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Abstract: Diabetes mellitus (DM) is an endocrinological disorder that is due to either the pancreas
not producing enough insulin, or the body does not respond appropriately to insulin. There are
many complications of DM such as retinopathy, nephropathy, and peripheral neuropathy. In addition
to these complications, DM was reported to be associated with different cancers. In this review,
we discuss the association between DM and colorectal cancer (CRC). CRC is the third most commonly
diagnosed cancer worldwide that mostly affects older people, however, its incidence and mortality
are rising among young people. We discuss the relationship between DM and CRC based on
their common microRNA (miRNA) biomarkers. miRNAs are non-coding RNAs playing important
functions in cell differentiation, development, regulation of cell cycle, and apoptosis. miRNAs can
inhibit cell proliferation and induce apoptosis in CRC cells. miRNAs also can improve glucose
tolerance and insulin sensitivity. Therefore, investigating the common miRNA biomarkers of both
DM and CRC can shed a light on how these two diseases are correlated and more understanding of
the link between these two diseases can help the prevention of both DM and CRC.
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1. Introduction

Diabetes mellitus (DM), referred to simply as diabetes, is a metabolic disease that is due to
either the pancreas not producing enough insulin or the cells of the body not responding properly to
insulin. Diabetes is caused by hyperglycemia, and chronic hyperglycemia is associated with long-term
damage and dysfunction of different organs such as the eyes, kidneys, nerves, heart, and blood
vessels [1]. According to the National Diabetes Statistics Report in 2020, 34.2 million people have
diabetes, 88 million people aged 18 years or older have prediabetes, and 24.2 million people aged
65 years or older have prediabetes in the United State [2].

There are three major DM types: (1) type I DM: the pancreas fails to produce insulin; (2) type
2 DM: the body does not respond appropriately to insulin; (3) gestational DM: this type occurs in
pregnant women when the body becomes less sensitive to insulin. Gestational DM is a disease with
onset or first recognition during pregnancy in women without previously diagnosed DM [3]. In type 1
DM, individuals’ immune systems attack the insulin-producing β-cells in the pancreas, and this can
cause the pancreas to stop generating enough insulin to maintain normal levels of glucose in the blood.
Type 1 DM without treatment may lead to serious health complications. In type 2 DM, individuals
have insulin resistance. These individuals do not need insulin treatment to survive. Most patients
with this form of DM are obese, and obesity may cause some degree of insulin resistance [1].

There are many complications of DM such as retinopathy, nephropathy, peripheral neuropathy,
autonomic neuropathy, cardiovascular symptoms, and sexual dysfunction. In addition, patients with
DM have an increased incidence of hypertension, atherosclerotic cardiovascular, peripheral arterial,
and abnormalities of lipoprotein metabolism. Diabetic retinopathy (DR) is a common neurovascular
complication of DM. Pregnancy increases the short-term risk of DR that is a leading cause of blindness
in pregnant women [4]. Current therapeutics of DR target retinal edema and neovascular lesions.
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However, neurodegeneration may contribute to the development of microvascular dysfunction and
neovascularization. Several studies have demonstrated that fenofibrate, a PPARα agonist used to treat
dyslipidemia, had unprecedented therapeutic effects in DR [5]. Diabetic kidney disease (DKD) or
diabetic nephropathy is a type of chronic kidney disease caused by DM. DKD is the leading cause of
chronic kidney disease and has been reported in approximately 40% of DM patients. The majority
of DKD patients die from cardiovascular diseases and infections before needing kidney replacement
therapy [6].

In addition to the above-mentioned complications, DM was reported to be associated with
different cancers. Epidemiologic evidence suggests that people with DM are at significantly higher
risk for many cancers, including liver, pancreas, endometrium, colon and rectum, breast, and bladder
cancers [7]. In this review, we discuss the association between DM and colorectal cancer (CRC).
CRC that starts in the colon or the rectum is the third most commonly diagnosed cancer worldwide.
CRC mostly affects older people. However, its incidence and mortality are rising among young
people [8]. Lately, the death rate from CRC has decreased because of the progress in screening
techniques and improvements in treatments. CRC patients in its earliest stage usually have surgery as
the first treatment, and chemotherapy may be used after surgery. For metastatic CRC patients, however,
surgery and chemotherapy are not satisfactory treatments. Instead, targeted therapy that is a new
option has successfully prolonged overall survival for CRC patients [9]. In addition, chemotherapy
includes fluoropyrimidine (5-FU)-based therapy, which is the gold standard of first-line treatment
for CRC.

There have been many studies investigating the relationship between DM and CRC based on
clinical cohort studies. A meta-analysis based on the cohort studies found that colorectal, colon,
and rectal cancer patients with DM had a 5-year shorter survival compared to patients without DM,
with an 18%, 19%, and 16% decrease in overall survival respectively [10]. CRC patients with DM
are at greater risk for all-cause and cancer-specific mortality and have worse disease-free survival
compared to those without DM [11]. Among colon cancer patients with DM who receive antidiabetic
drug therapy, patients who use insulin have shorter overall survival and cancer-specific survival than
patients who do not [12]. Patients with DM and high-risk stage II and stage III colon cancer experienced
a significantly higher rate of overall mortality and cancer recurrence [13]. In addition, an optimal
glycemic control level was recommended as an HbA1c of 7.8% or below for colon cancer patients
with DM [14]. In a study, 520 CRC patients were classified into two groups according to their blood
sugar levels (=110 or <110 mg/dL). In addition to these cohort studies, in this review, we discuss the
relationship between DM and CRC based on their biological biomarkers.

2. MicroRNA

MicroRNAs (miRNAs), about 21–24 nucleotides in length, are non-coding RNAs playing important
functions in cell differentiation, development, regulation of cell cycle, and apoptosis [15]. They also
act either as tumor suppressors or oncogenes and play a role in tumorigenesis by regulating some
oncogenes and tumor suppressor genes [16]. On the contrary, miRNAs are also regulated by tumor
suppressor genes and oncogenes [17]. The first miRNA was discovered in the 1990s while studying
the nematode Caenorhabditis elegans regarding the gene lin-14 [18]. miRNA can regulate mRNA by
binding to 3′-untranslated regions, and it has been estimated that miRNAs may regulate up to 30% of
the protein-coding genes in the human genome [15,19].

The biogenesis of miRNA is categorized into canonical and non-canonical pathways. In the
canonical biogenesis pathway, a primary miRNA transcript (pri-miRNA) is cleaved by the endoRNase
Drosha to excise the precursor miRNA (pre-miRNA). The nuclear RNase III Drosha cleaves pri-miRNAs
to release pre-miRNAs that are cut by the cytoplasmic RNase III Dicer to process into mature
miRNAs [20,21]. Many non-canonical miRNA biogenesis pathways have been elucidated, that use
different combinations of the proteins involved in the canonical pathway. In general, the non-canonical
pathways are grouped into Drosha/DGCR8-independent and Dicer-independent pathways [21].
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miRNAs are especially involved in the initiation and progression of cancers and are useful
biomarkers for different cancers [22–30]. In addition to cancer, miRNAs also contribute to other
diseases including neurological diseases and inflammation such as amyotrophic lateral sclerosis [31,32],
Parkinson’s disease [32,33], and anti-NMDA receptor encephalitis [34–36]. Additionally, miRNA can be
used to explore the association between diseases or between disease and vaccination [37–39]. There are
many miRNA biomarkers discovered for DM and CRC, respectively. miRNAs are also discovered to be
associated with both DM and CRC. Obesity is associated with insulin resistance that is a risk factor for
CRC, and miRNAs are found to be similarly dysregulated in obesity, insulin resistance, and CRC [40].
In the next section, we discuss their common miRNAs.

3. MicroRNA Biomarkers

The association between DM and CRC based on their miRNA biomarkers are discussed in this
section. I collected miRNA biomarkers of DM and CRC from the literature, respectively, and then
found the common miRNA biomarkers for both diseases. Since there are many common miRNA
biomarkers for both diseases, in this review, I discuss some of these common miRNA biomarkers and
list them in Table 1.

Restoration of miR-92a levels in CD34(+) cells from DM patients with diabetic retinopathy reduced
the inflammatory phenotype of these cells which suggested that restoring levels of miR-92a could
enhance the usefulness of CD34(+) cells in autologous cell therapy [41]. Overexpression of miR-92a
reduced insulin expression while inhibition of miR-92a expression promoted insulin expression and
ultimately enhanced glucose-induced insulin secretion [42]. miR-92a targeted the anti-apoptotic
molecule BCL-2-interacting mediator of cell death in colon cancer tissues [43]. The serum expression
level of miR-766 was lower in patients with type 2 DM, compared with those of healthy subjects [44].
Structured exercises are of great benefit for type 2 DM patients. Compared with baseline, the
post-training level of miR-766-3p was significantly up-regulated in a study of 24 selected patients
randomized to aerobic or resistance training protocols [45]. The overexpression of miR-766 reduced
cell growth in colon cancer cells through suppression of the MDM4/p53 pathway. On the contrary,
the downregulation of miR-766 promoted cell growth in colon cancer cells [46]. 5-Fluorouracil (5-FU)
is a classic chemotherapeutic drug for CRC treatment. miR-96 may modulate 5-FU sensitivity in CRC
cells [47]. miR-96 promotes the pathogenesis of hepatic insulin resistance resulted from saturated
fatty acids or obesity [48]. The up-regulation of miR-96 contributes to the development of insulin
resistance by targeting insulin receptor substrate 1 (IRS-1) in SK-Hep1 cells [49]. Circulating miR-100
was significantly lower in obese normoglycemic subjects and subjects with type 2 DM [50]. miR-100-5p
was dysregulated in type 1 DM patients compared to controls [51]. miR-100 plays a tumor suppressor
role by regulating CRC cell growth and invasion phenotype [52].

Restoration of miR-365 expression inhibited cell cycle progression and promoted 5-FU-induced
apoptosis in colon cancer cell lines [53]. The inhibition of miR-365 led to an increase of Timp3.
Both miR-365 and Timp3 may represent potential therapeutic targets for the treatment of DR [54].
miR-365a-3p was showed to have a very significant correlation with hyperglycemia levels [55].
The increased miR-365 in glyoxal-treated rat Müller cell line is involved in DR through the
miR-365/Timp3 pathway and oxidative stress mechanism [56]. The miR-378 expression profile was
significantly higher in type 1 DM patients compared with the controls [57]. miR-378-5p down-regulated
BRAF in CRC cells [34]. In an analysis of associations between miRNA expression and titers of
islet autoantibodies (GADA, IA2A, IAA and the three variants of ZnT8A: Trp/Arg/Glt), GADA titers
correlated positively to miR-378a-3p, IA2A correlated negatively to miR-378a-3p and ZnT8A (Trp)
correlated negatively to miR-378a-3p [58]. CRC patients with a high tumor miR-18a level tend to have
a quicker recurrence after surgery, compared to patients with a low tumor miR-18a level [59]. miR-18a
in peripheral blood mononuclear cells may be an important marker of stress reaction and may play a
role in vulnerability to type 2 DM as well as insulin resistance. The degrees of insulin resistance was
measured using the homeostasis model assessment of insulin resistance (HOMA-IR) in a study of
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three groups of study subjects were involved, including type 2 DM patients, impaired fasting glucose
(IFG) individuals, and healthy controls. The increased levels of miR-18a were associated with the
risk of type 2 DM and IFG and miR-18a was an independent positive predictor of HOMA-IR [60].
miR-18a-3p was associated with hemoglobin A1c (HbA1c) levels [61]. Overexpression of miR-125a-5p
inhibited cell proliferation and induced apoptosis in colon cancer cells [62]. The miR-125a-5p level
is decreased in livers of type 2 DM rats and mice [63]. miR-125a is over-expressed in insulin target
tissues in a spontaneous rat model of type 2 DM [64]. miR-125b may promote apoptosis in CRC cell
lines by suppressing the anti-apoptotic molecules of the BCL-2 family [65]. Up-regulated miR-125b-5p
promotes insulin sensitivity and enhances pancreatic β-cell function through inhibiting the JNK
signaling pathway by negatively mediating DACT1 [66]. The expression level of miR-125b was
elevated in peripheral blood mononuclear cell samples from patients with type 2 DM [67]. High levels
of miR-125b are associated with HbA1c in prediabetic, type 2 DM, and type 1 DM [68]. miR-200c
functions as an oncogene in colon cancer cells by regulating tumor cell apoptosis, survival, invasion,
and metastasis [69]. miR-200c is a mediator of diabetic endothelial dysfunction and inhibition of
miR-200c rescues endothelium-dependent relaxations in diabetic mice [70]. miR-200c-3p was positively
correlated with HbA1c [55].

miR-206 may inhibit cell proliferation by arresting the colon cancer tumor cells at the G1/G0 phase
and accelerating apoptosis [71]. The upregulation of miR-206 inhibited cancer cell proliferation and
activated apoptosis in colon cell lines by targeting NOTCH3 [72]. miRNA-206 is a potent inhibitor of
lipid and glucose production by simultaneously facilitating insulin signaling and impairing hepatic
lipogenesis [73].

