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differentiation

e Cartilage maturation

and hypertrophy

* Vascular invasion

and ossification

May 2008

“: T
eow
TeeSew
d:.
L A A TTL

o
(AL L L L ]

Teew
L)

»
& <44 ;t‘ /4
— 3D 2 9, | B
¥ DO,/ soc
) )| 999 o 33
1 \is =3
i) vy — 358
s ’?’ 209
1) \
2 8 D ’ B l i
3 235 0 2% ]
2 -.':;:‘ b ::- |
Ravi Savarirayan: Bologna

May 2008

Ravi Savarirayan: Bologna




May 2008

Ravi Savarirayan: Bologna

May 2008

dorso- :
ventral pattemning
dorsal ventral
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Campomelic dysplasia

Mutations in Sox-9

* “Master gene”
regulating cartilage
formation

e Failure in
mesenchymal
condensation

» Deficiency in
cartilage formation
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lular matr
Collagen XI
Stickler syndrome
Multiple epiph yseal
dysplasia
Pseudoachondroplasia

Matrilin 3
Multiple epiph yseal

dysplasia Collagen Il

Achondrogenesis I
Hypochondrogen esis
SED congenita

SED Strud wick
Kniest dysp lasia
SED - late onset
Stickler syndrome

Collagen IX
Multiple epiph yseal
dysplasia
Recessive Stickler
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SCHMID METAPHYSEAL
CHONDRODYSPLASIA
(SMCD, MIM 156500)

« Autosomal dominant bone dysplasia
(Schmid, 1949)

Short stature, bowed legs and waddling
gait

Coxa vara

Metaphyseal flaring and irregularity
Variable spinal changes / hand changes
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May 2008>posit a age 8 and 6 years. Note
short statwre andbowed lover limbs.




e Cluster in C-terminal NC1 trimerization domain

» Effects of missense mutations studied lead to
disruption of collagen X trimer formation and
intracellular degradation
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trimerization domain
Prevent assembly
* Prevent secretion
— proteasomal degradation
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Nonsense mutations

SP NC2 helix
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—-Y632X and W611X

Y
these mutations?
—production of a stable, truncated collagen
X protein (dominant negative)?

—reduced COLX mRNA (haploinsufficiency)
by nonsense mediated mRNA decay?
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Thr Lys Gly | Tyr |Leu Asp Gin
normal - AGC AMA GGC|TAC |CTG GAT CAG---

Thr Lys Gly | Stp
mutant - ACC AAA GGC|TAA [CTG GAT CAG- -
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COL10A1 Nonsense Mutations

Nonsense mutations g

SP NC2 helix

» Both nonsense mutations are
located in the NC1 (last exon)

* No NMD predicted - truncated

proteins with dominant negative
May 2008 effects 7Ravi Savarirayan: Bologna




primer

g ———
5...T GAATAC ACC AAAGGCTACC...3
primer
5...T GAATAC ACC AAAGGCTAAC...3

Y632X Y632X
control genomic cartilage
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primer
e e ——————
5.. TGAAAGGGACT CATGTTTGGG...3
primer
e
5.. TGAAAGGGACT CAT GTT TA...3
W611X

W611X cartilage
gDNA RNA

ki
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Cycloheximide (CHX) inhibits NMD
Confirmation of NMD by protein truncation test




These data suggest cell-specific RNA surveillance
mechanisms in cartilage

Possible wider implications to other diseases
where nonsense mutations common and
pathogenetic mechanisms inferred from data on
blood or other tissues

Challenges dogma on NMD when nonsense
mutation located in last exon of a gene
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Hum Mol Genet 12:217-225 (2003)

e« Bateman, Wilson, Freddi, Lamandé, and Savarirayan
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Hum Mutation 23:396-382 (2004)

Hum Mutation 25:525-534 (2005)
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Structural cartilage Collagen type II Kniest, Stickler,
proteins achondrogenesis 2

Cartilage metabolig Diastrophic dysplasia@DTD, ATO 2, ACHIB,
pathwavs transporter! rMED

Local cartilage growth8F GFR3 chondroplasia,
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» Sulfate transport within chondrocytes
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almost normal with this mutation
* C653S homozygous change inDTDST
» Counselling implications

