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Abstract. Background. Type 1 diabetes mellitus (T1DM) is a chronic autoimmune disease characterized by the immune-
mediated destruction of pancreatic beta cells, leading to insulin deficiency. Inflammatory cytokines, particularly
interleukin-6 (IL-6), play a central role in this pathological process by promoting pro-inflammatory immune responses.
Recent evidence highlights the involvement of microRNAs, especially miR-146a and miR-155, in regulating immune
cell activation and cytokine signaling pathways. Dysregulation of these microRNAs may disrupt immune homeostasis
and contribute to the progression of TIDM. This study aimed to investigate the expression levels of miR-146a and
miR-155 in patients with TIDM and to examine their association with serum IL-6 concentrations. Materials and
methods. This case-control study included 150 participants, comprising 100 individuals diagnosed with TIDM and 50
healthy controls. Peripheral blood samples were collected to evaluate fasting blood glucose, glycated hemoglobin, and
IL-6 levels using an enzyme-linked immunosorbent assay. Quantitative real-time polymerase chain reaction was used
to assess the expression of miR-146a and miR-155, normalized to miR-16 as the internal control. Results. The results
revealed significantly elevated levels of fasting blood glucose, glycated hemoglobin, and IL-6 in patients compared
to controls (p < 0.0001). Additionally, miR-146a expression was increased by a 3.1-fold change, and miR-155 showed
a 1.58-fold increase in patients with TIDM compared to healthy individuals. Conclusions. The significant overexpression
of microRNAs miR-146a and miR-155, in parallel with elevated serum levels of the pro-inflammatory cytokine 1L-6,
highlights their crucial role in the immunopathogenesis of TIDM. These findings suggest that miR-146a and miR-155
may act as key regulators in modulating immune responses, contributing to the autoimmune destruction of pancreatic
beta cells. Moreover, the combined assessment of these microRNAs and IL-6 may serve as valuable molecular biomarkers
for early diagnosis, disease prognosis, and the development of novel immunomodulatory therapeutic strategies in TIDM
management.
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Peswome. Bsedenue. Caxapuserit nnadet 1 Tuma (CIA1) — XpoHHMYeCcKoe ayTOMMMYHHOE 3a00JieBaHMEe, XapaKTepH-
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B 3TOM ITATOJIOTMUECKOM IIpOLiecce, CTUMYIUPYS IIPOBOCTIAIUTEIbHBIE UMMYHHBIE peakuuu. [ToceHue qaHHbIe
CBUAETEILCTBYIOT 00 yuacTun MUKpoPHK, oco6enHo miR-146a u miR-155, B peryisiiinm akTHBaliu MMMYHHBIX
KJIeTOK U 3¢ deKToB LMTOKMHOB. HapyieHue perynsauuu ykazaHHbIX MUKpoPHK MoxeT HapyliaTh UMMYHHBIi
romeocTtas u crnocooctBoBarh nporpeccupoBanuto CJI1. Llenpo taHHOro UccleqoBaHUs ObIIO M3yYeHUE YPOB-
Heit akcnipeccrn miR-146a 1 miR-155 y mauuenToB ¢ C/I1 Tuma u ux B3anMocBsI3u ¢ ypoBHeM IL-6 B cbIBOpOTKE
KpoBU. MaTepuaibl 1 MeTOAbl. B MccienoBaHUM «CIydyaii—KOHTPOJIb» MPUHIIN yyacTue 150 yenoBek, BKIoUas
100 yenoBek ¢ puarHo3oM CJI1 1 50 370pOBBIX TUIL KOHTPOJbHOM rpynnbl. OT manueHToB ¢ CII 1 ObLIN MOJyYeHBI
00pa3Isl eprudepruIecKoil KpOBHU IS ONPEAeIeHUS YPOBHSI TTI0OKO3BI B KPOBY HATOIIAK, TITUKMPOBAHHOTO TeMO-
rnobuna u IL-6 MmeTogoM uMMyHO(epMeHTHOro aHaiu3a. s oleHKu aKkcnpeccun miR-146a u miR-155 ucnoinb-
30BaJiach KOJMYECTBEHHAs IIOJMMepa3Hasl el Hasg peaKIus B peaJbHOM BpeMEHY, HOpMaJIM30BaHHAS 10 YPOBHIO
miR-16 B KauecTBe BHYTpEHHET0 KOHTPOJIA. Pesyavmamsl. B Xoze nccaeaoBaHust 0OHapyKeHO JOCTOBEPHOE MOBBI-
LIEHME YPOBHS [JIIOKO3bI B KPOBM HATOLIAK, INIMKUPOBAHHOTO reMorioouHa u 1L-6 y malimeHToB [0 CpaBHEHUIO
¢ koHTpoJsbHOI Tpymmoit (p < 0.0001). Kpome Toro, akcnpeccust miR-146a yBenumuuiack B 3.1 pasa, a aKcrpec-
cusg miR-155 — B 1.58 paza y mauuenToB ¢ CII1 o cpaBHEHUIO CO 3J0POBLIMU JIOABMU. Bbigoodwl. JlocToBEpHOE
yeuaenne skcrpeccun MUKpoPHK miR-146a n miR-155, Hapsiny ¢ TOBBIIIIEHHBIM YPOBHEM MTPOBOCIAIUTEILHOTO
nuTOoKMHA IL-6 B CBIBOPOTKE KPOBM, MOAYEPKMBAET UX KJIIOUEBYIO POJib B MMMYyHonaToreHese CJII1, cBuaeTeNb-
CTBYs 0 TOM, 4To miR-146a 1 miR-155 MoryT BBICTYIATh B Ka4eCTBE KJIIOUEBBIX PETYJISITOPOB UMMYHHOI'O OTBETA,
CMOCOOCTBYSI ayTOMMMYHHOMY pa3pylleHUIo B-KJIETOK MOIKeTyI0UHOM Xeae3bl. bosee Toro, KOMOMHUpPOBAHHAS
oneHKa ypoBHs miR-146a 1 miR-155 u IL-6 MOXeT CIyXKUTb 3HAYMMBIMU MOJIEKYISIPHBIMU OMOMapKepaMu ISt
paHHEH TMaTHOCTUKH, IPOrHO3MPOBAHMUS 3a00JIeBaHNS M pa3pabOTKM HOBBIX MMMYHOMOI YN PYIOIINX TepaIeB-

