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ABSTRACT
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Detection of endosialin in human tumors by immustdthemistry.
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December 2009

Endosialin, also named as tumor endothelial matk€FEM1) or CD248, is a poorly
known cancer associated glycoprotein which has Beend to express in different
kinds of tumors, but not in normal tissues. Theme several suggested functions for
endosialin, but the overall function, activating ananisms, signaling pathways and
regulation are still mainly unknown. In this stuthe expression patterns of endosialin
in human tumors was analyzed by immunohistochemi3ine aims of the study were
to find out the suitability of two endosialin monmaeal antibodies for immunostaining
and to compare the expression of two endosialilbagies between human tumor spe-
cimens and normal tissues.

The expression of endosialin was investigated byumohistochemistry. Tumor spe-
cimens were processed and immunostained with tffereint endosialin monoclonal
antibodies 11-50/3 and VIII-16. The used immunasiag technique was indirect me-
thod. Secondary antibody was labeled with horsehageroxidase. Staining intensity
was investigated with light microscope and resukse analyzed statistically.

In this study the results suggested that both tit@dies function well, but the overall
staining intensity was bit stronger with antibod{il\M6. Moreover it was found that
brain, colon and skin tissues stained more intehgithan pancreatic tissues or hepato-
biliary lesions. The strongest staining intensitgswound in skin specimens. However
endosialin functioned best in brain specimens wirense staining was observed in
brain tumors and weak staining was observed in abbrain specimens. Correlation
between staining intensity and different tumor gsadias not found in this study.

According to the results of this study connecti@iween endosialin and cancer was
observed. This study indicates that endosialincd@aissibly in future serve as a tool in
development towards better cancer treatment. Whéthas potential to become a spe-
cific molecular biomarker is uncertain, becauséhis study specificity and other typi-
cal features of molecular biomarkers were not found

Key words: Tumor, immunohistochemistry, immunostayn endosialin, TEM1, mole-
cular biomarker.
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Endosialiinin maaritys ihnmisen kasvainkudosnaytieisimunohistokemiallisesti.
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Endosialiini, TEM1 (tumor endothelial marker 1) @D248, on talla hetkella viela
melko huonosti tunnettu usein syopaan liitetty giytoteiini. Endosialiinin on havaittu
iimentyvan voimakkaammin kasvainkudoksissa kuimmamaleissa kudoksissa. Sen toi-
mintaa on yritetty selvittaa lukuisissa tutkimulssismutta esimerkiksi aktivaatiomeka-
nismeja, solunsisaisia signalointireitteja tai eBédt ei tastd huolimatta tunneta viela
varmuudella. Tassa tutkimuksessa endosialiininnbyraista tutkittiin erilaisissa ihmi-
sen kasvaimissa immunohistokemiallisesti. Tutkinemk&voitteina oli selvittdd kahden
monoklonaalisen endosialiinivasta-aineen soveltttaummunovarjaykseen ja vertailla
vasta-aineiden ilmentymista ihnmisen kasvainkudogterrmaalien kudosten valilla.

Endosialiinin ilmentymista tutkittin immunohistok®allisesti. Kasvainkudosnaytteet
kasiteltiin ja immunovarjattiin kahdella eri monokkalisella endosialiinivasta-aineella
[1-50/3 ja VIII-16. Kaytetty immunovarjaystekniikkali epdsuora menetelma. Sekun-
daarivasta-aine oli leimattu piparjuuriperoksiddasimmunovarjayksen intensiteettia
tutkittiin valomikroskoopilla ja saatuja tuloksiarkasteltiin tilastollisella analyysilla.

Saatujen tutkimustulosten perusteella kumpikin imowu#rjaykseen kaytetyistd mono-
klonaalisista endosialiinivasta-aineista toimi myJKaiken kaikkiaan varjaytyminen ol
hieman voimakkaampaa vasta-aineella VIII-16. Lis&kavaittiin, etta aivo-, pak-

susuoli- ja ihokudos varjaytyivat voimakkaammin rkthaima- ja maksakudos. Voi-
makkain varjaytyminen oli nahtavissa ihokudoksegsalosialiini toimi kuitenkin par-

haiten aivokudoksessa, jossa kasvainkudoksen waméyen oli selvasti voimakkaam-
paa kuin normaalin kudoksen. Tassa tutkimuksessjgytymisen voimakkuuden ja
kasvaimen pahanlaatuisuusasteen valilla ei [6yqitigyytta.

Tutkimuksessa saadut tulokset viittaavat endosialija syovan yhteyteen. Endosialii-
nilla saattaa olla merkitysta syopatutkimuksesdalgvaisuuden syopalaakkeiden kehi-
tyksessa. On kuitenkin epavarmaa, onko endosisg@nainesta syoévan molekulaarisek-
si biomarkkeriksi, koska biomarkkeireiden tyypiigiirteita kuten spesifisyytta ei tas-
sa tutkimuksessa havaittu.

Avainsanat: Kasvain, immunohistokemia, immunovéajandosialiini, TEM1, moleku-
laarinen biomarkkeri.
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ABBREVIATIONS

AA
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cDNA
CD248
CML
DA
DAB
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MRNA
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MSS
PAGE
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RT-PCR
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SEM
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Anaplastic astrocytoma, grade 3
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Chronic myeloid leukemia
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3,3’-diaminobenzidine tetrahydrochloride
Extracellular matrix

Endothelial growth factor

Endothelial precursor cell

Glioblastoma multiforme, grade 4
Gastrointestinal stromal tumor
Gliosarcoma, grade 4

Hematoxylin

Human epidermal growth factor receptor 2
Hereditary nonpolyposis colorectal cancer
Horseradish peroxidase

Interferone.

Knockout

Messenger RNA

Microsatellite instable

Microsatellite stable

Polyacrylamide gel electrophoresis

Prostate-specific antigen

Reverse transcriptase polymerase chaitigrac

Serial analysis of gene expression
Standard error of mean

Tris buffered saline with tween

Tumor endothelial marker 1, endosialin
Vascular endothelial growth factor
Wild-type



1 INTRODUCTION

Histology is the study of the tissues (Greek wdmidto, tissue andogos, study) (Jun-
gueira & Carneiro 2003, 1). It investigates micaysc structures and individual com-
ponents of biological material (Stevens & Lowe 2000 Tissues are comprised of sev-
eral types of cells and extracellular matrix (ECHExtracellular matrix consists of many
kinds of molecules secreted by cells. The maintians of extracellular matrix are to
support cells and transport nutrients to cellsngieira & Carneiro 2003, 1.)

Histology has been used in diagnostic medicineldog. Histological examination of

tissue samples is an important tool for histopatticl diagnostics of diseases. Through
histological examination it is possible to distimjunormal tissue from diseased tissue
and to determine which kind of disease is in qoestior histological analysis tissues
are usually processed and stained before microst&mause they are usually too thick
and also transparent for direct microscopy. Callspecific tissue components are re-
vealed in histological staining process. Histolagjistaining provides examination of

chemical nature of the tissues. (Alberts et al &&@5.)

Immunohistochemical staining methods have condugrdeveloped during the past
few decades. Immunodiagnostic methods have hanhporiant influence especially on
development of histopathologic diagnostics. The afsenmunological stains has be-
come a routine diagnostic tool in most laborator{€arson 1997, 228.) Immunostain-
ing exploits specific binding between antibody attigen. Antibodies are proteins
produced by immune system as a defense againstiorfeThey are made of different
forms with different binding sites, epitopes, tlmatognize target molecule, antigen,
with high specificity. The location of antigen iaraple can be precisely revealed with
use of labeled antibodies. (Alberts et al. 2008.58

Cancer is a genetic disease that arises as a ecmrssx|of genetic changes in DNA.
According to American cancer society and intermalainion against cancer there were
12 million cancers diagnosed last year with 7 wnllideaths worldwide. (Aggarwal et
al. 2009, 1083-1084.) Despite the fact that knoggedf cancer has increased, the pre-

vention and treatment is still deficient (Negm, Mer& Srivastava 2002, 288). Annual-
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ly about 20 billion dollars are spent to find propeires for cancer (Aggarwal et al.
2009, 1083.)

Initiation of cancer involves interaction of caregens with DNA. This interaction leads
to somatic mutations and further to transformatémormal cells to tumor cells. The
initiation is usually followed by promotion, theegtin which cancer cells proliferate
and form solid tumors. (Aggarwal et al. 2009, 108%here are two properties characte-
ristic of cancer cells: Their reproduction diffdrem normal cell growth and division
and they invade and colonize other cells’ terr@srilnvasiveness is vital to cancer cells,
because this ability allows cancer cells to enteod or lymphatic vessels and form
metastases. (Alberts et al. 2008, 1206.)

The earlier the cancer is diagnosed, the bettatnrent results will be achieved. At this
moment cancer treatment has been concentratedeoeatty diagnosis of cancer and
personalized medicine. (Negm et al. 2002, 288.) ddmty diagnosis of cancer has be-
come possible through understanding of the moleahlanges that happen in cells long
time before the actual onset of cancer. These @waare called molecular biomarkers
and they have been learnt to detect with novel angments in technology. Detection
of molecular biomarkers has helped us in developroEnew targeted anticancer drugs
and therapies against different types of canc&usniyas, Kramer & Srivastava 2001,
698.)

Endosialin, also named as tumor endothelial matk€FEM1) or CD248, is a cancer
associated protein. Endosialin has observed toesggn tumor tissues, but not in nor-
mal tissues. The expression has been found in hm@smwell as in mice. Endosialin
may have potential as a therapeutic target in dpusd cancer therapies. That is the

reason why it attracts researcher’s attention. @digfen et al. 2007, 363.)

The aim of the study is to identify the expressbrendosialin in human tumors by im-
munohistochemistry. The study was carried out immeer of 2009 at the Institute of
Medical Technology, University of Tampere, in tlesearch group of tissue biology led
by Professor Seppo Parkkila. This study was perdromder the valued supervision of

Professor Parkkila and laboratory technician Aulikkhmus.



