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Abstract In a previous study, we elucidated the apoptotic
mechanism mediated via Fas/FasL-dependent pathway in
mitomycin C-treated cervical carcinoma cells. In this
study, 2-D and MALDI-TOF analyses were performed in
order to search mitomycin C-induced modulators in cer-
vical carcinoma cells. Some protein spots down- or up-
regulated by mitomycin C were separately selected from
the 2-D gels. Twenty protein spots were identified from the
2-D gels. Among the 20 spots, 11 spots were down-regu-
lated, whereas 9 spots were up-regulated in SiHa/pRSV-luc
cells by mitomycin C. Three spots have not been identified
in the database. Ku70-binding protein (KUB3), MHC class
I antigen, MHC class I chain-related protein A or multi-
PDZ domain protein 1, MAGUK P55 subfamily member 3
or lamda/iota protein kinase C-interacting protein, and
GLO014 or Sadl/unc-84 protein-like 1 were suppressed by
mitomycin C treatment. Heat shock 60 kDa protein 1
(chaperonin), similar to heat shock protein 90 kDa protein
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alpha or ninein centrosomal protein isoform C, NADP-
dependent malic enzyme, mitochondrial precursor, GRB10
adaptor protein, glycogenin-interacting protein 1, cysta-
thionine gamma-lyase, Gy/mitotic-specific cyclin B2 or
heat shock 90 kDa protein 1 alpha, peptidyl-prolyl cis—
trans isomerase B, and PARP-2 (fragment) were induced
by mitomycin C. KUB3, Brcal, and E6 gene expressions
were down-regulated by mitomycin C in HPV-positive
cervical cancer cells, SiHa/pRSV-luc and SiHa. In these
studies, we suggest that MMC down-regulated the
expression levels of the upstream molecules of DNA-
double strand break repair system, non-homologous end
joining or homologous recombination, resulting in the
suppression of cervical cancer cell growth.

Keywords Mitomycin C - DSB repair genes -
Ku70-binding protein - Cervical carcinoma cells

Introduction

Cervical cancer is one of the leading causes of female
death from cancer worldwide. Human papillomaviruses
(HPVs) have been recognized as the primary cause of
cervical cancer. Among them, specific types of HPV (16,
18 and several others) have been identified as causative
agents of at least 90% of cervical cancers, and are also
linked to more than 50% of other anogenital cancers (zur
Hausen and de Villiers 1994). HPVs have circular, double-
stranded DNA genomes that are approximately 8 kb in
size and encode eight genes, of which E5, E6 and E7
have transforming properties. These proteins have pleio-
tropic functions, such as transmembrane signaling, regu-
lation of the cell cycle, transformation of established cell
lines, immortalization of primary cell lines and regulation
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of chromosomal stability (Filatov et al. 1998; Syrjanen
and Syrjanen 1999; Zwerschke and Jansen-Durr 2000).
Viral oncoproteins E6 and E7 are selectively retained and
expressed in carcinoma cells infected with HPV type 16
and cooperate in immortalization and transformation of
primary keratinocyte. E6 and E7 oncoproteins interact and
interfere with the functions of tumor suppressor proteins
p53 and retinoblastoma protein (pRb), respectively (Dyson
et al. 1989; Scheffner et al. 1993, 1990). The HPV 16 E7
protein can form a specific complex with phosphorylated
pRb (Bates et al. 1998). The release of E2F influences
expression of the genes involved in mitosis and cell cycle
control (Scheffner et al. 1994). Therefore, a complex for-
mation between the products of oncogenes and the tumor
suppressor genes is believed to be important in the cellular
transformation that leads to the disruption of the normal
physiological functions of the specific tumor suppressor
gene products (Lee et al. 1998).

