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Abstract Although subclinical inflammation and oxida-
tive stress are implicated in the aetiology of diabetes, there
are hardly any studies in prediabetes. Therefore, we made
an attempt to study the gene expression pattern of certain
inflammatory/oxidative genes using lymphocytes from
Type 2 diabetic patients, impaired glucose tolerance (IGT),
and normal glucose tolerance (NGT) subjects. Compared to
NGT group, interleukin-6, tumor necrosis factor-o. (TNF-
%), p**’Phox NADPH oxidase, and thioredoxin interacting
protein (TXNIP) mRNA levels were higher and suppressor
of cytokine signaling (SOCS-3) mRNA was lower in sub-
jects with IGT and diabetes. The mean (+SE) levels of
thiobarbituric acid reactive substances and protein carbonyl
content were also elevated in glucose intolerant subjects. In
multiple linear regression analysis, TXNIP and TNF-«
showed a significant association with HbAlc even after
adjusting for TBARS and PCO (TXNIP: f = 1.70,
P <0.01; TNF-a: = 1.86, P <0.01). Increased sub-
clinical inflammation/oxidation is seen in Asian Indians
with not only Type 2 diabetes but also IGT.
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Introduction

Type 2 diabetes is a global health crisis of epidemic pro-
portions that exacts an enormous toll on public health.
Diabetes has detrimental effects on virtually all physio-
logical systems. As its underlying molecular mechanisms
are elucidated, it has become clear that hyperglycemia has
profound effects on immunity, inflammatory function, and
redox balance. Convincing data in the literature demon-
strate alterations in inflammation and redox balance in
Type 2 diabetes, with elevation of systemic markers in
diabetic subjects, including interleukin (IL-6), tumour
necrosis factor (TNF-«), soluble TNF-oR, C-reactive pro-
tein, and various oxidative stress fingerprints [1-4].

Since a large percentage of individuals with Type 2
diabetes pass through a period of prediabetes [5], it is
important to know whether subclinical inflammation or
oxidation associates with impaired glucose tolerance
(IGT). In fact, this has been suggested in many studies that
looked at systemic markers of inflammation and oxidative
stress [6, 7]. Genomic analysis of skeletal muscle samples
from patients with diabetes mellitus has revealed the
reduced expression of genes encoding key enzymes in
oxidative metabolism and mitochondrial function [8].
Moreover, the same pattern of gene expression is also
observed in prediabetic individuals. Despite the fact that
prediabetes is a continuum of pathological consequences in
the natural history of Type 2 diabetes, there are very few
studies that looked at gene expression patterns in individ-
uals with IGT.
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We have chosen to study peripheral blood lymphocytes
with the hypothesis that alterations in inflammatory func-
tion and redox balance associated with Type 2 diabetes
would be manifested in the peripheral immune system.
Given relatively easy access to peripheral blood cells
compared to target tissues of insulin action, study of
peripheral immune cells would expedite research into
mechanisms of immune dysfunction and oxidative reac-
tions in Type 2 diabetes [9—12]. We studied lymphocytes
because they equally contribute to atherosclerotic pro-
cesses [13], and recent studies indicate a role for
proinflammatory lymphocytes infiltration in adipose tissue
leading to insulin resistance [14]. Since there are few
studies that have looked at the association of altered gene
expression in Type 2 diabetes, and those that have, are all
in European populations, we made an attempt to profile
gene expression patterns in glucose intolerant Asian Indi-
ans, who are more prone for Type 2 diabetes and
cardiovascular diseases.

