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 Diabetes is a group of metabolic disorders with high blood glucose 
levels. In type 1 diabetes, blood glucose increases due to damage to 
pancreatic beta cells. In type 2 diabetes, insulin production is 
ineffective in glucose uptake into target tissues, increasing glucose 
levels. Advances in RNA-based technologies indicate that RNA 
molecules have multiple roles in disease initiation and progression. 
This review discusses recent developments in RNA therapy for type 
1 and type 2 diabetes. RNA therapies, such as mRNA, miRNA, 
siRNA, lncRNA, and circRNA, show great potential. mRNA and 
miRNA are important in pancreatic cell development, insulin 
resistance, insulin sensitivity, and insulin secretion. siRNA improves 
glucose regulation and improves beta cell dysfunction in T1D and 
T2D. lncRNAs regulate beta cell responses to inflammation and 
insulin resistance. circRNA plays a role in M1 macrophage 
activation associated with T1D pathogenesis and regulation of 
insulin transcription and secretion. RNA therapy offers 
revolutionary possibilities in the management and potential cure of 
type 1 and type 2 diabetes. It is believed to improve and change the 
clinical approach to diabetes, with research continuing to develop 
therapies that are safe, effective, and able to change the paradigm of 
diabetes treatment. 
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INTRODUCTION 
One of the main health problems that occurs among Indonesian people is metabolic disease, one of 
which is diabetes mellitus(Care & Suppl, 2019). According to the International Diabetes Federation 
(IDF), Indonesia is ranked 7th among 10 countries with a total of 10.7 million sufferers. Indonesia is 
one of the countries in Southeast Asia on the list(Ministry of Health of the Republic of Indonesia, 
2020). Diabetes is a group of metabolic disorders in which blood glucose levels are abnormally 
high. In type 1 diabetes (T1D), blood glucose levels increase due to destruction of pancreatic beta 
islet cells through autoimmunity leading to low or no insulin production, most (T1D) patients rely 
on lifelong insulin replacement therapy(Fan, Pang, Shi, et al., 2022). In type 2 diabetes (T2D), 
insulin production is unable to stimulate glucose uptake into target tissues such as liver, adipose, 
and skeletal muscle, thereby increasing blood glucose levels.(Nutter & Kuyumcu-Martinez, 2018). 

https://creativecommons.org/licenses/by-nc/4.0/
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 Additionally due to long-term hyperglycemia, diabetes mellitus will cause severe chronic 
injury and dysfunction in all types of tissues and organs, imposing tremendous health and 
economic consequences on patients.(Ilonen et al., 2019; Pang et al., 2020). This defect in insulin-
mediated glucose uptake into target tissues causes chronic hyperglycemia in the bloodstream and 
triggers pathogenic signals including inflammation, hypertension, mitochondrial dysfunction, 
oxidative stress, endoplasmic reticulum (ER) stress, and(Harcourt et al., 2013; Schneider et al., 
2016). Recently, recent advances in RNA-based technologies, given that RNAs molecules have 
many roles in biological processes such as disease initiation and progression. RNA has emerged as 
a promising therapeutic candidate for many diseases, one of which is diabetes mellitus(Sullinger & 
Nair, 2016). 
 RNA therapy can manipulate gene expression or produce therapeutic proteins, thereby 
making these drugs suitable for pathologies with defined genetic targets. Currently, protein-coding 
RNAs have been the most studied, although they account for only a small fraction of all RNA 
molecules in transcript books. In contrast, the role of non-coding RNAs, including microRNAs 
(miRNAs), long non-coding RNAs (lncRNAs) and circular RNAs (circRNAs), in disease processes 
has only begun to emerge in the last 15 years.(Sullinger & Nair, 2016). miRNAs negatively regulate 
mRNA expression and thereby interfere with post-transcriptional regulation in various 
diseases(Thum, 2014). Similarly, lncRNAs participate in cellular processes by influencing 
epigenetic, post-transcriptional and translational pathways(Devaux et al., 2015). These RNA 
therapies act by targeting RNA or proteins, by encoding missing or damaged proteins, or by 
mediating RNA editing(Lu & Thum, 2019). 
 RNA therapies can be designed to specifically target certain genes or mRNAs that play a 
role in the pathogenesis of diabetes, thereby reducing the side effects that may arise from less 
specific therapies. RNA can be used for various purposes, such as coding for missing proteins 
(mRNA)(Qin et al., 2022), inhibits the expression of certain genes (siRNA)(Neumann et al., 2017), 
or regulate gene expression (miRNA and lncRNA)(Devaux et al., 2015; Latreille et al., 2014).(R. Liu 
et al., 2022)reported the involvement of miRNAs in T2D by showing that miR-375 plays an 
important role in insulin secretion and miR-21 promotes apoptosis in mouse and human beta 
cells(Sims et al., 2017). circRNA is related to T2DM. For example, hsa_circ0054633 in peripheral 
blood has potential as a diagnostic biomarker of pre-diabetes and T2DM, in addition another 
circRNA, Cdr1as, regulates insulin transcription and secretion in islet cells via miRNA (miR)-7 and 
its targets(H. Xu et al., 2015; Z. Zhao et al., 2017). 
 Regardless of its therapeutic mechanism, it interferes with posttranscriptional RNA 
programming in diabetes and plays an important role in the development of type 1 and type 2 
diabetes. RNA therapy provides new possibilities to improve the management and possibly cure 
diabetes through highly specific and individualized interventions. Research continues to develop 
to develop therapies that are safe, effective, and capable of changing the diabetes treatment 
paradigm. The aim of this review article is to provide guidance regarding recent developments in 
RNA therapy for type 1 and type 2 diabetes. 

