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Chronic inflammation plays a pivotal role in insulin resistance and type 2 diabetes, yet the mechanisms are not completely under-
stood. Here, we demonstrated that serum LPS levels were significantly higher in newly diagnosed diabetic patients than in normal
control. miR-145 level in peripheral blood mononuclear cells decreased in type 2 diabetics. LPS repressed the transcription of miR-
143/145 cluster and decreased miR-145 levels. Attenuation of miR-145 activity by anti-miR-145 triggered liver inflammation and
increased serum chemokines in C57BL/6 J mice. Conversely, lentivirus-mediated miR-145 overexpression inhibited macrophage infil-
tration, reduced body weight, and improved glucose metabolism in db/db mice. And miR-145 overexpression markedly reduced pla-
que size in the aorta in ApoE~/~ mice. Both OPG and KLF5 were targets of miR-145. miR-145 repressed cell proliferation and
induced apoptosis partially by targeting OPG and KLF5. miR-145 also suppressed NF-kB activation by targeting OPG and KLF5. Our
findings provide an association of the environment with the progress of metabolic disorders. Increasing miR-145 may be a
new potential therapeutic strategy in preventing and treating metabolic diseases such as type 2 diabetes and atherosclerosis.
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Introduction

The prevalence of obesity and diabetes is increasing dramatic-
ally worldwide, while the underlying mechanism is not fully under-
stood (Mokdad et al., 2001). Growing studies suggested that
inflammation plays an important role in the development of obes-
ity and diabetes. Inflammation occurring in adipose tissue has a
broad-ranging impact on glucose, lipids, and energy metabolism
(Hotamisligil et al., 1993; Sethi and Hotamisligil, 1999; Takahashi
et al., 2003; Weisberg et al., 2003; Xu et al., 2003; Romeo et al.,
2012). Obesity gives rise to a state of chronic, low-grade
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inflammation that contributes to insulin resistance and type-2 dia-
betes mellitus (T2DM) (Shoelson et al., 2007). Macrophage activa-
tion is one of the key signaling pathways involved in the
pathogenesis of obesity-associated inflammation (Cinti et al.,
2005; Strissel et al., 2007). Recent studies suggested that macro-
phage infiltration and activation in the adipose tissue provide a
link between adipose tissue and inflammation, which in turn, lead
to insulin resistance (Saltiel and Kahn, 2001; White, 2002;
Weisberg et al., 2003; Xu et al., 2003). We proposed that dis-
eases, including obesity, diabetes, fatty liver disease, atheroscler-
osis, are different phenotypes of metabolic inflammation induced
by activated macrophage, which are collectively referred to as
‘metabolic inflammatory syndrome’ (MIS) (Hu et al., 2018).
MicroRNAs (miRNAs) comprise a broad class of small non-
coding RNAs, that regulate genes at the posttranscriptional level
through complementary base pairing to messenger RNAs
(Bartel, 2004; Sun and Lai, 2013). Dysregulation of miRNAs has
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been found in various diseases (He et al., 2007; Mi et al., 2007),
including metabolic diseases (Krutzfeldt and Stoffel, 2006;
Trajkovski et al., 2011).

Kruppel-like factor 5 (KLF5), a member of the Kruppel-like fac-
tor family, is a transcription factor which regulates gene expres-
sions through binding to GC box of gene promoter. KLF5 is
widely expressed in mammals and is found to regulate genes
involved in regulation of cell cycle, apoptosis, migration, and
differentiation. Previous studies showed that KLF5 is an import-
ant mediator for stimuli-induced proinflammatory response
through activation of NF-xB (i.e. subunits p50 and p65)
(Chanchevalap et al., 2006; Baker et al., 2011).

