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Background: This study aimed to investigate the expression of DJ-1 in cervical carcinoma and its effects on cell viability and
apoptosis.

Material/Methods: Cervical carcinoma cell line Hela and 85 tissue samples, including 45 primary tumor biopsies, 30 para-carci-
noma tissues, and 10 normal cervical tissues samples were used in this study. The expressions of DJ-1 in cer-
vical carcinoma tissue, para-carcinoma tissue, and normal tissue samples were investigated by immunohisto-
chemistry. DJ-1 expression in Hela cells was also investigated by quantitative reverse transcription-polymerase
chain reaction (RT-PCR) and Western blot. DJ-1 was interfered and transfected with siRNA, then cell viability
and apoptosis were assayed by MTT and flow cytometry, respectively. Additionally, the expressions of phos-
phatase and tensin homolog (PTEN), AKT, and phospho-AKT (P-AKT) were detected.

Results: Immunohistochemistry results showed that DJ-1 was highly expressed in cervical carcinoma tissues. In Hela
cells, the expression of DJ-1 was significantly higher than that in normal controls (P<0.05). When cells were
treated with DJ-1 siRNA, the cell viability decreased significantly (P<0.05), and the percentage of apoptosis
cells increased significantly (P<0.05). In addition, the expressions of PTEN and AKT were significantly higher in
the DJ-1 siRNA treatment group than those in the control group (P<0.05). The expression of p-AKT was signif-
icantly lower in the DJ-1 siRNA treatment group than in the control group and the DJ-1 over-expression group
(P<0.05).

Conclusions: The aberrant up-regulation of DJ-1 expression might be an important step in the pathogenesis of cervical
carcinoma.
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Background

Cervical carcinoma is one of the most common malignancies
of the female reproductive tract and is responsible for about
200 000 deaths per year among women worldwide [1,2], with
more than 80% of the mortality occurring in developing coun-
tries. Furthermore, Chinese women have the highest age-stan-
dardized incidence rate of 23.2 per 100 000 population [3].
Infection with some types of human papillomavirus (HPV) is
the greatest risk factor for cervical cancer, and appears to be
involved in the development of more than 90% of cases [4].
This disease has a poor prognosis and its 5-year survival rate
for patients at stage IV is only 3-13% [5]. The progression of
cervical carcinoma from low-grade to high-grade is closely
associated with cell cycle regulation, apoptosis, and DNA re-
pair [6]. Therefore, understanding the molecular mechanisms
underlying cervical carcinoma progression is very important.

DJ-1, a 189 amino acid protein, was initially identified as a pu-
tative oncogene that can strongly transform NIH3T3 cells in
combination with H-Ras or c-Myc. It is ubiquitously expressed
in various human tissues [7]. DJ-1 is overexpressed in many
cancers [8-10] and is implicated in tumor progression [11,12].
Importantly, DJ-1 has been suggested to have an effect on cell
survival by regulating cellular signaling cascades, such as phos-
phatase and tensin homolog (PTEN)/phosphatidylinositol 3-ki-
nase (PI3K)/AKT [13]. Interestingly, the PTEN/PI3K pathway
plays a critical role in tumorigenesis, including cervical carci-
noma [14,15]. However, the role and possible mechanism of
DJ-1 in cervical carcinoma remain unclear.

In the present study, the expression of DJ-1 in cervical carci-
noma tissue and cell line was analyzed. In addition, the ex-
pression of DJ-1 was also analyzed after cervical carcinoma
cells were transfected with siRNA. We detected cell viability
and apoptosis, followed by analysis of the expression of PTEN,
AKT, and phospho-AKT (P-AKT). We aimed to investigate the
role of DJ-1 in cervical carcinoma and to further explore its
possible mechanism.

Material and Methods

We obtained all appropriate approval from the Institutional
Review Board of Ankang Hospital and we performed the study
in accordance with ethics standards.

Cell line and tissue specimens

Cervical carcinoma cell line Hela was used in the study, which
was purchased from the Chinese Academy of Sciences Shanghai
Institutes for Biological Sciences Cell resource center (Shanghai,
China). The cells were cultured in RPMI1640 culture medium
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(Hyclone, Logan, Utah, USA) supplemented with 10% fetal bo-
vine serum (FBS; Gibco, Shanghai, China) in a humidified at-
mosphere at 37°C and 5% CO,, and passaged using 0.25%
trypsin for digestion.

