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ABSTRACT

Apoptosis plays a crucial role in rat uterine tesswemodelling, but the exact
mechanisms involved in this process are not yét fulderstood. Tumor necrosis factor
(TNF)-related apoptosis inducing ligand (TRAIL) esats function as apoptotic factor by
binding to its death receptors DR4 and DR5. TRAIdS also additional receptors — the
decoy receptors DcR1 and DcR2 and the soluble tecepteoprotegerin. Binding of TRAIL
to these decoy receptors prevents apoptosis.

In order to clarify if TRAIL apoptotic pathway hasy importance in regression of rat
uterine tissues, we investigated the pattern ofesgion of TRAIL and its death receptor DR5
and its decoy receptor DcR2 by immunohistochemidtnyng gestation.

On day 8 the expression for TRAIL and receptors al@served in antimesometrial
decidua, circular muscle layer, some cells fromamnestrial decidua and in blood vessels. On
day 10 expression of DcR2 in antimesometrial dexioecame stronger. Positivity in circular
muscle layer and blood vessels decreased but TRAMLDRS were at a similar level. On day
12 signalling for ligand and receptors was obsermadesometrial decidua and in metrial
gland. However the death receptor expression wasinense in the regions around the
maternal arteries invaded by trophoblast.

We observed different localization for ligand aedeptors inside the cell. TRAIL was
localized in cytosolic vesicles, DR5 was presertyitoplasm and DcR2 had nuclear and
cytoplasmic expression.

TRAIL system was expressed from the beginningh#l end of pregnancy and this
expression was coincident with that of of activepzse-3, an apoptotic marker and with
regions presenting cells with apoptotic morphologyese results could suggest an
involvement of this system in decidual tissue regi@. However on day 10 it was observed
a high expression of the decoy receptor DcR2 wbarhpetes for TRAIL having an anti-
apoptotic effect. Our results suggest that TRAIk ha important function in the beginning of
pregnancy and as pregnancy progresses the celtsftaxe protection from apoptosis by
higher amounts of DcR2 expressed in some particafaons as decoy receptors compete for
TRAIL and can be anti-apoptotic. The role of oth&®AIL receptors like DR4 and DcR1 in

uterine tissues regression needs to be studied.



ABBREVIATIONS

AIF apoptosis inducing factor
AMD antimesometrial decidua

APAF-1 apoptotic protease activating factor-1

BH Bcl Homologous

BV blood vessel

CML circular muscle layer

c-FLIP cellular FLICE-inhibitory proteins
DcR decoy receptor

DD death domain

DED death effector domain

DISC death-inducing signalling complex
DR death receptor

EC ectoplacental cone

FADD Fas associated death domain
IAP inhibitor of apoptosis proteins

LD lateral decidua

MD mesometrial decidua

MG metrial gland

NF-«xB nuclear factor kappaB

NK natural killer

OPG osteoprotegerin

PARP poly (ADP-ribose) polymerase
PBS phosphate saline buffer

RANK receptor activator of nuclear factaB
RIP1 receptor interacting protein 1
tBid truncated Bid

TNF tumor necrosis factor

TNFR tumor necrosis factor receptor

TRADD TNF-receptor associated death domain
TRAIL TNF-related apoptosis inducing ligand
TRAIL-R TNF-related apoptosis inducing ligand retep



1. INTRODUCTION

1.1 CELL DEATH

Cell death is an important process for maintairuelular homeostasis in organisms.
There are two morphologically distinct forms ofl@gath: apoptosis and necrosis.

Necrosis (“accidental” cell death) is the pathobtadjiprocess which occurs when cells
are exposed to extreme variance from physiologieadlitions (hypothermia, hypoxia), which
may result in damage to the plasma membrane. Uideiological conditions direct damage
to the plasma membrane is evoked by agents likgkament and lytic viruses.

Necrosis begins with an impairment of the celldigitio maintain homeostasis, leading
to an influx of water and extracellular ions. Iedular organelles, most notably the
mitochondria, and the entire cell swell and rupfigedl lysis). Due to the ultimate breakdown
of the plasma membrane, the cytoplasmic contentading lysosomal enzymes are released
into the extracellular fluid. Therefore necrotidl @®ath is often associated with extensive
tissue damage resulting in an intensive inflamnyatesponse (Van Furth and Van Zwet,
1988).

Apoptosis (“programmed” cell death, “cellular sdief) is the physiological process by
which unwanted or useless cells are eliminatechdutevelopment and other normal
biological processes. It is often found during nakeell turnover and tissue homeostasis,
embryogenesis, induction and maintenance of imnboleeance, development of the nervous
system and endocrine-dependent tissue atrophypioppate apoptosis, leading to either
increased or reduced cell death, has been impticateany human diseases, including
neurodegenerative diseases, such as Alzheimer'damtihgton’s diseases, autoimmune

disorders and some forms of cancer.



APOPTOSIS

Fig 1. Morphological differences between apoptosis asctasis (taken fronvww.cesc.d).

Apoptosis is also a normal feature in reproduatikgans, including the placenta, and
play an important role in the normal developmesatodelling and aging of the placenta.
Decreased levels of the placental apoptosis aceiated with pathologies such as pre-
eclampsia and intrauterine growth retardation. Qatidergoing apoptosis show characteristic
morphological and biochemical features (Cohen, 19B3ese features include chromatin
aggregation, nuclear and cytoplasmic condensapiantition of cytoplasm and nucleus into
membrane bound-vesicles (apoptotic bodies) whicitato ribosomes, morphologically intact
mitochondria and nuclear material.vivo, these apoptotic bodies are rapidly recognized and
phagocytozed by macrophages or adjacent epittoglial (Savill et al.1989). Due to this
efficient mechanism for the removal of apoptotiiscin vivo no inflammatory response is
elicited.

There are many observable morphological and bioad&mifferences (Fig.1; Table 1)

between necrosis and apoptosis (Vermes and Hah9a).



Table 1: Morphological and biochemical differenbesween necrosis and apoptosis

NECROSIS APOPTOSIS

Morphological features

loss of membrane integrity

begins with swelling of cytoplasm
and mitochondria

ends with total cell lysis

no vesicle formation, complete lysis
disintegration (swelling) of organelle

2S

membrane blebbing, but no loss of
integrity

aggregation of chromatin at the
nuclear membrane

begins with shrinking of cytoplasm
and condensation of nucleus

ends with fragmentation of cell into
smaller bodies

formation of apoptotic bodies
mitochondria become leaky due to
pore formation involving proteins of
the bcl-2 family

Biochemical features

loss of regulation of ion homeostasi
no energy requirement (passive
process, also occurs at 4°C)
random digestion of DNA (smear of
DNA after agarose gel
electrophoresis)

postlytic DNA fragmentation (= late
event of death)

tightly regulated process involving
activation and enzymatic steps
energy (ATP)-dependent (active
process, does not occur at 4°C)
non-random mono- and
oligonucleosomal length
fragmentation of DNA (Ladder
pattern after agarose gel
electrophoresis)

prelytic DNA fragmentation

release of various factors into
cytoplasm by mitochondria
activation of caspase cascade
alterations in membrane asymmetry
(i.e., translocation of
phosphatidylserine from the
cytoplasmic to the extracellular side
of the membrane)

Physiological significance

affect groups of contiguous cells
evoked by non-physiological
disturbances (complement attack,
Iytic viruses, hypothermia, hypoxia,
ischemia, metabolic poisons)
phagocytosis by macrophages

significant inflammatory response

affect individual cells

induced by physiological stimuli
(lack of growth factors, changes in
hormonal environment)
phagocytosis by adjacent cells or
macrophages

no inflammatory response




1.2 APOPTOSIS AND APOPTOTIC MECHANISMS

Apoptosis represents a model of genetically prognaohcell death and a major
mechanism by which tissues removes unwanted, aggahoaged cells (Rakesh and
Agrawal, 2005).

The evolutionary conservation of the biochemical ganetic regulation of apoptosis
across species has allowed the genetic pathwgy®gfammed cell death determined in
lower species, such as the nematGdenorhabditis elegans and the fruitflyDrosophila
melanogaster to act as models to delineate the genetics andatgn of cell death in
mammalian cells. These studies have identifiedazgtbnomous and non-autonomous
mechanisms that regulate cell death and reveatithatlopmental cell death can either be a
pre-determined cell fate or the consequence offiagnt cell interactions that normally
promote cell survival (Twomey and McCarthy, 2005).

Although cells of mammalian tissues consist of dendiversity of phenotypes and
genotypes, during the development of apoptosigedlitypes undergo similar morphological
changes that include chromatin condensation, nufil@gmentation and cell body shrinkage.
Characteristic apoptotic morphology reflects a ticaself-destruction of the cytoskeleton and
a catabolism of intracellular macromolecules. Caxrphteractions between extracellular
microenvironment factors and internal gene expo@ssccur prior to the initiation of
apoptosis (Rakesh and Agrawal, 2005).

The biochemical events of apoptosis have beenetividto two distinct phases: an
initial commitment phase, where cells receive aalighat results in commitment to cell
death, followed by an execution phase, when alttf@acteristic morphological and
biochemical features of apoptosis occur.

The execution of programmed cell death involveanailfy of specific apoptotic cystein
proteases called caspasegs{einylaspartatespecific proteases) Caspases are synthetized as
zymogens (inactive enzyme precursors, which ndadanemical modification to become an
active enzyme) with an N-terminal prodomain of eiént length followed by a large subunit
and a small subunit. Caspases play a criticalinolee execution phase of apoptosis.
“Initiator” caspases, with long prodomains, sucltaspases-8, -9 and -10, either directly or
indirectly activate “effector” caspases, such agpeases-3, -6 and -7 (Cohen, 1998).

