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Aims of thisthesis

Neutrophil degranulation, angiogenesis and wounalitg are three important
host responses during inflammation. In this thegswanted to study how the
immunocalinal-acid glycoprotein (AGP), in its role of immunomudatory acute

phase protein, affected this processes in ordehdip get a better overall
comprehension of the acute phase reaction. To deessiudied bovine neutrophil
degranulation within the frame of acute inflammatand, on the lack of a good
bovine endothelial model, we studied angiogenesid wound healing on

endothelial human primary cells.



Acute Phase Proteins and the Bovine Mammary Gland

During mastitis the bovine mammary gland produceBuach of proteins to
defend itself from a bacterial attack or injury.eTo called acute phase proteins
(APP). These proteins exhort several immunolodicattions:

* Opsonization

* Recruitment of immunological cells (neutrophils andnocytes)

* Induction of metaloproteases (MPP) to degrade xtraeellular matrix
* Complement activation

* Inhibition of the coagulation

e lron binding

* Hemoglobin binding

Its production and action needs to be tightly ratgd to minimize and dampen
the side effects of inflammation. When the locabdarction of APP is not
sufficient to contain or eradicate the infectionc@l response), the liver gets in

action, producing a much more efficient systemgponse (Rainard 2005).

The bovine mammary gland during its local respgrseluces different APP and
other immune-related factors with diverse actigitiall of them focused on

fighting against the invading bacteria (Rainard&Rio2006).

The lipopolysaccharide-binding protein (LBP) is one of them, its classic
function is to bind LPS, to present it to CD14 sedind activate the toll like
receptor 4 (TLR4) pathway (Zweigner 2006) thoughvnee know that it also
recognizes other pathogen associated moleculagerpat{PAMP’s) a group of
cytoplasmatic molecules anchored to the membraf&ain-positive bacteria and
activating the TLR2 pathway, making of LBP a crud®P since it can amplify
the immune response against both classes of badf®ehman 2010). Plasma

levels can increase up to seven fold during expartal infection with



Mannheimia haemolyticéPasteurella) (Schroedl 2001), and both plasmanatd
levels do increase during experimental mastiti;m(@aman 2003).
It is mainly synthesized by the hepatocytes butaekiepatic expression has been

reported (Rahman 2010) in several bovine tissuiéis avfferent intensity and

distribution:
Tissue I ntensity Distribution
Lung Low Multifocal
Mammary gland High Diffuse
Parenchyma High Diffuse
Cistern Moderate Diffuse
Teat High Diffuse

Extra hepatic expression of LBP in bovine tissuegpliysiological conditions (Modified from
Rahman 2010)

Serum Amyloid A3 (SAA3) is one of the major reactants during the acute
inflammation response (Molenaar 2009). It can iasesup to 1000-fold in human
and mice whereas it's levels in bovine milk carerigp to 110ug/ml during
mastitis (Eckersall 2001). As with many other APB éxact role it not yet fully
understood but it's multifunctional and might ind&s several immunological
functions (Jensen&Whitehead 1998).

In humans different SAA’'s mMRNA’s have been detecteddifferent tissues
including intestine, pancreas and breast epithekdls (Urieli-Shoval 1998). In
the bovine mammary gland it was found at low lewelspithelium with lactation
phenotype but at high levels in ductal epithelellscand vesicle engorged alveoli
(Moleenaar 1996) and strongly induced during miastit secretory mammary
epithelial cells (MEC). With the exception of theer SAA3 expression profile
during different physiological states it's very damn to that found for lactoferrin
(Molenaar 1996) being more expressed during pregnamvolution and

infection than during lactation.

Bovine milk contains very littled.actoferrin (Lf) 20-200ug/ml compared with
human mil 1-2mg/ml (Rainard 2006). The main sowté&f in bovine milk are

the mammary epithelial cells (MEC), and while #spression it's moderate/high



in the ducts an cisterns it's totally absent in greximal end of the teat canal
(Molenaar 1996). Main function of Lf is bactericgtathrough its iron-chelating
properties,E.Coli being the most susceptible to its action amongnilastitis-
causing bacteria since it has high iron requiremertiese iron-binding properties
are probably of low efficiency during lactation Hikely to be significant when
the mammary gland is fully involuted (Rainard 2Q06j also activates the
classical complement pathway resulting in opsominadf the bacteria as it has
been shown irS.agalactiae(Rainard 1993). It also seems to have an overall
dampening action during the acute mastitis by ibopd to  LPS
(lipopolysaccharide a constituent of gram-negabeeteria), LTA (lipoteichoic

acid a major constituent of gram-positive bactesiad CpG (Rainard 2006).

Haptoglobin (Hp) is also mainly secreted by liver, it is a majorFAIR ruminants
(Hiss 2004) and has been suggested and used agrasiic marker for mastitis
(Eckersall 2001) and respiratory diseases in cétteegaard 2000). The use of
milk Hp as an early marker for mastitis does notkwdue to the low detection
limit of the assay (Hiss 2004) but the fact that ¢¢m be found in milk during
experimental LPS provoked mastitis even before nitraases its serum
concentration demonstrates the fact that mammarydgtynthesizes its own local
Hp which might be used for its bacteriostatic prtipe (Eaton 1982, Hiss 2004)
its down regulation of the immune response by segging production of
proinflammatory cytokines in monocytes, or its aa@pato inhibit the respiratory

burst activity in neutrophils.

al-Acid glycoprotein (AGP, Orosomucoid) is a minor acute phase protein in
cattle (Tamura 1989) where it can rise up to 3 foldring acute phase
inflammation rising from physiological levels (0.8ml) to acute phase levels
(0.9mg/ml) it is mainly produced by liver but heattiepatic expression has been
widely reported in other human tissues such asusdited alveolar macrophages
(Fournier 1999), breast epithelial cells (Gendl&82) or endothelial cells
(Sorensson 1999) as well as in several bovinedssg$lecchi 2010) like spleen,

sub-mandibular gland, lung, uterus and pancreds a@ficourse a higher mRNA



expression found in liver, and in at a much loveael in other tissues as lymph
node, parotid gland, tongue or kidney. In all aérththe immunohistochemistry
revealed endothelial expression, except for livaere AGP was found all over
the cytoplasm. In the mammary gland AGP was foimdhe epithelium
(Ceciliani 2005) where it probably has an importaad¢ dampening the collateral
effects of the acute inflammation during mastihattare often responsible for
sever lesions to the mammary epithelium (Burver@03). As is Hp and SAA,
AGP is also present in milk during mastitis whdrean be found in two forms a
low MW (44kDa) isoform that is expressed by the maary gland epithelium
(Ceciliani 2007) and a much less abundant high M& ®5-70kDa) produced by
somatic cells (SC), that considerably rises itscemtration during mastitis when
large amounts of polymorphonuclear cells (PMNC)spt®rough the hemato-
mammary barrier to get to the local site of inflaation and release its granules.
This high MW AGP is apparently identical to theferm found in PMNC which
in humans has been reported to be expressed dhengpieloproliferative phase
and then carried to the inflammation focus by thature PMNC (Theilgaard-
Monch 2005). This uncontrolled influx of activateMNC to the mammary gland
is considered to be the major cause of damageeartimmary gland during
mastitis (Ceciliani 2007) the release of the SC-AgBEhe local inflammation spot
where it exhorts all it's anti-inflammatory acties$, including dampening of the
inflammation and increasing the bacterial resistaisca very important process

that still needs to be fully understood.



The al-acid glycoprotein (AGP)

al-acid glycoprotein (AGP), also known as orosomdc¢@®RM) was first
described by Karl Schmid and Richard J.Winzler #%a (Schmid 1950, Weimer
1950). It is one of the major positive acute phpssein (APP)s in the human
body (Fournier 2000) and in several different segci(Ceciliani 2007).
Throughout evolution, AGP has been highly consgramd is basally expressed
over the life span, even in the face of severevatam (Liao 1985). Although
many important biological activities have been ibttted to AGP, its exact
physiological function(s) remains unclear. AGPfaand in plasma under
physiological conditions; its concentration in teerum/plasma can increase

several fold during the acute phase response.

concentration in plasma | Increaseduring acute
(mg/ml) phasereaction

Human 05-1 |
Bovine 0.2-0.45 [

Pig 0.3-0.56 o/l

Dog 0.05-0.8 [

Cat 0.1-0.48 [
Mouse 0.2-04 |

Rat 0.1-0.2 I

AGPPLASMA LEVELSIN MULTIPLE SPECIES.O:no change, |:1-10-fold increase, II: >10
fold increase. (Ceciliani 2007).

AGP has very unusual biochemical characteristichas a molecular weight of
41-43kDa, with a high carbohydrate content of 4586ufnier 2000,Schmid
1977). This molecule has an extremely low pl of28 and an unusually high
solubility in both HO and in polar organic solvents (Fournier 2000).

Amino Acid Core of AGP

AGP is encoded by 3 adjacent genes in chromosonié®.predominant gene

product, AGP-A (ORM1) is upregulated during thetagohase response, encodes
a 201 amino acid (aa) precursor protein with aetecy NH-terminal signal
peptide of 18 residues (Schmid 1973, Herve 196Bop&feld 2008).
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AMINO ACID SEQUENCE FOR AGP IN MULTIPLE SPECIES

MOUSE MALHTVLI | LSLLPM.EAQNPEHANFTI GEPI TNETLSW. SDKWFFMGAAFRKLEYRQAI 60
RAT MALHWLWVLSLLPLLEAQNPEPANI TLGH Pl TNETLKW. SDKWEYMGAAFRDPVFKQAY 60
HUMAN MALSW/LTVLSLLPLLEAQ PLCANLVPVP- | TNATLDQ TGKWEY! ASAFRNEEYNKSY 59
BOVI NE MALLWALAVLSLLPLLDAGSPECANLMIVAP! TNATVDLLSGKWFYI GSAFRNPEYNKSA 60
* k% .* :***** * * % * ** * % % * . ::.*** :.:*** : s
MOUSE QTMQSEFFYLTTNLI NDTI ELRESQTI GDQCVYNSTHLGFQRENGTFSKYEGGVETFAHL 120
RAT QTI QTEYFYLTPNLI NDTI ELREFQTTDDQCVYNFTHLGVQRENGTLSKCAGAVKI FAHL 120
HUMAN QEl QATFFYFTPNKTEDTI FLREYQTRQDQC!H YNTTYLNVQRENGTI SRYVGGQEHFAHL 119
BOVI NE RAI QAAFFYLEPRHAEDKLI TREYQTI EDKCVYNCSFI KI YRQ\IGTLSKVESDREHFVDL 120
: : * - - . . - * % * % * * * % - : . * * % * * .
MOUSE | VL RKHGAFM_AFDL KDEKKRGL SL YAKRPDI TPELREVFQKAVTHVGVDESE! | FVDVWK 180
RAT I VLKKHGTFM_AFNL TDEN- RGL SFYAKKPDLSPEL RKI FQQAVKDVGVDESE! VFVDWE 179
HUMAN LI LRDTKTYM._AFDVNDEKNWGL SVYADKPETTKEQLGEFYEALDCLRI PKSDWYTDVWK 179
BOVI NE LLSKHFRTFIVLAASV\NGTKNVG/SFYADKPEVTQE(XKEFLD\/I Kcl @ QESEl | YTDEK 180
ek ok ok . * * * * k.
MOUSE KDRCGQQEKKQLEL GKETKKDPEEGQA 207
RAT KDKCSEQQKQQLELEKETKKETKKDP- 205
HUMAN KDKCEPLEKQH- - - EKERKQEEGES- - 201

BOVI NE KDAC(?PLEKQ+ -- EEERKKETEAS— - 202

*k Kk

Amino acid sequence alignment and homology comparg AGP’s primary structures ofl.-acid
glycoprotein from different species. The accessiombers (Swiss-Prot) are the following: mouse Q6059
rat P02764, human P02763, bovine AJ844606.

