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ABSTRACT

The objective of this study was to examine the
influence of aging on food intake, tissue and
organ mass and NF-kB and SIRT6 levels in
various tissues. The transcription factor, Nu-
clear Factor Kappa-B (NF-kB), is associated with
both catabolic and anabolic pathways of muscle
metabolism and may be involved in age-related
muscle loss. SIRT6 is a member of the sirtuin
family of proteins that function as protein lysine
deacetylases and are associated with longevity
in a number of organisms. Male Sprague-Dawley
rats, aged 6 months (Adult) and 21 months (Old)
were fed a commercially available diet for 10 - 17
days. Old rats consumed less food per body
weight (BW) each day than Adult rats (1.45% g
diet/g BW vs. 2.4% g diet/g BW). However, when
intake data were expressed as g/diet per day
there was no significant difference between
groups. For skeletal muscle tissue, the average
mass of gastrocnemius and soleus (g muscle/g
BW) was significantly lower in Old rats. Levels of
NF-kB (p65/RelA) and SIRT6 were measured by
Western blot analysis in gastrocnemius, tibialis
anterior, quadriceps, soleus, lung, heart, kidney
and liver. NF-kB levels were higher in gastroc-
nemius of Old rats compared to Adult rats. No
significant age-specific differences in SIRT6 pro-
tein levels were noted in the tissues examined.
Interestingly, when examined independent of
age, levels of SIRT6 were significantly different
between certain tissues. Data from this study
suggest that aging affects muscle loss and
NF-kB in a tissue-specific manner. Furthermore,
these findings indicate tissue-specific but not
age-specific differences in SIRT6 protein levels.

Keywords: Rat; NF-«B; SIRT6; Muscle Atrophy;
Proteolysis
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1. INTRODUCTION

NF-xB is a well-characterized transcription factor that
is expressed ubiquitously and is involved in several
critical processes including inflammation, infection and
oxidative stress [1,2]. NF-«B is composed of a number of
proteins (RelA/p65, cRel, RelB, p50 and p52), known as
NF-xB family members that cooperate to form a com-
plex. Among most tissues, p65/p50 heterodimers are
most common and are considered to be the “classic” ac-
tive form of NF-«B [1]. Moreover, evidence has sug-
gested that the p65/p50 heterodimer is involved in most
NF-«xB signaling in skeletal muscle [3]. NF-«B can be
maintained in an inactive state in the cytosol through the
binding of an inhibitor of ¥B (IxB). There are seven iso-
forms of IxB (IxBa, I«Bp, 1xBy, IxkBe, Bcl-3, p100, p105)
in mammals with each form possessing the ability to
inhibit NF-«xB. Upon certain stimuli, IxBa is phosphory-
lated by IxBa Kinase (IKK) in a step that targets IxBa
for ubiquitination and subsequent proteolysis thereby
leaving NF-xB unbound [2]. This process allows the un-
bound NF-«B to translocate to the nucleus where it can
affect gene expression by binding NF-xB-target sequen-
ces located in the promoter region of specific genes. One
of the hallmark features of NF-«xB activation is an in-
creased rate of proteolysis via the intracellular ubiqg-
uitin-proteasome pathway. NF-«B enhances the activity
of several ligases involved in the ubiquitination step and
proteasome activity to increase protein breakdown [4,5].
Recently, studies have focused on how NF-«xB may trig-
ger skeletal muscle breakdown during disease states such
as cachexia and disuse [6]. In addition, several recent
studies have attempted to determine whether or not NF-
xB may be a key regulator of skeletal muscle loss during
aging [7].

