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Cognitive disabilities continued.:
Dementia



Dementia

* severe cognitive decline

e age related: <1% under 65
13% of those aged 65
42% of those aged 85+

US Medicare cost/year $189 billion by 2015
not including cost to family, friends, insurance

2"d leading cause of death
2"d  most expensive medical problem amongst elderly

by 2050 US 1 in 30 will have dementia

will bankrupt Medicaid/Medicare if no treatment is
discovered



Types of dementia

Multiple infarct dementia (MID)(vascular dementia)

* numerous small strokes

The pattern of progression of
vascularand Akzheimer's dementia

* Infarcts lead to brain damage -

* more abrupt onset, focal symptoms

Alzheimers disease (AD)

Leve] of function
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* half of all dementia cases
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1/3 of all dementia cases involve both AD and MID

Tiame T Alzheimer’s

Vo s Vasoular

Other: Pick’'s disease, frontotemporal lobe dementia

- all except MID seem to involve tau gene, chr 17

- chronic inflammation is a feature of aging brain and may play important

role in several neurodegenerative diseases

astrocytes normally suppress inflammation through activation of DRD2 receptors —

new avenue of research into treatments




Alzheimer’s disease (AD)
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* 50% of all dementia éiases

Alzheimer's
Disease

« of top 10 causes of death, AD is the only one with increasing mortality

« early and late-onset types

-symptoms very similar but progression swifter in early onset, same

eventual outcome

Disease progression: recent memory loss, irritability, poor concentration

loss of independence

death usually within 4-6 years after diagnosis for late onset (range 3-20

years)

e once symptoms appear extensive changes in the brain have already
occurred extensive amyloid peptide buildup, tangles of fibers, plaques
« disease thought to start much earlier than current diagnosis



AD

no effective treatment

current ‘treatments’: 5 drugs slow progress for 6-12 months in ¥z of those
treated

no proven means of prevention

definitive diagnosis used to be on autopsy
now, brain imaging, spinal tap 90% accurate

spinal tap reveals 3 amyloid elevated 20-30 yrs before onset of
symptoms ie. at 10,20 yrs of age in early onset cases

late onset APOEA4 carriers — brain function changes measured at 40 yrs
of age, before any amyloid changes

failure of new treatments thought to be because disease needs to be
treated prior to symptom onset

~ 58% heritability for late onset type (early onset is single gene)
genes have slightly greater influence than environment



Published online 25 January 2011 | Nature 469, 458 (2011) | doi:10.1038/469458a
News

Alzheimer's-disease probe nears approval

Imaging technique could help to resolve questions about brain plaques associated with the condition.
Heidi Ledford

Flor betapir reveals amyloid plaque build-up (red) in the brain of someone with Alzheimer’s disease (bottom), which is
absent in a healthy brain (top).ELI Lilly/Avid Radiopharmaceuticals

An imaging agent that reveals a signature of Alzheimer's disease in the brain — given conditional support last week by advisers to the US
Food and Drug Administration (FDA) — is likely to be more valuable to scientists than to patients. The agent, called florbetapir (Amyvid),
enables physicians to determine whether Alzheimer's disease is the cause of a patient's dementia. In the future, it may also help them to
catch the disease before obvious symptoms appear, a hope that has sparked fresh debate about the value of early diagnosis for a
devastating, untreatable disease. The panel of advisers — whose guidance is usually, but not always, followed by the FDA — also stated
that the test should not be given final approval until its developers demonstrate that clinicians can uniformly interpret its results. "The
importance of the decision is probably bigger for research in the near future than it is for clinical practice," says William Thies, the chief
medical and scientific officer of the Alzheimer's Association based in Chicago, Illinois, a nonprofit organization that funds research on
Alzheimer's disease. Physicians diagnose Alzheimer's disease only after memory loss interferes with daily activities. By then, "there's so
much irreversible damage that it might be too late to hope for an effective treatment", says Gil Rabinovici, a neurologist at the University
of California, San Francisco. Definitive confirmation comes from autopsy, with the presence of characteristic lesions in the brain caused by
clumps of the peptide amyloid-B. These amyloid plaques are hypothesized to be the cause of the memory loss. Some researchers already
use a reagent called Pittsburgh Compound B to image amyloid plaques in people suspected to have Alzheimer's disease. The compound
binds to the plaques, and its radioactivity can be detected using positron emission tomography. But the reagent is labelled with carbon-
11: with a half-life of just 20 minutes, its use is limited to the handful of facilities that have an on-site cyclotron to prepare it. In contrast,
florbetapir is labelled with fluorine-18


