New treatments for old brains : potential future

At this point, wecanspeculate on what might be comivge'll start with treatmentshat
may be in clinic soon

Laser energy: savingneuronsafter a stroke

See Phototheraalk.ppt”

Personalized mediine: which brain treatments will work for you?

JoseApud (2007) andhis colleagues in the Genes, Cognition and Psychosis Progfam,
theNational Institute of Mental Health iBethesdaMaryland studied how genetic
differences among people affect theisponse to drugs that affect dopamine and
cognition.

The neurotransmitter dopaminegulatesnany cognitive functionscluding attention
and working memory.

The enzyme COMT degrades dopamine. Humans have two genetic variants (alleles) of
the catecholanine-O-methyltransferase (COMT) gen&l andmet

Apud tested the effects tdlcapone, a COMT inhibitogn cognitive abilities in human
volunteers. They performedrandomized, double blind, placebo controlled, and
crossover design ablcaponan normal subjectsstratified by COMT (vall58met)
genotype.

47 normal volunteers with no family history of psychiatric disorders underwent
neuropsychological testing4 of those subjectsad brain scans usirignctional

magnetic resonance imaging (fMRI).

Apud found significant drug effects on executive function and verbal episodic memory
Even more interesting, the effet#pended on the COMJenotype:

1 volunteerswith val/val COMT genotypesiadimprovedcognitiveability on
tolcapone

1 volunteersvith metinet COMT genotypes worsened on tolcapone.

ThefMRI brain scans showeatlsignificant tolcaponeéducedchangen the efficiency of
information processing in prefrontal cortex during a working memory test.

This studyshowed that



1 adrug having COMT inhilitory activity can improve or worsen cognitive
performance in healthy volunteers

1 the effects of the drug depend on the COMT genotype

These opposite effects help us understand why different studies may give contradictory
results.

If we didn't know abouthe COMT genetic variants, then depending on what patients we
enrolled in our clinical study, we might see

1 a positive effect of tolcapone

1 a negative effect of tolcapone

1 no apparent effect of tolcapone
As we learn more about the details of how wertions work, we understand better who
will benefit and who will not. This is the promise of personalized medicine, and one
reason why it is such an active area of research
Savingneurons nerve growth factors

Nerve Growth FactofNGF) promotes
1 neuronsurvival
1 neurogenesis
1 synapse growth

Several groups are researching methodetiver NGFto cells throughout our brains,
such asusing viruses to infect neuronsufhdberg 2008

Ceregene, a company in San Diego, has beguniaatlirial usingNerve Growth Factor
to treat Alzheimer's disease:

Press Releases
11/04/08

Ceregene Phase 2 Clinical Trial for Alzheimer's Disease to be Funded
by $5.4 Million Grant from National Institutes of Health



San Diego, CA - November 4, 2008 i Ceregene, Inc., a biopharmaceutical

company, today announced that the University of California, San Diego (UCSD)

has received a $5.4 million grant from the National Institute of Aging at the

National Institutes of Health (NIH) to support a Phase 2 clinical study of

Cer e gene 68140, &gere herapy product designed to deliver nerve growth

factor (NGF)for t he treat ment of Al zheimerés di seas
110 indicated that a single administration of the therapy was well tolerated,

though the study was too small to make a definitive statement about treatment

efficacy.

Ceregene anticipates initiating the Phase 2 study, which is expected to enroll 50

patients with mild to moderate Al zhei mer 6s d
the U.S. early next year. The study will be double-blinded and will evaluate the

treatment arm versus an appropriate control arm with respect to safety measures

and cognitive function and quality of life at two years.

Other factors that stimulate neurons are being researClekdstrocytega type of cell

that support neurongye deficient in supporting neuron outgrowth. The deficiency is
associated with increased levels of the flamentous protein GFAP. The age deficiency can
be reversed within 24 h by experimentally &nmg GFAP levels through RNAI silencing
(Finch 2009, Rozovsky 2005).

