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Association of genetic variations in miR-146a 
rs2910164 and miR-149 rs11614913 with the 
development of classic Kaposi sarcoma

H. Yang1,2, Q.L. Lu3, X.J. Wu3, H.Y. Ma2, Y.Y. Qu3, D.Z. Zhang3 and X.M. Pu3

1Department of Dermatology and Venereology, Anhui Medical University, 
Hefei, China
2North Branch of People’s Hospital of Xinjiang Uygur Autonomous Region, 
Urumqi, China
3Department of Dermatology and Venereology, 
People’s Hospital of Xinjiang Uygur Autonomous Region, Urumqi, China

Corresponding author: X.M. Pu
E-mail: xiongmingpuuar@163.com

Genet. Mol. Res. 15 (4): gmr15048855
Received June 6, 2016
Accepted September 16, 2016
Published November 3, 2016
DOI http://dx.doi.org/10.4238/gmr15048855

Copyright © 2016 The Authors. This is an open-access article distributed under the terms of 
the Creative Commons Attribution ShareAlike (CC BY-SA) 4.0 License.

ABSTRACT. Classic Kaposi sarcoma is a type of vascular proliferative 
inflammatory disease. Previous studies have reported significant 
associations between microRNAs expression and the development of 
classic Kaposi sarcoma. Here, we conducted a case-control study to 
investigate the association between miR-146a and miR-149 genetic 
polymorphisms and risk of classic Kaposi sarcoma in a Chinese 
population. Both classic Kaposi sarcoma patients and healthy controls 
were recruited between December 2013 and October 2015. Genotyping 
of miR-146a and miR-149 was performed by polymerase chain 
reaction-coupled with restriction fragment length polymorphism. 
Results showed that the GG genotype of miR-146a was associated with 
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increased risk to classic Kaposi sarcoma (OR = 6.00, 95%CI = 1.19-
30.12), as compared with the CC genotype. In the recessive model, we 
found that the GG genotype carried a 4.55-fold increased risk to classic 
Kaposi sarcoma as compared with the CC + CG genotype (OR = 2.06, 
95%CI = 1.04-20.29). In conclusion, our study demonstrated that miR-
146a, but not miR-149 polymorphism, is associated with risk to classic 
Kaposi sarcoma in the Chinese population.
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INTRODUCTION

Classic Kaposi sarcoma, also known as multiple idiopathic hemorrhagic sarcoma, is 
a type of vascular proliferative inflammatory disease (Friedman-Birnbaum et al., 1993). This 
disease occurs mostly in central European Jews, Polish, Russians, and Italians (Laresche et 
al., 2014; Ouyang et al., 2014; Stiller et al., 2014; Wu et al., 2015). It has been estimated that 
morbidity due to classic Kaposi sarcoma is 2.07/100,000 in males and 0.75/100,000 in females 
(Guttman-Yassky et al., 2003). The pathophysiology of Kaposi sarcoma is not well understood, 
and previous epidemiologic studies have reported that its development is associated with many 
factors such as ethnicity, gender, and environment factors. However, not all individuals with 
such risk factors develop this disease, suggesting that genetic influence may also contribute 
to its pathogenesis. In support of this, previous genetic studies have indicated that heritable 
factors such as interleukin-6 and interleukin-8 contribute to the development of classic Kaposi 
sarcoma (van der Kuyl et al., 2004; Gazouli et al., 2004).

miRNAs are non-coding small RNAs that are typically 18-25 nucleotides in length, 
and regulate the expression of 30% of human proteins. They bind to post-transcriptional 
mRNAs, and act to suppress protein translation or degrade target mRNAs. It has been reported 
that approximately 9500 miRNAs contribute to cell growth, differentiation, and cell cycle 
regulation (Macfarlane and Murphy, 2010). Kaposi sarcoma occurs when cellular factors 
promote tumor development in the vascular endothelial cells and the periderm (Gessain and 
Duprez, 2005). Previous studies have reported significant associations between microRNA 
expression and development of classic Kaposi sarcoma in a Chinese population (Wu et al., 
2015). In addition, miR-146a rs2910164 and miR-149 rs11614913 have also been associated 
with several kinds of cancers. However, their associations with risk to classic Kaposi sarcoma 
have not yet been investigated. Therefore, we performed a case-control study to examine the 
association between miR-146a rs2910164 and miR-149 rs11614913 genetic polymorphisms 
and risk of classic Kaposi sarcoma in a Chinese population.

MATERIAL AND METHODS

Subjects

A hospital-based case-control design was used in this study. Between December 
2013 and October 2015, 30 classic Kaposi sarcoma patients were recruited from the North 
Branch of People’s Hospital of Xinjiang Uygur Autonomous Region and People’s Hospital of 
Xinjiang Uygur Autonomous Region. Disease was confirmed histologically via pathological 
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sections in all patients. None of the subjects received any form of anti-cancer therapy prior to 
enrollment into our study. Patients with any history of cancers and serious end-stage liver or 
kidney diseases were excluded from this study.

