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Abstract. The pathogenesis of hepatitis B virus (HBV)-induced
acute-on-chronic liver failure (ACLF), a serious and prevalent
medical condition, is not clear, particularly with regard to
which proteins are expressed in the course of the disease.
The aim of the present study was to identify the differences
in hepatic tissue protein expression between normal human
subjects and patients with ACLF using isobaric tags for rela-
tive and absolute quantification (iTRAQ)-based proteomic
analysis and to verify the results using western blot analysis.
The iTRAQ method was used to analyze the protein contents
of hepatic tissue samples from 3 patients with HBV-induced
ACLF and 3 normal healthy subjects. The results were veri-
fied by subjecting the hepatic tissues from 2 patients with
HBV-induced ACLF and 4 healthy subjects to western blot
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analysis. Intotal, 57 proteins with =1.5-fold differences between
patients with HBV-induced ACLF and healthy subjects were
identified using iTRAQ. Among these 57 proteins, 4 with
the most marked differences in their expression and the
most significant association with liver disease were selected
to be verified through western blot analysis: Keratin, type-I
cytoskeletal 19; a-1-acid glycoprotein 1 (a1-AGP); carbonic
anhydrase-1; and serpin peptidase inhibitor and clade A
(0-1 anti proteinase, antitrypsin) member 1 (SERPINAL). The
results of the western blot analyses were nearly identical to
the iTRAQ results. Identifying the differences in liver protein
expression in patients with HBV-induced ACLF may provide a
basis for studies on the pathogenesis of ACLF. Future studies
should focus particularly on al-AGP, carbonic anhydrase 1
and SERPINAL.

Introduction

Hepatitis B is a prevalent disease in China and the most
common risk factor for liver cirrhosis and hepatocellular carci-
noma (HCC). It has been reported that 7.18% of the Chinese
population aged 1-59 years is seropositive for hepatitis B
surface antigen (1). In China, there are ~93 million hepatitis B
virus (HBV) carriers, 20 million of whom are patients with
chronic hepatitis B (CHB) (2). Despite its high prevalence, the
pathogenesis of acute-on-chronic liver failure (ACLF) remains
unclear, particularly regarding the protein expression and
regulatory processes that are involved.

Proteomic analysis is a powerful technological tool for
investigations of human diseases, such as liver diseases (3-7).
Isobaric tags for relative and absolute quantification (TRAQ)
is a quantitative method that has frequently been used in
proteomic studies and is considered to exhibit a sensitivity that
is equal to or greater than that of difference gel electropho-
resis, a technique used to monitor the differences in proteomic
profile between cells in different functional states (8). The
iTRAQ method has been demonstrated to be effective and
accurate in characterizing numerous diseases (4,5,9).

In the present study, the iTRAQ method was used to
analyze the expression of various proteins in hepatic tissue
extracted from patients with HBV-induced ACLF and from
normal control subjects, and the iTRAQ results were verified
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using western blot analysis. The aim of the study was to
identify differences in protein expression that were closely
associated with the pathogenesis of HBV-induced ACLF, in
order to provide a basis for understanding the mechanisms
underlying the pathogenesis of ACLF.

Materials and methods

Patients and specimens. All hepatic tissues were obtained
from orthotopic liver transplantations performed in the
Department of Hepatobiliary Surgery at the First Affiliated
Hospital of Sun Yat-Sen University (Guangzhou, China). A
total of 5 samples of normal hepatic tissue were extracted
from whole-organ donor livers of adults that succumbed to
circulatory failure. In addition, 7 samples of abnormal hepatic
tissue were obtained from the resected livers of patients with
HBV-induced ACLF. The diagnoses of HBV-induced ACLF
were based on previously described criteria (10,11). Exclusion
criteria included the following: Liver cirrhosis, diagnosed by
B ultrasound and computed tomography; pregnancy; anti-
viral or immunomodulatory therapy within 6 months; other
factors causing active liver diseases, such as hepatitis A, C,
D and E or autoimmune, drug-induced liver, alcoholic liver
and inherited metabolic liver diseases; concomitant human
immunodeficiency virus infection or congenital immune defi-
ciency diseases; confirmed diagnosis of liver cancer or other
malignancies; severe diabetes, autoimmune diseases or other
major organ dysfunction; and concomitant infection or other
serious complications.

Protein contents in 6 separate hepatic tissue samples were
analyzed using iTRAQ analysis (Table I); 3 tissue samples
were from normal hepatic tissue and 3 samples were from
patients with HBV-induced ACLF. The differences in protein
expression in a further 6 hepatic tissue samples were subse-
quently verified using western blot analysis (Table I); 2 of
these samples were from normal hepatic tissues and 4 samples
were from patients with HBV-induced ACLF.

The study protocol conformed to the ethical guidelines
of the 1975 Declaration of Helsinki and was approved by
the appropriate institutional review committee of the Third
Affiliated Hospital of Sun Yat Sen University (Guangzhou,
China). Informed consent was obtained from all patients and
healthy subjects prior to the initiation of the study.

