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Mm influences the blood ACE enzyme activity.
g patients due to genetic variation, particularly in
Renin-Angiotensin-Aldosterone System gen y 1nvest1gates the genetic variations of ACE I\D and
AGTI1RA1166C gene polymorphisms in the a rotelnurlc effect of ACEI therapy in type 2 diabetes mellitus
(T2DM) patients. This is a cross- sectlo study that included 76 T2DM patients who are ACEI users, divided into
two groups: T2DM without dlabesi isease (DKD) included 31 patients, and T2DM with DKD included 45
patients. Urine samples e easurement of urine albumin and creatinine, then calculation of albumin-

The angiotensin converting enzyme (ACE) I\D g&le
Renoprotective effect of ACE inhibitors (A

creatinine ratio (ACR)
extraction of PN etigtio’evaluation of ACEI/D and AGT1RA1166C gene polymorphisms. The results reveal
% rrng the ID genotype have significantly lower ACE1 levels compared to DD and II carriers (p
levels were higher in DKD compared to normalbummurlc patients, with the only 51gn1ﬁcant difference for ACE2.
After subdividing according to ACE I\D genotypes, the ACE2 differences were only significant in DD genotype
carriers (p = 0.049) between DKD and normalbuminuric groups. While for AGTIRA1166C polymorphisms, the AC
genotype shows non-significantly lower levels for ACE1 and ACE2. After subdividing according to AGTIRA1166C
genotypes, ACE2 levels were significantly higher in DKD patients carrying the AA genotype (p = 0.015). Binary
logistic regression analysis revealed that both ACE (I\D) and AGT1RA1166C genes are significant predictors of
ACE] levels after controlling age, gender, and DKD state. This study concluded that both genes are predictors of
ACE] levels; in addition, ID genotype carriers and AC genotype carriers had lower ACE1 and ACE2 levels with
lower ACR and higher glomerular filtration rate, identifying better ACEIs responses in ID and AC carriers.

INTRODUCTION

approximately 20%—30% of patients [1,2]. DKD is identified

Diabetic kidney disease (DKD) is one of the main
causes of end-stage renal disease (ESRD) globally that
necessitates renal replacement. It is a chronic microvascular
consequence of type 2 diabetes mellitus (T2DM) that affects
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by albuminuria and/or an initially elevated glomerular
filtration rate (GFR) that decreases in the middle to the end
stage [3]. According to epidemiological studies conducted
in different Asian countries, microalbuminuria prevalence
rates range between 8% and 32% among T2DM patients
[4]. Metabolic and hemodynamic processes are crucial in
the pathophysiology of DKD with local Renin-Angiotensin-
Aldosterone System (RAAS) activation being a part of the
hemodynamic pathway [5].
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One of the major enzymes in the RAAS is an
angiotensin-converting enzyme (ACE) [6]. The ACE is
encoded by the ACE gene, which is a 21 Kb long and consists
of 26 exons and 25 introns. It is located on chromosome
17923 [7]. The most common ACE gene polymorphism is the
insertion (I)/deletion (D) polymorphism, which is defined by
the absence or presence of a 287 bp fragment in intron 16 of the
gene [8]. This polymorphism influences ACE enzyme activity
in the blood with decreased (allele I) and increased (allele D)
enzyme activity, respectively [9]. The I\D polymorphism of
this gene has been well studied regarding its relationship with
diabetic renal and cardiovascular complications. The plasma
ACE was obtained mostly from tissue vascular endothelial
cells, indicating that patients with the DD genotype may
have greater tissue angiotensin (Ang) II levels. Because Ang
II may influence smooth muscle cell development and result
in myointimal hyperplasia following endothelial damage,
treatment with ACE inhibitors (ACEls) ameliorated myointimal
proliferation after vascular injury [10]. A recent study suggests
that increasing serum ACE levels in DKD patients may predict
DKD, and persistently rising ACE indicates DKD progression.
Furthermore, elevated ACE levels may hint at retinal impairment
in people with early-stage DKD [11].

