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THESIS ABSTRACT
THE PRESENCE OF THE HYALURONAN RECEPTOR CD44 IN THE
REPRODUCTIVE TRACT OF THE MARE
Isabel Rodriguez Hurtado

Master of Sciences, December 17, 2007
(LMV, Universidad Complutense de Madrid, 2001)

61 Typed Pages

Directed by Allison Stewart
Objective- To investigate the presence and localization efityaluronan receptor CD44
in the reproductive tract of the mare.
Animals— Six adult mares
Procedures Tissue sections of ovaries, oviducts and uteru® wbtained from healthy
mares. Positive control samples were obtained ffttersame mares and were processed
together with the reproductive tissues. These obritssues included synovium and
lymph node. The samples were fixed in 10% bufferedutral formalin or
glutaraldehyde/formalin. Formalin samples werénsth with hematoxylin-eosin to rule
out pathologic changes or processed for immunathsimical analysis. The later
samples were stained with a primary monoclonabaudty against CD44 (Rat anti-CD44s

monoclonal) and a secondary rabbit, anti-rat adgh@iotinylated Rabbit anti-Rat). The



slides were evaluated under light microscopy faordirig of specific antibody. Results
were described according to stain identificatiopcation, percentage of stained cells
(CD44-reactive cells per 100 cells of one histatagistratus). Samples fixed with

glutaraldehyde/formalin were stained with the pmynaantibody Rat anti-CD44s

monoclonal and gold conjugated protein A. These pdasnwere evaluated using a
transmission electron microscope for localizatibgald particles.

Results— Positive immunolabelling for CD44 was found in #lle tissues evaluated.

CD44 was localized in the uterine endometrium kit in the uterine glands. Positive
immunolabelling was found all throughout the epitiecells in all tubal segments

evaluated. This stain was confined to the ad-lufrsnaface and supra-nuclear regions.
The areas of higher uptake were found on the [sas&dce of the tubular epithelial cells.
Both inner and outer portions of the ovaries hdtithat were populations positive for

CD44. Serosal epithelia were intermittently positiv

Conclusions and Clinical Relevane€This is the first time CD44 has been identified in
the reproductive tract of the mare. The localizatod CD44 in the ovaries, oviducts and
endometrium, suggest a role of CD44-HA in fertiliaa and embryonic implantation in

the mare.
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INTRODUCTION

Hyaluronan (HA) is a high molecular weight glycosaoglycan (GAG) present
in interstitial spaces and on basal membranes dlfgnating epithelia, including the
reproductive tract.(1) Hyaluronan is involved innflamental events in the female
reproductive tract of many mammalian species, oiolg oocyte maturation, sperm
storage, fertilization, and embryo implantation alevelopment.(2) These functions are
most likely mediated by its major cell surface pgoe, CD44. To date, the function of
the CD44-HA system has not been investigated irotctive tissues in mares.

The CD44 molecule is a complex family of adhesiaienules widely distributed
on epithelial cells, fibroblasts, granulocytes, pmocytes, erythrocytes, hepatocytes,
endothelial cells and synoviocytes.(3) As a cetface glycoprotein, CD44 is involved
in cell-to-cell and cell-to-matrix interactionsgsal transduction, lymphocyte adhesion
and uptake, and degradation of HA.(4-7) CD44 hagxracellular domain with two
binding sites; one has affinity for endothelial ukss, and the other for HA.(5)

The CD44 molecule and its ligand, HA, have beenlicafed in inflammatory
processes. The CD44-HA system plays a role in rtiediaof leukocyte rolling and
extravasation, localization of cells within inflathéissues, induction of inflammatory
gene expression in leukocytes and parenchymal, @lts matrix remodeling.(8) Several
lines of evidence link CD44 with fibroblast adhesionigration and the development of

fibrosis.(9-12) Fibrosis is a result of the invasiof a provisional fibrin matrix,
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in a wounded tissue, by myofibroblasts. The mateizeptor CD44 is expressed on the
surface of fibroblasts and mediates the fibrotispomse after tissue injury. The HA
binding site of CD44 also binds to chondroitin atdf and matrical proteins like
fibronectin, laminin, and collagen,(5,13) which menuce the formation of fibrous
tissue, resulting in the development of post-sadgiadhesions between viscera or
transluminal adhesions in tubular organs. Dilldaemus solutions of HA and HA gels
can provide a protective tissue coating and haen lassociated with the prevention of
adhesion formation in human and equine patientsl{d4 Hyaluronan has potential as a
prophylactic agent against adhesions by the intieraof HA with the CD44 receptor.
(14,18,19)

Various isoforms of CD44 have been identified iprogluctive tissues of humans
and of laboratory and domestic animal species. cfiams of CD44 in these tissues
include maintenance of the integrity of the epitdetheet, modulation of cell invasion
and migratory capacities during menstrual re-ep#hgon in primates, prevention of
granulosa cell apoptosis, oocyte development anbdrgmimplantation.(10,13,20-23)
The CD44-HA system is implicated in reproductivehpdogies such as the progression
and metastasis of ovarian tumors and endometriatincanas in women.(24-27)
Reproductive tract neoplasias are uncommon in matdsough chronic, degenerative
pathologies and serosal or ovarian adhesions ajer wauses of infertility and may be
related to the CD44-HA interaction.(28-31).

The present study was conducted to investigateitbgence and localization of

the CD44 receptor in the reproductive tract ofrtteae. For this purpose, tissue sections



of ovaries, oviducts, and uterus from healthy mareere evaluated with

immunohistochemical and immunoelectron microscopyhods.