Two-dimensional gel electrophoresis (2-DE) is a use-
ful technique for visualizing a large set of proteins.
Analysis by 2-DE and MALDI/TOF mass spectrometry
has become a powerful combination to identify proteins.
These technologies can provide potential clues to answer
biological questions regarding mechanisms involved in
the pathogenesis of cancer. Although protein databases
of proteome approaches for several cancer researches are
available and profiling analyses of proteins and genes in
cervical cancers induced by HPV E7 oncogene were
recently reported by previous studies (Lee et al. 2004,
2005), no database exists for cervical cancer modulated
by an anti-cancer agent, mitomycin C. In the previous
study (Kang et al. 2003), we investigated E6-induced
transcriptional activities of several viral promoter—
reporters and their applications using viral promoter—
reporter gene systems could be available for the devel-
opment of potential drugs against HPV infection. It was
also revealed that cervical cancer drugs consistently
reduced luciferase activity in RSV-luc-transfected SiHa
cells (SiHa/pRSV-luc, KCTC 0427BP). Thus, RSV-luc
promoter analysis system could be useful not only for
understanding the role of transcription activity of E6
related to cervical cancer and also for screening drugs
against cervical cancers caused by HPV infection. In
order to study whether essential genes related to DNA
repair or carcinogenesis would be modulated by mito-
mycin C in cervical carcinoma cells, we selected SiHa/
pRSV-luc cells. Using 2-DE, we examined whether
mitomycin C could affect the modulating factors
involved in apoptosis of HPV-positive cervical carci-
noma cells. We identified several DNA-double strand
break (DSB) repair proteins, cell cycle regulatory factors,
heat shock proteins, cell signaling factors, and novel
factors which are modulated by mitomycin C.
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Materials and methods
Cell culture

HPV-negative cervical cancer cell line C-33A with muta-
ted p53 which is not functional (Srivastava et al. 1992) and
HPV 16 containing cervical cancer cell line SiHa were
purchased from American Type Culture Collection
(Rockville, MD), and maintained in DMEM supplemented
with 100 U/ml penicillin, 100 pg/ml streptomycin, 25 ng/
ml amphotericin B, and 10% fetal bovine serum (FBS)
(Hyclone, South Logan, UT) at 37°C in a humidified
incubator with 5% CO,. SiHa/pRSV-luc cells were pre-
pared and maintained as previously described (Kang et al.
2003, 2006).

Sample preparation for 2-DE

Cells from 100 mm dishes were harvested after treatment
of mitomycin C, and then washed with PBS. Sample
preparation was performed by lysing cells in a lysis buffer
(25 mM Tris—phosphate, 2 mM DTT, 2 mM 1,2-diamino-
cyclohexane-N,N,N',N'-tetraacetic acid, 10% glycerol, 1%
Triton X-100, pH 7.8) (Promega, USA) containing aproti-
nin (10 pg/ml) and 0.5 mM phenylmethylsulfonyl fluoride.
The cell lysates were obtained by centrifugation at 12,000g
for 30 min after incubation on ice for 30 min, and dialyzed
against 20 mM Tris—HCI, pH 8.0 for 20 h. The protein
concentration of the cell lysate was determined by Brad-
ford method.

2-DE

For the first dimension, pH 3-10 immobilized pH gradient
(IPG) gel strips (13 cm; Amersham Pharmacia Biotech,
USA) which were linear were rehydrated overnight in a
rehydration solution containing 250 ng of protein sample
in an IPGphor strip holder covered with cover fluid. Iso-
electric focusing was conducted at 20°C using an IPGphor
Isoelectric Focusing System (Amersham Pharmacia Bio-
tech). A three-phase program was used for the analytical
gel. The first phase was set at 1,000 V for 1 h, the second
phase was set at 2,000 V for 2 h, and the third phase was a
linear gradient spanning from 2,000 to 8,000 V for 14 h.
Prior to the 2-DE, the IPG gel strips were equilibrated for
15 min in a SDS equilibration solution (50 mM Tris—Cl,
pH 8.8, 6 M Urea, 30% glycerol, 2% SDS, 0.002%
bromophenol blue, 60 mM dithiothreitol). The second-
dimensional separation was carried out on a 12%
SDS-PAGE (polyacrylamide gel electrophoresis) gel
(16 x 20 cm) without stacking gel at 4°C. The IPG strips
were embedded on top of the gel with 1% agarose. Elec-
trophoresis was carried out at 60 mA/gel for 6 h until the
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bromophenol blue reached the bottom of the gel. The gel
was fixed and then stained with silver according to the
manufacturer’s procedure (Amersham Pharmacia Biotech).
The gel was stained with silver for 2 h and then destained
as described below and previously (Hanash et al. 1991).

Destaining

Silvers were removed from the gel using chemical reducers
as described elsewhere (Gharahdaghi et al. 1999). Briefly, a
working solution was prepared by mixing a 1:1 ratio of
30 mM potassium ferricyanide and 100 mM sodium thio-
sulfate. 30-50 pl of working solution was added to cover
the gel for 20 min and then discarded. Subsequently, the
gel was cut into small pieces, washed with water, and
dehydrated repeatedly with changes of acetonitrile until the
gel pieces turned opaque white. The gel pieces were then
dried in a vacuum centrifuge for 30 min. Trypsin digestion
of proteins in the gels was performed as described else-
where (Shevchenko et al. 1996).

