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Backgroud: Type 2 diabetes mellitus (DM2) is a metabolic disease resulting from the genetic and environmental factors and which causes
insulin dysfunction on peripheral tissues, as well as in the pancreatic -cell. Underlying pathologies such as overweight and obesity are the
main factors for the development of T2DM. Interleukin-37 (IL-37) is an anti-inflammatory cytokine and also called as a “dual function.”
Aim of study: This study has demonstrated was elevated in the obese T2DM patients and IL-37 protects from obesity-induced leading to
development of T2DM. Fifty-eight patients who visited to the National Center for Diabetes Research and Treatment in the iraq/Baghdad with
the age of <40—>60 years were employed in this study. Patient groups were 29 obese T2DM and 29 nonobese T2DM patients, and they when
compared with 29 individuals as healthy control groups. In this study, serum IL-37 levels were determined by enzyme linked immunosorbent
assay. Results: In obese T2DM patients, the mean serum level of IL-37 was elevated and significantly higher (mean + standard deviation [SD],
5.594 + 3.421 pg/ml; P <0.0001) in comparison with nonobese T2DM patients (mean = SD, 1.851 + 0.417 pg/ml; P < 0.0001) and healthy
control group (mean + SD, 0.777 + 0.099 pg/ml). Conclusions: In this study, obese T2DM patients had higher serum IL-37 levels but lower
serum [L-37 levels in nonobese diabetic patients as compared to the healthy controls. This result led to the supposition that the rise in serum
IL-37 level is related with obesity. Further, it suggests that IL-37 being an anti-inflammatory mediator might be responsible for some underline
changes, which may develop the progress of T2DM.
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INTRODUCTION of the android type, are the main factors that lead to the

devel t and f DM2.P1
The prevalence of type 2 diabetes mellitus (T2DM) cveiopmEnt and progress o

increases globally and affects approximately one-third Obesity is characterized by an increase in the number and size

of the worldwide population.l'! T2DM, referred to as  ofadipocytes. It is believe that the rapid increasing number of
“insulin-nondependent diabetes” or “adult-onset diabetes,” obese population is the major reason for the number of diabetic

accounts for 90%-95% of all diabetes.>?) TDM?2 is a  Patients.'”’ Obesity is a risk factor for developing diabetes and
also a risk factor for diabetes complications.*!1?! Diabetes
and obesity are public health concerns worldwide, especially
with growth of Class II and III obesity. In this paragraph, it
is important to explain the factors associated with T2DM,

complex metabolic and endocrine disorder resulting from
the interaction between genetic and immunological factors.
T2DM is most commonly related with insulin resistance
and is a state of reduced insulin-mediated glucose uptake,
in the incapacity presence of the pancreatic beta-cells to Address for correspondence: Dr. Fadwa E, Alhayali
produce and promote sufficient insulin.**) T2DM is a Department of Immunology, Colleage of Medicine, Gazi University,
chronic metabolic disorder characterized by hyperglycemia. Ankara, Turkiye.
Chronic hyperglycemia in synergy with the other metabolic SN RIS TE T
aberrations in patients with diabetes mellitus (DM) can cause

damage to organ systems, leading to the development of Submitted: 19-Jul-2021 Revised: 19-Jul-2021 Accepted: 20-Jul-2021 Published: 15-Dec-2021
their complications.l’] Overweight and obesity, particularly
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especially in classes of obesity.l'* Overweight in adults is
defined as a body mass index (BMI) of >24 kg/m? and obese
as a BMI of >30 kg/m?2.l'4

