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ABSTRACT

Human papillomavirus (HPV) infection and the fate of HPV infected cervical 
epithelial cells are strictly associated with cervical cancer development. P2X7 receptor 
has been implicated in both the regulation of immune responses and apoptosis of 
cervical cancer cells. The study aims to investigate if polymorphisms in the P2RX7 
gene are associated with the risk of cervical cancer in Taiwanese women. P2RX7 253 
T/C, 835 G/A, and 1513 A/C loss-of-function polymorphisms were genotyped in a 
hospital-based study of 507 women with cervical squamous cell carcinoma (CSCC) 
and 1619 age-matched healthy control women. The presence and genotypes of HPV 
in CSCC was determined. The frequency of 253 C/C genotype was found to increase 
significantly in patients with HPV-16 positive CSCC compared with controls (odds ratio 
= 10.2, 95% confidence interval 1.39–87.8, Pc = 0.03). No significant associations 
were found for other 2 polymorphisms. Analysis of haplotypes also revealed no 
significant differences among women with CSCC, those with HPV-16 positive CSCC and 
controls. In conclusion, inheritance of the C/C genotype at position 253 in the P2RX7 
gene may contribute to the risk of HPV-16 associated CSCC in Taiwanese women.

INTRODUCTION

Cervical cancer is the fourth most common cancer 
in women worldwide. In Taiwan, cervical cancer also 
poses a major public health concern, with nearly 2700 
women were diagnosed with cervical cancer each year 
[1]. Human papillomavirus (HPV) infection and the 
subsequent alterations in growth and differentiation of 
infected cervical epithelial cells are important in cervical 
cancer development [2]. However, the majority of women 
with HPV do not develop cervical cancer, suggesting that 
other environmental factors are required for the cancer 
to develop. In addition to the environmental factors, host 

immune system is essential in determining the outcome 
of HPV infection and progression of cervical cancer [3].

The P2X7 receptor is a homotrimeric ligand-gated 
cation channel characterized by two transmembrane 
domains, an extracellular loop, an intracellular N terminus, 
and a long C-terminal chain containing 240 residues [4, 
5]. This receptor has been found on many cells throughout 
the body and is most highly expressed on immune cells 
[6]. ATP is the naturally occurring ligand for the P2X7 
receptor and activation of the receptor by extracellular 
ATP causes the movement of Ca2+, Na+, and K+ across 
the plasma membrane [7]. P2X7 receptor activation has 
been demonstrated to regulate the immune response by 
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processing and release of cytokines such as IL-1β, IL-2, 
and IL-18 [8, 9], activation and proliferation of T cells 
[10, 11], possible involvement in antigen presentation 
[12], inhibition of soluble and membrane-bound HLA-G 
production [13], and the shedding of L-selectin (CD62L) 
[14]. Furthermore, the immune function of P2X7 receptor 
has been consolidated by studies of mice lacking P2X7 
receptors [15, 16].

The human P2X7 receptor gene (P2RX7) contains 
13 exons and is mapped to the 12q24 chromosomal 
region [17]. Several single nucleotide polymorphisms 
(SNPs) identified in the coding region of P2RX7 gene 
have been reported to affect receptor function [18]. Given 
the crucial role of P2X7 receptor in immune modulation, 
P2RX7 SNPs have been studied in several types of 
cancers like breast cancer, chronic lymphocytic leukemia, 
nasopharyngeal carcinoma, and papillary thyroid cancer 
[18]. However, association between the P2RX7 SNPs and 
cervical cancer has not been determined. We therefore 
performed an association study of 507 cervical squamous 
cell carcinoma (CSCC) cases and 1619 controls to 
test whether specific P2RX7 SNPs are associated with 
susceptibility to CSCC.

RESULTS

The detection rate for HPV DNA in 507 CSCC 
samples was 72.6%. The HPV type distributions were 
observed that HPV 16 was 65.2%, HPV 18 was 9.3%, and 
the remaining types were 25.5%.

