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Abstract

Background Interleukin (IL)-36a and IL-38, two novel cytokines of the IL-1 family, have recently been proposed

to have a pathophysiological significance in type 2 diabetes mellitus (T2DM). However, there is a paucity of informa-
tion regarding their association with diabetic neuropathy (DNP). Therefore, this study aimed to explore these inter-
leukins in T2DM without and with DNP, referred to as T2D and DNP, respectively. The predicted interaction of IL-36a
and IL-38 with other proteins was also analyzed bioinformatically. In this study, 85 T2D patients, 21 DNP patients,
and 109 controls were recruited. Serum IL-36a and IL-38 concentrations were measured with ELISA kits.

Results Median (interquartile range) of IL-36a concentrations was significantly greater in T2D and DNP patients com-
pared with controls (62 [54-84] and 52 [45-56] vs. 44 [36-47] pg/mL, respectively; p < 0.001). T2D patients also exhib-
ited significantly greater concentrations of IL.-36a than DNP patients (p = 0.004). IL-38 concentrations were signifi-
cantly greater in T2D and DNP patients compared with controls (208 [149-249] and 200 [130-253] vs. 64 [47-92] pg/
mL, respectively; p < 0.001), while T2D and DNP patients showed no significant differences in IL-38 concentrations (p
= 0.509). Both cytokines were reliable biomarkers in differentiating diabetic patients from controls, but differentiation
performance was better in T2D (area under the curve [AUC] = 0.921 and 0.951, respectively) than in DNP (AUC = 0.881
and 0.844, respectively). Up-regulated IL.-36a and IL-38 concentrations were significantly associated with a higher risk
of T2D (37.92- and 29.97-fold, respectively) and DNP (10.11- and 32.47-fold, respectively). IL-36a was positively cor-
related with IL-38in T2D (correlation coefficient [r,] = 0.487; p < 0.001), but a stronger correlation was found in DNP
(r,=10.683; p <0.001). IL-36a and IL-38 showed predicted interactions with several cytokines and cytokine receptors
of the IL-1 family.

Conclusions |1-36a and IL-38 concentrations were upregulated in the serum of T2D and DNP patients. Both
cytokines were indicated to be potential discriminating biomarkers associated with higher risk of T2D and DNP.
Targeting the axis of their interaction with other cytokines of the IL-1 family may be important for understanding
the pathophysiology of T2D and DNP.
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complicate the control of T2DM [2]. T2DM is char-
acterized by hyperglycemia due to insulin secretion
defects and an appropriate cellular response to insulin
[3]. The pathophysiology of T2DM is complex, and the
underlying mechanism is not well deciphered. However,
several interacting factors, including genetic predisposi-
tion, obesity, lifestyle, and others, have been identified
to have an etiological role in the disease [4]. In addition,
the pathogenesis of T2DM and its complications have
been associated with dysregulated immune functions,
particularly those involving pro- and anti-inflammatory
cytokines [5, 6].

Cytokines are the key signaling messengers involved in
controlling functional communications and in mediating
inflammatory reactions [7]. There is compelling evidence
to suggest that pro-inflammatory mediators, such as
tumor necrosis factor (TNF)-a, macrophage chemotactic
protein-1, interleukin (IL)-1p, and IL-6, are involved in
insulin resistance and pancreatic 3-cell apoptosis [8]. In
addition, anti-inflammatory cytokines, such as adiponec-
tin and transforming growth factor-p1 (TGF-B1), have
also been associated with the pathogenesis of T2DM, and
anti-inflammatory therapies are suggested to improve
glycemic control in T2DM patients [9, 10]. Both pro-
and anti-inflammatory cytokines have been indicated to
be dysregulated in T2DM and have been proposed to be
associated with disease risk. In fact, it is increasingly rec-
ognized that T2DM is linked low-grade systemic inflam-
mation [6, 11].

IL-36 and IL-38, two novel cytokines of the IL-1family,
are among the cytokines proposed to exert a functional
role in regulating the homeostasis of the immune system
as well as being involved in mediating the pathogenesis of
inflammatory diseases [8]. Regarding T2DM, recent stud-
ies have pointed out that both cytokines are connected to
the pathophysiology of the disease, although the evidence
is limited as few studies have been conducted [12-15].
Besides, their pathological role in diabetic neuropathy
(DNP) has not been well investigated [16].