Angiotensin-converting enzyme 2 (ACE2) is the
only known ACE homolog with enzymatic activity; it is a
monocarboxypeptidase that degrades Ang II to Ang 1-7. It
is abundant in the kidneys. It was demonstrated that ACE2
activity is altered in DKD, hypertensive renal disease, and
several models of kidney damage [12]. Furthermore, urina

reduction in proteinuria for the DD genotype was significantly
higher than for the ID and II genotypes, indicating that the ACE
DD genotype is more susceptible to the antiproteinuric effect of
ACEISs than the ACE II and ID genotypes [18]. Another study
discovered that ACEI medication reduced mortality and renal
end points (death due to renal failure, dialysis, eGFR of <15 ml/
minute/1.73 m? or more than 50% loss of eGFR) more efficiently
in T allele carriers than in DD [19]. Another research found
that having an ACE II genotype and a cumulative genetic risk
score of <l was linked with a greater renoprotective response
to ACEIs in people with T2DM who had normoalbuminuria.
However, there was no significant difference in renoprotective
efficacy with 3-year ACEIs treatment depending on ACE I/D
genotypes in T2DM with nephropathy [6]. While regarding
the association of AGTIRA1166C and response to ACEIs, a
study on diabetic patients suggests that genotypes AC + CC
are associated with an increased response to captopril in people
with T2DM as compared to genotype AA [20].

The significance of this study results from the fact
that the prevalence of DKD in Iraq is high and most diabetic
patients develop nephropathy [4], which was silent in the earlier
stages. Also to our knowledge, there is no genetic study on
Iraqi patients with, DKD that investigates the effect of genetic
polymorphis % antiproteinuric response of ACEIs.

® Tie tive of this study was to investigate the role

e et%v’ iations of the ACE I\D and AGTIR A1166C gene

oljimorphisms in the antiproteinuric effect of ACEls therapy
T2DMW patients.

ACE?2 is associated positively with the degree of al mi t@ MATERIALS AND METHODS
and proteinuria in individuals with T2DM, indicatin e&e
d m

ACE2 protein and activity in diabetic animalsqri
[13]. Angiotensin type 1 receptor (AGT1 !% uiyd in many
tissues, including vessel walls, the lung, a xidney. When
activated, it can modulate renal function, and its expression
pattern is associated with nephropathy. Meta-analysis has
proven the significant association between the AGTIR A1166C
polymorphisms and DKD, especially in Asians and the T2DM
population [14]. The presence of the C allele may be linked to
increased AGTIR gene expression or a greater affinity of the
receptor for Ang II. The increased Ang II activity makes the
kidney more susceptible to the adverse hyperglycemia effect,
either by changes in systemic or renal hemodynamics or by
affecting renal cell function [15]. A variety of drugs that block
the RAAS, such as ACEIs and angiotensin receptor blockers
(ARBsS), are frequently administered for treating hypertension;
also, these drugs are known to reduce proteinuria in DKD
patients, either alone or in combination [16]. However, not
all patients respond uniformly to ACEI treatment in terms of
renoprotection. The causes of the inconsistent antiproteinuric
response to these drugs remain unknown. Individuals with the
DD genotype, or D allele, had higher circulation and tissue
ACE activity than individuals with the I allele. This might
result in interindividual diversity in antiproteinuric responses to
RAAS inhibition with either ACEIs or ARBs [17]. The impact
of ACEIs on proteinuria is varied, with reductions in proteinuria
ranging from 20% to 80% in a variety of renal diseases [10].
Additionally, previous study have shown that the percentage

Study design and setting

This cross-sectional study was carried out on already-
diagnosed T2DM patients who visited the Diabetes and
Endocrinology Center at Merjan Medical City in Babylon, Iraq,
from March 2022 to January 2023.

Participants

Simple convenience sampling method was used
to gathered patients (because of the inclusion and exclusion
criteria, especially those chosen on the basis of taking a
particular treatment and avoiding another treatment, make the
selection of patients difficult and time-consuming. Also, the
study took several months). However, the numbers of patients
in the present study was more than the number of patients in the
previous similar study conducted by Felehgari et al. [21] in Iran
which include 45 (both normalbuminuric and macroalbuminuric
patients) who are captopril users. The present study included 76
hypertensive T2DM patients with DM duration >5 years taking
ACEI (43 patients taking captopril dose range (25-100 mg) and
33 patients taking lisinopril dose range (5-20 mg) divided into
two groups according to urinary albumin-to-creatinine ratio
(ACR).

