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ABSTRACT

Abstract

I ntroduction

Early diagnosis and targeted therapy are impoftarguccessful treatment of cancer.

Therefore, antibodies and peptides are more ane nidized as theranostics in cancer targeted
imaging and therapy. They can directly induce tpeutic effects after binding the corresponding
molecules in malignant tumors. Furthermore, spe@éptides and antibodies can be conjugated
with pharmaceuticals or diagnostic agents to en@ngeted therapy and diagnosis.

The ephrin type-A receptor 2 (EphA2) plays impotrtanles both in tumorigenesis and in
angiogenesis. This receptor has attracted consilgeadtention as a promising target for cancer
detection and treatments. Before EphA2 receptgetarg antibodies or peptides are effectively
used as selective agents, it is necessary to analjjat the exact expression pattern of EphA2
receptor is in malignant tumors and normal tissues.

Method

Here, the expression pattern of EphA2 was analymedight different normal tissues and
corresponding carcinomas of the digestive systasmgummunohistochemical staining.

Results

Similar intensity of EphA2-expression was shown tissue sections of stomach, cardia
adenocarcinoma, cholangioadenocarcinoma and helatac carcinoma, compared to their
corresponding adjacent normal tissues, respectively

In particular, esophageal squamous cell carcinomplayed strong expression of EphA2,
however this expression was reduced when comparatbiimal esophagus tissue. Although
EphA2 was found in normal esophagus, the esophageamous cell carcinoma displayed the
strongest expression of EphA2 compared to cardimmach, colorectal, pancreatic
adenocarcinoma and hepatocellular carcinoma.

Remarkably, EphA2 was overexpressed in three a@ecioomas, including esophageal, cardia
and pancreatic adenocarcinoma, compared to adjacemal tissues. Furthermore, the EphA2
receptors were differentially localized in theseeth carcinomas. In esophageal and cardia
adenocarcinoma EphA2 was overexpressed at theefittar part of malignant cells, whereas in

pancreatic adenocarcinoma the plasma membraneylaghtessed EphA2.
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Finally, the data show that EphA2 expression ditdooorelate with the pathologic differentiation
in any of the eight carcinomas.

Discussion

In conclusion, the data suggest that EphA2 receptaitarget structure in esophageal, cardia and
pancreatic adenocarinoma and suitable for furthalyais of EphA2 receptor-binding molecules
in these three carcinomas. Based on this studyproposed to explore future targeting agents
dependent on the cellular localization of EphAZc8ithe EphA2 receptor is strongly expressed
in esophageal squamous cell carcinomas comparawbriesquamous cell carcinomas, it is
suggested to expand the analyses of EphA2 to aitgans, particularly those having high

incidences of squamous cell carcinoma formation.



ZUSAMMENFASSUNG

Zusammenfassung

Einleitung

Das fruhzeitige Erkennen und die gezielte Theragme entscheidend fur die erfolgreiche
Behandlung von Krebserkrankungen. Dazu finden Amgkr und Peptide als Theranostika
immer haufiger Anwendung in der zielgerichtetendBdbung und Therapie. Diese kdnnen
direkte therapeutische Effekte durch Bindung arisiiekturen maligner Tumoren induzieren.
Weiterhin kdonnen spezifische Peptide oder Antikbrpe Pharmazeutika oder diagnostische
Agenzien gekoppelt werden, um eine zielgerichteteaagibose und Therapie flr
Krebserkrankungen zu ermdglichen.

Der Ephrin Typ-A Rezeptor 2 (EphA2) spielt wichtigeollen in der Karzinogenese und
Angiogenese. Dieser Rezeptor ist von besondereerege, da er eine vielversprechende
Zielstruktur fur die Detektion und Behandlung vomeBserkrankungen darstellt. Bevor aber
gegen EphA2 Rezeptoren gerichtet Peptide oder dumtéd als selektive Agenzien zum Einsatz
kommen, ist es wichtig exakte Expressionsmuster EphA2 in maligenen Tumoren und in
Normalgeweben zu bestimmen.

Methode

Das Expressionsmuster des EphA2 Rezeptors wurddlarmalgewebe sowie in maligenen
Tumoren, acht verschiedener Organe des Verdauupgsdaps, durch immunhistochemische
Farbungen untersucht.

Ergebnisse

Die Analyse des EphA2 Rezeptors in Gewebeschnittem Magen-, Kardia-, und
Cholangiokarzinomen sowie hepatozellularen Karzieom zeigte eine unveranderte
Expression verglichen mit anliegendem Normalgewebe

Insbesondere im Plattenepithelkarzinom des Osophagurde eine starke Expression des
EphA2 Rezeptors festgestellt, die jedoch im Veajigium gesunden Osophagus geringer ausfiel.
Obwohl EphA2 im Osophagus detektiert wurde, zeigtekorrespondierende
Plattenepithelkarziome die starkste Expression Iwken mit  Kardiakarzinomen,
Magen-karzinomen, kolorektalen und pankretischerzidamen als auch mit hepatozellularen

Karzinomen.
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Hervorzuheben ist, dass die Uberexpression des Efftexeptors in Adenokarzinomen des
Osophagus und des Pankreas sowie in Kardiakarzimoimme Vergleich zum Normalgewebe

detektiert wurde. Darliber hinaus waren die EphA2eRtoren in diesen drei Adenokarzinomen
unterschiedlich lokalisert. So wurde EphA2 in Kaidirzinomen und 0sophagialen
Adenokarzinomen vor allem intrazellular expremienyohingegen in pankreatischen

Adenokarzinomen EphA2 in der Plasmamembran detéktigde.

Schliesslich konnte gezeigt werden, dass die Egmesdes EphA2 Rezeptors in allen acht
untersuchten Karzinomen nicht mit der pathologisddéferenzierung der Tumorer-krankungen
assoziiert war.

Schlussfolgerung

Diese Daten lassen darauf schlie3en, dass der ERea@ptor eine Zielstruktur flir 6sopagilae
und pankreatische Adenokarzinome sowie Kardiakam ist und sich fur weitere Analysen
EphA2-bindender Molekille eignet. Darauf basierenliten weitere zielgerichtete Agenzien

erforscht werden, die abhangig von der zellularekalisation von EphA2 eingesetzt werden
konnen. Da die starkste EphA2-Expression im Riapéhel-karzinom des Osophagus,
verglichen mit anderen Karzinomen detektiert wursld|te die Analyse von EphA2 auch auf
andere Organe ausgeweitet werden, inshesondere&ngalche hohe Inzidenzen zur Bildung

von Plattenepithelkarzinomen haben.
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1. Introduction

1.1 Background

1.1.1 Global cancer statistics

Cancer is the leading cause of death in economidaleloped countries and the second leading
cause of death in developing countries [1]. Duddmographic changes of an aging population
and increasing adoption of cancer-causing behasjotine global burden of cancer is
continuously rising. In 2008, about 12.7 millioancer cases and 7.6 million cancer deaths
occurred worldwide, and the number of deaths fr@ancer is projected to rise to over 13.1
million also in the next two decades [2]. Accordingmproved diagnostic, therapeutic and
preventive strategies are needed in order to retheéncidence and the mortality rate of this
disease.

1.1.2 Status of current cancer treatments

A diverse group of treatments can be implementedhémage the disease of cancer, among
which, the most widely utilized nowadays in thendiregime are surgery, chemotherapy and
radiotherapy [3, 4]. Surgery, besides its curagiffects that can be either the removal of only the
tumor or the entire organ, is often necessary ffigr ¢valuation of the exact tumor extent.
Chemotherapy, in contrast with surgery, is regardeda systemic therapeutic pathway and
applied by oncologists to shrink the cancer, toevel the symptoms, or to prolong life by
inducing remission. It is usually restricted to eriss of cytotoxic drugs which produce
anticancer effects by destroying rapidly dividirancer cells in the body using the mechanism of
disrupting the duplication of DNA or mitotic struces of the splitting cells. Unfortunately, due
to the non-targeted mode of action, these conwvesitichemotherapeutic drugs also attack
dividing cells in normal organs, especially thassues having a high replacement rate, e.g. skin,
bone marrow, hair follicles, epithelium of gasttestinal tract, and subsequently result in a great
deal of side effects, which often lead to fataides in patients who are initially supposed to
survive the cancer temporarily. Radiotherapy, taotugically refers to a therapeutic approach
which uses high-energy radiation to shrink tumard kill cancer cells by interfering with the
DNA directly or creating charged particles withimetcells that can in turn damage the DNA.

Radiation may be delivered either by a machineideitthe body or a radioactive material placed
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in the body near cancer cells. Depending on theesarechanistic factor of interfering with
dividing cells as in chemotherapy, radiotherapy adgstroys normal cells and causes severe
acute and chronic side effects, some of which @aea eesult in permanent damage.

1.2 Targeted cancer therapy and imaging- a promising cancer management

Considering the circumstance that conventional dikerapy and radiotherapy result in high
systemic toxicity and adverse side effediow would it be possible to gain more specific
management of the cancer? Targeted cancer therapymaaging, by selectively focusing on
molecular and cellular changes that are specificancer, is addressing this problem and
increasingly becoming state-of-the-art in the thetdic and diagnostic fields of cancer.

Paul Ehrlich, the famous biologist and immunolagvghose concept of a “magic bullet” (that
drugs are able to go straight to their intendetistalctural targets specifically with high affipjt

is the first original version of description of geted therapy, and is credited as the milestone in
the field of cancer therapy development [5]. FoilogvEhrlich’s ingenious insights, and with the
exceptional advances in molecular biology and gemesearch over the past decades, anticancer
development has begun to move away from traditiogtdstatic agents that result in systemic
toxicity and adverse side effects to the curreplaation of “personalized and tailored” targeted
molecules that block growth and spread of canceprigisely targeting the specific molecules
involved in tumor growth and progression.

1.2.1 Monoclonal antibody and antibody-drug conjugtes — the pioneer for targeted
therapy

Monoclonal antibodies that became the first avéeladntity in the field of targeted therapy
emerged in the late 1990s, and marked an impressgapetowards the realization of the magic
bullet concept. Mainly, they function as suppresstr negatively regulate tumor growth and
progression by specifically binding to the targefls or proteins that are crucial for the
pathogenesis of cancer [6]. So far, a range of rlonal antibodies have been approved by US
Food and Drug Administration (FDA) for treating aetsity of cancer diseases. Examples
include the anti-HER2 antibody trastuzumab usedri@ast cancer, the anti-CD20 antibody
rituximab used in a variety of B-cell malignanciasd the anti-VEGF-A antibody bevacizumab
used in colorectal cancer [7-9]. However, becaus$epmblems associated with their

immunogenic potential and rather high molecular spéisese fascinating anticancer candidates
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did not prove to be very inspiring in their devetognt in the clinic [10, 11].

