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ARTICLE INFO ABSTRACT

In the contemporary world, Diabetes mellitus is the most documented metabolic disorder 

among school-going children and adolescents. This chronic condition, characterized by 

persistent hyperglycemia, poses signicant health risks and necessitates early and accurate 

diagnosis to manage and mitigate its long-term complications effectively. Traditional 

diagnostic methods for Diabetes mellitus involve the measurement of various biomolecules, 

including glucose levels, glycated hemoglobin (HbA1c), and other related biomarkers. 

However, there is a growing interest in exploring more innovative and precise diagnostic 

tools, particularly in the realm of molecular biology. One such promising area of research 

involves micro ribonucleic acids (miRNAs), small non-coding RNA molecules that play 

crucial roles in gene regulation. Despite their potential, there is limited literature on the use 

of miRNAs in the diagnosis of Diabetes mellitus. miRNAs are known to inuence the 

expression of genes involved in glucose metabolism, insulin secretion, and insulin 

resistance, making them valuable biomarkers for the disease. The current analysis aims to 

summarize the contemporaneous knowledge on the emerging role of miRNAs in Diabetes 

mellitus. Recent studies suggest that specic miRNAs are differentially expressed in 

diabetic patients compared to non-diabetic individuals, indicating their potential as 

diagnostic markers. For instance, miRNAs such as miR-375, miR-126, and miR-29 have 

been linked to pancreatic β-cell function, insulin signaling pathways, and inammation, all 

of which are critical in the pathogenesis of Diabetes mellitus. The identication and 

validation of these miRNAs could revolutionize the diagnostic landscape, offering more 

sensitive and specic tools for early detection and monitoring of the disease in children and 

adolescents. This analysis seeks to shed light on the current understanding and future 

prospects of miRNA-based diagnostics in Diabetes mellitus, highlighting their potential to 

enhance clinical outcomes through early and precise intervention.
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INTRODUCTION

Diabetes mellitus (DM) is a metabolic ataxia affecting a varied aged 
 population of about 350 million people in the current society[1].

Irrespective of its prevalence, it has evolved into an intercontinental 

issue connected with an increased mortality rate. The International 

Diabetes Federation (IDF) estimates, that over 552 people will be 
affected by diabetes by 2030[2]. DM is distinguished by an 

inadequate excretion of insulin from beta cells of the pancreas,  

which avoids the usual upkeep of glucose homeostasis in blood[3]. 

Insufcient insulin production narrows to type 1 diabetes mellitus, 

and an ineffective insulin response leads to type 2 diabetes. In the 
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recent past, the prevalence of the spike in blood glucose globally 

reached about 6.4% and is projected to rise to 7.7% by 2030[4].

Between, type 1 and type 2 DM, type 1 is found to be the most 

regular chronic disease condition in the people of age group 13-18 

years, representing about 10%, and in adolescents, up to 90% 

globally, which is to be increased by 3% annually[5]. Several 

mechanisms are involved in the origin of T1DM, comprising 

autoimmunity, susceptibility to genes, and epigenetic inference 

Autoantibodies averse to beta-cell antigens have been noticed since 

T1DM. In addition, mutations in different loci have been identied, 

followed by a varied number of tandem repeats that are situated in  
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the insulin gene. Other factors,like viral, epigenetic, and 

environmental, act directly on insulin genes that affect the 

onset of disease[6].

So far, several methods are in practice in the T1DM 

diagnosis with an estimation of autoantibodies as 

biomarkers. Even though many of them are found capable 

only after conrmation of clinical symptoms, it is necessary 

for new biomarkers that act as disease-identiable aspects at 

an early stage[7]. In recent times, microRNAs, or miRNAs, 

have been identied as biological molecules that are 

connecting in the sickening of T1DM and its diagnosis 

through the regulation of gene expression[8]. This gene 

regulation happens in apoptosis, differentiation of cells, cell 

proliferation, and obstruction of protein synthesis by 

inhibiting translation or degrading mRNA[9].

