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Abstract: Background: Diabetes is one of the most common metabolic disorders and most important health threats. 
Recently, the risk of inflammation related to diabetes has been recognized. microRNAs (miRNAs) are non-coding 
small RNAs that regulate various physiological processes at the posttranscriptional level. Methods: In this study, 
we exanimated the role of diabetes induced miR-26a-5p. Results: miR-26a-5p is up-regulated and PTEN is down-
regulated in the macrophages from diabetic mice. Moreover, miR-26a-5p overexpression enhances the expression 
of IL-1β, IL-6 and TNF-α. Conclusion: Taken together, we conclude that miR-26a-5p participates in the inflammation 
process in diabetes and tight regulation of miR-26a-5p may be a potential of therapeutic interventions targeting 
miRNA in diabetes.
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Introduction

Diabetes is a complex, multi-system disease 
that represents the most common metabolic 
disorder [1, 2]. Type 1 diabetes (T1D) is charac-
terized by insulin deficiency, and type 2 diabe-
tes (T2D) results from insulin resistance with  
or without abnormal insulin secretion [3]. 
Inflammation-related processes have been 
shown in diabetes development. Inflammation 
leads to insulin resistance which is the main 
cause of T2D. In addition, inflammation may 
also one of the key risk factors of diabetes 
complications.

Mature microRNAs (miRNAs) are a class of non-
coding small RNAs (~21-23 nt) that play various 
important roles in many biological processes 
including chronic diseases like diabetes [4-8]. 
MiRNAs regulate gene and protein expression 
at the post-transcriptional level by binding to 
the 3’-untranslated region (UTR) of specific 
mRNA through inducing mRNA degradation or 
repressing translation [9, 10]. Previous work 
has shown that miRNAs performed important 
roles in diabetes. Overexpression of miR-375 
has been approved to impair insulin secre- 
tory pathway through suppressing myotrophin 
(Mtpn) [11, 12]. MiR-96 suppresses insulin 

secretion by decreasing nucleolar complex pro-
tein 2 (Noc2) [13]. MiR-29 family was found to 
be significantly up-regulated in the context dia-
betes. Additionally, miR-29a/b/c overexpres-
sion plays an important role in insulin resis-
tance by decreasing insulin-induced glucose 
import via 3T3-L1 adipocytes [14].

Very little is known regarding the role of miRNAs 
in the inflammation progression of diabetes. In 
addition, the biological function of miRNAs in 
inflammatory regulation and their potential key 
target genes are still less clear. In this study, we 
identified miR-26a-5p as a diabetic induced 
miRNA in the mice macrophages related to a 
reduced phosphatase and tensin homolog 
(PTEN) expression. Further study revealed that 
miR-26a-5p overexpression up-regulated ex- 
pression of IL-1β, IL-6 and TNF-α. Therefore, our 
studies extend the previous investigations and 
provide explanations to the role of diabetes 
induced miR-26a-5p in the inflammation. 

Materials and methods

Cell culture 

Macrophages were isolated from wild type (WT) 
and diabetic mice as described previously [15]. 
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Isolated macrophages were maintained in 
DMEM containing 10% FBS, 100 U/ml penicil-
lin, and 100 mg/ml streptomycin. After then, 
the isolated macrophages were treated with 
LPS (055:B5; Sigma-Aldrich, St Louis, MO) at 
10 ng/ml for 16 h. MiR-26a-5p mimic and 
miRNA vector control (40 pmol) were trans- 
fected into macrophages from WT mice using 
lipofectamine RNAiMax (Life Technologies, 
Carlsbad, CA).

Quantitative real-time PCR

Total RNAs were extracted from macrophages 
using TRI Reagent (Molecular Research Center, 
Cincinnati, OH). DNA-free DNase (Ambion, 
Austin, TX) was used to remove the Residual 
DNA. cDNA was generated by reverse transcrip-
tion from RNAs using Moloney murine leuke- 
mia virus reverse transcriptase (Invitrogen, 
Carlsbad, CA) and subjected to real-time qPCR 
analysis using the 2-ΔΔCt method as described 
elsewhere [16]. GAPDH was used as internal 
controls for gene expresseion. Quantification of 
miRNA was analyzed by qRT-PCR as previous 
description [17]. U6 was used as internal con-
trols for miRNA. Quantitative real-time PCR  
was performed in triplicate on an ABI 7500 sys-
tem (Applied Biosystems, Foster City, CA). All 
TaqMan probes were commercial available 
from Applied Biosystems.

