
ORIGINAL ARTICLE

Biochemical Genetics (2023) 61:2710–2723
https://doi.org/10.1007/s10528-023-10402-z

Abstract
Genetic factors are known to play a significant role in the susceptibility of diabetic 
patients to severe complications such as diabetic nephropathy (DN). This study 
aimed to evaluate the association between polymorphism of ectonucleotide pyro-
phosphatase/phosphodiesterase 1 (ENPP1) variants (rs997509, K121Q, rs1799774, 
and rs7754561) and DN in patients with type 2 diabetes mellitus (T2DM). A total 
number of 492 patients with T2DM with and without DN were categorized into 
case and control groups. The extracted DNA samples were genotyped using Taq-
Man allelic discrimination assay amplified by polymerase chain reaction (PCR). 
The haplotype analysis among the case and control groups was performed using 
an expectation-maximization algorithm by the maximum-likelihood method. The 
analysis of laboratory findings demonstrated significant differences in fasting blood 
sugar (FBS) and hemoglobin A1c (HbA1c) between the case and control groups 
(P < 0.05). The results showed that K121Q was significantly related to DN under 
a recessive model of inheritance (P = 0.006); however, rs1799774 and rs7754561 
both were protective for DN under a dominant model of inheritance (P = 0.034 and 
P = 0.010, respectively) among four studied variants. Two haplotypes, including C-
C-delT-G with a frequency < 0.02 and T-A-delT-G with a frequency < 0.01, were 
associated with the increased risk of DN (P < 0.05). The present study demonstrated 
that K121Q was associated with the susceptibility of DN; however, rs1799774 and 
rs7754561 were protecrtive variants for DN in patients with T2DM.
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Introduction

The number of individuals suffering from diabetes mellitus (DM) is increasing at 
an alarming rate and has been estimated to be doubled by 2030 (Tomino en Gohda 
2015). A large number of these patients are from low and middle-income societies 
(Whiting et al. 2011). In type 2 diabetes mellitus (T2DM), environmental and genetic 
factors can cause the progressive loss of β-cell volume and/or function that clinically 
indicates hyperglycemia (Murea et al. 2012). Diabetes leads to different complica-
tions such as damaging blood vessels, the heart, kidneys, eyes, and nerves. One of 
the most common pathological effects of diabetes is chronic kidney disease (CKD) 
(Stevens en Levin 2013; Alicic et al. 2017).

CKD is more common in some particular groups, including the elderly, youth 
onset, overweighs and obsesses, and low or middle-income populations. The increas-
ing prevalence of younger patients with T2DM, who expressed an accelerated period 
of complexity considerably enhance the global burden of CKD (Thomas et al. 2016). 
One kind of CKD is diabetic nephropathy (DN), which is a long-term kidney dis-
ease identified by persistent albuminuria and a progressive failure in renal function 
and infers a typical pattern of glomerular disease that occurs in 20–50% of those 
patients with diabetes (Evans et al. 2018; Selby en Taal 2020; Sawaf et al. 2022). The 
DN associates with hypertension and other cardiovascular morbidity and mortality 
(Andrésdóttir et al. 2015; Pelle et al. 2022). The pathogenesis of diabetes and fol-
lowing DN is multifactorial, and genetic and epigenetic play an important role in its 
progress. Genetic background is an unmodifiable risk factor that should be considered 
a fundamental one (Tziastoudi et al. 2020). A genome-wide association study demon-
strated common known loci that express a relation with T2DM. Ectonucleotide pyro-
phosphatase/phosphodiesterase 1 (ENPP1) is a member of the ENPP family, detected 
on the long arm of chromosome 6 (6q23.2), and can encode a protein that negatively 
affects insulin function by blocking the insulin tyrosine-kinase receptor signals (Sor-
tica et al. 2011; Priščáková et al. 2016). Some studies have indicated that patients 
with T2DM are resistant to either endogenous or exogenous insulin. In coding and 
noncoding regions, some genetic diversities resulting in enhanced ENPP1 expres-
sion in the liver related to resistance to insulin by preventing tyrosine-kinase activity 
that might play a main role in DN pathological process (Tanyolaç et al. 2009). The 
K121Q polymorphism of the ENPP1 gene seems to be associate with insulin resis-
tance and DN development (Sortica et al. 2011). The common variant 121Q related 
to insulin resistance and T2DM has been compared with its 121 K, causing a decrease 
in receptor autophosphorylation (Frittitta et al. 2001; Cave et al. 2020). A variant in 
exon 4 of the ENPP1 gene causes the replacement of lysine (K) to glutamine (Q) in 
codon 121 (K121Q; rs1044498) (Sortica et al. 2011; Bhatti et al. 2018).