Sample preparation and protein extraction. Frozen liver
samples were stored at -80°C prior to transfer to a liquid
nitrogen pre-chilled mortar. Samples were ground into powder
using liquid nitrogen. The powder was placed in a centrifuge
tube and precipitated at -20°C for 2 h by adding 10% trichloro-
acetic acid-ice acetone at a volume 10-times that of the volume
of the powder. Samples were centrifuged at 20,000 x g at 4°C
for 30 min, and the pellet was collected following the removal
of the supernatant. Cold acetone was then added to the pellet
at 2-3-times the volume of the pellet, and the sample was
precipitated at -20°C for 30 min. The sample was subsequently
centrifuged twice at 20,000 x g at 4°C for 30 min, the pellet
was air-dried and a lysis buffer, containing 1 mM phenylmeth-
ylsulfonyl fluoride, 2 mM EDTA and 10 mM dithiothreitol
(DTT), was added. The sample was sonicated via ultrasound
for 5 min in an ice-bath and centrifuged at 20,000 x g for
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25 min. The resulting supernatant was the protein solution,
which was quantified using the Bradford method (9).

Tissue digestion and iTRAQ reagent labeling. Equal 100-ug
quantities of total protein from the liver tissue of patients
with ACLF and control subjects were pooled separately for
iTRAQ labeling, followed by sample alkylation. After adding
10 mM DTT, prepared by combining 10 1 DTT (1 M) and
990 ul NH,HCO; (25 mM), the sample was incubated in a
56°C water bath for 1 h, and then cooled to room temperature.
Following the drying of the sample, 20 ul iodoacetamide
(IAM; 55 mM), prepared by combining 55 ul IAM (1 M)
and 945 pl NH,HCO; (25 mM), was added immediately and
the sample was placed in a dark chamber for 45 min. The
sample was precipitated by adding 4-times the volume of
acetone and incubating for 2 h, followed by centrifugation at
20,000 x g for 30 min. Following the removal of the super-
natant to ensure minimum residual acetone, the sample was
allowed to dry to 70% weight. The protein was dissolved by
adding 50% tetraethylammonium bromide (TEAB) + 0.1%
sodium dodecyl sulfate rapidly to the sample. The sample
was replenished with 50% TEAB (9-times the volume of the
sample), vortexed, mixed and then subjected to centrifuga-
tion at 1,000 x g for 30 sec at room temperature. Following
alkylation, the sample was digested with trypsin protease
(Trypsin Gold, Mass Spectrometry Grade; Promega Corp.,
Madison, WI, USA). In the alkylated sample, trypsin protease
solution (1 ug/ul) was added at a ratio of 1:25 and mixed well.
The digestion was incubated in a 37°C water bath for 24 h,
and the digested protease solution was then freeze-dried for
subsequent iTRAQ labeling. The dried powder was resolved
using 50 ul 50% TEAB and mixed well, prior to the addition
of 70 ul isopropanol and further mixing. iTRAQ Labeling
reagent (Applied Biosystems, Life Technologies, Foster City,
CA, USA) was then added (group A reporter, 114; group B
reporter, 116). Subsequent to vortexing for 10 sec, the sample
was centrifuged at 1,000 x g for 30 sec at room temperature
and incubated at room temperature for 2 h. The labeling
peptides were mixed well for strong cation exchange (SCX)
chromatography separation.

SCX chromatography. SCX chromatography separation was
performed to remove the excess iTRAQ reagent and inter-
fering substances for the mass analysis using an Agilent 1100
series high-performance liquid chromatography (HPLC)
system (Agilent Technologies, Santa Clara, CA, USA). Labeled
peptides were re-suspended in a Luna 5-¢m SCX 100 A HPLC
column (250x4.60 mm; Phenomonex, Torrance, CA, USA)
using the Agilent HPLC system. Buffer A consisted of 10 mM
KH,PO, and 25% acetonitrile (pH 3.0), and buffer B consisted
of 10 mM KH,PO,, 2 M KCl and 25% acetonitrile (pH 3.0).
The 60-min gradient comprised the following: 0.01-30 min,
mobile phase with 100% buffer A elution to balance baseline
and pressure; 30-31 min, mobile phase with 0-5% buffer B
and 100-95% buffer A elution; 31-46 min, mobile phase with
5-30% buffer B and 95-70% buffer A elution; 46-51 min,
mobile phase with 30-50% buffer B and 70-50% buffer A
elution; 51-55 min, mobile phase with 50% buffer B and
50% buffer A elution; 55-60 min, mobile phase with 50-0%
buffer B and 50-100% buffer A elution.
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Nano LC quadrupole time-of-flight (Q-TOF) tandem mass
spectrometry (MS/MS). Mass spectrometry detection was
conducted using a microlOF-Q II instrument (Bruker Corp.,
Billerica, MA, USA), with electron spray ionization (ESI) as
the ion source (cation scanning; mode, auto MS2; scan range,
m/z=50-3,000). A 10-u1 sample was used in the Q-TOF instru-
ment. Following MS/MS scanning, the signal diagram was
acquired. The resulting diagrams were exported to Mascot
generic format (MGF) files by loading them into DataAnalysis
software, version 2.1 (Bruker Corp.). Other signals were
processed in a similar manner for corresponding retrieval,
and the MGF documents were merged for subsequent Mascot
database (Matrix Science, Ltd., London, UK) retrieval.

