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Valproic acid exhibits different cell growth arrest effect in three
HPV-positive/negative cervical cancer cells and possibly
via inducing Notchl cleavage and E6 downregulation
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Abstract. We investigated the effect of valproic acid (VPA), a
histone deacetylase (HDAC) inhibitor, and the mechanism of
VPA-induced growth inhibition on three cervical cancer cell
lines with different molecular and genetic background. We
found that VPA induced proliferation suppression, cell apop-
tosis and cell cycle arrest in all tested cell lines, with an increase
of Notchl active form ICN1 as a tumor suppressor and its target
gene HESI1. Noteworthy, blocking of Notch signaling with
DAPT resulted in growth inhibition in ICNI-overexpressing
CaSki and HT-3 cells. Thus, endogenous Notch signaling may
be necessary for survival of ICN1-overexpressing cervical
cancer cell lines. Furthermore, G1 phase arrest was induced
in HeLa and CaSki cells by VPA while G2 phase arrest was
induced in HT-3 cells, suggesting different mechanism in
this cycle arrest. We also found VPA suppressed oncogene
E6 in a Notch-independent manner, and induced significant
apoptosis in E6-overexpressing HPV positive CaSki cells. Cell
morphological change was also observed in HeLa and HT-3
cell lines after VPA treatment with an upregulation of EMT
transcription factor Snaill. Notch signaling inhibitor DAPT
partly reversed VPA-induced Snaill upregulation in HeLa
cells. This discovery supports that VPA may induce EMT at
least partly via Notch activation.
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Introduction

Cervical cancer, as the most common malignant gynecological
tumor and the second leading cause of cancer mortality, is a
major health concern world-wide (1,2). Majority of cervical
carcinoma is associated with the presence of human papilloma
virus (HPV). The viral encoded E6 and E7 proteins play key
roles in cervical carcinoma progression (3). Multiple other
signaling pathways, such as Notch, Wnt, COX2, NF-«B, p53
and RhoC, are also believed to be involved in the occurrence
and development of cervical cancer (4-6). Notch signaling
especially has been found to play a critical role in cervical
cancer development (6,7).

Notch signaling is highly conserved and is critical for the
determination of cell proliferation, differentiation and apop-
tosis. Moreover, Notch receptors and their ligands are often
found aberrantly expressed in many types of cancers and plays
an important role in cancer progression (8-10). The above led
to increasing investigation of Notch signaling in the cancer
progression and the development of potential therapeutic
strategies targeting Notch signaling (11-13). However, Notch
activity is complicated and highly cell- and context-specific,
and differs due to the tumor microenvironment and crosstalk
with other signaling pathways (14,15). In cervical cancer,
upregulation of Notch signaling is observed in the early stage
and a downregulation in the late stage (16,17). Even in the
same cervical cell models, Notch signaling exhibits contro-
versial effects by independent studies. Activation of Notchl
signaling suppressed the growth of cervical cancer cells such
as HeLa, SiHa, and CaSki cells (18,19). While the opposite
effect of Notch signaling was also reported in the same cancer
cells. Blocking of Notchl signaling was found to result in cell
growth arrest in HeLLa and CaSki cells (20). Thus, the precise
molecular mechanisms of Notch signaling in cervical cancer
are not completely known and still need further study.

Histone deacetylase (HDAC) is reported to contribute to
tumor progression via silencing of tumor suppressor genes (21).
Overexpression of HDAC?2 is observed in cervical cancer (22).
The HDAC inhibitor VPA is currently being investigated for its
anticancer effect on several cancers (14,23,24). Recent studies
also showed that VPA could induce cell arrest and apoptosis
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via activating Notch signaling in small cell lung cancer and
neuroblastoma (25,26). Our previous study demonstrated the
VPA anticancer efficacy in cervical cancer HeLa cells (27). In
the present study, we further investigated the VPA effects in
three human cervical cancer cell lines (HeLa, CaSki, HT-3)
that differed in their ICN1-expression or HPV integration
statues, expecting to compare the difference of VPA's effects
on cervical cancer cells with different genetic background.
We also attempted to clarify the role of Notch signaling in
VPA-induced tumor suppression and the involvement of other
signaling pathways.

