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Implication for health policy/practice/research/medical education:
In our cross-sectional study, we investigated the association between steroid resistance and ABCB1 (adenosine triphosphate-binding cassette 
B1) gene polymorphisms (3435T/C and 2677G/T/A) in one hundred Iraqi pediatric patients aged one to 16 years with primary nephrotic 
syndrome, all of whom were treated with prednisolone. Our findings revealed that both polymorphisms were significantly associated with 
increased steroid resistance. Furthermore, the results suggest that children with these genetic variations may require alternative treatments 
for steroid-resistant nephrotic syndrome.
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Introduction: Steroids are the primary treatment for idiopathic nephrotic syndrome. Pharmacogenomic 
factors, including genetic and histological modifications, play a significant role in influencing the 
response to steroids. One such factor is the excessive synthesis of P-glycoprotein (permeability 
glycoprotein) and multidrug resistance-associated protein 1 (MDR-1), which may contribute to the 
development of steroid resistance and alterations in steroid pharmacokinetics.
Objectives: We examined the correlation between steroid responsiveness and the MDR-1 gene 
variations, specifically rs1045642 (3435T/C) and rs2032582 (2677G/T/A), in children in Iraq 
diagnosed with idiopathic nephrotic syndrome (INS).
Patients and Methods: In this cross-sectional study, one hundred Iraqi pediatric patients aged 
one to 16 years, all diagnosed with primary nephrotic syndrome and treated with prednisolone, 
were enrolled. After isolating genomic DNA, genotyping was performed using the allele-specific 
polymerase chain reaction (PCR) technique. A notable correlation was identified between the 
adenosine triphosphate-binding cassette B1 (ABCB1) gene SNPs 3435T>C and 2677G>T/A, and 
the likelihood of prednisolone resistance in these patients with nephrotic syndrome. 
Results: The study included 45 cases of steroid-sensitive nephrotic syndrome (SSNS), 38 cases of 
steroid-dependent nephrotic syndrome (SDNS), and 17 cases of steroid-resistant nephrotic syndrome 
(SRNS). Our investigation revealed a significant correlation between the 3435T>C polymorphism of 
the ABCB1 gene and the likelihood of resistance to prednisolone in pediatric patients with nephrotic 
syndrome (p = 0.02). The genotype distribution for rs1045642 (3435T>C SNP) was 14 TT, 68 TC, 
and 18 CC. For rs2032582 (2677G/T/A SNP), the genotype distribution was 18 GG, 16 GT, 24 TT, 
23 TA, and 19 AA. Additionally, the 2677G>T/A polymorphism was significantly associated with 
the onset of prednisolone-resistant nephrotic syndrome (P = 0.043).
Conclusion: This study concluded that children with the MDR-1 3435T/C and 2677G/T/A 
polymorphisms may be more vulnerable to SRNS and, therefore, may require alternative therapeutic 
approaches.
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Introduction
Nephrotic syndrome is a prevalent glomerular disease in 
pediatric populations, significantly affecting morbidity 
and mortality while placing a substantial strain on 
healthcare systems. The condition is characterized by the 
episodic onset of significant proteinuria, low-albumin 
levels, and edema, resulting from impaired filtration 
across the glomerular barrier. In children, this syndrome 
is primarily classified as idiopathic nephrotic syndrome 
(INS), which presents with diverse histological features 
(1).

Approximately 90% of nephrotic syndrome cases in 
childhood are attributed to this condition, which has 
an incidence rate of two to seven per 100 000 children. 
In Europe and the United States, the annual prevalence 
among children under the age of 16 years is approximately 
1–3 per 100 000. The male-to-female ratio among 
affected children is 2:1, with a higher prevalence in males. 
However, during adolescence, the condition affects both 
genders equally (2). 

Steroid therapy is the principal treatment for nephrotic 
syndrome. According to the international study of kidney 
disease in children, prednisolone is the recommended 
initial treatment for INS. Nephrotic syndrome is primarily 
classified into two categories; steroid-sensitive (SSNS) and 
steroid-resistant (SRNS), based on the patient’s response to 
steroid treatment (3). However, relapse occurs frequently 
in 60%–90% of initial responders, despite the high initial 
response rates. Although some patients experience relapses, 
they remain dependent on steroids. To optimize the 
therapy for INS, it is essential to identify the factors that 
influence an individual’s response to immunosuppressive 
treatment. This is particularly important, as patients who 
are steroid-dependent or steroid-resistant are at a higher 
risk of developing irreversible renal failure and typically 
have a poor prognosis (4).

