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Background: Peptidylarginine deiminase (PAD) catalyzes the conversion of arginine residues
to citrulline residues, termed citrullination. Recent studies have suggested that PAD isoform 2
(PADI2) plays an important role in tumors, although its tumorigenic effect and mechanism are
largely unknown.

Materials and methods: Immunohistochemistry and enzyme-linked immunosorbent assay
(ELISA) were used to investigate the expression level of PADI2 in various tumor tissues and
patient blood samples, respectively. MNK-45 and Bel-7402 tumor cell lines originating from
gastric and liver tumors, respectively, were treated with anti-PADI2 siRNA, and the subsequent
cell proliferation, apoptosis and migration were observed. Polymerase chain reaction (PCR)
arrays, including Cancer PathwayFinder, Oncogenes and Tumor Suppressor Genes, p53 Signal-
ing Pathway, Signal Transduction Pathway and Tumor Metastasis PCR arrays, were used to
investigate the tumorigenic pathway of PADI2 in the siRNA-treated tumor cells. This analysis
was verified by real-time PCR.

Results: Immunohistochemistry detected significantly increased expression of PADI2 in inva-
sive breast ductal carcinoma, cervical squamous cell carcinoma, colon adenocarcinoma, liver
hepatocellular carcinoma, lung cancer, ovarian serous papillary adenocarcinoma and papillary
thyroid carcinoma samples. ELISA detected a twofold increase in PADI2 expression in the
blood of 48.3% of patients with liver cancer, 38% of patients with cervical carcinoma and
32% of patients with gastric carcinoma. Increased apoptosis and decreased cell proliferation
and migration were observed in the anti-PADI2 siRNA-treated MNK-45 cells, and increased
cell proliferation and migration and decreased apoptosis were observed in the treated Bel-7402
cells with suppressed PADI2 expression. PCR arrays and real-time PCR detected significantly
decreased CXCR2 and EPO expression in the MNK-45 cells and Bel-7402 cells, respectively,
with the anti-PADI2 siRNA treatments.

Conclusion: PADI2 expression is increased in many types of tumor tissues and patient blood
samples. PADI2 may advance abnormal cell behavior in gastric cancers by mediating CXCR2,
a well-known gene that stimulates cell proliferation and invasion. However, PADI2 might have
deleterious effects on tumor growth and metastasis in liver tumor cells by regulating the expres-
sion of EPO, a gene with controversial functions in tumor growth. The results suggest that the
effect of PADI2 on tumorigenesis is multifactorial, depending on the tumor type.

Keywords: PADI2, tumorigenesis, pathway, CXCR2, EPO

Introduction

Peptidylarginine deiminase (PAD) conducts the post-translational modification of
arginine residues to citrulline residues, referred to as citrullination or deimination.
Five mammalian PAD family members (PAD or PADI 14 and 6) are all encoded
by a cluster of genes on chromosome 1p36.13 and have a described tissue-specific
distribution in most body tissues.! PAD-mediated post-translational citrullination is
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involved in various physiological and pathogenic activities
by altering the structural stability of target proteins.3

The pathological roles of the PAD family and citrul-
lination in tumors have attracted increased interest.** PAD
isoform 2 (PAD2/PADI2), a member of the PAD family, has
been implicated in cancer. McElwee et al” identified PADI2
as a potential breast cancer biomarker and therapeutic target
and also found that PADI2-overexpressing transgenic mice
were susceptible to spontaneous skin neoplasia.® Tanday®
recently reported that inhibiting the expression of PADI2
could halt the progression of myeloma. We recently reported
that PADI2 is a gene susceptible to breast cancer risk, and its
expression contributes to tumorigenesis via ACSL4, BINC3
and CA9 signaling.”® These findings suggest that PADI2 is
involved in the tumorigenesis of many tumors and plays an
important role in progression. Alternatively, Cantarino et al'!
demonstrated that downregulation of PADI2 is an early
event in colorectal carcinogenesis. Therefore, the expres-
sion of PADI2 in various tumor types and blood of patients
requires a thorough investigation. The effect of PADI2 on
the tumorigenic process and regulatory mechanism should
be comparatively studied among different tumors.

