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Animal Models of Aging: Something Old, Something New

Sprott.  Introduction: Animal Models of Aging: Something Old, Something New, pp. 1-3 

SUMMARY: The paper is an introduction to this ILAR issue dedicated to animal models of aging. The author points out that the two main objectives of this issue are to update the articles on the same subject published in a previous issue in 1997, and to provide information about models that have since come into wider use. An important distinction is made between aging research focusing on lifespan and its extension (quantity) and research focusing on quality of life and its extension (health span or quality). Although the former has traditionally dominated research efforts into aging, the latter approach has been gaining popularity. A further change in this area of research since the ILAR issue of 1997, has been the greater emphasis placed on the genetic underpinnings of aging phenomena. Nevertheless, the author points out that there is still no single model or even group of models for aging research and it is up to the scientists to try to select the models that are best suited to their research.

Papers in this issue are broadly classified into the following categories:

Rodent Models: This section includes a first paper focusing on the value of mice as models for aging research, with a wealth of information about resources developed at the Jackson Laboratory such as the mouse phenome project and database engineered mouse mutants. A second paper describes the techniques of selective breeding in heterogeneous stocks that allow the manipulation of genes or gene complexes underlying aging phenotypes. The third paper in this section describes the ongoing development of the Collaborative Cross, an ambitious project to describe 800 recombinant inbred lines/strains of mice which will enable scientists to study phenotypes that mimic those of humans and analyze complex genotype-environment interactions (such as aging). A fourth paper introduces the concept of mindspan (maintenance of cognitive abilities over lifespan) and presents rodent models of neurocognitive aging research, with an emphasis on the effects of calorie restriction. The last paper in this section describes the natural history and research possibilities of the naked mole rat.
Nonhuman Primate Models: The first paper in this section supports the case for using the common marmoset in aging research, because they have a brain more comparable to that of humans, they are relatively short-lived and they show age-related pathologies similar to those of humans. The second paper describes the studies into the effects of calorie restriction on nonhuman primates, which have been ongoing for the last 25 years. The third and final paper of the section focuses on the disadvantages of using macaques and other Old World monkeys in aging research compared to the advantages offered by the use of a variety of smaller primate species that have high fecundity, short life cycle and relative ease of maintenance.

Alternative Models: There are two papers in this section. The first presents the potential use of birds in aging research since many avian species have much longer lifespans than their mammalian counterparts despite having a high metabolic rate, high body temperature and high blood glucose levels. The second paper discusses the value of pet dogs as research models of the human aging process. They have the advantage of great genetic diversity, sharing similar environmental conditions as those of humans and being inexpensive since their owners are the ones maintaining them.

IACUC Issues Relating to Animal Models of Aging: This ILAR issue ends with a paper exploring the issues specific to aging research that IACUCs have to consider: the need to keep animals alive until they either become moribund or die raises many ethical and welfare concerns. 

QUESTIONS:

1.
Which of the following statements is FALSE with respect to the naked mole rat?

a.
It is mouse-sized

b.
It lives up to 10 times longer than mice

c.
It has long telomeres

d.
It shows high oxidative stress levels

2.
What is the Collaborative Cross?

a.
An attempt to get diagnostic labs to work together 

b.
A database of more than 800 recombinant inbred lines/strains

c.
A consortium of research centres carrying out ENU mutagenesis

d.
A new AALAS initiative for outreach

3.
In the context of research into aging, what is known as the SAM?

a.
Senescence Accelerated Mouse

b.
Society for Aging Managers

c.
Small Animal Models

d.
Senescence Acquired Myelopathy

4.
In which two institutes has there been an on-going research effort to establish the effects of caloric restriction on lifespan and health span of NHPs?

a.
National Institute of Aging and Yerkes National Primate Research Center 

b.
Columbia University and New Iberia Research Center

c.
Primate Foundation of Arizona and National Institute of Aging

d.
National Institute of Aging and University of Wisconsin-Madison

ANSWERS:
1.
c. It has long telomeres

2.
b. A database of more than 800 recombinant inbred lines/strains

3.
a. Senescence Accelerated Mouse

4.
d. National Institute of Aging and University of Wisconsin-Madison

Yuan et al. Mice as mammalian model for research on the genetics of aging, pp. 4-15 

Primary Species:  Mouse
Domain 3:  Research

 

SUMMARY:  Mice are ideal models for studying aging due to the short generation time, ease of control of environment as well as availability of species.  This article highlights lifespan intervention studies conducted by the Interventions Testing Program of the National Institute on Aging, studies on the genetic effect of caloric restriction on lifespan; the Aging Phenome project at the Jackson Laboratory trait analyses identifying quantitative trait loci that affect lifespan. 

 

Key Points:

· Mice share 99% of its genes with humans.

· The Interventions Testing Program (ITP) of the National Institute of Aging is a three-site project with simultaneous identical lifespan studies at the Jackson Laboratory, University of Michigan and the University of Texas Health Science Center at San Antonio.  

· ITP tests diets and compounds for their ability to slow aging and extend longevity in a mammalian model.  

· ITP mice are generated by breeding two hybrids (BALB/cByJ x C57BL/6J) F1 x (C3H/HeJ x DBA/2J) F1.  

· Rapamycin, an inhibitor of MTOR (Mammalian target of rapamycin) signaling, significantly increased lifespan in both m/f mice.  

· Calorie restriction is defined as the reduction food intake without malnutrition.  

· The Aging Center at the Jackson laboratory has characterized the lifespan and aging-related phenotypes of 32 inbred mouse strains, of which four were recently derived from the wild and represent the major subspecies of laboratory mice:

· WSB/EiJ for Mus domesticus
· PWD/PhJ for M. musculus
· CAST/EiJ for M. castaneus
· MOLF/RkJ for M. molossinus
· The first of the single-gene mutations were spontaneous dwarf mice (i.e.: the Ames dwarf, the Snell dwarf) and the "little" mouse, have defects in the growth hormone (GH)/IGF/insulin signaling pathway.  