IL-36, a cytokine with pro-inflammatory functions,
is recognized to have three agonists (o, , and y) and a
natural antagonist (IL-36Ra), which participate in a func-
tional regulation of immune and inflammatory responses
[17]. Recently, IL-36 cytokines have been related to
low-grade inflammation, insulin resistance, and obesity,
and thus, their role in T2DM risk and pathogenesis has
been proposed [12, 13]. Regarding IL-38, it is an anti-
inflammatory cytokine that has been indicated to show
dysregulated levels in a number of inflammatory and
autoimmune conditions. Accordingly, IL-38 role in the
pathogenesis of these conditions has been disclosed, and
its potential as therapeutic target has been proposed [18,
19]. In the setting of diabetes, two recent studies have
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provided evidence of dysregulated production of IL-38 in
gestational diabetes and T2DM [14, 20].

In the current research, serum IL-36a and IL-38 con-
centrations were examined in T2DM patients with a
focus on those who developed DNP as no studies have
been performed in this regard. Furthermore, the signifi-
cance of IL-36a and IL-38 as discriminating serological
markers between T2DM without DNP (referred to as
T2D) and HC or T2DM with DNP (referred to as DNP)
and HC was evaluated. The risk association of IL-36a and
IL-38 with T2D and DNP was also analyzed. Further-
more, bioinformatics analysis was conducted to predict
the interactions of L-36a and IL-38 with other immune
proteins.

Methods

Populations studied

A case-control study was conducted on 85 patients
with T2D (T2DM without DNP; 49.4% males and 50.6%
females), 21 patients with DNP (T2DM with DNP; 47.6%
males and 52.4% females), and 109 healthy controls
(HC; 49.5% males and 50.5% females) during the period
November 15, 2021-February 10, 2022. The median age
(interquartile range; IQR: 25-75%) in the T2D, DNP, and
HC groups was 52 (47-60), 59 (52-67), and 52 (46-56)
years, respectively. Patients were registered and diag-
nosed at the National Center for Diabetes (University of
Mustansiriyah, Baghdad). DNP (diabetic sensorimotor
neuropathy) was determined using the Toronto Clini-
cal Neuropathy Scoring-System (TCNS). The TCNS
score ranges from 0 to 19, and patients can be classi-
fied as having no neuropathy or having mild, moderate,
or severe neuropathy (scores: 0-5, 6-8, 9-11, and > 12,
respectively) [21]. The TCNS score of the current 21
DNP patients was 68, and they were therefore classi-
fied as having mild neuropathy. All patients were taking
oral hypoglycemic medications. Only patients aged 18
years and older with adult-onset disease were included.
Excluded patients were those with T1DM, gestational
diabetes, diabetes comorbidities other than DNP, car-
diovascular complications, or cancer. Data pertaining to
patients (age, gender, onset age, and duration of disease)
were obtained from patient records. Body mass index
(BMI) and waist-to-hip ratio (WHR) were also deter-
mined. Baseline laboratory tests included FPG (fasting
plasma glucose), HbAlc (glycated hemoglobin), lipid
profile, and liver function tests. The HC group included
blood donor volunteers and hospital staff who did not
suffer from diabetes or other chronic and infectious
diseases, and their FPG (79 [IQR: 76-84] mg/dL) and
HbAlc (5.4 [IQR: 5.4-5.8] %) were within the reference
ranges [22].
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Measurement of BMI and WHP

A weight-height scale machine (Zhengzhou Technol-
ogy, China) was used to measure the weight and height
of T2D and DNP patients. For body weight, it was
adjusted to the closest 0.1 kg, while for body height, it
was adjusted to the closest 0.1 m. BMI was calculated in
kg/m? (weight divided by height squared). In the case of
waist and hip circumferences, a tape measure was used,
and the measurement was adjusted to the nearest 0.1 cm.
To determine WHR, the waist measurement was divided
by the hip measurement [23].

