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1. INTRODUCTION



Introduction

Mesothelial cel Is t hat 1 ine t he s erosal s urfaces o f't he p eritoneal cav ity p rovide a n atural
protective barrier that prevents viscerae from ad hering to adjacent ap posing surfaces. Injury
occurring after surgical procedures, infection or inflammation, compromises the integrity of
these cells resulting in a local biological reparative response which releases various pro-, anti-
and immunomodulatory mediators. These include chemokines, cytokines, growth factors and
products of the coagulation and fibrinolysis s ystems, amongst others. It has been seen that,
mesothelial ¢ ells may b e i nvolved i n pro-coagulant a ctivity, but may also show marked
intrinsic fibrinolitic activity and anti-inflammatory properties in order to prevent abdominal
adhesions (Delgado et al. 2009)

The pro-coagulant a ctivity of m esothelial cel Is induces s ecretion of mesothelial
plasminogen activator 1 nhibitor t ype 1 (PAI-1) a fibrinolysis i nhibitor t hat i nduces fibrin
formation and deposition ina na ttemptto repair peritoneal i njury. Fibrinolysis is
simultaneously activated by the secretion of tissue-plasminogen a ctivator ( t-PA) th at is
essential to degrade the fibrin formed after different gastrointestinal injuries and to decrease
subsequent risk of adhesion formation. Peritoneal fibrinolysis activation can be detected by
measuring peritoneal D-dimer concentrations, which are fibrin degradation fragments released
exclusively b y p lasmin-mediated | ysis o f cross-linked f ibrin. T hus peritoneal D-dimer
concentration measurement is a specific way of monitoring peritoneal fibrinolysis activity and
subsequently of peritoneal fibrinogenesis. The te st for me asuring plasma and peritoneal D-
dimer concentration has b een previously us ed f or a ssessing p lasma h ypercoagulation a nd
hyperfibrinolysis i n hor ses a fter endurance ¢ ompetition, in horses w ith ga strointestinal
disorders, in those with laminitis, and in septic foals. Thus, plasma D-dimer concentration is
considered a s ensitive marker in assessing fibrinolytic activity and subsequently coagulation

activity. Any increase in D-dimer concentration is strongly correlated to an increase in fibrin



destruction ( hyperfibrinolysis) subsequent to an increase in  f ibrinf ormation
(hypercoagulation or hyperfibrinogenesis) (Chegini et al 2001).

When cellular o r tis sue in jury is e xtensive, it leads to ex cess m igration an d cel |
proliferation that often results in the development of peritoneal adhesions. These adhesions
are know n t o be the m ajor c ause of bow el obstruction, pa in a nd hos pital readmission in
humans and the major cause of repeated laparotomy in horses (Hobson et al. 2003).

There are clinical studies in humans and experimental studies in rats that demonstrate
the imp lication o f'the peritoneal TGF-f3 series in the d evelopment of abdominal a dhesions
(Chegini etal. 2001). Peritoneal fluid and a dhesion tissue analysis in humans suggest that
alterations occur in peritoneal expression of cytokines, growth factors and proteases, which
mayb ea keyfactor in the pathogenesis of adhesion f ormation. Increased s ecretion o
interleukins, t umor ne crosis f actor, t ransforming growth f actor  cytokine f amily that
regulate t he i nflammatory and i mmune r esponses, € nhance t issue fibrosis a nd a nti-
inflammatory and anti-fibrotic activities r espectively (Barton et al. 1999). T hese ¢ ytokines
also r egulate t he e xpression of e nd pr oteases, t hus ¢ ontrolling f ibrin de position a nd
degradation, ¢ hemotactic mig ration o f in flammatory c ells and fibroblasts, c ell growth and
differentiation, angiogenesis and deposition of extra cellular matrix (Horohov et al. 2000).

Over-expression of TGF-3; has been implicated in fibrotic disorders at various sites of
the bod y s uch a s fibrosis, g lomerulonephritis, c irrhosis of t he 1 iver a nd de rmal s carring
(Hobson et al. 200, Raaf et al., 2011; Ueha et al., 2012, Akerberg et al., 2013). Evidence that
implicates T GF- in pe ritoneal a dhesion f ormation arises from experiments s howing that
elevated TGF-B concentrations were obs erved in a dhesion t issue and peritoneal fluid o f
patients with adhesions. Furthermore, post-operative peritoneal administration of TGF-3; has
been s hown to increase the incidence of adhesion formation, w hile ne utralizing a ntibodies

directed against TGF-f; reduced this incidence (Barton et al. 1999). On the other hand, TGF-



B3 is a TGF-B isoform found in small concentrations in peritoneal fluid from p atients with
adhesions, in which TGF-B3; and 3, have been shown to be up-regulated and associated with
adhesion formation (Falk etal., 2009). T GF-B3 mainly co unteracts profibrotic effects o f
TGF-B; and B, (Gorvy etal., 2005) and this is s pecially recognised d uring f etal w ound
healing, since this protein is implicated in a complex regenerative wound healing mechanism
with no scarring To note, T GF-B; profibrotic mechanisms are activated once the animal is
born (Namazi et al. 2011).

Adhesions express significantly more TGF-f3; than parietal peritoneum (Chegini et al.
2001). TGF-B has been detected in equine chronic pneumonia, indicating that the stimulus of
TGF-B produces a nd i ncrease i n ¢ ollagen de posits. The ke y role of T GF-f in peritoneal
healing a nd adhesion-genesis is b ased on the facts that th e TGF-Bs a re ch emotactic f or
fibroblasts a nd in flammatory cells a nd p romote c ell p roliferation, d ifferentiation a nd
angiogenesis (Rodriguez et al. 1996).

A study performed recently by our group showed that horses with severe inflammatory
and 1 schemic gastrointestinal di sorders h ad as ignificant i ncrease i n pe ritoneal TGF-
B concentration (Argtelles et al . 2 009). Additionally, in another s tudy performed b y our
group (Delgado eta l. 2009) , peritoneal D -dimer ¢ oncentrations w ere obs erved t o be
significantly higher in horses with peritoneal fluid alterations that were suffering peritonitis,
and inflammatory and ischemic gastrointestinal problems when compared with horses with a
normal peritoneal fluid analysis. These results c onfirmed t hat hor ses w ith the m ost s evere
forms of  gastrointestinal di sorders presented higher pe ritoneal f ibrinolytic a ctivity
(hyperfibrinolysis) most likely as a consequence of increased peritoneal fibrin formation and
deposition (hyperfibrinogenesis).

To our know ledge t here a re no s tudies i n hor ses t hat demonstrate a r elationship

between p eritoneal fibrinolysis a ctivity and peritoneal TGF- concentration in horses with



colic. Thus, the aims of this study were 1) to assess and compare the TGF-1 and D-dimer
concentrations in peritoneal fluid of horses with different types of colic, 2) to demonstrate the
relationship between peritoneal T GF-f3 and D-dimer concentrations and, finally, 3) to assess
the relationship be tweent he peritoneal fibrinolytic a ctivity, ¢ oagulation andt hese
inflammatory regulators in peritoneal fluid of horses with colic by the type of peritoneal fluid

(trasudate, modified trasudate and exudate) and outcome (survivors, and non-survivors).

Objetives:

1. To determine both plasma and peritoneal TGF-f3; and TGF-3 concentrations in horses
with different types of colic.
2. To compare these concentrations according to the type of peritoneal fluid: transudate,

modified transudate and exudates.

3. To compare and correlate plasma and peritoneal concentrations of TGF-3; and TGF--
B3 and the types of peritoneal fluid according to the colic group and outcome.

4. To compare and correlate the peritoneal concentrations of TGF-f3; and D-dimer in

horses with different types of colic.
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The mesothelial cell

The mesothelial cells form a monolayer of a specialised pavement-like structure that
lines the body’s serous cavities and internal organs. The primary function of this layer, termed
the m esothelium, is to provide a s lippery, non -adhesive a nd pr otective s urface. H owever,
mesothelial cells play other pivotal roles involving fluid and cell transport across the serosal
cavities, immunological and anti-inflammatory properties, tissue repair, antigen presentation,
inflammation and tissue repair, coagulation, fibrinolysis and tumor cell adhesion.

Mammalian me sothelium is ¢ onsidered e ssentially s imilar r egardless of s pecies or
anatomical site. Embryologically, it develops from the mesodermal tissue between 8 and 18
days of gestation depending on the species. The mesothelium is a slowly renewing tissue with
0.16-0.5% of cells undergoing mitosis at any one time. However, if appropriately stimulated,
its mitotic activity can be greatly increased. Soluble me diators released from in flammatory
and injured cells are potent stimulators for this rapid increase in proliferation.

Mesothelial cells are unique in that not only are they derived from the mesoderm and
express the mesenchymal intermediate filaments vimentin and desmin, but they also present
cytokeratins which are intermediate filaments from epithelial cells. Mesothelial cells have the
ability to change their p henotype comparable to changes seen in epithelial-to m esenchymal
transition. When a pe ritoneal i njury is produced or pe ritonitis is present and induction o f
epithelial-to-mesenchymal transition (EMT) in mesothelial cells is unchained. This process is
characterized b y t he | oss o f cel I—cell co ntact, r eorganization o f't he act in ¢ ytoskeleton,
basement m embrane de gradation, a nd a cquisition of a m igratory and i nvasive phe notype.
EMT contributes to peritoneal fibrosis and adhesion formation (Aoki et al. 2014, Yung et al.
2013).

Aninvitro study demonstrated th at th e incubation of mesothelial cells with higher

concentrations TGF-; induced epithelial-to mesenchymal transition and up-regulated smooth
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muscle actin and type I collagen expression, consistent with a myofibroblast phenotype, and
this is a basic step in peritoneal fibrosis. This could imply that the mesothelium is a likely
source o f fibrinogenic cells during s erosal i nflammation and wound he aling and may play
important roles in early serosal fibrosis and adhesion formation (Falk et al., 2013).

Historically, th e ma in r oles a ttributed to th e mesothelium h ave b een to act asa
protective barrier against physical damage and invading organisms and provide a frictionless
interface for the free movement of apposing organs and tissues (Ksiaz and ek, 2013, Jiang et
al., 2013). However, more recent studies have begun to elucidate many other different roles
for mesothelial cells. The mesothelial cells are tightly bound together by tight junctions, and
secrete s urface glycosaminoglycans, pr edominantly h yaluronan, w hich i s a ssembled i nto
hyaluronan-containing peri-cellular matrix coated around microvilli, protecting the cells from
abrasive d amage and i nfective a gents (Jung a nd C han, 2012) . H yaluronan m ay a lso be
importanti nc ell di fferentiation a nd pr eventing a dhesion f ormation a ndt umor c ell
dissemination. M esothelial c ells also s ecrete p hosphatidylcholine, th e m ajor c onstituent o f
lamellar bodies and pul monary surfactant, acting as a lubricant to r educe friction be tween
serosal surfaces (Bodega et al 2012).

Mesothelial cells participate in initiating and resolving serosal inflammation and repair
by secreting various pro-, anti- and immunomodulatory mediators. These include products of
the ¢ oagulation ¢ ascade, ¢ hemokines, cytokines a nd growth f actors, prostaglandins a nd
prostacyclin, r eactive ni trogen a nd ox ygen s pecies, a ntioxidant e nzymes a nd e xtracellular
matrix molecules (Jiang et al., 2013).

Secretion of ¢ hemokines b y m esothelial c ells pr omotes di rected t rans-mesothelial
migration o f neutrophils and monocytes leading to a massive influx of leukocytes from the
vascular compartment into the serosal space. M esothelial cells also participate in regulating

efflux of in flammatory cells and release me diators in response to injury which initiate cell
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proliferation, migration and extracellular matrix synthesis (Ksiaz and ek, 2013, Jiang et al.,
2013). G rowth factors, i ncluding T GF-B3, platelet-derived growth factor, fibroblast g rowth
factor, h epatocyte growth factor and members o f the epidermal growth factor families are
likely to regulate theses processes. Mesothelial cells synthesise extracellular matrix molecules
including collagen types I, Il and IV, elastin, fibronectin and laminin and are able to organise
these c omponents in to complex s tructures th at r esemble e xtracellular matrix components
(Falk et al., 2013, Jiang et al., 2013, A oki et al., 2014). They can also regulate ex tracellular
matrix turnover by secreting matrix metalloproteinases and their respective tissue inhibitors
(Ksiaz and ek, 2013).

Regulation of the pro-, anti-, and immuno-modulator mediator balance by mesothelial
cellsin serosal tissuesis key for a good outcome following s urgical in sult and i nfection
(Zeillemaker etal., 1999). T he co rrect b alance w ill r esult i n t issue r egeneration an d r e-
establishment of normal serosal function, however, loss of this balance can result in enhanced
permeability, oedema, formation of protein rich exudates and ultimately adhesion formation

and fibrosis (Brochhausen et al., 2013).

