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Aims: To figure out the correlation between RXRβ gene polymorphisms and genetic predisposition to Type 2 
Diabetes Mellitus (T2DM) in Chinese Han people from South China. 
Methods and Material: In our case-control study, 1092 Chinese T2DM patients were included at the 10 
hospitals from Shenzhen, Dongguan, Maoming, Zhanjiang, and Shaoguan of Guangdong Province, from 
November 2011 to October 2013. Moreover, 1092 healthful controls were also subsumed after body checks in 
the above hospitals. Extraction of genomic DNA from peripheral blood. Subsequently, single-nucleotide 
polymorphisms (SNPs) rs2744537 and rs2076310 were genotyped by the SNPscanTM kit. 
Results: We not observed statistical differences at allele and genotype distributional frequencies of SNPs 
rs2744537 and rs2076310 between the two groups. Moreover, no statistical differences were also observed at 
the distributional frequencies of all genetic models between the two groups. In linkage disequilibrium analysis, 
the rs2076310 and rs2744537 of RXRβ gene have linkage disequilibrium. However, there were no statistical 
differences in the distributional frequencies of all Haplotypes by the haplotype analysis. 
Conclusions: The genetic predisposition to T2DM may be not associated with SNPs rs2744537 and rs2076310 
of RXRβ gene in the Chinese Han population from South China. 
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INTRODUCTION 

 
In the 8th Edition of the IDF Diabetes Atlas, current some 

425 million people worldwide，or 8.8% of adults 20-79 years，
are estimated to have diabetes. Furthermore, this Atlas 
exhibited that the prevalence of diabetes in the Chinese people 
aged 20-79 years was 10.9%. If these trends continue, by 2045, 
the prevalence of diabetes will expand to 11.6% in China.1 
diabetes is severely endocrine and metabolic diseases because 
of insulin deficiency or impaired insulin utilization.2 Type 2 
Diabetes Mellitus (T2DM) was the most frequent type of 
diabetes, accounting for around 90% of all cases.3,4 T2DM was 
common among the elderly, but it is becoming more common 
among children, adolescents and young people across all world 
regions due to rising levels of obesity.5  

The retinoid X receptor (RXR) is a type of nuclear receptor, 
consisting of three family members (RXR-α, -β, and -γ).6 RXRs 
form both homodimers and heterodimers with various other 
nuclear receptors, including retinoic acid receptors (RARs), 

peroxisome proliferator-activated receptors (PPARs), liver X 
receptors (LXRs) and farnesoid X receptor (FXR) to regulate gene 
expression.7 1 Recently study found that RAR/RXR activation 
induces expression of hepatic glucokinase, which plays a key role 
in maintaining glucose homeostasis.8 thiazolidinedione (TZD) 
analogs, including pioglitazone, are used to reduce insulin 
resistance by activating the nuclear receptor PPARγ, which is a 
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ligand-dependent transcription factor that functions in the form of 
heterodimers with RXRs.9,10 RXR/PPARγ activation exhibit 
glucose-lowering effects by combine full agonists of RXR, such as 
the 9-cis-Retinoic acid (9-cisRA),11 which negatively regulates 
glucose-stimulated insulin secretion and increase both 
adipogenesis and glucose uptake.12,13 Recent studies reported that 
Tributyltin chloride (TBT) may induce the promotion of 
triacylglycerol storage in adipocytes via RXR-dependent 
pathways.14 In addition, undifferentiated mesenchymal stem cells 
are transformed into adipocyte lines by activating RXR.15 RXR full 
agonists also exhibit TG elevation or hyperlipidemia effects via 
activation of RXR/LXR, which activation induces angiopoietin-like 
protein 3 (Angptl3). mice deficient in Angptl3 showed accumulation 
of triglyceride in the liver.16 Interestingly RXR antagonists LG100754 
and LG101506, which function as RXR/PPAR agonists, were 
effective in the reduction of blood glucose level in db/db mice.17,18 
Natural RXR antagonist danthron, isolated from the traditional 
Chinese medicine rhubarb, improved insulin sensitivity in 
diet-induced obese mice.19 Some studies provide evidence that 
HX531, which is an RXR antagonist, improves leptin resistance in 
KKAy mice,20 as well as bring into play anti-obesity and anti-diabetes 
effects.21,22 Moreover, The existing eye drug latanoprost is a selective 
RXRα antagonist and was demonstrated that improve glucose and 
lipid disorders in diabetic mice.23 

