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Background: Obesity is a result of excess fat storage in tissues and may lead to local insulin resistance and
inflammation. Obesity is a multifactorial event and may include dysregulation of certain genes, such as
peroxisome proliferator activated receptor gamma (PPARG). PPARG plays a key role in adipogenesis
and adipocyte gene expression.
Aim: Our study aimed to determine the regulatory role of PPARG in obesity.
Methods: Serum samples from obese, non-obese(controls), diabetic obese and diabetic individuals were
collected, and total RNA was extracted. RNA was reversed to cDNA and real time PCR technology was
used to quantify differential PPARG gene expression in serum of obese patients and in diabetic obese
patients (BMI > 30 kg/m2) versus non-obese and diabetic controls. Anthropometric parameters were
recorded, and laboratory measurements were performed for each subject. Demographic and biochemical
characteristics were studied for their correlation to PPARG mRNA in each group. The data were analyzed
using an ANOVA analysis (p < 0.05).
Results: PPARG mRNA expression is most abundant in serum of obese patients both diabetic and non-
diabetic. However, differential level of PPARG mRNA expression was seen in diabetic patients without
obesity being only 40% of group subjects showed overexpressed PPARG in serum. A statistically signifi-
cant differences were observed for mean TGs, TC, LDLc and HDLc levels among groups. There was a strong
positive correlation between PPARG mRNA and the body mass index, waist circumference (WC) and
waist–hip ratio (WHR) of obese patients.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Obesity is a metabolic disease that results from high-caloric diet
which causes excessive fat accumulation. Excess fat mass accumu-
lation in adipose tissue is strongly associated with elevated inflam-
matory status and numerous metabolic abnormalities that increase
overall morbidity risk (Jung and Choi, 2014). The metabolic abnor-
malities that often accompany obesity include hypertension,
impaired glucose tolerance, insulin resistance leading to hyperin-
sulinemia, and dyslipidemia (Ormazabal et al., 2018).

Obesity has reached epidemic proportions with morbidity rate
over 4 million people each year (McQuaid et al., 2011). Obesity
increases risk of developing several chronic diseases including type
2 diabetes, fatty liver diseases and cancers (Lumeng and Saltiel,
2011). Due to the obesity epidemic, dire efforts were taken to face
a decline in life expectancy in the 21st century (Hruby and Hu,
2015). A better understanding is needed for obesity mechanisms
to ensure better prevention and treatment strategies (Chan and
Woo, 2010). The majority of genes associated with obesity seem
to regulate metabolic events (Choquet and Meyre, 2011).

The transcription factor, Peroxisome proliferator-activated
receptor gamma (PPARG) is one of the most investigated genes
associated with the pathogenesis of obesity as it is expressed pre-
dominantly in adipose tissue (Lefterova et al., 2014). PPARG is a
major player regulating the expression of numerous genes
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involved in lipid metabolism, obesity-induced inflammation, meta-
bolic syndrome, and atherosclerosis (Fig. 1) (Black et al., 2015).
PPARG stimulates differentiation of resident adipose tissue preadi-
pocytes to adipocytes and promotes the mobilization of bone
marrow-derived circulating progenitor cells to white adipose tis-
sue and their subsequent differentiation into adipocytes
(Lauterbach and Wunderlich, 2017). PPARG also promotes the
release of free fatty acids (FFA) from circulating lipoproteins and
stimulates their uptake enhancing lipid storage. Activated PPARG
induces hyperlipidemia, insulin resistance, hepatic steatosis, Lipid
storage and stimulates de novo fatty acid synthesis (Fig. 1)
(Sarhangi, et al., 2020).

A genetic link between PPARG and type 2 diabetes has been
proved (Lefterova et al., 2014). PPARG exerts a counteracting effect
against obesity-induced inflammation by controlling the inflam-
matory response either by downregulation of proinflammatory
genes, or by affecting lipid metabolism. The ability to reduce
inflammatory cell infiltration further underlines the central role
of PPARG in obesity-induced inflammation (Lauterbach and
Wunderlich, 2017).