To gain additional insight into the tumorigenic role of
PADI2, the present study analyzed the expression level of
PADI2 in various tumor tissues and blood of patients. Based
on these observations, we investigated the effects of PADI2
on cultured gastric and hepatic tumor cells. We also used
a polymerase chain reaction (PCR) array to determine the
tumorigenic signaling pathway of PADI2 in these two cell
lines. Our aim was to understand the role of PADI2 in the
tumorigenic process and compare the regulatory pathways
in different tumor cell lines.

Materials and methods

Immunohistochemistry

Tissue arrays (Alenabio, Xian, People’s Republic of China)
were used for immunohistochemistry to determine PADI2
expression. These slides contained tumor and normal samples
from each of the following tissues: breast (35 invasive duc-
tal carcinoma and 8 normal tissue samples), cervical (52
squamous cell carcinoma and 10 normal tissue samples),
colon (36 adenocarcinoma and § normal tissue samples),
esophageal (54 squamous cell carcinoma and 8 normal
tissue samples), liver (38 hepatocellular carcinoma and
8 normal tissue samples), lung (27 squamous cell carcinoma
and 5 normal tissue samples), ovarian (40 serous papillary
adenocarcinoma and 10 normal tissue samples), rectal
(70 adenocarcinoma and 10 normal rectal tissue samples),

stomach (70 adenocarcinoma and 10 normal tissue samples)
and thyroid carcinoma (60 papillary carcinoma and 10 normal
tissue samples). The manufacturer supplied the clinical data
for each participant, including age, sex, clinical pathological
diagnosis and origin (Table S1). The tissue sections were
deparaffinized and rehydrated using standard procedures.
The tissue sections were heated at 95°C for 10 min in citrate
buffer solution (Sigma-Aldrich, Shanghai, People’s Republic
of China) for antigen recovery and were incubated with an
endogenous peroxidase inhibitor (MaixinBio, China) for
30 min at room temperature. After washing with phosphate
buffered saline (PBS), the sections were incubated overnight
with anti-PADI2 antibody (Abcam, Cambridge, MA, USA) at
4°C. The PADI2 antibody was raised against a KLH-conju-
gated synthetic peptide derived from within residues 100-200
of human PADI2. The specificity and cross-reactivity of the
antibody were verified by the manufacturer using human tis-
sues and were found to be suitable for Western blotting and
immunohistochemistry. The immunosignal was displayed
using the UltraSensitive TM S-P Kit (Maixin-Bio, Beijing,
People’s Republic of China) according to the manufacturer’s
instructions. The 3,3’-Diaminobenzidine tetrahydrochloride
substrate revealed immunoreaction in yellow color. The
specificity and optimized antibody dilution of the anti-PADI2
antibody were determined by incubating the slides with goat
preimmune serum (Maixin-Bio) or modification buffer with-
out the addition of antibody.

The expression level of PADI2 in tumor tissue sections
was semiquantified using the Chiew-Loon Koo’s modified
semiquantitative scoring system,'? which has been widely
accepted and used in other studies.'? This system considers
the staining intensity and extent of the area stained. Every
tumor section was given a score according to the intensity
of the nucleic or cytoplasmic staining (no staining =0, weak
staining =1, moderate staining =2 and strong staining =3)
and the extent of stained cells (0%=0, 1%—10%=1, 11%-—
50%=2, 51%—-80%=3, 81%—100%=4; negative means 0%
area staining, focally positive means 1%—-80% area staining
and diffusely positive means 81%—100% area staining). The
final immunoreactive scores were obtained by multiplying
the intensity scores with the extent of positivity scores of the
stained tissues, for which the minimum score is 0, and the
maximum score is 12.

All the experiments in the present study were examined
and approved by the Ethics Committee of Shandong Provin-
cial Qianfoshan Hospital, who also approved the study. All
patients provided written informed consent to participate in
the study.
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Enzyme-linked immunosorbent assay
(ELISA)