Thes experiments bring to mind another application.
1 Auditory hairs lost with age.
1 Research on hair growth: how to restore auditory hairs?
1 Rogaine for your ears?
1 Squirt a little medicine in your ear once a month
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Genetic modification: Young receptors make smart mice
NMDA receptors in synapses; needed for learning.

NR2B expression declines as we age. This contributes to worsening memory and
learning.

Ya-Ping Tang, Joe Tsien and their colleagues at Princktidn,and Washington
University created transgenic mice that oespress NR2B subunit of the NMDA
receptor.

The transgenic mice have normal growth, body weight, mating behavior, and no obvious
negative effects.

Adult transgenic mice produced twice as much NR2B as wild typeimtbe cortex and
hippocampus.

Tested mouse memory in
1 Morris water maze
1 novel object recognition task



Figure | Object-recognition task. a, In an initial training session the mouse explores two objectsina
box, devoting roughly equal time to each. b, When the mouse is then re-exposed to one of these
objects, together with a new object, it spends more time exploring the new object. Tang et al.” find
that this bias is enhanced in transgenic mice (inset) overexpressing the NR2B subunit of the NMDA
receptor, indicating improved recognition memory.
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NR2B mice learned significantly faster than wiighe in novel object recognition task:
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NR2B mice learned significantly faster than wiighe in Morris water maze (latency =
time to solve maze):
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Compared NR2B mice to witype in tests:

1 Ability to remember objects they had previously encountered
1 Ability to solve water maze

Herpes viruses that target neurons could be geneticallifietbtb express the NR2B
subunit in humans.

Animal models of human cognition and aging

New animal models are providing opportunities to discover genes involved in aging and
cognition, and to determine how those genes function and how they are redbéates.
involved in cognition are surprisingly conserved.

The CREB protein regulates strengthening of synapses during learning. CREB found in
animals from invertebrates to mammals, and plays the same role in all (Yin 1996). Itis a
very old, evolutionargonserved system. So fruit flies, worms, mice, monkeys and
humans all strengthen synapses in much the same way. Because this system is so
conserved, fruit flies can even serve as models for human neurological diseases
(Skoulakis and Grammenoudi 2006).

Examples of fruit fly genes that provide models of human cognitive disorders:



Table 2. Human cognitive disorders modeled in Drosophila.

Human disorder Protein Dirosophila model

Behavioral assay

Behavioral deficit

Tauopathies Tau transgenic human and
Dirosophila wild-type fau

transgenic human wild-type
and mutant fau

Alzheimer’s AR40/A R 2 transgenic human 4 f4004 742
App Dirosophila Appl mutant
Down's syndrome Dserl Dirosophila nebula mutant

transgenic Drosophila nebula

Fragile X Dfimrl Dirosophila Dfmed mutant
Meurofibromatosis neurofibromin Dirosophila NfT mutant
(MNEL)

olfactory conditioning

locomaotion

olfactory conditioning

phototaxis/chemotaxis

olfactory conditioning

olfactory conditioning

courtship conditioning

olfactory conditioning

learming,
middle-term memory

learning

learming,
long-term memory
learming,
long-term memory

learming

learming

(Table 2 from Skoulakis and Grammenoudi 2006).

Fruit flieshavea surprising range of learnirsills:

9 after training with 2 odordlies migrate specifically toward sucrosepaired odor
1 learn and remember odors associated with electric shock
1 assess thdegree of disadvantapetween bad experiences

Fruit flies bred for learning abilitarebetter at avoidig an odor associated with shock
than unselected "loMearning” lines from the same population

Nerve implants

Gagel984, 1986

1 grafted nervesto the hippocampus of old mice

0 nheuronssurvived

o0 injected mice had bettézarring andmemory in the Morris water maze

than did controls

1 Retested animals several months later:

o old animals with neuron injectiord bettefearning andnemorythan

did old controk

0 alsohadbetter than their memory prior to injection

Gash, Collieand Sladen (1985) injected neurons from the locus coeruleus of young rats
into same location in old rats. Old rats improved to same levels as the young rats on

memory tests



If a PNS nerve is implanted into the brain, it can guide the growth of an@M®n such
as the optic nerve

