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iTRAQ-based quantitative proteomic analysis of cervical cancer
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Abstract. Cervical cancer is the seventh most common cancer
overall and the third among females. To obtain systematic
insight into the protein profile that participates in cervical
tumor oncogenesis and improve the current target therapies,
iTRAQ labeling and NanoLC-MS/MS analysis were utilized
to detect differentially expressed proteins in cervical cancer.
As a result, 3,647 proteins were identified, among which the
expression levels of 294 proteins in cervical cancer samples
were distinct from the paired non-tumor samples. Further vali-
dation of the differentially expressed proteins, including G6PD,
ALDH3AL1, STAT1 and HSPBI1, was carried out via gRT-PCR,
western blot analysis and tissue microarray. Functional
analysis of one of the highly expressed proteins, G6PD, was
performed using RNA interference. Attenuated G6PD expres-
sion reduced the capacity of HeLa cells to migrate and invade
in vitro. Our investigation complemented the understanding
of cervical cancer progression. Furthermore, the present study
supports the notion that suppressing the expression of G6PD
may be a promising strategy in developing novel cancer thera-
peutic drugs.

Introduction

Cervical tumor is the seventh most common cancer overall
and the third among women (1). Annually, more than 500,000
new cases of invasive cervical carcinoma are diagnosed glob-
ally, representing ~10% of all cancers in females. Furthermore,
80% of the cases occur in developing countries and the
survival rate is still poor (2). Although significant advances

Correspondence to: Professor Qian Gao, Center for Translational
Medicine, Nanjing University Medical School, 22 Hankou Road,
Nanjing, Jiangsu 210093, P.R. China

E-mail: gian_gao@nju.edu.cn

Dr Yixuan Yang, Department of Infectious Diseases, Second
Affiliated Hospital of Chongqing Medical University, 74 Linjiang
Road, Chongging 400010, P.R. China

E-mail: yixuan.yang@hotmail.com

Key words: cervical cancer, G6PD, iTRAQ, proteomics, RNAi

have been made in cervical cancer diagnosis, late stage diag-
nosis and poor survival are major challenges. As infection by
human papillomavirus (HPV) types 16 and 18 has been shown
to be a central causal agent for cervical cancer (3,4), consensus
panels of the International Agency for Research on Cancer
(IARC) and WHO concluded that there is enough justification
to evaluate HPV testing as an adjunct to Papanikolaou (Pap)
smear screening for cervical cancer (5,6). However, due to the
lack of knowledge regarding the development and progression
of cervical cancer, it still has one of the highest mortality rates
among the common malignancies in women. It is urgent to
provide insight into the mechanism of cervical cancer, with the
expectation of finding more effective and alternative molecular
targets for treatment of this disease.

Comparative proteomic analysis provides a comprehensive
evaluation of protein expression, and has been widely applied
in cancer research (7). For example, Annexin A2 (ANXA2)
was demonstrated as a factor linked to cell transformation
and oncogenesis in cervical cancer via two-dimensional
electrophoresis (2-DE) and MALDI-TOF mass spectrometric
analysis (8). Based on 2-DE analysis between human cervical
squamous cell carcinoma (SCC) and normal cervical tissues,
overexpression of cytokeratin-19 was linked to prosoplasia
and uncontrolled proliferation of cervical epithelial tissue (9).
In another investigation, differences in the abundance of
zinca-2-glycoprotein (ZAG) in serum between endometrial
adenocarcinoma patients and cervical tumor patients were
examined by 2-DE with silver staining. Moreover, ZAG
was identified as an indicator linked to the development of
cachexia (10). However, considerable inter-gel variation, low
sensitivity and excessive time/labor costs are common disad-
vantages with the standard 2-DE approach (7,11).

Isotope-based quantitative proteomics have been
employed in analyzing post-translational modifications or
discovering biomarkers. Compared to other isotope-based
technologies, such as isotope-coded affinity tags (ICAT), 180
and stable isotope labeling with amino acids in cell culture
(SILAC) (12-14), the isobaric tags for relative and absolute
quantitation (iTRAQ) method is deemed to be outstanding,
since it can analyze multiple samples in one experiment for
simultaneous analysis. In the present study, iTRAQ labeling
coupled with high resolution mass spectrometry was carried
out to detect the difference in proteins between cervical cancer
and non-cancer samples. We expected to find host proteins
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Table I. Experimental procedures of high performance liquid chromatography (HPLC) for peptide fractionation and

NanoLC-MS/MS analysis.

