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ARTICLEINFO ABSTRACT

Article history: The research aimed to detect the roles of vitamin D (VD) and micro-ribonucleic acid (miRNA)-21-
Received 17 Jun 2023 5p as potential predictors and diagnostic biomarkers for type 1 diabetes (T1D) and to determine the
Accepted 23 Jul 2023 degree of association and predictability of them on beta (B) cells stress/death. A case-control study
Published 16 Sep 2023 included three study groups: a T1D group that comprised 35 newly onset T1D patients, a first-

degree relatives (FDRs) group that included a total of 35 FDRs of T1D patients, and a healthy
control (HC) group that included a total of 20 subjects. All study subjects were evaluated for their
serum connecting (C) peptide and VD, as well as the expression folds of serum miRNA-21-5p. The
findings revealed significantly lower levels of C. peptide and VD among T1D and FDRs subjects
than the HC group, whereas the folds of miRNA-21-5p were significantly higher in T1D subjects
than FDRs and HC subjects. Furthermore, the level of C. peptide had a valuable positive
association with VD within T1D and FDRs groups, whereas the folds of miRNA-21-5p have a
valuable positive association with C. peptide and VD in FDRs and T1D groups, respectively.
Vitamin D had exhibited a significantly decreased level among T1D and FDRs, and positively
correlated with residual B-cells function, which indicated the possible utility of its low level as a -
cells stress/death predictive and diagnostic biomarker. Micro-RNA-21-5p indicated the possible
utility of its high folds expression as B-cells stress/death predictive and diagnostic biomarker and
the high level of miRNA-21-5p might play a vital role in T1D prevention.
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1. Introduction During the preclinical and early clinical stages of T1D, there are few
selected alternative candidate intrinsic paths in which some determinants
might be involved in the stress and death of the low proliferative and
regenerative human B-cells [3]. Of these are the C. peptide/insulin ratio,
the expression of variable levels of certain miRNAs molecules, and many
others. Connecting peptide level is widely accepted as a biomarker for
endogenous insulin excretion and function of pancreatic B-cells [4], which
are used to evaluate the destruction of B-cells by autoimmune processes
[5]. Lowest or depleted C. peptide concentrations are indicators of T1D
progression after diagnosis, and the lowest C. peptide level is generally
detected after ~one year of T1D onset. However, most previous studies
conclude that any remaining activity of B-cells may reduce T1D
complications [6].

Type 1 diabetes mellitus is an auto-immune condition represented by
pancreatic B-cells loss due to an autoimmune attack, which is manifested
by the incidence of the auto-antibodies (Abs) against pancreas gland
antigens [1].

At the time of diagnosis, individuals with T1D are estimated to have lost
approximately 80%-90% of the insulin synthesis B-cells function and/or
mass. To conserve B-cells from destruction, many immune modulatory
drugs have been used and have led to only lower B-cells function
preservation without full recovery from T1D [2].
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In the context of decreased glucose tolerance in individuals with VD
deficiency and the presence of 1,25-dihydroxyvitamin Ds in islet
pancreatic and immune cells, the principal cells that are involved in the
pathophysiology of both types of diabetes mellitus (DM), it was
speculated to be the potential roles of VD in the pathophysiology and
preventing strategies of both types of diabetes. In human and animal
models, a deficiency of VD affects insulin production capacity and
increases the risks of T2D [7]. By increasing insulin receptor expression
or activation the peroxisome proliferator-activated receptor (PPAR), VD
may be improve insulin sensitivity [8]. The occurrence of T1D in non-
obese diabetic mice may be delayed through immunomodulation by using
pharmacological doses of 1,25-dihydroxyvitamin D3 or its analogs, but to
our knowledge, no human research is available on this issue [7].
Micro-RNAs are small RNA molecules with non-coding properties that
have a crucial involvement in post-transcriptional gene expression
regulation. They are endogenous, highly conserved, and typically consist
of 21-23 nucleotides [9].

They regulate multiple cellular processes, including differentiation,
growth, metabolism, catabolism, and apoptosis [10]. Previous research
reported many miRNAs molecules are differently present in T1D samples.
These reports were conducted on human or animal models with T1D
using cultured cells, body fluids, and solid tissue specimens, in which
multiple techniques were used for determining the expression of genes
[11].

