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ABSTRACT

Several gastrointestinal and gynecological tumors have the potential to spread and
develop in the peritoneal cayitCarcinomatosis is characterized by dissemination of
tumor cells within the peritoneum. The peritoneum is covered by a layer of
mesothelial cells forming a neadhesive protective surface involved in fluid transport

as well as in antigen presentation,agolation and fibrinolysis. In pathological
conditions, the peritoneal wall loses its biological properties and becomes a favorable

ground for the implantation of tumor cells.

The influence of chemotherapy on phenotypic changes in tumor cells of cancerous
nodules was studied. Before treatment, all neuronal markers except NSE and S100
protein were found negative in primary tumors. In the proliferative zone of post
operative samples, NSE and S100 protein markers persist with any other neuronal
markers. In comast, in degenerative nenoliferative zone, we found all neuronal
markers except synaptophysine and dramatically decreased infiltrated immune cells.
These results are in favors of differentiation of poorly differentiated ovarian cancer
cells to other 8sue with no proliferation potential.

We reported for the first time that the pattern of expression of thrombopoietin (TPO)
gene in ovarian cancer cells (OVCAR is similar to that observed in the liver. The
supernatant of OVCAR cells can replace exogams TPO and inhibit apoptosis of
the TPQdependent cell line (Ba / F3) suggesting that TPO produced is functional.

For the first time, we studied the role of heparanase secreted by cancer cells in
epithelial to mesenchymal transition (EMT) and as an indwéefibrosis. High
expression of heparanase (HPSE) mRNA and protein was found in gastric signet ring
cell adenocarcinoma (SRCA) tumor and ascites as well as in KINT&Il lines.
Beside of collaget, growth factors (TGH 1 a n d-A, éXEdptH-GR2) ard EMT

mar kers (Snail ;SMMSand Fibronedtin,negcept-Eadherin) Were
found higher in main nodule of SRCA as compared to peritumoral sites. Among
MDR proteins involved in chemoresistance, MRRand LRP (lung resistance
protein) were stronglgxpressed in tumor cells. After treatment of KATIOwith a
heparanase inhibitor (suramin), cell proliferation and markers associated with EMT,

in addition to the expression of collagénwere decreased. HPSE as well as stem cell



markers decreased whegells were incubated with agents inducing cell

differentiation.

We explored the effect of microenvironment on mesothelial layer hemostasis and
fibrin deposition involved in adhesion and dissemination of cancer cells. Our results
demonstrated that the miemvironment in carcinomatosis leads to changes in the
mesothelial cells: 1) modification of their morphology, 2) increase of EMT markers,
3) modification of their behavior related to increased secretion of neprilysin, MMP2,
TF as well as different cytokisge4) detachment of peritoneal cells, and 5) increase of
interleukins 6 and 8, HGF (hepatocyte growth factor) expression of mRNA and
protein responsible for leukocyte chemotaxis. Cancer cells clusters in ascites have
been shown to be associated with filbaigposition. We also observed that expansion
of fibrin fiber filaments inhibits the adhesion of cancer cells to the peritoneal surface,
leading to the appearance of cellular clusters.



RESUME

Plusieurs tumeurs gastiotestinales et gynécologiques ont le potentiel de se
disséminer et de se développer dans la cavité péritonéale. La carcinose est caractérisée
une dissémination des cellules tumorales a l'intérieur du péritoine. Le péritoine est
recouvert par une couche de cellules mésothéliales formant une surface protectrice
nonadhésive impliquée dans le transport des fluides ainsi que dans la présentation de
l'antigene, la coagulation et la fibrinolyse. Dans les conditions pathologiqueespia
péritonéale perd ses propriétés biologiques et devient un terrain favorable pour

| 6i mpl antation des cellules tumoral es.

L'influence de la chimiothérapie sur les modifications phénotypiques dans les cellules
tumorales des nodules cancéreuses a étdiéétuAvant le traitement, tous les
marqueurs neuronaux a lI'exception des protéines NSE et S100 ont été trouvés négatifs
dans les tumeurs primaires. Dans les échantillons-qupa#statoires et apres
chimiothérapie, au niveau de la zone proliférative, lesqoeurs protéiques NSE et

S100 persistent. En revanche, dans la zone non proliférative dégénérative, nous avons
trouvé tous les marqueurs neuronaux sauf synaptophysine et diminué
considérablement les cellules immunitaires infiltrées. Ces résultats samtezm tle

la différenciation des cellules cancéreuses de l'ovaire peu différenciées en d'autres

tissus sans potentiel de prolifération.

Nous avons rapporté pour la premiére fois que le profil d'expression du géne de la
thrombopoiétine (TPO) dans les celkileancéreuses de l'ovaire (OVCAR est
similaire a celui observé dans le foie. Le surnageant des cellules O8Ozt
remplacer la TPO exogéne et inhiber l'apoptose de la lignée cellulaire TPO

dépendante (Ba / F3) suggérant que la TPO produite estoionelie.

Pour la premiére fois, nous avons étudié le rble de I'néparanase sécrétée par les
cellules cancéreuses dans la transition épithéliale a mésenchymateuse (EMT) et
comme un inducteur de la fibrose. Une expression élevée de 'ARNm de I'héparanase
(HPSE) et de la protéine a été trouvée dans l'adénocarcinome gastrigue signet ring
cell (SRCA) et dans les ascites ainsi que dans les lignées cellulaires-KIAR@O6té

du collagene I, des facteurs de croissance (bGEt VEGFA) et des marqueurs de
transifon mésenchymateuse épithéliale (EMT) (vimentidé&SMA et fibronectine,

sauf Ecadhérine) ont été trouvés plus élevé dans le nodule principal de SRCA que



dans les sites péritumoraux. Parmi les protéines MDR impliquées dans la résistance a
la chimiothérape, MDR-1 et LRP (protéine de résistance pulmonaire) étaient
fortement exprimées dans les cellules tumorales. Apres le traitement de-KATO
avec un inhibiteur de I'héparanase (suramine), la prolifération cellulaire et les
marqueurs associés a I'EMT, autfexpression du collagerie ont été diminués.
HPSE ainsi que les marqueurs de cellules souches ont diminué lorsque les cellules

étaient incubées avec des agents induisant la différenciation cellulaire.

Nous avons exploré l'effet du microenvironnememt khémostase de la couche
mésothéliale et le dépdt de fibrine impliqués dans I'adhésion et la dissémination des
cellules cancéreuses. Les résultats démontrent que le microenvironnement dans la
carcinomatose entraine des modifications des cellules mialetfrél) modification

de leur morphologie, 2) augmentation des marqueurs EMT, 3) modification de leur
comportement lié a une augmentation de sécrétion de neprilysin, MMP2, TF ainsi

gue différentes cytokines, 4) détachement des cellules du péritoind) et
augmentation des interleukines &t 8, de | 6HGF (facteur
hépatocytes) et augmentation de expression de I'ARNm de la protéine responsable du
chimiotactisme de | eucocytes. Des amas de
sesont révélés associés a des dépots de fibrine. Nous avons également observé que
'expansion des filaments de fibre de fibrine inhibe l'adhérence des cellules
canc®reuses ° |l a surface p®riton®al e, en
| 6ascite.
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INTRODUCTION

Chapter 1: Cancer Statistics

1. Cancer

Cancer is not a new disease and has afflicted people throughout the world. The word
cancercame from a Greek words karkinos to describe carcinoma tumors by a
physician Hippocrate@60 370 B.C), but he was not the first to discover this disease.
Some of the earliest evidencd human bone cancer was found in mummies in
ancient Egypt and in anciemanuscriptsl at es about 1600 B. C.
documented case cancer hails from anciefgypt in 1500 BC and it was recorded

that there was no treatment for the cancer, only pallidgte@ment. According to
inscriptions, surface tumors wesargically removed in a similananner as they are

removed todayl].

Cancer is the second leading cause of death in the world after cardiovascular diseases
in both more and less economically developed countries; the burden is expected to
grow worldwide due to the growth and aging of the population, particularly in less
devel oped countries, in which d2.dhete 82 %

are limited published data on recent cancer incidence and mortality trends worldwide.

Carcinogenesis is a multistep process that results from genetic alterations that underlie
the transformation ohormal cells into malignant derivatives. In fact, the genafe
tumor cells is altered at several sites as a result of pounations or changes in
chromosome integrity. It is nowccepted that cancer arises from a succession of
genetic alterations that confer growth advantages leading to phegressive

conversion of normal cells into cancer c¢lk
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2. Gastric cancer

Stomach cancer is the fifth most common cancer worldwide, with an estimated 952
000 new cases (7% of total cancer incidence) and 723 000 deaths (@& oancer
mortality) in 2012. Almost three quarters of the new cases occurred in Asia, and more
than two fifths occurred in China. There is a-faldl international variation in
stomach cancer incidence; rates in men are approximately double thosesdbser
women. The highest aggandardized incidence rates are in East Asia and central and
Eastern Europe. Incidence rates tend to be relatively low in Africa and in North
America. The case fatality rate is lower in countries with high levels of human
dewelopment (overall mortalityo-incidence ratio, 0.65)han in countries at low or
medium levels of human development (0.83). Over the past 50 years, incidence and
mortality rates of the nonardia type of gastric cancer have been uniformly
decreasing in atost all countries; rates of gastric cardia cancer have, however, been
stable or increasing in the past two to three deda@des

There is several classification systems used for stomach cancer around th& world

main classification systems are used.
2.1. Lauren classification

The Lauren classification is based on how the gastric tissue looks and behaves when
examined uner a microscope. This is the system most often useésiride how
adenocarcinoma tums, the most common type of stomach cancer, look and behave.

The Lauren classification divides adenocarcinoma of the stomach into 2 main
typeg5]:

1 intestinal typg Tuma cells are well differentiated, grow slowly and tend to
form glands. This type is found more often in men than in women and occurs
more often in older people.

1 diffuse typei Tumar cells are poorly differentiated, behave aggressiaaty
tend to scatter throughout the stomach (rather than form glands). This type
spreads to other parts of the body (metastasizes) much quiakentéstinal
type tumas. The diffuse type occurs equally among men and women and

tends to develop at a younigege than the intestinal type.
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In this system there may also be a mixed type of adenocarcinoma of the stomach,

made up of both intestinal and diffuse types.
2.2. WHO classification

The2010World Health Organization (WHO) classification goes into moraibtbet
groups than the Lauren classificafioh There are 5 main types of stomach cancer in
the WHO classification.

1 tubular adenocarcinonmaThis is made up of different sized small branching
tubes (tubules).

1 papillary adenocarcinomiaThis tumour grows outward from the stomach
wall and cantains fingetlike growths that stick out into the stomach cavity.
The cells tend to look and behave much like normal cells.

1 mucinous adenocarcinonial here is a lot of mucin (the main substance in
mucus) outside of the cancer cells.

1 poorly cohesive carcamas (includingignet ring cell carcinomaand others)
I These are arranged into clumps of cancerous cells.

1 mixed carcinomd This contains a mix of types of adenocarcinomas of the

stomach.
2.3. Gastric Cancer in Europe

Gastriccancer is the sixth most common cancer in Europe, with more than 139,000
new cases diagnosed in 2012 (4% of the total). In Europe (2012), the highest
World agestandardized; théncidence rates for stomach cancer are in Belarus for
men and Albania for woen; the lowest rates are in Sweden for both men and
women. UK stomach cancer incidence rates are estimated to be the fifth lowest in
males in Europe, and fourth lowest in femdlds These data are broadly in line with

Europespecific data available elsewh¢&}.

2.4.Gastric signet ring cell adenecarcinoma (SRCA)

Signetring cell carcinoma (SRCA), a unique subtype of mymoducing CZ>

adenocarcinoma, can arise from virtually all organs. However, more than 90°/<Eof
. )

cases of human SRCAs arise from the colon, stomach and [@€ddt It has been 8

reported that 29% of patients with gastric cancer had a signet ring cell type tqur
pa
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histology [9]. Gastric signet ring cell carcinoma (SRCA) is defined as an
adenocarcinoma in which the majority (>50%) consists of isolated or small groups of
malignant norcohesve cells containing intracytoplasmic mucid2]. In SRCA,
stomach wall becomes thickened, rulybend loses its ability to distend. The stomach
assumes a "leather bottle” shape. It is most often seen in adenocarcinoma of the
stomach. The term is often used synonymously with diffuse adenocarcinoma of the
stomach. Gastric SRCA progression preferenfalinvolves lymph nodes and
peritoneal surfacefd 3]. Signet ring cell cancer of the stomach occurs at a relatively

high frequency in females and in young patig¢fis

A downregulation of epithelial cadherin is essaintfor the initiation, and
progression of gastric signet ring cell cancer cells. Once gastric cells- lose E
cadherin, they have an increase in motility due to epittiméakbnchymal
transition. A strong correlation in the mutatiohSnail, Slug, and Twist as well as an
activation of t he phosphati dyl i-catersni t o |
signaling pat hway, and transforming

associated with the pathogenesis of gastric signgtcell cancef14].

Figure 1. Histopathology of gastric signet ring cell adenocarcinoma.

A stomach with thickened and rubbery wall having a "leatheteathape as shown

at the arrow (A), Bnet ring cell pattern of adenocarcinomawhich the cells are

filled with mucin vacuoles that push the nucleus to one side, as shown at the arrow

(B).
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2.5.Fibrosis induced by SRCA

Gastric signet ring cell adenocarcinoma is characterized by carcinoma cell
proliferation and infiltration with exten
peritoneum frequently. Fibrosis is a complex tissue disease whose predominant
characterists are the excessive and abnormal deposition of extracellular matrix
(ECM) component§l5, 16] that may affect various organs, including lusigmach,

liver, kidney and skinTAKENOSHITA, S., et ahyestigated histochemicaglation
between the mucirproduction and the fibrouseaction in SRCA They found
alterations inmucin productionduring the genesis of signeng cells[17]. It has been
reported that TG 1stimulates the fibrotic changes BRCA [18]. It has been
reported that TG#HB1 moleculesecreted in culture media of KATFM cell line
stimulated collagen synthesis forterstitial fibrosiswhich was later confirmed by
immunohistochemically18].

3. Ovarian Cancer

Ovarian cancer begins in the ovaries. Ovaries are reproductive glands found only in
females (women). The ovaries produce eggs (ova) for reproduction. The eggs travel
through the fallopian tubes into the uterus where the fertilized egg implants and

develops into a fetus. The ovaries are also the main source of the female hormones

estrogen and progesterone. One ovary is on each side of the uterus in the pelvis.

The ovaries are made up of 3 main kinds of cells. Each type of cell can develop into a
different type of tumor:

1 Epithelial tumors start from the cells that cover the outer surface of the ovary.
Most ovarian tumors are epithelial cell tumors.
Germ cell tumors start from the cells that produce the eggs (ova).
Stromal tumors start from structurague cells that hold the ovary together

and produce the female hormones estrogen and progesterone.

3.1. Epithelial ovarian cancer

UCTION

Epithelial ovarian cance(EOC) is a common gynecologic cancer in develope@

. L o .
countries, and is either the most common or second most common gynecolegic
Z
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malignancy[19]. Neoplaams from the surfae epitheliumof the ovary exhibit a
variety of Mullerian-type cells, includingserous, mucinous, endometdpiand clear
cell, reflecting a&common pathway in embryolagil development.

Fallopian tube Uter, us

Endometrium

Figure 2: Histological subtypes of epithelial ovarian cancer

In the westerrworld, EOC is the most lethglynecologic cancer, accountify more
deaths than endometriand cervical cancer combinefipread of the disease viaet
lymphatics and by peritoneahplantation is not assatied with any specific signs or
sympobms, and the vast majty of women are diagnosed witldisseminated
intraperitoneal arcinomatosis (FIGO Stage IlAlso contributing to the high
mortality is the advanced age @iignosis (median 6@ears), with an increase after
menopause. While ultrasnd and computerized tomograare useful in definition of
sites of bilk disease, surgical evaluatios necessary for acate staging and to
remove largemetastases (cytoreduction). ®uo the propensity for diffusemalt
volume disease, surgery is rgreable to render patientslisease free, and —
postoperative chemotherapy is usuakyuired. While overall mortality rates have,C:)
remained relativelgonstant for the past two to tleredecades, fivgear survivakates
have increased from 30# the 1960s t@ver 50% in thgast several yeaf20].
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3.1.1. Etiology and cellular mechanism of epithelial ovarian cancer

Consistent epidemiological @atindicate that the risk of EO@creases with the
number of ovlatory events. For the last fedecades, two major theories, the
incessant ovulatiof1] and the gonadotropihypothesef22], have been proposed to
explain the same epidemiologicalata [23]. The incessat ovulation hypothesis
postulates that the repét# wounding and recurring cellproliferation in
postovulatory repair ofthe ovarian surfaceepithelium result in mutations
accumulating in the epithelialcells and ultimately tumor foration. This
straighforward and conceptually obvious explation easily gained acceptance.
Support for this concept was also provided by latmy experimentslemonstrating
spontaneas transformation of rat ovariarsurface epithelial cells fowing
pronlonged subculturinfR4]. The passaging of theells in culture mimics repeated
injury and proliferative repair ofovarian surface epitheliundue to incessant
ovulation. Recent experimental evidemcsupports the idea that highevulatory
activity is associatk with more inclusion cysts another changes in the ovarian
suiface, such as invaginations.has been suggested that these inclusysts are a
fertile environmentfor ovarian cancerdevelopment[25]. In support of this
hypothess, many (but not all) studies othe ovaries of ovarian caneprone
individuals, i.e., womenvith a family history of ovaan cancer and/or a deleterious
BRCAL or BRCA2 mutation, have reported matenges irtheir surface epithelium

than ontrol ovarie426].

The gonadotropin theory postudat that the surges of pituitagonadotropins that
initiate each ovulation and persisthigh levels for gars following menopause also
stimulate theovarian surface epithelial cefsd induce cell transformatioAbundant
epidemiological data arghimal models exist to suppdhis idea[22]. Gonadotropins
have unremarkable effects on ovarian surface epithelial cellsculture. Thus,
inflammation of the warian epithelium was suggested a mechanism by wdhn
gonadotropin stimulation anolvulation contribute to warian cancer risk27], since
inflammation is awell-known factor contributingo cancer[28]. Ovulation is an
inflammatory like process involving mtiple cytokines and proteolytenzymes, and
their actions ulmately lead to tissue ruptuf29]. Inflammation caralso provide an
explanation forthe increased risk associatedthwtalc and asbestos exposure
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endometriosis and pelvimflammatory disease, and mumpgal infection. The
ovarian efthelial inflammation caused kgvulation or other factors ay contributeo

cancer risk byncreasing mutations in epithdlieells, as suggestdd0].
4. Global cancer statistics

Cancer constitutes an enormous burden on societyore and less economically
developed coutries alike. The occurrence cfncer is increasing because of the
growth and aging of the population, as well as an incregseglence of established
risk factors such as smoking, overweight, physical inactivismd changing
reproductive patternssaociated with urbanization aedonomic development. Based
on GLOBOCAN estimates, about 14.1 million new cancer casels 8.2 million
deaths occurreish 2012 worldwidg31]. Over the years, the burden has shifted to less
developed countries, whicturrently account for about 57%f cases and 65% of
cancer deaths worldwide. Lung cancetths leading cause of cancer deatnong
males in both more anldss developed countries, and has surpassed breast cancer as
the leading cause of cancer deathong females in more developsalintries; breast
cancer remains the leading cause of cancehdmaiong females ifess developed
countries. Otheleading causes of cancer death in more developed couintrlade
colorectal cancer amongales and females and prostat@ncer among males. In less
developed countries, liver and stomach cancer amongsnadl cervical cancer
among femalesre also leading causes of cancer death. Although incidence rates for
all cancers combined are nearly twice high in moredeveloped than in less
developed countries in both males and females, mortality rates ar&%rity 15%
higher in more developetbuntries. This disparity reflects regional differences in the
mix of cancers, which is affected by risk fast@nd detectiopractices, and/or the
availability of treatment. Risk factors associatedhwthe leading caes of cancer
death include tobaccouse (lung, colorectal, stomach, and liver cancer),
overweight/obesity and physical inactivity (bs¢ and colorectal cancer), and
infection (liver,stomach, and cervical canc2).
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Estimated New Cases

Estimated Deaths

Male Female Male Female
Lung, bronchus, trachea Breast Lung, bronchus, trachea Breast
1,241,600 1,098,700 521,900
Prostate 1,676,600 Liver Lung, bronchus, treachea
1,111,700 Colon, rectum 521,000 491,200
Colon, rectum 614,300 Stomach Colon, rectum,320,300
746,300 Lung, bronchus, trachea 469,000 Cervix uteri
Stomach 583,100 Colon, rectum 265,700
631,300 Cervix uteri 373,600 Stomach
Liver 327,600 Prostate 254,100
554,400 Stomach 307,500 Liver
Urinary bladder 320,300 . Esophagus 224,500
330,400 Corpus uteri 281,200 Pancreas
Esophagus 32)2:600 Pancreas 156,600
323,000 ay 173,800 Ovary
Non-Hodgkin lymphoma 238,700 Leukimia 151,900
217.600 Thyroid 151,300 Esophagus
Kidney 22?,900 Urinaly bladder 119,000
213,900 Liver 123,100 Leukemia
. 228,100 :
Leukemia Non-Hodgkin Iymphoma Non-Hodgkin lymphoma 114,200
200,700 115,400 All sites
All sites* ;ﬁggiltg; All sites* 3,549,200%
7,427,100 6.663.000 4,653,400

Figure 3: Estimated New Cancer Cases and Deaths Worldwide by Sexear| of
Economic Developmerjg]

*Excluding normelanoma skin cancer§ource: GLOBOCAN 2012

5. European Union statistics related to canae

Europe carries a significant load of the global burden, with one quarter of the global
burden of cancer observed in Europe in 2008 despite a total population that comprises

oneni nth of the [8038)]] dés popul ati on

Thetimely and comparative situation analysis of the cancer burden in Europe reveals
variations in incidence and mortality rates. These reflect variability in the national
health system policieshe varying prevalencef risk factors between countries and
regions, and disparities in human development and the effective delivery of cancer
control measures. Strategies to reduce the extent of the disease burden otr the
continent evidently need to be established locally, dftect the profile of the %
observed cancer rates in each European country and in comparison with the pattgn in

other countriesApproximately,3.45 million new cases and 1.75 million deaths fron%
|_
zZ
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cancerwere estimatedn Europe in 2012. In combination, cams of the female

breast, colorectal, prostate and lung represent almost half of the overall burden of
cancer in Europe. The same diseases are also major causes of cancer death in Europe
in 2012, with stomach and pancreatic cancer ranking 4th and 5tlctiesye ahead

of prostate cancer.

A Incidence Mortality

Incidence Mortality

Figure 4. Distribution of the expected cases and deaths for the 5 most common
cancers in Europe 2012 in males (A) and femalés [Br each sex, the area of the
segment of the pie chart reflects the proportion ofdted number of cases or deaths

[8].

INTRODUCTION

=
o



Number of

Share of all deaths

Standardised death rate

deaths
Total Males Females Total Males Females Persons Persons
0 (per 100 000
(number) % inhabitants)

EU-28 1,294,194 26.0 29.3 22.7 265.1 354.6 202.7 80.8 1,026.1
Belgium 27,361 25.2 28.6 21.9 259.5 3454 2005 75.0 1,021.1
Bulgaria 18,169 175 19.9 14.8 245.9 3445 174.9 102.9 836.4

Czech Republic 27,108 24.9 274 22.3 289.7 389.2 2235 86.2 1,129.4
Denmark 15,256 29.2 30.8 27.6 301.6 365.5 2584 75.8 1,233.7
Germany 224,221 25.0 28.3 22.0 256.2 332.6 204.5 75.0 1,004.0

Estonia 3,679 23.9 26.9 21.1 291.1 468.7 207.3 84.6 1,143.7
Ireland 8,721 29.6 30.8 28.3 286.2 3474 244.1 70.4 1,176.9
Greece 28,816 25.9 30.6 20.9 250.2 3443 175.6 76.9 965.7

Spain 107,000 275 33.0 21.8 238.9 346.2 160.4 74.1 919.5
France 155,618 27.4 31.4 23.2 245.0 342.0 176.2 80.1 925.5
Croatia 13,803 27.3 315 23.2 3338 477.0 2425 1105 1,255.7

Italy 167,648 28.1 32.7 23.8 250.6 339.1 190.0 67.1 1,008.2

Cyprus 1,249 24.2 26.3 21.7 202.3 266.6 151.0 52.4 821.5

Latvia 5,957 20.7 235 18.3 300.6 476.1 2155 105.6 1,105.5
Lithuania 7,838 19.1 21.0 17.1 272.6 424.9 192.2 104.2 967.9

Luxembourg 1,037 27.3 304 24.3 243.8 315.8 196.3 68.2 968.8
Hungary 32,733 25.9 28.8 23.0 352.1 487.2 268.1 143.0 1,215.1
Malta 853 26.3 28.3 243 2304 295.0 186.8 58.9 938.5
Netherlands 42,522 30.1 33.8 26.7 284.4 362.4 233.1 774 1,138.7

Austria 20,144 25.6 29.0 22.6 249.7 329.8 198.2 70.9 987.8
Poland 94,179 24.3 25.8 22.6 292.4 410.7 219.8 102.4 1,076.9
Portugal 25,899 243 28.5 19.9 243.0 350.6 167.4 80.6 9134
Romania 49,289 20.0 22.6 17.1 269.7 3745 194.1 118.4 894.5
Slovenia 6,073 31.6 35.7 275 3147 445.2 2347 91.8 1,234.6
Slovakia 13,444 25.8 28.9 225 327.1 476.8 2344 107.1 1,235.2
Fnland 11,896 232 24.6 21.7 223.0 288.1 182.0 56.0 912.3
Sweden 22,208 24.7 26.4 23.0 236.8 282.4 207.8 55.4 985.8

United Kingdom 161,473 28.2 30.7 25.8 279.6 342.0 236.1 69.8 1,145.6
Liechtenstein 76 31.3 27.9 34.7 248.3 241.7 254.0 64.5 1,006.8
Norway 10,721 26.7 29.7 23.9 252.9 317.3 210.3 61.6 1,042.5
Switzerland 16,721 25.8 29.6 22.3 2235 294.2 176.4 574 909.3

Serbia 21,108 21.1 23.8 18.2 297.9 391.2 229.0 121.9 1,024.7
Turkey 74,455 20.9 249 16.0 186.4 2725 115.6 70.8 663.6

Table 1: Causes of deat®h malignant neoplasms, residents, 2(34].
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Chapter 2: Tumor microenvironment

1. Tumor Microenvironment

Solid tumors harbomot only carcinoma cellsbut also several noncancerous or
stromal cellsincluding fibroblastshyofibroblasts, epithelial, angiogeneic vascular,
lymphatic endothelial, smooth muscle, amehmune cells, including =Tells,
macrophages, and neutropH®$]. In many cases, orgapecific interstitial cellare

also present, for example, osteoblasts in bone tissue and astrocytes in the central
nervous system. Collectively, these calleng with extracellularmatrix are termed

as tumor stroma and, together with soluble factors, including growth factors
cytokines oxygen levels, and pH, they make up the tumorroeovironment.
Although several steps and factors are involvetlimor progression but the major
factor is the bidirectional interaction between tumor cells and their microenvironment
[36]. Cancer cells modify and activate their microenvironment while stromal cells
along with the extracellular matrix (ECM) also affect cancer cells by secreting soluble
factors suctas growth factors or cytokines. These interactimars act in an autocrine

and a paracrine manner to influence the outcome of the malign&heytumor
microenvironment provides the signals that activate transcription factors.In

order to become established and to grow and spread, tumors need to dexakop sp
capabilities: they must be able to move; remove obstructions to their growth and
movement, such as the surrounding extracellular matrix; overcome the immune
system and bloe8orne cells of the immune system so that they can survive in blood
vesselsand establish successfully in their new tissue environment. In order to achieve
these functions, tumors recruit host machinery and proteins involved in normal cell
growth including transcription factors.