The resulting MS spectra were used to determine the
peptide identity and abundance of each peptide in the respec-
tive spectrum. Relative abundance of a peptide was calculated
by comparing the intensity of the corresponding tag.

Database searching and criteria. MicroTOF-Q control
software (Bruker Corp.) was used for database searching.
Following peak analysis and data processing of MS/MS signals
with DataAnalysis (Bruker Corp.), the exported MGF docu-
ments were uploaded to the Mascot database for data retrieval.
The search criteria were as follows: Enzyme, trypsin; database,
NCBI nr_human; peptide charge, 1*, 2* and 3*; instrument,
ESI-QUAD-TOF; and data format, Mascot generic. Peptide
and protein identification information was thus retrieved.
Mascot software was used to perform calculations based on
the non-redundant protein database OWL peptide frequency
(http://www.bioinf.man.ac.uk/dbbrowser/OWL/index.php) and
a likelihood algorithm. The degree of confidence for protein
identification was set at 95%. Injection error was corrected
following automatic standardization by adjusting the soft-
ware settings. Relative quantification was expressed as
the average. The P-value of the degree of confidence was
determined via software calculation. Hierarchical clustering
analysis of the protein expression pattern was analyzed
using Cluster 3.0 software. Protein annotation and clas-
sification was performed using the Database for Annotation,
Visualization and Integrated Discovery functional annotation
(http://david.abce.nciferf.gov), selecting gene ontology biolog-
ical processes, cellular components and molecular functional
annotation for protein classification, and selecting the Kyoto
Encyclopedia of Genes and Genomes pathway database for
pathway classification and enrichment analysis.

Function identification of protein components. The functions
of protein components were identified using the UniProt
(http://www.uniprot.org/)and National Centerfor Biotechnology
Information (http:/www.ncbi.nlm.nih.gov/) databases.

Western blot analysis. Western blot analysis was performed in
accordance with the instructions described in the western blot-
ting kits (Thermo Fisher Scientific, Inc., Waltham, MA, USA).
Briefly, protein lysates were separated on a 12% polyacryl-
amide gel, transferred to polyvinylidene difluoride membranes
and subjected to immunoblotting at 4°C overnight with the
following antibodies: Anti-keratin, type I cytoskeletal 19
(CK-19) and anti-a-1-acid glycoprotein 1 (a1-AGP) (both
1:1,000; Sigma-Aldrich, St. Louis, MO, USA), anti-carbonic

1735

anhydrase 1 (1:1,000; Abcam, Cambridge, UK) and anti-serpin
peptidase inhibitor and clade A (a-1 antiproteinase, anti-
trypsin) member 1 (SERPINATI; 1:500; Abnova Corp., Taipei,
Taiwan). After being washed, the membranes were incubated
with horseradish peroxidase-conjugated secondary antibodies,
and visualized using the enhanced chemiluminescence system
(GE Healthcare Life Sciences, Little Chalfont, UK).

Statistical analysis. Statistical analysis was performed using
SPSS software for Windows, version 13.0 (SPSS, Inc., Chicago,
IL, USA). The Kolmogorov-Smimov test was performed to
determine the distribution of the samples of each group. Data
were expressed as the median (inter-quartile range; IIQR). A
non-parametric (Kruskal-Wallis) test was applied to analyze
differences between HBV-induced ACLF and normal subjects.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Protein identification. Following the Mascot MS/MS Ion
Search and prior to redundancy removal, 239 proteins were
identified. After redundancy removal, 124 proteins were iden-
tified, with a =295% degree of confidence, indicating that the
results were credible. Protein quantification revealed that there
were 57 proteins with =1.5-fold differential expression detected
between the groups. Based on the score of the identified protein
obtained using Cluster 3.0 software, the report threshold was
1.3 and the false positive rate of the corresponding protein was
5%. Protein quantification by software was based on the rela-
tive content of the isotopic reporter group.

Protein quantification. Protein quantification software based
on the relative content of the isotopic reporter group, and using
m/z=114 as a reference, showed significantly different results
between the groups (P<0.05). There were 57 proteins with a
=1.5-fold difference between the HBV-induced ACLF patients
and the normal patients, as analyzed by iTRAQ (Table II).
Among the 57 proteins, 10 categories of proteins were clas-
sified based on their function: Regulatory molecule, protease,
transporter, structure protein, hydrolase, calcium binding
protein, receptor, signaling molecule, extracellular matrix and
unclassified (Fig. 1).

Following a preliminary selection of the 57 proteins,
4 proteins with the most marked differences in expression and
the most significant association with liver diseases (Table IT)
were selected to be verified by western blot analysis. These
proteins were CK-19, al-AGP, carbonic anhydrase 1 and
SERPINALI. After the verification of 6 hepatic tissue samples
by western blot analysis, the results were nearly identical to the
results of the iTRAQ analyses (Figs. 2-5).

