Psych 3102
Introduction to Behavior Genetics

Lecture 16
Genetics of Cognitive Disabilities



1. Mental retardation (MR)
2. Learning disabilities
3. Dementia
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Mental Retardation (MR) General cognitive disabllity

Diagnostic criteria: subaverage intellectual functioning
onset before age 18
related limitations in adaptive skills

4 levels recognized:

mean |Q set at 100
96% of population has I1Q
In range 70 — 130

Problems with diagnosis:

|Q range

mild 50-70 85% of impaired
moderate 35-50 10%

severe 20 - 35 3-4%

profound below 20 1-2%

Susan scored ons standard

L deviation above the mean

Susan performed better
than 84% of the class

-35 -25 -15 X +1s +25 +3s

84% of the scores are
lower than Susan’s score.

* relies too much on IQ measurement, not enough on adaptive skills
 little or no support that these 4 levels are actually distinct categories



Causes of general cognitive disability

* cognitive ability in the normal range has been shown to
have a large genetic influence

* this does not mean that genes are a major cause of
impairment

« of the 60-70% of cases where a cause of disability is known,
only 5% have a hereditary condition:

30% have had an embryonic development problem =5
toxin exposure (eg. alcohol - fetal alcohol syndrome) &~

Small head
circumference

Small eye
opening

v Small midface

Thin upper lip

10% have had pregnancy/perinatal problem
prematurity hypoxia birth trauma viral infection

5% have had a childhood medical problem or condition
trauma lead poisoning infection with high fever

15-20% have had severe deprivation or disorder-induced limitation
mistreatment/abuse ~ communication disorder

5% have a known hereditary condition



Problems caused by prematurity (UK study)

* 50% chance of survival if born at 24 weeks
« <10% chance of survival at 22 weeks

« only 20% of those that survive do NOT have a disability of
some kind by age 6

« cognitive disabilities are most common, cerebral palsy also common

* most cognitive disabilities are learning disorders

* ‘low IQ’ (<80) was present in 72% of survivors vs 14% prevalence

« 34% of survivors had mild problems poor eyesight

« only 4% were severely affected by cerebral palsy

several countries have policies about
helping premature babies survive
eg. Netherlands — no attempt made to help

babies born 25 weeks or earlier
28 other countries have LOWER infant mortality
rates than the USA




Interesting information about female reproductive issues

Save the Children foundation, in recent State of the World’s Mothers
report, puts US 25" out of 165 countries (up from 31st previous year)

used metrics like mother’s education, infant mortality, access to
contraception, breastfeeding rates

US has the highest risk of dying during childbirth among all
Industrialized nations — 40 countries ranked higher out of the total
165

maternity leave policies in US are the least generous of any wealthy
nation

we are the only developed country that does not guarantee working
mothers a paid leave after having a child

breastfeeding for the full recommended one year is very rare in US,
breastfeeding at all is difficult with lack of leave



Genetic causes of general cognitive disability
syndromic  impairment is part of a syndrome, comes along with other
behavioral, physical symptoms
eg Down syndrome  fragile-X syndrome

non-syndromic impairment is the only overt symptom PKU

Autosomal recessive conditions
~25% of genetic cognitive disability 348 genes, <2% non-syndromic
X-linked recessive conditions

~ 10% of male genetic impairment 90 recognized diseases, 42% of
these non-syndromic

~50% of impaired individuals have no clear etiology
idiopathic general cognitive disability cause of disability is unknown

« 25% of this might be due to unidentified autosomal recessives
« estimated 2000 genes with autosomal recessive alleles causing disability



New, recently discovered causes

Microdeletions and other copy number variations (CNVSs)
» detected by
FISH assay — specific hybidization to single probe
CMA (chromosomal microarray) - whole genome, comparative hybridization

>10% of previously idiopathic disability now accounted for by microdeletions

~1% of these abnormalities are inherited - making antenatal diagnosis possible
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FISH Positive Williams Syndrome FISH assay Negative Williams Syndrome FISH assay

(Chromeosome 7) (Chromoseme 7)
The alastin gene is found on only one chromaosoma. The alastin gene is found on both chromosomas.