RESEARCH METHOD 
In the last ten years (2014-2024), scientific articles on RNA therapy for type 1 and 2 diabetes were 
used as the basis for this review article. The first 120 articles were collected, including 15 main 
articles and 20 supporting articles. The reference sources used consist of keywords such as "RNA 
Therapy", "RNA Therapy Diabetic type 1 & 2", "Diabetic type 1", "Diabetic type 2", "RNA Therapy 
metabolic diseases", "Types of RNA Therapy", "Therapeutic potential of RNA" lncRNA Therapy 
Diabetic type 1 & 2, circRNA Therapy Diabetic type 1 & 2, mRNA Therapy Diabetic type 1 & 2, 
miRNA Therapy Diabetic type 1 & 2, and Therapy Diabetic type 1 & 2 siRNA. 
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RESULTS AND DISCUSSIONS 
Type 1 diabetes and type 2 diabetes are heterogeneous diseases whose clinical presentations and 
disease progression can vary greatly. Classification is important for determining therapy, but some 
individuals cannot be clearly classified as having type 1 or type 2 diabetes at the time of 
diagnosis.(Dabelea et al., 2014). A variety of genetic and environmental factors can result in a 
progressive loss of b-cell mass and/or function that manifests clinically as hyperglycemia. 
Identification of individualized therapies for diabetes in the future will require better 
characterization of many of these therapies' pathways to b cell death or dysfunction(Skyler et al., 
2017). 
 Over the past 25 years, the idea of using RNA molecules as therapeutic agents has evolved 
from a concept to a clinical reality(Burnett & Rossi, 2012; Sullenger & Nair, 2016). Initially, RNA 
was considered a poor choice for a therapeutic agent, given its relatively short half-life in vivo. 
RNA molecules have many properties that could potentially make them useful therapeutics. They 
can fold into complex conformations that allow them to specifically bind proteins, small molecules, 
or other nucleic acids or even to form catalytic centers.(Cech & Steitz, 2014). The four classes of 
therapeutic RNA that have received the most attention can be classified according to their mode of 
action: (i) encoding therapeutic proteins or vaccine antigens (mRNA), (ii) inhibiting the activity of 
pathogenic RNA [small interfering RNA (siRNA), microRNA (miRNA), and antisense RNA], (iii) 
can interact with RNA polymerase II and influence the transcription process of circRNA (circular 
RNA) genes, and (iv) influence various lncRNA (long non-coding RNA) cellular signaling 
pathways(Sullinger & Nair, 2016). 
 The mechanism of RNA therapy involves the use of various types of RNA to regulate gene 
expression and modulate biological pathways relevant to diseases, including diabetes(Zogg et al., 
2022). RNA therapy for diabetes involves several types of RNA used to regulate gene expression 
and modulate disease-relevant biological pathways. The type of RNA used is mRNA (messenger 
RNA), ⁠ miRNA (microRNA), siRNA (small interfering RNA), lncRNA (long non-coding RNA) and 
circRNA (circular RNA). RNA therapy offers a variety of approaches to regulate gene expression 
and has great potential for the treatment of various diseases. Ongoing research and development 
will continue to expand its clinical applications for type 1 and type 2 diabetes. 
 

Table 1. Mechanisms of RNA therapy in type 1 and 2 diabetes 
Target RNA Mechanism Results Reference 

In this study, the targeted 
RNA therapy is Micro 
RNA (miRNA) based 
therapy. 