Materials and methods

The study subjects were recruited from the Chennai Urban
Rural Epidemiology Study (CURES), an ongoing epide-
miological study conducted on a representative population
(aged =20 years) of Chennai (formerly Madras), the fourth
largest city in India. The methodology of the study has
been published elsewhere [15]. In the study groups (n = 10
in each category), those who were confirmed by OGTT to
have 2 h plasma glucose value >11.1 mmol/l [200 mg/dl]
based on WHO consulting group criteria [15] were diag-
nosed as Type 2 diabetes patients, those with 2 h post-
glucose value >7.8 mmol/l [140 mg/dl] and <11.1 mmol/l
[200 mg/dI] [15] as IGT and those with 2 h post-glucose
value <7.8 mmol/l [140 mg/dl] as normal glucose toler-
ance (NGT). All subjects were chosen randomly. IGT
subjects were not on any medication. Of the diabetic
patients, 9/10 were on oral hyperglycemic agents (OHA)
and one had OHA plus insulin. The study has been carried
out in accordance with the Declaration of Helsinki (2000)
of the World Medical Association. Institutional ethical
committee approval was obtained for the study and
informed consent was obtained from all study subjects.

Anthropometric measurements

Anthropometric measurements including weight, height,
and waist measurements were obtained using standardized
techniques as detailed elsewhere [16]. Height was mea-
sured with a tape to the nearest cm. Weight was measured
with traditional spring balance that was kept on a firm
horizontal surface. Waist was measured using a
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non-stretchable fibre measure tape. The body mass index
(BMI) was calculated using the formula, weight (kg)/height
(m?). Blood pressure was recorded in the sitting position in
the right arm to the nearest 2 mm Hg with a mercury
sphygmomanometer (Diamond Deluxe BP apparatus,
Pune, India). Two readings were taken 5 min apart and the
mean of the two was taken as the blood pressure.

Biochemical parameters

Fasting plasma glucose (glucose oxidase-peroxidase
method), serum cholesterol (cholesterol oxidase-peroxi-
dase-amidopyrine method) serum triglycerides (glycerol
phosphate oxidase-peroxidase-amidopyrine method), and
HDL cholesterol (direct method-polyethylene glycol-pre-
treated enzymes) were measured using Hitachi-912
Autoanalyser (Hitachi, Mannheim, Germany). The intra-
and inter-assay co-efficient of variation for the biochemical
assays ranged between 3.1% and 7.6%. Low-density lipo-
protein (LDL) cholesterol was calculated using the
Friedewald formula [17]. Glycated haemoglobin (HbAlc)
was estimated by high-pressure liquid chromatography
using the Variant machine (Bio-Rad, Hercules, Calif.,
USA). The intra- and inter-assay co-efficient of variation of
HbAlc was <10%.

Isolation of lymphocytes

Freshly collected peripheral blood was carefully layered on
histopaque gradient (1,077) and centrifuged at 1,600 rpm
(500 g) for 30 min. The buffy-coat interface representing
>90% lymphocytes was aspirated and washed three times
in phosphate-buffered saline (PBS) pH 7.4 [18, 19].

Gene expression studies

The gene expression profile was studied by semi-quanti-
tative RT-PCR. Total RNA was extracted from
lymphocytes by Triazol method (Sigma-Aldrich, USA) and
the quality and quantity were confirmed by running an
RNA gel. One microgram total RNA was used for the RT
reaction and first-strand cDNA synthesis was carried out
using random hexamers (Qiagen Inc., USA), MMLV
reverse transcriptase according to manufacturer’s protocol.
A reaction without reverse transcriptase was carried out as
a negative control to ensure that the resulting DNA frag-
ment was not due to amplification of contaminant DNA.
The cDNA was amplified using human Beta-actin primers,
forward-5GGACTTCGAGCAAGAGATGG3!, reverse-
5’AGAAAGGAAGGCTGGAAGA 3'. The PCR reaction
protocol was run with an initial denaturation of 95°C for
5 min followed by 95°C for 1 min, 57°C for 1 min, 72°C
for 1 min for 30 cycles with final elongation of 72°C for