ﬂ uoresce nt | n SItU hyb”d |Zat| on The othar copy carmias an alastin gene deletion. This individual does not have Williams Syndromea.




Genetic variation: Evidence from family studies

Nichols, 1984 Sibling study

Population sample of 17,000 Caucasian children w
1.2% were mildly impaired 5

0.5% were moderately or severely impaired

Sibs of severely/moderately impaired had average 1Q scores
|Q range 85-125, mean 103

Sibs of mildly impaired had low IQ or were also mildly impaired
mean |1Q =85

* moderate/severe cognitive impairment is not due to inherited factors
* mild impairment may be heritable



Reed & Reed, 1965 Family study

80,000 relatives of 289 mildly impaired individuals

20% risk of mild impairment in offspring with 1 mildly impaired parent
50% risk of mild impairment in offspring with 2 mildly impaired parents
2% population risk

Similar pattern is NOT found for moderate/severe cognitive disability
However, familial resemblance 2z genetic influence

Twin, adoption studies able to separate genetic from shared e effects
- large, population (unselected) twin samples, infancy and adults:

low 1Q is at least as heritable as IQ in normal range
S0, some genetic influence on mild disability indicated



Correlation between general cognitive disability and other
problems - idiopathic syndromic cognitive disability

30% co-occurrence with medical problems

seizures auditory/visual neuromuscular/cardiovascular

50% co-occurrence with behavioral problems

3-4 times prevalence risk of mental disorders

Assumptions: medical problems cause cognitive disability

eg epilepsy causes cognitive impairment, psychiatric, autistic traits
cognitive impairment causes behavioral problems
Could be that some common factor accounts for co-occurrence

CNVs/microdeletions — several genes affected

some of the more common microdeletions produce both behavioral and
medical problems

chr22g11.3 medical problems,learning disabilities,schizophrenia

chr15913.3 general epilepsy,cognitive disability, increased risks for autism,
schizophrenia

parents of children with both medical problems and mild cognitive disability
also show cognitive disabilities indicating genetic causes



Some of the more than 100 genetic disorders associated with cognitive impairment

Disorder Genetic abnormality Location Gene product Function
Huntington disease Single gene 4p Huntingtin Unknown
Alzheimer's disease Single gene 21q APP Amyloid component
Alzheimer's disease Single gene 14q Presenilin 1 APP trafficking
Alzheimer's disease Single gene 19 Presenilin 2 APP trafficking
Pick's disease Single gene 17q Tau Microtubule protein
XLMR Single gene Xq GDI1 Rho GTPase signalling
XLMR Single gene Xq PAKS3 Rho GTPase signalling
XLMR Single gene Xq Oligophrenin Rho GTPase signalling
XLMR Single gene Xq FMR2 Unknown
Fragile X syndrome Single gene Xq FMR1 Transcriptional regulator
ATRX syndrome Single gene Xq ATRX Transcriptional regulator
Duchenne muscular dystrophy Single gene Xp Dystrophin Cytoskeleton component
OpitzG/BBB Single gene Xq MID1 Transcriptional regulator
Rubinstein—Taybi syndrome Single gene 16p CBP Transcriptional co-activator
PKU Single gene 12 PAH amino acid metabolism
Lesch-Nyhan syndrome Single gene X HPRT purine metabolism
Neurofibromatosis Single gene 17 NF1 tumor suppressor
Williams syndrome deletion 7q LIM2 Synapse
Prader—Willisyndrome  imprinted deletion 15q

Angelman syndrome imprinted deletion  15q UBE3A protein degradation
Down syndrome trisomy 21 Multiple genes

Turner syndrome monosomy X Multiple genes

Dyslexia Quantitative trait locus  6p Unknown

ATRX = -thalassaemia mental retardation X-linked syndrome; MR = mental retardation; XLMR = X-linked mental
retardation APP = amyloid precursor protein



