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Abstract

Introduction

Energy homeostasis and nutrient management were highly 
regulated in a coordinated system in all organisms. Modern 
human lifestyle has less pressure compared to the early 
primordial age, including excess nutrients, many new dietary 
components, accompanied with lack of physical activity, 
and an increased life span, thank to the exist sophisticated 
medical system. 
	 However, the evolution impact on the system 
development of energy homeostasis. A chronic lifetime 
exposure to the stress signals associated with caloric 
excess, added with the longer life expectancy, has 
dramatically increase the requirements for the duration 
as well as the magnitude of adaptive responses. In some 
point, the biological response cannot cope anymore to these 

challenges, the homeostatic systems gradually deteriorate, 
and metabolic disturbances arose.(1)
	 From that background, it can be understood that a 
proper metabolic homeostasis maintenance is crucial for an 
organism’s survival and normal functioning. Regrettably, 
various environmental and internal interfering factors cannot 
be avoided most of the time, leads to disruption of metabolic 
homeostasis. For decades, previous studies focused on 
nutrition intake imbalance, gut microbiota, and systemic 
inflammation as the bridge between obesity and metabolic 
disorders. Apparently, overnutrition, stresses, or disease-
associated systemic inflammatory factors, and extracellular 
and intracellular environments of hypothalamic cells result 
in brain and hypothalamic inflammation leading to central 
metabolic dysregulations and various diseases.(2)
	 One reasonable mechanism for this event involves 
the endoplasmic reticulum (ER), an important organelle for 
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BACKGROUND: Hypothalamus is the master 
regulator of body’s systemic homeostasis including 
energy balance, body temperature, sleep, blood 

pressure, and circadian rhythms. This review article will 
highlight the shifting of the old paradigm of obesity-
inflammation-metabolic syndrome, which was focused 
on visceral organs and systemic inflammation, into a new 
model involving microinflammation in the master regulator 
of endocrine system, i.e., hypothalamus.

CONTENT: Since the early stage of over-nutritional 
conditions and aging process, microinflammation in 
hypothalamus has started to emerge, due to the activation of 

several proinflammatory signaling pathways, especially the 
nuclear factor kappa B (NF-kB) and c-Jun N-terminal kinase 
(JNK)-mediated nuclear transcriptional programs. Together 
with intracellular organelle stress signals, these pathways 
develop a chronic microinflammatory environment in the 
hypothalamus leading to obesity and metabolic disorders.

SUMMARY:  Hypothalamic inflammation has been noted 
not only as an important driver of impaired energy balance, 
but also contribute in altered neurocircuit functions and 
promote obesity-associated metabolic impairment.
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protein folding, maturation, quality control, and trafficking. 
ER could be stressed when there is an imbalance between 
ER folding capacity and the steady-state unfolded protein 
pool in the lumen. When accumulated newly synthesized 
unfolded proteins activate the unfolded protein response 
(UPR), ER became stressed. Activated UPR, together with 
oxidative stress, will trigger a variety of inflammatory and 
stress signaling pathways including nuclear factor kappa 
B (NF-kB)-IkB kinase (IKK) and c-Jun N-terminal kinase 
Activator Protein 1 (JNK-AP1). Inflammation and ER stress 
are related at many levels, and both are short-term adaptive 
systems necessary for organisms’ function and survival.(1) 
However, there are numerous physiological or pathological 
factors induce ER stress, such as nutrient deprivation, redox 
status, and ER calcium levels.(3) Many evidences since a 
decade ago showed that dietary (high fat-induced) obesity 
(4) promote an atypical form of proinflammatory signaling 
activation, which lead to background-level inflammation 
in the hypothalamus, known currently as hypothalamic 
microinflammation.(5) The shifting of the old paradigm 
of obesity-inflammation-metabolic syndrome which was 
focused on visceral organs and systemic inflammation, into 
a new model involving microinflammation in the master 
regulator of endocrine system, i.e., hypothalamus, will be 
discussed in this review.

