“Genetic Testing and Research for CdLS ”’
CdLS Meeting, Pesaro, Italy, 2017

Center for Cornelia de Lange Syndrome | Annual Report Center for Cornelia de Lange Syndrome | Annual Report Center for Cornelia de Lange Syndrome | Annual Report
3 2014 and Related Diagnoses 2015

and Related Diagnoses 201 and Related Diagnoses

Q,AQ,
-
\ 4

/(T" - i kl
e Children's Hospivalof Philadelphial  Hopglffes here: @H The Childrens Hospital of Philadclphia . Hope :.vesﬁ’ @'lﬁcChildren'sHospiulMiﬂ' | Hope lives here.”

Ian D. Krantz, M.D.
The Children’ s Hospital of Philadelphia and
The Perelman School of Medicine at the University of Pennsylvania

The general reaction to genetics.....
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Genetic/Genomic Tests

* All are asking the same question:

Is there a change in the DNA that is causing

or contributing to the observed clinical
findings in an individual?

Types of Genetic Testing

— Chromosome Analysis
— Fluorescence in situ hybridization
— Single gene
» PCR single locus & multiplex PCR
» Southern blot
» Sanger sequencing
— Chromosomal Microarray Analysis
— MLPA & aCGH for dup/del of single exons
— Next generation sequencing based
» Panels
» Exomes
» Genomes
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Genetics/Genomics
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Chromosomal Microarray Analysis (CMA)

Two Primary Methods ==
— Comparative Genomic e
S o LI IrW
Hybridization (“CGH”) == I T O | ———

— SNP based testing

* High resolution — can

detect very small deletions _L n =
and duplications . S




Simplified structure of a gene

Exon 1 Exon 2 Exon 3 Exon 4
Promoter | | Intron 1 R Intron 2 M Intron 3 I ]
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Gene (DNA)
i Splicing
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‘ Protein synthesis
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Sequencing Based Tests

* Sanger sequencing

— Targeted regions-single gene

* Next Generation Sequencing (NGS)
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Sanger Sequencing

Gold standard for single gene testing
Sequence one genetic region at a time

GCGTGCCGTIGGEGGCCTTCTCTICTCTIGTCIAC(AGCGTNTACGCCGGCIGCTTGGCAAACCGGGCTTICTG
145 153 161 169 197 185 193 201 209

}
ot

PCTTCTTGTTCTCGTAATCCITGZTGGGG2CCGTGTTCGCCCCATGTTTCTICAATGGGCTTTITGZTCTGGTT

281 289 297 305 313 321 329 337 345

Sanger sequencing: when to order

* R/O mutations in specific genes based on
clinical phenotype

e Limitation:
— You have to know what you’re looking for
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Next Generation Sequencing - NGS (2005)

Scalability, Speed, Resolution

NGS Tests
(Massively parallel sequencing)

e Targeted gene panels
— Collection of genes relevant to a phenotype

* Exome Sequencing

e Genome Sequencing




Targeted Gene Panels

Advantages

— Selected genes with clinical utility

— Complete sequencing of genes of interest

— Cost effective and fast

Limitations

— Adding new genes lags behind discovery

— Upgrade to content = continuous validation

— Diagnosis missed if not on the gene list

NextGen Sequencing

=2
[

Genome sequencing

* 3 billion base pairs

* 12 million variants per
individual

* Advantage: sequence
everything

* Disadvantage: expensive,
lower fold coverage, data
storage, interpretation

\

J

¢

Exome sequencing

30 Million base pairs (1% of
genome)

20,000 genes made up of
~180,000 exons

50-100,000 variants per exome

Advantage: higher fold
coverage, less expensive

Disadvantage: incomplete
capture

Nancy Spinner, PhD, Ian Krantz, MD
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Exome Sequencing: When to Order

Suspect genetic etiology
Differential diagnosis = non overlapping disorders
Genetic heterogeneity (lots of genes)

Previous genetic testing negative

Targeted Testing: e.g. Single gene testing
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Genomic level testing: Chromosomal
Microarray, Exome/Genome Sequencing

Mutation

NORMAL SICKLE CELL
Tl MUTATION Tl
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RNA GAG GUG
v J
JiGLull JIVALLL
PROTEIN
NORMAL MUTANT

PROTEIN PROTEIN

12



bolymorphisms (“poly” many “morphe” form)
and
Variants of Uncertain Significance (VUS)

<5

3

G G

General T
population
94%
| ELE] RLLLT
Single nucleotide

polymorphism
(SNP)

Autosomal Dominant Inheritance

| D d If one of the parents has an AD
dl bDd dd disorder, there is a 50 %
recurrence risk with each
d Dd dd subsequent pregnancy
d d * Often mutations in AD genes
| arise sporadically

d| Dd dd J Recun:ence l‘lSk.~.1 %
¢ Germ line mosaicism

dl dd dd d

. Rare: ad A
Most common pattern in CdLS
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Cornelia de Lange Syndrome (CdLS)