This study also examined the influence of aging on the
level of SIRT6 protein in various tissues. SIRT6 is a
member of the sirtuin family of proteins that function as
protein lysine deacetylases and are associated with lon-
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gevity in a number of organisms. Mammals express
seven Sirtuins, known as SIRTs 1-7 [8], and extensive
research is now underway to characterize the function
and regulation of each of the mammalian SIRTs in an
effort to define their role in aging, disease, and condi-
tions such as obesity. Although their characterization is
in its infancy, studies suggest that some of the Sirtuins
elicit their effects via modification of gene expression.
For example, an intriguing recent finding reported that
SIRT1 physically binds to a component of the transcrip-
tion factor complex known as NF-xB and inhibits its
affects on gene expression [9]. Therefore, at least one
member of the Sirtuin family may enhance longevity by
decreasing the inflamm-aging process via NF-«B. Fur-
ther research endeavors are characterizing other Sirtuin
family members including SIRT6. This protein appears
to reside in the nucleus bound to chromatin [10,11]. The
phenotype of SIRT6 knockout mice includes reduced
size, severe metabolic defects and premature death (ty-
pically by four weeks of age) [8,10]. SIRT6 knock-down
studies in human fibroblasts resulted in significant re-
ductions in replicative lifespan and premature cellular
senescence [12]. Studies to define SIRT6 enzymatic ac-
tivity and its physiological substrates reveal that SIRT6
is a NAD'-dependent deacetylase that alters telomeric
chromatin by targeting histone H3 lysine 9 [12]. SIRT6
also forms a macromolecular complex with the DNA-
repair factor known as DNA-dependent Protein Kinase to
promote repair of DNA double-strand breaks [13]. Fol-
lowing double-strand breaks, SIRT6 associates with chro-
matin and decreases acetylation levels on histone H3
Lysine 9 [13]. Given these findings, it is reasonable to
suggest that maintaining SIRT6 activity during aging
may help to attenuate DNA damage associated with the
aging process.

2. MATERIALS AND METHODS
2.1. Animals and Experimental Design

A total of fourteen Sprague Dawley rats were pur-
chased from Harlan (Indianapolis, IN) at ages 6 months
and 21 months. All animal procedures were approved by
the Cal Poly Institutional Animal Care and Use Commit-
tee. Based on the typical life span of Sprague Dawley
rats, the 6-month-old rats were designated Adult and the
21-month-old were designated Old. Rats were housed in
individual cages on a 12-hour light cycle in a tempera-
ture-controlled room. Upon the first three days of arrival,
rats received a basic chow diet before changing to the
experimental diet, (Dyets, Inc., Bethlehem, PA) for ad
libitum consumption for 14 days. The experimental diet
was a low-leucine formula that contained all other essen-
tial nutrients. Rat body weights and food intake were
measured daily. Statistical analysis of differences in
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body weights, food intake and tissue weights were done
by two-tailed independent t-test with significance set at p <
0.05.

2.2. Tissue Preparation

Excised tissue was cut up in T-PER (Thermo Scien-
tific, Rockford, IL). Approximately 0.2 g per 4 mL
T-PER was placed into chilled T-PER with protease in-
hibitor and EDTA (4 mL T-PER + 40 pLL HALT protease
inhibitor + 40 pL 0.5 M EDTA) (Thermo Scientific).
Tissue was homogenized with a chilled polytron while
on ice. Homogenate was centrifuged at 10,000 x g for 5
minutes at 4°C and the supernatant was stored at —80°C.

2.3. SDS PAGE and Transfer to
Membrane

Tissue protein was quantitated using a standard cali-
bration curve (BCA Protein Assay Kit, Thermo Scien-
tific) by combining a 5 pL sample and 45 pL T-PER.
SDS PAGE was performed using BIO-RAD Mini-Pro-
tean II System (Bio-Rad, Richmond, CA) with 4% - 20%
Precise acrylamide pre-made gels (Thermo Scientific)
run with a HEPES buffering system. Fifty pg of protein
was loaded per each well and then SDS-PAGE and
Western blotting was performed. A sample from Jurkat
cell nuclear extract (Santa Cruz Biotechnology, Santa
Cruz, CA) was also loaded on each gel and used as a
positive control to locate the p65 band. Each well was
loaded with 50 pg tissue protein (tissue supernatant, load
buffer at 20% v/v, and T-PER to a total volume of 37.5
pL), 10 uL Rainbow molecular weight markers, and 15
uL Jurkat cell nuclear extract as a positive control for
p65 (5 uL Jurkat, 10 pL load buffer, 35 pL. T-PER). All
samples were boiled for four minutes prior to loading.
Gels were run at 100 V for 5 minutes followed by 80 V
for 70 minutes. After electrophoresis, gels and nitrocel-
lulose membranes were soaked in methanol-containing
transfer buffer (BupH Tris-Glycine Buffer; Pierce, Ther-
mo Scientific) for 15 minutes. Filter paper was soaked in
transfer buffer for approximately 30 seconds, until fully
absorbed. A semi-dry gel, membrane, filter paper sand-
wich was created carefully to assure uniform contact
between layers. The Semi-dry Trans-blot system (Bio-
Rad) was run at 15 V for 45 minutes. Membranes were
then dried overnight at room temperature.

