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A NOVEL IN VIVO MODEL TO STUDY THE EFFECT OF P53 GENE DOSAGE

Robyn Leary' and Anindya Bagchil,?
'Genetics and Cell Biology and Development, “Masonic Cancer Center
University of Minnesota, Minneapolis, MN 55455

BACKGROUND: Although, the underlying molecular mechanisms which contribute to aging
remain largelyunknown, it may be possible to identify key players which set the stage for cellular
senescence and apoptosis. Recently, it has been suggested that the tumor suppressor, p53 plays an
essential role in mammalian aging. However, these studies remain rudimentary. Here we aim to
conclusively implicate p53 in mammalian aging, by characterizing a novel, in vivo model system

of p53 gene dosage. We recently identified CHD5 as a novel tumor suppressor gene at Hu 1p36, a
region deleted in many human cancers. Chd5 modulates proliferation, apoptosis, and senescence
through the pl19(Arf)/p53 pathway (Bagchi et al., 2007). Mice with a gain (dp/+) of the region which
containing Chd5 are lethal. Interestingly, dp/+ mice harboring p53 +/- and p53 -/- alleles exhibit
strikingly different phenotypes resulting from differential levels of p53. The dp/+, p53 +/- mice show
evidence of accelerated aging, indicating that dosage of p53 results in distinct physiological outcomes.
Characterization of this model will dissect the underlying molecular mechanisms of aging.

OBJECTIVE: Investigate the effect of p53 dosage in mammalian aging in vivo.We will use a novel
mouse model that we generated to gain insight on the effect of p53 dosage in cellular senescence.

We have performed extensive histopathology of dp/+, p53 +/- mice undergoing accelerated aging
phenotype and compare them with their normal siblings to dissect the effect of increased p53 level
in the vertebrate tissues. We have analyzed the transcriptome of cells from the animals harboring
different levels ofp53 activity to identify distinct subsets of genes regulated by different levels of p53.
To identify the regulatory role of p53 and the genetic interaction of the protein at various dosages, we
are carrying out combination of chromatin immunoprecipitation with high throughput sequencing
(ChIP-Seq) using a p53 antibody. Finally, I we are examining the effect of different dosage of p53

on the stem cell by studying the ability of the fetal liver derived stem cells obtained from mice with
different levels of p53 activity to restore the hematopoiesis in lethally irradiated mice.

METHODS: mouse model of accelerated aging, chromosome engineering, histopathology,
microarray, chromatin immunoprecipitation, stem cell transplantation

RESULTS: Whereas the dp/+ mice die just after birth, dp/+,p53-/- are completely normal although
they develop tumors later in life (Bagchi et al., 2007, Leary et al.,, unpublished data). This suggests that
the increased senescence and apoptosis in the dp/+ mice are due to upregulation of p53, since the
senescence and apoptosis phenotype is completely obliterated in absence of p53. Interestingly, dp/+,
p53+/- mice exhibit striking features resembling early onset of aging by the time they are 60 days old
Leary et al, unpublished data. Initial pathology conducted on these mice revealed signs of accelerated
aging. Degeneration of the eyes, spine and reproductive organs as well as age related changes

of the blood, hair and skin were observed. Infections of the skin, kidneys and urinary tract are
present in dp/+, p53 +/- mice, which is suggestive of an age associated decline in immune function.
Furthermore, the dp/+, p53+/- mice display kyphosis. A detailed analysis of the bone pathology
revealed severe intevertebral disc degeneration, a classic senescence associated phenotype found in
many humans (Leary et al., unpublished data).



CONCLUSION: Our preliminary data strongly suggest that different dosage of p53 activity results
into different physiological outcome, especially with respect to senescence and apoptosis. This is an
extremely important observation since the differences in the level of p53 activity must have profound
biological ramifications, to produce such strikingly different phenotypes. Careful analysis of this
model will have significant impact on the field of aging research and provide us with insights into yet
unknown mechanism of aging.
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Metabolic disease, but not longevity, is dependent on methionine sulfoxide reductase
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Background, objectives, and methods:

The oxidative stress theory of aging proposes that aging and age-related diseases are caused by the
accumulation of oxidative damage. Oxidative stress caused by adipose accumulation may also direct,
in part, the etiology of several forms of obesity-induced metabolic dysfunction including type 2
diabetes mellitus and cardiovascular disease. Proteins are particularly susceptible to oxidative stress
and their oxidation can alter their conformational structure, thereby reducing their function and
leading to a decline in cellular function. Methionine sulfoxide reductase A (MsrA) plays an important
role in the antioxidant defense, but is unique in that it specifically protects proteins by reducing
methionine sulfoxide residues to non-oxidized methionine. In this study, we monitored lifespan and
metabolic status of mice that lack MsrA (MsrA-/-) and of mice that overexpress MsrA (MsrA Tg) to
determine the effects of MsrA on both the aging process and the propensity to develop obesity- and
age-related disease.