Molecules to behavior
lessons from the study of rare genetic disorders

Study specific rare genetic disorders
« to help identify and locate genes affecting behavior

* to lead to understanding of role of gene action on
behavior (pathway between gene and behavior)

Collectively, these disorders are not ‘rare’
1 in 20 will be affected globally

15 million in USA

Many show shared pathology mechanisms



Phenylketonuria  PKU  single-gene recessive
1 in 10,000 live births (US)

e causes moderate/severe
Impairment if untreated 1Q <50

« variable expressivity even in
untreated cases

- variation in natural diet

- different mutations in the same
gene produce varying degrees
of deficiency in the product

gene located onchr12 PAH
phenylalanine hydroxylase

« even with diet low Iin
phenylalanine, PKU sufferers
have slightly reduced cognitive
ability ( mean < 100)

- In utero effects
- diet not adhered to

PAH is not a gene expressed in the
brain or involved in cognitive
processes directly




Fragile X syndrome  X-linked triplet repeat mutation

accounts for 2% of males in residential special schools

2"d most common genetic cause of general cognitive disability (most
common inherited genetic cause)

twice as common in males as females due to incomplete penetrance
In females (50% of females with the mutation do not express any
symptoms)

causes moderate impairment in males, mild impairment in females
premutation, genetic anticipation, imprinting
variable expressivity , pleiotropy

- cognitive disability, physical and behavioral features
large protruding ears and jaw, long face, enlarged testicles,
unusual speech, flapping hands, overactive, impulsive, inattentive

FMRL1 is a gene involved in cognitive processes



fragile X mutation results in methylation of promotor region that then
prevents the FMR1 gene from being transcribed

FMR1 gene product is an RNA-binding protein expressed in brain that
regulates expression of other genes

 FMR1 knock-out mice show learning deficits, behavioral problems
FMR1 mutation in Drosophila now being studied ---> treatment

One gene effected is for brain receptor mGIuR5 --- overexpression
- treatment blocks mGIuRS5 activation (Sci.Transl.Med. 2011, 3, 64)
only effective for those with fully methylated promotor

may also help with autism since some similarity in behavioral problems
mouse model of autism : mGIuRS5 antagonists reduce repetitive self-grooming

Animal models also implicate GABA — agonists being investigated as
treatments



Sci Transl Med 19 September 2012:

Effects of STX209 (Arbaclofen) on Neurobehavioral Function in Children and Adults
with Fragile X Syndrome: A Randomized, Controlled, Phase 2 Trial

Elizabeth Berry-Kravis, David Hessl, Barbara Rathmell, Peter Zarevics, Maryann Cherubini,

Research on animal models of fragile X syndrome suggests that STX209, a y-aminobutyric
acid type B (GABAB) agonist, might improve neurobehavioral function in affected patients. We
evaluated whether STX209 improves behavioral symptoms of fragile X syndrome in a
randomized, double-blind, placebo-controlled crossover study in 63 subjects (55 male), ages 6
to 39 years, with a full mutation in the FMR1 gene (>200 CGG triplet repeats). We found no
difference from placebo on the primary endpoint, the Aberrant Behavior Checklist—Irritability
(ABC-I) subscale. In the other analyses specified in the protocol, improvement was seen on
the visual analog scale ratings of parent-nominated problem behaviors, with positive trends on
multiple global measures. Post hoc analysis with the ABC—Social Avoidance scale, a newly
validated scale for the assessment of fragile X syndrome, showed a significant beneficial
treatment effect in the full study population. A post hoc subgroup of 27 subjects with more
severe social impairment showed improvements on the Vineland II-Socialization raw score, on
the ABC—Social Avoidance scale, and on all global measures. STX209 was well tolerated,
with 8% incidences of sedation and of headache as the most frequent side effects. In this
exploratory study, STX209 did not show a benefit on irritability in fragile X syndrome.
Nonetheless, our results suggest that GABAB agonists have potential to improve social
function and behavior in patients with fragile X syndrome.



