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1. INTRODUCTION 

Lung cancer is one of the most common and deadliest cancers worldwide accounting for over a 

million people died from the disease each year[1]. The GLOBOCAN estimates for 2012 indicates 

that about 1.8 million cases of lung cancer are diagnosed worldwide each year, with a resulting 1.6 

million deaths yearly[2]. It is well known that lung cancer is largely caused by tobacco smoking. 

However, not all lung cancer patients have a history of smoking, there is remaining 10-15% of the 

disease occur in non-smokers in the United States (US) and European Union (EU)[3], which shows 

that besides tobacco, other risk factors may be involved in the etiology of lung cancer. In recent 

years, there is increasing evidence that the inherited genetic play a significant role in generating lung 

cancer[4]. Hence, it is totally considerable that lung cancer may result from genetic and 

environmental factors and their interactions.  

Abstract: Background: The KCNQ gene family has been widely investigated in a variety of cancer cells. This 

study aimed to investigate the association between single nucleotide polymorphisms (SNPs) in potassium 

voltage-gated channel subfamily Q member 5 (Kv7.5) and lung cancer risk in a Northeast Chinese 

population.  

Methods: We conducted a hospital-based case-control study selecting 833 lung cancer cases and 641 no lung 

cancer controls matched by age from local hospital. The information of investigation was collected by well 

trained investigators through the form of interview. We used Taqman fluorescence probe method for 

genotyping to evaluate SNPs in Kv7.5 among 1474 subjects.  

Result: The results revealed that GG genotype in rs4706511 (OR=0.631, 95%CI=0.467-0.853, P=0.003) 

compared with AA genotype and CC genotype in rs9293902 (OR=0.654, 95%CI=0.485-0.882 P=0.013) 

compared with TT genotype played significantly role in increasing risk of lung cancer. 

Conclusion: These findings showed that rs4706511 and rs9293902 polymorphism might affect the 

susceptibility to lung cancer in a Northeast Chinese population, which might be meaningful as genetic 

markers for lung cancer risk. 
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The voltage-gated potassium (Kv) channel family is one of the largest ion channel families in the 

human genome[5]. It is well known that Kv channels are widely expressed in excitable cells where 

they play a fundamental role in the generation and propagation of action potentials[6]. In addition to 

exhibiting activation in excitable cells, Kv channels also exist in non-excitable cells, such as alveolar 

epithelial cells[7]. Unlike neurons and myocytes however, recent studies have demonstrated that 

several subtypes of Kv channels in non-excitable cells may be involved in cell migration and wound 

healing[8, 9], cell proliferation and cancer[10, 11], and apoptosis[12]. A great deal of the voltage-

gated potassium (Kv) channels are considered to prompt cell proliferation[13-17], including the Kv 

channels Kv1.3, Kv1.5, Kv3.3, Kv3.4 and Kv4.1. Moreover, accumulating evidence indicates that Kv 

channels distributed widely in a variety of cancer cells participate in cancer development and cell 

proliferation. However, how various Kv channels affect the cell cycle and cell proliferation remains 

indistinct. 

KCNQ, one member of the voltage-gated potassium (Kv) channel group, encodes Kv7 channel. 

There are five subunits of this family, from Kv7.1 to Kv7.5, encoded by KCNQ1 to KCNQ5. Among 

these subunits, Kv7.1 primarily exists in cardiac cells and several epithelia[18]; four other subunits 

(Kv7.2-Kv7.5) are fundamentally expressed in the nervous system[19]. Besides existing in the 

nervous system, Kv7 also locates on smooth muscle[20], the skeletal muscle[21], and myoblast[22]. 

Meritxell Roura-Ferrer indicated that the potassium channel Kv7.5 is involved in myoblast cell 

proliferation[22]. Moreover, the recent study identified strong expression of Kv7.5 in the CCL-183 

Canine Osteosarcoma Cell Line and examined the hypothesis that Kv7.5 is involved in the regulation 

of cancer cells[23]. Nevertheless, no study has focused on the relationship between variations in 

KCNQ5 and lung cancer. 

In the present study, we evaluated the association between SNPs in KCNQ5 and the susceptibility of 

lung cancer in a northeast Chinese population, and the results of this study may contribute to the lung 

cancer screening in the future. 