The T allele, which is located in the 3’ end of intron 1, is placed in a region, includ-
ing ENPP1 gene regulatory element that upturns messenger RNA (mRNA) con-
stancy, and is related to ENPP1 overexpression and insulin resistance (Santoro et al. 
2009). Two functionally noncoding uncharacterized polymorphisms that enhance the 
stability of mRNA are rs7754561 diverse in untranslated region 3’ and rs1799774-
/T, that have been located in intron 20 of ENPP1 and are related to ENPP1 overex-
pression and insulin resistance (Huang et al. 2015). The DN is among the leading 
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causes of end-stage renal disease, imposing serious effects on morbidity, mortality, 
and patient’s life quality. With this background, the present study aimed to cast light 
on the association of four variants of ENPP1 and their haplotypes related to DN 
development in patients with T2DM in Guilan province, Iran.

Materials and Methods

Subjects and Study Design

A total number of 492 patients with T2DM were randomly selected and classified 
into case and control groups (i.e., patients with T2DM with (n=185) and without 
DN (n=307), respectively). All samples were selected from Guilan province, Iran. For 
being included, all the individuals with T2DM were identified according to plasma 
fasting blood sugar (FBS) level > 126 mg/dl or/and hemoglobin A1c (HbA1c) > 6% 
(Committee 2009; Razi et al. 2018), and also according to applying prescriptions 
for diabetic patients. The exclusion criteria were included type 1 diabetes, impaired 
glucose tolerance, metabolic syndrome, and pregnancy diabetes. In addition, patients 
with positive test results for two of three tests of the microalbuminuric higher than 
300 mg of albumin/g of creatinine (Cr) in a six-month period and/or biopsy-proven 
DN, who were diagnosed by a nephrologist, met the criteria for DN (Caramori et 
al. 2002). The exclusion criteria of DN were nondiabetic renal diseases, Addison’s 
disease, and other primary kidney disorders. Serum FBS test, HbA1c level, systolic 
blood pressure (SBP), and diastolic blood pressure (DBP) were measured. Moreover, 
the body mass index (BMI) was calculated for all participants. The informed consent 
of patients was consciously taken to participate in the present investigation. This 
study was in accordance with the ethical code of human genome/gene research at the 
Guilan University of Medical Science [IR.GUMS.REC.1394.341].

Genotyping

The extracted DNA samples (Keshavarz et al. 2014) that were isolated based on 
the salting-out method with the standard procedure from whole blood (Miller et al. 
1988) were used for the study. Furthermore, sample purifying was confirmed via a 
NanoDrop spectrophotometer and agarose gel electrophoresis with a sharp single 
band (Lee et al. 2012; García-Alegría et al. 2020). All four variants of ENPP1 were 
genotyped on the ABI7300 system (Applied Biosystems, Foster City, CA, US) by 
TaqMan discrimination assay technology (using the 5’ nuclease assay for amplifying 
and detecting specific SNP alleles). The TaqMan genotyping reaction was amplified 
on a real-time polymerase chain reaction (PCR)  (denatured at 95 °C for 10 sec-
ond, 45 cycles for denaturation at 94 °C for 15 second, and annealing for 1 minutes 
at 60 °C; fluorescence dyes and ABI Prism 7300 HT sequence detector system by 
Safety Data Sheet software, version 2.1). Genotyping the data was established from 
over 99% of the genomic DNA samples.
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Analysis of Haplotypes

