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ABSTRACT: Finding a feasible test for screening for insulin resistance (IR) in healthy adults can significantly reduce the 
incidence of plethora of metabolic and cardiovascular diseases and for this reason the current study was aimed to 
evaluate the prognostic value of peroxisome proliferator-activated receptor γ (PPAR-γ) gene expression and global DNA 
methylation in prediction of IR in healthy adults in a cross-sectional study conducted on 100 euglycemic, non-diabetic 
apparently healthy adults of both sexes, aged ≥45 years old with HbA1C ≤6.5%, who were categorized into insulin 
sensitive (IS) and IR according to Homeostatic Model Assessment of IR (HOMA-IR). Global DNA methylation was 
estimated with enzyme linked immune-sorbent assay using a ready commercial kit. Quantitative polymerase chain 
reaction (qPCR) was used to estimate PPAR-γ gene expression in relation reference gene and the results revealed that 
out of 100 apparently healthy subjects, 30 subjects (30%) had IR. The ∆Ct of PPARγ gene was significantly lower in the IR 
individuals (6.49±2.46) in comparison to 8.13±1.37 of the IS individuals. However, it has relative low sensitivity and 
specificity (56% and 53%, respectively). There was no significant difference between individual with and without IR in 
the intensity of global DNA methylation that may lead to conclude that PPAR-γ gene expression is significantly reduced 
in individuals with IR; however, it cannot be used as a screening test for IR, due to low sensitivity and specificity. Global 
DNA methylation seems to have no association with IR. 

KEYWORDS: Global DNA methylation; homeostatic model assessment; insulin resistance; peroxisome proliferate 
activator receptor-γ gene; type 2 diabetes. 

 1.  INTRODUCTION 

The defining trait of type 2 diabetes (T2DM) and a number of other cardiometabolic disorders, 
including obesity, hypertension, and cardiovascular disease (CVD), is insulin resistance (IR). The intricate 
interaction between genetic and environmental variables leads to IR [1]. Prediction of IR in healthy adults 
can have a great impact and individual’s health as it could be used as a risk alarm to change the life style in 
order to avoid the aforementioned pathological conditions. Although, the Homeostatic Model Assessment of 
IR (HOMA-IR) is currently the reliable test for IR, it has some drawbacks mainly cost, accessibility and 
replicability issues [2]. Several alternatives have been proposed with varying degrees of specificity and 
sensitivity such as Triglyceride/HDL-c ratio had a very good predictive value for IR [3]. 

A member of the pleiotropic nuclear receptor 1C (NR1C) family, which is sometimes referred to as the 
PPAR family, is peroxisome proliferator-activated receptor γ (PPARγ) [4]. This nuclear receptor family 
includes a class of transcription factors that are controlled by ligands and have a broad distribution across 
tissues, targeting a diverse range of genes and functions [3], such as growth factors, antioxidant enzymes 
and proinflammatory factors. Four distinct subtypes of PPAR-γ mRNA (-γ1, -γ2, -γ3, and -γ4) are produced 
in humans as a result of alternate promoter use and PPAR- gene - γ splicing [5]. It has been demonstrated 
that PPAR-γ activation by their ligands increases glucose transporter gene expression in peripheral organs, 
specifically in glucose transporter 1 (GLUT1) and GLUT4. They significantly change the expression of genes 
in fat tissue. Furthermore, such activation was found to decreased the expression of resistin and tumor 

 
İD 

 
İD 

 
İD 



Khalid et al. 
PPAR-γ Gene Expression and Insulin Resistance 

Journal of Research in Pharmacy 
 Research Article 

 

 

 https://dx.doi.org/10.29228/jrp.2022.00     
J Res Pharm 2025; 29(1): 272-279 

273 

necrosis factor-alpha (TNF-α), two factors that cause IR. Ergo, it is plausible to assume that low expression of 
PPAR- γ, due to whatever cause, could be associated with IR [6]. 

