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Abstract

Rapamycin, a drug that has been shown to increase lifespan in mice, inhibits the target of
rapamycin (TOR) pathway, a major pathway that regulates cell growth and energy status. It has
been hypothesized that rapamycin and dietary restriction (DR) extend lifespan through similar
mechanisms/pathways. Using microarray analysis, we compared the transcriptome of white
adipose tissue from mice fed rapamycin or DR-diet for six months. Multidimensional scaling and
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heatmap analyses showed that rapamycin had essentially no effect on the transcriptome as
compared to DR. For example, only six transcripts were significantly altered by rapamycin while
mice fed DR showed a significant change in over 1,000 transcripts. Using ingenuity pathway
analysis, we found that stearate biosynthesis and circadian rhythm signaling were significantly
changed by DR. Our findings showing that DR, but not rapamycin, have an effect on the
transcriptome of the adipose tissue, suggesting that these two manipulations increase lifespan
through different mechanisms/pathways.
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Introduction

Dietary restriction (DR) is one of the most studied interventions known to extend lifespan
across multiple organisms, e.g., it has been shown to increase the lifespan of animals
ranging from invertebrates such as yeast, nematodes, and fruit flies to rodents and dogs
(Fontana et al., 2010; Lawler et al., 2008; Weindruch et al., 1986). DR is a dietary
manipulation in which animals are fed 30-50% less food than that consumed by animals fed
ad libitum (AL). Recently, it has been shown that rapamycin increased the lifespan of mice
(Anisimov et al., 2011; Fok et al., 2014; Harrison et al., 2009; Miller et al., 2011; Zhang et
al., 2013) as well as Saccharomyces cerevisiae (Powers et al., 2006), Caenorhabditis
elegans (Robida-Stubbs et al., 2012), and Drosophila melanogaster (Bjedov et al., 2010).
Rapamycin was initially discovered by its ability to inhibit the Target of Rapamycin (TOR)
pathway, which is a nutrient sensing pathway involved in regulation of multiple functions in
the cell from growth to energy metabolism (Foster and Fingar, 2010). In mammals, mTOR
forms two complexes, mMTORC1 and mTORC?2, and rapamycin was shown to inhibit
mTORCL1 signaling through the specific binding to FKBP12 which inhibits the interaction of
mTOR and Raptor (Hay and Sonenberg, 2004). Although rapamycin was initially thought to
inhibit only mTORC1 signaling, more recent studies suggest that long term rapamycin
treatment may also affect mTORC?2 signaling (Thomson et al., 2009).

While it is unclear as to the mechanism responsible for the increased lifespan by DR, it has
been hypothesized that DR and rapamycin increase lifespan through similar mechanisms/
pathways. For example, Kaeberlein's group reported that a mutation in TOR in S. cerevisiae
increased replicative lifespan similar to DR and that DR does not extend the lifespan of TOR
mutants (Kaeberlein et al., 2005). TOR inhibition by RNA. in C. elegans also does not show
further increased lifespan in the eat-2 mutant, a DR mimetic in C. elegans, compared to the
wild type N2 background (Hansen et al 2008). However, Drosophila fed rapamycin showed
an increase in lifespan beyond the extension shown with flies on DR alone (Bjedov et al.,
2010), suggesting that rapamycin and DR increased lifespan in part with pathways
independent of those used by DR to extend lifespan.

In this study, we focused on the effect of DR and rapamycin on the transcriptome of
epididymal fat, a white adipose tissue. The adipose tissue is one of the largest organs in
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mammals, and plays an important role in inflammation and insulin sensitivity, which have
been proposed to be important factors in aging (Tchkonia et al., 2010). In addition, an
increase in obesity is associated with increase in age-associated diseases (Fontaine et al.,
2003), and mice fed a high fat diet to increase obesity have been shown to have a decreased
lifespan (Minor et al., 2011). In addition, removal of epididymal and perirenal visceral
adipose tissue has been shown to increase the lifespan of rats (Muzumdar et al., 2008), while
also improving insulin sensitivity (Gabriely et al., 2002). Clearly, the role of the adipose
tissue is important in aging and longevity. Because of the role of adipose in the modulation
of lifespan, we studied the transcriptome of mice fed DR or rapamycin and found major
differences in the expression of transcripts in white adipose tissue. DR significantly altered
the expression of over 1,000 transcripts, while the expression of only six transcripts were
altered significantly by rapamycin.

