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Duplication (15) Syndrome

Neurological and Behavioral Features
»  High risk of autism spectrum disorders
— Anxiety and hyperactivity
— Mood disorders?
» Cognitive impairment (vary varied, why?)
* Seizures (50-75%; M>F)
— Infantile Spasms

— Generalized Tonic Clonic, Partial Complex

— Lennox-Gastaut Phenotype with regression in
subset with intractable epilepsy

*  Hypotonia, particularly in infancy
e Ataxia
e  Cortical visual disturbances




Duplication (15) Syndrome

Physical features

e Growth parameters typically within normal
range

— Short stature in approximately 25%
— Head circumference typically normal
— PWS features in some

* Dysmorphic features

— Downslanting palpebral fissures,
epicanthal folds, low nasal bridge,
unfolded or prominent ears, full lips,
strabismus, high arched palate

— “double jointed”, undescenced testes,
hyperpigmentation

— Rare: multiple congenital anomalies




A framework for research

e Clinical Studies

What is the full spectrum of physical, medical,
behavioral phenotypes for the various forms of
duplications?

 Neuorobiology

What is the effect of dupl15g on the brains of affected
iIndividuals?

 Molecular/Cytogenetics



What we’ve learned: Behavior

 Children may appear more socially engaged
In iInfancy and early childhood with evolution
of the autistic behaviors in preschool
(Finucane study).

— Often have unusual or inappropriate social
behaviors but eye contact, family attachments are
often very well preserved.

— Natural history needs to be formally defined for
this group of disorders.



What we need to know: Behavior

 Regression: need more data, seems to be seizure
related but we need formal study. Other causes need
to be considered (mood, anxiety)

* Anxiety: need more data on frequency, trajectory,
clearly a problem that needs more attention

— We've seen paradoxical responses to medications but again
need more systematic data collection

 Teenage angst, aggression, need for improved
communication strategies.



Clinical Study: Int dup(15) family
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Int dup 71 Int dup 62 Int dup 61 Int dup 70
age: 157m age: 109m age: 93m age: 72m
Stanford Binet Stanford Binet Stanford Binet = Stanford Binet
1Q: 75 1Q: 62 1Q: 54 1Q: 49.5
verbal: 37 verbal: 51 verbal: 37 verbal: 37
ADI-R (autism) ADI-R- PDD ADI-R- PDD ADI-R- PDD
Social: 8 (10) Soc: 21 Soc: 24 Social: 6
Com: 4 (8) Com: 19 Com: 13 Com: 9

Repet Beh:0(3) RepBeh:0 Rep Beh: 2 Rep Beh: 5
ADOS-G (M4) ADOS-G (M3) ADOS-G (M2) ADOS-G (M2)
Not Aut Not Aut Not Aut Not Aut

DX: ADHD, Mood Other: GM
Disorder, aggression delays, staring
Suicide attempt spells,

preauricular pits

No maternal sample

SNRPN methylation
consistent with maternal
origin.

Duplications appear identical
Technically: Not Aut based on
narrow diagnostic criteria

** Take home clinically
Important note here for kids
with interstitial duplications
IS that it IS important to
check parental
chromosomes. **



Autism in Dup(15) Syndrome
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Gross Motor Delays
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Clinical: Epilepsy
e Major problem for many kids

— Association with regression in function in some but not all
(why??).

— Individual investigators have collected some data from those
iInvolved in their studies

Proposed studies

* Ron Thibert has devised questionnaire from Angelman
syndrome document. About to go live- need everyone to
answer!! (not just kids with seizures)

* | have some data collected (but not detailed), may be
recontacting you for EEG data if we have a centralized place to
store data.

* Need to sort out regression. ? Any medication correlation if
there is. How do we document that?

 Bill Dobyns and Susan Christian (who is here), University of
Chicago, has become interested in dup(15) because of infantile
spasms and brain changes.




What we are learning:
Neurobiology

Donations to the autism tissue program
have provided a critical resource to
explore the neurobiological
consequences of dupl15q. Thank you to
all the families who have made these
donations.



