
 

 

RESEARCH ARTİCLE 
 
 

Association of NFKB1A and MicroRNAs Variations and the Susceptibility to 
Atherosclerosis 

 
 

TUBA ONER, CANER ARSLAN, GUVEN YENMİS*, BERK ARAPİ, CİGDEM TEL, 
BİRSEN AYDEMİR, GONUL KANİGUR SULTUYBEK 

 
*For correspondence. E-mail: guven.yenmis@yahoo.com. 
 
Running Head: SNPs of NFKB1A and MicroRNAs on Atherosclerosis 
 
Keywords. Atherosclerosis, NF-KB, microRNA, polymorphism,PCR-RFLP. 

 
INTRODUCTION 

      Atherosclerosis is a progressive disorder of the arterial wall and the underlying cause of probable 

cardiovascular diseases such as stroke and heart attack. Today, atherosclerosis is defined  as a complex 

disease with a strong inflammatory component(Gareus et al. 2008). Epidemiological studies have 

suggested that the susceptibility of such diseases is mediated by environmental factors and the 

association of a sort of genes, predominantly NF-κB  (Fontaine-Bisson et al. 2009) although the 

pathophysiology of atherosclerosis is not thouroughly understood. 

NF-κB  , one of the major transcription factors in inflammatory processes, regulates the 

expression of many genes involved in the initiation and progression of atherosclerotic lesions, 

including adhesion molecules (VCAM-1, ICAM-1, P- and E-selectin), chemokines (e.g., MCP-1) and 

cytokines (e.g., TNF, IL-1, IL-6) (De Winther et al. 2005).   According to Gareus et al.,(Gareus 2008) 

inhibition of NF-κB, resulted in reduced development of atherosclerosis in vivo in the well-established 

ApoE−/− mouse model. Therefore,  NF-κB  seems to  play a critical role in development of 

atherosclerosis. One of the most famous polymorphisms identified within the promoter of NFKB1 

gene is      -94 ins/del ATTG rs28362491 which is able to regulate the expression and the activity of 

NF-κB  (Vogel et al. 2011).    Therefore, rs28362491 del allele carriers  may be described as 

insufficient anti-inflammatory, resulting in susceptibility of atherosclerosis. 

     Furthermore, The IκBα (nuclear factor of kappa light polypeptide gene enhancer in B-cells 

inhibitor, alpha),  an inhibitory version of the NF-κB  protein is encoded by NFKB1A.This gene  also 

plays a probable important role in immuno- inflamatory diseases. It was determined that the alterations 

in the expression of IκBα protein were related to the (rs696) polymorhism in the3’UTR region 

of NFKBIA gene  changes  the expression of NF-κB  inhibitor and led to a change in NF-κB  

activity(Goto et al. 2001) 

It is also known that the expression of NF-κB  inhibitor IκBα superrepressor (DNIκBα), 



 

 

blocks the development of atheromatous plaques in Apolipoprotein E (ApoE)-deficient mice, a well-

established mouse model of atherosclerosis. (Gareus et al. 2008) Recent studies also  revealed  that, 

new markerssuch as microRNAs (mi RNAs) play critical roles in regulation of gene expression which  

are  important  in  the pathogenesis of  many inflammatory diseases(Huang et al. 2011;Treiber et al. 

2012). Previous studies provide hopeful evidence in support of the role of miRNAs in cardiovascular 

diseases (Catalucci et al. 2009). However, the mechanism data on these small molecules in AS are still 

missing. 

Several studies have revealed that mir-146a, an NF-κB  target gene, plays an essential role by 

enhancing the inflammatory response in inflammatory diseases (Konstantin et al. 2006). Naturally, this 

has influenced many scientists  to look into the convergence of miRNAs and their target genes with 

NF-κB  signaling cascade that are sensitive to inflammation process.  Single nucleotide 

polymorphisms (SNPs) of pre-miR-146a have functional importance and can modify the expression 

level of mature miRNA-146a. The SNP  rs2910164(G/C)   is located in stem region and leads to a 

decrease in the total amount of mature miRNA, which in turn affects the transcription of target genes 

and the pathogenesis of inflammatory diseases such as  cardiovascular diseases  (Jazdzewski et al.  

