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ABSTRACT

Type 2 diabetes is known as a risk factor for pancreatic cancer (PC). Various genetic and
environmental factors cause both these global chronic diseases. The mechanisms that
define their relationships are complex and poorly understood. Recent studies have impli-
cated that metabolic abnormalities, including hyperglycemia and hyperinsulinemia, could
lead to cell damage responses, cell transformation, and increased cancer risk. Hence, these
kinds of abnormalities following molecular events could be essential to develop our
understanding of this complicated link. Among different molecular events, focusing on
shared signaling pathways including metabolic (PI3K/Akt/mTOR) and mitogenic (MAPK)
pathways in addition to regulatory mechanisms of gene expression such as those
involved in non-coding RNAs (miRNAs, circRNAs, and IncRNAs) could be considered as
powerful tools to describe this association. A better understanding of the molecular mech-
anisms involved in the development of type 2 diabetes and pancreatic cancer would help
us to find a new research area for developing therapeutic and preventive strategies. For
this purpose, in this review, we focused on the shared molecular events resulting in type
2 diabetes and pancreatic cancer. First, a comprehensive literature review was performed
to determine similar molecular pathways and non-coding RNAs; then, the final results

were discussed in more detail.

doi: 10.1111/jdi.13727

BACKGROUND

Diabetes mellitus is a severe and worldwide health problem
that develops due to changes in the environment and lifestyle.
The global number of patients with diabetes will increase to
552 million by 2030. Previous studies have indicated that the
incidence of different cancers, including liver, biliary tract, col-
orectum, kidney, breast, pancreas, etc., is increased in diabetic
patients through abnormalities in glucose metabolism'. Pan-
creatic cancer (PC) is one of the most lethal malignancies
among the different kinds of cancers and is the seventh lead-
ing cause of global cancer deaths in industrialized countries.
The etiology of pancreatic cancer is complex and includes
both genetic and environmental factors”. Type 2 diabetes is
the third risk factor for pancreatic cancer after cigarette
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smoking and obesity. According to the American Cancer Soci-
ety’s Cancer Facts and Figures 2013, at diagnosis, 25% and
40% of pancreatic cancer patients have diabetes and pre-
diabetes, respectively. A 50% increased risk of pancreatic can-
cer has been shown in long-term (>5 years) type 2 diabetes
patients, and vice versa pancreatic cancer can be a cause of
diabetes. Furthermore, in some cases, diabetes could be con-
sidered to be an early sign of a tumor. However, the associa-
tion between type 2 diabetes and pancreatic cancer is
complicated. On the one hand, diabetes can be considered as
an early prognostic tool for pancreatic cancer, and on the
other hand, it could be a predisposing factor for pancreatic
cancer’. This review aims to improve our understanding of
the association between type 2 diabetes and pancreatic cancer,
mainly focusing on the molecular mechanisms underlying this
association. This approach would greatly aid in developing
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novel tools for the prevention, prognosis, diagnosis, and treat-
ment of this cancer.

TYPE 2 DIABETES

Type 2 diabetes is caused by resistance to insulin in target tis-
sues, insulin secretion deficiency, or both of them, leading to
hyperglycemia®. Polyuria, polydipsia, polyphagia, and weight
loss are different symptoms of type 2 diabetes®. According to
the International Diabetes Federation (IDF), about one in ele-
ven adults had diabetes mellitus worldwide, of which 90% of
them have type 2 diabetes. In addition, Asia is a significant
region with rapid growth in the type 2 diabetes epidemic’. The
risk of type 2 diabetes is determined by the interaction of
genetic, epigenetic, and lifestyle factors. Ethnicity, family history,
obesity, and overweight, unhealthy diets, low physical activity,
and smoking increase the risk of disease”’.

PANCREATIC CANCER
Pancreatic cancer ranks fourth globally among all malignant
tumors, with early metastasis, high invasiveness, lack of specific
symptoms, and a high mortality rate®. Globally, aging is associ-
ated with an increased incidence and mortality rate of pancre-
atic cancer. The disease is slightly more common in men than
in women, and the incidence worldwide is 5.5 per 100,000 for
men and 4.0 per 100,000 for women. Environmental risk fac-
tors and lifestyles such as high alcohol intake and heavy smok-
ing habits in men could lead to pancreatic cancer. However,
undiscovered genetic factors may be potential influencers of
cancer incidence and mortality in males and females®. Pancre-
atic cancer can be classified into two types: exocrine pancreatic
cancer, which includes adenocarcinoma and is the most com-
mon type (85% of cases), and neuroendocrine pancreatic can-
cer, which comprises less than 5% of patients’. Several risk
factors may increase the chance of developing pancreatic can-
cer. Smokers have more than twice the risk of developing can-
cer’, although unlike other smoking-related diseases’, an
apparent mutation signature has not been detected'’. Heavy
alcohol drinking is undoubtedly related to the risk of pancreatic
cancer, whereas there is no association with low-to-moderate
alcohol intake''. According to an American Cancer Society
(ACR) study, the risk of pancreatic cancer among overweight
people is higher compared with those with a normal BMI
(18.5-24.9 kg/m®)">. Family history has a significant role in
developing pancreatic cancer, and approximately 10% of indi-
viduals with pancreatic cancer have a family history of the dis-
ease”. Germline pathogenic variants in hereditary breast and
ovarian cancer genes (BRCAl or BRCA2 and PALB2) may
pose an increased risk of pancreatic cancer'*. Finally, defective
DNA mismatch repair genes MLH1, MSH2, MSH6, and PMS2
could increase cancer'”. Other genetic factors contributing to
pancreatic cancer have been identified but are rare and often
personal variants'.

Hence, apart from the clinical staging of disease, there is no
clinical feature to inform decision-making for pancreatic cancer.

http://wileyonlinelibrary.com/journal/jdi

Possibly, due to the lack of patient numbers and the lack of desire
among surgeons, very few clinical trials are being carried out to
control the disease. Inadequate diagnostic tests may miss patients
in the early stages of the disease'’. Surgery, chemotherapy, and
radiotherapy have been used traditionally to help increase
patients’ survival and to relieve their pain. However, there is still
no definite treatment for the advanced stage of cancer cases.
There is a need for further research for novel therapies and to
assess the outcomes of these approaches. Therefore, examining
different patients to identify the genes and variants involved in
the disease is a straightforward way to treat the disease'®.

DIFFERENT ASPECTS OF THE ASSOCIATION BETWEEN
TYPE 2 DIABETES AND PANCREATIC CANCER

Assessing the association between the presence of diabetes and
the progression of pancreatic cancer faces many challenges. A
possible explanation for the observed relationship between type
2 diabetes mellitus and pancreatic cancer could be the shared
risk factors and metabolic abnormalities, including high choles-
terol intake, hyperglycemia, insulin resistance (IR), and chronic
inflammation'®. A population-based study in British Columbia
and Canada found that people with type 1 diabetes mellitus are
at increased risk of pancreatic cancer’”’. Additionally, a meta-
analysis had considered eleven studies with a total of 14,399
patients, of whom 4,080 were type 2 diabetes-positive and
9,721 were non-diabetic. Their results showed that a plausible
manifestation of pancreatic cancer is recent-onset type 1 dia-
betes mellitus, whereas long-term type 1 diabetes mellitus is
probably a risk factor for this cancer”’. A large number of
patients with pancreatic cancer show impaired metabolism of
glucose””. Tumor formation and progression are possibly corre-
lated with metabolic factors contributing to the long-term insu-
lin resistance”. A specific environment is necessary for tumor
formation. Overproduction of insulin, which usually occurs in
type 1 diabetes mellitus, provides an appropriate environment
for cells and blood vessels to proliferate in the pancreas®. Since
exogenous administration is the only source of insulin in type
1 diabetes mellitus, the risk of developing pancreatic cancer in
this disease can be low”. Diabetes mellitus could occur due to
developing pancreatic cancer or could be a consequence of this
disease®®. The correlation between type 1 diabetes mellitus and
pancreatic cancer is not yet definite””. However, it has been
reported that the progression of tumor status is affected by type
1 diabetes mellitus, which contributes to increasing the size of
the tumor and the pancreatic ducts®®. Hyperinsulinemia causes
insulin resistance, which in turn increases the risk of malig-
nancy. It is reported that pancreatic cancer is correlated with
obesity and the insulin pathway. The link between the reports
and the hypothesis shows that obesity increases insulin levels
and the risk of hyperinsulinemia. This condition leads to
decreased levels of insulin-like growth factor-binding proteins
(IGFBPs), and increased levels of circulating insulin-like growth
factor 1 (IGF1)®. Insulin and IGF1 both promote inhibition of
cancer cell apoptosis and contribute to the cell proliferation®*.
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Figure 1 | Schematic representation of different aspects of the association between type 2 diabetes and pancreatic cancer. Metabolism
abnormalities and molecular mechanisms are identified as two significant aspects of the association between type 2 diabetes and pancreatic

cancer.

As a result, increased IGF-1 due to hyperinsulinemia will cause
tumor progression. IGF-1 and IGF-1 receptor (IGF-1R) have a
strong tendency to prevent apoptosis, and hyperinsulinemia in
an insulin resistance environment will potentiate this effect. In
tumor cells, the high receptor expression for IGF-1 and insulin
led to an increase in the circulating levels of active IGF-1 and
decreased hepatic production of IGFBP-1 and -2. Therefore,
hyperinsulinemia following insulin resistance may enhance
tumor cell growth via the IGF-IR and lead to the hypothesis
for the connection between type 1 diabetes mellitus and pan-
creatic cancer(Figure 1)*°.