· Specifically "little" mouse has a defect in the gene Ghrhr (growth hormone-releasing hormone receptor), the Ames dwarf mouse has a defect in Prop1 (paired-like homeodomain transcription factor 1) and the Snell dwarf mouse has a defect in the gene Poulf1 (POU domain, class 1, transcription factor 1).  

· These three transcription factors result in abnormal development of the anterior pituitary gland and corresponding hormones.

· All three have extended lifespan compared to controls

· Mutations in several other genes (Ghr, 1gflr, Insr, Irsl, Irs2 and Pappa) reduce GH/IGF/insulin signaling and extend lifespan. 

· Mutations such as knockouts of Shc1, Surf1, Adcy5 and Coq7 as well as transgenes of Mcat and Mt, also extend longevity.

· Knock-in/transgenic models that increase expression of Pparg, Cebpb, Pck1 and Ucp2 have shown increased lifespan by regulating metabolism and energy expenditure.    

· Quantitative trait locus studies (QTL) determine the genomic locations of genes that affect lifespan.  

 

QUESTIONS:
1.  T/F   ITP of the NIA is a two site project that tests diets and compounds for their ability to increase aging and decrease longevity in a mammalian model.

2. 
Calorie restriction is defined as:

a. Reduction of food intake with malnutrition

b. Reduction of food intake without malnutrition

c. Increase of food intake with malnutrition

d. Increase of food intake without malnutrition
3. 
T/F. Spontaneous dwarf mice have defects in the growth hormone (GH)/IGF/insulin signaling pathway.  

4. 
The "little" mouse has a specific defect in which gene:

a. Prop1
b. Poulf1
c. POU
d. Ghrhr
 

ANSWERS:
1. False

2. B

3. True

4. D

McClearn and McCarter.  Heterogeneous Stocks and Selective Breeding in Aging Research, pp. 16-23

Domain 3: Research

Task: T3

SUMMARY: This article describes advantage and limitations of using genetically heterogeneous stocks in gerontological and health span research.

Inbred Strain: Inbreeding involves brother sister breeding to achieve level of homozygosity in like allelic configuration at all loci over successive generation.

Pros:
1. It generate fixed configuration of genotype ( no need to identify, characterize or measure any element of that genotype

2. High degree of standardization across different laboratories 

Cons:
1. Reproductive fitness decreases as homozygosity increases

2. Early death

3. Infertility

4. Impaired rearing

5. Inbred strain considered as selective survivors not representative of the species as a whole

6. Near-complete homozygosity may not result in reduced phenotypic variance due to environmental effects.

7. Must monitor for mutation and genotypic changes

Environmental Factors That May Result In Group Variation Among Inbred Strain:
1. Number of sibling per cage

2. Intrauterine implantation site

3. Height of cage rack shelf, time of day of phenotypic measurement

4. Expose to olfactory stimuli

5. Handling and trauma
Multiple Inbred Strains: need to be studied to prove the effect of a single “disease” gene effect.  The effect of single gene mutation db/db (diabetics), high-aluminum diet and Alzheimer’s disease and low calorie diet and longevity was different among inbred strains.  However, the low and high responder animals will be useful for studying the disease susceptibility.

F1 Hybrid: 

1. Mating between two different inbred strains

2. They are designated as F1 (first filial generation)

3. They are uniform with respect to their autosomal genes, even more biologically uniform than their parents

4. They may display effects of maternal mitochondrial genes

5. They can be used for evaluation of dominance inheritance and hybrid vigor comparing to their parents

Genetic Heterogeneity Stocks (HS): Allows studying both intralocus and interlocus interaction among genes.  It has been very useful in parent-offspring heritability analysis, quantitative trait loci (QTL) analyses, correlation among phenotypes, generation of multivariate constructs, phenotypic or genotypic selective breeding and for use as normative group.  However, the HS underexploited in lifespan studies. The foundation stock can be used for selective breeding programs.

F2 Crosses:
1. They are produced by F1XF1 breeding

2. There are three possible genotype in the offspring

3. Each offspring has unique genetic background

4. The allelic diversity of F2 animals makes them a better platform for generalization of research results than a single group of heterogeneous genotype
The 4-Way-Cross Mice: Offspring with four grandparental strains by mating 2 unrelated F1 mice.
Recombinant Inbred (RI) Strains: 

1. Constructed by inbreeding of genetically heterogeneous parent population (F2)

2. Allelic diversity of is reshuffled into different configuration in  RI strains

3. RI strains provide relative genetic uniformity within strain and stability across laboratories and across time

4. They have same limitations of inbred strain but higher genetic variability compared the two  inbred parents

5. RI can be used for identification of QTLs

Phenotype Selective Breeding: Assigns mates on the basis of similar values of a particular phenotype.  Bidirectional selection is more useful in research by creating high and low lines for comparison with each other and controls.  The resulting model system is comprehensive which involve the entire complex of gene loci, proteome, metabolome.   An example of selective breeding to produce model for aging and health are senescence-accelerated mice (SAM), both prone (SAMP) and resistant (SAMR) contributed in understanding early-onset aging processes. 

Genotypic Selective Breeding:  It involves the mating animals with specific alleles of loci known or hypothesized to affect the phenotype.  Genotypic selection are used to generate congenic strains in which a particular gene or  chromosomal region placed on a differing inbred strain by successive backcrossing.  Genotypic selection is also effective for placing specific genetic materials on a heterogeneous background, or assembles panels of genes or QTLs on genes to study gene interaction.  The advantage of genetic selection is that the availability of result in a single generation and ability to reconstitute the lines at any time. The generated lines are limited to subsection of the mechanistic network downstream from the selected locus. 

Selective Breeding And Life Span Variable: The challenge of selective breeding in gerontological and health span research is the relevant phenotypes are measurable late in life, past the reproductive age of the selected lines.  The solution are mating individual on the basis of the grandparents lifespan or identification of biomarker in youth that have predictive value for late-life phenomenon. 

