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A single nucleotide polymorphism in the
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ABSTRACT. Lung cancer is a complex polygenic disease and many
genetic factors are involved in the development of the disease. As one
of the most important and widely studied families of microRNA, let-
7 appears to play an important role in initiation and progression of
lung cancer. Any small changes in miRNA level or its target point can
cause significant changes in gene function. In this study, we examined
whether a single-nucleotide polymorphism in the promoter region of
the let-7 family (rs10877887) is associated with the susceptibility to
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and prognosis of lung adenocarcinoma cancer. A hospital-based case-
control research model was used in our study. The single-nucleotide
polymorphism was genotyped in 69 lung cancer patients and 75 healthy
controls by direct sequencing. The correlation between rs10877887
genotypes and the susceptibility to lung cancer was evaluated using an
unconditional logistic regression model. Populations with the CT+CC
genotype had a significantly increased AC risk compared to those with
the TT genotype (CT+CC vs TT: P = 0.043, OR = 2.032, 95%CI =
1.018-4.054). Furthermore, the risk effect was greater in subgroups
of females over 60 years old (CT+CC vs TT: OR = 6.857, 95%CI =
1.425-33.008, P = 0.012), and the C allele were confirmed to be a risk
factor related to lung cancer in these females (P = 0.012). The single-
nucleotide polymorphism rs10877887 in the promoter region of the
let-7 family was found to be responsible for the susceptibility to lung
adenocarcinoma cancer in Chinese individuals. This association was
significantly stronger in females who were more than 60 years old.

Key words: Lung cancer; let-7; Single nucleotide polymorphism;
Susceptibility

INTRODUCTION

Lung cancer is one of the most common malignant tumors worldwide and the morbid-
ity and mortality continue to increase (Siegel et al., 2013). Because of the lack of effective
methods for early diagnosis and treatment methods, the prognosis of lung cancer patients is
typically very poor. The 5-year survival rate for non-small cell lung carcinoma (NSCLC) is
only 17% (Chen et al., 2014). Lung cancer is a complex polygenetic disease that is often the
comprehensive result of environmental influences and genetics (Shields, 2002). Additionally,
lung cancer exhibits familial aggregation, indicating that hereditary susceptibility plays an
important role in tumor occurrence and development.

MicroRNAs (miRNAs) are a class of endogenous, small (approximately 22 nt), non-
coding, single-stranded RNAs that negatively regulate gene expression and function at the
post-transcription level. An increasing number of studies have shown that miRNAs are in-
volved in various developmental and physiological processes. Thousands of human genes or
protein coding genes are microRNA targets (Xie et al., 2005; Lim et al., 2005; Lewis et al.,
2005). let-7 was the first miRNA identified in humans; the hsa-let-7 family contains 13 mem-
bers, including let-7a-1/2/3, let-7b, let-7c, let-7d, let-7e, let-7f-1/2, let-7g, let-71, mir-98, and
mir-202 (Boyerinas et al., 2010). Furthermore, most of the family members were found to be
downregulated in lung cancer and have been shown to act as either oncogenes or tumor sup-
pressors involved in oncogenesis (Brueckner et al., 2007; Kumar et al., 2008; Raponi et al.,
2009; Yang et al., 2010; Zhong et al., 2012; Zhan et al., 2013).

Single-nucleotide polymorphisms (SNPs) are important for increasing the diversity
among individuals and influences phenotypes, traits, and diseases (Shastry, 2009). miRNA-
related SNPs (miR-SNPs), particularly SNPs in miRNA genes and target sites, may influ-
ence miRNA expression and function, thus affecting phenotypes, cancer susceptibility, clini-
copathological characteristics, therapeutic effects, or even patient survival time. Although a
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number of polymorphisms in let-7 binding sites have been reported to be involved in tumors,
few studies have addressed the SNPs in the let-7 sequence, except for rs10877887, which is
located in the promoter region of let-7i, and has been shown to be related to hepatocellular
carcinoma (Xie et al., 2013). In this study, we examined SNP rs10877887 to determine its link
with lung cancer.

