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ABSTRACT

Ovarian cancer is the most lethal gynecological malignancy, and specific biomarkers are important needed to
improve diagnosis, prognosis, and to forecast and monitor treatment efficiency. There are a lot of pathological factors,
including reactive oxygen species (ROS), involved in the process of cancer initiation and progression. The oxidative
modification of proteins by ROS is implicated in the etiology or progression of disorders and diseases. In this study,
a labeling experiment with the thiol-modifying reagent biotinylated iodoacetamide (BIAM) revealed that a variety of
proteins were differentially oxidized between normal and tumor tissues of ovarian cancer patients. To identify cgsteine
oxidation-sensitive proteins in ovarian cancer patients, we performed comparative analysis by nano-UPLC-MS" shot-
gun proteomics. We found oxidation-sensitive 22 proteins from 41 peptides containing cysteine oxidation. Using Inge-
nuity program, these proteins identified were established with canonical network related to cytoskeletal network,
cellular organization and maintenance, and metabolism. Among oxidation-sensitive proteins, the modification pattern
of Collagen alpha-1(VI) chain (COL6A1) was firstly confirmed between normal and tumor tissues of patients by 2-DE
western blotting. This result suggested that COL6A1 might have cysteine oxidative modification in tumor tissue of
ovarian cancer patients.
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INTRODUCTION

Ovarian cancer is the fifth leading cause of cancer
death in women, the leading cause of death from gy-
necologic malignancies, and the second most commonly
diagnosed gynecologic malignancy (Jemal et al., 2006).
Ovarian cancer at its early stages (I/II) is difficult to
diagnose until it spreads and advances to later stages
(II/1V), because most of the common symptoms are non-
specific. The 5-year survival rate exceeds 90% and most
patients are cured by surgery alone when presented at
an early stage (Bhoola and Hoskins, 2006). However,
the underlying pathophysiology is not clearly under-
stood. Malignant cells are resistant to apoptosis throu-
gh a mechanism that may involve alterations in their
redox balance (Jiang et al., 2011). Cancer states have
been associated with oxidative stress produced through
either an increased free radical generation and/or a de-
creased antioxidant level in the target cells and tissue
(Klaunig et al., 1998). Reactive oxygen species (ROS)
are considered as a significant class of carcinogens par-

ticipating in cancer initiation, promotion and progre-
ssion (Sangeetha et al., 2010). Also, it is now well kn-
own that ROS play a key role in human cancer devel-
opment (Kumar ef al, 2009). In addition to the ROS
produced as a byproduct of oxidative phosphorylation
in mitochondria, nicotinamide adenine dinucleotide pho-
sphate (NADPH)-oxidase, a flavoenzyme family mem-
ber, generates a significant amount of endogenous ROS
through the reduction of O, to superoxide (O ), hydro-
gen peroxide (HO:), and other ROSs (Ushio-Fukai and
Alexander, 2004; Bedard and Krause, 2007). Aerobic or-
ganisms include human are constantly exposed to one
or more systems, which generates ROS that can dam-
age proteins, nucleic acids and lipids. Thus, ROS are in-
volved protein oxidative damage that can result in the
modifications in structure, enzyme activity, and signal-
ing pathways (Stadtman and Levine, 2000).

The oxidative modification of proteins by ROS is im-
plicated in the etiology or progression of disorders and
diseases. For the most part, oxidatively modified pro-
teins are not repaired and must be removed by proteo-
lytic degradation, and a decrease in the efficiency of pro-
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teolysis will cause an increase in the cellular content of
oxidatively modified proteins (Grune et al., 1996). Pro-
teins oxidation may result in modification of their en-
zymatic and binding properties and lead to diverse func-
tional changes (Levine et al., 1994). Accumulation of
modified proteins disrupts cellular function either by
loss of catalytic and structural integrity or by interrup-
tion of regulatory pathways (Stadtman and Levine, 2000).
Compared with other protein oxidation, cysteine oxida-
tion was particularly regulated in specific sites of ami-
no acids because of the third structure and physiologi-
cal condition. Furthermore, thiol oxidation in cysteines
showed various form such as disulfide bond (S-S), sul-
fenic acid (-SOH), sulfinic acid (-SOOH), and sulfonic
acid (-SOOOH). And also cysteine oxidation is influ-
ence by different form of posttranslational modification,
such as phosphorylation and acetylation (Seo et al.,
2009; Dansen ef al., 2009; Woo et al,, 2010). Like this,
the redox state of cysteines could motivate protein-pro-
tein interactions, and these oxidatively modified cys-
teines could attend mediators of cellular signaling in
that way. However, most of these are unclear, although
some mammalian proteins have been identified (Kwon
et al., 2004; Phalen et al., 2006; Lei et al., 2008).