THYECKUX cTparternit mpu medeHnu CI1.

Karouesoie caoea: miR-146a, miR-155, caxapnoiit duabem 1 muna, IL-6, mukpoPHK.

Inroduction

Type 1 diabetes mellitus (T1DM) is an autoim-
mune disorder that typically manifests during child-
hood or adolescence and requires lifelong insulin
therapy to effectively manage blood glucose levels.
Itis characterized by insufficient insulin secretion and
persistent hyperglycemia, resulting from the com-
plete or partial destruction of pancreatic beta cells [1].

Despite advances in treatment, TIDM remains
a major global health concern [2]. This is due to its
diverse range of triggers, including genetic, biologi-
cal, and environmental factors. Moreover, TIDM
can develop as a result of autoimmunity, in which
immune cells function abnormally—an essential
hallmark of the disease [16].

Interleukin-6 (IL-6) is a pro-inflammatory cy-
tokine that initiates a cascade of immune responses
leading to inflammation [13, 29]. The infiltration
of immune cells into the islets of Langerhans is as-
sociated with increased pancreatic inflammation and
involves four key immune cell types: macrophages,
B lymphocytes, T lymphocytes, and dendritic [10,
26]. Therefore, increased concentrations of I1L-6
molecules and an inflammatory response character-
ize this immunological disease [7].

Additionally, the issue worsens because of ongo-
ing inflammation, which causes more beta cellsin the
pancreas to die; this factor is crucial in determining
how severe the disease becomes [21]. Nitric oxide and
increased endoplasmic reticulum stress are mecha-
nisms that contribute to the worsening of the condi-
tion and may contribute to diabetes-related compli-

cations [3]. A recent study indicates that T1DM alters
immune system functionality [34].