In the last 10 years, great development of antibemlyineering technology has enabled cancer
targeting concepts to be transformed into antibdwyg conjugates [12]. This new type of
targeted compound, which consists of an antibodyaftibody fragment such as a single-chain
variable fragment) linked to a payload agent sushaxins, cytokines or radionuclides, has
proved a promising approach for treating cancereptst both in therapy and in diagnostic
imaging [13-17]. Current antibody conjugates preohately target lymphohaematopoietic
disease owing to accessibility, as illustrated mm@uzumab ozogamicin and anti-CD22
immunotoxin BL22. For the treatment of solid tumdfise association of geldanamycin with the
therapeutic monoclonal antibody trastuzumab shosdthnced efficacy in a murine xenograft
tumor model compared with trastuzumab alone [18-20]

1.2.2 Radionuclide labeled somatostatin peptide almgs — an example for effective
peptide-based receptor-targeted tumor imaging andherapy

In the mid-1980s tumors were recognized to oveesgrmeptide hormone receptors on the
surface of their cells [21]. This discovery was rs@pplied to generate alternative targeting
conjugates comprised of a signaling molecule (aoragtlide) or therapeutic agent (a toxin)
linked to a peptide receptor ligand. A pioneer los tmodel are conjugates of somatostatin
analogs (octreotide, lanreotide, and vapreotidéeltad with radionuclides for diagnostic
imaging of gastroenteropancreatic neuroendocrimeots known to express high density of
somatostatin receptors [22]. By vivo somatostatin receptor scintigraphy using intrausno
injection of the radiolabeled somatostatin analaggjroendocrine tumors and their metastases
can be precisely localized. This sensitive procedsirsuperior to all standard diagnostic tools
available today for the detection of specific nemaocrine tumors [23]. At the therapeutic level,
several pilot studies using high doses of somaiostanalogs radiolabeled witf% or
somatostatin analogs coupled to potent cytotoxentgghave shown a great inhibition or at least
a stabilization of the tumor growth [24-28].

The successful introduction of radiolabeled synthahalogs of somatostatin for the detection of
gastroenteropancreatic neuroendocrine tumors agid mhetastasis in the clinic was a major
breakthrough in the field of receptor-targeted tumwaging and therapy. It offered a brand new

concept to design the modality of targeting compuisufor molecular diagnostic imaging and
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therapy of cancer.

1.3 Peptides, novel agents for receptor-targeted taor imaging and therapy

Peptides are molecules consisting of several amids linked together with peptide bonds. The
size of peptides can vary from molecules with amlp amino acids to as many as 80 or more
amino acids. They generally do not only exist itura form (e.g. somatostatin) but also can be
designed synthetically as novel molecules. As tuhmoning molecules, unlike monoclonal
antibodies limited with excessive molecular massngWith high immunogenicity and low
permeabilization in tissue, the nature of peptidelf, in particular its molecular structure and
behavior, makes it an attractive molecular entitadt as a therapeutic or delivery agent to target

corresponding recepto($able 1) [29].

Advantages Disadvantages

Small size Rapidly degraded by peptidases
Excellent permeability in tissue

No or low antigenicity

Minimal side effects

Easy to synthesize and modify chemically

Easy to link to chelators

Easy to radiolabel

High-affinity receptor binding

Rapid clearance from the body

No brain targeting due to inability to cross thedud-brain
barrier

Table 1. Comparison of advantages and disadvantages of page as a selective agent for
targeting strategies as compared with antibodies

1.4 Hepatocellular receptor tyrosine kinase class A (EphA2) — a potential target for
molecular diagnostic imaging and therapy of cancer

Receptor tyrosine kinases (RTKs) are high-affic#gyl surface receptors for many polypeptides,
e.g. growth factors, cytokines, and hormones. @f20 unique tyrosine kinase genes identified
in the human genome, 58 encode receptor tyrosmeasekiproteins. It has been shown that RTKs
are key regulators not only for physiological pres®s in normal cells but also in the progression

of many types of cancer [3G0)hile several tyrosine kinase receptors have beenrdented and
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targeted for their critical roles in tumorigenesi® cell membrane bound ephrin type-A receptor
2 (EphA2), a member of Eph tyrosine kinases recefatmily, has generated great interest in
recent years [31].

1.4.1 Structure of EphA2 receptor

EphA2 was first identified in 1990 as a result ofegning an epithelial cell cDNA library with
degenerate oligonucleotides designed to hybrid@zehighly conserved regions of protein
tyrosine kinases [32]. It was initially referredds eck (epithelial cell kinase) for its expression
in the majority of epithelial cells. The human Eghdene which is located on chromosome 1p36,
encodes a receptor tyrosine kinase of 976 amirdsaeith an apparent molecular weight of 130
kDa and has a 90 % amino acid sequence homologyndase EphA2 [33]. The EphA2
extracellular regions include an N-terminal ligabidding domain, a cysteine-rich motif, and
two fibronectin-like repeats. Intracellularly, thextamembrane domain contains two conserved
tyrosines that undergo autophosphorylation andlisvied by a tyrosine kinase domain. The
COOH-terminal end of EphA2 serves as a dockingfsiténteracting proteins that may mediate
downstream single transduction processes and iesladsterilen motif and a PDZ protein
domain-binding motif [34].

Five ligands have been demonstrated for EprA2phrinAl to EphrinA5. The most extensively
studied is EphrinAl, which is a glycosylphosphdiitysitol (GPI) anchored protein with an
apparent molecular mass of 28 kDa [35]. Before HB@tdr was identified as the ligand for
EphA2, it was discovered as a novel tumor necragitor-o inducible gene product in human
umbilical vein endothelial cells [36].

1.4.2 EphA2-EphrinAl signaling and associated elemes

EphA2-EphrinAl signaling functions like the clasdit¢yrosine kinase receptor-mediated cell
signaling wherein a cell bearing an EphA2 recepipgn binding to EphrinAl ligand, transmits
signals downstream known as forward signaling. iryj intracellular signals in backward
direction are also generated in EphrinAl-bearirits @ehich is known as reverse signaling [37].
As both EphA2 and EphrinAl are membrane boundr th&raction occurs only at the sites of
cell-cell contact. The contact between two commatmg cells and a clustering of membrane
bound EphrinAl ligand in the opposite cells areuneggl for the EphA2-EphrinAl bidirectional
signaling [34, 38].



INTRODUCTION 6

Typically, upon the binding of EphrinAl in a “locknd key” mechanism, EphA2 receptor
becomes tyrosine phosphorylated and interacts seitleral adapter proteins to elicit downstream
signaling transduction [34, 39]. The key downstreanolecules of this signaling are
phosphatidyl inositol 3’ kinases (PI3K), Src famkynases, Rho and Racl GTPase, mitogen
activated protein kinases (MAPK) and integrins glomith the crosstalk of other oncogenic
receptors (e.g. epidermal growth factor recept@f-R) that regulate cell adhesion, proliferation,
migration, and modulation of cytoskeleton archiieet and development of vascular network
[40]. However, there is a unique characteristid thakes EphA2 different from most RTKs in
that ligand binding and phosphorylation of the @wed tyrosine may not be necessary for the
kinase activity of EphA2 [41, 42]. In fact, EphA2as possess ligand-independent kinase
activity in tumor cells and trigger EphrinAl indepnt signaling in malignancy in a
non-tyrosine-phosphorylated state [41, 43]. In &ddj EphA2 participates in feedback loops
that may switch between different outputs dependingthe state of other cellular signaling
networks. This makes the signaling pathway of EpleX®emely complex [44]. Examples
include EphA2-H-Ras-Erk negative feedback loop: Activation of the H-R&sk pathway
increases EphA2 expression through Mekl and dexse&phrinAl expression. In turn,
EphrinAl-dependent EphA2 activation inhibits H-R&sk signaling and also downregulates
EphA2 levels by causing receptor internalizatiod degradation; EphAZE-cadherin positive
feedback loop: E-cadherin expression increases Eple&pression, surface localization,
interaction with EphrinAl and consequently forwasdjnaling. In turn, EphA2 signaling
enhances E-cadherin-mediated adhesion.

To date, little is known about EphrinAl reversensiing.

1.4.3 The expression and function of EphA2 in physiogy and cancer

There is much evidence showing that Eph-Ephrinadigg mediates crucial functions in normal
developmental tissues. In the nervous systemgitlages the development of neuronal networks,
axon guidance, formation and remodeling of synaptichections, and nervous system repair
[44]. In the gastrointestinal tract, it control® thositioning process along the crypt-villus aXis o
intestinal cells, as well as the maintenance ahstells and the proliferation of progenitor cells
in the intestine [45]. It has also been shown Eyah-Ephrin signaling plays an essential role in

the morphogenesis of the vascular system duringymlz development [46, 47].
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Interestingly, EphrinAl-dependent EphA2 forwardnsiing was also thought to be detrimental
for tumor progression. Initial studies showed tloating EphA2 receptor activation with soluble
EphrinAl Fc fusion proteins can inhibit prolife@ti survival, and migration and invasion of
many types of cancer cells in culture as well asaiugrowth in several mouse models [48-50].
Subsequent experiments further indicated that Epte&2ptor activated by EphrinAl acquires
the remarkable ability to inhibit oncogenic signglipathways, such as H-R&srk, PISK—Akt
and Ab+Crk pathways [44].

Although EphrinAl-dependent EphA2 forward signalingduces inhibitory effects in
tumorigenesis, this inhibition is often difficulb trealize in most situations in malignant cells.
Because of the function loss of E-cadherin, maligneells often exhibit a decreased cell
adhesion, which would prevent neighboring cells regping receptors and ligands from
productively interacting with each other [41]. Tipeenomenon directly results in decreased
ligand-induced receptor activation, internalizatiand degradation, and contributes to the
stability and overexpression of EphA2 in malignaetls [51]. This explanation is consistent
with the observation from several previous studiet EphA2 is presented at much low levels,
tyrosine phosphorylated, and localized at the sifell-cell contact of non-neoplastic epithelia,
but abundantly overexpressed, non-tyrosine-phogtdtied, and settled at membrane-ruffles in
aggressive cancer cells [52]. Depending on itseymession and kinase activity in the absence
of EphrinAl, EphA2 is able to interact with adappooteins and triggers EphrinAl independent
signaling pathways that are most intimately invdlue the pathogenesis of cancer [53-56].
Multiple cell models and clinical specimens havporéed that EphA2 receptor was frequently
elevated and appears to be an active participambalgnant progression in various type of
cancer, including breast cancer, aggressive melaspmvarian cancer, non-small cell lung
cancer, prostate cancer, and colon cancer[42, h7tdias been also shown in many cancer cell
lines that the highly expressed EphA2 receptorgacely activated by EphrinAl, as judged by
their low level of tyrosine phosphorylation [42,,%2]. A vast number of other studies show that
the mere presence of EphA2 was able to elicit oacmgeffects. EphA2 overexpression caused
oncogenic transformation of mammary epithelial <@l culture as well am vivo [42, 63].
Downregulation of EphA2 by small interfering RNASIRNAS) or antisense oligonucleotides

decreased cancer cell malignancy in culture aniitelad tumor growth in several mouse cancer



INTRODUCTION 8

models[43, 64, 65]. EphA2 overexpression induced sustained phosphorylation and kinase
activity of FAK in prostate and pancreatic canceltscand therefore increased the expression of
matrix metalloproteinase-2, an integral playerumor cell invasion [66-68]. EphA2 was found
to be required for Src-dependent invasiveness dbrectal cancer cells in culture [69].
Activation of RHOA downstream of EphA2 promoted domiel-type migration of cancer cells
and destabilized epithelial adherent junctions iarious cancer cell lines [70, 71].
EphA2-ERBB2 crosstalk activated the H-R&sk pathway and RHOA in a mouse mammary
tumor model, enhancing tumor growth and cell pes&tion and migration [54, 72].

