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Abstract. The aim of this study was to identify pivotal
dysregulated proteins that are biomarkers for multiple drug
resistance (MDR) of human hepatocellular carcinoma (HCC).
The secretome profiles of the human HCC MDR cell line
BEL7402/5-FU and its parental cell line BEL7402 were
comparatively analyzed using isobaric tags for the relative and
absolute quantification (iTRAQ)-coupled 2D LC-MS/MS. In
total, 279 differentially expressed proteins were identified, of
which, with a consistent result in the duplex test, 131 proteins
were overexpressed in BEL7402/5-FU compared to its parental
cell line, and 56 proteins were underexpressed. Several differ-
entially expressed proteins determined by western blot analysis
were also validated. The association of MDR with one of the
highly regulated proteins, a-2-HS-glycoprotein (AHSG) was
determined. This study detailed the application of iTRAQ
technology to MDR biomarkers in the HCC cell secretome. The
results showed that differentially expressed proteins that may
be associated with MDR of HCC provide valuable additional
information with regard to understanding the role of MDR.

Introduction

Liver cancer remains one of the most common types of cancer
worldwide and is ranked in the top 10 causes of cancer-asso-
ciated mortalities (1). Hepatocellular carcinoma (HCC), the
most common type of liver cancer pathology, has been a major
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threat to human life, especially in regions where viral hepa-
titis is prevalent, such as in Asia (hepatitis B) and America
(hepatitis C). Multiple treatments, including chemoemboliza-
tion, radiofrequency ablation (RFA), adjuvant therapy, surgical
resection and liver transplantation, are available options for
HCC at different stages. However, HCC is prone to be in an
advanced stage when diagnosed, rendering it unresectable and
responds poorly to chemotherapeutic drugs, due to multiple
drug resistance (MDR). MDR refers to the phenomenon
whereby microorganisms or tumor cells simultaneously resist
several varieties of drugs which themselves are structurally
and functionally different (2-4). MDR in cancer emerges in
ongoing treatment with an anticancer drug when the cancer
cells become resistant to both the chemical in use as well as
to other chemotherapeutic drugs. It is generally accepted that
early identification of MDR is useful in selecting the optimal
treatment protocol and predicting the prognosis of the cancer.
Therefore, identifying biomarkers associated with drug resis-
tance is a highly desirable research purpose.

Secretomics is a branch of proteomics that focuses on the
proteins secreted by cells, tissues or organisms. Increasing
attention has been given to the study of Secretomics, because
secreted proteins are believed to be essential to numerous
physiological and pathological processes such as glucose and
lipid metabolism, cell signal transduction, matrix remodeling,
drug delivery and invasion of malignant cells. It is deemed
likely that some proteins connected to the chemotherapeutic
drug resistance of HCC are to be found from the secretome of
HCC multi-drug-resistant cell line BEL7402/5-FU. Although
several proteins such as BCRP, MRP, P-gp and ANXA3 have
been found to correlate with the MDR phenomenon, secretory
proteins in the MDR phenotype are worthy of study.

The lack of abundance is the main obstacle to conventional
proteomic approaches. Secretory proteins are difficult to detect
and analyze by two-dimensional gel electrophoresis (2-DE)
owing to the low protein concentration in cell media or body
fluids, as well as to the existence of hydrophobic proteins (7).
Consequently, the conventional 2-DE-conducted proteomic
assay is not suited to secretomic studies. Isobaric tags for
the relative and absolute quantification (TRAQ) analysis is
an emerging quantitative proteomics technology that labels
peptides with isotope-coded covalent tags to study changes



1250

of protein expression in different samples. With respect to
conventional approaches, iTRAQ has an advantage in accuracy
and can analyze eight different samples simultaneously. In
the present study, the iTRAQ-based proteomic approach was
applied to identify differentially expressed secretory proteins
between BEL7402 and BEL7402/5-FU.

Materials and methods

Cell lines. Cell lines used in this study were obtained from
the Cancer Cell Bank of the Chinese Medical Science
Institute. BEL7402/5-FU is an MDR HCC cell line that was
induced by 5-fluorouracil (5-Fu) from the human HCC cell
line BEL7402. RPMI-1640 medium and fetal bovine serum
(FBS) were purchased from Gibco (Grand Island, NY, USA).
The complete medium for BEL7402 and BEL7402/5-FU
consisted of 89% RPMI-1640 medium, 10% FBS and 1%
penicillin-streptomycin solution. By adding 20 mg/1 5-Fu to
the complete medium, the BEL7402/5-FU cell line maintained
its biological characteristics of MDR. Cell lines were cultured
in a water incubator (Thermo Fisher Scientific, Rockford, IL,
USA) at 37°C and 5% CO,.

