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ABSTRACT

Certain pseudogenes may regulate their protein-coding cousins by competing for miRNAs and play an active

biological role in cancer. However, few studies have focused on the association of genetic variations in pseudogenes

with cancer prognosis. We selected six potentially functional single nucleotide polymorphisms (SNPs) in cancer-

related pseudogenes, and performed a case-only study to assess the association between those SNPs and the prognosis

of hepatocellular carcinoma (HCC) in 331 HBV-positive HCC patients without surgical treatment. Log-rank test and

Cox proportional hazard models were used for survival analysis. We found that the A allele of rs9909601 in E2F3P1

was significantly associated with a better prognosis compared with the G allele [adjusted hazard ratio (HR) 5 0.69,

95% confidence interval (CI) 5 0.56-0.86, P 5 0.001]. Additionally, this protective effect was more predominant for

patients without chemotherapy and transcatheter hepatic arterial chemoembolization (TACE) treatment. Interestingly,

we also detected a statistically significant multiplicative interaction between genotypes of rs9909601 and chemother-

apy or TACE status on HCC survival (P for multiplicative interaction , 0.001). These findings indicate that

rs9909601 in the pseudogene E2F3P1 may be a genetic marker for HCC prognosis in Chinese.
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INTRODUCTION

Liver cancer is the fifth most common cancer world-

wide and the second most frequent cause of cancer

mortality with over 748,300 new cases every year, half

of which are in China
[1,2]

. Hepatocellular carcinoma

(HCC) is the most common type of liver cancer
[3]
.

Although surgical resection and liver transplantation

are regarded as the best treatment for a curative prog-

nosis of early-stage HCC
[4]
, about 85% patients are

not suitable for surgery due to locally advanced tumor

or distant metastasis
[5]
. Discovery and application of

biomarkers that incorporate with traditional cancer sta-

ging improve patient care. Thus, substantial efforts have

been made to identify biomarkers as prognostic factors

for improving therapeutic effect and prognosis predic-

tion.

Pseudogenes are structurally similar to genes that

encode functional proteins, but unable to encode fully

functional proteins in most cases. Thus, pseudogenes

have long been considered as nonfunctional sequences

of genomic DNA. However, emerging evidence sug-

gests that pseudogenes may harbor the potential to reg-

ulate the expression of their ancestral protein-coding

genes by serving as a source of small interfering

RNAs (siRNAs), antisense transcripts, microRNA

(miRNA) binding sites, or competing mRNAs
[6-8]

.

Furthermore, pseudogenes regulate tumor suppressors

and oncogenes by acting as microRNA decoys
[9-14]

. To

date, several studies have reported the association

between pseudogene expression and multiple cancer

risk. Ishiguro et al. reported that two pseudogenes

(NANOG1 and NANOGP8) were differentially expressed

in colon cancer cells, and their expression might contri-

bute to the proliferation of colon cancer cells
[15]
. Similar

results were found for the association of POU5F1P1

expression with prostatic carcinoma
[16]
, PTENP1 expres-

sion with melanoma
[17]
, and NANOGP8 expression with

gastric cancer
[18]
. However, little is known about pseudo-

genes and cancer prognosis.

Functional polymorphisms in pseudogenes, such as

single nucleotide polymorphisms (SNPs) influencing

miRNAs binding, may affect the expression or

function of the proteins
[19,20]

. Thus, we speculate that

potentially functional polymorphisms in pseudogenes

may affect the expression of pseudogenes or its origi-

nal protein-coding genes by influencing miRNA

binding affinity, and thus play a role in the deve-

lopment and progression of human cancer. In this

study, we examined the associations between six

genetic variants of pseudogenes and prognosis of 331

patients with intermediate or advanced HCC in

Chinese.

SUBJECTS AND METHODS

Subjects

The protocol was approved by the local institutional

review board at the authors9 affiliated institution.