2.4. Western Blotting

Membranes were washed on a rocking platform three
times (20 mL) for 5 minutes in 1x TBS with 0.5%
Tween-20. Blocking (TBS Starting Block with 0.5%
Tween-20; Thermo Scientific) was performed for 20
minutes (20 mL), followed by two additional washes.
Anti-p65 NF-«B antibodies (Santa Cruz Biotechnology)
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or anti-SIRT6 antibodies (Sigma, St. Louis, MO) were
applied for 90 minutes diluted in 15 mL Blocking solu-
tion (Thermo Scientific). Dilutions were 1:400 for an-
ti-p65 NF-xB and 1:750 for anti-SIRT6. Membranes
were washed five times and then secondary antibodies
(ImmunoPure Goat Anti-Rabbit IgG (H + L) Peroxidase
Conjugated (Thermo Scientific)) were applied for 60
minutes. Membranes were washed an additional five
times. Membranes were then exposed to ECL reagents
(SuperSignal West Dura Extended Duration Substrate)
for 5 minutes (Pierce, Thermo Scientific) prior to visu-
alization and quantitation of bands on a Chemi Doc Sys-
tem (Bio-Rad) using Quantity One software (Bio-Rad).
Initially, various amounts of rat tissue and jurkat protein
were analyzed by Western blots for p65-NF-xB and
SIRT6 to establish linearity and specificity of the proce-
dures. Subsequently, appropriate amounts of protein
were used for Western blot analyses. The relative amount
of p65-NF-«xB and SIRT6 was normalized by the inten-
sity of a standard for each. A one-way ANOVA was
performed to investigate any significant differences be-
tween relative tissue levels of p65-NF-«B and SIRT6 in
Adult and Old rats. To analyze differences of p65-NF-«xB
and SIRT6 in specific tissues of Adult and Old rats,
one-tailed independent t-tests were used. For data that
was not normally distributed, the Mann-Whitney test was
used. Data were considered significant at p < 0.05.

3. RESULTS
3.1. Body and Tissue Weights

Rats in the Old age group had a significantly higher
body weight than the Adult rats (Table 1). Although
there was a significant difference in body weight, there
was not a significant difference in daily food intake be-
tween the two groups when the data were expressed as
grams of food per day (Table 1). However, when food
intake data were expressed relative to body weight the
differences were significant and indicated that the Old
rats consumed less food per day per body weight (Table 1).

Table 1. Average body weight & food intake of adult and old
rats.

1 2 p-value
Adult Old (2 tailed)
Initial Body
Weight (g) 44493 +£7.14 560.29 +13.93 <0.0001
Final Body
Weight (g) 41043 £8.81 526.29+14.94  0.0002
Daily Food 10194058  9.89+036  0.6982
Intake (g)
Daily Food Intake (g)
as % Body Weight 2.40+0.15 1.45+0.11 0.0014

'Values represent means = SE from 7 rats aged 6 months; *Values represent
means + SE from 7 rats aged 21 months.
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Numerous tissues were removed and weighed after the
rats were killed to examine the effects of age on tissue
size. Tissue weights are shown in Table 2. Samples of
liver and quadriceps were used for tissue analyses but
because these were not excised in their entirety the
weights were not recorded. There were not significant
differences in gross tissue weights (Table 2). However,
tissue and muscle weights were also expressed relative to
overall body weight (Table 3). Weights of excised So-
leus and Gastrocnemius muscles were significantly lower
in Old rats when values were expressed relative to body
weight (Table 3).