Mammalian transforming growth factor-fs

The TG F-3 superfamily c onsists of a di verse r ange of proteins that regulate m any
different ph ysiological pr ocesses, 1 ncluding e mbryonic de velopment, hom eostasis,
chemotaxis and cell cycle control (Bielefeld et al., 2013, Andrianifahanana et al., 2013). TGF-
beta is a r egulatory c ytokine with s everal effects on h ematopoietic cel Is an d ex tra-cellular
matrix (ECM) metabolism. TGF beta-1 increases ECM production and TGF beta-3 inhibits it
(Gorvy et al., 2005). Their balanced expression of both growth factors is crucial for adequate
tissue r epair ( Kamato eta l.,2013) . T hey are w idely e xpressed i n a 1l ¢ ells, i ncluding

macrophages, lymphocytes, endothelial cells, fibroblasts, astrocytes, osteoclasts and platelets
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(Bielefeld et al., 2013). T GF-Bs are present in 3 isoforms, w hich ar e r eleased as inactive
precursor pe ptides (latent inactivated form), and require proteolytic cl eavage by furins and
other ¢ onvertases s uch as p lasmin, c alpain and ma trix me talloproteinases to form a ctive
signaling molecules (Bielefeld et al., 2013, Kamato et al., 2013). Other mechanisms involved
in latent TGF-f3 activation include the presence of extreme pH, temperature changes, radiation
or contact with reactive oxygen species and drugs such as glucocorticoids.

Transforming growth factor [ is one of the main immune-suppressive factor secreted
by cells. TGF-B substantially suppresses interleukin 12 and inhibits inter leukin 2 and
interleukin-2- induced proliferation in T cells. In CD8+ cytotoxic T lymphocytes and NK
cells, TGFp is a strong antagonist of interferon-y production. TGFp has a negative effect on
B-cell proliferation and differentiation. TGFp is needed for the differentiation of both T-

helper-17 (Th17) and induced regulatory T (Treg) cells (Lippitz 2013).

TGF-B signaling

Signaling by TGF-s starts at the cell surface by binding to the type II TGF receptor.
This triggers recruitment and activates phosphorylation of the type I receptor, which in turn
phosphorylates t he r eceptor-regulated t ranscription ¢ oregulators (R-Smads) S mad2 an d
Smad3. H eteromerization of R -Smads w ith t he ¢ ommon m ediator, S mad4, a nd nuc lear
translocation s ubsequently ensue, ¢ ulminating i n m odulation ( induction or r epression) of
Smad-regulated genes. Furthermore, non-Smad signaling pathways are also equally important
in me diating T GFf’s ef fects an d p ossibly t hese two pathways show s ome i nteraction

(Bielefeld et al., 2013, Andrianifahanana et al., 2013).

Profibrotic effects of TGF-$

TGF-B exerts its profibrotic effects by inducing fibroblast proliferation, myofibroblast
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differentiation, and ex tracellular matrix remodeling. T hese events not only are mediated by
this protein, but ot her cytokines are al so pivotal for S mad a ctivation and t he s ubsequent
expression o ff ibrogenic i ntermediate ef fectors, s uch as p latelet-derived g rowth f actor
(PDGF) or connective tissue growth factor (CTGF) (Bielefeld et al., 2013). Furthermore, non-
Smad pathways, such as the p21 -activated kinase 2 (PAK2)/cAbl Akt/mTOR, the mito gen-
activated protein kinase (MAPK) family, also exhibit potent profibrotic activities) as well as
epidermal growth factor receptor (EGFR) (Andrianifahanana et al., 2013).

The main consequence derived from the activation of these molecular pathways is the
induction of f ibroblast t o m yofibroblast di fferentiation, how ever, t he presence of other
cytokines and growth factors, such as PDGF and CTGF, are pivotal for this cell phenomenon
to occur Bielefeld et al., 2013). In addition, T GF-p remains as the master-key for inducing
epithelial to me senchymal tr ansition ( EMT). During EMT e pithelial ¢ ells d ownregulate
epithelial marker expression, upregulate mesenchymal markers expression and gain functional
characteristics o f m esenchymal cells. Other cytokines such as TNFa and Il-1B are able to

drive EMT only under the influx of TGF-f1 (Borthwick et al., 2013).

Coagulation and fibrinolysis

Mesothelial cells play an important role in local fibrin deposition and clearance within
serosal cavities. Their fibrinolytic activity is a key factor in the prevention and removal o f
fibrin deposits that form following mechanical injury, hemoperitoneum and infection. If the
fibrinolytic capacity is insufficient and fibrin accumulation is not resolved, fibrous adhesions
form between opposing serosal surfaces (Imudia et al. 2008).

Mesothelial cells have b oth procoagulant and fibrinolytic a ctivity. T he procoagulant
activity is due to tissue factor, the main cellular initiator of the extrinsic coagulation cascade.

Fibrin de position is also aided by the s ecretion of plasminogen a ctivator 1 nhibitors ( PAI),
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PAI-1 and P AI-2. Fibrinolytic activity is mediated through secretion of tissue plasminogen
activator (tPA) and urokinase (uPA) (Brochhausen et al., 2013).

The PAs convert the inactive zymogen plasminogen into active plasmin which in turn
enzymatically breaks d own fibrin. M esothelial cells are the main source o ftP A in serosal
cavities b ut s ecrete 1 ower 1 evels o fu PA. T he 1 evels o f't hese m ediators ar e r egulated b y
inflammatory factors i ncluding I ipopolysaccharide, t umor ne crosis f actor-a. and IL-1 a nd
fibrinogenic mediators such as TGF- and thrombin (Arung et al., 2011).

Since impaired m esothelial r egeneration i s a 1 ikely ¢ ause of pos t-operative a dhesion
formation clinical imp actis o bvious. A dhesions de velop f ollowing di recti nsultt ot he
mesothelium. D uring nor mal r epair, f ibrin, w hich i s de posited be tween ¢ losely a pposed
injured surfaces, is removed by the action of P As secreted by regenerating mesothelial cells.
Within da ys the fibrin is reabsorbed and by day 7 thereis c omplete r egeneration of the
mesothelial | ayer. H owever, i f t he nor mal he aling pr ocess i s i mpaired, f ibrin s ubserosal
fibroblasts migrate into the remaining fibrin matrix, deposit collagen and hence permanent

adhesions between opposing organs form (Jeong et al., 1998).

Pathophysiology of adhesion formation

Peritoneal a dhesions are one of the m ost frequent c omplications a fter c olic s urgery in
horses. Adhesions occur more frequently after surgery for treatment of lesions involving the
small in testine. Ischemia/reperfusion a nd i ntra-luminal di stension a nd d ecompression ha ve
been shown to cause severe changes in the sero-muscular layer of the small intestine, such as
serosal e dema, le ukocyte in filtration, and erythrocyte leakage w ith f ibrin a ccumulation,
whereas a similar insult to the ascending colon does not result in comparable s eromuscular
lesions (Eggleston and Mueller, 2003).

Adhesions are the second most common reason for repeat laparotomy in horses with GI
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disease (Kelmer, 2009). Adhesion formation then can be viewed as a variant of the normal
physiologic he aling pr ocess. Ischemia, di stension, dr ying, or a brasion of t he pe ritoneum
during m anipulation a nd de compression of t he i ntestine, a s w ell a s he morrhage, t he
introduction of f oreign m aterial, o r 1 nfection in t he pe ritoneal c avity, c an all r esultin
peritoneal inflammation initiating adhesion formation (Imudia et al. 2008, Arung et al., 2011).

An intact mesothelial cell layer is critical for the prevention of adhesion formation. Once
this layer is disrupted, the underlying connective tissue c ontaining bl ood ve ssels, collagen,
lymphocytes, fibroblasts, m ast cel Is, m acrophages, an d p lasma cells b ecome ex posed
(Brochhausen et al., 2013). The release of vasoactive s ubstances such as P GE2, s erotonin,
bradykinin a nd hi stamine f rom t he e xposed s ub-mesothelial t issue m ediates i ncreased
vascular permeability with extravasation of fibrinogen-rich inflammatory exudates (Ho-Dac-
Pannekeet, 1998 ). T he r elease o £t hromboplastin a nd e xposure of s ubendotheilal ¢ ollagen
activate the intrinsic and extrinsic clotting cascade, leading to thrombin-mediated conversion
of fibrinogen to fibrin, with the fibrin adhering to sites of injury (Imudia et al. 2008, Arung et
al., 2011).

In the normal healing process, the fibrin is lysed by plasmin, and the peritoneal injury
is covered within 2 to 5 days by a single layer of mesothelial cells originating from metaplasia
of u nderlying me senchymal cells,a ttachmento ff ree-floating m esothelial ¢ ells, o0 r
transformation of macrophages (Imudia et al. 2008, Arung et al., 2011). But in the case where
fibrinolysis is inadequate, fibroblasts migrate over the fibrin deposit with neovascularization
and produce collagen by day 4, i nitiating fibrous adhesion formation (Brochhausenetal.,
2013).

Inactive plasminogen is converted to plasmin by tissue plasminogen activators that are
proteases released by the mesothelial cells. After a peritoneal injury due to ischemia, infection

or inflammation, plasminogen activator is decreased. This is due an increased production of
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plasminogen activator inhibitor, which reduces the level of plasminogen activator activity. An
extensive damage to either the parietal or visceral peritoneal surface tips the balance in favor
of adhesion formation, by increasing the extent of fibrin formation and de positionand by

decreasing fibrinolytic activity (Ksiaz and ek, 2013).

Role of TGF-B in peritoneal adhesion formation

Peritoneal adhesions are in fact a fibrotic disorder (Borthwick et al., 2013). As it was
mentioned, T GF-3, e specially t he 1 i soform p lays a crucial r oleint he g enesis o ft his
abdominal pathologic alteration (Chegini et al., 2013) via secondary cytokine interaction and
EMT (Falk et al., 2013). Many situations may alter the peritoneal homeostasis in horses with
colic; these ¢ onditions may in clude in testinal is chemia, d istension, e nteritis, p eritonitis,
surgical trauma and hemorrhage, amongst others (Argiielles et al., 2010). Under a peritoneal
inflammatory e nvironment s uch a s happens in horses with colicitis very likely that the
proteolitic cleavage of latent forms of TGF-B1 are massively released to the peritoneal fluid
and consequently the profibrotic mechanisms of this growth factor are activated. It is known
that h orses w ith c olic p resent alterations in the peritoneal fibrinolytic s ystem. N ecessarily,
higher plasmin peritoneal concentrations will be present in these cases with subsequent TGF-
Bi’s fibrotic way activation (Delgado et al., 2009). Even if the plasmin system is imp ortant
for the activation of TGF-f3 but the knowledge of its role in regulation of release in the equine
abdominal cavity is limited.

Experimental s tudies blockingt he TGF-f isoforms w ith ne utralizing a ntibodies
injected i nto t he pe ritoneal ¢ avity h ave be en de monstrated t o r educe peritoneal a dhesion
formation, while an increase in TGF-B1 concentrations in peritoneal tissue is associated with
adhesion de velopment ( Gorvy et al., 2005). H owever intraoperative r elease and a ctivation

profiles o f T GF-fl and 31 nresponsetosurgery int he e quine a bdomen are not f ully
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understood. The presence of TGF- 1 and 3 isoforms in serosal and adhesion tissue has been
reported in vivo, together with a synergistic effect between the TGF-3 1 and 2 isoforms that

could be important in adhesion formation by generating connective tissue (Chegini et al.,

2013).

TGF-B as a biomarker for fibrosis and cancer

Currently, there is great interest to know about the central role of TGF-3 for inducing
EMT a nd c onsequently or gan f ibrosis a nd ¢ ancer. T hus, T GF-3 monitoring h as be come
frequently evaluated in animal models and patients with fibrotic problems and cancer (Carew
etal, 2012, Lippitz 2013). However, even though it is recognized as very imp ortant, this
cytokine is only a part in the biological puzzle of these pathologic conditions.

TGF-B is one of t he c ytokines pr oduced b y t umor c ells w ith i mmunosuppressive
activity and a potent inhibitory e ffect on s everal other c ytokines. W ith an essential role in
maintenance of homoeostasis, TGF-f suppresses anti-tumour immune responses and creates a
local e nvironment of 1 mmunet olerance.l ncreaseds erum co ncentrationso ft he
immunosuppressive ¢ ytokine T GF-f are a frequent finding in patients with c ancer, to the
extent that it could potentially represent a general cancer-associated feature (Lippitz 2013).

Increased TGF-f; serum concentrations have been found in patients with lung cancer,
breast ¢ ancer, glioblastoma m ultiforme, co lorectal car cinoma, h epatocellular car cinoma,
bladder ca rcinomas, renal cel | car cinoma, and gastric car cinoma an d w ere as sociated w ith
poor prognosis in patients with gastric c arcinoma, adenocarcinoma of the lung, and br east
cancer. Additionally, T GF-3 was associated with m etastases in patients with breast c ancer,
gastric cancer, colorectal cancer, non-small-cell lung cancer, malignant melanoma, and renal-
cell cancer (Lippitz 2013).

TGF-Blhas also been used for evaluating patients with renal (Carew et al., 2012) and
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pulmonary fibrosis (Fernandez and Eickelberg 20 12). Increased plasma and urinary T GF-1
concentrations m ight contribute t o t he de velopment of ¢ hronic tubule-interstitial d isease
(Carew etal., 2012). Furthermore, r ecently, it has proposed t he m onitoring of this growth
factor i n pa tients receiving a llotransplantation, s ince TGF- 3 has a potent ability to alter
immune r esponses. M aybe t he modulation of t he TGF-B pathway for treatment of
transplantation pa tients ¢ ould be e ffectivei fc arried out inat argets elective m anner

(Regateiro et al., 2011).

Tissue markers as predictors of postoperative adhesions

There i1s reduced fibrinolytic cap acity in p eritoneal tissue in p atients w ith a g reater
propensity for de velopment of adhesions. T his suggests that components of the fibrinolytic
system may be used as markers of an increased risk of adhesion development (Imudia et al.
2008, Arung et al., 2011).