Osteoprotegerin (OPG), a soluble member of the tumor necro-
sis factor receptor superfamily, is linked to cardiovascular dis-
ease and atherogenesis (Simonet et al., 1997; Schoppet et al.,
2004; Tousoulis et al., 2013). OPG promotes the recruitment
and infiltration of monocytes/macrophages and enhances
monocyte locomotion in vitro (Moran et al., 2005; Mosheimer
et al.,, 2005). Recent studies demonstrated that plasma OPG
concentration is a strong and independent predictor of cardio-
vascular conditions, especially in patients with T2DM (Avignon
et al., 2005, 2007; Nabipour et al., 2010).

In this study, we demonstrated that miR-145 levels were signifi-
cantly lower in peripheral blood mononuclear cells of patients
with T2DM compared with normal controls. Silencing miR-145 by
a specific antisense oligonucleotide in vivo leads to increased
infiltration of monocytes in the liver and an increase in serum pro-
inflammatory factor. Mice treated with miR-145 lentivirus showed
decreased body weight, improved glucose metabolism and ame-
liorated macrophage infiltration and atherosclerosis. OPG and
KLF5 were proved to be the targets of miR-145 in ameliorating
metabolic inflammation. These data suggested that miR-145 plays
a critical role in the development of metabolic diseases and could
be a potential candidate for treatment.

Results
miR-145 is downregulated in monocytes of patients with type 2
diabetes

A significant downregulation of miR-145 was found in THP-1
cells treated with high glucose, AcLDL and FFA by microRNA
microarrays and was proved by quantitative Real-time poly-
merase chain reaction (qPCR) (Figure 1A and B; Supplementary
Table S1). miR-145 levels in peripheral blood mononuclear
cells was further compared among newly diagnosed T2DM
patients, patients with impaired glucose tolerance (IGT),
as well as normal subjects, and a significant decrease was
found in T2DM patients compared with the other two groups
(Figure 10).

Inhibition of miR-145 elicites inflammation in vivo

To investigate the role of miR-145 in inflammation, miR-145
and miR-145 antisense oligonucleotide (ASO) were chemically
synthesized and injected intravenously at a dose of 16 mg/kg to
C57BL/6 ) mice daily for 3 days, with PBS-treated group as con-
trol. Over 2-fold increase of miR-145 levels was observed in the

liver of the mice treated with miR-145 oligonucleotide (Figure 2A).
Immunohistochemistry showed more CD68-positive cells in the
liver of miR-145 ASO-treated mice, which suggested more
macrophage infiltration (Figure 2B and C). Immunohistochemical
staining of proliferating cell nuclear antigen (PCNA), a cell prolif-
eration marker, was found to be higher in the liver section of
the miR-145 ASO group. Meanwhile a tendency for an increased
number of PCNA-positive cells was noted in macrophage-rich
regions of livers. (Figure 2C and D). These data suggested that
inhibition of miR-145 stimulated macrophage infiltration and pro-
liferation. Since macrophages are mainly derived from bone mar-
row precursor cells, bone marrow mononuclear cells (BMMNCs)
were isolated and transfected with miR-145 or miR-145 ASO. The
proliferation assay was performed and showed more active prolif-
eration in BMMNCs transfected with miR-145 ASO (Figure 2E). The
abundance of proinflammatory cytokines were also determined in
the mice liver, and TNF-a and MCP-1 showed an increase in the
miR-145 ASO group (Supplementary Table S2).

miR-145 treatment improves glucose metabolism, reduces
macrophage infiltration, and suppresses NF-xB activation in the
liver in db/db mice

