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REVIEW

Some Shared but Many Differing Features of White and Brown Adipocytes

In mammals cells with a relevant amount of lipids 
in their cytoplasm, in physiologic conditions, are 
defined adipocytes. Thus, the term adipocyte is just  
descriptive of one of the structural aspects of these  
cells and it is completely unlinked to their functi-
onal role.

Two types of adipocytes are widely recognized: 
white and brown. These two cell types have a very 
different morphology and physiology (13). 

White adipocytes are large spherical cells with 
a single cytoplasmic vacuole that predominate the 
structural organization of this cell (therefore 
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 › Most of white and brown adipocytes, in spite of their different 
functions – storing energy and thermogenesis – are contained  
together in subcutaneous and visceral depots. The reason for this 
mixture lies in the fact that adipocytes have plastic properties al-
lowing each to convert to the other: under chronic cold exposure, 
white convert into brown to support the need for thermogenesis 
and under obesogenic diet, brown convert into white to satisfy 
the need for energy storing. 

 › The white-brown transdifferentiation is of medical interest 
because the browning is associated with obesity resistance and 
drugs inducing the browning phenomenon curb obesity and 
related disorders. 

 › Type2 diabetes is the most common disorder associated with vis- 
ceral obesity. Macrophages infiltrating the obese adipose organ 
are responsible for the low-grade chronic inflammation dealing 
to insulin resistance and T2 diabetes. Macrophages form cha-
racteristic histopathology figures: crown-like structures (CLS) 
due to the need for removal of debris deriving from the death of 
adipocytes. Death of adipocytes is related to their hypertrophy 
up to the critical death size. Visceral adipocytes have a smaller 
critical death size, thus offering an explanation for the higher 
inflammation and morbidity of visceral fat. Physical exercise 
induces both useful changes of adipose organ: size reduction of 
adipocytes and browning. 

 › Exercise-induced browning is due to several mechanisms 
including increased density of noradrenergic fibres in white 
adipose tissue and to factors produced by skeletal muscles and 
adipose tissue.

 › Die meisten weißen und braunen Fettzellen sind trotz ihrer 
verschiedener Funktionen – Energiespeicherung und Thermo-
genese – gemeinsam in den subkutanen und viszeralen Depots 
enthalten. Die Ursache liegt darin, dass Fettzellen plastische Ei-
genschaften haben, die es ihnen ermöglichen, sich ineinander zu 
verwandeln: unter chronischer Kältebehandlung werden weißen 
zu braune Fettzellen, um die Thermogenese zu unterstützen. Un-
ter einer adipogenen Diät werden braune zu weißen Fettzellen, 
um Energie zu speichern.

 › Die weiß-braune Transdifferenzierung ist von medizini-
schem Interesse, da das „Browning“ mit Adipositasresistenz 
zusammenhängt. Medikamente, die das „Browning“ induzie-
ren, wirken Adipositas und metabolischen Faktoren entgegen. 

 › Diabetes Typ II ist die am häufigsten auftretende Störung, die 
mit viszeraler Adipositas in Verbindung gebracht wird. Mak-
rophagen infiltrieren das fettleibige adipöse Organ und sind 
verantwortlich für niedrig-persistierende Entzündungen, die 
zu Insulinresistenz und Diabetes Typ II führen. Makrophagen 
weisen charakteristische histopathologische Zeichen auf: Sie 
bilden „Crown Like Structures“ (CLS), um die Ablagerungen 
abzubauen, die durch das Absterben von Fettzellen zustande 
kommen. Das Absterben von Fettzellen wird induziert durch 
eine Hypertrophie bis zu einer „tödlichen Größe“, die dann den 
Zelltod bewirkt. Bei viszeralen Fettzellen ist die „tödliche Organ-
größe“ kleiner als bei anderen Fettzellen. Dies erklärt die höhere 
Inflammation und Sterberate des viszeralen Fettes offenbart. 
Körperliche Aktivität ermöglicht zwei nützliche Anpassungen 
des adipösen Organs: zum einem das Schrumpfen der Größe, 
zum anderen das „Browning“. 