The mechanism of RNA against 
target proteins involves the role 
of microRNA (miRNA) in 
regulating gene expression. By 
binding to mRNA, miRNA can 
inhibit protein translation or 
trigger mRNA degradation, 
which ultimately reduces the 
amount of protein produced 
from the target gene. In this way, 
miRNAs can directly control the 
expression of their target 
proteins, influencing various 
biological processes in cells, 
including the regulation of 
glucose and insulin metabolism 
in the context of diabetes. 

Identification of miRNAs involved 
in the regulation of glucose 
metabolism, insulin secretion, 
pancreatic beta cell proliferation, 
and diabetes pathogenesis. The 
discovery that miRNAs can be 
potential therapeutic targets in the 
treatment of diabetes by two main 
approaches: restoring reduced 
miRNA expression using miRNA 
mimics, or inhibiting excessive 
miRNA activity using miRNA 
inhibitors. Research into certain 
miRNAs such as miR-375 and 
miR-143 which have been shown 
to play a role in the regulation of 
insulin secretion, adipogenesis, 
and lipid metabolism. 

(Mao et al, 
2014) 

In this study, the targeted 
RNA therapy is Circular 
RNA circPPM1F 
(circRNA) based therapy. 

The mechanism of RNA against 
target proteins involves various 
complex molecular processes in 
the regulation of gene expression 

The role of circPPM1F in the 
regulation of M1 macrophage 
activation, interactions with target 
proteins, and its implications in 

(C. Zhang et 
al., 2020) 
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Target RNA Mechanism Results Reference 

and protein function. The target 
proteins in this study are HuR 
(Human antigen R), EIF4A3 and 
FUS (Fused in Sarcoma) 

the pathophysiology of T1DM. 
These findings may pave the way 
for the development of therapies 
targeted at circPPM1F regulation 
as a new approach in the 
treatment of type 1 diabetes. 

In this study, the targeted 
RNA therapy is therapy 
based on the lncRNA 
MALAT1 (Metastasis-
Associated Lung 
Adenocarcinoma 
Transcript 1) 

The mechanism of RNA therapy 
in this study involves the 
regulation of gene expression 
and target protein activity 
through complex interactions 
between lncRNA, microRNA, 
and the hormone resistin to 
reduce insulin resistance in Type 
2 Diabetes Mellitus 

The complex regulation between 
MALAT1, miR-382-3p, and resistin 
may be a potential therapeutic 
target to reduce insulin resistance 
in Type 2 Diabetes Mellitus, with 
physical exercise also playing a 
role in alleviating insulin 
resistance through this mechanism 

(S. Liu et al., 
2019) 

In this study, the targeted 
RNA therapy is circular 
RNAs (circRNAs) based 
therapy. 

Circular RNAs (circRNAs) can 
interact with target proteins 
through several mechanisms. 
circRNAs can act as sponges for 
microRNAs (miRNAs), binding 
to miRNAs and preventing them 
from interacting with target 
mRNAs, thereby affecting gene 
regulation. circRNAs can also 
regulate host gene expression 
through cis-acting mechanisms, 
influencing the transcription and 
translation levels of associated 
genes. 

Association with Inflammation: IL-
6 (Interleukin-6) expression was 
significantly increased in the 
T2DM group compared with the 
control group, and there was a 
positive correlation between IL-6 
and circANKRD36. Interaction of 
circANKRD36 with miRNAs: 
circANKRD36 is thought to 
interact with several miRNAs, 
including hsa-miR-3614-3p, hsa-
miR-498, and hsa-miR-501-5p, 
which may influence pathways 
related to inflammation and type 2 
diabetes. 

(Fang et al., 
2018) 

In this research, the RNA 
used is mRNA 

Exosomal mRNA can also play a 
role in the regulation of gene 
expression. In the context of 
T1DM, where abnormal 
interactions between pancreatic 
beta cells and immune cells, 
especially T lymphocytes, are the 
main pathogenic mechanism, 
exosomes may act as mediators 
between beta cells and immune 
cells. Exosomes originating from 
the islets of Langerhans contain 
beta cell autoantigens and can be 
taken up by dendritic cells, 
which then causes cell activation. 

This study identified plasma 
exosomal mRNA expression 
profiles in type 1 diabetes (T1DM) 
for the first time. Significant 
differences in mRNA expression 
between T1DM patients and 
controls were found, with 112 
mRNAs being significantly 
different. These results highlight 
the potential of exosomal mRNA 
biomarkers in the diagnosis and 
understanding of T1DM 
pathogenesis. 

(Fan, Pang, 
Shi, et al., 
2022) 

this research focuses on 
the analysis of lncRNA 
(long non-coding RNA) in 
exosomes. 

