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RalA signaling may reveal the true nature
of 3T3-L1 adipocytes as a model for
thermogenic adipocytes
Ann Louise Olsona,1

In PNAS, Skorobogatko et al. (1) report that RalA sig-
naling regulates glucose homeostasis in mice by reg-
ulating GLUT4 translocation to the plasma membrane
and glucose uptake in brown adipose tissue, but not in
white adipose tissue. Interestingly, the foundational
work leading to this paper was carried out in 3T3-
L1 adipocytes. Quite to their surprise, manipulation
of RalA signaling in mice impacted glucose transport
in brown adipose tissue exactly as predicted from the
3T3-L1 model. However, RalA signaling in white adi-
pose tissue did not affect glucose uptake (Fig. 1). This
was unexpected given the fact that 3T3-L1 cells are
frequently used as a model to predict the function of
white adipose tissue, not brown adipose tissue.

For decades, 3T3-L1 adipocytes have served as a
workhorse for studying mechanisms of adipocyte
differentiation, adipocyte gene expression, triglycer-
ide synthesis, insulin and beta-adrenergic signal trans-
duction, and insulin-dependent glucose uptake as a
model for white adipose tissue. Howard Green estab-
lished the 3T3-derived adipocyte lines (3T3-L1) in the
mid-1970s using clonal selection of 3T3 mouse fibro-
blast lines derived from disaggregated Swiss mouse
embryo (2). In that first report, Green and Meuth (2)
speculated that the 3T3-L1 model most resembled a
brown adipose cell, or possibly an immature white
adipose cell. This was largely due to the fact that the
differentiation cells displayed multilocular lipid drop-
lets, rather than a unilocular lipid droplet characteristic
of classic white adipocytes. Thirty-four years later, this
question of what type of adipocyte is modeled by
3T3-L1 adipocytes has not been answered. The re-
sults of Skorobogatko et al. (1) provide compelling
evidence that Howard Green’s initial speculation was
correct: 3T3-L1 adipocytes are a model of thermogenic
adipocytes.

Since the cloning and identification of the insulin-
responsive glucose transporter, GLUT4, 3T3-L1
adipocytes have served as the primary model for

mechanistic studies to unravel the connection be-
tween insulin signaling and translocation of GLUT4 to
the plasma membrane. The fascination with unravel-
ing the complicated itinerary of GLUT4 was sparked
by the observation that insulin recruits a pool of
intracellular glucose transporters to the cell surface
to clear plasma glucose (3, 4). Detailed analysis of the
GLUT4 translocation pathway in 3T3-L1 adipocytes
has revealed that GLUT4 exocytosis is regulated by
insulin signaling through the PI3K/Akt pathway, and
that numerous ras-family GTPases are involved in con-
verting the akt signal to membrane trafficking steps
(reviewed in ref. 5).

RalA is a small GTPase and is thought to serve as a
signaling intermediate that can connect extracellular

Fig. 1. What type of adipocyte is modeled by the 3T3-L1 adipocyte? Based on
lipid droplet morphology and Ral-dependent glucose uptake, the 3T3-
L1 adipocyte models a thermogenic adipocyte.
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signals to cellular transformation (6, 7). Importantly, Ral proteins
were found to be activated by PI3K in EGF-stimulated cells (8). Ral
proteins attracted the attention of scientists studying insulin-
dependent GLUT4 translocation after it was learned that acti-
vated RalA proteins associated with components of the exocyst,
an evolutionarily conserved multiprotein complex that tethers
exocytic vesicles to the sites of exocytosis on the plasma mem-
brane (9, 10). Using the 3T3-L1 model, Ewart et al. (11) showed
that exocyst components redistributed to the plasma membrane
in response to insulin and that overexpression of exocyst compo-
nents increased glucose uptake. These observations prompted
them to assume that insulin-dependent GLUT4 was regulated
by the exocyst, although the direct experiment was not carried
out. Later, Chen et al. (12) built on these observations by showing
that RalA was activated by insulin signaling in the 3T3-L1 adipo-
cytes, and that RalA was required for GLUT4 translocation. This
work and subsequent papers have convincingly demonstrated
that insulin-dependent RalA activation and association with the
exocyst complex is essential for GLUT4 translocation in 3T3-L1
adipocytes (13).