MALDI-TOF mass spectrometric analysis and database
search

All mass spectrometric analyses were performed using a
PerSeptive Biosystems MALDI-TOF Voyager DE-RP
mass spectrometer (Framingham, MA) operated in the
delayed extraction and reflector mode. Peptide mixtures
were analyzed using a saturated solution of alpha-cyano-4-
hydroxycinnamic acid in 50% acetonitrile/0.1% trifluoro-
acetic acid (Gharahdaghi et al. 1996). PEPTIDENT of the
program ExPASY was used for the database search
(http://cn.expasy.org/tools/peptident.html).

Reverse transcription-polymerase chain reaction
(RT-PCR)

RT-PCR was carried out to identify expression of KUB3
and E6 from total RNA isolated from SiHa/pRSV-luc cells,
SiHa, and C-33A cervical carcinoma cells after treatment
with carboplatin, mitomycin C, and cisplatin. The cDNA
was synthesized from total RNA in 50 pl reaction volume
containing 5 pul 10x first-strand buffer, 1 pl of RNase
block ribonuclease inhibitor (40 U/ul), 2 pl of 100 mM
dNTPs and 1 pl of MMLV-RT (50 U/ul), and the mixture
was gently incubated at 37°C for 1 h. The resulting cDNA
was amplified under the following PCR conditions (30
cycles: 1 min at 95°C, 1 min at 57°C and 1 min 30 s at
72°C). The PCR products were analyzed on 1% agarose
gel. The primers for KUB3 were 5'-CGG AAT TCG GAG
GTT ACC TTT CCC AG-3' (sense) and 5'-CCG CTC
GAG TGA TGA TGG AAG CTC TGT-3' (antisense). The
primers for E6 were 5-GCG GCC GCC ACC ATG TTT

CAG GAC CAC AG-3 (sense) and 5'-CTG CGG CCG
CGA TTA CAG CTG GGT TTT CTCT-3' (antisense). The
primer sequences for f-actin as an internal standard were
5'-GTG GGG CGC CCC AGG CAC CA-3' (sense) and 5'-
CTC CTT AAT GTC ACG CAC GAT TTC-3' (antisense).

Western blot analysis

Western blot analysis was carried out to identify expression
of Ku70 and Brca-1 protein in SiHa/pRSV-luc cells, SiHa,
and C-33A cervical carcinoma cells after treatment with
carboplatin, mitomycin C, and cisplatin. The levels of
expressed Ku70 and Brca-1 protein were determined by
SDS-PAGE (12% acrylamide) and Western blot analysis.
Gels were transferred to an Immobilon-P membrane
(Millipore, Bedford, MA) at 50 V for 1.5 h at room tem-
perature and were blocked by soaking into methanol for
5 min and drying at room temperature. The membrane was
probed with rabbit anti-Ku70 and Brca-1 polyclonal anti-
bodies (Santa Cruz Biotechnology, Santa Cruz, CA) diluted
1:1,000 in 5% skimmed milk, followed by a horseradish
peroxidase-conjugated anti-rabbit antibody (Sigma), and
visualization was achieved with ECL kit (iNtRON bio-
technology, Daejeon, Korea).

Results

2-D electrophoresis patterns of proteins from SiHa/
pRSV-luc cells after treatment of mitomycin C
and identification of MMC-modulating proteins

by mass spectrometry

Protein profiling was conducted to identify proteins mod-
ulated by MMC using 2-D gel electrophoresis and silver
staining. In order to elucidate the specific effect of mito-
mycin C, we compared the differential patterns of 2-D
between medium and mitomycin C-treated cells. The
overall 2-D patterns of control and mitomycin C-treated
cells were apparently similar (Fig. 1a). However, some
down- or up-regulated protein spots by mitomycin C were
separately selected from the 2-D gels. Twenty protein spots
were identified from the 2-D gels. Among the 20 spots, 11
spots were down-regulated, whereas 9 spots were up-reg-
ulated by mitomycin C (Fig. 1b). The protein spots were
excised from the gels, digested with trypsin, and then
analyzed by MALDI-TOF. Peptide mass fingerprints from
17 proteins of the 20 spots were obtained by MALDI-TOF
mass analysis. The resulting spectra were used to identify
the proteins with the Peptident search program. The up- or
down-regulated proteins by mitomycin C are listed in
Tables 1 and 2. Nine proteins were down-regulated in
SiHa/pRSV-luc cells compared to MMC-treated cells. Two
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Fig. 1 Two-dimensional
electrophoresis patterns of
proteins from SiHa/pRSV-luc
cells after treatment of MMC.
Proteins were separated by
2-DE, and stained with silver
nitrate (a). Identified protein
spots are indicated by numbers.
Proteins up-regulated by MMC
are indicated in the MMC-
treated cells (b, d, f) whereas
down-regulated proteins
indicated in the medium control
(a, ¢, e) (b)

