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Mammalian life span can be extended by both calorie
restriction (CR) and mutations that diminish somato-
tropic signaling. Sirt1 is a mediator of many effects of CR
in mammals, but any role in controlling somatotropic
signaling has not been shown. Since the somatotropic
axis is controlled by the brain, we created mice lacking
Sirt1 specifically in the brain and examined the impacts
of this manipulation on somatotropic signaling and the
CR response. These mutant mice displayed defects in
somatotropic signaling when fed ad libitum, and defects
in the endocrine and behavioral responses to CR. We
conclude that Sirt1 in the brain is a link between so-
matotropic signaling and CR in mammals.
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Mammalian life span can be extended by both dietary and
genetic interventions. Calorie restriction (CR), a reduc-
tion of food intake while maintaining adequate nutrition,
dramatically extends the life span in both invertebrates
and mammals (for review, see Bordone and Guarente
2005). In multiple species, the beneficial effects of CR
have been linked to the function of the sirtuin family of
NAD+-dependent protein deacetylases (Sirt1 in mouse).
In yeast, fruit flies, and possibly mice, genetic ablation of
Sirt1 orthologs blocks the extension of life span by CR
(Lin et al. 2000; Rogina and Helfand 2004; Li et al. 2008).
Because sirtuins require NAD+ as an essential cofactor for
their deacetylase activity, they are thought to read the
metabolic state of an organism and direct changes in
transcription and metabolism in response (Imai et al.
2000). Sirt1 regulates multiple metabolic pathways in
mammals, and is thought to play a critical role in
directing protective changes in response to alterations
in nutritional status (Guarente 2009).

Genetic and physiological analysis of Sirt1 in mice
supports the model that this sirtuin mediates the bene-
ficial effects of CR. Sirt1 protein levels increase in many,
but not all, mammalian tissues during CR (Cohen et al.
2004; Chen et al. 2008). Furthermore, whole-body Sirt1

knockout mice show neither the increase in physical
activity nor many of the physiological changes normally
associated with CR (Chen et al. 2005; Boily et al. 2008; Li
et al. 2008). Conversely, transgenic mice that overexpress
Sirt1 show metabolic phenotypes that partially overlap
those of CR (Bordone et al. 2007; Banks et al. 2008; Pfluger
et al. 2008). Finally, small molecules that increase the
enzymatic activity of Sirt1 induce transcriptional
changes that significantly overlap changes induced by
CR (Barger et al. 2008a,b; Pearson et al. 2008).

In addition to CR, mouse life span can be extended
by single-gene mutations. Collectively, these mutations
point to the importance of the somatotropic axis as
a major regulator of mouse life span. Long-lived Ames
and Snell dwarf mice harbor mutations that disrupt
pituitary development, thereby reducing levels of growth
hormone (GH) as well as several other pituitary hor-
mones (for review, see Tatar et al. 2003). These mutations
also diminish levels of insulin-like growth factor 1 (IGF-1),
a downstream mediator of many of the effects of GH
whose role in the regulation of life span is less certain
(Holzenberger et al. 2003; Ladiges et al. 2009). It has long
been known that CR down-regulates somatotropic signal-
ing in mice, as indicated by a reduction in circulating IGF-
1 (Al-Regaiey et al. 2005), suggesting that CR and muta-
tions that block somatotropic signaling may extend life
span in part through shared mechanisms. Indeed, mice in
which GH signaling is blocked by ablation of the GH
receptor receive no further extension of overall longevity
when placed on a CR diet (Bonkowski et al. 2006). The
mechanisms by which CR might direct changes in the
somatotropic axis, however, have remained unclear.

We wished to test the idea that Sirt1 might mediate
some of its effects on CR by controlling the somatotropic
axis. Secretion of GH from the pituitary is directed by the
hypothalamus, a region of the brain that is anatomically
adjacent to the pituitary. We therefore used Cre/loxP
technology to specifically ablate Sirt1 in the brain, and
examined the effects of this manipulation on somatotropic
signaling in mice under normal and CR conditions. We
found that these mutant mice are viable and have grossly
normal brains, but show specific defects in the somato-
tropic axis. Moreover, Sirt1 activity in the brain is required
to mediate changes in somatotropic signaling and physical
activity that occur in response to CR. This study estab-
lishes Sirt1 in the brain as the critical link between the GH
and CR longevity pathways in mammals.

