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Neuropeptide Y is a potent orexigenic hy-
pothalamic peptide. Extensive research
on the role of neuropeptide Y in feeding
and the regulation of energy balance has
provided a better understanding of the
mechanisms and circuitry driving food
intake, and has recently lead to the devel-
opment of potential treatments for obe-
sity and diabetes. Previous studies have
demonstrated that acute systemic and
central infusion of neuropeptide Y in-
duces hyperphagia, and chronic adminis-
tration leads to obesity (Stanley et al.,
1986). Antagonizing neuropeptide Y re-
ceptors decreases food intake (Gehlert,
1999). Currently, clinical trials are under-
way in obese patients to examine the ther-
apeutic efficacy of systemically blocking
neuropeptide Y on food intake and body
weight (Erondu et al., 2006; MacNeil,
2007).

Neurons containing neuropeptide Y
are primarily located in areas involved in
homeostatic functions such as the arcuate
nucleus and dorsomedial hypothalamus.
Whereas the role of neuropeptide Y in in-
tegrating neural and hormonal signals in
the arcuate nucleus has been relatively
well characterized, its role in the dorso-

medial hypothalamus has not been as ex-
tensively studied. It is known that dorso-
medial hypothalamic neuropeptide Y is
enhanced in rodent models of obesity and
with chronic food restriction, suggesting
an important role for neuropeptide Y in
the long-term control of food intake (Bi et
al., 2003). Therefore, Yang et al. (2009)
further characterized neuropeptide Y in
the dorsomedial hypothalamus using
adeno-associated virus to alter expression
of neuropeptide Y, and examined the
long-term consequences of doing so with
molecular, histological, and behavioral
techniques.

Adeno-associated virus is a nonpatho-
genic, noncytotoxic retrovirus that deliv-
ers genes of interest to alter expression of
proteins in the targeted area. This tech-
nique is particularly advantageous for
these experiments because of its long-
lasting effects. Previously, the modulatory
role of neuropeptides on feeding was
studied using repeated systemic or central
infusions that had effects for only a few
hours. Although such studies have greatly
contributed to our understanding of the
mechanisms underlying energy ho-
meostasis, long intervals of time are ideal
to evaluate weight gain/loss over a more
externally valid time course. In the present
study, effects of altering neuropeptide Y
expression on food intake and body
weight lasted at least 6 months (Yang et
al., 2009), providing an excellent animal
model to study obesity.

First, Yang et al. (2009) generated an
adeno-associated virus-mediated expres-

sion vector to overexpress neuropeptide Y
mRNA in the dorsomedial hypothalamus
of lean Sprague Dawley rats [Yang et al.
(2009), their Fig. 1A]. The vector was also
tagged with green fluorescent protein to
allow clear visualization of neurons over-
expressing neuropeptide Y. A separate
group of animals was injected with a con-
trol vector containing only green fluores-
cent protein. Western blot and in situ hy-
bridization confirmed that the
experimental procedure increased neu-
ropeptide Y gene expression only in the
targeted dorsomedial hypothalamus
[Yang et al. (2009), their Fig. 1C,D]. Ani-
mals that overexpressed neuropeptide Y
gained significantly more weight than
controls [Yang et al. (2009), their Fig. 1F].
The increase in body weight could be at
least partly attributable to higher energy
intake of both standard (weeks 1– 4) and
palatable, high-fat diet (weeks 5–12)
[Yang et al. (2009), their Fig. 1G].

Yang et al. (2009) next examined the
functional consequences of knocking
down neuropeptide Y expression in the
dorsomedial hypothalamus in a rodent
model of obesity, by using the adeno-
associated virus to express a short hairpin
RNA (shRNA) targeting neuropeptide Y
in Otsuka Long–Evans Tokushima Fatty
(OLETF) rats. OLETF rats are particularly
advantageous for the current study be-
cause they show blunted cholecystokinin
satiety signaling and elevated neuropep-
tide Y mRNA expression during develop-
ment, leading to hyperphagia and even-
tual obesity and diabetes. The authors
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compared OLETF rats receiving neu-
ropeptide Y knockdown to two different
control groups that received only the
green florescent protein controlled vector:
obese OLETF controls and lean Long–
Evans Tokushima Otsuka (LETO) rats.
Only the neuropeptide Y knockdown an-
imals showed a significant reduction of
neuropeptide Y mRNA and protein levels
in the dorsomedial hypothalamus [Yang
et al. (2009), their Fig. 4]. As expected, the
lean controls showed the lowest weight
gain and energy intake, whereas the obese
controls had the largest weight gain and
intake. Knocking down neuropeptide Y in
OLETF rats resulted in a significant re-
duction of body weight and food intake
compared with obese controls [Yang et al.
(2009), their Fig. 5A,B]. The normaliza-
tion of feeding in the treated obese rats
was associated with a reduction in diabe-
tes risk factors, including blood glucose
levels, plasma insulin, and body fat con-
tent [Yang et al. (2009), their Fig. 6].

Examination of the pattern of 24 h
food intake after neuropeptide Y knock-
down revealed that the reduction in feed-
ing can be attributed to decreased meal
size during the dark cycle [Yang et al.
(2009), their Fig. 5C], suggesting modula-
tion of within-meal satiety signaling. The
dorsal vagal complex in the brainstem re-
ceives gastrointestinal satiety signals from
peptide hormones, such as cholecystoki-
nin, that reduce meal size. Yang et al.
(2009) wanted to establish whether dorso-
medial hypothalamic neuropeptide Y
modulates cholecystokinin signaling in
the brainstem. First, they found that
knocking down neuropeptide Y in the
dorsomedial hypothalamus decreased ip-
silateral neuropeptide Y fiber staining in
the dorsal vagal complex, suggesting that
neuropeptide Y projections from the dor-
somedial hypothalamus to the brainstem
were disrupted [Yang et al. (2009), their
Fig. 7]. Consequently, neuropeptide Y
transmission was decreased, therefore en-
hancing the feeding inhibitory response to
peripheral administration of cholecysto-
kinin [Yang et al. (2009), their Fig. 8].
These results reveal potential mechanisms
by which knocking down neuropeptide Y
in the dorsomedial hypothalamus could
attenuate hyperphagia and weight gain by
enhancing satiety signals in the brainstem.

