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Abstract

Until recently, a functional brown adipose tissue was thought to be restricted to rodents and
human infants. The last eight years have seen a re-emergence in the presence and activity of
brown adipose tissue in adult humans. This study by Shinoda and co-workers' characterizes the
cellular origins and molecular identity of adult human brown adipose tissue. Using RNA
sequencing and genome wide expression analysis, the authors characterize that the clonally
derived adipocytes isolated from brown fat of adult humans carry the genetic signature of
recruitable thermogenic beige adipocytes. They further identify novel molecular markers that
were highly enriched in the adult human brown adipocytes and rodent beige adipocytes. This

study provides new approaches for BAT research and developing novel BAT targets.
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Introduction

The presence of active brown adipose
tissue (BAT) depots in adult humans has
sparked an interest in developing anti-
obesity therapeutics targeting this tissue.
Accidental discovery during
®Fluorodeoxyglucose  positron emission
tomography  (**FDG-PET) scanning for
tumors revealed symmetrical uptake of
glucose in non-tumor tissue depots’, which
were identified later on as brown adipose
depots (Figure 1). Recent studies have
shown that the adult brown adipose depots
can be activated by cold exposure and B
adrenergic-agonists®™®.  This  inducible
nature of brown adipocytes has showed
great promise in developing small molecule
activators  of  towards  anti-obesity
therapeutics. Genetic analysis of human
brown adipose revealed that it is more
closely related to the rodent ‘beige’
adipocytes rather than the classical brown
adipocytes®®.  Beige  adipocytes  are
inducible subcutaneous white adipocytes
that are derived from a smooth muscle
lineage, very distinct from the skeletal
muscle lineage of classical brown
adipocytes, that can be induced to ‘brown’
in response to certain stimuli (such as cold
or B adrenergic-agonists). However, some
recent studies also report that cultured

adipocytes derived from human brown
adipose tissue express several classical
mouse brown adipocyte selective
markers>*°. This discrepancy could be due
to a difference in the gene expression
profile of this very heterogeneous tissue in
adult humans; depending on which region
the biopsies were from (i.e the neck region
or the interior suprarenal region). Shinoda
and coworkers in this follow-up study’ carry
out a global and unbiased genetic screen to
identify the molecular markers that are
unique to human brown adipocytes, which
will help developing drug targets that will
activate these human brown adipocytes in a
highly selective way.

The Study

In this study, the authors established 65
clonally immortalized preadipocyte cell
lines from BAT biopsies obtained from the
supraclavicular region of two non-obese
individuals. These lines were subjected to
an in-vitro differentiation into brown
adipocytes and from the 65 different cell
lines, only 7 lines were capable of
adipogenic differentiation. The authors
reason that this is in accordance with
previous reports, which suggest that only a
small portion (6-10%) of cells retain their
ability to differentiate in vitro. Further
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screens were carried out using 3 of the 7
lines (Brown 1-3). The brown fat identity of
these lines was confirmed by a gene
expression analysis of the classical brown
fat markers UCP1. These cell lines also
respond to cAMP mediated induction of
brown fat specific gene expression as well
as show increased uncoupled mitochondrial
respiration similar to the classical brown
adipocytes. Next, to identify the gene
signatures of these human brown
adipocytes, these in-vitro differentiated cell
lines were subjected to RNA-sequencing.
The top 800 candidate genes were
compared to mouse gene orthologs
enriched in brown or beige adipocytes and
human adipocytes derived from
subcutaneous adipose tissue. Based on the
hierarchical  clustering, the authors
conclude that the human brown adipocytes
carry a molecular signature that closely
resembles the mouse beige adipocytes,
which is in accordance with previously
published reports. Interestingly, the authors
also report that the gene expression is
similar between undifferentiated and
differentiated human brown adipocytes,
which  suggests that the molecular
signatures are determined at the precursor
stage. The authors also identified two
unique BAT marker genes, MTUS1 and
KCNK3, in human clonally derived
adipocytes that show a strong co-relation
with the expression of mouse BAT genes.
MTUS1 is a mitochondrial protein that has
been shown to regulate cell proliferation
and KCNK3 is a pH- dependent, voltage
sensitive potassium channel. These genes
are also inducible with cold exposure in
supraclavicular BAT depots from subjects
under prolonged cold exposure, suggesting
sympathetic regulation of these genes.
Interestingly, these genes are enriched only
the supraclavicular and posterior
mediastinum human BAT depots, but not in
retroperitoneal BAT depots. In mice, both
these genes were also induced with beta-
adrenergic  agonist treatment. siRNA

knockdown of MTUS1 and KCNK3 in mouse
beige adipocytes decreased the protein
levels of UCP1 and expression of brown fat
specific  genes, which  suggests a
requirement of these genes in beige
adipocyte differentiation and function.
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Figure 1: Distribution of brown fat depots in
adult humans (adapted from ?)

Conclusion

In the recent quest for combating obesity,
targeting the activation of brown fat to
increase energy expenditure rather than
targeting pharmacological control of
appetite shows more promise and
feasibility”®'*. The recent discovery of
presence of inducible brown adipose tissue
in humans has seen a lot of discoveries in
the last few years, right from characterizing
the molecular markers to identifying the
genetic lineage and identifying the
developmental origins. Multiple groups
have now confirmed that the adult human
brown adipose tissue closely resembles the
mouse inducible beige adipocytes that arise
from a smooth muscle lineage unlike the
classical brown adipose that arises from a
Myf5+ skeletal muscle lineage”'®***®. The
current study by Shinoda and co-workers
reconfirm that human brown adipocytes
closely resemble mouse beige adipocytes.
One of the drawbacks of this study is the
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limited sample population that was
analyzed (n =2 individuals) and the regions
of the biopsies. The study also further
characterized biopsies from other BAT
depots (i.e posterior mediastinum and
retroperitoneal) and show that different
depots carry a different gene expression
profile. It would have been interesting to
analyze brown adipocytes from obese
individuals to identify genes that are
differentially regulated between lean and
the obese. Brown adipose tissue in humans
is highly active in the newborns and its
activity regresses as the individual grows.
Further studies characterizing the gene
signature of a younger population may help
identify if the genetic signature changes
with aging. This study identified some novel
brown adipocyte markers that are highly
enriched in human brown adipocytes and
could be used as secondary markers to the
classical ones.

Targeting BAT has been studied since the
early 1930s where 2,4 Dinitrophenol (DNP),
a mitochondrial uncoupler, which acts
similar to UCP1, was widely used for weight
loss’. Although it was effective in
increasing the metabolic rate, it also
resulted in deaths from hyperthermia
(increased body temperature) and off-
target effects, which led to its
discontinuation for treatment.
Pharmacological activation of brown
adipose tissue still seems promising, but
further studies are warranted in
characterizing the nature of these
adipocytes and long term effects of
increasing energy expenditure to validate
the feasibility of this approach.
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