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INTRODUCTION

Urine is considered an ideal source of biomark&rge it can be
obtained non-invasively, in large amounts and itich in molecules
important for clinical diagnostics. In human medeithe study of the
urine proteome started in 1979 and in 2004 thé¢ rfeference map of
the normal urine proteome was reported. Howeveryaterinary
medicine the literature is fragmentary and a cotepktudy on the
urine proteome in companion and farm animals Islatiking.

The aim of the present work is to produce a comepdetalysis of
the urine proteome in animals of veterinary interdsgs, cats, horses
and cows including also some non-conventional gged¢n particular,
the aims were to:

- validate high resolution electrophoresis (HRE) toamfify

albuminuria in dogs and cats

- apply SDS-PAGE and 2DE coupled to mass spectrontetry

produce a complete reference map of the urine gmodein
healthy cats and compare it to cats affected bgrsbrkidney
disease to identify putative biomarkers of nephtioypa

- apply SDS-PAGE coupled to mass spectrometry toacheanze

the urine proteome in healthy dogs and compar® itddgs
affected by leishmaniasis to identify putative bavkers of
nephropathy;

- apply SDS-PAGE to characterize the urine proteomdairy

cows and evaluate changes during pregnancy;

- apply SDS-PAGE to characterize the urine proteamiteenlthy

horses and compare it to diseased horses;



- quantify proteinuria and apply SDS-PAGE to chanantethe
urine proteome in non-conventional species (fediag giraffes)

to evaluate kidney function and the general hestfitus.



1. PART |: STATE OF THE ART

1.1.URINE PROTEOME IN HUMAN MEDICINE

Biomarkers are any measurable characteristicsdifiact a particular
physiological or pathophysiological state. Moreafieally, a clinical
biomarker indicates a change in expression or sfademolecule that
correlates with the risk or progression of a diseaw with the
susceptibility of the disease to a given treatmieigally, a biomarker
should be sensitive and specific, accurate andiggeoon invasive
and applicable to different population groups, tueariations related
to age, gender or races.

Urine is considered one of the most easily acckssiturce of
biomarkers, since it can be obtained in large qtiest in non-
invasive ways and it is rich in molecules importdot clinical
diagnostics. The first studies on normal urine cosifpn were
performed in 1979, applying two-dimensional elegtroresis (2DE)
at a time in which the term proteomics had not beemed yet
(Anderson et al., 1979). The tenpnoteome which is a synthesis of
the words protein and genome, was coined in 1998 B\D student
trying to describe the set of all proteins that ldobe produced
through the genome in a certain tissue (Wilkinalet1996). Thus, the
term urinary proteomedescribes the entire set of proteins possibly
present in the urine.

Urine, produced by healthy kidneys, normally camdaonly a
small amount of proteins since large moleculeshateble to pass the

glomerular filter and most of the small moleculagight proteins and



protein fragments are reabsorbed along the tubsystem. The
abnormal presence of proteins in urine, which carivd either from
plasma filtration or kidney damage, is known psoteinuria
Therefore, from a proteomic point of view, proteiaucan provide
information on the systemic physiology (from serprateins) as well
as local physiology (from the proteins producedioiyeys).

The definition of the normal urine protein map he tstarting
point for the biomarker discovery. After the firstudy in 1979,
proteomic techniques and in particular, 2DE coupleith mass
spectrometry (MS), have been significantly improaed extensively
applied for the purpose. Pieper et al., (2004) reddhe observation
of 1400 protein spots in urine, identifying the 3@them. In the
same year Oh et al., (2004) defined a preliminanye proteome map
(Figure 1).

kDa

Figure 1. 2DE of the urine proteome (Oh et al.,£900

Recently, a number of large-scale proteomics ssullzs’e been
carried out to characterize the urinary proteomemfrhealthy
individuals. Marimuthu et al., (2011) compared {is¢ of proteins
identified in their study with two other large-seadtudies, one by



Adachi et al., (2006) that reported 1543 proteimd another by Li et
al., (2010) that reported 1310 proteins (Figure@Q)mmon proteins
identified to all these three studies were 658 @pesent the most
commonly identifiable proteins in human urine. Camniy all the
data from the studies published to date, in humareware present at
least 2500 different proteins and peptides.

Marimuthu et al. 2011 Adachi et al. 2006
(this study)

Li et al. 2010

Figure 2. Venn diagram comparing large scale ssudie urinary proteome (Marimuthu et al.,
2011).

The proteins identified in normal urine can be sifésd in
specific groups following a functional criteria. dfiey secretory and
structural proteins, serum and transport proteit®agulation and
complement factors, immunoglobulins and other imenymmoteins,
enzymes, metal binding proteins and lipoproteimsanly some of the
possible functional groups (Candiano et al., 2010).

Finally, the most challenging class of proteinswbich urine is
rich in is low abundance proteins. Most of the lawundance proteins
in normal urine are still to be characterized. Thest innovative
techniques that are now developing are based otgsbezated with
hexameric peptide ligand libraries. The benefitohcentrating urine
prior electrophoresis is that the most abundanteprs, such as

albumin, are eliminated with a higher efficiencathlow abundance



ones. Therefore, equalization offers a good chémcanproving our
knowledge on the composition of the normal urinetgome and
move towards the biomarker discovery (Decramer let 2008;
Candiano et al., 2010).

Many of the identified proteins in large-scale phics studies
on normal urine are now under investigation in mepecific and
applied clinical trials to validate their use assBve and specific
biomarkers of diseases. Chronic kidney disease (CKEute kidney
injury (AKI) and diabetic nephropathy (DN) are ortlyree of the
diseases extensively studied in human medicinéhéyapplication of
proteomic techniques. Lhotta, (2010) discusseddleeof uromodulin
during CKD. Good et al., (2010) identified an arraf urinary
biomarkers for accurate diagnosis of CKD using l&yi
electrophoresis coupled to mass spectrometry (CE-MBd
subsequently validated it. Devarajan, (2011) largkedcussed some of
the newly discovered biomarkers of AKI. Metzgerakt (2010) have
identified twenty urinary peptides significantlysasiated with AKI,
including fragments of albumin, a-1-antitrypsin and B-2-
microglobulin proving that a proteomic classifieaised on these 20
biomarkers would be of superior prognostic valuecamparison to
common single biomarkers of AKI. Regarding DN, Mert al.,
(2005) applied CE-MS to urine samples of Type lbeim patients
revealing a specific clusters of 54 polypeptidelsoAAndersen et al.,
(2010) applied CE-MS to study the low molecular girti (LMW)
proteome in hypertensive type 2 diabetic patientath w
microalbuminuria to monitor the antihypertensivedisation. They
identified that the most prominent changes involueidary collagen

fragments associated with progression of diabewphropathy,
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suggesting that a major benefit of treatment wasiniprovement of
collagen turnover and the reduction of fibrosis.

The usefulness of the urine proteome as sourceofdrker is
important also for non-kidney related pathophymygl A first
example is the study of Zheng et al., (2013) onausamples collected
from pregnant and non-pregnant women. The protesaseanalyzed
by SDS-PAGE coupled with high resolution MS. Inatpt2579
proteins were identified and 16 phosphoproteinsewleund to be
significantly differentially expressed just befomelivery. Other
examples regards cardiovalscular disease extepsresliewed by
Delles et al., (2011) or hypertension (Carty et2013).

1.2. URINE PROTEOME IN VETERINARY MEDICINE

In veterinary medicine, the application of protecsntechniques is
still limited. Most of the studies focused on theentification and
quantification by western blot or ELISA of selectofins, e.g.
uromodulin or retinol binding protein, extensivedfudied in human
medicine (Raila et al., 2007; Smets et al., 2010).

Recently, there have been significant efforts tamgtthe urine
proteome in dogs (Forterre et al., 2004; Nabitplet2011; Schaefer
et al.,, 2011) and to a lesser extent in cats (Legdveet al., 2011,
Jepson et al., 2013; Ferlizza et al., 2015). Ini@4dar, Nabity et al.,
(2011) applied 2DIGE coupled to MS on urine samptesdentify
specific proteins related to tubulo-interstitigjuiry in a canine model
of progressive glomerular disease. In another stsdsface-enhanced
laser desorption/ionization time-of-flight mass cpemetry (SELDI-
TOF MS) was used to perform protein-level profilia§urine from
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dogs with and without renal disease (Forterre .e80D4). Schaefer et
al., (2011) applied SDS-PAGE to urine samples ajsdaffected by
severe inflammatory response syndrome (SIRS). ®nB014 Miller
et al., (2014) reviewed data on biological fluiddaogs and Brandt et
al., (2014) published a complete characterizatibrthe dog urine
proteome.

Regarding the urine proteome in cats, the liteeatsieven more
fragmentary. Jepson et al., (2013) reported théicgdon of SELDI-
TOF to low molecular weight proteins in urine oftcat risk of
developing azotemia. Another study with a proteomjgproach
referred to urine samples in cats affected by wyirteact disease,
idiopathic cystitis (IdC), bacterial urinary tractfection (UTI), or
urolithiasis (Lemberger et al., 2011). Recently, paeliminary
characterization of the urine proteome in healtlatscand the
comparison with cats affected by CKD has been phbtl (Ferlizza et
al., 2015).

The many applications of proteomics in farm animads been
recently reviewed (Almeida et al., 2015).

12



2. PART Il: EXPERIMENTAL STUDY

2.1VALIDATION AND PROTOCOL OPTIMIZATION

2.1.1.HIGH RESOLUTION ELECTROPHORESIS (HRE) TO
QUANTIFY ALBUMINURIA

2.1.1.1. MATERIALS AND METHODS
Samples
This study was performed using urine samples okdogl cats
submitted to the Veterinary Clinical Pathology $SeeSEPAC VET)
of the Veterinary Teaching Hospital (Department \&éterinary
Medical Sciences - University of Bologna) for ditéat clinical
conditions without selecting for age, sex, undedyidisease or

method of collection.

Urinalysis (USG, dipstick and sediment)

Each urine sample underwent complete routine sl
including the determination of the urine specifragty (USG) by a
refractometer, the semi-quantitative dipstick t¢€omburlOTest,
Roche Diagnostic) and the microscopic sedimentyarsalat low
(100x) and high (400x) power field.

Protein quantification

Urine total proteins were determined using comnagrkits
(Urinary/CSF Protein, OSR6170) on an automated dtgnmanalyzer
(AU 400, Olympus/Beckman Coulter). Dog urines wals® analyzed
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by an immune-turbidimetric assay (ITA) developed fouman
albuminuria (Microalbumin OSR6167, Olympus/Beckm@noulter)
and validated for dog urine (Gentilini et al., 2D05

High resolution electrophoresis (HRE)

For all urine samples were performed high resatutio
electrophoresis (HRE) on 0.8% agarose gel at pHBy@raGel HR
15, SEBIA) in combination with the semi-automategistem
HYDRASYS (SEBIA), according to the manufacturertiastion. The
gels were dried, stained by acid violet solution @tquired by the
EPSON PERFECTION V700 PHOTO scanner/densitometéie T
obtained pherograms were analyzed by the Phoreffygase (version
6.1.2) and the albumin percentage calculated. €lative percentage
and absolute concentration of albumin was calcdldt@sed on the
density determined by the densitometer. As reportsd the
manufacturer, the limit of detection of this teadue in serum is 1.5-2
mg/dL for albumin (0.15 to 0.2 micrograms per bamiih dosages
linear up to at least 5.8 g/dL and optimal prowancentration of 200
mg/dL. Urine samples with higher protein concemtratvere diluted

in order to achieve the desired optimal concemmati

Validation

Within-assayvariability was assessed on five cat urine samples
(albumin concentrations 7.4; 13.4; 23.5; 38.8; 6ig/dL) and on one
dog urine sample (115.3 mg/dL). Samples were rum times on the

same gel.
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Between-assayariability was evaluated measuring four cat
urine samples (7.4; 13.4; 23.5; 67.7 mg/dL) and aog urine sample
(137.2 mg/dL) three times in triplicate on threBadent days.

Linearity was tested by serial dilutions of one cat urineda
(79 mg/dL) and one dog urine sample (154.6 mg/dhjil uhe
expected albumin concentration under the limit efedtion (LOD)
defined by the manufacturer (1.5 mg/dL) was reaclieth sample
was made in duplicate. It was also possible tonéethe analytical
sensitivity of HRE, evaluating both LOD (limit ofetkction, the
lowest concentration with a visible albumin bandtloa gel) and LOQ
(limit of quantification, the lowest concentrationth a recognizable
and quantifiable peak in the pherogram withoutrietences).

To evaluateaccuracy in the absence of a reference method for
cat albuminuria, the recovery test was performeddding to 100 pL
of a cat urine (alb 24.5 mg/dL) 100 uL of two cainas (alb 83.3
mg/dL; alb 41.7 mg/dL) and saline. The three soluthigh (H),
medium (M) and low (L) had 53.75 mg/dL, 32.95 mg/dL12.1
mg/dL of expected albumin. Five measurement werdemén dog
urine, albuminuria measured by HRE was compardd Aovalidated

for dog (Gentilini et al., 2005) and used in cladipractice.

Statistical analysis

Statistical analysis was performed with MedCalc1g813.0 and
Excel 2007. Precision was evaluated by the calomabf the
coefficient of variation (CV) as follows: CV=(SD/mme)X100. Linear
regression analysis was used to evaluate the abtoel between
albumin expected and measured values and betwe&naH& ITA for

dogs. Bland and Altman plot was also used to etaliee accordance
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between HRE and ITAP-value was considered significant when less

than 0.05.

2.1.1.2. RESULTS

Dog

HRE had within-assay CV of 1.37%, between-assay @@V
5.67% and a high linearity (r=0.99) (Table 1 andufe 1). It was
also possible to visually define LOD at 1.2 mg/dL expected
albumin and LOQ at 4.9 mg/dL. The comparison betMd®E and
ITA was performed by linear regression analysis &ildnd and
Altman plot (Figure 2). Data showed a highly sigraht correlation
(P<0.0001). The Bland and Altman plot showed that HRE
overestimated values lower than 50 mg/dL, whileugalhigher than
100mg/dL were underestimated. In particular, soméhe analyzed
samples showed greater discrepancies between abwalues
measured by ITA and HRE. Data are reported in [Eiguand Table 2.

Table 1. Between-assay and within-assay CVs foraflogminuria measured by HRE.

