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Abstract Obesity is a leading health problem facing the mod-
ern world; however, no effective therapy for this health issue
has yet been developed. A promising research direction to
identify novel therapies to prevent obesity has emerged from
discoveries on development and function of brown/brite adi-
pocytes in mammals. Importantly, there is evidence for the
presence and function of active thermogenic brown adipo-
cytes in both infants and adult humans. Several new investi-
gations have shown that thermogenic adipocytes are benefi-
cial to maintain glucose homeostasis, insulin sensitivity, and a
healthy body fat content. Such thermogenic adipocytes have
been considered as targets to develop a therapy for preventing
obesity. This short review seeks to highlight recent findings on
the development and function of brown/brite adipocytes in
humans and to discuss potential treatments based on these
adipocytes to reduce obesity and its related disorders.
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Introduction

It is known that brown adipose tissues (BAT) are present in
newborn infants and that they function to maintain normal body
temperature during the early stages of life [2, 9, 15]. However,
these adipose tissues regress following the development they
may have only a modest impact on nonshivering thermogenesis
in adults. Although these brown adipocytes were known to exist
in adult humans since 1985 [4], they had not attracted serious
attention from scientists. This neglect changed following the
publication of discoveries on the presence of functional thermo-
genic adipocytes in adult humans during the past 7 years [6, 7,
19, 26, 27]. Active UCP1-expressing adipocytes were found in
both patients and healthy people at adulthood under various
physiological conditions by positron emission tomography
(PET) and X-ray computed tomography (CT) [6, 7, 19, 26,
27]. These findings indicate possible roles of thermogenic adi-
pocytes in thermogenesis of not only infants but also adult
humans and this has been supported by several key investiga-
tions in the field [7, 11, 16, 19, 21, 26-28] with the latest one
being released by Min et al. 6 months ago [16].

Types of thermogenic adipocyte in humans

The origin, development, and types of thermogenic adipocytes
in humans remain unclear. The presence of Ucpl expressing
adipocytes in brown (BAT) not in white adipose tissues (WAT)
in either normal or cold exposure condition [26] leads them to
be considered as classical brown adipocytes. Another experi-
ment also showed that thermogenic adipocytes differentiated
from progenitors of human neck adipose tissues shared simi-
larities in gene expression profiling and function with classical
interscapular brown adipose tissues (IBAT) in rodents [7].
However, deeper assessments on gene and protein expression
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of specific markers for brown, brite/beige, and white adipo-
cytes in human BAT showed that classical brown adipocytes
and recruitable brite adipocytes coexist in adult human brown
fats [11, 15, 28]. The presence of brite adipocytes in human
BAT is strongly supported by RNA sequencing and unbiased
genome-wide expression analyses of thermogenic adipocytes
differentiated from adult BAT stromal vascular fraction (BAT
SVF) [21]; these studies showed that UCP1-positive human
adipocytes presented molecular signatures of brite adipocytes
[21]. These findings suggest that thermogenic adipocytes in
adult humans have at least two types of cells, including classi-
cal and inducible brown adipocytes (brite/beige adipocytes);
these adipocytes may have different origins and have distinct
developmental processes as they do in rodents [9].

Developmental origin of human thermogenic
adipocytes

In rodent, there is strong evidence that the two types of ther-
mogenic adipocytes arise from different populations of pre-
cursor cells [1, 9, 18, 20, 22]. Classical brown adipocytes are
developed from myf5 positive (myf5+) myotomal precursors

as muscle cells [1, 17, 22], but brite adipocytes can derive
from both myf5+ and negative (myf5-) lineages [17, 18, 20].
The development and thermogenic function of brown and/or
brite adipocytes are triggered and regulated by several factors
such as cold exposure, natriuretic peptides, thiazolidinediones,
thyroid hormones, bone morphogenetic protein 7 (Bmp7),
bone morphogenetic protein 8b (Bmpd8b), irisin, and orexin
fibroblast growth factor 21 (Fgf21) [9, 14].