RP-HPLC for peptide fractionation

NanoLC-MS/MS analysis

Mobile phase A Mobile phase B Mobile phase A Mobile phase B
Gradient (20 mM ammonium  (80% acetonitrile with 20 mM  Gradient (2% acetonitrile with  (98% acetonitrile with
elution formate, pH 10.0) ammonium formate, pH 10.0) elution 0.1% formic acid) 0.1% formic acid)
0 min 95% 5% 0 min 95% 5%
5 min 95% 5% 5 min 95% 5%
25 min 77% 23% 85 min 75% 25%
40 min 55% 45% 105 min 50% 50%
41 min 10% 90% 106 min 20% 80%
45 min 10% 90% 110 min 20% 80%
46 min 95% 5% 111 min 95% 5%
60 min 95% 5% 120 min 95% 5%

Detector: UV 220 nm

Detector: Triple-TOF 5600 MS/MS

RP-HPLC for peptide fractionation: column, Gemini-NX C18 (4.6 mm x 250 mm, 5 gm 110 10%; Phenomenex, Torrance, CA, USA); flow rate:
800 p1/min. NanoLC-MS/MS analysis: column, C18 trap (5 ym, 0.3 mm x 5 mm; Agilent Technologies, Palo Alto, CA, USA); house-packed

NanoLC C18 (200 A, 5 ym, 75 pym x 10 cm); flow rate, 300 nl/min.

associated with cervical cancer that could be potential targets
for diagnosis or future treatment regimens.

Materials and methods

Tissues and cell line. The present study was approved by
the Institutional Review Board for Human Subject Review.
Written informed consent was obtained from all the patients
in accordance with the revised Helsinki Declaration. A total
of 8 human cervical cancer samples and 8 paired non-cancer
samples were collected at the Second Affiliated Hospital
of Chongqing Medical University. The HeLa cell line was
purchased from the Cancer Research Department of China
Medical Science Institute.

iTRAQ labeling and peptide fractionation. Total proteins
(100 pg) extracted from each sample were denatured, cysteine
blocked, and digested as described in the standard protocol of
the iTRAQ kit (AB Sciex, Framingham, MA, USA). Pooled
non-tumor samples were labeled with iTRAQ tags 113 and 115,
and tags 114 and 116 were used to label pooled cervical tumor
samples. The labeled peptides were pooled in 1:1:1:1 ratio
and lyophilized. The mixture was separated with an LC-30
high performance liquid chromatography system (Shimadzu,
Kyoto, Japan) by gradient elution. The detailed procedures are
shown in Table I. Ten fractions were collected and lyophilized
for further analysis.

NanoLC-2D-TripleTOF 5600 analysis. A Triple TOF 5600
system coupled to an Eksigent NanoLC-2D system (AB Sciex)
was used for protein identification and quantization. Each frac-
tion was separated in a 2-h gradient elution by the NanoLC-2D
system (Table I). The mass spectrometer was set in the positive
ion mode at a mass range of 350-1,500 m/z, with a 0.25-sec
accumulation time, followed by information-dependent acqui-

sition (IDA). The top 30 precursor ions within each cycle were
automatically selected for fragmentation, with each MS/MS
spectrum accumulated for 0.1 sec (100-1,500 m/z).

ProteinPilot v.4.5 software (AB Sciex) was used for data
search against the UniProt database. The standard searching
parameters and false discovery rate analysis were set. A
threshold of confidence >99% and a local false discovery
rate (FDR) of <1% were used for both protein identifica-
tion and quantitative analysis. More than 2 unique peptides
were required for protein identification. P-values <0.01 were
required for relative quantification. The PeakView 1.1 software
was used to extract ion chromatograms.

Quantitative real time-PCR analysis (qRT-PCR). Total RNA
was extracted using the RNeasy Mini kit (Qiagen, Hilden,
Germany),and 100 ng of total RNA was reverse transcribed into
cDNA using the PrimeScript RT reagent kit (Takara, Dalian,
China). qRT-PCR assays were performed on an ABI 7900HT
system with TagMan kits. Primers for G6PD (Hs00166169-m1),
STAT1 (Hs01014007_m1), HSPB1 (Hs03044127_gl),
DCN (Hs00466796_CE), ALDH3A1 (Hs00964880_m1l),
EPX (Hs00417510_CE), PRG3 (Hs00196082_m1), OGN
(Hs00247901_m1), CRNN (Hs00211833_m1), AGR2
(Hs00356521_m1), ORM2 (Hs00301996_CE) and GAPDH
(Hs02758991_gl) were used. Each sample was run in trip-
licate, and all reactions were performed at least twice. The
2-2%T method was used for data analysis.