2008;Akkız et al. 2011;Hashemi et al. 2013). As miR-146a is a transcriptional target of NF-κB, it may 

serve as a feedback inhibitor of NF-κB activation. 

        Another important  miRNA ,Mir-499,is a cardiac abundant miRNA that plays a critical role in the 

myosin gene regulation and so is strongly associated with heart diseases.  The pre-miR-499 

(rs3746444) polymorphism involves an A>G nucleotide substitution which leads to a mismatch in the 

stem structure miR-499 precursor.  These variants were reported  in the pathogenesis of cardiovascular 

diseases (Yang et al. 2014).  

                In the light of this data, we hypothesized that polymorphisms in NFKB1, NFKBIA and 

miRNAs genes (pre-miR-146 and pre-miR-499) would be attractive candidate factors for searching AT 

risk. Our aim was to evaluate whether these SNPs (NFKB1 rs28362491, NFKBIA rs696, miR-146a 

rs2910164, miR-499rs3746444) alone or combined are associated with AT in a Turkish population. 

 

MATERIALS AND METHODS 

Subjects 

  In  this work , 150 patients who have atherosclerotic disease requiring surgery for coronary, 

carotid and peripheral arteries and 145 healthy subjects who haven’t any cardiovascular disease history 

were enrolled in this study. Mean age and sex of patients and controls were 68.01 and 57.66 years,%72 

and %70 male, respectively. All subjects underwent cardiovascular physical examinations. Patients 

scheduled for coronary bypass surgery had coronary angiographies but the other group of patients 

including carotid and peripheral arterial disease had either magnetic resonance angiography, computed 

tomographic angiography or digital substraction angiography or sometimes only ultrasonographic 



 

 

examination prior to operation depending of clinical condition of the patients or they already had these 

investigations done before application to our clinic. All patients were operated in Istanbul University, 

Cerrahpasa Medical Faculty, Department of  Cardiovascular Surgery.  All cases and controls were 

inhabitants of European region of Istanbul.  All study subjects have Turkish origin and provided signed 

informed consent prior to the sample and data collection, and study protocol was approved by the 

Institutional Ethical Committee of Cerrahpasa Medical Faculty, Istanbul University. The exclusion 

criteria included cancer, autoimmune diseases, severe kidney/ hepatic disease and pregnancy. 

DNA isolation 

Blood for DNA isolation was collected into EDTA-containing tubes and DNA was extracted from 

peripheral blood leukocytes using a commercial kit (Roche Diagnostics GmbH, Mannheim, Germany; 

Product No. 11796828001) according to the manufacturer’s instructions. Isolated DNA samples were 

stored frozen at -20 °C. The concentration and purity of DNA samples were established using a 

NanoDrop™ spectrophotometer. DNA samples with OD ratio 1.8±0.2 µg/ml were included in the 

study.  

 

Genotyping 

          NFKB1-94 ins/del ATTG, NFKBIA 3’UTR A→G, pre-miR-146a rs2910164 and pre-miR-499 

rs3746444 genotypes were determined by polymerase chain reaction-restriction fragment length 

polymorphism (PCR-RFLP) method. The primers were as follows: forward primer TGG GCA CAA 

GTC GTT TAT GA; reverse primer CTG GAG CCG GTA GGG AAG for NFKB1 -94 ins/del ATTG 

polymorphism; forward primer GGC TGA AAG AAC ATG GACTTG; reverse primer GTA CAC CAT 

TTA CAG GGA GGG for NFKBIA 3’UTR A→G polymorphism; forward primer TGC CTT CTG TCT 

