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Abstract The programmed cell death 6 (PDCD6), dis-
covered as a proapoptotic calcium-binding protein, has
recently been found dysregulated in tumors of various
origin and contributed to cancer cell viability. The aim of
this study was to determine whether SNPs in PDCDG6 are
associated with cervical squamous cell carcinoma (CSCC).
Polymerase chain reaction-restriction fragment length
polymorphism method was used to genotype two tag SNPs
(rs3756712 and rs4957014) of PDCD6 in 328 CSCC
patients and 541 controls. Significantly increased CSCC
risks were found to be associated with T allele of
rs3756712 and G allele of rs4957014 (P = 0.017,
OR = 1.320, and P = 0.007, OR = 1.321, respectively).
CSCC risks were associated with these two SNPs in dif-
ferent genetic model (P = 0.04, OR = 1.78 for rs3756712
in a recessive model, and P = 0.006, OR = 2.01 for
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rs4957014 in a codominant model, respectively). Results of
stratified analyses revealed that rs4957014 is associated
with parametrial invasion of CSCC (P = 0.044,
OR = 1.414). Our results suggest that these two tag SNPs
of PDCD6 are associated with CSCC, indicating that
PDCD6 may play an important role in the pathogenesis of
CSCC.
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Introduction

Cervical cancer has long been recognized as an important
reproductive health problem for women in developing and
developed countries. The global incidence increased from
378,000 cases per year in 1980 to 454,000 cases per year in
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2010—a 0.6 % annual rate of increase. Cervical cancer
death rates have been decreasing but this disease still killed
200,000 women in 2010, of whom 46,000 were aged
15-49 years in developing countries [1]. In China, inci-
dence rates of cervical cancer ranged from 2.4 per 100,000
women in Jiashan to 4.6 per 100,000 women in Guangzhou
[2]. Although it is well-recognized that specific high-risk
types of human papillomavirus (HPV) are primary etio-
logic factors in cervical cancer, the majority of infected
women do not develop the cancer, suggesting that other
factors including host genetic factors appear to contribute
to the susceptibility and development of malignancy [3, 4].
Genetic-epidemiological studies on the heritability of cer-
vical cancer have shown a familial aggregation of cervical
intraepithelial neoplasia and cervical cancer in first-degree
relatives [5-7]. The evidence of genetic inheritance and
susceptibility to cervical cancer were also supported in
twin studies that investigated smear abnormalities and
cervical cancer [5, 8, 9]. Although these genetic-epidemi-
ological studies strongly suggest that host genetics play a
role in susceptibility to cervical cancer, the genes involved
in this process are still unknown.

Programmed cell death 6 (PDCD6), also well-known as
apoptosis-linked gene-2 (ALG-2), is a calcium-binding
modulator protein associated with cell proliferation and
death. It is first described as a pro-apoptotic protein in a
functional screen of T cell hybridoma cells [10]. PDCD6
gene encodes a 22 kDa Ca”"-binding protein containing five
serially repetitive EF-hand structures. This protein is one of
the prototypic members of the penta EF-hand protein family,
participating in T cell receptor-, Fas-, and glucocorticoid-
induced programmed cell death [11, 12]. However, apop-
tosis was not blocked in PDCD6-deficient mice, suggesting
that PDCD6 is functionally redundant [13]. It has also been
reported that PDCD6 play a role in modulation of endo-
plasmic reticulum (ER)-stress-stimulated cell death and
neuronal apoptosis during organ formation [14, 15].

Programmed cell death 6 (PDCD6) is widely expressed in
tissues and cell lines, including various tumor types, as
shown by transcript analyses and Western blot analyses [16—
18]. PDCD6 was found to be up-regulated in a variety of
tumors compared to normal tissues of the breast, liver, lung,
and colon, especially in metastatic tissues, suggesting that in
addition to its known pro-apoptotic function PDCD6 may
play a role in cell survival [17, 18]. In contrast, down-reg-
ulation of PDCD6 expression was also observed in gastric
cancer and HeLa cells [19, 20]. In addition, recent studies
found that lower mRNA expression levels of PDCD6 were
significantly with a poor overall survival in endoscopic
biopsy samples of gastric cancer and that PDCD6 may be a
molecular marker for the prognosis of advanced gastric
cancer [19, 21]. Epithelial ovarian cancer patients with
medium or high levels of PDCD6 mRNA were at higher risk
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for disease progression, but no association was found
between PDCD6 expression and overall survival [22]. Thus,
these findings indicate that alteration of PDCD6 expression
may contribute to the development and/or progression of
cancers and that PDCD6 may be a useful molecular marker
for the prognosis of cancers.