Half maximal inhibitory concentration (IC50) determina-
tion. The cytotoxicity of chemotherapeutic drugs to BEL7402
and its MDR cell line were measured by a WST-8 assay (5).
BEL7402 and BEL7402/5-FU cells were counted and placed in
96-wells at a density of 5x10° cells/well, and then cultured in
an incubator at 37°C for 24 h before being treated with chemo-
therapeutic drugs. 5-Fu, cisplatin, adriamycin and vincristine
(VCR) in graded concentrations were added to the two types
of cells. After treatment for 48 h, the medium was replaced
with fresh medium containing 10% WST-8 reagent, and the
cells were incubated for an additional 1-4 h until their optical
density was measured at 450 nm. The IC50 of BEL7402 and
BEL7402/5-FU for each drug was analyzed using IBM SPSS
Statistics 21 software (SPSS Inc., Chicago, IL, USA) by means
of probit analysis (6).

Secretory protein extraction. The secretory proteins of BEL7402
and BEL7402/5-FU were extracted through ultrafiltration.
When BEL7402 and BEL7402/5-FU were 90% confluent, the
culture media were replaced with basic RPMI-1640 medium
after the residual serum was washed away with PBS. Twenty-
four hours after instituting this serum-free culture, the media
of each cell line were collected and concentrated by centrifuga-
tion at 4°C for 1 h using centrifugal filter devices from Amicon
(Carrigtwohill, Co., Cork, Ireland). The resulting concentrated
solution was removed and placed into a tube and precipitated
overnight with acetone at 20°C. Subsequently, the precipitated
samples were separated by high-speed centrifugation, and
then dissolved in a buffer containing 0.5 M triethylammonium
bicarbonate and 8 M urea (urea TB buffer). Protein samples
were stored at -80°C prior to isotope labeling.

iTRAQ labeling. Secretory protein samples were quantified
using a 2-D Quant kit purchased from Amersham Biosciences,
and diluted with the urea TB buffer to obtain a final concentra-
tion of 5 mg/ml. A 100 pg protein/sample of BEL7402 and
BEL7402/5-FU was employed for isotope labeling, and a duplex
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was set for the HCC cell and its MDR phenotype, respectively.
Samples in each tube were denatured and cysteine-blocked
using buffers in the iTRAQ Buffer kit (AB Sciex, Foster City,
CA, USA). Having been digested with 5 pg trypsin (Promega,
Madison, WI, USA) at 37°C overnight and desiccated using a
vacuum pump, the peptides were dissolved in isopropanol and
then subjected to iTRAQ labeling. Isotope tags were allocated
as follows: i) BEL7402 secretory protein -113 and -115 tags;
and ii) BEL7402/5-FU secretory protein -114 and -116 tags.
The labeled samples were mixed together for further mass
spectrometric (MS) analysis.

Peptide fractionation. Peptides labeled with isotope tags
were fractionated as previously described (7). Briefly, the
fractionation process is conducted through isoelectric focusing
(IEF). Labeled samples were dissolved in Pharmalyte and urea
solution, subjected to pH 3-10 IPG strips, and then focused on
the IPGphor. The IPGphor IEF system was purchased from
Amersham Biosciences (Uppsala, Sweden). Peptides were
extracted from the gel using buffer A (2% acetonitrile and
0.1% formic acid) and lyophilized in a vacuum pump. The
fractions were desalinated using a solid phase extraction (SPE)
column (Supelco, Bellefonte, PA, USA) and lyophilized again.
The fractions were then stored at -20°C prior to the MS analysis.

Mass spectrometric analysis. MS analysis was performed
with the QStar® Elite hybrid mass spectrometer (Applied
Biosystems, Foster City, CA, USA) coupled to a liquid chroma-
tography system (Amersham, The Netherlands). Lyophilized
samples were re-suspended in buffer A, and 10 ul was loaded
on a capillary column for peptide separation. Peptides were
separated by eluting with buffer A and a series of buffer B (98%
acetonitrile containing 0.1% formic) gradients at a 0.3 ul/min
flow rate. The LC eluent was applied to the electrospray
ionization (ESI) quadruple time-of-flight mass spectrometer
(QTOF-MYS) analysis. The mass spectrometer was operated in
positive ion mode, with the mass range set at 300-2,000 m/z.
The two most intensely ionized peptides >20 counts were
selected for tandem mass spectrometry at a dynamic exclusion
for 30 sec with a tolerance of + 50 mDa.

MS analysis data were processed using the ProteinPilot
version 2.0 software (Applied Biosystems) and searched against
the International Protein Index (IPI) human protein database
(v3.77). Cysteine modified by methane thiosulfate (MMTS)
was specified as a fixed modification. Relative quantification of
proteins was determined using ratios of the peak areas at 113,
114, 115 and 116 Da, respectively. These values corresponded
to the abundance of the tags applied to label the samples.