In our study we used serum samples to avoid gene expression
changes during handling and processing (Debey et al., 2004).
Although, adipose tissue would be an ideal tissue to study gene
expression changes in obese population, blood samples are acces-
sible to obtain (Longo et al., 2019). Furthermore, gene expression
profiling in serum has been shown to be useful for screening of dis-
eases of non-blood tissue (He et al., 2019).

The aim of this study was to assess the expression pattern of
PPARG gene in both obese and diabetic obese patients versus con-
trol and diabetic patients and to study the correlation between
PPARG gene expression and both biochemical and demographic
characteristics of the study populations.
2. Subjects and methods

2.1. Participants and study design

The participants were recruited from hospitals affiliated with
Tanta University from April 2020 to May 2021. Our study included
100 subjects who were divided into four main groups: Group 1: 25
(15 women/10 men) normal control subjects had no family history
of obesity or T2DM, exhibited normal BMI, and were free of any
major chronic diseases. Group 2: 25 (18 women/7 men) obese sub-
Fig. 1. Schematic representation of the effect of PPARG
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jects. Group 3: 25 diabetic non obese subjects (15 women/10 men).
Group 4: 25 diabetic obese subjects (18 women/7 men).

2.2. Diagnostic criteria

Obesity was defined based on BMI. Subjects<25 kg/m2 were
considered lean, and subjects with a BMI � 30 kg/m2 were defined
as obese. Table 2.1 shows the guideline for BMI classification
(Gahagan et al., 2011). Diagnosis of diabetes (T2DM) based on Dia-
betic Care Association criteria at baseline for a fasting glucose
was � 126 mg/dl or a 2 h postprandial blood glucose � 200 mg/dl
and HbA1c > 6.5% (Addendum et al., 2021). All groups (group 2
group3 and group 4) were characterized according to the current
criteria for diabetes and obesity diagnosis.

2.3. Exclusion criteria

Exclusion criteria included underweight subject, pregnant
women, persons with chronic heart disease, malignancies and
infections. Patients with type 1 diabetes mellites and patients with
chronic liver diseases and chronic renal diseases are all excluded
from this study. Smokers were also excluded from our study.
Patients with any clinically observable diabetic complications were
excluded from the T2DM (group 3). The use of oral glucose or lipid-
lowering agents, weight reduction therapies, or antihypertensive
drugs constituted exclusion criteria.

2.4. Body measurements

Weight measurement was done after asking all population of
study to remove their shoes using weighing scale. Height was mea-
sured on stand straight position from the top of their heads until
the top of their toes using a stadiometer. Waist circumference
(cm) was measured using a measuring tape, from mid-point of
the costal margin to the iliac crest in the mid-axillary line. The
hip measurement was taken by measuring their widest point of
the greater trochanter. The waist to hip ratio was then being calcu-
lated by the waist measurement divided by the hip measurement.
The BMI was computed by using the standard formula. Systolic and
diastolic blood pressure were recorded from all subjects. Table 2.1
shows the guideline for BMI (Gahagan et al., 2011) and Table 2.2
show guidelines for waist to hip ratio (Odenigbo et al., 2011), based
on these criteria, subjects were grouped as normal weight and
obese subjects.
on adipose tissue, liver, muscle and blood vessels.



Table 2.1
Guideline for body mass index (BMI)
(17).

Classification BMI (kg/m2)

Underweight <18.5
Normal weight 18.5–22.9
Overweight 23–24.9
Obese I 25–29.9
Obese II >30

Table 2.2
Guideline for waist to hip ratio (WHR) classification (19).

Men waist to hip ratio Women waist to hip ratio

<0.95 <0.80
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2.5. Sample collection and clinical parameters

Blood samples were collected in the morning after 8 h of fasting.
All serum samples were frozen at �80 �C until laboratory testing.
Triglyceride (TG), total cholesterol (TC), high density lipoprotein
cholesterol (HDL-C), plasma glucose and creatinine were assessed
enzymatically using commercial reagents whereas hemoglobin
A1c (HbA1c) was measured by HPLC. LDL cholesterol was calculated
Friedwald’s formula (Friedewald et al., 1972). The acute phase pro-
teins, C-reactive protein (CRP), was measured by turbidimetry (Jain
et al., 2011).