1. Group 1: includes 31 T2DM patients who are ACEI users and
without DKD.

2. Group 2: includes 45 T2DM patients who are ACEI users and
have DKD.



Yahya et al. / Journal of Applied Pharmaceutical Science 0 (00); 2023: 001-009 003

The exclusion criteria included alcoholics, patients
with renal illness prior to the onset of diabetes, patients whose
blood pressure is extremely high and uncontrolled (>160/100
mm Hg), and those who were treated with calcium channel
blockers, in addition to those patients treated with sodium
glucose co-transporter 2 inhibitors (such as cangaliflozin or
dapagliflozin). Other exclusion criteria were the presence of any
sign or symptom of an autoimmune illness or an inflammatory
kidney condition, and non-compliance with therapy according
to the eight-item Morisky Medication Adherence Scale [Scores
<6, which are considered low] [22]. Finally, patients with
secondary causes of albuminuria, such as obstructive renal
disease, renal stone disease, and acute urinary tract infection,
or patients with drug-induced nephrotoxic injury were also
excluded from the present study.

A standardized protocol was used to gather medical
histories and data from study participants. DKD was defined as
T2DM with an ACR >30 mg/g. This test was performed directly
on each patient by taking a random spot of urine and measuring
urine creatinine using a colorimetric reaction (Jaffe reaction)
using a Biolab kit [23], while urine albumin was measured using
an Abnova BCG Albumin kit [24]. ACR (mg\g) is then computed
in g/l; the principle of these tests are described in details [25].

Collection and analysis of blood samples

After an overnight fast, venous blood samples were
taken from each patient in a sitting position using disposable
syringes. After using a tourniquet, 10 ml of blood were drawn

from each person, 2 ml were placed in ethylenedlamme te'tf@

acetic acid tubes, 1 ml was used directly for the detect
of HbAlc by using Cobas e41l apparatus and, th%
ml was stored at —80°C for genetic analysis=g 1§wer

slowly pushed into a gel and clot activa %‘ e tube
without anticoagulant and left to coagulateor L0—15 minutes
before being centrifuged to obtain serum for testing. Part of
the obtained serum was used directly for the measurement of
fasting blood sugar (FBS), creatinine, and lipid profile using
a fully automated Kromo Linear apparatus by the staff in the
Diabetic and Endocrinology Center. While the remaining serum
was stored in two separate eppendorf tubes at —80°C until the
time for measuring cystatin C (CysC), kidney injury molecule
1 (KIM1) levels, ACE1 activity, and ACE2 levels in serum by
ELISA technique (BT Laboratory/China kit), which are plate-
based assays for detecting and quantifying a specific protein
in a complex mixture. Briefly, the plate was pre-coated with
Human CST3 antibody for CysC detection, Human HAVCR1
antibody for KIM-1 detection, Human ACE antibody for ACE1
detection, and Human ACE2 antibody for ACE2 detection.
The target protein present in the sample is added and binds to
antibodies coated on the wells, and then biotinylated Human
CST3, HAVCRI antibody, and biotinylated Human ACE1 or
ACE2 were added and bound to the target protein in the sample.
Then Streptavidin-HRP was added and bound to the biotinylated
antibody. After incubation, unbound Streptavidin-HRP was
washed away during a washing step. Substrate solution was
then added, and color developed in proportion to the amount
of human protein in the sample. The reaction was terminated
by the addition of an acidic stop solution and absorbance was

measured at 450 nm. To define CysC, KIM-1, ACEl, or ACE2
values, a standard curve was plotted [26-29]. The eGFR was
calculated using the CKD-EPI Creatinine-Cystatin Equation
(2021) online calculator [30].

GENETIC ANALYSIS

The Favor Prep Blood Genomic DNA Extraction
Mini Kit was used to extract genomic DNA from peripheral
blood leukocytes from frozen venous blood for genetic
evaluation. ACE I\D polymorphisms were detected by high-
resolution melting real time (HRM-RT) [31] using a Rotor-
GeneQ(Qiagen®) thermal cycler. Using three primers:

e Primer]l ACE1 CATCCTTTCTCCCATTTCTC
¢ Primer2 ACE2 TCGGATTACAGCCCTGATACAG
e Primer3 ACE3 ATTTCAGAGCTGGAATAAAATT

The polymerase chain reaction (PCR) was conducted
in a 0.1-ml microtube with 50 ul of final volume, including 20
ul SYBR Green PCR Master Mix, 3 pl of primers, 2 pl genomic
DNA, 1 ul Mgcl,, and 24 ul DNAse-free water. The cycling
conditions included denaturation at 95°C for 5 minutes, 35
cycles of denaturation at 95°C for 20 seconds, and annealing and
elongation at 55°C for 60 seconds. After DNA amplification,
the PCR products ere submitted to the dissociation curve. The
samples were 0 60°C and gradually raised to 85°C. The
1nten ity o ‘%cence (F) was recorded during temperature