The multidrug resistance gene 1 (MDR-1) encodes 
the permeability glycoprotein transmembrane export 
transporter, which is responsible for the export of a 
diverse range of xenobiotics. Prednisolone is classified 
as a P-glycoprotein substrate and has the potential to 
increase protein expression. Variations in P-glycoprotein 
(permeability glycoprotein) expression and activity 
have been suggested as potential factors contributing to 
therapeutic resistance (3,5). Furthermore, P-glycoprotein 
may actively release pro-inflammatory mediators or 
interact with cellular activation and death pathways, 
thereby contributing to the persistent inflammatory 
responses that are fundamental to autoimmune disorders. 
Various single nucleotide polymorphisms (SNPs) in MDR-
1 have been identified, which may significantly affect the 
pharmacokinetics and pharmacodynamics of medications. 
As a result, the activity and expression of P-glycoprotein 

can impact treatment outcomes (1,6). The MDR1 gene 
is believed to encompass over 50 genetic variants. The 
predominant genetic polymorphisms in the coding region 
of MDR1 include C1236T (rs1128503), G2677T/A 
(rs2032582), and C3435T (rs1045642). However, the 
influence of genetic variation on P-glycoprotein expression 
is not yet fully understood and may vary depending on 
tissue type, clinical state, and ethnicity (6). Extensive 
research has been conducted on the SNP (rs1045642) 
3435C/T in exon 26, which has hypothesized that it may 
be associated with other polymorphisms or impact RNA 
stability and structure (4,7).

Numerous investigations have examined the correlation 
between glucocorticoid responsiveness and P-glycoprotein 
polymorphisms, yielding contradictory results (2). 
Prior studies indicate that individuals with nephrotic 
syndrome who possess a homozygous mutation in 
2677G>T exhibit an increased vulnerability to steroid 
resistance. The adenosine triphosphate-binding cassette 
B1 (ABCB1) gene is characterized by two key variations: 
2677G>T (Ala893Ser/Thr, rs2032582) and 3435C>T 
(Ile1145Ile, rs1045642), which may increase the 
propensity for developing SRNS in various combinations. 
Additionally, numerous genetic polymorphisms exist in 
the ABCB1 gene, with some showing significant linkage 
disequilibrium (8).

However, the results of numerous investigations have 
been inconsistent across a diverse range of ethnic groups 
of pediatric INS patients. Moreover, the significance of 
MDR-1 genetic variations in the response of children with 
INS to steroid treatment in Iraq has not been extensively 
studied.

Objectives 
Our study aims to ascertain the genotype and allele 
frequencies of the most prevalent ABCB1 gene variations 
(3435T/C and 2677G/T/A) among children with 
SSNS, steroid-dependent nephrotic syndrome (SDNS), 
and SRNS. Additionally, we will evaluate the effects of 
these SNPs on the responsiveness to steroid therapy in 
Iraqi children, thereby facilitating the prediction of their 
response to treatment.

Patients and Methods 
Study design 
This cross-sectional observational study was conducted 
at Kerbala Teaching Hospital for Children from August 
2023 to March 2024. The inclusion criteria for the study 
comprised participants aged one to 16 years who had 
previously been diagnosed with SRNS, SDNS, or SSNS 
at the pediatric nephrology clinic. Patients diagnosed 
with SSNS demonstrated successful recovery, indicated 
by <1+ protein urine on early morning urine dipsticks, 
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following a four-week regimen of daily prednisolone at a 
dosage of 2 mg/kg/d, with a maximum of 60 mg/d. In the 
initial eight weeks of the trial involving daily prednisolone 
(2 mg/kg/d [maximum 60 mg/d]), the SRNS was 
determined to be unsuccessful in attaining sustained 
recovery (≥1+ protein urine on the first morning urine 
dipsticks). Steroid dependence (two consecutive relapses 
during corticosteroid therapy or within 14 days after 
cessation of therapy). In the steroid trial, various tapering 
regimens were employed, include a four-week reduction 
of alternate-day prednisone or a six-week discontinuation 
of alternate-day prednisolone (1.5 mg/kg/d [maximum 50 
mg/d]). 

Patients who presented with secondary nephrotic 
syndrome or were older than 16 years were excluded 
from the study. These individuals were addressed during 
their routine follow-up consultations at the clinic. 
After obtaining informed consent and confirming their 
compliance with the study’s inclusion and exclusion 
criteria, they were recruited sequentially.

All participants underwent a general and local medical 
examination, urinalysis, and assessments of serum levels 
of creatinine, urea, albumin, and total cholesterol. 
Additionally, a comprehensive medical history was taken 
for each subject.