The genotype and allele distributions of P2RX7 
SNPs in cases and controls were shown in Tables 1–3. 
The genotype frequencies of all 3 SNPs in the control 
group did not deviate significantly from Hardy-Weinberg 
equilibrium (P > 0.05). We found the genotypes of 253 
T/C SNP in controls differed significantly from CSCC 
patients (P = 0.01) (Table 1). However, the increased 

frequency of C/C genotype (OR = 6.43, 95% CI 1.02–
50.6) in CSCC patients did not survive the Bonferroni 
correction (Pc = 0.06). For the other 2 polymorphic sites 
examined on the P2RX7 gene, no significant difference 
was found in relation to the risk of CSCC (Tables 2–3).

By stratification analysis based on HPV-16 
positivity, the combined effect of HPV-16 infection 
and P2RX7 polymorphisms on the risk of CSCC can be 
explored. We showed only 253 T/C SNP of the HPV-16 
infection subgroup differed significantly from control 
individuals (P = 0.002) (Table 1). The frequency of 
C/C genotype increased significantly in comparison 
with controls (OR = 10.2, 95% CI 1.39–87.8), and 
the significance remained after Bonferroni correction 
(Pc = 0.03). Pairwise calculations of linkage disequilibrium 
between SNPs showed that there were strong linkage 
disequilibriums in controls (D’ 0.86–1.00) and cases 
(D’ 0.91–1.00).

The inferred haplotypes based on 253 T/C, 835 G/A, 
and 1513 A/C SNPs were shown in Table 4. Globally, there 
were no significant differences in haplotype distribution 
between the CSCC or HPV-16 infection CSCC and control 
groups.

DISCUSSION

The current study explored association between 
specific functional SNPs of the P2RX7 gene and their 
haplotypes and CSCC susceptibility in Taiwanese 
population. Our findings revealed that 253 C/C genotype 
frequency increased significantly in the subgroup of CSCC 
women infected with HPV-16 as compared with healthy 
controls. In addition, it is noteworthy that the frequency 
of homozygous risk allele of the 253 T/C SNP was very 
rare in controls, with only two was homozygous in the 
1619 cohort (Table 1). Analysis of haplotype distribution 
did not reveal significant differences among the groups 

Table 1: Genotype and allele frequencies of the P2RX7 253 T/C polymorphism in controls and in women with CSCC 
and those with HPV-16 positive CSCC*

Controls
(N =1619)

CSCC
(N = 507)

HPV-16 positive CSCC
(N = 240 )

CSCC HPV-16 positive 
 CSCC

n (%) n (%) n (%) P value (χ2) OR (95% CI) P value (χ2) OR (95% CI)

Genotype 0.01 (8.74) 0.002 (12.1)

 T/T 1507 (93.1) 479 (94.5) 227 (94.6) 1.27 (0.83-1.95) 1.30 (0.72-2.34)

 T/C 110 (6.8) 24 (4.7)  10 (4.2) 0.68 (0.43-1.07) 0.60 (0.31-1.16)

 C/C 2 (0.1) 4 (0.8) 3 (1.3) 6.43 (1.02-50.6) 10.2 (1.39-87.8)

Allele 0.58 (0.31) 0.83 (0.04)

 T 3124 (96.5) 982 (96.8) 464 (96.7) 1.12 (0.75-1.67) 1.06 (0.62-1.80)

 C 114 (3.5) 32 (3.2) 16 (3.3) 0.89 (0.60-1.33) 0.94 (0.55-1.61)

*CSCC = cervical squamous cell carcinoma; HPV = human papillomavirus; OR = odds ratio; CI = confidence interval.
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tested. Our results imply that the P2RX7 gene might 
involve in the HPV-16 positive CSCC development. This 
study does have limitations: a selection bias in the study 
of retrospective design and scarcity of screened SNPs. 
Therefore, a large-scale prospective study that investigates 
more SNPs of P2RX7 gene is needed to confirm our 
findings.

