
directly interferes with glycemia in organisms, our result cor-
roborates that genetic variations of this enzyme can affect 
glycemic homeostasis, despite not being determinant for the 
occurrence of type 2 diabetes mellitus.

EFFECT OF NUTRITIONAL STRESS ON THE 
EXPRESSION OF SIRTUIN GENE FAMILY
Xiaomin Zhang,1  Fathima Ameer,2  Jasmine Crane,3  
Gohar Azhar,3 and Jeanne Wei,3 1. University of Arkansas 
for Medical Sciences, Little Rock, Arkansas, United States, 
2. University of Arkansas for Medical Sciences, University 
of Arkansas for Medical Sciences, Arkansas, United States, 
3. UAMS, Little Rock, Arkansas, United States

The sirtuin (SIRT) proteins are a highly conserved family 
of NAD+-dependent deacetylases that regulate histones as 
well as non-histone proteins. Seven sirtuin genes have been 
identified (SIRT1 to SIRT7) in mammals. SIRT1, SIRT6, and 
SIRT7 are primarily localized in the nucleus. SIRT2 is lo-
calized mainly in the cytoplasm. SIRT3, SIRT4, and SIRT5 
are often located in the mitochondria. Therefore, the sirtuin 
family proteins exert their diverse functions at various cel-
lular locations and regulate metabolism, stress responses, 
growth and aging processes. The sirtuin proteins are often 
considered as nutrient sensors. This study assessed the ex-
pression of sirtuin genes in C2C12 muscle cells under glu-
cose stress conditions at different time points. Expression of 
all seven sirtuins was confirmed by Real-Time PCR analysis. 
SIRT1 (24 h) and SIRT3 (6 h and 15 h) are highly expressed 
under low glucose (2.7 mM) and high glucose (25 mM) con-
ditions, whereas SIRT2 and SIRT4, SIRT5, SIRT6 and SIRT7 
expressions were either relatively lower or there was no sig-
nificant change under glucose stress conditions. Our results 
indicate that SIRT1 and SIRT3 demonstrated the greatest 
fluctuation in response to glucose stress, whether high or 
low glucose. These findings will help elucidate the role of 
sirtuins in the regulation of cellular processes, including me-
tabolism. It will also help to enhance our understanding of 
the roles of sirtuin genes in regulation of blood sugar fluctu-
ation in normal persons and diabetic patients, as well as in 
elderly individuals, many of whom are insulin resistant and 
“prediabetic” or diabetic.

EFFECT OF PPARΓ INHIBITION ON BONE IN AGED 
ANIMALS
Xingming Shi,1  Kehong Ding,2  Yun Su,2 and Carlos Isales,1 
1. Augusta University, Augusta, Georgia, United States,  
2. augusta university, Augusta, Georgia, United States

Aging is accompanied by bone loss and marrowfat ac-
cumulation. PPARg is a key factor regulating adipocyte 
differentiation. Marrowfat secretes large quantities of fac-
tors including adipokines, cytokines and chemokines that 
contribute to bone loss. We hypothesized that inhibition of 
PPARg would reduce adipocytes and adipose-generated in-
flammatory factors, and thus decrease aging-induced bone 
loss. To test this hypothesis, we treated young (6mo) and 
old (23mo) female C57BL/6 mice with a PPARg antagonist 
GW9662 (1mg/kg body weight, IP injection for 6wks) and 
examined the effects on bone, immune cell lineage skewing, 
and the expression of inflammation related genes. DXA ana-
lysis data showed that GW treatment had no effect on verte-
bral and femoral BMD and BMC in young or old mice. u-CT 

analysis showed that GW treatment reduced BV/TV in old 
mice but had no effect in young mice. FACS analysis data 
showed that GW treatment significantly increased lymphoid 
(CD3) and decreased myeloid (CD11b) lineage cells only in 
young mice. GW treatment significantly decreased CD4 and 
CD8 T cell subpopulations in young mice, but had no effect in 
old mice. Interestingly, Nanostring analysis of inflammation 
genes revealed an opposite effects of GW treatment in young 
vs. old mice, i.e., genes whose expression were downregulated 
by GW in bone cells of the young mice were upregulated in 
the old mice. These results suggested that systemic inhibition 
of PPARg, while enhancing CD3 and reducing CD11b cell 
populations in the bone marrow of young mice, may have a 
negative effect on bone architecture in old mice.

