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Th1/Th2 cytokines in Type 1 diabetes: Relation to
duration of disease and gender

Hajar Vaseghi', Zohreh Jadali?®

'Department of Biology, Faculty of Biological Sciences, Gonbad Kavous University, Gonbad Kavous, 2Skin and Stem Cell Research Center,
Tehran University of Medical Sciences, *Department of Immunology, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran

Background: T-cells are important in the pathogenesis of Type 1 diabetes (T1D). However, the exact role of T-cell subpopulations in this
pathway remains unknown. The purpose of this study was to assess the expression pattern of T helper 1 (Th1) interferon-gamma (IFN-y)
and Th2 interleukin-4 (IL-4) cytokines and their relationship with sex and disease duration in T1D patients. Materials and Methods: This
study was conducted on 21 T1D patients and 22 healthy subjects. Gene expression analysis of peripheral blood mononuclear
cells (PBMCs) was performed using real-time reverse transcriptase polymerase chain reaction. Results: IFN-y gene expression
was significantly lower in T1D patients compared with controls (P < 0.05). Conversely, IL-4 mRNAs were significantly increased in
the PBMCs from patients as compared to controls (P < 0.05). There was no significant difference in the expression of IL-4 and IFN-y
between men and women with T1D (P > 0.05) while IL-4 mRNA expression in male patients was about 1.9 folds higher than female
patients. Moreover, IFN-y mRNA expression in female patients was about 1.8 folds lower than male patients. Patients were divided
into two groups regarding their disease duration: <10 years and >10 years. A significant increase in the IL-4 expression was observed
between two groups of patients compared to controls (P < 0.0001). Conversely, there was a significant difference in the expression of
IFN-y only between patients with more than 10 years of disease duration (P = 0.02). Conclusion: These data propose supplementary
implications for the role of Th1/Th2 imbalance in T1D immunopathogenesis. Moreover, factors such as sex and disease duration may
have some influence on cytokine mRNA expression.
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The etiology of T1D is unknown; nonetheless, genetic,

INTRODUCTION

Diabetes is a common chronic disease and is now on the
rise in many countries. Globally, in 2030, it is estimated that
nearly to 552 million people are diabetic.! About 5-10%
of people suffering from diabetes have the Type 1 form
(Type 1 diabetes [T1D]). The disease can occur at any age,
but is often observed in adolescence and eatly adulthood.
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immunologic, and environmental factors (such as viruses)
contribute to the pathogenesis of disease.*’!

In T1D, insulin deficiency is associated with the destruction
of the B-cells of the pancreas that may be caused by the
activation of auto-aggressive T helper (Th) lymphocytes and
mactophages.! Th1 and Th2 cells comprise two functionally
separate subpopulations of Th cells and are distinguished by
their cytokine profiles and activities. For example, Th1 cells
are an important source of interferon-gamma (IFN-Y) and
also form a major component of cellular immune response.
However, Th2 lymphocytes produce intetleukin-4 (IL-4)
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and are more effective in stimulation of humoral immune
system.!

There is growing evidence to suggest that altered Th1/Th2
balance and related cytokines play an important role
in the pathogenesis of autoimmune diseases such as
T1D. However, there is disagreement in the literature
about T1D being a Th1 or Th2 - mediated autoimmune
disease, ot both.[** Therefore, elucidating a peculiar role
for various Th1 and Th2 subpopulations in T1D may help
in identifying specific immune parameters in this important
metabolic disease. Moreover, the effect of gender and
duration of disease on T-cell immunity and development
of insulin-dependent diabetes mellitus (IDDM) remains
also controversial."!"l

The aim of this study was to analyze IFN-y and IL-4 mRNA
expression patterns in peripheral blood mononuclear cells
(PBMCs) of patients with T1D. Moreover, correlations
between mRNA levels of these cytokines and clinical
parameters of patients (gender and duration of disease)
were also evaluated.

MATERIALS AND METHODS

Patients

During 6 months, venous blood samples (5 ml) were drawn
from patients (7= 21) with T1D and control subjects (7 = 22).
The mean age of the patients was 26.67 = 4.78 years (men
25 £ 4.06 years; women 27.92 £ 5.05 years). All of the
healthy controls had no history of T1D or other chronic
and autoimmune diseases and their mean ages were
29.18 £ 7.66 years (men, 25.20 £ 5.63 years, women,
30.35 £ 7.91 years).

As shown in Table 1, study participants were
categorized into two groups on the basis of disease
duration - Group 1 (below 10 years, mean = 5.33 £ 3.31)
and Group 2 (above 10 years, mean = 16.0 + 4.98). Samples
were also subgrouped according to gender into males and
females. Cytokine alterations were analyzed by subgrouping
patients and controls according to gender and disease
duration.