These effector caspases then cleave intracellutmstsates, including structural and
regulatory proteins such as lamins, cytokeratirts@oly (ADP-ribose) polymerase (PARP)

and are directly responsible for many of the dramabrphological features of apoptosis.
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Caspase activation can be started by an intriregiovay including mitochondrial
activation or by an extrinsic pathway through tiveding of specific protein ligands to
transmembrane receptors (Thonel and Eriksson, 2005)

Procaspase-8 and -10 are initiator caspases ina@opathways initialized by the
involvement of death receptors, whereas procaspasan “initiator” caspase in the
mitochondrial pathway (Lavrik et al, 2005).

The activity of caspases is regulated at sevevaldeincluding blockage of caspase
activation and inhibition of enzymatic caspasevatgti Cellular FLICE-inhibitory protein (c-
FLIP) proteins are inhibitors of death receptoruoeld apoptosis. c-FLIP has three isoforms
and under conditions of overexpression, all isoomhibit activation of procaspase-8. The
IAP (inhibitor of apoptosis proteins) family inclesl 8 members, which inhibit the initiator
caspase-9 and the effector caspase-3 and -7. lddParenther level of regulation to the
intrinsic apoptotic pathway to make sure that uessary caspase activation does not occur.
On the other hand the activity of IAPs is regulabgdSmac/DIABLO and Omi/HtrA2
proteins which are released from mitochondria ahibits IAPs and thus facilitates caspase

activation during apoptosis (Lavrik et al, 2005).

1.2.1 Theintrinsic or mitochondrial pathway

The intrinsic cell death pathway is activated byioas apoptotic stimuli, such as
genomic toxicity, physical signals, such as UVdiadion or oxidative stress. These death
signals result in a loss of mitochondrial membrimegrity, release of cytochroneeand the
subsequent activation of downstream apoptotic pagewBcl-2 family members control the
integrity of mitochondria, release of many pro-ajtip molecules from the mitochondria
and are main mediators in the intrinsic pathwayniers of Bcl-2 protein family can be
either pro- or anti-apoptotic molecules. They awded into three subfamilies based on
function and BH (Bcl Homologous) domain structurbey contain at least one of four
conserved BH domains. These play a role in thétybil various family members to interact
with each other.

The BH1-4 subfamily contains all four homologynaains and all
members are anti-apoptotic. The members of thigasuity include Bcl-2, Bcl-x and others.
BH1-3 subfamily contains three BH domains. Thasgeins are pro-

apoptotic. The members include Bax and Bak, whieltlae major cell death executioners in
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the intrinsic pathway. These proteins contain tiBBledomains. Their function is performed
by forming pores in the outer membranes of mitochian which leads to the loss of
mitochondrial integrity and the release of pro-aptp factors like cytochrome,
SMAC/Diablo, Omi/HtrA2, DNase endonuclease G anolpapsis inducing factor (AIF).
These pro-apoptotic molecules activate downstrgaoptatic machinery. When cytochrome
c reaches the cytoplasm, it binds to apoptotic s®eactivating factor-1 (Apaf-1) and pro-
caspase-9, giving rise to the apoptosome with éte &f dATP. The formation of the
apoptosome leads to the cleavage of pro-caspasd-he activation of caspase-9. Active
caspase-9 then activates downstream caspases3] -8, which in turn cleave several

cellular components and result in irreversible deklhth.

DNase endonuclease G and AIF activate caspasedndept pathways leading to
apoptosis. Once released from the mitochondriggtipeoteins translocate into the nucleus to
initiate chromatin degradation and apoptosis.

In the BH3-only subfamily all members are pro-aptiptby either promoting the
function of Bax and Bak or inhibiting the functiohanti-apoptotic Bcl-2 family members.
They contain one BH3 domain. BH3-only proteinsudg Bad, Bid, Bik and Bim. They
function as guard instead of direct executors tfd=ath. Bid functions as a linker between
the extrinsic and intrinsic cell death pathwaysg@d and Hartig, 2005).

It has been also proposed that the anti-apoptaiminers bind to the pro-apoptotic
type through their BH domain to block their actidime balance between the anti-apoptotic
and pro-apoptotic Bcl-2 family members seems torlial to determine cell death or cell

survival.

1.2.2 The extrinsic or death receptor mediated pathway

The tumor necrosis factor (TNF) superfamily and Tid€eptor superfamily (TNFR)
are protein families involved in various biologigabcesses. About nineteenth members of
the TNF superfamily and thirty two members of TN&Uperfamily have been identified in
the human genome. These members are widely exgrestge immune system and actively
involved in inflammation, adaptive immunity, lymgbdamrganogenesis and immune
homeostasis. Many components of the TNF and TNFRréamilies have been chosen as
therapeutic targets or potential targets for thatment of a variety of different human

diseases, such as autoimmunity, osteoporosis armeicé&Zhang et al, 2005).
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There have been identified six main broadly exggdsleath receptors (DRs): tumor
necrosis factor receptor (TNFR), Fas receptor (H2RB, TNF-related apoptosis-inducing
ligand receptor (TRAILR1 or DR4, and TRAILR2 or DR&nd DR6. All of these DRs are
characterized by a conserved death domain (DD);wivbrks as a protein-protein binding
unit that is essential to transport the apoptagoa. The ligands for these receptors are from
the family of related cytokines, the TNF familycinding TNFe, lymphotoxin (LTa), Fas-
ligand (FasL), Apo-3 ligand (Apo-3L), and TRAIL. &hact in an autocrine or paracrine way
and after binding, trigger the oligomerization lo¢ir respective receptors, an event required
to start the apoptotic signalling (Thonel and Estks, 2005).

After ligand binding to death receptors, the DD ra&sb interaction with other DD-
containing adaptor proteins with high specifity eféare two main DD-containing adaptor
proteins involved in death receptor signalling: Rasociated death domain (FADD), which
binds to Fas, TRAIL-R1 and TRAIL-R2 and TNF recemesociated death domain
(TRADD), which preferentially binds to TNFR1, DRAB&DR6 (Zhang et al, 2005).

Triggering of death receptors by their ligands heisuthe formation of the death-
inducing signalling complex (DISC). DISC consistotigomerized receptors, the DD-
containing adaptor molecule (FADD or TRADD), 2 isohs of procaspase-8, procaspase-10
and the cellular FLICE-inhibitory proteins (c-FLIF)he DISC formation makes an assembly
of procaspase-8 and -10 molecules in close neatonesh. It is believed that proximity,
high local concentration and orientation of proea&p8 and -10 molecules at the DISC lead
to their autoproteolytic activation. (Procaspass-&ctivated by similar way on apoptosome
in the intrinsic pathway.)

There are two types of signalling pathways in deatieptor-mediated apoptosis.
Type | cells are characterized by high levels ddOlformation and enhanced amounts of
active caspase-8. Activated caspase-8 leads tcthation of downstream effector caspase-
3 and -7. In type 1l cells there are lower levdl®t5C and caspase-8 and the signalling
needs an additional amplification loop and the geg@ent of the intrinsic pathway which
involves the cleavage of the Bcl-2 family proteiid By caspase-8 to generate tBid and a
subsequent tBid-mediated release of cytochrofnem mitochondria. The release of
cytochromet results in the formation of apoptosome, followegdle activation of
procaspase-9, which in turn cleaves downstreancteffeaspase-3 and -7 (Lavrik et al,
2005).

13



1.2.2.1Fas mediated cell death

Fas (CD95) and FasL (CD95L) have been extensivatlied in the immune system.
It is well-known that Fas-FasL interactions playesmsential role in maintaining homeostasis
in this system. The Fas receptor activates apapbysiecruiting a number of adaptor,
signalling, and effector proteins. Together, thewnf a protein complex called the death-
inducing signalling complex (DISC). The congregatad the DISC is triggered by Fas-
receptor oligomerization that allows binding of ptda protein FADD, which contains one
death domain (DD) and one death effector domain@DEADD in turn recruits and allows
the self-activation of procaspase-8. Active cas{aetivates a downstream caspase cascade
and leads to cell death (Fig.2) (Zhang et al, 200mnel and Eriksson, 2005).

p43/pa

Active caspase-8

Fig 2. Scheme of procaspase-8 activation at the CD95 (H&C. CD95 DISC formation is triggered by
extracellular cross-linking with FasL, which islfmied by oligomerization of the receptor. FADD éxruited
to the DISC by DD interactions, while procaspasal c-FLIP proteins are recruited to the DISC bgthe
effector domain (DED) interactions. After recruitmi¢o the DISC, procaspase-8 undergoes activaton b

forming dimers (taken from Lavrik et al., 2005).

1.2.2.2TNFR1 mediated cell death

Upon TNF binding, TNFRL1 is capable of activatingtdifferent pathways, one that
leads to the induction of apoptosis and one tleiddo the activation of the nuclear factor

kappa B (NF<B) and subsequent cell survival. In several celidan normal conditions,

14



TNFR1 signalling induces an inflammatory respoimseugh NF« B. NF«B target genes are
very diverse. This transcription factor regulategression of the genes which are involved in
immunity and inflammation, cell proliferation angaptosis, as well as genes that encode
negative regulators of NkB. . NF«B activates the transcription of c-FLIP, anti-ajujut
Bcl-2 family members and IAPs (Zhang et al, 2008}-xB is activated in response to
several external stimuli, including interleukinspgth factors, viral and bacterial infections,
and physical factors (e.g. UV light). Constitutivelctivated NF<B has been associated with
many aspects of tumour development, including ptorgaancer cell proliferation,
preventing apoptosis, and increasing a tumour'sogagic and metastatic potential.
Dysregulatiorof this transcription factor can lead to inflammatandautoimmune diseases
(Moynagh, 2005). NReB has an antioxidant activity and many cancer aedisit to achieve
resistance to anticancer drugs, radiation and daattkines (Luo et al, 2005).