REXV OF LITERATURE
Adhesion Molecules

Cell adhesion mechanisms are essential to impopia@esses like migration of
inflammatory cells, epithelial construction and agpand implantation of the embryo.
Adhesion molecules such as integrins, cadhering, @GD44 are not only involved in
embryonic implantation, but also function in ancg® and migration of neoplastic
cells.(32,33)

The endometrium responds to ovarian steroids lofengoing a series of changes
preparing for embryonic implantation. Alterationtbe endometrial surface includes the
expression of cell surface molecules, especialljhean molecules. Mucins are
downregulated during the receptive phase of theometiium as they impair embryo
interaction with the epithelial layer.(34) Integginand cadherins, on the other hand, are
believed to be upregulated by the blastocysts duinmplantation. In rabbits, CD44 is
expressed most strongly in the luminal uterine hegiim during the pre-implantation
phase, but in human beings, CD44 is expressed gllrath the menstral cycle and
pregnancy.

Hyaluronan

Hyaluronan is a high molecular weight glycosamigogh (GAG) composed of

the disaccharides D-glucuronic acid and N-acetghzosamine. It is synthesized by a

multi-isoform family of glycosyltransferases termgge HA synthases.(35) Hyaluronan



is regarded as an extracellular matrix componeat gromotes cell locomotion and
proliferation.(36) In hyaluronan rich tissues, thaluronan filaments establish a matrix
with aggregating proteoglycans and stabilizing raoles such as link protein and inter-
alpha trypsin inhibitor.(36) This pericellular matrs important for the stabilization and
locomotion of cells detaching during mitotic cedunding. Hyaluronan is present in the
interstitial spaces and on the basal membranegsdahfgrating epithelia, including the
reproductive tract.(1) The following properties baseen related to HA: analgesic, anti-
inflammatory, cartilage matrix protection, and petion of adhesion formation.
(16,18,37) The multiple biological functions of Hike mediated by its major surface

receptor, CD44.

The CD44 Adhesion Molecule

The CD44 group is a complex family of adhesionenales produced from one
gene by splicing and translational modificatiorBgj, The CD44 gene consists of 20
exons, 10 of which are normally expressed, encoftinthe standard form of CD44. The
additional 10 exons are expressed by alternatilieirsp of the nuclear RNA that encode
for extracellular regions. The resulting group dd42 glycoproteins contains isoforms
that differ both in amino acid sequence and carbodtg composition. (7)

The regulation of CD44 isoforms and their actiaties currently under
investigation,(39) Regulation is believed to batell to hyaluronan binding, variations
of the cytoplasmic and transmembrane domains, naltee splicing, and

glycosylation.(7) CDA44 isoforms are expresseda@sstmembrane proteins under many



circumstances and are found in adult and fetal iiifenormal and malignant cells, and in
the immune system and other tissues.(34)

The HA receptor, CD44, is widely distributed on thplial cells, fibroblasts,
granulocytes, lymphocytes, erythrocytes, hepatasgyteendothelial cells, and
synoviocytes.(3) As a cell-surface glycoprotei)4@ is involved in cell-to-cell and
cell-to-matrix interactions, signal transductiogmphocyte adhesion and uptake and
degradation of HA.(4-7) The CD44 receptor has dsen related to morphogenesis,
tumor progression, inhibition of apoptosis and ailtreformation.(7,40-42)

The CD44 molecule has a large extracellular domaih two binding sites; one
has affinity for endothelial venules, and the otfeerHA.(5) All isoforms of CD44 have
the HA-binding domain located in the N-terminaliceg(20,21) The HA binding site of
CD44 also shows affinity for other matrix comporgelike fibronectin, laminin, collagen
and osteopontin,(10,13,22,23) as well as growttofaand cytokines.(43)

Hyaluronan is turned over both systemically, by iymphatic system, and locally
at the sites of production. The CD44 molecule pgudites in the uptake and degradation
of HA.(44) The CD44 molecule does not have hyalittase activity itself, but assists in
the uptake of HA into cells like pulmonary macrogéa and chondrocytes, where it can

be degraded in the lysosomes.(6,44)

The role of CD44 and HA in Inflammation
The CD44 molecule and its ligand, hyaluronan, haeen implicated in several

inflammatory diseases.(8) The CD44 receptor dgtiiis up-regulated during



inflammation such that it binds HA with higher aify. The CD44 receptor can be
induced to bind HA in cells activated with inflamtoey stimuli, including cytokines.(39)

There are many proposed mechanisms for the promofi inflammation by the
interaction of CD44 and HA. Examples include madratof leukocyte rolling and
extravasation, localization of cells within inflachéissues, induction of inflammatory
gene expression in leukocytes and parenchymal egltsin matrix remodeling.(8)

The CD44 molecule may be involved in regulating thearance of apoptotic
cells. This theory implicates CD44 in chronic imfilanation.(8) Resolution of an
inflammatory response depends on the eliminationinbltrating leukocytes and the
clearance of apoptotic cells by phagocytic macrgpba Studies in mice with targeted
deletions of several exons of the CD44 gene shamedssociation with an increase in
apoptotic infiltrating cells.(8) Signaling by CD4rhay regulate cell survival and
clearance of apoptotic leukocytes during the evahudf an inflammatory response.(8)