On the whole, these findings implied that RXR gene might play 
a critical role in T2DM. Nonetheless, the exact mechanism by 
which RXR affects T2DM has not yet been elucidated. The genetic 
polymorphism of RXRs has been explored in the genetic 
susceptibility of T2DM. One study finds that GTGT in RXRα 
(rs1045570, rs3132291, rs4240711, and rs4842194) was more 
frequent in T2DM patients (6.9%) than in controls (4.4%) by 
haplotype analyses.24 Another study suggests that G allele in RXRγ 
rs10918169 attained Statistical significance for an effect on T2DM 
risk (OR=1.31, CI range from 1.23 to 1.40).25 However, The 
association between RXRβ, as one of the RXRs family members, 
polymorphisms and T2DM were seldom studied. Therefore, this 
study was directed to figure out the correlation between 
single-nucleotide polymorphisms (SNPs) rs2076310 and rs2744537 

of RXRβ gene and genetic sensitivity to T2DM in Chinese Han 
people from Guangdong province. 

 
SUBJECTS AND METHODS 

 
Subjects 
 
According to the criteria of the WHO in 1999, 1092 patients with 
confirmed T2DM were recruited at 10 hospitals from Shenzhen, 
Dongguan, Maoming, Zhanjiang and Shaoguan of Guangdong 
Province from November 2011 to October 2013. In addition, 1092 
ethnically matched healthy controls were also subsumed after body 
checks in the above hospitals. The inclusive criteria of T2DM patients 
and control were as showed in Table1. The demographic data and 
clinical data of all subjects were collected by the standardized 
questionnaire method. About 5 ml peripheral blood samples were 
collected in the early morning for detecting clinical, biochemical 
indications as laboratory data. Details of related data showed in Table 2. 
 
Table 1  The inclusive criteria of T2DM patients and control 

Groups Inclusive criteria 
T2DM * (1) Range of ages 20-70; 

(2) Random blood glucose levels ≥11.1mmol/L with diabetes 
symptoms including polydipsia, polyphagia, polyuria,weight 
loss, itchiness, blurred vision, and other acute metabolic 
disorders caused by hyperglycemia; 
(3) fasting blood glucose levels ≥ 7.0 mmol/L without diabetes 
symptoms; 
(4) Blood glucose levels ≥ 11.1 mmol/L with a glucose 
tolerance test after two hours oral dose; 
(5) Without malignancies, cardiovascular diseases, kidney diseases,
and other severe interference diseases. 

Control (1) Range of ages 20-70; 
(5) Without family history of diabetes; 
(3) Healthy after physical examination including medical 
history, blood glucose, and other biochemical test results. 

* [(2) or (3) or (4)] and (1) and (5) 

 
Table 2  Comparison of baseline data between cases and controls (x±s/n) 

Parameters T2DM(n=1067) Control(n=1054) t/x2 P 

Demographic data     

Gender (M/F *) 532/535 532/522 0.08 0.080 

Age (yr) 59.71±11.87 57.23±10.41 5.12 <0.001 

BMI † (kg/m2) 24.60±3.24 23.58±3.33 7.15 <0.001 

Clinical/laboratory data     

FPG (mmol/L) 10.46±4.50 5.60±1.60 33.22 <0.001 

Hypertension (Y/N ‡) 396/671 380/674 0.26 0.257 

Heartrate (bpm) 76.40±15.26 76.20±10.92 0.35 0.682 

TC (mmol/L) 5.31±1.59 5.43±1.27 -1.92 0.056 

Triglyceride (mmol/L) 2.24±1.03 1.31±0.96 21.51 <0.001 

HDL-C (mmol/L) 1.35±0.54 1.37±0.42 -0.95 0.398 

LDL-C (mmol/L) 2.73±1.04 3.03±0.65 -7.98 <0.001 

* M/F is Male to Female; † BMI (Body Mass Index) is a person's weight in kilograms divided by the square of height in meters; ‡ Y/N is Yes to No 
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This study was conducted correspondingly the Helsinki 

Declaration of the World Medical Association and ratified by the 
Ethics Committee. All participants who signed informed consent 
for this research were the permanent residents of Han nationality 
in Guangdong province, and there is no blood relationship among 
them. 