Between-assay  Within-assay

Mean (mg/dL) 137.24 115.27
SD (mg/dL) 7.77 1.58
CV % 5.66 1.37
140
- e e 120 |

y =0.834x - 0.2605
R*=0.997

- g 80

0 50 100 150 200
a) 1 2 3 4 5 6 7 8 b) Expected values (mg/dLL)

Figure 1. HRE (a) and correlation plot (b) showlingarity for dog albuminuria.
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Figure 3. HRE (a) and pherograms (b) of urine samfitat showed great discrepancies with ITA
as reported in table 2.
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Table 2. Data regarding urine samples (Figure &) éports discrepancies between ITA and HRE.

Laneand Alb%  Alb(mg/dL) UTP
pherogram HRE ITA HRE ITA (mg/dL)

1 35 739 211 460 623
2 53 76.1 153 218 288
3 49 90.1 97 179 199
4 38.8 73.5 194 368 502

UTP: urine total portein

Cat

Table 3 reported data for within-assay and betvassay
variability and recovery percentage. HRE had allsQyhder 10%
ranging from 2.58% to 7.6% for within-assay andrfrt.2% to 9.1%
for between-assay. Figure 4 reported some exangflegls. HRE
showed high linearity (r=0.99; Figure 5) betweenpexted and
measured albumin values and the recovery percentageof 97%,
93% and 109% for H, M and L concentration respetyivit was
possible to define optically the LOD at 1.25 mgfifl expected
albumin and by densitometry the LOQ at 5 mg/d| (iFég5).

Table 3. Between-assay and within-assay CVs andvegg percentage for albuminuria in cat
measured by HRE.

WITHIN-ASSAY

Mean (mg/dL) 67.73 38.83 23.50 13.377.40
SD (mg/dL) 1.75 2.26 0.81 0.99 0.56
CV% 2.59 5.81 3.44 7.40 7.60
BETWEEN-ASSAY
Mean (mg/dL) 67.25 24.53 13.23 7.10
SD (mg/dL) 2.37 0.29 0.98 0.64
CV% 3.52 1.20 7.45 9.06

RECOVERY PERCENTAGE

H M L
Expected albumin (mg/dL) 53.75 32.95 12.1
Measured albumin (mg/dL) 51.9 30.6 13.2
Recovery % 96.6 92.9 109.1

18
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Figure 4. HRE of: a) within-assay, albumin 39mg/di); within-assay, albumin 23.5 mg/dL; c)
between-assay albumin, 7 mg/dL.
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Figure 5. Linearity (a) and LOD and LOQ (b) for atbinuria measured by HRE.
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2.1.1.3. DISCUSSION

In human patients proteinuria and albuminuria hdneen
identified as independent risk factors for all-caasd cardiovascular
mortality as well as adverse renal outcome in diabeephropathy
and CKD (Wu et al., 2012). In veterinary mediciaguminuria can
be measured by a species-specific point-of- camjgiantitative test
(e.g., the Heska ERD-Health-Screen Urine test) godntitative
iImmunoassay at reference laboratories (Antech Distips and Heska
Corporation) (Grauer, 2011). A sensitive immundsidimetric
method for the quantification of alouminuria haemealidated only
for dogs (Gentilini et al., 2005). In the presatidy, HRE was
validated to quantify alouminuria in dogs and caltthe parameters
evaluated (within and between-assay CVs <10%,; &§097-109%;
linearity, accuracy and correlation with ITR<0.05; LOQ 5 mg/dL)
can be considered satisfactory for a semiautonteticnique (Jensen
and Kjelgaard-Hansen, 2006). However, the softwaife the
densitometer was not able to perform an effectiberpgram in
sample with low amount of urine total protein (4@/dL) probably
due to noise interferences, such as dust or gglutarities as reported
by Ferlizza et al., (2012) and Giori et al., (201Woreover, it was
possible to compare data obtained by HRE in dogpksmwith
adequate amount of proteins to data obtained by $hAwing a
significant correlation. ITA validated in dog (Géint et al., 2005) is
based on the high homology between human and dagnah and on
the cross reactivity between the anti-human albusmitibody and the
dog albumin. The manufacturer reported that ITAnsar only in the
range between 0.5 and 30 mg/dL, suggesting théahlwf samples
with higher concentration. In contrast, our datavekd that HRE is
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linear for albumin in urine between 5 and 154 mg/dhd the
manufacturer claimed HRE linear up to 5.8 g/dL &bumin in
serum. Therefore data reported in the present daidys suggest that
HRE could be more reliable than ITA for albumin qgtication
higher than 30 mg/dL, while ITA due to its highensitivity is more

accurate for microalbuminuria.

2.1.2.TWO-DIMENSIONAL ELECTROPHORESIS (2DE)

2.1.2.1. MATERIAL AND METHODS
Samples
This study was performed using urine samples o pigd cats
submitted to the Veterinary Clinical Pathology SeeSEPAC VET)
of the Veterinary Teaching Hospital (Department \ééterinary
Medical Sciences — University of Bologna) for diffat clinical
conditions without selecting for age, sex, undedyidisease or

method of collection.

Urinalysis (USG, dipstick and sediment)

Each urine sample underwent complete routine sl
including the determination of the urine specifragty (USG) by a
refractometer, the semi-quantitative dipstick t¢StomburlOTest,
Roche Diagnostic) and the microscopic sedimentyarsalat low
(100x) and high (400x) power field.
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Protein quantification

Urine total proteins were determined using a consraérkit
(Urinary/CSF Protein, OSR6170) on an automated dtgmanalyzer
(AU 400, Olympus/Beckman Coulter).

Protocol optimization for sample preparation
To remove salts and concentrate proteins, {§0of proteins

underwent three different protocols:

- a) Acetone precipitation: one volume of cold acet@0% was
added to one volume of pig urine to a final conrin of
10%, incubated at -20°C overnight and centrifuged5,000g
for 30 min;

- b) TCA/ethanol precipitation: one volume of trictdacetic
acid 20% was added to one volume of pig urine tinal
concentration of 10% in gentle shaking for one hau#d°C,
centrifuged at 15,000 for 30 min and washed three times with
cold absolute ethanol;

- ¢) Ultrafiltration: 1.5 mL of pig urine were loadeth
Vivaspin500 spin columns (Sartorius Stedim Bioteahth a
molecular weight (MW) cut-off of 3 kDa and centgied at
15,000 g of 30 min; 50QL of water was added to the retenate
and centrifuged again up to reach a final volum&GffuL.

The pellets were dissolved in a solubilisation buffSB) containing 7
M urea, 2 M thiourea, 4% CHAPS w/v, 65 mM DTT and%
resolytes v/iv (pH 4-7) before loading onto immatetl pH gradient
(IPG) strips (pH gradient 4-7, 11 cm long) (BioRalkDG strips were
rehydrated, equilibrated and placed on top of 4-Hs¥%lamide gel.

22



2DE protocol optimization for animal urine proteome
To optimize the 2DE protocol, two urine samplesifrioealthy and
CKD cats were analyzed with 3 different protocols:
- Protocol 1: 200 pg of protein, IPG strip 7 cm arid $-10,
poliacrylammide 12%;
- Protocol 2: 100 pg of protein, IPG strip 7 cm ard 4-7,
poliacrylammide 10%;
- Protocol 3: 300 pg of protein, IPG strip 17 cm ahtl3-10, di

poliacrylammide 10%

2.1.2.2. RESULTS

Protocol optimization for sample preparation

Figure 6 reports the 2DE of the three differenthmds used to
prepare samples. The best resolution was obtayéuebl CA/ethanol
precipitation with the greatest number of visibjeots. The acetone
precipitation protocol did not allow the precipitat of proteins and
none spots is visible. The protein concentratiomached after
ultrafiltration was not adequate and lower tharnt thiatained by the
TCA/ethanol precipitation.
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Figure 6. 2DE of pig urine after the three prolsctested to concentrate and desalt urine. a)
Acetone precipitation; b) TCA/ethanol precipitatia ultrafiltration.

2DE protocol optimization for cat urine proteome
Figure 7 reported the 2DE of the three different@col used to
separate cat urine proteome.
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Figure 7. 2DE of healthy and CKD urine samples l®ans of (a) protocol 1, (b) protocol 2 and (c)
protocol 3. Blue circles highlighted spots moredewit in healthy; red circles highlighted spots
more evident in CKD; yellow circles highlighted comn spots.

The protocol 1 did not allow an optimal separatiand
visualization of the protein spots due to excespraein amount. In
particular, acidic and high MW proteins (>80 kDagrev not optimally
visualized.

The protocol 2 allowed an optimal visualizationpobtein spots
at intermediate MW and in the acidic pH range. Moez, high MW
proteins (>80 kDa) were also optimally visualizétbwever, basic
and low MW proteins (<20 kDa) where excluded.

The protocol 3 allowed an optimal separation oh@rprotein
covering a wide range of MW and pH. Differenceswssn healthy
and CKD cats were also highlighted.
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2.1.2.3. DISCUSSION

The clinical interest of urine as an easily acdsdssbiological
fluid rich in potential markers of disease is ldygapproved. In
human medicine many studies focused on urine pmateand applied
2DE for biomarker discovery (Candiano et al., 20HYwever, urine
matrix can be an important source of interferendas to the high
amounts of salts and urea that can negatively taffensitivity and
spot resolution. In addition, due to low amount pfoteins,
particularly in samples from healthy animals, pirotsoncentration is
an essential step before electrophoretic separafitierefore the
sample pre-treatment procedure and the optimizatibrihe 2DE
protocol are essential (Martin-Lorenzo et al., 2014
First, we tested the influence of three differemtimods to desalt and
concentrate samples for 2DE profiling. Only the Te&Aanol
precipitation allowed the visualization of high noen of spots, while
the other methods did not permit an optimal spetaiization. Our
data on pig and cat urine proteome differed fromatwmeported for
humans where all the pre-treatment proceduresdiedi@ved a good
resolution and high sensitivity (Martin-Lorenzoadt 2014).
Secondly, we optimized the protocol for the betteparation of the
urine proteome trying different pH ranges and polymide gel
concentration. In this case, all the protocol &sexcept for the first
where too much sample was loaded, allowed a setigia spot
resolution. Therefore, depending on the pH and MWje of interest
and the specific proteins to be investigated anthefprotocols may

provide satisfactory data in term of resolution.
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2.2. COMPANION ANIMALS

2.2.1.D0G URINE PROTEOME

2.2.1.1. MATERIALS AND METHODS

Animals and samples

For the present study, healthy dogs and dogs affediy
leishmaniasis (Leish) were selected. The healtbygincluded dogs
presented to the Veterinary Teaching Hospital o #aculty of
Veterinary Medicine - University of Extremadura,a8p and to the
Veterinary Teaching Hospital of the Department oétarfinary
Medical Sciences - University of Bologna. Animalensidered
healthy on the basis of history and physical exatron and with no
history of urinary tract diseases were included.the diseased group
were selected dogs with leishmaniasis diagnosedhenbasis of
history, clinical signs and clinico-pathologicakudts. The diagnosis
of leishmaniasis was confirmed by the presence nshistigotes in
cytology specimens or anti-leishmania antibody ceia, given with
Indirect ImmunoFluorescence assay (IIF) with theipaty higher
than 1/80;

Upon arrival, all the animals were subjected to Sital
examination and routine laboratory tests, includaogmplete blood
count, serum chemistry and complete urinalysis withe protein and
urine albumin to creatinine ratios (UPC; UAC). Fiwallilitres of
urine were collected from each animal by ultrasegudied
cystocentesis and analyzed with the following séadided protocol:

> urinalysis (USG and dipstick);
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» centrifugation at 1,506 for 10 minutes;

» microscopic analysis of urine sediment;

» protein quantification with UPC and UAC ratios cd#tion;
The supernatants were immediately stored at -80r @e subsequent
analysis by high resolution electrophoresis (HRi) 8DS-PAGE.

Urinalysis (USG, dipstick and sediment)

Each urine sample underwent complete routine sl
including determination of the urine specific gtgviUSG) by a
refractometer, semi-quantitative dipstick test (GanmiOTest, Roche
Diagnostic) and microscopic sediment analysiswat(tbt00x) and high
(400x) power field.

Protein and albumin quantification
Urine total proteins (UTP) and creatinine were daired

using commercial kits (Urinary/CSF Protein, OSRg17&nd

Creatinine OSR6178, Olympus/Beckman Coulter) onaatomated
chemistry analyzer (AU 400, Olympus/Beckman Colltddrine

albumin was determined by an immuno-turbidimetrssay (ITA)

developed for human albuminuria (Microalboumin OSKB1
Olympus/Beckman Coulter) and validated for dog ariGentilini et
al., 2005). This method is linear from 0.5 mg/dL3t mg/dL and the
limit of detection is 0.046 mg/dL. The UPC and UA@re calculated
with the following formula: UPC or UAC = urine peah or albumin

(mg/dL)/urine creatinine (mg/dL)
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High resolution electrophoresis (HRE)

Urine samples were analyzed on precast 0.8 % agaelsat
pH 8.6 (HydraGel 15 HR, SEBIA) for quantificatiohabuminuria as
previously described (Ferlizza et al.,, 2012). The vkas used in
combination with the semi-automated HYDRASYS sys{&BBIA).
The gels were subsequently stained with an acietvémlution, dried
and scanned by a densitometer (EPSON PERFECTIONO V70
PHOTO) vyielding the pherogram (Phoresis 6.1.2 saftlw The
relative percentage and absolute concentration loinran were
calculated based on the density determined by émsitbmeter. The
limit of detection of this technique is 5 mg/dL farine albumin with
an optimal UTP of 200 mg/dL. Urine sample with Utigher than
200 mg/dL were diluted in order to achieve the mekioptimal
concentration. The values obtained were comparé#ddeita obtained

by the automated method.

Sodium dodecyl sulphate polyacrylamide gel elettoogsis (SDS-
PAGE)

Urine proteins were separated using the electrasor
NUuPAGE system (Thermo Fisher Scientific) on 12%yaofylamide
gel in 3-(N-morpholino) propanesulphonic acid (MOPS) buffethwi
sodium-dodecyl-sulphate (SDS) (Thermo Fisher SifientTwo ug
of proteins for each sample were loaded. The gel® wtained with
SilverQuest (Thermo Fisher Scientific). After stag each gel was
digitalized and its pherogram was obtained usintAGadyzer 2010
softwaré. To have a better visualization of low moleculagight
(MW) protein bands and to prepare for mass ideatiibn, 10ug of

! http://www.gelanalyzer.com/
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proteins of eight urine samples were also analyss#ag the Criterion
system (BioRad) on a 16.5 % polyacrylamide gel ms-glycine
buffer with SDS. The gel was stained with Coomasdiee staining
(PageBlu protein staining solution; Thermo Fishecieftific)

compatible with mass spectrometry.

Protein identification by mass spectrometry

Protein identification was performed at the Deparim of
Diagnostic, Clinical and Public Health Medicine, iBrsity of
Modena and Reggio Emilia.