Materials and methods

Materials. Valproic Acid (VPA) was purchased from Sigma
(cat. no. PHR1061-1G). LY294002 (cat. no. HY-10108)
was purchased from Medchem Express, while DAPT (cat.
no. INO1001-0005MG) was from Jinpu Bio-Technology.
Antibody to cleaved Notchl (Vall744) (cat. no. 4147) was from
Cell Signaling Technology, and B-actin (cat. no. Ab101-01)
from Vazyme Biotechnology.

Cell lines and cell culture. Human cervical cancer Hela,
CaSki and HT-3 cells were cultured in DMEM, RPMI-1640
and McCoy's 5A medium (Gibco) respectively, supplemented
with 10% fetal bovine serum (Gibco) and 1% penicillin/
streptomycin (Gibco). All cell lines were obtained from Cell
Bank of State Key Laboratory of Genetic Engineering, Fudan
University. HeLa and CaSki cells are HPV18 and HPV16-
positive, respectively, while HT-3 cells are HPV negative.
VPA, DAPT and LY294002 were dissolved in DMSO with
the final concentration of DMSO in the culture medium <1%.
DMSO was used as a control when these compounds were
used to treat cells.

RT-PCR and real-time PCR. Total RNA was extracted with
RNeasy Mini kit (Qiagen) as described in the protocol. The
cDNA was synthesized using PrimeScript II 1st strand cDNA
Synthesis kit (Takara) from 2 ug of total RNA. Reverse tran-
scription was run for one cycle of 30°C for 10 min, 42°C for
60 min, followed by 5 min at 95°C for inactivation and held
at 4°C. The primers for real-time PCR assays are shown in
Table I. The real-time assays were performed for 40 cycles
of 95°C for 100 sec, 60°C for 20 sec, and 72°C for 10 sec on
a Roche LightCycler 480. Assays were set up using SYBR
Premix Ex Taq (Takara). PCR reactions were run on a Veriti
96-well Thermal Cycler (Applied Biosystems). 3-actin was
used as the internal control and expression levels for each
target gene were calculated by applying 24T methods. The
experiments were done separately three times.

Western blotting. Cells were harvested and mixed with loading
buffer and heated for 5 min in boiling water. Supernatants
were loaded onto 10% Tris-glycine gel after centrifugation
at 12,000 x g for 10 min and then transferred onto a PVDF
membrane (Millipore) by electroblotting. Membrane was
then blocked with 5% fat-free milk, washed three times
with TBST and incubated with antibodies against cleaved
Notchl (Vall744) and (-actin, respectively, at 4°C overnight.
Membrane was incubated with HRP-conjugated secondary
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antibodies for 1 h after washing. Signals were detected by ECL
kit (GE Healthcare).

Cell proliferation assay. The cell proliferation assay was
performed using the WST-1 Cell proliferation and cytotoxicity
assay kit (Beyotime) to evaluate effects of VPA on the in vitro
proliferation of human cervical cancer HeLa, CaSki and HT-3
cells. Briefly, 100 ul of the indicated cell stock (1x10° cells/ml
in media) was added to 96-well plates. Medium was replaced
8 h later with new medium containing different concentra-
tions of compounds and plates were incubated at 37°C in a
CO, incubator for 72 h. All compound concentrations were
tested in triplicate. Following the incubation, 10 ul of WST-1
reagent was added to each well and incubated for an additional
3 h. The absorbance at 450 nm was measured by Thermal
MultiSkan FC (Thermal Scientific). The experiments were
done separately three times.

Cell apoptosis and cell cycle analysis. Cell apoptosis and
cell cycle was analyzed by flow cytometry. Cells treated with
VPA were harvested and washed twice with PBS. Apoptosis
assay was performed using the Annexin V-FITC Apoptosis
Detection kit (BD Bioscience). Cells (1x10°) were suspended
in 1 ml 1X Binding buffer. Annexin V (5 ul) conjugate and 5 ul
of PI were added to 100 pl of the solution and then incubated
for 15 min in the dark. Cells were analyzed with a BD FACS
Calibur. For cell cycle analysis, cells were fixed in 70% ethanol
overnight and washed twice with PBS. After resuspended in
0.5 ml PBS with 30 ug PI (Sangon Biotech) and 25 g DNase-
free RNase A (Tiangen Biotech), cells were incubated for 1 h at
room temperature and tested by flow cytometry. Experiments
were repeated three times.