Material and methods

Animals and feeding regiment

Male C57BL/6 mice (N=8 per group) were purchased from The Jackson Labs (Bar Harbor,
ME) and placed on a commercial mouse chow, 7012 Teklad LM-450 (Harlan Laboratories,
Madison, WI), until 2 months of age. At 2 months of age, the mice were separated into three
dietary regimens: ad libitium (AL), 40% diet restriction (DR), and AL diet plus 14 ppm of
rapamycin in the food. The AL group was fed without restriction a commercial mouse chow,
Purina Mills Test Diet Control #1810306 (Purina Mills, St. Louis, MO). The DR group was
fed 40% less food than eaten by the AL mice. The rapamycin group was fed the AL diet
with 14 ppm of encapsulated rapamycin in the food as described Harrison et al (2009). Mice
were maintained on these dietary conditions until 8 months of age (6 months of treatment).
Mice were then euthanized by carbon dioxide and adipose tissues were collected, snap
frozen in liquid nitrogen, and stored at -80°C until used. All procedures followed the
guidelines approved by the Institutional Animal Care and Use Committee at the University
of Texas Health Science Center at San Antonio.

RNA processing

Total RNA from frozen epididymal fat (100 mg) was extracted using RNeasy kit (Qiagen,
Valencia, CA) following manufacturer's protocols. RNA quality was assessed by agarose gel
and Agilent Bioanalyzer (Agilent Technologies, Santa Clara, CA), and RNA quantity was
determined using the Nanodrop (Thermo Scientific, Wilmington, DE). RNA was then
processed into cCRNA probes for hybridization to arrays using Illumina Total RNA prep kit
from Ambion (Life Technologies, Grand Island, NY) following manufacturer's protocols.
Adipose cRNA probes were then hybridized to Illumina Mouse Ref8 microarrays (V2.0,
[llumina, San Diego, CA) following manufacturer's protocol. Hybridized arrays were
scanned by iISCAN system (Illumina, San Diego, CA). Hybridization of probes and scanning
of the arrays were done at the Genomics Resources Core, University of Texas Health
Science Center at San Antonio.
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Microarray Analysis

Data from iDAT files was extracted by Genome Studios software (v 1.6, lllumina, San
Diego, CA). Data was then transformed and normalized using log2 transformation and the z-
normalization method as described by Cheadle et al (2003). For statistical analysis, one way
ANOVA with pairwise comparisons was done on the microarray data using R (v 2.15.1, R
Development Core Team). False discovery analysis was then done to the dataset using R
package “qvalue” (v 1.30.0, Dabney, A and Storey, J). Multidimensional scaling analysis
was done using Matlab (2011a, The Mathworks, Natick, MA). For gene analysis, we
analyzed microarray data with filtering criteria of q<0.05 and median fold change greater
than 15% in DR vs. AL and Rapa vs. AL. Significantly altered genes were then plotted in a
heatmap using Matlab (2011a, The Mathworks, Natick, MA). Pathway analysis was done
using Ingenuity Pathway Analysis (Ingenuity Systems, Redwood City, CA) which provides
association of significantly changed genes into pathways.

Quantitative Real-Time PCR

Using the total RNA extracted from frozen adipose tissues described above, one ug of RNA
was used to make cDNA using the Ambion retroscript kit following manufacturer's
instructions (Life Technologies, Grand Island, NY). Primers were designed using the NCBI
primer blast and was obtained from Sigma-Aldrich (St. Louis, MO). The sequences of the
primers are listed in Supplementary Table 1. For gRT-PCR, three dilution of cDNA (200
ng/ul, 20 ng/ul, and 2 ng/pl) in triplicate was used in the analysis of each gene using the
EvaGreen master mix (Biotium, Hayward, CA) with 1 pl of cDNA at the indicated dilutions
in a 10 pl reaction following manufacturer's protocol inABI 7900HT gPCR system (Applied
Biosystem, Inc., Foster City, CA). The AACT method was used to quantify the gRT-PCR
results and gene products were assayed using agarose gels and dissociation curves. The
gRT-PCR data were analyzed using one-way ANOVA with Tukey's post-hoc test.