spots have not been identified in the database (Table 1).
Notably, Ku70-binding protein (KUB3), MHC class I
antigen, MHC class I chain-related protein A, and MAG-
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SiHa/pRSV-luc/ Medium

UK P55 subfamily member 3 or lamda/iota protein kinase

C-interacting protein were suppressed by mitomycin C
treatment. Compared to non-treated control cells, 8 pro-

teins were up-regulated in SiHa/pRSV-luc/MMC cells.

Heat shock 60 kDa protein 1 (chaperonin), similar to heat
shock protein 90 kDa protein alpha, mitochondrial pre-
cursor, GRB10 adaptor protein, glycogenin-interacting
protein 1, cystathionine gamma-lyase, G,/mitotic-specific
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SiHa/pRSV-luc/ MMC

cyclin B2 or heat shock 90 kDa protein 1 alpha, peptidyl-
prolyl cis—trans isomerase B, and PARP-2 (fragment) were
up-regulated by mitomycin C (Table 2).

The effect of anti-cancer agents on KUB3 and E6 gene
expressions in cervical carcinoma cells

In order to investigate the effect of anti-cancer agents on
expressions of KUB3 and E6 genes, SiHa, SiHa/pRSV-luc,
and C-33A cervical carcinoma cells were treated with
carboplatin, mitomycin C, and cisplatin. Expression levels
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Table 1 Identification of MMC-modulated protein spots in SiHa/pRSV-luc cells by mass spectrometry
Spot Score No. of Accession  Description p! MW Arbitrary
peptide number intensity
matches
1 02 5 075138 Hypothetical protein KIAA0643 (fragment) Undefined Undefined ++
0.2 5 Q9H7J2 FLJ00087 protein (fragment) Undefined Undefined
0.16 4 P51114 Fragile X mental retardation syndrome-related protein 1 591 69,691.75
0.16 4 Q14622 Chain 1: integrin beta-1 5.31 86,241.6
0.16 4 014689 CEV14 (fragment) Undefined Undefined
0.16 4 Q92555 Hypothetical protein KIAA0266 6.7 87,187.83
0.16 4 Q96D84  Hypothetical protein (fragment) Undefined Undefined
0.16 4 Q96FN2  Similar to outer dense fiber of sperm tails 2 6.12 88,578.36
0.16 4 Q9H4M1 Chain 1: glycosylphosphatidylinositol-specific 5.7 87,795.16
0.16 4 Q9UQ37  RNA binding protein (fragment) Undefined Undefined
0.16 4 094819 Hypothetical protein KIAA0711 5.78 65,719.85
2 023 5 Q92565 Hypothetical protein KIAA0277 5.89 67,733.18 +++
0.18 4 P09913 Interferon-induced 54 kDa protein (IFI-54K) 6.32 54,632.21
0.18 4 095914 DJ134E15.1 (Blimp-1) (fragment) Undefined Undefined
0.18 4 P14868 Aspartyl-tRNA synthetase (EC 6.1.1.12) 6.11 57,136.22
3 0.14 4 Q13368 MAGUK P55 subfamily member 3 (MPP3 protein) 6.27 66,168.23 ++++
0.14 4 075341 BRCAI-associated protein 2 5.85 68,408.83
4 0.15 4 Q96ID6 Hypothetical protein (fragment) Undefined Undefined +
0.15 4 Q99756 68 kDa type I phosphatidylinositol-4-phosphate 5-kinase alpha 7.22 56,053.03
(EC 2.7.1.68)
5 02 5 Q9HCK?7  Hypothetical protein KIAA1565 (fragment) Undefined Undefined +++
0.16 4 QINYLS  Cytochrome P450 39A1 (EC 1.14.13.-) 8.92 54,129.84
6 0.17 6 097987 MHC class I chain-related protein A (fragment Undefined Undefined +
0.14 5 P05787 Keratin, type II cytoskeletal 8 (cytokeratin 8) 5.52 53,543.03
0.14 5 095269 Neuralized binding protein (HOMER-2 protein, HOMER-2A 6.19 39,467.15
splicing form)
0.14 5 QINTG1  Chain 1: polycystic kidney disease and receptor Undefined Undefined
7 0.1 7 P04083 Annexin I (lipocortin I) (calpactin II) (chromobindin 9) (P35) 6.64 38,583.05 +
(phospholipase A2 inhibitory protein)
0.1 7 Q9Y6H3  Ku70-binding protein (fragment) Undefined Undefined
0.09 6 095958 DJ142L.7.3 [connective tissue growth factor (NOV, GIG) like Undefined Undefined
protein] (fragment)
0.07 Q96LES GC109 (fragment) Undefined Undefined
10  0.17 Q13696 ACFT7 protein (fragment) Undefined Undefined ++-++
0.13 QI9UJK7  DIJ283E3.3.1 [cell division cycle 2-like 2 (PITSLRE, p58/GTA, 5.49 49,623.58
galactosyltransferase associated protein kinase)] (isoform beta 1)
0.13 043493 Chain 1: trans-golgi network integral membrane 5.46 48,887.04
11 0.08 Q8TEQS5  FLJ00138 protein (fragment) Undefined Undefined +
0.08 QI9Y6H3  Ku70-binding protein (fragment) Undefined Undefined
8,9 No SWISS-PROT and TrEMBL entries have been found