The paper by Yang et al. (2009) pro-
vides a greater understanding of the func-
tional role of dorsomedial hypothalamic
neuropeptide Y by using the adeno-
associated virus to examine the long-term
effects of altering neuropeptide Y expres-
sion on food intake and energy balance.

Their experimental approach is valuable
because it allows chronic modification of
neuropeptide Y gene expression, without
the potential confounding issue of neu-
ropeptide Y modulation during early de-
velopment. The study is among the first to
delineate a role for neuropeptide Y in the
dorsomedial hypothalamus in feeding be-
havior. However, although these experi-
ments provide interesting and significant
contributions, there are some points of
clarification, as well as future directions to
consider for subsequent studies.

The first issue needing clarification re-
gards the type of chow used in their be-
havioral measures. In the experiment ex-
amining the consequences of
neuropeptide Y overexpression, both a
standard rodent chow and a palatable
high fat diet were used. However, when
evaluating the effects of knocking down
neuropeptide Y on feeding, Yang et al.
(2009) only used standard chow. The au-
thors did not provide a reason for this in-
consistency. Looking at both standard
and high-fat intake is important in deter-
mining whether neuropeptide Y increases
intake by altering energy or reward signal-
ing. Previous studies have revealed a pref-
erential role for neuropeptide Y in the
maintenance of energy homeostasis. Rats
receiving neuropeptide Y infusion into
the paraventricular nucleus consumed a
higher proportion of calories from stan-
dard chow than from a sucrose solution,
compared with those infused with saline
(Giraudo et al., 1999). However, the
present study demonstrated that overex-
pressing neuropeptide Y in the dorsome-
dial hypothalamus significantly increased
intake of both diets, signifying that neu-
ropeptide Y stimulates feeding based on
the caloric value and the rewarding prop-
erties of the food. However, it is likely that
knocking down neuropeptide Y would
differentially alter intake of the two diets.
OLETF rats have altered central gustatory
processing of sugars and heightened pref-
erence for palatable foods (Kovacs and
Hajnal, 2008); therefore, decreased hun-
ger from enhanced satiety signaling after
neuropeptide Y knockdown may be suffi-
cient to reduce intake of a standard, but
not a palatable diet. Because of this possi-
bility, subsequent experiments should
clarify the effects of both diet types.

Yang et al. (2009) attribute the increase
in weight gain after neuropeptide Y over-
expression to higher food intake. How-
ever, it will be important for future re-
search to empirically examine other
potential explanations for changes in
body mass, such as changes in energy ex-

penditure, thermoregulation, metabolic
efficiency, and general activity levels.
Neuropeptide Y plays a role in sugar-
induced changes in energy expenditure
(Levine et al., 2003). Additional explora-
tion into other explanations for weight
gain/loss would enhance our understand-
ing of the role of dorsomedial hypotha-
lamic neuropeptide Y in feeding
behaviors.

The focus of the present paper was to
establish a causal relationship between
dorsomedial hypothalamic neuropeptide
Y and feeding behavior in rats. However,
we would like to emphasize that this study
also provides encouraging data in support
of using retroviral-mediated therapy for
the treatment of obesity and the risk fac-
tors associated with diabetes in people.
Adeno-associated virus therapy for the
treatment of Alzheimer’s disease, Parkin-
son’s disease, chronic pain, and other con-
ditions with neuronal targets are currently
being assessed in phase I clinical trials and
are showing therapeutic potential (War-
rington and Herzog, 2006). Because
knocking down hypothalamic neuropep-
tide Y using adeno-associated virus as well
as antagonizing particular neuropeptide Y
receptors reduces food intake and weight
gain in rodents, similar manipulations in
human subjects could potentially be a
treatment for obesity and diabetes. Initial
experiments activating or blocking spe-
cific neuropeptide Y receptors in obese
human subjects have produced variable
results (Erondu et al., 2006; Kamiji and
Inui, 2007). Pharmacokinetic weaknesses
preventing adequate penetration into the
brain after oral administration may ex-
plain some of the variability (Kamiji and
Inui, 2007). Treatments that enhance
pharmacokinetic properties or use central
administration, including the retroviral
method, might be more efficient in com-
bating obesity and associated risk factors.
However, further evaluation of adeno-
associated virus-mediated therapy for the
treatment of obesity is necessary in both
animal and human clinical trials to assess
safety concerns and potential side effects.

In sum, Yang et al. (2009) demon-
strated that altering neuropeptide Y ex-
pression using adeno-associated virus-
mediated expression resulted in long-
term effects on body weight and energy
intake. More specifically, an overexpres-
sion of neuropeptide Y increased feeding,
whereas knockdown of neuropeptide Y
normalized weight gain, food intake, var-
ious risk factors for obesity and diabetes,
and influenced satiety signaling. The work
by Yang et al. (2009) significantly contrib-
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utes to a more complete understanding of
the mechanisms and circuitry involved in
neuropeptide Y elicited feeding, and sug-
gests that altering neuropeptide Y in the
hypothalamus may have functional impli-
cations for the potential treatment of obe-
sity and diabetes.
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