Glucokinase (GK) is rate-limiting for glucose-stimulated insulin secretion (GSIS) from pancreatic
islets. The loss of miR-206 increases GK activity in islets and liver, leading to improved glucose
tolerance and GSIS [74]. Overexpression of miR-210 induces apoptosis in CRC that is associated with
an upregulation of pro-apoptotic Bim expression and Caspase 2 processing [75]. miR-210 derived from
adipose tissue macrophages promotes mouse obese diabetes pathogenesis by regulating glucose uptake
and mitochondrial complex IV activity [76]. Downregulation of miR-23a promoted cell apoptosis
in microsatellite instability (MSI) CRC cells treated with 5-FU. miR-23a, targeting ABCF1, enhances
5-FU resistance in MSI CRC cells [77]. The results of the qRT-PCR assessment showed that the levels
of miR-23a significantly declined in type 2 DM patients compared with pre-diabetes patients [78].
miR-23a-3p was decreased in impaired glucose tolerance compared to normal glucose tolerance [79].

miR-129-5p was significantly overexpressed in Langerhans islets transplantation patients [80].
The expression of miR-129 was significantly downregulated in CRC tissue specimens compared with
the paired normal control samples [81]. Glucose up-regulated miR-218 expression, and miR-218 could
inhibit the proliferation and facilitate the apoptosis of human RPE cells by targeting runt-related
transcription factor 2 [82]. Syntaxin-binding protein 1 (Stxbp1) plays an essential role in exocytosis and
is crucial for insulin secretion. Stxbp1 was downregulated by miR-218 [83]. miR-218 was revealed
to inhibit adiponectin-induced AMP-activated protein kinase (AMPK) and p38 mitogen-activated
protein kinase (MAPK) activation and glucose uptake in HepG2 cells [84]. There is a higher urinary
exosomal miR-218 expression in type 1 DM in children than in healthy controls [85]. miR-218 was
decreased while c-FLIP expression was elevated in human colon cancer tissues [86]. miR-195-5p
expression was significantly increased in serum samples from gestational DM patients as compared
with that in healthy pregnancies [3]. miR-195 regulates sirtuin 1 (SIRT1)-mediated tissue damage in
diabetic retinopathy [87]. Knockdown of miR-195 increased myocardial capillary density and improved
maximal coronary blood flow in diabetic mice [88]. miR-195 promotes apoptosis in colorectal cancer
cell lines by targeting antiapoptotic Bcl-2 [89]. Bcl-X(L) is regulated by miR-491 in CRC cells, and it
suggests a therapeutic potential of miRNAs for treating CRC by targeting Bcl-X(L) [90]. miR-491-5p is
differently expressed between DM and DKD patients [91]. miR-7 was significantly elevated in the type
2 DM patients and the type 2 DM-associated microvascular complications patients when compared
with the controls [92]. Pancreatic β-cell failure underlay the progression of all forms of DM, and miR-7
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acted as a brake on adult β-cell proliferation [93]. miR-7 was downregulated in CRC cell lines, and
targeted the 3′ untranslated region of XRCC2 [94]. miR-148a suppressed the expression of Bcl-2 at the
posttranscriptional level that leaded to activation of an intrinsic mitochondrial pathway and tumor
apoptosis in CRC [95]. miR-148a-3p was dysregulated in type 1 DM patients compared to controls [51].
miR-148a-3p was associated with glucose levels and HbA1c levels [61]. An increased expression of
miR-148a was observed in sera of type 1 DM patients compared with non-diabetic subjects [96].

miR-708 was significantly downregulated in CRC tissues and cell lines by targeting ZEB1 through
AKT/mTOR signaling pathway [97]. miR-708 was identified as the most upregulated miRNA in
islets cultured at low glucose concentrations [98]. Neuronatin might be a potential glucose-regulated
target of miR-708 and miR-708 overexpression impaired GSIS, which was recovered by Neuronatin
overexpression [98]. miR-182 might be a potential target for the treatment of diabetic sensory
nerve regeneration because it was a key regulator in diabetic corneal nerve regeneration through
targeting NOX4 [99]. Loss of miR-182 led to muscle fiber-type switching and impaired glucose
metabolism [100]. miR-182 is related to insulin resistance by modulating FOXO1 and PI3K/AKT
cascade [101]. An increased miR-182 expression may suppress the apoptotic pathway, promote cell
proliferation, and confer aggressive traits on CRC cells [102]. miR-34a promotes apoptosis in the CRC
cell line by targeting SIRT1 [103]. The expression levels of miR-34a were elevated in peripheral blood
mononuclear cell samples from patients with type 2 DM [67]. The level of miR-34a-5p decreased in
peripheral blood samples of type 2 DM patients compared with controls [104]. Ectopic expression of
miR-133b inhibited CRC cell proliferation and caused cell cycle arrest in the G1 phase [105]. miR-133b
is differently expressed between DM and DKD patients [91]. The expression levels of miR-133b were
markedly depressed in the diabetic cardiomyocytes [106]. miR-145-5p was associated with survival
for colon cancer patients [43]. Lentivirus-mediated miR-145 overexpression inhibited macrophage
infiltration and improved glucose metabolism in db/db mice [107]. A study was performed to evaluate
phenotype and function in vascular smooth muscle cells (SMC) cultured from non-diabetic and type 2
DM patients. Aberrant expression of miR-143/145 induced a distinct saphenous vein SMC phenotype
in patients with type 2 DM [108]. miR-143 significantly reduces human colon cancer cell xenograft
growth in vivo [109]. miR-143 impairs the insulin-AKT pathway, resulting in insulin tolerance and
progression to type 2 DM [86].

miR-342 was dysregulated in type 1 DM patients compared to controls [51]. miR-342 reconstitution
resulted in a marked increase in apoptosis in CRC cells [110]. Overexpression of miR-26b led to the
significant suppression of the cell growth, and the inhibition of CRC growth in vivo [109]. miR-26b-5p
was significantly different between ectosomes obtained from patients with type 2 DM and those
obtained from healthy controls [111]. miR-26b-5p was found significantly downregulated following
metformin treatments in patients with type 2 DM [112]. MiR-26b accelerated the progression of
gestational DM by inhibiting the PI3K/Akt signaling pathway [113]. Re-expression of APC causes
apoptosis in colon cancer by downregulating miR-135b [114]. Both in vitro and in vivo, the expression
of miR-135b decreased in retinal cells under hyperglycemia exposure and increased in the DM
retina [115]. miR-22 inhibited autophagy and promoted apoptosis to increase the sensitivity of CRC
cells to 5-FU treatment both in vitro and in vivo [116]. The expression of miR-22 was increased
in type 1 DM patients compared to the controls [117]. miR-22-3p antagonism improved glucose
tolerance and insulin sensitivity [118]. miR-532-3p was downregulated both in colorectal adenoma
and CRC [119]. DM leads to the downregulation of miR-532-3p expression in the skeletal muscle
of male rats [120]. miR-532-3p was highly upregulated in male DM rats [121]. The expression level
of miR-20a was associated with tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) in
CRC [122]. miR-20a-5p was significantly decreased in women with gestational DM compared with
controls [123]. miR-20a was up-regulated in type 2 DM patients with non-alcoholic fatty liver disease
(NAFLD) complicated compared to those without NAFLD [124].

PPARα was shown to be downregulated in the diabetic retina, which contributes to the
pathogenesis of DR [125]. miR-21 targeted PPARα by inhibiting its mRNA translation and knockout of
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miR-21 prevented the decrease of PPARα and reduced cell apoptosis in the retina of db/db mice [126].
DKD patients with type 2 DM had higher urinary exosomal levels of miR-21-5p compared with type 2
DM patients with normal renal function [127]. Serum levels of miR-21-5p were increased in type 1
DM patients [96]. miR-21 may play an important role in the 5-FU resistance of colon cancer cells [128].
The down-regulation of the mismatch repair mutator gene associated with miR-21 overexpression may
be an important indicator of therapeutic efficacy in CRC [129]. Anti-miR-21 mimics RhoB expression
in inhibiting cell growth and invasion and inducing apoptosis of CRC cells [130].

Table 1. miRNAs related to Diabetes and Colorectal Cancer.

miRNA Diabetes Reference Colorectal Cancer
Reference

miR-92a [41,42] [43,137]
miR-766 [44,45] [46]
miR-21 [96,112,126,127,138,139] [43,128–130,140–142]
miR-96 [48,49] [47,140]
miR-17 [122,131] [43,132]
miR-100 [50,51] [52]
miR-365 [54–56,143] [53,141]
miR-378 [57,58,144,145] [34]
miR-18a [60,61,143,146] [59,147]

miR-125a [63,64] [62]
miR-125b [66–68,148] [65]
miR-10b [58,133] [134]
miR-200c [55,70] [69]
miR-206 [73,74,149] [71,72,150]
miR-210 [51,76,151] [75]
miR-23a [78,79] [77,152]
miR-129 [80] [81]
miR-218 [82–85] [86,153]
miR-195 [3,87,88] [43,89]
miR-491 [91,154] [90]

miR-7 [92,93] [94]
miR-148a [51,61,96] [95]
miR-708 [54,98,155] [97]
miR-182 [99–101] [102]
miR-34a [67,104] [103,156]

miR-133b [91,106] [105]
miR-145 [107,108,157] [43,105]
miR-143 [86,108,158] [109,159]
miR-342 [51] [110,160]
miR-26b [111–113] [109]

miR-135b [115] [114]
miR-196b [136] [43,135]

miR-22 [117,118,161] [116]
miR-532 [120,121,162] [119]
miR-20a [123,124] [122]

A significant decrease in serum miR-17-3p in each of 30 nonproliferative diabetic retinopathy
patients and 20 proliferative diabetic retinopathy patients when compared with healthy controls [131].
miR-17-5p can target and affect mitogen-activated protein kinases (MAPK) protein levels under high
glucose conditions [122]. miR-17-5p had direct associations with BIRC5 for all CRC and increased
expression of miR-17-5p, in carcinoma tissue improved survival [43]. Patients whose CRC tumors
had high miR-17-5p expression had shorter overall survival rates but showed a better response to
adjuvant chemotherapy than patients whose tumors had low miR-17-5p expression [132]. Insulin
autoantibodies were negatively associated to miR-10b-5p [58]. miR-10b targeted components of
the insulin signaling pathway [133]. Vitro studies showed the overexpression of miR-10b led to
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chemoresistance in CRC cells to 5-FU [134]. Anti-miR-196b increased apoptosis in CRC cell lines
by upregulating FAS expression [135]. miR-196b-5p expression increased in serum and kidney of
patients with DKD and miR-196b-5p-enriched extracellular vesicles mediated aldosterone-induced
renal fibrosis in mice with DM [136].

The references for these common miRNA biomarkers of both diseases are presented in Table 1.
In addition to these common miRNA biomarkers, DM and CRC have shared other miRNA biomarkers
that we did not list in this review. It has been known that there is a strong relationship between these
two diseases from the literature. This review provides their common miRNA biomarkers that may
help gain a better understanding of the linking mechanism of DM and CRC.

4. Discussion

DM is caused by abnormalities of both insulin and glucose, and both are related to cancer cell
proliferation. In addition to the common genetic factors such as miRNA, other common risk factors
may contribute to the occurrence of both diseases such as obesity, sedentary behavior, western diet,
and metabolic syndrome. An increased risk was observed for DM patients being obese for a total
duration of 4 years or more [163]. The occurrence of obesity measured based on body mass index (BMI)
in the colorectal adenoma positive patient group was significantly higher than the control group [164].
A sedentary lifestyle, obesity, and a Westernized diet have been implicated in the etiology of both
CRC and non-insulin-dependent DM [165]. Sedentary behavior is associated with an increased risk of
colon cancer and reducing sedentary behavior is potentially important for the prevention of CRC [166].
Risk factors such as sedentary lifestyle, obesity, Western diet, and metabolic syndrome are common in
both type 2 DM and CRC [167]. These common risk factors for both DM and CRC are given in Figure 1.
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Another evidence to link DM and CRC through the role of miRNAs can be discussed from the
function of mitochondria. Mitochondria are the key regulator of glucose-stimulated insulin secretion
in the pancreatic β-cells. Most of the adenosine triphosphate (ATP) synthesized during glucose
metabolism is produced in the mitochondria. Mitochondrial dysfunction was suggested to play a key
role in the pathophysiology of DM [168]. Some miRNAs were discovered to localize in mitochondria
that are named as mitomiRs whether transcribed from the nuclear or the mitochondrial genome [169].
The identification of miRNAs in the mitochondria raised researchers’ interest to investigate the
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biological functions of mitomiRs. mitomiRs were discovered to influence various metabolic pathways
such as tricarboxylic acid, lipid metabolism, and amino acid metabolism. These mitochondrial
metabolic pathways are actively involved in energy metabolism during type 2 DM [170]. Glucose
metabolism in human cells can be divided into two parts, which are oxidative phosphorylation
(OXPHOS) and glycolysis in the cytosol in mitochondria [41]. Mitochondria in tumor cells are also
responsible for the maintenance of cancer proliferation. miRNAs play a potential role in CRC cell
metabolism related to mitochondria. Overexpression of miR-23a in CRC cells promoted the activation
of pyruvate dehydrogenase (PDH) involved in OXPHOS to generate sufficient ATP for tumor cell
proliferation [171]. miR-210 was shown to suppress mitochondrial respiration in CRC cells under the
hypoxic condition [172]. miR-27a facilitates mitochondrial activity and glycolysis as well as promoting
drug resistance in CRC cells [173].