In this study, lncRNA (long non-
coding RNA) in exosomes can 
interact with their action targets 
through mechanisms such as 
regulation of gene transcription, 
modulation of mRNA 
translation, regulation of 
chromatin structure, interaction 
with miRNA as a "sponge", and 
interaction with proteins. This 
mechanism allows exosomal 
lncRNAs to influence biological 
pathways involved in the 
pathogenesis of Type 1 Diabetes 
Mellitus. 

Identification of 162 exosomal 
lncRNAs that differ in expression 
between Type 1 Diabetes Mellitus 
(T1DM) patients and control 
subjects. Of the 162 lncRNAs, 77 of 
them experienced increased 
expression, while 85 experienced 
decreased expression. Although 
lncRNA sequencing results 
showed differences in expression, 
qRT-PCR analysis did not show 
significant differences between 
T1DM patients and control 
subjects. 

(Pang et al., 
2020) 

The type of RNA that is 
the main basis in this 

microRNA (miRNA) works by 
specifically binding to the 3' UTR 

The results of this study indicate 
that microRNAs (miRNAs) serve 

(Nigi et al., 
2018) 
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Target RNA Mechanism Results Reference 

journal is microRNA 
(miRNA). 

(Untranslated Region) sequence 
of the target mRNA. This process 
causes mRNA degradation or 
translation inhibition, which 
ultimately results in effects on 
gene expression and protein 
activity involved in the insulin 
signal transduction pathway. 
MiRNAs act as negative 
regulators in controlling gene 
expression and protein activity 
involved in the insulin response, 
thereby having an impact on 
energy homeostasis and 
metabolism. 

as important regulators in the 
insulin signaling pathway, with 
the ability to regulate gene 
expression and the activity of 
factors involved in insulin signal 
transduction. MiRNA regulation 
of insulin pathway components is 
tissue or cell level specific, adding 
complexity to the understanding 
of this regulation. 

The type of RNA that is 
the main basis for this 
journal is modified mRNA 
encoding VEGF-A. 

mRNA functions as a carrier of 
genetic information that is 
chemically modified to encode 
the protein VEGF-A. The mRNA 
is introduced into cells via 
intradermal injection and then 
converted into the VEGF-A 
protein via a translation 
mechanism. The resulting VEGF-
A protein plays a role in 
increasing blood flow and local 
expression of functional VEGF-A 
protein, which can trigger 
regenerative angiogenesis in 
patients with type 2 diabetes  

The results of this study indicate 
that the use of intradermal 
delivery of modified mRNA 
encoding VEGF-A in patients with 
type 2 diabetes is safe and can 
produce local expression of 
functional VEGF-A protein. This 
can increase blood flow and 
trigger angiogenesis regeneration 
in the patient's skin. 

(Gan et al., 
2019) 

In this study, the targeted 
RNA therapy was 
circRNA-based therapy for 
diabetic nephropathy (DN) 
by changing circRNA 
levels. 

circRNAs for diabetic 
nephropathy (DN) involve the 
regulation of gene expression 
through the interaction of 
circRNAs with specific miRNAs, 
which then influence signaling 
pathways involved in the 
pathogenesis of DN. 

The results of this study suggest 
that circRNA-based therapy may 
be a promising approach in the 
treatment of diabetic nephropathy 
(DN) by altering the expression 
levels of certain circRNAs to 
modulate signaling pathways 
involved in pathological 
conditions, such as podocyte 
apoptosis and kidney damage. 

(Fan, Pang, 
Xie, et al., 
2022) 

In this study, the targeted 
RNA therapy is small 
interfering RNA (siRNA) 
based therapy. 

Through the mechanism of RNA 
interference, siRNA can inhibit 
the expression of genes 
responsible for the development 
of the condition. By suppressing 
certain genes, siRNA can reduce 
inflammation, improve glucose 
regulation, and inhibit the 
progression of diabetes 
complications such as 
retinopathy and nephropathy. 

This research shows that the use of 
siRNA has provided promising 
results in the treatment of diabetes 
and other related conditions. By 
using siRNA to suppress the 
expression of certain genes, this 
research was successful in 
improving wound healing in 
diabetes patients, regulating 
glucose homeostasis, managing 
diabetic nephropathy, retinopathy, 
and diabetes-related inflammation. 