Recently, an approach of functional proteomics, re-
dox proteomics, has been employed by coupling mass spec-
trometry (MS) with cysteine oxidation-sensitive chem-
icals under oxidative stress conditions (Choi et al., 2006;
Charles et al., 2007, Fu et al, 2009; Yang et al., 2012).
Here, we identified differentially oxidized proteins be-
tween normal and tumor tissues of ovarian cancer pa-
tients using nano-UPLC-MS" shotgun proteomics. These
results suggest that oxidation-dependent modified pro-
teins will help to understand the environment of ovar-
ian cancer with redox-imbalanced mechanisms.

MATERIALS AND METHODS

Tissue Specimens

Tissue specimens were obtained with the approval of
the committee on the FEthical Research involving Hu-
man Subjects from the Samsung medical center and Ch-
ung-Ang University Hospital. The age of the patients
ranged from 38 to 70 years. For comparative proteo-
mics, 3 tumor specimens belong to tumor stage II~1V.
For western blotting, the specimens consist of 3 pa-
tients of tumor stage I and 3 patients of tumor stage
I. All normal ovarian tissues were the opposite side
of tumor tissues. The specimen samples were obtained
from resected specimens within 30 min after surgical
resection, snap frozen in liquid nitrogen, and stored at
—80C. A histological diagnosis of all ovarian patients
was confirmed after microscopic examination of hema-
toxylin/eosin-stained sections by a board certified pa-

thologist.

Two-Dimensional Gel Electrophoresis (2-DE) and Wes-
tem Blotting

To extract the membrane fraction containing cytoske-
letal proteins, the frozen tissues were homogenizd in
labeling buffer (10 mM MES, pH 6.5, 1 mM EDTA, 0.1
mM AEBSF, 2.0 pg/ml leupeptin, and aprotinin) con-
taining 40 nM N-(biotinoyl)-N'-(iodoacetyl) ethylenedi-
amine (biotinylated odoacetamide, BIAM) (Molecular
Probes) and incubated for 4 h at 4C. The buffer was
bubbled with nitrogen gas for 1 h to remove oxygen.
The labeling reaction was quenched by the addition of
4 mM dithiothreitol (DTT). And then, the homogenized
samples were centrifuged at 13,000 rpm for 20 min at
47T, and the supernatant (cytosolic fraction) was dis-
carded. The pellet (membrane fraction) was dissolved
in Urea buffer (7 M urea, 2 M thiourea and 0.49% CHA-
PS, pH 7.5), and protein concentration was determined
using the Bradford assay (BIO-RAD).

One hundred microgram of membrane fraction mi-
xed with DeStreak™ rehydration solution (GE Health-
care Bio-Sciences AB) was applied to rehydrate gel st-
rips with an immobilized nonlinear pH gradient from 3
to 10 (Immobiline DryStrip pH 3~10 NL, 13 cm; GE
Healthcare Bio-Sciences AB). Isoelectric focusing was
carried out in four steps as follows: 50 V, 12 h; 500 V,
1 h; 1,000 V, 1 h; and 8,000 V for a total of 60,000 V-h.
After reduction and alkylation, second dimensional
electrophoresis was conducted on a 5~12% SDS-poly-
acrylamide gradient gel using an SE-260 vertical unit
(Amersham Biosciences). After electrophoresis, proteins
were transferred to PVDF membrane and detected with
horseradish peroxidase (HRP)-conjugated streptavidin
(Pierce, Rockford, IL) using ECL system (iNtRON, Sou-
th Korea).

For detection of COL6A1 modification, 60 ng of mem-
brane proteins was used to 2-DE electrophosis, and
loaded on 8% SDS-polyacrylamide gel. And then the
transferred membrans were incubated with anti-COL-
6Al antibody (Santa Cruz Biotechnology), and exposu-
red with anti-rabbit antibody (Cell Signaling Technol-
ogy) using ECL system.