AGP is comprised of a single polypeptide chain28f1-207 residues, depending
on the species, two disulphide bridges linking eyst pairs 5-147 and 72-165
(Schmid 1974) which play a crucial role for its imt folding and intramolecular
and intermolecular interactions (Nishi 2006).

The aa backbone of human AGP has been resolve8 # and was found to fold
in a typical lipocalin tertiary conformation (ScHeld 2008). This structure is
comprised of 1) an eight stranded beta-barrel @erdral folding motif, 2) a
flanking a-helix, and 3) four loops connecting tfestrands to form the entrance

to a ligand-binding pocket at the open end offiarrel.
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The refined crystal structure of human AGP at 1r8¢olution shown as a ribbon cartoon in stereo
view. Secondary structure is colored yellgwsfrands), pinkd-helix), and gray (coils), while the
two disulphide bridges are shown in orange. Then@uel of thed-barrel is highlighted in cyan.

The 5 N-glycosylation sites and the residue Trp2H$erved throughout the lipocalin family) are
depicted as blue sticks.

(Schonfels 2008).

Earlier studies indicate that AGP has a wide aedilfle drug-binding area to
which both acidic and basic drugs can bind withsiderable overlap (Maruyama
1990). In fact, the nonglycosylated AGP present&et-like cavity that measures
9-12A in diameter, is ~18A deep, and containsettistinct lobes, a main deep
nonpolar lobe flanked by two smaller negatively+geal lobes (Schonfeld 2008).
The intricate geometry of the cavity and the flékipof its structure, explains the
broad spectrum of basic and neutral compounds daatbe engaged by this
lipocalin ( Schonfeld 2008, Israili 2001).

12



Glycosylation

AGP is heavily glycosylated. Approximately 45% 6§ i43kDa molecular mass
can be attributed to attached sugar chains, pliagebt N-glycosylation sites
(Asn-15, -38, -54, -75, -85) that are not conseraetbss species lines. These
glycans contain a wide range of sialo-oligosaccles;i being one of the few
serum glycoproteins that can express di-, tri- @tih-antennary N-linked glycans
(Fournier 2000, Ceciliani 2007).
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List of sialo-oligosaccharide structuresfound in human, bovine, and rat AGP. (Ceciliani
2007) N indicates N-acetylneuraminic acid (NeuAg)ndicates N-glycolylneuraminic acid
(NeuGc). For detailed description of the structuedsr to the paper of Dr.Nakano 2004.
(Courtesy of Dr.Nakano)
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Of these glycans, 10-12% are terminated by a s#&lid residue (NeuAc), each
coupled througla(2-3) ora(2-6) linkages to a subterminal galactose residihes
high sialylation state is responsible for the low(p.8-3.8) of AGP (Ceciliani
2007).
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Structur e of N-acetylneuraminic acid (Neu5Ac), the main representative of the sialic acid
family, and some of its modifications (Lamari 2062): acetyl, R7: acetyl, R8: acetyl, methyl,
sulfate, R9: acetyl, phosphate, lactoyl. (Cecil2007)

Such a high diversity of glycan expression woulddizt more than Todistinct
glycoforms of AGP. However, some combinations hae¢ been described in
nature. In fact, only 12-20 different glycoformsadae detected in healthy human
serum (Ceciliani 2007, Treuheit 1992). The glycatigh pattern is strongly
influenced by the pathophysiological condition d&fethost, including acute
inflammation, pregnancy, severe rheumatoid arghrithd alcoholic liver cirrhosis
or hepatitis ( Fournier 2000, Biou 1991, Jezeq8d8] Biou 1989, Serbource-
GoguelSeta 1986, Wieruszeski 1988). The glycosylasite Asn-38 is located in
the a-helix. A change in its glycosylation, might influee the tertiary
conformation of the molecule and thus, its ligamding activity (Ceciliani
2007).

In addition to its 5 N-glycosylation sites, AGP alsontains 8 potential
phosphorylation sites, that vary in number and tpmsidepending on the species
(Ceciliani 2007). Surprisingly, very little is knomabout the phosphorylation state
of AGP and whether it regulates its biological ftime.
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Gene Structure

Human AGP is encoded in chromosome 9, in a 70kliomegencoded by 3

adjacent genes: AGP-A, AGP-B, AGP-B'.

AGP-A is the major gene product expressed in Jiadout 100-fold more than

the other two AGP isoforms. AGP-B and AGP-B’ areritical and each only

differs from AGP-A by 22 base substitutions (Fooeti 2000). These two genes
are probably a result of a recent duplication (E€r87).

AGP-A gene is constructed of six exons and fiveoimé. The whole coding

region is included in a 4.6kb Hindlll fragment (Denl987) that includes the
coding region plus a 5" and a 3'- flanking DNA regithat are 1.2kb and 2kb
long, respectively (Dente1988).

The cDNA is 823bp long, with 78 untranslated baaeshe 5 end and 143

untranslated bases at the 3’ end, adjacent todlyé pail (Dente 1985).

Rat AGP is encoded by a single gene (Liao 1985).

Mus carolihas 8 genes encoding AGP (Prowse 1990). Howevgrtwao of them
are expressed at the protein level.

BALB/c mice expresses two forms of AGP, AGP-1 ardPA2, each encoded in
chromosome 4 (Cooper 1986). Mice, as is true fis, raave the same gene

structure for AGP as do humans, six exons andifitrens (Fournier 2000).

SRU
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GHRE ?

o
»
o

“,, (-160) GR| .. AGP

@ C/EBPa @ C/EBP B AGlucocomcoid receptar l:l NF-xB - X Factors

Regulatory elementsand trans acting factorsimplicated in the expression of the AGP gene.
The AGP gene promoter contains several positivaciisig sequences within the SRU that are
involved in its regulation by glucocorticoids: t&dRE that binds the glucocorticoid receptor
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interacting sith C/EBP, the upstream responsive elements (URE) and otlgéwns that interact
with C/EBR3. All these elements are essential for maximal atidn of the AGP promoter by
glucocorticoids. The PBRE and the region probatyived in growth hormone response are
located within the SRU, and interact with unknowantérs (X factor), NF-kB and C/EBHactors.
The distal responsive element (DRE) implicatechimmriegulation of AGP by cytokines is located
in the enhancer region and interacts with C/EBFournier 2000).

AGP is a positive APP, and like serum amyloid Aptieglobin and C-reactive
protein, is regulated by the pro-inflammatory ¢éynes, IL-1, IL-6, and IL-8 as
well as by glucocorticoids (Fournier 2000). Retmaicid can also indirectly
modulate hepatic expression of AGP through incrtade6 biosynthesis
(Ceciliani 2007).

During the acute phase response, the serum coatientrof AGP not only

increases but it's glycosylation pattern changgs.sialylation and fucosylation

states both change during an inflammatory proc8hg/én 1997) and these two
modifications are independently regulated from gtstein synthesis (DeGraaf
1994,1995).

Terminal sialic acids on AGP influence its halklif Desialylation of AGP

decreases itg/4 from 5 days to 2 minutes (Weis 1989).

AGP as a Binding and Transpor tation Protein

AGP is one of the most abundant proteins in plagdchmid 1975). And together
with albumin and the lipoproteins is one of the triogortant binding proteins in
plasma. Its 3D structure, rich flasheets clearly resembles the conformation of a
transport protein, the so called lipocalin signat(@chonfeld 2008). It has been
demonstrated that in non pathological circumsta#¢eB can bind more than 300
different molecules and drugs (Israili 2001). Theding and transport of some
ligands, specially endogenous ones are probablyglved in several important
biological activities of the protein (Ceciliani 200

Plasma AGP’s concentration is much lower than albumin physiological
conditions, but during the acute phase response B&®mes one of the most

important binding/transporting protein for endogesmiomolecules since it's

16



concentration is several fold increased while alioien being a negative acute
phase protein, decreases. In fact, during analberman AGP plays a major
compensatory role by binding many amphipathic ntedsa becoming their
principal carrier in the absence of albumin (13r2601).

Due to it's very special physical-chemical propstipl 2.8-3.8) AGP can bind
basic and neutral molecules. AGP can also bind gemwus ligands, such as
heparin, 1gG3, serotonin (Schmid 1972), plateletivatng factor (PAF)
(McNamara 1986), melatonin (Morin 1997), histamif@hachaj 1980), and
steroid hormones (McPherson 1980). Interaction d&PAwith amphipatic
mediators of inflammation such as PAF or PgE2 hiss laeen reported (lvanov
2005). AGP is also the main vanilloids-binding eintin serum (Szallasi 1992)
which can be inhibited by chlorpromazine and trisly-ethylphosphate
indicating that AGP presents a specific binding donfor vanilloids. AGP can
also bind acidic molecules like retinoic acid (I6ra001), phenobarbital (Schley
1983) and propanolol (Albani 1984) which is bounthwdifferent stereospecifical
affinity, being (-)propanolol much easily boundédn (+)propanolol. Some other
compounds have been found to have several bindieg, sike estradiol, which
can bind to 7 different sites (Kerkay 1968).

Some of the molecules binded and carried by AGR aégulate its own
expression (Ceciliani 2007). Retinoic acid is alwe increase AGP gene
expression in rat hepatocytes (Mouthiers 2004), rede phenobarbital induces
AGP gene overexpression (Mejdoubi 1999). AGP casp abind to toxic
molecules produced by microorganisms such as texiins (Frantz 2000) and
bacterial lipopolysaccharide (LPS) (Libert 1994hug serving as a general
protective agent against septic shock.

Endothelial cells constitutively produce AGP andb@x it to the glycocalyx
where it plays an important role in maintaining ilap permeability (Haraldsson
1987) where in rodent models has been shown toreahprotective function by
maintaining organ perfusions (Muchitsch 1998).

