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1. Introduction 

Diabetes is one of the most common diseases in 

developed and developing countries. Scientific studies 

have shown that 8-5% of individuals have diabetes. 

The elevated levels of blood glucose associated with 

genetic and/or environmental risk factors have been 

known as Type 2 diabetes mellitus (T2D). T2D is 

categorized as a dangerous clinical syndrome for global 

public health. It affects millions of people worldwide 

with a rapid increase in prevalence and incidence (1). 

During recent decades rapid urbanization and 

increasingly sedentary lifestyles have led to a dramatic 

increase in the global prevalence of T2DM (2, 3). 

Genetic polymorphism is an accidental change(s) in 

the DNA sequence between individuals, groups or 

populations. One type of polymorphism is known as 

single nucleotide polymorphism (SNPs), which is the 

replacement of one nucleotide in a specific sequence in 

the genome. It has been approved that ethnic 

differences possibly influenced the occurrence of SNPs 

such as IL-6 polymorphisms in European and Asian 

populations (4). Three million SNPs have been 
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Abstract 

The increased levels of blood glucose associated with genetic and/or environmental risk factors have been 

known as Type 2 diabetes mellitus (T2D). T2D is categorized as a dangerous clinical syndrome for global 

public health. It has been well-documented that several candidate genes are functionally associated with T2D. 

One of the candidate genes linked to T2D is named Angiotensin-converting enzyme 2 (ACE2). Therefore, this 

study aimed to evaluate the relationship between ACE2 gene polymorphism and the development of T2D in 

Iraq. This study includes 150 participants (100) T2D patients and 50 healthy participants as a control group. 

Through the analysis of the recorded data, 78% were nonsmokers, while the rest were smokers. The current 

study found 61% of T2D patients suffer from hypertension (P-value=0.028). In this study, 80% of patients have 

the GG genotype. However, 26% have the GA genotype without a significant difference between patients and 

the control group (OR=0.78). Mutations in the ACE2 gene were recorded in the gene bank with accession 

numbers LC656363, LC656364, LC656365, LC656366, LC656367 and LC656368. The current study showed a 

relationship between mutations and polymorphisms in the ACE2 gene and type 2 diabetes mellitus. The 

polymorphisms, deletion and insertion mutations had an important role in the pathophysiology of type 2 

diabetes mellitus. The study recorded some mutations in the Clinical Variation website at NCBI's National 

Center for Biotechnology Information. The current study showed a relationship between smoking and the risk of 

developing type 2 diabetes. The current study's findings indicated that mutations affecting the three encoded 

genes could directly cause impaired insulin production in people with type 2 diabetes.  
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identified in humans, about one million of which are 

used to see if there is an association between the 

polymorphisms and susceptibility to diabetes and 

cancer (5). According to the International Diabetes 

Federation, approximately 452 million people currently 

live with diabetes worldwide, and the number is 

expected to rise to 691 million by 2045 (6). Type 2 

diabetes is a clinical syndrome that causes a high level 

of diabetes. Diabetes mellitus (DM) is a polygenic 

disorder and may also be called a heterogeneous 

abnormality that requires lifelong care and is 

characterized by chronic symptoms such as 

hyperglycemia or defective macromolecular 

metabolism due to impaired secretion or effect of a 

hypoglycemic hormone or both and points to 

multifactorial etiology as a significant predisposing 

factor (7).  

It has been well-documented that several candidate 

genes are functionally associated with T2D. One of the 

candidate genes linked to T2D is named the renin-

angiotensin-aldosterone system (RAAS). The essential 

product of RAAS is called Angiotensin-converting 

enzyme 2 (ACE2), which has been recently identified 

as a potent target for the treatment and prevention of 

T2D. The gene encoding ACE2 is located on 

chromosome Xp22, extends along 39.98 kb of genomic 

DNA, and contains 20 introns and 18 exons. One of the 

prominent characteristics of the ACE2 gene is a high 

degree of genetic polymorphism exhibition. Some of 

the ACE2 gene polymorphisms are highly linked to 

T2D. Previously published reports revealed that ACE2 

gene polymorphisms showed a high degree of genetic 

heterogeneity linked to T2D; it is essential to know that 

not all variants show a link with T2D risk. 

Therefore, this study aimed to evaluate the 

relationship between ACE2 gene polymorphism and 

the development of T2D in Iraq.  