1.4.4 The expression and function of EphA2 in tumomicroenvironment

Aside from the function of EphA2 signaling in turigemesis, several investigations addressed
the importance of the EphA2-EphrinAl interactionedfically in the context of tumor
angiogenesis, botln vitro and in vivo. Initial studies found that EphA2 was specifically
expressed at the endothelial cells of breast camw@nand Kaposi's sarcoma xenografts in a
tyrosine-phosphorylated state [73]. Subsequentstiy&tion exhibited that EphrinAl could
stimulate EphA2-expressing endothelial cell migmati sprouting and survival, and such a
process could be inhibited by administration obrabinant EphA2-Fc [74]. Furthermore, use of
EphA2-Fc as a blocker of the receptor-ligand inttoa revealed that disruption of this process
in vivo inhibited angiogenesis and tumor growth in sevenaimal models [75, 76]. The
importance of EphA2 in angiogenesis and metasteasseven more evident in the finding that
metastatic mammary carcinoma cells implanted imibA2-deficient mice exhibited decreased
tumor volume and metastasis [77]. By contrast, isgidising transplantable mouse mammary
tumor model expressing native tumor-cell producghritAl also showed a proangiogenic
effect through induction of EphA2-specific endotakkell migration and increasing vascular
endothelial growth factor expression. Moreover,Ns#Rknockdown of EphrinAl in mammary
tumor cells inhibited angiogenesis and lung mesas{as].

Taken together, these findings show that, dependmgcell types and whether there is an
EphrinAl ligand or not, the EphA2 receptor functon drastically different ways. Generally, in
tumor cells, it was found to promote tumorigenesagependently of the EphrinAl ligand, but
oppositely inhibit tumor progression after beingiated and phosphorylated by EphrinAl

ligand. In endothelial cells within tumor microeromment, it was shown to be able to positively
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regulate tumor neovascularization depending on iBpfrligand and therefore participated in
tumor angiogenesis.

1.4.5 Available EphA2 receptordependent targeted therapeutics for malignancy

The function of EphA2 receptor is quite complext kdathout a doubt it contributes to both
tumorigenesis and angiogenesis. Due to its oveesspn in many different types of cancer and
to its important role in pathogenesis of canceigeing EphA2 receptor has become a very
attractive approach for cancer therapy. To datejraber of agents based on interfering with the
tumor-promoting effects of EphA2 have been developgownregulation of EphA2 gene
expression by using siRNAs or antisense oligonuicles has been shown to be able to inhibit
malignant cell behavior botm vitro andin vivo [43, 64, 79]. By mimicking the actions of
EphrinAl ligand, several agonistic monoclonal andiles against EphA2 exhibited a potent
capability to decrease the proliferation and migraiof various cancer cells, and the level of
tumor growth and metastasis in mouse models [4B230A bispecific antibody engineered to
simultaneously bind EphA2 and the T cell recept®3@omplex has also shown to effectively
promote regression of EphA2 expressing tumor d&. In addition, drugs, toxins or other
substances have been conjugated to agonistic noa@ntibodies to target tumors expressing
high levels of EphA2. 1C1-mcMMAF, the EphA2 monowhb antibody (1C1), coupled to
monomethyl auristin phenylalanine (MMAF) via a ndeavable linker maleimidocaproyl, was
able to reduce EphA2 expression in a time-dependemtner in cancer cells in culture, and
cause tumor destruction in orthotopic ovarian camedel [84]. In the meantime, the 1C1
antibody was also utilized to label with copper emiles {*Cu) to develop an EphA2 specific

non-invasive imaging technology [85].
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2. Goal of the thesis

Current cancer therapy relies heavily on indisaniae, highly toxic, chemotherapeutic agents
resulting in systemic toxicity and adverse sidee@f. An ideal solution to such limitations
would be the selective delivery of anticancer driiagsancer tissues.

EphAZ2 is a member of receptor tyrosine kinasegjipdgan important role in both tumorigenesis
and angiogenesis. Therefore, it is being activalgied as a potential target for tumor diagnosis
and treatment.

To this end, a number of strategies have been dgedlto target EphA2 receptor, among them,
the monoclonal antibody-based therapeutics are dsiraded high frequently. However, while
these candidates can display high affinity and tumpecificity, they suffer from clinical
limitations. For example, the formulation and pmgp@n of homogeneous antibody-drug
conjugates faces challenges due to protein ingtgabéind the risk of overwhelming immune
responses from the host. In this regard, peptigasring its numerous advantages, show a great
potential to overcome those limitations, and regmésghe most attractive molecules as the
therapeutic or delivery agent for receptor-target@acer therapy and imaging.

To gain a tumour-homing therapeutic or diagnosgierd, a very important molecular basis for
the EphA2 receptor-targeted tumour managementeigptasence of EphA2 in a high incidence
and intensity in carcinomas of interest, but a zertow incidence in normal tissues. In order to
offer the EphA2-targeting research a supportiveetuhr backup, it is necessary to acquire the
knowledge about what kind of EphA2 expression difee there is between normal and
carcinoma tissues express.

The goal of this thesis was to investigate the @sgion pattern of EphA2 receptor in digestive

system organs and their corresponding carcinomas.
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3. Materials and methods

3.1 Materials

3.1.1 Snap frozen tissues

Snap frozen specimens from various organs of hudigestive system were obtained from the

department of “Klinik fur Allgemein-,
Campusvirchow-Klinikum, Charité.

Viszeral-

und Transplantationschirurgie,

Tissue type Case number
Esophageal squamous cell carcinoma 11
Esophageal and cardia adenocarcinoma 9
Adjacent normal esophagus 4
Stomach adenocarcinoma 6
Adjacent normal stomach 3
Colon adenocarcinoma 10
Adjacent normal colon 6
Pancreatic adenocarcinoma 7
Adjacent normal pancreas 3
Cholangiocarcinoma 17
Hepatocellular carcinoma 17
Adjacent normal liver 3

3.1.2 Formalin fixed paraffin embedded tissues

Multiple formalin fixed paraffin embedded tissuecnai arrays were purchased from companies.

Tissue type Case number Company source
£ -
sgphageal squamous cell carcinoma 30 AccuMax

Adjacent normal esophagus 34
Espphageal adenocarcinoma 9 US Biomax
Adjacent normal esophagus 7
Cardia adenocarcinoma 22 .

. : US Biomax
Adjacent normal cardia 5
Stomach adenocarcinoma 24 AccuMax
Adjacent normal stomach 8 US Biomax
Colon adenocarcinoma 45

: AccuMax
Adjacent normal colon 3
Pancreatic adenocarcinoma 27

. AccuMax
Adjacent normal pancreas 26
Cholangiocarcinoma 46

. : AccuMax
Adjacent normal liver 3
He - - , ,

patocellular carcmoma (with B viral history) 49 AccuMax
Adjacent normal liver 2
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3.1.3 Antibodies and protein marker

Primary antibody

Polyclonal goat anti human EphA2 antigen affinitydified 1gG was purchased from R and D

system, Germany.

Polyclonal normal goat 1gG isotype control was jpased from R and D system, Germany.

Secondary antibody

Polyclonal rabbit anti goat biotinylated, affiniigelated IgG was purchased from Dako

Cytomation, Denmark.

Polyclonal horseradish peroxidase-conjugated &ffipirified donkey anti goat IgG(H+L) was

purchased from Dianova, Germany.

Protein Marker

PageRule?™ Plus Prestained Protein Ladder was purchased fevméntas, European Union.

3.1.4 Chemicals and reagents

Methanol

Acetone

Xylene

Isopropanol

Ethanol

Sodium chloride

Di-sodium hydrogen phosphate dihydrate
Potassium chloride

Potassium dihydrogen phosphate
Citric acid monohydrate

Triton X-100

Rabbit serum

Bovine serum albumin

30 % Hydrogen peroxide
Hematoxylin

Glycerol

Merck, Germany
Merck, Germany
Carl Roth, Germany
Merck, Germany
Herbeta Arzneimittel, Germany
Merck, Germany
Carl Rothpfaay
Carl Roth, Germany
Merck, Germany
Merck, Germany
Calbiochem, USA
PAA, Austria
Sigma-Aldrich, USA
Merck, Germany
Dako, Germany

Merck, Germany
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Tris(hydroxymethyl)aminomethane
Hydrochloric acid

Sodium dodecyl sulfate

Protease inhibitor cocktail tablet
Bromphenol blue

Dithiothreitol

Ammonium Persulfate

Tricine

Polyacrylamide (Acrylamide/Bisacrylamide 29:1)

N,N,N',N'-Tetramethylethylenediamine,
1,2-Bis(dimethylamino)-ethane

Glycine

96 % Ethanol denatured with methyl ethyl ketone

Brilliant blue G250
Acetic acid
Ponseau S

Tween 20

Non fat milk powder (blotting grade)

Carl Roth, Germany
Merck, Germany
Carl Roth, Germany
Roche, Germany
Merck, Germany
SERVA, Germany
Sigma-Aldrich, USA
Carl Roth, Germany
CRdth, Germany

Sigma-Aldrich, USA

SERVA, Germany
MeGermany
Carl Roth, Germany
Merck, Germany
Sigma-Aldrich, USA
Merck, Germany

Carl Roth, Gamy

3.1.5 Solutions and buffers

PBS

BSA/PBS

137 mM NaCIl PH 7.4
2.68 mM KCI

8 mM NaHPO4

1.8 mM KH,PO4

137 mM NacCl
2.68 mM KCI

8 mM NaHPO4
1.8 MM KH,PO4
0.1 % (W/v) BSA
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Citrate buffer (PH6.0) 10 mM Citric acid monohydrate

H.O,/PBS 90 % (v/v) PBS
10 % (v/iv) HO,

H,0,/methanol/PBS 30 % (v/v) PBS
60 % (v/v) methanol

10 % (v/v) HO,

Triton X-100/PBS 99.9 % (v/iv) PBS
0.1 % (v/v)Triton X-100

Lysis buffer 100 mM Tris pH8.8
1 % (w/v) SDS

Laemmli buffer 50 mM Tris pH6.8
1 % (w/v) SDS

10 % (v/v) Glycerol
0.02 % (w/v) Bromphenol blue
100 mM DTT

Top buffer 100 mM Tris
100 mM Tricine

0.1 % (w/v) SDS
do not adjust pH (PR8.25)