Neural stem cells

"The ability to induce proliferation and functional incorporation of new neurons in the
adult brain wouldepresent the ultimate form of neuroprotection. Itlesn understood
for some time that new neans aren fact born and functionally incorporated into the
olfactory neuroepithelium." (Garci@egura 2001)

Humans can regenerate damaged ndrvpsripheral nervous system (PNBat is,if
they are outside our brain and spinal céar exampleif you cut yourfinger, will
temporarily lose innervations, but will grow back

A goldfish braincan do something your brain can't:

Goldfish'sbrain grows, renews constantly thru life
1 No fixed lifespan, no upper bound
1 As body grows bigger, brain grows bigger
1 Constantly rewiring
1 Estrogen regulates
Can we learn how this montrolled and do this in humans?

In frog, if optic nerve is dmaged, it can regrowot possible in mammals.



Differencebetween PNS and CNS notin the nervesDifference isin the cells that
support the nerves: Glial and Schwamfis. Important research question: what molecular
difference? Nogo gene. How to turn dfbgo geneselectively?

Long thought that adult mammals, and adult humans in particular, did not have any
neural stem cellNow knowthat we do.

However, these neweurons only grow in limited locations: Stem cells found in
hippocampus and PVNsite of origin of nerve cells in embryo and fetus.



For several years, I've worked with Geron Corporation on the development of stem cells
for use in treating spinal cordjumies.

A major issue in transplanting stem cells is engutivat they become the intendeskue
type (such as neurons or glia), and don'bbee tumors. It is critical thatplanted stem
cells follow the regulatory instructis from neighboring cellaftertransplantation into
the damaged area, which prevent tumor development.

In oneof my earlycollaborationswe studiedactors that control stem cell differentiation
in the test tube. In recent years we've studied factors that affect stem cedhtidifgon in
animals Early in 2009, Geron received FDA clearance to begin the world's first human
clinical trial of embryonic stem cebased therapy. This isRhase | multcenter trial
designed to establish the safety of GRNOPCL1 in patients with letefip\merican

Spinal Injury Association (ASIA) grade A subacute thoracic spinal cord injuries.

However, in August 2009, the trial wakced on clinical hold by the FD#& allow them
to review new nonclinical animal study data submitted3gyon A clinical hold is an
orderfrom the FDA to a sponsor to delay a proposed trial or to suspend an ongoing trial.

Geron and FDA Reach Agreement on Clinical Hold

Company and Regulatory Agency Define Path to Re -Initiate Human Trials for Spinal Cord
Injury
MENLO P ARK, Calif., October 30, 2009 - Geron Corporation (Nasdaqg: GERN) today

announced the company's plan to advance clinical development of its human embryonic stem
cell (hESC) -based product, GRNOPCL1, for the treatment of spinal cord injury. The plan is
expecte dto enable Gerontore -initiate the Phase | clinical trial of GRNOPC1 in patients with
complete thoracic spinal cord injury and to support future expansion of the trial to patients

with cervical injuries.

Geron has been performing a series of preclinical studies to expand the clinical program for
spinal cord injury beyond patients with complete thoracic injuries. The company's goal is to
test the safety and utility of GRNOPC1 in patients with complete and incomplete (less severe)

injuries in both thoracic and cervical regions.

As announced previously, in one preclinical study, a higher frequency of animals developed

cysts in the injury site than had been seen in numerous foregoing preclinical studies with

clinical grade GRNOPCL1. These cysts are non -prolifer ative, confined to the injury site, smaller

than the injury cavity, and were not associated with adverse effects on the animals. As part of

ongoing work to optimize GRNOPC1 manufacturing and product release, the company

developed new candidate markers and assays. Data fro m studies using the new markers were



submitted to the FDA. The IND for spinal cord injury was placed on clinical hold pending FDA

review of the data.

