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Abstract: Chronic inflammation contributes to high risk of colorectal cancer (CRC) development. Thus, discovering
inflammation biomarkers for monitoring of CRC progression is necessary. In this study, we performed isobaric tags
for relative and absolute quantitation-based proteomic assay on CRC tissues and paired normal mucosal tissues
to identify key components in CRC pathogenesis. A total of 115 altered protein expressions were found with over
twofold difference as compared with normal controls, which were associated with various molecular functions and
biological processes. Here, we found that peroxiredoxin 1 (PRDX1) expression was higher in CRC tissues than that
of matched controls and was determined as a tumor biomarker by receiver operating characteristic curve. PRDX1
expression was significantly upregulated in NCM460 cells challenged by H,0, in a dose-dependent manner. PRDX1
depletion in SW480 cells enhanced reactive oxygen species (ROS), NO, and ONOO" production and increased the
mRNA and protein expressions of pro-inflammatory cytokines [tumor necrosis factor-a, interleukin (IL)-13, and IL-6]
and chemokines (IL-8 and CXCL1), and partly activated nuclear factor-kB p65. Overall, our findings provide data on
global alteration in the proteome of CRC tissues and reveal the potential of PRDX1 as an inflammation marker in

CRC development, suggesting a novel therapy against inflammation-associated CRC.
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Introduction

Colorectal cancer (CRC) is the third and second
most commonly diagnosed cancer in males
and females, respectively, with more than 1.2
million new cases and 600,000 deaths per
year [1]. Despite significant advances in diag-
nosis and treatment, the mortality rate of CRC
remains high [2]. CRC possesses a complicat-
ed pathologic course [3]. Chronic inflammation
is known to play a key role in CRC development
[4-6]. For instance, patients with inflammatory
bowel disease, such as ulcerative colitis and
Crohn’s disease, have higher risk of CRC devel-
opment than the healthy population [7-9]. Thus,
discovering specific and sensitive inflammation
biomarkers for assessment of CRC progression
is urgently needed. Protein biomarkers as indi-
cators of specific physiological and pathologi-
cal states can be used for diagnosis and prog-

nosis of specific cancers and for predicting
or monitoring response to treatments [10, 11].
To date, only a few proteins are employed as
inflammation biomarkers of CRC, including C-
reactive protein, tumor necrosis factor-o (TNF-
o), and serum amyloid A [12, 13]. However,
none of these proteins is recommended for
clinical screening [14]. Over the past few years,
several novel differentially expressed protein
biomarkers, such as galectin (Gal)-1/4, phos-
phatase and tensin homolog, and phosphati-
dylinositol-4,5-bisphosphate 3-kinase catalytic
subunit alpha, have been reported by applying
proteomics technologies coupled with mass
spectrometry (MS) [15-17], but most of these
biomarkers are insufficient in either specificity
or sensitivity [18, 19]. Thus, discovering reliable
infammation-related protein biomarkers that
can be measured objectively and applied in
CRC patients for diagnosis, prognosis, and pre-
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Table 1. Clinicopathological characteristics of fresh frozen tissues of four CRC cases for iTRAQ and

western blot analysis

Sample No. Gender Age (year) Location

Pathological grade

Size (cm) Lymphatic invasion TNM Stage

1 Female 59 Colon  Moderately differentiated 3 Negative lla
2 Male 68 Colon  Moderately differentiated 4 Negative Ilb
3 Female 64 Colon Well differentiated 3 Negative Ilb
4 Male 56 Colon Poorly differentiated 5 Negative lla

dicting response to treatment remains a perse-
vering task.

High-throughput and high-sensitivity proteo-
mics technologies have enabled large-scale
screening of novel cancer-specific protein bio-
markers [20-22]. Isobaric tags for relative and
absolute quantitation (iTRAQ) is a well-appro-
ved technique that is based on isotopic labeling
of proteins or peptides with differential molecu-
lar weight tags. This technique is a great alter-
native to two dimensional (2-D) electrophoresis
and possesses advantages in reproducibility,
sensitivity, and quantitative precision [23]. In
particular, differential tagging with iTRAQ cou-
pled with multidimensional liquid chromato-
graphy (LC) and MS/MS analysis is an emerg-
ing highly efficient technological process in dis-
covering an increasing panel of candidate pro-
tein biomarkers related to CRC development
[24-26].

Oxidative stress plays an important role in the
pathogenesis of various cancers [27, 28]. The
occurrence of tumor by oxidant stress caused
mainly by excessive generation of reactive oxy-
gen species (ROS) leading to structural damag-
es of DNA, such as insertions, deletions, base-
pair mutations, or rearrangements [29]. In ad-
dition, ROS can directly activate nuclear and
cytoplasmic signal transduction pathways whi-
ch contact with malignant transformation [30].
Therefore, antioxidases have been suggested
to play a functional role in tumorgenesis. Pe-
roxiredoxins (PRDX) may have a similar function
owing to their peroxidase enzyme activity. PRDX
are a protein family with complex oligomeric
structures whose members a class of thiol per-
oxidases that degrade hydroperoxides to water
[31-33]. Many species have PRDX from prokary-
otes to eukaryotes, and mammals have six dif-
ferent PRDX [34]. PRDX contain essential cata-
lytic cysteine residues and are reduced mainly
by thioredoxin (Trxs) [35]. Various types of PRDX
have diverse and even opposing functions [36],
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and reports link them to both the prevention
and promotion of cancer; the exact roles of
PRDX are not clearly elucidated [37-39]. PRDX1,
which belongs to the PRDX family, is composed
of thiol-specific antioxidant enzymes that
reduce H,0, and peroxynitrite [40, 41] and is
associated with mitigation of oxidative dama-
ge [42]. PRDX1 has been proved to be overex-
pressed in breast cancer [4 3], malignant meso-
thelioma [44] and lung cancer [45]. PRDX1 has
two conserved cysteines and belongs to 2-Cys
subgroup accordingly. The N-terminal Cys-SH
group in PRDX1 has been shown to be the pri-
mary site of oxidation and when oxidized, it rap-
idly reacts with another conserved cysteine in
C-terminus to form an intermolecular disulfide
bond [46]. Moreover, PRDX1 interacts with the
cellular oncogene products c-Abl and c-Myc
and thereby inhibits c-Abl kinase activity [47]
and c-Myc-mediated transformation [48] inde-
pendent of its antioxidant activity. Therefore,
PRDX1 acts as a tumor suppressor. However,
the biological function of PRDX1 in inflamma-
tion-associated CRC remains unclear.