When protein synthesis is blocked or NB-signalling is inhibited, TNFR1 mediated
pathway becomes potently apoptotic. TNF-mediategptsis differs from that reduced by
Fas in that TNFR1 initially recruits a differentagador protein, TNF receptor-associated DD
protein (TRADD) which is then believed to recru&BD, thereby recruiting and activating
the effector caspases.

TRADD acts as a platform for recruitment into tHéHAR1 signalling complex of
other signalling intermediates, such as recepteraacting protein (RIP), a DD-containing
kinase, and TNF receptor-associated factor 2 (TRAHRSF induced signalling is believed to
diverge at this point. TRAF2/RIP recruitment ledqalsctivation of downstream kinases in the
NF-xB pathway, whereas FADD recruitment leads to amptiiarper et al, 2003).

1.2.2.3TRAIL mediated cell death

Tumor necrosis factor (TNF)-related apoptosis-imdgitigand (TRAIL) is a member
of the membrane bound TNF family of cytokines, vilhtan induce apoptosis in various
tumor cells by engaging the death receptors DRA(LAR1) and DR5 (TRAIL-R2), but
spare most normal cells. Two additional recepta@BRD(TRAIL-R3) and DcR2 (TRAIL-R4)
lack functional death domains and act as decoytecefor TRAIL (Vindrieux et al, 2005).

Preclinical studies in mice and non-human primhassse shown the potential
utilization of recombinant soluble TRAIL and agdiisanti-DR4 or DR5 antibodies for
cancer therapy. In cancer patients, phase 1 afidi@at trials using agonistic mAbs that

engage TRAIL receptors DR4 and DR5 have also peav&hcouraging results. It is now
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evident that TRAIL suppresses autoimmune diseasearious experimental animal models,
suggesting that the therapeutic value of the recmamib TRAIL and agonistic DR4 and DR5
antibodies might also extend to the suppressi@utdimmune diseases (Cretney et al, 2005).
While the activity of TRAIL as an anti-tumour agdras been pursued, the true
function of TRAIL under normal physiological condits remains unanswered. TRAIL is
highly homologous to cytotoxic Fas-ligand. Crystlictures have shown that, like other

TNF ligands, it occurs like a trimer (Fig.3).

Fig 3. Crystal structure of TRAIL. (A) Structure of th&RIL trimer. (B) Structure of TRAIL monomer

showing the residues included in trimerization ¢fakrom Kimberley and Screaton, 2004).

TRAIL can be cleaved from the membrane by cystphnoéeases to create a soluble
form of the ligand. Its main function is to indugpoptosis or activate the transcription factor
NF-kB. Although TRAIL mRNA is expressed in a broad esyiof normal tissues, the
expression of functional TRAIL protein appears &limited to immune cells, including T
cells, NK cells, monocytes, dendritic cells, neptrits, hepatocytes or cancer cells.

The cytoplasmic parts of both death receptors DRUEZRS5 contain a death domain
similar to Fas and TNF-R1. TRAIL trimer cross-linksee receptor molecules of DR4 or
DRS5 on the surface of target cells, which lead®tmation of death-inducing signalling
complex (DISC). The trimerization of the death domaesults in recruitment of adaptor

protein FADD, which in turn activates caspase-8.@).
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TRAIL
. Ligand [
+ binding
domains

hCaspase-8/10

Caspase cascade \

DEATH

Fig 4. The TRAIL ligand induced trimerization of the r@ter. The trimeric ligand puts three receptors toge
into a complex. Such a induced position of theaicgtlular domains triggers recruitment of the sligmg
molecules inside the cell and leads to caspasadasmnd cell death (taken from Kimberley and Soreat
2004).

In type | cells activation of caspase-8 is suéitifor subsequent activation of the
effector caspase-3 to execute cellular apoptosidewn type Il cells amplification through

the mitochondrial pathway is required (Fig.5).
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Fig 5. TRAIL-induced apoptosis signalling pathways. Triination of DR4 or DR5 by a TRAIL trimer leads to
recruitment of an adaptor protein FADD, which imtactivates caspase-8. In certain cell types (kype
activation of caspase-8 is sufficient for activataff caspase-3, which executes apoptosis (extrpaitoway). In
other cell types (type 1), amplification throudtetmitochondrial pathway, which is initiated byastage of Bid
by caspase-8 and translocation of truncated Biditochondria, leading to Bax/Bak mediated reledse o
cytochromee and thereby caspase-9 activation by Apaf-1, isired for the caspase-3-mediated cellular
apoptosis (intrinsic pathway). As potential resisamechanism c-FLIP can prevent the recruitmenaspase-
8. Bcl-2 can suppress the Bax/Bak mediated relebsgtochromee and Smac/DIABLO from mitochondria.
IAPs can attenuate the activities of caspase-3&nalthough Smac/DIABLO can counteract IAPs

(taken from Cretney et al, 2006).

The decoy receptor DcR1 is a glycosylphosphatglitol (GPI)-anchored
membrane protein, which does not contain the DDdo@s$ not signal apoptosis. The decoy
receptor DcR2 contains a truncated death domaiichvdiso does not signal apoptosis (Fig.

6).
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OPG

DcR1 DcR2
DR4 DRS

O Cysteine rich domain 1
(CRD 1)

Death domain

Fig 6. Scheme of the five TRAIL receptors. The extradatigysteine-rich domains are displayed by yellow a

blue ovals, the death domain is represented irfteé@n from Kimberley and Screaton, 2004).

It is believed that they can act as decoy recemiomngpeting for TRAIL with death-
inducing DR4 and DRS5 receptors. It is also impdrthat the cytoplasmic regions of DR5
and DcR2 contain potential TRAF-binding motifs, alinicould be responsible for NdB
activation. Although DR4 and DR5 transcripts andATIRmMRNA are expressed in many
tissues, most normal cells are resistant to appitasuction by this ligand. It has been
therefore suggested that DcR1 and DcR2 receptoyscordribute to the physiological
resistance to TRAIL. In contrast, several tumol lbe¢s express DR4 and DR5, but little
DcR1 and DcR2 proteins, suggesting that cances celild be more sensitive to the TRAIL
apoptotic signal.

In addition to TRAIL-specific receptors, osteopigaen (OPG), which is a soluble
inhibitor of receptor activator of nuclear fact@gpa B (RANK) ligand and regulator of
osteoclastogenesis, also bind to TRAIL in humansnarte, and may serve as a soluble
decoy receptor for TRAIL when over-produced (Yag@ital, 2004; Kimberley et al, 2004;
Vindrieux et al, 2005).
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1.3 MORPHOLOGY OF RAT UTERUS AND CHANGES OF UTERINE
TISSUES DURING PREGNANCY

1.3.1 Morphology of rat uterus

The rat uterus is a heterogeneous organ compogadeeflayers, the endometrium,
myometrium and perimetrium or external serosa. Migemetrium is the muscular part of the
uterus and it consists of an inner layer of circalad an outer layer of longitudinal muscle
fibers. The endometrium is composed of a luminghepum, which lines the uterine lumen,
glandular epithelium which invaginates into thesta and fibroblastic stromal cells which
form a matrix for supporting of the glands. Botk 8tructure and the function of the
endometrium is under the influence of ovarian stehormones progesterone and oestrogen.
In rodents and primates these stromal cells ansfivtamed into decidual cells in the

beginning of pregnancy.

1.3.2 Implantation and decidualization

Implantation is a complex sequence of events tbgins with the acquirement of a
fixed position of the blastocyst in the uterus assult of its attachment to the luminal
epithelium. In rodents and other mammals that agwvbemochorial or endotheliochorial
placentae, this attachment is followed by invasibthe endometrium by the trophoblast cells
of the blastocyst. During early pregnancy in lab@marodents the appearance of the uterine
lumen changes from an irregular shape to a lumémmucosal crypts that possesses a
mesometrial-antimesometrial orientation. The blegdbusually attaches to the uterine
epithelium on days 4-6 of pregnancy on the antimmetoal side. Implantation is
accompanied by morphological and biochemical chaumgéhe endometrium. These consist
mainly of modifications in the shape, organizatiangd metabolism of the stromal cells of the
endometrial connective tissue, that undergo praiifen and differentiation leading to the
formation of a distinctive form of tissue calle@ttlecidua. Decidualization can be also
induced artificially in the absence of the blas&icyesulting in the formation of a tissue
(called deciduoma) which is very similar to trueidea. Decidualization may be induced by
prostaglandins, leukotrienes, platelet-activatecidr and a complex network of cytokines
and growth factors (Salamonsen et al, 2003). Skfteretions for decidua have been

proposed, including physical barrier to trophoblasasion, an immunological barrier that
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functions to prevent rejection of the embryo, sy nutrients, and producing hormones
and other specific products (Abrahamsohn and Zi#83; Welsh and Enders, 1985).

After implantation the transformation of the strdrilaroblast cells starts first in a
small region and then spreads in a crescent aoema@ithe blastocyst forming the
antimesometrial decidua. On day 9 decidualizateatihes the basal region, adjacent to the
circular muscle layer, but by day 11 the antimedoaledecidua regresses completely by
apoptosis and secondary necrosis to form decidosutais (Correia da Silva et al, 2004).
On day 8-9 in the lateral mesometrium proliferatbddrendothelial cells leads to the formation
of large sinusoids. Between the lateral sinusondsthe antimesometrial deciduas, a region in
cells rich in glycogen appear forming the glycogeming area. After this period mesometrial
decidual cells appear in the central region ofrtlesometrial pole.