Since both diseases are related, there have been studies investigating common medicine for both
diseases. Metformin, an agent used in DM therapy, can increase insulin sensitivity. This fact suggested
that metformin might have cancer growth inhibition potential and might be used as an anti-CRC
agent. In a study of nearly 5000 patients with CRC and DM, it showed that the use of metformin was
associated with improved survival relative to patients treated with other therapies for their DM [174].
Another study showed that CRC patients with DM, excluding those taking metformin, might have a
worse CRC prognosis. The use of metformin, especially in the stage IV CRC population, might have a
lower risk of dying [175]. However, in postmenopausal women with CRC and DM, no statistically
significant difference was shown in CRC-specific survival in those who used metformin compared to
non-users [176].

5. Conclusions

In this study, we review miRNAs that contribute to both DM and CRC. There are more common
miRNA biomarkers than the miRNAs discussed in this paper for DM and CRC. Investigating these
common miRNAs may shed a light on how these two diseases are correlated. The relationship between
DM and CRC has been discussed in many cohort studies. It is important to explore this issue based
on the molecular mechanism as well as clinical data analysis. Since both diseases share common
risk factors, more understanding of the link between these two diseases can help the prevention of
these diseases.

Funding: This work was supported by the Ministry of Science and Technology 107-2118-M-009-002-MY2, Taiwan.

Conflicts of Interest: The author declares no conflict of interest.

References

1. American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes Care 2013,
36 (Suppl. 1), S67–S74. [CrossRef]

2. Centers for Disease Control and Prevention. National Diabetes Statistics Report, 2020; Centers for Disease
Control and Prevention, US Department of Health and Human Services: Atlanta, GA, USA, 2020.

3. Wang, J.P.; Pan, Y.Y.; Dai, F.; Wang, F.; Qiu, H.F.; Huang, X.P. Serum miR-195-5p is upregulated in gestational
diabetes mellitus. J. Clin. Lab. Anal. 2020, e23325. [CrossRef]

4. Morrison, J.L.; Hodgson, L.A.; Lim, L.L.; Al-Qureshi, S. Diabetic retinopathy in pregnancy: A review.
Clin. Exp. Ophthalmol. 2016, 44, 321–334. [CrossRef]

5. Pearsall, E.A.; Cheng, R.; Matsuzaki, S.; Zhou, K.; Ding, L.; Ahn, B.; Kinter, M.; Humphries, K.M.;
Quiambao, A.B.; Farjo, R.A.; et al. Neuroprotective effects of PPARalpha in retinopathy of type 1 diabetes.
PLoS ONE 2019, 14, e0208399. [CrossRef]

6. Alicic, R.Z.; Rooney, M.T.; Tuttle, K.R. Diabetic Kidney Disease: Challenges, Progress, and Possibilities.
Clin. J. Am. Soc. Nephrol. 2017, 12, 2032–2045. [CrossRef]

7. Giovannucci, E.; Harlan, D.M.; Archer, M.C.; Bergenstal, R.M.; Gapstur, S.M.; Habel, L.A.; Pollak, M.;
Regensteiner, J.G.; Yee, D. Diabetes and cancer: A consensus report. Diabetes Care 2010, 33, 1674–1685.
[CrossRef] [PubMed]

http://dx.doi.org/10.2337/dc13-S067
http://dx.doi.org/10.1002/jcla.23325
http://dx.doi.org/10.1111/ceo.12760
http://dx.doi.org/10.1371/journal.pone.0208399
http://dx.doi.org/10.2215/CJN.11491116
http://dx.doi.org/10.2337/dc10-0666
http://www.ncbi.nlm.nih.gov/pubmed/20587728


Biomedicines 2020, 8, 530 9 of 17

8. Bhandari, A.; Woodhouse, M.; Gupta, S. Colorectal cancer is a leading cause of cancer incidence and
mortality among adults younger than 50 years in the USA: A SEER-based analysis with comparison to other
young-onset cancers. J. Investig. Med. 2017, 65, 311–315. [CrossRef] [PubMed]

9. Xie, Y.-H.; Chen, Y.-X.; Fang, J.-Y. Comprehensive review of targeted therapy for colorectal cancer.
Signal Transduct. Target. Ther. 2020, 5, 1–30. [CrossRef] [PubMed]

10. Zhu, B.; Wu, X.M.; Wu, B.; Pei, D.; Zhang, L.; Wei, L.X. The relationship between diabetes and colorectal
cancer prognosis: A meta-analysis based on the cohort studies. PloS ONE 2017, 12. [CrossRef] [PubMed]

11. Mills, K.T.; Bellows, C.F.; Hoffman, A.E.; Kelly, T.N.; Gagliardi, G. Diabetes mellitus and colorectal cancer
prognosis: A meta-analysis. Dis. Colon Rectum 2013, 56, 1304–1319. [CrossRef]

12. Chen, K.H.; Shao, Y.Y.; Lin, Z.Z.; Yeh, Y.C.; Shau, W.Y.; Kuo, R.N.; Chen, H.M.; Lai, C.L.; Yeh, K.H.; Cheng, A.L.;
et al. Type 2 Diabetes Mellitus Is Associated With Increased Mortality in Chinese Patients Receiving Curative
Surgery for Colon Cancer. Oncologist 2014, 19, 951–958. [CrossRef]

13. Meyerkardt, J.A.; Catalano, P.J.; Haller, D.G.; Mayer, R.J.; Macdonald, J.S.; Benson, A.B.; Fuchs, C.S. Impact of
diabetes mellitus on outcomes in patients with colon cancer. J. Clin. Oncol. 2003, 21, 433–440. [CrossRef]

14. Lee, S.J.; Kim, J.H.; Park, S.J.; Ock, S.Y.; Kwon, S.K.; Choi, Y.S.; Kim, B.K. Optimal glycemic target level for
colon cancer patients with diabetes. Diabetes Res. Clin. Pr. 2017, 124, 66–71. [CrossRef] [PubMed]

15. Felekkis, K.; Touvana, E.; Stefanou, C.; Deltas, C. microRNAs: A newly described class of encoded molecules
that play a role in health and disease. Hippokratia 2010, 14, 236. [PubMed]

16. Farazi, T.A.; Hoell, J.I.; Morozov, P.; Tuschl, T. MicroRNAs in human cancer. Adv. Exp. Med. Biol. 2013, 774,
1–20. [CrossRef] [PubMed]

17. Zhou, K.C.; Liu, M.X.; Cao, Y. New Insight into microRNA Functions in Cancer: Oncogene-microRNA-Tumor
Suppressor Gene Network. Front Mol. Biosci. 2017, 4. [CrossRef] [PubMed]

18. Lee, R.; Feinbaum, R.; Ambros, V. elegans heterochronic gene lin-4 encodes small RNAs with antisense
complementarity to lin-14. Cell 1993, 75, 843–854. [CrossRef]

19. Lewis, B.P.; Burge, C.B.; Bartel, D.P. Conserved seed pairing, often flanked by adenosines, indicates that
thousands of human genes are microRNA targets. Cell 2005, 120, 15–20. [CrossRef]

20. De Rie, D.; Abugessaisa, I.; Alam, T.; Arner, E.; Arner, P.; Ashoor, H.; Astrom, G.; Babina, M.; Bertin, N.;
Burroughs, A.M.; et al. An integrated expression atlas of miRNAs and their promoters in human and mouse.
Nat. Biotechnol. 2017, 35, 872–878. [CrossRef]

21. O’Brien, J.; Hayder, H.; Zayed, Y.; Peng, C. Overview of MicroRNA Biogenesis, Mechanisms of Actions, and
Circulation. Front Endocrinol. (Lausanne) 2018, 9, 402. [CrossRef]

22. Peng, Y.; Croce, C.M. The role of MicroRNAs in human cancer. Signal Transduct Target Ther. 2016, 1, 15004.
[CrossRef] [PubMed]

23. Jansson, M.D.; Lund, A.H. MicroRNA and cancer. Mol. Oncol. 2012, 6, 590–610. [CrossRef] [PubMed]
24. Calin, G.A.; Dumitru, C.D.; Shimizu, M.; Bichi, R.; Zupo, S.; Noch, E.; Aldler, H.; Rattan, S.; Keating, M.;

Rai, K. Frequent deletions and down-regulation of micro-RNA genes miR15 and miR16 at 13q14 in chronic
lymphocytic leukemia. Proc. Natl. Acad. Sci. USA 2002, 99, 15524–15529. [CrossRef] [PubMed]

25. Galka-Marciniak, P.; Urbanek-Trzeciak, M.O.; Nawrocka, P.M.; Dutkiewicz, A.; Giefing, M.;
Lewandowska, M.A.; Kozlowski, P. Somatic Mutations in miRNA Genes in Lung Cancer-Potential Functional
Consequences of Non-Coding Sequence Variants. Cancers (Basel) 2019, 11, 793. [CrossRef]

26. Xian, Q.J.; Zhao, R.L.; Fu, J.J. MicroRNA-527 Induces Proliferation and Cell Cycle in Esophageal Squamous
Cell Carcinoma Cells by Repressing PH Domain Leucine-Rich-Repeats Protein Phosphatase 2. Dose-Response
2020, 18. [CrossRef]

27. Chen, X.H.; Zhang, Z.X.; Ma, Y.; Su, H.X.; Xie, P.; Ran, J.T. LINC02381 Promoted Cell Viability and Migration
via Targeting miR-133b in Cervical Cancer Cells. Cancer Manag. Res. 2020, 12, 3971–3979. [CrossRef]

28. Zhang, B.; Lin, Y.; Bao, Q.F.; Zheng, Y.T.; Lan, L. MiR-1193 Inhibits the Malignancy of Cervical Cancer Cells
by Targeting Claudin 7 (CLDN7). Oncotargets Ther. 2020, 13, 4349–4358. [CrossRef]

29. Yu, C.H.; Wang, Y.; Liu, T.J.; Sha, K.F.; Song, Z.X.; Zhao, M.J.; Wang, X.L. The microRNA miR-3174
Suppresses the Expression of ADAM15 and Inhibits the Proliferation of Patient-Derived Bladder Cancer
Cells. Oncotargets Ther. 2020, 13, 4157–4168. [CrossRef]

30. Wang, H. MicroRNAs and Apoptosis in Colorectal Cancer. Int. J. Mol. Sci. 2020, 21, 5353. [CrossRef]

http://dx.doi.org/10.1136/jim-2016-000229
http://www.ncbi.nlm.nih.gov/pubmed/27864324
http://dx.doi.org/10.1038/s41392-020-0116-z
http://www.ncbi.nlm.nih.gov/pubmed/32296018
http://dx.doi.org/10.1371/journal.pone.0176068
http://www.ncbi.nlm.nih.gov/pubmed/28423026
http://dx.doi.org/10.1097/DCR.0b013e3182a479f9
http://dx.doi.org/10.1634/theoncologist.2013-0423
http://dx.doi.org/10.1200/JCO.2003.07.125
http://dx.doi.org/10.1016/j.diabres.2016.12.009
http://www.ncbi.nlm.nih.gov/pubmed/28107755
http://www.ncbi.nlm.nih.gov/pubmed/21311629
http://dx.doi.org/10.1007/978-94-007-5590-1_1
http://www.ncbi.nlm.nih.gov/pubmed/23377965
http://dx.doi.org/10.3389/fmolb.2017.00046
http://www.ncbi.nlm.nih.gov/pubmed/28736730
http://dx.doi.org/10.1016/0092-8674(93)90529-Y
http://dx.doi.org/10.1016/j.cell.2004.12.035
http://dx.doi.org/10.1038/nbt.3947
http://dx.doi.org/10.3389/fendo.2018.00402
http://dx.doi.org/10.1038/sigtrans.2015.4
http://www.ncbi.nlm.nih.gov/pubmed/29263891
http://dx.doi.org/10.1016/j.molonc.2012.09.006
http://www.ncbi.nlm.nih.gov/pubmed/23102669
http://dx.doi.org/10.1073/pnas.242606799
http://www.ncbi.nlm.nih.gov/pubmed/12434020
http://dx.doi.org/10.3390/cancers11060793
http://dx.doi.org/10.1177/1559325820928687
http://dx.doi.org/10.2147/CMAR.S237285
http://dx.doi.org/10.2147/OTT.S247115
http://dx.doi.org/10.2147/OTT.S246710
http://dx.doi.org/10.3390/ijms21155353