A total of 45 primary tumor biopsies and 30 para-carcinoma
tissues samples from cervical carcinoma patients were ob-
tained from Ankang Hospital. All tissues were verified by pa-
thologists under a microscope. These tissue samples were
isolated, immediately frozen in liquid nitrogen, and stored at
—-80°C. Additionally, 10 normal cervical tissues samples from
healthy volunteers were included as controls. All patients and
volunteers gave their informed consent.

Immunohistochemistry

Immunohistochemical staining was performed for normal tis-
sues, para-carcinoma tissues, and carcinoma tissues (n=3 per
group). All of them were stained using a Benchmark automatic
immunostaining device (Ventana Medical System, Tucson, AZ).
Subsequently, the slide sections were incubated with polyclonal
antibody against DJ-1 (1:50, FL-189; Santa Cruz Biotechnology,
CA, USA), biotinylated anti-rabbit immunoglobulins, peroxi-
dase-labeled streptavidin (LSAB kit; Dako, Carpentaria, CA),
and 3,3’-diaminobenzidine (Sigma, Germany). The slides were
counterstained using Harris hematoxylin. Inmunohistochemical
staining was evaluated based on the location, percentage, and
intensity of positively stained cells. DJ-1 was scored positive
when more than 10% of nuclear staining was observed in the
tumor cells. All of the immunohistochemically stained slides
were reviewed by 3 experienced cervical pathologists for im-
proved accuracy.

siRNA interference and transfection

DJ-1-specific siRNAs were designed as described be-
fore [16]. The sequences of sense and antisense nucleo-
tides were: 5’-AATGGAGGTCATTACACCTACCCTGTCTC-3" and
5’-AAGTAGGTGTAATGACCTCCACCTGTCTC-3". A total of 5x10° cells
were plated into 35 mm plates. We transfected 30 nM siRNA
into Hela cells using Lipofectamine 2000 reagent (Invitrogen,
CA, USA) following the manufacturer’s protocol. siRNA vali-
dation was carried out at 24 h by checking the expression of
DJ-1 via RT-PCR and Western blot.

Cell transfections were conducted using Lipofectamine 2000
reagent (Invitrogen, CA, USA) following the manufacturer’s pro-
tocol. Stable DJ-1 transfectants were generated under G418
(Gibco, Paisley, UK) selection as described before.
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Figure 1. Immunohistochemical images for the expression of DJ-1 in normal cervical tissue, para-carcinoma tissue, and primary cervical
carcinoma tissue. (A) Normal cervical tissue; (B) Para-carcinoma tissues; (C) Primary cervical carcinoma tissues (200x).

Quantitative reverse transcription-polymerase chain
reaction (RT-PCR)

Total mRNA was isolated from cells using Trizol Reagent.
The RNA was reverse transcribed into complementa-
ry DNA (cDNA) using reverse transcriptase (iScript™ cDNA
Synthesis Kit; Bio-Rad Laboratories). The expression lev-
els of mRNAs were measured by SYBR green-based quan-
titative RT-PCR (SYBR Green Master mix; Thermo Scientific,
Waltham, MA, USA). Primer sequences were GAPDH: forward
ACCACAGTCCATGCCATCAC, reverse TCCACCACCCTGTTGCTGTA;
DJ-1: forward GGAGACGGTCATCCCTGTAGAT, reverse
GCTACACTGTACTGGGTCTTTTCCA. Relative mRNA amounts
and expression ratios were calculated with 224" method [17].

Western blot

Hela cells were lysed in RIPA. The total protein concentra-
tion was determined by Protein Quantitative Reagent Kit-BCA
method (Sigma, Germany). Protein samples were separated on
a 10-12% sodium dodecyl sulfate-polyacrylamide gel (SDS-
PAGE) and then blotted onto polyvinylidene difluoride mem-
branes (Bio-Rad Laboratories, Hercules, CA). After that, the
membranes were blocked in PBST (0.1% triton in 19 PBS) and
probed with primary antibodies overnight at 4°C. The prima-
ry antibodies included anti-DJ-1 antibody (1:1000), anti-PTEN
antibody (1:1000), anti-AKT antibody (1:1000), and anti-pAKT
antibody (1:1000). Then, membranes were incubated with ap-
propriate horseradish peroxidase-conjugated secondary an-
tibodies (1:1000). All antibodies were purchased from Santa
Cruz Biotechnology, Santa Cruz, CA. The protein bands were
then washed and developed by enhanced chemiluminescence.

