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Curcumin decreases epithelial-mesenchymal transition by
a Pirin-dependent mechanism in cervical cancer cells
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Abstract. Curcumin is a natural antioxidant polyphenol, which
decreases epithelial-mesenchymal transition (EMT) and cell
migration in cervical cancer cells. However, the mechanism by
which such a decrease occurs is unclear. It is well established
that cervical cancer can be caused by high-risk human papillo-
mavirus (HPV), which overexpresses E6 and E7 oncoproteins.
Recent findings have suggested that viral oncoproteins regulate
the expression of Pirin, which is an oxidative stress sensor
involved in EMT and cell migration. Molecular markers associ-
ated with EMT, pirin and HPV were evaluated using reverse
transcription-reverse quantitative PCR and western blotting.
In addition, the migratory ability of cells was evaluated using
a Transwell assay. In order to evaluate the role of Pirin in
curcumin-mediated inhibition of EMT, SiHa cervical carci-
noma cells, which contain two integrated copies of HPV16, were
exposed to curcumin. Cell migration, and the expression levels
of EMT biomarkers and the pirin protein, which is a product
of the PIR gene, were subsequently evaluated. The results
demonstrated a significant decrease in EMT following expo-
sure to 20 M curcumin for 72 h. This finding was supported
by a decrease in the protein expression levels of N-cadherin,
Vimentin and Slug. Furthermore, it was observed that PIR
expression and Pirin protein levels were significantly decreased
when SiHa cells were exposed to curcumin. Subsequently, to
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analyze the effects of Pirin on EMT, SiHa cells were transfected
with a small interfering RNA (siRNA) to knockdown PIR. A
significant increase in E-cadherin mRNA expression and a
decrease in N-cadherin protein expression were observed. In
addition, a similar decrease was observed when SiHa cells were
exposed to both PIR siRNA and curcumin. Finally, a significant
decrease in SiHa cell migration was observed in the presence
of 20 yM curcumin compared with in the control group. These
findings suggested that curcumin may decrease EMT, at least in
part by a Pirin-dependent mechanism. Therefore, Pirin protein
may be an important pharmacological target for cervical cancer
treatment.

Introduction

Curcumin, also known as diferuloylmethane, is a natural
hydrophobic molecule derived from Curcuma longa (also
known as turmeric). The structure of curcumin is comprised of
three chemical entities: Two aromatic ring systems containing
o-methoxy phenolic groups,connected by a seven-carbon linker
consisting of an a, f-unsaturated B-diketone moiety (1-3).
Curcumin is a common food additive used as a spice and a
coloring agent (4). This compound has a particularly good
safety profile; its toxicity and tolerability have been tested, and
a previous study revealed that it is highly tolerable at doses up
to 12 g/day in patients, with no curcumin-related toxicities, due
to its low bioavailability (5-7).