Discussion

In the field of CHB research, proteomics is not widely
performed due to the complexity of the pathogenesis of CHB.
In the present study, a western blot-verified iTRAQ approach
was used to quantify the differences in specific protein expres-
sion by comparing liver tissue samples from healthy individuals
and HBV-induced ACLF patients. The results showed differ-



EXPERIMENTAL AND THERAPEUTIC MEDICINE 10: 1732-1742, 2015

1736

(916°'7) uonen3axdn AIMONNS urajoxd Sposny uone[NSaI ‘UoNILIUOD A[OSNIA €€ 1S6L0d ¢ wojost ureyd ¢ ursoAwodoiy, w
K3A1)o OSeYIuAS qQ~ VYD wiojost
(91¢°'7) uonen3daxdn aseajold  oreurdonsoururdie ‘Surpuiq J1V asuodsar aseyd-oinoy IS 99600d 9SBIOYIUAS 9JRUIOINSOUTUISIY 1z
UOTSIOAUODIUT S[NO[OW
(91¢°'7) uonenIarumoq aseajoIg JseIdJsuel) ‘Oseury| [[ews SurureIu0I-9SeqOA[ONN 81 6187Sd 07 V¥ WIOJOSI ‘7 dseury Je[AUdpy 0T
JseIdfsuen) 07 V¥ WIOJOSI ‘] SUTurejuod urewop
(916°1) uone[N3AIUMO 9se9)oId ‘OSBIQJSUBNASOIAID) ssooo01d oneyiuksorq VN 96 20860 aseroysuenjAsoqrioydsoyd areunooIN 61
KJIATIOR 9SB[AX0QIBI9D
(916°'7) uonjen3orumoq aseojoIg qwoIyoedop-( ‘eseA | STSQUIUASOIq UTURTIIA] €1 900¢d ase[Axoqresep swoIydedop-q 81
J10s1n531d [BLIPUOYO0) I
(916°1) uone[nsaIumoq oseaj0Id asejonparoprx()  ssado1d onejuksorq ejewreInin 19 19€00d ‘1 aseuaSoIpAyep 9jeweIn[D L1
$s9001d orjoqelow punodwod
ENAEIN ] uagonru Jen[ao ‘ssavoxd JseIdJsuen[AYIoWw
(916°7) uonem3arumoq asedjoig ‘oseIoJsuenAyIN J1[0qeIRD dUTRIOq PIOR-OUTY St 880€60 JurdsKoowoy-aurelg 91
JseIojsuer) JseIoJsuBIIOUIWE J)B[AXOK[S
(916°1) uonemIarumoqg ase3101d ‘oseIJsuBIIOUTIUY payisse[oun oy VX960 :ouruefe JewosAxolad onedoy SI
Sojowoy o urayoxd
(S79°1) uonen3arumoq payIsse[oun poyIsse[oun payisse[oun w payisse[oun o1y199ds QULIOOPUAOINAN 1
(S79'1) uonen3arumo(q aseojoIg JSeIdJsuel) ‘Oseury poyIsse[oun St 9D1dv9g [ 9seunjojoeen) €1
(S79'T) uonensaTumoq ase[oIpAH QSBI2IS QULIAS ‘OSL[OIPAH ssao01d d1j0qRIeW YO -[A0Y ot 7X1980 ] 9SEBIISA01Y) YOD)-[AoY i
9SBJONPAIOPIXQ wISI[0qeIed QUISOIAT, aseuadAxorp
(S79'T) uonensarumoq aseal0Ig ‘aseuasAXOIq “WSI[OqRIED dUTUR[RIAUYJ Sy ¥6L2€d -ojeantAdjAuaydAxorpAH-4 1
urxo) 0} asuodsai ‘ssao01d
(S79'1) uonen3arumoq asejoIpAH ase[oIpAH o1joqeied punodwod drewory €S 660L0d 1 asejo1pAy aprxodg o1
aseIdjsuen) © WI0JosI [ewosrxorad
(679°'1) uonen3arumoq aseal01g ‘oseroysuenAoy  wsrjoqelow pidi] pue proe £1eq s 01160d 9SB[OIY}) YOD)-[A0L0IY-€ 6
(Sz9'1) uonem3arumoq 9sE010I1d oseSrT  wstjoqejow prd pue proe A)eq 09 Iciged ujord ISV 8
9SEPIX0Ig
(679°'1) uonem3arumoqg asedjoId 9SB1ONPAIOPIXO ‘UATOIA oprxorad ua3oipAH 09 0¥0r0d ase[eIe) L
(TtL'T) uone[nSarumoq ase[oIpAH 9SBI2IS QULIAS ‘OSL[OIPAH urxo} 03 asuodsoy 19 wiced 9se19)s9[Ax0qIe)) 9
UOHEBOYIX0IOP ‘WSI[0qeILd
(998°1) uonenSarumoq ose[oIpAH ose[oIpAH U0QIBO0IPAY OT)RWOTY €9 660L0d asejoIpAy aprxoda s[qnjos S
9seUS0IPAYIP YOD-[AoRAXOIPAY
(998°'1) uonem3arumoq payIsseoun payIsse[oun payIsseoun 6L payisseoun -¢/aseIRIpAY 1yoD-[oAug ¥
1 Juouodwod 103dadar
(000'7) uonen3aIUMO(] 10)doooy 10)doooy payisse[oun w +92000 Qu019)59301d PAJRIOOSSE-OUBIQUISA €
(000'2) uoneIarumoq aseajoIg Jse1oNPAIOPIXO UONEPIXO-0 POk A)e] It SINLN60O [ 9SBPIXO ProeAX0IPAH z
q VgD wIojost
‘1. g apndad£jod ‘Ajrwrey
(1€0°¢) uonen3orumoq poyIsse[oun poyIsse[oun poyIsse[oun 09 payIsse[oun 7 osergysueniAsouornon(s Jan I
(93ueyd p[oy) anssn 1aA1] Juaned uonouny uonoduny IL[NOAOJA s9ssa001d [eo130101g e ‘YSrom _quinu oweu urajoxd paynuepy  ‘ON
ATDV ut uorssaxdxa urejoig urdjoI1d IB[NOJ[OIN UOISSAIOY