Down-regulated proteins by MMC are described. The peptide profiles of the protein spots treated with trypsin were analyzed by MALDI-TOF-
MS, and by using the Exp\PASY PEPTIDENT search program

of E6 and KUB3 were decreased in mitomycin C-treated
HPV-positive cervical cancer cells, SiHa/pRSV-luc and
SiHa compared to the non-treated HPV-positive cervical

cancer cells (Fig. 2). E6 gene was not detected in HPV-  commercially available.

negative C33A cervical cancer cells as expected (Fig. 2).
KUB3 protein could not be detected because a specific
anti-Ku70-binding protein (KUB3) antibody was not
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Table 2 Identification of MMC-modulated protein spots in SiHa/pRSV-luc cells by mass spectrometry

Spot Score No. of Accession  Description p! MW Arbitrary
peptide number intensity
matches

1 026 8 P10809 Chain 1: 60 kDa heat shock protein 5.24 57,962.86 ++-+

0.26 8 Q96FZ6 Heat shock 60 kDa protein 1 (chaperonin) 5.5 59,812.09
023 7 Q96PX3  Hypothetical protein KIAA1915 (fragment) Undefined Undefined
0.13 4 Q07065 P63 protein 5.63 66,022.47
2 0.17 4 QI9BSM2  Hypothetical protein (fragment) Undefined Undefined +++
0.17 4 P51157 Ras-related protein Rab-28 (RAB-26) 5.7 24,871.33
3 0.09 5 P17342 Chain 1: atrial natriuretic peptide clearance 5.94 57,837.44 +
0.09 5 Q13517 Protein kinase C-binding protein RACK?7 (fragment) Undefined Undefined
0.09 5 Q96HW6  Similar to kinesin family member C3 (fragment) Undefined Undefined
0.09 5 Q96JAO NYD-SP28 6.74 57,327.86
0.09 5 QIUNIJ5  Cysteine sulfinic acid decarboxylase-related protein 4 6.06 55,007.2
007 4 Q96HX7  Similar to heat shock 90 kDa protein 1, alpha (fragment) Undefined Undefined
4 0.19 4 075530 Embryonic ECTODERM development protein (fragment) Undefined Undefined ++
0.19 4 QI9UGNS5  Poly (ADP-ribose) polymerase-2 (EC 2.4.2.30) (PARP-2) 9.02 66,205.76
(NAD(+) ADP-ribosyltransferase-2) (Poly[ADP-ribose]
synthetase-2) (pADPRT-2) (hPARP-2)
0.19 4 QIUNY7 WAIT-1 6.93 48,779.19
5 0.14 5 Q96AG6  Hypothetical protein (fragment) Undefined Undefined +++
0.11 4 P00505 Chain 1: aspartate amino transferase 8.98 44,695.28
0.11 4 Q00653 Splice isoform P49 of nuclear factor NF-kappa-B p100/p49 8.94 49,123.69
(Isoform)  subunits (H2TF1) (oncogene Lyt-10) (Lyt10) (contains:
nuclear factor NF-kappa-B p52 subunit)
0.11 4 015264 Mitogen-activated protein kinase 13 (EC 2.7.1.) (stress-activated 8.48 42,089.59
protein kinase-4) (mitogen-activated protein kinase p38 delta)
(MAP kinase p38 delta)
6 009 4 095780 BC39498_1 9.22 58,3612 4+
009 4 Q8TB66  Nucleolar protein interacting with the FHA domain of pKi-67 9.88 34,253.22
0.09 4 Q96HX7  Similar to heat shock 90 kDa protein 1, alpha (fragment) Undefined Undefined
7 0.14 4 095067 G2/mitotic-specific cyclin B2 9 45,281.55 ++
0.14 4 Q96HX7  Similar to heat shock 90 kDa protein 1, alpha (fragment) Undefined Undefined
0.14 4 P23284 Chain 1: peptidyl-prolyl cis—trans isomerase B 9.25 20,289.29 ++