Duchenne muscular dystrophy (DMD) X-linked recessive
1 in 3500 males

« 1/3 of cases are new mutations
 lethal by age 20 due to extensive muscle-wasting
« mean |Q =85 verbal abilities especially affected

 variable expression of cognitive effects

mouse knock-out model (Mdx) shows few clinical symptoms but seems to
show useful alterations in brain neurochemistry

* gene product is large protein called dystrophin (2.3 million base pairs)
Suggested roles for dystrophin in the brain:

1.Anchoring and clustering neurotransmitter receptors/stabilizing the
post-synaptic membrane.

2.Involvement in stabilizing LAY, PTRACELLULAR
oxidative phosphorylation apparatus maswa prsmovurcars (R

Dystrophin gene seems to be
Involved in cognitive processes

DYSTROPHIN UTROPHIN

F-ACTIN



Lesch-Nyhan syndrome  X-linked lethal recessive

1 in 20,000 males
e causes moderate to severe impairment d_]

e compulsive, self-injuring behavior with
variable age of onset (av.2-3 years of age)

3-8 months: motor development delays, weak muscles,
Involuntary movement

2-3 years: impaired speech, self-mutilation, aggression,
cognitive disability

early 20’s: death from pneumonia, kidney failure, uremia
(treatment may prolong life)

gene product is HGPRT

(hypoxanthine-guanine phosphoribosyltransferase)

The Human
HGPRT Gene.

- involved in nucleic acid production, mutation leads to T hutations
uric acid build-up, overproduction,overexcretion of " atthese
purines positions in gene

: : : have been found
mouse — different purine metabolism

self-mutilation if APRT inactivated

HGPRT gene is probably not involved in cognitive
processes specifically

A



Neurofibromatosis Type 1

« ‘café au lait’ skin spots, freckling
 neurofibromas -Schwann cell tumors
 40-60% have low IQ (mean=90)

* 50% have learning difficulties (impaired
attention, language deficits)

« social skill, conduct, emotional, peer
problems (partly due to cognitive impairment)

e variable expressivity
inherited from father 90% of cases
but 50% of cases are new mutations

mouse knock-out model - learning & memory
deficits

Drosophila knock-out model — used to dissect
cause of cognitive deficits at cell level,
possible treatment

Neurofibromin normally activates Ras
(GTPase) pathway downregulation

Mutation leaves Ras active, increased cell
proliferation leads to tumors and increased
formation, migration differentiation of neurons

NF1 is a gene involved in cognitive processes

(NF1) dominant, chr 17

1 in 3000-5000

® SEIZURES

® HEADACHES

# BRAIN TUMORS

a BRAIM BLOOD VESSEL DEFECTS

® LEARNING DISABILITIES

# MEMTAL RETARDATION

o MACROCEPHALY (OVERSIZE HEAD)

VISUAL IMPAIRMEN T/BLIMDHE S5
QPTIC GLIOMA
LISCH HODULES

SPEECH IMPAIRMEMTS

SKIM:
CAFE-AU-LAIT 5POTS
AMD/OR MEUROFIBROMAS
(TUMORS) OF VARYING
SIZES MAY OCCUR
AMYWHE RE

— HIGH BLOOD PRESSURE

FRECKLIMG WHERE SKIM MEETS
SKIN (ARMPITS, GROIM, UNDER
THE BREASTS)

SCOLIOSIS

EARLY OR DELAYED PUBERTY

DIGESTIVE TRACT:




Tuberous sclerosis complex

2 autosomal dominant genes TSC1 (chr9) TSC2 (chr 16)
70% cases due to spontaneous mutation many unique mutations
Prevalence 1 in 6000 heterozygotes only
Phenotype - variable expression of tumor growths, tissue malformations
cognitive and behavioral aspects
70-80% have epilepsy
20-30% very low 1Q, 50% normal IQ
20-60% have autism
50% have ADHD
Psychiatric: mood, anxiety, adjustment disorders