Laboratory methods

Morning blood was collected in EDTA tubes and plain
vacutainer tubes after fasting for 10-12 h. EDTA blood
was used in the assessment of FPG and HbAlc. Plain
tube blood was centrifuged for 10 min at 1200 X g to sep-
arate serum, which was frozen (—20 °C) until assessment
of lipid profile, liver function, and cytokines. An auto-
mated biochemical analyzer (Cobas c311, Roche, Ger-
many) was used to measure FPG, HbAlc, lipid profile,
and liver function parameters. Serum concentrations of
IL-36a and IL-38 were measured with commercial ELISA
kits provided by MyBioSource (USA), and the manufac-
turer’s protocol was followed.

Bioinformatics analysis

Bioinformatics analysis was conducted to predict IL-36a
and IL-38 interacting proteins using the STRING data-
base (https://string-db.org). Only protein-protein inter-
actions with a score > 0.75 were taken into account.

Statistical analysis

The Shapiro-Wilk normality test indicated that the con-
tinuous variables followed a nonparametric distribu-
tion and were therefore expressed with the median and
IQR. Statistically significant differences between medi-
ans were evaluated using the Mann-Whitney U-test.
Receiver operating characteristic (ROC) curve analysis
was applied to evaluate the potential of IL-36a and IL-38
as biomarkers to differentiate T2D and DNP patients
from HC. In light of this, the area under the curve (AUC)
and 95% confidence interval (CI) were calculated. To ana-
lyze the association with T2D and DNP risk, the odds
ratio (OR) and 95% CI were estimated after categorizing
serum IL-36a and IL-38 concentrations into two groups,
low-production group (LP; < median), and high-pro-
duction group (HP; > median), and then HP versus LP
analysis was performed. Spearman’s rank-order correla-
tion test was applied to analyze the pairwise correlation
between variables. Results were presented in the form
of a heat-map matrix of the correlation coefficient (r,).
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A probability (p) < 0.05 was chosen to indicate statistical
significance. GraphPad Prism (San Diego, CA, USA) was
used to accomplish statistical analysis. G*Power software
was used to compute the sample size and to determine
the sample size power [24].

Results

Sample size calculation and power analysis

An a priori analysis was conducted to estimate the
required sample size for diabetic patients and HC at 0.05
two-tailed a error p, 0.5 effect size d, and 0.95 power (1-p
error p) using G*Power software. The analysis revealed
that a minimum of 105 participants in each group
achieves a statistically acceptable power of sample size. In
light of this, the study included 106 patients with T2DM
(85 T2D and 21 DNP) and 109 HC.

Baseline characteristics

A comparison of T2D patients with DNP patients was
made with respect to the clinical, demographic, and lab-
oratory data presented in Table 1. Only two significant
differences were observed. Age (59 [IQR: 52-67) vs. 52
[IQR: 47-60) years; p = 0.04) and disease duration (10
[IQR: 7-15] vs. 6 [IQR: 3-10] years; p = 0.05) were higher
in DNP than in T2D. Of note, glycemia was poorly con-
trolled in both groups of patients as indicated by HbAlc
> 8%. In addition, T2D and DNP patients were on the

Table 1 Clinical, demographic, and laboratory data for type 2
diabetes mellitus patients without and with diabetic neuropathy

Data; median (IQR) T2D;n=85 DNP; n =21 p-value
Age; year 52 (47-60) 59 (52-67) 0.04
Age at onset; year 45 (40-51) 49 (43-55) 0.243
Disease duration; year 6 (3-10) 10 (7-15) 0.05
BMI; k(_:)/m2 31.2(28.1-36.3) 30.5 (26.6-37.5) 0.632
WHR 0.95(0.90-098) 094 (091-1.04) 0414
FPG; mg/dL 180 (127-250) 180 (155-279) 0.5
HbA1c; % 85 (74-10.1) 84 (7.7-10.5) 0.503
ALT; U/L 15(10-23) 11(10-24) 0.272
AST; U/l 23 (16-29) 25 (18-26) 0.557
ALP; 1U/L 89 (65-134) 90 (65-135) 0.89
TG mg/dL 183 (148-222) 184 (165-229) 0419
TG; mg/dL 130 (89-191) 154 (110-194) 0911
HDL; mg/dL 39 (25-53) 47 (38-57) 0.222
LDL; mg/dL 120 (76-159) 119 (88-122) 0.695

