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: Two-dimensional gel electrophoresis and liquid

chromatography-tandem mass spectrometry were performed to
investigate the influence of human nonmetastatic clone 23
type 1 (nm23-H1), a metastasis-associated gene on proteomic
alterations in cancer cells of the uterine cervix. It was
validated by RT-PCR and Western blot analysis. The
expression of voltage-dependent anion channel 1 (VDAC1) was
increased in nm23-H1 gene silenced SiHa or CaSki cervical
cancer cells. The clinical implication was shown that
cervical cancer tissues with positive VDACI
immunoreactivity exhibited deep stromal invasion (>10 mm in
depth) and large tumor size (> 4 cm in diameter). Cervical
cancer patients with positive VDAClI immunoreactivity
displayed higher recurrence and poorer overall survival
than those with negative VDACl. Silencing of VDACl reduced
cell proliferation and migratory ability. Mitochondrial
membrane potential was decreased and reactive oxygen
species generation was increased in the VDACl gene-silenced
cervical cancer cells. Cell cycle progression and autophagy
were not changed in VDACI silencing cells. The cytotoxicity
of cisplatin was significantly enhanced by knockdown of
cellular VDACl1 and the compounds that interfere with
hexokinase binding to VDAC. Therapeutic strategies may be
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offered using VDACl] as a target to reduce cell growth and
migration, enhance the synergistic therapeutic efficacy of
cisplatin and reduce cisplatin dose-limiting toxicity.

voltage-dependent anion channel 1, gene silencing, cell
growth, mitochondrial membrane potential, uterine cervical
cancer
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Two-dimensional gel electrophoresis and liquid
chromatography-tandem mass spectrometry were
performed to investigate the influence of human
nonmetastatic clone 23 type 1 (nm23-H1), a
metastasis-associated gene on proteomic alterations
in cancer cells of the uterine cervix. It was validated
by RT-PCR and Western blot analysis. The
expression of voltage-dependent anion channel 1
(VDACL1) was increased in nm23-H1 gene silenced
SiHa or CaSki cervical cancer cells. The clinical



implication was shown that cervical cancer
tissues with positive VDAC1
immunoreactivity exhibited deep stromal
invasion (>10 mm in depth) and large tumor
size (> 4 cm in diameter). Cervical cancer
patients with positive VDAC1
immunoreactivity displayed higher recurrence
and poorer overall survival than those with
negative VDACL. Silencing of VDAC1
reduced cell proliferation and migratory ability.
Mitochondrial membrane potential was
decreased and reactive oxygen species
generation was increased in the VDACL
gene-silenced cervical cancer cells. Cell cycle
progression and autophagy were not changed
in VDACL silencing cells. The cytotoxicity of
cisplatin was significantly enhanced by
knockdown of cellular VDAC1 and the
compounds that interfere with hexokinase
binding to VDAC. Therapeutic strategies may
be offered using VDACL as a target to reduce
cell growth and migration, enhance the
synergistic therapeutic efficacy of cisplatin
and reduce cisplatin dose-limiting toxicity.

Key words: voltage-dependent anion channel
1, gene silencing, cell growth, mitochondrial
membrane potential, uterine cervical cancer