Written informed consent was obtained from every

subject. The enrollments of subjects were described

previously
[21,22]

. For constructing a relatively homoge-

nous population, our current study was restricted to

HCC patients without surgery in intermediate stage (B)

or advanced stage (C) according to the Barcelona

Clinic Liver Cancer (BCLC) staging system
[23,24]

. We

recruited 414 intermediate or advanced HCC patients

from Nantong Tumor Hospital and the First Affiliated

Hospital of Nanjing Medical University, Nanjing,

Jiangsu, China. All patients were followed up prospec-

tively every three months from the time of enrollment

by personal or family contacts until death or last time

of follow-up. As a result, a total of 331 intermediate or

advanced HCC patients who had completed follow-ups

and clinical information were enrolled in our study with

a response rate of 80.0%. The maximum follow-up time

(MFT) for the 331 patients involved in the present study

was 60.7 months (last follow-up in January 2013) and

the median survival time (MST) was 14.5 months.

Serological tests

HBsAg, anti-HBs, anti-HBc and anti-HCV were

detected by the enzyme-linked immunosorbent assay

(Kehua Bio-engineering Co., Ltd., Shanghai, China)

following the manufacturer9 s instructions as described

previously
[21]
.

Selection and genotyping of SNPs

We included eight key cancer-related pseudogenes

from a review conducted by Poliseno et al.
[8]
(Supple-

mental Table 1 available online). By blasting the

identical sequence between pseudogenes and their par-

ental genes, we found 31 common SNPs located in

pseudogenes, with at least 50 bps flanking regions iden-

tical to their parental genes. Then, we searched miRBase

(http://www.mirbase.org/) and Patrocles (http://www.

patrocles.org/) to find whether the allelic change of 31

SNPs may influence miRNAs binding. Eventually, we

selected six potentially functional SNPs that might affect

miRNA binding (rs11682718 in DNMT3AP1, rs1838149

and rs9909601 in E2F3P1, rs2004079 in NANOGP8,

rs9889937 in FOXO3B, and rs6913881 in KRASP1).

Genomic DNA was extracted from a leukocyte pel-

let by traditional proteinase K digestion, phenol-

chloroform extraction and ethanol precipitation. All

SNPs were genotyped using the TaqMan allelic discri-
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mination assay on a 7900 system (Applied Biosystems,

Carlsbad, CA, USA). The primers and probes for the six

SNPs are shown in Supplemental Table 2 (available

online). Two blank (water) controls in each 384-well

plate were performed for quality control, and more than

5% samples were randomly selected and repeated,

yielding a 100% concordance. The success rates of gen-

otyping for the six SNPs were all above 95%.

Statistical analysis

Mean survival time was presented when the MST

could not be calculated. Kaplan-Meier method and

log-rank test were performed to compare the survival

time in different subgroups categorized by patient char-

acteristics, clinical features and genotypes. Univariate

and multivariable Cox proportional hazard regression

analyses were performed to estimate the crude or

adjusted hazard ratio (HR) and their 95% confidence

intervals (CI), with adjustment of age, gender, smoking

status, drinking status, BCLC stage, and chemotherapy

or transcatheter hepatic arterial chemoembolization

(TACE) status. Cox stepwise regression model was also

conducted to determine predictive factors of HCC prog-

nosis, with a significance level of 0.050 for entering

and 0.051 for removing the respective explanatory vari-

ables. The Chi-square-based Q test was applied to test

the heterogeneity of associations between subgroups.

Analyses were carried out using Statistical Analysis

System software (version 9.1.3; SAS Institute, Cary,

NC, USA). All tests were two-sided and the criterion

of statistical significance was set at P , 0.05.

RESULTS

Demographic and baseline characteristics of

the study subjects

The demographic characteristics and clinical infor-

mation of the 331 HCC patients in stage B or C

included in the study were described previously
[22]

.

Totally, 258 of them died from HCC, and two died

from other causes during up to 60.7 months of fol-

low-up. For disease-specific survival analysis, the lat-

ter were considered as censored data in the analyses.

Drinking and chemotherapy or TACE status was

significantly associated with survival time (log-rank

P 5 0.006 and , 0.001 for drinking status and che-

motherapy or TACE status, respectively). Notably,

compared to those who received neither chemotherapy

nor TACE therapy (MST 5 3.4 months), patients with

chemotherapy or TACE therapy (MST 5 16.8 months)

had a 61% significantly decreased risk of death (HR 5

0.39; 95% CI 5 0.29-0.51).

