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Nitric oxide inhibits the transcription of E6 gene of human papillomavirus
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Summary. - High-risk human papillomavirus (HPV) is an important pathogenic factor for cervical cancer
and understanding the mechanism of HPV gene transcription is important for the prevention and therapy of
HPYV related cervical cancer. This study aimed to investigate the role of nitric oxide (NO) in the regulation of
HPV gene transcription. SiHa cells containing integrated HPV16 were treated with NO donor DETA-NO and
cell proliferation and cytotoxicity were determined. HPV gene transcription was detected by real-time PCR.
We found no significant cytotoxic effects on SiHa cells when the concentration of DETA-NO was less than 0.5
mmol/l. The transcription of HPV E6 gene was inhibited by DETA-NO in a dose-dependent manner and the
best inhibitory effect was observed at 0.5 mmol/l DETA-NO. In addition, ERK inhibitor U0126 decreased the
transcription of HPV E6 gene at the concentration of 30 umol/l. In conclusion, NO inhibits the transcription
of HPV E6 gene and probably involves MAPK signaling pathway.
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Introduction

Cervical cancer is one of the most common cancers of
women worldwide. China is a high incidence area of cervi-
cal cancer, with an annual increase of over 46,000 cases,
and the death toll is 26,000. Infection of high-risk human
papillomavirus (HPV) is one of the important factors of
cervical cancer. HPV is a group of small, non-enveloped,
double-stranded DNA viruses and exists in episomal and
integrative forms in cervical cancer cells. E6 and E7 are
oncogenes which induce and maintain phenotypic trans-
formation of HPV. HPV E6 and E7 proteins interact with
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signal-regulated kinase; HPV = human papillomavirus; JNK = Jun
N-terminal kinase; MAPK = mitogen-activated protein kinase;
NO = nitric oxid

p53 and RbD respectively, contributing to the progression of
cervical cancer. E6 initiates the degradation of tumor sup-
pressor protein p53, while E7 promotes G,/S transition of
cell cycle by binding to Rb. Changes in E6 and E7 levels will
affect cervical cancer development and metastasis and the
efficacy of chemotherapy for cervical cancer.

Nitric oxide (NO) is an endogenous gas with short half-life
and has been regarded as an important signal molecule. NO
is synthesized by a complex family of nitric oxide synthase
(NOS), including neuronal NOS (nNOS), endothelial NOS
(eNOS) and inducible NOS (iNOS), which induces the syn-
thesis of high concentrations of NO (Moncada and Higgs
1993). Recent studies have demonstrated that high levels
of NO modulate gene expression through the formation of
S-nitroso (SNO) bonds in multiple transcriptional activa-
tors (Nott and Riccio, 2009). However, the effects of high
concentrations of NO on the integrated HPV in cervical
cancer cells remain unknown.

A variety of cancer-related biological processes, including
angiogenesis, apoptosis, cell cycle, invasion and metastasis,
are regulated by mitogen-activated protein kinase (MAPK)
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signaling pathway. It was shown that increased ERK1 expres-
sion was associated with high-risk HPV infection (Branca
et al., 2004). Yuan et al. (2009) found that E7 regulated
cadherin-mediated cell adhesion through the modulation
of cadherin expression via extracellular signal-regulated
kinase (ERK) signaling pathway. In addition, Yu et al. (2007)
demonstrated that efficient nuclear import of HPV11 E1
protein depended on the phosphorylation of the serine
residues S89 and S93 by MAPK pathway. Interestingly, Baek
et al. (2015) found that NO induced the apoptosis of human
gingival fibroblasts via the regulation of Bcl-2 family and Jun
N-terminal kinase (JNK) activation. Notably, NO regulated
the proliferation of HPV-infected cells via ERK and MAPK
signaling pathways (Park, 2013). Therefore, we hypothesize
that high concentration of NO may affect HPV E6 transcrip-
tion through MAPK signaling pathway.

In this study, SiHa cell line, a cervical cancer cell line
with integrated HPV 16, was chosen as a model to investi-
gate the effect of NO on the transcription of HPV E6 gene.
Meanwhile, ERK inhibitor, p38 inhibitor and JNK inhibitor
were employed to examine the role of MAPK signaling in
mediating the effect of NO on HPV E6 gene transcription.

