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ABSTRACT

Type 2 diabetes mellitus (T2DM) is recognized as one of the most prevalent metabolic
diseases, and it is mostly associated with oxidative stress, atherosclerosis and dyslipidemia.
Paraoxonase 2 (PON2) due to its antioxidant properties may play a role in the atherosclerosis
development. Although long-chain omega-3 polyunsaturated fatty acids, such as
eicosapentaenoic acid (EPA) have been shown to reduce the risk of cardiovascular disease,
the exact mechanism of action is still unknown. Our goal in this study was to determine the
effect of EPA administration on gene expression of PON2 in patients with T2DM. Present
study was a randomized, controlled double-blind trial. Thirty-six patients with T2DM were
randomly allocated to receive 2 g/day EPA (n = 18) or placebo (n = 18) for 8 weeks. There

were no significant differences between 2 groups concerning demographic or biochemical
variables, and dietary intakes as well (p > 0.05). However, patients received EPA showed

a significant increase in the gene expression of PON2 compared with placebo group (p =
0.027). In addition, high-density lipoprotein cholesterol increased and fasting blood sugar
decreased significantly after EPA supplementation compared with control group. Taken
together, supplementation with 2 g/day EPA could be atheroprotective via the upregulation of
PON?2 in patients with T2DM.

Trial Registration: ClinicalTrials.gov Identifier: NCT03258840

Keywords: Eicosapentaenoic acid; Paraoxonase-2; Gene expression; Type 2 diabetes mellitus;
Randomized Controlled Trial

INTRODUCTION

Diabetes is one of the most prevalent endocrine disorders resulting from defect in the
insulin resistance and/or insulin secretion [1]. Type 2 diabetes mellitus (T2DM) is recognized
as one of the most common metabolic disorders in developed and developing countries
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[2]. Previous reports has anticipated that global prevalence of T2DM will increase to 366
million in 2030 [3]. It is anticipated that diabetes will devote between 7 to 13 percent of
the healthcare budget of worldwide [4]. T2DM lead to many chronic end-organ damage in
the eyes, kidneys, and the brain and other complications including cardiovascular diseases
(CVDs) [5,6].

The paraoxonase (PON) multigene family contains 3 different members [7]. PON2 is the
first member of the PON family which discovered [8]. PON2 is nearly expressed in all
human tissues, including placenta, heart, liver, kidney, stomach, and small intestine [9].

In addition, PON2 mRNA is also found in the cells of the artery wall including endothelial
cells, and smooth muscle cells [10]. PON2 protein is mostly located in the cell membrane.
Therefore, its mechanism of action is likely related to its location in the cell [11]. In
addition, PONs decrease lipoprotein peroxides like oxidized-low-density lipoprotein (LDL),
impede macrophage cholesterol biosynthesis and postpone atherosclerosis [12]. Because
of its antioxidant properties exactly in cellular level; the preventing role of PON2 against
development of atherosclerosis could be contributed to high lactonase activity [12,13].

Long-chain omega-3 polyunsaturated fatty acids (LC: n-3 PUFA) have antioxidant [14],
anti-inflammatory [15], antithrombogenic [16], and antiarteriosclerotic [17] properties. LC:
n-3 PUFA e.g. eicosapentaenoic acid (EPA) found at the great amounts in the fish oil [18].
Previous report indicated that LC: n-3 PUFA supplementation increase the large high-density
lipoprotein (HDL) particles and decrease very-low-density lipoprotein particle size and
concentration [19]. LC: n-3 PUFAs are beneficial against T2DM because of insulin-sensitizing
effects and reducing de novo lipogenesis and hepatic fat accumulation [20].

Although previous studies investigate the mechanism of EPA effect on gene expression in
T2DM like selenoprotein P gene in vitro [20] and PPARy and CD36 in clinical trial studies [21]
but to best of our knowledge there is no trial which examine EPA effect on PON2 expression
in a randomized controlled trial. So, the present study was aimed to determine the effect of
EPA on the gene expression of PON2 in peripheral blood mononuclear cells (PBMCs) of the
patients with T2DM.