2. MATERIALS AND METHODS 

Study subjects and data collection 

This hospital-based case-control study consisted of 833 lung cancer patients and 641 cancer-free 

controls. Patients were firstly confirmed as lung cancer by professional pathologists without previous 

chemotherapy or radiotherapy in the Fourth Affiliated Hospital of China Medical University. There 

were no gender or age restrictions. Meanwhile, controls were randomly recruited from the same 

hospital during the same period as frequency-matched cases according to age (±5 years), without 

lung cancer or lung cancer-related diseases. At the time of enrollment, each subject signed an 

informed consent form.  

The data was collected from each subject in accordance with the following strict criterions: (i) 5 ml 

blood sample was collected from each participant; (ii) each participant was questioned by well-

trained interviewers under a standardized questionnaire including tobacco exposure and demographic 

information; (iii) the definition of smoking exposure. Smokers refer to people who consumed more 

than 100 cigarettes in the lifetime, otherwise are non-smokers. Approval of the investigations was 

obtained from the Institutional Review Board of China Medical University. 

DNA isolation and genotyping 

Genomic DNA samples were extracted from venous blood of all subjects by Phenol-chloroform 

exaction method. Genotyping of KCNQ5 rs4706511 and rs9293902 was conducted using Taqman 

allelic discrimination assay from Applied Biosystems(Foster City, CA, USA). Primers and probes 
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were also purchased from Applied biosystems. The PCR conditions included 95
0 

c for 10 min, 

followed by 47 cycles of 92
0
c for 30s and 62

0
c for 1 min. An Applied Biosystems 7500 FAST Real- 

Time PCR System (Foster City, CA, USA) was used to read the reacted results. The duplicates of 

10% randomly selected samples were tested a second time by another investigator, and the results 

were 100% consistent to the the duplicate sets for the quality control purpose. 

Statistical analysis 

All statistical analyses were performed with Statistical Product and Service Solutions (SPSS) v13.0. 

The χ
2
 test and Student’s t-test were used to distinguish specific distribution of demographic 

variables and tobacco exposure between cases and controls. Hardy-Weinberg equilibrium (HWE) of 

the genotypes was tested by performing a goodness-of-fit χ
2
 test among controls. Unconditional 

logistic regression analysis was used to calculate the odds ratios (ORs) with 95% confidence 

intervals (CIs) to evaluate associations of the SNPs with lung cancer.  The stratified analyses were 

estimated by logistic regression models. All above analyses were adjusted by gender and age. All 

tests were two sided, and a value of P< 0.05 was considered statistical significant. 

3. RESULTS 

The studies’ characteristics 

The collected demographic characteristics of 833 cases and 641 controls in the present study were 

listed in Table 1. Mean ages of cases (58.58±11.089years) and controls (58.90±11.260years) were 

almost identical, which was of no significant difference (P=0.899). There were significant differences 

in the distribution of gender and smoking status (P=0.005 and P< 0.001, respectively). Cases 

consisted of 493 adenocarcinomas, 207 squamous cell carcinomas, 94 small-cell carcinoma and 39 

other tumors including a variety of different pathologies (including large-cell, mixed cell carcinomas 

and undifferentiated carcinomas).  

Table 1. Selected variables in cases and controls 

Variables  Case n(%) control n(%) P value 

Gender Male 203 198  

 Female 630 443 0.005
b
 

Age mean±SD 58.58±11.089 58.90±11.260 0.899
a
 

Smoke never 652 570  

 Yes 172 71 0.000
b
 

Histology Adenocarcinoma 493   

 Small cell carcinoma 207   

 Squamous carcinoma 94   

 Others 39   

a
 p value was calculated by the t-test; 

b 
p value was calculated by the chi-square test; Abbreviations: SD, 

standard deviation 

The association between SNP and lung cancer 

Table 2 presented the distribution of rs4706511 and rs9293902 genotypes in cases and controls. All 

allele distributions for two SNPs in the control were conformed to Hardy-Weinberg equilibrium 

(P>0.05). The P value of the minor allele frequencies (MAF) of rs4706511 and rs9293902 were 0.33 

and 0.58, respectively. Individuals carrying GG genotype (adjusted OR=1.585, 95%CI=1.173-2.141, 

P=0.003) compared with AA genotype in rs4706511 showed a higher risk of lung cancer. CC 

genotype samples (adjusted OR=1.529, 95%CI=1.134-2.061, P=0.005) had an increased risk of lung 

cancer compared with TT genotype samples in rs9293902. Considering inevitable error caused by 

sample size, continuous analyses were conducted by combining the heterozygous variant genotype 

with the homozygous variant genotype in two SNPs. As expected, both AG/GG genotype carriers 
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(adjusted OR=1.344, 95%CI=1.066-1.693, P=0.012) compared with AA genotype carriers and 

CT/CC genotype carriers (adjusted OR=1.270, 95%CI=1.006-1.603, P=0.045) compared with TT 

genotype carriers indicated more risk of lung cancer. 

