
97

Cellular and Molecular Biology
E-ISSN : 1165-158X / P-ISSN : 0145-5680

www.cellmolbiol.org 
Original Research
Effect of HOTAIR rs12826786 and rs1899663 polymorphisms on lung cancer susceptibility 
and clinicopathological characteristics in a turkish population: a hospital-based case-

control study

Erdoğan Dadaş1*, Muhsin Aydın2

1 Department of Thoracic Surgery, Faculty of Medicine, Adiyaman University, Adiyaman, Turkey
2 Department of Biology, Faculty of Science and Letters, Adiyaman University, Adiyaman, Turkey

Correspondence to: erdogandadas@yahoo.com

Received April 3, 2018; Accepted May 29, 2018; Published May 30, 2018

Doi: http://dx.doi.org/10.14715/cmb/2018.64.7.17

Copyright: © 2018 by the C.M.B. Association. All rights reserved.

Abstract: Overexpression of Hox transcript antisense intergenic RNA (HOTAIR), a long non-coding RNA (lncRNA), is associated with tumorigenesis and mul-
tiple cancer types including lung cancer. In this study, the association between two HOTAIR single nucleotide polymorphisms (SNPs) (rs12826786 and rs1899663) 
on the risk and clinical characteristics of lung cancer in a Turkish population was investigated. We genotyped HOTAIR rs12826786 and rs1899663 polymorphisms 
in 180 Turkish people including 87 lung cancer patients (71 males and 16 females) and 93 age-matched healthy controls (67 males and 26 females) by a TaqMan 
real-time polymerase chain reaction method. The mean age value of the lung cancer patients and control subjects were 59.27 ± 10.55 and 61.77 ± 12.00, respec-
tively. We found that none of the two HOTAIR polymorphisms (rs12826786 T>C, rs1899663A>C) has any significant association with the increased risk of lung 
cancer in any type of inheritance genetic models. However, our research indicated that carriers of Trs12826786/Crs1899663 (ht3) (P = 0.03) had an increased risk 
of lung cancer susceptibility.
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Introduction

Lung cancer (LC) is among the most common cancer 
types and its rate of morbidity and mortality (resulting 
in more than 1.3 million deaths per year) continue to 
increase worldwide (1,2). In developing countries in-
cluding Turkey, the morbidity and mortality rates of LC 
keep at high numbers due to increase of environmen-
tal pollution particularly air pollution, which is caused 
mainly by the industrial development (3). Metastasis in 
LC is a very complicated process. As described by Pop-
per, these processes could be divided as angiogenesis, 
hypoxia, circulation, and establishment of a metastatic 
focus and several of these processes may overlap and 
occur simultaneously (4). Mostly, tumors are discov-
ered as locally advanced or metastatic disease. Clinical 
and experimental oncology (use of chemotherapy and 
targeted molecular therapy) have been made a huge 
progress in recent years, but the prognosis of lung can-
cer patients is still unsatisfactory or somewhat insuffi-
cient since the average 5-year survival rate for LC that 
includes adenocarcinoma is about 15% (5-7). Perhaps, 
the main reason of insufficient therapeutic efficacy is 
late stage diagnosis and rapid progress of LC. There-
fore, scientists have been driven to identify develop-
ment mechanism of LC and discover new therapeutic 
targets and agents including biomarkers.

Noncoding RNAs (ncRNAs), small (< 200 kb) and 
long (> 200 kb), have been recently shown to be involved 
in both tumor suppressive and oncogenic pathways (8-
11). Long non-coding RNAs (lncRNAs) could be con-

sidered among biomarkers as they serve as molecular 
signals (12). They are involved in a wide variety of bio-
logical functions including facilitating or inhibiting the 
development and progression of tumors in LC (7). Hox 
transcript antisense intergenic RNA (HOTAIR, a human 
gene located on chromosome 12) is a type of lncRNA 
is expressed from the homebox C gene (HOXC) locus 
(13). HOTAIR is the very first example of an RNA ex-
pressed on one chromosome that has been discovered 
to stimulate transcription on another chromosome (14). 
There is growing evidence that show the overexpres-
sion of HOTAIR gene is highly associated with tumor 
cell proliferation, cell cycle, apoptosis regulation, tumor 
invasion, and progress and metastasis of various tumors 
and multiple cancer types including LC (13).