Collection of blood samples 
Following an overnight fast, 5 ml of venous blood was 
drawn and divided into two tubes. Three milliliters were 
placed in a plain tube, allowed to clot for 30 minutes, 
centrifuged, and the resulting serum was stored at −20 
°C for the assessment of total cholesterol, albumin, urea, 
and creatinine levels using the Roche Diagnostics Cobas 
c111 autoanalyzer chemistry system from Germany. 
The remaining 2 ml of blood were collected in a tube 
containing ethylenediaminetetraacetic acid (EDTA), 
and genomic DNA was subsequently isolated from the 
peripheral whole blood.

Urine sampling 
Participants were required to submit 24-hour urine 
samples in sterilized containers, which were subsequently 

employed to ascertain the protein level of the urine 
specimen. 

Genotyping 
The complete blood sample was processed to extract 
genomic DNA from peripheral leukocytes. Soluble 
DNA molecules were isolated by binding to agarose 
under elevated salt conditions, following the chemical 
salt extraction of cellular proteins and debris. To further 
evaluate the extracted DNA, 5 µL of the sample was 
electrophoresed on a 1.5% (w/v) agarose gel. Our research 
indicates that allele-specific amplification via polymerase 
chain reaction (PCR) is commonly conducted for 
identifying single-nucleotide polymorphisms. According 
to the manufacturer (AddBio/Korea, AddPrep Genomic 
DNA Extraction Kit), the conventional protocol involves 
isolating genomic DNA from whole blood, which is 
suitable for PCR compatibility. The primers conducted in 
our study were designed based on the research introduced 
by Hasan et al (Table 1) (9). The PCR amplification 
protocol consisted of an initial denaturation step at 95 °C 
for 5 minutes, followed by 35 cycles of denaturation at 
95 °C for 30 seconds, annealing at 60 °C for 45 seconds, 
and extension at 72 °C for 30 seconds. The amplification 
was concluded with a final extension at 72 °C for five 
minutes. The resulting PCR products were then subjected 
to DNA gel electrophoresis as follows: a 1.5% agarose gel 
(1.5 g/100 mL 1X TBE buffer) was prepared, and 3 µL of 
loading buffer along with 5 µL of the sample were added. 
Electrophoresis was performed at 100 V for 35 minutes. 
After electrophoresis, Red Safe was added to re-stain 
the gel. DNA bands were visualized using an ultraviolet 
(UV) transilluminator, and their molecular weights were 
determined using a 100–1500 bp DNA ladder as shown 
in Figure 1.

Statistical analysis
The Statistical Package for the Social Sciences (SPSS 
version 26) was used to conduct the statistical analysis. 
Descriptive statistics for numerical data were reported as 
the mean and standard deviation (Mean ± STD). Non-
numerical data were expressed as percentages and counts. 

Table 1. The length and sequence of the primers employed in the investigation

Primers Allele-specific Primer sequence (5ʼ→3ʼ) Product size (bp)

Primers sequences of BCB1 3435T>C 
(rs1045642) 

Reverse allele A 5-GGGTGGTGTCACAGGAAGAGATT-3

400 Reverse allele G 5-GGGTGGTGTCACAGGAAGAGATC-3

Forward Common 5-TAAGGCTGACAAAGGTGGAGCC-3

Primers sequences of ABCB1 2677G>T/A 
(rs2032582) 

Forward allele T 5-TGAAAGATAAGAAAGAACTAGAAGGTT 3

222 
Forward allele G 5-TGAAAGATAAGAAAGAACTAGAAGGTG 3

Forward allele A 5-TGAAAGATAAGAAAGAACTAGAAGGTA 3

Common Reverse 5-AGTCCAAGAACTGGCTTTGC-3
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The Shapiro-Wilk test was applied to assess the normality 
of the data distribution. For numerical data that were 
not normally distributed, nonparametric tests, including 
the Kruskal-Wallis test, was used to analyze variables 
such as age, body mass index (BMI) percentile, albumin, 
cholesterol, urine protein, creatinine, and blood urea. The 
chi-square test was conducted to analyze non-numerical 
data, including variables such as gender, family history, 
and obesity status. Statistical significance was indicated by 
P values less than 0.05 in the logistic regression analysis.

Results
The study of patient’s demographic and biochemical 
characteristics 
The study included 100 children with nephrotic 
syndrome, aged one to 16 years. Among the children 
diagnosed with nephrotic syndrome, 45 were identified 
as having SSNS, 38 cases were identified as having 
SDNS, while 17 individuals were categorized had SRNS. 