It has been reported that curcumin is able to block the nuclear
factor (NF)-«kB pathway, which is a critical mediator of intracel-
lular signaling that has been linked to proinflammatory signals
that control the expression of a vast array of genes involved in
immune and stress responses (8). Notably, this suppression is
mediated by numerous inflammatory stimuli through inhibition
of IKKa kinase. It has also been reported that the increased
levels of tumor necrosis factor-a., interleukin (IL)-6 and IL-8
in a model of acute kidney injury are significantly reduced by
curcumin treatment (2). The primary role of curcumin as an anti-
oxidant is to intercept peroxyl free radicals formed during lipid
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peroxidation. This prevents free-radical chain reactions which
induce deterioration of the lipid membrane (9). Furthermore,
a previous study indicated that the enhancement of apoptosis
induced by high doses of curcumin is regulated by antioxidants,
such as N-acetyl-l-cysteine (10). Previous studies demonstrated
that curcumin prevents several types of cancer (3-5,11,12). In
addition, curcumin has been reported to possess anti-invasive
properties and is able to interfere with the epithelial-mesen-
chymal transition (EMT) (13). During EMT, cells shift from
an epithelial phenotype towards a mesenchymal phenotype,
modifying the expression profile of some adhesion molecules
and allowing cells to adopt invasive, migratory behaviors (14).
Cervical cancer is the fourth most common type of cancer
in women worldwide and is commonly caused by sexually
acquired infection with high-risk human papillomavirus
(HR-HPV) (15). Two types of HR-HPV (HPV16 and 18)
cause 70% of cervical cancer cases and precancerous cervical
lesions (16). HR-HPV E6 and E7 oncoproteins are overex-
pressed in cervical carcinoma; this is principally mediated by
integration of the virus into the host genome (17). These onco-
proteins are considered to be the primary carcinogenic factors
in cervical cancer cells. E6 protein binds to tumor suppressor
protein p53, and causes its ubiquitination and proteolysis via
the proteasome pathway, whereas E7 protein inactivates the
retinoblastoma protein by inducing its degradation. Therefore,
E6 and E7 oncogenes are strongly involved in cell cycle
progression and reduced apoptosis, which lead to carcinogen-
esis (18,19). Our previous study reported that HPV16 E6 and
E7 oncoproteins are involved in promoting Pirin gene (PIR)
upregulation in epithelial cervical and oral cancer cells. Since
the PIR gene encodes for Pirin, an oxidative stress sensor,
these previous findings suggested that E6 and E7 are involved
in cervical cancer progression through Pirin (20). Pirin is a
highly conserved 32-kDa protein assigned to the cupin super-
family of proteins (21,22). Its structure comprises two barrel
domains, with an Fe (II) cofactor bound within the cavity of
the N-terminal domain (23). Furthermore, it has been reported
that Pirin may act as an activator of the NF-kB pathway (24).
It has previously been demonstrated that Pirin is involved in
EMT regulation, as well as cell migration (20,25,26). There is
mounting evidence of a hierarchy that controls the expression
of transcriptional regulators of EMT. During development and
cancer progression, the contribution of different EMT inducers
is dependent on the cellular context (14). Previous findings
have suggested that curcumin is able to decrease the levels of
HR-HPV E6/E7 in cervical cancer cells (6). The present study
revealed that curcumin decreased EMT of cervical cancer
cells, at least in part, through a Pirin-dependent mechanism,
which in turn may be dependent on HPV16 E6/E7 levels.

Materials and methods

Cell culture and curcumin treatment. The SiHa (HTB-35) cell
line was obtained directly from the American Type Culture
Collection. The cells were incubated in RPMI-1640 basal
medium (Gibco; Thermo Fisher Scientific, Inc.) supplemented
with 10% fetal bovine serum (FBS; Hyclone; GE Healthcare)
and antibiotics (100 U/ml penicillin, 100 g/ml streptomycin)
at 37°C in an atmosphere containing 5% CO,. Cells were
serum-depleted for 24 h and were treated with 20 M curcumin
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(Sigma-Aldrich; Merck KGaA) or DMSO for 72 h at 37°C in
an atmosphere containing 5% CO, in a humidified incubator.

Cell viability assay. Cells were grown to 80% confluence
and were incubated with serum-free RPMI-1640 medium in
60-mm plates for 24 h. The cells were then trypsinized with
EDTA-trypsin mixture (Invitrogen; Thermo Fisher Scientific,
Inc.) and counted using trypan blue exclusion staining with a
Neubauer chamber (27). For the MTS assay, cells were cultured
to 80% confluence in a 96-well flat-bottomed microtiter
plate with RPMI-1640 medium and were treated with 20 yuM
curcumin for 24-96 h; DMSO was used as a control. Finally,
20 ul MTS (Promega Corporation) was added to each well, the
plate was incubated for 3 h at 37°C and absorbance was measured
at 492 nm using a microplate reader (Biotek Instruments, Inc.).

Knockdown of PIR and E6/E7. Cells at 80% conflu-
ence were serum-depleted for 24 h and were transfected
with 30 M small interfering RNA (siRNA) targeting
PIR (cat. no. sc-61359; Santa Cruz Biotechnology, Inc.),
HPV16 E6/E7 (cat. no. sc-270423; Santa Cruz Biotechnology,
Inc.) and Silencer™ Select Negative Control No. 1 siRNA
(cat. no. 4390843; Invitrogen; Thermo Fisher Scientific, Inc.)
for 24 h at 37°C in an atmosphere containing 5% CO, using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. RNA and
proteins were collected for subsequent analyses.