3.2. Levels of NF-kB (p65) in Various
Tissues

Samples of total protein were prepared from each of
the isolated tissues to compare relative levels of NF-«B
(p65) between tissues in the Adult and Old rats.
SDS-PAGE and Western blot analysis was used to quan-
tify levels of NF-«B (p65) in the Adult and Old rats.
Differences of NF-«xB (p65) were first compared between
tissues in the Adult rats (Figure 1(a)). Results indicated
that NF-«B (p65) was significantly higher in lung when
compared to gastrocnemius, heart, kidney, quadriceps
and tibialis anterior (Figure 1(a)). NF-xkB (p65) was

Table 2. Gross average tissue weights (grams).

Adult ol (g'tva?}zg)
Soleus 0.330 = 0.009 0.372+0.018 0.0632
Tibialis Anterior 1.299 +£0.100 1.477 £0.072 0.0377
Gastrocnemius’ 2.487+0.114 2.448 +0.099 0.6435
Heart 1.469 + 0.043 1.844 +0.075 0.0073
Kidney 2.337+0.050 3.189+0.108 0.0003
Lungs 1.912+0.075 2.398 +£0.128 0.0200

'Values represent means = SE from 7 rats aged 6 months; *Values represent
means £ SE from 7 rats aged 21 months; *Represents average weight of only

one hindlimb gastrocnemius muscle from each rat.

Table 3. Average tissue weight per body weight (as percent-

ages).
Adult’ old? (g'tva?};‘g)

Soleus 0.0805+£0.002 0.0710%0.004  0.0471
Tibialis Anterior  0.3181+0.027  0.2817+0.016  0.1549
Gastrocnemius®  0.6067 +0.025 04679 £0.026  0.0010
Heart 0.3579+0.008 0.3526+0.020  0.7980
Kidney 0.5695+0.007  0.6064+0.017  0.1006
Lungs 0.4683+0.026 0.4589+0.031  0.8182

'Values represent means = SE from 7 rats aged 6 months; *Values represent
means £ SE from 7 rats aged 21 months; *Represents average weight of only
one hindlimb gastrocnemius muscle from each rat.
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Figure 1. Tissue levels of NF-xB (p65) in adult (a) and old (b)
rats. Fifty pg of each tissue sample were separated by SDS-
PAGE for Western Blot Analysis. Enhanced chemilumines-
cence was used for detection and a BioRad Molecular Imager
ChemiDoc System with QuantityOne Software was used for
quantitation. Values are means, n = 4. Data from each age
group were analyzed using one-way ANOVA. Differences were
considered significant at p < 0.05.

significantly higher in the liver than it was in the kidney,
quadriceps and tibialis anterior in the Adult rats (Figure
1(a)). In addition, heart levels of NF-«xB (p65) were sig-
nificantly higher than were tibialis anterior levels (Fig-
ure 1(a)). The amount of NF-«B (p65) protein in the
soleus muscle was significantly higher than the tibialis
anterior muscle (Figure 1(a)). Tissue levels of NF-xB
(p65) were also compared in the Old rats (Figure 1(b)).
The amount of NF-«B (p65) protein in the lung was sig-
nificantly higher than it was in the gastrocnemius, heart,
kidney, liver, quadriceps, soleus and tibialis anterior (Fig-
ure 1(b)).

Levels of NF-xB (p65) in the liver were significantly
higher than it was in the gastrocnemius, quadriceps and
tibialis anterior (Figure 1(b)). NF-xB (p65) protein in
the kidney was significantly higher than that of the tibi-
alis anterior (Figure 1(b)). Soleus levels of NF-xB (p65)
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were significantly elevated as compared to the tibialis
anterior (Figure 1(b)). The comparison of NF-«B (p65)
protein levels between tissues indicated some interesting
findings including that levels in the lung were signifi-
cantly higher than other tissues in both the Adult and Old
rats (Figures 1(a) and (b)).