Mol Cell Biochem (2009) 324:173-181

175

10 min. Human TNF-o primers, forward-5'-GGCGGTG
CTTGTTCCTCA -3’ and reverse-5'-TTCGAGAAGATGA
TCTGACTGCC-3’ [95°C for 30 s, 62°C for 30 s and 72°C
for 30s for 30 cycles], p22P"* primers, forward-5'-
GTTTGTGTGCCTGCTGGAG-3' and reverse-5-TGGG
CGGCTGCTTGATGGT-3' [95°C for 1 min, 62°C for
1 min, and 72°C for 1 min for 30 cycles], IL-6 primers,
forward-5'-AGGAGACTTGCCTGGTGAAA-3" and reverse-
5'-CAGGGGTGGTTATTGCATCT-3’ [95°C for 30 s,
63°C for 30 s, and 72°C for 30 s for 30 cycles], TXNIP
primers, forward-5-CCACACCTTGGTCCTCATCT-3’ and
reverse-5'-AGGAGGTGGAAGGGATGACT-3' [95°C for
45 s, 59°C for 45 s, and 72°C for 45 s for 30 cycles],
SOCS- 3 primers, forward-5-GCCACCTACTGAACCCT
CCT-3' and reverse-5'-ACGGTCTTCCGACAGAGATG-3'
[95°C for 30 s, 59°C for 30 s, and 72°C for 30 s for 30
cycles]. The products were visualized in a 1.5% agarose gel
and the bands were semi-quantified using gel documentation.

Protein carbonyls

Carbonyl content was evaluated by the 2,4-dinitrophenyl-
hydrazine (DNPH) assay [20]. Blanks were run with 2 M
HCI alone instead of DNPH reagent. Carbonyl content was
expressed as nM/mg protein, using a molar absorption
coefficient of 22,000 M~! ¢cm™'. Protein concentration was
determined using a standard curve with bovine serum
albumin (BSA: 0.25-5.0 mg/ml) dissolved in guanidine
hydrochloride and read at 280 nm.

Lipid peroxidation

Plasma levels of malondialdehyde (MDA), a marker of
lipid peroxidation, was measured by thiobarbituric acid
reactive substances (TBARS) using a fluorescence meth-
odology [21]. Briefly, 0.2 ml of plasma was mixed with
10% SDS, 20% acetic acid, and 0.53% TBA, and boiled at
100°C for 1 h. Butanol:pyridine (49:1) was added, mixed,
and centrifuged at 3,000 rpm for 10 min. The organic

solvent was removed and read at excitation 535 nm and
emission 552 nm. Absolute MDA levels were calculated
by regression parameters using different concentrations of
the standard, 1,1’,3,3’-tetramethoxypropane.

Statistical analysis

Comparison between groups were performed using
unpaired Student’s r-test and one-way ANOVA with
P < 0.05 as the criterion for significance. Pearson corre-
lation analysis was carried out to determine the relation of
gene expression with other risk variables. Regression
analysis was done to determine the association of gene
expression with HbAlc. All analyses were done using
Windows based SPSS statistical package (version 10.0,
Chicago, IL).

Results

Table 1 shows the clinical and biochemical features of the
study subjects. Subjects with glucose intolerance (i.e., IGT,
Type 2 diabetic subjects) were older compared to subjects
with NGT. Fasting plasma glucose, HbAlc, total choles-
terol, and serum triglycerides were higher among subjects
with IGT and diabetes compared to subjects with NGT
(P < 0.001).

TBARS values were higher in subjects with IGT (0.44
nM/ml) compared to the subjects with NGT (0.37 nM/ml)
and highest in those with diabetes (0.67 nM/ml, P < 0.05)
(Fig. 1). PCO levels were also higher in subjects with dia-
betes (0.44 nmol/mg protein, P < 0.001) followed by IGT
(0.21 nmol/mg protein) compared to NGT (0.17 nmol/mg
protein) (Fig. 2).

Figure 3a illustrates gene expression profiles of various
genes. Both IL-6 (Fig. 3b) and TNF-o gene (Fig. 3c)
expression (mean £ SE) were higher in diabetic subjects
(IL-6: 0.80 £ 0.02, P < 0.01; TNF-o: 0.64 & 0.04,
P < 0.001) and in subjects with IGT (IL-6: 0.51 & 0.04;