To further address the role of miR-145 in metabolism and the
underlying mechanism, lentiviral vector expressing miR-145 (lv-miR-
145) was developed for stable miRNA expression. Two-week-old
db/db mice were treated with lv-miR-145 and controls (lv-con-
trol and PBS). We noticed that mice treated with lv-miR-145
showed decreased weight, food intake, fasting blood glucose
levels, as well as improved glucose tolerance (Figure 3A-D). Clamp
experiment further showed a higher glucose infusion rate in the
miR-145-treated group, which suggested improved insulin sensitiv-
ity (Figure 3E and F). Macrophage infiltration in the liver was
observed using immunohistochemical staining of F4/80 and miR-
145-treated group showed attenuated macrophage infiltration
(Figure 3[). The mRNA expression of MCP-1, TNF-a, IL-1B, and IL-6 in
the live was significantly reduced in the lv-miR-145-treated group
(Supplementary Figure S1A and B). Immunohistochemical staining
of F4/80 also found that miR-145 treatment reduced macrophage
infiltration in the islets (Figure 3J), and p-cell area was increased in
the lv-miR-145-treated group (Figure 3G and H). As a key nuclear
transcriptional factor involved in inflammatory response and insulin
resistance, NF-xB activation, as well as osteoprotegerin (OPG), was
examined by western blot in the mouse liver sample to investigate
the mechanism of miR-145 alleviating inflammation. The results
showed decreased phosphorylated kB and phosphorylated p65 in
miR-145-treated group, which suggested attenuated NF-xB activa-
tion. And OPG was also found decreased in the liver of miR-145-
treated mice (Figure 3K). These findings indicated that overexpres-
sion of miR-145 decreased inflammatory reaction by inhibiting NF-
kB activation in the liver.

To investigate the effect of miR-145 on inflammation in adi-
pose tissue, we tested the expression of miR-145 in the omental
adipose tissue of obese patients, diabetics, and normal sub-
jects. miR-145 was found attenuated in obese, diabetic patients,
while TNF-a and IL-6 were increased (Li et al., 2018).
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Figure 1 miR-145 is downregulated in high glucose and lipid-
treated THP-1 cells and peripheral blood mononuclear cells in
patients with type 2 diabetes. (A) miRNA microarray of LDL-treated
THP-1 cells and controls. (B) gPCR of miR-145 in THP-1 cells treated
with high glucose, Ac-LDL, FFA, Ac-LDL plus high glucose, and con-
trols. (C) gPCR of miR-145 in peripheral blood mononuclear cells of
patients newly diagnosed type 2 diabetes, with IGT, and control
subjects.

miR-145 alleviates atherosclerosis in ApoE™ ~ mice
Accumulating evidences suggest that macrophage-mediated
inflammation are involved in the development of atherogenesis.
We have shown that miR-145 treatment reduced macrophage
infiltration. In order to address whether miR-145 treatment can
attenuate the development of vascular lesions, we performed
early intervention studies in ApoE_/‘ mice, a model of athero-
sclerosis on a western diet. Seven-week-old mice were treated
with lv-miR-145 or controls and a western diet was started sim-
ultaneously. At 16 weeks of age, the mice were sacrificed. qPCR

confirmed the overexpression of miR-145 in the aorta in lv-miR-
145-treated group (Supplementary Figure S2A). Oil red staining
and quantification of atherosclerosis of the en face aorta
showed markedly reduced atherosclerotic lesion areas in the lv-
miR-145-treated group (Supplementary Figure S2C and
Table S3). Lv-miR-145 treatment also decreased the mean arter-
ial blood pressure (Supplementary Figure S2B). However, the
lipid metabolism in all the three groups was comparable (data
not shown).

Both OPG and KLF5 are targets of miR-145

miRNAs are negative regulators of gene expression. Using a
bioinformatic approach, we identified OPG and Krueppel-like
factor 5 (KLF5) as candidate targets of miR-145 (by TargetScan
and MiRanda). THP-1 cells were transfected with miR-145 inhibi-
tor or precursor. Western blot confirmed the negative regulation
of miR-145 on the protein levels of both OPG and KLF5
(Figure 4A). Dual Luciferase reporter assay confirmed the direct
interaction of miR-145 with the 3’-untranslated region (UTR) of
OPG (Figure 4B and C) and KLF5 (Figure 4D).