Components of the plasminogen s ystem, particularly P Al-1, could be used as tissue
markers to doc ument the likelihood of adhesion development after s urgery and may h ave
potential for identification of hi gh risk patients who would be nefit from a djuvant t herapy.
Theoretically, 1t m ay be pos sible t o r educe a dhesion f ormation, b y locally inhibiting t he
plasminogen inhibitor PAI-1 (Fortenberry, 2013).

Tissue pl asminogen activatori st he main physiological p lasminogen activator in
peritoneal tissue and the reduction in functional fibrinolytic activity seen in inflammation is

mediated by plasminogen activator-inhibitor (Imudia et al. 2008, Arung et al., 2011).
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III. STUDY ONE

Peritoneal concentrations of TGF-f3 in

horses with colic.
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Summary

Reasons for pe rforming t he s tudy: In hum ans, peritoneal t ransforming growth factor b eta
(TGF-P) is associated with peritoneal diseases and subsequent adhesion formation. No studies
on plasma and peritoneal TGF-3 concentrations in horses with colic are available.

Objectives: 1) To determine both plasma and peritoneal TGF-f3; and TGF-5 concentrations
in horses with different types of colic (not previously subjected to abdominal surgery), 2) to
compare these concentrations according to the type of peritoneal fluid (transudate, modified
transudate and exudate), and 3) to compare and correlate plasma and peritoneal concentrations
of T GF-B; and T GF-B3and the types of peritoneal fluid a ccording t o the ¢ olic gr oup and
outcome.

Methods: Peritoneal fluid and plasma samples from 78 horses with colic and 8 healthy horses
were obt ained. P atients w ere ¢ lassified a ccording t o di agnosis ( obstructions, e nteritis,
ischemic disorders and peritonitis), peritoneal fluid analysis (transudate, modified transudate
and exudate), and outcome (survivors and non-survivors). Plasma and peritoneal TGF-f3; and
TGF-B3 concentrations were determined by ELISA. Data were analyzed by parametric a non
parametric tests. A P<(0.05 was considered as statistical significant.

Results: Concentrations of pe ritoneal f luid T GF-f; were s ignificantly (P=0.01) hi gherin
horses with p eritonitis in comparison with all other colic groups and controls. Horses with
ischemic le sions h ad s ignificantly (P=0.01) hi gher c oncentrations of pe ritoneal T GF-f; in
comparison w ith ¢ ontrols a nd t he g roup of ho rses w ith obs tructions. P eritoneal T GF-f3;
concentration al sow as s ignificantly ( P=0.01) hi gheri n exudates i n ¢ omparison w ith
transudates. Peritoneal TGF-f; and TGF-; concentrations and plasma TGF-f; concentration
were significantly increased in non-survivors compared to survivors (P=0.001, P=0.004 and

P=0.05, respectively).
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Conclusions: Peritoneal T GF-B; concentration w ash igheri nh orsesw iths evere
gastrointestinal diseases (ischemic intestinal lesions and peritonitis), in horses with an altered
peritoneal fluid (exudate), and in non-survivors.

Potential r elevance: Peritoneal T GF-§ concentration i ncreasesi nh orses w ith s evere

gastrointestinal disease as an anti-inflammatory response.

Keywords: equine colic; peritoneal t ransforming g rowth factor b etal and be ta3; pe ritoneal

fluid analysis; outcome.
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Introduction

The t ransforming growth factorsb eta1,2a nd 3 ( TGF-B;-3) a re pr oteins pr oduced b y
macrophages, | ymphocytes, endothelial cells, fibroblasts, astrocytes, os teoblasts, os teoclasts
and platelets (Javelaud and Mauviel 2004). These peptides may stimulate or inhibit cellular
proliferation, cellular d ifferentiation, c ellular m otility, cellular a dhesion or cellular d eath.
These mechanisms can occur depending on the type and stage of development of every cell
(Javelaud and M auviel 2004; Mirshafiey and M ohsenzadegan 2009). T GF-f is a regulatory
cytokine with several effects on haemopoietic cells. The pivotal function of this peptide in the
immune s ystem is to ma intain to lerance v ia the r egulation o f'1 ymphocyte p roliferation,
differentiation, and survival. Among T cells, CD4", CD25", FOXP3" and T regs contain the
main source of TGF-f3 that suppresses immune responses in inflammatory sites (Mirshafiey
and M ohsenzadegan 2009). T hese pr oteins also r egulate t he extra-cellular ma trix ( ECM)
metabolism. P articularly, T GF-; increases the ECM synthesis and T GF-f; inhibits it. The
balanced expression of both growth factors is crucial for adequate tissue repair (Shah et al.

2005).

In hor ses w ith ¢ olic, s everal pa thophysiological e vents ( such a s i ntestinal i schemia,
distension, enteritis and peritonitis) could produce a release of precursor peptides of TGF-3s
(either from devitalized viscera or inflamed peritoneum) to the peritoneal fluid. An impaired

abdominal e nvironment, s uch ha ppens i n ¢ olic pa tients, ¢ ould i nduce a ctivation of t hese

peptides to their active forms (Ghellai ez al. 2000; Falk et al. 2009).

No reports are available on T GF-f; and T GF-f; in hor ses w ith c olic. T he know ledge o f

variations of these growth factors on plasma and peritoneal fluid in clinically healthy horses
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and in horses with colic would allow to know how they change according to different types of
colic. T hus, t he obj ectives of t hiss tudy were 1) t om easure T GF-; and T GF-B3;
concentrations in both plasma and peritoneal fluid of horses with different types of colic (not
previously subjected to abdominal surgery); 2) to compare peritoneal concentrations of these
growth factors according to the type of peritoneal fluid (transudate, modified transudate and

exudate); and 3) to compare and correlate plasma and peritoneal concentrations of T GF-f3,

and TGF-3 and the types of peritoneal fluid according to the outcome.

Materials and methods

The study was approved by the Ethical C ommittee o f the authors’ institution in Barcelona.
The clinically healthy horses (free of abdominal disease) were used as controls after obtaining

the owner’s consent.

Inclusion criteria and study design
This p rospective o bservational c linical s tudy w as unde rtaken during o ne year with t hose
horses admitted at the E quine T eaching H ospital of Barcelona for abdominal pain. P atients
included in the study were those not previously subjected to abdominal surgery, which blood
and pe ritoneal f luid s amples could be t aken on a dmission, a nd t heir out come c ould be
established. A group of 8 clinically healthy horses in regular training (control group) also was
included.

Horses w ith colic w ere a llotted to 4 groups a ccording t o t he di agnosis, ba sed on
clinical history, physical e xamination and results of complementary di agnostic tests (CBC,
plasma biochemistry, blood gas analysis, peritoneal fluid analysis, abdominal ultrasonography

and sometimes radiology).
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Table 1. Plasma and peritoneal TGF-B3; and TGF-B3 concentrations in the control and different colic groups.

Variable Controls Obstructive group Enteritis group Ischemic group Peritonitis group
(n=8) (n=28) (n=20) (n=22) (n=18)
Plasma
TGF-B; (ng/mL)* 4219 4.0 (1.8) 43 (1.7) 4.8 (2.6) 6.4 (2.8)
TGF-B; <30 (0) <30 (54) <30 (1.5) <30 (0) 61.8 (223)
(pg/mL)**
Peritoneal fluid
TGF-B, (ng/mL)* 0.8 (0.2) 1.3 (0.7) 1.8 (1.4) 1.9 (0.8)*° 4.8 (2.3)*0ed
TGF‘B3 <30 <30 (0) <30 (O) <30 (0) 62.6 (104) ab,c,d

(pg/mL)**

* Data are presented as mean (standard deviation). ** Data are presented as median (interquartile range).

* Significantly different from the control group
® Significantly different from the obstructive group.
¢ Significantly different from the enteritis group.

4 Significantly different from the ischemic group.
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Findings o f'l aparotomy or p ostmortem e xamination a Iso w ere u sed for th is c lassification
when t hey w ere pe rformed. T herefore, hor ses w ith ¢ olic w ere g rouped a s f ollows: 1)
Obstructive gr oup: horses w ith a cute abdomen a ssociated w ith 1 arge ¢ olon obs tructions or
displacements. 2) E nteritis gr oup: horses w ith c linical s igns of acute a bdomen due t o
inflammatory disorders, such as duodenojejunitis or typhlocolitis. 3) Ischemic group: horses
with a cute a bdomen ¢ aused b y s trangulating | esions of t he s mall or 1 arge 1 ntestine. 4)
Peritonitis group: horses with clinical signs of acute abdomen caused by peritonitis due to
gastric or intestinal ruptures, bowel devitalisation, or intra-abdominal abscesses.

Horses also were grouped according to the results of peritoneal fluid analysis as previously
reported (Milne et al. 1990; Delgado et al. 2009): 1) Transudate: when nucleated cell count
(NCC) was =5000 cells/uL and total protein (TP) =2.5 g/dL. 2) Modified transudate: when
NCC was =5000 cells/uL and TP >2.5 g/dL, or NCC >5000 cells/uL and TP = 2.5 g/dL, with
a normal peritoneal fluid cytology. 3) Exudate: when NCC was >5000 cells/uLL and TP >2.5
g/dL, or NCC >5000 cells/uL and TP =2.5 g/dL with inflammatory peritoneal fluid cytology.
Finally, hor ses w ere grouped a ccording t o t he out come a s s urvivors (horses t hat w ere
discharged from the hos pital) and non -survivors (horses that died during hos pitalization or
were euthanized due to poor prognosis). Patients that were discharged without the clinicians’

consent or euthanized due to financial constraints were not included in this analysis.

Blood and peritoneal fluid sampling procedure

Blood samples w ere co llected into ev acuated tubes w ith s odium citrate (3.8%) to measure
plasma ¢ oncentration of T GF-B; and T GF-Bs. P eritoneal f luid wasc ollectedb y
abdominocentesis, using both EDTA and citrated tubes for routine p eritoneal fluid analysis
and measurement of peritoneal concentrations of TGF-B; and TGF-B3, respectively.

Citrated tubes with blood and peritoneal fluid samples were centrifuged at 1000 x g for 15
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minutes. The supernatant was aliquoted and frozen at -70°C for subsequent determination of

growth factors.

Table 2. Number and percentages of horses classified according to the diagnosis and the

outcome.

Outcome Obstructive group Enteritis group Ischemic group Peritonitis group
(n=28) (n=20) (n=22) (n=18)

Survivors 27 (96.4) 15 (75) 13 (59) 0 (0)

Nonsurvivors 1(3.6) 5(5) 9(41) 8 (100)

Data expressed as n (%)

Measurement of TGF-f; and TGF-f;
Concentrations of T GF-; and TGF-B; inpl asmaa nd pe ritoneal fluid s amples w ere
determined by triplicate using a sandwich ELISA test developed with commercial antibodies
against both human TGF-p;' and TGF-Bs?, and previously standardized and validated for use
in horses (Argiielles et al. 2007; Carmona et al. 2008).

Murine anti-human capture antibodies were used for TGF-; (part 840116) and T GF-
B3 (part 840417) eachoneina concentration of 2 u g/mL. The de tection a ntibodies w ere
chicken an ti-human T GF-B; (part 840117 ) and bi otinilated g oat anti-human T GF-B5 (part
840418) in concentrations of 300 and 100 ng/mL, respectively. Standard concentrations were
done w ith both hum an recombinant T GF-B; (part 840 118) and T GF-B; using 2 -fold s erial
dilutions in reagent diluent. The lower value for each growth factor was 30 pg /mL and the
higher v alue w as 2,000 pg/mL. Both growth factors w ere a ctivated by an a cetic acid 2.5
N/urea 10M solution, and samples were diluted 12 to 24 times. ELISA tests were revealed

with a conjugation of streptavidine to peroxidase (part 840419) and the colorimetric substrate
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Fast OPD’. The final reading was performed by a plate reader at 492 nanometers for TGF-p;
and 540 nanometers for TGF-f;. The detection threshold established for both proteins was 30

pg/mL.

Table 3. Peritoneal oncentrations of TGF-3; and TGF-B; according to the type of peritoneal
fluid.

Modified
Peptide Transudate transudate Exudate
TGF-B; (ng/mL)* 1.32 (1.1) 1.7 (0.76) 32
TGF-3 <30 (0) <30 (0) <30 (37.8)

(pg/mL)**

Data expressed as n (%)

* Significantly different from transudate

Statistical analysis

Data w ere an alyzed u sing t he s tatistical p rogram S PPS 17.0%. B oth pl asma and p eritoneal
concentrations o f'T GF-B; were s tatistically an alyzed u singt he A NOVA t est af ter | og
transformation. A G ames-Howell’s t est w as u sed f or post-hoc comparisons, s ince t hese
variables did not present hom ogeneity of variance (Levene’s test, P=0.05). T he tests w ere
used to compare concentrations of this protein among the different colic groups and types of
peritoneal fluid. These variables are presented as mean (standard deviation).

Because T GF-f; concentrations presented a hi gh pr oportion ( 73%) of 1 eft-censored
data, these values were equalled to the detection threshold for this protein (30 pg/mL) and
analyzed b y aK ruskal-Wallis te st. A M ann-Whitney U t estw asus ed f or post-hoc
comparisons of non-paired samples. These variables were presented as median (interquartile

range). These t ests w ere us ed t o c ompare concentrations of t his pr otein a mong t he c olic
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groups and types of peritoneal fluid. C omparisons between the concentration of plasma and
peritoneal fluid of TGF-B3; with peritoneal NCC according to survival were performed using a

Mann-Whitney U test for non-parametric non paired samples.

