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Abstract: Diabetic nephropathy is a pathological disease that is commonly observed in persons with 

diabetes. The purpose of this research was to compare the effects of the SLC30A8 rs13266634 gene 

polymorphism on people with and without diabetic nephropathy. The study comprised 170 patients, 

aged 40 to 75, who were admitted to the dialysis unit at the Al-Diwaniyah Teaching Hospital in Iraq 

in 2021 and 2022. There is a connection between SLC30A8 gene polymorphisms and diabetic 

nephropathy, according to the results of a study looking at the interaction between comorbid 

diseases and patients with the disease. Particularly, we discovered that individuals with the C allele 

of T/C (OR = 0.509, 95% Cl = 0.307- 0.843, p-value = 0.008 < 0.05), the TC genotype of T/C (OR = 0.280, 

95% Cl = 0.118- 0.665, p-value = 0.003 < 0.05), and the TC & CC genotype had higher odds of infection 

with DN compared to the TT genotype (OR = 0.391, 95% Cl = 0.203- 0.756, p-value = 0.005 < 0.05). 

Keywords: diabetic nephropathy, DN, Zinc transport ZnT8, SLC30A8, diabetic kidney disease, 

DKD 

1. Introduction 

Diabetes is known to be the primary cause of diabetic nephropathy, a chronic micro-

vascular condition that is extremely worrying and can lead to the development of end-

stage renal disease (ESRD) [1]. Diabetic nephropathy (DN) is commonly characterised by 

hyperfiltration and albuminuria as early signs, followed by a progressive deterioration in 

renal function. Diabetic kidney disease (DKD) can appear in a variety of ways, especially 

in people with type 2 diabetes mellitus (T2DM) who also have severe peripheral vascular 

disease and concurrent glomerular/tubular diseases [2]. Compared to diabetics without 

nephropathy, those with diabetic kidney disease (DKD) have an overall mortality rate that 

is thirty times higher. The majority of DKD patients will pass away from cardiovascular 

illness before developing end-stage renal disease (ESRD) [3]. Papadopoulou-Marketou et 

al. (2017) [4] state that the disease can be effectively prevented or delayed by managing 

metabolic and hemodynamic imbalances. Addressing metabolic and hemodynamic imbal-

ances is essential to effectively prevent and delay the progression of diabetic kidney dis-

ease (DKD) [5]. Diabetes mellitus (DKD) is a widespread condition with substantial social 

and economic repercussions that affects people all around the world [6]. Diabetes-related 

nephropathy complications can appear gradually over several months or even years. A 

new study's results show that compared to people without the disease, those with type 2 

diabetes have a higher frequency of a non-synonymous polymorphism in the SLC30A8 

(solute carrier family 30 (zinc transporter), member 8) gene. In order to keep the body's 

zinc balance intact, the zinc transporter ZnT8 is essential [7]. The deterioration of ZnT8 
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levels affects β cell function and Zn(++) homeostasis maintenance, which contributes to the 

onset of diabetes mellitus (DM) [8]. ZnT8 expression has been found in the retinal pigment 

epithelium (RPE) by [9]. Additionally, a study by Daniels et al. (2020) [10] found a strong 

correlation between decreased insulin production in non-diabetic relatives of those with 

type 2 diabetes and the dominant allele of the SLC30A8 single nucleotide polymorphism 

(SNP), rs13266634. When the participants received intravenous glucose stimulation, this 

connection was evident. Pancreatic alpha- and beta-cells express the zinc transporter pro-

tein (ZnT8), which is encoded by the SLC30A8 gene. The protein in issue is found in the 

membrane of insulin secretory granules, where it is essential for supplying zinc needed for 

the processes of insulin maturation and/or storage. It also makes zinc easier to accumulate 

from the cytoplasm in intracellular vesicles containing insulin. because of its part in how 

beta cells function [11]. 

This study aims to investigate the effects of genotypes and SLC30A8 alleles in pa-

tients with diabetic nephropathy and in healthy individuals (Control). Furthermore, the 

research endeavours to identify the particular alleles and genotypes, in addition to their 

corresponding quantities, that are associated with an increased risk of developing diabetic 

nephropathy. 