Measurement of NEFAS, glycerol and triglycerides in serum samples

Serum levels of non-esterified fatty acids (NEFAS), triglycerides, and glycerol, were
measured in serum from un-fasted mice treated for 6 months with DR or rapamycin using a
colorimetric assay, using a kit purchased from Wako Chemicals (NEFAs and triglycerides;
Richmond, VA), and Sigma (glycerol; St. Louis, MO).

Statistical Analysis

Unless specifically indicated, all statistical analysis was done using one-way ANOVA with
Tukey's post-hoc test.

Database linking

Microarray data for this study has been deposited in Gene Expression Omnibus with
accession number GSE52825 and can be viewed at: http://www.ncbi.nlm.nih.gov/geo/query/
acc.cgi?token=gporsicovnqvrgh&acc=GSE52825
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The effect of DR and rapamycin on body fat and specific fat depots was characterized by
quantitative magnetic resonance imaging for percent body fat and determined by fat depots
weight vs. total body weight. No significant differences were observed in overall fat mass
and lean mass between AL and rapamycin groups (FigurelA). In contrast, DR mice show a
major decrease in both lean and fat mass, i.e., fat mass decreased 63% and lean body mass
20% compared to AL. Moreover, our data showed that the decrease in fat mass by DR is
mainly due to a decrease in the weight of all fat depots: eipdidymal, perirenal, subcutaneous
(SQ), and mesenteric fat depots (Figure 1B).

Using Hllumina microarrays, we measured the levels of transcripts in eipdidymal white
adipose tissue from mice fed AL, DR, or rapamycin. We first analyzed the data obtained
from all probes detected with a p-detection value of less than 0.02 (24,114 transcripts) using
an unbiased multidimentional scaling analysis (MDS). MDS uses data from principle
components analysis, which allows one to determine which samples are similar based on
variance. The data in Figure 2 shows that the DR mice group separately compared to mice in
the AL and rapamycin groups, while mice fed AL and rapamycin group together. Using
heatmap analysis with hierarchical clustering, we compared the similarities and differences
in the expression of individual genes in each of the animals studied. The heatmap in Figure 3
shows that all of the DR mice showed a similar expression pattern that was distinct from the
expression patterns of the mice fed AL or rapamycin. Thus, compared to DR, rapamycin has
essentially no effect on transcriptome of epididymal fat of mice after 6 months of feeding.

To identify the specific gene transcripts that change with DR or rapamycin compared to
mice fed AL, we used a filtering criteria of a false discovery rate q<0.05 and >15% median
change from that observed in the AL mice. For DR mice, we found that 1,020 transcripts are
altered compared to AL mice; the levels of 287 transcripts were up-regulated and 733
transcripts down-regulated. A list of the transcripts that significantly changed is given in
supplementary file 1 tab1. The top 3 genes that showed the greatest increase (5-6 fold) in
expression with DR were Acsm3, Elovi6, and Acacb and the top 3 genes that showed the
greatest decrease (82-83%) in expression with DR were Srp5, Rom28, and Trp53inp2.
Interestingly, we found that that the levels of only six transcripts changed significantly in the
rapamycin-fed mice compared to AL-fed mice; all transcripts were reduced. The six genes
down-regulated by rapamycin were Cox8b, Gpcl, Aldh5al, Mogat2, Serpina3, and Zfp91.
Interestingly, three of the six genes down-regulated by rapamycin were also significantly
down-regulated by DR. Those 3 genes were Gpcl, Mogat2, and Serpina3.