Biomedicines 2020, 8, 530 10 of 17

31. Rizzuti, M.; Filosa, G.; Melzi, V.; Calandriello, L.; Dioni, L.; Bollati, V.; Bresolin, N.; Comi, G.P.; Barabino, S.;
Nizzardo, M. MicroRNA expression analysis identifies a subset of downregulated miRNAs in ALS motor
neuron progenitors. Sci. Rep. 2018, 8, 1–12. [CrossRef]

32. Taguchi, Y.H.; Wang, H. Exploring microRNA Biomarker for Amyotrophic Lateral Sclerosis. Int. J. Mol. Sci.
2018, 19, 1318. [CrossRef]

33. Goh, S.Y.; Chao, Y.X.; Dheen, S.T.; Tan, E.K.; Tay, S.S. Role of MicroRNAs in Parkinson’s Disease. Int. J.
Mol. Sci. 2019, 20, 5649. [CrossRef] [PubMed]

34. Zhang, J.; Xu, X.; Zhao, S.; Gong, Z.; Liu, P.; Guan, W.; He, X.; Wang, T.; Peng, T.; Teng, J.; et al. The Expression
and Significance of the Plasma Let-7 Family in Anti-N-methyl-D-aspartate Receptor Encephalitis. J. Mol.
Neurosci. 2015, 56, 531–539. [CrossRef] [PubMed]

35. Wang, H. Efficacies of treatments for anti-NMDA receptor encephalitis. Front Biosci. (Landmark Ed.) 2016, 21,
651–663. [CrossRef] [PubMed]

36. Wang, H. Anti-NMDA Receptor Encephalitis: Efficacy of Treatment for Male Patients and miRNA Biomarker.
Curr. Med. Chem. 2018. [CrossRef] [PubMed]

37. Wang, H. Anti-NMDA receptor encephalitis and vaccination. Int. J. Mol. Sci. 2017, 18, 193. [CrossRef]
[PubMed]

38. Chen, Y.-H.; Wang, H. The Association Between Depression and Gastroesophageal Reflux Based on
Phylogenetic Analysis of miRNA Biomarkers. Curr. Med. Chem. 2020, 27, 6536–6547. [CrossRef]

39. Wang, H. Phylogenetic Analysis to Explore the Association Between Anti-NMDA Receptor Encephalitis and
Tumors Based on microRNA Biomarkers. Biomolecules 2019, 9, 572. [CrossRef]

40. Cirillo, F.; Catellani, C.; Sartori, C.; Lazzeroni, P.; Amarri, S.; Street, M.E. Obesity, Insulin Resistance, and
Colorectal Cancer: Could miRNA Dysregulation Play a Role? Int. J. Mol. Sci. 2019, 20, 922. [CrossRef]

41. Bhatwadekar, A.D.; Yan, Y.; Stepps, V.; Hazra, S.; Korah, M.; Bartelmez, S.; Chaqour, B.; Grant, M.B. miR-92a
Corrects CD34+ Cell Dysfunction in Diabetes by Modulating Core Circadian Genes Involved in Progenitor
Differentiation. Diabetes 2015, 64, 4226–4237. [CrossRef]

42. Setyowati Karolina, D.; Sepramaniam, S.; Tan, H.Z.; Armugam, A.; Jeyaseelan, K. miR-25 and miR-92a
regulate insulin I biosynthesis in rats. RNA Biol. 2013, 10, 1365–1378. [CrossRef] [PubMed]

43. Slattery, M.L.; Mullany, L.E.; Sakoda, L.C.; Wolff, R.K.; Samowitz, W.S.; Herrick, J.S. Dysregulated genes
and miRNAs in the apoptosis pathway in colorectal cancer patients. Apoptosis 2018, 23, 237–250. [CrossRef]
[PubMed]

44. Yang, Z.M.; Chen, L.H.; Hong, M.; Chen, Y.Y.; Yang, X.R.; Tang, S.M.; Yuan, Q.F.; Chen, W.W. Serum
microRNA profiling and bioinformatics analysis of patients with type 2 diabetes mellitus in a Chinese
population. Mol. Med. Rep. 2017, 15, 2143–2153. [CrossRef] [PubMed]

45. Olioso, D.; Dauriz, M.; Bacchi, E.; Negri, C.; Santi, L.; Bonora, E.; Moghetti, P. Effects of Aerobic and
Resistance Training on Circulating Micro-RNA Expression Profile in Subjects With Type 2 Diabetes. J. Clin.
Endocrinol. Metab. 2019, 104, 1119–1130. [CrossRef]

46. Chen, W.; Cai, G.; Liao, Z.; Lin, K.; Li, G.; Li, Y. miRNA-766 induces apoptosis of human colon cancer cells
through the p53/Bax signaling pathway by MDM4. Exp. Ther. Med. 2019, 17, 4100–4108. [CrossRef]

47. Kim, S.-A.; Kim, I.; Yoon, S.K.; Lee, E.K.; Kuh, H.-J. Indirect modulation of sensitivity to 5-fluorouracil by
microRNA-96 in human colorectal cancer cells. Arch. Pharmacal Res. 2015, 38, 239–248. [CrossRef] [PubMed]

48. Yang, W.M.; Min, K.H.; Lee, W. Induction of miR-96 by Dietary Saturated Fatty Acids Exacerbates Hepatic
Insulin Resistance through the Suppression of INSR and IRS-1. PLoS ONE 2016, 11. [CrossRef]

49. Jeong, H.J.; Park, S.Y.; Yang, W.M.; Lee, W. The induction of miR-96 by mitochondrial dysfunction causes
impaired glycogen synthesis through translational repression of IRS-1 in SK-Hep1 cells. Biochem. Biophys.
Res. Commun. 2013, 434, 503–508. [CrossRef]

50. Pek, S.L.T.; Sum, C.F.; Lin, M.X.; Cheng, A.K.S.; Wong, M.T.K.; Lim, S.C.; Tavintharan, S. Circulating and
visceral adipose miR-100 is down-regulated in patients with obesity and Type 2 diabetes. Mol. Cell Endocrinol.
2016, 427, 112–123. [CrossRef]

51. Assmann, T.S.; Recamonde-Mendoza, M.; De Souza, B.M.; Crispim, D. MicroRNA expression profiles and
type 1 diabetes mellitus: Systematic review and bioinformatic analysis. Endocr. Connect 2017, 6, 773–790.
[CrossRef]

52. Peng, H.; Luo, J.; Hao, H.; Hu, J.; Xie, S.-K.; Ren, D.; Rao, B. MicroRNA-100 regulates SW620 colorectal cancer
cell proliferation and invasion by targeting RAP1B. Oncol. Rep. 2014, 31, 2055–2062. [CrossRef] [PubMed]

http://dx.doi.org/10.1038/s41598-018-28366-1
http://dx.doi.org/10.3390/ijms19051318
http://dx.doi.org/10.3390/ijms20225649
http://www.ncbi.nlm.nih.gov/pubmed/31718095
http://dx.doi.org/10.1007/s12031-015-0489-6
http://www.ncbi.nlm.nih.gov/pubmed/25603816
http://dx.doi.org/10.2741/4412
http://www.ncbi.nlm.nih.gov/pubmed/26709797
http://dx.doi.org/10.2174/0929867325666180221142623
http://www.ncbi.nlm.nih.gov/pubmed/29473497
http://dx.doi.org/10.3390/ijms18010193
http://www.ncbi.nlm.nih.gov/pubmed/28106787
http://dx.doi.org/10.2174/0929867327666200425214906
http://dx.doi.org/10.3390/biom9100572
http://dx.doi.org/10.3390/ijms20122922
http://dx.doi.org/10.2337/db15-0521
http://dx.doi.org/10.4161/rna.25557
http://www.ncbi.nlm.nih.gov/pubmed/24084692
http://dx.doi.org/10.1007/s10495-018-1451-1
http://www.ncbi.nlm.nih.gov/pubmed/29516317
http://dx.doi.org/10.3892/mmr.2017.6239
http://www.ncbi.nlm.nih.gov/pubmed/28260062
http://dx.doi.org/10.1210/jc.2018-01820
http://dx.doi.org/10.3892/etm.2019.7436
http://dx.doi.org/10.1007/s12272-014-0528-9
http://www.ncbi.nlm.nih.gov/pubmed/25502560
http://dx.doi.org/10.1371/journal.pone.0169039
http://dx.doi.org/10.1016/j.bbrc.2013.03.104
http://dx.doi.org/10.1016/j.mce.2016.03.010
http://dx.doi.org/10.1530/EC-17-0248
http://dx.doi.org/10.3892/or.2014.3075
http://www.ncbi.nlm.nih.gov/pubmed/24626817


Biomedicines 2020, 8, 530 11 of 17

53. Nie, J.; Liu, L.; Zheng, W.; Chen, L.; Wu, X.; Xu, Y.; Du, X.; Han, W. microRNA-365, down-regulated in colon
cancer, inhibits cell cycle progression and promotes apoptosis of colon cancer cells by probably targeting
Cyclin D1 and Bcl-2. Carcinogenesis 2012, 33, 220–225. [CrossRef] [PubMed]

54. Grieco, G.E.; Brusco, N.; Licata, G.; Nigi, L.; Formichi, C.; Dotta, F.; Sebastiani, G. Targeting microRNAs as
a Therapeutic Strategy to Reduce Oxidative Stress in Diabetes. Int. J. Mol. Sci. 2019, 20, 6358. [CrossRef]
[PubMed]

55. Satake, E.; Pezzolesi, M.G.; Dom, Z.I.M.; Smiles, A.M.; Niewczas, M.A.; Krolewski, A.S. Circulating miRNA
Profiles Associated With Hyperglycemia in Patients With Type 1 Diabetes. Diabetes 2018, 67, 1013–1023.
[CrossRef]

56. Wang, J.; Zhang, J.P.; Chen, X.; Yang, Y.T.; Wang, F.; Li, W.Y.; Awuti, M.; Sun, Y.P.; Lian, C.P.; Li, Z.Y.;
et al. miR-365 promotes diabetic retinopathy through inhibiting Timp3 and increasing oxidative stress.
Exp. Eye Res. 2018, 168, 89–99. [CrossRef]

57. Duarte, L.; Garcia-Diaz, D.F.; Perez-Bravo, F. Body fat composition and miR-378 expression profiling in
patients with type 1 diabetes. Ann. Pediatric Endocrinol. Metab. 2020, 25, 118–125. [CrossRef]

58. Akerman, L.; Casas, R.; Ludvigsson, J.; Tavira, B.; Skoglund, C. Serum miRNA levels are related to
glucose homeostasis and islet autoantibodies in children with high risk for type 1 diabetes. PLoS ONE
2018, 13, e0191067. [CrossRef]

59. Wu, C.-W.; Dong, Y.-J.; Liang, Q.-Y.; He, X.-Q.; Ng, S.S.; Chan, F.K.; Sung, J.J.; Yu, J. MicroRNA-18a attenuates
DNA damage repair through suppressing the expression of ataxia telangiectasia mutated in colorectal cancer.
PLoS ONE 2013, 8, e57036. [CrossRef]

60. Wang, S.S.; Li, Y.Q.; Liang, Y.Z.; Dong, J.; He, Y.; Zhang, L.; Yan, Y.X. Expression of miR-18a and miR-34c in
circulating monocytes associated with vulnerability to type 2 diabetes mellitus and insulin resistance. J. Cell.
Mol. Med. 2017, 21, 3372–3380. [CrossRef]

61. Mononen, N.; Lyytikainen, L.P.; Seppala, I.; Mishra, P.P.; Juonala, M.; Waldenberger, M.; Klopp, N.; Illig, T.;
Leiviska, J.; Loo, B.M.; et al. Whole blood microRNA levels associate with glycemic status and correlate with
target mRNAs in pathways important to type 2 diabetes. Sci. Rep. 2019, 9, 8887. [CrossRef]

62. Tong, Z.; Liu, N.; Lin, L.; Guo, X.; Yang, D.; Zhang, Q. miR-125a-5p inhibits cell proliferation and induces
apoptosis in colon cancer via targeting BCL2, BCL2L12 and MCL1. Biomed. Pharmacother. 2015, 75, 129–136.
[CrossRef] [PubMed]