A few studies have reported that P2X7 expression 
was found in both normal and cancer cervical tissues 
and associated with the growth of cervical cells. A 
study reported by Li et al. showed that both protein and 
mRNA levels of the P2X7 were significantly lower in 
the cervical cancer than in the normal tissues [19]. They 
also found the total P2X7 immunostaining across the 
epithelium correlated reciprocally with the severity of 
the dysplasia of ectocervix. The same research group 

further discovered a novel P2X7 isoform: an inactive 
42-45 kDa truncated variant (P2X7-j) that is equally 
expressed in normal and cancer cervical cells [20]. The 
lower levels of the full-length P2X7 expressed in cancer 
cells make them more likely to form nonfunctional 
P2X7 oligomers with P2X7-j and abrogated the P2X7-
mediated apoptosis. Moreover, P2X7 activation by 
extracellular ATP induces lesser ratio of apoptosis in 
cancer cervical cells than in normal human ectocervical 
cells through the mitochondrial pathway [21]. These 
findings suggested that abnormal expression and 
function of the P2X7 receptor may result in the cervical 
carcinogenesis.

The P2RX7 gene is highly polymorphic and a 
number of SNPs within the coding region have been 
reported to affect P2X7 receptor function. The C allele 

Table 2: Genotype and allele frequencies of the P2RX7 835 G/A polymorphism in controls and in women with CSCC 
and those with HPV-16 positive CSCC*

Controls
(N = 1619)

CSCC
(N = 507)

HPV-16 positive CSCC
(N = 240 )

CSCC HPV-16 positive  
CSCC

n (%) n (%) n (%) P value (χ2) OR (95% CI) P value (χ2) OR (95% CI)

Genotype 0.32 (2.28) 0.15 (3.75)

 G/G 449 (27.7) 131 (25.8) 54 (22.5) 0.91 (0.72-1.14) 0.76 (0.55-1.04)

 G/A 824 (50.9) 252 (49.7) 137 (57.1) 0.95 (0.78-1.16) 1.28 (0.98-1.69)

 A/A 346 (21.4) 124 (24.5) 49 (20.4) 1.19 (0.94-1.51) 0.94 (0.67-1.32)

Allele 0.17 (1.92) 0.38 (0.77)

 G 1722 (53.2) 514 (50.7) 245 (51.0) 0.91 (0.79-1.04) 0.92 (0.76-1.11)

 A 1516 (46.8) 500 (49.3) 235 (49.0) 1.10 (0.96-1.27) 1.09 (0.90-1.32)

* CSCC = cervical squamous cell carcinoma; HPV = human papillomavirus; OR = odds ratio; CI = confidence interval.

Table 3: Genotype and allele frequencies of the P2RX7 1513 A/C polymorphism in controls and in women with CSCC 
and those with HPV-16 positive CSCC*

Controls
(N = 1619)

CSCC
(N = 507)

HPV-16 positive CSCC
(N = 240 )

CSCC HPV-16 positive  
CSCC

n (%) n (%) n (%) P value (χ2) OR (95% CI) P value (χ2) OR (95% CI)

Genotype 0.77 (0.54) 0.48 (1.47)

 A/A 944 (58.3) 304 (60.0) 146 (60.8) 1.07 (0.87-1.31) 1.11 (0.84-1.47)

 A/C 578 (35.7) 172 (33.9) 84 (35.0) 0.92 (0.75-1.14) 0.97 (0.73-1.29)

 C/C 97 (6.0) 31 (6.1) 10 (4.2) 1.02 (0.67-1.55) 0.68 (0.35-1.33)

Allele 0.62 (0.25) 0.30 (1.10)

 A 2466 (76.2) 780 (76.9) 376 (78.3) 1.04 (0.88-1.23) 1.13 (0.90-1.43)

 C 772 (23.8) 234 (23.1) 104 (21.7) 0.96 (0.81-1.13) 0.88 (0.70-1.11)

* CSCC = cervical squamous cell carcinoma; HPV = human papillomavirus; OR = odds ratio; CI = confidence interval.
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of 253 T/C SNP changes valine to alanine at residue 
76 (V76A) in the extracellular loop and produces a 
partial loss of P2X7 function [22]. Another SNP, 835 
G/A, resulting in a change of the amino acid arginine 
to histidine at residue 270 (R270H) was also found 
to have a reduced receptor function [23]. The 1513 
A/C polymorphism causes an amino acid change from 
glutamic acid to alanine at residue 496 (E496A) in 
the C-terminus of P2X7 receptor and abolishes the 
receptor function [24]. The allelic dosage of the 1513 
C polymorphism has been shown to associate linearly 
with the loss of P2X7 receptor function. There are other 
variants causing either loss-of-function such as 474 G/A, 
853 G/A, 946 G/A, 1096 C/G, and 1729 T/A; or gain-of-
function such as 489 C/T, 1068 G/A, and 1405 A/G [18]. 
Overall, these non-synonymous SNPs of P2RX7 gene 
are clearly involved in the regulation of P2X7 receptor 
function.