Novel biomarkers identification is consistent with pancreatic cells
autoimmunity detection at the prodromal stages of T1D [12]. Micro-
RNA:s are considered potential warranted biomarkers due to the facility to
detect them in peripheral blood samples [13]. Consequently, the current
study was conducted to determine which miRNAs could serve as a new
T1D biomarker. More than two research studies show that miRNA-21 is
statistically higher in the serum of T1D subjects [14]. On the other hand,
other previous studies revealed a decreased level of miRNA-21-5p in the
bloodstream [15]. Micro-RNAs were also detected in exosome specimens
that were derived from blood because it has been verified that exosomes
act as carriers for miRNAs during interactions between cells in vitro [16].
Another research reported that the amount of exosomal miRNA-21-5p in
serum was higher in newly diagnosed T1D patients than the HC,
indicating that miRNA-21-5p in serum exosomes could serve as a
candidate T1D biomarker [15].

Also, pancreatic cellular damage may be detected by the presence of
extracellular vesicles miRNA-21-5p. According to many previous studies,
miRNA-21-5p rises after the administration of inflammatory mediators
like, interferon (IFN)-y, interleukin (IL)-1B, and tumor necrosis factor
(TNF)-a, which is speculated to be the pro-inflammatory properties [17].
According to the above-cited studies, the role of miRNA-21-5p in the
pathogenicity of T1D remained controversial among newly onset T1D or
their FDRs. Thereof, the recent research aimed to study the roles of VD
and miRNA-21-5p as potential predictors and/or diagnostic biomarkers
for T1D and to determine their predictive accuracy and the degree of
relationship to pancreatic cell stress and death (relative to the serum C-
peptide). This may lead to a new strategy of earlier diagnosis and
immune-modulating therapy to preserve the remaining B-cells of newly
onset T1D or their FDRs.

2. Materials and Methods

Study design/subjects

Case-control research was carried out at the Thi-Qar Specialized Diabetes,
Endocrine, and Metabolism Center, Thi-Qar governorate, Iraq, during
August and December-2022. This study includes three study groups: a
T1D group comprised of 35 newly onset T1D patients (20 females and 15
males) with a range of ages between 3-18 years, a group of FDRs which
includes a total of 35 FDRs of T1D patients (20 women and 15 men)
between the ages of 10 and 40 years, and the HC group including a total
of 20 subjects with the percentage of females and males 12/8, and their
ages ranged between 5-20 years.

Exclusion and inclusion criteria

For the T1D group, subjects with one of the following criterion were
omitted from the recent research: subjects with non-T1D, patients who
have been receiving treatment with corticosteroids for the past four weeks,
the existence of any other chronic or autoimmune disease, current surgery
(within the previous six months), under any biological agent, current
transfusions of blood (within the previous six months), presence of any
diabetes complications (nephropathy, neuropathy, and retinopathy),
uncontrolled hyperglycemia, patients who had been diagnosed with T1D
for more than one year, and absence of FDRs. The patients with the
following criterion had been enrolled in recent research: recent diagnosis
of T1D (less than one year), the patients have FDRs, absence of any type
of diabetes complications, patients with controlled hyperglycemia, and
have not agreed with any of the exclusion criterion listed above.

For the FDRs group, the subjects that met at least one of the following
criteria had been omitted from this group: the occurrence of any chronic
or auto-immune condition, FDRs under corticosteroid therapy throughout
the past four weeks, current transfusions of blood (within the previous six
months), taking any biological agents and current surgery (within the
previous six months).

For the HC subjects, the same omitted criteria of the FDRs subjects had
been applied for this group of subjects. Additionally, individuals with any
infection had been excluded. This group of individuals do not have a
history of DM in their families.

Sera collection

By puncturing a vein, 3-5 milliliters (ml) of blood were obtained. The
collected samples completed the coagulation process at room temperature
in gel vacuum tubes (China), then serum was separated by centrifuging
the samples at 3600 rounds/minute (min) for ten min. Each sample of
serum had been separated into two aliquots; one of them was mixed with
Trizol [400 microliters (ul) serum + 600 pl Trizol (Thermo Scientific,
USA)] which was used for miRNA extraction, and the other one was
stored at "80 °C until their need for C-peptide and VD assays.