Bottom buffer 200 mM Tris pH8.8
Transferring buffer 192 mM Glycine

25 mM Tris
Ponceau S solution 0.1 % (w/v) Ponceau S

5 % (v/v) acetic acid
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PBST

Milk-PBST

Coomassie-staining solution

Fixing solution

137 mM NaCl pH7.4

2.68 mM KCI
8 mM NaHPO4
1.8 mM KH,PO4

0.1 % (v/v) Tween 20

137 mM NacCl
2.68 mM KCI

8 mM NaHPO4
1.8 mM KH,PO4

0.1 % (v/v) Tween 20

5 % (w/v) non-fat milk powder

0.1 % (w/v) Coomassie Brilliant blue

G250

50 % (v/v) Methanol

7.5 % (v/v) Acetic Acid

25 % (v/v) Isopropanol
10 % (v/v) Acetic acid

3.1.6 Gel solution recipes

8 % resolving gel

Solution components 1 Gel (ml) 2 Gels (ml) 4 Gelm()
ddH,O 2.3 4.6 9.3

30 % acrylamide mix 1.3 2.7 5.3

1.5 M Tris pH 8.8 1.3 2.5 5.0

10 % SDS 0.05 0.1 0.2

10 % APS 0.05 0.1 0.2
TEMED 0.006 0.009 0.018

5 % stacking gel

Solution components 2 Gels (ml) 4 Gels (ml)
ddH,O 3.4 6.8

30 % acrylamide mix 0.83 1.66
1M Tris pH 6.8 0.63 1.26

10 % SDS 0.05 0.1
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10 % APS 0.05 0.1
TEMED 0.007 0.01
3.1.7 Kits

Biotin blocking system Dako, Denmark

Avidin biotin complex kit Vector Laboratories, USA
Liquid DAB+substrate chromogen system Dako, Denmark
Pierce BCA protein assay reagent A and B Thermerfiific, USA

Super signal west dura extended duration substrat€hermo Scientific, USA

3.1.8 Instruments

Fume hood Pressure cooker

Rocking table 4° C extra-speed centrifuge
\ortexer Glassware

Electrophoresis apparatus Gel equipments

Blotting equipments Developing machine
Microscope Graphic analysis software
Spectrophotometer Gel scanner

99° C incubator Toast oven

3.2 Methods

3.2.1 Immunohistochemical staining of snap frozendsues

The presence of EphA2 in snap frozen specimensawalyzed on the protein level by avidin
biotin complex immunohistochemical staining det@ttsystemAll incubations were carried out
in a humidified chamber to avoid drying of the tiss. For fixation, ice-cold methanol and
acetone were mixed for a fixative in ratio of 1Tissue sections were swiftly immersed in the
fixative for 2 min and afterwards air dried. Thedied sections were washed twice with 1xPBS
and then immersed iH,0,/PBS solution for 10 mito quench endogenous peroxidise activity,
followed by two times 1xPBS washing agaifo block endogenous biotin, sections were
incubated with unconjugated avidin for 20 min aheérnt with unconjugated biotin for 20 min to

block the residual biotin-binding activity of awdiSections were then washed two times with
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1xPBS andireated with 0.1 %Triton X-100/PBS for 10 min tohance thepenetration of
antibody. Nonspecific antigen was masked ectisns by 5 % rabbit serum in PBS for 30 min
beforeincubating overnight at 4° C with goat anti humgrhB2 polyclonal primary antibody
diluted in 0.1 % BSA/PBS solution (1:300). Normalag) IgG was set to replace the primary
antibody for an isotype control. Sections were thvashed four times with 1xPBS and incubated
with biotinylated rabbit anti goat polyclonal sedany antibody diluted in PBS (1:300) for 30
min. For the preparation of avidin biotin compl&8(C) reagent, one drop of reagent A and one
drop of reagent B were added to 5 ml 1xPBS in angibottle, and the mixture was allowed to
stand for 30 min before use. Sections were wash#dwPBS twice and incubated with ABC
reagent for 30 min. Following two washings with BBS, sections were covered with DAB
solution for 30 sec to develop a brown colour & $lite of antigen on the tissue. The DAB
incubation was stopped by deionized water and @estvere afterwards counterstained with
hematoxylin for 10 min. Counterstaining was stoppethg tap water and finally sections were
mounted with glycerol gelatine using coverslips.

3.2.2 Immunohistochemical staining of formalin fixel paraffin embedded tissues

The expression pattern of EphA2 in formalin fixedradfin embedded tissue micro array
specimens was analyzed by avidin biotin complex umahistochemical staining detection
systemAs frozen specimens, all incubations were perfarmea humidified condition to protect
specimens from drying.igsue micro array sections were first toasted imamn for 20 min at
65° C, then they were deparaffinized xylene for 15 min twice and isopropanol for 5 min,
afterwards, rehydrated in 96 %, 80 %, 70 % and 5&8anol for 5 min, respectively. Following
washing with1xPBS twice, the antigen retrieval was processetixpitrate buffer for 2 min to
expose antigen on the sections by means of a peessaker. Sections were then washed twice
with 1xPBS and immersed iH,O, /methanol solution for 5 min, followed by anothembn
1xPBS washingAfter 10 min incubation in 0.1 % Triton X-100/PB8&d5 min washing with
1xPBS, sections were blockdny 5 % rabbit serum in PBS for 30 min befoneubating
overnight at 4° C with goat anti human-EphA2 pabyal primary antibody diluted in 0.1 %
BSA/PBS solution (1:150). Normal goat IgG was setrdéplace the primary antibody for an
isotype control. The following procedure was morgtbthe same as frozen sections in above,

except that the time for DAB incubation was 5 nmstead.
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3.2.3 Semi-quantitative evaluation of EphA2 expressn level under microscope

The EphA2 expression was reflected by immunoreadoore (IRS) which was analyzed using a
semi-quantitative scoring system recommended byrRamand Stegner in 1987 [86]. Based on
this system, staining intensity (SI) and the pusitpercentage (PP) of epithelial cells were the
two factors used to calculate the IRS by adaptiregformula of IRS= SI x PPx100. The IRS
values were classified into three possibilitiesarfge: 5 < IR 10, 10 < IR 100 and 100 <
IRS. These three ranges were then correspondiragigformed into plus sign of +, ++ and +++

to finally represent the positive expression levEhe EphA2 expression was regarded as

negative when IRS 5 (Fig. 1 and Table 2).
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Figure 1: Representative figures for evaluating staining itensity and the positive area in
tumor cells [86] . The intensity of staining was scored 0, 1, 2 andt# positive area was

measured within the range of 09400 %.



MATERIALS AND METHODS 19

Sl No staining Weak staining Moderate staining Strong staining
PP (O point) (1 point) (2 points) (3 points)
PP=0% IRS=0 IRS=0 IRS=0 IRS=0

0<PP<1% IRS=0 IRS=0~1 IRS=0~2 IRS=0~3
1% <PP<10% IRS=0 IRS=1~10 IRS=2~20 IRS=3~3
10% <PP<50% IRS=0 IRS =10~ 50 IRS =20~ 100 IRS =350
50 % <PP<80% IRS=0 IRS =50~ 80 IRS =100 ~ 160 IRS6 1 240

80 % < PP IRS=0 IRS >80 IRS > 160 IRS > 240

Table 2: IRS values calculated by the formula of IRS = S[the point’s value)x PP x 100.
Depending on this formula, score of 0 and 300 laeentinimum and maximum values for IRS,
respectively.

3.2.4 Extracting protein off tissue sections
A denaturing lysis buffer for extracting whole cpibtein was prepared as mentioned above. An

appropriate ready-to-use cocktail tablet of protalmbitor was freshly added to the lysis buffer.
All extracting steps were processed on ice unléssraise mentioned. For a 20n thick, 1x1

cm scale piece of tissue mounted on a slide,ublysis buffer was added. Tissues were
homogenized with a tip directly on the slide fom#, and then kept at room temperature for 2
min. The tissue lysate was then aspirated andfaaed into an Eppendorf tube which was
prefilled with a filtered tip, followed by centrifing at 13000 rpm for 3 min at 4° C. Finally, the
filter was discarded and the lysate was stored@art -C.

3.2.5 Protein determination

The protein concentration of tissue lysates wagsrdehed using the thermo scientific pierce
BCA protein assay kit. High purified BSA was seégttas a reference standard each time the
assay was performed, and was prepared with a st@@gcentration of 10 mg/ml in the same
lysis buffer as the protein being extracted. BCétgin assay reagents A and B were mixed in a
proportion of 50:1 for 1 min at room temperaturelilation-series of BSA standards were then
prepared by diluting it in the reagent mixture tah@/ml, 5 mg/ml, 2.5 mg/ml, 1.25 mg/ml,
0.625 mg/ml, 0.313 mg/ml and 0.156 mg/ml. Prot@mpgles were diluted in the same reagent

mixture in proportions of 1:2, 1:4, 1:8. 1Q0of each above differentially diluted BSA standard
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and protein samples were loaded onto a 96-wele@atinstructions, and was incubated 4C37
for 30 min. In the presence of protein, the lighten reagent mixture was changed to purple.
The absorbance values were measured using a sgemiometer at 562 nm. The responses of
the BSA standards were used to calculate a stamdavd. Absorbance values of protein samples
were then interpolated onto the formula for thendéaid curve to determine their concentrations.
All probes were run in duplicates.

3.2.6 Coomassie staining

To ensure that each lane is loaded with an equaliatrof protein, coomassie staining was used
in every western blot for the protein normalizatiéifter SDS-PAGE, the gel was rinsed briefly
in dH20 and then incubated for 3 min in fixing f@a, for 30 min in coomassie-staining
solution, and again for 3 min in fixing solutioninklly, gel was destained in dH20O until faint
bands were clearly visible.

3.2.7 Western Blot

Expression of EphA2 in normal and tumor snap frag@ecimens was measured by Western Blot.
The resolving and stacking gels were compoundednastioned in material. First, the gel
chamber was assembled as manufactory instructesh, The resolving gel was poured into the
chamber and covered with isopropanol for 30 minaiow polymerization. Later on, the
isopropanol was discarded and the stacking gel ppased instead, afterwards and rapidly, a
10-well-comb was inserted into the stacking gele Twhole gel was then kept at room
temperature for another 30 min for polymerizatibior the analysis, g protein from each
sample was loaded onto the gel. An equal volun#&xbhemmli buffer was added to the samples
(1:1), followed by incubation for 5 min at 99° Crfprotein denaturing. Samples were then
mixed, centrifuged briefly at 3000 rpm for 30 seod subjected to sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) vathondition of 100 V for 10 min for the
stacking and 180V for 90 min for the resolving. pAgximate locating of proteins on
SDS-PAGE by a ready-to-use prestained protein tlafid® kDa~250 kDa). To accomplish the
transfer, a frozen Bio-Ice cooling unit and a staddstir bar were added in the transfer tank to
help maintain low and even buffer temperature amddistribution. Under a condition of 110 V
for 90 min, the previously electrophoresed proteainsthe SDS-PAGE were transferred to a

nitrocellulose membrane through a gel sandwich thas built up in accordance with
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instructions. The membrane was then blocked in Bi%-PBST solution for 30 min at room
temperature before incubating overnight at 4° Chwgbat anti human-EphA2 polyclonal
antibody in blocking solution (1:500). The membramas washed four times with 1xPBST
followed by addition of horseradish peroxidase-agated donkey anti goat polyclonal antibody
in blocking solution (1:4000) for 1 h at room termgtare. The membrane was then washed four
times with 1xPBST. Antigen-antibody reactions wewesualized using an enhanced
chemiluminescence (ECL) system according to theufie&turer’s instructions by means of
X-ray films.

