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The	number	of	people	who	suffer	from	obesity	and	one	or	more	of	its	adverse	
complications	is	rapidly	increasing.	It	is	becoming	clear	that	diet,	exercise,	
and	other	lifestyle	modifications	are	insufficient	strategies	to	combat	this	
growing	problem.	Greater	understanding	of	the	mechanisms	controlling	our	
desire	to	feed	and	our	ability	to	balance	energy	intake	with	energy	expendi-
ture	are	key	to	the	development	of	pharmacological	approaches	for	treating	
obesity.	Although	great	strides	have	been	made	in	our	understanding	of	how	
the	hypothalamus	regulates	feeding	and	energy	balance,	much	less	is	known	
about	how	obesity	affects	the	structure	of	the	hypothalamus.	The	authors	of	
two	papers	in	this	issue	of	the	JCI	have	addressed	this	issue	by	examining	the	
effects	of	obesity	on	neurons	and	glia	in	the	hypothalamus.	These	studies	
reveal	that	obesity	may	be	in	part	due	to	hypothalamic	injury,	which	leads	to	
inflammation	and	reduced	neurogenesis.	These	findings	support	the	notion	
that	obesity	is	a	disease	that	affects	multiple	organs,	including	the	brain,	and	
that	disruption	of	normal	brain	function	leads	to	abnormal	regulation	of	
peripheral	metabolism.

Introduction
As the number of people who are obese con-
tinues to rise so does the number of cases 
of obesity-associated morbidities, including 
type 2 diabetes, hypertension, heart disease, 
sleep apnea, and cancer. Diet, exercise, and 
other lifestyle modifications are important 
approaches to treating obesity. However, 
it is becoming clear that pharmacological 
approaches are also needed to combat this 
major healthcare problem. Thus far, phar-
macological approaches  to  treating obe-
sity have shown limited efficacy in the clinic 
and have been associated with serious side 

effects. This is largely because our under-
standing of the complex biology of obesity is 
incomplete. For example, while great strides 
have been made in our understanding of 
how the brain controls our desire to feed, as 
well as the processes underlying the balanc-
ing of energy intake and expenditure, little is 
known about how the structure and organi-
zation of the brain are altered by obesity.

Central regulation of peripheral 
metabolism
The role of the hypothalamus in the regula-
tion of feeding and energy balance was first 
highlighted by lesion studies in rodents (1, 
2). Although these classic studies proposing 
the existence of “feeding” and “satiety” cen-
ters in the hypothalamus lacked anatomic 
precision  and  were  overly  simplistic  in 

their interpretation, the importance of the 
hypothalamus in the regulation of feeding 
and energy balance was subsequently high-
lighted by the discovery that hormone and 
peptide regulators of feeding and metabo-
lism act on the hypothalamus as well as the 
brainstem and other areas of the brain (3). 
The adipose tissue–derived hormone leptin 
exerts its inhibitory effects on food intake 
by modulating  the  function of neurons 
in the arcuate nucleus (an aggregation of 
neurons in the medial basal region of the 
hypothalamus).  Specifically,  leptin  sup-
presses neurons that release neuropeptide 
Y (NPY) and agouti-related peptide — neu-
ropeptides that normally increase appetite 
— while stimulating neurons that release 
proopiomelanocortin (POMC) — the pre-
cursor of several neuropeptides, including 
some that suppress appetite  (3). Leptin, 
ghrelin, and other hormones that control 
energy  metabolism  also  affect  synaptic 
plasticity — the structural connections of 
neurons in the hypothalamus and other 
areas of the brain (4–7).