* Clinical data-waddling gait, patella
dislocations
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o Severe DTDST mutations (homozygous

null)
* Invariably lethal
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» Achondrogenesis 1B (Case 2)
» Atelosteogenesis Il

» Diastrophic dysplasia

 MED (recessive) (Case 1)
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Severity




Chondrocyte

Proteoglycans

Undersulfation of ECM leads to abnormal chondrogenesis
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* Boys
» Gene recently
identified (SEDL)

(Gedeon et al., NatGenet
1999;22:400-404.)
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 SEDL mutations
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21 differentmutations identified (all types)

* 57% deletions (4 “common” and account for almost
half cases)

* NO clear genotype-phenotype correlation

» data suggests that complete, unaltered SEDL product
required for normal bone growth
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Missense

/ : N
53-54de| TT / eI | 272-273del AA EramCshity
157-158ckIAT 241-2420eI AT 320-321insT
exonddel  262-266deIGACAT  271-2750eICAAGA  exonidel Deletion
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in 50-60%
(FGFR3;N540K)
* Phenotype-

Genotype
correlation
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C ol Dl +,
May 2008 Ravi Savarirayan: Bologna

May 2008




* Mediated by FGFRs (4 in number)
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¢ Very similar structure

¢ Dimerise to transmit signals
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(lys650glu) and SADDAN (lys650met)
 SEVERITY OF PHENOTYPE RELATED TO DEGREE
OF LIGAND-INDEPENDENT ACTIVATION OF FGFR3
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Alteration of

— downstream — dominant

signaling

Autosomal

phenotype




asnS40thr?
ile538val?

alald9lglu

Type I or Severe Achondroplasia,
MR 1A hosis Nigri

lys650met
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3. Cell membrane proteins
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juvenile RA
e Short as adults

* No response to anti
rheumatoid drugs
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spaces

* Widened joints
* Pain in joints/spine
e Mutations in WISP3

May 2008 Ravi Savarirayan: Bologna




May 2008

Members of the CCI For CTGE, cyré leef10, nov) gene Gamily encode cysteine-nch secreted probems with roles m cell growth and
diffesentiation Cel-specific and tissue-speciic differences in the expression and fnction of different CCI family members suggest
they bawe nen-redundant roles. Tsing a postional-candidate approach, we found that numations & the T faniy member WISPS
are assocated with the autosomal recessive sheletal dsorder progressme paenderhenmatod dysplasa (FED: MIM 382300 FED &
a0 antosomal recessive disorder that may be mitialy misdiagnosed as jovende thevmatosd athrsis. It population meidence has been
estmated at | per milbon n the Tntted Emgdom, but 215 Beely to be higher m the biddle East and Guf States. Affected mdraduals
are asymptomatc o early childwod Signs and symptoms of dseace typicaly develop between three and eight years of age Clncally
and radiograpbecally, patients meperience contnued cartilage lose and destructive booe changes as they age, in several instances
ecesshating joumt replacement srgery by the third decade of ife. Extraskeletal mandfestations have mot been reported m FFD
Cartilage agpears 1o be the pamary affected tsze, and n coe patient, a bicpsy of the thac crest revealed sbnormal nests of
chondrecytes and loss of normal cel colinmar erganizaton n growth zenes. We bave idertfied nme differens WISP3 mutanons o
verelated, affected medvidials, ndivating that the gene is essental For noemal post-natal skeletal prowth and cartlage homeostass,
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ELLIS-VAN CREVELD SYNDROME

» Autosomal recessive
» Short limbs/ribs

» Postaxial polydactyly
» Dysplastic nails/teeth

e Common atrium
(60%)
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EvC: Radiology
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vertebrae, limbs, atrial =
septum

* Leucine-zipper gene

* Homozygous
mutations
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» ?allelic to other short-
rib polydactylies
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5. Signal transduction
molecules
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DIAPHYSEAL DYSPLASIA

» Autosomal dominant sclerosing bone dysplasia
» progressive sclerosis of diaphyses/base of skull