Additional analyses were done to compare NF-xB
(p65) protein levels of Adult and Old rats in select tis-
sues (Figures 2 and 3). Comparisons between age groups
revealed that gastrocnemius NF-«B (p65) was signifi-
cantly higher in the Old rats as compared to the Adult
rats (Figure 2(a)). Quadriceps NF-«B (p65) tended to be
higher in the Old rats when compared to the Adult rats
(Figure 2(b)), but the differences did not reach statistical
significance (p = 0.063). Levels of NF-«B (p65) in the
kidney appeared to be approximately 40% higher in the
Old compared to Adult rats (Figure 3(a)), albeit these
values were not statistically significant. These data indi-
cate that NF-«B (p65) protein levels are regulated in a
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Figure 2. NF-«B (p65) protein levels in specific tissues of adult
versus old rats. Fifty pg of gastrocnemius (a), quadriceps (b),
tibialis anterior (c) and soleus (d) protein were separated by
SDS-PAGE for Western Blot Analysis. Enhanced chemilumi-
nescence was used for detection and a BioRad Molecular Im-
ager ChemiDoc System with QuantityOne Software was used
for quantitation. NF-«B (p65) from a representative sample of
gastrocnemius of each age group following Western Blot
analysis is shown. Values are means, n = 7 (gastrocnemius,
quadriceps and tibialis anterior) and 4 (soleus). Data from each
age group were analyzed using one-tailed independent t-test or
the Mann-Whitney test for data that was not normally distribO
uted. Differences were considered significant at p < 0.05. Lo-
wer-case letters denote statistically significant differences.
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Figure 3. NF-xB (p65) protein levels in specific tissues of adult
versus old rats. Fifty pg of kidney (a), heart (b), liver (c) and
lung (d) protein were separated by SDS-PAGE for Western Blot
Analysis. Enhanced chemiluminescence was used for detection
and a BioRad Molecular Imager ChemiDoc System with Quan-
tityOne Software was used for quantitation. NF-xB (p65) from
a representative sample of gastrocnemius of each age group
following Western Blot analysis is shown. Values are means, n =
7 (kidney) and 4 (heart, liver and lung). Data from each age
group were analyzed using one-tailed independent t-test or the
Mann-Whitney test for data that was not normally distributed.
Differences were considered significant at p < 0.05.

tissue-specific and age-dependent manner in rats.

3.3. Levels of SIRT6 Protein in Various
Tissues

Duplicate SDS-PAGE gels and transfers were run si-
multaneously so that NF-xB (p65) could be examined on
one nitrocellulose membrane and SIRT6 on the duplicate
membrane. SIRT6 protein levels in various tissues were
compared in both the Adult and Old rats (Figure 4). In
both the Adult and Old rats, the following statistically
significant differences in SIRT6 were observed (Figures
4(a) and (b)). SIRT6 was significantly higher in the
quadriceps and kidney as compared to the soleus. SIRT6
protein in the quadriceps, gastrocnemius, tibialis anterior
and kidney was significantly higher than SIRT6 in the
liver. SIRT6 was significantly lower in lung and heart as
compared to quadriceps. Gastrocnemius, tibialis anterior
and kidney SIRT6 protein levels were significantly
higher than those of lung tissue. There was also a sig-
nificant difference between SIRT6 levels of the heart
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Figure 4. Tissue levels of SIRT6 in Adult (a) and Old (b) rats.
Fifty png of each tissue protein sample were separated by
SDS-PAGE for Western Blot Analysis as described in MATE-
RIALS AND METHODS. Values are means, n = 4. Data from
each age group were analyzed using one-way ANOVA. Differ-
ences were considered significant at p < 0.05.

versus the gastrocnemius muscle. In addition, tibialis an-
terior and kidney levels were significantly higher than
heart SIRT6.

Analyses were also performed to compare the effect of
age on SIRT6 protein levels in specific tissues (Figures
5 and 6). When compared between age groups, SIRT6
was not significantly different between the Old and Adult
rats in any of the tissues (Figures 5 and 6). These data
suggest that SIRT6 in rats is regulated in a tissue-specific
manner. Age-dependent differences between tissues for
SIRT6 protein levels were not detected.