Human connecting peptide and vitamin D assays

Serum C. peptide and VD were detected and titrated in picograms (pg)/ml
and nanogram (ng)/ml, respectively, using a human C-peptide enzyme-
linked immune-sorbent assay (ELISA) kit (SunLong Biotech, China,
catalogue number: SLO531Hu), and a human VD ELISA Kit (SunLong
Biotech, China, Catalogue number: SL1831Hu), respectively, which was
based on sandwich-ELISA as the method, and the assays protocol had
been performed according to the manual manufacturer’s recommendations
at Thi-Qar Health Department, Imam Al-Hussein Teaching Hospital.
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Molecular detection of miRNA-21-5p

The molecular assay was executed in a Specialist Laboratory center in
Baghdad and all assay procedures were performed in reference to the
manual recommendations. Total serum RNA had been extracted using
Trizol reagent method (Thermo Scientific, USA). The isolated RNA was
used for the synthesis of the miRNA-21-5p and RNU43 (housekeeping
gene) complementary deoxyribonucleic acid (cDNA) molecules using
miRNA-21-5p-reverse transcriptase (RT) and RNU43-RT primers (RT
step) (Table 1) by Thermal Cycler program (BioRad, USA). Quantus
Fluorometer (Promega, USA) (Fluorescence method) was performed to
measure the level of isolated cDNA molecule to determine the quality of
samples for the next applications, a cDNA level of 5-7 ng/ul was
applicable. Real time-quantitative polymerase chain reaction (QPCR) was
performed for quantification of miRNA-21-5p and RNU43 using miRNA-
21-5p-forward (F), RNU43-F, and universal reverse primers (Table 1) by
Mic-gPCR cycler (Bio-molecular System, Australia) (Figures 1, 2).
Relative quantification of gene expression was performed using Pfaffi
Method [18]. By using real-time cycler software, the threshold cycle (Ct)
was determined for the samples, and selected gene data expressions were
standardized according to housekeeping. Data analysis was performed
using the AACt methods, and a fold change in gene expression was used
to express the results: the difference in Ct values (ACt) between each
target gene and the gene for housekeeping was calculated according to the
following equation [19].

ACT = CTgene 'CThousekeeping gene [20]
AACT=ACTrreated or Control — A\’erage ACTcontrol

Statistical analysis

For data presentation and analysis, SPSS (version 24) was used. The
frequencies, relative frequencies, and means had been obtained as
descriptive methods. The associations among parameters were obtained
using the chi-square statistical method. Differences had been considered
statistically valuable when the P-value was <0.05.

Primer Name

miRNA-21-5p-RT*

Sequence (§'—————————————————3’) | Temp. | Company | Country
GTTGGCTCTGGTGCAGGGTCCGAGGT
ATTCGC ACCAGAGCCAACTCAACA 60 °C
GITTGGTAGCTTATCAGACTGA
GTTGGCTCTGGTGCAGGGTCCGAGGT
ATTCGC ACCAGAGCCAACAATCAG Macrogen South
RNU43-F* GTGAACTTATTGACGGGCG 55°C Korea
Universal Reverse® GTGCAGGGTCCGAGGT
Temp: temperature. miRN A: micro-ribonucleic acid, and R1: reverse transcriptase
The ¢cDNA sequences of the mRNA gene were obtained from the National Center for Biotechnology Information Gen-Bank
database. Primers for real-time qPCR were designed with a melting temperature of 58°C-62°C using primer Premuer 3 software,
the length of the primers ranging from 18 to 23 nucleotides, and the length of the PCR amplicon ranged between 75 and 150
base pairs.

South

Macrogen -
= Korea

miRNA-21-5p-F1*

RNU43-RT*

Table 1. The study primers
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Figure 1. Micro-RNA-21-5p real time polymerase chain reaction step
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Figure 2. RNUA43 real time polymerase chain reaction step

3. Results

The current research had been performed during the time between August
2022 and December 2022 and had three study groups which are: the T1D
group comprised of 35 newly onset T1D patients (20 females and 15
males) with an age range from 3-18 years, FDRs group that included a
total of 35 FDRs of T1D patients (15 males and 20 females) with a range
of age within 10-40 years, and HC group that included a total of 20
subjects with the percentage of females and males 12/8, and their ages
ranged between 5-20 years.