The SDNS group was significantly older than both the 
SSNS and SRNS groups, with the average age of the 
groups showing a statistically significant difference. No 
substantial differences were observed in the distribution 
of obesity status, mean BMI values, BMI percentiles, or 
family history among the groups. However, the gender 
distribution across the categories was markedly distinct, 
with male children exhibiting a higher propensity for 
nephrosis compared to female children (Table 2).

The biochemical profiles of individuals diagnosed with 
SSNS, SDNS, and SRNS are outlined in Table 3. Serum 
albumin levels showed a significant difference among 
the groups, with SRNS patients having the lowest levels 
compared to those with SSNS and SDNS. Low-serum 
albumin levels were associated with more severe nephrotic 
syndrome and increased proteinuria. In patients with 
SRNS, the decrease in albumin reflects more severe protein 
loss and potentially greater kidney injury. Additionally, 
significant differences were observed in serum cholesterol 

Figure 1. A) PCR results illustrate the amplification of a partial portion of the ABCB1 gene for the identification of SNP rs1045642. The PCR product 
measures 400 base pairs. The gel concentration was 1.5%, and the DNA dye utilized was Red Safe (Intron, Korea). Volume: 90, Duration: 45 minutes. B) 
PCR results resulting from the amplification of a partial portion of the ABCB1 gene for the identification of SNP rs2032582.The PCR product measures 222 
base pairs. The gel concentration was 1.5%, and the DNA dye utilized was Red Safe (Intron, Korea). Volume: 90, Duration: 45 minutes.

Table 2. Demographic attributes of pediatric patients diagnosed with nephrotic syndrome

Variables
Steroid responsiveness

P value
SSNS (n=45) SDNS (n=38) SRNS (n=17)

Age (y), mean ± SD 7.47 ± 3.86 9.47 ± 2.93a 8.12 ± 2.6 0.024b

BMI percentile, mean ± SD 54.83 ± 36.22 63.56 ± 41.93 71.43 ± 40.22 0.275b

BMI (kg/m2), mean ± SD 17.33 ± 3.65 18.87 ± 5.06 18.6 ± 4.63 0.348b

Obesity status, No. (%)

Underweight 3 (6.7%) 5 (13.2%) 1 (5.9%)

0.399c

Healthy weight 31 (68.9%) 18 (47.4%) 8 (47.1%)

Overweight 5 (11.1%) 5 (13.2%) 4 (23.5%)

Obesity 5 (11.1%) 8 (21.1%) 2 (11.8%)

Severe obesity 1 (2.2%) 2 (5.3%) 2 (11.8%)

Gender, No. (%)
Male 31 (68.9%) 25 (65.8%) 6 (35.3%)

0.043c

Female 14 (31.1%) 13 (34.2%) 11 (64.7%)

Family history, No. (%)
No 38 (84.4%) 32 (84.2%) 14 (82.4%)

0.979c

Yes 7 (15.6%) 6 (15.8%) 3 (17.6%)
SSNS, Steroid-sensitive nephrotic syndrome; SDNS, Steroid-dependent nephrotic syndrome; SRNS, Steroid-resistant nephrotic syndrome; BMI, Body mass 
index. a Significant (P < 0.05) compared to SSNS. b Kruskal Wallis test. c Chi-square test. 
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levels among the groups. Consistent with the more severe 
form of nephrotic syndrome characterized by proteinuria 
and dyslipidemia, SRNS patients exhibited the highest 
serum cholesterol levels.

The difference in urinary protein levels between the 
groups was statistically significant, with the most severe 
proteinuria observed in SRNS patients, as indicated by 
their elevated urinary protein levels. However, serum 
creatinine and blood urea levels did not show significant 
differences across the groups.

Molecular analysis 
The genetic variations of 3435T/C in the ABCB1 gene, as 
they relate to the response to prednisolone in individuals 
with INS, are presented in Table 4. The genotype 
frequency distribution of steroid-sensitive, steroid-
dependent, and SRNS patients, in relation to the ABCB1 
C3435T genotypes and their response to prednisolone, 
showed significant differences. The TC genotype was 
more common in the SDNS group, suggesting a potential 
association with steroid dependence as shown in Figure 2.

The association between the 2677 G/T/A SNP and steroid 
responsiveness
The genotypes of G2677T/A in the ABCB1 gene of INS 
patients were examined in relation to their response to 
prednisolone treatment (Table 5). The distribution of 
the ABCB1 G2677T/A genotypes and their responses 
to prednisolone therapy showed significant differences 
among the genotype frequency distributions of SSNS, 
SDNS, and SRNS patients. The GT genotype was found 

to be associated with SDNS, suggesting a potential link 
between this genotype and steroid dependence.

