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Abstract

Chronic hepatitis is the most common hepatic disease in dogs. Copper accumulation is an
important cause of chronic hepatitis in dogs; however, the etiology in most dogs cannot be
determined. Clinical signs of chronic hepatitis are often non-specific; therefore, this disease
is frequently diagnosed in an advanced stage that makes successful intervention less likely.
Early diagnosis of chronic hepatitis in dogs would thus be beneficial. The identification of
proteins that are differentially expressed in dogs with chronic hepatitis could contribute to
the development of novel diagnostic markers for this disease and provide insight into its
pathogenesis. The objective of this study was to identify novel proteins that are differentially
expressed in the liver of dogs with chronic hepatitis. Hepatic tissue was collected from 8
healthy dogs during ovariohysterectomy and from 8 dogs with histologically confirmed
chronic hepatitis. The proteome of the liver samples was extracted by mechanical disruption
and detergent-based cell lysis and differentially labeled prior to analysis by 2-dimensional
fluorescence difference gel electrophoresis. Spots with an absolute fold change value > 2.0
were selected for further analysis. Protein identification was achieved by nanoflow liquid
chromatography tandem mass spectrometry. Differential expression of select proteins was
validated by Western blot. Five protein spots were differentially expressed between patients
with chronic hepatitis and healthy control dogs. From these 5 protein spots 11 proteins were
identified. Differential expression of cytokeratin 18 and annexin 5 were confirmed by West-
ern blot analysis. Differential protein expression was shown between dogs with chronic hep-
atitis and healthy control dogs. Upregulation of cytokeratin 18 in chronic hepatitis may
suggest increased hepatocellular apoptosis and necrosis, whereas upregulation of annexin
5A suggests increased hepatocellular apoptosis. Further studies are needed to determine
whether either protein has diagnostic utility.
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Introduction

Chronic hepatitis is the most common type of liver disease in dogs with chronic hepatitis
being the most frequently observed form [1]. Chronic hepatitis is associated with apoptosis/
necrosis and an inflammatory infiltrate that is often mononuclear. This results in a repair
process that can lead to hepatic fibrosis including end-stage liver disease characterized by
fibrosis of the liver and the conversion of normal liver architecture into abnormal liver nod-
ules with portal-central vascular anastomoses [2]. End-stage hepatic disease carries a poor
long term prognosis with a reported median survival time of 0.4 months [3,4]. Chronic hepa-
titis, in contrast diagnosed at an earlier stage carries a reported median survival from diagno-
sis to death of 18.3-36.4 months [3,4]. Cases of chronic hepatitis are often diagnosed at an
advanced stage where treatment is less likely to be effective and thus early identification of
dogs with chronic hepatitis and hepatic fibrosis, ideally before clinical signs develop, would
be beneficial.

The histological evaluation of a liver biopsy specimen continues to be the gold standard for
the assessment of hepatocellular necrosis, inflammation, fibrosis, and for a definitive diagno-
sis of chronic hepatitis. The current lack of robust biomarkers for canine chronic hepatitis
restricts the non-invasive evaluation of this disease. A number of non-invasive biomarkers of
hepatocellular injury have been identified and validated in dogs and humans. For example,
the most widely used biomarker for hepatocellular injury is serum alanine aminotransferase
activity [5]. Alanine aminotransferase is predominantly found in the liver with lower level
enzyme activities found in skeletal and cardiac muscle. Serum enzyme activity increases are
associated with either reversible or irreversible hepatocellular damage [6]. Serum alanine
aminotransferase activity has a reported sensitivity for detecting histopathologic evidence of
hepatocellular injury in symptomatic dogs that varies from 60% - 76% [7]. Little is known
about the sensitivity of biomarkers including alanine aminotransferase to detect hepatobili-
ary injury in the subclinical disease phase. A recent study by Dirksen et al. found that serum
alanine aminotransferase and alkaline phosphatase activities and serum bile acid concentra-
tions have a sensitivity for detecting histologic evidence of copper-associated chronic hepati-
tis in the subclinical phase of 71%, 35%, and 13% respectively [8]. Additionally, serum ALT
activity can also be increased due to extrahepatic diseases such as pancreatitis, enteritis, and
endocrinopathies [1]. Therefore, a more sensitive and specific marker of hepatocellular
injury in dogs with chronic hepatitis would be beneficial. There is also an unmet need for
novel non-invasive diagnostic tests for hepatic fibrosis, hepatic function, and hepatic neopla-
sia in dogs.