Several lines of evidence link CD44 with fibrolilaslhesion, migration, and the
development of fibrosis. The HA binding site of GD4lso allows for binding to
chondroitin sulfate and matrical proteins like ibectin, laminin and collagen which are
integral in the formation of adhesions.(10) Hyahan, fibronectin, and fibrin support
cell motility and are present in tissues after adojury, as with acute alveolar fibrosis,
where CD44 can be detected in newly formed fibroisue and at the leading edge of
migrating fibroblasts. Anti-CD44 antibodies can ilnh fibroblast invasion of a fibrin
matrix, suggesting that interruption of the CD44dtion may attenuate or arrest the

fibrotic response.(9)



Hyaluronan has the potential to function as a Ipytgrtic agent against the
formation of adhesions. Derivatives of HA preveutgical adhesions by minimizing the
formation of a fibrin matrix between serosal antayal surfaces.(18) This effect is
mediated by the interaction of formulations of HAttwthe CD44 receptor.(10) The
fibrinolytic system is the principal modulator oflfeesion formation, controlling the
balance between fibrin deposition and degrada#dh.The lysis of fibrin into fibrin
degradation products is achieved through the aatfoplasmin. Plasmin is converted
from plasminogen by tissue plasminogen activat®A)t(45) Sodium hyaluronate
solutions may modulate adhesion formation by irgirgatissue plasminogen activator
(tPA) concentrations at the visceral peritonealfssi@ and enhancing mesothelial
fibrinolysis.(46) Hyaluronan has also demonstratesti-inflammatory effects,

modulating chemotaxis and decreasing the formati@hrelease of prostaglandins.(47)

Synovial physiology and CD44

Hyaluronan is a major component of synovial flumdlaf the extracellular matrix
of cartilage, and is essential for normal synovuiysiology.(48) The hyaluronan
receptor, CD44, has been considered to play a aslea cell-to-cell and cell-to-
extracellular matrix anchor during inflammatory pesses of the synovial structures in
human beings.(49,50) The localization of CD44 ymavial membranes has been
described in healthy and pathologic samples of murbaings(50), rats,(51), and
horses.(52) Therefore, synovial membrane was chaseane of the positive control

tissues for immunohistochemistry (IHC) in this stud



The synovial membrane is composed of two diffedegers: an intima and a
lamina propria. The intima is an incomplete layeith a thickness of only one to four
synoviocytes that are loosely arranged on a mafrixyaluronan.(53) The intima has no
basement membrane, allowing efflux of capillary dates into the synovial cavity
through gaps between synoviocytes. Synovial fl@dan ultrafiltrate of plasma. The
lamina propria contains blood vessels, lymphatgseés and nerves that are embedded in
adipose, fibrous (dense collagen) or areolar (lcamskgen) tissue. The surface of the
synovium is projected into the joint cavity in tleem of folds and small villi.(54)

Synoviocytes are mesenchymal in origin and aredd into two distinct types:
type A synoviocytes (considered macrophages), tyBe or fibroblast-like
synoviocytes.(54) Type C synoviocytes represemnamsitional form between type A and
B synoviocytes.(55) Type A synoviocytes act asdesi macrophages and are derived
from blood-borne mononuclear cells.(56) Type B syooytes produce matrix
constituents like hyaluronan, collagens and fiboting57) The CD44 molecule is
expressed by normal fibroblast-like type B synoeels, where it is believed to serve as
an adhesion molecule among the type B cells to tamainthe epithelial-like

arrangement.(51)

Lymph node physiology and CD44

One of the earliest functions proposed for CD44 indke control of lymphocyte
homing.(58) Studies using murine endothelial celes that express HA and CD44-
positive lymphoid cells showed that the CD44-HA enaiction was important in
lymphocyte rolling, a prelude to the movement otikiecytes across endothelial

9



barriers.(59) The CD44 receptor is involved in lecte migration and activation..
(5,7,8) The up-regulation of CD44 in lymph nodes haen used as a prognostic marker

for several neoplastic diseases in human beingdZ30)

Roles of CD44 in reproductive physiology

The hyaluronan-CD44 signaling pathway may have la o epithelization,
gamete production, fertilization and embryo deveiept. Various isoforms of CD44
have been identified in human tissues, includingical epithelium,(61) in epithelial and
stromal cells of the endometrium,(62) folliculamnifl (63) and ovarian tissue.(42) CD44
has also been identified in placental structurescytes, early embryos, and
spermatozoa.(32,64-66)

Functions of CD44 in reproductive organs are careid to include: maintenance
of the integrity of the epithelial sheet, modulatiof cell invasion and migratory
capacities during menstrual re-epithelization, préion of granulosa cell apoptosis,
oocyte development, and embryo implantation. (1,2Q-23)

The different functional sections of porcine andvibhe oviduct have varying
levels of expression of CD44.(2,67,68) In thesemah species, CD44 is present in
multiple stages of oocyte and embryo developmemnt,ig also involved in sperm storage
and fertilization.(69,70) Also, CD44 has been det@dn bull spermatozoa(71), but has
not been described in other male reproductive @éssin domestic species. The
concentration of GAGs, including HA, has been stddin the bovine reproductive
tract.(72) and were described in follicular, ovithilcand uterine fluids of mares where
GAGs were related to fertilization.The quantity and concentrations of

10



glycosaminoglycans, including HA, were increasedhe tubular reproductive tract of
mares during the follicular phase of the oestrop@ec(73) The maximum levels were
found in the follicular fluid, indicating a possélrole in ovulation and transport and

fertilization of the ova.