Compared to SSNS and SDNS patients, the SRNS 
group exhibited a relatively lower prevalence of GG and 
GT genotypes. In contrast, the TT+AA genotypes were 
more prevalent in the SRNS group as shown in Figure 3. 
A statistically significant association was observed between 
different genotypes and steroid resistance. Each genotype 
appears to be linked to a specific form of steroid 
responsiveness, highlighting the potential influence of 
genetic variants on treatment outcomes in nephrotic 
syndrome.

Discussion 
Steroid response serves as a crucial prognostic marker in 
INS. Adverse outcomes, including the development of 
end-stage kidney disease, are associated with the diagnosis 
of steroid resistance. This condition affects approximately 
10–20% of children with INS, who exhibit an inadequate 
response to corticosteroids (2).

A notable difference in the age distributions (P = 0.024) 
was observed among the demographic parameters of 
the study samples; steroid sensitive (7.47 ± 3.86 years), 
steroid dependence (9.47 ± 2.93 years), and steroid 
resistance (8.12 ± 2.6 years). These results, however, are 
not consistent with those reported by Roy et al (10). 
Furthermore, the male-to-female ratio indicates that male 
children are more susceptible to nephrotic syndrome 
than female children, as suggested by previous studies 
(8,11,12). Urine protein and total cholesterol levels in 
the serum of steroid resistance patients were statistically 

Table 3. The serum biochemical measurements of pediatric patients with nephrotic syndrome

Variables
Steroid responsiveness

P value
SSNS (n=45) SDNS (n=38) SRNS (n=17)

Albumin (g/dL) 3.54 ± 1.06 3.14 ± 1.23 2.66 ± 0.94a 0.034

Cholesterol (mg/dL) 228.42 ± 117.9 261.83 ± 138.76 370.19 ± 158.21ab 0.008

Urine protein (mg/dL) 76.89 ± 215.34 184.21 ± 306.8a 255.88 ± 370.05a 0.003

Creatinine (mg/dL) 0.36 ± 0.15 0.38 ± 0.21 1.02 ± 1.9 0.196

Urea (mg/dL) 22.63 ± 7.57 29.9 ± 23.61 34.74 ± 28.28 0.400

SSNS, Steroid-sensitive nephrotic syndrome; SDNS, Steroid-dependent nephrotic syndrome; SRNS, Steroid-resistant nephrotic syndrome; BMI, Body mass 
index. a Significant effect (P < 0.05) compared to the SSNS group. b Significant effect (P < 0.05) compared to SDNS group. The laboratory data was analysed 
using Kruskal Wallis test (Data presents as mean ± SD). 

Table 4. Genotype frequency of the 3435 T/C polymorphism in patients with SSNS, SDNS, and SRNS

Variables
Alleles of rs1045642 (3435 T/C)

P value
TT (n=14) TC (n=68) CC (n=18)

Steroid responsiveness
SSNS 1 (7.1%) 14 (20.6%) 2 (11.1%)

0.02SDNS 2 (14.3%) 31 (45.6%) 5 (27.8%)
SRNS 11 (78.6%) 23 (33.8%) 11 (61.1%)

SSNS, Steroid-sensitive nephrotic syndrome; SDNS, Steroid-dependent nephrotic syndrome; SRNS, Steroid-resistant nephrotic syndrome; BMI, Body mass 
index. Data were analyzed by using the chi-square test.
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significantly higher than those in steroid sensitive and 
steroid dependence-INS children. Meanwhile, serum 
albumin levels in steroid resistance patients experienced a 
statistically significant decline. These results are consistent 
with the findings of Parvin et al (8). The alteration of 
P-glycoprotein, an active transmembrane efflux pump 
for various toxins and medications, including prednisone, 
is a potential cause of drug resistance. It has been shown 
that, P-glycoprotein is responsible for transporting these 
substances and may also regulate its own expression (13). 
Furthermore, it is likely that P-glycoprotein plays a role 
in releasing specific inflammatory mediators and may 
be implicated in the chronic inflammation associated 

with autoimmune diseases. The C3435T (rs1045642, 
a silent SNP) and 2677G/T/A polymorphisms in the 
ABCB1 gene may influence P-glycoprotein function 
and gene expression (14, 15). In our study, the genotype 
distributions of the two examined SNPs in the ABCB1 
gene showed significant differences among the SS, steroid 
dependence, and steroid resistance patient cohorts. The 
frequency distribution of the ABCB1 3435T/C and 
2677G/T/A mutations demonstrated notable differences 
between the steroid sensitive, steroid dependence, and 
steroid resistance patient cohorts (P = 0.02 and P = 0.043, 
respectively). Numerous studies have shown that the 
expression and function of P-glycoprotein are influenced 

Figure 2. The incidence distribution of the ABCB1 3435T/C polymorphism genotype among patients with childhood nephrotic syndrome.