RNA extraction and cDNA synthesis. RNA was isolated from
cells using TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
Following chloroform purification and isopropanol precipita-
tion, RNA was suspended in DEPC-water and stored at -80°C.
The RNA was treated with RQ1 RNase-free DNase (Promega
Corporation) at 37°C for 120 min and was incubated with
RQI1 DNase Stop Solution for 10 min. cDNA was prepared
in a 20-ml reaction volume containing DNAse-treated RNA
(1 ug), 1 unit RNAse inhibitor (Promega Corporation),
0.4 pg/ml random primers (Promega Corporation), 2 mM
dNTP (Promega Corporation) and 10 units Moloney Murine
Leukemia Virus reverse transcriptase (Promega Corporation).
The reaction mixture was incubated for 1 h at 37°C.

Quantitative polymerase chain reaction (qPCR). cDNA
was subjected to qPCR quantification of gene expression
with specific primers (Table I) using a Rotor-Gene 6000
system (Qiagen, Inc.) under the following conditions: 95°C
for 10 min followed by 40 cycles of denaturation at 95°C for
15 sec, annealing at 55°C for 20 sec and extension at 72°C
for 20 sec. To obtain the dissociation curve, the temperature
was increased from 70 to 90°C (0.5°C increase at each step).
The reaction was performed using 2X SYBR Green Master
Mix (Bioline), 0.4 yM primer pair, 10.5 ¢l RNase-free water
and 1 ul cDNA in a 25-ul final volume. Specific primers and
amplification conditions were adjusted for each RNA sequence.
Standard curves for each gene were generated independently
by preparing 10-fold serial dilutions of DNA amplicons. The
relative copy number of each sample was calculated through
the 2°24%4 method using Rotor-Gene software version 4
(Qiagen, Inc.) (28). Endogenous f-actin mRNA levels were



Table I. Primer sequences.
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Gene Product size (bp) Primer sequence Annealing temperature, “C
E6 96 F: 5-CTGCAAGCAACAGTTACTGCGA-3'

R:5'-TCACACACTGCATATGGATTCCC-3' 58
E7 120 F: 5'-CAATATTGTAATGGGCTCTGTCC-3'

R: 5-ATTTGCAACCAGAGACAACTGAT-3' 58
E-cadherin 135 F: 5'-“GCACCGGTCGACAAAGGACA-3'

R: 5-AGTCCCAGGCGTAGACCAAGA-3' 58
N-cadherin 121 F: 5'“AAGAACGCCAGGCCAAACAA-3'

R: 5-TGCAGCTGGCTCAAGTCATA-3' 58
Vimentin 131 F: 5'-“GCCCTTGACATTGAGATTGCCA-3'

R: 5-TCAACCAGAGGGAGTGAATCCA-3' 58
Slug 117 F: 5'-CTCCATTCCACGCCCAGCTAC-3'

R: 5-AGCCACTGTGGTCCTTGGAG-3' 60
Snail 84 F: 5'-“AGGCTCGAAAGGCCTTCAACT-3'

R: 5-TGTGGCTTCGGATGTGCATCT-3' 60
Zebl 157 F: 5'-“ACTGCCTGGTGATGCTGAAA-3'

R: 5-CCCAAACTGCAAGAAACGCT-3' 60
PIR 131 F: 5'-TCAAATTGGACCCAGGAGCC-3'

R: 5-TCCAAGCACTGCTGTGTGAT-3' 55

F, forward; PIR, pirin; R, reverse; Zeb1, zinc finger E-box binding homeobox 1.

used for normalization of mRNA expression. All reactions
were performed in triplicate.

