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When brown fat was discovered in human adults, it came as
a surprise.

The tissue showed up as an annoying background in posi-
tron emission tomography scans, which use a radiolabeled
glucose tracer to detect metabolic activity, often to ferret out
metastatic cancer cells. Around the neck and shoulders, and
sometimes in pockets surrounding the heart, kidneys, and
spine, there was a persistent signal of high metabolic activity
too symmetrical to be cancerous.

“The radiologists were most interested in getting rid of the
signal so as to better see metastases,” said Natasa Petrovic, a
research scientist in Molecular Biosciences at the Wenner-
Gren Institute in Stockholm, Sweden. But when the observa-
tion made its way into the metabolism literature, it was an
exciting finding (1). It meant that adult humans possessed
brown adipocytes, which researchers had thought were found
in only newborns.

Most fat cells, or adipocytes, are white, with cytoplasm
almost completely occupied by a lipid droplet filled with tri-
glycerides, which stores energy. In contrast, brown adipocytes
are rich with mitochondria and much smaller lipid droplets.
They warm the body without shivering by directly converting
food energy into heat. This high metabolic activity made them
appear in positron emission tomography scans.

Because unwanted fat gain is a widespread health concern,
finding brown adipocytes in human adults led researchers to
ask whether they could make more of it. Brown and white
adipocytes come from distinct cell lineages; either type of
tissue isolated from a mouse and grown in culture generates
distinct offspring cells, indicating that both phenotypes are cell
autonomous. White fat cells have long been known to descend
from fibroblasts. In 2007, researchers including Petrovic re-
ported that brown adipocytes share an origin with muscle cells
(2), and later lineage tracing showed that they are derived from
dermomyocytes, cells that can differentiate into muscle or
skin.

These distinct lineages left out one very interesting group of
cells. In animals exposed to cold or stress, metabolically active
adipocytes expressing some signature brown cell proteins
proliferated in their white adipose tissue. How did these
brown-like cells arise? Did they descend from myogenic pre-
cursors that had been lurking in white adipose depots or were
they converted from white adipocytes (3)? Either way, could
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researchers reverse unwanted weight gain by finding a way to
convert white adipocytes to brown?

In a Journal of Biological Chemistry paper published in
2010, Petrovic and colleagues offered an answer, reporting that
these cells had their origin in white adipose tissue but had a
phenotype distinct from both white and brown adipose cells.
They were a new type of cell (4).

Petrovic started on the project by accident, trying to coax
white adipocyte progenitor cells in culture to mature more
completely. “Peroxisome proliferator-activated receptor
gamma (PPARɣ) is a central regulator of adipogenesis,” Petrovic
said. Therefore, it surprised her that when she treated pre-
adipocytes with a PPARɣ agonist, the stimulation also yielded a
subset of cells that shared features with brown adipocytes.

The cells expressed a key signature of brown adipocytes,
mitochondrial uncoupling protein 1 (UCP1). UCP1 is a
transmembrane protein that lets protons flow from the mito-
chondrial intermembrane space back into the matrix, gener-
ating heat instead of ATP. After norepinephrine treatment,
mimicking cold stress, the cells also contained more mito-
chondria and expressed more PGC1α, which links stimulation
of PPARɣ to mitochondrial biogenesis.

The brown-like cells in white cell culture recalled the
question about the developmental origin of brown cells in
white depots. Petrovic and colleagues had just established that
brown and white fat cells are from different precursors. How
were they both showing up in her culture?

To exclude the possibility that there might be stray brown
preadipocytes mixed into the starting culture and growing
faster than the white adipocytes, she generated hybrid cultures,
mixing UCP1-knockout brown preadipocytes with wild-type
white preadipocytes at varying ratios. No matter the starting
ratio of brown to white cells, there was proportional stimula-
tion of the knockout-specific, noncoding transcript from
brown cells and the wild-type transcript from white cells,
suggesting that the brown and white cells were stimulated to
the same degree. This meant, the team concluded, that
browning “cannot be explained by the overgrowth of a few pre-
existing brown adipocytes in these cultures.”

Transcriptomic analysis showed that PPARɣ could induce,
and norepinephrine could boost, numerous brown-fat-related
transcripts coding for proteins related to lipid catabolism,
mitochondrial carnitine palmitoyltransferase, and a fatty acid
elongase. However, other signature genes of brown adipocytes
were never expressed in white-adipocyte-derived cultures, and
these cultures also continued to express many white adipocyte
markers. This indicated that PPARɣ cannot completely
reprogram white adipocytes into brown.
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Figure 1. A figure adapted from Petrovic et al.’s JBC article shows the lineages of brown, white, and brite adipocytes. Mitochondria-rich brown
adipocytes share a precursor with myocytes, or muscle cells, while white adipocytes, which contain a large lipid droplet and few mitochondria, are derived
from a different precursor. Petrovic et al. showed that mitochondria-rich brite adipocytes are more closely related to white than to brown adipocytes.
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Finally, by imaging to count mitochondria and their UCP1
expression, they observed that adrenergic stimulation turned
up mitochondrial biogenesis globally, but induced UCP1
expression in only a few cells.

The team concluded that brown adipocytes cannot be
conjured from white precursors by turning on UCP1 expres-
sion—but a specific pool of white precursors can develop into
a brown-like, thermogenic cell type (Fig. 1). They wrote that,
“importantly, these cells are molecularly and developmentally
distinct from the classic brown adipocytes.”