Animal models: mouse, naturally-occurring TSC2 rat
Indicate psychiatric problems are not secondary to other symptoms



Timothy syndrome

e autosomal dominant, new mutation
 missense in exon 8 of CACNALC gene
« encodes subunit of calcium channel
« mutation alters Ca-signalling, gene expression ,j,}_
Prevalence: only ~20 known cases -
Phenotype: cardiac arrhythmia (death in childhood)

Control, 120 bpm

b

Webbing Of digits :Affe;:t;d;ssbpm, longQT‘,:Z?1 AVsbIock Affected, 120 bpm, Tgwave alternants
global developmental delay A \
S L1 QTc: 650 ms
~80% meet criteria for autism T —
R
I 1 W TR TN W N \

ULEEN

Ca-channel defects also suspected in SCZ, BIP

Cell cultures from Timothy syndrome cases being used to study how Ca-
signalling changes neuronal secretion of dopamine, NE via gene-
expression regulation and also alters cortical layer specification (also seen
In autism)

Cultures and transplants into mice used to test therapeutic drugs



22011.2 microdeletion syndrome (DiGeorge, velocardiofacial)

45 genes COMT PRODH others
catecholOmethyltransferase proline dehydrogenase
Most common human deletion syndrome

Estimated prevalence 1 in 4000 live births

Phenotypic spectrum
40% have major heart defects
distinct facial features
abnormal CNS development
- delays, learning disabillities
seizures
60% develop a psychiatric disorder by adulthood,
20-25% schizophrenia




Williams syndrome 1 in 10000 live births
spontaneous microdeletion on chromosome 7__

growth retardation ‘elfin’face
multiple medical problems

variable expression of cognitive disability
|Q range 20 — 106 mean = 58
gregarious personality

often good language development and auditory memory (for
1Q level)



Williams syndrome cognitive profile
Model
Williams
Age 11:1
KBIT 70
(RA)
ol i WalEEn
KBIT 66 |V \ i L
o i ) | A
Control !N:m:%d_ ! =)
Qﬁcn(‘,?lo N
(LC) ’
% relative to norm for age KBIT = Kaufman Brief Intelligence Test
Language
Face recognition
Musical abilities 35-98%

Social behavior

friendly’ personality traits _
Visuo-spatial L
Counting <1%
Implicit memory
Problem solving — ABC tv video




~25 genes

elastin (ELN) gene — connective tissue problems
LIMK1 Kkinase gene - cognitive deficits

2 GTF (transcription factor) genes being investigated as involved
In social approach

mouse model difficult to develop since this is one region where mouse genome
differs from human in order of genes present

Note: the “control probe” helps identily
the #7 chromosomes.
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Positive Williams Syndrome FISH assay
(Chromosome 7)
The alastin gene is found on only ona chromosoma.
The other copy caries an alastin gene delefion.




Angelman / Prader-Willi syndromes

*spontaneous deletion on chr 15
sregion subject to imprinting

deletion inherited

from Dad
from Mom

1 in 25000 1 in 22-25000

Angelman syndrome Prader-Willi syndrome




Prader-Willi syndrome

* mild to moderate intellectual disability (av IQ 70)
e growth, sex hormone deficiency

e compulsive overeating leading to severe obesity (life threatening)

early disinterest in food, increasing preoccupation with eating, failure of normal
satiety response to food intake

strict control of intake limits independence
being studied to understand how abnormal eating behavior arises

Angelman syndrome

e seizures, movement disorders

* moderate cognitive disability

* speech impairment

« happy demeanor — frequent laughter, excitability

mouse model used to investigate action of deleted gene(s) deficits able to be
rescued when crossed with another mutant mouse



Molecular mechanism imprinting on chr 15

i
[-]