Western blotting. Total protein was extracted from cells with
a lysis buffer [20 mM Tris (pH 8.0), 1% SDS] containing
protease inhibitor cocktail (Roche Diagnostics). The cells were
incubated at 4°C for 1 h, sonicated at 20 kHz for 20 sec on ice
and centrifuged at 12,000 x g for 10 min at 4°C. The proteins
were quantified using the Pierce Bicinchoninic Acid Protein
Assay kit (Pierce; Thermo Fisher Scientific, Inc.) and 30 ug
protein extract was loaded per well. Proteins were separated by
12% SDS-PAGE and were then transferred to Hybond-P ECL
membranes (Amersham; GE Healthcare) using 20 mM Tris
and 150 mM glycine (pH 8.3), in 20% methanol with semi-dry
transfer apparatus (Bio-Rad Laboratories, Inc.). Membranes
were then incubated for 2 h at room temperature with the
blocking reagent [5% bovine serum albumin (AppliChem
GmbH) in 0.5% Tris buffered saline/0.1% Tween-20 (TBST,
pH 7.6)] and were incubated overnight at room temperature
with the following primary antibodies: 3-actin (cat. no. ab6276;
Abcam), N-cadherin (cat. no. ab98952; Abcam), zinc finger
E-box binding homeobox 1 (Zebl; cat. no. pa520979; Thermo
Fisher Scientific, Inc.), Pirin (cat. no. ab51360; Abcam),
HPV16 E6 (cat. no. sc-460; Santa Cruz Biotechnology, Inc.),
HPV16 E7 (cat. no. sc-6981; Santa Cruz Biotechnology, Inc.),
E-cadherin (cat. no. sc-21791; Santa Cruz Biotechnology, Inc.),
Slug (cat. no. sc-166476; Santa Cruz Biotechnology, Inc.) and
Vimentin (cat. no. sc-6260; Santa Cruz Biotechnology, Inc.),
which were diluted 1:1,000 in TBST. Membranes were washed
three times in TBST and were then incubated for 1 h at room

temperature with peroxidase-labeled secondary IgG antibodies
(anti-mouse cat. no. 554002; BD Pharmingen; BD Biosciences;
and anti-rabbit cat. no. sc-2004; Santa Cruz Biotechnology,
Inc.), which were diluted 1:2,000 in TBST. After washing
three times in TBST, immune complexes were detected using
an ECL system (Amersham; GE Healthcare) according to the
manufacturer's protocol. For semi-quantitative analysis, ImageJ
software version 1.52a (National Institutes of Health) was used.

Cell migration assays. For the three-dimensional migration
assay, the bottom side of the upper chamber of a Transwell
system (pore size, 8 ym; Corning, Inc.) was coated with 1 ug/ml
fibronectin (cat. no. PHE0023; Gibco; Thermo Fisher Scientific,
Inc.) and incubated overnight at 4°C. A total of 50,000 SiHa cells
in supplement-free medium were seeded in the upper chamber,
whereas 500 ul complete medium was added per well. Cells
were then allowed to migrate for 7 h at 37°C in an atmosphere
containing 5% CO,. Migrated cells were fixed and stained for
15 min at room temperature with 0.5% w/v crystal violet/meth-
anol solution, whereas non-migrated cells were removed using
a cotton tip. Migrated cells were counted in eight fields for each
experiment using an inverted light microscope.

The wound-healing assay was carried out according to
previously reported protocols (29). Briefly, SiHa cells were
serum-depleted for 24 h. Subsequently, 4x10° cells were
seeded in 6-well plates at 90% cell confluence and exposed
to 20 uM curcumin for 72 h at 37°C. A 10-ul pipette tip was
used to scrape the cell monolayer in a straight line and the
cells were washed with PBS and incubated in RPMI medium
containing 10% FBS. Images of the scratches were captured
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Figure 1. Effects of curcumin on viability of SiHa cells in vitro. (A) SiHa cells were cultured in RPMI (10% fetal bovine serum) and their viability was evalu-
ated by MTS assay for 24, 48, 72 and 96 h. (B) SiHa cells were exposed to various concentrations of curcumin or DMSO. (C and D) SiHa cells were treated
with DMSO or 20 #M curcumin. Cell viability was determined after 0, 24, 48, 72 and 96 h using (C) MTS assay and (D) cell counting. Data are presented as

the mean + SEM; average of three independent experiments, conducted in triplicate. "P<0.05, “P<0.01 (Mann-Whitney test).

at 0 and 18 h after wound generation, using a polarized light

inverted microscope (magnification, x20).