1 was plotted as a function of temperature to

155001at10n curve for each sample. The dissociation

ere subsequently created by charting the negative

rivative of fluorescence as a function of temperature (—dF/dT

vs. T). The dissociation curve was then visually inspected for

genotyping, and the results of some of the current study samples
are demonstrated in Figures 1 and 2.

The AGTIR A1166C polymorphism was detected
by the PCR and restriction fragment length polymorphism
(PCR-RFLP) methods [32]. The primers were designed using
the NCBI-primer BLAST online software [33], which gives a
product length of 316 bp and includes:

* Forward primer ATGAGCACGCTTTCCTACCG
» Reverse primer TTCTTCGAGCAGCCGTCATC

Figure 1. HRM-RT amplification and melting curve raw data.
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Figure 2. HRM-RT analyzed data showed three different genotype according to
their melting temperature (IL, ID, DD).

The PCR amplification has been carried out in a final
volume of 20 pl, including 2 ul of genomic DNA, 1 ul of each
primer, 8 ul master mix, 0.5 pl MgCl, and 7.5 ul DNAse-
free water. The optimal conditions were selected, including
denaturation at 94°C for 5 minutes, 35 cycles of denaturation
at 94°C for 30 seconds, annealing at 60°C for 30 seconds,
elongation at 72°C for 30 seconds and final extension at 94°C
for 5 minutes. Through 2% agarose gel electrophoresis with
ethidium bromide (EtBr) staining and direct visualization
in UV light, the PCR products were examined. Then PCR
products were taken for restriction by an appropriate restricted
enzyme, which was selected with the aid of SnapGene viewer
software (V6.0.5). The restriction reaction is carried out by

using a mixture of 3 pl of PCR product, 0.25 pl of the selecteg
e

restriction enzyme (Ddel), restriction buffer 1.5 pl. T re
mixture was then completed to 13 pl by 8.5 pl D]%S'
water. Vaseline oil was added to reduce evapagationginpe the
reaction mixture was incubated overnight @ a water
bath. Then, utilizing 2% agarose gel electroghoresis, the length
of the PCR product, the specificity of the PCR reaction, and the
restricted PCR product were examined, and the results of the
gel electrophoresis image from the current study samples are
shown in Figure 3.

Statistical analysis

The Statistical Package for the Social Sciences
software for Windows version 26.0 (IBM Corp., Armonk, NY)
was implemented for the statistical analysis. The Shapiro-Wilk
test was used to test the normality of the continuous variables.
For normally distributed data, the continuous variables are
given as mean + SD, and for skewed data, as median (IQR).
An independent 7T test, or Mann-Whitney test, and a Kruskal—
Wallis H test were used for analyzing the data. The categorical
variables are expressed as numbers and frequencies and were
analyzed using the chi-square test. Binary logistic regression
was used for the prediction correlation between the ACE1
level and both genes after controlling for (age, gender, and
DKD state). Statistical significance was defined as a p-value
of <0.05.

RESULTS

The demographic, clinical, genetic, and laboratory
data of the study groups are expressed in Table 1. Which reveals
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Figure 3. Agaroes gel electrophoresis image show RFLP-PCR product
analysis for AGTIRA1166C gene stained with EtBr in 2% agarose gel at 70
volt for 1 hour, 1,000 bp DNA ladder, lanes L 10 Obp step DNA ladder; lanes
4,6,8,15,18,21,25,27and 29 AC genotype; other lanes AA genotype.

significant differences only for retinopathy, urinary albumin,
urinary creatinine, and ACR. Also, significant differences were
seen in serum KIMI1, with higher levels in the DKD patient
group compared 1§ normalbuminuric patients group.
° - lysis shows no significant differences
b ee@ oups for both genes, with a higher prevalence
fo owed by ID, and II genotypes for ACE I/D
polyiporphism. for the AGTIR and A1166C, the AA genotype
as the highest prevalence, followed by the AC genotype, and
the mutant CC isn’t seen in the present study.