4. DISCUSSION

This study compared effects of aging in Adult (6-
month-old) and Old (21-month-old) Sprague Dawley rats.
Since the average life span of Sprague Dawley rats has
been reported to be approximately 25 months [14], 21-
months represents a stage near the end of their lifespan.
Upon arrival, rats consumed the same control diet for
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Figure 5. SIRT6 protein levels in specific tissues of Adult and
Old rats. Fifty ug of gastrocnemius (a), quadriceps (b), tibialis
anterior (c¢) and soleus (d) protein were separated by SDS-
PAGE for Western Blot Analysis. Enhanced chemilumines-
cence was used for detection and a BioRad Molecular Imager
ChemiDoc System with QuantityOne Software was used for
quantitation. Values are means, n = 4. Data from each age
group were analyzed using one-tailed independent t-test or the
Mann-Whitney test for data that was not normally distributed.
Differences were considered significant at p < 0.05.

approximately three days before being fed the same ex-
perimental diet ad libitum for 10 - 12 days. Because of
the difference in age, the Old rats had body weights that
were significantly higher than the Adult rats. Although
body fat was not measured, the excision of tissue re-
vealed that the Old rats also had visibly higher amounts
of bodyfat. The Old rats were also noticeably less active
than their younger counterparts. It should be noted that
the experimental diet provided had lower than recom-
mended amounts of leucine as a means of potentially
increasing proteolysis of aging. However, both groups
consumed similar amounts of diet per day.

A number of tissues including four different muscles
were excised to measure their mass and their NF-«B (p65)
and SIRT6 protein levels. NF-xB is a transcription factor
complex that regulates a variety of genes in numerous
processes including muscle proteolysis during aging.
NF-kB complexes can function either as transcriptional
activators or repressors depending on their specific com-
ponents [2]. NF-xB containing p65/p50 and p65/p52 het-
erodimers have been found to function as transcrip-
tional activators [2] while p52/p52 and p50/p50 het-

Copyright © 2013 SciRes.

Figure 6. SIRT6 protein levels in specific tissues of Adult and
Old rats. Fifty ug of kidney (a), heart (b), liver (c) and lung (d)
protein were separated by SDS-PAGE for Western Blot Analy-
sis. Enhanced chemiluminescence was used for detection and a
BioRad Molecular Imager ChemiDoc System with Quanti-
tyOne Software was used for quantitation. Values are means, n =
4. Data from each age group were analyzed using one-tailed
independent t-test or the Mann-Whitney test for data that was
not normally distributed. Differences were considered signifi-
cant at p < 0.05.

erodimers function as transcriptional repressors [15].
Studies have indicated that p65 is a key component for
upregulating NF-xB-dependent transcription [16] and
that muscle p65 nuclear protein levels are increased dur-
ing hindlimb immobilization in rats [6]. p65 effects are
also regulated by SIRT6 as the two proteins interact [17].
We hypothesized levels of NF-«B (p65) and SIRT6
would be affected by age in specific tissues and that this
may be associated with tissue loss as indicated by de-
creased mass of that tissue. To the best of our knowledge,
this is the first study to compare levels of these proteins
in various tissues of Adult and Old rats.

The pattern of protein levels in tissues appeared to be
quite different for NF-«B (p65) and SIRT6. We ob-
served differences in NF-«B (p65) protein levels between
tissues with the highest level being in lung. In the Adult
rats, differences between lung, liver and soleus did not
reach statistical significance. Tissue levels of SIRT6 had
a quite different pattern from that of NF-«B (p65). There
was not any single tissue that expressed significantly
higher levels of SIRT6 relative to the other tissues. In-
stead, there appeared to be a pattern of four tissues with
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higher levels of SIRT6 in both age groups. The pattern of
NF-kB (p65) vs. SIRT6 protein levels is different and
most likely unrelated. Further studies would be war-
ranted to further elucidate this finding.