Geron will complete a confirmatory preclinical study using GRNOPC1 that has been
character ized by the new markers and assays, as agreed upon in discussions with the FDA. As
part of the ongoing plan to advance clinical development to cervical patients, Geron had

already initiated this preclinical study in an animal model of cervical injury.

In d iscussions with the company, the FDA has advised that it concurs with Geron that positive

data from this study can be used to support both release of the clinical hold and expansion to

cervical patients. Geron expects the data from this study to enable re -initiation of the clinical
trial in the third quarter of 2010.

The company is initially developing GRNOPCL1 for spinal cord injury, but is also exploring
application for other neurological diseases, including multiple sclerosis, stroke and Alzheimer

disease .

The search for an antiaging pill

Cells use lyicoseto makeATP, the molecule that directly powers most cellular activities.

Insulin is secreted as glucose levels in the blood rise after a meal, key that opens cell
"doors" to sugar.

Reducedjlucose and insulitevels and increasezkllular sensitivity to insulin are among
the most consistent hallmarks of caloric restriction in lpotlents and primates, occur
soon aftelCRis begun.

Metabolic processes involving glucose and insulin influerieespan.
4-fold extensions of life span in nematode worms by mutating genes similar to those
involved in molecular responses to insulin in mammals.

Lowered intake of glucose or disruption of glucose processing can extend life span in
yeast.In fruit flies, genes involved iglucosemetabolism, such as INDY (I'm Not Dead
Yet), have been implicated in l#gan control.

Lane et alfound studies from the 1940s and 1950 gtucosdike molecule 2-deoxy
D-glucose (2DG)that lowered insulin levels imé blood

2DG resembles glucose, so it enters cells reafbliig.enzyme thgterformsseveral steps
involved in glucose processing essentially chokes on the intermediate produced from
2DG. In addition, its ability to act on the normal glucose intermediat®mes impaired.



Cells make smaller amounts of glucose'spbgductsas incaloric restriction makes less
ATP.

Lanegavelow doses to ratm their foodfor six months.

Effects of 2DG:
1 reduced fasting blood glucose
1 reduced body weight and tempenat,
1 reduced fasting insulin levels

After adjustment to the novel diet, 2DG group did not eat significantly less food than the
controls.

Earlier, Mark Mattson earlier treated rats witbhmpounds toxic to brain cells

Caloric restriction

1 protectedherve cells
1 reducedbehavoral deficits

Treated rodents with 2DG instead@R, observed the same neuronal protection.

2DGis safe at certain lowelels.Becomes toxic for some animashigher doses aver
long periodsNarrowzone separatingafefrom toxic dosegprevents human use.

This result is characteristic of many candidate drugs:

1 low doses are ineffective for many people
o clinical trial fails for lack of efficacy

1 high doses cause unacceptable side effects for some people
o clinical trial fails for lack of safety

Understanding why different people respond differently (pharmacogenomics) has the
potential to rescue many drugs.

Research on slowin@ging

Our understanding of the biological mechanisms of aging is improving every day.
Ourunderstandingf how to slow or reverse aging is improving every day.

Here are a few examples.



Cynthia Kenyon at the University of California in San Francisco studies aging in worms,
in particular a worm known &. elegans

C. eleganss a convenienmodel organism for aging, because their typical lifespan is
about 20 daydn 1993,Kenyon's laboratory identified two genes that regulate C elegans
lifespan(Kenyon 1993)

1 daf2: shortens lifespan
1 dafl6: increases lifespan
Expression of a gene cée blocked using a method called RNA interference (RNAI).

Here's what blocking thexpression of da® (red line)or both daf2 anddaf16 (black
line) does to the worm's lifespan:
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Blocking expression of daf more than doubles the lifespan. Blockdaf16 in addition
to blockingdaf-2 cutslifespan back to normato dafl6 is required t@xtendlifespan.

How does a 18lay old control worm compare to a-#ldy old daf2 suppressed worm?
<show worm videos>

What do daf2 and dafl6 do?