Roles of CD44 in reproductive pathology

The CD44 receptor and HA are believed to be assatiavith reproductive
pathology. The CD44 receptor has been implicategirogression and metastasis of
ovarian tumors and endometrial carcinomas in wo(Bér27) Dilute aqueous solutions
or gel formulations of HA can provide a protectitissue coating and have been
associated with the prevention of the formatiopa$t surgical adhesions in human and
equine patients.(14-17) Gel formulations of HA hgweven to reduce post-surgical
adhesion formation on the serosa of rabbit utdnora, (74) mouse uterine horn,(75) and
in the cortex of injured ovaries in rabbits.(76)aHyronic acid gels significantly reduce
the incidence and severity afe-novo formation of intrauterine adhesions after
hysteroscopic surgery in women.(7@Qels with low concentrations &fA, even as low
as a 1% concentration, have also been shown toempirepost-surgical abdominal
adhesions. This finding may be of clinical impodarnn situations where large volumes
of anti-adhesive solutions are required.(78)

Although reproductive tract neoplasia is uncomman mares, chronic
degenerative pathologies and adhesions are majeesaf infertility, and may be related
to the interaction of CD44 and HA. Chronic degetieea disease of the equine
endometrium is characterized by uterine gland chasngncluding cystic dilation,

11



hyperplasia and periglandular fibrosis. Periglaaddibrosis is reported to be the most
common pattern of abnormal fibrinogenesis in thaireg endometrium, although fibrosis
associated with the luminal epithelium also hasb#eserved.(29) Fibrosis contributes to
infertility by interfering with glandular and ep#hal function resulting in embryonic

death in the first 90 days of gestation.(28) Chrpmflammatory changes are often
identified in older, multiparous mares, althougtvéndeen observed in young mares.
Fibrosis of the endometrium is an irreversible ¢bod and may arise from intrauterine
infections, iatrogenic topical therapy or multiggeegnancies. No specific treatment for

endometrial fibrosis has proven clinically effeeti{28)

Technical Considerations

The expression of CD44 has been demonstrated uineegymph node,
gastrointestinal, and musculoskeletal tissues(%2) ia equine melanomas,(79) These
studies used immunohistochemical labeling (usinguseo anti-CD44 monoclonal
antibodies) to identify cell types that express @B44 receptor. Immunoelectron
microscopy was also used to describe the locatidheoreceptor CD44 in relation to the
ultrastructural elements of cells of the equineitppeum and serosa.(52) The primary
antibody employed in this study, a rat anti-humam@D44s monoclonal (Chemicon
International, Inc, Temecula, CA), is cross-reaetior equine CD44 as indicated by the
equine literature.(52) A rabbit anti-rat antibodgnjugated to biotin (Vector Labs,

Burlingame, CA was used as a secondary antibody 932
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Immunohistochemistry

Immunohistochemistry is the specific localizatidraatigens in tissue sections by
the use of labeled antibodies as reagents.(80) artigen-antibody interactions are
visualized by a marker such as fluorescent dyeyraaz radioactive element or colloidal
gold. Because IHC involves specific antigen-antipedactions, it is a more widely
applicable technique, allowing the localization af essentially unlimited number of
proteins, when compared to traditional enzyme-basa&ding techniques.

Heat-induced epitope retrieval (HIER) is a pratmegent procedure often
used prior to IHC to improve antibody binding, bgdifying the molecular conformation
of ‘target’ proteins by exposure of slide-mountpg@men material (sectioned tissue and
other cellular preparations) to a heated buffeutsmh (80) These solutions are used to
break the protein cross-links caused by formalkatfon and thereby uncover hidden
antigenic sites.

Immunohistochemistry relies on the use of onel&bantibody (direct method)
or an unlabeled antibody (primary) followed by adked secondary antibody (indirect
method) to localize the antigen of interest. Therlanethod provides amplification of the
signal. Further amplification of signal may be &st@id in the indirect method, taking
advantage of the very high affinity that avidin has biotin.. When a biotinylated
secondary antibody is used, an avidin-conjugatedyrap binds to the secondary
antibody. The avidin-biotin complex method canther increase the specificity and
sensitivity of the protocol. Streptavidin can besdisas a substitute of avidin, as an
uncharged molecule relative to animal tissue. Iditaxh, streptavidin does not contain
carbohydrate groups which might bind to tissuemscicausing background stain. In each

13



method of IHC, localization of antibody binding Msualized using a substrate

chromogen solution, with the production of a catwetric end product.

Immunoelectron microscopy

Transmission electron microscopy (TEM) is an imggtechnique whereby a
beam of electrons is transmitted through a specinpeaducing an image onto a
fluorescent screen of photographic film. The elmttrgun produces a stream of
monochromatic electrons that is focused and comdknsing optic lenses over the
sample of tissue. The beam strikes the specimemmgdgarts of it are transmitted into a
phosphor image screen producing an image. The atads represent those areas of the
sample that fewer electrons were transmitted throftigicker areas). The lighter areas
represent those areas of the sample that morealeatere transmitted through (thinner
areas).(81)

Electron microscopic (EM) immunohistochemical tdgues are based on the use
of a beam of electrons transmitted through a sedaidissue that has been treated with
immunological markers to detect the presence abadies. Tissues can be incubated
with primary antibodies followed by an EM markeuch as a gold-conjugated protein A,
to identify the position of the antigen within te&ucture of a particular cell.(82) Protein
A is a bacterial surface protein that is able tadbimmunoglobulins (i.e. primary
antibodies) with high affinity. Colloidal gold pafes can be conjugated to Protein A,

producing a dark spot in the EM image that is gateer as electrons are deflected.
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OBJECTIVES