Hypothalamus and Energy Balance

Eating  is  now  become  not  only  a  fundamental  
mechanism  for  survival, but  also  one  of  the  greatest  
human  pleasures  and panache. Obesity epidemic grows, 
particularly in genetically susceptible individuals. 
Metabolic alteration, central  inflammation  and  ER  
stress  grow  interest  for studies  in the  recent  years,  in  
association with energy balance.(6) Metabolism regulation 
in mammals need coordination between tissues and several 
brain nuclei, mediated by systemic factors and neuronal 
networks. Hypothalamus is one of the most heterogeneous 
structures in the central nervous system (CNS), located 
on the ventral side of the brain symmetrically on both 
sides of the third ventricle. It contains highly condensed 
populations of neurons to orchestrate signals from the 
CNS and the periphery and regulates basic body functions 
including reproduction, food intake, energy expenditure, 
defensive responses, control of circadian rhythm and sleep-
wake cycle.(7-11) As response to metabolic situation, the 
hypothalamus integrate a multiple signals, either peripheral 
or central.(8,9) In a situation of altered energy supply (e.g., 

fasting, post-prandial state), the hypothalamus orchestrates 
behavioral responses, such as adapted food intake, food-
seeking behavior and energy optimization to modify energy 
expenditure.(9,10)
	 The arcuate nucleus (ARC) is an aggregation of neurons 
in the mediobasal hypothalamus, contains orexigenic agouti-
related peptide (AgRP)-neuropeptide Y (NPY) neurons and 
anorexigenic proopiomelanocortin (POMC) neurons. These 
neurons express receptors for key metabolic regulatory 
hormones including insulin, leptin, ghrelin, glucocorticoids, 
estrogen, thyroid hormone and glucagon-like peptide 1 
(GLP-1).(12) Leptin is the most notably secreted factors 
uncovered in the metabolism field since the past two 
decades, and its dysregulation in the secretion, processing, 
recognition, or signaling have a role in metabolic disorders. 
While the ventromedial hypothalamus, which is close 
to ARC, coupling metabolic sensing to the reproductive 
control circuit.(13) It expresses not only insulin, leptin and 
estrogen receptors, but also steroidogenic factor 1 (14) and 
brain-derived neurotrophic factor (BDNF) (15). Metabolic 
sensing from the ARC transmit the signals to second-order 
hypothalamic regions, including the paraventricular nucleus 
which hosts neuroendocrine neurons that control the stress 
response, and also the pre-autonomic sympathetic and 
parasympathetic neurons that can balance the peripheral 
energy production and expenditure by controlling glucose 
and lipid metabolism.(16-18)
	 Any changes in nutritional status will affect the UPR 
physiological in hypothalamic feeding centers. In response to 
this, the transcriptional profiles of AgRP and POMC neurons 
will be altered. In fasting condition, AgRP neurons are 
activated, accompanied by UPR activation in these neurons, 
followed by turning on of target genes of X-box binding 
protein 1 (XBP1) and ER chaperones.(19) The expression 
of various genes involved in ER protein translocation and 
golgi trafficking including transcripts encoding activating 
transcription factor (ATF)4 and ATF6 were also increased. 
Furthermore, fasting stimulates the expression of AgRP-
specific endoplasmic reticulum-associated degradation 
(ERAD)-related transcripts. However, fasting-induced 
changes in the UPR pathway have no significant effect to 
POMC in producing the anorectic peptide a-melanocyte 
stimulating hormone (a-MSH). Short-term refeeding of 
fasted mice activating the UPR in POMC neurons and 
increase the expression of XBP1s, ATF4, and ATF6 in 
POMC.(20) These suggest that UPR in AgRP and POMC 
neurons is affected by nutrition in a different way, and give 
us a clue that fasting-induced activation of AgRP neurons 
could behave distinctly in POMC neurons suppression.
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	 The homeostasis regulated by the hypothalamus 
involving neural, nutritional, and hormonal cues. 
Hypothalamic neuropeptides play a fundamental role 
in circadian rhythm, body temperature, thirst, food 
intake, energy expenditure, and glucose metabolism. 
Thus, malfunction in CNS network that controls energy 
management could be the major mechanism for the 
development of obesity.(21-24) Some studies observed 
reactive changes in the hypothalamus triggers leptin and 
insulin resistance, with the involvement of adipocytes and 
macrophages.(25-29)