Table 4. Number and percentages of horses classified according to the type of peritoneal fluid

analysis and the outcome.

Modified
Outcome Transudate transudate Exudate
(n=138) (n=15) (n=22)
Survivors 31 (81.6) 12 (80) 11 (50)
Nonsurvivors 7 (18.4) 3 (20) 11 (50)

Data expressed as n (%)

Comparisons be tween t he ¢ oncentration o f pl asma a nd p eritoneal T GF-B; and T GF-f3;
concentrations with survivors and non-survivors were evaluated by T test and Mann-Whitney
U test, r espectively. K endall t au r ank ( 1) co rrelations w ere u sed t o co mpare p lasma a nd
peritoneal c oncentrations of T GF-f; and T GF-B; between the t ype o f p eritoneal fluid a nd

outcome. A value of P =0.05 was stated as statistically significant for all tests.

Results

Horses

Seventy eight horses of different breeds, mainly Andalusians (~80%), with an average age of

7 years old (IR= 7 years), with different types of colic, and 8 clinically healthy crossbreed
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Figure 1. A) Box plots of the mean concentrations of plasma TGF-B1 (ng/mL) in survivors
and non-survivors. Whiskers represent the 95% confidence interval. B) Box plots of the mean
concentrations of pe ritoneal T GF-B1 ( ng/mL) i n s urvivors a nd non -survivors. W hiskers

represent the 95% confidence interval.

horses with an average age of 5.5 years old (IR: 5.4 years) were used in this study. Of the 78
colic horses, 28 a nimals were included in the obstructive group (13 cases were resolved by
medical treatment and 15 were surgically resolved), 20 animals were included in the enteritis
group, 22 animals were included in the ischemic group (12 with small intestine strangulation
lesions and 10 with colon volvulus), and 8 were included in the peritonitis group. The average

age for these groups was similar.

Plasma concentration of TGF-f; and TGF-f;

No significant differences were obtained between plasma TGF-f; and TGF-B; concentrations
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according to the diagnosis (Table 1). Plasma concentration of TGF-; was above 30 pg/mL in
only 23/86 horses (28%), and, of those 23, 10 horses belonged to the obstructive group, 5 to
the enteritis group, 2 to the ischemic group, 4 to the peritonitis group and 2 be longed to the
control group. Plasma concentrations of TGF-; were significantly higher (T test, P =0.05) in
non-survivors compared with survivors (Fig 1a). Plasma concentrations of TGF-33 were not

statistically different between survivors and non-survivors.

Peritoneal concentrations of TGF-f; and TGF-f;

Peritoneal TGF-; concentration was significantly (P =0.01) higher in horses with peritonitis
when compared with all other colic groups and controls (Table 1). The ischemic group also
presented significantly (P =0.01) higher concentrations of peritoneal TGF-; when compared
with the obstructive and control groups. No statistical differences for this peritoneal peptide
were obt ained b etween the ot her c olic and control gr oups ( Table 1). On the ot her h and,
peritoneal T GF-B3 concentrations showed significant differences between the peritonitis and
the other groups (Table 1). Peritoneal concentrations of T GF-B; were higher than 30 p g/mL
only in 15/86 horses (17%). Of these 15 horses, 3 animals belonged to the obstructive group,
2 horses to the enteritis group, 1t o the ischemic group, and 5 hor ses to peritonitis group.
Results of horses according to diagnosis and outcome are shown in Table 2.

Results of the peritoneal fluid analysis were available for 75 horses and were classified
as follows: 38/75 transudates (51%), 15/75 modified transudates (20%), and 22/75 exudates
(29%). When peritoneal TGF-B; and TGF-B; concentrations were compared according to the
type of peritoneal fluid analysis, TGF-; concentration was significantly (P =0.01) higher in
exudates compared to transudates, whereas this concentration in modified transudates did not
differ in exudates and transudates (Table 3). In contrast, no statistically significant differences

were seen between any type of peritoneal fluid for TGF-fB3 concentrations.
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According to the outcome, 55 out of 78 c olic horses (70.5%) were included in the survival
group a nd 23/ 78 (29.5%) 1 n t he non -survival g roup. R esults of pe ritoneal f luid a nalysis
according to the outcome are shown in Table 4. P eritoneal c oncentrations of T GF-p; were
significantly (T test, P =0.001) increased in non-survival horses (Fig 1b). This finding was
similar f or p eritoneal concentrations of T GF-f; between s urvivors a nd non -survivors

(Wilcoxon test, P =0.004).

Correlations

Statistically s ignificant correlations a Ithough w eak w ere obt ained b etween di agnosis a nd
peritoneal TGF-B; concentration (t: 0.236, P =0.019), type of peritoneal fluid and outcome (t:
0.237, P =0.041), type o f peritoneal fluid and p eritoneal T GF-B; concentration (t: 0.379, P
=0.001), outcome and peritoneal TGF-B; and T GF-B3 concentrations (t: 0.310, P =0.001; t:

0.301, P =0.006, respectively).

Discussion

To the authors’ knowledge, this is the first c linical s tudy in w hich c oncentrations of both
plasma and peritoneal TGF-B; and TGF-35 concentrations are reported and compared among
horses with different types of colic, different types of peritoneal fluids and between survivors
and non-survivors. Human ELISA kits were used to measure plasma and peritoneal T GF-f3,
and T GF-; concentrations because all proteins of the TGF-B family have a high homology

among mammals (Penha-Goncalves ef al. 1997; Javelaud and Mauviel 2004).

In this study, it was obs erved that plasma concentrations of T GF-3; and T GF-; were not

different am ong co lic and h ealthy groups. F ailure to d etect a s ignificant d ifference am ong
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horses with different type of colic may have been caused to sample size. On the other hand,
plasma T GF-f; concentration w as s tatistically di fferent be tween s urvival and non survival
horses. This finding also has been reported in human beings with severe trauma (Laun et al.
2003) and sepsis (Pachot et al. 2005). In horses with colic, mortality is closely related to the
degree of endotoxaemia ( Barton and C ollates 1 999). E ndotoxins produce activation of the
inflammatory c ascade, i ncluding t he up -regulation of pr o-inflammatory ¢ ytokines (T NF-a
and I L-6), andr elease of acu te p hase p roteins an d ei cosanoids ( systemic i nflammatory
response syndrome (SIRS)) (Werners ef al. 2005). In many instances, SIRS is preceded by a
compensatory a nti-inflammatory response s yndrome ( CARS), w hich | eads t he pa tient t o
immunosuppression and finally to death (Ward ef al. 2008). IL-10 and TGF-f; are the most
important anti-inflammatory growth factors up-regulated during CARS to produce control of

the inflammatory response (Laun ef al. 2003, Pachot et al. 2005).

Concentrations of T GF-B; in pe ritoneal fluid o f hor ses w ith c olic s hould be analyzed in
function of the pathophysiological picture of each colic group and of the proportion of the
active form of this peptide in peritoneal fluid (Ghellai et al. 2000). However, one limitation of
this study was that peritoneal concentration of the latent and active forms of TGF-3; were not
measured. Horses with peritonitis had a poor prognosis and usually were destroyed because
most cases were intestinal ruptures. Barton and Collates (1999) described hi gher p eritoneal
fluid c oncentrations of endotoxin, T NF-a and I L-6 in hor ses w ith pe ritonitis produced by
intestinal rupture. Our findings suggest that the higher peritoneal T GF-B; concentration in
horses with peritonitis could be related with an activation of a C ARS state to diminish the
peritoneal inflammatory effect caused by endotoxins (Pachot et al. 2005, Ward ef al. 2008,

Mirshafiey and Mohsenzadegan 2009).
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TGF-B, also plays a crucial role in intra-abdominal adhesion formation in septic p eritonitis
(Ghellai et al 2000). S epsis has be en s hown t o facilitate activation of the 1 atent T GF-f3;
(Ghellai ef al. 2000). Only bioactive TGF-3; is able to bind to the T GF-3; receptor to exert
biologic effects, including the synthesis and deposition of extracellular matrix (Ghellai ef al.
2000). On the other hand, TGF-f35 has an antagonistic effect respect to the profibrotic effects
of TGF-B; in skin wound repair (Shah et al. 1995) and peritoneal adhesion formation (Gorvy
et al. 2005). P eritoneal fluid c oncentrations of T GF-B; were s ignificantly h igher in th e
peritonitis group in comparison with the other colic groups and healthy horses. This could be
related with an up-regulatory effect of active form of TGF-[3; released to the peritoneal fluid.
Although, Zaed et al. (2000) demonstrated in vitro (using hypoxic human mesothelial cells)
that T GF-; down-regulates the e xpression of T GF-B3; Gorvy et al. (2005) observed in an
experimental murine model of adhesions that i mmune-staining for T GF-; was m oderately

increased in concordance with the staining for TGF-3; during first 24-48 hours.

Strangulating lesions of the small intestine present higher rates of adhesions in comparison
with ischemic lesions of the colon and non-strangulating lesions of the intestine (Gorvy et al.
2008). In the present study, no s ignificant differences were found on pe ritoneal TGF-$3; and
TGF-B3 concentrations between small and large intestine ischemic lesions. Therefore, horses
with ischemic lesions of the small and large intestine were maintained in the same group. No
significant differences were found between the enteritis and ischemic groups. However, as the
active fractions of these growth factors w ere not measured, it is pos sible t hat hor ses w ith
ischemic lesions presented a higher proportion of the active form of TGF-3; than horses with

enteritis. Further studies are warranted to elucidate whether these differences may exist.
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Horses with non-parasitic inflammatory bowel disease (IBD) express TNF-a and other pro-
inflammatory c ytokines and T GF-f; (Davidson ef a/. 2002). On the o ther hand, in human
beings reduced TGF-f3; activity is considered to be responsible for the development of IBD.
TGF-B; promotes a potent immunosuppressive e ffect and acts in concert with other growth
factors to protect host tissue from luminal challenges and facilitate repair of mucosal injury in
IBD ( Sanchez-Muinoz eta [ 2008). H orses with e nteritis pr esented hi gher p eritoneal
concentrations of TGF-;, although no statistically different respect to the control, obstructive
and ischemic groups. It is possible that this growth factor plays a different pathophysiological
role in hor ses w ith e nteritis r espect t o t he ot her c olic g roups, and t heir hi gher p eritoneal

concentration could be related with a positive resolution of the bowel inflammation (Sanchez-

Munoz et al. 2008).

Acute abdominal disease may produce changes in the peritoneal fluid analysis that, depending
on severity of the illness and sampling time, vary between modified transudates and exudates
(Milne et al. 1990). In the present study, a statistically higher peritoneal TGF-3; concentration
was observed in exudates when compared with transudates, although not statistically different
compared w ith m odified t ransudates. T his g rowth f actor m ay be pr oduced b y a ctivated
leukocytes i n pe ritoneal f luid, w hich w ould be hi gheri n exudates. In c ontrast, t his
phenomenon was not seen for peritoneal TGF-33, although this peptide was weakly correlated
with TGF-B; concentration on peritoneal fluid. In this sense, it is possible that peritoneal fluid
concentration of T GF-B3 could be up -regulated by pe ritoneal T GF-f; in h orses with colic
(Gorvy et al. 2005). Onthe other hand, in this study avery weak correlation w as found
between the type of peritoneal fluid and outcome. Maybe the low number of horses included
in the study or the fact that normal peritoneal fluid was collected in some horses with severe

intestinal lesions could have interfered with these results.
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Peritoneal co ncentrations o f T GF-f3; and T GF-; were s tatistically h igher in n on-survival
horses compared t o s urvivors. T he hi gher ¢ oncentration of t hese g rowth f actors i n non -
survivors may be related with a local CARS response to endotoxin insult (Ward et al. 2008).
As pr eviously reported, hor ses w ith pe ritonitis pr esented d etectable concentrations on
endotoxin in their peritoneal fluid (Barton and Collates 1999), and peritoneal TGF-fs include
the anti-inflammatory repertory to counterest the potent pro-inflammatory effect of the TNF-

a during septic peritonitis (Werners ef al. 2005; Ward et al. 2008).

In conclusion, this study reports new knowledge on changes of plasma and peritoneal TGF-3
concentrations in hor ses with colic. P eritoneal T GF-; concentration w as hi gher in hor ses
with peritonitis and ischemic lesions, maybe as a consequence of peritoneal inflammation or
damaged intestine. F urther s tudies s hould b e p erformed t o pr ove t he association b etween

peritoneal TGF-f concentrations and the development of abdominal adhesions.