On day10 of pregnancy (when decidualization reaghesaximum level of
complexity and cell number) there are several tygells in the rat uterus: the
antimesometrial decidual cells, the mesometrialdiet cells, the lateral decidual cells
(glycogen-rich cells) and undifferentiated stromells. The fully transformed
antimesometrial decidual cells are large and rodrael are close together and have often
two large oval nuclei with well-developed nucledlhe blood vessels in this region are
fenestrated capillaries. In the mesometrial regi@ne are two types of cells: mesometrial
decidual cells and round cells, precursors of tia@gjated metrial gland cells. Mesometrial
decidual cells are smaller, less densely packedamd numerous processes, giving the cells
a spiny appearance. The round cells are foundliyiin the spaces between the decidual
cells and from there they migrate toward the mesoome, where they will form the metrial
gland presenting, after maturation, the charadiegsanules in the cytosol. They belong to
the natural killer (NK) cell lineage and their gudes contain perforin and granzyme B. It has
been suggested that they may kill aberrant tro@stlzlells migrating through the
mesometrial pole and have a role in the materhaiance of foetal tissues. The middle of the
implantation site, between the antimesometrialraedometrial decidua, the lateral decidua,
is occupied by the glycogen-rich cells. These amlstain many organelles and are closely
packed. This region has a rich labyrinth of largpiltaries.

By day 12 the mesometrial decidua reaches itsrmanx of development, the
ectoplacental cone of the embryo invades the dangaometrial decidua and differentiation
of its inner core results in the formation of thediditive placenta. After this period
mesometrial decidua regresses by apoptosis angisdilt the end of pregnancy as a thin

layer of tissue to form the decidua basalis, a pkitie definitive placenta (Bell, 1983).
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After middle of pregnancy the region between thieutar and longitudinal mucle coats
give rise to the metrial gland which reaches itsimam development on day 14 of
gestation. The most prominent morphological charastic of this typical rodent tissue is the
presence of the NK cells, the granulated metrahdl(GMG) cells. Their number increases
rapidly during decidual differentiation reachingeak of development on days 14-15 of
pregnancy. Later they degranulate and display apiogeatures suffering cell death
(Delgado et al, 1996). The development and regyegsi uterine tissues (decidua and metrial
gland) is shown in Fig.7 and 8.

The regression of the decidua in rodents takesptaan organized manner. The first
cells to die very early in pregnancy, are the aaametrial decidual cells. These cells are
sloughed into the lumen followed by the deeperdieicells, causing the enlargement of the
implantation chamber to accommodate the growingrgmihe dead cells are phagocytosed
by the trophoblasts and only a thin layer of aniomeetrial decidual cells remains, while the
mesometrial cells stay until middle of pregnancgwimg degenerative features after day 12
of gestation. It has been showed that apoptosys @anajor role in the decidual cells
degeneration (Welsh and Enders, 1985; Correialgla &t al, 2004). However the exact
mechanisms and type of pathways involved remaimowwk.

(d) (e) (f)

Fig 7. Schematic representation of the alterations tbetioin the rat uterus during pregnancy (taken from
Welsh and Enders, 1985 and Glasser and Davies).1968

AMD - antimesometrial decidua, LW — lateral winij) — mesometrial decidua, MT — metrial triangle.
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2. AIM OF STUDY

Apoptosis is a significant biological process whigtays a key role in the rat uterine
tissue development and decidual regression duregnancy. In response to the implanting
embryo the uterine stromal cells undergo proliferatind differentiation forming a new
tissue, the decidua which is fundamental for pléatgon and normal pregnancy outcome.
The decidua suffers regression in an organized eraorallow placental development. This
process is regulated by many protein moleculestiavhole mechanism is not yet fully
understood. One of the proteins that could be wealin apoptotic regression of decidua is
TRAIL, a widespread cytokine invoved in apoptosivarious types of tissues. TRAIL
performs its function by binding to its two dea#iteptors and in addition it has two decoy
receptors. To understand its role in decidua refindet was investigated the pattern of
expression of TRAIL as well as its receptors DR8 BxeR2 in the maternal rat uterine
tissues during pregnancy. For this study an immistothemistry technique was carried out.
Localization of these proteins may help to asdasd$unction of TRAIL, present in the
uterine environment during pregnancy, in reorgaroneof uterine tissues and may also

contribute to a better understanding of the remdgeprocess that occurs during gestation.
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3. MATERIALS AND METHODS

3.1 ANIMALS

Adult Wistar rats (200-2509g) were bred under cdl@doconditions of light (12 hours of dark,
12 hours of light) with free access to water amagard food. Rat females were mated with
fertile males and in the morning after mating thespnce of spermatozoons in the vaginal

smear was marked as the first day of pregnancy.

3.2 MATERIALS

Goat polyclonal antibody TRAIL (K-18): sc-6079, Ggalyclonal antibody DR5 (M-20): sc-
19529 and Goat polyclonal antibody DcR2 (D-15)14638 were bought from Santa Cruz
Biotechnology, INC, CA, USA. Vectastain ABC-AP kvias purchased from Vector
Laboratories, CA, USA. Sigma Fast TM Fast Red ThRiNal AS-MX Tablet set (F-4648),
3-amino propyltriethoxysilan (A3648) and Meyer srhoxylin solution were from Sigma-
Aldrich, CA, St.Louis, USA. Aquamount Gurr® and B@Pmounting medium were
purchased from BHD Laboratory supplies, England.

All the other reagents were from Merck, Germany.

3.3 METHODS

3.3.1 Preparation of tissues

Rats were anesthesized with ether and killed byicardislocation. The foetal-
placental units from days 8, 10, 12, 14, 16 andfl®egnancy were fixed for 24 or 48 hours
in 10% buffered formal saline at room temperatféeer fixation they were dehydrated and
included into paraffin wax (Appendix 3). Serial sens (4um) were cut on the microtome,
through each implantation site in the area comagitine embryo and mounted on glass slides
coated with 3-aminopropyltriethoxysilan. The slidesre deparaffinized and hydrated
through a graded alcohols till PBS (Appendix 5).

For the study of the general morphology was usedaiexylin and Eosin staining

(appendix 6).
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3.3.2 Immumohistochemical staining

Expression of TRAIL, and the receptors DR5 and DeRR2 analysed using an avidin-
biotin alkaline phosphatase complex immunohistogbahtechnique (Vectastain ® ABC-AP
kit) for paraffin sections. Deparaffinized and hgthd sections were incubated for 20 minutes
in diluted normal blocking serum from the speciesvhich the secondary antibody was
made. After this, the sections were incubated e#bth primary antibody overnight (for 18
hours) at 4°C. Primary antibodies were diluted BSRas follows: TRAIL (1:200), DR5
(2:150) and DcR2 (1:400). Then the sections werghed in PBS for 10 minutes and
incubated with biotinylated secondary antibody sofufor 30 minutes and again washed in
PBS for 10 minutes. Afterwards the sections wecelated with Vectastain ABC-alkaline
phosphatase reagent for 30 minutes, washed in B84 next 10 minutes and in water for
2-5 minutes. The substrate reaction was startdd Sigma Fast Red TM tablets, monitorized
in the microscope and stopped by washing in runtapgvater for 5 minutes. The sections
were then counterstained with Meyer’s Hematoxydimtson for 3 minutes and mounted with
Aquamount improved medium. For negative control wsesd PBS instead of primary
antibody. For experiments were used samples frdemat three different animals.
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4. RESULTS

The general uterine morphology was studied by Heryéih and Eosin staining (Fig.8).

Fig 8. The morphology of rat uterus — development of digej metrial gland and placenta during pregnancy.
The transverse sections are stained with Hemaoadild Eosin (original magnification x20).
E — embryo, AMD - antimesometrial decidua, LD -etat decidua, MD — mesometrial decidua, EC —

ectoplacental cone, MG — metrial gland, P — plaeBY — blood vessel.

The presence of TRAIL, DR5 and DcR2 in rat utetissues during pregnancy was

investigated by immunohistochemistry.
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Day 8 — 10 of pregnancy

From day 8 till day 10 of gestation, the antimestialedecidua reached its maximum
development and the formation of mesometrial dexidas initiated.

During this period it was observed a positive sigaaTRAIL mainly in the
antimesometrial region and the higher expressiaitddoe found in the cells adjacent to the
uterine lumen. Also some cells from the lateralidiez were positive. On day 8 expression of
TRAIL in blood vessels of certain animals was ofable, but not on day 10. Some muscle
cells in the circular muscle layer show stainingligand and receptors on day 8 though the
signal decreased on day 10. Expression of TRAImse® be situated in cytoplasm (Fig. 9
A), while the nucleus is negative and some cellsipan antimesometrial area showed
vesicular expression of the ligand (Fig. 9 B). #swobserved a decrease in expression of
TRAIL from day 8 to day 10.

The death receptor DR5 was expressed antimesohusa@ua on days 8 and 10.
Positive staining was situated in cytoplasm andhiingei were negative (Fig. 9 C; Fig. 10 D,
E, F). Some empty cells in the glycogenic celladrad, like TRAIL, a positive cytoplasm.