Results and Discussion

Generation of brain-specific Sirt1 knockout (BSKO)
mice

We crossed a conditional allele of Sirt1 (Sirt1flox) (Cheng
et al. 2003) that had been backcrossed onto the C57Bl/6
genetic background (Chen et al. 2008) to a transgenic
mouse strain in which Cre recombinase expression is
driven by the Nestin promoter, also on the C57Bl/6
background (Tronche et al. 1999). Nestin-cre was always
passed through the male germline. The nestin promoter
drives Cre expression only in the cells that give rise
to neurons, astrocytes, and glia. Sirt1flox/flox; Nestin-
Cre (BSKO) mice and Sirt1flox/flox littermate controls
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(referred to for simplicity as wild-type [WT]) were born at
Mendelian ratios. BSKO mice were fertile and displayed
grossly normal brain morphology (Fig. 1A). For all exper-
iments, male mice were analyzed except where otherwise
noted, but similar phenotypes were observed in both
genders (data not shown).

The Sirt1flox allele has loxP sites flanking exon 4 of the
Sirt1 gene, which encodes the catalytic domain of the
protein. Previous studies of these mice demonstrated that
the excised version of this allele produces a stable (but
nonfunctional) protein product that can be distinguished
from wild-type Sirt1 protein by size (Cheng et al. 2003).
To confirm excision of the Sirt1flox allele in BSKO mice,
we analyzed brain homogenates from these animals and
littermate controls by Western blotting. Sirt1 has two
distinct protein isoforms in the brain (Fig. 1B, closed
arrowheads). BSKO brains contained no wild-type Sirt1
protein, and only a small amount of the mutant protein
(Fig. 1B, open arrowheads). A similar pattern was ob-
served in lysates prepared from the hypothalamus of
these animals (Supplemental Fig. S1). Importantly, in
the pituitary, the majority of which arises from a non-
neuronal lineage, we detected only wild-type Sirt1 in
BSKO mice (Fig. 1C). Likewise, only wild-type Sirt1 pro-
tein was detected in peripheral tissues such as liver, mus-
cle, and pancreas (Supplemental Fig. S1). Thus, Nestin-
Cre expression was confined to the neuronal lineage in
our mice.

BSKO mice are dwarfed and have reduced
somatotropic signaling

BSKO mice and their wild-type littermates were indistin-
guishable at birth and for their first month of life. How-
ever, beginning at 4–5 wk of age, we observed that BSKO
mice were significantly smaller than their littermates, and
that this size difference was maintained into adulthood

(Fig. 1D). This reduction in body mass was accompanied by
a reduction in body length (Fig. 1E), and could not be
attributed to a decrease in food consumption (Supplemen-
tal Fig. S1). Because somatotropic signaling is critical for
post-weaning growth and for directing elongation of the
long bones of the animal, we hypothesized that the dwarf
phenotype of BSKO mice might arise from defects in the
somatotropic axis.

To examine somatotropic signaling directly, we first
measured serum GH levels in 4-wk-old mice, where GH
levels are highest (Diaz-Torga et al. 2002). Mean circulat-
ing GH levels in BSKO mice were nearly 50% lower than
in wild-type littermate controls (Fig. 2A). We also mea-
sured IGF-1, which is released into the circulation pre-
dominantly by the liver in response to GH signaling.
Serum IGF-1 levels, as well as IGF-1 mRNA levels in the
liver, were significantly lower in adult BSKO as compared
with wild-type animals (Fig. 2B,C). Finally, we examined
transcript levels of genes that are expressed in a sexually
dimorphic pattern in mouse liver in direct response to
the different patterns of GH release in the two sexes
(Waxman and O’Connor 2006). The expression pattern of
these genes was significantly disrupted in BSKO mice of
both sexes, providing additional evidence for alterations in
GH secretion in adult BSKO mice (Supplemental Fig. S2).

Because GH is synthesized, stored, and released by the
pituitary, we next examined this gland in BSKO mice.
Pituitaries from BSKO animals were smaller than those of
wild-type littermates, but displayed no major defects
upon histological examination (Fig. 2D; Supplemental
Fig. S3). The mass of the pituitaries of BSKO animals was
reduced in comparison with wild-type littermates, even
when the smaller body mass of BSKO mice was taken into
account (Fig. 2E). Furthermore, each pituitary gland
contained significantly less stored GH in BSKO mice as
compared with controls, although the density of GH-
positive cells was comparable between mice of both
genotypes (Fig. 2F; Supplemental Fig. S3). To determine
whether the defect in GH reflected a more general deficit
in pituitary hormone production, we measured serum
concentrations of three additional pituitary hormones—
adrenocorticotropic hormone (ACTH), prolactin (PRL),
and thyroid-stimulating hormone (TSH)—and two hor-
mones produced by the thyroid in response to TSH (T3
and T4) (Fig. 2G). PRL concentrations were somewhat
increased in BSKO mice as compared with wild type,
while concentrations of ACTH, TSH, T3, and T4 were
unchanged. Thus, the pituitary deficit of BSKO mice
appears to be restricted to GH.