MOLECULAR ASPECTS OF THE ASSOCIATION

BETWEEN TYPE 2 DIABETES AND PANCREATIC
CANCER

Signaling pathways

KRAS mutations constitute 86% of all somatic alterations in
PDAC. GI2D and GI2V are the predominant mutations
accounting for 80% of all KRAS mutations and initiate most
PDAC cases®. Q6 and K117 are also other mutations that
account for extra hotspots associated with activated KRAS in
PDAC?. The KRAS is a proto-oncogene that encodes a
GTPase as a molecular switch, which is bound with GTP in an
active form and bound with GDP in the inactive state. Guanine
nucleotide exchange factor (GEF) regulates the KRAS-GDP to
KRAS-GTP conversion, and the GTPase-activating protein

(GAP) promotes hydrolysis of GTP that keeps most of the
KRAS in an inactive form™. Mutation in KRAS leads to an
increase in glucose uptake, which ultimately results in glycolytic
flux™. Changes in the tumor microenvironment, including
inflammation and insulin resistance, which are associated with
obesity and type 2 diabetes, can augment the KRAS activation.
A high-fat diet with stimulation of KRAS activation can lead to
the transformation of normal pancreatic cells into pancreatic
intraepithelial neoplasm lesions. Actually, a fatty diet helps
KRAS to activate more inflammatory factors in the pancreas
that leads to the formation of neoplasm lesions leading to
PDAC with high penetrance®. Additionally, previous studies
have reported that mutant KRAS mice are more susceptible to
a high-fat diet, leading to an increase in the oncogenic KRAS-
mediated progression of invasive PDAC™. Activated KRAS
promotes different downstream signaling pathways, such as the
MAPK pathway and the PI3K pathway, leading to a cascade of
cellular responses and enhancing the proliferation, and invasion
of cancer cells”. These two different signaling pathways, includ-
ing metabolic (PI3K/Akt/mTOR) and mitogenic (MAPK) path-
ways, will become activated when insulin binds to its receptor
(Figure 2).

Metabolic pathway
The metabolic pathway is the one through which glucose, lipid,
and protein metabolism is regulated®. Insulin binding to its
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Figure 2 | Involvement of metabolic (PI3K/Akt/mTOR) and mitogenic (MAPK) pathways induced by insulin binding to its receptor in the
development of pancreatic cancer in healthy (a) and hyperinsulinemia (b) conditions.

receptor causes phosphorylation and activation of the receptor
by the insulin receptor substrate (IRS) adapter proteins. This
connection also activates the phosphatidylinositol 3-kinase
(PI3K). Afterward, the phosphatidylinositol-3,4,5- triphosphate
(PIP3) synthesis is increased, and consequently, the three
phosphoinositide-dependent protein kinase 1 (PDK1) and Ser/
Thr kinase Akt are activated. After that, by phosphorylating
and inhibiting TSC1/2, a critical negative regulator of
mTORC1, AKT increases protein synthesis and cell growth
through the mTOR pathway. AKT is also involved in other
pathways. For example, inhibiting glycogen synthetase kinase 3
(GSK3) regulates glucose metabolism and glycogen synthesis.
AKT also can trigger the nuclear export of forkhead box O
transcription factors (FOXO) that are significant for apoptosis.
PIP3 is dephosphorylated by PTEN phosphatase, and thus the
metabolic pathway is negatively regulated™.

Mitogenic pathway

The activated insulin receptor also triggers the mitogen-
activated protein kinase (MAPK) pathway that causes cell pro-
liferation. Upon insulin binding to its receptor, growth factor
receptor-binding protein 2 (Grb2) binds to the activated recep-
tor and engages with the son of sevenless (SOS) to produce the
complex of receptor-Grb2-SOS. It facilitates the activation of
GTPase Ras and then RAF and MEKI1/2 and MAPKs. The
active MAPKSs translocate to the nucleus and regulate the activ-
ity of genes, cell growth, differentiation, and apoptosis by

phosphorylating  different transcription factors. Thus, the
increased activation of the MAPK signaling pathway can pro-
mote the development of tumor cells*’. Overall, upon insulin/
IGF-1 binding to their receptors, they can trigger signaling
pathways, including metabolic (PI3K/Akt/mTOR) or mitogenic
(MAPK) pathways, therefore increasing cell growth and
decreasing cancer cell apoptosis*'. Hyperinsulinemia in type 1
diabetes mellitus, through an insulin resistance environment,
blocks the metabolic pathway. Stimulation of glucose trans-
portation into cells and induction of glycogen synthesis are the
consequences of this signaling pathway*’. On the other hand,
insulin resistance cannot block the mitogenic pathway activity.
AKT and mTOR affect both the metabolic and mitogenic path-
ways. But in the hyperinsulinemia condition, AKT and mTOR
are driven towards the mitogenic pathway, which leads to the
cell growth and the proliferation of normal and tumor cells,
which contribute to the development of pancreatic cancer

(Figure 2)*.

Roles of molecular biomarkers including circRNAs, IncRNAs,
and miRNAs in type 2 diabetes and pancreatic cancer
Previous studies have shown that the prevalence of type 1 dia-
betes mellitus is very high among people with pancreatic can-
cer. It is also reported that people with pancreatic cancer have
more evidence of type 1 diabetes mellitus than healthy people**.
According to these results, type 1 diabetes mellitus and pancre-
atic cancer are associated with each other, and finding the
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biomarkers that are common in these two diseases would help
in the prognosis or even in the treatment of the disease.
Recently, several molecular biomarkers have been reported,
including microRNAs (miRNAs), long non-coding RNAs
(LncRNAs), and circular RNAs (circRNAs). In this review, we
tried to gather all information about the roles of non-coding
RNAs related to diabetes and pancreatic cancer, and we focused
on the studies that aimed to describe these non-coding RNAs.
So, in these studies, the samples or the models are specifically
associated with these two diseases. But because of the numerous
functions and regulatory effects of non-coding RNAs and
shared pathways involved in different cancers, it is possible that
a specific non-coding RNA discussed in this study could also
be involved in other cancers or even in other diseases as well.

miRNAs are a class of small non-coding RNAs (ncRNAs) of
2024 nucleotides in length, which have a significant role in
the cellular process control via regulating the gene expressions.
miRNAs bind to the 3> UTR of target mRNAs to prevent
mRNA translation and to silence target expression®. Many
studies have reported that a small change in their expression
can lead to various diseases and cancer progression’’. miR-25
is suggested as a candidate biomarker for pancreatic cancer®,
and miR-128a has an essential role in regulating the target
genes involved in significant insulin signaling cascades®.
Among these, a number of miRNAs are common between
these two diseases, and knowing them will help us to discover
the molecular connection of these two diseases.

LncRNAs belong to RNA species of at least 200 nucleotides
in length and are molecularly similar to mRNAs*. According
to studies, IncRNAs play significant roles in regulating chro-
matin modification, gene expression, and protein function®.
Besides, they possibly have a role in controlling miRNA level
and function, suggesting that IncRNAs have a negative correla-
tion with the expression of miRNAs>'. Mounting evidence sug-
gests that dysregulated IncRNAs have been involved in several
diseases, such as pancreatic cancer and diabetes™. Furthermore,
some studies have reported IncRNA alterations between
patients with diabetic pancreatic cancer and non-diabetic pan-
creatic cancer.

Another class of ncRNAs are the circRNAs that were pri-
marily discovered in plant viroids™. Recently, circRNA expres-
sions were found in eukaryotic cells, and they are considered
erroneous splicing products™. The results obtained from differ-
ent experiments have indicated that the circRNAs role is disor-
dered in various diseases, including cancer and diabetes™. The
circRNA functions in diabetes are not yet fully understood, but
many studies have suggested that they may play a significant
role in the development of type 1 diabetes mellitus®. Addition-
ally, it is suggested that they could act as potential biomarkers
for the prognosis and early diagnosis of pancreatic cancer”’.
For this reason, we were encouraged to collect different studies
that introduced potential miRNAs, IncRNAs, and circRNAs in
type 1 diabetes mellitus and pancreatic cancer. Then, we tried
to find common biomarkers among them to provide a
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molecular reason for the relationship between these two dis-
eases. In the following, we will discuss these biomarkers sepa-
rately.

Circular RNAs

Circular RNAs (CircRNAs) are known to be a widespread
endogenous class of non-coding RNAs that are produced from
back splicing®. CircRNAs act as microRNA (miRNA) and pro-
tein sponges or decoys and are involved in protein scaffolding,
translation, splicing, and transcription. They are associated with
various diseases, including many types of cancers, cardiovascu-
lar diseases, and type 2 diabetes™. In recent years, the differen-
tial expression of circRNAs has been reported in pancreatic
cancer and in type 2 diabetes, some of which are illustrated in
Table 1. CircRNAs are involved in the B-cell function, inflam-
mation, and complications related to type 2 diabetes®. In pan-
creatic cancer, they participate in tumor invasion, metastasis,
apoptosis, and cell proliferation®. Among them, circANKRD36
is elevated in the peripheral leukocytes of type 2 diabetes
patients and correlated with chronic inflammation, probably
through interactions with miRNAs such as hsa-miR-3614-3p,
hsa-miR-498, and hsa-miR-501-5p. The expression of IL-6 was
associated with circANKRD36%. CircRNA_100782 also regu-
lates pancreatic carcinoma proliferation through the IL-6/
STAT3 pathway by acting as a sponge for miR-124%. Circular
RNA ciRS-7 plays a vital role as an oncogene in pancreatic
ductal adenocarcinoma (PDAC) through targeting miR-7, and
regulation of the EGFR/STAT3 pathway regulation leads to cell
proliferation and metastasis®. It also regulates B-cell prolifera-
tion and insulin secretion and has demonstrated decreased
expression in the islets of diabetic mice, leading to reduced B-
cell proliferation and survival along with impaired insulin secre-
tion®. In both diseases, these non-coding RNAs have been
reported as potential biomarkers, consisting of Cir-
cRNA0054633 in type 2 diabetes®>®, hsa_circ_0001649, and
circ-LDLRAD3 in pancreatic cancer®.

LncRNAs

LncRNAs are another group of ncRNAs that are longer than
200 nts and involved in almost every gene expression regula-
tion stage. There is growing evidence that highlights their role
in different kinds of diseases. The venn diagram below illus-
trates various IncRNAs in pancreatic cancer and in type 2 dia-
betes as well as shared IncRNAs involved in the development
of both pancreatic cancer and type 2 diabetes (Figure 3). In the
following, the molecular mechanisms of the most important
shared IncRNAs in both diseases will be discussed®®.