2 REVIEW OF THE LITERATURE

2.1 Tumor diagnostics

A tumor is formed of abnormal mass of cells thatvgrand proliferate out of control.
Tumor is said to be benign as long as its cells@lobecome invasive. Tumor is consi-
dered a cancer only when the tumor is malignantisncells have gained the ability to

invade surrounding tissues. (Alberts et al. 202861)

Cancer is generally diagnosed when person get gdlysymptoms. After physical ex-

amination usually imaging studies are performegrmduce pictures and to get more
information of the tumor. Imaging studies such asys, computed tomography scans,
magnetic resonance imaging scans and positron iemigsmography scans show for
example the location and size of the tumor and ndret has spread in foreign tissues
and formed metastases. Imaging studies have arrtampaole in determining stage of

the cancer. (National Cancer Institute 2004a.)

The purpose of cancer staging systems is to prodetaled information of cancer.

Through cancer staging extent of the cancer spaeddseverity can be defined. There
are lots of staging systems for many types of can¢Blational Cancer Institute 2004a.)
Analyzed topics in cancer staging are often locatb the primary tumor, size of the

tumor, number of tumors, whether the cancer hasaspto lymph nodes, cell type and
presence or absence of metastases. (Cancer Treatfatah 2005.)

According to normal cancer diagnostic pattern labmy tests are subsequently taken to
gain more information about the cancer. Laborat®sts may involve sampling of
blood, urine or other fluids, but also tissue saapbr in some cases the entire tumor,
are often removed from the cancer in a procedutedca biopsy. (National Cancer In-
stitute 2004a; Cancer Treatment Watch 2005.) Thiesae specimens are usually ex-
amined under a microscope by pathologists whosertepisually contain once again
even more precise information about the cancehdRadists also determine the grade

of the cancer. (Cancer Treatment Watch 2005.)

The tumor grade is a description of the tumor basetiow abnormal the cancer cells
look like under a microscope and how quickly thendu is likely to grow and spread.
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These grading systems are different for each tymarmcer. Pathologists commonly use
a four-degree system. The cells of grade 1 resendslaal cells and the grade 1 tumors
are considered to behave in the least aggressiys. Wae cells of grade 3 and 4 do not
look like normal cells and tend to grow rapidly asptead fast. (National Cancer Insti-
tute 2004b.)

An individual cancer treatment plan for patientdsveloped and a prognosis is pre-
dicted according to the stage and the grade ofuter. It is important to know the

stage and the grade of the tumor to doctors totifgetihe best possible treatment for
each case. Generally it can be said that the Itheetumor grade is the better the prog-

nosis is. (National Cancer Institute 2004b.)

2.2 Molecular biomarkers

The most important thing in succeeded cancer tlyasaine early detection of cancer. If
the tumor can be identified at the earliest stajennit has not spread yet, the treatment
will be easier and better response to treatmertbeilachieved. Typically tumors are
detected not until patient gets symptoms. This &gnifies that we have still limited
abilities in detecting cancers in their earliestgsts and thus a lot to learn about it.
(Negm et al. 2002, 288.)

It has been discovered that there are several mlalechanges occurring in developing
tumors a long time before first actual symptoms detected. There are different
changes in different types of cancers. It has lsbenvn that these alterations take place
in gene sequences, gene expression levels andrpstitiecture or function. (Sidransky
2002, 210.) These alterations can be divided iettegjc and epigenetic changes. Genet-
ic alterations take place in DNA. These alteratimtdude deletions, inversions, ampli-
fication and chromosomal translocations. Epigenetianges are independent of DNA
sequence. Epigenetic alterations include methylatahromatin remodelling, histone

phosphorylation and acetylation. (Aggarwal et 802, 1084.)

These molecular alterations are considered as astignmarkers or molecular biomark-
ers. In other words biomarkers are cellular indicabf the physiological state of a cell
at a specific time. Active genes, protein prodwaastd other organic chemicals that cells

make comprise the molecular signature of a cetini@&s et al. 2001, 698; Sidransky
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2002, 210.) An ideal biomarker should be easy teademeasurable across the popula-
tion and have an early alteration with high spetyfi Biomarkers can also help in de-
termining the sensitivity or resistance of canagiscto therapies and identification of
high-risk individuals before the onset of cancein(8as et al. 2001, 698; Aggarwal et
al. 2009, 1086.)

With help of molecular biomarkers it would be easgedetect the cancer at the earliest
stage, make the diagnosis, understand the chasticteof the cancer, determine prog-
nosis and monitor the progression of the diseada@sponses to selected treatments in
future. By early detection and better understandihthe features of the cancer with
help of molecular biomarkers it would be easiemidividualize or personalize cancer
treatments according to the type of the cancepopétient’s needs. Through this way
better prognosis and survival would be possibgu(e 1). (Sidransky 2002, 210; Jime-
no & Hidalgo 2006, 787.)

Biomarkers
(Gene expression pat-
terns and molecular
sighatures)

Immunohistochemi-
cal techniques

Symptoms

Early detection
— _ — _/ i
—— —
Preclinical phase Clinical pase

FIGURE 1. Detection and epidemiological progressabrancer. (Modified from Sri-
nivas et al. 2001, 702)
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2.2.1 Detection of molecular biomarkers

Before detection of molecular biomarkers the usémlogical specimen must be
selected. These biological specimens can be tibsygsies, body fluids, serum or
plasma. Secondly the target for a molecular bioerankust be defined. Targets can be
DNA, RNA or proteins, because all of them can bec#g molecular biomarkers.
(Jimeno & Hidalgo 2006, 787.)

Development of novel high-throughput technologias imcreased our abilities to better
understand and investigate the molecular mecharo$wancers (figure 2) (Negm et al.
2002, 290). Advances in genomics and proteomice halped us to detect these mole-
cular changes using biomarkers. Genomics is a maasmt of cell’'s gene expression
profiles while proteomics detects the functionimgts, proteins, of the expressed genes.
(Srinivas et al. 2001, 700-701.)

Sample material for genomics is isolated DNA. Gemsnexploits DNA microarrays,
DNA, cDNA (complementary DNA) or oligonucleotid®, provide rapid information of
gene-expression patterns. Serial Analysis of Geq@dssion (SAGE) differs from mi-
croarrays in that the expression profiles idengitpressed genes and quantify their ex-
pression levels. Reverse Transcriptase Polymerhag ®eaction (RT-PCR) identifies
individual transcripts synthesized from RNA. (Sves et al. 2001, 700.) Genomics
provides a description of the transcriptional psses within cells (Negm et al. 2002,
290).

Sample material for proteomics is for example béidids. Proteomics exploits two-
dimensional polyacrylamide gel electrophoresis PAGE), development of mass
spectrometry techniques and information technoltups to detect potential cancer-
associated proteins. (Srinivas et al. 2001, 70iei8e et al. 2008, 44.)

Immunohistochemical method for detection of bioneaskis tissue microarray which
enables the rapid evaluation of several biomarkgrsmmunohistochemistry. Tissue
microarray is also suited to further examinationshsas in situ hybridization and mi-

cro-dissection techniques. (Sgreide et al. 2008T#4ue Microarray Facility 2009.)
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Tumor specimens

3?—4;,;;3 ¥ , .,..v",.
% e !; E‘&’:_, ?" 'L&‘\
d D D DNA isolation
‘j-’ e Fiuid sampling
Immunohistochemistry ¥ o ‘I/
or tissue microarray J/

DNA microarray or Masspectrometry
SAGE analysis or 2D-PAGE

Staining and visualization

U

Computer analysis
and protein patterns

{

Pattern of up-/down
regulated genes L

oo Al : \
Pattern of up-/down " R
regulated proteins

Detection, prognosis and treatment

FIGURE 2. Diagnostic paths for diagnostics of malac biomarker in cancer detec-
tion. (Modified from Sgreide et al. 2009, 44)

2.2.2 Approved cancer biomarkers and targeted drugs

There have been difficulties in identification abfmarker for most cancers and at the
present moment there are not decent biomarkertableaior most of them. In addition,
although biomarkers have been identified it dodsengure that they would function in
desired way. (Aggarwal et al. 2009, 1086.) Two bewiwn, approved and currently
used biomarkers for detection of prostate cancerb lreast cancers are prostate-

specific antigen (PSA) and human epidermal growttidr receptor 2 (HER2). These
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biomarkers are detected from urine or serum samptasinstance high serum levels of
PSA are associated with prostate cancer, but cdreosed as a single indicator. (Negm
et al. 2002, 290; Aggarwal et al. 2009, 1086.)

Several targeted anticancer drugs have been decelpd approved for treatments of
different kinds of cancers at present. A commonuiegain all of them is however uncer-
tainty about patients’ responses to these drugsstizumab (Herceptin) is a monoclon-
al antibody which is raised against an epitopé@intracellular domain of HER2. It is
discovered that HER2 gene is present in 20-25%re&dt cancers. The mechanism,
how herceptin affects tumors is not fully understolb has been suggested that hercep-
tin might inhibit tumor growth by downregulation mceptors or by reducing the num-
ber of blood vessels of the tumor. Disadvantagleeo€eptin is the fact that patients of-
ten develop resistance to it after one year. Heircepwell-tolerated drug and it is often
used in combination with other chemotherapy dryggjgarwal et al. 2009, 1086,
1088.)

Another targeted anticancer drug is avastin (Bewsnab) which is a recombinant hu-
man monoclonal antibody raised against human vasamdothelial growth factor
(VEGF) for metastatic colorectal cancers. It hasrbéiscovered that VEGF is ex-
pressed in half of the colorectal carcinomas. Tifeces of avastin in patients are un-
clear, but the disruption of tumor blood vesselgdssible. Gleevac (Imatinib mesylate)
is designed for treatment of chronic myeloid leulkefCML) after normal treatment
with interferone (IFN-a) have been failed. It has been reported to halyefew minor
side effects. (Aggarwal et al. 2009, 1090.)

