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Type 2 diabetes mellitus (T2DM) is an increasing 
healthcare concern, data from the International Diabetes 
Federations Atlas (2015) reports over 415 million people 
have been diagnosed with diabetes (1). By 2040 this figure 
is expected to reach 642 million people with nearly 90% 
of diabetes cases being T2DM (1). While there are a 
variety of underlying factors contributing to the onset of 
T2DM, obesity is one of the main risk factors leading to 
the development of T2DM (2). Obesity induced insulin 
resistance causing dysfunction of insulin signaling and 
resistance to insulin in skeletal muscle are key contributors 
to the onset of T2DM (3,4). The complex pathogenesis 
associated with adipose tissue in obese individuals 
generates systemic effects through factors including local 
inflammation of white adipose tissue, cytokine responses, 
and immune cell infiltrates (2). Additionally, factors such 
as adipose-derived adipokines and adipocyte-induced 
macrophage polarization have been shown to influence 
skeletal muscle insulin resistance through crosstalk signaling 
mechanisms (5,6). Although crosstalk signaling mediated 
through secreted non-coding microRNAs (miRNAs) from 
adipose tissue have received less attention. 

Non-coding RNAs are of increasing interest due to their 
diverse biological effects on gene expression. Coding RNA 
translated into protein represents a small minority of the 
total RNA, roughly 75% of the genome is transcribed into 
RNA but only 2% of this transcribed RNA goes on to be 
translated into protein (7). While the fate of coding RNA 
is well established, the fate of non-coding RNA continues 
to expand and evolve. One type of non-coding RNA is 

miRNA, these single stranded RNA sequences are 21−25 
nucleotides in length and can negatively regulate gene 
expression at the translational level by hybridizing with 
messenger RNA (mRNA) sequences. These miRNAs can be 
secreted from cells in exosomes and taken up by distant cells 
where they can influence recipient cell protein translation. 
Adipose tissue is one of major sources of exosomal miRNAs, 
and therefore of increased interest in the context of obesity. 
One of the major miRNAs expressed in adipose tissue 
is miR-27a, initially proposed as a negative regulator of 
adipogenic and lipogenic pathways (8,9) the role of miR-
27a continues to expand. Recently, in adipocytes miR-27a 
was shown to act as a negative regulator of peroxisome 
proliferator-activated receptor γ (PPARγ) (8,10), a 
transcription factor known to modulate lipid metabolism 
and insulin sensitivity. With miR-27a being a major miRNA 
expressed in adipose tissue, adipose tissue being a source 
of exosomal miRNAs, and the recent data showing miR-
27a can negatively regulate PPARγ, a major modulator 
of systemic insulin sensitivity, sets the stage for miR-27a 
potentially having a greater role than initially thought. 

The recent study from Yu et al. identifies a mechanism 
of crosstalk signaling between adipose tissue and skeletal 
muscle mediated by miR-27a and its influence on 
promoting insulin tolerance. While negative regulation of 
PPARγ by miR-27a has been reported (8,10), the ability of 
adipocyte derived miR-27a to negatively regulate PPARγ 
and contribute to insulin resistance in skeletal muscle 
remained unknown. The first critical link to establishing 
this connection is the ability for miR-27a to be transported 
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from adipose tissue to skeletal muscle, and therefore the 
detection of miR-27a in serum. Microarray analysis have 
previously identified increased serum miR-27a levels show 
a positive correlation with the level of fasting glucose in 
obese and obese-related T2DM patients (11). In addition, 
a positive correlation between serum miR-27a levels and 
BMI has been reported in adults (12). Building on these 
findings, the authors examined miR-27a levels in obese and 
non-obese children, showing a positive correlation between 
serum miR-27a levels and BMI. Extending their studies 
to mouse models, the authors have previously reported a 
correlation between miR-27a and insulin resistance in high-
fat diet induced obese mice (HF mice) (13). In this study, 
the authors utilized their established high-fat diet induced 
obese mice with an additional genetically engineered mouse 
model for T2DM, the leptin receptor-deficient db/db mice. 
In both mouse models, the authors show increased serum 
miR-27a levels compared to control mice. In effort to 
correlate the increased serum levels with insulin resistance, 
the authors show when miR-27a was systemically knocked 
down in HF obese mice the result was decreased insulin 
resistance. Combined, the authors indicate the correlation 
in serum miR-27a levels suggest its potential role as a 
signaling mediator.