Results and conclusions:

In this study, we found that under optimal husbandry conditions MsrA has little effect on either
longevity or metabolic status. While MsrA-/- mice are sensitive to oxidative stress, the lifespan of
these mice is no different from control mice. Current studies are underway to determine the lifespan
MsrA Tg mice. Neither MsrA-/- mice or MsrA Tg mice show significant difference from control

mice in measures of metabolism; all three groups of mice are similar in body weight, adiposity, and
glucose or insulin tolerance. However, MsrA-/- mice fed a diet high in fat content become significantly
more insulin resistant relative to control mice on the same diet. Obese MsrA-/- mice show diminished
response to insulin in whole animal glucose uptake (insulin tolerance tests) compared to obese
control mice as well as a significant reduction in insulin signaling in liver, muscle, and adipose

tissue. In addition, MsrA Tg seem to be protected from some of the negative metabolic effects induced
by high fat feeding. Several mechanisms have been proposed regarding how oxidative stress can
induce insulin resistance including activation of JNK signaling or through elevated production of
inflammatory cytokines like TNFX and IL-6. We find evidence that the action of MsrA is independent
of these mechanisms and our preliminary data suggest that proteins within the insulin signaling
pathway may be critical targets of this obesity-induced protein oxidation and that MsrA may help
maintain glucose metabolism through repair of protein oxidation. These findings support a new
hypothesis that obesity causes insulin resistance in part through oxidation of proteins, and that this
may reduced function of the insulin signaling pathway. Protection from protein oxidation may thus
be a possible preventative strategy for many obesity- and age-related diseases.

Support: This work was supported by NIH Training grant T32 AG021890-05, NIH MERIT grant
R37AG026557, and the San Antonio Nathan Shock Center for Excellence in the Basic Biology of Aging
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The Uncoupling of Bone Formation from Bone Resorption: Decreased BMP6 and Increased BMP
Signaling Antagonist Expression in Osteoclasts with Aging

Kuniaki Ota, Larry Pederson, Jennifer J. Westendorf, Sundeep Khosla, Merry Jo Oursler

Endocrine Research Unit and Robert and Arlene Kogod Center for Aging Research Mayo Clinic
Rochester Minnesota 55905 USA
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Osteoclast-mediated bone resorption leads to subsequent osteoblast-mediated bone formation and this
process is tightly coupled in young adults. With aging, coupling of bone resorption to bone formation
breaks down in that bone formation does not keep pace with the increase in bone resorption. We
have demonstrated that osteoclasts secrete factors that promote osteoblast mineralization and that
BMP6 produced by osteoclasts is involved this response. In this study, we tested the hypothesis that
the uncoupling of bone formation from bone resorption with aging may be due to altered BMP6
production by osteoclast. Osteoclasts were differentiated from marrow from 6-8 week old mice and
from 12 month old mice. The cells differentiated comparably. Conditioned media were assessed

for support of stromal cell mineralization. The conditioned medium from the aged mouse cells was
unable to support mineralization compared to conditioned media from young mice. Comparing

gene expression between these two cell origins, BMP6 was significantly suppressed whereas the BMP
antagonist Sostdcl was elevated in the cells from old mice compared to young mice. Because the
osteoclasts are generated in identical media, differences in gene expression between the cells from the
young and old mice are likely due to epigenetic modifications. To explore this, we treated osteoclasts
from old mouse marrow with the histone deacetylase inhibitor suberoylanilide hydroxamic acid
(SAHA) and found that BMP6 expression increased 5-fold with treatment. These data indicate
epigenetic suppression of BMP6 in osteoclasts from aged animals.