 Epigenetic means a genetic control by factors other than an individual's DNA sequence. It. acts as a 
link between genetic makeup and external environmental factors. Several types of epigenetic modification 
are presents, of which DNA methylation is the most widely studied. DNA methyltransferases transfer a CH3 
group covalently to the C-5 of the DNA cytosine ring as part of an inherent epigenetic process. [7]. Alteration 
in DAN methylation was found to be associated with different human pathologies including metabolic 
disorders, different cancers, neurological disorders and aging [8]. The most prevalent type of transposable 
elements in humans is the Alu subfamily of repeating elements, a class of Short Interspaced Nuclear 
Elements (SINEs) with a length of approximately 300 base pairs (bp) that are found in the human genome in 
more than a million copies [9]. Changes in the DNA methylation of Alu repeating sequences are 
hypothesized to increase genomic instability [10] and hence increase the risk of IR. On the other hand, 
hypomethylation in Alu sites may cause inflammation [11,12], which contributes to the onset of IR. The 
current research aimed to investigate the prognostic value of PPAR-γ gene expression and global DNA 
methylation in prediction of IR in healthy adults. 

2. RESULTS  

2.1. Insulin Resistance Rate (the link between IR rate & the study to classify the adult subject to 2 groups 
IR & IS) 

Out of 100 subjects that appeared healthy, 30 subjects (30%) had IR, while the remaining 70 patients 
(70%), according to the HOMA-IR model, were IS (Figure 1).  

 
2.2. Insulin Resistance-Related Parameters 

Fasting plasma glucose and HbA1c, per se, were normal with a mean of 89.37±7.9 mg/dl and 
5.14±0.56%, respectively. Fasting insulin was almost normal and ranged from 3.62 to 25.3 mIU/L. However, 
calculated HOMA-IR varied considerably with a mean of 2.51±1.17, range= 0.69-5.37 (Table 1).  

                                                                                                   Table 1. Insulin resistance-related parameters 
         
 

 
Figure 1. Insulin resistance rate in healthy subjects 

 

 

2.3.	Association of DNA methylation and ∆Ct of PPARγ Gene with Insulin Resistance 

The ∆Ct of PPARγ gene was significantly lower in the IR individuals (6.49±2.46) in comparison to 
8.13±1.37 of the IS individuals whereas, DNA methylation was not different in between the two groups 
(Table 2). 

 

Variables  Value 
FPG, mg/dL 
 Mean±SD 
 Range  

 
89.37±7.9 
72-109 

HbA1c, % 
 Mean±SD 
 Range 

 
5.14±0.56 
4.19-6.4 

Fasting insulin, mIU/L 
 Mean±SD 
 Median 
 Range 

 
11.33±5.09 
10.3 
3.62-25.3 

HOMA-IR 
 Mean±SD 
 Range 

 
2.51±1.17 
0.69-5.37 
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Table 2. Association of DNA methylation and ∆Ct with Insulin Resistance 

Variables  Insulin sensitive 
(70) 

Insulin resistance 
(30) 

P-value* 

DNA methylation 
 Mean±SD 
 Median 
 Range 

 
2.00±1.76 

1.06 
0.25-5.7 

 
1.59±1.68 

0.83 
0.44-6.52 

 
0.138 

∆Ct of PPARγ gene, fold 
 Mean±SD 
 Median 
 Range 

 
8.13±1.37 

7.85 
5.7-11.8 

 
6.49±2.46 

7.5 
0.8-9.3 

 
 

0.013 

*Mann Whitney U test 

2.4. Prognostic Value of ∆Ct in Prediction Insulin Resistance in healthy individuals    

Utilizing a Receiver Operating Characteristic (ROC) curve, the diagnostic value of ∆Ct in the 
identification of IR was assessed. Area under the curve (AUC) was 0.567, 95%CI = 0.536-0.779, p = 0.013. The 
test's results showed 56% sensitivity and 53% specificity, 7.75 was the optimal cut off value for ∆Ct. as shown 
in Figure 2.  

 
Figure 2. Receiver operating characteristic curve for ∆Ct in detection of insulin resistance in healthy subjects 