Maternally expressed 3 (MEG3) is an imprinted maternally
IncRNA®, which is significantly decreased in microdissected
pancreatic cancer samples and cancer cell lines compared with
normal controls and has a prognostic value in the prediction of
pancreatic cancer. MEG3 knockdown leads to elevated cell pro-
liferation, migration, and invasion and induced epithelial-
mesenchymal transition (EMT)”. Its overexpression acts as a

© 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Table 1 | The list of circRNAs related to type 2 diabetes and pancreatic cancer

Disease Name Expression  sample Gene association miRNA association
Pancreatic cancer hsa_circ_0000977 Decreased  Tissue PLK1 miR-874-3p
CircZMYM2 Increased  Tissues/cell line JMID2C miR-335-5p
circ_0007534 Increased  PDAC tissues/cell lines miR-625, MiR-892b
circRNA_100782 Increased  PDAC tissue IL6R microRNA-124
STAT3
hsa_circ_0001649 Decreased  PDAC tissues/cell lines caspase-9
caspase-3
circ-PDESA Increased  PDAC cells MET miR-338
Plasma MACC]T
ciRS-7 Increased  PDAC tissues EGFR/STAT3 miR-7
hsa_circ_0006215 Increased  Tissue SERPINA4 miR-378a-3p
circRHOT1 Increased  Cell line miR-26b, miR-125a, miR-330, miR-382
circ-lARS Increased  Tissue/plasma 701, RhoA, RhoA-GTP miR-122
F-actin
circ-LDLRAD3 Increased  Tissue/plasma/cell line
circ_0030235 Increased  PDAC tissues/cell line miR-1253
miR-1294
Type 2 diabetes  hsa-circRNA11783-2 Decreased  Peripheral blood miR-608
miR-3907
hsa-CircRNA0054633  Increased  Plasma
circANKRD36 Increased  Peripheral blood leucocytes  IL-6 hsa-miR-3614-3p
hsa-miR-498
hsa-miR-501-5p
hsa_circRNA_ 404457 Increased  Serum

hsa_circRNA_063981
hsa_circRNA_100750
Hsa-circRNA-406918
hsa_ circRNA_104387
Hsa-circRNA-103410
hsa-circRNA-100192_

tumor suppressor by regulating PI3K/AKT/Bcl-2/Bax/Cyclin
D1/P53 and PI3K/AKT/MMP-2/MMP-9 signaling pathways’".
The increased expression levels of MEG3 were also reported in
the PBMCs of type 2 diabetes patients’, high fat diet, and ob/
ob mice hepatocytes. It increases hepatic insulin resistance
through enhanced FOXO1 expression”. In contrast, MEG3
expression was downregulated in the islets of type 2 diabetes
models (db/db mice) and was shown to be a regulator of beta
cells by impact on insulin production and cell apoptosis’*.
Plasmacytoma variant translocation 1 (PVT1) is another
IncRNA that has been reported in relation to both diseases.
The salivary expression of PVT1 was increased significantly in
patients with pancreatic cancer and considered to be a potential
non-invasive biomarker’>. It also showed elevated expression in
PDAC tissues and was related to tumor progression, making it
a potential biomarker for the prognosis prediction of patients’.
PVT1 regulates SERBP1 by acting as a miR-448 sponge which
leads to the proliferation and migration of PC cells”. It
involves EMT, cell proliferation, and migration by deregulating
P21 and TGFB/Smad signaling pathways’®. In another study

related to diabetic nephropathy, the knockdown of PVTI1
results in the significant reduction of FN1, COL4Al (major
ECM proteins) and TGFp1, Pall (regulators of ECM proteins),
indicating that PVT1 may be involved in the progression of
diabetic nephropathy by mechanisms within ECM accumula-
tion””. In diabetes, PVT1 may also be involved in the suscepti-
bility of end-stage renal disease (ESRD) (Figure 4)%°. H19 is
another elevated maternally expressed IncRNA in PDAC tissues
which was demonstrated to promote pancreatic cancer metasta-
sis by antagonizing Let-7 and increased HMGA2-mediated
EMT®.. In addition, the axis of H19/miR is involved in PDAC
cell proliferation and migration by means of PFTK1 and down-
stream wnt signaling pathway®’. Upregulation of E2F-1 is
another way in which HI19 could be involved in PDAC cell
proliferation. E2F-1 is a direct target of miR-675 and there may
be a regulatory loop of H19/miR-675/E2F-1 that modulates the
cell cycle®. SOCS5 (the inhibitor of the STAT3 pathway) is
another direct target of miR-675-3p, so the H19/miR-675-3p
axis has a vital role in the EMT and pancreatic cancer
cell stemness maintenance through activating the STAT3
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Figure 3 | Venn diagram of INcRNAs in type 2 diabetes and pancreatic cancer. The involved IncRNAs in pancreatic cancer and type 2 diabetes are
shown in red and blue, respectively. The shared IncRNAs which are involved in both diseases are represented in pink.

pathway™. This IncRNA regulates CD24 and integrin expres-
sion, which results in sphere formation and invasion in pancre-
atic cancer cells®. Consistent with studies in pancreatic cancer,
the elevated expression of H19 has been reported in the dia-
betic liver, patients with type 2 diabetes with poor glycemic
control, and its increased hepatic expression is involved in dia-
betic hyperglycemia®*®’. The downregulation of H19 by five
times in the muscles of patients with type 2 diabetes and mice
with insulin resistance suggests that more Let-7 (as a target of
H19) contributes to insulin resistance and type 2 diabetes®.
Metastasis-associated lung adenocarcinoma  transcript-1
(MALATI) is an overexpressed IncRNA in pancreatic cancer
tissues and cell lines involved in cell proliferation, migration,
apoptosis, and invasion through regulating the Hippo-YAP sig-
naling pathway™. In addition, six hub genes, including CCNDI,
MAPKS, and VEGFA may be its targets. Several pathways con-
sist of mTOR, and MAPK signaling pathways are suggested as
being critical pathways in pancreatic cancer disease™. A feed-
back loop between MALAT1 and miR-200-3p promotes cell
invasion and migration in PDAC”". It also increases pancreatic
cancer proliferation and metastasis through stimulation of
autophagy””. In PDAC, MALAT1 regulates KRAS by sponging
miR-217 and inhibiting its translocation from the nucleus to
the cytoplasm®. On the contrary, the expression levels of
MALATI1 were downregulated in the serum of patients with
type 2 diabetes®®. In another study, with different groups of
patients with type 2 diabetes and healthy controls, the expres-
sion level of MALAT1 showed upregulation in the serum of

groups of patients with nondiabetic retinopathy (NDR), non-
proliferative diabetic retinopathy (NPDR) and proliferative dia-
betic retinopathy (PDR), comparing each with healthy subjects.
Furthermore, the expression level of this IncRNA was increased
in diabetic retinopathy (DR) and PDR groups compared with
NDR, and NPDR compared with NDR patients. All together
these results showed that MALAT1 could be used as a potential
biomarker for screening diabetic retinopathy and proliferative
diabetic retinopathy early diagnosis®. The expression level of
MALATI1 was also upregulated in the PBMCs of type 2 dia-
betes patients compared with controls’.

LncRNA Growth Arrest-specific transcript 5 (GAS5) has
been studied in both diseases. Gas5 expression is significantly
downregulated in pancreatic cancer tissues compared with nor-
mal controls and negatively regulates the expression of CDK6
(cyclin-dependent kinase 6). Its overexpression in PC cells pro-
hibits cell proliferation, and its inhibition leads to a decrease in
GO/G1 phase and an increase in S phase™. GAS5 could inhibit
PC metastasis by positive regulation of PTEN through miR-32-
5p”. It is involved in Hippo pathway regulation by negative
regulation of miR-181c-5p and antagonizes the development of
multidrug resistance in pancreatic cancer cells”. In addition,
GAS5 regulates the miR-221/SOCS pathway, which results in
the suppression of metastasis, cell growth, and resistance to
gemcitabine™. In diabetic nephropathy (DN), GAS5 also acts
as a miR-221 sponge and increases its target, SIRT1, inhibiting
cell proliferation and fibrosis. The expression levels of GAS5
have been reported in type 2 diabetes patients with diabetic
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nephropathy compared with patients without diabetic

nephropathy™. The expression level of GAS5 was decreased in
the tissue of db/db mice'®, the serum'”, and plasma of
patients with type 2 diabetes, which is considered to be a bio-
marker of type 2 diabetes in Egypt'®. In contrast, the elevated
expression of GAS5 was demonstrated in the PBMCs of
patients with type 2 diabetes’”. GAS5 regulates the expression
of insulin receptors by binding to its promoter, in which its
depletion suppresses glucose uptake and insulin signaling'®.
HOX transcript antisense RNA (HOTAIR) is considered to
be a negative prognostic factor with pro-oncogenic activity in
pancreatic cancer'®. Its functional polymorphisms (SNP
154759314 and 1rs200349340) have been demonstrated to have
strong associations with susceptibility to pancreatic cancer'?.
HOTAIR was elevated in PC tissues, PC cell lines, and the sal-
iva of pancreatic cancer patients in which its salivary expression
could be considered to be a novel biomarker for early pancre-
atic cancer’'%. It also sponges miR-613, which results in
notch3 expression regulation and pro-oncogenic functions by
regulating different sets of genes in Pancl cells'®. miR-663b is
another target of this IncRNA in which its inhibition causes
pancreatic cancer cell proliferation by increased levels of
insulin-like growth factor 2 (IGF2)'”. Elevated HOTAIR levels
lead to increased resistance of PC cells to TRAIL-induced apop-
tosis by regulating death receptor 5 (DR5), making it a poten-
tial therapeutic target'®. In pancreatic cancer cells, the
knockdown of HOTAIR increased radiosensitivity and the
effects of autophagy by overexpressing ATG7, which is more
evidence of its potential as a therapeutic target'”. HOTAIR
could promote energy metabolism in pancreatic adenocarci-
noma cells by upregulating hexokinase-2 (HK2), which leads to
increased tumor cell proliferation''’. Consistent with the men-
tioned studies in pancreatic cancer, an elevated expression of

HOTAIR was reported in the liver tissues of C57BL/6] mice
fed with a high-fat diet, db/db mice, and the PBMCs and liver
tissue of type 2 diabetes patients''’. It develops hepatic insulin
resistance by suppressing the AKT/GSK pathway and the
expression of SIRT1'". In contrast, its expression did not show
significant changes in the serum of type 2 diabetes patients
compared with healthy controls'”". HOTAIR is a critical regula-
tor in diabetic retinopathy and promotes diabetic cardiomyopa-
thy through PI3K/AKT pathway activation''>. The expression
of glomerular HOTAIR was reported to be upregulated in
human diabetic kidney disease (DKD) and db/db mouse model
of diabetes, but surprisingly its knockdown did not change the
development of kidney damage in diabetic mice''”.