Table 1: Classification of individuals according to
gender and duration of disease
Clinical variables Patient’s n (%)

Controls n (%)

Sex
Male 9 5
Female 12 17
Duration of disease (years)
<10 10 0
>10 11 0

n: Number of individuals

Ethical clearance

The protocol was in accordance with the guidance of the
Research Ethics Board at Tehran University of Medical
Sciences. All patients and control subjects gave informed
written consent before the beginning of any study-related
procedures.

Isolation of peripheral blood mononuclear cells using
Ficoll

PBMCs were isolated using Ficoll density-gradient
centrifugation (Pharmacia, Uppsala, Sweden) from the
whole blood. In brief, the heparinized blood was diluted 1:1
in phosphate-buffered saline (PBS) and layered over 5 ml
Ficoll-Paque in a conical tube. The tubes were centrifuged
at 400 X g for 20 min at 20°C. The PBMCs layer was
transferred to a new canonical tube. The cells were washed
twice in PBS (at 20°C for 10 min at 300 X g followed by
10 min for 200 X g) and resuspended in an appropriate
amount of buffer. The mixture was then transferred to a
1.5 ml microcentrifuge tube.

RNA extraction and first-strand cDNA synthesis

RNA isolation was performed immediately after PBMC
preparation. Purification of total RNA from PBMCs was
performed using Ribospin™ (GeneALL, Seoul, Korea).
Electrophoresis and spectrophotometry used for the
evaluation of quality and quantity of extracted RNA.
cDNA was synthesized according to manufacturer’s
protocol (Fermentas, Germany) and kept frozen at —20°C
until use.

Reverse transcription-quantitative polymerase chain
reaction analysis

Prepared cDNA samples were subjected to reverse
transcriptase polymerase chain reaction (RT-PCR) with
specific primer pairs to IL-4, IFN-y, and B-actin. The exact
primers sequences and RT-PCR techniques employed in
this study was explained previously."! Primers specific
for IFN-y, IL-4 and housekeeping gene P-actin were
purchased from TAG Copenhagen (Denmark). It must
be mentioned that B-actin gene amplification was used
as a reference standard for the normalization of gene
expression data. Amplification specificity of each primer
set was also controlled by a melting curve and the amount
of mRNA target was assessed via the comparative cycle
threshold (ACt) method.

Statistical analysis

Independent sample ~test was used to compare two or more
groups for statistical differences. Data were expressed as
mean = standard deviation. Analysis of variance was also used
for identifying genes that were differentially expressed on one
or more of the groups. P < 0.05 was considered statistically
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significant. All statistical calculations were analyzed using
SPSS software (version 16, Chicago, 1L, USA).

REsuLTs

Quantitation of interleukin-4 gene expression in patients
with Type 1 diabetes and healthy subjects

The levels of IL-4 mRNA expression was significantly
augmented in patients (6.44 £ 1.27) compared to controls
(9.09 + 1.30) (P = 0.001). No significant difference was
observed between men and women with T1D in the
expression of 1L-4 (P> 0.05), while, the mean level of 11.-4
expression was higher in PBMCs of both men (P = 0.0001)
and women (P = 0.0003) with T1D in comparison to
normal healthy men and women.

Comparison of 1L-4 ratio between male and female patients
also showed that the expression levels of IL-4 mRNA
in male patients were about 1.9 folds higher than female
patients.

Patients with short (<10 years) and long (more than
10 years) disease duration had higher levels of 1L-4 mRNA
expression as compared with normal controls (P < 0.0001).

Expression profile of interferon-gamma in Type 1 diabetes
patients and controls

Quantitative cytokine mRNA expression revealed
significantly reduced IFN-y mRNA levels in the PBMCs
of patients (11.25 * 1.91) in comparison with those of
control (10.17 £ 1.29) (P = 0.001). There was no significant
difference between men and women with T1D in the
expression of IFN-y (P> 0.05). However, comparison of
IFN-y ratio between male and female patients showed that
the expression levels of IFN-y mRNA in female patients
was about 1.8 folds lower than male patients.

The mean level of IFN-Y expression was lower in PBMCs
of both men and women with T1D in comparison to
normal healthy men and women. Nonetheless, significant
between-group differences were only observed in male
participants (P = 0.05).

Patients with short (<10 years) and long (more than
10 years) disease duration had lower levels of IFN-y mRNA
expression as compared with normal controls. However,
significant between-group differences were only observed
in patients with long disease duration (P = 0.02).

CoNcLUSION

T1D is an important endocrine disorder that causes the
elimination of insulin-producing beta cells, in the pancreatic

islets.'” The exact cause of the autoimmune attack in this
debilitating illness remains unknown but T-cells appear
to play a pivotal role in the destruction process of the
insulin-producing beta cells.

While the function of different subpopulations of
CD4" Th lymphocytes is elucidated in T1D, the potential
contributions of Th1/Th2 subsets in the disease process
seem to be substantial. These cells can participate in disease
process through different ways. However, aberrations
of their cytokines appear to play a pivotal role in the
pathogenesis of T1D.I"!