Table 1 Clinical characteristics
of study subjects

*P < 0.01, ** P < 0.001
compared to NGT

Parameters NGT (n = 10) IGT (n = 10) DM (n = 10)
Age (years) 36 £ 5.7 39 £ 8.6 47 £ 10%*
Body mass index (kg/m?) 240 £ 4 273 £3.7 251 £42
Systolic blood pressure (mm Hg) 113 £ 11 119 £ 12 128 £ 16
Diastolic blood pressure (mm Hg) 74 +9 77+ 9 80 + 10
Fasting plasma glucose (mg/dl) 88 £ 9 93 £ 14 141 + 20**
HbAlc (%) 57+05 6.0+ 0.9 7.7 + 1.3%*
Total cholesterol (mg/dl) 167 + 44 169 + 27 200 + 38*
Serum triglycerides (mg/dl) 153 £ 77 158 £ 79 162 £+ 98*
LDL cholesterol (mg/dl) 96 + 32 97 £ 32 125 £+ 33

# P <0.001 compared to IGT
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Fig. 1 Plasma TBARS levels among subjects with varying glucose
tolerance. Data presented as mean and SEM. * P < 0.05 compared to
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Fig. 2 Plasma protein carbonyl levels among subjects with varying
glucose tolerance. Data presented as mean and SEM. * P < 0.01
compared to NGT. *P < 0.001 compared to IGT

TNF-o: 0.49 &+ 0.06, P < 0.01) compared to normal sub-
jects (IL-6: 0.28 % 0.06, TNF-o: 0.19 % 0.08). SOCS-3
gene expression was significantly decreased in subjects
with diabetes (DM: 0.19 £ 0.02, P < 0.05) compared to
IGT (0.33 £0.04) and NGT group (0.84 £ 0.05)
(Fig. 3d). Subjects with diabetes and IGT had higher levels
of NADPH oxidase (Fig. 3e) gene expression (DM:
1.50 + 0.08, P < 0.05; IGT: 0.89 £ 0.06) compared to
NGT group (0.49 £ 0.07). TXNIP (Fig. 3f) gene expres-
sion was also higher in those with diabetes and IGT (DM:
0.84 + 0.07, P < 0.001; IGT: 0.58 £ 0.06) compared to
NGT group (0.41 % 0.07). The ‘P’ for trend was statisti-
cally significant (P < 0.01) for all the measured
parameters. After age-adjustment, the trend for increased
inflammatory and oxidative stress markers among subjects
with IGT and patients with Type 2 diabetes persisted.
Table 2 shows the Pearson correlation analysis between
IL-6, TNF-o, NADPH oxidase, and TXNIP gene expres-
sion with metabolic risk factors. IL-6 gene expression
showed a correlation with PCO (P < 0.001), fasting
plasma glucose (P < 0.05), HbAlc (P < 0.01), TNF-«
(P =0.04), and NADPH oxidase (P = 0.02). TNF-q,
showed a correlation with Tbars (P < 0.01), PCO
(P < 0.001), fasting plasma glucose (P < 0.01), HbAlc
(P <0.001), gene expression of NADPH oxidase
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(P = 0.006), and TXNIP (P = 0.006). NADPH oxidase
and TXNIP showed a positive correlation with fasting
plasma glucose (P <0.01) and HbAlc (P < 0.01).
NADPH oxidase is positively correlated with Tbars
(P <0.05), PCO (P <0.01), and TXNIP (P < 0.001).
SOCS-3 was negatively correlated with PCO (P = 0.033),
fasting plasma glucose (P = 0.035), HbAlc (P = 0.039),
TNF-o0 (P = 0.022), NADPH oxidase (P = 0.04), and
TXNIP (P = 0.033).

Multiple linear regression analysis was done using
HbAlc as dependent variable and gene expression as
independent variables. TXNIP and TNF-o showed a sig-
nificant association with HbAlc even after adjusting for
TBARS and PCO (TXNIP: f = 1.70, P < 0.01; TNF-o:
p = 1.86, P < 0.01). NADPH Oxidase, IL-6 and SOCS-3
showed an association with HbAlc but this association was
abolished after introducing TBARS and PCO into the
model (Table 3).