Western blot analysis. To verify the differentially expressed
secretory proteins identified through MS analysis, western
blotting was subsequently carried out. Figures for the total
proteins of BEL7402 and its MDR cell line were calculated
by lysing cells with a lysis buffer as previously described (9).
Concentrations of each protein sample were determined using
the 2D-Quant kit. Equal amounts of intercellular and secreted
proteins were separated by SDS-PAGE electrophoresis and then
transferred onto polyvinylidene fluoride (PVDF) membranes.
The membranes were subsequently blocked with blocking
buffer [5% milk, 3% BSA or 0.04% gelatin in tris-buffered
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saline and Tween-20 (TBS-T)] at room temperature for
1 h. The blocked membranes were incubated with specific
primary antibodies (1:1,000-1:10,000 dilution in blocking
buffer) overnight at 4°C. Primary antibodies, including poly-
clonal and monoclonal against a-2-HS-glycoprotein (AHSG),
angiopoietin 1 (ANGPT1), vitronectin (VTN), SerpinFl1,
NAD(P)H dehydrogenase (quinone) 1 (NQOI) and lipocalin-2
(LCN2), were purchased from Abcam (Cambridge, MA, USA).
Species-specific horseradish peroxidase-conjugated secondary
antibodies were applied to incubate the membranes, which were
previously washed three times in TBS-T. Reactions between the
target proteins and specific antibodies were then visualized by
enhanced chemiluminescence (ECL) reagent (GE Healthcare,
Buckinghamshire, UK) through the ChemiDOC™ MP
imaging system (Bio-Rad, Hercules, CA, USA).

AHSG siRNA treatment to BEL7402/5-FU cell line. Three
AHSG siRNA sequences (5'-ACACCUUCAUGGGUGUGG
UCUCAUU-3', 5'-"ACGCUCAGAACGGCUCCAAUUU-3'
and 5'-UCGUCCUGCUCCUUUGUCUUGCUCA-3") and
negative control siRNA purchased from Invitrogen-Life
Technologies (Carlsbad, CA, USA) were each transfected into
BEL7402/5-FU cells following the manufacturer's instruc-
tions. BEL7402/5-FU cells were evenly planted into 6-well
plates and cultured until they were 60-80% confluent. AHSG
siRNAs and negative control siRNA were incubated with the
Lipofectamine® 2000 Transfection reagent (Invitrogen-Life
Technologies) for 20 min in Opti-MEM® I Reduced-Serum
Medium (Gibco) prior to being transfected into BEL7402/5-FU
cells. The final concentration of the siRNAs was 40 nmol/l,
which corresponded to the optimal concentration as measured
in a pre-test. The medium in each well was replaced with
RPMI-1640 complete medium 4-6 h after siRNA transfection
and the cells were allowed to continue in culture for a further
48 h. The apoptotic rate was detected by Annexin V-FITC/PI
using flow cytometry (FCM). The viabilities of RNA-interfered
cells were examined using WST-8 following treatment with
5-Fu, adriamycin, VCR and cisplatin, respectively, in their
IC50 concentrations for 48 h. Simultaneously, AHSG protein
expression of knockdown cells was determined by western
blotting.

Immunohistochemistry. Immunohistochemistry (IHC) was
performed on the tissue microarray (TMA) LV801la obtained
from US Biomax, Inc. (Rockville, MD, USA). The TMA
contained 40 cases of HCC and an equal amount of adja-
cent normal tissue. The IHC was performed as previously
described (7). Paraffin-embedded HCC tissue sections were
deparaffinized and rehydrated, and antigen retrieval was
performed with 0.01 M citrate for 5 min. Endogenous peroxi-
dase activity was quenched in 3% H,O, for 10 min. Tissue
sections were then blocked with BSA, and incubated with
specific monoclonal antibodies for AHSG (1:20), ANGPT1
(1:20), VTN (1:100), NQO1 (1:100), LCN2 (1:200) and
SerpinF1 (1:400). The reactions were visualized by incubating
with diaminobenzidine solution (DAB), counterstained with
hematoxylin and evaluated under a light microscope. The
protein expression levels were semi-quantitatively analyzed
based on the percentage of positive cells, ranging from 0 to
100%, and the staining intensity was counted as 0, 1,2, or 3.
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Figure 1. Biological characteristics of BEL7402/5-FU cells. The IC50 values
for 5-FU, cisplatin, and adriamycin treatment in BEL7402/5-FU cells were
201.61-, 11.74- and 29.8-fold higher than they were in the BEL7402 cells,
respectively. Bars show the standard deviation (SD). "P<0.05 compared to
the control by a Student's t-test. IC50, half maximal inhibitory concentration.

The arithmetic product of the two parameters was generated
as the THC score value. All evaluations were performed by
the same pathologist to maintain consistency.