According to Aggarwal et al. (2009, 1091-1092) indualized or personalized medi-
cine for cancer treatment is important for two o@es to increase efficiency and to de-
crease toxicity of drugs for patients. This is hessasome patients may be under-treated
and some over-treated whereas some may not resporetments at all and some may
suffer from toxic side-effects. The main idea ofgmmalized treatment is to give the
right drug at the right dose to the right pati€Aggarwal et al. 2009, 1091-1092.)
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2.3 Endosialin

Endosialin (alternatively named as TEM1 or CD24&swriginally found in 1992 and
described as the antigen of FB5 mouse monoclordlaalies raised against cultured
human fetal fibroblasts. At first it was considemsla specific marker of tumor blood
vessels because of its expression in endothelilsl oEmalignant human cancers that
were analyzed by immunohistochemistry. In analysisnal blood vessels and tissues
lacked the FB5 expression. The protein was namezhdssialin and the gene was lo-
cated to chromosome 11g13. (Rettig et al. 19923208

In 2000 gene expression patterns of human endatluelils derived from blood vessels
of normal and cancerous colorectal tissues werepaoed. Expression patterns were
analyzed with SAGE-method. Many gene transcriptevieund to be overexpressed in
tumor endothelium. These genes were named as tandwthelial markers (TEMS).
Endosialin was independently discovered whiieml gene was found to encode endo-
sialin. (St. Croix et al. 2000, 1198, 1199.)

At present endosialin is described as a type Isteflace glycoprotein having a single-
pass transmembraiehelix. Endosialin consists of a 90 kDa core pmtéut the mole-
cule is highly modified by O-linked glycosylatiommprising the mature form of 165
kDa. (Christian et al. 2001, 7408.) It has alsonbeeind that endosialin is expressed by
tumor stromal fibroblasts and tumor blood vesssebamted perivascular cells (peri-
cytes) rather than endothelial cells by themselkesearlier has been suggested (Mac-
Fadyen et al. 2005, 2569.)

2.3.1 Molecular structure of endosialin

Information of the molecular structure of endosialias gained when partial amino acid
sequence of endosialin was unraveled and its dalih cDNA was cloned. It became
clear that endosialin molecule comprises of 22&klgirs with an open reading frame
and that the endosialin cDNA encodes for 757 anaitids core protein. According to

bioinformatic evaluation endosialin can be classifas a C-type lectin-like protein.

(Christian et al. 2001, 7408.)
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Endosialin is composed of several functional domdiigure 3). A more N-terminal
globular portion of the molecule consists of amamds 30-360 and includes a N-
terminal signal leader peptide, a C-type lectin doma Sushi domain and three endo-
thelial growth factor (EGF) domains. A more C-temaliregion consists of amino acids
361-757 and includes a mucin like region, a tramsbrane region and a short cytop-
lasmic tail. N-terminal segment of endosialin wagrd to share 39% sequence identity
to human thrombomodulin (CD141) and 33% sequenestiiy with human comple-
ment receptor C1gRp (Christian et al. 2001, 7410174

1 360 757

( C S eee MUCIN ™ CYT

FIGURE 3. Domain architecture of endosialin moleculhe N-terminal signal leader
peptide (N), the C-type lectin domain (C), The Swukimain (S) and three EGF repeats
(EGF) followed by the mucin-like region (MUCIN), gitransmembrane section (TM)
and the short cytoplasmic tail (CYT). (Modified fncChristian et al. 2001, 7412)

2.3.2 Expression of endosialin

Despite of the fact that endosialin is expressetuimors the expression has been de-
tected also in normal endothelium. Normal exprassioendosialin has been examined
in developing mouse embryos, newborns and adultsnibyunohistochemistry and in
messenger RNA (mRNA) levels by RT-PCR. Strong esgion of endosialin was de-
tected in developing mice embryos. In the embrywsialin was expressed by fibrob-
lasts and pericytes of developing vasculature. Hewéhere was a significant loss of
expression in adults. Endosialin is thus downregdlaluring development of mouse
leading to a conclusion that in normal adult tissaedosialin is not expressed. Expres-
sion studies of endosialin by RT-PCR revealed thgiression levels of endosialin
MRNA increase during the whole embryonic stage rapdadly decrease in newborns
and adults. (MacFadyen et al. 2007, 363, 365, B&pp et al. 2006, 1,4.)

In different studies the expression of endosialaswletected in various types of human

tumorsin vivo andin vitro. In a study of human brain tumors by immunohisewalstry
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the expression of endosialin was localized to p&e& of blood vessels and stromal fi-
broblast cells. Normal tissue was negative for sralim. The immunostaining reaction
was detected in both primary and metastatic tuni®rady et al. 2004, 1274, 1283.)
Expression of endosialin in human breast tumor isp&ts by immunohistochemistry
was studied by generating a panel of monoclonabadies against extracellular do-
main epitopes of human fibroblast cell surface gire. The expression of endosialin
was detected on tumor stromal fibroblast cellsvierg examined section. (MacFadyen
et al. 2005, 2573.) Similar results were reporteth muman ovarian tumors, human
colon carcinoma biopsies, cultured human neuraimaatcells and mesenchymal stem
cells. (Christian et al. 2008, 487, 493; Baglewle2008, 187.)

An extensive and valuable study was made when sgiore of endosialin imeml
knockout (KO) and wild type (WT) mice was investigg Knockout is a genetic tech-
nique by which function of a selected gene is catgby inactivated or deleted (Alberts
et al. 2008, 566). Wild-type is normal nonmutantrioof organism. The study firstly
showed thafeml KO mice developed normally and were completelyithgahaving a

normal vasculature and wound healing capabilitan@ et al. 2006, 3351.)

Human colorectal cancer cells were transplantedbominal sites of KO and WT
mice. Interestingly there was a reduction in turgwth, invasiveness and metastasis
in tumors transplanted to abdominal sites of KOarompared to WT mice. It was
demonstrated thateml gene is not a requirement for tumor angiogenésis pptimal
growth, invasion and metastasis of tumors depenthem®xpression of endosialin. Sta-
tistically survival of KO mice of tumor growth ped was 89% compared to 11% for
WT mice. In addition tumors in KO mice grew morevgly with fewer metastases and
smaller tumor volume. (Nanda et al. 2006, 33512335

2.3.3 Functions of endosialin

The function of endosialin is not known for certaiut there are few reasonable sug-
gested functions. The main function of endosiadirstill under high investigation, be-
cause for example molecular functions and intratallsignaling pathways are still
unknown. A full understanding of functions of enddia in normal development and

cancer is not possible without understanding fisstmolecular mechanisms and func-
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tions that control its expression. (Rupp et al. 000; Ohradanova et al. 2008, 1348,
1353))

The expression of endosialin is localized to thik serface. For this reason it is ex-
pected that the function of endosialin is mediatedugh direct cell to cell interactions
rather than through paracrine system. (Nanda 28854.) Endosialin is restricted to
fibroblasts where it presumably functions as a seliface receptor to bind ligands
found in extracellular matrix (ECM) (McFadyen et 2005, 2574).

One suggested function of endosialin is the intevacwith ECM proteins. In other

words it is suggested that endosialin can adhetieetsupporting proteins of ECM such
as collagen and fibronectin and thus mediate tileaddesion and migration through
ECM. Interactions between endosialin and fibromgand collagen | and collagen IV
have been found. These ECM proteins serve as lggordendosialin. (Tomkowicz et

al. 2007, 17969.)

2.3.4 Endosialin as a molecular biomarker

Expression of endosialin is often linked to angroggs. Firstly because endosialin is
expressed in pericytes that are closely conneoteddothelial cells during formation of
blood vessels and secondly because of the expneskandosialin found in vasculature
of developing mice embryos. (MacFadyen et al. 2B&AR; Bagley et al. 2008, 180.)
Angiogenesis occurs during normal physiological elepment and under pathologic
conditions like tumor growth (Bagley et al. 200838). Mostly it is a consequence of
hypoxia in developing tissue. It has been found Hypoxia induces the expression of
endosialin. This induction occurs through a mecérarthat involves hypoxia-inducible
factor-2 (HIF2) which has been earlier independelitked to regulate a part of genes

involved in angiogenic responses. (Ohradanova 08&i8, 1348, 1353.)

It has been suggested that blood vessel developmapninvolve endothelial precursor

cells (EPC). On the other hand it means that amgicgprocess in cancer can involve
EPC that express endosialin. It has been founcetidathelial genes are up-regulated in
both tumor vasculature and in EPC cells. Througlestgations it has been observed

that the expression of endosialin increased in E8IIS compared to mature endothelial
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cells. This indicates that endosialin is connedtedhe early stages of angiogenesis.
(Bagley et al. 2008, 2536.)

It has been shown that endosialin plays an impbftarctional role not only in angi-

ogenesis but also in tumor progression and in tustamma formation, because KO
mice dramatically changed tumor growth patterns mtliced metastasis. Thus it has
been suggested that interactions between endosiatintumor cells may induce the
production of other proteins in tumor cells or steothat can help the tumor to grow

and invade surrounding tissues. (Nanda et al. 288&4.)

One specific ligand for endosialin has been idettif An extracellular ligand for spe-
cific endosialin interaction was named as Mac-298R/ It has been demonstrated that
interaction of endosialin and Mac-2 BP/90K liganddiates and regulates the adhesion
and migration of tumor cells that express endasiaiECM of tumor. Through experi-
ments it has been shown that expression of Mac/2@Pligand correlates with distant
metastases. Therefore Mac-2 BP/90K ligand seen ttiunctionally linked to tumor
development and progression. (Becker et al. 20089,33064-3065.)