At the same time, 96 healthy controls were recruited from outpatient clinics and health 
examination centers in the North Branch of People’s Hospital of Xinjiang Uygur Autonomous 
Region and People’s Hospital of Xinjiang Uygur Autonomous Region. All control subjects 
were confirmed to be free of cancers and serious end-stage liver or kidney diseases.

Demographic data of all participants were collected from medical records and self-
designed questionnaires, which included information such as age, gender, family history of 
cancer, pathological types, and disease stages. Written informed consent was given by all 
subjects prior to study participation. Approval was also obtained from the Ethics Committee 
of the North Branch of People’s Hospital of Xinjiang Uygur Autonomous Region and People’s 
Hospital of Xinjiang Uygur Autonomous Region.

Genotyping analysis

For total genomic DNA extraction, blood samples were collected from all 
participants in EDTA-containing tubes shortly before treatment. Blood samples were 
stored at -20°C in vacuum tubes containing 5% EDTA. Genomic DNA was extracted with 
the DNA Blood Mini Kit (Tiangen Biotech, Beijing, China). Genotyping of the miR-146a 
rs2910164 and miR-149 rs11614913 loci was performed by PCR-RFLP. The forward and 
reverse primer sequences of miR-146a were 5'-CTGGACTGCAAGGAGGGGTCTT-3' and 
5'-GTCCTCAAGCCCACGATGACAG-3', respectively. The forward and reverse primers of 
miR-149 were 5'-CCACCCAGCAACCCAAAGTCTAC-3' and 5'-CCTCGACGAAAACCGA
CTGATG-3', respectively. Amplicons of miR-146a rs2910164 and miR-149 rs11614913 were 
digested by the restriction enzymes SacI and PvuII, respectively. The cycling conditions were 
as follows: 95°C for 2 min; 35 cycles of 94°C for 20 s, 59°C for 30 s, 72°C for 90 s; and a 
final extension at 72°C for 2 min. The PCR products were stored at 4°C, and were later run on 
agarose gels. DNA bands were observed under ultraviolet light.

Statistical analysis

Genotype and allele frequencies were calculated by the gene-counting method. Hardy-
Weinberg equilibrium (HWE) was calculated by Pearson’s chi-squared test. Multivariable 
logistic regression analysis was performed to evaluate the association between miR-146a 
rs2910164 and miR-149 rs11614913 genetic polymorphisms and risk of classic Kaposi 
sarcoma; results are reported by odds ratios (ORs) and 95% confidence intervals (95%CIs). 
Statistical analysis was carried out using the SPSS Statistics software for Windows, Version 
17.0. (SPSS, Inc., Chicago, IL, USA). P < 0.05 was considered statistically significant.

RESULTS

No significant difference was found between classic Kaposi sarcoma patients and 
control subjects in terms of age (c2 = 0.18, P = 0.67), gender (c2 = 0.39, P = 0.53), and 
family history of cancer (c2 = 0.32, P = 0.58). Of the 30 patients with classic Kaposi sarcoma, 
7 (23.33%) subjects were at patch stage, 11 (36.67%) cases were at plaque stage, and 12 
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(40.00%) cases were at nodule stage (Table 1). Disease progression was <6 months in 11 
(36.67%) patients, and ˃6 months in 19 (63.33%) patients.

Table 1. Demographic characteristics of all study subjects.

Variables Patients N = 30 % Controls N = 96 % 2 P value 
Age, years       
<60 9 30.00 25 26.5   
60 21 70.00 71 73.5 0.18 0.67 
Gender       
Male 23 76.67 68 71.3   
Female 7 23.33 28 28.7 0.39 0.53 
Family history of cancer       
No 28 93.33 92 96.1   
Yes 2 6.67 4 3.9 0.32 0.58 
Pathological types       
Patch stage 7 23.33     
Plaque stage 11 36.67     
Nodule stage 12 40.00     
Process of diseases       
<6 months 11 36.67     
6 months 19 63.33     

 

Genotype distributions of miR-146a rs2910164 and miR-149 rs11614913 are shown in 
Table 2. As indicated by chi-squared tests, we observed a significant difference in the genotype 
distributions of miR-146a between classic Kaposi sarcoma patients and control subjects (c2 
= 7.27, P = 0.026). However, no such association was found in miR-149 between the two 
groups (c2 = 0.17, P = 0.92). The genotype distributions of miR-146a rs2910164 and miR-149 
rs11614913 in the control population were all under HWE.

Table 2. Genetic distribution of miR-146a rs2910164 and miR-149 rs11614913 in classic Kaposi sarcoma 
patients and control subjects.