Our experiments included comparisons of NF-xB (p65)
and SIRT6 between age groups in each specific tissue. In
most tissues, it appeared that aging did not alter NF-«xB
(p65) or SIRT6 protein levels. However, NF-xB (p65)
levels in the kidney and quadriceps were more than 25%
higher in the Old rats vs. Adult rats albeit was not statis-
tically significant. Interestingly, the higher level of NF-
kB (p65) in gastrocnemius of Old rats was significant.
The observation that the weight of gastrocnemius muscle
in Old rats was significantly less than that of Adult rats
suggests that the elevation in NF-xB (p65) in gastrocne-
mius in Old rats was involved in enhanced proteolysis
and loss of gastrocnemius tissue.

Numerous other studies have also reported that aging
alters NF-«B (p65) activity or protein levels. Tissue at-
rophy is commonly associated with the aging process.
However, tissue atrophy can be categorized as either ca-
chexia or sarcopenia. Cachexia is typically related to
cancer and other inflammatory diseases and it can affect
numerous tissues including skeletal muscle [18,19]. Sar-
copenia is specifically related to muscle wasting during
aging [20,21]. Muscle atrophy through protein turnover
can occur due to reduced protein synthesis, enhanced
proteolysis or both [3,22,23]. A diverse array of physio-
logical stimuli can regulate protein turnover throughout
the life cycle. In general, insulin and its signaling path-
way stimulate protein synthesis and decrease proteolysis
and is one of the most significant regulators of muscle
addition and retention. Therefore, a loss of insulin pro-
duction or signaling effectiveness can have devastating
effects in disease states such as diabetes or the process of
aging.

Other hormones and cytokines including TNF-a can
play a significant role in muscle loss during certain dis-
cases, obesity and aging. Although extensive research
has detailed a large number of molecules involved in
tissue atrophy, studies have also shown that one of the
key molecules in numerous signaling pathways and con-
ditions is NF-«B. For example, NF-xB activation can
attenuate insulin signaling, thereby enhancing muscle
loss. Increases in the cytokine TNF-a also increase NF-
kB activity, and vice versa, in a regulatory process that
also affects muscle atrophy. While we did not assess the
status of insulin signaling or TNF-¢ levels in our rats in
the current study, this could likely be a factor contrib-
uting to our findings in the obese and Old rats.

Many studies have shown NF-xB regulation to be via
phosphorylation-dependent activation and translocation
to the nucleus for enhanced DNA-binding to promoter
regions of target genes. However, we observed a signifi-
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cant increase in NF-«B (p65) protein levels in the whole
cell lysate indicating that under certain conditions the
actual protein level of NF-«B (p65) is regulated. This
suggests that the increase in NF-xB (p65) protein level in
the Old rats corresponded with an increase in activated
NF-kB (p65) protein and its dependent pathways. One
such pathway is the ubiquitin proteolysis pathway, the
major pathway for protein breakdown in muscle tissue.
Indeed, research has shown that NF-xB binds to the pro-
moter of murine ring Figure 1 (MuRF1), an E3 ligase
involved in ubiquitin conjugation and increases its ex-
pression [4]. Since our methods did not distinguish be-
tween cellular locations we were unable to determine if
the elevated NF-xB (p65) protein level in gastrocnemius
of Old rats was due to an increase in cytosolic or nuclear
NF-«B (p65) protein.

Our observation of elevated NF-«B (p65) protein in
gastrocnemius suggests that there may be more func-
tional NF-«B (p65) protein and enhanced proteolysis.
Rather than measuring protein levels, numerous other
studies have instead focused on the activation of NF-xB
(p65) by measuring its DNA-binding activity. In particu-
lar, DNA-binding activity has been used in several mod-
els studying the effects of aging on NF-xB (p65) activa-
tion in muscle as well as other tissues. For example,
Zaidi et al. [24] reported a ~10-fold increase in NF-xB
DNA binding in the liver of 24-month old rats. Although
aging significantly increased DNA-binding activity, no
concomitant increase in p65 protein levels was noted
[24]. Similar observations were reported in the hippo-
campus [25], cerebellum and frontal cortex [26] and car-
diac sarcoplasm [27] of old rats. These studies provide
evidence that DNA-binding activity of NF-xB may in-
crease even in the absence of an increase in cellular
NF-«B (p65) protein levels.