2.3.5 Therapeutic prospects

Generation of anti-endosialin antibodies is widehgoing. Antibodies, inhibitors and
antibody-toxin conjugates are generated to, eitliectly or indirectly, influence the
angiogenesis through different mechanisms. In smdgingle-chain antibody fragments
directly towards the extracellular domain of endbsi are also produced. Antibody
targeting therapies are evolving field in canceatment with a view to generate mod-
ern, effective and strictly targeted cancer thaap{Bagley et al. 2008, 187; Bagley et
al. 2008, 2544.)

Anti-endosialin antibodies may have potential foeyent migration of tumor cells and
thus prevent the development of cancer. It cousb dle possible, with appropriate
agent, to interfere with the growth of blood vessgliring angiogenesis and prevent
tumor development. Inhibition of pericyte functiby targeting endosialin with a mo-
noclonal antibody may provide a new strategy inolhwvascular destabilization and
inhibition of angiogenesis may be possible. Ondtieer hand the disruption of peri-
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cyte-endothelial cell interactions could also seaMenk to interfere the whole develop-

ment of cancer. (Bagley et al. 2008, 187.)

In practice for example blocking the migration &€ cells with anti-endosialin antibo-
dies could be useful in preventing cancer growtt early angiogenesis (Bagley et al.
2008, 2536). On the other hand by targeting th@siatin-Mac-2 BP/90K ligand com-

plex it might prevent the adhesion and migratioriunfior cells and that way also pre-

vent the metastatic spread of cancer (Becker 08B, 3059).

2.4 Immunohistochemical methods

Immunohistochemistry is a routine tool in many latories. It combines anatomical,
immunological and biochemical understanding antrigpies to identify specific tissue
components by specific binding between labeledbadies and antigens. Immunohisto-
chemistry provides for visualization the distrilmutiand localization of cellular compo-

nents within tissue. (Thermo Scientific 2009.)

Immunohistochemistry is a traditional diagnostioltm identification and detection of

cancer. These techniques are important for predicif tumor behavior and prognosis.
(Srinivas et al. 2001, 698.) Basic immunohistoctuaiexamination includes sample
obtainment, tissue processing, production of tlesue sections, staining and micro-

scopic analysis (figure 4).
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Sample obtainment

*Obtainment
*Fixation

Tissue processing
*Dehydration
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*Embedding
*Blocking

L

Production of tissue sections
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Staining process
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*Mounting

Analysis
*Mircoscoping

FIGURE 4 The steps of typical immiohistochemicaéxaminatior

2.4.1 Tissueamnple obtainme

For diagnosing diseases it is remarkably importardbtain small tissue samples fr.
human body. There are lots of simple and diffetenhniques for theample obtain-
ment. Tissue sample can be obtained fromral areas of the bo. For instance sam-
ples from brain, eye, breast, liver, kidney, bdmae marrow or muscle can be obtail
by direct needle biopsy whereas samples from raspyr tract, alimelary tract or uri-
nary tract can be obtained by endoscopic biopsygusndoscopic tubes. Scalpels
suitable for obtaining samples from directly acddsstissues such as skin, mouta-
rynx or nose. (Stevens & Lowe 199)

An alternative tissue obnment technique is frozen sections. This techniguex-
ploited especially during surgeries wlinformation about the biop is needed as soon
as possibleThe technique allows a rapid preparation of sestiwithout going throug

the regular tissue prossing steps. The idea is to fix tissue sample pydr&eezing.
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The use of isopentane and liquid nitrogen for rdpeezing has been found to produce
best sections. After freezing tissue samples a@yréor sectioning in cryostat, which is
a special microtome, and staining with approprdtes. Frozen section technique can
also be exploited when cellular lipids and enzyraes detected from tissues, because
regular tissue processing would easily destroy th&uarson 1997, 40-41, 52-52; Jun-
gueira & Carneiro 2003, 2; Ross & Pawlina 2005, 4.)

2.4.2 Fixation

Most tissues are fixed before examination underesaope. Aims of the fixation are to
prevent autolysis and bacterial attack, to prewdainges in shape or volume in tissues
during any subsequent steps and to preserve tigsaesondition as close in their living
state as possible. Fixation is performed by stahdj proteins either by chemical (fixa-
tive solutions) of physical (heat, microwaves) nedPrimary methods for fixation are
the use of one or more chemical reagents. (Car96i,12; Bancroft & Stevens 1999,
23.)

Fixative solutions are mostly classified as additir nonadditive and coagulant or non-
coagulant. Additive fixatives such as formaldehygletaraldehyde, picric acid and os-
mium tetroxide change the tissue by chemicallyiligkthemselves to it. Nonadditive
fixatives like acetone and alcohols do not add gwues to the tissue but function
through precipitation or coagulation of protein@a@ulant fixatives such as alcohol and
picric acid create a network in tissues allowinfygons to easily penetrate into the in-
terior of the tissue. Noncoagulant fixatives lilkeerhaldehyde, glutaraldehyde and os-
mium tetroxide create a gel making the penetratifosolutions difficult. (Carson 1997,
2-3; Bancroft & Stevens 1999, 23-24.)

The most widely used fixative solution is formalgdd. Commercially available solu-
tions under trade name formalin contain 34-40%kyaweight. Formaldehyde is com-
monly used as neutral buffered formalin which corg#&0% formaldehyde buffered to
pH 7 with phosphate buffer. In agueous solutionmsnddehyde exists as its monohy-
drate, methylene glycol. Formaldehyde is additivé aoncoagulant fixative and causes
proteins to become insoluble by reacting with angnaups on the side chains of amino
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acids. The reaction is reversible and pH-dependédrson 1997, 8-10; Bancroft &
Stevens 1999, 24-25, 35.)

2.4.3 Tissue processing

Tissue processing includes dehydration, clearijeanbedding steps performed either
manually or automated. Tissue processing is ateptemainly automated. The auto-
mated process is similar to manual processing amiams same steps. First tissue
processing step is called dehydration. It meansvaiof aqueous fixative fluids like
water in tissues because embedding media willnfitrate tissue containing any water.
Dehydration is the most critical step of tissuegessing because faults in this step are
difficult to correct later (Bancroft & Stevens 19%3.) The most widely used dehydrat-
ing agent is ethanol. It is hydrophilic and miseilith water and with many organic
solvents. It functions by attracting water from tissues. Ethanol is delicate causing
very little damage to tissues. Dehydration procegerformed with series of increasing
concentrations of ethanol starting from 70% andirendo absolute alcohol. (Carson
1997, 26-27; Bancroft & Stevens 1999, 49.)

Dehydration step is followed by clearing step. @leaagents must be miscible with
both the dehydrating agent (ethanol) and the embgddedium, frequently paraffin.
The most widely used clearing agent is xyleneethoves the ethanol used in dehydra-
tion step, gives tissues a translucent appearantenakes tissues more receptive to the
embedding medium. Too long clearing time hardessuis leading to problems with
tissue processing. (Carson 1997, 28; Bancroft &&ts 1999, 50.)

Subsequently tissues are infiltrated with suppgrémbedding medium. The purpose of
embedding is to hold proper relationship betwedlis ead intracellular structures when
sectioned. The most popular embedding medium &fioamwax which is an inert mix-
ture of hydrocarbons. The melting point has anceften properties of paraffin wax.
Usually waxes of melting point 54-58°C are usedarf©n 1997, 31-32; Bancroft &
Stevens 1999, 51-52.)

Embedding is performed usually in a vacuum overnfiyersing tissues to melted pa-
raffin. Temperature of paraffin should be 2-4°C\abds melting point. Vacuum helps
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paraffin to infiltrate tissues. When immersing tiss to embedding medium paraffin
penetrates tissues and removes residual air buliblgesure to embedding medium is
continued until air bubbles do not anymore come(Gprson 1997, 32; Bancroft & Ste-
vens 1999, 52-53.)

Tissue processing is followed by blocking which meanclosing tissue in paraffin
wax. Blocking can be counted as a part in tissoegssing. Blocking system comprises
of melted paraffin wax dispenser, cold plate andtée area for molds and infusion of
blocks. In blocking melted paraffin wax is dispeshseto a preheated mould. Tissue
specimen and tissue cassette are placed in mowdIdMs filled with melted paraffin
wax, transferred to cold plate and allowed to abmin and solidify into block. Mould
is removed from solidified block and block is reddy sectioning. (Bancroft & Stevens
1999, 52.)

There are few occasions when paraffin processingatabe used in tissue processing
and blocking: i. processing agents remove or danragstigated tissue components, ii.
thinner sections are desired, iii. heat (with plama56-60°C) would affect or damage
tissue or iiii. paraffin do not offer as hard sugpas needed. Substitute processing and
blocking agents for paraffin are for example otivaxes like polyethylene glycol and
resins like acrylic. For instance resins play amontant role in electron microscopy
when thinner sections and higher resolutions aegle@ (Bancroft & Stevens 1999, 56-
57.)

2.4.4 Production of tissue sections

So that the examination under microscope can tkae phin tissue sections needs to be
produced out of tissue blocks. Microtomes are imsénts that allow production of sec-

tions with adjusted thickness; usually 5um. Rotargrotomes are the most popular

ones and the most suitable choice for paraffin eldbe tissues. (Bancroft & Stevens

1999, 58.)

Requirements for thin tissue sections are propapésature of the block, a sharp blade
and suitable sectioning speed. Disposable bladesdar a very sharp cutting edge and
have replaced the old steel knives. The best seogspeed depends on many qualities
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such as softness of the tissue, air temperaturajdity, size of tissue and thickness of
the sections. Unsatisfactory sections depend pilyr@r blunt blade or not cold enough
temperature of block. (Bancroft & Stevens 1999) 60.

2.4.5 Staining process

Completely dry tissue sections are deparaffinisetbrie staining. Deparafinisation

means removal of paraffin found in tissue sectidws; water left in tissue will lead to

incomplete deparaffinisation and uneven stainingpdaffinisation process is started
with xylene, followed by series of decreasing comisgtions of alcohols and ended up
in distilled water. Xylene will remove paraffin waialcohols will remove xylene from

sections. (Carson 1997, 57.)