63. Xu, L.; Li, Y.; Yin, L.H.; Qi, Y.; Sun, H.J.; Sun, P.Y.; Xu, M.; Tang, Z.Y.; Peng, J.Y. miR-125a-5p ameliorates
hepatic glycolipid metabolism disorder in type 2 diabetes mellitus through targeting of STAT3. Theranostics
2018, 8, 5593–5609. [CrossRef] [PubMed]

64. Herrera, B.M.; Lockstone, H.E.; Taylor, J.M.; Wills, Q.F.; Kaisaki, P.J.; Barrett, A.; Camps, C.; Fernandez, C.;
Ragoussis, J.; Gauguier, D.; et al. MicroRNA-125a is over-expressed in insulin target tissues in a spontaneous
rat model of Type 2 Diabetes. BMC Med. Genom. 2009, 2. [CrossRef]

65. Gong, J.; Zhang, J.; Li, B.; Zeng, C.; You, K.; Chen, M.; Yuan, Y.; Zhuang, S. MicroRNA-125b promotes
apoptosis by regulating the expression of Mcl-1, Bcl-w and IL-6R. Oncogene 2013, 32, 3071–3079. [CrossRef]
[PubMed]

66. Yu, C.Y.; Yang, C.Y.; Rui, Z.L. MicroRNA-125b-5p improves pancreatic beta-cell function through inhibiting
JNK signaling pathway by targeting DACT1 in mice with type 2 diabetes mellitus. Life Sci. 2019, 224, 67–75.
[CrossRef] [PubMed]

67. Shen, Y.; Xu, H.; Pan, X.; Wu, W.; Wang, H.; Yan, L.; Zhang, M.; Liu, X.; Xia, S.; Shao, Q. miR-34a and miR-125b
are upregulated in peripheral blood mononuclear cells from patients with type 2 diabetes mellitus. Exp. Ther.
Med. 2017, 14, 5589–5596. [CrossRef] [PubMed]

68. Cheung, R.; Pizza, G.; Rolando, D.M.; Chabosseau, P.L.; Nguyen-tu, M.-S.; Leclerc, I.; Rutter, G.A.;
Martinez-sanchez, A. 2183-P: miR-125b Is Regulated by Glucose via AMPK and Impairs ß-Cell Function.
Diabetes 2019, 68, 2183. [CrossRef]

69. Chen, J.; Wang, W.; Zhang, Y.; Hu, T.; Chen, Y. The roles of miR-200c in colon cancer and associated molecular
mechanisms. Tumor Biol. 2014, 35, 6475–6483. [CrossRef]

70. Zhang, H.N.; Liu, J.; Qu, D.; Wang, L.; Luo, J.Y.; Lau, C.W.; Liu, P.S.; Gao, Z.; Tipoe, G.L.; Lee, H.K.; et al.
Inhibition of miR-200c Restores Endothelial Function in Diabetic Mice Through Suppression of COX-2.
Diabetes 2016, 65, 1196–1207. [CrossRef]

http://dx.doi.org/10.1093/carcin/bgr245
http://www.ncbi.nlm.nih.gov/pubmed/22072615
http://dx.doi.org/10.3390/ijms20246358
http://www.ncbi.nlm.nih.gov/pubmed/31861156
http://dx.doi.org/10.2337/db17-1207
http://dx.doi.org/10.1016/j.exer.2017.11.006
http://dx.doi.org/10.6065/apem.1938088.044
http://dx.doi.org/10.1371/journal.pone.0191067
http://dx.doi.org/10.1371/journal.pone.0057036
http://dx.doi.org/10.1111/jcmm.13240
http://dx.doi.org/10.1038/s41598-019-43793-4
http://dx.doi.org/10.1016/j.biopha.2015.07.036
http://www.ncbi.nlm.nih.gov/pubmed/26297542
http://dx.doi.org/10.7150/thno.27425
http://www.ncbi.nlm.nih.gov/pubmed/30555566
http://dx.doi.org/10.1186/1755-8794-2-54
http://dx.doi.org/10.1038/onc.2012.318
http://www.ncbi.nlm.nih.gov/pubmed/22824797
http://dx.doi.org/10.1016/j.lfs.2019.01.031
http://www.ncbi.nlm.nih.gov/pubmed/30684546
http://dx.doi.org/10.3892/etm.2017.5254
http://www.ncbi.nlm.nih.gov/pubmed/29285097
http://dx.doi.org/10.2337/db19-2183-P
http://dx.doi.org/10.1007/s13277-014-1860-x
http://dx.doi.org/10.2337/db15-1067


Biomedicines 2020, 8, 530 12 of 17

71. Ren, X.; He, G.; Li, X.; Men, H.; Yi, L.; Lu, G.; Xin, S.; Wu, P.; Li, Y.; Liao, W. MicroRNA-206 functions as a
tumor suppressor in colorectal cancer by targeting FMNL2. J. Cancer Res. Clin. Oncol. 2016, 142, 581–592.
[CrossRef]

72. Wang, X.-W.; Xi, X.-Q.; Wu, J.; Wan, Y.-Y.; Hui, H.-X.; Cao, X.-F. MicroRNA-206 attenuates tumor proliferation
and migration involving the downregulation of NOTCH3 in colorectal cancer. Oncol. Rep. 2015, 33, 1402–1410.
[CrossRef] [PubMed]

73. Wu, H.; Zhang, T.P.; Pan, F.; Steer, C.J.; Li, Z.Y.; Chen, X.; Song, G.S. MicroRNA-206 prevents hepatosteatosis
and hyperglycemia by facilitating insulin signaling and impairing lipogenesis. J. Hepatol. 2017, 66, 816–824.
[CrossRef] [PubMed]

74. Vinod, M.; Patankar, J.V.; Sachdev, V.; Frank, S.; Graier, W.F.; Kratky, D.; Kostner, G.M. MiR-206 is expressed
in pancreatic islets and regulates glucokinase activity. Am. J. Physiol-Endoc. Metab. 2016, 311, E175–E185.
[CrossRef] [PubMed]

75. Tagscherer, K.E.; Fassl, A.; Sinkovic, T.; Richter, J.; Schecher, S.; Macher-Goeppinger, S.; Roth, W.
MicroRNA-210 induces apoptosis in colorectal cancer via induction of reactive oxygen. Cancer Cell Int.
2016, 16, 42. [CrossRef]

76. Tian, F.; Tang, P.; Sun, Z.L.; Zhang, R.F.; Zhu, D.H.; He, J.Y.; Liao, J.X.; Wan, Q.H.; Shen, J. miR-210 in
Exosomes Derived from Macrophages under High Glucose Promotes Mouse Diabetic Obesity Pathogenesis
by Suppressing NDUFA4 Expression. J. Diabetes Res. 2020, 2020. [CrossRef]

77. Li, X.; Li, X.; Liao, D.; Wang, X.; Wu, Z.; Nie, J.; Bai, M.; Fu, X.; Mei, Q.; Han, W. Elevated microRNA-23a
expression enhances the chemoresistance of colorectal cancer cells with microsatellite instability to
5-fluorouracil by directly targeting ABCF1. Curr. Protein Pept. Sci. 2015, 16, 301–309. [CrossRef]

78. Yang, Z.P.; Chen, H.M.; Si, H.Q.; Li, X.; Ding, X.F.; Sheng, Q.; Chen, P.; Zhang, H.Q. Serum miR-23a, a potential
biomarker for diagnosis of pre-diabetes and type 2 diabetes. Acta Diabetol. 2014, 51, 823–831. [CrossRef]

79. De Candia, P.; Spinetti, G.; Specchia, C.; Sangalli, E.; La Sala, L.; Uccellatore, A.; Lupini, S.; Genovese, S.;
Matarese, G.; Ceriello, A. A unique plasma microRNA profile defines type 2 diabetes progression. PLoS ONE
2017, 12. [CrossRef]

80. Tesovnik, T.; Kovac, J.; Pohar, K.; Hudoklin, S.; Dovc, K.; Bratina, N.; Podkrajsek, K.T.; Debeljak, M.; Veranic, P.;
Bosi, E.; et al. Extracellular Vesicles Derived Human-miRNAs Modulate the Immune System in Type 1
Diabetes. Front Cell. Dev. Biol. 2020, 8. [CrossRef]

81. Karaayvaz, M.; Zhai, H.; Ju, J. miR-129 promotes apoptosis and enhances chemosensitivity to 5-fluorouracil
in colorectal cancer. Cell Death Dis. 2013, 4, e659. [CrossRef]

82. Yao, R.; Yao, X.X.; Liu, R.; Peng, J.L.; Tian, T. Glucose-induced microRNA-218 suppresses the proliferation
and promotes the apoptosis of human retinal pigment epithelium cells by targeting RUNX2. Biosci. Rep.
2019, 39. [CrossRef] [PubMed]

83. Lang, H.M.; Ai, Z.H.; You, Z.Q.; Wan, Y.; Guo, W.; Xiao, J.; Jin, X.L. Characterization of miR-218/322-Stxbp1
pathway in the process of insulin secretion. J. Mol. Endocrinol. 2015, 54, 65–73. [CrossRef] [PubMed]

84. Du, H.C.; Fu, Z.M.; He, G.H.; Wang, Y.J.; Xia, G.Y.; Fang, M.; Zhang, T. MicroRNA-218 targets adiponectin
receptor 2 to regulate adiponectin signaling. Mol. Med. Rep. 2015, 11, 4701–4705. [CrossRef] [PubMed]

85. Kong, Q.X.; Guo, X.; Guo, Z.R.; Su, T. Urinary Exosome miR-424 and miR-218 as Biomarkers for Type 1
Diabetes in Children. Clin. Lab. 2019, 65, 937–946. [CrossRef] [PubMed]

86. Meng, Q.; Chen, Y.; Lian, B.; Shang, Y.; Yang, H. miR218 promotes apoptosis of SW1417 human colon cancer
cells by targeting cFLIP. Oncol. Rep. 2018, 40, 916–922. [CrossRef] [PubMed]

87. Mortuza, R.; Feng, B.; Chakrabarti, S. miR-195 regulates SIRT1-mediated changes in diabetic retinopathy.
Diabetologia 2014, 57, 1037–1046. [CrossRef] [PubMed]

88. Zheng, D.; Ma, J.; Yu, Y.; Li, M.H.; Ni, R.; Wang, G.; Chen, R.Z.; Li, J.M.; Fan, G.C.; Lacefield, J.C.; et al.
Silencing of miR-195 reduces diabetic cardiomyopathy in C57BL/6 mice. Diabetologia 2015, 58, 1949–1958.
[CrossRef]

89. Liu, L.; Chen, L.; Xu, Y.; Li, R.; Du, X. microRNA-195 promotes apoptosis and suppresses tumorigenicity of
human colorectal cancer cells. Biochem. Biophys. Res. Commun. 2010, 400, 236–240. [CrossRef]

90. Nakano, H.; Miyazawa, T.; Kinoshita, K.; Yamada, Y.; Yoshida, T. Functional screening identifies a microRNA,
miR-491 that induces apoptosis by targeting Bcl-XL in colorectal cancer cells. Int. J. Cancer 2010, 127,
1072–1080. [CrossRef]

http://dx.doi.org/10.1007/s00432-015-2053-8
http://dx.doi.org/10.3892/or.2015.3731
http://www.ncbi.nlm.nih.gov/pubmed/25607234
http://dx.doi.org/10.1016/j.jhep.2016.12.016
http://www.ncbi.nlm.nih.gov/pubmed/28025059
http://dx.doi.org/10.1152/ajpendo.00510.2015
http://www.ncbi.nlm.nih.gov/pubmed/27221121
http://dx.doi.org/10.1186/s12935-016-0321-6
http://dx.doi.org/10.1155/2020/6894684
http://dx.doi.org/10.2174/138920371604150429153309
http://dx.doi.org/10.1007/s00592-014-0617-8
http://dx.doi.org/10.1371/journal.pone.0188980
http://dx.doi.org/10.3389/fcell.2020.00202
http://dx.doi.org/10.1038/cddis.2013.193
http://dx.doi.org/10.1042/BSR20192580
http://www.ncbi.nlm.nih.gov/pubmed/31830266
http://dx.doi.org/10.1530/JME-14-0305
http://www.ncbi.nlm.nih.gov/pubmed/25489007
http://dx.doi.org/10.3892/mmr.2015.3282
http://www.ncbi.nlm.nih.gov/pubmed/25634129
http://dx.doi.org/10.7754/Clin.Lab.2018.180921
http://www.ncbi.nlm.nih.gov/pubmed/31232015
http://dx.doi.org/10.3892/or.2018.6460
http://www.ncbi.nlm.nih.gov/pubmed/29845219
http://dx.doi.org/10.1007/s00125-014-3197-9
http://www.ncbi.nlm.nih.gov/pubmed/24570140
http://dx.doi.org/10.1007/s00125-015-3622-8
http://dx.doi.org/10.1016/j.bbrc.2010.08.046
http://dx.doi.org/10.1002/ijc.25143