1591 OV UL 943 JO SHNSRY 'TT AqBL



1737

PENG et al: iTRAQ-BASED PROTEOMIC ANALYSIS OF HEPATIC TISSUES

(L67 2) uonengdaxdn 19)10dsuel], urojo1d 10J0]A payIsse[oun) 92T LHALZA ‘11 opndad£jod Aaeay ‘ursoA|N IS%
YYD WIOJOst
‘(T osergjsurnOUTUIR Jjeyredse)
9[qQN[OS ‘] seuTwEsuLI}
(41'7) wonenSardn payIsse[oun payIsse[oun payIsse[oun € payIsse[oun O1}O0RO[EXO-OTWRIN[D)  Tf
(000'7) uonendaxdn urojoxd arnjonng KJ1ATIOR Q[NO9JOW [BINIONITS payIsse[oun 99 S619TO [suaidps owog] 1 uneIay I
urojoxd SISBISOUWY 07 VYD WIojosI
(00077) vone3ardn Surpuiq wnioe) Surpuiq uor wniofe) ‘uore[nseod poog €€ 86.80d ‘Cy urxouuy  Of
Surpuiq uor Q” VYD wiojost
(998°'1) uonen3axdn 9se9)0I] wnisaudew ‘3uipuiq 4.1V SISK[09A]D ]¢ €190¢d ‘Qosnuu ‘oseury eanifkd ¢
(1%L 1) wonernsardn poyIsse[oun payIsse[oun payIsse[oun S payIsse[oun Josmoaxd urxodowsy 8¢
(1L 1) uonengaxdn payIsse[oun payisse[oun payisse[oun 6F payisse[oun) Josinoaxd [ urajordodijody /¢
1SQIIR J[OAD [[90 UT Sun[nsar
9[novow Jojerpaw sse[o ¢cd £q uononpsuen
(T2 1) wonendardn K1ore[n3oy aredar YN [eusis ‘osuodsar aewep YNJ 89 [¥DD0d unmbignkjod  9¢
urojord Surpurq uor wnrofed Kemyred Surfeusis payur| q~ VD wiIojost
(¢z9'1) uonendaidn Surpuiq wnroe) ‘10)1qIyuI 7y asedijoydsoyq  I103dooar aoeyans [[99 ‘sisoydode-nuy oy €80%0d Iy urxouuy 6§
J[noojow UONBZIUB3I0dI UOII[SOIAD unoe
(Sz9'1) uonen3ardn IS GLUEEN Surpurg pUE UONLULIOJ YUI[SSOID UNOY 08¢ ceeled [ WIOJOST V-UTWER[L]  $¢
KJTAT}OR 9SBIONPAIOPIXO BT YYD WI0JosT
(¢z9'1) uonengardn aseajoIg ‘KITATIOR JUBRPIXOIIUY payIsse[oun g1 SAMIN9V ‘C UIXOPAITXOIdd €€
(§79'1) uonengaidn payIsse[oun payisse[oun payisse[oun +9 payisse[oun) opndod£jod unserd-;,  z¢
aseynwsIp aprxoradns
(579'1) uonendaxdn payisseoun payIsse[oun payIsse[oun T payIsse[oun SurureIuoo-9saueIuLN  [€
KJIATIOR JOYIqQIYUT Kemyjed orsurnur Josinoaxd
(S79'1) uonengaxdn asedjold asepndodopus od£3-ouriog ‘uonje[n3eod poorg €91 €z010d urnqo[3oIoeW-z-n (¢
K)ATIOR Qseury | aseury
(679'1) uonensdaxdn asedjold  9eradkSoydsoyd ‘Surpuiq J. 1V SISK[09A1D) Sy 86500d JrerddA[Soydsoyd 67
[ WIOJOST UTeyd
(679°1) uonengaxdn 9sB9J0I] 9SBIONPAIOPIX() SISK[0A]D LS 8¢€00d 9SeUASOIPAYQp AJeIOR[-T /T
d[nosowr Surpuiq 1030y uonjdrrosuen uorjonpsuer) [eusIs
(916°1) uonensaxdn Surjeusts  ‘Surpuiq 9y1oads urewop ur)oid ‘sisoydode-nuy ge £01€9d udloid ZVHMA LT
urejoxd JUAN)TISUOD [BINJONTIS ssaoo01d orjoqejow
(91¢°'7) uonendaxdn aInjonns XIIJeW Je[N[[odeNXy JeIpAyoqIe) 8¢ $881Sd Josmoaxd ueotwiny  9g
(916°1) uonesardn osealolq Surpuiq VNQ Aquiasse awosoaonN il 9.885d d-1°d&y ggHQuOISIH 6T
j10dsuer) uor uoIr
(916°'7) uonem3axdn 19)10dsuelry, 3uIpuIq UoIr OLLId ‘SISBISOQWOY UOT UOIT JB[N[[9D) LL LHV900 ULLIQJSURIL],  $7¢
urajord uoIsny 9[JISoA JO 0TV YD WIojosI
(916°1) uonensardn Surpurq wnoe) Surpuiq uor wnie) uone[n3ar oANISOd 43 sseLod ‘TY urxeuuy  €g
urayoxd KJNATIOR 9SBJ LV JO
(93ueyd proy) anssn 1oa1f Juaned  uorOUNJ UIROI] uonoduny IB[NOJOJA s9ssa001d [eo130[01g e ‘YSrom oquinu swreu urajoxd paynuapy ‘ON
ATDV ut uorssaxdxa urojoig IB[NOJ[OIN UOISSAIOY