(Pravin & 
Chirag, 2018) 

 
mRNA in Type 1 and 2 Diabetes Therapy 

mRNA is an abbreviation of "messenger RNA" or "messenger ribonucleic acid." which 
plays a role in transcribing genetic information from DNA and carrying it to ribosomes, the place 
where proteins are synthesized in cells. mRNA acts as an intermediary molecule that carries the 
genetic code from DNA to produce certain proteins in a process called translation(Deravi, 2023). 
mRNA therapy: mRNA therapy involves the introduction of engineered mRNA into the body to 
produce therapeutic proteins(Pardi et al., 2018; Sahin et al., 2014). mRNA therapy offers an 
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innovative and potential approach to treating diabetes in a more natural and sustainable way than 
conventional therapy. This approach also holds promise in terms of gene modification and 
management of immune and inflammatory responses that contribute to the development of 
diabetes. 

Gene modification in diabetes pathogenesis 
 Beta cells have a very important role, so their proper differentiation and growth is essential 
for glucose metabolism.(Fishman et al., 2017)reported that mRNA was used to transfect polyclonal 
CD8 T cells to express a peptide/b2m/CD3-z construct that can direct T cells against pathogenic 
CD8 T cells that play a role in diabetes. This mRNA allows reprogramming of T cells to recognize 
diabetogenic T cells and prevent autoimmune diabetes in NOD mice. Besides that(Wasserfall et al., 
2017)found that although levels of mature insulin and C-peptide were very low or undetectable in 
the pancreas of type 1 diabetes (T1D) patients, proinsulin and INS mRNA were still present, so this 
condition may indicate a disruption in the properly functioning mechanism of processing 
proinsulin into insulin in pancreas of type 1 diabetes patients. 

The role of mRNA in the pathogenesis of diabetes 
Compared with non-diabetic patients, 279 mRNAs were up-regulated and 353 mRNAs 

were down-regulated in the serum of diabetic patients. Differential genes at nodes of the 
interaction network were screened, and TLR6, RUNX1, and ST2 were found to be associated with 
the development of diabetes. Pathway enrichment analysis revealed that the lysosomal pathway 
plays an important role in the occurrence and development of diabetes. TLR6, RUNX1, and ST2 
mRNA expression as well as the lysosomal pathway may be involved in the pathogenesis of 
diabetes. This study provides insight into the molecular mechanisms of diabetes and associated 
mRNA levels(W. Zhao et al., 2020). 

microRNA in Type 1 and 2 Diabetes Therapy 
miRNA-based therapies offer the potential to regulate multiple aspects of diabetes 

pathophysiology, from beta cell function and regeneration to insulin sensitivity and vascular 
complications. Modifying the expression of certain miRNAs can provide a precise and effective 
therapeutic approach to manage type 1 and type 2 diabetes. The use of microRNA (miRNA) as the 
main basis in this research is due to the fact that miRNAs are important regulators in various 
biological processes, including glucose metabolism and development. disease. MiRNAs can serve 
as potential biomarkers due to their stability in blood circulation and their ability to reflect changes 
in pathological conditions, such as type 1 and type 2 Diabetes. Therefore, miRNA analysis can 
provide valuable insights in the understanding of diseases and the identification of new 
biomarkers(Higuchi et al., 2015). Following are the types of miRNA and their role in type 1 and 
type 2 diabetes. 

Pancreatic Beta Cell Development 

Pancreatic beta cells are the sole source of insulin production and secretion within the 
pancreas of the human body, therefore their proper differentiation and growth is essential for 
glucose metabolism. Research reports that miR activity is closely related to pancreatic islet 
development(Tattikota et al., 2015). In addition, the expression of miRs can contribute to the 
differentiation of islets of Langerhans cells which are the main units in insulin secretion(Coskun et 
al., 2018). Overall, miRs may be associated with the differentiation, proliferation and survival of 
pancreatic beta cells(LaPierre & Stoffel, 2017). The differentiation of insulin-producing cells from 
stem cells is influenced by several up-regulated miRs (such as 9-5p, 9-3p, 10a, 99a-3p, 124a, 135a, 
138, 149, 211, 342-3p, and 375), while Other miRs were downregulated (such as 31, 127, 143, 302c-
3p, 373, 518b, and 520c-3p) in pancreatic islets(Sebastiani et al., 2017). The differentiation of 
mesenchymal stem cells into cells that produce insulin is also related to the presence of miRs(Bai et 
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al., 2017). Dysregulation of miRs by intrinsic or extrinsic agents can disrupt normal pancreatic beta 
cell formation(Engelmann et al., 2017). 