3.3 Statistical analysis

Chi-square test and Fisher's exact test were usexbdess the statistical significance of the
cellular localization of EphA2 between normal amiresponding tumor tissues, of the EphA2
expression rate between normal and correspondimgprtdissues, and among eight types of
tumor tissue as well as among three histologictérdintiations of each single type of tumor
tissue. Partitions of Chi-square method was usedtlie pair-wise comparisons of rates.
Wilcoxon rank sum test was applied for evaluating s$tatistical significance of the expression
level of EphA2 between normal and correspondingatutissues. Kruskal-Wallis H test was
utilized to assess the statistical significancéhefexpression level of EphA2 among eight types
of tumor tissue, and among three histological ceif@ations of each single type of tumor tissue.
Nemenyi test was used for the pair-wise comparisaihgank. The results were considered
significant when thé® value was less than 0.05. All statistical proceduvere performed with

SPSS software package (Version 19.0).
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4. Results

4.1 Validation of the R and D manufactured primaryantibody

In order to acquire an exact expression patterm ¢éntative target, a reliable and specific
antibody is quite important. As we were dealinghwat polyclonal antibody, it was necessary to
ensure that this antibody is specific enough feramtigen (target). Therefore, for the first step,
we collected snap frozen tissues from seven kinflsorgans, and monitored them by
immunohistochemical staining and subsequent wedtietnso as to confirm the reliability and
specificity of the antibody.

4.1.1 Immunohistochemical staining showed the spéicity of the antibody

Seven pairs of normal and carcinoma snap frozersuds were monitored by
immunohistochemical staining (IHCs). The IHCs resshowed that the R and D manufactured
primary antibody was able to recognize the plasmambrane anchored and intracellular
localized EphA2 with high affinity and ideal specify, which was reflected not only by the
definitive expression and localization of EphA2anget cells, but also by the negative outcomes
in negative and isotype controls, where the primamtibodies were respectively replaced by
PBS and isotype antibody instead. EphA2 was pe&djtidetected in diverse manner in the
following tissues: normal esophagus (4/4), esopiélagguamous cell carcinoma (9/11),
esophageal adenocarcinoma (8/9), normal stoma8h &6mach adenocarcinoma (6/6), normal
colon-rectum (3/6), colorectal adenocarcinoma (B/1formal pancreas (1/3), pancreatic
adenocarcinoma (6/7), normal bile duct (3/3), chglacarcinoma (5/17), normal liver (2/3) and
hepatocellular carcinoma (3/17). All pictures dnewed in the appendix.

4.1.2 Western blot further confirmed the reliability of the antibody

Given the results from IHCs, we picked out threreésentatives presenting either positive or
negative EphA2 expression from each type of painedmal and carcinoma tissue, and
monitored them by western blot, using the same gmymantibody that we used for IHCs.
Furthermore, the results of western blot convinesdhat the results from IHCs were reliable,
since that samples holding positive EphA2 expre@ssioimmunohistochemistry consistently
showed positive targeting bands in western bldhatsites of correct molecular weight of 130

kDa (Fig. 2, Fig. 3), whereas samples negatively expressing EphA2 @slehibited no band in
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western blo(Fig. 4, Fig. 5).
=TrEe

1 2 3 4 5 6 7
Figure 2: The consistent incidence of EphA2 in immunohistdeemical staining and western

blot. For each type of tissue, same two sections werlrpged by IHC and Western Blot,
respectively. 1 = normal corpus; 2 = gastric adanmooma; 3 = normal liver; 4 = hepatocellular
cell carcinoma; 5 = cholangiocarcinoma; 6 = norpelcreas; 7 = pancreatic adenocarcinoma. *
N = normal; T = carcinoma * Due to tissue lack, cwresponding pancreatic adenocarcinoma
section was available for IHC detection.
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1 2 3 4 5 6
Figure 3: The consistent incidence of EphA2 in immunohistdeemical staining and western

blot. For each type of tissue, same two sections wermpeed by IHC and Western Blot,
respectively. 1 = normal esophagus; 2 = esophagpaimous cell carcinoma; 3 = esophageal
adenocarcinoma; 4 = normal rectum; 5 = normal cofor colorectal adenocarcinoma * N =
normal; T = carcinoma
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1 2 3 4 5 6 7
Figure 4. The consistent incidence of EphA2 in immunohistdemical staining and western blot.For
each type of tissue, same two sections were peefbriny IHC and Western Blot, respectively. 1 = ndrma
esophagus; 2 = esophageal squamous cell carcirdmajormal colon; 4 = normal rectum; 5 = colorectal
carcinoma; 6 = normal pancreas;7 = pancreatic adecimoma * N = normal; T = carcinoma
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1 2 3 4 5

Figure 5: The consistent incidence of EphA2 in immunohistdemical staining and western
blot. For each type of tissue, same two sections werlrpged by IHC and Western Blot,
respectively. 1 = normal liver; 2 = hepatocellutatl carcinoma; 3 = cholangiocarcinoma; 4 =
normal stomach; 5 = stomach adenocarcinoma * Nrenab T = carcinoma
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4.2 The expression pattern of EphA2 receptor was uestigated in micro arrayed digestive
system organs and corresponding carcinomas by immuwohistochemical staining

The first and crucial step before the ultimate ichh therapeutic and diagnostic utilization of a
target was for us to get an overview of how thgdtof interest is contrasted in normal and
diseased cells and how this target is engagedanddvelopment of tumor. To this end, we
carried out the immunohistochemical staining byngsmicro arrayed pathological models
to evaluate the expression pattern of EphA2 in mbrrarsus carcinoma tissues in eight kinds of
carcinomas, and in every type of carcinoma beirggsified into well, moderate and poor
differentiations.

4.2.1 Cellular localization of EphA2 receptor

The following micro arrayed normal and carcinonssuies from seven organs were examined by
immunohistochemical staining. The localization @dhB2 was significantly different between
normal and malignant epitheliums in cardia and peasc In normal cardia EphA2 was found to
mainly express on the membrane, whereas in the a@fasslignant cardia most EphA2 was
settled at intracellular sites. Pancreatic ademimama expressed EphA2 more often on the
membrane, yet normal pancreas fixed EphA2 primaniyhe inside of the cells. No significance
of localization was discovered in other normal awiresponding carcinoma tissues, where

EphA2 was defined either on plasma membrane aotracellular sites, or at both sit@&ble 3).

Tissue type N Negative Positive value
membrane intracellular  both
Normal esophagus 34 0 9 0 25 0.098
Esophageal squamous celBO 0 3 2 25
carcinoma
Normal esophagus 7 0 7 0 0 0.091
Esophageal adenocarcinoma 9 1 4 3 1
Normal cardia 5 2 3 0 0 0.038
Cardia adenocarcinoma 22 6 3 12 1
Normal stomach 8 5 2 1 0 0.327
Stomach adenocarcinoma 24 8 4 10 2
Normal colon 3 2 0 1 0 0.243
Colorectal adenocarcinoma 45 33 7 1 4
Normal pancreas 26 6 5 15 0 0.005
Pancreatic adenocarcinoma 27 5 14 5 3
Normal bile duct 3 1 0 2 0 0.143
Cholangiocarcinoma 46 4 11 16 15
Normal liver 2 1 0 1 0 1.000
Hepatocellular carcinoma 49 19 7 21 2

Table 3: Comparison of three models of cellular localizatiorof EphA2 between normal and
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carcinoma tissues. EphA2 was detectable on plasma membrane, in theacellular
compartment, or at both sites of normal and matignzells. Significant differences were
observed between normal cardia and adenocarcindrttee ccardia, and normal pancreas and
pancreatic adenocarcinoma.

4.2.2 Expression patterns of EphA2 receptor
4.2.2.1 Comparison of expression rates in normal ¥&us carcinoma tissues

In terms of the membrane expression rate among &ighs of paired tissues, none showed
significant difference between normal and carcinatieer than pancreas. EphA2 was found to
express more frequently in pancreatic adenocaranitian in normal pancreas, by a percentage
of 62.96 % versus 19.23 %. However, when it coroae intracellular expression rate, cardia
took over the character of pancreas by cardia a@deomoma expressing higher incidence of

EphA2 than normal cardia, with a percentage of $9{versus 0 %Table 4).

Membrane p Intracellular p
Tissue type expression value expression value
rates rates
N - + - +
Normal esophagus 34 0 34 0.216 9 25 0.173
Esophageal squamous ceBO  (0%) (100%) (26.5%) (73.5%)
carcinoma 2 28 3 27
(6.7%) (93.3%) (10%) (90%)
Normal esophagus 7 0 7 0.088 7 0 0.088
Esophageal adenocarcinoma9 (0%) (100%) (100%)  (0%)
4 5 5 4
(44.4%) (55.6%) (55.6%) (44.4%)
Normal cardia 5 2 3 0.091 5 0 0.041
Cardia adenocarcinoma 22  (40%) (60%) (100%) (0%)
18 4 9 13
(81.8%) (18.2%) (40.9%) (59.1%)
Normal stomach 8 6 2 1.000 7 1 0.101
Stomach adenocarcinoma 24 (75%) (25%) (87.5%) (12.5%)
18 6 12 12
(75%) (25%) (50%)  (50%)
Normal colon 3 3 0 1.000 2 1 0.336
Colorectal adenocarcinoma 45 (100%) (0%) (66.7%) (33.3%)
34 11 40 5
(75.6%) (24.4%) (88.9%) (11.1%)
Normal pancreas 26 21 5 0.003 11 15 0.075
Pancreatic adenocarcinoma 27 (80.8%) (19.2%) (42.3%) (57.7%)
10 17 19 8
(37%) (63%) (70.4%) (29.6%)
Normal bile duct 3 3 0 0.110 1 2 1.000
Cholangiocarcinoma 46 (100%) (0%) (33.3%) (66.7%)
21 25 15 31
(45.7%) (54.3%) (32.6%) (67.4%)
Normal liver 2 2 0 1.000 1 1 1.000
Hepatocellular carcinoma 49 (100%)  (0%) (50%) (50%)
40 9 26 23

(81.6%) (18.4%) (53.1%) (46.9%)
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Table 4: Comparison of the expression rate of EphA2 in nanal versus carcinoma tissues.
The cellular localization of EphA2 was classifieda plasma membrane and intracellular part.
The incidence of EphA2 in normal and correspondiagcinoma tissues was roughly divided
into negative and positive, regardless of the dctiverse positive expression degree. Significant
differences existed between normal cardia and aadenocarcinoma, and normal pancreas and
pancreatic adenocarcinoma.

4.2.2.2 Comparison of expression levels in normaéxsus carcinoma tissues
Compared to the simple pattern of expression rates, expression level showed much

complexity. Normal esophagus expressed higher EptvAplasma membrane than esophageal
squamous cell carcinoma, whereas no differencefaasd between these two candidates for
intracellular EphA2. Unlike squamous cell carcingresophageal adenocarcinoma displays the
expression pattern rather depending on the EphAalikation. On the one hand on plasma
membrane, it expressed EphA2 less than normal agoghon the other hand at intracellular
part, it expressed more EphA2 than normal esophdgprscardia, concerning the EphA2 level
on plasma membrane, there was no difference betweemal and malignancy, whereas
substantial difference was found with respect tee thmtracellular part, with cardia
adenocarcinoma expressing more EphA2 than nornrdiacaConsidering plasma membrane
expression, significance was displayed between abmnd malignancy, with a pattern of
pancreatic adenocarcinoma expressing more EphA® rtbamal pancreas. In contrast, in the
intracellular part, normal pancreas expressed hidphA2 than pancreatic adenocarcinoma
(Table 5).