Table 1 Genotyping results of survival of HCC patients

SNP Base changea Pseudogene Location Genotyping rate MAFb Log-rank P

Additive

model

Dominant

model

Recessive

model

rs11682718 G.A DNMT3AP1 2p14 99.1% 0.110 0.986 0.948 0.869

rs1838149 C.T E2F3P1 17q12 99.7% 0.094 0.916 0.923 0.675

rs9909601 G.A E2F3P1 17q12 97.3% 0.362 0.026 0.007 0.541

rs2004079 G.T NANOGP8 15q14 98.2% 0.338 0.552 0.858 0.333

rs9889937 T.C FOXO3B 17p11.2 99.1% 0.372 0.184 0.860 0.089

rs6913881 G.A KRASP1 6p12.1 98.8% 0.130 0.204 0.082 0.484

HCC: hepatocellular carcinoma; SNP: single nucleotide polymorphism; MAF: minor allele frequency. amajor . minor allele, bMAF in patients.

Table 2 Genotypes of E2F3P1 rs9909601 and survival of HCC patients

Genotype Patients Deaths MST (mo) Crude HR (95% CI) Adjusted HR (95% CI)a Pa

rs9909601

GG 122 104 12.6 1 1

AG 167 121 16.0 0.71(0.55-0.92) 0.54(0.41-0.71) ,0.001

AA 33 26 15.4 0.72(0.47-1.11) 0.67(0.43-1.05) 0.080

AG/AA 200 147 15.8 0.71(0.55-0.91) 0.56(0.43-0.73) ,0.001

Additive model 0.79(0.65-0.97) 0.69(0.56-0.86) 0.001

HCC: hepatocellular carcinoma; MST: median survival time; HR: hazard ratio; CI: confidence intervals. aAdjusted for age, gender, smoking and

drinking status, BCLC stage, and chemotherapy or TACE status.
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Effects of polymorphisms in pseudogenes on

HCC survival

Kaplan-Meier method and log-rank test were per-

formed to examine the associations of the six SNPs

with HCC survival in different genetic models (addi-

tive model, dominant model and recessive model).

As shown in Table 1, the difference between the sur-

vival time of HCC patients and variant genotypes of

rs9909601 located in E2F3P1 was statistically signif-

icant (log-rank test: P 5 0.007 in the dominant model

and P 5 0.026 in the additive model, respectively).

Patients carrying rs9909601 AG/AA genotypes sur-

vived significantly longer time (MST 5 15.8 months)

than those carrying rs9909601GG genotypes (MST 5

12.6 months; Fig. 1A). Furthermore, multivariable

Cox regression analysis showed that rs9909601

remained as a significant prognostic marker for HCC

(Table 2). After adjusting for age, gender, smoking

status, drinking status, BCLC stage, and chemotherapy

or TACE status, variant genotypes of rs9909601were

significantly associated with favorable prognosis of

HCC (additive model: adjusted HR 5 0.69, 95% CI 5

0.56-0.86, P 5 0.001; dominant model: adjusted HR

5 0.56, 95% CI 5 0.43-0.73, P , 0.001).

Stepwise Cox regression analysis on HCC

survival

Then, we performed stepwise Cox proportional hazard

analysis to estimate the effects of demographic charac-

teristics, clinical features, and E2F3P1 rs9909601 on

HCC survival. As shown in Table 3, four variables

(age, drinking status, chemotherapy or TACE status,

Fig. 1 Kaplan-Meier plots of survival by E2F3P1 rs9909601 genotypes in the survival of hepatocellular carcinoma (HCC) patients.