Therefore, the present write-up is performed to unravel the 

biological pathways that are associated with miRNA 

biosynthesis, as well as their participation in the toxicity of 

T1DM. 

History of miRNAs 

miRNA was the term used formally by Ambros and 

Ruvkun's laboratories in the year 1993 when the lin-4 

particle was recorded as miRNA, which was nd rst. 

miRNAs are dened as a group of tiny noncoding RNAs 

with 20 nucleotides that regulate gene voicing in the post-

rewording stage, either by harmonizing gene expression or 

mRNA deterioration[10]. It is reported to have a gene situated 

in Caenorhabditis elegans that alters the developmental 

patterns of all stages of larvae. Reinhart et al identied 

miRNA, which is located, in Caenorhabditis elegans and 

commands the transition from L-4 to the spread of larvae. 

Given this, le-7 was noticed in humans which had a 

widespread therapeutic potential[11]. 

 By then, several studies were conducted to investigate the 

character of these molecules in genes of mankind and their 

expression and involvement in the pathogenesis of 

disease[12,13].

Genesis, activity, and function of miRNA 

The small noncoding RNA molecules called miRNAs have 

their genesis in intergenic miRNA genes or are encoded in 

introns in the form of hairpins[14]. RNA polymerases II /III 

transcripts genes of miRNA in the legal pathway which 

leads to principal miRNA with 5' cap and 3' cap 

polyadenylated tails. A protein complex with Drosha, 

DGCRB, and RNase III enzymes processes and cleaves 

precursor miRNA[15]. This process releases 70 nucleotides 

which are transferred with the help of Exportin 5 into 

Cytoplasm. Then miRNA duplex of approximately 22 base 

pair length is formed by the RNase enzyme Dicer and TAR 

RNA binding protein complex. Mature miRNAs then 

appear from both the strands that can be 3' or 5'. These 

mature micro RNAs along with Argonaute proteins (Ago) 

form RNA inducing silencing complex (RISC)[16]. RISC is 

essential to regulate gene expression by targeting specic 

mRNAs via complementary base pairing in the 3' region. 

This can end in mRNA destruction. During this gene 

silencing method, GW 182 proteins can communicate with 

Ago proteins. In other way, miRNAs arise from interweave 

and mitron evolution in non-canonical pathways and 

generate miRISC complex. 

Micro RNAs regulate varied genes concerced in the 

division of cells and differentiation that could put up in 

understanding the origin and prognosis of deregulation that 

regulates malignancies like hematological cancers[17].

Role of miRNA in the secretion of insulin 

Islet augment miRNAs work on a different order of 

downstream targets that inuence insulin excretion. In one 

 Figure 1: Biogenesis and Function of miRNA in Gene Expression
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  Frequency Percent 

Co-morbidities HTN 35 35% 

COPD 26 26% 

IHD 4 4% 

NIL 35 35% 

 Viral markers Non-reactive (NR) 78 78.0% 

Hepatitis C Virus 

(HCV) 

6 6.0% 

Hepatitis B Virus 

(HBV) 

14 14.0% 

HBV, HCV 1 1.0% 

HIV 1 1.0% 

Alcohol consumption Alcoholic 42 42.0% 

Non-Alcoholic 58 58.0% 

CPT Score Mild (A) 9 9.0% 

Moderate (B) 29 29.0% 

Severe (C) 62 62.0% 

MELD Grading Mild liver disease 62 62.0% 

Moderate liver disease 29 29.0% 

Severe liver disease 9 9.0% 

 MELD Na Grading Mild liver disease 80 80.0% 

Moderate liver disease 11 11.0% 

Severe liver disease 9 9.0% 
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Risk Factor  Cases  Control P value **OR- 

Odds 

ratio 

(95% 

CI) 

N % N % 

 

Nutritional 

status 

Normal 10 14.3 28 40  

<0.0010 

4.00 

(1.76-

9.11) 

Under 

nourished 

60 85.7 42 60 

Irrational 

Antibiotic 

use 

Present 51 72.86 39 55.71 
 

 

<0.0357 

2.13 

(1.05-

4.33) 