miR-145 represses monocyte proliferation partially by targeting
OPG in vitro

As we have demonstrated that BMMNCs transfected with
miR-145 ASO showed more active proliferation, we further
investigated the effect of miR-145 on cell proliferation in THP-1
and HEK293 cells to confirm such effect. THP-1 cells were trea-
ted with pre-miR-145 or anti-miR-145. XTT assay showed that
inhibition of miR-145 promoted cell proliferation, while miR-145
treatment suppressed cell proliferation (Figure 5A). Cell prolifer-
ation curve of HEK293 cells also confirmed the proliferation
repression effect of miR-145 (Figure 5B). Since OPG was reported
to be associated with cell apoptosis through a p53-independent
mechanism (Ashkenazi, 2002), we investigated the role of OPG in
this process. The proliferation curve of HEK293 cells showed that
OPG blocked the proliferation repression effect of miR-145
(Figure 5B). To confirm whether the repression effect of miR-145
is OPG-dependent or not, we further performed the proliferation
assay using BMMNCs isolated from OPG knockout (OPG™/") mice.
We found that ectopic expression of miR-145 in OPG™/~ cells pre-
served about one third of the inhibition on cell proliferation
(Figure 5C), suggesting that miR-145 repressed cell proliferation
partially dependent on OPG. To investigate the mechanism of
miR-145 repressing cell proliferation, the change of cell cycle reg-
ulators including cyclin B1, cyclin E, cyclin D3, and cyclin-
dependent kinase 4 (CDK4) was examined in anti-miR-145 and
pre-miR-145-treated cells. Cyclin B1, cyclin D3, and CDK4 were
found decreased in miR-145-treated cells (Figure 5D).

miR-145 induces monocyte apoptosis partially by targeting OPG
in vitro

A similar strategy was employed to study the role of miR-145
and OPG in cell apoptosis. Terminal deoxynucleotidyl transferase-
mediated deoxyuridine triphosphate nick-end labeled (TUNEL)
assay and FACS showed that pre-miR-145 treatment significantly
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Figure 2 miR-145 induces macrophage proliferation and infiltration. (A) The level of miR-145 in C57BL/6 ) mouse liver detected by gPCR
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CellTiter 96 AQueous One Solution Cell Proliferation Assay.

increased HEK293 cell apoptosis, while OPG treatment partially
inhibited the effect (Figure 5E-G). To elucidate the mechanism of
the pro-apoptosis effect of miR-145, we examined the pivotal
mediators of intrinsic and extrinsic apoptosis pathways in
HEK293 cells. We found that pre-miR-145 treatment increased
punctuated distribution of Bax (Figure 5H). miR-145 increased
the levels of Bax, active caspase-3, and active caspase-9 whereas
decreased Bcl-2 and poly (ADP-ribose) polymerase (PARP) levels
(Figure 5I). The pro-apoptosis effect of miR-145 still existed in
p53-null HEK293 cells, which suggested that miR-145 may cause
pro-apoptotic effects independent of p53 (data not shown).

miR-145 suppresses LPS-induced NF-xB activation by KLF5 and
OPG in vitro

Since miR-145 was downregulated in monocyte treated with
high glucose, AcLDL, and FFA as well as in T2DM patients

(Figure 1) and miR-145 alleviated inflammation and macro-
phage infiltration in C57BL/6 ), db/db, and ApoE~/~ mice
(Figures 2 and 3), we tried to investigate the role of miR-145 in
macrophage inflammatory response. THP-1 cells and U937
cells were transfected with lv-miR-145 or lv-miR-control.
Transfected cells were then analyzed for LPS-induced TNF-a
production, which is a key proinflammatory cytokine implicated
in the development of insulin resistance, by ELISA assay. Cells
treated with LPS showed a marked increase in TNF-a level,
which was profoundly attenuated by miR-145 transduction.
(Figure 6A). To investigate the effect of miR-145 on NF-xB acti-
vation in vitro, THP-1 cells were transfected with miR-145
mimics, antisense, and miR-NC and then stimulated with LPS.
Western blot analysis showed that miR-145 decreased the
phosphorylation of IkBa and p65 induced by LPS stimulation
(Figure 6B).
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The effects of KLF5 on promoting NF-kB activation and medi-
ating inflammation have been reported (Chen et al., 2014; Ma
et al.,, 2017; Zhang et al., 2017). Since the effect of OPG on
macrophage inflammatory response was not clearly understood,
here we examined the effects of OPG on NF-xB activation.
Western blot analysis showed that the LPS-induced phosphoryl-
ation of p65, IKKa/p, and IkBa were increased in cells pretreated
with OPG (Figure 6D). However, without LPS, OPG treatment
decreased the phosphorylation of p65, IKKa/B, and IkBa
(Figure 6C). This suggested the complexity of OPG effect on
NF-kB activation, which needs further study. Nevertheless, the
results suggested that miR-145 suppressed LPS-induced NF-xB
activation by KLF5 and OPG in vitro.