» associated proximal myopathy, headache,
lethargy

May 2008




DIAPHYSEAL DYSPLASIA

mapped to 19913.1-13.3 recently (Ghadami et
al., 2000 Am J Hum Genet)

mutations found in TGF-31 gene ( Janssens et
al., 2000 Nat Genet)

Mutations in LAP (keeps TGF-31 inactive) and
impair this ability

TGF-Rlappears to stimulate osteoblasts and
has role in bone formation-resorption balance
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DIAPHYSEAL DYSPLASIA

(Comier-Daire, Savarirayan et al., Hum Genet 2001)

characterised TGF-31 mutation in 5 families
genetic homogeneity confirmed

all located in LAP and ?affect dimerization
“common” R218C mutation in 50% cases
marked intra and interfamilial variability

delayed onset of puberty (mean 18 years) found
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DIAPHYSEAL DYSPLASIA

(Comier-Daire, Savarirayan et al., Hum Genet)
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BRACHYDACTYLY, TYPE B

* many recent advances

* brachydactyly type B-mutations in ROR2
(Oldridge et al., Nat Genet 24, 275 — 278 (2000)

» orphan receptor tyrosine kinase

I 1
el

navi vavalaya. Luiuyiia
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* homozygous
mutations cause
recessive Robinow
syndrome
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Pedigree data
Mapping data

(AGC1)

e Conclusions

May 2008

Candidate gene

Molecular data

Prize winners at Manchester show
in Illustrated London News July 1869
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Dexter
“bulldog calf”

May 2008

Homozygous
affected (b/b)
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Heterozygous (short-leg)
phenotype

* Rhizomelia
* Shortlong bones
(knee-fetlock)

* Vertebral body
irregularities

B/B

Courtesy of Massey University, Nev Zealand
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Homozygous “bulldog”
phenotype

Clinical

* First documented in 19" century

» Disproportionate dwarfism

* Small body weight

e Short limbs

» Relative macrocephaly

» Retruded muzzle, cleft palate, large tongue

» Ventral abdominal hernia

 Abortion in 7t month of gestation

wy2ofs CFR3 (Tv) mutations excluded (Usha etal,
1997)
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Platyspondyly
Extreme shortening of ribs

Craniofacial abnormalities, midface
hypoplasia and relative prognathism

Normal ossification, no fractures
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Limb Phenotype

B/b b/b
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Homozygous “bulldog”
phenotype
Histological

* Veryabnormal growth plate with minimal column
formation/hypertrophy

* Increased density of small chondrocytes
Harper etal., 1998

Normal (H&Exs0) Bulldog Growth Plates

].h:_:__‘._,;_j.-;: -::;}‘;g;_l.f; - =
R TR S N
S DRk bs
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'+ eommon ancestor 5 generations hack

43 33 44 i
‘ + FER o e e
B1 B2 71
T 7 33

44 —

» Half shaded symbols: carriers, Shaded symbols: (B1-B7)

bulldog calves
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 AGC1 inthis mapped region as a
positional candidate
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cartilage ECM

Mouse, chicken, human
chondrodysplasias with
AGC1 mutations

Good functional

candidate
EM: Aggrecan core protein with
side chains
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dwarfism and shortened skeletal elements in
mouse and chick and SED Kimberley type
(premature arthritis phenotype) in humans

* Polymorphisms VNTR region of AGC1
associated with hand osteoarthritis in humans
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normal

e Short limbs/tail

* Homozygous 7bp
deletion in AGC1
leading absence of

b
aggrecan in ER and €

ECM
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"2 cmd-bc mousé

wings
 Short long bones ; |
* Homozygous AGC1 |
mutation in exon 12 |
with truncated m:%lwhmm.m
protein (small

" Ahount translaté
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AGC1l:human model (SED

Kimberley)
(Andersonet al., 1990, Gleghorn et al.,

* Mild AD disorde%oos)
» Short stature (mild), stocky build
» Early onset OA weight-bearing joints

» Radiographic vertebral and epiphyseal
changes (CFE)

» Heterozygous AGC1 mutation (1bp
insertion) with truncated protein (60%
length wild type)

“¥*Pathogenic cofis&tftietic&s unclear

AGC1 protein structure

nanomelia

SP

VNTR region
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Dexter molecular data