On day 8 the expression for DcR2 could be obseirvadtimesometrial decidua. The
cytoplasm and some nuclei of the decidual cellsahpdsitive signal (Fig. 9 D), while on day
10 most of the cells of the antimesometrial andr&tdecidua presented a strong nuclear
expression (Fig. 11 C). On day 10 some cells ohtesometrial region, the round precursors

of the granulated metrial gland cells were positivig. 11 A, B).
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Fig 9. Expression of TRAIL, DR5 and DcR2 in antimesonadttiecidua on day 8 of pregnancy. (A) The section
is showing TRAIL expression in antimesometrial deiei. The positive staining is situated in the clgsm and

the nuclei are negative (original magnification @1QB) Higher magnification of antimesometrial akal

cells. TRAIL presents a vesicular appearance irctesol of the cell (original magnification x 100QC) DR5

has positive cytoplasmic signal in antimesomesriak, the nuclei are negative (original magnifaati400).

(D) Expression of DcR2 in antimesometrial decidugdls is different from TRAIL and DR5. Some nucséart

to have positive staining (original magnificatiofh00).

AMD — antimesometrial decidua.

28



Fig 10.Expression of TRAIL and DRS5 in rat uterus on d@yof pregnancy. (A) The section shows TRAIL
expression in antimesometrial decidua and lateirad) &@rea. The staining is spread all over thesedis while
the mesometrial decidua is weakly positive. TRAKMpression is more restricted to the region closheo
embryo than DR5 and DcR2 (original magnificatioB®. (B) Higher magnification of lateral deciduarim (A).
The glycogenic cells have a positive signal (oagimagnification x100). (C) Antimesometrial decitoells
present TRAIL expression in cytosolic vesiclesdoral magnification x400). (D) DR5 expression asdlized
in antimesometrial, lateral and mesometrial deci@uginal magnification x 20). (E) Higher magndigon of
lateral decidual area from (D). The expressionadsker than TRAIL in the same regions (original niication
x100). (F) Higher magnification of antimesometdalcidua showing the staining in cytoplasm (original
magnification x400).

AMD - antimesometrial decidua, E — embryo, MD — amastrial decidua, LD — lateral decidua.
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Fig 11.Expression of DcR2 in rat uterus on day 10 of paegy. (A) The section is showing positive staining
for DcR2, which is present in the antimesometris@sometrial and lateral decidua (original magniftcax20).
(B) Higher magnification shows lateral decidua withical nuclear staining for DcR2 (original mageéftion
x100). (C) Decidual cells present a positive sitimglfor DcR2. In the cytosol and in the nuclei #agression
is stronger than on day 8 (original magnificatiei®®). (D) Negative control — at a consecutive sectiith

PBS instead of primary antibody (original magnifica x400).

AMD - antimesometrial decidua, E — embryo, MD — amastrial decidua, LD — lateral decidua.
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Day 12 — 14 of pregnancy

Between day 12 and 14 the antimesometrial decidaadgressed forming now the
decidua capsularis. The mesometrial decidua reatshemximum development and the
placenta starts its formation by invasion of theemzal decidual tissues by the ectoplacental
cone. The trophoblast cells make a wave of invasfanaternal arteries (endotrophoblast).
The precursors of granulated metrial gland celtobee localized to a small area called
mesometrial triangle, giving rise afterwards tdracture known as metrial gland.

The immunoreactivity for TRAIL was observable insoeetrial decidua and was
restricted to the areas of the decidua near tlmpkctental cone and in the decidual cells
surrounding the invaded blood vessels (Fig 12 ARBgd14 A). The decidual cells presented
the appearance of TRAIL-positive vesicles in thiosyl (Fig. 14 C). Some muscle cells and
granulated metrial gland cells in the developindrrakgland had positive staining in their
cytoplasm (Fig. 14 B). Some immunoreactivity forAlR was observed in the remnant
antimesometrial decidual cells.

The expression of DR5 was quite strong in mesoaietecidual cells adjacent
to ectoplacental cone on day 12 and in the regaomsnd the trophoblast invaded maternal
blood vessels, but became weaker on day 14 of pregn(Fig. 12 C and Fig. 14 D). A
positive signal for DR5 was detected in the grateaametrial gland, but weaker than TRAIL
(Fig. 14 E). The circular muscle layer and the ramrantimesometrial decidua had very low
levels of immunoreactivity.

The signal for DcR2 was detected in mesometriaiddec more pronounced in cells adjacent
to ectoplacental cone and was stronger on daydah day 12 of pregnancy (Fig. 13 A and
Fig. 15 A). Granulated cells in metrial gland ande cells of the circular muscle layer were
positive (Fig. 13 B). Between day 12 and 14 morpbial features of apoptosis such as
chromatin condensation and apoptotic bodies wanedd@Fig 15 B).
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Fig 12. Immunoreactivity for TRAIL and DR5 on day 12 okgnancy. (A) TRAIL expression was observed in
restricted areas in the mesometrial decidua neaedtoplacental cone and the invaded maternal hlessels
(original magnification x40). (B) Higher magnifigam of (A) showing some cells of the developing riagt

gland that have positive signal for TRAIL. The mleseells in the circular muscle layer have very kvsignal
(original magnification x100). (C) DR5 expressigmpresent all over the mesometrial decidua. A gtron
expression was observed near the invaded matdowal kessels (original magnification x40). (D) Hagh
magnification from (C) showing the cells in metrggénd and decidua with a positive signal (original
magnification x100).

EC — ectoplacental cone, BV — blood vessel, MOeutar muscle layer, MD — mesometrial decidua.
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Fig 13.Expression of DcR2 in rat uterus on day 12 of paegy. (A) Positive staining for DcR2 in cells
adjacent to ectoplacental cone (original magniiicak40). (B) Expression in metrial gland cells,sometrial
decidua but not in muscle cells (original magnifica x100). (C) Negative control of a consecutieet®n of
the section represented on Fig. A (original magatfon x100).

MD — mesometrial decidua, MG — metrial gland, M€ireular muscle layer, BV — blood vessel, EC —

ectoplacental cone.
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Fig 14.Expression of TRAIL and DR5 in the rat uterus @y d4 of pregnancy. (A) On the picture we can see
restricted areas of TRAIL positive staining in mesdrial decidua and metrial gland (original magrzfion

x20). (B) Positive signal for TRAIL in granulateceimal gland cells is marked with arrows. Some rfreusells
show positive signal (original magnification x400F) Some cells in mesometrial decidua have pasitiv
staining inside the cytoplasmatic vesicles (Origmagnification x400). (D) The DR5 expression isaker than
TRAIL in mesometrial decidua and metrial gland goral magnification x 20). (E) The arrows show DR5
positive granulated metrial gland cells (originagnification x400).

BV — blood vessel, MD — mesometrial decidua, MGetral gland, P — placenta.
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Fig 15.Immunoreactivity for DCR2 in rat uterus on daydf4regnancy. (A) Expression of DcR2 is stronger in
mesometrial decidua than in metrial gland (origimalgnification x20). (B) Higher magnification of YA
showing DcR2 positive decidual cells and the presaf apoptotic bodies marked with arrows (original
magnification x400).

BV — blood vessel, MD — mesometrial deciduas, M@etrial gland, P — placenta.

Day 16 — 19 of pregnancy

After day 14 the metrial gland develops while mestiial decidua regresses giving
rise to the decidua basalis. From day 16 till the ef gestation the granulated metrial gland
cells degranulate, presenting degenerative chaargksear parturition disappear from the
uterus.

On day 16 in mesometrial decidua the expressiarR#IL was strong but on day 19
only some cells were expressing the ligand (FigAl6ome granulated metrial gland cells
were positive on day 16, while on day 19 most ahgfated cells in metrial gland or their
remnants showed positive staining (Fig.16 B). Tineutar muscle layer was negative.

In this period it was observed a weak stainingd®5 in mesometrial decidua and
metrial gland (Fig. 16 C, D). Only some decidudlscand granulated cells were positive.
Some muscle cells also showed positive signallondR5.

On day 16 DcR2 was expressed in mesometrial dezidutie cytoplasm and nuclei
of the decidual cells, while on day 19 the exp@asan this area was low (Fig. 16 E).
Granulated metrial gland cells (Fig. 16 F) and sdibres in the circular muscle layer were

still positive.
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Fig 16.Expression of TRAIL, DR5 and DcR2 in rat uterusday 19 of pregnancy. (A) TRAIL expression is
localized in mesometrial decidual cells and isragrin the metrial gland (original magnification 8Q). (B)
Higher magnification of the square shown in (A)geneting TRAIL positive granulated metrial glandigel
(arrows) or their remnants (empty spaces) (origimagjnification x400). (C) Weak immunoreactivity OR5 in
metrial gland and mesometrial decidua (original nii¢cation x 100). (D) DR5 expression in granulatedtrial
gland cells (arrows), the immunoreactivity is lovieicomparison with TRAIL and DcR2 (original
magnification x 400). (E) Immunoreactivity for DcRan be found in mesometrial decidual cells antast of
the metrial gland (original magnification x100)) Granulated metrial cells (arrows) have positigmals for
DcR2. Some nuclei are also positive (original mégation x400).

MD — mesometrial decidua, MG — metrial gland, Haeenta.
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Table 2. Expression of TRAIL, DR5 and DcR2 in regrine tissues during pregnancy.

AMD - antimesometrial decidua, LD — lateral decidv® — mesometrial decidua, CML —

circular muscle layer, BV — blood vessels, MG (GQ@ranulated cells in the metrial gland;

(-) — negative; (+/-) — low levels; (+) — positig;+) — strong signal.