‘panunuo) ‘1 AqeL



EXPERIMENTAL AND THERAPEUTIC MEDICINE 10: 1732-1742, 2015

1738

"oreydsoydrn) QUISOUSPE ‘d LV ‘OPIIOA[ONUIP SUIUIPE IPIWEBUIIOINU ‘(YN QIN[Te] AJI[ JTUOIYD-U0-9INde “JTIV ‘uonedynuenb aynjosqe pue oA1je[aI 10§ Se) OL1qosT ‘O Y.L "PaIs] surajord
A} [[® JO S[eAQ] [ewLIOu passaIdxa sjoalqns [ewo) “sojduwres anssny onedoy g Sursn ‘Aesse 10[q UIISOM AQ PAYLIOA 9q O} PAJOIAS ATIM SBISIP IOAI ()M UOT)BIOOSSE JUBOYTUSIS JSOW Y} pue uoIssardxa 1oy} ur soduaIafjIp Jsogre|
Ay PIm (LG-4G “sou) surejoid Ino, "s102[qns [eurIou Jo Jey) pue JTIV paonpul-sniia g sunedoy yim sjuaned Jo onss1) JOAT] ) Ud0M)Aq S[OAJ] UOISSAIAXD UT 90ULISJJIP P[OJ-G = B JIQIYX? 0) PUnoj a1om surdjoxd /g jo (810} v