Results

Effects of VPA on the proliferation of cervical cancer cell
lines. In our previous study, we demonstrated that VPA could
suppress cell proliferation in HeLa cells (27). VPA were
further analyzed in this study for its effects on proliferation
in three human cervical cancer cell lines. As expected, VPA
suppressed proliferation in all these tested cell lines in a dose-
depend manner (Fig. 1). HT-3 cells, which were HPV-negative
and ICNI1-overexpressing, exhibited the most significant inhi-
bition with the inhibitory rates of 82.5%. However, HeLa, as a
HPV-positive cell line with a low ICN1 background, were less
sensitive towards VPA. There was also a decrease of the cell
proliferation marker PCNA (-1.19, -1.26, -3.65-fold) and Ki-67
(-3.26, -1.34, -1.99-fold) assayed by real-time PCR in all the
cell lines after VPA treatment (Table II).

VPA induces cell apoptosis and cell cycle arrest. We further
compared the effects of VPA on cell apoptosis in cervical
cancer cell lines using FACS. VPA induced the increase of both
early apoptosis and necro-apoptosis in a dose-depend manner
in CaSki and HT-3 cells. However, only slightly apoptosis was
observed in HeLa cells at low VPA concentration (Fig. 2).
V-FITC-negative cells decreased the most significantly in
CaSki cells, with a decline of 50% compared to the control at
5 mM and a 72 h incubation. The decrease of V-FITC-negative
HT-3 cells was 29% at the same condition. However, changes
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Table I. Primer sequences for gene amplification.
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Genes Primer (5'-3") PCR products (bp) Genebank no.
[-actin F: CATGTACGTTGCTATCCAGGC

R: CTCCTTAATGTCACGCACGAT 250 NM_001101
Notchl F: GGCCACCTGGGCCGGAGCTTC

R: GCGATCTGGGACTGCATGCTG 365 NM_017617
HES1 F: TCAACACGACACCGGATAAAC

R: GCCGCGAGCTATCTTTCTTCA 153 NM_005524
pS3 F: CAGCACATGACGGAGGTTGT

R: TCATCCAAATACTCCACACGC 125 NM_001126118
PCNA F: CCTGCTGGGATATTAGCTCCA

R: CAGCGGTAGGTGTCGAAGC 109 NM_002592
SST F: ACCCAACCAGACGGAGAATGA

R: GCCGGGTTTGAGTTAGCAGA 108 NM_001048
SSTR2 F: TCTGGGGCTTGGTACACAG

R: GATGGACACCATTCGGGTGA 180 NM_001050
Casp3 F: TGCTTCTGAGCCATGGTGAA

R: TCTGTTGCCACCTTTCGGTT 388 NM_032991
Ki-67 F: ACGCCTGGTTACTATCAAAAGG

R: CAGACCCATTTACTTGTGTTGGA 209 NM_002417
Snaill F: TATGCTGCCTTCCCAGGCTTG

R: ATGTGCATCTTGAGGGCACCC 143 NM_005985
HPV16 E6 F: ACTTTGCTTTTCGGGATTTATGC

R: AGGACACAGTGGCTTTTGACAGTT 206 KP965162
HPVI18 E6 F: GGATCCAACACGGCGACCCTA

R: GGATTCAACGGTTTCTGGCACGCG 350 M14710.1

Table II. Expression of certain genes in cervical cancer cells via real-time PCR analysis.

Genes Gene description HeLa CaSki HT-3
Notchl -1.44+1.18* 1.61£1.00 -1.21+0.61
HES1 Target gene of Notchl 2.14+0.80 1.68+0.35 1.15+0.18
p53 Tumor suppressor -2.81+0.71 -1.16+0.08 -3.65+£1.91
PCNA Cell differentiation marker -1.19+0.24 -1.26+0.08 -1.66+0.52
SST Somatostatin 2.01+0.39 4.32+1.47 5.34+2.74
SSTR2 SST receptor 2 1.68+1.96 1.17+£0.39 1.51£2.03
Casp3 Cell apoptosis marker -1.38+0.57 1.29+0.18 -1.02+0.43
Ki-67 Cell proliferation marker -3.26+1.37 -1.34+0.12 -1.99+0.36
Snaill Key transcription factors of EMT 13.90+4.22 10.29+2.27 98.36+58.47
E6 Human papilloma virus encoded gene 2.05+0.85 -29.45+4 .97 /
*Mean + SEM.

