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Abstract
Type-2 diabetes mellitus is the most common chronic metabolic disorder characterized by elevation of
blood glucose concentration (hyperglycemia) due to defect in carbohydrate, lipid and protein metabolism.
Cytokines have an important role in impairing insulin signaling and selective destruction of insulin-producing
beta cells. Thus, the second type of diabetes can be characterized as an immune-mediated disease. This study
aimed to evaluate the serum levels of Interleukin-4 (IL-4) and Interleukin-6 (IL-6) of patients with type 2
diabetes mellitus among cases from Wasit province-Iraq. A total of 90 randomly selected subjects from
Wasit province – Iraq: (60) patients with T2DM, and (30) apparently healthy subjects with normal fasting
blood sugar as a control group. Enzyme-linked immunosorbent assay (ELISA) was used to measure the
levels of interleukin-4 IL-4 and interleukin -6 in sera from patients with type-2 diabetes mellitus. The results
of this study showed that IL-4 concentrations had a non-significant difference when compared patients with
type-2 diabetes mellitus with the control group (154 ± 7.00 versus (vs) 151.49 ± 21, P-value (P) = > 0.05).
While patients with T2DM revealed elevated serum levels of IL-6 compared to control group (B 637.1 ±
355.9 versus 266.3 ± 128.8, P = < 0.001).
Keywords: IL-6, interleukin-6; IL-4, interleukin-4; T2DM, type 2 diabetes mellitus, ELISA, the enzymelinked immunosorbent assay.

Introduction

of T2DM patients5.

Recently, diabetes is classified as an epidemic disease
due to its worldwide spread in varying proportions1.
Diabetes mellitus (DM) is defined as a heterogeneous
metabolic disorder caused by hyperglycemia derived
from either insulin action deficiency or impaired insulin
secretion or both2, which alters carbohydrate, protein,
and fat metabolism3. To date, the mortality rate of
diabetes has increased to 1.5 million people making
diabetes the 1st leading cause of death in the world4. At
a local setting, the prevalence of the disease in Iraq in
2012 was 10.9% depicting a serious rise in the number

One of the most common diseases in the world is
type-2 diabetes mellitus. The increased acute immune
response and pro-inflammatory cytokines were detected
in diabetics in 19976. Since then, emerging evidence has
shown that T2DM is a chronic inflammatory disease in
which various stimuli, such as genetic or fatal metabolic
pre-programming, over-nutrition or increased age, can
increase levels of cytokines expressed7. In which, the
pattern of cytokine expression is changed8, 9, therefore,
pro-inflammatory cytokines cause damage to pancreatic
islet cells resulting in pro-inflammatory and protective
cytokines imbalance9.
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Current studies are suggesting the possibility of
inflammation being an important contributor to diabetes.
This is due to the fact that inflammation can provoke
changes in diabetes predominantly at the cellular
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level, altering the functionality of tissues and cells
demonstrating reactions of the inflammation including
regulators, mediators, fibrinogen hs-CRP high sensitivity
C reactive protein10.
One family member of the cytokines is Interleukin
4 (IL-4) which is a typical cytokine of T helper type2 (Th2) cells, could inhibit effect on the inflammation,
decrease the production of pro-inflammatory
cytokines and reduce the destructive enzymes through
monocytes11, and also plays a crucial role in the
pathophysiology of T2DM. In addition to Interleukin-4
(IL-4), Interleukin-6 (IL-6) is a proinflammatory
mediator cytokine biosynthesized by T-lymphocytes,
macrophages, adipocytes and other sources such as
endothelial cells, fibroblasts, and skeletal muscles12.
On the other hand, IL-6 is responsible for many tasks
such as controlling the activation and differentiation of
T-lymphocyte responses and proinflammatory responses
and also plays a role in the pathogenesis of autoimmune
and inflammatory diseases, in the regulation of body
weight, and in lipid metabolism12.
This study aims to investigate the possible
relationship between some cytokines (interleukin-4 and
interleukin-6) and type 2 diabetes.