 › In weißem Fettgewebe führt körperliches Training zu einem 
„Browning“ und zusätzlich findet sich dort eine erhöhte Dichte 
noradrenergener Fasern in weißem Fettgewebe und entspre-
chende Zytokine, die aus Skelettmuskel und Fettgewebe stam-
men.
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unilocular adipocyte is also used to define white adipocytes). 
About 90% of its volume is formed by this vacuole composed 
by triacylglycerides. The rest of the cell is formed by a cres-
cent shaped nucleus squeezed by the lipid droplet and a very 
thin cytoplasmic rim surrounding the central vacuole (Fig. 1). 
Further organelles are recognizable in the cytoplasm of white 
adipocytes, but they are usually small: mitochondria, rough 
endoplasmic reticulum, smooth endoplasmic reticulum, Gol-
gi complex, lysosomes, peroxisomes and pinocytotic vesicles. 
Each white adipocyte is surrounded by an external lamina 
mainly composed by collagen IV. The structure of this external 
lamina (sometimes described also as basal lamina) is formed 
by an internal part with a fine network of microfibrils and an 
external part in which sparse collagen fibrils are visible by both 
transmission and scanning electron microscope (33).

Brown adipocytes are po-
lygonal cells with a size that 
is about 1/3-1/2 that of white 
adipocytes. The nucleus is 
roundish and often located 
in the central part of the cell 
(Fig. 2). Cytoplasmic lipids 
are contained into several 
small vacuoles (multilocular 
adipocyte). Mitochondria are 
numerous, large and packed 
with cristae. Other organelles 
are usually poorly developed 
(Fig. 3). An external lamina 
similar to that described 
above is also present on the 
external surface of brown 
adipocytes (12). 

Thus, white and brown 
adipocytes display a differ-
ent anatomy allowing their 
different physiology. White 
adipocytes store lipids in 
order to allow intervals be-
tween meals. It should be 
outlined that this function 
was of pivotal importance 
for millions of years when 
the fasting intervals could 

last for weeks. This could explain the positive gene selection 
for white adipocytes.

Brown adipocytes burn lipids to generate heat. Body tem-
perature must remain constant at 37°C in spite of the very 
variable external temperatures in the environment where hu-
mans live: from -50°C to +50°C. Thus, the normal temperature is 
quite closer to the upper limit than the lower one and therefore 
thermogenesis is a very important physiologic automatic reac-
tion of the body when exposed to temperatures below thermo 
neutrality (38). Cold receptors of skin activate afferent nerves 
able to activate hypothalamic neurons of sympathetic nervous 
system that directly activate, trough synaptoid-adipocyte nor-
adrenergic junctions, brown adipocytes (4, 9). Gap junctions 
between brown adipocytes couple electrically these cells and 
diffuse the adrenergic stimulus to promote heat production 
via beta-oxidation of fatty acids in these cells. Mitochondria 
of brown adipocytes are uncoupled due to the presence of the 
unique uncoupling protein 1 (UCP1), thus the only byproduct 
derived from fatty acids burning in these cells is heat (8, 55).

Thus, these two cell types, in spite of their evident differences 
in anatomy and physiology, share the fact that they both con-
tain relevant amount of cytoplasmic lipids and that these lipids 
are used to satisfy important functional needs for survival of 
the organism (short term homeostasis).

 Orchestration of Specialized Adipocytes  
 into White and Brown Adipose Tissue 

Anatomical studies showed that white and brown adipocytes 
are contained into dissectible structures located under the skin 
(subcutaneous depots) or into the trunk (visceral depots, see 
Fig. 4) (25).

These depots are composed mainly by adipocytes and can be 
considered all together as a diffuse large organ (adipose organ) 
in which the parenchymal cell is the adipocyte.

 

Figure 2  
Brown adipose tissue (rat). Light microscopy of resin embedded tissue. Toluidin blue staining.  
CAP=capillary (some indicated). 

 

 

Figure 1  
White adipose tissue. Light microscopy of resin embedded tissue.  
Blue of toluidine staining.
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The color of this organ is 
white in the areas mainly 
containing white adipocytes 
(white adipose tissue: WAT) 
and brown in the areas con-
taining mainly brown adi-
pocytes (brown adipose tis-
sue: BAT), thus the name of 
adipocytes derives from the 
color they give to the organ. 

WAT and BAT have dif-
ferent vascular and nerve 
supply. The capillary net-
work is about six times dens-
er in BAT than in WAT (51). 
This high density of vascular 
network in BAT support the 
need for both high rate of 
metabolic activity and for 
a rapid transport of heat to 
the rest of the body.

Nerves are mainly rep-
resented by noradrenergic 
parenchymal fibers that are 
much more represented in 
BAT than in WAT (30, 31, 32).

Detailed morphometric 
studies showed that most 
depots in adult mice of dif-
ferent strains are mixed, 
i.e.: composed by a mixture 
of WAT and BAT (47, 49, 62). 
In brief BAT is prevalent in 
the areas located near aorta 
and its main branches and, 
in mice, in the interscapular 
area.