Protein bands were excised manually from the geld a
subjected to in-gel tryptic digestion as previousgscribed (Bellei et
al., 2013). After digestion, the peptides were yred by a Nano LC-
CHIP-MS system (ESI-Q-TOF 6520, Agilent Technolayie

Protein-identification peak lists were generatedngisthe
Mascot search engine against the UniProt datibasepreviously
described (Bertoldi et al., 2013). Proteins witlsare hits >60 or
identified with at least two or more significanfgbiele sequences were
selected. The significant threshold in Mascot dessavas set in order
to obtain a False Discovery Rate <5% (5% probahbdftfalse match

for each protein with a score above 60).

Statistical analysis
Data were analyzed with statistical software (MddCa
Statistical Software version 12.7.5) and expresasdmedian and

(range) or meanzstandard deviation (SD). The differvariables

2 www. uniprot.org
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(alboumin mg/dL, UPC, UAC, number of bands) werete@sfor
normality with Shapiro-Wilk normality test and coarpd using the
Kruskal-Wallis one-way analysis of variance assyrix0.05 as a
significant probability. Samples measured by HRExwirine albumin
lower than 5 mg/dL were considered as 4.9 and tiA&€ Wvere
calculated according to this value. Spearman’s reorkelation test

was used to establish correlation between HRE &Ad |

2.2.1.2. RESULTS

Animals and samples

Thirteen entire dogs (7 males, 6 females) wereuded in the
study as the healthy group. The median age was @&hs (15-84)
and median UPC and UAC were 0.07 (0.05-0.19) af8(0.001-
0.015) respectively.

Twenty-six dogs affected by leishmaniasis (10 entamales,
14 entire males and 2 neutered males) were includedhe
Leishmania group (Leish). Leish dogs had a medignad 48 months
(12-108) and had significantly increased UPC (me@4d.; 0.06-20.8)
and UAC (0.29; 0.003-6.2) values than healthy dég®.01) (Figure
1). Plasma biochemistry and urinalysis data arerted in Table 1.
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a) Healthy Leishmania b) Healthy Leishmania

Figure 1. Graphs reporting (a) UPC and (b) UAGadat healthy and Leish dogs.
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Table 1. Clinical data for dogs affected by leishiaais (n = 26).

Signalment Mean+SD n
Age in months 48+27
Female (entire/neutered) 10 (10/0)
Male (entire/neutered) 16 (14/2)
Plasma biochemistry Mean+SD n (%) < or >Rl RI
Total Proteins (g/dL) 8.2+2.2 1(4)< 16(62)> 5.3-7.6
Albumin (g/dL) 2.840.8 16(62)< 3.2-4.7
Creatinine (mg/dL) 1.8+2.6 10(37)<; 8(31)> 0.5-1.4
Urea (mg/dL) 95197 10(37)> 18-55
Phosphorus (mg/dL) 96.7+4.6 1(4)< 5(19)> 1.9-7.9
Urine biochemistry MeanzSD n (%) < or >Rl RI
UPC 3.2+4.3 15(58)> <0.5
UAC 1.6+3.1 17(65)> <0.03
USG 1.029+0.014 15(58)< >1.0306
Clinical signs n (%)
Lymphadenopathy 20(77)
Dermatological lesions 17(65)
Apathy / Depression 15(58)
Weight loss 13(50)
Anorexia 9(35)
Onychogryphosis 8(31)
Lameness / Joint pain 7(27)
Nasal Hyperkeratosis 7(27)
PU/PD 7(27)
Diarrhea 6(23)
Vomiting 6(23)
Dehydration 5(19)
Bloody Diarrhea 3(12)
Epistaxis 3(12)
Pale mucosas 3(12)
Ocular lesions 2(8)

RI, reference interval; UPC, urine protein to ci@ae ratio; UAC, urine albumin to creatinine
ratio; USG, urine specific gravityConsidered as adequate USG in cats.

HRE and albuminuria

Representative gels and pherograms of urine saroplesalthy
and Leish dogs are reported in Figure 2. In sampligés protein
concentration higher than 40 mg/dL it was posstblejualitatively

evaluate the protein content, separating diffeqgmatein fractions,
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showing different profiles bween healthy and disk dogs and
guantifyingalbuminuria. UAC measured with HRE was significgl
correlated with ITA P<0.01) (Figure 2d).

UAC

y =0.4745x + 0.1034
R2=0.978

HRE
I S T SV )

0 2 4 6 8 10 12 14 16

Figure 2.Representative HRE of urine samples of (a) heatit/ (b)Leish dogs. cPherogram of
a Leish sample. d) Catation between ITA and HRE for albuminu

In particular, healthy samples showed at band of albumir
and a diffused band between ha and beta zone. Differentlyeish
dogsshowed more evident bands and in some cases tfie pras
similar to the serum electophoretic profile (Figah, 2¢).

In Leishgroup t was alsgpossible to highlight changes in t
electrophoretic profile during the therapy. Figure 3 repor
comparison among urine samples from the same patedifferent
time intervals. Lanes 2 and 3 showed the renal iomality

improvement after one and two months p-treatment witt
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miltefosine; in these two lanes a decrease in albdiraction and alfa
zone is evident. Six months after the diagnosres K, albumin is still

absent while the other fractions are slightly iased.

1 8 5 £
Figure 3. HRE of urine samples of the same patietlie moment of diagnosis TO (1) and after the

end of treatment with miltefosine (2,3,4) in thensapatient. In lanes 2,3 and 4 the patient was
treated with allopurinol.

Figure 4 reported electrophoretic profiles of twine samples
from the same dog during treatment (lane 1) witltefwusine and
allopurinol and two months later after the endrefitment (lane 2).
During the treatment the renal damage seems dodingyabut only
two months later the electrophoretic pattern hgjits a stronger

damage with more albumin loss and an increasedsityeof a, 3 and

i |

1 2

y Zones.

Figure 4. HRE of urine samples during (1) and g¢treatment with miltefosine and allopurinol.

SDS-PAGE
Urine samples from the 13 healthy and 26 Leish degse
analyzed by SDS-PAGE. Representative gels and grams are
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reported in Figure 5. We separated 28+5 proteird®am the urine of
healthy dogs. Most protein bands had an apparent bhé¥Wween 17
and 67 kDa. The Leish group presented a greater-imdividual

variability and a greater number of bands at M\Wieein 66 and 10
kDa. A significant increase of the total number bEnds (3719)
(P<0.05) was observed, particularly at MW lower thé&nh kDa

(P<0.01) (Figure 6).

168
kDa 97 64 51 39 28 19 14 6
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a) 1 23 4 5 p

Figure 5. Representative (a) gels and (b) pherogminurine samples of healthy (2-3) and Leish
(4-5) dogs.
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a) Healthy Leishmania b) Healthy Leishmania

Figure 6. Comparison of the number of protein bametsveen healthy and Leish dogs. (a) Total
number of bands. (b) Number of bands with MW<67 kDa
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SDS-PAGE allowed to evaluate changes in the urm&gpme
during the treatment. Examples of specimen befodeadter treatment
are reported in Figure 7 and 8. Figure 7 reportateuisamples of the
same patient before and after treatment with nofiee and
allopurinol. Increase of the 90 kDa band and theretese of the bands
of 67 kDa as well as the band in the zone betwdean@ 14 kDa can

be appreciated.

kDa 97 64 51 39 28 19 14 6

Figure 7. SDS-PAGE of a Leish dog (1) before andafter treatment.

Figure 8 reported urine samples of the same padiembg and
two months after treatment with miltefosine andjadirinol. During
the treatment the renal damage is downgradingfvibmtmonths later
the electrophoretic pattern highlighted a strorgenage.

1iDEds ) & i1 &

kDa 97 64 51 39 28 19 14 6

Figure 8. SDS-PAGE of a Leish dog (1) during andafger treatment.

Figure 9 reported SDS-PAGE of urine samples loadét
increasing UPC from healthy (lane 2) and Leish mpoateinurics
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(lanes 3) to borderline (lanes 4-9) and proteirsufianes 10-15). The
decrease of the band at 90 kDa (green rectangte}hemnincrease of
three bands at 76, 67 and in some samples at 15rkDaectangles)

are clearly evident.

Lanesl 2 3 4

Figure 9. SDS-PAGE of urine samples loaded witlrdasing UPC. Lane 1, MW marker; 2,
healthy; 3, non proteinuric Leish dog; 4-9 (UPC<Jptbrderline proteinuric Lesih dog (UPC 0.2-
0.5); 10-15, proteinuric Leish dogs (UPC>0.5). Greectangle indicate the band at 90 kDa that
showed decrease intensity in parallel to the irsweaf UPC; red rectangles indicate the bands at
67, 67 that showed increased intensity in par&di¢he increase of UPC and the band at 15 kDa in
bordeline Leish dogs.

Protein identification by mass spectrometry

Eight urine samples from healthy and Leish dogs ewer
separated on 16.5% SDS-PAGE in order to achieatartseparation
of proteins at MW<67 kDa for subsequent MS idecdifion. Figure
10 reported the protein bands (n=7) of healthylagidh dogs excised
from the gel for MS identification. Table 2 repatt¢he identified

proteins.
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Uromodulin

Figure 10. SDS-PAGE of urine samples from healthy sih dogs. Lanes 1-2, healthy samples;
lanes 3-6, borderline proteinurics Leish dogs (UPE-0.5); lanes 7-8 proteinuric Lesih dogs
(UPC>0.5); lane 9 MW marker. Rectangles and numinelisate the bands that have been cut and

identified by ESI-Q-TOF (Table 2).

Table 2. Proteins identified in dog urine by mgsscsrometry.

Band® Entry name Protein full name '(\ﬁ\éva; pl  Score’ Pept Sed Ss'e%ng
1 UROM_CANFA Uromodulin 73 4.94 2298 138 15 13
2 UROM_CANFA Uromodulin 73 4.94 1546 114 16 13
3 ALBU_CANFA Albumin 69 5.52 5802 470 44 39
4 ALBU_CANFA Albumin 69 5.52 7408 453 54 44
5 HPT_CANFA Haptoglobin 37 5.72 1526 198 18 14
6 ESTA _CANFA Arginine esterase 29 8.03 532 111 10 9
ESTA_CANFA Arginine esterase 29 8.03 448 81 9 8
Epididymal
7 NPC2_CANFA Sgcretgry rotein 16 825 419 99 8 6
SODC_CANFA Superoxide 16 570 243 2 3 3

dismutase [Cu-Zn]

& Number of the identified band or spot as markeBligure 10.
® Protein entry name from UniProt knowledge database

¢ Theoretical protein molecular weight.

9 The highest scores obtained with Mascot searcmeng

€ Peptides: total number of peptides matching teatifled proteins.

" Sequence: total number of sequences matchinglémgified proteins.
9 Significant sequences: total number of significeequences matching the identified proteins.
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From the seven bands, six proteins were identifieable 2,
Figure 10). In particular, uromodulin (90 kDa) wedsntified in both
healthy and Leish dogs showing a progressive dserparallel to the
increase of UPC (Figure 9). Albumin, correspondmghe band at 67
kDa, showed increased intensity parallel to thegase of proteinuria.
Band 6 and 7 contained 3 proteins, namely argingséerase,
epididymal secretory protein and superoxide disswitaln our
samples, this band showed a significant increasé inf the 6
bordeline proteinuric Leish dogs. Haptoglobin wisoadentified in
the band at 38 kDa.

2.2.1.3. DISCUSSIONS

The aim of this study was to evaluate the usefslrsHRE
and SDS-PAGE in the separation of the urine proteom dogs
affected by leishmaniasis compared to healthy.

HRE allowed the separation of different pherogrdratveen
healthy and Leish dogs, highlighting the increasealoumin and
gamma zone in Leish dogs. The increase of globmiiaeis a
significant feature of leishmaniasis, mostly dudhte increase of IgG
(Proverbio et al.,, 2014). Electrophoresis of sersamples from
leishmaniotic patients pointed out a polyclonal gapathy, due to
the host response versus the parasite. In urieeprtbsence of high
levels of all protein fractions, mostly of albumidye to the renal
damage, and gamma fractions, IgG (Solano-Galleg.,e2003), due
to host-response, can help during the follow-ughaf leishmaniotic
patient. A decrease of albuminuria could also iatica downgrading

of renal damage.
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SDS-PAGE enabled the visualization of many proteamds
due to the higher resolution power and the higkesisivity of silver
staining, particularly in healthy samples where I@abundance
proteins were completely undetectable by HRE. lis study we
achieved an optimal separation of medium to low N¥W@teins in
healthy samples as compared with data reportedearature where
only uromodulin and albumin were reported (Figui¢ (Zaragoza et
al., 2003; Raila et al., 2007). Accordingly, in ostudy the most
represented protein in urine samples from healtlogsd was
uromodulin, the most consistent band of high MWordodulin is a
glycoprotein produced in the thick ascending linfilidenle’s loop and
in the early distal convoluted tubules. Uromodulninvolved in
different physiological, e.g. water reabsorptiammunosuppression,
protective role against bacterial infection, andhpbogical, e.g.
urolithiasis, tubulointerstitial nephritis, process(Youhanna et al.,
2014). The role of uromodulin in dog urine is stibt completely
known and some studies highlighted a decreasasptbtein in dogs
affected by renal disease (Forterre et al., 20C4]aRet al., 2007,
Buono et al., 2012). In the present study, SDS-PAGHEpled with
MS was essential to demonstrate the decrease ofogidin in Leish
dogs. Moreover, some patients showed an increas@rashodulin
during treatment, indicating a downgrading of twapuldamage.
Therefore, this protein could be used during tHe¥eup of patients
affected by leishmaniasis as a biomarker of pasitesponse of the

pharmacological treatment.
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Figure 11. SDRAGE of dog urine samplea) Zaragoza et al., (2003). Rpila et al., 2007).

Among the proteins identified iLeish dogs was found argini
esterase (ESTA). ESTA is a memr of the kallikreir gene family
secreted by the canine prostate and has 5omology with the
human prostatespecific antigen (PSA). PSA is a known marke
prostate carcinoma in men but its use in dogsiliscsintroversial.
ESTA is the major secretory product of the ne prostate and seel
to be a diagnostic marker of r-neoplastic prostatic disorde
(Gobello et al., 200.. Other authors found ESTA activity of norn
canine bladder and in transitional cell carcinc((LeRoyet al., 2004).
Recently ESTA has been identified also in urine nadle dog:s
(Schellenberg and Mettler, 2C; Hormaeche edl., 2014; Miller et al.
2014) We cannot exclude the presence of ESTA as anfincklatec
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to the presence of entire male dog in the LeislugrdNevertheless,
its role in the canine prostate disorders is ndt yaderstood and
additional studies are needed to unreveal the obIESTA also in
dogs urine.