Peripheral blood samples were collected from patients with
breast cancer (n=259, age =26—79 years, mean age =49 years),
cervical cancer (n=216,age=23-88 years,meanage=>50.9 years),
esophageal cancer (n=83, 8 females, age =38-76 years,
mean age =61 years), gastric cancer (n=120, 30 females,
age =28-80 years, mean age =58 years), liver cancer
(n=178, 35 females, age =29-83 years, mean age =57 years),
lung cancer (n=128, 50 females, age =34-85 years, mean
age =57 years), ovarian cancer (n=128, age =13-82 years,
mean age =55 years) or rectal cancer (n=116, 37 females,
age =25-85 years, mean age =56 years). Four hundred sixty-
five (202 females, age =17-59 years) healthy individuals
with a mean age of 32 years were blood donors. Following
centrifugation at 1,000x g for 30 min, serum samples were
collected and stored at —80°C prior to use. Blood samples
were diluted 10-fold and incubated in plates for 2 h at 37°C.
The plates were washed three times with PBS Tween-20
(PBST), and the wells were incubated for 1 h at 37°C with
0.5% bovine serum albumin. Following an additional wash
with PBST, the anti-PADI2 antibody (LSBio), diluted 3,000-
fold, was added to the plates, which were incubated for 1 h
at 37°C. The antibody was raised against synthetic peptide
derived from the C-term domain of the human PADI2 protein.
The manufacturer confirmed that the antibody reacts with the
76 kDa PADI2 protein from human, mouse and rat and has
no cross-reaction with the other PAD isoforms. The antibody
was found to be suitable for Western blotting, immunopre-
cipitation and ELISA. Following a washing step, Peroxidase
Affinipure Goat anti-rabbit IgG (Jackson Immunoresearch,
West Grove, PA, USA), diluted 4,000-fold, was added, and
the plates were incubated for 30 min at 37°C. Following
another PBST wash, the plates were developed by adding a
3,3%,5,5"-Tetramethylbenzidine liquid substrate for ELISA
(Sigma). The absorbance at 450 nm was measured using a
plate reader (Thermo Scientific, Waltham, MA, USA). The
serum level of PADI2 was determined according to Briggs’s
P/N method."” The optical density (OD),,
serum (P-value) was divided by the OD, . value of the pooled
healthy sera (N value). The P/N ratio was calculated for each
serum sample.

value of the patient

Cell culture and siRNA interference

MNK-45 and Bel-7402 cell lines that were originated from
liver cancer and gastric cancer, respectively, were cultured
in an atmosphere of 5% CO, at 37°C. Dulbecco’s Modified
Eagle’s Medium (DMEM) contained 10% fetal calf serum,

50 U/mL penicillin and 50 pg/mL streptomycin. The siRNA
oligonucleotides targeting the PADI2 gene (target sequence:
5’-CCCGTTCTTCGGCCAACGCTA-3") were commercially
obtained from Qiagen (Duesseldorf, Germany). MNK-45 and
Bel-7402 tumor cells were transfected with the anti-PADI2
siRNAs at 20 nM using the HiPerFect transfection reagent
(Qiagen). Transfection was conducted for 48 h. The inhibi-
tion of PADI2 expression in these cell lines was verified
using real-time PCR. Transfection with Mm/Hs-MAPK1
siRNA (AATGCTGACTCCAAAGCTCTG) that specifically
suppresses MAPK 1 expression was prepared as positive con-
trols, and transfection with Allstar siRNA that has no effect
on any gene expression was used as negative controls.

Cell proliferation assay

MNK-45 and Bel-7402 cells were cultured onto 96-well
culture plates until they grew to 80% confluence. Anti-
PADI2 siRNA was added to the culture, and the cells were
transfected in culture medium for 2472 h at 37°C in 5%
CO,. A total of 10 uL of cell counting kit-8 solution (CCK-8;
Dojindo, Kumamoto, Japan) was added to each well, and the
cells were continually incubated for an additional 4 h. The
absorbance was measured at 450 nm using a spectropho-
tometer (Spectramax 190; Molecular Devices, Sunnyvale,
CA, USA).

Cell apoptosis assay

MNK-45 cells or Bel-7402 cells with the treatment of
anti-PADI2 siRNA were washed twice with PBS and were
resuspended in binding buffer at a particular concentration.
The cell suspensions at a concentration of 1x10° cells/100 pL
were transferred into 5 mL culture tubes, and 5 UL of annexin
V-phycoerythrin (eBioscience, San Diego, CA, USA) and
5 uL of 7-amino-actinomycin (eBioscience) were added to
the tube. The mixture was placed at room temperature in
the dark for 15 min. Later, another 400 pL aliquot of bind-
ing buffer was added. The apoptosis ratio was examined by
flow cytometry (FACSAria II; BD Biosciences, Franklin
Lakes, NJ, USA).