2.6. RNA preparation and analysis

To assess PPARG mRNA expression in our study, total RNA was
extracted from serum using Trizol (Invitrogen) according to the
manufacturer’s instructions. RNA was extracted from 500 ll
serum. 750 ll of Trizol� reagent (Invitrogen, California, USA) were
added to 500 ll serum mixed and incubated for 15 min and then
200 ll of chloroform were added and incubated 5 mins.

Samples were then centrifuged at 12,000 r.p.m. for 15 min at
4 �C and the upper phase was then added to 500 ll isopropanol,
incubated for 30 min at 4 �C and centrifuged at 12,000 r.p.m 4 �C.
Pellets were washed with 70% ethanol air-dried at room tempera-
ture for 30 mins. Total RNA (30 lg) was solubilized in 20 ll of
diethyl pyrocarbonate (DEPC)-treated water and stored at �80 �C
until additional analysis. RNA was quantified by Nanodrop spec-
trophotometer, and its quality and integrity were assessed after
electrophoresis in nondenaturing 1% agarose gels by ethidium bro-
mide staining.

2.7. Reverse transcription and real-time qPCR

Approximately 2 lg of total RNA were reverse transcribed using
SuperScript III (Invitrogen, Carlsbad, CA, USA) and random hexam-
ers in a final reaction volume of 20 ll according to the manufac-
turer’s instructions. Control reactions without reverse
transcriptase were performed in parallel. cDNA was obtained and
stored until using as template for RT-PCR. cDNA was diluted 20�
with double-distilled water before PCR amplification. The reaction
mixture included 2 ll of the diluted cDNA, 1 ll of the specific for-
ward and reverse primer and 10 ll SYBR Green I SuperMix-UDG in
a final volume of 20 ll. PCR was performed in an GDS Rotor-Gene Q
Thermocycler, and each gene-specific primer set was used at con-
centrations of 150 nM. The sequence for primers used for amplifi-
cation was as follow:

PPARG, forward: 50-CGTGGCCGCAGATTTGAA-30 and reverse: 50-
CTTCCATTACGGAGAGATCCAC-30. GAPDH, forward: 50-TGGGTGTG
AACCATGAGAAG-30 and reverse 50-GCTAAGCAGTTGGTGGTGC-30.
3

Relative quantification of gene expression was performed by the
2 � DDCt method using the endogenous reference GAPDH for nor-
malization purposes. Representative amplification, melting curves
for certain PPARG gene indicatively presented in Fig. 2.1.

2.8. Statistical analysis

Statistical analyses were carried out using SPSS 11.0 software
(SPSS Inc., Chicago). All analyses were considered significant with
p-values <0.05. Biochemical parameters and real-time qPCR results
are presented as mean ± SEM. Correlations between variables were
tested by Spearman’s correlations.
3. Results

3.1. Demographic characteristics

In total, one hundred subjects were included in the study.
Demographic characteristics are shown in Table 3.1. This study
included a gender inequality distribution this is because in most
populations the prevalence of obesity exceeds in women than in
men. As shown in Table 3.1 control group (G1) include 15 females
and 10 males, and obesity group (G2) include 18 females and 7
males. Diabetic group (G3) include 10 males and 15 females while
obese diabetic group (G4) include18 females and 7 males. All sub-
jects were on the mean age of fifties. Both G2 and G4 groups had a
significantly higher BMI, waistline and hipline and WHR than con-
trol with no significant difference between them. As compared to
control and G2, G3 and G4 groups had significantly higher SBP
and DBP.

3.2. Biochemical characteristics

Clinical characteristics of the studied groups are presented in
Table 3.2. Glycemic control markers (FBG, PPBG, and HbA1c)
showed no significant difference between obese (G2) and control
(G1) group while both T2MD (G3) and diabetic obese (G4) still
higher than control. Both obese (G2) and diabetic obese (G4)
patients had significantly higher TGs, TC, LDLc as well as lower
HDLc. A marked difference in the liver function test (S.GPT) was
demonstrated between obese group (G2) and obese with diabetes
(G4) with T2DM (G3) and control (G1) groups whereas SGOT
showed no significant difference between study groups. Normal
kidney function parameter (creatinine) was found in all groups of
study. Significant (p < 0.05) decrease in Hb was found in both
obese (G2) and diabetic obese (G4) patients when compared to
those of control (G1). CRP showed marked increase in all groups
when compared to control group with the highest level in obese
group (G2).