The objective of this study was to determine thesence and localization of the
hyaluronan receptor CD44 in the equine uterus,umtidnd ovary. Identification of the
CD44 molecule will provide a base for future resbaregarding the role of CD44 in
fertilization, gestation and treatment of commonses of infertility in the mare and a
basis for research in adhesion prevention in hofd&is project also expects to optimize

reliable protocols to identify the CD44 receptopther equine tissues.
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MATERIAS AND METHODS
Animals
Six adult mares from 4 to 16 years of age were .ushd study included mares
from different breeds: Thoroughbred, American Qerakorse and Tennessee walking
horse, and in different stages of reproductivevagti The inclusion criteria used the
following parameters: (1) older than 3 years of égeallow mares to have undergone
puberty and full development of their reproductixvect) and (2) minimal reproductive

tract disease, based on gross necropsy and lgst@ealuation.(Table 1)

Sample collection

Samples were obtained from mares that were eutkdrafter terminal teaching
surgeries. The reproductive tracts were examinedjfass pathology and activity state.
Samples were collected immediately after euthanaS@amples from the six mares
included: (1)Full thickness uterine horn (2 cm x 2 cm), (2) amtd infundibulum,
ampulla and isthmus (5 mm x 5 mn{B) ovary: parenchyma and connective tissue
capsule (1 cm x 1 cm).

Positive control samples were obtained from theesarares and were processed
together with the reproductive tissues. These obritssues included synovium and
lymph node that had no gross or histologic evideoic@athology. The samples were

duplicated and assigned to two groups: (A) samptes be processed for
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immunohistochemistry, and (B) samples to be pregkssor immunoelectron

microscopy. Sections of control tissues and of dasnpf reproductive tract were stained
routinely with hematoxylin and eosin stains andevevaluated for histologic evidence of
pathology (inflammation, fibrosis, atrophy) in orde exclude from the study any mares
with moderate to severe pathology. The endometaiaiples were categorized I-11l based
on the levels of inflammation, fibrosis and lympbadtasis.(83) Category | mares are
defined as having no endometrial atrophy or hymalduring a physiological breeding
season. They have >70% chance of producing ad&le €ategory Il includes mares with
slight to moderate, diffuse cellular infiltrationittv scattered but frequent fibrotic foci

with <3 glandular nests per low-power field (in divields), and mild to moderate
lymphatic stasis. Category Il can be divided intodnd llb based on the Kenney Doig
system.(84) Pregnancy rates for mares in cateljjoange from 30 to 70%, depending
on the severity of the lesions. Category Il matesve histological evidence of
irreversible changes such as widespread periglandibrosis, severe cellular infiltration

and lymphatic stasis. These mares have less titarch@nce of carrying a foal to term.

Experimental methods
Immunohistochemistry:

Samples were sectioned into 2 cm x 2 cm specimadsiraividually fixed in
10% neutral buffered formalin for 24 hours, therbedded in paraffin blocks. Embedded
tissues were sectioned at approximately 5 micramtk allected on Vectabond-treated
slides (Vector Labs, Burlingame, CA). Slides welacpd on a hot plate for 25 minutes at
55-60°C and then cooled for 1 minute. Slides wezpadaffinized through xylene (3

17



changes, 5 minutes each), graded alcohols (80%, 20996 ETOH, 2 min each) and
distilled water for 5 minutes.

Slides were introduced in the DAKO Autostainer (#nsal Staining System)
where they underwent the following sequence: intabawith 100 pl of PBA (protein
blocking agent, Lipshaw, Pittsburg, PA) for 2 memitat room temperature, rinsed and
incubated with the primary antibody (Rat anti-CD4¥enoclonal antibody; Chemicon
International, Inc, Temecula, CA) at a dilution101000 with 0.01M PBS for 60 minutes
at room temperature. The slides were rinsed arzéglan PBS/T (0.5% Tween 20in 1 L
0.01M PBS) for 15 minutes. The secondary antibadwgbbit, anti-rat antibody (Vector
Biotinylated Rabbit anti-Rat monoclonal antibodyctor Labs) was incubated with 2%
normal horse serum (Vector Labs) for 30 minutesrptd application on the slides, in
order to reduce non-specific binding of the secopdatibody to horse tissues. The anti-
rat secondary antibody was applied (diluted to 7miign 0.01M PBS) to the tissue
sections, and the slides were incubated for 15 t@sat room temperature. After a
PBS/T washing step, Strepavidin-AP (DAKO, CarpiieCA), diluted 1:200 in Tris-
HCL, was applied and slides were incubated for &@utes at 37°C. Slides were rinsed
and washed in distilled water for 5 minutes.

The chromogen, Fuschin (DAKO, Carpinteria, CA) \applied for 10 minutes at
room temperature. The slides were monitored vilat ligicroscopy for development of
chromogen, then washed with distilled water for bwutes and counterstained with
hematoxylin (Gill's 1, Fischer Scientific, HoustoX) with 100 ul/slide for 20-30
seconds. The slides were rinsed and blued in rgriaim water for 5 minutes. Finally, the
slides were dehydrated through graded alcoholsylenge and mounted with Permount
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(Fisher Scientific, Houston, TX). Positive and niga control slides were prepared in
parallel to study samples (negative controls wereimcubated with primary antibody).
Rat 1gG2b directed to rat monoclonal antibodies usesd as a (negative) isotype control.
Slides were evaluated under light microscopy fordbig of specific antibody.
Results were described according to stain ideatifim, subcellular location, and
intensity of stain (strong, moderate and weak). déscription of strong was assigned to

an intensity equivalent to that identified in lyngalytes and synoviocytes.