= h P

i

Mormal Angelman Prader-yVill

0 = unknown(HBII-85 snoRNAS) > = ubiquitin-protein kinase (UBE3a)
| H gene
associated with abnormal eating
hippocampus & cerebellum
(both copies active in body cells)

mouse model : from I\/Iomy'a’é%a + normal CaMKIl — AS
UBE3a + mutant CaMKII — normal

identifies increased inhibitory
phosphorylation of CaMKII as causing AS

epistasis



Chromosome 15

Transcription in
antisense direction

>
e Pat I
— UBE3A e
Py
Control
centre
Gene transcription
-
= Maternal
| copy

Of the two copies of the UBE3A gene, only the maternal copy is expressed in neurons, with the paternal
copy being silenced by genomic imprinting. Specifically, expression of paternal UBE3A is inhibited by
transcription in the antisense direction of a long sequence that includes not only this gene but also the
control centre that regulates its expression. In the equivalent maternal chromosome, the sequence
encoding the control centre is methylated (Me) and so is not expressed. This inhibits transcription in the
antisense direction and allows expression of UBE3A. Huang et al." identify drugs that can activate
expression of paternal UBE3A. Such drugs could be useful for treating Angelman syndrome, a disorder in

which maternal UBE3A expression is absent or very low.

ANGELMAN SYNDROME



Down syndrome  spontaneous trisomy 21

« 200-300 genes on chromosome 21
« 1% fold increase in expression of genes

 risk increases with age of mother
* most common genetic cause of retardation
 distinctive physical features

Growth failure ‘Broad flat face
. ' o Mental retardatio 2D Slanti
« variable expression of cognitive  Merereesen T e e o
Flatbackofhead — 1 g & i‘ Short nose
\ “I’ -

T ,ﬁ‘& Short and

Q/ broad hands

| P/ [Small and
i arched palate

23,
Many "loops" ’:/
on finger tips /
° MmMean IQ — 55 Palm crease - b
Special skin

10% in low normal range e petene

Unilateral or bilateral

d ISabI I Ity Abnormal ears ———t;‘zfé

Big, wrinkled

tongue

) {

— 5\
e Dental anomalies

> XE-&: ]

absence of one rib )
Congenital heart

poor language skills intestina b.ockage// = diseste
. - o | / \ Enlarged colon
Umbilical hernia Y )
€ arly d eme ntl a Abnormal pelvis L I _ .
\ ] ) , Big toes widely
Diminished muscle tone | @ \ // spaced

partial trisomies @



Ts65dn  Mouse model of Down syndrome

- shows excessive inhibition in dentate gyrus

- hypothesized that this could compromise synaptic plasticity &
mnemonic (leading to memory) processing

- mouse model has been useful in identifying genes responsible for
cognitive impairment in Down syndrome

Down syndrome critical region (DSCR) — all genes responsible for
syndrome, 219

gene involved in Alzheimers identified

cognitive deficits in mouse can be rescued by piracetam administration
piracetam — nootropic drug (used to improve cognitive performance)

- acts as GABA antagonist (Fernandez et al, Nature 2007)
Human clinical trials on Down’s patients said to be underway (Roche)
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refrovirus (MLV), further indicating that the
replication defect & specific to HIV-1 and not

due to 2 widespread disruption of the normal

BAF each virus also enlists different LEM-
domain proteins.

‘What is the viral replication defect in cells
depleted of either emerin or BAF? I'.uﬂlme
calls, viral DMNA was synthesizsd at
h\dshlﬁﬂedmmwmmmecdluhr

or BAF did not prevent the wiral DMA from
entering the nuscheuws, but that the viral DNA
‘became associated with different maclear frac-
tions from normel. In control macrophages,
meast of the viral DMNA was associsted with the
soluble chromatin fraction. whereas in cells
depleted of BAF or emerin it was mainty in the
insohiide maclear-matrix fraction. The idents-
«cal infectivity defects caused by depletion of
gither emerin or BAF suggest that these pro-
teins have a cooperative role im HIV-1 infec-
tion, consistent with the known interaction
betwesn BAF and the LEM domain of emerin.

