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The hypothalamus is a crucial organ for the maintenance of 
appropriate body fat storage. Neurons in the hypothalamic 
arcuate nucleus (ARH) detect energy shortage or surplus via 
the circulating concentrations of metabolic hormones and 
nutrients, and then coordinate energy intake and expenditure 
to maintain energy homeostasis. Malfunction or loss of 
hypothalamic ARH neurons results in obesity. Accumulated 
evidence suggests that hypothalamic inflammation is a key 
pathological mechanism that links chronic overconsumption 
of a high-fat diet (HFD) with the development of obesity and 
related metabolic complications. Interestingly, overnutrition-
induced hypothalamic inflammation occurs specifically in 
the ARH, where microglia initiate an inflammatory response 
by releasing proinflammatory cytokines and chemokines in 
response to excessive fatty acid flux. Upon more prolonged 
HFD consumption, astrocytes and perivascular macrophages 
become involved and sustain hypothalamic inflammation. 
ARH neurons are victims of hypothalamic inflammation, but 
they may actively participate in hypothalamic inflammation 
by sending quiescence or stress signals to surrounding glia. In 
this mini-review, we describe the current state of knowledge 
regarding the contributions of neurons and glia, and their 
interactions, to HFD-induced hypothalamic inflammation.
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INTRODUCTION

The hypothalamus is known to be a key center for the control 

of body weight (Roh et al., 2016; Schwartz, 2006). Of the 

various regions of the hypothalamus, the arcuate nucleus 

(ARH) is of paramount importance because neurons in this 

location are specialized to sense metabolic signals from the 

periphery, such as leptin, insulin, ghrelin, and glucose, and 

to regulate energy intake and expenditure (Schwartz, 2006). 

Two groups of ARH neurons are considered to be critical 

regulators of energy balance. One is proopiomelanocortin 

(POMC)-producing neurons, which are activated by the an-

orexigenic hormone leptin or under the conditions of energy 

surplus. POMC neuronal activation causes a negative energy 

balance by suppressing food intake or by stimulating energy 

expenditure. The other is the group of neurons producing 

both agouti-related protein (AGRP) and neuropeptide Y 

(NPY). In contrast to POMC neurons, these neurons are acti-

vated by the hunger hormone ghrelin but inhibited by leptin. 

Activation of AGRP/NPY neurons leads to a positive energy 

balance by promoting food-seeking behavior and by sup-

pressing energy consumption (Schwartz, 2006).

	 Obesity is defined as excessive fat storage as a result of a 

chronic surplus of energy intake relative to energy expendi-

ture. Given the critical role of the hypothalamus in energy 

homeostasis, obesity can be regarded as a metabolic disorder 
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associated with hypothalamic dysfunction. Obese humans 

and animals display low-grade inflammation in multiple or-

gans, including in the hypothalamus (Lumeng and Saltiel, 

2011). Increased expression of proinflammatory cytokines, 

such as interleukin-1β (IL-1β), IL-6, and tumor necrosis factor 

α (TNF-α), and activation of inflammatory signaling pathways 

have been observed in the hypothalamus of obese animals 

compared with lean animals (Cai and Liu, 2011; De Souza et 

al., 2005; Jais and Bruning, 2017). Moreover, artificial activa-

tion of inflammatory signaling pathways in the hypothalamus 

of lean animals, especially in NPY/AGRP neurons, leads to 

obesity and the dysregulation of glucose metabolism (Jais 

and Bruning, 2017; Jung and Kim, 2013). This experimental 

evidence indicates that inflammation is not the pathologi-

cal endpoint of obesity, but rather it is an active player that 

drives the progression of diet-induced obesity (DIO) and the 

development of metabolic complications. In ARH POMC and 

NPY/AGRP neurons, activation of inflammatory signaling 

pathways (the toll-like receptor 4 [TLR4], myeloid differen-

tiation factor 88 [Myd-88], c-Jun N-terminal kinase [JNK], 

and inhibitor of κB kinase-β [IKKβ]-nuclear factor-κB [NF-κB] 

signaling) disrupts the leptin and insulin signaling pathways 

(janus kinase 2 [JAK2]-signal transducer and activator of 

transcription-3 [STAT3] signaling and phosphatidylinositol 

3-kinase [PI3K]-Akt signaling), thereby hampering the sens-

ing of metabolic signals and the normal regulation of energy 

homeostasis by these neurons (Cai and Liu, 2011; Park et al., 

2019). Therefore, hypothalamic inflammation is thought to 

be a key mechanism of overnutrition-induced ARH neuronal 

dysfunction and the resultant obesity (Cai and Liu, 2011). The 

biological processes and mediators that are involved in or or-

chestrate hypothalamic inflammation are still being identified. 