The immune response is classified into two main contents,
innate and adaptive immunity. Adaptive immunity is defined
by B-cells, which produce immunoglobulins, and T-cells are
classified into CD4+ helper T-cells and cytotoxic CD8+ cells.
Abnormal immune cell system and subsequent inflammatory
parameters have an essential role in the progression of
T2DM.[! The immune response is closely related to the
components that are altered in obesity and T2DM. The
detection of immune cells in the metabolic tissues and
organs, such as macrophages, has ongoing interaction that
exists between immune and metabolism regulatory systems.
Their interactions are termed “immunometabolism.”!'® The
innate immune system is the rapid first-line defense against
environmental disorders, such as microbial infection and
physical or chemical disorders. There is increasing evidence
that an ongoing cytokine-induced acute-phase response is
closely associated with the development of pathogenesis of
T2DM.!" The innate immune response is change in patients
with obesity and T2DM. These changes include altered
neutrophil function, increased of the pro-inflammatory
cytokines, natural killer (NK) cell phenotypes abnormal, and an
increase in inflammatory dendritic cell."® In previous studies,
the role of adaptive immunity in T2DM pathogenesis has
been demonstrated. However, increasing the role the adaptive
immune system in the T2DM pathogenesis.!'”! Lindsay et al.
reported that increased serum total gammaglobulin levels are
measure of the adaptive immune system and the development
of T2DM. Pickup JC, et al. have also questioned whether both
innate and adaptive immunity have a role in the development
of T2DM.I'" The adaptive immune response changes during
obesity and T2DM patients these changes include decreased
gamma delta T-cell, increased inflammatory T helper cytokines,
decreased regulatory T-cells, and dysfunction of B-cell.l'®!
In recent years, the role of the inflammatory system during
diabetes has been increasingly investigated.?”

T2DM is a chronic inflammatory disease in which increased
levels of inflammatory cytokines are produced some
stimuli such as over food, increasing age, and metabolic
preprogramming. This chronic inflammation leads to
diabetes and diabetic complications. Several reports show the
association between increased inflammatory cytokines such as
tumor necrosis factor-alpha (TNF-a), interleukin (IL)-6, and
adipokines during the obesity, leading to the development
of insulin resistance.l'” Proinflammatory cytokines and
adipokines are raised due to the activation of macrophages and
adipocytes in obese adipose tissue, which leads to a so-called
“chronically inflamed adipose tissue.” A disturbed lipid
metabolism in overweight/obesity is also capable of inducing
a chronic proinflammatory state. In sum, the literature contains
numerous reports on increased levels of proinflammatory
cytokines in the obesity and T2DM.Y

IL-37 is isolated in silico in 2000 and and its anti-inflammatory
actions by suppressing the innate system have been
recognized.?? 1L-37 subtypes (IL-37a, IL-37b, and IL-37c¢)
are expressed in NK cells, stimulated B-cells, monocytes,
keratinocytes, epithelial cells, lymph node, and bone
marrow.) During acute and chronic inflammation, 1L-37
alters the cytokine balance away from excessive inflammation,
thereby showing the key factor to the inflammatory balance in
obesity.? Interestingly, IL-37 is also called as a “dual function”
anti-inflammation cytokine. I1L-37 is requires Smad3 when it
takes a biological effect.” Recent studies have demonstrated
mitogen-activated protein kinases and phosphatidylinositol
3-kinases signaling pathways as mediators of regulating agents
in IL-37 expression. IL-37 is as an inhibition of both innate
and adaptive immunity.”*¥ The study has been demonstrated
that IL-37 protects from obesity-stimulated inflammation and
T2DM. However, recent results were indicating that IL-37
showed protection role in the older T2DM patients. 222

Thus, we conducted the present study to investigate the role
of IL-37 in the obese and nonobese T2DM and compare with
healthy control group. The results indicate that IL-37 showed
elevated serum IL-37 level in the obese and nonobese T2DM
patients.

MaTeriALs AND METHODS

Data and sample collection

Information about the samples

Routine examinations were performed in patients who were
followed up with a diagnosis of T2DM, and measurements
were made with height and weight. BMI was calculated as
weight (kg)/height? (cm). In this study, the sum of the samples
we collected is 87 examples. In addition, the age we collect
is in the range between <40 and >60. During the sampling
process, asking the patient about the following: patient’sage
patient’s weight, patient’s height, smoking, other associated
chronic diseases, taking any medications (insulin and other
medications), and is there any associated allergies.