Western blot analysis. Total protein (20 ug) extracted from each
tissue sample was separated by SDS-PAGE, and transferred
to polyvinylpyrrolidone membrane (Amersham Biosciences,
Uppsala, Sweden). Primary antibodies (1:500-1:1,000) against
G6PD, STATI1, HSPB1, ALDH3A1 and FSCN1 (Abcam,
Cambridge, MA, USA) and HRP-conjugated secondary anti-
bodies (1:5,000; Amersham Biosciences) were used to incubate
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Figure 1. The iTRAQ-based proteomics analysis for protein profiling in cervical cancer. (A) Schematic workflow. (B) Representative MS/MS spectrum of a
peptide with 16 amino acids (LFYLALPPTVYEAVTK) from G6PD. (C) The ratio of tags 114:113 and 116:115 indicated the relative protein level of G6PD in
pooled cervical cancer samples compared with that in pooled non-cancer samples.

the samples. Bands were detected with an ECL detection
system (Amersham Biosciences). Each sample was analyzed at
least twice. Detailed procedure of experiments was described
in a previous study (15).

Immunohistochemistry (IHC) and tissue microarray. The
tissue microarrays (CR802) were purchased from US Biomax,
Inc. (Rockville, MD, USA) to detect G6PD, STAT1, HSPBI1
and ALDH3A1 in cores from 40 cervical tumor tissues and
40 non-tumor tissues, antibodies against G6PD (1:90), STAT1
(1:200), HSPBI (1:250) and ALDH3A1 (1:200) were added and
incubated overnight at 4°C. Detection was performed with the
Envision/horseradish peroxidase system (DakoCytomation,
Glostrup, Denmark). Semi-quantification of protein expres-
sion was defined by scoring criteria. The positive cells (%) and
staining intensity (scale 0-3) were checked, which were then
multiplied to yield a score ranging from 0 to 300. To maintain
consistency, the same qualified pathologist gave interpreta-
tions for all IHC data.

Wound healing and invasion assay. G6PD-specific (50 nM)
siRNAHSS103891, HSS103892 and HSS103893 (Invitrogen,
Carlsbad, CA, USA) or negative control siRNA (12935-400;
Invitrogen) were transfected into HeLa cells (10° cell/well).
After 48 h, wound healing and invasion experiments were
performed on 6-well plates seeded with HeLa cells. After the
cells reached confluency, a 200 u1 pipette tip was used to incise
the cell monolayer. The debris was rinsed away and removed.
The extent of gap closure was monitored and photographed
under a microscope up to 24 h. The invasion assays were
performed using a Cell Invasion Assay kit (Cell Biolabs, San
Diego, CA, USA), following the manufacturer's instructions.
After 24 h, the number of cells that invaded and attached to the
bottom chamber was measured by CyQuant GR fluorescent
dye (560 nm).

Statistical analyses. Statistical analyses were performed by
SPSS software v13.0 using the Student'st-test, Mann-Whitney
U-test, y* test or Spearman's rank correlation analysis. A
P-value <0.05 was considered statistically significant. All tests
of significance were two-tailed.

Results

Functional profiles of differentially expressed proteins in
cervical tumors. In total, 3,647 proteins were identified with
1% global FDR from fit in cervical cancer following a work-
flow shown in Fig. 1. For subsequent relative quantification
analysis, a cut-off of 1.3-fold change, up or down, was applied to
all iTRAQ ratios to minimize false positives when identifying
proteins as overerexpressed or downregulated. This process
is widely adopted in other proteomics investigations (16-19).
Accordingly, 294 proteins were identified as differentially
expressed in pooled cervical tumor tissues comparing to
non-tumor tissues, including 130 upregulated and 164 down-
regulated proteins. The top 30 upregulated proteins and top 30
downregulated proteins were listed in Table II.

To obtain the functional characteristics of proteins associ-
ated with cervical carcinoma oncogenesis, we classified the
294 proteins using Protein Analysis through Evolutionary
Relationships Classification System (PANTHER, www.
pantherdb.org). Twelve biological processes are involved, with
55.0% of the proteins participating in metabolic processes,
followed by cellular processes (37.1%) and developmental
processes (19.4%). According to molecular function, the
proteins were divided into 10 categories, including catalytic
activity (37.8%), binding activity (32.0%) and structural
molecule activity (19.4%). The 294 proteins were grouped
into 27 protein classes, including cytoskeletal protein (14.7%),
hydrolase (12.9%) and nucleic acid binding proteins (10.4%).
A total of 63 signaling pathways were associated, with inte-