http://www.nature.com/news/author/Heidi+Ledford/index.html

Early-onset form

- only 10% of Alzheimers cases are early onset

- runs in families in a Mendelian way so clearly influenced by single genes
- several single gene autosomal dominant mutations found

- those with mutations will get AD, usually around 30,40 years of age

- Involves over-production of 3 amyloid

plaques = areas of insoluble beta amyloid peptide
do not necessarily indicate areas of neuron damage
no agreement on how, or even if, amyloid is toxic

amyloid precursor cleavage , A [} peptide (amyloid) — plaques
protein (APP) /T> accumulation
presenilin 1 and 2 Apo E4

dominant APP mutation
on chr 21



Late-onset form

first degree relative risk = 50% (by age 85)
prevalence = 42%

twin studies indicate a moderate genetic influence:
MZ concordance = 60%
DZ concordance = 30%
h? estimated 58%

thought to be caused by failure to clear  amyloid

Etiology?

Bamyloid binds to normal prion protein - in hippocampus this seems to
be involved in LTP - learning & memory abnormal A disrupts this?

APP binds to apoptosis-inducing protein DR6(death receptor 6) to
regulate natural degeneration (pruning) of neurons during development

In later life, extracellular fragment of APP, working with DR6 and
caspaseb produces neurodegeneration?



Apolipoprotein E gene chromosome 19

- associated with nearly 50% of late-onset AD cases

- typical association: E4 allele found in 40% cases compared to 15%
controls

3 alleles :

E2 rare allele, protective effect on AD  (but homozygotes have > risk for cv
disease via high blood cholesterol)

E3 most frequent allele
E4 risk allele increases AD X6 (also increases atherosclerosis __. heart attack

stroke)
Genotype Frequency Mean age of onset Risk of AD
E4/E4 2% population 68 1lin2
E4/ - 15% 75 1in4

no E4 83% 84 1in 10



TREM2 gene chromosome 6

» recently reported (Jonsson et al, NEJM, Nov 1012), independent
replication reported in GWAS study

* rare missense mutation
« OR=2092
« receptor on microglia, dendrites — role in inflammation

risk allele thought to cause brain damage through inability to clear toxic
products

* mouse knock-out — reduced phagocytosis of apoptotic neurons

overexpression increases phagocytosis

Several other rare, lower risk variants also identified by other GWAS
that also influence inflammation



microglial cell-
derived IL-12
and IL-23 ...
are involved
in disease
progression

2 IMMUNOTHERAPY

Alzheimer’s disease is asscciabed
with the increased production and
accumulation of anyyloid-f peptides
in the brain. An inflammatory com-
penent has also been recognized,
although the exact contribution of
innate immune signalling to disease
pathogenesis is still unclear. Here,
wom Berg, Prokop and colleagues
identify intedeukin- llmrm and
IL-23 signalling as a therap

RESEARCH HIGHLIGHTS

o imvestigate the role ufﬂ:seq-mhn-
in Alheimers disense patl

Strikingly these oyt okine-knodk-
out AFF/FS] mice showed reduced
disense severity compared with AFP/
PS1 mice, as assessed by the acoamu-
Iation of amylcid-f in young mice and
the - icl-p

evaluation tests, supporti role for
IL-12 and IL-23 in human disease.
'I'izl:mh‘.lmp-umm:g&nml
perspective gven that the
safety of pdl-specific antibodies has
been previously evaluated in climical
trials for the treatment of psoriasis,
‘Crohnk disease and multiple sclerosis.
Finally, gene expression amalyses