The 3 models for aging studies using heterogeneous stocks and selective breeding are:

1. Scramble alleles (polymorphic in founding parent strains), provide normative data, use for complex relationships and used for selective breeding

2. Concentrate alleles  that are relevant to a particular phenotype into contrasting group of animals (increasing and decreasing alleles)

3. Concentrate configuration of alleles of specific loci (or QTL) to examine the dynamic s of mechanism that is casually downstream from those loci.

Quantitative trait locus (QTL) is a region of DNA that is associated with a particular phenotypic trait - these QTLs are often found on different chromosomes. Knowing the number of QTLs that explains variation in the phenotypic trait tells us about the genetic architecture of a trait. It may tell us that a trait is produced by many genes of small effect, or by a few genes of large effect.

QUESTIONS:

1. All are true about inbred strains EXCEPT:

a. It generate fixed configuration of genotype 

b. Reproductive fitness increases as homozygosity increases
c. High degree of standardization across different laboratories

d. Involves brother sister breeding to achieve level of homozygosity
2. Which of the environmental factors may result in group variation among inbred strain?

a. Number of sibling per cage

b. Intrauterine implantation site

c. Height of cage rack shelf, time of day of phenotypic measurement

d. Expose to olfactory stimuli

e. Handling and trauma

f. All of the above

3. T/F. The effect of single gene mutation db/db /diabetics, high-aluminum diet/Alzheimer’s disease and low calorie diet/longevity was different among inbred strains.

4. All is true about F1 hybrid, EXCEPT:

a. Mating between two different outbred strains

b. They are designated as first filial generation

c. They are uniform with respect to their autosomal genes, even more biologically uniform than their parents

d. They may display effects of maternal mitochondrial genes

5. All is true about F2 hybrid, EXCEPT:

a. They are produced by F1XF1 breeding

b. Each offspring has unique genetic background

c. There are four possible genotype in the offspring

d. The allelic diversity of F2 animals makes them a better platform for generalization of research results than a single group of heterogeneous genotype

6. All is true about Recombinant inbred, EXCEPT:

a. Constructed by inbreeding of genetically inbred parent population 

b. Allelic diversity of is reshuffled into different configuration in  RI strains

c. RI strains provide relative genetic uniformity within strain and stability across laboratories and across time

d. They have same limitations of inbred strain but higher genetic variability compared the two  inbred parents

e. RI can be used for identification of QTLs

7. The senescence-accelerated mice (SAM) model generated by which of the following?

a. F2 crosses

b. F1 hybrid

c. Phenotypic selective breeding

d. Genotypic selective breeding

8. Which is the only TRUE statement about congenic strains

a. It generated by selective phenotyping breeding

b. It generated by placing a gene on a differing inbred mouse by successive backcrossing

c. It generated by successive sister-brother  breeding

d. It generated by inbreeding of genetically heterogeneous parent population

9. What are the 3 models for aging studies using heterogeneous stocks?

a. Scramble alleles that are polymorphic in founding parent strains

b. Concentrate alleles  that are relevant to a particular phenotype into contrasting group of animals (increasing and decreasing alleles)

c. Concentrate configuration of alleles of specific loci (or QTL) to examine the dynamic s of mechanism that is casually downstream from those loci

d. All of the above

10. It is a region of DNA that is associated with a particular phenotypic trait, is often found on different chromosomes. Knowing the number of these explains variation in the phenotypic trait, it tells us about the genetic architecture of a trait.  Which of the following defines this?

a. QTL (Quantitative trait locus)

b. QTM (Quantitative trait mutants)

c. TCL (telomerase chain locus)

d. None of the above

ANSWERS:

1. b, should be decreases

2. f

3. T

4. a

5. c, 3 possible genotypes 

6. a

7. c

8. b

9. d

10. a

Threadgill et al. The Collaborative Cross: A Recombinant Inbred Mouse Population for the Systems Genetic Era, pp. 24-31 
Domain 3: Research; K3 - Animal models 

 

Primary Species: Mouse (Mus musculus)

 

SUMMARY: Classical inbred lines, genetically modified mice, selectively bred lines, consomics, congenics, recombinant inbred panels, outbred and heterogeneous stocks, and an expanding set of wild-derived strains were not designed or intended to model the heterogeneous human population or for a systematic analysis of phenotypic effects due to random combinations of uniformly distributed natural variants.  
The COLLABORATIVE CROSS (CC) is a large panel of recently established multiparental recombinant inbred mouse lines specifically designed to overcome the limitations of existing mouse genetic resources for analysis of phenotypes caused by combinatorial allele effects.  The CC models the complexity of the human genome and supports analyses of common human diseases with complex etiologies originating through interactions between allele combinations and the environment.  The CC is the only mammalian resource that has high and uniform genome wide genetic variation effectively randomized across a large, heterogeneous, and infinitely reproducible population.  The CC supports data integration across environmental and biological perturbations and across space (different labs) and time.

 

QUESTIONS:
1.  
Which of the following is true about “systems genetics”?

   a.     Systems genetics involves the detection of variation in phenotypic traits and the integration of this phenotypic variation with genetic variation

   b.     Recombinant inbred (RI) mouse lines are a popular tool for systems genetics.

   c.      Systems genetics involves the integration of data across biological scales.

   d.     All of the above.

2.  
True/False: The usefulness of traditional RI panels as platforms for systems genetics is limited by the presence of only two parental genomes and by the number of lines in the RI panels.

