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Background: The role of paraoxonase 1 enzyme (PON1) and its single nucleotide
polymorphisms (SNPs) in children with nephrotic syndrome (NS) has been
reported previously in different ethnic and racial groups with divergent results. The
human PON1 gene contains two coding region polymorphisms leading to two
different PON1 isoforms.
Objectives: The aim of the present study was to find out the association between the
PON1 (Q192R and L55M) polymorphisms and their relation with serum PON1
activity as well as lipid profile tests (total cholesterol, TC; triglycerides, TG;
high-density lipoprotein cholesterol, HDL-c; and low-density lipoprotein
cholesterol, LDL-c) in children with NS.
Methods: This study included a total of 80 participants (40 with NS in the age group
of 2-14 years and 40 age and sex-matched healthy controls). The PON1 enzyme
activity and lipid profile tests were measured in serum samples of all included
participants. The PON1 genotype was determined by PCR-restriction enzyme
fragment length polymorphism (PCR-RFLP) for both PON1 alleles (192 and 55)
SNPs.
Results: Our findings showed that the mean levels of lipid profile tests (TC, TG,
LDL-c) were significantly increased in patients when compared with healthy
controls (p<0.05), while the HDL-c concentration was significantly decreased in
patients than that of controls. Also, the patients had significantly lower
concentrations of PON1 when compared with the controls regardless of the
genotype Q192R and L55M polymorphisms. Moreover, the homozygous RR
genotype for PON1 SNP 192 and MM homozygous genotype for PON1 SNP 55 were
significantly frequent in patients when compared with the controls.
Conclusions: Our results support that the presence of the homozygous RR
genotype for PON1 SNP 192 and MM homozygous genotype for PON1 SNP 55 were
significantly higher in patients compared with the controls.
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INTRODUCTION
The most common glomerular disorder in children is nephrotic syndrome (NS), which
associated with heavy nephrotic-range proteinuria (NRP: >40 mg/h/m2 or >50 mg/kg/day or protein/creatinine ratio >0.2 g/mmol). 1–3 The paraoxonase 1 (PON1) is an enzyme
involved in lipid metabolism. It is bound to high-density lipoprotein (HDL) and acts as
an antioxidant for the low-density lipoproteins (LDL), by hydrolyzing lipid peroxides, thus;
it prevents LDL oxidation and inhibits atherogenesis. 4,5 PON1 has a vital role in free radical scavenging system, particularly, in detoxification of wide range of substrates such as
organophosphate compounds and carcinogenic lipid soluble radicals resultant from lipid
peroxidation. 6 It catalyzes the hydrolysis of multiple compounds such as arylesterase, lactones and hydroxiperoxides. 6 In its coding region, there are two common polymorphisms
at positions 55 and 192 which is more widely recognized than 55. 7,8 The differences between
them are related to their affinity and catalytic activities toward many substrates. 7,8 The
Q192R polymorphism or the missense mutation at position 192 (rs662) in exon 6 of the
PON1 gene is one of the most important widely studied polymorphisms which involve the
substitution of amino acid glutamine (Q) to arginine (R) at position 192 (Q192R). 9 A substitution that has the effect of altering catalytic efficiency. 8 In L55M polymorphism, the codon
change from TTG to ATG in exon 3 of PON1 gene results in the substitution of amino acid
leucine to methionine at position 55. 10
However, the association between PON1 polymorphisms (Q192R and L55M) and NS
is not yet fully understood, particularly, in Iraqi patients with NS. Thus, we aimed here to
determine the the association between PON1 polymorphisms (Q192R and L55M) and NS
among Iraqi children with NS.