target in this newrode generative
disarder.
Microglia are brain- and spinal

with bone marrew-chimeric mice by the authors and others sugpest
" 1 that microglial cell-derived that microglial cell-derived TL- 12

m,dnd:n]l—dm!udﬂ.—u lmdm
are irvobred in disease

activity ofastrocytes, which express
the sigralling subumit of the TL-12

cord-pesident cells of mpeloid origin, Sb,mﬂz-ﬁndmslbznﬂ:m receptor and the IL-23 receptor:

and thep has been some debate peutic application? Tortrap H. further studies are nesded
ding whether they ibute to Arninistration of a pdi-speci tio Fully understand how IL-12 and

the dearance of ammploid- following antibody for 11-13 week s reduced IL-23 contribute to Akhesimers

theiractvation. The authors anabysed  early armyloid-p plaque formation disense pathogenesis.

the phenotype of microglia from {at 120 days of age) in APF/PS1 mice. Miria Papatriantafilon,

AFPP/PS] transgenic mice, which ape Marecver, intracerebroventricular _ Associate Edifor,

uasexd o n model af Alsheimer’s disense,  administration of the paD-specific Hature Reviews [mmunalogy

and found increased expression of -m:‘b-ud;-muhi:zﬁPP.fPSlmt: . .

pd0 (the common subunit of IL-12 am -ung'hnhn l and [EEEETA AT

Fromm wild-type mice. So, they crosssd mn\nnfplﬂmﬂu 2 1 .

AFP/PS] mice with mice that are defi-  fluid of patients with Alzheimers

cient for pdil, p35 (the a-sabunit of dizease was shownte late with dechae.

1L-12) or p19 (the a-sabunit of IL-23)  the patients” performance in mental ERm
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Recument fusion in pediatric AMKL
James Downing and colleagees report the discowery of recunremt
driver muiations In pon-Down syndname acute

leuk=mia (non-DE-AMELL InCluding a CEFAZTI-GLINSZ fasion
present In 27% of pediatric cases (Cancer Cell 22, 6B3—697,
2012}, The authors sequenced the transcrptomes of 14
pediatric AMKL cases and found 7 with a balanced mwershon on
chromosome 16 resulting Im an in-frame fuslon of CEFAZTS and
&I 152, Follow-up analyses In a langer set of pediatric and adwtt
AMEL cases showed that this fuslon was recurment, resiricied to
pediairic cases and assoclated with unfavorable outooms. The
arthas also dentlied 3 NUPSS-KDMSA fusion in 8% of pediatic
cases, a5 well as recurment mutations in GATAT and JAK Kinase
g=nes. To examine the biological effects of the CEFAZTI GLIS2
fusion, the authors transdeced mouse hematopoietic cells with
a retrowines encoding CHFAF TG M52 and found that the fusion

showed that these effects on seif-renewal were |lely medlated
by upreguiation of bone morphogenetic protein (BMP) signaling.

TREMZ and Alzheimer's disease

Two groups have independently identified a rare variant that is associ-
ated with susceptibilsty to late-onset Alrheimers disease (LOW D), with
an effect size similar to that of the ed sk allele of apolipoprotein E.

Besranchers in the & lxhei Genetic Analysis Group (N Engl. L Med.,
published online 14 Movember 2003; doi-10.1056/NE[AMoa] 211851
nominated TREMZ asa ising diclate b i Joms-

d—ﬁmnmmmﬂm Hakola dizsace a rare reces-

missense variant, B47H, which associated with LOAD in coborts from

Maorth America and Sep.'u:-.ﬂ}- ressarchers at deOVDE Genetics
(N Emgl. J. Aded, kil 1--‘-"‘ ber 2002; &:\\Ll'l]ﬁﬁ.l'
NE[Moal211103) sdentified the M?H\mm an im|

we-wide association study using the Icelbandic population and rep-

Erated the association with LOATD in Mocth American and Earopean
cohorts. TREM? i an immune phagocytic receptor expressed in brain
microglia. Asumming that the TREMZ risk variants impair TREMZ
function, thess studies soggest that reduced function of TREMZ causes
recnced phagooytic dearance of amyloid proteins or celbbar debeis and
thus impairs a protective medhanism in the brain. EMN