Discussion

This study envisages three important findings. First, sub-
jects with glucose intolerance exhibited increased
proinflammatory gene expression along with compromised
feedback regulation by SOCS signals. Secondly, these
subjects were characterized by increased cellular pro-oxi-
dation as revealed by increased gene expression of both
NADPH oxidase and TXNIP. Thirdly and for the first time,
these altered gene expression profiles were demonstrated to
occur as early as in IGT.

The recent insight that inflammation contributes to the
development of atherosclerosis and Type 2 diabetes mel-
litus constitutes a major breakthrough in understanding the
mechanisms underlying these conditions. Chronic inflam-
matory conditions have been shown to be associated with a
proatherogenic lipid pattern and altered glucose tolerance.
Many studies showed that adipose tissue secretes inflam-
matory cytokines, which in turn contribute to IGT, insulin
resistance, and Type 2 diabetes [22]. Circulating levels of
cytokines, such as Tumor Necrosis Factor-oo (TNF-o) and
interleukin-6 (IL-6), and acute-phase proteins, such as
C-reactive protein, are elevated in obesity, metabolic syn-
drome, and Type 2 diabetes [23, 24]. However, there are
limited data on gene expression patterns of proinflammatory
markers in clinical diabetes [25]. In this context, increased
TNF-o0 and IL-6 gene expression pattern seen in subjects
with IGT and Type 2 diabetes patients in this study is an
important observation. Chronic inflammation in general and
TNF-o in particular is likely to represent driving force for
two events. First, TNF-u, as part of the inflammatory cas-
cade originating from lymphocytes, might play a crucial role
in the development of atherosclerotic lesions and able to
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Fig. 3 mRNA expression patterns in the study group. a Represen-
tative patterns of gene expression of IL-6, TNF-«, SOCS-3, NADPH
oxidase [P22 Phox], TXNIP, and Beta Actin in control subjects (lanes
2-3), IGT subjects (lanes 4-5) and diabetic subjects (lanes 6-7). Lane
1 is the DNA ladder (50 bp). Densitometric analysis was carried out

induce proatherogenic lipoprotein changes. In this context,
atherogenic TNF-u« that are related to T cell function were
demonstrated within atherosclerotic plaques [26, 27]. Sec-
ondly, TNF-o, by decreasing insulin sensitivity in adipose
tissue might contribute to the development of glucose
metabolism disturbances [28]. The later is supported by a
recent study in which proinflammatory lymphocyte infiltra-
tion has been demonstrated as a primary event (prior to
macrophage infiltration) in adipose tissue inflammation and
the development of obesity-mediated insulin resistance [14].
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for the cumulative data on respective genes, IL-6 (b), TNF-« (c),
SOCS-3 (d), NADPH oxidase [P*> Phox] (e), TXNIP (f) after
adjusting for the expression of the housekeeping gene Beta Actin.
* P <0.05, ¥ P < 0.01 compared to NGT

In the Finnish diabetes prevention study, it has been
shown that promoter polymorphisms of the TNF-«
(G-308A) and IL-6 (C-174G) genes predict the conversion
from IGT to Type 2 diabetes. In addition, a functional
polymorphism of the TNF-« gene has been recently shown
associated with Type 2 diabetes [29]. The —308A allele of
the TNF-a gene has been found to increase TNF-o tran-
scription [30] and secretion [31]. The progressive increase
in TNF-o and IL-6 gene expression patterns in our study
from subjects with IGT to Type 2 diabetes patients imply
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Table 2 Pearson correlation analysis of gene expression with other risk variables