Table 2 displays the differences in biomarker levels
that evaluate the antiproteinuric effect of ACEIs according
to ACE I\D genotypes, which show a significant difference
between groups (p = 0.012). A pairwise comparison of groups
revealed that T2DM patients carrying the ID genotype have
significantly lower ACEIl levels compared to DD and II
carriers. ACE2 levels were higher in DD carriers, followed by
II carriers, and ID carriers had the lowest ACE2. In addition, ID
carriers had a lower ACR and a higher GFR compared to other
genotypes, but these differences were not significant.

The result of binary logistic regression for S.ACEI
levels as a dependent variable after dividing in to two categories
(normal level <40 U\, abnormal level >40 U\l) in Table 3
revealed ACE (I\D) genotypes as a significant predictor of
S.ACE1 level after controlling age, gender, and DKD state.
This means that ACE (I\D) genotypes affect response to ACEIs
treatment.

Serum ACEI and ACE2 levels were higher in DKD
patients compared to normalbuminuric patients, which is
significant only for ACE2. Serum ACE1 and ACE2 were higher
in nephropathic patients with II and DD genotypes and lower
for carriers of ID genotype compared to normalbuminuric
patients; however, No significant differences were observed for
ACEI in all genotypes, while for ACE2, the differences were
only significant in carriers of DD genotype (p = 0.049) between
the nephropathic and normalbuminuric groups, as demonstrated
in Table 4.
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Table 1. Demographic, clinical, genetic and laboratory data of the study groups.

Patients groups

Parameters T2DM with DKD Normoalbuminuric T2DM p-value
=45 N=31
Demographic, clinical and genetic
Age (years) 58.62 + 8.09 61.84 +8.07 0.093
Gender male: female 16:29 16:15 0.164
BMI (kg\m?) 31.35+5.79 3041 +4.51 0.429
FBS (mmol\l) 9.3 (6.8-12.95) 10.5 (7.8-13.5) 0.330
HbAILC (%) 8.9 (7.5-11.05) 8.2 (7.1-9.6) 0.186
TC (mmol\l) 4.4 (3.8-5.4) 4.3 (3.6-5.0) 0.462
TG (mmol\l) 1.8 (1.1-3.0) 22(1.2-32) 0.557
HDL (mmol\l) 1(0.8-1.2) 0.9 (0.5-1.4) 0.319
SBP (mmHg) 135.33 £ 12.77 133.87 +13.58 0.638
DBP (mmHg) 83.56 £7.73 83.39+8.2 0.929
Living place
Urban 26 (57.8%) 18 (58.1%) 0.980
Rural 19 (42.2%) 13 (41.9%)
Retinopathy 43(95.6%) 8 (25.8%) 0.000%*
CHD 19 (42.2%) %.0%) 0.238
ACEI\D . &%
I 8 (17.8%) \ 7 (22.6%)
DD 24 (53.3%) 10 (32.3%) 0.178
ID 13 (28.9%), 6 14 (45.2%)
AGTIR A1166C Q
AA 19 (61.3%) 0.474
AC 13D %) 12 (38.7%)
Laboratory biomarkers
Urine albumin (mg\l) 8 (5.5-22) 5(3.8-5.7) 0.000%*
Urine creatinine (mg/dl) 88.7 (67.71-27.8) 204.4 (163-254.8) 0.000*
ACR (mg\g) 92.9 (68.8-187.4) 26.9 (19.9-29.3) 0.000%*
S.Cr. (mmol\l) 73 (64.5-95.4) 76 (68-91) 0.812
GFR (ml.minute.1.73 m?) 90 (76.5-98) 96 (84-106) 0.076
KIMT1 (ng\ml) 1.48 (0. 94-1.99) 1.09 (0.76-1.79) 0.037%*
CysC (mg\dl) 0.88 (0.72-1.03) 0.85 (0.68-0.95) 0.253
*Significant (p < 0.05).

