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ABSTRACT. We examined the correlation between gene polymorphisms 
in hypoxia-inducible factor-1α (HIF-1α) Pro582Ser and type 2 diabetic 
nephropathy (DN). A total of 244 subjects with type 2 diabetes were 
recruited. The 1285-bp locus polymorphism of HIF-1α exon was 
detected using polymerase chain reaction-restriction fragment length 
polymorphism. C/T single nucleotide polymorphisms were detected at the 
site of 1285 bp of the HIF-1α exon, from a proline to a serine (Pro582Ser). 
The frequency of CT heterozygotes was significantly higher in DN patients 
than in diabetes patients (P < 0.05). Logistic regression analysis showed 
that high hemoglobin A1c and low high-density lipoprotein-cholesterol 
were risk factors for DN, and Pro582Ser was excluded in the equation. 
HIF-1α Pro582Ser single nucleotide polymorphisms may be correlated 
with type 2 DN, which needs further exploration.
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INTRODUCTION

Diabetic nephropathy (DN) is the most common microvascular complication of diabetes 
mellitus (DM); studies have shown that DN may be related to heredity and the environment. 
Hypoxia is an important factor in the pathogenesis of DN (Tanaka and Nangaku, 2010). Hypoxia-
inducible factor-1 (HIF-1) is an important regulator of cell oxygen metabolism and is composed of 
α and β subunits; its activity is mainly dependent on the strict control of HIF-1α degradation. HIF-
1α is a transcriptional activator that regulates gene expression by changing intracellular oxygen 
concentrations, allowing cells to adapt to hypoxia conditions by regulating the expression of related 
downstream genes (Semenza, 2010). Previous studies have shown that the HIF-1α Pro582Ser 
polymorphism (rs11549465) was correlated with type 1 DN (Gu et al., 2013), but its relationship 
with type 2 DN remains unclear. Therefore, we examined the correlation between the HIF-1α 
Pro582Ser polymorphism and type 2 DN.

MATERIAL AND METHODS

Subjects 

According to diagnosis and classification standards of diabetes proposed by the WHO 
in 1999, 244 cases of type 2 diabetes were selected. Based on urinary albumin excretion rates, 
grouping was performed: 104 cases showed urinary albumin excretion rates <20 mg/min and were 
included in the DM group; 140 cases showed urinary albumin excretion rates >20 mg/min or 24-h 
urinary protein >0.5 g and were included in the DN group. Exclusion criteria were as follows: 
proteinuria caused by heart and liver, primary urinary system diseases, and the use of drugs 
affecting renal function.

Methods

Clinical data 

Blood pressure, height, and weight were measured and body mass index was 
calculated; serum creatinine (SCr), blood urea nitrogen, fasting plasma glucose, triglycerides 
(TG), total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein-cholesterol 
(HDL-C), hemoglobin A1c (HbA1c), fasting C-peptide, 2-h postprandial plasma glucose, and 2-h 
postprandial C-peptide were detected. The 24-h urine specimens of patients were collected to 
detect microalbumin.

Polymorphism detection 

A 5-mL peripheral blood sample was collected and the DNA of white blood cells was 
isolated using a DNA extraction kit. Primers of the target genes were as follows: upstream primer, 
5'-AAGGTGTGGCCATTGTAAAAACTC-3'; downstream primer, 5'-GCACTAGTAGTTTCTTTATGT
ATG-3'. The gene was amplified using polymerase chain reaction instrument; the length of target 
gene fragment was 346 bp. Restriction digestion of the target gene fragment was performed using 
HphI endonuclease at 37°C in a water bath overnight, after which the samples were analyzed by 
electrophoresis.
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Statistical analysis 

The SPSS 17.0 statistical software was used for data analysis (SPSS, Inc., Chicago, 
IL, USA). Measurement data showing a normal distribution are reported as means ± SD, and 
differences between groups were compared using the independent sample t-test. Measurement 
data that did not show a normal distribution are reported as median (Q25, Q75), and the differences 
between the groups were compared using the Wilcoxon rank sum test. Hardy-Weinberg genetic 
equilibrium and differences in allele frequencies and gender composition between the DN group 
and non-DN group were analyzed using the χ2 test. Risk factors for DN were analyzed by logistic 
regression analysis. P < 0.05 indicated that the difference was statistically significant.

RESULTS

Biochemical tests

TG, SCr, and blood urea nitrogen were higher and HDL-C was lower in the DN group than 
in the DM group (P < 0.05; Table 1).

Table 1. General characteristics and clinical data of DN and DM groups.

