Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy

Dove

ORIGINAL RESEARCH

Association of TNF-o Gene Expression and
Release in Response to Anti-Diabetic Drugs from
Human Adipocytes in vitro

Madhukar Saxena'™*

Daoud Ali**

Dinesh Raj Modi'
Mohammed HA Almar'zoug2
SA Hussain?

S Manohrdas®

'Department of Biotechnology,
Babasaheb Bhimrao Ambedkar
University, Lucknow, India; 2Department

of Zoology, College of Science, King Saud
University, Riyadh, Saudi Arabia

*These authors contributed equally to
this work

Correspondence: Madhukar Saxena
Department of Biotechnology, Babasaheb
Bhimrao Ambedkar University, Vidya
Vihar, Rai Bareilly Road, Lucknow, India
Email madhukarbio@gmail.com

This article was published in the following Dove Press journal:
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy

Introduction: TNF-q, a proinflammatory cytokine secreted by activated immune cells, and
overexpression of it in adipocytes, has an important role in insulin resistance progression and
diabetes development.

Aim and Objective: Subcutaneous adipocytes derived from mesenchymal stem cells were
used for in vitro analysis to find the role of antidiabetic drugs on TNF-a in high glucose-fe
d adipocytes.

Methods: In vitro adipocytes were used along with variable concentration of anti-diabetic
drugs. The level of TNF-o was measured by ELISA and the mRNA level was quantified
using SYBR-Green real-time PCR. All data were statistically analyzed.

Results: The level of TNF-a and the mRNA expression were observed and analyzed with
normal adipocytes. TNF-a level and expression of it showed agonistic behavior, ie no change
at low concentration while enhances with the increase of glucose. The level was decreased
significantly when the adipocytes were treated with metformin (p=0.015) and pioglitazone
(»=0.020). A combination of drugs showed that the expression of TNF-o was almost the
same as for metformin alone. However, insulin increases the TNF-a expression as for
pioglitazone.

Discussion: Such a report on adipocytes may be helpful for clinical benefits to understand
the additional mechanism of adipocytes on the release and expression of TNF-a. However,
anti-diabetic drugs including insulin up-regulate the TNF-o gene expression in mild or severe
glucose load.
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Introduction

Till the late 1980s, adipocytes were recognized as the energy storage cells with
a main function to store fat as triacylglycerols (TAGs). Later on, it was found that it
was also secreting some adipocyte specific protein named adipsin." Now, many
stimulating proteins and a variety of protein products, including many endocrine
hormones, have been secreted by adipocytes and involved in various metabolic
processes.”® Of these secreted proteins, leptin, an adipocyte-derived hormone,
plays a vital role in signaling cascade of fat mass and central brain centers to
regulate the metabolism of the body. It is also involved to control the weight of the
body including the regulation in metabolism of glucose because leptin is very
sensitive toward insulin and immune functions.*® Insulin action on adipocytes

stimulates the uptake of glucose and alters the metabolism of lipid by which
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triacylglycerol breakdown decreases and enhances their
accumulation inside the adipocytes. Adipocytes are the
largest storage room of cholesterol in the body and func-
tion as endocrine cells. Adipocytes secrete various signal-
ing molecules which play an important function in obesity,
type 2 diabetes mellitus (T2DM) as well as in other meta-
bolic disorders.” TNF-o inhibits the differentiation of fat
cells and mediates insulin resistance in it. Previous reports
reported that both TNF receptors are expressed in adipo-
cytes, but their metabolic function is unclear. However, in
in vitro analysis the effect of receptor-specific TNF
muteins on adipocyte differentiation and insulin-
stimulated glucose transport showed a marked decrease
during differentiation apart from their increase in endo-
genous TNF mRNA expression.® Endothelial cells and
macrophages inside the adipocytes have been involved
for the production of various cytokines. Enhanced pro-
inflammatory cytokines like IL-6, IL-8 and TNF-a are
well associated with obesity. TNF-0, a proinflammatory
cytokine secreted by activated immune cells, plays an
of