Among the other proteins evidenced by SDS-PAGE @mg
to data reported in literature for humans, dogs eats we could
hypothesize the presence of different proteins dhawed different
intensities between healthy and Leish dogs. Thed b@n76 kDa
(putative transferrin) present also in healthy dogseased in Leish
dogs as well as the bands at MW>100 kDa. The pcesdnese
proteins in urine samples could be an importardifig to highlight
the glomerular damage as reported in literaturaridco and Bazzi,
2003).

Other bands of apparent MW of 55 and 26 kDa (prgdteavy
and light chains of IgG) were found in our patterthe presence of
these protein bands could be considered as madfegtomerular
damage as previously described in the study cordumy Zaragoza et
al. (2003) on patients affected by leishmaniasis.

In Leish dogs we found many bands in the MW rangfeveen
55 and 17 kDa. Among them the only one identifigd S was
haptoglobin (41 kDa). Other proteins that couldpsesent due to
their MW and their possible role as biomarkers apha-1-
microglobulin (A1mG) (33 kDa) and retinol bindingopein (RBP)
(22kDa). A1lmG is a clinical marker for the detenticand
differentiation of proteinuria. Physiologically, AlG passes the
glomerulus and is subsequently reabsorbed by thdeguHigh levels
of ALIMG in urine indicate a tubular dysfunction amés been
highlighted in dogs with nephropathy (Yalcin aneiti§, 2004). RBP
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Is an interesting marker of tubular impairment relyestudied in dogs
(Maddens et al., 2010) and cats (van Hoek et @D9R

In addition, other proteins at low MW (<14kDa) wdoaind in
our samples. Woo et al., (1991) characterized hupnateinuria with
SDS-PAGE evidencing a correlation between the pesef low
MW bands and a high incidence of chronic renalufail tubular
atrophy and tubulo-interstitial lesions. Bazzi &t 1997) found an
association between the presence of low MW protantshigh serum
creatinine concentration, pathological proteinuared severe tubulo-
interstitial damage in patients with a primary g&mionephritis.
Furthermore in the same study they found a positeerelation
between the presence of low MW bands and chromal railure
progression and was also assessed that the resptmse
pharmacological treatment was lower in patientshwibw MW
proteins.
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2.2.2.CAT URINE PROTEOME

2.2.2.1. MATERIALS AND METHODS
The present study on cat urine proteome is puldisbe The
Veterinary Journal and can be cited as: Ferlizzd. e015. The effect
of chronic kidney disease on urine proteome indibmmestic catKelis
catug. Vet J. Doi: 10.1016/j.tvjl.2015.01.023

Animals and samples

For the present study healthy cats and cats affeloyechronic
kidney disease (CKD) were selected. The healthyumgrmcluded
entire cats presented to the Veterinary Teachingphia of the
Department of Veterinary Medical Sciences — Uniwgrsf Bologna
for neutering. Only animals considered healthytmnliasis of history
and physical examination and with no history ohary tract diseases
were included. For the diseased group were seladedwith CKD
diagnosed on the basis of history, clinical sigisico-pathological
and imaging results, according to Bartges, (20kR)articular, cats
had to have (1) clinical findings of CKD, (2) pestgint pathological
renal proteinuria based on the urine protein toatanae ratio,
assessed and confirmed over a two-month period ®/B@), and (3)
a serum creatinine concentratiori.60 mg/dL and urine specific
gravity (USG)<1.035. CKD cats were staged accorditm
International Renal Interest Society (IRIS) guide&®. Upon arrival,
all the animals were subjected to physical exanonaand routine
laboratory tests, including complete blood couatus chemistry and

complete urinalysis with UPC and urine culture. émillilitres of

3 http://www.iris-kidney.com/quidelines/
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urine were collected from each animal by ultrasegudied
cystocentesis and analyzed with the following séadided protocol:

» urinalysis (USG and disptick);

» centrifugation at 1,506 for 10 minutes;

» microscopic analysis of urine sediment;

» protein quantification with UPC ratio calculation;
The supernatants were immediately stored at -80r @e subsequent
analysis by high resolution electrophoresis (HRBPDS-PAGE and
2DE.

Urinalysis (USG, dipstick and sediment)

Each urine sample underwent complete routine sl
including determination of the urine specific gtgviUSG) by a
refractometer, semi-quantitative dipstick test (GamiOTest, Roche
Diagnostic) and microscopic sediment analysis\at(tb00x) and high
(400x) power field.

Protein quantification and urine protein to creane ratio (UPC)

Urine total proteins (UTP) and creatinine were duateed
using commercial kits (Urinary/CSF Protein, OSRG178nd
Creatinine OSR6178, Olympus/Beckman Coulter) onaatomated
chemistry analyzer (AU 400, Olympus/Beckman Colltéhe UPC
was calculated with the following formula: UPC =ing&r protein
(mg/dL)/urine creatinine (mg/dL).

High resolution electrophoresis (HRE)
Urine samples were analyzed on precast 0.8 % agaelsat
pH 8.6 (HydraGel 15 HR, SEBIA) for quantificatiohalbuminuria as
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previously described (Ferlizza et al.,, 2012). The vkas used in
combination with the semi-automated HYDRASYS sys{&EBIA).
The gels were subsequently stained with an aciétvémlution, dried
and scanned by a densitometer (EPSON PERFECTIONO V70
PHOTO) vyielding the pherogram (Phoresis 6.1.2 safélw The
relative percentage and absolute concentration lloinran were
calculated based on the density determined by émsitbmeter. The
limit of detection of this technique is 5 mg/dL farine albumin with

an optimal UTP of 200 mg/dL. Urine sample with Utigher than
200 mg/dL were diluted in order to achieve the mekioptimal

concentration.

Sodium dodecyl sulphate polyacrylamide gel elettoogsis (SDS-
PAGE)

Urine proteins were separated using the NuPAGEesys
(Thermo Fisher Scientific) on 4-12% polyacrylamidel in 2-(\-
morpholino)ethanesulphonic acid (MES) buffer witddisim-dodecyl-
sulphate (SDS) (Thermo Fisher Scientific). Two fgpmteins for
each sample were loaded. The gels were stained SiftierQuest
(Thermo Fisher Scientific). After staining, each g&s digitalized
and its pherogram was obtained using GelAnalyz&i02bftwaré.
To evaluate differences between genders, two peets prepared by
collecting and mixing 20 pg of proteins from eadalthy male (n=8)
and female (n=15) sample. The pools were concewltraby
Vivaspin500 spin columns (Sartorius Stedim Biot&xmbH) with a
molecular weight (MW) cut-off of 3 kDa and sepadatey SDS-
PAGE with the protocol reported above, with theepton of 3-(\-

4 http://www.gelanalyzer.com/
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morpholino)propanesulphonic acid (MOPS) buffer gdomassie
blue staining (PageBlu protein staining solutiorheiimo Fisher

Scientific) compatible with mass spectrometry asialy

Two-dimensional electrophoresis (2DE)

Two-dimensional electrophoresis was performed aé th
Interdisciplinary Centre of Marine and Environméntesearch,
University of Porto, and at the Chemical and Biaday Technologies
Institute of the New University of Lisbon.

Urine samples from four healthy and four CKD catsrav
selected for 2DE. To concentrate and desalt samdlg8 pg of
protein for each sample were precipitated witttoooacetic acid to a
final concentration of 10% in gentle shaking foredmour and then
centrifuged at 15,009 for 30 min at 4 °C. The protein pellets were
washed three times with cold absolute acetonejreed and dissolved
in a rehydration buffer containing 7 M urea, 2 Nbtlrea, 4% 3-[(3-
cholamidopropyl)dimethylammonio]-1-propanesulfonatéCHAPS),
65 mM dithiothreitol (DTT) and 0.8% resolytes (pH13) before
loading onto immobilized pH gradient (IPG) stripsoK-linear pH
gradient 3-10, 17 cm long) (BioRad). IPG stripseverhydrated and
equilibrated following Campos et al., (2013). Thguibrated IPG
strips were placed on top of 10% acrylamide geld gomotein
separation was run at 24 mA per gel for 6 h inéaotll XL (BioRad)
in running buffer containing 25mM Tris, glycine 192M and SDS
0.1%, pH 8.8 (Campos et al., 2013). At the endawmherun, the gels
were stained by Coomassie Brilliant Blue (CBB). 2QEls were
digitalized in a GS-800 calibrated densitometero{Bad) and the
images analyzed by Progenesis SameSpot software-l(idear
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Dynamics) as described (Cruz DE Carvalho et all420All gels
were aligned to the reference gel and the spots anitarea less than
or equal to 350 and an average normalized volumkess than or
equal to 2000 were removed from the spot analydis. volume of
each spot over the volume of all spots in the gek wsed for
comparison of all groups by an analysis of variafaeva) test for n

observations (n =4) to assess quantitative diffeeen

Protein identification by mass spectrometry

Protein identification was performed at the Deparim of
Diagnostic, Clinical and Public Health Medicine, iBrsity of
Modena and Reggio Emilia. Protein bands and speate vexcised
manually from the gels and subjected to in-gel ticypligestion as
previously described (Bellei et al., 2013). Aftégaktion, the peptides
were analyzed by a Nano LC-CHIP-MS system (ESI-Q-T&%20,
Agilent Technologies). Data were acquired in dapethdent MS/MS
mode in which, for each cycle, the three most abaohdnultiply
charged peptides (2+ to 4+), above an absorbameshibld of 200 in
the MS scannyz full scan acquisition range from 100 to 1700), ever
selected for MS/MS nfyztandem mass spectrum acquisition range
from 50 to 1700). Each peptide was selected twiod #hen
dynamically excluded for 0.1 min. Raw mass specétoyndata were
processed with MassHunter Qualitative Analysis Bl05software to
obtain the Mascot generic files for database s&zgclising the
following parameters: deisotope, Absolute HeigktO, Relative
Height> 0.1% of largest peak.

Since the domestic cat protein database is not aveibtated,

we chose to search a broader taxonomy, namelynfathmals”, to

48



allow the identification on the basis of the sedqeerhomology.

Protein-identification peak lists were generatedngisthe Mascot
search engine against the UniProt databapecifying the following

parameters: Mammalian taxonomy, parent ion tolexah20 ppm,

MS/MS error tolerance = 0.12 Da, alkylated cysteiag fixed

modification and oxidized methionine as variabledifioation, and

two potential missed trypsin cleavages, as preljodsscribed by
Bertoldi et al., (2013). Proteins with a score k@ or identified with

at least two or more significant peptide sequenoa® selected. The
significant threshold in Mascot searches was sefrder to obtain a
False Discovery Rate <5% (5% probability of falsatech for each
protein with a score above 60).

Statistical analysis

Data were analyzed with statistical software (MddCa
Statistical Software version 12.7.5) and expresasedmedian and
(range) or meanzstandard deviation (SD). The differvariables
(alboumin mg/dL, UPC, UAC, age, number of bandstee for
normality with the Shapiro-Wilk normality test amwdere compared
using the Kruskal-Wallis one-way analysis of vac@nassuming
P<0.05 as a significant probability. Samples witmeralbumin lower
than 5 mg/dL were considered as 4.9 and the UAC: walculated

according to this value.

® www. uniprot.org
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2.2.2.2. RESULTS

Animalselection andJPC

Twenty-three entire cats (8 males, 15 females) wealeded in
the study as the healthy group. The median age24asonths (6-
168) and median UPC was 0.11 (0.06-0.19).
Seventeen cats (5 neutered females, 8 neutered raate 4 entire
males) were included in the CKD group. CKD catsenggnificantly
older with a median age of 168 months (60-28€(.01) and had a
significantly increased UPC value (median 0.9; 629 than healthy
cats P<0.01). Plasma biochemistry and urinalysis datagperted in
Table 1.

HRE and albuminuria

Figure 1 reports HRE of urine samples of healthy @KD cats
with the respective pherograms. In urine samplds watal protein
concentration higher than 40 mg/dL it was possitieseparate
different protein fractions. Different profiles keten healthy and
CKD cats were obtained. In particular, healthy ersamples showed
a faint band of albumin and a diffused band betwapha and beta
zone. Differently, CKD cats showed more evidentdsaand in some

cases the pherogram was similar to the serum ejdwutretic profile.
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Table 1. Clinical data for cats affected by CKD=(a7).

Signalment Mean+SD n

Age in months 160+64

Female (entire/neutered) 5 (0/5)

Male (entire/neutered) 12 (4/8)

Plasma biochemistry MeantSD n (%) <or>Rl RI
Total Proteins (g/dL) 7.9+0.8 6(35)> 6.0-8.0
Albumin (g/dL) 3+0.4 4(24)> 2.1-3.3
Creatinine (mg/dL) 5.9+3.6 17(100)> 0.8-1.6
Urea (mg/dL) 2641148 16(94)> 15-60
Phosphorus (mg/dL) 9.545.7 9(54)> 2.9-8.3
Urine biochemistry MeantSD n (%) < or >Rl RI
UPC 1.29+1.52 14(82)> <0.4
USG 1.018+0.012 15(88)< >1.035
IRIS Stage n (%)

Il 4(24)

1] 4(24)

\Y] 9(53)

Clinical signs n (%)
Disorexia/anorexia 15(88)
Polyuria/polydipsia 11(65)

Depression 7(41)

Weight loss 4(24)

Abnormal renal palpation 3(18)

Oral lesions 3(18)

Vomiting 2(12)

Weakness 2(12)

Dehydration 2(12)

Diarrhoea 1(6)

Blindness 1(6)

RI, reference interval; UPC, urine protein to cirgae ratio, USG, urine specific gravity. -
considered as adequate USG in cats.

-
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Figure 1. HRE of (a) healhty and (b) CKD urine séaspith respective pherograms (c)

HRE allowed the quantification of albuminuria ag\pously reported
(Ferlizza et al., 2012) and data for albumin cotretion in mg/dL
and UAC are reported in Table 2. Healthy group stbwignificant
lower values of albumin mg/dL and UA@©X0.01) than CKD (Figure
2).

Table 2. Data for albumin concentration in mg/did &mAC for healthy and CKD cats.