1751

DING et al: iTRAQ-BASED QUANTITATIVE PROTEOMIC ANALYSIS OF CERVICAL CANCER

01-d8¥'C 6GLLS8SLO0 0I-d€0'1 L99L6TL90 0 9 [-Uno9en ISTVODT ¢€6IT61C00IdI'IdI LT
90-d88°¢ CrLTTLY800 60-d01°9 €rre98190°0 61 [-udSourury Jo MIA'T WI0JOS] IONX  T'v68STCO0IdI'IdI  9C
SOVITE9000 €0S9%9L0T°0 LS000S00°0 €¥re98190°0 9 ursoydAore) SdVDO  T'T10T6L00IAI'IdI ST
€0-d¢6'C 1000000010 S0-d98'¥ €8L897¥90°0 L aseurajordosna[nuy IdTS  T°08S80000IdI'IdI  t¢C
VI-dC0'1 16S8101°0 91-d88'8 €8L897¥90°0 (47 urwsedornio) dO  T'TO9LTOOOIMI'IdT €T
LO-H6L'C 617£996250°0 90-d6C'8 686£¥SLSO0 Se urdjord NdSV NdSV  T'Te#8I+00IdI'IdI  TC
80-HS6'¢ 20996LCST0 60-d0¥'9 6807561500 LS T Te19[S0340 T 2d4) ‘uneras| IIIY  ¥'LCe0CcO0IdI'ldT 1T
7667810070 1919616500 SLLI96S000 65L68CST00 9 urdjo1d paziIsjoeIeydU) SADILd TE8CrISO0IdI:IdI 0T
6187810000 686£¥SLSO0 0L9210000 65L68CST00 cl utnpowolqry dOWd  7°09800000IdI'IdI 61
60-d6t'S C6CTIISLO0 01-HeE'C 1YSyL8Y 100 20¢ ureyo (1)g-» udde[[o) CVITIOD  +'7961v0€00IdI:IdI 81
20¥0€9200°0 €LY9ES680°0 SO-HI9'L 1CLOT186€0°0 Sl [uZ-nD] esenwsip aprxorodns renyjeoenxy €dOS  TLT8LCOOOIAI'IAI LI
01-dL9°C 10S€T18090°0 CI-d89°¢ 9LSTL8EO 0 (414 uressuel], NTOVL 98€I91C00IdI'IdI 91
60-4089 CrLTTLY800 0I-d¥8'8 6187869¢0°0 ¥ [ ura)o1dook[3-z-¢g HOdV  ¢87886C00IdI'IdI €I
S0-HOv'¢ 818€198S0°0 SO-HeE L 89€L9t€0°0 81 unjuodoyewo( Ldd  ¢€0¢1¢6C00ldl:ldl 1
80-H¢0°€ 17S¥L8YY0°0 80-dEE 1 68LSSEVED O 9% 11~V urjoxdodrjody TVOdV  I'¥S812000IdI'IdI €1
uedA[51q 0) Xe[ruts ATYSIY ‘7ZEET0T
YI-dIS9 2961972700 71-d08 1 68LSSEYEN0 601 MIALN 3UOId Sy OrL9¢ 1A VNAO NDd  TPREEY900IdI-ldl  CI
S8YECT000 L990SS80°0 6298¢100°0 280v0r€00 IT ¢ u10301d0dK[3 proe-[-n CINJO  T'1600C000IdI'IdI  T1
80-HSL'8 CS8TSLYO0 80-d8I'¥ €L8TLEED0 LT [4:(9)% IOV TLTYLO000IdI'IdT Ol
990S150000 C9LL8ITO0 S0-dC9'1 1096701€0°0 L €HS-USON JO Jo81e) JO | WI0JOS] dde1dv €7C80¥00IdI'IdI 6
CI-AVLL 8850€8Y0°0 YI-HLE9 6509159200 8¢l ursdnnue-1-0 Jo [ wiojos]  [VNIJYAS  ['LL1€SSOOIdI'IdI 8
90-de0'v 9LTET9T0 0 90-d¢e' € 6251909200 91 [-uruodre) INND  I'#9C1C000IdI:IdI L
7 W10JosI 1se[qoiqy ‘ursoAwodon
Aereropowt ‘¢/$700C NVOId
LO-H6L'T 18S1S9€10°0 90-d96'C 6€£099t%20°0 6S 0} Je[Iuis auod ‘sy 6SH9 114 VNAO IINdL  T'€r€0P600IdIIdI 9
€1-d66'¢ c6£1€820°0 SI-Hee'l 1€£886£20°0 €LY ureyo (1)[-» udde[[o) IVI'IOD  S9¥9L6C00IdIIdI S
(ARG ISR ¢6£1¢820°0 OI-dI6L 291160200 €L (uowSesy) urajord JTHYd dTddd  1'SSL08600IdI IdI v
IT-dL9 ¥ 1€€886€£C0°0 60-d0T°1 6L£59€8T0°0 96 ULIOS9p JO V WIOJOS] NOd T'6ITCIOO0IdI'IdI €
80-dev ¥ 89806CC0°0 LO-A8I'L 6L8798LT00 61 urnuIon NNYD  T9S0L6C00IdI'IdTI T
UBOIWIW O} Je[IWIS
€1-H08'S 6L27980120°0 CI-HC8L €vorL910°0 701 A1Y31Y *S0T6SI T VNAD NDO  Te9vSCO00IdI'IdT T
SaNSS1) JadUeD [BI1AID Ul pajengarumop surjoad ¢ dof,
QN[eA-d + (STT:911) sonssn ONeA-d (STT:11) sonssn (95$6) dweu urd)oiq wAs Quan UOISSAIIY N
Jownj-uou pajood Jownj-uou pajood sopndod