Transwell migration assay

The cell migration assay of MNK-45 cells or Bel-7402 cells
with the treatment of anti-PADI2 siRNA was performed
using Transwell inserts (8 um pore size; Costar®). The
transfected cells at a concentration of 5x10* cells/200 uL
were suspended in serum-free media and were added to the
upper chamber, and 500 UL of complete DMEM was added
to the lower chamber of Transwell inserts. The cells were
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incubated for 24 h. The filter of the chambers was immersed
in methanol for 15 min at room temperature, treated with
0.25% crystal violet stain for 10 min at room temperature
and washed with water. The cells that had migrated to the
lower side of the filter were observed and counted using an
inverted fluorescence microscope.

PCR array analysis

Bel-7402 and MNK45 cells were transfected with anti-PADI2
siRNA as described earlier. Total RNA was isolated from
the treated cells using Trizol solution (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s protocol. RNA
samples were reversed transcribed into first-strand cDNA
using the RT? First Strand Kit. The Cancer PathwayFinder,
Oncogenes and Tumor Suppressor Genes, p53 Signaling
Pathway, Signal Transduction Pathway and Tumor Metasta-
sis PCR arrays (Qiagen) were used to examine significantly
changed transcriptions of tumor-related genes in Bel-7402
and MNK-45 cells with inhibited PADI4 expression. The
PCR array analysis was conducted using the ViiA7 DX
system (Life Science, Waltham, MA, USA) according to the
manufacturer’s instructions. The cDNA was mixed with an
appropriate RT?> SYBR Green Mastermix, and this mixture
was aliquoted into the wells of the RT? Profiler PCR Array.
The relative expression levels of the target genes were
determined using the data from the real-time cycler and
AACT method. The raw array data were analyzed by the
PCR Array Data Analysis System at http://sabiosciences.

com/pcrarraydataanalysis.php. Fold changes were expressed

as log-normalized ratios of the target gene expression in
anti-PADI2 siRNA-treated cells/expression in Allstar siRNA-
treated controls. Fourfold or higher changes in expression
were considered to be biologically significant in the study
according to the instructions of the manufacturer.

Real-time PCR

Total RNA was extracted from MNK-45 or Bel-7402 and
was reverse transcribed to first-strand cDNA as described
earlier. The PCR amplification was conducted in a total
volume of 10 puL, containing 1 uL of cDNA, 5 uL of SYBR
Green Real-time PCR Master Mix (Toyobo, Osaka, Japan)
and 1 UL of each primer. Real-time PCR was performed
using the ViiA7 DX system. The reaction condition was set
according to the annealing temperature of the primers. Two
reactions were simultaneously performed in each sample:
one reaction was performed to detect the mRNA level of
the target gene and the other to detect the level of B-actin.
PCR products were confirmed by melting curve analysis. The
relative mRNA level was calculated using the comparative

threshold cycle (Ct) method. The target gene expression
level was normalized to the -actin mRNA expression level.
Forward primer and reverse primer sequences for real-time
PCR were obtained from Qiagen and were designed as fol-
lows: PADI2: 5-TGAAAGAGGTGAAGAACCTTG-3" and
5-GTTTAGGTACTGGAAGCAGAC-3"; B-actin: 5'-TGG
CACCCAGCACAATGAA-3" and 5'-CTAAGTCA
TAGTCCGCCTAGAAGCA-3’; CXCR2: 5’-CCC
ATGTGAACCAGAATCC-3" and 5'-GAATACC
AGGGCATAGATAATGAC-3"; EPO: 5-AGCTT
GAATGAGAATATCACTGT-3" and 5’-CCTCTTCCA
GGCATAGAAA-3".

Statistical analysis

Two-tailed Student’s #-test was used to analyze experimental
data. A value of P<<0.05 was considered a statistically sig-
nificant difference. All the experiments in the study were
performed three times or more to verify the results.