Figure 3-A shows that the T1D and FDRs groups had a significantly
(p<0.05) elevated below normal C. peptide level (57% and 60%,
respectively) in comparison with the HC group (50%). Nevertheless, there
were no statistical differences (p>0.05) in the frequency percent of C.
peptide concentration between T1D and FDRs subjects. Regarding the C.
peptide mean titers (Figure 3-B), the low mean titers were reported in the
T1D group (264.3 pg/ml) and FDRs (238.4 pg/ml) compared to HC
(285.9 pg/ml) with statistically significant differences (P<0.05). The
differences in mean values among T1D and FDRs groups were not
significant (p>0.05).
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60,00%
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50,00%
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o ——— el
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(P<0.05) | HC [ FDRs [ D |
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Figure 3. The results of connecting peptide in all study groups, (A):
frequency (%), (B): mean titer, (FDRs, first degree relatives; TID,
type 1 diabetes; HC, health control; pg, picograms; ml, milliliter; C,
connecting).
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Figure 4-A shows that the majority of T1D and FDRs group subjects had
below-normal level serum VD (82.86% for both) compared with HC
(60%) with a statistically significance difference (p<0.05). Non-valuable
differences (p>0.05) were documented among subjects of T1D and FDRs
groups regarded to frequency percent of VD level. Concerning the mean
titers of VD (Figure 4-B), the lowest mean titer had been reported in the
T1D patients (2.1 ng/ml) and FDRs group (1.9 ng/ml) than HC group (3.3
ng/ml) with a statistically significant difference (p<0.05). There was no
statistically significant difference (p>0.05) in mean values among the T1D
and FDR groups.

Table (2) shows the correlation between the C. peptide and VD levels.
The percentage of below-normal VD concentration had been statistically
elevated (p<0.05) in T1D patients and FDRs subjects with below-normal
C. peptide levels (90% and 90.5%, respectively) in comparison with T1D
and FDRs subjects with above-normal C. peptide levels (50% and 33.3%,
respectively), whereas the difference was not statistically valuable
(p>0.05) in VD serum level among HC individuals with below normal,
normal, above normal C. peptide concentration. For mean titer of VD
level, the findings within the same table illustrated a significantly
(p<0.05) lower VD mean titer among T1D and FDRs subjects with below
normal C. peptide level (1.6 ng/ml, and 1.5 ng/ml, respectively) in
comparison with T1D and FDRs subjects with above normal C. peptide
level (3.3 ng/ml and 3.4 ng/ml, respectively), while the HC subjects
revealed non-significant differences (p>0.05) in VD concentration among
individuals with below normal, normal, above normal C. peptide
concentration.

Vitamin D (ng/ml)

A
82,86%
82,86%
50,00% (P<0.05)
0,00% 20,00% 40,00% 60,00% 80,00% 100,00%
ul Above-normal (>4 ng/ml) mMNormal (3-4 ng/ml) @Below-normal (<3 ng/ml)
B o
FDRs ‘ T T -]
HC "]
' ' ' ' ' '
0 0,5 1 1,5 2 2,5 3 3,5
(P<0.05) HC FDRs TID
| W Vitamin D(ng/ml) 3,3 1,8 2,1

Figure 4. The results of vitamin D in all study groups, (A): frequency
(%), (B): mean titer, (FDRs, first degree relatives; TID, type 1

diabetes; HC, health control; ng, nanogram; ml, milliliter).

The results in Figure 5-A show that most of the T1D subjects (51.8%)
were with high folds of miRNA-21-5p compared to the FDRs and HC
subjects (28.6 and 40%, respectively) with statistical differences (p<0.05).
However, no statistically significant difference (p>0.05) was noticed
between the FDRs group and HC group for this parameter. The mean titer
for serum miRNA-21-5p folds was statistically (p<0.05) elevated in the
T1D patients (2.42 folds) compared to the FDRs subjects (2 folds) and
HC group (1.6 folds). In comparing the mean values of the FDRs and HC
subjects, there were no statistical differences among them (p>0.05)
(Figure 5-B).

| 51,80% A
TID 22,20
i 26,00% (P<0.05)
d 28,60%
FDRs 28.60% )
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| il High (>2 Folds) @ Moderate (1-2 Folds)  Low (<1 fold) ‘
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FDRs | : :
HC T T T u
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<005
(P<0.05) HC [ FDRs [ TID |
[MmiRNA-21 (fole) | 16 | 2 | 2,42 |

Figure 5. The results of micro-RNA-21-5p in all study groups, (A):
frequency (%), (B): mean titer, (FDRSs, first degree relatives; TID,
type 1 diabetes; HC, health control; miRNA, micro-ribonucleic acid).