More recently, it has become clear that the tumomicroenvironment affects the
response to therapies[37, 38]. To prevent tumor progression, it is important to
understand the mechanisms governing the relationship between cancer and stromal

cells.
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Figure 5. The primary tumor microenvironmen€ancer cells in primary tumors are
surrounded by a complex microenvironment comprising numerous cells including
endothelial cells of the blood and lymphatic circulation, stromal fibroblasts and a
variety of bone marrowderived cells (BMDCs) including mamphages, myeloid
derived suppressor cells (MDSCs), TiERpressing monocytes (TEMs) and
mesenchymal stem cells (MSCs).

The tumor microenvironmentan be categorized into three groups: cells of
hematopoietic origin, cells of mesenchymal origin and-oefular components.
Tumors of different origins and different stages of progression contain components in

various proportions.
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Tumor Microenvironment

Cells of hematopoieticorigin Cells of mesenchymal erigin  Non-cellular components

g g;r: Carcinloma Associateq Fibroblast
Natural killer cells Activated Endothelial Cells
Lymphatic Endothelial Cells
Macrophages Mesenchymal Stem Cell
Neutrophils

Tumor-associated macrophages

Basementmembrane Interstitial matrix Growth factors
and Cytokines
Type IV collagen Fibrillar collagens
Laminin Proteoglycans ﬁ)_Pégl'l:'—(gFMCP‘l
Fibronectin Glycoproteins GRO, GRO-q,
GCP-2

Figure 6: Tumor microenvironment classifications

1.1 Cells of hematopoietic origin

These comprise cells derived from the bone ovarand can be subdivided into cells

of the lymphoid lineage, consisting of T cells, B cells and natural killer cells, and
those of the myeloid lineage, which includes macrophages, neutrophils and myeloid
derived suppressor cells. The roles of differentsstgof T cells in tumor promotion

[39] and tumor eliminatioj40] have been well studied and are the subject of recent
advances in the dewment of novel immunotherapiggl]. Tumorassociated
macrophages (TAMs) are believed to be involved in tumor growth, tumor
angiogenesis, extravasation of tumor cells, and suppression of antitumor immunity in
different types of ancer[42-45]. Ohta et al. found the significant-celation between
macrophage infiltratio into tumor tissue and tumeessel density of human gastric
cancer (GC). Wu et a[46] also reported the involvement of TAMs turvinduced
angiogenesis and lymphangiogenesis in GC. It is increasingly appreciated that
overcoming immune surveillance is a criticalrtpaf tumorigenesis[47] and
reactivating the process by-cdltupcpaniea si ng

potent anticancer stratef48, 49]
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1.2 Cells of mesenchymal origin

This compartment consists of cells that arise from the mesenchyme and include
fibroblasts, myofibroblasts, mesenchymal stem cells (MSCs), adipocytes and
endothelial cells. Myofibroblasts and MSCs derived from the bone marrow have been
shown to directly syport CSCs by creating a favorable niche and helping cancer

progression50].
1.2.1 Carcinoma Associated Fibroblast

Fibroblasts are the major stromal cells within the solid tumor of various types of
human carcinomafbl]. Fibroblast recruited around the neoplastic cells, also known
as carcinomassociated fibroblas (CAFs) or activated fibroblasts, or
myofibroblasts[52], form a myofibroblastic mroenvironment to promote cancer
growth and survival and are characterized by the production of alpha smooth muscle
act i-8MA)( CAFs may be derived from normal fibroblasts, -adépocytes,
smooth muscle cells, or bone marrow derived cg@l3 54] The evidence also
suggests that the activation of resident fibroblasts is induced by many-sanoeted
factors, suchas TGBF a nd C X G15b]2ar by ®8ng suppressor genes, such

as PTEN, CAV 1, p53, and p2]56-62]. This hypothesis is consistent with breast
cancer xenograft mode]S5]. There is still no evidence that which origin of CAFs is
dominant and the same situation is in the markers of them. The most acceptable
mar kers of G3VAs fibroblastspeacificeprotéln (FSR), fibroblast
activated protein(FAP), plateletderived growth factet) r ecept ol) , ( PDGHF
PDGFRD , and vVvi ment FInPTBN, p2l, orsTP53 mmitatidb@62].
However, several studies confirm that the CAF marker is mainly dependent on the
tissue origin63].

CAF-supported microenvironment has a dual tumor developing role. It provides not
only the essential signals for tumor cells dedifferentiation, proliferation and survival
but also facilitates their locahvasion and metastasj4]. CAFs promote tumor
progression in multiple ways such as secretion of multiple factors and matZrix
metalloproteinases (MMPSs), inducing stemness, epithelial mesenchymal tranlei_Pon
(EMT), epigenetic changes,cet[65, 66] They alter the three dimensional ECM%
scaffold and support tumor cells that eventually mesegstaand stimulate immune 8

04
cells to augment the ECHdegrading ability[67]. Transforming Eg row
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(TGFb ) 1 nhepatocgtes growth factor (HGEXpression by fibroblasts and also
induces the transition dibroblasts to myofibroblasts by increasing the expression of
USMA and tenascin G68]. Rajski et al., reported the gene expression changes
induced by insulidike growth factorl in human breast and lung fibrobla§s®],
contained several soluble factors, such as periostin which is involved in bone
metastasis and angiogaige [70-72], tenascin, Wwich augmentscancer cell

proliferation [26].

1.2.2 Activated Endothelial Cells

Over the past few decades, several studies showed that sustained vascularization plays
an important role in the growth, invasion and metastasis of cdBcef3]. The
evidence collected to date suggetbts increasechumber of endothelial progenitor
cells (EPCs) in the peripheral blooaf cancer patients anthe correléion of
circulating EPCswith the clinical outcome$74]. EPCs are a particular subclass of
mononuclear cells eexpressing vascular endothelial growth factor receptor 2 and
CD34, which could multiply and differentiate into mature endothelial ¢ég It

was reported thatarcer cell lines havingnesenchymal properties could differentiate
blood monocytes into CDIADR" cells via secretion of pleiotrophin and VEGF.
These CD14KDR" subpopulation of cells are endothelial progenitors which exhibit
angiogenic property such as formation of tubular structures on mdi#&yer7} For

the first time, Lyden et al. determined the role of EPCs in angiogdii&$i®r tumor
vascularization[79, 80] Specifically angi@enesis is a compleprocess, which
comprises of the migration and recruitment of bone marrow derived EPCs to tumor

sites and later proliferation and differentigitinto mature endothelial cell81, 82]

It was reported that wiltlype miceafter bone marrow transplantation had the ability

to restore tumor vascularization and growth of nwwasikinds of cancer cell lindsit

not in angiogenesislefective ldmutant mice[78]. In subsequent animal xenograft
models, 50 % of incorporated EPCs have been found in newly formed blood vessels
[83, 84] Different studies propoddahat EPCs mighgncourage tumor vascularization
through an alternative autocrine/paracrine mechap@sh Gao et al., demonstratedé
that angiogeesis could benhibited by blocking EPCs mobilization and uItimaterg
impaired tumor growthMoreover, EPCs gene expression could up regulate vario@s

pro-angiogenic genes, such as FGFR1, VEGFRand plateletlerived growth factor E
Z
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alpha [86]. Experimental evidence also suggested that an -Akfnlent VEGF
secretion[87] could contribute to the recruitment of EP@stumor sitedue to an
increase in ldl expression, an EPC mobilizing fac{88]. In summary, a number of
experimental evidences indicate the role of EPCs in tumor vascularization either

directly or indirectly.

1.2.3 Lymphatic Endothelial Cells (LECS)

The occurrence of malignant cells in local or sentinel lymph nodes (SLNSs) is an
indicator of poor prognosis in human canf89], which shows the close relationship
between lymphatics and cancer biology. It has been reported that peritumoural
lymphatic vessels enlargementiedto proliferation of lymphatic endothelial cells
(LECs) results in greater surface area of potential contact between lymphatic vessels
and cancer cells to aid the entry of malignant cells into lymphatics for metastatic

spread of cancg®0].

Tumorinduced lymphangiogenesis needs the coordination among several complex
cellular events like proliferation, migration, sprouting, darube formation.
Lymphangiogenesis is mediated by lymphangiogenic growth factors that are
produced and secreted by the tumors themselves, stromal cells;irtfitnating
macrophages, or activated platel®&94]. The overexpression of either VEGE

or VEGFD in tumors significantly increased turrassociated lymphatic vessel
growth (primarily at the tumor margin) and increased incidence/ngphl node
metastasis via protein kinasedependent activation of the ERK1 or ERK2
signalling cascade and phosphorylation of Agb, 96] The VEGFR3 caeceptor
neuropilin 2 (NRR) also modulates the signalling events that are activated by VEGF
C and VEGFD [97, 98]. Such signalling pathways are comparable to that involved
in angiogenesis by VEGEA via VEGFR2 and NRP199]. Moreover, the cellular
events that characterize angiogenesis like tip an#é sl differentiation might be

similar in lymphangiogenesis.

The identification of the chemokine receptors CXCR4 and CCR7  and the
expression of their respective ligands (CXCL12 [9DFand CCL21) on ,C:>
human breast cancer cells that tusnnormally metastasize [b0O0] have led ta §
rapid expansion in the field of chemotactic tumor metastasis. 8
=
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After the recognition of importance of lymphangiogenesis and lymphatic remodeling
in metastatic spread of carcinoma, the idea to block them by targeting
lymphangiogenic signalling pathways,ight be a useful therapeutic approach to
prevent metastasj301].

1.2.4 Mesenchymal Stem Cell (MSCs)

According to the International Society for Cellular Therapy, a mesenchymal stem cell
(MSC) is defined by its phenotype: CD14 or CD11b, CD19 or CD79, CD34 CD45,
HLA-DR, CD73, CD90, CD105, its ability to adhere with plastic, and to be
differentiated into tree lineages, chondrocyte, osteoblast, and adipftyas.

MSCs can favor tumor growth. Fetal or adult MSCs along with tumor cells injected
the mice subcutaneously can increase tumor grgd@8]. Immunosuppressive
property of MEs could be one explanation for tumor growth enhancement because
they modulate immune cells function when activated by a mitogenic $igdl It is
reported that melanoma cells injected subcutaneously (s.c) into an allogenic recipient
could produce tumor only in the presence of MJC85]. Interestingly, MSCs
coinjected whether at the same site as tumor cells or at distance have the capability to
produce tumor into micgl06]. So far, few studies have addressed the identification
molecules involved in cancer cell proliferation by MSCshds been reported that
MSCs increase tumor cell proliferation when coculture (indirect interaction) with
breast cancer cells in vitro, which favors the involvement of soluble factors in this
phenomenorjl107]. The inhibitory effect of MSCs on-Bmphocytes was reported
through cell cycle arrest aty®@5; phasg104]. MSCs are not sensitive to cytotoxie T
lymphocyte (CTL)mediated lysis and can inhibit CTL cytotoxicity in a dose
dependent manndd08, 109] Although MSCs do not activate natural killer (NK)
cells[109] but can block the action of interferon (IFN) produced by24&timulated

NK cells [110]. The immunosuppressive effect of MSCs is mediated by soluble
factors present in the medium whenawdtures them with immune cells but these

solublefactors are not clearly identified yet.
Z

MSCs express several proangiogefactors such as vascular endothelial grovvth,c_—)
factor (VEGF), angiopoietii, and growth factors such as fibroblast growth factor %
(FGF2), FGF7, plateletd er i ved growt h f act o-6) [1laln d§ cyt
112]. All these molecules promote vasculogenesis and angiogenesis by actin@on
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endothelial cells synergistically. It has been reported that MSCs activate endothelial
cells not only by soluble faate but also by cell contacts between the two types of

cells.

The studies about the involvement of MSCs in metastasis are few in numbers. One of
the study by Karnoub et al., showed that MSCs could increase the metastasis rate of
breast cancer cells thradugecretion of Rantes (CCL5) by MSCs, suggesting that the
main adverse role of MSCs was its finoasive potentia[113]. This study leads to

the participation of other molecules in the augmentation of metastasis by MSCs, and
will be a challenge fofuture studiesAmong the different peritoneal stromal cells,
hospicells arealso a keystone for cancer development through their contribution in
the establishment of the pmeetastatic niche and the induction of metastatic and
chemoresistant phenotypdd4-116].

1.2.5 Hospicells

It has been reported that mesothelial cells play an important role meatastasis of
gastric, pancreatic and ovarian candél7]. Recent finding suggested that
mesothelial cells become hemispheric and exfoliate into the peritoneal cavity before
implanting to peritoneum. Mesothelial cells closely attached to cancer cells play an
active role in tumorigenesis and metast§sis]. We have isolated mesothelial cells,
mentioned as hospicells from the igse of patients with ovarian cancer and later
inside ovarian tumorgl14]. These cells are carcinoma associated mesenchymal stem
cells that not only promote tumor growth via angiogenesis, epithelial mesenchymal
transitian, immune suppression and oncological trogocytosis but also induce
therapeutic resistand&15]. We have revealed that hospicells were confined around

the tumor nodules and adjacent to neovessgjgesting a role in angiogenesis [19].

1.2.5.10rigin and markers of Hospicells

A key unsolved question on hospicells is their possible multiple origin within the
tumor microenvironment. The study demonstrates that hospicells did not express
lineage specific ceélsurface markers such as cytokeratin and EMA (Epitheliéfl)
Membrane Antigen) specific for epithelial cell lines, vimentin specific folg
mesenchymal cell lines, CD45 specific for hematopoietic cells, such as granuloc@es,

o4
monocytes, and B and T lymphocytesDZD specific for Blymphocytes, CD3 E
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specific for T cells, CD34 specific for stem cells of the bone marrow, CD68 specific
for macrophages and histiocytes, S100 protein specific for melanocytes and

myeloperoxidase specific for granulocytic lineage.

Morpholagically hospicells were identified as large cells with pseudopods and can be
expanded in vitro or cryopreserved. The surface marker expression profile of
hospicells is somewhat similar to MSCs such as CD9, CD10, CD29, CD146, CD166
and HLA-1 but different n the sense that they are negativedibrer typical markers
vimentin, CD73, CD90 and CD10&ene expression profile of hospicells were found
positive for VEGFA, FGF2, IL-6, IL-8, TG, MMP2, TNF1, IGF1, IGF2,
IGFR1, IGFR2 and TNBand negative for H&-1, CCL5, or MMP1 and §119].

The evidence collected to date suggests that hospicells might be derived from MSCs
within the tumor microenvironment under the effect of tumor derived fafid/3

120, 121) These cells have been isolated from the differentiation of stem cells or
mononuclear cells characterizig expression of the marker CD34nd / or CD133

in the bone marrow or from the cells of an effusion of a patient with cqhtér

116]. CD146 (melanoma cell adhesion molecule), expressed on hospicells is used as a
marker for endothelial cell lineage. MSCs expressing this marker look to be related to

perivascular cells of blood vess§l22].
1.2.5.2Hospicells in the regulation of angiogenesis

It has become evident that we cannot understand tumor growth without considering
components of the stromal microenvironment, such as the vascuMuk.research

is now devoted to determining the impact of angiogenesis on tumor development and
progresion, and the reciprocal influences of tumor products on the microvasculature.
Using a ceimplantation ovarian cancer xenograft model, we demonstrdtat the
hospicells could promote tumorigenicity in vivo by their action on angiogenesis
[119]. This effect on angiogenesis could be attributed to the increased el

VEGF expression associated with the presence of the hosgit28s124] Recent

TION

data suggested an increased expression oflHIf xenografts found by either
subcutaneous or intraperitoneal injections of atamex of cancer cells and hospicellsg
compared with those found following injection of equal volume of tumor cells. Tr%

. _ _ _ o
HIF-1U overexpression represented a prognostic factor of aggressiveness of ov&zﬂan
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tumor[125-127]. Evidence also exists that cancer cells starts binding on the hospicells
and secrete growth factors like VEGF, MIfand cytokines like It6, IL-8 for
angiogenesis that is an important step for their growth. However the involvement of
these growth factors, cytokines and chemokines in the presence of hospicells are still

under consideration to explain the role of the hospicells in angiogenesis.

Angiogenes inhibition is a promising strategy for cancer therapy. No current
significant results were obtained in the treatment of ovarian cancer by using
antiangiogenic targeting VEGF, key mediator of angiogenesis, such as bevacizumab
(monoclonal antibodies diresxd against VEGF) or cediranib (inhibitory VEGF
receptor molecule)[128]. Therefore, other proangiogenic factors including
chemokines must also be included to ioye antiangiogenic strategied not only

for cancer treatment, but also for preventing recurrence.

1.2.5.3Hospicells associated chemoresistance to chemotherapy for cancer cells

via oncological trogocytosis

Mesothelial cells are the most important allies of earcells for the acquisition of
chemoresistance in peritoneum. Recent findings showed the involvement of
hospicells in the acquisition of chemoresistance of ovarian tumors via trogocytosis.
This O606trogocytosi sdd bet we enal cells man cel |
important step for the induction of chemoresistance of previously sensitive cells.
Several mechanisms can take place during intercellular communication such as link
through ligand receptor connections, molecules transporting throughugeions

and lastly relocation of surface membranes proteins convening new properties to the
tolerant celld129-131]. The importance of contact between the hospicells and cancer

cells closes out the role of secreted factors in the development of ovarian tumor
chemoresistance. This collaboration induced independent achievement of
chemoresistance and the existence ofhose | | s mi ght have conseq
prognoses. Recent study showed the existence of MDR (functiegigcéprotein)

proteins on hospicells from many different patients with a variable expression.
Levchenko et al. have described intercellular tranef multidrug resistance protein S

(MDR) proteins among several tumor cell lings32]. Specificity, the role of

UCT

intercellular communication, and their morphology revealed by electror‘@

R

mi croscopic analysis suggested the emxist:
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to O00i mmunol ogi cal synapseso66. This tran
ovarian tumor cells for lemoresistance acquisition advocates the importance of
hospicells in the progress or control of neoplastic disease. The finding of cellular
mechani sms and their pathways | eading to
trogocyt osi s 0 aldbe helptul tohdergifgnovel thérdpeutic caogets for

cancer therapy.
1.2.5.4Hospicells in metastasis of cancer cells

Metastasis, the spread of tumor cells to tissues and organs far from where the original
tumor created and the development of new tumorseistte event leading to death

of most cancer patientfl33]. This process is generally related to epithelial
mesenchymal transition (EMT) encouraged by a number of soluble factors secreted
either by the cancer cells theelves or by cells involved in cancer microenvironment.
Hospicells not only encourage tumorigenesis but also support invasion and metastasis
in breast and ovarian carcinoma. It has been reported that breast cancer cell line
(MDA-MB-231) along with hospidls acquires membrane patches through oncologic
trogocytosig[134]. This oncologlical trogocytosis is an active unidirectional process
depending on actin polymerizah which can be increased or decreased by the
inhibition of the Src family and phosphoinositid&kiBase (PI3K) respectively. Cell

cell attachment is directly related to PI3K signaling pathway and its inhibition
disrupts celcell adhesion in both mammaayd intestinal epithelial cells resulting in
decreased trogocytodis35, 136]

The acquisition of Ncadherin in hospicells is an impgant metastatic phenotypic
property of cancer cells especially breast cancer cells which is not directly related to
trogocytosis between MDMB-231 and hospicells but through the production of
various soluble factord137, 138] Among these soluble molecules, one candidate
could be collagen | secreted by hospgdue to its capability for encouraging the up
regulation of Ncadherin in human pancreatic cancer ddi89] and mouse mammary
epithelial cells[140]. Recent data showed the expression of -TXGR hospicells via

gene profile[119] which could pomote metastasis in ovarian tumor via increase&
matrix metalloproteinase secretion or increased expressiorcatiherin141]. It has

been reported that human lung cancer cells increases production 4§ INGEsponse
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to collagen 1, which in turn support EMT changes through the expressionr of N
cadherin142].

Consideration of acquisition of metastatic characteristics by the cancer cell through
interactions with hospicells could be supportive to identify novel therapeutic
strategies for cancer.

1.5.5.5Cross talk between hospicells and immune cells within tumor

microenvironment

Tumor immunologists have revealed many cellular and molecular mechanisms which
facilitate tumor escape from natural immune surveillance and acts as extrinsic tumor
suppressofl143, 144] Within the cancer mioenvironment, immune cells not only
shut down their anttancer immune response effectively, but also interact closely
with the transformed cells to stimulate oncogenesis. The immunomodulatory role of
hospicells might intervene with immunity to tumor. Has been reported that
hospicells inhibit the proliferative capacity of immune cells (CD&D8" and

Vo X¥ T cells) and their secretions of cytokines in vitro without direct contact
[145]. This immunosuppression is mainly due to nitric oxide formed by the inducible
nitric oxide synthase and to the tryptophan degradation products by indoleamine 2,3
dioxygenase (IDO). NO inhibits the activation of proteins by blocking
phosphorylation in the H2 receptossignaling cascade, including Janus kinases 1 and
3, STATS5 (signaltansducer and activator of transcription 5), Erk and[A&6, 147]
which might inhibit Fcell proliferation by hospicells. Recent experimental data
showed that theccumulation of FoxP3regulatory T cells in the ascites of ovarian
cancer patients suppress tursop e c icgll ammiinity leading to decreased patient
survival [148]. Many soluble immunosuppressive factors includf@e 2, TGFb o r
IDO by-products secreted from stromal cells within the microenvironment might
encourage transformation of effector CDB cells into FoxP3 regulatory T cells
[149-151] Hospicells might either convert effector T lymphocytes into regulatory T
lymphocytes or contribute to the accumulation of regulatory T lymphocytes in cancer

patients remaint be determined.

TION

We proposed that immunosuppression of T lymphocytes mediated by hospicell% in

tumor microenvironment permit cancer cells to evade immune surveillance. Thu§t0
|_
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recover the immune response for effective chemotherapy against carcinomi@darg

of hospicellscould be helpful.

1.3Non-cellular components

The major norcellular component of the tumor microenvironmerthis extracellular

matrix (ECM) The ECM includeshe basement membramadthe interstitialmatrix.

The basement membranerish in type IV collagen, laminin and fibronectin and the
interstitial matrix, which consists of fibrillar collagens, proteoglycans and
glycoproteins that contribute to the tensile strength of the tigka@. The ECM
provides not only a physical scaffold for all cells in the TME but also has a dynamic
role in the evolution and metastasiscancers, especially as the adhesiomasfcer

cellsto the ECM isa key totheir movemeninto and out othe TME. The ECM also
contains key growth factors, such as angiogenic factors and chemokines, that interact
with cell surface receptors and give each tissue its tensile and compressive strength
and elasticity{153]. The ECM is involved in the formation of a stem cell niche and
although it acts to maintain tissue architecture and prevent cancer cell invasion, an
abnormal ECM has beemportedto promotecancerprogression and angiogenesis
[152]. Matrix metalloproteases (MMPs) that degrade ECM proteins are secreted and
activated bycancercells, TAMs and CAFsMMPs further remodel the ECM, thereby

also secreting chemokines and growatiad angiogenic factors.
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Chapter 3: Peritoneal carcinomatosis
1. Peritoneal cavity

The peritoneal cavity is a potential space between the parietal peritoneum (the
peritoneum that surrounds the abdominal wall) and visceral peritoneum (the
peritoneum thatsurrounds the internal organg)54, 155] Both the parietal and
visceral peritonea are not different but the sapegitoneum given two names
depending on their function/locatiofihe peritoneal cavity cdains a large amount of
adiposetissue and is covered by a mesothelium, which has a smooth and non
adhesive surface that facilitates int@elomic movement. In addn to its unique
anatomical structure, the peritoneal cavity contains many types of immune cells, such
as lymphocytes, macrophages, and granulocytes, and mesothelial cells, which

contribute to direct celtell contacts between tumor cells.
2. Mesothelial cdls

The mesothelium consists of a monolayer of specialized cells (mesothelial cells)
which extends over the entire surface of the three serosal cavities (pleural, pericardial
and peritoneal) and the organs contained within these cavities. The primargrfunct
of the mesothelium is to provide nadhesive surface barrieagainst physical
damage and invading organisms and a frictionless interface for the free movement of
opposing organs and tissues. However, mesothe$iwaiso involved in inflammation,
tissue repair, coagulation, fibrinolysis and tumor cell adhg4i58.
Mesothelial cells are derived from the mesoderm but express both mesenchymal and
epithelial cell inermediate filaments. Mesothelial cells rest on a thin basement
membrane supported by connective tissue stroma. The cells are predominantly
flattened, squamotigke, approximately 25um in diameter, with the cytoplasm raised
over a central round or oval faas.
Mesothelial regeneration involves migration of cells from the wound edge and
attachment and incorporation of frBeating mesothelial cells from the serosal fluid
onto the wound surface. Impaired healing leads to the formation of fibrous seresal
achesionsMesothelial cells have the ability to change their phenotype comparablep?to
changes seen in epithelt@mesenchymal transition (EMT). Mesothelial cells§
undergo EMT during continuous ambulatory peritoneal dialysis (CAPD), with t@a
=
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induction of thetranscription factorsnail and a dramatic down regulation of E
cadherin157].