Western blotting

Protein was extracted by lysis buffer (Thermo 
Scientific) and western blot analysis was per-

formed as previous instruction [16]. The anti-
bodies used were PTEN (1:500) (Abcam, 
Cambridge, MA), GAPDH (1:1000) (Abcam) and 
HRP-conjugated secondary Abs (1:1000) (Bio-
Rad). Target proteins were visualized using the 
ECL detection system.

ELISA

Culture medium was collected and centrifuged 
at 1000 rpm for 5 min at 4°C to remove residu-
al cell. Concentrations of lL-1β, IL-6 and TNF-α 
using and ELISA (Thermo Scientific, Waltham, 
MA) as previously described [18]. 

Statistical analysis

All data were analyzed with SPSS 17.0 soft-
ware. Student’s t test was used to analyze the 
difference of results between diabetic and WT 
mice. All experiments were performed at least 
3 independent experiments and P<0.05 was 
considered as significant. And, in all panels, 
data are presented as mean ± SEM.

Results

MiR-26a-5p was up-regulated in macrophages 
from diabetic mice than macrophages from 
WT

Based on our preliminary microRNA microar- 
ray studies, we found miR-26a-5p is 3.5-fold 
enhanced in macrophages from diabetic mice 
compared with WT mice in vitro (Figure 1). qRT-
PCR analysis also revealed that miR-26a-5p 

Figure 1. MiR-26a-5p expression in macrophages 
from wild type (WT) and diabetic mice. Liver mac-
rophages were isolated from WT and diabetic mice. 
MiR-26a-5p expression was determined by qRT-PCR 
to verify miR-26a-5p expression pattern from micro-
array.  Data were normalized to U6 snRNA. Results 
are mean ± SE (n = 3 cell preparations). *P<0.05 
versus WT mice.

Figure 2. LPS enhances miR-26a-5p expression in 
macrophages from WT mice. Macrophages were 
stimulated with 10 ng/ml LPS for 16 h after isola-
tion. MiR-26a-5p expression was analyzed by qRT-
PCR. Data were normalized to U6 snRNA. Results 
are mean ± SE (n = 3 cell preparations). *P<0.05 
versus Control. 
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expression was increased in macrophages 
from diabetic mice than from WT mice (Figure 
1). 

MiR-26a-5p expression in macrophages from 
WT mice has increased under diabetic condi-
tions

LPS induces the rapid production and release 
of inflammatory cytokines and chemokines that 
are known to be involved in inflammation relat-
ed to diabetes [19]. And, miR-26 families have 
been reported to have the function of inflam-
mation enhancement [17]. Next, we treated 
macrophages from WT mice with LPS and 
found a significant up-regulation of miR-26a-5p 
expression (Figure 2). This result indicates that 
diabetic miR-26a-5p induction in macrophages 
may be likely induced in response to inflamma-
tory mediators increased during diabetes.

PTEN is repressed by miR-26a-5p in relation to 
diabetes

PTEN is considered as a target of miR-26 fami-
lies and involved in the NF-κB signaling path-
way related to inflammation [17]. In this study, 
we also exanimated the expression of PTEN in 
macrophages from WT and diabetic mice. As 
shown in Figure 3, PTEN mRNA (Figure 3A) and 
protein (Figure 3B) levels are remarkably down-
regulated in macrophages from diabetic mice 
compared with that of WT mice. Therefore, miR-
26a-5p likely promotes the inflammation relat-
ed to diabetes mainly through the down-regula-
tion of PTEN. 

mRNA levels were greatly increased after miR-
26a-5p overexpression.

IL-1β, IL-6 and TNF-α protein production in cul-
ture media of macrophages were quantified by 
ELISA. In the macrophages transfected with 
miR-26a-5p, we observed a significant increase 
in IL-1β, IL-6 and TNF-α protein in the culture 
media compared with the levels of these cyto-
kines in the VC group (Figure 5).