What molecular mechanisms lie beneath 
the association between P2RX7 gene and HPV-16 
positive CSCC risk are not addressed in this study. 
Nevertheless, based on our findings, it is conceivable 
to reason that impaired receptor function caused by 
253 T/C polymorphism may lead to decreased immune 
cell function and apoptosis of cervical cancer cells 
when stimulated with exogenous ATP. This specific 
P2RX7 variant is therefore possible to lead to failure 
in clearance of HPV infections and the consequential 
CSCC development. If this correlation can be supported 
by other studies, women with this genotype should 
undergo cervical screening more frequently or receive 
prophylactic HPV vaccine.

In conclusion, we showed for the first time that 
patients possessing the 253 C/C genotype and harboring 
HPV-16 infection are more susceptible to CSCC in 
Taiwanese women. Future studies that explore the 
associations between other functional P2RX7 SNPs and 
CSCC should aid in defining the precise role of P2RX7 
gene in CSCC pathogenesis.

PATIENTS AND METHODS

Study subjects

A hospital-based case-control study was conducted 
at the Mackay Memorial Hospital. Five hundred and seven 
Taiwanese women with pathologically proven CSCC 
(mean ± SD age at diagnosis: 54.5 ± 12.5 years) were 
enrolled in the study. Controls were 1619 women (mean ± 
SD age at sampling: 53.1 ± 13.3 years) selected randomly 
from a cervical cancer screening program. Exclusion 
criteria included abnormal Pap result, history of cervical 
neoplasia, skin or genital warts, immunocompromised 
conditions, other cancers, and previous operations on the 
uterine cervix. All the control subjects were frequency 
matched to the cases by age. The study was approved 
by the Institutional Review Board of Mackay Memorial 
Hospital, in accordance with the Helsinki Declaration, and 
all participants provided informed written consent for use 
of their surgical resections or cervical scrapings.

DNA extraction

Formalin-fixed, paraffin-embedded tissue blocks 
from CSCC patients were sectioned and dewaxed, and 
genomic DNA was then extracted using the Qiagen 
DNeasy Tissue Kit (Qiagen, Valencia, CA) according to 
the manufacturer’s protocol. Genomic DNA of controls 
was extracted from cervical scrapings using Qiagen DNA 
extraction kit.

HPV detection and typing

HPV detection and genotyping were performed by 
polymerase chain reaction (PCR)-based amplification of a 
fragment of approximately 192 bp in the L1 region of the 
HPV genome with a pair of degenerate primers, GP6+/
MY11 [25, 26]. The PCR product was then sequenced on 
an automated sequencer (ABI 377, Applied Biosystems, 

Table 4: Analysis of P2RX7 haplotypes in controls and in women with CSCC and those with HPV-16 positive CSCC*

Haplotype Controls
(2N = 3238)

CSCC
(2N = 1014)

HPV-16 positive 
CSCC

(2N = 480 )

CSCC HPV-16 positive 
 CSCC

2n (%) 2n (%) 2n (%) P value (χ2) OR (95% CI) P value (χ2) OR (95% CI)

TAA 1483 (45.8) 490 (48.3) 231 (48.1) 0.16 (1.98) 1.11 (0.96-1.27) 0.34 (0.91) 1.10 (0.91-1.33)

TGA 871 (26.9) 259 (25.5) 129 (26.9) 0.39 (0.73) 0.93 (0.79-1.10) 0.99 (0.01) 1.00 (0.80-1.24)