Results
Detection of PADI2 expression in tumor

tissues
Immunohistochemistry was performed to locate PADI2
expression in a panel of tumor tissues. Significant expression
of PADI2 was observed in 95% of breast-invasive ductal car-
cinomas, 34.1% of cervical squamous cell carcinomas, 97.5%
of colon adenocarcinomas, 88% of esophageal cancers,
62.8% of gastric adenocarcinomas, 55.2% of liver hepato-
cellular carcinomas, 92.5% of lung cancers, 30% of ovarian
serous papillary adenocarcinomas, 58.5% of rectal adenocar-
cinomas and 90% of papillary thyroid carcinoma samples.
The immunosignal was localized to the cytoplasm of the
tumor cells. PADI2 was not detected in normal cervical tissue,
lung tissue, ovarian tissue or thyroid tissue, except in a few
mesenchymal-like cells and certain endothelial cells. PADI2
was also localized to selected epidermis regions of normal
breast tissue, colon tissue, esophageal tissue, gastric tissue,
liver tissue and rectal tissue, but the density of the immu-
nosignal was relatively lower. The immunohistochemical
observation is shown in Figure 1. In addition, the immuno-
reactive score analysis indicated a significantly increased
expression of PADI2 in breast-invasive ductal carcinomas,
cervical squamous cell carcinomas, colon adenocarcinomas,
liver hepatocellular carcinomas, lung cancers, ovarian serous
papillary adenocarcinomas and papillary thyroid carcinoma
samples compared with the corresponding normal tissues
(P<<0.001). The analytical result is also shown in Figure 2.
Sandwich ELISA was used to determine the level of PADI2
in the blood of patients with tumors. The PADI2 level in the
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Figure | Immunodetection of PADI2 in various tumor tissues.

Gt

Notes: PADI2 shows significantly increased expression in many tumor types. “a” represents tumor tissue, and “b” represents the parallel tumor adjacent tissues or normal
tissues. Original magnification: 200x.
Abbreviation: PADI2, peptidylarginine deiminase isoform 2.

pooled blood of healthy subjects was used as the standard.
P/Nratios =2.1 were considered positive in this study. PADI2
showed positive expression in the blood of 48.3% of patients
with liver cancer, 38% of patients with cervical carcinoma
and 32% of patients with gastric carcinoma. The enzyme also
showed positive expression in 20%—30% of patients with other
tumors. The ELISA results are shown in Figure 3.

The immunohistochemical observations, immunoreactive
score analysis and ELISA results suggest that PADI2 has
significantly increased expression in many types of tumor
tissues and peripheral blood of patients, especially patients
with breast cancer, gastric cancer or liver cancer.

Detection of cell proliferation, apoptosis
and migration of MNK-45 and Bel-7402

cells treated with anti-PADI2 siRNA

MNK-45 and Bel-7402 cells were treated with anti-PADI2
siRNA as described earlier. Real-time assays detected signifi-
cantly decreased transcription of PADI2 in the anti-PADI2
siRNA-treated cells (Figure S1). The CCK-8 assay was used
to measure the cell proliferation. The analysis showed a
significantly declined cell proliferation in the siRNA-treated
MNK-45 cells compared with cells treated with the Allstar
siRNA (P=1.71x10*). Meanwhile, the CCK-8 assay detected
a significant increase in the cell proliferation of Bel-7402
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Figure 2 Semiquantitation of the PADI2 expression level in various tumor tissues.

Notes: The x-axis indicates tumor types and matched normal tissues, and the y-axis indicates the expression level of PADI2. ***P<<0.001.

Abbreviation: PADI2, peptidylarginine deiminase isoform 2.

cells with the treatment of the anti-PADI2 siRNA compared
with controls (P=0.04). The result is shown in Figure 4.
Flow cytometric analysis was used to measure apoptosis
in MNK-45 and Bel-7402 cells with the decreased PADI2
expression. Compared with the Allstar siRNA-treated cells,
the annexin V/PE and 7-AAD double staining detected
significantly increased apoptosis in the anti-PADI2 siRNA-
treated MNK-45 cells (P=4.98x1075), but the analysis mea-
sured a considerably decreased apoptosis in the siRNA-treated
Bel-7402 cells (P=3x107*). The result is shown in Figure 5.
A two-compartment transwell system was used to measure
cell migration in MNK-45 and Bel-7402 cells. The analysis
detected a significantly decreased migration of MNK-45 cells
when the PADI2 expression was suppressed by anti-PADI2

*

siRNA compared with the cells treated with Allstar siRNA
(P=6.03x107%); meanwhile, the assay observed a significantly
increased cell migration in the siRNA-treated Bel-7402 cells
(P=3.6x107"). The result is shown in Figure 6.

