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Purpose: This is the first cross-sectional study studying the changes in haematological 
indicators of the response to recombinant human erythropoietin (rHuEPO) therapy in chronic 
renal failure (CRF) patients on haemodialysis (HD) stratified according to ACE G2350A 
(rs4343) gene polymorphism.
Design: An observational cross-sectional study.
Setting: Nephrology department and Biochemistry and molecular biology department, 
faculty of medicine, Cairo University.
Patients: A total of 256 CRF patients on HD for at least six months (162 male and 103 
female) and 160 healthy subjects (122 male and 38 female) were recruited in the current 
study after signing a consent form. ACE G2350A (rs4343) Insertion/Deletion (I/D) was 
tested, the association between ACE G2350A (RS4343) gene polymorphisms and patients 
response to rHuEpo was evaluated.
Results: ACE G2350A (rs4343) I/D was the most prevalent genotype, while I/I genotype was 
the lowest prevalent among patient or control subjects included in the study. D allele is the most 
prevalent allele, either among patients or the control group. Hemoglobin (Hb) level in patients 
with I/I and Deletion/Deletion (D/D) genotype was significantly higher compared to those with I/ 
D genotype (P = 0.012 and P = 0.005, respectively). Serum iron in the I/D genotype was 
significantly higher than those with either I/I or D/D genotype (P = 0.045 and P = 0.018, 
respectively). Angiotensin-converting enzyme (ACE) content, total leukocytic count (TLC), 
and soluble erythropoietin receptor (sEpoR) were independent predictors of Hb level. The 
ACE gene, TLC, and serum iron were the independent factors that may affect the Haematocrit 
(Hct) level. ACE G2350A (rs4343) gene polymorphisms may affect the HD patient’s responses to 
rHuEPOs.
Conclusion: In HD patients, screening for ACE G2350A (rs4343) gene polymorphisms 
before rHuEpo administration may help predict patient response.
Keywords: angiotensin-converting enzyme rs4343 gene polymorphism, hemoglobin, 
erythropoietin, chronic renal failure, hemodialysis

Key Message
● Patients with the ACE G2350A (rs4343) I/I or D/D genotype had a higher Hb 

level than patients with the I/D genotype.

Correspondence: Gomaa Mostafa- 
Hedeab  
Pharmacology Department, Medical 
College, Jouf University, Sakaka, Kingdom 
of Saudi Arabia  
Tel +966 534627393  
Email Gomaa@ju.edu.sa; gomaa_ 
hedeab@yahoo.com

Pharmacogenomics and Personalized Medicine 2021:14 1055–1068                                     1055
© 2021 Hamdan Almaeen and Mostafa-Hedeab. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https:// 
www.dovepress.com/terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/ 

3.0/). By accessing the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is 
properly attributed. For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Pharmacogenomics and Personalized Medicine                                     Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 22 March 2021
Accepted: 9 August 2021
Published: 27 August 2021

http://orcid.org/0000-0001-9267-2637
http://orcid.org/0000-0003-4947-0495
mailto:Gomaa@ju.edu.sa
mailto:gomaa_hedeab@yahoo.com
mailto:gomaa_hedeab@yahoo.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com


● Patients with either the ACE G2350A (rs4343) I/D or 
D/D genotype had higher iron stores than those with 
the I/I or D/D genotype.

● ACE protein content, TLC, and soluble erythropoie-
tin receptor (sEpoR) are independent predictors of 
recombinant human erythropoietin (rHuEPO) 
response in CRF patients.

● In HD patients, screening for ACE G2350A (rs4343) 
gene polymorphisms before rHuEpo administration 
may help predict patient response.

Introduction
Chronic kidney disease (CKD) has a global prevalence of 
8–16%, with serious morbidity and mortality.1 CKD is a 
direct risk factor for cardiovascular diseases, end-stage 
renal disease (ESRD)/CRF, and mortality.2 While replace-
ment therapy with regular dialysis represents a temporary 
solution, renal transplantation is the permanent solution.3 

Anaemia is one of the most important CRF complications, 
which develops early and worsens during the long-term 
progression of the disease.4 Coresh et al showed the associa-
tion between lower Hb levels, the severity of anaemia and 
kidney function reduction.5 Erythropoietin (Epo), iron ther-
apy, and continuous patient response monitoring provide a 
good tool for treating CKD-associated anaemia6 that helps to 

minimize transfusions and improve CKD patient survival.7 

Although the response to rHuEpo is mostly good, resistance 
to Epo therapy among these cases ranges from 10% to 20%.8

Many factors may affect patients’ responses to replace-
ment therapy with rHuEPO, including genetic factors, eg, 
ACE gene polymorphism that has an important impact on 
hematopoiesis. ACE gene is located at 17q23. It contains 
26 exons and 25 introns.9 It has several single-nucleotide 
polymorphisms (SNPs). ACE G2350A (rs4343) SNP is 
located in exon 17 of the ACE gene and results in silent 
Thr 776 Thr (NP_000780.1) change. ACE gene SNPs may 
affect the patient’s response to Epo and could be useful 
genetic markers in assessing the required dose of Epo in 
such patients.10 ACE SNPs effect on CKD response to 
Epo therapy was evaluated with conflicting results. 
Varagunam et al reported a predictive role for it in deter-
mining Epo dosage in continuous ambulatory peritoneal 
dialysis English patients,11 while in another study in 
Korean HD patients, it was found to be associated with 
Epo resistance.10 ACE G2350A (RS4343) was selected for 
the present study based on a genome-wide-analysis study 
that reported the ACE G2350A (RS4343) is a good pre-
dictor of ACE activity12 due to the absence of wide geno-
mic mapping in Arabian Countries, so our hypothesis that 
it may affect HD patients’ response to rHuEPO.
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Although it was investigated concerning other clinical 
conditions, to the best of our knowledge, none of the 
international reports studied the effect of ACE G2350A 
(RS4343) gene polymorphisms on haematological markers 
of response to rHuEpo in CRF patients on HD. The current 
study aims to study the effect of ACE G2350A (RS4343) 
I/D gene polymorphisms on the response to rHuEpo, 
anaemia biomarkers, ACE content, inflammatory biomar-
kers, serum Epo and soluble Epo receptor (sEpoR) among 
CRF patients on HD.

Patients & Methods
Patients and Design
Design
Observational cross-sectional study.

Setting
Nephrology department and Biochemistry and molecular 
biology department, faculty of medicine, Cairo University.

Patients
Our cross-sectional study enrolled 256 CRF patients on 
HD for ≥six months receiving rHuEpo therapy. They 
included 162 males and 103 females and aged 51.3 ± 
11.9 years. They were recruited from the nephrology 
unit, Internal Medicine Department, Cairo University, 
Cairo, Egypt, from April 2019 to June 2020. Matching 
160 normal healthy control subjects were recruited from 
those accompanying outpatients and comprised 122 males 
and 38 females ageing 36.1 ± 12.8 years (Table 1). Each 
participant had a five-minute interview to discuss the cur-
rent study’s objectives and aims before signing the 
informed consent and enrollment.

Exclusion Criteria
Patients excluded from the study if age ˂18 years, acute 
renal failure, non-CKD-related anaemia, recent blood 
transfusion within the previous three months, a history of 
hepatitis B (HBV) or C (HCV) or HIV or other active 
acute or chronic infections, decompensated liver cirrhosis, 
pregnancy, and malignancy.