Proteomics is the large-scale characterization of the protein complement of a cell, tissue, or
organism and has emerged as a powerful tool in biomarker discovery. Chronic inflammatory
hepatobiliary disease has been demonstrated to result in changes to proteins found in hepatic
tissues in humans [9]. There is one proteomic study of the canine liver to the authors knowl-
edge. This study evaluated the soluble liver proteome from bull terriers affected with inherited
lethal acrodermatitis [10]. Proteomic analysis of canine hepatic tissue from dogs with chronic
hepatitis may lead to the identification of novel candidate biomarkers that could later be evalu-
ated in serum or urine as well as having the potential to provide new insights into the patho-
genesis of this disease.

The aim of this study was to identify proteins that are differentially expressed between
hepatic tissue from dogs with chronic hepatitis and healthy control dogs. We hypothesized
that dogs with chronic hepatitis will exhibit differential hepatic protein expression compared
to healthy control dogs.
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Materials and methods
Patients and procedures

Eight canine patients undergoing liver biopsy for routine diagnostic purposes that were histo-
logically confirmed to have chronic hepatitis and 8 healthy control dogs undergoing ovario-
hysterectomy were enrolled at the Texas A&M University Veterinary Medical Teaching
Hospital between September 2014 —August 2017. Informed client consent was obtained for
each patient and the study was approved by the Texas A&M University Institutional Animal
Care and Use Committee (Animal Use Protocol #2014-320 and 2015-0043). Patients with sus-
pected chronic hepatitis underwent laparoscopic liver biopsy and 5 to 8, 5 mm closed cup for-
ceps liver biopsy specimens were collected. The same 5 mm closed cup forceps were used to
collect 34 liver biopsy specimens from healthy dogs at the time of ovariohysterectomy. One
biopsy specimen, approximately 0.5 g of liver tissue from each patient was flash frozen in liquid
nitrogen within 30 minutes of acquisition and stored at -80°C. One liver biopsy specimen was
collected in a sterile red top tube for copper quantification by atomic adsorption spectroscopy
(expressed as pg/g dry weight) and another was collected and stored in a sterile specimen cup
for aerobic and anaerobic culture and susceptibility testing. The remaining liver tissue from
dogs in each group was fixed in neutral buffered formalin for routine histological processing.
Histological sections from formalin-fixed paraffin embedded tissues were stained with hema-
toxylin and eosin, picrosirius red, and rhodamine. The diagnosis of chronic hepatitis and
healthy control were based on clinical signs, routine serum biochemistry panels, and histologi-
cal assessment of liver specimens by a board-certified veterinary pathologist according to the
World Small Animal Veterinary Association Liver Standardization Group Guidelines[11]. The
stage of hepatic fibrosis, the grade of necroinflammatory activity, and the semiquantitative
assessment of copper content were assessed using a previously published scoring scheme
[2,12].

2-Dimensional fluorescence difference gel electrophoresis

Protein processing and labeling. Each liver biopsy specimen was placed in a 1.5 mL
ground glass pestle and tube tissue grinder and homogenized in 10 mM Tris-HCL/1% CHAPS
buffer. The overall protein concentration was determined by Bradford protein assay using
bovine serum albumin as a standard. The proteome from each liver sample was precipitated
with choloroform/methanol and dissolved in 1 mL of DIGE labeling buffer (30 mM Tris, 7 M
urea, 2M Thiourea, 4% CHAPS, pH 8.5 buffer) [13]. Samples were fluorescently labeled by
reacting 50 ug of protein with 200 pmol CyDye DIGE Fluors (GE Healthcare). One sample
was labeled with Cy3 while the other was labeled with Cy5 to allow for differential labeling. A
pooled sample containing equal amounts of each sample was labeled with Cy2. The labeling
reactions were quenched with 10 mM lysine.