Hence, identification of the genes and single nucleo-
tide polymorphisms (SNPs) within these genes is very 
important in order to determine increased genetic sus-
ceptibility of LC related to gene variants. The main aim 
of the current study was to investigate whether HOTAIR 
rs12826786 T>C and rs1899663 A>C polymorphisms 
could contribute to any role on susceptibility to LC in 
Turkish population. To best of our knowledge, there is 
no study have been conducted in determining the role 
of HOTAIR rs12826786 T>C and rs1899663 A>C poly-
morphisms in LC susceptibility in Turkey.

Materials and Methods

Ethics statement
The ethical approval was obtained from Hu-
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man Ethics Committee (approval date and number: 
21.05.2015/07) of Medical Faculty of Fırat University, 
Elazığ, Turkey. All the participants ensured their written 
informed consent to be included in the study concerning 
the use of their blood specimens for the current study. 
The study continued in agreement with the statement 
on the Declaration of Helsinki confirmed by the World 
Medical Association meeting in Edinburgh.

Study population
This hospital-based case–control study comprised a 

total of 180 men and women subjects including 87 (71 
males 16 females) LC cases and 93 (67 males 26 fe-
males) healthy controls. Clinicopathological character-
istics of all subjects are presented in Table 1. Informed 
consent about the study was taken from all the partici-
pants. All participants were over 18 years old and genet-
ically unrelated Turkish people. The mean age value of 
the LC patients and healthy controls were 59.27±10.55 
and 61.77±12.00, respectively. Healthy controls fre-
quency was matched to LC cases on age and recruited 
from volunteers who came to the hospital for their rou-
tine check-ups. Controls were selected from people who 
have no evidence of any personal history of cancer or 
other malignant conditions. All LC cases were newly 
diagnosed, clinically and histologically confirmed with 
primary LC and were gathered from the Department of 
Thoracic Surgery between June 2015 and January 2018 
from Adiyaman University Research and Education 
Hospital.Staging of LC was carried out according to  
the seventh edition of the International Association for 
the Study of Lung Cancer (IASLC) tumor–node–me-
tastasis (TNM) staging system (15). All blood samples 
were taken from each patient before receiving any blood 
transfusion.

All clinical and pathological data of patients are tak-
en as follows. Clinicopathological variables of LC pa-
tients including age, gender, smoking status, histologic 
type of cancer, and TNM stage were collected from the 

patients’ medical records with the help of the surgeon.

Genotyping 
Genotyping of HOTAIR rs12826786 T>C and 

rs1899663 A>C polymorphisms was performed by 
TaqMan allelic discrimination assay (TaqMan® 
SNP Genotyping Assay ID numbers for rs12826786: 
C__31185830_10 and for rs1899663: C___2104251_20) 
in accordance with protocols defined by the manufactur-
ers (Applied Biosystems, Foster City, CA, USA). Taq-
Man real-time PCR reactions were performed with the 
LightCycler 96 instrument (Roche Diagnostics GmbH, 
Mannheim, Germany). The genotyping results were 
defined with endpoint genotyping analysis by LightCy-
cler Genotyping software (Roche Diagnostics GmbH, 
Mannheim, Germany). Genotyping was carried out 
without knowledge of the case or control status. To en-
sure quality control of the study, a 10 % random sample 
of cases and controls was reciprocally tested by differ-
ent researchers. The results of different researchers were 
found to be 100 % concordant, and all 87 LC patients 
and 93 healthy controls were finally included for subse-
quent statistical analyses.

Statistical analysis
Calculation of effective sample sizes for case–con-

trol study and to obtain 80 % power was done by Quan-
to (version 1.1) software (http://hydra.usc.edu/gxe) us-
ing minor allele frequency data from HapMap (http://
hapmap.ncbi.nlm.nih.gov/) (16). Data analysis was per-
formed using the computer software Statistical Package 
for Social Sciences (SPSS; SPSS, Inc., Chicago, IL, 
USA) version 16.0. Descriptive statistics of LC patients 
and controls in this study were presented as the mean 
± SD for continuous variables, while frequencies (%) 
were used for categorical variables. Comparisons in the 
distributions of demographical characteristics between 
the patients with LC and healthy controls were evaluat-
ed using the Student’s t test and Chi square (χ2) test. The 

Characteristic Non-small cell lung cancer 
(n = 87) Controls (n = 93) P

Age (year, mean ± SD) 59.27 ± 10.55 61.77 ± 12.00 0.14
Gender 0.13

Males 71 (81.6 %) 67 (72.0 %)
Females 16 (18.4 %) 26 (28.0 %)

Smoking status 0.07
Smokers 61 (70.1 %) 53 (57.0 %)
Non-smokers 26 (29.9 %) 40 (43.0 %)

Histologic type of cancer
Epidermoid carcinoma
Adenocarcinoma
Giant cell carcinoma
Carcinoid tumor