of the apoptotic marker caspase-3 were only upregulated in

CaSki cells (1.29-fold) assayed by real-time PCR (Table II).
We also investigated the effects of VPA on cell cycle

progression, cell cycle distribution was analyzed at 72 h. The

results showed that VPA induced cell cycle arrest at phase
G1 in HeLa and CaSki cells, and at phase G2 in HT-3 cells
(Fig. 3). VPA, at 5 mM, enhanced the percentage of Gl-phase
cells from 68 to 79% and 63 to 75% in HeLa and CaSki cells
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Figure 1. The effects of VPA on cervical cancer cell proliferation. Compared
to the control (DMSO), VPA induced cell growth arrest in HeLa, CaSki and
HT-3 cells. HT-3 exhibited the most significant inhibition with the inhibitory
rate of 82.5%. "P<0.05 and “P<0.01.

respectively compared to the control. The percentage of
G2-phase cells was elevated from 12 to 25% in HT-3 cells in
the same VPA concentration.

VPA acts as a Notch signaling activator. VPA 1is believed
to upregulate Notch signaling in various cancers (28-30).
Therefore, we evaluated VPA on the expression of Notchl.
We first investigated the expressional profiles of Notch
signaling in these tested cell lines. We found that expres-
sion of ICNI1 (the active form of Notchl), was relatively
higher in CaSki and HT-3 cells than that in HeLa cells at
the protein level. This was identical to other research in
which ICN1 was insignificant in HeLa cells compared
with CaSki cells (31). Moreover, VPA in a time-dependent
manner induced an increase of ICN1 in all the tested cell
lines (Fig. 4A). The Notch downstream target gene HES1
was also increased after VPA treatment (Table II). Despite
the elevation of ICN1 at the protein level, no obvious change
of Notchl at the mRNA level was detected by RT-PCR (data
not shown) and Real-time analysis (Table II). In our previous
study, we found that Notchl directly plays an anti-oncogenic
role via inducing cell growth arrest in HeLa cells (26). Thus,
VPA functions as a tumor suppressor probably via activating
Notchl signaling.

In this study, Notch pathway inhibitor DAPT was used to
investigate the role of Notch signaling in VPA-induced tumor
suppression and could eliminate ICN1 with or without the
appearance of VPA after a 12 h incubation (Fig. 4B). DAPT
suppressed cell proliferation individually and enhanced
suppression effect of VPA in CaSki and HT-3 cells. While
HeLa cells, which have a lower expression of ICN1, were
not affected by DAPT (Fig. 5). Furthermore, VPA could still
suppress cell proliferation after DAPT treatment, indicating
that VPA could also suppress tumor progression via Notch-
independent pathways.

425
100 - I Control
[ 1 mM
2.5 mM
CJ5mM
75
>
g 50 + T *
@
e
@
o
25 -
04
Normal Apoptosis Dead
CaSki
100 I Control
- N 1 mM
* 25 mMm
15 mM
75 4 #
a’ %
g
= 50
@
e
@O
o
25
04
Normal Apoptosis Dead
HT-3
sy [ Control
. 1 M
125 mM
5 mMm
75
@
o
£ 50
@
e
@
o
25
T

Normal Apoptosis

Hela

Figure 2. VPA-induced cell apoptosis in cervical cancer cells. VPA at 5 mM
with a 72 h incubation significantly induced apoptosis in CaSki and HT-3
cells. Both early apoptosis and necro-apoptosis increased in a dose-depend
manner. VPA was able to induce apoptosis in HeLa cells only at low concen-
tration. "P<0.05.

Effects of VPA on the expression of HPV E6 gene. We evalu-
ated the VPA effects on the expression of HPV E6 gene. The
result by real-time PCR showed that VPA treatment for 20 h
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Figure 3. VPA-induced cell cycle arrest in cervical cancer cells. VPA in HeLa and CaSki cells results in G1 phase arrest in a dose-depend manner. In HT-3
cells, VPA induced G2 phase arrest at a high concentration. ‘P<0.05 and “P<0.01.

significantly downregulated the expression of E6 in CaSki
cells (Table II), whilst in HeLa cells, E6 was only downregu-
lated in early stage (data not shown). DAPT showed no effect
on the VPA-induced inhibition of E6 by RT-PCR (Fig. 4C) or
real-time PCR (data not shown), indicating that VPA-induced
E6 downregulation may possibly be Notch-independent.
It is known that E6 acts as a tumor suppressor in cervical
cancer (26). E6 was highly expressed in CaSki cells, so cell
apoptosis and caspase-3 upregulation induced by VPA may be
explained by E6 inhibition. However, p53, which is negatively
regulated by E6, also decreased slightly, differing from the
expected (Table II).