Manufacturers’ addresses

' Human TGF-B1. R&D Systems, Abingdon, UK
? Human TGF-B5. R&D Systems, Abingdon, UK
3 Sigma, St Louis, MO, USA

*SPSS inc., Chicago, IL, USA



IV STUDY TWO

Plasma and peritoneal fluid
concentrations of D-dimer and TGF-f3;

in horses with colic.
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Abstract

Horses w ith severe c olic o r w ith a Itered p eritoneal fluid at a dmission, as well as horses
classified as non s urvivors of acute abdominal crisis, will have greater increases in plasma
and pe ritoneal D -dimer and peritoneal transforming growth f actor b eta-1 ( TGF-f3)
concentrations. The aims of this study were to describe and to assess the correlation between
these molecules. The animals studied were 124 horses with colic and 12 control horses. The
horses with c olic were g rouped a ccording t o diagnosis (obstructions, e nteritis, is chemic
problems, pe ritonitis a nd ot her m ixed pr oblems), results of t he peritoneal f luid a nalysis
(transudate, m odified t ransudate an d exudate) and out come (survivors and non -survivors).
Plasma an d p eritoneal D -dimer co ncentrations and peritoneal TGF-3; concentrations were
significantly hi gher i n hor ses w ith e nteritis, p eritonitis and i schemic di sorders, w hen
compared to horses w ith 1 arge i ntestinal obs tructions. P eritoneal D -dimer and TGF-§;
concentrations were significantly hi gher i n hor ses w ith a Itered p eritoneal f luid ( modified
transudate an d ex udate) co mpared to horses w ith nor mal pe ritoneal f luid a nalysis. The
concentration oft hese pr oteins was also significantly higheri nt he peritonitis g roup.
Peritoneal and plasma D-dimer concentrations and TGF-f3; were also significantly higher in
non-survivors. There w ere s ignificant co rrelations, f rom w eak t o s trong, b etween t he

evaluated proteins and the diagnosis, the outcome and the type of peritoneal fluid.

Key words: equine, gastrointestinal disease, D-dimer, transforming growth factor beta-1
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1. Introduction

Peritoneal D-dimer is a s pecific marker of peritoneal fibrinolysis activity and, subsequently,
of peritoneal fibrinogenesis. P eritoneal i njury is repaired in part due to the pro-coagulant
activity of m esothelial c ells that produce fibrin de position byt he r elease o f m esothelial
plasminogen a ctivator i nhibitor t ype 1 (  PAI-1), af ibrinolysis i nhibitor t hat aids fibrin
formation, w hereas the fibrinolytic a ctivity is concurrently activated by the secretion of
tissue-plasminogen a ctivator ( t -PA) th at is e ssential to d estroy th e f ibrin f ormed a fter
peritoneal insult to decrease subsequent risk of adhesion formation (Brokelman et al., 2009;
Goedde etal., 1997 ). The a ctivation of t he p eritoneal f ibrinolysis a ctivity p roduces an
increase i n p eritoneal D-dimer concentration, w hich isad egradation f ragment r eleased
exclusively by the plasmin-mediated lysis of cross-linked fibrin (Delgado et al., 2009).

. The test for measuring plasma and peritoneal D-dimer concentrations has been used
for plasma h ypercoagulation and h yperfibrinolysis assessment in horses (Armengou et al .,
2008; Cesarini et al., 2010). Plasma D-dimer concentration is a s ensitive marker in assessing
fibrinolytic activity and thus coagulation activity. Any increase in D-dimer concentration is
related to an increase in fibrin destruction (hyperfibrinolysis), subsequent to an increase in
fibrin formation (hypercoagulation or hyperfibrinogenesis) (Delgado et al., 2009).

Transforming growth fa ctorb eta 1 ( TGF-B;)isa pl eiotropic pr otein i nvolved in
cellular proliferation induction, connective tissue deposition and cellular death (Javelaud and
Mauviel, 2004 ). However, the most important function of this protein is controlling several
immune-tolerance mechanisms by modulating the proliferation, differentiation and survival of
several subsets of lymphocytes (Mirshafiey and Mohsenzadegan, 2009). Thus, in conjunction
with other proteins such as interleukin 10, TGF-f; is considered to be one the most powerful

anti-inflammatory p roteins in ma mmals. B oth proteins a re u p-regulated w hen s ystemic
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inflammatory response syndrome (SIRS) is unchained in patients with diseases that are severe
or w hich have a poor prognosis, such as s evere trauma, s epsis ot ¢ ancer, amongst ot hers
(Laun et al., 2003).

Recently, as tudyd emonstratedt hat hor sesw ithc olic pr esentings evere
gastrointestinal di sorders also had a significant increase in the concentration of peritoneal
TGF-B, (Argiielles etal., 2010). In addition, other studies showed that peritoneal D -dimer
concentrations were significantly hi gheri n hor ses w ith a ltered pe ritoneal f luid when
compared to horses with a normal peritoneal fluid analysis. These results confirmed that those
horses with inflammatory and ischemic problems, as well as those with peritonitis, had higher
peritoneal f ibrinolytic a ctivity ( hyperfibrinolysis) probablya s ar esponset ot he higher
peritoneal fibrin f ormation a nd de position ( hyperfibrinogenesis) (Cesarinie ta 1.,2010 ;
Delgado et al., 2009).

To our knowledge, no relationship between the peritoneal fibrinolysis activity (using
D-dimer measurements) and the peritoneal TGF-; concentration has been previously shown
in horses with GI abdominal insult. More knowledge about the biological interaction between
the fibrinolysis s ystem and the TGF-; mediated compensatory anti-inflammatory r esponse
could be us eful f or un derstanding t he adaptive m echanisms dur ing t he d evelopment o f
gastrointestinal (GI) disease in horses.

The a ims o fth iss tudy were 1) to measure an d co mpare t he p lasma D -dimer
concentrations in normal horses and in horses with different types of colic, 2) to assess and
compare the D-dimer and TGF-3; concentrations in the peritoneal fluid of normal horses and
of horses w ith di fferent t ypes of colic, 3) to investigate t he pos sible r elationship be tween
peritoneal TGF-B; and D-dimer concentrations by outcome (survivors and non-survivors) and

by peritoneal fluid type (transudate, modified transudate and exudate).
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2. Materials and methods

This study was approved by the Ethical Committee of the authors’ institution. The clinically

healthy horses were used as controls after obtaining the owner’s consent.

2.1 Study design

In this prospective clinical study, horses (at least one year of age or older) with colic admitted
between September 2004 and September 2010 were included. Peritoneal fluid samples were
collected upon admission for diagnostic purposes with the owner’s p ermission. In addition,
samples from healthy horses, without GI disorders, were collected via identical t echniques
and became part of the control group.

Horses with colic were grouped subsequently into one of 5 groups according to the
diagnosis: Obstructive group, which included non-inflammatory, non-strangulating disorders
such as impactions and large c olon displacements without signs of intestinal d evitalisation
resolving with medical therapy. Enteritis group, including horses with duodeno-jejunitis and
typhlocolitis. Ischemic group, including horses with strangulating disorders, such as volvulus,
torsion, 1 nguinal he rnias, and epiploic foramen entrapment. Peritonitis gr oup, including
horses with gastric or intestinal ruptures, as well as those with septic peritonitis caused by
bowel devitalisation without rupture, and mixed/other processes group, including horses with
two or more disorders of similar severity and horses with other diseases, such as malignancy.
The diagnoses were made based on clinical history, complete physical examination, and the
results o f complementary diagnostic te sts (CBC, pl asma bi ochemistry, blood gas analysis,
abdominal ultrasonography and peritoneal fluid analysis). Abdominal radiology, laparoscopy,

or post-mortem examination findings aided in group classification whenever performed.
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To assess the prognostic value of D-dimer and TGF-3; peritoneal c oncentrations of
horses upon a dmission, pa tients w ere also grouped a ccording t o the out come: survivors
(horses that were discharged from the hospital) and non-survivors (horses that died during the
hospitalisation). An additional economic constraint group was also considered as an outcome,
because s ome ho rses w ere euthanised for economic r easons and not dueto pathological
alterations.

Horses w ere a 1so g rouped a ccording t o pe ritoneal f luid a nalysis, namely in to
transudate (nucleated c ell co unt (NCC) < 5000 cells/uL and total protein < 2.5 g/dL),
modified t ransudate (NCC < 5000 cells/uL and total protein > 2.5 g/dL or NCC > 5000
cells/uL and total protein < 2.5 g/dL, with a normal peritoneal fluid cytology) and exudate
(NCC > 5000 cells/uL a nd t otal p rotein > 2.5 g /dL. with in flammatory peritoneal f luid

cytology) (Delgado et al., 2009).

2.2 Sample collection

Blood was collected in 4.5 mL tubes containing 3.8% sodium citrate (w/v) (BD V acutainer,
Franklin Lakes, NJ, USA). Peritoneal fluid was collected aseptically, using a sterile, blunt teat
cannula, 2 cm to the right of the middle of the most dependent area of the ventral abdomen,
according to the standard technique. Peritoneal fluid was collected in tubes containing sodium
citrate for D -dimer and T GF-f; analysis and in 1 mL tubes c ontaining K;EDTA (Greiner
Vacuette M inicollect K3 EDTA tube, Greiner Bio-one GmbH, Kremsmiinster, Austria) for
total nucleated cel 1 counts, total p eritoneal protein ¢ oncentration (TP) measurements and
cytologic evaluation. Blood and peritoneal citrated samples were immediately centrifuged at

1000 x g for 15 minutes, separated from the sediment and frozen at -84°C until assayed.
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2.3 Peritoneal fluid analysis

A routine analysis was performed on E DTA samples by a specialised laboratory within 12
hours a fter collection. A n a utomated bl ood ¢ ell ¢ ounter w as us ed for pe ritoneal N CC
determination. Peritoneal T P w as m easured b y r efractometry. C yto-spin pr eparations and
Diff-Quick stain (Microscopy Hemacolor, Merck E gaa, Darmstadt, Germany) were used for
the microscopic evaluation of all peritoneal cytologies. The morphological appearance of the
cells was used to determine the inflammatory changes in the peritoneal fluid. Smears were
analysed in order to assess the proportion of lymphocytes to neutrophils, for cell morphology
and for the presence of bacteria. The peritoneal fluid cytology was considered to be normal
when the proportion of lymphocytes to neutrophils was near to 1:1 and when both degenerate
leukocytes and bacteria were absent. Inflammatory peritoneal fluid was considered when the
proportion of 1ymphocytes to neutrophils was altered, with pr edominance of neutrophils in
acute p eritonitis or pr edominance o f m ononuclear cells i n ¢ hronic p eritonitis, a nd t he
presence of bot h de generative I eukocytes w ith ¢ ytolysis, ka ryorrhexis, or ka ryolysis and

bacteria (de Heer et al., 2002)

2.4 Plasma and peritoneal D-Dimer and TGF-[; concentration measurements

The D-dimer concentration in plasma and peritoneal fluid was determined in duplicate using a
quantitative immunoturbidimetric la tex a gglutination a ssay (Miniquant, B iopool, T rinity
Biotech, Wicklow, Ireland) (Armengou et al., 2008; Delgado et al., 2009). Concentrations of
TGF-B, in pe ritoneal fluid samples w ere d etermined i n dupl icate, us ing an ELISA

Development Kit (Human TGF-beta 1 DuoSet, DY240E, R&D System, Abingdon,



Table 1: Number and percentages of horses classified according to the diagnosis and the outcome.
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Outcome Obstructive group Enteritis group Ischemic group Peritonitis group Mixed group Total outcome
(n=139) (n=32) (n=24) (n=15) (n=14) (n=124)

Survivors 34 (87.2) 22 (68.8) 13 (54.2) 1(6.7) 5(35.7) 83 (62.9)

Non-survivors 2(5.1) 8 (25) 8(33.3) 13 (86.7) 8 (57.1) 39 (29.5)

Economic

constraints 3(7.7) 2(6.3) 3 (12.5) 1(6.7) 1(7.1) 10 (7.6)

Total diagnosis 39 (31.4) 32 (25.8) 24 (19.4) 15 (12.1) 14 (11.3) 124 (100)

Data expressed as n (%)
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Oxfordshire, UK) with antibodies against human TGF-3; (Argiielles et al., 2006; Argiielles et

al., 2010). This protein was only assayed in peritoneal fluid.

2.5 Statistical analysis

Data w ere analysed using the s tatistical software SPPS 18.0 (SPSS inc., Chicago, Illinois,
USA). Both pl asma a nd pe ritoneal D -dimer ¢ oncentrations w ere processed b’y means of
Kruskal-Wallis test. A M ann-Whitney U test was us ed for post hoc comparisons of non -
paired samples between the colic and the outcome groups and the types of peritoneal fluid.
These v ariables w ere presented as median (range (R)), since they did n ot show p arametric
distribution (Shapiro-Wilk test, P<0.05) after several transformations. These tests were used
to compare c oncentrations of this protein amongst the colic groups and types of peritoneal
fluid.

TGF-B; peritoneal concentrations were an alysed us ing an ANOVA t est a fter | og
transformation. The Games-Howell’s or Tukey’s post-hoc tests were used to c ompare t he
concentrations of these variables among the different colic groups, the outcomes and the types
of peritoneal fluid. These variables are presented as mean and standard error. Both Kendall’s
tau rank (t) and Spearman’s (p) general (including all the colic groups) and specific (by colic
group) correlations were used to compare plasma and peritoneal concentrations of D-dimer
and peritoneal concentrations of TGF-3; according to the diagnosis, the outcome and the type

of peritoneal fluid.

3. Results

3.1 Horses
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One hundred and twenty-four horses with colic, including 46 (36.8%) Andalusians, 25 (20%)
crossbred hor ses, 15 ( 12%) W estern E uropean W armbloods, 5 ( 4%) A nglo-Arabians, 7
(5.6%) ponies, 3 (2.4%) Thoroughbreds, 3 (2.4%) Quarter Horses, 3 (2.4%) Trotters and 15
(12%) horses representing other breeds were evaluated. These patients presented a median age
of 10 years (range (R) = 25 years). Furthermore, 12 clinically healthy, crossbred horses with
an average age of 2.5 years (R=15.34 years) were included as controls. Thirty-four of the 132
animals i ncluded w ere s tallions ( 25.8%), 50/ 132 w ere geldings (37.9%) and 48/ 132 w ere
mares (36.4%).