The exact role of mesothelial cells in tumcell adhesion and growth is unclear.
Many studies have demonstrated that traumatised mesothelial surfaces are privileged
sites for tumor cell adhesigh58] possibly due to upregulation of adhesion molecules

on mesothelial cells in response to inflammatory mediators and exposure of
underlying extracellular matrix(ECM). They can also regulate ECM turnover by
secreting matrix metalloproteinases arsgue inhibitors of metalloproteinases.

Mesothelial cells also play an important role in local fibrin deposition and clearance
within serosal cavities. Their fibrinolytic activity is a key factor in the prevention and
removal of fibrin deposits that form Ifowing mechanical injury, hemothoraces and
infection. If the fibrinolytic capacity is insufficient and fibrin accumulation is not
resolved, fibrous adhesions form between opposing serosal surfabé%
Mesothelial cells have both procoagulant and fibrinolytic actiit$9]. The
procoagulant activity is due to tissue factor, the main leglinitiator of the extrinsic
coagulation cascade.

3. Peritoneal Carcinomatosis

Several gastrointestinal and gynecological malignancies have the potential to
disseminate and grow in the peritoneal cavity. This condition is often associated with
disease progression and poor progndagsitoneal carcinomatosfRC)is a condition
charaterized bya multistep phenomenon, including the detachment of cancer cells
from the primary tumor, freeing of the cells from the peritoneal cavity, and
subsequent attachment to the periton¢li®]. The process of attachment of tumo
cells to the megbelial cells of the peritoneum involves neoangiogenesis and is
mediatedoy several growth factoréingiogenesis is essential for oncogenesis but also
the viability and expansion of ovarian cancer to any organ or structure that is covered
by the peritoneumSpecifically, VEGF is involved in the formation of ascites and has

a direct effect on ascites tumor cells as well as an immunosuppressive flibgtipn

©)
PC frequently occurs in recurrent abdominal malignancies, such as stomgch,
colorectal and ovarian cancers. Overall survival in patients with PC is generally oaly
slightly influenced by systemic chemotherapy, so that the occurrence of chis
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traditiondly regarded by the surgeas a terminal condition. In 186% of patients

with recurrent colorectal cancer and in up to 50% of patients with recurrent gastric
cancer, tumor recurrence is confined to the peritoneal cavity: those patients have been
shown toultimately die from complications of locoregional tumoral widespread, in
most cases without occurrence of metastases in other sitds.tR€ most frequent
type of metastasis in pants with gastric signet ring cell adenocarcinoma (diffusely
infiltrating carcinoma)[162]. They appear in the terminal stage and significantly
worsen the prognosis of this type of gastric carcinbéd]. Despite the importance

of peritoneal metastasis in mediating the mortality of gastric carcinoma, little is
known about the mechanism of this phenomefi@4]. However gnetration of the
gastric serosa and lymphatic spread are the two most impdeetors affecting
prognosis in gastric cancer [22D4].

Multimodal approaches combining aggressive cytoreductive surgery, intraperitoneal
hyperthermic chemotherapy and systemic chemotherapy have been proposed and are
actually considered as promising tmeds to improve locoegional control of the
disease and ultimately to increase survjté&b, 166] In case of ovarian cancer, there

is general agreement that complete removal of peritoneal seedings is associated with
longer survival, in colorectal and gastric cancer complete removal of pealitone
carcinomatosis is usually followed by shtetm recurrence, so that patients are
usually treated with limited palliative resection or gastrointestinal bypass without the
intent for complete cytoreduction.

Peritoneal carcinomatosis is a real challenge dncologists and surgeons, which
treatment is very difficult. Many surgeons and oncologists are still use to raise the

white flag in discovering them.
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Figure 7: Peritoneal metastasis from ovarian origin. Abnormal accumulation of
abdominal fluid, ascites (A, B) having carcinomatous nodules (C) and floating cancer
cell cluster/spheroids (D)

4. Molecular Biology of Peritoneal Carcinomatosis

Peritoneal carcinomatosisfees to the complesequence of events by which tumo
cells spread from their primary organ afigin to establish independentetastatic
deposits on the visceral and parietalitoaeal lining of the abdominalavity. With
few exceptions, once peritoneh$semination occurs the maligngrbcess is deemed
noncurative as it is seldom amable to surgical resection andurrent
chemotherapeutic regimens are merelyigi¥e. An understanding of thmolecular
events involved in peritoneal carcinotosis istherefore of paramounimportance if
we are to advance therapeutic stragegifor this devastating form ofancer
progressionl167].
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1.5Peritoneal Tumor Dissemination

It is well recognized that viable tumor cells can be isolétech ascitic fluid orby
direct contact with the tumor at the timesofrgery and their presence Heeen linked
with poor prognosiq168, 169] In a similar maner, perforation of the primary
cancer, which may either be spontaneous or occur inadvertentiygdsurgery,
increases the rate of local recurrence and redsussval [170-172]. Alternatively,
tumor cells may be inadvertentliperated from transected lymphatics arimood
vessels during the course of surgical réasec Whatever the mechanism spillage,
once liberged from their normal tissue wstraints, the tumor cells afece to be

disseminated around the peritoneal caji3].

1.6 Mesothelial invasion

Before invading tumor cells can gain firm adherence to the submesothelial connective
tissue, they must penetrate the mesothelial monolayer. Twabfgsnechanisms
exist: either tumor cells invade the intercellular spaces between adjacent mesothelial
cells; or they must destroy the mesothelial monolajet4]. However, other
researchers have commented on a changmesothelial morphology that occurs in
areas of tumor cell invasioii63, 175] lwanicki MP, et al,found cancer spheroids
attached to themesothelial monolayer using various cell adhesion molecules
promotes dissociation of mesothelial cells adhesions and their migration away from
intruding tumor cellsleading to mesothelial cells exclusion from the base of cancer
spheroid[176]. Yonemura et al. explored this observation further using a mouse
model and the gastric cell line, MKBB-P [177]. Intraperitoneal inoculation of
MKN-45-P resulted in mesotheliacontraction and eventual exfoliation. Similar
effects could be induced in vivo by inip@ritoneal injection of It6, TNFb  a n& | L
and invitro by cytokine stimulation of mesothelial monolayers. It was postulated that
tumorderived cytokines were regpsible for disruption of the mesothelial barrier,
exposing the submesothelial basement membrane, and facilitating tumor adhesion.
These studies suggested that mesothelial cells retracted in the presence of the tumor.
Furthermore, the cancer cells did raathere to the mesothelial cells, but rather té
connective tissue under the mesothelial cells. In addition, electron micrographgof
excised human peritonetimssociated tumors revealed that mesothelial cells are @t
present directly under the tumor mass,gasging mesothelial clearance from the are%
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beneath the tumor mafkr8]. Early, in vitro experiments also provided evidence that
mesothéal cells retract after coming in contact with tumor c¢ll63, 179] In these
studies, ovarian cancer cell clusters disrupted mesothelidlceklljunctions and
penetrated under mesothelial cells, suggesting that the integrity of the mesothelial cell
monolayer is altered by the attached tumorsc#iat bind with high affinity to the
submesothelial matrikl63, 180]

Mesothelial cells undergo a transition from an epithelial phenotype to a mesenchymal
phenotype with loss of epithelial morphology and decrease in the expression of
cytokeratinand Ecadherin when exposed to conditioned medium from 38Cand

the induction of mesothelial cells can be abolished using a neutralizing antibody to
transforming growth factebetal (TGFb 1) as w e | -treatnzest with y pr e
SB431547167].

1.7 Stromal invasion and proliferation

Having attached to the peritoneum and penetrated the mesothelial barrier, tumor cells
must next gain stable adherence to the submesothelial connective tissue before they
can invade and proliferate. Current evidence suggests that the connective tissue
growth factor induced EMT of human peritoneal mesothelial cells is associated with
an increased adhesion of gastric cancer cells to mesothelial cells, suggesting that
tissue factor promotes gastric cancer cell adhesion to peritoneum, which facilitates
malignantcell disseminatiorf181]. Schlaeppi et al. found that adhesion of colorectal
cell lines to extracellular matrix components was completely integrin dependent
[182].

Further proliferation and survival of the adherent tumor cells requires a compatible
interaction between the invading cells and the peritoneal stroma. Although the
consequences of tumsetromal nteraction have been much studied in other
metastatic systems, this interaction has received little attention with respect to
peritoneal metastasis developmekssuming tumour cells successfully attach to the
submesothelial connective tissue and have @meoed a favorable host response, it is
then necessary for them to invade the extracellular matrix. The mal(fbx
metalloproteinases (MMPs) may play a central role in stromal invasion. Yonemur%et
al. studied the role of metalloprotease in a mouse modeadrabpeal carcinomatosis 8
[183] =
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Chapter 4: Epithelial Mesenchymal Transition and Chemoresistance

1. Epithelial Mesenchymal Transition

The most comprehensive theory describing Inatially quiescentumor cells acquire
metastatic capability is the epitheliainesenchymal transition (EMT). EMT has
become progressively better characterized in the last five to ten years and has
emerged as a primary theory of how tumor cells acquire the characterisgessargc

to metastasizeThe phenomenon whereby epithelial cells can lose their epithelial
characteristics and acquire mesenchymal characteristics was first described in the
early 198094184]. Phenotypically, cells become more spirdlaped and lose basal

apical polarity{185]. They become mobile and plastic in shape and acquire apoptosis
resistance and stem like characteristi€his dramatic cell transposition process,

known as the epithelial mesenchymal transition (EMT), not only plays critical roles in
governing embryonic eelopment and maintaining adult tissue hemostasis (e.g., via
regulating wound healing and stem cell behavior, but also contributes to many
pathological conditions, such as fibrosis and cancer progre$&RH189]. Its

molecular hallmark is the down regulation of the -cell adhesion molecule -E
cadherin, resulting in dissdlan of cellcell tight junctions, and upegulation of a
number of mesenchymal m-&MAkaad fibronectinfl@0]. udi ng
Moreover, several key molecules such as Snail, Shafrix metallo proteinases

(MMPs) have also been involved in the EMT procesevariantumor progression

[187, 191, 192]

E-cadherin is a calciusregulated adhesion molecule expressed in most normal
epithelial tissug193]. Reduced expression of-dadherin has been observed in
aggressive tumors of the esophagus, ovary, stomach and H€x6198]
Mechanisms by which H€adherin protein expression is lost includedtiherin gene
mutation and loss of the witype allele by loss of heterozygosit}99-201]. These
data indicate that¥adherin is a classic tumor suppressor 288, 202]

Vimentin is one of the most widely expressed and highly consepvetdins of the
type lll intermediate filamenprotein family.Vimentin has gainednuch importance
as a canowal marker of EMT, a cellular reprogrammimgocess in which the
epithelial cells acque a mesenchymal phenotype thegnders the cells to

dramatically alter their shape and exhibitreased motility203]. Increased vimentin
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expressiorhas been reported in various tumor cell lines and tissokgling prostate
cancer, breastancer, endometrial cancer, CNS tumors, malignant melanoma and
gastrointestinal tumarincluding pancreatic, colorectal and hepatic canfdd]. In
gastric cancers, vimentin expressiwas more associated with ihgasive phenotype

of gastric carcinoma and was suggesteglay an important role in theetastasis of
gastriccarcinomas and serve as a prognostickarain the detection of gastréancers
[205, 206]

U-SMA is knownto contribute to celbenerated mechanical tension and maintenance
of cell shape and movement. As cell motility is critically dependent on the actin
cytoskeleton, the dynamiasf cytoskeletal structures affected BSMA could be
essential to invasion and metastasis in ludenocarcinomg207, 208] The
microvascular desity was signifi@nt | y associated-SMAi t h
expression and related to tumtmcation, tumor size and histgiwal degree of
differentiation[209].

Fibronectin is one of the major structural components of the basement
membrane [210]. Altered expression of fibronectin, degradation and
organization have been associated with a number of pathologies, including
cancer[211, 212]. Several of the morphological ciinges observed in tumor types

and tumor-derived cell lines have been attributed to decreased expression of
fibronectin, increased fibronectin degradation, and/or decreased expression of
fibronectin-AET AET ¢ OAAADOI OOh [EIB R14DHbEoheCtinisv 1 p
also a candidate biomarker for several solid tumor typesincluding ovarian,
prostate, breast and gastriccancer[210, 215, 216] In addition to its implication

in cancer development, fibronectin also acts as a potential biomarker for

treatment-associated resistancg217].

Snalil is a typical transcription factor that could induce epithatiesenchymal
transition (EMT) and cancer progression partlysoppressing the expression of E
cadherin. Reduced expression et&therin may lead to the loss of eadlll adhesion
and cancer progressi¢al18]. In recent years, snail was found to be highly expressed
in severhcarcinomas, including nesmall cell lung carcinomas, ovarian carcinomangQ

(=

urothelial carcinomas, breast cancer, and hepatocellular carc[@@®a23]. Studies 8

of immunohistochemical analyses suggest that snail is highly expressed in ga@ric

cancer and significantly associated with turpoogression and metastag24-226].
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Slug is a member of the snail family of repressors, and is expressed in the restral ¢
and mesodermal cells emigrating from the primitive streak in chick em2g3%
Recently, another critical role of Slug has been reported. Slug bindsbtix E
elements in the proximal-Badherin promoter and represses transcription of the E
cadherin gen¢228, 229] Some reports have found that Slug plays a roleinmor
progression in primary human cancers. Castro Alves 23, 231]reported the

MRNA expression of Slug andd&dherin in gastric cancer.

Type | collagen, foundni most connective tissue and embryonic tiS@B2], is an
important member of the collagen family which is a key structural component of the
extracellular matrix. Recently, similar to thepegssions of other members of the
collagen family which is believed to be involved in carcinogen¢28&3-235],
abnormal expression of type | collagen has also been reported in several Z8&ers
238].

Epithelial Mesenchymal Transition (EMT)

/)"4 EMT
Vfgt\z//

Normal cells

Tumor cells
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Epithelial markers [ > Mesenchymal markers
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= @g-Smooth muscle actin
(fibrotic-protein expression)
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Figure 8: Characteristics of epitheliahesenchymal transition.

Gastric cancecells are capable of undergoing epithet@mesenchymal transition
under certain culture condition€ancer cellexpress epithelial markers such as E
cadherin,cytokeratin, and tight junction proteimsmd mesenchymal markers such as
N-cadherin, vimentin, fibronectin, Snail, Slug, Twist, NANOG, and OCT3/4.
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2. EMT -related signaling networks that regulate ECadherin

Most signaling pathways implicated in the start of EMT result in the eegulation

of E- cadherin, that acts as the gatekeeper of ER8B]. This decreased functionat E
cadherin leads tthe loss of cell adhesion, resulting in rapid cell growth and motility
[239]. E-cadherin also acts as a tumor suppressor protein, preventing cells from rapid
cell growth and division in ra uncontrolled way; decreasedckdherin has been
associated with metastasis and invasion in murine models of mammary, gastric,
prostate, and pancreatic can¢240]. Providing additional correlative support; E
cadherin is highly dowanegulated in many diffusg/pe carcinomas such as gastric
cancer and lobular breast cancer, in which cells in a solid tumor lose epithelial

characteristics and show a highly invasive ENBrived histological pattern.

Molecular events during EMT result in transcriptional regulation of the transcription
factors such as Snail, Slug, and Twist that acts as a phenotypic marker during EMT
[241]. -Chtenin not only interacts with-Eadherin to maintain céltell adhesion but

is also shuttled to the nucleus where Wnt acts as transcription eftéctioe \Wnt
signaling pathway to regulate slug activity and link EMT with carj2d2]. The
transcription factor snail is a repressor otd&lherin gene expression in epithelial
tumor cells[243]. Snail is indued by growth factors such as HGF, FGF and EGF via
PI3K-Akt or RasMAPK pathway. In response to signal from EMT inducer like TGF

b, Snail fact or s arnadsf244]dHymoxdadndueibld factork h e h e |
regulated lysyl oxidase is involved in an EMT process by interacting with Snail to
downregulate E-cadherin expression in epithelial cells and supporting their
implication in tumor progression. Tumor necrosis fatianduced tumor initiation
andmetastasisire mediated by the activation of MFh P KaBdJAR1 dependent

pathways. Nuclear factdB is critical for TNFU i nduced tumor pr omot
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Figure 9: Microenvironmental signalip pathways negatively regulate-cadherin
expression

3. Chemoresistance

The current research that improves the knowledge about drug resistance development

is based rainly on drug sensitive and resistant cancer cell lines.

Although chemotherapy remains one of the primary therapeutic modalities used in the
treatment of gastric cancer, chemoresistance limits the effectiveness of chemotherapy
and results in treatment fare. A wide range of molecular mechanisms of
chemoresistance has been implicated in gastric cancer, including reduced intracellular
concentrations of drugs and alterations of drug targets. The dysregulation of cell
survival and death signaling pathways edso lead to resistance to chemotherapeutic
drugs. In addition, the interaction between cancer cells and the tumor
microenvironment also plays an important role in chemoresistance whether intrinsic
or acquired, in gastric cand@45]. Howe\er, the mechanisms of chemoresistance aé
complex and multifactorial. The chemotherapeutic resistance of tumors maygbe
caused by different molecular mechanisms in different patients due to tur@or

. . - o
heterogeneity and drug variety. Therefore, more extensivkestare needed for a E
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more comprehensive elucidation of the mechanisms of chemotherapy resistance in

gastric cancer.

One of the main reasons of low effectiveness of chemotherapy in cancer patients is
drug resistance, which is inherent or, more often, iaedwuring treatmeri46]. In

most cases drug resistance has features of Multiple Drug Resistance (MDR). MDR is
designated as an insensitivity of cancer cells not only to previously used drug but also
to many other drugs with different chemical structure and mechanism of Etigin
Majority of drugs used in chemotherapy act as cytotoxic agents then as aytostati
ones. Although cancer cells develop various mechanisms of resistance to cytotoxic
drugs the first players implicated in MDR are drug transporters from ABC family.
These proteins use energy from ATP hydrolysis for active removing drugs from the
cancer cd$ [248]. The most important drug transporter is glycoprotein RyaP
encoded by the multidrug resistance protein 1 gene (MDR1, ABQGBA4J].
Expresfon of this protein was noted in over 50 % of cancers with MDR phenotype
and it can be inherent or induced by chemothe[ap@]. Approximately 20 different
cytotoxic drugs are substrates tgp[251] and two of them paclitaxel[252] and
doxorubicin [253] - are commonly used in chemotherapy of many cancers. The
second most important drug transporter is breast cancer resistant protein (BCRP)
encoded by ABCG2 gene, clea for the first time from breast cancer cell line MCF
[254]. The upregulated expression of BCRP was noted in many cancers including
breast [255] and ovarian[256] arnd is known to protect cancer cells against
mitoxantrong255, 257]and topotecaf256, 257] Other important ABC transporters
implicated in MDR of cancers include MRP1 and MRP2 (MBRlated protein 1

and MDRrelated protein 2) encoded by ABCC1 and ABCC2 genes, respectively
[248, 258, 259] Substrates used by MRP1 are similar to those fgp Rvith the
exception of taxanes [6]. Among many MRP2 substrates the most important is
cisplatin (CIS) and it is the most fregntly used antitumor agent in cancer therapy
[251, 257]

Another protein involved in MDR, but not belonging to ABC drug transporters
family, is MVP/LRP major vault proteihing resistance related proteirf260]. The ,C:>
upregulation ofMVP/LRP expression was noted in lung cancer and was correlatéd
with poor response to chemotherd@gl]. LRP expression increased after exposurg

=

to CIS in norsmaltcell lung cancer cellR62]. >
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Human Rglycoprotein is encoded by timeultidrug resistance MDR1) gene and is
widely expressed on the plasma membrane, Golgi membrane, and intracellular
canaliculs of normal human tissues, including the liver, kidney, colon, adrenal gland,
intestine, placenta, hematopoietic precursor cells, and endothelial cells at the blood
brain, bloodplacenta, and bloetestis barriers. #lycoprotein functions in the
transportand/or secretion of its substrates and the protection of these tissues from
physiologically active substances, cytotoxic agents, and xenobj@6&265]. P-
Glycoprotein expression is significantyevated in drugesistant tumors and pumps

out various anticancer drugs, such as anthracyckmesaalkaloids,
epipodophyllotoxins, and taxand66-268]. Thus, PRglycoprotein expression in
cancer cells confers MDR to these anticancer drugs.

Lung resistanceelated protein (LRP) is a further protein related to MDR. LRP was
first detected in a nerP-glycoproteinmediated multidrugesistant lung cancer cell
line [269] and has been shown to be the major human vault pr@@&i0]. A
predidive or prognostic value of LREBxpression has prexisly been reported for
ovariancancers (8), diffuse lgeB-cell ymphomag271] and adulfT-cell leukaemias
[272]. Fan et al[273] investigated thé.RP expression in gastric canseand stad

that LRPexpression was not significantiglated to clinicopathologic#ctors.

With the development of modern biological techniques, the mechanisms of
chemoresistance have been broadly investigated in recent years. It is important to
focus on the molecular mechanisms of chemoresistance in gastric cancer and on
recent studies that have sought to overcome the underlying mechanisms of

chemoresistance.
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Molecular Mechanism of Chemoresistance

Ref.

Reduced Intracellular Concentration@fugs

Drug Efflux

The expression of MDRL1 is associate(
with chemoresistance in cancer patier
and has been found in human gastric

cancer cell line.

[274, 275]

Drug Inactivation

The overexpression of glutathione S

transferase (GSPi) has been found to
be significantly related to the sensitivit
of gastric cancer to cisplatin.

[276]

Reduced prodrug

activation

Impaired activity enzynmeelike
thymidine phosphorylase, uridine
phosphorylase and orotate
phosphoribosyl transferase has been
associated with chemoresistance 1o 5
FU in gastric cancer.

[277-279]

Alteration in Drug Targets

DNA topoisomerases

A reduction in topoisomerade

expression was found to contribute to
the resistance of human gastric cance
cells to topoisomeradé -targeted drugs
like Adriamycin.

[280]

Dysre

gulatiorof Cell survival and Death

BCL-2 family members

The silencing of BCE2 decreases
resistance to-5U in gastric

adenocarcinoma cells.

[281-283]

p53

The restoration of p53 has been founc

[284, 285]
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effective to overcome cisplatin
resistance in gastric cand®y metabolic

alteration

PISK/AKT pathway

Activated AKT is associated with
increased resistancefJ, adriamyn,
mitomycin C,cis-platinumand

paclitaxel

[286-288]

Mitogen-activated protein

kinase pathway

The activation of the p3BIAPK
pathway was found to be responsible
the modulation of multidrug resistance

in gastric cancer

[289]

Tumor Microenvironment

Hypoxia

HIFF1IU expression ¢
response of patients with advanced
gastriccancer to 5U-based adjuvant
chemotherapy.

[290, 291]

Alterations of the

extracellular matrix

Laminin could modify the response to
chemotherapeutic agents by regulatin
of MDR-related proteins (ABCB1 and
ABCC1).

[292, 293]

Cytokines and growth

factors

IL-6 and Tumor necrosis factor (TNF)
like weak inducer of apoptosis
(TWEAK) could be associated with
acquisition of resistance of gastric
cancer cells to trastuzumab an#8

respectiely.

[294, 295]

Table 2 Mechanism of chemoresistance of tumor cells
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4. EMT -associated resistanct® cancer therapeutics

Cancer therapy is often associated with two major forms of drug residtdeceovo

or acquired. Patients who are initially r
drug resistance. Patients that initially respond to thergpically relapse as a
consequence of d6éacquiredd drug resistance
More recently, evidence has shown that drug resistance and EMT are very closely
correlated. Several studies have demonstrated that EMT widely exists in breast cancer
[296], gastric cancel97] colon cancef298], ovarian cance299], and in a fraction

of bladder cancer patien{800]. Increased evidence has demonstrated that EMT
renders tumor cells more resistant to chemotherapeutic drugs when cells are
transfected with somb al | mar k genes of EMT, incl udin
[296, 301, 302]All of these data led to the hypothesis that tumor cells would become

more resistant after they had undergone EMT. However, other reports have
demonstrated that it is the emergence of EMT in MDR cells that inhibits the effec
chemotherapeutic agents. In reality, both sides have indicated that EMT plays an
important role in the process of dragediated resistance. During the early stages of

tumor development, ABC proteins have long been considered a major target of EMT
and a potential contributor to drug resistance. The relationship between EMT and

ABC transporters is still not clear, but there is considerable evidence linking the
presence of binding sites in ABC transporter promoters with fMiicing
transcription factors[303, 304] Saxenad et al[305] demonstrated that down
regulation of EMTFinducing transcription factors could reduce the expression of ABC
transporters andender drugesistant cells more chemosensitive. Furthermore, they

found that ABC transporters carry several binding sites for #Hiiicing
transcription factors, including Twist, Snail, and FOXC2, which directly regulate

ABC transporters and increase th@iomoter activity.
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Chapter 5: Cancer stem cell differentiation

1. Cancer stem cells

Stem cells have the unlimited ability to sedhew and the capacity to differentiate

into several specialized cell types. Solid tumors contain phenotypically and
functionally heterogeneous cancer cells known as cancer stem cells (S8@Gspl
researchers have focused on the understanding of CSCs after the existence of CSCs in
leukemia was described in 1994 [12]. CSCs display characteristics that are similar to
normal stem cells, including unlimited seknewal, proliferation, and mulineage
differentiation. It is also postulated that CSCs occupy the same niche, called the CSC
niche, as normal stem ce[R06].

Recent studies demonstrated that CSCs are responsible for tumor initiation,
invasion, distant metastasis, and resistance to anticancer drugs, so therapies that
target CSCs are becoming increasingly appealif@D7]. Currently, CSCs have been
found in manytypes of solid tumors, such as breast caff@8], gastric cancef309],

ovarian cancef310] and colon cancdB11].