2- Dimensional difference gel electrophoresis. Cy2-, Cy3- and Cy5-labeled samples were
mixed together, and rehydration buffer was added (7 M urea, 2 M thiourea, 4% CHAPS, 0.5%
pharmalytes (GE Healthcare), 40 mM dithiothreitol (DTT), and 0.002% bromophenol blue) to
a final volume of 450 pl and used to rehydrate an immobilized pH gradient strip (24 cm; pH
3-10NL; GE Healthcare) by passive diffusion at 20°C for 12h. Isoelectric focusing was per-
formed on an IPG Phor 3 horizontal electrophoresis system (GE Healthcare) with a program
of 0.5 kV for 1h, holding at 0.5 kV for 5 h, ramping to 1 kV over 1 h, ramping to 8 kV over 3 h,
holding at 8 kV until 60 kV*h, and holding at 0.5 kV for 4 h. Each focused strip was then equil-
ibrated in two steps: 15 minutes in a reducing equilibration buffer (6 M urea, 50 mM Tris-
HCI, pH 8.8 with 30% (v/v) glycerol, 2% (w/v) SDS, 0.01 bromophenol, and 10 mg/mL DTT),
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followed by 15 minutes in an alkylating equilibration buffer where DTT was replaced by 25
mg/mL iodoacetamine. The equilibrated IPG strips were then placed directly on top of poly-
merized 12% SDS gels and sealed with an agarose sealing solution (25 mM Tris, 192 mM, gly-
cine, 0.1% SDS, 0.5% (w/v) agarose, and 0.02% bromophenol blue). Gels were run in cooled
tanks with DIGE buffer on an Ettan Dalt-6 (GE Healthcare) at 1 W per gel until the bromophe-
nol blue dye front reached the bottom of the gel.

Image acquisition and analysis. Gel images were obtained on a Typhoon FLA 9500 (GE
Healthcare) at an excitation wavelength of 473 nm for Cy2, 532 nm for Cy3, and 635 nm for
Cy5 labeled samples. The resolution was set at 100 um. DeCyder 2-D Differential Analysis
Software (v 6.5, GE Healthcare) was utilized for data analysis. The software subtracts the back-
ground signal using a subtraction algorithm and quantifies spot intensity based on normalized
spot volume. The normalization is ratiometric with Cy3 and Cy5 images being expressed as a
ratio of the corresponding Cy2 internal standard protein spot. Further, DeCyder was also used
to match spots between gels and determine significant changes in protein expression and the
absolute fold change ratio. Absolute fold change ratio was derived from the normalized spot
volume standardized against the intragel standard providing a measure of the magnitude of
expression differences between identified spots. Protein spots present in the gels were matched
using Decyder software from which a pick list was generated. Spot detection was verified visu-
ally. Statistical significance was determined by a two-sided student’s t-test. Post-hoc testing
was performed using Bonferroni’s multiple comparisons test and significance was set at
q < 0.05. Proteins with an absolute fold change value > 2.0 between dogs with chronic hepati-
tis and healthy controls were selected for further analysis. All gels were fixed overnight in 10%
methanol and 7.5% acetic acid.

Spot picking and protein processing. Ettan Spot Handling Workstations (GE Healthcare,
Chicago, IL USA) were used to cut out the selected protein spots from a protein gel, perform
an in-gel tryptic digestion with recombinant porcine trypsin (Promega, Madison, WI) and
extract the peptides from the gel. Extracted trypsin peptides were concentrated by SpeedVac.
Protein identification was achieved by nanoflow liquid chromatography tandem mass spec-
trometry. Subsequently, peptides from the MS were identified using the MASCOT search
engine. The MASCOT program (v2.2) searched the mouse genome using the following param-
eters for protein identification: 1) one missed cleavage by trypsin; 2) monoisotopic peptide
masses; 3) peptide mass tolerance of 1.2 Da; and 4) fragment mass tolerance of 0.8 Da. Further,
oxidation of methionine (variable modification) and carbamidomethylation (fixed modifica-
tion) of cysteine were taken into consideration by MASCOT in the protein identification. Pep-
tides were matched to proteins at a minimum of two peptides. Protein identification was
verified by Scaffold (Proteome Software, Portland, OR).