3. DISCUSSION 

The current study's findings indicate that there was no discernible difference in global DNA 
methylation between IS and IR patients. This contradicts many previous studies. Zhao and colleagues [1] 
used 84 pairs of monozygotic American twins to investigate the relationship between global DNA 
methylation and IR. Using bisulfite pyrosequencing, the amount of global DNA methylation of Alu repeats 
in peripheral blood leukocytes was measured. The research showed that, independent of established risk 
factors, global DNA methylation was substantially linked to IR. After adjusting for a number of variables, an 
average increase in global DNA methylation of 10% was linked to an increase in HOMA of 4.55 units. In 
another study, Simar et al. [12] recruited 19 patients with T2DM and 25 healthy subjects. Using flow 
cytometry, global DNA methylation levels were determined according to cell type. Peripheral blood cells' 
global DNA methylation, particularly that of B and natural killer cells, was positively linked with IR. The 
variation in the results between these studies and ours could be attributed to several factors, the most 
important of which are the assay used to determine the DNA methylation, the gene involved in the 
measurement and participant’s characteristics. In this regard, it was discovered that DNA methylation and 
aging are related. In skeletal muscle from aged participants compared to young subjects, two investigations 
reported enhanced DNA methylation in the promoter of two potential genes (NDUFB6 and COX7A1) [13, 
14].  
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Many explanations exist, despite the fact that the chemical mechanism tying IR and global DNA 
methylation together is unknown up to our knowledge. Changes in DNA methylation may encourage 
genomic instability, which in turn may lead to IR and T2DM. On the other hand, it is likely that DNA 
epigenetic modifications could cause inflammation, a process linked to IR and its side effects [15]. Given that 
telomere shortening has been demonstrated to be epigenetically regulated and linked to both genomic 
instability and global DNA methylation, this suggests another plausible biological mechanism explaining the 
correlation between IR and global DNA methylation [16].  

 In the current investigation, people with IR had significantly lower levels of PPARγ expression. This 
outcome is consistent with another earlier research conducted globally. Ruschke et al. [18] used quantitative 
real-time PCR to evaluate metabolic parameters and the expression of PPARγ and PGC-1α mRNA in 
observational research involving 153 people. The expression of PGC-1α and PPARγ mRNA was linked to 
both cardiovascular risk and indicators of IR. In another research, Dubois and colleagues [19] found that 
obese patients with T2DM had significantly lower adipose tissue PPARγ expression than normal patients. 
According to Mishra et al. [20], visceral adipose tissue IR is strongly influenced by the expression of the 
PPARγ gene. Other studies demonstrated that PPAR-γ increases insulin-stimulated glucose uptake in insulin 
target cells via GLUT4 [21].  

On the other hand, PPARγ agonists have been shown to significantly lower IR [22], which has led to 
the creation of various antidiabetic medications such as pioglitazone (Actos), rosiglitazone (Avandia), and 
troglitazone (Rezulin). In mice, activation of a similar receptor also has physiologic consequences that 
enhance insulin sensitivity [23]. Adipose tissue containing the PPARγ2 gene stimulates adipocyte 
differentiation, or the process of turning immature adipocytes into mature adipocytes, as well as lipid 
synthesis and storage in adipose tissue [24]. Maintaining insulin sensitivity requires adipocyte 
differentiation [25]. Adipocyte hypertrophy, adipose tissue malfunction, and a gradual build-up of 
triglycerides in preexisting adipocytes are the outcomes of impaired adipocyte differentiation [26]. Visceral 
adipose tissue is where fat accumulates when the subcutaneous adipose tissue's storage capacity is 
surpassed due to either overnutrition or defective adipogenesis brought on by a genetic predisposition [27]. 
It is thought that the ensuing lipotoxicity causes IR and T2DM.  By promoting adipocyte development and 
increasing adipocyte flexibility, PPARγ reduces lipotoxicity [28, 29]. Moreover, it has been demonstrated that 
pioglitazone-induced PPARγ activation lowers postprandial triglyceride levels and delays the onset of 
T2DM in rats [30]. This implies that lipotoxicity, postprandial triglyceridemia, and the development of type 2 
diabetes involve PPARγ. 

 
4. CONCLUSION 

Peroxisome proliferator-activated receptor γ gene expression is significantly reduced in healthy adult 
with IR; however, it cannot be used as a screening test for IR, due to low sensitivity and specificity. On the 
other hand, global DNA methylation seems to have no association with IR. 

5. SUBJECTS AND METHODS 

5.1. The Study Population 

This study is a cross-sectional study which was conducted at Al Nahrain university/ college of 
medicine, Al Bayan University and Al-Mustafa University College, Baghdad, Iraq from February to August 
2022. The study included 100 apparently healthy adult subjects of both sexes. Subjects enrolled in the study, 
are euglycemic, non-diabetic adults, ≥45 years old with HbA1C < 6.5%.  the exclusion criteria of the 
volunteers who subjected to the current study are as the following: 

• Subjects with diabetes  
• Subjects with other severe chronic diseases, such as renal and cardiac diseases,  
• Subjects who administered medications that may affect lipid metabolism or IR (such as anti-

hyperlipidemic drugs corticosteroids and)  
• pregnant and breast-feeding women,  

 