3.  
Which of the following is true about the Collaborative Cross?

a. 
Eight founder inbred strains were used to generate a large panel of RI strains through randomized breeding (a combinatorial funnel design)

b. 
Each CC line requires three generations of intercrossing followed by at least 40 generations of brother-sister mating or other selection methods to ensure that the lines are inbred

c.  
Each CC line requires three generations of intercrossing followed by at least 20 generations of brother-sister mating or other selection methods to ensure the lines are inbred

d. 
Two founder inbred strains were used to generate a large panel of RI strains through randomized breeding (a combinatorial funnel design)

e. 
A and B

f.  
A and C

g. 
B and D

h. 
C and D

4.  
Which of the following founder strains are wild-derived inbred strains?

a. 
C57BL/6J and 129S1SV1mJ

b. 
129S1Sv1mJ

c. 
CAST/EiJ, PWK/PhJ, and WSB/EiJ

5.  In reference to question 4, what striking effect does the use of wild-caught mice produce in these inbred strains in contrast to classical inbred strains?

ANSWERS:
1. 
D

2. 
True

3. 
F

4. 
C (The eight founder mouse strains were derived from M. m. domesticus, M. m. musculus, and M. m. castaneus)

5.
The CC mice are much less docile than traditional strains – they need special precautions to reduce the chance of escape. 

Other characteristics of the founder strains (e.g. diabetes, obesity) have been noted in the CC lines and will likely persist, and even increase in severity, in some lines.

Gallagher et al. Mindspan: Lessons from Rat Models of Neurocognitive Aging, pp. 32-40

Domain 3: Research, Task T3 - Design and conduct research

SUMMARY: Rats are frequently used as animal models of cognitive change during aging as functional homology exists for specific neural systems, and a huge body of knowledge about the rat brain is pre-existing. This article focuses on behavioral assessments that target the medial temporal lobe and prefrontal cortex, as well as studies using calorie restriction. The authors concluded that the effects of calorie restriction on cognitive aging in rats are less well established than commonly assumed.

Terms:

“Health span” period of life during which the organism is generally healthy and free of serious disease. (contrast with lifespan; increasing lifespan without prolonging health span could have serious societal economic consequences)

“Mindspan”: the maintenance of mental abilities over the lifespan.

Models available from National Institute on Aging: Fischer 344, Brown-Norway, and F1 hybrid of F344 and BN.

QUESTIONS:

1. 
What is the most commonly used spatial memory test used in rats?

2. 
Aged rats with deficits in spatial memory resemble young rats with ___________ damage: recollection is impaired by familiarity remains intact.

3. 
T/F: Neuron loss is a basis for cognitive decline.

4. 
What is the phenomenon in which actions can be biased in favor of more immediate rewards rather than deferred rewards even when larger benefits can be gained by waiting?

ANSWERS:

1. 
Morris Water Maze

2. 
Hippocampal

3. 
False

4. 
Delay discounting

Edrey et al.  Successful Aging and Sustained Good Health in the Naked Mole Rat: A Long-Lived Mammalian Model for Biogerontology and Biomedical Research, pp. 41-53 

Domain 3: Research

Task 2 - Advise and consult with investigators on matters related to their research 

Knowledge Topic TT3.6. characterization of animal models 

Tertiary Species: Other Rodents

SUMMARY: This article summarizes the key characteristics of Naked Mole Rats (NMRs) and asserts that they are a valuable animal model for biomedical research, particularly biogerontology. NMRs are native to the arid and semi-arid regions of the horn of Africa and are naturally long lived. NMRs have a lifespan of 4-17 years in the wild and over 30 years in captivity, which is more than 5 times the expected lifespan based on their body size. NMR colonies inhabit subterranean burrows and exhibit eusocial behavior similar to ants and bees. There are strict divisions of labor within the colony, with worker animals and breeders. Generally there is only one breeding female and 1-3 breeding males. Non-breeding animals are sexually monomorphic with similar behavioral patterns, body size, anogenital distance, perineal musculature and bone traits. However, upon the death of the breeding female, any colony female greater than 6 months of age has the potential to become the next breeding female after an estrogen dependent growth surge.

NMRs have evolved several traits that allow them to survive in their unique environment. The thermally stabile subterranean burrows have low air flow with slow diffusion rates through the soil, resulting in a dark, humid, hypoxic and hypercapnic environment. NMRs have low basal metabolic rates, high rates of thermal conductance, and an unusual lung morphology that allows them to thrive in such an environment. Additionally, NMRs are tolerant of vitamin D deficiency, have efficient mineral metabolism in the absence of sunlight, are independent of free water sources, and have developed microbe-dependent digestion of poor quality foods, utilizing volatile fatty acids as a source of energy and microbes as a source of protein. 

Traditional models of aging, including C. elegans, D. melanogaster, M. musculus, and R. norvegicus, have contributed a significant amount of knowledge to the field of biogerontology. In all of these models the genomes have been well characterized, enhancing researchers’ ability to study the effects of specific genetic manipulations on aging in these animals.  However, their naturally short lifespan, as well as secondary adverse effects associated with genetic manipulations, limit their usefulness in relating to the aging processes in naturally long lived species like humans. Therefore, using naturally long lived animal models, such as NMRs, will add valuable knowledge to the field of biogerontology.

NMRs are unique in their activity, body composition, metabolic rate, and gastrointestinal absorption remains fairly constant throughout approximately 70% of their lifespan. Mortality rates are highest during the first 2 months of life, but thereafter individuals are seldom ill until they become old. There is little degeneration of bone quality and efficient remodeling, which allows worker animals to carry out burrowing activities and breeding females to continue breeding throughout their lives. Old individuals, greater than 24 years of age in captivity, do demonstrate decreased articular cartilage thickness of the femoral and tibial condyles as well as osteophytes, suggesting that older individuals may be affected by osteoarthritis. Old individuals also have evidence of the accumulation of non-terminal pathologies similar to older humans. These include accumulation of lipofuscin in various organs, infarcts in tissues and in tissue regeneration, fibrosis in the heart, pronounced deposits of hepatocellular pigments, and hepatocellular degeneration. Interestingly, NMRs show no apparent age related decline in cognitive function and there are no reports of spontaneous neoplasia, which may contribute significantly to their longevity.