HEALTHY CKD
Mean+SD Median (range) MeanzSD Median (range)
ALB mg/dL 9.22+7.84 4.9 (4.9-33.1) 21.3+28.3 9.5(4.9-116.9)
UAC 0.029+0.0300.018 (0.008-0.12) 0.25+0.29 0.18 (0.05-1.3)

UAC, urine albumin to creatinine ratio

04

03

0
UAC
02

Albumin mg/dL,
6
1

— | ———

0.0

T

T T T
a) CKD healthy b) CKD Tealthy

Figure 2. The plots reported data for albumin cobegion in (a) mg/dL and (b) UAC for healthy
and CKD cats. For a better visualization the highesC value for CKD (1.3) was excluded from
the graph.
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SDS-PAGE

Representative gels and pherograms from healthyCiial cats
are reported in Figure 3. We separated 326 prdainas in the urine
of healthy cats. The majority had a molecular we({®hw) between
10 and 80 kDa. The CKD group presented a greater-imdividual
variability and typical tubular pattern, characted by protein bands
at MW<64 kDa. A significant decrease of the totahier of bands
(25+6) (P<0.01) was observed (Figure 4a), particularly at Migher
than 100 kDaR<0.01) (Figure 4b and 5b).
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Figure 3. SDS-PAGE of cat urine samples. a) Reptatiee gel (lane 1, MW marker; lanes 2—7,
urine samples from CKD cats; lanes 8-9, healthyeusemples) and (b) pherograms are shown.
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Figure 4. Comparison of the number of protein bapeisveen healthy and CKD cats. (a) Total
number of bands. (b) Number of bands with MW>100akDifferent lower cases indicate
significant differencesi<0.01).

No significant differences were found between pdaleine samples
collected from healthy males and females (Figune BaFigure 5 is

reported the gel used for the preparative separafiarines from two
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CKD samples (lanes 2-3) and from male and femala@egourine
(lanes 4-5 respectively). The most representativé @producible
protein bands (n=16) from healthy and CKD samplesewexcised

from the gel for MS identification (Figure 5, Tal3®

kDa

165

115
81
61
54

42

32

L1 ~ 12 I3 L4 L5

Figure 5. SDS-PAGE of urine samples from healthy @KD cats. Lane 1, MW marker; lanes 2

3, CKD urine samples; lanes %, pools of urine from healthy females and malespeetively.
Rectangles and numbers indicate the bands thatderecut and identified by ESI-Q-TOF.

2DE and differential proteomics study

Figure 6 reports representative 2DE obtained fromalthy
(Figure 6a) and CKD entire cats (Figure 6b). Outtltd 66 spots
detected, 27 showed differential expressiexn(.05) between healthy
and CKD samples; in particular, 18 spots were @pgasented in the
CKD group and nine spots were more evident in hgahimals. The

remaining 39 spots were common and had similaresgmon levels.

55



The nine most abundant common spots and the 2eéreiftfially

expressed spots were excised from the gels fordd&ification.
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Spot 1: urom edulin Spot 17: apoelipoprotein-H
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Figure 6.2DE of the urine proteome in (a) healimg (b) CKD entire cats. White circles: spots
with significantly greater intensity in healthy than CKD; black circles: spots with significantly

greater intensity in CKD; white rectangles: commepots without significant differences. (c)

Examples of important differentially expressed pnus.

Protein identification by mass spectrometry

From the 16 bands excised from SDS-PAGE (Figurel8),
proteins were unambiguously identified (Table 3\t ©f the 36 2DE
spots analyzed, 20 yielded significant results b$, Mllowing the
successful identification of 13 different proteifiSgure 6a, b; Table
3). Albumin, cauxin, haemopexin and alpha-1-micobglin
precursor/bikunin (AMBP) were identified in spotisacacterized by
different MW and/or isoelectric point. Seven prateiidentified in
SDS-PAGE gel were confirmed by 2DE, namely uromiodgul
albumin, transferrin, cauxin, haptoglobin, retinbinding protein

(RBP) and immunoglobulin K light chain (IgK).
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The identified proteins yielded a preliminary catna map,
including 20 proteins that may be functionally sified as transport
(25%), immune and cellular response (30%), proteetabolism
(25%), and cellular communication and growth (15Figure 7a).
Most of the identified proteins were classifiedexsracellular (75%)
(Figure 7Db).

Biological Process

5%

15% 25% | protein metabolism
Ctransport

B immune/cellular response
m cell comunication/growth;

signal transduction
O unknown

(s
a) 25%
% Localization
59 5%
W extracellular
15%
O plasma
membrane
@ cytoplasm
W unknown
75%
b)

Figure 7. Classification of the proteins identif@ctording to Gene Ontology and the
Human Reference Proteome Database (HRPD). a) Bialggrocess; b) localization.
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Table 3. Proteins identified in cat urine by mgsscérometry.

Band®

MW €

1D ENtry name Protein full name (kDa) pl  Score’ Pept® Seq Ssé%ng Identity"

1 TRFE_BOVIN Serotransferrin 79.9 6.75 88 15 7 3 73

5 EST5A FELCA Carboxylesterase 5A 60.9 5.58 238 27 106 100
ALBU_FELCA Serum albumin 70.6 5.46 135 21 8 6 100

3 ALBU_FELCA Serum albumin 70.6 5.46 346 37 16 10 100
EST5A_FELCA Carboxylesterase 5A 60.9 5.58 41 8 4 2 100

, KVL_CANFA Ié]cl;appa chainVregion 157 641 o1 3 1 71
ALBU_FELCA Serum albumin 70.6 5.46 59 9 6 2 100

5 ALBU_FELCA Serum albumin 70.6 5.46 1340 115 34 25 100

6 RET4 HORSE Retinol-binding protein 4 23.3 5.28 211 42 4 93

7 CYTM_HUMAN  Cystatin-M 16.5 7.0 71 3 2 1 79

8 A2MG_BOVIN Alpha-2-macroglobulin 168.9 5.71 121 9 4 1 75
ALBU_FELCA Serum albumin 70.6 5.46 115 18 9 4 100

9 ITIH4_ HUMAN i'g;eitr)ifgmigx/pi;]”am L, 1035 651 70 9 2 2 73
ACE2_FELCA Qg%'/‘r’;‘énzs'”'conve”'”g 931 564 178 15 6 5 100

10 UROM_CANFA  Uromodulin 72.9 4.94 112 20 4 4 86
EGF_FELCA fag;ip'derma' growth 1373 58 83 13 7 4 100

1 ALBU_FELCA Serum albumin 70.6 5.46 147 24 11 7 100
EST5A_FELCA Carboxylesterase 5A 60.9 5.58 145 20 8 2 100

12 HPT_CANFA Haptoglobin 36.9 5.72 80 27 8 6 90
EST5A_FELCA Carboxylesterase 5A 60.9 5.58 102 16 7 3 100

13 IGLL5_HUMAN :.Té”ﬁ&?ﬁ'é’&ﬂ? éambda' 234 908 115 16 1 1 100

14 EST5A FELCA Carboxylesterase 5A 60.9 5.58 254 30 126 100
TRFE_PIG Serotransferrin 78.9 6.93 71 19 7 4 74
ALBU_FELCA Serum albumin 70.6 5.46 532 53 22 17 100

15 EST5A_FELCA Carboxylesterase 5A 60.9 5.58 439 68 16 9 100
ALBU_FELCA Serum albumin 70.6 5.46 5932 346 51 42 001

16 EST5A FELCA Carboxylesterase 5A 60.9 5.58 1941 15724 23 100
A1AT _CHLAE Alpha-1-antitrypsin 44.6 5.75 109 11 3 2 71
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Entry namé Protein full name (kDa) pl  Score’ Pept® Seq Ssé%ng Identity"
UROM_CANFA  Uromodulin 729 494 130 36 6 3 86
ALBU_FELCA Serum albumin 70.6 5.46 2383 196 39 28 100
ALBU_FELCA Serum albumin 70.6 546 2133 208 35 29 100
EST5A FELCA Carboxylesterase 5A 60.9 5.58 524 6614 10 100
EST5A FELCA  Carboxylesterase 5A 60.9 558 447 8914 10 100
TRFE_PIG Serotransferrin 78.9 6.93 114 31 9 5 74
FETUA _HUMAN Fetuin-A 40.1 5.43 141 34 6 4 70
APOH_CANFA Apolipoprotein H 39.7 8.51 162 21 4 4 88
HPT_BOVIN Haptoglobin 456  7.83 72 6 2 2 78
AMBP_BOVIN Protein AMBP 40.1 7.81 141 5 1 1 78
AMBP_BOVIN Protein AMBP 40.1 7.81 150 6 1 1 78
AMBP_BOVIN Protein AMBP 40.1 7.81 274 11 1 1 78
PGBM_HUMAN  Perlecan 479.3 6.06 134 19 3 2 91
HEMO_PONAB  Hemopexin 52.3 6.44 73 25 3 1 83
HEMO_PONAB  Hemopexin 52.3 6.44 97 25 3 1 83
ALBU_FELCA Serum albumin 70.6 546 1585 187 40 5 2 100
APOH_CANFA  Apolipoprotein H 39.7 851 119 16 5 4 88
ALBU_FELCA Serum albumin 70.6 5.46 69 10 7 3 100
KV1_CANFA '(g('j‘l"\"/lppa chainVregion 151 641 111 4 2 2 71
CFAD_PIG Complement factor D 28.3 6.59 54 9 2 2 86
RET4_HUMAN Retinol-binding protein 4 23.3 5.76 671 27 8 3 94

#Number of the identified band or spot as markeBigure 5 and 6 respectively.
® Protein entry name from UniProt knowledge database
¢ Theoretical protein molecular weight.
4 The highest scores obtained with Mascot searctmeng
€ Peptides: total number of peptides matching dleatified proteins.

" Sequence: total number of sequences matching ¢ingified proteins.
9 Significant Sequences: total number of significeauences matching the identified proteins.

" percentage of identical amino acids between tietified protein and the respective cat protein.

Cystatin M (CYSM), RBP, apolipoprotein-H (Apo-H)gH and

complement factor D (CFAD) were overrepresente@kbD samples,

while alpha-2-macroglobulin (A2M), uromodulin, caaxinter-alpha-

trypsin inhibitor heavy chain (ITIH4), pro-epiderimgrowth factor

(EGF), angiotensin-converting enzyme (ACE2) andlggan were

underrepresented (Table 4). Examples of differbytexpressed spots
are reported in Figure 6¢. The other proteins ditdsmow significant

differences between groups.
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Table 4. Differentially expressed proteins identifiby mass spectrometry (ESI-Q-TOF).

a
Band CKDvs Molecular : .
Biological proces$§

SDS-  Entry namé Protein full name g
PAGE healthy®  function
6 RET4_HUMAN Retln_ol—blndmg Up Transporter Transport
protein 4
7 CYTM_HUMAN Cystatin-M Up Protease inhibitor  Pratanetabolism
8 A2MG_BOVIN Alpha-2- Down Protease inhibitor ~ Protein metabolism
macroglobulin
Inter-alpha-trypsin
9 ITIH4_HUMAN inhibitor heavy chain Down Protease inhibitor ~ Protein metabolism
H4
Angiotensin- Protease-
ACE2_FELCA glotel Down carboxylpeptidase Protein metabolism
converting enzyme 2 o
activity
10 UROM_CANFA  Uromodulin Down Unknown Cellular defense
response
EGF_FELCA Pro-epidermal growth Down Grquth factor C_eII comunication;
factor activity Signal transduction
Spot?
2DE
1 UROM_CANFA Uromodulin Down Unknown Cellular defense
response
2 ALBU_FELCA Albumin Down Transporter Transport
4;5 EST5A FELCA  Carboxylesterase 5A Down Protease- ... Unknown
hydrolase activity
8;17 APOH_CANFA  Apolipoprotein H Up Transporter ansport
Extracellular cell
13 PGBM_HUMAN Perlecan Down  matrix structural .
. Growth/maintenance
constituent
16;18 ALBU_FELCA Albumin Up Transporter Transport
Ig kappa chain V : -
Lo KV1_CANFA region GOM Up Antigen binding Immune response
CFAD_PIG Complement factor D Up Serlne—type Immune response
peptidase
20 RET4_HUMAN Retln_ol-bmdmg Up Transporter Transport
protein 4

#Number of the identified band or spot as markefign5 and 6 respectively.
® Protein entry name from UniProt knowledge database
¢ Significantly <0.05) overrepresented (up) and underrepresentethjdoroteins in CKD group

respect to healthy.
4 Molecular function according to Gene Ontology &hdnan Reference Proteome Database.
® Biological process according to Gene Ontology Hndhan Reference Proteome Database.

2.2.2.3. DISCUSSIONS
The first aim of this work was the characterizatadrthe urine
proteome in healthy cat by three electrophoretichows and the

establishment of the urine proteome reference magts.
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HRE allowed a first screening of the urine proteoimecats
highlighting different pherograms between healtmd &CKD and
significant higher values of albuminuria in CKD gatin human
patients proteinuria and albuminuria have been tifileth as
independent risk factors for cardiovascular madstals well as
diabetic nephropathy and CKD. Early detection @i llevels of
albuminuria (microalbuminuria) and the early seitiof a therapy
could therefore slow the progression of the rel@ahage (Wu et al.,
2012). Some studies suggested the usefulness obatbaminuria as
an accurate marker of early renal disease also@s @Bacic et al.,
2010; Smets et al., 2010) and cats (Syme et d6;20anzlicek et al.,
2012). In addition to primary kidney disease, othenditions have
been reported in dogs with albuminuria, includingn+infectious
inflammatory disease, hyperadrenocorticism and icatly ill
(Whittemore et al., 2006; Vaden et al., 2010; Sne¢tal., 2012). The
studies on the prevalence of albuminuria in cagsfeagmentary and
are restricted to cats affected by diabetes msllusystemic disease
(Whittemore et al., 2007; Al-Ghazlat et al., 201Due to its simple
and fast protocol, HRE could be a useful tool {mdly separate urine
proteins and to quantify albuminuria particularlyhem UTP<40
mg/dL. More sensitive automatic analyzers and resifee method
specific for cat albumin are needed to quantify Idewels of
albuminuria.

SDS-PAGE vyielded an overall view of the protein fieo
highlighting 32 different bands in healthy samplegferent profiles
in CKD cats and no differences between males andlfs. In this
point of view cats are different from dogs: in mdtggs urine contains

significant amounts of arginine esterase (Milleragt 2014). When
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coupled to MS, SDS-PAGE allowed the identificatmnl4 different
urine proteins, e.g. uromodulin, largely studied moman and
identified also in dogs (Nabity et al., 2011).

2DE was essential in fractionation of the complesinel
proteome producing a reference map that includegr@@ins derived
from either plasma ultrafiltration or kidney seavat in accordance
with data reported in humans (Adachi et al., 200é@ndiano et al.,
2010; He et al., 2012) and dogs (Nabity et al.,12@randt et al.,
2014).