Nano-UPLC MS* Shotgun Proteomics

Iodoacetamide Labeling

The frozen tissues were homogenizd in labeling buf-
fer (IxPBS, pH 74, 1 mM EDTA, 0.1 mM AEBSF, 2.0
ng/ml leupeptin, and aprotinin) containing 220 pM
iodoacetamide (Sigma-Aldrich) and incubated for 4 h at
4C. The buffer was bubbled with nitrogen gas for 1 h
to remove oxygen. And then, the homogenized samples
were centrifuged at 13,000 rpm for 20 min at 4C, and
the supernatant (cytosolic fraction) was discarded. The
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pellet (membrane fraction) was dissolved in Urea buf-
fer (/M urea, 2M thiourea and 0.49 % CHAPS, pH 7.5),
and protein concentration was determined using the
Bradford assay (BIO-RAD).

In-gel Tryptic Digestion

Six hundred microgram of membrane proteins that
had been labeled with IAM at free thiol residues were
subjected to 8% SDS-PAGE. The separated proteins we-
re then visualized by staining with Coomassie Blue (R-
250). For efficient trypsin treatment of proteins, the se-
parated gels were excised by divided into 10 gel sli-
ces. Proteins were reduced with 10 mM DTT and alky-
lated with 55 mM N-ethylmaleimide (NEM; Sigma) in
100 mM ammonium bicarbonate. Following tryptic di-
gestion (2 ng/sliced gel; Promega, Madison, WI) for 16
hr at 37C, the peptides were recovered and extracted
from the sliced gels using 5% formic acid and 50%
acetonitrile. The combined samples were desalted using
a solid phase Oasis HLB C18 microelution plate (Wa-
ters, Inc., Milford, MA) and then stored at —80C before
being subjected to analysis.

Nano-UPLC-MS® Tandem Mass Spectrometry

The separations were performed on a 75 pmx250 mm
nano-ACQUITY UPLC 1.7 pym BEH300 C18 RP column
and a 180 pmx20 mm Symmetry C18 RP 5 um en-
richment column using a nano-ACQUITY Ultra Perfor-
mance LC Chromatography™ System (Waters Corpora-
tion)

Tryptic digested peptides (5 ul) were loaded onto
the enrichment column with a mobile phase that con-
tained 3% acetonitrile in water with 0.1% formic acid.
Using a flow rate of 300 nl/min, a step gradient was
applied: 3~40% mobile phase B (97% acetonitrile in
water with 0.1% formic acid) over 95 min, 40~70%
mobile phase B over 20 min, and 80% mobile phase B
within 10 min. Sodium formate (1 pmol/min) was used
to calibrate the TOF analyzer in the 50~2,000 m/z ran-
ge and [Glul]-ﬁbrinopeptide (m/z 785.8426) at 600 nl/
min was used for lock mass correction. During data ac-
quisition, the collision energy of low energy MS mode
and high-energy mode (MS”) were set to 4 eV and 15
~40 eV energy ramping, respectively. One cycle of MS
and MS" mode of acquisition was performed every 3.2
s. In each cycle, MS spectra were acquired for 1.5 s
with a 0.1 s inter-scan delay (m/z 300~1,990), and the
MS" fragmentation (m/z 50~2,000) data were collected
in triplicate (Yang et al., 2010).

Protein and Peptide Identification

The continuum LC-MS" data were processed and sear-
ched using the IDENTITYE algorithm in PLGS (Pro-
teinLynx Global Server) version 2.3.3 (Waters Corpora-
tion). Acquired data from alternating low and elevated

energy mode in the LC-MS" were automatically smoo-
thed, background subtracted, centered, deisotoped, and
charge state reduced, and then the alignment of pre-
cursor and fragmentation data was combined with re-
tention time tolerance, +0.05 min. Processed ions were
mapped against the IPI mouse database (version 3.44)
using the following parameters: peptide tolerance, 100
ppm; fragment tolerance, 0.2 Da; missed cleavage, 1;
and variable modifications including carbamidomethyla-
tion (IAM binding), and NEM from artificial reducing
agent-treated states. Peptide identification was perfor-
med using the tryptic digestion rule with one missed
cleavage. All proteins identified had a >95% probability
of significance. The false positive rate for protein iden-
tification was set to 5% in the databank search query
options based on the automatically generated reverse
database. Protein identification required the assignment
of at least two peptides with a total of seven or more
fragments.