CCA GTC TTC CAA ; reverse primer  ATG GGT TGT GTC AGT GTC AGA GCT for rs2910164 ; 

forward primer CAA AGT CTT CAC TTC CCT GCC A;  reverse primer GAT GTT TAA CTC CTC 

TCC ACG TGA TC for rs3746444 were chosen. PCR conditions were set at 95 °C for 1 min initial 

denaturation, followed by 35 cycles of  95 °C for 30 denaturation, 60 °C (NFKB1) and 61 °C 

(NFKBIA) for 30 s annealing primers, 72 °C for 1 min extension and finally 72 °C 5 min. On the other 

hand PCR conditions for  pre-miR-146a and pre-miR-499 were 5 min at 94°C followed by 35 cycles 

of 1 min at 94°C, 1 min at 58°C (pre-miR-146a) and 1 min at 67°C (pre-miR-499), and 2 min at 72°C, 

with a final step at 72°C for 20 min to allow a whole extension of all PCR fragments. 

           For detection the genotypes of -94 ins/del ATTG polymorphism in NFKB1 gene, the 281 bp 

(deletion allele) or 285 bp (insertion allele) PCR product were digested with 3 unit of restriction 

enzyme PfIMI (10 U/µl, Fermentas). The mix was incubated for overnight at 37°C, finally subjected to 

electrophoresis for 30 min at 120V on 3% agarose gel. The wild type (deletion) genotype did not 

contain PflMI (Van91I) restriction site, hence the PCR product of 281 bp remained undigested. The 

insertion variants were cleaved by PflMI (Van91I) restriction enzyme into two fragments of 240 bp 



 

 

and 45 bp. Heterozygotes showed all three bands.(See Figure1) 

Sac I (20,000 U/ml, NEB) was used for rs2910164 gene polymorphism and all samples incubated at  

37°C for 1 hour.  Consequently, the genotypes were assessed as follows: a single 147 bp fragment for 

the mutated type homozygous alleles (GG genotype) ; two fragments of 122 and 25 bp for the wild 

type homozygous alleles (CC genotype); and three fragments of 147, 122, and 25 bp for the 

heterozygous alleles (GC genotype). (See Figure2) 

          For rs3746444 gene polymorphism, BclI (10,000U/ml, NEB) was preferred and each of the 

sample incubated  at 50°C for 1 hour. The genotypes were assessed as follows: a single 146 bp 

fragment for the mutated type homozygous alleles (CC genotype), two fragments of 26 and 120 bp for 

the wild type (TT genotype); and three fragments of 26, 120 and 146 bp for the heterozygous alleles 

(CT genotype). (See Figure3) 

           The reaction products of pre-miR-146a and pre-miR-499 were run on electrophoresis for 30 

min at 120V, on 4% ethidium bromide-stained metaphor gel and directly visualized under ultraviolet 

illumination.  

Similarly, PCR product of the NFKBIA 3’UTR A→G was digested with 3 unit of restriction 

enzyme HaeIII (10 U/μl, Sigma), and incubated for overnight at 37°C, finally subjected to 

electrophoresis for 30 min at 120V on 3% agarose gel. The PCR product (424bp) was cleaved into 2 

fragments of 108 bp and 316 bp. Homozygosity of the common allele (represented by AA genotype) 

revealed itself by 424bp bands, while the homozygosity of the variant allele (represented by GG 

genotype) was represented by 316bp and 108bp bands. (See Figure4) 

 

 

Statistical analysis 

GraphPad Prism 5 programs were used for the analyses of the patients and control values. 

HardyWeinberg equilibrium was tested by chi-square analysis. Genotype and allele frequencies were 

compared between cases and controls by chi-square analysis. Odds ratio (OR) and respective 95% 

confidence intervals (CIs) were reported to evaluate the effects of any difference between allelic and 

genotype distribution. Mann-Whitney U test (not normally distributed variables). Significance values 

are reported without Bonferroni correction. A two-sided  p value ≤0.05 was considered statistically 

significant. 