46 (52.9 %)
37 (42.5 %)
2 (2.3 %)
2 (2.3 %)

TNM stage of LC
IA
IB
IIA
IIB
IIIA
V

13 (14.9 %) 
8 (9.2 %)

20 (23.0 %)
16 (18.4 %)
19 (21.8 %)
11 (12.6 %)

Table 1. Clinical characteristics of non-small cell lung cancer cases and control subjects enrolled in current study.
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and 87 LC patients) were genotyped in order to de-
termine any possible association between LC and the 
genotypes of HOTAIR rs12826786 T>C and rs1899663 
A>C polymorphisms. These polymorphisms were de-
tected in the groups of LC cases and healthy control 
subjects as presented in Table 2. The distribution of 
HOTAIR polymorphisms genotypes in the healthy con-
trol groups were in accordance with Hardy-Weinberg 
expectation (P > 0.05 for both rs12826786 T>C and 
rs1899663A>C). In this study, the T allele of HOTAIR 
rs12826786 polymorphism was not associated with 
LC risk when compared with the C allele of HOTAIR 
rs12826786 (OR = 0.94, 95% CI 0.62-1.44, P = 0.87). 
Similarly, there was no statistical difference in codomi-
nant, dominant, and recessive genetic recessive mod-
els for HOTAIR rs12826786 polymorphism in terms 
of susceptibility to LC (Table 2). The A allele of HO-
TAIR rs1899663 polymorphism was not associated with 
LC risk when compared with the C allele of HOTAIR 
rs1899663 (OR = 1.02, 95% CI 0.66-1.58, P = 0.92). 

observed genotype frequencies were compared with ex-
pected values calculated from Hardy–Weinberg equilib-
rium theory by using a χ2 test with degree of freedom 
equal to 1 in the control subjects (http://www.oege.org/
software/hwe-mr-calc.shtml) (17). Statistical analysis 
of genotypes was analyzed using the website for SNP 
Statistics: http://bioinfo.iconcologia.net/snpstats/start.
htm (18). Logistic regression analysis was used to ana-
lyze the association of genotypes in inheritance models 
(codominant, dominant, recessive, overdominant, and 
log-additive) in the case and control groups. Results are 
expressed as odds ratios with 95 % confidence interval 
(CI). All tests were two-sided and any P value < 0.05 
was considered as significant.

Results

Influence of HOTAIR rs12826786 T>C and 
rs1899663A>C polymorphisms

A total of 180 Turkish subjects (93 healthy controls 

Controls n = 93 (%) Non-small cell lung cancer n = 87 (%) OR (95% CI) P-valuea AICb BICc

rs12826786
Allele

C 117 (62.9 %) 107 (61.5 %) 1.00 (Reference)
T 69 (37.1 %) 67 (38.5 %) 0.94 (0.62-1.44) 0.87

Codominant
CC 38 (40.9 %) 33 (37.9 %) 1.00 (Reference) 255.1 264.7
CT 41 (44.1 %) 41 (47.2 %) 1.15 (0.61-2.18) 0.66
TT 14 (15.0 %) 13 (14.9 %) 1.07 (0.44-2.60) 0.88

Dominant
CC 38 (40.9 %) 33 (37.9 %) 1.00 ( Reference) 253.2 259.6

CT+TT 55 (59.1 %) 54 (62.1 %) 1.13 (0.62-2.06) 0.69
Recessive

CC+CT 79 (85 %) 74 (85.1 %) 1.00 ( Reference) 253.3 259.7
TT 14 (15.0 %) 13 (14.9 %) 0.99 (0.44-2.25) 0.98

Overdominant
CC+TT 52 (55.9 %) 46 (52.9 %) 1.00 (Reference) 253.2 259.6

TT 41 (44.1 %) 41 (47.1 %) 1.13 (0.63-2.03) 0.68
Log-additive -- -- 1.06 (0.70-1.61) 0.79 253.3 259.6
rs1899663
Allele

C 122 (65.6 %) 115 (66.1 %) 1.00 ( Reference)
A 64 (34.4 %) 59 (33.9 %) 1.02 (0.66-1.58) 0.92

Codominant  
CC 41 (44.1 %) 39 (44.8 %) 1.00 ( Reference) 255.3 264.9
CA 40 (43.0 %) 37 (42.5 %) 0.97 (0.52-1.82) 0.93
AA 12 (12.9 %) 11 (12.6 %) 0.96 (0.38-2.44) 0.94