To confirm the microarray data, we measured the levels of transcripts using quantitative
real-time PCR. We picked three genes that were highly changed by DR or rapamycin from
each of the four possible categories: genes that were significantly down-regulated by DR
and rapamycin, genes up-regulated by DR and did not change in rapamycin, genes down-
regulated by DR and did not change with rapamycin and genes down-regulated by
rapamycin and did not change with DR. As shown in Figure 4A, gRT-PCR analysis showed
that the mRNA levels of Gpcl, Mogat2, and Serpina3b were down-regulated by both DR
and rapamycin as we had found by microarray analysis. The levels of Gpcl, Mogat2, and
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Serpina3b mRNA transcripts were reduced 48%, 48%, and 56% in DR and 56%, 68%, 88%
in mice treated with rapamycin, respectively compared to AL. Acsm3, Elovi6, and Acacb
were genes that were up-regulated by DR and did not change significantly with rapamycin
(Figure 4B). We found that DR increased the mRNA levels of these genes 7- to 17-fold over
the mRNA levels found in the AL group, and rapamycin did not significantly alter the levels
of these transcripts. Sfrp5, Rbm28, and Trp53inp2 were genes that were down-regulated by
DR and did not change with rapamycin (Figure 4C). For these genes, we found that DR
down-regulated the mRNA levels significantly (60 to 85%) compared to the AL group while
rapamycin had no effect on the mRNA levels of these genes. The genes that were
significantly down-regulated by rapamycin, and did not change with DR were Aldh5al,
Cox8b, and zZfp91l (Figure 4D). For these three genes, we found that the mRNA levels for
both Aldh5al and Cox8b were significantly reduced (31 and 77%, respectively) for the
rapamycin mice compared to AL mice. Although the mRNA levels of Zfp91 were reduced
for the rapamycin mice compared to AL mice, this decrease (15%) was not statistically
significantly, however, the mRNA levels of Zfp91 were significantly lower than the DR
mice. One exception we found with our real-time PCR analysis was the expression of Cox8b
by DR mice. The data in Figure 3D show a 110% increase in this transcript in DR mice
compared to AL mice while the microarray data show no increase. Thus, the gRT-PCR
analysis confirmed our microarray results with exception of Zfp91 and Cox8b.

We analyzed the transcriptome further by conducting a pathway analysis on the data using
Ingenuity pathway analysis, a program that places the transcripts that change into pathways
using a database constructed from the literature. This analysis allows one to determine if
genes in a pathway are altered, which will give one insight into potential mechanisms
whereby the changes in the transcriptome could physiologically impact the organism.
Because only six genes were significantly changed by rapamycin, we were unable to
perform this analysis on the mice treated with rapamycin. The ingenuity pathway analysis
identified 41 pathways that were significantly (p<0.05 determined by Fisher's exact test)
altered in the adipose tissue of DR mice. However, when we correct the pathway analysis
for false discovery, only 2 pathways, the stearate biosynthesis (1) and circadian rhythm
signaling, were found to be significantly altered by DR using a FDR significance cutoff of
adjusted p<0.05 (Figure 5A). Because our data indicate that DR and rapamycin have
different effects on lipid metabolism, we measured the lipid profile in the serum of DR and
rapamycin treated mice. While our data showed that both, DR and rapamycin, have a similar
effect on serum glycerol and non-esterified fatty acids (Figure 5B and 5C), the amount of
serum triglycerides were significantly reduced by DR, but not by rapamycin treatment
(Figure 5D).

Discussion

DR is the most studied manipulation to increase lifespan. Although the mechanism(s)
responsible for the life-extending action of DR is unknown, knockdown of autophagy genes
in C. elegans has been shown to negate the lifespan extension effects of the DR mimetic
mutant, eat-2 (Hansen et al., 2008), and the extension of lifespan in invertebrate models of
decreased TOR signaling is not increased further by DR in S cerevisiae or the eat-2 mutant
in C. elegans (Hansen et al., 2007). These studies suggest that autophagy and TOR are key
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pathways in the extension of lifespan seen in DR. Because the inhibition of TOR signaling is
well known to be key to rapamycin's mechanism of action; it was logical to assume when
Harrison et al. (2009) showed that rapamycin increased the lifespan of mice that rapamycin
was a mimetic of DR. However, there are no studies comparing the actions of rapamycin
and DR in mice and a study in Drosophila suggest that DR and rapamycin may have
differential effects on lifespan, e.g., a combination of rapamycin and DR treatment extended
the lifespan of flies further than either treatment alone (Bjedov et al., 2010).

