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Abstract
Background

In this study, we reported the impact of polymorphisms in the ACE and ACE2 encoding genes on diabetic
nephropathy (DN) susceptibility in Brazilian subjects from the Goiânia region of central Brazil. These
genes have been increasingly highlighted, mainly due to their relationship with the severity of COVID-19.

Methods and Results

In this study, 196 diabetic individuals (101 patients with DN and 95 without DN) were investigated.
Genotyping of the ACE gene was performed by real-time PCR, and ACE2 gene analysis was conducted
through PCR/RFLP. Our results indicate that the I/D genotype presented increased risk in the development
of DN (OR=2.5; p=0.01). This �nding shows the D allele in�uences the circulating levels of angiotensin II
and, as a consequence, arterial pressure increases, the glomeruli will be affected, culminating in
glomerular damage and, consequently, DN. By combining ACE and ACE2 genotypes, we observed an
evident risk tendency (OR=2.51; p=0.07) associated with the combination of ACE (I/D or D/D) and wild
type ACE2 (GG) polymorphisms, as well as for the combination of the same polymorphism and ACE2
heterozygous or mutant (GA or AA or A) (OR=2.61; p=0.08).

Conclusions

Our �ndings suggest that ACE polymorphism could have an important role in the DN pathogenesis, as
well as in the variations of the clinical parameters investigated in this research. However, ACE2
polymorphism was not correlated with DN. Thus, characterization of ACE and ACE2 polymorphisms in
patients with Diabetes Mellitus need more studies for appropriate and effective clinical conducts based in
genotype.

1. Introduction
Diabetic nephropathy (DN) is the leading cause of end-stage renal disease worldwide, and approximately
30% of type 2 diabetic (T2DM) patients develop DN irrespective of glycemic control [1]. DN is
characterized by proteinuria as result of glomerular lesions triggered by high intraglomerular pressure. In
consequence, there is a decrease in the glomerular �ltration rate (GFR) that often leads to renal failure,
which might require renal dialysis or kidney transplantation for the patient [2].

A signi�cant proportion of patients with Diabetes Mellitus (DM) do not develop DN despite long-standing
severe hyperglycemia whereas others develop the disease even under intensive insulin therapy. This
indicates that factors other than chronic hyperglycemia may also contribute to the susceptibility to the
development of DN. Although the exact causes of DN are not fully known, it has been suggested that
genetic factors in�uence in the pathogenesis of DN [3, 4].
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Numerous factors may predispose the diabetic patients to DN, such as those that compromise Renin-
Angiotensin-Aldosterone System (RAAS) [5]. RAAS is an endocrine axis with a critical function in the
maintenance of hemodynamic stability through the regulation of glucose metabolism, electrolytes, blood
pressure, and �uid homeostasis. Studies indicate that the genes involved in this system are highly
polymorphic and the majority of the DNA variants result in an ine�cient regulation of hemodynamic
stability [5, 6]. The DM patient exhibits chronic hyperglycemia that is linked to altered blood pressure
levels, which negatively impairs the nephrons. Thus, disfunction of the juxtaglomerular apparatus caused
by sclerosis could result in microvascular complications such as DN [6, 7].

Among the polymorphisms associated with RAAS, we highlight those in the genes encoding the
angiotensin I conversion enzyme (ACE) and its homologous enzyme (ACE2) [8, 9]. The ACE gene
polymorphisms include several single nucleotide polymorphisms (SNPs), and only 34 of which are
located in the coding regions [8]. The most prominent polymorphism of ACE gene is the insertion
(I)/deletion (D) polymorphism. Characterized by the presence or absence of a 287 bp fragment in intron
16 of the gene, this polymorphism has been associated with increased (allele D) and decreased (allele I)
enzyme activity, respectively [5, 8, 9].

Moreover, there is other polymorphism of interest in the association with secondary complications of DM.
The SNP G8790A (rs2285666) in the gene encoding ACE2 enzyme has attracted considerable attention
from the scienti�c community. ACE2 gene is located in the Xp22.2 chromosome in a non-inactivated
region that leads to the phenotypical differences between males and females and tissue-speci�c gene
expression [10, 11]. This gene has been associated in some studies with cardiovascular and renal
pathologies. In these investigations, the expression of the ACE2 gene is altered in both the kidney of mice
diabetic model and in human renal disease [11–14]. ACE2 gene polymorphisms result in the reduction of
its expression which, hypothetically, may in�uence the occurrence of DN [11].