Inflammaging

The sophisticated medical system nowadays increases 
human’s life expectancy, however some of aging process 
keep going and cannot be completely avoided. Aging 
is a complex process with deteriorating cellular repair 
capacity so that the damage at genomic and proteomic 
levels increased, and impact on essentially all organs. 
Systemic changes in metabolism during aging lead to pro-
inflammatory cytokine production, resulting in chronic, 
sterile, low-grade inflammation, called inflammaging (30-
32). Inflammaging is macrophage-centered, characterized 
by a complex balance between pro- and antiinflammatory 
responses, involves a variety of stimuli that fuel it, including 
persistent pathogens infections such as cytomegalovirus 
or periodontitis (non-self), endogenous cell debris and 
misplaced or altered molecules (self) and nutrients and gut 
microbiota (quasi-self).(33) Within this framework, the 
gut microbiota is of particular and crucial importance, as 
it roles as the gate between diet, metabolism and the innate 
immune response, and it experience a profound remodelling 
with age.(31) Collectively, inflammaging has similar 
character to metaflammation (the metabolic inflammation 
driven by overnutrition, present in metabolic diseases), thus 
metaflammation is considered as an accelerated aging.(31)
	 Nutrients and pathogens are two most factors 
determine an organism’s survival. Therefore, the ecological 
dynamics of populations and species and evolution largely 
determined by the events of food competition and the 
response to infectious diseases.(34-36) Thus, food sources, 
metabolism, endocrine responses, innate immune responses 
and inflammation were co-evolved with macrophage as 
the master cell at the interface between metabolism and 
immunity.(37) Some evidences suggest the co-evolving 
of immune, metabolic and endocrine responses. First, the 
overlap between macrophages and adipocytes. Both secrete 

similar cytokines and can be activated by bacterial products, 
such as lipopolysaccharide (38); moreover, preadipocytes 
can transdifferentiate into macrophages (39,40). Second, 
Drosophila  melanogaster‘s  body  fat  constitutes  the 
functional unit that activates both metabolic and immune 
responses, suggesting that they evolved from a common 
ancestral structure.(41,42) Third, nutrition considered 
to activate the immune response, due to the heavily 
contaminated food and water with microbial stimuli. 
Fourth, when that food was ingested, it will activate innate 
immunity response, called postprandial inflammation, and 
when it became part of the adaptive response to meals, by 
several molecular mechanisms the inflammatory markers 
increased.(41,43)

Astrocytes: Key Regulators of 
Neuroinflammation

Represents only 2% of total body mass, the brain requires 
about 20% of the oxygen and 25% of the consumed glucose 
to run its function. Due to its high energy consumption and 
lack of ability to store energy, the brain is often considered 
to be a ‘selfish’ organ. The high energy needs of cerebral 
particularly use for the maintenance and restoration of ion 
gradients which utilized by signaling processes such as 
post-synaptic and action potentials, uptake and recycling of 
neurotransmitters.(44,45) The mechanisms regulated tightly 
to ensure adequate spatial and temporal delivery of energy 
substrates is appropriate to the neuronal activity. When  
the  brain  senses  a  decreased  of  its  energy  supply, 
it will initiate energy-producing including food intake 
and mobilization  of  peripheral  energy  stores,  aim  to  
increase the  circulating  glucose  as  the  brain’s  major  
energy  resource.  However, this  does not apply otherwise. 
In the state of peripheral energy excess, such as obesity, 
the brain does not act to reduce energy intake. Thus, many 
presumption conclude that abnormalities of brain sensing 
of peripheral adiposity feedback information such as 
leptin resistance, and any defect in transport of circulating 
metabolic factors across the blood-brain barrier (BBB) play 
roles in obesity development.(46,47) This supported by the 
fact that leptin resistance involves decreased leptin passage 
across the BBB.(48)
	 Astrocytes,  are  a  major  class  of  macroglial  cells  
which   occupy   up   to   50%   of   the   total   brain  
volume  and  play  major  roles  in  brain  homeostasis  as  
active  players  in  the brain  energy  delivery,  production,  
utilization, and storage.(46) Classically, astrocytes known  
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as structural neuronal supportive elements, but now 
identified to participate in a wider function such as providing 
metabolites for neuronal proliferation and differentiation, 
support synapse formation and plasticity, modulation of 
synaptic efficacy, ionic and neurotransmitter homeostasis 
maintenance, and functional hyperemia as described in 
Figure 1.(49,50) 
	 Astrocytes located strategically close to the CNS-
resident cells (neurons, microglia, oligodendrocytes 
and other astrocytes) and blood vessels, therefore it 
also participate in BBB maintenance and permeability. 
Astrocytes also take part in innate and adaptive immune 
responses regulation in the injured CNS by controlling 
the immune cell trafficking and activation. Astrocytes 
are immune-competent cells which able to detect danger 
signals, respond via secretion of cytokines and chemokines, 
and activate adaptive immune defense Their activity could 
either provoke inflammatory reactions and tissue damage, 
or promote immunosuppression and tissue repair depend on 
timing and context.(51-55)
	 During a High Fat-Diet (HFD) challenge, neurons 
utilize less glucose and astrocytes more actively utilize 
metabolite ketone bodies (56), the same phenomenon 