In this mini-review, we discuss the molecular mechanisms of 

hypothalamic inflammation, with a focus on the major cellu-

lar contributors and their interactions.

MICROGLIA

Microglia are the principal type of immune cell residing in the 

brain parenchyma. They are key players in brain homeostasis 

because they prune unnecessary synapses and remove invad-

ing microorganisms, dead cell debris, and toxic metabolites 

through phagocytosis (Kierdorf and Prinz, 2017). Notably, 

hypothalamic microglia are readily activated in response to 

the consumption of a high-fat diet (HFD) (Gao et al., 2014; 

Thaler et al., 2012). Once activated, they accumulate and un-

dergo the following morphological changes: their cell bodies 

enlarge, and their ramifying processes thicken and shorten. 

In activated microglia, ionized calcium-binding adapter mol-

ecule 1 (Iba1) expression increases, but the expression of 

other microglial markers, such as transmembrane protein 

119 (TMEM119) and P2Y purinoreceptor 12 (P2Y12), signifi-

cantly decrease (Valdearcos et al., 2017).

	 Notably, the consumption of an HFD or saturated fatty 

acids (SFA) for only 3 days is sufficient to activate microglia in 

mice (Thaler et al., 2012; Valdearcos et al., 2014). Moreover, 

a single oral administration of milk fat, which contains the 

SFA palmitate, activates hypothalamic microglia (Valdear-

cos et al., 2014). By contrast, the administration of olive oil, 

which contains the monounsaturated fatty acid oleic acid, 

does not activate hypothalamic microglia (Valdearcos et al., 

2014). These results indicate that 1) ARH microglia respond 

very rapidly to HFD-feeding and 2) the type of fatty acids they 

encounter determine their activation. Interestingly, HFD-in-

duced microglial activation is restricted to the ARH (Lee et 

al., 2018; Thaler et al., 2012; Valdearcos et al., 2014). This 

region is close to the median eminence, a circumventricular 

organ that is not encompassed by the blood–brain barrier 

(BBB). Furthermore, blood vessels in the ARH become perme-

able during long-term HFD-feeding (Lee et al., 2019), which 

means that circulating SFAs can more easily access the ARH 

(Lee et al., 2018; Valdearcos et al., 2017).

	 During the course of HFD-feeding, microglial expansion 

precedes weight gain (Jais and Bruning, 2017; Thaler et al., 

2012). Furthermore, microglial depletion using the colo-

ny-stimulating factor 1 receptor (CSF1R) inhibitor PLX5622 

or clodronate-containing liposomes prevent HFD-induced 

obesity (Valdearcos et al., 2017). Consistent with this, the 

inhibition of IKKβ/NF-κB signaling in CX3C chemokine recep-

tor 1 (CX3CR1)-expressing microglia ameliorates DIO and 

hypothalamic inflammation (Valdearcos et al., 2017). These 

experimental data suggest that the activation of inflammato-

ry signaling in microglia may be essential for weight gain and 

the development of obesity during HFD-feeding (Valdearcos 

et al., 2017). Activated microglia may induce obesity by caus-

ing hypothalamic neuronal dysfunction or injury. They secrete 

proinflammatory cytokines, which activate inflammatory 

signaling in adjacent neurons, which in turn induce neuronal 

insulin and leptin resistance (Cai and Liu, 2011; Jais and Brun-

ing, 2017). Prolonged microglial activation may also cause 

hypothalamic neuronal apoptosis, especially of anorexigenic/

catabolic POMC neurons (Moraes et al., 2009).

ASTROCYTES

Astrocytes are another glial cell type that is abundant in the 

central nervous system (CNS) and supports neuronal func-

tions in many ways (Benarroch, 2005). They store glycogen, 

provide lactate to neurons under glucose-deprived condi-

tions, and also control neuronal activity by regulating synaptic 

function and plasticity (Abbott et al., 2006; Benarroch, 2005; 

Verkhratsky and Nedergaard, 2018). Furthermore, astrocytic 

foot processes cover blood vessels and help to maintain the 

integrity of the BBB.