In this study, we obtained comprehensive dif-
ferential protein profiles of CRC tissues and
normal controls by comparative proteomics ap-
proach (iTRAQ). Protein expression alterations
were further identified by MALDI-TOF-MS. In
particular, mRNA and protein levels of PRDX1
were markedly increased in CRC tissues as
compared with controls, and receiver operating
characteristic (ROC) curve suggests its poten-
tial as a tumor biomarker. The upregulation of
PRDX1 and its biological function were also elu-
cidated in the oxidative stress-stimulated nor-
mal colon cell line NCM460. We found the posi-
tive effect of PRDX1 knockdown on the ex-
pression changes of pro-inflammatory cytoki-
nes and chemokines as well as nuclear factor-
kB (NF-kB) p65 activation in the colon cancer
cell line SW480. Collectively, our data indicated
PRDX1 as an inflammation biomarker and ther-
apeutic target for CRC.
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Table 2. Clinicopathological characteristics and Pearson chi
square test of 80 CRC cases for expression of PRDX1 by IHC

ing was classified according to
the “UICC TNM Classification of
Malignant Tumors” [49]. Two in-

analysis
PRDX1 dependent experienced patholo-
Variable Cases Up-reg- Down- or un- P giSt.S performed histological diag-
ulated regulated Value® nosis fqr each sample. Freely ten-
Gender dered informed consents were
obtained from all patients. The
Male 44 35 ° 0.707 study was approved by the local
Female 36 24 12 ethics committee of the 150th
Age Central Hospital of PLA.
> 60 47 34 13 0.842
<60 33 99 1 Sample preparation
Location For iTRAQ and western blot analy-
Colon 22 12 10 0.130 sis, tissue samples were washed
Sigmoid 23 19 4 three times with 1 mL of PBS con-
Rectum 35 29 6 taining a mixture of protease in-
Pathological grade (differentiated) hibitors [1 mM 4-(2-aminoethyl)
Well 4 3 1 0.274 benzengsulfonyl fluoride., .10 UM
Moderately 37 31 6 leupeptin, 1 yg/ml aprotinin, and
1 pM pepstatin] as previously
Poor 39 24 15 described [50]. The samples we-
Lymph nodes invasion re then homogenized in 0.5 ml
Positive 27 25 2 0.014* of PBS with protease inhibitors
Negative 53 32 19 using a handheld homogenizer.
TNM stage Homogenates were flash frozen
| 11 8 3 0.032% in liquid nitrogen and stored at
I 26 23 3 -80°C until use. For IHC assay,
" 20 10 10 CRC tissues and paired normal
mucosal tissues were obtained,
11 23 16 7

fixed in 10% formalin, embedded

a: Pearson chi square. ®: Correctional x? tests by combining cells having “Ex-

pected Count” less than 5. *P < 0.05.

Materials and methods
Patients and specimens

CRC tissues and paired normal mucosal tis-
sues (located at least 10 cm away from the
tumor margin) were harvested from four pa-
tients for iTRAQ and western blot assays. These
four patients underwent CRC surgery at the
150th Central Hospital of Chinese People’s
Liberation Army (PLA). Sample tissues were
excised, flash frozen in liquid nitrogen, and
stored at -80°C until use. The overall clinical
pathological data of the four CRC cases are
listed in Table 1. Another 80 cases of CRC
patients (mean age 58 years old, ranging from
22 to 86) who underwent CRC resection in our
hospital between January 2010 and June 2012
were enrolled for immunohistochemical (IHC)
studies. The clinical characteristics of these 80
cases are summarized in Table 2. Clinical stag-
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in paraffin, and stored at 4°C
until use.

Protein digestion, iTRAQ labeling, and strong
cation-exchange (SCX) fractionation

Extracted protein samples from the four pairs
of CRC tissues and matched normal mucosal
tissues were pooled separately and purified
by centrifugation. Protein concentrations were
determined by Bradford assay (Bio-Rad, Ri-
chmond, CA, USA). iTRAQ labeling was per-
formed as previously described [51, 52]. In
brief, 100 ug of tissue proteins was denatured,
alkylated, and then digested. The proteins were
labeled with iTRAQ tags as follows: CRC tis-
sues-113 isobaric tag and paired normal muco-
sal tissues-115 isobaric tag. The labeled sam-
ples were combined, desalted with Sep-Pak
Vac C18 cartridge 1 cm3/50 mg (Waters, USA),
and then fractionated on a Shimadzu HPLC
system (Shimadzu, Japan) with an SCX column
(Phenomenex Luna SCX, 4.6 mm x 250 mm, 5
pum, 100 A, USA). SCX separation was per-
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formed using an integrated gradient of 0% to
100% buffer B [2 M KCI, 10 mM KH,PO, in 25%
acetonitrile (CAN), pH 3.0] in buffer A (10 mM
KH,PO, in 25% ACN, pH 3.0) and 5% to 30%
linear binary gradient at a flow rate of 1 ml/min
for 60 min. A total of 30 fractions were collect-
ed every 1 min (collection was paused when no
peaks were detected) and incorporated to 10
final fractions for HPLC-ESI-MS/MS analysis.