The haplotype analysis of four variants were evaluated for the possible effects of 
combinations of the variants on DN risk. Significant haplotypes were selected by 
a frequency higher than 5%. The haplotype analysis among the case and control 
groups was performed using an expectation-maximization algorithm by the maxi-
mum-likelihood method. By comparing the frequency of haplotypes between both 
groups, permutation p-values were calculated with the basis of 10,000 replications. 
The data analysis of haplotypes, linkage disequilibrium, and pairwise delta (corre-
lation coefficient) was performed via SNPAlyze software (version 8.1; Dynacom, 
Japan). Moreover, online analysis with Web-Assotest was performed to find associa-
tion models (26).

Statistical Analysis

SPSS software (version 24) was used to determine genotype-phenotype and other 
relations of the studied variants with biochemical and clinical data. In both case and 
control groups, genotype distribution was performed by Hardy-Weinberg Equilib-
rium (HWE) (CI: 95%) to determine the association between the variants and DN 
risk. The data were represented as mean ± standard deviation (SD) and the categorical 
data were expressed as numbers and percentage. The normality of data was checked 
using Kolmogorov-Smirnov normality test. Moreover, to compare parametric vari-
ants among case and control groups, Chi-square test, Fisher’s exact test, Anova, and 
independent-sample t-test were performed were performed; and in the case of non-
parametric data, Mann Whitney and Kruskal-Wallis were used. All statistical assess-
ments were two-sided and the significant level was considered if P < 0.05.

Results

The participants included 185 patients with T2DM and DN by a mean age of 
52.53 ± 9.56 years old that 133 were females and 52 were males. Moreover, 307 
patients without DN by a mean age of 51.93 ± 9.10 years old, included 225 females 
and 82 males. Table 1 shows the clinical characteristics of patients with T2DM in 

Clinical 
characteristics

Case Control P

Subjects n (F/M) 185 (133/52) 307 (225/82) 0.755**

Age (year) 52.53 ± 9.56 51.93 ± 9.10 0.484*

Age of onset (year) 43.38 ± 9.93 44.77 ± 10.17 0.129**

BMI (kg/cm2) 28.61 ± 5.37 28.26 ± 4.83 0.693**

FBS (mm/l) 165.21 ± 73.86 148.14 ± 68.50 0.002**

HbA1c (mmol/mol 
%)

9.21 ± 5.72 6.96 ± 3.93 < 0.001**

SBP (mmHg) 12.5 ± 0.1.38 12.42 ± 1.46 0.759**

DBP (mmHg) 7.53 ± 0.84 7.5 ± 0.85 0.702**

Table 1 Clinical characteristic 
of patients with T2DM with 
(case) and without (control) DN

Mean ± SD; BMI (body mass 
index); FBS (fasting blood 
sugar); SBP (systolic blood 
pressure); DBP (diastolic 
blood pressure); Significance 
level < 0.05. *Independent 
t-test. ** Man-Whitney

 

1 3

2713



Biochemical Genetics (2023) 61:2710–2723

both case and control groups. The results indicated significant differences in FBS 
and Hb1AC between the two studied groups (P = 0.002 and P < 0.001, respectively). 
These data demonstrated that the mean levels of FBS and Hb1AC were higher in 
T2DM patients with DN than those without DN.