With aging, circulating estrogen (E) levels are lower. It has been postulated that E may sustain bone
density in part through stimulating TGF- expression in osteoblasts and osteoclasts. We examined
the effects of E and TGF-§ on gene expression in osteoclasts from old mouse marrow. TGF-f rapidly
stimulated BMP6 expression. E stimulation of BMP6 required longer treatment, supporting that E
stimulation is indirect, perhaps through increasing TGF-f3 expression.

We conclude that the breakdown in coupling of bone formation to bone resorption that occurs with
aging may be due, at least in part, to loss of circulating E and epigenetic suppression of BMP6. This
is combined with age-related enhanced expression of a BMP antagonist in osteoclasts. These events
contribute to age-related decreased coupling of bone resorption to subsequent bone formation.
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Intramyocardial adipocytes: a new scenery?

A. Sepe, C. Bambace, M. Telesca, A. Rossi, S. Venturi, D. Olioso, E. Zoico, V. Di Francesco, S. Cinti, E.
Santini, M. Zamboni.

Introduction: In patients with genetically determined heart diseases, adipocytes interspersed among
myocardiocytes have been described in right ventricle. In obese subjects only intracellular lipid
accumulation, but not adipocytes, has been found in the heart. The aim of this study was to detect the
presence of adipocytes among cardiomyocytes.

Methods: Biopsies were collected from the right atrial appendage as well as from subcutaneous
(SAT) and epicardial (EAT) fat, from 35 males undergoing elective cardiac surgery either for coronary
bypass grafting (CAD n:18) or valve replacement (non CAD n:17).

Tissues were stained firstly with hematoxylin-eosin (H&E) and then analyzed with
immunohistochemical analysis for perilipin to detect the presence of adipocytes. We finally assessed
intramyocardial adipocyte area, and we compared it with that from SAT and EAT.

Weight, height, body mass index (BMI), waist circumference, glucose, HDL-cholesterol, triglycerides,
vascular blood pressure were determined as well as the presence of Metabolic Syndrome (MS).

Results: Of the 35 H&E stained specimens, 8 revealed intramyocardial adipocytes, regardless
of coronary artery disease. Of these 8, 4 samples exhibited perilipin positive adipocytes at the
immunohistochemical analysis.

Intramyocardial adipocyte area (1674,59+657,27 12) was smaller than those in SAT (5380,87+2689,48 112)
and EAT (3770,33+1996,49 n2).

Conclusions: Our study is the first to show the presence of intramyocardial adipocytes. These
adipocytes were observed in subjects with MS. Intramyocardial adipocyte area is smaller than those
in SAT and EAT. The pathological rule of these intramyocardial adipocytes is still unknown and need
more investigation.
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Type 2 Diabetes Mellitus Predicts Incident MCI in a Population-Based Cohort: The Mayo Clinic
Study of Aging

Rosebud O. Roberts, Yonas E. Geda, David S. Knopman, Ruth H. Cha, V. Shane Pankratz, Bradley E.
Boeve, Robert J. Ivnik, Ronald C. Petersen.
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Background: Mild cognitive impairment (MCI) is a transitional stage between normal cognitive
aging and dementia. Persons with MCI progress to dementia at a rate of 5-10% per year, compared to
persons without MCI. Type 2 diabetes mellitus (T2DM) has been associated with dementia and may
be a risk factor for incident MCI, but the association has not been consistently reported.

Objective: In this study, we investigated the association between T2DM and incident MCI in a
population-based cohort.

Methods: Participants were enrolled in the population-based Mayo Clinic Study of Aging, and were
evaluated at baseline and every 15 months thereafter using the Clinical Dementia Rating scale, a
physician evaluation, and neuropsychological testing. An expert panel reviewed the data for each
participant for a diagnosis of MCI, dementia, or normal cognition. T2DM was assessed from the
medical records of participants.

Results: Over a median 3.8 years, there were 254 incident MCI cases among 1,449 subjects who were
cognitively normal at baseline. The frequency of incident MCI was 24.3% in subjects with T2DM at
baseline, and 16.1% in subjects without T2DM. Compared to subjects without T2DM at baseline, the
risk of MCI was increased (hazard ratio [HR] = 1.62; 95% confidence interval [95% CI] = 1.21-2.16) after
adjustment for age, sex, and education. The association was stronger for persons with onset of T2DM
before age 65 yrs (HR = 2.35; 95% CI = 1.46-3.78) than in persons with onset after age 65 years (HR =
1.41; 95% CI = 1.01-1.98).