Figure 1.	Schematic representation of the various functions attributed to astrocytes.(51) (Adapted with permission from MDPI). 
BBB: blood-brain barrier; PI3K: phosphatidylinositol 3-kinase; ERK: extracellular receptor kinase; Bcl-2: B-cell lymphoma 
2; GLAST: glutamate/aspartate transporter; GLT1: glutamate transporter 1.

as in starvation where energy homeostasis maintenance 
switch to lipids utilization. Monocarboxylate transporter-1 
(MCT-1) is the  transporter of ketone bodies,  both into 
and out of cells.(57) In brain tissue, MCT-1 is exclusively 
expressed by astrocytes (58) and upregulation of MCT-1 is 
associated with astrocyte activation (reactive gliosis) (59). 
Moreover, high concentrations of circulating ketone bodies 
also increase MCT-1.(60) The hypothalamus of HFD-fed 
rats showed active astrocytosis (61), suggests it was the 
consequence of circulating ketone bodies.
	 Some studies showed that astrocytes express ghrelin 
receptors, and respond to this hormone and its analogs.(62-
64). Ghrelin often called as a hunger hormone, released by 
gastrointestinal tract, pancreas, and brain. The increased 
levels of ghrelin in circulation promote a sensation of hunger. 
It modulates systemic metabolism through activation of 
orexigenic neural circuits in the hypothalamus.(65-68) 
Ghrelin receptors found on hypothalamic neurons regulate 
food intake and satiety (69,70), and the receptors in non-
hypothalamic brain regions contribute to eating behavior 
(71). Several evidences support its function in modulating 
the reward systems (72,73), learning and memory 
performance (74,75), and playing a protective role against 
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degenerative  diseases  (76,77).  However,  the  effects  are 
mainly mediated through ghrelin responsive neurons.(51)
	 Regardless of its function to ensure normal brain 
development and neural functioning (78), recent studies 
showed increased attention in astrocytes role on both 
physiological and pathophysiological processes related to 
metabolic control (79-81). Indeed, numerous trophic factors 
and hormones expressed by these glial cells. NF-kB is a 
crucial transcription factor in any inflammatory reaction. 
Activation of NF-kB and NF-kB-dependent transcription of 
pro-inflammatory factors are relevant for both inflammatory 
and neurodegenerative processes.(82) Neuroinflammation 
refers to the activation of the brain's innate immune system 
in response to an inflammatory challenge. It involves a 
complex integration of all CNS cells activity, including 
neurons, glia cells and, eventually, infiltrating immune 
cells.  A  study  dissect  the  contribution  of  astroglial 
NF-kB to CNS neuroinflammation, and observed that a 
dominant negative form of Ikb/ overexpressing in mouse 
glia  cells  blocks  nuclear  translocation  of  NF-kB.(83)  
NF-kB inactivation in astrocytes improves the clinical 
outcome in neuroinflammation including spinal cord injury 
(SCI) (83), experimental autoimmune encephalomyelitis 
(EAE) (83-85), nerve injury (86), brain injury (87,88) 
and retinal ischemia (89,90). Astrocytes may promote or 
dampen neuronal damage, demyelination, and inflammation 
depending on the kind of stimuli and effector mechanisms 
present in the inflamed milieu.(51)
	 During neuroinflammation, interleukin (IL)-17 
is released by effector T lymphocytes, and astrocytes 
upregulate the receptor.(91) After IL-7 bound to its 
heteromeric transmembrane receptors, NF-kB activator 
1 (Act1) recruited, thus a signaling complex triggers the 
production of pro-inflammatory cytokines, chemokines 
and metalloproteinases.(92) Another important signaling 
pathway in astrocytes with pathological setting involves 
sphingolipids, including sphingosine 1-phosphate (S1P) and 
lactosylceramide (LacCer) (Figure 2). S1P binds to specific 
G-protein-coupled receptors (S1P1-5) and regulates cellular 
processes such as growth, survival and differentiation. S1P-
S1P1 axis controls leukocyte trafficking from the lymphoid 
tissues to blood circulation.(93) In multiple sclerosis and 
EAE, S1P receptors are strongly upregulated on activated 
glia cells.(91,94) The pathogenicity of S1P1 signaling in 
astrocytes indicated when its lack in mice astrocytes showed 
ameliorated EAE expression, reduced demyelination and 
axonal loss.(95)
	 Accumulating data showed that astrocytes also 
express PPAR-g, which plays important roles as a sensor 