Value for continuous data calculated using two-sided #-test and Mann-Whitney test, Pearson y2 test used for clinical and genetic variables; Proportional data is displayed
as the number of positive outcomes and their proportion, for normally distributed (age, BMI, SBP and DBP) as mean + SD. For skewed data as median (IQR). BMI,
body mass index; DN, diabetic nephropathy; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBS, fasting blood sugar; HbA1C, glycated hemoglobin;
Hb, hemolglobin; HDL, high-density lipoprotein; TC total cholesterol; TG, triglyceride; DM, diabetes mellitus; ACR, albumin creatinine ratio; KIM1,kideny injury

moleculel; CHD: chronic heart disease; GFR: glomerular filtration rate.

Table 5 displays the differences in biomarker
levels that evaluate the antiproteinuric effect of ACEIs in
AGTIR (A1166C) genotypes. There were no significant
differences between the wild-type AA and heterozygote AC
genotypes in all measured parameters. The AC genotype had
lower levels of ACEl, ACE2, and ACR and a higher level
of GFR.

The result of binary logistic regression to determine
the effect of AGTR1 (A1166C) genotypes on the prediction of
S.ACEI1 levels as a dependent variable in Table 6 demonstrated
that after adjusting for age, gender, and DKD status, AGTR1
(A1166C) genotypes are a significant predictor of S.ACEI1
level, which means that AGTR1 (A1166C) genotypes affect
response to ACEIs treatment.
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Table 2. Differences in biomarkers levels according to ACE I\D genotypes.

Patients groups

Variables p value®
DD n=34 ID n=27 I n=15

ACE1 (U\) 67.19 (53.91-81.71) 56.3 (45.07-63.70) 70.96 (60.42.33-70.33) 0.012*
0.009"

0.016¢

0.461¢

ACE2 (ng\ml) 2.95(2.35-3.54) 2.73 (2.4-3.21) 2.78 (2.633.36) 0.674
ACR (mg\g) 70.65 (29.68-97.58) 29.9 (27.2-105.8) 46.6 (21.9-118.5) 0.522

GFR (ml.minute.1.73 m?) 90 (77.25-105) 95 (85-104) 84 (76-98) 0.323

Data presented as median (IQR).
*Independent sample Kruskal-Wallis Test.
"Pairwise comparisons between ID-II.
‘Pairwise comparisons between ID-DD

dPairwise comparisons between DD-II groups.

ACEL: angiotensin converting enzymel, ACE2: angiotensin converting enzyme2, ACR: albumin creatinine ratio, GFR: glomerular

filtration rate.

Table 3. Binary logistic regression of ACE1 in T2DM who are

Table 5. Differences in biomarkers levels according to AGTIR

ACEISs user. (A1166C) genotypes.

Indf:pl::lndent Beta OR (CI95%) p-value Variables Patients groups p value
variab’es AA) n=50 (AC) n =26
Age -0.045 0.956 (0.871-1.050) 0.348 ACE (L 67.14 (51.83-77.59)  58.43 (49.92-64.93)  0.107
Gender 0.708 2.031(0.325-12.702) 0449 ANE2(ng 2.93(257-334)  274(225-3.28) 0316
DKD state —0.972 0.378 (0.058-2.450) 0.308 ACRMmg\g) 70.65 (27.13—  49.89 (29.18-80.17)  0.547
ACE (I\D) 1.899 6.679 (1.126-39.620) 0.037+ 113.35)

90 (79.75-104)  92.5(78.5-100.25)  0.772

Table 4. The ACE1 activity and ACE2 conc % i various
ACE genotypes in the presence of ACEI therapy¥hetween DKD and
normalbuminuric patients.

Patients groups

DKD: diabetic kidney disease, OR: odd ratio, CI: confidence inte Q GFR (ml. ,
*Significant (p < 0.05). minute.1.73 m?)

Parameters Norm(zl‘:t;l]))ul\l;ﬁnuric T2DM with DKD p-value*
N=31 N=45
ACE1 (U\l) 58.39 (51.33-70.96)  65.88 (52.96-76.61) 0.389
ACE2 (ng\ml) 2.68 (1.95-3.21) 2.93 (2.57-3.52) 0.036*
I N=7 N=8
ACEl 63.82 (58.39-82.26)  75.68 (63.06-99.32) 0.183
ACE2 2.67 (1.77-3.37) 3.19 (2.71-3.35) 0.247
1D N=14 N=13
ACE1 59.94 (51.30-70.56)  54.17 (35.69-59.86) 0.109
ACE2 2.82(2.38-3.23) 2.7 (2.39-3.18) 0.808
DD N=10 N=24
ACEI 55.98 (48.45-76.68)  68.80 (56.44-83.66) 0.186
ACE2 2.48 (1.81-3.06) 2.99 (2.60-3.84) 0.049*

Data presented as median (IQR).