Conclusions: T2DM is associated with an increased risk of MCI, with a greater risk in subjects with
earlier onset of T2DM.

Support: U01 AG006786, P50 AG016574, KO1 AG028573, KO1 MH068351, AR030582, Robert H. and
Clarice Smith and Abigail Van Buren Alzheimer’s Disease Research Program.
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The Fat Depot-Specific Secretome of Human Fat Cell Progenitors
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Introduction

Fat depots vary in function and contribution to disease. Individuals with excess fat stored in omental
depots (visceral fat) tend to develop metabolic complications, including diabetes, hyperlipidemia, and
atherosclerosis. Individuals with excess fat in subcutaneous depots are at less risk. The mechanism
for this distinct contribution of different fat depots to metabolic complications remains elusive. New
fat cells arise throughout life from resident fat cell progenitors, preadipocytes, which account for up to
50% of cells in fat and actively release paracrine factors and hormones. To test the hypothesis that the
secretome of preadipocytes from different fat depots is inherently distinct, potentially contributing

to metabolic complications, we applied a label-free quantitative proteomics approach to compare the
secretome of subcutaneous and omental human preadipocytes.

Method

Omental and subcutaneous preadipocytes were isolated from 8 subjects (middle-aged females, BMI
approximately 30), cultured until confluent, and transferred to serum-free media for 24 hrs. Culture
supernatants were concentrated to yield equivalent protein concentrations. Proteins were separated
on 1-D SDS PAGE gels. Gels were cut into 6 sections at protein bands that were uniform among lanes.
Each section was then destained, reduced, alkylated, and digested with trypsin. Resulting peptides
were extracted and analyzed by nano-LC-MS/MS on a hybrid linear ion trap Orbitrap MS system
(LTQ-Orbitrap). Rosetta Elucidator (Rosetta Biosoftware) was used to identify and quantify proteins.
Ingenuity Pathway Analysis was used for pathway prediction.

Preliminary data

Samples from 3 subjects were used to test reproducibility of sample preparation and mass
spectrometry. Three replicates were run to evaluate variances resulting from each step, including
cell culture, sample loading on gels, and injecting into the instrument. Technical replicates were
reproducible, with technical variances being much smaller than biological variance among subjects.
1-D SDS gels showed that most of the major differences between the two depots were below 55
KD. To increase throughput, we omitted technical replicates and processed protein bands below

55 KD on the gels. LC MS/MS data were collected in a data-dependent mode. Time and m/z

were plotted to generate images and features (mass/retention time pairs) extracted for profile
comparison. Hierarchical clustering analysis and principle component analysis showed secreted
protein expression profiles of subcutaneous and omental preadipocytes are highly distinct. This
confirms our gene expression profile studies. We identified 195 differentially secreted proteins
from these two fat depots, with over 2 fold up- or down-regulation at FDR<0.05. Interleukin-6 and
interleukin-8, which were 2.1 fold more highly expressed in omental samples, have been implicated
in the metabolic complications associated with obesity. Insulin-like growth factor-binding proteins
2,3,4, 5, and 7, which downregulate IGF signaling, were more highly expressed in the omental
compared to the subcutaneous preadipocyte secretome (fold differences were 11.4 for IGFBP2, 3.3
tfor IGFBP7, and approximately 2 for the others). Complement components and hemostatic factors



were also more highly expressed by omental cells, with fold differences varying from 3.1 to 21.4.
Overall, the omental secretome was more pro-inflammatory, atherogenic, and likely to induce insulin
resistance than the subcutaneous secretome. Furthermore, differences were evident despite prolonged
culture of progenitors from the 2 depots of the same subjects under identical conditions, suggesting
preadipocytes from different fat depots are inherently distinct.

Novel Aspect

Distinct secreted protein expression profiles between omental and subcutaneous preadipocytes were
identified by a label-free quantitative proteomics method.

Supported by NIH grants AG13925 (JLK) and AG31736 (JLK), the Noaber Foundation, and the Ted
Nash Long Life Foundation (JLK).

Funding for this conference was made possible by 1 R13 AG35393-01A1 from NIA. The views expressed in
written conference materials or publications and by speakers and moderators do not necessarily reflect the
official policies of the Department of Health and Human Services; nor does mention by trade names, commercial
practices, or organizations imply endorsement by the U.S. Government.
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