But what should they be called?
“I remember very clearly our numerous and long discus-

sions attempting to coin the most appropriate and catchy
name for the novel cell type—one of my suggestions was
‘brownies,’” Petrovic said. She cannot recall whose idea it was,
but the lab settled on the name brite, short for brownlike-in-
white. After an unrelated study called the same tissue type
beige for its mixture of brown and white characteristics, that
name also stuck (5).

Later research has found that brite/beige adipocytes exist in
humans as well as mice and showed that, like classical brown
2 J. Biol. Chem. (2021) 296 100817
adipocytes, brite cells can contribute a modest amount to an
organism’s heat production (6). Researchers also have found
that white adipocytes’ browning competence decreases with
age (7–9).

Ten years on, Petrovic added, the field is still trying to un-
derstand the heterogeneity of fat tissues. “Adipocytes are so far
classified as white, brown, and beige/brite,” she said. “However,
I would say that this classification is an oversimplification of
the real situation.”

Petrovic has continued to study the brown–brite distinction
in mice, unraveling the functions of specific genes expressed in
both types of thermogenesis-competent cells to understand
their differences.

Meanwhile, other researchers are continuing to search for
pharmaceutical approaches to stimulate white-to-brite con-
version in humans as a potential way to tackle obesity (10).

Abbreviations—The abbreviations used are: PPARɣ, Peroxisome
proliferator-activated receptor gamma; UCP1, uncoupling protein 1.



CLASSICS: A third form of fat cell
References

1. Nedergaard, J., Bengtsson, T., and Cannon, B. (2007) Unexpected evi-
dence for active brown adipose tissue in adult humans. Am. J. Physiol.
Endocrinol. Metab. 293, E444–E452

2. Timmons, J. A., Wennmalm, K., Larsson, O., Walden, T. B., Lassmann, T.,
Petrovic, N., Hamilton, D. L., Gimeno, R. E., Wahlestedt, C., Baar, K.,
Nedergaard, J., and Cannon, B. (2007) Myogenic gene expression signa-
ture establishes that brown and white adipocytes originate from distinct
cell lineages. Proc. Natl. Acad. Sci. U. S. A. 104, 4401–4406

3. Cinti, S. (2009) Transdifferentiation properties of adipocytes in the adi-
pose organ. Am. J. Physiol. Endocrinol. Metab. 297, E977–E986

4. Petrovic, N., Walden, T. B., Shabalina, I. G., Timmons, J. A., Cannon, B.,
and Nedergaard, J. (2010) Chronic peroxisome proliferator-activated re-
ceptor γ (PPARγ) activation of epididymally derived white adipocyte
cultures reveals a population of thermogenically competent, UCP1-
containing adipocytes molecularly distinct from classic brown adipo-
cytes*. J. Biol. Chem. 285, 7153–7164

5. Wu, J., Boström, P., Sparks, L.M., Ye, L., Choi, J. H., Giang, A.H., Khandekar,
M., Virtanen, K. A., Nuutila, P., Schaart, G., Huang, K., Tu, H., van Marken
Lichtenbelt,W. D., Hoeks, J., Enerbäck, S., et al. (2012) Beige adipocytes are a
distinct type of thermogenic fat cell inmouse and human.Cell 150, 366–376
6. Shabalina, I. G., Petrovic, N., de Jong, J. M. A., Kalinovich, A. V.,
Cannon, B., and Nedergaard, J. (2013) UCP1 in brite/beige adipose
tissue mitochondria is functionally thermogenic. Cell Rep. 5, 1196–
1203

7. Berry, D. C., Jiang, Y., Arpke, R. W., Close, E. L., Uchida, A., Reading, D.,
Berglund, E. D., Kyba, M., and Graff, J. M. (2017) Cellular aging con-
tributes to failure of cold-induced beige adipocyte formation in old mice
and humans. Cell Metab. 25, 166–181

8. De Jong, J. M. A., Sun, W., Pires, N. D., Frontini, A., Balaz, M., Jes-
persen, N. Z., Feizi, A., Petrovic, K., Fischer, A. W., Bokhari, M. H.,
Niemi, T., Nuutila, P., Cinti, S., Nielsen, S., Scheele, C., et al. (2019)
Human brown adipose tissue is phenocopied by classical brown adi-
pose tissue in physiologically humanized mice. Nat. Metab. 1, 830–
843

9. Wang, W., Ishibashi, J., Trefely, S., Shao, M., Cowan, A. J., Sakers, A.,
Lim, H. W., O’Connor, S., Doan, M. T., Cohen, P., Baur, J. A., King, M. T.,
Veech, R. L., Won, K. J., Rabinowitz, J. D., et al. (2019) A PRDM16-driven
metabolic signal from adipocytes regulates precursor cell fate. Cell Metab.
30, 174–189.e5

10. Pan, R., Zhu, X., Maretich, P., and Chen, Y. (2020) Combating obesity
with thermogenic fat: Current challenges and advancements. Front.
Endocrinol. (Lausanne) 11, 185
J. Biol. Chem. (2021) 296 100817 3

http://refhub.elsevier.com/S0021-9258(21)00613-X/sref1
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref1
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref1
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref2
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref2
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref2
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref2
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref2
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref3
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref3
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref4
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref4
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref4
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref4
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref4
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref4
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref5
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref5
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref5
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref5
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref6
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref6
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref6
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref6
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref7
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref7
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref7
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref7
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref8
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref8
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref8
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref8
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref8
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref8
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref9
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref9
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref9
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref9
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref9
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref10
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref10
http://refhub.elsevier.com/S0021-9258(21)00613-X/sref10

	The paper that found a third form of fat cell
	References