2. Materials and Methods 

2.1. Study population 

A total of 170 individuals, comprising both males and females, with ages ranging 

from 40 to 75 years, were surveyed at the Dialysis Department at Al-Diwaniyah Teaching 

Hospital in Iraq. The study sample comprised 80 individuals diagnosed with Diabetic 

nephropathy (G2) and 90 individuals without any health conditions (G1). 

 

2.2. PCR amplification 

T-ARMS primers are used to amplify isolated DNA, as indicated in Table 1. 

 

Table 1. The SLC30A8 (T/C) gene polymorphism's name, sequence, and melting point 

Gene 

Name 
Sequence(5’ ̶ ˃3’) Peak 

Tm

(ºC) 

SLC30A 8 

FO 5’- CTG CTG ATA GCA TTT GGG ACA GG-3’ 826 64 

RO 5’- CCA ATT GAT TGA TGG ATC TCA GTG C -3’ 520  

FI 5’- GCT TCT TTA TCA ACA GCA GCC AGC T -3’ 

RI 5’-CGA ACC ACT TGG CTG TCC CG -3’ 
350  

F: Forward, R: Reverse, I: Inner, O: Outer 

 

Table 1 displays the prefixes produced by Addbio, a Korean company, for every gene 

used in this investigation. After drying and being treated with high purity H2O, each sam-

ple was divided and kept at a temperature of -20°C in accordance with the manufacturer's 

instructions. The PCR products were electrophoresed on a 2% agarose gel. 

3. Results and Discussion 

3.1. Amplification of SLC30A8 T/C Gene Polymorphism 

Humans' SLC30A8 gene codes for the zinc transporter 8 protein [12], which is made 

up of 369 amino acids. Human insulin release has been connected to the zinc transporter 

ZNT8 [13]. Although some SLC30A8 alleles seem to increase the risk of type 2 diabetes, a 
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mutation that disrupts the gene's function appears to significantly lower the risk [14]. In-

sulin stability, storage, and release are all dependent on the preservation of zinc homeo-

stasis within pancreatic beta cells, which is facilitated by ZnT-8. ZnT-8 controls zinc ion 

outflow from the cytoplasm into insulin secretory vesicles, according to [15]. Together with 

the insulin molecule, these vesicles are in charge of storing and releasing zinc ions. Hojs et 

al. (2020) [16] claim that zinc ions stabilise insulin hexamers, which helps to control how 

much insulin is broken down. Primers FI, RI, FO, and RO make up the gene SLC30A8. The 

Gel evidence from a PCR experiment with eight DNA samples revealed that the primers 

(TT) produced identical bands at 826,520 bp, while the primers (CC) produced bands at 

(826,350 bp). The gel results showed that the primers (TC) produced bands at 826 bp, 520 

bp, and 350 bp, respectively. 

 

 3.1.1. The experimental group (G1) exhibited the genotype of the SLC30A8 gene 

Figure 1. The SLC30A8 (T/C) gene polymorphism was amplified by conventional PCR us-

ing a particular pair of primers, as demonstrated by gel electrophoresis in the control 

group (G1). DNA ladder of 100–3000 base pairs, M. The PCR products were stained with 

a secure stain dye. It has been determined that there are three genotypes: homozygous TT 

(826,520 base pairs), heterozygous TC (826,520,350 base pairs), and homozygous CC (826 

and 350 base pairs) 
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 3.1.2. The genotype of the SLC30A8 gene in the group of individuals with diabetic nephrop-

athy (G2) 

Figure 2. In the diabetic nephropathy group (G2), gel electrophoresis was employed to 

detect the amplification of the SLC30A8 (T/C) gene polymorphism using a specific pair of 

primers, employing conventional PCR procedures. Subject: DNA ladder (100-3000 base 

pairs). The PCR products were treatment with a non-toxic staining agent. The three geno-

types are as follows: homozygous TT (826,520 bp), heterozygous TC (826,520,350 bp), and 

homozygous CC (826 and 350 bp) 

 

Table 2 displays the values of the bands, which were derived from Figure 1 and 2. 