Material and Methods
Subjects
Patients group consist of 60 subjects with T2DM
from Wasit province/Iraq (30 males and 30 females).
Their ages ranged between 45–75 years. Control group
comprised of 30 individuals (15 males and 15 females),
apparently healthy subjects with normal fasting blood
sugar and the controls were selected from Al- Karama
Teaching Hospital (the local community of Wasit
province – Iraq). Written consent was obtained by AlKarama Teaching Hospital.
The criteria of the American Diabetes Association
have been adopted in the diagnosis of T2DM in
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patients. This study excluded subjects with autoimmune
diseases, cardiovascular diseases, acute and chronic
inflammation13,14.
Blood sampling
Venous blood (10 ml) has been collected in the
infected tubes of patients and controls under sterile
conditions between 08:30–10:30 am. Then the serum has
been quickly frozen at (−20°C) and stored until further
processed (Estimating the concentration of interleukins
(IL-4 and IL-6) from patients with T2DM).
Estimation of IL-4 and IL-6 levels
Interleukin-4 and Interleukin-6 concentrations in
sera were measured by ELISA using Human-IL-4-Mini
ABTS-ELISA Development-Kit (Pepro-Tech, France)
and Human IL-6 Mini ABTS-ELISA Development
Kit (Pepro-Tech, France) as per the manufacturer’s
instructions.

Statistical Analysis
Data were expressed as mean ± standard deviation
(SD) or median (interquartile range). Differences
between groups were tested with the Student’s t-test.
The values of P < 0.05 were considered significant.

Results
The results of this determination as shown in Table
1, revealed that serum IL-4 concentrations displayed
a non-significant difference in T2DM patients when
compared with the control group (Diabetic patients
154.48 ± 7.00 compared with control 151.49 ± 6.21,
P-value = 0.052). While, the serum concentrations of
IL-6 revealed a significant difference in T2DM patients
in comparison to controls (Diabetic patients 637.1 ±
355.9 compared with control 266.3 ± 128.8, P-value =
0.00013).
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Table 1: Concentration of IL-4 and IL-6 in patients with T2DM and controls
Groups

IL-4 concentration
pg/ml a

IL-6 concentration
pg/ml

Control

151.49±6.21

266.3±128.8

Diabetic Patients

154.48±7.00 ns

637.1±355.9 b

Probability P-value

0.052

0.00013

LSD c

6.3

11.43

Significant level

Non-significant

Significant

a,

Concentration of interleukin in pictogram /
milliliter. , Values are given as mean ±standard deviation
of the mean (SD). b, significant P = 0.00013 when
compared diabetic patients group with control group. c,
LSD (11.43) Least significant difference is the value at
a particular level of statistical probability (e.g. P≤0.01means with 99% accuracy) when exceeded by the
difference between two varietal means for a particular
characteristic. ns, non-significant P-value = 0.052 when
compared diabetic patients group with control group.

Table 2:

Groups

Regarding to IL-4 concentrations, males and
females of diabetic patients displayed no significant
differences when compared with controls (155.16 ±
8.15 versus 151.89 ± 6.75, P-value = 0.733; 153.79 ±
5.68 versus 151.10 ± 5.84, -value = 0.463) as in Table
2. Regarding IL-6 concentrations in T2DM males for
this study showed significant difference comparing
to controls (808.3 ± 296.0 versus 241.8 ± 9.0, P-value
= 0.00022). No significant difference was showed
in relation to female diabetic patients IL-6 levels in
comparison to controls (466.0 ± 331.0 versus 290.9 ±
181.6, P-value = 0.065) as in Table 2.

Concentration of serum IL-4 and IL-6 on the basis of gender (males and females) in diabetic
and control groups.
Gender/ IL-4 concentration
pg/ml a

Gender/ IL-6 concentration
pg/ml a

Male

Female

Male

Female

Control

151.89±6.75

151.10±5.84

241.8± 9.0

290.9±181.6

Diabetic Patients

155.16±8.15 ns1

153.79±5.680 ns2

808.3± 296.0 s

466.0±331.0

P-value

0.733

0.463

0.00022

0.065 ns3

Significance

Non-significant

Non-significant

Significant

Non-significant
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a,

Concentration of interleukin in pictogram/
milliliter. Values are given as mean ± standard deviation
of the mean (SD), ns1, nonsignificant P-value = 0.733
when compared diabetic male patients group with control
male group, ns2: nonsignificant P-value = 0.463 when
compared diabetic female patients group with control
female group. ns3, non-significant P-value = 0.065 when
compared diabetic female patients group with control
female group. s, significant P-value = 0.00022 when
compared diabetic male patients group with control
male group