11-6 TNF-o NADPH oxidase TXNIP SOCS-3

(r, P value) (r, P value) (r, P value) (r, P value) (r, P value)
Age 0.334, 0.111 0.399, 0.054 0.267, 0.188 0.342, 0.110 —0.319, 0.128
Body mass index (BMI) 0.024, 0.912 0.013, 0.953 0.165, 0.420 0.285, 0.281 0.341, 0.213
Systolic blood pressure 0.120, 0.578 0.222, 0.297 0.013, 0.951 0.374, 0.079 —0.193, 0.365
Diastolic blood pressure 0.113, 0.598 0.280, 0.184 0.012, 0.955 0.189, 0.388 —0.036, 0.866
Fasting plasma glucose 0.420, 0.041 0.534, 0.007 0.622, 0.001 0.587, 0.001 —0.431, 0.035
HbAlc 0.488, 0.015 0.745, 0.000 0.590, 0.001 0.525, 0.003 —0.423, 0.039
Serum cholesterol 0.138, 0.521 0.136, 0.527 0.178, 0.383 0.053, 0.811 —0.321, 0.209
Serum triglycerides 0.169, 0.431 0.151, 0.481 0.366, 0.066 0.169, 0.440 0.029, 0.894
High density lipoprotein (HDL) cholesterol —0.271, 0.197 0.129, 0.547 —0.186, 0.362 —0.020, 0.929 0.107, 0.618
Low density lipoprotein (LDL) cholesterol 0.169, 0.430 0.257, 0.226 0.340, 0.089 0.142, 0.517 —0.152, 0.479
TBARS 0.308, 0.143 0.651, 0.001 0.407, 0.049 0.352, 0.104 —0.152, 0.479
PCO 0.553, 0.005 0.604, 0.002 0.583, 0.003 0.645, 0.004 —0.437, 0.033
1L-6 - 0.420, 0.041 0.470, 0.020 0.519, 0.011 —0.449, 0.028
TNF-o 0.420, 0.041 - 0.547, 0.006 0.532, 0.004 —0.465, 0.022
NADPH oxidase [P*?Phox] 0.470, 0.020 0.547, 0.006 - 0.617, 0.002 —0.407, 0.041
TXNIP 0.510, 0.011 0.439, 0.032 0.690, 0.000 - —0.446, 0.033
SOCS-3 —0.499, 0.028 —0.465, 0.022 —0.407, 0.048 —0.446, 0.033 -

Values in italics denote significance of P values

Table 3 Linear regression analysis, using Glycated hemoglobin as
dependent variable and proinflammatory and pro-oxidative genes as
independent variable

inflammation is one of the earliest findings in the patho-
genesis of Type 2 diabetes.
Decreased SOCS-3 gene expression in subjects with

Parameters p Pvalue  o)ycose intolerance compared to normal glucose tolerant
TXNIP individuals is an important observation in this study. SOCS
Unadjusted 233 <0.01 proteins regulate intensity and duration of cytokine/
Adjusted for TBARS and PCO 1.700 <0.01 growth-factor signals and integrate multiple extracellular
TNF-o signals that may converge on target cells. SOCS-1 and
Unadjusted 277 <0.001 SOCS-3 have been extensively studied both in vitro and in
Adjusted for TBARS and PCO 1.86 <0.01 vivo in the context of insulin action. Interestingly, the level
NADPH oxidase of SOCS-3 expression is strikingly enhanced in insulin-
Unadjusted 0912 <0.001 sensitive tissues from both patients and animal models with
Adjusted for TBARS and PCO 0.018 0.944 Type 2 diabetes and insulin resistance [33, 34]. Contrary to
L6 this, downregulation of SOCS-3 gene expression in glucose
Unadjusted 1,339 0.015 intolerant subjects observed by us could be a tissue-spef:iﬁc
Adjusted for TBARS and PCO 0218 0.672 ef.fect. It has .bee.n shown that SOCS-3 regulates prolifer-
SOCS.3 ation and actlvat.lon.of lymphocytes [35] and counteracts
Unadjusted 0779 0.039 uncontrolled .actlvatlon of Thl and ThZ responses. The
) gene expression pattern of SOCS-3 with both IL-6 and
Adjusted for TBARS and PCO —0.248 0.424