Of the 124 hor ses with colic, 39 a nimals were included in the obstructive group, 32
animals were included in the enteritis group, 24 animals were included in the ischemic group,
15 were included in the peritonitis group and 14 were included in the mixed group. Results
from the horses according to diagnosis and outcome are shown in tablel, while those grouped

according to the outcome and the type of peritoneal fluid are summarised in table 2.

3.2 Plasma D-dimer concentrations according to the diagnosis

No s ignificant d ifferences w ere o bserved i n p lasma D -dimer ¢ oncentration b etween t he
control group and most of the colic groups, with the exception of the peritonitis group. Plasma
D-dimer concentration in the peritonitis group was also different from that of the obstructive,
the enteritis and the mixed groups. A statistically significant difference was found between

the enteritis and the ischemic groups (Table 3).

3.3 Plasma concentration of D-Dimer according to the outcome
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Table 2: Number and percentages of horses classified according to the type of peritoneal fluid

analysis and the outcome”.

Modified
Outcome Transudate transudate Exudate Total outcome
(n=57) (n=29) (n=32) (n=118)
Survivors 48 (82.5) 20 (69) 9 (28.1) 76 (64.4)
Non-survivors 8 (14) 7 (24.1) 19 (59.4) 34 (28.8)
Economic constraints 2(3.5) 2(6.9) 4 (12.5) 8 (6.8)
Total type of peritoneal fluid 57 (48.3) 29 (24.6) 32(27.1) 118 (100)

Data expressed as n (%). "Data from six horses have been lost.

Plasma concentrations of D-dimer were significantly higher (U-Mann-Whitney (M-W) test, P
=0.001) i n non -survivors ( n=39) c ompared t o survivors ( 7=83). T hose hor ses t hat w ere
euthanized due to economic constraints (n=10) did not present differences respect survivors;
however, this group was statistically different (M-W, P=0.043) from those horses that did not

survive (Table 4).

3.4 Plasma concentration of D-Dimer according to the type of peritoneal fluid

When plasma D-dimer concentrations were compared according to the type of peritoneal fluid

analysis, D -dimer concentration w as s ignificantly d ifferent (P =0.05) f or e ach t ype of

peritoneal fluid (Table 5).

3.5 Peritoneal concentration of D-dimer according to the diagnosis
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Peritoneal D-dimer concentration was significantly (P=0.01) lower in control horses than in
the other colic groups. T he enteritis, ischemic, peritonitis and mixed groups also presented
significantly ( P=0.01) h igher peritoneal D -dimer concentrations w hen ¢ omparedt ot he
obstructive group. H owever, t he enteritis gr oup presented s ignificantly 1 ower (P=0.01) D -

dimer concentrations when compared to the ischemic, peritonitis and mixed groups (Table 3).

3.6 Peritoneal concentration of D-dimer according to the outcome

Peritoneal fluid concentrations of D-dimer were significantly higher (U-Mann-Whitney (M-
W) test, P =0.001) in non-survivors (n=39) compared to survivors (n=83) and horses in the
economic constraint group (n=10). The latter did not present differences (M-W test, P =0.9)

with respect to the horses that did not survive (Table 4).

3.7 Peritoneal concentration of D-dimer according to the type of peritoneal fluid

When peritoneal D-dimer concentrations were compared ac cording to the type of peritoneal

fluid analysis, D -dimer concentration w as s ignificantly d ifferent (P=0.01) for each t ype of

peritoneal fluid (Table 5).

3.8 Peritoneal concentration of TGF-f; according to the diagnosis

There were no statistical differences between any of the colic groups and the control group in
terms o f peritoneal fluid T GF-B; concentration. However, the enteritis, ischemic, peritonitis

and m ixed gr oups pr esented hi gher pe ritoneal ¢ oncentrations o f't his pr otein than did t he
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obstructive group.

3.9 Peritoneal concentration of TGF-f; according to the outcome

Peritoneal c oncentrations of T GF-f; were significantly (Tukey test, P=0.001) increased in
non-surviving horses, in comparison to the concentrations in horses that survived. However,
no differences for this protein were found between the group of horses that were euthanized
due to economic constraints and the surviving and non-surviving groups (Table 4).

3.10 Peritoneal concentration of TGF-f; according to the type of peritoneal fluid

When peritoneal T GF-B; concentrations w ere co mpared ac cording to the type o f p eritoneal
fluid analysis, the TGF-B; concentration was significantly higher in exudates (P=0.00) and in
modified transudates (P =0.00) when compared to transudates, whereas the peritoneal TGF-f3,

concentration did not differ between exudates and modified transudates (Table 5).

3. 11 General correlations

Weak, statistically significant correlations were obtained b etween diagnosis and plasma D -
dimer concentration (t: 0.25, P=0.003), diagnosis and peritoneal D -dimer ¢ oncentration ( t:
0.41, P=0.000), diagnosis and peritoneal T GF-f; concentration (t: 0.33, P =0.000), outcome
and peritoneal D -dimer concentration ( t: 0.25, P =0.000), out come an d p eritoneal T GF-f;
concentration ( t: 0.24, P =0.001),t ype of peritoneal f luid a nd pe ritoneal D -dimer
concentration (t: 0.45, P=0.000), type of peritoneal fluid and peritoneal TGF-f3; concentration
(t: 0.40, P =0.000), type of peritoneal fluid and outcome (t: 0.41, P=0.000), type of peritoneal

fluid and peritoneal TGF-; concentration (t: 0.38, P=0.001), plasma D-dimer concentration
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and peritoneal D-dimer concentration (p: 0.47, P=0.000), plasma D-dimer concentration and
peritoneal TGF-B; concentration (p: 0.55, P=0.000) and peritoneal D-dimer concentration and

peritoneal TGF-B; concentration (p: 0.52, P=0.000).

3.12 Specific correlations

Plasma D -dimer ¢ oncentration a nd p eritoneal T GF-B; concentration were s ignificantly

correlated i n t he en teritis ( 67%) a nd m ixed ( 82%) c olic groups. Other w eak, s pecific

correlations are presented in table 6.



Table 3: Plasma and peritoneal D-dimer and TGF-1 concentrations in the control and various colic groups.

Variable Controls Obstructive group Enteritis group Ischemic group Peritonitis group Mixed group
(n=12) (n=39) (n=32) (n=26) (n=14) (n=15)
Plasma
D-dimer (ng/mL)* 161 (920) 473 (18041) 1363.5 (4797)° 462 (4510)° 7514 (22613)""* 2256.5(4977)°
Peritoneal fluid
D-dimer (ng/mL)* 166.25 (829) 1846.5 (21492)" 6534 (103038)™" 18113 (81296)""* 73776 (479724)"* 22400 (199587)*"¢
TGF-B, (ng/mL)** 0.8 (0.19) 0.55 (0.053) 1.09 (0.13)° 0.78 (0.055)° 1.48 (0.159)>¢ 3.6(1.2)°

* Data are presented as median (range). **Data are presented as mean (standard error).
p g p

* Significantly different from the control group.

® Significantly different from the obstructive group.

¢ Significantly different from the enteritis group.

d Significantly different from the ischemic group.

¢ Significantly different from the peritonitis group.

56
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4. Discussion

The main objective of this study was to evaluate the interaction (or relationship) of at
least one component related to the fibrinolytic systems (D-dimer) with another component of
the anti-inflammatory systemic response system (TGF-B;). This investigation was conducted
because the isolated results obtained in some studies pointed to the the role and prognostic
value of D-dimer concentration detection (Cesarini et al., 2010; Delgado et al., 2009; Dunkel
etal.,2010) and T GF-B; (Argiiellesetal., 2010) in hor ses w ith ¢ olic. The present study
investigates the plasma and peritoneal correlational relationship of these molecules in horses
with different types of colic.

During a gastrointestinal in sult ( colic), s everal s ystemic and lo cal ( visceral a nd
peritoneal) p athophysiological m echanisms ar e act ivatedt o co unteractt he ef fecto f
endotoxins released into both the blood stream (Nieto et al., 2009) and into the peritoneal
cavity, and to promote the repair of the compromised viscera (Barton and C ollatos, 1999
Delgado e t al., 2009 ). S ome of t hese m echanisms i nclude t he a ctivation of bot ht he
coagulation cas cade (Cesarinietal., 2010 ; Dunkele tal., 2010 ) and o fs ystemic an ti-
inflammatory me chanisms me diated by T GF-f3; (Argtelles etal., 2010 ), IL -10 a nd ot her
regulatory cytokines (Lopes et al., 2010).

Plasma and peritoneal concentrations of D-dimer observed in horses with colic in this
study presented similar behaviour to that found in previously published studies (Cesarini et
al., 2010; Delgado et al., 2009). In this sense, plasma and peritoneal D-dimer concentrations
were greatly i ncreased 1 n h orses w ith peritonitis o r w ith s evere is chemic g astrointestinal
insults, as well a s in non -surviving ho rses a nd i n pe ritoneal f luids c lassified a s e xudates
(Cesarini et al., 2010; Delgado etal., 2009 ). On the ot her ha nd, pe ritoneal fluid T GF-f;
concentrations for the control horses were similar, but were lower in the colic groups than

those measured in previous studies (Argiielles et al., 2010). However, peritoneal fluid TGF-
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1 concentrations were mainly increased in the inflammatory groups, particularly in horses in
the peritonitis and mixed groups. The same tendency was noticed when the outcome and the
type o f peritoneal fluid were c onsidered. However, pe ritoneal fluid T GF-B; concentrations
were slightly lower for these classificatory variables than they were in comparison to previous
results (Argtelles et al., 2010). A possible explanation for the discrepancy in the peritoneal
fluid growth factor c oncentration of these studies could be related to the size of each colic
group, or could be be cause the horses in both studies were di fferent. It is p ossible that the
horses in the p resent r esearch p resented | ess s evere cl inical-pathological ¢ onditions i n
comparison to those in the aforementioned study (Argitielles et al., 2010)

The general analysis of the Kendall tau rank correlations between the cl assificatory
factors di agnosis ( group of c olic), t he out come a nd t he t ype of pe ritoneal fluid a nd t he
response v ariables ( plasma an d p eritoneal D -dimer concentration a nd pe ritoneal T GF-J3
concentration) showed significant, but weak correlations. This situation could be explained by
the tremendous variation observed in the response variables, due in part to the wide variation
in the duration of the episode of colic of each patient. However, this situation may not be
controlled in a clinical study of this nature and it is possible that many horses allotted to a
similar colic group presented different classificatory alterations, which could be re-allotted to
subgroups inside the general groups arbitrarily evaluated in this study. This fact is considered
to be a common cause of possible misinterpretations and pitfalls in other colic studies of the
same nature (Argiielles et al., 2010; Cesarini et al., 2010; Collatos et al., 1995; Delgado et al.,
2009; Dunkel et al., 2010; Watts et al., 2011) and, of course, it is also a pitfall in the present
study.

In t he p resent s tudy, w eak general co rrelations w ere found b etween p lasma an d
peritoneal D -dimer c oncentration ( p: 0.47, P =0.000). T his s ituation w as di fferent from the

results of previous s tudies, w here no ¢ orrelations w ere found be tween t hese m olecules in
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plasma and in peritoneal fluid (Collatos et al., 1995; Delgado et al., 2009). In addition, other
important, although weak, correlations were noticed between peritoneal TGF-3; concentration
and plasma (p: 0.55, P=0.000) and peritoneal D-dimers concentration (p: 0.52, P=0.000).

However, the most important findings of the present study were possibly the moderate
to s trong s pecific ¢ orrelations obs erved be tween D -dimer and T GF-B; peritoneal f luid
concentrations in h orses w ith s evere i nflammatory G I d isease, p articularly in horses w ith
enteritis, ischemic in testinal disease or w ith mix ed g astrointestinal d isease. These findings
could s uggest t hat s ome hor ses with c olic a nd s econdary s ystemic in flammation d isplay
compensatory related m echanisms, such as hyper-fibrinolysis (systemic and peritoneal) and
local production of pro-fibrotic and anti-inflammatory proteins, such as TGF-p;.

The TGF-B peptide superfamily represents a very complex signalling cascade which
seems to increase in complexity as research progresses. This is why simply neutralising TGF-
B may be ineffective for the treatment o f fibrosis. B esides that, n eutralising T GF-§ might
have systemic consequences, added unspecific undesired effects or even lack of anti-fibrosis
function if it is not appropriately administered at the right place and time , meaning cellular
location and c ell t ype phase, and at s pecific t ime point (likeatthe beginningorin the
inflammatory phase of the healing cascade).

Due to the enormous complexity of the TGF- related-signalling pathways, and that
any dysregulation of any member of this family might elicit different effects, special caution
should be taken and further in vitro and in vivo research is warranted. Although T GF-3 has
long be en know n t 0 i nduce m atrix s ynthesis a nd ¢ ontraction b y fibroblasts, t he pr ecise
contribution of this protein to fibrotic disease is still unclear.