A: E2F3P1 rs9909601 genotypes and HCC survival (log-rank P 5 0.007 for AG/AA vs. GG) in a dominant model. 0, patients with common genotype GG;

1, those with variant genotypes (AG/AA). B: Kaplan-Meier plots of survival by the combination of rs9909601 genotypes and chemotherapy or transcatheter

hepatic arterial chemoembolization (TACE) therapy status in HCC-specific survival (log-rank P , 0.001). 0, patients with variant genotypes (AG/AA) and

receiving chemotherapy or TACE therapy; 1, those with common genotype (GG) and receiving chemotherapy or TACE therapy; 2, those with variant

genotypes (AG/AA) and without chemotherapy and TACE therapy; 3, those with GG genotype and without chemotherapy and TACE therapy.

Table 3 Multivariable Cox regression analysis on survival of HCC patients

Variables ba SEb HR 95% CI P

Stepwise regression analysis

Chemotherapy or TACE (yes vs. no) -1.2569 0.1564 0.29 0.21-0.39 , 0.001

rs9909601 (AG/AA vs. GG) -0.5653 0.1337 0.57 0.44-0.74 , 0.001

Age (. 53 vs. # 53) -0.4582 0.1366 0.63 0.49-0.83 0.001

Drinking status (yes vs. no) 0.4124 0.1334 1.51 1.16-1.96 0.002

Final regression model

Age (. 53 vs. #53) -0.4714 0.1380 0.62 0.48-0.82 0.001

Drinking status (yes vs. no) 0.5495 0.1740 1.73 1.23-2.44 0.002

Chemotherapy or TACE (yes vs. no) -1.2711 0.1586 0.28 0.21-0.38 , 0.001

rs9909601 (AG/AA vs. GG) -0.5880 0.1348 0.56 0.43-0.72 , 0.001

HCC: hepatocellular carcinoma; HR: hazard ratio; CI: confidence intervals; TACE: transcatheter hepatic arterial chemoembolization. ab is the estimated

parameter of the regression model. bSE is the standard error of the regression model.
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and E2F3P1 rs9909601) were selected into the final

regression model. Furthermore, when gender, smoking

status and BCLC stage were included in the final model,

the E2F3P1 rs9909601 still remained as an independent

protective factor for HCC survival (HR 5 0.56, 95%

CI 5 0.43-0.72, P , 0.001).

Stratification and interaction analysis

The associations between E2F3P1 rs9909601 and

HCC survival were further investigated by stratification

of age, gender, smoking status, drinking status, BCLC

stage, and chemotherapy or TACE status. As shown

in Table 4, we found that the protective effect of

rs9909601 variant genotypes was more prominent in

patients without chemotherapy and TACE (adjusted

HR 5 0.45, 95% CI 5 0.28-0.73) than those with che-

motherapy or TACE therapy (adjusted HR 5 0.85,

95% CI 5 0.62-1.15, P 5 0.029 for heterogeneity test).

Therefore, a gene-chemotherapy or TACE status inter-

action analysis was carried out, and a statistically sig-

nificant multiplicative interaction was observed

(P for multiplicative interaction , 0.001, Fig. 1B).

Compared to subjects with AG/AA genotypes and with

chemotherapy or TACE therapy, patients with GG gen-

otype but without chemotherapy or TACE therapy had a

significantly increased mortality risk (adjusted HR 5

14.98, 95% CI 5 9.20-24.37, P , 0.001) (Table 5).

DISCUSSION

In the present study, we investigated the effects of

six common SNPs in cancer-related pseudogenes on

the survival of advanced HCC patients and demon-

Table 4 Stratification analysis of rs9909601 genotypes associated with survival of HCC patients

Variables
rs9909601 (patients/deaths)

Adjusted HR (95% CI)a P for heterogeneity
GG AG/AA

Age, years

#53 61/51 107/83 0.65(0.45-0.93) 0.419

.53 61/53 93/64 0.52(0.35-0.78)

Gender

Male 113/97 165/120 0.54(0.41-0.71) 0.162

Female 9/7 35/27 1.06(0.43-2.62)

Smoking status

No 39/32 76/53 0.56(0.36-0.88) 0.718

Yes 83/72 124/94 0.62(0.45-0.86)

Drinking status

No 46/37 75/52 0.60(0.38-0.94) 0.905

Yes 76/67 125/95 0.58(0.42-0.81)