P.
Biomarkers Below N (<3) | Normal (3-4) | Above N (>4) Total e
FR (%) [ Mean | FR (%) [Mean|FR (%)[Mean | FR (%) | Mean
Below N (n=20) [ 18(90) | 1.3 | 1(3) | 3.1 | 1(5 | 48 | 20(100) | 1.6
2 2[ Normal @=7) | 7(100) | 23 | 0(0) 0 [0 [ o | 700 | 23
£ =[AboveN (u=8) | 4(30) | 2.1 | 225 | 34 |2(25) | 57 | 8(100) | 33 | “0.08
g Total (n=35) [29(82.86) 1.6 | 3(8.57) | 3.3 [3(857)] 54 | 350100) [ 21
2 [BelowN@=21) [19090.5 ] 14 [205 [32] 00 [ o [21000 [ 15
S Z| Normal(=8) | 8(100) [ 1.9 | 0(0) 0 Jo@ | o [ s@o [ 19
S E[Above N(=6) | 2(33.3) | 2.8 | 3(50) | 3.5 [1(16.67) 4.2 | 6(100) 3.4 | <0.08
E Total (n=35) [20(32.86) 1.6 |5(14.28)] 3.4 [12.86)] 42 | 350100) [ 19
g |Below N @=10)| 7(70) 2 1(10) | 3.1 | 2(20) [ 9.7 | 10(100) | 3.6
g o Normal=5) | 2¢40) | 13 | 1Q20) | 3.1 | 2(40) | 47 | 5(100) 3| =008
C| = [ AboveN (n=5) | 3(60) 2 1(20) | 3.2 | 1(20) [ 5.2 | 5(100) | 20
Total @=20) | 12(60) | 1.9 | 3(15) | 3.1 | 5(25) | 6.8 | 20(100) [ 3.3
pg. picogram: ml, milliliter; FDRs, first degree relatives; T1D, type 1 diabetes; HC, healthy control; N, normal; n, number;
ng. nanogram: FR. frequency: %. percent: below N. <250 pe/ml: normal. 250-300 pg/ml: above normal. >300 pg/ml.

Table 2. The correlation between connecting peptide and vitamin D

levels

Table (3) showed the correlation of the serum C. peptide with serum
miRNA-21-5p. The differences in frequency percent of low miRNA-21-
5p folds were significantly (P<0.05) higher in FDRs individuals with
below-normal C. peptide concentration [4/8 (50%)] than FDRs subjects
with normal and/or above normal C. peptide level [2/6 (33.3%)].
Additionally, the mean value of miRNA-21-5p, was statistically (p<0.05)
low in FDRs subjects with below normal C. peptide level (1.7 folds)
compared to subjects with normal and/or above normal C. peptide level
(2.5 folds). There were no statistical differences (p>0.05) in the
correlation among serum C. peptide and miRNA-21-5p of T1D and HC
groups for both frequency percent and means values.

