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Abstract 

Inducing brown adipocytes in white adipose tissues is a promising target to combat obesity and 

its related disorders in human beings. This goal has been especially encouraged by new 

important discoveries of human brown adipose tissues. The accumulating evidence confirms the 

presence of active brown adipocytes, not only in newborns, but also in adult humans. In rodents, 

there are two populations of the Ucp1-expressing adipocytes with well characterized-

thermogenic functions, classical interscapular brown adipocytes and brite/beige adipocytes 

(brown adipocytes that are induced in white adipose tissues). Importantly, the anatomical 
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localization, gene expression profiling and functional characterization of Ucp1-expressing fat 

cells indicates brite and brown adipocytes coexist in human beings. Therefore, the research 

directions of brown and brite adipogenesis provide lead to potential new therapies to fight 

obesity and its related metabolic diseases in human being. The objectives of this review are (1) to 

discuss the fate of primary adipocytes based on tissue origins, and (2) to discuss mechanisms of 

brown and brite adipogenesis which could lead to their different responses to browning reagents.  
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1. Tissue origin determines adipocyte’s destiny in vitro 

In mice, at least 17 types of fat depots carrying different adipocytes are recognized [1], 

and a major part of the scientific community classifies adipocytes in these depots into three 

categories: (i) classical brown, (ii) brite (inducible brown), and (iii) white fat cell [2]. Classical 

brown adipocytes share an origin of the myf5 positive (myf5
+
) myotomal precursors with muscle 

cells [3, 4], while brite fat cells derive from myf5 negative (myf5
-
) precursors [5, 6]. White 

adipocytes have both origins (myf5
+
 and myf5

-
 precursors) (Reviewed in [2]). Long et al., in 

2014 showed that brite adipocytes may share an origin with smooth muscles. They found that 5% 

of  smooth muscle-like cells differentiated into brite adipocytes with requirement of PR domain 

containing 16  (Prdm16)  in vitro and cold in vivo [7]. From a stem cell point of view, classical 

brown adipocytes arise from myf5
+
 precursors of mesenchymal stem cells (MSCs), brite 

adipocytes develop from myf5
-
 myotomal precursors of MSCs, whereas white adipocytes derive 

from MSCs with myf5
- 

or myf5
+
 progenitors [2]. It is conceivable that isolation of stem cells 

from different anatomic locations of the body and type of precursors (myf5
-
 or myf5

+
) in a 

specific tissue could lead to differences in the type of primary adipocytes in vitro when they are 

stimulated to undergo adipogenic differentiation by the same conditions [5, 8]. In other words, 

the adipogenic differentiation capacity of stem cells reflects the origin and characteristics of the 

fat depot. In vitro, cells isolated from the stromal vascular fraction (SVF) of interscapular brown 

adipose tissue (iBAT) cultured in adipogenic medium with rosiglitazone (Rosi) expressed high 

levels of classical brown adipocyte signatures (Uncoupling protein 1 - Ucp1, Zinc finger in the 

cerebellum 1 - Zic1, and Myogenin). On the contrary, cells that arise from stromal vascular 

fraction of epididymal fat depot (EPI) cultured in identical conditions show a fate of brite 

adipocytes with the specific markers (Ucp1 and Homeo box C9 - Hoxc9). Both, Ucp1-expressing 
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fat cells, have a full thermogenic program indicated by high expression of  Peroxisome 

proliferator-activated receptor gamma coactivator 1-alpha (Pgc1α) and Peroxisome 

proliferator-activated receptor alpha (Pparα) [5]. Without Rosi in the adipogenic medium, EPI 

SVF develops into white adipocytes with the specific molecular markers such as Hocx8, 

Transcription factor 21 (Tcf21), Insulin-like growth factor-binding protein 3 (Igfbp3) and 

Dermatopontin (Dpt) [5]. These results suggest the presence of different types of precursor cells 

in iBAT and EPI that determine the direction of the adipogenic processes. iBAT has myf5
+
 

progenitors with the ability to develop into classical brown adipocytes. In contrast EPI has myf5
-
 

progenitors with the potential of differentiation into brite or white adipocytes. 

Our published data [8] supports the statement that the tissue origin determines the fate of 

primary adipocytes in vitro. Under an identical adipogenic medium containing 3-isobutyl-1-

methylxanthine (IBMX), dexamethasone (DEX), insulin (INS) and Rosi, cells isolated from 

inguinal (ING) and iBAT fat tissues as well as ear mesenchymal stem cells (EMSC) 

differentiated robustly into adipocytes with significantly higher levels of the adipogenic marker 

(Pparγ) and abundant fat accumulation as indicated by oil red O staining [8]. Interestingly, Rosi 

induced three types of fat cells in vitro from three different tissues; brown adipocytes had arisen 

from iBAT, brite adipocytes were derived from ING, and white adipocytes were developed from 

EMSC as indicated by specific biofunctional markers [8]. Primary brown (iBAT) and brite 

adipocytes (ING) revealed a thermogenic program as certified by high expression of Ucp1, 

Pgc1α and Pparα [8]. Primary white adipocytes differentiated from EMSC failed to express 

Ucp1, Pgc1α and Pparα at both mRNA and protein levels [8]. Therefore, these adipocytes did 

not response to tested browning reagents including NE and T3 event alone or combined 

treatment (Fig. 7 in [8]).   