A hallmark of obesity is the ability of adi-
pose tissue to expand and undergo signifi-
cant remodeling in order to fulfill its role 
as  the major energy-storing organ. This 
involves coordinated responses among var-
ious cell types, including adipocyte precur-
sors, blood vessels, and immune cells (8). 
Inflammation in obese adipose tissue  is 
related to adipocyte death, accumulation of 
macrophages and other immune cells, and 
metabolic dysfunction  (8). Recent stud-
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ies have also shown an association among 
obesity and inflammation and autophagy 
(a process responsible for the degradation 
of  damaged  and  dysfunctional  cellular 
organelles and protein aggregates) in the 
hypothalamus (9–11). While these features 
suggest a potential role for hypothalamic 
pathology in obesity, the impact of diet and 
obesity on the number, structure, and tem-
poral organization of neurons and glia in 
the hypothalamus and whether this has any 
relevance to obesity in humans is unclear. 
Two independent reports in this issue of 
the JCI (12, 13) have now shed some light 
on these matters, providing evidence that 
obesity alters the normal structure of the 
arcuate nucleus. Both studies found that 
the hypothalamus is dynamic in terms of 
neuronal turnover and glial activation and 
that the arcuate nucleus is particularly vul-
nerable to obesity. This raises the possibil-
ity that obesity may result, at least in part, 
from hypothalamic injury.

Obesity and hypothalamic 
neurogenesis
Studies performed by Jeffrey Flier and col-
leagues have shown that treatment with 
ciliary neurotrophic factor (CNTF), a pro-
tein known to reduce body weight in obese 
animals and humans  (14, 15),  enhances 
neurogenesis  (a  process  by  which  new 
neurons are formed) in the hypothalamus 
of adult mice (16, 17).  Interestingly, the 
new  neurons  induced  by  CNTF  express 
neuropeptides  implicated  in  the  regula-
tion of feeding and energy balance (NPY 
and POMC) (16). In a follow-up study, in 
this issue of the JCI, McNay, Flier, and col-
leagues labeled neurons in the developing 
hypothalamus and studied their dynam-
ics  in lean mice compared with those in 
obese mice (Figure 1 and ref. 12). In nor-
mal mice fed regular (low-fat) chow, most 
neurons were “born” between embryonic 
days 10.5 and 12.5. Although the number 
of new neurons decreased dramatically (by 

63%) after weaning, the total number of 
cells within the arcuate nucleus remained 
constant, indicating that adult neurogen-
esis was responsible for replacing a size-
able proportion of neurons in the arcuate 
nucleus. This dynamic remodeling of the 
arcuate nucleus included the turnover of 
both POMC and NPY neurons (Figure 1). 
Diet-induced obesity (DIO) was associated 
with suppression of the number of actively 
proliferating cells; the affected cells were 
then  determined  to  be  progenitor-like 
cells rather than neural stem-like cells. The 
reduction in the number of actively pro-
liferating progenitor-like cells was linked 
to an increased rate of apoptosis of newly 
divided cells. Of note, caloric restriction 
in mice with DIO restored the number of 
actively proliferating progenitor-like cells 
to that seen prior to the onset of DIO.

The authors then investigated whether 
hypothalamic neurogenesis was similarly 
altered in leptin-deficient ob/ob mice, which 
display overeating and early-onset obesity 
(4). They found that the number of stem 
cells, the small pool of cells that gives rise to 
actively proliferating progenitor-like cells, 
was drastically reduced in the hypothala-
mus of ob/ob mice (12). Treating normal 
mice with leptin also seemed to increase the 
number of hypothalamic stem cells. This 
latter finding is consistent with the known 
stimulatory effects of leptin on neurogen-
esis in the hippocampus and the develop-
ment of feeding circuits (5, 18). The results 
generated by McNay et al. using ob/ob mice 
further demonstrate  that obesity affects 
the capacity for renewal of neurons in the 
arcuate nucleus (12); however, it remains 
unclear whether hypothalamic neurogene-
sis is directly regulated by leptin or whether 
indirect effects via alterations in the levels 
of  glucocorticoids  or  insulin  or  various 
other metabolic defects impact hypotha-
lamic neurogenesis in ob/ob mice (4).