Table 2. Genetic Polymorphisms and Lung Adenocarcinoma Risk 

P adj is adjusted by age and gender. 

Stratified analysis 

Further analyses, stratified by histological type, were performed in table3. We found a distinct 

relationship between GG genotype and adenocarcinoma (adjusted OR=1.785, 95%CI=1.267-2.513., 

P=0.001) and small cell carcinoma (adjusted OR=2.228, 95%CI=1.175-4.223, P=0.014) in 

rs4706511. Analogously, similar results were observed in rs9293902 (for CC vs TT in 

adenocarcinoma: adjusted OR=1.744, 95%CI=1.241-2.452., P=0.001; for CC vs TT in small cell 

carcinoma: adjusted OR=2.171, 95%CI=1.150-4.096., P=0.017). However, in squamous carcinoma, 

no statistically significant relationships were observed (P>0.05).  

Table 3. The effect of the Genetic Polymorphism in the region on lung cancer risk in pathological subgroup 

SNP  Cases(%) Controls(%) OR adj 95% CI adj p value adj 

rs4706511       

Adenocarcinoma AA 124 195 Ref   

 AG 239 326 1.164 (0.876-1.548) 0.296 

 GG 130 120 1.785 (1.267-2.513) 0.001 

Squamous carcinoma AA 51 195 Ref   

 AG 119 326 1.356 (0.930-1.978) 0.114 

 GG 37 120 1.147 (0.705-1.867) 0.581 

Small cell carcinoma AA 20 195 Ref   

 AG 48 326 1.481 (0.847-2.591) 0.169 

 GG 46 120 2.228 (1.175-4.223) 0.014 

rs9293902       

Adenocarcinoma TT 122 187 Ref   

 CT 235 329 1.101 (0.826-1.469) 0.512 

 CC 136 125 1.744 (1.241-2.452) 0.001 

Squamous carcinoma TT 52 187 Ref   

 CT 114 329 1.223 (0.837-1.785) 0.298 

 CC 41 125 1.148 (0.715-1.845) 0.567 

Small cell carcinoma TT 20 187 Ref   

 CT 47 329 1.363 (0.777-2.389) 0.280 

 CC 27 125 2.171 (1.150-4.096) 0.017 

P adj is adjusted by age and gender. 

 

SNP Cases(%) Controls(%) P of HWE OR adj 95%CI adj P value adj 

rs4706511       

AA 205 195 0.43 Ref   

AG 428 326  1.255 (0.984-1.602) 0.068 

GG 200 120  1.585 (1.173-2.141) 0.003 

AG+GG 628 446  1.344 (1.066-1.693) 0.012 

A allele 838 716  Ref   

G allele 828 566  1.249 (1.079-1.447) 0.003 

rs9293902       

TT 204 187 0.36 Ref   

CT 420 329  1.172 (0.916-1.499) 0.207 

CC 209 125  1.529 (1.134-2.061) 0.005 

CT+CC 629 454  1.270 (1.006-1.603) 0.045 

T allele 828 703  Ref   

C allele 838 579  1.227 (1.060-1.421) 0.006 
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Gene-environmental analysis 

In table 4, stratified by smoking exposure, we found that both GG genotype carriers (adjusted 

OR=1.719, 95%CI=1.227-2.408, P=0.002) compared with AA genotype carriers and CC genotype 

carriers (adjusted OR=1.712, 95%CI=1.223-2.394, P=0.002) compared with TT genotype carriers 

were more pronounced in increasing risk of lung cancer in no-smoking exposure. However, no 

statistically significant relationships were suggested in smoking exposure ( P>0.05).  

Table 4. Genetic Polymorphisms in Relation to Risk of Lung cancer, Stratified by smoking Exposure 

P adj is adjusted by age and gender. 