 

 study, a portrait of islet-derived miRNAs that sway insulin 

secretion by selecting beta cell exocytosis machinery is 

noted[18]. Signicantly all the miRNAs screened in their 

study inhibited insulin secretion, suggesting an important 

part of islet miRNAs in preventing lethal hypoglycemia.By q 

RT-PCR methods, it is shown that miR-375 is expressed 

more in pancreatic islets and has a dened move in the down-

functioning of insulin discharge. MiR-375 is also displayed 

to have high expression levels in murine insulinoma MIN 16 

cells[19]. Consistent with that, an in vitro study stated that 

miR-375 overexpressed in mouse insulinoma Nit-1 cells and 

differed in a minimisation in GSIS through miR-375/Mtpn 

pick out interaction[20].

MiR-124a and miR 96 are known to impact exocytosis 

machinery in MIN6 cells. Surprisingly, miR-124 is shown to 

increase the secretion of insulin at basal glucose targets with 

lowering GSIS. Inhibition of Noc2 appearance by MiR-96 

cal also decreases GSIS. MiR-7 is known to downregulate 

GSIS by modulating stages of the insulin exocytosis 

pathway[21].

Role of miRNA in insulin production 

The lead of miR-375 in homeostasis of glucose further 

proceeds insulin trafcking and targets 3'-phosphoinositide-

dependent protein kinase-1 (PDK1), a supreme product of 

the phosphatidylinositol 3-kinase (PI3K) cascade. The low 

measure of PDK1 are connected with less insulin gene 

expression concerning stimulation of blood glucose. 

However, high blood sugar situation yield a drop in precursor 

miR375 expression and the connected increase in PDK1 and 

levels of insulin[22]. Whereas MiR-204 is known to hurt the 

production of insulin. Thioredoxin-interacting protein 

(TXNIP) a conroller of redox states in beta cells induces the 

appearance of miR 204. TNXNIP is upregulated in diabetes 

and enhances the expression levels of miR 204[23].

Role of miRNA in beta cell proliferation and survival 

Various pancreatic miRNAs control beta cellular pathways 

towards increasing cell division and survival and also beta 

cell damage convinced by the proinammatory cytokines. 

As mentioned in the p13k footpath, miR-375 downregulates 

PKD expression and has an protective role in beta cell 

proliferation. In support of this, INS-1E cells tagged with a 

form of miR-375 which revealed a 25% reduction in 

expansion and viability[25].

MiR-21 is also participated in cellular machinery by 

managing  beta cell number as it is called to play a pro-

proliferative role in beta cell survival. MiR 200 is strongly  

correlated with the pathology of beta-cells in both types of 

diabetes[26].

Mechanism of action of miRNA

The main role of miRNA was to inhibit the process of 

translation by blocking the translation of coding genes or 

degrading mRNA[27-29]. These processes take place in the 

miRISC complex, which has an argonaute protein able to 

slice nuclei and make possible communication between 

miRNAs and their targets[30]. Perfect interaction 

complementarity results in messenger RNA partition and 

deterioration, and imperfect complementarity results in 

repression of translation. Few other reports revealed that 

miRNAs tend to devoted to specic UTR sequence ends i.e.; 

3' untranslated region ends by causing deadenylation, 

decapping, and repression of translation[31]. The possible 

mechanisms of miRNAs are they can communicate with 
 mRNAs of the nucleus by depleting translation[32]. Few 

other reports suggest its involvement in methylation 

sequences and genome remodeling. Additional mechanical 

action is its pairing capability with mRNA targets 

interfering with regulatory proteins.  As reported, miRNAs 

are found to pick out gene promoters and initiate mRNA 

translation in dened conditions like cell cycle arrest and 

starvation of amino acids[33].

miRNAs: As Biomarkers and their implications in 

various diseases

miRNAs are connected with diseases like autoimmune and 

cardiovascular diseases, cancer, and neurodegenerative 

diseases and serve as biomarkers in early detection, 

prognosis, and treatment. miRNAs can predict the disease 

course and its response to treatment. Another important 

possibility is its easy isolation in varied biological species 

like blood, serum, plasma, tissues, and urine. An additional 

advantage is its durability and protection from the presence 

of exosomes and microsomes, which help in shell 

protection. Amplication of nucleic acids and sequencing 

serve as miRNA identication techniques in various 

biospecimens. The miRNA voicing can be detected by 

blotting techniques, hybridization, quantitative real-time 

PCR (qPCR), and next-generation sequencing (NGS).[34-

36].

