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Abstract

Huntington’s disease (HD) is a devastating genetic neurodegenerative disease caused by CAG

trinucleotide expansion in the exon-1 region of the huntingtin gene. Currently, no cure is available.

It is becoming increasingly apparent that mutant HTT impairs metabolic homeostasis and causes

transcriptional dysregulation. The peroxisome proliferator-activated receptor gamma (PPAR-γ) is

a transcriptional factor that plays a key role in regulating genes involved in energy metabolism;

recent studies demonstrated that PPAR-γ activation prevented mitochondrial depolarization in

cells expressing mutant HTT and attenuated neurodegeneration in various models of

neurodegenerative diseases. PPAR-γ-coactivator 1α (PGC-1 α) transcription activity is also

impaired by mutant HTT. We now report that the PPAR-γ agonist, rosiglitazone (RSG),

significantly attenuated mutant HTT-induced toxicity in striatal cells and that the protective effect

of RSG is mediated by activation of PPAR-γ. Moreover, chronic administration of RSG (10 mg/

kg/d, i.p) significantly improved motor function and attenuated hyperglycemia in N171-82Q HD

mice. RSG administration rescued BDNF deficiency in the cerebral cortex, and prevented loss of

orexin-A-immunopositive neurons in the hypothalamus of N171-82Q HD mice. RSG also

prevented PGC-1α reduction and increased Sirt6 protein levels in HD mouse brain. Our results

suggest that modifying the PPAR-γ pathway plays a beneficial role in rescuing motor function as

well as glucose metabolic abnormalities in HD.
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Introduction

Huntington disease (HD) is an autosomal dominant neurodegenerative disease characterized

primarily by progressive motor dysfunction, weight loss, cognitive decline and psychiatric

symptoms. The prevalence of HD is 7–10/100,000 in the Western world (Hoppitt et al.

2010). The trinucleotide expansion in exon 1 of the Huntingtin (HTT) gene is the cause of

clinical manifestations in HD patients (1993). Transcriptional dysregulation, mitochondrial

dysfunction, increased oxidative stress, excitotoxicity, and neurotrophic factor deficiency

have been implicated in HD pathogenesis (Cui et al. 2006, Panov et al. 2002, Rosenstock et

al. 2010, Bithell et al. 2009, Giralt et al. 2009, Ross & Tabrizi 2011, Xie et al. 2010, Zuccato

et al. 2011). Abnormal bioenergetic deficits such as body weight loss, reduced glucose

uptake in the brain, and increased incidence of diabetes have also been observed during the

progression of this disease (Djousse et al. 2002). Currently there is no treatment to delay

onset or slow progression of HD.

Peroxisome proliferator-activated receptors (PPARs) are members of the nuclear hormone

receptor family of ligand-activated transcription factors (Rosen & Spiegelman 2001). There

are three mammalian subtypes of PPARs termed PPAR-α, PPAR-β, and PPAR-γ. PPAR-γ
agonists have been used as an anti-type II diabetes drug. Recent studies suggest that

treatment with PPARγ agonists has beneficial effects in models of Alzheimer’s disease

(Watson et al. 2005), Parkinson’s disease (Randy & Guoying 2007, Schintu et al. 2009), and

amyotrophic lateral sclerosis (Kiaei 2008, Kiaei et al. 2005, Schutz et al. 2005), as well as

Huntington’s disease (Napolitano et al. 2011, Johri et al. 2012, Jin et al. 2012). Activation of

PPAR-γ upregulates Bcl-2, enhances its cell survival pathway, and prevents neuronal

degeneration, with a concomitant increase in mitochondrial viability (Fuenzalida et al. 2007,

Quintanilla et al. 2008, Chiang et al. 2011, Hunter et al. 2007, Quintanilla & Johnson 2009).

In addition, PPAR-γ coactivator 1α (PGC-1α), a key transcription factor regulating

mitochondrial biogenesis and metabolism, is compromised by mutant HTT (Cui et al. 2006).