BCLC stage

Stage B 113/96 182/133 0.54(0.41-0.71) 0.263

Stage C 9/8 18/14 0.99(0.36-2.80)

Chemotherapy or TACE

None 36/35 54/41 0.45(0.28-0.73) 0.029

Yes 86/69 146/106 0.85(0.62-1.15)

HCC: hepatocellular carcinoma; BCLC: Barcelona Clinic Liver Cancer stage; HR: hazard ratio; CI: confidence intervals; TACE: transcatheter hepatic

arterial chemoembolization. aAdjusted for age, gender, smoking and drinking status, BCLC stage, and chemotherapy or TACE status except for the

stratification factor.

Table 5 Interaction between rs9909601 genotypes and chemotherapy or TACE status

Combined effects rs9909601 Chemotherapy or TACE Patients Deaths MST(mo) Crude HR (95% CI) Adjusted HR (95% CI)a Pa

0 AG/AA Yes 146 106 17.5 1 1

1 GG Yes 86 69 16.2 1.15(0.85-1.56) 1.18(0.87-1.61) 0.290

2 AG/AA None 54 41 3.7 1.78(1.23-2.58) 2.28(1.52-3.43) , 0.001

3 GG None 36 35 2.4 9.95(6.50-15.24) 14.98(9.20-24.37) , 0.001

P for multiplicative interaction , 0.001 , 0.001

MST: median survival time; HR: hazard ratio; CI: confidence intervals; TACE: transcatheter hepatic arterial chemoembolization. aAdjusted for age,

gender, smoking and drinking status, BCLC stage, and chemotherapy or TACE status.
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strated that E2F3P1 rs9909601 may be an independent

biomarker to predict the survival of advanced HCC

patients. To the best of our knowledge, this is the first

report to evaluate the role of genetic variations of

pseudogene in HCC survival.

E2F was reported to regulate the expression of mul-

tiple genes that are important in cell proliferation as a

transcription factor
[25]
. Specifically, it plays a critical

role in the control of cell cycle
[26,27]

. Recent findings

suggested that the expression of E2F3 was regulated

by several miRNAs
[28]

and played a major role in mod-

ifying cellular proliferation rate which directly or indir-

ectly affected clinical outcome of many types of tumors,

including bladder cancer
[29]
, prostate cancer

[30]
, ovarian

cancer
[31]

and breast cancer
[32]
. E2F3P1 located in chro-

mosome 17 is a pseudogene with sequence similar to

E2F3 in chromosome 6. Although they are in different

chromosomes, E2F3P1 may regulate E2F3 expression

by competing for miRNAs and their expressions are

positively correlated
[33]
. Lees et al. have reported that

genetic variations in E2F3P1 may influence the

miRNAs binding and thus may interrupt subsequent

cellular activity, including proliferation and apoptosis
[34]
.

Thus, it is biologically plausible that genetic variations

in pseudogenes contribute to cancer risk or prognosis,

given that miRNAs may provide linkage between pseu-

dogenes and their parent genes.

By using two web-based prediction tools (miRBase

and Patrocles), we found that the wild G allele of

E2F3P1 rs9909601 was more inclined to bind miR-

24, miR-149, and miR-892b than the variant A allele.

Both of the miR-24 and miR-149 have been investi-

gated substantially in cancers. For instance, Han et

al. identified that the overexpression of miR-24 was

associated with the non-recurrence of hepatocellular

carcinoma following liver transplantation which con-

tributed to a better prognosis of HCC
[35]
. Besides, sev-

eral studies have indicated that the down-regulation of

miR-149 has been found in a variety of carcinomas and

finally led to a worse patient survival, such as head and

neck squamous cell carcinoma
[36]
, colorectal cancer

[37]

and astrocytoma
[38]
. Thus, E2F3P1 rs9909601 identi-

fied in our study may affect the impact of miRNAs

regulation on gene expression by influencing the bind-

ing affinity of several special miRNAs, and hence play

a role in the progression of HCC. Moreover, our ana-

lyses indicated a significant interaction between variant

genotypes of rs9909601 and therapy status, which pro-

vided evidence that the effect of genetic variants on

HCC prognosis could be modified by clinical factors.