An early clue that 3T3-L1 cells may not model white adipose
tissue went almost unnoticed. Manipulation of the exocyst
component, Exo70, in 3T3-L1 adipocytes inhibited insulin-
dependent GLUT4 translocation in 3T3-L1 cells (14). Lizunov
et al. (15) probed primary cultured white adipocytes to determine
if the exocyst played a role in insulin-dependent GLUT4 translo-
cation. In contrast to 3T3-L1 cells, GLUT4 membrane fusion was
not impacted by manipulation of Exo70 in the primary adipocytes.
At the time, this discrepancy was explained by the difference in
cellular architecture between 3T3-L1 adipocytes and primary cul-
tured adipocytes. While this explanation makes some sense, it was
not scientifically satisfying because there have been no tests of
the hypothesis.

Support for the notion that differentiated 3T3-L1 cells model
white adipose tissue comes from the fact that the patterns of gene
expression are most similar to white adipose tissue (16). These
measurements of gene expression may be misleading because
they are made under conditions that do not provoke further dif-
ferentiation to a thermogenic adipocyte. When 3T3-L1 cells are
induced with norepinephrine or isoproterenol, the thermogenic
gene expression profile is induced (16, 17). In this case, UCP1
expression is up-regulated and oxygen consumption is increased.
Thus, 3T3-L1 adipocytes may serve as a model for immature
brown adipocytes, or possibly so-called beige/brite inducible

thermogenic adipocytes, a refinement of Howard Green’s original
speculation. Interestingly, the protocol for differentiating 3T3-L1
adipocytes, using a mixture of dexamethasone, isobutylmethyl
xanthine, and insulin, is the same protocol used to differentiate
primary adipocytes from stromal vascular cells isolated from adi-
pose tissue. Importantly, this protocol is successful only when the

The results of Skorobogatko et al. provide
compelling evidence that Howard Green’s initial
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stromal vascular cells are isolated from s.c. fat, also the major site
of thermogenic adipocytes (18).

We now see that RalA signaling may be an unexpected
pathway that distinguishes thermogenic from nonthermogenic
adipocytes. Skorobogatko et al. (1) show that RalA signaling can
be activated in all adipocyte fat pads by inactivating its GAP, but
signals to glucose uptake only in brown adipocytes. This work
shines a spotlight on the role of thermogenic adipocytes as an
attractive target for management of glucose homeostasis, but
not necessarily through regulation of body mass. Since the dis-
covery of inducible thermogenic adipocytes, intense research
activity has focused on thermogenic cells and their potential
role in energy balance (19). This new work suggests a different
role for thermogenic adipocytes in the regulation of glucose
homeostasis.

Mechanistically, we have no clues why RalA signaling leads to
GLUT4 translocation and glucose uptake only in brown adipose
tissue and not white adipose tissue. It is possible that a signaling
intermediate that links RalA to GLUT4 translocation is missing in
white adipose tissue, as speculated by the authors. It is also
possible that RalA signaling to GLUT4 is not the major de-
terminate of RalA-dependent glucose uptake. It is possible that
RalA signaling is also targeting other glucose transporters in the
brown adipose pad. Olsen et al. (20) reported that GLUT1 trans-
location occurs in primary cultured brown adipocytes under both
anabolic activation (insulin signaling) and sympathetic activation
(adrenergic signaling). It is possible that RalA is playing an impor-
tant role in signaling to GLUT1 translocation as well as to
GLUT4 translocation. All this would be testable using the 3T3-
L1 model as well as the mouse model of enhanced RalA signaling
described by Skorobogatko et al. (1).
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