Micro-RNA-21-5p (Folds)* P.
Biomarkers Low (<1) Moderate (1-2)| High (>2) Total ot
FR (%) | Mean | FR (%) [Mean | FR (%) |Mean | FR (%) |Mean
Below N (n=16) |6 (37.5) [ 047 [2(12.5)] 1.2 | 8(50) | 3.6 [16(100)] 2.1
S| g NA@1y |10 |oss [4G64 [ 17 [6(545 ] 38 [11(100) ] 28 =0.05
2 Total(n=27) | 7(26) | 05 [6222[ 15 [14(51.8)[ 37 [27(100)] 24
| o] BelowN@=8) | 4(50) | 0.6 [3(37.5)| 1.5 [1(125)] 64 | 8(100) | 1.7
2|2 NA@m=6) [2(33.3)] 023 [1(16.7)| 13 | 3(50) | 43 | 6(100) | 2.5 |<0.05
S| [ Total(n=14) [6(428)| 046 [4(286)| 15 [4(286)| 40 [14(100)[ 2
= [ BelowN@=s) [ 1(20) [ 0.04 | 3(60) | 1.8 [ 1(20) | 2.3 | 5(100) | 16
Y e NA@= 2(40) | 0.6 | 0(0) 0 [ 30y | 23 [50100) ] 1.6 [~0.05
Total(n=10) | 3(30) | 04 [ 3(30) [ 18 [4(40) | 24 [10000)] 16
C. comnecting, pg, picogram, wml, milliliter, T1D, fype | diabetes, HC, bealthy control. EDRs, furst degree selatives, N,
normal (250-300 pg/ml); n, sumber; A, above normal (300 pg/ml); RNA, ribonucleic acid; FR, frequency: %, percent:
below N, <250 pg/ml.

Out of 90 subjects. only 51 subjects were evaluated for serum miRNA-21-5p expression due high cost of (his assay and the
current research not being supported financially.

Table 3. The correlation between connecting peptide and micro-RNA-
21-5p

Table (4) illustrates the relationship between the serum miRNA-21-5p and
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serum VD levels. The frequency percent of below normal VD level
among T1D subjects with low serum miRNA-21-5p folds was elevated
(100%) with valuable difference (p<0.05) as compared with T1D patients
with moderate and/or high miRNA-21-5p folds (80%), whereas the FDRs
and HC groups subjects revealed non-significant differences (p>0.05) in
frequency percent of VD level between subjects with low and
moderate/high miRNA-21-5p folds. The mean titer of serum VD was
significantly decreased in T1D with low miRNA-21-5p fold (1.4 ng/ml) in
comparison with subjects with moderate and/or high miRNA-21-5p (2.2
ng/ml), however, there were no statistical differences (p>0.05)
demonstrated in mean titer of serum VD between subjects with low and
moderate/high miRNA-21-5p folds within FDRs and HC groups.

Vitamin D (ng/ml)

Below N (<3) |Normal (3-4) | Above N (>4) Total
FR (%) | Mean |[FR (%)[Mean| FR (%) | Mean | FR (%) [ Mean
Low@=7) |7(100) | 14 0 | 0O 0O 0 7(100) | 14
MH@®=20) J16(80) | 1.7 |2(10) | 3.5 | 2(10) 45 120(100)| 2.2 0.05
Total m=27) (23 (85.2)| 1.6 [2(74) | 35 | 2(74) 4.6 27 (100)
Low (n=6) |4(66.6) | 1.1 [1(16.7)| 3.5 |1(16.7) 4.2 6 (100)
M-H@w=8) |7(87.5)| 21 |1(12.5)] 3.6 | 0(0) 0 8 (100)
Total (m=14) |11 (78.5)] 1.7 [2(14.3)] 35 | 1(7.1) 42 14 (100)
Low(n=3) |2(667)] 19 | 0(0) | 0 |1(333)] 53 |3(100)| 3
MH@=7) |5(714) | 19 [1(143)] 3.1 |[1(143) 5 7(100) | 25 | >0.05
Total (n=10) 7 (70) 19 11(10) ] 3.1 2 (20) 5.1 10 (100)| 2.7
ng, nanogram; ml, milliliter. FDRs, first degree relatives. T1D, type 1 diabetes; HC, healthy control: N, normal; n, number:
M, moderate (1-2 folds): H, high (>2 folds): miRNA, micro-ribonucleic acid: FR, frequency: %, percent: low, <1 fold.

*QOut of 90 subjects. only 51 subjects were evaluated for serum muRNA-21-5p expression due high cost of this assay and the

current research not being supported financially

P. value

Biomarkers

TID

>0.05

FDRs
1ol
[

MiRNA-21-5p (Folds)*

HC

Table 4. The correlation between micro-RNA-21 and vitamin D

4. Discussion

Type 1 diabetes is a chronic immune-reactive condition that occurs due to
the damage of pancreatic B-cells that produce insulin by the T-cell-
mediated immunological response. Islet autoimmunity is typically found
in subjects who have a genetic susceptibility to the disease, and genetic
factors assume a valuable role in the T1D pathophysiology. These
processes vary greatly between individuals; therefore, a variety of
endotypes have been suggested [21]. The diagnosis of T1D is frequently
delayed, often after decreasing C. peptide levels. The newest and most
efficient markers might ease this issue and assist in early pre-clinical
detection. Serum levels of C. peptide were used to measure the degree of
pancreatic -cells damage due to autoimmunity [22].