2. Mechanism of brown adipogenesis 

Brown adipose tissue (BAT) was first discovered in small adult mammals and in 

newborns where it functions as an adaptive organ to maintain body temperature in hypothermic 

conditions. Recently, the existence of brown adipose tissues and their thermogenic function in 

adult humans was recognized [9-14]. In rodents, the classical BAT is an interscapular brown 

adipose tissue, which is widely used to investigate the formation, development and function of 

brown adipocytes. Although brown and white fat cells display the opposite roles in lipid 
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metabolism, they both require activity of transcription factor Pparγ to be developed and active. 

In vivo, mice with a dominant-negative P465L mutation of Pparγ have a defect in iBAT, but 

surprisingly not in white adipose tissue (WAT) [15].  

Brown adipocytes differentiate from Myf5 expressing progenitor cells. The brown 

adipogenic differentiation needs coordinated action of  two key transcription factors, Pparγ and 

Early B-Cell Factor-2 (Ebf2) [16, 17]. The cooperation of these transcription factors promotes 

the expression and function of Prdm16, which then binds to Pparγ and activates its 

transcriptional function to drive a brown adipocyte destiny [6]. Additionally, the thermogenic 

function of mature brown adipocytes  is activated by  β-adrenoreceptors’ agonists, such as 

norepinephrine (NE) and epinephrine, which are released from sympathetic neurons [16] or 

adrenal glands. Active brown fat cells have a full thermogenic capacity with the expression and 

activities of important transcription factors as Pparα and Pgc1α. The differentiation, 

development and function of brown fat cells are triggered by several factors including cold 

exposure, natriuretic peptides, thiazolidinediones, thyroid hormone (such as T3), bone 

morphogenetic protein 7 (Bmp7), bone morphogenetic protein 8b (Bmp8b), fibroblast growth 

factor 21 (Fgf21) and orexin [16]. In vitro, the brown differentiation of iBAT SVF induced by a 

Pparγ agonist is increased by a treatment of NE [5] or T3 [8]. T3 increases the thermogenesis of 

primary brown adipocytes from rat or hamster iBAT SVF by stimulating thyroid hormone 

nuclear T3 receptor beta 1 (TRβ1) [18, 19]. In human, mRNA and protein levels of Ucp1 in BAT 

SVF adipocytes are significantly elevated by a 4 hour-stimulation of NE [20].  

The roles of some activators on brown adipogenesis were also indicated in our previous 

work where we examined the effects of T3 and NE on Rosi-stimulated brown adipogenesis of 

iBAT SVF (Fig. 7 in [8]). mRNA and protein analysis indicates that separate treatment with T3 

or NE increased Ucp1 expression induced by Rosi in primary brown adipocytes [8]. However, a 

combination of T3 and NE did not have a meaningful effect on brown adipogenesis. The Ucp1 

protein and mRNA levels of cells treated by T3+NE were not changed versus cells treated by T3 

or NE alone [8].  

3. Mechanism of brite adipogenesis 
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Inducible brown adipocytes or brite adipocytes (beige adipocytes, brown-like fat cells) 

were first described in rodents [21-23]. Initially these adipocytes were found in traditional white 

fat depots of rodents which were exposed to cold or injected by β adrenergic receptor agonists 

[21-24]. Then, they were classified as a third type of adipocytes, brite adipocytes, beside 

classical brown and white fat cells. Brite adipocytes share the thermogenic function with brown 

adipocytes but they have a distinct developmental origin [5, 6, 24, 25]. Notably, there is the 

evidence of fully functional brite adipocytes in both infant and adult humans [14, 25-27]. But, 

our knowledge on origin and development of brite adipocytes is still limited.  

Brite adipocytes come from non-Myf5 progenitor cells, but they share a common 

requirement for adipogenic differentiation with white and brown adipocytes that is the Pparγ 

activation. In vitro, the Rosi stimulation induces brite adipocytes from epididymal white adipose 

tissue (EPI) SVF  [5] and ING SVF [8] of mice. In vivo, cold exposure or treatment of β 

adrenergic receptor by its agonists such as NE and CL (CL-316243, a ß3-AR agonist) stimulates 

the formation of functionally active brite fat cells in white fat depots e.g. ING and EPI [21-23]. 