The mechanism by which emerin and BAF
facilitate the proper nudesr localivation of the
HIV-1 PICs remains unknown. The associs-
tion of emerin with the PIC depends on BAF,
which probably interacts with the viral DINA.
Baut how does emerin then influence the
associstion of the HIV-1 PIC with the host
chromatin? & may be that the work required to
answer this question will also uncover other
festures of muchesr architectre the
organiration of chromatin has been exten-
sively studied at the level of the nucleosome
Ilhe-mallaatmu.nl' DMNA packaging)., the
global o of chromatin within the
oucleus is not well understood. However, the
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Critical genes in acritical region

Charles ], Epstein

The NFAT transcription factors activate the expression of many genes
imvalvedin the immune response and the devel opment of a variety of
tissues They hawve now beenimplicated in Down's syndrome.

Down's syndrome is most commonly caused
by the presence of an extra copy of the major
portion of himan chromosome 21, Bt o
dioees the presence of an extra set of the roughdy
200300 genes on the chrmosmme give rise to
the many abnormelities that characterize the
oondition? Because the pattern of aboormali-
tiesis so Ep-a:d'r_uneﬂrm:rlslhntﬂre 1.5-fold
increase in the expression of some, if ot all, of
these genes is responsitla’.

In this issue, papers by Armon of al (page
595)" and Gwack ef gl (page 646)" implicate
two genes in the so-called Down’s syndrome
critical region (SCR), a small segment of
human dhromosomes 21, in causing the abmor-

began with an ioterest in a2 family of four
gene-reguilatory factors celled NEATE (for
‘nasclear factor of activated T cells).

The regulstion of various dewelopmental
pathways and of the immune response ralies
‘on processes thiat are activated by the entry of
calcium imbo the cell, and the MEAT signalling

pathway mediates many of these processes.
Following the influx of calcium, phosphate
groups are remaoved from MEATE factors in the
allows MEATE to enter the nuclens and activate
its target genes. However, once in the nascles,
MEATC can have phosphete growps added badk
to it by a kinase enzyme (phosphorylation},
frcing it to refurn to the cytoplasm and halt-
ing its effiects on the genes (Fig- 1a].

Arron ef al® came upon the possibility of
8 connection bebween the MEAT system and
Dvown'’s syndrome by the serendipitons obser-
vation that mice lacking NFATCE and NMFATc4
h=ave ebnormealities of the skull and jawbomne
Th i | Triti similar to those observed
in Downs syndrome and in twoe mouse models
of Downs syndrome (called TsesSDn and
Ts1Cje) that have an extra copy of part of the
mouss chromaosome mnst similar to homan
dlmmna:me!l{ﬂntla.lhermmmc]'
In addition, these and other mice lacking
various MNEATc family members, either
singly or in combination, display abnormsali-
ties that are highly reminiscent of Down's

[Figure: 1 |Pﬂ!*h—dw_ ‘Calcimam ssgnalFing thiromgh the NEATc pathway

and the &

a1, The entry of calicimm sons oo

cyioplasm,
muclems, the NFATccan be ph

it _puupulfFJEr\umNF.ﬂ.I:ilch-_Imﬁt

esphorylated, cytoplasm.
er al! implicaie the DSCRI and DYREKLA proteinsin regulating the levels of NEFAT: phosplorylation.
b, The genes encosding DSCR 1 and DYRELA are found in the " mmmw&
’haman chromsosome 21, winch bas an extra copy in people with Thown's symed Thei
expression of DSCR | and MYRE A disturbs the balance of NFATc phosph s et most of
ﬂtpiummiﬁunndinﬂlzq'mphmu_MNmTp&pmﬁntmwiumbempcdf
‘whiich could markedly affect development. (Modified from Arron eral’, Supplementary Figure 1)
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Turner syndrome monosomy XO