AGP can also bind other serum proteins. In padiculAGP binds plasminogen
activator inhibitor type 1 (PAI-1) (Boncela 200IAI-1 is a serpin (a serin

protease inhibitor) and plays a very important ioléhe regulation of fibrinolysis.
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(Ceciliani 2007). It is usually complexed with witrectin and circulates in this
form (Declerck 1988). AGP has a much lower affirfity PAI-1 than vitronectin,
but during the acute phase its concentration caopé& ten-fold higher (Berk
1990) suggesting that AGP might act as a reseofdlre biologically active form
of the protease inhibitor, specially during the tacphase. Moreover, during the
acute phase, the complex AGP/PAI-1 may accumulatghe surface of the
endothelium due to the high affinity of its glycamoiety to E-selectin on the
endothelial cell surface, inducing a local generatiof thrombin at the
inflammation site (Ceciliani 2007). AGP as othgrokalins, is also involved in
the transport of olfactory substances (Guiraudi®320in the nasal mucosa

through the binding of lauric acid.

NEUTROPHILS

Neutrophils are the first line of defense againsteide forms of injury and
invading bacteria. These cells arrive to the sitanéection within minutes to
neutralize the threat through multiple mechanismgutrophils phagocytose
bacteria, produce reactive oxygen intermediaté€3lRand release antimicrobial
contents of their granules (Borregaard 1997). Humaumtrophils have secretory
vesicles and primary (azurophilic) and secondapgc#ic) granules that contain
antimicrobial proteins and proteases that, upoivatan, are released at the site
of tissue injury. Small ruminants and cows alsoehavunique, large type of
granules that are not shared by humans (Gennar®).19fereas the contents of
both granules and secretory vesicles have beehdnaically characterized, their
mobilization and regulation are poorly understo@Gdntents of those granules are
cytotoxic and essential to oppose infections bubhatsame time failure to control
their release can provoke massive damage to theuswling tissues (Smith
1994).

In both human and bovine species, two distinctoisas of AGP can be found.
One highly glycosylated AGP isoform has a high MB0-60 kDa) and is

18



synthesized in myeloid cells in the bone marrow nehiey are and stored in
secondary granules (Theilgaard-Monch 2005). Anotaerless abundant AGP
isoform has a much lower MW (42-45 kDa) and afterelease from the liver is
endocytosed by neutrophils where it is stored ioretery vesicles (Rahman
2008).

Upon neutrophil activation, secretory vesicles #re very first ones to be
released, readily followed by secondary granuléss Pattern of release indicates
that AGP exerts both local and systemic immunomatduwy activity (Fournier
2000). Even if the amount of AGP released by mgils at the inflammatory
site might seem “not important” compared to thespla AGP we can't exclude
it's relevance since it's known that as little aggiml of AGP increases the
cytosolic C&" in humans (Gunnarsson 2007).

The distinct molecular weights of the two isoforfoand in neutrophils are due to
different post-translational modifications whichggests that glycosylation does
not only depend on the physiological state of thetlbut also on the tissue that

expresses the protein (Rahman 2008).

AGP is not only stored in neutrophils it also birtdsits membranes regulating
different activities. As little as 1ug/ml of AGPsds neutrophil cytosolic [F in
humans (Gunnarsson 2007) and acute phase concamgréd.9mg/ml) diminish

exocytosis of specific granules in bovine (MirarRi@era 2010).

THE ENDOTHELIUM

The microvascular endothelium presents a selebtwder that actively regulates
movement of circulating fluid, macromolecules, acells into extravascular
tissues and compartments. Several distinct inteteeljunctions regulate the
paracellular movement of high molecular weight e, lipids and cellular

mediators of the immune system. While some endathidte the cerebral
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microvasculature express predominantly tight juonj other endothelia like the
hepatic endothelium contain much larger gaps péngithe passage of larger
molecules. Since this heterogeneity not only ingshcell junctions, but also
surface antigen expression and growth factor respeness, it is crucial to study

each distinc type of endothelium (Prudence 1993).

AGP plays a vital role maintaining normal endothkebarrier integrity in rat
skeletal muscle (Haraldsson 1987). Similar resuéise shown in frog mesenteric
capillaries (Curry 1989). In both cases, AGP wagquired to maintain the
capillary charge barrier, due to it's low pl of 2&ther than a change in the
equivalent pore radius since the hydraulic condigtinever changed. These
same findings were extended to the very speciali&radture of the glomerulus
(Haraldsson 1992) where AGP was needed to maimi@imal barrier function.
Moreover, dermal human endothelial cells synthe#iz& own AGP (Sorensson
1999) to help maintain their own intrinsic chargdestivity. The interaction of
AGP with the endothelial glycocalyx has not bediyfstudied. However, AGP is
known to affect the 3D arrangement of collagen laonine serum AGP (boAGP)
binds to the surface of bovine pulmonary microvémcwendothelial cells
(BLMVEC) (Schnitzer 1992) in a ligand-receptor maneven if the receptor has

not yet been defined.
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AGPIN NEUTROPHIL GRANULESAND ITSEFFECT
ON DEGRANULATION
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I ntroduction

Innate immunity strongly relies on the activity pblymorphonuclear (PMN)
neutrophil leukocytes. They represent the firse lof defence against invading
pathogens by migrating to sites of infection witmmnutes from any injury, in
order to search and destroy foreign intruders ($4®94). Neutrophils fulfil their
role mainly by internalizing and exposing pathogemshe destructive action of
reactive oxygen species (ROS) and hydrolyzing eezsystored in their granules
(Roos 2003). Bovine neutrophils, like other specmmtain secretory vesicles,
primary (azurophilic) and secondary (specific) gias. In addition, bovine and
other small ruminants, such as goats and sheerg sha&ue, large, granules that
are not present in human cells (Gennaro 1983, P&A)#3). While the
organization of granules in bovine neutrophilsnewn, there is a relative lack of
knowledge about the molecules which modulate theabilization. Neutrophil
exocytosis occurs due to the translocation of e his process is hierarchical,
secondary granules being mobilized more readilp ffrémary ones, in humans as
well as in bovines (Watson 1995, Borregaard 199ape 2003), and it is likely to
be dependent on specific remodelling events. Duido very high destructive
potential, both PMN and organism as a whole haweldped tight controlled
mechanisms whose role is down regulating and Imitthe destruction of
surrounding cells and tissues (Serhan 2005). Tkeluton of the neutrophil
phase of inflammation depends on the fine tuninghefr lifespan, regulated by
apoptosis, but also by the presence of molecubgsntiay act as down regulators
of the PMN action. The immunocaluy-acid glycoprotein (AGP) possesses an
immunomodulatory activity and it is believed to ylan important role in the
regulation of local inflammatory reaction, for exalm by reducing the tissue
damages caused by an excessive activation of comeple (Tilg 1993). The
concentration of AGP rises in plasma from thredite folds during systemic
reaction of inflammation (Hochepied 2003, Peter&804), and therefore is
considered, at least from a clinical perspectivmi@or acute phase protein. AGP
is mainly synthesized by liver, but it can be lamad in several other human
(Hochepied 2003) and bovine (Lecchi 2008) tissudGP exerts a sort of
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protective activity by reducing the apoptosis ratesome inflamed tissues (Van
Molle 1997) and by increasing the lifespan of mojites, at least in the bovine
species (Ceciliani 2007). Defensive functions ofitnephils can be affected as
well: for example, AGP has been reported to infeeemeutrophil chemotaxis
(Laine 1990, Vasson 1994), aggregation and geoeradf reactive oxygen
species (Costello 1984). The activity of AGP ontnaphils exocytosis has not
been investigated so far, neither in human nor étennary medicine. Our
hypothesis is that, due to its well known immunomatbry function, AGP acts
as a local regulatory mechanism that modulatesexoeytosis of granules from
bovine neutrophils after their recruitment in timflammatory focus. Therefore,
the major aim of this study was to investigate ¢apability of purified bovine
AGP to influence the degranulation of neutrophils studying the possible
relationship between AGP and the exocytosis of @rjmand secondary granules.
The hypothesis that AGP may modulate neutrophiratagation by competing
with inflammatory mediator receptors, which in @xperimental design included
ZAS, was also explored. Finally, since AGP is orieth@ most glycosylated
protein in the organism, and its glycan patterorsily influences its biological
activity [3], in the last part of this study thelagonship between the terminal
sialic acid residues of AGP and its exocytosis-ntailuy activity was

investigated by using in parallel a desialylategcgform.

M aterials and M ethods

Reagents

All reagents used in these experiments were puech&®m Sigma-Chemicals
Co., unless otherwise specified. Hanks balancehesalolution with 0.5 mM
CaCh and 1mM MgC} (HBSS+) was used throughout all the experimen&CIN
solutions were diluted starting from sterile cedsted 5M NaCl. Cell culture
tested, endotoxin free, albumin was purchased fGdBCO (Invitrogen S.R.L. —
Milano, Italy). Bovine serum was activated with ig/ml of Zymosan A from S.
cerevisiae at 37°C for 60 min. The mixture was thrgubated at 56°C for 30

minutes to destroy complement components with oegtion of C5a. Zymosan
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particles were removed by centrifuging the mixtime15 minutes at 1000 x g at
4°C. The obtained supernatant was filtered throagb.22um filter membrane
(Millipore, Segrate, lItaly), stored at -80°C andedswithin three months.
Degranulation was induced using the ZAS stock smudiluted 1:5 vol/vol with
HBSS+. All the experiments carried out in this stued bovine AGP aliquots
purified from plasma as previously reported (caaili 2007). Two different
concentrations of purified AGP were used: low coniion, similar to that
physiologically found in bovine plasma of healthybgcts (0.3 mg/ml) and high
concentration, similar to that found in bovine pt@sduring acute phase response

to several inflammatory statuses (0.9 mg/ml) (TaarL889).