The most abundant protein was cauxin, a serinerasgte
produced by healthy tubular cells, specificallyrexed in urine of cats
and probably involved in the synthesis of felinipderomone
(Miyazaki et al., 2006). Most of the other proteidentified were
involved in protein metabolism, immune response arahsport.
Regarding protein metabolism, we found severalgas¢ inhibitors
(A2M, A1AT, ITIH4) that may play an important rola protecting
the kidney from proteolytic damage. Among the pgratenvolved in
immune and cellular defence response, we identfiiedein AMPB,
IgK and uromodulin. Differently from dogs (Nabityt al., 2011;
Brandt et al., 2014; Miller et al., 2014;) and hunsgLhotta, 2010),
uromodulin is not the most abundant urine-spegfictein in cats.
The transport proteins, albumin, transferrin, hagexan and
haptoglobin all derive from plasma and have beeentiled as
common components of urine also from healthy huni@asdiano et
al., 2010). The presence of high MW plasma protes. transferrin
and A2M, in cat urine could contradict the paradigfnglomerular
selectivity that should be re-evaluated accordimghte findings of
Candiano et al. (2010) and Brandt et al. (2014)weéieer, a possible
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blood contamination of urine due to cystocentearmot be excluded.
The remaining proteins, EGF, perlecan and fetuira#, involved in
cell communication and growth. In particular, pede, a negatively
charged proteoglycan of the glomerular filtratiarrier, has also been
identified in dog urine (Nabity et al., 2011).

Regarding the effect of CKD on the urine cat protep we
identified 13 proteins differentially representéutt could be studied
as putative biomarkers of nephropathy (Table 4)r @elusion
criteria led to the selection of proteinuric latage CKD patients and
based on UPC values a severe glomerular involvermeuatd be
hypothesized. However, most of these differentialxpressed
proteins are indicative of tubular dysfunction (eRBP, CYSM,
uromodulin and cauxin).

Among the overrepresented proteins, RBP is a low ptdiein
belonging to the family of lipocalins and is invet¥in plasma retinol
transport. An increase in RBP is considered a bikera of
tubulointerstitial damage in humans and a sigmificaorrelation
between urinary RBP and kidney interstitial fibosvas recently
demonstrated in CKD patients (Pallet et al., 20HEgvated RBP in
case of tubular damage has also been reportedgs (@mets et al.,
2010; Nabity et al., 2011). On the basis of ouultss RBP can be
considered an appealing marker to diagnose andtond@kKD in cats,
as previously suggested by van Hoek et al., (20085M belongs to
the cystatin family, a class of lysosomal cystgmnetease inhibitors,
and is considered a major regulator of epidermahiioation and
desquamation (Brocklehurst and Philpott, 2013).olio knowledge,
CYSM has never been found in urine, while an ineeem the more

widely studied cystatin C has been correlated wibular dysfunction
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in humans, dogs (Monti et al.,, 2012) and cats (Gétyal., 2014);
further studies are needed to clarify the role ¥6® in urine. Apo-H
(beta-2-glycoprotein 1) is a single chain multiftiocal
apolipoprotein also expressed in kidney tubularthefium and
involved in clotting mechanisms and lipid metabolilaerke et al.,
1997). The increase in urinary Apo-H in diabetidigrats has been
proposed as a marker of tubular dysfunction (Lapsieal., 1993),
and recent studies focused on the increased levétgA anti-Apo-H
in CKD patients (Serrano et al., 2014); the rolehy$ protein in cat
urine is still unknown. The last two overrepresdnpeoteins in CKD
cats, namely CFAD and IgK, are involved in the inmauesponse.
CFAD is a serine protease synthesized mainly bycagtes and
macrophages belonging to the alternative complematiiway. The
only report of this protein in urine regards a #igant increase in
human patients with preeclampsia (Wang et al., 2014

Among the underrepresented proteins, significantredeses
were shown by uromodulin, cauxin and perlecan. dduin is a 95
kDa glycoprotein exclusively synthesized by thelscelf the thick
ascending limb. Its exact molecular function iff staknown, but it is
thought to be a potent immuno-regulatory proteiacent studies
hypothesized that uromodulin entering the renarsiitium through
the damaged tubules can stimulate the cells ofirthreune system
causing inflammation and CKD progression (El-Achkard Wu,
2012). The decrease of uromodulin was previouskepked also in
dogs affected by leishmaniasis (Buono et al., 20dixjgesting its use
as a biomarker of renal damage in small animal& 2@s essential to
obtain the separation of albumin from cauxin, dest@ting a

significant decrease of cauxin, however a possitileence of the
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entire/neutered status cannot be completely exdluflieough Jepson
et al., (2010) showed a weak correlation of cauxith the future
onset of azotemia, our data, according with Miyazdkal., (2007),
suggest this protein could be considered a pragpibiomarker for
the determination of tubular damage in CKD catsi@alarly in entire
male cats. The decrease of perlecan in human igriagsociated with
damage in the glomerular compartment (Ebefors et28l11) and
could also suggest glomerular involvement in cdtscted by renal
disease. The remaining underrepresented protemsinaolved in
protein metabolism or cellular defence and commatioa. In
particular, the decrease of the protease inhibiti2 and ITIH4
could have a role in the pathophysiology of CKD.slipport of this
mechanism, intensive protein degradation has at¢sm leported to
occur in the urine of humans with CKD (Mullen et, &011). This
finding is in accordance with the increased protEagmentation,

especially of albumin, found in our study.
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2.3.FARM ANIMALS

2.3.1.BOVINE URINE PROTEOME

2.3.1.1. MATERIALS AND METHODS

Animals and samples

For the present part of the study dairy cows anifehavere
selected. The animals were housed in UniversityyCréarm of the
Department of Veterinary Medical Sciences — Uniwgrsf Bologna.
The animals were in good health status and peatigianderwent to
physical examination and routine analysis. Urinengas were
collected in the early morning by manual stimulataf the vulva to
elicit micturition and collected in clean urine taimer. Urine samples
were collected monthly for one year from Decembé&l22 to
November 2013 and analyzed with the following stadied
protocol:

» urinalysis (USG and disptick);

» centrifugation at 1,506 for 10 minutes;

» microscopic analysis of urine sediment;

» protein quantification with UPC ratio calculation;
The supernatants were immediately stored at -gor @e subsequent
analysis by SDS-PAGE.

Urinalysis (USG, dipstick and sediment)
Each urine sample underwent complete routine sl
including determination of the urine specific gtgviUSG) by a

refractometer, semi-quantitative dipstick test (GoamiOTest, Roche
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Diagnostic) and microscopic sediment analysiswat(tt00x) and high
(400x) power field.

Protein quantification and urine protein to creane ratio (UPC)
Urine total proteins (UTP) and creatinine were dateed
using commercial kits (Urinary/CSF Protein, OSRg17&nd
Creatinine OSR6178, Olympus/Beckman Coulter) onaatomated
chemistry analyzer (AU 400, Olympus/Beckman Colltéhe UPC
was calculated with the following formula: UPC =ing&r protein

(mg/dL)/urine creatinine (mg/dL).

Sodium dodecyl sulphate polyacrylamide gel elettoogsis (SDS-
PAGE)

Urine proteins were separated using the electr@smor
NuPAGE system (Thermo Fisher Scientific) on 4-12%
polyacrylamide gel in 3N-morpholino)ethanesulphonic acid (MES)
buffer with sodium-dodecyl-sulphate (SDS) (Thermoisher
Scientific). Two pg of protein for each sample wkraded. The gels
were stained with SilverQuest (Thermo Fisher Sdient After
staining, each gel was digitalized and the pherogveas obtained
using GelAnalyzer 2010 softwdre

Statistical analysis

Data were analyzed with statistical software (EX#7 and R
version 2.15.1) and expressed as meanzstandardtidev(SD). The
different variables (UPC, USG and number of banas)e tested for

normality with Shapiro-Wilk normality test and dibution was

® http://www.gelanalyzer.com/
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considered normal foP>0.05. Variables non normally distributed
were normalized by exponential transformation. ®les with
normal distribution were analyzed by t-test (déiece between
heifers and cows), one way ANOVA (difference betw@eegnancy
trimesters) and two way ANOVA (trend analysis difflece between

heifers and cows for each variable).

2.3.1.2. RESULTS

Animals and samples

Fourteen dairy cows (8 heifers and 6 cows) werkided in the
study. From the 8 heifers 62 samples and from tbevss 35 samples
were collected respectively. Heifers and cows sbtbwed urine pH
between 8 and 9 without any significant finding time sediment
analysis. Heifers showed mean USG of 1.032+0.0@@ifssantly
higher £<0.01) than cows (1.026+0.004) (Figure 1a). Thadref
USG was not significantly different between the tgroups (Figure
1b), hence USG values of heifers and cows wereyagdltogether to
evaluate the difference between the pregnancy stene (trO, before
pregnancy; trl,first trimester; tr2, second trireestr3, third trimester;
tr4, post-calving). USG during the second trime§ted33+0.005) was
significantly higher P<0.05) than before pregnancy (1.028x0.003)
and post-calving (1.026+0.007) (Figure 1c).
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Figure 1. Graphs reporting USG data for heifers emds. a) Comparison between USG data for
heifers (H) and cows (C)P&0.05); b) Comparison of USG trends during pregpanetween
heifers and cows. ¢) comparison between USG dataglpregnancy trimesters. Tr0, before
pregnancy; trl, first trimester; tr2, second trimestr3, third trimester; tr4, post-calving. Diféart
capital cases indicate significant differendeés(.05).

Mean UPC in heifers was 0.12+0.03, significantlyéo than
cows (0.17+0.06) H<0.01) (Figure 2a), while the trend was not
different between groups (Figure 2b). Thereforeysttering together
UPC values of heifers and cows to evaluate diffezenbetween
pregnancy trimesters, values of the second (0.053(Gand the third
(0.11£0.04) trimesters were significantly low@&<Q.05) than values
before pregnancy (0.18+0.07) and post-calving €038 (Figure 2c).
Table 1 reported USG and UPC data for heifers anscduring

pregnancy.
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Table 1. USG and UPC data for heifers and cowsidiypregnancy.
UPC USG
MeanzSD (n) MeanzSD (n)
Heifer Cow Heifer Cow
tr0 0.14+0.02 (11) 0.22+0.08 (10) 1.030+0.003 (11) 1.026+0.00 3(10)
trl 0.12+0.02 (12) 0.23+0.11 (2) 1.034+0.006 (12) 1.022+0.003 (2)
tr2 0.11+0.01 (21) 0.19+0.07 (8) 1.034+0.005 (21) 1.029+0.003 (8)
tr3 0.10£0.03 (12) 0.13+0.04 (12) 1.032+0.007 (12) 1.028+0.005 (12)
tr4 0.50+0.56 (3) 0.15+0.03 (3) 1.025+0.010 (3) 1.026+0.005 (3)

Tr0, before pregnancy; trl first trimester; tr2caed trimester; tr3, third trimester; tr4, post-
calving.
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Figure 2. Graphs reporting UPC data for heifers emas. a) Comparison between UPC data for
heifers (H) and cows (C)P&0.05); b) Comparison of UPC trends during pregganetween
heifers and cows; c) comparison between UPC datagipregnancy trimesters. trl first trimester;
tr2, second trimester; tr3, third trimester; trdgspcalving. Different capital cases indecate
significant differencesR<0.05). For a better visualization, SD for heifeiwring tr4 (0.56) in
graph (b), has been removed.

SDS-PAGE
Representative gels and pherograms of urine sanfpbes

heifers and cows are reported in Figure 3. We s¢parl7+5 protein
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bands in the urine of heifers. The majority had @etular weight
(MW) between 12 and 67 kDa (Figure 3). Cows presina
significant decrease of the total number of bardt4) (P<0.05)
(Figure 4). Nevertheless, the electrophoretic profias similar with
some common bands (97, 86, 78, 70, 59, 38, 27228Da and three

proteins between 13 e 9 kDa).

50 100 150 200 250 300 350 400 450 500 550 600 650
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W 50 100 150 200 250 300 350 400 450 500 550 600 650
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Figure 3. Representative SDS-PAGE of urine sampmés(a) heifers and (b) cows. c)
Representative pherograms.
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Figure 4. Comparison of total number of bands betwreifers (H) and cows (CP<€0.05).

Regarding the possible proteome variation duringgpancy,
non-significant differences were found in the tataimber of bands
between trimesters. However, two bands at 67 andkD3d were

absent in non-pregnant specimens (Figure 5).

a)

Figure 5. SDS-PAGE of urine samples of heifers aods non-pregnant (a) and pregnant (b).
Arrows indicate bands at 67 and 31 kDa absent mpregnant specimens.

2.3.1.3. DISCUSSIONS
Cows are an important source of income, hence npamer
focused on the quality of meat and milk (Maulfair &., 2010).

However, data on the urinary proteins and theifulisess in clinical
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practice are fragmentary (Adamu et al., 2007; Dedoet al., 2013;
Parrah et al., 2013). Therefore, the aim of thiglgtwas to evaluate
the main urine parameters (USG and UPC) and touatalthe
application of SDS-PAGE on the urine proteome afydzows.
Regarding USG, the range we measured resultedasirtol what
reported by Parrah et al., (2013) but wider thanrdnge reported by
The Merck Veterinary Manual (1.030-1.045). Furtherey heifers
presented USG values significantly higher than ¢@aesording to the
different water and food consumption between the gwoups (Spek
et al., 2012).

As regards UPC, only Defontis et al., (2013) testea
dipsticks to evaluate proteins in cows, but withgeiecting for age or
clinical conditions. Data on urine total proteinT®) in cows are
scars, however, Adamu et al., (2007) reported |l@ales of UTP
similar to our data. Our data on UPC as compared iR for dogs
and cats can be considered non-proteinurics (URX}<0Qees et al.,
2005).

SDS-PAGE enabled the visualization of many probends in
urine from both heifers and cows and the profileeveed some
common characteristics. First, the most represertadds were
between 97 and 8-7 kDa according to Pyo et alQ32@nd different
from what reported in humans (Zheng et al., 2018(s (Calzada-
Garcia et al., 1996) and cats (Ferlizza et al. 520 humans, the
urine proteome showed a wider distribution of MW ga with protein
at very high MW (>130 kDa), large quantity of smpé#ptides with
MW<3 kDa, while the most represented proteins heW¥ included
in the range of 20-50 kDa (Zheng et al., 2013)g(Fe 6).

Furthermore, the proteins present in bovine urioégome are mainly
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acidic with an isoelectric point (pl) between 3.5 (Pyo et al.,
2003), different from humans that present proteik a wider range
of pl (4-12.5) (Zheng et al., 2013) (Figure 6).
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Figure 6. Proteins MW distribution and pl rangeuiine of pregnant and non-pregnant women
(Zheng et al., 2013).