Blood collection

Blood samples were taken from diabetic patients aged
<40—>60 years (obese and nonobese T2DM patients) and
healthy subjects. Blood samples from all study groups were
collected by venipuncture using plastic disposable 5 ml or
10 ml syringes. Whole blood samples were allowed to clot in
an anticoagulant-free gel tube and then centrifuged at about
1500 rpm (10 min) to obtain at least 0.5 ml (nonhemolyzed
cells free) serum. The remainder of the whole blood samples
were collected in an ethylenediaminetetraacetic acid gel tube,
these whole blood samples are stored at —20°C until used for
genetic quantification of the samples.

Serum separation

Whole blood was collected in a test tube without anticoagulant
and leave to clot, leaving it intact at 20 min. The clot was
removed by centrifugation for 10 min (1500 x g) in a cooled
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centrifuge. The supernatant obtained was called serum. After
centrifugation, the liquid ingredient (serum) was transferred
immediately to a clean test tube using a Pasteur pipette.
Aliquots were stored at —20°C until serum samples were used
for the measurement of immunological parameters by enzyme
linked immunosorbent assay (ELISA) test. Avoid freeze-thaw
cycles as this is detrimental to many serum components.

Determination of the level of interleukin-37 in serum by
enzyme linked immunosorbent assay

IL-37 assay, the Endogen® Human IL-37 ELISA kit was
used. Place in the ELISA wells (100 pl) from standard or
samples. The plate was incubated at 37°C for 90 min and with
wash solution washed 3 times (100 pl) of biotinylated antibody
reagent adding to each well, with wash solution washed three
times. Added to the ELISA wells (100 ul) of Streptavidin-HRP
reagent. After a 30-min incubation at room temperature, the
plate was washed three times. Following the addition of 90
ul of (TMB) substrate solution, the plate was left for another
15 min. Adding 50 pl of stop solution to each ELISA well.
Optical density read on an ELISA at 450 nm. Sensitivity is
9.37 pg/ml and normal value is 15.65-1000 pg/ml. Standard
curve of human serum IL-37 (pg/ml) ELISA test in the Table 1
and Figure 1.

Statistical analysis

Analysis of data is performed by using the available SPSS-27
application is applied by (Statistical Packages for Social
Sciences-version 27). Data are presented in simple measures
of frequency, percentage, means, and standard deviation (SD).

The significance of different means is tested by using Student’s
t-test. The significance of different percentages is shown by
using Pearson’s Chi-square test. Statistical significance is
showed whenever the P < 0.05.

ResuLts

Patient selection

In this study, Iraq’s samples were collected from the
endocrinology outpatient clinic of Al-Yermuk Training
Hospital and the National Center for Diabetes Research and
Treatment with an official agreement and with the permission
of the Ethics Committee.

Study samples

The study groups were included in this study: Group I: Obese
T2DM, Group II: Nonobese T2DM, and Group III: Healthy
individuals. The 87 samples were collected in this study as
a following 58 samples are T2DM patients, 29 samples are
healthy controls [Table 2].

Distribution of the study groups according to of ages
When the distribution of the study groups by age is examined,
Table 3 shows the numbers and percentages in different age
groups in the study groups.

Among the obese T2DM patient group, In the <40 mean
age was 3 (10.3%); 40-49 mean age was 9 (31.0%), 50-59
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Figure 1: Serum interleukin-37 standard curve

Table 1: Human serum interleukin-37 (pg/ml)
enzyme-linked immunosorbent assay test standard curve

IL-37 concentration (pg/ml) Absorption
0 0.084
15.63 0.423
31.25 0.658
62.5 0.906
125 0.955
250 1277
500 1.444
1000 1.592

IL: Interleukin

Table 2: Study groups classification

Group Group name Group number
Group [ Obese diabetes patients 29
Group II Nonobese diabetes patients 29
Group III Healthy controls 29

mean age was 11 (37.9%), >60 mean age was 6 (20.7%). The
mean + SD age within the obese T2DM patients was 51.4+9.0.