Migration from trees to graphs

Jos=ph Pidkrell and Jonathan Pritchard report a new statistical model
(PLaS Ceret, B, e 1DO3SST, D012). ]n‘:ﬂm.tnimﬂ!ﬁnlfmﬂﬂzsaﬁ
meﬂMltﬂ'ﬂ.l:pHLmﬂ'mtgﬂoglucﬂdech‘} their approach imenbees
I.n::ma:l:l and modeling migration events to improve the it within a
graph-based model. They tested their methaod in simulations as well as
on a human data s=t inclding genome-wide data froen 53 meodern and

Writter by Orli Bafcall, Pamela Feliciano, Emily Memilz & Kple Vopon

RESEARCH HIGHLIGHTS

2 archaic populations. They inferred a likelihood tree from
the humam data ztlhl.mcqulnh.hﬂl’.nmnnpa‘plﬂahm rﬂmﬂupt:
and explains 98.8% of the variance in el
wm]}yaddmgﬂmtmmmmﬂ:ntmmﬂml
mll:lmn-'nm they increased the explained varfance io 59 8% The
mnh:aknappludﬁnrwmﬁhlnampme—wﬂ:daﬂmd

MED12 in cancer drug resistance

Targeted cancer drsgs do oot typically lead to long-term sorvival
benefits owing to driag resi | by secondary-site
Bernards and colleagues report that suppression of MEDN 2 confers
cell lines (Cell 151, 937950, 200 2). The aisthors condiscted an im witro
Mmmﬁmm]mmmpﬁm?hndh
MEDIZ was the only gene whose supp led tor resi to the
ALK inhibitor crizotinib. They then performed an imeerse screen with
a short bairpin RNA (shRNA ) lshrary that oovers all 518 human kinases
foaand that sappression of TGFER? resensitized MED P cells to crizo-
timih. Further sxperz iy o that t of rultiple cancer cell
limes with recombinant TGF-B conferred resistance tomultiple targeted
Finally, the austhors tested the combination of a TGF-BR2? inhibitor with
crimotinib in MED 77 calls and chserved a synengistic inhihitory efect.
mmnmﬂﬁtﬁmﬁemﬂmmm
m]::i]ulﬂr:mugl:tl:eln:ﬁacm-:ﬁu—.:pyﬁ:r
1 TGF-B signaling PF
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Autism candidate gene resequencing
Although miuch effort has been made I sequencing autism
exmmes, It has been dificutt to robustly establish ASD (awrtism
spectrum disorder) candidate genes as bona fMide genetic risk
factors, as only single muiations are fypically observed. Mow, Evan
Elchiler, lay Shendure and colleagues repat ulira-low-cost ASD
candidate gene resequencing of 44 genes In 2,446 ASD probands
{Scfence, publiished online 15 Movember 2001 2; do-10.1 126
science. 1227 764). This resequencing method uses a modified

‘signiticant evidence of

burgen; Thwe of these are comtalned within the g-catenin'
Cchromatin-remedeling network. Artogether, approzimately 195G
{2452,573) of ASD probands had a mutation in 1 of these &
genss_ Because the S5C was established for tamilles with simplex
ASD and these probands typlcally possess higher cogniitive
Tunctioning levels than other ASD coboris, It 5 not kmown bow
gensrallzable the mutation burdens of these six genes will be In
Idlopathic autism. PF
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Summary - genes associated with Alzheimers disease

Chromosome Gene Onset % cases Product
type familial all
19 QTL 60+ 40-50% ApoE4
6 QTL 60+ TREM?2
14 dominant 30-60 70-80% 5-10% Presenilin 1
(membrane proteins)
1 dominant 40-70 20% 2-3% Presenilin 2
21 dominant  45-65 2-3% <1% APP

(amyloid precursor protein)

+ 9 QTLs identified by SNPs for late-onset, all with very small effect
For late onset: ~33% of risk attributable to genetic effects has been