Genotype-Phenotype Association of ENPP1 Variants

The genotype and allele frequency of all four investigated variants among 185 
patients with T2DM and DN and 307 patients with T2DM and without DN dem-
onstrated that K121Q (P = 0.006), rs1799774 (P = 0.034), and rs7754561 (P = 0.010) 
were considered significant as a recessive, dominant, and dominant models of 
inheritance, respectively. The distribution of genotype polymorphisms in the case 
group was in HWE for rs997509, rs1799774, and rs7754561 (P = 0.975, P = 0.058, 
and P = 0.985, respectively), but not for K121Q (P = 0.001); and in the control group 
for rs997509, K121Q, rs1799774, and rs7754561 (P = 0.830, P = 0.130, P = 730, and 
P = 0.769, respectively). Table 2 shows that the K121Q genotype prevalence among 
patients with and without DN was significantly different (P = 0.012). This finding 
showed that K121Q had an association with DN in the recessive inheritance model 
(P = 0.006). The other significant variant, rs7754561, was different between the two 
study groups in the allelic level (P = 0.007). Both rs1799774 (P = 0.034; OR 0.66; 
95% CI: 0.45–0.97) and rs7754561 (P = 0.010; OR 0.48; 95% CI: 0.28–0.85) played 
a protective role for DN in patients with T2DM via a dominant model of inheritance.

Haplotype Analysis in Patients with T2DM with and Without DN

All of the above-mentioned variants were examined to find assumed the associated 
haplotypes. Accordingly, 11 haplotypes with a frequency more than 1% and 5 haplo-
types with a frequency more than 5% were obtained. The analysis of haplotypes was 
performed with haplotype distributions comparing in both case and control groups. 
None of the haplotypes with a frequency higher than 10% had a significant difference 
among groups; however, C-C-delT-G and T-A-delT-G were two haplotypes by the 
allele frequency more than 2% and 1% (P = 0.005 and P = 0.004, respectively), which 
indicated a weak association of haplotypes in cases and controls (Table 3).

Genotype-Phenotype Sub Analysis

According to Table 4, for other three variants, no significant statistical difference in 
biochemical and clinical characteristics between the case and control groups in wild 
type, heterozygote, and homozygote genotypes of patients was reported for K121Q, 
while in control group of rs1799774 and rs7754561 variants, the mean of FBS and 
the frequency of gender, respectively, were significantly difference among wild type, 
heterozygote, and homozygote genotypes (P < 0.05).
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Discussion

A dramatically rising global burden of DN that seriously increases the risk of health 
complications, attracts healthcare system attention to the fundamental reasons for 
this disease (Zhang et al. 2020). Due to the remarkable effect of genetics on the 
susceptibility of individuals to various diseases, the study of genes casts light on 
numerous questions in terms of comorbidities and worsen condition of diseases. The 
present investigation demonstrated that K121Q had significant associations with DN. 
Furthermore, rs1799774 and rs7754561 variants were amount of protective variants 
for DN in T2DM patients. A study has indicated a significant association of KQ poly-
morphism of the ENPP1 gene with diabetic kidney disease in the Indian popula-
tion (Chandra et al. 2021), representing a certain effect of genetic factors on DN 
occurrence.

The significant association of FBS and HbA1c with K121Q through genotype-
phenotype analysis revealed that the mean levels of FBS and HbA1c were signifi-
cantly higher in patients with T2DM with DN than those without DN, which can 
suggest the association of this variable with DN. A study by Lind et al., reported that 
the risk of severe complications for patients with diabetes mainly happened at HbA1c 
levels > 8.6% (Lind et al. 2019). Cave et al. showed the association of the K121Q 
A allele with a glomerular filtration rate (GFR) decrease in the black population of 
South Africa (Cave et al. 2020), which indicated that genetic factors play an impor-
tant role in susceptibility to DN in patients with T2DM. Some studies obtained the 
important role of genetic variations in DNA methylation and highlighted loci, where 
methylation and gene-expression changes likely mediate the genotype effect on kid-
ney disease development (Nazir et al. 2014; Sheng et al. 2020). Keen et al. reported 
the association of rs7754561 and rs1799774 with DN. They also reported that K121Q 
had no associated with DN (Keene et al. 2008).