[ Joquiow ‘(uisdAnnue

J[noojow Ky1An3o®€ I0YIQIYUT ‘oseurdjordnue 1-0) Y 9pe[o
(L6770 uonensardn K1ore[n3oy asepndodopus od£3-ouriog payisse[oun ¥ 60010d <royqryur asepndad urdrog LS
Surpuiq uor ouIz
(1€0°¢) uonendaxdn ased10Id ‘KIIATIOR 9SBIRIPAYDP djeU0qIe) $s9001d d1[0qERIOW UOGILI-UQ) 6C S1600d 1 oseIpAyue druoqie)) 96
J[noojowr $50001d WoISAS sunwwir Jo
(665 1) uonendaxdn K101e[N3oyY Surpuiq urojord  uone[n3ar ‘asuodsar aseyd-anoy $T €9.20d T ura301doaL|3 proe-1-o0 SS
urojoxd Q[OSNW puB UOII[ANYSOIAD
(zeL ) uonendordn Injonns JO JUaNINSUOD [BINJONIIS UONORINUI SNITA-JSOH 4 12L80d 61 [BI9[YS01A0 | 9dA) ‘uneIoy $G
KyAanoe 10)10dsuer) uo3Lxo ureyo urqo[3
(S6S ) uonenaxdn 19110dsuery, ‘urpuiq uo3Axo ‘Surpuiq SwoH j1odsuely, 1 €8X 960 1 0 uIqo[SOWaH €S
(z8%°€) uonemsardn 19110dsuery, Kyoedes urpurg j1odsuely, 69 89.70d U~ VD WIOJOSI ‘urunq[y S
(1€0°¢) uonendaxdn payisseoun payisseoun payisseoun S1 payisseoun uewny - urojoxd M- IS
(828'2) uonengardn payisse[oun payisse[oun payisseoun 91 payisseoun jonpouid ursyoid pawreuun 0S
Surpuiq J10jdodar uononpsuer) [eusIs ‘Uor Wnio[ed
X11jew ‘urdpriq ‘Surpuiq urojord 03 asuodsar ‘uonezirowAijod urdjordoxdard v wiojost
(6£97) uonensardn Ie[n][eoRIXH ‘Surpuiq 9orJINs [[90 onokrenyg urajo1d ‘uoTjBATIOR J9[0IR]d oL 1.920d ureyd 0 ueSouriqLy oF
Kynanoe 10)10dsuen
[0193S9[0YD ‘SuIpuIq [010)SAOYD j1odsuer Q7 VYD WIojosI
(6£9°7) uonensardn 19u10dsuery, ‘urpuiq projAwe-elog ‘wsIjoqelauw [0191S9[0YD €T 1$920d ‘I-v urajoxdodrjody 8
(6£9'7) uonensaxdn payisseoun payIsseoun payisse[oun 49 payisseoun) jonpoud ureyoid paweuun Lt
XLIjew
(L6T ) uonen3axdn Te[niadenxy Surpuiq urajoid payIsse[dun e TESZLO uk[30a1s0 9%
KyAnoe
JseIo)suLn[AYIow- N uoneIoudgar aseIojsuen[Ayrou- N
(L6T ) uonen3axdn 9se3)01d SpIuIeunodIN uesiQ 0¢ 19¢0vd SpIEunodIN Sy
XLIjBW JUSMITISUOD [BINJONIIS Josnoaxd ureyo
(L6T ¢) uonem3aidn Te[n[eoenxy XLjewr Ie[nfjaoenxy uorsaype [[25 v6l1 LOLSOO (AIX) 1-p uade[jo) 144
07 VYD WIOJOSI ‘Q[osNW Y)OowsS
(e8ueyo p[oj) onssn IAT Juoned  uorOUNJ UINOIJ uonouny ILNOJOIA sossooo1d [eorSojorg By ‘ySrom Ioquinu Qwreu urdjold paynuopy "'ON
ATDV ul uorssardxo urejord IB[NOJ[OIA UOISS0IY

‘panunuo) II AqeL



PENG et al: iTRAQ-BASED PROTEOMIC ANALYSIS OF HEPATIC TISSUES

extracellularmatrix, 3, 5%

Signaling
molecule,
1, 2?6

Receptor, 1, 2%
Calcium binding
protein, 3, 5%

Hydrolase, 4, 7%
Structure

protein, 4,
7%

Regulatory molecule, 4, 7%

1739

B Regulatory molecule
B Protease
B Transporter
m unclassified
B Structure protein
B Hydrolase
u Calcium binding protein
¥ Receptor
Signaling molecule

H extracellular matrix

Figure 1. Classification of the 57 proteins in different categories based on protein function. A total of 10 protein function categories were detected: Regulatory
molecule, protease, transporter, structure protein, hydrolase, calcium-binding protein, receptor, signaling molecule, extracellular matrix and unclassified.
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Figure 2. Detection results of keratin, type I cytoskeletal 19 (peptide sequence AALEDTLAETEAR). (A) Mass spectrum of the peptide with the sequence
‘AALEDTLAETEAR’. Fragment ions assigned to y-ions and b-ions are labeled. (B) iTRAQ mass spectrometry results show that the expression of 116 was
considerably higher than that of 114 (labeling reagent 114 for normal liver tissue, labeling reagent 116 for liver tissue from patients with HBV-induced ACLF).
(C) Results of western blot verification: Lanes 1 and 2, normal liver tissue; lanes 3-6, liver tissue from patients with HBV-induced ACLF. (D) Relative expres-
sion value of the western blotting. iTRAQ, isobaric tag for relative and absolute quantification; ACLF, acute-on-chronic liver failure; HBV, hepatitis B virus.

ences in specific proteins between the two groups, which may
elucidate the deregulated pathways and networks involved
in the proteomic mechanism underlying this disease. The
4 proteins with the greatest differences in expression between
groups and the most significant association with liver diseases
were selected to be verified by western blot analysis. These
proteins included 1 structural protein, 2 regulatory proteins
and 1 protease (Table II). The aim was to determine if these
proteins were involved in the pathogenesis of HBV-induced
ACLF.