“Mann-Whiteny U test.

*Significant (p < 0.05).

ACELl: angiotensin converting enzymel, ACE2: angiotensin converting
enzyme2.

Data presented as median (IQR).
aMann-Whitteny U test.

ACE]l: angiotensin converting enzymel, ACE2: angiotensin converting
enzyme2, ACR: albumin creatinine ratio, GFR: glomerular filtration rate.

Table 6. Binary logistic regression of ACE1 in T2DM who are

ACETIs user.

Independent variables Beta OR (CI195%) p-value
Age —0.061 0.941 (0.845-1.047) 0.263
Gender 0.943 2.567 (0.396-16.624)  0.323
DKD state —1.058 0.347 (0.050-2.393) 0.283
AGTR1 (A1166C) —2.056 0.128 (0.020-0.808)  0.029*

DKD: diabetic kidney disease, OR: odd ratio, CI: confidence interval.
*Significant (p < 0.05).

Table 7 shows that ACE1 levels were higher in DKD
patients, especially for AA genotype carriers, compared
to normalbuminuric patients, but still not significant. In
addition, ACE2 levels were significantly higher in DKD
patients who carry the AA genotype (p = 0.015), while for
the AC genotype, even the levels were higher in the DKD
group but did not significantly differ from normalbuminuric
patients.
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Table 7. The ACE1 activity and ACE2 concentration in various
AGTIR genotypes in the presence of ACEI therapy between DKD
and normalbuminuric patients.

Patients groups

Parameters Norm(?lil;l]))li\rqninuric T2DM with DKD p-value®
AA N=19 N=31
ACE1 57.95 (51.19-72.75) 68.92 (54.17-84.64) 0.215
ACE2 2.68 (2.31-3.09) 3.07 (2.67-3.55) 0.015%
AC N=12 N=14
ACEI 60.25 (51.58-67.14) 58.17 (43.3-63.69) 0.738
ACE2 2.77 (1.82-3.94) 2.74 (2.38-3.10) 0.504

Data presented as median (IQR).

“Mann-Whitteny U test.

*Significant (p < 0.05).

ACELl: angiotensin converting enzymel, ACE2: angiotensin converting
enzyme?2.

DISCUSSION

DKD is a silent illness that goes undetected for
lengthy periods of time [34]. Both albuminuria and GFR are
significantly better predictors of ESRD; however, urine ACR
has a bigger influence on clinical practice than GFR. As a result,
the presence of albuminuria suggests glomerular and tubular
damage, whereas a GFR problem only shows glomerular

albumin, urine creatinine, ACR, and KIM1
in nephropathic patients.

The ACE 1I/D polymorphism is res ible for more
than 40% of interindividual variability in serum or tissue ACE
activity, and persons with the DD genotype have greater levels
of tissue and plasma ACE than persons with the II genotype;
also, its association with DKD has been extensively studied
[6,10,21]. The mechanism underlying ACEIs’ antiproteinuric
action is not well understood. However, it is believed that ACEIs
produce efferent arteriolar vasodilation of the glomerulus
and so reduce intraglomerular hypertension, resulting in an
antiproteinuric effect. Also, it has been demonstrated that ACEIs
improve glomerular membrane size-selective dysfunction,
resulting in an anti-proteinuric effect [36]. The present study
analyzed the antiproteinuric effect of ACEIs by comparing
levels of both ACE1 and ACE2 and renal markers (ACR and
GFR) in different genotypes. Results revealed that all diabetic
patients show significant differences between II, DD, and ID
genotypes for serum ACE1 activity, with a lower level seen
in ID carriers. Additionally, ID carriers had non-significantly
lower ACE2, ACR, and a higher GFR, suggesting that patients
with the ID genotype have a better response to ACEIs. When
controlling covariates (age, gender, and DKD state), the ACE
I\D polymorphism is a significant predictor of ACE1 level.
Then when the patients were grouped based on their ACR,
significant differences were observed only in ACE2, with