4. DISCUSSION 

In the present study, we investigated the relationship between the genetic polymorphism (Kv7.5-

rs4706511 and Kv7.5-rs9293902) and lung cancer risk in a Northeast Chinese population. After 

adjusted by age and gender, the results suggested that both GG genotype of rs4706511 and CC 

genotype of rs9293902 were closely associated with an increased risk of lung cancer, especially 

adenocarcinoma and small cell carcinoma. Considering that smoking exposure is a major 

environmental confounding factor for developing lung cancer, we performed the study stratified by 

smoking exposure. As a result, we found, stratified by smoking exposure, the relationships were 

more pronounced in no-smoking populations. However, there were no statistically significant results 

in smoking populations. One of the reasons may be that the expected results could be obscured by 

smoking exposure factor. Furthermore, because the functional significance of kv7.5 is not clear and 

the molecular mechanism of the genetic locus remains elusive, additional larger studies are needed to 

certify our findings. 

To our knowledge, the molecular study of lung cancer becomes increasingly popular all over the 

world these years. Voltage-gated potassium (Kv) channels become increasingly important among the 

most diverse ion channel families as the development of patch clamp technology and the application 

of tumor cell membrane ion channels. In recent years, researchers have done their best to explore the 

potential role of Kv channels, however, the molecular mechanism and exact function remains 

indistinct. The latest probable explanation is that non-conducting mechanism contribute to 

proliferation rather than ion-flux mechanism[24]. Previous studies manifested for the first time that 

Kv1.3 and Kv1.5 are altered during smooth muscle carcinogenesis and showed that the increased 

expression of K1.3 and Kv1.5 prompt leiomyosarcoma aggressiveness[25]. Likewise, the result of 

previous study demonstrated that the specific knockdown of Kv9.3 decrease proliferation in human 

colon and lung carcinoma cells[26]. Moreover, many recent studies also indicated that the abnormal 

SNP Smoking Cases(%) Controls(%) OR (95%CI) adj P value adj 

rs4706511      

AA - 157 171 Ref  

AG - 331 292 1.288(0.977-1.697) 0.072 

GG - 164 107 1.719(1.227-2.408) 0.002 

AA + 46 24 Ref  

AG + 90 34 1.439(0.751-2.757) 0.273 

GG + 36 13 1.752(0.769-3.994) 0.182 

rs9293902      

TT - 155 164 Ref  

CT - 324 296 1.190(0.901-1.572) 0.221 

CC - 173 110 1.712(1.223-2.394) 0.002 

TT + 47 23 Ref  

CT + 90 33 1.443(0.747-2.789) 0.275 

CC + 35 15 1.389(0.622-3.105) 0.423 
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expression of potassium channel correlates with the occurrence, proliferation and invasion of cancer 

cells[27-29] . 

Recently, a study conducted by Bo Hyung Lee for the first time identified Kv7.5 in the CCL-183 

Canine Osteosarcoma Cell Line and also demonstrated its anti-proliferative effect by upregulate 

kv7.5[23]. Though the conclusion resulted from animal cell test, it provides significant biologically 

credible evidence to that kv7.5 is involved in the proliferation of cancer. Moreover, Bo Hyung Lee 

also revealed that Sp1 plays a important role in the regulation of Kv7.5 expression[23]. Similarly, we 

deemed the genetic variation in Kv7.5 as the alternative primary factor determining self expression. 

In the present study, we found that GG genotype increase the risk of lung cancer in rs4706511 

compared with AA genotype and CC genotype indicates more risk of lung cancer in rs9293902 in 

comparison with TT genotype. Though the exact molecular mechanism of Kv7.5 is still unclear, the 

results of the study provided clue for further study of Kv7.5.  

Up till now, it is the first time to conduct molecular epidemiological study among the entire 

population to evaluate the correlation between Kv7.5 gene polymorphisms and lung cancer risk. The 

superiority of this study is its accuracy of data collections, as all the information were collected by 

well-trained interviewers, and all the cases were confirmed by professional pathologists. And the 

newly-diagnosed patients were selected as the cases, which could effectively avoid the Neyman bias. 

However, some limitations may exist in the present study. There are some environmental factors that, 

such as passive smoking, may not be considered. 

In recent years, the Kv7 family is a newly emerging research focus on molecular epidemiology and 

as Kv7.5 has become the latest family member to be investigated, further studies are required to 

analyze relationships between alternative diverse genetic locus and susceptibility of lung cancer and 

evaluate its roles in development, proliferation and metastasis of lung cancer.  

In conclusion, our study revealed that polymorphisms in KCNQ5 (rs4736511 and rs9293902) may 

increase the risk of lung cancer in a northeast Chinese population. 
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