LPS decreases miR-145 through repressing the transcription of
miR-143/145 cluster

Next, we investigated the role of LPS in miR-145 regulation.
Since miR-145 and miR-143 are clustered gene, levels of
miR-143, miR-145, and their precursors in THP-1 cells before and
after stimulation with LPS were all quantified by gPCR. The level
of mature miR-145 was found decreased in 6 h and miR-143 was
decreased in 3 h after LPS stimulation (Figure 6E and F). The pre-
cursors of miR-143 and miR-145 were significantly reduced
3 h after LPS stimulation (Figure 6G and H). TAK242, antag-
onist of toll-like receptor 4 (TLR4) could reverse the repres-
sion effect of LPS on miR-145 and miR-143 (Figure 6l and J).
To further investigate the mechanisms of LPS decreasing the
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miR-143/145 cluster, we inspected the highly conserved
miR-143/145 copromoter (610 bp upstream to 320 bp down-
stream of the TSS of miR-143HG) and dual luciferase reporter
assay was conducted. The result showed that LPS repressed
the transcription of miR-143/145 cluster (Figure 6K).

Discussion

A principal mechanistic core of type 2 diabetes and athero-
sclerosis resides at the interface of the metabolic and inflamma-
tory pathways (Shoelson et al., 2006). Data from the present
study suggest that miR-145 in peripheral blood mononuclear
cells of newly diagnosed diabetic patients was downregulated.
miR-145-based therapy is associated with a marked decrease in
inflammatory status, improved glucose metabolism in db/db
mice, and reduction in atherosclerotic plaque size in ApoE~/~
mice. The current data underscores the potential role of
miR-145 in progress of diabetes and its critical therapeutic
potential in attenuating type-2 diabetes and atherosclerosis.

In order to understand whether miR-145 contributes to devel-
opment of inflammation in diabetic patients, we used 2 different
approaches: inhibition of miR-145 and overexpression of
miR-145. Using in vivo 2’-O-methyl modified ASO targeting

miR-145, we provided an unambiguous demonstration that
inhibition of miR-145 induced macrophage infiltration in the
liver and mononuclear cells proliferation in bone marrow, while
overexpression of miR-145 attenuated that in C57BL/6 ] mice.
Notably, injection of lentivirus-carrying miR-145 significantly
reduced macrophage infiltration in liver and pancreatic island in
db/db mice. The data verified that miR-145 attenuated macro-
phage activation and the onset of inflammation.

Moreover, miR-145 has been shown to be abundantly
expressed in the vessel wall (Cheng et al., 2009). In previous
studies, miR-145 knockout mice showed a noticeably thinner
smooth muscle layer of arteries, which lead to moderate systemic
hypotension (Elia et al., 2009; Xin et al., 2009). Caruso et al.
(2012) demonstrated that the reduction of miR-145 protected
against the development of pulmonary artery hypertension (PAH)
in mice by targeting SMAD4 and SMAD5. On the contrary, Lovren
et al. (2012) have recently reported that miR-145-treated mice
showed a 60% reduction in plaque size and reduced macrophage
infiltration by targeting KLF4, providing support for our findings
that miR-145 reduced atherosclerosis. These findings suggest the
complexity of miR-145 in inflammation regulation. Nevertheless,
in atherosclerosis models, miR-145 may play a protective role.
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OPG was confirmed the target of miR-145 in our study. Growing
evidences indicate that serum levels of OPG are significantly
increased in both diabetic and non-diabetic patients susceptible to
atherosclerosis or vascular dysfunction (Simonet et al., 1997;
Schoppet et al., 2002, 2004; Tousoulis et al., 2013). The interaction
of OPG/TRAIL is biologically important in vascular physiopathology.
TRAIL ameliorates atherosclerosis initiation and progression by
inducing apoptosis of macrophages and neutrophils, resulting in
macrophage clearance from atherosclerotic plaques (Kaplan et al.,