PGC-1α knockout mice display neurodegeneration in the striatum and abnormal metabolism

as seen in HD (Lin et al. 2004). In both human caudate nucleus and N171-82Q HD mouse

striatum, reduced levels of PGC-1α mRNA were detected (Weydt et al. 2006). Recent

studies show that administration of PPAR agonist increases expression of PGC-1α,

mitochondrial DNA, and ATP (Wenz et al. 2008).

The PPAR-γ agonist rosiglitazone (RSG) is an FDA-approved drug that has been used for

clinical treatment of diabetes. It has been shown that RSG prevents mitochondrial

dysfunction in cells expressing mutant huntingtin (Quintanilla et al. 2008); RSG is able to

cross the blood-brain barrier and induce mitochondrial biogenesis in mouse brain (Strum et

al. 2007). In the present study we examined whether RSG would prevent toxicity in a cell

model and improve motor function and metabolic abnormalities in the N171-82Q HD mouse

model. We further determined the molecular mechanisms mediated by RSG in HD mouse

brains and cells expressing mutant HTT.

Materials and Methods

Materials

RSG was purchased from Cayman Chemical (Michigan, USA). For cell culture experiments,

RSG was dissolved in DMSO to the concentration of 40 mM stocking solution and stored at

−20°C. Just before the experiment, it was diluted to 5 mM and added to the culture medium

at 1:1000 dilution. For in vivo experiments, RSG was prepared fresh daily with water to the

concentration of 1 mg/ml and used within 1 h. RSG was given to mice at 10 mg/kg, this

dose was chosen based on previous studies showing that this dose of rosiglitazone had

neuroprotective effects in mice (Carta et al. 2011, Fatehi-Hassanabad & Tasker 2011).
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PPARγ antagonist GW9662, and PPAR-α antagonist GW6471 were purchased from Sigma

and were prepared in 100 mM stocking solution with DMSO and kept at 4°C. SsoFast

EvaGreenR Supermix was purchased from Bio-Rad; protein assay BCA kits were purchased

from Thermo Scientific. Immunostaining ABC kits and DAB kits were purchased from

Vector Laboratories.

Animals

N171-82Q HD mice express a human N-terminal truncated HTT with 82 polyQ repeats

driven by a mouse prion protein promoter. Male N171-82Q HD were mated to hybrid (C3H/

HEJ×C57 BL/6J F1) female mice, and the mice were maintained on the hybrid background.

Genomic DNA was extracted from mouse tail and genotyping was conducted by using a

three-way PCR analysis: two primers were complementary to the prion protein genomic

DNA sequence (PrP-sense 5′-CCTCTTGTGACTATGTGGACTGATGTCGG-3′ and PrP-

antisense 5′-GTGGATACCCCCTCCCCCAGCCTAGACC-3′). The amplified product of

this reaction is 700 bp in length. The antisense primer is also complementary to the 3′-
untranslated portion of the PrP vector and, in combination with a third sense primer to the

HD sequence (HD-591-5′: 5′-GAACTTTCAGCTACCAAGAAAGACCGTGT-3′),
generated a transgene-specific product that is 350 bp in length.

Because we found a sex-dependent difference between males and females, as we reported

previously1,2, only male mice were used in the current study. The mice were housed in

groups with ad libitum access to food and water and a reversed 12-h light/dark cycle. Mice

were divided randomly into vehicle or RSG treatment groups. Mice were treated with

rosiglitazone (RSG) or vehicle (water) starting from 8 weeks of age. RSG (10 mg/kg body

weight) or vehicle was administered between 10:00–11:00AM daily by oral gavage until 32

weeks of age. All animal experiments were performed in accordance with the National

Institutes of Health Guide for the Care and Use of Laboratory Animals and were approved

by Johns Hopkins University Animal Care Committees. Body weight and survival were

monitored routinely. At 14 weeks, mice were anesthetized and brain tissues were dissected

and immediately frozen in −80C° for mRNA and protein extraction. At 32 weeks of age,

mice were anesthetized and perfused transcardially with phosphorylated saline followed by

4% paraformadehyde. After perfusion, the brains were post-fixed overnight, and transferred

into 30% sucrose solution for 2 days before immunohistochemistry.