The use of NMRs in biogerontology has already contributed key knowledge about the process of aging. NMRs have disproved several common theories on aging. The oxidative stress theory asserts that reactive oxygen species (ROS), from both endogenous and exogenous sources, causes damage to macromolecules. Species with efficient antioxidant defenses would ameliorate this damage and therefore have longer lifespans. NMRs have been shown to have anti-oxidant levels that are not significantly different from short lived species. The theory of telomere shortening asserts that the length of telomeres correlates with a species’ maximum lifespan. Additionally, telomerase, a reverse transcription enzyme responsible for replenishing telomere function, may play a role in species longevity. NMRs have relatively short telomeres, similar to humans, and their telomerase activity is restricted to certain cell types and only measurable at low levels. 

In contrast to the oxidative stress theory and the theory of telomere shortening, studies in NMRs have supported other theories of longevity. Glucose regulation via the insulin/insulin like growth factor signaling (IIS) pathway is believed to modulate lifespan, where species with a naturally low IIS have longer lifespans. NMRs have low fasting blood glucose levels, impaired glucose tolerance, reduced thyroid, and increased insulin sensitivity. Further study of this endocrine pathway is ongoing.  Proteomic maintenance has also been suggested as a modulator of aging, where altered protein expression and mutations in the protein believed to lead to impaired cell function and cell death. NMRs maintain cellular protein quality and stability over their lifespan. Similarly, cell lipid composition and integrity contribute to cell stability and rates of aging. Lipids that are more susceptible to oxidative damage have a high peroxidation index (PI). NMRs have low lipid PIs, which correlates with the association between low lipid PIs and longevity in other long lived species like humans and echidna. 

In vitro studies have elucidated some of the cellular mechanisms for NMR longevity. Fibroblasts derived from NMRs are resistant to a broad array of harsh toxins, heat, chemotherapeutic drugs and low glucose media. In contrast, they are sensitive to H2O2 and UV stress, which may reflect traits associated with their adaptation to underground environmental conditions. Studies have shown that brain slices from NMRs are tolerant of nutrient deprivation, and that brains are tolerant of a wide range of oxygen availability. This is reflected in how NMRs are able to thrive not only in their natural hypoxic and hypercapnic environment, but also in the relatively hyperoxic laboratory environment as well. NMR derived cells have shown marked cancer resistance, with resistance to chemical stressors, DNA damaging agents and toxins. In vitro, standard attempts to transform cells into tumorigenic cells, using RasG12V and SV40 Large T antigen, are unsuccessful. This is evident in vivo, as there are no reports of spontaneous cancer in NMRs. 

The authors conclude that the eusocial colony structure, the thermally buffered subterranean habitats, and the unique biology of NMRs all contribute to the longevity of this species and make them useful as an animal model for biogerontology studies.  

QUESTIONS:
1. 
What is the genus and species of the Naked Mole Rat?

2.
What type of social structure exists within the NMR colony?

3.  
T/F. Male and female worker NMRs show pronounced sexual dimorphism

4. 
Unique features of NMRs that allow them to exist in their subterranean environment include

a. 
Low basal metabolic rates,

b.
High rates of thermal conductance

c. 
Unique lung morphology to tolerate the hypoxic and hypercapnic environment

d. 
Tolerance to vitamin D deficiency

e.  
All of the above

5. 
T/F. The activity level, body composition, metabolic rate, and GI absorption of NMRs remains constant throughout approximately 70% of their natural lifespan. 

6. 
NMRs greater than 24 years accumulate non-terminal pathologies similar to aging humans including

a. 
Accumulation of lipofuscin in various organs

b. 
Infarcts in tissues 

c.
Hepatocellular degeneration

d. 
All of the above

7.
T/F- NMRs show high rates of spontaneous neoplasia.

8.
Factors that are believe to contribute to the natural longevity of NMRs include

a. 
Anti-oxidant levels that are significantly greater than shorter lived species

b. 
Longer telomeres than shorter lived species

c.  
Low fasting blood glucose levels, impaired glucose tolerance, reduced thyroid, and increased insulin sensitivity

d.  
All of the above

ANSWERS:
1.
Heterocephalus glaber

2.
Eusocial structure

3.
False

4.  
E

5. 
True

6. 
D

7. 
False

8.  
C

Tardif et al.  The Marmoset as a Model of Aging and Age-Related Diseases, pp. 54-65 
Domain 3: Research, K3 - Animal Models
Secondary Species: Marmosets/Tamarins

SUMMARY:  The authors propose that the common marmoset (Callithrix jacchus) is poised to become the standard nonhuman primate model for investigations of human aging and age related disorders. Marmosets are the shortest lived (5-7 year average/16.5 years maximum) anthropoid primates.  They display age related changes in pathologies that mirror those seen in humans, including neoplasia, amyloidosis, diabetes, and chronic renal disease.  They display age related differences in lean mass, calf circumference, circulating albumin, hemoglobin, and hematocrit.  Additionally they are susceptible to age-related sensory and neurodegenerative changes including reduced neurogenesis, beta amyloid deposition in the cerebral cortex, loss of calbindin D28k  binding, and evidence of prebycusis (sensorineuronal hearing loss). The authors suggest that evidence of variation in the age of onset for neurodegenerative changes in different colonies may indicate that management strategies could be employed to induce neurodegenerative changes at an earlier age.  The authors also discuss the potential use of the marmoset as a model for integrated effects of aging and obesity on metabolic dysfunction.

Advantages of Marmosets over other Nonhuman Primate (NHP) Models:  The previously mentioned short life span of marmosets compared to the rhesus macaque (Macaca mulatta with maximum lifespan 40 years), which is the most commonly utilized NHP for aging, is a distinct advantage. The marmoset is small with an average body weight of 350-400g.  The authors proposed that marmosets are easier to handle and maintain, require less space, are more docile, and are less likely to transmit diseases to humans. They also suggest that while social housing is the standard, marmosets can be housed individually with lower risks than macaques for abnormal behavioral outcomes because serious sterotypies and self-injurious behaviors are exceedingly rare, even in individually housed marmosets.  Because marmosets typically give birth to chimeric twins or triplets they offer many opportunities for the importance of pre-and post natal environmental effects of later health and lifespan.