GREATER SKELETAL MUSCLE OXIDATIVE 
CAPACITY IS ASSOCIATED WITH HIGHER RESTING 
METABOLIC RATE: RESULTS FROM THE BLSA
Marta Zampino,1  Richard Semba,2  Fatemeh Adelnia,3  
Jennifer Schrack,4  Richard Spencer,1  Kenneth Fishbein,1  
Eleanor Simonsick,1 and Luigi Ferrucci,1 1. National 
Institute on Aging, Bethesda, Maryland, United States,  
2. Johns Hopkins University, Baltimore, Maryland,  
United States, 3. Vanderbilt University Medical Center, 
Nashville, Tennessee, United States, 4. Johns Hopkins 
Bloomberg School of Public Health, Baltimore, Maryland,  
United States

Resting metabolic rate (RMR) tends to decline with aging. 
The age-trajectory of decline in RMR is similar to changes 
that occur in muscle mass, muscle strength and fitness. 
However, while the decline in these phenotypes have been 
related to changes of mitochondrial function and oxidative 
capacity, whether lower RMR is associated with poorer mito-
chondrial oxidative capacity is unknown. In 619 participants 
of the Baltimore Longitudinal Study of Aging, we analyzed 
the cross-sectional association between RMR (kcal/day), as-
sessed by indirect calorimetry, and skeletal muscle maximal 
oxidative phosphorylation capacity, assessed as post-exercise 
phosphocreatine recovery time constant (tau-PCr), by phos-
phorous magnetic resonance spectroscopy. Linear regression 
models were used to evaluate the relationship between tau-
PCr and RMR, adjusting for potential confounders. We found 
that independent of age, sex, lean body mass, muscle density 
and fat mass, higher RMR was significantly associated with 
shorter tau-PCr, indicating greater mitochondrial oxidative 
capacity. In conclusion, higher RMR appears to be associated 
with a higher mitochondrial oxidative capacity in skeletal 
muscle. This association may reflect a relationship between 
better muscle quality and greater mitochondrial health.

INHIBITION OF KYNURENINE METABOLISM AND 
ITS EFFECT IN MITOCHONDRIAL FUNCTION IN 
HEPATOCELLULAR CARCINOMA
Raul Castro-Portuguez,1  Samuel Freitas,2 and 
George Sutphin,1 1. University of Arizona, Tucson, Arizona, 
United States, 2. University of Arizona, Tucson,  
United States

Hepatocellular carcinoma (HCC) is the most preva-
lent cancer in the liver. The majority of ingested tryptophan 
is processed in the liver through the kynurenine pathway, 
the endpoint of which is de novo NAD+ biosynthesis. 
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Dysregulation of tryptophan-kynurenine metabolism and 
NAD+ synthesis may promote mitochondrial malfunction, 
tumor reprogramming, and carcinogenesis. Using a publicly 
available gene expression dataset from liver hepatocellular 
carcinoma (LIHC) samples available through The Cancer 
Genome Atlas (TCGA; n  =  371), we employed Principal 
Component Analysis (PCA), hierarchical clustering, gene-
pattern expression profiling, and survival analysis to cluster 
patients and determine overall survival. Our analysis of genes 
encoding kynurenine pathway enzymes determined that pa-
tients with high QPRT expression had a poor prognosis with 
decreased median survival, with no effect on the maximum 
survival. There is a significant difference in the survival be-
tween patients with high QPRT expression relative to pa-
tients with high HAAO/AFMID expression (HR = 1.2, [95% 
CI 0.5-1.8] P  =  0.0181, Gehan-Breslow-Wilcoxon Test). 
Patients with high QPRT expression have higher survival 
rates compared with low QPRT expression (HR = 1.4, [95% 
CI 0.9-2.2] P = 0.0344, Gehan-Breslow-Wilcoxon Test). To 
test the consequences of kynurenine-pathway inhibition in 
mitochondrial function and morphology we use 4-Cl-3HAA, 
an irreversible HAAO inhibitor, and observed a small increase 
in mitochondrial fragmentation in HepG2 cells after 24 hours 
of treatment. We conclude that kynurenine metabolism may 
be useful as a biomarker to predict patient prognosis among 
HCC patients. In ongoing work, we are testing QPRT inhibi-
tors in cell culture as a potential adjuvant for chemotherapies.

LATE-ONSET INTERMITTENT FASTING DECREASES 
AGING-RELATED FRAILTY
Yoko Henderson,1  Nazmin Bithi,2  Christopher Link,3  
Jie Yang,1 and Christopher Hine,1 1. Cleveland Clinic 
Lerner Research Institute, Cleveland, Ohio, United States, 
2. Lerner Research Institute, Cleveland Clinic, Cleveland, 
Ohio, United States, 3. Cleveland Clinic, Cleveland, Ohio, 
United States

