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			ABSTRACT

		

		
			The present study aims to study the expression of TNF-α among impaired glucose tolerant (n=35), diabetic subjects (n-35) and age matched healthy control (n=35), and to identify the relationship of inflammatory cytokines with insulin resistance and the molecular mechanisms involved in the interaction of atherosclerosis and hyperglycemia within the context of chosen pro atherogenic parameters including plasma glucose level, serum levels of insulin, IL-6, and TNF-α. Serum level of thrombomodulin was assessed as a measure of vascular damage. Different demographic parameters as age, BMI, waist /hip ratio, B.P., personal history and socioeconomic status were recorded. Fasting glucose and HbA1c was done by chemistry analyzer. Fasting serum insulin, IL-6, TNF-α and thrombomodulin levels were assessed by ELIZA. Gene expression was measured by RT-PCR. Insulin resistance was calculated by HOMA-IR. TNF-α and IL-6 levels were high in IGT and diabetic group as compared to control. ANOVA revealed highly significant difference of mean among groups and between groups in IL-6, TNF-α, and thrombomodulin (P<0.01).TNF-α showed a strong and positive relationship with insulin and insulin resistance in all the three groups. The expression level of TNF-α was significantly higher in IGT p< 0.01 and diabetes subjects (p<0.01). It was2.44 fold higher in IGT group and 4.5 fold higher in diabetic group. Expression levels significantly correlated with serum values of TNF-α (p< 0.01). Thrombomodulin showed a strong relationship with insulin and insulin resistance in diabetic group (p<0.05).
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			Introduction

			

			Tumor necrosis factor-α (TNF-α) has been found to play a critical role in diabetes associated atherosclerosis. It also affects the insulin signaling pathways and causes insulin resistance (Curtis et al., 2014). Peripheral blood mononuclear cells (PBMC) are activated in hyperglycemia and release pro-inflammatory cytokines such as TNF-α and IL-6. Different studies have identified IL-6 as an inflammatory cytokine which play a key role in the propagation of inflammatory reactions responsible for atherosclerosis (Hartman and Frishman, 2014). IL-6 can reduce insulin signaling sensitivity by eliciting different important steps in the insulin pathways. Thrombomodulin (TM) is a marker which indicates endothelial injury (Michael et al., 2002; Ohlin et al., 2005). The exact mechanism underlying the impaired vascular activity remains unresolved and there is no scientific consensus for these pathophysiological conditions (Zhang et al., 2009). Currently there are increasing evidences that  proatherogenic effect of diabetes is mediated through inflammatory mechanism (Williams and Nadler, 2007). This may open the new avenues to search for the therapeutic targets for these medical problems. Activation of monocytes during early stages of atherosclerosis results in the release of TNF-alpha, a mediator of inflammation (Mangge et al., 2004; Gacka et al., 2010). Thrombomodulin (TM) is a marker which indicates the endothelial injury. It is a glycoprotein expressed on the endothelial cell surface of various tissues. Various soluble TM fragments are found in plasma at higher concentrations in different diseases such as inflammatory endothelial injuries, diabetes and cardiovascular disease (Michael et al., 2002; Ohlin et al., 2005). 

			It has been documented that levels of inflammatory cytokine, TNF-α and IL-6 have a linear and positive relationship with blood glucose level in development of atherosclerosis and plaque formation (Mirza et al., 2012).

			The present study was undertaken to assess the serum concentration of TNF-α and messenger RNA expression level in peripheral blood mononuclear cells (PBMC) of impaired glucose tolerance patients and the patients of diabetes, and find its relationship with other clinical parameters of diabetes.

			

			Materials and Methods

			

			Blood samples (6 ml) of 35 IGT patients and 35 diabetic subjects were drawn after overnight fast of 12 hours. Their nutritional and physical activity status was also taken into consideration. Patients of IGT and newly Diagnosed Type 2 diabetes of 40-60 years of age were selected after oral glucose tolerance test. The control group consisted of 35 healthy volunteers of the same age group. All the subjects taking insulin or any kind of medication related to diabetes were excluded from the study. The drawn blood was separated into two portions. One portion of 3ml was used for serum separation. The separated serum was stored at -20°C for further biochemical analysis.