Bovine neutrophils isolation

Clinically healthy lactating Holstein cows betwezand 7 years of age were used
throughout these studies as blood donors for @iéements. Blood was obtained
from the jugular vein and collected into blood lwagtaining acid-citrate-dextrose
(Terumo, Belgium). Samples containing les than 58¢yeophils were used.
Neutrophils were isolated using a PerBgtadient as previously described
(Rinaldi 2007), with slight modification. Briefly40 ml of blood were transferred
to 50 ml polypropylene conical tubes and centritu¢B000 xg) for 20 minutes at

4 °C. The plasma and buffy coat were asepticalpirated and discarded. The
remaining cells were suspended in 35 ml final vaduof ice-cold PBS and the
suspension slowly pipetted down the side of a cE@aml polypropylene conical
tube containing 10 ml of 1.087 g/ml Per€olBamples were centrifuged (40@)x
for 40 minutes at 20°C. The supernatant, mononuaiel layer, and Perc§ll
were aseptically aspirated and a pellet compose@Mifl and erythrocytes was
retained. Erythrocytes were lysed by mixing 1 voduai cells with 2 volumes of
an ice cold 0.2% NacCl solution and inverting thieetdor 1 minute. Tonicity was
restored by the addition of one-half volume of 28 .NaCl solution. The samples
were centrifuged at 500¢ for 2 minute at 4° C. Lysis were usually repeated,
sometimes twice, using pre-warmed (37°C) Red Bl@Gedls Lysis Buffer. The
cell pellet was washed twice by resuspension in BB& recentrifugation for 2

minute at 4°C. Cells were enumerated using an ateumcell counter. Cell
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viability and differential cell counts were detenad by trypan blue exclusion and
Wright staining, respectively. Neutropbhils punityas >95% and viability >90%.
Cells concentration was adjusted with HBSS+ andhtaaied on ice until used in

the various assays described below.

Immunocytochemistry studies related to AGP bindnigovine neutrophils

In order to verify if the activated bovine neutrdphwere capable to bind AGP on
the membrane surface, 1.5%1eutrophils were stimulated for 30 minutes with
AGP at 0.3 mg/ml and 0.9 mg/ml.

The cells were centrifuged at 500 x g for 8 miratd°C, washed twice with cold
PBS in order to remove unbound AGP molecules amdbileted with 1%
formalin. Cells were allowed to settle on a glakdesand processed to assess
AGP localization by immunofluorescence. After asubation of 30 minutes at
26°C in PBS containing 1% BSA and 1% NDS (Normahkey Serum), the
slides were incubated overnight at 4°C with a plolyal rabbit anti-bovine AGP
(17 pg/ml in Dulbecco-modified PBS) (Ceciliani 200After the incubation, the
samples were washed twice in PBS and stained wiitiogescein isothiocyanate
(FITC) conjugated donkey anti-rabbit IgG antibody200) for 30 minutes at
26°C. Chromatin DNA was stained with DAPI (0,05 mbin PBS). As negative
control, the primary antibody against AGP was aeditin one slide for each
experiment. All samples were mounted with an aadief medium and observed

with a conventional epifluorescence microscope dNjkeclipse E 600).

Neutrophil degranulation studies

Experimental design for the stimulation of the gell

Degranulation responses of neutrophils were ingattd by studying the effect of
AGP on the exocytosis of primary (azurophil) andoselary (specific) granules.
All the experiments were carried out at 37°C interie 96-well flat bottom

ELISA plates (Becton Dickinson). Cells were incudghin different conditions as
described below. The supernatant of each well wen ttransferred in an
Eppendorf tube, centrifuged at 400 x g for 7 miratteoom temperature (RT) and

divided in two aliquots for the evaluation of grégsiexocytosis.
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Primary and secondary granules release was detdmity measuring the
enzymatic activity of myeloperoxidase (MPO) (Quad@97) and alkaline
phosphatase (ALK-P) (Rausch 1975), respectivelychvivere assayed from the
supernatants obtained from 2 x°®1€ells in 200ul. The assay of alkaline
phosphatase enzymatic activity exocytosed by spegiinules was carried out
following a slight modification of a previously esished protocol (coomber
1997). To 33ul of supernatant, 100ul of p-nitrophgrhosphate (pNPP) ready
made solution were added in 96 wells non steriléSBLplates, and the mixture
was incubated for 10 minute at RT. The reaction Viuaally blocked by the
addition of 50ul NaOH 3M, and the plates were ratadn absorbance of 410nm.
MPO activity contained in primary granules was gedaon 5@ of supernatant:
200ul of tetramethylbenzidine (TMB) ready made 8otu were added. The
reaction was carried out for 30 minutes at RT, famally blocked by adding 50u!
H,SO, 1M. The plates were read at an absorbance of 460 n

Background values were calculated from wells comtgi pNPP and TMB, in
their respective assay, added with 33pl and 50 HBSS+ respectively, and the
results were automatically subtracted from all ealu

The data were expressed as the percentage of AldKMPO, activity compared
to the total enzyme content of the cells, as detexdnafter incubation of the same
amount of cells with 0.5% hexadecyltrimethylammanioromide (CTAB).
Supernatants were then transferred into 96-well b@tom non sterile ELISA
plates and enzymatic activities were measured donaatic microtiter plate

reader Multiscan MS (Labsystem, Helsinki, Finland).

The experimental design was planned as follows:

Experiment 1 In a first series of experiments, the cells wiaibated with the
two different concentrations of purified AGP in erdo study the effect of two
different concentrations of AGP on spontaneous atagation of cells. Negative
controls were neutrophils incubated with an equdlime of HBSS+ instead of
AGP. MPO and ALK-P activities were measured aft2d ininutes of incubation
at 37°C and at 5% G(&as previously described.
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Experiment 2 In this second series of experiments, isolatedtrophils were
incubated with two different concentrations of fied AGP and, in the
meanwhile, challenged with ZAS. Positive controlsrev neutrophils incubated
with ZAS and HBSS+ instead of AGP. Negative comstralere non activated
neutrophils in which equal volume of HBSS+ was addwestead of ZAS and
AGP.

In order to rule out any unspecific protein actioat cells were further challenged
with 0.9mg/ml albumin. Time course incubation wasried out for 0, 15, 30, 60,
120 and 240 minutes.

Experiment 3was designed in order to verify if AGP’s activityas due to
interaction of the protein with neutrophil membrameolated neutrophils were
therefore pre-incubated with two different concatitns of purified AGP for 10
minutes. Unbound protein was washed away by cegation (200 x g for 7
minutes) and cells were resuspended in HBSS+ anubated with ZAS for 120
minutes. MPO and ALK-P activities were measuredescribed.

Experiment 4was aimed to assess the importance of the glyatierp of AGP
for its degranulation-modulatory activity. In thast series of experiments de-
sialylated AGP ( as-AGP) was prepared by treatingfipd AGP with 200 mU/ml
neuraminidase (streptococcus 6646K, EC 3.2.1.50.0d4 M sodium phosphate
buffer, pH 6.0, for 2h at 37°C, exactly as previgugported (Ceciliani 2007).
Isolated neutrophils were then incubated with twifeent concentrations of
purified as-AGP. In the last group of experimenttrophils exocytosis was also
challenged with ZAS. Aliquots of protein which weneot submitted to
neuraminidase treatment were used as controls. Rldd MPO activities were
measured after 120 minutes, following the protopoésviously described.
Statistical analysis

All statistical procedures were computed by usitagistical software (SPSS 15.0,
SPSS Inc., Chicago, USA). Results are expressedeas values plus or minus
standard error of the mean values. Different treatsn were compared using a
non parametric Wilcoxon test for paired samplesti§tical significance was

accepted at P<0.05.
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Results

AGP binds to the surface of neutrophils

With the aim to investigate if AGP may react witle tsurface of cells, resting
granulocytes were labelled for AGP immunoreactiity using the polyclonal
anti-bovine AGP antibody. Results are presenteféign 1. The incubation of the
cells with AGP resulted in a homogeneous fluoresstining of PMN surface.
This anti-AGP immunoreactivity apparently increasehen neutrophils are
treated with acute phase concentrations of AGPr@#Anl) (Fig.1: panel C). Fig.
1 therefore shows that exogenous plasma AGP isbt&apa bind the surface of

bovine neutrophils.

-

Fig. 1:binding of AGP on the surface of neutrophil membrane

Isolated neutrophils were treated with HBSS (P&)elused as negative control, 0.3 mg/ml AGP
(Panel B) and 0.9 mg/ml AGP (Panel C). Cells wememunostained with polyclonal rabbit anti-
bovine AGP (Ceciliani et al., 2007) as primary batly, and donkey anti-rabbit FITC conjugated
secondary antibody. Right Panels (Panels By and G) present the same cells after DAPI
nucleus-specific staining (blue colour).
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AGP modulates spontaneous degranulation (Experihent

The first series of experiments was designed terdehe whether AGP may
modulate spontaneous degranulation of secondargcifg) and primary
(azurophilic) granules. Results are presented gn Ei The treatment of cells for
120 minutes with AGP fulfils a protective effecta@gst spontaneous exocytosis
of secondary granules (Fig. 2A), since ALK-P atyiviwhich was used as a
marker of secondary granules exocytosis, droppea ff.04 + 0.92 % (mean +
SEM) of the HBSS treated cells to 1.89 + 1.03 %A&P incubated cells (P <
0.05). This effect is dose-dependent, the physickdg-oncentration being non
effective. The effect of AGP on primary granulesorgjaneous exocytosis is
apparently opposite (Fig. 2B), since MPO actiwtfich was used as a marker of
secondary granules exocytosis, increases from2832 % of the HBSS treated
cells to 7.97 £ 4.01 % of 0.9 mg/ml AGP-treatedtngphils. Due to the very high
individual variability, this effect is not statistlly significant. This effect of AGP
on primary granules spontaneous degranulation ea@gpreciated only when
cells are treated with acute phase concentratioAGP. Treating the cells with
physiological concentration of AGP had apparentiyeffect.
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Fig. 2_the effects of AGP on neutrophil spontaneous degranulation Isolated neutrophils (6
cows) were incubated with two different concentnasi of AGP (0.3 mg/ml and 0.9 mg/ml) or
HBSS (negative controls). After 120 minutes, al@liphosphatase (ALK-P) (Panel A) and
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myeloperoxidase (MPO) (Panel B) enzymatic actisitigere measured in the supernatant of
neutrophil culture as markers for secondary anchgny granules exocytosis, respectively. Values
are expressed as percentages of ALK-P and MPO atizyactivity compared to total ALK-P and
MPO activity in neutrophils lysed with CTAB (meanSEM). Statistically significant differences
between AGP and negative controls (neutrophilstécbavith HBSS instead of AGP) were
indicated as * (P < 0.05).

AGP modulates the exocytosis of secondary gramudesed by ZAS (Experiment
2)

The effects of AGP on secondary granules exocytamsspresented in Fig. 3A.
The isolation procedure that was carried out taiobthe cells from clinically
healthy animals was sufficient to induce a sligbtivation of neutrophils, as
shown by the release of 5.05 + 0.51 % of the t&dak-P content from non
stimulated cells at . When neutrophils are stimulated with ZAS, which
cointains soluble C5a complement fraction deriveainf normal serum after
activation with Zymosan, the enzymatic activityAlfK-P released from positive
controls increases from 12.92 + 2.95 % )10 45.17 + 3.67 % (o).