Despite the few studies involving the polymorphisms cited, especially in the population of Central Brazil,
the objective of this case-control study was to characterize the polymorphisms in ACE and ACE2 genes
and to verify their possibility of association with DN in T2DM) patients.

2. Methods

2.1. Declaration of Ethics
This research was approved by the Research Ethics Committee of the Federal University of Goiás (UFG),
Brazil, under the protocol number 195/11 on June 27, 2011. This study was conducted following the
Ethical Principles for Medical Research Involving Human Subjects of World Medical Association (WMA)
and the Declaration of Helsinki.

2.2. Subjects
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In our study, we included 101 DM patients with DN in hemodialysis in the Hemodialysis Unit of the
Clinical Hospital-UFG, NefroClínica and São Bernardo Hemodialysis Clinics in Goiânia city, state of Goiás.
Our control group was composed of 95 patients with DM without DN that were monitored by the
Endocrinology Service of the Clinical Hospital of the Federal University of Goiás (UFG). Detailed clinical
data of each patient were acquired from medical records.

An Informed Consent Form was signed by each participant after a brief description of the purpose and
design of this research. Data about life, occupational history, smoking history, alcohol addiction, general
health conditions, previous diseases, and other anamnesis were obtained during interviews with the
patients. Only patients who had smoked for at least one year before the DM diagnostic were considered
as smokers. For alcohol consumption, some individuals reported drinking only occasionally or socially. At
the end of the interviews, we collected 5 ml of peripheral blood from all participants.

2.3. ACE and ACE2 polymorphisms genotyping
Peripheral blood samples were collected in heparinized tubes and stored at -20ºC. The DNA was extracted
using the DNA PureLink® Genomic DNA Mini Kit (Invitrogen by Life Technologies, CA, USA). To determine
ACE polymorphism, the Insertion (65 pb) and the Deletion (84 pb) alleles were analyzed by qPCR Real
Time (SYBR Green) assay followed by obtaining the melting curve. The primers and the thermocycling
conditions were applied as previously described [15].

For ACE2 analysis, we determined the genotypes by the PCR-Restriction Fragment Length Polymorphism
(PCR-RFLP). The primers used and the PCR thermocycling conditions applied in this method were
previously described [16]. The product of the PCR was submitted to the enzymatic digestion by the
enzyme Alu I. The visualization of the RFLP products were executed in 8% polyacrylamide gel colored in a
4 g/L silver nitrate solution.

Genotypes were identi�ed by the size of the fragments. Homozygous mutant individuals for the
polymorphism (A/A) showed two fragments of DNA (281 pb and 185 pb). In addition, the homozygous
wild-type individuals (G/G) presented one fragment of DNA with 466 pb. The heterozygous individuals
(G/A) presented three fragments of DNA: 466 pb, 281 pb, and 185 pb.

2.4. Statistical Analysis
The Chi-Square Test was used to compare the genotype frequencies, and the Fisher’s Exact Test was
applied when necessary. Allelic frequencies were tested for the Hardy-Weinberg Equilibrium Test.
Multivariate Logistic Regressions were employed to evaluate the genotype and the risk allele and the
susceptibility to the DN. The Multivariate Logistic Regression combined the genotype variable with the
covariates gender, smoking habit, alcohol consumption and age. The T-Test Student was employed to
compare the clinical variables. The GFR was estimated by the Cockfrot-Gault formula, which considers
the levels of creatinine, weight, and age. The values for p < 0.05 was considered as statistically
signi�cant. All statistical analyses were conducted using RStúdio software (v.1.0.153).
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3. Results

3.1. Demographic, characteristics, clinical, and laboratory
data
In this study, 196 DM subjects, 101 DN patients (43 women and 58 men) and 95 without DN (67 women
and 28 men) were investigated. An average age of 60.56 ± 11.78 years and 60.40 ± 10.21 years was
observed for patients with and without DN, respectively. Our results demonstrate that men (57.43%)
presented a higher incidence of DN when compared to women. In addition, analyzes of clinical variables
revealed a decrease in BMI, HbA1C, GFR and diastolic blood pressure in individuals with DN (p < 0.001).

In contrast, we observed that the creatinine rate was signi�cantly increased in subjects with DN (X= 6.53 
± 3.62; p < 0.0001). In addition, we observed that the proportion of smokers showed a signi�cant
difference between the two groups (p < 0.0001), being higher in patients without DN (48.42%). On the
other hand, a statistical trend (p = 0.07) was found in our analyses demonstrating that the time that
patients were diagnosed as diabetic are signi�cantly different for patients with DN (X = 16.67 ± 9.86
years) and without DN (X =14.39 ± 7.14 years), respectively. These data are summarized in Table 1.