The need for a rapid and 
diffuse dispersion of the 
heat to whole organism offers a finalistic explanation to this 
location of BAT. In human newborns the distribution of BAT 
is similar to that of mice above described, but adult humans 
lack the interscapular BAT and small amounts of metabolically 
active BAT is found in the supraclavicular area (in close contact 
with subclavian arteries) and in the perirenal region (21, 58, 
60, 61, 68). 

The rest of the organ is mainly composed by WAT. Thus, de-
pots located quite far from aorta and its main branches such 
as posterior subcutaneous depot, perivescical and epididymal 
depots are almost pure WAT.

 The Adipose Organ Is Plastic 

This mixture of WAT and BAT in this organ is an important fea-
ture because it should imply a physiologic rationale given the fact 
that these two tissues differ so clearly in their functional role. 

We found a possible explanation in the plasticity of this or-
gan (18, 34). When chronically exposed to adrenergic stimulus 
(cold, administration of beta-adrenergic agonists, in cases of 
noradrenaline secreting tumors) both in mice and humans the 
amount of BAT in the organ increase (3, 26, 35, 36, 39). Such 
increase is generally referred as browning (Fig. 4). On the oth-
er hand when the energy balance is positive, one of the possi-
ble mechanism to store the energy excess is to convert brown  

adipocytes into white adipocytes. Detailed studies from our 
group as well as other groups showed that the cytological mech-
anism of reversible browning is mainly due to direct conversion 
(transdifferentiation) of white adipocytes into brown adipo-
cytes (3, 35, 39, 62) as we described earlier such conversions are 
visually characterized as paucilocular adipocytes (Fig. 5) (3). 
The most reliable technique able to demonstrate the conversion 
of a cell type into another cell type is the lineage tracing tech-
nique. Recent experiments using this technique confirmed our 
hypothesis (57) even if the proliferative/developmental mecha-
nism has been proven to play a role (63). 

Thus a mature cell in adult mammals can reprogram its ge-
noma and reversibly transform into a cell with different func-
tional role under physiologic stimuli (15, 16, 17).

This plasticity could have a therapeutic role in the next fu-
ture because all data from rodents and humans suggest the 
beneficial effect of browning to curb obesity and related disor-
ders (1, 11, 27, 28, 37, 40, 42, 56, 59).

 Physical Exercise Serves as a Driving Force  
 of White-To-Brown Conversion 

Cold exposure is not the only way to obtain white-to-brown con-
version. Physical exercise, particularly a special kind of physical 
exercise, in enriched environment, induces an increase in 

Figure 3  
Brown adipose tissue (rat). Electron microscopy showing details of organelles. m mitochondria, L lipid droplets, N nucleus.
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hypothalamic BDNF and activates the sympathetic nervous 
system, is able to induce browning (10, 23). Furthermore,  
a recently discovered hormone called irisin, which is pro-
duced by murine and human skeletal muscles during physical 
exercise, has been proven to be a potent inducer of white to 
brown conversion both in vitro and in vivo, with positive me-
tabolic consequences and weight reduction in diet-induced 
obese mice (7). 

Lee et al. found that muscle-related shivering contraction 
is also an important stimulus for irisin secretion in humans, 
but some recently published data seems to questioning the real 
possibility that irisin could be an interesting therapeutical tool 
(41, 54). Interestingly we recently found a new potential role of 
iris on bone cortical mass (20).

Very recently another factor produced by exercised skele-
tal muscle and cold exposed adipocytes have been discovered: 
meteorin-like. Meteorin-like factor induce browning trough an 
indirect action on inflammatory cells (53).

Physical exercise seems to be involved in the secretion of 
heart hormones called atrial and ventricular natriuretic pep-
tides (ANPs and BNPs) (43, 44, 45). The main stimulus for their 
secretion is stretching of cardiac muscle (24). These hormones 
act on the kidneys and adrenal glands to maintain homeo-
stasis of body fluids; they are also vasodilators and are “car-
dioprotective”. They signal through specific clearance (NPRC) 
and activation receptors (NPRA), implying that PKG signaling 
shares substrates such as p38MAPK with PKA signaling (66). 
This kinase is an important transcription regulator of UCP1 
downstream in the adrenergic signaling cascade, which al-
lows synergic action of NP with adrenergic stimuli. Cold expo-
sure also increases ANP secretion by the heart. Mice lacking 
NPRC, the negative regulator of NP activity, have inguinal WAT  

displaying some browning and have increased expression of 
thermogenic genes in both WAT and BAT (6, 65). 