1S9NSST) JOWN} pa[00d

1S9NSST) JOWN} pa[0od

*IOOURD [BOIAISD UT surajold passardxa A[[eniuaIofjIp oY) Jo IS [ented ‘I 9[qeL



INTERNATIONAL JOURNAL OF ONCOLOGY 46: 1748-1758, 2015

1752

Sune[Axoqresop

or-dé6c¢'¢ €veo1r0T 6 C91S010000 9€6£78S91'8 19 ‘oseuadoIpAysp oreuoonioydsoyd-9 aod 01'stS61C00IdI'IdI 1T
1TrSeC0e00 CTEVOLLT'L 886C6710°0 658560608 91 urdjoxd pazrisyoereyoun) dddVL T1'L9S¥6L00IdI'IdI 0T
Or-d8¥'1 €9L188YS89 80-d60°1 9CI8SYOLY L 8 aseprxo1edoaAw Jo £ H WI0JOs] OdIN  1'96S9¢C00IdI'IdI 61
SS68¢€0100°0 Y8661ELYY L ¢SL6ET0000 78661ELYY L 11 ¢ oseyuAs Ae[AuspeoSIO-G-T €SVO ¢ S0PC0000IdI'IdI 81
80-d9¢'I 08596559 L LOHLES 6L0€6970" L 6¢ 9seud30IpAYap 9pAYSPlY  TVEHA'TY  T'60L¥S900IAIIAT LI
9Seua30IpAYIp-|
SO-dCS ¥ CL66T9LET9 90-d¢S'T 198€17€981°9 6C sreydsoyd-9-2s0on[3 Jo ¢ wiIojos] adod T'LySeS800IdI'IdI 91
S0-dCS'C 8L6990899°9 SO-dLO'C [98€YE98Y' 9 [43 [ urdjoxd Surpuig-oje[Auens paonpur-uoIfIU] [d9D T19S8C000IdI'IdI ST
6S19¢€110°0 LLBO6ETTE L 6088L6SC0°0 CCOLL8ITY'9 € Josmoaxd opndad [erqorunue uIproIRYIE) dINVD  9'C€STOC00IdI IdT V1
L896T¢Y00°0 LOT8EOLIL' € S0-d60°L CCOLL8ITY'9 (0] DT 3seuagoIpAyap [0Yod[y DIHAV ¢€eresor00Idl'ldl €1
€GLLEOSOO O L68¥6£0C6' Y S0-dET9 10801+¥61°9 81 ZV-001S urar01d CVO0IS €69861000IdI'IdI  TI
90-491°¢ 6v1Cv06LE L 60-d90'1 [0801¥1¥61°9 LT L1 TeR[DS01KD [ 2d4) ‘uneray] LILIM  L'89L0SYO0IAI IdI 1T
1 Joquiow J9)iodsuery
C6118€800°0 SOT0TERTO69 €799¢€C10°0 80078¢198°S L 9s00N[3 PAJEII[Ie] ‘7 A[Iey JOLLIED AN[OS IVZOTIS 9%610CC00IdI-IdI  OI
d/o-1 uonduosuen jo
90-d€0'6 900L8TCST S LO-HOS'T 80078¢198'S 8¢ I0JBAT}OR PUE JSONPSULI) [RUSIS JO 0 ULIOJOS] [IVLS T'18LOCOOOIdI'IdI 6
6860160000 LTIESE0LO'S 9€60£8000°0 610LSTIYS S 11 9INDIA 10308y Sursuddr| uonedr[dar YN OINDIN  T'LIST€000IdI'IdI 8
8L96€1000°0 LTIYLS60E9 8698L2000°0 LO66EVISYE' S L TTEX.L 9ses1| urjord-unmbiqn ¢ Jo | wI0josy TEXLA  T'€0SCSTIO0dIF AT L
7 9Sed IV WNIoed wnnoral orwsedopud
90-dLIT'1 680LYC8S0O'S 90-dC8'C I[S1S€996T S 143 /orwse[dodres Jo | WI0Jos] CVCdIV  $'8LO6ICOOIdI'IdI 9
81SL1¥99000 €6LS619TV T Y COTILTT0000 800SLO8YT' S 61 [ Sojowoy snoueyderp ursjoxd jo | wIOFOS] THAVIA 1°689¢S800IdI'IdI €
oruse[dojfo
90-d€6'9 800C8€198°S 80-dITL 900L8TCST'S S¢S ‘asepoyuAs v N YI-[AueydoydAn jo | wiojosy SAVM  T'00¥S6C00IdI'IdI Vv
LO-ATI0C [6LY8YS8CT Y LO-H9E' 1 L800S0SOT"S 49 ¢g urdios Jo | wiojos]  SANIAYHS TST9€8L00IAIIdI €
6€CLYSLIO0 7781880LS T €I8LYLLOOO 680LYC8SO'S L yungns A10je[n3ar 9seSI| SuI)sAd-djeweinin WTOD T1'0600T000IdI'IdI ¢
20€€€10000 1S1S€996T S 18LST0000 CERTTLOS96 Y 6 HJ ur0ig AddAd € 1200C000IdI:IdI T
SONSSI} I90URD [ROIAID Ul pajengdaidn surojord ¢ doj,
60170£00"0 €618090L1°0 6v81€7€0°0 960816900 S ey “ursjoid Surpuiq-proe Ayeq €ddvd  €¥8961C00IdI'IdI  0¢
SO-dIEC S6961¢6El'0 90-dv¢' 1 LSEOT6L900 11 v asepndadAxoqred [[90 IseIN €EVdD  ¥'6C860000IdI'IdI 6T
10)oeJ 9se[ar ydirosuen
LO-d66'C LSO89TLLOO LO-d¥9°8 L99L6TLI00 St pue | oserowA[od jo | wiojosy JIId  TE069LT00IdI'IdI 8T
SaNSSI) Ja0URD [BIIAID Ul pajen3arumop surjoad ¢ dog,
nea-g . (STT:911) sonssn Ponea-g (STT:H11) sonssn (%56) QwIeu u19)0IJ WAS ouan) UOISSAIOY N
Jowm-uou pajood Jownj-uou pajood sopndod