Together, these findings imply that Sirt1 acts in the
brain to stimulate production and secretion of GH but not
other pituitary hormones. Because development, prolif-
eration, and function of the pituitary are under the
control of the hypothalamus (for review, see Zhu et al.
2007), we hypothesize that the pituitary defects observed
in BSKO mice are due to alterations in hypothalamic
function in the absence of Sirt1. The production and
release of GH is controlled by the opposing action of two
hypothalamic neuropeptides: GH-releasing hormone and
somatostatin (Low et al. 2001; Alba and Salvatori 2004).
The expression of the mRNA encoding these neuropep-
tides is unaffected in BSKO mice (data not shown), and
thus the mechanism by which hypothalamic Sirt1 acts to
control the somatotropic axis is not certain.

Figure 1. BSKO mice lack functional Sirt1 protein in the brain and
are dwarfed. (A) Brains from wild-type (WT) and BSKO mice exhibit
similar gross morphology. (B) Western blotting of Sirt1 protein in
whole-brain lysates from wild-type and BSKO mice. Closed arrow-
heads indicate wild-type Sirt1 isoforms, and open arrowheads in-
dicate mutant isoforms. Tubulin is shown as a loading control. (C)
Western blotting of Sirt1 protein in pituitary lysates. (D) Body mass
of male wild-type and BSKO animals at the indicated ages; n = 6–10
per genotype and time point. Curves are significantly different by
repeated-measures ANOVA; P < 0.01. (E) Snout–anus body length of
male wild-type and BSKO animals at 10 wk of age; n = 6–10 per
genotype. All data are shown as mean 6 SEM. (*) P < 0.05 by two-
tailed Student’s t-test.
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Young BSKO mice display near-normal glucose
metabolism

Many mouse strains with decreased GH/IGF-1 signaling
display improvements in baseline insulin sensitivity. To
investigate whether this might also be true of BSKO mice,
we measured fasted glucose and insulin in young adult
BSKO animals and littermate controls. Young BSKO
animals displayed a slight reduction in fasting blood
glucose levels and a trend toward a reduction in fasted
insulin levels that did not achieve statistical significance
(Supplemental Fig. S4). We then assessed the performance
of wild-type and BSKO mice in insulin and glucose
tolerance tests (ITT and GTT, respectively). At 3 mo of
age, BSKO and wild-type mice performed similarly on
ITT (Fig. 3A). Since BSKO mice started with lower fasting
glucose levels, the levels of blood glucose in these
animals remained lower than that of wild type through-
out the test (curves are significantly different by two-way
ANOVA, P < 0.05). Young wild-type and BSKO mice
performed identically on the GTT (Fig. 3B). Thus, only
minor differences in glucose tolerance and insulin sensi-
tivity were detected in young BSKO mice.

We wondered whether these small differences in glu-
cose metabolism could lead to protection against the
metabolic changes brought on by a high-fat diet. To test
this, we fed BSKO mice and littermate controls either
a high-fat diet or matched control diet beginning at 6 wk
of age and continuing for 18 wk. All groups of mice ate
a similar amount of food per gram of body weight (data

not shown) and gained weight equally on the high-fat diet
(Supplemental Fig. S5). By ITT, high-fat-fed BSKO mice
appeared to remain somewhat more insulin-sensitive
than wild-type mice fed the same diet, but similar pro-
tection was not observed by GTT (Supplemental Fig. S5).
Thus, ablation of Sirt1 in the brain did not provide
significant protection against the deleterious effects of
a high-fat diet.