This study indicated that the amount of C. peptide had decreased in the
T1D group in comparison with the HC subjects (Figure 3), which is
highly consistent with the evidence above. Very few investigations had
explored the gradual depletion in the C. peptide level through the phases
of T1D until reaching an undetectable level within years after onset. Many
studies have shown that the levels of C. peptides follow this pattern [22,
23] in which they observed that C. peptide levels decreased gradually
within the pre-diabetic period but accelerated within the clinical period. In
line with the last mentioned two studies, a recent study showed a
significantly lower C. peptide level among the FDRs group (as pre-
diabetes) compared with the HC group (Figure 3).

The role of VD in the B-cells function could be mediated by the
circulating 1,25-dihydroxyvitamin D binding to the VD receptor on (-
cells. Alternatively, VD could be active due to 25-hydroxyvitamin D is
activated via 1-alpha-hydroxylase, an enzyme present in B-cells. By
increasing insulin receptor expression or PPAR activation, VD could
directly improve insulin sensitivity [24].

The previous studies on VD deficiency in T1D children have been limited.
One study from Italy [25] and a second study from Sweden, [26], revealed

that the patients with T1D had a lower mean level of VD at the time of
diagnosis compared to the control group. Another study conducted on
Australian adolescents with T1D indicated that 43% of them were VD-
deficient [27]. The current study resembles all studies mentioned above,
where the lowest level of VD was recorded in the T1D patients than in the
HC with significant differences (Figure 4). The impact of VD depletion on
the immune system cells and the expression of the VD receptor on p-cells
is often taken to support a mechanistic involvement of VD in the
development of T1D. The findings of the current study revealed a
significantly lower VD concentration in the FDRs individuals compared
to the HC control (Figure 4). In agreement with this finding, another study
showed that VD concentrations were greatest for those with
normoglycemia compared to those with prediabetes and diabetes [28].
Extracellular miRNAs can be detected in the bloodstream, which makes
them an ideal potential biomarker. Therefore, the newest T1D biomarkers
are necessary to complete the data obtained from auto-Abs existence with
other genetic and environmental risk factors [29]. Micro-RNAs regulate
gene expression post-transcriptionally and contribute to cellular processes
like differentiation, proliferation, and apoptosis. The role of microRNAs
as non-invasive markers was studied in a variety of diseases and
pathologic processes because they can be detected in cell-free circulation
(i.e., serum and plasma) [30]. Micro-RNA-21-5p is an important novel
biomarker that can help in the diagnosis of islet autoimmunity at an earlier
stage and more accurately predict the onset of T1D [31].

In agreement with these results, this study’s results (Figure 5) showed
significantly higher miRNA-21-5p folds in T1D patients compared to the
HC and FDR groups. Coinciding with these findings, other previous
studies reported a higher expression of miRNA-21-5p in conditions
characterized by impaired immunological responses, such as T1D [32, 33,
34]. Previous evidence indicates that miRNAs are also important in the
immune systems functions, and f-cells metabolism, death, and
proliferation, which play a key role in T1D pathogenesis. Micro-RNA-21-
5p expressions were reported to be induced in MING6 cells and human
pancreatic islets in response to inflammatory mediators like IL-1f and
TNF [35], indicating that these miRNAs may be involved in the
destruction of B-cells mediated by cytokines. In addition, miRNA-21-5p
expression was elevated in NOD mouse islets during the onset of
prediabetic insulitis, possibly as a protective response since miRNAs-21-
5p knockdown in MIN-6 cells enhances programmed cell death [14].
Along the same lines, the current study showed elevated folds of
miRNAs-21-5p among FDRs as compared with HC groups (Figure 5), as
well as the folds of miRNA-21-5p were positively associated with C.
peptide level among FDRs groups (Table 3).