Bioinformatics Analysis

Ingenuity Pathway Analysis (IPA version 9.0; Inge-
nuity Systems Inc, www.ingenuity.com) was used to per-
form a knowledge-based network and canonical path-
way analysis. Results of network analysis were pro-
duced from membrane proteins containing different cys-
teine oxidation-pattern between normal and tumor tis-
sues of ovarian cancer patients.

RESULTS

Differential Oxidative Modification of Ovarian Cancer
Patients

To check cysteine oxidation in ovarian cancer pa-
tients, membrane proteins were prepared with BIAM as
an alkylating agent specific for reactive thiols (-SH).
2-DE using non-linear IPG ranging from pH 3~10 was
performed to separate the membrane proteins extracted
from normal and tumor tissue in ovarian cancer pati-
ents. The representative 2DE results in normal versus
tumor tissues were shown in Fig. 1. The pattern was
showed different cysteine-oxidation between normal and
tumor of ovarian cancer patients.

For identification of oxidative modified cysteine, mem-
brane proteins were subjected to MS/MS analysis with
IAM binding. Because other cysteinyl thiol-binding che-
mical such as BIAM interfere ionization peptides dur-
ing LC-MS analysis, we pretreated IAM to detect the
endogenous free cysteinyl thols. Within three indepen-
dent experiments, we identified 2948 and 1939 peptides
in normal and tumor tissues of patients, respectively
(with confidence level =95%). According to combina-
tion of identified peptides, we found 204 and 152 of in
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Fig. 1. Detection of proteins containing oxidative-sensitive cysteine
in membrane fraction of ovarian cancer patients. Oxidative cys-
teine modification in membrane fraction of normal (A) and tumor
(B) tissues of ovarian cancer using BIAM-streptavidin western
blotting. Membrane proteins were separated by 2D gel electro-
phoresis using 13 cm Immobiline Drystrip with a pH 3~10 non-
linear gradient, as described in detail in materials and methods.
Arrowhead, spot detected only in normal tissues; arrow, spot de-
tected only in tumor tissues. Samples were run in triplicate. This
is the representative figure.

normal and tumor tissues of patients (data not shown).
Total peptides and proteins in tumor tissue were re-
duced than in normal tissue of ovarian cancer patient.
Of these proteins, we compared and selected peptides
containing different pattern of cysteine oxidation. As a
result of the comparison, we found 41 pepetides con-
taining oxidatively modified-cysteines within 22 pro-
teins. Table 1 summarizes the oxidation sensitive-pro-
teins identified in our study, which exhibited a signi-
ficant difference of cysteine oxidation between normal
and tumor tissues of ovarian cancer patients.

Reciprocal Networks of Proteins Containing Cysteine
Oxidation

The identified oxidation-sensitive proteins were clas-
sified as cytoskeletal proteins, stress-responsive proteins,
and so forth. To provide insight into the mechanisms
of oxidation-sensitive proteins in ovarian cancer pa-
tients, pathway analysis was carried out on the data-
sets of identified proteins using Ingenuity Pathway Ana-
lysis software. Fig. 2B shows a multidirectional inter-
action network among the target proteins determined
to have the most significantly related functions. This
canonical network was established with cytoskeletal
network, cellular organization and maintenance, and me-
tabolism (Table 2). The components of this network
were analyzed for their association with connective tis-
sue disorder, dermatological disease and conditions, ge-
netic and developmental disorders, and metabolic di-

Hepatic fibrosis
MHepatic stellate cell activation

COL1A1, COL3A1, FN1,
MYH11, MYH13, MYH14

ILK signaling FLNA, FN1, MYH11, MYH13, MYH14

Actin cytoskeleton signaling FMA, MYH11, MYHA3, MYH14
Cellular effects of sildenafil (Viagra) MYH11, MYH13, MYH14

Intrinsic prothrombin activation pathway COL1A1, COL3A1

o 1 2 3 4 5 6 7 8 9
-log(p-value)