	 Prolonged consumption of an HFD increased the numbers 

of glial fibrillary acidic protein (GFAP)+ astrocytes, a process 

that is referred to as reactive astrogliosis (Horvath et al., 

2010; Thaler et al., 2012). HFD consumption, as well as the 

activation of NF-κB signaling, induces morphological chang-

es in hypothalamic astrocytes, principally, a shortening of 

high-order branching of their processes (Zhang et al., 2017). 

Moreover, activation of astrocytic NF-κB signaling induces 

glucose intolerance and hypertension, even in chow diet-fed 

rodents, and these mice consume more food and gain more 

weight (Zhang et al., 2017). By contrast, the inhibition of as-

trocytic NF-κB signaling reduces food intake and weight gain 

during HFD-feeding. Consistent with this, the inhibition of as-

trocytic NF-κB signaling by tamoxifen-inducible IKKβ deletion 
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in GFAP-Cre/ERT2 mice reduces HFD-induced hypothalamic 

inflammation and reactive astrogliosis, and attenuates DIO 

and glucose intolerance (Douglass et al., 2017). Interestingly, 

to obtain these effects, mice must consume an HFD for 6 

weeks before the induction of Cre-loxP recombination. These 

data suggest that the activation of inflammatory signaling in 

astrocytes plays a role in the later phase of hypothalamic in-

flammation during the development of DIO.

	 When cultured in palmitate‐containing medium, astro-

cytes accumulate lipid droplets (Kwon et al., 2017), and 

these lipid‐laden cells display higher expression of the re-

active astrocyte marker GFAP, and inflammatory cytokines/

chemokines, such as TNFα, IL‐1β, IL‐6, and chemokine C-C 

motif ligand-2 (CCL2) (also called monocyte chemoattractant 

protein-1 [MCP-1]). Moreover, astrocytes have been shown 

to release proinflammatory biomolecules (Allan et al., 2001; 

Kwon et al., 2017), although the level of secretion of proin-

flammatory cytokines by astrocytes may be less than that by 

activated microglia (Valdearcos et al., 2014). As an alternative 

mechanism, reactive astrocytes may promote the develop-

ment of obesity by modifying neurotransmitter release or 

uptake. For example, astrocytic NF-κB activation increases 

hypothalamic extracellular GABA levels, which significantly 

contributes to higher food intake and weight gain (Zhang et 

al., 2017).

	 On the other hand, astrocytes secrete vascular endothelial 

growth factor (VEGF)-A under neuroinflammatory condi-

tions (Argaw et al., 2012). VEGF-A binds to VEGF receptor 

2 (VEGFR2) on endothelial cells and increases BBB perme-

ability (Argaw et al., 2012). Therefore, it is possible that as-

trocyte-derived VEGF-A induces the BBB hyperpermeability 

observed in the ARH of DIO mice (Langlet et al., 2013; Lee et 

al., 2019) and contributes to hypothalamic inflammation by 

allowing the free entry of circulating SFAs and immune cells. 

This possibility needs to be tested in the future.

PERIVASCULAR MACROPHAGES

Perivascular macrophages are brain-resident myeloid cells 

that are found at the interface of brain microvessels and the 

parenchyma (Serrats et al., 2010). These cells express recep-

tors that are required for pathogen recognition, phagocyto-

sis, cytokine signaling, and antigen presentation (Serrats et 

al., 2010; Williams et al., 2001) and coordinate innate and 

adaptive immune responses to pathogens and other immune 

stimulants that enter the CNS via blood vessels (Williams et 

al., 2001).

	 Similarly to microgliosis and reactive astrogliosis, lyso-

zyme-M (LysM)+ or CD169+ macrophages accumulate and 

are activated in the ARH of HFD-fed obese mice (Lee et al., 

2018). The HFD-induced activation and accumulation of peri-

vascular macrophages are evident after 2 weeks of HFD-feed-

ing; therefore, these cells are activated later than microglia 

during the course of HFD feeing (Lee et al., 2018). Once 

activated, perivascular macrophages migrate from the peri-

vascular space to the ARH parenchyma (Lee et al., 2018) and 

simultaneously they undergo a morphological change from 

linear to reactive microglia-like cells. Moreover, upon expo-

sure to an HFD, perivascular macrophages in the ARH express 

high levels of inducible nitric oxide synthase (iNOS) (Lee et 

al., 2018) and may release a large amount of NO. Inhibition 

of hypothalamic iNOS in ARH macrophages significantly 

abrogates various aspects of HFD-induced hypothalamic in-

flammation, including proinflammatory cytokine overproduc-

tion, microgliosis, astrogliosis, macrophage activation/accu-

mulation, and vascular hyperpermeability (Lee et al., 2018). 