Post-transcriptional regulatory mechanisms are
essential for this process to function effectively [5].
MicroRNAs are single-stranded RNA molecules that
regulate gene expression but without protein synthesis
at post-transcriptional levels. MicroRNAssuch asmiR-
155 and miR-146a regulate cytokines and NF-kB dur-
ing inflammatory responses [15, 27]. Given their role
in autoimmunity in both innate and adaptive respons-
es, it is evident that they play a significant part in these
processes [14]. One of the primary functions of miR-
NA-146a is to inhibit inflammation in the body [28,
31]. Two critical components of the NF-«xB signaling
cascade are TRAF6 and IRAKI [33]. MiR-146a influ-
ences the immune system by reducing the concentra-
tions of TRAF6 and IRAKI1[17]. The effect inhibits
inflammatory signals from intensifying and prevents
them from becoming overly active [24]. Conversely,
microRNA-155 activates immune cells, including
macrophages, dendritic cells, and T lymphocytes,
which exacerbates the inflammatory response [31].

Compromised microRNAs can induce cytokine im-
balances and exacerbate tissue damage within the im-
mune system. This current imbalance may exacerbate
the illness and increase the likelihood of autoimmune
reactions by accelerating the demise of pancreatic beta
cells. Give an overview of how miR-146a, miR-155,
and IL-6 could be helpful in understanding the mo-
lecular processes involved in type 1 diabetes. While
1L-6 is known for worsening the disease, it’s important
to recognize that miR-146a and miR-155 are important
for keeping the immune system in equilibrium.
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Materials and methods

This case-control study included 150 par-
ticipants (100 TIDM patients with a mean age
of 12.02+4.89 years and 50 healthy controls with
a mean age of 12.52+5.59 years; overall mean age
12.194£5.12 years), whose blood samples were col-
lected from multiple sources, including the National
Center for Diabetes Treatment and Research at Al-
Mustansiriyah University and a private diagnostic
laboratory in Baghdad, Iraq, to ensure representative
sampling and proper clinical characterization of both
cases and controls.

Inclusion and Exclusion Criteria. Participants
in the patient group met WHO diagnostic criteria
for TIDM, while those with other types of diabetes,
comorbid autoimmune disorders, active infections,
or chronic diseases were excluded. Control subjects
were recruited based on negative personal and famil-
ial histories of autoimmune or metabolic disorders.

FEthical Considerations. The study protocol re-
ceived formal approval from the Institutional Review
Board of the Genetic Engineering and Biotechnology
Institute at the University of Baghdad on 1/11/2024
(Project No. 826823). Written informed consent
was obtained from all participants’ parents or legal
guardians in accordance with international ethical
guidelines for pediatric research.

Blood Collection and Processing. Following a 12-
hour overnight fast, venous blood samples (5 mL)
were collected from all participants under standard-
ized aseptic conditions. The samples were immedi-
ately aliquoted into: first, EDTA-containing tubes
(2 mL) for molecular analyses and HbAlc quanti-
fication; and second, sterile serum separator tubes
(3 mL). The serum tubes were allowed to clot at
room temperature for 15 minutes before centrifuga-
tion at 1000g for 5 minutes. The resulting serum was
aliquoted into sterile microvials and stored at —20°C
until subsequent analysis of IL-6 and fasting blood
glucose levels.

Biochemical Analyses. Fasting blood sugar (FBS)
levels and hemoglobin Alc (HbAlc) percentages
were quantified for all study participants. FBS con-
centrations were determined enzymatically using
the COBAS INTEGRA 311 clinical chemistry ana-
lyzer (Roche Diagnostics). HbAlc measurement was
performed via turbidimetric inhibition immunoassay
(TINIA) methodology on a COBAS c 111 analyzer
(Roche Diagnostics), with photometric detection
at 546 nm. Both assays were conducted following
the manufacturer’s protocols with appropriate qual-
ity control measures.