The incubation of the cells with 0.9 mg/ml albumaarried out to rule out an
unspecific protein activation of the cells, gave significant difference when
compared to positive control, since it ranges frodO7 + 1.32% () to 42.57
6.44% (T40). When neutrophils are incubated with physiologamancentration of
AGP the response is bi-phasic and time-dependéat:the first 15 minutes lag it
cannot be observed any statistically significarfitedence between AGP-treated
cells, which ranges between 10.88 = 2.59%)(&nd 13.93 = 1.34 % §§), and
positive controls, which ranges between 12.92 5% 4Ty) and 21.28 £ 2.67 %
(T1s). On the contrary, starting fromsgl, it becomes evident that AGP, even
when administered at physiological concentratioan ceduce the activity of
ALK-P. This inhibitory activity reaches it highepbint at 40 (26.98 + 2.49%
versus 45.17 = 3.67 % of positive controls).

The inhibitory activity of AGP toward secondary guées exocytosis is still more
evident when neutrophils are treated with acutesph@ncentration of protein,
similar to those found in plasma during the systemsponse to inflammation.
The degranulation of secondary granules is alnmostediately inhibited when

compared with positive controls (ay ZAS/AGP = 6.71 + 1.87% versus positive
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controls = 12.93 = 2.95%). This inhibitory activity steadily increasing over
time, and reaches its highest point aiigT(ZAS/AGP = 9.15 + 1.26% versus
45.17 = 3.67% of positive controls). The down-regulg effect of acute phase
concentration of AGP on secondary granules exorsytesstatistically significant
starting from T incubation.

The effects of AGP on primary granules exocytostspesented in Fig. 3B.
Again, the isolation procedure carried out to abttie cells from clinically
healthy animals was sufficient to induce a sligbtivation of neutrophils, as
shown by the release of 3.19 + 0.60 % (mean + S&Mhe total MPO content
from non stimulated cells atyT The challenging of bovine neutrophils with ZAS
induces an immediate exocytosis of primary granussindicated by the high
MPO enzymatic activity at of ( 37.91 + 8.13 % of the total MPO activity).
Incubation of ZAS-activated neutrophils with albun{D.9 mg/ml) and AGP at
both concentrations apparently has no effect orptireary granules exocytosis.
Moreover, the release of MPO is not time-dependginte it does not change
from Ty to Toa0-

In conclusion, the results presented in Fig. 3 destrated that the treatment of
ZAS-activated neutrophils with AGP purified from Je serum selectively
reduces the release of secondary granule conteatdose-dependent way, and

apparently has no effect on that of primary graswle
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Fig. 3:the effect of AGP treatment on secondary and primary granules exocytosis Neutrophils
were isolated from 7 cows and incubated with AGRwvat different concentrations: physiological
concentration (0.3 mg/ml) and acute phase cond@nird.9 mg/ml). Albumin (0.9 mg/ml) was
used in order to rule out any unspecific proteitivity. Degranulation of secondary granules was
induced with ZAS as described in Materials and Md# Positive controls were neutrophils
treated with ZAS and HBSS instead of AGP. Negatiostrols were HBSS treated cells without
ZAS. Panel A presents alkaline phosphatase (ALKaR)ivity in the neutrophil culture
supernatant, used as marker of secondary granxteytesis. Panel B presents myeloperoxidase
(MPO) activity in the neutrophil culture superndtamsed as marker of primary granules
exocytosis. Values are expressed as percentaggékkeP and MPO activity compared to total
ALK-P and MPO activity in neutrophils lysed with @B (mean + SEM). Statistically significant
differences between the two concentrations of A@E positive control (neutrophils activated
with ZAS and treated with HBSS instead of AGP) wiadicated as * (P < 0.05). The differences
between positive and negative controls were atissizally signifcant, and were not indicated in
the figure.

The pre-incubation of cells with AGP reduces thecgiosis of neutrophil
granules induced by ZAS (Experiment 3)
In order to verify if one of the possible mecharssof action of AGP was the

interaction with the molecules that are believedy¢oinvolved in the binding of
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ZAS-generated by-products, e.g. C5a receptor Q@88), isolated neutrophils
were pre-incubated with AGP for 10 minutes, aft@ioh exocytosis was induced
by ZAS. Results are presented in Fig. 4. The peebation of cells with AGP
does not modify the exocytosis of primary granules. 4B). On the contrary,
Fig. 4A shows that the enzymatic activity of ALKeBed as marker for secondary
granules exocytosis is decreased, from 20.30 +24.6bthe positive controls to
9.46 + 1.64% of the AGP’s (0.9 mg/ml) pre-incubatetls after 120 minutes of
incubation with ZAS (P < 0.05) While there is a aese of secondary granules
exocytosis also when cells are pre-treated withsjhygical concentration of
AGP (14.64. + 2.18%), this result is not statidticaignificant when compared to

positive control.
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Fig. 4:the effect of neutrophil pre-incubation with AGP on primary and secondary granules
exocytosis Neutrophils were isolated from 4 cows and predratad for 10 minutes with
physiological (0.3 mg/ml) and acute phase (0.9 nligitoncentrations of AGP, and HBSS.
Unbound protein was removed by centrifugation, dadranulation was induced by treating the
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cells with ZAS for 120 minutes. Negative controlsres HBSS treated cells without ZAS. Positive
controls were neutrophils treated with ZAS and ipmtbated with HBSS instead of AGP.
Alkaline phosphatase (ALK-P) (Panel A) and myelapé&tase (MPO) (Panel B) enzymatic
activities in the neutrophil culture supernatantrevesed as marker of secondary and primary
granules exocytosis, respectively. Values are agmek as percentages of ALK-P and MPO
enzymatic activity compared to total ALK-P and MR@tivity in neutrophils lysed with CTAB
(mean + SEM). Statistically significant differenclestween the two concentrations of AGP and
positive control were indicated * ( P < 0.05). TH#ferences between positive and negative
controls were all statistically signifcant, and et indicated in the figure.

AGP effects on degranulation are related to itdisiacid content (Experiment 4).
The last set of experiments was set out to deterriia importance of the sialic
acid residues exposed on the surface of AGP. Egersytstudies were then
performed using in parallel AGP aliquots purifiecbrh bovine serum and
neuraminidase-treated AGP (as-AGP), in which teainsmalic acid residues were
enzymatically removed. The reaction was carried fout120 minutes. When
neutrophils were activated with ZAS, as-AGP lostrgvnhibitory activity, which
is retained by the olo-protein (Fig. 5A). The dédaion of AGP has no effect on
primary granules (Fig. 5B). The spontaneous exaiytdown-regulatory effects
of AGP on secondary granules is equally lost whalicsacid terminal residues
are removed, as shown in Fig. 6A as well as theuagoyply up-regulatory activity
on primary granules exocytosis, as shown in Fig. 6B

In conclusion, both inhibitory and up-regulatoryeets on secondary and primary
granules exocytosis, respectively, cannot be dadeby using the desialylated

protein.
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Fig. 5:the effects of desialylation of AGP on its modulatory activity of neutrophil exocytosis.
Isolated neutrophils (7 cows) were incubated witlygiological (0.3 mg/ml) and acute phase (0.9
mg/ml) concentrations of AGP before and after tresit with neuraminidase, which specifically
removes terminal sialic acid residues. Degranutatibsecondary (Panel A) and primary (Panel B)
granules was induced with ZAS as described in NElteeand Methods. HBSS and ZAS alone,
without adding AGP, were used as positive contkigative controls were HBSS treated cells
without ZAS. After 120 minutes, alkaline phosphatd8LK-P) (Panel A) and myeloperoxidase
(MPO) (Panel B) enzymatic activities were meastunrethe supernatant of neutrophil culture as
markers for secondary and primary granules exoigjtosspectively. Values are expressed as
percentages of ALK-P and MPO enzymatic activity paned to total ALK-P and MPO activity in
neutrophils lysed with CTAB (mean + SEM). Statiatlg significant differences between the two
indications of AGP and HBSS treated activated rogitits (positive control) indicated as * (P <
0.05). The differences between positive and negatontrols were all statistically signifcant, and
were not indicated in the figure.
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Fig. 6: the effects of desialylated AGP on neutrophil spontaneous degranulation. Isolated
neutrophils (5 cows) were incubated with two difer concentration of AGP (0.3 mg/ml and 0.9
mg/ml) before and after treatment with neuraminglasghich specifically removes terminal sialic
acid residues. HBSS instead of AGP was used adinegantrols. After 120 minutes, alkaline
phosphatase (ALK-P) (Panel A) and myeloperoxidde@) (Panel B) enzymatic activities were
measured in the supernatant of neutrophil cultsrenarkers for secondary and primary granules
exocytosis, respectively. Values are expressedeaseptages of ALK-P and MPO enzymatic
activity compared to total ALK-P and MPO activity neutrophils lysed with CTAB (mean +
SEM). Statistically significant differences betwegGP and HBSS treated neutrophils (negative
control) were indicated as * (P < 0.05).

Discussion and Conclusions

The activity of neutrophils is essential for thevelepment of the first phase of
innate immunity. Yet, they are very aggressivessalhd the extracellular release
of ROS products, as well as the proteolytic enzyow#ained in their granules,
may cause massive tissue injuries during acutecanshic inflammation. Many

acute phase proteins fulfil anti-inflammatory fuoos (Gabay 1999) directed
toward the inhibition of these collateral damagemttammation. In the first part

of this study we provide evidence that one of théma,minor acute phase protein

al-acid glycoprotein, can modulate one of the mgtartant functions of bovine
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neutrophils, the mobilization of their granules.o8@neous degranulation is
affected in a dose-dependent way by AGP. The bicddgsignificance of this
result is unknown, but we may speculate that attleae of the functions of the
rise in serum concentration of AGP during acutesph@action might be that of
counteract a praecox degranulation of neutrophildenthey are still in the blood
stream. The apparently opposite effect on primargngles has still to be
elucidated. The capability of AGP to down-regulite mobilization of secondary
granules was more evident when the cells wereaingdid with ZAS.

The pathways regulating the specific mobilizatidmeutrophil granules are far to
be clarified; nonetheless, granules translocat®hknown to depend on highly
specific signals, i.e. their mobilization shows ke hierarchical, since primary
granules are translocated after the secondary @rggper 1996). Still it is to be
queried how AGP might interfere with the molecugmthways driving to the
exocytosis of neutrophil granules. AGP binds on theface of neutrophil
membrane, as shown by immunocytometry studies.s Ithierefore at least
conceivable that the activity of AGP is due to thieraction with the protein on
the surface of the cells. In order to verify thendtional significance of this
interaction, neutrophils were pre-treated with A@Rd then activated with ZAS.
Since priming of neutrophils with AGP reduces thecandary granules
exocytosis, it can be hypothesized that AGP migtitleast partially, act by
competing with the specific pathways which are vatéd by the pro-
inflammatory challengers used to stimulate thescdélksentially the treatment of
serum with Zymosan generated C5a that activateccetle by interacting with
CD88, its specific receptor. It would be very imtsting to determine whether the
reduced exocytosis induced by AGP is due to theraction of the protein with
CD88, which may contribute to down-regulate theogeary signals necessary to
integrate the inflammatory response triggered bg.C5

And through still undisclosed mechanisms, AGP migitdulate neutrophil
granule exocytosis by binding to its specific reaoep exposed on the surface of
the cells. AGP’s binding sites on neutrophils &i# goorly understood: at least
two different binding sites have been identified lmmman granulocytes surface,

with different binding affinities (Shiyan 1997). @molecular pathways activated
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when these receptors interact with AGP are stiinonvn. AGP’s receptors on the
surface of neutrophils are likely involved in cytetetal remodelling events that
drive to the selective mobilization of granulesisThypothesis is supported by a
recent finding (Gunnarsson 2007) which reportedt tA®&P triggers C&
mobilization in human neutrophils. Since the hiendgal mobilization of granules
is due to different cytoskeletal activation, whishcalcium dependent, we may
speculate that the effects of AGP on the modulatibnsecondary granules
traslocation are related to its capability of inihgc the intracellular C&
mobilization.