MATERIALS AND METHODS
Study design and subjects
This is a case-control study was conducted at Al-Imamain Al-Kadhimain Medical
City, Biochemistry Department and Pediatric Department at the College of Medicine,
Al-Nahrain University during the period from January to November 2019. Eighty participants were included and divided into two groups (40 were patients with NS in active phase
as newly diagnosed or old cases with acute relapse, and 40 age-and sex-matched healthy
controls), the age range was 2-14 years. The patients were diagnosed, treated, and followed
up in the Pediatric Nephrology Unit at Al-Imamain Kadhimain Medical City, and Baghdad
Welfare Teaching Hospital in Medical City of Baghdad. Control subjects were evaluated
by a consultant Pediatric Nephrologist to ensure the absence of any renal disease. A
well-designed questionnaire was filled with each participant’s details after direct interview
with the parents of patients and control subjects. The doctors were also involved before
collecting the blood sample. Data collected included age, sex, age of onset of NS, type
of NS according to steroid responsiveness and frequency of relapses. Some information
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was taken from the hospital records as well. Body weight and height measurements was
perfumed to all study participants.
Diagnosis of NS was made according to the following criteria: 1) Relapse: heavy proteinuria >40 mg/h/m2 or >50 mg/kg/day, Albustix≥+++ for 3 consecutive days after having been in remission. 2) Frequent relapses: 2 or more relapses within 6 months of initial response or 4 or more relapses within a period of 1 year, hypo-albuminemia <2.5 g/dl,
edema and hyperlipidemia. 1,2 Patients with other renal disease, liver disease, diabetes, urolethiasis and malnourished children as well as patients with familial hyperlipidemia were
excluded from the study.

Blood sampling and DNA isolation
A 5ml venous blood sample was collected at morning (8:30 a.m.) from each participant,
and divided into two parts (2ml in EDTA and 3ml in plain tube). The whole blood samples,
dispensed in tube containing EDTA, were mixed gently and placed in a cool-box under
aseptic condition. Then, they were stored in the freezer at -80 ◦ C until further processing
for DNA extraction. DNA extracted from blood using spin DNA extraction kit (Cat. No.:
17045, iNtRON Biotechnology). 11 Separately, samples placed plain tubes were centrifuged
at 3000 rpm for 10 min to obtain serum samples and the sera were then divided into two
portions, first one kept in Eppendorf tubes in -80 ◦ C until estimation for PON1 activity and
the other portion for measuring lipid profile tests (TC, TG, HDL-c, LDL-c), blood glucose,
blood urea, serum creatinine, total serum protein and serum albumin at the same day.

Biochemical analyses
General tests
Fasting blood glucose, lipid profile tests, blood urea, serum creatinine, total serum protein and serum albumin were determined using Auto-analyzer (Siemens, Japan).

Analysis of PON1 activity
PON1 activity was tested by fluorescence assay kit (ab241044, Abcam, Austria) that
enables rapid measurement of PON1 activity, utilizing a fluorogenic substrate that is converted into a highly fluorescent product (Ex/Em=368/460 nm). Using Glow max reader
(Promega Co., France). The assay is simple to perform, high-throughput adaptable and can
detect a minimum of 2.0 µU PON1 activity with a sample volume of 5 µL. This ensures
dramatically greater sensitivity than UV or colorimetric assays and eliminates the need for
dangerous toxic substrates.

Baghdad Journal of Biochemistry and Applied Biological Sciences, 2(03) | 2021 | https://doi.org/10.47419/bjbabs.v2i03.55

122

Raghad J., Ali; et al.

PON1 gene polymorphisms (Q192R and L55M) and nephrotic syndrome

Molecular analyses
PON1 genotyping
The genotypes for PON1 gene polymorphisms (192 and 55) were determined by using
RFLP, PCR-based technique, described earlier. 11 The primer used to amplify a fragment
with the size of 113bp for PON1 192 polymorphism: sense primer 5’-TAT TGT TGC TGT
GGG ACC TGA G-3’ and anti-sense primer 5’-CAC GCT AAA CCC AAA TAC ATC TC-3’
which encompass the 192 polymorphic region. While, to amplify a fragment with the size
of 170bp for the 55 polymorphism, sense primer 5’-GAA GAG TGA TGT ATA GCC CCA
G-3’ and antisense primer 5’-TTT ATT CCA GAG CTA ATG AAA GCC -3’ were used.
The PCR mixture contained: premix mixture compnents (i-Taq DNA polymerase, dNTP
mixture, reaction buffer and gel loading buffer). Then, we took PCR premix (5µl), forward
primer (1µl), reverse primer (1µl), DNA (1.5µl), distill water (16.5µl) and the final volume
(25µl). The PCR conditions included a denaturation, annealing and extension according to
PCR technology by Henry Erlich (2015). 11