5.2. Samples Collection and Laboratory Investigations 

Eight hours of fasting were required for the participants before sample collection. Five milliliters of 
venous blood were drawn the following morning; two milliliters were placed in an 
ethylenediaminetetracetic acid (EDTA) tube, and the remaining three milliliters were placed in a gel tube. 
The samples were allowed to stand at room temperature for half an hour before being centrifuged for five 
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minutes at 3000 rpm. Before being utilized, sera have been collected in eppendorf tubes and kept at -20°C. A 
ready-made commercial kit was used for measuring fasting blood sugar (FBS), fasting insulin, and glycated 
haemoglobin (HbA1c). The HOMA-IR was computed by dividing the fasting insulin by 405 and multiplying 
the FBS. A prior study found that participants were classified as having IR if their HOMA-IR cut off value 
was more than 3.1. [3] 

5.3. RNA Extraction and cDNA Creation 

In order to prevent RNA degradation, RNA extraction was done on the same day as sample collection. 
The Direct-zolTM RNA Miniprep/Zymo/USA ready-made commercial kit was utilized to extract RNA from 
whole blood samples. The manufacturer's instructions were strictly adhered to. Reverse transcription of the 
extracted RNA into cDNA was performed using PrimeScriptTM RT (Takara, Japan). This kit is a lyophilized 
master mix that is ready to use and includes every item needed to synthesize first strand cDNA from an 
RNA template.. 

5.4. Quantitative PCR for Measuring Gene Expression of   Peroxisome Proliferate Activator Receptor-γ 
(PPAR-γ)  

A ready commercial kit (KAPA SYBR® FAST qPCR Master Mix/ kapa/USA) was used for 
quantitative evaluation of  PPAR-γ expression.  In addition to the two primers used for the amplification of 
the reference gene (glyceraldehyde-3-phosphate dehydrogenase protein, or GAPDH gene), two primers 
were also employed for the amplification of the PPAR-γ gene in blood samples as illustrated in Table 3 and 
4.  
Table 3. Primers used for the amplification of the reference gene PPAR 

I. Target Gene PPAR 

Primer Sequence Tm 
(ᵒC) 

GC (%) 

Forward 5′-CTTCTGGATTTCACTATGGAG -3′ 66 60 
Reverse 5 ′-AAGGTGTCCTGCTACATCAT -3′ 66 58 

  
Table 4. Primers used for the amplification of the reference gene GAPDH 

II. Reference Gene GAPDH 

Primer Sequence Tm (ᵒC) GC (%) 

Forward 5′- TGCCCAGAACATCATCCCTG-3′ 57.3 58 
Reverse 5′-TCAGATCCACAACGGACACG -3′ 57.1 58 

 
Five microliters of the RNA extract, one microliter of 2.5 mM deoxyribonucleoside triphosphate 

(dNTPs), 0.3 microliters of the RT primer, and four microliters of RT 5x buffer (10 mM Tris pH 8.9, 1.5 mM 
MgCl2, 80 mM KCl) made up the reaction mixture. Pre-denaturation at 95 °C for 5 minutes is part of the PCR 
condition. Thereafter, there are 40 cycles of denaturation at 95 °C for 20 seconds and annealing/extension at 
72 °C for 30 seconds. 

The amplification and melting graphs were examined following the completion of the process. Every 
miRNA sample was given a threshold cycle (Ct) value, which was subsequently normalized to produce ⁄Ct 
values, which were then used to illustrate the relative expression values of the reference gene.  

Gene Expression was calculated according to the following equation:   

Folding =2-ΔΔCT 

ΔCT=CT gene - CT House Keeping gene 

ΔΔCT=ΔCT Treated - ΔCT Control 

5.5. Global DNA Methylation 

 The global DNA methylation was estimated using an enzyme linked immune-sorbent assay (ELISA) 
kit (5'-Methyl-2'-Deoxycytidine Quantitation/ Cell Biolabs/USA) in accordance with the manufacturer's 
instructions. In summary, leukocyte genomic DNA was extracted using a ready-made commercial kit 
(Genaid/ Taiwan). The isolated DNA was quickly cooled on ice after being incubated for five minutes at 
95oC to form a single strand. Nuclease P1 and 20 mM sodium acetate were used to breakdown the 
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denatured DNA into nucleosides, which was then treated with alkaline phosphatase.  After that, the mixture 
was centrifuged, and the supernatant was gathered. Each test well on the plate received 50 µL of the sample, 
which was then incubated for 10 minutes at room temperature. After the washing procedures, the kit's 
included anti-5MedCyd antibodies were added to the wells. The combination was mixed with 100 µL of the 
substrate solution, 100 diluted secondary anti-HRP conjugate, and stop solution. At 450 nm, the absorbance 
was measured. 