:s9nssn Jown) pa[ood

1S9NSS1) Jown) pa[ood

"panunuo) ‘1 S[qeL



P-value®

Pooled tumor tissues:
pooled non-tumor
tissues (116:115) *

P-value®

Pooled tumor tissues:
pooled non-tumor
tissues (114:113)*

Peptides
(95%)

Protein name

Gene sym

Accession

Top 30 proteins upregulated in cervical cancer tissues

Table II. Continued.
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grin signaling pathway (3.2%), blood coagulation (2.9%) and
inflammation mediated by chemokine and cytokine signaling
pathway (2.2%) at the top of the list (Fig. 2).

0.002583705
0.000171618
1.20E-05
8.45E-05
0.026921131
0.002346458
0.00664382
6.16E-05
0.001390291

Validation of altered expression levels of proteins. The iTRAQ
study results were further validated by qRT-PCR and western
blot analyses. Fig. 3A shows the relative mRNA levels of
selected differentially expressed proteins in the cervical tumor
tissues, compared to those in the paired non-tumor tissues. The
mRNA levels of G6PD, HSPB1, STAT1, ALDH3A1, FSCNI,
EPX and PRG3 were found to be upregulated, whereas the
levels of DCN, OGN, CRNN, AGR2 and ORM?2 were down-
regulated. The upregulation of protein levels of G6PD, HSPBI,
STAT1, ALDH3A1 and FSCNI1 were subsequently detected
by western blot analysis (Fig. 3B). This trend matched that
observed in the iTRAQ method.
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Expression of G6PD, HSPBI, STATI and ALDH3A1 in tissue
array. The clinical relevance of G6PD, HSPBI1, STAT1 and
ALDH3AL1 in cervical cancer was assessed by IHC analysis
(Fig. 4). A tissue microarray including 40 cervical cancer
tissues and 40 matched or unmatched non-cancer cervical
tissues was analyzed. As a result, cervical cancer samples
showed significantly higher levels of G6PD, HSPB1, STAT1
and ALDH3A1 than those in controls. Moreover, G6PD expres-
sion was detected in 100% (40/40) of cervical cancer samples,
compared to 45% (18/40) in controls. The staining intensity
of G6PD in cervical cancer cells was much stronger than that
in control epithelial cells. Similar trends were observed in the
IHC analysis of HSPBI1, STAT1 and ALDH3AL.
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GO6PD knockdown compromised HelLa cells' invasion and
migration. The dramatic increase of GO6PD in cervical cancer
suggested that G6PD not only contributes to the biosynthesis
of cervical cancer cells, but also is crucial for their malig-
nancy. To test this hypothesis, HeLLa, a human cervical cancer
cell line, was tested with an RNA interference assay. GoPD
expression in HeLa cells was initially silenced by transfection
of G6PD-specific siRNAs (Fig. 5A). G6PD-silenced HelLa
cells and control cells were then subjected to invasion and
migration assays. Invasion capacity of G6PD-silenced cells
was inhibited by 30-40% when compared to that of the control
cells (P<0.01) (Fig. 5B). The readout of the scratch wound
repair assays was reduced by 55-65% in G6PD-silenced cells
when compared to that of the control cells (P<0.01) (Fig. 5C).
Our results supported the notion that G6PD may be an effec-
tive target in cervical cancer treatment.
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Discussion

Cervical cancer remains one of the leading causes of death
among women throughout the world. The morbidity and death
rates remain frustratingly high in spite of several emerging
biomarkers for diagnosis. Discovery of novel factors that are
related to the biology of cervical carcinoma is an urgent task
for improving current treatment strategies and prognosis of the
disease.