Gel electrophoresis after DNA isolation, PCR, and PCR-RFLP
PON1 (55) SNP — Agarose gel electrophoresis
Electrophoresis has been done to confirm the success of the DNA isolation process
and to assess the results of the PCR amplification as well as PCR-RFLP, visually. Agarose
gel electrophoresis was used to analyze the presence of the extracted DNA and detected
the amplified PCR product, as well as analysis PCR-restriction fragment length polymorphism (RFLP) were performed as follows. 12 The PCR products with length of (170bp) were
restricted by using Hsp19211 enzyme (New England Biolabs, UK) to determine PON1 (55)
SNP. The Allel-L (leucine) did not contain Hsp site and visualized as one band 170bp, while
allel-M (methionine) contained Hsp site resulting in two bands (126 and 44bp) fragments,
on other hand the restricting enzyme cleaved the PCR products with subjects with heterozygous L-M genotype into three bands (170,126 and 44 bp) fragments as shown in Figure 1.

PON1 (192) SNP — Polyacrylamide gel electrophoresis
PON1 192 SNP genotyping was performed by PCR-RFLP. The PCR products 113bp were
restricted by using Bsp1 enzyme (New England Biolabs, UK) to determine PON1 192 SNP.
After PCR, The reaction was performed as follows: 10µl a total volume, incubation at 37 ◦ C
for 40min, PCR products with length of 113bp was treated with the Bsp1 and the digested
fragments were electrophoresed on polyacrylamide gel mixed with red stain for 90min, 70v
and the band was calculated alongside (50-1000bp) DNA ladder for genotyping of studied
samples. Cases which have only QQ genotype was not digested and showed only 113bp
fragments, while the RR genotype indicates digestion to 23 and 90bp fragments, but; the
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Figure 1 Determination of PON1 polymorphism (L55M) by PCR-RFLP digestion with Hsp19211
restriction enzyme (2.5% agarose gel). Homozygous LL: genotype 170bp lines 3,4,5,10; homozygous
MM: genotype 126+44bp lines 9; and heterozygous LM: genotype 170+126+ 44bp lines 1,2,11,15. M:
DNA molecular marker 50bp size. By red stain stained bands in the gel.

QR genotype refer to 90, 23, 113bp fragments (Figure 2).

Statistical analyses
The data was examined for normality, homogeneity and normal distribution, mean±SE
of mean by using the SPSS v. 26.0 (IBM, USA). 13 The probability also examined by using
student t-test and one way ANOVA test. For non-parametric data, Pearson’s chi-square
test was used to calculate the probability and the p value was considered significant if it is
below 0.05. For genotyping and allele frequency, the odds ratio, 95% confidence interval and
Fisher’s exact probability calculated by Windpipe version 11.65. 14 Online Hardy-Weinberg
calculator 15 was also used for genotyping and allele frequency calculations.

RESULTS
Anthropometric characteristics
Demographic parameters of both, patients and controls, are shown in Table 1. There
was no statistical differences in the sex distribution (p=0.994) and mean age between the
two groups; both the groups were comparable.
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Figure 2 Determination of PON1 polymorphism (Q192R) by PCR-RFLP digestion with Bsp1 restriction enzyme (DNA polyacrylamide gel electrophoresis pattern of 113bp PCR product). Homozygous
QQ genotype: 113bp; homozygous RR genotype: 90+23bp; heterozygous QR genotype: 113+90+23bp.

Table 1 Anthropocentric characteristics of study participants

Age (year)

Patients (n=40)
7.14±0.57

Controls (n=40)
7.20±0.55

P
0.994

Biochemical parameters
Biochemical parameters in serum of patients and controls are shown in Table 2. The
mean of albumin levels was significantly lower in patients (p<0.05), whereas TC, TG, LDLc, and HDL-c were significantly higher in patients when compared to controls (p<0.0001).
The levels of PON1 enzyme are significantly dropped in NS patients when compared to
controls (p<0.0001).