Another possible mechanism of action of AGP canabsumed. As a binding
protein, AGP might also act by sequestering sontéemediators, thus reducing
their biological availability in the inflammatoryneironment. Further experiments
should support such hypothesis; anyway, AGP caml lsiome inflammatory
mediators such as PAF (Ojala 2006), as already stowumans.

All the exocytosis modulating activities of AGP shoin this paper are strongly
related with its glycan moiety, since all of therare& suppresed by the removal of
sialic acid terminal residues exposed on the pmoseirface. These results are
consistent with other reports (Costello 1979, Gawil2007) demonstrating that
the sialic acid residues are essential to sometiursc of the protein. A
remarkable knowledge, since the glycosylation ofPAG strongly dependent on
its physiological and pathological status. Furthenen in accordance with above
findings, other authors (Gunnarsson 2007) had pusly demonstrated that sialic
acid molecules exposed on the surface of the A@Ressential to increase Ca
concentration. Comparing the effect on granule gtasis of plasma AGP and the
hypersialylated and hyperfucosylated glycoformsent in secondary granules of
neutrophils (Theilgaard-Monch 2005, Rahman 200B)naserum during several
inflammatory diseases (Ceciliani 2007) would be iateresting matter of
investigation. In conclusion, our findings reported the first time that AGP is
able to specifically down-regulate the secondamgngte exocytosis. Signalling
mechanisms underlying the involvement of AGP in aoilating neutrophil
functions are still not known, and further studsge necessary to go insight the

signalling capability of this immunomodulatory pewt.
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AGP EFFECTSINHUMAN ENDOTHELIAL CELLS
AND PMN ADHESI ON
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I ntroduction

Angiogenesis is an important host response toynjschemia, and is crucial to
the wound healing process. Angiogenesis is alstralen tumor cell survival. As
a tumor mass grows, it must promote new vessel dbom to maintain a
continuous supply of nutrients of oxygen, some tigngenerate multiple

proangiogeneic factors and signaling to encouragmt angiogenesis.

Angiogenesis or neovascularization is the procégeerating new blood vessels
derived from existing vascular structures. It isnaltistep process that involves
endothelial cells (Auerbach 2003). First, the basgnmembrane within the wall
of a preexisting vessel is proteolytically degradédwing ECs to disengage from
neighboring cells and to migrate through the vess#l to migrate towards the
angiogenic stimulus (Auerbach 2003, Karamysheva7pRO0Broliferation occurs
behind the migrating front, to deliver an adequatmber of cells to form the new
vessel. The last step is the reorganization ofnéae@ migrated cells into a three
dimensional tubular structure. In adults, the $pstef new vessel formation, 1)
basement membrane disruption, 2)cell migrationelB)roliferation, and 4)tube
formation (Auerbach 2003), are tightly regulatedd anly activated under very
defined conditions like wound healing (Karmaysh2087).

The processes of cell adhesion, migration, invaaiwhproliferation are mediated,
in part, by cell adhesion molecules (Brooks 199§)ressed by the endothelium.
Some of these adhesion molecules include integlikes avf3 which is
upregulated during angiogenesis (Brooks1994), imoglaobulins like VCAM-1
(Koch 1995), and selectins like E-selectin, which sSurface expressed on
cytokine-activated vascular endothelium. Moreowpecific antibodies targeting
E-selectin have been shown to block capillary ttdyenation,in vitro (Nguyen
1993).

Bovine serum AGP binds to bovine pulmonary micrawter endothelial cells

(Schnitzer 1992) in a calcium independent manrerdbes not utilize lectin-like

receptors, such as the asialoglycoprotein or manmeseptors. Endothelium
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binding sites specific for AGP, have been demotetraut not fully characterized
(Predescu 1998). AGP binding studies in a bovirstesy revealed comparable
results as that seen in a human system. By birtditige endothelium, AGP plays
a vital role in maintaining capillary permselectyilt has been shown to be of
crucial importance in maintaining the capillary e barrier in rat skeletal
muscle (Haraldsson 1987), guinea-pig skin (Muchitd®96), frog mesenteric
capillaries (Curry 1989) and rat glomerular capila (Haraldsson 1992).
Sorensson et al. also found that human dermal wascular endothelial cells
produced AGP that was immunolocalized to the glatpc where it helped to
maintain the capillary barrier for macromolecul&srensson 1999). Transcytosis
of AGP across the microvascular endothelium oceamsdly, exclusively via
caveolae (Predescu 1998). After its perfusion AGIA be detected in the
perivascular space within one. As anticipated, AB&s not detected within

intercellular space.

Under physiologic conditions, the endothelium ig adherent for peripheral
blood cells. Upon stimulation, the endothelium aog expresses multiple
adhesion molecules, including P-selectin, E-selecintracellular adhesion
molecule-1 (ICAM-1) and vascular cell adhesion roale-1 (VCAM-1) (Hack
2001). During injury and inflammation, the endothlesurface becomes adherent
for circulating leukocytes that adhere to, migrateoss and traverse between the
endothelial cells to enter the site of inflammati@auphinee 2005). Neutrophil
adherence to vascular endothelial cells is thealndvent in the emigration of
neutrophils through blood vessels walls to tisste &f inflammation (Tonnesen
1984). The first contact between neutrophils andoérelium of postcapillary
venules is known as capture or tethering and isiatedl by P and E-selectins
expressed on the endothelium that bind to botkl€:sn glycoprotein ligand 1
(PSGL1) and sialylated carbohydrates present orstinface of the neutrophils
(Ley 2007, Zarbock 2008). This first PMN to- endeltbm contact will cause the
neutrophils to slow down and to start rolling alothge activated endothelium

surface, integrating different chemokines thatl wduse the activation of the
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neutrophil and will slow the rolling. The last stepthe neutrophil recruitment is
mediated by the integrins inter-cellular adhesiomaoule 1 (ICAM1), vascular
cell adhesion molecule 1 (VCAM1) and mucosal vescatdressin cell adhesion
molecule 1 (MADCAML1), that will cause the neutropto stop and finally to
crawl and transmigrate across the endothelium tirdbe paracellular junctions
to get to the inflammation site.

Neutrophils constitute the first line of defensaiagt invading bacteria (Zarbock
2008). Neutrophil activation and recruitment to thEammation site is not fully
understood, but seems to be gradual and medigtedveral signaling pathways
(Ley 2002). While essential to oppose infectiohs, activation of neutrophils can
also release cytotoxic mediators, which may resutissue damage. Therefore,
neutrophil recruitment during inflammation is pavaital, they are crucial for
host defense, but if their recruitment and actoratbecomes dysregulated, they
may also be involved in the development of tissmeiry and organ failure
(Rahman 2008).

Taken together, the data clearly shows that entatlezlls produce, bind, and
transport via a caveolae-dependent pathway, AGRth&uy AGP inhibits the
action of histamine on endothelial cells in a cAé&pendent manner (Sorensson
2000). In the current studies, we studied the effec AGP on in vitro

angiogenesis, and PMN adhesion to endothelia.

Plus since AGP, due to its glycan moiety, has & hiifinity to E-selectin on the
surface of endothelial cells (Ceciliani 2007) anesefectin is known to be
overexpressed in cytokine stimulated endotheliumweadered if AGP, as an
anti-inflammatory molecule would have any effects the PMN adhesion to a

monolayer of HVEC-Ls.
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M aterials and M ethods

Preparation of Human aj-acid Glycoprotein: AGP was isolated by

conventional HPLC ion exchange chromatography asrded (Ceciliani 2007)
with slight modifications. Briefly, human serum svdialyzed against the buffer
used for the initial chromatography (10 mM citrgghesphate buffer, pH 4.0).
The serum was centrifuged to remove proteins nhtbso at pH 4.0, and the
supernatant was applied to an HiTrap Q Sepharasmgstanionic exchange
column 1 ml (GE Healthcare) equilibrated with thiarsng buffer. The protein
was eluted in 100 mM citrate—phosphate buffer, pbi #he fraction containing
AGP was concentrated with Centricon 10 (Millipote)L/10 of initial volume and
directly loaded onto an HiTrap SP Sepharose (GEltht=ae) strong cationic
exchange column, equilibrated in 100 mM citrate-gpiate buffer, pH 4.0. A
final purification step was performed to remove @odins potentially introduced
during the purification procedure. The fraction @oning AGP was directly
loaded on a Sephasil Protein C4ufs ST 4.6/100 mm) chromatographic column
(GE Healthcare) equilibrated with 0.065% TFA in 286etonitrile. Protein
separation was accomplished using a 0-65% gradiextetonitrile + 0.05% TFA
over 33 min, at a flow rate of 1 mL/min. The fracti containing AGP was
collected, concentrated to 1 mg/mL in a Savant aeiencentrator, aliquoted and
stored at -80°C.

Endothelial Cell Culture: Human lung microvascular endothelial cell (HMVEC-

L)s (Lonza) were cultured in EC growth medium (EER\VClonetics) containing
5% fetal bovine serum (Hyclone Laboratories, Loddi), human recombinant
epidermal growth factor (EGF), human recombinastiim-like growth-factor-1,

human basic fibroblast growth factor, vascular e¢nelal growth factor,

hydrocortisone, ascorbic acid, gentamicin, and atgictin as described (Gong
2008). Only HMVEC-Ls in passages 6 to 8 were suldie

43



EC Tube Formation Assay: Each well of a 96-well plate was coated with 30 pl

of Matrigel (10 mg/ml; BD Biosciences, Bedford, MAsing a modification of
previously described protocol (Yang 1996). Brie, pl of Matrigel on ice were
allowed to polymerize for 1h at room temperatureach of the wells, followed
by 1h at 37°C in a humidified atmosphere of 5% GIMVEC-Ls were seeded at
2 x 1¢ cells/wellonto the Matrigel-coated wells and cultured forisimedium, in

the presence or absence of increasing concensatbn AGP, BSA or media
alone and observed for tube formation. At 6h, tabubtructures were
photographed and quantified with a Nikon inverteitroscope through a 20X

objective.