IQR interquartile range, BMI body mass index, WHR waist-to-hip ratio, FPG fasting
plasma glucose, HbATc glycosylated hemoglobin, ALT alanine aminotransferase,
AST aspartate aminotransferase, ALP alkaline phosphatase; TC, total cholesterol,
TG triglycerides, HDL high-density lipoprotein, LDL low-density lipoprotein,

T2D type 2 diabetes mellitus patients without diabetic neuropathy, DNP, type

2 diabetes mellitus patients with diabetic neuropathy; p, two-tailed probability
(significance was assessed using Mann-Whitney U-test; significant p-value is
indicated in bold)
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threshold for obesity as indicated by a BMI > 30 kg/m?
and a WHR > 0.90 [23]. Liver function and lipid profile
parameters were approximately within the reference
ranges and showed no significant differences between
T2D and DNP patients.

IL-36a and IL-38 concentrations

IL-36a concentrations were significantly greater in T2D
patients and DNP patients compared to HC (62 [IQR:
54-84] and 52 [IQR: 45-56] vs. 44 [IQR: 36-47] pg/
mL; p < 0.001). IL-36a concentrations were also sig-
nificantly greater in T2D patients compared to DNP
patients (p = 0.004). IL-38 concentrations were signifi-
cantly increased in T2D and DNP patients compared to
HC (208 [IQR: 149-249] and 200 [IQR: 130-253] vs. 64
[IQR: 47-92] pg/mL; p < 0.001), while the differences
were not significant between T2D and DNP patients (p
= 0.509) (Fig. 1). IL-36a and IL-38 were excellent in dif-
ferentiating diabetic patients from controls, but differ-
entiation performance was better in T2D (AUC = 0.921
and 0.951, respectively) than in DNP (AUC = 0.881 and
0.844, respectively) (Fig. 2). Association analysis revealed
that individuals with high IL-36a concentrations were
at significantly higher risk of T2D (OR = 37.92; 95% CI
= 16.59-86.67; p < 0.001). In DNP, there was also a sig-
nificant increase in risk associated with elevated IL-36a
concentrations, but the OR was lower (OR = 10.11; 95%
CI = 3.65-28.00; p < 0.001). Regarding IL-38, higher risk
of both T2D and DNP was significantly associated with
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increased concentrations of this cytokine, but the odds
ratio was higher in DNP (OR = 32.47; 95% CI = 8.86—
119.05; p < 0.001) compared to T2D (OR = 29.97; 95% CI
= 13.73-65.45; p < 0.001) (Table 2).

Correlation analysis

Spearman’s rank-order correlation analysis was per-
formed between IL-36a, IL-38, BMI, WHR, FPG, and
HbA1lc. In T2D and DNP, IL-36a showed a positive cor-
relation with IL-38 (r, = 0.487; p < 0.001 and r, = 0.683;
p < 0.001, respectively) and a negative correlation with
WHP (r, = —0.215; p < 0.05 and r, = —0.447, p < 0.05). In
DNP, IL-38 also showed a negative correlation with WHP
(ry = —0.539, p < 0.01). FPG and HbA1lc showed a posi-
tive correlation in both T2D and DNP. HbAlc was also
positively correlated with BMI in DNP (r, = 0.460; p <
0.05) (Fig. 3).

Bioinformatics analysis

Bioinformatics analysis predicted that IL-36a inter-
acts with five proteins arranged in a descending manner
according to their interaction scores: IL-1 receptor-like 2
(ILIRL2;0.996), IL-1 receptor accessory protein (ILIRAP;
0.908), IL-36 receptor antagonist protein (IL36RN; 0.789),
IL-1a (IL1A; 0.789), and IL-36p (IL36B; 0.78). IL-38
(IL1F10) also interacts with ILIRL2 (0.999), IL-1 recep-
tor accessory protein-like-1 (ILIRAPLI; 0.957), IL-36p
(0.868), and the IL-1 receptor type 1 (ILIRI; 0.898) and
karyopherin subunit alpha 7 (KPNA?7; 0.838) (Fig. 4).
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Fig. 1 Box-whisker plots of IL.-36a (plot A) and IL-38 (plot B) levels in the serum of type 2 diabetes mellitus patients without diabetic neuropathy
(T2D; n = 85), type 2 diabetes mellitus patients with diabetic neuropathy (DNP; n = 21), and healthy controls (HC; n = 109). The horizontal line
inside boxes indicates median. Whiskers indicate interquartile range ([QR: 25-75%). Significance was assessed using Mann-Whitney U-test (**p <