Immortalized striatal cells

Immortalized striatal precursor cells with normal HTT (SThdhQ7/Q7) or mutant HTT

(SThdhQ111/Q111) were derived from Hdh knock-in mice, and were kindly provided by Dr.

Marcy McDonald 3. These cells were maintained at 33°C in high glucose DMEM medium

(Invitrogen) with 10% fetal bovine serum (FBS, GIBCO), 1% Penicillin-Streptomycin

(Invitrogen), 1% L-glutamate (Invitrogen), and 400 μg/ml of G418 (Mediatech), in a

humidified atmosphere of 95% air: 5% CO2.

Statistical Analysis

Data are expressed as means ± S.E. from at least three independent experiments in cell

cultures studies or with more than three mice in each group in animal studies. Statistical

significance was determined by using one-way-ANOVA with Fisher’s posthoc analysis and

a level of p <0.05 was accepted as significant.
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RESULTS

Rosiglitazone protected cells against mutant HTT-induced toxicity in SThdhQ111/Q111 cells
by activation of PPAR-γ

Striatal cells expressing mutant HTT (SThdhQ111/Q111) were used to evaluate the effect of

PPAR-γ agonist on mutant HTT-induced cell toxicity, and cells expressing normal HTT

(SThdhQ7/Q7) were used as controls. The cells expressing mutant HTT were more

susceptible to serum withdrawal compared to the cells expressing normal HTT, as indicated

by enhanced LDH release (Fig. 1a) and decreased ATP levels (Fig. 1b) after serum

withdrawal (W/O) in mutant HTT cells. PPAR-γ agonist rosiglitazone (RSG, 5 μM)

significantly reduced the cell toxicity induced by mutant HTT in striatal cells, indicated by

attenuated LDH release (Fig. 1a) and preserved ATP levels (Fig. 1b) in RSG-treated

SThdhQ111/Q111 cells compared to vehicle-treated SThdhQ111/Q111 cells.

In order to investigate whether the neuroprotective effect of RSG is mediated by the PPAR-

γ pathway, we pretreated cells with the PPAR-γ antagonist GW 9662 (10 μM) or PPAR-α
antagonist GW 6471(10 μM). The neuroprotective effect of RSG was abolished by the

PPAR-γ antagonist, GW9662, whereas the PPAR-α antagonist, GW6471did not abolish the

protective effect of RSG on mutant HTT- induced toxicity (Fig. 1a,b). These results suggest

that RSG protected cells from mutant HTT toxicity by activating PPAR-γ.

Rosiglitazone preserved mRNA levels of PGC-1α in brains of N171-82Q HD mice

PPAR-γ and its coactivator PCG-1α play an important role in regulating genes involved in

metabolism and mitochondrial function. It has been shown that the PPAR-γ signaling

pathway was impaired in cells expressing mutant HTT (Quintanilla et al. 2008). We found

that the mRNA levels of PPAR-γ (Fig 2a), as well as PGC-1α (Fig. 2b) were decreased in

the striatum and cerebral cortex of N171-82Q HD mice, further supporting the view that

PPAR-γ signaling pathway is impaired in HD. Chronic RSG administration significantly

restored the mRNA levels of PGC-1α and PPAR-γ in brains of N171-82Q mice (Fig. 2a

&b).

Rosiglitazone improved motor impairment and prevented BDNF depletion in N171-82Q HD
mice

The motor function of mice was assessed by accelerating rotarod tests. N171-82Q HD mice

exhibited significant motor impairment, indicated by reduction of the time staying on the rod

compared to that in age-matched wild type littermate controls. Chronic treatment with RSG

significantly improved the motor function, indicated by extended time on the rotarod (Fig.