			The other portion was used for PBMC isolation to study the gene expression profile of TNF-α. Fasting glucose levels and HbA1c were assessed by the hospital’s routine chemistry analyzer (Hitachi 902 Biochemical analyzer).

			Serum was used to assess the base line levels of TNF-α, IL-6, insulin and thrombomodulin in IGT, diabetic and control subjects. The base line levels of TNF-α and IL-6 were assessed by using Diaclone ELISA kits for TNF-α and IL-6, insulin by using Calbiotech insulin ELISA Kit and thrombomodulin by Glory Science TM ELISA Kit. Insulin resistance was calculated by applying formula:

			HOMA-IR = Fasting serum insulin (µU/ml) × 

			Fasting plasma glucose / 22.5

			PBMC were isolated for extraction of RNA. Isolated PBMC pellet was dissolved in 50µl of the lyses solution until they were proceeded for RNA extraction. Then this was treated with 500µl trizole and 100µl of chloroform was added to it. The mixture was shaken for 2-5 times by hand to mix and centrifuged at 13,200 rpm for 15 min at 4°C. RNA, DNA and proteins were separated into layers. RNA layer was pippeted out into a clean 1.5 ml tube containing 500µl 100% isopropanol and centrifuged at 13,200 rpm for 15 min. RNA was visible as a small, translucent pellet. The supernatant was poured off and the tube was drained on clean absorbent paper. RNA pellet was given a wash with 70% ethanol, centrifuged at 13000 rpm for 10 min, poured off the ethanol, allowed to air dry. 20 µl of DEPC treated water was added to the RNA, incubated at room temperature for 10-15 min and then stored at -20°C (Simms et al., 1993). Quantity and quality of RNA was measured by nanodrop at 260nm and then cDNA was synthesized by using enzynomic kit for cDNA synthesis.

			cDNA was used for PCR amplification of TNF-α and a house keeping gene GAPDH using the gene specific forward and reverse primers. PCR products were sequenced (Table I).

			

			Table I.- Sequence of primers used in this study.

			

			
				
					
					
					
					
				
				
					
							
							Gene

						
							
							Primer

						
							
							GC content %

						
					

					
							
							TNF α –F

						
							
							5’AGTCAACTCTGCCTCCCTCA 3’

						
							
							50

						
							
							232

							

						
					

					
							
							TNF α –R

						
							
							5’TGATCCAATCCCAGCTTTTC 3’

						
							
							55

						
					

					
							
							GAPDH-F

						
							
							5’ACCACAGTCCATGCCATCA 3’

						
							
							58

						
							
							453

							

						
					

					
							
							GAPDH-R

						
							
							5’TCCACCACCCTGTTGCTGTA 3’

						
							
							56

						
					

				
			

			

			Only exonic sequences were used for primer designing to avoid genomic DNA contamination. The sequences were placed into primer designing tool i.e. (www.primer3) for primer designing.

			

			Gene expression analysis of TNF-α was done by using specific-primers of TNF-α gene on Applied Biosystem using Step One software v 2.1 on Real Time PCR. Master Mix of kit TOPrealTM q-PCR 2X premix (SYBR Green with low ROX) was used according to Manufacturer’s instructions. The relative gene expression analysis was carried out by using SDS 3.1 software provided by ABI. Statistical analysis was done on SPSS, version 13.

			

			Statistical analysis

			Data is given as the mean ± SEM. Differences in the means of variable were tested by both parametric and non-parametric tests, depending on the distribution of the variables. For normal distribution Pearson’s correlation was used. Descriptive statistics were done for all variable including age and BMI. Correlation (bivariate) analysis was conducted using Pearson’s or Spearman’s correlation coefficients with 95% confidence interval. P<0.05 (two tailed) was considered significant. Analysis of variance (ANOVA) was used to observe the difference among the groups. To find the significant difference between the two groups in a post hoc analysis Tukey test was applied. Stepwise linear regression models were used to investigate the determinants and predictors. The variables for which p value exceeded 0.05, were eliminated in a stepwise fashion; so that only those that had a statistically significant association (P<0.05) were included in the final regression model. Analysis was performed by using software SPSS Version 13 (Statistical Package for Windows, SPSS, Chicago, IL, U.S.A.).