Concerning its implications for cancer, several studies have 

reported the regulatory impact of miRNA. In this regard, 

miRNA-15 and 16 were the downregulated molecules seen 

in lymphocytic leukemia patients. Few other reports have 

demonstrated that deregulation of miRNA increases the risk 

of breast cancer. Several other studies demonstrated the 

character of miRNA in the pathways of tumors. miRNA-15 

and 16 were identied to have a key role in anti-apoptotic 

repression by B-cell lymphoma expression. All these put 

together will be able in detecting disease markers[37,38].

Various other studies from the literature proved that miRNA 

is involved in deregulation in Burkitt lymphoma infected by 

Epstein Barr Virus (EBV), polyomavirus followed by 

herpes virus, and HIV. The reported literature shows that 

miRNAs are involved in the regulation of cardiac 

occurrence and preservation. The pathways of CVD, where 

miRNAs participate are arrhythmias, atherosclerosis, 
 myocardial ischemia, and cardiac hypertrophy[39]. Several 

studies have reported MiR-1, 126, 197, 208 and MiR 223 

have a diagnostic impact as biomarkers in acute myocardial

infarction. MiRNA-34, 155, and 326 are upregulated  in  

diabetes[26].

Mechanism of action of miRNA

The main role of miRNA was to inhibit the process of translation 
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systemic lupus erythematosus (SLE) as low indications of 

miRNA 146 are conducted with a high risk of SLE. Few more 

reports suggested the role of miRNA as a biological marker in 

human chorionic gonadotropin (hCG) and the abundance of 

miR-16, 23, 29, 107, and 523 were found to be linked with 

Crohn's disease. MiR-1, 133, and 223 are measured in 

autosomal dominant polycystic kidney disease[40-42]. 

miRNA as a key player in T1DM 

As previously reported about the expression of miRNA in 

biological pathways, One such is glucose consumption. 

Steadiness in the discharge of glucose relies on pancreatic 

beta-cell equilibrium. Pancreatic beta cells induce the 

secretion of insulin when there are elevated blood glucose 

levels, which results in glucose uptake by peripheral tissues 

that reduce blood levels. Studies reported that a huge amount 

of miRNA is included in the homeostasis of the pancreas and 

various other studies endeavored to nd certain miRNA 

particles that dysregulate pancreatic beta cell perfect 

function, enhancing apoptosis[43-45].

One such example is miRNA-21 which overexpresses and 

disrupts the development of beta cells in T1DM, as reported 

in the literature[46]. Moreover, literature reports elevated 

miR-21 in diabetes by targeting the BCL-2 gene. Reports 

suggest another miR-29 that is seen in mice that impairs 

glucose-induced insulin secretion. Upregulation of MiR-181 

was also seen in T1DM patients by negative correlation with 

C-peptide. Reports also demonstrate the impact of MiR-7 

and miR-124 in the pancreatic differentiation pathway of 

endocrines in diabetic individuals[47].

While T1DM is an autoimmune disease, the role of B 

lymphocytes is signicant. The study has demonstrated that 

MiR-34a overexpression is associated with B lymphocyte 

capacity reduction in diabetic mice. On the other side, 

overexpression of miR-23, miR-98, and miR-50 is found to 

initiate the CD8+ T cells productivity which targets islet 

antigens by mimicking tumor necrosis factor-related 

apoptosis-inducing FAS ligand gene appearance[48,49]. 

This has been shown to indicate a gene silencing mechanism 

and initiates the autoimmune system and subsequently 

T1DM onset. 