Characteristics of Aging: The marmoset is considered “aged” at 8 years of age. Historical data from the New England Primate Research Center marmoset colony was used to demonstrate age related changes. Gross and histologic pathology at the time of death demonstrated a similar disease profile to that of aging human subjects in which neoplasia, infectious processes, renal disease, amyloid accumulation, and diabetes mellitus are common causes of morbidity and mortality.  Myocardial fibrosis was observed in 60% of the animals over 10 years of age (usually asymptomatic) and 75 % of animals over 8 years of age have some degree of renal pathology at death (only 16.7% deemed the primary cause of mortality). Age was significantly negatively correlated with total body mass, lean mass, as well as calf and thigh circumference. Hemoglobin and hematocrit were both negatively correlated with age (weakly significant).

Established and Developing uses of Marmosets in Research on Age-Related Diseases:

Induced Parkinson’s Disease:  Marmosets are popular models for induced Parkinson’s because of higher brain similarities to humans, standard sterotaxic surgical modeling, and a diversity of behavioral assessments.

Beta-amyloid Deposition: The deposition of amyloid plaques and amyloid angiopathy are diagnostic features of Alzheimer’s disease.  Marmosets reliably display such accumulations at 7 to 10 years of age.

Age-Related Calbindin D28k Loss:  Investigators have begun to study calbindin D28k loss from the basal forebrain cholinergic neurons which is associated with human neurodegenerative disorders. The marmoset my represent an appropriate model because investigators demonstrated selective loss.

Diminished Adult Neurogenesis: It has been reported that there is a significant linear decline with age in BrdU-labeled cells in the dentate gyrus of marmosets.

Age-Related Hearing Loss:  The authors suggest that anatomic similarities and physiological data suggest that cochlear parameters are largely conserved in human and nonhuman primates and that non-invasive study of marmosets may be useful for age related hearing loss.  Like humans, vocal communication is important in this species and allows for evaluation of behavioral performances associated with hearing loss.

Obesity and Metabolic Syndrome: Marmosets display obesity in captivity with phenotypic associations of hypertriglyceridemia and hyperglycemia.  In a population of 64 animals monitored for lipid and glucose parameters 7.8% had at least 3 atypical factors fitting the definition of metabolic syndrome. The authors also describe a technique for measuring plasma and serum insulin in marmosets using porcine insulin RIA.  

QUESTIONS:
1. List two methods for the chemical induction of dopaminergic cell death in the marmoset model of Parkinson’s disease.

2. T/F.  Callitrichids are the only nonhuman primates that do not exhibit lactational anovulation.

3. T/F.  Same sex housing of marmosets is rare and can result in serious injury due to aggression, particularly among females.

4. T/F. Marmosets are part of the family Callitichidae which includes both marmosets and tamarins.

ANSWERS:
1. MPTP (1-methyl-4-phnyl-1,2,3,6,-tetrahydropyridine) and 6-OHDA (6-hydroxydomapine)

2. True.  The female ovulates and can become pregnant with the next litter in 7 to 14 days postpartum.

3. True.

4. True.

Kemnitz. Calorie Restriction and Aging in Nonhuman Primates, pp. 66-77

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

Primary Species: Macaques

SUMMARY: There are currently two prospective studies designed to evaluate moderate calorie restriction (CR) on aging in NHP, one by the National Institute of Aging and one at the University of Wisconsin-Madison, that have been going on for 25 years.  Both studies estimated energy requirements and then decreased food allotments by 10% a month over 3 months to achieve 30% CR.  An additional adjustment was made based on the control animals’ actual intake to reestablish the intended differential.  Challenges in long-term management of these animals include the presence and approach to chronic diseases and conditions and the age-related decrease in food intake.  A more complex formula is necessary to maintain CR without malnutrition in later years.  

Related studies testing short-term hypotheses have generated important ancillary data.  Wake Forest University cynomolgus macaques on a moderately atherogenic diet exhibited reduced body fat and increased insulin sensitivity with 30% CR, but no difference from controls in lipid profile and atherosclerosis after 4 years.  The NIA squirrel monkey study showed no reliable effect of CR on body weight or growth after 5 years.  The University of Maryland used a “weight clamping” approach to maintain the weights of their male rhesus subjects between 10 and 11 kg and intake did not end up differing between groups on a per kg basis.  SNPRC studied the effects of maternal nutrient restriction and determined no effect on fetal weight, length or organ weight, however there was decreased maternal weight by 11% and decreased placental weight and surface area, suggesting decreased nutrient transport to the fetus.  Also, there were marked changes in hepatic insulin-like growth factor that may be predictive of growth retardation in infants.

Aggregated observations from these studies were yielded several consistent conclusions.  Safe implementation of a 20-30% decrease in energy intake can be made in young adult and middle-aged monkeys.  However, in immature animals this level of CR impairs growth and in elderly monkeys it can exacerbate the loss of lean tissue.  A healthy range of body fat for rhesus seems to be 10-20%.  At the lower end of this range, further weight loss is accompanied by the loss of lean body mass and at the upper end insulin action is impaired.  

CR is the only intervention that has been consistently shown to reduce the incidence, delay the onset and slow the progression of age-related disease as well as extend the lifespan in short-lived species.  These studies show the effects to also occur in long-lived species such as NHP and suggest similar course in humans.