(o] Complex
Enzyme
@ Group

®

Fig. 2. Functional annotation of cysteine oxidation-sensitive pro-
teins using IPA. To categorize identified proteins, p-values were
used to show the ratio between the number of identified proteins
classified and the total number of proteins referenced in the lin-
ked function by the software. (A) Canonical network among cys-
teine oxidation-sensitive proteins. ILK, integrin-linked kinase. (B)
The representative annotation of reciprocal network. The most
significant connection in the global network of identified cysteine
oxidation-sensitive proteins (Table 2) are indicated. The identified
proteins in this study are shown as gray-filled figures. Solid lines
indicate direct protein-protein interactions; solid arrow lines,
membership or protein-DNA interactions; and dotted arrow lines,
direct expressional activation.
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Table 1. A protein list containing different oxidation-sensitive cysteines between normal and tumor tissues of ovarian cancer patients

Score  MS/MS Binding

. . . . a)
No. IPI No. Protein name Gene (PLGS) spectra status IAM binding peptide
1 IPI00007858 Myosin-13 MYHI3 194 9 N  CNGVLEGIRICRKGFPSRILYA
2 IPI00010951 Epiplakin EPPK1 50 4 N  DCLCQOMLD
o VAYKTVTDMEWRCCQGYGGDEGCGAC
3 IPI00013079 Emilin-1 EMILIN1 328 19 T GGVQEELGRLRDGVER
4 IPI00021033 Collagen alpha-1(IIl) chain COL3A1 120 3 N  DDICDD
5 IPI00024284 basement membrane-specific 18 eparin - yopoy gy 10 N  DAMKATATSCRPCPCPYID
sulfate proteoglycan core protein
T  ATATSCRPCPCPYI
T  CDERGSMGTSGEACR
6 IPI00025276 Isoform XB of Tenascin-X TNXB 174 9 N  SCPGDCNQR
N  CRGHGLCEDGVCVCD
N  CSTRTCPRDCRGR
T  ACPRDCR
7 IPI00076042 Short heat shock protein 60 HSP60s2 44 7 N  IAECKKQILQAKR
8 IPI00216230 Lamina—associated polypeptide 2, TMPO 47 7 T DLALCRAYEAAASALQIATHTAFVAKAM
isoform alpha QA
9 IPI00291136 Collagen alpha-1(VI) chain COL6A1 885 46 N  ECEILDIMKMCSCCECK
T  AVAFQDCPVD
IPI00296922 . .
10 1p1o0743003 Laminin subunit beta-2 LAMB2 61 14 T  GSCYPATGD
T  AGYTGLRCEACAPGHFG
T  FTGHCSCRPGVSGVRCDQCAR
N  MAVYLGSGNVSGGVCD
11 IPI00298281 Laminin subunit gamma-1 precursor LAMCI 165 9 N  FAVGGRCKCNGHASECMKNEF
N  DCQPCPCPGGSSCAVVPKTKE
T  ENFFRLGNNEACSSCHCSPVGSLSTQCD
©  NIDPNAVGNCNRLTGECLKCIYNTAGFY
CD
©  ECNVETGRCVCKDNVEGFNCERCKPGFF
NLESSNPR
o CKACNCNPYGTMKQQSSCNPVTGQCEC
LPHVTGQDCGAC
T  TPPEEYCVQTGVTGVTKSCHLC
. AIADMLRACKEAAYHPEVAPDSINQLIT
12 IPI00298994 Talin-1 TLN1 75 14 T MCTOOAPGOKECD
. CSKAGNNMLLVGVHGPRTPCEEILVKHV
13 IPI00302592 Filamin A FLNA 160 7 T GoRLYSVSYLLK
14 TPI00304840 i;‘f;““ 2C2 of Collagen alpha-2(VD) - 607 623 30 N  CEKRCGALDVVEVI
T  TINRIKVMKHEAYGECYK
15 IPI00305166 ~uccinate dehydrogenase : SDHA 162 4 N  CCCVADR
[ubiquinone] flavoprotein subunit
16 1IPI00337335 Isoform 1 of Myosin-14 MYH14 219 13 N  ACRVAEQAAND
17 1PI00339225 Isoform 5 of Fibronectin precursor FN1 1,664 91 N  QCQDSETGTFYQIG
N  DADQKFGFCPMAAHEEICTTNEGVMYR
T  NRGNLLQCICTGNGRGEWKCER
18 IPI00387144 Tubulin alpha-1B chain TUBAIB 358 10 N  DICRRNL
19 IPI00472724 Elongation factor 1-alpha 1 EEFIAl 97 9 T  CILPPTRPTDKPLR
20 1IPI00739539 ANKRD26-like family C member 1B A26CIB 50 10 T  AVQCQEDECALMLLEHGT
21 1PI00740545 i%;i:rmfwm domain family POTEI 16 7 N  TALTKAVQCQEDECALMLLEHGTDPNIP
2 1PIo0s73082 Myosin heavy chain 11 smooth MYHI1 174 8 T  QACILMIKALEL
muscle isoform
T  AFLVLEQLRCNGVLEGIRICR