higher levels of both ACE1 and ACE2 in DKD groups. When
further subdividing according to ACE genotypes, there were
no inter-genotype differences except for ACE2 in DD carriers;
additionally, ID carriers have lower levels of both markers in
DKD groups compared to II and DD genotypes, which also
means ID carriers have the best ACEIs antiproteinuric response.
Previous follow-up studies about the association between ACE
I\D polymorphism and ACEIs renoprotective effects in T2DM
showed conflicting results: Ha et al. [18] found that the DD
genotype had a considerably larger percentage of reductions
in urine protein and albumin excretion in comparison to ID
and II genotypes following ACEIs treatment for 3 months,
while So et al. [6] discovered that use of RAAS inhibitors
for approximately 3.7 years was related to better survival
and renoprotection, with these beneficial impacts being most
noticeable among the Il and ID carriers. Whereas Cheema
et al. [19] found that following ACEIs treatment for 36 months,
I genotype had a better renoprotective response to ACEls
in normalbuminuric T2DM, while for DKD patients, no
significant difference in renoprotective effect among different
ACE I\D genotypes. Aggarwal et al. [36] revealed that the
reduction in albuminuria in response to 6 months of ACEIs was
independent of the. ACE I\D polymorphism. While Felehgari
etal [21] s th cross-sectional study on T2DM that shows

albuminuria carrying the DD genotype on

patients® wi
c il Weip-more effective at lowering serum ACE activity
thanother ‘genotypes, in DKD, the II genotype had the lower

CE activity. The differences in these results may be

eru
@Je to the different ethnic groups included in each study; the

damage [35]. In the present study, when dividing patie
according to ACR, significant differences were seen’fe
DKD and normalbuminuric patients for retino S\ur

Felehgari et al. [21] study included only Kurd ethnicity, while
the current study was performed in a region with predominantly
Arab ethnicity.

The AGTIR A1166C variation has long been
hypothesized to be an Ang II sensitivity modulator. This SNP,
which is situated in the 3’UTR of the AGTIR gene, may have
an effect on AGTIR expression through modulating microRNA
binding. The miR 155 selectively downregulates the A allele [37].
Therefore, the apparent increased Ang II sensitivity associated
with the C allele would be the consequence of increased receptor
expression caused by an abrogation of miR155 control [38].
The present study revealed that AC carriers have lower ACE1,
ACE2, and ACR and higher GFR, but the differences were not
significant, and after controlling age, gender, and DKD state,
the result of binary logistic regression revealed that AGTR1
(A1166C) was a significant predictor of ACE1 level. Also,
when subdivided according to albuminuria state, DKD patients
in both AA and AC genotypes have higher ACE1 and ACE2
compared to normalbuminuric patients, and this was significant
only for ACE2 in AA carriers. In addition, the AC carriers in
DKD groups still have a lower level of markers that mean a
better response to ACEIs compared to the AA genotype. The
cause behind the better response may be related to the fact that
C allele carriers are associated with an increase in ACE activity
and are augmented in Ang II, which makes the response to
RAAS blockers higher in C allele carriers, as seen in this study
[39]. There has been no previous research on the relationship
between AGT1R A1166C and response to ACEIs in DN.
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The main limitations of this study are the design of
the study, since prospective cohort study is better for evaluating
response to treatment, and association of genetic polymorphisms
with treatment response. Also, small number of patients
included in the study, as well as the including two ACEIs and
using different doses of each drug could result in variations
in treatment response. Additionally this study mainly focuses
on ACE1 and ACE2 levels and ACR as outcomes, additional
parameters could be considered in forthcoming research.

CONCLUSION

This study revealed that both genes [ACE (I\D) and
AGTI1RA1166C] are significant predictors of ACE1 level after
controlling age, gender, and DKD state. Also, heterozygote ID
carriers had lower ACE1 and ACE2 levels compared to other
ACE I\D genotypes even after grouping the patients according
to albuminuric state, identifying a better ACEI response in ID
carriers, and this was confirmed by having a lower ACR and a
higher GFR. While for the AGTIR (A1166C) genotypes, AC
genotypes had lower ACE1 and ACE2 levels with a lower ACR
and higher GFR compared to wild-type AA, which means AC
carriers had a better ACEI response. The present findings may be
validated to ensure their reliability and generalizability by long-
term follow-up of larger, more diverse populations on ACEI
medications. Also, future research could benefit from a broader
array of clinical endpoints, such as long-term renal function, to
provide a more comprehensive view of the treatment response.
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