Effects of VPA on cell morphological change and the expres-
sion of Snaill. One of the key transcription factors of EMT,
Snaill, was upregulated by VPA in HeLa cells in our previous
study. Snaill was further confirmed to be activated in all the
three cervical cell lines (Table II). Morphological changes
were observed in HeLa and HT-3 cells after treatment of VPA
at 5 mM, but not in CaSki cells despite the upregulation of
Snaill (Fig. 6). DAPT could partly reverse the increase of
Snaill induced by VPA in HeLa cells, while it showed no
effect in HT-3 cells (Fig. 4C). These findings indicated that
VPA-induced upregulation of Snaill may probably be Notch-

dependent in HeLa cells, and some other pathways may also be
involved in this progression.

PI3K/Akt pathway is involved in VPA-induced Snaill expres-
sion and EMT. PI3K/Akt pathway participated in EMT
and mediated expression and stabilization of Snail (32,33).
Recent studies showed that VPA activated PI3K/Akt
pathway by increasing the phosphorylation levels of Akt
and GSK-3p (23,34). Thus, we further investigated whether
PI3K/Akt was involved in VPA-induced EMT in cervical
cancer cells. HeLa cells were treated with LY294002, the
inhibitor of PI3K/Akt, prior to exposure to VPA. The results
revealed that LY294002 itself induced slightly EMT and
could significantly enhance VPA-induced EMT (Fig. 7).
These findings indicated that PI3k/Akt pathway is involved
in VPA-induced EMT. However, the mechanism behind this
enhancement is unknown and needed further research.

Discussion

VPA, as a HDAC inhibitor, is currently under investiga-
tion for its anticancer activities in many different types of
cancers (14,29,35). Our previous study showed that VPA may
act as a potential tumor suppressor in cervical cancer. In this
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Figure 4. The expression of VPA-mediated genes in cervical cancer cell lines by western blot analysis (A and B) and RT-PCR detection (C). (A) HeLa, CaSki
and HT-3 cells were incubated with VPA at 5 mM for 12 and 24 h and then harvested for western blot analysis. VPA induced an increase of ICNI1 in all the
tested cell lines in a time-dependent manner. (B and C) HeLa, CaSki and HT-3 cells were treated with or without DAPT, followed by stimulation with or
without 5 mM VPA for 12 h. (B) ICNI expression examined by western blot analysis. DAPT completely eliminated ICN1 expression. (C) Expression of Snaill
and E6. DAPT showed no effect on the VPA-induced inhibition of E6 in all tested cell lines and upregulation of Snaill in CaSki and HT-3 cells, while slightly

inhibited VPA-induced Snaill in HeLa cells.

study, we compared the VPA effects on cell proliferation,
apoptosis, cell cycle and differentiation in three HPV-positive
and negative cervical cancer cell lines. VPA exhibited prolif-
eration inhibition in all the test cells, especially in CaSki
and HT-3 cells. Both early apoptosis and necro-apoptosis
increased significantly in a dose-depend manner after VPA
treatment. However, VPA was able to induce slight apoptosis
in HeLa cells, but only at low concentration. Cell cycle arrest
was observed in all the cell lines. Noteworthy, the effects of
VPA on the cell cycle were different. That is to say, HeLa and
CaSki cells exhibited G1 phase arrest, while G2 phase arrest
was induced in HT-3 cells. These distinct results in different
cell lines indicated that the effect of VPA may depend on the
molecular and genetic background of the cells.

Notch signaling is reported involved in the pathogenesis
of many human cancers and is highly cell-specific (14,36).
Notchl activation via ICN1 and VPA directly suppressed
cervical cancer HeLa cells both in vitro and in vivo in our
previous study (26). We wonder if VPA directly modulate
Notch signaling. In this study, the effects of VPA were further
confirmed not only in HeLa but also in cervical cancer
CaSki and HT-3 cell lines. VPA could elevate the expression