 

RESULTS 

 

Distribution of polymorphisms in NFKB1(rs28362491), NFKBIA(rs696), pre-miR-

146a(rs2910164) and pre-miR-499(rs3746444) genes in Atherosclerosis 

The distribution of the  genotype and allele frequencies of  all polymorphisms studied is shown in 



 

 

Table 1. All allele and genotype frequencies were within the range of Hardy-Weinberg equilibrium. 

The rs28362491, rs696, rs2910164, rs3746444 were successfully genotyped in 150 with AT and 145 

control subjects. 

 In the single genotyping study of NFKB1 -94 ins/del ATTG polymorphism, no statistically significant   

differences were observed in the case of  allele frequencies as well as genotype distribution of the 

rs28362491 (p>0.05).  

The frequency of the AA genotype of NFKBIA rs696   was considerably higher in atherosclerotic 

patients (p=0.024, OR=2.082, 95%CI: 1.093-3.963).According to our results, having the AA genotype 

of rs696 has a 2.082 times risk factor in patients with atherosclerosis. No statistical differences was 

detected by comprising the allele frequencies of  NFKBIA rs696 (P>0.05)  

In a single genotyping study of mir-146a rs2910164 polymorphism, the overall frequencies of GG, CG, 

CC allele combinations were 64%  28%, 8% in  patients group and 39%, 55%, 6%  in the control 

group, respectively. The frequency of GG  genotype  of rs2910164 was significantly higher in 

patients(p<0.0001,OR=3.168, 95%CI: 1.926-5.211). When the allele  frequencies were compared, it 

was found that the frequency of G allele is higher in the atherosclerotic group (p=0.0019 OR=1.782, 

95%CI: 1.713-4.398).The above results suggest that the GG genotype and G allele  of mir-146a 

rs2910164 have an increase risk for susceptibility to  atherosclerosis. The recessive  

model(GG/CC+CG)(p<0.0001,OR=2.745, 95%CI: 1.713-4.398)is also found to be a risk factor on 

atherosclerotic patients with respect to the  dominant model. 

 

  In the study of  mir-499 rs3746444 polymorphism, the overall frequencies of TT, CT, and CC 

allele combinations were %16, %76, %8 in  patients group and %15, %55, %30 in the control group. 

The frequency of TT genotype was significantly higher in atherosclerotic  patients (p = 0.0025 OR = 

4.000, 95%CI: 1.690-9.468).When the allele frequencies were compared , we found that having 

rs3746444 T allele was identified as a risk  factor  for atherosclerosis by 1.594 times (p= 0.0049 OR= 

1.594, 95% CI: 1.151-2.207). In addition,  the dominant model (TT+ CT vs. CC) is correlated with an 

increased risk compared to the recessive model( p <0.0001,  OR = 5.010, 95% CI: 2.518-9.970) 

 

Combined Genotypes of  NFKB1(rs28362491), NFKBIA(rs696), pre-miR-146a(rs2910164) 

and pre-miR-499(rs3746444) genes polymorphisms  in Atherosclerosis 

  Table 2, 3 and 4 summarize  combined genotype analysis of polymorphisms in NFKB1 rs28362491, 

NFKBIA rs696, and miRNAs genes  pre-miR-146a rs2910164  and pre-miR-499 rs3746444 in 

atherosclerotic patients and the controls. Table 2 summarizes the association study among the 

combined genotypes of   rs28362491 / rs696  and the overall risk for AT. There were no significant 

differences between the multiple comparisons of NFKB1 rs28362491 / NFKBIA rs696  in patients with 

atherosclerosis and the control subjects. 