Variables Patients N = 30 % Controls N = 96 % 2 P value 2 for HWE P value 
miR-146a         
CC 9 30.00 45 46.88     
CG 15 50.00 46 47.92     
GG 6 20.00 5 5.21 7.27 0.026 2.45 0.12 
miR-149         
TT 11 36.67 40 41.67     
TC 16 53.33 49 51.04     
CC 3 10.00 9 9.38 0.17 0.92 1.21 0.27 

 

Using logistic regression analysis, we demonstrated that the GG genotype of miR-
146a rs2910164 genetic polymorphism was associated with increased risk to classic Kaposi 
sarcoma (OR = 6.00, 95%CI = 1.19-30.12), as compared with the CC genotype (Table 3). In 
the recessive model, results showed that the GG genotype carried a 4.55-fold increase in risk 
to classic Kaposi sarcoma as compared with the CC + CG genotype (OR = 2.06, 95%CI = 
1.04-20.29). However, no significant association was found between miR-149 rs11614913 
genetic polymorphism and risk of classic Kaposi sarcoma.
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1Adjusted for gender and age.

Table 3. Association between miR-146a rs2910164 and miR-149 rs11614913 genetic polymorphisms and risk 
of classic Kaposi sarcoma.

Variables Patients N = 30 % Controls N = 96 % OR (95%CI)1 P value 
miR-146a       
Co-dominant       
CC 9 30.00 45 46.88 1.0 (Ref.) - 
CG 15 50.00 46 47.92 1.63 (0.59-4.67) 0.30 
GG 6 20.00 5 5.21 6.00 (1.19-30.12) 0.01 
Dominant       
CC 9 30.00 45 46.88 1.0 (Ref.) - 
CG + GG 21 70.00 51 53.13 2.06 (0.80-5.63) 0.10 
Recessive       
CC + CG 24 80.00 91 94.8 1.0 (Ref.) - 
GG 6 20.00 5 5.21 4.55 (1.04-20.29) 0.01 
miR-149       
Co-dominant       
TT 11 36.67 40 41.67 1.0 (Ref.) - 
TC 16 53.33 49 51.04 1.19 (0.46-3.17) 0.70 
CC 3 10.00 9 9.38 1.21 (0.18-6.05) 0.80 
Dominant       
TT 11 36.67 40 41.67 1.0 (Ref.) - 
TC + CC 19 63.33 58 60.42 1.19 (0.48-3.09) 0.68 
Recessive       
TT + TC 27 90 89 92.71 1.0 (Ref.) - 
CC 3 10 9 9.38 1.10 (0.18-4.82) 0.89 

 

DISCUSSION

In the present study, we recruited 30 classic Kaposi sarcoma patients and 96 controls 
in the Xinjiang population of China, and found that the GG genotype of miR-146a was 
associated with increased risk to classic Kaposi sarcoma.

miRNA is associated with the pathogenesis of various diseases through cell 
differentiation, tumor growth, and angiogenesis. miR-146a is located on 5q34, and previous 
studies have reported that expression of miR-146a was associated with the development of 
several kinds of cancers (Chen et al., 2015b; Shi et al., 2015; Qi et al., 2015; Cui et al., 2016; 
Sasaki et al., 2016). rs2910164 is located on the negative chain sequence of pre-miR-146a, and 
this SNP may cause the conversion of G:U to C:U in the neck section of the pre-miRNA-146a 
hairpin, which could affect the expression and function of miR-146a.

Previous studies have reported that miR-146a polymorphism was associated with the 
development of several types of cancers (Deng et al., 2015; Yin et al., 2016). In a study with 
159 bladder cancer patients, Deng et al. (2015) demonstrated that miRNA146a rs2910164 
C>G could affect clinical stages and metastasis of this disease. Furthermore, Yin et al. (2016) 
reported that miRNA146a rs2910164 may influence genetic susceptibility to lung cancer in 
Chinese smokers. However, some studies were unable to find any association between miR-
146a polymorphism and risk of cancers (Chen et al., 2015a; Ji et al., 2015; Zhang et al., 2015; 
Hashemi et al., 2016; Xia et al., 2016). For example, in a meta-analysis composed of 2766 
patients with head and neck cancer and 6603 healthy controls, Chen et al. (2015a) reported 
that miR-146a rs2910164 C>G polymorphism was not associated with this type of cancer. 
Similarly, Zhang et al. (2015) performed a meta-analysis with six studies, and reported that no 
significant association was found between rs2910164 and rs11614913 polymorphisms and risk 
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of gastric cancer. Another meta-analysis with six case-control studies also indicated that no 
correlation was found between miR-146a rs2910164 polymorphism and the risk of esophageal 
cancer (Ji et al., 2015). Our study, for the first time, showed a significant association between 
miR-146a polymorphism and risk of classic Kaposi sarcoma. However, these results need to 
be further confirmed in large-scale studies.

One limitation should be considered in this study. Due to the low morbidity rate of 
classic Kaposi sarcoma, our study sample size was small. This may reduce the statistical 
power of our analysis and lead to discrepancies between the observed results and true values. 
However, the genetic distributions of miR-146a and miR-149 were in line with HWE, which 
indicated adequate genetic representation of study subjects.

In conclusion, our study found that miR-146a, but not miR-149 polymorphism, is 
associated with risk of classic Kaposi sarcoma in the Chinese population. Further investigations 
via large-scale studies are required to confirm our results.
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