			

			Results

			

			In this study, subjects (n= 105) including control, IGT and diabetic group (n= 35) each were selected. Mean± SEM values of all anthropometric, biochemical characteristics, RQ and fold value of gene expression in control, IGT and diabetic group are presented in Table II.




			Table II.- Demographic and biochemical characteristics of control, IGT and diabetic subjects (Mean ± SEM).

			

			
				
					
					
					
					
					
				
				
					
							
							Name of variable

						
							
							Control (n=35)

						
							
							IGT (n=35)

						
							
							Diabetic (n=35)

						
							
							ANOVA (p value)

						
					

					
							
							Age (years)

						
							
							47.96±0.74 (40-60)

						
							
							49.85±0.75 (40-60)

						
							
							48.77±0.64 (40-60)

						
							
							0.178

						
					

					
							
							BMI

						
							
							26.77±0.39

						
							
							31.19±0.771-2

						
							
							30.69±0.591-3

						
							
							0.000*

						
					

					
							
							WHR

						
							
							0.86±0.01

						
							
							0.88±0.01

						
							
							0.89±0.011-3

						
							
							0.004**

						
					

					
							
							BSF (mg/dl)

						
							
							82.66±0.081-2

						
							
							111.15±0.662-3

						
							
							183.17±4.431-3

						
							
							0.000**

						
					

					
							
							HbA1c (%)

						
							
							5.07±0.031-2

						
							
							5.99±0.022-3

						
							
							9.77±0.231-3

						
							
							0.000**

						
					

					
							
							Systolic BP (mm/Hg)

						
							
							120.35±0.81

						
							
							134.17±2.021-2

						
							
							134.38±1.731-3

						
							
							0.000**

						
					

					
							
							Diastolic BP (mm/Hg)

						
							
							81.22±0.63

						
							
							88.88±1.151-2

						
							
							87.02±0.991-3

						
							
							0.000**

						
					

					
							
							Insulin (µIU/ml)

						
							
							6.318 ± 0.405

						
							
							20.182 ± 2.642-3

						
							
							42.295.5341-3

						
							
							0.000**

						
					

					
							
							Serum TNF-α (Pg/ml)

						
							
							4.213 ± 0.1471-2

						
							
							22.1571.1372-3

						
							
							56.946± 4.9282-3

						
							
							0.000**

						
					

					
							
							IL-6 (Pg/ml)

						
							
							1.36±0.041-2

						
							
							6.88±0.292-3

						
							
							10.99±0.841-3

						
							
							0.000**

						
					

					
							
							Thrombomoduli (µg/L)

						
							
							3.586 ± 0.180

						
							
							7.09 ± 0.832-3

						
							
							26.83± 2.051-3

						
							
							0.000**

						
					

					
							
							RQ

						
							
							0.023 ± 0.003

						
							
							0.032±0.0032-3

						
							
							0.075 ± 0.001-3

						
							
							0.000**

						
					

					
							
							Expression of mRNA (fold value)

						
							
							1

						
							
							2.44 ± 0.06

						
							
							 4.5 ± 0.05

						
							
							0.000**

						
					

					
							
							HOMA IR

						
							
							1.293 ± 0.09

						
							
							5.71 ± 0.762-3

						
							
							21.89 ± 3.621-3

						
							
							0.000**

						
					

				
			

			

			**, p< 0.001; 1-3, control-diabetic; 2-3, IGT-diabetic.

			

			Table III.- Correlation of RQ mean with TNF-α,Thrombomodulin, Insulin and HOMA-IR in control, IGT and diabetic groups.