In conclusion, rs9909601 at E2F3P1 may be a

useful biomarker for the prognosis of HCC survival.

However, other studies with larger sample size

and functional analysis are warranted to verify our

finding.
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T, González-Frutos C, Ciampi-Dopazo JJ, de-la-Cruz-

Perez G, et al. The value of the Barcelona Clinic Liver

Cancer and alpha-fetoprotein in the prognosis of hepatocel-

lular carcinoma. Rev Esp Enferm Dig 2012;104: 298-304.

[24] Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma.

Lancet 2012;379:1245-55.

[25] Nevins JR. E2F: a link between the Rb tumor suppressor

protein and viral oncoproteins. Science 1992;258:424-9.

[26] Wong JV, Dong P, Nevins JR, Mathey-Prevot B, You L.

Network calisthenics: control of E2F dynamics in cell

cycle entry. Cell Cycle 2011;10:3086-94.

[27] Kong LJ, Chang JT, Bild AH, Nevins JR. Compensation

and specificity of function within the E2F family.

Oncogene 2007;26:321-7.

[28] Li W, Ni GX, Zhang P, Zhang ZX, Li W, Wu Q.

Characterization of E2F3a function in HepG2 liver cancer

cells. J Cell Biochem 2010;111:1244-51.

[29] Huang L, Luo J, Cai Q, Pan Q, Zeng H, Guo Z, et al.

MicroRNA-125b suppresses the development of bladder

cancer by targeting E2F3. Int J Cancer 2011;128:1758-

69.

[30] Foster CS, Falconer A, Dodson AR, Norman AR, Dennis

N, Fletcher A, et al. Transcription factor E2F3 overex-

pressed in prostate cancer independently predicts clinical

outcome. Oncogene 2004;23:5871-9.

[31] Reimer D, Hubalek M, Riedle S, Skvortsov S, Erdel M,

Concin N, et al. E2F3a is critically involved in epidermal

growth factor receptor-directed proliferation in ovarian

cancer. Cancer Res 2010;70:4613-23.

[32] Shi Z, Derow CK, Zhang B. Co-expression module ana-

lysis reveals biological processes, genomic gain, and reg-

ulatory mechanisms associated with breast cancer

progression. BMC Syst Biol 2010;4:74.

[33] Echols N, Harrison P, Balasubramanian S, Luscombe

NM, Bertone P, Zhang Z, et al. Comprehensive analysis

of amino acid and nucleotide composition in eukaryotic

genomes, comparing genes and pseudogenes. Nucleic

Acids Res 2002;30:2515-23.

[34] Lees JA, Saito M, Vidal M, Valentine M, Look T, Harlow

E, et al. The retinoblastoma protein binds to a family of

E2F transcription factors. Mol Cell Biol 1993;13:7813-

25.

[35] Han ZB, Zhong L, Teng MJ, Fan JW, Tang HM, Wu JY,

et al. Identification of recurrence-related microRNAs in

hepatocellular carcinoma following liver transplantation.

Mol Oncol 2012;6:445-57.

[36] Tu HF, Liu CJ, Chang CL, Wang PW, Kao SY, Yang CC,

et al. The association between genetic polymorphism and

the processing efficiency of miR-149 affects the prognosis

of patients with head and neck squamous cell carcinoma.

PLoS One 2012;7:e51606.

[37] Wang F, Ma YL, Zhang P, Shen TY, Shi CZ, Yang YZ,

et al. SP1 mediates the link between methylation of the

tumour suppressor miR-149 and outcome in colorectal

cancer. J Pathol 2013;229:12-24.

[38] Li D, Chen P, Li XY, Zhang LY, Xiong W, Zhou M, et al.

Grade-specific expression profiles of miRNAs/mRNAs

and docking study in human grade I-III astrocytomas.

OMICS 2011;15:673-82.