We could not identify the cow urine proteome by MfS, a
consequence we made only hypothetical identificatiomparing the
MW of the protein bands in the gels with data régdbin literature for
humans, dogs and cats. In particular in human cmezlithe most
abundant proteins in urine are: uromodulin, albymin
immunoglobulins, alpha-1-antitrypsin, transferrimdahaptoglobin. In
addition, at least other 18 high abundance promiagpresent, such as
retinol-binding-protein (RBP) (He et al., 2012).

In the present study the band at 97 kDa could batified as
uromodulin (Tamm-Horsfall protein), a glycoprotgiroduced by the
healthy tubular cells of the kidney which biolodi¢anction is still
under investigation (Youhanna et al., 2014). Urouliodis the most
abundant protein in urine of humans and dogs andsé as putative
biomarker of nephropathy has been suggested (L &ifi2d; Buono et

al., 2012). In women the role of uromodulin durprggnancy is still
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controversial as for the increase of this proteinrdy the second half
of the pregnancy (Jeyabalan and Conrad, 2007)eieitly, in the
samples analyzed in the present study putative adaim is less
evident than in dogs and humans.

The band at 70 kDa could be albumin, one of thetmos
represented protein in urine of mammals. The MWaltdumin is
slightly different between species and can be mpitesdso with
fragments at different MW due to proteolytic adivin urine (Mullen
et al., 2011; Ferlizza et al., 2015). As widelycdissed for dogs and
cats, albumin has a MW near the threshold of tbenglular filtration
barrier and is therefore studied as biomarker efnglrular damage.

From the comparison between pregnant and non-pnégoavs
some qualitative difference has been highlighted particular two
bands were absent in non-pregnant specimens am@é73a kDa.
Pregnancy induces qualitative and quantitativeasiamns in urine and
serum proteome. Zheng et al., (2013) reportedth®atirine proteome
in pregnant women presented 594 unique proteingaced with the
post-partum urine proteome (Figure 7). Some of treem used in
human medicine as biomarkers of maternal diseasstairsyndrome,
e.g. preeclampsia or Down syndrome. Regarding leowmine
proteome, only few proteins have been identifiedpatative early
biomarkers of pregnancy. The most studied is bPABvi(e
pregnancy-associated protein), a 21 kDa proteindhagous of the N-
terminal of collagen subunit alpha (Pyo et al.,200

In the present study the band at 67 kDa was alisesgtmples
from non-pregnant and present in all samples froregmant
specimens. This band could be identified as alphtapfotein (AFP), a
protein produced by fetal tissues and belonging gene family near
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to albumin (Deutsch, 1991). In a previous studyPA#as detected in
maternal serum, by means of radio-immunologic gssaevaluate

fetal suffering in pregnant cows (Baetz et al., )98vhile no data are
reported for this protein in urine. The same awghsirggest that the
maternal-fetal transfer of AFP seemed to be miniatsd in case of
placental inflammation or necrosis. The preseridew amounts of

the band at 67 kDa seemed to be in according \Wwi&hdata reported
by Baetz 1981.

Pregnancy Non-pregnancy

Figure 7. Venn diagram of urine proteomes in pregr@ed non-pregnant women (Zheng et al.,
2013).
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2.3.2.HORSE URINE PROTEOME

2.3.2.1. MATERIALS AND METHODS

Animals and samples

For this study healthy and diseased horses weextedl The
healthy group included privately owned horses niearli-Cesena.
Only animals considered healthy on the basis dbhisand physical
examination and with no history of urinary tractsehses were
included. In some of the healthy horses urine sasplere collected
after exercise to evaluate possible influence @ uhne proteome.
The diseased group comprised horses presentedetd/eterinary
Teaching Hospital of the Department of Veterinargdital Sciences-
University of Bologna for different clinical condins. All urine
samples were collected by free catch in clean ucomtainer and
analyzed with the following standardized protocol:

» urinalysis (USG and disptick);

» centrifugation at 1,506 for 10 minutes;

» microscopic analysis of urine sediment;

» protein quantification with UPC ratio calculation;
The supernatants were immediately stored at -80r @e subsequent
analysis by SDS-PAGE.

Urinalysis (USG, dipstick and sediment)

Each urine sample underwent complete routine sl
including determination of the urine specific gtgviUSG) by a
refractometer, semi-quantitative dipstick test (GamiOTest, Roche
Diagnostic) and microscopic sediment analysiswat(tt00x) and high
(400x) power field.
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Protein quantification and urine protein to creane ratio (UPC)

Urine total proteins (UTP) and creatinine were dateed
using commercial kits (Urinary/CSF Protein, OSRG178nd
Creatinine OSR6178, Olympus/Beckman Coulter) onaatomated
chemistry analyzer (AU 400, Olympus/Beckman Colltéhe UPC
was calculated with the following formula: UPC =in@r protein
(mg/dL)/urine creatinine (mg/dL).

Sodium dodecyl sulphate polyacrylamide gel elettoogsis (SDS-
PAGE)

Urine proteins were separated using the electresmor
NuPAGE system (Thermo Fisher Scientific) on 4-12%
polyacrylamide gel in 3N-morpholino)ethanesulphonic acid (MES)
buffer with sodium-dodecyl-sulphate (SDS) (Thermoisher
Scientific). Two pg of proteins for each sample evkraded. The gels
were stained with SilverQuest (Thermo Fisher Sdieht After
staining, each gel was digitalized and its phenvgreas obtained
using GelAnalyzer 2010 softwdre

Statistical analysis

Data were analyzed with statistical software (EX#7 and R
version 2.15.1) and expressed as meanzstandardtidev(SD). The
different variables (UPC, USG and number of banads)e tested for
normality with Shapiro-Wilk normality test and dibution was
considered normal foP>0.05. The different variables (UPC, USG,

" http://www.gelanalyzer.com/
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number of bands) were compared using the KruskdlMane-way

analysis of variance assumiRg0.05 as a significant probability.

2.3.2.2. RESULTS

Animals and samples

Sixty-two urine samples were collected from 37 tigahnd 25
diseased horses. The healthy group comprised lésmahd 20
females, with a mean age of 142+92 months. USGedcfigm 1.009
to 1.048 with a mean of 1.030+0.008 and a mediah.032. UPC
values ranged from 0.04 to 0.17 with a mean of £0103 and a
median of 0.11. No difference was found betweeremahd females
and between before (n=25) and after (n=12) exerfosdoth USG
and UPC.

The diseased group comprised 25 horses (19 makesydes)
with a mean age of 155+89 months. USG ranged fr@@5Lto 1.048
with a mean of 1.025+£0.011 and a median of 1.0g8ifscantly lower
than healthy #<0.05) (Figure 1a). UPC values ranged from 0.02 to
5.5 with a mean of 0.61+1.2 and a median of O.iaifscantly higher
than healthy B<0.05) (Figure 1b). The diseased group was further
divided in proteinurics and non protinurics witht-cff at 0.2. The
proteinurics were significantlyP0.05) different from healthy and
non-proteinurics for both UPC and USG. A summabjdas reported
(Table 1).
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Table 1. USG and UPC values for healthy, non-pnoiéé and proteinuric horses. Different lower
cases indicate significant differende<Q.05).

Mean Median SD Range

Healthy 0.11 0.1f 0.03 0.04-0.17
UPC  Non-proteinurics 0.10 0.10 0.02 0.07-0.15
Proteinurics 1.39 0.60 1.82 0.2-5.5
Healthy 1.031 1.032 0.008 1.009-1.048
USG Non-proteinurics 1.031 1.032 0.005 1.023-1.040
Proteinurics 1.017 1.0 0.014 1.005-1.048

a) He;lthy Diseased b) Helnlthy Diseased

Figure 1. USG (a) and UPC (b) comparison betweeltiheand diseased horses.

SDS-PAGE

Representative gels and pherograms of urine sanfpbes

healthy and diseased horses are reported in FRuwWe separated

13+4 protein bands in the urine of healthy anim@lse majority had

an apparent molecular weight (MW) between 12 an&kBa. At 90
kDa an intense and diffused band was evident. M@edetween 77
and 54 kDa 6 protein bands were evidenced in mbgheo healthy

samples as well as in some of the non-proteingiiEsased horses.
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Figure 2. Representative gels of urine samples af hgalthy and (b) diseased horses; c)
representative pherograms; d) detail of the 6 prdiands between 77 and 54 kDa highlighted in
healthy samples. NP=non-proteinuric diseased sample

Diseased animals presented a significant increégbeototal
number of bands (19x7)P€0.05) (Figure 3) and a more variable
electrophoretic profile particularly the proteirugubgroup. The non-
proteinuric group showed an electrophoretic prddilailar to healthy
group. Proteinuric horses showed a decrease obdhd at 90 kDa
and the appearance of 2 to 4 protein bands at MWeaa 90 and 150

kDa. Moreover proteinurics showed more bands at bitveen 49
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and 17 kDa and the increased intensity of the lzr¥ kDa (Figure
2b).

25F T

15F

Number of bands

10F

5k e

1
Healthy Diseased

Figure 3. Comparison of total number of bands betweealthy and diseased horges(.05).

2.3.2.3. DISCUSSIONS

The aim of this research was to evaluate quameatUTP,
UPC) and qualitative (SDS-PAGE) proteinuria in ti@abnd diseased
horses.

Regarding quantitative proteinuria and in particll& P, our
data are in accordance with data previously redartditerature for
healthy horses. Edwards et al., (1989) and Halbraagir Schusser,
(2002) reported mean UTP values lower than 20 mglalLquantify
proteinuria the parameter routinely used in clihmactice that need
to be evaluated is UPC. Also for this parameter adata (0.17) are
consistent with data reported by Uberti et al.,0@0and lower than
the cut-off value used in clinical practice for b@s (0.2).

SDS-PAGE enabled the visualization of many proteamds
and a characteristic profile in urine of healthydes according to
literature (Halbmayr and Schusser, 2002). In paldr, comparing
the MW of the bands in our samples to literaturecar hypothesize
the identification of the most represented bandd toeir clinical

relevance in healthy and diseased horses. Halb@agr Schusser,
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(2002) identified a band at 90 kDa as uromdulin amel could

hypothesize the presence of this protein in thieisif band at 90 kDa.
According to data reported in humans (Lhotta, 2@ in horses the
putative uromodulin is the most abundant proteimrime of healthy
specimens. Its biological function is still not coletely known but is
considered an important biomarker of tubular impaint. Diseased
proteinurics horses showed a decrease of putatweodulin band
suggesting its usefulness as biomarker of tubulaiction also in

horses.

The 6 thin bands at MW between 73 and 57 couldiéetified
as albumin and/or transferrin isoforms. In humameuit has been
reported that albumin undergo different post-tramshal
modifications including fragmentation, glycosylatio or
phosphorylation (Candiano et al., 2008).

The bands at 55 and 27 kDa could correspond to mogiobulin
heavy and light chains identified by Halbmayr arahi&ser, (2002).
In general, the presence of these bands in urineomsidered as
indicative of glomerular damage. In our samples,ititrease of these
bands in proteiunurics horses reinforced their tifieation and could
suggest glomerular involvement. However, due tolde number of
proteinuric horses and the great variety of dise@#s@as not possible
to correlate other bands to specific disease. Neskess, the
significant increase of total number of bands ksuggest that SDS-
PAGE could be useful to classify proteinuria inrgirular or tubular,
similar to what reported for humans, dogs and c¢Atzate et al.,
2005). Interestingly, one horse with laminitis, weassified as non
proteinuric on the basis of UPC value, however 8@S-PAGE
profile showed an increase in band of putative mibu(64 kDa) and
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transferrin (77 kDa). On this basis, the patientlddbe considered
affected by selective glomerular proteinuria, adogg to what

reported by Uberti et al., (2009) that evidencednwdrular
involvement during laminits.
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2.4.NON-CONVENTIONAL ANIMALS

2.4.1.INTRODUCTION

During the years, felids and giraffes underwent rdical
reduction in the number of specimens leading to thireatened or
extinction of some species. The main cause ofrédsction is due to
anthropogenic activities, e.g. the enlargementrbam areas and the
poaching.

The International Union for Conservation of Nat@itdCN), in
1994 wrote up the Red Lidb provide information on the status, trend
and threats in order to inform and catalyze actifmrsbiodiversity
conservation. In particular, different species @lids, e.g.Panthera
tigris, Acinonyx jubatus are considered as "Vulnerable” (VU) or
“Near Threatened” (NT) as well as some sub-speoifeiraffa
camelopardalie.g.peraltaor rothshildi.

Recently, the increasing interest on welfare andseovation
leaded to the constitution of specific societied programs, e.gCat
Specialist Group, IUCMr Serengeti Giraffe Projecfor the defense
and the protection of these species. Thereforegtaduation of the
health status of wild animals in natural areasnoroos is vital for
their conservation. The collection of biologicalngdes in non-
invasive manner, including fur, feces and urines neferred, since
they can be collected without causing stress cmmdif that can
interfere with the accuracy of the analysis andaogcasionally lead
the animal to death (Kelly et al., 2012).

8 http://www.iucnredlist.org/
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2.4.2.FELIDS URINE PROTEOME

2.4.2.1. MATERIALS AND METHODS
Animals and samples

For the present study urine samples were colleftted felids
of different species, age and sex. The animals Wwertesed in four
different european zoos: Fondazione Bioparco (Rdtaly), Givskud
zoo (Give, Denmark), Kgbenhavn zoo (Copenhageniaek) and
zoo de La Palmyre (Les Mathes, France). The animelsded in the
study underwent periodical clinical evaluations i veterinarian
staff of the hosting structure. Urine samples waskected in a non
invasive manner without stressing animals. Durimg night animals
were housed in cages with a logline to drain urthes were collected
the following morning.

Urine samples were immediately centrifuged at 1,§06r 10
minutes, stored at -20°C and sent to the Departroénteterinary
Medical Sciences - University of Bologna for thésequent analysis:

- protein quantification with UPC ratio calculation;
- SDS-PAGE.

Protein quantification and urine protein to creane ratio (UPC)

Urine total proteins (UTP) and creatinine were dateed
using commercial kits (Urinary/CSF Protein, OSRG178nd
Creatinine OSR6178, Olympus/Beckman Coulter) onaatomated
chemistry analyzer (AU 400, Olympus/Beckman Colltéhe UPC
was calculated with the following formula: UPC =in&r protein
(mg/dL)/urine creatinine (mg/dL).
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Sodium dodecyl sulphate polyacrylamide gel eletioopsis (SDS-
PAGE)

Urine proteins were separated using the electrgsmrNuPAGE
system (Thermo Fisher Scientific) on 4-12% poly&anide gel in 3-
(N-morpholino)ethanesulphonic acid (MES) buffer wiodium-
dodecyl-sulphate (SDS) (Thermo Fisher Scientifieyo pg of protein
for each sample were loaded. The gels were stau&dSilverQuest
(Thermo Fisher Scientific). After staining, each g&s digitalized
and its pherogram was obtained by GelAnalyzer Z@f@varé.