Discussion

MiRNA expression patterns and functions are 
cell and tissue specific. The connection be- 
tween miRNAs and disease was obvious. 
Obesity is known to be associated with a state 
of chronic, low-grade inflammation. Inflam- 
mation is a major contributor to the pathogen-
esis of diabetes. Macrophages are among the 
major inflammatory cells to create a pro-inflam-
matory conditions through infiltrating into the 
kidney under diabetic conditions [20]. The role 
of diabetes induced miRNA in the response of 
macrophages has not been investigated in 
detail. In this study, miR-26a-5p was found to 
be diabetes induced miRNA in the macro-
phages. miR-26a-5p increases the expression 
of IL-1β, IL-6 and TNF-α as well as the secreted 
production. In addition, PTEN mRNA and pro-
tein levels are down-regulated in the macro-
phages from diabetic mice. Taken together, 
these data show that miR-26a-5p may play in 
the inflammatory responses in diabetes. It rais-
es the possibility that miR-26a-5p is a potential 
novel therapeutic strategy in diabetes.

Figure 3. PTEN mRNA and protein level are down-regulated in macrophages 
from diabetic mice compared to those of WT mice. A. The relative PTEN 
mRNA levels were measured by qRT-PCR using GAPDH as endogenous con-
trol. Results are mean ± SE (n = 3 cell preparations). *P<0.05 versus WT 
mice. B. Western blot for PTEN in macrophages from WT and diabetic mice.

Increased inflammatory acti-
vation in miR-26a-5p overex-
pressed macrophages from 
WT mice

In order to explore whether 
diabetes induced miR-26a-5p 
regulates inflammatory cyto-
kine and chemokine mRNA 
levels in macrophage, we fur-
ther overexpressed miR-26a-
5p or VC plasmid in the mac-
rophages from WT mice. The 
blank control (BC) group was 
macrophages without trans-
fection. As seen in Figure 4, 
the IL-1β, IL-6 and TNF-α 
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Expression of diabetes induced miRNAs has 
been determined in different diabetic complica-
tions [21, 22]. miR-26 family is involved in many 
biological processes. It was suggested that 
miR-26b enhances inflammatory response in in 
alveolar macrophages by regulating PTEN after 

LPS challenge [17]. miR-26b may regulate obe-
sity-related insulin sensitivity and inflammatory 

Figure 4. MiR-26a-5p overexpression up-regulated 
IL-1β, IL-6 and TNF-α mRNA levels in macrophages 
isolated from WT mice. Liver macrophages from WT 
mice were transfected with miR-26a-5p mimic or 
miRNA vector control (VC) (40 pmol) lipofectamine 
RNAiMax. After transfection, the mRNA expressions 
of IL-1β (A), IL-6 (B) and TNF-α (C) were analyzed by 
qRT-PCR using GAPDH as internal control. Data are 
expressed as the fold change relative to BC control. 
Results are mean ± SE (n = 3 cell preparations). 
*P<0.05 versus BC; **P<0.05 versus VC. BC con-
trol: liver macrophages without transfection.

Figure 5. MiR-26a-5p overexpression enhances 
IL-1β, IL-6 and TNF-α protein expression in macro-
phages from WT mice. Liver macrophages from WT 
mice were transfected with miR-26a-5p mimic or 
miRNA vector control (VC) (40 pmol) lipofectamine 
RNAiMax. After transfection, the protein levels of IL-
1β (A), IL-6 (B) and TNF-α (C) in the culture media 
were analyzed with specific ELISA. Results are mean 
± SE (n = 3 cell preparations). *P<0.05 versus VC.
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responses [23]. Despite all of these studies, 
there are very few functional studies of miR-
26a-5p in diabetes associated with inflamma-
tion. We found that miR-26a-5p enhances dia-
betes inflammation by up-regulating mRNA lev-
els of IL-1β, IL-6 and TNF-α. Moreover, secreted 
cytokine protein levels mirrored mRNA pattern.

Several studies reported that PTEN works as  
a tumor-suppressor gene and is frequently 
mutated in various human cancers. Recently, 
PTEN was found to be involved in the inflamma-
tory response in macrophages after LPS stimu-
lation [17]. However, it is unknown whether dia-
betes induced miRNAs acting through PTEN 
play any role in the inflammation of diabetes. In 
this study, we found PTEN expression is down-
regulated in macrophages from diabetes mice. 
This leaves us with an interesting direction to 
follow in future studies.

Collectively, miR-26a-5p promotes inflammato-
ry responses in vitro in macrophages from dia-
betic mice. Consequently, PTEN expression is 
down-regulated as well in macrophages of dia-
betic mice. Therefore, this study has indicated 
the connections between miR-26a-5p expres-
sion and inflammation in diabetes and may be 
exploited as therapeutic targets in the manage-
ment of inflammation in diabetes.
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