0.01; ***p < 0.001; ns: not significant)
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Fig. 2 Receiver operating characteristic (ROC) curve analysis of IL.-36a (plots A and B) and IL-38 (plots C and D) in type 2 diabetes mellitus patients
without diabetic neuropathy (T2D; n = 85) and type 2 diabetes mellitus patients with diabetic neuropathy (DNP; n = 21). Area under the curve
(AUC) and two-tailed probability (p) are shown. IL-36a and IL-38 were excellent in differentiating diabetic patients from controls, but differentiation
performance was better in T2D (AUC = 0.921 and 0.951, respectively) than in DNP (AUC = 0.881 and 0.844, respectively)

Discussion

In the current study, two diabetic groups were enrolled:
T2D (T2DM patients without DNP) and DNP (T2DM
patients with DNP). Notably, DNP was associated with
a higher age and longer disease duration than T2D.
DNP is among the most prevalent diabetes-associ-
ated comorbidities occurring in approximately 50% of
patients. Age and duration of disease may have pre-
disposing effects along with uncontrolled hyperglyce-
mia [2]. Indeed, most of the current diabetic patients
had poorly controlled hyperglycemia that was evident
by FPG and HbAlc levels of 180 mg/dL and > 8.0%,

respectively, which significantly exceeded the threshold
of the two tests as described in the ADA guidelines; >
126 mg/dL for FPG and > 6.5% for HbAlc [22]. In addi-
tion, BMI and WHR classified current diabetic patients
as obese. Accumulating evidence indicates that obe-
sity is the most important risk factor linked to diabetes
and associated comorbidities, and glycemic control has
been shown to improve significantly with a weight loss
of 5% [25]. Moreover, epidemiological surveys disclosed
that the increasing prevalence of obesity worldwide
has a significant impact in increasing the prevalence of
T2DM and associated comorbidities [26].
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Table 2 Association analysis of serum IL-36a and IL-38 levels with risk of type 2 diabetes mellitus without and with diabetic

neuropathy
Cytokine group T2D (n = 85) DNP (n=21) HC(n=109) T2D vs. HC DNP vs. HC
OR (95% Cl) p-value OR (95% CI) p-value

IL-36a

LP; n (%) 10(11.8) 7(33.3) 91 (83.5) Reference; 1.0 Reference; 1.0

HP; n (%) 75(88.2) 14 (66.7) 18 (16.5) 37.92 (16.59-86.67) <0.001 10.11 (3.65-28.00) < 0.001
IL-38

LP; n (%) 13(15.3) 3(14.3) 92 (84.4) Reference; 1.0 Reference; 1.0

HP; n (%) 72 (84.7) 18 (85.7) 17 (15.6) 29.97 (13.73-65.45) <0.001 3247 (8.86-119.05) <0.001

LP low production (cytokine level < median), HP high production (cytokine level > median), T2D type 2 diabetes mellitus patients without diabetic neuropathy, DNP,
type 2 diabetes mellitus patients with diabetic neuropathy, HC, healthy controls, OR odds ratio, C/ confidence interval, p, two-tailed Fisher exact probability (significant

p-value is indicated in bold)
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Fig. 3 Heat-map matrix of Spearman’s rank-order correlation analysis between IL-36q, IL-38, body mass index (BMI), waist-to-hip ratio (WHR), fasting
plasma glucose (FPG), and glycated hemoglobin (HbA1c) in type 2 diabetes mellitus patients without diabetic neuropathy (T2D; plot A) and type