Dominant
CC 41 (44.1 %) 39 (44.8 %) 1.00 ( Reference) 253.3 259.7

CA+AA 52 (55.9 %) 48 (55.2 %) 0.97 (0.54-1.75) 0.92
Recessive

CC+CA 81 (87.1 %) 76 (87.4 %) 1.00 ( Reference) 253.3 259.7
AA 12 (12.9 %) 11 (12.6 %) 0.98 (0.41-2.35) 0.96

Overdominant
CC+AA 53 (57.0 %) 50 (57.5 %) 1.00 (Reference) 253.3 259.7

CA 40 (43.0 %) 37 (42.5 %) 0.98 (0.54-1.77) 0.95
Log-additive -- -- 0.98 (0.64-1.50) 0.92 253.3 259.7

Table 2. Allele and genotype frequencies in the non-small cell lung cancer cases and the healthy control groups as well as association of HOTAIR 
rs12826786 C>T and rs1899663 C>A polymorphisms with the risk of non-small cell lung cancer susceptibility according to different models of 
inheritance

aData were calculated by logistic regression analysis. bAIC: Akaike’s information criterion. cBIC: Bayesian information criterion.
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Additionally, the codominant, dominant, and recessive 
genetic recessive models of this polymorphism did not 
present any significance to be associated with LC risk. 
According to the results presented in Table 2, none of 
the of HOTAIR rs12826786 T>C and rs1899663 A>C 
polymorphisms showed statistical significance that can 
be related to LC in all of the genetic inheritance models.

Haplotype analysis
The total effect of the two HOTAIR polymorphisms 

(rs12826786 C>T and rs1899663 C>A) on the LC de-
velopment was evaluated by haplotype analysis. Results 
of haplotype analysis are shown in Table 3. In total, 
three haplotypes were derived from the observed geno-
types. The overall frequencies of haplotypes between 
LC patients and controls was statistically significant 
(P = 0.0016). Crs12826786/Crs1899663 (ht1) was the 
most common haplotype in LC cases and controls with 
frequencies of 0.6290 and 0.5774, respectively. Carri-
ers of Trs12826786/Crs1899663 (ht3) had an increased 
risk of LC susceptibility (P = 0.03) while carriers of 
Trs12826786/Ars1899663 (ht2) do not seem to have 
any statistical significance (P = 0.47) of increased LC 
susceptibility risk.

Discussion

It has been known that Hox gene cluster is highly 
expressed in multiple tumors and lncRNAs, which are 
expressed from this gene, are considered as an emerging 
novel class of non-coding RNAs linked to the devel-
opment of many diseases and cancers (19). There have 
been an increasing effort in order to determine the re-
lationship between HOTAIR polymorphisms, lncRNAs, 
and the risk of human cancer. Many studies have been 
done on determining the effects of HOTAIR SNPs on 
various cancer types (such as pancreas (20), liver (21), 
gastric cancer (22-24), esophageal cancers (25,26), 
breast (27,28), colon (29), lung (30,31), laryngeal (32), 
nasopharyngeal [33]) in different populations. Since 
these studies represent confounding results that disagree 
with each other the interpretations of the phenotypic 
effects of these polymorphisms can be confusing and 
complicated (13).

According to a review and meta-analysis study, 
which was carried out by Min et al. (34), and our lit-
erature search seven HOTAIR polymorphisms were an-
alyzed (rs7958904, rs4759314, rs874945, rs12826786, 
rs1899663, rs10783618 and rs920778) in over 30 en-
rolled case–control studies, while ten cancer types were 
reported. Among these studies, only four were about 
Turkish population and none of them was about LC 
(22,26,35,36). To the best of our knowledge, the current 
study is the first study that investigates a link between 
the HOTAIR rs12826786 T>C and rs1899663 A>C 

polymorphisms are contributing to any role on suscepti-
bility to LC in Turkish population.

A study, which was performed on a northern Chi-
nese population, by Guo et al. (37) reported that HO-
TAIR rs4759314 A > G and rs10783618 C > T polymor-
phisms did not have any effect on developing gastric 
cancer risk while the T allele of HOTAIR rs12826786 
polymorphism increased it. And this SNP was associ-
ated with smoking habit and TNM stage. This result is 
in disagreement with the current study’s result that sug-
gests to no relationship between HOTAIR rs12826786 
C>T polymorphism and susceptibility to LC. The con-
troversy between these two studies could have also been 
generated due the studied different cancer types.