No SWISS-PROT and TrEMBL entries have been found

Up-regulated proteins by MMC are described

The effect of anti-cancer agents on expressions
of KU70 and Brca-1 in SiHa, SiHa/pRSV-luc,
C33A cervical cancer cells

In order to elucidate whether anti-cancer agents would
affect DNA-DSB repair genes such as Ku70, KUB3, and
Brca-1, we detected Ku70 and Brca-1 protein expression
levels using specific antibodies. There were no changes in
expression levels of Ku70 and Brca-1 protein in HPV non-
containing C-33A cervical cancer cells (Fig. 3). However,
Brca-1 expression was suppressed in mitomycin C-treated
SiHa/pRSV-luc and SiHa cells compared to the non-treated
HPV-positive cervical cancer cells while Ku70 expression
was not affected by any anti-cancer agents in both HPV-

@ Springer

positive and HPV-negative cervical cancer cells (Fig. 3). In
these results, we suggest that the mitomycin C down-reg-
ulates an upstream molecule of DNA-DSB repair system,
non-homologous end joining (NHEJ) or homologous
recombination (HR), through a suppression of repair gene
binding partner for DNA break repair system, such
as Ku70-binding protein (KUB3) and Brcal-associated
protein.

Discussion

In our proteomic study, several proteins including Ku70-
binding protein (KUB3) and Brcal-associated protein
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(BrcalAP) were down-regulated, whereas HSP60 and
HSP90.1 alpha were up-regulated by mitomycin C. These
results reminded our previous study (Lee et al. 2004),

€
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Fig. 2 Identification of KUB3 (Ku70BP) gene expression in cervical
carcinoma cells after treatment of anti-cancer agents. E6 and KUB3
gene expression were analyzed by RT-PCR. RT-PCR analysis for E6
and KUB3 was performed on three kinds of cervical cancer cell lines
such as SiHa/pRSV-luc, SiHa, and C-33A. cDNA was synthesized
from mRNA from three cell lines after treatment of anti-cancer
agents, which was used as a template for reverse transcription. f-actin
was used as the loading control

Fig. 3 The effect of MMC on SiHa/pRSV-luc

where KUB3 and HSP 60 were up-regulated by HPV 16 E7
oncoprotein. In these present results, E7-induced KUB3
was decreased by mitomycin C while E7-induced HSP 60
was synergistically increased by mitomycin C, assumed
that HSP60 is a stress-dependent protein induced by virus
infection, drug treatment, and other stresses. Brca-1
expression was suppressed in mitomycin C-treated SiHa/
pRSV-luc and SiHa cells while Ku70 expression was not
affected by any anti-cancer agents in both HPV-positive
and HPV-negative cervical cancer cells (Fig. 3).

It has been well known that at least two distinct pro-
cesses are responsible for the diverse biological effects
exhibited by the mitomycins: DNA alkylation, and the
generation of reactive free radicals such as superoxide and
hydroxyl radicals, thereby inducing DNA strand scission
(Doroshow 1981; Lee et al. 2006). The relative cytotoxicity
inherent in these processes is contingent on the extent of
DNA damage induced by the given drug, and on the ability
of the cell to repair DNA damage. Cells have great diffi-
culty in repairing damage caused by the cross-linking of
drugs with DNA. However, modulation of DNA repair
proteins by MMC is not clear.