IncRNA nuclear-enriched abundant transcript 1 (NEAT1) is
another upregulated IncRNA in PC tissues and cell line which
binds to E74 like ETS transcription factor 3 (ELF3) mRNA and
suppressing its degradation leading to develop PC cell growth
and metastasis'**. The expression levels of NEAT1 were also
reported to be overexpressed in streptozotocin-induced rat
models of diabetic nephropathy and high-glucose-induced mice
mesangial cells. It targets miR-27b-3p and ZEBI, which results
in the promotion of extracellular matrix accumulation and
epithelial to mesenchymal transition in diabetic nephropathy''.
Another study also showed that NEAT1 sponges miR-23c and
develops diabetic nephropathy''.

MicroRNAs

In recent years, there has been growing evidence indicating that
miRNAs are involved in the pathogenesis of both type 2 dia-
betes and pancreatic cancer. MiRNAs are involved in different
pathways related to pancreatic cancer, including MAPK/KRAS,
PI3K/AKT, JAK/STAT, and Wnt/B-Catenin signaling path-
waysm. Furthermore, the aberrant expression of miRNAs has
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been reported in the tissue'', plasma''’, serum'*’, and
PBMC'"' of type 2 diabetes and pancreatic cancer patients,
which highlights their disruption in these diseases. Circulating-
free miRNAs have been identified in the biofluids of type 2 dia-
betes and pancreatic cancer patients, which leads to their appli-
cation to non-invasive tests'*>. As a consequence, the diagnostic
and prognostic potential of these non-coding RNAs has been
widely investigated, and various numbers of them have been
identified as biomarkers in relation to type 2 diabetes and pan-
creatic cancer. MiR-21 is one of the best examples in which
previous studies reported its possible role as a biomarker'*.
Circulating miR-21-5p could be a promising non-invasive bio-
marker in pancreatic cancer patients, and serum levels of miR-
21 are a predictor for the chemosensitivity of advanced pancre-
atic cancer'*’. The elevated tissue levels of miR-21 were corre-
lated with shorter pancreatic cancer disease-free survival and
overall survival and were proposed as a diagnostic and prog-
nostic biomarker for pancreatic ductal adenocarcinoma'®. In
diabetic nephropathy, the serum levels of miR-21 could also be
a diagnostic biomarker'?°. MiR-221 is another potential bio-
marker for both diseases. In pancreatic cancer, miR-221-3p
induces cell proliferation, suppresses apoptosis, and its serum
level is proposed as a biomarker'”’. In addition, the plasma
miR-221 may be a valuable biomarker for the diagnosis and
prediction of malignant outcomes in pancreatic cancer
patients'?®, The serum levels of this miRNA serve as a potential
biomarker for both the occurrence and progression of diabetic
retinopathy in type 2 diabetes patients'*”. MiR-23a, as an onco-
genic regulator of pancreatic cancer, is a potential biomarker in
pancreatic cancer diagnosis and treatment. Its serum level is
also a valuable biomarker for early diagnosis of pre-diabetic
and type 2 diabetes patients>*'*'. Our literature review demon-
strates that more than 149 common miRNAs are commonly
involved in the development of both type 2 diabetes and pan-
creatic cancer diseases. The pattern of each miRNA expression
and its molecular function in type 2 diabetes and pancreatic
cancer are reported in Table 2.

Several studies aimed to determine the role of miRNAs
related to recent-onset diabetes associated with pancreatic can-
cer, which could also be considered as potential biomarkers. Six
serum miRNAs (miR-483-5p, miR-19a, miR-29a, miR-20a,
miR-24, miR-25) have been differentially expressed in PC-
associated new-onset diabetes mellitus (PaC-DM) samples and
could be considered as potential biomarkers for the accurate
discrimination of PaC-DM from healthy controls and non-
cancer new-onset type 2 diabetes'>. In another study, the exo-
somal miRNAs and their potential in PaC-induced B-cell dys-
function were explored by treating pancreatic B cells with
exosomes from PaC cell lines. The results highlight that exo-
somes could be essential mediators in the pathogenesis of paC-
DM. In addition, exogenous miR-19a can be a crucial mediator
which directly targets adenylyl cyclase 1 (Adcyl) and exchanges
protein directly activated by cAMP 2 (Epac2). Both proteins
are involved in insulin secretion'”. MiR-18a-5p is also

REVIEW ARTICLE
Molecular story of T2D and PC

associated with early diabetes, and it is suggested that miR-20b-
5p and miR-29 could have a role in the identification of early
diabetes in pancreatic cancer'>*, Another study was performed
based on the reduced risk of pancreatic cancer in patients with
diabetes by oral administration of metformin. Metformin sup-
presses cell proliferation, migration, and invasion through reex-
pression of miRNAs ((let-7a,let-7b, miR-26a, miR-101, miR-
200b, and miR-200c), as their loss is typical in pancreatic can-
cer. These miRNAs are reported to target cancer stem cell
(CSC) genes suggesting that metformin could be useful in over-
coming the resistance to therapeutic approaches for pancreatic
cancer'”®. Metformin also inhibits human pancreatic cancer
proliferation and tumor growth through altering miRNAs
related to cell cycle-related proteins'*. Nine miRNAs were sig-
nificantly upregulated in metformin treated pancreatic cancer
cells, and among them, the expression of miR-26a, miR-192,
and let-7c is dos dependent'®”. A Panc02 pancreatic tumor cell
transplant model in diet-induced obese (DIO) C57BL/6 mice
was also used to explore the effect of metformin and rapamycin
on miRNA alternations. Rapamycin results in the increased
expression of let-7b and miRNAs involved in cell cycle regula-
tion, while metformin (but not rapamycin) leads to reduced
glucose and insulin levels. Metformin also caused decreased
expression of miR-34a and its direct targets (Notch, Slug, and
Snail)'*%.

Type 2 diabetes is a known metabolic disorder with specific
properties, including insulin resistance, and pancreatic cancer is
the most common exocrine pancreas malignancy. Mounting
evidence indicates a complex relationship between these two
diseases. However, similar events such as shared risk factors,
metabolic abnormalities, signaling pathways, and non-coding
RNAs could be a cue to describe this association. This manu-
script has highlighted the shared molecular events and similar
non-coding RNAs in type 2 diabetes and pancreatic cancer. An
increased understanding of the molecular mechanisms that
explain this link could provide a powerful tool for prevention
and therapy of this lethal cancer.

FUNDING INFORMATION

This study was performed at the University of Isfahan (Isfahan,
Iran) and was supported by the Graduate Studies Office at this
university.

DISCLOSURE

The authors declare no conflict of interest.

Approval of the research protocol: N/A.

Informed consent: N/A.

Approval date of registry and the registration no. of the study/-
trial: N/A.

Animal studies: N/A.

ETHICAL APPROVAL
The study is a systematic review, and no ethical or institutional
approval is required.

© 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

413

J Diabetes Investig Vol. 13 No. 3 March 2022



w
-
v
[
-4
<
=
w
>
w
-4

S
T
c
i
=
&
<
=)
S
(=)

brary.com/journal/jdi

//wileyonlinell

http:

anss|| podal oN umoq wnias 75y pue v/ 7 bunable| umog 30¢-YIW-esy
SISSUIUASOIq
sadA1 Jowny JualayIp Jo uoissaiboid UINSuUl SAIRRP Ul 9|01 U bunsabbns
aNssl]  ayi Ul ausboduo ue Jo Jossaiddns sown| umod wnias uoIssaldxe ausb ujnsu| sanpay dn POS-YIW-esy
Y| pasealdsp pue yeidn 9506
uoneibiw paseanul 0} bulpea| snyy ‘sixe buljeubis
anss|| pue uoleulLIo} AUOj0d ‘Ymmolb s10uoid dn wnias FINTD-DIVAIEId-A-HVdd 941 Ul paAjoAU| an e/ 7-Ylw-esy
snyjleW sa1agelp | 2dA 03 uoissaiboud
¢qd jo 2y} oy 9|qisuodsal ‘Aemyed
aNSSIL uonelfioydsoyd Aq uonessyjoid suqyu umoQ wnisg Buleubis gy SY Ul pared)dul dn BQZ-YIU-BeSY
sisoydode Auainoe vodsuen
aNSSI | SadNPal pue uonesayjold sa10woid an wnisg 9500N|6 JuspUSdap-ulNsul bunenbay umo( BEz-YIW-esy
uoissaldxe -1N1D
Buiseanul Agq xyedn asodn|b pue
anss| | adAouayd N3 salinboy an wnisg 9DUBISISaI UINSUl O} Pa1ejRLod ARSISAU| umo( €TT-YIul-esy
Aemuyied djjogelsw
anssi| uonesyljoid sa10Wold dn anssi| 4O JusWIdojRASP 3y} Ul 31edDived dan 77T-Ylud-esy
uoneNPOW asuodsal Alojeuduwlejul
‘sIsouUaboIbUe ‘SISRISOaUIoY 950N |H
auab Jossaiddns ‘UOI3ID3S UlNsUl Jo uoneinbBal ayy pue
aNSSI| Jowny e ‘N3ld so1einbal AjpnnebaN dn ewIse|d seanued auLDOPUS ay} JO Judwdopprs umo( | Z-Y1w-esy
e-4N.L PuUe ‘(O-N4) d-Uosap1ul
'(Sd7) apueyddesAjododi| |ensieq
Se yons ‘siojelpall Alojewiweyul Jo
LdNIEGdL bunsbiel Ag uoiseaur pue s9dA1 JU1ayIp 01 suodsal 1£00uoW
anssl]  JuswdolaAsp Jsdued dieasnued s10W0ld dan JNGd pue abeydooew Jo Jusauodwod v umoqg GG L -YIu-esy
uonewueyul
01 speaj yIym ‘e4NL pue ‘qL-|
‘8-71 ‘97 se yons sauab 19buey gy-4N
LMY 9Seup| Aioieinbal 4O uoIssaIdxa ayy ssauddns pue ‘94yy |
oull [I°D @3%-4N 3Y1 pue Y493 Jo uonenbaiumoq umoed JNEd pue Yyl Jo uoissaldxa sy uqiyul umoed eop | -giw-esy
UoISeAUl
pue ymmoib |92 Jowny psrowold Buyyoud
wnias 01 Spe3| YDIYM ‘€1Y1S JO UORRAIDY umod wnJas VNYIW wniss [eqolb Ag a1epipued) an Qog L-yiw
SauUab
wnias P31e|24-SISOIqY JO UOISSAIAXS paduryu] umod wnias dURrISISaI Ulnsul paipaid Ajbuons dan p/-191-esY
S|I92 [ewioas 6dd3aN
SWAYDUSSIW PIOd pue z-unalodoibue se yons ‘sauaboduo IV pue |-Sy| buipnpul ‘Buijeubis
[e1)IgWIN UPWNH JO uoissaidxa ayy buissaiddng umoq Pwise|d ulnsul Ul sio1einbai Ay [elanas s1abiel umo(q G-I
uolissaldxa uolssaldxe
uibuo (19D Sduepodwll pue uonduN4 Jo abueyd ubuo (19D 2duepodwl pue uondun4 Jo abueyd
J32UPd djEaDURy sa190eIp 7 dAL YNYIW