3a). In contrast, RSG administration had no effect on the survival and body weight loss in

N171-82Q HD mice (data not shown).

BDNF deficiency occurs commonly in HD patients as well as in HD mouse models,

including N171-82Q HD mice (Duan et al. 2003). Because striatal medium spiny neurons do

not produce BDNF, and BDNF levels in the striatum rely on transport from cortical

projection neurons, we therefore measured BDNF levels in the cortex. We examined

whether the protective effect of RSG on motor function results from restoring BDNF protein

levels in HD mouse brain. The levels of BDNF were decreased significantly in the

N171-82Q HD mouse cortex compared to those in wild type controls as we reported

previously, and chronic administration of RSG restored the BDNF levels in the cortex of

N171-82Q HD mice (Fig. 3b).
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Rosiglitazone attenuated hyperglycemia and preserved orexin-A-immunopositive neurons
in the hypothalamus of N171-82Q HD mice

We previously reported that N171-82Q mice exhibited hyperglycemia (Duan et al. 2003).

Blood glucose was measured in 20-week-old mice, that is, 13 weeks after chronic

administration of RSG. HD mice had significantly higher blood glucose levels compared to

age-matched littermate control mice. Chronic treatment with RSG maintained the blood

glucose levels in the normal range in N171-82Q HD mice (Fig. 4a).

Orexin-A plays a key role in regulating glucose homeostasis. In HD mouse hypothalamus,

immunohistological examination indicated that the numbers of orexin-A-positive neurons

were significantly decreased in HD mice, which could be caused by either loss of orexin

neurons or reduction of orexin expression. Chronic treatment with RSG preserved the

numbers of orexin-A-positive neurons (Fig. 4b), indicating that orexin-A-positive neurons

may contribute to the control of the glucose levels in HD mice.

Rosiglitazone upregulated Sirt6 levels in HD models

In order to further understand the molecular mechanism mediated by RSG in HD mice, we

measured the levels of Sirt6, a member of the sirtuin family; Sirt6 is localized in the nucleus

and is involved in metabolic homeostasis. Sirt6 deficiency leads to metabolic abnormalities.

Interestingly, the expression of Sirt6 in the cortex of N171-82Q HD mouse brain is lower

than that in control mice, and chronic administration of RSG preserved the Sirt6 levels in

both cerebral cortex (Fig. 5a) and striatum (Fig. 5b). Consistently, Sirt6 levels were

decreased in cells expressing mutant HTT. As already mentioned, cells expressing mutant

HTT (STHdh Q111/Q111 ) rapidly undergo cell death after serum withdrawal, and we found

that Sirt6 levels were dramatically reduced after serum withdrawal, but treatment with RSG

resulted in significantly recovery of Sirt6 levels in cells expressing mutant HTT (Fig. 5c).

DISCUSSION

It has been reported that rosiglitazone (RSG) attenuates mitochondrial dysfunction in cells

expressing mutant HTT (Quintanilla et al. 2008). In the present study, we further confirmed

that RSG protects cells against mutant HTT-induced cell toxicity, and that the protective

effect is mediated by activation of PPAR-γ. Furthermore, we demonstrated that PPAR-γ
mRNA and its coactivator PGC-1α levels were reduced in the cerebral cortex and striatum

of N171-82Q HD mice. RSG restored the levels of PGC-1α and rescued BDNF, thereby

improving motor function in HD mice.