Moreover, it improves hypothalamic leptin and systemic 

insulin resistance and glucose intolerance, despite having no 

effect on obesity (Lee et al., 2018). These results indicate that 

perivascular macrophage-derived NO mediates HFD-induced 

hypothalamic inflammation and glucose dysregulation.

MICROGLIA–ASTROCYTE INTERACTIONS

Interactions between glial cells, and especially between mi-

croglia and astrocytes, have been implicated in brain health 

and diseases (Jha et al., 2019), and their cross-talk may play 

an important role in HFD-induced hypothalamic inflamma-

tion. As discussed above, microglia are the versatile cell type 

to be activated in response to an SFA influx into the ARH 

(Thaler et al., 2012; Valdearcos et al., 2014). Activated mi-

croglia may in turn urge astrocytes to change their pheno-

type from the resting (non-reactive) to the reactive type by 

secreting proinflammatory molecules, such as IL-1α, TNFα, 

and complement (C)1q, as demonstrated in lipopolysaccha-

ride-induced neuroinflammation (Liddelow et al., 2017).

	 Conversely, activated astrocytes may regulate microglial 

activity and contribute to sustained microglial activation. In 

support of this proposition, the treatment of microglia with 

conditioned medium of palmitate-treated reactive astrocytes 

increases the expression of the microglial chemokine CCL2, 

which promotes microglial migration (Kwon et al., 2017). 

The recruited microglia may then interact with neighboring 

astrocytes and further exacerbate the hypothalamic inflam-

mation and neuronal injury (Kwon et al., 2017). Another 

chemotactic factor, CXCL12/stromal cell-derived factor (SDF)-

1, may also be involved in the astrocytic–microglial interaction 

during HFD-induced hypothalamic inflammation and weight 

gain. The expression of CXCL12 and its receptors CXCR4 and 

CXCR7 is elevated in hypothalamus of DIO mice. Moreover, 

central administration of CXCL12 increases the expression 

of hypothalamic orexigenic neuropeptides and caloric intake 

(Poon et al., 2016).

	 We recently reported the involvement of CD137 (also 

called tumor necrosis factor receptor superfamily member 

9 [TNFRSF9] or 4-1BB) and/or its ligand CD137L (also called 

TNFSF9 or 4-1BBL) in hypothalamic astrocytic–microglial 

cross-talk under DIO conditions (Kim et al., 2018). Binding of 

CD137 to CD137L transmits the bidirectional signals in astro-

cytes and microglia that are in contact (Shao and Schwarz, 

2011). Activation of CD137 signaling in astrocytes increases 

astrocyte reactivity, and the stimulation of microglial CD137L 

signaling leads to microglial activation (Kim et al., 2018). 

Co-culture of astrocytes and microglia results in an increase in 

inflammatory cytokine production, whereas inhibition of the 

interaction between CD137 and CD137L using a CD137-neu-

tralizing antibody inhibits this effect. Consistent with this, 

in an in vivo study, CD137 depletion reduces hypothalamic 
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astrocyte/microglia activation during HFD consumption. 

These findings suggest that CD137/CD137L may serve as an 

important mediator of overnutrition-induced hypothalamic 

inflammation.

MICROGLIA–NEURON INTERACTIONS

Neurons and microglia communicate with one another 

through the secretion of bioactive molecules or direct con-

tact (Szepesi et al., 2018). The secretory repertoire of each 

is altered during inflammation, such that there is greater 

secretion of proinflammatory cytokines, chemokines, reactive 

oxygen species, and ATP, but lower secretion of neurotropic 

factors and anti-inflammatory cytokines (Mizuno, 2015; Sze-

pesi et al., 2018).

	 Under normal conditions, microglia remain in a quiescent 

state, which limits unproductive inflammatory responses, and 

neurons play an active role in this process. One well-known 

microglial–neuronal interaction is mediated by chemokine 

C-X3-C motif ligand-1 (CX3CL1)/fractalkine and its receptor 

CX3CR1, which are members of the chemokine–chemokine 

receptor family (Paolicelli et al., 2014). Microglia express CX-

3CR1, which binds neuronal CX3CL1 (Paolicelli et al., 2014). 

