tis Carcinoma in situ*
Tl Tumor limited to the pancreas, 2 cm or less in greatest dimension
T2 Tumor limited to the pancreas, more than 2 cm in greatest dimension
T3 Tumor extends beyond the pancreas but without involvemethieofeliac axis or the parior mesenteric
artery
T4 Tumor involves the celiac axis or the superior mesenteric artery (unresectable primary tumor)

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis

N1 Regional lymph nodenetastasis

Distant metastasis (M)

MO No distant metastasis

M1 Distant metastasis

Note: cTNM is the clinical classification, pTNM is the pathologic classification.
* This includes lesions classified as Panlinlll classification.

1.1.8.1 Operation

The onlypotentially curative option for patients with pancreatic cancehesradicalsurgical
resection(49,50) Criteria for surgery are thé&umor resectability based on thgreoperative
diagnosic andthe comorbidity ofthe patients(4) Even after a complete resection and adjuvant
therapy, only 10 to 25 percent tfesepatients are alive after 5 years and median survival
remainsbetween 10 and 20 mont{&li 53) The surgical procedure depends on the localization
of the carcinomaThe standard procedures for cancers in the head of the paaczdhe classic
Whipple procedure including partial gastrectomy andpartial pancreaticoduodenectomy
(Whipple) and thepyloruspreserving pancreaticoduodenecto(®PPD ompp-Whipple). As far

as the oncological result is concernedhe two proceduresare equivalen{c4) Total
pancreaticoduodenectonoy distal pancreagctomy are performefbr carcinoma in the body or
tail of the pancrea®reoperative biliary drainage is indicated omlyatients withcholangitis or

when thesurgeryis delayed(55)
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1.1.8.2 Adjuvant therapy

After a RO resection of the primary tumor, adjuvant therapyh Gemcitabine or 5
fluorouracil/folinic acid is indicated. It prolongs the diseasee and overall survival
Contraindications are poor general conditionseverecomorbidities.These twotherapeutic
agents haveomparableefficacy.(56i 58) However, die to the slightly better tolerability arlde
administration formgemcitabine ireferred Neoadjuvant or adjuvamtdiation therapy alone
or in combination wittthemaherapy is not indicateapart fromclinical trials.

1.1.8.3 Locally Advanced Pancreatc Cancer (LAPC)

Approximately 1520% of pancreatic cancer patients havethat time of diagnosis a nen
resectable, nemetastatic tumor. The optimal treatment of these patients is controyBgjial
Patient selection is essential ame tmain treatment goal should the downsizing othe tumor

in orderto render itresectableThese patients hawe malian survival of 9 to 11 month&0)

First of all inductionchemotherapghould be started in these patiemtspatientswho did not
develop distant metastasis in the course of induction theragigtherapy could be added
intensify the loceregional treatment. After each treatment step, the resectability of the tumor

should be reassessgil.)

1.1.8.4 Palliative therapy

Treatmentin advanced stages is palliatia studies,patientswith primary metastatic disease
have a very limited median survivéletween 46 months and approximateygar survival rates
of 1i 2%.(39) Nevertheless, lemotherapy leads to a profgation of survival and improgehe
quality of life for patients withgood performance statu$2,63)Palliative therapylsoinvolves
the treatment of symptoms and should be interdisciplifidrg.firstline standard treatmentil
early 2000swas gemcitabing64) Recently other chemotherapeutic agents evdestedin
combination with gemcitabineand erlotinib is approved as a combination therapjth
gemcitabineas the firstline therapy(65) New studiesalso suggestedwo alternative firsiine
treatments: the combination of fluorouracil, leucovpinmotecan, and oxaliplatin, known as
FOLFIRINOX and the combination ofyemcitabinéab-paclitaxel(66,67) Good general
condition of the patierndthe patient's will are important factarsdecidingabout the use of a
secondine treatment. Tis includes5-fluorouracilfolinic acid alone orplus oxaliplatin(68)

capecitabin€69) docetaxel, irinotecaand platinum derivative®3)
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1.2 Estrogen receptors

The estrogen receptor exists in two isofor ms
estrogenreceptdret a ( ERDb, ESR2, NR3b). These two prc
and specificity and are members of the superfamily of nuclear receptors (NRs). Nuclear hormone
receptors are liganchodulated transcription fac®rthat regulate gene expressidimis group
constitutes receptors that bind steroiélsyroid hormone, and retinoids, andclude also
peroxisome proliferateactivated receptor (PPAR), farnesoid X receptor (FXR), and liver X
receptor (LXR) that mediate metabolic proceéd@sand other receptors for which their ligands

are still unknown.

1.2.1 Structure and signal transmission

The structure of both estrogen receptors is similar to the other nuelegptors. ERs are
composed of six functional domains (namedF)X71) The imprtant components are the C or
DNA-binding domain (DBD), which binds with high affinity and specificity to DNA sequences
termed estrogen response elements (EREs)egulate transcription rates of target genes, and
the E or liganebinding domain (LBD), which binds estrogens and estrogen analogues. The ERs
also contain two regions, known as activation functions (Aand AF2). AF-1 is located
toward the amingeminal end of the receptor and is lighindependentwhereas AR2 is
located in the LBDand isligand-dependen(72,73)In spite of their homology, the two isoforms
have important structural differences with implicationgtloaregulation of gene expressiofs
describedn Figure 1, n the DNAbinding C domain (DBD), there is a sequence identity of 97
percentjn comparison wittonly 59 percenidentity in theligand-binding E domain (LBD)74)

12
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Figure 1: Schematicrepresentatiorof the two human estrogen receptor isofortlSR-U a n d
hER-D). Full-lengthhumanERJ) i s 595 amino achdissbboagm whib
acids longBoth receptors consist of six functional domains, including the hWing domain

(DBD), the ligandbinding domain (LBD)and two transcriptional activation functio(&F), the
ligand-independentAF-1 and the liganddependentAF-2 as indicatedin hER-U .Pacent
sequence identity between the two isoforms is indicated irthEER}, 75)

ERs are generally classified as ligatependent transcription factors. Aftassociatingwith

their specific ligands, they bind specific genomic sequences (EREsS) and interact with co
regulators to regulate the gene expression. However, in several seslregen effectsvere

also describedwvhich occurafter ligand activatiof plasma membrane proteins, including-ER
isoforms termed membrafimund ERs (mMER), complex of ER with other plasma membrane
proteins and G proteiooupled receptor 30 (GPR30). This liganidding leads to activation of

other signaling cascadesa secondmessengersvithout genomic modulation ani$ termed
A nare n o ifr 80)

In addition to the classical ligandduced activation of ERs and their ability to modulate the
activity of selected promoters directly, recent studreported that ERs canalso be
transcriptionallyactivated in the absence afigand. The unliganded activated ERs then interact

with other signaling molecules in the nuclewsn the cytoplasmegulating the activity of other
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major signaling cascades, including growth factor signgliag81 88) In the absence of ligand
the cascade of signaling events is different and either activation or repressyooccur. A
ligandindependent signaling pathway is thought to activate the ERs in cancerous tissues

contributing to hormonédependent tumor growi75,89,90)

ERs have a major role in several systemduding reproductive, cardiovascular, skeletal,
immuneand nervous system$hus the complex tasks of ERs affect the entire organism. The
two isoforms are found in different concentrationseirery tissue. Moreover, the interactions
betweenERs and other molecules are complex, so that ERs and their ligdrmg sompletely
different effects in different organs and organ systems. Consideringdbspread expression of

ERs and the variety of interactions with extracellular and intracellular signaling moldeRtes,

may help to adjust single cell functionsthe body homeostasiBurthermore, estrogen receptor
signaling pathways regulate important physiological processes such as cell growth and

apoptosig83)
1.2.2 Estrogen receptors in breast cancer

Normal mammary gland maturation and developnrequire the existence of ERa in breast
tissue ERs areoverexpressed in malignant breast tissndtwo-thirds of breast cancers express
the ERa.Estrogen and its receptors play essentialole for growth, survival, and progressian
ER-positive breast canceiThese insights into estrogeeceptor biologyed to the development
of betterchemotherapeutic agexfor breast cancereatmentwhich interact with the receptan
orderto block ER function and signalinghese agentsan haveeither antagonistor agonist
actionson the ER in different tissue$hree classes of thesemdocrine therapgirugs including
selective ER modulators (SERM®elective ER downregulators (SBEBR) and SERM/SERD

hybrid agent§ SSH) arein usein the treatment and prevention®R-positivebreast cance@1)

1.2.3 Estrogen receptors in pancreatic cancer

The incidence of pancreatiamcer varies by sex and is greater in younger men than in younger
women(2) In western countries and Jap#re maleto-female sex ratias approximately 1.25:1
and 1.75:1, respectively, bitt decreases with increasing age. This has raised interest in sex
hormones and their receptors in the development of pancreatic (@a83)Since 1981, when
Greenway and colleagues first reported the presence of estrogen receptors (ERS) in pancreatic
cancer tisse(94) diverse studiesvith controversial results have investigated the presence and
role ERs in pancreatic cancer as well as the role of selective estrogen reuegitators
(SERMS) in its therap@5i 100)

14



As mentioned aboveniaddition to the classical hormem&luced ER nuclear actions, newer
studies demonstrated that ERs interact withrmembranes and signal transduction proteins in
the absence of ligand activating diverse intracellular path{&®&)sAn intricate crosgalk
between ERs andrgwth factor signaling pathwaysbserved in breast and ovarian cancer cell
lines is alsoactive in pancreatic tumor§l01) suggesting similar crodslk between ERs and
growth factors in pancreatic candd00,102,103)

1.2.4 SERMSs and IL-6-Inhibition in bone tissue

SERMsare competitive inhibitors of estrogen bimgl to estrogen receptors (ERs) and have a
mixed antagonist/agonist effemh ERsdependingn the target tisSUSERMSs increase the bone
densityproviding partid protection against menopausal bone .|&%sloxifeneis the SERM of
choiceto prevent osteoporosis postmenopausal womeh inhibits bone resorption and reduces
the risk of vertebrdaracture,while redudng the riskof breast canceihe molecularmechanism

of its effecton bone tissués not fully understoodbut the cytocinenterleukiné (IL-6) plays a
key role IL-6 mediateghe increase in borresorptionthatoccurs followingestrogen déciency

in rats In vitro data showedlso that raloxifene suppresses-@L and inhibits mammalian
osteoclast differentiation anidone resorption activitpnly in the presence of 16.(104,105)
Estrogen deficiencglsoleadsto anlL-6-mediated sthulation of osteoclastogenesssiggesting

a mechanism for th@creasedone resorption in postmenopausal osteopo(asis)

The aforementionedeffect of raloxifene on bone tissus transmitted throughthe ERs,

suggesting a possible intet@n between ER and 16.(104)
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1.3 IL-6/STAT3 Pathway

1.3.1 Function and signal transmission

Interleukin 6 (IL-6) is a pleiotropic cytokine with biologic&ffectson a wide variety of cells
regulating many cellular functions, including cell proliferation, cell differentiation, immune
defense mechanisms, and hematopoieSignal transducer and activator of transcriptBon
(STATQ3) is a transcription factor and a maen of the STAT protein family. It is encoded by the
STAT3 gene, an oncogene that is mgsed in several human cancersluding pancreatic,

having a weHestablished role in tumorigenesis.

IL-6 mediates part of its functions through the6Heceptor complex. The IL-6-receptor isa
cell-surface type | cytokine receptor complex consistiighe ligandbinding IL-6-receptor
subunit ( thésmmahtrandducegycoprotein 130dp139  ( ¢ h Bhe bindibg)of

IL-6 to IL-6-receptor complexactivates the STAT3 signal transduction cascade via tyrosine
phosphorylation of STAT3tyrosine 705)by the Jaus kinase (JAK Phosphorylated STAT3
(pSTAT3) then forms homo or heterodimerswhich translocate to the cell nucle(fl806 110)
Here, pSTAB regulates the transcription of target genes involved in proliferation, survival, cell
cycle progression, angiogenesisd immunosuppressipplaying a key role in many cellular

processe$l1l)

1.3.2 Signaling interactions

Activation of STAT3also occus via phosphorylation otyrosine 705 in response other
ligandssuchas epidermal growth factor (EGRihd Interleukin Sas well as via phosphorylation
at serine 727for exampleby mitogenactivated prtein kinases (MAPK)This activation may
occur directly through interaction with the ligand or indirectlymediated by JAKs(112)
Yamamoto et al. reported that active ER directly associatesamithacts as a transcriptional co
factor for, STAT3, which isinduced by 1L:6 in breast cancer cells. Furthermore, it was show
that 17betaestradiol (E2) suppresses-@induced activation of STAT3 activity and STAT3
mediated gene expression. -E2diated inhibition of STAT3 activation was reversed by
tamoxifen, which belongs to SERMBKloreover, drect physical interactions betweeSTAT3
and ER were alsceported which represent a novel form of crestk between STAT3 and ER

signaling pathways anmpen umovel therapeutiprospectg110)
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1.3.3 IL-6/STAT3 in pancreatic caner

IL-6 plays a major role in malignant transformation and progression of several tumors, including
pancreatic canc€f08,113117) Recent studies demonstrated that stitoa with I1L-6
activates phosphorylation of STAT3 in pancreatic cell 1i{ids$,118,119)The JAK/STAT
pathwayalsostimulates cell proliferation and malignant transformation and inhibits apoptosis in
the pancreafl20) Additionally, elevated IL6 levels arereportedin pancreatic cancer and
correlated with poor progno¢i1,122)as well as with weightoss and cachexjavhich are

negative prognostic factors for patients with pancreatic cgh28r124)
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2 Objective

The underlying molecular mechanisms involved in pancreatic carcinogenesis require further
investigation in order to identify novel targets for therapeutic intervention. In this study, we
hypothesized thaphosphorylation ofER-b  aacttivation of IL-6/STAT3 signaling cascade
contributeto tumor progression in PDAC he goal of this studywasto examinethe following

objectives:

1 The expression ofER-b , phosphofyl(aftBeRd-6, IBIRART3 and
phosphorylated at tyrosine 705 form of STAT3 (pSTAT3) in a cohort of patients with
resected PDAC.

1 Theprognostic relevancef the expression dhese moleculefor overall and recurrenee

free survival in a cohort of patients with rete PDAC.
1 The effect of clinicopathological parameters on the overall and disegssurvival in

these patients
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3 Materials and Methods
3.1 Patients

In total, 211 patients who underwent surgical therapy of PDAC between 2003 and 2010 were
consideredor this study. Exclusion criteria were perioperative mortality (patients dying within

30 days after curative resection), the presence of macroscopic residual disease after resection and
periampullary tumor®ther than PDAC, e.campullary, distal cholangcarchomas, duodenal
adenocarcinomag\s thirty-six patientsvere excluded from this siy, 175 patients werénally

considered for this study

Data on clinical parameters and follayp information were extracteftlom the tumor registry
and the clinical record<linical Data were pseudonymizethe study was approved by the

local ethics committee.

Overall survival was defined as the time interval between the date of resection and the date of
death from any causer censoring based on the date of last confathological findings
(tumor location, tumor invasion, lymph node status, grading) were obtained from the
pat hol ogi stsé©o or i g-NodaMetastassp(®NM) stagingTchiteria 4df uhmo r

International Union Against Cancer (UICC) were used for histologic classifiqdti)
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3.2 Tissue Microarrays

Tissue microarrays (TMAsllow for the simultaneous histological analysis of several hundred
separatéissue samplesnder the same conditioimsa short timeTheyconsist of paraffin blocks
in which hundredtissue cores are assembled in array fashion to dbownultiplex analysis.

This methodrequires a very limited amouat antibodiesand reagents.

Tissue micrearrays (TMAS) containing surgical tumor specimeparaffin tissues) were
constructechccording to standard procedu(&26,127) The area of interest to be sampled was
identified and marked on hematoxylgosinstained tissue slideéfter the preparation of wés

in the empty paraffin block, re tissue core biopsyY).6-mm in diameter was taken from a
representative area of the tumor atfeninserted intoa recipient TMA block using a manual
arrayer (Beecher Instruments, Sun Prairie, \WIdistance of 2.5 mmvas definedbetween the
samples of the individual patientsach case was representedwy core biopsies from different

pats of the pancreatic carcinombBwo TMAs containing 422 samples from 211 patients were
constructedThe blocks were themcubated for one howat 37 °Cto ensure an optimal fusion of

the samples with the paraffin blockinally, s|1 i ces of 2 £ nwithwee dlider pr e |

microtome mountedon a Superfrost Plus specimen slide (Menzel) and dried overnight at 50 ° C.

Thesesections of the TMAwvere then available for immunohistochemical stainingotal, 2110

specimens of pancreatic tissue including normal mucosa were evaluated.
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3.3 Immunohistochemistry

Commercial antibodies employed weteR-b Ndgvocastra Laboratories LtdNewcastle upon
Tyne, UK); pERDBS®1% (Abcam Cambridge, UK); STAT3 Abcam Cambridge, UK);
PSTAT3V7% (Cell Signaling Technology, Danvers, MA, USA) and8L{Abcam Cambridge,

UK) (Table 3).Immunohistological staining of TMAs was performadcording to standard
proceduresThe TMA slides were pretreated and then incubated with the antibodies, followed by
antibody detection via biotinylated amtiouse secondary antibody and a bidtireptavidin
amplified detection system (Biogenex, San Rant@A, USA). Staining was visualized using a
Fastred chromogen system (DAKO, Hamburg, Germany). The -E\dieés were evaluated by a
pathologist blinded for the clinical data. The immunostaining of the cetlsncerning the
expression of E  a n db waskefaluated and scored according to the immunoreactive score
of Remmele and Stegn (IRS) with a range between 0 ah#l (Table 3).IRS is calculated by
multiplying the number of positively labeled cells (4 percentage grdmp#)e intensity of e
staining reaction (3 gradeg)28) For statistical evalueon, score®of 0 and 1 were considered as
low expression whereas scores 02 or hgher were consideredas high expression The
immunohistochemical staining of the other three molecules (STAT3, pSTAT3 a6 vias
scored semiquantitativelpy a fourtier scale (0, negative; 1, weak; 2, moderate; 3, strongly
positive) according to standard procedufEs’) This was reduced also to a tier system (O,
negative; 13, positive) for the independently performed statistical analysis of single protein and

its correlation with clinicopathological parameters including survival.
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Intensity of Staining | 0 = no color | 1 =mild 2 =moderate | 3 = intense

Percentage reaction reaction reaction reaction

of stained cells

0 = no positive cells IRS=0 IRS=0 IRS=0 IRS=0

1 = < 10% positive cells IRS=0 IRS=1 IRS=2 IRS=3

2 = 1050% positive cells IRS=0 IRS=2 IRS=4 IRS=6

3 = 5180% positive cells IRS=0 IRS =3 IRS=6 IRS=9

4 = > 80% positive cells IRS=0 IRS=4 IRS=8 IRS =12

Table 2: IRS-classification scoring system. Immunoreactive score of Remmele and Stegner
(IRS) with a range betweenahd12(128) For statistical evaluation, scores of 2 or higher were

considered as 6highd expression.

Antibodies Company Cat. No.

ER-b Novocastra Laboratories Lt NCL-ER-beta
(Newcastle upon Tyne, UK)

pPER-b Ser105 Abcam (Cambridge, UK) ab62257

STAT3 Abcam (Cambridge, UK) ab119352

PSTAT3 T705 Cell  Signaling  Technolog' 9145
(Danvers, MA, USA)

IL -6 Abcam (Cambridge, UK) ab154367

Table 3: Commercial antibodies
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3.4 Statistical analysis

Data were analyzed with SPSS software, version 20.0 (IBM Corp., Armonk, NY, WSA).
valuesof <0.05 were considered statistically significant. The association between expression of
the investigated parameters and clinicopathological characteristics was testacchiguare

test. KaplaAMeier curves and univariate survival analysis wereqoeréd for each investigated
parameter. Survival curves were compared and assessed using-thekldgst. Multivariate
survival analysis was performed using a proportional hazard model (Cox regression). Apart from
age and sex, only parameters wptiralues <0.05 in univariate survival analysis were included.

As UICC stagesummariesthe parameters of tumsize lymph node status and the presence or
absence of metastasis (TNMhgse factorsvere not included separately in the Cox proportional
risk model(125) A stepwise procedure, including both backwaaitmination and forward

selection, was used to analyze the independent prognostic factors.
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4 Results

4.1 Clinicopathological parameters

The study population consisted of 94 males and 81 females ranging frorl88¥dars (median,

68.4 years) The majority of patients were older than 60 years (76%) and underwent partial
pancreatoduodenectomy (PD: Whipple procedure, 34.9%) or pypoesserving partial
pancreatoduodenectomy (PPRip-Whipple, 44.6%) for tumors in the head of the pancreas. As
shown in Tablel, most of tumor samples showed advanced tumor infiltration (pT3 = 84.6%) and
lymph nodeinvolvement (pN1= 64%), whereas 8.6% of the patients had already developed
distant metastases. The adian number of lymph nodes analyzed was 13 (rang#&).0The
histopathological examination showed higtade tumorgG2 and G3)in the great majority
(96.5%) of tissue samples and microscopic residual disease after resection in 42.3% of the
tumors.Most patients underwent perioperative chemotherapy (33.2%) or a combination ef radio
and chemotherapy (45.1%) whereas 21.7% of the patients had no additional therapy. The

characteristics of the study subjects are summarized in Zable
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Number of cases=175

Age
060 years
>60 years

Sex

male
female

Operation
PD
PPPD
DP
TP

pT status (UICC 2010)
pT1l
pT2
pT3
pT4

pN status (UICC 2010)
pNO
pN1

cM status
cMO
cM1

Stage (UICC 2010)
[
lla
b
11
v

Residual tumor
RO
R1

Grade
G1
G2
G3

Perioperative Therapy

No therapy
Chemotherapy

Radiochemotherapy

42
133

94
81

61
78
26
10

14
148
10

63
112

160
15

45
96
10
15

97
74

52
117

38
58
79

24.0
76.0

53.7
46.3

34.9
44.6
14.9

5.7

1.7
8.0
84.6
5.7

36.0
64.0

91.4
8.6

5.2
25.7
54.9

5.7

8.6

554
42.3

3.5
29.7
66.9

21.7
33.2
45.1

Table 4. Clinicopathological parameters of73 patients after resection of PDAC(PD:

parcreatcoduodendomy

or

Whipple

procedure;

PPPD:

pyloryseserving

pancreaticoduodenectomy @p-Whipple procedure; DP: idtal parcreatetomy; TP: wtal

pancreatectonjy
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4.2 Immunohistochemical analysis

High nuclearexpression of E® was f ound i-m i6d. 00 @& WshofgsERh e
54.3% of the tumarexpressed STAT3 and 68% pSTAT3. Expression eb Mvas observed in
76.6% of the specimenglable 5. Expression of the molecules was also observed in the
cytoplasmic cellular compartmentRepresentative examples of immunohistochemical staining
of PDAC tissue microarrays for ER  a n@STATB pathway proteinareshown in Figure?.

No significant correlation of clinicopathological parameters withexpression dhe molecules

was found (Tablé).

Antibody n % n %
low high
ER-b 60 34.3 108 61.7
pPER-D 25 14.3 141 80.6
negative positive

STAT3 71 40.6 95 54.3
pPpSTAT3 49 28.0 119 68.0
IL-6 37 21.1 134 76.6

Table 5: Expression of different antibodies

O0Lowd ExScores$ aeril of mmunoreactive Remmele Score (IRS)*
O0Hi gho6 E Scorese @ bigher of IRS

0 N e g adgcarevOeby senjuantitative immunostaining scale scoring system
0 P o s istorew le(\Weak), 2 (moderate) or 3 (strongly positive)
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Figure 2: Immunohistochemicataining of PDAC tissue microarrays for ER a n@ISTATB

pathway proteins. The first two panels for nuclear-flER and-b p&ERow r epr ese
exampleofbi opsi es scored as fAhigh expresstcoeno a
(IRS*). The other three panels concerning STAT3, pSTAT3 an6 Bhow representative
exampleofbi opsi es scored as fpositiveo according

1-3 = positive [staining intensity 1 (weak), 2 (moderate) andr8r(g}].

Characteristics n pER-D p
expression [%]

Total 175 80.6
Age 060 ye 42 84.2

>60 years 133 85.2 0.886
Sex Male 94 83.1

Female 81 87.0 0.487
Tumorsize T1-2 17 75.0

T3-4 158 86.0 0.242
Lymph node status NO 63 85.0

N1 112 84.9 0.987
Metastasis MO 160 84.1

M1 15 93.3 0.341
Tumor stagéUICC 2010) O-lla 54 84.3

lb-IV 121 85.2 0.881
Grading G1-2 58 86.3

G3 117 84.3 0.749
Residual Tumor RO 97 81.9

R1 74 91.2 0.096
Chemotherapy No 38 86.5

CTx 137 84.5 0.765
Radicchemotherapy No 96 84.9 0.998

RCTx 79 84.9 '
Table 6: Correlationof pERb ex pressi on with clinicopatho
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4.3 Univariate survival analysis

Survival analysis was conductetd correlate overall and diseagee survival with the
immunohistochemistry results. The median overall survival was 16.3 months and the mean
overall survival 32.9 months (confidence interval (Cl) 95% -BB%). The median diseafee
survival was 33.9nonths and the mean disedsse survival 15.5 months (Cl 95% 2740.7).

At the end of followup, 32 patients (18.3%) were alive.

4.3.1 Correlation of clinicopathological parameters with patient survival

Overall survival was significantly related to tumor stggtage-lla vs. stage llalV, p=0.031),
metastasis (MO vaM1, p<0.001), grading (low véigh, p=0.002) and residual tumor (status RO
vs. R1, p=0.022)(Figure 3). Age, sex, tumor size, lymph node status and perioperative
radiochemotherapwere not related to the overall survival raf€able7). Diseasdree survival

was correlated with tumor stage (stagéalvs. stage llalV, p=0.018), lymph node status (pNO
vs. pN1, p=0.037), metastasis (MO.u8l1, p=0.025), grading (low vshigh, p=0031) and
residual tumor (status RO .vR1, p=0.005)Figure 4) Age, sex, tumor size and perioperative
radiochemotherapyerenot significantlyassociate with diseasdree survival (Table).
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Characteristics n Mean 95% CI Median p
oS oS
[Months] [Months]
175  32.889 27.20338.575 16.300
Age 060 vy 42 34.080 23.95244.209 18.533 0.550
>60 years 133  32.672 25.91139.434 16.000 '
Sex Male 94 31.784 24.86838.701 18.533 0.733
Female 81 33.207 24.42941.985 14.800 '
Tumor infiltration T1-2 17 46.062 27.42064.704 29.100 0.111
T3-4 158  31.226 25.40537.047 16.000 '
Lymph node status  NO 63 37.054 27.94946.160 21.433 0.103
N1 112 29.721 22.81936.622 15.033 '
Metastasis MO 160  34.686 28.63340.740 17.367 0.000
M1 15 10.867 6.56%115.173 6.933 '
Tumor stage O-lla 54 39.611 29.63249.590 23.400 0031
(UiccC 2010) lb-1V 121 29.050 22.51235.587 15.000 '
Grading G1-2 58 42.988 32.72853.248 28.033 0.002
G3 117  27.390 21.14333.636 14.167 '
Residual Tumor RO 97 38.508 30.08246.933 21.433 0.022
R1 74 25.195 18.51931.871 14.167 '
Chemotherapy No 38 27.295 16.02738.564 10.700 0.149
CTx 137  34.214 27.78140.647 18.533 '
Radiochemotherapy No 96 32.583 25.07640.091 15.567 0.853
RCTx 79 31.750 23.93839.562 16.300 '
PERD expr es low 25 47.184 29.33265.036 28.967 0.016
high 141 26.748 21.69431.801 15.067 '

Table 7: Univariate analysis of prognostic factors for overall survival in resected
pancreatic ductal adenocarcinoma. Cl: confidence interval; OS: overall survival.
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Characteristics n Mean 95% CI Median p
DFS DFS
[Months] [Months]

175  33.873 27.00740.739 15.533

Age 060 vy 42 31.898 20.68143.115 16.300 0.801
>60 years 133  34.907 26.59443.220 15.000 '
Sex Male 94 32.450 23.65441.245 16.333 0.637
Female 81 33.266 23.46143.071 14.200 '
Tumor infiltration T1-2 17 44.645 22.32066.970 16.333 0.187
T3-4 158  32.143 25.11139.174 15.000 '
Lymph node status  NO 63 40.448 28.98751.908 20.033 0.037
N1 112 28.831 20.93536.726 14.167 '
Metastasis MO 160  35.158 27.95642.360 15.833 0.025
M1 15 11.310 6.66215.958 12.433 '
Tumor stage O-lla 54 42.996 30.34955.642 21.033 0018
(UICC 2010) lb-1V 121 28.042 20.62435.460 14.200 '
Grading G1-2 58 40.500 28.89252.108 20.233 0.031
G3 117  29.619 21.62437.613 14.167 '
ResidualTumor RO 97 41.881 31.85751.904 18.433 0.005
R1 74 22.566 14.91030.223 14.167 '
Chemotherapy No 38 34.482 19.27149.693 12.433 0.932
CTx 137  33.403 25.92040.885 15.533 '
Radiochemotherapy No 96 37.505 28.02146.989 17.000 0.090
RCTx 79 28.329 19.56537.093 14.367 '
PERD expr es low 25 46.650 27.49965.800 25.033 0.042
high 141 29.160 22.49635.824 14.200 '

Table 8: Univariate analysis of prognostic factors for disefise survival in resected
pancreatic ductaddenocarcinoma. Cl: confidence interval; DFS: disease free survival.
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Figure 3: Univariate analysis of overalburvival in correlation with clinicopathological
parametersOverall survival related to (A) tumor stage (stagialvs. stage llalV, p=0.031),

(B) metastasis (MO vavil, p<0.001), (C) grading (low vsigh, p=0.002) and (D) residual
tumor (status RO v&R1, p=0031)
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Figure 4: Univariate analysis of diseasee survival in correlation withclinicopathological
parameters.Diseasdree survival related to (A)nodal status (NO vsN1, p=0.037), (B)
metastasis (MO vaVi1, p=0.029, (C) tumor stage (stagelln vs. stage llalV, p=0.018), (D)
grading (low vshigh, p=0.@1) and(E) residwal tumor(status RO vaR1, p=0005).
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4.3.2 Correlation of expression of ERb  a n d S T6Adttvaylpioteins in PDAC
tissue with patient survival

The median overall survival for patients with low pBR e x p r e s smomths wheraas for2 9
patients with high pel® e x p ritewass 15.ammonths (p=0.01§. The mediandiseasdree

survival for patients with lowand high pER-b expressi aml4Bansonthg 6 . 7
respectively (p=0.043. The median overall survival of patients with low pER e x pr es si on
at least 14 months longer in comparison with patients with highfpERe x pr es si on.
investigated molecules showed significantprognostic relevance (p>0.05). The corresponding
survival curves according theantibodiesnvesticated (ERb, 9 ERSTAT3, pSTAT3
6 expression) arghown in figures and6.
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Figure 5: Separate univariate analysis of overall patients' survival in correlation to expression of
ERb, HERSTATSI3, p STPAPDAC TMASIP alti ent s0 over all S
expression ofA) ER-b B)pERbD ,C) STAT3 D) pSTAT3, and ) IL-6. Expression of pEFb

was correlated to shorter overall survivgd=0.016, whereas la other moleculesinvestigated
showed naignificant prognostic relevance (p>0.05).
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Figure 6: Separate univariate analysis of diselee patients' survival in correlation to
expression of EBd , 4 BRAT3, pSTAT3 and It6 in PDAC TMAs.Pat i ent e di s ¢
survival related to expression @) ER-b B)pERD ,C) STAT3 @) pSTAT3and E) IL-6.
Expression of pEFb wascorrelated to shortatiseasdree survival (p=0.042), whereas laother
moleculesnvestigated showed rggnificant prognostic relevance (p>0.05).
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4.4 Multivariate survival analysis

For multivariate analysis, the following variables were taken into account: age, sex, tumor stage,
grading, residual tumor, pER e x pr e s s9 andil0). (Higla dxpression of pER |, high
tumor grading (G2 and G3)and presence of microscopic residuamtu proved to be
independent predictors of overall survival in patients with PDAC correlating with a bad
prognosisPatients with high pE e x p rhada shaorter mverall survivalith a hazard ratio

of 1.9 ©5% CI: 1.13.3; P=0.0.3).

The Cox proportional hazard model for disefige survival revealed similar results as shown in
Table 10. Multivariate analysis revealed high expression of iIER Ul CC st adi u m,
grading and presence of microscopic residual tumor as independent predictors offchgease
survival associated with a badognosisPatientswith highpERD e x p r e samosttwmice we r e
as likely tohave a recurrenceomparé with patients withlow pERb e x p r(frezasl iration

1.9; 95% CI: 1.13.4; P=0.029).
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Multivariate Analys is

Characteristics n HR 95% ClI p
175
Age 060 yed42

1.384 0.9081 2.110 0.130
>60 years 133 !

Sex Male 9% 0939 066211333 0725
Female 81

(lergg ;(t)al%j‘ ﬁ;)”_";‘v igl 1.260 0.863i 1.841  0.232

Grading géz i; 1732 1.163i 2578  0.007

Residual Tumor 22 3; 1516  1.068( 2.150  0.020

PER-D expression 'r‘])i‘gh iil 1.993  1.153( 3.443  0.013

Table 9: Multivariate analysis of overall survival with the following variables
included:pER-b ,  Usta@e@rading,residual tmor,age andsex.



Multivariate Analys is

Characteristics n HR 95% ClI p
175
Age 060 ye42

>60 years 133 1.284 0.8141 2.027 0.283

Sex Male 9 5892 0606 1.311  0.560
Female 81
Tumor stage O-lla 54 .
UICC 2010) by by 1431 093412193  0.100
Grading G1l-2 58 .
3 b1, 1510 09831 2321  0.060
Residual Tumor RO 97 .
i o 1657 1.121i 2.450 0.011
PERD e xpr ¢low 25 1932 10701 3.492  0.029
high 141

Table 10: Multivariate analysis of disease free survival with the following
variables included: pER , Ul C,@Qrading, asidealtumor, e andsex.



5 Discussion

Estrogen receptenelated pathways are implicated in the pathogenesis of pancreatic,cancer
representing a suitable target for its treatn§8m) Although several studies about ahntirmone
treatment with SERMs (e.g. Tamoxifen) ilDRC showed controversial results00,129,130)
ligandindependent activation of ERe.g. phosphorgtion) and therapeutic perspectives of this

pathway remaied unexplored in pancreatic cangéq.)

Previous studies showethat raloxifene suppresses-@L andinhibits mammalian osteoclast
differentiation andoone resorption activitpnly in the presence of 1B, suggesting a possible
interaction between ER and 16.(104,105)importantly, Yamamoto et al. reported that active ER
directly associates witland acts as a transcriptionakfaator for, STAT3 induced by IL6 in
breast cancer celldoreover, drect physical interactions between STAT3 and ER were also
reported which represent a novel form of crassk between STAT3 and ER signaling pathways

andopen umovel therapeutiprospect$110)

Based on the data abgwvhis studyfocused on th€&eR-b and its phosphorylated forpER-b
regarding their expressioon PDAC tissue microarrayand their effect on the survival of
patients with PDAC. Furthermore, we also investigdtedeothermoleculeSTAT3, pSTAT3
and IL-6), which are partof an important signaling cascade in tumor progressibie.
hypothesized thaphosphorylation ofER-b a activation of several signaling cascades,
including IL-6/STAT3, contributeto tumor pogression in PAC specifically affecting the

survival of these patients.
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5.1 ER-b/pER-b expression and prognostic relevance

ERb apE®Rb wer e expriesgddliry the majority of tumor§1(7% and 80.6%
respectively). pEFb expression was related to survival rates. Nuclear expression obpER
indicated a poor clinical prognosis for overall and disdeese survival. Univariate and
multivariate analysis revealed high expression of ffER as an i ndepehothient

overall and diseaskee survival associated with a bad prognésighese patients

In 1981, Greenway et al. reported for the first time the presence of estrogen receptor (ER) in the
carcinoma of the human exocrine panci@d3 Since then, there has beesustainednterest in

the role of estrogens, including estrogen receptors and selective estrogen receptor modulators
(SERMS) in pancreatic cancer. Diverse studies have been published investigating the presence of
ERs in pancreatic tumors, but the results are instarg. Some studiggportedthe presence of

ERs, although others failed to detect ERsall(95 99) Even the expression of the two ER
isoforms, ERU an#fé, ERn pancreatic tumors remains co

more than 9(percentof all published studies used antibodies that specifically recognized only

the ERU i s oThe expnesion pattern of ER i n pancreatic cancer
date(100) Moreover, there are teashowingthatE®® may pl ay a mor e-i mpo
U i n panc9atrécent studyrninvestigating in vitro pancreatic cell proliferation

showed that ERs are frequently expressedaincpeatic cancer cell lines and especially-fER

expression usually outweighs HR e x p (183 s i o n

Our studyis in agreement witkthese datashowing that the majority of pancreatic tumors express
strongly ERb  a n db. Rurth&more, our data showed that pER was not abl y i de
independent predictor of disease outcome for PDAC correlating with poor prognosis. This result
provides additionlastrong evidence forER i n parti cul ar having an
The fact that some tumors express strongly only the phosphorylated form-of ERoul d b
explained on the grounds that the phosphorylation of thddERr e d u c e sagegohmt per c
phosphorylated E® 1 n t he p an cBER® wdsialso presemhithe majodtye df the

rest tumors, but not strongly expressed that theywereratedii 1 0 and c aklexgw r i :
e X p r e.sAscording ftoimmunoreactive score of Remmele and Stegner (IB) or e @A 10

meandess tharl0 percentstained cellsvith mild reaction

The interest in the rolef ER-b has increased significantlsince ERb was di scove

1996(131) While the prognostic value of ER  halreadybeen evaluated in previous studies
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many tumorsthere is no previous data in the existing literature about the prognostic relevance of
ER-b and its phosphorylated forin pancreatic canceAs mentioned abovehe majorityof all
published studieabout ER in PDAQused antibodies that specifically recognized only thelER
isoform(100) In contrast the presentstudy demonstrates thpgognosticrole of ER-b in PDAC.

high pERb e x p rassscgtedonmtla higher mortalityandrecurrence i@ representing poor

independent predictor of evall and diseaskee survival.

Nevertheless,everal studiesnvestigating the role dER-b i n b r ehave tepoded thate r
ER-b mi ght serve as a favor ablaa amrnotgntiregyst i c
consistent{132) The expession of ERb is a protective factor of colorectal can¢&B3) As far

as prostate cancer is concernéa lbss ofER-b expression is associated with progression from
normal prostate epithelium twancer, while thoseancers that retaineR-b expression were
associated with a higheecurrenceate(134)ER-b i s a prognostic mar ket
of nonsmall cell lung cancerApart from the tumorsnentionedabove,there are also some
studies regardingionsmall cell andsmall cell lung cancer, esophageal, ovariand brain
tumors(135,136)While they provideinconsistentesults demonstrating the complex roleEst

b in cancer,ER-b expressionseems predominantly tbave a tumosuppresive role in the
tumors mentionedabove. Nevertheless, our findings suggest tliER-b may have a tumor
promotingeffect onpancreatic canceilustratingthatseveral molecular mechanisms underlying

the differential influence of E® | n t u mo r s, ligaadsaffidityy genedranacnppidn,e

interactions with cdactors, heterogeneous dimerizationsgice variants of receptors

Moreover, he rate of ERJ a n ¢ has Reen described be important in the hormone
dependent tumor progression in breast, ovary, colon and prostate (@&@®&)eafowever, the
expression oER-Uwas not investigatedithis study. Thus,tierole of the balance betwe&R-

U an & stif Rmains unclear irPDAC. Further investigation is needed to identify the
prognostic role oER-b expressionER-UER-b rate and their effect on above tumors as well as
in PDAC.

The present human PDAC cohdegmonstrated thathile the expression of the phosphorylated
Serl0O5active formof ERb corr el ates signi fi canftedsurvivali t h p
ERb showed no as s o dhisasuggesta thatvthe pghospharylatminBER-& at .

serine 105n the pancreatic cell may be an important component of pancreatic tumorigenesis

resulting in poor prognosis.
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