 

 

 

 According to combined genotype analysis of NFKB1 rs28362491 / pre-mir-146a rs2910164 

(ins/ins/GG)  combined genotype frequencies  are to be a risk factor for  AT. (p=0.0146 OR=3.184 

95%CI: 1.338-7.580) (See Table3) 

    Table 4 represents the analysis of  combined genotype analysis of  NFKB1 rs28362491 and pre-

miR-499 rs3746444. The combined genotype analysis of  NFKB1 rs28362491/ pre-miR-499  

rs3746444(ins/ins/ TT) had protective  effect in the case of AT(p=0.0005 OR=0.114 95%CI:0.003-0.4) 

 

 

DISCUSSION 

Atherosclerosis is a chronic inflammatory disease which is the result  of   compound effects 

mediated by  risk factors, chronic inflammation and genetic compounds(Prins et al.  2012). The 

nuclear factor kapa-light-chain enhancer of activated B cells signaling pathway plays a key role in the 

regulatory network of inflammation (Jozefa et al. 2010). We chose to study the NFKB1 -94ins/del 

ATTG ( rs28362491)  polymorphism because of its proven functionality and known biological effects 

(Karban et al.  2004;Park et al. 2007). Deletion of one ATTG repeat in the promoter region of NFKB1 

removes the binding of a nuclear factor as shown in colon tissue and in cell lines and leads to less p50 

biosynthesis and less promoter transcriptional activity in vitro (Karban et al. 2004). One of the point of 

this study was to evaluate the impact of NFKB1 -94 ATTG  rs28362491 polymorphism on the risk of 

AT in a sample of Turkish population. We  indicated that rs28362491 polymorphism did not correlate 

with AT in this population. 

           IκBα is  the inhibitory version of NF-κB  , which binds the NF-κB  and influences the 

transcriptional activity of NF-κB  in the cytoplasm (Hung et al. 2010). In the last decade, many 

researchers have  also pointed that variations within the  NFKBIA which encodes IκBα protein could 

potentially influence the function of NF-κB protein and in turn the process of inflammation. Some 

studies reported evidence for   an anti-inflammatory  effect  of IκBα / NF-κB dependent mechanism in 

the alveolar epithelial cells. Özbilüm et al.(Ozbilüm 2013) show that NF-KB1A -826 C/T promoter  

polymorphism is a risk factor for the development of Coronary Artery Disease(CAD) whereas no 

significant differences was detected  in NF-KB1A-297C/T and -881A/G in allele and genotype 

frequencies of CAD. One of the most famous  polymorphism known within the gene NFKB1A is in 3 

’UTR region. NFKBIA 3 ’UTR A/G( rs696 ) polymorphism  may also  have a genetic  effect on the 

development of a variety of inflammatory diseases associated with altered immune response(Yenmis et 

al.  2015). According to our results  the AA genotype of  rs696 in the NFKBIA gene was significantly 

higher in atherosclerotic patients than in controls. AA genotype had  2 times risk factor for the 

development of AT. By contrast, the combined genotypes of rs28362491 and rs696  seems to play  no 

role together on the pathogenesis of atherosclerosis. 



 

 

 

On the other hand , NF-κB  is also  regulated by miRNA 146. Combined with functionality 

and NF-KB inhibition assays, miRNA146a was the first found NF-κB  regulated, pro-inflammatory 

miRNA identified in the human  central nervous system (Li et al. 2011). An increasing number of 

studies have revealed that rs2910164 polymorphisms in pre-miR-146a  affects the pathogenesis of 

several human diseases, such as Rheumatoid Arthiritis (Hashemi et al. 2013), large-artery 

atherosclerotic stroke (Zhu 2014), CAD (Xiong et al. 2014), multiple sclerosis (Fenoglio et al. 2012), 

tuberculosis (Li et al. 2011), SLE (Zhang et al. 2011) and Behcet’s Disease (Yenmis et al. 2014) 

Currently, many studies have shown that  the polymorphism rs2910164  involves a G>C nucleotide 

substitition that leads to change from a G:U pair to C:U in the stem structure of the pre-miR-146a 

precursor which affects the specificity of mature mi-RNA  in binding to its target genes such as NF-