To investigate whether the PDCD6 gene contributes to
the development and/or progression of cervical squamous
cell carcinoma (CSCC), we genotyped two tag SNPs
(rs3756712 and rs4957014) of PDCD6 gene in 328 CSCC
patients and 541 control subjects and analyzed the associ-
ation between these two SNPs and CSCC risk.

Materials and methods
Study subjects

This study was approved by the hospital ethics committee
and all subjects gave written informed consent to partici-
pate. A hospital-based case—control study was conducted
including 328 unrelated patients ranging in age from 20 to
77 years (mean £ SD, 43.92 + 8.51) with CSCC between
July 2007 and April 2012 at the second university Hospital
of Sichuan University. The diagnosis of CSCC was con-
firmed in all cases by histological examination of tissue
from biopsy or resected specimens. A group of control
subjects consisted of 541 healthy subjects ranging in age
from 29 to 70 years (mean + SD, 44.49 £+ 5.98) was
selected randomly from a routine health survey in the same
hospital. Subjects with any personal or family history of
CSCC or other serious disease were intentionally excluded.
All subjects were Han population living in Sichuan prov-
ince of southwest China. Medical records were reviewed
for patients’ characteristics, including age at diagnosis,
clinical stage, tumor differentiation, lymph node status, and
parametrial invasion.

PDCD6 genotyping

Genomic DNA of each individual was extracted from
200 pL EDTA-anticoagulated peripheral blood samples by a
DNA isolation kit from Bioteke (Peking, China) and the
procedure was performed according to the manufacturer’s
instructions. The polymerase chain reaction (PCR)-restric-
tion fragment length polymorphism (RFLP) method was
used to genotype these two SNPs (rs3756712 and rs4957014)
of PDCD6 gene. Primers were established with the PIRA
PCR designer (http://cedar.genetics.soton.ac.uk/public_html/
primer2.html) [23]. In brief, the primer sequences were: F:
5-TACAGTGGCAAAGGACCACA-3 and R: 5-CAC
ATTCCAGCACTCACCAC-3' for rs3756712. The primers
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used for amplification of the rs4957017 were F. 5'-
TGGTGTTTCATACCATTGACACTTGC-3 and R: 5'-
CTCAGAACCAAGCAGGTTCCTTCA-3'.

DNA fragments containing the polymorphism were
amplified in a total volume of 25 pL, including 2.5 puL
10 x PCR buffer, 1.5 mmol/L MgCl,, 0.15 mmol/L
dNTPs, 0.5 pmol/L each primer, 100 ng of genomic DNA
and 1 U of Tag DNA polymerase. Both of the PCR con-
ditions were 94 °C for 4 min, followed by 32 cycles of 30 s
at 94 °C, 30 s at 62 °C and 30 s at 72 °C, with a final
elongation at 72 °C for 10 min. PCR products were
digested overnight with specific restriction enzyme and the
digested PCR products were separated by a 6 % poly-
acrylamide gel and stained with 1.5 g/l argent nitrate:
Rsal for rs3756712, allele G is cuttable, yielding two
fragments of 66 and 99 bp, allele T is uncuttable and the
fragment is still 165 bp; and HphlI for rs4957014, allele G
is cuttable, yielding two fragments of 13 and 100 bp, allele
T is uncuttable and the fragment is still 113 bp. The
genotypes were confirmed by the DNA sequencing ana-
lysis. About 10 % of the samples were randomly selected
to perform the repeated assays and the results were 100 %
concordant.
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Fig. 1 a Determination of SNP rs3756712 by PCR—polyacrylamide
gel electrophoresis. M 100-bp ladder; lanes 1,4, 5, 6, 7, 8, and 11 the TT
homozygotes; lanes 2, 9, and 10 the GT heterozygotes; lane 3 the GG
homozygote. b Sequencing analysis for SNP rs3756712.

Statistical analysis

Data were analyzed using SPSS for Windows software
package version 13.0 (SPSS Inc., Chicago, IL, USA). Geno-
type frequencies of these two SNPs were obtained by directed
counting and Hardy—Weinberg equilibrium were evaluated by
Chi square test. Genotypic association tests in a case—control
pattern assuming codominant, dominant, recessive, over-
dominant, or log-additive genetic models were performed
using SNPstats [24]. Odds ratio (OR) and respective 95 %
confidence intervals were reported to evaluate the effects of
any difference between alleles, genotypes. Probability values
of 0.05 or less were regarded as statistically significant in
CSCC patients compared to controls.