Immunoassay test. Serum IL-6 concentrations
were determined using a commercially available
enzyme-linked immunosorbent assay (ELISA) kit
(Human IL-6 ELISA Kit, Cat. No. E-EL-H0109,
Elabscience Biotechnology Inc.) according to the
manufacturer’s protocol. The sandwich ELISA as-

say was performed with strict adherence to quality
control measures, including duplicate measurements
of all samples and inclusion of standard curve cali-
brators with each assay run.

Moleculartesting. Total RNA was extracted fromse-
rum samples using TRIzol™ LS Reagent (Invitrogen,
Cat. No. 10296028) following the manufacturer’s pro-
tocol. The extraction procedure involved sequential
phase separation with chloroform, RNA precipitation
with isopropanol, and purification through 75% etha-
nol washes. The resulting RNA pellet was resuspend-
ed in nuclease-free water (Thermo Scientific, Cat.
No. AM9937). RNA concentration and purity were
assessed using a Quantus™ Fluorometer (Promega)
with the QuantiFluor® RNA System.

Reverse  Transcription. Complementary DNA
(cDNA) was synthesized from total RNA using
the AddScript Reverse Transcriptase Kit (Microgen,
Korea) according to the manufacturer’s protocol
in a 20 ul reaction volume, ensuring complete con-
version of all mRNA into cDNA. The thermal cy-
cling conditions consisted of an annealing step at
25°C for 5 minutes, followed by extension at 37°C for
30 minutes, enzyme inactivation at 92°C for Sminutes
(1 cycle), and a final hold at 4°C for 10 minutes.

Complementary DNA (cDNA) synthesized from
RNA served as the template for quantitative real-time
PCR (qRT-PCR) analysis using miRNA-specific
primers. The 20 pl reaction mixture contained 10 pl
of 2.5x reaction mix (including dNTPs and reverse
transcriptase), 1 ul MgCl,, 1 ul each of forward and
reverse primers, 3 ul cDNA template, and 4 pl nucle-
ase-free water. Thermal cycling conditions consisted
of initial denaturation at 95°C for 5 minutes, followed
by 45 cycles of denaturation (95°C, 20 seconds), an-
nealing (60—65°C, 20 seconds), and extension (72°C,
20 seconds). miRNA-16 expression served as the en-
dogenous control for normalization, while relative
quantification of miRNA-146a and miRNA-155 ex-
pression between patient and control groups was de-
termined using the 2-24“ method (Table 1).

Results

In this study, a highly significant elevation in FBS
levels was revealed among T1DM patients, indicating
(243.48+£106.42) compared to controls (95.961+6.56)
(p < 0.000). Additionally, significantly higher lev-
els of HbAlc were observed in TIDM patients
(9.75%2.18) than in controls (4.90+0.56) (p < 0.000)
(Table 2).

The concentration of IL-6 was significantly high-
er (p < 0.01) in patients with TIDM compared to ap-
parently healthy (control) participants. The IL-6
concentration in TIDM patients was (31.42+3.81),
while it was (20.55%2.13) in the control group, as
shown in Table 3.

According to the findings of the current study,
the expression level of miRNA-146 was significantly
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elevated among individuals with TIDM compared
to healthy individuals. The study revealed a signifi-
cant increase in miRNA-146 expression in blood
samples obtained from diabetic patients. The fold
change in miRNA-146 expression among T1DM pa-
tients (fold change 3.1) was substantially higher than
that observed in the controls (fold change 1), as de-
picted in Table 4. Similarly, the investigation of miR-
NA-155 expression indicated a marked increase
among individuals with TIDM compared to healthy
individuals. The research found that blood samples
taken from diabetic individuals with type 1 had sig-
nificantly higher levels of miRNA-155 expression,
with a fold change of 1.5 in T1DM patients compared
to 1 in controls (Table 5).

Discussion

The study results showed an increase in serum lev-
els of IL-6, an inflammatory cytokine, in the TIDM
patient group compared to the healthy (non-diabetic)
group. Regarding miRNA-146a and miRNA-155,
both showed significantly elevated expression levels
in TIDM patients.