CK-19, a member of the keratin family, can be found in a
defined zone of basal keratinocytes, sweat glands, mammary
gland ductal and secretory cells, bile ducts, the gastrointestinal

tract, the bladder urothelium, oral epithelia, the esophagus and
the ectocervical epithelium. The expression levels of CK-19
can be used as a luminal epithelial cell marker expressed in
the majority of breast carcinomas and not typically detected
in lymph nodes (12). Furthermore, CK-19 has been reported to
be a novel prognostic factor in non-small-cell lung cancer (13);
however, the exact function of CK-19 in the pathogenesis of
HBV-induced liver failure remains unclear and requires veri-
fication by cell function studies involving larger sample sizes.

al-AGP is a major acute-phase protein that is synthesized
in the hepatocytes of humans, rats, mice and other species. An
increase in the serum concentration of al-AGP may occur as
a response to systemic tissue injury, inflammation or infection
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Figure 5. Detection results of SERPINAT1 (peptide sequence SVLGQLGITK). (A) Mass spectrum of the peptide ‘SVLGQLGITK’. Fragment ions assigned to
y-ions and b-ions are labeled. (B) iTRAQ mass spectrometry results show that expression of 116 was considerably higher than that of 114 (labeling reagent 114
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ACLF, acute-on-chronic liver failure.

and is considered to be associated with an enhanced rate of
hepatic synthesis. The biological function of al-AGP remains
unknown, although a variety of its immunomodulating effects
and functions have been described (14). In addition, it has been
reported that al-AGP levels are increased in gastric tissue and
in the plasma of patients with carcinoma of the stomach (15).
Ren et al (3) reported that a1-AGP may be a potential biomarker
for ACLF induced by CHB. Their results showed that al-AGP
levels decreased significantly in the plasma of patients with
HBV-induced ACLF, but decreased to a lesser extent in the
plasma of patients with CHB. By contrast, the results of the
present study showed that al-AGP expression was 4.595-fold
greater in the HBV-induced ACLF liver tissue than that in
the liver tissue of healthy subjects, giving rise to the theory
that al-AGP may have collected in the liver from the blood
in response to the process of ACLF. Further cell experiments
are required to validate the function of al-AGP in the reaction
and to analyze the levels in the blood and liver tissue of the
same patient.

Carbonic anhydrase is among the most important protein
components of erythrocytes. The primary functions of
carbonic anhydrase are to modulate acid-base balance in
the blood and other tissues, assist in the removal of CO,
and ensure a moderate substrate concentration for enzymes
using CO, and HCO; as substrates. Numerous members of
the carbonic anhydrase family exist. One member, carbonic
anhydrase isoenzyme 9, is abnormally expressed in gastroin-
testinal and gynecological tumors. Carbonic anhydrase 9 has
potential clinical value, including as a biomarker of human

colonic mucinous carcinoma and increased proliferation
in the colorectal mucosa (16-18). Additionally, it has been
demonstrated that carbonic anhydrase 3 levels are signifi-
cantly reduced in the livers of superoxide dismutase-deficient
mice, although immunohistochemical analysis revealed
that the reduction was not homogenous throughout the
lobular structure of the liver (19). The function of carbonic
anhydrase 1 in HBV-induced ACLF, however, is not clear.
The results of the present study showed that its expression
increased 3-fold in patients with HBV-induced ACLF. The
specific role and function of carbonic anhydrase 1 requires
further verification.

Previous studies have investigated SERPINAI in liver
disease. In hepatitis C, following Basic Local Alignment
Search Tool analysis in the positive clones, 3 proteins that
interacted with the HCV NS3 protease were serpin pepti-
dase inhibitor, clade A, member 1, and cyclophilin-LC (20).
a-l-antiproteinase has potential use as a biomarker for
the non-invasive diagnosis of liver fibrosis, which may
benefit the follow-up of HCV patients (21). Furthermore,
a-l-antiproteinase deficiency is an autosomal recessive
disorder in HCC that results from point mutations in the
SERPINAI gene, which are associated with neonatal hepatitis
and cirrhosis, as well as HCC (22). a-1-antiproteinase may
also be a biomarker (protein marker) for HCC (23) and have
potential as a biomarker for diagnosing CHB, as Tan et al (24)
reported that the protein was highly expressed in serum samples
from HCC patients and severe chronic hepatitis patients.
Furthermore, a-1-antiproteinase is expressed most markedly
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in normal tissue and cells and exhibits reduced expression
in tissues and cells from HCC patients and severe chronic
hepatitis patients, which indicates the specific secretion of
o-1-antiproteinase from tissues and cells into the serum (24).
The present results, however, demonstrated that SERPINA1
expression was increased 2.297-fold in liver tissue samples
from patients with HBV-induced ACLF. This may have been
due to the fact that not all of the patients in the present study
exhibited cirrhosis, meaning that they were in a less-advanced
disease course. Thus, the majority of the SERPINA1 had not
been secreted from the liver into the serum. Further studies
with larger sample sizes and cell function experiments are
therefore required.

In conclusion, the biological function of these proteins
in HBV-induced ACLF remains unclear, and it is difficult
to determine whether or not the differences in protein level
were the result or the origin of the ACLF. Additionally, certain
results obtained in the present study are inconsistent with those
of previous studies. Further functional studies are required,
including studies using a larger sample and cell function
experiments. The proteins showing differential expression that
have been described in the present study may not be suitable
for use as biomarkers for the clinical prognostic index of CHB,
as this is an invasive method; however, by identifying specific
proteins and protein derangements, further insight may be
obtained into the deregulated pathways and networks involved
in the pathogenesis of HBV-induced ACLF. Furthermore, the
present proteomic study may be useful and valuable for future
studies of the protein mechanisms underlying the pathogenesis
of CHB.
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