TRAIL D8 D10 D12 D14 D16 D19
AMD + + +/-

LD +/- + +/-

MD - - + ++ + +/-
CML + - +/- +/- +/- -
BV + - +/- + - -
MG (GC) +/- + + ++
DR5 D8 D10 D12 D14 D16 D19
AMD ++ + -

LD + + +

MD +/- +/- + + + +/-
CML + +/- +/- +/- +/- +/-
BV + +/- +/- - - -
MG (GC) +/- +/- + +/-
DcR2 D8 D10 D12 D14 D16 D19
AMD + + + + -

LD + ++ +/-

MD +/- +/- + + + + +/-
CML + +/- +/- +/- +/- +
BV + +/- +/- - - -
MG (GC) +/- + + ++
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5. DISCUSSION

In uterine tissues, remodelling processes, likdifpration, differentiation and cell death,
occur simultaneously and at different stages ofjpaecy. Decidual cells undergo the
differentiation of endometrial stromal cells asaponse to the implanting embryo.
Decidualization starts on the antimesometrial sjgieading to the mesometrial region.
Antimesometrial decidua reaches its maximum devetoy by day 10 regressing afterwards
by a programmed cell death, while the mesometgaidilia and metrial gland start to regress,
respectively, on day 12 and on day 15 of pregnahieg.regression of deciduas, which
allows placental development was already studiech@gy investigators (Bell, 1985; Welsh
and Enders, 1991, Correia da Silva et al, 2004)astbeen shown that apoptosis plays an
important role in this process, however the apapfmathways involved in decidual
regression are not clear. In some systems induofiapoptosis by TRAIL, a cytokine from
TNF family, is believed to be regulated by expressif two death-inducing and two
inhibitory (decoy) receptors on the cell surface.

In this work we investigated the expression of TRAhe death-inducing receptor
(DR5) and the decoy receptor (DcR2) in rat utetisgues. Our results showed that TRAIL,
DR5 and DcR2 were expressed in maternal tissueadghout pregnancy. It is believed that
the binding of TRAIL to DR5 can act as an apoptédtor, while binding of TRAIL to
DcR2 can act as a survival factor by competitianffAIL or via activation of NFR<B. On
day 8 of pregnancy ligand and both receptors wepeessed in antimesometrial decidua,
which regressed after day 10. Since this day tipeession of TRAIL and receptors was
visible partly in lateral decidua. In mesometriataiua was observed only some isolated
positive cells. On day 10 the decoy receptor wghliziexpressed in AMD suggesting that
some cells are protected against TRAIL mediategtysis. On day 12 the staining moves
from antimesometrial to mesometrial side and tori@egland and high levels of TRAIL and
DRS5 were close to the blood vessels. Till day ¥dkpression of TRAIL, DR5 and DcR2
seemed to be on similar level but since day 14&#pmession of DR5 was weaker than
TRAIL and DcR2 in mesometrial decidua. Some gratedlanetrial gland cells started to be
positive for TRAIL, DR5 and DcR2 on day 12 but ®rday 14 the expression of DR5 was
weaker in comparison to TRAIL and DcR2.

We observed various types of cellular expressioRRAIL and receptors, which differ
from each other. TRAIL showed mostly cytoplasmairsng, but in some regions of decidua

some cells contained positive vesicles. Cassateld (2005) reported that interferon-
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activated neutrophils store a TRAIL intracellulaopand that only minor fraction of the total
TRAIL, newly synthetized is released and beingrést retained intracellularly, mainly in
secretory vesicles. They demonstrated that thadeliular pool of TRAIL present in INF-
pretreated neutrophils is rapidly transferred ®a¢hll surface and can be secreted following
exposure to proinflammatory mediators, such asd &td others.

Expression of DR5 was cytosolic, but DcR2 had gnouclear expression in decidua
especially on day 10 of pregnancy. Zhang et aD@2vestigated the localization of TRAIL
receptors in human melanoma cells and they fouatddisath receptors DR4 and DR5 are
located in the Golgi apparatus, whereas the indmpiteceptors DcR1 and DcR2 are located
in the nucleus. After exposure to TRAIL, DR4 and®dte transported into endosomes,
whereas DcR1 and DcR2 undergo relocation from tlotens to the cytoplasm and cell
membranes. This movement of decoy receptors wandept on signals from DR4 and
DR5, that was shown by blocking with antibodie®t®4 and DR5.

TRAIL and its receptors DR5 and DcR2 can have airodecidual regression as the rat
uterine tissues produce both the ligand and recgpitd TRAIL can act in an autocrine or a
paracrine manner. The expression of TRAIL anddateptors observed, suggests the
involvement of these molecules in the apoptotitiwalys linked to the physiological
decidual regression. It seems that death rece®&r iB more important in the first half of
pregnancy, so apoptosis could be caused by TRAthwzay. On the other hand we found
also expression of the decoy receptor DcR2, wtsatery strong on day 10, decreasing on
day 12 and increasing again from day 14 till daysl@gesting that there is a competition
between DR5 and DcR2, and TRAIL could function asivival factor in second half of
pregnancy.

TRAIL has been shown to induce apoptosis in a wateéety of cancer cells in vitro and
to suppress tumor growth specifically without damggormal cells and tissues in vivo
(Kim et al. 2005). Recent studies had shown thad4 BRJ DR5 are expressed in some types
of normal cells, but they are TRAIL-resistant. Téglanation could be that most of normal
cells are protected from TRAIL-induced apoptosigibgoy receptors which are broadly
expressed in normal tissues, while they are onblyaletectable on the surface of tumor
cells. So TRAIL and its receptors could be prongdergets for cancer therapy. But it was
also found that some types of tumor cell linesTRAIL-resistant, because there is
expression of decoy receptors.

In recent studies in this laboratory it was fouine presence of TNFTNFR1 and

FasL/Fas, suggesting that also other moleculdseofi¢ath receptor pathways are involved in
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regression of rat decidua during pregnancy. Thebooation of cytokines present in the rat
uterine environment can determine cell fate fotifenation, differentiation or death. On the

other hand it is also possible that the mitocha@igrathway is involved in this process.
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6. CONCLUSION

TRAIL is a cytokine which exerts its function bytiag as a pro-apoptotic or as pro-survival
factor depending on cell type and cytokine envirenmThe results of this study suggest a
role for TRAIL in decidual remodelling and regressiduring pregnancy, as decidual cells
were TRAIL, DR5 and DcR2 positive, though othertéas linked to the death receptor
pathway, such as FasL/Fas and TNFNFR1 may be involved. Moreover, the granulated
metrial gland cells also expressed TRAIL and iteptors. It can be suggested that apoptosis
can be induced in decidua and metrial gland thrdbighsignalling pathway on certain days
and in particular regions of the uterus. Howevems cells can be protected from TRAIL
induced apoptosis because they expressed the demeptor DcR2. The complexity of the
process of uterine tissue remodelling and regregsiaot yet fully understood and for
clarifying TRAIL function it will be necessary tauly other TRAIL receptors (DR4 and
DcR1). The role of many other factors such as it and activators of apoptosis remains

to be revealed.
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7. SUMMARY IN CZECH

Apoptoza je dlezity proces Bhem vyvoje decidualnich bgk a jejich zaniku a je
ovlivihiovana mnoha faktory. Jednim z nich je i TRAIL agebceptory. V nasi studii jsme za
pouziti imunohistochemie zkoum&ksové a lokalni aspekty exprese TRAIL, DR5 a DcR2
v maternalni tkani @ohy potkana v pibé¢hu krezosti a snazili se objasnit funkci TRAIL a

jeho receptar v reorganizaci této tk&n

Bunééna smrt je dlezity d&j pro udrzeni bugtné homeostazy v organismu. Existuji dva
odliSné typy bu&iné smrti: nekréza a apoptdza. Nekrbza je patolggickces, ktery vznika
jako disledek vjSich vlivi, jako jsou fyzikalni, chemické a patologicke pégna je
doprovazena z&tlivou reakci. Apoptoza (neboli programovana &iméa smrt) je
fyziologicky c&j, charakterizovany scvrkavanim hkitkn kondenzaci chromatinu a tvorbou
apoptotickychdlisek, které jsou nasledfiagocytovany sousednimitkami nebo
makrofagy. K zagtlivé reakci tu nedochazi. Nerovnovaha apoptotibkggia v organismu
vedouci bd’ ke zvySené nebo k omezené &tme smrti niize zgsobit izna onemoaini,
véetn® neurodegenerativnich a autoimunitnich chorobkaéemych nadorovych bujeni.

Regulace apoptdzy je slozity proces a zahrnuje mmigmych proteid. Vykonnymi
proteiny jsou kaspazy (cysteinyl-aspartat spedifipkoteazy), které seldna dw skupiny:
iniciatorové a efektorové. Iniciatorové kaspazypfh&aspazy 8, 9 a 10) aktivuji efektorove
kaspazy (nap kaspazy 3, 6 a 7), které maji funkci rozloZzit &iné casti. Kaspazy jsou
produkovany jako inaktivni proenzymy zndmé jakokpspazy. Aktivace kaspazide byt
vyvolana déma fiznymi mechanismy, a to tzv. mitochondrialni (¥mi} cestou nebo death
receptorem zprostdkovanou (v&Si) cestou. Ob cesty jsou navzajem propojené, ale maji
rozdilné iniciatorové kaspazy. ©be ale sbihaji na Urovni aktivace efektorove kagfa
Aktivita kaspéz je regulovana nakolika Grovnich, psinaje blokddou aktivace kaspaz a
konce inhibici jejich enzymoveé aktivity.

