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Abstract The protective effects of TGF-f have been
documented in various autoimmune diseases, mostly in
organ-specific autoimmunity including type 1 diabetes
mellitus (T1DM). However, TGF-f also plays a role as a
pro-inflammatory mediator by induction of Th17 cytokine
production. IL-23 also plays a key role in differentiation of
Th17 cells, which are implicated in pathogenesis of auto-
immune conditions including TIDM. The aim of this study
was to investigate and compare the difference in the level
of TGF-$1 and IL-23 gene expression in unstimulated
peripheral blood mononuclear cells (PBMCs) of patients
with different forms of diabetes compared with normal
healthy controls subjects. Patients with TIDM were
grouped as early-onset TIDM (N = 20) with age at diag-
nosis <18 years and late-onset TIDM (N = 20) with the
age at onset >18 years. Patients with T2DM (N = 20) and
normal healthy controls (N = 20) were recruited from the
same area. TGF-f1 and IL-23 gene expression in fresh
unstimulated PBMCs was determined in each group using
quantitative real-time PCR. The results confirmed that a
significant difference in TGF-f1 and IL-23 gene expression
was observed in both forms of juvenile-onset TIDM and
adult-onset TIDM compared to the controls and T2DM
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patients. There was no significant difference for TGF-f
gene expression in patients with T2DM and controls. We
therefore conclude that our results support the previous
data on TGF-f gene down-regulation in TIDM. Also
up-regulation of IL-23 has been observed in TIDM whilst
it was down-regulated in T2DM. We also found no sig-
nificant difference between juvenile-onset and adult-onset
T1DM indicating same mechanism might be involved in
the pathogenesis of both types. More studies on different
cytokines in Th17 pathways are required to further confirm
our finding.
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Introduction

Inflammatory cytokines play central role in pathogenesis of
autoimmune diseases including type 1 diabetes mellitus
(T1DM). TGF-f; is a multifunctional cytokine acting on a
variety of cell types in a wide range of biological processes
like immune regulation (via increasing of adhesion mole-
cules and providing chemotactic gradients), tissue repair
(modulation of ECM, extra-cellular matrix, turn over) and
tumourigenesis [1].

The protective effects of TGF-f have been documented
in different autoimmune diseases, mostly in organ-specific
autoimmunity including T1DM. Intramuscular injection of
plasmid DNA, which encodes latent TGF-f (pCMV-TGF-
f1), decrease the incidence of diabetes in both cyclo-
phosphamide (CYP)-treated (accelerated) and non-CYP
treated (natural course) diabetes in NOD mice [2, 3]. A
similar protective role for TGF-f against diabetes has been
observed in islet-specific expression of TGF-f in NOD
mice [4, 5] or by injection of TGF-f-producing T cell



Endocrine (2012) 41:430-434

431

clones [6]. Neutralization of TGF-f with anti-TGF-f
accelerates the onset of diabetes [7, 8]. TGF-f gene
expression has been observed in Treg cells in peripheral
blood of children with TIDM [9]. Reduced TGF-f
expression has been previously reported in peripheral blood
mononuclear cells (PBMCs) in children with TIDM [10].

Although Thl immune response is the most recognized
mechanism in development of autoimmune conditions,
new data point towards the implication of Th17 pathway in
autoimmunity [11, 12]. Recent evidence indicates a central
role of Th17 response in TIDM [12]. IL-23 is a proin-
flammatory, heterodimeric cytokine involved in differen-
tiation of Th17 cells [13] playing pivotal role in regulation
of Th17 cell expansion rather than their development [13,
14]. TGF-f also acts together with IL-23 operating as a
pro-inflammatory mediator by induction of Th17 pathway
[8]. However at the ultimate phase of the immune response,
TGF-f suppresses the inflammatory pathways [15]. The
effect of TGF-f on naive compared with antigen-experi-
enced/memory CD8+ T cells seems to be different
depending on their differentiation status and activation
history indicating dual role of TGF-f in autoimmunity
[16].

The aim of this study was to investigate and compare the
difference in the level of TGF-f1 and IL-23 gene expres-
sion in unstimulated PBMCs of patients with different
forms of diabetes compared with controls subject.