Discussion
Type 2 diabetes is a metabolic disease caused
by insulin resistance and characterized by abnormal
metabolism of glucose, proteins, and lipids. In fact, Type
2 diabetes is described as an inflammatory disease, with
cytokines playing an important role in its diseases15.
Inflammatory processes influence the development
of insulin resistance and reduced insulin secretion
by pancreatic beta cells6. Cytokines act as signaling
molecules for immune cells, especially in autoimmune
diseases, so cytokines play their role in developing and
activating these cells16.
Table 1 revealed a non-significant difference of IL-4
levels when compared patients with T2DM to control.
These results are in agreement with a study conducted by
Nuhair and others (2018) on the residents of Nassryain
population in Thi-Qar/ Iraq1. Festa and others 2002, also
mentioned the decreased production of IL-4 in human
T-cells in diabetic patients. Moreover, the levels of IL-4
in the blood of diabetic patients demonstrated decreased
values17, this finding are disagreed with our results
related to IL-4.
The differentiation activity of IL-4 plays an
important role in the production of immunoglobulin,
also IL-4 is described as a growth factor for β-cells.
IL-4 developed by CD+4T-lymphocytes type Th2, after
activation by antigen binding to the T-cell receptor,
and also by activated mast cells and basophils18. IL-4
down-regulates the production of IFN-γ by Th1 CD4 +
T-lymphocytes on the β-cells19, IL-4 has a growth factor
role mediated through the development of soluble CD23.
On monocytes, because of its pleiotropic activity, IL-4
induces an increased number of major histocompatibility
complex (MHC) class II antigens20.
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The results of this study revealed elevated serum
levels of IL-6 in patients with T2DM. These results are
in agreement with Nuhair et al (2018), who mentioned
that there was a significant increase in the levels of IL-6
among diabetic patients as compared with controls in
a study conducted on the Nassryain population in ThiQar/ Iraq1. Vidhate et al (2013) also mentioned that there
was a significant increase in the levels of IL-6 among
diabetic patients as compared with controls in a study
conducted on Indian Population from Navi Mumbai21. In
addition, several studies have found an increase in serum
IL-6 concentrations22, 1, however some studies reported
no difference23, or even decreased IL-6 levels24.
IL-6 might play a significant role in IDDM
etiopathogenesis25. In general, high levels of IL-6 are
usually observed in the blood of diabetics, which is
known to play an important role in the development of
certain vascular diseases and atherosclerosis in addition
to its main role in increasing inflammation26.
Chronic low-grade inflammation in obese people
plays a significant role in the subsequent development
of insulin resistance. This results in a triple increase
in systemic cytokine levels including IL-6, and thus
becomes a risk factor for T2DM27, 28, 29.
Some studies point to the important role that IL-6
plays in fat metabolism in general30. In humans, the
action of IL-6 is associated with increased plasma freefatty acids (FFAs). Due to high concentrations of IL-6
and C-reactive-protein, which is a surrogate marker for
IL-6 activity, these associations seem significant. In
obesity, increased concentrations of IL-6 are observed31.
Further, an increase in the release of IL-6 by visceral
adipose tissue was observed three to four times more
than subcutaneous fat taken from obese and non-diabetic
patients32. Therefore the main sources of elevated plasma
concentration IL-6 up to 2-3g/mL-1 in obese patients
and T2DM are adipocytes and macrophages present in
adipose tissue27.
The primary cell kinds engaged in regulating
peripheral insulin sensitivity and homeostasis of glucose,
hepatocytes, skeletal muscle cells, and adipocytes,
react differently to IL-6. Strong experimental proof
supports IL-6’s capacity to decrease insulin sensitivity
in hepatocytes by interfering with insulin signaling,
while findings on adipocytes and skeletal muscle cells
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are not always coherent33. Compared to other kinds of
cells, the greater responsiveness of hepatocytes may
be associated with the existence of membrane-bound
IL-6R. It should be observed that these experiments
are carried out primarily in vitro on cell lines and for
a brief period, using supraphysiological of IL-6 levels
much greater than those engaged in low-grade chronic
inflammation27.
In addition, the experimental circumstances may not
strongly match acute pathophysiological circumstances
in which IL-6 operates in synergy with other cytokines
and during inflammatory responses mediates crosstalks
between distinct kinds of cells and tissues. Moreover,
the level of IL-6R and sgp130 is not assessed in targeted
pathological models in these early studies, nor is IL-6
trans-signaling taken into consideration, which is
particularly critical in the investigation of cells that lack
membrane-bound IL-6R27.
Further, Serum IL-6 levels have also been found
to be associated with insulin resistance and diabetes. In
nondiabetic older populations34, and healthy, middleaged, white populations. Schultz and others showed
that higher IL-6 serum concentrations associated with
enhanced opposition to insulin35. Liu and others in 2007
showed that serum IL-6 levels were also found to be higher
in people with impaired glucose tolerance, T2DM, or
cardiovascular syndrome relative to those with ordinary
glucose tolerance or those who did not fulfill metabolic
syndrome standards36, Recently, a big prospective study
of postmenopausal females who participated in the
WHI (Women’s Health Initiative) in the United States
has revealed that high concentrations of IL-6 are also
correlated with an increased risk of clinical diabetes36.
Emphasis was placed on interleukin-6 discussion very
broadly due to the high concentrations of this interleukin
in the serum of patients with type 2 diabetes. Thus, it is
necessary to clarify the immune and physiological roles
of this interleukin, and as far as we know there are very
few studies that explain the reason for the high levels of
interleukin-6 in patients with type 2 diabetes.
Regarding to IL-4 concentrations, males and
females of diabetic patients displayed no significant
differences when compared with controls (155.16 ± 8.15
versus 151.89 ± 6.75, P-value = 0.733; 153.79 ± 5.680
versus 151.10 ± 5.84, P-value = 0.463) as in Table 4.2. It