PPAR-γ is a key transcription factor involved in energy metabolism (Jones & Hughes 2011,

Diano et al. 2011, Etgen et al. 2002); mutant HTT disrupts PPAR-γ transcription and

consequently leads to metabolic abnormalities. Indeed, it has been shown that PPAR-γ
agonists thiazolidinedione (Chiang et al. 2010), piglitazone (Napolitano et al. 2011), and

pan-PPAR agonist bezafibrate (Johri et al. 2012), exhibited neuroprotective effects in

different HD mouse models. PPAR-γ coactivator PGC-1α interacts with a number of

transcriptional factors, and regulates genes involved in mitochondrial respiration (Rasbach

& Schnellmann 2007, Valle et al. 2005, McGill & Beal 2006, Zheng et al. 2010, Liang &

Ward 2006). Many nuclear encoded mitochondrial genes are modulated by PGC-1α (Martin

et al. 2011, Jin & Johnson 2010, Turner & Schapira 2010). Repression of PGC-1α leads to

mitochondrial dysfunction, and mutant HTT interferes with PGC-1α, disrupts its

transcriptional activity in HD (Cui et al. 2006, Weydt et al. 2006), and represses genes

targeted by PGC-1α in HD patients, as well as in HD mouse models (Chaturvedi et al.

2010). Overexpression of PGC-1α protects neurons from mutant HTT-induced cell death,

while PGC-1α knockout mice exhibited impaired mitochondrial dysfunction, movement
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disorders, and striatal degeneration (Chiang et al. 2010). We found that reduced mRNA

levels of PGC-1α and PPAR-γ are rescued by chronic administration of RSG in N171-82Q

mouse cerebral cortex and striatum. However, protein levels of these molecules were not

measured and therefore it is possible that the protein levels may or may not be restored as

were mRNA levels by RSG in HD mice. RSG exhibits neuroprotective effects similar to

compounds activating PGC-1α in HD models (Canto & Auwerx 2009, Chaturvedi et al.

2009).

BDNF deficiency is a major contributor to striatal degeneration and many phenotypes in HD

(Strand et al. 2007, Baquet et al. 2004, Diekmann et al. 2009). Conditional release of BDNF

improved pathology and delayed neuronal dysfunction in HD mice (Giralt et al. 2011), and

overexpression of BDNF in the striatum or administration of compounds increasing BDNF

levels delayed the onset of motor dysfunction in these mice (Simmons et al. 2011, Xie et al.

2010). Most notably, RSG treatment significantly preserved BDNF levels and improved

motor function in N171-82Q HD mice, suggesting that activation of PPAR-γ preserved the

neurotrophic factor, and protected neuronal function and thereby improved motor function

in these mice.

Orexin-A is a neuropeptide, selectively expressed in the hypothalamus, that controls

metabolism including glucose homeostasis; it has been shown that orexin levels are

decreased in HD mouse models (Petersen et al. 2005, Williams et al. 2011, Gabery et al.

2012). Orexin-A-positive neurons send axonal projections to a wide variety of brain regions

and influence a broad range of functions, such as sleep architecture, state-dependent

behavior stabilization, and modulation of food intake, and thus respond to metabolic status

(Ebrahim et al. 2002). Selectively expressing mutant HTT in the hypothalamus is sufficient

to produce the abnormal metabolic symptoms in mice, such as increased food intake and

obesity on a normal diet, and these abnormalities could be prevented by selectively

inactivating mutant HTT expression in the hypothalamus (Hult et al. 2011). In R6/2 HD

mice, although there was no significant overall neuronal loss, orexin-A-positive neurons

were decreased dramatically in the late stage of disease (Petersen et al. 2005). We found a

similar loss of orexin-A-positive neurons in N171-82Q mouse hypothalamus, indicating that

decreased orexin expression or loss of orexin neurons are common pathologies in HD. RSG

treatment preserved orexin-A-positive neurons, and maintained glucose homeostasis in these

mice.

Disrupted metabolic homeostasis is a hallmark of HD. Sirt6, a member of the sirtuin

families, appears to have particular significance in regulating metabolism and life span

(Zhong et al. 2010, Zhong & Mostoslavsky 2010, Lombard et al. 2008). Mice deficient in

Sirt6 develop a variety of degenerative conditions, including complete loss of subcutaneous

fat, lymphopenia, osteopenia, and lordokyphosis (Xiao et al. 2010). In a study of the effect

of RSG on hepatic steatosis, RSG treatment ameliorated accumulation of hepatic lipids and

increased the expression of Sirt6 in rat liver. Sirt6 knockdown abolished the effects of RSG,

suggesting that Sirt6 is involved in RSG-mediated metabolic regulation (Yang et al. 2011).