HPLC-ESI-MS/MS analysis

Each fraction was dried and redissolved in buf-
fer C (5% CAN). Fractions were desalted with
Strata-X C-18 Column (Phenomenex, USA). All
SCX fractions were analyzed using QSTAR XL LC
MS/MS system (Applied Biosystems, USA) and
HPLC column (Domestic C18 column, 5 um,
300 A, 0.75 mm x 100 mm, Bonna-Agela Te-
chnologies, China). The HPLC integrated gradi-
ent consisted of 5% to 80% (linear binary gradi-
ent 5% to 35%) buffer D (95% ACN, 0.1% formic
acid) in buffer C at a flow rate of 400 nl/min for
90 min.

A Q-TOF instrument was operated in positive-
ion mode with ion-spray voltage maintained at
2.5 kV. MS-based iTRAQ-labeled samples were
acquired in an information-dependent acquisi-
tion mode. The scan type was TOF-MS (TOF
masses of 400 Da to 1800 Da) with an accu-
mulation time of 0.25 s. Precursor ion selection
was based on ion intensity ( > 25 counts of pep-
tide signal intensity) and charge state (2* to 5%).
Polarity pattern was positive with ion-spray
voltage floating at 2.5 kV. Parameters for rolling
collision energy (automatically set according to
the precursor m/z and charge state) were man-
ually optimized according to the iTRAQ tags.
iTRAQ-labeled peptides were fragmented un-
der collision-induced dissociation to produce
reporter ions at 113.1 and 115.1. Fragment
ions of peptides were simultaneously produced,
resulting in sequencing of the labeled peptides
and identification of the corresponding pro-
teins. The ratios of the peak areas of the iTRAQ
reporter ions reflected the relative abundances
of peptides and proteins in the samples. The
mass spectrometer was calibrated using BSA
tryptic peptides.

Database searching, criteria, and bioinformat-
ics

Protein identification and quantification for
iTRAQ experiments were performed with Ma-
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scot version 2.3.01 (Matrix Science Inc, USA).
The Scaffold version 3.0 (Proteome Software
Inc, Portland, USA) in the Mascot software was
used for peptide identification and isoform-spe-
cific quantification. A strict cut-off value of
unused ProtScore > 2, which corresponds to a
confidence limit of 95%, was applied for protein
identification to minimize false-positive results.
At least two peptides with 95% confidence we-
re considered for protein quantification. The
resulting data set was auto bias-corrected to
preclude any variations that may be imparted
because of unequal mixing during combination
of different labeled samples. For iTRAQ quanti-
tation, the peptides were automatically select-
ed by “Pro Group algorithm” (at least one pep-
tide with 99% confidence) to calculate the
reporter peak area, error factor (EF), and P
value [53, 54]. An EF < 2 was set to satisfy the
quantification quality. P < 0.05 was considered
significant for protein quantification. Fold ch-
anges over 2 (log2 value > 0.6 or > -0.6) was
set as cut-off values in determining significant
changes in protein expression [55].

The subcellular location and function of the
identified proteins were elucidated using the
UniProt Knowledgebase (Swiss-Prot/TrEMBL,
www.expasy.org) and Gene Ontology (GEO) da-
tabase (http://www.geneontology.org/).

Cell culture

The normal colon cell line NCM460 and the
colon cancer cell line SW480 were purchased
from American Type Culture Collection. Both
cell lines were cultured in Roswell Park Me-
morial Institute 1640 medium (Gibco, BRL, UK)
supplemented with 10% fetal bovine serum
(Gibco), 100 U/ml penicillin (Invitrogen, Carls-
bad, CA, USA), and 100 pg/ml streptomycin
(Invitrogen) under humidified air with 5% CO, at
37°C.

Western blot analysis

Cytosolic and nuclear extracts were prepared
with a nuclear extract kit (Active Motif, Carlsbad,
CA, USA). NF-kB p65 levels were quantified in
nuclear fractions, whereas all other protein lev-
els were quantified in cytosolic fractions. The
final cytosolic and nuclear protein extracts we-
re boiled, separated by sodium dodecyl sulfa-
te polyacrylamide gel electrophoresis, electro-
transferred onto nitrocellulose membranes,
and then immunoblotted with primary antibod-
ies. An equivalent amount of sample was load-
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ed and probed with mouse anti--actin mono-
clonal antibody (mAb) and rabbit anti-laminin B
mADb (Sigma, CA, USA). The bands were detect-
ed using an enhanced chemiluminescence
assay kit (Pierce, Rockford, IL, USA) and quanti-
fied with Quantity One software (Bio-Rad).

Immunohistochemistry and scoring

CRC and paired control tissues were collected
to evaluate the pathological changes. All speci-
mens were fixed with 10% formalin overnight,
embedded with paraffin, non-serially sectioned
(4 um), and mounted on polylysine-covered
slides. The sections were deparaffinized in
xylene and rehydrated in a graded series of
ethanol solutions. Then, the sections were sub-
merged in citrate buffer (pH 6.0) and boiled in
an autoclave at 121°C for 3 min to retrieve the-
ir antigenicity. The slides were then cooled at
room temperature. Endogenous peroxidase
was quenched with 0.3% H,0, in methanol for
15 min. Nonspecific adsorption was minimized
by incubating the sections in 10% normal goat
serum (Gibco) in PBS for 20 min. The sections
were incubated overnight with 1:200 dilution
of primary anti-PRDX1 polyclonal antibody (Ab-
cam, Cambridge, UK) or with control solutions
of buffer or nonspecific purified rabbit immuno-
globulin G (Sigma-Aldrich, Saint Louis, USA).
Subsequently, sections were incubated with a
biotinylated secondary antibody using Chem-
Mate EnVision Kit (Dako, Hamburg, Germany)
for 15 min. The reaction products were visual-
ized with diaminobenzidine (DAB) substrate
(Maixin Biotech., Fuzhou, China) as chromogen.
The sections were counterstained with com-
mercial hematoxylin (Maixin Biotech.), dehy-
drated, and mounted under light microscope
(Leica, Wetzlar, Germany).