Two formal possibilities remained: either all solid cancer cells had a low probability

of proliferating extensively and behaving as cancer stem cells or most cancer cells
have only a limited proliferative potentiahd cannot behave as cancer stem cells, but

a small, definable subset of cells is enriched for the ability to proliferate extensively
and form tumors. In both cases, some of the cancer cell heterogeneity would arise as a
result of environmental differencesthin the tumor and continuing mutagenesis. The
essential difference between these possibilities is the prediction, according to the
second possibility, that whatever the environment or mutational status of the cells,
only a small, phenotypically distihcsubset of cancer cells has the ability to
proliferate extensively or form a new tumors (Fig). It has not been possible to
distinguish between these models of solid cancer heterogeneity, because as yet no one
has published the identity of purified subseftsincultured solid cancer cells that are

enriched for the ability to form new tumdfl 2].
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Figure 10: Two general models of heterogeneity in solid cancer cells.

Tumor cells are heterogeneous, but most cells can proliferate extensively and form
new tumorgA), Tumor cells are heterogeneous and only the cancer stersulxi

(CSC; yellow) has the ability to proliferate extensively &rdh new tumorgB).

CSCs ae one of the promising areas of cancer research. It is essential to understand
the biology of CSC to develop a strategy to eradicate cancer. In various cases,
malignant tumor tissues include CSCs, which overcome various anticancer therapies
targeting spedic proteins despite the temporary effect against the progression of

cancer. Given that numerous genes are involved in cellular processes in CSC cell

cycles, researchers are yet struggling to find promising cancer therapies.

Several gene sets have beeentified to have the potential to transform cancer cells

into CSCs or maintain the homeostasis of CSCs. For example, epithelial to
mesenchymal transition (EMT) inducers are representative functional markers for the
acquisition of a sterlike state in canaecells [313]. ATP-binding cassette (ABC)
transporter proteins in CSlike cells function to secure genomic stability and prevent
apoptosis by efflux of cytotoxic agenitd3l4]. A variety of developmental signaling

pat hways, such as the Wnt, Not ch, Hedgehc
are known to affect stem cell sefnewal and differentiatiofB15]. It is important to

understand the highly complicated signaling mechanism, which sustains the CSC
biology.

Inhibiting one of the important pathways for CSC causes the activation of the bypZass
pathway; therefore, some researchers are seekdifeegent approach. This approach©
originates from the ideas of differentiation, which causes leukeuigtating cells
(LIC) to differentiate into terminally differentiated leukocyt¢316, 317] The
induction of differentiation has expanded to solid tunjdis].
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1.1ldentification of cancerstem cells withingastrointestinal tumor

Different methods have typically been used to identify CSCs in published studies

[319, 320] One is an in vitro techni

sur face

mar ker expression, o0 and

que

n

ncl

Vi vo

or within organspecific sites (e.g., orthotropic) of immunodeficient mice. Some stem

cell surface rarkers expression are given below

Marker Characteristics Ref.
CD44(+) gastric cancer cells demonstrated properti
CD44 _ _ [321]
of cheme and radieresistance
CD73 expression correlates closely with HIFU
CD73 o . . [322]
expressionn gastric carcinoma
CD90 phenotype is enriched in spherdtured cells
CD90 o [323]
from human gastric primary tumors
CD105expressed in gastric carcinomi@ correlated tg
CD105 | vascularinvasion, distance metastasis dhne [324]
development oéscites.
Immunostaining witfCD117used fordiagnosis and
CD117 _ - _ [325]
prognostic classificationf gastric cancer
CD133(+) colon cancer cells are associated with AK
CD133 _ o _ [326]
and increased radiation resistance
CXCRA4 positivity of primary gastric carcinomas
CXCR-4 | significantly correlated with the developnteof [327]
peritonealkarcinomatosis
NANOG a molecular markers to reflect the
NANOG _ o _ [328]
differentiation status of gastric cancer
OCT3/4 OCT3/4expressions associated with stemness tumd [329]
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cellsin human gastric cancer

Sox2positive expressiois associated with invasion g
SOX-2 _ [330]
gastric cancer

DNMT-3B expression in cells is associated with gas
DNMT-3B [331]
cancer development

Table 3 Cancer stem cell markers

1.2Key signaling pathway in CSCs

The maintenance of stem cell nature partly depends on the regulation of several
signaling pathways. The pathways and signalecules related to the control of CSCs
seltrenewal, differentiation and apoptosis include PI3K/Akt, PTEN, JAK/STAT,
Whn t-¢atenin, hedgehog, Notch, and-KB [332340].
The activation of signal molecule Akt plays a critical role for cellular transformation
and tumorigenesis. The PI3K/Akt signaling pathway regulated the growth of many
cancers.Guoeta. 6s study revealed that Aktl enha
increasing the expression level of Bchnd the phosphorylation of the papoptotic
protein BAD[336].
The tumor generation related signaling pathway JAK/STAT was activated at the same
time. To controthe suppressor of cytokine signahBgSCS3) is also observed as an
effective way to regulate tumor development by activating JAK/STAT signaling
pathway[341]. The Notch signaling pathways have also been shown to be involved in
tumor growth, metastatic initiation and setihewal processes. The ovepession of
Notch3 could lead to the expansion of CSCs and chemoresistance enhancement in
ovarian cancer. The sensitivity of CSCs was clearly increased to platinum therapy
after inhibiting the Notch signaling pathway via siRNA knockout. In normal stem
tissues, Hedgehog and Wnt feedback is associated with the proliferation of epithelial
stem cellg342]. It is well known that stem cell compartments exist within stem cell
niches, and these signaling pathways are important for stem cell niches in tisfs;ue
homeostasi$343, 344] The Hedgehog signaling pathway plays an important role %
tumor initiation, metastasis, and maintenance of cancer stem[848s 346] In 8

04

—

cancer c-edtehissignalivig has lbeen regarded as an important patbway
pa
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upregulating EMTassociated gene expressj847, 348] In addition, thevell-known
hedgehog and Wnt signaling pathways also play fundamental roles in maintaining
CSC population§349].

PTEN
PI3K/Akt | JAK/STAT

apoptosis
v Bcl-2,BAD |
Ttumorigenesis SCS-3 V

. Signalling pathways for
Wnt/B-catenin = 5
Ma{r&enanceof CSCS mOdulatlon

malignancies, such as
leukemia, colon, etc.

— ; ' apoptosis—related
st nockout self-renewali proteins T

Notch NF-xB 3

~hedgehog

malignancies

upregulation

downregulation

v

Figure 11: Signal pathways related with cancer stem cells.

Pathways and elements involved in the control ofigglewing and differentiation of

cancer stem cells as well as normal stemceilsc | ude Pl 3K/ Akt-, JAK/
catenin, ledgehog, Notch and N& B

1.3Emerging role of microRNAs in cancer stem cells

The most important progress over the past recent years is the discoveifgNAs
that are smal{19i 25 nucleotides long) necodingsinge-strandedRNAs [350]. They
control gene expression by targeting mRNA transcripts and leading to their
translational repression or degradation, according to the level of complementarity
with them [3, 4]. This degradation includes decapping, deadenylation and
exonucleolytic clavage of the target mRNA transcri@51-353]. More than 2,700
potential human miRNAs have been recorded in miRBas¢384) and their number

is increasing rapidly. Taking into consideration that one miRNA can target many
MRNA transcripts and that one mRNA transcript can be targeted by several miRNASs,
it can be estimated that i140% of the mMRNA sequences are targetedniffNAS in
human[355].

Several essential roles of miRNAs include the regulation of dellelopment,
differentiation, stress response, apoptosis, and proliferatiaegulating the stability

or translational efficiency of target messenger Rja56, 357] MicroRNAs also

CTION

act as novel oncogenes or tursoippressor geneReports have demonstrated thato
&)

mMiRNAs regulate the development of CSCs and the acquisition of the Elg:DT
phenotype[358, 359] The discovery of miRNAs has complex molecular network§
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regulating EMT and stemness in cancer metas{&&8, 360] Thus, microRNAs
might be promising therapeutic targets for tufd@l, 362]

The role of miR200 and miR205 in EMT and tumor progression has been related to
numerous cancsrby targeting ZEB1 and SIH244, 363365]. ValladaresAyerbes,
Manuel, et al. found circulating miROOc as a diagnostic and prognostic biomarker
for gastric cancef366]. The miR200 expression was also demonstrated to change
the tumor microenvironment and inhibit EMT and metastasis, in lung adenocarcinoma
[367]. Gregory et al. revealed low miB00 levels in cells that had undergone EMT,

in response to TGF. The enforced miR00 expression alone was also reported to
be enough to check TGFinduced EMT and miRR00 inhibiton was sufficient to
induce EMT.mIiR-205, located in 1932.2, was shown to be overexpressed in head and
neck cancer compared with other cancer lines from lung, breast, colorectal, prostate,
and pancrea868]. Upregulation of miR205 was observed in bladder canf@89] as

well as in adult mouse corneal and footpad epithe[Rirg].

miR-21 is a tumoiassociated miIRNA for which aberrant expression was first
identified in glioblastomaf371]. miR-21, locaté in 17923.2, has been shown to be
upregulated in breast cand&i72, 373] gastric cancef374], lung cancef357], and
glioblastoma[375]. Antisense studies have shown that it controls cell growth by
inhibiting apoptosig371] but does not affect cell proliferation. The notion that miR

21 functions as an oncogene was very recently supported by showing that suppression
of miR-21 can inhibit tumor growth through downregulation of tumor suppressor
tropamyosin 1[376]. Many human le¥ genes map to regions altered or deleted in
human tumor¢$377], indicating that these genes may function as tumor suppressors.
In fact, let7g maps @ 3p21, which has been implicated in the initiation and
progression of lung cancef878, 379] Ohshima, Keiichi, et al. reported that-tet
miRNA family is selectively secreted into the extracellular environment via exosomes

in a metastatic gastric cancer cell I[380].
1.4EMT -induced formation of CSCs

Recent studies indicate that metastatic cancer cells, which have presumgbly
undergone EMT, may exhibit a CSC phenot{@&l]. This EMT-induced stemness
endows cancer stem cells with the ability to selfenew, and tocontribute in tumor

recurrence, metastasis, and drug resist§8&2] . EMT has been confirmed to play a
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critical role in tumor metastasis and recurrence, which have been shown to be tightly
linked with the function of CSCE83-386]. Reports have demonstratéuht cells
undergoing EMT can acquire stem détk characteristics, which inclated an
interesting conjunction between EMT and stem d8iy, 388]

The signaling pathway links between EMT and the gain of CSC properties are still
not explicit; however, the fornian of EMT and CSCs has been shown to be a
dynamic processand it is triggered by multiple cellular signaling pathways, such as
TGFb, -oatertin/ Heddeog, Notch, and otherf389-392] Recent evidence
suggests that the expression of certain genes involved in CSCs are influenced by
transcription factors of EMTTwist, Snail, Slug, Zebl, SIPlimplicating EMT as
potential factors involved in stem cell maintenance. The link betweenreitilators

and CSCs points to CSCs as the molecular and cellular explanation for the
relationship between EMT and cancer metastfa®3]. In summary, compelling
evidence exists relating EMD the emergence of a CSike phenotype, which may

be prerequisites for cancer cell metastasisthermore, EMT may provide a new
perspective for cancer stem cell theory as well as stem cell research in the

relevant area of tumor formation.

Singnaling pathways miRNAs

EMT

b Metastasis A

Figure 12: Signaling pathways linking EMT and CSCs.
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1.5Tolerance against chemotherapy in cancer stem cells

CSCs can survive in severe conditions, although most cancer cells die under these
conditions. Shutdown of an important signaling pathway for cancer cells can reduce
bulk tumor; however, CSCs survive by releasing various agents to the extracellular
environnent. The expression level of the ADihding cassette (ABC) transporters
gene such as ABCB1, which encodegylfxoprotein, and the hatfansporter
ABCG2, which was originally identified in mitoxantromesistant cells correlates
with normal cells and stewell compartment characterized by SP. These transporters
were originally found in hematopoietic stem cells by the side population (SP) assay
[394, 395] MDR1 gene knockout mice were viable and fertile, but showed an
increased sensitivity to drug896], suggesting that the ABC transporigimportant

to protect cancer stem cells from chemotherapeutic ag8a#®. However, the
transporter is not critical for stem cell growth. BCRP is described as an essential
multidrug transporter against mitoxantrone, doxorubicin, and daunorubicin in breast
cancer[254]. To date, the subfamily of ABC transporter genes has been identified,
including the ABCA, ABCB, ABCC, and ABCG subfamilies, and play an important
role in the efflux of the vast number of anticancer dr{@83]. In melanoma,
anticancer drug treatment with vemurafenib and dacarbazine resulted in the selection
of ABCB5-expressing cell$399]. The nuclear membrane is important for securing
genomicstability. ABCC2 is localized to the nuclear membr§@0] and involved in
resistance to several types of chemotherapeutic agitgl04]. These studies imply

that current chemotherapy should focus on certain types of cancer cells; particularly
CSCs. Eliminating CSCs from tumor tissue is the most desirable cancer therapy
because these cells play important roles in camagression.

2. Strategies to eliminate CSCs

With the recent exploration advancing in CSCs, the C&Cgeted therapy has
brought a new hope to the cancer patiehte identification and characterization of
CSCs have revealedumerous strategies of camctreatment irdepth via specific
molecular therapiepl05]: for examplejnterfering the cell growth microenvironment
of a tumor;targeting the specific biomarkers of CSCsjniribiting the keysignaling
pathways to interfere 8Cs activity. Strategies of CStargeting based on their
properties were shawin table
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Targeting cancer stem cells

Mechanism Targets Ref.
Vascular niche [406]
. T“”T“’r Endothelial cells [332]
microenvironment
use IFND [407]
[336,
PI3K/Akt 338]
CSCsdependent JAK/STAT [408]
signalin thways
) I 4 Notch [337]
Hedgehog [409]
CD44 [410]
CD73 [411]
CD90 [412]
CSC-dependent narkers
P CD105 [413]
CD117 [414]
CD133 [415]
CXCR-4 [334]
ATRA inhibitor [416]
Interfering the CSCs Vitamin D3inhibitor [417]
differentiation
dimethylsufoxidenhibitor [418]
vaccines [419]
|mmun0therapy TGF"b |nh|b|t0r [420]
Blockade of immune [421]
checkpoints
e 422
Exploiting metabolic Inhibit the mTOR [422]
differences Inhibit the mevalonate metabol| [423]

Table 4: TargetingCSGspecific markers or signaling pathways for cancer therapy
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3. Differentiation therapy

It is now clear that CSCs and normal stem cells share similar signaling pathways for
regulating cell selfenewal and differentiation, and they can be identified udieg t
same markers. Thus, inhibitors of signaling pathways or markers are not selectively
toxic against CSCs, but inevitably cause damage to normal stem cells and eventually
affect the regeneration of normal tissue inst€&eherally, differentiation agentsrd

to have less toxicity than conventional cancer treatmérghould also be noted that
inducing CSCs differentiation alone may fail to cure patients with solid tumors
because proliferating cells will be left untouched with enough divisions to kill the
patient[424]. Therefore, targeting both EMT pathways and CSC differentiation is a
safer therapeutic strategy to potentially disrupt this axis of evil in the war on cancer.
This seems to be dsible, since several studies have successfully shown that

pharmacological agents can modulate the differentiation state of a tumor.

The differentiation therapy of solitlimors is defined as a therapeutic strattt

allow malignant cells to revert to a more benign phenotypentycing the re
activation of endogenous differentiation progranms which the proliferative and
metastatic abilities of cells are diminished and the expressions of mature cell markers

arerestored425].

The idea of converting malignant cells to benign cells as a possible therapy for
patients with cancer was first proposed in 1961 by Piej426] when self
differentiation was observed in teratocarcinomas in his laboratory. In the 1970s and
1980s several pioneering reports popularized the potential of this strategy as a
therapeutic protocol for hematological malignand#27]. However; the
transformation of this idea to a real successful clinicattice was not realized until

1984, when the use of dhans retinoic acid (ATRA) in the treatment of acute
promyelocytic leukemia (APL) was reportgd28]. ATRA induces terminal cell

di fferentiation by disrupting the promye
( PML/ RARDU) fusi on protein thida(tellsatrtrneecz)ts
promyelocytic stage[429]. Subsequently, emerging studies have focused (zu;l
elucidating the mechanisms of actiorddferentiation therapy in cancers, particularlyg

in solid tumors. In a paper published Mature Communicationsyan et al.[430]
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demonstrated t hat restoring | kKB ki nase
differentiation in nasopharyngeal carcinoma (NPC).

This breakthrough has changed this fatal disease into one of the most curable of all
forms of leukemid431] and has greatly expanded studies on the clinical application

of differentiation therapy for tumors. Although mosttbese studies focus on the
explorations of hematological malignancies such as leukemia, more and more
attention is being paid to differentiation pathways in solid tumors, which might shed
new light on differentiation therapy for solid tumors.

As highly differentiated cells rarely divide, and rapidly proliferating cells have poorly
differentiated phenotypes, two basic therapeutic approaches for combating cancers
might bedevel oped: 0 6di f[438]rnoeimdtice diffeiertiation taitde r a p y
606dest r uc tf433)tathwat reatigngntyplderation.
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Figure 13 Induction of epitheliato-mesenchymal transition (EMIghenotypic

cells produces cancer stdike cells with drugresistant characteristics. Growth
factors, including FGF, EGF, PDGEB and PDGFD as well as factors such as
TGFb , N D ana Wnt, can indecEMT, while miR200 family inhibits EMT by
regulating the expression of transcription repressors ZEB1 and ZEB2.- EMT
phenotypic cells acquire stelike cell signatures characterized by increased
metastatic capacity, setenewal ability and acquired drugsistance. These cells
metastasize to distant sites and undergo MET to produce metastatic tumors that are
phenotypically similar to the primary tumor.
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Chapter 6: Heparanase(HPSE)

1. Heparanase

Mammalian HPSE is the only endoglycosidasgable of cleaving HS chains of
HSPGs. It exerts 1 ts enzymatic akd)ivity
glycoside bond between glucuronic acid and glucosamine residues, generating
fragments of aboutiy¥ kDa. Human HPSE gene (HPSE1) encodeslgppptide of

543 amino acids(Preproheparanasegand 68 kDa that are synthesized in the
endoplasmic reticulum. Cutting of the-tBrminal signal peptide gives rise to the
inactive latent HPSE precursor of 65 kDa (-ptBSE), which is readily secreted

[434]. Activation of the precursor into the mature enzyme demands the reuptake of
the latent protein and intracellular proteolytic processing. Endocytosis is mediated
mainly by syndecans and requirte® syndecam nt er acting proeteins
actinin [435]. Once inside the lysosome, the preoursndergoes the cleavage of a

linker region (by cathepsih), giving rise to 8 and 56kDa subunits that form the

mature dimeric enzym@t36]. Within the lysosome, HPSE is implicated in HSPGs
turnover. Outside the cell, FBE degrades cell surface HS and matrix and promotes
ECM remodeling and the release of hitked molecules, including growth factors

and cytokines. Apart from its primary perinuclear localization within lysosomes and

late endosomes, several studies havexdomature HPSE in the nucleus dgyim

vitro cancer cell differentiatiof#37, 438]
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Figure 14 HPSE: processing, localization, enzymatic and-eomymatic activities.
HPSE is synthesized in the endoplasmic reticulum as a latent precursbtRpE).

After moving to the Golgi apparatus, pHPPSE is secreted outside the cell (1). HPSE
uptake [mediated by syndecans, manr@gdhosphateeceptor and lovdensity
lipoproteinreceptor (LDLRjrelated protein] (2), and its delivery to lysosome enables
the proteolytic processing (by cathepkinand activation of the precursor into the
dimeric active enzyme (3). The interaction of latent HPSE with HBiS&ng
proteins activategarious intracellular signaling pathways implicated in angiogenesis,
cel[439]l adhesion and migration (4). HPSE secretion or traasion into the nucleus

may occur under the effect of different stimuli. Extracellular HSPGs degradation
encourages cell migration, thus enhancing tumor cell invasiveness and metastasis (5).
Angiogenesis, EMT and inflammatory response are indirectly regulay HPSE via
HS-linked growth factors that are released after HS cleavage (6). Nuclear HPSE
translocation is implicated in cell differentiation, inflammation and glucose
metabolism through gene transcription regulation mechanisms (7).

INTRODUCTION

o
SN
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Figure 15 Primary structure, critical amino acids and predicted tdreeensional
structure of the heparanase heterodimer:pPobeparanase harbors 35 amino acids
signal peptide (s.p., MetAla35) which is removed upon entering the ER. The protein
is then subjectetb glycosylated at six Njlycosylation sites %) and secreted as a
latent ~65 kDa protein (upper panel). Proteolytic processing removes the linker
domain (Serll0GIn157), resulting in an 8 kDa (GInB6lul09) and 50 kDa
(Lys158 1le543) protein subunits (mdle panel) that heterodimerize to yield an
active enzyme. A predicted thrdémensional structure of the heparanase heterodimer
(bottom panel was created based on homology witth bdlanase. Shown (left) are

the 8 (yellow) and 50 kDa (gray) subunitslagiutamic acid residues 225 and 343 that
comprise the enzyme active site (red). The heparin binding domains (HBD 1 and 2,
blue and green) are in close proximitytihe enzyme active site (red).

2. Heparanase as a marker of poor prognosis

Heparanase is expsasd in various cancer cell lines derived from primary tumors as
well as from metastatic sites by numerous methods, includirf®H, western blot
analysis, in situ hybridization, immunohistochemistry and enzymatic acjA4ty-

449]. Heparanase expression was often found in the invading @dgee tumor
nodules by immunohistochemistry. Several studies showed that heparanase
expression level may correlate with advanced tumor degree, stage, progressive @nor
angiogenesis, and poor patient survip0, 444, 450153]. Heparanase expressionE
correlates with poor survival in metastatic ovar@rcinomal454]. A study in 68 é

breast carer patients revealed that heparanase expression is significantly highe&in
pa
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large tumors Bbcm) t han small tumors (O 1 c¢cm)
correlated with more lymphatic metastatic poterjd&ll]. Akahashi, Hidenoyiet al.
reported that heparanase activity could be an independent factor to influence disease
free survival[455]. In another study, heparanase expression was found much higher
than MMP2 and MMP9 in the tissue samples of 40 bladder cancer pd#8&6is

Study also revealed theeovascularization ceelated with elevated heparanase level

in the tumor tissues. Survival rate of heparanasstive patients was much longer
than heparanageositive patients (median survival >24 months vs. 12 mqa8g).

Similarly report was also observed by Rohloff, J.aletwho found shorter survival
period (17 months) of heparanase positive pancreatic cancer patients after surgical
resection of the primary tumor, compared to the heparanase negative (34 months)
[440]. Increased serum heparanase activity was also reported higher and associated
with a shorter survival in patients with pancreatic carcinoma patjéAt. Taken
together, these observations propose that heparanase expression levet tissule®

and/or serum might be a useful prognostic tool for postoperative survival, and as bio
markers for observing tha@peutic response in malignancy.

3. Heparanase enzymatic effect in cancer
The first studies demonstrating an emafic activity attributale to HPSEdate back
to 1983, when Nakajima et #157] found a relationship between HS degradation and
the invasive and metastatic potential of B16 melanom cells, and Vlodavsky et al.
[458] demonstrated the same link in lymphomas. After the HPSE gene had been
identified and cloned in the late 1990s, several experimental studies showed that this
enzymeo6s smwv wasenstumental in increasing the dissemination and
metastatic potential of cancer cells, partly as a result of the establishment of a new
vascular network[443, 447] Various gene silencing strategies for HPSE also
coincided with a reuction in the invasive and metastatic properties of tumor cells
[459, 460] Enzymatic activity is optimal at low pH (52) that occurs at sites of
ischemia such as in the center of a rapidly growing tumor. The molecular mechanism
through which heparanase facilitates angiogenic responses has traditionally %een
attributed primarily to the release of H®und growth factors, suchs avascular
endothelial growth factor (VEGFA and lasic fibroblast growth factoFGF2) [461,

462], a direct consequence of heparanase enzymatic activity.
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A critical early event in the angiogenic process is degradation of the subendothelial
basement membrane (BM), followed by endothelial cell (EC) migratiomrtbwthe
angiogenic stimulus. Similar to its involvement in tumor cell dissemination, it is
conceivable that by degrading HS in the BM, heparanase may directly facilitate EC
invasion and sprouting. Indeed, heparanase expression by2 F&Fmulated, bone
marrowderived EC was demonstrated by-RTR [463]. Immunohistochemistryfo
tumor specimens revealed heparanase staining of EC in capillaries, but not mature
blood vesseld463, 464] Moreover, by releasing HBound angiogenic growth
factors (i.e., FGR2, VEGF) from the ECM461], heparanase may indirectly facilitate

EC migration and proliferatiom63-465]. Heparanase upegulation in such patients
was associated with elevated mistessel density and syndeearexpressiorj466).

While heparanase is known to be proangiogenicnyeloma, which is a common
feature shared with solid tumors, heparanase regulation of syRtlestasdding has
emerged as highly relevant to multiple myeloma progression. Syndedan
particularly abundant in this clinical entity, and is the dominantcdigsh the only HS
proteoglycans present on the surface of myeloma [gelly. Cell surface syndeceh
promotes adhesion of myelontzlls and inhibits cell invasion in vitrp467]. In
contrast, high levels of shed syndedaare found in the serum of some myeloma
patients and are associated with poor pregnp!68]. Shed syndecah becomes
trapped within the bone marrow ECM where it likely acts to enhance the growth,
angiogenesis and metastasis of myeloma cells within the[867g469, 47Q] This is
supported by the finding that enhanced expression of soluble syrtidgamyeloma

cells promotes tumor growth and metastasis inoase mode[467, 470] Notably,
heparanase upegulates both the expression and shedding of syndedsom the
surface of myeloma cellgl71, 472] In agreement with this notion, heparanase gene
silencing was associated with decreased levels of shed syAtigEan]. Importantly,

both syndecail upregulation and shedding require heparanase enzymatic activity,
because oveexpression of mutated inactive heparanase failed to stimulate syndecan
1 expression and sheddir{g 72].
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Figure 16 Remodeling of syndecarl by heparanase enzymatic activity
modulates cell behavior and alters the tumor microevironment

Active heparanase, secreted by tumor cells, cleaves H8siles of syndecah and
releases sequestered growth factors while still associated with small HS fragments.
The HSgrowth factor (i.e., HGF) complex can now interact with its high affinity
recepto (i.e., cMet) in an autocrine or paracrine manner, augmenting ERK
phosphorylation. The resulting signaling induces MMRxpression and secretion.
Similarly, the expression of uPA and uPAR is increased, resulting in HGIMP
activation. Active MMP9 cleavesthe syndecail core protein, and syndecénis

shed from the cell surface, concentrates in the tumor microenvironment and facilitates
myeloma progression.