Overexpression of it in adipocytes and myocytes decreases

important role in responses innate immunity.
the activity of tyrosine kinase, suggesting their important

role in insulin resistance progression and T2DM
development.’ Traditional anti-diabetic drugs, viz. metfor-
min hydrochloride and pioglitazone, are widely used to
regulate the load of blood glucose in T2DM treatment
which leads to various associated complications and
causes metabolic syndrome. Metformin is mechanistically
involved to regulate and lower the blood glucose load in
T2DM patients while pioglitazone hydrochloride works by
making cells more sensitive toward insulin. In T2DM,
inflamed metabolic syndrome, the level of cytokine is
enhanced. To understand such an inflammation role we
observed in in vitro adipocytes the effect of anti-diabetic
drugs, viz. metformin, pioglitazone along with insulin, and
their combinations on the expression of potent inflamma-
tion marker TNF-a. Treatments of T2DM, such as treating
insulin deficiency, hepatic glucose load and the delay of
glucose absorption, decreasing the level of plasma glucose
have been widely used. But most of the treatment strate-
gies have failed to restore metabolic homeostasis and to
prevent the development of T2DM-related complications.
Thus, there remains a need to restore insulin action for the
management of T2DM by use of effective drugs. The
proposed study will probably increase our insight into
the impact of inflammation and its genetic effect on adi-
pocytes in the development and/or progression of T2DM.

The study will also conclude the genetic effect of anti-
diabetic drugs on adipocytes. Such kind of studies will
lead to alter the treatment strategies and save mankind
from diabetic inflamed comorbidities.

Materials and Methods
Cell Culture

Wharton’s jelly mesenchymal stem cells (Himedia India
Pvt. Ltd) with culture medium (DMEM/Ham’s F12; 1:1)
with FCS (10%), antibiotics and glucose (5 mM) were
incubated in a CO, incubator for 48 h. Proliferation med-
ium (PM) and adipocyte differentiation medium (ADM)
contained HEPES and HEPES, insulin transferrin sele-
nium (ITS), sodium bicarbonate, and biotin respectively.
ADM was used mainly for the optimization of adipogenic
differentiation of actively proliferating human mesenchy-
mal stem cells in vitro. However, the factors used in ADM
usually potentiate adipogenic differentiation by the activa-
tion of C/EBP and PPAR-y. Adipocytes were maintained
till the deposition of lipid droplets and at the 7th day the
majority of cells (more than 90%) contained lipid droplets.
The adipocytes were stained by Oil Red O. Cultured cells
at room temperature were treated with 10% solution of
formaldehyde in phosphate-buffered saline for 5 min fol-
lowed by 60% isopropanol washing and staining with QOil
Red O solution (in 60% isopropanol) for at least 10 min.
Over-stained dye will be washed off by repeated washing
with water (4 times). Stained cells were immediately
viewed under phase contrast inverted microscope and
images were captured using a mounted digital camera.

Drug Treatment and TNF-a Estimation
The cultured mature adipocytes were further treated with
glucose (5-20 mM) in triplicate along with variable con-
centration of anti-diabetic drugs (metformin hydrochloride
(50200 mg/mL), pioglitazone hydrochloride (5-20 mg/
mL) (Sigma Aldrich, USA) and insulin (10-25 mg/mL)
(HiMedia, India)). The level of TNF-a was measured by
ELISA. The cells were firstly centrifuged at 300xg for 2
min, and thereafter supernatant was used for assay for its
estimation using a commercially available kit from
Invitrogen (USA) according to the manufacturer’s
instructions.