is traditionally accepted that IL-4 has anti-inflammatory
functions but may have multiple actions37. IL-4 did not
differ significantly between ChP and T2DM. Lower
levels of IL-4 were observed in ChP + T2DM which
is similar to another study38, although IL-4 and TNF-α
in their investigation correlated positively with each
other in T2DM. Hence, a conclusive anti-inflammatory
role for IL-4 is not forthcoming. To the best of our
knowledge, the lack previous studies in people with
T2DM on the basis of gender related to IL-4 and IL-6
levels or prediabetes does not permit direct comparisons
with similar samples39.
Concentrations of IL-6 in T2DM males showed
significant difference comparing to controls (808.3
± 296.0 versus 241.8 ± 9, (P-value = 0.00022). No
significant difference was showed in relation to female
diabetic patients IL-6 levels in comparison to controls
(466.0 ± 331.0 versus 290.9 ± 181.6, P-value = 0.065)
as in Table 2.
Serum IL-6 levels have also been established to
be associated with insulin resistance and diabetes. In
nondiabetic older populations and healthy, middleaged, white populations40. In females, it is possible
that elevated IL-6 levels may largely reflect adipocyte
activation. For instance, IL-6 and downstream CRP
production may be associated with the corelease of other
pathogenic substances arising from otherwise stimulated
adipocytes. Other potential mediators of insulin
resistance deriving from adipose stores include tumor
necrosis factor-a 41, 42, leptin43, 44, free fatty acids45,
and resistin31. Nonetheless, under the assumption that
elevated levels of IL-6 and CRP purely reflect altered
adipocyte function, the ready availability of reliable
and sensitive markers of this process may represent a
novel approach for early identification of both obese and
nonobese individuals at increased risk for the clinical
development of this disease46.

Conclusions
In this study, we have determined the concentrations
of two interleukins (Interleukin-4 (IL-4) and
Interleukin-6 (IL-6)) in sera from patients with type-2
diabetes mellitus using enzyme-linked immunosorbent
assay (ELISA). From this study, we concluded that
elevated levels of IL-6 may be related with type 2
diabetes mellitus whereas the levels of IL-4 may not be
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ass0ciated with the disease.
This case-control study is investigating the
association between type-2 diabetes mellitus and two
important interleukins; Interleukin-4 and Interleukin-6.
Determination of these interleukins in sera of type-2
diabetes mellitus patients is considered a vital assay to
assess this association. Elevated levels of interleukins
might play a significant role in type-2 diabetes mellitus
etiopathogenesis. High levels of IL-6 may be associated
with insulin resistance and diabetes. For a deeper view of
the relationship between interleukins and type 2 diabetes
mellitus, we propose large scale studies involving
different regions of Iraq.
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