κB  (Hashemi et al. 2013). Pre-miR-146a rs2910164  has a important role in inflammation and 

immune response. According to Xing-dong Xiong  et al.(Xiong 2014),  increased expression of mir-

146a may promote the occurance and progression of CAD and  the G to C change in the precursor of 

mir-146a tends to cause increased expression of mature mir-146a  in CAD patients. Elevetad levels of 

mature mir-146a ekspression enhances the function of TH-1 cells which is critical in the progression 

of the acute coronary syndrome (Guo et al. 2010). Xing-dong Xiong et al. (Xiong 2014) revealed that 

C alele of the SNP  rs2910164 is associated with genetic susceptibility to CAD.  According to our 

results, carrying GG genotype and G allele of rs2910164 were found to be a risk factor against 

atherosclerosis and in the recessive model of pre-miR-146a  rs2910164, a significant association –an 

increased risk for atherosclerosis- was found . When we evaluated two polymorphisms (rs28362491/ 

rs2910164) together, combined genotype(ins/ins/GG+ ins/ins/GG)   seemed to be associated with the 

risk of  AT (Table 3). The range of 95% CI is so wide on Table 3, as it confirms that  

atherosclerosis is a multifactorial disease mainly depending on the factors such as smoking, 

hyperlipidemia, gender, diabetes mellitus, hypertension, inflammation, obesity, 

hyperhomocysteinemia. These factors play role in different levels in each patients with 

atherosclerosis and so are responsible for this inhomogeneity. Because of this multifactorial 

distribution-driven  inhomogeneity, statistical corrections/modifications are  not plausible to 

make 95% CI range better. 

MiR-499    activates the production of CRP (C-reactive protein) and regulates the expression 

of many  cytokines ,including IL-23a,IL-2R,IL-6,IL-2 and IL-18R (Yang et al.  2012;Hashemi et al. 

2013). Therefore it is the key factor in the development of chronic inflammation in  atherosclerotic 

disease. Recently, an important polymorphism in the pre-miR-499 with an A to G change (rs3746444) 

was identified. This polymorphism  is located in the stem region of the miR-499 and may damage the 

secondary structure stability and thus affect the miRNA maturation process and binding affinities to its 

target genes (Hu et al. 2009) so has a correlation with the risk of variety of  inflammatory diseases 



 

 

such as CAD (Zhi 2012), myocardial infarction  (Chen et al. 2014) and ischemic stroke (Liu et al. 

2014). Our results implified that  TT genotype of pre-miR-499 rs3746444 may play important roles in 

the development of AT. These  findings are similar to Lu et al.’s result of overall association of auto-

immune diseases with homozygote TT genotype(Lu et al. 2014). According to combined genotype 

analysis of  rs28362491 and  rs3746444 polymorphisms, the ins/ins/ TT combined genotype  has a 

protective  role  on  the development of AT so  that microRNA -499  may regulate NF-κB  activity. 

 

Taking into account these considerations; our study demonstrates that NFKBIA rs696 , pre-

miR-499 rs374644 and pre-miR-146a rs2910164  may  affect susceptibility to atherosclerosis and 

increase the risk for developing the disease. Also, NFKBIA rs28362491- pre-miR-146a  rs2910164  

combined genotype is associated with the risk of  atherosclerosis whereas NFKB1 rs28362491 -pre-

miR-499 rs3746444  has a protective effect on the disease according to the multiple comparisons of 

combined genotypes of them. NF-κB  seems to modulate the immune response in atherosclerosis 

although how exactly pathway is abnormal in disease pathogenesis is to be researched. Moreover, 

different population studies are necessary to understand whether these variants play considerable roles 

in the pathogenesis of atherosclerosis. 
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Table1. Distribution of genotype and allele frequencies of rs28362491, rs696, rs2910164 and  rs3746444 
polymorphisms  in  atherosclerotic patients and control subjects 