This CX3CR1–CX3CL1 interaction relays neuronal ‘off’ signals 

to microglia to maintain them in their resting state (Biber et 

al., 2007). Consistent with this, CX3CR1 deficiency worsens 

neurodegeneration because of greater microglial-mediated 

neurotoxicity (Cardona et al., 2006). Likewise, CX3CL1–CX-

3CR1 signaling protects against obesity-induced hypothalam-

ic inflammation (Dorfman et al., 2017).

	 The expression of both CX3CL1 and CX3CR1 was found 

to be lower in the hypothalamus of HFD-fed male mice, and 

overexpression of CX3CL1 or CX3CL1 in the hypothalamus 

prevented DIO in these mice. Interestingly, female mice 

showed no reduction in hypothalamic CX3CL1–CX3CR1 

expression during HFD-feeding (Dorfman et al., 2017). The 

ability of female mice to maintain CX3CR1–CX3CL1 signaling 

under HFD-fed conditions may account for their resistance to 

HFD-induced hypothalamic inflammation and obesity.

ASTROCYTE–NEURON INTERACTIONS

Bidirectional interactions between astrocytes and neurons are 

important for the homeostatic control of neuronal activity, 

metabolism, synaptic transmission, and neurotransmitter syn-

thesis, as well as for the defense against oxidative stress and 

neuroinflammation (Kirchhoff et al., 2001; Ricci et al., 2009). 

Astrocytic–neuronal interactions have been shown to be pro-

tective against glutamate-induced neurotoxicity, and these 

effects are mediated by CCL6 and its receptor CCR1 (Nakaga-

wa et al., 2019). Moreover, a recent study revealed a novel 

mechanism of astrocyte-mediated neuroprotection (Ioannou 

et al., 2019). Hyperactivated neurons generate peroxidat-

ed fatty acids but expel them in the form of apolipoprotein 

E (ApoE)-containing small lipid particles because neurons 

have a limited capacity for mitochondrial lipid oxidation. The 

neighboring astrocytes take up these lipid particles and then 

either store them as lipid droplets or oxidize them in their 

mitochondria. This neuronal–astrocytic cooperation in lipid 

metabolism appear to be critical for neuronal health, and the 

disruption of this may predispose neurons to lipotoxicity.

	 By contrast, under pathological conditions, reactive astro-

cytes release proinflammatory mediators that induce neuro-

nal injury (Allan et al., 2001; Ricci et al., 2009). For instance, 

reactive astrocytes secrete CCL2, which triggers hypothalamic 

inflammation by binding to CCR2 on neurons and glia (Kwon 

et al., 2017). The deletion of CCL2 and CCR2 retards neu-

ronal loss under neuroinflammatory conditions (Allen et al., 

2013; Tian et al., 2017), and thus CCL2-CCR2 signaling may 

contribute to hypothalamic neuronal dysfunction in obesity.

CONCLUSIONS AND FUTURE PERSPECTIVES

We have summarized the proven and possible interactions 

between hypothalamic ARH neurons and glia in normal ho-

meostatic condition in Fig. 1, and during obesity-associated 

inflammation in Fig. 2. It is noteworthy that the hypothal-

amus is one of the most sensitive organs to SFA-induced 

inflammation/immune activation, and that hypothalamic 

inflammation is not a consequence of established obesity, 

but rather a significant contributor to the development of 

obesity.

	 As shown in cortical neurons, hypothalamic neurons 

might have a limited capacity to oxidize fatty acids in their 

mitochondria or to store them in lipid droplets (Ioannou et 

al., 2019). They can expel surplus fatty acids in the form of 

small lipid particles, which are then taken up and oxidized by 

surrounding astrocytes and microglia (Ioannou et al., 2019). 

In this situation, microglia and astrocytes may be transformed 

from their quiescent state to a reactive state to handle lipid 

overload. Hence, the early stages of HFD-induced hypotha-

lamic inflammation may operate to protect neurons from 

lipotoxicity. This hypothesis also provides a good explanation 

for the restriction of HFD-induced hypothalamic inflammation 

to the mediobasal part of the ARH because blood vessels in 

this area become permeable during fasting and HFD-feeding 

(Langlet et al., 2013; Lee et al., 2019), which allows the free 

entry of circulating fatty acids. ARH neurons, which primarily 

detect changes in the systemic metabolic state (Schwartz, 

2006), are readily exposed to lipotoxicity, and thus hypo-

thalamic inflammation may be part of a neuroprotective 

mechanism for these critically important neurons. If this fatty 

acid influx subsides, hypothalamic inflammation resolves and 

activated microglia and astrocytes return to their quiescent 

states.