Cell proliferation, migration and invasion assays. BEL7402
and HepG2 cells were transfected with negative control siRNA
and AHSG siRNA sequences as previously mentioned. For
the proliferation assay, transfected BEL7402 and HepG2 were
added into 96-well plates at a density of 1x10* cells/well, and
the number of viable cells was monitored at regular intervals
by WST-8. Cell migration and invasion assays were carried
out in 24-well plates using polycarbonate membrane inserts
(Cell Biolabs, Inc.) with 8 ym pores. For the cell invasion
assay, an additional uniform basement membrane matrix layer
was coated on the upper surface of the chambers to obstruct
non-invasive cells. Transfected cells were re-suspended with
serum-free media at a concentration of 1.0x10° cells/ml and
plated into the polycarbonate membrane chambers. Medium
containing 10% FBS was added to the bottom of each well.
After 24-h incubation at 37°C, any cells on the surface of the
chambers that had not migrated or invaded were removed. The
migrated and invaded cells on the polycarbonate membrane
were stained with cell stain solution (Cell Biolabs, Inc.), disso-
ciated with extraction solution, and the optical density was
quantified at 560 nm.

Statistical analysis. The continuous variables in this study were
presented as mean =+ standard deviation (SD). Statistical anal-
ysis of data in this study was conducted by SPSS Statistics 21
software. The IC50 values of each chemotherapeutic drug were
calculated by the probit analysis (8). Intergroup significance
tests were conducted using a Student's t-test and the data were
considered statistically significant when P<0.05.

Results

Property of MDR. The biological characteristics of BEL7402
and its MDR phenotype cell line BEL7402/5-FU have been
previously described (9). The state of the cells was slightly
different from that of the previous study, since they were of a
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Table I. IC50 values (mg/1) for selected reagents (mean + SD).
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Reagent BEL7402 BEL7402/5-FU Fold resistance relative to BEL7402 P-value
5-FU 3.46+0.31 697.57+£52.88 201.61 <0.05
Cisplatin 8.92+0.46 104.68+3.720 11.74 <0.05
Adriamycin 5.82+0.39 172.74+9.180 29.68 <0.05
Vincristine 10.83+0.96 94.77+£5.190 8.75 <0.05

1C50, half maximal inhibitory concentration.
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Figure 2. (A) Flow chart of iTRAQ proteomics approach. (B) Representative MS/MS spectrum showing the peptides from AKR (peptide sequence:
ALGVSNFSHFQIEK). Secretory proteins of BEL7402 cells were labeled with iTRAQ 113 and 115 tags, and secretory proteins of the BEL7402/5-FU cells were
labeled with iTRAQ 114 and 116 tags. Therefore, the ratio of 114:113 and 116:115 indicated the relative abundance of AKR in the secretome of BEL7402/5-FU
compared with BEL7402. iTRAQ), isobaric tags for relative and absolute quantification; AKR, aldo-keto reductase.

different generation. Following the protocol mentioned above,
dose-response relationships for 5-Fu, cisplatin and adria-
mycin were obtained and analyzed by SPSS software using
the probit model, thereby determining the IC50 values. As is
shown in Table I, the IC50 values of 5-Fu for BEL7402 and
BEL7402/5-FU were 3.46+0.31 and 697.57+52.88, respectively.
Thus, the resistance to 5-Fu of BEL7402/5-FU was 201.61-fold
higher than that for BEL7402 (Fig. 1). Differences were also
observed following treatment with cisplatin, adriamycin, and
VCR, which amounted to 11.74-, 29.68- and 8.75-fold higher
in BEL7402/5-FU cells, respectively (Table I and Fig. 1). The
results indicated that BEL7402/5-FU was resistant to several

types of chemotherapeutic drugs, and served as a typical
model in the MDR study of HCC.

iTRAQ-based MS analysis. Secretory protein samples were
enriched from a cell culture medium of the human BEL7402
HCC cell line and its MDR cell line BEL7402/5-FU, and
subjected to iTRAQ-based MS analysis after being labeled
with iTRAQ tags. A brief flowchart of the quantitative
proteomic approach using isobaric labeling is presented in
Fig. 2A. A duplicate of each sample was created to increase
confidence in the result, and protein samples were labeled as
follows: BEL7402, 113 and 115; BEL7402/5-FU, 114 and 116.
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Table II. Partial list of proteins identified to be expressed at different levels between the secretome of BEL 7402 and BEL7402/5-FU
cells by iTRAQ analysis.