In this study, in order to understand the modulation of
DNA repair proteins by mitomycin C, 2-D and MALDI-
TOF analyses were performed in cervical carcinoma cells.
Among the many factors which were modulated by MMC,
we selected and focused on the modulators which are
related to the DNA repair. Using Western blotting and
RT-PCR, we evaluated the expression levels of Ku70,
Ku70-binding protein (KUB3), Brca-1, and E6. We could
not detect the protein levels of KUB3 and E7 because an
anti-KUB3 antibody was not commercially available and
E6 oncoprotein is slightly expressed and easily degraded in
the HPV-positive cervical cancer cells. Hence, RT-PCR
was performed to detect the expression of KUB3 and E6
gene, and Western blot analysis to confirm the different
expression of Ku70 and Brca-1 protein. Collectively, taken
together these results, KUB3, Brcal, and E6 gene expres-
sions were down-regulated by mitomycin C in HPV-posi-
tive cervical cancer cells.

SiHa C-33A

the expression of Ku70 and
Brcal in SiHa/pRSV-luc cells
after treatment with MMC.
Western blot analysis for both

Medium
MMC

<
(@]

CIs
Medium
MMC
CIS
Medium
MMC
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Brcal and Ku70 was performed
on three kinds of cell lines,
SiHa/pRSV-luc, SiHa, and

BRCA1
——

C-33A, after treatment of anti-
cancer agents such as cisplatin
(CIS), carboplatin (CA), and

Ku(p70)

mitomycin C (MMC),
respectively. a-Tublin was used
as the loading control

o-tublin
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In these results, we suggest that mitomycin C effectively
renders powerless two kind of DNA-DSB repair system,
NHEJ and HR, through down-regulation of repair genes
such as Brcal and their binding or associated proteins such
as Ku70-binding protein (KUB3) and Brcal-associated
protein (BrcalAP), resulting in cell death during DNA-
DSB of cell cycle check point period. Of the many types of
DNA damages that exist within the cell, probably the most
dangerous is the DSB repair system. These result from
exogenous agents such as ionizing radiation (IR) and cer-
tain chemotherapeutic drugs, from endogenously generated
reactive oxygen species and from mechanical stress on the
chromosomes. They can also be produced when DNA
replication forks encounter DNA single-strand breaks or
other types of lesion. They can occur at the termini of
chromosomes due to defective metabolism of chromosome
ends (telomeres).

In order to elucidate the apoptotic effect of mitomycin C
on cervical cancer cells, down-stream molecule of DNA-
DSB repair system should be analyzed in a further study.

Acknowledgments This work was supported by a grant from the
National R&D Program for Cancer Control, Ministry for Health,
Welfare and Family affairs, Republic of Korea (0920080) and in part
from the basic program of the National Research Foundation of Korea
(NRF). D.Y is partially supported by Priority Research Centers Pro-
gram (2009-0093824) and the basic program (NRF-2009-0085906)
through the National Research Foundation of Korea (NRF).

References

Bates S, Phillips AC, Clark PA, Stott F, Peters G, Ludwig RL,
Vousden KH (1998) pl4AREF links the tumour suppressors RB
and p53. Nature 395:124-125

Doroshow JH (1981) Mitomycin C-enhanced superoxide and hydro-
gen peroxide formation in rat heart. J Pharmacol Exp Ther
218:206-211

Dyson N, Howley PM, Munger K, Harlow E (1989) The human
papilloma virus-16 E7 oncoprotein is able to bind to the
retinoblastoma gene product. Science 243:934-937

Filatov DA, Nuzhdin SV, Pasiukova EG (1998) Preferred transcrip-
tion of the copia retrotransposon in Drosophila melanogaster
testes. Mol Biol (Mosk) 32:976-980

Gharahdaghi F, Kirchner M, Fernandez J, Mische SM (1996) Peptide-
mass profiles of polyvinylidene difluoride-bound proteins by
matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry in the presence of nonionic detergents. Anal
Biochem 233:94-99

Gharahdaghi F, Weinberg CR, Meagher DA, Imai BS, Mische SM
(1999) Mass spectrometric identification of proteins from silver-

@ Springer

stained polyacrylamide gel: a method for the removal of silver
ions to enhance sensitivity. Electrophoresis 20:601-605