With the established correlation between obesity and 

serum miR-27a levels (Figure 1), the authors propose the 
increase in serum miR-27a levels could be derived from 
exosomes secreted from adipose tissue. This position was 
motivated by the following observations; adipose tissue is 
the dominant source of exosomal miRNAs, recent reports 
indicate adipocyte-derived exosomes may contribute toward 
developing insulin resistance in obese states (14,15), and 
that miR-27a is highly expressed in adipose tissue (8,9). 
Therefore, serum exosomes were examined for FABP4, 
an adipocyte-derived exosome marker. The authors 
report the increased miR-27a levels from HF mice were 
associated with increased FABP4 exosomes and FABP4 
exosomes colocalized with miR-27a in the serum, a finding 
that supports adipose tissue as the source of miR-27a. 
Interestingly, when the authors examined visceral adipose 
tissue of HF mice, they observed an initial increase in miR-
27a levels at 2 weeks, but after this time point levels of miR-
27a were lower compared to low-fat diet control mice. This 
observation would seem to contradict the idea that adipose 
tissue is the source of miR-27a. Although, the authors 
demonstrate adipose tissue is indeed the source of miR-27a 
and identify the reason for the decrease in visceral adipose 
tissue miR-27a levels after the 2-week time point. In HF 
mice, the timing of the increased serum levels of miR-27a 
correlates with the decreased miR-27a levels in visceral 

Figure 1 Cartoon representation of the mechanism of crosstalk signaling between adipose tissue and skeletal muscle mediated by miR-27a 
and its influence on promoting insulin resistance. In the high fat obese state increased adipocyte secretion of miR27a containing exosomes 
causing increased serum miR-27a levels. Skeletal muscle uptake of adipocyte derived miR-27a exosomes resulting in negative regulation of 
PPARγ by miR-27a causes increased insulin resistance.
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adipose tissue, indicating the decreased levels in visceral 
adipose tissue is the result of increased secretion of miR-27a 
into circulation. The increased secretion of miR-27a into 
circulation was proposed to have a reciprocal effect lowering 
the levels of miR-27a in visceral adipose tissue. To confirm 
this observation, differentiated 3T3-L1 cells were utilized in 
the presence and absence of palmitate to mimic lipid drop 
accumulation in adipose tissue of HF mice. Then expression 
and secretion of miR-27a were determined, and the data 
again revealed a similar finding to what was observed in 
vivo with visceral adipose tissue. When 3T3-L1 cells were 
treated with palmitate there was a decrease in miR-27a 
levels in the cells, although there was a nearly a 3-fold 
increase in miR-27a in the supernatant. This observation 
provides evidence that increased secretion of miR-27a 
results in lower intracellular miR-27a levels. Since adipose 
tissue associated macrophage can be a source of exosomal 
miRNA, the authors extended these studies to examine 
RAW264.7 macrophage as a source of secreted miR-27a. 
Following treatment with palmitate to again mimic the high 
fat obese state, the miR-27a levels were increased within the 
macrophage but there was no increase in secreted miR-27a, 
as determined by levels in the supernatant. With evidence 
supporting the source of increased miR-27a levels being 
adipocyte derived exosomal, moving forward the authors 
sought to establish the effect on skeletal muscle.