			

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Variable

						
							
							Group

						
							
							TNF-α

						
							
							

						
							
							Thrombomodulin

						
							
							

						
							
							Insulin

						
							
							

						
							
							HOMA-IR

						
							
							

						
							
							IL-6

						
					

					
							
							Γ

						
							
							P

						
							
							Γ

						
							
							P

						
							
							Γ

						
							
							P

						
							
							Γ

						
							
							P

						
							
							Γ

						
							
							P

						
					

					
							
							RQ

						
							
							Control n=35

						
							
							0.791**

						
							
							0.000

						
							
							

						
							
							0.409*

						
							
							0.015

						
							
							

						
							
							0.437**

						
							
							0.009

						
							
							

						
							
							0.342*

						
							
							0.044

						
							
							

						
							
							0.522**

						
							
							0.000

						
					

					
							
							IGT n=35

						
							
							0.7.2

						
							
							0.000

						
							
							

						
							
							-0.178

						
							
							0.307

						
							
							

						
							
							0..010

						
							
							0.954

						
							
							

						
							
							0.026

						
							
							0.883

						
							
							

						
							
							0.272**

						
							
							0.007

						
					

					
							
							Diabetic n=35

						
							
							0.603

						
							
							0.000

						
							
							

						
							
							-0.064

						
							
							0.713

						
							
							

						
							
							0.349*

						
							
							0.040

						
							
							

						
							
							0.393*

						
							
							0.020

						
							
							

						
							
							0.103

						
							
							0.300

						
					

				
			

			

			**Correlation is significant at 0.001 level (two tailed); *Correlation is significant at 0.01 level (two tailed).

			

			Table IV.- Stepwise multiple regression analysis using TNF- α as dependent variable and other variables as independent variable in Control, IGT and diabetic group.

			

			
				
					
					
					
					
					
				
				
					
							
							Independent variable

						
							
							β coefficient ± SE

						
							
							T

						
							
							P value

						
							
							Total R2

						
					

					
							
							Control group

						
					

					
							
							IL-6

						
							
							0.434±0.243

						
							
							5.083

						
							
							0.000

						
							
							0.273

						
					

					
							
							Thrombomodulin

						
							
							0.304±0.154

						
							
							3.562

						
							
							0.001

						
							
							0.358

						
					

					
							
							IGT group

						
					

					
							
							HOMA-IR

						
							
							0.380 ±0.247

						
							
							3.979

						
							
							0.000

						
							
							0.144

						
					

					
							
							IL-6

						
							
							0.209 ± 0.373

						
							
							2.193

						
							
							0.031

						
							
							0.169

						
					

					
							
							Diabetic group

						
					

					
							
							Insulin

						
							
							0.713 ± 0.090

						
							
							10.279

						
							
							0.000

						
							
							0.509

						
					

					
							
							Thrombomodulin

						
							
							0.165 ± 0.148

						
							
							2.496

						
							
							0.014

						
							
							0.585

						
					

					
							
							WHR

						
							
							0.231± 0.159

						
							
							3.569

						
							
							0.001

						
							
							0.559

						
					

				
			

			

			Predictors, IL-6 and thrombomodulin dependent variable TNF-α.




			Correlation of TNF-α gene expression was observed with the serum levels of TNF-α, IL-6thrombomodulin, insulin and HOMA IR. The correlation results are presented in Table III. Expression level of TNF-α gene had a strong relationship with its serum level in all the three groups. A strong association of serum IL-6 was observed with RQ value of TNF-α in control and IGT group. Significant correlation was observed between expression of TNF-α and serum level of insulin in control and diabetic group. Similarly significant association of gene expression was seen with HOMA IR. Non-significant association of relative quantification (RQ) was observed with insulin and HOMA IR in IGT group. RQ of TNF-α had a significant correlation with thrombomodulin only in control group, IGT and diabetic group showed non-significant association. Results of regression analysis are given in Table IV.

			[image: 1493794397_Figure_1_final.jpg]

			

			Fig. 1. Relative mRNA expression level of TNF-α in PBMCs of control, IGT and diabetic subjects.