Cells and their intracellular material are gengralblorless. Staining is needed to vi-
sualize localization of cellular component withissues in the light microscope. Stain-
ing can be made manually or automatically usingessort of staining automat. Stain
uptake is due to dye-tissue or reagent-tissueitdfsn Affinity describes the attractive
forces which bind dye to tissue. On the other h&itidsue has a high affinity for a dye
it usually becomes intensively stained. The dyoignd to tissue mostly by ionic, cova-
lent or hydrogen bonds with help of van der Wadisetions. (Bancroft & Stevens
1999, 81, Histology and cell biology 2003.)

The dyes bind to certain tissue constituents sekdgtdepending on the nature of the
dye and the chemical composition of the tissue.r@tege positive and negative net
charges found both in tissue components and dfyasiyle ion has positive net charge it
is cationic and also called a basic dye. If a dyehas negative net charge it is anionic
and also called an acid dye. If a tissue compohastnegative net charge, it will have
affinity for basic dyes and vice versa. For exapNA and RNA will stain with basic
dyes whereas cytoplasm and collagen stain withé&ggd. Usually more than one dye is
used in staining process for increase of clearambe. first dye stains wanted tissue
components selectively while the second dye is asedontrasting color to stain other
tissue or cellular components. This is called cerstaining. (Carson 1997, 89; Histolo-
gy and cell biology 2003.)
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The following step for staining process is anottheydration process. The intention of
dehydration is to remove water from tissue witheseof increasing concentrations of
alcohols ending up in xylene, which removes renmgjrdlcohol. After dehydration cov-
er glasses are applied to stained sections usimg $gpe of mounting medium. The
step is called mounting. Cover glasses help toepvesstained sections and enable bet-
ter microscopic analysis. (Carson 1997, 26, 107.)

2.4.6 Dyes

There are lots of different dyes. However all dges organic compounds and often also
benzene derivatives. According to Carson (1997,a8@joup in a dye molecule confer-
ring the color is called a chromophore. A commaatdee for every chromophore is that
they are easily reduced. A chromogen is a benzeneative containing a chromophor-
ic group. A compound containing a group of chromaghor chromogen may not nec-
essarily act as a dye and be able to combine wilstibstance to be colored. An ioniz-
ing group called auxochrome, most commonly amiraugy is in some cases required
to enable the dye to link to the tissue. (Carsd@v/187, 89.)

An example of dyes is hematoxylin which is a ndtardor extracted from the heart-
wood of the treé¢daematoxylin campechianum and used for nuclear staining. Hematox-
ylin is not itself a dye but the oxidation prodlematein acts as a natural dye. Oxida-
tion product can be produced from hematoxylin eithigh natural oxidation or chemi-
cal oxidation. Chemical agents used for oxidatimnfar example sodium iodate (May-

er's hematoxylin) or mercuric oxide (Harris’ hemattin). (Carson 1997, 90-92.)

Hematein is anionic and has a poor affinity tougsslhat is why a presence of mordant
is needed to nuclear staining. The most widely useddants for hematoxylin are alu-
minium, iron and potassium salts. The mordant exsalthe binding of dye-mordant
complex to anionic tissue sites as chromatin aradenutHematoxylin is the most widely
used in nuclear counterstaining, because it prevadgood distinction between nuclei,
cytoplasm and extracellular constituents. (Banc&8tevens 1999, 99, 101; Histology
and cell biology 2003.)
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2.4.7 Immunostaining techniques and enzyme labels

By immunohistochemical techniques it is possibledentify tissue constituents, anti-
gens, by exploiting the specific interactions betwantibodies and antigens. Immuno-
histochemical staining methods are based on theouksbeled antibodies. Labels are
used for visualization of antigens found in tissustibodies can be labeled either with
enzymes, colloidal metals, fluorescent labels aliardabels. Enzymes are the most
widely used labels in immunohistochemistry. Commgarded enzymes for labeling are
horseradish peroxidase (HRP), alkaline phosphatgkeose oxidase and beta-D-
galactosidase. Incubation of enzyme-conjugatedadites in presence of substrate and
chromogen produces stable and colored reactionuptaitable for light microscopic
examination. (Bancroft & Stevens 1999, 438.)

There are various immunostaining techniques uselétiect presence of antigen in sam-
ple. However the most common techniques are daedtindirect methods. In direct
technique label is conjugated to the primary amtjpwhich detects antigens found in
tissue. The advantage of direct technique is soitpland the disadvantage low sensi-
tiveness. Indirect method uses two antibodies, gmyrand secondary, to detect antigens
(appendix 1, figure 1). Primary antibody is unlagelnd detects the antigens found in
tissue. Labeled secondary antibody is followed raggaihe primary antibody. Indirect
technigue is more sensitive technique comparedrextdtechnique. (Bancroft & Ste-
vens 1999, 439, 441-442.)

Immunohistochemical staining using enzyme-labeletibadies results from the reac-

tion between enzyme and its substrate. In the imasbluble substrate with enzyme
produces an insoluble and colored reaction endyatodEnzymes can be used in immu-
nohistochemical staining instead of dyes. The sitgrof formed colored reaction end-

product should correlate to the concentration efghimary antibody and the tissue an-
tigen. Enzymatic activity depends on concentratibanzyme and substrate, buffer, pH,
temperature and light source. Variety of enzymgugated antibodies and chromogens

are commercially available. (Thermo Scientific 2009

Large and significant group of enzymes used in imostaining are oxidoreductases.
This category includes oxidases, peroxidases, deggdases and diaphorases. Perox-
idases catalyse oxidation of its substrate by rengplrydrogen. The hydrogen acceptor
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for the hydrogen atoms is always molecular oxygading in the formation of water,
chemical reaction 1A. In the oxidation reactionHiR®P conjugated secondary antibody
HRP is an enzyme while hydrogen peroxidase is atgtle and 3,3’-diaminobenzidine
tetrahydrochloride (DAB) is a chromogen. Reactiondoices oxidized DAB, insoluble
dark brown colored reaction end-product visibleriaked eyes and suitable for exami-
nation under light microscope, chemical reaction (IErson 1997, 254.)

A
4H + 46 4+ O, —> 2HO

B

HRP + H,0, + DAB —> HRP 4 2H,0, 4+ Oxididized DAB,
dark brown product

CHEMICAL REACTION 1. Enzymatic reactions of peroagks. A. Oxidation reaction
of peroxidases. B. Enzymatic oxidation reactiorH&P involving substrate and chro-
mogen. (Modified from Carson 1997, 254; Kryskole2806, 2020)

In enzyme-labeled immunostaining it is importanbtock the endogeneous peroxidase
activity and reactive sites found in tissues. ltl@egeneous peroxidase activity is not
blocked, cellular components such as enzymes caddlt in unwanted signals and

false positive staining result. Blocking of reaetisites found in tissues helps to avoid
nonspecific binding of antibodies and also prevdatse positive staining result. In

HRP-technique the most widely used blocking agenehdogeneous peroxidase activi-
ty is hydrogen peroxidase and for reactive sitesnabserum or colostrum. (Thermo

Scientific 2009.)
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3 AIMS OF THE STUDY

This study was focused on poorly known cancer aatatprotein, endosialin. The aim
of the study was to investigate expression of eiatlngn different human tumors and

to identify the expression of endosialin by immuagsng. Specific aims of this re-

search were

I.  to characterize the function and suitability of abgndosialin specific anti-

bodies for immunostaining,

ii.  toinvestigate endosialin expression levels in tugpecimens.
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4 MATERIALS AND METHODS

4.1 Sample material

Sample material for this study consisted of comnsidly large amount of tissue samples.
Samples were selected from as many different tsssgepossible in order to have a
highly presentable sample material so that desenpif endosialin expression pattern
would be possible in large scale. Tissue specinframs colon and pancreas were ob-
tained from Jyvaskyla central hospital. Tissue spens from liver were obtained from

Hospital district of Helsinki and Uusimaa. Tissygeaimens from the brain, colon, skin,
esophagus, antrum, duodenum, corpus and rectumoltamed from Tampere univer-

sity hospital. Diagnosis with every specimen wasviam and the tumor grade of brain-

and colon specimens was also defined.

All of the samples obtained from Jyvaskyla centiadpital and Hospital district of Hel-
sinki and Uusimaa were formalin fixed and para#mbedded, already sectioned and
mounted on microscopic glass slides. The samptasa ffampere university hospital
were formalin fixed and paraffin embedded tissugckd. For these tissue specimens

sectioning and drying was performed before staipmgess.

4.2 Sectioning and drying

Before sectioning of tissue blocks both hot andl eehter baths were filled with distill-
ed water and the blocks were cooled down to prtgyaperature on a cold plate (+4°C).
Sectioning was performed with microtome (Microm, & HM310, Walldorf, Ger-
many) using disposable blades. Tissue block wasgdlan microtome so that the blade
reached the whole surface of the block. Extra fiarafas trimmed away with thickness
adjusted to 20um. Before actual sectioning thektlgss was adjusted to 5um which

was the desired thickness of sections.

Tissue sections were gained by rotating the mionetescrew manually. The cut sections
were floated onto the cold water bath containingmidemperature water. By floating
out sections the wrinkles were straightened. Sestwere transferred to hot water bath
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(+45°C) to achieve the expansion of sections to threginal sizes. From hot water be
sections were transferred to microscoglass slides and allowed to dry and rest ¢
night. Drying of the sections was carried out incawen (+60°C). Dryingime was ap-

proximately two hours

4.3 Immunogaining proess

Deparaffinisation proce wasperformed in staining chambers that were filledhwea-
gents used in the process. The used reagents whkreex(XYL), absolute alcoht
(ABS), 94% alcohol70% alcohol and distilled water. Slides were puttloa sledge
which was then moved from one chamber to her (figure 5) Slides were allowed 1

stay in distilled water containing cham until the immunostaining was start

XYL XYL ABS ABS 94% 94% 70% dH,0O
*4 min *4 min *3 min *3 min *3 min *3 min *3 min . —

FIGURE 5 The arrangemenif the deparaffinisation process.