Kenyonand dher researchers learned that
1 dafl6 is a transcription factor (a gene that regulates other genes)
1 the genes that ddf6 regulates prett against oxidative stress (ROS)
1 genes that dat6 upregulates include the andikidants
0 mitochondrial superoxide sinutase

0 catalase
0 glutathione transferase

1 daf2 downregulates dal6

daf-6 also provided the worms protection against attack by bacteriaggnidtedther
unidentified genes

Blocking expression of the araxidant genes shortened lifespan by 10% t%.20hus,
these genes promote longevity, probably by preventing or repairing damage from reactive

oxygen species.

Further research showed that-@af the worm's version of twaoselyrelated
mammalian genes:

1 insulin receptor

1 insulin-like growth factor(IGF-1) receptor



The insulin and insulhtike growth factor signaling pathway regulatdésspanin fruit
flies and in micgPiper 2008)

il
il

T

Deletion of one copy (allele) of the IGKFeceptor extends mouse lifespan
Deletion of the insulin receptaubstrée protein 1(Irs1) from adipose (fat) tissue
extend mouse lifespan

Neuronspecific deletion ofrs2 extends mouse lifespan

Mutations in the insulin and insulitke growth-factor pathways regulate lifespan in
worms, flies and mice.

"é t he a g=®isregglatend hoomomally by an evolutionarily conserved
insulin/IGF1 signaling pathwa® Longevity must have evolved not just once, but
many times. Insedife spangange from a few weeks to several years, and those of
mammals (and also birds) rangenfra few years to a century. Evolutionary theory
postulates that lifespan is determined by the additive effects of many genes,
consistent with our findings. The beauty of the insulinAG$ystem is that it

provides a way to regulate all of these genesdinately. As a consequence,
changes in regulatory genes encoding insulin/iG¥athway members or dab
homologues could, in principle, allow changes in longevity to occur rapidly during
evolution." (Kenyon 2003).

Resveratrol

You may have heard oés\eratrol,the polyphenolic compountbund in red wine and
grape juice that extends lifespan in model organism such as yeast and worms.



commons.wikimedia.org/wiki/File:Red_Wine_Glas.jpg
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In yeast, worms and mammals, resveratrol activates sirtuins.

1 Inthe wormC. elegansSir-2 regulate aging via the insulin/IGF pathay
transcription factor dat6

1 Resveratrobxtend<C. elegandife spanthrough Si¥2

1 Sitruins and resveratrol enggulate genes that act on oxidative stress and energy
metabolism

1 In mice, srtuins act onthe brain'ssamatotropic signaling axisyhich regulates
IGF and growth hormones to control growth and infludifespan



Shared pathway

Insulin signaling, mitochondrial respiration, acaloricrestriction

1 share conserved rolesregulating lifespan in wormdljds, rodents, monkeys and
almost certainly humans.

1 converge taegulatea core set obiological processeasecessary for extended
lifespan

Neurons are particularly susceptible to damage of free radicalsrirmohondrial
respiration

This is the easm why caloric restriction andntioxidantssuch adipoic acid are so
promising to extend lifespan and save aging brains.

What role does sugar (glucose) play? Here's the title of Cynthia Kenyon'ylpager
2009)

"Glucose shortens the life span of &gans by downregulating DAEG/FOXO
activity and aquaporin gene expression."

Lambert and Merry tested if CR benefits were reversed by high insulin levels in rats.
T CR
0 decreases insulin levels
o decreases fremdical levels in the mitochondria
1 Artifici ally increasing insulin levels
o reverses the reduction of freadical levels in the mitochondria

Do these aging pathways explain why caloric restricted animals have much lower rates of
cancer than animals that eat more?

"DAF-16/FOXO targets genes thagulate tumor growth in Caenorhabditis
elegans.