and regulator in lipid metabolism.(96) Astrocytes has a 
close relationship with leptin receptor-expressing neurons, 
indicate its possible role as a central sensor of systemic 
energy availability.

ER Stress and The Inflammatory Basis of 
Metabolic Disease

ER is the central site for protein folding and trafficking 
to perform many cellular functions. UPR activation is the 
results of ER’s adaptive capacity failure, which crosscut 
with many different inflammatory and stress signaling 
pathways and participate in chronic metabolic diseases such 
as obesity, insulin resistance, and type 2 diabetes mellitus 
(T2DM).(1)
	 Many evidences showed a close relation between 
ER stress and obesity-associated insulin resistance in 
peripheral tissues, including the pancreas and liver.(97-
99)   ER  stress  in  the  hypothalamus  occurs  in  a  state 
of hyper-nutrition, such as obesity and T2DM, leading to 
leptin and insulin resistance.(27,100-103) Recent studies 
demonstrated that genetic or pharmacologic improvement 
of protein folding ameliorate the hypothalamic ER stress 
and improve leptin and insulin sensitivity.(27,100-105) On 
the contrary, central ceramide-induced lipotoxicity induces 
ER stress and promote weight gain, glucose intolerance, 
decreased sympathetic tone, and brown adipose tissue 
(BAT) thermogenesis.(102,105-107) Ceramide is a key 
intermediate of sphingolipid metabolite that couples HFD 
consumption to ER stress. The hypothalamic level of 
ceramide is elevated in obesity.(108) However, a study 
showed that over-expression of glucose-regulated protein 
(GRP78; also called BiP) and its dominant negative mutant, 
specifically in the ventromedial nucleus of the hypothalamus 
(VMH) can reverse these responses and lead to weight loss, 
reduced hepatic steatosis also improved insulin and leptin 
sensitivity.(101) Another strategy to reduce body weight is 
to increase energy expenditure (109-114), and recent interest 
has focused on the activation of the thermogenic process, 
especially to control BAT activity (111,115-118), as well as 
the browning process of white adipose tissue (WAT) into 
beige/brown-in-white (brite) adipocytes (114,119–121).
	 The disruption in ER homeostasis is communicated 
to the nucleus and the translational machinery via a set 
of signaling routes collectively called the UPR. There 
are three distinct transmembrane which act as ER stress 
sensors, which also serve as UPR main branches (Figure 3): 
protein kinase R (PKR)-like ER kinase (PERK; also known 
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Figure 2. Impact of astrocyte perturbations on neuroinflammation.(52) (Adapted with permission from Elsevier). TGFbR: 
transforming growth factor-beta receptor; gp130-IL6R: glycoprotein 130-interleukin-16 receptor; IFN-gR: interferon-gamma 
receptor; ERa: estrogen receptors alpha; BDNF: brain-derived neurotrophic factor; FasL: Fas ligand; TRKB-T1: tropomyosin 
receptor kinase B-T1; IL17R: interleukin-17 receptor; S1P1: sphingosine 1-phosphate 1; LacCer: lactosylceramide; SOCS3: 
suppressor of cytokine signaling 3; B4GALT6: beta-1,4-galactosyltransferase 6; CCL2: C-C motif chemokine ligand 2; 
VEGF: vascular endothelial growth factor; CXCL10: C-X-C motif chemokine ligand 10; STAT3: signal transducer and 
activator of transcription 3; NF-kB: nuclear factor-kappa B.

as the eukaryotic translation initiation factor 2a kinase 3), 
inositol-requiring enzyme 1 (IRE1), and ATF6.(21) HFD-
induced obese rodents increase ER stress markers including 
IRE1 and PERK phosphorylation, XBP1 splicing, and C/
EBP homologous protein (CHOP) and GRP78 expression 
(27,122,123), indicates that dietary composition have a 
role in hypothalamic ER stress induction. Several data 
demonstrated that saturated fatty acids such as palmitate 
activate hypothalamic ER stress and attenuate leptin and 
insulin receptor signaling.(124-126) Toll-like receptor 
4 (TLR4) is a receptor for saturated fatty acids, and 
central infusion of palmitate activate TLR4 then induces 
inflammatory cytokine expression and ER stress.(127,128) 