No. Accession Gene symbol Protein 114:113 PVal 114:113 116:115 PVal 116:115

Top 30 upregulated proteins in HCC MDR cell line BEL7402/5-FU

1 IPL:IPI00953689.1 AHSG a-2-HS-glycoprotein 25.118860240 6.05295E-05 45.289760590 0.002399602
2 IPL:IPI00106646.1 SDF4 Isoform 1 of 45 kDa 16.595869060 5.12532E-09 11.271969800 0.001372787
calcium-binding protein
3 IPL:IPI00645038.1 ITIH2 Uncharacterized protein 14.454400060 6.93501E-06 23.120649340 3.04468E-06
4 IPLIPI0O0006114.5 SERPINF1  Pigment epithelium-derived  12.359470370 0.026673960 6.792037010 0.042003460
factor
5 IPLIPI00940698.4 FAT1 Protocadherin fat 1 11.587770460 0 15.416999820 0
6 IPL:IPI00759659.1 GOLMI1 Isoform 2 of Golgi 11.587770460 9.60308E-10 11.376270290 5.92455E-10
membrane protein 1
7 IPLIPI00016677.1 ANGPT1 Angiopoietin-1 11.481539730 0.024134710 13.551890370 0.021998320
8 IPL:IPI01021088.1 C4A Uncharacterized protein 11.376270290 9.45976E-05 5.970353127 0.007338601
9 IPLIPI00022443.1 AFP a-fetoprotein 9.375619888 0.012612420 16.292959210 0.006130165
10 IPL.IPI00298971.1 VTN Vitronectin 8.709635735  0.000305956 10.280159950 0.000606790
11 IPL:IPI00783987.2 C3 Complement C3 7.943282127 0.004883054  4.920394897 0.000529424
(fragment)
12 IPLI:IPI00296099.6 THBSI Thrombospondin-1 7.655965805 0 17.378009800 3.48924E-06
13 IPL:IPI00289501.2 VGF Neurosecretory protein 7.585775852  0.008657940 12.70573997  0.001204193
VGF
14 IPL:IPIO0012501.1 REG4 Isoform 1 of regenerating 7.244359016  1.23777E-05 12.24615955 0.029967191
islet-derived protein 4
15 IPLIPI00967014.1 LMAN2 Uncharacterized protein 6486343861 2.30027E-07  8.090958595 3.10351E-08
16 IPL:IPI00009450.1 KITLG Isoform 1 of kit ligand 6.486343861 0.005622827  6.025596142 0.005093190
17 IPLIPI00410714.5 HBALI Hemoglobin subunit a 6.309574127 0.019895710  9.289664268 0.013891540
18 IPL:IPI00008894.2 CPA4 Carboxypeptidase A4 6.194410801  7.2248E-070 12.246159550 2.2612E-050
19 IPLIPI0O0001922.1 ST14 Suppressor of tumorigenicity  6.137619972  5.24373E-07  8.790225029 6.68501E-08
14 protein
20 IPL:IPI00022608.2 SORLI Sortilin-related receptor 5.754398823 2.22045E-16  5.058247089 2.33147E-14
21 IPLIPI00021267.2 EPHA2 Ephrin type-A receptor 2 5.345643997 5.14082E-08  3.944572926 1.23179E-06
22 IPL.IPI00009054.1 BMP1 Isoform BMP1-3 of bone 5058247089 3.32401E-08 5.546257019 4.92218E-09
morphogenetic protein 1
23 IPLIPI00003590.2 QSOX1 Isoform 1 of 4786301136 3.13083E-13  3.981071949 9.01501E-14
sulfhydryl oxidase 1
24 TPLIPI00009123.2 NUCB2 Isoform 1 of nucleobindin-2 4.742420197 0.005496098 5.395105839 0.001025760
25 [IPLIPI00942173.2 EXT2 exostosin-2 isoform 1 4742420197 1.89387E-05 3.191538095 0.000473785
26 IPLIPI000265304 LMANI Protein ERGIC-53 4698941231 0.000272329  9.036495209 3.25082E-07
27 IPLIPI00020557.2 LRP1 Prolow-density lipoprotein 4.698941231 9.18332E-11  3.908409119 8.44496E-07
receptor-related protein 1
28 IPL:IPI00299594.2 NRP1 Isoform 1 of neuropilin-1 4.655860901 6.72307E-09  8.629785538 6.33739E-10
29 IPL:IPI00290089.5 CDH17 Cadherin-17 4570881844 4.85778E-11  7.870458126 6.37268E-13
30 IPLIPI00294004.1 PROSI Vitamin K-dependent 4570881844 6.37751E-06 5.701642990 1.09191E-06
protein S
Top 30 downregulated proteins in HCC MDR cell line BEL7402/5-FU
1 IPL:IPI00105407.2 AKRI1B10  Aldo-keto reductase family 1 ~ 0.037325021 0 0.034673680 0
member B10
2 IPLIPI00018534.4 HISTIH2BL Histone H2B type 1-L 0.080167808 2.99352E-06  0.115877703 1.0221E-050
3 IPL:IPI00296183.8 ALDH3A1  Aldehyde dehydrogenase, 0.092896640 2.67555E-07 0.288403213 3.1888E-070
dimeric NADP-preferring
4 IPL:IPI00643623.1 LCN2 Neutrophil 0.107646503  0.003038801 0.029107170 6.29562E-09
gelatinase-associated
lipocalin
5 [IPLIPIO1021414.1 KRTS Uncharacterized protein 0.107646503 5.26549E-06  0.188799098 2.73755E-05
6 IPL:IPI00031420.3 UGDH UDP-glucose 6-dehydrogenase 0.114815399  1.34732E-05  0.159955800 6.97223E-07
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Table II. Continued. Partial list of proteins identified to be expressed at different levels between the secretome of BEL7402 and
BEL7402/5-FU cells by iTRAQ analysis.