3.2. Genotypic distribution and ACE and ACE2
polymorphism association with Diabetic Nephropathy
The distribution of ACE and ACE2 genotypes are shown in Table 2. In the DN group, the D/D genotype
frequency in ACE gene was 20.79%, whereas the DM group without DN showed a D/D genotype
frequency of 21.05%. The I/D genotype frequency was 63.37% in the DN group and 48.42% in the DM
group. As for I/I genotype, the frequencies within these groups were 15.84% and 30.53%, respectively. It is
inferred these groups are not homogeneous (χ²= 6.55; p = 0.04) and the I/D genotype presented was
associated with an increased risk (OR = 2.5; p = 0.01) for DN occurrence. It should be noted that in both
groups, a higher frequency of heterozygous individuals was observed, DN group: I/D = 64 (63.37%) and
DM group, I/D = 46 (48.42%).

Considering that ACE2 gene is located on the X chromosome, we dichotomized our analysis by sex. The
distribution of the genotypic frequency of ACE2 polymorphism in DN group revealed that 46.51% of the
females presented GG genotype, 39.53% GA genotype, and 13.96% AA genotype. In DM group without DN,
these frequencies were 56.72%, 40.30% and 2.98%, for GG, AG and AA genotypes, respectively. The Chi-
Square Test (χ2) showed that the groups are homogeneous with each other (p < 0.09).

In addition, there is a greater number of wild genotypes in both groups. Comparing the genotypic
frequencies in female, we found a bigger risk for the AA genotype (OR = 5.5). However, this risk was not
statistically signi�cant (p = 0.05) between DN group and DM group. For the analysis of genotypic
distribution in men we observed homogeneity between the groups, although the mutant allele was not
associated with the risk (OR = 0.9; p = 1) for DN development.
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The Hardy-Weinberg Equilibrium Test revealed that the allelic frequencies of ACE are similar throughout
the generations in both groups (DN: p = 0.15, DM: p = 0.98). In addition, the allele D of ACE gene presented
frequencies of 52% and 45% in DN and DM groups, respectively. For ACE2 gene, the allelic frequencies
revealed similar throughout the generations in DM group (p = 0.60), but not for DN group (p < 0.001). We
veri�ed for ACE2 G8790A in female, that A allele had a distribution frequency of 32% in the DN patients
and 23% DM patients (Supplementary Table 1). For males, this frequency of the A allele was 32% and
23% in the patients with DN and DM subjects, respectively (Supplementary Table 1).

On the other hand, we combined the genotypes of ACE and ACE2 genes from all patients to determine the
impact of these polymorphisms for the DN development. We found no association of these �ndings
comparing the DN and DM patients with the combination of ACE and ACE2 genotypes, respectively. The
same results were found for genotypic interaction among ACE and ACE2 polymorphism in for risk
analysis for DN. In both analyses, the combination and genotypic interaction showed low risk and no
signi�cative statistical (p > 0.05). These analyses are described in Supplementary Tables 2 and 3).

3.3. In�uence of ACE and ACE2 polymorphisms on clinical-
laboratorial variables
We analyzed the in�uence of the ACE and ACE2 polymorphisms on the biochemical and clinical
modi�cations in the group of patients with DN. For ACE polymorphism, we observed a signi�cant
difference in some genotype’s distribution for gender, but not for smoking and alcohol consumption. This
observation suggests the presence of a heterogeneous distribution of the variables gender and
homogeneous distribution on the other variables analyzed. Additionally, we observed that the D/D
genotype was associated with a signi�cant decrease when compared with the I/D genotypes in the DN
patients, in systolic arterial pressure (X = 126.10 ± 20.45 mmHg; p = 0.04) and evident trend of increase of
HbA1C (X = 8.8 ± 2.51; p = 0.07) indexes (Table 3).

With respect to the in�uence of the ACE2 polymorphism in the clinical-laboratorial variables (Tables 4 and
5), we performed a separate analysis according to gender. We demonstrated that there were no
statistically signi�cant differences in the biochemical parameters for both males. In groups de female,
the AA genotype in ACE2 is associated with decreased of glycemic rate (X = 4.39 ± 3.70; p = 0.003).