mMRNA Level Determination
For TNF-a mRNA determination, the oligonucleotide
primer pairs 5-CTGGGGCCTACAGCTTTGAT-3" and
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5'-GGCTCCGTGTCTCAAGGAAG-3' were used; pB-
Actin was used as a housekeeping gene having 5'-
ACGGGGTCACCCACACTGTGC-3" and 5'-CTAGAA
GCATTTGCGGTGGACGATG-3" primer pairs. RNA
was isolated from mature adipocytes (1x107 cells)
using a GeneJET RNA Purification kit (Thermo
Scientific, India). Random hexamer primers were used
for the synthesis of cDNA using a Verso cDNA synth-
esis kit (Thermo Scientific, India). A DyNAmo Color
Flash SYBR-Green qPCR kit (Thermo Scientific, India)
was used for mRNA gene expression. Relative quantifi-
cation was used to determine the ratio between treated
adipocytes with anti-diabetic drugs (metformin hydro-
chloride, pioglitazone hydrochloride (Sigma Aldrich,
USA) and insulin (HiMedia, India)) and untreated adi-
pocytes as a calibrator. Quantification of target gene
TNF-o mRNA was expressed relative to the housekeep-
ing gene (B-actin) mRNA. Quantification was performed
with a SYBR-Green real-time PCR assay using an LC
480 (Roche, USA). In brief, PCR amplification was
performed with PCR master mix containing target pri-
mers, DNA polymerase, SYBR-Green I, 5 mM MgCl,,
dNTP mix including dUTP and PCR buffer. All samples
were determined as duplicates. Samples were incubated
for an initial denaturation at 95 °C for 7 min, followed
by 40 PCR cycles each consisting of 95 °C for 10 sec,

60 °C for 30 sec and 74 °C for 60 sec. Relative gene
expression of TNF-a was calculated.

Statistical Analysis

Microsoft Excel were used to plot the values. Statistical
analysis was done by Student’s ft-test and one way
ANOVA to compare the means by SPSS software (Ver.
19). Differences were considered significant when p values
were <0.05. Results were expressed as meanststandard
deviations.

Results

Adipogenesis phases of preadipocytes and adipocytes
derived from Wharton’s jelly mesenchymal stem cells are
shown in Figure 1. Cytokine levels of TNF-a in untreated
and treated adipocytes of variable concentration of glucose
(5-20 mM) with different anti-diabetic drugs are shown in
Figure 2. The level of TNF-a has been increased according
to the increase in glucose concentrations, which mimics
the diabetic model. However, when anti-diabetic drug was
included in the cells for maintaining nurture in the milieu
of cells we found that metformin alone (50 mg/mL to
200 mg/mL) did not show any significant observation in
TNF-o level except at 15 mM glucose concentration and
significant association (p=0.015) statistically. Similarly,
pioglitazone (5 mg/mL to 20 mg/mL) also did not show

Figure | Adipogenesis phases of human subcutaneous preadipocytes. (A) Day 0: Wharton’s jelly mesenchymal stem cells. (B) Day 2: Proliferation phase and appearance of
preadipocytes. (C) Day 4: Differentiation phase and accumulation of lipid droplets. (D) Day 7: Mature adipocytes with accumulated lipid droplets.
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Figure 2 Cytokine level of TNF-o in untreated and treated adipocytes of variable concentration of glucose (5-20 mM) with different anti-diabetic drugs. (A) Metformin. (B)
Pioglitazone. (C) Combination of metformin and pioglitazone. (D) Insulin. x-axis: variable concentration of anti-diabetic drugs; y-axis: change in folds of TNF-a level.

any change at 5 mM and 10 mM glucose adipocytes;
however, at 15 mM and 20 mM the TNF-o level was
suddenly decreased (p=0.020 and 0.034 respectively).
While for both metformin and pioglitazone in combination
we found a sudden decrease in level and showed
a significant decrease in 20 mM glucose concentration
(»=0.003). Apart from this, when insulin alone is used
then a sudden increase in level was observed and showed
significant association at 20 mM glucose concentration
(»p=0.002). This change in folds of TNF-a level in
untreated and treated adipocytes of variable concentration
of glucose (5-20 mM) with different anti-diabetic drugs,
viz. metformin, pioglitazone, combination of metformin
and pioglitazone and insulin, is shown in Figure 3.
During the estimation of gene expression of TNF-a with
metformin in the glucose-treated adipocytes, which