of ICNI1, but had no effect on Notchl at mRNA level. VPA
was reported to modulate y-secretase cleavage of p-amyloid
precursor protein in mouse brain cells (37). Therefore, VPA
may upregulate y-secretase cleavage of Notchl in cervical
cancer cells and release ICNI. Several studies showed that
ICN1 overexpression by ICNI1-transfection suppress cell
growth in HeLa and CaSki cells (18,26). Thus, upregulation of
ICN1 may contribute to the VPA growth inhibitory effects. Of
note, DAPT also suppressed cell proliferation and enhanced
suppression of VPA in CaSki and HT-3 cells. This was possibly
caused by the complicity of Notch signaling. It is reported that
both ICN1 transfection and RNA interference resulted in cell
growth arrest in CaSki cells (3,31). Therefore, Notch signaling
may act as either a tumor suppressor or an oncogene in the
same cell model. We speculated that overexpression of ICN1
activates several tumor suppressors and exhibit anticancer
effects. While endogenous ICNI1 is necessary for survival
of ICN1-overexpressing cells, leading to a cell growth arrest
after full suppression of Notch signaling in these cell lines.
Moreover, VPA suppressed cell growth with the appearance
of Notch signaling inhibitor DAPT, suggesting that another
pathway is involved in VPA-induced growth suppression.
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Figure 5. Effect of DAPT on the growth of cervical cancer cell lines. HeLa, CaSki and HT-3 cells were treated with or without DAPT, followed by stimulation
with or without 5 mM VPA for 72 h. DAPT suppressed cell proliferation individually and enhanced suppression effect of VPA in CaSki and HT-3 cells. While
HeLa cells were not affected by DAPT.

CaSki

Control

Figure 6. VPA-induced morphological change in cervical cancer cells. Shown are cells treated with VPA at 5 mM for 48 h and DMSO as control. VPA induced
morphological change in HeLa and HT-3 cells, but not in CaSki cells.

The oncogene E6 is necessary for HPV-induced was reported to downregulate HPV E6 expression and
cervical cancer malignancy (5,18,38). Notchl activation resulted in cell arrest in HPV-positive cervical cancer
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Figure 7. PI3k/Akt pathway is involved in VPA induced EMT in HeLa cells. HeLa cells were pretreated with or without LY294002 at 40 M for 1 h, followed
by stimulation with or without VPA at 2 mM with an incubation of 36 h. LY294002 induced slightly morphological change individually and significantly

enhanced VPA-induced morphological change.

cells (18,39). E6 was also found to be downregulated by
VPA in this study, especially in CaSki cells. However, DAPT
failed to reverse VPA-induced E6 suppression, suggesting
that VPA suppress E6 gene in a Notch-independent pathway.
Several studies have revealed that E6 protects cells from
apoptosis via accelerating the degradation of several key
proteins in apoptotic signaling, such as caspase 8 and
p53 (40,41). CaSki cells exhibited high expression of E6 and
the most significant apoptosis induced by VPA. Thus, VPA
may induce strong apoptosis in cells with a high E6 expres-
sion via E6 suppression.

VPA was reported to induce cell morphological change
(or EMT) in cervical cancer HeLa cells in our previous
study (27). EMT was also observed in HeLa and HT-3 cells
after VPA treatment, coupled with a significant upregulation
of the transcription factor Snaill. Notch signaling regulates
EMT directly and indirectly through various signaling
pathways (34). Our study showed that DAPT partly reversed
VPA-induced Snaill upregulation in HeLa cells, suggesting
that VPA upregulated Snaill at least partly via Notch
signaling activation in cervical cancer. PI3K/Akt pathway,
which was reported to be activated by VPA, participated
in EMT and mediated expression and stabilization of
Snail (23,24,32,33). PI3K/Akt pathway inhibitor LY294002
was reported to inhibit VPA-induced upregulation of Snaill
and EMT in colorectal cancer (34). However, LY294002
showed no effect on VPA-induced Snaill upregulation in
our study. Oppositely, LY294002 enhanced VPA-induced
EMT. These results indicated that PI3K/Akt pathway may be
involved in VPA-induced EMT. However, further research
is needed to understand its precise mechanism.

In conclusion, VPA could induce tumor suppression
via either Notch signaling activation or acting as a HDAC
inhibitor in cervical cancers. The effects of VPA depend on
the molecular and genetic background of specific cells. This
provides an access to precision medicine when VPA is used
as a cervical cancer therapeutic. We also found the oncogene
E6 and EMT transcription factor Snaill were regulated by
VPA, and PI3K/Akt may be involve in VPA-induced EMT.
However, the specific mechanism still need further study.
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