Molecular analyses
The PON1 gene (55) SNP was found to be informative in our study groups. In the study
the results of genotypes and allele frequency are shown in the Table 3, which illustrates that
allele L is more observed in both control and patients (70% and 60%, respectively) than
Baghdad Journal of Biochemistry and Applied Biological Sciences, 2(03) | 2021 | https://doi.org/10.47419/bjbabs.v2i03.55
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Table 2 The comparison of the studied parameters levels between control and nephrotic syndrome
patients

2

BMI (Kg/m )
Blood urea (mg/dl)
Creatinine (mg/dl)
Albumin (mg/dl)
TC (mg/dl)
TG (mg/dl)
HDL-c (mg/dl)
LDL-c (mg/dl)
Serum
paraxonase
(µU/ml)

1

Patients (n=40)
23.61±1.39
43.52±6.69
1.56±0.89
1.33±0.12
382.93±19.82
333.80±24.49
39.80±1.28
201.25±13.62
128.10±4.95

Controls (n=40)
18.60±0.48
27.49±0.56
0.79±0.02
4.12±0.06
163.12±2.66
132.93±2.09
62.61±2.25
75.39±2.69
327.54±6.45

P
0.010
0.083
0.571
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001

the allele M (30% and 40%, respectively). While the frequency of the genotype showed
the higher frequency of LL genotype in control 19/40 (47.5%) than patients 15/40 (37.5%)
and this difference was insignificant (p=0.4) while the heterozygote (LM) genotype showed
insignificantly (p=1.0) higher frequency in control 19/40 (47.5%) than in patients 18/40
(45%). Finally, the homozygous (MM) genotype showed insignificantly (p=0.514) higher
frequency in patients 7/40 (17.5%) than in controls 2/40 (5%).
Table 3 PON1 gene (55) SNP frequency between the studied groups
Patients n(%)

†

Control n(%)
Observed

χ2

OR (95%
CI)

P†

0.66(0.251.77)
0.9(0.342.38)
4.03(0.6941.7)

0.498

Observed
Alleles
L
0.60
M
0.40
Genotypes
LL
15(37.5)

Expected

Expected

14.4(36.0)

19 (47.5)

20.3(50.7)

0.818

LM

18(45.0)

19.2(48.0)

19 (47.5)

16.4(41)

0.050

MM

7(17.5)

6.4 (16.0)

2 (5)

3.3(8.3)

3.130

Total
P -HWE

40(100.0)
0.6926

40(100.0)

40(100.0)
0.5501

40(100.0)

0.70
0.30

1.000
0.514

, Fisher’s exact probability (2-tailed); HWE, Hardy-Weinberg Equilibrium

In this study, the distributions of PON1 192 genotypes and allele frequencies are shown
in the Table 6, which illustrates that allele Q is more observed in patients (55%) than the
allele R (45%). While the frequency of the genotype showed the higher frequency of Q
genotype with control (80%) than in patients (55%). The R allele frequency is more observed
in patients (45%) than control (20%), SNP 192 genotypes effect on biochemical parameters
and lipid profile are shown in the Table 5.
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Table 4 Comparison of the lipid profile tests between patients and controls within the three genotypes
of PON1 55 SNP
Parameters
BMI (kg/m2 )

Blood urea (mg/dl)

Creatinine (mg/dl)

Abumin (mg/dl)

TC (mg/dl)

TG (mg/dl)

HDL-c (mg/dl)

LDL-c (mg/dl)

Genotype
LL
LM
MM
LL
LM
MM
LL
LM
MM
LL
LM
MM
LL
LM
MM
LL
LM
MM
LL
LM
MM
LL
LM
MM

Patients
25.22±2.27
21.89±1.53
21.60±4.34a
46.52±11.58a
38.05±6.22
48.25±19.81
0.79±0.10
0.54±0.05
0.98±0.88
1.22 ± 0.11
1.41±0.23
1.58±0.62
364.52±23.34
410.67±38.56
375.50±66.43
340.57±27.27
353.73±50.34
223.50±54.38
39.86±1.75
39.47±2.33
40.75±3.28
171.86±8.46
224.33±27.70
269.0±66.97