Cell viability assay

Cell concentration of Hela in logarithmic growth phase was
adjusted to 5x10*/mL, and cultured in a 96-well plate with
200 pL per well for 24 h, 48 h, 72 h, and 96 h. Each group had
4 repeats. Then, 20 pL fresh medium with 0.5 mg/mL methyl

thiazolyl tetrazolium (MTT) was added to each well 4 h before
termination. After 4-h incubation, 200 pL dimethyl sulfoxide
(DMSO) was added to each well. The optical density (OD) was
measured at 492 nm. The experiment was repeated 3 times.

Apoptosis assay

The cells were seeded at a density of 2x10° per 35-mm culture
dish and cell apoptosis was assayed by annexin V and proprium
iodide (PI) staining (BD PharMingen, CA, USA) according to the
manufacturer’s instructions. Cells were analyzed with a FACS
Calibur flow cytometer (BD, CA, USA). The percentage of total
apoptotic events was defined as the sum of the cells in the early
stage (annexin V-positive/Pl-negative) and late stage (annexin
V-positive/Pl-positive) of apoptosis, as previously described [18].

Statistical analysis

The results of multiple experiments are presented as mean +SD.
Statistical analyses were performed using SPSS 19.0 statistical
software (SPSS Inc., Chicago, IL, USA). All collected data were
first tested for the normal distribution using the one-sample
K-S test. Measurement data were tested by one-way analy-
sis of variance (ANOVA). Enumeration data were analyzed by
chi-square test or rank-sum test. P<0.05 was considered sta-
tistically significant.

Results

Immunohistochemistry results

Representative photomicrographs of histologic findings and
DJ-1 immunohistochemistry for normal, para-carcinoma, and
cervical carcinoma tissues are shown in Figure 1. As indicat-
ed by the brown particles, DJ-1 was highly expressed in cer-
vical carcinoma tissues. Compared to the cervical carcinoma
tissues, para-carcinoma and normal cervical tissues showed
a much lower DJ-1 expression (P<0.05).
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Figure 2. Histograms for the expression of DJ-1 in Hela cells and normal cervical cells assayed by RT-PCR (A) and Western blot (B).
Y-axis represented the fold change of DJ-1 mRNA (A) or protein (B). Error bars indicated means +SD (P value was determined
by ANOVA; ** P<0.01, *** P<0.001).
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Figure 3. Histograms for the expression of DJ-1 in Hela cells (control group), DJ-1 siRNA treatment group, and DJ-1 overexpression
group assayed by RT-PCR (A) and Western blot (B). Y-axis represented the fold change of DJ-1 mRNA (A) or protein (B). Error
bars indicate means +SD (P value was determined by ANOVA; * P<0.05, ** P<0.01, *** p<0.001).

Expression of DJ-1 in Hela cell

The expression of CDC42 mRNA was assayed by RT-PCR in
Hela cells and normal cervical cells with GAPDH as an inter-
nal reference (Figure 2A). The expression of CDC42 protein
was assayed by Western blot (Figure 2B). As shown in the fig-
ures, the expressions of DJ-1 mRNA and protein in Hela cells
were significantly higher than that in normal controls (mRNA:
P<0.05; protein: P<0.01).

To determine the efficiency of siRNA in Hela cells, the mRNA
and protein levels of DJ-1 gene were analyzed. Compared with
controls, the expressions of DJ-1 decreased significantly when
DJ-1 was interfered with DJ-1 siRNA (mRNA: P<0.05; protein:
P<0.001). However, when DJ-1 was transfected, the expres-
sions of DJ-1 increased significantly (mRNA: P<0.05; protein:
P<0.01) (Figure 3).

Cell viability

As shown in Figure 4, the cell viability increased in a time-de-
pendent manner in control and DJ-1 overexpression groups.
However, cell viability decreased significantly over time with
DJ-1 siRNA treatment (P<0.05).

Apoptosis

The percentages of apoptosis cells in DJ-1 siRNA treatment,
DJ-1 overexpression, and control groups are shown in Figure 5.
The percentage of apoptosis cells in the DJ-1 silence group was
significantly higher than that in control and DJ-1 over-expres-
sion groups (P<0.01).

Expression of PTEN, AKT and p-AKT

The expressions of PTEN was significantly higher in the DJ-1
siRNA treatment group than in the control group (P<0.05).
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Figure 4. Line chart of cell viability assayed by MTT. Cell viability
of Hela cells decreased significantly upon DJ-1 siRNA
treatment. Error bars indicated means + SD (P value
was determined by ANOVA; * P<0.05).