3.3. RTq-PCR relative expression

PPARG gene has a known function in obesity and glucose meta-
bolism therefore we checked the expression of the gene of interest
in healthy non obese, obese, diabetic non obese and diabetic obese
subjects.

The fold change of PPARG gene expression was determined by
real-time PCR. Real-time PCR showed differential expression
between groups of interest with obesity group showing the highest
expression level. Table 3.3 summarizes the differential pattern of
PPARG expression in all groups of study. Obesity group (G2)
showed a significant (P < 0.05, 5.11 ± 1.21) increase in PPARG rela-
tive expression in serum. However, PPARG gene expression in dia-
betic obese group (G4) also showed a significant PPARG gene
expression (P < 0.05, 3. 8 ± 0.86) but is not as high as such increase
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Fig. 2.1. A) Amplification plot for PPARG on real-time PCR system. A higher CT value is indicative of lower mRNA levels. CT represents the threshold cycle at which
fluorescence is first detected above background. B) Melting curves for pcr product of PPARG.

Table 3.1
Basic characteristic of the subjects.

Parameter G1 (Control) G2 (Obese) G3(T2DM) G4 (T2DM&Obese) P-value

n 25 25 25 25 . . .. . .

Gender M/F ratio 10/15 7/18 10/15 7/18 F > M
Age (years) 57 ± 2.56 58 ± 6.43 55 ± 5.23 59 ± 4.65 >0.05
Weight (kg) 70 ± 10.56 99 ± 5.87* 66 ± 3.21 107 ± 4.32* <0.05
BMI (<25 kg/m2) 26 ± 2.13 43 ± 4.3* 25 ± 4.23 38.64 ± 3.45* <0.05
Waistline (cm) 87.6 ± 4.23 120 ± 3.7a* 89.5 ± 3.21 117.6 ± 2.8* <0.05
Hipline (cm) 104 ± 6.54 127.5 ± 5.45* 101.2 ± 4.65 128 ± 4.54* <0.05
Waist-to-hip ratio 0.84 ± 0.1 0.94 ± 0.06* 0.88 ± 0.09 0.92 ± 0.08* <0.05
SBP (mmHg) 118.3 ± 12.1 126.8 ± 13.0* 122 ± 6.23 125 ± 11.1* <0.05
DBP (mmHg) 72 ± 3.56 86 ± 7.5* 78.7 ± 9.7 86.00 ± 12.00* <0.05

Abbreviations: n: number; M: male; F: female; BMI: Body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure. Values represent . . .. . . means ± SEM for
the number of patients indicated. *P < 0.05 was considered statistically significant when compared with control group.
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in expression of obese patients (G2). On contrast, diabetic non
obese subjects (G3) showed differential pattern of expression
within the same group. 40% of group (10 subjects) showed overex-
pressed PPARG expression and 28% (7 subjects) showed down reg-
ulated PPARG gene expression while 32% of group subjects showed
no change in PPARG gene expression.
4

3.4. Correlation between gene expression and demographic markers

A significant positive correlation was found between PPARG
gene expression and BMI, WC and WHR in both obese group (G2)
and diabetic obese (G4). Positive correlation was also found
between PPARG gene expression and WC in the same both groups



Table 3.2
Difference in the levels of biochemical markers in the patients.