Old BSKO mice display glucose intolerance
and altered CR responses

Next, we asked whether BSKO animals would display the
improvements in insulin sensitivity and glucose toler-
ance normally found in animals maintained on a CR diet.
To test this, we placed BSKO mice and wild-type litter-
mates on a CR diet, with CR mice being fed daily 60% by
mass of the food consumed by ad libitum-fed controls.
Animals of both genotypes lost weight similarly on CR
(Supplemental Fig. S6). After 7 mo of CR, when all of the
mice in this study were 10 mo old, we repeated the ITT

Figure 3. BSKO mice have altered glucose homeostasis with aging.
(A) ITT on 3-mo-old BSKO and wild-type (WT) mice; n = 10–14 per
group. Curves are significantly different by two-way ANOVA; P <
0.05. (B) GTT on 3-mo-old BSKO and wild-type mice; n = 10–14 per
group. (C) ITT on 10-mo-old mice of indicated diet and genotype
groups; n = 6–8 per group. (AL) Ad libitum fed; (CR) calorie
restricted. WT-CR and BSKO-CR curves are significantly different
by two-way ANOVA; P < 0.05. (D) GTT on 10-mo-old mice of
indicated diet and genotype groups; n = 6–8 per group. All data are
shown as mean 6 SEM. (E) Blood glucose and insulin levels in 1-yr-
old wild-type and BSKO mice 45 min after IP injection of 2 g/kg
glucose in PBS; n = 6–7 per group. Insulin values are significantly
different; P < 0.01. The P-value for blood glucose comparison is
0.0727 by a two-tailed Student’s t-test. (F) PEPCK, G6pase, and Pcx
mRNA expression in liver of 0.5- to 1-yr-old female wild-type and
BSKO mice 45 min following vehicle (PBS) or 2 g/kg glucose (GLU)
injection; n = 7–14 per group. (*) P < 0.05 by two-tailed Student’s
t-test versus WT-PBS for each gene.

Figure 2. The somatotropic axis is disrupted in BSKO mice. (A)
Serum GH concentrations in 4-wk-old BSKO mice and littermate
controls; n = 15–20 per group. (B) Serum IGF-1 concentrations in 10-
wk-old BSKO mice and controls; n = 6–10 per group. (C) IGF-1
mRNA levels in BSKO liver normalized to wild-type (WT) levels; n =
5 per group. (D) Pituitaries from BSKO and wild-type littermates. (E)
Pituitary mass normalized to body mass of 10-wk-old BSKO and
wild-type mice; n = 6–10 per group. (F) Pituitary GH stores in 10-wk-
old BSKO mice; n = 5–6 per group. (G) Measurements of additional
pituitary hormones in BSKO and wild-type mice. For PRL, TSH, and
T4, n = 10–14 females per group. For T3 (females) and ACTH (males),
n = 6–10 per group. All data are shown as mean 6 SEM. (*) P < 0.05
by two-tailed Student’s t-test.
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and GTT experiments to determine the impact of CR
on glucose homeostasis in BSKO animals. As in young
animals, older ad libitum-fed wild-type and BSKO mice
performed similarly on the ITT (Fig. 3C). As expected, CR
dramatically increased the insulin sensitivity of wild-
type animals. However, CR induced only a modest im-
provement in insulin sensitivity in BSKO animals, sug-
gesting that neuronal Sirt1 is required to achieve the full
benefit on insulin sensitivity that is normally conferred
by CR. In contrast, the GTT revealed that BSKO and wild-
type animals received a significant and equivalent benefit
in glucose tolerance when maintained on a CR diet (Fig.
3D). This test also allowed us to compare older ad libitum
animals to the young animals studied in Figure 3, A and B.
Surprisingly, older BSKO animals developed severe glu-
cose intolerance that was not observed in young mice.

We first hypothesized that the glucose intolerance of
BSKO mice might arise from a failure of the pancreatic
islets to produce sufficient insulin during the GTT.
However, we found that BSKO mice of this age actually
produce more insulin in response to glucose injection
than wild type (Fig. 3E). We next reasoned that the
glucose intolerance phenotype was unlikely to be due to
a cell-autonomous effect on key peripheral tissues such as
liver or muscle, since Sirt1 is ablated only in the neuronal
lineages in BSKO animals (Supplemental Fig. S1). How-
ever, the ability of the liver to properly down-regulate
gluconeogenesis in response to increasing insulin levels
(as occur during a GTT) is in part under central control
(for review, see Schwartz and Porte 2005). Insulin-
responsive neurons in the hypothalamus direct the
down-regulation of gluconeogenesis in the liver via the
vagus nerve, which innervates the liver and other visceral
organs. Mice in which the vagus nerve has been severed
do not down-regulate gluconeogenic genes in response to
insulin (Pocai et al. 2005). To determine if this brain–liver
circuit was impaired in BSKO mice, we injected older
adult (0.5- to 1-yr-old) wild-type and BSKO mice with
a bolus of glucose, and after 45 min monitored expression
of the mRNA encoding the gluconeogenic enzymes
Pepck, G6pase, and Pcx as markers for gluconeogenesis
in liver. In all cases, the genes were significantly down-
regulated in wild-type mice in response to glucose in-

jection, whereas their expression was unchanged in BSKO
mice (Fig. 3F). This finding supports the idea that the
glucose intolerance of older BSKO mice arises from
a breakdown in the brain–liver circuit that regulates
glucose homeostasis.