Statistical analysis

Data were analyzed with statistical software (EX{#7 and R
version 2.15.1) and expressed as meanzstandardtidev(SD). The
different variables (UTP and UPC) were tested fornmality with
Shapiro-Wilk normality test and distribution wasnsaered normal
for P>0.05. UTP and UPC, non normally distribute@dre normalized
by exponential transformation. Variables with noknaistribution
were analyzed by one way ANOVA to evaluate diffeeshbetween

species assumirg<0.05 as a significant probability.

2.4.2.2. RESULTS
Fifty-five urine samples were collected from 34idsl of
different species, age and sex: 10 liosar({thera le, 7 tigers
(Panthera tigrig, 8 leopardsRanthera pardus 4 cheetahAcinonyx
jubatug 3 caracals@aracal caraca)l and 2 jaguarHanthera onca
Table 1 reported data for UTP and UPC for the ciffi¢ species. Only

caracals showed significant differences compardtemther species.

® http://www.gelanalyzer.com/
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In particular, UTP values were significantly hightan the values
measured in tigersP€0.01) and leopardsP€0.05) (Figure 1a) and
UPC was significantly higher in caracals than ion§ <0.01),
jaguars P<0.05) and tigersR<0.05) (Figure 1b). The other species
did not show significant differences.

Table 1. UTP and UPC values for the felids spearesyzed.

UTP Caracals Cheetahs Jaguars Leopards Lions Tigers
(mg/dL) (n=3) (n=4) (n=2) (n=8) (n=10) (n=7)
Mean 313.5 47.9 149.3 88.7 81.9 38.3
Median 231.8 47.9 81.1 38.9 58.9 36.4
DS 166.1 20.5 151.1 167.7 61.2 18.7
UPC Caracals Cheetahs Jaguars Leopards Lions Tigers
Mean 1.16 0.33 0.07 0.25 0.14 0.17
Median 0.69 0.30 0.07 0.12 0.10 0.11
DS 0.96 0.23 0.01 0.27 0.13 0.16

ab ab

upC

ab ab b ab o
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0
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Figure 1. UTP (a) and UPC (b) comparison among ispe®ifferent lower cases indicate
significant differencef<0.05).

SDS-PAGE

SDS-PAGE allowed the separation of urine proteoeseilting
in different profiles for each species

with some common protein bands. Figure 2 reporiaingles
of gels and pherograms for each species. Two comimaoils were

present at 82 and 64 kDa, while the majority ofdsamwith greater
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variability among species was present at medium Nd&tyween 62

and 12 kDa. All species showed also a common ditfusand with
different intensities at 90 kDa and 2 to 5 bandswtMW (<12 kDa).

Lions, tigers, leopards and jaguars showed 3 tmtem bands at high
MW (>100kDa), while caracals showed two intensedsaat 23 and

17 kDa.
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Figure 2. Representative (a) gels and (b) pherogiamrine samples of felids.

2.4.2.3. DISCUSSIONS

For many years, studies on zoo felids focused onlanatomy
and taxonomy, but now the interest on ethologyetges, physiology
and pathophysiology for the conservation of wiltid is increasing
(Hosey et al., 2009).

Nationals laws ratify the obligation of clinical @uation of the
healthy status by veterinarians, focusing alsohenwelfare intended
as reduced man-induced stress.

The health status evaluation in zoo animals isadif, clinical
signs of disease are not always evident and tHectioin of samples
can be stressful for the animals, particularlyhé restraint is needed.

Therefore, non-invasive biological samples inclgdiar, feces and
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urines are preferred, since they can be collectesaifficient amounts,
and repeatedly with less interferences. The sampis easy to
perform and can be standardized reducing the captduced stress
(Kelly et al., 2012).

In particular, urine samples can be collected fitbm floor of
the cages or extracted from snow or sand. Urines du& need
particular treatments before storage, at leasbe skntrifugation, and
can provide important information on endocrine aegroductive
functions as well as on the general health st&ashert, 2012).

More specifically, qualitative (SDS-PAGE) and quetive (UPC)
proteinuria are essential for the assessment okekidunction and the
progression of renal diseases (Grauer, 2011).

As regards UPC, for cats the cut-off values tosifggatients
as non-proteinucs, borderline proteinurics andgonatics are 0.2 and
0.4 (Lees et al., 2005). However for wild felids dheta are reported in
literature. Therefore, assuming the values estaddisfor cats as
reference, lions, tigers and jaguars can be corezideon-proteinurics,
leopards and cheetah borderline proteinurics aretas proteinurics.
To our knowledge, our data are the first UPC valggmorted in big
cats and further studies are needed to evaluataefthence of sex and
age on UPC and to establish the interval referealse in these
species.

SDS-PAGE allowed the visualization of different fies for
each species. Comparing the MW of the protein bamdata reported
in literature for cats we can hypothesize the idieation of the most
important urine proteins. In particular, as recengported in cats, the
band at 64 kDa should contain cauxin. Cauxin ielamé specific

carboxyl-esterase produced by the epithelial cethe of the tubule
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and identified also in lions, tigers and leopafdgl(ean et al., 2007).
The same authors reported that cauxin can be gralsenas polymers
at high MW (Figure 3) similarly to what can be sesBo in our

samples.

Reduced Non-reduced

ALC STO PLC CLO JO ALCO STC PLO CLO JO

" g

o ey S |

'
-

-

31kDa | =

Cauxin

Figure 3. Electrophoresis of urine samples of Asidibn (AL), Sumatran tiger (ST), Persian
leopard (PL), clouded leopard (CL), and jagua(f@Lean et al., 2007).

Regarding the band at 90 kDa, present in all spegith some
differences in intensities, could be uromodulinaed as the main
urine component in healthy humans (Candiano e2@llp) and dogs
(Miller et al., 2014) and identified also in caEe(lizza et al., 2015).
Finally, caracals showed an intense band at 17tkBia comparing to
data reported in dogs, could be arginine esteiskel et al., 2014).
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2.4.3.GIRAFFES

2.4.3.1. MATERIALS AND METHODS
Animals and samples

For the present study urine samples were colldobed giraffes
(Giraffa camelopardalis of different sub-speciescdmelopardalis
peralta androthshildi), age and sex. The animals were housed in two
different italian zoos: group A) Parco Natura V{xerona) and group
B) Parco Faunistico Le Cornelle (Bergamo). The atsnncluded in
the study underwent periodical clinical evaluatibgsthe veterinarian
staff of the respective zoo. Urine samples werdectdd from the
ground with a syringe without stressing animals.

Urine samples were immediately centrifuged at 1,§06r 10
minutes, stored at -20°C and sent to the Departroénteterinary
Medical Sciences-University of Bologna for the sdpgent analysis:

- protein quantification with UPC ratio calculation;
- SDS-PAGE.

Protein quantification and urine protein to creane ratio (UPC)
Urine total proteins (UTP) and creatinine were dateed
using commercial kits (Urinary/CSF Protein, OSRg17&nd
Creatinine OSR6178, Olympus/Beckman Coulter) onaatomated
chemistry analyzer (AU 400, Olympus/Beckman Colltéhe UPC
was calculated with the following formula: UPC =in&r protein

(mg/dL)/urine creatinine (mg/dL).
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Sodium dodecyl sulphate polyacrylamide gel eletioopsis (SDS-
PAGE)

Urine proteins were separated using the electr@gsmor
NUuPAGE system (Thermo Fisher Scientific) on 12%yaofylamide
gel in 3-(N-morpholino)ethanesulphonic acid (MES) buffer with
sodium-dodecyl-sulphate (SDS) (Thermo Fisher SifientTwo ug
of protein for each sample were loaded. The gelse w&ined with
SilverQuest (Thermo Fisher Scientific). After stag each gel was
digitalized and its pherogram was obtained usintAGadyzer 2010

software®,

Statistical analysis

Data were analyzed with statistical software (EX#7 and R
version 2.15.1) and expressed as meanztstandardtidev(SD). The
different variables (UTP, UPC and number of bamisie tested for
normality with Shapiro-Wilk normality test and dibution was
considered normal foP>0.05. UTP (normally distributed) was
analyzed by t-test, while UPC and number of bamis-Hormally
distributed) were analyzed by Wilcoxon test to aas differences
between groups (A and B), age (young and adultd)gamder (male

and female) assumirfg<0.05 as a significant probability.

2.4.3.2. RESULTS
Fifty-one urine samples were collected from 20 figsa of
different sub-species@melopardalisperaltaandrothshildi), age and
sex. Table 1 reports data for UTP and UPC for wwedroups. Group
B showed significantly higher values of both UTF<(Q.05) (Figure

10 http://www.gelanalyzer.com/
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la) and UPCK <0.05) (Figure 1b) than group A. No differenceseave
found between males and females and between youhgadllts.

Table 1. UTP and UPC values for giraffes.
UTP (mg/dL) Group A (n=29) Group B (n=22)

Mean 12.1 19.5
Median 8.4 20.1
SD 9.4 6.5
UPC Group A Group B
Mean 0.062 0.096
Median 0.056 0.081
SD 0.012 0.038
) BN — : a b
] a b o
a) A‘ ; b) A B

Figure 1. UTP (a) and UPC (b) comparison betweesugg. Different lower cases indicate
significant differencesR<0.05).

SDS-PAGE

Figure 2 reported representative gels and pheragyr&DS-
PAGE allowed the separation of a typical urine grattcharacterized
by 7+2 protein bands. The most evident bands pteseall samples
were at 90 and 64 kDa and 3 bands at MW<14 kDdlelLinter-
individual differences was found in bands betwe2ragd 14 kDa. No
significant differences were found between the twoups, ages and

genders.
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Figure 2. Representative gel (a) and pherogramsf(tmine samples of giraffes.

2.4.3.3. DISCUSSIONS
Wild animals kept in captivity encounter differesturces of
stress including artificial lights, loud noisesmigeratures different
form their natural habitat, reduced movements dggi forced
contact with humans and restrictions in their behav(Morgan and
Tromborg, 2007). In these conditions, health stagualuation is

difficult and indirect methods of health monitoringre now
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developing (Hosey et al., 2009). As regards quatinté proteinuria
(UTP and UPC), no data are reported in literataregiraffes. The
only study on urines of giraffes correlated urineeatinine
concentration to a diet rich in hay and concentr@ar data for
creatinine are lower than those reported by Sulliea al., (2010)
probably due to the different diet.

As regards UPC, since no data are present in tlibergor wild or
domestic ruminants, comparing our data to referefadges for dogs
and cats (IRI8) we can classify our samples as non-proteinurics
(UPC<0.2).

SDS-PAGE allowed the visualization of a typical fpeo with
common bands to all animals. Differently from dog#ere the
predominant urine proteins have medium MW (10-8@k{Brandt et
al., 2014) and from humans (30-69 kDa) (Oh et 2004), giraffes
presented mainly low MW protein bands respect ¢ MW proteins
and this profile is more similar to goat (Ozgo &t 2009) and rat
(Calzada-Garcia et al., 1996).

Comparing our data to literature we can hypothesizeidentity of
some of the bands in giraffes urine proteome. hiqadar, the band at
90 kDa could be uromodulin, one of the main prot@mmponents in
normal urine of mammals and already identifiedumlans, rats, dogs,
cats and also camels (Calzada-Garcia et al., 1¢&@araj and Mann,
2011; Alhaider et al., 2012; Miller et al., 2014erkzza et al., 2015).
Uromodulin is an importan biomarker of the kidnegalh status.
Moreover, since giraffes have hypertension as a-physiological
condition and Padmanabhan et al., (2014) showedri@lation of

uromodulin to hypertension, the comprehension af lible in

1 http://www.iris-kidney.com/
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regulation of systemic and kidney blood pressuredseto be
investigated further.

The band at 64 kDa should be albumin. Small amoointisis protein
are physiological in urine of healthy animals amaédbeen identified
in urine also of camels (Alhaider et al., 2012) aodvs (Pyo et al.,
2003).
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2.5.CONCLUSIONS

2.5.1.COMPANION ANIMALS

Our work has produced a reference map of the notmaé
proteome in cats and can be considered the stgvbing for future
studies. Moreover, this is the first research gkof 13 differentially
represented urine proteins with CKD in cats. THeeint amounts of
uromodulin, cauxin, CFAD, Apo-H, RBP and CYSM caonfed
tubulointerstitial damage in CKD cats and suggestieat these
proteins are candidate biomarkers to be investigateher.

Regarding the dog urine proteome, we highlightespecific
electrophoretic pattern in healthy animals showingportant
differences in patients affected by leishmaniadis. particular,
uromodulin could be a putative biomarker of tubutErmage and
albumin was confirmed as a biomarker of glomerutanolvement.
The role of arginine esterase and low MW proteiegds to be
investigated further.

Finally, we also validated HRE for the quantificati of
albuminuria in dogs and cats. HRE and SDS-PAGE dcdog
considered as useful tools that could help climgian the evaluation
of the kidney function in dogs and cats. Our datdhe proteins most
represented in the cat and dog urine proteomeghaidchanges in
pathological conditions could be useful in the aubeament of
research focused on the discovery of new biomarkertater use in

clinical practice.
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2.5.2.FARM ANIMALS

This study on the horse urine proteome producedference
electrophoretic pattern characterized by an intdresed, presumably
uromodulin, 5 to 6 bands between 77 and 56 kDasiblasisoforms of
albumin and/or transferrin and other 6 to 8 bartdewer MW. We
highlighted some differences in proteinuric horsgsowing the
decrease of the putative uromodulin band and tpeapnce of 2 to 4
protein bands at higher MW and a greater varighititthe range of
MW between 49 and 17 kDa.

Regarding cows, we highlighted different electrohic
patterns between heifers and cows showing also soteeesting
proteome changes during pregnancy. In particulatatjve alpha-
fetoprotein and b-PAP needs to be further invetda

Finally, further studies are needed to identify Iyass
spectrometry the most represented bands to pragueterence urine
profile of healthy horses and cows. The differdiytimepresented
bands in physiological and pathophysiological cbads needs to be
investigated further, with particular attention tthe better

characterization of patients affected by kidney dgen

2.5.3.NON-CONVENTIONAL ANIMALS

Our work produced the first values for UTP and URGealthy
felids and giraffes kept in captivity. Moreover, waghlighted
species-specific electrophoretic patterns in bigd$eand giraffes.
Further studies are needed to identify the mosessmted bands and
to evaluate differences in the urine proteomesnimals kept in wild

natural conditions.
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