Hence, in this study, cytokine gene expression for IFN-y
and IL.-4, Th1 and Th2 signature cytokines, respectively
were compared. Our results revealed a significant decrease
in IFN-y mRNA level of patients compared to normal
subjects. In contrast, the levels of IL-4 specific mRNA
showed a substantial increase in diabetic patients compared
to healthy controls. These data point to a shift from a Th1
to a Th2 type of immune response and are consistent with
some previous studies that find evidence for a protective role
of 1L.-4in T1D. The precise mechanism of 1L.-4-mediated
protection is unknown at this time, and different pathways
have been proposed to be involved. It may act through
the elimination of specific memory cells against islet cell
antigens and down-regulation of autoreactive responses.!'*

The results of this study, however, is not consistent with
previous reports indicating that Thl cells are involved
in the pathogenesis of T1D.'"!% These disparities may
be dependent upon patient related factors such as their
gender, duration of disease, and different phases of the
autoimmune response that may affect some aspects of the
immune system by altering the balance of Th1/Th2 cells
and the cytokines they release. Therefore, in the next part
of this study, the profile of Th1/Th2 - related cytokine
was analyzed according to the gender and disease duration
of participants [Table 2]. The present study showed no
significant difference in the expression of 1L.-4 and IFN-y
between men and women with T1D (P> 0.05). Nonetheless,
women with T1D demonstrate a significantly higher degree
of IL.-4 expression in peripheral blood compared to healthy
females. The same results were obtained when male patients
and controls were compared. Moreover, male patients
had higher level of 1L.-4 expression than female patients
(1.9 fold).

Analysis of IFN-y gene expression also indicates that
there is only significant statistical difference between male
patients and male controls. In addition, the expression
levels of IFN-y mRNA in female patients were about 1.8
folds lower than male patients.
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Table 2: Comparative cycle threshold of interferon gamma and interleukin-4 in different groups of patients and controls

Clinical variables Patients (IL-4 ACt)  Controls (IL-4 ACt) P Patients (IFN-y ACt)  Controls (IFN-y ACt) P
Sex
Male 6.31£1.15 9.62+1.20 0.0001 12.02+1.44 10.54+1.36 0.05
Female 6.54+1.29 8.93+1.25 0.0003 10.71£1.92 10.07+1.18 0.17
Duration of disease (years)
<10 6.34+1.04 9.09+1.27 0.0005 10.51+0.89 10.17£1.26 0.20
>10 6.53+1.39 9.09+1.27 0.0002 11.92+2.23 10.17£1.26 0.02

The expression level of the target genes was revealed as ACt (ACt=Ct value of the target gene—Ct value of the f-actin gene). B-actin was used as internal control. All statistical
analyses were carried out on ACt values. Higher ACt values represent lower mRNA levels. IFN-y: Interferon-gamma, ACt: Comparative cycle threshold, IL-4: Interleukin-4,

mRNA: Micro RNA

These findings concur with previous literature suggesting
a relationship between gender differences and the risk
of T1D. For instance Fitzpatrick e# a/. indicated the
increased incidence of T1D in castrated nonobese
diabetic (NOD) (animal model of T1D) male mice."”
Moreover, treatment of female NOD mice with androgen
delay the onset of disease.I"" Several studies have shown a
marked predominance of Th1 cytokines in females patients
than males.!"”

Since duration of disease may modify cytokine pattern and
levels in patients with T1D, patients were categorized in
two subgroups according to the times from the onset of
symptoms. Participants in both patient groups had higher
level of IL.-4 mRNA in their PBMCs than the group of
healthy subjects (P < 0.05). PBMCs of both patients
group also showed a lower level of IFN-y in comparison
to controls. However, there was a statistically significant
difference in the expression of IFN-y only between patients
with more than 10 years of disease duration (P= 0.02). These
findings suggest a possible relationship between immune
alterations and the long duration of disease. Although the
exact mechanism behind this effect is not clear, it may be
relevant to alteration of cytokine profiles during disease.
For instance, Chatzigeorgiou ez a/. studied plasma levels of
twenty cytokines in T1D patients and a group of normal
individuals. They showed a close correlation between
disease duration and the serum levels of Th1 cytokines.”"
The variation found in the expression of these cytokines
may help to explain differences of beta cell destruction
between young and adults patients.”! We must also not
ignore the role of other T-cell subpopulations in the
outcome of the diabetogenic response. For instance, Yarde
et al. showed a negative correlation between the proportion
of CD28~ CD8" T-cells and disease progression.!'"” The role
of Th17,iNKT, regulatory T-cells, and cytokines secreted

by non — T-cells must undoubtedly be considered. !

Overall, our results indicate a Th2-skewed immune
response in adult patients with IDDM. Moreover, factors

such as gender and duration of disease seem to favor T1D
by contributing to alterations in cytokine levels.

Future studies with a larger sample size are required to
confirm this finding.
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