Materials and Methods

Reagents. Dulbecco's modified Eagle's medium (DMEM) and fe-
tal bovine serum (FBS) were purchased from HyClone Laboratories
of Thermo Scientific (USA). NO donor (Z)-1-[2-(2-aminoethyl)-
N-(2- ammonioethyl) amino] diazen-1-ium-1, 2-diolate (DETA-
NO) was purchased from Cayman (USA). ERK1/2-MAPK inhibitor
(U0126) was purchased from Sigma-Aldrich (USA), p38-MAPK
inhibitor (SB203580) and JNK-MAPK inhibitor (SP600125) were
purchased from MERCK (Germany). The primers, Taq polymerase,
dNTP, Rnasin and diethyl pyrocarbonate (DEPC) were provided
by TaKaRa Bio Inc. (Japan). Primary antibodies for extracellular
signal-regulated kinase 1/2 (ERK1/2), phospho-(Thr202/Tyr204)
p42/p44, p38 mitogen-activated protein kinase (MAPK), phos-
pho-(Thr180/Tyr182) p38, stress-activated protein kinase/Jun
N-terminal kinase (SAPK/JNK) and phospho-(Thr183/Tyr185),
SAPK/JNK were purchased from Cell Signaling Technology (USA).
The antibody for GAPDH and horseradish peroxidase conjugated
secondary antibodies were purchased from ZSGB-BIO (China).

Cell culture and treatment. The human cervical carcinoma cell
line SiHa (HPV16-positive) was provided by Department of Mi-
crobiology, Harbin Medical University, Heilongjiang Provincial Key
Laboratory for Infection and Immunity. SiHa cells were cultured
in DMEM supplemented with 5% FBS and 100 U/ml penicillin
at 37°C with 5% CO, atmosphere. The cells were routinely pas-
saged, at 2-3-day intervals. SiHa cells were exposed to DETA-NO
(0 mmol/l, 0.0625 mmol/l, 0.125 mmol/l, 0.25 mmol/l, 0.5 mmol/l
and 1 mmol/l), and the Trypan blue exclusion staining was used
to assess the cell numbers after DETA-NO treatment for 0 h, 1 h,

24 h, 48 h and 72 h. Cytoxicity was measured based on the assay of
lactate dehydrogenase (LDH) in cell-free supernatants. In addition,
cells were treated with U0126 (0 umol/l, 20 pmol/l and 30 pmol/l),
SB203580 (0 pmol/l, 5 umol/land 10 pmol/1), or SP600125 (0 pmol/l,
10 umol/l and 20 umol/l) alone or together with DETA-NO.

Quantitative real-time PCR. Total RNA was extracted using
TRIzol reagent (Invitrogen, USA). The first strand cDNAs were
synthesized using PrimeScript RT reagent kit (TaKaRa) following
the manufacturer's instructions. Quantitative real-time polymerase
chain reaction (QRT-PCR) was performed in triplicate in a Light-
Cycler2.0 (Roche Diagnostics) and normalized to glyceraldehyde
3-phosphatedehydrogenase (GAPDH) as internal control. The
data were analyzed using the 2*4“ method. HPV16 E6 primer se-
quences were: 5-GAACAGCAATACAACAA-ACCG-3'(sense) and
5'-CGCTTCACGAATTTGCGTGTCAT-3' (antisense); GAPDH
primer sequences were: 5-GAAGGTGAAGGTCGGAGTC-3'
(sense) and 5'-GAAGATGGTGATGG-GATTTC-3' (antisense).

Western blot analysis. Western blot analysis was performed using
routine protocols. Primary antibodies included ERK1/2 (1:1000),
phospho-ERK1/2 (1:500), p38 (1:1000), phospho-p38 (1:1000),
JNK (1:1000) and phospho-JNK (1:1000). GAPDH was used as
loading control. Protein bands were detected using an enhanced
chemiluminescence (ECL) reagent (Bio-Rad, China). The images
were quantified by LAS-4000 (FUJIFILM, Japan).

Statistical analysis. Values were expressed as means + SEM.
Statistical analysis was performed with Student's ¢ test for paired
data or ANOVA followed by Fischer's test. Values of P <0.05 were
considered as statistically significant.

Results
NO inhibits the proliferation of SiHa cells

To test the effect of different concentrations of DETA-
NO on the proliferation of SiHa cells, SiHa cells were
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Fig. 1