Two experienced pathologists observed and
evaluated all stained sections in a blinded man-
ner for DAB-positive staining. Five views were
examined per slide, and 200 cells were ob-
served per view at x 200 magnification. Cyto-
plasmic and nuclear immunostaining in cells
was considered positive staining. In case of dis-
crepancy, the sections were re-evaluated until
a consensus was obtained. The scoring ap-
proach for the assessment of IHC staining was
relatively simple and highly reproducible based
on percentage prevalence and intensity of posi-
tive cells within the tumor [56]. The scores rep-
resenting the extent of positively stained tumor
cells were as follows: 0, 0%; 1, 1%-30%; 2,
31%-60%; and 3, > 60%. Intensity was estimat-
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ed and expressed as 0, 1, 2, and 3 for negative,
weak, moderate, and strong staining, respec-
tively. The combination of the extent (E) and
intensity (I) was obtained by the product of E x
| called El, which varied from O to 9 for each
spot and was employed as the final staining
score. Based on the final scores, tumor tissues
were divided into two types, namely, low-level
PRDX1 group (with a score < 3) and high-level
PRDX1 group (with a score > 3).

Immunocytochemical staining

After different treatments, the cells were fixed
with 4% formaldehyde diluted in PBS for 5 min
and then washed three times with PBS. Su-
bsequently, the cells were mixed with anti-
PRDX1 antibody, applied to the sections, and
incubated overnight at 4°C. The cells were
washed three times again with PBS, incubated
with Alexa Fluor 488-labeled secondary anti-
bodies at room temperature for 1 h, and ob-
served under a fluorescent microscope (BX51,
Olympus, Tokyo, Japan). Positive cells in six
fields of each culture were counted.

Transit transfection with siRNA

Small interfering RNA (siRNA) duplexes corre-
sponding to PRDX1 and scrambled siRNA were
obtained from Invitrogen. Transient transfec-
tion of siRNAs was carried out using lipofec-
tamine® 2000 transfection reagent (Invitrog-
en). siRNA (100 nM) was formulated with lipo-
fectamine® 2000 transfection reagent accord-
ing to the manufacturens instructions.

Measurement of intracellular ROS

Intracellular accumulation of ROS was deter-
mined by measuring the oxidative conversion of
2’ 7’-dichlorofluorescin diacetate (DCFH-DA) to
the fluorescent compound dichlorofluorescin
(DCF). In brief, cells that were seeded in 96-well
plates and underwent various treatments for
the indicated time intervals were incubated
with DCFH-DA solution (15 uM, final concentra-
tion) for 0.5 h at 37°C. DCF fluorescence was
determined at 485 nm excitation and 520 nm
emission using a fluorescence microplate read-
er (Safire2, Tecan, Switzerland). All measure-
ments were performed in triplicate.

Measurement of NO production

At the indicated time points, cells subjected to
various treatments were harvested and NO pro-
duction was assayed. The chemical determina-
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Table 3. Details of primers for quantitative RT-PCR

WI, USA). Quantitative real-

Gene  Forward Reverse

time PCR (qPCR) was per-

B-actin  5’-GCACCGTCAAGGCTGAGAAC

IL-6 5’-TCTCCACAATTCGGTCCAGTT
IL-8 5-GGCAGCCTTCCTGATTTCTG
IL1B  5-GCCTGAAGCCCTTGCTGTAGT

5’-GGATCTCGCTCCTGGAAGATG
CXCL1 5’-AGTCATAGCCACACTCAAGAATGG 5-GATGCAGGATTGAGGCAAGC
5’-CAACACCAGGAGCAGCCC
5’-CTTGGCAAAACTGCACCTTCA
5’-GCGGCATCCAGCTACGAAT
TNF-o  5'-AGGGATGAGAAGTTCCCAAATG ~ 5-TGTGAGGGTCTGGGCCATA

formed using a standard 1Q-
TM SYBR Green Supermix
kit (Bio-Rad), and PCR-speci-
fic amplification was asses-
sed by Mastercycler® ep re-
alplex (Eppendorf, Hamburg,

tion of NO is based on the diazotization of sulfa-
nilamide with NO at acidic pH and the su-
bsequent oxidation of scopoletin, which can be
detected by fluorophotometry as described pre-
viously [57].

Analysis of ONOO release ratio

ONOO" was synthesized, titrated, and stored as
previously described [58, 59]. ONOO" was mea-
sured by luminol-amplified chemiluminescence.
All emitted photons were measured using a
Berthold AutoLumat LB953 Luminometer (Dr
Berthold GmbH & Co. KG, Wildbad, Germany).
Cells (108 cells per 0.5 ml of PBS) subjected to
various treatments were placed in a vial. Light
emission was recorded by a computer interface
and reported as the integrated light emission
for a total period of 0.05 s-1.00 s. The results
were calculated in counts per second. Chemi-
luminescence responses were converted to
picomoles of ONOO" using a standard curve
constructed with various concentrations of
pure ONOO-.

Measurement of cytokine and chemokine
production

Cytokine and chemokine levels of TNF-q, inter-
leukin (IL)-1B, IL-6, IL-8, and CXCL1 in the cell
culture medium were measured using commer-
cially available enzyme-linked immunosorbent
assay (ELISA) kits (R&D Systems, Minneapolis,
MN, USA). Optical density was measured on
an ELISA plate scanner (CA94089, Molecular
Devices, Sunnyvale, Canada). All experiments
were performed according to the manufactur-
ers’ instructions [60].