 
5.6. Statistical Analysis 

Version 25 of the Statistical Package for Social Sciences (SPSS) program was used for all analyses. The 
Shapiro-Wilk test was used to determine the normality of continuous data. Normal distribution variables 
were reported as mean ± standard deviation (SD) and subjected to independent t-test analysis [31]. Non-
normally distributed variables were evaluated using a non-parametric Mann Whitney U-test and expressed 
as median and range. Chi square analysis was used to express categorical data as numbers and percentages. 
To evaluate the correlation between several continuous variables, Pearson's correlation was employed. In 
discrimination subjects with and without IR, the diagnostic value of PPAR-γ gene expression was assessed 
using a receiver operating characteristics (ROC) curve. Significant results were defined as a p level of ≤ 0.05 
[32, 33]. 

This is an open access article which is publicly available on our journal’s website under Institutional Repository at http://dspace.marmara.edu.tr.      

Acknowledgements: We would like to express our gratitude to the all participates subjects in the article including 
patients, College of Medicine / Al-Nahrain University, International Center for Research and Development, Wahaj 
Aldna Center and Al-Atifia Specialist Laboratory. 

Author contributions: Concept –  Z.H., Q.A.; Design – S.K., Z.H.; Supervision – Z.H., Q.A.; Resources – S.K., Q.A.; 
Materials – S.K.; Data Collection and/or Processing – S.K., Z.H.; Analysis and/or Interpretation – S.K., Q.A.; 
Literature Search – S.K., Z.H.; Writing – S.K.; Critical Reviews – Z.H., Q.A. 

Conflict of interest statement: “The authors declared no conflict of interest” in the manuscript. 

REFERENCES    

[1] Zhao J, Goldberg J, Bremner JD, Vaccarino V. Global DNA methylation is associated with insulin resistance: A 
monozygotic twin study. Diabetes. 2012;61(2):542-546. https://doi.org/10.2337/db11-1048 

[2] Espinel-Bermúdez MC, Robles-Cervantes JA, del Sagrario Villarreal-Hernández L, Villaseñor-Romero JP, 
Hernández-González SO, González-Ortiz M, Martínez-Abundis E, Pérez-Rubio KG. Insulin resistance in adult 
primary care patients with a surrogate index, Guadalajara, Mexico, 2012. J Investig Med. 2015;63(2):247-250. 
https://doi.org/10.1097/jim.0000000000000130 

[3] Ghani ZA, Qaddori H, Al-Mayah Q. Triglyceride/high-density lipoprotein ratio as a predictor for insulin resistance 
in a sample of healthy Iraqi adults. J Med Life. 2023;16(5):668-674. https://doi.org/10.25122/jml-2022-0239 

[4] Janani C, Ranjitha Kumari BD. PPAR gamma gene–a review. Diabetes Metab Syndr. 2015;9:46–50. 
https://doi.org/10.1016/j.dsx.2014.09.015 

[5] Grygiel-Gorniak B. Peroxisome proliferator-activated receptors and their ligands: Nutritional and clinical 
implications–a review. Nutr J. 2014;13:17. https://doi.org/10.1186/1475-2891-13-17 

[6] Sokkar S, El-Sharnouby JA, Helmy A, El-Bendary A, Ahmad LS, Okasha K. Role of peroxisome proliferator 
activated receptor gamma2 (PPAR-γ2) gene polymorphism in type 2 diabetes mellitus. Eur J Gen Med. 2009;6(2):78-
86. https://doi.org/10.29333/ejgm/82645 

[7] Marx N, Froehlich J, Siam L, Ittner J, Wierse G, Schmidt A, Scharnagl H, Hombach V, Koenig W. Antidiabetic PPAR 
gamma-activator rosiglitazone reduces MMP-9 serum levels in type 2 diabetic patients with coronary artery 
disease. Arterioscler Thromb Vasc Biol. 2003;23(2):283-288. https://doi.org/10.1161/01.atv.0000054195.35121.5e 

[8] Robertson KD. DNA methylation and human disease. Nat Rev Genet. 2005;6:597–610. 
https://doi.org/10.1038/nrg1655 

