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Obesity is an enormous global health problem and a main
cause for the rapidly increasing numbers of patients suf-
fering from type 2 diabetes (1). Until recently, pharmaco-
logical interventions to treat obesity were thought to
reach body weight losses of up to 10%. With the ground-
breaking introduction of glucagon-like peptide 1 (GLP-1)-
based monoreceptor and polyreceptor agonists, weight
loss exceeding 20% can now be reached, providing the
first nonsurgical interventions to have profound effects
on body weight as well as glucose and lipid homeostasis
(2). These results are truly game changing, and the next
generation of weight loss drugs aims to lower side effects
and further increase body weight loss (3). However, as
with the traditional interventions of diet and exercise, the
effects of weight loss drugs diminish when they are discon-
tinued, resulting in weight regain (4). Although long-term
studies are still lacking, various reasons for discontinuation
of these drugs, such as costs and side effects potentially
in combination with frustration of reaching a weight loss
plateau, could result in large numbers of individuals be-
ing exposed to significant weight regain.

This is especially problematic because weight regain could
accelerate the development of insulin resistance and progres-
sion toward type 2 diabetes compared with weight gain with-
out prior weight loss (5-7). While the regulation of body
weight is now well established to be primarily regulated by
the central nervous system, the development of systemic in-
sulin resistance often initiates with an increase in dysfunc-
tional white adipocytes (8). In line with these data, a number
of studies over the last decade have shown that adipose tis-
sue retains a memory of past obesity in the form of in-
creased adipose tissue inflammation (5,6,9). Recently, Hinte
et al. (7) showed that white adipose tissue retains an epige-
netic memory of past obesity, resulting in increased adipose
tissue inflammation and fibrosis. Thus, restoration of adipose

tissue function upon weight loss is an essential future drug
target to follow or accompany weight loss drugs.

In the current issue of Diabetes, Léon et al. (10) address
exactly this issue by studying the effects of a previously
published (11) GLP-1/dexamethasone (GLP-1/Dexa) conju-
gate on body weight, systemic glucose metabolism, and adi-
pose tissue function following weight loss in diet-induced
obese mice. The authors find that GLP-1/Dexa has superior
effects on body weight loss and glucose homeostasis com-
pared with GLP-1 or dexamethasone individually. However,
it is surprising that the authors find a body weight setpoint
in their mouse model, as the lack thereof has been an issue
in preclinical studies aiming to target the human body
weight setpoint. In contrast to other studies, Léon et al. ex-
posed young (4-week-old) mice to an obesogenic high-fat
diet, which might be responsible for this phenomenon and
should be investigated in greater depth in the future.

Mechanistically, Léon et al. show that GLP-1/Dexa in-
creases thermogenic gene expression in brown adipose tissue
(BAT) and likely activity (Fig. 1). No metabolic cage data are
provided that would allow further conclusions on systemic
energy metabolism and a potentially increased energy expen-
diture due to increased BAT activity in these mice. However,
these experiments would most likely require very large num-
bers of animals to detect small differences in energy expen-
diture or experiments conducted for an extended period.
Importantly, the effects of BAT on the observed weight loss
phenotype somewhat complicate extrapolation of these re-
search findings to humans who mostly lack highly active
BAT. Hence, it will be very informative to perform similar
studies in mice housed at thermoneutrality to exclude, as
much as possible, the metabolic effects of BAT and beige adi-
pose tissue in this preclinical model (12).

More importantly, the authors find that GLP-1/Dexa re-
duces adipose tissue inflammation and improves systemic
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Figure 1—GLP-1/Dexa has additional effects on body weight loss
by increasing BAT thermogenesis. In parallel, GLP-1/Dexa lowers
white adipose inflammation through reducing activity of the CCR2/
CCL2 axis via a currently unidentified cell population within or out-
side adipose tissue. Image created with BioRender.com.

glucose metabolism, which can be phenocopied by inhibi-
tion of the CCR2/CCL2 inflammatory pathway through
depletion of peripheral blood Ly6C™ monocytes using an
anti-CCR2 antibody treatment. However, how GLP-1/
Dexa facilitates and potentially interacts with CCR2 ac-
tion remains unclear (Fig. 1). The identification of LyGChi
monocytes as the primary facilitators of the GLP-1/Dexa
effects on adipose tissue inflammation is interesting, but
it raises the question of whether the corresponding hu-
man CD14%/CD16™ classical monocytes would facilitate
the same effect. Moreover, single-cell RNA sequencing
data from the adiposetissue.org database (13) do not indi-
cate expression of the GLP1R in adipose tissue monocytes
or macrophages, further suggesting, as indicated by the au-
thors, an indirect effect of the drug. Thus, some interesting
and potentially important insights are still missing concern-
ing GLP-1/Dexa action on adipose tissue upon weight loss.
However, the article by Léon et al. addresses two impor-
tant points for metabolic management following weight
loss. First, increasing energy expenditure, in addition to
reducing food intake, should provide important assis-
tance in weight management, usually affected by reduced
energy expenditure in obesity (14). The contribution of
human BAT to this, however, remains unclear (15). Con-
versely, increasing white adipose tissue or skeletal muscle
energy expenditure would be a tempting approach, with
the latter ideally combined with an increase in muscle
mass to counteract weight loss—induced sarcopenia. Second,
elimination or reduction of adipose tissue inflammation has
profound positive effects on glucose and potentially also
lipid homeostasis. To this end, the current study certainly
makes a strong case for added benefits of GLP-1/Dexa com-
pared with GLP-1 alone or other GLP-1-based polyagonists.
Identification of the target cells will certainly boost interest
in the dinical development of this drug. However, given the
superior weight loss effects of GLP-1/gastrointestinal poly-
peptide dual agonist or other polyagonists, GLP-1/Dexa
might be primarily used following weight loss or in com-
bination with other more potent weight loss drugs.
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Thus, it will be interesting to see if GLP-1/Dexa can also
ameliorate the weight regain-associated deterioration of
glucose metabolism following GLP-1 or GLP-1-based
coagonist-induced weight loss. Finally, recent data sug-
gest that epigenetic changes in adipocytes are a main
mechanism of obesogenic memory (7). Thus, ideal phar-
macological interventions would target these epigenetic
alterations. However, if applied systemically, this approach
could raise major safety concerns. Hence, the identification
of adipocyte selective drug delivery vehicles could provide
essential novel and safe strategies to restore adipose tissue
function and health following weight loss (16).
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