Patients and study design

Present study was a randomized double-blind, controlled, trial. Patients were selected from
Iran Diabetes Association, Tehran, Iran. In keeping with allocation concealment participants
randomly divided in two groups to receive 2 g/day of the softgels of EPA (n = 18) (supplied

as 1-g softgels) or placebo (n = 18) for 8 weeks. Both EPA and placebo supplied from same
company which were same in form and size as well (EPA softgels containing 75% ethyl ester
EPA and placebo containing edible paraffin, Mino Pharmaceutical Co., Tehran, Iran). Due to
scarcity of evidence about suitable dosage for EPA, we used the suggested doses in keeping
with the past study [22]. All patients and researchers were uninformed about randomized
allocation until the last analysis. They were strictly advised to maintain their nutritional
habits and medication dose(s) during intervention in both intervention and control

group. Compliance to the intervention controlled via weekly phone calls and returning the
supplement containers, monthly.
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Patients were enrolled in the present study if they met following inclusion criteria: At least 1
year after DM diagnosis, (American Diabetes Association [23]), 25 < body mass index (BMI)
<30 kg/m?, age between 35-50 years old, taking the antidiabetic's drug(s) dose at least for

3 months. All of inclusion criteria must be met before any subject enrolled to present study.
Patients excluded because of following exclusion criteria history of hypertension, arrhythmia,
hepatic, renal, gastrointestinal, disease, need to take insulin and compliance below 90%.
When at least one of exclusion criteria met, subject excluded from present trial. Patients who
take insulin excluded due to poor diabetes and glycemic control. Present study was approved
by Research Ethical Committee Center of Tehran University of Medical Sciences (code:
84153) and performed in keeping with Declaration of Helsinki. Written informed consent
were obtained from all patients before enrolment to the present trial. The study previously
registered in the Clinical Trials (www.clinicaltrials.gov) (NCT03258840).

Questionnaires, anthropometry, physical activity and nutritional assessments

Body weight and height was assessed without shoes and in a minimal clothing state to the
nearest 0.1 kg and 0.1 cm respectively by using available equipment (Seca, Hamburg, Germany).
BMI was computed via following formula: BMI = weight(kg)/(height(m))> Waist circumference
was measured at the center of costal margin and the iliac crest by elastic tape measure.

At the start and the end of the study, each participant filled up a questionnaire containing
questions concerning age, sex and lifestyle like smoking, and alcohol consumption.
Furthermore, other information including medical history were acquired via questionnaire
including measurements of blood pressure and heart rate (systolic blood pressure [SBP],
diastolic blood pressure [DBP], and mean blood pressure [MBP]), and pulse pressure (PP).
Family history of diseases like CVDs or DM were recorded as well. Hypertension assigned
based on the International Diabetes Federation guidelines (> 130/85 mmHg) [24]. Physical
activity measured thorough quantitative international physical activity questionnaire level
before and after study which was expressed as met-min/day.

At the commencement and ending of trial, dietary intakes were estimated by a 24-hour
dietary recall for 3 days. The dietary recalls then assessed using Nutritionist IV software (First
Databank, San Bruno, CA, USA) adjusted for Iranian foods.

Biochemical assessments
Fasting blood samples (10 mL) were acquired from the antecubital vein and centrifuged at
3,000 rpm for 10 minutes at 4°C to separate serum. All samples reserved at —80°C until analysis.

Fasting blood sugar (FBS) was determined by glucose oxidase phenol 4-aminoantipyrine
peroxidase (GOD/PAP) technique. Serum triglyceride concentration were evaluated by the
glycerol-3-phosphate oxidase phenol 4-aminoantipyrine peroxidase (GPO/PAP) technique.
Serum cholesterol levels were evaluated by the CHOD-PAP method. The immuno-inhibition
assay method was used for measurement of high-density lipoprotein cholesterol (HDL-C)
level. Pars Azmoon kit was used for all above-mentioned measurements (Pars Azmoon Inc.,
Tehran, Iran).

Molecular analysis

Isolation of PBMCs

All samples protected against any contamination according to available guidelines [25].
PBMCs isolated according to following procedures: 1) PBS added to the remaining blood
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volume to achieve its original volume, 2) mixture added gradually tubes containing Ficoll, 3)
centrifugation performed at 2,500 rpm (1,100 x g) for 20 minutes at 25°C, 4) buffy coat band
which contain PBMC was aspirated, and washed with addition of PBS 5) centrifuge at 1,600
rpm (450 x g) for 15 minutes at 25°C. 6) Cell analysis by microscope.