Results

These two SNPs of PDCD6 were successfully genotyped in
328 CSCC patients and 541 control subjects. Three geno-
types of these two SNPs were identified and the genotypes
were confirmed by the DNA sequencing analysis (Fig. 1).
Genotype distributions of these two SNPs in control

I ode NI AW ¢ IMET (CHENA o CAUFS:

¢ Determination of SNP rs4957014 by PCR-—polyacrylamide gel
electrophoresis. M 100-bp ladder; lanes 1, 2, and 4 the GG homozy-
gotes; lanes 3, 8, and 9, the GT heterozygotes; lanes 5, 6, 7, and 10 the
TT homozygotes. d. Sequencing analysis for SNP rs4957014
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Table 1 Allele frequencies of SNPs in PDCD6 among patients and controls and their association with CSCC risk

SNP Allele Patients N = 328 (%) Controls N = 541 (%) P OR (95 % CI)

rs3756712 G 143 (21.8) 291 (26.9) 0.017 1.320 (1.050-1.659)
T 513 (78.2) 791 (73.1)

rs4957014 T 402 (61.3) 732 (67.7) 0.007 1.321 (1.079-1.618)
G 254 (38.7) 350 (32.3)

N corresponds to the number of individuals

Boldfaced values indicate a significant difference at the 5 % level

subjects and CSCC patients were in agreement with that  Discussion

expected under the Hardy—Weinberg equilibrium. Allele
frequencies of these two SNPs for CSCC patients and
control subjects are shown in Table 1. As shown in
Table 1, significantly increased CSCC risk was found to be
associated with T allele of SNP rs3756712 (P = 0.017,
OR = 1.320, 95 % CI = 1.050-1.659), and with G allele
of SNP 1s4957014 (P = 0.007, OR = 1.321, 95 %
CI = 1.079-1.618), respectively.

As shown in Table 2, significant associations were
observed with genotypes of SNP rs3756712 and rs4957014 in
different genetic model. Compared with TT homozygous
carriers, a significant decreased CSCC risk was associated
with GG homozygous carriers of rs3756712 in a codominant
model (OR = 1.91,95 % CI = 1.07-3.42). Subjects without
allele T (GG genotype) of rs3756712 had a significantly
decreased risk for CSCC compared with that carrying allele T
(TT/GT genotypes) in a recessive model (P = 0.04,
OR = 1.78, 95 % CI = 1.01-3.15). For SNP rs4957014, a
significant increased CSCC risk was associated with GG
homozygous carriers compared with TT homozygous carriers
in a codominant model (OR = 2.01, 95 % CI = 1.30-3.13).
Subjects without allele T (GG genotype) of rs4957014 also
had a significantly increased risk for CSCC compared with
those carrying allele T (TT/GT genotypes) in a recessive
model (P = 0.001, OR = 1.92,95 % CI = 1.30-2.94).

Results of stratified analyses by age, clinical stage, tumor
differentiation, lymph node status, and parametrial invasion
with these two SNPs are presented in Table 3 and 4, respec-
tively. Table 3 shows that rs3756712 is associated with tumor
differentiation, although not statistically significant (P =
0.066, OR = 1.497, 95 % CI = 0.972-2.305, adjusted by
age, clinical stage, lymph node status, and parametrial inva-
sion). As shown in Table 4, rs4957014 was found to be asso-
ciated with parametrial invasion (P = 0.044, OR = 1.414,
95 % CI = 1.009-1.983, adjusted by age, clinical stage, tumor
differentiation, and lymph node status). No statistically sig-
nificant difference in the genotype or allele distribution of
rs3756712 between different CSCC patients stratified by age,
clinical stage, lymph node status, or parametrial invasion, and
that of rs4957014 between age, clinical stage, tumor differ-
entiation, or lymph node status, was observed.
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In the present study, for the first time, we identified the
associations between tag SNPs of PDCD6 gene and CSCC,
as well as the association between these two SNPs and
CSCC patients’ characteristics. Our findings suggest that
the T allele of 153756712 and G allele of rs4957014 may
increase CSCC risk. In addition, rs4957014 is associated
with parametrial invasion of CSCC. This study provided
the first evidence that PDCD6 may be used as candidate
biomarker for CSCC susceptibility.