Individuals were categorized into diabetic and
non-diabetic groups based on their HbAlc levels.
The range of HbAlc (5.7—6.4%) was used to identify
intermediate hyperglycemia and distinguish between
individuals with and without diabetes. This range
was chosen because HbAlc shows less day-to-day
variability compared to glucose levels and is consid-

Table 1. Primers utilized for miRNA-146, miRNA-155 and mirnai6gene expression

Primer Sequence (5'—3' direction) L?Sg)th
miR-16-1
Forward |GGTTTTTTTTAGCAGCACGTAAAT 24
Reverse |[GTGCAGGGTCCGAGGT 17
RT GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACCGCCAAT 50
miR-155
Forward | TTAATGCTAATCGTGATAGGGGTT 24
RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAACCCC 46
miR-146a
Forward |TGAGAACTGAATTCCATGGGTT 24
RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAACCCA 50
Universal reverse
Reverse |CCAGTGCAGGGTCCGAGGTAT 21
Table 2. Comparison between patients and control in FBS (mg/dL) and HbA1c (%)
N Mean Std. Deviation Std. Error ttest
t-value p-value
Control 50 95.96 6.56 0.93
FBS Patients 100 243.48 106.42 10.64 95579 0.000
HBAIC Control 50 4.90 0.56 0.08 238.758 0.000
Table 3. Comparison of IL-6 levels between study groups
N Mean Std. Deviation Std. Error ttest
t-value p-value
Control 50 20.55 2.13 0.30 .
IL-6 Patients 100 31.42 3.81 0.38 350.865 0.0001
Table 4. Levels of miRNA146a expression in the patients and control groups
Means Ct Means Ct AACt _mct | Experimental group/
Groups | ¢ miRNA-146a | of miRNA-16 | MeaNACt | o liprator | 27 controlgroup | Foldofgene
Control 13.7018 20.846 -71442 0 1 1 1
Patients 13.74015 22.517 -8.77685 -1.63265 3.10 3.100906445 3.1

Table 5. Comparison between patients and control groups regarding miRNA155 fold expression levels

Means Ct Means Ct AACt _uct | Experimental group/
Groups | ot miR-155 ofmiR-16 | MeanACt | o iprator | 2 controlgroup | Foldofgene
Control 9.76175 20.846 -11.084 0 1 1 1
Patients 10.77213 22.517 -11.7446 -0.66062 1.58 1.580805 1.58
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ered indicative of TIDM. The findings, as presented
in Table 5, revealed a significant increase in the levels
of hemoglobin Alc and fasting blood sugar among
patients compared to controls.

When it comes to the development or worsen-
ing of TIDM, both genes and the immune system
are important, including family history, an imbal-
ance of certain immune cells, loss of tolerance in the
body, and interactions between different signal-
ing proteins [25]. These factors contribute to the
damaging of pancreatic beta cells due to increas-
ing inflammation reactions. I1L-6, important pro-
inflammatory cytokines, secreted by macrophages
and T cells. The study demonstrates the elevation
of these signaling molecules correlates with insulitis
inflammation by enhancing the immune responses,
as TIDM is characterized by the destruction of insu-
lin-producing beta cells in the pancreas [9]. The cur-
rent finding a line with Chen et al. (2017), who dem-
onstrates the increasing serum levels of IL-6 in the
T1DM group with an absence of correlation between
this elevation and other factors such as age, ethnic-
ity, and disease duration, suggesting that I1L-6 may
inherently influence the onset of TIDM [6]. In ad-
dition to Hundhausen et al. (2016), concluded that
the increased sensitivity of T-cells (helper and cyto-
toxic) responses to IL-6 in TIDM enhances the ac-
tivity of signal transducer and activator of transcrip-
tion 3 (STAT3) and STATI signaling proteins, due
to increased expressers of IL-6R on their surface.
Suggests that if TIDM diagnosis is earlier, the high-
er the activation of STAT?3 in response to IL-6 [12].
This means that 1L-6 signaling problems might be
most severe early in the disease and could be useful as
an early marker of TIDM progression [7].