N, normal tissues; T, tumor tissues. a) C represents an IAM-labeled cysteine
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Table 2. The associated top networks generated by the Ingenuity pathway analysis

Focus

Network Molecules in network Score Functions
molecules
Actin, Alpha catenin, Calpain, COL1A1, COL3A1, COL6A1, CO-
L6A2, collagen, Collagentypel, Collagentypelll, Collagen(s), EMI-

. LIN1, ERK, ERK1/2, FActin, FLNA, FN1, HSPG2, IL1, Integrin, , 5 geﬂui“ RA/IOVH%TM’ 4 Oreanizati
LAMB2, LAMCI, Laminin, MYH11, MYH13, MYH14, Myosin, cguulzr FS;‘ZE‘ ny ;IC‘I M;éﬁii Cg“’
P38MAPK, PDGFBB, PI3K(complex), Pke(s), Rock, Tgfbeta, TLN1, ular functio
TNXB
AGT, BMP3, CD3, CD6, CDC42SE1, COX7A1, DDAH2, DDXIS, Carbohvdrate Metabolism
EEF1A1, EPPK1, FUT8, GFM2, Insulin, Jnk, KLK1, MAS1, MYC, P diovyasmlar Svetom Development

2 NGFRAPI, NKTR, PCYOX1, Pka, PREP, PSG9, RABI3, RPL15 11 5 4 P

RRS1, SDHA(includesEG:157074), SMAD2, TBC1D1, TMPO, TRD-

and Function,
Tissue Morphology

MT1, TUBAS, TUBA1B, TWSGI, vitaminK1

* Bold indicates the identified cysteine oxidation-sensitive proteins in membrane and cytosol

sease. Thus, these results suggest that the highly inter-
connected network likely represents significantly inter-
connected biological functions involved in the patho-
genesis of numerous diseases.

Different Modification Pattern of COL6A1

Peptides of several proteins including HSPG2 (IPI00-
024284), TNXB (IP100025276), COL6A1 (IP100291136), LA-
MB2 (IP100296922/IP100743203), LAMC1 (IP100298281), CO-
L6A2 (IPI00304840) and FN1 (IPI00339225), possessed
more than one cysteine that was sensitive to oxidative
stress both in normal and tumor tissues (Table 1). But,
Some proteins showed IAM-binding cysteines, which
have the reduced forms in tumor tissue of ovarian can-
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Fig. 3. Analysis of the modification of COL6A1 in normal and
tumor tissues of ovarian cancer patients using 2-DE and western
blotting. (A) Normal tissues, (B) tumor stage I, and (C) tumor
stage I of independent ovarian cancer specimens. Membrane
proteins were resolved by 2D electrophoresis, transferred on
PVDF, and immunoblotted with antibody against anti COL6AL.
White circle, acidic location; block circle, reducing location.

cer patient: EMILIN1 (IPI00013079), TMPO (IP1002162-
30), TLN1 (IPI00298994), FLNA (IP100302592), EEF1A1 (IPI-
00472724), A26C1B (IP100739539), and MYH11 (IP10087-
3982). Thus, a variety of proteins might be sensitive to
cysteine oxidation, and be affected by alteration of the
functional activity and structure.

Among cysteine oxidation-sensitive proteins, we con-
firmed the modification pattern of COL6A1 on inde-
pendent ovarian cancer specimens with 2-DE and west-
ern blotting (Fig. 3). The spot of COL6A1 tends to be
acidic in specimen of normal tissue (Fig. 3A) and tu-
mor stage I (Fig. 3B). However, most of COL6A1 that
appeared at the reducing migrated location under tu-
mor stage III was supposed to be modified (Fig. 3B).
This result showed that cysteine oxidation might be im-
portant factor to regulate the functionality of COL6AL.