First description by Vrolik in 1849
Described by Brachmann in 1916

Cornelia de Lange described two
unrelated infants in 1933

Prevalence as high as 1 in 10,000
Most cases are sporadic, but rare
familial recurrences occur
Dominant inheritance with variable
expressivity

Caused by mutations in cohesin
structural and regulatory proteins
Genetically heterogeneous:

NIPBL (5p13.1) ~ 60%
SMCI1A (Xp11.2) ~5%
HDACS (Xq13) ~2%

SMC3 (10g25) 1 case

RAD21 (8q24) ~ 1% (atypical)
unknown ~ 30%

CdLS Multisystem Clinical Manifestations

Growth

Limbs Malrotation

Hearing Loss CDH GU

Ophtho

Hematopoietic
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NIPBL (Nipped-B Like)

Dr. Dale Dorsett

EURARINT
1B RT R

Katsu Shirahige

Dr. Marcella Devoto

Cohesin Function

> Cohesin function:

« Sister chromatid cohesion Transcriptional
. . s [*) repression
Repairing double strand DNA oo o
break 0% 0 | ~
* Maintaining 3-D genome 2O FVFVOVOVGR
orgamz:f\tlon ) Distal
* cell proliferation regulatory
* maintaining pluripotency of ~ element O
stem cells 0

* gene expression

Separase-mediated release of
cohesin and precession of sister
chromatid separation
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NIPBL mutations in CdLS

Found in both Severe and Mild Variants
Found throughout gene
Truncating—more severe
Missense—milder

Overall mutation detection rate of ~ 60 %

| | |

Severe-55/75 (73%) Moderate-37/77 (48 %) Mild-33/71 (46 %)
Missense -4 (7%) Missense - 15 (40%) Missense - 21 (64%)
Nonsense - 18 (33%) Nonsense -2 (5%) Nonsense - 0
Splicesite - 4 (7%) Splicesite - 7 (20%) Splicesite - 10 (30%)
Frameshift - 29 (53%) Frameshift - 10 (27%) Frameshift - 0

In Frame Deletion - 0 In Frame Deletion - 3 (8%) In Frame Deletion -2 (6%)

== =
e
==

Cohesinopathies

SMC3 SMC1A
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Phenotype Genotype

30%

Moderate

Mild
(?isolated MR/autism)
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Jinglan Liu, Ph.D. Matt Deardorff,

M.D., Ph.D.

Yaning Wu, Ph.D. Jay Mllls, Ph.D

Kosuke Izumi,

M.D., Ph.D.

Cohesin loading

Multiple Roles of Cohesin Complex

Sister chromatid cohesion

Cohesin unloading
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Genome-wide expression profiling in CdLS n

genes

“turned down”

“turned up”

L d— patients

Liu et al, PLoS Biology, 2009

Genome-wide expression profiling in CdLS
GJAS
NPAT oy
(Texs)
CONBE————6BkNB > w02
19 i i
@ (T8x2) D)
_ // CeoFt e
(sTAT3) CREBBP el \ e
120 Ak gy y st
ieaTd DAY
\V} RB1 5 ) I
(CTPs3 ) <1;> = torsy b2
HFATC2
Quve) E & &
A\l\’/d “1385 106t AWMLY mve)
1234 (1A A
/ creson o
s v
RNH1 GART
1488 1.183
NEUROD!
A. B.
Palate Heart
@ = over-expressed
(@ = under-expressed

20



Genome-wide expression profiling in CdLS

10-Gene Classifier
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Liu et al, PLoS Biology, 2009

Drosophila Model of CdLS — Heterozygous Cohesin Mutant Flies
~ Structural Brain Deficits
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Wau et al., PLoS Genet 2015
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Drosophila Model of CdLS — Learning & Memory

a Orienting b Tapping

Wu et al., PLoS Genet 2015

¢ 'Singing’

Drosophila Model of CdLS - Sleep Disturbance
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Wau et al., PLoS Genet 2015
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Establishment of Induced Pluripotent Stem Cells (iPSCs)

Induced pluripotent

9 4 stem cells f@
3 ~
Blood cells

o

Hematopoietic
progenitor cells

Neural cells

Dopaminergic

neurons Ly,

Cardiac muscle
Motoneurons

TRENDS in Molecular Medicine

What can a CdLS stem cell tell us?

: Cell growth and Proliferation
| Cell Morphology
Protein Synthesis
Cell to Cell Signaling and..
Cell Death and Survival
Cellular Development
DNA Replication,..
Gene Expression
Cell Cycle
Cellular Function and..
cellular Assembly and..