 

Table 2. Dimensions of bands associated with the SLC30A8 (T/C) gene polymorphism 

Genotype  No. of bands Size of bands (bp) 

Homozygous TT 2 826,520 

Heterozygous TC 3 826,520,350 

Homozygous CC 2 826,350 

 

Figures 1 and 2 illustrate the percentages that correspond to the frequencies of alleles 

for (G1) and (G2) based on the results from these alleles. We were able to determine that 

this gene has two distinct alleles, T and C, after examining the Figures. Allele T was more 

prevalent than allele C in both the diabetic nephropathy patient group and the control 

group. The percentages of alleles T in Control and DN patients were 111 (69.3%) and 147 

(81.6%), respectively. Likewise, the proportions of allele C were 33 (18.3%) and 49 (30.6%). 
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Figure 3. The proportion of T/C alleles of SLC30A8 in blood samples obtained from pa-

tients with Control and Diabetic Nephropathy 

 

The genotype distribution of SLC30A8 (T/C) rs13266634 (T > C) revealed the presence 

of three unique polymorphisms: TT, TC, and CC. It was discovered that the initial poly-

morphism TT had proportions of 76.6%, %, and 56.3% for patients with diabetic nephrop-

athy and the control group, respectively. For the control group and patients with diabetic 

nephropathy, the proportions of the second polymorphism TC were determined to be 10% 

and 26.3%, respectively for people without diabetes nephropathy and those with the con-

dition. The third polymorphism CC was found in 13.3% and 17.5% of the populations, 

respectively. In the control group, the most common genotype was TT, whereas in DN 

people, the most common genotype was.   

 

Figure 4. This study examines the prevalence of TT, TC, and CC genotypes of SLC30A8 in 

samples obtained from Control and DN patients 
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3.2. Association Between SLC30A8 T/C Gene Polymorphism and Diabetic nephropathy (G2) 

as Compared with Control (G1) 

The study's results showed a substantial connection (x2 = 9.451 and P-value = 0.009 

< 0.05) between diabetic nephropathy and the SLC30A8 (rs13266634) T, C-alleles. Addi-

tionally, the results imply that the percentages of TT, TC, and CC in G1 (control) were, in 

that order, 76.6%, 10%, and 13.3%. In G2 patients (those with diabetic nephropathy), the 

percentages of TT, TC, and CC were 56.3%, 26.3%, and 17.5%, respectively. Table (3) indi-

cates a high association (P-value < 0.05) between G1Control and G2 DN patients regarding 

the SLC30A8 polymorphism, rs13266634. The T allele was found at 147 (81.6%) frequency 

in G1, while the C allele was found at 33 (18.3%) frequency. The T and C allele frequencies 

in G2 were 111 (69.3%) and 49 (30.6%), respectively. Table 3, which was generated using 

the data shown in Figures 1 and 2, displays the frequencies of genotypes and distributions 

of alleles for the SLC30A8 rs13266634 polymorphism in the Control (G1) and diabetic 

nephropathy Patients (G2) groups. 

 

Table 3. In this study, we investigate the genotypes and allele distribution of the SLC30A8 

(T/C) polymorphism in two groups: G1 (Control) and G2 (DN) 

Polymorphis

ms SLC30A8 

(rs 13266634) 

G1 

(Control) 

N=90(%) 

G2 

(DN) 

N=80(%) 

Χ2 P 

value 
OR (95%CI) P value 

TT 69 45   1.0ref (1.0ref)  

CC 12 14 9.451 0.009* 0.559 (0.237-1.318) 0.180 

TC 9 21   0.280 (0.118-0.665) 0.003 

T allele 
147 

(86.4%) 

111 

(65.3%) 
  1.0ref (1.0ref)  

C allele 33 (19.4%) 
49 

(28.3%) 
6.993 0.008* 0.509 (0.307-0.843)  