Hanash SM, Strahler JR, Neel JV, Hailat N, Melhem R, Keim D, Zhu
XX, Wagner D, Gage DA, Watson JT (1991) Highly resolving
two-dimensional gels for protein sequencing. Proc Natl Acad Sci
USA 88:5709-5713

Kang YH, Kang MJ, Paik SG, Park SN, Yoon DY (2003) Repression
of HPV E6-activated RSV promoter activity by anti-cancer
agents. Antiviral Res 58:65-71

Kang YH, Lee KA, Ryu CJ, Lee HG, Lim JS, Park SN, Paik SG,
Yoon DY (2006) Mitomycin C induces apoptosis via Fas/FasL
dependent pathway and suppression of IL-18 in cervical
carcinoma cells. Cancer Lett 237:33-44

Lee SJ, Dimtchev A, Lavin MF, Dritschilo A, Jung M (1998) A novel
ionizing radiation-induced signaling pathway that activates the
transcription factor NF-kappaB. Oncogene 17:1821-1826

Lee KA, Shim JH, Kho CW, Park SG, Park BC, Kim JW, Lim JS,
Choe YK, Paik SG, Yoon DY (2004) Protein profiling and
identification of modulators regulated by the E7 oncogene in the
C33A cell line by proteomics and genomics. Proteomics 4:839—
848

Lee KA, Kang JW, Shim JH, Kho CW, Park SG, Lee HG, Paik SG,
Lim JS, Yoon DY (2005) Protein profiling and identification of
modulators regulated by human papillomavirus 16 E7 oncogene
in HaCaT keratinocytes by proteomics. Gynecol Oncol 99:142—
152

Lee YJ, Park SJ, Ciccone SL, Kim CR, Lee SH (2006) An in vivo
analysis of MMC-induced DNA damage and its repair. Carci-
nogenesis 27:446-453

Scheffner M, Werness BA, Huibregtse JM, Levine AJ, Howley PM
(1990) The E6 oncoprotein encoded by human papillomavirus
types 16 and 18 promotes the degradation of p53. Cell 63:1129-
1136

Scheffner M, Huibregtse JM, Vierstra RD, Howley PM (1993) The
HPV-16 E6 and E6-AP complex functions as a ubiquitin—protein
ligase in the ubiquitination of p53. Cell 75:495-505

Scheffner M, Romanczuk H, Munger K, Huibregtse JM, Mietz JA,
Howley PM (1994) Functions of human papillomavirus proteins.
Curr Top Microbiol Immunol 186:83-99

Shevchenko A, Jensen ON, Podtelejnikov AV, Sagliocco F, Wilm M,
Vorm O, Mortensen P, Shevchenko A, Boucherie H, Mann M
(1996) Linking genome and proteome by mass spectrometry:
large-scale identification of yeast proteins from two dimensional
gels. Proc Natl Acad Sci USA 93:14440-14445

Srivastava S, Tong YA, Devadas K, Zou ZQ, Chen Y, Pirollo KF,
Chang EH (1992) The status of the p53 gene in human papilloma
virus positive or negative cervical carcinoma cell lines. Carci-
nogenesis 13:1273-1275

Syrjanen KJ, Syrjanen SM (1999) Human papillomavirus (HPV)
typing as an adjunct to cervical cancer screening. Cytopathology
10:8-15

zur Hausen H, de Villiers EM (1994) Human papillomaviruses. Annu
Rev Microbiol 48:427-447

Zwerschke W, Jansen-Durr P (2000) Cell transformation by the E7
oncoprotein of human papillomavirus type 16: interactions
with nuclear and cytoplasmic target proteins. Adv Cancer Res
78:1-29



	Mitomycin C modulates DNA-double strand break repair genes in cervical carcinoma cells
	Abstract
	Introduction
	Materials and methods
	Cell culture
	Sample preparation for 2-DE
	2-DE
	Destaining
	MALDI-TOF mass spectrometric analysis and database search
	Reverse transcription-polymerase chain reaction (RT-PCR)
	Western blot analysis

	Results
	2-D electrophoresis patterns of proteins from SiHa/pRSV-luc cells after treatment of mitomycin C and identification of MMC-modulating proteins by mass spectrometry
	The effect of anti-cancer agents on KUB3 and E6 gene expressions in cervical carcinoma cells
	The effect of anti-cancer agents on expressions of KU70 and Brca-1 in SiHa, SiHa/pRSV-luc, C33A cervical cancer cells

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