The clinical significance of the enzyme for tumor progression emerges from a
systematic evaluationof heparanase expression in primary human tumors.
Immunohistochemistry, in situ hybridization, HPICR and real tim®CR analyses
revealed that heparanase is up regulated in the majority of human tumors examined.
These include carcinomas of the colon [1tB}roid[473], liver [474], pancrea$440,

475], bladdel{456, 476] cervix[477], breas{451], gastric[478, 479] prostatd480],

head and necK448, 481] as well as multiple myelom§66], leukemia and
lymphoma[482]. In most cases, eletesl levels of heparanase were detected in abo%t
50% of the tumor specimens, with a higher incidence in pancreatic (78%) and gagric
(80%) carcinomas, as well as in multiple myeloma (86%). In all cases, the nor%al
looking tissue adjacent to the malignardide expressed little or no detectable Ievelé

of heparanase, suggesting that epithelial cells do not normally express the enzyng. In
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several carcinomas, most intense heparanase staining was localized in the invasive
front of the tumor448, 476, 479] supprting a role of heparanase in cell invasion.
Furthermore, patients that were diagnosed as heparposiwe exhibited a
significantly higher rate of local and distant metastasis as well as reduced post
operative survival, compared with patients that eveliagnosed as heparanase
negative[440, 466, 476, 479, 483]n addition, heparanase up regulatiarprimary

human tumors correlated in some cases with tumors of largefd&ite474, 479]

and with enhanced micro vessel den$#$6, 466, 474, 483]providing a clinical
support for the prangiogenic function of thenayme. Collectively, these studies
provide a strong clinical evidence for the pnetastatic and proangiogenic functions

of heparanase.
4. Heparanase norenzymatic effect in cancer

Experiments applying heparanase lacking enzymatic activity due to point onatati
(Glu225, Glu343) in its active site, have demonstrated that this endoglycosidase also
exerts norenzymatic activities, independent of its involvement in ECM degradation.
Enzymaticallyinactive heparanase was noted to facilitate adhesion and migrétion o
primary endothelial cells[484] and to promote phosphylation of signaling
molecules such as Akt and 9#84-486], the latter found responsible for VEG¥
induction following exogenous addition of heparanase or its-exgression484,

486]. Furthermore, heparanaseas also reported to facilitate the formation of
lymphatic vessels. In head and neck carcinoma, high levels of heparanase were
associated with an increase in lymphatic vessel density, tumor cell invasion to
lymphatic vessels, and expression of VEGH487], the latter being a potent
mediator of lymphativessel formatioj488]. Activation of Epidermal growth factor
receptor (EGFR) appears to be markedly elevated in cellseapeessing heparanase

or following its exogenous addition, while heparanase gene silencing is accompanied
by reduced EGFR and Src phosphorylation leyé&9]. Notably, EGFR activation

was observed following the addition or ovexpression of mutated, enzymatically

inactive heparanase protein.
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Figure 17: Enzymatic activityindependent function of heparanase at the cell surface
Enhanced cell adhesion and spreading is mediated by the recruitment and activation
of PKCU, R a tnladditiom,nhépar&hase is thought to interact with a
heparanase binding cell surface protein/receptor, leading-{iodé¢pendent Akt, p38,

and Src ativation. This results in enhanced transcription of genes such as vascular
endothelial growth factor (VEGR, VEGFC), tissue factor (TF), and Cox2, and
further contributes to cell adhesion, spreading and motility.

5. Heparanase norenzymatic pro-coagulantactivity

Immunohistochemical studies revealed that many tumors express high letistsiof

factor (TF) raising the possibility of TF role in the pathogenesis of caj#&f), 491]
Heparanase ovaxxpression ircancercells resulted in a marked increase in TF levels

as assessed by immunoband reatime PCR analysef492]. Likewise, TF was
induced by exogenous addition of recombinant heparanase to tumor cells and primary
endothelial cells. This induction was mediated by p38 phosphorylation and correlated
with enhanced prooagulant activity. TFinduction was further confirmed by
heparanase over expression in transgenic mice and, moreover, correlated with
heparanase expression levels in leukemia patigd82]. Recently, it was
demonstrated that heparanase may serve as a cofactor of TF, suggesting its direct
involvement in activation of the coagulation cascd@3]. These findings were
suppoted by experiments indicating that heparanase increases the level of factocrz)Xa
in the presence of TF/Vlla and the effect is enzymaticalliependent. The newly 6
generated Xa had the same molecular weight as Xa cleaved by TF/Vlla and glas

active as depicted by increased conversion of prothrombin to thrombin. The findin&of
|_
pa
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increased Xa generation in the presence of heparanase was confirthectlinical
setting, using a newly developed assay for the evaluation of heparanase procoagulant
activity [494-496]. Thus, apart from the ability of heparanase to increase Xa levels in
normal human plasma, a statistically significant positive correlation between the
plasma levels of heparanase and Xa was found in patients with acute leukemia and
healthy @nors[493]. Tissue factor pathway inhibitgfFPI) is aplasma Kunitztype

serine protease inhibitor and the only known endogenous modulator of blood
coagulation initiated by TH497, 498] Exogenous addition or over expressiof
heparanase in transfected cells led to release of TFPI from the cell surface and its
accumulation in the cell culture mediyd99]. Importantly, the in vitro studies were
supported by elevation of TFPlevels in the plasma of transgenic mice
overexpressing heparanase. Moreover, increased levels of TFPI have been noted in
the plasma of cancer patieff0, 501] reflecting, possibly, induction of heparanase
expression and elevation of its plasma levels, as revealed by ELISA[&888&yin

human umbilical vein endothelial cell (HUVEC) and tumor derivelll imes, release

of TFPI from the cell surface correlated with enhancedanBiated coagulation. This
effect was evident as early as 30 min following heparanase addition, and prior to the
induction of TF [492] or TFPI expression. Thus, heparanase enhances local
coagulation activity through two independent mechanisms: induction of TF
expressiorf492], and TFPI dissociation from the cell surface. Both functions require
secretion of heparanase, but not its enzymatic activity. The underlying mechanism is
apparently releaseof TFPI due to its physical interaction with the secreted
heparanase, as is clearly evident fromimmunoprecipitation experimen{g99],
reflecting a functional interaction between heparanase and a mengsadein.
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Figure 18 A model of heparanaggocoagulant domain effects.
Heparanase directly enhances tissue factor (TF) activity which leads to increased
factor Xa production and subsequent actorabf the coagulation system.

6. Heparanase and Fibross
Tissue fibrosis is an unregulated wotmehling responseharacterized by a gradual
accumulation and decreaseemodeling of ECM. Chronic injuries are the main
triggersof this process in major orgafs03]. Common pathways areffector cells
are implicated in fibrosis in various parenchyroejans. Persistent parenchymal cell
injury leads tochronic inflammation that, in turn, stimulates the activatbeffector
cels into fibrogenic myofibroblasts. Myofibroblasexpress the alpha isoform of
smooth muscl@a ¢ t SMA) (and secrete large amounts of ECM protépranarily
collagen, fibronectin and laminin), which aesponsible for tissue scarring and organ
archite¢ure deformation and failure. The source of the myofibroblasnl varies,
including resident fibroblasts, fibrocytepericytesand epithelial cells undergoing
epitheliatto-mesenchymaltransition (EMT) [504]. The trandifferentiation of
epithelal cells into myofibroblaslike cells (i.e.EMT) is characterized by the loss of
epithelial markers andhe acquisition of mesenchymal ones, and by an increage
migration and matrix protein secretigh89]. Increasinginterest has been paid toL':;
HPSE in this field in the lastlecade, since its involvement in the EMT of renaé

tubular cells in kidney fibrosis was discovered. HPSE is overexprelgeadjured E
Z
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glomerular and tubular cells exposedalbuminuria, high glucose levels and advance
glycosylationend productg505]. Once secreted, HPSE is a kegulator of FGR2
and TGFb act i vi t y-fibrotic faetorsrad inducerp oE0MT in the kidney
[506, 507] HPSE knockdown in a proximal tubular cell len prevents theeMT
induced by FGR [506], and delays the EMT inducdny TGFb [507]. A lack of
HPSE also prevents TEF varexpressiomy injured tubular cells in vitr@07], and
HPSEko mice show noincrease in T&F i n i nj ur exdaondetiofffibresig s, an
[508]. These findings point to HPSE ageatental pharmacological target in chronic
renal diseas¢509]. There are few and sometimes conflicting data onrthe of
(HPSE) in promoting fibrosis in organs other thie kidney. HPSE regulates T¢F
availability by sheddingsyndecarl, and its upregulatiofmnas consequently been
found associated with intestinal fibrosis in vifEl0]. Unlike the weltknown role of
HPSE as a prmetastaticagent in hepatocellular carcinoma, the involvement of
HPSE in the preancerous condition of liver fibrosis/cirrhosis still not clear.
Ikeguchi et al. found an inversmrrelation between HPSE expression and stdge
liver fibrosis in human tissu¢s11]. Xiao et al. reported no differenae HPSE
expression between cirrhotic and norrinar tissue[512]. Discordant data have also
emerged froma rat model of chronic\er disease: Ohayon et al. fouad increas of
HPSE in advanced fibrosjS13], whereassoldshmidtet al. had previously described
HPSE proteirlevels peaking in the early stages of fibrqSi&4).

The activity of heparanase closely @ates with tumor invasion, metastafd.5,

516] and fibrosis[507] and the enzyme is moderately-tggulated, especially in
metastatic cancers. Based on previous reports, we podttitete heparanase would

be involved at invasion, metastasis and fibrosis of gastric cancers cells. In this regard,
Friedmann et al. identified the expression of heparanase in dysplastic and neoplastic
colonic mucosa and the evidence for its role in coloarcinogenesigi43].

7. Heparanase inhibitors

Heparanase enzymatic activity is important in the advancement of tumor
angiogenesis, primary tumor growth, invasion, and metastasis. Heparin is the gest

natural choice for éparanase inhibitor but cannot be used as anticancer drug du%to

its potent anticoagulant activitp17]. Extensive struggle has been done fioe 8

improvement of modified heparins and related polysulfated compounds with Igss
pa

63




anticoagulant activity. Current advancement in drug development directed to
numerous classes of heparanase inhibitors, containing chemically modified natural
products, smé&lmolecule inhibitors, and antibodies. Some heparanase inhibitors
validated as potent active to inhibit tumor angiogenesis, tumor progressnor tu

metastasis are listed below

Drug name Drug Mechanlsm of Clinical trial Note Ref.
category action
Heparan Inhibits . Also releases
PI-88 sulfate ] heparanase; Phase Ill in HCC TEPI- [518
(Mupafostat) mimetic Z F GIFFGF2, (NCT01402908) Zan ’i o 521]
and VEGF grog
. . In lymphoma
Heparan helgglrta):;z\se; ad'\:/)ggsgdl Isr:)Iid exerts major [522,
PG545 sufate | 7 F GEFGR2, tumors a”g't;moglege}?s 523]
and VEGF (NCT02042781) L2
activity
helgglrta):;z\se' . ZRegrow
Heparan : | Phase | in R/R myeloma tumors
SST0001 ZHGF, V . i [524,
(roneparstat) sglfatg and MMR9. multiple myeloma in vivo gfter 525]
mimetic Ssheddi (NCT01764880) completion of
syndecar chemotherapy
Inhibits Phase I/1l trial for
M402 Heparan hep arana the treatme_nt of
(necuparanib) sulfate sprouting, FGF2, metastatic [526]
mimetic HB-EGF, and pancreatic cancer
VEGF (NCT01621243)
YyHSPGs
Inhibits Zfibros
Small h . L
Suramin molecule heparanase; None hepatic tissue [527,
inhibitor Z F GZFand breakdow_n in 528]
caspase HCC murine
model
Suppresses
metastasis
induced by
Small Inhibits endoplasmic
0GT2115 molecule h None reticulum stress | [529]
N eparanase
inhibitor from
chemotherapy in
breast cancer
cells
Potent synergism
Inhibition of when
Antiheparin heparanase; combin_atior_1 of_
9E8 and H1023 antibodies Zcel |l u None both antibodies i  [530] =
invasion and used in myeloma @)
metastasis and lymphoma =
murine models O
)
. Inhibits ZMi ST oY S
B-Cell MAP Vaccine heparanase; None ensity an . [531] %
7 oression of tumor volume in -
HCC murine =z

(o))
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VEGF and FGF2 model

No activity
CTL dependent against
T-Cell MAP Vaccine lysis of tumor None autologous [532]
cel |l s lymphocytes and

dendritic cells

Phase I/ll trial in

Nucleic acid ZHe par al R/Rmyeloma with No direct [533
Defibrotide based expression and combination cytotoxic effect 53 4]’
inhibitors tumor growth chemotherapy on myeloma
(NCT00406978)
No direct
N ZE ic eff
Singlestrand Nucleic acid hep))(afs\r:a:e's Cgtr?g)r)glccznid;
based - ; - None . i [535]
DNA aptamers Lo Ztissue invasion cells; stable, with
inhibitors .
of tumor cells Zcompl
formation
Nucleic acid Zhi Xaer)ar:asee's Found to work in
RNAI based 7 pn vas 'i None multiple celllines | [536-
(siRNA/shRNA) inhibitors migration of including HCC 538]

and melanoma
tumor cells

Table 5 Heparanase inhibitors currently in development

8. Suramin
Suramin, a polysulfonated naphthyl urea, was first used against African parasitic
infections, such as Rhodesian and Gambian trypanosomiasis. Later, it was reported
that suramin also inhibiteheparanase with an IC50 of 48 mM. Suramin inhibited cell
growth and exerted antiangiogenic and -amgitastatic effects through blocking the
activity of heparanag®39].
Due to its antproliferative activity against numerous human cancer cell lines in dose
and timedependent manng540], suramin alone or combined with cytotoxic drugs
has been studies in many clinical trials that include ovarian cdbdédr 542]
Suramin inhibitory activity against heparanase could be improved by increasing the
size of R group from methyl to ethyl, or ténityl group in is chemical structure
[539]. New suramin analogues have now been established to improve this antitum

activity and overcome its siekffects[543].
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Chapter 7: Coagulation and Cancer

1. Coagulation biology

Hemostasis is a complesystem that is based on various physiological phenomena
which aim is to maintain the blood flow within the vessels. Thesehanisms
contribute to stop the bleeding and to prevent thrombHgostasis is based on the
action of various cellular playersduas the endotheliunthe vessel wall, platelets,
circulating blood cells and various plasma proteins. Classically, coagulation can be
distinguished into three main phases that are activated simultaneously: primary
hemostasis, coagulation and fibrinolysiBhese three phases are concurrent and
interdependent, even if they differ in duration and intensity. The importance of each
of these mechanisms varies, also depending on the location of vascular lesion (arterial

vessel ovenous) and the size of the velss
1.1 Primary hemostasis

Primary hemostasis is activated immediately after the formation of a vascular gap. Its
role is to close the wound and stop bleeding by formimdatelet clot, known as
"white thrombus".At the onset of a vascular lesion, primary lostasis process
takes place. The first reaction triggered is the localized vasoconstriction and platelets
activation. This reaction stops bleeding, reduces blood flow and changes
hemodynamic conditions. The exposure of the -eudothelium to the von
Willebrand factor(von Willebrand factor.vWF) induces the recruitment of other
platelets. Plateletaggregate and form a fragile microthromipgd4]. This induced
microthrombus and degranulation of platelets result in the release of cytokines
(VEGF, PDGF, IGFL, TGFb) and coagulation factors (V, VWF and fibrinogen)
[545]. The aggregation is irreversible and the clot solidifies, thus forming a platelet

plug.
1.2 Coagulation

Coagulation is the result of a chain of chemical reactithrag involve various

TION

substrates and enzymes, leading toftlmmation of a fibrin clotThe key enzyme for
converting fibrinogen, a soluble protein into soluble fiksithrombin. The process of 8
formation of thrombin is complex and involves various clotting factors (I to XIIIB

[v4
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Clotting factors ar@redominantly gnthesized in liver as protein zymogens. They are

presented in Tabl&he coagulation process is based on two pathways:
1.2.1 The extrinsic pathway:

Tissue factor (TF) is a membrane receptor, embedded in the vessel wall and exposed
to blood following vascular jary. The TF activate factor VIl to form a complex
which, at a high concentration, activates factor X. In the presence of phospholipids
membrane and calcium, factor Xa binds factor Va in turn to form the prothrombinase
enzyme required for the conversion pfothrombin (II) to thrombin (lla). The
generated thrombin (lla) triggers a positive feedback by activating the platelets and
factors V, VIl and XI. Thrombin enhances platelet aggregation within the clot by
binding to the surface of the platelets to R&\R-1 receptor (proteasactivated
receptor 1J546]. The extrinsic pathway is quick and comes earlyeioegate the first

molecules of thrombifb47].
1.2.2 The intrinsic pathway:

It is triggered by the activation of factor Xl after contact with collagen. The
activation of factor Xll leads to the conversion of prekallikrein YR& kallikrein
(PKa). A selfactivation loop between the PKa and factor XllI, is set up. Finally,
cascade of reactions allow the formation of prothrombinase (factor Xa and Va) and
ultimate thrombir{548].

Thrombin generated by these two channels, cleaves fibrinogen and releases fibrin
monomers. Factor Xllla stabilizes fibrin througbvalent bonds, thereby forming a
solid network around the platelet aggregaléee coagulation process ends when the
gap is closed bplatelet deposition and fibrin.
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Common
name

Symbol

Other names

Site of synthesis

Function

Final
product

Fibrinoge
n

Factor |

Liver

Fibrin
precursor

Fibrin

*Prothro
mbin

Factor Il

Liver

Protease
zymogen
(plasma)

Thrombi
nlla

Tissue
factor

TF

Thromboplast
in factor,
Factor Il

Subendothelium
blood cells

Initiator,
co-factor
Vllain IX
and X
activation

Immediat
ely active

Calcium

Caz+

ubiquitous

Cofactor

Factor V

Proaccelerin

Liver

Xa
cofactor in
the
activation
of
prothromb
in
(plasma,
platelets)

Va

Factor VI:

not retained by the International Nomenclature Comm

ittee

Factor
VIl *

VI

Proconvertin

Liver

Protease
zymogen
(plasma)

Vlla

Factor
VI

VI

Antihemoph
ilic factor A

Liver

Cofactor
IXa in the
X
activation
(plasma)

Villa
bound to
vVWF

Factor IX

*

Antihemophi
lic factor B

Liver

Protease
zymogen
(plasma)

IXa

Factor X

*

Stuart factor

Liver

Protease
zymogen
(plasma)

Xa

Factor Xl

XI

Plasma

thromboplast
in

Liver

Protease
zymogen
(plasma)

Xla
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antecedent
Protease
Factor Hageman .
X1l Liver zymogen Xlla
Xl factor
(plasma)
Transgluta,
Factor Fibrin minase
Il Xl stabilizing Liver zymogen | Xllla
factor (plasma,
platelets)
Contact activation Tissue factor
(intrinsic) pathway (extrinsic) pathway
Damaged surface
l Trauma
TFPI
XIl Xlla s
A Vila Vil
Xl Xla - VIl
: R » | Tissue factor <—— Trauma
: IX IXa Vllla ¢

ot Antithrombin

Prothrombin (11) —= Xa ~—> Thrombin (lla) Common
Va .7 pathway
i < Fibrinogen (1) Fibrin (la)
----------------- PRPRERS AR F - /\
Active Protein C g Xllla X
Protein S Cross-linked
3] fibrin clot

Protein C + Thrombomodulin

Figure 20: Summary diagram of the regulationazfagulation
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1.3 Fibrinolysis

When healing occurs to repair the vascular injury, the fibrin clot gradually dissolves.
Hydrolysis of fibrin is ensured by plasmin, serine protease secreted by hepatic
zymogen: plasminoge®lasminogen is activated by two proteases: the first is of renal
origin, named urokinase (UPA) and the second is of endothelial origin, called tissue
plasminogen activator-@A). Actually, the presence of fibrin leads to activation of
the prourokinase tarokinase. The activation ofRA is done by plasmin substrate,
which engages a strong loop awaittivation[549]. Plasmin generated degrades the
fibrin and releases very heterogeneous fragmeaitsd fibrin degradation products
(FDP) as Ddimer.

Fibrinolysis is controlled by different routes:

1 Inhibition of plasmin: when plasmin is in excess, it is inactivategl@asma by its
inhibitorantisplcés misn U&n-tnaaoglobelids5@.r degr ee
1 Internalization of tPA / WPAR complex by cadherin dependent endocytosis: This
way is activated following the binding of the complex with PA[plasminogen
activator inhibitor 1). This results in degradation ofRA and recgling of its
receptor. PA2, a product of the alternative splicing of PBlacts as an inhibitor of
both uPA and tPA.
1 Inhibition by TAFI (Thrombiractivatable fibrinolysis inhibitor): This is a
carboxypeptidase. Its activity is improved in the preseficerombomodulin (TM), a

peptidoglycan expressed on the surface of endotfa&lid.

l l

PA uPA

J <—— Plasmin —»l

| won < [

/

"w; —»  Plasmin ——» Fibrinolysis

Figure 21 Molecular mechanisms of fibrinolysis CZ>
Plasminogen is converted to activate serine protease, plasmin, through the actign of
tPA and uPA. Both activators are secreted by endothelial cells and macrophéi_%;es
monocytes or endothelial celtespectively. The red blocks represent the negatl@
regulatory pathways.

INTR




2 Inhibition of fibrin

Inhibition of fibrin formation is one of the major mechanisms of negative regulation

of coagulation. It is based on three routes:

T

T

Thetissue factor pathway inhibitdiTFPI1): TFPI forms a complex with factor
Xa, TF and factor Vlla, thus blocking the extrinsic coagulation patfa&aj.
Antithrombin (AT): This is a liver protein ohe serpin family. It is capable of
forming a complex with thrombin and factor Vlla, 1Xa, Xa, Xla and Xlla and
neutralize irreversibl{553].

The protein C / endothelial peh C receptor: Protein C (PC) and its
endothelial receptor (EPCHEndothelial protein C receptorare central to
anticoagulant systems. Indeed, when interacting with thrombomodulin, the
thrombin activates a feedback inhibition process and loses its aoagul
properties followingconformational changes. Thrombin even loses its affinity
for platelets and fibrinogen and becomes a major player in the inhibition of
fibrin [554]. The thrombiATM is responsible for the activation protein C,
hepatic vitamin Kdependent serine protease. Activated protei(aC) is

thus released. In the presence of protein S, aPC inactivates factor Va and
factar Vllla by proteolytic cleavage, thereby inhibiting the generation of

thrombin.

In addition to its anticoagulant activity, the PC is also able to improve fibrinolysis

by inactivating PAI1 secreted by endothelial ce&55].

Figure 22 Role of protein C and its receptor in the inhibition of fibrin.

Protein C activation APC
Anticoagulant
activity
InActivation
of fV, and fVIll,
APCy \
fV; and fVIIl
APC{ APO | {
L \'/
: e~ ....,co!actors
EPCRITIT § pid reemostt

¢ cofactors ’m

Cytoplasm Cytoplasm
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3 Coagulation and carcinomatosis

Malignancy disturbs the hemostatic system and the hemostatic system affects
malignancy. As solid tumors rely uporascular networkfor their nourishment, it
follows that interference with that supply may compromise tumor growth. Several
studies have proped that the main difference between normal and tinedated

blood vessels is their tendency of blood coagulation within tumor vessels. The
association between tumors and abnormalities of the blood coagulation system was
first recognized as long ago as B86vhen French clinician Armandlrousseau
reported the frequent occurrence of venous thrombosis in patients with gastric
carcinomg556]. Thrombosis is the most frequent complication and the second cause
of death in patients with overt malignant disefe].

More than 50 years ago, Levin and Conley reported that thrombocytosis was
associated with breast, lung, digestive and ovarian car[&&8]. Hemostatic
disorders in cancer resuitom the capacity of tumor cells to secrete procoagulant
factors and to interact with blood components such as pla{éle®s 560] While
platelets are essential for normal hemostasis, their unbridled activation may result in
thrombus formation leading to thrombocytosis complications. Moreover, patients with
elevated platelet couhtave a higher risk to develop venous thromboembdixéh).

The coagulation/fibrinolytic system is responsible for the intravascular fibrin
homeostasis besidgarticipating in a wide variety of physpathological processes

such as tumor growth, invasion and metas{a§ig, 563]

4 Role of factor XIl zymogen, tissue factor and fibrin in angiogenesis

The formation of new cellular masses at an organ site creates an obvious extra
demand for oxygen, growth factors, and metabolites and increases the need for tumor
associated blood vessels. Although most investigatioogs on FXII as a serine

protease, zymogen FXII has mitogenic activities on cultured cells independent of its
enzymatic activity. Evidence indicated that FXII stimulates aortic sprouts from wild
type mice but not from uPARTofmationaimta t a an
matrigel plugs in wiletype but not in uPARleficient animals. Vice versa, there is=

O
|l ess number of vessels in skin punc bi
. : : -]
constitutively and in a wound healing mod&64]. I n contrast, an a
O
mouse strain, there are no obvious vascular abnormalities in histologic affaBfses E
zZ
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These combined data indicate that zymogen FXII, like siogé&n urokinase,
functions as a growth factor that mediates cell signaling leading to proliferation and
stimulating angiogenesis, indicating a new in vivo activity for zymogen Xl in

postnatal angiogenesis after ischemia, inflammation, and injury.

Recent dataugygested that increased expression of TF in tumors may contribute to
angiogenesis in part by increasing VEGF protein expression and downregulating the
expression of the antiangiogenic protein thrombospofii®]. For example, TF

positive colorectal tumors have higher levels of microvessel density and VEGF

expression than FRegative colorectal tumors ¢667].