TT 69 45   1.0ref (1.0ref)  

CC&TC 21 35 7.992 0.005* 0.391 (0.203-0.756)  

CC 12 14   1.0ref (1.0ref)  

TT&TC 78 66 0.568 0.451 0.725 (0.314-1.670)  

 

Table 3 shows significant differences between G1 and G2. This study raises the pos-

sibility that the SLC30A8 gene and diabetic nephropathy are related since it shows differ-

ences between those with and without diabetes mellitus (DN). The results shown in Table 

3 indicate that, in comparison to individuals with the TT reference genotype, those with 

the CC genotype of rs13266634 did not show a significant association with the increased 

risk of diabetic nephropathy (OR = 0.559, 95%Cl = 0.237-1.318, P-value = 0.180 > 0.05). These 

outcomes support the findings made by [17]. Compared to people with the TT reference 

genotype, those with the TC genotype of rs13266634 had a notably higher risk of develop-

ing diabetic nephropathy (odds ratio [OR] = 0.280, 95% confidence interval [Cl] = 0.118-

0.665, p-value = 0.003 < 0.05). These results are consistent with what Chen et al. [18] re-

ported. The C allele and the T allele were also found to be statistically significantly associ-

ated, with patients showing a lower proportion of T than the control group. Additionally, 

a P-value of 0.008 indicates that the prevalence of the C allele among patients is roughly 
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twice as high as that seen in the control group. Furthermore, variations in the alleles TT, 

TC, and CC resulted from the difference in the C to T ratio between patients and controls. 

According to the dominant genetic model, people who had the CC and TC genotypes of rs 

13266634 were substantially more likely than people who had the TT genotype to develop 

diabetic nephropathy (odds ratio [OR] = 0.391, 95% confidence interval [Cl] = 0.203-0.756, 

p-value = 0.005 < 0.05), These results are consistent with those that Lin et al. (2018) reported 

[14]. The CC genotype and the TT and TC genotypes showed a statistically insignificant, 

in the recessive model, suggesting a non-increasing risk of diabetic nephropathy (OR = 

0.725, 95%Cl= 0.314-1.670, P-value = 0.451 >0.05), these results are consistent with those 

that De La Cruz-Cano et al. (2019) reported [19]. [20], [21], [22], [23], [24], [25], [26] 

4. Conclusion 

The study found a link between the onset of diabetic nephropathy and genetic vari-

ants in the SLC30A8 (rs13266634) gene. When it comes to DN infection, those with the TC 

genotype of T/C are more susceptible than people with the TT genotype (odds ratio [OR] 

= 0.280, 95% confidence interval [Cl] = 0.118-0.665, p-value = 0.003 < 0.05). In a similar vein, 

people with the T/C C allele also show an increased chance of developing DN infection 

(OR = 0.509, 95% Cl = 0.307-0.843, p-value = 0.008 < 0.05). [27], [28], [29], [30] 

REFERENCES 

[1] S. Shafi, N. Tabassum, and F. Ahmad, “Diabetic nephropathy and herbal medicines,” International Journal of …, 

2012, [Online]. Available: 

https://www.academia.edu/download/68823734/Diabetic_nephropathy_and_herbal_medicine20210820-26876-

1prx04r.pdf 

[2] M. K. Sagoo and L. Gnudi, “Diabetic nephropathy: an overview,” Diabetic nephropathy: methods and protocols, 2020, 

doi: 10.1007/978-1-4939-9841-8_1. 

[3] S. Broadgate, C. Kiire, S. Halford, and ..., “Diabetic macular oedema: under‐represented in the genetic analysis 

of diabetic retinopathy,” Acta Ophthalmol, 2018, doi: 10.1111/aos.13678. 

[4] N. Papadopoulou-Marketou and ..., “Biomarkers of diabetic nephropathy: A 2017 update,” Critical reviews in …, 

2017, doi: 10.1080/10408363.2017.1377682. 