The expression of endosialin was investigated bmumohistochemical stainingm-
munohisctehemical staining was performed usinctaining kit (Power Vision+™ }s-
tostaining Kit; ImmunoVision Technologies, Corpion, Brisbane, CA, US/ that
containedprimary antibody diluent, pc-antibody blocking (post block), pc-HRP
anti-mouse/rabbit igG (P-HRP) and diaminieenzidine (DAB) solutios A and B. Two
different monoclonal ar-mouse IgG primary antibodies against enalin were used
to detect endaalin in the tissue specimens. Endosialin monodl@ntibodies 11-50/3
and VII1-16 were kindly provided bDr. Silvia Pastorekova arférofessc Jaromir Pas-
torek, Slovak Academy of Sciences, Bratislava, &toRepublic. Prodition of endo-

sialin monoclonal antibodies have been describgdhradanova et al. 2008, 13-
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Staining was performed according to the manufacsuprotocol using fully computer
operated automatic staining device, autostainerdéino480; Lab Vision Products,
Thermo Fisher Scientific, Runcorn, Cheshire, Unkadgdom). Staining program was
created with computer (table 1 and appendix 3réd). Dispense volume of reagents
was adjusted to 100ul. When the staining progras apgproved the computer reported
the needed volumes of reagents, distilled water Bl buffered saline with tween
(TBS-Tween) used in immunostaining. Reagents usedstaining process are

represented in a form of reagent layout map (appehdigure 3).

Reagents were put to autostainer tubes accorditigetoeagent lay out map. Endosialin
monoclonal antibody 11-50/3 was diluted 1:5 in pairp antibody diluent. Endosialin
monoclonal antibody VIII-16 was undiluted. Slidesere transferred from staining
chamber to autostainer racks and moistened with-TB&en buffer. When prime
pumps for distilled water and TBS-Tween buffer wéose the autostainer was ready to
start the programmed staining process. Betweeren¢applications staining waste was
rinsed from slides either with distilled water oBS-Tween buffer. When staining
process was ready the slides were transferred toadistilled water containing staining

chamber.

TABLE 1. Immunostaining program for detection ofdesialin by indirect immunos-

taining and enzyme-labeled antibodies.

Reagent Function is to Time (min) Dilution
H.0, block endogeneous peroxidase 5 3%
Colostrum block non-specific binding sites 10 1.5
Primary antibody bind to epitope of antigen 30 1.5/-
Post block block mouse immunoglobulins 20 -
Secondary antibody| bind to the primary antibody 30 -

DAB form a brown precipitate 5 1:30
CuSQ strengthen and brighten up reaction 5 0,5%
HEMA nuclear counterstain 1 1:3

Dehydration process started from distilled watartaming staining chamber. Reagents
were same as were used in deparaffinisation prdogiss reverse order. The sledge

containing slides was transferred from one charttanother (figure 6). Cover glasses
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were applied on stained tissue sections. A mounting omad{Pertex, xyler-based;
Histolab products AB, Goéteborg, Sweden) is usedlttach cover glasses. Few drop:
mounting medium were pipetted onto the tissue sestand cover glasses were pla
onto tissue. Air bubbles were remd by gently pressing the cover glass inst tissue

sections. Slidewere allowed to dry before microscopic anal

dH,0 94% 94% ABS ABS XYL XYL
.« — *1 min *1 min *1 min *1 min 1 min *1 min

FIGURE 6 The arrangement of dehydration proc:

4.4 Microscopiand statistici analysis

The microscopi@nalysis of endosialin immunostained tissue sections ' performed
with a light microsopewith professional help of Professor Seppo Parkéaie Hannu
Haapasalo, MD, PhD, from department of pathologymnipere university hospiteln
microscopic analysis the idea was to evaluate ritensity of immunostaininreaction
separately witmormal and cancerous tissue on a scale of 0 Thus every immunos-
tained specimen was categorized te of the four groupsvhere O indicate that no
reaction was detectable, 1 was for weak staininfgr Znedium strength staining anc

for intense staining.

In analysis the staiure of tissues w: first examined to identify normal and cancer:
sections in sample3hen both were categorizaccording to the intensity of immus-
taining reaction. Depending on tissue type eithetoghelium or epithelium was a-

lyzed. In additionjn nervous tissue also blood vessels were anal

Data was analyzed statistically with GraphPad Prsafiware Correlation between
endosialin antibodies was studied with Spearmareltairon. Staining intensity betwe:
different tumor types waanalyzed with unpaired t-test whererglue 0,05 was consi-
deredstatistically significar. Staining intensity between diifent tumor grades wi
studied with onewvay analysis of variance wher+~value 0,05 was considered sti-

cally significant.
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5 RESULTS

5.1 Function of novel endosialin monoclonal antiesd

Both endosialin monoclonal antibodies 11-50/3 anidl-¥6 showed good expression in
stained tissue specimens. The used staining piatadodilutions under both endosialin
antibodies were suitable. It appeared that thesewaaation in staining reactivity rather
between tissue types than between antibodies. @ayibl-50/3 generally showed
slightly weaker staining reactivity. Staining inggty was clearly stronger in brain tu-
mors and in skin specimens than it was in coloteatacer, pancreatic cancer or in he-
patobiliary lesions. Background staining was oudraignificant and nuclei counters-

taining was successful.

It became evident that staining reactivity was galhe lower in normal tissues com-
pared to cancerous tissues with both antibodiess. rBisult was the most clearly visible
in nervous tissues of the brain specimens as shovirgures 9 and 10, where brain tu-
mors showed clearly stronger staining intensityntharmal brain. There were some
differences in staining reactivity between antitesdll-50/3 and VIII-16. Interestingly
for example in normal skin antibody VIII-16 showsttonger intensity but in normal
colon the intensity was vice versa (figures 7A & dThere was medium correlation in
staining reactivity within two antibodies in norms#in and in normal colon tissues.
Staining results in normal skin showed not statadly significant medium correlation
between antibodies (Spearm&rQ;569, p=0,200) (figure 7A). Staining results iorn
mal colon showed highly statistically significanedium correlation between antibodies
(Spearman?+0,493, p=0,0007) (figure 7B).
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FIGURE 7. Expression of endosialin in normal tissu& Normal skin and B. Normal

colon.

5.2 Expression of endosialin in tumors

5.2.1 Endosialin in brain tumors

Immunostaining reaction in brain tumor specimens weerall quite intense (figures 9
and 10). Positive reaction was detectable in beiivous tissues and blood vessels of
the specimens. It showed that staining intensitg generally stronger in blood vessels
than in nervous tissues with either of the endosaitibodies. Moreover staining inten-

sity was the strongest in blood vessels staineld antibody VIII-16 (figure 10D).

Mean intensity of blood vessels stained with armiptd-50/3 varied between 1,2 + 0,1
(SEM) — 2,0 £ 0,0 (SEM) (standard error of meanthwdifferent types of brain tumors
(figure 8B). Mean intensity of blood vessels stdingth antibody VIII-16 varied be-

tween 1,9 = 0,2 (SEM) — 2,3 £ 0,3 (SEM) with diffat types of brain tumors (figure
8D). In every occasions the most intense stainmgdcbe seen with gliosarcoma, but

the case number (n=3) may have had an effect oresudt (figure 8).

There were two statistically significant differesce endosialin expression between
different brain tumor types. These differences webserved with antibody VIII-16

stained nervous tissues. The difference in endnsedpression between glioblastoma
multiforme and gliosarcoma was statistically sigraht (p=0,04, unpaired t-test). Other

statistically significant difference (p=0,02, unfeal t-test) in endosialin expression was



35

observed between diffuse astrocytoma and gliosaacdio statistically significant dif-
ference in endosialin expression (p>0,05, unpaiedt) was observed between nerv-
ous tissues or blood vessels stained with antithe8§/3 and blood vessels stained with
antibody VIII-16.

Both nervous tissue and blood vessels showed trst mi@nse immunostaining reac-
tion with both endosialin antibodies under anaptaa$trocytoma, grade 3. However no
statistically significant difference (p>0,05, oneywanalysis of variance) was observed

in the endosialin immunostaining reactions betwd#ferent tumors grades, data not

shown.
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FIGURE 8. Immunostaining reactivity in brain tumoAs Nervous tissue stained with
antibody 11-50/3, B. Blood vessels stained withilaody [1-50/3, C. Nervous tissue
stained with antibody VIII-16 and D. Blood vessskained with antibody VIII-16.

GBM = Glioblastooma multiforme, AA = Anaplastic emtytoma, DA = Diffuse astro-

cytoma and GS = Gliosarcoma.
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FIGURE 9. Endosialin in brain tumors, stained wahdosialin antibody 11-50/3. A.
Normal brain, B. Anaplastic astrocytoma, C. and@loblastoma multiforme and E.

Gliosarcoma. Arrows represent blood vessels.



FIGURE 10. Endosialin in brain tumors, stained watidosialin antibody VIII-16. A.
Normal brain, B. Anaplastic astrocytoma, C. and@loblastoma multiforme and E.

Gliosarcoma. Arrows represent blood vessels.
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5.2.2 Endosialin in colorectal cancers

There was lots of variation in immunostaining irgiénin colorectal cancer specimens.
Sometimes normal colon showed very intense staibuigelsewhere staining intensity

was negative. All colorectal cancers behaved siigild&or example a comparison be-
tween two normal colon specimens showed both weak\eery intense staining as

shown in figures 13A and B and 14A and B. On thephand a comparison between
colorectal cancers microsatellite stable (MSS) aastrointestinal stromal tumor

(GIST) showed same kind of result as shown in Bgut3E and G and 14E and G. Inte-
restingly it was also noticed that human normaboamooth muscle staining was very
intense with both endosialin antibodies (figure€ Ehd 14C).