RNA isolation and cDNA synthesis

Total RNA was purified from PBMC using RNeasy Mini Kit (Qiagen, Hilden, Germany),
and cDNA synthetized using Quanti Tect Reverse Transcription (Qiagen) in keeping with
producer's instructions.

Primers design

The sequences of needed primer were designed by Primer 3 online software using Gene Bank
of the National Center for Biotechnology Information (http://www.basic.nwu.edu/biotools/
Primer3.html or http://www.cgivo.2) [26]. The specificity of primers were confirmed in BLAST
domain (http://www.ncbi.nlm.nih.gov/BLAST). Sequence of primers (as outlined in Table 1),
for the PON2 and B-actin genes were synthesized by Bioneer Co. Ltd. (Daejeon, Korea).

Real-time PCR

Analysis of the selected genes were done by real-time PCR in keeping with ABI Step One
(Applied Biosystems, Foster City, CA, USA). Amplification of PCR performed according to
following procedures 40 cycles of 15 seconds at 95°C, followed by 40 seconds at 60°C. The
mRNA expression of PON2 gene was standardized by B-actin as housekeeping gene.

The ratio of expression level computed according to Pfaffl method. In that case the threshold
cycle (Ct) number of selected gene from the Ct of B-actin subtracted and raising 2 to the
power of this difference. The Ct values expressed as the number of PCR cycles when the
fluorescent signal of PCR achieve a persistent threshold. The expressions of PON2 reported
relative to B-actin expression, and are shown as mean + standard deviation (SD). All real-
time PCR results measurements performed using Microsoft Excel (Microsoft Corporation,
Redmond, WA, USA), [27].

Statistical analyses

Findings expressed as mean and standard deviation. Comparison of variables performed
using Independent t-test between 2 groups and paired t-test for within group analysis. Values
of p < 0.05 were considered statistically significant. All data analysis performed via SPSS
software (SPSS Inc., Chicago, IL, USA)

RESULTS

Study population before allocation and after randomization at the end of trial depicted in
Figure 1. Characteristics of the both intervention and control group at the baseline and

Table 1. The sequences of primers used for real-time polymerase chain reaction

Primer Sequence (5’ > 3')

PON2 Forward TGTAGACCTTCCACACTGCCACCT
Reverse TGGTGCAAAGCTGTGGAGTCCTG

B-actin Forward CCTGGCACCCAGCACAATGAAG
Reverse CTAAGTCATAGTCCGCCTAGAAGC

PON2, paraoxonase 2.
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http://www.basic.nwu.edu/biotools/Primer3.html
http://www.basic.nwu.edu/biotools/Primer3.html
http://www.ncbi.nlm.nih.gov/BLAST
https://e-cnr.org

EPA and Paraoxonase 2 Gene Expression

;

CI1I

CLINICAL NUTRITION RESEARCH

https://e-cnr.org

Assessed for eligibility (n = 46)
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<

Figure 1. Patients' flow diagram.

end of study were shown in Table 2. There were no statistically significant differences for
age, sex, height, weight, BMI, hip circumference, waist/hip ratio, duration of diabetes,
physical activity, heart rate, SBP, DBP, and MBP between 2 groups before and after 8 weeks'
supplementation (p > 0.05). At the end of trial among biochemical parameters hemoglobin
A1C, triglyceride, total cholesterol, and LDL were not different significantly between
intervention and placebo group at the beginning and end of trial (Table 2). There were no
significant differences for serum FBS and HDL at the beginning of trial between placebo and
intervention group as well. However, EPA supplementation significantly increased HDL and
decreased FBS compared with placebo group after 8 weeks' supplementation. In addition,
dietary assessment analysis revealed that, there were no statistical significant differences in
macronutrients and energy intake between groups (Table 2).

Table 3 represents the mRNA expression of PON2 before and after intervention with EPA or
placebo. The results showed that the supplementation with EPA significantly increased the
gene expression of PON2 compared with control group (p = 0.027, Table 3).