			

			Discussion

			

			There is now emerging the concept that diabetes is an inflammatory disease. The present study is conducted to assess expression of TNF-alpha gene in PBMC in IGT and newly diagnosed diabetic subjects in comparison to normal healthy subjects and its relationship with serum levels of IL-6, insulin, Insulin resistance and thrombomodulin. Our results show that subjects with impaired glucose tolerance and diabetes have elevated serum levels of TNF-α in comparison to healthy non-diabetic control subjects. Previous studies exhibited that hyperglycemia in diabetes is linked with elevated levels of inflammatory cytokines as TNF-α (Pickup et al., 2000; Tomelkava-Kurktschiev et al., 2002). According to Mishima et al. (2001) and  Rajarajeswari et al. (2011), TNF-α levels are elevated in type 2 diabetes. Persuasive data in the literature has demonstrated that there are changes in the inflammation and redox balance in type 2 diabetes with elevation in systemic markers such as TNF-α and IL-6 (Deepa et al., 2006; Gokulakrishnan et al., 2009).

			Our results show an increase in the mRNA expression of TNF-alpha gene in IGT and diabetic subjects. This higher expression of TNF-alpha gene in PBMCs might be responsible for the macrovascular disease in these subjects. In our study these cytokines show a linear positive relationship with blood glucose levels. The production of reactive oxygen species (ROS) can stimulate cytokine cascade through nuclear factor- kappa B (NF-kB), transcriptional factor which induces the the expression of TNF-α (De Martin et al., 2000; Ye et al., 2003). Mirza et al. (2012) has reported that TNF-α and IL-6 have a linear and positive relationship with blood glucose level in atherogenic process so study of Mirza support our results.

			In this study the fasting levels of insulin were assessed and Insulin resistance was calculated to find the relationship of inflammatory marker TNF-α with insulin and insulin resistance. Values of both of these parameters were increased in IGT and diabetic group as compared to control group and TNF-α showed a significant correlation with insulin and insulin resistance. Some authors have demonstrated increased serum levels of TNF-α in type 2 DM and IGT subjects (Gupta et al., 2005; Cardellini et al., 2007; Hossain et al., 2010). Our findings are also consistent with these authors.

			Insulin resistance is a central cause of common atherogenic diseases including obesity and type 2 DM (Togashi et al., 2002). Many studies prove that TNF-α plays a central role in the insulin resistance (IR) resulting from an interaction with insulin signaling pathway. Thus IR has been recognized as a high risk n-factor for the development of type 2 DM and cardiovascular disease (CVD) (Rajrajeshwari et al., 2011).

			In stepwise multiple regression, IL-6 and thrombomodulin were significantly associated with TNF-α expression in control group while in IGT, IL-6 and HOMA IR were the predictors. In diabetic group insulin and thrombomodulin and WHR were significantly associated with the expression of TNF-α.

			Results of epidemiological studies suggest that in addition to TNF-α inflammatory marker IL-6 is also predictor of glucose disorder and development of diabetes (Schmidt et al., 1999). In in vitro studies it has been observed that in supraphysiological glucose concentrations, IL-6 and TNF- secretion is increased in human healthy mononuclear cells. Same results were observed in the placental tissue explants from women with gestational diabetes incubated with high glucose concentration (Morohoshi et al., 1996; Coughlan et al., 2001). 

			Insulin resistance is defined as the in sufficiency of insulin to promote glucose uptake in adipose tissue and skeletal muscle and to reduce hepatic glucose output. TNF-α is a potent inhibitor of the tyrosine kinase activity of the insulin receptors (IR) and the insulin receptor substrate-1 (IRS-1). It causes serine phosphorylation of IRS-1 and converting it into an inhibitor of the insulin receptor tyrosine kinase. Some previous studies are consistent with these findings (Hotamisligil and Spiegelman, 1994). 

			Patients of type 2 diabetes mellitus have higher waist circumference and waist hip ratio (WHR). These results are consistant with the information that not only obesity but more importantly the distribution of the body fat, mostly the upper body fat influence the glucose metabolism and are independent risk factor for developing T2 DM (Kopleman, 2000). Rajrajeswari et al. (2011) reported that TNF-α had a positive association with WHR and serum insulin (Ashfaq and Farasat, 2017).