 
DNA preparation 
 
Peripheral venous blood (2 mL) was collected from each subject in 
an anticoagulant tube with ethylenediaminetetraacetic acid 
disodium salt-Na2 (k2-EDTA). The DNA was extracted by the 
salting-out method after digestion with Proteinase K and stored in 
a -80  refrigerator.℃  

 
Screen and genotyping of single-nucleotide polymorphisms 
 
For the screen of the SNP, the linkage disequilibrium and 
haplotype block analyses were performed using HapMap phase 
genotype data (release 27, http://www.hapmap.org) by Haploview 
4.2 (Broad Institute, Cambridge, MA). The amplicon was a region 
with RXRβ and proximately 5 kb upstream and downstream 
respectively of the gene. Ultimately two SNPs (rs2744537 and 
rs2076310) with minor allele frequency (MAF) ≥ 0.05 and r2 ≥ 0.8 
were chosen. The potential function of SNPs was predicted using 
FastSNP (http://fastsnp.ibms.sinica.edu.tw). rs2744537 (located in 
the 5 upstream) and rs2076310 (located in the intr′ on3) of RXRβ 
gene was identified with a high predicted score. 

SNPs rs2744537 and rs2076310 were subsequently genotyped by 
SNPscanTM technique. Specific experimental steps were as follows: 
(1) Detection of DNA quality and concentration. Run a DNA 
sample (1 μl) on 1% agarose gel. (2) Sample lysis. Take 4 μL DNA 
samples into 96-well plates, mix with 2.5 μL 4× DNA lysis Buffer 
and 3.5 μL distilled water, centrifuge after covering with parafilm, 
incubate in PCR machine at 98  for 5 min, then store in the ice ℃
immediately. (3) Adapter ligation reaction. Add 10 μL premix 
solution to DNA lysis samples, shaking slightly after covering with 
film, centrifuge for 30 s at 3000 rpm, transfer to PCR machine with 
four cycles at 94  for 1 min and 58  for 4 h, then 2 min hold ℃ ℃ at 
4 , and at 72  forever. (4) Multiplex polymerase chain reaction. ℃ ℃

Take 1 μL ligation product into a new 96-well plate and mix with 
19 μL PCR premix solution, centrifuge for 30 s at 3000 rpm after 
covering and shaking, transfer to PCR machine to carry out. (5) 
DNA sequencing. Take 1 μL PCR product after diluting 10 times 
and mix with 0.5 μL Liz500 SIZE STANDARD and 8.5 μL Hi-Di, 
denaturation at 95  for 5 min. The DNA sequencing was ℃

performed using an ABI3130XL sequencer. (6) Data analysis. The 
experimental data were analyzed using GeneMapper 4.1 (Applied 
Biosystems, USA) to obtain the fluorescent labeling and length of 
the PCR product, the corresponding gene information of the SNP 
site and allele. 

 
Statistical analysis 

 
The x2 test was used to calculate the Distributions of the allele and 
genotype frequencies. Multivariate logistic regression was used to 
calculate the odds ratios (ORs) and 95% confidence intervals (95% 
CIs) after adjusting covariate. SPSS 20.0 (SPSS Inc., Chicago, USA) 
was used for data analysis. The Hardy-Weinberg equilibrium test 
was completed by PLINK (http://pngu.mgh.harvard.edu/~purcell/ 
plink). Four models (Additive, dominant, recessive, and 

over-dominant) were used to test the association between gene 
polymorphisms and T2DM. Measurement data were expressed by 
the mean ± standard deviation (x ± s). The two-sided P < 0.05 was 
deemed statistically different. 

 
RESULTS 

 
General situation 
 
In this case-control study, excluding individuals with SNP missing 
rate higher than 20%, 1067 cases and 1054 controls were finally 
included for statistical analysis. In the case group, there were 535 
females and 532 males, average age 59.71 ± 11.87 years, while in 
the control group, there were 522 females and 532 males, average 
age 57.23 ± 10.41 years. There were significant differences in the 
age composition, BMI (body mass index), FPG (fasting blood 
glucose), triglyceride levels and LDL-C (low-density cholesterol) 
between the two groups. The age composition, BMI, FPG, and 
triglyceride levels of the patient with T2DM were higher than that 
of the control. Conversely, LDL-C of the patient with T2DM was 
lower than that of the control, as shown in Table 2. 