Immunoelectron microscopy:

Samples were sectioned into 1mm x 2mm specimenghandndividually fixed
in 0.1% glutaraldehyde, 4% formalin in phosphatidisolution at pH 7.4. After
fixation for a minimum of 4 hours, specimens wegshed with the phosphate buffer,
post-fixed in 1% osmium tetroxide in phosphatelfdrour, washed in double-distilled
water and dehydrated in graded alcohols. The seadiwere infiltrated with 70%
ETOH:LH White, followed by 100% LR White for 24 heuat room temperature.

The grids were oven-cured at 45°C and 65°C for @drd each. Post-aldehyde
fixation was performed and the grids were washet imcubation buffer or IB (150 pl of
10% BSA-c: Electron Microscopy Sciences, Ft. Wagtun, PA) for 5 minutes. Grids
were incubated with Rat anti-CD44s monoclonal (Cleem International, Inc.,
Temecula, CA) diluted 2ul/ml with incubation bufi@B) as the primary antibody at 4° C
overnight. Grids were washed with IB for 5 minut@gjmes. Incubation with 10 nm of
gold-conjugated protein A (Sigma Chemicon CorporatiSt. Louis, MO) diluted 1:40
with IB was carried out for 2 hours and then IB hes were repeated. Grids were post-

19



fixed with 5% glutaraldehide (with PBS) for 5 miest washed with PBS and distilled
water. Grids were contrasted using standard s@with 2% aqueous uranyl acetate and
0.4% lead citrate.

Grids were evaluated with a Philips 301 Transmis&tectron Microscope at 60
Kv. The ultrastructural location of accumulateddyplarticles was determined for each

cell type. Results were recorded photographically.
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RESULTS
Hematoxylin-eosin evaluation
The samples of hematoxylin and eosin-stained temtove tract from the 6 mares
were examined histologically. The endometrial sl@spvere categorized I-Ill based on
the levels of inflammation, fibrosis. Four maresreveategorized as | and two mares as
category lla. Moderate or severe endometrial pathol(inflammation, fibrosis, or

atrophy) was not observed.

Immunohistochemistry

Both positive and negative control procedures wased to validate the
immunohistochemical staining process. Controls eslidincubated with rat isotype
control, did not have chromogen deposition, configrthe specificity of the stain. Both
synovium and lymph node demonstrated strong pesitamunostaining for CD44,
confirming an adequate staining protocol. Type Bhosyocytes, fibroblasts and
lymphocytes had positive immunostaining that waslized to the cytoplasm and cell
membrane. The stain intensity identified in thesfiscwas designated as intense for
comparison purposes with the study tissues.

In pilot studies aimed at optimization of the If@tocol, the demonstration of
the CD44 antigen expression was markedly improvedptetreatment of the tissue

sections with an antigen retrieval solution sulgddio heat (HIER). In addition, equine
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serum was used to block non-specific backgroundistacaused by non-immunological
binding of antibodies to tissue sections hydroptabd electrostatic forces.

. Positive CD44 immunolabelling was present iteast one cell population in all
of the control and study tissues evaluated. Lymptascand plasma cells were present in
the epithelium and in small numbers in the strorhalbtissues examined. This cell
population was used as a positive internal confi@ble 2)

The serosal surfaces of the reproductive tissuessepted as intermittent
monolayers of intensely positive cells. Both cekkmbrane and cytoplasm contained
uniform stain. All tissues contained small numbefsymphocytes and fibroblasts with
uniform intense positive stains, identical to thaiserved in the lymph node and
synovium preparations.

The ovarian serosa, medulla, and cortex contained4Cimmunoreactivity in
differing degrees. The medulla and cortex had rsi&ining, with increased intensity in
follicular structures. The secondary and tertiafjidles contained mild antral fluid stain.
The granulosa cells presented a moderate stairentated in the luminal membrane.
The internal thecal cells had a mild stain to rennshg in smaller follicles. The outer
thecal cells had a more intense stain in largeliches. Fibroblasts were graded as
moderately to intensely positive. Luteal cells,npary follicles and oocytes were not
observed in the examined sections.

Positive staining for CD44 was identified in celd all layers of the
infundibulum, ampulla and isthmus. The stain wawest as moderately positive in cells
in all the oviductal tunics and intensely positivethe serosal surfaces. The luminal
epithelium was positive for CD44 with decreasingemsity from intense in the
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infundibulum to moderate in the isthmus. This staas confined to the ad-luminal and
basolateral membranes and the supra-nuclear regidres areas of higher antibody
uptake were found on the basal surface of the &mbepithelial cells throughout the
oviductal luminal epithelium, especially of the s#ory cells. (Figs.1a and 1b). The cilia
did not bind anti-CD44 antibody.