2000; Renshaw et al., 2003). By contrast, OPG promotes the recruit-
ment and infiltration of monocytes/macrophages and enhances
monocyte locomotion in vitro (Moran et al., 2005; Mosheimer et al.,
2005). The current study has also revealed that elevated OPG levels
promote cell proliferation, impede apoptosis and attenuate LPS
induced activation of NF-kB. Although the role of OPG in normal
and pathological vasculature has been elucidated, little is known
about the regulation of its expression. Our observations provided
the possible regulatory mechanism of OPG in metabolic disorders.
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Figure 6 miR-145 suppresses NF-xB activation and LPS represses the transcription of miR-143/145 cluster. (A) TNF-a concentration in the
supernatant of THP-1 or U937 cells transfected with lv-miR-145 or treated with LPS or both. (B) Western blot for NF-xB pathway molecules
in THP-1 cells transfected with 100 nM miR-145 mimics, anti-miR-145, or negative control mimics (NC) and stimulated with LPS. (C) Western
blot for NF-kB pathway molecules in THP-1 cells treated with OPG at different concentrations. (D) Western blot for NF-kB pathway molecules
in THP-1 cells pre-treated with OPG at different concentrations and stimulated with LPS. (E) gPCR for miR-143 level in THP-1 cells stimulated
with LPS (100 pug/ml) for different times. (F) gPCR for miR-145 level in THP-1 cells stimulated with LPS (100 pg/ml) for different times.
(G) gPCR for miR-143 precursor level in THP-1 cells stimulated with LPS (100 pug/ml) for different times. (H) gPCR for miR-145 precursor level
in THP-1 cells stimulated with LPS (100 pg/ml) for different times. (I) gPCR for miR-143 level in THP-1 cells after LPS stimulation with or
without TAK242 (antagonist of TLR4). (J) gPCR for miR-145 level in THP-1 cells after LPS stimulation with or without TAK242. (K) Dual lucifer-
ase reporter assay of the promoter of miR-143/145 cluster with or without LPS stimulation.

However, we could only partially explain the anti-inflammatory
effect of miR-145 by targeting OPG. According to the nature of
miRNAs, we speculated that miR-145 should regulate inflamma-
tory response by targeting multiple proteins. KLF-5 was predicted
to be another target of miR-145, which was confirmed in our
study. LPS induced KLF5 and the effect was antagonized by
miR-145 in macrophages. Previous studies have found that KLF5
can stimulate inflammation and activate the NF-xB pathway.
Therefore, we hypothesized that miR-145 ameliorates inflamma-
tion partially by targeting KLF5.

Evidences are growing that dysbiosis of intestinal flora may
drive the onset of metabolic diseases. As a result of dysbiosis of
intestinal flora, LPS levels increase. Our findings showed that LPS
repressed the transcription of miR-143/145 cluster, resulting in

the decrease of miR-145, providing an association of environment
with the progress of metabolic disorders.

Since miR-145 attenuated body weight, glucose metabolism,
atherosclerosis and macrophage infiltration in liver, we specu-
lated that four metabolic diseases including atherosclerosis,
NAFLD, obesity, and type 2 diabetes may share common origin.
We propose that metabolic inflammatory syndrome (MIS) is a
continuation of the metabolic syndrome (MS) and patients may
be diagnosed with MIS when they suffer from two or more dis-
eases of the four metabolic diseases.