2. Materials and Methods 

2.1. Samples Collection  

    One hundred blood samples (4 ml) were collected 

from individuals who had type 2 diabetes at the 

Diabetes and Endocrinology Center in Thi Qar 

Governorate, Iraq. As the control group, 50 (4 ml) 

blood samples were collected from healthy people. All 

the blood samples were placed in tubes containing the 

anticoagulant substance (EDTA) and kept at 20°C. An 

information form was completed for the two participant 

groups about the following information: age, smoking, 

area of residence, blood pressure, and family history 

(Tables 1 and 2). 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

2.2. DNA Extraction 

DNA extraction from patient and healthy samples 

was done using a commercial kit, according to the 

DNA Extraction protocols provided by Geneaid 

Company (Korean origin).  

2.3. Polymerase Chain Reaction (PCR) 

PCR technique was used to amplify the ACE2 gene 

using specific primers as follows:  (F-5-

TGGGGAAACTTAACTGGGCT-3 and R-5-

GGTTGGCAGAC ATCAGCTCATA-3). The primers 

were designed from the GenBank website of the 

National Center for Biotechnology Information (NCBI) 

using Primer3Plus software. The primers were used for 

the first time in this study, and the Macrogene 

Company prepared them. The PCR condition with a 

20μl reaction mixture is shown in table 3. 

Table 1. Distribution of control groups and patients according 

to smoking 

 

P-value 
Patient Group Control Group 

Smoking 
% N % N 

 

0.037* 

39% 39 22% 11 Smoked 

61% 61 78% 39 No Smoked 

 100% 100 100% 50 Total 
 

2Ӽ= 4.33   df=1    P-value≥0.05 

 

Table 2. Distribution of the two groups of patients according 

to stress 

 

P-value 
patient group 

Hypertension 
% N 

0.028* 
39% 39 Yes 

61% 61 No 

 100% 100 Total 
 

2Ӽ= 4.84   df=1    P-value≥0.05 
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3. Results 

The recorded data about different ACE2 gene 

genotypes and alleles frequency in patients and healthy 

group are tabulated in tables 4 and 5, where the 

percentage of the genotype (GG) in the healthy group 

(control) was 54%, while in the patient's group it was 

80%. On the other hand, the genotype (GA) in the 

healthy group was 30% compared to the patient's 

group, which shows 26% frequency for the GA 

genotype. These changes were insignificant compared 

to the genotype (GG) (OR = 0.78). The results showed 

that the frequency of the genotype (AA) in the healthy 

group was 16% compared to the Patient group, which  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

showed a percentage of 14%. These changes were 

insignificant compared to the genotype (GG) 

(OR=0.78). As for the frequency of alleles, where the 

frequency of the (G) allele in the healthy group was 

(69%) it represents the frequency of 73% inpatient 

group, while the frequency of the (A) allele was (31%) 

in the healthy group and (27%) in the patient's group 

without significant differences when comparing the 

frequency of alleles (OR=0.82) and as shown in table 4. 

The forward sequence of the ACE2 gene sequence 

was relied on in the alignment process compared to 

the sequence of the National Center for 

Biotechnology Information (NCBI), and genetic 

changes or mutations were identified depending on 

the difference from the sequence of the NCBI 

(NG_012575.2) about the study samples. Where the 

analysis program (Mutation Surveyor V.5.1.2) was 

used. The results of the nucleotide sequence analysis 

of the ACE2 gene for people with type 2 diabetes 

showed the presence of 6 polymorphic sites, four 

variable sites in the group of patients and two in the 

comparison group at different sites. As shown in 

tables  4 and 5.  

 

 

 

 

 

 

 

 

 

 

 

Table 3. PCR Condition for amplification of gene ACE2 

 

No. Steps Temperature Time 
No. of 

cycle 

Size 

(bp) 

1 
Initial 

denaturation 
95 10 m. 1 

549 2 

Denaturation 95 30 sec. 

30 Annealing 59 30 sec. 

Extention 72 35 sec. 

3 
Final 

extension 
72 10 m. 1 

 

Table 4. Frequency of genotypes and alleles of the ACE2 gene for both patient and comparison groups 

 

95%CI OR Patients group Control group genotypes 

--------- 1.0 60(%80) 27(%54) GG 

0.35-1.70 0.78 26(%26) 15(%30) GA 

0.29-2.09 0.79 14(%14) 8(%16) AA 

  100(%100) 50(%100) Total 

Allele frequency 

---------- 1.0 146(%76) 69(%)69 G 

0.48-1.39 0.82 54(%24) 31(%31) A 

  200(%100) %100 Total 

 

OR: Odd Rations         95% CI  Confidence Interval 

 