Skeleta l  musc le  i s  the  cornerstone of  g lucose 
homeostasis, as the major tissue for the disposal of 
consumed glucose in normal individuals’, dysfunction in 
this role results in systemic insulin resistance (16). The 
authors report insulin resistance in HF mice supported by 
the decreased expression of insulin signaling proteins and 
decreased insulin dependent glucose uptake activity that 
were mitigated by the systemic knock down of miR-27a. 
Therefore, they further investigated the effect of miR-27a 
on skeletal muscle and myoblasts. Previous studies have 
shown the combined silencing of miR-106b, miR-30d, and 
miR-27a in L6 skeletal muscle cells led to enhanced glucose 
uptake and consumption (17). This is complemented by 
the authors demonstrating that overexpression of miR-
27a in the myoblast cell line C2C12 inhibited glucose 
uptake and consumption. Although, the potential of 
adipose tissue derived exosomal miR-27a to function as a 
modulator of skeletal muscle has remained unknown. The 
obvious critical link to adipose tissue derived exosomal 
miR-27a influencing skeletal muscle is the ability for the 
exosomal miR-27a to be taken up in skeletal muscle cells. 
The authors provide evidence of adipose derived exosome 

uptake by detecting increased levels of FABP4 in skeletal 
muscle of HF mice. While adipose tissue can secrete an 
array of exosomal miRNAs the detection of increased 
FABP4 in skeletal muscle was associated with increased 
levels of miR-27a within skeletal muscle cells. Further  
in vitro evidence was provided from C2C12 cells incubated 
with conditioned media from 3T3-L1 cells treated with 
palmitate to generate exosomal miR-27a. Following 
treatment with the conditioned media containing exosomal 
miR-27a, C2C12 cells showed elevated intracellular  
miR-27a levels. The combined in vivo and in vitro work 
supports the hypothesis that increased miR-27a in skeletal 
muscle in the obese state has adipose tissue origins and is 
transported to skeletal muscle as adipose derived exosomal 
miR-27a.

Yu and colleagues have outlined the physiological basis 
for miR-27a to induce insulin resistance in skeletal muscle. 
This is supported by the association of serum levels with 
obesity and the resulting increase in secreted exosomal 
miR-27a from adipose tissue that is taken up by skeletal 
muscle leading to elevated levels of miR-27a. The authors 
then focus on identifying the cellular mechanism that miR-
27a induces insulin resistance in skeletal muscle. The focus 
of these cellular mechanistic studies was directed towards 
PPARγ since miR-27a has been shown as a negative regulator 
of PPARγ (8,10). It is known that PPARγ has a key role in 
skeletal muscle insulin resistance by influencing glucose 
uptake (18), although the effect of miR-27a on PPARγ in 
skeletal muscle has not been examined. Previous reports have 
illustrated that induction of PPARγ expression in adipocytes 
improves insulin resistance in obese mice (19), and skeletal 
muscle specific knockouts of PPARγ results in progressive 
insulin resistance (20). In addition, thiazolidinediones (TZDs) 
such as rosiglitazone function as PPARγ-dependent trans-
activators and are used clinically as insulin sensitizers (21). 
Using C2C12 cells overexpressing miR-27a the authors 
show miR-27a reduces glucose uptake and consumption, and 
treatment with rosiglitazone partially reverses this effect. In 
addition, C2C12 cells overexpressing miR-27a treated with 
rosiglitazone increased mRNA expression of not only PPARγ 
but also insulin receptor substrate 1 (IRS-1) and GLUT4 to 
further improve insulin resistance. 

Collectively, through a combination of physiological 
and cellular investigations the study by Yu and colleagues 
expands the current understanding of crosstalk signaling 
between adipose tissue and skeletal muscle. In the context 
of obesity-induced T2DM, the authors have highlighted the 
influence of miR-27a on insulin resistance and contributed 
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a step forward towards our understanding of the diverse and 
expanding biological functions of miRNAs. Future studies 
using short (22-24) and long molecules (25) to regulate 
the expression of miR-27a can further expand on potential 
therapeutic opportunities.
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