The CD44 molecule was localized primarily in therite endometrium but not
uniformly in the uterine glands (Figs. 2a-c). Exgmien of CD44 is prominent in surface
endometrial cells, reaching a more intense staithasuterine endometrial cells grew
taller and columnar in the different regions of #gredometrium. Variations in surface
endometrial epithelium and staining intensity werederate between mares. The uterine
gland epithelium did not express CD44, but smalinbars of lymphocytes in the
glandular lining did bind antibody to CD44. Intensemunostaining was observed in
areas of periglandular fibrosis and by lymphocytescattered foci of inflammation in

the uterus of two mares. Uniformly, the myometridih not stain for CD44.

Immunoelectron microscopy

The luminal epithelium of the infundibulum of theiduct was examined with
EM, as this was the area with the most intenselilzh immunostaining. The images
showed a non-specific localization of Protein Aeyablloid within the epithelial cells.
The colloid was identified in the cellular surface®d the extracellular matrices, as well
as fibroblasts in the lamina propria.

In the epithelial cells, aggregates and individpaiticles (interpreted to reflect
individual and groups of CD44 molecules) could tentified in the cellular membrane,
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cytosol and nucleus. This uptake did not seem fttovio any pattern of known
intracellular transport, although some could beatesl to ribosomal structures and
cytoskeletal elements, such as gold particlesweat present at the base of some cilia.
No difference could be observed betwd#endisposition of the Protein A-gold
colloid particles in the ciliated and secretoryl @lthe EM level. On the other hand, the

colloid particles were absent from the cilia, assesfed with light microscopy.
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DISCUSSION
The present study demonstrates the presence amadizhtion of the
hyaluronan receptor CD44 in the reproductive tcddhe mare. CD44 was identified in
the ovaries, oviducts and uterus of six mares. fédeeptor was distributed mainly
throughout the luminal epithelia and on serosafasas. This finding may guide the
development of clinical applications that modulétte CD44-HA signaling process in
equine theriogenology and surgery.

In this study, the ovarian serosa, medulla andegoexpress CD44 to different
degrees. The medulla and cortex had a low CD44esgmn with increasing intensity in
follicular structures and antral fluid, suggestmgole of CD44 in follicular and oocyte
development. The granulosa cells express modezadds| of CD44 that are concentrated
in the luminal membrane, indicating a possibleratgon between the antral fluid HA
and CD44 receptors on the granulosa cells. Thenaltehecal cells express little to no
CD44 in smaller follicles. The outer, fibroblagtdi thecal cells of large follicles express
CD44 at moderate to intense levels. Outer thedls feanction in vascular and connective
tissue deposition around the maturating folliclelliEular rupture and ovulation have
been considered forms of inflammation, as they o#lyan inflammatory infiltration of
theca cells for the release of follicular contg28) Based on the well known functions

of the CD44-HA system in inflammation, cellular magon, and matrix development, we
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anticipate a relationship between the intense CB®4gtession by outer theca cells and
the surrounding connective tissues and folliculgature and ovulation.

The extensive localization of CD44 in the lumimeglithelia of the oviduct and
uterus in this study suggests a role of the CD44ihtAraction in the fertilization and
embryonic events in the mare. The immuno-locakratif CD44 in the oviduct coincides
with that described in the pig and bovine (67,&8)jcating that there may be a common
reproductive function of this receptor-ligand systdhe specific localization of CD44 in
the secretory epithelial cells of the equine oviduay indicate the possible role of CD44
in the uptake and degradation of HA from the equwiductal fluid. This localization is
related to the involvement of HA metabolism frore twiductal fluid in the bovine.(2) In
contrast to the expression of CD44 by secretorthefal cells of the equine oviduct, the
ciliated tubal cells present only basal or baseridtstain. The absence of stain in the
cilia and luminal surfaces may be related to thepplsive functions of these structures,
preventing adhesion of the oocyte or developingrgmin the oviduct wall.

The presence of CD44 in the cytoplasm of the endwsheoviductal and ovarian
cells may represent evidence of an intracellulama@ia or location of CD44. Further
research is needed to elucidate a relationshipisfldécation with signaling between HA
and cytoskeleton proteins.

Various isoforms of CD44 have been identified ie #ndometrium of women
and of various laboratory species. Functions of €dthis tissue include: maintenance
of the integrity of the epithelial sheet, modulatiof cell invasion and migratory
capacities during menstrual re-epithelization amdbryo implantation.(10,13,20-23)
Expression of isoforms of CD44 were restricted lte basal and luminal areas of the
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epithelia of the human endometrium in one study),(8&t were routinely identified in
the basolateral surface of the endometrium of megand non-pregnant women (62),
and in the equine endometrium in our study. Givea tifferences in endometrial
disposition in human beings and mares, CD44 waectgd to be expressed in different
areas as shown by this studihe human endometrium undergoes dramatic remodeling
during the course of the normal menstrual cycle,the regulation of this process is not
completely understoodThe dramatic changes in hyaluronan deposition dmel t
correlation of HA with cyclic growth and remodeling the human endometrium
suggests a major role for hyaluronan in the phggilof this tissue.(86) The equine
endometrium does not undergo such a dramatic redingdenly changing transitionally
from cuboidal to tall columnar cells, dependingtba stage of the of the estrous cycle.
The increased CD44 expression by surface coluneilr io the mare endometrium may
imply a preparation for embryo implantation angtroblast development.

The equine embryo migrates throughout the utertisay 15, when it comes to
rest at the caudal end of one of the horns, ocagpginidation chamber.(87,88) Uniform
CD44 expression was found throughout the endonmetatithe caudal end of the uterine
horns. This finding suggests a role of the CD444Ht&raction in the implantation of the
equine embryo in this area.