Statistical analysis. Comparison of means between two groups
was performed using a Mann Whitney test, whereas compari-
sons between multiple groups were performed using one-way
ANOVA and Tukey's post hoc test. Data were analyzed using
GraphPad Prism version 7 software (GraphPad Software, Inc.).
P<0.05 was considered to indicate a statistically significant
difference.

Results

Curcumin decreases viability of cervical cancer cells. The
present study used SiHa cervical carcinoma cells, which
harbor two copies of HPV16 per cell. A cell viability-time
curve is shown in Fig. 1A. In order to determine the appropriate
curcumin concentration to be used in subsequent analyses,
the viability of SiHa cells in response to various curcumin
concentrations was determined by MTS assay (Fig. 1B). The
IC4, value was determined to be 15.67 uM. Considering this
concentration as a reference and according to previously
reported data (30,31), a concentration of 20 #M curcumin was
used for subsequent experiments. Cell viability in response
to this curcumin concentration was measured by MTS assay
(Fig. 1C) and cell counting was conducted using the Trypan
blue exclusion assay (Fig. 1D). Although significant cell death
was found at 48 and 72 h (Fig. 1C and D), the curcumin expo-
sure time for subsequent analyses was extended to 72 h.

Curcumin alters E6/E7 and Pirin levels in cervical cancer
cells. Firstly, this study confirmed that PIR expression is
dependent on E6/E7 in SiHa cells. Accordingly, as shown
in Fig. 2A and B, siRNA induced a significant reduction in
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Figure 2. HPV16 E6 and E7 knockdown decreases PIR expression. (A and B) E6
and E7 transcripts evaluated by reverse transcription-quantitative polymerase
chain reaction in SiHa cells transfected with scrambled siRNA or siRNA E6/E7.
(C) PIR mRNA expression was decreased post-transfection with siRNA E6/E7.
Data are presented as the mean + SEM; average of three independent experi-
ments, conducted in triplicate. "P<0.05 (Mann-Whitney test).
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Figure 3. Effects of curcumin on E6 and E7 gene and protein expression levels. SiHa cells were treated with DMSO or 20 M curcumin for 72 h. mnRNA extracted
at 72 h underwent reverse transcription-quantitative polymerase chain reaction with primers for (A) E6 and (B) E7. The results were normalized to 3-actin.
(C-a and D-a) After 72 h, protein extracts underwent western blotting with antibodies against E6, E7 and f-actin. (C-b and D-b) Densitometric analysis of
western blots. Data are presented as the mean + SEM; average of three independent experiments, conducted in triplicate. "P<0.05 , “P<0.01 (Mann-Whitney test).
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Figure 4. Effects of curcumin on Pirin gene and protein expression levels.
SiHa cells were treated with DMSO and 20 #M curcumin for 72 h. (A) RNA
extracted at 72 h underwent reverse transcription-quantitative polymerase
chain reaction with primers for PIR. The results were normalized to §-actin.
(B-a) After 72 h, protein extracts underwent western blotting with antibodies
against Pirin and fB-actin. (b) Densitometric analysis of western blots. Data
are presented as the mean + SEM; average of three independent experiments,
conducted in triplicate. "P<0.05 (Mann-Whitney test). PIR, pirin gene.

the mRNA expression levels of E6 and E7. In addition, the
mRNA expression levels of PIR were significantly decreased
in response to E6/E7 knockdown (Fig. 2C). To determine
the effects of curcumin on alterations in E6 and E7 gene
expression, SiHa cells were exposed to 20 M curcumin for
72 h. Firstly, it was demonstrated that curcumin induced a
significant decrease in endogenous E6 and E7 mRNA expres-
sion levels (Fig. 3A and B). A significant decrease in E6 and
E7 protein expression was also observed in response to
curcumin (Fig. 3C and D). In addition, the effects of curcumin
exposure on the mRNA and protein expression levels of
Pirin were analyzed. A significant decrease in PIR mRNA
expression (Fig. 4A) and Pirin protein expression (Fig. 4B)
was detected following exposure to 20 M curcumin for 72 h.
Taken together, E6 and E7 may regulate Pirin in SiHa cells,
whereas curcumin may decrease the levels of E6/E7 and Pirin
in these cells.