Figure 5. Histograms for the apoptosis rate of Hela cells assayed
by flow cytometer. DJ-1 siRNA treatment enhances
the apoptosis of Hela cells. Y-axis represents the
percentages of apoptosis cells (%). Error bars indicate
means +SD (P value was determined by ANOVA;
** P<0.01, *** p<0.001).
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Figure 6. Histograms for the expressions of PTEN, AKT and p-AKT assayed by Western blot. Y-axis represents the fold change of
relative density. Error bars indicate means +SD (P value was determined by ANOVA; * P<0.05, ** P<0.01).

When DJ-1 was overexpressed, the expression of PTEN signif-
icantly decreased (P<0.05). For the expression of AKT, no sig-
nificant difference was found among the 3 groups. p-AKT ex-
pression was significantly lower in the DJ-1 siRNA treatment
group than in the control and DJ-1 over-expression groups
(P<0.01) (Figure 6).

Discussion

In recent years, the molecular mechanisms for cancer cell in-
vasion and metastasis have been widely explored [19]. In the
present study, we analyzed the expression of DJ-1 in cervical
carcinoma tissues and cells, and found that DJ-1 showed a much
higher expression level in cervical carcinoma tissues and cells
than in normal cervical tissues and cells. Interestingly, after
siRNA interference, the expressions of DJ-1 mRNA and protein

in Hela cells were reduced significantly, but the expressions
of DJ-1 mRNA and protein increased significantly after trans-
fection. Our findings suggested that there might be a signifi-
cant correlation between DJ-1 overexpression and the occur-
rence of cervical carcinoma.

DJ-1 is frequently up-regulated in many cancer types, such as
prostate cancer, breast cancer, and pancreatic cancer [11,20,21].
Importantly, Arnouk et al. [10] suggested that DJ-1 is one of
molecular markers of cervical carcinoma and shows higher
expression in cervical carcinoma than in normal cervical tis-
sues. In the present study, the results of immunohistochem-
istry showed that DJ-1 expression was significantly increased
in cervical carcinoma tissues compared with para-cancerous
tissues and normal cervical tissue, which was in accordance
with the findings of Arnouk et al.
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Sustaining proliferative signaling, evading growth suppressors,
and resisting cell death are the hallmarks of tumors [22]. In this
study, DJ-1 siRNA treatment led to impaired cell viability and
increased percentage of apoptosis cells compared to those of
the control group. Further investigation found that overexpres-
sion of DJ-1 increased cell viability and reduced the percent-
age of apoptosis cells compared to those of the control group
and DJ-1 siRNA-treated group. Therefore, DJ-1 may contrib-
uted to the development of cervical carcinoma by a possible
pathway of enhancing cell viability and inhibiting apoptosis.

To elucidate the molecular mechanisms underlying the DJ-1 de-
pendent cell viability and apoptosis, the expressions of PTEN,
AKT, and p-AKT were assayed. Studies have shown that PTEN
is negatively regulated by DJ-1, and overexpression of DJ-1
can provide a mechanism for down-regulation of the PTEN
gene [23-25]. Many human cancers overexpress DJ-1 mRNA
during cancer progression, and escape from PTEN-induced cell
death [26]. PTEN is one of the most frequently mutated tumor
suppressor genes in human cancer [27] and can prevent cells
from growing and dividing too rapidly [28]. Growing evidence
shows that PTEN plays a critical role in pathogenesis of some
tumors [29,30]. Song et al. [31] suggested that mutations of
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PTEN that inactivate its enzymatic activity induce increased
cell proliferation, reduced cell death, and tumor development.
Additionally, PTEN antagonizes PI3K, which can active AKT by a
variety of growth factors [32]. AKT is a serine/threonine protein
kinase, which is ubiquitously expressed in normal tissues and
mediates growth factor-associated cell survival, and cell prolif-
eration [33]. Once activated, p-AKT is a powerful promoter of
cell survival because it can inactivate various components of
the apoptotic cascade [34]. Importantly, Hossein et al. [35] in-
dicated that lack of DJ-1 led to a reduction in AKT phosphor-
ylation, which is in agreement with our study.

Conclusions

In conclusion, our results suggested that the aberrant up-reg-
ulation of DJ-1 expression might be an important step in the
pathogenesis of cervical carcinoma. DJ-1 could serve as a po-
tential molecular target for the treatment of cervical carcinoma.
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