Mitochondrialni cesta je spu$ia uvolrgnim proteiri z vnittniho mezimembranoveho
prostoru mitochondrie. Dochazi ke z&raembranové integrity mitochondrie, tvénbpor a
k uvolréni cytochromuc. Za gitomnosti dalSiho faktoru Apaf-1 a ATP se vytvapoptozom
aktivujici kaspazu 9, kterasgii efektorovou kaspazu 3. Hlavnimi mediatory mitmadfrialni
cesty jsou proteiny z Bcl-2 rodiny, které kontrolmtegritu mitochondrialni membrany a

uvolovani mnoha proapoptotickych prot&ifBcl-2 proteiny mohou byt proapoptotické,
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schopné vyvolat apoptézu i antiapoptotické, inHitilapoptdzu a vysledny efekt zavisi na
vzajemné rovnovaze mezi nimi.

Death receptorova cesta spousti apoptozu za pamerakce ligand — membranovy
receptor patci do TNF (tumor nekrotizujici faktor) skupiny.tf#a bylo identifikovano 32
raznych receptdra 19 ligand. NejznandjSimi death receptory jsou Fas, tumor nekrotizujici
faktor receptor 1 (TNFR1) a TNRipuzny apoptézu indukujici ligand (TRAIL) receptory
DR4 a DR5. Mohou zprastdkovat proliferaci, diferenciaci nebo apoptézudkuivétSina
receptotl vede takeé k aktivaci transkuipiho faktoru NFeB, ktery zajifuje preziti buiky.
Kdyz je aktivace NReB potlaiena, nastava apoptdza. Pro death receptory jektbasticka
piitomnost tzv. death domény (DD) uvrlituiky, kterd umoi#uje napojeni dalSich
signaliz&nich proteir.

Interakce Fas ligandu s Fas receptorem vede k eaipaflaptorového proteinu FADD
pies DD a dojde tvokbdeath indukujiciho signalizaiho komplexu (DISC). FADD obsahuje
krom¢ DD jeSe death efektorovou doménu (DEDJep kterou se napoji prokaspaza 8 svoji
DED. Nasledn dojde k jeji aktivaci a vzniku kaspazy 8, kteréiake efektorové kaspazy.
FasL-Fas ma funkci hla¥rv imunitnim systému.

TNFa (tumor nekrotizujici faktos) svij G¢inek uplatiuje spojenim s TNFR1,
piitomnym v mnoha typech béka TNFR2, ktery se nachazi hl&wleukocytech a
endotelialnich biikach. Po spojeni ligandu a TNFR1 dochazi k interaledaptorovym
proteinem TRADD a k aktivaci prokaspazy 8. Na dwbktranu, TNk mize fungovat také
jako antiapoptoticky faktor, a to kdyZz po napoj@RADD dojde k interakci s RIP, ktery
reaguje s TRAF2 a déle aktivuje MB-. TRAF2 se nmiZe také pimo napojit na TNFR i bez
piitomnosti adaptorovych protéincoz vede k aktivaci NikB.

TRAIL indukuje apopt6zu pomoci svych death recapi®R4 a DR5. Dale ma také dva
decoy (klamné) receptory DcR1 a DcR2, které posajrddnkini DD a nenavozuji apoptozu.
Dale TRAIL interaguje s rozpustnym receptorem gstetegerinem (OPG), ktery ma funkci
v procesu osteoklastogeneze, al&enzde dojit ke kompetici o TRAIL pokud je OPG
v nadprodukci. TRAIL se, jako ostatni ligandy, vygke ve forng trimeru, hlave v buikach
imunitniho systému, hepatocytech a nadorovyatkéch. Cytoplazmatické&asti DR4 a DR5
obsahuji DD. Po navazani TRAIL na death receptohdpi k trimerizaci molekul receptoru
a nasledé k interakci s adaptorovym proteinem FADD, formBt8C a k aktivaci
prokaspazy 8 a spusii kaspazové kaskady. Vitkach typu | je aktivace kaspazy 3 kaspazou
8 dostateéna pro vyvolani apoptozy, kdezto vitlkdch typu Il je zapdebi ko-aktivace

mitochondrialni cesty. K tomu dojdesgenim jednoho Zleni Bcl-2 rodiny — Bid kaspézou 8
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a nasleda se tvdi tBid, ktery navodi uvokni cytochromwe z mitochondrie. Cytochrom
zpasobi vznik apoptozému a aktivaci prokaspazy 9 &tdratem &pi prokaspazy 3 a 7.
TRAIL ma schopnost Zisobovat apoptézu u mnoha déutmdorovych bugk, ale Sati
vétSinu normalnich buik. Proto se v saiasnosti provadi hodrexperimeni s TRAIL jako
potencialnim protinadorovymd&em a testuje se také jeho vyuZiti v terapii aatmitnich
onemocgni. Nékteré nadoroveé linie ale nejsou na TRAIL citlivé.td gisuzovano pray
decoy receptdim, které chrani hiku pred apopt6zou mechanismem kompetice o ligand
nebo aktivaci NReB. V disledku toho se zaly provadt experimenty s monoklonalnimi
protilatkami proti DR4 a DR5 a nebo kombinace TRAIEhemoterapie nebo doaani.
AvSak funkce TRAIL za fyziologickych podminek nehyest zcela objaséna.

Dé¢loha potkana se sklada zermorfologicky odliSnych vrstev — endometria, mydrize
a perimetria. Myometrium je sloZeno z longitudin&rcirkularni svalové vrstvy.
Endometrium se sklada z luminalniho a glandulareipitelia a z fibroblastickych
stromalnich bugk. Tyto stromalni biikky jsou schopnyieneny v decidualni biky
v brzkém stadiu tezosti.

Decidualizace je reakceldhy na implantujici embryo. VétbZnich tkanich je mozné
identifikovat i typy burek: antimesometrialni decidualni iy, mesometrialni decidualni
buiky a granulované hiky metrialni zlazy.

Blastocyt implantuje asi 5. den pogeti v antimesometrialni oblasti a dava vzniku
antimesometrialnim decidualnimitkdm (AMD). Jejich maximalni rozvoj nastava 8.den
biezosti, 11.den dochazi k regresi AMD v tzv. decidapsularis. Kratce po rozvoji AMD se
decidualizace &i k mesometrialnimu polu a vznikaji mesometriakegidualni biiky (MD).
Nejdrive se MD btiky objevuji v centralnéasti, maximalniho rozvoje dosahuji 12. den, poté
degeneruji tviice decidua basalis. Decidua basalis se dale fermtydi sowast definitivni
placenty.

Tretim typem buék jsou granulované liiky metrialni zlazy (GMG). Tyto hiky
obsahuji cytoplasmaticka granula s perforinem azyiamem B. objevuiji se jiz od raného
stadia bezosti (8.den) rozptylené v MD, pagidsou lokalizované v mesometrialnim
trianglu, z kterého se nasledwyviji metrialni zlaza (MG) (11.-12.den). Maximéio
rozvoje dosahuji ve dnech 13-15, pgizdykazuji apoptotické rysy a zanikaji. Jejich\ma
tloha je udrzovani rovnovahy a vzajemné toleranaten@lnich a fetalnich tkani.

Dospelé samice potkahbyly oplodrény samci a nalez spermii ve vaginalnigrsioristi
den rano byl pé&itan jako 1.denitezosti. V den 8, 10, 12, 14, 16 a 19 byli potkamtceni
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cervikalni dislokaci. Blozni rohy byly vyjmuty, fixovany a zpracovany darpfinovych

blocki. Poté byly neezany na mikrotomu nauh tenkérezy a naneseny na mikroskopicka

sklicka. Pro studium obecné morfologi@ahy jsme pouZzili hematoxylin/eosin barveni.
Detekce TRAIL, DR5 a DcR2 byla provedena imunolistmickou metodou za pouziti

polyklonalnich o¥ich protilatek. Deparafinizované a hydratovae#y jsme inkubovali

s normalnim sérem Zgte, ve kterém byla vyt¥ena sekundarni protilatka, pak s primarni

protilatkou, sekundarni protilatkou a VectastainGMBP (avidin-biotin — alkalicka fosfataza)

¢inidlem. Reakce byla vizualizovana za pouziti Sigfaat Red TM tableRezy jsme

obarvili hematoxylinem. Jako negativni kontrolu gspouZili PBS misto primarni protilatky.
Pro kazdy ze zkoumanychilbiezosti jsme pouzili tkéovéiezy minimalg ze i

raznych zvfat.

v AMD, ¢éasteéne LD, CML, BV ale ne v MD. V den 10 byl ro¥# signal pro TRAIL

v AMD a mizel v CML a BV. Exprese DR5 v AMD, CMLBV klesla, kdezto u DcR2 je
velice silna exprese v AMD s didpatrnym jadernym barvenim. V den 12 se objevila
exprese ligandu i receptov MD, u rekterych svalovych vidken ¢hterych BV a také
nékterych granulovanych bk ve tvdici se MG. 14. denibzosti se zvySila exprese TRAIL
a DcR2 v MD, zatimco DR5 klesla. Byl patrny roadiéxpresi TRAIL a receptar TRAIL

byl vice lokalizovan okolo EC a BV, receptory-poaii buiky byly rozptyleny po celé MD.
MG vykazovala TRAIL a DcR2 imunoreaktivitu, ale @nDR5. BV byly TRAIL pozitivni
ale DR5 a DcR2 negativni.¢ktera svalova vldkna byla pro ligand i receptoryipeni.

V den 16 byl zaznamenan pokles exprese TRAIL a DcRID, exprese ve svalovych
vlaknech astala na stejné Urovni imunoreaktivity a zmizehsigpro ligand i receptory v BV.
U MG vzrostla exprese DR5; TRAIL a DcRistala pozitivni. V den 19 klesla exprese
ligandu i receptarv MD. V MG vzrostla exprese TRAIL a DcR2 a klefIR&5. CML byla
TRAIL negativni ale u &terych svalovych vlaken byla pozorovana pozitiyita DcR2 a
slakgji pro DR5. BV byly TRAIL, DR5 a DcR2 negativni.