miRs and insulin sensitivity/resistance 

Insulin sensitivity and resistance depend primarily on the cellular response to circulating 
insulin. Cellular modifications of insulin sensitivity and resistance are influenced by certain miRs, 
such as miR-29, miR-221/222, and miR-103/107(Vivacqua et al., 2017).(He et al., 2007)Found that 
overexpression of miR-29 was found to be strongly associated with insulin resistance, where the 
expression of miR-29 in skeletal muscle, liver, and adipocytes was compared between healthy mice 
and Goto-Kakizaki (diabetic) mice, indicating that overexpression of miR-29 in Diabetic animals 
inhibit glucose uptake, possibly through suppression of AKT (Protein kinase B) activity.(Ling et al., 
2009)It was demonstrated that upregulation of miR-320 in adipocytes and vascular endothelial 
cells induces insulin resistance by suppressing p85 expression and downregulating GLUT-
4.(Trajkovski et al., 2011)It was confirmed that miR-103 and miR-107 disrupt glucose homeostasis 
by downregulating caveolin-1, thereby inducing insulin resistance in liver and adipose tissue. 
Caveolin-1, a protein component of the membrane layer of caveolae, is known to be a key regulator 
of insulin receptor signaling; This protein improves glucose homeostasis by increasing insulin 
receptor activity and inhibiting tyrosine phosphatase 1B. 

miRs and insulin production/secretion 
An influence of some miRs on insulin gene expression or exocytosis of its storage vesicles 

is possible. In this context, it is evident that overexpression of miR375 and miR-9 decreases insulin 
secretion and exocytosis by mechanisms dependent on the transcription factors myotropin and 
Onecut-2, respectively. In addition, miR-7 regulates insulin exocytosis and impaired beta cell 
function in conditions of obesity and T2DM, both in animal models and humans.(Hubal et al., 
2017). Insulin exocytosis can be reduced by miR-124a and miR-96. In this context, miR-124a 
reduces glucose-induced insulin release by increasing the expression of Rab3A, SNAP25 
(synaptosomal-associated protein 25), and synapsin-1A, whereas miR-96 increases the expression 
of granulophilin and decreases the expression of Noc2 (Nucleolar complex protein 2), which 
inhibits the capacity of MIN6B1 cells for insulin secretion(Lovis et al., 2008).(Sebastiani et al., 
2015)confirmed these findings and suggested that miR-124 was overexpressed in the pancreatic 
islets of T2DM patients, thereby negatively impacting insulin secretion. 

siRNA in Type 1 and 2 Diabetes Therapy 
Small interfering RNA (siRNA) is a ribonucleic acid (RNA) consisting of a single-stranded 

linear structure that has an important role in the regulation and expression of certain genes and 
also stores genetic information. RNA structure consists of four ribonucleotide base pairs namely, 
adenine, guanine, cytosine and uracil where purines like adenine and guanine bind 
complementary pyridines like uracil and cytosine, respectively. siRNA has great potential to be 
used in genetic therapy to treat various diseases by inhibiting the expression of genes that play a 
role in disease pathogenesis(Pravin & Chirag, 2018). 

siRNA therapy of pancreatic beta cell dysfunction 

Recent studies have demonstrated the identification of islet homeostasis protein (IHoP) 
present in pancreatic α cells. Research shows that glucagon and IHoP strongly stimulate diabetic 
islets and regulate IHoP-induced glucagon secretion to regulate glucose homeostasis. Glucagon 
levels increase when the body lacks normal glucose levels and to regulate normal glucose levels 
glucagon is secreted. IHoP-siRNA was introduced to suppress IHoP expression in diabetic mice 
resulting in suppression of DM development(Oh et al., 2017). Gluconeogenesis, a metabolic process 
that occurs in the liver is responsible for producing glucose and transcription factors play an 
important role in the regulation of this process. Effective results in diabetes management were 
observed when knockdown of TORC2 gene with siRNA was performed in mouse models. siRNA 
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against TORC2 was target specific and delivered with novel lipid nanoparticles(Pravin & Chirag, 
2018). 

siRNA in the treatment of diabetic nephropathy 

The Gremlin siRNA plasmid was optimized, and its effects were examined in a CD-1 
mouse model undergoing uninephrectomy and STZ treatment before plasmid injection. It was 
observed that gremlin siRNA successfully inhibited gremlin gene expression in rat kidney. The 
level of proteinuria was significantly reduced with an increase in serum creatinine levels and renal 
hypertrophy was observed. Gremlin siRNA plasmid treatment suppressed apoptosis and 
proliferation of renal cells as well as the role of BMP-7 in mesangial cells(Pravin & Chirag, 2018). 
Another study revealed that transforming growth factor-β1 (TGF-β1) is a protein that increases 
during the development of diabetic nephropathy leading to renal fibrosis and Decreased SnoN 
gene is associated with increased TGF-β1 that mediates TGF-β1 induction of diabetic nephropathy. 
Regulation of SnoN patterning was studied in mice subjected to high glucose stress by arcadia 
silencing achieved by siRNA transfection. The results show that the epithelial mesenchymal 
transition in renal cells due to high glucose levels is an early phase of renal fibrosis and is 
successfully inhibited and helps in the management of diabetic nephropathy.(L. Liu et al., 2017). 