Oppositely, neuronal (but not global) ablation of the TLR4 
adapter protein MyD88 prevents excess weight gain in mice 
on a HFD.(108,129)
	 Mitochondria-associated membranes (MAMs) is a 
region connecting the ER and mitochondria, functionally and 
metabolically, and the crosstalk between both are maintained 
by mitofusin 2 (MTF2) protein.(130,131) Thus, MAMs 
disruption might impair ER and mitochondria integration and 
impact in metabolic failure.  MTF2 is a membrane protein 
that coordinating body energy homeostasis by regulating 
ER homeostasis in pairing to mitochondrial activity.(130)  
MTF2 expression is affected by nutrition. Lipotoxic insult 
by HFD intake in rodents and in vitro stimulation of muscle 
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Figure 3. The UPR is composed of three arms that are each initiated by distinct ER membrane proteins: PERK, IRE1, 
and ATF6.(21) (Adapted with permission from Elsevier). ATF6a: activating transcription factor 6-alpha; PC: proprotein 
convertase; IRE1a: inositol-requiring enzyme 1-alpha; GRP78/BiP: glucose-regulated protein; PERK: PKR-like ER 
kinase; XBP1: X-box binding protein 1; eIF2a: eukaryotic initiation factor 2-alpha; S1P: sphingosine 1-phosphate; POMC: 
proopiomelanocorin; CHOP: C/EBP homologous protein; ERAD: endoplasmic reticulum-associated degradation.

cells with the saturated lipid palmitic acid decreases MTF2 
gene expression and protein levels in skeletal muscle 
and arcuate nucleus of hypothalamus, correlates with 
downregulation in the expression of antioxidant enzymes, 
oxidative stress activation and JNK and NF-kB activation 
lead to insulin resistance.(132,133)
	 Excess calorie intake and adiposity clearly correlate 
with inflammation in CNS. Obesity and inflammation 
showed a positive feedback loop where inflammation 
induce various abnormalities observed in obesity. On the 
other side, inflammation also functionally coupled with ER 
stress in initiating metabolic disorders. Activated IKKb– 
NF-kB signaling increases the expression of Suppressor of 
cytokine signaling 3 (SOCS3), impact in insulin and leptin 
signaling. Suggest that hypothalamic IKKb and ER stress 
can activate each other, also forming a positive feedback 
loop and promote dysregulation of central energy balance. 
Thus, the hypothalamic IKKb-NF-kB axis couples ER 
stress to central inflammation.

Hypothalamic Microinflammation: 
A Common Basis Of Metabolic Syndrome

Hypothalamus regulate the energy homeostasis according to 
the input from metabolic feedback signals such as insulin 
and leptin.(134) Inflammation process could activate in 
hypothalamus in diet-induced obesity, such as in a study of 
three days of HFD feeding apparently is sufficient to initiate 
the early occurrence of inflammation and significantly 
reduce hypothalamic insulin sensitivity in rodents.(135) 
Notably, the inflammation occurred first in peripheral tissues, 
such as the liver.(136,137) The hypothalamic inflammation 
occurs in two phases, started by an early and transient 
inflammation, increased inflammatory markers even since 
the first day of HFD, and if the HFD exposure is sustained, 
the secondary phases activated which is a prolonged 
inflammatory cascade that lead to the activation of cellular 
stress mechanisms. The reactive gliosis and neuronal injury 
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manifesting during the first week, even before the body 
weight gain and metabolic syndrome.(138) Metabolic 
syndrome is a cluster of interrelated pathophysiological 
metabolic disorders including obesity, hyperglycemia, 
insulin resistance, hyperlipidemia and hypertension, which 
all serve as a pathogenic soil for T2DM and cardiovascular 
disease (CVD).(5) Therefore, hypothalamus is the key of the 
orchestrated actions of neural pathways and neuroendocrine 
hormones on energy homeostasis regulation (139-146), and 
nutritional status exerts important feeder for hypothalamic 
signaling (23,47,147–152).
	 Hypothalamic inflammatory process comprises 
hundreds of inflammatory genes, including tumor necrosis 
factor-α (TNF-α) and interleukins among a lot more to 
be characterized, which are dynamic during the disease 
development. The molecular changes often result in 
hypothalamic low-level NF-kB activation, commonly 
known as hypothalamic microinflammation and mediate the 
core features of overnutrition-triggered metabolic syndrome.
(153-161) Overnutrition also triggers local ER stress which 
further activate UPR downstream cascades which interact 
with the inflammatory molecules including IKKβ/NF-kB 
and JNK-AP1 pathways and the oxidative stress pathways 
too and finally contribute to promote hypothalamic NF-kB 
inflammation.(27,118) Combination of these interaction 
cause central insulin and leptin resistance.(27) Chronic 
overnutrition state or aging process induce a state known 
as metaflammation and inflammaging consecutively (Figure 
4), which precipitate hypothalamic micro-inflammation 