mimics the T2DM load in the cell with metformin anti-

diabetic drug, we found that the TNF-a gene expression
increased in low concentration and thereafter decreases. It
is almost constant in a higher dose of metformin, as shown
in Figure 4A. The down-regulation of TNF-a gene expres-
sion was observed during the treatment with metformin.
Previously it was reduced at very low rate, while when the
dose increased the expression suddenly decreased as
shown in Figure 5A. In contrast to this, pioglitazone
showed different behavior. In pioglitazone treatment the
expression increases as the drug concentration increases
(Figure 4B). The change in folds of TNF-a gene expres-
sion were plotted and are shown in Figure 5B.
Furthermore, when the combination of both the drugs
were used to treat the glucose load, the expression of
TNF-a showed almost the same pattern as that of metfor-
min alone (Figure 4C). In the combination of both drugs
having a concentration of metformin 150 mg/mL and
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Figure 3 Change in folds of TNF-a level in untreated and treated adipocytes of variable concentration of glucose (5-20 mM) with different anti-diabetic drugs. (A)
Metformin. (B) Pioglitazone. (C) Combination of metformin and pioglitazone. (D) Insulin.

pioglitazone 15 mg/mL, we found no change in the gene
expression of TNF-o or it is almost similar to that in
control (Figure 5C). But when the drug dose was increased
then the expression was also reduced. However, in the case
of insulin treatment the result is quite interesting and is
almost similar to the result of pioglitazone (Figure 4D). As
the concentration of insulin increases, the TNF-a expres-
sion increases in the case of pioglitazone treatment as
shown in Figure 5D. This clearly shows that during the
use of metformin alone the inflammation increases at
a low concentration of the drug, while in pioglitazone,
inflammation increases drastically. However, the combina-
tion of metformin and pioglitazone creates the natural state
and the inflammation is reduced, while insulin treatment
increases the state of inflammation.

Discussion

In this study, we have generated a comprehensive analysis
of gene expression of TNF-a in adipocytes which mimics
T2DM cells using glucose feed. Further, we have analyzed

the role of traditional anti-diabetic drug treatments, viz.
metformin, pioglitazone, combination of both as well as
insulin, at various concentrations. Although such kind of
work is not done anywhere around the globe and this is the
first report. However, a similar kind of report to find the
association of miRNAs and TNF-a in preadipocytes and
adipocytes was reported.' It was previously reported that
the high concentrations of insulin and leptin either alone or
combined together significantly increased TNF-a protein
secretion in in vitro analysis as observed in our report. It
was also reported in concordance with the present report
that glucose alone significantly increased TNF-o. protein. "’
Presently, we have demonstrated that the exposure of adi-
pocytes to high concentrations of glucose mimics the
T2DM state and analyzed the level and mRNA expression
of TNF-a in vitro. Moreover, we have found the same
result as expected that the exposure of traditional anti-
diabetic drug metformin usually used for the treatment of
T2DM decreases the level of TNF-o and down-regulate
s the state of inflammation. The above findings are in
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Figure 4 TNF-o mRNA expression with anti-diabetic drugs. (A) Metformin. (B) Pioglitazone. (C) Combination of metformin and pioglitazone. (D) Insulin. *Shows the

significant change in TNF-a mRNA expression with anti-diabetic drugs.

Abbreviations: Glc, glucose-fed adipocytes; M50, metformin hydrochloride 50 mg/mL; M100, metformin hydrochloride 100 mg/mL; M150, metformin hydrochloride
150 mg/mL; M200, metformin hydrochloride 200 mg/mL; P5, pioglitazone 5 mg/mL; P10, pioglitazone 10 mg/mL; P15, pioglitazone 15 mg/mL; P20, pioglitazone 20 mg/mL;
Ins10, insulin 10 mg/mL; Insl5, insulin 15 mg/mL; Ins20, insulin 20 mg/mL; Ins25, insulin 25 mg/mL; C, Control.

