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Obesity is frequently associated with chronic low-grade
systemic inflammation, which is believed to underlie the
onset of secondary complications of this disease (1,2). In
2005, studies from the laboratory of Dr. Licio Velloso in
Brazil indicated that inflammatory processes in the hy-
pothalamus are also activated in response to diet-induced
obesity and that if this inflammatory signaling is blocked,
systemic glucose metabolism is improved (3). This same
group later demonstrated that microglia participate in diet-
induced obesity–associated hypothalamic inflammation (4),
with subsequent reports suggesting that hypothalamic in-
flammation occurs very rapidly in response to high-fat diet
(HFD) intake, even prior to substantial weight gain (5).
These observations have given rise to the hypothesis that
hypothalamic inflammation is a critical process in the onset
of obesity and the development of its secondary complica-
tions. However, some investigators question whether central
inflammation is the initial trigger or only a consequence and
remain skeptical as to the real importance of this process.

In a study published in this issue of Diabetes, André
et al. (6) investigated whether inhibition of microglial
proliferation in the hypothalamus can improve the meta-
bolic response to an HFD. They infused the antimitotic
drug arabinofuranosyl cytidine (AraC) intracerebroven-
tricularly to prevent proliferation of microglia. They re-
port that AraC prevented HFD-induced proliferation of
microglia specifically in the medial basal hypothalamus
and blunted the hyperphagia and increased fat mass ac-
crual normally observed in response to this diet. This was
interpreted to indicate that microglial proliferation is in-
volved in the detrimental response to an HFD. No apparent
effect of AraC was observed in mice on a control chow
diet, which, as the authors suggest, could indicate that
blockage of this process may only be relevant when

counterregulatory mechanisms are invoked in response to
some challenge or change. This, however, must be placed
into the context of the relatively short period of time that
central cell proliferation is blocked, as basal cell turnover is
surely important for normal long-term maintenance.

Although André et al. (6) report that AraC infusion in
mice consuming an HFD normalized central inflammatory
markers and microglial density while reducing food intake
and weight gain, these mice continued to eat significantly
more and gain more fat mass than mice on the control
diet (as summarized in Fig. 1). Thus, although not dis-
cussed, other mechanisms are clearly involved in aberrant
appetite control. Moreover, parameters such as circulating
interleukin (IL)-1b and leptin levels returned to control
levels, which is inconsistent with the persistent increase
in fat mass. It remains to be determined whether systemic
inflammation occurs when increased fat mass is main-
tained over a longer period of time even in the absence
of central microglial proliferation, which would indicate
alternative cause-and-effect mechanisms.

The temporal analysis of inflammatory processes is
indeed important because the first response of glial cells is
generally considered to be protective against harmful sub-
stances, even in response to HFD intake (7,8). Here, the
“rapid” response was measured 1 week after HFD initia-
tion. What occurs during the first day of HFD intake? If the
initial inflammatory/glial response is to protect, i.e., reduce
food intake, is there a rapid increase in hyperphagia if
microglia are not activated in response to an HFD? The
fact that we are most likely looking at different inflamma-
tory responses should be taken into consideration when
interpreting the results reported by André et al. (6).

One important observation that is not discussed or
analyzed in depth is that when given a very high-fat, very
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low-carbohydrate diet (VHFD), mice did not present
increased microglial proliferation. As this VHFD is deficient
in carbohydrates, it is in essence a ketogenic diet. The
authors suggest that a minimum amount of carbohydrate
intake is necessary for the pathological response to fatty
acids. This observation questions studies indicating that
fatty acids themselves are one of the crucial initial signals
for the induction of gliosis in response to an HFD (4,9,10).
The lack of sufficient carbohydrates as fuel would necessi-
tate increased fatty acid catabolism, even centrally, and
thus would modify the local nutrient-sensing mechanisms.
Further investigation of this observation could shed light
on how combinations of nutrients are sensed centrally, as
well as the role of glial cells in this process.

This study clearly supports the concept that microglial
proliferation is implicated in the weight-gain response to
an HFD, and it confirms previous studies demonstrating
that activation of hypothalamic inflammatory mechanisms
is involved in obesity-associated complications. Intrigu-
ingly, a recent study argues for a role of arcuate nucleus
microglia activation in the aphagia associated with sickness
(11). Thus, more than clarifying the relationship between
microglial activation and metabolic phenotype, a vast num-
ber of important questions arise. Under AraC treatment,
no increase in energy intake explains the lack of weight
gain, but is the HFD-associated hyperphagia blocked be-
cause of inhibition of microglial proliferation? Or is the re-
sponse to HFD modified due to the blockage of neuronal
proliferation/reorganization in metabolic circuits that has
been reported by others (12,13)? Why does a VHFD not

cause microglia activation? These studies were all per-
formed in male mice. Do females respond equally? Can
hypothalamic inflammatory processes be specifically ma-
nipulated by less invasive treatments to improve dietary
habits and thus control weight gain? Is hypothalamic in-
flammation a nonspecific category of a vast array of dif-
ferent signaling events that need to be more carefully
addressed and interpreted? The studies reported here
clearly indicate that addressing these issues is crucial in
order to develop strategies to target explicit aspects
of hypothalamic inflammation for treatment of metabolic
disorders.
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Figure 1—André et al. (6) report that microglia proliferate specifically in
the medial basal hypothalamus in response to an HFD. This is asso-
ciated with increased weight gain, fat mass, energy intake, POMC
expression, and serum leptin and IL-1b levels. When treated intracer-
ebroventricularly with AraC, microglia do not proliferate in response to
HFD intake, and HFD-induced weight gain and fat mass are reduced,
while plasma leptin and IL-1b levels remain at control levels. Hypotha-
lamic neuropeptide expression is modified, such that the mRNA levels
of POMC are unchanged and AgRP decreased. Thus, although
microglial proliferation is blocked, weight and fat mass accrual are
only partially inhibited but systemic inflammation is constrained.
AgRP, agouti-related protein; POMC, proopiomelanocortin.
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