circRNA in Type 1 and 2 Diabetes Therapy 

CirRNA is a single-stranded RNA molecule that differs from linear RNA in that it forms a 
continuous loop that joins covalently. CirRNAs are formed by a back-splicing mechanism, where 
the 5' end of the upstream pre-mRNA is spliced non-linearly to an exon downstream of the 3' 
end(Holdt et al., 2018). CircRNAs have the potential to serve as a source of regulatory signals in a 
variety of disease conditions, including diabetes. Several studies have shown that circRNAs may 
play a role in the regulation of diabetes-related gene expression through interactions with miRNAs 
or proteins. 

circRNA in modifying gene expression 

Diversified circRNAs have been identified based on their function, such as sponges, 
decoys, or translatable elements that modify gene or protein expression(Cheng et al., 2015). First, 
circRNAs can modulate miRNA activity by functioning as sponges. A single circRNA can bind to 
one or many miRNAs through its circular sequence. A well-studied example of miRNA sponging 
is circRNA-CDR1as, which was found to have 63 binding sites for miR-7. Second, circRNAs can 
serve as decoys by interacting with proteins and altering cellular function(Sakshi et al., 2021). 
CircRNAs have significant gene regulatory capabilities and are disrupted in various diseases, 
including tumors(R. Zhou et al., 2018). The most important function of CircRNAs is that they can 
act as endogenous RNAs that compete to interact with miRNAs (Oudkk. 2020). Recently, several 
databases have been developed as easy-to-use tools for miRNAs-CircRNAs association prediction. 
For example,(Shan et al., 2017)reported that the novel circRNA circ-HIPK3 significantly increased 
in diabetic retinas, and may act as an endogenous competing RNA interacting with miR-30a to 
promote endothelial proliferation and vascular dysfunction. 

circRNA as a diabetes biomarker 

The role of epigenetic regulation of circRNAs in diabetes is rapidly evolving. Considering 
the stability of circular RNA in blood samples, many studies have focused on circular RNA as a 
promising biomarker for early diagnosis of diabetes. Indeed, clinical studies have shown that 
circulating long non-coding RNA (lncRNA) could be a potential diagnostic biomarker for diabetes 
( Carter et al., 2015 ). Therefore, it is reasonable that circular RNA could also be used to predict 
diabetes. Multiple studies have tested the diagnostic potential of circular RNAs in this context(JR 
Zhang & Sun, 2020). Specifically, 489 circular RNAs were differentially detected in peripheral 
blood samples of type 2 diabetics(B. Zhou & Yu, 2017). Of these circular RNAs, hsa_circ_0054633 
was found to have the highest diagnostic capacity for pre-diabetes and type 2 diabetes(Z. Zhao et 
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al., 2017), which is also supported by other findings that hsa_circ_0054633 is significantly increased 
in gestational diabetes(JR Zhang & Sun, 2020). In addition, the same research group showed that 
blood levels of hsa-circRNA11783-2 were closely related to the severity of coronary artery disease 
and type 2 diabetes(C. Li et al., 2018). 

Role of circRNAs in pancreatic islet function 

Abnormal insulin synthesis and release are closely related to high blood glucose levels and 
the development of diabetes. Type 1 diabetes is characterized by β-cell loss, insulin deficiency, and 
sustained high blood glucose levels, whereas type 2 diabetes is caused by β-cell malfunction and 
insulin resistance.(JR Zhang & Sun, 2020). Therefore, comprehensive elucidation of the 
mechanisms involved in β-cell function and insulin release may open new avenues for the 
development of therapies against diabetes. In diabetic conditions, β-cell dysfunction is closely 
correlated with abnormal expression of protein-coding and non-coding transcripts, including 
miRNAs and lncRNAs(Motterle et al., 2015, 2016). Recently, evidence for the role of circular RNAs 
in the maintenance of β-cell function has begun to emerge(Ghasemi et al., 2019; Stoll et al., 2018; 
Tian et al., 2018; Wong et al., 2018). 

lncRNA in Type 1 and 2 Diabetes Therapy 
lncRNAs are endogenous RNA molecules with a length of more than 200 nucleotides. 