Biomedicines 2020, 8, 530 13 of 17

91. Xie, Y.; Jia, Y.; Cuihua, X.; Hu, F.; Xue, M.; Xue, Y. Urinary Exosomal MicroRNA Profiling in Incipient Type 2
Diabetic Kidney Disease. J Diabetes Res. 2017, 2017, 6978984. [CrossRef]

92. Wan, S.J.; Wang, J.; Wang, J.; Wu, J.; Song, J.X.; Zhang, C.Y.; Zhang, C.N.; Wang, C.; Wang, J.J. Increased
serum miR-7 is a promising biomarker for type 2 diabetes mellitus and its microvascular complications.
Diabetes Res. Clin. Pr. 2017, 130, 171–179. [CrossRef] [PubMed]

93. Wang, Y.; Liu, J.; Liu, C.; Naji, A.; Stoffers, D.A. MicroRNA-7 regulates the mTOR pathway and proliferation
in adult pancreatic beta-cells. Diabetes 2013, 62, 887–895. [CrossRef] [PubMed]

94. Xu, K.; Chen, Z.; Qin, C.; Song, X.; therapy. miR-7 inhibits colorectal cancer cell proliferation and induces
apoptosis by targeting XRCC2. OncoTargets Ther. 2014, 7, 325. [CrossRef] [PubMed]

95. Zhang, H.; Li, Y.; Huang, Q.; Ren, X.; Hu, H.; Sheng, H.; Lai, M. MiR-148a promotes apoptosis by targeting
Bcl-2 in colorectal cancer. Cell Death Differ. 2011, 18, 1702–1710. [CrossRef] [PubMed]

96. Grieco, G.E.; Cataldo, D.; Ceccarelli, E.; Nigi, L.; Catalano, G.; Brusco, N.; Mancarella, F.; Ventriglia, G.;
Fondelli, C.; Guarino, E.; et al. Serum Levels of miR-148a and miR-21-5p Are Increased in Type 1 Diabetic
Patients and Correlated with Markers of Bone Strength and Metabolism. Noncoding RNA 2018, 4, 37.
[CrossRef]

97. Sun, S.; Hang, T.; Zhang, B.; Zhu, L.; Wu, Y.; Lv, X.; Huang, Q.; Yao, H. miRNA-708 functions as a tumor
suppressor in colorectal cancer by targeting ZEB1 through Akt/mTOR signaling pathway. Am. J. Transl. Res.
2019, 11, 5338. [PubMed]

98. Rodriguez-Comas, J.; Moreno-Asso, A.; Moreno-Vedia, J.; Martin, M.; Castano, C.; Marza-Florensa, A.;
Bofill-De Ros, X.; Mir-Coll, J.; Montane, J.; Fillat, C.; et al. Stress-Induced MicroRNA-708 Impairs beta-Cell
Function and Growth. Diabetes 2017, 66, 3029–3040. [CrossRef]

99. Wang, Y.; Zhao, X.W.; Wu, X.M.; Dai, Y.H.; Chen, P.; Xie, L.X. microRNA-182 Mediates Sirt1-Induced Diabetic
Corneal Nerve Regeneration. Diabetes 2016, 65, 2020–2031. [CrossRef]

100. Zhang, D.; Li, Y.; Yao, X.; Wang, H.; Zhao, L.; Jiang, H.W.; Yao, X.H.; Zhang, S.J.; Ye, C.; Liu, W.; et al. miR-182
Regulates Metabolic Homeostasis by Modulating Glucose Utilization in Muscle. Cell Rep. 2016, 16, 757–768.
[CrossRef]

101. Zhou, J.H.; Meng, Y.H.; Tian, S.; Chen, J.H.; Liu, M.Y.; Zhuo, M.; Zhang, Y.; Du, H.L.; Wang, X.N. Comparative
MicroRNA Expression Profiles of Cynomolgus Monkeys, Rat, and Human Reveal that miR-182 Is Involved
in T2D Pathogenic Processes. J. Diabetes Res. 2014, 2014. [CrossRef]

102. Perilli, L.; Tessarollo, S.; Albertoni, L.; Curtarello, M.; Pastò, A.; Brunetti, E.; Fassan, M.; Rugge, M.;
Indraccolo, S.; Amadori, A. Silencing of miR-182 is associated with modulation of tumorigenesis through
apoptosis induction in an experimental model of colorectal cancer. BMC Cancer 2019, 19, 821. [CrossRef]
[PubMed]

103. Yamakuchi, M.; Ferlito, M.; Lowenstein, C.J. miR-34a repression of SIRT1 regulates apoptosis. Proc. Natl.
Acad. Sci. USA 2008, 105, 13421–13426. [CrossRef] [PubMed]

104. Kokkinopoulou, I.; Maratou, E.; Mitrou, P.; Boutati, E.; Sideris, D.C.; Fragoulis, E.G.; Christodoulou, M.I.
Decreased expression of microRNAs targeting type-2 diabetes susceptibility genes in peripheral blood of
patients and predisposed individuals. Endocrine 2019, 66, 226–239. [CrossRef] [PubMed]

105. Zhang, J.; Guo, H.; Qian, G.; Ge, S.; Ji, H.; Hu, X.; Chen, W. MiR-145, a new regulator of the DNA fragmentation
factor-45 (DFF45)-mediated apoptotic network. Mol. Cancer 2010, 9, 211. [CrossRef]

106. Yildirim, S.S.; Akman, D.; Catalucci, D.; Turan, B. Relationship Between Downregulation of miRNAs and
Increase of Oxidative Stress in the Development of Diabetic Cardiac Dysfunction: Junctin as a Target Protein
of miR-1. Cell Biochem. Biophys. 2013, 67, 1397–1408. [CrossRef]

107. He, M.; Wu, N.; Leong, M.C.; Zhang, W.W.; Ye, Z.; Li, R.M.; Huang, J.Y.; Zhang, Z.Y.; Li, L.X.; Yao, X.; et al.
miR-145 improves metabolic inflammatory disease through multiple pathways. J. Mol. Cell. Biol. 2020, 12,
152–162. [CrossRef]

108. Riches, K.; Alshanwani, A.R.; Warburton, P.; O’Regan, D.J.; Ball, S.G.; Wood, I.C.; Turner, N.A.; Porter, K.E.
Elevated expression levels of miR-143/5 in saphenous vein smooth muscle cells from patients with Type
2 diabetes drive persistent changes in phenotype and function. J. Mol. Cell. Cardiol. 2014, 74, 240–250.
[CrossRef]

109. Borralho, P.M.; Simões, A.E.; Gomes, S.E.; Lima, R.T.; Carvalho, T.; Ferreira, D.M.; Vasconcelos, M.H.;
Castro, R.E.; Rodrigues, C.M. miR-143 overexpression impairs growth of human colon carcinoma xenografts
in mice with induction of apoptosis and inhibition of proliferation. PLoS ONE 2011, 6, e23787. [CrossRef]

http://dx.doi.org/10.1155/2017/6978984
http://dx.doi.org/10.1016/j.diabres.2017.06.005
http://www.ncbi.nlm.nih.gov/pubmed/28646700
http://dx.doi.org/10.2337/db12-0451
http://www.ncbi.nlm.nih.gov/pubmed/23223022
http://dx.doi.org/10.2147/OTT.S59364
http://www.ncbi.nlm.nih.gov/pubmed/24570594
http://dx.doi.org/10.1038/cdd.2011.28
http://www.ncbi.nlm.nih.gov/pubmed/21455217
http://dx.doi.org/10.3390/ncrna4040037
http://www.ncbi.nlm.nih.gov/pubmed/31632515
http://dx.doi.org/10.2337/db16-1569
http://dx.doi.org/10.2337/db15-1283
http://dx.doi.org/10.1016/j.celrep.2016.06.040
http://dx.doi.org/10.1155/2014/760397
http://dx.doi.org/10.1186/s12885-019-5982-9
http://www.ncbi.nlm.nih.gov/pubmed/31429725
http://dx.doi.org/10.1073/pnas.0801613105
http://www.ncbi.nlm.nih.gov/pubmed/18755897
http://dx.doi.org/10.1007/s12020-019-02062-0
http://www.ncbi.nlm.nih.gov/pubmed/31559537
http://dx.doi.org/10.1186/1476-4598-9-211
http://dx.doi.org/10.1007/s12013-013-9672-y
http://dx.doi.org/10.1093/jmcb/mjz015
http://dx.doi.org/10.1016/j.yjmcc.2014.05.018
http://dx.doi.org/10.1371/journal.pone.0023787


Biomedicines 2020, 8, 530 14 of 17

110. Grady, W.; Parkin, R.; Mitchell, P.; Lee, J.; Kim, Y.; Tsuchiya, K.; Washington, M.; Paraskeva, C.; Willson, J.;
Kaz, A. Epigenetic silencing of the intronic microRNA hsa-miR-342 and its host gene EVL in colorectal cancer.
Oncogene 2008, 27, 3880–3888. [CrossRef]

111. Stepien, E.L.; Durak-Kozica, M.; Kaminska, A.; Targosz-Korecka, M.; Libera, M.; Tylko, G.; Opalinska, A.;
Kapusta, M.; Solnica, B.; Georgescu, A.; et al. Circulating ectosomes: Determination of angiogenic microRNAs
in type 2 diabetes. Theranostics 2018, 8, 3874–3890. [CrossRef]

112. Demirsoy, I.H.; Ertural, D.Y.; Balci, S.; Cinkir, U.; Sezer, K.; Tamer, L.; Aras, N. Profiles of Circulating MiRNAs
Following Metformin Treatment in Patients with Type 2 Diabetes. J. Med. Biochem. 2018, 37, 499–506.
[CrossRef] [PubMed]

113. Li, H.X.; Li, X.H.; Jiang, J.; Shi, P.X.; Zhang, X.G.; Tian, M. Effect of miR-26b on gestational diabetes mellitus
in rats via PI3K/Akt signaling pathway. Eur. Rev. Med. Pharmacol. Sci. 2020, 24, 1609–1615. [CrossRef]
[PubMed]

114. Valeri, N.; Braconi, C.; Gasparini, P.; Murgia, C.; Lampis, A.; Paulus-Hock, V.; Hart, J.R.; Ueno, L.;
Grivennikov, S.I.; Lovat, F. MicroRNA-135b promotes cancer progression by acting as a downstream effector
of oncogenic pathways in colon cancer. Cancer Cell 2014, 25, 469–483. [CrossRef] [PubMed]

115. Gong, Q.; Xie, J.; Liu, Y.; Li, Y.; Su, G. Differentially Expressed MicroRNAs in the Development of Early
Diabetic Retinopathy. J. Diabetes Res. 2017, 2017, 4727942. [CrossRef] [PubMed]

116. Zhang, H.; Tang, J.; Li, C.; Kong, J.; Wang, J.; Wu, Y.; Xu, E.; Lai, M. MiR-22 regulates 5-FU sensitivity by
inhibiting autophagy and promoting apoptosis in colorectal cancer cells. Cancer Lett. 2015, 356, 781–790.
[CrossRef] [PubMed]

117. Estrella, S.; Garcia-Diaz, D.F.; Codner, E.; Camacho-Guillen, P.; Perez-Bravo, F. Expression of miR-22 and
miR-150 in type 1 diabetes mellitus: Possible relationship with autoimmunity and clinical characteristics.
Med. Clin-Barcelona 2016, 147, 245–247. [CrossRef]

118. Kaur, K.; Vig, S.; Srivastava, R.; Mishra, A.; Singh, V.P.; Srivastava, A.K.; Datta, M. Elevated Hepatic miR-22-3p
Expression Impairs Gluconeogenesis by Silencing the Wnt-Responsive Transcription Factor Tcf7. Diabetes
2015, 64, 3659–3669. [CrossRef]

119. Gu, C.; Cai, J.; Xu, Z.; Zhou, S.; Ye, L.; Yan, Q.; Zhang, Y.; Fang, Y.; Liu, Y.; Tu, C. MiR-532-3p
suppresses colorectal cancer progression by disrupting the ETS1/TGM2 axis-mediated Wnt/β-catenin
signaling. Cell Death Dis. 2019, 10, 1–14. [CrossRef]

120. Esteves, J.V.; Yonamine, C.Y.; Pinto, D.C.; Gerlinger-Romero, F.; Enguita, F.J.; Machado, U.F. Diabetes
Modulates MicroRNAs 29b-3p, 29c-3p, 199a-5p and 532-3p Expression in Muscle: Possible Role in GLUT4
and HK2 Repression. Front Endocrinol. 2018, 9. [CrossRef]

121. Takahara, S.; Lee, S.Y.; Iwakura, T.; Oe, K.; Fukui, T.; Okumachi, E.; Arakura, M.; Sakai, Y.; Matsumoto, T.;
Matsushita, T.; et al. Altered microRNA profile during fracture healing in rats with diabetes. J. Orthop.
Surg. Res. 2020, 15. [CrossRef]