MATERIAL AND METHODS
Study subjects

The case group consisted of 69 cancer patients that were randomly selected from
the Second Affiliate Hospital of Soochow University between 2006 and 2009. All patients
were pathologically diagnosed with lung adenocarcinoma after operation. The control group
included 75 healthy subjects from the same hospital who had undergone physical examina-
tion during the same period. Furthermore, the control group was gender- and age-matched
and had no blood relationships with any other subjects (Table 1). Samples were obtained after
receiving consent from the participants or their family members. The genome refers to all ge-
netic information regarding cells or viruses, and all cells in humans contain the same genetic
information. Because lung tissue could not be obtained from healthy controls, we analyzed
peripheral vein blood in these subjects.

DNA extraction and genotyping

Commercial kits, including the Wizard Genomic DNA Purification Kit (Promega,
Madison, WI, USA) and the Formalin Fixation and Paraffin Embedded Tissue DNA Extrac-
tion Kit (Sangon Biotech, Shanghai, China), were used to extract genomic DNA from tu-
mor tissues and peripheral blood, respectively (Lu et al., 2013). The primers for rs10877887
were synthesized by Sangon Biotech according to the sequences in the literature (Huang et
al., 2011) and had the following sequences: forward primer: 5-TGGTGTCTGACT GCGC
TTT-3"; reverse primer: 5'-CCGAGAGCTACGGGGATGA-3'. To amplify the DNA fragment,
the following conditions were used: 95°C for 5 min for initial denaturation, 40 cycles at 95°C for
30 s, 60°C for 30 s, and 72°C for 30 s, followed by 72°C for 5 min for extension. The amplified
products of r1s10877887 were subjected to direct DNA sequencing (BioSune, Shanghai, China).

Statistical analysis

Statistical analysis was performed using SAS version 17.0 (SAS Institute, Cary, NC,
USA). All statistical tests were 2-sided, and differences were considered to be statistically
significant when P < 0.05. Hardy-Weinberg equilibrium was analyzed using a goodness-of-fit
¥ test. To compare baseline characteristics, SNP genotypes, and allele frequency distributions
in patients and healthy controls, we used the #-test for continuous variables and y? test for cat-
egorical data. Furthermore, odds ratios (ORs) and 95% confidence intervals (95%CI) from a
non-conditional logistic regression model, which had been adjusted by age and gender, were
also used to estimate the association between rs10877887 genotypes and susceptibility to lung
adenocarcinoma cancer.
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RESULTS
Characteristics of cases and controls

There were 144 Han Chinese (69 patients and 75 controls) included in this study. Their
basic characteristics are shown in Table 1. The case and control groups were age- (P =0.595)
and sex-matched (P = 0.430). Among the 69 lung cancer patients, 37 (53.6%) had lymphatic
metastasis, 10 (14.5%) had high differentiation, 40 (58.0%) had moderate differentiation, and
19 (27.5%) had low differentiation. The proportion of TNM stage from I to IV was 37.7, 44.9,
14.5, and 2.9%, respectively. Further analyses demonstrated that lymph node metastasis and
TNM stage affected patients’ prognosis, and patients with lymphatic metastasis or those in an
advanced TNM stage showed poorer prognosis (data not shown).

Table 1. Basic characteristics of study objects.

Variable Patients (N = 69) Controls (N = 75) P value
No. (%) No. (%)
Mean age (yeas) 61.60 + 8.89 61.28 £ 8.08 0.595%
(mean + SD)
Gender 0.430%*
Male 44 (63.8) 43 (57.33)
Female 25(36.2) 32 (42.67)
Age (years) 0.776%*
<60 26 (37.7) 30 (40.0)
>60 43 (62.3) 45 (60.0)
Differentiation
High 10 (14.5)
Moderate 40 (58.0)
Low 19 (27.5)
TNM stage
I 26 (37.7)
I 31 (44.9)
I 10 (14.5)
v 2(2.9)
Lymphatic metastasis
Yes 37 (53.6)
No 32 (46.4)

*{-test; **two-sided y? test

Genotyping and association analysis

Genotyping of SNP rs10877887 was successful in all study subjects by direct se-
quencing. The distribution of genotypes in patients and controls conformed to Hardy-Wein-
berg equilibrium (P = 0.112 and 0.552, respectively), and thus could be further analyzed.