Figure 3. The genotype frequency distribution of the ABCB1 2677G>T/A polymorphism in cases of childhood nephrotic syndrome.

Table 5. Genotype frequency of 2677 G/T/A polymorphism among the SSNS, SDNS and SRNS patients

Variables
Alleles of rs2032582 (2677 G/T/A)

P value
GG (n=18) GT (n=16) TT (n=24) TA (n=23) AA (n=19)

Steroid responsiveness

SSNS 12 (66.7%) 4 (25%) 11 (45.8%) 8 (43.8%) 10 (52.6%)

0.043SDNS 4 (22.2%) 12 (75%) 9 (37.5%) 13 (56.5%) 5 (26.3%)

SRNS 2 (11.1%) 0 (0%) 4 (16.7%) 2 (8.7%) 4 (21.1%)

SSNS, Steroid-sensitive nephrotic syndrome; SDNS, Steroid-dependent nephrotic syndrome; SRNS, Steroid-resistant nephrotic syndrome; BMI, Body mass 
index. Data were analyzed by using the chi-square test.
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by specific single nucleotide polymorphisms in the 
ABCB1 gene locus across different ethnic groups. Among 
these, the 3435C>T/C SNP has been the primary focus 
of most research (16). The 3435T/C polymorphism may 
alter the function of P-glycoproteins, RNA stability, and 
DNA structure. Studies found an association of 3435C 
> T polymorphism with SRNS in South Indian children 
(17) and Finnish patients (18). However, another survey 
conducted by Wasilewska et al (19) has demonstrated a 
robust correlation with nephrotic syndrome. The results 
presented in this study are based on our research, while 
studies conducted on a variety of ethnic groups, including 
the North Indian (20), Slovakian (21), Egyptian (7), 
Chinese (22), and the Indian population (23), were found 
to be inconsistent. However, the genotype distributions of 
steroid resistance and steroid sensitive patients were found 
to be significantly distinct (2).

Our data indicated that the frequencies of ABCB1 
G2677T/A genotypes showed significant differences 
(P = 0.043) among the SSNS, SDNS, and SRNS groups, 
with a correlation to an elevated risk of developing SRNS 
in patients with nephrotic syndrome. A notable association 
between steroid resistance and nephrotic syndrome 
was identified in Indian children with the G2677T/A 
variant, while no such association was found with ABCB1 
C1236T and ABCB1 C3435T (20). The amino acid 
mutation Ala899Ser/Thr arises from two prevalent SNPs, 
rs2032582. This modification may improve the cell’s drug 
resistance (24,25). This characteristic may be attributed 
to the replacement of alanine at position 2677 with serine 
or threonine, which transforms a lipophilic residue into 
a hydrophilic one. The substitution of alanine, a neutral 
amino acid, with serine or threonine may affect the 
geometric precision of the interaction site and alter the 
secondary structure (25). This likely resulted in enhanced 
effectiveness of the modified protein, improving its 
capacity to remove steroids or their active metabolites, 
thereby promoting steroid resistance (21). 

Studies by Mohammed et al and Suvanto et al (4,18) 
have determined that all three ABCB1 SNPs were 
associated with treatment choices. Patients requiring 
immunosuppressive drugs had a higher prevalence 
of the T allele and TT genotype than those receiving 
glucocorticoids. This suggests that T and TT are associated 
with a more complex form of the disease.

Conclusion 
This study indicates that the MDR-1 3435T/C and 
2677G/T/A single nucleotide polymorphisms may 
increase the likelihood of developing resistance to 
prednisolone treatment in Iraqi children with INS.

Limitations of the study

The investigation had several limitations. Firstly, the 
current study did not screen for genetic podocyte 
alterations, particularly in the NPHS1 and WT1 genes 
associated with SRNS. Additionally, the inclusion of a 
limited group of patients from a single center necessitates 
careful interpretation of the study’s outcomes.

Acknowledgments
The authors of this study would like to express their 
gratitude to the patients for their assistance in facilitating 
the publication of this research paper.

Authors’ contribution
Conceptualization: Rawan Azad Mohammed, Ahmed 
Salih Sahib.
Data curation: Rawan Azad Mohammed 
Investigation: Rawan Azad Mohammed, Qahtan Mohammed 
Ali.
Methodology: Ahmed Salih Sahib, Rawan Azad Mohammed.
Supervision: Ahmed Salih Sahib, Qahtan Mohammed Ali.
Writing–original draft: Ahmed Salih Sahib, Rawan Azad 
Mohammed
Writing–review & editing: Ahmed Salih Sahib, Rawan 
Azad Mohammed.