	 DN group (N = 140)	 DM group (N = 104)	 P value

Gender (male/female)	 72/68	 62/42	   0.20
Age (years)	   54.76 ± 14.79	   54.63 ± 14.92	   0.95
SBP (mmHg)	 135.58 ± 20.87	 131.80 ± 16.60	   0.13
DBP (mmHg)	     82.7 ± 14.60	     82.9 ± 14.03	   0.91
BMI (kg/m2)	 23.17 ± 3.41	 23.97 ± 2.95	   0.06
FPG (mM)	   9.01 ± 3.81	   8.65 ± 3.86	   0.47
2hPG (mM)	 16.13 ± 8.85	 14.21 ± 5.58	   0.06
FCP (ng/mL)	   1.56 ± 1.31	   1.35 ± 1.16	   0.21
2hCP (ng/mL)	   4.02 ± 3.39	   3.31 ± 2.70	   0.08
TG (mM)	   2.12 ± 2.50	   1.64 ± 1.01	   0.04
TC (mM)	   4.74 ± 1.69	   4.76 ± 1.45	   0.92
LDL-C (mM)	   3.06 ± 1.30	   2.87 ± 1.25	   0.25
HDL-C (mM)	   1.06 ± 0.34	   1.22 ± 1.60	   0.01
HbA1c/%	    11.33 ± 10.04	   9.67 ± 2.44	   0.06
BUN (mM)	   9.47 ± 8.64	   6.10 ± 2.47	 <0.01
SCr (µM)	   131.5 ± 40.56	   69.51 ± 28.70	 <0.01

Digestion results 

The CC genotype of rs11549465 contained HphI restriction sites, resulting in 2 fragments 
of 228 and 118 bp. The heterozygous variant (CT) showed 3 segments of 346, 228, and 118 bp 
(Figure 1). The homozygous variant (TT), because of the loss of restriction sites, showed a 346-bp 
fragment (this variant was not observed in this study).

Hardy-Weinberg test 

There was no significant difference between the observed and predicted values 
of the rs11549465 genotype polymorphism both in the DN and DM groups (P > 0.05). The 
genotype distributions of the 2 groups were in Hardy-Weinberg equilibrium; the sample was 
representative (Table 2).



14506Y.X. Bi et al.

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 14 (4): 14503-14509 (2015)

Figure 1. Restriction electrophoresis of target gene. Lane 1: undigested PCR product; lanes 2, 3, 4, and 5: CC 
genotype; lane 6: CT genotype.

Table 2. Genetic equilibrium test.

Group	 Case			   Frequency		                           Allele		  χ2	 P

			   CC	 CT	 TT	 C	 T		

DN group	 140	 Observed value	 130.00	 10.0	 0.0	 270	 10		
		  Predicted value	 129.02	     9.64	   0.17			   0.18	 >0.05
DM group	 104	 Observed value	 88.0	 16.0	 0.0	 192	 16		
		  Predicted value	   88.62	   14.77	   0.62			   0.16	 >0.05

rs11549465 polymorphism: differences in T allele carrier rate between the DN 
group and the DM group 

In the DM group, the proportion of patients carrying the T allele was significantly higher 
than that in the DN group (P < 0.05). The odds ratio between the T allele and DN pathogenesis 
was 0.42 (Table 3).

Table 3. Comparison of T allele carrier rate between the 2 groups.

Group	 Cases	                                                Genotype		  P value	 OR (95%CI)

		  CC	 CT		

DN group	 140	 130 (92.86%)	 10 (7.14%)		
DM group	 104	   88 (84.62%)	   16 (15.38%)	 0.04	 0.42 (0.18-0.98)

rs11549465 polymorphism: comparison of general clinical data in patients with 
different genotypes 

Compared with patients with the CC genotype, patients with the CT allele showed lower 
SCr (P < 0.05), and there was no significant difference between the 2 groups in regard to gender, 
age, blood glucose, body mass index, C peptide, TG, and other indicators (P > 0.05; Table 4).

Logistic regression analysis of DN-related factors  

Using the incidence of DN in patients as the categorical variable, gender, age, blood 
pressure, body mass index, fasting plasma glucose, 2-h postprandial plasma glucose, fasting 
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C-peptide, PCP, TG, total cholesterol, low-density lipoprotein cholesterol, HDL-C, HbA1C, and 
rs11549465 genotypes were considered independent variables for logistic regression analysis. The 
results showed that high HbA1c and low HDL-C were risk factors for DN; the T allele and constants 
were excluded in the equation (P > 0.05, Table 5).

Table 4. Comparison of clinical data in patients with different genotypes.