Je0ued dneanued pue sa1aqeIP 7 2dA) Ul SUORDUNY JeNdSjoW pUe SUOIssaIdxe YNYIW | g 3jqeL

© 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

J Diabetes Investig Vol. 13 No. 3 March 2022

414



w
-
v
-
(-4
<
=
w
>
w
-4

Y
a
-]
<
(]
[a]
N
[
S
=
S
17}
£
o
3
g
[}
=

I/jdi

journa

brary.com/j

ine

/Iwileyonli

http:

LVXOH
Jo uoissaiddns ein Ajlered s Jvad

eidn asoon|b
S95EID3P PUB S|[9D Ul § Jouodsuel)

anssi| JO [enua10d SAISBAUL U3 Ul PIAJOAU] dan anssi| 9500N|6 s3oNPaJ pue r-4N | 19018 | umod e0L-yiw
[opow Bujwiud Jenuelb uo saya ybnoiyy
100 bunabiey Aq sspuadoid 1D dsgeIp SIS01A00Xa WUspuUadap—+7e) pue
anssi| 192 Wa1s pue uoissaiboid suqiyu umog 9yl woy SIS uoRRII3s Ulnsul Jo sabess [euly areinbay an GEE-YIW
uonewloy [192-g ayy bunenbal
yimoib |20 suqiyur pue Ul PAAJOAUL S| UDIYM ‘UonejAyiau
anssi| S0 19D SI59MIR ‘| IOYJINY Bunsbiel Ag umoqg wnias VYNQ Joj swAzus ue ‘| NG s1eblel dn agyL-4In
00D pue LyHAd)
UoISeAU] pue Sauab |elpuoydolW JO UopeNbaluUMOp
aNssI| uonessyijoid suaiyul pue €1y1S siobie| umog aul| 19D eIA uononpold 41y aduanyul AjARebaN dn Qog L-yiw
sa1fo03eday Ul
Bulleudls ulnsul pue sisauabosuodn|b
uoneldiw sa1e|nbas ApAnebau pue
aNss| | puUe ‘UoISeAU ‘YIMOID (199 sIgIyy| umoQ ETeSITNEIETENS ayeydn ss00N|H pareNWIRS-UINSUl SHgIYU| dn d67-HIW
Ausagelp bupowoid pue Ju21uod
(AdN) A opndadoinau siuejeyiodAy
S|[@2 |-DdSY pasealnul 01 spea| UYDIyM ‘(HgyDD)
aNssI| JO siseiselsul pue uonessjjold sugiyul umog MW 3uInog 7 Joydanal ujupjoisAoajoyd 196.e1 Apdaig dn gty | -yiw
skemyied Buleubis YdyN uey Jayiel
Aemuyzed Buijeubis 1My ay3 ybnoiyy
s|I9> Dvad Jo adAouayd ueubijew uIjnsul padNpUI-asodN|H
3} sHqIyur 1ossaiddns Jowuny JO UONRI3Ss 35ea109p pue uondudsues
aNSSI | e se uonouny ‘buljeubls [My/MEld Ul umoq - 2u3b ulnsul pue uonesdyjoid aseana dan G/E-YIu-esy
s||92 J2dued dpeanued
4O uoneIBIL sadNPUl pUE UohesRyoid
9> 01 buipes| ‘Aemyred [My-yeld 9y usrod | 14IS
aNssI| sa1enbal ARAREBRU YDIuMm N1 S19bie] dn wnias $318INBAUMOP Y| PDNPUI-B4NL Ul 9|0y dn e1gl-yiw
asuodsai pajeipaw-g-4o ]
a3 saye ‘skemyied asuodsal sbeulep (44D)) J01dad3Y J01dR YMOID
VYNQ pue £5d Jo uomigiyul ayi ul uliNsu| pue (YOLw) upAuweder Jo 19611
anssi|. PIAJOAUL S9USD JO SpniNW e sa1einbay dan pooig UBl[EWWIBW JO UOISSSIdXS padnpay umod 00L-4iu
(95205) 9 buljeudis
PRJNPUI-UROLO Jo Jossaiddns Aemued Buijeubis
aNSSI | UIB.SUMOP S} Sa1einbai ApAieban dn aul| 19D ulnsul 8yl Ut YSNI| JO Uoissaiday umoq Y-y
uonesyjoid ssrowold pue 9P X9pUl 3oUeSISDI
anssI| 192 3y} Jo uoissaibold ayr sdURYUT dn wnias UIINSUl 3Y3 1M P1e[2410D A[SAIISOd an L Zz-diw
uolissaldxe uolssaldxe
ulbuo 19D Souepodwl pue uopduN4 Jo abueyd uibuo 19D Souepodwil pue uopdun4 Jo abuey)d
J2DUED DIPaIDUERd sa1eqelp ¢ 9dAL YNYIW

(panunuoD) T slqeL

415

J Diabetes Investig Vol. 13 No. 3 March 2022

© 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd



w
-
v
[
-4
<
=
w
>
w
-4

S
T
c
i
=
&
<
=)
S
(=)

brary.com/journal/jdi

//wileyonlinell

http:

30UIDSaUS pue ‘sisordode

uolssaldxo ‘15318 3PAD |]9D Se Yans ‘s9ssad0id
LUDION pue ||ieus buiseaidosp [ea160j01q paseipawl-¢6d Ul Sjoi
aul 19D AQ ymmolb Jaoued dieanued paygiyy umoqd JINGd [epnId> e sanas pue £6d s19biey Apdaiig dan epE-YIL-esy
VIBHN bunabiel
anssi| AQ uonelbiw pue uoneldyold ss1owoid dn aul| 19D sIsaUIUAsoIg unsul ay3 bunenbay umod 206 | -Yiu
oLdsnd
aul| 19D Bunabiey Aq uonessyljoid sa10wWold dan - podal oN umog B76-YIW-Bsy
S|9A9] UlNsul
aul| |2D wig bupsbiey Ag ymolb |19 ss10wold dan aNSS|| pue 3s50on|6 bupendId JO |je) e O} pea umoQ -y
S||92 Kemued Bujjeubis 3uspusdsp
7191y bunabiey Aq aoueisisaiolpel [el2LIopUD -L1HIS & ybnouyy Alouwswl dljogelsul
aul| ]2 Yam pareposse Abeydoine ssieinbay dn  |eunas  uewnH Jejn||9d> paonpul-9502n|6-ybly se1einbay dn qsez-yiw
asuodsal
aNSSI| uodas oN an PwSe|d SS2A3S DIUOIYD JO SAemyied Ul PIAJOAU| dan 1/-19)
741V bunablel e sisousbosuodn|b
auIgeIDWSH dneday jo uonenbal ayy
dUI [IPD 01 §|j9D Jowny JO ANARISUSS SU3 $9seaina( dn s21/001edaH Ul paAjoaul ‘uodnpoid asodn|b ssauddng umo(q lz-Hw
UOII2I03S PUB SISOLIUASOI]
ujnsul pue ‘uopesagjoid pue
sisoydode |jo0-g ‘sasuodsal sunwiull
JO uoneINBal 3Y3 YIM Pa1eIdosse OSs|y
PIZIVW "9DUBISISaI UINSU| S3sned pue AJARDe
aNSSI| ‘NALd bunabiey Aq uoneibiw sa10Woid dan EVINIED) pue SjaA3] UI104d | [Y|S SI5ea1dap 1 dan el1gl-Hiw
NN Bunsbuey Ag
Je[N|[92J33U] S9DUBYUD PUB ‘UOISeAUl pue
aNSSI| uonelbiw ‘Aipiusbouo) ‘ymoib sugiyu umoq Pwiseld yodas oN dan 0S L-Hiw
3DUBISISa) UlNsuUl 03 Bulpes| snyi
2Uab Sy~ ‘T4IDHYY ‘uolssaidxe (-1ND) ¥ adA1 Jsuodsuen
1 43OHYY bunsbiey Ag siselselowl 9500N|6 BulBle eI UoHeRUIdYIP
auy| 19D J3A| pUB ‘UOISeAU] ‘UORRIBILL S SUIYY| umoq - a1foodipe sassaiddns uopigiyul Sy umod ISR
15911 3PPAD |90 Y3
0} SPe3| UYDIYM ‘S|pAs| (9MdD) 9 seury anssi asodipe
WuspuUadap-UIPA> saieinbas pue siuabe pue ISAI| 83U} UJ 9oUelsisal Ujjnsul
BUIAIPOW-UNBUOIYD YHM §||9D Jadued Bupnpul Aga1ayy ‘|-uljoaaed bunenbai
aul| 19D Jieanued Ul UoREAYIDW Sa0BIapUN umoq - -UMop Ag siseysoawioy asoon|b Jiedud dn /01-4iw
uolssaldxa uolssaldxe
uibuo || Sduepodwl pue uodun4 Jo sbueyd uiblo 19D Sduepodwl pue uonrduN4 Jo abuey)
J32oUPd d)Ea.DURY sa19qeIp 7 dAL YNYIW