Gene SNP Genotype/ Allele Case  
n (%) 

Control 
 n(%) 

OR (95%CI) p-value

NFKB1 rs28362491 ins/ins 49 (33) 46 (32) 1.000   

  del/ins 65 (43) 74 (51) 1.213 (0.7191-2.045) 0.4692  

  del/del 36 (24) 25 (17) 0.7397 (0.3862-1.417) 0.3627  

 insins+delin
s /deldel 

Dominant Model   0.6597 (0.3727-1.168) 0.1519  

 insins/delins 
+ deldel 

Recessive Model   1.044 (0.6405-1.702) 0.8625  

  ins allele frequency 163 (54) 166 (57) 1.000   

  del allele frequency 137 (46) 124 (43) 0.8888 (0.6420-1.230) 0.4771  

NFKBIA rs696 AA 33 (22) 20 (14) 1.000   

  AG 65 (43) 82 (56) 2.082 (1.093-3.963) 0.0242  

  GG 52 (35) 43 (30) 1.364 (0.6864-2.712) 0.3746  

 AA+AG/G
G 

Dominant Model   0.7945 (0.4867-1.297) 0.3571  

 AA/AG+G
G 

Recessive Model   1.763 (0.9577-3.245) 0.0664  

  A allele frequency 131 (44) 122 (42) 1.000   

  G allele frequency 169 (56) 168 (58) 1.067 (0.7702-1.479) 0.6950  

pre-miR-146a rs2910164 GG 96(64) 57(39) 1.000   

  GC 42 (28) 79 (55) 3.168(1.926-5.211) <0.0001  

  CC 12(8) 9(6) 0.7917 (0.3141-1.996) 0.7977  

 GG+GC/CC Dominant Model   0.7610 (0.3105-1.865) 0.7097  

 GG/GC+CC Recessive Model   2.745 (1.713-4.398) <0.0001  

  C allele frequency 66 (22) 97 (33) 1.000   

  G allele frequency 234 (78) 193 (67) 0.5612 (0.3891-0.8095) 0.0019  

pre-miR-499 rs3746444 TT 24 (16) 22 (15) 1.000   

  TC 114 (76) 79 (55) 0.7560 (0.3963-1.442) 0.3950  

  CC 12 (8) 44 (30) 4.000 (1.690-9.468) 0.0025  

 TT+TC/CC Dominant Model   5.010 (2.518-9.970) <0.0001  

 TT/TC+CC Recessive Model   1.065 (0.5673-1.999) 0.8447  

  T allele frequency 162 (54) 123 (42) 1.000   

  C allele frequency 138 (46) 167 (58) 1.594 (1.151-2.207) 0.0049  



 

 

Statistically significant results are marked in bold. 95% CI, 95% confidence intervals; OR, odds ratios. 
 
 

Table2. The distribution of rs28362491- rs696 combined genotypes  

Combined 
Genotypes 

n (%) 
OR (95% CI) 

p-value  

Case  
 

Control
   

ins/ins / AA 8 (5) 5 (3) 1.000  

ins/ins / AG 19 (13) 30 (21) 2.526 (0.7189-8.878) 0.2473 
ins/ins / GG 22 (15) 11 (8) 0.8000 (0.2112-3.030) 0.9881 
del/ins / AA 16 (11) 11 (8) 1.100 (0.2835-4.269) 0.8362 
del/ins / AG 32 (21) 39 (27) 1.950 (0.5806-6.549) 0.2744 
del/ins / GG 17 (11) 24 (16) 2.259 (0.6288-8.114) 0.3443 

     
del/del AA 9 (6) 4 (3) 0.7111 (0.1402-3.607) 1.000 
del/del AG 14 (9) 13 (9) 1.486 (0.3856-5.724) 0.8123 

del/del / GG 13 (9) 8 (5) 0.9846 (0.2373-4.086) 0.7325 
 
 
 