To compare the effects of rampamycin and DR on the physiology/biology of mice, our
group has studied the effect of these two aging interventions on gene expression. Initially,
we compared the effect of DR and rapamycin on the liver transcriptome (Fok et al., 2013a)
because the liver is one the first tissue to be exposed to rapamycin and it expresses a diverse
number of metabolomics pathways. We found that less than 20% of 2724 transcripts that
changed significantly by either DR or rapamycin were shared by both treatments. Fok et al.
(2013a) also compared the liver metabolome of mice fed rapamycin and a DR-diet. An even
greater difference between DR and rapamycin was observed in the 546 metabolites detected
in liver. No metabolites were significantly changed by rapamycin while 173 known and
unknown metabolites were significantly altered by DR. Thus, our data on the liver
transcriptome and metabolome suggest that DR and rapamycin have different effects in
mice. However, these data are limited to only one tissue.

In this study, we extended our research to epididymal fat, a white adipose tissue, to
determine the similarity and differences in the effect of DR and rapamycin on mice. We
chose the epididymal depot because is the largest depot of visceral fat in the mice and it is
the site where most of the lipids are stored (Sackmann-Sala et al., 2012). In addition, it has
been argued that the decrease in fat mass arising from DR has several beneficial effects that
could be important in DR's anti-aging action, e.g., insulin sensitivity and inflammation
(Barzilai and Gabriely, 2001). For example Barzilai's group (Muzumdar et al., 2008) showed
that the removal of epydidmyal and perirenal visceral adipose tissue increases the lifespan of
rats, while also improving insulin sensitivity (Gabriely et al., 2002). In addition, an increase
in obesity is associated with increase in age-associated diseases and decrease with life
expectancy (Fontaine et al., 2003), e.g., mice fed a high fat diet to increase obesity have
been shown to have a decreased lifespan (Minor et al., 2011). Adipose tissue is an important
regulator of inflammation because it can release and regulate adipocytokines that have
important roles in inflammation and immunity. Adipocytokines such as adiponectin, which
decreases with age and obesity, can suppress inflammation through the inhibition of
macrophage activity, (Tilg and Moschen, 2006). Chronic inflammation is detrimental in
healthy aging and can increase risks of age-associated diseases. For example, studies done
by Masternak et al. (2012) with long-the lived growth hormone receptor knockout
(GHRKO) mice demonstrated that the secretory activity of the visceral fat (epididymal and
perirenal fat) is necessary and sufficient to promote the pro-longevity phenotype in these
mice, i.e., high insulin sensitivity and lower levels of inflammatory cytokines. Clearly, the
role of the adipose tissue is important in aging and longevity.

Adipose tissue has been reported to be affected by rapamycin as shown by a decrease in
mTOR signaling, i.e., phosphorylation of ribosomal protein S6 (Blanchard et al., 2012;
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Harrison et al., 2009; Zhang et al., 2013). In addition, 15 days of rapamycin injection in
Sprague-Dawley rats reduces adiposity, decrease fat cell numbers, and down-regulate genes
involved in lipid uptake, and storage (Houde et al., 2010). However using C57BL/6 mice,
we showed that rapamycin had no effect on total fat mass or fat depots (Figure 1) in contrast
to DR treatment, which resulted in ~30% reduction in body weight that largely arose from a
loss of adipose weight across all fat deposits (Fok et al., 2013b). Our group showed that
male or female mice fed rapamycin for 6 months or 21 months had body weight and fat
mass similar to mice fed a control diet (Fok et al., 2013a; Fok et al., 2014; Fok et al., 2013b;
Zhang et al., 2013).