4. Discussion
ACE and ACE2 polymorphism had been studied as a putative mediator of DN, especially ACE gene. In our
results for demographic characteristics, clinical and laboratory data was found signi�cant differences for
some variables between the groups analyzed. Elevated creatinine rate and decreased GFR are
characteristic of diabetic renal disease [17, 18], which is consistent with our �ndings. In addition, patients
on dialysis have a marked decrease in GFR and high creatinine rate indicate that renal function is already
compromised in about 50% of cases [18, 19]. We also found a decrease in the BMI of individuals in the
DN group. This difference can be explained by the level of metabolic decompensation in patients who
had diabetes for several years and were undergoing hemodialysis [18, 20].
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It is also known that adult hemoglobin (HbA) is formed by the non-enzymatic binding of HbA with
glucose in the blood and this glycation is irreversible [21]. When glucose levels are high, the glycation
process is intensi�ed so that the HbA1C ratio also increases. Considering that the diabetic patient
presents with chronic hyperglycemia, then high values of HbA were expected in patients with DN [22, 23].
Our results revealed a decrease in HbA1C in DN group when compared to DM without DN group. However,
patients with DN with D/D genotype had higher HbA1C and fasting plasma glucose compared to other
genotypic pro�les for ACE polymorphism.

The fasting plasma glucose did not present a signi�cant difference, remaining high in both DN and DM
groups, respectively. This observation might have occurred because the patients had recently undergone
the hemodialysis process. In addition, the glycation process may undergo some interference which
reduces the functionality of the red blood cells. Among these interferences we can mention chronic
kidney disease (CKD) and this causes a false reduction in HbA1c levels [23]. And the fact that the
duration of diabetes, together with the uncontrolled hyperglycemia is the most important factor
associated with the development of diabetic vascular complications [24].

The relationship between blood pressure and the risk and progression of DN is well established [25, 26]. It
is known that CKD is characterized by a marked decrease in renal autoregulation capacity, as already
mentioned. This directly implies systemic blood pressure which, in turn, affects the glomeruli and
consequently accelerates the progression of CKD. Thus, as expected, our results indicate an increase in
diastolic pressure, which is in agreement with the literature [27–29].

By considering the time of development of DM, the patients from the DN group were diagnosed with DM
earlier. This con�rms studies carried out by Salgado et al. [30], which report that the peak incidence of DN
is usually found between 10 to 20 years of disease. It was also observed that in the DN patients the
number of smokers was lower than when compared to DM group (48,42%). In addition, these diabetics
smokers present a risk for the development of DN.

According to Eliimas Júnior et al. [31], smoking is a risk factor for CKD. Thus, the abandonment of
smoking is one of the leading medical recommendations for diabetic patients, especially those
undergoing hemodialysis treatment. Diabetic patients naturally constitute a risk group for CKD. However,
smoking is a risk factor that should be modi�ed as a strategy to prevent the progression of CKD in these
patients.

When we observed the distribution of genotypes for ACE, D allele is suggested as a risk factor for DN
development. These �ndings con�rm the reports made in the study by Rodrigues [32] that demonstrated
that D/D genotype in ACE gene presented a greater decline in the GFR, the main characteristic of the
patient with DN. It is noteworthy that our results indicate a signi�cant difference for the increased risk
(OR = 2.5, p = 0.01) of I/D genotype in the development of DN, due to the presence of D allele. This
observation contradicts an initial study by Kunz et al. [33] which failed to con�rm the association
between I/D polymorphism in DN patients in the Caucasian population.
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In addition, Tziastoudi et al. [34] �ndings showed the D allele of I/D polymorphism in ACE gene is an
independent risk factor for both the onset and progression of DN. We suggest that D allele in�uences the
circulating levels of angiotensin II and, as a consequence, response to pressure increases, the glomeruli
will be affected, culminating in glomerular damage and, consequently, DN [35].

In the meta-analysis by Smyth et al. [36], the authors demonstrated a signi�cant association between I/D
polymorphism in ACE gene and the risk for DN development. Other studies with suggest that ACE
polymorphism favors the progression of renal disease, microvascular disorders and cardiovascular
mortality, particularly among patients with DM [8, 12, 37, 38].