QUESTIONS:

1.  What are some factors that can complicate interpretation of results within and between studies?

2. In which age groups should caution be exercised in initiating CR? (all that apply)

a. <4 yrs

b. <8 yrs

c. 8-30 yrs

d. >30 yrs

3. T/F:  lower insulin levels can be implicated in many of the beneficial effects of CR

ANSWERS:

1. Genetic backgrounds, diet, policies for handling chronic disease conditions, maintenance of intended level of CR 

2. b. <8 yr and d. >30 yr

3. T

Fischer and Austad. The Development of Small Primate Models for Aging Research, pp. 78-88

Domain 3: Research; Knowledge 3 - animal models 

SUMMARY:   This article discusses the need for the development of alternative non-human primate models for aging research.  Disadvantages of the currently used macaque model include a long developmental period, low reproductive output, 30 -40 year lifespan in captivity, housing costs, availability and potential for zoonotic disease transmission.  

The authors define a small NHP as those weighing 500 grams or less.  Compared to larger species, they reach sexual maturity sooner, and are able to produce more offspring in less time.  They are relatively shorter lived, which is useful when aged models are needed.  Genome sequencing, and embryonic and somatic stem cell work has been done in the common marmoset.  

Limitations of a smaller animal include reduced blood and tissue sample size, and a potential for different metabolic and biochemical traits when compared to larger Old World species.  Prosimians and New World NHPs do not have menstrual cycles, and may have differences in ovarian aging and reproductive hormone levels, when compared to humans.  Some species are more susceptible to the stress of captivity, which can affect their physiological data.  Tables listing the species are included in the paper.  

Prosimians:  

Grey mouse lemur, (Microcebus murinus):  The maximum reported life span is 18.2 years.  Previous research has been done in circadian rhythm and seasonal changes in metabolic rate.  Researchers have found substantial cognitive decline by 10 years of age and cataract development by 7 years of age in half of the studied individuals.  Researchers have also shown that acceleration of seasonal cycles accelerates some age related changes in this species.  Aging changes may resemble those found in Alzheimer’s disease in humans.  A disadvantage is their classification of CITES Appendix 1. 

Galago or Northern Lesser Bush Baby, (G. senegalensis): There are no published reports on aging research.  They are a CITES Appendix II, and their husbandry is well known, and the authors suggest they may be a good model to develop.  

New World Primates: 

Callitrichids include roughly 20 species of marmosets and tamarins.  They are less than 1 kg in size, diurnal, aboreal and live in family groups.  Females are continually receptive to breeding.  They produce about two litters per year, and twins are the norm.  Some species show chimerism in both somatic and germline tissues.  Husbandry is well known for many of the species.  

A common marmoset model for aging has been published.  The cotton top tamarin (Saguinus oedipus) has been widely studied, and they may be good models for cognitive aspects of aging.  Drawbacks include a longer lifespan than marmosets, and they are critically endangered.  

Squirrel monkeys (Saimiri spp) have been used in biomedical and aging research.  Capuchins (Cebus spp) may have potential in aging research, but are very long lived.  Both of these species are larger than 500 grams.  

QUESTIONS:  

1. True or False  The Galago or Northern Lesser Bush Baby (G. senegalensis), is CITES Appendix II.  

2. This species has been used in aging studies, and it has been found that aging changes can be artificially induced by increasing the speed of the seasonal cycle.  

a. Saguinus nigricollis

b. Callithrix jacchus

c. Galago senegalensis

d. Microcebus murinus

3. What are induced pluripotent stem cells?  What two NHP species have had successful generation of this type of cells? 
ANSWERS: 

1. True 
2. d. Microcebus murinus

3. Somatic cells that are chemically induced into cells that can be differentiated into any other cell type without the complex methods needed for working with embryonic stem cells.  Researchers have developed these cell lines in the common marmoset and rhesus macaque.
Austad. Candidate Bird Species for Use in Aging Research, pp. 89-96

Domain 3: Research; Task 1: Facilitate or provide research support; Task 2: Advise and consult with investigators on matters related to their research

Domain 6: Education; Task 2: Maintain current knowledge and continued competence in laboratory animal medicine

Species: Tertiary Species - Other Birds

One Line Summary: The article discusses the use of birds as models of successful aging and suggests 5 avian species of interest – budgerigars, canaries, zebra finches, the European Staling and the house sparrow.

SUMMARY: Birds live approximately three times as long as a mammal of similar size, but, with age-related deterioration and disease development similar to larger mammals such as humans.  As such birds may reveal novel mechanisms of resistance to senescence.

The advantages of using birds in research include large numbers of domesticated species worldwide, small sizes leading to high densities in research colonies, the extensive knowledge available on bird behavior and neurophysiology, and now, the development of gene knockdown technology and tissue-specific transgenesis to allow the performance of targeted genetic manipulations.  With the advent of the new genetic methodologies, the only true challenge to using birds is the paucity of species that are truly short-lived to compare findings with.

The three domesticated species suggested by the authors are budgerigars, canaries and zebra finches.   They have been used because of their small size, ease of breeding in captivity and wealth of published information.  Budgerigars and canaries are particularly used for their songs and beautiful plumage, while the tools of genetic manipulation are more developed and used with zebra finches.  All three live longer than the typical laboratory mouse or rat, with lifespans ranging from 5-10 years to 20+ yrs in the former two species. 

The proposed nondomesticated species include the European Starling and the house sparrow.  The European starling is small, adapts well to captivity and breeds well.  The house sparrow is smaller and live in close proximity to humans so might adapt easily to the laboratory.  Both may be induced to breed year round with photoperiod manipulation and both have bird capture records showing ages of 15 years and greater. 

QUESTIONS:

1.
List some conditions seen in aging birds.

2.
T/F Whole genomic sequences are available for chickens and quails.

3.
The birds mentioned here have been used in research studies.  What are the primary areas of research they have been used in?