Conflicts of interest
All authors declare that they have no conflicts of interest

Ethical issues
This study was conducted in accordance with the 
principles outlined in the Declaration of Helsinki. The 
research was conducted at Kerbala Teaching Hospital for 
Children after receiving approval from the scientific and 
ethical committee of the University of Kerbala College 
of Pharmacy. Prior to initiating the study, informed 
consent was obtained from each participant or their 
relatives/parents. Ethical issues (including plagiarism, data 
fabrication, double publication) have been completely 
observed by the authors.

Funding/Support
None.

References 
1. Alridha AMA, Kadhim DJ, Alkhazrajy AHA. Association of 

the rs1128503 and rs1045642 polymor-phisms in the MDR-
1 gene with steroid responsiveness in Iraqi children with 
idiopathic nephrotic syndrome. Asian J Pharm Sci. 2023;50.

2. Safan MA, Elhelbawy NG, Midan DA, Khader HF. ABCB1 
polymorphisms and steroid treatment in children with 
idiopathic nephrotic syndrome. Br J Biomed Sci. 2017;74:36-
41. doi: 10.1080/09674845.2016.1220707. 

3. Prasad N, Singh H, Jaiswal A, Chaturvedi S, Agarwal 

https://nephropathol.com


Mohammed RA et al

Journal of  Nephropathology, Vol 14, No 2, April 2025                                                   https://nephropathol.com8

V. Overexpression of P-glycoprotein and MRP-1 are 
pharmacogenomic biomarkers to determine steroid resistant 
phenotype in childhood idiopathic nephrotic syndrome. 
Pharmacogenomics J. 2021;21:566-573. doi: 10.1038/
s41397-021-00233-9. 

4. Mohammed FZ, Zedan MM, El-Hussiny MAB, Barakat LAE-
LA, El-Eshmawy MAAE-M. ABCB1 gene polymorphism in 
nephrotic syndrome. Comp Clin Pathol. 2018;27:1181-9.

5. Stachowski J, Zanker CB, Runowski D, Zaniew M, Peszko 
A, Medyńska A, et al. Odporność na leczenie w przebiegu 
pierwotnego zespołu nerczycowego: wpływ aktywności 
genu MDR1 [Resistance to therapy in primary nephrotic 
syndrome: effect of MDR1 gene activity]. Pol Merkur 
Lekarski. 2000;8:218-21. 

6. Xu P, Jiang ZP, Zhang BK, Tu JY, Li HD. Impact of MDR1 
haplotypes derived from C1236T, G2677T/A and C3435T 
on the pharmacokinetics of single-dose oral digoxin in 
healthy Chinese volunteers. Pharmacology. 2008;82:221-7. 
doi: 10.1159/000156488. 

7. Youssef DM, Attia TA, El-Shal AS, Abduelometty FA. 
Multi-drug resistance-1 gene polymorphisms in nephrotic 
syndrome: impact on susceptibility and response to steroids. 
Gene. 2013;530:201-7. doi: 10.1016/j.gene.2013.08.045. 

8. Parvin MN, Aziz MA, Rabbi SNI, Al-Mamun MMA, Hanif 
M, Islam MS, et al. Assessment of the Link of ABCB1 and 
NR3C1 gene polymorphisms with the prednisolone resistance 
in pediatric nephrotic syndrome patients of Bangladesh: A 
genotype and haplotype approach. J Adv Res. 2021;33:141-
151. doi: 10.1016/j.jare.2021.02.001. 

9. Hasan DAM, Sahib AS, Al-Rokan AAH, Mohsin KK. 
Study of the Genetic Polymorphisms of ABCB1 3435G> 
A in Postmenopausal Women Breast Cancer on Paclitaxel 
Chemotherapy. J Contemp Med Sci. 2023;9:163-6.

10. Roy R, Haque S, Mamun A, Muinuddin G, Rahman M. 
Steroid resistant nephrotic syndrome in children: Clinical 
presentation, renal histology, complications, treatment and 
outcome at Bangabandhu Sheikh Mujib Medical University, 
Dhaka, Bangladesh. IOSR J Pharm. 2014;4:1-7.

11. Alam MK, Hossain D, Khan AH, Yasmeen BN, Alam MU, 
Afroz S, et al. Renal Histopathology in Childhood Nephrotic 
Syndrome at National Institute of Kidney Diseases and 
Urology, Dhaka, Bangladesh an experience of one decade. 
Northern Int Med College J. 2016;8:165-9.