	 However, upon persistent exposure to an HFD, higher 

levels of inflammation may be induced to dispose of large 

amounts of fatty acids, fat metabolites, or cellular debris. 

At this stage, the microglia may be more highly activated 

and accumulate as a result of interactions with astrocytes 

and neurons. By releasing proinflammatory cytokines and 

chemokines, they may attract other types of immune cell, 

such as perivascular macrophages, into the fat-overloaded 

ARH parenchyma (Lee et al., 2018; Valdearcos et al., 2017). 

Circulating immune cells may also be recruited through the 

permeable ARH vessels, although the precise profiles of the 

infiltrating immune cells require further characterization. The 

released cytokines and dietary SFAs activate inflammatory 
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Fig. 1. Homeostatic interactions 

between neurons and glia (mic

roglia, astrocytes, and perivas

cular macrophages) in the hypo

thalamic ARH. 3V, third ventricle; 

ME, median eminence.

ME

3V

Regulated
fatty acid flux
via BBB

Resting-state astrocytes/microglia
� Clear lipid droplets or toxic lipid metabolites
� Release neurotropic anti-inflammatory factors
� Prune unnecessary synapses

  Maintain 
  BBB integrity

Perivascular macrophages (PVMs)
��Regulate the BBB integrity and nutrient transport 
  across blood vessels
��Remove toxic substances that enter via blood vessels 

Healthy ARH neurons
� Sense metabolic signals (leptin, insulin, glucose, etc.) 
��Regulate food intake and energy expenditure

  Repress microglial activation
  through CX3CL1-CX3CR1 signal

PVMs

Maintain normal body weight

ARH neurons

MicrogliaAstrocytes

Saturated fatty acids or lipid particles

Fig. 2. Hypothalamic neuronal–

glial and glial–glial interactions 

during obesity-associated inflam

mation induced by long-term 

consumption of a high-fat diet. 

3V, third ventricle; ME, median 

eminence; NO, nitric oxide.

Activated microglia

Activated PVMs

Parenchymal macrophages

ME

3V

Enhanced
fatty acid flux
via permeable 
BBB

Reactive astrocytes/activated microglia
��Release proinflammatory cytokines, 
  chemokines, toxic free fadicals 
� Sustain inflammation
��Uptake and oxidize excessive lipids 

Dysfunctional ARH neurons
��Activate inflammatory signaling pathways 
��Impair the ability to sense metabolic signals 
��Increase food intake and decrease energy expenditure

Progression of obesity

Reactive astrocytes

Activated PVMs and parenchymal macrophages
��Secrete proinflammtory cytokines
��Increase vascular permeability by NO release
��Induce microgliosis and astrogliosis 

  Disrupt BBB via 
  release of VEGF-A

  Reduced CX3CL1-CX3CR1 signal

ARH neurons

Saturated fatty acids or lipid particles
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signaling pathways in the hypothalamic neurons that impede 

the ability of neurons to sense peripheral metabolic signals 

(Cai and Liu, 2011; Jais and Bruning, 2017). In the later 

stages of persistent or repeated hypothalamic inflammation, 

some of these neurons degenerate and die (Moraes et al., 

2009). Together, these changes may lead to an impairment 

in the hypothalamic control of energy balance and the devel-

opment of morbid obesity.

	 The exact mechanisms of the neuronal–glial interactions 

during the different stages of overnutrition-induced hypo-

thalamic inflammation have yet to be determined. Moreover, 

further studies are needed to better understand the influence 

of hormones (leptin, insulin, and gut and sex hormones) 

and genetic factors on neuronal–glial interactions during the 

course of hypothalamic inflammation. Hypothalamic inflam-

mation may share common features with other neuroinflam-

matory disorders and also have characteristics similar to those 

of obesity-associated inflammation in peripheral metabolic 

organs. A better understanding of the specific roles of the 

cellular contributors to hypothalamic inflammation and the 

mode of their interactions should help us to treat or prevent 

obesity more effectively.
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