[9] Jin Z, Liu Y. DNA methylation in human diseases. Genes Dis. 2018;5(1):1-8.   
https://doi.org/10.1016/j.gendis.2018.01.002 

[10] Lander ES, Linton LM, Birren B, Nusbaum C, Zody MC, Baldwin J, Devon K, Dewar K, Doyle M, FitzHugh W, 
Funke R, Gage D, Harris K, Heaford A, Howland J, Kann L, Lehoczky J, LeVine R, McEwan P, McKernan K, 
Meldrim J, Mesirov JP, Miranda C, Morris W, Naylor J, Raymond C, Rosetti M, Santos R, Sheridan A, Sougnez C, 
Stange-Thomann Y, Stojanovic N, Subramanian A, Wyman D, Rogers J, Sulston J, Ainscough R, Beck S, Bentley D, 
Burton J, Clee C, Carter N, Coulson A, Deadman R, Deloukas P, Dunham A, Dunham I, Durbin R, French L, 
Grafham D, Gregory S, Hubbard T, Humphray S, Hunt A, Jones M, Lloyd C, McMurray A, Matthews L, Mercer S, 
Milne S, Mullikin JC, Mungall A, Plumb R, Ross M, Shownkeen R, Sims S, Waterston RH, Wilson RK, Hillier LW, 
McPherson JD, Marra MA, Mardis ER, Fulton LA, Chinwalla AT, Pepin KH, Gish WR, Chissoe SL, Wendl MC, 
Delehaunty KD, Miner TL, Delehaunty A, Kramer JB, Cook LL, Fulton RS, Johnson DL, Minx PJ, Clifton SW, 



Khalid et al. 
PPAR-γ Gene Expression and Insulin Resistance 

Journal of Research in Pharmacy 
 Research Article 

 

 

 https://dx.doi.org/10.29228/jrp.2022.00     
J Res Pharm 2025; 29(1): 272-279 

278 

Hawkins T, Branscomb E, Predki P, Richardson P, Wenning S, Slezak T, Doggett N, Cheng JF, Olsen A, Lucas S, 
Elkin C, Uberbacher E, Frazier M, Gibbs RA, Muzny DM, Scherer SE, Bouck JB, Sodergren EJ, Worley KC, Rives 
CM, Gorrell JH, Metzker ML, Naylor SL, Kucherlapati RS, Nelson DL, Weinstock GM, Sakaki Y, Fujiyama A, 
Hattori M, Yada T, Toyoda A, Itoh T, Kawagoe C, Watanabe H, Totoki Y, Taylor T, Weissenbach J, Heilig R, Saurin 
W, Artiguenave F, Brottier P, Bruls T, Pelletier E, Robert C, Wincker P, Smith DR, Doucette-Stamm L, Rubenfield 
M, Weinstock K, Lee HM, Dubois J, Rosenthal A, Platzer M, Nyakatura G, Taudien S, Rump A, Yang H, Yu J, Wang 
J, Huang G, Gu J, Hood L, Rowen L, Madan A, Qin S, Davis RW, Federspiel NA, Abola AP, Proctor MJ, Myers RM, 
Schmutz J, Dickson M, Grimwood J, Cox DR, Olson MV, Kaul R, Raymond C, Shimizu N, Kawasaki K, Minoshima 
S, Evans GA, Athanasiou M, Schultz R, Roe BA, Chen F, Pan H, Ramser J, Lehrach H, Reinhardt R, McCombie WR, 
de la Bastide M, Dedhia N, Blöcker H, Hornischer K, Nordsiek G, Agarwala R, Aravind L, Bailey JA, Bateman A, 
Batzoglou S, Birney E, Bork P, Brown DG, Burge CB, Cerutti L, Chen HC, Church D, Clamp M, Copley RR, Doerks 
T, Eddy SR, Eichler EE, Furey TS, Galagan J, Gilbert JG, Harmon C, Hayashizaki Y, Haussler D, Hermjakob H, 
Hokamp K, Jang W, Johnson LS, Jones TA, Kasif S, Kaspryzk A, Kennedy S, Kent WJ, Kitts P, Koonin EV, Korf I, 
Kulp D, Lancet D, Lowe TM, McLysaght A, Mikkelsen T, Moran JV, Mulder N, Pollara VJ, Ponting CP, Schuler G, 
Schultz J, Slater G, Smit AF, Stupka E, Szustakowki J, Thierry-Mieg D, Thierry-Mieg J, Wagner L, Wallis J, Wheeler 
R, Williams A, Wolf YI, Wolfe KH, Yang SP, Yeh RF, Collins F, Guyer MS, Peterson J, Felsenfeld A, Wetterstrand 
KA, Patrinos A, Morgan MJ, de Jong P, Catanese JJ, Osoegawa K, Shizuya H, Choi S, Chen YJ, Szustakowki J; 
International Human Genome Sequencing Consortium. Initial sequencing and analysis of the human genome. 
Nature. 2001;409(6822):860-921. doi: 10.1038/35057062. Erratum in: Nature 2001;412(6846):565. Erratum in: Nature 
2001;411(6838):720. Szustakowki, J [corrected to Szustakowski, J]. https://doi.org/10.1038/35057062. 