[5] K. K. Vattam, S. Movva, I. A. Khan, P. Upendram, and ..., “Importance of gene polymorphisms in renal transplant 

patients to prevent post transplant diabetes,” J Diabetes Metab, 2014. 

[6] V. Natesan and S. J. Kim, “Diabetic nephropathy–a review of risk factors, progression, mechanism, and dietary 

management,” Biomolecules &therapeutics, 2021, [Online]. Available: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8255138/ 

[7] A. R. Correia, “Inhibition of inflammatory cytokines - potential new treatment for diabetic nephropathy,” 

ProQuest Dissertations and Theses, 2015. 

[8] J. Kopel, C. Pena-Hernandez, and K. Nugent, “Evolving spectrum of diabetic nephropathy,” World J Diabetes, 

2019, [Online]. Available: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6522757/ 

[9] M. S. H. Akash, K. Rehman, and A. Liaqat, “Tumor necrosis factor‐alpha: role in development of insulin 

resistance and pathogenesis of type 2 diabetes mellitus,” Journal of cellular …, 2018, doi: 10.1002/jcb.26174. 

[10] M. J. Daniels, M. Jagielnicki, and M. Yeager, “Structure/Function analysis of human ZnT8 (SLC30A8): A diabetes 

risk factor and zinc transporter,” Current research in structural …, 2020, [Online]. Available: 

https://www.sciencedirect.com/science/article/pii/S2665928X2030012X 

[11] K. J. Bosma, K. E. Syring, J. K. Oeser, J. D. Lee, and ..., “Evidence that Evolution of the Diabetes Susceptibility 

Gene SLC30A8 that Encodes the Zinc Transporter ZnT8 Drives Variations in Pancreatic Islet Zinc Content in …,” 

Journal of molecular …, 2019, doi: 10.1007/s00239-019-09898-0. 



 164 
 

  
Central Asian Journal of Medical and Natural Science 2024, 5(2), 157-165.                 https://cajmns.centralasianstudies.org/index.php/CAJMNS 

[12] S. Mashal, M. Khanfar, S. Al-Khalayfa, L. Srour, L. Mustafa, and ..., “SLC30A8 gene polymorphism rs13266634 

associated with increased risk for developing type 2 diabetes mellitus in Jordanian population,” Gene, 2021, 

[Online]. Available: https://www.sciencedirect.com/science/article/pii/S0378111920309483 

[13] N. Kanauchi, S. Ookawara, K. Ito, S. Mogi, and ..., “Factors affecting the progression of renal dysfunction and 

the importance of salt restriction in patients with type 2 diabetic kidney disease,” Clinical and …, 2015, doi: 

10.1007/s10157-015-1118-y. 

[14] Z. Lin, Y. Wang, B. Zhang, and Z. Jin, “Association of type 2 diabetes susceptible genes GCKR, SLC30A8, and 

FTO polymorphisms with gestational diabetes mellitus risk: a meta-analysis,” Endocrine, 2018, doi: 

10.1007/s12020-018-1651-z. 

[15] T. D. Aka, U. Saha, S. A. Shati, M. A. Aziz, M. Begum, and ..., “Risk of type 2 diabetes mellitus and cardiovascular 

complications in KCNJ11, HHEX and SLC30A8 genetic polymorphisms carriers: a case-control study,” Heliyon, 

2021, [Online]. Available: https://www.cell.com/heliyon/pdf/S2405-8440(21)02479-8.pdf 

[16] N. V. Hojs, S. Bevc, R. Ekart, and R. Hojs, “Oxidative stress markers in chronic kidney disease with emphasis on 

diabetic nephropathy,” Antioxidants, 2020, [Online]. Available: https://www.mdpi.com/2076-3921/9/10/925 

[17] L. L. Fu, Y. Lin, Z. L. Yang, and Y. B. Yin, “Association analysis of genetic polymorphisms of TCF7L2, CDKAL1, 

SLC30A8, HHEX genes and microvascular complications of type 2 diabetes mellitus,” Zhonghua yi xue yi Chuan 

xue za …, 2012, [Online]. Available: https://europepmc.org/article/med/22487833 

[18] G. Chen et al., “Association study of genetic variants of 17 diabetes‐related genes/loci and cardiovascular risk 

and diabetic nephropathy in the C hinese S he population (中国畲族 …,” Journal of …, 2013, doi: 10.1111/1753-

0407.12025. 