Parameter G1 (Control) G2 (Obese) G3 (T2DM) G4 (T2DM&Obese) P-value

FBG 90 ± 9.7 106.0 ± 22.6 170 ± 27.2* 157 ± 22.34* <0.05
PBG 110.16 ± 14.11 108.34 ± 10.98 215.05 ± 18.31* 245.55 ± 13.15* <0.05
HbA1c 5.1 ± 1 5.9 ± 0.6 6.65 ± 0.65* 8.45 ± 0.76* <0.05
TG 87.45 ± 16.7 155.0 ± 44.0* 98.75 ± 13.17 173 ± 34.32* <0.05
TC 157 ± 10.54 209 ± 45.4* 180 ± 23.45 227.9 ± 66.8* <0.05
LDLc 67.5 ± 16.21 122.1 ± 23.43* 88.54 ± 20.21 130 ± 11.21* <0.05
HDLc 85.1 ± 10.3 45.1 ± 9.53* 76 ± 7.76 39.32 ± 6.32* <0.05
S.Cr. 0.1 ± 0.88 0.11 ± 0.75 ± 0.680.06 0.12 ± 0.78 >0.05
S.GPT 18 ± 3.34 52 ± 5.41* 26 ± 4.14 66 ± 7.41* <0.05
S.GOT 22 ± 5.43 30 ± 10.3 20 ± 3.47 27 ± 6.11 >0.05
CRP 1.28 ± 0.47 29.5 ± 5.87 12.6 ± 2.65* 22 ± 3.87* <0.05
Hb 13.52 ± 0.53 10.05 ± 0.31* 11.82 ± 0.84 10.08 ± 0.75* <0.05

Abbreviations: FBS: Fasting blood glucose; PBG: postprandial blood glucose; HbA1C: glycosylated hemoglobin A1C. TG: Triglyceride; TC: Total Cholesterol; LDL-C: Low
density lipoprotein cholesterol; HDL-C: High density lipoprotein cholesterol; S.Cr: serum creatinine; S.GPT: Glutamat- pyruvic transaminase; S.GOT: Glutamat- oxaloacetate
transaminase; CRP: C-reactive protein; Hb: Hemoglobin. *P < 0.05 was considered statistically significant when compared with control group.

Table 3.3
Differential pattern of PPARG gene expression in all groups of study.

Group PPARG gene expression P

G 2 (Obese) (5.11 ± 1.21) * <0.05
G 3 (T2DM)
No Change (1.1 ± 0.08) (32%) >0.05
Overexpressed (1.8 ± 0.56) * (40%) <0.05
Downregulated (-2.1 ± 0.32) * (28%) <0.05
Group 4 (Obese & T2DM) (3.8 ± 0.86) * <0.05

Data are expressed as mean ± SEM.
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(G 2 & G4). It was also observed that there was a positive correla-
tion between PPARG expression and hipline in obese patients (G2).
There was no significant correlation observed among PPARG gene
expression and demographic markers in the control (G1) and dia-
betic (G3) group. No correlation found with age and systolic and
diastolic blood pressure in both groups (G2 and G4). Data are
shown in Tables 3.4 and 3.5.
3.5. Correlation between PPARG expression and biochemical
characteristics

There was a significant (P < 0.05) positive correlation between
PPARG gene expression with in both obese (G2) and diabetic obese
(G4) group and TG, LDLc and GPT. The obese category of patients
also showed a significantly negative intercorrelation with PPARG
gene expression and hemoglobin. In addition, there was a strong
positive correlation between PPARG gene expression and both fast-
Table 3.4
Intercorrelations in Obese patients (G2).

R PPARG BMI Hipline (cm) WC
(cm)

WHR

PPARG ——— 0.65* 0.46* 0.51* 0.64*
BMI 0.65* ——— 0.43* 0.71* 0.54*
Hipline (cm) 0.46* 0.43* ——— 0.50* 0.50*
WC (cm) 0.51* 0.71* 0.50* ——— 0.68*
WHR 0.64* 0.54* 0.50* 0.68* ———
TG 0.74* 0.54* 0.41 0.65* 0.53*
TC 0.21 0.43* 0.26 0.30 0.32
LDLc 0.72* 0.52* 0.31 0.45 0.21
HDLc 0.32 �0.40* 0.05 0.21 0.30
GPT 0.51* 0.47* 0.11 0.13 0.11
CRP 0.66* 0.57* 0.41 0.51* 0.44
Hb �0.53* 0.31 0.26 0.16 0.30