Blood Sampling and Investigations
10 mL peripheral venous blood was collected on heparin. 
The recovered plasma by centrifugation (1000 x g for 10 
min at 4 °C) was aliquot stored at −40 °C till used for 
assessment of ferritin, Transferrin (TF), soluble transferrin 
receptor (sTfR), EPO, sEpoR, ACE, and cytokines (IL-1β, 

IL-6, and IL-10) content, iron workup (iron and total iron- 
binding capacity; TIBC). Iron (µg/dL) and TIBC (µg/dL) 
were assayed using colorimetric kits (Stanbio Laboratory, 
Boerne, TX, USA). Transferrin saturation (%) was calcu-
lated from iron and TIBC. Plasma proteins and cytokines 
were assayed using specific quantitative commercially 
available ELISA kits as instructed; ferritin in ng/mL and 
sTfR in nmol/L (Diagnostic Automation/Cortez 
Diagnostics Inc, CA, USA; cat#1601-16 and 3126-15), 
TF in mg/dL (Abcam, Cambridge, MA, USA, USA 
cat#ab187391), ACE in ng/mL and sEpoR in ng/mL 
(MyBioSource, Inc., San Diego, CA, USA; 
cat#MBS494753 and MBS702997), IL-1β, IL-6, and IL- 
10 in pg/mL (RayBiotech, Inc., Peachtree Corners, GA, 
USA; cat# ELH-IL1b, ELH-IL6, and ELH-IL10), and Epo 
in mIU/mL (BioVision, Inc., Milpitas, CA, USA; cat# 
E4720-100). An aliquot of whole blood was also used to 
assess Hb, TLC count using a cell counter (Sysmex XT- 
4000i Automated Haematology Analyzer Lincolnshire, IL, 
USA). Hb level was measured in the 6th month three 
times, one week apart, the mean of these three readings 
was recorded. Half of the whole blood sample collected 
was used for genomic DNA extraction and real-time PCR 
analysis of ACE genes polymorphism.

Whole Blood Genomic DNA Extraction 
and ACE Genotyping and Allelic 
Discrimination
Total DNA was isolated from whole blood mononuclear 
cells (MNC) using the extraction kit (Zymo Research, 
Irvine, CA, USA; cat# D302 Quick-DNA Microprep Kit) 
instructed. The DNA purity (A260/A280 ratio) and concen-
tration were assessed spectrophotometrically (dual-wave-
length Beckman, Spectrophotometer, USA). GAPDH 
house-keeping gene was assessed in all PCR reactions as 
an internal control and for DNA integrity. The extracted and 
purified DNA samples were stored at −80 °C till used. ACE 
polymorphism genotyping and allelic discrimination was 
assessed using TaqMan Analysis. DNA was genotyped for 
ACE G/A at rs4343. PCRs were carried out in reaction 
volumes of 25 µL containing 50 ng DNA, 10 µL TaqMan 
Universal PCR Master Mix (Applied Biosystems, 
ThermoFisher Scientific Inc., Waltham, MA, USA) with 
the passive reference ROX (Perkin Elmer), 280 nmol/L of 
each primer and 200 nmol/L VIC-labeled probes for ACE G 
> A. Primers and minor groove binder probes were synthe-
sized by Applied Biosystems. The primer sequence was 
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Table 1 General Characteristics and Laboratories of HD Patients versus Controls

Groups N Value ± SEM P value

Sex Patients (Male) 162 0.001
Patients (Female) 103

Control (Male) 122

Control (Female) 38

Age (year) Patients 265 51.3 ± 11.9 0.00
Control 160 36.1 ± 12.8

Potassium Patients 265 3.79±.06 0.000
Control 160 4.16±0.04

Urea Patients 265 69.4±1.67 0.000
Control 160 27.05±0.51

Creatinine Patients 265 3.29±0.082 0.000
Control 160 0.9±0.02

Serum Iron Patients 265 43.24±0.64 0.000
Control 160 131.28±2.52

TIBC Patients 265 228.81±3.51 0.002
Control 160 260.4±3.33

Transferrin Saturation Patients 265 19.94±0.41 0.000
Control 160 50.26±1.045

Ferritin Patients 265 158.6±2.3 0.893
Control 160 190.9±3.1

Transferrin Patients 265 239.21±4.4 0.006
Control 160 289.3±4.92

sTfR Patients 265 17.86±0.4 0.000
Control 160 11.28±0.09

Hb Patients 265 10.69±0.09 0.000
Control 160 13.8±0.07

HCT Patients 265 33.21±0.73 0.015
Control 160 33.24±0.7

WBC Patients 265 4.39±0.08 0.000
Control 160 6.86±0.17

Platelet Patients 265 186.5±4.11 0.000
Control 160 270.8±7.08

IL6 Patients 265 150.44±7.09 0.000
Control 160 43.08±1.63

IL10 Patients 265 22.68±0.75 0.000
Control 160 71.48±2.21

IL1b Patients 265 43.29±1.46 0.000
Control 160 8.95±0.78

Epo Patients 265 15.44±0.34 0.000
Control 160 68.8±5.11

ACE Patients 265 54.35±1.3 0.000
Control 160 270.3±8.09

(Continued)
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forward: 5´-GTGAGCTAAGGGCTGGA-3ʹ and reverse: 5 
´-CCAGCCCTCCCATGCCCATAA-3ʹ. PCR thermal cycler 
conditions included an initial incubation at 50 °C for 2 
minutes, 95 °C for 10 minutes, followed by 35 cycles of 
15 seconds at 92 °C and 1 minute at 60–62 °C. Allele 
discrimination was accomplished by running endpoint 
detection using the StepOne and SDS 2.0 software. ACE 
AA = ACE Insertion/Insertion (I/I), ACE GA = ACE 
Insertion/Deletion (I/D) while ACE GG = ACE Deletion/ 
Deletion (D/D).

Statistical Analysis
Data were collected, tabulated, and analyzed using SPSS 
version 21 (IBM SPSS Statistics for Windows, Armonk, 
NY: IBM Corp). Deviation of genotype frequencies of the 
studied group of patients from Hardy-Weinberg equilibrium 
(HWE) was assessed by Chi-squared test with one degree of 
freedom (df) using the Michael H. Court’s (2005–2008) 
calculator.13 If P ≥ 0.05, then the population is in HWE. 
For categorical data like gender was presented as frequency 
and percentage. Scale data like age, haematological para-
meters were presented as mean ± Standard Error of Mean 
(SEM). Shapiro–Wilk test was applied to determine the dis-
tribution of data. Chi-square test/ Fischer exact test was 
applied to measure the difference among categories. 
Independent samples t-test was used to measure the mean 
difference across two categories. Levene’s test was applied to 
ascertain equal variance among the groups. One-way 
ANOVA with LSD posthoc analysis was applied to deter-
mine the difference in scale data among more than two 
categories. Correlations between ACE level and haematolo-
gical parameters were using Pearson’s correlation coefficient. 
The stepwise regression test was used to determine the inde-
pendent parameters that may affect Hb or Hct values. A 
p-value < 0.05 was considered significant.

Ethical Approval
The current study protocol was approved by the Bioethics 
Committee, Medical College, Cairo University (Approval 

Number CU III F 40 20) and conducted following the 
Helsinki declaration.

Results
Changes in the Investigated Parameters in 
HD Patients vs Healthy Controls
Comparing HD patients vs healthy controls showed signifi-
cant differences in plasma potassium, urea, creatinine, iron, 
TIBC, % TF Saturation, TF, sTfR, Hb, Hct, TLC, platelets 
count IL-6, IL-10 and IL-1β, EPO, ACE and sEpoR (Table 1).