Identified

Pathway analyses implicate cholesterol metabolism, innate immune

response (inflammatory processes)

no mouse model that shows all AD characteristics (+12 partial models)
C elegans model worked on here , Chris Link lab
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Increasing CREB Function in the CAl Region of Dorsal
Hippocampus Rescues the Spatial Memory Deficits
in a Mouse Model of Alzheimer’s Disease

Adebhide P Yiu'"Z, Asim | Rashid'*" and Sheena A Josselyn™"-2*

" Prograrm in Meurosciences and el H et Hos it for Sidc Childen, Toronto, Ortario, Canace * hstiute of Medical Sdences, University of
Tarorta, Torontn, Oriario, Canade; “Depatrment of Physiobgy, Unicemsity of Toronto, Toronta, Chtarin, Canada

The princpal defning featue of Arheimer's dissass (AD) is mamony impainment. As the fanscrption factor CRER (cAMPIC""
responsve sementbinding protsing & critical for memory formation aconees spedes, we imeestgaied e role of CRER in a mowse miodel
of AD.We found that TgUFRMNIDE mice svhibit a prodound mparrment in the abidiity to form a spatal mermory, a process $hat crifcally
relies on the dorsl hippocarmpus. Fertags contributing to this memony defiat, we dosereed additional deficits in the dorsl ippocampas
of TgIRMIDE mice in terrs of (| ) Bochermistry (deoeased CTREB actiration n the CA region), () neurorad struciure (decressed spine
density and dendritc compleaty of CA| pyramidal neurors), and (3} neunonal network actrty (decreessd o mBNA, ek follosng
behasiond faining). Localy and acutsly incresng CRER function in the CAl region of dor=d hippocarmpus of TeORMDE mice we
sufficiert to restors function in ssch of these ey dormirs (Bochemistry, nerona strucuee, neteork actieity, and most importanty,
ey formation). The rescue produced by increesing CFES was spedic both anatomially and behadorly and ndepandet o
plague load or AR levels. Interesingy, burmans with AD show poor spatial memorghadigaton and AD brains hees dsnupted (1) ORER
activation, and () spne dersity and dendritc complesdty in hippocrmml CAL pramidal nesrons. These: parslsl fndngs not only
corfimm that TgCRMNDE mice acourately model key aspects of burman AL, but urfiemors, augpest the imnguing possibility $hat targeting
{RER rmay be a weeful therapautic siategy N tremtng humars with A

INTRODUCTION

Alrheimer's disease [AD) is the most common form of
dementia in the aging population Although the precise
molecular precursors of AT remain elusive, the majority of
evidenoce imdicates that f- (AF) hasa keyrole in AD
pathogenesis (Price o al, 1998 Mucke et af, 2004 Tarzi and
Bertram, 2001; Hardy and Selkoe, 2000; Zhang et al, 2011)
Al is formed by the sequential deavage of amyloid
precursor protein (APP) by f- and y-secretases (Kang
et al, 1987 Goate ef al, 1991; Rossner ef al, 198; Selkoe,
1998; Mils and Reiner, 199%). Mutations in the genes
encoding APP orﬁu'\eﬂnmm { & that form of the
y-secretase complex) increase Af levels (Citron ef al, 1992,
1997; Cai et al, 1993 Suruki et al, 1994) and are thought to
canse familial forms of AT (Price et al, 1998; Hardy and

*omepandences D 5A jomelyn, Frogram in Meunsdenoes and
Mental Health, Hospital for Sick Chidiren, 555 Unersity Asenue,
Taonis, O MSG 18, Camada, Tel: +416 813 7654, Foc +416
H13 TH7, E-rmails sheenajomelyriflisiclkdad= o

Recered 28 ey 300 | revsed 20 Agrl 20 | acospted 5 May 2011

Newopgehopharmomlagy (200 1) 36, 2 16921 86; doo | 1 10385pp 201 1107 published online & jJuly 201 1
Keywords: rmemong lippocarmpaes; waberrmages, CRER; Alrhemes's dissase dendritc spines