Comparison of immunostaining reactivity betweemoettal cancers showed the most
intense staining with both endosialin antibodiesnicrosatellite instable (MSI) speci-
mens (figures 11A and B). Mean immunostaining istignof MSI with antibody II-
50/3 varied between 1,533 + 0,2 (SEM). Mean immtaiogg intensity of MSI with
antibody VIII-16 varied between 1,688 + 0,2 (SENWhese results indicated that overall
Immunostaining intensity was again slightly moreense with antibody VIII-16.
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FIGURE 11. Immunostaining reactivity in colorectaincers. A. Stained with antibody
[1-50/3 and B. Stained with antibody VIII-16. MSSMicrosatellite stable, MSI = Mi-

crosatellite instable and HNPCC = Hereditary nopposis colorectal cancer.

There were three statistically significant diffeces in endosialin expression between
different colorectal cancer types. These differenaere found with both endosialin
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antibodies. The differences in endosialin expresbigtween MSS and MSI were statis-
tically significant with both antibodies (lI-50/31=0,02, unpaired t-test and VIII-16:

p=0,02, unpaired t-test). In addition the differerin endosialin expression between

MSI and hereditary nonpolyposis colorectal can¢tRPCC) was statistically signifi-
cant (p=0,04, unpaired t-test) with antibody 11-50/

Both endosialin antibodies showed the most intemseunostaining reaction in colo-

rectal cancers that are grade 2 (figure 12). Incthlerectal cancer material there were

grade 2 cases from every colorectal cancer grou,M&I and HNPCC. However no

statistically significant difference (p>0,05, oneywvanalysis of variance) was found in

the endosialin immunostaining reactions betweeiemiht tumor grades.

W
]

N
1

Immunostaining reactivity -
[T
1

o

A

> 31

=

3]

s n=19

= 29 n=25

=4 -I-

c ——

©

» 1-

o

[y

>

g

=0 T T
1 2

Tumor grade

1

2

n=6

3

Tumor grade

FIGURE 12. Immunostaining reactivity in differeminior grades of colorectal cancers.
A. Stained with antibody 11-50/3 and B. Stainediwaintibody VIII-16.
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FIGURE 13. Endosialin in colorectal cancers, staingh endosialin antibody I11-50/3.
A. and B. Normal colon, C. Smooth muscle, D. Miettedlite instable, E. Microsatellite
stable, F. Hereditary nonpolyposis colorectal caramel G. Gastrointestinal stromal

tumor. Arrows represent surface epithelial cells.
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FIGURE 14. Endosialin in colorectal cancers, staingh endosialin antibody VIII-16.
A. and B. Normal colon, C. Smooth muscle, D. Miettedlite instable, E. Microsatellite
stable, F. Hereditary nonpolyposis colorectal caramel G. Gastrointestinal stromal

tumor. Arrows represent surface epithelial cells.
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5.2.3 Endosialin in pancreatic cancers

Pancreatic specimens stained with endosialin atitdsadbehaved in an interesting way.
Firstly, there was not a visible difference in siag intensity between normal pancrea-
tic tissue and cancerous pancreas stained witbraiththe antibodies as shown in fig-
ures 16A, C and E and 16B, D and F. Secondly, & wlaserved that pancreatic ducts
stained very intensively in normal pancreas speasgwith either of the endosialin an-

tibodies (figures 16A and B). The same phenomenas seen with pancreatic cancer
specimens (figures 16C and D). However the ovarathunostaining intensity was not

particularly strong in pancreas specimens.

There were not statistically significant differeada immunostaining intensity between
pancreatic cancers and pancreatic ducts, (p>Or@ined t-test). Statistically the inten-
sity of staining in pancreatic cancers was morens¢ with antibody VIII-16 (figures

15A and B). (11-50/3: 0,7 = 0,2 (SEM) and VIII-1@;1 = 0,2 (SEM), unpaired t-test).
However the staining intensity of pancreatic duwess more intense with antibody Il-
50/3 (figures 15A and B). (lI-50/3: 1,5 + 0,5 (SEBhHd VIII-16: 1,3 £ 0,3 (SEM), un-

paired t-test).
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FIGURE 15. Immunostaining reactivity in pancreascmens. A. Stained with antibo-
dy 11-50/3 and B. Stained with antibody VIII-16.



FIGURE 16. Endosialin in pancreatic cancers, sthimigh endosialin antibodies 11-50/3

and VIII-16. A. Normal pancreas stained with [I-30B. Normal pancreas stained with
VIII-16, C. Pancreatitis chronica stained with D3, D. Pancreatitis chronica stained
with VIII-16, E. Adenocarcinoma ductale stainedwit-50/3 and F. Adenocarcinoma

ductale stained with VIII-16. Arrows represents graatic ducts.
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5.2.4 Endosialin in hepatobiliary lesions

There was no detectable positivity in immunostanieaction in liver specimens
stained with either of the endosialin antibodiesta@wn in figures 17A and B. In addi-
tion, all hepatobiliary lesions as well as normeél specimens proved to be negative
with either of the endosialin antibodies (figurg€land F and 17G and H).

The sample material of liver included, besides radramd cancerous specimens, hepat-
ic-, cirrhotic- and fatty liver specimens (figur&gC and D). Data of hepatic- and cirr-
hotic specimens are not shown. All of these spensriested negative in immunostain-
ing with either of the endosialin antibodies. Indae stated that neither of antibodies
functioned better in hepatobiliary lesions. In thiiation statistical analysis of hepato-

biliary lesions would prove unnecessary.
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FIGURE 17. A. Normal liver stained with [1-50/3, Blormal liver stained with VIII-16,

C. Fatty liver stained with 11-50/3, D. Fatty livetained with VIII-16, E. Colangio car-
cinoma stained with 11-50/3, F. Colangio carcinostained with VIII-16, G. Hepatocel-
lular carcinoma stained with 11-50/3 and H. Hepathdar carcinoma stained with VIII-
16.
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5.2.5 Endosialin in skin tumors

Immunostaining reaction was very intense in skiecgpens. Positive reaction occurred
in both epidermis and dermis of normal skin speasn&pidermis showed very intense
reaction and dermis medium strength reaction wittree of the endosialin antibodies
(figures 19A and B). Skin cancers also showed w&Bnse positive reaction, although
with antibody VIII-16 reaction seemed to be a Ibsger (figures 19C and D). It was
observed that there was variation in staining isitgnrather between antibodies than

between normal skin and skin cancers (figures J&AB).

There were not statistically significant differenoe@mmunostaining reactivity between
normal skin and skin cancers, (p>0,05, unpairexst}t As it was already observed the
variation in immunostaining intensity occurred beén antibodies. This can be proved
statistically as well. With antibody 11-50/3 stamg intensity between normal skin and
skin cancers was almost similar (1,9 = 0,3 (SEMJ a0 £ 0,3 (SEM), unpaired t-test)
(figure 18A). With antibody VIII-16 same phenomeneas seen between normal skin
and skin cancers (2,9 + 0,1 (SEM) and 2,8 + 0,3 Enpaired t-test) (figure 18B).
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FIGURE 18. Immunostaining reactivity in normal skind in skin cancers. A. Stained
with antibody 11-50/3 and B. Stained with antibodifl-16.
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FIGURE 19. Endosialin in skin stained with antiteslil-50/3 and VIII-16. A. Normal
skin stained with [I-50/3, B. Normal skin stained@hwVIII-16, C. Basocellular carci-
noma stained with 11-50/3 and D. Basocellular qawona stained with VIII-16. In fig-
ures e represents epidermis and d represents dermis
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6 DISCUSSION

The aim of this study was to investigate expressioendosialin in tumor specimens by
immunohistochemistry. Thin tissue sections weralpced from tissue blocks with mi-
crotome. Tissue specimens were immunostained wiibn@atic staining device using a
staining kit. Immunostaining was performed accaogdio the manufacturer’s protocol
using indirect immunostaining technique. The seeopdntibody labeled with HRP-
enzyme label was able to recognize endosialin faorttssue specimens. The formed
enzyme reaction was visible for naked eyes and shiable for light microscopic ex-
amination. Intensity of immunostaining reaction veasdied and results were analyzed

statistically.

It was found that both of the novel endosialin mzdapal antibodies 11-50/3 and VIII-

16 functioned well in immunostaining. The usedrstaj protocol appeared to be suita-
ble for detection of endosialin. In addition, dituts under both endosialin monoclonal
antibodies were found to be adequate, because Wasaot considerable variation in
staining intensity between antibodies. Automatmirshg decreases the possibility of

faults that might happen in manual staining.

However it was observed that the overall stainmgnsity was slightly more intense
with endosialin monoclonal antibody VIII-16 compart the antibody 11-50/3. This
phenomenon is seen in normal tissues as well e@ncerous specimens with the excep-
tion of normal colon specimens. In normal coloncapens the staining intensity with
the antibody 11-50/3 proved to be bit more intemsepared to the staining intensity
with the antibody VIII-16.

It became evident that staining intensity was gahetower in normal tissues com-

pared to cancerous tissues stained with eithenefehdosialin antibodies. This result
was the most clearly visible in nervous tissueshefbrain specimens where brain tu-
mors showed clearly stronger intensity than norngaous tissue of brain specimens.
This was an expected result and confirms the th#é@lyendosialin is expressed more

intensively in cancerous tissues than in normalgs.
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There were differences in staining intensity betwéssue types. Generally staining
intensity was more intense in brain-, colon- anth skmors compared to pancreatic
cancers and hepatobiliary lesions. In pancreatecispens the pancreatic ducts were
observed to stain more intensively than normal peasc or pancreatic cancer speci-
mens. In addition, every liver specimen proved @onlegative despite the fact that the
sample material contained besides normal and cams¢issues also cirrhotic- and fatty

liver specimens.