that these proinflammatory signals are important compo-
nents of the risk factors of Type 2 diabetes and its
complications. While the offspring of Type 2 diabetic
subjects are at increased risk of diabetes, a recent study
[32] showed that CRP and proinflammatory cytokine levels
were elevated in nondiabetic offspring compared with the
control group, supporting the concept that low-grade
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TNF-« in our study in control subjects supports this view.
Thus, it appears that the physiological role of the SOCS
proteins is most likely to prevent uncontrolled cytokine
signaling in the cell by negative feedback. However, this
mechanism seems to be compromised in glucose intolerant
subjects as they exhibit low levels of SOCS-3, despite
increased transcription of TNF-« and IL-6. It is evident
from our study that the induction of SOCS expression is
delayed or insufficient to overcome the destructive effect of
the cytokines in glucose intolerant individuals. We suggest
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that SOCS proteins, particularly SOCS3, may regulate an
important checkpoint that prevents inappropriate activation
of lymphocyte subtypes or secretion of cytokines that
underlie pathogenic mechanisms of Type 2 diabetes.

Increased NADPH oxidase activity is implicated in the
pathogenesis of pancreatic f-cell apoptosis [36] and in the
development of diabetic complications. Recently, it has
been shown differential gene expression of NADPH oxi-
dase (p22phox) and hemoxygenase-1 in patients with Type
2 diabetes and microangiopathy [37]. While our study
supports this, it is important to note that increased pro-
oxidant gene expression appear as early as in IGT.

Another important observation in this study is the pro-
gressively increased TXNIP gene expression in subjects
with IGT and Type 2 diabetic patients. Chen et al. [38]
have demonstrated that TXNIP induction plays a critical
role in the vicious cycle of f-cell glucose toxicity and
apoptosis. In addition, a recent human study [39] demon-
strated that TXNIP modifies glucose uptake in adipocytes
and skeletal muscle, and TXNIP expression was elevated
even in the muscle of prediabetics. While TXNIP functions
as an oxidative stress mediator by inhibiting thioredoxin
activity, it has been shown to activate apoptotic (JNK) and
proinflammatory signals [40]. Our study supports this as
TXNIP gene expression is positively associated with pro-
tein oxidation and gene expression patterns of IL-6, TNF-o,
and NADPH oxidase in patients with Type 2 diabetes.

Our study points out complex interactions among oXi-
dative mediators in the prediabetic and hyperglycemic
milieu. Elevations in TXNIP could represent a candidate
intermediate linking diabetogenic stimuli to ROS produc-
tion [41] and TNF-« stimuli to inflammation [42]. NADPH
oxidase being a major source of ROS could elevate TXNIP
whose induction is connected with an oxidative stress
response. Alternatively, reduced levels of SOCS-3 might
evoke hyperproduction of proinflammatory signals (TNF-
o) which in turn augment oxidative stress. In our study,
protein oxidation as measured by protein carbonyl content
(PCO) was increased in subjects with IGT and Type 2
diabetes patients. Given that AOPPs (Advanced Oxidation
Protein products) accumulation occurs from an early stage
of prediabetes, when hyperglycemia was not present, it is
plausible to propose that AOPPs accumulation resulting
from oxidative stress in prediabetes can worsen the redox
imbalance [43] and inflammation [44]. The enhanced oxi-
dative stress and inflammation may further increase AOPPs
formation via stimulation of lymphocytes to produce more
oxidants. These proinflammatory/pro-oxidative lympho-
cyte phenotypes when infiltrate other organs might mediate
atherogenesis [45], apoptosis [46], insulin resistance [14],
and obesity [47]. Further studies should establish the role
of specific lymphocyte subtypes in the evolution of meta-
bolic and vascular dysfunction.

One of the limitations of this study is the small sample size
and this was mostly related to matching the IGT subjects with
other groups. Despite this, the study has given directionality
for the role of immune cells in accelerating inflammation/
oxidation which would have detrimental consequences in the
target tissues of insulin signaling such as adipocytes. In
addition, this study has also unraveled the role of certain
novel drug targets such as SOCS-3 and TXNIP at the cross-
road of prediabetes and Type 2 diabetes. To conclude, our
study has demonstrated increased proinflammatory and pro-
oxidant gene expression patterns not only in patients with
Type 2 diabetes but also in subjects with IGT. We suggest
that counteracting sub-clinical inflammation and/or oxida-
tion should be one of the important strategies both in the
treatment and prevention of Type 2 diabetes.
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