PDCD6 was one of the six apoptosis-linked genes
whose cDNA clones were isolated by the “death-trap”
method in which a ¢cDNA library constructed in a mam-
malian expression vector was used to transfect mouse T
cell hybridoma 3DO cells in order to protect them from
death induced by T cell receptor stimulation [10, 25].
Although the length of N-terminal tails of PDCD6 protein
are variable, its relative conserved in animals (69 and 89 %
identities between human and fruit fly and between human
and zebra fish, respectively, in the PEF domain of human
PDCD6, residues No. 24—-191) [25]. PDCD6 protein exists
predominantly in a dimer form at higher concentrations
(5-20 pmol/L) but in equilibrium between a monomer and
a dimer at concentration <l pmol/L [26]. Analyses of
PDCD6 amino acid-substituted mutants of Ca®"-coordi-
nating residues revealed strong Ca®"-binding sites located
at EF1 and EF3, and that binding to Ca®" induces con-
formational changes and exposure of hydrophobic surfaces
at a micromolar Ca®* concentration [26-28]. The confor-
mational change enables PDCD6 to interact with various
proteins. An isoform of PDCD6 (designated ALG-2,1) was
shorter in six nucleotides corresponding to the two amino
acids Gly'?'Phe'** in comparison with the full-length
cDNA clone (designated ALG-2,5), and the shorter protein
isoform has a lower Ca”-sensitivity [16].

PDCDOIP (programmed cell death 6 interacting protein),
also known as Alix (ALG-2-interacting protein X), was the
first identified protein that interacts with PDCD6 in a Ca*'-
dependent fashion [29, 30]. PDCD6IP is an adaptor protein
involved in the regulation of the endolysosomal system
through binding to endophilins and to proteins of ESCRT
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Table 2 Genotype frequencies Genetic model Genotype Patients Controls Logistic regression
of SNPs in PDCD6 among
patients and controls and their N = 328 (%) N = 541 (%) OR (95 % CI) P
association with CSCC risk
rs3756712
Codominant TT 202 (61.6) 298 (55.1) 1.00 (reference) 0.053
GT 109 (33.2) 195 (36) 1.21 (0.90-1.63)
GG 17 (5.2) 48 (8.9) 1.91 (1.07-3.42)
Dominant TT 202 (61.6) 298 (55.1) 1.00 (reference) 0.06
GT/GG 126 (38.4) 243 (44.9) 1.31 (0.99-1.73)
Recessive TT/GT 311 (94.8) 493 (91.1) 1.00 (reference) 0.04
GG 17 (5.2) 48 (8.9) 1.78 (1.01-3.15)
Overdominant TT/GG 219 (66.8) 346 (64) 1.00 (reference) 0.4
GT 109 (33.2) 195 (36) 1.13 (0.85-1.51)
Log-additive - - - 1.30 (1.04-1.62) 0.02
rs4957014
Codominant TT 130 (39.6) 243 (44.9) 1.00 (reference) 0.006
GT 142 (43.3) 246 (45.5) 1.08 (0.80-1.45)
GG 56 (17.1) 52 (9.6) 2.01 (1.30-3.13)
Dominant T 130 (39.6) 243 (44.9) 1.00 (reference) 0.13
GT/GG 198 (60.4) 298 (55.1) 1.23 (0.94-1.64)
Recessive TT/GT 272 (82.9) 489 (90.4) 1.00 (reference) 0.001
N corresponds to the number of GG 56 (17.1) 52 (9.6) 1.92 (1.30-2.94)
individuals Overdominant TT/GG 186 (56.7) 295 (54.5) 1.00 (reference) 0.53
Boldfaced values indicate a GT 142 (43.3) 246 (45.5) 1.09 (0.83-1.44)
significant difference at the 5 % 1 oo _aqditive - - - 1.32 (1.08-1.61) 0.007
level
Table 3 Association between rs3756712 and patient’s characteristics
Characteristics  Total no.  Genotype P value Allele P value OR (CI 95 %)
GG GT TT G T
Age
<44 year 193 947 66 342) 118(61.1) 0.822 84 (21.8) 302 (78.2) 0.978 1.005 (0.690-1.465)
>44 year 135 8(5.9) 43 (31.9 84 (62.2) 59 (21.9) 211 (78.1)
Clinical stage
I 138 8(5.8) 48 (34.8) 82 (59.4) Ref 64 (23.2) 212 (76.8) Reference Ref
I 180 9 (5.00 59 32.8) 112(62.2) 0.866 77 (21.4) 283 (78.6) 0.588 1.110 (0.762-1.616)
I 10 0 (0) 2 (0.20) 8 (0.80) 0.400 2 (10.0) 18 (90.0) 0.171 2.717 (0.614-12.024)
Tumor differentiation
Well-moderate 96 2(2.1) 29302 65 (67.7) 0.156 33 (17.2) 159 (82.8)  0.066 1.497 (0.972-2.305)
Poor 232 15 (6.5) 80 (34.5) 137 (59.1) 110 (23.7) 354 (76.3)
Lymph node status
Negative 262 14 (5.3) 84 (32.1) 164 (62.6) 0.665 112 (21.4) 412 (78.6)  0.600 1.129 (0.717-1.777)
Positive 66 34.5) 25379 38 (57.6) 31 (23.5) 101 (76.5)
Parametrial invasion
Negative 228 10 (44) 77 (33.8) 141 (61.8) 0.610 97 (21.3) 359 (78.7) 0.622 1.106 (0.742-1.647)
Positive 100 7(7.00 32(32.0) 61 (61.0) 46 (23.0) 154 (77.0)