Determination of the pathogenic pathway
of PADI2 in tumorigenesis

A series of PCR arrays was used to determine the signaling
pathway of PADI2 in tumorigenesis. MNK-45 cells and
Bel-7402 cells were treated with anti-PADI2 siRNA.
Real-time PCR detected a significant inhibition of the siRNA
on PADI2 expression compared with the cells treated with
Allstar siRNA. The result is shown in Figure S1. The Cancer
PathwayFinder PCR array detected significantly decreased

sfokok

sekok
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EE

PADI2 protein level in

Figure 3 Determination of PADI2 levels in the blood samples of patients with tumors
Notes: The x-axis represents various tumor types, and the y-axis represents the PAD
was divided by the OD

405

using ELISA.

12 expression level with P/N values. The OD,, value of the positive serum (P-value)

450

value of the pooled negative sera (N value). The P/N ratio was calculated for each serum sample. ***P<<0.001.

Abbreviations: PADI2, peptidylarginine deiminase isoform 2; ELISA, enzyme-linked immunosorbent assay; OD, optical density.
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as represented by an OD value at 405 nm. Cells treated with Allstar siRNA were used as negative controls. *P<0.05, **P<<0.0| and ***P<0.001.

Abbreviations: PADI2, peptidylarginine deiminase isoform 2; CCK-8, cell counting kit-8; OD, optical density.

CA9 and IGFBP3 expression in the MNK-45 cells and
decreased TEK expression in the Bel-7402 cells after these
two cell lines were treated with anti-PADI2 siRNA. The
Oncogenes and Tumor Suppressor Genes PCR array detected
significantly decreased ESR1 expression in the MNK-45
cells. The p53 Signaling PCR array detected significantly
increased expression of TP63 in MNK-45 cells. The Signal
Transduction PCR array detected significantly increased
ACSLS5, AXIN2, CCL5, HMOX1 and MMP7 expression and
decreased CA9 expression in the MNK-45 cells, as well as

decreased EPO expression in the Bel-7402 cells. The Tumor
Metastasis PCR array detected significantly increased expres-
sion levels of MMP2 and MMP7 and decreased CXCR2
expression levels in MNK-45 cells. The results are shown in
Figure 7, and the raw data are presented in Figure S2.
Those genes with significantly changed expression
that were detected using PCR arrays were verified using
real-time PCR. The real-time PCR results confirmed the
7.25-fold decrease in CXCR2 expression in MNK-45 cells
and the 5.8-fold decrease in EPO in Bel-7402 cells following
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Figure 5 Apoptosis in MNK-45 cells and Bel-7402 cells treated with anti-PADI2 siRNA, as measured using the annexin V cell apoptosis assay.
Notes: (A) MNK-45 cells were treated with anti-PADI2 siRNA. (B) MNK-45 cells treated with Allstar siRNA were used as negative controls. (C) Result of the apoptosis
assay for MNK-45 cells. (D) Bel-7402 cells were treated with anti-PADI2 siRNA. (E) Bel-7402 cells treated with Allstar siRNA were used as negative controls. (F) Result

of the apoptosis assay for MNK-45 cells. *#*P<0.05.
Abbreviation: PADI2, peptidylarginine deiminase isoform 2.
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Figure 6 Migration of MNK-45 and Bel-7402 cells treated with anti-PADI2 siRNA, as measured by the transwell migration assay.

Notes: (A) MNK-45 cells were treated with anti-PADI2 siRNA. (B) MNK-45 cells treated with Allstar siRNA were used as negative controls. (C) Result of the migration
measurement for MNK-45 cells. (D) Bel-7402 cells were treated with anti-PADI2 siRNA. (E) Bel-7402 cells treated with Allstar siRNA were used as negative controls.
(F) Result of the migration measurement for Bel-7402 cells. Original magnification: 4.2x. **P<0.001.