Abbreviations: r: Spearman correlation coefficient; PPARG: peroxisome proliferator act
Waist to hip ratio; TG: Triglyceride; TC: Total Cholesterol; LDL-C: Low density lipoprotei
Hb: Hemoglobin. *: P < 0.05 statistically significant.
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ing and glycated hemoglobin in diabetic obese group (G4) indicat-
ing the strength of the relationship between these PPARG gene
expression and the glycemic control profile of patients. A strong
positive correlation was found between PPARG gene expression
and the acute phase protein CRP in both groups of obesity (G2
and G4) confirming the synergetic regulatory effect of PPARG on
inflammation. PPARG gene expression did not show any correla-
tion with biochemical parameters in both control and T2DM
groups suggesting its important impact on obesity. Correlation
coefficient (r) and significance (p) are shown in Table 3.4 and
Table 3.5.

3.6. Correlation between demographic and biochemical markers

In obese group (G2), there was a direct positive relationship
between BMI and TG, TC, LDL-C, and TG and a negative correlation
between BMI and HDLc. This correlation between BMI and lipopro-
tein levels, has been proposed to be a strong contributing risk fac-
tor for obesity development. A positive correlation was also
observed between BMI and CRP and GPT. It was also observed a
significant positive correlation between Waistline and both TC
and CRP in obese patients (G2). In diabetic obese group of patients
(G4), BMI exerted a positive correlation with all of PPBG, TG, LDLc,
GPT and CRP. Waistline exerted a positive correlation with TG, TC,
LDLc and CRP. A good intercorrelation was observed between gly-
cemic biomarkers (FBG, PPBG and HbA1C) in diabetic obese group
(G4). There was significant positive intercorrelation between lipid
profile markers in both obese and diabetic obese patients. Data are
shown in Table 3.4. No significant correlations were observed in
TG TC LDLc HDLc GPT CRP Hb

0.74* 0.21 0.72* 0.32 0.51* 0.66* �0.53*
0.54* 0.43* 0.52* �0.40* 0.47* 0.57* 0.31
0.41 0.26 0.31 0.05 0.11 0.41 0.26
0.65* 0.30 0.45 0.21 0.13 0.51* 0.16
0.53* 0.32 0.21 0.30 0.11 0.44 0.30
——— 0.41* 0.22 0.08 0.51* 0.55* 0.35
0.41* —— 0.65* 0.22 0.12 0.19 0.21
0.22 0.65* ——— 0.32 0.41 0.48* 0.34
0.08 0.22 0.32 ——— 0.09 0.17 0.08
0.51* 0.12 0.41 0.09 ——— 0.31 0.23
0.55* 0.19 0.48* 0.17 0.31 ——— 0.11
0.35 0.21 0.34 0.08 0.23 0.11 ———

ivated receptor gamma; BMI: Body mass index; WC: Waist circumference; WHR:
n cholesterol; HDL-C: High density lipoprotein cholesterol; CRP: C-reactive protein;



Table 3.5
Intercorrelation in diabetic obese patients(G4).

R PPARG BMI Hipline
(cm)

WC
(cm)