ANSWERS:

1.
Cancers, diabetes, arthritis, cataracts, congestive heart failure and atherosclerosis

2.
False.  The entire genome sequences of Chickens and Zebra finches are available.

3.
Neurological studies, Toxicology, Reproductive Biology and Field 

Waters.  Aging Research 2011: Exploring the Pet Dog Paradigm, pp. 97-105 

Primary Species: Dog

SUMMARY: This article focuses on a need to find animal models of human aging regarding the science of disability-free longevity.  This author presents one alternative, of using pet dogs in the same environment as their people, to find determinants of healthy longevity.  
Several reasons are presented for this research model:
1. Availability of medical data for pet dogs

2. Vast array of phenotypic domains such as cardiac disease, glomerular integrity as well as behavioral information

3. Lack of costs associated with large animal research

Examples of research models the author states could be designed using pet dogs include:
1. Sex differences in longevity

2. Interventions to compress morbidity and enhance lifespan

3. Genomic correlates of successful aging phenotypes and endophenotypes

4. Heterogeneity in resistance to aging-related disease

5. Non-invasive biomarkers of target organs

Dogs have long played an important role in research affecting human health.  These include advances in toxicology (chemical exposures, asbestos), internal medicine (pancreas and glucose regulation) and surgery (prostate).  As scientists try to determine “health span” or healthy longevity, pet dogs may become a viable research model.  The amount of data generated from dogs in non-laboratory settings is relevant to scientists studying human health.   Also since dogs’ lifespans are shorter than humans, entire life-courses can be studied, as well as interventions.  

Mouse models have typically been used for biogerontology studies.  However they do not mimic human sex differences in longevity, since the male mice often outlive the females.  Since female pet dogs are often spayed including ovariectomy, there is a chance to study the response between ovarian function and longevity.  The author found that female dogs that were ovariectomized in their first 4 years no longer had the typical female survival advantage.  This was similarly found in a study of women in 2009.  

Dogs have been used to study models of age-associated cognitive decline.  Researchers concluded that aging beagles have some losses in cognitive function that are similar to early Alzheimer’s disease.  Canine cognitive tasks have been developed so that intervention studies can be conducted.  Long term interventions have been proposed from this research that may slow cognitive decline.  The author also reported on work in the lifestyle factors and relationship between aging and comorbid disease, studies on the genetic basis for complex phenotypes (breed specific characteristics), and morbidity profiles of “centenarian” dogs.  

QUESTIONS:

1. Although mice are typically used in longevity studies, they have some significant sex differences in longevity from humans.  T/F
2. Aging studies in dogs have been conducted that allow for testing similar to human neuropsychological testing and allow for intervention studies to find which strategies may slow age-associated cognitive decline.  T/F

3. Obese dogs have inflammation markers which decrease with weight loss. T/F

4. Using a nationwide database to study exceptional longevity in pet dogs has led the authors to research studies in sex differences in longevity, heterogeneity of disease resistance, and the aging-cancer connection. T/F

5. What are endophenotypes?

ANSWERS:

1.
True

2. 
True

3.
True

4.
True

5.
Measurable intermediate phenotypes, such as insulin resistance or markers of inflammation, that are more proximal to the effects of genetic variation on aging and disease susceptibility

Heiderstadt and Kennett.  IACUC Issues Related to Animal Models of Aging, pp. 106-109 

SUMMARY: This article examines the use of animal models in aging studies and the welfare issues associated with maintaining these animals.  The research involved with biogerontological research is to extend the lifespan of the animal and to maintain good health and quality of life while aging.  Therefore the correct animal for these types of studies should be chosen wisely.  If the answers can be received from animals that are lower on the phylogenetic scale then they should be used.  For example, fish can be used to gain insight of the physiological and genetic basis for functional longevity of aging but they are not long lived.  
Even some commonly used animals used for aging studies do not translate well when applied to humans.  Female tamarin’s reproductive biology differs from humans in that post-reproductive tamarins maintain normal circulating levels of estrogen and progesterone.

Aging studies require animals to be maintained at a facility for extended periods of time.  Housing considerations such as single versus group housing must be investigated.  What effect will single housing have on a social animal for a long term study? Also the requirements of housing short lived animals are different from animals with a long life span.   Lastly when considering housing, the ambulatory state and the ability of the animal to prehend and eat food should be considered.

Another point of focus is the disposition of the animal after the study is over as well as humane endpoints.  Humane endpoints should include the physical as well as mental parameters.  Some of these parameters include activity level, weight loss, pain, etc.  PI’s will often state that the animal will be humanely euthanized if the animal becomes moribund.  The authors make a point in which animals should be euthanized before they become moribund because this term typically refers to a severely impaired mental and physical state right before death.

The article goes on to address the disposition of the animal at the end of the experiment.  Some of the possible outcomes of the research animals included in this article are euthanasia, retirement, transfer to another investigator, and even adoption.  

Caloric Restriction was also discussed in this article.  It has been shown that caloric restrictions have extended the life of several species of animals, even yeast.  Researchers at this time are not sure why this phenomenon is seen. Whenever an animal is placed on calorie restrictions the PI is responsible for providing the nutritional content of the diet as well as take into consideration of the nutritional requirements a sit relates to the species, strain, sex, and age on the protocol.  The PI must devise a plan to monitor the animals’ body weight, food intake, vitamin and mineral intake, body condition, or other health measures during the study period.

It was also mentioned that age studies may be performed on pets but these cases would require IACUC approval and also compliance from the owners would be an issue.  Another option would be to use non-conventional species, some which may need to be trapped, for age related research. These animals often require special permits to trap them if they are wild; are subject to the regulations of the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES); and require personnel specially trained for their capture.  Some of the species that may be good candidates because of their long life span are the naked mole rat (Heterocephalus glaber), the little brown bat (Myotis lucifugus), and some species of wild birds. 

QUESTIONS:
1. T/F.  Animals that are more phylogenetically closer to humans are always the best animal model.

2. T/F.  Animals on calorie restrictions usually have a shorter life span.

3. T/F.  Single- housed social animals may be stressful to that animal

ANSWERS:
1. F

2. F

3. T