 All coding regions of AGC1 sequenced
(Exons 2-19)

« Homozygous 4bp insertion inexon 11
(termed BD1) found in bulldogs B1-B5
(2266 _2267ins GGCA)

» Leads to frameshift and premature stop
codonin exon 11 and truncated protein
(third of wild type length)
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Molecular data

» Second mutation found in bulldog B7
homozygous C>T transition (-198C>T,
termed BD?2), also leads to PTC

» Bulldog B6 compound heterozygote for
BD1/BD2

» These sequence changes segregated
fully with the homozygous and
heterozygous phenotypes worldwide

* over 900 animals tested BD1 92%: BD2

8% S
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e 77 COMMON ancestor 5 generations hack

BD1 BD1/BD2 BD?2
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TAQJGGCACAGGTC
TALAGGCACAGGTC
-y A ST
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VNTR region
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peimer
I
5'...GCAGCGGGGAGTTTGOGAETA€£AGGGAT =3 wild type
afiele

[
| I
5L CCAGCGEGCACTTTGOCACT mﬁcm -l MULan

allale

d¢'¢ c¢'a'e
% of WT mRNA
5 | 4= 21 mer (mutant)

- a. - --—zgm wild type)

Wiwt Wtirmut
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Conclusions

» AGC1 defined as gene underlying
Dexter cattle chondrodysplasia

» Data suggest pathogenetic mechanism
In heterozygous animals may be
haploinsufficiency for AGC1 in growth
plate ECM

» Potential use of these animals as model
for understanding human
chondrodysplasia and arthritis
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* Omo=humerus (Greek)

» 25 cases reported to date
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ort long bones (humeri/femora-clu
Axial skeleton relatively normal

Joint limitations

Cranial deformations
CHD/pterygial/craniosynostosis
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Phenotype

m
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Phenotype
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Family  Consanguinity Location Nt change a.a change

N.°2 Yes
No mutation found by sequencing anal ysis for these families
N.°3 Yes
N.°4 No Exon 3 €.700 C>T heterozygote /
?
1.2 - Mother
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Family 3
patient (11.2)

_ﬁ_ﬁ_ Mutated Band : Skip Ex.5-6

Mutated Band : Skip Ex.4-5-6

Large intragenic deletions encompassing one or more GPC6
May 26080Ns predicting prenraitkakyiditsaigd proteins




.’n!',' Laboratoire de cytogénétijue consttutionnele, Senice de génétque médcale, Lausame

Family member Deletion
I11- Father Heterazygote
12 - Mother Heterazymte
1.1 - Affected child Homozygote
1.2 - Foetus/affected Homozygote
1.3 - Foetus/affected Homozygote

e
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Family 1 L 260fs X (Homoz ygote)

Vyi
7/

iy € i Homozygote deletion encompassing Ex4-5-6 = 95 - 104 Kb
R234X ——
Family 4 (Heterozygote) Heterozygote duplication encompassing Ex.4 = 21- 33.4Kb
I
EnperEsie Cee Homozygote deletion encompassing Ex 3= 248 - 268 Kb
EEEEEEEN
Py 2008 Homozygote delgiignsgnenEyRASENBGRY 3 = ? Kb

mRNA of Glypican 6 in Growth Plate

c 14
o
‘5 1.2
o 1
208 B Q-PCR
g 0.6 H Array
% 0.4 .
L 0.2
()
= 0 T T T T T T .

PR PH H

growth plate zones
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Q-PCR: 2 experiments

12

O ExP1
06 T B EXP2
O Array

04 T

relative expression

PR PH H
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Immunofluorescence for Gpc6 and ColX




Immunofluorescence for Gpc6 and ColX
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Glypicans

« Cell membrane bound HSPG
 GPlanchors

» 14 conserved cysteines in core
 GPC1-6 identified

» Drosophila: 2 glypicans (dally and dally-
like) - devopmental genes

* Interaction with dpp in fruit fly
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Hernias
Extra nipples
e CHD

Rib defetcs
Cleft palate
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» Relationship between overgrowth and
dwarfism? (GPC 3 vs 6)
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