In human, the most recent studies on the developmental
origin of brite adipocytes were reported in early 2016 by
Min and coworkers [16]. They found that human brite adipo-
cytes developed from capillary networks of adipose depots
[16]. In an in vitro system, cells of microvessels developed
from adipose tissue fragments differentiated into thermogenic
adipocytes in a response to pro-angiogenic factors such as
vascular endothelial growth factor (VEGF) and human fibro-
blast growth factor B (hWFGF-B) [16]. This investigation sug-
gests that there is a population of progenitors, located in cap-
illary networks of human adipose tissues, which has the po-
tential to develop into brite adipocytes under suitable stimula-
tions. It also supports the notion for the existence of different
stem cells which can differentiate into classical brown or brite
adipocytes in adult humans [11, 15, 28].
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Fig. 1 The development, types, and therapeutic effects of human
thermogenic adipocytes. Human thermogenic fat cells include classical
brown and brite adipocytes which may develop from different
progenitors. These brown and brite adipocytes contribute to the brown
adipose content (BAT) of the human body. Under stimulation by cold,
selective drugs or vitamins such as nicotinamide riboside (NR) human
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BAT is activated and burns lipid to improve metabolism, increase glucose
homeostasis, and insulin sensitivity. Progenitors of human brite
adipocytes come from capillary networks of adipose tissues. Pre-
activated primary brite adipocytes in vitro could improve systemic
glucose tolerance of normal or obese mice after being transplanted
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Function and potential application of human
thermogenic adipocytes

In vivo, human thermogenic adipocytes can be activated by
cold exposure [19, 26, 27] as indicated by a 15-fold increase in
glucose uptake in BAT of healthy subjects by cold [27]. A
mild cold exposure (16 °C) also activated BAT in 96% of
volunteers in an experiment, and this activity was significantly
higher in lean vs obese subjects [27]. Additionally, the amount
and activity of BAT were negatively correlated with body
mass index (BMI) [6, 26]. Some known drugs, such as
mirabegron—a beta 3-adrenergic receptor agonist—were also
found to activate BAT and benefit metabolic homeostasis in
adult humans [5]. Cold exposure increases circulating irisin
and Fgf21, which further activate the thermogenic function of
BAT in humans [14].

Furthermore, some key publications showed that NAD+/
sirtuin (SIRT) pathway could regulate adipogenesis and func-
tion of thermogenic adipocytes [3, 8, 10, 12, 13]. In 2012,
Cant6 C et al. found that nicotinamide riboside (NR) increased
NAD+ levels and activated SIRT signaling resulting in im-
proving BAT oxidative function, energy expenditure, and re-
ducing diet induce obesity (DIO) in mice [3]. In a mouse
model of type 2 diabetes (T2D), NR also improved glucose
tolerance and reduced weight gain [25]. These were supported
by a work done by Kahn NA et al. in 2014; they reported that
NR facilitated thermogenesis by induction of mitochondrial
function [13]. Another group found that suppression of SIRT
by MicroRNA 34a in obesity inhibited the formation of ther-
mogenic adipocytes [8]. In 2015, Traba J and coworkers
proved that NR could reduce obesity-induced inflammation
and the risk of inflammation-related diseases [23]. Then, in
the early of this month, one article was released reporting the
first human clinical trial for NR; it showed that NR increased
levels of a cell metabolite critical for cellular energy produc-
tion without any serious side effects [24]. Thus, current data
justifies testing of NR in obese and/or T2D patients.

Together, the above findings suggest that the activators of
human BAT formation and activity are promising to be used
as therapies to prevent obesity and overweight in humans.

In vitro, brown and brite adipocytes can be differentiated
from SVF of human brown and white adipose tissues, and
these primary thermogenic adipocytes are activated and func-
tion to burn lipid ex vivo in several experiments [7, 11, 16,
21]. Supplementation of basic adipogenic media with reagents
such as dibutyryl-cyclic AMP (cAMP), forskolin, or norepi-
nephrine induces and activates thermogenic adipocytes
in vitro from precursor cells of adult human fat depots [7,
11, 21]. The activation and thermogenic function of these
primary adipocytes indicate their possible use as a therapy to
treat obesity and its related disorders in vivo. This goal has
been further developed through the work of Min and col-
leagues [16] who found that activated brite adipocytes

in vitro from SVF of human tissues maintain their thermogen-
ic function in vivo. Importantly, the implantation of these hu-
man primary brite fat cells improves metabolic homeostasis of
normal or diet-induced obesity immunodeficient mice [16].

Conclusion

In conclusion, recent accumulating evidence clearly indicates
that there are two types of thermogenic adipocytes in human
beings; they are classical brown adipocytes and brite/beige
adipocytes (Fig. 1). They are distinct adipocytes and may have
different developmental origins, as described in rodents. In
their current work Min et al. have pointed that brite adipocytes
develop from progenitors of capillary networks (Fig. 1).
Human brown and brite adipocytes are functional and can be
activated by cold exposure or adrenergic receptor agonists.
The thermogenic function of BAT is also triggered and in-
creased by nicotinamide riboside, a pyridine-nucleoside form
of vitamin B3 (Fig. 1). The pre-activated brite adipocytes
in vitro show therapeutic results in vivo after being
transplanted into mouse models of obesity (Fig. 1); this pre-
dicts a promising use of thermogenic adipocytes to prevent
obesity and it related disorders in human.
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