Ülger et al. (35) reported that there was a lack of 
any association between lncRNA HOTAIR rs12826786 
C>T polymorphism and gastric cancer susceptibility 
in a Turkish population. Similarly, other two studies 
have suggested that HOTAIR rs920778 polymorphism 
did not contribute to any susceptibility in both gastric 
cancer and breast cancer in a Turkish population (26). 
Likewise, the results of this study suggested that neither 
HOTAIR rs12826786 C>T nor rs1899663 C>A poly-
morphisms was associated with the risk of lung cancer 
susceptibility. 

Nagakawa et al. (30) concluded that enhanced HO-
TAIR expression in non-small cell lung cancer had been 
associated with advanced stage and short disease-free 
survival. Authors also stated that forced expression 
of this gene induced cell migration and anchorage-
independent-cell growth in vitro, indicating that the 
evaluation of HOTAIR in non-small cell lung cancer 
samples could be a useful tool to predict the biologi-
cal behavior of tumors, and potentially a therapeutic 
target in advanced non-small cell lung cancer. Gong et 
al. (12) studied eleven well-characterized lung cancer 
lncRNA polymorphisms with lung cancer susceptibility 
and platinum-based chemotherapy response. Authors 
found that some of the eleven lncRNA polymorphisms 
including HOTAIR rs7958904 and rs1899663 were sig-
nificantly associated with lung cancer susceptibility or 
platinum-based chemotherapy response. The research-
ers concluded that the studied SNPs may be potential 
clinical markers to predict the risk of the development 
of lung cancer. Li et al. explored the possible relation-
ships between HOTAIR polymorphisms rs920778, 
rs7958904, rs12826786, rs874945, and rs1899663 and 
cancer risk (39). The researchers identified that the 
rs12826786 polymorphism significantly increased sus-
ceptibility to cancer risk in all genetic models rather 
than heterozygous models. Our study disagrees with 
this results since we did not find any association be-
tween HOTAIR rs12826786 and LC risk. In addition, Li 
et al. (39) found no significant association between the 
rs1899663, rs874945, and rs4759314 polymorphisms 

Haplotypes
Frequency

Healthy controls Non-small lung cancer 
subjects OR (95 % CI) P-value

rs12826786 rs1899663
ht1 C C 0.6290 0.5774 1.00 (Reference) --
ht2 T A 0.3441 0.3015 0.84 (0.53 - 1.34) 0.47
ht3 T C 0.0269 0.0835 3.22 (1.12 - 9.22) 0.03

Global haplotype association P-value:  0.0016.

Table 3. Association of HOTAIR haplotypes with the risk of non-small cell lung cancer.
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and susceptibility of cancer. However, the current study 
results agrees with Li et al. study in a way that is HO-
TAIR rs1899663 did not have any association with the 
development of LC risk (39). 

In the current study, although allele and genotype 
frequencies in the non-small cell lung cancer cases and 
the healthy control groups did not contribute to any as-
sociation of HOTAIR rs12826786 C>T and rs1899663 
C>A polymorphisms with the risk of non-small cell 
lung cancer susceptibility (according to Table 2), the 
HOTAIR haplotype analysis suggested that there might 
be an association between haplotype ht3 and the risk 
of non-small cell lung cancer (P = 0.03) (according to 
Table 3). This result must be confirmed with further in-
vestigations in order to present convincing results.

There might be several possible limitations of the 
present case-control study and these should be taken 
into consideration. First, because it was a hospital-based 
case–control study and a large majority of LC cases and 
healthy controls were from the same hospital, inherent 
choice bias might be present. Therefore, it is crucial to 
verify the results of present study in population-based 
prospective study in the future. Secondly, the statistical 
strength of this study may be limited due to the sample 
size, particularly for statistical analyses of subgroups. 
In order to obtain more confidential results, prospective 
case-control studies with larger sample sizes should be 
performed to verify the association between HOTAIR 
rs12826786 and rs1899663 polymorphisms and LC risk. 
Thirdly, this hospital-based case-control study is also 
restricted by the Turkish ethnicity and local population 
because discrepancies in allele frequency have been as-
certained for HOTAIR rs12826786 and rs1899663 poly-
morphisms in the different populations. Further studies 
on different populations of the same ethnicity and dif-
ferent ethnicities are needed to obtain convincing results 
in order to better evaluate the association between HO-
TAIR rs12826786 and rs1899663 polymorphisms and 
LC risk.

In conclusion, our findings suggest that the HOTAIR 
rs12826786 and rs1899663 polymorphisms have not 
played any major role in genetic susceptibility to non-
small cell lung cancer susceptibility within the Turkish 
population. Further well designed independent studies 
are required to validate our findings in a larger series 
and samples sizes, as well as in patients of different eth-
nic origins to better understand HOTAIR rs12826786 
and rs1899663 polymorphisms and susceptibility to LC.
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