DISCUSSION

Oxidative stress is involved in pathogenesis of chronic diseases like diabetes mellitus and
atherosclerosis [28]. Lipid lowering medication and supplements can change the products
of lipid peroxidation such as malondialdehyde (MDA) [28]. In that case, positive effects of
fish oil have been reported in diseases which oxidative stress plays a critical role [29]. Main
components of fish oil (EPA and docosahexaenoic acid) and specially EPA have beneficial
effects on the levels of serum lipids, and arteriosclerosis [30], increasing the plasma levels
of HDL-C and HDL2-C [31,32]. Other beneficial effects of EPA including increasing the
production of nitric oxide and anti-inflammatory atheroprotective and antithrombotic

https://doi.org/10.7762/cnr.2019.8.1.17 21
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Table 2. Characteristics of the two groups at the baseline and end of study

Variable Baseline After 8 weeks' supplementation
Placebo group (n =18) EPA group (n =18) p value Placebo group (n =18) EPA group (n =18) p value

No. of patients (female/male) 9/9 9/9 - - - -
Age, yr 44.72 + 4.69 44.44 + 3.79 0.846 o = =
Duration of DM, yr 6.61+3.68 6.44 +2.83 0.880 - - -
Height, cm 165.11 + 8.85 165.39 + 8.12 0.922 - - -
Physical activity 0.721 0.721

Low 3 5 3 5

Medium 14 12 14 12

High 1 1 1 1
Weight, kg 78.30 £12.34 78.03 +12.68 0.947 78.24 +13.39 7715 +12.68 0.804
BMI, kg/m? 28.92 + 5.39 28.49 + 3.95 0.788 28.87 + 5.61 28.17 + 3.94 0.668
Waist circumference, cm 97.47 +10.93 97.55 + 9.65 0.981 97.08 +11.73 96.44 +10.16 0.862
Hip circumference, cm 106.00 +11.82 105.33 + 6.69 0.836 105.61 +12.32 104.61 +7.59 0.771
Waist/hip ratio 0.92 + 0.08 0.92 + 0.06 0.922 0.92 + 0.07 0.92 + 0.06 0.940
SBP, mmHg 124.11 £15.32 124.00 £16.25 0.983 124.89 £18.08 123.06 +18.78 0.789
DBP, mmHg 80.00 + 6.69 79.78 +£13.40 0.950 80.00 + 7.22 79.44 +11.83 0.876
MBP, mmHg 94.70 +7.87 94.52 +13.69 0.961 94.96 + 8.98 93.98 £ 13.41 0.745
PP, mmHg 4411 +14.42 44.22 + 9.59 0.978 44.89 +16.83 43.62 +11.84 0.794
HR, beat/min 89.44 +12.49 89.67 £10.50 0.954 89.33 +11.73 89.33 +10.91 0.964
FBS, mg/dL 138.06 + 49.13 143.72 + 53.53 0.743 157.06 + 52.34 121.94 + 23.56 0.016"
HbAIC, % 7.47 +1.67 7.89 +1.75 0.459 7.77 +1.42 7.86 +1.58 0.792
TC, mg/dL 204.44 + 43.91 211.22 + 43.57 0.645 294.28 + 74.09 227.39 +70.69 0.898
TG, mg/dL 221.50 +121.49 218.61 + 94.52 0.937 228.28 +165.56 180.78 + 70.54 0.271
LDL-C, mg/dL 92.61 + 35.92 96.33 +38.13 0.765 95.73 + 34.66 80.11 +£ 23.03 0.127
HDL-C, mg/dL 76.22 + 32.85 7772 +14.92 0.861 76.50 +20.81 93.06 +25.53 0.041*
Total energy intake, kcal 2,070.67 + 307.27 1,953.94 + 297.12 0.254 1,961.56 + 232.21 1,973.61 + 274.36 0.325
Carbohydrates intake, g/d 970.63 + 50.37 260.32 + 35.44 0.483 260.32 + 35.44 260.82 + 42.89 0.756
Proteins intake, g/d 68.95 + 20.26 63.19 +14.78 0.337 70.09 £11.97 63.92 +14.06 0.177
Lipids intake, g/d 92.71 £19.85 86.11 + 22.68 0.359 76.39 +16.56 76.86 £ 20.13 0.543
Fibers intake, g/1,000 kcal 16.66 = 4.99 14.75 + 4.64 0.243 14.64 +£2.28 15.36 = 4.64 0.179

Data are shown as mean + standard deviation or number (%o). Statistical analysis was performed using independent t-test.
DM, diabetes mellitus; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood pressure; PP, pulse pressure; HR,
heart rate; FBS, fasting blood glucose; HbA1C, hemoglobin AIC; TC, total cholesterol; TG, triglycride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-

density lipoprotein cholesterol.

https://e-cnr.org

Table 3. The mRNA expression of PON2 at baseline and after of the supplementation with EPA or placebo

Group EPA Placebo p valuef
Baseline 5.31+4.90 6.09 + 5.57

After 8.43 +4.33 6.26 + 4.01 0.038

p value® 0.041 0.926

Change 3.12+2.69 0.17 + 4.60 0.027

Data are shown as mean + standard deviation.