There are three major antibodies, that are present in T1DM 

patients (antigen IA-2, IA-2b, and glutamic acid 

decarboxylase (GAD). miRNAs might be connected  in the 

biosynthesis of antibodies, as reported[50]. However, MiR-9 

and 30 are also connected with insulin gene amplication, 

and MiR-25 targets the INS gene, which causes repression  of 

translation inhibiting the emission of insulin that leads to the 

pathogenesis of T1DM[51].

CONCLUSION

Diabetes mellitus, a metabolic disease is rising in every part 

of the world leading to adverse health complications. The 

asymptomatic condition of diabetes mellitus throws a light to 

intervene in disease progression. Studies on early diagno-

-sis of disease play a vital role in preventing complications. 

Screening on new biomarkers for thediseases aims at a 

thorough understanding of the disease and can help detect 

disease in the early stage. Among various screened markers, 

miRNAs are reported to detect the condition of presenting 

disease, especially T1DM. These can be extracted from 

varied cell types and biotic uids that denote adaptation in 

the succession of disease, like dysfunction of beta cells and 

death. mi RNAs can be deliberated in varied cell kinds like 

plasma, serum, tissue, and urine. Their role has transformed 

it into a major factor in the pathological process of disease. 

As miRNAs are implicative of pathways in the autoimmune 

system and insulin gene expression that lead to the 

pathogenesis of the disease. In recent times, several studies 

proved that miRNAs might be a promising biomarker in 

diabetes mellitus identication.

REFERENCES 
1.  Mayer-Davis EJ, Kahkoska AR, Jefferies C, Dabelea D, 

Balde N, Gong CX, et al. Clinical Practice Consensus 

Guidelines 2018: Denition, epidemiology, and 

classication of diabetes in children and adolescents. 

P e d i a t r i c  D i a b e t e s .  2 0 1 8 ;  1 9 : 7 – 1 9 .  d o i : 

10.1111/pedi.12773.

2. Ozougwu O. The pathogenesis and pathophysiology of 

type 1 and type 2 diabetes mellitus. J. Physiol. 

P a t h o p h y s i o l .  2 0 1 3 ;  4 : 4 6 – 5 7 .  d o i : 

10.5897/JPAP2013.0001. 

3. Ounissi-Benkalha H., Polychronakos C. The molecular 

genetics of type 1 diabetes: New genes and emerging 

mechanisms. Trends Mol. Med. 2008; 14:268–275. doi: 

10.1016/j.molmed.2008.04.002.

4. Atkinson MA. The pathogenesis and natural history of 

type 1 diabetes. Cold Spring Harb. Perspect. Med. 2012; 

2:a007641. doi: 10.1101/cshperspect.a007641

5. Csorba TR, Lyon AW, Hollenberg MD. Autoimmunity 

and the pathogenesis of type 1 diabetes. Crit. Rev. Clin. 

L a b .  S c i .  2 0 1 0 ;  4 7 : 5 1 – 7 1 .  d o i : 

10.3109/10408361003787171.

6. Jerram ST, Dang MN, Leslie RD. The Role of 

Epigenetics in Type 1 Diabetes. Curr. Diabetes Rep. 

2017; 17:89. doi: 10.1007/s11892-017-0916-x

7. Miao C, Chang J, Zhang G, Fang Y. MicroRNAs in type 

1 diabetes: New research progress and potential 

directions. Biochem. Cell Biol. 2018;96:498–506. doi: 

10.1139/bcb-2018-0027. 

8. MacFarlane AJ, Strom A, Scott FW. Epigenetics: 

Deciphering how environmental factors may modify 

autoimmune type 1 diabetes. Mamm. Genome. 2009; 

20:624–632. doi: 10.1007/s00335-009-9213-6

9. Vasudevan S, Tong Y, Steitz JA. Switching from 

repression to activation: MicroRNAs can up-regulate 

translation. Science. 2007; 318:1931–1934. doi: 

10.1126/science.1149460. 