TGC 738 (22.8) 225 (22.2)  100 (20.8) 0.69 (0.16) 0.97 (0.82-1.14) 0.34 (0.92) 0.89 (0.70-1.13)

CGA 113 (3.5) 30 (3.0) 16 (3.3) 0.41 (0.67) 0.84 (0.56-1.27) 0.86 (0.03) 0.95 (0.56-1.62)

* Haplotype inferred using Haploview 4.2 program, based on the order of 253 T/C, 835 G/A, and 1513 A/C polymorphisms.
CSCC = cervical squamous cell carcinoma; HPV = human papillomavirus; OR = odds ratio; CI = confidence interval.
P value for 4 haplotypes between CSCC patients and controls: P = 0.50 (χ2 = 2.37, 3 df).
P value for 4 haplotypes between HPV-16 positive CSCC patients and controls: P = 0.75 (χ2 = 1.23, 3 df).
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Foster City, CA) to determine the HPV genotype. Since 
stratifications based on HPV types in controls were not 
performed in this study, no HPV DNA testing was done 
for the control subjects.

P2RX7 genotyping

The 253 T/C (rs17525809), 835 G/A (rs7958311), 
and 1513 A/C (rs3751143) SNPs were genotyped because 
of their potential functional significance. They were 
determined using the Pre-Developed TaqMan Allelic 
Discrimination Assay (Applied Biosystems, Foster City, 
CA). Briefly, PCR were carried out in a 96-well GeneAmp 
PCR System 9700 (Applied Biosystems) with mixes 
consisting of 10 ng of genomic DNA, 5 µl of TaqMan 
Universal PCR Master Mix, 0.5 µl of 20× Assay Mix, 
and ddH2O to a final volume of 10 µl. Thermal cycle 
conditions were as follows: denaturation at 95ºC for 10 
min, followed by 40 cycles of denaturation at 92ºC for 15 
sec, and annealing and extension at 60ºC for 1 min. After 
PCR, the TaqMan assay plates were transferred to the 
ABI PRISM 7000 Sequence Detection System (Applied 
Biosystems) where the endpoint fluorescence intensity 
in each well of the plate was read. The allele specific 
fluorescence data from each plate were analyzed using the 
SDS v.1.1 software (Applied Biosystems) to automatically 
determine the genotype of each sample.

Statistical analysis

Statistical differences in frequency between each 
genotype, allele, and haplotype of CSCC, HPV-16 positive 
CSCC, and control groups were compared using chi-
square test with Yates’ correction or Fisher’s exact test 
(when the number of subjects in a cell was <5). Odds ratio 
(OR) and 95% confidence interval (CI) were calculated 
to determine the magnitude of associations. The Hardy-
Weinberg equilibrium was assessed for each SNP in the 
control group by chi-square analysis. The frequencies 
of P2RX7 haplotypes as well as linkage disequilibrium 
between paired SNPs in controls and cases were estimated 
using the Haploview 4.2 program [27]. Haplotypes with 
a frequency <2% in controls or cases were excluded. 
The Bonferroni correction, Pc = 1 - (1-P)n, was used for 
multiple comparisons where Pc is the corrected P value, 
P the uncorrected value, and n the number of comparisons 
[28]. In this study, n is 2 for each genotype and allele for 
simultaneously testing genotype and allele frequencies 
[29] but no correction for testing the 3 SNPs because of 
significant linkage among them [30] and 4 for each of 
the 4 haplotypes [30]. A corrected P value (Pc) of <0.05 
(2-tailed) was considered statistically significant. Using 
the Quanto Ver. 1.1 software (Department of Preventive 
Medicine, University of Southern California, CA, USA), 
we designed the study to have >90% power at a 5% 
significance level to determine a genotype relative risk 

of 1.8 conferred by P2RX7 variants with an estimated 
prevalence of 360/100,000 [31].

ACKNOWLEDGMENTS

This work was supported by grants MMH 9781 
and MMH E-103-07 from Mackay Memorial Hospital, 
Taiwan.

CONFLICTS OF INTEREST

The authors declare that they have no conflict of 
interest.

