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The detailed mechanism underlying
adipocyte development and function

remains to be fully understood. Micro-
RNAs are a class of non-coding regula-
tors in adipocyte development and
function in physiological and pathologi-
cal conditions. Our recent study11 using
adipose-specific dgcr8 knockout mice
demonstrates that microRNA biogenesis
has a depot-specific function in adipose
and plays an important role in brown
adipocyte feature maintenance. Interest-
ingly, in a parallel study from Kahn’s
group, Mori et al observed similar phe-
notypes in adipose-specific Dicer knock-
out mice. This study also reveals that the
expression of Dicer is downregulated in
the adipose from patients with HIV-asso-
ciated lipodystrophy (HALS), suggesting
that dysregulation of microRNA biogen-
esis may play a role in the onset of HALS.

The past few years have seen an
upsurge of interest in adipocyte biology,
coincident with the onset of epidemic of
obesity and associated metabolic diseases.
Brown fat, unlike white fat, has a major
function in energy expenditure by uncou-
pling oxidative phosphoration from ATP
production, thereby receiving much atten-
tion for its therapeutic potential against
many metabolic diseases.1–4 There has
been significant progression in under-
standing the regulatory mechanism under-
lying brown adipocyte differentiation and
function. Many microRNAs, including
miR-193b-365,5 miR-133,6–8 miR-155,9

miR-196a,10 etc., positively or negatively
regulate brown adipogenesis. However,
whether microRNAs are necessary for fea-
ture maintenance in mature brown adipo-
cytes were poorly understood.

To address this question, our group
ablated Dgcr8, an essential component
in microRNA biogenesis, in mature

adipocytes.11 We bred mice carrying the
Dgcr8-floxed allele with mice carrying the
adipoQ-Cre transgene. Since AdipoQ-Cre
is not expressed in preadipocytes but only
expressed in later stage of differentiation,
it will allow us to assess the function of
microRNAs in mature adipocytes but not
in adipogenesis.12 The Dgcr8 knockout
animals displayed an enlarged brown fat
with a cream color, accompanied by
decreased expression of UCP1 and other
brown fat markers. Interestingly, another
independent study from Kahn’s group
confirmed our findings using a different
mouse model in which Dicer, a down-
stream component of Dgcr8 in micro-
RNA biogenesis, was ablated in mature
adipocytes, resulting in very similar phe-
notypes.13 These two studies demonstrate
that microRNAs are not only important
for brown adipocyte differentiation but
also for its functional maintenance.

As mentioned above, in both studies,
target gene deletion was detected in
mature adipocytes but not in preadipo-
cytes. However, only based on these obser-
vations, we can’t safely exclude the
possibility that the loss of brown fat fea-
tures in mature adipocytes is due to a
defect during the course of adipogenesis,
because the intermediates between these 2
stages could not be readily identified and
isolated in vivo, precluding the possibility
to directly examine whether the gene dele-
tion can occur during adipogenesis. To
address this issue, Mori’s study employed
another mouse model, inducible Ap2-Cre
strain, to specifically delete Dicer in
mature adipocytes.13 After tamoxifen
injection-induced Dicer deletion, these
knockout animals manifest most of the
aforementioned phenotypes, including
larger brown fat, lower brown fat marker
expression and impaired systemic insulin

Keywords: microRNA, brown fat, adi-
pose, lipodystrophy, adipocyte, Dgcr8,
Dicer

*Correspondence to: Lei Sun; Email: sun.lei@duke-
nus.edu.sg, Dan Xu; Email: dan.xu@duke-nus.edu.sg

Submitted: 11/05/2014

Revised: 11/26/2014

Accepted: 12/01/2014

http://dx.doi.org/10.1080/21623945.2014.995507

Commentary to: Mori MA, Thomou T, Boucher J,
Lee KY, Lallukka S, Kim JK, Torriani M, Yki-J€arvinen
H, Grinspoon SK, Cypress AM, Kahn CR. Altered
miRNA processing disrupts brown/white adipo-
cyte determination and associates with lipodys-
trophy. J Clin Invest 2014; 124:3339-51; http://dx.
doi.org/10.1172/JCI73468

222 Volume 4 Issue 3Adipocyte

Adipocyte 4:3, 222--224; July/August/September 2015; © 2015 Taylor & Francis Group, LLC

COMMENTARY



sensitivity. These data indicate that the
defects observed in brown fat are indeed
due to the absence of microRNAs in
mature brown adipocytes.

Consistent with the notion that dis-
tinct fat depot has different lineage ori-
gin.1415 both our and Mori et al’s studies
show that microRNAs have depot-specific
functions (Fig. 1). Depletion of micro-
RNAs in adipose results in enlarged cream
color brown fat, bigger inguinal fat but
smaller epididymal fat. Similar pheno-
types and an impaired insulin signaling
pathway of inguinal fat were observed in
Mori et al’s study. Thus, microRNAs
seem to be essential for brown fat to main-
tain its energy expenditure features, for
subcutaneous fat to keep insulin sensitiv-
ity, and for epididymal fat to retain lipids
in this depot. However, these data compli-
cate the interpretation of systemic insulin
resistance developed in these mouse mod-
els. It remains to be determined which fat
depot is the primary defective organ
accounting for the whole body phenotype.
A straightforward experiment is to block

microRNA biogenesis specifically in
brown fat using the UCP1-Cre strain,
which will allow us to uncouple the con-
tribution of brown fat from that of white
fat.