As shown in Table 2, the frequency of the TT homozygote and CT+CC genotype
were 28.99 and 71.01% in the patient group, while these values were 45.33 and 64.67% in
the control group. After adjusting for age and gender by logistic regression analysis, we found
significant differences in susceptibility to lung cancer by genotype (CT+CC vs TT: P =0.043,
OR =2.032, 95%CI = 1.018-4.054).
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Table 2. Genotype distribution in cases and controls.

Genotypes Cases (N = 69) Controls (N = 75) Odds ratio (95%CI) P value
N (%) N (%)
Genotypes
TT 20 (28.99) 34 (45.33) 1 (reference)
CT+CC 49 (71.01) 41 (64.67) 2.032 (1.018-4.054) 0.043

Bold values are considered to be statistically significant.

Furthermore, when stratification analysis was carried out based on age and gender,
similar results were obtained: the CT+CC genotype significantly increased the risk of lung
cancer (CT+CC vs TT: OR = 6.857, 95%CI = 1.425-33.008, P=0.012). The C allele may be a
risk factor for lung adenocarcinoma cancer in females over 60 years of age (Table 3). No sig-
nificant difference was observed in other subgroups, both in genotype distribution and overall
survival of AC patients (data not shown).

Table 3. Genotype distribution in females over 60 years old.

Variables Cases (N = 15) Controls (N =19) Odds ratio (95%CTI) P value
N (%) N (%)

Genotypes

TT 3 (20.00) 12 (63.16) 1 (reference)

CT+CC 12 (80.00) 7 (36.84) 6.857 (1.425-33.008) 0.012
Alleles

T 16 (53.33) 31 (81.58) 1 (reference)

C 14 (46.67) 7(18.42) 3.875 (1.303-11.520) 0.012

Bold values are considered to be statistically significant.
DISCUSSION

Lung cancer is a complex polygenic disease. In addition to external environmental
factors, numerous genetic factors such as changes in protein coding genes or non-coding genes
can affect lung cancer development. miRNAs, a family of small noncoding RNAs, which are
often reported to be up- or downregulated in lung cancer, appear to play a role in tumorigen-
esis. Moreover, many miRNAs are located in tumor-associated fragile sites, and any small
changes in miRNA level or its target point can cause significant changes in cells. Although
the mechanisms of the effect of miRNA on cancer are largely unknown, SNPs have been con-
firmed to be important. Some SNPs in pre-microRNAs, flanking regions, or target sites were
shown to affect some physiological processes or were related to diseases.

Numerous miR-SNPs have been found to be closely associated with lung cancer. For
example, rs11077, an SNP in the miRNA processing machinery genes of XPO-5, is involved
in the chemotherapy response and survival of advanced NSCLC patients. Individuals carry-
ing the AC genotype were generally more sensitive to chemotherapy and had longer survival
times (Ding et al., 2013). The rs11077 AA genotype may be related to a higher recurrence
rate in postsurgical NSCLC patients (Campayo et al., 2011). Among SNPs in pre-miRNAs,
studies have reported that the variant homozygote CC of miR-196a2 rs11614913 was an im-
portant genotype that was significantly related to an increased risk and poorer survival of lung
cancer (Hu et al., 2008; Tian et al., 2009). Similarly, Xu et al. (2013b) found that the G allele
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of rs895819 in pre-miR-27a was associated with shortened survival time of NSCLC patients.
Additionally, the AG/GG genotype exhibited a lower response rate to chemotherapy than the
AA genotype (Xu et al., 2013D). In addition to these SNPs, polymorphisms in the binding site
of miRNA also play an important role in lung cancer occurrence and survival. r1s16917496 in
SETS 3'-untranslated region (UTR), a binding site of miR-502, was related to cancer survival.
The CC genotype was associated with longer survival time and a decreased risk of death in
NSCLC patients (Xu et al., 2013a). Similarly, the CC+CT genotype was closely associated
with longer survival of SCLC patients (Ding et al., 2012). SNP rs2239680 in the miR-335
binding site of the oncogene BIRCS may alter the susceptibility to lung cancer. C allele car-
riers were found to be predisposed to lung cancer and advanced pathologic stage (Zu et al.,
2013).