122. Huang, G.L.; Chen, X.J.; Cai, Y.F.; Wang, X.B.; Xing, C.G. miR-20a-directed regulation of BID is associated
with the TRAIL sensitivity in colorectal cancer. Oncol. Rep. 2017, 37, 571–578. [CrossRef] [PubMed]

123. Pheiffer, C.; Dias, S.; Rheeder, P.; Adam, S. Decreased Expression of Circulating miR-20a-5p in South African
Women with Gestational Diabetes Mellitus. Mol. Diagn Ther. 2018, 22, 345–352. [CrossRef] [PubMed]

124. Ye, D.; Zhang, T.B.; Lou, G.H.; Xu, W.W.; Dong, F.Q.; Chen, G.P.; Liu, Y.N. Plasma miR-17, miR-20a, miR-20b
and miR-122 as potential biomarkers for diagnosis of NAFLD in type 2 diabetes mellitus patients. Life Sci.
2018, 208, 201–207. [CrossRef] [PubMed]

125. Hu, Y.; Chen, Y.; Ding, L.; He, X.; Takahashi, Y.; Gao, Y.; Shen, W.; Cheng, R.; Chen, Q.; Qi, X.; et al. Pathogenic
role of diabetes-induced PPAR-alpha down-regulation in microvascular dysfunction. Proc. Natl. Acad.
Sci. USA 2013, 110, 15401–15406. [CrossRef] [PubMed]

126. Chen, Q.; Qiu, F.F.; Zhou, K.L.; Matlock, H.G.; Takahashi, Y.; Rajala, R.V.S.; Yang, Y.H.; Moran, E.; Ma, J.X.
Pathogenic Role of microRNA-21 in Diabetic Retinopathy Through Downregulation of PPAR alpha. Diabetes
2017, 66, 1671–1682. [CrossRef] [PubMed]

127. Zang, J.N.; Maxwell, A.P.; Simpson, D.A.; McKay, G.J. Differential Expression of Urinary Exosomal MicroRNAs
miR-21-5p and miR-30b-5p in Individuals with Diabetic Kidney Disease. Sci. Rep. 2019, 9. [CrossRef]
[PubMed]

http://dx.doi.org/10.1038/onc.2008.10
http://dx.doi.org/10.7150/thno.23334
http://dx.doi.org/10.2478/jomb-2018-0009
http://www.ncbi.nlm.nih.gov/pubmed/30584410
http://dx.doi.org/10.26355/eurrev_202002_20335
http://www.ncbi.nlm.nih.gov/pubmed/32141527
http://dx.doi.org/10.1016/j.ccr.2014.03.006
http://www.ncbi.nlm.nih.gov/pubmed/24735923
http://dx.doi.org/10.1155/2017/4727942
http://www.ncbi.nlm.nih.gov/pubmed/28706953
http://dx.doi.org/10.1016/j.canlet.2014.10.029
http://www.ncbi.nlm.nih.gov/pubmed/25449431
http://dx.doi.org/10.1016/j.medcli.2016.05.016
http://dx.doi.org/10.2337/db14-1924
http://dx.doi.org/10.1038/s41419-019-1962-x
http://dx.doi.org/10.3389/fendo.2018.00536
http://dx.doi.org/10.1186/s13018-020-01658-x
http://dx.doi.org/10.3892/or.2016.5278
http://www.ncbi.nlm.nih.gov/pubmed/28004114
http://dx.doi.org/10.1007/s40291-018-0325-0
http://www.ncbi.nlm.nih.gov/pubmed/29556924
http://dx.doi.org/10.1016/j.lfs.2018.07.029
http://www.ncbi.nlm.nih.gov/pubmed/30030064
http://dx.doi.org/10.1073/pnas.1307211110
http://www.ncbi.nlm.nih.gov/pubmed/24003152
http://dx.doi.org/10.2337/db16-1246
http://www.ncbi.nlm.nih.gov/pubmed/28270521
http://dx.doi.org/10.1038/s41598-019-47504-x
http://www.ncbi.nlm.nih.gov/pubmed/31358876


Biomedicines 2020, 8, 530 15 of 17

128. Deng, J.; Lei, W.; Fu, J.-C.; Zhang, L.; Li, J.-H.; Xiong, J.-P. Targeting miR-21 enhances the sensitivity of human
colon cancer HT-29 cells to chemoradiotherapy in vitro. Biochem. Biophys. Res. Commun. 2014, 443, 789–795.
[CrossRef] [PubMed]

129. Valeri, N.; Gasparini, P.; Braconi, C.; Paone, A.; Lovat, F.; Fabbri, M.; Sumani, K.M.; Alder, H.; Amadori, D.;
Patel, T. MicroRNA-21 induces resistance to 5-fluorouracil by down-regulating human DNA MutS homolog
2 (hMSH2). Proc. Natl. Acad. Sci. USA 2010, 107, 21098–21103. [CrossRef]

130. Liu, M.; Tang, Q.; Qiu, M.; Lang, N.; Li, M.; Zheng, Y.; Bi, F. miR-21 targets the tumor suppressor RhoB and
regulates proliferation, invasion and apoptosis in colorectal cancer cells. FEBS Lett. 2011, 585, 2998–3005.
[CrossRef]

131. Shaker, O.G.; Abdelaleem, O.O.; Mahmoud, R.H.; Abdelghaffar, N.K.; Ahmed, T.I.; Said, O.M.; Zaki, O.M.
Diagnostic and prognostic role of serum miR-20b, miR-17-3p, HOTAIR, and MALAT1 in diabetic retinopathy.
Iubmb Life 2019, 71, 310–320. [CrossRef]

132. Ma, Y.; Zhang, P.; Wang, F.; Zhang, H.; Yang, Y.; Shi, C.; Xia, Y.; Peng, J.; Liu, W.; Yang, Z. Elevated oncofoetal
miR-17-5p expression regulates colorectal cancer progression by repressing its target gene P130. Nat. Commun.
2012, 3, 1–12. [CrossRef]

133. Parrizas, M.; Mundet, X.; Castano, C.; Canivell, S.; Cos, X.; Brugnara, L.; Giraldez-Garcia, C.; Regidor, E.;
Mata-Cases, M.; Franch-Nadal, J.; et al. miR-10b and miR-223-3p in serum microvesicles signal progression
from prediabetes to type 2 diabetes. J. Endocrinol. Investig. 2020, 43, 451–459. [CrossRef]

134. Nishida, N.; Yamashita, S.; Mimori, K.; Sudo, T.; Tanaka, F.; Shibata, K.; Yamamoto, H.; Ishii, H.;
Doki, Y.; Mori, M. MicroRNA-10b is a prognostic indicator in colorectal cancer and confers resistance
to the chemotherapeutic agent 5-fluorouracil in colorectal cancer cells. Ann. Surg. Oncol. 2012, 19, 3065–3071.
[CrossRef]

135. Zhang, Y.; Geng, L.; Talmon, G.; Wang, J. MicroRNA-520g confers drug resistance by regulating p21 expression
in colorectal cancer. J. Biol. Chem. 2015, 290, 6215–6225. [CrossRef] [PubMed]

136. Hu, R.; Li, X.; Peng, C.; Gao, R.; Ma, L.; Hu, J.; Luo, T.; Qing, H.; Wang, Y.; Ge, Q.; et al. miR-196b-5p-enriched
extracellular vesicles from tubular epithelial cells mediated aldosterone-induced renal fibrosis in mice with
diabetes. BMJ Open Diabetes Res. Care 2020, 8. [CrossRef] [PubMed]

137. Tsuchida, A.; Ohno, S.; Wu, W.; Borjigin, N.; Fujita, K.; Aoki, T.; Ueda, S.; Takanashi, M.; Kuroda, M. miR-92
is a key oncogenic component of the miR-17-92 cluster in colon cancer. Cancer Sci. 2011, 102, 2264–2271.
[CrossRef] [PubMed]

138. Sekar, D.; Venugopal, B.; Sekar, P.; Ramalingam, K. Role of microRNA 21 in diabetes and associated/related
diseases. Gene 2016, 582, 14–18. [CrossRef] [PubMed]

139. La Sala, L.; Mrakic-Sposta, S.; Micheloni, S.; Prattichizzo, F.; Ceriello, A. Glucose-sensing microRNA-21
disrupts ROS homeostasis and impairs antioxidant responses in cellular glucose variability. Cardiovasc
Diabetol. 2018, 17, 105. [CrossRef] [PubMed]

140. Ding, L.; Lan, Z.; Xiong, X.; Ao, H.; Feng, Y.; Gu, H.; Yu, M.; Cui, Q. The dual role of microRNAs in colorectal
cancer progression. Int. J. Mol. Sci. 2018, 19, 2791. [CrossRef] [PubMed]

141. Schetter, A.J.; Okayama, H.; Harris, C.C. The role of microRNAs in colorectal cancer. Cancer J. 2012, 18, 244.
[CrossRef]

142. Shi, C.; Yang, Y.; Xia, Y.; Okugawa, Y.; Yang, J.; Liang, Y.; Chen, H.; Zhang, P.; Wang, F.; Han, H. Novel
evidence for an oncogenic role of microRNA-21 in colitis-associated colorectal cancer. Gut 2016, 65, 1470–1481.
[CrossRef] [PubMed]

143. Vasu, S.; Kumano, K.; Darden, C.M.; Rahman, I.; Lawrence, M.C.; Naziruddin, B. MicroRNA Signatures as
Future Biomarkers for Diagnosis of Diabetes States. Cells (Basel) 2019, 8, 1533. [CrossRef] [PubMed]

144. Liu, W.; Cao, H.; Ye, C.; Chang, C.; Lu, M.; Jing, Y.; Zhang, D.; Yao, X.; Duan, Z.; Xia, H.; et al. Hepatic miR-378
targets p110alpha and controls glucose and lipid homeostasis by modulating hepatic insulin signalling.
Nat. Commun. 2014, 5, 5684. [CrossRef]

145. Catanzaro, G.; Besharat, Z.M.; Chiacchiarini, M.; Abballe, L.; Sabato, C.; Vacca, A.; Borgiani, P.; Dotta, F.;
Tesauro, M.; Po, A.; et al. Circulating MicroRNAs in Elderly Type 2 Diabetic Patients. Int. J. Endocrinol. 2018,
2018, 6872635. [CrossRef] [PubMed]

146. Xu, X.H.; Ding, D.F.; Yong, H.J.; Dong, C.L.; You, N.; Ye, X.L.; Pan, M.L.; Ma, J.H.; You, Q.; Lu, Y.B. Resveratrol
transcriptionally regulates miRNA-18a-5p expression ameliorating diabetic nephropathy via increasing
autophagy. Eur. Rev. Med. Pharmacol. Sci. 2017, 21, 4952–4965. [PubMed]

http://dx.doi.org/10.1016/j.bbrc.2013.11.064
http://www.ncbi.nlm.nih.gov/pubmed/24275137
http://dx.doi.org/10.1073/pnas.1015541107
http://dx.doi.org/10.1016/j.febslet.2011.08.014
http://dx.doi.org/10.1002/iub.1970
http://dx.doi.org/10.1038/ncomms2276
http://dx.doi.org/10.1007/s40618-019-01129-z
http://dx.doi.org/10.1245/s10434-012-2246-1
http://dx.doi.org/10.1074/jbc.M114.620252
http://www.ncbi.nlm.nih.gov/pubmed/25616665
http://dx.doi.org/10.1136/bmjdrc-2019-001101
http://www.ncbi.nlm.nih.gov/pubmed/32727744
http://dx.doi.org/10.1111/j.1349-7006.2011.02081.x
http://www.ncbi.nlm.nih.gov/pubmed/21883694
http://dx.doi.org/10.1016/j.gene.2016.01.039
http://www.ncbi.nlm.nih.gov/pubmed/26826461
http://dx.doi.org/10.1186/s12933-018-0748-2
http://www.ncbi.nlm.nih.gov/pubmed/30037352
http://dx.doi.org/10.3390/ijms19092791
http://www.ncbi.nlm.nih.gov/pubmed/30227605
http://dx.doi.org/10.1097/PPO.0b013e318258b78f
http://dx.doi.org/10.1136/gutjnl-2014-308455
http://www.ncbi.nlm.nih.gov/pubmed/25994220
http://dx.doi.org/10.3390/cells8121533
http://www.ncbi.nlm.nih.gov/pubmed/31795194
http://dx.doi.org/10.1038/ncomms6684
http://dx.doi.org/10.1155/2018/6872635
http://www.ncbi.nlm.nih.gov/pubmed/29849622
http://www.ncbi.nlm.nih.gov/pubmed/29164562