Rather than measuring NF-«B (p65) activation, we in-
stead measured NF-«B (p65) protein levels in the context
of tissue and age specific effects. A few studies reported
that NF-xkB (p65) protein levels were elevated due to
aging or other conditions. For example, Helenius et al.
[28] reported that in rat liver aging there was increased
NF-xkB DNA binding activity as well as increased nu-
clear and cytosolic p52 and p65 protein levels. Age-as-
sociated changes in mRNA levels for p52 or p65 were
not detected, thereby suggesting that gene expression
was not altered by age [28]. A different study compared
the effects of aging in the heart, liver, kidney and brain
of both mice and rats by measuring both DNA binding
and protein levels of p50, p52 and p65 NF-«B compo-
nents [27]. Findings indicated that aging was associated
with a strong increase in NF-xB DNA binding activity in
both rats and mice in all tissues studied [27]. Protein lev-
els of p50, pS2 and p65 in the cytosolic fractions were
not increased by age in the old rats and mice. However,
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p52 protein levels in the nuclear fraction of heart and
liver nuclear fraction of old animals significantly in-
creased [27]. These findings suggest that aging can cause
a differential increase in nuclear, rather than cytoplasmic,
levels of NF-xB protein components and this is at least
partially responsible for the increase in DNA binding
activity of NF-«B that typically occurs during aging. It
seems likely that the increase in p65 protein in gas-
trocnemius was due to an increase in the nuclear fraction.

We investigated SIRT6 based on its putative role in
aging and its relationship with NF-xB. Recently, elabo-
rate studies by Mostoslavsky et al. [10] showed that
SIRT6-deficient mice are small and quickly develop sig-
nificant abnormalities that include lordokyphosis, lym-
phopenia and significant metabolic disorders including
altered glucose and IGF-1 homeostasis. In addition, they
showed that SIRT6-deficient mouse cells had increased
sensitivity to DNA-damaging agents [10]. Moreover,
many of these characteristics in SIRT6-deficient mice are
indicative of premature aging. Indeed, the life span of
SIRT6-deficient mice is significantly reduced suggesting
that SIRTG is a regulator of aging [29]. A direct link be-
tween SIRT6 and aging was recently reported when
Kawahara et al. [17] described how SIRT6 downregu-
lates NF-«B signaling by binding to p65 of NF-«B. This
can result in deacetylation of histone H3K9 residues lo-
cated in NF-xB target gene promoters and modulation of
aging effects [17]. This likely represents an important
mechanism of how SIRT6 promotes longevity. Given the
relevance of SIRT6 in NF-xB signaling and aging, we
postulate that our data on tissue and age-specific effects
of SIRT6 protein levels provides useful information to-
ward characterization of SIRT6.

Our data showed that SIRT6 is regulated in a tis-
sue-specific manner. When SIRT6 protein levels were
compared between Adult and Old rats, no difference
amongst tissues was noted. Given the role of SIRT6 in
aging, we did expect to see a decline in at least some of
the tissues of the Old rats. However, it is possible that
SIRT6 was affecting its downstream targets differently in
Adult and Old rats in ways that did not require altera-
tions in SIRT6 protein levels. Research in SIRT6-regu-
lated effects is still in the early stages. Thus, whether
changes in SIRT6 protein levels are a major point of
regulation has yet to be elucidated. Recent studies such
as that by [30] have provided information about tran-
scriptional networks related to SIRT6. As the research in
SIRT6 moves forward it should become more clear as to
whether or not SIRT6 protein levels are commonly al-
tered for regulatory effects or if other mechanisms are
involved in modulating SIRT6 targets.

In summary, we found that the level of NF-xB (p65)
protein was significantly higher in the gastrocnemius of
Old as compared to Adult rats. We also found NF-«B

Copyright © 2013 SciRes.

T. C. LaGuire et al. / Advances in Aging Research 2 (2013) 1-9

(p65) and SIRT6 protein levels were significantly dif-
ferent between many of the tissues in each of the age
groups. These findings provide some interesting insights
into NF-«B and SIRT6 during the aging process.
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