Selkoe, 2002) Although increased levels of A may
eventually cell death, memory impaiment s often
observed in AD patients before frank neursdegeneration
(Cullen et al, 1997; Itoh et al, 1993 Selkoe, 2002; Vitolo eral,
2002). These suggest that high levels of Af
negatively impact the molecular mechanisms required for
normal memory formation

CHEB {cAMP/Ca™* responsive element-binding protein)
is a transcription factor that is critical for me fiorrma-
tion across a wide range of species (Dash er al, 1900
Bourtchuladze ef al, 1904; Yin ef al, 1995; Harum ef al, 2001;
Sekeres ef @l 2010). Several distinct lines of evidence
implicate mis-regulation of CREB function in AT PFirst,
there is decreased CREB activation in post-msortem hippo-
campal tissue from AD patients (YVamamote-Sasald er al,
1999 Satoh er al, 2009). Second, amalysis of an "AD
transcriptome” (produced from genome-wide expression
profiling of CAl hippocampal tissue from non-familial
(sporadic) AD patients (Blalock er al 2004)) identified
CHEB as the most highly connected hub in the A trans-
criptome network (Satoh et al, 2009). Similar genormic
network amalysis shows a tight cormelation between the



Environmental risk factors for late-onset AD, other forms
of dementia and cognitive decline

overweight and/or diabetes in midlife
Increases risk of AD x1.71 (Hassing et al, 2009)

poor nutrition

- Swedish study: low B12 and folate levels linked to poor memory in
people with risk alleles for AD.

- 10% of older people have vit B deficiencies (low levels)
hearing loss
mild  x2 moderate x3 severe x5 risk of dementia
controlled for age, diabetes, hypertension

social isolation

cardiovascular disease, hypertension



Suggested preventative measures

« physical exercise — strongest evidence
e cognitive enrichment exercises

« social activities

e drink coffee?

* melatonin?

- these may increase chances of healthy brain — not shown to prevent
AD
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Neuronal basis of age-related working memory

decline

Min Wang', Nao J. Gamen', Yang Yang', Lu E. Jin', Xiao-Hog Wang', Mark Lauhach'™, James A. Maser’, Daeyenl Les'

& Army F.T. Arnsten’

hhn'ro\fﬂ!mpﬂu*ﬂchof | g [ -tk ks~
ed e £ ) vl
prefrontal mrtex (PEC) d'riund:lm"' mﬂﬂgﬂ.dubdnvhur

pﬂ'.l:-cl:ln: muh%mcrriﬂ. {Bg ldlﬂlxﬂﬁ]trmmm

amd thowght wsing working memory”, which are

in the information age. Many PFRC nearons hold information in
working memaory throwgh excitat ory metworks that can maintain
persistent mewrmal firing in the alsence of external stimouol ation®
'ﬂﬂ;ﬁ:d.l:milld#rdﬂpmdmtmhmu{hﬂnﬂ
devated cyclic-A MP signalling redmoss
mmhmmdumqmw
Tt is mot kmown if molecolar changes associaied with normal sgeing

alter the physiological of PFC neurons during working
memanry, as there have been no in vive remrdings, to owr knowledge,

Vi

mlﬂﬂdﬂ.rh;of:ged]]!].ﬁ‘l’ ml'_]ﬂl‘ﬂ‘.h’ mestored o
maxre youthdl Levels by g AMP =i il or by blocking
HCN or KCNQ chanmds 'Ilncﬁn:ling-revd ﬂ!cﬂlﬂ.rl:nd.locf
*—rchhdmpitbfedﬂdhetﬂ o 1 il PFC, amd ok trate

wdmrlsﬂﬂdwuﬂs:mw]hﬂumqm\dwﬂﬁhw
(Fig. le) 5 pecifically, c AMP

ﬂ:mmﬁqmmhmqﬂumm&ﬂm
(hyperpalarization-adivated cyclic nudentide gated) chanmes that
are localized on spine where networks interconmect”. Beent dan
indicate that HCN channels may also gate synapfic inputs: through
um:cnnaumthb:ﬂbl:[dmunﬂ:.uﬂmmmn:mh
cAMP provtein kinase A (PEAYF'. Stmlie indicate that
cAMP is disinhibited in the aged PFC™. Nomdrenergic
2y, Teceptor inhibifon of cAMP may be redoeed fom loss of o,