Biomedicines 2020, 8, 530 16 of 17

147. Fujiya, M.; Konishi, H.; Kamel, M.M.; Ueno, N.; Inaba, Y.; Moriichi, K.; Tanabe, H.; Ikuta, K.; Ohtake, T.;
Kohgo, Y. microRNA-18a induces apoptosis in colon cancer cells via the autophagolysosomal degradation of
oncogenic heterogeneous nuclear ribonucleoprotein A1. Oncogene 2014, 33, 4847–4856. [CrossRef]

148. Lamadrid-Romero, M.; Solis, K.H.; Cruz-Resendiz, M.S.; Perez, J.E.; Diaz, N.F.; Flores-Herrera, H.;
Garcia-Lopez, G.; Perichart, O.; Reyes-Munoz, E.; Arenas-Huertero, F.; et al. Central nervous system
development-related microRNAs levels increase in the serum of gestational diabetic women during the first
trimester of pregnancy. Neurosci. Res. 2018, 130, 8–22. [CrossRef]

149. Granjon, A.; Gustin, M.P.; Rieusset, J.; Lefai, E.; Meugnier, E.; Guller, I.; Cerutti, C.; Paultre, C.; Disse, E.;
Rabasa-Lhoret, R.; et al. The microRNA Signature in Response to Insulin Reveals Its Implication in
the Transcriptional Action of Insulin in Human Skeletal Muscle and the Role of a Sterol Regulatory
Element-Binding Protein-1c/Myocyte Enhancer Factor 2C Pathway. Diabetes 2009, 58, 2555–2564. [CrossRef]

150. Park, Y.R.; Seo, S.Y.; Kim, S.L.; Zhu, S.M.; Chun, S.; Oh, J.-M.; Lee, M.R.; Kim, S.H.; Kim, I.H.; Lee, S.O.
MiRNA-206 suppresses PGE2-induced colorectal cancer cell proliferation, migration, and invasion by
targetting TM4SF1. Biosci. Rep. 2018, 38, 38. [CrossRef]

151. Pordzik, J.; Jakubik, D.; Jarosz-Popek, J.; Wicik, Z.; Eyileten, C.; De Rosa, S.; Indolfi, C.; Siller-Matula, J.M.;
Czajka, P.; Postula, M. Significance of circulating microRNAs in diabetes mellitus type 2 and platelet reactivity:
Bioinformatic analysis and review. Cardiovasc. Diabetol. 2019, 18. [CrossRef]

152. Shang, J.; Yang, F.; Wang, Y.; Wang, Y.; Xue, G.; Mei, Q.; Wang, F.; Sun, S. MicroRNA-23a antisense enhances
5-fluorouracil chemosensitivity through APAF-1/caspase-9 apoptotic pathway in colorectal cancer cells.
J. Cell. Biochem. 2014, 115, 772–784. [CrossRef] [PubMed]

153. He, X.; Dong, Y.; Wu, C.W.; Zhao, Z.; Ng, S.S.; Chan, F.K.; Sung, J.J.; Yu, J. MicroRNA-218 inhibits cell
cycle progression and promotes apoptosis in colon cancer by downregulating BMI1 polycomb ring finger
oncogene. Mol. Med. 2012, 18, 1491–1498. [CrossRef]

154. Snowhite, I.V.; Allende, G.; Sosenko, J.; Pastori, R.L.; Cayetano, S.M.; Pugliese, A. Association of serum
microRNAs with islet autoimmunity, disease progression and metabolic impairment in relatives at risk of
type 1 diabetes. Diabetologia 2017, 60, 1409–1422. [CrossRef] [PubMed]

155. Montanini, L.; Smerieri, A.; Gulli, M.; Cirillo, F.; Pisi, G.; Sartori, C.; Amarri, S.; Bernasconi, S.; Marmiroli, N.;
Street, M.E. miR-146a, miR-155, miR-370 and miR-708 are CFTR-dependent, Predicted FOXO1 Regulators
and Change at Onset of CFRDs. J. Clin. Endocr. Metab. 2016, 101, 4955–4963. [CrossRef]

156. Lodygin, D.; Tarasov, V.; Epanchintsev, A.; Berking, C.; Knyazeva, T.; Körner, H.; Knyazev, P.; Diebold, J.;
Hermeking, H. Inactivation of miR-34a by aberrant CpG methylation in multiple types of cancer. Cell Cycle
2008, 7, 2591–2600. [CrossRef]

157. Cui, C.; Ye, X.; Chopp, M.; Venkat, P.; Zacharek, A.; Yan, T.; Ning, R.; Yu, P.; Cui, G.; Chen, J. miR-145
Regulates Diabetes-Bone Marrow Stromal Cell-Induced Neurorestorative Effects in Diabetes Stroke Rats.
Stem Cells Transl. Med. 2016, 5, 1656–1667. [CrossRef] [PubMed]

158. Lin, X.; Tang, S.; Gui, W.; Matro, E.; Tao, T.; Li, L.; Wu, F.; Zhou, J.; Zheng, F.; Li, L. Circulating miR-143-3p
inhibition protects against insulin resistance in Metabolic Syndrome via targeting of the insulin-like growth
factor 2 receptor. Transl. Res. 2019, 205, 33–43. [CrossRef]

159. Chen, J.; Wang, M.-B. The roles of miRNA-143 in colon cancer and therapeutic implications. Translational
Gastrointest. Cancer 2012, 1, 169–174.

160. Wu, W.K.; Law, P.T.; Lee, C.W.; Cho, C.H.; Fan, D.; Wu, K.; Yu, J.; Sung, J.J. MicroRNA in colorectal cancer:
From benchtop to bedside. Carcinogenesis 2011, 32, 247–253. [CrossRef] [PubMed]

161. Senese, R.; Cioffi, F.; Petito, G.; De Lange, P.; Russo, A.; Goglia, F.; Lanni, A.; Potenza, N. miR-22-3p is
involved in gluconeogenic pathway modulated by 3,5-diiodo-L-thyronine (T2). Sci. Rep. 2019, 9. [CrossRef]
[PubMed]

162. Williams, M.D.; Mitchell, G.M. MicroRNAs in Insulin Resistance and Obesity. Exp. Diabetes Res. 2012, 484696.
[CrossRef] [PubMed]

163. Peeters, P.J.; Bazelier, M.T.; Leufkens, H.G.; de Vries, F.; De Bruin, M.L. The risk of colorectal cancer in
patients with type 2 diabetes: Associations with treatment stage and obesity. Diabetes Care 2015, 38, 495–502.
[CrossRef] [PubMed]

164. Soltani, G.; Poursheikhani, A.; Yassi, M.; Hayatbakhsh, A.; Kerachian, M.; Kerachian, M.A. Obesity, diabetes
and the risk of colorectal adenoma and cancer. BMC Endocr. Disord. 2019, 19, 113. [CrossRef] [PubMed]

http://dx.doi.org/10.1038/onc.2013.429
http://dx.doi.org/10.1016/j.neures.2017.08.003
http://dx.doi.org/10.2337/db09-0165
http://dx.doi.org/10.1042/BSR20180664
http://dx.doi.org/10.1186/s12933-019-0918-x
http://dx.doi.org/10.1002/jcb.24721
http://www.ncbi.nlm.nih.gov/pubmed/24249161
http://dx.doi.org/10.2119/molmed.2012.00304
http://dx.doi.org/10.1007/s00125-017-4294-3
http://www.ncbi.nlm.nih.gov/pubmed/28500393
http://dx.doi.org/10.1210/jc.2016-2431
http://dx.doi.org/10.4161/cc.7.16.6533
http://dx.doi.org/10.5966/sctm.2015-0349
http://www.ncbi.nlm.nih.gov/pubmed/27460851
http://dx.doi.org/10.1016/j.trsl.2018.09.006
http://dx.doi.org/10.1093/carcin/bgq243
http://www.ncbi.nlm.nih.gov/pubmed/21081475
http://dx.doi.org/10.1038/s41598-019-53019-2
http://www.ncbi.nlm.nih.gov/pubmed/31719576
http://dx.doi.org/10.1155/2012/484696
http://www.ncbi.nlm.nih.gov/pubmed/22851965
http://dx.doi.org/10.2337/dc14-1175
http://www.ncbi.nlm.nih.gov/pubmed/25552419
http://dx.doi.org/10.1186/s12902-019-0444-6
http://www.ncbi.nlm.nih.gov/pubmed/31664994


Biomedicines 2020, 8, 530 17 of 17

165. Nilsen, T.I.; Vatten, L.J. Prospective study of colorectal cancer risk and physical activity, diabetes, blood
glucose and BMI: Exploring the hyperinsulinaemia hypothesis. Br. J. Cancer 2001, 84, 417–422. [CrossRef]

166. Cong, Y.J.; Gan, Y.; Sun, H.L.; Deng, J.; Cao, S.Y.; Xu, X.; Lu, Z.X. Association of sedentary behaviour with
colon and rectal cancer: A meta-analysis of observational studies. Br. J. Cancer 2014, 110, 817–826. [CrossRef]

167. Giouleme, O.; Diamantidis, M.D.; Katsaros, M.G. Is diabetes a causal agent for colorectal cancer?
Pathophysiological and molecular mechanisms. World J. Gastroenterol. 2011, 17, 444–448. [CrossRef]

168. Kwak, S.H.; Park, K.S.; Lee, K.U.; Lee, H.K. Mitochondrial metabolism and diabetes. J. Diabetes Investig. 2010,
1, 161–169. [CrossRef]

169. Duarte, F.V.; Palmeira, C.M.; Rolo, A.P. The Emerging Role of MitomiRs in the Pathophysiology of Human
Disease. Adv. Exp. Med. Biol. 2015, 888, 123–154. [CrossRef]

170. Baradan, R.; Hollander, J.M.; Das, S. Mitochondrial miRNAs in diabetes: Just the tip of the iceberg. Can. J.
Physiol. Pharm 2017, 95, 1156–1162. [CrossRef]

171. Deng, Y.H.; Deng, Z.H.; Hao, H.; Wu, X.L.; Gao, H.; Tang, S.H.; Tang, H. MicroRNA-23a promotes colorectal
cancer cell survival by targeting PDK4. Exp. Cell Res. 2018, 373, 171–179. [CrossRef]

172. Favaro, E.; Ramachandran, A.; McCormick, R.; Gee, H.; Blancher, C.; Crosby, M.; Devlin, C.; Blick, C.; Buffa, F.;
Li, J.L.; et al. MicroRNA-210 regulates mitochondrial free radical response to hypoxia and krebs cycle in
cancer cells by targeting iron sulfur cluster protein ISCU. PLoS ONE 2010, 5, e10345. [CrossRef] [PubMed]

173. Hon, K.W.; Abidin, S.A.Z.; Othman, I.; Naidu, R. Insights into the Role of microRNAs in Colorectal Cancer
(CRC) Metabolism. Cancers 2020, 12, 2462. [CrossRef]

174. Paulus, J.K.; Williams, C.D.; Cossor, F.I.; Kelley, M.J.; Martell, R.E. Metformin, Diabetes, and Survival among
US Veterans with Colorectal Cancer. Cancer Epidem. Biomark. 2016, 25, 1418–1425. [CrossRef] [PubMed]

175. Ramjeesingh, R.; Orr, C.; Bricks, C.S.; Hopman, W.M.; Hammad, N. A retrospective study on the role of
diabetes and metformin in colorectal cancer disease survival. Curr. Oncol. 2016, 23, E116–E122. [CrossRef]
[PubMed]

176. Cossor, F.I.; Adams-Campbell, L.L.; Chlebowski, R.T.; Gunter, M.J.; Johnson, K.; Martell, R.E.; McTiernan, A.;
Simon, M.S.; Rohan, T.; Wallace, R.B.; et al. Diabetes, metformin use, and colorectal cancer survival in
postmenopausal women. Cancer Epidemiol. 2013, 37, 742–749. [CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1054/bjoc.2000.1582
http://dx.doi.org/10.1038/bjc.2013.709
http://dx.doi.org/10.3748/wjg.v17.i4.444
http://dx.doi.org/10.1111/j.2040-1124.2010.00047.x
http://dx.doi.org/10.1007/978-3-319-22671-2_8
http://dx.doi.org/10.1139/cjpp-2016-0580
http://dx.doi.org/10.1016/j.yexcr.2018.10.010
http://dx.doi.org/10.1371/journal.pone.0010345
http://www.ncbi.nlm.nih.gov/pubmed/20436681
http://dx.doi.org/10.3390/cancers12092462
http://dx.doi.org/10.1158/1055-9965.EPI-16-0312
http://www.ncbi.nlm.nih.gov/pubmed/27496094
http://dx.doi.org/10.3747/co.23.2809
http://www.ncbi.nlm.nih.gov/pubmed/27122979
http://dx.doi.org/10.1016/j.canep.2013.04.015
http://www.ncbi.nlm.nih.gov/pubmed/23773299
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	MicroRNA 
	MicroRNA Biomarkers 
	Discussion 
	Conclusions 
	References