Decidualni btiky se rozvijeji jako reakce na implantujici embrygvoj a nasledna
regresedchto burk byla studovana mnohymégci a zjistilo se, Zeidezitou roli v tomto

procesu hraje apoptdza.

V nasi studii jsme detekovali TRAIL, DR5 a DcR2naterialni tkani potkana
v pribéhu krezosti. AMD vykazovala expresi TRAIL v den 8 a IXpEese receptdrv den 8
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byla siln&, ale DR5 v den 10 poklesl, zatimco DoR2velice vyznamny signél. V MD se
signél objevil od 12. dne, zesilil v den 14 pro TIRA DcR2 a poté postuprklesal. V MG
se exprese objevil od 12. dne a s postupujeddsti rostl u TRAIL a DcR2, zatimco DR5
kolisal a nebyl tak vyrazny.

Pozorovali jsme odliSné typy bétné exprese. TRAIL vykazoval cytoplazmatické
barveni a v &kterych butkach byly gitomny pozitivni cytoplazmatiké vehikuly, coz
demonstroval i Cassatella et al. (2005) ve svéisiDR5 mel cytoplazmatickou expresi.
DcR2 ntl jadernou i cytosolickou expresi, coz bylo pathhg&vne 10. den bezosti. Ve studii
Zhanga et al. (2000) bylo zj&to, Ze DR4 a DR5 jsou lokalizovany v golgiho apar&tezto
decoy receptory jsou umésty v jade. Po interakci hiky s TRAIL jsou receptory
transportovany na cytoplazmatickou membranu.

Nalezli jsme rozdily v intenzitexprese TRAIL i jednotlivymi receptidorZda se, ze
v urgitych dnech ma decoy receptor DcR2 vyzngj$inilohu nez DR5, protoZe jeho exprese
je silrgjSi. Muze to znamenat, Zedité buiky jsou tak chraény pred TRAIL zpisobenou
apoptoézou a na regresi decidualnichduse podileji i dalSi faktory jako nap’NFa a jeho
receptor, FasL a Fas nebo Bcl-2 proteiny. OstaRAIL receptory DR4 a DcRlistavaji
neprozkoumany a jejich role v tomto procesu by takka byt studovana.

46



REFERENCES:

Abrahamsohn P.A, Zorn T.M.T,(1993): Implantatiord d&ecidualization in Rodents. The
Journal of Experimental Zoolog266603-628.

Bell S.C. (1983): Decidualization: Regional Difféation and Associated Function. Oxford
Reviews of Reproductive Biolog$;220-224.

Cassatella M.A, Huber V, Calzetti F, Margotto Dmiassia N, Peri G, Mantovami A,

Rivoltini L, Tecchio C. (2006): Interferon-activat@eutrophils store a TNF-related apoptosis
inducing ligand (TRAIL/Apo-2 ligand) intracellulgrool zhat is readily mobilizable

following exposure to proinflammatory mediatorsud@l of Leukocyte Biology79:123-32.

Cohen J.J. (1993): Apoptosis. Immunology Todbd/126.

Correia da Silva G, Bell S.C, Pringle J.H, Teixé\ra(2004): Patterns of uterine cellular
proliferation and apoptosis in the implantatior sif the rat during pregnancy. Placenta;
25:538-547.

Cretney E, Shanker A, Yagita H, Smyth M.J, Sayeds (R006): TNF-related apoptosis-
inducing ligand as a therapeutic agent in autoimtgwand cancer. Immunology and Cell
Biology; 84:87-98.

Delgado S.R, McBey B.A, Yamashiro S, Fujita J, K¥saCroy B.A. (1996): Accounting for
the peripartum loss of granulated metrial glandscel natural killer cell population, from the
pregnant mouse uterus. Journal of Leukocyte Biql6§y262-269.

Harper N, Hughes M, MacFarlane M, Cohen G.M. (2063s-associated Death Domain
Protein and Caspase-8 Are Not Recruited to the TiNiearosis Factor Receptor 1 Signalling
Complex during Tumor Necrosis Factor-induced ApestoThe Journal of Biological
Chemistry;27825534-25541.

Kim C.Y, Jeong M, Mushiake H, Kim B.M, Kim W.B, KaP, Kim M.H, Kim M, Kim T.H,
Robbins P.D, Billiar T. R, Seol D. W. (2005): Cangene therapy using novel secretable
trimeric TRAIL. Gene Therapy 3:330-8.

Kimberley F.C. and Screaton G.R. (2004): Followen§RAIL: Update on a ligand and its
five receptors, Cell Researct¥:359-372.

Lavrik I.N, Golks A, Krammer P.H. (2005): Caspaggsarmacological manipulation of cell
death. Journal of Clinical Investigatiohl152665-2672.

Luo J.L, Kamata H, Karin M. (2005): IKK/NF-kappaRysalling: balancing life and death —
a new approach to cancer therapy. Journal of Glininvestigation115 2625-32.

Moynagh P.N. (2005): The N&B pathway. Journal of Cell Sciencet84589-4592.

47



Rakesh K, Agrawal D.K. (2005): Cytokines and grové&ttors involved in apoptosis and
proliferation of vascular smooth muscle cells.
International Immunopharmacolody;1487 — 1506.

Salamonsen L.A, Dimitriadis E, Jones, R.L, Nie Z2(2): Complex Regulation of
Decidualization: A Role for Cytokines and Proteasé@sReview. Trophoblast Research;
17:S76 — S85.

Savill J.S. et al. (1989): Macrophage phagocytokeging neutrophils in inflammation.
Programmed cell death in the neutrophil leadsstoeitognition by macrophages. Journal of
Clinical Investigation83:865

Thonel A. and Eriksson J.E, (2005): Regulationextti receptors — Relevance in cancer
therapies. Toxicology and Applied Pharmacola2f7:S123 — S132.

Twomey C, McCarthy J.V. (2005): Pathways of apoigtaad importance in development.
Journal of Cellular and Molecular Medicir&345-59.

Van Furth R. and Van Zwet T.L. (1988): Immunocytectical detection of 5-bromo-2-
deoxyuridine incorporation in individual cells. Joal of Immunological Methodg;,0845

Vermes I. and Haanan C. (1994): Apoptosis and pragred cell death in health and disease.
Advances in Clinical Chemistrg1:177

Vindrieux D. Réveiller M, Florin A, Blanchard C, Rion A, Devonec M, Benahmed M,
Grataroli R. (2005): TNFe-related apoptosis-inducing ligand decoy recepttRDis
targeted by androgen action in the rat ventraltatesJournal of Cellular Physiology;
206:709-17.

Welsh A.O, Enders A.C. (1985): Light and Electrorciscopic Examination of the Mature
Decidual Cells of the Rat with Emphasis on the Asometrial Decidua and Degeneration.
The American Journal of Anatomy721-29.

Yagita H, Takeda K, Hayakawa Y, Smyth M.J, Okunkir§2004) TRAIL and its receptors
as targets for cancer therapy. Cancer Sciel@éy7-783.

Zhang N, Hartig H, Dzhagalov I, Draper D, He Y. {®005): The role of apoptosis in the
development and function of T lymphocytes. Cell &&esh;15:749-769.

Zhang X.D, Franco A.V, Nguyen T, Gray C.P, Hersey2P00): Differential localization and
regulation of death and decoy receptors for TNBtesl apoptosis-inducing ligand (TRAIL)
in human melanoma cells. Journal of Immunoldy4:3961-70.

48



8. APPENDIX

1. Phosphate buffer saline

NacCl 8,09

KCI 0,29
NaHPOy, 1,449
KH.PO, 0,249
Distilled water ad 1000 ml

Dissolve the substances in distilled water and detaghe volume to 1000 ml.

2. Buffered neutral formalin

Formaldehyde 40% 100 ml
NaHP O, 2H,0 8,15¢
NaH,PO, 2H,0 4,09

NaCl 8,09

Tap water ad 1000 ml

Dissolve the substances one by one in tap watenekimately before use add formaldehyde
and complete the volume to 1000 ml.

3. Preparation of blocks

Fixation

» Buffered neutral formalin 10%(v/v) 24 to 48 houts@m temperature
Dehydratation

* Alcohol 70% 90 min.

* Alcohol 96% 90 min.

* Absolute alcohol 90 min.

* Benzol 30 min.

Paraffin: benzol (1:1) 60 min.
Paraffin (56°C) 60 min.

Paraffin inclusion

4. Coating slides

Immerse the slides in 1% Extran (alkaline detergent 30 min.

Wash in running tap water 30 min.

Wash in ultra pure water 2x5 min.

Wash in 96% ethanol 2x5 min.

Air dryer in front of fan 10 min.

Coat slides in a freshly prepared 2% solution ahdnopropylethoxysilan (Sigma ®
A3648) in dry acetone 5 seconds

Rinse twice quickly in dry acetone

Rinse twice in ultra pure water

Air dry 42°C overnight

Store at room temperature in dust free environment
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5. Process of deparaffinization

* Xylen 10 min.
*  Xylen 10 min.
e Absolute alcohol 5 min.
e Absolute alcohol 5 min.
* Ethanol 96% 5 min.
» Ethanol 96% 5 min.
» Ethanol 70% 5 min.
* PBS 10 min.

6. Staining with hematoxylin and eosin

* Tap water 5 min.
» Mayer's Hematoxylin solution 4 min.
* Tap water 5 min.
* 1% eosin solution 7 min.
* Tap water 1 min.

* Dehydratation through alcohols and xylen
* Mounting with DePeX (BHD) mounting medium