Pirin promotes EMT in cervical cancer cells. To determine
whether knockdown of PIR affects EMT, cells were trans-
fected with a siRNA. Western blotting was initially performed
to confirm the efficiency of PIR siRNA. As shown in Fig. 5A,
a significant decrease in Pirin protein expression was revealed.
Subsequently, a significant increase in the mRNA expression
levels of E-cadherin was observed (Fig. 5B) following PIR
knockdown, although it should be noted that the mRNA
expression levels of N-cadherin and Vimentin were not
detected by RT-qPCR (data not shown). The increase in
E-cadherin expression suggested that dependence may exist
between Pirin and EMT. Subsequently, PIR was knocked
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Figure 5. Effect of a siRNA on Pirin expression and the mRNA and protein expression levels of epithelial-mesenchymal transition markers. SiHa cells were
transfected with 30 nM PIR or scrambled siRNA for 24 h. (A) Protein extracts obtained at 72 h were used for western blotting with antibodies against Pirin
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Data are presented as the mean + SEM; average of three independent experiments, conducted in triplicate. PIR, pirin gene; SCR, scrambled; siRNA, small

interfering RNA.

down and SiHa cells were exposed to 20 yM curcumin for
72 h. In the PIR siRNA + DMSO group, the protein expression
levels of N-cadherin were significantly decreased (Fig. 5C).
Furthermore, N-cadherin expression was also decreased in
the scrambled siRNA + curcumin and PIR siRNA + curcumin
groups, suggesting that both curcumin and Pirin may be
involved in N-cadherin downregulation.

Curcumin decreases EMT. The effects of curcumin on EMT
were evaluated; the epithelial marker E-cadherin was detected.
The mRNA expression levels of E-cadherin were increased
(Fig. 6A); however, the protein expression levels were not
affected by 20 uM curcumin (Fig. 6B). In addition, the expres-
sion levels of the mesenchymal markers N-cadherin (Fig. 6C),
Vimentin (Fig. 6D), Slug (Fig. S1A) and Zebl (Fig. S1B)
were detected; the protein expression levels of all of these
markers were reduced by =40% in response to curcumin.
Finally, the mRNA expression levels of Zebl (Fig. S1B) and
Snail (Fig. S1IC) were increased in response to curcumin. The
discrepancy between the mRNA and protein expression levels
of Zebl may be due to changes induced by curcumin at the
post-translational level; notably, mechanisms of protein degra-
dation may have been induced, which affected EMT-related
proteins. These observations suggested that curcumin may
induce a decrease in SiHa cell EMT.

Curcumin exposure decreases cell migration. Cell migra-
tion was evaluated in SiHa cells exposed to curcumin using
Transwell and wound healing assays. As shown in Fig. 7A, a
significant decrease in cell migration was observed following
exposure to 20 uM curcumin for 72 h. To further confirm these
results, a wound-healing assay was conducted. As shown in
Fig. 7B, it was confirmed that curcumin reduced migration of
SiHa cells.

Discussion

Curcumin has previously been described as an inhibitor of
carcinogenesis (13,32) and as a regulator of EMT (33); however,
the mechanism by which this polyphenolic compound regu-
lates EMT has not been established. Therefore, this study
proposed a mechanism to explain this issue in cervical cancer
cells. The SiHa cell line, which harbors two integrated copies
of HPV16 (34), was exposed to 20 uM curcumin for 72 h;
this curcumin concentration has been supported by previous
reports (30,31). In addition, a significant decrease in E6 and
E7 was observed in cells exposed to curcumin. This finding is
in accordance with the findings of previous studies, in vitro (6)
and in vivo (12).

Pirin is a well-known oxidative stress sensor; however, its
specific function has not been fully elucidated. It is known
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that human PIR is expressed at different levels in various
organs, including the heart, brain, liver, kidney, lung, pancreas,
placenta and skeletal muscle; the highest expression is
observed in the liver and heart, whereas the lowest is in the
brain and pancreas (11,35). To demonstrate the participation of
Pirin in the regulation of EMT, a siRNA against PIR was used;
post-transfection with this siRNA, an increase in E-cadherin
mRNA expression was observed. These data suggested that
EMT may be regulated by Pirin. These results are similar to
previously documented findings (25) in a HeLa cell model; in
this previous study, Pirin was downregulated to demonstrate
that it has the ability to promote EMT. In addition, these same
authors concluded that Pirin regulates EMT independently to
binding to BCL3-Slug (25).