#3

Lw gFT g AP IR nm23-HL ¢ ¥
+ ¥ §f w7 & SiHa 2 Caski 3§ 4 »
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(2) Lentivirus shRNA infection of cell
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14 ( 1:600 ) Anti-VDAC1/Porin
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Abcam Inc.) # >3 ACT & - BALL o R FIE
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peroxidase, DAKO ) i& {74 & - & 4 ehz ¢ A *
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(DAB) % X H » B L JI* T &A% %
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Fd o UPBSEtA Bl (FIAP B E o1
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FEEESE
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2w et g o AP nm23-HL e gl R
NM23-H1 &5 ¢ Sk m etk g s & o 5
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Figure 1. The influence of nn23-H1 on
VDACL. Two-dimensional gel analysis of the
nm23-H1-correlated differentially expressed
proteins.
lysates were separated on 11-cm (pH 3-10)
linear gradient IPG strips using 10% SDS
PAGE. A molecular marker was loaded on the
left-hand side. It revealed elevated (blue circle)
and reduced (red circle) expressions of some
proteins after SiHa cancer cells of the uterine
cervix were infected with lentiviruses carrying
shnm23-H1 #62 compared to those with
control vector (shLuc). The point 13 denotes
VDACI.
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Figure 2. Effects of shVDACL1 on cell proliferation
and viability in SiHa and CaSki cells. SiHa (left) and
CaSki (right) shVDAC1 #128, #564 or shLuc cells
(5x10%well) were seeded in a 96 well plate and
analyzed by A. Cell Counting Kit-8 (CCK-8) assay
and B. MTT assay every 48 h under monolayer
culture conditions. Each growth curve represents the
mean+SD of triplicate experiments. All values are
SD from at least three independent
experiments. *p<0.05, **p<0.01, ***p<0.001.
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Figure 3. Effects of shVDAC1 on MMP in SiHa and
CaSki cells. A. SiHa shVDACL1 #481 and #509 and
C. CaSki shVDAC1 #128, #564 and shLuc cells
were treated with cisplatin (5 or 20 pM) for 48 hours.
Representative images of SiHa shVDAC1 #481 and
#509 and CaSki shVDAC1 #128, #564 and shLuc
cells stained with JC-1 (magnification, x100). White
arrows indicate green fluorescence (monomeric
JC-1). B. SiHa shVDACL1 #481 and #509 and D.
CaSki shVDACL1 #128, #564 and shLuc cells were
treated with cisplatin (5 or 20 uM) for 48 hours.
Changes in MMP were assessed by the intensity of
red fluorescence (R1) and green fluorescence (R2)
of JC-1. VDAC1], voltage-dependent anion channel
1; MMP, mitochondrial membrane potential.
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Figure 4. The effects of shVDAC1 on ROS. A.

The ROS of SiHa and Caski shVYDAC1 #128,
#564 or shLuc cells was analyzed by

H,DCFDA staining using flow cytometry. No
significant change was found in VDAC1 gene
silence CaSki cervical cancer cells. ROS express
was significantly reduced after VDAC1 gene silence
in SiHa cervical cancer cells. B. Effects of
shVDACL1 on the metabolizing enzymes of reactive
oxygen species. VDAC1, NOX1 (NADPH oxidase
1), SOD2 (superoxide dismutase 2), catalase and
GPX1/2 (glutathione peroxidase 1/2) protein levels
were determined on Western blot using protein
lysates from parental and VDAC1-knocked down
cervical cancer cells. B-actin was used as the internal
control. The relative ratios of VDACI/B-actin,
NOX1/B-actin, SOD2/B-actin, catalase/p-actin and
GPX1/2/B-actin are shown.
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Figure 5. Kaplan-Meier curves for the
probability of recurrence and overall survival
in cervical cancer patients (n = 150) as well as
the survival curves from a Cox proportional
hazards model based on the VDACL1 protein
expression in cancer tissue cores of the uterine
cervix. A. Cervical cancer patients with
positive  VDAC1 immunoreactivity had a
higher probability of recurrence (p=0.0025)
compared to those with negative VDAC1
immunoreactivity. B. Cervical cancer patients
with positive VDAC1 had worse overall
survival (p=0.0036). The log-rank test was
used for statistical comparisons for the
Kaplan-Meier curves. C. After adjusting for
other variables using the Cox proportional
hazards model, cervical cancer patients with
positive  VDAC1 immunoreactivity had a

lower overall survival rate than those with negative
VDAC1 immunoreactivity (p=0.048). VDACLI,
voltage-dependent anion channel 1.
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Table 1. The correlation of voltage-dependent anion
channel 1 (VDAC1) immunoreactivity in 150 cancer
tissue  microarrays  with  clinicopathological
parameters of cancer of the uterine cervix.

Statistical analysis: chi-square test.

%Some clinicopathological data could not be
collected from the patients with cervical cancer due
to incomplete records of medical charts.
"(+): ):
immunoreactivity. The median value of all H scores
in 150 cervical cancer cores was determined as the
cutoff point to separate VDACL1 positive from
VDAC1 negative tissue cores. Semiquantitative H
score of VDAClimmunoreactivity was calculated by
multiplying the proportion score of stained cells by
their immunoreactivity intensity.

OR: odds ratio; Cl: confidence interval.

positive immunoreactivity; negative
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Table 2: Univariate and multivariate analyses
of the influence of clinical parameters and
voltage-dependent anion channel 1 (VDAC1)
on survival of patients with cancer of the
uterine cervix.

Statistical analysis: Kaplan-Meier product
limit method and univariate and multivariate
Cox regression models.

%Some clinicopathological data could not be
collected from the patients with cervical
cancer due to incomplete records of medical
charts.
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