 
Comparison between RXRβ gene polymorphisms genotype and 
allele frequency 
 
We not observed statistical differences at the frequencies of all 
alleles and genotypes (rs2744537 and rs2076310) between the two 
groups. The Hardy-Weinberg equilibrium P value was more than 
0.01 in both SNPs, as shown in Table 3. 

 
Comparison of genetic models 
 
There were no significant differences in Additive, dominant, 
recessive, and over-dominant genetic models of RXRβ 
polymorphisms (rs2744537 and rs2076310) before and after 
adjusting the covariant factors including age and body mass index 
(BMI), as shown in Table 4. 
 
Haplotype analysis 
 
By linkage disequilibrium analysis, we found that the rs2076310 
and rs2744537 of RXRβ gene have linkage disequilibrium. However, 
no significant differences were found in the relationship between 
haplotype variations and T2DM prevalence were evaluated by 
calculating the ORs and 95% CIs from multivariate logistic 
regression with adjustment for gender, age, and BMI, as shown in 
Table 5. 
 
DISCUSSION 
 
In our research, we screened two tagging SNPs of the RXRβ gene to 
figure out the correlated with the prevalence risk of T2DM in 
Chinese Han people from Guangdong using a middling sample 
size of 1067 T2DM patients and 1054 healthy controls. By the 
single locus analysis, we not found statistical differences between 
T2DM patients and controls in allele and genotype distribution of 
two SNPs (rs2744537 and rs2076310) of RXRβ gene. RXRβ is a 
member of the RXR family of nuclear receptors and is confirmed 
the localization of RXRβ to chromosome 6p21.3-p21.1.26 The 
receptor is a transcription factor that mediates a range of 
extracellular signals in a ligand-dependent manner and regulating 
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Table 3  Comparison of the allele and genotype frequencies of the two SNPs in RXRβ in cases and controls (n) 

SNPs  T2DM(n=1067) Control(n=1054) P OR (95%CI) ‡ 

rs2744537      

Allele A 32 35 Reference 

 C 2102 2073 0.674 0.93(0.57-1.52) 

Genotype* CC 1036 1019 Reference 

 CA 30 35 0.499 0.88 (0.53-1.45) 

 AA 1 0 -† -† 

 HWE §   0.955  

rs2076310      

Allele A 780 771 Reference 

 G 1354 1337 0.987 0.96(0.85-1.10) 

Genotype* GG 422 425 Reference 

 GA 510 487 0.569 1.00 (0.83~1.21) 

 AA 135 142 0.754 0.91 (0.69~1.20) 

 HWE §   0.938  
* The P values of rs2744537 and rs2076310 genotype distribution between T2DM patients and controls were 0.499, 0.739, respectively; † x2 test cannot be 

conducted due to cross tabulation of zero; ‡ ORs and 95% CIs of genotype frequencies were covariate adjusted; § HWE is Hardy-Weinberg equilibrium 
 

Table 4  Comparison of the genetic model of RXRβ ploymorphisms between cases and controls (n) 

Model  T2DM(n=1067) Control(n=1054) P * OR(95%CI) ‡ 

rs2744537      

Additive CC 1036 1019 Reference 

 AA 1 0 -† -† 

Dominant CC 1036 1019 Reference 

 CA+AA 31 35 0.582 0.90 (0.55-1.49) 

Recessive CC+CA 1066 1054 Reference 

 AA 1 0 -† -† 

Overdominant CC+AA 1037 1019 Reference 

 CA 30 35 0.496 0.88 (0.53-1.45) 

rs2076310      

Additive GG 422 425 Reference 

 AA 135 142 0.754 0.98 (0.86~1.12) 

Dominant GG 422 425 Reference 

 GA+AA 645 629 0.716 0.98 (0.82~1.17) 

Recessive GG+GA 932 912 Reference 

 AA 135 142 0.575 0.91 (0.70~1.17) 

Overdominant GG+AA 557 567 Reference 

 GA 510 487 0.462 1.03 (0.86~1.22) 
* The P values of rs2744537 and rs2076310 genotype distribution in genetic model between T2DM patients and controls were calculated by  x2 test; †  x2 

test cannot be conducted due to cross tabulation of zero; ‡ ORs and 95% CIs of genotype frequencies were covariate adjusted 
 

Table 5  Haplotype analysis of RXRβ polymorphisms 

Haplotype* 
rs2744537 rs2076310 

Frequency OR †(95% CI) P 

C G 0.634 Reference 
C A 0.350 0.97 (0.85 - 1.10) 0.610 
A A 0.016 0.92 (0.56 - 1.50) 0.733 