No.

Accession

Gene symbol

Protein

114:113

PVal 114:113

116:115

PVal 116:115

Top 30 downregulated proteins in HCC MDR cell line BEL7402/5-FU

7 IPLIPI00453473.6 HIST2H4B Histone H4 0.134276494 3.82621E-08 0.190546095 5.78951E-07
8 IPL:IPI00012069.1 NQO1 NAD(P)H dehydrogenase 0.149968505 4.45798E-05 0.134276494 9.80593E-11
(quinone) 1
9 IPLIPI00026154.3 PRKCSH  c¢cDNAFLJ59211, 0.162929595 1.14058E-11  0.299226493 7.21629E-06
highly similar to
glucosidase 2 subunit 3
10 TPL:IPI00220362.5 HSPEI1 10 kDa heat shock protein, 0.197696999  0.002608684 0.218776196 0.027179141
mitochondrial
11 IPL:IPI00217467.3 HISTIHIE Histone H1.4 0.220800504 0.000691467 0.349945188 0.006769219
12 IPL:IPI01025667.1 SERPINA3 c¢DNA FLJ35730 fis, 0.222843498 0.000235783 0.154170096 9.59783E-05
clone TESTI2003131,
highly similar to
a-1-antichymotrypsin
13 IPL:IPI00029733.1 AKRICI Aldo-keto reductase 0.224905506 0.008086700 0.148593605 0.000119699
family 1 member C1
14 IPLIPIO00101824 DBI Isoform 1 of 0.231206506 0.000107410 0.465586096 0.002986300
Acyl-CoA-binding protein
15 IPL:IPI00291006.2 MDH2 Malate dehydrogenase, 0.233345807 9.86183E-06 0.235504895 0.000950984
mitochondrial
16 IPL:IPI00983296.2 ACLY Uncharacterized protein 0.233345807 1.51074E-09 0.288403213 1.29354E-10
17 IPL:IPI00917605.1 CYCS Uncharacterized protein 0.235504895 0.005656152 0.158489302 0.003914892
18 IPL:IPIO1018179.1 ILF3 Isoform 4 of interleukin 0.263026804 0.000180477 0.444631308 0.004805207
enhancer-binding factor 3
19 IPLIPI00219029.3 GOTI1 Aspartate aminotransferase, 0.267916799 3.46966E-05 0.263026804 1.10814E-05
cytoplasmic
20 IPL:IPIO0007427.2 AGR2 AGR2 0.267916799 1.02068E-05 0.452897608 0.010829240
21 IPLIPI00792375.1 ALDOC Fructose-bisphosphate aldolase  0.275422901 0.035917360 0.233345807 1.75565E-05
22 IPLIPI004195859 PPIA Peptidyl-prolyl cis-trans 0.275422901 0.000102973 0.487528503 0.000280568
isomerase A
23 IPL:IPI00020017.1 Cl0orfl16  Adipose most abundant gene 0.288403213  0.000386034 0.380189389  0.000680905
transcript 2 protein
24 TPL:IPI00027223.2 IDHI1 Isocitrate dehydrogenase 0.299226493 3.05757E-06 0.401790798 2.68666E-05
(NADP) cytoplasmic
25 IPLIPIO0215901.1 AK2 Isoform 1 of 0.301995188 6.4206E-05  0.263026804 0.004157949
Adenylate kinase 2,
mitochondrial
26 IPL:IPI00000874.1 PRDX1 Peroxiredoxin-1 0.313328594 3.14493E-08 0.461317599 7.03658E-05
27 IPL:IPI00093057.6 CPOX Coproporphyrinogen-IIT 0.316227794 0.002345311 0.448745400 0.012942430
oxidase, mitochondrial
28 IPL:IPI00022977.1 CKB Creatine kinase B-type 0.322106898 2.06405E-05 0.291071713  1.09439E-07
29 IPL:IPI00401264.5 ERP44 Endoplasmic reticulum 0.325087309 0.00020159  0.334194988 0.000275739
resident protein 44
30 IPLIPI00979574.1 MDK Midkine 0.328095287 0.01038363  0.428548515 0.009072857