In the coagulation dependent pathway, the interaction of TF and factor Vlla induces
Ca2+ oscillations and changes in gene expression, and the formation offéetorF

Vlla complex leads to #hactivation of the mitogeactivated protein kinase (MAPK)
pathway [568], which is a major inducer of VEGF expression. Colocalization of
upregulated PAR with phosphorylated TF occurs only in neovessels. The
phosphorylatio of TF appears to be the mechanism that switches off the negative

regulatory control that promotes pathologic R2ependent angiogene$t69].

Fibrin-induced neovasculation is based on clotting related mechanisms that involve
platelet activation and fibrin deposition. Crdsked fibrin has been found in
different human malignant tumors. It is present in the endothelium of angiogenic
vessels ofnvasive cancer specimens but not in vessels of benign tys¥d} Fibrin

can bind to inflammatory cells or to tumor cells and is deposited around tumor cells as
scaffolding that promotes further angiogenesis. Fibrinogen and fibrin fragments, such
as fragment E, have been shown to stimulate angiogenesis both in vitro and in vivo
[571]. The binding of endothelial cells (ECs) to fibrin with the involvement of the
adhesion molecule vascular endothelial cadherin may be necessary for capillary tube
formation, a critical step in angiogenesis. Theifibmatrix that develops around
tumors provides a provisional proangiogenic environment that supports vessel
formation and stimulates EC proliferation and migraf®r2]. The fibrin matrix can
promote a proangiogenic response by Supr e

receptor to facilitate EC migration and capillary forma{ion3].
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5 Cell adhesion to fibrin

The association between coagulation factors and malignancy was recognized more
than a century ag[b74]. Positive fibrin staining is frequently found in focal sites at

the interface of the tumor cells and surrounding stroma, but not in the ECM of normal
host cells. Much like in a healing wound, the depositiofiilafn/fibrinogen, along

with other adhesive glycoproteins, into the extracellular matrix (ECM) serves as a
scaffold to support binding of growth factors and to promote the cellular responses of
adhesion, proliferation, and migration during angiogenesd tamor cell growth

[575]. Fibrin surrounding tumors may protect them from infiltrating inflammatory
cells by acting as a barrier, thus preventing inflammatory reactions directed towards
the tumor cells[576, 577]

In carcinomatosis, the presence of cancer cell in peritoneal cavity induces the pro
inflammatory state and modified the mesothelial cell layer microenvironfs@at.

The mesothelial layer disrupted and loses their pol@il@]. The contact between
mesothelial layers is broken and mesothelial cells are exfoliated from the surface
leaving empty spaced quantitative change in synthesis and degradation of ECM
proteins occurs. This imkahce between these two processes may result in tumor
stroma containing increased amounts of collagen, FN, proteogly880% and,

perhaps, fibrinogef575]. Thus, tumor stroma may be

c

gone awryo and tumors themselves may be

[581]. The source of some of these matrix proteins is thought to be from leaky blood
vesselg582] or inappropriate synthesis by the tumor cells. Some consequences of
inappropriate  or modified synthesis of ECM molecules in the context of
tumorigenesis include changes in proliferation, inducof angiogenesis, altered cell
adhesion and cell migration, and ultimately tumor metastasis. Cancer implies aberrant
cell growth. A combination of autocrine and paracrine growth factors and cytokines
and ECM molecules leads to degregulation of cell eeyadntrol, which results in

increased cell proliferation and malignant transformdg&&@o].

6 Soluble Endothelial protein C recetor

TION

@)
EPCR is a type 1 transmembrane glycoprotein that shares considerable homdDIbgy
with the major histocompatibility complex [15]. Endothelial protein C is an importa@

l_

regulator of homeostasis in addition to its involvement in the systemic response- to
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acue inflammation.EPCR gene carries 13 single nucleotide polymorphisms, which
define 3 haplotypes, a&f which (A3), that lacks the transmembrane and cytoplasmic
domains was strongly associated with high sEPCR leveds A3 haplotype is
responsible for a higsePCR level, it is a candidate risk factor for venous thrombosis
[583, 584]

EPCR exists as membrane bound as wasllfree soluble form (SEPCREPCR is

known to be constitutively released in the plasma in a free soluble form as a result of

its proteolytic cleavage. Soluble EPCR (sEPCR) has the ability to trap free aPC,
thereby depriving it of its anttoagulant functin within the surrounding environment

[585, 586] The shedding of EPCR is known to be requlated by lh (i nt er | e uKk
TNF-U, endot oxi n, and via the MAP cWlarnase s
endothelial cell line (HUVEC)587] and by the presence of ERCA3-haplotype

homozygosi$588]. SEPCR, in&ct, can regulate the quantity of circulating aPC.

Beaulieu and Church (2007) claimed that aPC increases breast cancer cell invasion
and chemotaxis through EPCR and PARThese findings are demonstrative of the
importance of EPCR expression in tumor £€8189]. Presence of sSEPCR in plasma
influences innate immune responf®90] and likely is a biomarker of caneer

associated hypercoagulabil{§91].

It is known that circulating protein C zymens, secreted by liver, binds to endothelial
protein C receptor (EPCR) with high affinity and stimulates its activation via the
thrombinthrombomodulin complex. Interest in EPCR/aRC relation to tumor
biology is gaining momentum with the recent appearance of an increasing number of
publications[592-595]. The activated protein C (aPC), together with its cofactor
protein S, degrades factors Va and Vllla and thereby interferes with thrombin

generation and inhibits the coagulation cas¢&886-598].

The increase in plasmatic level of SEPCR in cancer patients leads to increased
sequestration/capture and use of proteii@s could affect or modulate thrombotic

events and immune inflammatory response.
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Figure 23. Schematic drawing of the anticoagulant properties of membrane
associated EPCR

7 Thrombopoietin

The term thrombopoietin (TPO) first appeared in the literature in 1958 [1], to depict
the primary regulator of platelet productifg®9]. TPO is the key cytokine involved

in the regllation of thrombopoiesis. TPO is constitutively expressed, but the level of
circulating TPO is directly related to platelet mgd$90-602]. TPO is mainly
produced by the liver and it is also secreted by kidney, bone marrow and[§0i&En

The human TPO gene is localized on chromosome 3g27 and comprises six exons and
five introns [604-606]. To date, 8 different variants of TPO mRNA havesibe
identified, including the full length mRNA (TR®) and its 7 alternative splicing
variants. Proliferative activity was highlighted only in TR@soform[607].

Moreover, TPO seems to be more than a megakaryopoiesis regulator. HEI2AK
signal transduction pathway is activated upon binding of TPO to its receptor, resulting
in changes in gene expression that prenmegakaryocytic and cancer [33, 34].
Indeed, TPO has been admitted as a crucial regulator of proliferation and secretory
activity in porcine ovarian follicular cellg508]. In pathologic conditions, several CZ)
cancer cell lines from lung, storta liver and thyroid human carcinomas express thg
TPO gene[609]. In a case report, Furuhaskt al reported that TPO could be :Q)
produced by ovarian carcinonj@l0]. Tsukishiro and his colleagues observed, Iin %

pa
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comparative study, that plasma TPO concentration may be a biomarker that
distinguishes between benign tumor patients and those with malignant ovarian cancer
[611]. It was already described that TPO level increased by an inflammatory proces
mediated by IE6 , produced by macrophages and monocytes,-digsendently
increases TPO mRNA levels in hepatoma cell lifgd®]. However, the presence of
TPO detected by immunohistochemistry attribuiethe capture of TPO due T°O
receptor expression in human cancer déls].

Although great progress has since been made in unraveling the molecular and cellular
basis of this phenomenon, its significance remains something of a my3a¢ayfrom

several studies reported that the hemostatic components and the cancer biology are
interconnected in multiple ways. This ogenhe way to the development of
bifunctional therapeutic approaches that are botlaldapof attacking the malignant
process and resoh the coagulation impairment.

Py | Uterus
e Sl | \ AW o
yd / \ - \Rs

Platelets
< y

\ o
. /

Thrombocytosis
in ovarian cancer

Figure 24: Plateletovarian cancer signaling thavays and potential therapeuticg
targets. aPC secreted by liver stimulates thrombopoietin (TPO) production frgm
ovarian cancer cells, which drives thrombopoiesis in the bone marrow @d
thrombocytosis.
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OBJECTIVES

The development of targeted therapies is the main objective of the cancer research.
With the aim of better understanding and control of different components of the tumor
process, these research studies inspect athdahanisms involved in this pathology.

Thus, the work presented here is from this perspective.

Gastric signet ring cell adenocarcinoma (SRCA) is unique among gastric carcinoma
characterized by remarkable fibrosis, rapid invasive progression and highnitgque

of metastasis to the peritoneum. Abundant evidences have revealed the importance of
epitheliatmesenchymal transition (EMT) in promoting metastasis in SRCA when
genetically unstable cancer cells/cancer stem cells (CSCs) adapt to a tissue

microenvironmat that is distant from the primary tumor.

EMT is a characteristic of the majority of metastatic cells. Dissemination of tumor
cells from the primary cancer may occur by peritoneal circulation, associated with
ascites formation. This results in invasion éxfoliation of mesothelial cells from

peritoneal surface to form cancer nodules.

Heparanase is an enfleD-glucuronidase enzyme, capable of cleaving heparan
sulfate side chains of heparaulfate proteoglycans on cell surfaces and the
extracellular matrix, which further regulate the bioavailability of growth factors
(FGFR2,TGFb) . These growt h f act antesstitighfibmsis a ma |

of chronic kidney disease.

Heparanasemay also affect the hemostatic system in a-@ozymatic manner.
Heparanase upegulate the expression of the blood coagulation initiator tissue factor
(TF) on the cell surface membrane of tumor cells, leading to increase cell surface

coagulation activity.

Moreover, heparanase is significantly correlated with the invasion and metastasis of
malignant cells in vitroNeprilysin, a cell surface zinc dependent metalloprotease and
other endopeptidases, are also associated with the tumor progression of ariatge va

of cancers, such as breast, gastric and colorectal carcinomas.
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EPCR, a negative regulator of coagulation appears to be important for protein C
activation by cancer cells. Activated protein C upregulates ovarian cancer cell

migration and promotes umttability of the cancer cell microenvironment.

Interleukin6 secreted by ovarian cancer cells stimulates hepatic thrombopoietin
(TPO) production, which drives thrombopoiesis in the bone marrow-AGFs ecr et e d
from thrombocytes interacts with cancer cédisncrease proliferation. TPO could be

produced by ovarian carcinoma.

Poor differentiation is an important hallmark of cancer cells, and differentiation
therapy holds great promise for cancer treatmBiect differentiation could be a
breakthrough forovercoming CSCs. Suramin, an inhibitor of heparanase, alone or
combined with cytotoxic drugs has also been studies in many clinical trials that
include ovarian cancer. Cancer prevention andaartcer effects of aspirin have only

recently become appareatmost one hundred years after its launch.
The objectives of this work were:

1 To detect heparanase gene expression in tissue and cell line (KAT®®
SRCA and to assess its role in EMT and malignancy as in vitro.

1 To analyze the induction of EMT of mehetial cells as well as the regulation
of neprilysin and modification of peritoneal cell surface in carcinomatosis
patients

1 To find whether thrombopoietin secreted by human ovarian cancer cells are
active or not

1 To report a case study, the presence ofedbftiated cells in ovarian

carcinomatosis nodules after chemotherapy

N To evaluate EMT or differentiation in carcinomatosis as well as human cancer
cell lines, breast cancer (MEH, ovarian cancer (OVCAR), gastric cancer
(KATO Ill) into differentiated c#s as in vitro and also a castudy of ovarian

cancer patient
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MATERIALS AND METHODS

1. Biological samples and Drugs

1.1 Patient Ascites
Freshlyisolated ascites fluglfrom 14 cancer patients of the Hospitahriboisere
(Paris, France) were collected. As ascites fluids evacuation is part of the routine
management of patients, only oral consent was obtained from them. Cells from ascites

fluids were pelleted by a short spin3@00rpm:; for 1dminutes at 26C.

1.2 Patient tissue samples

Peritoneal membranes (ovarian cancer patientfrastily-isolated ascites flugl(two
ovarian and two gastric cancer patients) were obtdireed General and Digestive

Tract Surgery Department bariboisiére Hospital in Paris (France)

Tumor and corresponding normal gastric tissue specirf@BREA tumoral, SRCA
peritumoral, NoRSRCA tumoral and NoBSRCA peritumoral) were obtained from

21 patents with signet ring cell adenarcinomafrom Generaland Digestive Tract

Surgery Department at Laribase Hospital in Paris (Francdpformed consent was
obtained from each patient prior to surgery. All of the tumor and macroscopically
normal gastric tissue samples were obtained at the time of surgdrweae rapidly
frozen in |liquid nitrogen and stored at

histologically confirmed by hematoxylin and eosin staining.

We report the case of a female multipara patient of 85 years, who presented a pelvic
mass of 10 cnwide painless axis associated with abdominal distension, nausea and
ascites. The PET CT (positron emission tomography) and pelvic MiRgrietic
resonance imagingonfirmed the presence of a mixed primary ovarian tissue mass of
about 10 cm and a large amdinal ascites with pleural effusion on right side and an
important peritoneal carcinomatosis. Patient was evaluated as unoperatié in
laparoscopy. Peritoneal biopsies were in favor of a poorly differentiated carcinoEa,
high-grade malignancy and evocativieaoserosa nature. UEJ
After chemot herapy nACarbotaxol for a?—ttot
dropped from 3200 to 174 ng / ml and a regression of peritoneal carcinoma #as
observed. The patient was operated on for a cytoreduction associated withrkmpos%

pelvectomy, protected omentectomy, appendectomy histex@ectomy, and lymph I<_E
=
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node dissection. Tumors samplesrgvobtained at diagnostic by biopsies and after
chemotherapy, by radical surgeries of ovarian cancer patient. Stage of tumor
categorizechaccording International Federation of Gynecology and Obstetrics (FIGO)

as malignant stage 4 serous adenocarcinoma.

1.3Drugs
Drugs used in this study werBuramin(Sigma Chemical CdSt. Louis, MO, USA)
andaspirin( As p e g i -aventis3aris,lergnce).

1.4 Antibodies

The name, origin, clone name and dilution for each antibody used in this study

Antibodies | Origin City Country Clone Dilution
Ck Carpinteria
Dako o USA AE1/AE3 1/50
AE1/AE3 Californie
NF Dako Glostrup Denmark 2F11 1/100
DAK -
SYP Dako Glostrup Denmark 1/500
SYNAP
CHR-A Dako Glostrup Denmark | DAK-A3 1/100
BBS/NC/V
NSE Dako Glostrup Denmark 1/100
-H14
Ki67 Dako Glostrup Denmark MIB-1 1/50
S100 Dako Glostrup Denmark | Noclone | 1/1000
n
. Q
Leica O
T
CD56 Biosyste Benton UK 1B6 1/50 E
=
ms A
Z
- - <
Carpinteria- n
WT-1 Dako o USA 6FH2 1/150 -
Californie <
o4
L
I_
<
=

©0
N



Tucson- Not
ER Ventana ) USA Spl _
Arizona diluted
Tucson- Not
PR Ventana USA 1.00E+02
Arizona diluted
CD117 G Carpinteria-
. Dako o USA No clone 1/50
kit Californie
BD-
_ o . 14+ 0D
b -catenin | bioscienc| Erembodegen Belgium . 1/50
catenin
es
Fisher
CD3 o Fremont USA Sp7 1/100
scientific
Tucson- Not
CD4 Ventana ) USA Sp35 _
Arizona diluted
CD8 Dako Glostrup USA C8/144B 1/50
CD20 Dako Glostrup USA CD20 1/50
E-cadherin Dako Glostrup USA NCH-38 1/50
Vimentin Dako Glostrup USA V9 1/500
57CT23.3.
Leica
NCL-L-
CD10 Biosyste Nanterre France 1/10
CD10
ms
CD31 Dako Glostrup USA JC70A 1/20
Predicti
D2-40 Dako Glostrup USA D2-40
ve
Heparanasg Bioss | Greater Bostor USA Polyclonal | 1/50
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2. Cell culture

2.1Cell lines culture
Human cancer cell lines used were: Ovarian (OVEA&d SKOV3), breast (MDA
MB231 and MCF7), gastric (AGS, KATDI), intestinal (LS174T),colon (CT-26),
lung (A549), leukemia (K562), cervical (HELA) and human microvascular
endothelial (HMEG1) were obtained from American Type Culture Collection
(ATCC, Manassas, VA).Normal human adult mesothelial cells (NMC) were
purchased from Zen Bio, Inc. (Researchamgle Park, NC, USA)

2.2 Primary cell culture
Normal human adult mesothelial cells (NMC) were purchased from Zen Bio, Inc.
(Research Triangle Park, NC, USA) and maintained in mesothelial cell growth
medium (ZerBio, Inc.). Cells were harvested from the expured growth phase and

total RNA and protein were prepared as described below.
2.3 Ascites cell culture of patients

Ascitic fluids from patients were provided by the Digestive surgery department of
LariboisiereHospital (Paris, France). All patients gave their written informed consent.
Clinical and biological annotations were recorded in an Access database approved by

t h&€ofmmi ssi on National e de -IFéarce. fMedicelat i qu e
records reportedhat 4 patients had cancer from ovarian orighll patients were

admitted for surgery during a period from October 2014 to February 2015. Each
ascitic sample was centrifuged and the cell pellet obtained was cultured in flasks
coated with 0.2% gelatin (Swg, France) in DMEM medium (GIBCO, Saint Aubin,

France) supplemented with 20% of hewctivated fetal bovine serum (FBS),

50ug/ml of streptomycin, 50 IU/ml of penicillin and 2nM ofglutamine.

2.4 Conditioned media

ODS

Cells were seeded in plates or flaskswgrdo 80% confluency and then incubated irE
serumfree culture medium. Three culture conditions were assaygth presence of UEJ
Protein C (PC) (PROTEXEL, Courtaboeuf, France) at a concentration of 10 pg/ml%z)
in presence of activated Protein C (aPC) (IigrSuresnes, France) also at an
concentration of 10 pg/ml, 3) without any addition as control. Cell flasks We%

incubated 5 hours prior to flow cytometry analysis and cells in plates were incubaﬁed
=

84




24 hours for ceculture experiments. Ba/F3 cell line wadtared in the presence of:

1) recombinant IL3 (5ng/ml) (SigmaAldrich, SaintQuentin Fallavier, France) 2)
human recombinant thrombopoietin (TPO) (50 ng/ml) (LifeSpan Biosciences, USA)
3) PC (10 pg/ml) 4) aPC (10 pg/ml).

2.5Co-culture of cancer cells and B#-3 cells

OVCAR-3, MDA-MB231 and K562 were cultured ibottom two cell culture
compartmentseparated by a 0.4um micropore membrane (Fisher Scielliich,

France) and Ba/F3 cells were cultured in the upper compartment.

MATERIALS AND METHODS
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3. Biological molecules
3.1Extraction of total RNA

Gastric tissue specimens were homogenized with a polytron tissue homogenizer.
Total RNA in cells and tissues was extracted using the Qiagen RNeasy Mini Kit

(Qi agen, Germany) according to the manuf a
3.2Reverse transcription

Total RNA in cells was extracted using the Qiagen RNeasy Mini Kit (Qiagen,
Germany) according to the manufacturer s

to cDNA in a 20 pl volume, using the QuantiTect reverse transcription lagéi.

3.3 Polymerase chain reaction (PCR)

The thermal cycling comprised of the real time PCR following conditionSC9%r
5min, followed by 40 cycles (denaturation for15s af@5annealing for 20s at 6C)
and extension for20s at ?2). The primers spiences and PCR product size for the

target and reference gene are listed in Table 1.

MRNA expression levels of different markers were detected byinealPCR with B
actin as internal reference, using Mesa Blue gPCR Master Mix Plus for SYBR assay
(Eurogentec) on the Mastercycler Realplex2 (Eppendorf).

Relative quantitation was calculated using the comparative threshold cygle (C
method with realplex software. Meany ©f triplicate measurements was used to
c al c u k astthe diffpr€nce in{for target and internal reference 48tin) genes.
The dif f er en crefthb eontovexmenmenthned gvLofeeaclpample
were cal cul atFeldinctease ig mMRNA wap galCulated BYEC.T

The PCR products of cell lines and tissussnples after redime PCR were
electrophoresed by-EBel Precast Agarose Electrophoresis System (Thermo Fishgr
Scientific Inc, Waltham, USA).

3.4 Sequencingof nestedPCR products

D METHO

p
NestedPCR extracted DNA products were sequenced by Eurofins Genomic

n
(Ebersbegy, Germany), using the cycle sequencing technology (dideoxy chgih
termination / cycle sequencing) on ABI 3730XL sequencing machine. Sequerﬁes
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were analyzed by the Basic Local Alignment Search Tool (BLAST) in the NCBI

database.
Table-1
Product
Gene Primers (5Y 3) length
(bp)

AGACGGCTAAGATGCTGAAGAG
Heparanase 208
TCTCCTAACCAGACCTTCTTGC

CTGGCTATGAAGGAAGATGGA
FGF2 149
TGCCCAGTTCGTTTCAGTG

CAGAAATACAGCAACAATTCCTGG
TGFb 1 186
TTGCAGTGTGTTATCCCTGCTGTC

CCCACTGAGGAGTCCAACAT

VEGFA 173
AAATGCTTTCTCCGCTCTGA
TGGACAGGGAGGATTTTGAG

E-Cadherin 190
ACCTGAGGCTTTGGATTCCT

CCAATCGGAAGCCTAACTACAG
Snail 155
GACAGAGTCCCAGATGAGCATT

GCATTTCTTCACTCCGAAGC
Slug 151
TGAATTCCATGCTCTTGCAG
GAGAACTTTGCCGTTGAAGC
Vimentin 163

GCTTCCTGTAGGTGGCAATC
] TTCAATGTCCCAGCCATGTA

USMA 222 0

GAAGGAATAGCCACGCTCAG Q

I

N- CAACTTGCCAGAAAACTCCAGG -

. 205 =

Cadherin ATGAAACCGGGCTATCTGCTC =

Z

GTCCGCAGTCTTACGAGGAG <

Twist 159 9

CCAGCTTGAGGGTCTGAATC <

o

Collagen!| CCTGGATGCCATCAAAGTCT 153 E

=

0
~



AATCCATCGGTCATGCTCTC

CCGAGGGACCTGGAAGTT
Fibronectin 151
ACTTGCTCCCAGGCACAG

ACCTTCCAATGTGGAGCAAC

NANOG 199
GAATTTGGCTGGAACTGCAT
AACAGCGACGGAGGTCTCTA

NESTIN 220
TTCTCTTGTCCCGCAGACTT

AGACCACAGTCATCCTCATCCT
CXCR-4 190
TAGAGGATGGGGTTCAGACAAC

GAAGGATGTGGTCCGAGTGT

OCT3/4 183
GTGAAGTGAGGGCTCCCATA

GGGAAATGGGAGGGGTGCAAAAGAGG
SOX-2 151
TTGCGTGAGTGTGGATGGGATTGGTG
TGCTGCTCACAGGGCCCGATACTTC
DNMT-3B 242
TCCTTTCGAGCTCAGTGCACCACAAAAC

AGGTGGACCTGTTTCGTGAC

MRP-1 181
CCTGTGATCCACCAGAAGGT
GACCAACATTGTGGCTGTTG

MRP-2 163
GAGGACCAGATCCAGCTCAG
GGGCGTCTATGCTGCTTTAG

MRP-3 188
CCTTGGAGAAGCAGTTCAGG
AGAGCTGGTGCTCACTGGAT

MRP-4 154
CGGTTACATTTCCTCCTCCA
CCTTTTCACTCCCTCCATCA

MRP-5 185
ACAGGTCTTGGAGCTGGAGA
CACCTTATTGGCCTCAGGAA

BCRP 200
CCTGCTTGGAAGGCTCTATG

MDR-1 TGCCACCACGATAGCTGA 172
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CTGCTTCTGCCCACCACT

GTGGAGGTCGTGGAGATCAT
LRP 186
CCAAATCCAGAACCTCCTCA
ACTGGGAGAAAACATTGCTGAT
CD10 183
TTAACCGCATACTCTGGCCTAT
ATGACAGCTGCACCACTGAG
MMP-2 174
ATTTGTTGCCCAGGAAAGTG
TGCTCACTTCGATGAGGATG
MMP-7 159
TGGGGATCTCCATTTCCATA
TTGACAGCGACAAGAAGTGG
MMP-9 174
TCACGTCGTCCTTATGCAAG
CCTACAACCGCACTCGGTAT
EPCR 181
AAGATGCCTACAGCCACACC
GGGCTGACTTCAATCCATGT
TF-3 195
GAAGGTGCCCAGAATACCAA
AGAGCTACGAGCTGCCTGAC
b-ACTIN 184

AGCACTGTGTTGGCGTACAG
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0
©




4. Biochemical and analytical methods

4.1 Cell lines differentiation

To induce adipogenic, chondrogenic, osteogenic and neurocyte differentiation,
confluent KATGIl, OVCAR-3 and MCF7R were incubated for ldays with
StemPr§Adipogenesis, Chondrogenesi@steogenesis Differentiation Kit (GIBCO
Life TechnologiesE) and Neurobasal E medi
induced cells were fixed for 3in in 4% paraformaldehyde at room temperature and
washed with phosphatauffered saline (PBS). For assesstnaincalcium deposition

in induced osteocytes, cells were with 2% Alizarin Red S solution (pH 4.2) 8r 2
minutes. The differentiated chondrocyte aggregates were stained with 1% Alcian
Blue solution prepared in 0.1 N HCL for 30 minutes and rinsed witilldd water to
neutralize the acidity. The induced adipocytes were incubated with 60% isopropanol
for 5 minutes and then stained with 60 % of oil red o (0.3g/ml isopropanol) in distilled
water for 5 minutes. The induced neurocytes were stained withstagsing solution

(0.5g cresyl violet in 100ml of 0.6% glacial acetic acid) for 30minutes. An inverted

microscope was usedrfonaging of all stained cells.