We therefore examined the Sirt6 levels in brains of HD mice as well as RSG-treated mice.

Interestingly, we first found that the levels of Sirt6 were significantly low in both HD mouse

brain and mutant HTT-expressing cells. RSG treatment restored the Sirt6 levels in brains of

HD mice, and increased the Sirt6 level in mutant HTT-expressing cells. These results

implicate RSG in regulation of Sirt6, thereby attenuating the metabolic abnormality in HD

mice.

It is noteworthy that that RSG treatments had no effect on body weight or survival in

N171-82Q HD mice. In this regard, the effects of RSG treatment are similar to results

obtained from several other treatment regimens or genetic manipulation, in which significant
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improvements in motor performance and glucose homeostasis are noted despite lack of

effect on body weight or life span (Chopra et al. 2007, Chou et al. 2005, Li et al. 2010, Jiang

et al. 2012). The mechanism of body weight changes in HD model is not fully understood;

although it has been shown that there is correlation between body weight gain and

huntingtin levels in YAC HD mice (Pouladi et al. 2010). But this phenomenon seems not

specific to mutant huntingtin-induced changes, as HD patients often lose body weight, and

other fragment HD mouse models, such as N171-82Q and R6/2, and full-length Hdh knock-

in mouse, including HdhQ150, HdhQ140 models, display body weight loss. These results

suggest that the body weight changes in HD mouse models may be related to the mouse

background strain and/or non-specific effects from mutant huntingtin expression. It is most

likely that the weight loss and life-span are not responsive to RSG-driven increases in

neurotrophin signaling, PGC-1α, or Sirt6 levels in brain regions controlling movement and

glucose metabolism. Interestingly, weight loss does not correlate with various motor scores

in HD patients.

It is noteworthy that the role of PPAR-γ in HD has been explored by other groups in cell

models(Quintanilla et al. 2008, Jin et al. 2012), chemically induced HD models(Napolitano

et al. 2011), and R6/2 transgenic HD mouse models(Chiang et al. 2010, Chiang et al. 2012);

the consistent conclusion is that PPARγ is involved in the pathomechanism of mutant

huntingtin-induced mitochondrial dysfunction. To our knowledge, the current study is the

first report showing the beneficial effects of the PPAR-γ agonist rosiglitazone in the

N171-82Q transgenic mouse model; the novelty of the present results is that we found that

activation of PPARγ normalizes the levels of the Sirt6 in HD models. Sirt6 appears to have

particular significance in regulating metabolism and life-span(Zhong & Mostoslavsky 2010,

Zhong et al. 2010, Lombard et al. 2008). Mice deficient in Sirt6 develop a variety of

degenerative conditions, including complete loss of subcutaneous fat, lymphopenia,

osteopenia, and lordokyphosis (Xiao et al. 2010). Thus our results shed lights into the new

possible mechanism on mutant huntingtin-induced energy deficiency.

In conclusion, our results indicate that chronic administration of the PPAR-γ agonist RSG is

sufficient to restore the markedly reduced HD-related BDNF deficiency and preserve levels

of PGC-1α and Sirt6 in HD mouse brain, and that these changes are accompanied by

equally pronounced improvements in a striatum-dependent motor task, as well as

maintenance of glucose homeostasis. The treatments did not affect body weight loss or

survival, characteristic of N171-82Q mice. Future studies will extend the analysis of RSG

effects to other measures of HD pathology (e.g., changes in neuropeptide expression) and

test if more potent PPAR-γ agonists can further alleviate motor impairments in mouse

models expressing full-length mutant huntingtin, in which the pathology develops more

slowly. The promising protective effects of RSG in HD mice suggest that targeting the