DISCUSSION

Redox proteomics is an emerging branch of proteo-
mics aimed at investigating oxidative-stress induced mo-
difications of proteins (D'Alessandro et al., 2011). Seve-
ral experimental approaches have been developed for
the systematic and exhaustive characterization of the
so-called thiol proteome (Poole et al.,, 2005; Leitner and
Lindner, 2006; Leichert et al., 2008). Amongst the many
kinds of amino acid residues susceptible to oxidative stre-
ss, cysteine is by far one of the most sensitive. Oxida-
tion of its -SH groups can have functional significance
by regulating protein function and can be the target of
oxidative insult. Therefore, redox proteomics aims at
detecting and analyzing redox-based changes within the
proteome both in redox signaling scenarios and in oxi-
dative stress. In recent years, though only preliminary
results are currently available, a role for redox proteo-
mics has progressively emerged in turning over alter-
ations of redox balance which target protein species in
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several diseases (Dai et al., 2005; Dalle-Donne et al.,
2005; Bouayed et al., 2009; Toda et al., 2010). Above all,
redox proteomics might represent a valid tool to ex-
plore protein targeting oxidative modifications prior to
or upon drug administration, which could accelerate the
whole process of drug designing and testing up. In up-
coming years, redox proteomics will likely play a piv-
otal role in the quest for new therapeutic targets and
their validation, in the process of determining oxidative
stress-triggered cellular alteration upon drug treatments
and thus in the very heart of the design and testing of
new drugs and their metabolites against those patholo-
gies relying on altered redox homeostasis.

In the present study, the extracted proteins were sub-
jected to in-gel trypsin digestion, after which the diges-
ted peptides were separated and analyzed using a nano-
UPLC coupled Q-TOF tandem mass spectrometer (Yang
et al., 2010). Elevated chromatography performance by
nano-UPLC coupled to fast MS/MS significantly increa-
ses sensitivity and in-depth analysis of peptides and
proteins. And also, the mass accuracy achieved with
this system reduces redundancy of multiple peptide as-
signments, because of a sequential low and high colli-
sion energy data acquisition cycle and the development
of specific software (PLGS) (Xu et al., 2008).

Collagen type VI is ubiquitously distributed in the
connective tissues and is particularly abundant around
cells, associated with interstitial collagen fibres types
I~1II, with a possible role as substrate for the attach-
ment of cells and in anchoring collagen fibers, nerves
and blood vessels to the surrounding connective tissue
(Kuo et al., 1997). It has a characteristic beaded filamen-
tous structure of tetrameric units that consists of three
different a-chains, a1(VI), a2(VI), and a3(VI) (in hu-
man). Collagen VI has high affinity with numerous ex-
tracellular matrix components (i.e., biglycan, decorin, hya-
luronan, fibronectin, perlecan, and heparin) as well as
with the cell membrane (Tillet et al.,, 1994). Thus, it has
been hypothesized that collagen VI plays important
roles in mediating cell-matrix interactions as well as in-
termolecular interactions in various tissues as well as
cell cultures (Alexopoulos et al, 2009). In human, two
inherited muscle disorders have been linked to collagen
VI genes: Bethlem myopathy, an early onset myopathy
with benign course, and Ullrich congenital muscular
dystrophy, a severe and rapidly progressive muscle di-
sease causing respiratory failure and death between the
first and third decade of life. In the mouse, inactivation
of the Col6al gene induces a myopathic syndrome
with histological and functional features much milder
than those found in human (Braghetta et al, 2008).
Like this, the defects about COL6A1 mostly were ana-
lyzed in myogenic and muscular disorders because of
its localization and structure. Recently, two studies re-
ported the expressional increase of COL6A1 in ovarian
cancer cell lines under hormone responsibility (Parker

et al., 2009; Zhao et al., 2011). COL6A1 has been im-
plicated in cell migration and differentiation, and thus
changes in COL6A1 gene expression have implications
for cancer cell growth. COL6Al gene expression has
been related to cell growth and cancer development and
progression (Wan et al, 2004). However, the mecha-
nism related to COL6Al in cancer metastasis is still
unclear, and there have been few studies that have re-
ported the relationship between COL6A1 and cancers.

Though we systematically performed the identifica-
tion of cysteine oxidation patterns, information regard-
ing the oxidation of cysteine in ovarian cancer is still
lacking. With redox proteomics based on our data, the
study of cellular oxidation network may contribute to
understanding how redox homeostasis is regulated in
ovarian cancer patients. In the future, the role of COL-
6A1 with oxidation sensitive modification will need to
be determined for clarification of its relationship to can-
cer progression (metastasis).
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