let-7 is one of the most widely studied miRNAs and functions in many biological
processes. Previous studies have reported that let-7 is downregulated in lung tumor tissues.
Furthermore, lower expression is associated with a worse prognosis (Takamizawa et al., 2004;
Yanaihara et al., 2006). Although the let-7 family has been widely examined, most previous
studies have focused exclusively on the biological function and pathogenic role of let-7 itself,
with few studies examining its gene polymorphisms.

To date, a number of studies have demonstrated that SNPs in let-7 binding sites are
associated with carcinogenesis and survival. In an examination of the SNP in the 3'UTR of the
KRAS gene located in the binding site of miRNA let-7, Chin et al. (2008) found that the variant
allele at the LCS6 site led to increased KRAS expression and lower let-7 levels in lung tumor
tissues compared to in adjacent tissues. Additionally, this variant was significantly associated
with an increased risk for NSCLC among moderate smokers. Smits et al. (2011) demonstrated
that this polymorphism may be a prognostic marker for colorectal cancer. Patients carrying the
G allele live longer than those with the T allele. Researchers found that such functional SNPs
are closely related to breast cancer risk (Paranjape et al., 2011), epithelial ovarian cancer risk
(Pharoah et al., 2011), and prognosis of oral cancer (Christensen et al., 2009), among others.

In contrast to SNPs in 3'UTRs, few studies have examined the effect of SNPs in let-7
sequences. Two SNPs have been identified in the promoter region of let-7. Huang et al. (2011)
found that both rs13293512 of cluster let-7a-1/7f-1/7d and rs10877887 of let-71 were unrelated
to hepatocellular carcinoma susceptibility in a Chinese population. However, Xie et al. (2013)
evaluated the associations between these 2 SNPs and survival of hepatocellular carcinoma pa-
tients and found that the C allele of rs10877887 was significantly related to shorter survival.
Inconsistent with the above results, we found in this study that rs10877887 was related to the
susceptibility of lung adenocarcinoma cancer but not to prognosis. Patients carrying the CC+CT
genotype were more likely to develop lung cancer than those carrying the TT genotype (OR =
2.032, 95%CI = 1.018-4.054, P = 0.043). Moreover, the predictive effect became more promi-
nent in females greater than 60 years of age (P = 0.012, OR = 6.857, 95%CI = 1.425-33.008),
and the C allele may be a risk factor for AC in this subgroup (P =0.012).

This is the first study of polymorphisms in the promoter region of let-7 in lung cancer.
However, there were some time and geographical limitations to our study. First, all subjects
were selected from a single institution and the sample size was relatively small. Because selec-
tion bias may exist and the representativeness of samples may have been relatively weak, we
can only draw preliminary conclusions. Second, the distributions of the rs10877887 genotype
may be very different between tumors, so the results obtained in our study may not agree
with those of previous reports. Additional studies should examine the relationships between
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rs10877887 and other pathological types of lung cancer or tumors. Third, only Chinese sub-
jects were included in the study. Because allele sequence may vary in different ethnic groups,
additional studies including different populations should be conducted.

In conclusion, although no significant prognostic value of rs10877887 for lung cancer
was identified in the present study, we found that the CT genotype and CT+CC genotype were
significantly associated with an increased risk of lung adenocarcinoma. The C allele may be
a risk factor for AC in females more than 60 years of age. Further investigations including
larger populations are warranted to confirm our results and to define the potential mechanisms
of rs10877887 in lung cancer.
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