NO inhibits SiHa cell viability
SiHa cells were treated with different concentrations of DETA-NO
(0 mmol/l, 0.0625 mmol/l, 0.125 mmol/l, 0.25 mmol/l, 0.5 mmol/l and
1 mmol/l) for indicated time. The viability was calculated as the percentage
of viable cells in treated cultures compared to those in control cultures. Data
were expressed as mean + SD (n = 3).
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NO inhibits HPV E6 mRNA expression in SiHa cells
SiHa cells were treated with different concentrations of DETA-NO (0 mmol, 0.125 mmol/l, 0.25 mmol/l and 0.5 mmol/l) for 1 h and 24 h (a) or 0.5 mmol/l
DETA-NO for different time (from 0.5 h to 24 h) (b) The level of E6 mRNA was determined using real-time PCR analysis. Data were expressed as
mean * SD (n = 3). P <0.05, “P <0.01 versus control.
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MAPK inhibitors inhibit E6 mRNA expression in SiHa cells
SiHa cells were exposed to different concentrations of ERK inhibitor (U0126), p38 inhibitor (SB203580) and JNK inhibitor (SP600125) (0 pmol/l,
5 umol/l and 10 umol/1) for 24 h. Western blot confirmed the inhibitory effects on ERK (a), p38 (c) and JNK (e). The level of E6 mRNA was determined
using real-time PCR analysis in SiHa cells treated with U0126 (b), SB203580 (d) and SP600125 (f). Data were expressed as mean + SD (n = 3). P <0.05,
“P <0.01 versus control.
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NO inhibits HPV E6 gene transcription in SiHa cells in synergy with ERK inhibitor
SiHa cells were treated with 0.5 mmol/l DETA, 0.5 mmol/l DETA-NO plus ERK inhibitor U0126 (30 pmol/l), p38 inhibitor SB203580 (10 umol/l) and
JNK inhibitor SP600125 (20 pmol/l), respectively, for 24 h. The activation of ERK (a), p38 (c) and JNK (e) was determined by Western blot. The level of
E6 mRNA was determined by real-time PCR in SiHa cells treated with DETA-NO plus U0126 (b), SB203580 (d) and SP600125 (f). Data were expressed

as mean * SD (n = 3). P <0.05, “P < 0.01 versus control.

treated by different concentrations of DETA-NO (0 mmol/],
0.0625 mmol/l, 0.125 mmol/l, 0.25 mmol/l, 0.5 mmol/l and
1 mmol/l) for 1 h, 24 h, 48 h and 72 h. The results showed
that DETA-NO inhibited SiHa cell proliferation in a dose
and time dependent manner (Fig. 1). After exposure to
1 mmol/l DETA-NO for 72 h, inhibitory effect was most
obvious, and the number of live cells was only 45% of the
total number of cells in control group. When treatment time
was less than 72 h and the concentration of DETA was less
than 0.5 mmol/l, the number of living cells was more than
50% of the total number of cells in control group. Therefore,
when DETA-NO concentration was less than 0.5 mmol/l
and treatment time was less than 72 h, it could inhibit the

proliferation of SiHa cells without obvious cytotoxic effects.
Thus, we used DETA-NO at the concentration less than 0.5
mmol/l in following experiments.

NO inhibits the transcription of HPV E6 mRNA in SiHa
cells

Next, we examined the effect of NO on the expression of
HPV16 E6 gene in SiHa cells. SiHa cells were treated with
different concentrations of DETA-NO (0 mmol/l, 0.125
mmol/l, 0.25 mmol/l and 0.5 mmol/l) for 1 h or 24 h, and E6
gene expression was detected by real-time PCR. The results
showed that after exposure to different concentrations of
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DETA-NO for 1 h or 24 h, the expression level of HPV E6
mRNA was decreased in a dose dependent manner (Fig. 2a).
In addition, SiHa cells were treated with 0.5 mmol/l DETA-
NO for 1 h, 3 h, 6 h, 12 h and 24 h, respectively. The results
showed that DETA-NO treatment led to decreased HPV E6
mRNA level in a time dependent manner (Fig. 2b). Taken
together, these results indicate that the expression of HPV
E6 mRNA is inhibited by NO.

MAPK signaling inhibitor decreases the transcription of
HPV E6 gene

To explore the role of MAPK signaling pathway in HPV
gene transcription, SiHa cells were treated with ERK inhibi-
tor U0126 (20 umol/l and 30 pmol/1), p38 inhibitor SB203580
(5 umol/l and 10 umol/l) or JNK inhibitor SP600125
(10 umol/1 and 20 umol/l) for 24 h. Western blot analysis
showed that the levels of p-ERK, p-p38 and p-JNK were
decreased after treatment with respective inhibitors. With
the higher concentration of the inhibitors, inhibitory effects
on the levels of p-ERK (Fig. 3a), p-p38 (Fig. 3¢) and p-JNK
(Fig. 3e) were more obvious.

Next, the expression of HPV E6 mRNA in SiHa cells
treated by MAPK inhibitors was detected by real-time PCR.
The results showed that the expression level of HPV E6
mRNA was decreased after treatment with ERK inhibitor
(Fig. 3b), p38 inhibitor (Fig. 3d) and JNK inhibitor (Fig. 3f),
respectively. These data suggest that three branches of MAPK
signaling pathway are involved in the regulation of HPV
gene transcription.