			In our study high values of thrombomodulin were observed in IGT and diabetic group as compared to control group. In multistep regression thrombomodulin also showed an association with TNF-α in diabetic group. In the inflammatory processes the activated neutrophils exercise a proteolytic activity and cause the detachment of thrombomodulin from the endothelial cells thus raising its concentration in the blood. Soluble thrombomodulin is traditionally thought to serve as a marker of endothelial cell damage (Califano et al., 2000). High levels of thrombomodulin in diabetic subjects indicate the higher vascular damage. TNF-α induces the production of ROS and decreases the bioavailability of nitrogen oxide (NO) causing vascular dysfunction and vascular damage (Picchi et al., 2006; Goodwin et al., 2007). Vascular damage is reflected in the higher levels of thrombomodulin 

			

			Conclusion

			

			This study shows significantly elevated serum levels of TNF-α and thrombomodulin along with 2.44 fold over expression of TNF-α gene in IGT and 4.5 fold over expression in diabetic subjects when compared with control subjects. This study underscores the activation and accelerated expression of TNF-α in PBMC in hyperglycemic conditions causing vascular inflammation. 
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The present study aims to study the expression of TNF-o among impaired glucose
tolerant (n=35), diabetic subjects (n-35) and age matched healthy control (n=35),
and to identify the relationship of inflammatory cytokines with insulin resistance
and the molecular mechanisms involved in the interaction of atherosclerosis and
hyperglycemia within the context of chosen pro atherogenic parameters including
plasma glucose level, serum levels of insulin, IL-6, and TNF-a. Serum level
of thrombomodulin was assessed as a measure of vascular damage. Different
demographic parameters as age, BMI, waist /hip ratio, B.P., personal history and
socioeconomic status were recorded. Fasting glucose and HbAlc was done by
chemistry analyzer. Fasting serum insulin, IL-6, TNF-a and thrombomodulin levels
were assessed by ELIZA. Gene expression was measured by RT-PCR. Insulin
resistance was calculated by HOMA-IR. TNF-a and IL-6 levels were high in IGT and
diabetic group as compared to control. ANOVA revealed highly significant difference

b} ]

(P<0.01).TNF-a showed a strong and positive relationship with insulin and insulin
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insulin resistance (Curtis ef al., 2014). Peripheral blood
mononuclear cells (PBMC) are activated in hyperglycemia
and release pro-inflammatory cytokines such as TNF-a
and IL-6. Different studies have identified IL-6 as an
inflammatory cytokine which play a key role in the
propagation of inflammatory reactions responsible for
atherosclerosis (Hartman and Frishman, 2014). IL-6 can
reduce insulin signaling sensitivity by eliciting different
important steps in the insulin pathways. Thrombomodulin
(TM) is a marker which indicates endothelial injury
(Michael et al., 2002; Ohlin ef al., 2005). The exact
mechanism underlying the impaired vascular activity
remains unresolved and there is no scientific consensus
for these pathophysiological conditions (Zhang et al.,
2009). Currently there are increasing evidences that
proatherogenic effect of diabetes is mediated through
inflammatory mechanism (Williams and Nadler, 2007).
This may open the new avenues to search for the

is a glycoprotein expressed on the endothelial cell surface
of various tissues. Various soluble TM fragments are found
in plasma at higher concentrations in different diseases
such as inflammatory endothelial injuries, diabetes and
cardiovascular disease (Michael ef al., 2002; Ohlin ef al.,
2005).

It has been documented that levels of inflammatory
cytokine, TNF-a and IL-6 have a linear and positive
relationship with blood glucose level in development of
atherosclerosis and plaque formation (Mirza et al., 2012).

The present study was undertaken to assess the serum
concentration of TNF-a and messenger RNA expression
level in peripheral blood mononuclear cells (PBMC)
of impaired glucose tolerance patients and the patients
of diabetes, and find its relationship with other clinical
parameters of diabetes.

MATERIALS AND METHODS
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