Control
18.94±0.93
17.97±0.36
20.41±1.88
27.42±0.84
27.26±0.73
29.33±0.56
0.81±0.04
0.79±0.04
0.73±0.07
4.18±0.10
4.14±0.08
3.60±0.06
163.68±4.14
161.84±3.85
167.67±10.11
133.90±2.62
132.74±3.66
128.0±4.62
61.26±3.32
62.68±3.38
70.67±7.88
73.37±4.11
77.42±4.04
75.33±7.86

P
0.003
0.088
0.814
0.051
0.308
0.419
0.990
0.830
0.202
0.0001
0.00001
0.000025
0.00001
0.00001
0.003
0.00001
0.00001
0.00254
0.00001
0.00001
0.00001
0.00001
0.00001
0.00001

Table 5 PON1 gene SNP 192 frequency between the studied groups

Allels
Q
R
Genotypes
QQ
QR
RR
Total
†

Patients n(%)
Observed Expected

Control n(%)
Observed Expected

0.55
0.45

0.80
0.20

18 (0.45)
8(0.20)
14(0.35)
40(100.0)

12.1(0.30%)
19.8(0.50%)
8.1(0.20%)
40(100.0)

27(0.67)
10(0.25)
3(0.08)
40(100.0)

χ2

25.6(0.64%) 4.114
12.8(0.32%) 0.287
1.6(0.04%) 9.038
40(100.0)

OR (95% CI)

P†

0.39 (0.10-0.99)
0.75 (0.22-2.24)
6.64 (0.52-7.0)

0.0761
0.790
0.005

, Fisher’s exact probability (2-tailed)
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Table 6 PON1 192 SNP and all parameters among studied groups
Parameters
BMI (kg/m2 )

Blood urea (mg/dl)

Creatinine (mg/dl)

Abumin (mg/dl)

TC (mg/dl)

TG (mg/dl)

HDL-c (mg/dl)

LDL-c (mg/dl)

Genotype
QQ
QR
RR
QQ
QR
RR
QQ
QR
RR
QQ
QR
RR
QQ
QR
RR
QQ
QR
RR
QQ
QR
RR
QQ
QR
RR

Patients
22.39±1.42A
25.61±2.68A
21.07±2.34A
41.27±5.49A
39.43±12.42A
58.86±18.47A
2.98±2.36A
0.73±0.12A
0.61±0.13A
1.24±0.16A
1.35±0.17A
1.47±0.41A
410.73±32.79A
333.50±19.02B
450.43±67.07AB
364.47±36.87A
287.78±20.09A
386.43±104.11A
41.73±2.23A
38.33±1.49A
39.43±4.17A
202.67±21.47A
169.89±15.15A
278.86±38.56A

Control
18.02±0.38A
19.79±1.15A
17.34±0.53A
27.33±0.81A
28.20±0.95A
26.0±1.47A
0.78±0.04A
0.84±0.03A
0.8±0.05A
4.17±0.09A
4.03±0.10A
4.28±0.11A
165.14±3.55A
163.80±4.62A
155.0±9.57A
134.33±3.29A
133.20±1.94A
132.75±7.65A
60.76±2.98A
68.67±2.78A
53.0±12.05B
73.38±3.42A
78.40±4.79A
74.0±12.66A

P
0.371
0.128
0.944
0.803
0.896
0.520
0.578
1.0
1.0
0.00001
0.00001
0.00001
0.00001
0.000003
0.000007
0.00003
0.00001
0.00001
0.000065
0.00008
0.00001
0.00001
0.00026
0.000003

The vertical comparison was done by Duncan test; the similar letters referred to a non-significant difference while
the different letters referred to a significant difference.