WHR FBG PBG HbA1c TG TC LDLc HDLc GPT CRP Hb

PPARG ——— 0.61* 0.31 0.51* 0.65* 0.55* 0.39 0.67* 0.74* 0.12 0.60* 0.11 0.81* 0.46* 0.19
BMI 0.61* ——— 0.41* 0.71* 0.48* 0.16 0.40* 0.21 0.55* 0.41 0.47* 0.38 0.51* 0.57* 0.31
Hipline (cm) 0.31 0.41* ——— 0.39* 0.54* 0.09 0.44* 0.29 0.51* 0.19 0.28 0.15 �0.21 0.27 0.26
WC (cm) 0.51* 0.71* 0.39* ——— 0.61* 0.35 0.29 0.18 0.58* 0.65* 0.40 �0.11 0.16 0.51* 0.16
WHR 0.65* 0.48* 0.54* 0.61* ——— 0.32 0.17 0.11 0.34 0.40 0.16 0.21 0.18 0.42 0.33
FBG 0.55* 0.16 0.09 0.35 0.32 ——— 0.57* 0.69* 0.42 0.29 0.43 �0.35 �0.20 0.70* �0.61*
PBG 0.39 0.40* 0.44* 0.29 0.17 0.57* ——— 0.43 0.54* 0.11 o.27 �0.13 0.18 0.21 0.11
HbA1c 0.67* 0.21 0.29 0.18 0.11 0.69* 0.43 ——— 0.11 0.08 0.03 0.05 0.11 0.44 0.41
TG 0.74* 0.55* 0.51* 0.58* 0.34 0.42 0.54* 0.11 ——— 0.41* 0.08 0.16 0.34 0.12 0.35
TC 0.12 0.41 0.19 0.65* 0.40 0.29 0.11 0.08 0.41* —— 0.56* �0.05 0.12 0.07 0.21
LDLc 0.60* 0.47* 0.28 0.40* 0.16 0.43 0.27 0.03 0.08 0.56* ——— �0.03 0.11 0.13 0.34
HDLc 0.11 0.38 0.15 �0.11 0.21 �0.35 �0.13 0.05 0.16 �0.05 �0.03 ——— 0.21 �0.08 0.04
GPT 0.81* 0.51* �0.21 0.16 0.18 �0.20 0.18 0.11 0.34 0.12 0.11 0.21 ——— 0.17 0.23
CRP 0.46* 0.57* 0.27 0.51* 0.42 0.70* 0.21 0.44 0.12 0.07 0.13 �0.08 0.17 ——— �0.05
Hb 0.19 0.31 0.26 0.16 0.33 �0.61* 0.11 0.41 0.35 0.21 0.34 0.04 0.23 �0.05 ———

Abbreviations: r: Spearman correlation coefficient; PPARG: peroxisome proliferator activated receptor gamma; BMI: Body mass index; WC: Waist circumference; WHR:
Waist to hip ratio; FBS: Fasting blood glucose; TG: Triglyceride; TC: Total Cholesterol; LDL-C: Low density lipoprotein cholesterol; HDL-C: High density lipoprotein
cholesterol; CRP: C-reactive protein; Hb: Hemoglobin.*: P < 0.05 statistically significant.
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both control and T2DM group except for a good correlation
between glycemic markers in T2DM group.
4. Discussion

Obesity is an important public health problem as it increases
the risk of developing diabetes, heart disease, stroke, and
atherosclerosis. Understanding molecular mechanisms of fat depo-
sition and hyperlipidemia may help to identify patients under risk
of obesity (Manna and Jain, 2015). However, there is a limited
genetic background of obesity. PPARG has been reported to regu-
late lipid and glucose metabolism, cell proliferation and inflamma-
tion (Wagner et al., 2020). PPARG is required for adipocyte
differentiation and is a key transcription factor for the expression
of fat-specific genes during adipogenesis and can modulate sys-
temic insulin resistance (Evseeva et al., 2021).

Obesity is known to be associated with increased expression of
genes associated with inflammation in adipose tissue (Torres et al.,
2022). PPARG was shown to modulate these inflammatory actions
by suppression of inflammatory gene transcription and reversing
macrophage infiltration (Nair et al., 2019). PPARG can control both
macrophage and adipocyte differentiation in adipose tissue
depending on the local environment enabling increased lipid stor-
age capacity (Abaj et al., 2021). During inflammation process,
PPARG can direct cell towards adipocyte differentiation resulting
in retaining inflammatory genes in a suppressed state in adipose
tissue during obesity (Gao et al., 2021). Thus, PPARG induction
appears to be necessary and sufficient for obesity development to
protect against obesity induced inflammation (Decara et al., 2020).

Gene expression studies in different tissues may help to identify
genes that predispose individuals to obesity. In addition, peripheral
blood samples are a convenient source of cells for genetic studies
because it is difficult to obtain permission from a clinic to use tis-
sue samples (Aarøe et al., 2010).

Therefore, the present study aimed to investigate the changes in
relative PPARG gene expression profiling in serum of obese and
diabetic obese patients in comparison to control and diabetic sub-
jects. Also, to assess its pathogenic role in obese and diabetic obese
patients. We also assessed the correlation of expression of PPARG
with biochemical characteristics of patients. We also, estimated
the PPARG potential for deteriorated kidney and liver functions
during obesity progression.