Among the nonobese patient group: In the <40 mean age was
5 (17.2%); 40—49 mean age was 5 (17.2%); 50-59 mean age
was 9 (31.0%); in the >60 mean age was 10 (34.5%). The
mean + SD age within the nonobese T2DM patients was
53.7+10.7.

Among the healthy control patient group: In the <40 mean
age was 12 (41.4%); 40-49 mean age was 16 (55.2%); 50-59
mean age was 1 (3.4%). The mean + SD age within the healthy
control group was 40.1 = 5.0.

The mean age of obese T2DM patients and nonobese T2DM
patients is close to each other, but the mean age of healthy
controls is lower than the other groups, because the mean age
in the healthy control group might be younger.

In this study, serum IL-37 levels of study groups were
measured by quantitative ELISA assay. In obese T2DM
patients, the mean serum IL-37 level was 5.594 + 3.421 pg/ml
(min—-max: 2.208-14.61 pg/ml), in nonobese T2DM patients
was 1.851 £ 0.417 pg/ml (min—max: 1.300-2.999 pg/ml),
and in the healthy control group was 0.777 + 0.099 pg/ml
(min—max: 0.636-1.009 pg/ml) [Table 4].

Serum IL-37 levels of obese T2DM patients were found to be
higher compared to nonobese T2DM patients, the difference
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Table 3: Distribution of the study groups according to of ages

Age (year) Obese T2DM patients, n (%) Nonobese T2DM patients, n (%) Healthy control group, n (%)
<40 3(10.3) 5(17.2) 12 (41.4)

40-49 9 (31.0) 5(17.2) 16 (55.2)

50-59 11 (37.9) 9 (31.0) 1(3.4)

>60 6 (20.7) 10 (34.5) -

Mean+SD (minimum-maximum) 51.4+9.0 (36-70)

53.7+10.7 (35-70) 40.1+5.0 (30-50)

T2DM: Type 2 diabetes mellitus, SD: Standard deviation

being statistically significant (P < 0.0001). Serum IL-37
levels of obese T2DM patients were found to be higher when
compared to the healthy control group, the difference being
statistically significant (P < 0.0001). Serum IL-37 levels
of nonobese T2DM patients were found to be higher when
compared to the healthy control group, the difference being
statistically significant (P < 0.0001) [Table 4].

Serum IL-37 levels are highest in obese T2DM patients and
lowest in healthy control group. A significant difference was
found between the three groups (P < 0.0001) [Table 4 and
Figure 2].

Discussion

T2DM is a global public disease of the 21* century. T2DM
is a metabolic impaired characterized by hyperglycemia
with defect in carbohydrate, protein, and fat metabolism
that are generally the result of insulin dysfunction. T2DM
is an inflammatory disease; therefore, pro-inflammatory
cytokines affect insulin resistance and promote apoptosis of
b-cells, leading to the development of T2DM.**! However,
T2DM appears to be in a low-grade inflammation case;
inflammation could be associated with pathogenesis of the
type 2 diabetes.””? The present study is an important link
between T2DM and obesity research as it is one of the few
studies to evaluate T2DM-associated factors, specifically in
obesity and nonobesity individuals.!'

Generally, obesity is linked to the development of insulin
resistance. Abdominal obesity, where the fat is centrally
distributed, is particularly an important determinant of insulin
resistance. Obesity is strongly associated with lower levels of
immunologic parameters and decrease in insulin sensitivity
among diabetes patients.?! The study found that, compared
with normal BMI, overweight and obesity was significantly
associated with the risk of T2DM.* inflammation is critically
included in the pathogenesis of obesity and insulin resistance,
as well as associated with developed of T2DM. TNF-a is
suggested to promote obesity-stimulated inflammation and
insulin resistance based on human studies.”