agreement with previously published reports where the
drug dexamethasone/high glucose increased the expression
of resistin when estimated at the mRNA and protein level
in 3T3-L1 murine adipocytes'? as well as in the human
U937 monocytic cell line."* While, insulin may diminish
expression of resistin gene in the 3T3-L1 cell line acting
mainly through the pathways of PI-3, ERK or p38-MAP
kinases.'>'* Apart from this we have also demonstrated
that high concentrations of either pioglitazone or insulin
could enhance TNF-a along with the addition of high
glucose. They also induce further TNF-a mRNA and pro-
tein expression, in support of previous reports.'>'¢ It was
already reported that monocyte-enriched mononuclear cells
from T2DM patients showed enhanced visfatin, resistin,
TNF-0, IL-6 and IL-1B Ilevels as well as mRNA

expression, which indicates that the state of hyper-
insulinemia/glycemia could enhance the production of var-
ious cytokines.'”'® It is well known fact that TNF-a is
involved in the loss of body fat in wasting diseases and
TNF-a is a potent inhibitor of adipocyte differentiation in
in vitro models.'” This suppression is mainly due to the
developmental and metabolic markers of fat cell differen-
tiation like peroxisome proliferator-activated receptor
(PPAR)-y2, lipoprotein lipase (LPL), glycerol-3-phosphate
dehydrogenase (GPDH) and GLUT4 while TNF-o pro-
motes lipolysis in mature adipocytes. Therefore, TNF-a
induces apoptosis of human preadipocytes and adipocytes
in vitro.? The relation of TNF-a and adipocytes in
response to insulin resistance and obesity was well sum-
marized by Hotamisligil in 2000.>' However, the effect of
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Figure 5 Change in folds of TNF-o gene expression with different anti-diabetic drugs. (A) Metformin. (B) Pioglitazone. (C) Combination of metformin and pioglitazone. (D)
Insulin. *Shows the significant change in fold of TNF-a mRNA expression with anti-diabetic drugs.

Abbreviations: GlcC, glucose-treated control adipocytes; M50, metformin hydrochloride 50 mg/mL; M100, metformin hydrochloride 100 mg/mL; M150, metformin
hydrochloride 150 mg/mL; M200, metformin hydrochloride 200 mg/mL; P5, pioglitazone 5 mg/mL; P10, pioglitazone 10 mg/mL; P15, pioglitazone |5 mg/mL; P20, pioglitazone
20 mg/mL; Insl0, insulin 10 mg/mL; Insl5, insulin I5 mg/mL; Ins20, insulin 20 mg/mL; Ins25, insulin 25 mg/mL.

PPAR-y in response to thiazolidinediones was studied in
detail to find their therapeutic effect for the development of
obesity.”> As the metabolic role of TNF-a in human adi-
pocytes is vast, these findings on the relation and associa-
tion of TNF-o with anti-diabetic drugs unfold many
secrets.

However, in conclusion of the current study it has
been shown that increasing concentration of the drug
pioglitazone down-regulates the secretion of inflamma-
tory cytokines, mainly TNF-a. Whereas high glucose
concentration does not appear to depress the accelera-
tion caused by insulin by the glucose uptake in adipo-
cytes. It is also concluded that inflammatory cytokine
secretion of TNF-a is increased by the uptake of
enhanced glucose concentration with insulin in adipo-
cytes as well. Furthermore, it is also concluded that in
human subcutaneous metformin,

whole adipocytes,

pioglitazone and combination of both limits the regula-
tion of inflammatory cytokines. However, pioglitazone
and metformin in combination as well as insulin up-
regulates TNF-a protein secretion in vitro in mild dia-
betic status and highly up-regulates in severe diabetic
status. This effect of anti-diabetic drugs on adipose
tissue represents an additional mechanism through
which this may induce clinical benefits. Further studies
are required to unwind the mechanism of it and also to
understand the molecular pathway of this up-regulation
in humans. Our work provides an important step toward
finding the role of drugs in causing the severe inflam-
matory state in T2DM individuals mainly by the adipo-
cyte biology in vitro. An understanding of the role of
inflammation after the drug treatment may lead to novel
cytokine-based therapies that complement current anti-
diabetic treatments.
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