Importantly, activation of the natriuretic system physiolog-
ically counteracts the negative effects of catecholamines on 
the cardiovascular system. Thus, drugs that act on the above 
mentioned target molecules, such as irisin, meteorin-ilke NPRA 
or NPRC antagonists, could represent alternative strategies to 
induce browning of the adipose organ and avoid the activation 
of the sympathetic nervous system and its negative collateral 
effects on the cardiovascular system. 

 Histopathology of the Obese Adipose Organ 

In 2003, two independent laboratories showed that the adipose 
tissue of obese animals and humans is infiltrated by macro-
phages, inducing a chronic low-grade inflammation. They also 
showed that macrophage infiltration is positively correlated to 
the size of adipocytes and is coincident with the appearance of 
insulin resistance. Furthermore, they showed that most cyto-
kines involved with insulin resistance are produced by cells in 
the stroma-vascular fraction (SVF) of adipose tissue, including 
macrophages, and not in the mature adipocytes (64, 67). We 
found that over 90% of active MAC2-immunoreactive macro-
phages surround dead adipocytes both in lean and obese mice, 
forming characteristic structures called “crown-like structu-
res” (CLSs) (14, 48, 50). Their density is positively correlated to 
the size of adipocytes, independently of obesity status because 
hormone sensitive lipase (HSL) knockdown mice are lean but 
have fat with hypertrophic adipocytes and their fat have the 
same CLS density than obese fat. Adipose tissue from humans 
showed similar features (14). 

CLS density is positively correlated with adipocyte size in 
both the subcutaneous and 
visceral fat of obese mice. 
However, in fat with adipo-
cytes of comparable size, CLS 
density is higher in visceral 
fat, suggesting that visceral 
adipocytes are more fragile 
and reach a critical size that 
triggers death, termed the 
“critical death size” (CDS), 
earlier than subcutaneous 
adipocytes (14, 16, 19, 33, 48). 
These data offer an explana-
tion to the well known clini-
cal notion that visceral obe-
sity is more often associated 
with other disorders (mainly 
T2 diabetes) that subcutane-
ous obesity (5).

Interestingly, physical ex-
ercise induce a size reduction 
of both visceral and subcuta-
neous adipocytes, thus, con-
sidering the above described 
data, it should have anti-in-
f lammatory consequences 
on fat.

  Conclusions 

New insights regarding the 
plasticity of adipocytes and 

Figure 4  
Gross anatomy of the adipose organ of adult female Sv129 mice maintained at 28°C and 6°C for ten days, this last 
condition is a visually evident example of cold-induced browning of the adipose organ; from (47) with permission.  
A anterior subcutaneous depot including: interscapular, subscapular and axillary areas, mainly composed by brown 
adipose tissue even at 28°C; B mediastinal-periaortic visceral depot, mainly composed by brown adipose tissue even at 
28°C; C mesenteric visceral depot, mainly composed by white adipose tissue at 28°C; D retroperitoneal visceral depot, 
mainly composed by white adipose tissue at 28°C; E abdomino-pelvic visceral depot including perirenal, periovaric, 
parametrial and perivescical areas, mainly composed by white adipose tissue at 28°C;F posterior subcutaneous depot 
including: dorso-lumbar, inguinal and gluteal parts, mainly composed by white adipose tissue at 28°C. 
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the adipose organ have been 
gained in the last few years. 
White and brown adipocy-
tes can reciprocally convert 
each other under appropria-
te stimuli to better satisfy im-
portant physiological needs 
of the organism, including 
thermogenesis and energy 
storage. This is not the only 
example of adipocyte pla-
sticity in the adipose organ 
because we also showed the 
ability of white adipocytes of 
mammary glands to convert 
reversibly into milk-produ-
cing glandular cells during 
pregnancy and lactation 
(22, 46, 52). The “browning” 
effects of the adipose organ 
can be useful to combat me-
tabolic syndrome, not only 
because brown adipocytes 
are more “healthy” than 
white adipocytes, but also 
because the simple size re-
duction of white adipocytes 
that characterizes the first 
steps of transdifferentiation 
can be useful in determining 
how to avoid triggering of 
death based on critical size 
and the consequent chronic 
low-grade inflammation due 
to macrophage infiltration. Physical exercise together with cold 
exposure are both important to trigger healthy plasticity of adi-
pose organ. 
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Figure 5  
Mixed area in anterior subcutaneous depot of adult mouse cold (6°C) exposed for 6 days. Light microscopy of resin 
embedded tissue. Toludin blue staining. Brown adipocytes are mainly in the left part of the figure. The right part show 
white (1) and brown adipocytes (4). 2 and 3 are intermediate forms, these intermediate cells increase during browning 
and support a phenomenon of  white into brown adipocyte direct interconversion (browning).
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