In this study, we found that over 1,000 genes in white adipose tissue were altered by 6
months of DR, but no major changes were observed in rapamycin treated mice. The changes
in expression of transcripts by DR were similar to that reported by two previous studies.
Higami et al. (2004) reported that DR altered the expression of 622 transcripts in white
adipose tissue of male C57BL/6 mice fed 41% DR from 6 weeks of age to 11 months of age
using Affymetrix microarrays. Genes in the following pathways were observed to change
with DR in our study and the study by Higami et al. (2004) using epididymal fat tissue:
glycolysis (Pdhal expression was up-regulated and Pfkp was down-regulated)
gluconeogenesis (Pdk1 was up-regulated), amino acid metabolism (Bcat2 was up-regulated),
lipogenesis (an up-regulation of 9c27a, Enpep, and Acly) and steroid biosynthesis (up-
regulation of Hsd11b1 and Hsd17b10). Wheatley et al. (2011) measured the expression of
transcripts in visceral fat from 4-month-old C57BI/6 mice fed a 30% DR diet for 8 weeks
after 8 weeks of a high fat diet using Affymetrix microarrays. They found 705 genes were
significantly changed by DR. Comparing our study and the study by Wheatley et al. (2011),
we found a similar up-regulation of Gsta4, Cidea, Acss2, Pdk1, Aacs, Sorl1, Acly, Enpep,
and Pdhal and down-regulation of Prpsl, Mmp3, Lgmn, Capg, and Cyba in the DR mice.
All three microarray studies reported similar effect of DR in the adipose tissue on several
families of genes, e.g, the glutathione-S-transferases, histone associated genes, and collagen
genes. Subunits for glutathione S-transferase subunits, such as Gstt2, Gsta3, and Gsta4, are
up-regulated in DR fed mice, suggesting an increase glutathione biosynthesis, which is
consistent with the report by Fok et al. (2013b) showing an increase in the reduced form
glutathione in mice fed DR. Histone associated genes, that code for histone cluster 1 and 2,
and collagen genes, that code for extra-cellular collagen fibers, are down-regulated by DR,
which suggest a decrease in lipid cell growth and expansion.

We identified two pathways from our transcriptome data that changed with DR using IPA
analysis: circadian rhythm controls the sleep-wake period for animals and there is also
evidence that adiposity and circadian rhythm are correlated in mice. Multiple genetic
knockout mouse models of genes that regulate energy in the white adipose tissue have
shown that a decrease in adiposity is correlated with alterations is circadian rhythm as well
as activity during the light cycle (Gimble et al., 2011). In addition, mice fed a high fat diet
show altered the expression of circadian rhythm genes (Kohsaka et al., 2007), and rats that
have a decreased light cycle or sleep cycle, have increased adiposity and loss of circadian
rhythm (Wideman and Murphy, 2009). Interestingly, mice null for Bmall, one of the genes
involved in generating circadian rhythm, show a significant decrease lifespan. Thus the up-
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regulation of circadian rhythm signaling in white adipose tissue of the DR mice would be
consistent with improved healthspan and increased lifespan, which are observed in mice and
rats fed DR-diets.

Stearate biosynthesis | and circadian rhythm signaling. Both IPA pathways appear from our
transcriptome data to be up-regulated by DR. Stearate biosynthesis (l) is a pathway that
produces stearic acid, which is one of the most abundant saturated fatty acids, from the
precursor palmitate. Elongation of palmitate to stearate involves elongation factors, of which
there are 6 in mice. Using qRT-PCR analysis, we showed Elov16, one of the elongation
factors involved in stearate biosynthesis (1), to be highly up-regulated. The increase stearate
biosynthesis suggests that mice fed DR, which show a major loss in fat mass, are
compensating by increasing the production in stearic acid that can then be converted to oleic
acid to produce triglycerides that can be used by the other tissues (Miyazaki et al., 2001).
For example, the increase in stearate biosynthesis pathway could stimulate the increase in
brown fat to regulate thermogenesis (Westerberg et al., 2006) to compensate for changes in
the core body temperature of mice on DR (Rikke et al., 2003). Our data on serum lipid
profile indicate that DR and rapamycin have similar effects on the levels of glycerol and
non-esterified fatty acids, suggesting that these two treatments have a similar effect on lipid
metabolism in the liver, which serves as the hub for fatty acid synthesis and lipid transport in
circulation through lipoprotein synthesis (Nguyen et al., 2008). However, the serum levels
of triglycerides (TG) is significantly reduced by DR (Figure 5D), which may be due to a
significant decrease in fat depots mass, which are the main store for TG (Coleman and
Mashek, 2011).