Table 5. Shows mutations in the ACE2 gene for patients with T2DM 

 

Accession number F Type Location on the nucleotide Location Mutation 

LC656363 %1 Insertion X 15592396 Exon 4 Ins A14819 

LC656364 %1 Transversion X 15592321 Exon 4 T>TA14891 

LC656365 %1 Transitions X 15592383 Exon 4 A>G14829 

LC656366 %1 Transversion X 15592036 Exon 4 G>T14581 

LC656367 %1 Transitions X 15592225 Exon 4 G>A14987 

LC656368 %1 Transitions X 15592225 Exon 4 G>A14987 
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4. Discussion 

Regarding the ACE2 gene G8790A polymorphism at 

the beginning of the intron (the fourth base of the third 

intron), the SNP may cause changes in mRNA montage 

by alternative splicing and affect gene expression (3, 

8). In previously published studies conducted by 

Benjafield, Wang (9) and Huang, Yang (10), their 

findings noted the paucity of studies in this regard and 

a muscular imbalance of the G8790A polymorphism 

has already been described with two other SNPs in this 

gene.                                                                                          

The current study's results agree with the study 

previously published by Doris (11), which 

demonstrated unprecedented findings on the genetic 

nature and polymorphism of the ACE2 gene and 

hypertension. The results of the current study based on 

the analysis of the ACE2 gene (G8790A rs2285666) 

showed the presence of six-point mutations in people 

with type 2 diabetes when compared with the reference 

sequence (NG_012575.2), and the sequences 

containing these mutations were recorded in (NCBI 

BANK).                                                                     

The nitrogenous base adenine (Ins A 14819) was 

entered into the Clinical Variation site with accession 

number (LC656363). SNPs (X15592396) were 

replaced with the nitrogenous base (T>TA14891) and 

recorded with accession number (LC656364) on the 

single nucleotide site SNPs (X15592321), and the 

nitrogenous base was replaced at the site (A>G14829) 

and recorded with accession number (LC656365) on 

the SNPs site (X15592383). The nitrogen base 

(G>T14581) was also replaced and registered with the 

accession number (LC656366). The nucleotide SNPs 

are located on chromosomes (X15592036). In the 

healthy group, the following variations were recorded 

where the nitrogenous base was replaced at two sites 

(G>A14987) and recorded with the following accession 

numbers (LC656367, LC656368) on the single 

nucleotide SNPs (X15592225).                                                                     

The recorded data in the current study was in 

agreement with the results of a study conducted by 

Alghamri, Weir (12), which showed that genetic 

mutations of the ACE2 gene increase the risk of 

atherosclerosis and left heart remodelling. ACE-2 has 

also been associated with the development of 

hypertension, kidney disease, and DM, and the 

G8790A (rs2285666) single nucleotide polymorphism 

was associated with the risk of T2DM (13, 14).                     

On the other hand, the recorded data in the current 

study was in agreement with the results of a study 

previously conducted by Elihimas Júnior, Elihimas 

(15), which showed that smoker patients with T2DM 

were at risk of developing chronic kidney disease, and 

therefore smoking cessation is one of the leading 

medical recommendations for diabetic patients. It also 

agreed with the results of a study conducted by Zhang, 

Jia (16) on the effect of the RAGE gene on patients with 

a complication of diabetes mellitus and chronic kidney 

disease, where smoking had an apparent effect on those 

with this disease. It also differed from the results of 

Cai, Li (17), where there was no recorded effect of the 

RAGE gene smoking for Chinese patients with T2DM.                    

The more substantial effect of ACE2 interaction with 

obesity and smoking in males with high blood pressure 

compared to females may be attributed to different 

reasons, one of which is the localization of the gene on 

the X chromosome. Specific and thus leave two active 

alleles in females versus one in males (18, 19). It also 

agreed with the study by Liu, Li (20) on the ACE2 gene 

polymorphism and its relationship to heart disease in 

patients with type 2 diabetes.                                                                                                          

The current study showed a relationship between 

mutations and polymorphisms in the ACE2 gene and 

type 2 diabetes mellitus. The polymorphisms, deletion 

and insertion mutations had an essential role in the 

pathophysiology of type 2 diabetes mellitus. The study 

recorded some mutations in the Clinical Variation 

website at NCBI's National Center for Biotechnology 

Information. The current study showed a relationship 

between smoking and the risk of developing type 2 

diabetes. The current study's findings indicated that 

mutations affecting the three encoded genes could 

directly cause impaired insulin production in people 

with type 2 diabetes.  
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