[19] E. De la Cruz-Cano, C. C. Jiménez-González, and ..., “Arg913Gln variation of SLC12A3 gene is associated with 

diabetic nephropathy in type 2 diabetes and Gitelman syndrome: a systematic review,” BMC Nephrol, 2019, doi: 

10.1186/s12882-019-1590-9. 

[20] M. Nehru, “Impact of bisphenol a on the levels of vascular calcification biomarkers in type 2 diabetes mellitus 

with vascular complications: A case-control study,” Emerg Contam, vol. 10, no. 4, 2024, doi: 

10.1016/j.emcon.2024.100342. 

[21] Y. Kuang, “Depression of LncRNA DANCR alleviates tubular injury in diabetic nephropathy by regulating KLF5 

through sponge miR-214-5p,” BMC Nephrol, vol. 25, no. 1, 2024, doi: 10.1186/s12882-024-03562-6. 

[22] S. Wu, “Navigating the future of diabetes: innovative nomogram models for predicting all-cause mortality risk 

in diabetic nephropathy,” BMC Nephrol, vol. 25, no. 1, 2024, doi: 10.1186/s12882-024-03563-5. 

[23] F. Kliewe, “Zyxin is important for the stability and function of podocytes, especially during mechanical stretch,” 

Commun Biol, vol. 7, no. 1, 2024, doi: 10.1038/s42003-024-06125-5. 

[24] K. Mise, “Correction to: NDUFS4 regulates cristae remodeling in diabetic kidney disease (Nature 

Communications, (2024), 15, 1, (1965), 10.1038/s41467-024-46366-w),” Nat Commun, vol. 15, no. 1, 2024, doi: 

10.1038/s41467-024-47414-1. 

[25] F. Liu, “Retraction Note: Silencing of Histone Deacetylase 9 Expression in Podocytes Attenuates Kidney Injury 

in Diabetic Nephropathy (Scientific Reports, (2016), 6, 1, (33676), 10.1038/srep33676),” Sci Rep, vol. 14, no. 1, 2024, 

doi: 10.1038/s41598-024-58326-x. 

[26] Z. Liu, “Bioorthogonal photocatalytic proximity labeling in primary living samples,” Nat Commun, vol. 15, no. 1, 

2024, doi: 10.1038/s41467-024-46985-3. 

[27] W. Geng, “Correction to: Evaluating renal iron overload in diabetes mellitus by blood oxygen level-dependent 

magnetic resonance imaging: a longitudinal experimental study (BMC Medical Imaging, (2022), 22, 1, (200), 

10.1186/s12880-022-00939-7),” BMC Med Imaging, vol. 24, no. 1, 2024, doi: 10.1186/s12880-024-01243-2. 



 165 
 

  
Central Asian Journal of Medical and Natural Science 2024, 5(2), 157-165.                 https://cajmns.centralasianstudies.org/index.php/CAJMNS 

[28] K. S. Wan, “Prevalence of diabetic kidney disease and the associated factors among patients with type 2 diabetes 

in a multi-ethnic Asian country,” Sci Rep, vol. 14, no. 1, 2024, doi: 10.1038/s41598-024-57723-6. 

[29] A. Hayashi, “Effect of multidisciplinary care on diabetic kidney disease: a retrospective cohort study,” BMC 

Nephrol, vol. 25, no. 1, 2024, doi: 10.1186/s12882-024-03550-w. 

[30] S. Cui, “Endothelial CXCR2 deficiency attenuates renal inflammation and glycocalyx shedding through NF-κB 

signaling in diabetic kidney disease,” Cell Communication and Signaling, vol. 22, no. 1, 2024, doi: 10.1186/s12964-

024-01565-2. 

  