In the genotypic analysis, it is also observed that in both groups, there are a higher number of
heterozygotes, whereas there the number of individuals with mutant genotype for ACE is practically the
same in both groups. This is partially consistent with studies by Aggarwal et al. [5] and Wyawahare et al.
[8], where the population of heterozygotes was also larger than homozygotes and mutants. Moreover, our
results are consistent with studies conducted in the population of Kutch origin [39]. In this population, the
genotypic distribution had the same pro�le as the population studied in central Brazil population: most
individuals were heterozygous, but in the population of Kutch were reported a substantial number of
individuals with mutant genotype for ACE in the DM group with DN.

It is important to highlight that the G8790A polymorphism in ACE2 gene in male, did not reveal any
in�uence of the analyzed variables regardless of gender. The decreased in creatinine rate in female with
AA genotype and declining trend this is same rate in female with GA genotype when compared to GG
genotype, this may be justi�ed by the smaller number of women with mutant genotype than with wild-
type genotype. Some studies have considered males as a risk factor for DN occurrence [40, 41], but not at
all [42–44]. We then analyzed the phenotypic frequency distribution according to gender and our results
showed no difference between any of the genotypes, probably because they had a high number of wild-
type individuals in both groups.

The Hardy-Weinberg Equilibrium Test indicated that the distribution of the D allele in ACE gene had
maintained the distribution ratios in the two groups. The same not occurred in the distribution of A allele
in ACE2 gene. This equilibrium pro�le for D allele distribution differs in the literature. Parchwani et al. [39]
described a trend of signi�cance for the disproportion of D allele distribution in the ACE gene in diabetic
patients with and without DN. In these studies, patients with DN showed a trend towards a higher
proportion of D alleles in the genotypes. At this point, it should be noted that certain non-Caucasian races
are at higher risk of developing DN [36]. However, this information is still controversial in the literature.

By combining ACE and ACE2 genotypes, we observed an evident risk tendency (OR: 2.51, p = 0.07)
associated with the combination of the ACE (I/D or D/D) and wild type ACE (GG) polymorphisms, as well
as for the combination of the same polymorphism and ACE2 heterozygous or mutant (GA or AA or A) (OR 
= 2.61, p = 0.08). This �nding con�rms from the observations of Wang et al. [45], where an association
between the I/D polymorphism in the ACE gene and the risk for DN development in the Asian population
was found. Ahluwalia et al. [46] and Yu et al. [47] who also showed that individuals with polymorphic ACE
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gene present greater DN susceptibility. In addition, our �ndings do not corroborate studies conducted with
the Moroccan population, which did not reveal an association between the D/D genotype and diabetic
patients with and without DN [48].

Currently, polymorphisms in RAAS components have been highlighted due to their relationship with the
severity of COVID-19, caused by SARS-CoV-2. ACE2 is the cellular receptor for this coronavirus, and its
expression may possibly regulate an individual's susceptibility to infection. In contrast, high ACE activity
would increase the risk of lung disease. Thus, the balance between the activity of the two enzymes has
been evaluated in the pathogenesis and severity of COVID-19 [49].

Finally, to our knowledge, this is the �rst study to describe the effects of polymorphisms in ACE and ACE2
genes on DN susceptibility, especially in the central Brazilian population. Considering all these �ndings,
we observed that the association between ACE I/D and ACE2 G8790A polymorphisms and the
susceptibility to DN are still not fully elucidated. In this way, our observations in the central Brazilian
population favor the understanding of this association and emphasize the real need to investigate these
polymorphisms more deeply, especially in the mentioned population.

Conclusion
Our �ndings show an association for ACE gene analysis for DN risk, but not for ACE2 gene in the same
population analyzed. In spite of this, the D / D genotype had been associated to the modi�cation of
biochemical parameters, such as plasma glucose index and HbA1C, which leads to the development or
acceleration of DN progression. Our �ndings may encourage new perspectives on DM prevention and
treatment to prevent patients with risky genotypes. Thus, ACE polymorphism was relevant for the
development of the clinical course of DN.
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Tables
Table 1. Demographic characteristics, clinical and laboratory data of the DN and DM groups. 
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Table 2. Distribution of the genotypic of ACE and ACE2 for the case and control groups and risk analysis.

 

Statistical analysis performed through Chi-square Test (χ²) and Fisher’s Exact Test. *Signi�cant
difference between groups (p < 0.05). OR – odds ratio, CI – con�dence interval.

Table 3. Association between the ACE genotypes and clinical variables of DM patients with DN.

Table 4. Association between the alleles G and A of ACE2 with the clinical-laboratorial variables in male
patients with DN.
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Table 5. Association between the genotypes of ACE2 with the clinical-laboratorial variables in female
patients with DN.
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