: Membrane p Intracellular p
Tissue type expression level value  expression level value
N - + ++ +++ - + ++ +++

Nomral esophagus 34 0 O 6 28 0001 9 1 6 18 061
Esophageal squamous celBO 2 2 13 13 3 0 12 15
carcinoma
Normal esophagus 7 0 0 b5 2 00r 7 0O O O 0049
Esophageal adenocarcinoma 9 4 1 4 0 5 0 4 0
Normal cardia 5 2 1 1 1 0062 5 O O 0 0.025
Cardia adenocarcinoma 22 18 1 2 1 9 4 9 0
Normal stomach 8 6 1 1 O 083 7 0 1 0 0.069
Stomach adenocarcinoma 24 18 1 3 2 12 1 9 2
Normal colon 3 3 0 O 0O 033 2 1 O 0 0353
Colorectal adenocarcinoma 45 34 0 8 3 40 0 5 0
Normal pancreas 26 21 1 O 4 0005 11 O 14 1 0038
Pancreatic adenocarcinoma 27 10 1 10 6 19 1 6 1
Normal bile duct 3 3 0 O O 008 1 o0 2 0 0834
Cholangoicarcinoma 46 21 2 16 7 15 1 25 5
Normal liver 2 2 0 O 0O 0510 1 O 1 0 1.000
Hepatocellular carcinoma 49 40 0 7 2 26 3 14 6
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Table 5: Comparison of the expression level of EphA2 betve®m normal and carcinoma
tissues. The cellular localization of EphA2 was classifiedto plasma membrane and
intracellular part. Significant differences wereufol in normal esophagus versus esophageal
squamous cell carcinoma, normal esophagus versyha&geal adenocarcinoma, normal cardia
versus cardia adenocarcinoma, and in normal pamgeraus pancreatic adenocarcinoma.

4.2.2.3 Comparison of expression rates in eight a@anoma tissues
Briefly, the eight carcinoma entities can be diddeto three pathological kinds: squamous cell

carcinoma, adenocarcinoma, and hepatocellularrmar@. To investigate whether EphA2 was
distinctively expressed among these eight carcispmwa arrayed the eight candidates together
and made a comparison. First of all, we comparedplasma membrane expression rates of
EphA2 in these eight carcinomas. Generally, we diotirat squamous cell carcinoma was the
tissue type which expressed EphA2 at the highesjufncy, adenocarcinoma ranked second,
and hepatocellular carcinoma expressed the leasdetail, the incidence of EphA2 was
remarkably higher in esophageal squamous cell mamga than in four adenocarcinomas,
including cardia adenocarcinoma, stomach adenawara, colorectal adenocarcinoma and
cholangiocarcinoma. However, esophageal squamdusareinoma was not able to compete
with pancreatic adenocarcinoma because no statistifference was observed between these
two contestants. In addition, for esophagus itsefcontrast was found between squamous cell
carcinoma and adenocarcinoma. Three kinds of aara@s: esophageal squamous cell
carcinoma, pancreatic adenocarcinoma, and choleagimoma, presented EphA2 at a
markedly higher frequency than hepatocellular camtia. Secondly, we compared the
intracellular expression rates of these eight aatds. Among different carcinoma type,
esophagus expressed more EphA2 than colon-retumeyges and liver. As to the competition
within the adenocarcinoma, cardia as well as stbnaac bile duct had a higher ratio of EphA2
than colon-retum. Hepatocellular carcinoma displagemuch higher EphA2 incidence than

colorectal adenocarcinonf@able 6, Fig.6).
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Grey part = membrane

p value (a =0.001724)

Whitepart = intracellular N ESCC EAC CAC SAC CRAC PAC CCC HCC
Esophageal squamous cel0 0.018 0.000 0.000 0.001 0.013 0.000 0.000
carcinoma (ESCC)

Esophageal adenocarcinoma | 0.009 0.077 0121 0106 0.712 1.000 0.030
(EAC)

Cardia adenocarcinoma 22 | 0.023 0.693 0.725 0.757 0.004 0.010 1.000
(CAC)

Stomach adenocarcinoma 24 | 0.003 1.000 0.747 1.000 0.015 0.036 0547
(SAC)

Colorectal adenocarcinoma 45 | 0.000 0.033 0.000 0.001 0.003 0.007 0.641
(CRAQC)

Pancreatic adenocarcinoma?27 | 0.000 0.443 0.075 0230 0.062 0.636  0.000
(PAC)

Cholangiocarcinoma 46 | 0.047 0261 0.690 0.246 0.000 0.004 0.001
(CCC)

Hepatocellular carcinoma 49 | 0.000 1.000 0.490 1000 0.000 0.220 0.071
(HCC)

Table 6: Comparison of the expression rate of EphA2 in edcpaired carcinomas.The table
was divided into two parts with reference to Eph#&ular localization— plasma membrane
and intracellular part. Firstly, the statisticajrsficance of the expression rate of EphA2 among
eight types of carcinoma was evaluated by Chi-sguest and Fisher's exact test. Secondly,
partitions of Chi-square method were used for thmarison in each single pair of carcinoma.
The tablet just shows the results from Partitioh€lu-square method.

membrane positive expression rates in eight carcinomas

1.0 93.33%

62.96%

6 55.56% 54.35%

percentage

25.00% 24.44%

18.18% 18.37%

.0 T T T T T T
<, Py 5
S , [a) Xy (o) [s) (S
S8y 90,5 &% @,..O,. &5, O{)\ Q’)o /50/ OQ/\IOQ/
L%, % %, N 5 5 =N &%
PREN 2% 3 % % % % %, %
e, & 3 3 S % =N o %y
S s 2 % S < =N R
% = (2 > (o4 (o4 Loy
O@ Oéb IS (2 G/)o &Oo 4’0
o % o < < %
s (SN O% O/,)o Qfo . 6/’0 X
2 > 2 %
S €S e O/% O/%




RESULTS 32

intracellular positive expression rates of eight carcinomas
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Figure 6: Membrane and intracellular expression rates of EpA2 in eight carcinomas.
Based on the EphA2 cellular localizatierr plasma membrane and intracellular part, the graph
was separately illustrated.

4.2.2.4 Comparison of expression levels in eightrcenoma tissues
As usual, we detected the distinctive profile opmssion level of EphA2 among these eight

carcinoma candidates. Like expression rates weiomat above, squamous cell carcinoma still
represented the strongest entity in terms of tpeession degree, irrespective of the localization
of EphA2. On membrane, esophageal squamous ceihoara displayed a much higher level of
EphA2 than cardia, stomach, colorectal adenocam@nand hepatocellular carcinoma. At the
intracellular compartment, apart from expressingarephA2 than cardia, stomach, colo-retum
and liver malignant cells, esophageal squamous a@ltinoma also demonstrated a higher
degree of EphA2 than pancreatic adenocarcinomala@fiocarcinoma expressed more EphA2

than colorectal adenocarcinorfiable 7, Fig. 7).
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Grey part = membrane p value (a =0.05)
White part = intracellular N ESCC EAC CAC SAC CRAC PAC CCC HCC
Esophageal squamous ceB0 042 000 000 000 049 0.05 0.00
carcinoma (ESCC)
Esophageal adenocarcinom® | 0.17 095 099 099 100 100 094
(EAC)
Cardia adenocarcinoma 22| 0.03 1.00 100 100 017 037 100
(CAC)
Stomach adenocarcinoma 24| 0.03 100 1.00 100 037 066 100
(SAC)
Colorectal adenocarcinoma45| 0.00 092 037 031 019 040 1.00
(CRAC)
Pancreatic adenocarcinoma27| 0.00 100 097 09 0.97 1.00 0.05
(PAC)
Cholangoicarcinoma 46| 018 097 097 097 000 0.24 0.13
(CCQC)
Hepatocellular carcinoma 49| 0.00 100 100 100 013 094 0.85
(HCC)

Table 7: Comparison of the expression level of EphA2 in eh paired carcinomas.The table
was divided into two parts with reference to Ephé&lular localization— plasma membrane

and intracellular part. Firstly, the statisticagrgficance of IRS values among eight types of
carcinoma was evaluated by Kruskal-Wallis H tegtel; Nemenyi test was used for the
comparison in each single pair of carcinoma. Thetgust shows the results from Nemenyi

test.
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intracellular expression level in eight carcinomas
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Figure 7. Membrane and intracellular expression levels of BhA2 in eight carcinoma
tissues.The graph was separately illustrated with refesetac EphA2 cellular localizatior—
plasma membrane and intracellular part. The exjnedsvel of EphA2 is reflected by the IRS
values. Yellow bar stands for IRS values between2toand no. 75 percentil®utliers are
displayed by star and medians are shown by bosthsla

4.2.2.5 Comparison of expression rates and levelmang three histological differentiations
in eight carcinoma tissues

Eight carcinoma tissues were individually dividedtoi three groups according to the
differentiation degree: well differentiation, mode differentiation and poor differentiation.
After making a statistical analysis, it was fouhdttamong the three differentiations of each kind
of carcinoma, neither the location of EphA2 nor ¢éixpression rate and level was shown to have

any statistically meaningful differen¢@able 8, Table 9).
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Membrane p Membrane p
Tissue type expression value expression value
rates intensity
N - + - +

Esophageal squamous celB0 0.241 0.547
carcinoma

Well 3 1(33.3%) 2 (66.7%) 1 0 0 2

Moderate 20 1 (5%) 19 (95%) 1 0 9 10

Poor 7 0 (0%) 7 (100%) 0 2 3 2
Esophageal adenocarcinom@ 1.000 0.565

Well 1 1 (100%) 0 (0%) 1 0 0 0

Moderate 1 0 (0%) 1 (100%) 0 1 0 0

Poor 7 3(42.9%) 4 (57.1%) 3 0 4 0
Cardial adenocarcinoma 22 0.478 0.389

Well 8 7(87.5%) 1(12.5%) 7 0 1 0

Moderate 4 4 (100%) 0 (0%) 4 0 0 0

Poor 10 7 (70%) 3 (30%) 7 1 1 1
Stomach adenocarcinoma 24 0.797 0.449

Well 3 3 (100%) 0 (0%) 3 0 0 0

Moderate 5 4 (80%) 1 (20%) 4 1 0 0

Poor 16 11 (68.8%) 5 (31.3%) 11 0 3 2
Colo-rectal adenocarcinoma45 0.683 0.523

Well 6 4(66.7%) 2 (33.3%) 4 0 1 1

Moderate 36 27 (75%) 9 (25%) 27 0 7 2

Poor 3 3 (100%) 0 (0%) 3 0 0 0
Pancreatic adenocarcinoma 27 0.210 0.387

Well 1 1(100%) 0 (0%) 1 0 0 O

Moderate 17 7 (41.2%) 10 (58.8%) 7 1 5 4

Poor 9 2(222%) 7 (77.8%) 2 0 5 2
Cholangoicarcinoma 46 0.425 0.309

Well 6 4(66.7%) 2(33.3%) 4 0 2 0

Moderate 29 13 (44.8%) 16 (55.2%) 13 1 12 3

poor 11 4(36.4%) 7 (63.6%) 4 1 2 4
Hepatocellular carcinoma 49 0.305 0.270

Well 5 5 (100%) 0 (0%) 5 0 0 O

Moderate 17 12 (70.6%) 5 (29.4%) 12 0 4 1

Poor 27 23(85.2%) 4 (14.8%) 23 0 3 1

Table 8: Comparison of the expression rate and level of plasa membrane localized EphA2
among three types of differentiation in eight caraiomas.No significance of the correlation
between expression rate of EphA2 and histologidcférdntiation was found in these eight
carcinomas, as well, the expression levels of Eplw&2e similar among three histological
differentiations for all carcinomas.
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Intracellular p Intracellular p
Tissue type expression value expression value
rates level
N - + -+