4.2 Immunohistochemistry

For anatomepathological analysis, the tissue samples (tumoral andypwadral) and
cell pellets (KATOIII) were dissected, fixed in PAF (4%) and embedded in paraffin.
The slides (4 micron) were produced and colored by hematsimsafran according

to classical methods in the anatopathogical laboratorySimilarly slides werealso
prepared using cytospin for ascitic cells of ovarian carloeparallel several slides

were stained by antibodies coupled peroxidase using Benchmark Ultra apparatus
(ROCHE VENTANA, Tucson, Arizona, USA) according their manufacturers.
Proliferative idex was evaluated according the sum of all cells in phase as
metaphase, anaphase and telophase, counted in ten slid digital image on 40X (8705
mm2) for each tissue slide. All antibodies and their origin and degree of diluti%
presented imMable 1.As contols, isotypic antibodies were used and the nuclei Weluﬁ
labeled by hematoxylin bleuing (Ventana, Tuscan, USA). The pictures were take@oy
Leitz (Diaplan) microscopy with Nikon Cool pix 995 apparatus (Japan).
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4 .3Immunofluorescence

KATO-III cells grown on nultichamber slides were fixed at 25°C for hin with 4%
paraformaldehyde in PBSand then rinsed 3 times with PBXells were
permeabilized with0.3% triton 15 minand rinsed 3imes with PBS at 25°CThe
slide wasincubated for20 min with1% (w/v) bovine serum albumin (BSA; Sigma
Aldrich, St. Louis, MO)in PBSto block non specific binding siteand then withanti
HPA polyclonal coupled FITG1:50in 1% BSA, Bioss antibodies)Voburn, USA
overnight at 4 ° C, protected from light but in moat After washing with PBS, the
slide was again incubated widn antirabbit secondary antibody coupled to FITC

(1/500 in 1% BSA) to maximize coloring for 1 hour at room temperature

4.4 Cytokine array

We examined the gastric, colic and ovarian ascites e &s supernatant of
mesothelial cells grown in 25% ovarian ascitegsing a protein ytokine array
(RayBio ® HumarCytokine Antibody Norcross, GA. This technique is based on the
principle of sandwich immunoassayt comprises essentially of screeningy i
duplicate, 174 different membrageupled antcytokines along with approiate

controls.

Mesothelialcells (0.25x10° cells pe ml) were incubated in RPMhedium without
fetal calf serunor within 25% ovarian ascitest 3 7e C i n a huwuomi di f i €
5% CQ for 24h. Supernatants containing cytokines were retrieved and the cytokines

were allowedto couple with their specifi@ntibodies previously immobilized on
membranes. Membranes were saturated for 2h at rneomperature with bovine

serum albuminBSA). Incubation of array membranes with supernatants was carried

out overnight at 4eC using corresponding
membranes were incubated in the presence of a mixture of antibodies and adnti
cytokines biotinylated atedC over ni ght . Streptavidi@, CC
on the membranes for 2 h at room temperature. The presence of antibody co@led
proteins was revealed by applying ECL (enhanced chemiluminescence) to ghe
membranes, according to the recommendatiotiseomanufacturer. Membranes were<ZE

then exposed to photosensitive film (KodakOXAT, AR, USA).
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The intensity of chemiluminescence captured on the phstositive film was
measured and recorded. After substracting the background noise, the results were
expressed as a ratio of chemiluminescence intensity oérerpntal versus control

spots.

4.5Human Phosphokinase Array

A membranebased antibody array (R&D Systems) that determines the relative levels
of 45 different human phosphorylated protein kinases was utilized according to the
manufacturer's instructions. Briefly, equal amounts of cell lysates of KINTEzII

line treated with 0.2ug/mrecombinant human active heparanase protB&Q(
Systems, Minneaps, MN, USA) or 200uM Suramin (Sigma Chemical Co, St.
Louis, MO, USA)or both into IMDM medium without FBS along with control for 5
hours were incubated overnight with the phosphokinase array membrane. The array
was washed to remove unbound proteins faddvby incubation with a mixture of
biotinylated detection antibodies. StreptavitHRP and chemiluminescent detection
reagents were applied to visualize the signal produced at each capture spot
corresponding to the amount of phosphorylated protein boutiddensitometry by

using a photosensitive film (Kodak;&MAT, AR, USA).

4.6 Evaluation of Heparanaseand thrombopoietin by ELISA

After centrifugation of ascites fluid of 14 cancer patients (SRCA n=5-SRGA

n=3, Colic carcinoma n=6) at 1200rpm for 5 mirsut@ room temperature, the
supernatant was separated. The heparanase was quantified using the commercially
available HepAnalyzé” Heparanase ELISA:it (InSight Biopharmaceuticals Ltd.
Rehovot, Israelpccording to the manufacturer's instructions for ascitic supernatants.
Briefly, 200 ¢l standard, bl ank or samp
microtiter plate (96wvell) coated with anonoclonal antibody specific toeparanase

and incubated for & at 37°C.Anti-heparanase monoclonal antibody conjugated %
horseradish peroxidase substrate solution was added and incubated for 1.5%3.
Substrate was added to each well in turn and incubated in different environme%tal
conditions. Stop solution was theadded to each well when the first four wells%
containing the highest concentration of standards developed an obvious blue c@jor.
The optical density of each ELISA well was indicated by a microplate reader seéo

. . L
450 nm. Accordingly, théheparanasesalue was calculated on the basis of the&—
=
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060standard curved drawn by t Ahe repultsoferes si on

expressed in pg/ml.

After culture, the cells were carefully washed with phospbatéered saline (PBS)

and then cells were cultutenithout fetal calf serum or additional growth factor in
culture flask. After 18 hours, the cells were collected and soluble extracts were tested
for TPO determination. The TPO was quantified using the commercially available
ELISA (R & D Systems Quantike Human TPO ELISA kit, Abingdon, UK),
according to the manufacturer's instructions for cell culture supernatants. The results

were expressed in pg/ml/1{¢€ells.

4.7 Cell viability assay

Cell viability was assayed by Real Tingl o E MT Cel | Vn laiéf,i | ity
KATO-III, (3x1Cwell) were seeded on 96ell plates, followed 24 h later by
treatment with drugsaspirin/suramin (or vehicle control) for 96 hor@luent KATO

Il (3x10%well), OVCAR-3 (5x10%/well) and MCF7R (10%well) were seeded 096-

well plates, followed 24 h latein inductor media $temPro®Adipogenesis,
Chondrogenesis, Osteogenesis Differentratiot and Neurobasal® edium) for 96

h. Mesothelial cells (810°%/well) werealsoseeded on 9@vell plates, followe 24 h
later by treatrant with 25% gastric, caior ovarian ascites for 48 Bioluminescence
was measured with spectrofluorometer SAFAS Xenius XC. Cell viability was
expressed as the percentage of absorbance of therdatgd cells relative to that of
the vehicletreated cls. Each condition was dona itriplicate. The experiment is
representative of three independent experiences.

Ba/F3 cells were coultured separately with MDMB231 or OVCAR3 or K562
cells, in the presence or absence ofmydml PC or aPC, as indicatebave. Ba/F3
cells were cultured with H3, TPO, PC or aPC and served as control. After 72k,
Ba/F3 cells were collected from each well and washed with PBS and then fixed \Aiﬂth
4% (final concentration) formaldehyde. Then, Ba/F3 cells were suspended in @Id
binding buffer (10 mM HEPES pH 7.4, 140 mMNacCl, 2.5 mM CaCl2, 0.1% BSA%
incubated for 15 min at 4°C with FITC conjugated AnneXir{SouthernBiotech,
Birmingham, USA) and shielded from light.
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4.8Wound healing assay

Mesothelial cells were grown (80% confluehay 12 well plate with or without 25%

ovarian ascites for 6h, 12h, 24h or 3Bhe migration ability oimnesotheliatcells was

evaluated by means of a scratch assay. A denuded area was generated on quiescent

cell monolayers ofmesothelialcells by scratcimg with a sterile pipette tip. The
monolayer was washed twice with PBS ahdn incubated in medium having no
FBS, with or withoutovarian ascitesThe cells were photographed at different time
points. The width of the scratch was measured in three diffgskaces on the
photograph to obtain a mean value, and migration was recordbd dgference (in

micromete) between the measurementthe baseline and after different intervals
4.9 Fluorometric assays

A substrate based activity assay kit (AnaspeasolLyte®, Belgium) that determines
neprilysin activity in mesothelial cells was utilized according to the manufacturer's
instructions. Briefly, equal amounts of cell lysates of mesothelial cells grown in

medium with or without 25% ascites for 6 days wesed.Aliquots from each sample

were incubated in the presence of the neprilysin substrate solutions for 60 min. The

fluorescent product was measured in a spectrophotofluorometer (GloMak®

Detection System, France) with excitation at 490 nm and emias 520 nm.

4.10 Microcinematography

To document the kinetics of CT26 cell in the presence of fibrin, -kapse
microcinematography was done. Briefly, 100pl pool of human plasma with 2units of
thrombin and 30ul of 0.025M Cag(Diagnostic STAGO Parsippay, USA) was
prepared in a-6vell plate. After 3645 minutes, CT26 cells (5x1vell) were seeded

on thrombin clot in mediumThe plate was placed in the stagetop environmental

n
chamber. Microcinematography was perforn@@cquire images every 2 minufes 8
24 and 48hrs to study thmigration behavior of CT26n a temperature controlled E
room of 37°C in a humidified atmosphere (>80%) containing 5%,®@Q use of an =
R &)

EVOS® FL Auto Imaging Systeni.(i f e Technol ogi)esE Wal §
n

-
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411 Scanning Electron Micros®opy

Peritoneal membrane of a cancer patient was obtdnoed General and Digestive
Tract Surgery Department at Lariboisiere Hospital in Paris (Frarlo&rmed
consent was obtained from the patient prior to surgémg membrane was fixed
using 4% formalehyde for 24hr and washed with 1x PBS buffer three times for each
5 min. After this, 2% glutaraldehyde was added on the membrane for 20 minutes and
washed with 1x PBS buffer three times for each 5 min. After a final wash in distilled
water, the samples we dehydrated in increasing concentrations of ethanol. Samples
were dried by the critical point method with liquid CO2 and then spattated with

gold. They were observed with a S260 CAMBRIDGE scanning electron equipped
with a LaB6 filament operating 465kV and images were captured with the software

AOriono from (NCH Software).

4.12 Transmission Electron Microscopy

Primary ovarian cancer cells with fibrosis were detected using transmission electron
microscopy. Briefly, primary cells after recovering from #=sxiwere grown in
DMEM medium. Cells (100 millions) were harvested, pelleted, fixed in 4%
paraformaldehyde for 15 minutes. The samples were then rinsed with PBS (1X).
Ultrathin sections (5070 nm) were cut using a Leica RM2235 ultramicrotome (Leica
Microsystems GmbH, Wetzlar, Germany) and observed with a transmission electron

microscope (Hitachi H80O; Hitachi, Tokyo, Japan).

4.13 FACS analysis

Confluent KATGIII, OVCAR-3 and MCF7R (0.1x16 cells) were seeded in 25m
culture flask, followed 24 h later in control or inductor media
(StemPro®Adipogenesis, Chondrogenesis, Osteogenesis Differentiation Kit gnd
Neurobasal® medium) for 14 days. CDJ
The cells and tumor spheres were dissociated as single cell suspension, W&Sh& by
PBS and then labeled with antibodi@s0 ¢ 1° ¢ells), ihduding CD133 antibody i
(Miltenyi Biotec, Germany), mouse afituman CD90 (BD Biosciences, San Jose%
CA, USA), CD44, CD73, and CD117 at 4°C in the dark for 30 min 2:'
OVCAR-3 and MDAMB231 were culired in flasks and incubated in a seriree %
medium with or without PC/aPC stimulation as described above In half of the cultgtre

S
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medium was added 1ul/ml of protein transport inhibitor (containing Brefeldin A)
provided by BD Biosciences (Le Pont de Claixarkce). Then, cells were detached
with accutase, washed with phosphatgfered saline (PBS), and suspended in 100%
heatinactivated FBS. Cell fixation and permeabilization procedures were performed
using the Perfinc assay kit as indicated by the mantideer (Beckman Coulter,
France). Cells were mixed at first with an amiiPO primary antibody (1:200)
(SigmaAldrich, SaintQuentin Fallavier, France), then washed with PBS and
incubated with a fluorescein isothiocyanate (FITC) coupled secondary antibody
(1:100). Cells were then washed twice and the pellet wasggended in 500 pl of
buffer provided in the Kkit.

Flow cytometry was done using a standard Canto Il aigldr flow cytometer
(Becton Dickinson Biosciences, France) at 530 nm and data anabsipesformed
using Flowjo software (Flowjo LLC, USA).

4.14 Apoptosis assay

Apoptosis assay was performed bgU staining was performed with a Click Plus
EdU Alexa Fluor 647 Flow Cytometry Assay Kitife Te ¢ h n o | )pagdordisgfo
t he manufact ur eflidcells [ine wvas osgnohronizedkwAtir MDM
medium having 5% FBS for 24 h. The following day, cells were treated with or
without 4.5mM aspirin and 200uM suramin. After four days of treatment, cells were
trypsnized, harvested and incubated in culture medium w&hM EdU for 2 hours.

After incubation, cells were washed with 1% BSA in PBS and added 100ul of Click

iT fixative for 15 minutes at room temperature. After washing, cells were incubated in
Click-iT Plus reaction cocktail including fluorescent dye (Alexa Fluor 647 picolyl
azide) for 30 minutes. The flow cytometric cell analysis was performed, using a BD
LSR Il analytical flow cytometer (Becton Dickinson, San Jose, CA). MultiCycle A\(;)
(Phoenix Flow SystemdDNA analysis software enabled determination of the pha%
of cell cycle arrest by comparing percentages of each cell stage between the coUIthroI
andtreatment groups (G1, S, G2/M).
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Abstract
Aim: To demonstrate the presence of differentiated cells in ovarian carci is nodules after erapy.

Patient and method: A patient of 85 years, who presented a pelvic mass of 10 cm. The analomo—palhnlogacal study
was performed on the biopsies (before it) and post operati ples (after by C ).
Histological samples were analyzed with ovarian cancer markers for diagnosis. The immune cells (CD3, CD4, CD8
and CD20) and neural markers such as anti: neurofilament (NF), neural cell adhesion molecules NCAM (CD56),
chromogranin A, neuronal specific enolase (NSE), S100 protein and synaptophysine were used for demonstrating the
neuronal differentiation tendencies of carcinomatosis cells. Proliferation activities were studied by using proliferative

index and Ki67 antibody.

Results: The histological result of biopsies of i ovarian carcir is showed the poorly differentiated
monomorphic cell serous carcinoma (cy ptor*, prcleln S100‘ anti-wilms tumor-1* wnth
proliferative index (31%) and high Ki67 marker (45%) Seml-quantllalwe t ions of post op

samples presented two cellular quotas. One was composed of monomorphic cells with high proliferative index (19%)
and ki67 marker (30%). In another quota, large size polymorphic cells with no proliferative index and Ki67 marker
were distinguished. Before treatment, all neuronal markers except NSE and S100 protein were found negative
in primary tumors. In the proliferative zone of post-operative samples, NSE and S100 protein markers persist
with any other neuronal markers. These zones were highly infiltrated by CD3, CD4 and CD20 immune cells. In
contrast, in degenerative non-proliferative zone, all primary tumor markers except Ki67, all neuronal markers except
synaptophysine, and dramatically decreased infiltrated immune cells.

Conclusion: These results are in favors of differentiation of poorly dvfferenhated ovanan cancer cells with high
proliferative index to other tissue with no proliferation p I. T of diff ion of cancer cells by
differencing inductors may be a new way for cancer therapy.

Keywords: Anatomo-pathological study; Ovarian carcinomatosis; Previously, we reported that an ovarian cancer cell line OVCAR-3
Neuronal markers; Immune cells; Cancer cell differentiation; NCAM NIH express both CD133 and CD117 stem cell markers and secret
(CD56); Chromogranin A; Neuronal specific enolase cytokines implicated in tumor growth and cell differentiation [13]. On

) the basis of pluripotency of cancer stem cell, the aim of this study is to
Introduction demonstrate, co localization of ovarian carcinomatosis cells with high

Ovarian carcinoma (OC) is the sixth most common malignancy proliferative tendency and cells that expressed neural proteins without
in woman and the leading cause of death from gynecological cancer ~ Proliferative markers in peritoneal ovarian carcinoma.
in the world [‘l]. Over 90% of mahg.nam‘ tumors '""f epithelial. It has Materials and Methods
been hypothesized that tumor can arise either from single layer of cells
covering the ovary or from the epithelial lining of the fimbrial end of Patient
fallopian tube [2]. OC has a predisposition to metastatic involvement
of the peritoneal cavity and form ovarian carcinomatosis nodules [3,4].
Late stage OC is characterized by widespread peritoneal dissemination,
ascites and a high mortality rate with an overall survival ranging from
20 to 30% at 5 years after surgery [5].

We report the case of a female multipara patient of 85 years, who
presented a pelvic mass of 10 cm wide painless axis associated with
abdominal distension, nausea and ascites. The PET CT (positron

Platinum associated to taxans chemotherapy is a standard *Corresponding author: M. ersham Sorbonne Panscné UMR Université Paris

treatment for ovarian cancer and has achieved a high response rate 7,INSERM U965, C: et L'Hopital
[6], The devel. p of drug-r i cancer cells exhibiling the Lariboisiére 41 Bd de la Chapeﬂe 75010, Paris, France Tel: 0033153216775;
multidrug resistance phenotype is one of the major limitations ~ E™Mal massoudmirshahi@inserm fr

of efficacy [5,7]. The mechanisms underlying chemoresi e in N 21, 2015; Accepted December 03, 2015; Published
cancer are not clear. A growing amount of studies are inspiring Pecambier 08, 2015

the role of the cancer stem cells (CSC) in OC develop [8]. : Kacl R, Shahid S, Réa LD, Philipe BJ, Amu T, et al. (2015) Neural

Signature Expressed by Cells from Ovarian Carcinoma (A Case Report).

Resistance to platinum-based chemotherapy is also associated with Jmmunochem Immunopathol 1: 111, doi:10.4172/2469-9756.1000111

epithelial to mesenchymal transition in epithelial ovarian cancer

[9,10]. A link between CSC and EMT has been suggested [11] and ~ CoPyright: ©2015 Rachid K, et al. This is an open-access article distributed under
N N . : : A 2 the terms of the Creative Commons Attribution License, which permits unrestricted
cancer cell can acqulrcd differentiated phcnolype after cytotoxic use, distribution, and reproduction in any medium, provided the original author and
chemotherapy [12]. source are credited.
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emission tomography) and pelvic MRI (magnetic resonance imaging)
confirmed the presence of a mixed primary ovarian tissue mass of about
10 cm and a large abdominal ascites with pleural effusion on right side
and an important peritoneal carcinomatosis. Patient was evaluated as
unoperatic in laparoscopy. Peritoneal biopsies were in favor of a poorly
differentiated carcinoma, high-grade malignancy and evocative of a
serosa nature.

After chemotherapy “Carbotaxol for a total of 7 treatments”, the
marker CA 125 dropped from 3200 to 174 ng / ml and a regression
of peritoneal carcinoma was observed. The patient was operated on
for a cytoreduction associated with a posterior pelvectomy, protected
omentectomy, appendectomy histero-ovarectomy, and lymph node
dissection. Tumors samples were obtained at diagnostic by biopsies and
after chemotherapy, by radical surgeries of ovarian cancer patient. Stage of
tumor categorized according International Federation of Gynecology and
Obstetrics (FIGO) as malignant stage 4 serous adenocarcinoma.

Antibodies

16 antibodies (Table 1) as histopathological markers were used;
cytokeratin (Ck AE1/AE3), neurofilament (NF), synaptophysine
(SYP), chromogranin-A (CHR-A), neuronal specific enolase (NSE),
proliferation marker (Ki67), neuronal protein S100 (S100), neural cell
adhesion molecule (NCAM-CD56), wilms tumor-1 (WT-1), estrogen
receptor (ER), progesterone receptor (PR), stem cell growth factor
receptor CD117 C-kit and p-catenin). Immune cells were identified by
anti:-CD3 (pan T cells), CD4 (T helper cells), CD8 (T suppressor cells)
and CD20 (B cells).

Immunohistochemistry

Five nodules were extracted from patient and used for this study.
For anatomo-pathological analysis, the samples were dissected, fixed
in PAF (4%) and embedded in paraffin. The slides (4 micron) were
produced and colored by hematein-eosin-safran according to classical
methods in the anatomo-pathogical laboratory. In parallel several slides
were stained by antibodies coupled peroxidase using Benchmark Ultra
apparatus (ROCHE VENTANA, Tucson, Arizona, USA) according
their manufacturers. Proliferative index was evaluated according the
sum of all cells in phase as metaphase, anaphase and telophase, counted
in ten slid digital image on 40X (0.705 mm?) for each tissue slide.

Antibodies Origin City

Ck AE1/AE3 Dako Carpinteria -Californie
NF Dako Glostrup

SYP Dako Glostrup

CHR-A Dako Glostrup

NSE Dako Glostrup

Ki67 Dako Glostrup

S100 Dako Glostrup

CD56 Leica Biosystems Benton

WT-1 Dako Carpinteria -Californie
ER Ventana Tucson - Arizona

PR Ventana Tucson - Arizona
CD117 C-kit Dako Carpinteria -Californie
B -catenin BD-biosciences Erembodegem

CD3 Fisher scientific Fremont

CD4 Ventana Tucson - Arizona
CD8 Dako Glostrup

CD20 Dako Glostrup

All antibodies and their origin and degree of dilution presented in
Table 1. As controls, isotypic antibodies were used and the nuclei were
labeled by hematoxylin bleuing (Ventana, Tuscan, USA). The pictures
were taken by Leitz (Diaplan) microscopy with Nikon Cool pix 995
apparatus (Japan).

Results
Anatomo-pathological studies

Figure 1A and 1B presents anatomo-pathologic aspect of
tumor nodule before chemotherapy (biopsy). The tumor with high
vascularization is poorly differentiated (1A). As presented in Figure
1B, only one quota made up of tumor cells of average size with a
monomorphic cell distribution and high proliferative index (31%)
without psammoma bodies.

Surgical biopsies of peritoneal nodules presented in Figure 2. The
tumor nodule was well limited (2A). In all samples (n=>5), the tumor
nodule in addition of necrotic zone, is composed of two cellular quotas
(2B and 2C). A quota made up of tumor cells of average size with a
monomorphic (2D) with high proliferative index (19%). Another
quota of tumor cells was observed as a large size polymorphic cells (2E)
with almost no one proliferative index (<1%). All proliferative, non-
differentiated zones are shown with black star and non-proliferative,
degenerative with white star.

Immunohistochemistry analysis

Tissues markers: Immunohistochemistry analysis of all tissues,
before and after cancer treatment using tissues markers presented in
Table 2. Before treatment, all monomorphic proliferative cells express
only CK (3A), Ki67 (3B), ER (3C) and WT-1 (3D) protein markers
(Figure 3).

As presented in Figure 4, these cells express some cancer stem cell
markers such as B-catenin (Figure 4A) and stem cell growth factor
receptor CD117 (4B). Except S100 protein (4C) and NSE (4D), no pro-
neuronal marker were detected such as NCAM (CD56) (Figure 5A),
NF (5B), CHR-A (5C), and SYP (5D).

After treatment as presented in Figure 6, all ovarian cancer cell
markers such as ER (6A and 6B), Ki67 (6C) and WT-1 (6D) were

Country Clone Dilution
USA AE1/AE3 1/50
Denmark 2F11 1/100
Denmark DAK-SYNAP 1/500
Denmark DAK-A3 1/100
Denmark BBS/NC/VI-H14 1/100
Denmark MIB-1 1/50
Denmark No clone 1/1000
UK 1B6 1/50

USA 6F-H2 1/150
USA Sp1 Not diluted
USA 1E2 Not diluted
USA No clone 1/50
Belgium 14/B -catenin 1/50

USA Sp7 1/100
USA Sp35 Not diluted
USA C8/144B 1/50

USA CD20 1/50

Table 1: The name, origin, clone name and dilution for each antibody used in this study.
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Figure 1: Anatomo-pathologic aspect of tumor nodule before chemotherapy
(biopsy). The tumor is highly vascularized (A) and is poorly differentiated
with a monomorphic cell distribution and high proliferative index (B).

Figure 2: Anatomo-pathologic aspect of surgical biopsies of peritoneal
nodules. The tumor nodule was well limited (2A) and composed of two
cellular quotas (2B and 2C). A quota with proliferative monomorphic cells
(2D) indicated with black star. Another quota with degenerative polymorphic
cells (2E) indicated with white star.

detected in proliferative zone. CK, NSE, $100 and ER immunoreactivity
was presented in both proliferative and non-proliferative regions
(Figure 7 A, B and C). PR immunoreactivity was absent in all, pre and
after chemotherapy (7D).

In contrast, in non-proliferative-degenerative zone, all neural
markers studied in this study were present. In addition of NSE and
$100 proteins, several pro neuronal markers as presented in Figure 8
such as NCAM (CD56) (8A), CHR-A(8B), NF(8C), except SYP (8D)
were stained. As presented in Figure 6D, proliferative marker (Ki67)
was stained predominantly in monomorphic proliferative zone. Any
Ki67 immunoreactivity was not observed in degenerative zone. NF
and CHR-A, markers of neuroendocrine tumors were detected only in

Immunochem Immunopathol
ISSN: 2469-9756 ICOA, an open access journal

some cells and also in non-proliferative degenerative zone (8B and C).
After chemotherapy, the cell markers B-catenin persisted in all cells but
CD117 C-kit not expressed (Figure 9).

Immune cells markers: Tumor infiltrative immune cells such as
T cells (CD3) and their derivate cells, T helper (CD4), T suppressor
(CD8) and B cells (CD20) were identified in surgical biopsies of
peritoneal nodules after treatment. Significant differences were
observed according the proliferative (Ki67*) and non-proliferative
(Ki67) zones. As presented in Figure 10. All degenerative zones were
private from effective immune cells.

Discussion

In this case report, we demonstrated the neuronal signature in the
nodule of peritoneal ovarian Carcinomatosis. Before treatment, tumor
composed of small monomorphic cells with high score of mitosis and
hyper vascularization. Numerous immune and inflammatory cells
were identified in hematoxylin and eosin sections. This observation
was confirmed by using anti: immune and inflammatory antibodies in
immunocytochemistry.