10. Feinbaum R, Ambros V, Lee R. The C. elegans Hetero-



Kumar et al., 2024

5www.theinternationalmedicine.org International Medicine

23.  Xu G, Chen J, Jing G, Shalev A. Thioredoxin-

interacting protein regulates insulin transcription 

th rough  mic roRNA-204 .  Na tu re  med ic ine . 

2013;19(9):1141–6. 

24. Backe MB, Novotny GW, Christensen DP, Grunnet LG, 

Mandrup-Poulsen T. Altering beta-cell number through 

stable alteration of miR-21 and miR-34a expression. 

Islets. 2014;6(1):e27754

25. Roggli E, Britan A, Gattesco S, Lin-Marq N, 

Abderrahmani A, Meda P, Regazzi R. Involvement of 

microRNAs in the cytotoxic effects exerted by 

proinammatory cytokines on pancreatic β-cells. 

Diabetes. 2010. April 1;59(4):978–86.

26. John B, Enright AJ, Aravin A, Tuschl T, Sander C, Marks 

DS. Human microRNA targets. PLoS Biol. 2004; 

2:e363. doi: 10.1371/journal.pbio.0020363. 

27. O'Brien J, Hayder H, Zayed Y, Peng C. Overview of 

microRNA biogenesis, mechanisms of actions, and 

circulation. Front. Endocrinol. 2018; 9:402. doi: 

10.3389/fendo.2018.00402.

28. Wahid F, Shehzad A, Khan T, Kim YY. MicroRNAs: 

Synthesis, mechanism, function, and recent clinical 

trials. Biochim. Biophys. Acta Mol. Cell Res. 2010; 

1803:1231–1243. doi: 10.1016/j.bbamcr.2010.06.013. 

29. Wang J, Wu Z, Li D, Li N, Dindot SV, Sattereld MC, et 

al. Nutrition, epigenetics, and metabolic syndrome. 

Antioxid. Redox Signal. 2012; 17:282–301. doi: 

10.1089/ars.2011.4381. [

30. Bushati N, Cohen SM. microRNA Functions. Annu. 

Rev. Cell Dev. Biol. 2007; 23:175–205. doi: 

10.1146/annurev.cellbio.23.090506.123406. 

31. Lou S, Sun T, Li H, Hu Z. Mechanisms of microRNA-

mediated gene regulation in unicellular model alga 

Chlamydomonas reinhardtii. Biotechnol. Biofuels. 

2018; 11:244. doi: 10.1186/s13068-018-1249-y.

32. Fabbri M. MicroRNAs and mirceptors: A new 

mechanism of action for intercellular communication. 

Philos. Trans. R. Soc. B Biol. Sci. 2018; 373:20160486. 

doi: 10.1098/rstb.2016.0486.

33. De Planell-Saguer M, Rodicio MC. Analytical aspects 

of microRNA in diagnostics: A review. Anal. Chim. Acta. 

2011; 699:134–152. doi: 10.1016/j.aca.2011.05.025

34. Wittmann J, Jäck HM. Serum microRNAs as powerful 

cancer biomarkers. Biochim. Biophys. Acta Rev. Cancer. 

2010; 1806:200–207. doi: 10.1016/j.bbcan.2010.07.002. 

35. Rosenfeld N, Aharonov R, Meiri E, Rosenwald S, 

Spector Y, Zepeniuk M, et al. MicroRNAs accurately 

identify cancer tissue origin. Nat. Biotechnol. 

2008;26:462–469. doi: 10.1038/nbt1392. [

36. Edwards JK, Pasqualini R, Arap W, Calin GA. 

MicroRNAs and ultra conserved genes as diagnostic 

markers and therapeutic targets in cancer and 

cardiovascular diseases. J. Cardiovasc. Transl. Res. 

2010; 3:271–279. doi: 10.1007/s12265-010-9179-5

-chronic Gene lin-4 Encodes Small RNAs with Antisense 

Complementarity to lin-14. Cell. 2004; 116:843–854

11. Almeida MI, Reis RM, Calin GA. MicroRNA history: 

Discovery, recent applications, and next frontiers. Mutat. 