RNA extraction and quantitative real-time PCR

Total RNA was extracted from 100 mg of tissue
samples or 1 x 10° cells using TRIzol reagent
(Invitrogen) according to the manufacturer’s
protocol. The harvested RNA was diluted to a
concentration of 1 pg/ul, packaged, and pre-
served at -80°C. cDNA was generated using a
Reverse Transcription Kit (Promega, Madison,
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Germany). B-actin was used
as endogenous control. The
relative level of PRDX1 was calculated via the
comparative 222t method [61]. Primer sequ-
ences used are listed in Table 3.

Statistical analysis

Statistical analyses were conducted with SP-
SS 19.0 software (Chicago, IL, USA). Wilcoxon
signed-rank test was used to compare the qual-
itative variables of IHC results between the
CRC tissues and paired normal mucosal tis-
sues. Pearson x? or correctional x? tests were
employed to analyze the correlation between
the differential expression of indicated prote-
ins and clinicopathologic characteristics of pa-
tients. Risk factors that could affect the expres-
sion of potential protein biomarkers were ana-
lyzed by logistic regression. ROC curves were
used to determine the diagnostic values of the
markers.

Results

iTRAQ 2D-LC-MS/MS-based quantitative pro-
teome analysis

Given that the 2D-LC-MS/MS method provides
a great alternative to gels, a newly developed
iTRAQ technique was used in this study to com-
pare protein expressions between CRC and
matched normal mucosal tissue. A total of 568
proteins were identified in the tissues. Among
these proteins, 115 [45 upregulated (Table 4)
and 70 downregulated (data not shown)] were
identified to be differentially expressed in the
tissues by the twofold cut-off value for upregu-
lation and downregulation. Representative MS/
MS and MS spectra for one peptide identified
from PRDX1 are shown in Figure 1.

Bioinformatics analysis of differentially ex-
pressed proteins

According to the annotations from the UniProt
Knowledgebase (Swiss-Prot/TrEMBL) and GEO
database, 76.9% of the differentially expressed
proteins were located in more than one cellular
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Table 4. iTRAQ ratios of up-regulated proteins in CRC tissues

No. Name Aﬁzﬁzzn Gene Name M\?\/I:i;fr T/N®
1 Vimentin gi1340219 VIM 54 kDa 2

2 Purine-nucleoside phosphorylase gi| 157168362 PNP 32 kDa 21
3 Enoyl coenzyme A hydratase 1, peroxisomal gi116924265 ECH1 36 kDa 21
4 Extracellular superoxide dismutase [Cu-Zn] precursor £i1118582275 SOD3 26 kDa 2.1
5 Thiosulfate sulfurtransferase gi| 17402865 TST 33 kDa 2.1
6 6-phosphogluconolactonase gi16912586 PGLS 28 kDa 2.1
7 78 kDa glucose-regulated protein precursor gi1 16507237 HSPAS 72 kDa 2.2
8 Glutathione S-Transferase pi gi1 119595056 GSTP1 19 kDa 2.2
9 Lamin A/C, isoform CRA_c gi1 119573383 LMNA 87 kDa 2.3
10 Prohibitin gi|4505773 PHB 30 kDa 2.3
11 Actin-related protein 2/3 complex subunit 2 gi|5031599 ARPC3 34 kDa 2.3
12 Annexin A1 gi1119582950 ANXA3 40 kDa 2.4
13 Syndecan binding protein (syntenin), isoform CRA_a €i1119607218 SDCBP 35 kDa 2.4
14 Plectin isoform 1e gi141322908 PLEC 514 kDa 2.5
15 Cathepsin B gi116307393 CTSB 38 kDa 2.5
16 Keratin 6B, isoform CRA_a gi1 119617032 KRTEB 60 kDa 2.5
17 Heterogeneous nuclear ribonucleoprotein A1 gi1111306451 HNRNPA1 34 kDa 2.5
18 GTPase activating protein 1 gi1141797011 IQGAPL 189 kDa 2.5
19 Glutathione peroxidase gi12160390 GPX 26 kDa 2.5
20 Annexin A3, isoform CRA_b gi1119626228 ANXA3 40 kDa 2.5
21 Fibronectin 1, isoform CRA_h £i1119590943 FN1 256 kDa 2.6
22 Transforming growth factor-beta-induced protein ig-h3 precursor gi|4507467 TGF-B IG-H3 75 kDa 2.6
23 Tropomyosin alpha-4 chain isoform 2 gi|4507651 TPM4 29 kDa 2.6
24 Cathepsin G preproprotein gi14503149 CTSG 29 kDa 2.6
25 Galectin-4 gi|15453712 Gal-4 36 kDa 2.6
26 Myosin heavy chain 9 gi112667788 MYH9 227 kDa 2.7
27 Oncogene family, isoform CRA_c £i1119618923 RAB1B 26 kDa 2.7
28 Dihydropyrimidinase-like 3 gi124659471 DPYSL3 62 kDa 2.8
29 Rho GDP-dissociation inhibitor 1 isoform a gi|4757768 RhoGDIA 23 kDa 2.8
30 Adaptor-related protein Complex 1, beta 1 subunit, isoform CRA_b gi1119580203 AP1B1 104 kDa 2.8
31 Lumican precursor gi|4505047 LumMm 38 kDa 2.9
32 Thymidine phosphorylase gi1 17390355 TYMP 50 kDa 2.9
33 Catechol-O-methyltransferase, isoform CRA_b gi1119623416 COMT 34 kDa 2.9
34 Fibulin-1 isoform D precursor gi| 13661193 FBLN1 77 kDa 2.9
35 Glutathione peroxidase 1 gi1 156602648 GPX1 22 kDa 2.9
36 CAPNS1 protein gi115080279 CAPNS1 34 kDa 3.1
37 Peroxiredoxin-1 gi|4505591 PRDX1 22 kDa 3.2
38 Thrombospondin 2 gi1148922238 THBS2 130 kDa 3.3
39 T200 leukocyte common antigen precursor, partial gi110999057 CD45 128 kDa 3.3
40 Phosphoglycerate kinase 1 gi|4505763 PGK1 45 kDa 3.4
41 Peroxiredoxin-6 gi|4758638 PRDX6 25 kDa 3.6
42 Coagulation factor XIII A chain precursor gi1119395709 Factor XIII-A 83 kDa 4