(ponupuod) ¢ Sjqel

© 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

J Diabetes Investig Vol. 13 No. 3 March 2022

416



w
-
v
-
(-4
<
=
w
>
w
-4

Y
a
-]
<
(]
[a]
N
[
S
=
S
17}
£
o
3
g
[}
=

I/jdi

journa

brary.com/j

ine

/Iwileyonli

http:

abeydoew
UO 12949 UoheWeyUL-ue
S) AQ AWAiDe diIsgelp-iue ue SIgjuod

S|[92 Jadued 9DUBISISa) UlNsul 03 paiejas S| eyl
aul 19D dnealnued JO UOISBAUl pue UONeIRyl[oid dn anssi| abeydonew Aiojewweyul passaiddng umog dg-/ |-yiu-esy
3DUeISISa) UjNsul 0}
uuayped Bulpea) ‘sisayiuks uioid |-Gyl pednpal
-3 Jylew [ellpyuda JO uondNpUl pue Apuedyubis ‘YN € (1-21ensgns
‘UOISeAU ‘UONRIBIW Je|N|[9D PadNpPal J101daday ulnsuy) |-Gyl 01 pa1abiel
aul| 19D Ul SINSal YRIYM ‘GINVYAY JO UMOPXDOoUY umoq —  Apoauip ‘sisayauks aupjodipe ul pareddu| an 9z |-yIu-esy
SDUESISa ulnsul
Jossaiddns Jowny e 5445 Bupnpul Agaisy ‘|-uljoaned buneinbal
anss|| JO S[9A9] UOISsaIdX By} SeoNpPay dan - -UMop Ag siseysoawioy asoan|b Jiedud an €01-Yiuw-esy
SISOUIUAS
UabodA|6 pue Bujeubis ujnsul paJiedul
Ul bupinsal ‘ui0id |-Gy pue YSNI Y
S|[e> ui sisoidode paiebbiy 4O uoIssaudxa ayy ssaiddns o3 Apoalip
Saul| |92 puUe Sanssi| pue ‘Buljeubis Py dwep ‘Sydy uqiyul umoQ s91£001edaH SaUSD |-Gyl PUB YSNJ JO SHIN,E S19bie] dan 96-yIw
aNssI | uodas oN dn winJss yodas oN dan dg-088-yiw
(SISO)
ovad UONRID3S UINSUl Pa1enwins-2s0on|b
SaUJ| |92 puUB SaNSSI JO SISEISEISW PUB UOISBAU| ‘UONBIRI|0Id dan anssi| Bupiedw Aq uonanpu; 9502N|B-M07 umogd 80/-4iw
Sn)|PW s12qelp | 9dA
UOISeAU] pue Ul UoRDUNSAP Je|ndSeA 01 Spesj LdIYm
SaUJ| |92 puUB SaNSSI| uonelbiw ‘uopesayjold (|93 dieanued dn S|I92 [elRYIopUs | |49 JO UOIBARIDRSURI) 3} S10WIOld umog de-zpe-yiu
2uab /4 buissaiddns Ag siseiserswl
P31eIP3W-UORISURI) [eUAYDUSSSW
aul 19D 0} [elj2yaIda pue UORRIRY|OI] dan - podal oN umog de-1ee-yiu
Kemyied Buieubis gsi-4N
JIIVAEId oY buneinbas Ag Ajlenusiod
S1aye dusbuowny-oid (S||92 [BIIRYIOPUS UISA [DIjIguIn
siseqoiqy PIONPUI-ISd PUe (SDSd) uewny) sHIANH Jo Abeydoine pue
P3)eIDOSSe-IaourD) 5|92 91e)1215 dleasnuUed JO UORBAIDY dn wnias ‘uonelbiul ‘uonessyjoid ay1 parowoid umod de-epp|-giw
(ddsSv!) €5d jo uisiold
Bunenwins-sisoxdode Jo Jougiyul a3
Bunenba-umop Ajpdailp Aq UoiseAul NG Ul uodunysAp
pue YIMoIb [|35 PWOUDIEIOUSPE ouabolbue 03 ANGUIUOD 1eYL ZHXO4
aul| 19D 1PNp dneanued paseanag umoq S|[92 [elRYIopUT 2y} JO uoIssaidxe ay1 uqIyul Apdauig umod de-op |-y
uolssaldxa uolssaldxe
uibuo || Sduepodwl pue uodun4 Jo sbueyd uiblo 19D Sduepodwl pue uonrduN4 Jo abuey)
J32oUPd d)Ea.DURY sa19qeIp 7 dAL YNYIW

(ponupuod) ¢ Sjqel

417

J Diabetes Investig Vol. 13 No. 3 March 2022

© 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd



w
-
v
[
-4
<
=
w
>
w
-4

S
T
c
i
=
&
<
=)
S
(=)

brary.com/journal/jdi

//wileyonlinell

http:

wsjjogelsw Abssua asoon|6
pajeinbBaJ-uNsuUl Ul saredpited Ldiym

3NSSI) pUe WNISS uodai oN umog/dn wniss ‘edD pue |eREDS S19b1e) Ajlenusiod umo( £6G-gIud-esy
aul| |2 vodal oN an ewIse|d yodas oN dan 7/G-diw-esy
Ayredoiydau
onagep ui Aemyed |3 sy
(2dgD) 4o spadse sawos Jo 3jo1 3y ybiybiy
3NSS pUe WNISS 7 uiR1oid Buipuig a1ejAuenb s1ebie) dn wnisas puUe sIS0iql} ASUpPP| O3 2INGUIUOD Ay dn L /G-Yiud-esy
S|P |-DNVd Ul sisoidode WwISl|oge1sW ulnsul
90Npul puUe UOISeAU| pue uofeibiw pue wsljogeisw pidi| pue a1eipAyoagued
ENNED) 94} IgIyuI 01 Spes| uonenBaIUMOp Sy dn wniss Jo uonenbal Y3 Ul PaAJOAU| umoQ 08p-yIw-esy
OJJA Ul
uonewloy Auojod> pue uoiesayjoid
193 s210woid AjlSnosueyNWIS pue saulj| sabeydoloew Ainfur 0 asuodsal
192 Jooued dpeasdued Ul sjRAd) uRlold anpoddns Jejnosen ay3 suredwl pue sisoydode
ewise|d yPRWS/HDdA sassaldai Apuedyiubis dan -lelPyIopuUs Sbeydoloew pue [elRYIOPUS Paseasdu| dn  de-ggp-yiw-esy
19N Anej pue ‘eluuadA|bisdAy
‘9oUeISISa) UlNsul paoidull pue
aNSSI | yodas oN an aNsslL SIsausbosuodN|b passaiddns uopigiyul Sy umoq  ds-£zi-Yyiw-esy
UOISeAU |20 Wwisljogels 3500N|6 parenuuns
SaNSSI pue Saul| (12D ‘uonelbiw |12 ‘uonessyoid (120 gyl umod dPSNU 19[S -ulnsu; pue axeidn asoon|b a1einbay dan e67-YIW-Bsy
uopeNWnNdoe UsbodA|b
PR1eNWIAS-UlNSUI pue duepunge
aul| 19D uodas oN an wnisg dIDIV PaONPaJ UOISSIAXSISA0 S| dan qOZ-YIw-esy
SISOUIUAS USBOAID parenuuns-ulnsul
S|I9> Dd 4O uoISeAUl pue ‘uoielbiu 3y} pacnpal sa1o0leday Ul UoIssaldxe
‘uonesayijold o1 spes| uoneNbIUMOP sa1£001eday |-Gyl Buibueyd Apuasedde noyum
anssi| ) puUe ‘1Y1DQ s1ebier Apdaig umoQ pue saA00AN YSNII JO UoIssaudxa ayy sa1einbas-umoq dn S6L-Yiu-esy
S|[92 Jodued djeasnued
Ul 1IA3 JO uoidNpuUl 3y saiejndedss
anssi| pue ujua1ed gz |d Jo uonenbaiumog dn wnias Buljeubss siusbolbue [eryduad umoQ /61-yIw-esy
NIER)
[eI[2LI0PUD JaduURD) sisauabolbue sowny bunenbay dn wnieg uodas oN umog/dn 761-yiu-esy
ui10id €54 buiziigeis
ybnoiyy s|j@2 Jadued jo ymolb
pue uonesyjoid ayy passaiddns JuRWIedwl
anssi| Ua1ym ‘01SdN 4o spasl uiroid uqiyul dn euJSe|d IWRDAID Lam pa1enosse AjoARISOd umoQ L61-YIul-esy
UOISBAU 9D J9Dued
aNSSI| 2y} 03 buipes| ‘7vSyN Jo uoissaiddng dan wnisg uodas oN umo( 08| -YyIu-esy
uolssaldxa uolssaldxe
ublo (19D Sduepodwll pue uonduN4 Jo abueyd ubuo (19D Souepodwl pue uopduN4 Jo abueyd
J9DUed DjjeaIouURy sa12qelp 7 9dAL YNYIW

(ponupuod) ¢ Sjqel

© 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

J Diabetes Investig Vol. 13 No. 3 March 2022

418



w
-
v
-
(-4
<
=
w
>
w
-4

Y
a
-]
<
(]
[a]
N
[
S
=
S
17}
£
o
3
g
[}
=

I/jdi

journa

brary.com/j

ine

/Iwileyonli

http:

N4-G 01 asuodsai pue adAousyd |2 saul| [[92 |yodipe bunabiey Aq wisijogelsw
aul 19D JVAd 243 Jo uonenbas a4y Ul PaAJoAU| dn pue anssi| pidi| pue s1eipAyogued Jo uopeinbay dn eOzE-Yiw
anssi| podal oN dan poolg 3DUEISISaI UIINSUL UM Paieja1iod) an dg-91-yiw
sisoupoud
35B3SIP UM PR1eIDOSSe pUB ‘UoiSeAUl
‘uopelBiw ‘Yymolb Jowny paNgIyul
aNSSI | 1eyy Jossaiddns sowny juepoduw| umoQ wnisg uodal oN umog/dn dg-/y7 1y
(sisoxdode
JO/pUe 22U3252US pue 15aLle JPAd
19> bunebbuy Agq uonouny aaissaiddns
Jowny e) sausb asedsed pue
uolssaidxe 6 asepndadojersul xulew
sassaiddns pue ‘uiRl0id SduUPUSIUIRW
SUWOSOWOILD-UILL pue 3seup)
JuspUadap-UlPAd JO uoneNbaIuMOp
wniss sasned ‘Aemyied £6d ayp sa1PAIDY an wnisg uodas oN dn ds-68g-Hiw
uonenbaIumop
Pa2NPUI-3SOIN|H Pajeisuowsp
‘7/1 Md3 YyBnoiuyl N4 pue ‘4o3A
aul| |2 uonessyljoid Jowny sugIyu| dan ‘1-13 Jo uoissaldxe saienbal AjpAnebaN umoq 0zE-Hw
Sny|lsW ss1aqeIp
| 9dAY Buipnpul SispiosIp paiejai
-S52415 0} Spes| pue ‘(Yo) Joidadal
ploopod0oNn|6 bupsbiey Ag ssans
ewseld uodas oN dan JINGd 01 SSUDAISUOASI [|9D [B1IUSD D1R|NPO dn eg|-yiw
S|[92 Jooued dpeasdued Ul uioid gyd 3s00n|6 poojq bunenbal
anss|| Bupnpas Ag uopesayjoid |93 anoidw| dan anssi| pUe UORRI23S UNsUl Ul 3joi e Aeld an 1w
20UeISISal
uljnsul pue A1ssgo Yum paieidosse
IDNDD bunabiey Aq uoiseaul ‘wisljogeiaul 9506 pue pidi|
SaUI| ||9D puUB SaNSSI pue ‘uonelbiw ‘uonesdyold (|90 suaiyy| umoq wnisg 4O uonenbal syl Ul 3|0) [enud e Aeld dn 2214w
LdNIESdL Bunsbiey
Apoalip Ag 9dUeIsISa) SUIGeRIDWIRD wisljogeiau
aul| 19D puUe [eAIAINS ||2D JO UOROWOI dn/umoeq ewise|d 9500N|6 pue UoIssaIAXD 1 NTO Saienbay dn o0 L-yiw
uolssaldxa uolssaldxe
ublo (19D Sduepodwll pue uonduN4 Jo abueyd ubuo (19D Souepodwl pue uopduN4 Jo abueyd
J32oUPd d)Ea.DURY sa19qeIp 7 dAL YNYIW

(ponupuod) ¢ Sjqel

419

J Diabetes Investig Vol. 13 No. 3 March 2022

© 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd



w
-
v
[
-4
<
=
w
>
w
-4

S
T
c
i
=
&
<
=)
S
(=)

brary.com/journal/jdi

//wileyonlinell

http:

sanssp
J9DUBD dpeaduRy - dan ewise|d - dn GOy
UOISeAUL ||9D Dd 01 bulpes)
sanssi suonde g49| pue 453 bunowoid skemijied
Saul| []920 ewseld pue uoIssaIdxa Ogd|L JO uoissaiddng dan wnJsg Bueubis ulnsul Jo syusuoduwod syabie] umoQ o L-yiw
sanssn
192Ued d)easdURy - umog ewise|d - dan 9G-4iW
0LadDdd pue HaLW “Apweu
UOISeAul pue uopelbiw ‘sIsoUSbOIBbUR Ul PIAJOAUL SDUSD
SaNssp Jown | ‘uonessyijoid |19 Jadued sajenusNY umog SOWO0S010] oM Jo sidudsueny YNYW oy s1abie| dan dg-20€-yiw
SOWOS010
'SOUIOSOXD Jlusbolburoid
wnias - dan Aeuun uonduNy [euas paliedul] 01 paiejsy dn umoQ dg-0og-yiw
QoInaN
sauj| || Dd Ul auigelpwab 01 AIAISUSS S|I92 |-SNI pue /2139 Jo uoissaiddns ayy ul paAjoAUl
132Ued d)easdURy 93U saseasdul pue |gxOA s1ebiel umoqd 19|51 JeJ ‘ewiseld puUe UoRdUNY ||9D B13G SA1e|NPO an ds-epg-yiw
ewse|d - dan ewise|d - umoq G9/-yiw
Alljige SAISeAUl pue uohelayl|oid
wnias (|93 J90uUed dpeasdued ssouaNpu| dan ewiseld podal oN an Gz8l-yiw
Sisauabrowny sassaiddns se jjam
S|9D [-ONVd e Audeded uoiseAul pue uopelbiul Jomon umoq ewISe|d yodas oN umodydn 16T L-H1w
S||92 Jadued dpealdued
SaUI| ||9D puUB SaNSSI JO uoIseAul pue ymoib sassaidag umoq ewseld uodas oN dn G/Z1-yw
S|I92 DYAd Ul punoibydeq
192 plojpAW aaissaiddnsounuil
UB 3321 ‘saXN|} Wnijed paie|nbai
-3p P31eINOSSe-(FAVING) ¥ Jaquisw
wnias Ajlwie) QVINS JO Siolelpaul [eRnua10d dan ewise|d podal oN umog 2097 [ -YIW
(VHQ)
UIUISILUSUROIPAYIP JO S1D349 J2DUed
Jpeasdued-iue 3y O1 [eldNID dle pue uonewileyul pue Buijeubis
aul| 19D 'S|9AD| €473 Pue ‘IYFN 1o’y padnpay dan ewise|d UINsuUl ‘WsIjogelaul 950oN(6 Ul PIAJOAU| dan dg-20g-yiw
S|[92 Jaoued
dneasdued Jo sisoydode Bupouwlold pue
UoISeAUl pue ‘uonesbiul ‘uonessyijoid
(|95 W=is Bumigiyul SNyt ‘v L-dWW pue ‘z-x0D SNyJleW sa1eqeIp
[PWAYDUSSIW "JDIA /91y JO UOISSIAXD DY} S358I09p | 9dAY ur uondunysAp [elRYIopUD
MOJIBW 3UOg ‘auab YAy bunenbalumop Ag umoq JINGd pue Aiojeuludeyul Sy3 03 SINGUIUOD) umoq de-9z |-y
uolssaldxa uolssaldxe
uibuo || Sduepodwl pue uodun4 Jo sbueyd uiblo 19D Sduepodwl pue uonrduN4 Jo abuey)
J32oUPd d)Ea.DURY sa19qeIp 7 dAL YNYIW

(ponupuod) ¢ Sjqel

© 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

J Diabetes Investig Vol. 13 No. 3 March 2022

420



w
-
v
-
(-4
<
=
w
>
w
-4

Y
a
-]
<
(]
[a]
N
[
S
=
S
17}
£
o
3
g
[}
=

I/jdi

journa

brary.com/j

ine

/Iwileyonli

http:

uonesyljoid

ymolb ||
g pue uonaoas ulnsur Jo uonenbai

aNssi Jadued) S|[92 Dd sassauddns pue 7y s19bie| umoq poo|g 93U Ul S9AJOAUL pue £5D0S S1ebie | umod G81-yiw
uolssaudxe Kemuyied Buijeubis 453N
¥(DAd buneinbas Aq uoiseau /AY/ELd PaleIpaW-(91g BuneAneu
S|[22 Jaoued pue ‘uonelbiw ‘uoiiesayljoid (130 sedNpu| dan pOO|q S|OYM Aq Ayredounal dnsgelp uo s199)3 dan €8 1-yiw
SuoIS?| £-Njued - dn poog 3[oYM - dn dg-15 1w
3|0l dluabodUO Ue sAed sisoydode SIDA]| ws|jogelsu
anssi| pue ‘uonesyijold ‘SPPAd |90 Ul paAjoAU| dn 181 pue saul| [|2D pidijodA|6 sa1einbas pue €]V |S s1ebie| umod dg-esz]-giw
=ull [leD uonenbas Yo W anssi| - dn 664w
soiuadoid aaissaiddns uonepIxo pidi| pue wsijogesw 50on(6
S|[22 Jaoued) Jowin} ‘lepuaiod dpeIseIRW-uy umod JPSNW LIS pa1eINWINS-UIINSU] JO Jole|nBas Jueodull dan 67-diw
Aljgow pue uonesayjoid sassaiddns
oull 190 puUe GELWNQG Pue ZLXOS s19bie) umed dec-yiw
Dd ul
au| SISEISEIDU LM S91RIDOSSE PUR UOISEAU au)| aoslld bunsbiey
|92 2Nssi dpeasdued pue uoneibiu sa10WoId (puehns dg) dn ;9> wnias DNgGd Aq Aemuyed Buieubis uinsur sugiyu| dn QST L-diw
ainypuadxs
ABJaua pue AYARISUSS UlNsUl
aNSSI| S||92 Dd 4O uonesayjoid sa30uWold an PwISe|d 01 Pa3eRs S YDIUM ‘| 1HIS soreinbay dn ds-9gp-Hiw
950N |6
UoneuwLIO) Yoy Ag pasned uopounysAp [ellpyiopus
wnias SISeISEISU ULIM S31B[aLI0D ASSIanU| umoq wnias pue SDUB)SISa) UlNSUl 0} SINQLIUOD) - 264w
- 1uaWdO|RASP 19]S! dhealduey - /ey
ABeydoine
sassaiddng Aujigow pue yamoib uonesyijoid |20 g ynpe sdopasp
S|I92 Od 92 Dd Sassaiddns eyedvIN 19Dl umoq wnias pue Aemuied Buljeubls YO LW S31eADY an /-giw
SIS9UIUASOIg UINsul
sa1einbas ApAmsod pue uoissaidxe
auab z-uizyold Buldnodun
EVINIED) snousbopus uoissaldxs auab ¢
9NSSN dNeanueq uonenbal uonesayold Ul saINgUIU0D umoq ‘poo|q |esyduad -uRold Buldnodun snousbopus siabie] umoq eS| -Hiw
v €OXO4bunabiey ybnoiyy Jeoued
au|| |92 Ja0ued oneasnued Ul souelsIsal daaD seieinbay dan ewise|d - umoqg dg-czz-yiuw
sisoydode SIPISIA
anss|| pue uonesayijoid |93 Ul PaAJOAU| umoq Je|n|leoeinxg sisauabolbuy umogd dg-051-giw
Buieubis (4H3A) J01oey
PUISE|d SIseISe1sll pue UOISeAUl |92 sassaiddng umoq PUISE|d YmoIb [elloYiopus JejndseA saiel|ioe umod de-gz1-yw
uolssaldxa uolssaldxe
ublo (19D Sduepodwll pue uonduN4 Jo abueyd ubuo (19D Souepodwl pue uopduN4 Jo abueyd
J32oUPd d)Ea.DURY sa19qeIp 7 dAL YNYIW