The fact that CR rescues the glucose intolerance of
older BSKO animals may be explained in two ways. First,
it is possible that CR blocks the degeneration of the
hypothalamic–liver circuit through a Sirt1-independent
mechanism. Second, CR dramatically increases the in-
sulin sensitivity of skeletal muscle, so it is possible that
the muscles of BSKO mice on CR are able to take up the
extra glucose present in the blood and thus mask the
inability of the liver to halt gluconeogenesis. Breakdown
of the brain–liver circuit may also help to explain our
finding that BSKO mice apparently do not receive a full
benefit in insulin sensitivity on CR, as measured by ITT;
BSKO mice on CR may appear less insulin-sensitive
because they are unable to turn off gluconeogenesis in
response to an injection of insulin, and thus maintain
higher blood glucose values throughout the test. It is also
possible that Sirt1 plays some additional role in the
central control of peripheral insulin sensitivity, since it
is known from other genetic studies that the brain can, in
fact, control insulin sensitivity through other pathways
(Kahn et al. 2005).

Neuronal Sirt1 regulates somatotropic signaling on CR

A reduction in somatotropic signaling is one of the
endocrine hallmarks of CR. Because our initial results
demonstrated that neuronal Sirt1 regulates somatotropic
signaling, we hypothesized that Sirt1 activity in the brain
might be required to direct down-regulation of this axis in
response to CR. After wild-type and BSKO mice had been
subjected to 10 wk of CR, we measured serum IGF-1
levels as a marker for somatotropic signaling in ad
libitum and restricted animals of both genotypes. As
expected, serum IGF-1 levels were significantly lower in
wild-type mice on CR than in wild-type ad libitum
controls. In contrast, IGF-1 levels remained unchanged
in BSKO animals on CR as compared with ad libitum
(Fig. 4A). Thus, Sirt1 activity in the brain is absolutely

Figure 4. BSKO mice have altered endocrine and behavioral responses to CR. (A) Serum IGF-1 concentrations after 10 wk of CR; n = 6–8 per
group. Interaction between diet and genotype is significant by two-way ANOVA; P < 0.05. Data are shown as mean 6 SEM. (B–E) Each bar
represents the average number of revolutions run per 15-min period over 15 d for mice of the indicated genotype and diet; n = 5 per group.
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required to regulate the somatotropic axis in response
to diet.

Since Sirt1 appears to be a positive regulator of GH
production and signaling, our findings also suggest that
Sirt1 activity in the hypothalamus might decrease during
CR. Because no changes in Sirt1 protein levels were
detected in the hypothalamus or pituitary in mice fed
a CR diet (Supplemental Fig. S7), it is likely that other
factors such as changes in the NAD/NADH ratio act to
decrease Sirt1 activity in the hypothalamus during CR.
This is in contrast to other tissues, such as skeletal
muscle and white adipose tissue, where Sirt1 activity
has been reported to increase in response to CR. However,
previous findings indicate that Sirt1 activity in the
murine liver decreases during CR (Chen et al. 2008).
Thus, the liver and hypothalamus may be members of
a subset of tissues in which it is a decrease, rather than an
increase, in Sirt1 function that mediates physiological
changes during CR.

Neuronal Sirt1 regulates physical activity
on ad libitum and CR diets

A well-established behavioral consequence of CR in mice
is up-regulation of physical activity, presumably a corre-
late of increased foraging behavior. Previous work using
animals lacking Sirt1 throughout the body demonstrated
that Sirt1 was required for this up-regulation of activity in
response to CR (Chen et al. 2005). However, this study
left open the question of whether Sirt1 activity is required
in the nervous system or the periphery to generate this
behavioral change. To test the requirement for Sirt1 in
the brain in the behavioral response to CR, we used
running wheels to monitor physical activity in ad libitum
and restricted animals of both genotypes for a 2-wk period
beginning after 7 mo of CR. As has been shown pre-
viously, wild-type animals dramatically up-regulated
their activity in response to CR (Fig. 4B,C). BSKO animals
were somewhat more active than wild-type animals on
an ad libitum diet (Fig. 4D), and their activity did not
increase—and, in fact, slightly decreased—on the CR diet
(Fig. 4E). We conclude that Sirt1 activity is required
specifically in the brain to regulate physical activity in
ad libitum mice and to drive the changes in activity
brought on by CR.