NO inhibits HPV E6 gene transcription in synergy with
ERK inhibitor

To examine whether MAPK signaling pathway is involved
in NO induced suppression of HPV E6 transcription, SiHa
cells were treated with 0.5 mmol/l DETA-NO together with
ERK inhibitor U0126 (30 pmol/1), p38 inhibitor SB203580
(10 pmol/1) or JNK inhibitor SP600125 (20 pmol/l), respec-
tively, for 24 h. Then the levels of p-ERK, p-p38 and p-JNK
were detected by Western blot analysis and the expression
of HPV E6 mRNA was detected by real time-PCR (Fig. 4).
Compared with the control, after exposure to 0.5 mmol/l
DETA-NO, the level of p-ERK increased, while the levels of
p-p38 and p-JNK were unchanged. Moreover, DETA-NO
combined with U0126 significantly inhibited the expres-
sion of HPV E6 mRNA, but SB203580 and SP600125 had
no significant effects on the expression of HPV E6 mRNA.
These data indicate that NO combined with ERK inhibitor
further decrease HPV E6 mRNA expression.

Discussion

Most cervical cancers are caused by HPV, but not all types
of HPV cause cervical cancer. Experimental and epidemio-
logical evidences suggest that HPV infection is necessary
but not sufficient to induce cancer. Other accessory factors
such as NO are involved in the progression of infected cells
to full neoplastic phenotype. NO can inhibit the replication
of a variety of viruses, such as murine poxvirus and herpes
viruses including HSV and Epstein-Barr virus (EBV), and
RNA viruses including coxsackievirus (Yu et al., 2013; Gao,
et al., 1999; Akaike and Maeda, 2000). In this study we found
that in SiHa cells with integrated HPV, NO caused dose and
time dependent inhibition of the expression of HPV early
gene E6 mRNA, indicating that NO inhibits the replication
of HPV.

NO participates in the activation of multiple pathways
in various cells. NO inhibits STAT3 and AKT signaling
pathway, inducing ovarian cancer cell apoptosis (Kielbik et
al., 2013). NO induces the release of IL-6 to activate MAPK
pathway in human renal epithelial cells (Demirel et al., 2012).
Moreover, NO activates MAPK to regulate the occurrence
and development of cervical cancer through affecting HPV-
infected HeLa cell proliferation (Feng et al., 2013). MAPK
is an important signaling pathway including three branches
ERK, p38 and JNK protein. In physiological concentration
(<30 nmol/l), NO activates ERK pathway through sGC
(Miyamoto et al., 2011; Komatsu et al., 2009); at moderate
concentration (50-300 nmol/l), NO activates ERK pathway
through sGC and Ras pathway (Yasui et al., 2010; Gallo and
Tadecola, 2011); at concentration >500 nmol/l, NO acti-
vates ERK pathway through the nitration of some proteins
(Ridnour et al., 2006). Therefore, we hypothesized that high
concentration of NO may inhibit E6 transcription through
the regulation of MAPK signaling pathway. We found that
when SiHa cells were treated with both DETA-NO and ERK
inhibitor, E6 mRNA expression level decreased significantly.
These findings suggest that ERK is involved in NO induced
suppression of HPV E6 transcription.

NO synthesized by iNOS synthase is usually in a high
level and persists for a long time. NO participates in tumor
development to modulate different cancer-related events
including angiogenesis, apoptosis, cell cycle, and invasion
(Xuetal.,2002). NO has been reported to exert dichotomous
effects in different cancers. On one hand, NO could have
stimulatory efforts on tumor. For example, NO contributes to
tumor angiogenesis by upregulating VEGF (Xu et al., 2002).
On the other hand, NO has shown tumoricidal effects. NO
exhibited cytostatic and/or cytotoxic effect on tumor cells
by suppressing cellular respiration and DNA synthesis. NO
also acts as a proapoptotic modulator to activate the caspase
family proteases, modulate tumor DNA repair by upregu-
lating p53, PARP and DNA-PKcs (Choudhari et al., 2013).
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Epidemiologic and experimental studies have confirmed
a causal role of high-risk HPV in cervical carcinogen-
esis (Walboomers et al., 1999). Persistent viral infection
in combination with constitutive expression of E6 and E7
viral oncogenes is necessary for malignant transformation,
because these proteins can interact with p53 and pRB,
leading to their degradation and cell cycle deregulation
(Boyer et al., 1996). Very low dosage of 2-mercapto-5-nitro
benzimidazole-stabilized Gold nanoparticles, which can
release NO, exhibited appreciable tumoricidal effect against
cervical cancer, demonstrating the role of NO in killing
cancer cells (Sudhesh et al., 2013). Our present results indi-
cate that NO is a regulatory factor that can down-regulate
HPV early E6 expression, which may explain how NO kills
cervical cancer cells.

In conclusion, for the first time we show that NO inhibits
the transcription of HPV E6 gene and probably involves
MAPK signaling pathway. The combination of NO and
ERK inhibitors may be a powerful strategy to treat HPV
associated cancers.
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