However, the induction of inducible brown adipocytes depends on several factors including 

genetics, nutritional conditions, developmental periods, environmental temperature and anatomic 

location of adipose tissues [28-30]. Stimulation of Pparγ by its agonists induces brite 

adipogenesis by increasing the stability of Prdm16 and deacetylating Pparγ followed by the 

recruitment of Prdm16 to Pparγ target genes [16]. β adrenergic receptor agonists and cold 

exposure enhance the expression and activity of Pgc1α, another key transcription factor in the 

development and function of brown fat cells [16]. Accordingly, the brite adipogenic 

differentiation is triggered by cold exposure, Rosi treatment, Fgf21, Irisin and natriuretic 

peptides [16, 31].  Fgf21 and Irisin have previously shown to be  cold-induced endocrine 

activators of BAT function in humans [31]. Although sharing some general transcription factors 

for adipogenic differentiation with brown adipocytes including Pparγ, Prdm16, Pgc1α and 

CCAAT/enhancer-binding protein beta (C/ebpβ), brite adipocytes behave in a different way than 

brown cells. During an adipogenic differentiation, T3 increases the expression of Ucp1 protein 

and thermogenesis of iBAT SVF cultures, but this browning reagent does not affect 

thermogenesis and Ucp1 expression in WAT SVF cultures [19]. In addition, the 4-hour of NE 

stimulation in human primary cultures elevates both mRNA and protein levels of Ucp1 in 

primary brown but not in primary brite adipocytes [20].  
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In our previous works we also examined the brite adipogenesis of ING SVF, and their 

responses to the browning reagents, T3 and NE (Fig. 7 in [8]). Rosi stimulated brite adipocytes 

formation from ING with thermogenic program as indicated by remarkable expression of Ucp1, 

Pgc1α, and Pparα genes [8]. The brite adipogenic effect of Rosi in ING SVF was not regulated 

by T3 or NE alone [8]. Interestingly, the combination of T3 and NE enhanced the Rosi-induced-

adipogenic differentiation of brite fat cells as confirmed by elevated protein levels of UCP1 in 

Ao+NE+T3 versus Ao, Ao+NE or Ao+T3 treated cultures [8]. 

4. Differences between brown and brite adipocytes in response to the browning reagents  

Brown and brite adipocytes arise from two different populations of precursor cells [3-6], 

but they share several features of development and function. Both kinds of Ucp1 expressing fat 

cells need the activation of Pparγ in vitro, or the stimulation of β adrenergic receptors in vivo to 

trigger an adipogenic process [5, 8, 16, 21-23]. They perform thermogenic function by activity of 

Ucp1 in the association of other thermogenic transcription factors including Pgc1α and Pparα. 

However, experimental evidence shows that brown and brite adipocytes respond differently to 

NE and T3 under identical conditions [19, 20].  

Our previous data also show dissimilar reactions of these Ucp1-expressing-adipocytes to 

NE and T3 when they were induced by Rosi in vitro [8]. As mentioned above, Rosi-stimulated 

brown, but not Rosi-stimulated brite adipogenenesis was enhanced by T3 or NE treatment alone 

[8] whereas, NE and T3 had a synergistic effect on brite, but not on brown fat cells triggered by 

the Rosi [8]. 

5. Conclusions 

The accumulating evidence in the field suggests that the origin of progenitor cells 

determines the type of adipocytes in vitro, and brite and brown adipocytes are different in 

response to browning reagents. These were supported by our published data [8] summarized in 

Figure 1. Under the stimulation of Rosi in adipogenic medium (Ao), EMSC differentiated to 

white adipocytes as indicated by expression of white adipose tissue expansion markers such as 

Mest, while SVFs of ING and iBAT differentiated into brite and brown adipocytes respectively 

as proved by the expression of thermogenic genes such as Ucp1 (Fig. 5). In the same conditions 

brite and brown adipocytes responded differently to the stimulation of NE and T3. Brown 
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adipocytes had increased thermogenic function by the single or combined treatments of these 

reagents, but brite adipocytes only responded to the combined stimulation of T3 and NE. 
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Figure Legends  

Figure 1. Schematic illustration of EMSC, ING and iBAT SVF cells response to adipogenic 

stimulation. Under the stimulation of Rosi in adipogenic medium (Ao), EMSC, ING and iBAT 

SVF cells differentiate into white, brite and brown adipocytes, respectively as indicated by the 

expression of specific markers: Mest for white, and Ucp1 for brite and brown adipocytes. Brite 

adipocytes developed from ING SVF cells, stimulated with NE+T3 but not NE or T3 alone have 

increase in Ucp1 expression. iBAT SVF cells differentiate into brown adipocytes responding to 

all browning reagents as indicated by increase in Ucp1 levels by either NE or T3  alone or 

combined treatment of NE and T3.  
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Figure 1.  

 

 