Materials and methods
Patients groups

Patients with diabetes were recruited from diabetes clinic
in Shariati hospital, Tehran University of medical sciences.
Patients were diagnosed according to American Diabetes
Association (ADA) Criteria. The cases fulfilled at least one
of the triple criteria recommended by ADA were included
in the study. Diabetes was regarded as TIDM if it was
diagnosed before the age of 30 years and accompanied
with acute onset and presence of ketonemia and treatment
with insulin began within the first year of diagnosis and
continued thereafter. In most patients diagnosed with
TIDM in our study DKA was the first symptom and
treatment with insulin began at the time of diagnosis.
Normal healthy controls subjects were recruited from the
same area.

Informed consent was obtained from all participants.
After collection of heparinized venous blood, lymphocyte
separation was performed using density gradient ficoll
(1.077) and total RNA was extracted from fresh unstimu-
lated PBMCs using TriPure Isolation Reagent (Roche
Applied Science), according to the manufacturer’s

protocol. One pg aliquot of total RNA from each sample
was reverse transcribed into single-stranded cDNA using
random hexanucleotides primers and expand reverse
transcriptase (Roche Applied Science). cDNA for each
sample was subjected to quantitative real-time PCR using
the following primers for HPRT internal quantitative con-
trol forward 5-CCTGGCGTCGTGATTAGTGAT-3,
reverse  5-AGACGTTCAGTCCTGTCCATAA-3' and
TGF-f3, forward 5-CGACTACTACGCCAAGGA-3' and
reverse 5-GAGAGCAACACGGGTTCA-3’ primers and
IL-23, forward 5-GGACAACAGTCAGTTCTGCTT-3'
and reverse 5'-CACAGGGCTATCAGGGAGC-3'.

Quantitative PCR

All quantitative PCR reactions were performed in 20 pl
reaction mixtures containing 250 ng cDNA, 10 ml Takara
Real-Time = SYBR Green/ROX PCR Master, primer pairs
and nuclease-free water to 20 ml. Each biological replicate
was run in duplicate on an ABI Step One quantitative PCR
system. Thermocycling conditions consisted of an initial
polymerase activation step at 95°C for 10 min, followed by
40 cycles at 95°C for 5 s and 60°C for 30 s. Afterwards,
melting curves were generated to confirm a single gene-
specific peak and to detect primer dimmer formation.

Statistical analysis

Gene expression data were normalized against HPRT as
reference gene. Data analysis was performed using the
27AACT method. The significance of differences between
control and test groups was established by r-test using SPSS
software. The significance level was set at P < 0.05.

Results

Patients with TIDM were grouped as juvenile-onset T1DM
(N = 20) with age at diagnosis <18 years and adult-onset
TIDM (N = 20) with the age at onset >18 years. Duration
of diabetes was 1.4 & 1.6 years in juvenile-onset TIDM
and 1.9 £ 1.7 in adult-onset TIDM. The characteristics of
patients are given in Table 1.

TGF-f gene expression in different groups of patients
with diabetes compared to the controls

A significant decrease in TGF-f gene expression was
observed in TIDM compared to the controls (P = 0.02;
95% CI: 0.4-5.9). There was no significant difference in
TGF-f§ gene expression between T2DM and controls

(Fig. 1).
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Table 1 Baseline

haracteristi £ health Early-onset Late-onset T2DM Controls
N aiacler‘sc‘fz.ob tea yt . TIDM TIDM N=120 N=20
controls and diabetes patients N = 20 N =20
Age 11.6 £ 29 242 £ 4.6 58.6 £ 9.3 553+ 12
Sex
Male/female 12/11 15/5 12/6 6/14
BMI - 213 +£27 277 £32 27.1 £2.6
Insulin requirement unit/day 31.1 £ 204 49.05 + 19 - -
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Fig. 1 TGF-f gene expression in PBMCs of patients with diabetes.
a There was a significant decrease in TGF-f expression in TIDM
compared to the controls (P = 0.02) and compared to T2DM
(P < 0001). b There were significant decreases for TGF-f; expression
in both types of early-onset TIDM and late-onset T1DM compared to
the controls and T2DM. There were no significant differences
between early-onset T1DM late-onset T1DM
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TGF-f gene expression in patients with adult-onset
T1DM was lower than patients with juvenile-onset TIDM,
however, this did not reach significance level (P = 0.1).
TGF-f gene expression was significantly decreased in
patients with TIDM compared to patients with T2DM
(P <0.001; 95% CI: 0.6-2.1) (Fig. 1).