200 Pan Y et al. J Biomed Res, 2014, 28



Available online at www.jbr-pub.org

Open Access at PubMed Central

The Journal of Biomedical Research, 2014, 28(3)

Research Paper

A genetic variant in pseudogene E2F3P1 contributes to prognosis of

hepatocellular carcinoma

Yun Pana,n, Chongqi Suna,n, Mingde Huangb,n, Yao Liuc, Fuzhen Qid, Li Liue, Juan Wena, Jibin Liuf,
Kaipeng Xiea, Hongxia Maa, Zhibin Hua, Hongbing Shena,*

a
Department of Epidemiology and Biostatistics, Jiangsu Key Laboratory of Cancer Biomarkers, Prevention and Treatment,

Cancer Center, School of Public Health, Nanjing Medical University, Nanjing, Jiangsu 211166, China;
bDepartment of Oncology, Huai9 an First People9 s Hospital, Nanjing Medical University, Huai9 an, Jiangsu 223300, China;

c
Pathology Center and Department of Pathology, Soochow University, Suzhou, Jiangsu 215123, China;

d
Department of Hepatopancreatobiliary Surgery, Huai9 an First People9 s Hospital, Nanjing Medical University, Huai9 an,

Jiangsu 223300, China;
e
Digestive Endoscopy Center, the First Affiliated Hospital of Nanjing Medical University, Nanjing, Jiangsu 210029, China;

f
Department of Hepatobiliary Surgery, Nantong Tumor Hospital, Nantong, Jiangsu 226361, China.1

Received 16 March 2014, Accepted 31 March 2014, Epub 27 April 2014

Supplementary Table 1 Information of cancer-related pseudogenes

Genes Corresponding pseudogenes Location

KRAS KRASP1 Chr:6p12-p11

PTEN PTENP1 Chr:9p21

E2F3 E2F3P1 Chr:17q11-q12

DNMT3A DNMT3AP1 Chr:2p14

FOXO3 FOXO3B Chr:17p11.2

NANOG NANOGP8 Chr:15q14

CCND3 CCND3P Chr:10p11.23

CDK4 CDK4PS Chr:1p21.1
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Supplementary Table 2 Information of primers and probes for TaqMan allelic discrimination

Polymorphism Sequence(59-39)

rs11682718 Primer F: TCAAAAAGAGACAGCACCTGGAT

R: GGAATTTGACCCTCTGGAAGTCTA

Probe G: FAM-CTTCCTTTTCTCAGCTGGGACAG -TAMRA

A: HEX-TTCCTTTTCTCAACTGGGACAGG -TAMRA

rs1838149 Primer F: CACCCAACCTGGTTCTCCTTT

R: CCATGCTTCCATTCCCAGAA

Probe C: FAM-TCAGCAAGCCCCAGGACTG -TAMRA

T: HEX-TGTCAGCAAGCCTCAGGACTG -TAMRA

rs9909601 Primer F: CACGGTACGATAGTCTCTTGATCTG

R: TCCGCTGCCTTGTTCAAAAC

Probe G: FAM-AGCTCCTGAGCCAGTCACCC -TAMRA

A: HEX-CAGCTCCTGAACCAGTCACCC -TAMRA

rs2004079 Primer F: CTTCAGGCCCACAAATCACA

R: TCTTCCTCTATACTAACATGAGTGTGGAT

Probe G: FAM-TTACAGTCGGATGCTTCAAAGCA -TAMRA

T: HEX-TTTACAGTCGGATTCTTCAAAGCAA -TAMRA

rs9889937 Primer F: AGACTAGCCCGGTTCTGAAGTG

R: TCCTGAAAGCAGGGTCTCAATATAA

Probe T: FAM-TGCCAGAGCCTTCCGCC -TAMRA

C: HEX-CCAGAGCCCTCCGCCC -TAMRA

rs6913881 Primer F: TCCAGTTTTCTCTGCATAAGTAATTAAAATAGACTT

R: GAACTAGTTCAGGCGCCTGT

Probe G: FAM-CTGGATGCAAATAA -MGB

A: HEX-TTTTATCTGGATACAAATAA -MGB
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