REFERENCES

1. Chen CA and Hsieh CY. Recent advances and problems in 
primary therapy for cervical cancer in Taiwan. J Formos 
Med Assoc. 2004; 103: 511-8.

2. Tjalma WA, Van Waes TR, Van den Eeden LE, and Bogers 
JJ. Role of human papillomavirus in the carcinogenesis of 
squamous cell carcinoma and adenocarcinoma of the cervix. 
Best Pract Res Clin Obstet Gynaecol. 2005; 19: 469-83.

3. Wu TC. Immunology of the human papilloma virus in 
relation to cancer. Curr Opin Immunol. 1994; 6: 746-54.

4. Rassendren F, Buell GN, Virginio C, Collo G, North RA, 
and Surprenant A. The permeabilizing ATP receptor, P2X7. 
Cloning and expression of a human cDNA. J Biol Chem. 
1997; 272: 5482-6.

5. Surprenant A, Rassendren F, Kawashima E, North RA, and 
Buell G. The cytolytic P2Z receptor for extracellular ATP 
identified as a P2X receptor (P2X7). Science. 1996; 272: 
735-8.

6. Di Virgilio F, Chiozzi P, Ferrari D, Falzoni S, Sanz JM, 
Morelli A, Torboli M, Bolognesi G, and Baricordi OR. 
Nucleotide receptors: an emerging family of regulatory 
molecules in blood cells. Blood. 2001; 97: 587-600.

7. Surprenant A and North RA. Signaling at purinergic P2X 
receptors. Annu Rev Physiol. 2009; 71: 333-59.

8. Mehta VB, Hart J, and Wewers MD. ATP-stimulated 
release of interleukin (IL)-1beta and IL-18 requires priming 
by lipopolysaccharide and is independent of caspase-1 
cleavage. J Biol Chem. 2001; 276: 3820-6.

9. Loomis WH, Namiki S, Ostrom RS, Insel PA, and Junger 
WG. Hypertonic stress increases T cell interleukin-2 
expression through a mechanism that involves ATP release, 
P2 receptor, and p38 MAPK activation. J Biol Chem. 2003; 
278: 4590-6.

10. Yip L, Woehrle T, Corriden R, Hirsh M, Chen Y, Inoue Y, 
Ferrari V, Insel PA, and Junger WG. Autocrine regulation of 
T-cell activation by ATP release and P2X7 receptors. Faseb 
J. 2009; 23: 1685-93.

11. Baricordi OR, Melchiorri L, Adinolfi E, Falzoni S, Chiozzi 
P, Buell G, and Di Virgilio F. Increased proliferation rate of 



Oncotarget82803www.impactjournals.com/oncotarget

lymphoid cells transfected with the P2X(7) ATP receptor. J 
Biol Chem. 1999; 274: 33206-8.

12. Mutini C, Falzoni S, Ferrari D, Chiozzi P, Morelli A, 
Baricordi OR, Collo G, Ricciardi-Castagnoli P, and Di 
Virgilio F. Mouse dendritic cells express the P2X7 purinergic 
receptor: characterization and possible participation in 
antigen presentation. J Immunol. 1999; 163: 1958-65.

13. Rizzo R, Ferrari D, Melchiorri L, Stignani M, Gulinelli S, 
Baricordi OR, and Di Virgilio F. Extracellular ATP acting 
at the P2X7 receptor inhibits secretion of soluble HLA-G 
from human monocytes. J Immunol. 2009; 183: 4302-11.

14. Sengstake S, Boneberg EM, and Illges H. CD21 and CD62L 
shedding are both inducible via P2X7Rs. Int Immunol. 
2006; 18: 1171-8.

15. Solle M, Labasi J, Perregaux DG, Stam E, Petrushova N, 
Koller BH, Griffiths RJ, and Gabel CA. Altered cytokine 
production in mice lacking P2X(7) receptors. J Biol Chem. 
2001; 276: 125-32.

16. Labasi JM, Petrushova N, Donovan C, McCurdy S, Lira P, 
Payette MM, Brissette W, Wicks JR, Audoly L, and Gabel 
CA. Absence of the P2X7 receptor alters leukocyte function 
and attenuates an inflammatory response. J Immunol. 2002; 
168: 6436-45.