Hyaluronan and CD44 are expressed in the humahatdast where they are
believed to participate in the invasion of the endtrium.(64) The invasion of the equine
endometrium by the trophoblast cells around Days3fitiated by the destruction of the
endothelium and further establishment in the endovahstroma.(89) A relationship may
exist between the intensity of CD44 in the equineagnetrium, as identified in this

27



study, and the success of trophoblast invasionthBuresearch is needed to study the
roles of HA and CD44 in the pregnant equine uterus.

The trophoblast cells become surrounded by a walyraphocytes when they
reach the uterine connective tissue.(88) Expressfo@D44 was found consistently in
the equine uterine connective tissue and lymphsaytéhe uterine stroma. Based on the
role of CD44 in lymphocyte migration,(5) a relatstiip may exist between this finding
and the recognition and surrounding of the tropasibtells by lymphocytes. A strong
leukocytic response is also related to necrosis sindghing of the trophoblast or
endometrial cups by Day 130 in the mare.(28) Thehaeism of their demise is not well
known.  Signaling by CD44 may be involved in thegulation of apoptotic cell
clearance. Studies in mice with targeted deletioinseveral exons of the CD44 gene
were associated with an increase in apoptosisfittfating cells. (8) CD44 may regulate
cell survival and clearance of apoptotic leukocytsring the evolution of an
inflammatory response.(8)

The CD44 molecule was expressed minimally in tleeine glands, with only 1 to
3 cells per gland demonstrating positive stainisTimding correlates with observations
made in human endometrium where coding sequendbddCD44H isoform was absent,
or very scarce, in a cDNA library produced fromiped gland epithelium.(62) The use
of HA preparations locally or systemically may &icthe prevention of fibrosis. For this
purpose, future research should be performed oextpeession of CD44 and on CD44-
HA interactions in mares suffering from endometpathology.

Similar studies have described CD44 in equine nuares,(79) lymph nodes,
gastrointestinal and synovial tissues.(52) Theseliss used immunohistochemical
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labeling to identify the cell types that contaire t6D44 receptor in a protocol similar to
that used in this study.(52,79) Immunoelectronrascopy has been used to describe the
location of the receptor CD44 in relation to théradtructure of equine mesothelial
cells.(52) The distribution of the Protein A-gol@rpcles in our study could not be
correlated with the known or expected intracelldestribution of CD44. The reason for
the conflicting labeling results between the twadsts may be related to the presence of
receptors with similar antigenic sites to CD44 éotiA receptors like RHAMM and
TSG-6)(4) in the equine oviduct, that may not pnése the equine mesothelium, and to
differences in fixation and processing.

Considering the information available and the Iteswf this study, the
localization of CD44 suggests an important role toe CD44-HA pathway in
reproductive events like sperm storage, maturatiapacitation, and fertilization, as well
as in ovulation and trophoblast implantation. Indiidn, the confirmation of the
expression of CD44 by leukocytes and by serosaddinells in the equine abdomen is an
important foundation for future studies investiggtithe therapeutic modulation of this

signaling pathway.
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FIGURES

(@)

Figurela: Immunolabelling for CD44 of the equinédoxt. (a) Infundibulum, x 100,
Black arrows depict CD44-positive staining in tlesblateral membranes and

supranuclear regions of the ciliated cells.
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(b)

Figurelb: Immunolabelling for CD44 of the equineduct. Ampulla, x 100.
Black arrows depict CD44-positive staining of ttanciliated, secretory cells. The stain

is localized mainly in the basolateral membranes.
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(©)

Figure.1c: Immunolabelling for CD44 of the equingdaict. Infundibular cilia, x 100.

Arrow heads highlight absence of CD44-staininghia ¢ilia.
<
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(@)

Figure 2a and b: Immunolabelling for CD44 of thelieg@ uterus. Uterine glands, x 100.
Black arrow depicts CD44-positive staining of tle#l membrane of a uterine gland
epithelial cell. Black arrow heads indicate CD44ifige stain of the cell membrane of

lymphocytes.
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(©)

Figure 2c: Immunolabelling for CD44 of the equinterus. Endometrium, x 100.
Black arrows depict CD44-positive staining on tlaasdiateral membranes of the

endometrial epithelial cells.
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Figure 3: Immunoelectron Microsocopy for CD44 o gquine oviduct. The colloid was
identified in the cellular surfaces of ciliated lsglassociated with the cilia and the
extracellular matrices (a), as well as intracelyldb). Arrows depict the presence of

colloid.
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Table 1 Signalment of the mares used in the study: breed,ge (years) and

endometrial biopsy category.

Mare number Breed* Age (years) Endometrial biopsy ategory
1 AQH 4 |
2 AQH 5 |
3 TWH 8 I
4 THB 11 I
5 THB 14 I
6 AQH 16 I

*AQH- American Quarter Horse, TWH- Tennessee wakimorse and THB-

Thoroughbred.
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Table 2 Expression of CD44 by Component Segments of the MarReproductive

Tracts
Endometrial | Endometril | Endometrial
Mare | Ovary | Infundibulum |Ampulla |Isthmus
epithelium glands serosa

1 Moderate Strong Moderate Moderate strong mild Oongfr

2 mild strong moderate mild moderate mild strong

3 mild strong moderat¢ moderate strong mild strong

4 moderate strong strong moderate moderate milg ongtr

5 mild strong moderat¢ moderate strong moderate ongtr

6 mild strong strong moderate strong moderdte gtron
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