	 CC (N = 218)	 CT (N = 26)	 P value 

Gender (male/female)	        118/100	 15/11	 0.60
Age (years)	        54.64 ± 15.14	   55.19 ± 12.02	 0.86
SBP (mmHg)	      133.52 ± 19.37	   137.7 ± 17.84	 0.30
DBP (mmHg)	        82.60 ± 14.35	   84.23 ± 14.29	 0.59
BMI (kg/m2)	      23.49 ± 3.31	 23.70 ± 2.60	 0.73
FPG (mM)	        8.83 ± 3.90	   9.12 ± 3.40	 0.71
2hPG (mM)	      15.26 ± 7.93	 15.67 ± 5.02	 0.80
FCP (ng/mL)	        1.46 ± 1.21	   1.57 ± 1.56	 0.68
2hCP (ng/mL)	        3.67 ± 3.03	   4.07 ± 3.89	 0.54
TG (mM)	      1.35 (0.91, 2.07)	 1.54 (1.07, 2.44)	 0.32
TC (mM)	        4.75 ± 1.50	   4.82 ± 2.22	 0.83
LDL-C (mM)	        3.01 ± 1.31	     2.7 ± 1.00	 0.36
HDL-C (mM)	        1.17 ± 0.52	   1.03 ± 0.45	 0.20
HbA1c/%	      10.4 ± 7.1	   9.90 ± 2.50	 0.84
BUN (mM)	        8.14 ± 7.06	   7.17 ± 5.82	 0.50
SCr (µM)	        131.1 ± 62.10	 102.20 ± 55.21	 0.02

Table 5. Logistic regression analysis of DN-related factors.

Categorical variable	 Independent variables	 β	 OR	 OR (95%CI)	 P value

DN	 HbA1c	  0.13	 0.88	 0.98-0.78	 0.02
	 HDL-C	 -0.79	 2.21	 4.08-1.19	 0.01

DISCUSSION 

There are multiple-single nucleotide polymorphism sites in the exons of the HIF-1α gene. 
The Pro582Ser polymorphism can improve the expression of HIF-1α during hypoxia and high glucose 
stress in cells (Gu et al., 2013). In the early development of DN, the presence of hypoxia can be 
detected in the renal outer medulla of DM animal models. Tubulointerstitial chronic hypoxia may be 
a common pathway of glomerular disease progressing to end-stage renal disease (Nangaku, 2006), 
suggesting that hypoxia may be a major causative factor of DN (Palm et al., 2011). Expression of 
HIF-1 in the kidney of DN rats was regulated compared with normal kidney, suggesting that HIF-1 is 
involved in DN pathogenesis (Li et al., 2011). Changes in C→T in the HIF-1α rs11549465 polymorphism 
transformed proline into serine (Pro582Ser); in the absence of oxygen and hyperglycemia, the level 
of transcription of the CT and TT genotypes increased compared with the CC genotype, suggesting 
that the polymorphism may affect the expression of HIF-1α, altering its regulation of downstream 
genes. Thus, it is involved in the pathogenesis of DN (Gu et al., 2013).

In the present study, we examined HIF-1α gene polymorphisms in type 2 diabetic patients 
with or without DN to further confirm the rs11549465 polymorphism in HIF-1α exons. Compared 
with the DN group, the T allele carrying rate of the HIF-1α rs11549465 polymorphism in the 
DM group was higher, suggesting that the T allele may be a protective factor for DN. Logistic 
regression analysis showed that the gene polymorphism was excluded in the equation, which may 
be related to the following factors. In ischemia and hypoxia, the body will undergo a compensatory 
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response to increase the expression of HIF-1α and its downstream target genes (such as heme 
oxygenase-1 and glycolytic enzymes) in order for cells to adapt to hypoxia; this adjustment reflects 
the protective effect of HIF in the kidneys (Zhang et al., 2007), making the kidneys more adaptive 
to a hypoxic environment and may delay the progression of chronic kidney disease (Tanaka et al., 
2005). However, the high expression of HIF-1α was also a harmful factor for kidney fibrosis and 
hypoxia. Under chronic kidney hypoxia conditions, high levels of HIF can activate its downstream 
target genes, such as endothelin-1 and vascular endothelial growth factor. In addition, in diabetic 
nephropathy, increased angiotensin II causes the long-term contraction of renal blood vessels, 
leading to increased ischemia and hypoxia of renal tissues, further promoting the expression of HIF. 
Vascular endothelial growth factor, endothelin-1, and angiotensin II are important proinflammatory 
and fibrogenic factors (Seccia et al., 2008; Lin et al., 2011), and there is a synergistic effect 
among them in promoting renal fibrosis. In the pathogenesis of DN, high expression of HIF-1α 
enhances the tolerance of kidney tissues and cells to hypoxia, playing a protective role in the 
kidneys. However, HIF also induces kidney fibrosis and kidney damage. Therefore, the HIF-1α 
polymorphism Pro582Ser may play different an opposite role in the development of DN at different 
stages. Early in DN, upregulation of HIF-1α may delay further deterioration of the disease by 
improving adaptability to the hypoxic environment. When the progression of DN reaches a specific 
stage, extensive microvascular disease and microcirculation obstacles appeared; meanwhile, 
decompensation occurred in the regulation of hypoxia by HIF-1α, so that its increase accelerated 
interstitial fibrosis and disease progression.

In this study, multivariate analysis showed that HIF-1α gene Pro582Ser polymorphism 
may have a protective effect against DN, indicating that precise regulation of HIF-1α has important 
implications for the development of DN. Our results should be further examined in multi-stage 
studies with large sample sizes. 
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