Feeding the flames of inflammation 
in obesity
Obesity  results  in  chronic  low-grade 
inflammation of several organs, includ-
ing the liver, muscle, and adipose tissue, as 
well as the hypothalamus (8, 10). Inflam-
mation is thought to exacerbate metabolic 
abnormalities by disrupting homeostatic 
pathways  within  target  tissues  (8,  10). 
For example, infiltration of adipose tis-
sue by macrophages has been  linked to 
the  development  of  insulin  resistance  
(8, 10). Inflammation is also thought to 
be increased in the hypothalamus of obese 

Figure 1
Schematic representation of the effects of a HFD and obesity on inflammation, neurogenesis, 
and gliosis in the hypothalamus. As indicated by the work of McNay et al. (12), DIO is associ-
ated with a progressive reduction in neuronal turnover in the hypothalamus. In contrast, the 
work of Thaler et al. (13) demonstrated that hypothalamic inflammation and gliosis displayed a 
biphasic pattern, with peak inflammation preceding the development of obesity (13). Plus signs 
indicate the degree of effect in each case.
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rodents  and  may  promote  food  intake 
and  hypertension  (9–11,  19).  Although 
inflammation  in  the  hypothalamus  is 
thought to be harmful to neuronal func-
tion, little is known about the effects of 
a high-fat diet (HFD) on glia — nonneu-
ronal cells that are more abundant in the 
central  nervous  system  than  neurons, 
provide  support  and  nutrition  to  neu-
rons (astrocytes), and mediate inflamma-
tion in the brain (microglia). Moreover, 
it is not clear how closely hypothalamic 
inflammation mirrors peripheral inflam-
mation. In their study in this issue of the 
JCI, Thaler et al. found some interesting 
differences (Figure 1 and ref. 13). In liver 
and adipose tissue, inflammatory markers 
increase in number and magnitude slowly 
over the course of weeks to months in rats 
fed HFD (8, 10). In contrast, Thaler et al. 
found that inflammatory gene expression 
increased in the arcuate nucleus of rats 
within one day of initiating a HFD (13). 
This initial spike in inflammation in the 
hypothalamus occurred in the absence of 
weight gain and coincided with increased 
gliosis,  the  process  whereby  astrocytes 
and microglia are activated and prolifer-
ate in response to a brain insult, as mea-
sured  by  the  expression  of  microglial 
and astrocytic genes (Figure 1). The gene 
expression patterns were corroborated by 
immunohistochemistry, which showed an 
increase in the number and size of reac-
tive glia. However, the rise in inflamma-
tory gene expression and gliosis subsided 
within a week and reappeared only after 
continued prolonged exposure to HFD. 
This biphasic inflammatory response to a 
HFD was unique to the arcuate nucleus; it 
was not observed in the liver, adipose tis-
sue, and other regions of the brain. Simi-
lar patterns of inflammation and gliosis 
were also observed in mice fed a HFD.

What  are  the  consequences  of  arcu-
ate nucleus inflammation and gliosis  in 
rodents fed a HFD? Thaler et al.  looked 
for evidence of neuronal injury, particu-
larly in POMC neurons within the arcuate 
nucleus (13). At seven days after a HFD was 
initiated,  they  found  that  many  POMC 
neurons displayed an increase in expres-
sion of Hsp70, a chaperone protein that 
is  induced in response to various stress-
ors and neuronal  injury. There was also 
evidence of  increased autophagy within 
POMC neurons after 20 weeks on a HFD. 
After 8 months on a HFD, the number of 
POMC neurons within the arcuate nucleus 
was reduced by 25%.