2 diabetes mellitus patients with diabetic neuropathy (DNP; plot B). Values inside boxes indicate the correlation coefficient. Significant correlation
(two-tailed probability; p) is indicated by an asterisk (*p < 0.05; **p < 0.01; ***p < 0.001). Blue indicates a positive correlation. Red indicates

a negative correlation

The primary focus of this study was to understand the
pathological significance of IL-36a and IL-38 in T2D
and DNP and highlight their role in the risk of develop-
ing both conditions because the data available in this
context are not overwhelming especially for DNP. The
results demonstrated that IL-36a and IL-38 might have
a contributing functional role in mediating the pathogen-
esis of T2D and DNP. Both cytokines showed elevated
levels in T2D and DNP patients compared with HC. The
up-regulated concentrations of IL-36a and IL-38 were
excellent in distinguishing T2D patients from HC (AUC
= 0.921 and 0.951, respectively), as well as DNP patients
from HC (AUC = 0.811 and 0.884, respectively). Besides,
elevated IL-36a and IL-38 concentrations were linked to

a 37.92- and 29.97-fold increased risk of T2D, respec-
tively, and a 10.11- and 32.47-fold increased risk of DNP.
Based on these findings, IL-36a and IL-38 can be consid-
ered important cytokines of the IL-1 family associated
with the risk of T2D and DNP. Both cytokines may also
be considered as a potential therapeutic target in T2DM
and its clinical complications such as DNP.

IL-36 cytokines have recently been recognized for
their role in maintaining immune hemostasis and regu-
lating the functions of the immune system through pro-
inflammatory effects [27]. Therefore, the three IL-36
isoforms (a, B, and y) and the antagonist IL-36Ra have
sparked significant interest to determine their potential
in the pathogenesis of a number of inflammatory and
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autoimmune diseases, for instance, systemic lupus ery-
thematosus, inflammatory bowel disease, and rheuma-
toid arthritis. Up-regulated expressions and elevated
levels of one or more of these isoforms have been
found, while IL-36Ra has been indicated to be down-
regulated [28-30]. This imbalance favors a pro-inflam-
matory state because IL-36 cytokines («, B, and y) are
involved in the activation of IL-36R signaling, whereas
the opposite effect can be induced by IL-36Ra [27].
The current study evaluated one of the IL-36 isoforms,
IL-36¢, in T2D and DNP patients and found signifi-
cantly elevated serum levels compared to nondiabetic
subjects (HC group). Three recent study reported con-
sistent findings. In the first, IL-36a and IL-36y concen-
trations were elevated in T2DM patients. In addition,
IL-36a exhibited a positive correlation with the inflam-
matory marker high-sensitivity C-reactive protein and a
negative correlation with IL-36Ra [13]. A second study
demonstrated that IL-36y was linked to obesity and
T2DM, and its role in regulating adipose tissue hemo-
stasis and chronic inflammation was suggested [12]. A
third study linked urine IL-36a levels to DNP and FPG
in T2DM patients [16]. The present study results are
consistent with these studies and suggest that IL-36a is
associated with the risk of T2DM and may have a prog-
nostic value. Additionally, elevated concentrations of
IL-36a may also contribute to an increased risk of DNP.
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Fig. 4 Prediction of the protein-protein interaction network IL.-36a (A IL36A) and IL-38 (B IL1F10) with relevant proteins (interaction score >
0.75) as revealed by STRING analysis (https://string-db.org). Colored nodes indicate IL-36q, IL-38, and first shell of interactions. Edges indicate
IL-360- and IL-38-protein association. Connections were identified as colored lines. IL1A, IL-1a; ILTRL2, IL-1 receptor-like 2; ILTRAP, IL-1 receptor
accessory protein; ILTRAPLI, IL-1 receptor accessory protein-like-1; IL36RN, IL-36 receptor antagonist protein; IL1R1, IL-1 receptor type 1; KPNA7,
karyopherin subunit alpha 7