Esophageal squamous cell30 1.000 0.422
carcinoma 3

Well 20 0 (0%) 3 (100%) 0 0 1 2

Moderate 7  2(10%) 18 (90%) 2 o 7 11

Poor 1(14.3%) 6 (85.7%) 1 0 4 2
Esophageal adenocarcinoma 9 0.167 0.240

Well 1 0(0%) 1 (100%) 0 0 1 0

Moderate 1 0 (0%) 1 (100%) 0 0 1 0

Poor 7 5(71.4%) 2 (28.6%) 5 0 2 0
Cardial adenocarcinoma 22 0.146 0.636

Well 8 3(37.5%) 5(62.5%) 3 1 4 0

Moderate 4 0(0%) 4 (100%) 0 3 1 0

Poor 10 6 (60%) 4 (40%) 6 0 4 0
Stomach adenocarcinoma 24 0.714 0.651

Well 3 2(66.7%) 1(33.3%) 2 0 1 0

Moderate 5 3(60%) 2 (40%) 3 0 2 0

Poor 16 7 (43.8%) 9 (56.3%) 7 1 6 2
Colo-rectal adenocarcinoma 45 0.258 0.382

Well 6 5(83.3%) 1(16.7%) 5 0 1 0

Moderate 36 33(91.7%) 3(8.3%) 33 0 3 0

Poor 3 2(66.7%) 1(33.3%) 2 0 1 0
Pancreatic adenocarcinoma 27 0.240 0.245

Well 1 1(100%) 0 (0%) 1 0 0

Moderate 17 10 (58.8%) 7 (41.2%) 10 1 5 1

Poor 9 8(88.9%) 1(11.1%) 8 0 1
Cholangoicarcinoma 46 1.000 0.907

Well 6 2(33.3%) 4(66.7%) 2 0 4 0

Moderate 29 10 (31%) 19 (69%) 10 1 14

Poor 11 3 (27.3%) 8 (72.7%) 3 0o 7 1
Hepatocellular carcinoma 49 0.916 0.866

Well 5 3(60%) 2 (40%) 3 0 1 1

Moderate 17 18 (47.1%) 9 (52.9%) 18 1 6 2

Poor 27 15 (55.6%) 12 (44.4%) 15 2 7 3

Table 9: Comparison of the expression rate and level of inscellular EphA2 among three
types of differentiation in eight carcinomas.No significance of the correlation between
expression rate of EphA2 and histological differsian was found in these eight carcinomas,
and the expression levels of EphA2 were similar rgrihree histological differentiations for all
carcinomas.
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5. Discussion

5.1 The major findings in this work

The major findings in this work are that: 1) Ephééh be present either on plasma membrane or
in the intracellular part of normal and malignapitleelial cells, or both. 2) EphA2 was found to
be overexpressed in esophageal, cardia and paocesnocarcinoma in contrast to their
corresponding adjacent normal tissues. Furtherntbeelocalization of EphA2 differed in these
three carcinomas. It was overexpressed at thecaitudar part of malignant cells in esophageal
and cardia adenocarcinoma, but on the plasma memboh malignant cells in pancreatic
adenocarcinoma. 3) EphA2 was expressed in a heteeogs manner in various carcinomas.
Esophageal squamous cell carcinoma was found teegxphigher EphA2 than five types of
carcinomas, including cardia, stomach, coloregahcreatic adenocarcinoma and hepatocellular
carcinoma, though it expressed lower EphA2 thamabesophagus. More expression of EphA2
was displayed in cholangiocarcinoma than in cokaleadenocarcinoma. 4) No correlation
between the EphA2 expression degree and the histalodifferentiation was found in any of
the different kinds of carcinomas.

5.2 Regulation of EphA2 expression

As a transmembrane tyrosine kinase receptor, EptrAally controls many aspects of cell
behavior. In normal cells, EphA2 expression apptalse restricted to the intercellular junctions
between epithelial cells, where it binds ligandat thre anchored to the membrane of adjacent
cells. Ligand binding causes EphA2 to become phmydted and then internalized and
degraded, which results in the maintenance of aléeel of EphA2 expression on the surface of
cells. In malignant cells, due to the loss of Ekmxth expression or function, the normal
epithelial cell-cell contacts are often disruptedhich destabilizes EphA2 ligand binding and
thus EphA2 is able to redistribute across the sigiface and positively regulate malignant cell
growth and invasion in a non-tyrosine phosphorgatay [41].

The exact mechanism that governs EphA2 overexmredss yet to be fully elucidated. It has
been confirmed that EphA2 is a direct transcrigldarget of the Ras-MAPK pathway, and that
is overexpressed in Ras-transformed cells and s dRarexpressing transgenic mice [87, 88].

Thus, EphA2 is transcriptionally up-regulated dgrithe process of malignant transformation
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and progression, potentially as a result of abérganwth factor signaling originating through
another RTK. A number of studies have shown thahelmal growth factor receptor (EGFR)
activation regulates EphA2 expression in cancet. [B9ds also shown that EphA2 is a target
gene of the p53 family, and that an increase ofAZplranscript levels correlates with an
increase of EphA2 protein expression in respons®MA damage corresponds with p53
activation, providing another possible mechanismBphA2 overexpression [90]. In addition,
EphAZ2 is tightly regulated by homeobox transcriptiactors, some of which are up-regulated
during malignancy, and EphA2 could potentially b&am@et gene during this process [91]. Other
possible contributing factors to the abundance@iA2 in malignancies are gene mutation and
amplification, which have not been confirmed by @gio evidence [92].

In this study it was found that besides overexpoesfn several carcinomas, high levels of
EphA2 were also found on the plasma membrane imaloesophageal squamous epithelium
and in intracellular compartments in normal panticeductal epithelium, where higher EphA2
levels were observed than in their relative canmtias. No expression difference was found
between the normal and corresponding malignantelpims of stomach, colon-rectum, bile
duct and liver. These demonstrations seem contaaglito the scenario that EphA2 is commonly
absent or lower expressed in normal cells, comparedalignancies. Our point of view is that
several aspects may explain this phenomenon. Eiestiormal tissues recruited in our study are
adjacent normal tissues which means they come fitoemvery near surrounding region of
carcinoma lesions. Genetically, such kind of adjacemrmal tissues are not real representatives
of normal tissues and probably have already undergo series of chromosomal alterations
within the cells in some degree and therefore ldiegcted to a state of primary malignant
transformation. In addition to malignant transfotim@, gene mutation and amplification
contribute to the overexpression of EphA2. Secahdugh it is observed that EphA2 is
massively downregulated in normal adult tissue upitegulated in malignancy, decreased Eph
receptor expression in malignant cancer cell limed tumor specimens has also been reported.
For example, EphAl is downregulated in advanceddmuskin and colorectal cancers [93, 94].
EphB6 expression is lower in metastatic than notastatic lung cancers [95]. Recent studies
show that an initial Eph receptor upregulation, ekhis due to activated oncogenic signaling

pathways and other factors, can be followed by emtic silencing in more advanced stages
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owing to promoter hypermethylation [94, 96-98]. Asariptional repression, such as repression
of EphB2 by REL (a member of the nuclear factoB family) in colorectal cancer, may play a
part in Eph silencing [99]. The findings focusing other members of Eph receptor family
remind us that it is not surprising that we fouhe EphA2 expression level decreased in our
carcinoma specimens as well. Third, in normal atissues, expression of EphA2 is regarded to
be limited in those tissues having high proportdrlividing epithelial cells, such as skin, lung
and intestine [100]. The object of our researchesricted to digestive system organs where
many kinds of constantly dividing epithelium argiig. Furthermore, there is one study that
showed that EphA2 was strongly expressed in nooolan epithelium and played a significant
role in controlling colon crypt maturation, whichpartly consistent with our results [61].

5.3 Three steps for identifying EphA2 for targetingstrategy

5.3.1 Organ targeting

An active targeting may include three levels ofiatt first, organ targeting; second, cell
targeting; third, intracellular targeting. As thest level, an organ screening aims to define organ
types that are potentially particularly suitable e targeted based on a specific targeting
molecule. In this work it was found that only liedt organs are accessible for a further EphA2
targeting project. It seems that most digestiveesystissues lack a favorable contrast between
normal and tumor tissue. As shown in table 5, notrest of the EphA2 expression between
normal and carcinoma tissues was identified in stm colon-rectum, bile duct or liver.
Although esophageal squamous cell carcinoma hastittiegest expression of EphA2 compared
to other carcinomas as shown in figure 7, esoph&ymet suitable as an organ target either,
because normal esophagus expressed even more Ephplasma membrane than esophageal
squamous cell carcinoma (see table 5). Overalgxgansion of the tissue type from digestive
system tissues to other human tissues is obvimesigssary.

5.3.2 Cell targeting

Initially, EphA2 was first discovered in adult dpatial cells. Later studies showed that not only
did tumor epithelium express a high level of EphARi tumor endothelium also expresses
EphA2. A survey of EphA2 expression pattern in turwasculature revealed that EphA2
receptor and EphrinAl ligand were consistently ezped in tumor associated endothelium from

a variety of tumors [73]. Accordingly, EphA2 nulhdothelial cells failed to undergo cell
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migration and vascular assembly bathvitro andin vivo [101]. Tumor growth, angiogenesis,
and metastasis were significantly inhibited in tusnorthotopically grafted to EphA2 deficient
recipient mice [77]. In addition, EphA2 was idemtf as an important mediator of vasculogenic
mimicry in highly aggressive uveal and cutaneousamama cells. Downregulation of EphA2
expression, using anti-sense oligonucleotide tdolgyoinhibited vasculogenic mimicry by
aggressive melanoma cells [102]. These data denat@ghat not only EphA2 is expressed in
tumor endothelial cells, but also it plays a fuocél role in tumor neovascularization that
constitutes the most important part of tumor mioke@nment.

This study revealed that in digestive system maligies, EphA2 seemed preferentially being
presented in squamous epithelial cell among vampitheliums. This conclusion is based on the
results that the malignant squamous epithelium sopbageal squamous cell carcinoma
expressed highest level of EphA2 in contrast witl mon-squamous malignant epitheliums in
five other types of carcinomas (see figures 6T@)confirm this postulation, further detection of
EphA2 expression in other malignancies and compariztween squamous cell malignancies
and non-squamous cell malignancies in these tissugesecessary, such as comparison between
lung squamous cell carcinoma, cervix squamous cattinoma and skin squamous cell
carcinoma on the one hand, and non-squamous ceihomas on the other hand.