Our results clearly showed that obese (G2) and diabetic obese
(G4) individuals exerted increased PPARG mRNA levels in serum
6

when compared to diabetic nonobese patients (G3) (Table 3.3)
and is directly correlated with their BMI, WC and WHR (Tables
3.4 & 3.5). On contrast, such directed trend of PPARG relative
expression toward increase was not observed in serum of diabetic
group (G3) but a differential expression was observed within the
same group (Table 3.3). Based on previous results of PPARG gene
expression between group, we could suggest the regulatory role
of PPARG in fat deposition in tissue and could be related to the
expansion of the adipose tissue mass observed in obese patients.
PPARG mRNA was previously reported to be dysregulated in adi-
pose tissue secondary to obesity and increased food intake and
could be of pathogenic importance (Wagner et al., 2020). In addi-
tion, PPARG variant was reported to be associated with increased
body mass index (Sarhangi et al., 2020).

Our results showed that there was a significant (P < 0.05) posi-
tive correlation between PPARG gene expression with in both
obese (G2) and diabetic obese (G4) group and TG and LDLc. These
data are consistent with previous study that proved PPARG activa-
tion also regulates the transcription of genes that promote the syn-
thesis of triglycerides (El Akoum, 2014). Based on the results of
correlation analysis, PPARG relative expression was suggested to
be used as potential molecule to monitor up in obesity progression
as it is crucial for multiple lipid metabolic pathways and lipid
homeostasis. Upregulation of PPARG in serum of both obese and
diabetic obese patients may lead to increased lipid accumulation
based on the proven positive correlation between the expression
of PPARG with TG, LDL and BMI.

Positive correlation was also found between PPARG mRNA in
serum of obese individuals (G2 and G4) and S.GPT activity suggest-
ing obesity induced liver disease. In previous studies, it was shown
that PPARG induce lipogenic transcription factor in the liver that
contributes to steatosis (Vanessa, 2015). In accordance with the
previously reported data by (Darwish et al., 2021) that PPARG
overexpression has a role in diabetic complications in type 2 dia-
betes, our study showed a positive correlation between PPARG
mRNA expression and glycemic control markers in diabetic obese
patients (G4).

The link between inflammation and obesity is well-known and
is proved by increased acute phase proteins like C-reactive protein
(CRP) which is considered as an independent biomarker for the
development of obesity (Sun et al., 2021). PPARG is expressed on
numerous immune cells and can modulate inflammatory response
especially in macrophages by shifting production from pro to anti-
inflammatory mediators. PPARG could exert anti-inflammatory
properties against obesity induced inflammation by modulation
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of immune cell by directing its differentiation to adipocyte rather
than being macrophage (Cataldi et al., 2021).

Was previously proved to Our data also showed a marked pos-
itive correlation between serum PPARG mRNA and CRP in both
groups of obesity (G2 and G4) emphasizing the counteracting
effect of PPARG in obesity induced inflammation. These data sug-
gest that a low-grade of chronic inflammatory state is induced dur-
ing obesity progression and PPARG expression is activated to
protect against obesity induced inflammation.

5. Conclusion

Our data now demonstrated differential pattern of PPARG
expression between the studied groups. Together with its signifi-
cant correlation with lipid profile and demographic characteristics
(BMI, hipline, and WC) of obese subjects we could suggest that
PPARG may have regulatory role in absolute fat mass storage and
in obesity development. In addition, the correlation of PPARG tran-
script with glycemic control profile in diabetic obese subjects may
underlie PPARG role of in the insulin signaling pathway and its
possible pathophysiological importance in the development of
complications of obesity. Altogether, these results will suggest that
the potential change in PPARG expression may provide comple-
mentary data on obesity and type 2 diabetes susceptibility. Sample
size was one of the limitations of this study due to the lack of large
numbers of RT-PCR tests to quantify differential PPARG gene
expression in our canter. Therefore, experiments with large sample
size will be necessary to validate our results to reach more precise
conclusion.
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