Global average life expectancy continues to rise. As aging 
increases likelihoods of exhibiting geriatric syndromes (a.k.a. 
frailty), there is a need for effective anti-aging treatments. 
Multiple studies have shown the positive effects of dietary 
restriction (DR) on lifespan in various model organisms. 
However, DR is not widely implemented in older adults 
due to issues with patient compliance and the overall lack 
of understanding on the effects of DR initiated later in life. 
Thus, the present study tested whether late-life DR, specif-
ically Every-Other-Day (EOD) fasting, attenuates aging-
related frailty using a modified and simplified frailty index in 
mice. Briefly, 20-month old male and female C57BL/6 mice 
(human equivalent of 65 years) that had been on a control 
chow diet ad libitum during adulthood were placed on EOD 
fasting or ad libitum feeding for 2.5  months. Their frailty 
index was identified using an indirect calorimeter, glucose 
tolerance test, novel object place recognition test, forelimb 
grip strength meter, and rotarod. We found that late-life EOD 
fasting decreased overall caloric intake in males but not in fe-
males. In addition, EOD fasting significantly improved meta-
bolic, musculoskeletal, and cognitive endpoints in male mice, 
but enhanced only some of these in female mice. Furthermore, 
EOD fasting improved hydrogen sulfide (H2S) production 
capacity and its associated sulfhydration signaling in tissues, 
which positively correlated with improvements in frailty 

measures. We conclude that EOD fasting implemented late 
in life can have therapeutic potential in the clinic. We are cur-
rently investigating the necessity of H2S production for DR 
mediated benefits and longevity.

LATE-ONSET PHARMACOLOGICAL OR DIETARY 
INTERVENTIONS IMPROVE HEALTHSPAN AND 
LIFESPAN IN MALE AND FEMALE MICE
Sarah Mitchell,1  Michael MacArthur,1  Alice Kane,2  
Margaret Torrence,3  Huseyin Mehmet,4  James Vath,5  
Brendan Manning,1 and James Mitchell,6 1. Harvard T.H. 
Chan School of Public Health, Boston, Massachusetts, 
United States, 2. Harvard Medical School Center for 
Animal Resources School of Public Health, Boston, Maine, 
United States, 3. Harvard TH Chan School of Public 
Health, Boston, Massachusetts, United States, 4. Zafgen, 
Inc., Boston, Massachusetts, United States, 5. Zafgen, Inc, 
Boston, Massachusetts, United States, 6. ETH Zurich, 
Zurich, Massachusetts, Switzerland

While late-onset dietary or pharmacological interventions 
can extend longevity in rodents, whether or not they can be 
used to reverse or forestall onset of aging-related symptoms 
(i.e. frailty) remains untested. Here, we employed three inter-
ventions to test this hypothesis. Male and female C57BL/6 
mice were randomized to one of four groups: control, 15% 
calorie restriction (15CR), 0.1% Methionine Restriction 
(MR)or ZGN1062 (1.5mg/kg, drug in feed) starting at 21mo. 
Healthspan measurements (mouse clinical frailty index (FI), 
blood collection, and hematology) were performed every three 
months, and survival was assessed for all mice. At baseline 
there were no significant differences in frailty index. After 6mo 
FI increased consistent with reduced healthspan in control 
males (0.23□0.01 to 0.34□0.01 A.U, p<0.0001) and females 
at this age (0.19□0.03 to 0.24□0.01, p<0.0001). Male 15CR, 
MR and ZGN1062 mice had significantly lower FI scores 
at 27mo age (15CR: 0.32□0.01, p=0.02; MR: 0.31□0.01, 
p=0.0009; ZGN1062: 0.30□0.01, p<0.0001). Female mice 
were less frail than males at 27mo, suggesting sexual di-
morphism in the timing of frailty onset in mice. ZGN1062 sig-
nificantly extended lifespan in males (HR=0.56, p=0.007) and 
females (HR=0.46, p=0.001). There was a sexual dimorphism 
in the ability of 15CR and MR to extend lifespan, and a trend 
towards increased lifespan in males (HR=0.69, p=0.057 and 
HR=0.71, p=0.09) but not in females. Histological analysis for 
cause-of-death is ongoing. Taken together these data suggest 
that a pharmacological intervention associated with weight 
loss, which may be a more practical therapeutic strategy to-
wards mitigation of age-related healthspan decline than 
dietary restriction-based interventions.

LONGEVITY-EXTENDING METAP2 INHIBITORS 
INDUCE CALORIC RESTRICTION THROUGH P53-
DEPENDENT INDUCTION OF GDF-15
Michael MacArthur,1  Sarah Mitchell,1  Jon Jung,2  
Margaret Torrence,3  Alice Kane,4  Huseyin Mehmet,5  
Brendan Manning,1 and James Mitchell,6 1. Harvard T.H. 
Chan School of Public Health, Boston, Massachusetts, 
United States, 2. University of Glasgow, Glasgow, Scotland, 
United Kingdom, 3. Harvard TH Chan School of Public 
Health, Boston, Massachusetts, United States, 4. Harvard 
Medical School Center for Animal Resources School of 
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