Besides IL-36a, IL-38 is a further cytokine of the IL-1
family that showed increased concentrations in T2D and
DNP patients. In line with these findings, children with
a recently diagnosed T2DM showed increased serum
IL-38 levels, particularly those who were sensitive to
insulin therapy. Sensitivity to insulin was examined in
more detail in a mouse model of T2DM, and IL-38 was
proposed to attenuate the progression of T2DM by
increasing sensitivity to insulin. This effect could also be
achieved by suppressing the pro-inflammatory effects
of IL-36 in these mice, as anti-IL-36 antibody reduced
the plasma insulin level and increased insulin sensitivity
[15]. A further study also showed that plasma IL-38 lev-
els were significantly increased in elderly T2DM patients
(mean age + SD = 67.6 £ 7.1 years), particularly those
with DNP, and were positively correlated with HbAlc,
triglycerides, and liver function tests, as well as WHP
[14]. Our study confirms the elevated levels of IL-38 in
T2DM and DNP, but IL-38 was negatively correlated with
WHP in DNP patients. This difference in the correlation
pattern is likely related to the difference in the age of the
included patients because Gurdu’s study included only
elderly patients [14]. In contrast to these findings, T2DM
patients with and without latent tuberculosis showed
lower IL-38 levels compared with HC, whereas patients
with only latent tuberculosis showed elevated levels [31].
However, the association between IL-38 and diabetes was
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further confirmed in patients with gestational diabetes.
Immunohistochemical examination of the placenta in
these patients showed that IL-38 expression was signifi-
cantly increased in the chorionic villi, umbilical artery,
and umbilical vein by 3.3-, 2.6-, and 2.6-fold, respectively.
Accordingly, the authors suggested that this increased
expression represents an anti-inflammatory response in
the placenta environment during the development of ges-
tational diabetes [32].

Correlation analysis revealed that IL-36a and IL-38
were positively correlated in T2D and DNP, but the
correlation was stronger in DNP than in T2D (r, 0.683
vs. 0.487). Although there is no confirming evidence,
this may underline their functional relationships in
terms of dynamic regulation and cellular interactions.
The initiation and progression of T2DM are associ-
ated with multiple risk factors, including age, obesity,
diet, genetic predisposition, and others, which impact
both immune homeostasis and inflammatory pro-
cesses [5]. In this context, cytokines are the major play-
ers in orchestrating the inflammatory cascade through
pro- and anti-inflammatory functions. The imbalance
between the two functions may lead to T2DM progres-
sion [33]. The current study included cytokines that
have pro-inflammatory (IL-36a) and anti-inflammatory
(IL-38) effects. Both cytokines showed up-regulated
serum levels and were positively correlated. This cor-
relation patterns in general may indicate that elevated
levels of anti-inflammatory cytokines occur in response
to the pro-inflammatory environment to downregulate
the exacerbated inflammatory process and maintain
physiological homeostasis in vital organs [34]. Fur-
thermore, bioinformatic analysis predicted that IL-36a
and IL-38 interact with members of the IL-1 family
of cytokines and cytokine receptors, such as ILIRL2,
ILIRAP, IL36RN, IL1A, IL36B, and IL1RI1, which have
been implicated in inflammatory signaling pathways
in several inflammatory diseases including T2DM [13,
35]. These data may suggest a functional interaction
between these cytokines and cytokine receptors in the
pathogenesis of T2DM. Interestingly, IL-38 showed an
additional interaction, which was with KPNA7, a gene
encoding a protein belonging to the importin alpha
family that facilitates the translocation of signal-con-
taining proteins into the nucleus [36]. Importin expres-
sion was revealed to be an important regulator of the
NF-kB (nuclear factor kappa B) transcription factor
signaling pathway [37]. This pathway is involved in the
control of inflammation and immunity and may play a
crucial role in the pathogenesis of diseases due to dys-
regulated inflammatory and immune responses such
as cardiovascular diseases [38]. On the other hand, the
NE-«B signaling pathway can be activated by persistent
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hyperglycemia, and as a result, the production of vari-
ous cytokines and inflammatory molecules involved
in the pathogenesis of T2DM is dysregulated [39].
Therefore, understanding the IL-38-NF-kB-KPNA7
interaction axis may represent an important strategy
for research aimed at unraveling the pathogenesis of
T2DM, and investigations in this context are certainly
encouraged.

The study encountered the following limitations. The
number of DNP patients included was small. Homeo-
stasis model assessment (HOMA) was not performed
and may help to better understand the role of IL-36a
and IL-38 in the pathophysiology of T2D and DNP.
Finally, other cytokines of the IL-1 family were not ana-
lyzed, and simultaneous exploration of these cytokines
may contribute to a better understanding of their rela-
tionship to low-grade inflammation in T2DM.

In conclusion, the concentrations of IL-36a and
IL-38 were up-regulated in the serum of T2D and DNP
patients. Both cytokines were proposed to be potential
discriminating biomarkers associated with increased
risk of T2D and DNP. Targeting the axis of their inter-
action with other cytokines of the IL-1 family may be
important for understanding the pathophysiology of
T2D and DNP.
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