(ponupuod) ¢ Sjqel

421

J Diabetes Investig Vol. 13 No. 3 March 2022

© 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd



w
-
v
[
-4
<
=
w
>
w
-4

S
T
c
i
=
&
<
=)
S
(=)

brary.com/journal/jdi

//wileyonlinell

http:

saul| ||
pue sajdues anssi| 95005 JO uoIssaldxe ayy sassaiddng dan JPSNW [e1912MS - umoqd e
SUI| [|9D SNSSI|  SDUBISISDIOWAUD YIM S218[2I0D A|ARISOd umoqd O/ E-diw
aul|
I92 anssi JadueD - dan aul| 19D - dan PGy
L-LNQ JO uoissaiddns ybnoaya
aul| 19D souab Jossalddns Jouuny sa1eAndeay umog 193] wisljogelsl 3502on|6 Ul PIAJOAU| an 7514w
ENNIES) Jossaiddns Jowny e
pue sa|duies anss||  Se PaI9PISUCD pue [NDSH S1biel Apdalg umod wnias SISOIPR]S [elP4EeDOAW JO SIOIeDIPUI [eDIUlD dan eEC|-Yiw
sisoidode
2INYND |93 aNSSI| 192 Dd s9onpul pue ZINAW Sibie] umod wnJas BuljeubIs ulNSUl [3/1SY| Sa1einbay an 871y
aul|
|92 anssi JadueD - dan SOW0S010] - an Se-yiu
749491 pue 1937 ‘uiusied
aNSSI| 0z1d bupabieyr Ag [INT Y3 Ul PIAJOAU] umoq 19[5 - umo( GGo-yiw
JUe3sISal Ulnsul
sabeydo.new pue uonezuejod zA/LN 9beydoew
aul| ]2 — umog  |esuoiuad asnopy 4o uonenbal o1 buipes| 014 s1ebie dan S6b-yiuw
Aemured €QVINS/ZAVING Sy Bunenba
ybnoiy z4g4oL pue Lyg4o) bunsbie
aul 19D Aq 9)0) aAissaiddns-Jowiny e seH dan pPOO|q S|OYM - umod GO9-YIW
uoISeAul pue uonesajold
aUll [[BD |82 padUBYUS Ul SHNSa) €OXO4 Saleinbay dn POOIq 3Oy - dn 629-diW
poolg - dn pPOOIq S|OYM - dn 0SG-diu
siselselswl
sajowold pue zdsng bunabiey
oull [I°D yBnoIL 1INF PINPUL 7/ 13 S21einbay dn pPOOIq S|OYM - dn de-19g-yiuw
s|lP>-g
Jossaiddns 19|51 dneasnued uonau3s 193 ¢ 9|8
au|| [I9D anssIL Jowny e se suopduny pue 7170 s19ble umoqd 3sNo dpeasdurd pue 9oURISISAI UINSUL S9ONPU| an GEEYIW
Kemujed
LYDI0N ybnouyy uoissaiboid yueubijew
aul| [}22 anssi|. Dd Ul PRAJOAUL Sixe dg-66¢-dIW/ LN L umoqg poo|q 3OYM - an dg-66¢-giw
SIS
uoissaiboid Jejn|[@oenxd
aNSSI| pue YMoHb oWy Ul PIAJOAU| dn Aeuun - dan 6141w
aul|
[[92 ‘anssiy JadueD) - dan POOIq S|OYM - dn 061-4iw
uolssaldxa uolssaldxe
ublo (19D Sduepodwll pue uonduN4 Jo abueyd ubuo (19D Souepodwl pue uopduN4 Jo abueyd
J32oUPd d)Ea.DURY sa19qeIp 7 dAL YNYIW

(ponupuod) ¢ Sjqel

© 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

J Diabetes Investig Vol. 13 No. 3 March 2022

422



w
-
v
-
(-4
<
=
w
>
w
-4

Y
a
-]
<
(]
[a]
N
[
S
=
S
17}
£
o
3
g
[}
=

I/jdi

journa

brary.com/j

ine

/Iwileyonli

http:

oul| [|°2
pue SaNSS JdUeD) Z44NWS Bunabuer Ag N7 sa10wold dan JPSNW [eI9|YS Kemuied Buljeubis ulnsul Ul SSAJOAU| umod qs [-yiw
€4yo3 pue s|192 Joyuaboud
QU |92 "ewlseld T9vANZ "INW ‘TLID ‘eVYN43 ‘£423 siebiel dn pooig [BIPYIOPUS JO UORdUNY SY1 Ul SIO9fy dn oLy
aul| 19D UOISeAU] PUB UORRIDIW |[9D Ul PIAJOAU| dn PwWISe|d 101D s1ebie| - L €-yiw
L LI-dWW Bunenbai Aq uoiseaul
aul| 19D pue uoneibiul Ul PaAJOAUL 3G KBl umoq anssiy asodipy Ausaqo 03 paiejay umogd 3/
2INYND |19 sissusbolbue
pue sajdules anssi| pue uoReIBIW [[93 Ul PIAJOAU] dan 19| [PAIAINS |[93 €19 Ul SIAJOAU| an 200z-Yiw
sisauabolbue pue ‘sisoiqy [eual
‘UofeuLLIBlUl DIUOIYD JO Uoiowoid
ybnouyy aseasip Asuppy dnagelp
JO JUuSWdOJRAIP BY1 Ul PSAJOAUL
aul| || Jossauddns pue eunuioid Jo uswdopnsp
pue SaNssi UeunH Jowiny e se Suondun} pue Syyy 91einbay umod wnJas 93U} UM UOnejR10d e aney Aely an /1Ty
aul| 19D sisoydode saonpul pue z1Dg s1obie) umoq SEN - dn G-y
uonelbiw pue wsljogelsw ‘sisoidode
192 1-DONVd Ul PAJOAUL S| 18y} UOISSl SIDA||
aul| 19D [PUPUOUDONW DU} S9DUBYUD BGZ | -HIW dn  1es pue sauy 12D Aemuped YdyIA Ul PIAJOAUL S9USD S109yy dan BGT L -Hiw
SISeISEISW pUR ‘UOISeAU] ‘LIMOID
SaNSs|y JaoueD) 192 Jowny sassaiddns pue | ey s1eble| umoqg Pz
oull 190 7109 s19bse). umo(d P04
soidwies anssi| — umoq JaNI| 1ey - dan qoz-giw
sa1£00UneISY
UoISeAUl pue ‘uonesbiul ‘uonessyijoid ‘ounom VNYIUW SIYY pue ME|d Usamiaq
aul| [|92 pue anssi| 192 s18INWINS pue goHY S1obie| dan  ups uewinH p310U U33q Sy Uopenbal yoeqpas- umod 6| -yiw
uonelbiw |92
aUl| |92 pue anss|| pue ||\J giyul pue |g37 (dg-) siobie] dn 19f3| [BAIAINS [|9 BIDG Ul SIAJOAU| umod qooz-yiw
sa1£00UOW
U] uolissaidxa ausb Alorewweyul
parenbal uMop JO uouawouayd syl
aul| ||92 pue anssi| - dan S91L00UO Ul 9|0J dpsiueydaw e pakeid aney Aeln dan dg-opg-giw
S|192 Dd UORaI23s Ujnsul paJiedul
aUl| [|92 pue anssi| Ul uonesdyjold ssauddns 03 [DdD sHqIyu umoq wnisg Ul SYNSa) WIYM JLYNDVD sassaiddng dn ds-96-yiw
uononpul sisoidode pue 1salie )9k
saul| || 192 Ul synsal Aemyied aseupy urRiold
pue sajdudes anssi| P31PANDR-USBONW PIA| [YYd S19bIe | umoq winJas Buijeubis uynsul Jiedud dn de-t7 |-y
uolssaldxa uolssaldxe
uibuo || Sduepodwl pue uodun4 Jo sbueyd uiblo 19D Sduepodwl pue uonrduN4 Jo abuey)
J32oUPd d)Ea.DURY sa19qeIp 7 dAL YNYIW

(ponupuod) ¢ Sjqel

423

J Diabetes Investig Vol. 13 No. 3 March 2022

© 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd



REVIEW ARTICLE

Dehghanian et al.

Table 2 (Continued)

Pancreatic cancer

Type 2 diabetes

miRNA

Plasma cell line
Cancer tissue

Cell origin

Increases the activity of NFkB by
suppressing CYLD, leading to the
resistance to gemcitabine

Function and importance

Change of
expression

U
Up

Cell origin
Plasma
Mice islet

cell function, peripheral insulin
sensitivity, and NFkB signaling

A key regulator of endothelial and beta-
Involves in insulin secretory

Function and importance

Change of
expression
Up

miR-181b
miR-199a-5p
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