43 Ribosomal Protein S6 gi120381196 RPS6 29 kDa 4.1
44 Chloride intracellular channel protein 1 gi1 14251209 CLIC1 27 kDa 4.1
45 Rho Guanine Nucleotide Dissociation Inhibitor 2 gi| 56676393 RhoGDI2 23 kDa 4.2

a. T/N: The ratio of quantity analysis between CRC tissue and normal tissue.

component. In brief, 53.8%, 53.8%, 69.2%,
69.2%, 23.1%, 38.5%, and 7.7% of the proteins
were located in the cell, cell part, extracellular
region, extracellular region part, macromolecu-
lar complex, organelle, and organelle part,
respectively (Figure 2). Furthermore, 25.46%,
30.77%, 66.67%, and 41.3% of the proteins
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were located in the extracellular region, plasma
membrane, cytoplasm, and nucleus of cells,
respectively (Figure 2). Cytoplasmic proteins
were located in the cytosol, intermediate and
keratin filaments, mitochondrion, endoplasmic
reticulum lumen, melanosome, and trans-Golgi
network vesicles. Nucleic proteins were found

Am J Transl Res 2016;8(2):842-859
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in the nuclear matrix, nucleoplasm, nucleolus,
nuclear speck, ribonucleoprotein complex, and
nuclear inner membrane. We further analyzed
the protein function using the UniProt Know-
ledgebase (Swiss-Prot/TrEMBL) and GEO data-
base. The following molecular function and bio-
logical processes were observed to change
more frequently: binding (84.6%), response to
stimulus (84.6%), biological regulation (76.9%),
cellular process (69.2%), and metabolic pro-
cess (69.2%). A total of 83.6% of differentially
expressed proteins were involved in more than
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one molecular function and biological process.
A more detailed data are shown in Figure 2.

Validation of PRDX1 as a potential candidate
protein marker

PRDX1 is a member of the PRDX family that is
nonclassically secreted from cells and acts as
a mediator of inflammation in prostate cancer
[62, 63]. Therefore, attention was focused on
PRDX1, which showed a robust expression
change in CRC tissues (3.2-fold increase, Table
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4) in this study. qPCR, western blot, and IHC
assays were performed to verify the iTRAQ
results and assess the differential patterns of
PRDX1 in CRC and paired control tissues.
Figure 3A-C showed that both mRNA and pro-
tein levels of PRDX1 were increased in CRC tis-
sues as compared with control tissues, which is
consistent with the results from the iTRAQ
experiments. In addition, PRDX1 expression
was verified by IHC assay in 80 cases of human
CRC tissues at stages |, lla, llb, and Il and
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paired normal mucosa tissues (Figure 3D). The
PRDX1 scores between CRC tissues and nor-
mal mucosa tissues showed statistically signifi-
cant differences (P < 0.01, Figure 3E), which
agrees with the data obtained by both iTRAQ
and western blot analysis.

Diagnostic value of PRDX1

Cut-off values for PRDX1 were determined as
scores 2 and 3 to distinguish CRC from normal
mucosa tissues by comparing the sums of sen-
sitivity and specificity of various diagnostic cri-
teria. These criteria were setas |, II, lll, IV, V, VI,
and VIl (scores >0, 1, 2, 3, 4, 5 and 6, respec-
tively). The area under the ROC curves of PRDX1
was 0.847, which showed relatively high diag-
nostic accuracies (Figure 4).

Oxidative stress causes upregulation of PRDX1
in NCM460 cells

PRDX1 expression could be elevated under oxi-
dative stress in A549 cells [64]. PRDX1 has
been reported to be secreted from tumor cells
[65]. Therefore, we examined whether PRDX1
concentration is upregulated in the culture
medium in NCM460 cells under H,0,. We ex-
posed NCM460 cells to a dose range of H,0, (O

Am J Transl Res 2016;8(2):842-859
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UM-300 uM) for O, 12, or 24 h and found that
both mMRNA and protein levels of PRDX1 were
increased in a dose-dependent manner (Figure
5A-C). Immunocyto-chemical staining was con-
sistent with the prior dose-dependent effect on
the PRDX1 expression (Figure 5D). PRDX1 con-
centration in the media by ELISA increased in a
dose-dependent manner after H,0, treatment
as compared with the control (Figure 5E). These
results indicate that exposure of normal colon
cells to H,0, enhanced the expression level of
PRDX1.

Effect of PRDX1 depletion on ROS, NO, and
ONOO production in colon cancer cells

A PRDX1 sequence-specific sSiRNA mimics was
transfected into colon cancer SW480 cells to
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explore the effect of PRDX1 on CRC deve-
lopment. Figure 6A showed that the PRDX1
mRNA level in siPRDX1 group was significan-
tly decreased compared with the mock and
siScramble groups. The results from western
blot, immunocytochemical staining, and ELISA
assays also showed that siPRDX1 efficien-
tly inhibited PRDX1 expression (Figure 6B-E).
PRDX1 belongs to a family of PRDX with six iso-
forms that protect cells against oxidative stress
[62, 63]. High levels of ROS are produced to
activate redox-sensitive transcription factors
and downstream genes regulated in colon can-
cer cells [66]. In this study, SW480 cells highly
expressed ROS and PRDX1 knockdown signifi-
cantly increased the production of ROS, NO,
and ONOO" in SW480 cells (Figure 6F-H). These
data suggest that PRDX1 functioned as a nega-