Western blotting. Select proteins (annexin A5 and cytokeratin 18) that were identified in
spots that showed differential expression in hepatic tissue from dogs with chronic hepatitis
(based on the 2D-DIGE results) were validated using standard Western blotting techniques.
The following antibodies were used: annexin V (1:1000, rabbit polyclonal, Abcam, Cambridge,
MA, USA) and cytokeratin 18 (1:20000, mouse monoclonal, Abcam, Cambridge, MA, USA).
Liver samples were homogenized in 10 mM Tris-HCL/1% CHAPS buffer. The protein concen-
tration was determined with the Bradford protein assay using a bovine serum albumin stan-
dard. Equal protein loading for each lane was confirmed by immunoblotting for anti-Lamin
B1 (1:5000, rabbit monoclonal, Abcam, Cambridge, MA, USA). Protein samples were boiled
following addition of Laemmli loading dye, separated on precast gels (BIO-RAD 8-16% Mini-
PROTEAN TGX), and transferred to polyvinylidene difluoride (PVDF) membranes. PVDF
membranes were blocked in 5% milk 0.05% Tween—Tris buffered saline (TTBS) overnight at
4°C, incubated with primary antibodies diluted in 5% milk 0.05% TTBS overnight at 4°C.
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Membranes were washed in 5% milk 0.05% TTBS and incubated with an HRP-conjugated
anti-rabbit or goat IgG 1/20000 dilution in 5% milk 0.05% TTBS. PVDF membranes were
washed in 5% milk 0.05% TTBS, incubated in ECL-plus, and the signal was detected using an
Amersham Imager 600 (GE Healthcare, Chicago, IL USA). Densitometry was performed
using the ImageQuantTM TL (GE Healthcare Life Sciences, Chicago, IL USA) software.

Statistical analysis. Differences between groups were analyzed for statistical significance
by two-sided student’s T-test. Post-hoc testing was performed using Bonferroni’s multiple
comparisons test. Significance was set at q < 0.05.

Results
Dog demographics and clinical characteristics

The demographics and clinical characteristics for the dogs enrolled into the study are shown
in Table 1.

Liver biopsy specimens. All liver biopsies were assessed to be of adequate diagnostic qual-
ity with > 12 portal triads per biopsy specimen [14]. The liver biopsy specimens of control
dogs were free from any remarkable histopathological changes.

Identification of candidate biomarkers for chronic hepatitis. Liver tissue specimens
from eight dogs with chronic hepatitis and eight healthy control dogs were adequate to show a
reproducible liver proteome spot pattern of approximately 2,500 spots. Each spot could con-
tain 1 or multiple proteins. Labeled spots were selected for analysis (Fig 1). Image analysis
revealed 5 differentially expressed protein spots (q < 0.05 and fold change > 2.0) that were
selected for protein identification.

Altogether 5 differentially expressed protein spots contained 11 different proteins (Table 2).
Spot 1440 showed a 3.18-fold increase in abundance (for chronic hepatitis dogs compared to
healthy control dogs; q = 0.00095) and contained annexin 5, regucalin, and haptoglobin

Table 1. Demographics and clinical characteristics of dogs enrolled into the study.

Patient
227448
229439
203392
231640
229216
220269
175660
231108
229461
211715
227893
229383
229057
229382
231847
229270

Disease

Chronic Hepatitis
Chronic Hepatitis
Chronic Hepatitis
Chronic Hepatitis
Chronic Hepatitis
Chronic Hepatitis
Chronic Hepatitis
Chronic Hepatitis
Healthy Control
Healthy Control
Healthy Control
Healthy Control
Healthy Control
Healthy Control
Healthy Control
Healthy Control

*Age (years)

a

Age
12
6

— |
w =

oo w |~ u|l~ o oo

v »

Sex
SF
CM
M
M

s Biles Bl Mo sBle sl les Mol Re s B les!

Breed FIS AS HVS CuS QLiver Cu ALT ALKP TBILI GGT
Labrador Retriever 4 2 1 1 667 466 557 0.2 16
Doberman Pincher 3 1 0 2 196 989 283 0.3 12
Labrador Retriever 2 2 2 0 463 577 230 0.2 <10
Doberman Pincher 2 2 2 3 3450 750 334 0.2 18
German Shorthaired 1 2 1 2 1080 231 98 0.4 <10
Labradoodle 2 2 2 3 1230 663 179 0.3 22
Rat Terrier 3 0 3 0 170 476 327 <0.1 12
Rottweiler Dog 4 1 0 0 257 121 122 0.2 8
Catahoula Hog Dog 0 0 2 181

Greyhound Dog 0 0 0 168

Chihuahua 0 0 0 280

Am. Staffordshire Terrier | 0 0 2 153

Labrador Retriever 0 0 1 124

Walker Coonhound 0 0 0 96.3

Labrador Retriever 0 0 0 316

Australian Shepherd 0 0 0 158

SF-Spayed female, M—Male, CM-Castrated male, F-Intact female, M-Intact male, FIS-Fibrosis score, AS-Activity score, HVS-Hepatocellular vacuolation score, CuS-

Copper Score, Q Liver Cu-Quantitative liver copper, ALT-Alanine transaminotransferase, ALKP-Alkaline phosphatase, GGT-Gamma-glutamyl transferase

https://doi.org/10.1371/journal.pone.0208394.t001
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MWM
kDA

120

20

pH 3 - 10 NL

Fig 1. 2-D gel image of the master gel with labeled picked proteins spots. Proteome pattern of canine liver tissue by
means of 2D —~DIGE. For protein analysis, proteins were labeled with Cy2, Cy3, and Cy5, separated in the first
dimension using an immobilized pH gradient, and subsequently, in the second dimension, by sodium dodecyl sulfate
polyacrylamide gel electrophoresis. Protein spots were detected using a fluorescence scanner (MWM-molecular
weight marker; kDA-kilodalton, NL-nonlinear).

https://doi.org/10.1371/journal.pone.0208394.9001

(Table 1). For protein disulfide-isomerase A4, from spot 472 a 2.33-fold increase was detected
(q =0.0000325). Additionally, we found a 2.24-fold increase in abundance of spot 779 that
contained formimidoyltransferase-cyclodeaminase isoform X1, annexin A6, and UDP-glucose
6-dehydrogenase (q = 0.00033) (Table 2).

Analysis of cytokeratin 18 and annexin 5 in the liver of dogs with chronic hepatitis
using immunoblotting. Two proteins were selected for Western blot analysis. The proteins,
cytokeratin 18 and annexin 5 were confirmed to contribute to the increased relative abun-
dance in the liver proteome of dogs with chronic hepatitis (n = 7, n = 4) compared to healthy

Table 2. Summary of proteins identified from differentially expressed spots.

Spot | Identified Protein GENE GO Biological Process Fold; | Peptide No. |q Value P Value
1047 | Succinyl CoA SUCLG1 | cellular metabolic process 2.75 10.00 0.031 0.0062
1047 | Keratin, Type II Cytoskeletal 8 KRT8 hepatocyte apoptotic process 2.75 6.00 0.031 0.0062
1047 | Keratin, Type I Cytoskeletal 18 KRT18 hepatocyte apoptotic process 2.75 7.00 0.031 0.0062
1440 | Annexin A5 ANXAS5 negative regulation of apoptotic process 3.18 6.00 0.00095 0.00019
1440 | Regucalcin RGN L-ascorbic acid biosynthetic process 3.18 8.00 0.00095 0.00019
1440 | Haptoglobin HP acute—phase response/antioxidant activity 3.18 3.00 0.00095 0.00019

460 | Protein Disulfide-Isomerase A4 PDIA4 cell redox homeostasis 2.24 3.00 0.00295 0.00059

460 | Gamma-glutamyltransferase 2 TGM3 protein tetramerization 2.24 3.00 0.00295 0.00059

472 | Protein Disulfide-Isomerase A4 PDIA4 cell redox homeostasis 2.33 3.00 | 3.25E-005| 6.50E-006

779 | Formimidoyltransferase-cyclodeaminase | FTCD cellular metabolic process 2.24 7.00 | 3.30E-004 | 6.60E-005

779 | Annexin A6 ANXA6 apoptotic signaling pathway 2.24 6.00 | 3.30E-004 | 6.60E-005

779 | UDP-glucose 6-dehydrogenase UDGH glycosaminoglycan biosynthetic process 2.24 4.00 | 3.30E-004 | 6.60E-005
https://doi.org/10.1371/journal.pone.0208394.t002

PLOS ONE | https://doi.org/10.1371/journal.pone.0208394 November 30, 2018 6/11


https://doi.org/10.1371/journal.pone.0208394.g001
https://doi.org/10.1371/journal.pone.0208394.t002
https://doi.org/10.1371/journal.pone.0208394

®PLOS | one

Proteomic analysis in canine chronic hepatitis

Table 3. Patient allocation for Western blot analysis.

Patient ID#
227448
229439
203392
231640
229216
220269
175660
231108
229461
211715
227893
227893
229057
229382
231847
229382

*Age (years)

Disease
Chronic Hepatitis
Chronic Hepatitis
Chronic Hepatitis
Chronic Hepatitis
Chronic Hepatitis
Chronic Hepatitis
Chronic Hepatitis
Chronic Hepatitis
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy

FIS

O OO |00 0|0 O | WIN=NIN W

Age
12

— =
= s G,

== W= |u = = |v

Sex

s Biles Bl s Moo Ml sl e B Re sl e s B loo|

Breed

Labrador Retriever
Doberman Pincher
Labrador Retriever
Doberman Pincher

German Shorthaired Pointer
Labradoodle

Rat Terrier

Rottweiler Dog

Catahoula Hog Dog
Greyhound Dog

Chihuahua

Am. Staffordshire Terrier
Labrador Retriever

Treeing Walker Coonhound
Labrador Retriever

Australian Shepherd

WB CK18

X

X
X
X

WB ANX5

el R RERE-RE =R

el RicRic AR Rk

SF-Spayed female, M-Male, CM-Castrated male, F-Intact female, M-Intact male, FIS-Fibrosis score, WB-Western blot, CK18 -Cytokeratin 18, ANX5 —Annexin 5

https://doi.org/10.1371/journal.pone.0208394.t003

controls (n = 7, n = 4), respectively (Table 2; Table 3; Fig 2 and Fig 3). Not all dogs were used
to conserve the limited quantity of available protein.

Discussion

Our study utilized a gel-based, quantitative proteomics approach to identify differentially

expressed proteins in the liver of dogs with chronic hepatitis compared to healthy control dogs.
We detected 2,500 protein spots in the liver biopsy samples from dogs. We identified 5 protein
spots that showed differential expression with an absolute fold change of at least 200% (2.00
absolute fold change) representing 11 proteins was significantly different between groups. These
proteins warrant investigation as potential biomarkers of canine chronic hepatitis. Several of the

identified proteins such as cytokeratin 18, cytokeratin 8, annexin 5, and annexin 6 are involved

Healthy Controls

Chronic Hepatitis

- e

376 372 [135 |49 | 125 158 |438 781 [ 617 | 504 [ 345 |85 | 438 [ 579 |

Lamin B1

Annexin 5

Relative Quantification of
ANX5 Normalized to Lamin B1

X105

Fig 2. Relative abundance of annexin 5 in the hepatic tissue of dogs with chronic hepatitis by Western blot analysis. Annexin 5 was assessed in the liver
proteome of 7 dogs with chronic hepatitis and compared to 7 healthy control dogs. Lamin was used as a loading control.

https://doi.org/10.1371/journal.pone.0208394.9002
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Healthy Controls Chronic Hepatitis

Lamin B1

Cytokeratin 18

Relative CK18 Quantification
|1205 |9sa [1333 [1516 |1586 [1759 [1942 [1692 | Normalized to Lamin B1
X105

Fig 3. Abundance of cytokeratin 18 in the hepatic tissue of dogs with chronic hepatitis by Western blot analysis. Cytokeratin 18 was
assessed in the liver proteome of 4 dogs with chronic hepatitis and compared to 4 healthy control dogs. Lamin was used as a loading control.

https://doi.org/10.1371/journal.pone.0208394.9003

with hepatocyte apoptosis. Only cytokeratin 18 and annexin 5 were validated by Western blot in
this study. All other identified proteins need to be validated to confirm these differences.