Figure 4. Intracellular and cellular networks of 
hypothalamic micro-inflammation under chronic 
overnutrition or aging.(5) (Adapted with permission from 
Elsevier).

through neuronal interactions, and crosstalk between glia-
glia and neuron-glia, affects on blocking the hypothalamic 
regulatory functions as well as hypothalamic neural stem 
cell (NSC)-directed neurogenesis. Chronically, these will 
develop metabolic dysfunctions and aging related disorders.
	 Glial cells, are non-neuronal supportive cells that 
constitute neural microenvironment, form myelin, and 
provide support and protection for neurons. Types of glial 
cells include oligodendrocytes, astrocytes, ependymal 
cells, Schwann cells, microglia, and satellite cells. Recent 
data showed that gliotransmission in glial cells (162,163) 
mediate the neuroinflammatory response (164). Excess 
production of hypothalamic astrocytes transforming 
growth factor beta (TGF-β) in obesity and aging conditions 
influence  in  the  decay  of Ikbα  mRNA,  thus  activating 
proinflammatory NF-kB  in the hypothalamus and promote 
diabetes development.(165)
	 Increasing studies in overnutrition-induced 
hypothalamic microinflammation convince that such 
atypical inflammatory changes in the hypothalamus are 
pathologically important for overnutrition-related diseases, 
mostly involving two neuronal subpopulations in the 
mediobasal hypothalamus POMC and AgRP. Hypothalamic 
microinflammation, is associated with pancreatic β 
cells impaired insulin release, and the development 
of renovascular dysfunction leading to hypertension, 
independently of body weight (Figure 5). When the body 
sense fat gain, leptin and also insulin secretion from 
pancreatic beta cells will be increased, which inhibit AgRP 
and activate POMC neurons, leading to decreased energy 
intake and increased energy expenditure and therefore keep 
the body weight homeostasis. Somehow, the mechanism is 
compromised during the development of obesity, suggest 
that chronic nutritional challenge blunt the leptin and 
insulin signaling in the hypothalamus, suggested due to 
NF-κβ-dependent inflammatory changes in the mediobasal 
hypothalamus. It was reported that hypothalamic AgRP 
neuron-specific IKKβ ablation provided protective effects 
against hyperphagia, obesity and glucose intolerance.(27)

Conclusion

‘Hypothalamic microinflammation’ refer to atypical 
proinflammatory signaling activation in hypothalamus 
induced by inflammaging and metaflammation. During 
the past decade, the understanding of hypothalamic 
microinflammation in metabolic syndrome and aging 
has been further advanced. Non-neuronal cells in the 
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Figure 5. The impact of metabolic inflammation in the mediobasal hypothalamus on the neurocircuitry controlling 
energy balance and processes that maintain hypothalamic architecture.(166) (Adapted with permission from Annual 
Review). POMC: proopiomelanocortin; ARC: arcuate nucleus; AgRP: agouti-related peptide; MBH: membrane-bound 
hydrogenase; BAT: brown adipose tissue; UCP-1: uncoupling protein 1; PGC-1a: peroxisome proliferator-activated receptor 
gamma coactivator 1-alpha; Dio2: iodothyronine deiodinase 2.

hypothalamus are involved in hypothalamic inflammation 
and dysregulations, lead to metabolic syndrome. Thus, 
Hypothalamic inflammation has been noted not only as 
an important driver of impaired energy balance, but also 
contribute in altered neurocircuit functions and promote 
metabolic disorders.
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