The rodent studies performed by Thaler 
et al. (13) provide a time line of injury to the 
arcuate nucleus in response to a HFD. In 
particular, the early induction of inflamma-
tion and reactive gliosis, together with evi-
dence of neuronal stress within one week, 
suggest that the arcuate nucleus is injured 
acutely and that perhaps this early insult 
may be  linked to the development of an 
abnormal energy balance and obesity. Tha-
ler et al. then extended these findings by 
studying brain images in patients (13). They 
found that body mass index, a measure of 
fat content, was proportional to T2 signal 
in the hypothalamus by MRI. T2-weighted 
MRI is particularly sensitive for identifying 
brain lesions, including inflammation, glio-
sis, and edema. This finding raises the pos-
sibility that obesity increases hypothalamic 
gliosis (20), but further studies in humans 
are required to ascertain whether  this  is 
indeed the case and whether hypothalamic 
inflammation and injury occur in the arcu-
ate nucleus, as in rodents.

A long way to go
What are the mechanisms underlying these 
two interesting results showing that obe-
sity is associated with suppression of hypo-
thalamic neurogenesis (12) and increased 
hypothalamic injury and gliosis (13)? With 
regards to the effects of obesity on hypo-
thalamic neurogenesis (12), it appears that 
two distinct pools of cells, actively prolif-
erating progenitor-like and stem-like cells, 
are inhibited in the hypothalamus of mice 
with  DIO  and  ob/ob  mice,  respectively. 
The extent to which leptin or other meta-
bolic signals regulate neurogenesis in mice 
with DIO or ob/ob mice is unknown. With 
regards to the hypothalamic inflammation 
(13), the data demonstrate that an initial 
rise in inflammatory markers is triggered 
by  the  HFD  and  not  obesity.  Rodents 
respond acutely  to a HFD by becoming 
hyperphagic and consuming more calories 
than animals fed regular chow. It is pos-
sible that any number of factors that are 
altered by excessive consumption of a HFD 
(e.g.,  lipids,  leptin,  insulin, and ghrelin) 
contribute to hypothalamic inflammation, 
neuronal injury, and gliosis. These factors 
could  directly  impact  neurons  and/or 
glia or indirectly affect the structures and 
functions of these cells by changing the 
transport of circulating factors across the 
blood-brain barrier.

In  summary,  the  studies  by  McNay  et 
al. (12) and Thaler et al. (13) demonstrate 
that obesity is associated with profound 

changes in the structure of neurons and 
glia in the hypothalamus. Unlike the ear-
lier hypothalamic lesion studies that were 
shown to cause extensive damage to neu-
rons within and outside the hypothalamus 
(1, 2), the work of McNay et al. and Thaler 
et al. suggests that the consumption of a 
HFD results in acute hypothalamic injury, 
followed by chronic changes in the struc-
ture and organization of neurons and glia. 
However, there is no evidence that these 
changes  in  hypothalamic  structure  are 
responsible for the onset and progression 
of obesity and associated metabolic dis-
orders. Understanding how the intake of 
a HFD leads to injury and remodeling of 
the hypothalamus and whether this affects 
the development of obesity may provide 
novel  insights  into  the  pathogenesis  of 
obesity. Furthermore, it is crucial to inves-
tigate whether hypothalamic neurogenesis, 
inflammation, and gliosis are  reversible 
after weight loss in rodents and humans; 
whether the dynamics of neurons and glia 
are causally related to the failure to sustain 
weight reduction after dieting; and wheth-
er the structural changes in the hypothala-
mus could be targeted in the treatment of 
obesity and related diseases.
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Rare serotype adenoviral vectors  
for HIV vaccine development

Nelson L. Michael
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Human	adenoviral	vectors	are	being	developed	for	use	in	candidate	vaccines	
for	HIV-1	and	other	pathogens.	However,	this	approach	suffered	a	setback	
when	an	HIV-1	vaccine	using	an	adenovirus	type	5	(Ad5)	vector	failed	to	
reduce,	and	might	even	have	increased,	the	rate	of	HIV	infection	in	men	who	
were	uncircumcised	and	who	had	preexisting	antibodies	specific	for	Ad5.	
This	increased	interest	in	the	evaluation	of	serologically	distinct	adenoviral	
vectors.	In	this	issue	of	the	JCI,	Frahm	and	coworkers	report	evidence	that	
preexisting	cellular	immune	responses	directed	toward	Ad5	reduce	the	
immunogenicity	of	antigens	expressed	in	Ad5-vectored	vaccines	and	have	
cross-reacting	potential	with	non-Ad5	adenoviral	vectors.	The	implications	
of	this	observation	need	to	be	carefully	evaluated	in	future	clinical	trials	of	
all	serotypes	of	adenovirus-vectored	vaccines.