The results of the study suggest that miRNA-21-5p in human serum is an
essential biomarker for T1D diagnosis and prediction. The earliest
detection of its abnormal expression helps in T1D detection, T1D
intervention, and early detection of pre-clinical diabetes individuals.
Dysregulation of metabolic processes that are controlled by insulin is
associated with VD depletion, diabetes, and obesity. Insulin resistance and
pancreatic B-cells dysfunction are correlated with low VD levels [36, 37].
Vitamin D activity is consistent with insulin release (phase 1) and insulin
secretion (phase 2) from islet B-cells in vitro and VD-deficient models
[38]. In line with these studies, recent research showed (Table 2) a
significant positive association between VD and C. peptide levels among
T1D and their FDRs.

Similar to the recent study findings, other studies have found that
increasing VD may contribute to increasing T regulatory cell and C.
peptide concentrations (insulin secretion biomarker) [39, 40], where VD
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was positively correlated with stimulated C. peptide concentrations among
newly onset T1D subjects [39].

There is proof of evidence indicating that VD can affect the amount of
microRNAs by changing enzyme expression that contributes to the
synthesis of microRNAs and inducing the transcription of microRNAs
both directly and indirectly [41]. Studies revealed that circulating levels of
miRNA-21-5p were correlated with the residual B-cells function [42] and
miRNA-21-5p regulation associated with VD deficiency [43]. Consistent
with these findings, the current investigation revealed a significant
positive correlation between the concentration of miRNA-21-5p folds and
the concentration of VD in T1D patients (Table 4).

Previous studies suggest that VD deficiency-associated miRNA-21
regulation may involve in the pathophysiology of chronic metabolic and
inflammatory diseases like DM, lipid metabolism issues, periodontitis,
hypertension, and other glucometabolic diseases [44]. In another study,
VD therapy in Wistar mice with kidney ischemia-reperfusion damage led
to a statistical rise in the level of miRNA-21 [45], whereas Rendina et al.
[44] has shown that correcting the VD depletion did not affect the levels
of circulating miRNA-21. Nevertheless, future study is required to
completely clarify the genetic processes that result in the regulation of
miRNAs and to fully understand the intricate interactions that take place
between miRNAs and VD- associated targets.

Some of the patients and/or their guardians who visited the Diabetes and
Endocrinology Specialist Center refused the sampling process, whereas
some patients refused the sampling process of their FDRs. This issue may
affect the final results of the current study due to the restrictions imposed
by the patients and/or guardians. A further limitation was the kits’
sensitivities and specificities that were used for biomarkers identification
and quantification due to there being some variance among the producing
companies. Finally, due to the high cost of molecular assay and the
current research not being supported financially, only 51 subjects were
evaluated for serum miRNA-21-5p expression.

5. Conclusions

Vitamin D had exhibited a significantly decreased level among T1D and
FDRs and positively correlated with residual B-cells function (relative to
the serum C-peptide), which indicated the utility of its low level as a f3-
cells stress and/or death predictive and diagnostic biomarker, and the VD
deficiency is a risk factors to T1D, thereof VD supplementation is
required to decrease the incidence of T1D.

Micro-RNA-21-5p revealed a significantly higher folds expression among
T1D and positively correlated with both residual B-cells function (relative
to the serum C-peptide) and VD level in FDRs and T1D, respectively,
which indicated the possible utility of its high folds expression as p-cells
stress and/or death predictive and diagnostic biomarker and the higher
expression of miRNA-21-5p may be an important factor in the preventing
T1iD.

These findings indicated an essential role for this mIRNA in
understanding the pathogenicity of disease and reflects endogenous -
cells stress and/or death which may be used as a predictor, diagnostic, and
therapeutic target during the pre-clinical and initial stages of T1D.

6. Abbreviations

ul, microliter; Abs, antibodies; C, connecting; cDNA, complementary
deoxyribonucleic acid; Ct, threshold cycle; DM, diabetes mellitus;
ELISA, enzyme linked immune-sorbent assay; F, forward; FDRs, first
degree relatives; HC, healthy control; IFN, interferon; IL, interleukin;
min, minute; mMiRNA, micro-ribonucleic acid; ml, milliliter; ng,
nanogram; pg, picograms; gPCR, quantitative polymerase chain reaction;
RT, reverse transcriptase; T1D, Diabetes type 1; TNF, tumor necrosis
factor; VD, vitamin D; B, beta.
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