To explore which microRNAs may
account for the brown fat phenotype,
we performed microRNA microarray
and identified a set of microRNAs that
are highly enriched in brown fat and
upregulated during brown adipocyte
differentiation. Some of these micro-
RNAs, including miR-193b and miR-
365.5 have been reported before as reg-
ulators in brown adipocytes. We further
identified miR-182 and miR-203 as
novel regulators required for brown adi-
pocyte differentiation. However, we
were not able to rescue UCP1 and
other marker expression in the knock-
out brown adipocytes using any of these
microRNA mimics in primary cell cul-
ture. Interestingly, Mori et al rescued
UCP1 expression by about 20-fold with
miR-365 mimic in immortalized Dicer
knockout brown adipocytes. The reason

behind this discrepancy remains to be
determined.

Mori’s study further linked the abnor-
mal fat redistribution with the HIV-asso-
ciated lipodystrophy syndrome (HALS),
the most common form of non-congeni-
tal lipodystrophy. HALS occurs in many
HIV-infected patients with a prevalence
rate varying widely from 11% to 83%
according to international cross-sectional
studies.16,17 HALS patients often mani-
fest disarrangement of adipose tissue
with a depletion of subcutaneous fat,
significantly worsen lipid profiles with
elevated triglycerides, systemic insulin
resistance and decreased adiponectin
concentration. All these phenotypes are
similar in both adipose Dicer and Dgcr8
knockout mice models. Interestingly,
Mori et al demonstrated that Dicer
expression levels are significantly
decreased in dorsocervical and abdominal
subcutaneous adipose from HALS
patients, strongly suggesting that the
decreased microRNA biogenesis is a con-
tributing factor of HALS.

It remains unknown the mechanism by
which Dicer expression levels decrease in
HALS adipose. It is widely accepted that
the main culprit for HALS is highly active
antiretroviral therapy (HAART), which is
administrated to decrease morbidity and
prolong life expectancy, but also leads to
lipodystrophy as a side effect.18 The mani-
festations of lipodystrophy differ with
respect to the choice of HAART drugs.19

Nucleoside reverse transcriptase inhibitors
(NRTIs) are commonly associated with
lipoatrophy of extremities, while protease
inhibitors are more linked to lipoaccumu-
lation, hypertriglyceridemia, and systemic
insulin resistances. Further studies need to
be performed to determine whether and
which HAART drugs lead to Dicer down-
regulation and whether other players in
microRNA biogenesis such as Dgcr8 and
Drosha are also downregulated.

Although these 2 knockout models are
valuable for HALS studies, we should real-
ize that the manifestations of HALS are
complicated and there are some aspects
that these mouse models do not resemble.
For example, HALS is often characterized
by a depletion of subcutaneous fat but an
accumulation of central fat.20 However,
both mouse models manifest a smaller

Figure 1. MicroRNA biogenesis has a depot-specific function in adipose. Our study demonstrated
that microRNA biogenesis is essential in feature maintenance in BAT, and lipid accumulation and
distribution in Epi and Ing white fat. Similar phenotypes were observed in Mori et al’s study in
which downregulation of Dice is connected with HALS.
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visceral fat and the Dgcr8 knockout mice
even have a bigger inguinal fat. We should
be aware of these limitations when these
animals are used as HALS models.

Besides HALS, microRNA biogenesis
pathway was also downregulated in aging.
An earlier study from Mori et al showed
that Dicer expression is significantly
decreased in preadipocytes from elderly
humans. Loss-of-dicer in C. elegans
reduces their lifespan and tolerance to
stress while overexpression of Dicer con-
fers stress resistance.21 Thus, the compo-
nents of microRNA biogenesis, thought
to play house-keeping role, are regulated
in adipocytes at different physiology and
pathological conditions. It is conceivable
that besides the global regulation of
microRNAs biogenesis, the expression of
some individual microRNAs is also regu-
lated through other mechanisms such as
transcriptional control. How these 2 layers
of regulation intertwine together in HALS
and aging will need be elucidated in fur-
ther studies.

In summary, our and Mori’s studies
have revealed a feature maintenance func-
tion of microRNA biogenesis in brown fat
and also demonstrated that the role of
microRNAs in adipose is depot-specific.
In addition, both animal models manifest
a disarrangement of adipose, worsen lipid
profiles and systemic insulin resistance,
partially resembling the phenotypes of
HALS in which Dicer expression is down-
regulated in adipose. Determining the
mechanism of Dicer downregulation in
HALS and dissecting which microRNAs
are functional in these pathological pro-
cesses may lead to new therapeutic strate-
gies to ameliorate HALS.
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