Changes In Brain tissue

Several Cases of Sudden
Unexplained Death

— Detailed studies revealed
clues to developmental
problems and epilepsy

Reduced brain weights

“Microdysgenesis” and/or
disorganization of cells in
many regions of brain

Hippocampal abnormalities
Mitochondrial abnormalities

ATP Case 6856: Hippocampus



Hippocampal abnormalities

ATP Case 7014:
o Split/duplicate cell layer: developmental or seizure
related

* Nerve cells are not shaped normally (suggests
problems with development and connections).



Ab accumulation

Amino-terminal truncated Ab
amyloid

Protein involved in Alzheimer
but other changes seen in
Alzheimer disease were
NOT present

Deposits varied in shape and
amount, depending on
region of the brain.

A gene in the duplication
region makes an amyloid
binding protein- ? Potential
involvement.

mAB4G8
CA4

Amygdala

Dentate nucleus

ATP Case 6856

Dentate gyrus

Thalamus

Cerebellum



Mitochondrial inclusions

* Neurons in multiple
regions of the brain.

— Dense inclusions in the Cerebellum
mitochondria

— Mitochondria were
enlarged and abnormally
shaped

— Needs further study
* |s this seen in seizures?

* Could this contribute to
sudden death risk?

e Thus far, we do not
know the reason for the
sudden deaths based ATP Case 6856
on these studies.



Research Questions: Genetics

New closely related
syndrome identified in
the past year (15913.3)

What genes are active?

Unexpected activation
patterns of genes in the
duplication region
discovered by Dr.
LaSalle’s lab.

Can molecular
characteristics
of duplications
shed light on
risks?



Interstitial Rearrangements
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Classification of Idic(15) Chromosomes

Class Proximal | Distal
BP BP
1 1 1
2A 1 2
2B 2 2
3A 2 3
3B 3 3
5A 4 5
oB ) )
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Regions where sequence Is nearly identical
cause rearrangements to occur
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Blocks of repetitive DNA cause the
duplications to occur

— P
Cen :ﬁxmx- -~ —
Ee—
o ~ ” = =
o o o o o
m m o m o
S0 m

dosage 6 -

O Fr N W b~ O



Region that can expand and look
like an int dup(15)
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Interstitial duplications (and
triplications) come in many forms
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Misexpression of genes in idic(15) brains

Hogart et al.
JMG 2008




Activity of genes In duplication (previous slide)

* Inthe previous slide, activity of a number of genes in the
duplication region was measured in brain from two patients with
idic(15). Unexpectedly, although they had extra copies of the
maternal chromosome, genes that are active only on the
maternal chromosome (red box: UBE3A and ATP10A) were not
Increased in both cases. Genes that are active on the paternal
chromosome (blue box) were unexpectedly low in one case.
The genes that are typically expressed from both chromosomes
were very low in that case as well. For the GABA genes, which
may be affected by seizures, it is hard to know whether seizures
or medications affected gene expression.



Differential gene
expression
extends beyond
those In the
duplication
region

Jeff Gregg, UC Davis



Cognition Not Correlated with Breakpoint
Class in Subjects with idic(15)
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We see widely variable function in kids
with similar duplications.



Research and clinical testing

 Many clinical labs can now detect these
molecular differences.

— Microarray test (still need chromosome
testing)

 Differences in dosages in genes and the
number of genes involved.

e \WWe are not sure whether there are
differences clinically among groups.



Conclusions

Molecular Heterogeneity: Clinical
 There are a lot of forms of duplications!

« We are still sorting out whether the type/size of duplication
correlates with symptoms

« Atypical rearrangements: Estimated ~5-10% of kids

 Newly identified deletion syndrome- may help define important
regions, also may help with new meds

 There Is a wide spectrum of ability and disability in this
syndrome and we are trying to find the molecular of these
variations.



Conclusions

Increased copy number does not equal increased gene expression.
New mouse model reported this week is a MAJOR
breakthrough!

— Rett syndrome animal models have been exceptionally powerful

« Understanding the biology, testing out new treatments, defining importance of
specific genes

Broadening the scientific reaches-

— Welcome new folks who are here

— Bring in neuroscientists

— Registry, combined database

— Samples in ATP provide tremendous resource

— Animal models

— Collection of data for review for sudden death work-ups
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