m:nﬂmapﬂl’ﬂ:ﬂ amsdl decressed exdtation of nomdrenergic

ﬂm}mebﬂﬂifeﬂdﬂ:ﬁw}q fromaged PRC
mmwmﬂumm af this i
from rat arkbital Pmﬁnﬂmfh:h]ﬂrlnw

nml.acd-rnnﬂchocl'md_n:ui

Ohr society is mapidly ageing, with the number of semiors in the
Uhnited Stwbes experted to double by 2050 { United States censas,
hapel, Wwwhﬁw}w.

i -, theere have been no in vive
behandoural

dve |

At the mme time, the informmation age requines incremsing
tiomal skills to deal with even bosic needs sl.r_'hasmecid care and
mying billk. However, execufive and ing memaory fundctions
chd::whmﬂu:mm]wm'“"* ineg in mididle
W, Thus, - with may be costly,
b mgnﬂ:'\- rJnnFi mv x:* i’;
ey live independently in an i L=
“m,m-ﬁnium@mﬂh Febaology ot oot
Eﬁzﬂq]ﬂ\!:]ﬁﬂﬂrdﬂdwﬁd?ﬂh‘mm:mmap
dementias'”. Thas, one can be eriin that cognitive changes
mﬂu:ﬂjhnf:mm]mmdm:mpuﬂn!ﬂﬂmu":d:m
Like b ve function
as eardy as middle age'". Ed‘]i:pdmcnkq' I"""::rm‘l]wu:ll::ﬂ:‘"’"’n'::'!:
mﬂmwﬂhﬁmmhﬂmmmmmﬂ
the mntents of memaory | Supplementary Informa fion), I:rn'w
miind information from keager-tenm. stores. (for exaomple, whens I
lﬂutmyw}zﬁﬂusm’lorhcpn‘smnnndamm{ﬁr
a:l:l:q:lh. :mp}mmlﬂrﬂ.
clnsqﬁtﬂ:] PR {Eg, lal Spatial working memory pﬂ'fu‘nn:r-:!
mﬂmmﬁmﬁl that inter et
at spines [Fig. 1<), and excite each other i keep inbormation
‘i mined’, that is, generating persistent spiking acfivity owver a deay

first phy=i ion of FFC  respomme during a
mhgmmnmkmmﬂukmﬂkvﬂmﬂvﬂmm
Monkeys (Macaca muclatin, m — &) wens traimned to perfonnm a spatial
warrking memmary ﬁ:l:nuﬂlﬂ\ﬂz{}wﬂemmlﬂa spatial loca-
o over a brief delay period th d krcation h abamm by e
each trial (g thmmﬁm:kmyunlsaﬂhﬂﬂf?-:ndgwdd
males), two were middlle-aged (12~ and 1 3-yer-old males), and twe
were aged (17- 'yw—oldm:lz_?ldgw\-dﬂfaﬂ]e] Shaort diday= (25s)
wereused in all agegmoups perf s | 2= BS et
cent cormect) acmes Nﬂm{n—mljmrmdnd
:F.mnm:r\u -li.t]h: PFC subregion maost meaded for viswes-
memaory (Fig. la) NMeurons wene characteri nad basad on
d-‘!ﬂhﬂd ring as responsive during (1) the visuospatial cwe period
{2} the delry period when the spatial posifion was being remembered,
mmhtlm (CUE cells, n—28), wherses most neacrons
the dedary period as well 2= b the coe amdlior response periods
(DELAY cells, m — 273 )L Pemsistent firing during the delay period isof
particular intenest, as it is raguired o workdng memarny”. Many PRC
spatial location (s preferred direction), but not other locatioms (the
‘anti- prefemreal” diredion, 180 away fmam the prelemed directiong
Fig 1d)
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