Res. Fundam. Mol. Mech. Mutagen. 2011;717:1–8. doi: 

10.1016/j.mrfmmm.2011.03.009.

12. Reinhart BJ, Slack FJ, Basson M, Pasquienelll AE, 

Bettlnger JC, Rougvle AE, et al. The 21-nucleotide let-7 

RNA regulates developmental timing in Caenorhabditis 

e l e g a n s .  N a t u r e .  2 0 0 0 ;  4 0 3 : 9 0 1 – 9 0 6 .  d o i : 

10.1038/35002607.

 13. Pasquinelli AE, Reinhart BJ, Slack F, Martindale MQ, 

Kuroda MI, Maller B, et al. Conservation of the sequence 

and temporal expression of let-7 heterochronic 

regulatory RNA. Nature. 2000; 408:86–89. doi: 

10.1038/35040556

14. Shang, R., Lee, S., Senavirathne, G. et al. microRNAs in 

action: biogenesis, function and regulation. Nat Rev 

G e n e t  2 4 ,  8 1 6 – 8 3 3  ( 2 0 2 3 ) . 

https://doi.org/10.1038/s41576-023-00611-y

15.  Herbert KM, Pimienta G, DeGregorio SJ, Alexandrov A, 

Steitz JA. Phosphorylation of DGCR8 increases its 

intracellular stability and induces a progrowth miRNA 

prole. Cell Rep. 2013 Nov 27;5(4):1070-81. doi: 

10.1016/j.celrep.2013.10.017. Epub 2013 Nov 14. 

PMID: 24239349; PMCID: PMC3892995.

16. Medley JC, Panzade G, Zinovyeva AY. microRNA strand 

selection: Unwinding the rules. Wiley Interdiscip Rev 

RNA. 2021 May;12(3):e1627. doi: 10.1002/wrna.1627. 

Epub 2020 Sep 20. PMID: 32954644; PMCID: 

PMC8047885.

17. Schickel, R., Boyerinas, B., Park, SM. et al. MicroRNAs: 

key players in the immune system, differentiation, 

tumorigenesis and cell death. Oncogene 27, 5959–5974 

(2008). https://doi.org/10.1038/onc.2008.274

18. Filios SR, Shalev A. beta-Cell MicroRNAs: Small but 

Powerful. Diabetes. 2015;64(11):3631–44. 

19. Poy MN, Eliasson L, Krutzfeldt J, Kuwajima S, Ma X, 

MacDonald PE, Pfeffer S, Tuschl T, Rajewsky N, 

Rorsman P, Stoffel M. A pancreatic islet-specic 

microRNA regulates insulin secretion. Nature. 2004. 

November;432(7014):226.

20. Xia HQ, Pan Y, Peng J, Lu GX. Over-expression of 

miR375 reduces glucose-induced insulin secretion in 

Nit1 cells. Molecular biology reports. 2011;38(5):3061–5

21. Lovis P, Gattesco S, Regazzi R. Regulation of the 

expression of components of the exocytotic machinery of 

insulin-secreting cells by microRNAs. Biological 

chemistry. 2008;389(3):305–12.

22.  El Ouaamari A, Baroukh N, Martens GA, Lebrun P, 

Pipeleers D, van Obberghen E. miR-375 targets 3'-

phosphoinositide-dependent protein kinase-1 and 

regulates glucose-induced biological responses in 

pancreatic beta-cells. Diabetes. 2008;57(10):2708–17.



37. Garzon R, Calin GA, Croce CM. MicroRNAs in Cancer. 

A n n u .  R e v.  M e d .  2 0 0 9 ;  6 0 : 1 6 7 – 1 7 9 .  d o i : 

10.1146/annurev.med.59.053006.104707

38. Li Y, Kowdley KV. MicroRNAs in Common Human 

Diseases. Genom. Proteom. Bioinform. 2012;10:246–253. 

doi: 10.1016/j.gpb.2012.07.005. 

39. Huang J, Borchert GM, Dou D, Huan L, Lan W, Tan M, et 

al.  Bioinformatics in MicroRNA Research. Humana 

Press; New York, NY, USA: 2017. 