IL-23 gene expression in different groups of patients
with diabetes compared to the controls

There was a significant decrease in IL-23 gene expression
in patients with T2DM compared to the controls
(P = 0.004). IL-23 gene expression was significantly
increased in patients with T1DM compared to patients with
T2DM (P = 0.02) but not compared to the controls
(P =0.1). The difference for IL-23 gene expression
between early-onset TIDM and T2DM was significant
(P = 0.004), whilst the difference between late-onset
T1DM and T2DM was less significant (P = 0.05). There
was no significant difference for IL-23 gene expression in
patients with adult-onset TIDM and juvenile-onset T1DM
(P = 04) (Fig. 2).

Discussion

We observed that TGF-f gene expression is significantly
lower in fresh PBMCs derived from both adult-onset and
juvenile-onset TIDM compared to patients with T2DM and
normal healthy controls. Whilst IL-23 gene expression was
significantly increased in TIDM compared to T2DM.
Therefore, IL.-23 and TGF-f seems to have contradictory
role in pathogenesis of diabetes.

Activated monocytes play an important role in the
pathogenesis of type 1 diabetes. Inflammatory monocytes
are also involved in the pathogenesis of type 2 diabetes [17,
18]. Recently, the interests have risen for immunotherapy
of T1DM and suppression of immune reaction by targeting
autoreactive T cells and T regulatory cells (Tregs).
Expressions of several pro- and anti-inflammatory cyto-
kines including TGF-f have been observed in Tregs of
patients with type 1 diabetes [9].
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Fig. 2 IL-23 gene expression in PBMCs of patients with diabetes.
a There was a significant increase in IL-23 gene expression in patients
with TIDM compared to T2DM (P = 0.01). IL-23 was significantly
decreased in patients with T2DM compared to the controls
(P = 0.004). b IL-23 gene expression was higher in patients with
early-onset T1DM than late-onset T1DM but there were no significant
differences

An imbalance between Th1/Th2 immune response has
been known as the underlying mechanism in development
of autoimmune disorders. However, recent evidence sug-
gests the involvement of Th17 CD4+ T cells subtype
differentiated from naive T cells as a result of signals from
combination of TGF-f1, IL-6, IL-21, IL-1beta and IL-23
[13]. IL-17-producing T cells are responsible for many
of the inflammatory and autoimmune responses [11].
Recently it has been observed that IL-23 induces

pathogenic IL-17 producing CD8+ T cells in autoimmune
diabetes (Tc17) [11]. Our data emphasize the role of Th17
pathway involved in both type of diabetes, which requires
further assessment. Analysis of T cell subsets in various
groups of diabetes might be helpful to identify mechanisms
involved in disease pathogenesis.

Previous reports indicate the existence of heterogeneity
in the genetic, immune and metabolic characteristics of
adult and juvenile forms of type 1 diabetes [17, 19]. Recent
studies have observed distinct pattern of inflammatory gene
expression in peripheral monocytes of diabetes patients
depending on clinical manifestations and age at diagnosis
[17, 20]. Low concordance rate in twin studies for adult-
onset TIDM indicates small impact of genetic risk in
susceptibility to adult-onset TIDM and latent autoimmune
diabetes of adults (LADA) which is primarily presenting
with non-insulin requiring diabetes. However, beside the
low twin concordance rate both types show association
with HLA genes [19] indicating the high impact of immune
system deregulation in susceptibility to TIDM in adults. It
is necessary to examine Th17 cytokines expression profile
and T cell subsets in patients with different types of dia-
betes to find out the exact role of Th17 pathway in sus-
ceptibility to T2DM and T1DM diabetes at different age. It
will be also interesting to examine the association between
Th17 cytokines expression and diabetes associated auto-
antibodies in adult-onset and juvenile-onset T1DM and
also in patients with LADA. Cytokines produced in Th17
pathways might be implicated in clinical manifestation of
diabetes and could be identified as a marker to distinguish
between various forms of diabetes at different age at onset.
More studies are required to further confirm the data we
have observed in this study.
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