The joint United Nations Program on HIV/
AIDS (UNAIDS) estimates that more than 
33 million people were living with HIV at 
the end of 2009 (1). As witnessed by a series 
of watershed results in the HIV prevention 
field of late, some progress has been made 
toward tackling this pandemic. Adult male 
circumcision  (2–4),  antiretroviral-based 
vaginal microbicides (5), preexposure pro-
phylaxis (6), and antiretroviral therapy as a 
means of prevention (7) have shown varying 
degrees of efficacy, from modest to potent. 
These results have together energized the 
HIV prevention field and have provided 
a growing number of tools that could be 
brought to bear in global HIV disease con-
trol. However, as all of these approaches 

pose significant challenges for deployment 
as public health  tools, a preventive HIV 
vaccine, development of which has thus 
far been elusive despite intensive research 
efforts, remains a critical goal (8).

HIV vaccine approaches
There  are  three  main  types  of  vaccine 
being developed for the prevention of HIV 
infection: subunit vaccines, recombinant 
virus–vectored vaccines, and DNA vaccines. 
Three of the most significant clinical tri-
als conducted thus far tested the efficacy 
of different combinations of the first two 
types of vaccine (9–11). When the first vac-
cine type was tested in two phase III clini-
cal trials, it was disappointingly found that 
vaccination with repeated doses of gp120 
protein subunit vaccines (AIDSVAX B/Bʹ 
and B/E) failed to protect either men who 
have sex with men (MSM) (10) or injection 
drug users (11) from HIV infection. Further 

disappointment came in the form of the 
results of the phase III Step study (9), which 
showed that three injections of a Merck-
developed adenovirus serotype 5 (Ad5) vec-
tor containing gag/pol/nef HIV-1 gene inserts 
(referred to as the MRKAd5/HIV-1 vaccine) 
also failed to protect MSM. In contrast to 
these results, the RV144 trial demonstrated 
that an HIV vaccine might be possible (12). 
The approach tested in this trial was to first 
prime participants with four injections of a 
canarypox vector containing gag/pro/gp120/
gp41 HIV-1 gene inserts (ALVAC-HIV) and 
then boost with two injections of a gp120 
protein subunit vaccine (AIDSVAX-B/E), 
and it reduced the rate of HIV infection in 
a low-incidence population of Thais with 
heterosexual HIV transmission risk.

The  Step  study  raised  the  added  con-
cern  that,  following  vaccination,  uncir-
cumcised MSM with naturally acquired 
immunity  to  Ad5,  in  the  guise  of  pre-
existing  Ad5-specific  neutralizing  anti-
bodies  (nAbs), appeared  to experience a 
transient period of increased risk of infec-
tion with HIV (13). These concerns led to 
the  cancellation  of  a  planned  phase  IIB  
clinical  trial  of  a  related  Ad5-vectored 
gag/pol/env vaccine, which was to be used 
together  with  a  DNA  vaccine  prime,  in 
diverse risk groups and the generation of a 
new, smaller efficacy study focusing on cir-
cumcised MSM with no serologic evidence 
of previous Ad5 exposure (14). Additional 
research has suggested that the immunoge-

Conflict	of	interest: The author has declared that no 
conflict of interest exists.

Citation	for	this	article: J Clin Invest. 2012; 
122(1):25–27. doi:10.1172/JCI60988.