Abbreviation: PADI2, peptidylarginine deiminase isoform 2.

treatment with anti-PADI2 siRNA, a finding that corresponds
to the result of PCR array. This study did not detect a sig-
nificant change in the expression levels of ACSL5, AXIN2,
CA9, CCL5, ESR1, IGFBP3, HMOX1, MMP2, MMP7 and
TP63 in the siRNA-treated MNK-45 cells and Bel-7402 cells,
or the expression profiles are different with the PCR assay.
These results are shown in Figure 8.

Discussion

In the present study, immunohistochemistry detected the
obvious expression of PADI2 in most tissue samples from
breast-invasive ductal carcinoma, cervical squamous cell
carcinoma, colon adenocarcinoma, esophageal tissues, gastric
tissues, liver hepatocellular carcinomas, lung cancer, ovarian
serous papillary adenocarcinoma, rectal tissues and papillary
thyroid carcinoma samples. Immunoreactive score analysis
indicated significantly increased expression of PADI2 in
breast-invasive ductal carcinoma, cervical squamous cell
carcinoma, colon adenocarcinoma, liver hepatocellular carci-
nomas, lung cancer, ovarian serous papillary adenocarcinoma
and papillary thyroid carcinoma samples. In addition, our
ELISA detected a significant increase in the PADI2 level in
the blood samples of patients with liver cancer, cervical cancer
and gastric carcinoma that correlated with the immunochemi-
cal results. Together with the current immunohistochemical

observation, immunoreactive score analysis and ELISA
measurement, we demonstrate that PADI2 shows high expres-
sion in many tumor tissues and in the blood of the patients,
particularly in those with breast cancer, cervical carcinoma,
liver cancer or gastric cancer. In our recent study, we used the
Sequenom MassARRAY to determine the potential associa-
tion of the PADI2-encoding gene with various tumor risks.
Our study indicated that the single nucleotide polymorphisms
1s2746533, rs2076616 and rs10788656 show significant
differences in allele frequency, genotype frequency or both
between breast cancer, cervical carcinoma, gastric carcinoma,
lung cancer and rectal carcinoma cases and the controls,'
indicating that PADI2 has genetic susceptibility to these tumor
risks. These findings suggest that the PADI2 might be related
to the tumorigenesis of many types of tumors. Based on our
immunohistochemistry and genotyping results, we continued
to investigate the pathogenic pathway of PADI2 in gastric
cancer and liver cancer. We have published our investigation
of the expression and tumorigenic mechanism of PADI2 in
MCF-7 cells originating from breast tumor tissues.'

The tumorigenic pathway of PADI2 was analyzed in
MNK-45 and Bel-7402 tumor cell lines, two tumor cell models
from gastric cancer and liver cancer, using tumorigenesis-
related PCR arrays. The siRNA interference on PADI2 expres-
sion resulted in the significantly altered expression of selected
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Figure 7 Determination of significantly altered gene expression using PCR arrays.

Notes: Tumor cell lines MNK-45 and Bel-7402 were treated with anti-PADI2 siRNA. Cells treated with Allstar siRNA were used as a negative control. Significantly
altered expression of tumor-related genes was detected using (A) Cancer PathwayFinder PCR array, (B) Signal Transduction PCR array, (C) Tumor Metastasis PCR array,
(D) Oncogenes and Tumor Suppressor Genes PCR array and (E) p53 Signaling PCR array.

Abbreviations: PCR, polymerase chain reaction; PADI2, peptidylarginine deiminase isoform 2.

genes involved in the tumorigenic progress, tumor suppres-
sion, p53 signaling, signal transduction and tumor metastasis.
Finally, real-time PCR verified the decreased CXCR2 expres-
sion in the gastric tumor cells and decreased EPO expression in
the liver cancer cells when PADI2 expression was suppressed.

The finding indicates that PADI2 might exert its tumorigenic
function by mediating the expression levels of CXCR2 and
EPO in gastric tumor and liver tumor cells, respectively.
C-X-C motifligand 8§ (CXCLS) is a well-known important
multifunctional cytokine that promotes tumor proliferation,
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Figure 8 Determination of the mRNA expression levels of CXCR2 and EPO using real-time PCR.
Notes: MNK-45 cells and Bel-7402 cells were treated with anti-PADI2 siRNA. The transcription levels of the target genes in Allstar siRNA-treated cells were set as |.
The target genes in the anti-PADI2 siRNA-treated cells were normalized to their expression in the controls. (A) CXCR2 expression level in MNK-45 cells and (B) EPO

expression level in Bel-7402 cells. ***P<<0.001.