" éinhibiting insulin/insulinrlike growth factor 1 (IGFL) signaling extends

lifespan and increases tumor resistance in C. elegans and mammals. To investigate
how the insulin/IGFL pathway couples thesedwrocesses, we analyzed putative
transcriptional targets of the C. elegans FOXO transcription factor BBAhich
promotes both longevity and tumor resistance. Twairg of 734 genes tested
influenced germlingumor cell proliferation or p58ependenapoptosis. About

half of these genes also affected normal aging, thereby linking these two processes
mechanistically. Many of these 29 genes are orthologs of known human tumor



suppressors or oncogenes, sugggghat others may be as wellPinkstonGos®
2007)

Biomarkers of Caloric Restriction May Predict Longevity in Humans

Are all these animal studies relevant to humans? We don't know for certain, but let's look
at some of the evidence.

Lower body temperature and lower blood insulin levelshaylely-reproducible
biomarkers otaloric restrictionin rodents and monkeys

Caloric restrictioralso slows the rate of decline 8érum dehydroepiandrosterone sulfate
(DHEAS, a steroid hormone related to testosterone) in aging monkeysiarans.

Thesethree markers- body temperature, plasma insulin, and DHEABay be
important in health maintenance and may serve as biomarkers of potential longevity

George Roth and his colleagues at the National Institute on Aging in Mastlzdidd
data from the Bltimore Longitudinal Studgf Aging in Male Humans (BLSA).:

T obtained recor ds oufe pasmajnailintaaddDHBASdyY t emper

1 divided the subjects into those in the upper half or those in the lower half of
measurements @ach biomarker

1 compare the survival of men in each group.



MNIA Primate Aging Study
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Men with lower body temperature, lower plasma insulin, and higher DHiZ&®

significantly longer.

Whateverenvironmental or genetic factors that causeli&& effects on body
temperature, plasma insulin, aDHEAS in these mepredict theidongevity.

In a similar longterm study, the Honolulu Heart Program study, blood glucose in middle

age strongly predicts survival (Rodriguez 1999).

Several studies have identified genetic mutations in the insulin/IGkagtin humans
that are associated with increased lifespill¢ox 2008,Suh 2009 Pawlikowska2009,

Flachsbart2008includinglgflr andFOX03A (daf-16 homologue)

FOXO03A genotype is strongly associated with

human longevity

Bradley ). ‘Willcow *t*, Timothy &. Donlen*1, Qimel He*, Randl Chen*!, John 5. Growe*ll, Katsuhlko Yano*t,
Kamal H. Masakl**, D. Cralg Willooo=-=*, Beatriz Rodriguez=*, and J. Dadd Curb=*



Functionally significant insulin-like growth factor |
receptor mutations in centenarians

Yousin Suh*, Gll &tzmaent, MI-Ook Cho*, David Hwang*, Bingreng Liu®, Danlel ). Leahy®, Nir Barzllaft?,
and Pinchas Cohen®

Association of FOXO3A variation with human
longevity confirmed in German centenarians

Friedearike Flachsbart®, amke Callebe®, Rabea Klelndorp®, Hélene Blanchés, Hubsrta von Eller-Ebersteind,
susanna Mikolausd, Stafan Schrelber®'2, and Almut Hebel=!

Ann Brunet at Stanford foungeural stem cells in miareaffected byFoxO3
med.stanforeedu/ism/2009/november/brunet.htiBrunetis working on creating a
mouse in which FoxO3 levels are artificially elevatedhdirtheory about the function
of the protein i n sibletatthenaurahstem selisthese mieec t
will be protected frontoss and aging

Understanding thegenetic basis ottognition and aging in humans

We havedentifiedseveral genethat regulate agingiognitionor cognitive decline

COMT

BDNF

NR2B

daf2/ insulin and insulidike growth factor reqgator
daf16/FOXOtranscription factor
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Variations in the DNA sequences of these geaedvariationin where and when the
genes are turned on (expressédye major impact oaur lifespan, cognition, and
cognitive decline. However, at present, wéydmow a fraction of the genes that affect
lifespan and cognition. We have very limited knowledge of variaiiotise sequence
and expression in the human population, and in particular in the healthy aged.