Hepatocellular apoptosis is a key event in the pathophysiology of many chronic liver dis-
eases of dogs and humans and it is associated with liver fibrogenesis and the development of
cirrhosis[15-18]. The effector caspases are activated in the final common pathway of apopto-
sis. Cytokeratin 18 is the major intermediate filament protein in the liver and the most promi-
nent substrate of caspases during hepatocellular apoptosis[19]. Apoptotic cell death of
hepatocytes is associated with release of caspase-cleaved CK18 fragments in the bloodstream
and in contrast, the cytosolic pool of uncleaved CK18 is released from hepatocytes during
necrosis[20]. Multiple studies have assessed human serum or plasma CK18 concentrations
and suggested the potential use of CK18 fragments as a noninvasive biomarker for the diagno-
sis or staging of chronic liver disease[21]. Furthermore, several studies of nonalcoholic fatty
liver disease in humans have demonstrated that caspase activation and liver cell apoptosis were
prominent features of this disease. Additionally, the degree of apoptosis correlated with the
severity of hepatitis and the stage of fibrosis[22]. Serum CK18 is a marker of hepatocyte apo-
ptosis in humans and correlates with histologic activity more accurately than serum alanine
aminotransferase[23]. Annexin 5A (ANXAD5) is a negatively charged phospholipid-binding
protein that is widely used as a marker of apoptosis. Annexin 5A binds to negatively charged
phospholipids, such as phosphatidylserine that are exposed on the cell surface during apopto-
sis[24,25]. Increased hepatic annexin 5A expression could therefore indicate ongoing apopto-
sis. Annexin A5 and CK18 have not been previously evaluated in canine liver disease. The
apoptotic pathway may be altered in canine chronic hepatitis and other proteins in this path-
way should be further investigated in a targeted study.

This is the first study to evaluate the liver proteome of dogs with chronic hepatitis. How-
ever, limitations of our study include the heterogeneity of the dogs in the chronic hepatitis
group with one copper-associated chronic hepatitis case and 7 idiopathic chronic hepatitis
cases. Examining specific subpopulations of dogs with chronic hepatitis may be advantageous.
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Another limitation is the fact that we only looked at proteins with an absolute fold change
of > 2.0 between groups to avoid false discovery, which eliminated a number of proteins from
further analysis. Another limitation is the use of only female dogs as a control group; however,
the impact of this limitation is unknown. The healthy control group dogs were significantly
younger than the chronic hepatitis dogs due to selection bias. The impact of this limitation is
unknown, although, age-related changes in the liver proteome have been described in rats[26].
Finally, this initial study has a limited sample size that could have led to type II error. Further
work that includes measurement in blood or urine and validation in a diverse clinical popula-
tion will be required to establish whether the identified proteins have any diagnostic utility.
Proteomic evaluation of liver tissue from dogs with chronic hepatitis demonstrated differ-
ential protein expression compared to healthy controls. The increased expression of two pro-
teins involved in the apoptotic pathway, cytokeratin 18 and annexin 5 was confirmed with
Western blotting in these tissues. Further work will be required to establish whether these pro-
teins have diagnostic utility over currently available biomarkers.

Supporting information

S1 Fig. Abundance of annexin 5 in the hepatic tissue of dogs with chronic hepatitis by
Western blot analysis. Annexin 5 was assessed in the liver proteome of 7 dogs with chronic
hepatitis compared to 7 healthy controls. Lamin was used as a loading control. The unedited
image is provided as a supplemental figure.

(TIFF)

$2 Fig. Abundance of cytokeratin 18 in the hepatic tissue of dogs with chronic hepatitis by
Western blot analysis. Cytokeratin 18 was assessed in the liver proteome of 4 dogs with
chronic hepatitis compared to 4 healthy controls. Lamin was used as a loading control. The
unedited image is provided as a supplemental figure.

(TIFF)
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