In the present study, we identified proteins differentially
expressed between tumor and non-tumor cervical tissues via
the iTRAQ proteomics approach. Verification studies using
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*The ratios indicated relative protein levels in cervical cancer tissues compared to those in paired non-cancer tissues. "P values were calculated using the Paragon Algorithm in the ProteinPilot software.
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Figure 2. Classification of 294 differentially expressed proteins in cervical cancer according to (A) biological process, (B) molecular function and (C) molecular
protein class. Data were analyzed using the Protein Analysis through Evolutionary Relationships Classification System (PANTHER, www.pantherdb.org/).

qRT-PCR, immunoblot and THC assays confirmed that the
expressions of G6PD, STAT1, ALDH3A1 and HSPBI1 were,
indeed, significantly increased in tumor tissues. Functional
studies indicated that G6PD tends to act on migration and
invasion of cervical cancer cells. Our findings revealed that
the iTRAQ method for large-scale protein quantification is
amenable to high throughput processes and credible, and some
novel proteins uncovered here may serve as potential targets
for cervical tumor treatment.

GOPD, as the first and rate-limiting enzyme in the ubiq-
uitous pentose phosphate pathway (PPP) (20), participates
in biological processes of various cancers (21-23). Through
PPP, the biosynthesis and rapid proliferation of tumor cells

are supported (24,25). In non-tumor cells, G6PD binds with
p53 protein to prevent it from forming the active dimer (26).
This process, however, inhibits PPP by quenching functional
G6PD (27). Notably, this inhibition of G6PD by p53 does not
exist in tumor cells, because mutant p53 loses its inhibitory
effect on G6PD, and, thus, results in elevated PPP glucose flux,
which ultimately enhances glucose consumption and promotes
tumor cell biosynthesis (26). In other words, G6PD motivates
cancer cell proliferation and contributes to tumorigenesis by
increasing PPP glucose flux. Since the relationship between
G6PD and cervical cancer was not well investigated previ-
ously, we examined the effect of G6PD proteins on HeLa cells.
As a consequence, the invasion and migration capabilities of
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Figure 3. qRT-PCR and western blot analyses of differentially expressed proteins in cervical cancer. The relative mRNA expression levels of HSPB1, STAT]I,
ALDH3A1, EPX, G6PD, FSCNI, PRG3, DCN, OGN, CRNN, AGR2 and ORM2 (A), and the high protein levels of ALDH3A1, HSPB1, G6PD, FSCN1 and
STATI1 (B) in cervical cancer tissues compared with non-cancer cervical tissues. Bars indicate SD. "P<0.05.
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Figure 4. Representative IHC images of ALDH3A1, G6PD, STAT1 and HSPBI in tissue microarrays of 40 cervical cancer tissues and 40 matched or
unmatched non-cancer cervical tissues; IHC score values of these proteins were significantly higher in cancer tissues than in normal tissues. Bars
indicate SD. "P<0.05.
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Figure 5. Functional studies of G6PD in HeLa cell migration and invasion. (A) G6PD protein levels in HeLa cells were dramatically reduced by transfection
with G6PD-specific siRNAs. (B) G6PD silencing significantly inhibited the invasion properties of HeLa cells. (C) G6PD knockdown sharply reduced the
ability of HeLa cells to close the gap introduced by a scratch wound. Bars indicate SD. "P<0.05.