[11] Weisenberger DJ, Campan M, Long TI, Kim M, Woods C, Fiala E, Ehrlich M, Laird PW. Analysis of repetitive 
element DNA methylation by MethyLight. Nucleic Acids Res. 2005;33(21):6823-6836. 
https://doi.org/10.1093/nar/gki987 

[12] Wierda RJ, Geutskens SB, Jukema JW, Quax PH, van den Elsen PJ. Epigenetics in atherosclerosis and 
inflammation. J Cell Mol Med. 2010;14(Suppl. 6A):1225–1240. https://doi.org/10.1111/j.1582-4934.2010.01022.x 

[13] Simar D, Versteyhe S, Donkin I, Liu J, Hesson L, Nylander V, Fossum A, Barrès R. DNA methylation is altered in B 
and NK lymphocytes in obese and type 2 diabetic human. Metabolism. 2014;63(9):1188-1197. 
https://doi.org/10.1016/j.metabol.2014.05.014 

[14] Ling C, Poulsen P, Simonsson S, Rönn T, Holmkvist J, Almgren P, Hagert P, Nilsson E, Mabey AG, Nilsson P, Vaag 
A, Groop L. Genetic and epigenetic factors are associated with expression of respiratory chain component NDUFB6 
in human skeletal muscle. J Clin Invest. 2007;117(11):3427-3435. https://doi.org/10.1172/jci30938 

[15] Rönn T, Poulsen P, Hansson O, Holmkvist J, Almgren P, Nilsson P, Tuomi T, Isomaa B, Groop L, Vaag A, Ling C. 
Age influences DNA methylation and gene expression of COX7A1 in human skeletal muscle. Diabetologia. 
2008;51(7):1159-1168. https://doi.org/10.1007/s00125-008-1018-8 

[16] Shoelson SE, Lee J, Goldfine AB. Inflammation and insulin resistance. J Clin Invest. 2006;116:1793–1801. 
https://doi.org/10.1172/jci29069 

[17] Sampson MJ, Winterbone MS, Hughes JC, Dozio N, Hughes DA. Monocyte telomere shortening and oxidative 
DNA damage in type 2 diabetes. Diabetes Care. 2006;29:283–289. https://doi.org/10.2337/diacare.29.02.06.dc05-
1715 

[18] Ruschke K, Fishbein L, Dietrich A, Klöting N, Tönjes A, Oberbach A, Fasshauer M, Jenkner J, Schön MR, Stumvoll 
M, Blüher M, Mantzoros CS. Gene expression of PPARgamma and PGC-1alpha in human omental and 
subcutaneous adipose tissues is related to insulin resistance markers and mediates beneficial effects of physical 
training. Eur J Endocrinol. 2010;162(3):515-523. https://doi.org/10.1530%2FEJE-09-0767 

[19] Dubois SG, Heilbronn LK, Smith SR, Albu JB, Kelley DE, Ravussin E. Look AHEAD Adipose Research Group. 
Decreased expression of adipogenic genes in obese subjects with type 2 diabetes. Obesity (Silver Spring). 
2006;14:1543–1552. https://doi.org/10.1038%2Foby.2006.178 

[20] Mishra BK, Banerjee BD, Agrawal V, Madhu SV. Association of PPARγ gene expression with postprandial 
hypertriglyceridaemia and risk of type 2 diabetes mellitus. Endocrine. 2020;68(3):549-556. 
https://doi.org/10.1007/s12020-020-02257-w 

[21] Leonardini A, Laviola L, Perrini S, Natalicchio A, Giorgino F. Cross-Talk between PPARgamma and ınsulin 
signaling and modulation of ınsulin sensitivity. PPAR Res. 2009;2009:818945. 
https://doi.org/10.1155%2F2009%2F818945 