12. Siddique AB, Hanif M, Ahmed F, Hossain N, Uddin 
M. Correlation between Serum Prednisolone and Serum 
Albumin level in Childhood with Nephrotic Syndrome: A 
study in tertiary care hospital in Bangladesh. IOSR J Dent 
Med Sci. 2018;17:62-6.

13. Chen Y, Zhao Y, Wang C, Xiao X, Zhou X, Xu G. 
Inhibition of p38 MAPK diminishes doxorubicin-induced 
drug resistance associated with P-glycoprotein in human 
leukemia K562 cells. Med Sci Monit. 2012;18:BR383-8. 
doi: 10.12659/msm.883477. 

14. Richaud-Patin Y, Soto-Vega E, Jakez-Ocampo J, Llorente L. 
P-glycoprotein in autoimmune diseases. Autoimmun Rev. 
2004;3:188-92. doi: 10.1016/j.autrev.2003.08.002. 

15. Gollapud S, Gupta S. Anti-P-glycoprotein antibody-induced 
apoptosis of activated peripheral blood lymphocytes: a 
possible role of P-glycoprotein in lymphocyte survival. J Clin 
Immunol. 2001;21:420-30. doi: 10.1023/a:1013177710941. 

16. Choi HJ, Cho HY, Ro H, Lee SH, Han KH, Lee H, et al. 
Polymorphisms of the MDR1 and MIF genes in children 
with nephrotic syndrome. Pediatr Nephrol. 2011;26:1981-8. 
doi: 10.1007/s00467-011-1903-0. 

17. Arumugam G, Jacob S, Ramanathan ASK, Doraisami B, 
Sundaram A, Balakrishnan A. Identification of functional 
single nucleotide polymorphisms of multidrug resistance 
gene-1 among nephrotic syndrome children in South India. 
Asian J Pharm Clin Res. 2017;10:418-22.

18. Suvanto M, Jahnukainen T, Kestilä M, Jalanko H. Single 
Nucleotide Polymorphisms in Pediatric Idiopathic Nephrotic 
Syndrome. Int J Nephrol. 2016;2016:1417456. doi: 
10.1155/2016/1417456. 

19. Wasilewska A, Zalewski G, Chyczewski L, Zoch-Zwierz W. 
MDR-1 gene polymorphisms and clinical course of steroid-
responsive nephrotic syndrome in children. Pediatr Nephrol. 
2007;22:44-51. doi: 10.1007/s00467-006-0275-3. 

20. Jafar T, Prasad N, Agarwal V, Mahdi A, Gupta A, Sharma 
RK, et al. MDR-1 gene polymorphisms in steroid-responsive 
versus SRNS in children. Nephrol Dial Transplant. 
2011;26:3968-74. doi: 10.1093/ndt/gfr150. 

21. Cizmarikova M, Podracka L, Klimcakova L, Habalova V, 
Boor A, Mojzis J, et al. MDR1 polymorphisms and idiopathic 
nephrotic syndrome in Slovak children: preliminary 
results. Med Sci Monit. 2015;21:59-68. doi: 10.12659/
MSM.891366. 

22. Chiou YH, Wang LY, Wang TH, Huang SP. Genetic 
polymorphisms influence the steroid treatment of children 
with idiopathic nephrotic syndrome. Pediatr Nephrol. 
2012;27:1511-7. doi: 10.1007/s00467-012-2182-0. 

23. Dhandapani MC, Venkatesan V, Rengaswamy NB, 
Gowrishankar K, Nageswaran P, Perumal V. Association 
of ACE and MDR1 Gene Polymorphisms with Steroid 
Resistance in Children with Idiopathic Nephrotic Syndrome. 
Genet Test Mol Biomarkers. 2015;19:454-6. doi: 10.1089/
gtmb.2015.0077. 

24. Anglicheau D, Flamant M, Schlageter MH, Martinez F, 
Cassinat B, Beaune P, et al. Pharmacokinetic interaction 
between corticosteroids and tacrolimus after renal 
transplantation. Nephrol Dial Transplant. 2003;18:2409-14. 
doi: 10.1093/ndt/gfg381. 

25. Kim RB, Leake BF, Choo EF, Dresser GK, Kubba SV, 
Schwarz UI, et al. Identification of functionally variant 
MDR1 alleles among European Americans and African 
Americans. Clin Pharmacol Ther. 2001;70:189-99. doi: 
10.1067/mcp.2001.117412. 

Copyright © 2025 The Author(s); Published by Society of Diabetic Nephropathy Prevention. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original work is properly cited.

https://nephropathol.com