In conclusion, the current study gives a picture of how the
environment drives the onset of metabolic diseases, and pro-
vides the first report of miR-145-based therapeutic approach in
the treatment of experimental diabetes and atherosclerosis.
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Changes in lifestyle and high fat diet may cause dysbiosis of
intestinal flora, thus increasing LPS levels and decreasing
miR-145, driving metabolic inflammation and causing metabolic
disorders such as diabetes and atherosclerosis. miR-145 treat-
ment attenuated macrophage infiltration and inflammatory cyto-
kine secretion. Stable and long-term miR-145 treatment
effectively reduced body weight, improved glucose metabolism
and attenuated atherosclerotic plaque formation. Hence, strat-
egies to upregulate miR-145 may be a useful treatment strategy
for metabolic disorders.

Materials and methods
Cells and reagents

THP-1 cells and U937 cells were grown in RPMI 1640 medium
containing 10% fetal bovine serum (FBS) and maintained at
37°C and 5% CO, atmosphere. For all experiments, THP-1 cells
or U937 cells were cultured at a suitable density and treated
with PMA (160 nM for THP-1 cells and 20 nM for U937 cells) for
24 h to induce macrophage activation. Human peripheral blood
mononuclear cells were isolated from blood obtained from 17
normal subjects, 16 patients with newly diagnosed impaired glu-
cose tolerance (IGT), and 17 patients with T2DM by Ficoll dens-
ity gradient centrifugation. Mouse bone marrow mononuclear
cells (BMMNCs) were isolated from tibiofibula by Ficoll density
gradient centrifugation. Primary antibodies against F4/80 and
CD68 and secondary antibodies were purchased from Abcam.
Primary antibodies against cyclin B1, cyclin E, cyclin D3, CDK4,
p53, caspase-9, caspase-3, cleaved caspase-3, and PARP were
purchased from Cell Signaling Technology. Primary antibodies
against Bcl-2 and Bax were from Upstate and Chemicon,
respectively.

miRNA microarray assay and verification

THP-1 cells were treated with 60 mg/L Ac-LDL, 15 mM glu-
cose, 0.5 mM FFA, or Ac-LDL plus high glucose, respectively.
RNA was isolated using mirVana miRNA lIsolation Kit (Ambion)
and miRCURY™ Array microarray kit (Cat# 208000V7.1, Exiqon)
was used to investigate the differentially expressed miRNAs
according to the manufacturer’s instructions. Differentially
expression of miR-145 was verified using the mirVana qRT-PCR
miRNA detection kit and mirVana qRT-PCR Primer set (Ambion).
U6 was used as an internal control (Ambion).

Cell proliferation assays

THP-1 cells were transfected with pre-miR-145 or anti-miR-145
by electroporation. HEK293 cells were transfected with pre-miR-145
or anti-miR-145 by Lipofectamin 2000. BMMNCs were transfected
with pre-miR-145 by electroporation. After transfection, THP-1
cells and BMMNCs were seeded at a density of 6 x 10°~10 x 10°
cells per well in 96-well plate. After 72 h, THP-1 cell proliferation
was assessed using XTT assay according to the manufacturer’s
instructions. BMMNCs proliferation was assessed by CellTiter96
Aqueous One Solution Cell Proliferation Assay (Promega). For
HEK293 cells, cell numbers were counted at the indicated time
points for growth curves.

Cell apoptosis assays

Apoptosis was assessed in mouse BMMNCs or HEK293 cells
treated with pre-miR-145 and anti-miR-145 by FACS analysis of
annexin V/propidium labeling (BioVision). Western blot was per-
formed to detect Bcl-2, Bax, p53, caspase-9, caspase-3, cleaved
caspase-3, and PARP. TUNEL was performed with a TUNEL kit
(Upstate) as described by the manufacturer. TUNEL-positive
cells were detected with fluorescent microscopy.

Plasmid construction and lentivirus packaging

The pri-mir-145 was amplified by PCR with mouse genomic
DNA. The sequences of the primers were as follows: F: 5’-CGG
AATTCAAGGTCACTAGAGCCTGGGAAC-3’; R: 5'-CGCGGATCCTTCAA
CCACTGTGTCTTGAGAC-3'.