A major goal of current research is to identlig genes involved in aging and cognition,
to determine their functioand how they are regulatetiwo technological advances are
accelerating our ability to make these discoveries:

1 the ability to determine the complete genome (DNA sequence) of many
organisms at low cost

1 the ability to determine when and where genes are turned on using gene
expression microarrays

(@}



Sequencing the first human genome was completed in 2001, at a cost of about $3 billion.
Today, your genome can be sequenced for under $1d;86@oal is the "Thousand
dollar genome". What will we be able to do witB2000genome?

The longestvell-documented human lifespan is ab®f0 years. That's twice as long as
our nearest relatives, the chimpanzees and bonobos, which live up to 5Bytars
genes differ by only a few percent.

With a$1000genome, it is feasible to sequence large numbers of humans, chimps, and
bonobos tdind the genes that cause our differences in bram sind differences in
lifespan.With sequences from mamydividuak of each species, we can see which
genetic differences are just minor variagsevithin a species and which differenca®

linked tolonger life or bigger brains.

We will be able tacomparethe genomes of thousands of humans, to determine what
genetic variations within our species are present in the oldest, healthiest, individuals.

Two companies in Silicon Valley are leaders in the development of technology for the
$1000to sequence a complegenome.

1 Complete Genomics

1 Pacific Biosciences

"Complete Genomics sequenced its first genome in early 2009 and that data is

publically available in the National Center for Biotechnology Information (NCBI)

database. Already, in 2009, Complete Genomics has sequenced and delivered

genomes to important calborators in academic, pharmaceutical and government

research institutions. In 2010, the company intends to sequence 10,000 genomes.
Compl ete Genomicsd6 mission is to become t
sequencing. Il t i s c langestuntan genommeusequehcing g t h e
center in California. Further expansion is planned by opening sequencing centers
worldwide! www.completegenomics.com/corporate/vision.aspx

Pacific Biosciences is developiggi ngl e Mol ecul e Real Ti me ( SMR
sequencingechnology which they hope will enable sequencing of a complete human

genome in under one hour for a cost of under $100. (See Pacific Biosciences video,
www.pacifichiosciences.com/video_lg.html
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Generation of sequence data. Enzymatic incorporation of the labeled nucleotide creates a
flash of light, which is converted into a basé naing optimized algorithms. Source:
Pacific Biosciences.

Here's an example of how the sequences can beBeeudanovits and colleagues

(2009) compared the sequemmtdhumans, chimpanzees and other primates to identify
gene mutations that appearet&wve been positively selected in humans. They found one
such gene, the befaadrenergic receptor, that has common genetic variant in humans. In
two human populations, the genetic variants were associated with differences in 1Q.

After we identifya genedhat is involved in aging or cognition, we still need to learn
where it is expressed, its function, and how it is regulated. That is where gene expression
microarrays come in.

See PowerPoint file "Microarrays short intro.ppt".

Cynthia Kenyon and her celkgues used microarrays to identify genes that are regulated

by daf16. After identifying the genes, they used RNA interference to alter expression of
the genes to observe their effects on longevity. Expression of a gene can be blocked using
RNA interfererce or by genetically modifying the animal so that it no longer has one or
both copies of a gene (a gene knockout). Extra copies of a gene can be inserted to
increase expression. By increasing or decreasing expression we can learn the function of
a gene andee what other genes change in response.

Here is an example of using microarrays to study aging brains and codaitmon.
Blalock and his colleagues at the Department of Molecular and Biomedical
Pharmacology, University of Kentuckysed microarraystudy gene expression in the
hippocampus ingroups of young, miéged, and aged ratBlélock 2003.

Animals were trained on two memory tasks
1 Morris spatial water mazg&WM)
1 Object memory taskOMT)

Hippocampal CAl region of each animal was analyzecdhandividual microarray.



Results:

As expected, older animals had significantly worse memory:

They also found specific genes whose expression levels correlated with performance on
the memory tests:



