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1. Introduction
1.1 Biomarkers

Any specific molecular alteration of a cell on DNA, RNA or protein level can be referred as
biomarker(Jain 2010. These markers can be found in a wide raofyspecimens, including

body fluids (plasma, serum, urine, saliva, etc.), tissues, and cell Whdsomarker is a
characteristic that can be objectively measured and evaluated as an indicator of a physiological
as well as a pathological process or pharmacological response to auherapsrvention.

In a multifactor and individually complex disease as cancer, biomarkers are essential for (a)
detection and identification of a given type of cancer (diagnostic biomarkers), (b) prediction the
course of the disease and (or) its recuree(prognostic biomarkers), (c) prediction of a drug
response (predictive biomarkers) and (d) observation of the disease status (monitoring
biomarkersYHamdan 200y

Targeted treatment strategiase notyet available for all cancer3he present approach to
systemic treatment of cancer is often refet@chs "trialand error” or "one size fitdlg but

this practice is inefficient and frequentigsults in inappropriate therapy and treatnrefdated
toxicity. Converselypersonalized cancer treatment has the potential to increase efficacy and
decrease toxicity.To achieve personalized treatmefdr cancer, weneed meaningful
biomarkers (signatures) for characterization of cancer subgralgiermining prognosis,
predicting response to therapy, and predictegere toxicity related to treatmdowsett and
Dunbier 2008 Duffy and Crown 2008Koomen 2008

1.2 Cancer

Cancer is the uncontrolled growth of abnormal cells in the body. There are nffamgndi

kinds of cancers. Cancer can develop in almost any organ or tissue, such as the lung, colon,
breast, skin, bones, or nerve tissue. There are many causes of cancers, including benzene and
other chemicals, drinking excess alcohol, environmental $pxnch as certain poisonous
mushrooms and a type of poison that can grow on peanut plants (aflatoxins), excessive sunlight

exposure, genetic predisposition, obesity, radiation and vi(hiEs2010).



In 2008, approxirately 12.7million cancers weraliagnosedexcludingnonmelanoma skin
cancersand othe nortinvasive cancers) and 7.6 million people died of caneerdwide
(Jermal 2008. Cancers as a group account for approximatelyol@f all deaths each year with
the most common beindung cancer(1.3 million deaths)stomach cance{803,000 deaths),
colorectal cance(639,000 deaths)iver cancer(610,000 deaths), anateast cance{519,000
deaths)WHO 2008. This makes invasive cancer the leading cause of death ofette¢oped
world and the second leading cause of death iméweloping world

Some cancers are more common in certain parts of the world. For example, in Japan, there are
many cases aftomachcancer but in the United States, this type of canceare Differences

in diet may play a role.

Like symptoms, the signs of cancer vary based on the type and location of the tumor. Common
tests include the followingbiopsy of the tumor,blood tests bone marrow biopsy (for

lymphoma or leukemiaghestx-ray, completeblood count(CBC), CT scanandMRI scan

Treatment varies based on the type of cancer and its stage. The stage of a cancer refers to how

much it has grown and whether the tumor has spread from its original location.

T If the cancer is confined to enlocation and has not spread, the most common
treatment approach is surgery to cure the cancer. This is often the casskiwith
cancersas well as cancers of the lung, breast, and colon.

1 If the tumor has spread to local lymph nodes only, sometimesdhadge removed.

T If surgery cannot remove all of the cancer, the options for treatment irreldid¢ion
chemotherapyor both. Some cancers require a combination of surgery, radiation, and
chemotherapy.

1 Lymphoma, or cancer of the lymph glands, is rarélgated with surgery.
Chemotherapy and radiation therapy are most often used to treat lymgNdrha
2010.



1.2.1 Gynecological cancers

Ovarian cancer

Approximately 125,000 deaths and 204,000 new ovarian cancer cases worldwide were reported
in 2002 (Parkin 200% whereas the incidence rates display the highest level in the Western
world (Jemal 2008The high mortality rate is usually due to late diagnosis, since epithelial
ovarian tumors commonly lack early warning symptai@annistra 2004 almost 75% of

patients are diagnosed with metastasis beyond the ovaries (FIGO stages Il and 1V) and require

combined surgery ahchemotherap{Dinh 2009.

Heterogeneityof ovarian cancer and unidentified molecular pathways prohibit efficient
individualized treatment strategies. Shortage of clinical, histomorphological and tumor
biological markers suitable for diagnosis, prognosis hethpy response intensifies rtical
state(Rosen 200pb

Staging (FIGOI1V) of the disease at the time of diagnosis according to the guidelines of the
International Federation of Gynecology and Obstetrias|ear grade, patient age, presence or
absence of ascitic fluid, and residual tumor mass after primary surgery are the most common

prognostic factors. On the other hand, there are no diagiiastors apart from CA125.

Therefore tumor biomarkers risk pdéctors of ovarian cancer patients with disease recurrence,
early death, or response to preoperative, adjuvant btiatpe therapy are in demand.
Numerous studies have focused on improved understanding of the underlying tumor biology in
ovarian cancer ahbiomarkers associated with this fatal dise@3e 2009 Meani 2009 Na

2009 Safra 2009Yoshida 2009Kulasingam 201) Still, despite of that, staging of the disease

at the time of diagnosis according to the guidelines of the Internatieeddration of
Gynecology and Obstetrics (FIGQIV) represents the major prognostic factor in ovarian

cancer.
Breast cancer

In women, breast cancer is the most commlaiss of cancer worldwide wittmore than one
million cases diagnosed annualfpllowed by cancer of the lungnd colon, making it the

leading cause of cancdeaths in women with >400,00@aths per yegParkin 200%.
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Histological, immunohistochmical, mMRNA expression, angenomic analyses have indicated
that breast azer is a heterogeneous disetis® varies in morphology, biology, behavior, and
response to theragiPerou 2000Sorlie 2001 Voduc and Nielsen 200&eyer 2009

TNM staging, tumor grading, receptor status (ER and PR) as well a2 H&tus are
established prognostic factors in breast cancer. uPA anel Ryvalve recently reached LOE
(Level Of Evidence) lwhile BRCA1 genetic tests are often used for screening.

Consequently, in breast cancer, specific biomarkers indicating the ajutsedisease and/or
response to therapy areryemuch needed to help systentieatment move from the current

trial-anderror approach to more personalized cancer care.
1.3 Kallikrein -related peptidasegKLKS)

All humanKLK genes consist of five coding exons and four intervening introns. Sizes of the

genes range from-20 kb with most of the differences relating \tariable intron size§_uo

1998. The five coding exons are vesymilar both in size anth organization. Coding exon 1

harbors he start codon, coding exons3,and 5 contain the histidine (H), aspartic acid (D),

and seine (S) codons of the catalytic triddh contrast to théclassicab KLK genes, most ahe

newmembers of the human tissue kallikrein family hame or two norcoding exonsin h e 5 E
untransl ated region (UTR). (Bolgeno@& UTR typical

KLK protans are singlehain secreted serine endopeptidases eB®%Da. They are
synthesized as pigro-enzymes containing an amut@rminal single peptide (Pre), that

directs them to the endoplasmic reticulum for secretion, followed by-pgptide (Pro) ofour

to nine amino acids, that maintains them as inactive precursors (zymogen)catalytc
domain, which comprises the mature, enzymatically active prdigiK. proteins havefully
conserved amino acids around the catalytic residues, as well as owa@rall &cidsequence
identity of 4680 % (Obiezu and Diamandis 20P5Most of the tissue kallikrein enzymes
denote a trypsiike acivity, while enzymatic activity ofKLK 3, KLK7, and KLK9 are
chymotrypsinlike (Clements 2004

Alternatively processed mRNA transcripts are common among members of thealikuein
family. In fact, all KLK genes possess at least two transcripts. A total of 70 alterddikie

MRNA isoforms have been identified date, exclusive the classical form. Most of alternative
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splicing characterizes coding regions plus limited splisgimgt hi n t he 5E UTR,

skipping, exon extension/truncation antton retention(Obiezu and Diamandis 2005

All KLKs are synthesized as inactive precursors or zymogens withhéntory pro-peptide
that sterically blocks the active site and thgrgirevents substratéinding. Zymogen
conversion to the active enzyme generally occurs by limited proteolytie giropeptide via

diverse mechanisms

Normal physiology

KLKs are expressed in several tissues,ah mRNA and protein level. Employingorthern
blot, RT-PCR, and/or ELISAKLKs arefound to expresat highesievels within a few major
tissuessuch aghe salivay gland, the CNS, the prostaed the breagiTable 1). Theparallel
expression of manKLKs in the samdissue under physiolag and/orpathologicconditions
implies potentialparticipaton in enzyme cascade reactions similarthose established for the
processes of digestion, fibdlysis, coagulation, complemergctivation, wound healing,
angiogenesis, and apopto§¥ousef andDiamandis 200R The aberrant expression ltuman

tissuegeflectstissuespecific substrate specificity

Kallikrein 1 promoteghe release of kallidifrom low-molecularweight kininogen specifically
into different cell types antbwardsthe processing of growth factors and peptide hormones
(Schachter 1978Bhoola 1992 KLK2, on the other hand, demonstratesy low kininogenase
activity compared tokallikrein 1 (Charlesworth 1999 Seminal plasma KLK2 cleaves
seminogelin | and seminogelin II, but at different cleavage sites and at a lower efficiency than
PSA (Deperthes 1996 KLK2 has also been implicated regulating growth factors, through
insulin-like growth factor binding protei8 (IGFBR3) proteolysis. KLK3 (prostatepecific
antigen/PSA) is present at very high concentrations in seminal plasma, rapidly hydyolyzi
both seminogelin |1 and seminogelin II, as well as fibronegroyoking liquefaction of the
seminal plasma clot after ejaculatiflja 1985). Potential substrates for KLK3 have been
identified such asdGFBP-3, tumor growth facteb, basement membrane, parathyroid hormone
related peptide, and plasminogébiamandis and Yousef 20P2KLK3 is found in nipple
aspirate fluid, breast cancer tyhiid, milk of lactating women, amniotic fluid, and breast

cancertumor tissug¢Diamandis 1995.



Among the additionatwelve KLKs, only a few have beeattributedto physiologic processes

and/or pathologic condition@able 1). Putative functions have besnggestedor several of

the KLKs, based on the sites ofmession and/or the activity ofthologue proteins. Isolation

or cloning ofKLKs from specific tissues suas skin KLK5, KLK7, KLK1) and brain KLK6,

KLK8, KLK1]) proposesa role at thessites(Gan 2000 Clements and Atkins 2001Cas@de
modelssimulate efficientlyskin desquamatioand semen liquefaction, and may be applied in
tumor invasion and metastasiSpecifically, KLK6 is hypothesized tde involvedin the
deposition of amyl odisdasdiittleal®INekd K7iisrdire&ly Imkedto me r E s
the physiological skin desquamation process as a key g@otease, whicldeconstructs the
cohesive bonds that maintain the integrity of corneodesmes. It has been reported that
KLK7 is present in different layers of the epidermis like the dendritic ¢8téedell 199Y, the
keratinizing squamous epithel{&ondell 1994 and that it is stored in lamellar bodies in the
stratum granulosum and transported via these structures to the stratum corneum extracellular
space(Sondell 199% KLK7 is mareover located in the sebaceous follicles, in luminal parts of

the pilary canal, common sebaceous ducts and proximal sebaceous ducts and in cells apparently
situated within the distal parts of the glandular lobEeolm 1998. It has been shown that
proKLK7 in skin is activated by KLK5 at a slightly acidic/neutral environm@rattsand

2005 Hachem 200p and that KLK7 acts in a wateepleted environment of the stratum
corneum(Watkinson 2001 cleaving key corneodesmosomal proteins like CDSN and DSC1,
leading to cohesive bond disruption and furthermore desquamation of the cornéGeayiest

2009). Theories adapting skin cascade theories are developed for many tissues (e.g. pancreas)
(Johnson 2007

ProKLK proteins can serve as substrates for activated KLKs, thereby setting the stage,
potentially, for a proteolytic cascade, whereby differentially expressed kallikreins within the
tissue microenvironment proteolytically activate otk&iK proenzymes, w#h the entire array

of activated species subsequently acting on extracellular substrates to regdete
physiological functions or contribute to disease progreséidikolajczyk 1997 Magklara

2003 Bayes 2004Caubet 2004



Table 1: Differential expression of kallikretnelated peptidases in normal physiological conditions

Normal physiology

KLK Highest (RT- .
9 PCRg Other tissues (RFPCR) Reference
KLK1 Pancreas, kidney, Sweat glands, intestine, CNS, b neutrophils, uterug  (Bhoola 1992Clements
salivary glands prostate, testis, breast, placenta 1997
. . (Catalona 1991 ovgren
KLK2 Prostate Breast, thyroid, salivary glands 1999 Black 2000
(Wang 1979Papsidero
1980 Wang 1981
Oesterling 1991Diamandis
KLK3 Prostate Breast, thyroid, salivary glands, lung, trachea andYu 1995 1997,
Diamandis 1998}g;
Rittenhouse 199&8lack and
Diamandis 200D
. . . (Nelson 1999Stephenson
KLK4 Prostate Breast, thyroid, testis, uterus, adrenal, colon,amiord 1999 Yousef 1999p
(Brattsand and Egelrud
KLK5 Breast, brain, testis, | Salivary glands, thymus, CNS, prostate, thyroid, trach 1999 Yousef and
skin pancreas Diamandis 1999Dong
2008
. (Anisowicz 1996 Little
KLK6 CNS, burte;a:ﬁg Kidney, Salivary gland, spleen, testis 1997 Yamashiro 1997
Yousef 1999a
. . . . (Hansson 1994Tanimoto
KLK7 Skin, CNS, kidney, Salivary glands, thym_us, uterus, thyroid, placenta, 1999 Yousef 2000dDong
breast trachea, testis, ovary, pancreas 2009
KLKS CNS, skin, ovary (Yoshida 1f§§gUnderwood
Thymus, testis, CNS, . . (Yousef and Diamandis
KLK9 trachea Breast, prostate, salivary glands, ovary, skin 2000
Breast, ovary, testis, Small intestine, lung, colon, pancreas, uterus, CNS .
KLK10 prostate salivary glands, trachea (Liu 1996
Brain, skin,salivary
gland, stomach, uterug .
KLK11 lung, thymus, prostate Heart, fetal liver, beast, thyroid, skeletal muscle (Yoshldeééggngousef
spleen, liver, small
intestne, trachea
Salivary glands,
stomach, uterus,
KLK12 trachea, prostate, Testis, pancreasmall intestine, spinal cord (Yousef 2000y
thymus, lung, colon,
brain, breast, thyroid
Breast, prostate, . (Yousef 2000@Planque
KLK13 salivary glands, testis Lung, heart, thymus, adrenal, colon, thyroid, trache 20083
thyroid, uterus, thymus, colon, spleen, placenta, sm
CNS. skin. breast intestine, kidng, bone marrow, lung (kalizedin the (Hashent Yousef 2001b
KLK14 ro"state ’ovar ' cytoplasm of epithelial cells of normal bronchus Borgono 2007Planque
P ' y and NSCLC, as determined by immuisibchemistry), 20083
salivary glands
KLK15 Thyroid, salivary Adrenal, colon, testis, kidney

glands, prostate




Kallikrein -related peptidases in cancer

Growth and survival: KLK's promote or inhibit cancer cgroliferation by modulating the
availability and activity of latent growth factor&allikrein 1, KLK 2, KLK3 and KLK11
degrade insulisiike growth factor binding proteins (IGFBP2, 3, 4, i) vitro and libeate
insulin-like growth factor 1 (IGF1), which, by binding to its receptor (IGF1R), has a
proliferaive and antiapoptoticactivity (Cohen 1992 Rajah 1997 Sutkowski 1999 Rehault
2007, Sano 200y. KLK 2 andKLK 4 interact with the urokinase plasminogectivator system
by activating singlechain preuPA (Frenette 1997Takayama 2001 and inactivating (only
KLK 4) plasminogen inhibitor typé& (PAI-1) (Mikolajczyk 1999, leading to relase and/or
activation of growtHactors from the extracellular matrix (ECMJLK s may also @ as growth
factors themselvedy activating proteasactivated receptor (PAR3$ignaling (Ohta 2003
Oikonomopoulou 2010 Interestingly, KLK3 can alsoelease transforming growth factor
(TGF-b) from its latent complex, which, bound to it®ceptor, might suppress tumor growth
(Derynck 2001

Angiogenesis:KLK s might promote angiogenesis by modulgtits activation, facilitating
endothelialcell proliferation, migration and capillattybe formation through direct or indirect
ECM degradationKLK s in vitro cleave structural components of the subendothelial basement
membrane (BM) and extracellular mat(ECM) (Watt 1986 Bernett2002 Cloutier 2002
Magklara 2008 KLKs also interact withthe plasminogen activatiosystem(Frenette 1997
Mikolajczyk 1999 Takayama 2001and matrix metalloproteinases (MMR3)schesche 1989
Desrivieres 1993Menashi 1991 These sstemspromote ECM degradatiairough plasmin,
activation of proangiogenic growth factors such as vascualdwtbelial growth factor (VEGF)
and preMMPs and therefre tumor invasion and metastasictivation of TGFb (by KLK3)
(Derynck 200}) and release of bradykinin from kininogen (kallikrein 1) (Emanueli 2001
leads to stimulation cngiog@esis. PAR signalinghduces enddielial cell proliferation(Jin
2003. Angiogenesis may be inhibited By.K 3, KLK 6, andKLK 13 by generating angiostatin
like fragments from plasminogeiiHeidtmann 1999 Sotiropoulou 2003 Bayes 200%
Angiostatin is a potdninhibitor of endothelial cellproliferation and angiogenesia vivo
(Borgono and Diamandis 2004



Invasion and metastasisKLK s may directly or indirectly redate invasion by dissolution of
ECM barriersKLK s could activate PARignaling with a consgient stimulatory or inhibitory
effect on tumor cell invasior(Henrikson 1999 Kamath 2001 KLK3 liberates TG

(Derynck 200} from its latent complex antherefore promotes epithektd-mesenchymal

transition (EMT), which is necesary for tumorcells to detach, invade, and metastasize.

In breastcancer tissues and/or cell linéd,K3, KLK10, KLK12 KLK13,andKLK14 genes are
downregulated at the mRNA levéYu 1995 Liu 1996 Yu 1996 Goyal 1998 Yu 1998
Yousef 2000aYousef 2000bDhar 2001 Yousef 2001h Contradictory to that fact a study on
(MRNA)KLK14, where its expression seems to be upregulated in the malignant samples
compared to their benign counterpgRapachristopoulou 201.IKLK6 gene is dowsregulated
in metastatic breast neer anl upregulated in primargreast cancgAnisowicz 1996. In silico
analysis ofKLK mRNA expression leals in normal and¢ancerous breast tissues and cell lines
proposesthat KLK5, KLK6, KLK8, and KLK10 genes are dowregulated in breast cancer
(Yousef 2004% In a recent study,iseasefree interval (DFI) and overall survival (P®vere
significantly associatetvith KLK10 methylation suggesting it as amdependent prognostic
factor for DFI and OSKLK 3 expression is not only associated withgpate but also with
breastdiseasegYu 1999 and haseen sggested to be a uséfprognostic marker for breast
cancer(Black and Diamandis 2000Although (MRNA)KLKS5 and (MRNA)KLK14 levelsare
reduced in breastancer, elevated serum levels of teK5 and KLK 14 proteinswere
observed in a subgroup bfeast cancer patientgousef 2003k For someKLK's, a prognostic
impact in breast cancer cae observedhigher mRNA expression &fLK5, KLK7andKLK14

is associated with poor prognos{¥ousef 2002a Yousef 2002d Talieri 2009, while
expression levels dfLK9, KLK13,andKLK15 as well akKLK3 protein content are indicative
for a favorable disease outconu 1995 Yu 1998 Foekens 1999Chang 2002 Yousef
2002¢ Yousef 2003). High levels ofKLK 3 andKLK 10 proteins in breast carcinomas pogdi
a poor response to tamoxiférerapy(Foekens 1999 uo 2003.

Six of thefifteen KLKs (KLK4, 5, 6, 7, 10, 15) are markepf poor prognosis, whereas higher
levels of five other tissue kallikreins (KLK8, 9, 11, 13, 14)awarian cancer patients are
associated with favorable prognogiéousef 2001a Yousef 2003a Yousef 2003¢ Yousef
2003e Borgono 2004 Obieas and Diamandis 20Q0Borgono 2006 White 2009. Numerous
studiesemploying NortherfBlot, RT-PCR, orimmunoassay havdemonstratedhat KLK 4,
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KLK5, KLK6, KLK7, KLK8, KLK10, KLK11, KLK13, KLK14, and KLK15 are
overexpressed in ovarian cargma tissues, serum and/or dgles at the mRNA and/or protein
levels The upregulation ofKLK5, KLK6, KLK7, KLK8, KLK10, KLK1l1land KLK14 genes
was furtherverified by in silico analysis ofKLK gene expression inormal and cancerous
ovarian tissues and cell ling¥ousef 20033 KLK4, KLK5/KLK5, KLK6/KLK6, KLK7,
KLK10, and KLK15 seem to be markers of poor prognosis, wiilek8, KLK9, KLK11,
KLK13, and KLK14 markers of favorable prognosis. By mean€bfSA, elevated serum or
tissue levels oKLK S5, KLK 6, KLK 8, KLK 10, KLK 11, KLK13, and KLK14 protein were
discoveredin a proportion of ovarian cancer patts and correspond to clinical significance

either as biomarkers for detection or diagnosis goragnostic indicatorgDiamandis 2000a

Luo 2001a Diamandis 2002 Borgono 2003p Diamandis 2003pKishi 2003 Luo 2003a
Yousef 2003g Scorilas 2004Kountourakis 2009White 2009 Batra 201). Differential KLK

expression is summarized Tiable 2

Table 2: Differential expression of kallikretnelated peptidases in various types of cand®= Not
defined
Cancer
KLK - —
Type Expression Clinical relevance Reference
(Hermann 1995
Breast cancer| ND ND Rehbock 1995
Colon cancer ZExpression in mal|gnar_1t tumors ND (Yousef 2004
compared to normal tissues
Pancreatic
KLK1 Ca%acgﬁecrells
Fibroblasts ND ND (Wolf 2007)
Neutrophils
Lymphocytes
Renal cell ND ND (Moodley 2005
carcinoma
Ovarian y Expressi on i ND (Adib 2009
cancer tumors comparetb normal tissues
KLK2 - .
Prostate Z Expression in malignant tumors . . _(Darrslon 1997
cancer compared to normal tissues Diagnosis Rittenhouse 1998
Magklara 200D
Breast cancer Favor abl e pr ¢ (Yuand Diamandis
Cancer cells 5 Expression in malignant tumors survival) 1995 Yu 1995 Yu
ch))m ared to benig n tissues Predictve value (predicts 1996 Howarth
Serum P g response teamoxifen 1997 Yu 199§
therapy) Foekens 1999
y Expression in malignant tumors
KLK3 Ovarian Acompared to norme_ll _tlssues_ (Adib 2004 Gilks
y Expressiignanti n ND
cancer . 2005
potential serous tumors compared
serous carcinomas
P L . Population screening, (Hakalahti 1993
F():r;;)r?(t:ztre z Eé(grrnessr'gg Itr(]) ?:jrlr'ﬁgfi t?éstﬂgwsors Diagnosis, Prognosis, Rittenhouse 1998
P Monitoring Magklara 200D
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KLK

Cancer

Type Expression Clinical relevance Reference
y Expres ston Unfavorable prognosis
tumors and cell lines -
. (y stage,
Ovarian comparedo benign and fade 5 s
cancer normal tissues 9 ’ )
Cancer y Expression in (Bong 2001 Obiezu
Yo P . . Expression not 2001 Xi 20044
cells effusions compared with primary . . .
. correlated with survival Davidson 200p
Stromal tumors andsolid metastases.
Cells § Expression i Predictive value (predicts
cells of primarytumors than from solid resistance tpaclitaxel
metastases resistance)
(Nelson 1999Day
2002 Obiezu 2002
Prostate y Expression in Xi 2004k Dong
KLK4 cancer - . ND ) .
compaed to benign and normal tissu 2005 Obiezu 2005
Cancer cells .
VeverisLowe 2005
Avgeris 201)
Oral Unf avorabl e
squamous cell Y Expression in tumors - (Zhao 2019
: survival)
carcinoma
Endometrial y Expression in endometroid The expression of KLK4 wag
cancer endometrial cancer than in hefplasia | significantly associated with (Zhang 200%
or normal endometrium tumor grade
Breast cancer y Expression Moni toring ( P(Marlwqg_etZOOBI
Stromal cells | ¥ Expression in matjnant compared t¢ ND apachristopoulou
benign tumor 2009
Z Expression in malignant tumors . .
Breast cancer compared to normal tissues Diagnosis (Yousef 2002d
— = . Yousef 2003¢
Serum y lels m serum of cancer patienty Unf avor abl e
- Yousef 2004y
compared to normal survival)
¥y Eesgion in squamous cell tumor, ND
Lung cancer compared to normal tissues (Planque 2005
9 Z Expression in ND Planque 2008b
normaltissues
y xfession in malignant tumoand (Kim 2001
Ovarian cell linescompared to benign and Diagnosis Diamandis 2003a
cancer normal tissues Dong 2003 Yousef
Serum, 9y Levels in ser Unfavorable prognosis ¥ 2003¢ Yousef
Ascites fluid of cance patients compared to stage, § t u( 2003dHibbs2004
KLK5 normal survival) Dorn 201}
. S . Favorable prognosis
Prostate ZExpression in mallgnar_1t tumors (Z tumor g (Yousef 2002
cancer compared to normal tissues
Gleason score)
Ren_al cell ZExpression in mallgnar_1t tumors ND (Petraki 2006
carcinoma compared to normal tissues
Testicular Z Expression in malignant tumors Favorable prognosis
cancer compared to normal tissues (Z stage) (Yousef 2002p
Urinary
bladder ¥ Expression in tumors ND (Shinoda 200y
carcinoma
Oral
squamous cell Y Expression ND (Jiang 201}
carcinoma
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Cancer

KLK - —
Type Expression Clinical relevance Reference
Brain cancer £ Expressio n o1 ND (Yousef 2004
tumors compared to normal tissues
Z Expression isn o
LT (Anisowicz 1996
Breast cancer _ EXPTession In primary tumors ND Yousef 2004b
Z Expression in malignant tumors Yousef 2004p
compared to normal tissues
g Expression in ND (Yousef 2004a
Colon cancer compared to normalssues Zsurvival 9D Yousef 2004bKim
stage 201))
Colorectal y Expression in malignant tumors Unfavorable prognosis
cancer compared to normal tissues (y stage, ¥ (Ogawa 2005
Esophageal Y Expression in mallgnar_mt tumors ND (Yousef 2004D
cancer compared to normal tissues
- Co . . (Yousef 2004a
Gastric cancel Y Expression in malignant tumors an Unfavorable prognosis Nagahara 2005
cell linescompared to normaissues (Z surviwv
“ S . (Anisowicz 1996
§ Expression in mal!gnant tumo_amd _ _ Diamandis 2000a
tumors of low malignanpotential Diagnosis Tanimoto 2001
compared tdenignand normal tissue :
Hoffman 2002
y Expr esvinaligmanti n Unfavorable prognosis Diamandis 2003p
KLK6 (y g | Welsh 2003Yousef

potential serous tumoc®mpared to

stage, ¥

?:\;?]22? serous carcinomas Z sur vi val 2003dAdib 2004
Cancer cells y Levels in s Hibbs ZQO4Lu
Serum cancer patients compared Monitorin 2004.N| 2004
to normalwomen and those 9 Santin 2004p
with benign disease Yousef 2004bGilks
JExpression KLK Unfavorable prognosis 2005 Rosgn 2(.)05
. . . p . Shan 2007White
invasive cancers relative to normall  ( Zr e c tfreerservival e 2009
ovaries Zoverall s
y Expression in malignant tumors
Pancreatic compared to normal tissues ND (\\((gﬁ::ff zzgg:'g
cancer ]
g Expression Unf aSl\Jlrv(i)v;I)a bl e Ruckert 2008
Prostate Z Expression in malignant tumors .
cancer compared to normal and benign tissy ND (Petraki 2003p
Z Expression in malignant tumors
Renal cell compared to normal tissues Unfavorable prognosis .
cancer § Expression in (y stage, Z (Petraki 2006p
compared to low malignant tumors
Salivary Z Expression in malignant tumors .
gland tumor compared to normal tissues ND (Darling 2006
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Cancer

KLK - —
Type Expression Clinical relevance Reference
y Expression i
tumors compared to normal tissues
) y Expression
Uterine serous papillary tumors compared t (Santin 2004b
SaS?IrlglrJS) endometriod carcinoma ND Yousef 2004b
KLK 6 psp y y Levels in sei Santin 2005n
erum . : .
with uterine seroupapillary tumors
compared to those with endometroig
carcinoma and normal women
Lung cancer ¥ Expression in tumor tissue Prediction . (Heu¥Y®urc
(Zsurviva 2009
ND Unfavorableprognosis (Talieri 2004
Breast cancer (y stage, Z Holzscheiter 2006
y Expression Favorable prognosis
Cervical y Expression Expression not correlated | (Santin 2004aTian
cancer compared to normal tissues with survival 2004
Z Expression in ND
Luna cancer compared to normal tissues (Planque 2005
g Z Expression in ND Planque 2008b
normaltissues
Y Expression in malignant tumoasd Unfavorable oroanosis (Tanimoto 1999
cell lines compared to benigmd - prog Dong 2003
. (y tumor gr a ;
normal tissues Kyriakopoulou
Ovarian 2003 Yousef
. . . 2003d Adib 2004
KLK7 cancer y Expression in Hibbs 2004
potentlalsseer(r)(zjtésct;ljrr;?]r(')sn?;?parted Favorable prognosis Spentzos 2004
Gilks 2005 Shan
2006 Psyrri 2008
y E x p r easssciatedwith asmort
Brain cancer | aggressive lpenotype in brain cancer ND (Prezas 2006b
cells.
Oral Unfavorable prognosis
squamous cell y Expression . prognc (Zhao 2019
. (Zsurviva
carcinoma
Pancreatic y E x pmirtsnwois compared to ND (Johnson 2007
cancer normal
Colorectal y Expression in carerous than in Unfavorable prognosis (Talieri 2009b
cancer ) normal tissues. (Zsurviva
B Z Expression in (Yousef D049
reast cancer| .
compared to normal tissues
Cervical y Expression i
lines and primary tumor cultures ND (Cane 200%
cancer )
compared to normal tissues
Colon cancer y Expressi on 1+n ND (Yousef 2004n
compared to normal tissues
y Expression in . .
KLK8 compared to benign and normal tissy Diagnosis (LIJVIndelzNooggg%
Ovarian y Expression in Favorable prognosis Ki F?QZO%?Y 1 f
canc\tlaarl Ic?ance| potential serous tumors compaited (Z stage, 2I(§Oéd Adib ;gg’z
cells. § T_erec)t\llsga:rc;norr}asn — grade,y su Hibbs 2004
Serum y d | Monitoring Shigemasa 2004b
Ascites patients compared to norma

y Expression col

Favorableprognosis
(ysurviva

ND

7 Expressio

Borgono 2006
Kountourakis 200p
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Cancer
KLK - —
Type Expression Clinical relevance Reference
Z Ex pr e SGLCecampaired to ND
normal tissues
Unfavorabl e p
y Expression of thé&KLK8 gene and survival) Cox multivariate | (Sher 2006Planque
Lung cancer the amounts fathe KLK8-T3 and analysisndicated that the 2008h Planque
KLK8 KLK8-T4 mRNAswere significantly | amount of KLK8T4 mRNA 2010
increased in lung tumor tissue wasan independent
prognostic factor for OS
Y Expression Favorableprognosis
Salivary gland - . .
tUMOrS y Expressio ND (Darling 2008
Breast cancer ND Favorable prognosis - (Yousef 2003f
KLKO (Z stage,
Ovarian Favorable prognosis (Yousef 2001n
cancer (Z stage,
Acute ZExpressio § met hyl
lymphoblastic in ALL cell lines compared to Unfavorable (RomanGomez
leukemia normal fresh bone marrow prognosis Z 2004
(ALL) mononucleacells
Z Expression in Predictivevalue
cell lines compared to normal and (predicts response to
benign tissues tamoxifen therapy)
y EX pr esabset ai malignant (Liu 1996 Dhar
cell lines 2001 Luo 2002
Breast cancer . Sidiropoulos 2005
Unfavorableprognosis Yousef 2005
- S . Diseasefree interval (DFI) :
¥ Expressiory met hy |l at i ( and overall survival (OS) Kioulafa 2009
compared to normal L .
were significantly associate
with methylation
gy Expression in (Yousef 2004a
Colon cancer compared to normal tissues ND Yousef 200%
KLK10

y Expression in malignant tumors

Unfavorabl e

Lung cancer

normal tissues

: T N M, diseaseree suvival .
Colorectal compared to normal tissues ; (Feng 2006Talieri
and Z over a
cancer 201))
y Expres$on in tumor than normal Unfavorabl e
mucosa stage)
gy Expression in
cell lines compared to normal tissue ND
Gastric cancel g p i (Yousef 2005Feng
y Upregulation ND 200§ Li 2011)
y Expression in tumor than normal Unfavorabl e
mucosa stage)
y Presence of sp
ND
small-cell lung cancer
Z Expression in ND

ZExpression in NSCLC as compare

y

to norrcancer samples

Methylation was associate
with advanced stage and

(Planque 2006
Planque 2008b
Zhang 2019

lymph metastasis
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Cancer
KLK - —
Type Expression Clinical relevance Reference
gy Expression i
tumors and cell lines Diagnosis (Luo 2001aLuo
compared to benign and normal 9 2001h Luo 20032
tissues Shvartsman 2003
y Expression in Unfavorable prognosis Vgg(ljsgt]dz/.(\)((j)ii\(z%%?f
Ovarian potential serous tumoc®mpared to (y tumor g Lu 2004 Santin
cancer _ serous carcmom_as stage, Z s 2004h Gilks 2005
Yy Level s I N s e Rosen 2005
patients compared to normal Monitoring Sidiropoulos 2005
women and those with benign diseas Yousef 2005Batra
§ Expression after steroid hormone No effect 2010
treatment of ovarian cell lines showg
y Expression in malignant tumors ( .
. lacobuzieDonahue
Pancreatic compaed to_benlgn and normal ND 2003 Yousef 2004
tissues
cancer Unfavorable prognosis Yousef 2005Ruckert
y Expression in PDAC - . 2008
(Zsurviva
Z Expression in malignant tumors .
Prostate compared to normal and benign g%%)éal é%giipgg%g
KLK10 tissues ND 3 P
cancer - - - 2005
Z Expression in
cell lines
Z Expression in malignant tumors
Ren_al cell _ compared to normgl tlssues_ ND (Petraki 2006R
carcinoma gy Expression in
compared to low malignant tumors
Unfavorable prognosis
Squamos cell O Exbpression i (Z survival
carcinoma: Y tun?or subtvpe outcome for (Chung 2004
head and neck yp tumor subtypeompared to
others
Testicular ZExpression in mallgnar_n tumors ND (Luo 20013
cancer compared to normal tissues
Uterine - . .
(serous y Expressio nol ND (Santin 2005p
. tumors compared to normal tissueg
papillary)
Hepatocellular ZExpressionymet h
cgrcinoma y Methylation associated thi ND (Lu 2009
cirrhosis and HCV infection
y Expr essi oifclusten Unfavorableprognosis
66C2) of nwmasoel (Z survival)
— (Bhattacharjee 2001
Lung cancer y Presence of For 660C2606 t Planque 2006
nonsmaltcell lung cancer compared t@thers Planque 2008b
y Expresglon I n Higher risk
normal tissues
KLK11 y Expression in malignant tumors
compared to benign and normal Diagnosis (Diamandis 2002
tissues Borgono 2003a
Ovarian y Expression in . Yousef 2003dAdib
cancer potential serous tumoco®mpared to Favorable prognosis . 2004 Diamandis
. (Z stage, ;
serous carcinomas 20043 Shigemasa
y Levels in se Unfavorableprognosis 20044 Gilks 2005)
patients compared to normal (y stage, Z
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Cancer

KLK - —
Type Expression Clinical relevance Reference
Yy Eesgion in malignant tumors . .
compared to normal Diagnosis
- . . Favorable prognosis
¥y lels im serum of cancer patients (Z stage 7 (Diamandis 2002
Prostate compared to normal Z Gleason score) Nakamura 2003a
cancer Z Expression in prostate cancer cell Nakamura 2003b
compared to normal/benign prostat Stavropoulou 2005
cells. Di ) Jamaspishvili 2011
Z Expression in CaBompared to BPH 1agnosis
¥ Expression in advanced tumso
KLK11 compared to localized ones
Renal cell ZExpression in mallgnarjt tumors UnfavoraAbIe prognosis (Petraki 2006
cancer compared to normal tissues (y stage)
Z Expression in gastric cancer
compared wittthat in normal gastric
. mucosa~urthermore, :
Gastric cancel 7 Expression in poorly differentiated Unfavorable prognosis (Wen 201)
cancer samples than that in well
differentiated group
Breast cancer| 7 Expre sistological grade I/l ND (Sano 200y
than in grade 1l breast cancers.
Breast cancer ZExpression in ma"gna'.“ tumors ND (Yousef 2000y
KLK12 compared to normal tissues
Z Expression in . .
Lung cancer normal tissues Higher risk (Planque 2008b
Z Expression in malignant tumors an Favorable prognosis (Yousef 2000a
Breast cancer . . - >
cell lines compared toormal tissues (y surviyv Chang 200
y Expressi on | Favorable prognosis
) tumors compared to benign (Z stage - ) )
Ovarian and normal tissues ge. ¥ (Z'B%pag'a 2?039863
cancer y Expression KLK13 mRNA in Unfavorable prognosis 4 Scorilas ’
Ascites . : ; . ; White 2009
invasive caners relative to normal ( Zecurrencefree survival
ovaries Zoverall survival
Prostate Z Expression in malignant tumors ND (Kapadia 2003
cancer compared to normal and benign tissy Petraki 2003p
MRNA overexpression in
KLK13 Significant tumors (1/3 of the patients)

Lung cancer

difference in malignant tissues
compared to adjacent
nonmalignant tisses

was associad with a (+)
nodal status and
adenocarcinoma histotype
(Zsurviva

(Planque 2008a
Planque 2008Chou

= - - 201)
y Expression in Higher risk
normal tissues
y Expression irmetastatic lung ND
adenocarcinoma
Z Expression in cancerous compare
Gastric cancel with their matching nonmalignant pai Favorable prognosis (Konstartoudakis
(p=0.002) and in poorly differentiateq (y sur vi val, 2010

gastric tumors (p=0.029)
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Cancer

KLK - —
X | ni V
Type Expression Clinical relevance Reference
(Yousef 2001b
Z  Hesgion in malignant tumors an . . Yousef 2002a
Breast cancer| ; . Diagnosis Borgono 2003p
cell lines compared to normal tissue )
Papachristopoulou
2011
y  lels m serum of cancer patientg Unfavorable prognosis
compared to normal (y stage, Z
Breast cancer Yy  E x p rirettse snalignant, Diagnosis (VY
compared to the benign tumor samp tumor size)
Z Expression i . )
tumors compared to normal tissues Diagnosis (Yousd 2001k
Ovarian y Expressi on i Favorable prognosis Borgono 2003p
tumors compared to benign s ? “
cancer - ( Z s tsangvel) 9 Yousef 2003a
and normal tissues Yousef 2003}
gy Levels in se
patients compared to hormal
“ S . Unfavorable prognosis
y Expression in malignant tumors (9 stage g
KLK14 compared to normal tissues g Gleason (Hooper 2001
Prostate y Expression in malignant tumors Unfavorable prognosis Yousef 2003g
cancer compared to normal tissues (ytumor gr Borgono 2007
¥ E X jo (8esum) in prostate Rabien 2008
cancerpatierts compared with healthy ND
males.
Testicular Z Expression in malignant tumors ND (Yousef 2001p
cancer compared to normal tissues
Colorectal No significant difference in expressio Unfavorable prognosis .
cancer between malignant and normal (Z surviwv (Talieri 20093
Significant mRNA overexpression in
difference in malignant tissues tumors (1/3 of theatients)
Lung cancer compared to adjacent was asociated with a (+) (Planque 2008a
9 non-malignanttissues nodal statugndtumor size Planque 2008b
y Expression in . .
normal tissues Higher risk
y Expression in
Salivary and adenoid cysticaccinoma tha_n ND (Hashem 2010
gland tumors| normal glands anthucoepidermoid
carcinoma tissues.
Breast cancer| ND Favoraibleprognoas . (Yousef 2002p
(y surviyv
y Expression i Unfavorable prognosis
Ovarian tumors compared to benign tissues (Z sur vi v| (Yousef 2003gBatra
KLK15 cancer aggressive phenotype due to SNP 5 surviva 201))
rs266851
Unfavorable prognosis (Yousef 2001¢
Prostate (9 st ap eg N Stephan 2003
cancer y g€, y Mavridis 2010

y Gl eason

Rabien 201}
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1.3.1 KLKs under investigation in this study (KLK4-5-6-7)

KLK4, 5, 6, 7 were under closer investigation based on their tumorigenic potential in ovarian
cancer, which was discovered and analyzed by Prezas @retas 2006§a Gynecological
cancers are a field of interest due to their high mortality and the lack of powerful prognostic

tools.

All of the fifteen kallikrein-related peptidases show differential gene and/or protein expression
patterns in a variety of normal tissu@etraki 2006b Shaw and Diamandis 20Q7%et these
peptidases are also expressed in various types of cancer tissues, with breast, ovarian, and
prostate cancer being the most prominent ones st@B@mdono 2004 KLK4, 5, 6, 7 are not
expressed in the normal ovary but are overexpressed in ovarian carcinoma tissues at the mRNA
and/or protein level or botfObiezu and Diamandis 200Baliouras and Diamandis 2Qhan

2007 White 2009. KLK4 and KLK5 are indicators of poor prognostic outcofdém 2001,

Obiezu 2001 Dorn 201). Ovarian cancer patients show also express KLK6 protein in their
tumor tissues which is associated with disdase and overall survivglDiamandis 2000a
Tanimoto 2001 Hoffman 2002 Diamandis 2003p Like KLK4, 5, and 6, KLK7 is expressed

in ovarian tumor tissues. Elevated KLK7 expression in ovarian cancer tissue is associated with
poorer prognosis of ovarian cancer patients, especially those with lower grade aliskbtsEse

who have been optimally debulkégyriakopoulou 2003

Less than for ovarian cancer regarding the expression and clinical impact of kalétetau
peptidases is known ffoincidence and clinical value in breast cand€L.K4 protein is
expressed in normal breast ductal epithelium and in cancer tumor(@idson 200Y, with

the latter to demonstrate higher levecompared to the normal statysange 2008
Papachristopoulou 20D9KLKS is expressed in normal breast ductal epithelium but is
decreased in breast cancer tissue. KLK5 is a prognostic factor in patients with large tumors and
tumorbearing lymph nodes, indicating unfavorable progn¢gmusef 2003¢ Yousef 2004¢

Yousef 2004g KLKG6 is also expressed in the normal breast ductal epithelium and decreased in
breast cancer tissu€yousef 2004g Obiezu and Diamandis 20p3.ike KLK5 andKLK 6,

KLK7 is expressed in normal ductal epithelium of the breast but downregulated in breast
cancer tissues. Within breast cancer, high KLK7 expression is associated with good prognosis
(Yousef 2000d Talieri 2004 Holzscheiter 2006 In addition to PSA (KLK3)(Rittenhouse
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1998 de Koning 2002 a prostate tumescreening marker, other kallikrerelated peptidases

are expressed in the normal and casafflicted prostate, including KLKZ.

KLK4 protein is significantly overexpressed in malignanbgtate compared with the normal
prostate. Interestingly, two major isoforms of KLK4 were detected of which Ki/Kié
cytoplasmically localized, while KLK#s is in the nucleus of prostate cancer céfls2004g Xi

2004k Dong 2005% Klokk 2007 Avgeris 201). Other than KLK4 expression of KLK5, and a
KLK5 variant (KLK5-SV1), is significantly lower in prostate cancer tissue compared to their
normal counterpartgYousef 2002¢ Kurlender 2004 KLK6 is also expressed by normal
prostatic epithelium, benign prostate; and prostatic intraepithelial neoplasia, but expression of
KLK®6 is decreased in neoplasia. Expression of KLK6 does not correlate with aggnessivor
prostate cancer prognosis. KLK7 is expressed moderately at the mRNA level in the normal
prostate but was not detected at the protein kSrelw and Diamandis 20D 7Reports regarding
clinical impact of KLK7 in prostate cancer are not available, yet.

Expression of KLK4 has also been reported for mesotheliama squamous cell carcinoma
and endometrial cancdZhang 2009 Zhao 201}); for KLK5 reports have beeirssued for
endometriumcancer, ésticular cancer, kidney cancéung cancer,salivary gland cancerand
brain tumor Table 2). Expression of KLK6 and clinical implications has been described for
endometrium cancer, urothelial and kidney cancer, colotrigaand pancreatic cancer, salivary
gland cancer, and brain tumdraple 2). KLK7 is also expressed in cancer tissues of the cervix

uteri, pancreas, and lung, in brain tumor tesswand in melanomadble 2).

KLK5 is elevated in 69 % of ovarian cangeatient ®rum samples compared to almost
undetectable serum levels of normal individuals or patients suffering from other malignancies
(Yousef 2003k KLK 5 can also be detected in ascitic fluid of ovarian cancer pafiéatsef

20039 andin thespecimens: analysis of ovarian tumor tissue extracts has indicatdd Kt

is elevated ircancerous compared tormal or benign ovarian tissue cytosftousef 2003},

also compared taumors with low malignant potential (LMP)Diamandis 2003a KLK5
overexpressionni ovarian cancepatients, defined by exceeding the optimizedaftitvalue,
predicts poor outcome and mssociated with more aggressive forms of ovarian cancer
(Diamandis 2003a
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KLK 6, like KLK 5, is significantly elevated in malignatumor serum samples compared to
normal or benign ovarian tum serum sampleghigher levels associated with unfavorable
prognosisjShan 200Y. Presurgical serunKLK6 levels increase thdiagnostic sensitivity of
CA125 in patients with early stag€l() ovarian cancer and prediowerall and progressien
free survival(Diamandis 2003 Analysis ofKLK 6 in tumor gtosols using ELISAndicates
that KLK 6-positive tumors are more likely atteed to advanced disease, seroissology, and
suboptimal debulkingKLK 6 has a prognosticnpact on overall survival angrogressiorfree
survival, especially in subgroups with favorable prognosis at first sight, e.gptimally
debulked and lovgradetumors.

1.3.2 KLKY

Purification and preliminary characterization of kallikreglated peptidaseé (KLK7) had been
initially performed by Egelrud et &Egelrud 1993p followed by cloning and expression of the
recombinant proteifHansson 1994 Precise mapping of KLK7 kandicated that it is located
at chromosomal locus 19q13: §13.4 between KLK6 and KLK8Yousef 2000y Later on,
antibodies to KLK7 epitopes were generated to formulateinamunofluorometric assay
(ELISA) for the quantification of KLK7 in tissue extracdsd biological fluidgKishi 2004.
KLK7 displayed an elevated expression at healthy staesaphagusheart, liver and skin
(Shaw and Diamandis 20D KLK7 belongs to théamily of serine endoproteinases specific for
amino acid residues with aromatic side chains in the P1 pogikytt 1995. The resolved
KLK7 structure revealed unique features (shtiH80 loop and the unique S1 pocket, which
prefers P1 Tyr residues) as well as large positively charged surface patches, representing
putative exosites for prime side substrate recogn(imbela 200, which match a diverse set

of sequences (substrates) that they could reco@frer@andez 2007

KLK?7 is known to be inhibited by a serpas all kallikreinrelated peptidases are. Kallistatin, a
member of the serpin family, exhibited fast inhibition when incubated with K{Ki6 and

Jiang 200% Antileukoprotease, a secretory leukocyte protease inhibitor produced by human
keratinocytes, inhibits sufficiently KLK{Franzke 1996 But the wellstudied KLK7 inhibitor

is LEKTI, a skin development protein encoded by the gene SPI[SKBechter 2005 LEKTI
fragments show specific inhibition oKLK7 (Egelrud 2005 Deraison 200y and it is
hypothesized thaih normal skin the lamellar granule system transports and secretes LEKTI
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earlier than KLK7 preventing premature loss of stratum camguegrity (IshidaYamamoto

2005. Absence or lack of LEKTI is responsible for a severe skin disease, the Netherton
syndrome, as protease activity such as KLK5 or KLK7 cannot be anymore redilateatsu

2002. In Netherton syndrome patients, desmoglein 1 (DSG1) and desmocollin 1 (DSC1) were
dramatically reduced in the upper most living layefthe epidermis and these defects were
associated with premature degradation of corneodesmog@assargues 2006In parallel,

KLK5 and KLK7 activities were increased atagnitude thatorrelated with the barrier effect

and clinical severity(Hachem 2006 In another skin disease, atopic dermatitis, excessive
proteolytic activity is also observed, mainly of KLK(Komatsu 2007a An extra gene
sequence in the KLK7 gene might also be responsible for the protease hyperactivity in some
casegVasilopoulos 200¥ In psoriasifEkholm and Egelrud 199%omatsu 2007pas well as

in other skin diseases like peeling skin syndrofidematsu 200% and chronic dermatitis
(Hans®n 2003, elevated chymotryptic activity is observed.

KLK?7, initially described as human stratum corneum chymotryptic enzyme, was first identified
in human skin extractd_undstrom and Egelrud 199and is supposed to be involved in the
process of skin desquamati@®ondell 1995 Caubet 2004 KLK7 is predominantly produced

in the esophagus and kidné€ghaw and Diamandis 20PBut is upreglated in tumor tissues of
patients afficted with cancer of the kidngysabril 2010, cervix(Termini 2010, colon(Talieri
20091, or ovary(Dorn 20@®; Shan 2006 Dorn 2007 Psyrri 2008 while downregulated in
breast cancer (Holzscheiter 2006 prosate cancer (Xuan 2003, and melanoma
(Winnepenninckx 2006

KLK7 is suggested to play a role in pancreatic cancer, through its high expression translated
into reduction of cell adhesion components DSG1 and D&athani 2008 diminishment of

cell adhesion to vitronectin andle@ancement of uPAR sheddii@amani and Haun 20084t

is also known that fibronectin, main component of the pancreatic extracellular matrix, can be
cleaved in physiological conditions by KLK7. This also implies a potential tumorigenitorole
KLK7 (Ramani and Haun 2008bin lung cancer, KLK7 is aberrantly expressed in certain
subtypes, highly in the squamous cell and small cell carcinoma, whereas low in the
adenocarcinoméPlanque 2005Singh 2008. In oral squamous cell carcinoma, KLK7 is highly
expressed together with KI5, 8 and 1{Pettus 2009Zhao 201). In prostate cancer, KLK7

and its potential inhibitor display decreased expredsath at the mRNA and protein level, in
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comparison with the healthy sta{Xuan 2008. In colorectal as well as brain cancer,
overexpression observed at the malignant statssseciated with shorter disedsee (Talieri

20099 and overall survivalPrezas 2006b In breast cancer, there is a controversy. Some
researchers state that elevated KLK7 expression in the malignant state is correlated with bette
patient outcomégHolzscheiter 2006 others support that it is correlated with shorteeake

free and overall survivdlalieri 20049. Li at al., however, suggest that low KLK7 expression is
correlated with postmenauposal status and positive estrogen receptor(lsita2099). In
cervical cancer, KLK7 is highly expressed in the malignstate in comparison with the
healthy ongSantin 2004aTian 2004.

There is a plethora of repgs on KLK7 overexpression in ovarian cand€drK7 expression in
normal and cancerous tissues has been determined by assessing mMRNA expression levels by
microarray analysigWinnepenninckx 20060r RT-PCR (Kyriakopoulou 2003 Holzscheiter
2009, and by quantifying KLK7 protein expression levels by immunoenzymometric assays
(ELISA) (Dorn 2006 Shan 2006 or immunohistochemical techniquéBsyrri 2008 Gabril
2010. Both at the protein and at the mRNA leg&animoto 1999, there are reports that KLK7

is upregulated in the malignant state, sometimes iexpoession with other kallikreirelated
peptidase, like KLK5, KK6, KLK8, KLK10, and KLK14 (Yousef 20@d). KLK7 undergoes
differential splicing in ovarian cancdPrezas 2006aDong 2008 ard it displays tumor
associated overexpression according to animal experiments performed by Pre{&sezaal
20069. KLK7, additionally, is associated to unfavorable patient outc@@an 2006 Psyri

2008, especially related to lower grade and optimal debulking sufggnakopoulou 2003

1.4 uPA/PAI-1

The plasminogen activation systecomprises three major constituents: serine proteases,
inhibitors to these serine proteases anckll-surface receptor specific for one of therine
proteases, urokinaggpe plasminogemctivator (UPA) Pro-uPA is produced and secreted by
endothelial cells, muscle cells, specific types of leukocytes, fibroblasts, granulosa cells in the
follicles, sveral epithelialike cell types including proximal and distal kidney tubule cells and
bladder urothelium cells, trophoblast cells, migrating keratinocytes and cancdiMeligele

2010. uPA content, released into the bloodstreatow but in case of malignant processes,

UPA expression and secretion are often increéSelimitt 1997. uPA, may activate the protein
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plasminogeninto its proteolytically active form, theerine protease plasmibano 1985
Schmitt 1992 Rijken 199% Schmitt 1997, but other substrateare also known, such ag-a
integrin, fibronectin, fibrinogen, uPAR and uPA itself. Plasmin cleaves fibrin and other
constituents of the ECM (fibrinolysis). uPAfiuences celkignaling cascades, such as matrix
metalloproteinase (MMP) activation, directly or by plasrfdiihao 2008 and can therefore

affectcell adherence, ceathigration cell growth and cell survival.

The proteolytic activity of the protease aetiwn system is regulated by inhibitors, such as
plasminogen activator inhibitor tyge (PAI-1) (van Mourik 1984, targeting uPA.Several
otherproteases may target RAlby cleavage at different positigresg. MMR3 (amino acids

337 and 341)Lijnen 2003. PAI-1 is secreted by platelets, endothelial cells, stromal cells,
monogtes, smooth muscle cells, trophoblasts, adipocytes, hepatocytes, myofibroblasts and
cancer cells. Moderate levels of PAMWere reported in the liver, pancreas, thyroid gland, lung,
skin, nerve cells and connective tissue, with higher levels in the pdaeed bone marrow
(Mengele 201 PAI-1 expression carise locally in tumor tissue. PAl is involved in blood
coagulation, angiogenesis, wound healing, tissue remodeling, cell attachment, cell dettachme
cell migrationand tumorcell invasion(Czekay 2003Lijnen 2005 Takahashi 2005Milliat

2008 Vial and McKeownLongo 2008 Angenete 2000

The interaction among plasminogen activator system (UPA;1PAdnd kallikreinrelated
peptidaseshas been a weknown hypothesis over the past decade, mainkg tb the
proteolytic cascade theorffousef and Diamandis 20Pp2Since uPA and kallikretrelated
peptidases belong to the serptease family and in some casesreside in normal or
malignant tissues, many scientists examined this theory. PSA (Ka&3vell as KLK2 were
found to activate the single chain preform of uPA (scu@®shida 1995Mikolajczyk 1999,

while KLK4 is suggested toleave uPAR (UPA receptor) and activate-pRA (Takayama
2001, Beaufort 2005

uPA is present in armal and malignant tissues, e.g. ovarian cancer tisGhstedt and
Holmberg 197% and in plasma(Tissot 1982 Wun 1982. Additionally, elevated uPA
concentrations in tuor tissues compared with normal ones have been rep@Ned1977
Svanberg and Astedt 197Gorasanti 1980Markus 1980. Clinical findings have demonstrated

that elevated tumor antigen levels of uPA and/or-PAte conductive to tumor cell spreaadd
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metastasis and are associated with poor diseat®®me in a variety of solid tumors, like in
cancer of the breast, ovary, lung, prostatemach, pancreas, cervix, and co(@mdreasen

1986 Oka 1991 Kobayashi 1994Nekarda 1994 Pedersen 1994&edersen 1994bNang

1994 Schmitt 1997 Skelly 1997 Herszenyi 1999Duffy 2002 Horn 2002 Kaneko 200R The

uPA and PAI1 assessment in cancer tumors is a routine practice and it is performed by means
of ELISA on fresh or freslfirozen tissue. This requirement is alyg a drawback in terms of
practicability. Immunohistochemistryis candidate alternative, since it performed on formalin
fixed paraffirembedded (FFPE) tissue specimens, easy to archive and assess.
Immunohistochemical analysis, however, is difficulthis case, due to the -¢tocalization of

uPA and PAI1 in tumor cells and surrounding stroma cells and their internalization by cells or
their release into the tissue or EGBchmitt 2008 Schmitt 2010.

In the literature, a comparative study of uPA values for breast cancer, obtained by ELISA and

by immunohistochemical scqraoted a statistically significant increase ie thPA values by

ELISA with increasing uPA staining intensity by immunohistochemigty? ni c k)e 1990
Similar work on PA{1 was published latgReilly 1992 and in the following years numerous
publications employing various antibodies to uPA and-PAly immunohistochemistry were
distributed, with the only target to establish an alternative to ELISA mdtrodioridwide
quantificaton of these cancer biomarkers in breast cancer spec{®@emsitt 2003.

Due to the large number @ssessment efforts of uPA and PRIn the literature, it was
essential to begin with appropriate todts.our hands, within the frame of collaboration with
American Diagnostica Inc., a number of antibodies directed to uPA and td RVEre
employed foimmunohistochemical assessment of the respective molecules. Ultimate goal was
to achieve a Standard Operating Procedure (S.@$.a basis for immunohistochemical

assessment.

1.5 Epigenetics

Epigenetic mechanisms are essential for normal development and maintenance of tissue
specific gene expression patterns in mammals. Disruption of epigenetic processes can lead to
altered gene function and malignant cellular transformation. Methylationto$ing bases in

DNA provides a layer of epigenetic control in many eukaryotes that has important implications
for normal stateand diseas€Watanabe and Maekawa 2Q1@ancer research possesses
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major share of this attention to DNA methylation. Epigenetic reseanch discovery of
methylation markers has bebnostedby new and improved high throughput technology that
has improved he efficacy and enabled the rapid progress of biomarker evaluation and
validation. (Ballestar 2011 Khandige 201)L Furthermore, eavera epigenetic drugs that have
proved to prolong survival and to be less toxic than conventional chemotherapy were recently
approved by the FDA for cancer treatment, &gcitabine(5-azadC) (Boumber and Issa
2011).

To study epigenetic regulation in cancer, it is essemdiaobtain information about Alu
elements and LINE sequencesTotal methylation content of Alu elements and LHIE
sequences is highly correlated with global DNA methylation corfigmntich 2003. Estimation

of total methylation content of Alu elements is useful for evaluation of the global genomic
methylation status and level of homologous and-Imamologous chromatin recombination in

generich regions.

Methylation of CpG islands ajenescauses epigenetic changes in chromatin structure without
altering DNA sequence to regulate transcriptionth&flse genes. This epigenetic regulation of
gene expression plays an important role in the process of tumor invasion, growth and
metastasis in malignanci€Pakneshan 2005Urokinase type plasminogen activator (UPA)

plus its inhibitor PAl1, areassociated with invasive and metastatic potential of malignancies.
Added to this, novel serine proteases potentially playing a physiological role in these processes,
such as KLK7, might be implicated in interactions with uPAA methylationmight be the

regulatory mechanism of the uPA/RAIsystem expression.

It is already known in the literature, that demethylating drugs, such as Deci@bingtman

2002, affect the expression of uPA in breast cancer cell lines by altering the methylation status
of CpG islandXing and Rabbani 199&abbani and Xing 199&ing and Rabbani 199%uo

2002. Employing an established commercial uPA/HAI methylation system
(Hs_PLAU_ 1 SG QuantiTect Primer Assay (2689pT00013426Qiagen, Hilden, Germany),

we set several tumor cell lines under investigationluding KLK7 overexpressing cells to

check whether there is any correlation between uPA and KLK7 expression.
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1.6  Triple negative breast cancer patients (TNBC) andBRCA1l

In search of new target biomarkers, it was recently discovered that triple negative breast cancer
(TNBC), a subgroup of breast cancer (15 %), is characterized by loss of estrogen and
progesterone receptor (ER, PR) and diminished expression of human epigeowih factor
receptor2 (HER2)(Kang 2008 ReisFilho and Tutt 2008 TNBC is associated with reduced
diseasdree and overall survival rates compared to other subtypes and constitutes the leading
cause of 25 % of all death cases related to breast céftameg 2008 Chacon and Costanzo
2010. Finally, more than 606 of breast cancer patients with an inheriBRICAlgerm line
mutation are diagnosed for basikk TNBC. The DNA repair gendBRCA1 might be
alternatively downregulated in TNBC by epigenetic mechani&steller 2000 Turner 2007
Toyama 2008andbr loss of heterozygosiiyVei 2005 Rhiem 2010.

BRCA status identification could be essential for personalized treatment decision, as failure of
BRCA1-mediated DNAdoublestrandbreak repairsensitizes the respective tumors to DNA
damaging agentgKennedy 2004 Byrski 2009 to the newly developed Poly(ADP
ribose)Polymerase (PARP) inhibitqisong 2009 Tuma 20090'Shaughnessy 2011
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2. Aim of the study

The strong prognostic value of tumor tissue expression of proteases such as the kallikrein
related peptidases (KLKs) and the urokinggee plasminogen activator (UPA) and its inhibitor
PAI-1 in predicting poor aigome in patients afflicted with cancer of the ovary or breast is well
established and is gaining attention as a diagnostic tool to refine clinical management in terms
of choice of the right drug for the right patient. Previous work demonstrated the slirocaj

value of determination of certain KLKs or uPA/RAl in tumor tissue extracts by
enzymoimmunometric assays (ELISA); evaluation of the clinical utility of these markers by
immunohistochemistry was lacking. Likewise, epigenetic tests for these rhiermdnave not

been established yet for clinical utility, regarding breast or ovarian cancer.

Since there have been no definitive protocols available for identification of KLKs by use of
antibodies, no standaaperatingprocedures for the quantitativesassment of these markers

by immunohistochemistry and no data on the clinical utility of epigenetic testing of these
biomarkers, aims and objectives of the thesis were: 1) Production, testing, amul cfet
standard operating procedures for immunohistodetemocalization and quantification of

KLK -proteases and the protease uPA (urokinase) and its inhibitet.PAlValidation of the
clinical relevance of KLK7 protein expression to predict outcome in advanced ovarian cancer
patients. 3) Exploration of tHeNA-methylation status of KLKs, uPA/PAll and the caretaker
gene BRCAL.

Tissue specimens and clinical data were provided by the Dept. Obstetrics and Gynecology and
the biobank of the Klinikum rechts der Isar, Technical University of Munich, Germany;
histdogical evaluation was performed in collaboration with the Institute of Pathology of the

Technical University of Munich.
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3. Materials and methods

3.1. Reagents andnaterials

Immunohistochemistry, immunocytochemistry

Acetone

In-house acetone provided Bgpartment of Pathology, Technice
University of Munich

AEC

#K3464, Dako, Glostrup, Denmark

Antibody diluent

#52022, Dako, Glostrup, Denmark

AP Enzyme (ENHANCER)

#K5355 kit, Dako, Glostrup, Denmark

APAAP complex

#D0652, Dako, Glostrup, Denmark

Bovine SerumAlbumin (BSA)

#A-3912, Sigma, St. Louis, USA

Citrate buffer

1 L H,Oy4s; 2.1 g citric acid monohydrate (C1909 Sigma, St.
Louis, USA), adjusted by sodium hydroxide (1.09136 Merck,
Darmstadt, @many) apH 6

DAB chromogen

#K5001 kit, DakoGlostrup, Denmark

Dako wash buffer

#S3006 (containing 0.0% Tween 20), 1& concentrated, Dako,
Glostrup, Denmarkolution for use: 900 in H,Ogiito 100
concentrate

Dual Endogenous Enzyme Block

#52003, Dako, Glostrup, Denmark

EnVision systenkit

#K4065, Dako, Glostrup, Denmark

Eosin #45380, Roth, Karlsruhe, Germany

Ethanol In-house ethanol provided by Department of Pathology, Techn
University of Munich

Fast red #K5000 kit, Dako, Glostrup, Denmark

Fast red substrate (tablets)

#F-0775(Fast Red TR/Naphthol/ASIX

Phosphate Tablets

#T-9043 (Tris Buffer Tablets), Sigma FastTM Fast R&idma
Aldrich, St. Louis, USA

Formalin (aqueous solution of formaldehyde)

in-house formalin provided by Department of Pathology,
Technical University of Mnich

Fuchsin chromogen

#K0625, Dako, Glostrup, Denmark

Glycerol gelatin

#1. 09242, K agerts Mérek, DarmstadteGeanhny

Hematoxylin

Mayer Es acid hematoxylin

Human serum

In-house human serum provided by Department of Pathology,
Technical University of Munich

Hydrogen peroxide %

45 L H,yOyigt, 5 ML 30% H,0, (1.07210, Merck, Darmstadt,
Germany)

Isopropanol In-house isopropanol provided by Department of Pathology,
Technical University of Munich

Levamisole #9756, levamisoldmM (12 mg/50 nh), Sigma Aldrich, St.
Louis, USA

LSAB AEC kit #K5001, Dako, Glostrup, Denmark

LSAB DAB kit #K5003, Dako, Glostrup, Denmark

Paraffin In-house paraffin provided by Department of Pathology, Techn
University of Munich

ParaformaldehydéPFA) 1% (PFA 1%) 200 ma PBS 0.1M, 2.0 g PFA (1.04005, Merck,
Darmstadt, Germany) 2 N sodium hydroxide adjusted by
phosphoric acid (No. 9079, Roth, Karlsruhe, Germany) at pH 7

PBS/1% BSA 20 ml PBS 0.1M0.2 g BSA

Permanent red

#K5355 kit, DakoGlostrup, Denmark

Pertex nountingmedium)

Medite, Burgdorf, Germany

Phosphate buffered saline (PBS)

80 g sodium chloride2.0 gdipotassium phosphat#1.4 g
disodium phosphat®.0 gpotassium chloride

Rabbit/Mouse (LINK)

#K5355 kit, DakoGlostrup, Denmark
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Saponin

200 niL PBS 0.1M, 2.0 g BSA 0.05 g saponin (2149, SigmasSt.
Louis, USA)

Tris buffered saline (TBS)

60.5 g Trizma Base (I503, Sigma, St. Louis, USA) L H,Oyis,
2 N hydrogen chloride90 g sodium chloride (1.0640Mlerck,
Darmstadt, GermanyAdjust at pH 7.6 solution for use: 90@.m
H»0yist 10100 nb stock solution

Streptavidin/Biotin Blocking Kit

#SR2002, Vector LabsB10ZOL DIAGNOSTICA VERTRIEB
GMBH, Eching, Germany

Xylene In-house xylene provided by Departmefathology, Technical
University of Munich

Centrifuge Sigma 4K15 refrigerated table top centrifuge, Sigianich,
Germany

Coverslips R. Langenbrinck, Teningen, Germany

Cytospin centrifuge

Shandon 2 centrifuge, Thermo Fisher Scientific Inc., Véatth
USA

Cytospin chamber filter cards

#5991022, Shandon filter cards, Thermo Fisher Scientific Inc.,
Waltham, USA

Cytospin plastic sample chamber

Thermo Fisher Scientific Inc., Waltham, USA

Cytospin stainless steel clip

Thermo Fisher Scientific IncdWaltham, USA

Digital camera

Canon PowerShot A640, 10 Mega Pixel, Canon Inc., Tokyo, J

Light microscope

Axioskop, Carl Zeiss, Jena, Germany

Manual tissue microarray instrument

Al pha Metrix Biotech GmbH, R

Microscope slides

SuperFrost Plugt 03-0060, R. Langenbrinck, Teningen, Germa

Microscope software

AxioVision Rel.4.6.3 (04007), Carl Zeiss, Jena, Germany

Microtome (electronic, rotary)

Microm HM 335E, Microm GmbH, Walldorf, Germany

Pressure cooker

AnkochAutomatik, WMF, Geislingen/ Steige, Germany

Scanning software

NanoZoomer Virtual Microscopy, Hamamatsu Photonics,
Hamamatsu, Japan

Cell culture
DMEM Dul beccoEs mediand i | Gibco Darmstadt, Germany
Accutase #L11-007,PAA Laboratories, Pasching, Austria

FCS(Fetal Calf Serum)

HEPES(4-(2-hydroxyethyl}1-
piperazineethanesulfonic atid

#15630080,Gibco, Invitrogen, Darmstadt, Germany

Geneticin (G418)

#10131019 Gibco, Invitrogen, Darmstadt, Germany

Gentamycin

#15750037, Gibco, Invitrogen, Darmstadt, Germany

PBS(phosphate buffered solutipn

#10010015 Gibco,Invitrogen, Carlsbad, CA, USA

Arginine, Asparagine

#A8094, #A7094, Sigma Munich, Germany

Triton X-100

#900293-1, Sigma Munich, Germany

EDTA (Ethylenediaminetetraacetic agid

#1.2113,Biochrom AG, Berlin, Germany

Decitabine

#A3656, Sigma, Munich, Germany

Trypan Blue

#T-8154, Sigma, Munich, Germany

Erythrocyte lysis buffer

8.29 g NHCI/ 1.0 g NaCGOs/ 0.038 g EDTA (Triplex 111)

Dissolve EDTA in500 mL HOys. Adjust pH by means of 2 N
NaOH t o pH 8Clantl NgEOQ;ard\added axdHthe
solution is left to cool down (RT). The pH value is adjusted to [
7.2 by means of 2 N NaOH. The solution is adjusted withgk|

up to 1 L and then autaoled immediately.

Laminar flow cabinet

Hera SafeHeraeus, Hana@ermany

Incubator

Heraeus Function Line Serie 7000

CO,-Incubator

HERA Cell,Kendro, Langenselbold;ermany

Protein determination, SDSGel electrophores

is, Western Blo#Analysis

Acrylamide/Bisacrylamid¢29:1)

Roth, Karlsruhe, Germany

Ammoniumpersulfate (APS)

Amresco, Solon, USA

Tween20

#P2287, Fluka, Sigma, Munich, Germany
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BSA

#A-3912 Sigma Munich, Germany

Ponceau S Staining Solution

SigmaAldrich, St. Louis, MQ USA

ECL Western Blotting Detection Reagent

#RPN2106, Amersham Biosciences; Little Chalfont, UK

CL-XPosure Film

#28-906835, Hyperfilm 5 x 7 inches (Amrsham Biosciences,
Uppsala, $/eden)

BCA Protein Assay Kit

#23221, Pierce, Rockford, IL, USA

peqGOLDAgarose

#351010, PEQLAB Biotechlology GmbH, Erlangen, Germany

peqgGOLD 100 bfbNA-Marker

#252010, PEQLAB Biotechlology GmbH, Erlangen, Germany

PVDF membrane

#66547 PALL; Dreieich, Germany

SDS

#2326.1, Carl Roth, Karlsruhe, Germany

Bromophenol blue

#1117460005, Merck Chemicals, Darmstadt, Germany

b-mercaptoethanol

#444203 Merck Chemicals, Darmstadt, Germany

Glycerin #G5516100ML, Sigma, Munich, Germany

Acetic acid #695092, Sigma, Munich, Germany

Ethanol In-house

DMSO #317275, Merck ChemicalBarmstadt, Germany
TEMED #A1148,0100, Applichem, Omnilab, Munich, Germany

Ethidium bromide

#E1510,Sigma, Munich, Germany

Protease inhibitors (complete, mini EDFee)

#1183617001, Roche, Penzberg, Germany

Coomassie blue

#27813,Sigma, MunichGermany

Skimmed milk

#70166, Fluka, Sigma, Munich, Germany

Whatmarblotting paper

#3030672 Biometra, Goettingen, Germany

10x PBS (phosphate buffered saline)feuipH
7.4)

81.8 g NaCl, 1.99 g KCI, 2.39 g KRO,, 14.4 g NaHPO, (in 1 L
H2Ouisy)

10x Electrophoresis buffer

30 g Tris Base (0.251), 10 g SDS (26), 144 gGlycine (192mM)
(in 1L Hzodist)

Anode blotting buffer (206)

100 ni boric acid buffer &, 100 m. EtOH (in 500mL H,Oyis)

Cathode blotting buffer (%)

100 ni boric acid buffer &, 25 nl. EtOH (in 500mL H,Oy;sy)

5 x Boric acid buffer

7.73 g boric acid in 500 InH,Oyist (PH 8.5)

50x TAE buffer

2 M Tris-HCI (pH 7.9), 0.5V Sodium acetate, &M EDTA

10x TBS (Tris buffered saline) buffer (pH 7.6

60.5 g Trizma base, 90 g NaCl (in. H,Oy;sp

DNA loading buffer &x

0.1M EDTA; 50% w/v Saccharose; 0% w/v Bromophenol
blue and 0.1 %/v Xylenecyanol FF iH,O4, pH 8.0

Protein sample buffer 8

2 % (w/v) SDS and 5 % (vAB-mercaptoethanol

Film Developer

Cawomat 2000IR, Cawo, Schrobenhausen, Germany

Thermomixer 5436¢entrifuge 5417C

Eppendorf, Hamburdgzermany

Electrophoresis device

Blue Power 500, 30QBERVA Electrophoresis GmbH,
HeidelbergGermany

MACS

FcR blocking reagent

#130059901; Miltenyi Biotec, Bergisch Gladbach, Germany

VarioMACS Separation Unit

#130:090-282, Miltenyi Biotec, Bergisch Gladbach, Germany

Preseparation filter

#130041-047, Miltenyi Biotec, Bergisch Gladbach, Germany

LS Columns

#130042-401, Miltenyi BiotecBergisch Gladbach, Germany

CD326 (EpCAMYFITC, human

#130080-301, Miltenyi Biotec, Bergisch Gladbach, Germany

CD326 (EpCAM) MicroBeads, human

#130061-101, Miltenyi Biotec, Bergisch Gladbach, Germany

Cytofluorometry

FACS Flow Sheath Fluid

BD Biosciences, Franklin Lakes, NJ, USA

Polystyrottubes(roundbottom 5mL)

BD Biosciences, Frddin Lakes, NJ, USA

Polystyrottubes (conical bottom, 4.5 mL)

Greiner BieOne, Frickenhausen, Germany

FACSCalibur Sort Cytofluorometewith
CellQuestsoftware

BD Biosdences, Franklin Lakes, NJ, USA

CLSM

Zeiss Axiovert 35 Confocal Laser Scanning
Microscope (CLSM) with laserscatetection

Zeiss, Jena, Germany
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unit from Leica |

ELISA

NuncImmuncF96 Maxisorp ThermaFisher,Nunc GmbH &Co. KG, Wiesbaden, Germany

Wallac 1420 VICTOR 3 Multilabel counter (Perkin Elmer, Boston, MA, USA)

SLT Spectra Elisa Reader, Software easy WI| SLT, CrailsheimGermany

fitting E 5.0 a

DNA/RNA technology

QiaAmp DNA Mini kit #51304,Qiagen Hilden, Germany

EpitectBisulfite Kit #59104 Qiagen Hilden, Germany

TagMan Universal PCR Mastermix (2x) #4304437, Applied Biosystems Deutschland GmbH, Darmstad
Germany

RNeasy Mini Kit #74104, Qiagen, Hilden, Germany

RNeasy FFPE Kit #73504, Qiagen, Hilderiermany

Human HPRT readyo-use mastermix (20x) #4310890E, Applied BiosystenBarmstadt, Germany

Tag DNA Polymerase, recombinant #10342053; Invitrogen GmbH, Darmstadt, Germany

Thermal cycler Biorrad, Munich, Germany

Qiacube Qiagen, Hilden, Germany

TagMan Cycler ABI Prism 7000 Sequence Detector, ABI, Darmstadt, German

Nanodrop Thermo Scientific, Peglab, Erlangen, Germany

Xcelligence

RTCA DP Analyzer #05469759001Roche, Penzberg, Germany

RTCA Software Package 1.2 #05454433001Roche Penzberg, Germany

CIM-Plate 16 #05665817001Roche, Penzberg, Germany

E-Plate 16 #05469830001Roche, Penzberg, Germany

Antibodies (secondary)

Goat IgG HRPlforseradish peroxidase) SigmaAldrich, St. Louis, MO, USA

conjugated

pab Goatantirabbit IgG Alexa48&onjugated | Molecular Probes, Invitrogen, Carlsbad, CA, USA

pab rabbi#antigoat IgG Alexa48&onjugated | Molecular Probes, Invitrogen, Carlsbad, CA, USA

HRP-conjugated goat antabbit IgG #111-035003 WB), JacksorimmunoResearch

HRP-conjugated rabbit anthouse 1gG #315035045 Dianova, Hamburg, Germany

mouse antGAPDH #MAB374, Chemicon, Billerica, MA, USA

Alexa Fluor 488 goat anthouse IgG, IgM #A-10680, Invitrogen GmbH, Darmstadt, Germany

(H+L)

Alexa Fluor488 goat antrabbit IgG, IgM #A-11008, Invitrogen GmbH, Darmstadt, Germany

(H+L)

mouse AntiTag-100 #34680, Qiagen, Hilden, Germany

mouse AntiHiss #34660, Qiagen, Hilden, Germany

Wide spectrum CK antibody #ab9377, Abcam, Cambridge, UK (3 mg/mL stock

3.2. Patient characteristics

Ovarian_cancer. A total of 98 patients afflicted with ovarian cancer stage FIGOVI
(F®dIA®r ation I nternationale de Gyn®cd¥®0ogi e

1999in a prospectiveollection conducted at the Department of Obstetrics and Gynecology,
Klinikum rechts der Isar, Technical University of Munich, Germany. Standard surgical
procedures were performed, including partial resection of the small and large intestine,
diaphragmatic peritoneuo, peritonectomies and upper abdominal surgery, as well as pelvic and
paraaortic lymphadenectomy if indicategkuhn 1994 Schmalfeldt 1995 Kuhn 1999. In
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younger patients (<35 years) with tumor stage FIGO I, less radical surgery was performed to
preserve patient fertilitySchmalfeldt 199p All of the patients gave written informed consent

for the use of tissue material for scientific purposes.

The study to collect tissue from ovarian cancer patients to assess KLK7 expression was
approved by the Ethics Committee of the University Hobpitemikum rechts der Isar of the
Technical University of Munich. Following surgery, all patients received adjuvant treatment
according to consensus recommendations at that time, mainly including taxanes and platinum
based chemotherapeutics. None of théiepts received any neoadjuvant therapy before
surgery. The median age of the patients at surgeryS¥agears (range 285 years). The
median followup time of the patients wé&’ and 32.5 months for overall survival (OS) and
progressioffree survival (PB), respectively, (rangé& to 244 months after primary tumor
resection, for both). Tumors were staged accordingl@O. Ascitic volume was estimated
preoperativelyClinical and histomorphological information documented at the time of surgery
included FIG stage, ascitic fluid volume, nuclear grade, lymph node status, and presence of
residual tumor mass histotype. Tumors were staged according to FIGO criteria (Pettersson
1994) and graded according to the protocol of Day et al. (Day 1975). The classifiohtio
histotypes was based on the WHO and FIGO recommendations (Serov 1973). Patients with
ovarian carcinoma at all clinical stagesl{l) and grades (13/4) are represented in our cohort

of patients study. Of th@8 ovarian tumors74 were of serous papdty histotype, followed by

4 endometrioid, 10 undifferentiated8 mucinous, an@ clear cell typesResidual tumor mass

(RT) was defined athe size of residual tumor in mm (RT mass 0= no residual tumor, RT mass

> 0= residual tumor mass greater/ equal 1./Relevant data on clinical and histomorphologic

parameters of the ovarian cancer patients are showabile 3 (Gkazepis 2011
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Table 3: Clinical and histomorphologic characteristics of ovarian cancer patients

Clinicopathological No. patients (%)
parameters
Total 98
Age
O 60 yea 60 (61.2)
> 60 years 38 (38.8)
FIGO stage
| 18 (18.4)
Il 3 (3.0
1] 58 (59.2)
\Y, 19 (19.4)
Nuclear grade
G1 8 (8.2)
G2 29 (29.6)
G3 (+4) 61 (62.2)
Relapsed
No 46 (46.9)
Yes 52 (53.1)
Deceased
No 32 (32.7)
Yes 66 (67.3)
RT mass
0 52 (53.1)
>0 41 (41.8)
Unknown 5(5.1)

Ascitic fluid volume

No ascites 30 (30.6)
< 500ml 34 (34.7)
> 500ml 32 (32.7)
Unknown 2 (2.0)

Nodal status

Negative 34 (34.7)
Positive 45 (45.9)
Unknown 19 (19.4)
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Colon_cancer: Tissue specimens of 266 primary colon carcinomas were collected by the

Surgery Department, Technical University of Munich (TUM; Munich, Germahgjween

19912002 (German collective) plus 95 colon carcinoma tissue specimens collected by the

Pathology Department of Saint Savvas Hospital in Athens (Greek collectfeg)the German

collective, a followup for 252 patients was available with a mediane of follow-up of 52

months.

Table 4: Clinical characteristics of the colon cancer collective

Clinical parameters

Total

pT
T1
T2
T3
T4

pN
NO
N1
N2
N3

pM
MO
M1

Stage
|
Il
1]
\Y

Dukes
A
Bl
B2
C1
C2
D

Deceaset
No
Yes

Number of patients (%)

261 (100)

21 (805)

47 (1801)
142 (54.4)
51 (19.54)

157 (60.15)
65 (24.9)
31 (11.88)
8 (3.07)

243 (93.1)
18 (6.9)

57 (21.84)
98 (37.55)
88 (33.72)
18 (6.9)

57 (21.84)
0 (0)

98 (37.55)
8 (3.07)
80 (30.65)
18 (6.9)

182 (71.65)
72 (28.35)

*Total number of patients enrolled in the follayp is 254.
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Melanoma: Tissue microarray constructed out of patient materiab (h00) derived from
Institut GustaveRoussy (IGR, Paris, France). Due to unavailability of clinicopathological data,

no statistical analysis was performed.

Breast cancer (TNBC)(Gross 201): 179 primary breast cancer tissues of the TNBC type

(triple-negative breast cancdrave been collected between 1989 and 2009 and stored in liquid
nitrogen at the Department &ynecology Kl i ni kum rechts der | sar,
M¢ nc hen. Theemdassifiedrarddssessed for the HER2 and steroid hormone receptor
expression at the Department of Pathology before storage as previously describeld éhub

al., 2007).Estrogen receptor (ER) and progesterone receptor (PR) status were defined as
negdive at less than 10% nuclear staining as assessed by immunohissicheikiC).
Tumors assigned dsor 1+ in IHC staining for HER2 and/or lack of overexpression of HER2

in FISH staining were classified as HER&gative. Samples diagnosed for breast @abefore

1999 were retrospectively assessed for HER2 expresBi@n.majority of the patients were
treated with ananthracycline/cyclophosphamigdentaining chemotherapy protocol in an
adjuvant setting. Complete follow up data were available for up tpa&&nts Characteristics

are described imable 5.

Table 5: Clinical characteristics of the breast cancer collective (TNBC).

Clinical parameter all patients (h=179)
n (%)

Age

<50 58 (32)

>50 118 (68)

Median(range) 57.5(25-96)

Tumor size

pT1 76 (42)

pT2 77 (43)

pT3 9 (5)

pT4 12 (7)

unknown 5 (3)

Nodal status

NO 91 (51)
N1 58 (32)
N2 16 (9)
N3 6 (3)
unknown 8 (4)
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Grade

1/2 44 (25)
3 127 (71)
unknown 8 (4)

Histopathological subtype

Invasive ductal 133 (74)
medullary 11 (6)
lobular 11 (6)
other 21 (12)
unknown 3(2)
Therapy

none 38 (21)
Anthracyclinebased 103 (58)
CMF 24 (13)
Taxol 1 (0.6)
Other 12 (4)
unknown 6 (3)

3.3. Tissue collection andpreparation of formalin -fixed paraffin -embedded specimens

Ovarian_cancer_tissues:Routinely prepared formalifixed (buffered), paraffirembedded

ovarian cancer tissue specimdgiorn 2006 Dorn 2007 were retrieved from the archives of

the Institute of Pathology dhe Technical University of Munich, German@varian cancer

tissue specimens were collected during surgery, examined by a pathologist and then-formalin

fixed and paraffirembedded Samples were fixed for 8 im 3.7 % buffered formalin and

dehydrated by msing them through 7% ethanolfor one houronce 96 % ethanol once for

one hour and once for 45 miisopropanol twice foone hour and once for 45 mamd xylene

twice for one hour. After f ouil5mmnatdstosceforr80 | i qui
min and once for one hour, the samples were embetidedraffin. Setioning of paraffin

blocksaz e m t hickness was performed by means of
were then floated on transf@r8d oA€CSupeifrest Rlus slided, andat e r

dried overnight at room temperature.

The same procedure, as for ovarian cancer tissues, was followed for etierysenprocessed
tissue, such as colon cancer, pancreatic cancer, prostate cancer, etc.assowvelbrmal tissue

specimens.
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Other tissues: Tissueswhi ch wer e included in Dr. Kraj ews k
tissue microarrays might be processed under different conditions; in case fixatives other than
formalin e. g. Buo(AnateéchsMl, UBA) weteiusech or Z

List of tissue samples used

9 Ovarian cancer TMA>140 patient blocks98 patients finally used) and single tissue
blocks, irhouse

1 Colon cancer TMA (261 tissue samples), made out of two different collectiviesyse
and extenal (Greece)

1 Melanoma TMA (>100 blocks), collection sent by Dr. A. Spatz (Institut Gustave
Roussy, Paris, France)

9 Breast cancer (TNBC)JL76 human breast cancer tissues of the TNBC type have been
collected between 1999 and 2009 and stored in liquid nitragjghe Department of
Gynaecol ogy, KIl'ini kum rechts d(mss208lar, Tec

1 Multi-organ TMAs (>30 different tissues), one by Dr. S. Krajewski (SariBoanthham
Institute, La Jolla, California, US) (various fixatives) and ondause

1 Cancer tissue TMA (>30 different tissues), provided by Dr. S. Krajewski (various
fixatives)

Test blocks (skin and kidney),-hlouse
Prostate cancer specimens (app.18haduose

Pancreati cancer specimens (app. 10}hiouse
Tissue microarray (TMA) construction

The technique of tissue microarray production has been desanilokdail elsewhergSkacel

2002. In brief, for the construction of TMAs, tumor areastiwn the donor paraffin blocks

were identified by a pathologist using hematoxdosin stainedFPE timor tissue sections.

Three different tissue core8 (1 mm) were removed from each donor block and inserted into a

reci pi ent paraffin block using a MicroArrayer
Germany). Tissue cores were inserted into the paraffin block according to our own virtual
custommade compartmentalization pattern, using normal kidney and placenta fsthe

reference tissue coregSimon 2003 Hematoxylirandeosinst ai ned 2 em sect.
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reviewed by a pathologist to select representative areas of tumor from which to acquire cores
for TMA construction. MAs were constructed by taking core samples from these predefined
areas of paraffiembeded cancer tissue and assembling thera recipient paraffin block. By

using a manual tissue microarray instrument a technician took core needle biopsies with a
diameter of 1 mm from donor blocks and arrayed these tissue cores intonthe core
diameter bles of the recipient blocks. All samples were spaced around 1 mm apart. Of every
ovarian cancer block 3 different punches were transferred to the recipient block. Two
micrometerthick sections wereut from the TMA and stained with hematoxylin and eosin t
confirm the presence of tumor by a pathologist. Core samples of normal tissue blocks including
kidney and lung were also placed between tumor core samples due to better orientation during
histological evaluation. Sample tracking was based on coordinaiops for each tissue spot

and was read according to the tissue microarray map. For construction of humaorgamniti
normal tissue microarrays a morphologically representative area of interest within the donor
block was identified under the microscopg a pathologist using a section stained with
hematoxylin and eosin as a guide. The tissues inclagekidney, skin, myocardium, skeletal
muscle, bone marrow, prostate, sebaceous gland, salivary gland, colon, thyroid, spleen, thymus,
brain, lymph node,iver, placenta, and tendofolon cancer tissue microarrays, as well as
multi-organ TMAs, were constructed in a similar way.

Table6: TMA constructed by the&linical Research Unit of the Dept. ObstetricsGynecology in
collaboration with theSanfordBurnham Institute, La Jolla, USA. The TMA consists of
various normal and cancerous tissue specimens with the aim tbaeffiect of fixation on
antibody reactivity and to assess loci of protein expressiothédargetantigen in questian
White for available, green for neavailable, yellow for no information.

fixative state

Tissue BF Bouin | normal malignant
breast

ovary
colon

thyroid

testis

leiomyoma (uterus)
bladder

T cell NHL PB
endometrium

squamous ca

NHL small cleaved cells LN
thymus

cerebral cortex
aorta
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fixative \ state

BF Bouin | normal malignant
heart .
adrenal .
appendix R R .
jejunum R 5 R . .
small intestine R 5 R .
pancreas R . R . .
peritoneum 5
LN s R R
stomach R 5 R . .
placenta R R .
tonsil R B R .
cervix s s R R
myometrium ,
esophagus R 5 R . .
prostate R . R , .
uterus ,
fallopian tube ,
BM R
skin A 5 5 R 5
liver s s R R
kidney . s 5 5

smooth muscle (stomach) ,
adrenal (cortex) ,

lung R R 5

spleen .
epidermis/dermis R . R

salivary gland 5

skeletalmuscle R . R

tongue 5 s

gallbladder R , R

adrenal gland 5

penis , R

umbilical cord R R

mammary gland R , R . .
motor cortex R s

temporal lobe R s

sensory cortex R s

hypothalamus/thalamus R R

striatum R R

brain stem/pons R R

spinal cord R

pituitary gland R

pineal gland R

choroid plexus R

mesencephalon R

medulla R R

substantia nigra R s

dorsal root ganglia R

CA-1, CA-2 R

CA-3 R

CA-4 R

foreskin R R .
larynx R R 5 5
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Z-Fix (buffered zinc formalin fixative)
Readyto-use buffered aqueous zinc formalvhich prevents formalin pigmentg&ixation time 8h.
Morphology
A Prevents nuclear and cytoplasmic bubbling artifact
A Creates B5 (mercuric chloride containinglke fixation, without the toxicity and disposal problems of
mercury
Immunohistochemistry
A Highly sensitive staining, often without antigen retrieval
A Retains immunoreactivitgven after long term storagéthe paraffin bloks
A Preserves formalisensitive antigens in paraffin sections

Neutral buffered formalin - fixation time 12-24 h
Formalin (~ 40% aqueous solution of formaldehyde}00 ni

A Sodium dihydrogen orthophosphate (monohydrat)y

A Disodium hydrogen orthophosphate (anhydre) g

A Distilled wateri 900 ni.

A This fixative is suitable for most histological purposes. It is to be preferred to fsafio¢ (a single 10
% solution of formalin in 0.96 aqueous NacCl) as formalin pigméntvoided. Specimens may be stored
in this fluid. The solution is isotonic.

Bouin's fluid - fixation time 6 h
A Saturated aqueous solution of picric acies mL
A Formalin (~ 40% aqueous solution of formaldehyde25 ni_
A Glacial acetic acid 5 L
A Fixedtissue should be transferred to%Qalcoholfor storage

Cell microarrays (CMA)

For the construction of CMAsdherently growingumor cells were cultured in-I25 flasks (3

x 10'), detached by the use of PBS/GEDTA, washed twicein3mc ol d PBS (4 AC)
then centrifuged (800 x g, 5 min, 4 AC). For
in 5 ml of 10 % formalin in TBS (30 min, 20 /
with TBS (4 AC) a n d , theecelltpellet wasgesuspend&lunbascechtaile nt |y
consi st i btronbin (10 B/M; Sma,Munich, Ge r ma n y ) caseih $Sigmad

Aldrich; 10 mg/m.)  a n dL fibriddyen @5 mg/rh; Sigma Munich, Germany all in 0.04

M Tris-HCI, pH 8.0, andthecel u s pensi on | eft overnight at 4
embedding. Since cells are formafired and paraffirembedded, the procedure followed for

construction of the CMAs is identical to the wBYIAs are prepare@uther 1996.
3.4. Tissue extractionand quantification of protein concentration

Tissue samples from primary ovarian cancer patients were collected during surgery, classified

by a pathologist and stored in liquid nitrogen until use. Efeggen specimens of 208000 mg
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wet weight were pulvered usingthe Micro-Dismembrator Il bead mill apparatus (Sartorius,
Goettingen, Germany) and immediately suspended in 2 ml obiffered saline (TBS; 0.02

M Tris-HCI, pH 8.5, 125 mM sodium chloride), % (w/v) Triton X-100 (Sigma, Munich,
Germany). Extrat i on was conducted at 4 AC for 12
100,000 x g for 45 min to separate cell debris. The supernatant was collected, aliquoted, and

stored in liguid nitrogen until further use.

Protein content in cell and tissue extracaswletermined usingy the BCA protein assay
reagent BiCinchoninicAcid) kit manufactured by Pierce (Rockford, IL, USA) accordintht
manuf act ur e rThis mathndscombimes the wéthewn reduction of Cif to Cu™

by protein in an alkaline medium (the biuret reaction) with the highly sensitive and selective
colorimetric detection of the cuprous cation {§uusing a unique reagent containing
bicinchoninic acid (chelation of two molecules of BCA with one cuproudaamns a purple
colored reaction product). After incubation for eitherhlat 37AC or overnight
absorbance of the colored complexess determine@t 562nm using an ELISA reader (SLT
Spectra, SLT Instrument§ermany. Protein concentrations weetermined based on the
standard curve of known concentrations-@20 0 ) gfthereference proteibovine serum
albumin (BSA).Triton X- 100 up to 1% did not interfere with the protein determination assay
(Janicke 19941

3.5. Culture of tumor cell lines

Cell lines

The following human cell lines were cultivated in DMEM10 % FCS 0.2 %
arginine/asparagind, % HEPES: spontaneously transformed (immortalized) keratinocyte cell
line HaCaT (M. Kotzsch, Dresden, Germany), breast adenocarcinoma cell line MDA MB 231
(A. Krueger, Munich Germany), MCF/ (M. Kotzsch, Dresden, Germany) and ovarian cancer
epithelial cell line O¥YMZ-6 (V. Moebus, Frankfurt, Germany) which was used as the wild
type cell line andhe onetransfected with a vector only (GMZ-6 RSV) ortransfectedvith a
vector overexpressingKLK7 (OV-MZ-6 RSV/ ne KLK7). Adherently growing cells were
detached by PBS (GIBCO, Karlsruhe, Germany) /EDTA (Versen) (Biochrom AG, Berlin,
Germany) 5%, except for HaCaT, which was detached enzymatically by use of Accumax
(L11-008;PAA Labs, Pasching, Austria).
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Table 7: List of cell lines used in the studies presented.

Cell line Origin Source/information

German Collection of Microorganisms and C

CAL27 Squamous cell carcinoma of the tongu Cultures, DSMZ Braunschweig, Germany
FaDu Esophageal squamous cell carcinoma M. Baumann, Dresden, Germany
the hypopharynx
OV-MZ-6 Epithelial ovarian cancgMoebus 199p V. Moebus, Frankfurt, Germany
HelLa Epithelial cervical cancer ATCC-CCL-2, American Type Culture
Collection (ATCC), Manassas,VA, USA
Caco2 Epithelial colon adenocarcinoma ATCC- HTB-37; K.P. JansseiMunich
HT-1080 Fibrosarcoma ATCC-CCL-121, ATCC
HaCaT SpontaneouslyctéﬁTiifgrmed keratinocy M. Kotzsch, Dresden, Germany
MCF7 Breast adenocarcinoma (pleural effusig ATCC-HTB-22, ATCC
MDA -MB-231 Breast adenocarcinoma (pleural effusig ATCC-HTB-26, ATCC
U-937 Myelomonocytic istiocytic lymphoma ATCC-CRL-1593.2, ATCC
SKBR-3 Epithelial_breas_t adenocarcinor_na of ATCC-HTB-30, ATCC
metastatic origin (pleural effusion)
MDA -MB-435 breast ductal carcinoma_l of metastatic g ATCC-HTB-129, ATCC
(pleuraleffusion)
BT-20 Epithelial breast carcinoma ATCC-HTB-19, ATCC
Epithelial breast ductal carcinoma of
ZR-751 metastatic site: ascites ATCC-CRL-1500, ATCC
OVCAR-3 Epithelial ovarian adenocarcinoma ATCC-HTB-161, ATCC
OV-MZ10 Epithelial ovarian cancéMoebus 199p V. Moebus, Frankfurt, Germany
OV-MZ-15 Epithelial ovarian cancgMoebus 199p V. Moebus, Frankfurt, Germany
OvV-MZ-19 Epithelial ovarian cancgMoebus 199p V. Moebus, Frankfurt, Germany
EJ 28 Epithelial bladder carcinoma A. Lehmer, Munich, Germany
RT-112 Epithelial bladder carcinoma DSMZ, Germany
. Epithelial kidney clear cell carcinoma o .
Caki-1 P metas)':aticsite: skin CLS, Eppelheim, Germany
DU 145 Epithelial prostate c.arcin_oma of ATCC-HTB-81, ATCC
metastatic site: brain
LNCaP Prostate adenocarcinoma ATCC-CRL-740,ATCC
PC-3 Prostate adenocarcinoma ATCC-CRL-1435,ATCC
SW480 Colorectal adenocarcinoma ATCC-CCL-228,ATCC
MIA PaCa-2 Pancreatic cancer ATCC-CRL-1420,ATCC
PaTu-ll Pancreatic cancer D. Saur, Munich, Germany
BHY Sqguamous carcinoma, oral DSMZ, Germany
U-2 OS Osteosarcoma ATCC-HTB-96,ATCC
Saos2 Osteosarcoma ATCC-HTB-85,ATCC
HT-1080 Fibrosarcoma ATCC-CCL-121, ATCC
SNB19 Glioma ATCC-CRL-2219 ATCC
Raji Burkitt's lymphoma ATCC-CCL-86, ATCC
HL -60 Acute promyelocytic leukemia ATCC-CCL-240, ATCC
Granulocytes Normal blood Dept. Ob & Gyn, TUM, Germany
Lymphocytes Normal blood Dept. Ob &Gyn, TUM, Germany

Trophoblast cells

Normal placenta

Dept. Ob & Gyn, TUM, Germany
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Methylation studies

For DNA methylation studies, cell lines were grown in twirl25 flasks until 60 %
confluency. Thenfor one of the twin flasksl0 i of the old medium was removed and 200
eL of Decitabine aqueous solution (0.25 mg j@9b €L water) together with 9.8 imof fresh
medium. Cellsvere then incubated for 48ht 3 7 A C.

Table 8: Cell lines employed for methylation studies

HaCaT OVCAR-3 MCF-7
MDA-MB-435 WT MDA-MB-435 pRc RSV MDA-MB-435 pRc RSV/KLK7
OV-MZ-6 WT OV-MZ-6 pRc RSV OV-MZ-6 pRc RSV/KLK7

Cell extracts

Cell extracts were prepared by lysing the cells with theiaonit detergent Triton XLOO (1 %
w/ v in TBS; 2 h, 4 AC) a KL&7 proteim hasvestee by might a n t
speed centrifugation (25,000 x g, 10 min, 4

3.6. Peritoneal ascitic flud cell collection

Alreadyin early FIGO stagesuch adc, accumulation ogscitic fluid in the peritoneal cavity

may happenMetastasis from an ovarian adenocarcinoma is the most common etiology for the
presence of malignant cells in effusions in femadéients. Tumor cells have disseminated to

the peritoneal cavity already at diagnosis in-twiods of ovarian carcinoma patients. Isolated
malignant cells often go undetected among large mesothelial cell and macrophage populations
in effusions (Davidson 2001 These floating malignant cells are uniquely capable of
proliferaion, advancing and developing alternative means for acquisition of survival signals.
The ascites of ovarianancerpatients provokesnigratory activity on other cancer cell types

and carstimulateMMP activation andumor cellinvasion(Kassis 200h

Original material derived from patients diagnosed with ovarian cancer (age ranged ft3n 64
years) and operated at the Department of Gynecology and Obsigtsicollected (4 samples)
Ascitic fluid accumulated in the peritoneal cavity of ovarian cancer patients is collected in bags
butits volume variesrom patientto patient. An experimental protocol was developeeniach

white cells
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After centrifucationat 400x g, 4A C, 1 0 22/nirFalcomiubes The residual pellet was
subjected toErythrocyte Lysis Buffer (ELB) to eliminae contaminating red blood cells,
followed by 2 x volume of TBS plus centrifugation at 400x g, 5 min 4 A C. Ascitic
supernatant was transferred tpate tubes and stored 80 A C. The pell et
subsequentlyixed with 4% PFA/PBS for 30 min &RT, followed by threavashes 3vith TBS

andfinally resuspensiom 5 ml PBS.

Erythrocyte Lysis buffer preparation

8.29 g NHCI/ 1.0 g NaCOy 0.038 g EDTA (Triplex IIl)

Dissolve EDTA in 500 m HyOgist. Adjust pH by means of 2l NaOH topH 8 at5 0 . MHZCI
and NaCQO; areadded and the solution is left to cool dofRY).

Finally, thepH value is adjusted to pH 7.2 by means dff NaOH. The ®lution is adjusted

with H.Ogist up to 1 L and theautoclave immediately

3.7. Antibodies

KLK7 : The following antibodies, generated against different epitopes of KLK7, were
employed both in western blot analyses and immuno(cyto)histochemistry: rabbit polyclonal
antibody PA18435 against a synthetic peptide derived from the kallikrein loop area o7 KLK
(Affinity Bioreagents (Dianova), Hamburg, Germany); rabbit polyclonal antibo®p Haised
against the aa 15203 epitope near the-términus of KLK7 (Santa Cruz, Heidelberg,
Germany); goat polyclonal antibodieslG and E16 raised against peptides loaé within the
internal region of KLK7 (Santa Cruz, Heidelberg, Germany); goat polyclonal antibody raised
against rhKLK7 encompassing the aa-Z&2 epitope of pr&KLK7 (R&D, Wiesbaden
Nordenstadt, Germany); rabbit polyclonal antibody raised against recamtbhuman pro
KLK7, kindly provided by Prof.T. Egelrud, Umea, Sweden, Arex@ymbicon); rabbit
polyclonal antibody to KLK7(Tanmoto 1999, kindly provided byProf. E.P. Diamandis,
Toronto, Canada; mouse monoclonal antibody to KI(Kighi 2004, kindly provided byProf.

E.P. Diamandis, Toronto, Canada.
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Table 9: List of antibodies directed to KLK7, KLK14, KLK4, KLK5 and KLK®6. In case of antibodies
directed to KLK4, KLK6 and KLK7 and produced in Nijmegen, thdigit number after the
fi#0 represents the code number of the each antibody. Code numbers of the host animals are
also noted under thespecies column. Purification always takes place in three steps (A, B and
C) for the antibodies starting with 6, whereas the rest have been purified steps. KLK14
as well as two KLK5 antibodies were developed in collaboration with Agrisera (Agrisera AB,
Vannas, S w & antibddies (thérneajoriRy ohem norcommercial) were gifted in
the context of collaboration with the compa/yl. but one, are mouse monoclonal.

Antibody Species Immunogen Purification
Affinity . . .
, .. | Synthetic peptide derived fron - o
Bé%ii%esnés Rabbit kallikrein loop area of KLK7 Affinity purified

1. Affinity chromatography on a column
presenting recombinant proKLK7 couple
Rabbit Recombinant priKLK7 to CNBr-sepharose
2. Sizeexclusion chromatography (95 %

purity)

Arexis Tagena +
Domino

154203 aa near the-@rminus

of KLK7 Nondisclosed

Santa Cruz H-50 Rabbit

Peptide within an internal

region of KLK7 Affinity chromatographypurification

Santa Cruz G15 Goat

Peptide within an internal

region of KLK7 Affinity chromatographypurification

Santa Cruz E16 Goat

RnD systems Goat rhKLK7, aa 23252 (pre Affinity chromatography purification on
AF2624 enzyme) recombinant human KLK7
Immunization with a
combination of 2 pohlysine
Diamandis Rabbit linked multiple Ag peptide Non-disclosed Tanimoto 1999
derived from the KLK7 protein
seguences.
Diamandis(clone | Mouse Full-lengh KLK7 human Affinity -chromatography purificatio(Kishi
831) cDNA 2009
KLK14
Antibody Species Immunogen Purification
A mixture of synthetic peptide|
Agrisera conjugated to KLH. Peptides
> Rabbit are coming fromheN- Affinity chromatographyurified
anti-KLK14 . .
terminusandthe C-terminus of
KLK4
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KLK4/KLK6

Antibody Source Species Immunogen Purification
A: KLK 4-peptide
# 61.7 AB.C Chicken Ch #51 recKLK4 B: His & EK peptides *
anti-KLK4 C: rec KLK 4
A: KLK 4-peptide
#618 A,B.C Rabbit Rb #96 recKLK4 B: *
anti-KLK4 C: rec KLK 4
A: KLK 4-peptide
#6193 A,B.C Rabbit Rb #97 recKLK4 B: *
anti-KLK4 C: rec KLK 4
A: KLK 6-peptide
#622 AB.C Chicken Ch#43|  recKLK6 B: *
anti-KLK6 C: rec KLK 6
A: KLK 6-peptide
#623 A,B.C Rabbit Rb #77 recKLK6 B: *
anti-KLK6 C: rec KLK 6
RUNMC e :
. A: KLK 7-peptide
#620AB.C | (Nijmegen) | chickenCh#45|  recKLK? B: *
anti-KLK7 C: rec KLK 7
A: KLK 7-peptide
#621 AB.C Rabbit Rb #78 recKLK7 B: *
antFKLK7 C: rec KLK 7
# 578anti-KLK4 Chicken recKLK4 KLK4-peptide
# 58lanti-KLK4 Rabbit recKLK4 KLK4-peptide
# 430anti-KLK4 Chicken recKLK4 recKLK4-13
# 431anti-KLK4 Rabbit recKLK4 recKLK4-13
# 579anti-KLK6 Chicken recKLK6 KLK6-peptide
# 582anti-KLK6 Rabbit recKLK6 KLK6-peptide
# 426anti-KLK6 Chicken recKLK6 rec-KLK6
# 427anti-KLK6 Rabbit recKLK6 recKLK6
# 580anti-KLK7 Chicken recKLK7 KLK7-peptide
# 583anti-KLK7 Rabbit recKLK7 KLK7-peptide
KLK5
Antibody Source Species Immunogen Purification
antrKLK5
I V+2 fiPd Rabbit Denatgred rec recproKLK5
AgriSera AgriSera P
antrKLK5 (Sweden) Denatured rec
IV+t4A Br ag | Rabbit roKLK5 recproKLK5
AgriSera P
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KLK5 and KLK7 antibodies from R&D Systems

Antibody Host Immunogen Clonality
MAB2624 mouse KLK7 monoclonal
333901 mouse KLK7 monoclonal
333902 mouse KLK7 monoclonal
333908 mouse KLK7 monoclonal
333909 mouse KLK7 monoclonal
333916 mouse KLK7 monoclonal
333918 mouse KLK7 monoclonal
333924 mouse KLK7 monoclonal
333925 mouse KLK7 monoclonal
333930 mouse KLK7 monoclonal
333945 mouse KLK7 monoclonal
AF1108 goat KLKS polyclonal
MAB1108 mouse KLKS5 monoclonal
MAB11081 mouse KLKS5 monoclonal
MAB11082 mouse KLKS monoclonal
193302 mouse KLKS monoclonal
193303 mouse KLKS monoclonal
193304 mouse KLKS monoclonal
193305 mouse KLK5 monoclonal
193306 mouse KLK5 monoclonal
193308 mouse KLK5 monoclonal
193315 mouse KLKS monoclonal
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Antibodies to uPA and PAL1 employed in the immunohistochemical assessments

Antibody

Immunogen/Epitope

Reference

uPA #3689
1 mg/mL

A murine IgG1 monoclonal antibody directed agai
the B-chain ofhuman urokinase (UPA). The antibog
has been grown in cell culture and immunoaffinit
purified using a uPAagarose gel column. Reactivit
directed against a-Bhain epitope of human
urokinase, near the catalytic site. It reacts with frg
and receptor bounaingle and two chain (HMW)
urokinase and the-Bhain (33 kDa) fragment. The
antibody incubated at
1 hour, identifies prauPA, HMW-uPA and LMW
uPA after electrophoresis under A@uuced
conditions and Bhain fragments after
electrophoresis under reducing conditions

(Kobayashi 1991Sier
1997, Jankun 1993
Costantini 199%

PAI-1 #3785
1mg/mL

IgG1 (). Unknown epitope. Raised against pueufi
active PA}1 secreted by the human melanoma c¢
line MJZJ.Interferes with PAIL activity.

(Andreasen 198@Nielsen
1986 Torr-Brown and
Sobel 1993Costantini

1996

PAI-1 #3786
0.42 mg/mL

antrhuman melanoma PAl
(HD PAI-1 14.1) ProteirG purification from cell
culture supernatanEpitope specificity unknown.

No reference

PAI-1
#ADG25
1.7 mg/mL

Monoclonal mouse IgG2a. Prote@ purification
from cell culture supernatariEpitope specificity

unknown.Reacts with: PAlL

No reference

3.8. RecombinantKLK protein : generation and purification

Recombinant KLK 34 and6-15 were designed and producedhouse as described previously
by Debela et al(Debela 2006pDebela 2008 Briefly, KLK DNAs were isolated from breast

and ovarian cancer tissue, respectively, or from eanell lines,and fusion genes generated

encoding preforms of the various KLKs with an&rminally located histidingag followed

by an enterokinase cleavage site to produce the recombinant KLK proteins in transformed E.
coli cells, induced with IPTG. &ombinant KLK proteins were purified under denaturing /

slightly reducing conditions andefolded subsequentlyn decreasing concentrations of urea,

ranging from 8 until 2 MRecombinanKLK1 and KLK2 protein were provided birof. E.P.

Diamandis, TorontoCanadaRecombinant KLK5 was kindly provided I®Brof. N. Schechter,

San Francisco, USASchechter 2005
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3.9. Various reagents

Generation of polyclonal antibodies directed to KLK4 and KLK6 in chickens

The procedure has been previously described in detail else(@erze2010. Briefly, purified

and refolded recombinant (n@hlycosylated) human KLK4 (rekLK4) or KLK6 (rec-KLK6),

carrying an Nterminal extension of 17 amino acids encompassing a histidisg-(ag and an
enterokinase (EK) cleavage site ( DDIEkEnE) was
were i mmuni zed intramuscul ar | y-KLK pes injeatian a | mu s
following the protocol by(McKiernan 2008. Antibodies (lgY, avian analog of IgG) were

isolated from egg yolk using a standard step precipitation procedure utilizing increasing
concentrations of polyethyleneglycol (PEG precipitation) as described previously
(Grebenschikov 1997 Antibodies from the animals were subsequently purified by affinity
chromatographyythree consecutive procedures: (a) against a unique peptide of KLK4/KLK6

in order to select for monospecific polyclonal antibodies; (b) Byemative purification step

using columns with immobilized peptides covering the tag of the recombinant protk{c)a

against the immunogen.

For affinity purification of the KLK5directed antibodies recombinant gfaK5 was used.

The two different sera investigated display different reaction patterns: IV+2 serum is specific
for the preform of KLK5, while the IV+4serum recognizes the active part of the protein,
which is present both in the active and tiraform of the KLK5 protein.

Characterization of polyclonal antibodies directed to KLK in chickens

The reaction pattern of pAfbaction A was analyzed bjione side ELISA) assays, in which the
antigen, the KLKderived peptide, or control proteins/peptides were used for coating,
demonstrating a specific, strong reaction with both the immunogesK[ii€r as well as the
peptide(a). The flow through was applie the column linked to the (Hisjag plus EK site
peptides, for negative selection of antibodies generated against-tienidal, norKLK
related sequences of rEtK (b). The flow through of the second column, which now was
depleted from antibodies éicted to the noKLK related sequences of KKK, was applied

to the third column, coupled with the immunogeh As seen n t hsdeHLI&AO@ssay,

antibodies eluted from the third column, fraction C, react distinctly with the immunogen (rec
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KLK), but not with peptide, demonstrating that pAb C is the antibody fraction completely
depleted from pAb A. Thus, pAb A and pAb C are directedregg different epitopes of KLK

A Antibodies directed to the Semm
His-Tag and the EK-site

o

Irrelevant
( antibodies
Antibodies directed

to mature KLK l
Column A
with immobilized
Elution KLK-peptide
(fraction A) /
1 monospecific Abs
directed to l
KLK-peptide Column B
with immobilized His-
Elution and EK peptides
(fraction B)
‘ Abs directed to
the His-tag l
and EK-site Column C

with immobilized
immunogen

Elution
(fraction C) /
Abs directed to
KILK

Figure 1A: Affinity purification of polyclonalantibodies. Serum of animal, immunized with-KdK,

is passed over column A with immobilized Khpéeptide. The elution (fraction A) contains
monospecific, polyclonal antibodies directed against the linear epitope of thep&htide.
The flow through of calmn A is applied to column B with immobilized Hieptide plus
EK-peptide. The elution (fraction B) contains antibodies directed to therrinal
extension of reKLK, i.e. the (His)-tag and the Eksite. The flow through of column B is
passed over colum@& with immobilized reeKLK. The elution (fraction C) contains
polyclonal antibodies directed against-#cK.
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Serum
B

RecKLKX | |
Rec-KLK4
His-/EK-peptides 1 I
KLK4-peptide m————

0 1 2 3 4 5

Y

l Elution A

Flow through A

Rec-KLKX :u
Rec-KLK4 I
His- /EK-. | |
KLK4-peptide |

.

l Elution B

Flow through B

RecKLKX =
Rec-KLK4 me——
His-/EK-peptides }]
KLK4-peptide &
0 1 2 3 4 5

Elution C

pAb A

Rec-KLKX |
Rec-KLK4
His- /EK- peptides ]]
KLK4-peptide m——

o 1 2 3 4 5

Rec-KLKX 4|:|
Rec-KLK4 I
His- /EK- peptides
KLK4-peptide B

0 1 2 3 4 5

pAb C

Rec-KLKX 1[I
Rec-KLK4 m—

His-/EK-peptides ]]

KLK4-peptide B

0 1 2 3 4 5

Optical density
(492 nm)

Figure 1B: Oneside ELISA. Elution A (pAb A) reacts witthe KLK -peptide and withthe recKLK;
elution B reacts withhe recKLK, rec-KLKX and with His- plus EK-peptides. Elution C
(pAb C) reacts withthe recKLK but not with the KLK -peptide, demonstrating that this
fraction is completely depleted from antibodies directed agaiistsgecific epitope of

KLK.
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3.10. Statistical methods

Distributionsof KLK7 expression were characterized in terms of minimum, maximum, median,
mean, SD, and number of values detected. Of interest is the distribution of KLK7 in the
population as a whole, and particularly in subgroups defined by nuclear (@&c24) and

FIGO classification @V). All correlations are Spearman correlations with respect to the
original analytes, missing values were excluded pairwise. We describe correlations R>0.5 as
strong. The levels of significance between continuous asati tumor biological markers

were calculated using Spearman rank correlatign The relationship of biological marker
expression levels (grouped as tertials) with clinical and histomorphologic parameters was
evaluated using the Chi test. Outcome vaables were PFS, OS, and residual tumor mass
presence, defined as "1" if macroscopic RT mass was visible and "0" if completely absent. Age,
nuclear grade, ascitic fluid volume, and nodal status were coded as binary variables (age: >60
years versus youngamnuclear grade: G3/4 versus G1/G2; ascitic fluid volume: >500 mL versus
less; nodal status "0" for NO, otherwise "1".FIGO status was coded III/IV versusH®i.
survival analyses, OS and PFS of ovarian cancer patients were used asifolbod points,
respectively. The association of KLK7 parameters as well as of clinical and histomorphological
factors with OS and PFS was analyzed by employing Cox univariate and multivariate
proportional hazards regression models and data expressed as hazard raindHRP5 %
confidence interval (95 % CDThe mul ti vari ate Cox6s regressi
known clinical prognostic factors of the ovarian cancer patients: age, FIGO stage, nuclear
grade, residual tumor mass, and ascitis volume. In subgrolysianaf FIGO 1lI/IV patients,

age, nuclear grade, tumor resection status andceasctume were considered. Survival curves
were generated by Kapldvieier analysis using legank tests to test for differenceghe

effects of the different factors on PFE®d OS were expressed as hazard ratios (HR) with
respect to the above coding and were estimated by Cox proportional hazards regression using
forward selection. Univariate and multivariate Cox models were estimated including clinical
factors and KLK7 scoregby ELISA and immunohistochemistryAll calculations were
performed using the StatView 5.0 statistical package (SAS Institute, Cary, NC). The level of
statistical significance was set to pOO0.O05.

In case of TNBCgtatistical analysis was performed with the IBM SPSS Statistics version 19.0
(SPSS Inc.) Association of (epi)genetic and categorical clinical data was assessed by the Chi
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square test. Overall survival (OS) and time to progression (TTP) were considerad-@sro
endpointsTTP was defined as the time from surgery to the first incidence of disease recurrence
(local or distant). OS was defined as the time from syrgetil death from any causéhe Cox
proportional hazard model was used to investigate tedigiive value of the clinical or
moleculargenetic parameter&urvival curves were generated according to the Kalglaier
method and the legank test was used for statistical comparison of etrerd distributions
between independent subgroups. Adtsstical tests were conducted tswmed and a alue

<0.05 was considered to indicate statistical significance. No correctionaltips was applied

to adjust for multiple test issu&aville 1990. Ninety-five percent confience intervals were

provided for relevant effect estines such as hazard ratios (HRSyoss 201}
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4.  Techniques

4.1. Cytospins
Cytospin preparation

Cell suspensiongNoack 1999 Noack 2000 were agusted to 300,000 per mL of PBEIS#

BSA. Al i g u olt were dohded?2irfic0 a c§rospin sample chamber assembly and

centrifuged onto microscope slides fomin at 450 rpm by use of a Shandon cytocentrifuge |l
Immediately, cells were either fixed iacet one (5 mi n, bdffered C)
paraformaldehyde (30 min, RT). Optionally, slide® subsequentlyreaed with 0.025 %
saponin in PBY30 min, RT) b improve cell permeabilizatioBells from cell culture in PBS
were centrifuged at 121 p m f or 5 mirefrigesated certrifudeCAfter remaval of
supernatant by pgation with Pasteur pipettethe cells were resuspended with 2 ml PB%/1
BSA. Subsegently, centrifugation waperformed in the same way as describedigetind
discarding supernatantgesuspension with 1 ml PBSFb BSA followed. Having rade a
dilution of 1 to 10 cellghe cells were counted by use of a Neubauer hemocytometecellhe
sugpension wasadjusted to 30000 cellsmL in PBS/1% BSA. Aliquat s o f 200
loaded into acytospin sample chamber assembly and cytocen&ifugnto microscope slides
for 5 min at 450 rpm. By using centrifugldrces,cells were deposited ontockearly defined
area of a microscope slide. Residualdlwas absorbed into the samgleamber filter card. In
order to avoid drying of ckd, cell fixation was performeihstantaneously after centrifugation.
Cells were fixeckither in acetone for 5 minutes afAC , paraformaldehydé % for 30 min at
RT or unbuffered formalid% buf fered in 0.1 M & Bxatorf vwth
acetoneslideswere dried for 10 min and subsequently washed in TBS. In case twbrixgth
paraformaldehyde or formalin slides were first wakhhe H,Oq4s; and then in TBSbefore
permeabilization with saponif.025 % (w/v) in PBS/1 % BSA for 30 min at RTvas
performed. These slides were datcompared to slides that weret exposed tothe
permeabilization procedure. All sBd were transferred into TBS teontinue with
immunohistochemistry. Before proceeding with staining the PAP peémfounostaining was
used to draw a hydrophobic circle around the cell area to priegsnbfreagents.
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Table 10: Basic protocol for cytospin construction. Multiple fixation variables were tested to achieve
fine structure preservatioAll variants are cited in literature.

CytospinT test conditions for antibodyreactivity
1 Cells in medium or PBS
T Centrifuge cells at 300 x g (1,214 rpm) f
1 Discard the supernatant by aspiration with Pasteur pipettes and resuspend the pellet
PBS/BSA (1 %)

f Centrifuge cells at 300 x g (1,214 rpm)for5minal 0 AC
1 Discardthe supernatant by aspiration with Pasteur pipettes and resuspend the pellet wi
PBS/BSA (1 %)
1 Dilute 1:10 of the cells
1 Count the celldy use ofNeubauer haemocytometer
f  Adjust to1(® cells/mL in PBS/1 % BSA
T Put Rdcellsin PBSA % BSA into the cytospinell suspension stage device
1 Cytospin at 450 rpm for 5 min
1 DonkEt | et cells dry after ywthany offthe gal tfixatoe
procedure
1. with acetone: i
a) 5 min in 4 AC
b) 10minin20 AC oml d acet
2. with 96 % ethanol: )
a) 5 min at 4 AC

b) 10 min at-20A C

3. with 70 % ethanol:

a) 5 min at 4 AC
b) 10 min at-20A C

4. with 100 % methanol in HyOgist:

a) 10 min at 4 AC
b) 30minat2 0 AC

5. with 70 % methanol in in HyOyjs:

a) 10 min at 4 AC
b) 30minat2 0 AC

6. with unbuffered paraformaldehyde 1 %; in H,Og;s OF tap water, 30 min RT

7. with buffered paraformaldehyde 1 %; in 0.1 M PBS; pH 7.4; 30 min, RT
8. with unbuffered formalin 4 %; inH ,Ogq¢0r t ap water ; 30 min,
9. with buffered formalin 4 %; in 0.1 M PB

After fixation with (1) to (5) let cytospimir-dry for around 10 min, for (6) to (9) wash slidedH50y;s, then
in TBS (containsamino groups) to neutralize residual reactive aldehyde groups. For (1) to (5) wash
once. For (6) to (9) permeabilization before immunocytochemistry is needed. Permeabilization sk
performed before freezing of the cytospin slides.

Table11: Permeabilization variants. Permeabilization allows for access of antibodies to all cells and
subcellular compartmentSaponin is a relatively mild detergent that solvates cholesterol
which is present in the plasma membrane. At loancentrations, internal membranes
remain intact within the cytoplasriigitonin is a detergent which replaces cholesterol in
membranes, andreates poresnaking them watesoluble. Digitonin and saponin form
bigger holes and therefore also allow theddtrction of large molecules, such as enzymes
and immunoglobulins. Triton 200 efficiently solves cellular membranes without
disturbing proteirprotein interactions.
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Evaluation of various permeabilization variants:

1. Saponin(0.025 % in PBS/1 % BSA)

2. Digitonn( concentration steps: (a) 10 OM, (b)
BSA; duration and temperature optimizatiofigtoup: (a) 5, (b) 10, (c)15 min on icé”group: (d) 5, (e)
10, (f) 15 min at RT)

3. Nonrionic detergents (e.d.riton X -100: Validate dilution row: (a) 0.1 % [w/v], (b) 0.01 %, (c)
0.001 %, (d) 0.0001 % and (e) 0.00001 %).

Wash slides in TBS. In order to dry slides and then freeze theiat AC) wash (1) t
H,Oyist. For directly passing @r from permeabilization to immunochemistry, transfer slides into TBS ¢
proceed with immunostaining protocols

NOTES

If preparing BSAcontaining solutions for blocking of unspecific binding: just let BS@stals sink in TBS
or PBSbuffer (10 mM; pH7.4) and subsequently mix solution gently without bringing oxygen into
solution (will otherwise cause multimers of BSA).

Table 120 Preparation protocol of two fixatives used for cell preservation, paraformaldehyde (PFA) 1
% andformalin 4 %. Fixation variants such as PFA 1 % and formalin 4 % proved to
maintain cell structure better than other fixatives.

Paraformaldehyde 1 %

-2 g PFA in200 mL PBS oH,O4s( 50 AC)

-add 2 N NaOH (max 1 b) until it becomes clear (add slowdyopwise)
-adjust to pH 7.4 by addition of phosphoric acid (slowly)

-use pH paper for control of pH

Formalin 4 %

-add 8 nL formaldehyde solution (37 %) to 182 PBS orH,Oyst
-check pH with pHpaper

-add 2 N NaOH or phosphoric acid to adjust pH .tb

4.2. Magnetic cell sorting MACS)

In order toenrichepitheliatorigin cells of the white cell pellehostly containindymphocytes
and neutrophils a sophisticated technique, called Magnetic Cell Sorting (MACS), was used.
This system uses paramagndigadsto which cell surfacespecific antibodies are bountd

specifically label an ethelial cell specific molecule.
Background

Epithelial cell adhesion molecule (EpCAM30 kDa transmembrane glycoprotein, which is
also known as CD326 and human epithletintigen (HEA), is broadly expressed on cells of
epithelial origin and on epitheli@erived tumor cell§Moldenhauer 1987 CD326 MicroBeads

are used for the positive selection of epithelial tumor cells from serous effusions ofspatien
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with carcinomas. In order to prevent Fokediated norspecific labeling of nompithelial cells,
FcR blocking reagent (#13069-901; Miltenyi Biotec, Bergisch Gladbach, Germang used

before magnetic labeling.
VarioMACS separation system

LS columns ee assemblediia a specific adaptor on the VarioMACS to achieve maximum
capacity of2 x 10 filtered cells. As MACS MicroBeads (diametef 50 nm) are extremely

small a highgradient magneti@eld is required to retaifabeled cells. LS columns contain an
optimized matrix to generate this strong magnetic field when placed in a permanent magnet
such as the VarioMACS Separator. LS columns contain a hydrophilic coating, which allows

rapid filling.
Protocol

First, the ell number is determinedhen thecell suspensioms centrifuged at 300 x g for 10
min andthe supernatant is suequently aspirated completelyp to 10 cells are resuspended
in500 (uffer@PBS/ 0.5 % BSA/ 2 mM EDTAxndthencells are passed throughpre
separation filter (#13041-047: Miltenyi Biotec, Bergisch Gladbach, Germany [ 30 Om nyl o
me s h ] to remove dlofuFch Blockind\Reagent persil@ tal €ells &
added. 100 MiztoBeads pe€D1® 206al cells is added. e suspensiolis mixed
well and refrigeratedofr 2 0 mi Qells aré wagheddb ¢ addingl® L of buffer [buffer:
PBS, pH 7.2 0.9 BSA and 2mM EDTA, keep cold (8 A @ )per 5x 10’ cells and
centrifuged at 300 x g fot0 min Then, the supernatamt removedand the ell pellet is
resus p e n dleod buffenThé @liGusg@nsion is placed onto tlop of the LS column,
already assembleth the magnetic field(prepared by rinsing with 3 Imof buffer) and
unlabeled cells are collected while thegsp through the magnetic field. The gnatically
labeled CD326cells are retained within the columidowever, he unlabeled cells run through
this; this cell fraction is depleted of CD326ells. Column is then washed witiree times o8

mL buffer and hetotal effluentcollectedas the unlabeled cell fractioRive ml buffer waslked

the magnetically labeled celisom the columnby applying pressure with a plunger and these
cellsare harvesteth a separate collection tube. After removing the column fileemagnetic
field, the magetically retained CD326cells can be eluted as the positively selected cell

fraction (Figure 2).
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Table 13 Properties of the antibody HER25 Miltenyi Biotec, Bergisch Gladbach, Germany) used in
theMACS experiments. It specifically recognizes epithdiia cells.

Antibody Immunogen Immunogen type Localization Species Specificity
CD326 (or Basolateral surface o o
Transmembrane _ Mouse  Epitheliat
HEA-125 EpCAM or _ carcinoma and _
glycoprotein 40 kDa o IgG1 like cells
HEA) epithelial cells

[

<
o g I~

magnetic beads (yellow) conjugated only cells expressing

fixed ascites cells with anti-EpCam (mbAb) EpCam are interacting with mbAb
MAGNETIC
SEPARATOR
funnel column

magnet magnet

unlabeled

ascites cells
effluent " mbAb-labeled
. ascites cells
A A4

Figure 2:  Positive selection stratedyr epitheliatorigin cellsusing the MACS technology. Positive
selection means that the targeted epithelial tumor re#isacting with specific antibodies
are enrichedas the magnatally retained cell fraction. Aa first step, fixed astic fluid
cells are mixed with a MicroBeadsuspensionbearing antibodiesto EpCam are
conjugated with a magnetically labeled aaCam. The mixture is placed onto a column
in the Magnetic Separator, where magretd-mbAb constructswhereas unlabelecklls
end up in the effluentAs the last stepthe column is removed from the Magnetic Separator
and the retained cells are elutadthe addition obufferas the positively selectdgpCam
positivecell fraction.
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4.3. Fluorescenceactivated cell sorting FACS)

MDA-MB-231, HaCaT, O¥MZ-6 and MCF7 cells were growrio 80 % confluerty, washed
once with PBS andetached from the culture flasith 0.05% EDTA in PBS.Detached cell
pellets vere resuspended in PBS awdre countedn a haemocytometer in the presence of
Trypan blueto discriminate living from dead cell€ells (1x 10°) were then fixedvith 2 %
PFA in PBS for 20 min at RT and wagh3 times with TBS. In order &llow penetration of
the antibodies into the cells, cells were permeabilized for 10 min with @02a&poninPBS
and then washed twice with PBS. Unspecific binding sites were blockegiRBS/ 1 % BSA
for 30 min at RT Pimary antibodies were diluted in PBS¥ BSA and incubated together
with the cells for 1h at RTFollowing extensive washing (4 times) with PBS, secondary
antibodies conjugated with Alex#88 (#A10680 goat anti-mouseor #A-11008 goat antt
rabbit, InvitrogenGmbH, Darmstadt, Germahydilution 11,000 of the stock solution) were
addedo thecellsandt hen | eft in the dark for 30 min at -

Finally, cells were washed twice with PBS, resuspended withCO®BS/1 % BSA and
examined using a FACS(Gbur flow cytometer (Becton DickinsoSan Jo® CA, USA). Data
analyses were performed usiting CellQuest software.

Cytofluorometry was also performed for ascitic fluid cells before and after enrichment (see

previous section). Cells were stained forkdwith the Arexis and R&D antibodies.
4.4. Immunohistochemistry (IHC)

Antigen retrieval

Antigen retrieval technique according ttte HIER protocol (HeatInduced Epitope Retrieval)

was performed as part of the antibody evaluation process. Briefly, the slides, after
deparaffinization, were placed in a plastic rackl putin ahouseholdressure cookefilled to
onethird with 10 mM citrate buffer, pH.0. The pressure cooker was brought to the boil point
on a hot plate (4 minplacedto cooldown (5 min) underunningtap water, and then the slides
washed twice in TB$Huang 1995
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Staining

IHC was performed orformalinfixed paraffinrembedded (FFPE) tissue sections. First,
deparaffinization and rehydratioof the slideswas performed by passing th&-PE tissue
sections thwugh xylene twice for 10 min at RAndthen the slides werexposed toa graded
series of ethandl00 % twice for 5 mirto 96 % ethanol once for 5 miand finaly to 70 %
ethanol for 5 minFinally, dl slides were transferred into TBS.

Soluble enzyme immune complex techniguie APAAP method

The sections were inculead a't 4 AC o pramarp antibhdydiluted ib antibodly e

diluent( # S202 2, Dako REALE Dil uenfolipwedDbyladmirHa mbur g

washing step in TBS. In caserabbit polyclonal antibody was used the primary antibody

instead of a mows monoclonal antibodyan intermediate mouse antibody against ralgg

(goat antirabbit #111-005-003, JIR, Dianova Hamburg, Germamjijuted 1:200(stock: 1.5

mg) in antibody diluent was applied to alld#is and incubated for 30 min at RN¥fter washes

in TBS, a secondary antibodyabbit anttimouselgG, Dako #Z0259)s applied,diluted in

TBS/human serum (1:5) at a 1:30 dilutianRT. Subsequenwashes for 5 min are followeay

incubation withmouse APAAP complex (Dako #D0651, calf intestinal alkalp®sphatase

and specific antibody directed to this) for 30 mina 1:50 dilution(stock: 120 mL ready-to-

use in TBSat RT. After a further washing step in TBS, color was develageabsing one of

two different chromogens

1) Fast Red substrate tabl¢®&gma, Munich, Germany) plus 1 mM levamisole I6rmin or

2) Permanent Red plusriiM levamisole for 20 minvas applied to the slides. Levamisole was
used to quench endogendusnanalkaline phosphatase activity.

Subsequent to a washing step in TBS, nualere counterstained in hematoxylin for 10

seconds anthlue-dyed for another 5 minnder running tap water. The Fast Red chromogen

required the use of aqueous mounting medium without passing through an ascending row of

alcohols. Slides treated with Perman&ed chromogen were dehydrated in graded alcohols

and mounted with pertex motimg medium(Taylor 2009.
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Alcaline
phosphatase

/ Alcaline

phosphatase
Alkaline-phosphatase- \

anti-alkaline-phosphatase
complex (APAAP)

——> Antibody to alkaline
phosphatase

N,

Secondary antibody

N

Primary antibody

Tissue antigen A A

Figure 3: Graphic representation of the APAAP (alkalipleosphatasantialkalinephosphatase)
method. The antigen detection signal is amplified via an enzyrmatimunocomplex(2
enzyme units (AP): 1 antibojly

Streptavidin-biotin technology -L SAB method

First,endogenous biotin activity was quenched by incubdhieglides withH,O, for 20 minat
RT to inhibit endogenous peptidas&sibsequent to arbin washingstepwith tap water and a
5-min washing stepwith TBS, the streptavidinbiotin blocking step was installedThe
incubation time of streptavidin solution and biotin solution was 15 emeh with a &nin
washing step in betweerfter another washing stemrimary mouse or rabbit antibed,
raised againsthe target proteins andiluted in antibody diluentwere applied toslidesand

i ncubat ed at NdgativeQontolig 1o riestdgadn the specificity of an antibody
involved, thus no staining must be shown when omitting primary antibduy next day a
biotin-streptavidinperoxidaseébased detection kit was used subsequent tonanSvashing step
with TBS. The incubation time for the biotinylated link antibody solution t@oing goat anti
mouse and antiabbit immunoglobulins) and the peroxiddabded streptavidin were 30 min
each;both were followed by a-Bin washing stepl'he chromogerused to reveal the labeling
was the3 , -3li@minobenzidie (DAB) for 10 min After a final washing step, nuclei were
counterstained wittMa y e hedatoxylin for 10 seconds. Then the slisesre rinsed under

running tap water, transferred k»Ogist and mounted.
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Dehydrationstepwas performed by passirthe slidesthrough & ascending rv of graded
alcohols (70% ethanol, 96% ethanol, 1006 ethanol twie and xylene twice for 5 mieach)

and mounting thef slides with organisolventbasedPertex mounting mediur(iraylor 2009.

Biotin / HRP
‘\. Streptavidin-Biotin-

.\. x . Enzyme complex
Biotinylated Streptavidin
Secondary antibody //

Primary antibody

Tissue antigen A A

Figure 4: Graphic representation of the LSAB method. Signal amplification is achieved via the
streptavidinbiotin enzyme complex. Streptavidin shows high affinity to biotin; this property
results in an artificial HR®inding multiplier and eventually in signal amplification.

Chain polymer-conjugated teqinologyi Dako EnVision system

FFPE tissueest i ons (2 Om) were deparaffinized and hy
twice (10 min) and a descending graded series of ethanol (5 min each stepe e p.r"Ae Vi ou s
this point, sectionsveretreated for antigen retrieval or no antigen retrievad aplied After a

5-min washing step in TBS at RT including buffer change, endogenous peroxidase activity was
guenched by incubating the tissue sections at RT for 5 minendbgenous enzyme block

solution (#K5361, DAKO, Hamburg, Germany) containing & % hydrogenperoxide,

detergents, enzye inhibitors, and preservativBubsequent to a 5 min washing step in TBS at

RT including buffer change, sect itenpsmarwer e i n
antibody diluted in antibody diluent (#S52022, Dakoontains Tris buffer, 15 mmol/L NaN

and proteij. The procedure resumed the next day with a 5 min washing step in TBS at RT
including buffer change. Subsequently, a dextran polymer conjugated with horseradish
peroxidase(HRP) and secondary antibodies to moydes rabbit primary antibodiesvas

applied In case of the use of primary geaaitrKLK7, mouseantigoatigG (Jackson
Immunoresearch, Baltimore, USA) was added as an intermediary step to assign compatibility

with the Envsion protocol After an additional washing step, the chromogenic reaction was

carried out (RT, 10 mi n) u s tdiarginobenzidene per o x
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tetrahydrochloride chromogen (DABK5361, DakoHamburg, Germar)y which forms a
brown product at e site of enzyme reaction. After a final washing step, nuclei were
counter st ai n édaematokylinhfor Masgeelg rinsed under running tap water,
transferred to H2g: and mounted with mounting medium Histokitt (#1250, Assistent,
Sondheim,Germany). Stained sections were photographed using a SONY 3CCD COLOR
video camera attached to a Zeiss Axioplan 2 microscope and employing the Zeiss AxioVision
software 4.5 SP1. Alternatively, slides were scannedhbyAperio Scanscope XT (Aperio,
Vista, QGlifornia, USA) or the Hamamatsu Nanozoomer HT (Hamamatsu Photonics,
Herrsching, Germany) slide scanner.

Figure 5. Graphic representation of the EnVision system. In this case, a dextran polymer chain with
multiple HRP (or AP) molecules attached is employed to achieve greater signal. Despite its
great advantage, EnVision could also result in false results dtsehigh molecular weight
(inflexibility). At step one, the primary antibody is employed to detect the tissue antigen. At
step two, the polymer chain conjugate reacts with the primary antibody for signal production
through an enzymatic chromogenic reaction.

Staining pattern and intensity wavaluatedoy a pathologist, according to the immunoreactive
score method (IRS) according to Remmékeck 1994. Each, tumor cells, normal cells and
the extracellular matrix receive a separate score for staining intendtgcdle) and positivity

(0-4 scale). IRS (immunoreactive score) occurs when multiplying staining intensity by cell

positivity. The lowest score is 0 defining no staining in any of the cells or extracellular matrix,
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