EC viability assay: HMVEC-L's at 10 cells per well were seeded into the wells

of a 96-well plate for 24h at 37°C. The monolayeese treated for 0.5h or 6h
with AGP 0.75mg/ml or medium alone. Cells were theashed with serum-free
medium, incubated for 4h at 37°C with 0.5mg/ml oT M(Sigma) followed by
incubation with 10%SDS+0.01N HCI to solubilize tfeemazan product. Plates
were read at &onm (Versamax microplate reader, Molecular devices)$uvale
CA).

EC Adhesion Assay: HMVEC-Ls were seeded in matrigel-coated wells &6a

well plate at 3x1® cells/well and incubated for 30 min at °& in

0.1%BSA/DMEM, in the presence or absence of inéngasoncentrations of
AGP. After washing x2, adherent cells were staingith 0.2% crystal violet in
20% methanol, washed with PBS, and the residual steéracted with 1% SDS,

and the Agonm Of extracts measured.

Migration in a Wounding Assay: HMVEC-Ls were seeded at 2x1€ells/well in

the wells of a 24 well plate (Corning Glass, CognilNY) and cultured to
confluence. Using a sterile 200l pipette tip,ragkd wound was made across the
diameter of each monolayer, after which cell delwas removed by washing with
HEPES as described (Liu 2009). The wounded moncdawere then incubated
for 24h with AGP 0.75mg/ml or media alone. Photaaigaphies of each well
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were taken at times Oh, 5h, and 24h with a Nikomeiited microscope through a
4X objective. In selected wash-out experimentseragdh, monolayers were
incubated with media alone and two more photomi@pigies were taken at time
36h and 48h.

Endothelial Cell Chemotaxis Assay: Gelatin-impregnated polycarbonate filters

(13 mm diameter, 8.uM pore size; Nucleopore Inc., Pleasanton, CA) were
mounted in chemotactic chambers (Neuroprobe In@ith€&rsburg, MD) as
described (Sun 2001). HMVEC-Ls (5 x“16ells in 100 pl) were added to the
upper compartment of each assay chamber. Each logmapartment contained
0.5% FBS as the chemoattractant. In selected ewpats, AGP was introduced
into either the upper or lower compartment in thespnce or absence of FBS.
After a 5h incubation (3T, 5% CQ), filters were removed, fixed (3.7%
formaldehyde in KO, 30 min), washed, stained with 0.5% crystal viale25%
ethanol, washed, and the top surface of each fteaped free of cells. The
crystal violet was then extracted from each fikngth 0.1M citric acid in 50%

ethanol for 30 min and thesé&ynm of extracts measured.

Preparation and Fluorescent L abeling of PMNs. Whole peripheral blood from

healthy human volunteers was collected under aopobtapproved by the
University of Maryland, Baltimore, Institutional Rew Board, into acid citrate
dextran (Sigma)solution, and PMNs were isolated by dextran eryj®
sedimentatiomnd density gradient centrifugation through fidojpaque (Sigma)
as previously described (Sakarya 2004). PMNs wesspended in HBSS
without divalent cations (HBSPat 5 x 16 PMNs/mland were incubated with 5
UM CalceinAM AM (Molecular Probegugene, OR) for 30 min at 32 (Welten
2004). PMNs were washed thriemes with HBSS after which their purity was
>95%and viability >98% by trypan blue dye exclusion.

PMN Adhesion Assay: HMVEC-Ls were seeded (1 x 4@ells/well)into the
wells of 96-well culture plates (Costar, CambriddéA), and cultured to
confluence (48 h, 3C,5% CQ). The HMVEC-L monolayers were preincubated
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for 5h with LPS 100 ng/ml or medialone. CalceinAM-labeled PMNs were
pretreated for 15 min with fMLP (10 M)/cytochalasin B (Sug/ml) or media
alone washed, and incubated for 30 min af@G7with HMVEC-L monolayers (5

x 10 PMNs/well) in the presence or absence of increasimgentrations of AGP

or media alone. After gentle washittgremove nonadherent PMNs, the attached
PMNs were flourometricallassayed (excitation 485 nm, emission 538nm) in a
Cytofluor 1l Multi-well Fluorescence plate reader (PerSeptiBéosystems,
Framingham, MA).For each experiment, 5 x “ltabeled PMNs were used as a
standard to which fluorescence units of adherenNBldhesion were compared
and expressed as % adhesion ( adherent PMNs Ptk x 100%).

Statistical Methods: Student t-test, with a two tailed distribution arah

homoscedastic variance was used for all statisacallyses (Microsoft Office

Excel 2003). Significance accepted for p value®50.
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Results

Preparation of Human a;-acid Glycoprotein: AGP was isolated from human

serum by conventional HPLC ion exchange chromatpgpking three different

columns and finally getting a purified, endotoxiad, single protein.
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FigurelpPreparation of Human a;-acid Glycoprotein: On the left (i) chromatogram of HiTrap
SP Sepharose column, where AGP is eluted in thé volum. * indicate de absorbance pics,
containing AGP that were collected and later aedlizOn the right (ii) Coommassie staining of
the electrophoretic gel containing the purified tpio. Lane 1 was loaded with 5ug of protein
whereas lane 2 was loaded with 1pg of total protdie can see a single band, showing that the
final solution contains a single protein, and italsout 42kDa which is the expected molecular
weight.

47



AGP _Inhibits Endothelial Cell Capillary-Like Tube Formation: We asked
whether the heavily sialylated, acute phase profe@P, might influence EC tube

formation, ie in vitro angiogenesis, in a two-dimensional Matrigel systéfter
6h in the absence of AGP, a mean (xSE) of 32.5#8xs/HPF were detected
(Figure2A and B). After 6h in the presence of imsiag concentrations of AGP,
it was possible to see an inhibition of the tuberfation at concentrations as low
as 0.25mg/ml even if they were not enough to bsstally significant. AGP at
>0.50mg/ml inhibited tube formation >70% with a nramm effect of 97%
inhibition at 0.75mg/ml (Figure 2B). The statisticsignificance started at
0.50mg/ml with a 73.8% decrease on the tube fomgatand it reached it's
highest level at 0.75mg/ml with a 97.4% of inhitwti Showing that AGP inhibits
EC tube formation on matrigel in a dose dependeahrmar. Bovine Serum
Albumin (BSA) (Sigma) was chosen as a simultaneprstein control, and
identical experiments were performed with the id@htncreasing concentrations

of BSA but no significant activity could be seemf@ not shown).

Figure2A.(i)On the left, HMVEC-Ls were incubated for 6h on Nget. Arrows indicate
capillary-like tubes. (ii) Identical conditions described in (i) except the HMVEC-Ls were
incubated in the presence of 0.75mg/ml AGP. Magaiion 4X.
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Figure2B AGP Inhibits Endothelial Cell Capillary-L ike Tube Formation: HMVEC-Ls were
treated with increasing AGP concentrations, framgml to 0.75mg/ml, and incubated for 6h on
Matrigel in the wells of 96 wells plates. Photoroigraphies were taken and tube length measured.
Each bar represents mean (+/- SE) tube lengthgitates significantly decreased compared to the
simultaneous medium control at p<0.05.

EC viability assay: A MTT conversion assay was introduced to exclu@PA
induced EC cytotoxicity; after incubation of EC f&ir with 0.75mg/ml AGP, no

loss of cell viablility could be detected (data sbown). Therefore, AGP at
0.75mg/ml does not provoke HMVEC-L cytotoxicity tith 6h.

AGP |Inhibits EC Adhesion to Matrigel: We now have established that AGP

inhibits the multistep process af vitro angiogenesis (Figure 2). We asked
whether this negatively-charged molecule might exsranti-angiogenic effect
through altered EC adhesion to the Matrigel subestrencubation of ECs with
increasing concentrations of AGP promoted a bigha#fect of EC adhesion to

Matrigel (Figure 3). At lower concentrations of 8.0.25mg/ml, AGP increased
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EC adhesion with a maximal effect of +24.5% at th@Onl (Figure 3). In
contrast, AGP at concentrations 00.50mg/ml decreased EC adhesion with
mean maximal inhibition of -29.7% at 0.75mg/ml| (kg 3). These combined
data indicate a biphasic AGP activity, at lower @amtrations, AGP increased EC

adhesion to Matrigel, whereas at higher concentratiit diminished it.
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Figure3. AGP Inhibits EC Adhesion to Matrigel: HMVEC-Ls at 3x10cells per well were
incubated for 30min in matrigel coated wells in gresence of increasing concentrations of AGP.
After non adherent cells were washed away, remgirddherent cells were counted with a
colorimetric assay (crystal violet dye) and therpressed as mean (+/- SE) normalized to
adhesion of the simultaneous medium control (closag. * indicates significantly increased
compared to the medium control at p<0.05. ** intksasignificantly decreased compared to the
medium control at p<0.05.

AGP Inhibits EC Migration in a Wounding Assay: We already know that AGP

influences EC tube formation on (Figure 2) and EBesion to the glycocalyx
(Matrigel) (Figure 3). We wondered if AGP couldalshibit EC migration into a
wound. In a wounded HMVEC-L monolayer, we observeslind healing over
time (cells migrated into the wound) in presenceabsence of 0.75mg/ml of
AGP. In the absence of AGP, the wound was 84% wditoted by 24h, whereas
in presence of AGP there was only 40% reconstitutitherefore, AGP inhibited
wound healing by 44%. At 24h, a wash out experinvesss performed in which

AGP was removed and cells were allowed to conttodweal. The wound reached
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a 60% healing 12h after the AGP was removed amdliydiealed by 24h. These
data indicate the inhibitory effect of AGP at 0.4Fml over 24h was reversible

and excludes irreversible loss of viability.
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Figure4AGP Inhibits EC Migration in a Wounding Assay: Wounded EC monolayers were
cultured for 24h in the presence of AGP 0.75mg/mhedia alone and photomicrographies were
obtained at Oh, 5h and 24h. At 24h, wash-out erpenits were performed in which all wounded
monolayers were cultured in medium alone and phimtmgraphes were again obtained at 36h
and 48h. tOh was taken as 0% migration for eaclnaiomigration mean (+/- SE) is shown. *
indicates significantly decreased (p<0.05) migrattompared to the simultaneous media controls.
Amount of migration was quantified from the photerographes using GIMP (GIMP
development).