There was a lot of variation in staining intensitycolon specimens. There were colo-
rectal cancers that stained on the other handinggsively with either of the endosia-
lin antibodies, but elsewhere the staining intgnsiis nearly negative. Same phenome-
non was seen as well in normal colon specimensohtlusion any specificity to ex-
pression of endosialin in colorectal cancers wasfownd compared to normal colon

specimens.

After all, the most intense staining was detectedkin specimens stained with the en-
dosialin antibody VIII-16. However it was found thaormal skin specimens stained
more intensively than skin cancer specimens (2(01+(SEM) and 2,8 + 0,3 (SEM),

unpaired t-test). The gained staining result istreoy to expected result. It became evi-

dent, that expression of endosialin in skin spensrs&howed not specificity to cancers.

On the contrary to skin specimens the expressia@ndbsialin in brain tumors showed
some specificity to cancerous tissues. Intensaistaireactivity was not found in nor-
mal brain tissues, but both nervous tissues anddbl@ssels of brain tumors stained
intensively. The most intense staining reactivitybrain tumors was seen in blood ves-
sels stained with endosialin antibody VIII-16. Tinean intensity varied between 1,9 +
0,2 (SEM) — 2,3 + 0,3 (SEM) unpaired t-test).

Regardless of the good staining results statigircetation between staining intensity
and the tumor grade was not found either in bramars or in colorectal cancer speci-
mens. The results of this study did not clearlyiagate whether endosialin could func-
tion as a specific molecular biomarker. In otherdgoaccording to this study it cannot
be confirmed that increased concentration levelsnabsialin indicate cancer. However

according to the results of this study it appehat the most potential targets for future
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research of endosialin are brain tumors. Brain tunegearch may have potential to-
wards the development to specify the main functibendosialin.

There are various studies in which expression dbsialin has been studied by immu-
nohistochemistry. The expression of endosialindesen demonstrated in lots of human
tumor tissue types in different studies. Thereragailts that show similarity to the re-
sults of this study. In the immunohistochemicablgtof human brain tumors there were
expression of endosialin in brain tumor specim&wwmal brain tissues were negative
and did not express endosialin (Brady et al. 20@%4, 1283). Similar results were re-
ported with immunostained human colon carcinomadies (Bagley et al. 2008, 187).

Normal tissues have been immunostained in a stfidyomuse endosialin expression.
Endosialin was observed to be expressed duringvlitde embryonic stage, but not in
newborns or adult mice. (Rupp et al. 2006, 1, £¢dkding to the results of this study,
it was found that normal tissues, especially skind colon tissues, expressed endosia-
lin. There is no previous study demonstrating esgicn of endosialin in normal human

tissues.

When it comes to ethics, this study can be constlethical. The sample material for
this study was gained from hospitals. All tumor@peens used in this study were ob-
tained by surgeons from patients that were hawmgpsoms because of some disease.
Secondly, all of the specimens were removed inisalrgrocedure in order to find out
histopathology of the disease and to understanghlgsiology of the disease. Through
understanding of the histopathology and physiolofyhe disease it was possible to

give patients the best treatment.

In this study, lots of information about the exiea of endosialin was produced. The
expression was studied in several types of tisamesin both normal and cancerous
tissues. In consequence this study offers widetngngoint of view. The results of this

study can be considered reliable, because staintegsities were quite comparable
between each tumor types and because in statisiiedysis standard errors of means
were quite small. Endosialin may play a part irufatcancer research and in develop-

ment of targeted cancer drugs.
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In future it would be interesting to investigates taxpression of endosialin with two
different methods to see if the results show anyilarity to the results of this study.
The difference could be for example between lali@ie of the labels could be an en-
zyme and the other a fluorescent. On the other litawduld be also worth trying to
study expression of endosialin for example with RIR to identify RNA-transcripts.

The study of RNA-transcripts would bring some exiaéue for this study.
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APPENDICES
APPENDIX 1

INDIRECT IMMUNOSTAINING METHOD

}_T:LL Couple to HRP ..L..Y ,L
r - < =

HRP-labeled anti-
bodies

Specific antibodies
against an antigen

B HRP-labeled secondary
antibodies (blue) bind to
primary antibody (black)

A
Specifi ti
pecific antigen - /N

FIGURE 1. Antibody labeling and indirect immunosiag method. A. Antibodies are
labeled with HRP-enzyme label. B. lllustration oidirect immunostaining method.
(Modified from Alberts et al. 2009, 145)
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APPENDIX 2
SUMMARY OF STAINED TISSUE SPECIMENS

TABLE 1. Summary of stained tissue specimens divigeo categories according to
tissue types and staining with different endosialmibodies. Category others contains

specimens from duodenum, esophagus, antrum, carplas, and rectum.

Tissue type n (11-50/3) n (VIII-16)
Brain:
Normal brain:
Nervous tissue 7 7
Blood vessels 7 7
Brain tumors:
Nervous tissue 106 106
Blood vessels 106 106
Colon:
Normal colon 44 44
Colorectal cancers 66 66
Pancreas:
Normal pancreas 2 3
Pancreatic cancers 19 20
Liver:
Normal liver 3 3
Hepatobiliary lesions 6 6
Others (fatty liver, cirrhosis and hepatitis) 9 9
Skin:
Normal skin 6 6
Skin cancers 8 8

Other tissues:

Normal tissues 20 20

Cancerous tissues 4 4
Total of normal tissue specimens: 197 198
Total of cancerous tissue specimens: 216 217

Total: 413 415
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APPENDIX 3

IMMUNOSTAINING PROGRAM AND REAGENT LAYOUT MAP

- |

w_g Alepuosegy

Aewind y uiajold ,n__ .~:m.u:mw

(s :rosnol 4 0z Spot@sod QPP oe 111 oug §f o1 -onewnuisy§ zH| G Mool rr
()5 rosno 4 ] .0z Bpojgysod | 02k ok 0 ool e
m S SPOSND 1§ 0z Bpoigsed 0€ 111 91g§ ewiuie)) ] Mooy zv¥
S 'POSND 4 | 0z DPoIAsod| Loe:iLong@ o) ouewuse) I wool w
(). rosn) 02 ojgsod| OE LiL9L/g sy Ll mool or]
] m % spolgsod GG 9 0c bk okig§) 01 Joueriuiey [ mMooy et
H ) * rojgsod ) ¢ qT\bm\ 111 9Lig|{) .0) ouewIuIBy W T wooy st
] % 2§20 G HETE 19 Ul Mooy I
H () < 19/ 4| 20 1L oL .E ropewuIs) ﬁ. Mmooy ot
9 * 20| F150d | ( e A0} JoNewS) Moo} st
0 # j20]gised| | ' : ooy ve
(). rosno| # Djoolgisod Mooy €
. .wowzo E {20)g1sod| | Mooy ze
9 Sno)| ,&.am ‘dHH +Ad w w 0z BPdojgisod | Mooy i€
e ;.«.ow\:m_ *A QA 02 Hdojgisod Mmooy o8
(| & ‘POSND|# §l .0z Hdaigisod| H| | Mmool ez
UEECSEE] §) .0z Mooimsod|| | mooy g
|().s :vosno|# |1 .02 Doo1gisod | Mooy 22
.5 vosnol# 02 Hooigisod | i Mool ot
s FOSNY % | 02 Diojgsod . 2L [ Mmool sz
) # 0z HPoiaisod T Mool 2
| m # spoj@sod| | 08 11:L 91/g {1 01 opewuIsy [ iMooy e
S rosnal 4 Hroj@sod| | 0g ‘gios| ) 0l SSLELIE L Mooy zz
(/.5 'rosno| 4 sRejgisod| %ﬁ Mooy Iz
mwm rosno| 4 .0z Mpolgisod 01, ToNeuIuIS) ﬂ Mooy oz
S POSNo| % 02 MPojasod| 1oL opjewjuIRy @ Mmooy 6l
() .5 wosnd .._.m 02 Hvolgisod 08 mam 1l _,_ i D
m. P .02 Hojgisod|( 0t mam 00/ 01 ‘onewnuz; 9l W21
4 } 0z rolgIsod| 01 ‘o)ewWuIz) ] T
9 £ 02 Proigysod|§ .o:@mE_EE ) L sl
| ) 0z Dpoigisod| . sl Wt
() # 0z oigisod|( [] T
()8 ‘rosno 4 .02 201ghsod 01 JoNewuIRy ¢ [] D
m_m yOSno £ .0z Hojgised|| 01 ‘ot [ Ko
* 0z Mpoigisod| 0] ‘oyeuL By 0 10l
o : % 1.0z Mooigisod| | TR T T ® 1 8 |
B # 02 oIEsod o¢ m E.a.m.m Ok TE By 0 ZH () Mooy 8]
10 02 H0jgisod O€ 51 €/052 Mooy 2
| .0z Hoiasod 02 gt} £/05-Z| ] .01 ‘onewimy § Mooy o
.02 DeoiEsod ¢ 5 0} ‘onewiue) Mooy &
& POSng | 0 biolgisod ZH ooy ¢
S rognd 0z HP0IE)sod| 01 ‘oHetuR) ooy =
5 :POSND 02 SPoigisod|| Mmooy =
5 'PO8ND 0z DioolEIsod| | Wooy 1
1 ool if ool i ool Mool
Asenxny| jusbesy Apogiuy xuo_m U|1 el asusdsig) =pis)

(continues)

which is suitable for HRP-labeled indirect immuraising. The primary antibody is the
only variable in the program. Grey drops represeffter rinse and white drops distilled

FIGURE 2. Immunostaining program. This staininggveon is an example of program

water rinse. Incubation time is shown after eaclyeat.
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APPENDIX 3:2 (2)
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FIGURE 3. Reagent layout map for immunostaininge Téagent layout map is based
on the staining program. It represents the autostaube rack and reports for the vo-
lumes of reagents needed in immunostaining. Reagdaimes vary according to the

number of slides to be stained.