(endosomal sorting complexes required for transport),
TSGI101 (tumor susceptibility gene 101) and CHMP4b
(chromatin-modifying protein; charged multivesicular body

protein). Overexpression of PDCDG6IP is sufficient to induce
cell death of neuroepithelial cells, while this effect is strictly
dependent on its capacity to bind to PDCD6 and the
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Table 4 Association between rs4957014 and patient’s characteristics
Characteristics ~ Total no.  Genotype P value Allele P value OR (95 %)

GG GT TT G T
Age
<44 year 193 34 (17.6) 84 (43.5) 75 (38.9) 0.924 152 (39.4) 234 (60.6) 0.679 1.070 (0.777-1.473)
>44 year 135 22 (16.3) 58 (43.0) 55 (40.7) 102 (37.8) 168 (62.2)
Clinical stage
I 138 22 (15.9) 65 (47.1) 51 (37.0) Ref 109 (39.5) 167 (60.5) Reference Ref
I 180 31 (17.2) 74 (41.1) 75 (41.7)  0.561 136 (37.8) 224 (62.2) 0.660 1.075 (0.779-1.483)
111 10 3 (30.0) 3 (30.0) 4 (40.0) 0426 9 (45.0) 11 (55.0) 0.627 1.254 (0.503-3.125)
Tumor differentiation
Well-moderate 96 15 (15.6) 38 (39.6) 43 (44.8) 0.470 68 (35.4) 124 (64.6) 0.264 1.220 (0.860-1.730)
Poor 232 41 (17.7) 104 (44.8) 87 (37.5) 186 (40.1) 278 (59.9)
Lymph node status
Negative 262 44 (16.8) 110 (42.0) 108 (41.2) 0.496 198 (37.8) 326 (62.2) 0.328 1.213 (0.823-1.788)
Positive 66 12 (18.2) 32 (48.5) 22 (33.3) 56 (42.4) 76 (57.6)
Parametrial invasion
Negative 228 32 (14.0) 101 (44.3) 95 (41.7)  0.082 165 (36.2) 291 (63.8) 0.044 1.414 (1.009-1.983)
Positive 100 24 (24.0) 41 (41.0) 35 (35.0) 89 (44.5) 111 (55.5)
Boldfaced values indicate a significant difference at the 5 % level
interaction of the PDCD6/PDCD6IP complex with ESCRT  development [35]. The human embryonic ectoderm

proteins is necessary for naturally occurring death of
motoneurons [15]. Expression of the C-terminal half of
PDCD6IP blocked apoptosis depending on its capacity to
bind PDCD6, suggesting that it acts by titrating out of
PDCD6 [15, 31]. PDCD6 and PDCD6IP interact with pro-
caspase-8 and that PDCD6IP forms a complex with the
TNF-R1 (TNFa receptor-1), depending on its capacity to
bind ESCRT proteins. The death domain (DD) of TNF-R1
and the death effector domain (DED) containing pro-domain
of pro-caspase 8 are obligatory for binding to PDCD6IP and
PDCD6, respectively, and that Fas-associated protein with
death domain (FADD) is present in the PDCD6/PDCDG6IP/
pro-caspase-8 complex [32]. The human death-associated
protein kinase 1 (DAPkl), a protein that functions as a
positive mediator of apoptosis, has been identified interacts
with PDCD6, and thus accelerate apoptotic cell death by
increasing caspase-3 activity [33].