40. Mandal P, De D, Im DU, Um SH, Kim KK. Exosome-

mediated differentiation of mouse embryonic broblasts 

and exocrine cells into β-like cells and the identication 

of key miRNAs for differentiation. Biomedicines. 2020; 

8:485. doi: 10.3390/biomedicines8110485. 

41. Sun X, Ji G, Li P, Li W, Li J, Zhu L. miR-344-5p 

Modulates Cholesterol-Induced β-Cell Apoptosis and 

Dysfunction through Regulating Caveolin-1 Expression. 

Front. Endocrinol. 2021; 12:898. doi: 10.3389/fendo.2021.695164.

 42. Wong WKM, Sørensen AE, Joglekar MV, Hardikar AA, 

Dalgaard LT. Non-coding RNA in pancreas and β-cell 

development. Non-Coding RNA. 2018; 4:41. doi: 

10.3390/ncrna4040041. 

 43. Garcia-Contreras M, Shah SH, Tamayo A, Robbins PD, 

Golberg RB, Mendez AJ, et al. Plasma-derived exosome 

characterization reveals a distinct microRNA signature in 

long duration Type 1 diabetes. Sci. Rep. 2017;7:5998. 

doi: 10.1038/s41598-017-05787-y

 44. Samandari N, Mirza AH, Kaur S, Hougaard P, Nielsen 

LB, Fredheim S, et al. Inuence of disease duration on 

circulating levels of miRNAs in children and adolescents 

with new-onset type 1 diabetes. Non-Coding RNA. 2018; 

4:35. doi: 10.3390/ncrna4040035

45. Nabih ES, Andrawes NG. The Association Between 

Circulating Levels of miRNA-181a and Pancreatic Beta 

Cells Dysfunction via SMAD7 in Type 1 Diabetic 

Children and Adolescents. J. Clin. Lab. Anal. 2016; 

30:727–731. doi: 10.1002/jcla.21928.

46. Correa-Medina M, Bravo-Egana V, Rosero S, Ricordi C, 

Edlund H, Diez J, et al. MicroRNA miR-7 is preferentially 

expressed in endocrine cells of the developing and adult 

human pancreas. Gene Expr. Patterns. 2009; 9:193–199. 

doi: 10.1016/j.gep.2008.12.003.

47. Zheng Y, Wang Z, Zhou Z. MiRNAs: Novel regulators of 

autoimmunity-mediated pancreatic β-cell destruction in 

type 1 diabetes. Cell. Mol. Immunol. 2017; 14:488–496. 

doi: 10.1038/cmi.2017.7. [

48. Scherm MG, Daniel C. miRNA-Mediated Immune 

Regulation in Islet Autoimmunity and Type 1 Diabetes. 

Front. Endocrinol. 2020; 11:606322. doi: 10.3389/fendo.2020.606322

49. Abuhatzira L, Xu H, Tahhan G, Boulougoura A, Schäffer 

AA, Notkins AL. Multiple microRNAs within the 14q32 

cluster target the mRNAs of major type 1 diabetes

Kumar et al., 2024

6www.theinternationalmedicine.org International Medicine

 autoantigens IA-2, IA-2b, and GAD65. FASEB J.  2015; 

29:4374–4383. doi: 10.1096/fj.15-273649.

50. Poy MN, Eliasson L, Krutzfeldt J, Kuwajima S, Tuschl 

T, Rajewsky N, et al. A pancreatic islet-specic 

microRNA regulates insulin secretion. Nature. 2004; 

432:226–230. doi: 10.1038/nature03076. 

51. Matarese A, Gambardella J, Lombardi A, Wang X, 

Santulli G. miR-7 Regulates GLP-1-Mediated Insulin 

Release by Targeting β-Arrestin 1. Cells. 2020;9:1621. 

doi: 10.3390/cells9071621.

52. Kim, Michael & Zhang. (2019). The proling and Role of 

miRNAs in Diabetes Mellitus. Journal of diabetes and 

clinical research.1.5-23.10.33696/diabetes.1.003