Prevalence of ACE G2350A (Rs4343) 
Genotypes and Alleles Among HD 
Patients and Healthy Controls
The prevalence of ACE G2350A (rs4343) I/D genotype 
among HD patients and healthy controls showed that the I/ 
D genotype is the most prevalent while the I/I genotype is the 
least one. ACE G2350A (rs4343) I/D genotype distribution 
showed a significant difference in the gene allele distribution 
between HD patients compared to normal controls: I/D (n = 
174 vs 85), I/I (n = 41 vs 6) and D/D (n = 50 vs 69) (p = 
0.001). D allele is the most prevalent one either in HD 
patients (0.52) or among the control group (0.7) (Table 2).

Relationship Between the ACE G2350A 
(Rs4343) Genotypes and Hb and Iron 
Levels in HD Patients
The mean Hb was highest in D/D genotype patients (11.12 
±0.19), followed by I/I (11.11±0.2) n I/D (10.47±0.1).

The effect of ACE G2350A (rs4343) genotypes on 
different parameters among CRF patients was evaluated 
using one-way ANOVA; a significant difference between 
the three categories was found, F= 5.9, P=0.003. 
Differences were significant between I/I and I/D geno-
type (mean difference=−.63, P = 0.012), D/D and I/D 
genotype (mean difference =−.65, P = 0.005). no sig-
nificant difference was noted between I/I and D/D 
(P=0.956) Table 3.

Table 1 (Continued). 

Groups N Value ± SEM P value

sEBoR Patients 265 89.42±1.35 0.000
Control 160 312.1±11.7

Note: Evaluated by independent T-test. 
Abbreviations: ACE, Angiotensin-converting enzyme; TIBC, total iron binding capacity; Transferrin Sat, Transferrin Saturation; sTfR, soluble transferrin receptor; Hct, 
haematocrit; Epo, erythropoietin; sEpoR, soluble erythropoietin receptor.
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The mean serum iron was highest in I/D genotype 
patients (44.53 ±.87), followed by I/I (40.95±1.3 n DD 
(40.6±1.05). A one-way ANOVA found a significant dif-
ference between three categories, F= 4.062, P=0.018. 
Differences were significant between I/D and II (mean 
difference=3.58. P =0.045), I/D and D/D (mean differ-
ence=3.93, P =0.018). I/I and D/D had not shown a sig-
nificant difference (P= 0.871) Table 3.

Relation of the ACE G2350A (Rs4343) 
Genotypes and the Inflammatory Markers 
in HD Patients
There were insignificant differences among patients with I/ 
I, D/D, or I/D genotypes regarding TLC (Figure 1A) or the 
inflammatory biomarkers (IL-6, IL-10, and IL-1β) 
(Figure 1B).

Relationship Between the ACE G2350A 
(Rs4343) Genotypes and Iron Status in 
HD Patients
There were insignificant differences among patients with 
I/I, D/D, or I/D genotypes regarding % TF Saturation 
and sTfR (Figure 2A), TIBC, Ferritin, or TF level 
(Figure 2B).

Table 2 Patients and Control Group ACE Rs4343 Genotype and Allele Distributions

Group ACE Gene* ACE Allele**

I/I I/D D/D I Allele D Allele

Patient (Number) 41 174 50 0.48 0.52
% 15.5% 65.7% 18.9%

Control (Number) 6 85 69 0.30 0.70
% 3.8% 53.1% 43.1%

Notes: *P= 0.001. **P= 0.013. Evaluated by Chi-Square test.

Table 3 Comparison of Hb & Serum Iron in Different HD 
Patient Genotypes of ACE Gene Rs4343

I/I I/D D/D

Hb (gm/dl) 11.11±0.2 10.47±0.1* 11.12±0.19
Serum Iron (µg/dl) 40.95±1.3 44.5±0.9# 40.6±1.1

Notes: *Significance compared to II (P=0.012) and DD (P=0.005). #Significance 
compared to II (P=0.045) and DD (P=0.018). Evaluated by ANOVA.

Figure 1 Comparison of WBC (A), IL6 & IL10 & IL1β (B) regarding the ACE G2350A (rs4343) genotypes. Data presented as mean ± SEM. Evaluated by ANOVA test 
followed by LSD as a post hoc.

https://doi.org/10.2147/PGPM.S311181                                                                                                                                                                                                                               

DovePress                                                                                                                            

Pharmacogenomics and Personalized Medicine 2021:14 1060

Hamdan Almaeen and Mostafa-Hedeab                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Figure 2 Comparison of Transferrin Saturation or sTfR (soluble transferrin receptor) (A), TIBC (Total Iron Binding Capacity), ferritin, and Transferrin (B) regarding the 
ACE G2350A (rs4343) genotypes. Data presented as mean ± SEM. Evaluated by ANOVA test followed by LSD as a post hoc.

Figure 3 Comparison of Epo (erythropoietin), ACE (angiotensin-converting enzyme) and sEpoR (Soluble erythropoietin receptors) regarding the ACE G2350A (rs4343) 
genotypes. Data presented as mean ± SEM. Evaluated by ANOVA test followed by LSD as a post hoc.
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Relationship Between the ACE G2350A 
(Rs4343) Genotypes and ACE, Epo, and 
sEpoR Levels
The effect of ACE G2350A (rs4343) genotypes on levels 
of ACE, EPO, and sEpoR levels was evaluated among 
CRF patients. Our results showed insignificant differences 
between patients with different genotypes in that regard 
(Figure 3).

Comparison Between the ACE G2350A 
(Rs4343) DD Genotype and Non-DD 
Genotype (ID±II) Patients
The D allele is the most prevalent allele among patients in 
the current study (Table 2). Analysis of the genotype 
correlation in a recessive mode of inheritance of the risk 
of D allele between Non-DD (II+ID) vs (DD) was done 
using an independent t-test. Our results showed a signifi-
cant difference between the two groups regarding iron 
status (43.9±.7, 40.6±1.1, respectively, F: 6.946, t: 2.529, 
CI: 0.7019:5.8004, P=0.013) and Hb level (10.6±.1, 11.1 
±.19, respectively, F: 0.261, t: −2.308, CI: −0.9797:0.0776, 
P=0.013) (Table 4).

Correlations Between ACE Level and 
Haematological Parameters Among HD 
Patients
Using Pearson’s correlation coefficient, the correlation 
between the ACE level and haematological parameters 
among HD patients showed a significant positive cor-
relation between the ACE level and Epo (r: 0.244, 
P=0.0001) and a significant negative correlation 
between the ACE level and HCT (r: −0.131, P=0.033) 
(Table 5).

Linear Regression Test to Determine the 
Independent Factors Affecting Hb and 
Hct Levels Among HD Patients
Linear regression analysis revealed that among all para-
meters tested, ACE G2350A (rs4343) (R.194, P=0.001), 
TLC (R 0.282, P=0.001), and sEpoR (R 0.312, P=0.024) 
were independent predictors of Hb level (Table 6). While 
the ACE content (R. 0.292, P= 0.017), TLC (R. 0.255, 
P=0.015), and iron (R 0.209, P=0.001) were independent 
predictors of the Hct level (Table 7).

Discussion
The current study is the first report that studied the effect 
of ACE G2350A (rs4343) gene polymorphism on the 
haematological indicators of response to rHuEpo therapy. 
It is well-established that genetic factors play an essential 
role in determining the efficacy and response to drug 
treatment.14 Pharmacogenomics analyses such relation-
ships towards the personalization of medicine. Our lab 
showed the importance of such an approach in predicting 
the patient’s response to different drug therapy.15,16

The present study showed that HD patients with the 
ACE G2350A (rs4343) D/D and I/I genotype respond 
better to rHuEpo therapy than those with the I/D genotype 
as evidenced by the higher Hb level among the former 
group. This higher Hb level among D/D and I/I genotypes 
were not related to iron level. Our results showed that 
patients with the I/D allele had higher iron than patients 
with each of the D/D and I/I genotypes, despite the lower 
Hb level of the I/D allele holders. The better Hb response 
was recently partially reasoned to higher plasma angioten-
sin II (Ang II) levels in D/D and I/D genotypes compared 
to the II genotype.17

Ang II is the main effector member of the renin-angio-
tensin system acting through the AT1 receptor and is 
generated from Ang. I by an ACE-induced proteolytic 
cleavage.18 The Renin-angiotensin system plays a vital 
role in hematopoiesis and other diseases.19,20 However, 
the exact mechanism by which ACE may affect erythro-
poiesis and Hb level is still not well elucidated. Among the 
other plausible explanations is ACE inhibition of Ang II– 
induced Epo release and prevention of the induction of 
pluripotent hematopoietic stem cells.21 ACE directs stem 
cell differentiation to erythroid progenitors’ synthesis.22 

ACE may affect the Ang II level, directly increasing 
erythroid progenitors’ in vitro proliferation.23

Savin et al showed that the ACE D/D genotype is 
associated with higher Hb levels.24 Patients with the D/D 
genotype were shown to require less Epo dose than the I/I 
genotype.11

In a study that included 112 ambulatory peritoneal 
dialysis patients, Sharples et al25 showed that the ACE 
DD genotype requires less rHuEpo than other ACE geno-
types, I/I or I/D. This result seems to be in line with our 
conclusion, albeit we could not identify the exact ACE 
SNPs that Sharples and his colleagues had examined. 
Similarly, Hatano et al26 showed that HD patients with 
D/D-allele require low rHuEPO.
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The ACE rs4646994 D/D genotype was associated 
with a poor response to rHuEpo in HD Korean patients, 
suggesting that it could be a useful genetic tool in 
predicting Epo requirement and responsiveness in HD 
patients.10 Kiss et al,27 working on Hungarian and Al- 
Radeef et al,28 working on Iraqi HD patients, reported 
that ACE polymorphism had a non-significant effect on 
the Hb level. These variations may arise from the exact 

SNPs tested; we explored the ACE G2350A (rs4343) 
effect while they examined rs1799752 and rs4646994, 
respectively. Also, the small sample size of these stu-
dies compared to ours might have affected their 
conclusions.

Our results showed a higher iron store among the 
heterozygous ID genotype than II or DD genotype patients 
assuming a heterozygous advantage for the ACE G2350A 

Table 4 Comparison of Different Parameters Between Non-DD (ID+II) and DD Genotype Among HD Patients

Mean ± SEM F t P value 95% Confidence Interval of the Difference

Lower Upper

Serum Iron Non-D (ID+II) 43.9±0.7 6.946 2.529 0.013 0.7019 5.8004
DD 40.6±1.1

TIBC Non-D (ID+II) 228.9±3.8 0.441 0.048 0.962 −17.264 18.121
DD 228.5±8.7

Tranferritin Saturation Non-D (ID+II) 20.2±0.48 2.267 1.359 0.175 −0.644 3.512
DD 18.8±0.78

Ferritin Non-D (ID+II) 158.9±2.7 1.674 0.252 0.801 −10.158 13.138
DD 157.4±4.3

Transferrin Non-D (ID+II) 238.9±4.9 1.875 −0.136 0.892 −23.887 20.799
DD 240.5±9.6

sTfR Non-D (ID+II) 17.9±0.45 0.255 0.713 0.476 −1.292 2.761
DD 17.3±0.89

Hb Non-D (ID+II) 10.6±0.1 0.261 −2.308 0.022 −0.9797 −0.0776
DD 11.1±0.19

Hct Non-D (ID+II) 33.3±0.84 0.574 0.367 0.714 −2.983 4.351
DD 32.7±1.4

WBC Non-D (ID+II) 4.5±0.09 1.847 1.734 0.084 −0.0493 0.776
DD 4.1±0.16

IL6 Non-D (ID+II) 151.5±7.9 0.116 0.321 0.748 −29.941 41.605
DD 145.7±16.5

IL10 Non-D (ID+II) 22.9±0.82 0.012 0.743 0.458 −2.337 5.1688
DD 21.5±1.7

IL1b Non-D (ID+II 43.2±1.6 0.322 −0.158 0.875 −7.945 6.767
DD 43.8±3.3

Epo Non-D (ID+II)) 15.4±.38 0.689 0.006 0.995 −1.728 1.738
DD 15.4±.82

ACE Non-D (ID+II) 54.4±1.4 1.360 0.092 0.927 −6.186 6.789
DD 54.1±3.3

sEpoR Non-D (ID+II) 89.1±1.5 0.566 −0.556 0.578 −8.756 4.898
DD 90.9±3.3

Notes: Independent t-test. The number of non-DD genotypes (II+ID) is 215 while DD genotype patients is 50. 
Abbreviations: ACE, Angiotensin converting enzyme; TIBC, total iron binding capacity; Transferrin Sat, Transferrin Saturation; sTfr, soluble transferrin receptor; HCT, 
haematocrit; Epo, erythropoietin; sEpoR, soluble erythropoietin receptor.
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(rs4343) ID genotype among HD patients included in the 
present study.

Heterozygote advantage or overdominant refers to 
better fitness of heterozygous genotype patients over 
both homozygous. It firstly appeared in 1922 to main-
tain polymorphism stability.29 Major histocompatibility 
complex (MHC) gene represent one of the prominent 
examples for the heterozygote advantage, in which 
MHC heterozygotes genetic diversity is abundant. 
Heterozygote genotype patients have better recognition 
of pathogen antigen and resist infections effectively than 
homozygous.30,31 Heterozygote advantage provides a 

protective effect against malaria for the sickle-cell anae-
mia allele carriers.32

Recently, A genome-wide association study revealed 
that heterozygous individuals were significantly healthy- 
aged compared to other individuals with other genotypes. 
Moreover, in the same age group population, a 10-year 
higher survival was associated with individuals with 
higher heterozygosity rates; the association is more likely 
to be explained by heterozygote advantage.33 Previous 
observations noted heterozygous advantages on ACE gen-
otype patients among cardiovascular diseases; because of 
high linkage disequilibrium (LD) between the polymorph-
isms, ACE haplotypes needed to be determined in different 
populations with different evolutionary histories search for 
additional ancestral breakpoints. The phenotypes’ com-
plexity also includes the possibility of multiple interac-
tions between genes or genes and environmental factors. 
The high frequency of I/D, ie, 56.61%, could be because 
of heterozygote advantages against the two homozygotes 
D/D and I/I in cardiovascular diseases9 and kidney dis-
eases; individuals with I/D genotype have the least levels 
of ACE. The DD genotype has the highest levels, followed 
by I/I34 or having lower plasma ACE levels,35 although 
these studies may differ from our study in its design, 
ethnicity, and allele distributions.

A 287-bp insertion/deletion (I/D) polymorphism in 
intron 16 of the ACE gene (17q22-q24, 26 exons, and 25 
introns) in humans may control serum ACE levels. Many 
SNPs in linkage disequilibrium (LD) with the I/D poly-
morphism, including T5941C, A262T, T93C, T1237C, 

Table 5 Correlations Between ACE Level and Haematological 
Parameters Using Pearson’s Correlation Coefficient

ACE Level

r P-Vlaue

Serum Iron 0.054 0.377
TIBC −0.015 0.803

Transferrin Sat. 0.044 0.479

Ferritin −0.001 0.982
Transferrin −0.047 0.446

sTfR 0.108 0.081

Hb 0.074 0.233
Hct −0.131* 0.033 *

Epo 0.244** 0.000 **

sEpoR −0.044 0.479

Notes: *Correlation is significant at the 0.05 level (2-tailed). **Correlation is 
significant at the 0.01 level (2-tailed). 
Abbreviations: ACE, Angiotensin converting enzyme; TIBC, total iron binding 
capacity; Transferrin Sat, Transferrin Saturation; sTfR, soluble transferrin receptor; 
Hct, haematocrit; Epo, erythropoietin; sEpoR, soluble erythropoietin receptor.

Table 6 Hb Stepwise Regression Test

R R2 Adjusted R2 Coefficient SE Standardized Coefficient P value

ACE gene 0.194 0.038 0.034 0.360 0.112 0.194 3.210 0.001

WBC 0.282 0.079 0.072 0.225 0.065 0.205 3.441 0.001

sEpoR 0.312 0.097 0.087 0.009 0.004 0.134 2.275 0.024

Note: Dependent variable: Hb. 
Abbreviations: R, correlation coefficient; SE, standard error; P, significance probability; WBC, white blood cell count; ACE gene, Angiotensin converting enzyme gene; 
sEpoR, Soluble Erythropoietin receptor.

Table 7 HCT Stepwise Regression Test

R R2 Adjusted R2 Coefficient SE Standardized Coefficient P value

Serum Iron 0.209 0.043 0.040 0.238 0.069 0.209 0.001

WBC 0.255 0.065 0.058 1.294 0.528 0.146 0.015

ACE 0.292 0.085 0.075 −0.080 0.034 −0.142 0.017

Note: Dependent variable: HCT. 
Abbreviations: R, correlation coefficient; SE, standard error mean; P, significance probability; WBC, white blood cell count; ACE, Angiotensin converting enzyme.
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C4656T, and A11860G (rs 4343; exon 16),36,37 are known 
to influence serum ACE.38

Furthermore, rs1799752 is one of four SNPs that may 
be the most well-studied ACE SNP. It is an insertion/ 
deletion of an Alu repetitive element in an ACE gene’s 
intron rather than a single nucleotide polymorphism.

ACE G2350A (rs4343) gene polymorphism is asso-
ciated with increased ACE enzyme activity in physiologi-
cal and pathological states.39 It increases ACE levels in 
subjects with a high-saturated-fat diet that enhances diet- 
dependent hypertension.40

Our data showed insignificant differences among the 
tested three ACE G2350A (rs4343) I/I, I/D, and D/D 
genotypes regarding the circulating ACE protein content. 
On the contrary, Mizuiri et al and Elshamaa et al demon-
strated an opposite conclusion. ACE I/D genotype is asso-
ciated with renal ACE gene expression in healthy Japanese 
subjects41 and plasma and tissue ACE levels.42 Nand et al 
showed D allele positively affects ACE serum level.43

Endogenous or rHuEpo binds to EPOr resulting in 
stimulation of erythropoiesis.44 sEpoR is generated from 
mRNA alternative splicing, and since it lacks the trans-
membrane domain, it is released into extracellular fluids. 
sEpoR buffers rHuEpo because of its high affinity to EPO; 
therefore, it acts as a potent antagonist to EPO, resulting in 
decreased response to rHuEpo treatment. sEpoR high level 
was correlated to a high need for rHuEpo dose.45,46

In the current work, there was an insignificant differ-
ence between ACE G2350A (rs4343) I/I, I/D, or D/D 
genotypes regarding plasma Epo and sEpoR content in 
the present study. This notion contradicts the finding of 
Al-Radeef et al, who showed that another rs1799752 I/D 
and D/D genotypes had a higher serum Epo level com-
pared to the I/I genotype.28

Our patients were free of active infection, and the 
measured proinflammatory cytokine levels, IL-6, IL-1β, 
and IL-10, were insignificant differences among the three 
ACE G2350A (rs4343) genotypes; I/I, I/D, or DD.

Increases in the inflammatory mediator, such as IL-6 
and TNF-α, lead to increases in the sEpoR level that would 
hinder erythropoiesis.46 sEpoR stabilizes proinflammatory 
cytokine ligand and modulates cytokine interaction to its 
membrane-bound receptor, leading to variation in its 
concentration.47 Inflammatory cytokines accompanying 
CRF and HD decrease rHuEpo efficacy. TNF-α, IL-1, 
and IL-6 induce resistance against rHuEpo in erythroid 
progenitor cells reducing iron release from the reticuloen-
dothelial system and decreasing Hb production.48,49 Betjes 

et al reported a lack of response to rHuEpo among CKD 
patients with cytomegalovirus infection mainly due to 
IFN-γ and TNF-α production.50

Although our HD patients showed higher levels of % 
TF saturation and sTfR, TIBC, Ferritin, or TF, there were 
insignificant differences among patients with I/I, D/D, and 
I/D genotypes regarding these parameters.

Various tissues obtain their iron need via TF binding to 
its receptor, endocytosis of the complex, and iron 
download.51,52 The expression rate of the cell surface TF 
receptor is directly proportional to its iron need.53 The 
transmembrane glycoprotein TF receptor is formed of 
two disulfide-linked monomers; each polypeptide subunit 
comprises three major domains: a large C-terminal extra-
cellular domain and a transmembrane and an N-terminal 
cytoplasmic domain. sTfR is the cleaved extracellular 
domain of the high-affinity iron-sensor TF receptor 
released soluble in extracellular fluids. Circulating levels 
of sTfR reflect the number of cells with receptors (ery-
thropoietic activity) and the receptor density on cells (tis-
sue iron status).54 Ferritin is used for diagnosing iron 
deficiency anaemia, but it could be falsely elevated in 
inflammation giving the erroneous impression of normal 
iron stores.55 sTfR is insensitive to inflammatory states 
and inflammatory biomarkers. It could detect anaemia 
even in subjects with the inflammatory condition; more-
over, it could differentiate between anaemia due to iron 
deficiency or chronic diseases.56

Finally, we tested for independent factors that may 
affect the patient’s response to rHuEPO. Among all para-
meters tested, ACE protein level, TLC, and sEpoR were 
the independent predictors of Hb level. Simultaneously, 
ACE protein content, TLC, and iron are the independent 
predictors for the Hct level.

Limitation of the Current Study
Previous works measured Hb level at the beginning, 3rd, 
and 6th months of treatment with rHuEpo [24, 28]. In the 
present study, we measured the Hb level after six months 
of the treatment with rHuEpo to allow more precision and 
avoid fluctuation of patient response to treatment. We took 
the mean of the three Hb levels in the 6th month. We could 
not retrieve accurate data considering the use of ACE 
inhibitors (ACEIs) or ARBs among our patients. We mea-
sured circulating ACE level as a protein rather than an 
activity that revealed insignificant differences among the 
three genotypes assessed to avoid any related confusion. 
We did not evaluate angiotensin II (Ang II) level in the 
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current study and iron intake status, but we estimate Hct, 
iron, ferritin, TF, % TF saturation, sTfR, and TIBC. Many 
other ACE gene SNPs may affect the HD patient’s 
response to rHuEPOs as rs1799752, rs429, and rs4341 
which may be in linkage disequilibrium with studied 
rs4343; however, the only studied here is the ACE 
G2350A (rs4343). These limitations of the current study 
are highly acknowledged and will be considered in our 
future studies.

Conclusion
Patients with either ACE G2350A (rs4343) I/I or D/D 
genotype showed better response to rHuEpo than those 
with I/D genotype. ACE protein content, TLC, and 
sEpoR may represent independent predictors for the HD 
patients’ response to rHuEPOs. Screening for ACE 
G2350A (rs4343) gene polymorphisms in the HD patients 
on HD before rHuEpo administration may predict patients’ 
response.

Acknowledgments
This project was funded by The Deanship for Scientific 
Research, Jouf University, Sakaka, Saudi Arabia (Grant # 
40/345). The authors express their deepest thanks to Prof. 
Dr Dina Sabry (The Molecular Biology Lab, Faculty of 
Medicine, Cairo University, Cairo, Egypt) for facilitating 
the gene analysis and biochemical investigations.

Author Contributions
All authors made a significant contribution to the work 
reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, 
or in all these areas; took part in drafting, revising or 
critically reviewing the article; gave final approval of the 
version to be published; have agreed on the journal to 
which the article has been submitted; and agree to be 
accountable for all aspects of the work.

Disclosure
The authors stated that they have no conflicts of interest 
for this work.

References
1. Vianna HR, Soares CMBM, Tavares MS, Teixeira MM, Simoes AC. 

[Inflammation in chronic kidney disease: the role of cytokines]. Jornal 
Brasileiro de Nefrologia. 2011;33(3):351–364. Portuguese. 
doi:10.1590/S0101-28002011000300012

2. Okada R, Wakai K, Naito M, et al. Pro-/anti-inflammatory cytokine 
gene polymorphisms and chronic kidney disease: a Cross-Sectional 
Study. BMC Nephrol. 2012;13(1):2. doi:10.1186/1471-2369-13-2

3. Ramaprabha P, Bhuvaneswari T, Kumar R. Coagulation profiles an 
indicator of vascular haemostatic function in chronic renal failure 
patients who are on renal dialysis. Sch J App Med Sci. 2014;2 
(2B):592–595.

4. Ribeiro S, Costa E, Belo L, Reis F, Santos-Silva A. rhEPO for the 
treatment of erythropoietin resistant anemia in hemodialysis patients– 
risks and benefits. In: Hemodialysis. IntechOpen; 2013.

5. Coresh J, Astor BC, Greene T, Eknoyan G, Levey AS. Prevalence 
of chronic kidney disease and decreased kidney function in the 
adult US population: third national health and nutrition examina-
tion survey. Am J Kidney Dis. 2003;41(1):1–12. doi:10.1053/ 
ajkd.2003.50007

6. O’Mara NB. Anemia in patients with chronic kidney disease. 
Diabetes Spectr. 2008;21(1):12–19. doi:10.2337/diaspect.21.1.12

7. Thomas R, Kanso A, Sedor JR. Chronic kidney disease and its 
complications. Prim Care. 2008;35(2):329–344. doi:10.1016/j. 
pop.2008.01.008

8. Hung S-C, Lin Y-P, Tarng D-C. Erythropoiesis-stimulating agents in 
chronic kidney disease: what have we learned in 25 years? J Formos 
Med Assoc. 2014;113(1):3–10. doi:10.1016/j.jfma.2013.09.004

9. Sayed-Tabatabaei F, Oostra B, Isaacs A, Van Duijn C, Witteman J. 
ACE polymorphisms. Circ Res. 2006;98(9):1123–1133. doi:10.1161/ 
01.RES.0000223145.74217.e7

10. Jeong K-H, Lee T-W, Ihm C-G, Lee S-H, Moon J-Y. Polymorphisms 
in two genes, IL-1B and ACE, are associated with erythropoietin 
resistance in Korean patients on maintenance hemodialysis. Exp Mol 
Med. 2008;40(2):161. doi:10.3858/emm.2008.40.2.161

11. Varagunam M, McCloskey DJ, Sinnott PJ, Raftery MJ, Yaqoob MM. 
Angiotensin-converting enzyme gene polymorphism and erythropoie-
tin requirement. Perit Dial Int. 2003;23(2):111–115. doi:10.1177/ 
089686080302300203

12. Chung CM, Wang RY, Chen JW, et al. A genome-wide association 
study identifies new loci for ACE activity: potential implications for 
response to ACE inhibitor. Pharmacogenomics J. 2010;10(6):537– 
544. doi:10.1038/tpj.2009.70

13. Court M, Michael H. Court’s (2005–2008) Online Calculator. Tuft 
University Website; 2012.

14. Pare L, Marcuello E, Altes A, et al. Transcription factor-binding sites 
in the thymidylate synthase gene: predictors of outcome in patients 
with metastatic colorectal cancer treated with 5-fluorouracil and 
oxaliplatin? Pharmacogenomics J. 2008;8(5):315–320. doi:10.1038/ 
sj.tpj.6500469

15. Mostafa-Hedeab G, Mohamed AA, Thabet G, Sabry D, Salam RF, 
Hassen ME. Effect of MATE 1, MATE 2 and OCT1 single nucleotide 
polymorphisms on metformin action in recently diagnosed Egyptian 
type-2 diabetic patients. Biomed Pharm J. 2018;11(1):149–157. 
doi:10.13005/bpj/1356

16. Mostafa-Hedeab G, Saber-Ayad MM, Latif IA, et al. Functional 
G1199A ABCB1 polymorphism may have an effect on cyclosporine 
blood concentration in renal transplanted patients. J Clin Pharm. 
2013;53(8):827–833. doi:10.1002/jcph.105

17. Ghafil FA, Mohammad BI, Al-Janabi HS, Hadi NR, Al-Aubaidy HA. 
Genetic polymorphism of angiotensin converting enzyme and angio-
tensin II type 1 receptors and their impact on the outcome of acute 
coronary syndrome. Genomics. 2020;112(1):867–872. doi:10.1016/j. 
ygeno.2019.05.028

18. Ulgen MS, Ozturk O, Yazici M, et al. Association between A/C1166 
gene polymorphism of the angiotensin II type 1 receptor and biven-
tricular functions in patients with acute myocardial infarction. Circ J. 
2006;70(10):1275–1279. doi:10.1253/circj.70.1275

19. Vlahakos DV, Marathias KP, Madias NE. The role of the renin- 
angiotensin system in the regulation of erythropoiesis. Am J Kidney 
Dis. 2010;56(3):558–565. doi:10.1053/j.ajkd.2009.12.042

https://doi.org/10.2147/PGPM.S311181                                                                                                                                                                                                                               

DovePress                                                                                                                            

Pharmacogenomics and Personalized Medicine 2021:14 1066

Hamdan Almaeen and Mostafa-Hedeab                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1590/S0101-28002011000300012
https://doi.org/10.1186/1471-2369-13-2
https://doi.org/10.1053/ajkd.2003.50007
https://doi.org/10.1053/ajkd.2003.50007
https://doi.org/10.2337/diaspect.21.1.12
https://doi.org/10.1016/j.pop.2008.01.008
https://doi.org/10.1016/j.pop.2008.01.008
https://doi.org/10.1016/j.jfma.2013.09.004
https://doi.org/10.1161/01.RES.0000223145.74217.e7
https://doi.org/10.1161/01.RES.0000223145.74217.e7
https://doi.org/10.3858/emm.2008.40.2.161
https://doi.org/10.1177/089686080302300203
https://doi.org/10.1177/089686080302300203
https://doi.org/10.1038/tpj.2009.70
https://doi.org/10.1038/sj.tpj.6500469
https://doi.org/10.1038/sj.tpj.6500469
https://doi.org/10.13005/bpj/1356
https://doi.org/10.1002/jcph.105
https://doi.org/10.1016/j.ygeno.2019.05.028
https://doi.org/10.1016/j.ygeno.2019.05.028
https://doi.org/10.1253/circj.70.1275
https://doi.org/10.1053/j.ajkd.2009.12.042
https://www.dovepress.com
https://www.dovepress.com


20. Mostafa-Hedeab G. ACE2 as drug target of COVID-19 virus treatment, 
simplified updated review. Rep Biochem Mol Biol. 2020;9(1):97–105. 
doi:10.29252/rbmb.9.1.97

21. Kwack C, Balakrishnan VS. Unresolved issues in dialysis: managing 
erythropoietin hyporesponsiveness. In: Seminars in Dialysis. Wiley 
Online Library; 2006.

22. Le Meur Y, Lorgeot V, Comte L, et al. Plasma levels and metabolism 
of AcSDKP in patients with chronic renal failure: relationship with 
erythropoietin requirements. Am J Kidney Dis. 2001;38(3):510–517. 
doi:10.1053/ajkd.2001.26839

23. Mrug M, Stopka T, Julian BA, Prchal JF, Prchal JT. Angiotensin II 
stimulates proliferation of normal early erythroid progenitors. J Clin 
Invest. 1997;100(9):2310–2314. doi:10.1172/JCI119769

24. Savin M, Hadzibulic E, Damnjanović T, Santric V, Stankovic S. 
Association of I/D angiotensin-converting enzyme genotype with 
erythropoietin stimulation in kidney failure. Arch Biol Sci. 2017;69 
(1):15–22. doi:10.2298/ABS160303051S

25. Sharples EJ, Varagunam M, Sinnott PJ, McCloskey DJ, Raftery MJ, 
Yaqoob MM. The effect of proinflammatory cytokine gene and angio-
tensin-converting enzyme polymorphisms on erythropoietin require-
ments in patients on continuous ambulatory peritoneal dialysis. Perit 
Dial Int. 2006;26(1):64–68. doi:10.1177/089686080602600110

26. Hatano M, Yoshida T, Mimuro T, et al. [The effects of ACE inhibitor 
treatment and ACE gene polymorphism on erythropoiesis in chronic 
hemodialysis patients]. Nihon Jinzo Gakkai Shi. 2000;42(8):632–639. 
Japanese.

27. Kiss Z, Ambrus C, Kulcsár I, Szegedi J, Kiss I. Effect of angiotensin- 
converting enzyme gene insertion/deletion polymorphism and angio-
tensin-converting enzyme inhibition on erythropoiesis in patients on 
haemodialysis. J Renin Angiotensin Aldosterone Syst. 2015;16 
(4):1021–1027. doi:10.1177/1470320314535276

28. Al-Radeef MY, Fawzi HA, Allawi AA. ACE gene polymorphism and 
its association with serum erythropoietin and hemoglobin in Iraqi 
hemodialysis patients. Appl Clin Genet. 2019;12:107–112. 
doi:10.2147/TACG.S198992

29. Fisher RA. XXI.—On the dominance ratio. Proc R Soc Edinb. 
1923;42:321–341. doi:10.1017/S0370164600023993

30. Doherty PC, Zinkernagel RM. Enhanced immunological surveillance 
in mice heterozygous at the H-2 gene complex. Nature. 1975;256 
(5512):50–52. doi:10.1038/256050a0

31. Penn DJ, Damjanovich K, Potts WK. MHC heterozygosity confers a 
selective advantage against multiple-strain infections. Proc Natl Acad 
Sci. 2002;99(17):11260–11264. doi:10.1073/pnas.162006499

32. Ferreira A, Marguti I, Bechmann I, et al. Sickle hemoglobin confers 
tolerance to Plasmodium infection. Cell. 2011;145(3):398–409. 
doi:10.1016/j.cell.2011.03.049

33. Xu K, Kosoy R, Shameer K, et al. Genome-wide analysis indicates 
association between heterozygote advantage and healthy aging in 
humans. BMC Genet. 2019;20(1):52. doi:10.1186/s12863-019-0758-4

34. Pincus MR, Abraham NZ Jr, Carty RP. 20 Clinical enzymology. In: 
Henry’s Clinical Diagnosis and Management by Laboratory Methods 
E-Book. Saunders; 2011:273. ISBN-10:1437709745

35. Kumari S, Sharma N, Thakur S, Mondal PR, Saraswathy KN. 
Beneficial role of D allele in controlling ACE levels: a study 
among Brahmins of north India. J Genet. 2016;95(2):291–295. 
doi:10.1007/s12041-016-0649-7

36. Paillard F, Chansel D, Brand E, et al. Genotype-phenotype relationships 
for the renin-angiotensin-aldosterone system in a normal population. 
Hypertension. 1999;34(3):423–429. doi:10.1161/01.HYP.34.3.423

37. Williams AG, Rayson MP, Jubb M, World M, Woods D, Hayward M. 
The ACE gene and muscle performance. Nature. 2000;403 
(6770):614. doi:10.1038/35001141

38. Zhu X, Bouzekri N, Southam L, et al. Linkage and association 
analysis of angiotensin I–converting enzyme (ACE)–gene poly-
morphisms with ACE concentration and blood pressure. Am J Hum 
Genet. 2001;68(5):1139–1148. doi:10.1086/320104

39. Firouzabadi N, Shafiei M, Bahramali E, Ebrahimi SA, Bakhshandeh 
H, Tajik N. Association of angiotensin-converting enzyme (ACE) 
gene polymorphism with elevated serum ACE activity and major 
depression in an Iranian population. Psychiatry Res. 2012;200(2– 
3):336–342. doi:10.1016/j.psychres.2012.05.002

40. Schüler R, Osterhoff MA, Frahnow T, et al. High-saturated-fat diet 
increases circulating angiotensin-converting enzyme, which is enhanced 
by the rs4343 polymorphism defining persons at risk of nutrient-dependent 
increases of blood pressure. J Am Heart Assoc. 2017;6(1):e004465.

41. Mizuiri S, Hemmi H, Kumanomidou H, et al. Angiotensin-converting 
enzyme (ACE) I/D genotype and renal ACE gene expression. Kidney Int. 
2001;60(3):1124–1130. doi:10.1046/j.1523-1755.2001.0600031124.x

42. Elshamaa MF, Sabry SM, Bazaraa HM, et al. Genetic polymorphism of 
ACE and the angiotensin II type1 receptor genes in children with chronic 
kidney disease. J Inflamm. 2011;8(1):20. doi:10.1186/1476-9255-8-20

43. Nand N, Deshmukh A, Joshi S, Sachdeva M. Role of ACE and IL-1β 
gene polymorphisms in erythropoeitin hyporesponsive patients with 
chronic kidney disease with anemia. J Assoc Physicians India. 
2017;65(2):32–36.

44. Ng T. Recombinant erythropoietin in clinical practice. Postgrad Med 
J. 2003;79(933):367–376. doi:10.1136/pmj.79.933.367

45. Inrig JK, Bryskin SK, Patel UD, Arcasoy M, Szczech LA. 
Association between high-dose erythropoiesis-stimulating agents, 
inflammatory biomarkers, and soluble erythropoietin receptors. 
BMC Nephrol. 2011;12(1):67. doi:10.1186/1471-2369-12-67

46. Khankin EV, Mutter WP, Tamez H, Yuan H-T, Karumanchi SA, 
Thadhani R. Soluble erythropoietin receptor contributes to erythro-
poietin resistance in end-stage renal disease. PLoS One. 2010;5(2): 
e9246. doi:10.1371/journal.pone.0009246

47. Venkatesha S, Toporsian M, Lam C. Soluble endoglin contributes to 
the pathogenesis of preeclampsia. Nat Med. 2006;12(6):642–649. 
doi:10.1038/nm1429

48. Cançado RD, Chiattone CS. [Anemia of chronic disease]. Rev Bras 
Hematol Hemoter. 2002;24(2):127–136. Portuguese. doi:10.1590/ 
S1516-84842002000200009

49. Macdougall IC, Cooper AC. Erythropoietin resistance: the role of 
inflammation and pro-inflammatory cytokines. Nephrol Dial Transpl. 
2002;17(suppl_11):39–43. doi:10.1093/ndt/17.suppl_11.39

50. Betjes MG, Huisman M, Weimar W, Litjens NH. Expansion of 
cytolytic CD4+ CD28− T cells in end-stage renal disease. Kidney 
Int. 2008;74(6):760–767. doi:10.1038/ki.2008.301

51. Shih YJ, Baynes RD, Hudson BG, Flowers CH, Skikne BS, Cook JD. 
Serum transferrin receptor is a truncated form of tissue receptor. J 
Biol Chem. 1990;265(31):19077–19081. doi:10.1016/S0021-9258 
(17)30627-0

52. Andrews NC. A genetic view of iron homeostasis. In: Seminars in 
Hematology. Elsevier; 2002.

53. Harford, J.B, Rouault TA, Klausner RD. The control of cellular iron 
homeostasis. In: Brock JH, Halliday JW, Pippard MJ, Powell LW, 
editors. Iron metabolism in health and disease. Philadelphia: The W. 
B. Saunders Co; 1994:123–149.

54. Cook J, Skikne B, Baynes R. Serum transferrin receptor. Annu Rev 
Med. 1993;44(1):63–74. doi:10.1146/annurev.me.44.020193.000431

55. Skikne BS. Serum transferrin receptor. Am J Hematol. 2008;83 
(11):872–875. doi:10.1002/ajh.21279

56. Ferguson BJ, Skikne BS, Simpson KM, Baynes RD, Cook JD. Serum 
transferrin receptor distinguishes the anemia of chronic disease from 
iron deficiency anemia. J Lab Clin Med. 1992;119(4):385–390.

Pharmacogenomics and Personalized Medicine 2021:14                                                                      https://doi.org/10.2147/PGPM.S311181                                                                                                                                                                                                                       

DovePress                                                                                                                       
1067

Dovepress                                                                                                                         Hamdan Almaeen and Mostafa-Hedeab

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.29252/rbmb.9.1.97
https://doi.org/10.1053/ajkd.2001.26839
https://doi.org/10.1172/JCI119769
https://doi.org/10.2298/ABS160303051S
https://doi.org/10.1177/089686080602600110
https://doi.org/10.1177/1470320314535276
https://doi.org/10.2147/TACG.S198992
https://doi.org/10.1017/S0370164600023993
https://doi.org/10.1038/256050a0
https://doi.org/10.1073/pnas.162006499
https://doi.org/10.1016/j.cell.2011.03.049
https://doi.org/10.1186/s12863-019-0758-4
https://doi.org/10.1007/s12041-016-0649-7
https://doi.org/10.1161/01.HYP.34.3.423
https://doi.org/10.1038/35001141
https://doi.org/10.1086/320104
https://doi.org/10.1016/j.psychres.2012.05.002
https://doi.org/10.1046/j.1523-1755.2001.0600031124.x
https://doi.org/10.1186/1476-9255-8-20
https://doi.org/10.1136/pmj.79.933.367
https://doi.org/10.1186/1471-2369-12-67
https://doi.org/10.1371/journal.pone.0009246
https://doi.org/10.1038/nm1429
https://doi.org/10.1590/S1516-84842002000200009
https://doi.org/10.1590/S1516-84842002000200009
https://doi.org/10.1093/ndt/17.suppl_11.39
https://doi.org/10.1038/ki.2008.301
https://doi.org/10.1016/S0021-9258(17)30627-0
https://doi.org/10.1016/S0021-9258(17)30627-0
https://doi.org/10.1146/annurev.me.44.020193.000431
https://doi.org/10.1002/ajh.21279
https://www.dovepress.com
https://www.dovepress.com


Pharmacogenomics and Personalized Medicine                                                                                 Dovepress 

Publish your work in this journal 
Pharmacogenomics and Personalized Medicine is an international, 
peer-reviewed, open access journal characterizing the influence of 
genotype on pharmacology leading to the development of persona-
lized treatment programs and individualized drug selection for 
improved safety, efficacy and sustainability. This journal is indexed  

on the American Chemical Society’s Chemical Abstracts Service 
(CAS). The manuscript management system is completely online 
and includes a very quick and fair peer-review system, which is all 
easy to use. Visit http://www.dovepress.com/testimonials.php to read 
real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/pharmacogenomics-and-personalized-medicine-journal

DovePress                                                                                         Pharmacogenomics and Personalized Medicine 2021:14 1068

Hamdan Almaeen and Mostafa-Hedeab                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Key Message
	Introduction
	Patients &amp; Methods
	Patients and Design
	Design
	Setting

	Patients
	Exclusion Criteria
	Blood Sampling and Investigations
	Whole Blood Genomic DNA Extraction and ACE Genotyping and Allelic Discrimination
	Statistical Analysis
	Ethical Approval

	Results
	Changes in the Investigated Parameters in HD Patients vs Healthy Controls
	Prevalence of ACE G2350A (Rs4343) Genotypes and Alleles Among HD Patients and Healthy Controls
	Relationship Between the ACE G2350A (Rs4343) Genotypes and Hb and Iron Levels in HD Patients
	Relation of the ACE G2350A (Rs4343) Genotypes and the Inflammatory Markers in HD Patients
	Relationship Between the ACE G2350A (Rs4343) Genotypes and Iron Status in HD Patients
	Relationship Between the ACE G2350A (Rs4343) Genotypes and ACE, Epo, and sEpoR Levels
	Comparison Between the ACE G2350A (Rs4343) DD Genotype and Non-DD Genotype (ID±II) Patients
	Correlations Between ACE Level and Haematological Parameters Among HD Patients
	Linear Regression Test to Determine the Independent Factors Affecting Hb and Hct Levels Among HD Patients

	Discussion
	Limitation of the Current Study

	Conclusion
	Acknowledgments
	Author Contributions
	Disclosure
	References