Conclusions

This study brings together three major pathways known
to affect aging—CR, the somatropic axis, and sirtuins—in
what is likely a single mechanism operating in the brain.
Our findings suggest that CR triggers a reduction in Sirt1
activity in hypothalamic neurons governing somato-
tropic signaling to lower this axis, in contrast with the
activation of Sirt1 by CR in many other tissues. Sirt1 may
have evolved to positively regulate the somatotropic axis,
as it does insulin production in b cells, to control mam-
malian health span and life span in an overarching way.
However, the fact that Sirt1 is a positive regulator of the
somatotropic axis may complicate attempts to increase
murine life span by whole-body activation of this sirtuin.

It is interesting that Sirt1 activity in the brain governs
the production of GH, but not other pituitary hormones,
even though the production of all pituitary hormones is
regulated at least in part by signals from the hypothala-
mus. It will be of interest to dissect the function of this

sirtuin in specific brain regions with more targeted
knockout strategies. Likewise, it will be important to
study Sirt1 in the pituitary itself to address whether this
sirtuin also controls the other major endocrine axes.

Materials and methods

Animals

All animal procedures were carried out in accordance with the Massa-

chusetts Institute of Technology Committee on Animal Care. Mice were

group-housed in a 12-h light/12-h dark cycle at controlled temperature

(25°C 6 1°C). For high-fat diet studies, mice were fed diets with 60% or

10% of calories from fat (high fat and control, respectively; Research

Diets, Inc.). For CR studies, the amount of food consumed by ad libitum

control mice was determined weekly, and CR mice were fed 60% of that

value daily. For GTT and ITT, mice were fasted overnight prior to

injection with either 2 g/kg glucose (Sigma) or 1 IU/kg porcine insulin

(Sigma) delivered in sterile saline. Blood glucose was measured at the

indicated time points using a LifeScan OneTouch glucometer. Activity

was measured by individually housing animals with low-profile wireless

running wheels (Med Associates, Inc.). For tests of the response of animals

to a bolus of glucose, mice were fasted for 14 h and then injected with

either 2 g/kg glucose or an equivalent volume of saline vehicle and were

analyzed 45 min after injection.

Western blotting

Tissues were lysed in TNT buffer (20 mM Tris at pH 8.0, 150 mM NaCl,

1% Triton X-100) supplemented with protease inhibitors (Roche), and

blotted with antibodies against Sirt1 (Millipore) and tubulin (Sigma).

Hormone measurements

Serum for hormone measurements was collected by retro-orbital puncture

under isofluorane anesthesia. ELISA kits for measuring hormone concen-

trations (listed in the Supplemental Material) were used according to the

manufacturer’s instructions.

Quantitative RT–PCR

Total RNA was isolated using Trizol reagent (Invitrogen) and was treated

with DNase (Promega) prior to reverse transcription with MMLV reverse

transcriptase (Invitrogen) and random hexamer primers (New England

Biolabs). Real-time PCR reactions were performed on a LightCycler 480 II

(Roche) using iQ SYBR Green Supermix (Bio-Rad). The relative abundance

of transcripts of interest was calculated by first normalizing to a house-

keeping gene (b-actin or 18S RNA) and then normalizing to wild-type

controls using the 2�DDCT method. Primer sequences were taken from the

Harvard Primer Bank (Wang and Seed 2003; Spandidos et al. 2008). For sex-

specific gene expression in the liver, primer sequences were as described

(Holloway et al. 2008).
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Erratum

Genes & Development 23: 2812–2817 (2009)

Neuronal SIRT1 regulates endocrine and behavioral responses to calorie restriction
Dena E. Cohen, Andrea M. Supinski, Michael S. Bonkowski, Gizem Donmez, and Leonard P. Guarente

Due to an error during figure preparation for the above-mentioned paper, one of the graphs in Figure 4 was
inadvertently duplicated such that the graphs in panels B and E appeared identical. A corrected version of the figure is
shown below, such that B remains as originally presented and E is replaced by the correct, nonduplicated graph. This
error in no way affects the conclusions of the paper.

The authors apologize for any confusion caused by this error.

Please note that this has been corrected in the online version of this paper.
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