« all or part of one X chromosome missing

70% of cases X is maternal ( paternal X or Y is missing)

30% of cases X is paternal (maternal X is missing)
 infertility, short stature, webbed neck, delayed skeletal maturation
 mean Q=90

normal verbal ability
Impaired visuo-spatial working memory & math abilities
poor social cognition & adjustment

differences between those with maternal X & paternal X
would indicate effects of imprinting
poorer social cognition shown by females with maternal X compared

to those with paternal X - genes for social cognition selectively
Inactivated as pass through female germline?

males only have one X - they always get their X from mother — does this
explain higher male occurrence of disorders involving social deficits?

autism ADHD  Aspergers less than optimal social skills in
normal males?!



Previously thought that it would be impossible to change
cognitive disabilities present in disorders previously mentioned

But
« brain anatomy for some of these disorders appears normal at birth

« some electrophysiological abnormalities can be reversed in cultured
cells

* now there is a lot of hope that deficits caused by Angelman, fragile X
Retts, maybe even Downs, can be treated



Shared pathology

1. PI3K-mTOR pathway dysregulation

Pl 3-K - kinases, interact w. insulin receptor to regulate glucose uptake,
Involved in cell growth, proliferation, cell survival

MTOR - a PI3K family kinase, regulates cell growth, proliferation, apoptosis,
protein synthesis

tuberous sclerosis  fragile X  NF1 mutations (+ autism, Alzheimers)
- gene products interact with this pathway
- lead to mTOR dysregulation
- all lead to MTOR overactivation

Would indicate mTOR inhibitors (eg rapamycin) might help all these conditions,
both physical and cognitive problems

clinical trials in progress

Rapamycin - an immunosuppressant drug used to prevent rejection in organ
transplantation, also an antiproliferant

Pl 3-K phosphatidyl inositol 3-kinases MTOR mammalian target of rapamycin



2. Dysregulation of microRNAs (miRNAS)

MIiRNASs - non-coding, single-stranded ~22 nucleotides long
- regulate translation of mMRNA, post-transcription
action leads to gene-silencing
target 60% of genes
encoded in mammalian genomes

Mutations in mIRNA genes lead to abnormalities in brain development,
cognitive impairment, neurodegenerative & psychiatric disorders

Fragile X — product interacts with miRNA function, stops correct silencing
Drosophila model
Rett syndrome — product represses transcription of several miRNAs
Including those that target BDNF
mouse model

Down syndrome — chr 21 has 6 miRNA genes, overexpression in fetal
brain and heart has been measured, could cause deficits



Mouse models

* Mouse hippocampus — complete miRNA-ome generated
« 488 miIRNAs expressed in hippocampus

« 23 highly expressed 83% of total mIRNA content

« some are minimally expressed elsewhere in brain, indicating special
role in hippocampus

MIRNA-34c - impairs learning, thought to interfere with memory
consolidation

- mMIRNA-23c Inhibitors reverse impairment
- inhibitors help in Alzheimers mice & aged mice (2yrs old)

SChizophrenia recent GWAS results 30,000 subjects in replication sample
- MIR137 (microRNA 137)

- a known regulator of neuronal development. Four other schizophrenia
loci achieving genome-wide significance contain predicted targets
of MIR137, suggesting MIR137-mediated dysregulation as a previously
unknown etiologic mechanism in schizophrenia.

Ripke et al Nature Genetics (2011)



Use of animal models

Drosophila
C. elegans used as molecular and cellular models
zebrafish

rats } preferred when brain & behavioral phenotypes important
mice

But;

1. proteins may not have same role in vertebrates and invertebrates,
gene sequence not always same in rodents

2. rodents — cognitive processes may not translate well into humans

Morris water maze , radial arm maze used to indicate poor cognitive
functioning in rodents but what type of cognitive impairment in humans?

3. still some major differences between rodents & human metabolism
so deletion of a gene may not have same consequences in rodents

Lesch Nyhan — different purine metabolism