PON1 SNPs and serum PON1
Effect of PON1 SNP 55 on serum paraxonase 1 activity are presented in Table 7, and
notably lower enzyme activity observed with M allele in NS patients compared with controls. The higher activity was seen with the LL genotype (146.57±5.4 µU/ml) followed by
the LM genotype (114.53±5.95 µU/ml) and the lowest activity recorded by the MM genotype (82.0±3.37 µU/ml). On other hand, the effect of the PON1 SNP 192 on activity of the
paraoxonase 1 enzyme in Table 8 showed significantly lower enzyme activity (p<0.0001)
with RR genotype in patients (115.86±9.89 µU/ml) than in controls (316.75±0.32 µU/ml).

DISCUSSION
In the present study, lipid tests (TC, TG, LDL-c) were higher in patients than in control
group, while serum albumin, HDL-c and serum paraxonase activity are markedly dropped
in patients’ group as compared with controls (Table 2), this is in accordance with a number
Baghdad Journal of Biochemistry and Applied Biological Sciences, 2(03) | 2021 | https://doi.org/10.47419/bjbabs.v2i03.55
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Table 7 Comparison of the serum PON1 levels (µU/ml) in patients and controls within the three genotypes of PON1 55 SNP
Genotypes
LL
LM
MM

Patients group
146.57±5.41A
114.53±5.95B
82.0±3.37B

Control group
337.67±52.75A
324.84±7.42A
328.63±9.70A

P
0.00001
0.00001
0.00001

The vertical comparison was done by Duncan test; the similar letters referred to a non-significant difference while
the different letters referred to a significant difference.

Table 8 Comparison of the serum PON1 levels (µU/ml) in patients and controls within the three genotypes of PON1 192 SNP
Genotypes
QQ
QR
RR

Patients (n=40)
133.0±8.09A
128.78±7.88A
115.86±9.89A

Controls (n=40)
325.81±9.40A
331.87±10.92A
316.75±20.32A

P
0.00001
0.00001
0.00001

The vertical comparison was done by Duncan test; the similar letters referred to a non-significant difference while
the different letters referred to a significant difference

of previous reports that have highlighted the role of PON1 in various diseases associated
with hyperlipidemia such as coronary heart disease, 16 insulin dependent diabetes mellitus, 17 strokes and atherosclerosis 18 . Hyperlipidemia is a well-known biochemical component of the idiopathic nephrotic syndrome (INS), both during relapses and remissions of
the disease. 19,20 Abnormal lipid profile is believed to be a precursor for glomerulosclerosis with subsequent kidney failure. 21,22 This study done to find out the association between
PON1 SNPs (192 and 55), among Iraqis children with NS, and the enzyme activity of PON1;
which found to be decreased in all patients group with MM homozygous allele. Among the
studied groups, PON1 SNP 55 are more frequent in patients (OR: 4.03, Tables 3 & 4) who
have the lowest PON1 levels (Table 7); which may carry a high risk when compared with
controls.
In accordance with other studies, Biyikli et. al 23 observed that the QQ genotype was less
frequent and the QR+RR genotype was more frequent in focal segmental glomerulosclerosis patients than in controls. The allele frequency of the SNP192 (Table 7) was also inline
with their results. In addition, we observed that homozygous RR genotype was significantly
higher in patients than that in controls (OR: 6.64, p=0.005) which indicates those people
with SNP192 RR genotype may carry high risk of getting NS. This is also concluded by
Kaur et al. 24 who stated that the Q192R polymorphism in the PON1 gene may be associated
with increased risk of coronary artery diseases in an Asian Indian population of atherosclerotic patients. In the present study, we selected two major SNPs (rs662 and rs854560) in
the PON1 gene and the pooled analysis results indicated a significant association between
(rs662) Q192R and NS. Our findings are consistent with previous results reported by Sana
et al., 25 Liu et al., 26 and Shabana et al. 27 who studied the effect of PON1 on coronary artery
diseases.
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CONCLUSIONS
In our study, the presence of homozygous RR genotype of PON1 SNP 192 and MM
homozygous genotype of PON1 SNP 55 were significantly higher in patients when compared with controls.
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