EPA, eicosapentaenoic acid; PON2, paraoxonase 2.

*Obtained from paired t-test; TObtained from independent sample t-test between intervention and control group
at the end of trial.

properties [33-30]. These findings indicate that the EPA consumption may prevent
cardiovascular complications in patients with T2DM.

In recent years due to antioxidant and anti-inflammatory role of PON family their role in the
field of atherosclerosis have been discussed [37]. PON2 recognized as a protective protein
against the cellular oxidative stress [10,38]. It can protect macrophages from triglyceride
accumulation [39] and may prevent the lipid peroxidation thorough hydrolysis of oxidized
lipids [40]. As a mechanism to compensate against the enhancement in oxidative stress,
PON2 gene expression and activity will increase [10,41] so decreases the release of superoxide
anions from the inner membrane of mitochondrion [42]. PON2 gene expression and its
lactonase activity increase in the oxidative stress [10,38]. Augmentation in the levels of
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human PON2 can effectively prevent against the development of atherosclerosis [43]. The
PON?2 gene polymorphisms reported to have a crucial metabolic role in vascular disease
in a variety of human disorders, such as T2DM [44], CVD [44,45] and early microvascular
complications in type 1 DM [46].

Reduced PON activity has been indicated in a variety of diseases involving oxidative stress
including chronic renal failure [47] and specially in patients with diabetes or CVDs [48].
There are possible mechanisms for reduced PON activity in diabetes: 1) protein glycation and
advanced glycation ends which is the major route of free radical production in patients with
diabetes; 2) reduced PON gene expression; 3) inhibition of HDL synthesis or secretion which
have been indicated to be related with serum PON [49].

The present trial shows that EPA supplementation for 8 weeks in T2DM subjects significantly
increase the gene expression of PON2 in comparison with control group. Interestingly HDL
serum level significantly increased after EPA supplementation compared with control group.
The other double-blind, placebo-controlled study in familial hypercholesterolaemia showed
that the w-3 supplement in high-risk FCHL subjects result in significant increase of plasma
PON concentration [50]. In other study, fish oil improves serum level of PON1 activity in
subjects with rheumatoid arthritis [28]. Also in that study MDA decreased significantly in
fish oil group and serum levels of MDA was inversely related to serum activity of PON1 [51].
There are several possible mechanisms that have been recommended in previous studies. The
n-3 PUFA have been reported to increase PON activity with up-regulated apo A-I. Significant
correlation between PON concentration, plasma HDL and apo A-I levels have been reported.
Apo A-I stabilize PON2 activity and PON has been identified to be associated with apo A-I-
containing HDL particles [50,52]. Other pathway could be through increasing the plasma
content of the HDL2 subfraction which is more potent in releasing PON by cells [50].

There were several limitations for our study. First, a relatively small sample size of patients.
Second, the mechanism by which EPA influences the gene expression of PON2 has not been
clarified and further work is needed to delineate the molecular mechanism of action of EPA
on the regulation of PON2. Therefore, further studies to elucidate the general applicability of
our result are warranted.

The present study provides evidence for the upregulation of PON2 at the gene level by EPA in

the patients of T2DM supplemented with EPA. Since the level of the gene expression of PON2
has a significant impact on serum lactonase and PON activities. Thus, it is very beneficial in the
reduction of oxidative stress, and as a key regulator in the pathogenesis of atherosclerosis leading
to several CVDs. Thereby, the clinical efficiency of EPA in this application has worth evaluating.

We thank from the staff of Iran Diabetes Association for helping in recruiting of the patients,
and from several colleagues from School of Nutrition Sciences, the Tehran University of
Medical Sciences for their technical assistance. Authors gratefully acknowledge the Research
Council of Tehran University of Medical Sciences for support.
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