Constitutive and alternative splicing of pre-mRNAs are
complex processes which must be accomplished with high
precision that is reflected by the complex machinery
involved in splicing. Impaired splicing can lead to severe
cell damage and many diseases, including cancer [34].
RBM?22 is an RNA-binding protein of unknown function.
Duo to the presence of RBM22, the cytosolic protein
PDCD6 becomes translocated to the nucleus, suggesting
that the formation of PDCD6/RBM?22 complexes may thus
play an important role in Ca*"-dependent signaling influ-
encing alternative splicing and cell division during
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development protein (HEED), a transcriptional repressor
involved in the regulation of homeotic genes during mouse
development, has also been reported to interact with
PDCD6, and that the interaction between HEED and the
third EF-hand motif of PDCD6 is stronger than that of
others [36]. These may provide a link between PDCD6 and
the regulation of alternative splicing influencing basic
cellular processes during development, including the
development of cancer.

PDCD6 has recently been found dysregulated in tumors
of various origin and contributed to cancer cell viability,
indicating that it may play an important role in the
pathology of cancer cells and may be a tumor marker [18].
Beside its known proapoptotic functions, PDCD6 has also
been shown to be upregulated in a variety of human
tumors, suggesting that PDCD6 may be also a player in
survival pathways in cancers [17, 18, 37]. The prospect of
the opposing function of PDCD6 may be that PDCD6
function is species or cell-type dependent. PDCD6
knockdown in HeLa cells induces accumulation of cells in
the G2/M cell cycle phase and increases the amount of
early apoptotic and dead cells, indicating that PDCD6 has
an anti-apoptotic function in HeLa cells by facilitating the
passage through checkpoints in the G2/M cell cycle phase
[20]. In pulmonary adenocarcinomas, PDCD6 gene is
amplified and upregulated, and it has been identified as a
prognostic marker for early stage adenocarcinoma with
poor prognosis [37]. In epithelial ovarian cancer, PDCD6 is
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highly expressed in metastatic ovarian cancer cells and
positively regulates cell migration and invasion. Although
no association was found between PDCD6 expression and
overall survival, patients with medium or high levels of
PDCD6 expression were at higher risk for disease pro-
gression [22]. PDCD6 may be also a molecular biomarker
for the prognosis of gastric cancer, as the protein expres-
sion is closely associated with the prognosis of advanced
gastric cancer patients and it accelerates apoptotic cell
death by activating the mitochondrial pathway [21].
Recently, it has been identified that PDCD6 may be a new
candidate marker for advanced-stage oral cancer [38]. Most
recently, two studies reported the possible molecular
mechanism for PDCD6 as a pro-apoptotic protein [39, 40].
PDCD6 can regulate phosphorylation of PI3K/AKt through
targeting NF-xB signaling pathways, and PDCD6 can
mediate the pro-apoptotic activity of cisplatin or TNFa
through the down-regulation of NF-kB expression [40].
Angiogenesis is essential in early development, tissue
repair, tumor metastasis, and is a key step in tumor growth.
PDCD6 can inhibit tumor growth via suppression of tumor
angiogenesis in the cellular physiological condition
through targeting PI3K/mTOR (mammalian target of rap-
amycin)/p70S6K (p70 ribosomal protein S6 kinase) sig-
naling pathway [39].

Although PDCD6 has been widely studied in various
cancers and cell lines, our study is the first report demon-
strated that both rs3756712 and rs4957014 of PDCD6 gene
were associated with the development of CSCC, as well as
with parametrial invasion of CSCC, suggesting an impor-
tant role for PDCD6 in the pathogenesis of CSCC. Nev-
ertheless, the present study may have some limitations
because of study design. In this study, only 328 CSCC
patients and 541 controls have been genotyped, which may
limit the statistical power of our analysis. Further studies
genotyping more genetic polymorphisms in PDCD6 gene
in different population could help to establish the true
significance of the associations between these SNPs and
severity, and susceptibility to CSCC. The impact of these
SNPs on pro-tumorigenicity of CSCC, as well as the
expression of PDCD6, the molecular mechanism for
PDCD6 involved in the development of CSCC, and so on,
are needed to further study.
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