The PCR products were digested by EcoRIl and BamHl, and a
606-bp fragment containing pri-mir-145 was cloned into the lenti-
viral vector pCDH-CMV-MCS-EF1-copGFP (System Biosciences,
Cat#CD511A-1) and the sequences were verified by DNA sequen-
cing, which was named pLV-mir-145. The 293TN Producer Cell
Line (System Biosciences, Cat#LV900A-1) was maintained in D-
MEM (Invitrogen) plus 10% FBS (Invitrogen). pLV-mir-145 or pLV
GFP control vector and pPACK Packaging Plasmid Mix (SBI) were
co-transfected into 293TN cells using Lipofectamine 2000 accord-
ing to the manufacturer’s instructions. Forty-eight hours after
transfection, the supernatant was harvested and centrifugation at
5000x g at 4°C for 5 min and then filtered through a 0.45-pm syr-
inge filter. The viral titer was determined using gradient dilution.
The packaged lentiviruses were named lv-miR-145 and lv-control.

Mouse experiments

Ten-week-old male C57BL/6 ] mice (purchased from SLACCAS,
Shanghai, China) were anesthetized and catheterized via the jugular
vein. After one week of recovery, the mice were randomized into
three groups. miR-145 sense oligonucleotide and antisense oligo-
nucleotide (miR-145 ASO) were dissolved in sterile PBS (4 mg/ml)
and injected intravenously at a dose of 16 mg/kg daily for three
days. The mice were then sacrificed for the subsequent experiments.

Two-week-old male db/db mice (purchased from Model
Animal Research Center of Nanjing University, Nanjing, China)
were randomized into three groups and were treated every
other day with lv-miR-145, lv-control, or PBS, respectively. For
each mouse, a total of five injections were given. Intraperitoneal
injection was given for the first two times, and intravenous
injection via the caudal vein was carried out for the rest. The
dose of virus for each injection was 1 x 107 ifu. Body weight,
food intake, and fasting blood glucose were evaluated weekly,
and a glucose tolerance test was performed by intraperitoneal
glucose injection (1.5 g/kg) at 10 weeks of age.

Seven-week-old male ApoE_/‘ mice in C57BL/6 ) background
(purchased from Model Animal Research Center of Nanjing
University) were fed a high-cholesterol atherogenic western
diet. The mice were randomized into three groups and treated
as the same regimen db/db mice. Arterial pressure was mea-
sured weekly until 16 weeks of age when the mice were
sacrificed.
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Hyperinsulinemic—euglycemic clamps
Hyperinsulinemic—euglycemic clamps were performed in
overnight-fasted halothane-anesthetized mice. Mice were
catheterized, 20% D-glucose and insulin were infused via the
saphenous vein, and then blood sampling was conducted
through the femoral artery. Insulin (Humulin-R; Eli Lilly) was
infused at 7.24 U/kg/min, beginning at t = —60 min and con-
tinuing until £ = +120 min. Glucose was infused at a variable
rate to maintain euglycemia, determined by glucose sampling
and analysis at 5-min intervals (glucose oxidase method, YSI
2300-Stat Analyzer). Mean plasma glucose was maintained at
6.2—7.2 mM over 0 to 120 min period (mean CV 5.0%). Glucose
infusion rate (GIR) was recorded from t = 0 to t = 120 min.

Islet quantification

Pancreas were fixed in 10% neutral formalin and paraffin-
embedded, and sections were HE-stained. Three whole sections
were photographed, and areas of all visible islets and the whole
section were analyzed in the IMS cell imagine analysis system
using immunohistochemical quantitative analysis software.

Statistical analysis

GraphPad Prism version 6.0 was used for statistical analysis.
Data differences between groups were analyzed using ANOVA
test. Differences were considered statistically significant at
P < 0.05.

Supplementary material
Supplementary material is available at Journal of Molecular
Cell Biology online.
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