[22] Gross B, Staels B: PPAR agonists: multimodal drugs for the treatment of type-2 diabetes. Best Pract Res Clin 
Endocrinol Metab. 2007, 21:687-710. https://doi.org/10.1016/j.beem.2007.09.004 

[23] Lee CH, Olson P, Hevener A, Mehl I, Chong LW, Olefsky JM, Gonzalez FJ, Ham J, Kang H, Peters JM, Evans RM. 
PPARdelta regulates glucose metabolism and insulin sensitivity. Proc Natl Acad Sci U S A. 2006;103(9):3444-3449. 
https://doi.org/10.1073/pnas.0511253103 

[24] Patterson AD, Peters JM. PPAR action in insulin resistance unraveled by metabolomics: Potential clinical 
implications. Genome Med. 2011;3(8):54. https://doi.org/10.1186%2Fgm270 

[25] Smith U, Kahn BB. Adipose tissue regulates insulin sensitivity: Role of adipogenesis, de novo lipogenesis and novel 
lipids. J Intern Med. 2016;280(5):465–475. https://doi.org/10.1111/joim.12540 

[26] Muir LA, Neeley CK, Meyer KA, Baker NA, Brosius AM, Washabaugh AR, Varban OA, Finks JF, Zamarron BF, 
Flesher CG, Chang JS, DelProposto JB, Geletka L, Martinez-Santibanez G, Kaciroti N, Lumeng CN, O'Rourke RW. 



Khalid et al. 
PPAR-γ Gene Expression and Insulin Resistance 

Journal of Research in Pharmacy 
 Research Article 

 

 

 https://dx.doi.org/10.29228/jrp.2022.00     
J Res Pharm 2025; 29(1): 272-279 

279 

Adipose tissue fibrosis, hypertrophy, and hyperplasia: Correlations with diabetes in human obesity. Obesity (Silver 
Spring). 2016;24(3):597-605. https://doi.org/10.1002/oby.21377 

[27] Gustafson B, Hedjazifar S, Gogg S, Hammarstedt A, Smith U. Insulin resistance and impaired adipogenesis. Trends 
Endocrinol Metab. 2015;26(4):193–200. https://doi.org/10.1016/j.tem.2015.01.006 

[28] Medina-Gomez G, Gray SL, Yetukuri L, Shimomura K, Virtue S, Campbell M, Curtis RK, Jimenez-Linan M, Blount 
M, Yeo GS, Lopez M, Seppänen-Laakso T, Ashcroft FM, Oresic M, Vidal-Puig A. PPAR gamma 2 prevents 
lipotoxicity by controlling adipose tissue expandability and peripheral lipid metabolism. PLoS Genet. 2007;3(4):e64. 
https://doi.org/10.1371/journal.pgen.0030064 

[29] Takada I, Kouzmenko AP, Kato S. Wnt and PPARγ signaling in osteoblastogenesis and adipogenesis. Nat Rev 
Rheumatol. 2009;5:442. https://doi.org/10.1038/nrrheum.2009.137 

[30] Madhu SV, Aslam M, Galav V, Bhattacharya SK, Jafri AA. Atorvastatin prevents type 2 diabetes mellitus-an 
experimental study. Eur J Pharm. 2014;728:135–140. https://doi.org/10.1016/j.ejphar.2014.01.069. 

[31] Aldafaay AAA, AbdulAmir HA, Abdulhussain HA, Badry AS, Abdulsada AK. The use of urinary α-amylase level 
in a diagnosis of chronic renal failure. Research J Pharm Tech. 2021;14(3): 1597-1600. 
http://dx.doi.org/10.5958/0974-360X.2021.00283.3  

[32] Abdulamir HA, Aldafaay AAA, Al-Shammari AH. The role of liver function tests in monitoring the effect of 
enzyme replacement therapy in children with Gaucher Disease. Res J Pharm Technol. 2022; 15(8):3490-3496. 
https://doi.org/10.52711/0974-360X.2022.00585. 

[33] Al-Shammari AH, Khudhur A, Abdulamir, HA. Effect of intralesional levofloxacin in the treatment of cutaneous 
leishmaniasis: intralesional levofloxacin for cutaneous leishmaniasis treatment. J Popul Ther Clin Pharmacol. 
2023;30(1):e92–e100. https://doi.org/10.47750/jptcp.2023.1028. 