PPAR-γ signaling pathway should be considered in developing HD therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Rosiglitazone (RSG) protected cells against mutant huntingtin-induced toxicity in
STHdhQ111/Q111 cells through activating PPAR-γ
Cells were plated and maintained at 33°C in high glucose DMEM medium until 80%

confluence, then switched to serum-free medium (W/O) for 24 h; treatment with vehicle

DMSO or RSG was started when the medium was switched. RSG treatment (5 μM)

decreased LDH release (a) and preserved ATP levels (b). The protective effects of RSG

were abolished by PPAR-γ antagonist GW9662 (10 μM), not by PPAR-α antagonist

GW6471 (10 μM) in STHdhQ111/Q111 cells. n=3 independent experiments. *p<0.05 vs the

values of STHdh Q7/Q7 cells with corresponding treatment. #p<0.05 vs the values of DMSO-

treated STHdh Q111/Q111 cells. ^ p<0.05 vs the values of RSG-treated STHdh Q111/Q111 cells

by one-way-ANOVA with Fisher’s posthoc analysis.
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Fig. 2. Rosiglitazone (RSG) restored mRNA levels of PGC -1α and PPAR-γ levels in the brains
of N171-82Q HD mice
(a) PPAR-γ mRNA levels in the striatum and cortex of N171-82Q HD mice. (b) PGC-1α
mRNA levels in the striatum and cortex of N171-82Q HD mice. *p<0.05 vs the WT-Vehicle

group; **p<0.05 vs the HD-vehicle group by one-way-ANOVA with Fisher’s posthoc

analysis.
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Fig. 3. Rosiglitazone (RSG) improved motor performance and attenuated BDNF depletion in the
brains of N171-82Q HD mice
(a) Motor function was assessed with an accelerating rotarod apparatus, n=8. (b) The protein

levels of BDNF were measured by using an ELISA in the cerebral cortex of N171-82Q HD

mice. n=4. *p<0.05 vs WT-Vehicle group; **p<0.05 vs HD-Vehicle group by one-way-

ANOVA with Fisher’s posthoc analysis.
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Fig. 4. Rosiglitazone (RSG) attenuated hyperglycemia and rescued the loss of orexin-A-
immunoreactive neurons in the hypothalamus of N171-82Q HD mice
(a) Blood glucose levels were measured in 20-week-old mice following overnight fasting.

n=8–10. (b) Top panel, representative pictures of orexin-A immunostaining in the

hypothalamus in indicated groups. Scale bars = 100 μm. Bottom panel, stereology counting

of orexin-A-immunoreactive neurons in the ventromedial hypothalamus. n=4. *p<0.05 vs

WT-Vehicle group; **p<0.05 vs HD-Vehicle group by one-way-ANOVA with Fisher’s

posthoc analysis.
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Fig. 5. Rosiglitazone (RSG) prevented Sirt6 reduction in both mouse model and cell model of HD
(a) Chronic administration of RSG prevented reduction of Sirt6 mRNA and protein levels in

the cerebral cortex of N171-82Q HD mice. *p<0.05 vs WT-Vehicle group; **p<0.05 vs

HD-Vehicle group by one-way-ANOVA with Fisher’s posthoc analysis. (b) Chronic

administration of RSG prevented reduction of Sirt6 mRNA and protein levels in the striatum

of N171-82Q HD mice. *p<0.05 vs WT-Vehicle group; **p<0.05 vs HD-Vehicle group by

one-way-ANOVA with Fisher’s posthoc analysis. (c) RSG treatment (5 μM) attenuated

reduced Sirt6 protein levels in cells expressing mutant Htt (SThdhQ111/Q111 cells). *p<0.05

vs the values of DMSO-treated STHdh Q7/Q7 cells. #p<0.05 vs the values of DMSO-treated

STHdh Q111/Q111 cells by one-way-ANOVA with Fisher’s posthoc analysis.
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