It is known that p lasmin is the main enzyme related to fibrin de gradation and t he
production of D-dimer (Song et al., 1996). This enzyme was also the first reported protease

with th e c apacity to activate T GF-f; (Jenkins, 2008 ). T his s ituation ¢ ould e xplain t he
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correlations observed in the present study and could possibly indicate that peritoneal TGF-f3;
is released by the alteration of the fibrinolitic system in horses with severe GI disease. This
situation could be particularly true in cases of severe inflammation like enteritis and in cases
with a poor pr ognosis, as pe ritoneal m alignancy, where an es pecial environment f or t he
alteration o f'th e fibrinolitic system and a ctivation of t he 1 atent TGF-f; possibly e xists
(Jenkins, 2008 ). However, one limitation of the present study was that the original, active
form of the TGF-B; was not measured. This could be an additional reason to explain that the
peritoneal concentration of TGF-3; presents a weak correlation with the D-dimer activity.
Further studies are necessary to determine latent and active forms of this growth factor

in horses with colic.



V. CONCLUDING DISCUSSION
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This is the first clinical study in which concentrations of both plasma and peritoneal TGF-3;
and T GF-B3 concentrations are reported and compared among horses with different types of
colic, di fferent t ypes of peritoneal fluids and between survivors and non -survivors. Human
ELISA kits were used to measure plasma and peritoneal TGF-B; and T GF-f3 concentrations
because all proteins of the TGF- family have a high homology among mammals (Penha-
Goncalves et al. 1997; Javelaud and Mauviel 2004).

In this study, no TGF-B; and TGF-f3 plasma concentration differences were observed
between colic and healthy groups. Failure to detect a significant difference among horses with
different types of colic may have been due to a small sample size. On the other hand, plasma
TGF-B; concentration was statistically different between survivors and non-survivor horses.
This finding also has been reported in human beings with severe trauma (Laun ez al. 2003)
and sepsis (Pachot ef al. 2005). In horses with colic, mortality is closely related to the degree
of e ndotoxaemia ( Barton a nd C ollates 1999) . E ndotoxins pr oduce a ctivation of t he
inflammatory cascade, i ncluding t he up -regulation of pr o-inflammatory c ytokines ( TNF-a
and I L-6), and r elease of acu te p hase p roteins an d ei cosanoids ( systemic i nflammatory
response syndrome (SIRS)) (Werners et al. 2005). In many instances, SIRS is preceded by a
compensatory a nti-inflammatory response s yndrome ( CARS), w hich | eads t he pa tient t o
immunosuppression and finally to death (Ward et al. 2008). IL-10 and T GF-3; are the most
important anti-inflammatory growth factors up-regulated during CARS to produce control of
the inflammatory response (Laun et al. 2003, Pachot et al. 2005).

Concentrations of TGF-f; in peritoneal fluid of horses with colic should be considered
within the context of the pathophysiological picture of each colic group and the proportion of
the active form of this peptide in peritoneal fluid (Ghellai et al. 2000) should be taken into
account. However, one limitation of this study was that peritoneal concentration of the latent

and active forms of TGF-f3; were not measured. Horses with peritonitis had a poor prognosis
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and u sually w ere d estroyed b ecause m ost cas es w ere 1 ntestinal r uptures. B arton a nd
Collatoes(1999) described higher peritoneal fluid concentrations of endotoxin, TNF-a and IL-
6 in hor ses w ith pe ritonitis pr oduced b y i ntestinal r upture. O ur findings s uggest t hat t he
higher p eritoneal T GF-f3; concentration in horses w ith p eritonitis c ould be related with an
activation o fa C ARS s tate to d iminish th e p eritoneal in flammatory effectc ausedb y
endotoxins (Pachot et al. 2005, Ward et al. 2008, Mirshafiey and Mohsenzadegan 2009).

TGF-B; plays a crucial role in intra-abdominal adhesion formation in septic peritonitis
(Ghellai et al 2000). S epsis has be en s hown t o facilitate activation of the 1 atent T GF-f3;
(Ghellai ef al. 2000). Only bioactive T GF-B; is able to bind to the T GF-3; receptor to exert
biologic effects, including the synthesis and deposition of extracellular matrix (Ghellai ef al.
2000). On the other hand, TGF-f35 has an antagonistic effect on the profibrotic effects of TGF-
B1 in skin wound repair (Shah ef al. 1995) and p eritoneal adhesion formation (Gorvy et al.
2005). Peritoneal fluid concentrations of T GF-f33 were significantly higher in the peritonitis
group in comparison with the other colic groups and healthy horses. T his could be related
with an up-regulatory effect of TGF-3; active form released to the peritoneal fluid. Although,
Zaed et al. (2000) demonstrated in vitro (using hypoxic human mesothelial cells) that T GF-
1 down-regulates the expression of TGF-B3; Gorvy et al. (2005) observed in an experimental
murine m odel of adhesions t hat i mmune-staining for T GF-33 was m oderately i ncreased in
concordance with the staining for TGF-f; during first 24-48 hours.

Strangulating le sions o f'th e s mall in testine p resent h igher rates o fa dhesions in
comparison with ischemic lesions of the colon and non-strangulating lesions of the intestine
(Gorvy et al. 2008). In the present study, no significant differences were found in peritoneal
TGF-B, and T GF-B; concentrations b etween s mall a nd la rge in testine is chemic le sions.
Therefore, horses with ischemic lesions of the small and large intestine were maintained in

the same group. Furthermore significant di fferences w ere found be tween t he e nteritis a nd
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ischemic g roups which was n ot ex pected. H owever, because the a ctive fractions o f't hese
growth factors were not measured, it is possible that horses with ischemic lesions presented a
higher proportion of the active form of TGF-3; than horses with enteritis. Further studies are
warranted to elucidate whether these differences may exist.

Horses with non-parasitic inflammatory bowel disease (IBD) express TNF-a and other
pro-inflammatory cytokines as well as TGF-$3; (Davidson ef al. 2002). On the other hand, in
human beings reduced TGF-f3; activity is considered to be responsible for the development of
IBD. T GF-; promotes a pot ent i mmunosuppressive e ffect and a cts i n ¢ oncert w ith ot her
growth factors to protect host tissue from luminal challenges and facilitates repair of mucosal
injury in IBD (Sanchez-Muioz et al. 2008). Horses with enteritis presented higher peritoneal
concentrations of T GF-f;, evenifitwasn’t statistically different in respect to the control,
obstructive and ischemic groups. This growth factor may play a different role in horses with
enteritis respect to the other colic groups, and it is likely that higher peritoneal concentrations
of this molecule in these instances could be related to the need of fighting inflammation and
eventually of a positive resolution of bowel injury (Sanchez-Muioz et al. 2008).

Acute a bdominal di sease m ay pr oduce ¢ hanges in t he pe ritoneal fluid components
that, d epending o n s everity ofth eilln ess a nd s ampling time , v ary b etween mo dified
transudates an d ex udates ( Milne et al. 1990). Inthe pr esent s tudy, a statistically hi gher
peritoneal TGF-3; concentration was observed in exudates when compared with transudates,
although not statistically di fferent compared with m odified transudates. This growth factor
may be produced by activated leukocytes in peritoneal fluid (Yiang et al. 2013), which would
be hi gher in e xudates. In c ontrast, t his phe nomenon w as not seen for peritoneal T GF-f33,
although this peptide was weakly correlated with peritoneal fluid TGF-B; concentrations. In
this sense, it is possible that peritoneal fluid concentration of TGF-f; could be up-regulated

by peritoneal TGF-B; in horses with colic (Gorvy et al. 2005). On the other hand, in this study
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a very weak correlation was found between the type of peritoneal fluid and outcome. Maybe
the low number of horses included in the study or the fact that normal peritoneal fluid was
collected in some horses with severe intestinal lesions could have interfered with these results.

Peritoneal c oncentrations of T GF-B; and T GF-; were s tatistically h igher in n on-
survival horses compared to survivors. The hi gher c oncentration of these growth factors in
non-survivors may be related with a local C ARS response to endotoxin insult (Ward ef al.
2008). A previously reported, horses with peritonitis presented detectable concentrations of
endotoxin in their peritoneal fluid (Barton and Collates 1999), and peritoneal T GF-Bs form
part of the anti-inflammatory repertoire to c ounteract the potent pro-inflammatory e ffect of
the TNF-a during septic peritonitis (Werners et al. 2005; Ward et al. 2008).

In conclusion, this study reports new knowledge on changes of plasma and peritoneal
TGF-B concentrations in hor ses with colic. P eritoneal T GF-3; concentration was higher in
horses w ith pe ritonitis a nd i schemic | esions, m aybe a s ac onsequence o fpe ritoneal
inflammation or da maged i ntestine. F urther s tudies s hould be pe rformedt o pr ove t he
association b etween p eritoneal T GF-B concentrations a nd t he de velopment of a bdominal
adhesions.

The second part of the study was focused on the e valuation of the interactions (or
relationship) of the f ibrinolytic s ystems (D-dimer) a nd the a nti-inflammatory s ystemic
response s ystem ( TGF-B;). The main reason to study this likely relationship based on the
results obt ained in s ome s tudies indicating the r ole and prognostic value of D -dimer as a
biomarker (Cesarini et al., 2010 ; Delgado etal., 2009 ; Dunkeletal., 2010) and T GF-B,
(Argiielles et al., 2010) in horses with colic.

During a gastrointestinal in sult ( colic), s everal s ystemic and lo cal ( visceral a nd
peritoneal) p athophysiological m echanisms ar e act ivatedt o co unteractt he ef fecto f

endotoxins released into both the blood stream (Nieto et al., 2009) and into the peritoneal



66

cavity, and to promote the repair of the compromised viscera (Barton and C ollatos, 1999 ;
Delgado et al., 2009 ). S ome of t hese m echanisms i nclude t he a ctivation of bot ht he
coagulation cas cade (Cesarinie tal., 2010 ; Dunkeletal., 2010 ) and o fs ystemic an ti-
inflammatory me chanisms me diated by T GF-B; (Argtelles etal., 2010 ), IL -10 a nd ot her
regulatory cytokines (Lopes et al., 2010).

Plasma an d p eritoneal D -dimer concentrations observed in hor ses with colic in the
study presented similar behaviour to that found in previously published studies (Cesarini et
al., 2010; Delgado et al., 2009). In this sense, plasma and peritoneal D-dimer concentrations
were g reatly in creased i n h orses w ith p eritonitis o r w ith s evere is chemic g astrointestinal
insults, as well as in non -surviving ho rses a nd i n pe ritoneal fluids c lassified a s e xudates
(Cesarini et al., 2010; Delgado et al., 2009).

The general analysis o f the Kendall tau rank correlations between the cl assificatory
factors di agnosis ( group of c olic), t he out come a nd t he t ype of pe ritoneal f'luid a nd t he
response v ariables ( plasma an d p eritoneal D -dimer ¢ oncentration a nd pe ritoneal T GF-3,
concentration) showed significant, but weak correlations. This situation could be explained by
the tremendous variation observed in the response variables, due in part to the wide variation
in the duration of the episode of colic of each patient. However, this situation may not be
controlled in a clinical study of this nature and it is possible that many horses allotted to a
similar colic group presented different classificatory alterations, which could be re-allotted to
subgroups inside the general groups arbitrarily evaluated in this study. This fact is considered
to be a common cause of possible misinterpretations and pitfalls in other colic studies of the
same nature (Argielles et al., 2010; Cesarini et al., 2010; Collatos et al., 1995; Delgado et al.,
2009; Dunkel etal., 20 10; Watts et al., 2011) and, unfortunately r emains a pitfall inthe
present study.

In the present study, weak general correlations were found between plasma and peritoneal D-
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dimer concentration ( p: 0.47, P =0.000). T his s ituation w as d ifferent f rom th e results o f
previous studies, where no correlations were found between these molecules in plasma and in
peritoneal fluid (Collatos etal., 1995; Delgado etal., 2009 ). In addition, ot her i mportant,
although w eak, correlations w ere not iced be tween pe ritoneal T GF-f; concentration a nd
plasma (p: 0.55, P=0.000) and peritoneal D-dimers concentration (p: 0.52, P=0.000).

However, the most important findings of the present study were possibly the moderate
to s trong s pecific ¢ orrelations obs erved be tween D -dimer a nd T GF-B3; peritoneal f luid
concentrations in h orses w ith s evere i nflammatory G I d isease, p articularly in horses w ith
enteritis, ischemic intestinal disease or with mixed gastrointestinal disease ( Table 6). T hese
findings c ould s uggest t hat s ome hor ses w ith ¢ olic a nd s econdary s ystemic i nflammation
display compensatory related m echanisms, s ucha sh yper-fibrinolysis ( systemic a nd
peritoneal) and local production of profibrotic and anti-inflammatory proteins, such as TGF-
Pi.

Plasmin is the main enzyme related to fibrin de gradation and the production of D -
dimer (Song et al., 1996). This enzyme was also the first protease detected with the capacity
to activate TGF-B; (Jenkins, 2008). This situation could explain the correlations observed in
the present study and could possibly indicate that peritoneal TGF-B; release is triggered by
alterations of fibrinolysis in horses with severe GI disease. This may be best observed in cases
of severe inflammation such as enteritis and in cases of severe insult to the bowel carrying a
poor prognosis, such as peritoneal malignancy, where fibrinolytic system alteration and thus
latent TGF-B; activation possibly occur (Jenkins, 2008). However, as mentioned earlier one
of the limitations of the present study was that the original, active form of the TGF-3; was not
measured. T his could be one reason to explain that the peritoneal c oncentration of T GF-f,
presents a w eak c orrelation w ith t he D -dimer activity. Further s tudies a re n ecessary to

determine latent and active forms of this growth factor in horses with colic.
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Plasmin and thrombospondin-1 have been studied individually as activators of TGF-3;
in humans, and it was found that T SP1 ( matrix pr otein t hromboposdin-1) i s an i mportant
activator of TGF -B1. It is also known that when levels of TSP1 are low, then PLS (plasmin)
becomes an activator of TGF -B1.

The relationship between inflammatory and fibrinolytic biomarkers is used in human
medicine very often. D -dimers and T GF-f3 are widely used as reliable biomarkers for the
ADD ( acute aortic di ssection) i n hum ans ( Ranashinge, 2010) . Relationship be tween
inflammatory and thrombotic fibrinolytic genotypes has been studied in relation of diagnosis
of s troke a nd ot her hu man i llness 1 ike t hrombosis. O n t hat s tudies 1 mpaired f ibrinolytic
function secondary to elevated plasminogen activator inhibitor-1( PAI-1) has been implicated
in ischemic stroke and also high levels of plasminogen activator inhibitor Type 1 ( PAI-1) has
been i mplicated as ah ighr isk f actor f or cardiovascular d isease ( Arno,2014). To d ate
immnuno-inflamatory and h aemostatic b iomarkers co uld r epresent v ery u seful m arkers f or
possible diagnosis of many illness, like acute ischemic stroke (Arno, 2014) and to many other
pathologies in the future, and could be extrapolated to equine medicine also.

This thesis describes the participation of two key molecules involved in the complex
pathophysiology related with severe gastrointestinal disease in horses. Although incomplete,
the results from this study represent a small step to be continued in future research in this
complex field. W eb elieveit will b en ecessary to s tudy av ast range o f ¢ ytokines and
molecules involved in the coagulation process during equine colic. For example, with the help
of molecular biology we could study the expression of these substances in mesothelial cells
from healthy horses and horses with severe gastrointestinal disease. It is very imp ortant to
understand t hat T GF-Bf11 snot a nunde sirable m oleculei na nor mal ph ysiological
environment, but rather it may be the imbalance between this and other regulator factors that

may produce a ne gative or positive effects in t he r egulation of s ome of t he p athological



processes happening in the body.
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VI. LIST OF CONCLUSIONS

1. TGF-B; peritoneal fluid concentrations are increased in horses with ischemic lesions and

septic peritonitis.

2. Peritoneal D -dimer and TGF-f; concentrations were significantly hi gher in hor ses w ith
altered peritoneal fluid (modified transudate and exudate) compared with horses with normal

peritoneal fluid analysis

3. Peritoneal and plasma D-dimer concentrations and TGF-3; were also significantly higher in

NON-survivors.

4. There is a weak correlation between the c oncentration of TGF-B; and D -dimer in horses
with colic. More studies are necessary for determining the exact relationship between plasma

and peritoneal D-dimer and active TGF-3; concentrations.

5. Results from the second study permit to conclude that during equine colic activation of the
coagulation pathway occurs with a concomitant alteration of the fibrinolytic system mainly

manifested by changes in the D-dimer concentrations.

6. The main pitfall of both studies related to TGF-3; assessment was that the active form of
this protein was not determined. Instead of that all the active/inactive TGF-3; was activated

for its determination.
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7. Both clinical studies can be critiqued for technical problems such as a more strict patient
classification, b ecause factors | ike admission a t d ifferent time s o f colic episodes and t he
intensity of t hel esions couldin crease v ariabilityin th er esults. H owever, these

methodological problems were also common in other studies in horses with colic.

8. Results from this thesis lead to establish that horses with colic develop adaptive changes to
attempt to control p eritoneal d amage. T hese ch anges include activation of the fybrinolytic

system and imnune response, amongst others.

9. Randomized c ontrolled ¢ linical s tudies w ill be necessary in or der t o know t he a ctual
association b etween D -dimer an d a ctive T GF-B; in t he pa thophysiology of a dhesions i n
horses.. In a ddition, t he m easurement of ¢ ytokines as IL-1, T NF-a and co nnective tis sue

growth factors will be very helpful in solving this ongoing biological puzzle.

10. F inally, m esothelial cells recovered from peritoneal fluid should be evaluated by flow
cytometry or PCR for expression of surface molecules or genes implicated in the phenotypic
transition from epithelial cell to mesenchymal cell. Maybe, the key of adhesion formation in

horses and human beings lies in the control of this cellular transition.
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General summary

Background: In hum ans, pe ritoneal t ransforming growth factor be ta (TGF-p) is as sociated
with pe ritoneal di seases a nd s ubsequent a dhesion f ormation. N o studies on pl asma an d
peritoneal TGF-3 concentrations in horses with colic are available. On the other hand horses
with severe colic or with altered peritoneal fluid at admission, as well as non-survivors, will
have greater increases in plasma and peritoneal D-dimer. 4ims. The aims of this thesis were
1) T o de termine bot h plasma and peritoneal T GF-B; and T GF-B3 concentrations in hor ses
with different types of colic (not previously subjected to abdominal surgery), 2) to compare
these concentrations according to the type of peritoneal fluid (transudate, modified transudate
and exudate), 3) to compare and correlate plasma and peritoneal c oncentrations of TGF-f3,
and TGF-B; and the types of peritoneal fluid according to the colic group and outcome and 4)
to describe and to assess the correlation between TGF-f3; and D-dimer. Methods: Two clinical
studies were performed for developing these objectives. Study I: Peritoneal fluid and plasma
samples f rom 78 hor ses w ith ¢ olic a nd 8 he althy hor ses were obt ained. P atients w ere
classified according to diagnosis (obstructions, enteritis, ischemic disorders and peritonitis),
peritoneal fluid a nalysis ( transudate, m odified t ransudate a nd e xudate), a nd out come
(survivors a nd non -survivors). P lasma a nd p eritoneal T GF-; and T GF-B3 concentrations
were d etermined by E LISA. D ata w ere analyzed by parametric an on parametric tests. A
P<0.05 was considered as statistical significant. Results: Concentrations of peritoneal fluid
TGF-B; were significantly (P=0.01) higher in horses with peritonitis in comparison with all
other c olic groups and controls. H orses w ith i schemic I esions ha d s ignificantly (P=0.01)
higher concentrations of pe ritoneal T GF-B; in c omparison w ith c ontrols and t he g roup of
horses w ith obs tructions. P eritoneal T GF-f; concentration a Iso w as s ignificantly (P=0.01)

higheri n exudates i nc omparison w ith t ransudates. P eritoneal T GF-f; and T GF-f3;
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concentrations a nd pl asma T GF-B; concentration w ere s ignificantly i ncreased i n non -
survivors compared to survivors (P=0.001, P=0.004 and P=0.05, respectively). Study two: 124
horses with colic and 12 control horses were included. The horses with colic were grouped
according to diagnosis (obstructions, enteritis, ischemic problems, peritonitis and other mixed
problems), results of t he peritoneal f luid a nalysis (transudate, m odified t ransudate a nd
exudate) and out come (survivors a nd non -survivors). Plasmaan d p eritoneal D -dimer
concentrations and peritoneal TGF-f3; concentrations were significantly higher in horses with
enteritis, p eritonitis and ischemic di sorders, when compared to horses w ith large in testinal
obstructions. Peritoneal D -dimer and TGF-3; concentrations were significantly h igher in
horses w ith altered pe ritoneal fluid ( modified t ransudate a nd e xudate) c ompared to horses
with nor mal pe ritoneal f luid a nalysis. The concentration oft hese proteins was also
significantly higher i n t he pe ritonitis g roup and i n hor ses w ith a Itered pe ritoneal f luid.
Peritoneal and plasma D-dimer concentrations and TGF-f3; were also significantly higher in
non-survivors. There w ere s ignificant co rrelations, f rom w eak t o s trong, b etweent he
evaluated pr oteins a nd t he di agnosis, t he ou tcome a ndt het ype o fpe ritoneal f luid.
Conclusions: Peritoneal TGF-B; and D-dimer concentration was higher in horses with severe
gastrointestinal diseases (ischemic intestinal lesions and peritonitis), in horses with an altered
peritoneal fluid (exudate), and in non-survivors. Peritoneal TGF-3; concentration increases in
horses w ith s evere gastrointestinal d isease as an an ti-inflammatory r esponse and could be
correlated with alterations in the fibrinolytic s ystem mainly manifested by increasing in the

plasma and peritoneal D-dimer concentrations.

Key words: equine, gastrointestinal disease, D-dimer, transforming growth factor beta-1
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Resumen general

Antecedentes: En los seres humanos, el factor de crecimiento transformante beta peritoneal
(TGF-P) se asocia con enfermedades peritoneales y la posterior formacion de adherencias. No
hay estudios sobre las concentraciones de T GF-f3 peritoneal en caballos con colico plasma.
Por otra parte, caballos con colicos graves o ¢ on liquido peritoneal alterado al ingreso, asi
como | os no s obrevivientes, t endran m ayores a umentos e n ¢ 1 pl asma y peritoneal de D-
dimero. Objetivos: Los objetivos de esta tesis fueron: 1) Determinar las concentraciones en
plasma y liquido peritoneal de TGF-1 y TGF-f 3 en caballos con diferentes tipos de coélicos
(no s ometidas pr eviamente a c irugia a bdominal), 2) ¢ omparar e stas ¢ oncentraciones de

acuerdo con el tipo de fluido pe ritoneal ( trasudado, t rasudado m odificado y exudado), 3)
comparar y correlacionar las concentraciones plasmaticas y peritoneales de TGF- 1 y TGF-
B3 ylos tipos de liquido peritoneal segun el grupo de los coélicos y la evolucion clinica y 4)
describir y evaluar la correlacion entre TGF-B 1 y D- dimero. Métodos: Dos estudios clinicos
se | levaron ac abo pa rae I de sarrollo de estos obj etivos. Estudio 1: se obt uvo | iquido
peritoneal y plasma de 78 c aballos c on colico y 8 c aballos s anos. Los pa cientes f ueron
clasificados d e a cuerdo a 1 di agnostico (obstrucciones, e nteritis, t rastornos i squémicos y
peritonitis), el andlisis del liquido peritoneal (trasudado, trasudado modificado y exudado), y
el r esultado ( sobrevivientes ynos obrevivientes). Las ¢ oncentraciones pl asmaticasy

peritoneales de TGF-B1 y TGF-B3 se determinaron por ELISA. Los datos se analizaron por
pruebas paramétricas y no paramétricas. Un valor de P < 0,05 fue considerado
estadisticamente significativo. Resultados: Las concentraciones de liquido peritoneal de TGF-
B1 fueron significativamente (P=0,01) mas altas en caballos con peritonitis en comparacion
con t odos 1 os ot ros g rupos de c 6lico y ¢ ontroles. Los ¢ aballos ¢ on | esiones i squémicas
tuvieron s ignificativamente (P=0,01) mayores concentraciones p eritoneales de T GF-B1 en

comparacion con 1os controles y el grupo de caballos con obstrucciones. La concentracion
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peritoneal d e T GF-B1 también fue s ignificativamente ( P=0,01) m as a Ita e n e xudados en
comparacion con trasudados. Las concentraciones peritoneales de TGF -f1 y TGF-f3 yla
concentracion p lasmaticad e T GF-f1 aumentaron s ignificativamente en I os ¢ aballos no

sobrevivientes € n ¢ omparacion ¢ on | os s obrevivientes ( p= 0,001, P = 0,004 y P =0,05,

respectivamente). Estudio dos : se incluyeron 12 4 c aballos con coélico y 12 ¢ aballos ¢ omo
grupo control. Los caballos con célico fueron agrupados seglin el diagndstico (obstrucciones,
enteritis, p roblemas is quémicos, p eritonitis y o tros p roblemas mix tos), lo s r esultados d el
analisis del liquido peritoneal (trasudado, t rasudado m odificado y e xudado) y la e volucién
clinica (sobrevivientes y no s obrevivientes). Las concentraciones plasmaticas y peritoneales
de D -dimero y 1 as c oncentraciones p eritoneales d e T GF—31 fueron s ignificativamente
mayores en los caballos con la enteritis, peritonitis y trastornos isquémicos en comparacion
con los caballos con obstrucciones intestinales. Las concentraciones peritoneales de dimero D
y TGF-B1 fueron significativamente mayores en los caballos con liquido peritoneal alterado
(trasudado modificado y exudado) en comparacion con los caballos con el andlisis normal de
liquido peritoneal. La concentracion de estas proteinas también fue significativamente mayor
en el grupo con peritonitis y en caballos con liquido peritoneal alterado. Las concentraciones
peritoneales y plasmaticas de dimero D en y T GF-B1 fueron m ayores en | os c aballos no
sobrevivientes. S e en contraron correlaciones significativas, entre débiles y fuertes, entre las
proteinas ev aluadas y el diagnostico, 1a ev olucion clinica y el tipo de 1iquido pe ritoneal.
Conclusiones: La co ncentracion p eritoneal d e TGF-B1 yde dimero D fue mayorenlos
caballos ¢ on enfermedades ga strointestinales graves ( lesiones i squémicas in testinales y
peritonitis), e nc aballosc onunf luido pe ritoneal a lterado (exudado) ye nl osno

sobrevivientes. La concentracion peritoneal de TGF-1 aumenta en caballos con enfermedad
gastrointestinal grave como una respuesta anti-inflamatoria y podria estar correlacionado con

alteraciones e n e 1 s istema fibrinolitico, ma nifestado pr incipalmente por el aumento enlas
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concentraciones plasmaticas y peritoneales de D-dimero.

Palabras c lave: enfermedad ga strointestinal, ¢ quino, di mero D , f actor de ¢ recimiento

transformante beta- 1