LncRNA has a structure similar to mRNA but does not code for protein. Gene expression is 
regulated by lncRNAs through their influence on mRNA splicing, transcription, translation, and 
genome imprinting(M. Li et al., 2019). The functional mechanisms of lncRNAs are still under 
investigation and are more complicated compared to miRNAs that only bind to specific 
complementary RNA sequences. lncRNAs often take advantage of their large size to form 
secondary or tertiary structures to carry out their functions. Most lncRNAs reside in the cell 
nucleus, serving as molecular scaffolds to stabilize nuclear structures or signaling 
complexes(Suwal et al., 2019). 

Implications of lncRNAs in Metabolic Networks 
Recently, it has been shown that lncRNAs mediate biological processes in islet cells, such 

as β-cell differentiation and proliferation, as well as insulin biosynthesis and secretion. A total of 
1,128 human islet cell genes have been identified with high confidence through transcriptome 
mapping, of which 55% are intergenic lncRNAs and 40% are islet-specific antisense 
lncRNAs(Morán et al., 2012). Many metabolic processes, including lipid synthesis, drug 
metabolism, the process of which is gluconeogenesis, occur in the liver. In normal liver function, a 
number of lncRNAs have been identified. In particular, lncLSTR (liver-specific triglyceride 
regulator lnc) was identified as a liver-specific lncRNA that regulates systemic lipid metabolism(P. 
Li et al., 2015). Cyp8b1 activity is regulated by this lncRNA through its binding to TDP-43, which 
alters bile acid levels and affects FXR (farnesoid X receptor), thereby increasing hepatic clearance of 
triglycerides(P. Li et al., 2015). This initial study revealed the involvement of lncRNAs in normal 
liver metabolic pathways. Similarly, lipid levels are modulated by lncRNA SRA by regulating the 
expression of adipose triglyceride lipase (ATGL), which plays an important role in hepatic 
triacylglycerol hydrolysis.(Chen et al., 2016). 

lncRNAs in regulating glucose metabolism 

Regarding lncRNAs that regulate glucose and lipid metabolism in adipocytes,(B. Xu et al., 
2010)first reported that SRA, a lncRNA, promotes insulin-stimulated glucose uptake by activating 
PPARγ, leading to increased phosphorylation of downstream targets Akt and Forkhead box 
protein O1 (FOXO1) in adipocytes. Furthermore, the same group showed that global deletion of 
SRA protected mice from high-fat diet-induced obesity and improved glucose tolerance 
throughout the animal's body.(S. Liu et al., 2014). In addition, lncRNAs were also found to regulate 
glucose and lipid metabolism in certain cancer cells. Increased CRNDE expression in CRC cells 
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increases glucose metabolism, lactate secretion, and lipid synthesis, and reduces lipid 
catabolism(Ellis et al., 2014). Regulation of lactate consumption and production via the mTOR–
STAT3⁄miR143–HK2 pathway in cancer cells has been reported(Y. Li et al., 2014). In addition to 
targeting various metabolic processes, including glucose and lipids, some lncRNAs are only 
involved in the regulation of lipid metabolism(Hu et al., 2014). 

lncRNAs in the regulation of insulin secretion and sensitivity 
Several recent studies have identified a number of lncRNAs that have the ability to 

regulate insulin secretion and sensitivity. For example, the positive effects of SRA in improving 
insulin sensitivity and insulin-stimulated glucose uptake in adipocytes(B. Xu et al., 2010). In 
addition, increased SRA was also associated with increased insulin-stimulated glucose uptake via 
Akt and FOXO1 signaling. In contrast, steady depletion of SRA using the lentiviral system inhibits 
insulin-stimulated glucose uptake and insulin-stimulated phosphorylation of Akt and FOXO1(B. 
Xu et al., 2010). Additionally, it has been identified that a lncRNA termed Growth Arrest-Specific 5 
(Gas5) also functions as a novel regulator of insulin synthesis and secretion in pancreatic β cells. 
Depletion of Gas5 reduces insulin production by inhibiting the expression of several key 
transcription factors, including Pdx-1 and MafA(JR Zhang & Sun, 2020). 

CONCLUSION 
RNA therapy offers revolutionary possibilities in the management and potential cure of type 1 and 
type 2 diabetes. RNA therapies, such as siRNA, miRNA, mRNA, lncRNA and circRNA, enable 
targeting of specific genes or molecular pathways involved in diabetes, increasing the potential 
effectiveness of therapy and reducing the risk drug resistance. Continued research in this area is 
critical to developing therapies that are safe, effective, and able to change the paradigm of diabetes 
treatment. 
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