Table3. The distribution of rs28362491- rs2910164 combined genotypes 

Combined 
Genotypes 

n (%) 
OR (95% CI) 

p-value  

Case  
 

Control 
   

ins/ins / GG 29(19) 15(10) 1.000  
ins/ins / CC 3(2) 3(2) 1.9 33 (0.3469 -10.77) 0.7579 
ins/ins / CG 17(11) 28(19) 3.184 (1.338-7.580) 0.0146 
del/ins / CC 4 (3) 4 (3) 1.933 (0.4228-8.840) 0.6452 
del/ins / CG 16 (11) 39 (27) 4.713 (2.008-11.06) 0.0006 
del/ins / GG 45 (30) 31 (22) 1.332 (0.6146 -2.886) 0.4670 
del/del /CC 5 (3) 2 (1) 0.7733 (0.1337 -4.471) 0.8856 
del/del /CG 9 (6) 12 (8) 2.578 (0.8879 -7.484) 0.1350 
del/del / GG 22 (15) 11 (8) 0.9667 (0.3718 -2.513) 0.8619 

Statistically significant results are marked in bold. 95% CI, 95% confidence intervals; OR, odds ratios. 
 
 

 

 



 

 

Table4. The distribution of rs28362491- rs3746444 combined genotypes 

Combined 
Genotypes 

n (%) 
OR (95% CI) 

p-value 

Case  
 

Control 
   

ins/ins / TT 3 (2) 15 (10) 1.000  
ins/ins / CT 42 (28) 24 (17) 0.1143 (0.0300-0.4354) 0.0005 
ins/ins / CC 4 (3) 7 (5) 0.3500 (0.0611-2.005) 0.3746 
del/ins / TT 16 (11) 23 (16) 0.2875 (0.0713-1.159) 0.0806 
del/ins / CT 43 (29) 40 (27) 0.1860 (0.0501-0.6913) 0.0083 
del/ins / CC 6 (4) 11 (8) 0.3667 (0.0748-1.798) 0.2642 
del/del TT 5 (3) 7 (5) 0.2800 (0.0517-1.517) 0.2098 
del/del CT 9 (6) 15 (10) 0.3333 (0.0751-1.479) 0.1800 

del/del / CC 22 (14) 3 (2) 0.0273 (0.0048-0.1538) <0.0001 
Statistically significant results are marked in bold. 95% CI, 95% confidence intervals; OR, odds ratios 

 

 
 
 
 
 
Figure1.Theenzymedigestionpatern of rs28362491. M  is  50-bp size marker , Lane 1,5 and 
6 areheterozygousins/del ATTG), Lane 2, 3 and 4 arehomozygousins/ins ATTG Lane 7 is  
del/del ATTG homozygous 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 



 

 

Figure2.Theenzymedigestionpatern of rs2910164.M  is  50-bp size marker Lane 1 is  
wildtypehomozygousaleles  (C/C ) of miRNA146.  Lane 2, 3 and 4 
aremutanttypehomozygousaleles ( G/G) of miRNA146 , Lane 5 and 6 areheterozygousaleles 
(C/G) of miRNA 146(rs 2910164) 
 
 
 
 

 
 
 
 
 
 
 
Figure3.Theenzymedigestionpatern of rs3746444.M  is  50-bp size marker Lane 1 is 
wildtypehomozygousalleles(T/T) of   mi RNA 499, , Lane2,4and 7 areheterozygousaleles 
(C/T) of miRNA 499 Lane 3 and 6 aremutatedtypehomozygousaleles(C/C) of miRNA 
499(rs3746444). 
 
 
 

 
 
 
 
Figure 4.Theenzymedigestionpatern of rs696.Lane 1 is 50bp size marker;Lane 2 and 4 
arehomozygous AA ; Lane 3,5 and 6 arehomozygous GG andLane 7 is heterozygous AG 
genotype . 
 

 