* Haplotype of rs2744537 (C/A) and rs2076310 (G/A); † ORs and 
95%CIs of haplotype frequencies were covariate adjusted by logistic 
regression analysis 

the target gene by binding to reactive elements within the 
promoter regions of these genes.27 RXRs form heterodimers with 
another nuclear receptor to vitamin D. Vitamin D plays a 
significant role in modifying the risk of T2DM in diverse recently 
published studies, with the effect which is likely mediated by an 
effect of vitamin D  on beta-cell function, insulin sensitivity, 
and systemic inflammation.28 In addition, genetic 
polymorphisms of vitamin D-related genes may increase T2DM 
and gestational diabetes mellitus (GDM) risk.29, 30 Thereinto, it is 
noteworthy that two SNPs of vitamin D-related genes (RXRG 
rs17429130 and RXRA rs4917356) were significantly associated 
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with the increased risk of GDM. However, RXRβ gene 
polymorphisms were not associated with the increased risk of 
GDM. The expression pattern of RXR subtypes is quite different. 
RXRα is abundantly expressed in liver, kidney, spleen, placenta, 
epidermis and various visceral tissues; RXRβ is abroad expressed 
and can be observed in almost every tissue; RXRγ expression is 
primarily restricted to brain and muscle.31 Hepatocyte RXRα 
affects many metabolic processes and has played an important 
role in lipid homeostasis. Skeletal muscle was the main target of 
rexinoid (synthetic RXR agonists) as insulin sensitizers action, 
which sensitizes diabetic skeletal muscle to insulin-dependent 
glucose treatment. Rexinoids increase uptake and oxidation of 
saturated fatty acids in cultured skeletal muscle cells from 
diabetic humans.32 To our knowledge, Insulin resistance is often 
correlated with the accumulation of saturated fatty acids in 
muscle, which interferes with insulin signaling and glucose 
uptake.33 Interestingly, the study by Codner et al.34 found that 
three RXR subtypes expression in human skeletal muscle is not 
closely controlled by insulin, insulin resistance or T2DM. Instead, 
RXR isoform may be a constitutive protein or be controlled by 
other factors. Therefore, the relationship between RXR gene 
individual subtype polymorphism and diabetes is worth 
clarification. 

Although they may not be the actual risk mutation, the 
synonymous SNPs may be highly linked to a variant associated 
with the translation of the mRNA and protein expression.35 For 
example, the strong association of Wegener's granulomatosis (WG) 
with the HLA-DPB1*0401 allele was confirmed, and an extended 
haplotype DPB1*0401/RXRB*03 was identified showing an even 
stronger association with WG.36 We speculate that this might be 
due to the RXRB gene is localized in the major histocompatibility 
complex (MHC) region between HLA-DPB1 and DAXX. 
Additionally, the significant linkage disequilibrium between the 
RXRB alleles and some of HLA-DPB1 alleles was revealed by family 
studies.37 However, the data regarding three haplotypes frequency 
(CG, CA and AA) in T2DM patients compared to controls not 
observed statistically significant differences, whatever the 
frequency was covariate-adjusted by logistic regression analysis. 
This result indicates that this haplotypes, according to the RXRB 
polymorphisms, might not be genetic factors for predisposition to 
T2DM in Chinese Han population from Guangdong.  

In our study, several limitations should be considered. First of all, 
both cases and controls were from hospitals, so that the study 
subjects may not be fully representative of the general population. 
Furthermore, although < 5% of each locus of the DNA samples 
failed for genotyping, this may still be some selection bias. Last but 
not least, T2DM is a complex, multifactorial disease. Both genetic 
and environmental factors are known to contribute to its 
development, a class of uncontrol factors may cause confounding 
bias. In addition, the limitations of our study also relate to the 
sample size and the restriction of the population (from Guangdong 
in China only). 

 
CONCLUSION 
 
In conclusion, this study suggests that the genetic susceptibility to 
T2DM may be not associated with SNPs rs2744537 and rs2076310 
of RXRβ gene in the Chinese Han population from Guangdong 
province. However, it is limited for the research samples only from 
Han nationality in Guangdong province, so it could not 
temporarily define that RXRβ gene polymorphisms are not 

associated with genetic susceptibility to type 2 diabetes. 
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