HeLa cells were decreased in vitro when G6PD expression
was suppressed. Our results, together with findings of other
groups, indicate that the suppression of G6PD expression may
be beneficial in cervical cancer treatment.

Another markedly upregulated protein in cervical cancer
found in the present study was STAT1, a member of STAT
protein family. STAT1 was noted to be critical in controlling
cell cycle progression and apoptosis. Hix et al (28) studied
STATI effects by injecting mouse mammary carcinoma cell
TM40D with/without ectopic STAT1 into the mammary fat
pads of BALB/c mice and observed that the growth and aggres-
siveness of TM40D-STAT]1 cells were dramatically enhanced,

when compared to those of regular TM40D cells. Conversely,
the growth of TM40D cells was significantly delayed when
STAT1 was knocked down. Further studies demonstrated that
STAT1 promoted breast cancer by increasing interleukin-13
(IL-13), transforming growth factor  (TGFp) and tumor
necrosis factor o (TNFa). These factors could inhibit antitumor
immune responses by recruiting and stimulating associated
cells (29). In addition, Rajkumar ez al (30) found that STAT1
rose in early cervical intraepithelial neoplasia (CIN1/2),
dropped in CIN3/CIS, and was dramatically upregulated in
invasive cervical carcinoma, demonstrating that STAT1 may
harbor double roles in HPV infection and cervical tumori-



DING et al: iTRAQ-BASED QUANTITATIVE PROTEOMIC ANALYSIS OF CERVICAL CANCER

genesis, specifically a protective role in the early phase and
an oncogenic role in the invasive stages of the tumor. Further
investigation is required to determine the roles of STATI in
cervical tumorigenesis.

HSPBI protein, also named heat shock protein 27 (Hsp27),
belongs to the emerging ‘survival protein’ family (31-33). The
expression of HSPBI is involved in cell proliferation (34) and
apoptosis (35) and is associated with poor prognosis in various
tumors (34,36). The inhibitor of HSPB1, OGX-427, a second-
generation antisense oligonucleotide of HSPB1, downregulated
the levels of HSPB1 and induced the apoptosis of cancer cells
(37). This occurs via the disruption of the interaction of HSPB1
with cytochrome c (cytc), procaspases-9 and -3 (35). Thus, the
attenuation of the expression of HSPB1 gene was considered as
anew therapeutic strategy. Moreover, McCollum et al (38) were
able to successfully make prostate cancer cells more sensitive
to the antitumor drug 17-allylamino-demethoxygeldanamycin
by employing small-interfering RNA (siRNA) against HSPBI.
Together, accumulating evidence supports the notion that
upregulation of HSPBI stimulates cancer cell proliferation,
whereas its downregulation results in the inhibition of tumor
progression.

ALDH3AL1 proteins identified in the present study has been
suggested involved in tumor progression, but not implicated
in cervical cancer. The aldehyde dehydrogenase superfamily
member ALDH3A1 belongs to the phase II group of drug-
metabolizing enzymes and plays key roles in numerous
biological processes, such as cell survival and growth (39).
Upregulation of ALDH3A1 is frequent in tumor-derived cell
lines and neoplastic tissues (40). By removing lipid peroxida-
tion products, the overexpression of ALDH3A1 promoted
the growth of rat hepatoma cells (41). In contrast, a reduced
expression of ALDH3A1 inhibited the growth of cancer cells
tested in lung tumor cell line A549 via activating peroxisome
proliferator activated receptor y (PPARYy), which inhibits
NF-«B activity (42). These findings are consistent with our
observations made in cervical carcinoma and suggested that
ALDH3A1 may be a promising candidate target of cervical
cancer therapy.

In summary, we performed a non-targeted proteomics
study to profile differentially expressed proteins in cervical
cancer. The proteins uncovered, as well as studied, in the
present study may serve as potential targets for cervical cancer
research and treatment.
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