The loss of E-cadherin expression is considered a crucial
step in the progression of low-grade lesions to invasive carci-
noma, and is a fundamental event in EMT (36). In addition,
N-cadherin stimulates cell migration and invasion. It has

previously been demonstrated that aberrant expression of
N-cadherin makes cancer cells more motile and invasive (37).
In addition, Vimentin is regarded as a canonical marker of
EMT (38). Snail transcription factors bind to E-box consensus
sequences in the E-cadherin promoter, with the help of local
modifications of chromatin structure, and participate in down-
regulation of the transcriptional activation of the E-cadherin
promoter. Slug (also known as SNAI2) is a member of the
Snail family of transcriptional repressors, which is capable
of suppressing E-cadherin expression and thereby triggering
EMT, thus suggesting that it may act as a promoter of migra-
tion (39).

It has been reported that Snail and its family member Slug
are capable of suppressing E-cadherin in epithelial cells via
E-box elements in the proximal E-cadherin promoter (40).
Zeb gene activation frequently occurs upon Snail activation,
and Snaill has been reported to activate Zebl; however, Zeb is
active in some tumors that lack Snail expression (41); therefore,
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Figure 7. Effects of curcumin on cell migration. SiHa cells were treated with DMSO or curcumin (20 #M) for 72 h. (A) Migration was evaluated using a
Transwell assay. Representative images (magnification, x20) and quantification of migrated cells from eight random fields are shown. (B) Migration was also
evaluated using a wound healing assay. Representative images at 0 and 18 h post-wounding (magnification, x20) and quantification of migrated cells are shown.
Data are presented as the mean = SEM; average of three independent experiments, conducted in triplicate. "P<0.05 and *“P<0.0001 (Mann-Whitney test).

Zeb protein may be an upstream marker of EMT that can be
evaluated together with E-cadherin and N-cadherin. This
study demonstrated that knocking down PIR decreased the
expression levels of N-cadherin, suggesting that Pirin regu-
lates EMT. Furthermore, it was observed that the combination
of curcumin + PIR siRNA decreased N-cadherin.

These data suggested that curcumin may negatively regu-
late the protein expression levels of Pirin, which in turn may
regulate the expression of N-cadherin and affect the EMT.
This evidence provides important information regarding the
mechanism by which curcumin decreases EMT. However,
these data are insufficient to deny the possibility of a
Pirin-independent mechanism, by which curcumin decreases
N-cadherin and EMT. Notably, this study demonstrated that
curcumin decreased the protein expression levels of Pirin and
the mRNA expression levels of PIR, confirming the mecha-
nism proposed in this study. The findings of this study also
suggested that curcumin may participate in the decrease of
EMT in cervical cancer cells; however, there was no alteration
in the protein expression levels of E-cadherin post-exposure
to curcumin, thus suggesting that other mechanisms mediated
by curcumin may be involved in the regulation of the levels
of E-cadherin (for example, microRNAs). In addition, the
increase in Snail and Zebl mRNA expression contrasted the

results obtained by western blotting. Previously, differences
in the response of EMT markers have been reported in HeLa
cells (HPV-18) (30) and in breast cancer cell lines exposed to
curcumin (13).

Finally, to analyze the phenotypic alterations associated
with the curcumin-mediated decrease in EMT, cell migra-
tion was evaluated by two methods. A significant decrease
in migration was observed, which was similar to the find-
ings reported by previous studies in this cellular model
(30), in CaSki cells (HPV16) (6), in mice (12) and in breast
cancer (13). In conclusion, curcumin decreased EMT and
migration in cervical cancer cells. In addition, curcumin
decreased Pirin expression and this protein was revealed to
regulate EMT. These results suggested a novel mechanism
by which curcumin may exerts its effect, in which the Pirin
protein has an important role. Therefore, the Pirin protein
may be considered an important pharmacological target in
the treatment of cervical cancer.
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