Am J Transl Res 2016;8(2):842-859



PRDX1 as a marker for colorectal cancer

A, 20 B C 10
® 2
> = ® 2
B 151 Mock siScramble siPRDX1 £ 08
s § 061
Z 2101 PROXT W W W DO
E g 2 0.4
52 5 # p 3 0.24
4 2o.
o o
0.0-
Mock siScramble siPRDX1 Mock siScramble siPRDX1
D | 000- E F 100- Foo..
B 8
N £ 3804 g
x ~ 8004 = g _ 4
g8 2 s3
o o 600 3 285
-] € ]
@ o 400 g 40 §3,.
g E * £ # e 8
§§ 200+ s 20 § 14
£ : :
Mock siScramble siPRDX1 E Mock siScramble siPRDX1 Mock  siScramble siPRDX1
G 300+ H 800+
o * & = 7001 .
g E 2507 S E
2 S . 6007
e 4 2007 o 4 5007
2 8 1501 g 8 4001
o S 100; 5 2 30
= o o © 200
° E . =
x5 50 o 5100-
0- 0-

Mock siScramble siPRDX1

Mock siScramble siPRDX1

Figure 6. PRDX1 silencing inhibited ROS, NO, and ONOO" production in colon cancer cells. SW480 cells were trans-
fected with PRDX1 or scramble siRNA for 24 h. (A) Expression of PRDX1 mRNA in siPRDX1-treated SW480 cells was
examined by qPCR. B-actin was used as the internal control. (B) PRDX1 protein levels in siPRDX1-treated SW480
cells were analyzed by western blot. (C) Relative quantity of PRDX1 normalized to B-actin. (D) Immunocytochemical
staining showing PRDX1 expression levels in all groups. (E) Secreted PRDX1 levels in media from different groups
as determined by ELISA. The production of ROS (F), NO (G), and ONOO" (H) in various groups was calculated. All fig-
ures are representative of three independent experiments performed in triplicate. Data are expressed as means +
SD. Statistical significance: *P < 0.05 vs Mock and siScramble groups; *P < 0.01 vs Mock and siScramble groups.

tive regulator of oxidative stress in colon can-
cer cells.

PRDX1 silencing promoted inflammation in
colon cancer cells

The NF-kB signaling pathway plays a critical
role in regulating proinflammatory cytokine and
chemokine production [67]. Nucleic and cyto-
solic fractions of the cell lysates were extracted
and the expression of NF-kB p65 protein was
analyzed by western blot analysis to investigate
the effect of PRDX1 on the nuclear transloca-
tion of NF-kB p65. As shown in Figure 7A (lower
panel) and 7C, the depletion of PRDX1 caused
considerable increase of nuclear NF-kB p65
levels and simultaneous significant decrease of
cytosolic NF-kB p65 levels [Figure 7A (upper
panel), 7B] in SW480 cells compared with the
siScramble- and mock-treated groups. The ef-
fects of siPRDX1 on mRNA and protein expres-
sions of proinflammatory cytokines and chemo-
kines (TNF-a, IL-1B, IL-6, IL-8, and CXCL1) in
SWA480 cells were also investigated by qPCR
and ELISA. As shown in Figure 8, PRDX1 kno-
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ckdown in SW480 cells caused a significant
increase in TNF-a, IL-1B, IL-6, IL-8, and CXCL1
expressions compared with the siScramble-
and mock-treated group. These findings sug-
gest that PRDX1 expression modulated the
expression of proinflammatory cytokines and
chemokines as well as regulated NF-kB p65
activation in colon cancer cells.

Discussion

Proteomics provides unique tools for the high-
throughput screening of biomarkers and thera-
peutic targets that have potential for prevent-
ing and curing cancer. Therefore, proteomics
can possibly help translate basic science dis-
coveries into the clinical practice of personal-
ized medicine [68]. The high-throughput pro-
teomic technique iTRAQ can be used to label
four or eight samples simultaneously for cancer
biomarker identification; thus, iTRAQ emerges
as a great methodology for discovering disease
biomarkers [69, 70]. In this study, we compared
protein expression levels in CRC tissues and
matched normal mucosa samples by using the

Am J Transl Res 2016;8(2):842-859



PRDX1 as a marker for colorectal cancer

A ¥ B

@6‘\0 Q“:\ [=] 0.6

o J i =
& F K & 0.5
practin G (> = %1
€ 0.2

L 2
p-NF-xB p6s [I—— (5 . 01
Lamin & G (2 00"

Mock

min B ratio
-
i

0
siScramble siPRDX1 Mock siScramble siPRDX1

Figure 7. PRDX1 depletion promoted NF-kB p65 activation in SW480 cells. After 24 h of siPRDX1 or siScramble
transfection, the protein expressions of NF-kB p65 in cytosol and in nuclear fragments of SW480 cells were ana-
lyzed by western blot. A. Protein levels of NF-kB p65 in cytosol extracts and p-NF-kB p65 in nuclear extracts. B-actin
and lamin B were used as loading controls. B. Relative density of NF-kB p65 normalized to B-actin. C. Relative
quantity of p-NF-kB p65 normalized to lamin B. All figures are representative of three independent experiments per-
formed in triplicate. Data are expressed as means * SD. Statistical significance: *P < 0.05 vs Mock and siScramble

groups; #P < 0.01 vs Mock and siScramble groups.