AGP_Influences EC Moatility: Since AGP influences EC adhesion to the
underlying ECM (matrigel) (Figure 3), EC tube fotioa (Figure 2) and

migration in the wound healing assay (Figure 4), ag&ed whether this same
protein might also regulate EC chemotaxis. In a iffexti Boyden chamber, AGP
was introduced into either the upper or lower commpeants, in the presence or
absence of a chemotactic gradient provided by FB&e lower compartment,
and EC migration through the pores in the membfédtee assayed (Figure 5).
When FBS was placed in the lower compartment waiodt a +32% migration,

since FBS is known to be a chemoattractant. SinG® As known to bind and
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neutralize multiple endogenous mediators (Israil0D), we tested FBS
chemotactic activity in the presence and absenéeGdt and we couldn’t see any
influence of AGP in the migration behavior when FB8s present whether we
tested AGP as a chemoattractant or a chemokinaticcating thus that AGP if
AGP binds LPS it does not dampen its chemotactiivigcagainst EC. When
AGP was tested alone, without the presence of RBS¢reased EC chemotaxis
in both cases, by an 8% when it was used on thehtamber, and by a 25% when
it was used as a chemoattractant in the down chalbaireg this result comparable
to the 32% migration obtained by 0.5% LPS. Thesehioed data indicate that
AGP directly enhances EC motility as well as digplantrinsic chemotactic

activity.
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Figure5.AGP Influences EC Matility: EC were seeded at 5X1€ells/chamber in the upper
compartments of modified Boyden chambers in presesrc absence of 0.5%FBS used as a
positive chemoattractant control and/or the presem@absence of 0.75mg/ml AGP in the upper or
bottom compartments. Results are expressed innfisdgation using the non treated cells with no
chemoattractant (media/media) as 1. Each bar repiesnean (+/- SE) fold migration. * indicates
significantly increased compared to the simultasemedium controls at p<0.05.

AGP Inhibits PMN Adhesion to the Endothelium: AGP is highly sialylated and

contains selectin-like carbohydrate moieties (Shig®97). We asked whether

AGP might modify adhesive interactions between PMiMsl the endothelial
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surface. Resting and stimulated PMNs were incubai¢il resting or activated
endothelial monolayers and PMN-to-endothelium aidimeguantified (Figure 6).
AGP increased adhesion of unstimulated PMNs tong&ndothelia by 52%. In
those experiments in which only endothelia was gireated, AGP did not alter
PMN-to-endothelium adhesion compared to the simelias control. In those
experiments where PMNs were prestimulated in thesgmce of absence of
endothelial preactivation, AGP diminished PMN-to-EB@hesion by 51% and
43%, respectively. The maximal inhibitory effect &GP on PMN-to-
endothelium adhesion (43%inhibition) was evidenterafboth PMNs and
endothelia were prestimulated. These data sugpestthe ability of AGP to
disrupt PMN-to-endothelium adhesion requires s@fagpression of adhesion
molecules on PMNSs that are only accessible afterustion. Prestimulation of
EC did not appear to be critical. Protein contrang BSA (Sigma) were
performed to rule out any protein effect (datastawn).
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Figure6.AGP Inhibits PMN Adhesion to the Endothelium: Calcein AM-labeled PMN’s
stimulated with fMLP/CytoB or suspended in mediufona were incubated for 30min with
resting or LPS-activated HMVEC-L monolayers in firesence (cross-hatched bars) or absence
(closed bars) of AGP 0.75mg/ml. After washing, fieecence of PMNs adherent to the HMVEC-
L monolayers was measured. Each bar represents (hea8BE) % PMN adhesion.¢ Adherent
PMNs/Total PMNs * 100%). * indicates significantigcreased compared to the simultaneous
medium control at p<0.05. ** indicates significantlilecreased compared to the simultaneous
medium control at p<0.05.
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Discussion and Conclusions

AGP profoundly reduced capillary-like tube formation a HMVEC-L system
(fig.2). The presence of increasing AGP concemingti altered HMVEC-L
adhesion to matrigel in a biphasic manner (figA&%GP increased adhesion
(+24.5%) of HMVEC-Ls at low concentrations (0.10mg/and 0.25mb/ml)
whereas high concentrations of AGP (0.75mg/ml amg/inl) were inhibitory (-
29.7%). HVMEC-L migration in a wounding assay wasearsibly inhibited
(fig.4). Over 24h, AGP inhibited the migration inthe wound bye 44%.
However, removal of AGP from the media permitted VBC-Ls to initiate
migration into the wound reconstituting 60% of theund by 12h, and 100% of
the wound by 24h (fig.4). Serum induced HMVEC-L ctigaxis in a modified
Boyden chamber was also influenced by 0.75mg/ml A@ien AGP was used as
a chemoattractant we saw a 25% migration, compartabihe 32% migration we
obtained using FBS as a chemoattractant (fig.5)emMWVAGP was used on the
upper compartment, as a chemokinetic, migratiores®ed by an 8%. When AGP
was tested in the presence of FBS, we saw no difter whether AGP was tested
in the upper or bottom chamber. When tested for PaiiMesion, AGP gave
different results depending on PMN activation byL#fCytoB or not (fig.6).
When neutrophils were not stimulated, adhesion wa$0% whether the
endothelium was LPS activated or not, in presericRGP. However, when the
endothelium was activated, PMN adhesion diminidhee50% in both activated
endothelium and non. So again here, AGP seems ‘e habiphasic effect,
increasing PMN adhesion of non stimulated PMNs dedreasing it when the

neutrophils are activated independently of the ER&othelial activation or not.

Angiogenesis is a key component of normal physicklgprocess such as
embryonic development, endometrial proliferatiord amound healing (Brooks
1996). However, many pathological processes acechlaracterized by abnormal
vascular development including arthritis, diabegtinopathy and tumor growth
and metastasis. We asked whether the APP, AGPyemted new vessel

formation. In our studies, AGP clearly inhibited tgel-induced angiogenesis of
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HMVEC-Ls (fig.2). Irmak et al. performed both vitro andin vivo angiogenesis
assays using collagen | as a upport and VEGF-Anmasargiogenesis inducer
(Irmak, Oliveira-Ferrer et al. 2009). They founditttvery low concentrations of
AGP (300ng/ml) did not exert a pro-angiogenic effétowever, they found that
AGP synergistically works with VEGF-A to increaseg@égenesis. This study is
not in conflict with our findings since in our expwaents angiogenesis was
promoted on Matrigel, in the absence of VEGF-A #mlconcentrations of AGP
were substantially higher within the range conaiin found in human serum
during physiologic conditions.

Since in vitro angiogenesis is a multi-step prodéss includes adhesion to the
underlying substrate, migration , proliferation asdrvival. Accordingly, we
studied each step separately to establish whether @ mor of them was
influenced by AGP.

Matrigel is a gelatinous protein mixture secreted Engelbreth-Holm-swarm
mouse sarcoma cells that is mainly composed oageil type IV, laminin and
fibronectin (Arnaoutova, George et al. 2009). Itsembles the complex
extracellular environment found in many tissuesddthelial cells bind to the
extracellular matrix (ECM) through integrins (Giatt 1999). Most integrins
recognize multiple ECM proteins and converselyjviial matrix proteins bind
to multiple integrins. Integring1f1 ando2B1 bind to collagens I, IV and laminin,
whereas:3p1 binds mainly to laminin and fibronectin (Polveri996). AGP had
a biphasic effect on adhesion, promoting it at tamcentrations 0.10-0.25mg/ml
and inhibiting it at higher ones 0.75mg/ml (fig.3dditional studies on the
effects of AGP on each HMVEC-L-expressed integrie aequired to gain
additional insight into the impact of AGP on thénasion process.

On the wounding assay, AGP inhibited the migratfio.4). When AGP was
removed from the media cells started migrating th® wound, reaching a 100%
confluence 24h after the AGP wash out was performaderting both that the
AGP effect was reversible, and that the AGP comaéoh used, 0.75mg/ml, did
not damage the cells. We also performed viabibistd that supported this latter
statement (data not shown). On this wounding assM}/EC-Ls had to detach
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from the neighbouring cells in the monolayer beftirey could start migrating
into the wound.

To test the migration of single cells we perfornredhemotaxis motility test. In
this chemotaxis assay (fig.5), single cell susperssiwere incubated in modified
Boyden chambers where migration across a pourousbname was quantified.
When FBS was used as a chemoattractant in thenbath@mber, no changes in
migration were observed in presence of AGP, whetthisrwas incubated in the
upper or bottom compartment. AGP is known to bimdl aransport over 300
molecules (Israili and Dayton 2001), so we teste@PAalone, without the
presence of FBS to see if FBS was interfering inPAGactivity. In this case we
saw a slight chemokinetic activity when AGP wasuivate in the upper chamber
and a clear chemotaxis activity compearble to thdtert by LPS alone. This
results support Irmak’s paper were they report @ereiased endothelial cell
migration even at very low AGP concentrations (Bmgd00ng/ml) (Irmak,
Oliveira-Ferrer et al. 2009). This findings migh¢ lexplained by the fact that
during an acute phase response, new vessels mémebded to support he

damaged tissue, and thus AGP acts as a chemdtitc.

On the last set of experiments, AGP diminished sidimeof fMLP activated
PMN’s to the endothelium independently of it beih&S-activated or not.
Activated PMNs bind to the endothelium mainly PSGLL-Selectin and
glycosylated molecules that bind to E-Selectin, PEGinds to P-Selectin
through the terminal Sialyl LewisX (sleand L-Selectin binds to the sialylated
ligands on the endothelium. AGP has a high carb@tgdontent that has a high
affinity for E-selectin thus blocking this recemdor the PMNSs to bind to (Lasky
1992). Plus the highly fucosylated and sialylatedmis of AGP could compete
with endothelial receptors in the adhesion prooésse PMNs by blocking the L-

selectin and the PSGL1 on the activated neutrophil.
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FINAL REMARKS

Exogenous plasma boAGP binds to bovine neutrophildace in an
homogeneous way.

High concentrations of boAGP down-regulate bothng@oeous and ZAS
induced exocytosis of secondary granules in boRiMié&ls.

When AGP is desialylated, the down-regulationwatgtiis lost.
Capillary-like tube formation of HMVEC-Ls on Mated)is inhibited by
hAGP.

hAGP regulates HMVEC-L adhesion to Matrigel in pHasic manner.
Wound healing of HMVEC-Ls is inhibited by hAGP & reversible
manner.

hAGP acts as a chemoattractant, in modified Boydeambers for
HMVEC-Ls.

hAGP diminishes, PMN adhesion to endothelium whéosd¢ are
fMLP/CytoB activated.

FUTURE DIRECTIONS

In vivo studies for the angiogenesis inhibition.

Binding studies with different integrins to resoblhe biphasic behavior on
the Matrigel adhesion

Permeability assays, to see if the tightening efrtionolayer is the cause
of the wound healing inhibition since the chemataattivity has already

been proven.

Further studies on human PMNs need to be done deroto fully

understand the diminished adhesion.
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