Post-translational modification

-log(p-value)
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“Neuronal Modeling”
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CdLS Patient Derived iPSC Cardiomyocyte Lines
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Phenotype Genotype

Moderate

Mild
(?isolated MR/autism)
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30%

Dr. Kosuke Izumi
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CHOPS Syndrome

C — Major: Cognitive impairment, Coarse facies,

H — Major: Heart defects, Minor: Hearing loss
O - Major: Obesity

* P — Major: Pulmonary involvement (trachea-
laryngo malacia, chronic lung dis.)

* S - Major: Short stature, Skeletal dysplasia
(brachydactyly, vertebral anomalies)

Izumi et al, Nat Genet, 2015
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Genome Exome
(3 Billion) (30 Million)

Identification of causative gene
using exome sequencing

ACATGAAGATATCC TCCCAGGETTGAAG TCAGTTTTAAGS
ACATGAAGATATC TTCCCAGGETTGARGTCAGTTTTAAGS

ACATGAAGATATCTTCCCAGEGTTG AGTTTTAAGS
ACATGAAGATATCTTCCCAGGGTTGAR TCAGTTTTAAGG
ACATGAAGATATCTTCCCAGGGTTGAAS CAGTTTTAAGG
ACATGAAGATATCTTCCCAGGETIGAGGT AGTITTITAAGG
ACATGRAAGATATCTTCCCAGGGTIGARGTE GITTTAAGS
ACATGAAGATATCTTCCCAGGGTTIGARGTC GIITTHAGG
ACATGRAGATATCTTCCCAGGGTTGARGTCA TTITTAAGS
ncnreancarﬂrcTchcncee‘rmmse'rgg ;Irrnme
ACATGRAGATATCTTCCCAGGGTTGARGTEA TISTAAGS
ACATGAAGATATCTTCCCAGGGTIGARGTCAG TITHAGG
ACATGARGATATCTTCCCAGGGTTGARGTCAS TITAAGS
ACATGAAGATATCTTCCCAGGGTTIGARGTCAG TITAAGG
ACATGAAGATATCTTCCCAGGGTTGARGTCAG  GSIAAGG
ACATGAAGATATCTTCCCAGEGTIGARGTCAGT TTAAGG
ACATGAAGATATCTTCCCAGGGTTIGARGTCAGTIT AGG
ACATGAAGATATCTTCCCAGGGTIGARGTCAGTTT  AGG
%ETGRRGRTHTCTTCCC“GGGT‘IGRRGTCRGTTI’T %G
Eg‘rlsaamﬂ'a'rc'r‘rcccasecﬁsamfnnvsm’rr GG
ATGARGATATCTTCCCAGGGTIGAASTCASTTTT GG
ATGARGATATCTTCCCAGGGTIGARSTCAGTTTIA GG
ATGAAGATATCTTCCCAGGG TTIGARGTCAGTTTTA GG
TGARGATATCTTCCCAGGG TTGARG TCAG TTTTAS
GARGATATCTTCCCAGGGTIGARG TCAGTTTTAAS
GARGATATCTTCCCAGGETTIGARGTEAGTTTTAAS

AFF4 missense mutations

NLS/MNolLS

H. sapiens KSSSMLOKE

P. troglodytes KSSSMLOKPIA
C. lupus KSRSMLOKP[TA

B. taurus KSNSMLOKETA

M. musculus KSSSMLOKPTA
TR

1A

T

R. norvegicus KSSSMLOK [ 261
G. gullus KSSSMLOKP|
D. reno -S55MPQKP|

D. melanogaster TAFLVTTPPQASQNPLGGATSGTILAGE 400

¢ e et 6o wT T254A Tos4s R25AW
TCh T6C 60 ——
N e eEeeeede e
f\ 1 002064 1 062083 1 079003 1 080 1.10
77 >T SIAH1-HA - —— _— Pp—

T254A T254S R258W

O-tUDUTIN. - — — — - W - —

MGI32 - - + - - + - — + - — &
SIAHT - + + - + + - + + - 4+ +
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Mechanistic link between
CHOPS syndrome and
Cornelia de Lange syndrome

“Disorders of Transcriptional Regulation (DTRs)”

Izumi, Mol Syndromol 2016
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Adapted from Yin and Wang Development 2014
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“Disorders of Transcriptional Regulation (DTRs)”
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Genome-wide expression profiling in CdLS n

genes

“turned down”

“turned up”

— patients

Liu et al, PLoS Biology, 2009
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from 16 normal controls and 15 CdLS patients

NIPBL expression in LCLs
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Regarding every disease now
incurable, we may entertain the
hope - faint it may be with
respect to some, stronger in the
case of others - that our
powerlessness may not be
permanent, and that we, or
those who come after us, may
be able to speak in very

different terms.’

William R. Gowers, M.D.,

1849-1915
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