Thus, the relative abundance of proteins from BEL7402/5-FU
cells with respect to proteins from BEL7402 cells was revealed
as the iTRAQ ratios 114:113 and 116:115. The isobaric-labeled
peptides were analyzed by LC/MS/MS, searched for in the
IPI database, and identified with ProteinPilot software. By
searching the human IPI database under the ProteinPilot
algorithm, 1,780 unique proteins were identified with 95%
confidence. Considering the technical variations of the method

and statistical analysis in the relative quantification analysis,
and in order to reduce false positives and increase accuracy,
stricter cut-off points were imposed when dividing the identi-
fied proteins. Proteins with a ratio >1.5 or <0.5 were classified
as upregulated or downregulated (10). In total, 279 differen-
tially expressed proteins were filtrated, of which 131 proteins
were highly expressed in BEL7402/5-FU relative to its parental
cell line, while 56 proteins were underexpressed. Table 11
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Figure 3. Categories of 279 differentially expressed proteins clustered according to protein class, molecular function, biological process and cellular component

by the PANTHER system.
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Figure 4. Validation of the dysregulated secretory proteins in BEL7402/5-FU
cells with respect to the BEL402 cells by western blot analysis. Compared
to the expression in the parental BEL7402 cell line, AHSG, ANGPTI1, VTN
and SerpinF1 were upregulated in the secretory protein (CM) and total cyto-
plasmic protein (CE) in BEL7402/5-FU cells, while NQOI and LCN2 were
downregulated. AHSG, a-2-HS-glycoprotein; ANGPT1, angiopoietin 1; VTN,
vitronectin; NQO1, NAD(P)H dehydrogenase (quinone) 1; LCN2, lipocalin-2.

shows the top 30 upregulated and downregulated proteins
in BEL7402/5-FU cells compared to BEL7402 cells. Of the
downregulated proteins, aldo-keto reductase (AKR) (peptide
sequence: ALGVSNFSHFQIEK) ranks in the top 30, and its
MS/MS spectrum and relative abundance by iTRAQ ratio
116:115 and 114:113 are shown in Fig. 2B.

Protein classification by the PANTHER classification system.
To achieve a preview of the profile of the 279 differentially
expressed proteins, the proteins were classified by the
PANTHER classification system (http://www.pantherdb.org)
according to protein class, cellular component, molecular
function and biological process (Fig. 3). The differentially
expressed proteins were various and divided into 28 classes,
but mainly comprise nucleic acid binding (12.9%), hydro-
lase (11.7%), enzyme modulator (6.8%) and signaling
molecule (6.1%) proteins (Fig. 3A). There were 10 molecular
function categories, including catalytic activity (38.8%) and
binding (31.1%) (Fig. 3B). The identified proteins partici-
pate in a range of biological processes, including metabolic
processes (33.1%) and cell processes (17.9%) (Fig. 3C).

Validation of differentially expressed proteins. By studying
protein classification and screening the relative abundance of
proteins through the iTRAQ approach, the most significantly
dysregulated proteins, AHSG, ANGPTI1, VTN, SerpinFl,
NQOI and LCN2 were further validated. Western blotting was
performed as described above to validate the identified differen-
tially expressed proteins. The expression of AHSG, ANGPTI,
VTN, SerpinF1, NQOI and LCN?2 in the conditioned medium
and cell lysis product of BEL7402 and BEL7402/5-FU cells is
shown in Fig. 4. The abundance of proteins AHSG, ANGPTI,
VTN and SerpinF1 in secretory protein and total cytoplasmic
protein were obviously higher in the BEL7402/5-FU than in
BEL7402 cells, while NQOI1 and LCN2 were downregulated.
Thus, the results of immunoblotting were highly coincidental
with the mass spectrum analysis.
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Figure 5. Effects of AHSG-knockdown on the responses to chemothera-
peutic drugs of BEL7402/5-FU cell line. (A) Western blot analysis showed
that the expression of AHSG in BEL7402/5-FU cells was significantly
reduced by AHSG-specific siRNA sequence transfection, whereas it was
not significantly suppressed by control siRNA or transfection reagent alone.
(B) Suppression of AHSG expression in BEL7402/5-FU cells enhanced the
sensitivity to 5-FU, cisplatin and adriamycin, with a significantly increased
inhibition rate. Bars show the standard deviation (SD). "‘P<0.05 compared to
the control by a Student's t-test. AHSG, a-2-HS-glycoprotein.