The study suggests that the elevation in miRNA-
146a levels may result from heightened inflammation,
thus increasing the risk of diabetes-related complica-
tions, including diabetic retinopathy, cardiovascular
disease, and nephropathy [18]. The lab experiment by
Kamali et al. (2016) found that when blood sugar lev-
els are high, the risk of diabetes complications goes
up because inflammation increases and miRNA-146
levels rise, which affects NF-xB activity by block-
ing certain inflammatory signaling molecules like
IRAKI1 and TRAF6 [15]. Additionally, a study by
Mohammed et al. (2022) who reported that miRNA-
146a was increased in recently diagnosed patients
with TIDM [19]. However, Yang et al. (2015) stud-
ied the expression level of miRNA-146a in PBMCs
and showed that the expression level of miRNA-146a
decreased over a long-time undergoing insulin the-
rapy [32]. TIDM patients, even with well-controlled
glucose levels, also reported that the low level of miR-
NA-146a increases the appearance of autoantibodies,
specifically, glutamic acid decarboxylase antibody.
Reveals that the improper regulation of miRNA-
146a contributes to the permanent autoimmune dys-
regulation observed in individuals with TIDM.

The study reveals that miRNA-155 facilitates in-
flammation and immunological reactions and hence
plays an important role in the etiology of autoimmune
diabetes mellitus. This is backed up by Mostahfezian
et al. (2019) who found higher levels of this miRNA
in the blood cells of T1DM patients [20].

According to Mohamed found that a specific ge-
netic change, called rs767649, is linked to higher levels
of miRNA-155 and the development of TIDM [19].
This suggests that genetic factors, especially SNPs,
significantly affect the susceptibility to TIDM by
potentially altering the expression levels and func-
tionality of miRNAI155 [4]. The study on T2DM
conducted by Polina et al. (2019) who indicates that
patients exhibit lower levels of miRNA-155 in their
plasma [22]. The findings indicate that the expres-
sion level of miRNA155 is influenced by two factors:
the sample type and the type of diabetes.

The findings of elevated levels of both miRNA-155
and miRNA-146a in TIDM indicate their potential
as biomarkers for the diseases. Notably, Garcia-Diaz
et al. (2018) [8] reported in Chilean T1D patients
a significant increase in miR-155, alongside a reduc-
tion in miR-146a, and uniquely identified miR-155’s
association with autoimmunity (ZnT8) and inflam-
matory markers (vVCAM) highlighting its potential as
a mediator of immune activation in T1D.

Complementing this, Ghaffari et al. (2023) [9]
reviewed the broader metabolic context of miR-146a
across both type 1 and type 2 diabetes. They found
that downregulation of miR-146a is linked to the
progression of diabetic complications such as ne-
phropathy, neuropathy, impaired wound healing,
olfactory dysfunction, cardiovascular disorders, and
retinopathy suggesting a protective role of miR-146a
within diabetic pathology.

Furthermore, the therapeutic landscape is en-
riched by Cho et al. (2025) [7], whose recent review
underscores the dual significance of miRNAs includ-
ing miR-146a and miR-155 as both diagnostic bio-
markers and promising therapeutic targets in TIDM.
They emphasize how miRNA modulation could pave
the way to preserving B-cell function and targeting
underlying pathogenic mechanisms.

MiRNA-155, miRNA-146a, and IL-6: These
molecules could show when the disease starts or gets
worse, might be good options for new treatments
because they help control the immune system, and
could be used as indicators of the diseases.

Conclusion

This study demonstrates that pediatric patients
with TIDM exhibit markedly elevated fasting blood
glucose, HbAlc, and IL-6 levels, alongside signifi-
cant overexpression of miR-146a (3.1-fold) and miR-
155 (1.58-fold) compared with healthy controls. These
findings may support the role of miR-146a and miR-
155 as key molecular regulators in the inflamma-
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tory and autoimmune processes underlying TIDM.  Additional information
The concurrent elevation of IL-6 further reinforces

the involvement of pro-inflammatory cytokine signal- Competing interests. The authors of this work de-
ing in disease progression. Future research should val- clare no competing interests whatsoever.

idate these findings in larger and more diverse cohorts Data availability. The study data is available upon
and explore the clinical utility of microRNA modula-  request.

tion as part of personalized TIDM management. Funding. Self-funded.
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