Before Treatment After Treatment
Antibodies Proliferative degenerative Proliferative degenerative
zone zone zone zone
oy +@s%)  Non @O%)  (<1%)
NSE + Non * +
Ck AE1/AE3 + Non + +
WT-1 + Non * *
B-catenin + Non + +
ER + Non + +
$100 + Non - +
CD117%* + Non - -
NCAM-CD56 - Non - +
NF - Non - *
CHR-A - Non - +
SYP - Non - -
PR - Non - -

Table 2: Comparison of immunohistochemical analysis of different tissue markers
before and after cancer treatment.

Figure 3: Immunohistochemistry analysis of ovarian cancer. Immunoreactivity
with anti CK (A), Ki67 (B), ER (C) and WT-1 (D) was presented as protein
markers in ovarian cancer (before treatment).
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Figure 4: The expression of B-catenin (A), stem cell growth factor receptor Figure 7: Presence of CK (A), NSE (B), S100 (C) in both proliferative and
CD117 (B), S100 protein (C) and NSE (D) were presented in ovarian cancer non-proliferative regions of ovarian tumor. of PR y
tissues (before treatment). (7D).

10pm

Figure 5: Absence of pro-neuronal marker, NCAM (CD56) (A), NF (B), Figure 8: Presence of pro neuronal markers NCAM (CD56) (8A), CHR-A (8B),
CHR-A (C), and SYP (D) in ovarian cancer before treatment. NF (8C), except SYP (8D) in degenerative zone of ovarian cancer after treatment.

10um

Figure 6: The presence of ovarian cancer cell markers ER in degenerative zone

(A) and proliferative zone (B) and Ki67 (C) and WT-1 (D) in prolferative zone. Figurs 9: The presence of B-catenin (A) and absence of CD117 C-kit

Immur ivity after 1t in both proliferative and degenerative zones.
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Number of Immune Cells

Figure 10: The distribution of immune cells CD3, CD4, CD8 and CD20 in both
proliferative (Ki67*) and degenerative (Ki67°) zones.

After treatment, two zones were distinguished in all nodules; a
zone with small monomorphic and proliferative cells and mitosis
and the other non-proliferative zone without cell mitosis and absence
of Ki67 marker. Curiously, all neural markers such as NSA, NCAM
(CD56), S100 protein and CHR-A were found in non-proliferated
zone. These results suggest that neuronal markers are associated with
non-proliferative characteristic of ovarian cancer cells.

A consensus panel convened by the “American Association for
Cancer Research” defined a cancer stem cell as “cell within a tumor that
possesses the capacity to self-renew and to cause the heterogeneous
lineage of cancer cells that comprise the tumor”. Like normal stem
cells, cancer stems cells were characterized by their radio and chemo
resistance properties [14]. Differentiation of these stem cells can be
benefic especially, when they differentiated into other cells. Induction
of differentiation of human promyelocytic leukemia cell line (HL60)
by retinoic acid was first demonstrated by Breitman et al. [15]. This
finding suggests that the differencing agents can be used in therapeutic.

In this study we observed the expression of several neuronal
markers in carcinomatosis nodules after the treatment of patients
by chemotherapy. Belong to these; CD56 may be a crucial marker.
CD56 antigen or NCAM is a glycoprotein expressed on the surface
of neurons, glia and skeletal muscle. CD56 has been implicated in
cell adhesion between them. Normal cells that stain positively for
CD56 include NK cells, activated T cells, the brain and cerebellum,
tissues and neuroendocrine. Tumors that are CD56-positive are
myeloma, myeloid leukemia, neuroendocrine tumors, wilms tumor,
neuroblastoma, lymphomas, NK / T cells, carcinoma of pancreatic
acinar cells, pheochromocytoma, the paraganglioma, carcinoma small
cell lung, and the family of Ewing sarcoma tumors. All this observation
indicates ectopic localization of NCAM in different cells. Here, NCAM
only expressed in non-proliferative quota of carcinomatosis nodule. In
addition, some of these cells expressed NF and CHR-A. These results
may suggest the differentiation of undifferentiated lineage cancer cells
to other tissues with neuronal markers in carcinomatosis nodule after
chemotherapy. Zueva et al. reported that 48.5% of the serous ovarian
adenocarcinoma patient presents immunoreactivity with anti-NCAM
antibodies [16].

NSE detected in ovarian cancer before and after treatment. The
anti-NSE antibodies can be used to identify neuronal cell cells and
with neuroendocrine differentiation. NSE is produced by pulmonary
small carcinoma cells that are of neuroendocrine origin [11]. NSE
is therefore a useful tumor marker for patients with lung cancer. In

Immunochem Immunopathol
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ovarian tumor, NSE as serum markers reported in ovarian immature
teratoma and dysgerminoma. The presence of NSE in ovarian tumors
may be in favor of neuronal differentiation tendencies.

Another neural signature is NF. It is a major corposant of
neuronal cytoskeleton. Neurofilament light polypeptide as a novel
hypermethylated gene associated with resistance to cisplatin-based
chemotherapy [17]. In this study, the presence of NF positive cells
in non-proliferative or dystrophic zone indicates that the ovarian
carcinomatosis cells can be oriented to pre-neuronal cells. These
results were confirmed by the presence of CHR-A in degenerative zone.
CHR-A as a granin neuroendocrine secretory protein, is located in
secretory vesicle of neuron and endocrine cells. CHR-A as well as NSE,
NF and SYP were described in neuroendocrine tumors (carcinoid).
In this study, in all nodules no cells were stained by SYP. Absence of
mitosis and Ki67 index as well as lymph angiogenesis (tested by D2-
40, Dako) (results not shown) in degenerative zone is in favor of non-
carcinoid origin of the tumors.

Curiously, the amount of immune cells decreased dramatically
in degenerative zone. These observations are in favors of lake of
immunogenicity of cancer cells when they are differentiated to
non-tumor cells. Over all, these results indicate that the poorly
differentiated cancer cells can be switched in some stress condition
such as chemotherapy to well differentiated cells. In this cell transition,
proliferative cancer cells lake their mitotic activity and in consequence,
all pathway signaling proteins implicated in this transition may be
a target for cancer treatment. Future protocol using differencing
inductors may be a new way for cancer therapies.
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Abstract: Gastric signet ring cell adenocarcinoma (SRCA) is characterized by a
remarkable fibrosis, rapid invasive progression, chemoresistance and metasiasis to
peritoneum. Our objective was to analyze the role of heparanase (HPSE) gene
expression in SRCA tissue.  High expression of HPSE mRNA and protein was
found in the tumor and in ascites of SRCA as well as in KAT©ell lines. Beside

of collagenl, growth factors (TGFb 1 a n d-A,\&E&FFGR) and epithelial
mesenchymal transition ( EMT) -SMeAranecer s
Fibronectin, except £adherin) were found higher in main nodule of SRE#
compared toperitumoral sites. Among MDR protens, MDR-1 and LRP (lung
resistance protein) were highéxpressed in tumor cell§he formation of 3D cell
spheroidswas found to be correlated with their origin (adherent or-amirerent
KATO-III). After treatment of KATQIII with a heparanase inhibitgsuramir), cell
proliferation andEMT-related markers, besides collagkrexpression, were down
regulated. HPSE as well as EMT and stem cell markers were down regulated when
KATO-III cells were incubated with stem cedifferentiationinducer selective
medum. In conclusion, in SRCAHPSE viaan autocrine secretion is involved in

acquisition of mesenchymal phenotype and tumor cell malignancy

Keywords: Signet ring cell adenocarcinoma, heparanase, epithelial mesenchymal

transition.
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Introduction

Gastric signet ring cell adenocarcinoma (SRCA) is characterizédebgresence of
isolated or small groups of malignant roohesive cells (>50%) contaigy
intracytoplasmic mucin anéxhibits diffuse growth and invasion without forming
ducts[614]. Peritoneal invasiors the most frequent type of metastasis in patients
with SRCA. They frequently occur at the later stages of gastric carcinoma, especially
after surgery and significantly contributes to gastric carglated mortality[615].

One ofthe characteriscs of SRCA isits resistance to chemotherapy. Most tumor
cells with multidrug resistance are characterized by the overexpression of multidrug
resistance nmleculessuch ad>-glycoprotein (Pgp), lung resistance protein (LRP) and
multidrug resistancasso@ted protein (MRHP16, 617] Another mechanism of
chemoresistance is the epithellaésenchymal transition (EMT§18]. EMT plays an
essential role in tumor developmeramelycancer metastasjg3, 186, 619, 6204nd

y b r o[@1].sDuring EMT, cells displayon one handdecreased expression of
epithelialcell markers such as-&dherin and on the other haindreased expression

of mesenchymal cell marke¢Snail, SlugV i me n 4SMA fibrohéctin,collagenl)

and enhanced cell motility3, 186, 619%621]. SRCA was alscharacterized by the
presence of tissuedfiosis[622]. EMT associated with hypersecretionheparanase

was reported in renal fibros[$07]. Heparanase (HPSE) asnaultitasking protein,
characterized by enzymatic and pemzymatic activitiesmodulates TGH-induced

EMT and fibrosis[623, 624] Enzymatically active HPSE binds to the cation
independent mannosephosphate receptor (CD222) expressed on cell surtaces
degrade extracellular matrj&25] with heparan sulfate, a side chain of heparin sailfat
proteoglycans (HSPG4p26]. HSPGs store various cytokines and growth factors
such as basic fibroblast growth fac2 (FGF2), vascular endothelial growth factor
(VEGF), interferorb  (-b NF a nodning graavth §attob (9 (B5, 627,

628]. HPSE has also neenzymaic functions [629]. The signalingactivity is
achievedby interacting with transmembrane proteilegding to an activation &kt

and Src630], or moduating the activity of factors such as F@QFand TGFb [506,

507]. Recent analysis showed that degradation of heparan sulfate by HPSE increases
permeability across the basal membrane and, thus, stimulates the release of cytokines
and growth factors leading to tumor development angiogenesis and metastasisiuj)

)
[465, 628, 631] Recently, protein or messenger RNA (mMRNA) expression of HPSLﬁE
o4
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has been identified in various cancer cells, and the overexpression of HPSE protein or
MRNA in tumorcells has been reported and correlated with the metastatic potential of
tumor cellsin vitro andin vivo as well as with poor progno§igl0, 475, 632, 633]
However its role in SRCA is still not clearly clarified. The aim of this study was to

identify the position of heparanase in the SRCA malignancy.
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Materials and Methods

Materials

Cell lines and reagents

Human cancer cell lines used were: Ovarian (OVEA&d SKOV3), breast (MDA
MB231 and MCF7), gastric (AGS, KATQOI), intestinal (LS174T), lung (A549),
leukemia (K562), cervical (HELA) and human microvascular endothelial (HIEC
and were obtained fronthe American Type Culture Collection (ATCC, Manassas,
VA).

Ascitic fluids from 14 cancer patients of the Hospital Lariboisiére (Paris, France)
were collected. As ascitic fluid evacuation is part of the routine management of
patients, only oral consent wastained from themCells from ascitic fluids were
pelleted by a short spin at 1000 rpm and the supernatant was collected after a 10 min

centrifugation.
Drug used in this study waSuramin(Sigma Chemical Co, St. Louis, MO, USA).
Culture

Cells were cultureih RPMI 1640 medium or IMDM medium containing 10% heat
inactivated fetal bovine serum (FBS), 50ug/ml of streptomycin, 50 1U/ml of penicillin
and 2nM of L-glutamine (Gibco, Saint Aubin, France). Cells were incubated®at 37

in a humidified atmosphere comntang 5% CQ.

Tissues

Tumor andcorresponding normal gastric tissue specifiRCA tumoral, SRCA
peritumoral, NoRSRCA tumoral and NoSRCA peritumoral) were obtained from

21 patients with signet ring cell adenocarcinofran the General and Digestive

Tract Surgery Department at Lariboisiere Hospital in Paris (Frano&rmed
consentwas obtained from each patient prior to surgery. All of the tumor and
macroscopically normal gastric tissue samples were obtained at the time of surgery,

and wererapidlyfozen in | iquid nitrogen and stor

samples were histologically confirmed by hematoxylin and eosin staining.
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Evaluation ofHPSE by ELISA: After centrifugation of ascitic fluid of 14 cancer
patients (SRCA n=5, NoARSRCA n=3, Colic carcinoma n=6)at 1200rpm for 5
minutes at room temperature, the supernatant wakected. The HPSE was

quantified using the commercially availabldepAnalyzé” HPSE ELISA Kit
(InSight Biopharmaceuticals LtdRehovot,Israel) according to the manufacturer's

instructions. The results were expressed in pg/ml.

Immunocytochemistry

KATO-III cells grown on nultichamber slides were fixed at 25°C for hén with 4%
paraformaldehyde in PBSand then rinsed 3 times with PBS. Cells were
permeabilized with 0.3% triton 15 min and rinsed 3 times with PBS at ZHI€E.
slide wasincubated for20 min with1% (w/v) bovine serum albumin (BSA; Sigma
Aldrich, St. Louis, MO)in PBSto block non specific binding siteand then withanti
HPSE polyclmal (1:50in 1% BSA,; Bioss antibodie&Voburn, USA overnight at 4
°C, prdected from lightAfter washing with PBS, the slides wefigther incubated
with a secondary antilg rabbit antibody coupled to FITC /800 in 1% BSA) to

maximize coloring, for 1 dur at room temperature
Fluorometric assays

A substrate based activity assay kit (Kaivogen, Turku, Finland) that determines
heparanase activity in term of fondaparinux® degradation was utilized according to

the manufacturer's instructions. Briefly, vasooancer cell lines (fGancer cells)

ovarian (OVCAR3), lung (A549) and gastric (KAT@I) were incubated in serum

free culture medium at 37eC in a humidifi
of each supernatant diluted to one half of fondaparim@ pg/ml) with 135 pl of

buffer pH 5.2 were incubated for 2 hrs. at 37 °C. Residual activity of fondaprinux was

then evaluated by adding factor Xa and its substrate in each supernatant mixture using
STA Compact Max® (Gennevilliers, France) with excitatead90 nm and emission

at 520 nm. Results are expressedg/ml.
Cell viability assay

Cell viability was assayed by Real Tingl o E MT Cel | Vi abi Igi ty
cells (3x1G/well) were seeded on 98ell plates, followed 24 h later by treatment?)
with drugs (or vehicle control) for 96 h. Bioluminescence was measured with @e
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spectrofluorometer SAFAS Xenius XC. Cell viability was expressed as the percentage

of absorbance of thdrugtreated cells relative to thaf the vehicletreated cells.

RNA isolation, RT and reaktime PCR

Gastric tissue specimens were homogenized with a polytron tissue homogenizer.
Total RNA in cells and tissues was extracted using the Qiagen RNeasy Wini K
( Qi agen, Ger many) according to the manuf

transcribed to cDNA in a 20 pl volume, using the QuantiTeeerse transcription kit

(Qiagen).

The thermal cycling comprised of the real time PCR as per following corslit&n
°C for 5min, followed by 40 cycles (denaturation ftf secat 95°C, annealing for 20
sec at 60°C and extension for 28ec at 72°C). The primer sequences and PCR
product size for the target and reference genes are listedmplementary results
Table 1.

MRNA expression levels of different markers were detected byinealPCR with B
actin as internal reference, using Mesa Blue gPCR Master Mix Plus for SYBR assay
(Eurogentec) on the Mastercycler Realplex2 (Eppendorf).

Relative quantitation was lcallated using the comparative threshold cycle)(C

method with realplex software. Meanr ©f triplicate measurements was used to

c al c u k astthe diffpr€nce in{for targetand internal reference {@&tin) genes.

The differencwefticeboweeol t BrpeCi mentof ( Kat o

each sampl e wer e ckoldioaebsa in mENAMasocalagulateddy qpogpC
2eecT

The PCR products of cell lines and tissue samples aftertimeal PCR were

electrophoresed by-Eel Precast AgarodelectrophoresiSystem.

Human Phosphokinase Array

A membranebased antibody arrafR&D Systems Raffles Ching that determines
the relative levels o#l5 different human phosphorylated protein kinases wsed
according to the manufacturer's instructioBsefly, equal amounts of cell lysates Ofm
KATO-III cell line treatedwith or without200uM Suramin (Sigma Chemical Co, st.5
Louis, MO, USA)into IMDM medium without FBS along with control for fours
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were incubated overnight with the phosphokinase arraypbreme. The array was
washed to remove unbound proteins followed by incubation with a mixture of
biotinylated detection antibodies. StreptaviHiRP and chemiluminescent detection
reagents were applied to visualize the signal produced at each capture spot
corresponding to the amount of phosphorylated protein bound with densitometry by
using a photosensitive film (Kodak;&MAT, AR, USA).

Analysis of cell cycle in KATGIII after treatment with suramin

Apoptosis assay waserformed by EdU staining using ai€k-iT Plus EdU Alexa
Fluor 647 Flow Cytometry Assay Kit (Life Technologies), according to the
manuf act ur er 06 sl cplirlimetwascsgnchroniz€dAWItMDM medium
having 5% FBS for 24 h. The following day, cells wareubatedfor 4 days withor
without 200uM suramimndthentrypsinized Theseharvestedells wereincubated in
culture medium withl5pM EdU for 2 hours. After incubation, cells were washed
with 1% BSA in PBS and 100ul of ClieH fixative was added for 15 minutes at
room temperare. After washing, cells were incubated in ClitkPlus reaction
cocktail including fluorescent dye (Alexa Fluor 647 picolyl azide) for 30 minutes. The
flow cytometric cell analysis was performed, using a BD LSR Il analytical flow
cytometer (Becton Didkson, San Jose, CA). MultiCycle AV (Phoenix Flow
Systems) DNA analysis software enabled determination of the phase of cell cycle
arrest by comparing percentages of each cell stage between the control and treatment
groups (G1, S, G2/M).

Differentiation of KATO -IlI cell line

To induce adipogenic, chondrogenic, osteogenic and neurocyte differentiation,
confluent KATOIIl were incubated for ldlays with StemPftAdipogenesis,
Chondrogenesi s, Osteogenesi s Differentiat
Neurdasal® medium (Thermo Fisher Scientific). All induced cells were fixed for 30

min in 4% paraformaldehyde at room temperature and washed with phesphate
buffered saline (PBS). For assessment of calcium deposition in induced osteocytes,
cells were treated wWit2% Alizarin Red S solution (pH 4.2) foi 2 minutes. The
differentiated chondrocyte aggregates were stained with 1% Alcian blue soluf@)n

-
prepared in 0.1 N HCL, for 30 minutes and rinsed with distilled water to neutral?)e

L
@
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the acidity. The induced adipdeg were incubated with 60% isopropanol for 5
minutes and then stained with 60 % of oil red O (0.3g/ml isopropamaljstilled
waterfor 5 minutes. The induced neurocytes were stained axébyl violetsolution
(0.5g cresyl violet in 100ml of 0.6% glatiacetic acid) for 30minutes. An inverted

microscope was used for imaging of all stained cells.
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Results:

1- Gastric signeting cell adenocarcinoma nodules express heparanase

As presented in figure 1A, high expressig¥@.0327 of HPSE was found in the
ascitic samples of primary signet ring cell adenocarcinoma (SRCA) of stomach as
compared to noiBRCA of stomach and colic cancer by ELISAgure 1B shows that
MRNA of HPSE is significantly higher in SRCA than R8RCA stomach caec
(p=0.0002. HPSE mRNA was also expressed in peritumoral zone of SRCA. As
presented in figure 1C, HPSE mRNA was found to be more (p=0.015) in peritumoral
SRCA compared to peritumoral n@RCA. Relative expression of HPSE by several
cancer cells such agimary SRCA cells isolated from peritoneal fluid of SRCA
patients and various cell lines such as ovarian (OVGA&d SKOWV3), breast
(MDA-MB231 and MCF7), gastric (AGS, KAT@I), intestinal (LS174T), lung
(A549), leukemia (K562), cervical (HELA), human iarovascular endothelial
(HMEC-1) cell lines presented in figure 1[Relative heparanase activity in
supernatants of various cancer cell line such as ovarian (OVZARNg (A549),
gastric (KATGIII) were presented in figure 1EThe presence of heparanasas
confirmed by immunohistochemistry in KATO Il cell lif€igure 1F. These results

are in favor of higlexpression of HPSE mRNas foundoy qPCR in SRCA.
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Figure 1. mRNA and protein expression of heparanase in clinical samples and

cell lines including KATO-III

Heparanase protein was found in the ascitic samples of primary signet ring cell
adenocarcinoma (SRCA) of stomach as compared te¥RDA of stomachrad colic
cancer by ELISA (SRCA n=5, NeBRCA n=3 and colic cancer n=6) (A) mRNA
expression of heparanase was found higher in SRCA (n=11) tha8R©GA (n=10)

(B) as well as in peritumorBRCA (n=7) than peritumoral nédBRCA (n=8) (C)
Heparanase gene expsed by various cell lines ovarian (OVCARand SKOV3),

breast (MDAMB231 and MCF7), gastric (AGS, KATOI), intestinal (LS174T),

lung (A549), leukemia (K562), cervical (HELA), human microvascular drediai
(HMEC-1) cell lines andporimary SRCA (PrimanGC) via RT-PCR, (D) The mean

of three experiments for eparanase activity (evaluated by degradation of
fondaparinux at pH 5) observed in supernatants of various cancer cell lines such as
ovarian (OVCAR3), lung (A549) and gastric (KAT®AII), (E). Heparanae protein
expression level in KATOIl by immunofluorescence is shown (F) The results are
expressed as mean £ SEM of three independent experiments *P<0.05, ***P<0.001,

statistically significant.

2- Gastric signet ring cell adenocarcinoma express EMT amdti drug

resistance markers

Figure 2A present the relative mRNA expression of several growth factors such as
FGFR2, TGFb 1 a n d-A WsEwelF as EMT markers (Eadherin, Snail, Slug,

Vi me n 4SMAand fibronectipin tumoral tissues of SRCA as compaveth the
peripheral region of tumor. Except Eadherin and FGR, all other markers tested
were expressed highly in tumor tissues as compared with periphery of tumors. These
results suggest mesenchymal characteristics of tumor tissamsl are also ifavor

of drug resistance in SRCAOGs p-atPglegnt s.
MDR-2, MDR-3, MDR-4, MDR-5, BCRP, MDR1 and LRP) mRNA expression in
tumor region, determined by RJPCR,as presented in figure 2RIl ATP-binding
cassette proteins agell as lung rsistant protein were detectedowever,among
these drug transporte®dDR-1 and LRP were the most expressed
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Figure 2: mRNA expression of heparanase, growth factors, EMT markers and
drug transporters in clinical samples

Heparanase, growtfactors (TGFb 1  a n d-A)\ekc€oF FGF2 and epithelial
marker like Ecadherin were found higher while mesenchymal markers (Snail, Slug,
Vi me n tSMA ,and Uibronectin) were lower in tumoral tissue of SRCA as
compared to peritumoral tissue by gPCUR. Similarly, o all the drug transporters
(MDR-1, MDR-2, MDR-3, MDR-4, MDR-5, BCRP, MDR1 and LRP)only two
(MDR-1 and LRP) were found higher in SRCA tissue sam(3sThe results are
expressed as mean + SEM of six independent experiments *P<0.05, **P<0.01

statistically significant.

3- KATO lll cell line formed spheroid clusters and expressed EMT maikers

vitro
In culture medium, KATO Il cell line has two phenotypes; adherent and non
adherent cells (figure 3A) and formed the spheroids. As presertigdri@ 3B micro
cinematographic studies of these cell clusters indicated that their diameters varied
according to their originadherent and neadherent cells). As presented in figure 3C,
the nonadherent cells are more sphgeaic than adherent cellp €0.000]). Gene
expression oEMT markersin both adherenand noradherent KATQIII cells was
studied. No alteration in gene expressiop=0.124 of epitheliatmesenchymal
transition (EMT)related molecules was observed wlagtherent and neadherent

KATO-III cells were grown separately for one wedlablel).
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Figure 3: Spheroid cluster formationin both adherent and noradherent KATO-
Il cell line.

Adherent and noadherent cells of KATOIIKA) Tumorsphere cells derived from
adherent and neadherenKATO-III (B) quantification of the maximal tumosphere

outgrowth diameter (pixels) during 6HiG).

4- Suramin an heparanase inhibitatown requlatedTGFb  and -lcol | agen
MRNA KATO-III cells .

As presentedh figure 4, when KA O-lll cellswere culturedn a mediumcontaining

suramin,there is adown regulaton of TGH -1 and collagefl expression in SRCA
cell line in a time dependent manner.This result suggests that suramin

simultaneously down regulat&sG FDband collagefl expression in KATAII cells.

A B
L *¥ ]
F e % 1.5+ ! Aok i
@« 151 * - |+|
= — = ¥
9 = I 1
- =
= = 1.0
2 1.0 5
5 g
=3 5 0.5-
g .
S 0.5 <
: Z
~
E 40 E 0.
' > o o )
> ? ? \? <° ) ) )
) ) » &
@f AL e 9 RY RS

Figure 4: mRNA gene expression of TGB-1 and collagenl in KATO -1l cell line
after treatment with suramin.
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Suramin lowers the expression of TGE (A) and collaged (B) in KATO-IIl in a
time dependet manner by qPCR. The results are expressed as mean = SEM of six

independent experiments *P<0.05, *P<0.01, statistically significant.

5- Suramin down requlatdsMT and stem cell markers as well as intglogl|

cycleandproliferation of KATO lll cellline

As presented in figure 5A, incubation of KATO Il cell line in a culture medium with
suramin,down regulates heparanase expression in SRCA cell line in a time dependent
manner. After 6 days incubation of the cells with suramin, mesenchymal markers
suh as Sl ug, -SMAnaesignificantlyadeaeasdd<0.005 while the
E-cadherinis up regulatedg= 0.01) (Figure 5B). Suramin also decreaséaj(re 5C)

the expression of stem cell marker CXCR4, OCT3/4 and NAN@0.005. The
inhibition of KATO-III cell proliferation observed when these cells were incubated
with suramin p= 0.009 (Figure 5D) The influence of suramin atell cycle (G1, M

and G2) of KATQIIl is presented in figure 5E. The percentage of cells in each phase
of the cell cycle isresented irfigure F). These results indicate that suramin via

phase S pathwanmphibits cancecell proliferation.

RESULTS

=
[
(o))