17. Buell GN, Talabot F, Gos A, Lorenz J, Lai E, Morris MA, 
and Antonarakis SE. Gene structure and chromosomal 
localization of the human P2X7 receptor. Receptors 
Channels. 1998; 5: 347-54.

18. Sluyter R and Stokes L. Significance of P2X7 receptor 
variants to human health and disease. Recent Pat DNA 
Gene Seq. 2011; 5: 41-54.

19. Li X, Zhou L, Feng YH, Abdul-Karim FW, and Gorodeski 
GI. The P2X7 receptor: a novel biomarker of uterine 
epithelial cancers. Cancer Epidemiol Biomarkers Prev. 
2006; 15: 1906-13.

20. Feng YH, Li X, Wang L, Zhou L, and Gorodeski GI. A 
truncated P2X7 receptor variant (P2X7-j) endogenously 
expressed in cervical cancer cells antagonizes the full-
length P2X7 receptor through hetero-oligomerization. J 
Biol Chem. 2006; 281: 17228-37.

21. Wang Q, Wang L, Feng YH, Li X, Zeng R, and Gorodeski 
GI. P2X7 receptor-mediated apoptosis of human cervical 
epithelial cells. Am J Physiol Cell Physiol. 2004; 287: 
C1349-58.

22. Roger S, Mei ZZ, Baldwin JM, Dong L, Bradley H, 
Baldwin SA, Surprenant A, and Jiang LH. Single nucleotide 
polymorphisms that were identified in affective mood 
disorders affect ATP-activated P2X7 receptor functions. J 
Psychiatr Res. 2010; 44: 347-55.

23. Sorge RE, Trang T, Dorfman R, Smith SB, Beggs S, Ritchie 
J, Austin JS, Zaykin DV, Vander Meulen H, Costigan M, 
Herbert TA, Yarkoni-Abitbul M, Tichauer D. Genetically 
determined P2X7 receptor pore formation regulates 
variability in chronic pain sensitivity. Nat Med. 2012; 18: 
595-9.

24. Gu BJ, Zhang W, Worthington RA, Sluyter R, Dao-Ung 
P, Petrou S, Barden JA, and Wiley JS. A Glu-496 to Ala 
polymorphism leads to loss of function of the human P2X7 
receptor. J Biol Chem. 2001; 276: 11135-42.

25. Hildesheim A, Schiffman MH, Gravitt PE, Glass AG, Greer 
CE, Zhang T, Scott DR, Rush BB, Lawler P, Sherman ME, 
Kurman RJ, and Manos MM. Persistence of type-specific 
human papillomavirus infection among cytologically 
normal women. J Infect Dis. 1994; 169: 235-40.

26. de Roda Husman AM, Walboomers JM, van den Brule AJ, 
Meijer CJ, and Snijders PJ. The use of general primers GP5 
and GP6 elongated at their 3’ ends with adjacent highly 
conserved sequences improves human papillomavirus 
detection by PCR. J Gen Virol. 1995; 76: 1057-62.

27. Barrett JC, Fry B, Maller J, and Daly MJ. Haploview: 
analysis and visualization of LD and haplotype maps. 
Bioinformatics. 2005; 21: 263-5.

28. Svejgaard A and Ryder LP. HLA and disease associations: 
detecting the strongest association. Tissue Antigens. 1994; 
43: 18-27.

29. Ohashi J, Yamamoto S, Tsuchiya N, Hatta Y, Komata T, 
Matsushita M, and Tokunaga K. Comparison of statistical 
power between 2 * 2 allele frequency and allele positivity 
tables in case-control studies of complex disease genes. Ann 
Hum Genet. 2001; 65: 197-206.

30. Nyholt DR. Genetic case-control association studies--
correcting for multiple testing. Hum Genet. 2001; 109: 
564-7.

31. Chen YY, You SL, Chen CA, Shih LY, Koong SL, Chao 
KY, Hsiao ML, Hsieh CY, and Chen CJ. Effectiveness of 
national cervical cancer screening programme in Taiwan: 
12-year experiences. Br J Cancer. 2009; 101: 174-7.