Abbreviations: PCR, polymerase chain reaction; PADI2, peptidylarginine deiminase isoform 2.

invasion and migration in an autocrine or paracrine manner.
CXCLS takes a function with its cognate receptors C-X-C
chemokine receptor 1 (CXCR1) and CXCR2."*!5 CXCL1 and
CXCR2 show increased expression in gastric cancer tissues
compared with adjacent noncancerous tissues, and CXCL1
or CXCR?2 depletion significantly reduced the migration and
invasion ability.'¢ Repertaxin, an inhibitor of the chemokine
receptors CXCR1 and CXCR2, can inhibit the malignant
behavior of human gastric cancer MNK-45 cells in vitro
and in vivo.!” These reports are similar to our observation
of decreased cell proliferation and cell migration in anti-
PADI2-treated MNK-45 cells while CXCR2 expression was
depressed. Thus, we suggest that PADI2 contributes to cell
migration and invasion in gastric tumors by upregulating
CXCR2 expression.

Many tumors express EPO and/or the EPO receptor.
Certain studies reported that various tumors express EPO
to improve vascularization, thus favoring the growth and
spread of tumor. EPO/EPO receptor expression is correlated
with vascular mimicry formation. Patients with EPO or EPO
receptor expression exhibited poorer overall survival than
EPO-negative or EPO receptor-negative patients.'® It has
also been reported that EPO promotes the proliferation and
survival of cancer cells that express the EPO receptor.'**
EPO is expressed in hepatocellular carcinoma cells and the
human hepatoma cell line Hep3B.?"* However, evidence
supporting a tumor growth-promoting effect of EPO has
been inconclusive. Ehnert et al* showed that darbepoetin,
an EPO derivative, reduces the growth of Huh 7 cells, a
hepatocarcinoma cell line, through the upregulation of the
tumor-suppressor gene p53. Thus, EPO could delay tumor
growth as several preclinical studies have reported. These
reports correspond to our observation in which increased cell
proliferation and cell migration were detected in anti-PADI2

siRNA-treated Bel-7402 cells with inhibited EPO expression.
The present study offers evidence that PADI2 might have
deleterious effects on tumor growth and metastasis in liver
cancers by upregulating EPO expression. Cantarino et al'!
demonstrated that the downregulation of PADI2 is an early
event in colorectal carcinogenesis, a finding that corresponds
to our observation in Bel-7402 cells with suppressed PADI2
expression.

The present study shows decreased cell proliferation and
cell migration and increased apoptosis in anti-PADI2 siRNA
MNK-45 cells with decreased CXCR2 expression. However,
this study produced a controversial observation in the treated
Bel-7402 cells with increased cell proliferation, cell migra-
tion and decreased apoptosis, whereas EPO expression was
suppressed. We previously found that inhibiting PADI2
expression significantly increased the expression of CA9 and
decreased the expression of ACSL4 and BIRC3 in MCF-7
cells, originating from breast cancer. Inhibiting PADI2
expression also significantly decreased the cell migration
ability of MCF-7 cells but did not affect cell proliferation
and apoptosis.'” The observations demonstrate that PADI2
has different effects and different tumorigenic pathways in
different tumor cells. It is possible that the effect of PADI2
is multifactorial depending on the tumor type. We recently
reported that PADI4, a PAD member, has genetic suscepti-
bility to gastric carcinoma and upregulates CXCR2, KRT14
and TNF-q expression levels in MNK-45 cells.* This result
suggests that both PADI2 and PADI4 play a role via a similar
signaling pathway in gastric tumorigenesis.

Conclusion

In summary, the present study showed significantly increased
expression of PADI2 in many tumor tissues and in the blood
of patients with cancer. Moreover, the study found that
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PADI2 at a low level can decrease cell proliferation and

migration and advance apoptosis in gastric cancers with
declined CXCR2 expression. In addition, suppressed PADI2
expression can promote cell proliferation and migration in

liver cancer cells by downregulating EPO expression. The

results suggest that the effect of PADI2 on tumorigenesis is

multifactorial, depending on the tumor type. These findings

might be useful for further understanding the tumorigenic

process in gastric tumors and liver tumors.
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