iTRAQ-based proteomic method. Proteomic an-
alysis revealed 115 differentially expressed
proteins, of which 45 were upregulated (Gal-4,
PGK1, ribosomal protein S4, ribosomal protein
S5, annexin A5, molecular chaperone GRP7S8,
PRDX1, PRDX6, etc.) and 70 were downregulat-
ed (FABP1, apolipoprotein A-IV precursor, cyto-
chrome b-c1 complex subunit 2, MHC class |
antigen, HSP9O, cytokeratin 9, etc.) in CRC tis-
sues as compared to the normal control. Fu-
nctional and positional analyses showed that
the aforementioned differentially expressed
proteins were mainly associated with biological
processes of binding (84.6%), response to stim-
ulus (84.6%), biological regulation (76.9%), cel-
lular process (69.2%), and metabolic process
(69.2%) through the Swiss-Prot and GEO data-
bases. Notably, overexpression of the inflam-
mation-related molecule PRDX1 was verified by
western blot, gPCR, and IHC analysis. An in
vitro study using the NCM460 cell model sho-
wed that PRDX1 expression was upregulated
under H,0, exposure. Moreover, PRDX1 deple-
tion enhanced ROS, NO, and ONOO" production
in SW480 cells. PRDX1 knockdown also in-
creased NF-kB p65 activation and the produc-
tion of proinflammatory cytokines and chemo-
kines in SW480 cells. Findings from the curr-
ent study provide a novel insight into the me-
chanisms underlying inflammation-associated
CRC.

Chronic inflammation has been reported to
increase the risk for developing more severe
CRC, indicating the significance of inflamma-
tion in CRC [71]. In this study, changes in 45
proteins that were upregulated involved in cel-
lular metabolism and the pathogenesis of CRC
(Table 4). For example, Gal-4 is proved to be an
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important molecule in elucidating the biology of
CRC; it has a tumor suppressive effect in CRC
cells in vitro through its inhibitory ability of Wnt
signaling pathway [72]. Glutathione peroxidas-
es (GPXs) are selenium-dependent antio-
xidant enzymes, which can detoxify hydrogen
peroxide and many lipid hydroperoxides [73].
Decreased activity of these GPXs may increase
oxidative stress and damage several biomole-
cules, which may promote neoplastic transfor-
mation in affected tissues [74]. Excess ROS or
active nitrogen species (RNS) may also trigger
and accelerate chronic inflammation, which is
considered a risk factor for CRC [75]. Wheth-
er the other proteins that showed differential
expression play roles in CRC pathogenesis re-
mains unknown and needs further investiga-
tion.

PRDX1 was the significantly overexpressed pro-
tein in CRC tissues compared with the normal
control as examined by iTRAQ. Given this find-
ing, we explored the specific role of PRDX1 in
CRC development. We further validated the
overexpression of PRDX1 by gPCR, western
blot, and IHC in CRC tissues. PRDX1 belongs to
the PRDX family that reduces peroxides, such
as H,0, [76]. Interestingly, PRDX1” mice dev-
elop several cancers at increased frequency
[77]. PRDX1 is not a traditional tumor inhibitor
because re-expression of PRDX1 in cancer
cells fails to induce cell death [78]. PRDX may
act as a messenger of oxidative damage in nor-
mal tissues that are exposed to increased met-
abolic oxidative stress [79, 80]. Various oxida-
tive stress stimuli, including H,0, and sulfhyd-
ryl reactive agents, can upregulate the PRDX1
expression in mouse peritoneal macrophages
[81, 82]. Two oxidative stress-sensitive tran-
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scription factors, namely, NF-E2 related factor
(Nrf) 1 and Nrf2, interact with MafG to upregu-
late the transcription of many antioxidant ge-
nes, including PRDX1 when activated by oxida-
tive stress [83-85]. In the present study, we
investigated whether the expression of PRDX1
could be increased in NCM460 under H,O,
exposure. Our results verified that PRDX1 ex-
pression upregulated in a dose-dependent ma-
nner at 12 or 24 h. Notably, the level of PRDX1
in conditioned media was higher after 12 h
H,0, treatment than that after 24 h H,0, treat-
ment. Thus, we speculate that the quantity of
PRDX1 secreted from the cells may be time
dependent, but this speculation needs fur-
ther investigation. Collectively, upregulation of
PRDXI expression in NCM460 cells by H,0,
treatment was considered a cellular response
to oxidative stress.

PRDX1 plays a rheostat role in regulating ge-
ne transcription by controlling cellular ROS in
maintaining homeostasis. ROS also partici-
pated in various cellular functions, including
cell proliferation, differentiation, and apopto-
sis [86]. ROS accumulation promotes nuclear
translocation of NF-kB p65 and then activates
the NF-kB p65 signaling pathway, resulting in a
series of pro-inflammatory gene transcription
[87]. We depleted PRDX1 in SW480 cells to
investigate the effect of PRDX1 on inflammato-
ry processes in CRC progression. Some results
showed that PRDX1 knockdown increased the
production of ROS, NO, and ONOO". We also
observed that PRDX1 depletion in SW480 cells
promoted NF-kB p65 nuclear translocation and
increased the production of pro-inflammatory
cytokines and chemokines (TNF-«, IL-1(3, IL-6,
IL-8, and CXCL1). These results indicate that
PRDX1 inhibited inflammatory processes pos-
sibly via the NF-kB p65 signhaling pathway. This
study provided novel insights into the anti-
inflammatory mechanism of PRXD1 in CRC and
revealed that PRDX1 may be a biomarker for
detection of cancer progression.

In summary, our findings provide data on global
alteration in the proteome of CRC tissues and
confirm that PRDX1 is a potential biomarker of
inflammation-associated CRC. PRDX1 expres-
sion was significantly upregulated in NCM460
cells exposed by H,0, in a dose-dependent
fashion. PRDX1 depletion in SW480 cells en-
hanced ROS, NO, and ONOO" production, and
increased the mRNA and protein levels of pro-
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inflammatory factors (TNF-«, IL-1jB, IL-6, IL-8,
and CXCL1), and partly activated NF-kB p65 in
CRC cells. This discovery has an important
implication in elucidating the molecular mecha-
nisms in inflammation-associated CRC and
suggests that PRDX1 is a potential therapeutic
target against CRC.
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