The major observation of our study was that rapamycin had a negligible effect of the
transcriptome of white adipose tissue compared to DR. Only six transcripts were altered by
rapamycin: Aldh5al, Cox8h, Zfp91, Gpcl, Mogat2, and Serpina3b. Gpcl, Mogat2, and
Serpina3b were also down-regulated by DR. Thus, the response of white adipose tissue is
quite different for DR and rapamycin, however these data are only in adipose tissue and
might not reflect what is occurring in other tissues. Based on the transcriptome date in
adipose tissue it appears that DR and rapamycin have quite different effects on gene
expression and are acting through different mechanisms, at least with respect to this tissue.
Our studies in the liver and fat suggest that lifespan extension by DR and rapamycin most-
likely occurs through different mechanisms and pathways, suggesting that a combination of
DR and rapamycin could have a further extension of lifespan than either manipulation alone.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Effect of DR and rapamycin on body fat and fat depots
Weight (gr) of the distribution of lean mass (solid bars) and fat mass to body weight (open

bars), respect to total body weight. (A), determined in AL (open bars), DR (grey bars), and
Rapa (solid bars) in fed mice at 8 months of age (after 6 months of treatment). Fat depot
weights are shown relative to body weight (B) at 8 months of age. The data were obtained
from 11-12 mice per group and expressed as mean + standard error of the mean (SEM). Data
were analyzed using one-way ANOVA with the Tukey's post-hoc test; the p-values are
marked for the values that are significant.
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Figure 2. Multidimensional Scaling (MDS) analysis shows that DR is different from AL and
Rapa

Using all the probes detected (24,114 probes) with a p-detection value of 0.02, the MDS
analysis is shown in a 3D plot. Each point represents one sample, with AL groups in blue,
DR groups in magenta, and Rapa groups in cyan color. The lines between points indicate the

nearest neighbors.
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Figure 3. Transcriptome analysis indicate that DR is different than AL but that Rapa is highly
similar to AL
Genes that are significantly different to AL are shown for DR and Rapa using filtering

criteria of a false discovery rate of less than 0.05 and a median change of greater than
15%.The heatmap shows all the probes significantly changed by DR or Rapa (1023 probes)
using average linkage hierarchical cluster with Euclidean distance for both the ranking of
genes and samples. Gene expression levels are shown by red for high and green for low
expressing genes. The source for each RNA sample is shown at the bottom of the heat map:
blue for AL, magenta for DR, and cyan for Rapa are shown at the bottom of the heat map. A
list of the genes that changed is shown in supplementary file 1 tab 1 in the same order as the
heatmap from top to bottom.
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Figure 4. qRT-PCR analysis of genes found to be significantly changed with DR or Rapa
To confirm the microarray data, the levels of 12 mRNA transcripts that were observed to

change with either DR or Rapa were measured by qRT-PCR analysis using the mRNA
samples used for microarray analysis. (A) Genes down-regulated in DR and Rapa groups:
Gpcl, Mogat2, and Serpina3b. (B) Genes down-regulated in Rapa but not significantly
changed in DR: Aldh5al, Cox8b, and Zfp91. (C) Genes down-regulated in DR only but not
significantly changed in Rapa: Sfp5, Rbm28, and Trp53inp2. (D) Genes up-regulated by DR
but not significantly changed in Rapa Acsm3, Elvol6, and Acach. The mean + standard error
of the mean is shown. The data were analyzed using one-way ANOVA with Tukey's post-
hoc test and the p-values are shown.
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Figure 5. Pathway analysis of genes found significantly changed with DR and serum lipid profile
analysis
Pathway analysis using Ingenuity Pathway analysis program showed 2 pathways were found

to be significantly changed by DR with B-H p<0.05 (A). The bold number on the left of
each pathway indicates the possible number of genes for that particular pathway while the
color bars indicate percentage of genes matching from the significant gene list in DR. The
color red indicates up-regulated while green indicates down-regulated genes. The yellow
line indicates the —log(B-H p-value) with the smallest p-value at the top. A list of the
pathways that is significantly changed by p-value is shown in supplementary file 1 tab2 and
by B-H p-value in supplementary file 1 tab 3. Serum levels of non-esterified fatty acids
(NEFAs) (B), glycerol (C), and triglycerides (D) were determined by a colorimetric assay.
The data were obtained from 6-7 mice per group [AL (solid bars), DR (gray bars), and Rapa
(open bars)]. The data were expressed as mean + SEM and analyzed using one-way
ANOVA with the Holm-Sidek post-hoc test.

Mech Ageing Dev. Author manuscript; available in PMC 2015 September 01.