That EphA2 can be expressed both in tumor cells ianendothelial cells makes EphA2 an
excellent target for forming a “one stone, two birtumor targeting strategy. That means both
tumor and tumor microenvironment can be targetédeasame time using one specific target.
5.3.3 Intracellular targeting

One of the most obvious strategies in tumor intlalee targeting is to couple chemotherapeutic,
or radioactive and genetic therapeutic agents tgeting vehicles (selective agents) such as
antibodies and peptides. By conjugating these yemes, the conjugate then may be used either
as a contrast agent for molecular imaging or iatinents as chemotherapy, radiotherapy, and
gene therapy. Receptor-mediated endocytosis isobrtbe main access for the intracellular
localization of antibodies or peptides to carry initacellular targeting. After binding to receptor
targets on the plasma membrane, targeting ageptsemabled to translocate over plasma
membrane and arrive in the inner parts of cellser@ithe conjugates are released to perform

their desired functions. In this regard, the plasmambrane location of targets is of great
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importance. To date, most EphA2 targeting stratepesed their actions on receptor-mediated
endocytosis, demanding high presentation of menebl@ralized EphA2 receptors. For example,
EphA2 agonistic monoclonal antibodies inhibit maégt cell behavior by promoting EphA2
receptor phosphorylation, internalization and sghbseat degradation [43, 82]; EphA2 targeted
immunoconjugates translocate therapeutic or rati@agents into cells by EphA2 mediated
endocytosis [84, 85]; adenovirus vector-mediatedrei®n of soluble EphrinAl-Fc elicits
EphrinA1-EphA2 tumor inhibitory forward signalinglfowed by EphrinAl-EphA2 compound
internalization [49]; small molecule inhibitors blo the receptor and ligand interactions by
occupying ligand binding domain in membrane-ancti@phA2 receptors [103].

However, along with the cell-penetrating peptidessén emerged in recent years, plasma
membrane localization of targets has not been dersil a prerequisite for executing successful
intracellular targeting [104]. Owning an excellgmérmeability and independence of plasma
membrane receptors, cell penetrating peptides aie # directly penetrate the plasma
membrane via an energy-independent pathway with bificiency and subsequently bind to
targets inside the targeted cells [105].

The high permeable cell-penetrating peptides pmwadvery convenient way for targeting
molecules which attach themselves to the inner sfdeells, thereby expanding the applicable
scale of targeting therapy and imaging. The difiget localization of EphA2 receptor in cells
makes it possible to respond to a variety of tamgehgents that alternatively target molecules
either on plasma membrane or at the intracellldargartment. In this study it was demonstrated
that EphA2 was overexpressed in three carcinomadiferent locations. Esophageal
adenocarcinoma and cardia adenocarcinoma overaeor&phA2 at the intracellular part, while
pancreatic adenocarcinoma overexpressed EphA2asmpl membrane. Based on the above, we
propose that an overexpression/localization-dep#nplethway be seen as a rational foundation
for choosing targeting agents for EphA2. For examfir carcinomas that overexpress EphA2
on the plasma membrane such as pancreatic ademoras; non-cell-penetrating
EphA2-activating ligand peptides or antibodies wiolog the ideal agents for targeting, while for
carcinomas overexpressing EphA2 inside cells sschsaphageal adenocarcinoma and cardia
adenocarcinoma, cell-penetrating peptides wouldhlbemost suitable candidates for targeting

agents. Additionally, for carcinomas presenting rexpression of EphA2 at both sites, a
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combination of non-cell-penetrating EphA2-activgtiligand peptide and cell-penetrating
peptide seems to be the most effective targetipgoagch.

5.4 Correlations between EphA2 and tumor differentation

Many studies investigated the correlation betwephA2 and clinicopathological parameters in
a variety of tumors. The results vary across tipe tyf tumor. Among them, a strong correlation
was demonstrated between a high level of EphA2 esgion and metastasis in cancers,
including ovarian cancer, colorectal cancer, bre@mcer, esophageal cancer and pancreatic
cancer[106-110]. Least correlation was shown batwbe elevated EphA2 expression and the
histological differentiation of lung cancer, storhatancer, pancreatic cancer, colorectal cancer
and esophageal squamous cell cancer[92, 106, 1d7,112]. With the limited information
available, the correlation between EphA2 and ttstological differentiation in our carcinoma
samples was analyzed and found to be of no sigmiéie in any carcinoma, which was consistent
with the results from other studies. However, ratimeeven samples were involved in each kind
of differentiation group, which may have possibtypiacted the final statistical conclusion. A
solution will require the extension of the sampiegesand a balanced sample in each
differentiation group.

5.5 Perspective

The unique dual function of the EphA2 receptorumorigenesis and angiogenesis makes it a
very attractive target. In general, there are astléwo ways in which EphA2 can be targeted
with respect to cancer therapy and diagnostics. fliseé involves taking advantage of the
tumor-promoting function of EphA2 to modulate trehhvior of tumor cells and suppress tumor
growth and malignant progression. The second ireslysing the EphA2 receptor as a way of
delivering agent to tumor cells and the associasstulature in the form of either exogenous
drugs or endogenous immune cells.

With regard to function-based EphA2 targeting, Wiketto pursue EphrinAl ligand based
therapeutics or take an approach that involvestkieockdown of EphA2 expression is rather a
dilemma. Ligand based approaches, such as delfdtphrinAl ligand peptide to tumors, have
the advantage of potentially inducing tumor-supgiressignaling through EphA2 in tumor cells,
as well as further preventing the tumorigenic eéffeaf EphA2 by down-regulating the receptor.

On the other hand, one must exercise caution i viethe function of EphrinAl ligand peptide
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in promoting angiogenesis through endothelial agkcific EphA2. For targeting tumor
vasculature, the best approach may likely be teeeiinterrupt the EphA2-EphrinAl interaction
by using a blocker such as EphA2-Fc or knockdowiE@hA2 in endothelial cells. From this
point of view, the most rational approach may beedati knockdown of EphA2 receptor
expression that would potentially be effective @moving both the powerful oncoprotein from
tumor cells and from tumor endothelial cells.

Another targeting scenario is to use the transman®localized EphA2 receptor as a
recognizing site for delivery of ligand-peptide eédgherapeutic or diagnostic agents to tumors.
An advantage of these targeting agents is thatfamgtion elicited by the interactions between
ligand peptides and EphA2 receptors is likely toitbelevant, as the targeted cell is nearly
immediately destined to die.

Although cell-penetrating peptides (CPPs) havegetpotential to translocate a variety of agents
into the intracellular compartment, they still ladell specificity which remains a major
challenge for future applications in tumor molecuaaging and therapy. Indeed, most cells will
internalize the CPP agent when they come in contébtit. As a consequence, the CPP agent
will be taken up in the wrong cells and then insezaormal cell toxicity severely and/or reduce
imaging contrast significantly. Thus, as to tanggtihe intracellularly localized EphA2 receptor,

efforts should be aimed first at elevating cell@spaty.
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7. Appendix

7.1 Immunohistochemial staining pictures of snap fsizen tissues
7.1.1 Esophagus
7.1.1.1 Normal esophagus
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7.1.1.2 Esophageal
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7.1.1.3 Esophageal adenocarcinoma
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7.1.2 Stomach
7.1.2.1 Normal stomach
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7.1.2.2 Stomach adenocarcinoma
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7.1.3 Colon-rectum
7.1.3.1 Normal colon-rectum
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7.1.5 Liver
7.1.5.1 Normal |
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7.2 Immunohistochemical staining pictures of formah fixed paraffin embeded tissue micro
arrays (TMA)
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7.2.1 Esophagus
7.2.1.1 Normal esophagus (corresponding to the TMA dlide of esophageal squamous cell
carcinoma)
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7.2.3 Stomach
7.2.3.1 Normal stomach
o f b e

7.2.3.2 Stomach adenocarcinoma
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7.2.4 Colon-rectum
7.2.4.1 Normal colon-rectum
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7.2.5 Pancreas

7.2.5.1 Normal pancreas
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7.2.5.2 Pancreatic adenocarcinoma
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7.2.6 Liver
7.2.6.1 Normal liver
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7.3 Abbreviations

mg Milligram

ug Microgram

ul Microliter

min Minute

mi Milliliter

mM Millimole

M Mole

um Micrometer

nm Nanometer

sec Second

Vv Volt

kDa Kilodalton

rpm Revolutions per minute
APS Ammonium persulfate
Akt Protein Kinase B

BL22 Anti-CD22 immunotoxin fusion protein (murine

anti-CD22 disulfide-linked Fv (dsFv) antibody
fragment was fused to an edited copy of bacterial
Pseudomonas exotoxin PE38)

BSA Bovine serum albumin
CD20 Cluster of differentiation protein-20
CD22 Cluster of differentiation protein -22

CD3 Cluster of differentiation protein -3
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cDNA Complementary DNA

DAB 3,3'-Diaminobenzidine

Erk Extracellular-signal-regulated kinase
ERBB2 Human epidermal factor receptor 2
Fak Focal Adhesion Kinase

HER2 Human epidermal factor receptor 2
H-Ras GTPase Hras

H202 Hydrogen peroxide

lgG Immunoglobulin G

IHC Immunohistochemistry

Mek1 Mitogen-activated protein kinase-1
PDz An acronym combining the first letters of three

proteins: post synaptic density protein (PSD95),
drosophila disc large tumor suppressor (DIlgl), and
zonula occludens-1 protein (zo-1)

PBS Phosphate buffered saline

Racl Ras-related C3 botulinum toxin substrate 1
RHOA Ras homolog gene family, member A

Src Proto-oncogene tyrosine-protein kinase
SDS Sodium dodecyl sulfate

TBST TBS with Tween 20

Tris Tris(hydroxymethyl)aminomethane
TEMED N,N,N',N'-Tetramethylethylenediamine

VEGF-A Vascular endothelial growth factor-A
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7.4 Figure index
Figure 1. Representative figures for evaluatingngtg intensity and the positive area in tumor

Figure 3: The consistent incidence of EphA2 in immhistochemical staining and western

DOt e 024

Figure 4: The consistent incidence of EphA2 in immhistochemical staining and western
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Figure 5: The consistent incidence of EphA2 in immhistochemical staining and western
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Figure 6: Membrane and intracellular expression esatof EphA2 in eight
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Figure 7: Membrane and intracellular expressionelevof EphA2 in eight carcinoma
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7.5 Table index
Table 1. Comparison of advantages and disadvantafjgseptide as a selective agent for

targeting strategies as compared with antibodies. . ..o 4

Table 2: IRS values calculated using the formulalR$ = Sl (the point’s value)x PP x

Table 3: Comparison of three models of cellularalzation of EphA2 between normal and
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Table 4. Comparison of the expression rate of EphiA2 normal versus carcinoma.
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Table 5: Comparison of the expression level of Ephletween normal and carcinoma
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Table 6: Comparison of the expression rate of EpimAgach pair of carcinomas.................. 31
Table 7: Comparison of the expression level of EpimAeach pair of carcinomas..................... 33

Table 8: Comparison of the expression rate andl lei/¢plasma membrane localized EphA2
between three types of differentiation in eight
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Table 9: Comparison of the expression rate and levimtracellular EphA2 among three types

of differentiation in ight CarCiNOMAS. .......c..veiiiiieie e e et e e e ee e e eaeas 36
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