Aging is considered a biological process key important in
the metabolic processes.®! In this study, comparison of
IL-37 pg/ml level between different experiment groups
according to age, The mean age of obese T2DM patients was
51.4 + 9.0 years, the mean age of nonobese T2DM patients
was 53.7 + 10.7 years, and the mean age of healthy control

Table 4: Compare between difference two groups in
serum interleukin-37 pg/ml

Obese T2DM Nonobese
patients T2DM patients
IL-37 level (pg/ml) 5.594+3.421 1.851+0.417
(2.208-14.61) (1.300-2.999)
P 0.0001*
Obese T2DM Healthy control
patients group
IL-37 level (pg/ml) 5.594+3.421 0.777+0.099
(2.208-14.61) (0.636-1.009)
P 0.00017
Nonobese Healthy control
T2DM patients group
IL-37 level (pg/ml) 1.851+£0.417 0.777+0.099
(1.300-2.999) (0.636-1.009)
P 0.0001%

“Significant difference between two independent paths using Student’s
t-test at 0.05 level. IL: Interleukin, T2DM: Type 2 diabetes mellitus

Mean IL-37 (pg\ml) level
0.777

‘ I O Obese-T2DM patients

1.851 :
= ONon-obese T2DM patients

‘ 5504 Ohealthy control group

Figure 2: Comparison between difference groups in serum
interleukin-37 pg/ml

group was 40.1 = 5.0 years. The mean age of obese T2DM
patients and nonobese T2DM patients is close to each other,
but the mean age of healthy controls is lower than other groups,
because the mean age in the healthy control group might be
younger. Consistent with the literature, in our study, the mean
age of obese T2DM patients was found to be higher than that
of nonobese T2DM patients; the mean age of healthy controls
was lower than other groups, because there was no one above
50 years of age in the completely healthy group who applied
to the outpatient clinic. Human aging is characterized by both
physical and physiological fragility. With advancing age, the
immune system fundamentally changes and the tendency
to immune pathologies increases. A weakened immune
response and continued exposure to antigens in the elderly
results in increased production of proinflammatory cytokines
by T cells and macrophages, resulting in chronic low-level
inflammation.!
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IL-37 is of the IL-1 family. IL-37 is the fully studied. It has
anti-inflammatory property. It appears widely. IL-37 is usually
expressed in granule cells and T-cells, with the best degree of
statement in regulatory T-cells (Treg cells).*? Serum IL-37 levels
of study groups were measured by quantitative ELISA method.
Mean serum IL-37 level was 5.594 + 3.421 pg/ml (min—max:
2.208-14.61 pg/ml) in obese T2DM patients, 1.851 +0.417 pg/
ml (min—max: 1.300-2.999 pg/ml) in nonobese T2DM patients,
and 0.777 + 0.099 pg/ml (min—max: 0.636-1.009 pg/ml) in
the healthy control group. Serum IL-37 levels of obese T2DM
patients were found to be higher than nonobese T2DM patients
compared to healthy control groups. In our study, a significant
difference was found between the three groups examined in terms
of serum IL-37 levels (P < 0.0001). The serum IL-37 levels of
obese T2DM patients were found to be higher when compared
to nonobese T2DM patients and healthy control group. Serum
IL-37 levels were highest in obese T2DM patients and lowest
in healthy control group; the reason for this can be explained
by a study in the literature showing that IL-37 administration,
at least by reducing local and systemic inflammation, corrects
the established metabolic disorders caused by obesity and thus
contributes to improved systemic insulin sensitivity. In addition,
IL-37 causes a decrease in proinflammatory cytokines. In addition,
in obesity, adipocytes produce proinflammatory cytokines and
chemokines that can attract and activate macrophages and other
immune cells; this causes chronic low-grade inflammation.®3]
Inversely, reduced production of IL-37 may promote to the
T2DM as the absence of IL-37 may promote inflammation that
interferes with insulin signaling.>¥

CoNcLusION

In this study, it was reported that serum IL-37 levels were
higher in obese T2DM patients and nonobese T2DM patients
in comparison with healthy control individuals. This results
in elevated serum IL-37 level associated with obesity among
Iraqi T2DM patients. Further, it suggests that IL-37 being
inflammatory mediator might be responsible for some underline
changes which may donate for the progress of T2DM.
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