An investigation carried out by Gohari-Lasaki et al. suggested that rs997509 and 
rs7754561 associated with the susceptibility of diabetic retinopathy in patients with 
T2DM. Moreover, rs7754561 could be a potential genetic indicator for the progno-
sis and diagnosis of diabetic retinopathy (Gohari-Lasaki et al. 2020). Another study 
demonstrated that K121Q is significantly expressed in patients with diabetes and 
bone osteoporosis that resulted in severe complications (Neamati et al. 2017). Ghada 
et al. reported that ENPP1 K121Q (A/C, rs1044498) variant was associated with 
DN. They demonstrated that patients, with the minor/risk allele, had significantly 
higher moderately increased albuminuria/severely increased albuminuria levels and 
albumin/creatinine ratio compare to those with the wild A allele (Omar et al. 2022).

Moreover, as ENPP1 expressed in many organs including kidney, parathyroid, car-
tilage, heart, and skeletal muscle, and it is also highly expressed in vascular smooth 
muscle cells, osteoblasts, and chondrocytes, it has a significant role in regulating 
calcium and phosphorus and inhibiting soft tissue mineralization that results in many 
complications in the case of disruption (Cimpean et al. 2017). Increased vascular 
calcification in patients with end-stage renal disease (ESRD) is one of the complica-
tions associated with the ENPP1 K121Q polymorphism (Eller et al. 2008). Wu et 
al. reported that the levels of serum ENPP1 in non-diabetic ESRD patients were 
negatively related to the severity of abdominal aortic vascular calcification. They 
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found that among ESRD patients, the severity of vascular calcification correlated 
with serum ENPP1 value, the severer the vascular calcification, the lower the serum 
ENPP1 level (Wu et al. 2022). Due to the limited information on the burden of DN, 
its genetic background and high prevalence in patients with T2DM in Iran (Rabieenia 
et al. 2020), it is essential that healthcare systems consider effective measures for its 
diagnosis at the early stage to reduce this complication for better clinical manage-
ment of patients with diabetic.

Limitation

The limitations of our study were small sample size and diverse ethnicity of popula-
tion in Guilan province, Iran, which might have resulted in low frequency of homo-
zygotes genotype among the population.

Conclusion

The results of this study revealed that K121Q had an association with DN in patients 
with T2DM. This study highlighted the role of k121Q variant in susceptibility of 
patients with T2DM to further severe conditions such as DN.

Table 3 ENPP1 gene polymorphism haplotype analysis between in patients with T2DM with (case) and 
without (control) DN
Haplotype Overall 

Frequency
Case Fre-
quency n

Control 
Frequency 
n

Permu-
tation
P 
value

C-A-T-A 0.232 0.231 86 0.231 141 0.919
 C-A-delT-A 0.194 0.192 71 0.192 118 0.991
T-A-T-A 0.189 0.221 82 0.172 106 0.058
T-A-delT-A 0.129 0.130 48 0.129 79 0.961
 C-C-T-A 0.118 0.115 43 0.122 75 0.781
T-C-delT-A 0.032 0.033 12 0.039 24 0.590
 C-C-delT-A 0.025 0.031 12 0.022 14 0.361
 C-C-delT-G 0.022 0.005 2 0.032 20 0.005
 C-A-delT-G 0.018 0.019 7 0.022 14 0.683
T-C-T-G 0.017 0.018 7 0.015 10 0.758
T-A-delT-G 0.014 < 0.001 0 0.021 13 0.004
Four SNPs (rs997509, K121Q, rs1799774, es7754561) were used to haplotypes analysis. Eleven 
haplotypes within more than 1% frequency were found. (n) is stand for number
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List of Variables

Ectonucleotide pyrophosphatase/phosphodiesterase 1 (ENPP1); diabetic nephropa-
thy (DN); type 2 diabetes mellitus (T2DM); polymerase chain reaction (PCR); 
chronic kidney disease (CKD); messenger RNA (mRNA); fasting blood sugar (FBS); 
Hardy-Weinberg Equilibrium (HWE).
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