The relevance of AHSG to MDR. To study the relevance
of AHSG upregulation to the MDR phenomenon in the
BEL7402/5-FU cell line, three specific siRNA sequences were
employed to knock down AHSG expression in BEL7402/5-FU
cells. By western blotting, AHSG expression in specific
siRNA-transfected BEL7402/5-FU cells were proven to have
been effectively silenced (Fig. 5A). To assess the relationship
between AHSG and MDR, BEL7402/5-FU cells were treated
with the aforementioned anticancer drugs for 2 days with
their IC50 concentration after being transfected with specific
siRNA sequences for 48 h. Fig. 5B shows that the inhibi-
tion rate of anticancer drugs 5-Fu, cisplatin, adriamycin and
VCR on AHSG-knockdown BEL7402/5-FU cells was higher,
compared with negative control. IC50 values of these drugs
to AHSG-knockdown cells are detailed in Table III, showing
that IC50 values of 5-Fu, cisplatin and adriamycin were
markedly decreased in AHSG-knockdown BEL7402/5-FU
cells than negative control. The result suggested that suppres-
sion of AHSG minimizes BEL7402/5-FU resistance to
several chemotherapeutic drugs, which, in turn, indicated
that AHSG may contribute to the MDR phenomenon in the
cell line. Furthermore, through FCM detection, we found
that AHSG-knockdown has no effect on the apoptosis of
BEL7402/5-FU under the pressure of chemotherapeutic drugs
(data not shown).
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Figure 6. Validation of AHSG, ANGPTI1, VTN and LCN2 overexpression in HCC tissues by tissue microarrays. (A) Representative images of IHC staining
of AHSG, ANGPT1, VTN and LCN2 in HCC tissues and the adjacent normal tissues. (B) IHC score values of AHSG, ANGPT1, VIN and LCN2 were
higher in NPC tissues than in adjacent normal tissues. AHSG, a-2-HS-glycoprotein; ANGPTI, angiopoietin 1; VTN, vitronectin; LCN2, lipocalin-2; IHC,

immunohistochemistry.

study have been reported be linked to tumor development

Association of dysregulated proteins with clinical HCC.
and progression in several types of cancer (11-14). However,

The selected differentially expressed proteins in the present
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Table III. IC50 values (mg/l) for selected reagents after siRNA treatment (mean + SD).

Treatment Control siRNA siRNA-39 siRNA-40 siRNA-41
5-Fu 677.13+52.88 332.57+30.20 373.32+31.21 248.20+19.58
Cisplatin 106.17+5.110 62.32+4.310 60.15+6.500 42.67+£3.940
Adriamycin 159.92+7.270 100.67+12.31 100.84+9.700 86.42+4 400
Vincristine 98.67+4.370 102.97+12.28 103.92+8.380 112.68+10.77
IC50, half maximal inhibitory concentration.
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Figure 7. Influence of AHSG knockdown on cell proliferation in the BEL7402 and HepG?2 cells. Suppression of AHSG in BEL7402 cells inhibits the speed
of cell multiplication, which was also observed in HepG2 cells. Bars show the standard deviation (SD). "P<0.05 as compared to the control using a Student's

t-test. AHSG, a-2-HS-glycoprotein.

their association with HCC is, by contrast, rarely reported.
Moreover, chemoresistance phenotype is a common biolog-
ical behavior in malignancy, while drug resistance may not
be an isolated event in tumor development and progression.
Thus, TMA containing 40 HCC and adjacent tissues were
employed for the immunohistochemical assay. Fig. 6A shows
the expression of AHSG, ANGPTI1, VTN, SerpinF1, NQOI,
and LCN2 in HCC, and adjacent tissues. The proteins AHSG,
ANGPTI1 and VTN were significantly upregulated in HCC
tissues compared to adjacent tissues, and the semi-quantitative
analysis described above shows the differential expression
visually, as well as the statistical significance (Fig. 6B). The
differential expression of SerpinF1 and NQOI1 was observed
in only a few locations, and there was no significant difference
in the expression of SerpinF1 and NQOI between HCC tissue
and the adjacent normal tissue. The THC results of AHSG,
ANGPT1 and VTN were coincident with MS/MS analysis of
the MDR cell line, whereas LCN2, which was a markedly
underexpressed protein in BEL7402/5-FU cells, was over-
expressed in HCC tissues compared to adjacent tissues.

Effects of AHSG on HCC cell proliferation, migration and
invasion. The experimental data on TMA, coupled with the
known information on AHSG, suggests that AHSG may not
only be connected with the MDR of HCC, but also contributes
to the progression of the cancer. In light of this, the expres-
sion of AHSG in human HepG2 and BEL7402 HCC cell lines
were knocked down by its specific siRNAs to prepare the cell
proliferation, migration and invasion assays. By measuring

the OD values following incubation with media containing
WST-8 reagent, the relative amounts of viable cells at each
specified time interval are shown in Fig. 7, showing that
AHSG-knockdown cells, HepG2 and BEL7402, exhibited
fewer cells in contrast to the control cells over time. In the cell
migration and invasion assays, however, silencing of AHSG
had little or no effect on the migration or invasion process of
HepG2 and BEL7402 cells (data not shown).

Discussion

In the present study, the secretomic profiles of the human
BEL7402 HCC cell line and its MDR cell line BEL7402/5-FU
were comparatively analyzed by mass spectrum technology
withthe assistance of iTR AQ Iabels. Cancer secretomics focuses
on proteins that are released by cancer cells and exist in the
conditioned medium of cell lines or in the proximal body fluid
of tumor tissue. Cancer secretome contains various proteins
that have been shown to participate in numerous physiological
and pathological processes such as cell signaling, immune
defense, drug delivery, differentiation, cancer angiogenesis
and invasion. Secretome is thus considered a potential source
of biomarkers and worthy of investigation in this field (15).
Studies have f