Dystroglycan in brain, eye, and nerve:
the non-muscle, neuropathology of
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dystroglycanopathies with brain
and eye involvement

Walker-Warburg syndrome - WWS
muscle-eye-brain disease — MEB

Fukuyama congenital muscular dystrophy —
FCMD

congenital muscular dystrophy (CMD) or
limb-girdle muscular dystrophy (LGMD) with
cognitive impairment
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neuroanatomy



brain

- _,;—‘._ ‘.

.
-»
~gyrus k =
e
::-— - -

- .3_“'*)

cere

bru ml

sulcus

brainstem cerebellum



grey matter

(cortex)
|

—

white -
matter l

' F 4 | ;
4 ventricles ™
asal J
{ .ganglia 'f
e W ;

i }
) ¥

.f



brain ventricles
-~ fn — .- A frrn{:ﬂj;

a horn

~-Central
R. lateral . d . part s :
tricle Inferior b alera
ven ) : vantricle

(tempaoral)
horn

FPosterior
{occipital)
hiorn

f' -

Cerebral aqueduct
(of Sylvius)

_-4th ventricle

_— L. lateral aperture

' , (foramen of Luschka)
L. interventricular

foramen (of Monro)

' __—L. lateral recess
Jrd ventricle

Optic recess ___— Median aperture

: (foramen of Magendie)
Interthalamic adhesion

Infundibular recess /

Pineal recess
< /

_3;" ‘I,“... Suprapineal recess
3



CSF
circulation

Supracaliosal ¢latam \
Dhara mrnbor -

AT B Fmacec]

Chowgid plosus of lafered vaeviniche

Chiasmaiic E-!-Ill"-l
Ehsiedd nlgaids of Jrd vesinesle
Inlppedundula Clslemn
Cerohral aquedect jol Sylvius)
Prgsarting CEiaem
r.
&
Lastaral ppsbifude [foramah 81 Luschica)
r
Choiold plesui ol 4th vardricle
CHIra s

LI (A e

sl BENMHE PSS

Supsarios sagStal sirus

Subarachncsd snecs

=== ArmC P
Eranulations

i)

Cinigrm of
gredl Candie il e

oy
i ro b ko reestu | Ly
LA E L g

" Median aperiung
haramesn of Magendes)

F. Netter



CSF reabsorption

Arachnoid granulation
Galea aponeurotica Superior sagittal sinus

Pericranium Calvaria

Skin

basement
membrane




developmental neurobiology

- normal brain development in five slides -
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normal neural tube closure
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normal cerebral cortex development

basement membrane at
the surface of the brain
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abnormal cerebral development

Developmental Neuropathology, ISN, 2004, p.45.




Fukuyama CMD - cobblestone lissencephaly

JNEN 43:395-407, 1984



abnormal
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development in
mice without
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dystroglycan immunofluorescence
iIn DG-null brain

wt E13.5 cerebrum DG-null E13.5 cerebrum

Satz et al., J Neurosci 30:14560-14572, 2010.



Glial-neuronal
heterotopia
begin to form
at the same
time
dystroglycan
IS lost.

Satz et al., J Neurosci
30:14560-14572, 2010.

Ty
¥ ..

[ tan oo ASL e 00, TN A9




: Dil (VZ) / Lam '

Breaches of the
basement membrane,
disruptions of the
positioning of radial
glia endfeet, and
migration of
differentiating neurons
Into the leptomengeal
heterotopia

*

Myshrall et al., J
Neuropathol Exp
Neurol 71:1047-1063
2012.




cobblestone lissencephaly

D ==

DG -/-

al‘aChnOid (SR E S C QG IS W S S5 St (I Nk S o ) Nl ol e G St

Proliferating
progenitors

Cajal-Retzius
cells

Migrating
neurons

Differentiated
neurons

Radial glia

Myshrall et al., J Neuropathol Exp Neurol, 71:1047-1063 2012.

drawing by Huy Nguyen




cerebellar structure and development
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histogenesis of cerebellar cortex

Development of the Nervous System,
Sanes, Reh, and Harris, 2000
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normal postnatal cerebellar development
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coincident glia limitans disruption and
abnormalities of Bergmann glia processes
INn the absence of dystroglycan
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cerebellar pathology In
dystroglycanopathies

Walker-Warburg syndrome cerebellum

Developmental Neuropathology, ISN, 2004, p.46.
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neuronal dystroglycan and LTP
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L4 ventral rootlet

380 Brain Research, 146 (1978) 380-384
@ Elsevier/North-Holland Biomedical Press

Naked axons in myodystrophic mice

HELEN BERYL RAYBURN and ALAN CLARKE PETERSON

Department of Neurosciences, McMaster University, Hamilton, Ontario { Canada)




PO-DG null
ventral spinal
nerve rootlet is
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mutant mice.




peripheral nerve pathology In
the absence of dystroglycan
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pathology at nodes of Ranvier
INn the absence of dystroglycan

Na* AnkG Na* AnkG

B

Control

DG-null

D Na* AnkG

Immunostains by Rita Barresi

Control

DG-null



Summary

Dystroglycanopathies are heterogeneous: varying
degrees of muscle, brain, eye, and nerve
Involvement.

Pathology is largely due to reduced binding of a.-
dystroglycan to basement membranes.

In brain, eye, and nerve, many of the
abnormalities are developmental.

Additional abnormalities stem from the roles of a.-
dystroglycan at synapses and nodes of Ranvier.
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compound heterozygous POMT1 mutations

« Asp723Glyfs*8 (relatively common mutation)
« Pro653Leu (novel mutation)

HsPOMT1 645 GGWAVNYLPFFLMEKTLFL
MmPOMT1 0645 GGWAVNYLPFFLMEKTLEL
Cl1POMT1 623 GGWAVNYLPFFMMEKTLFL
GgPOMT1 623 GGWEVNYLPFFLMEKTLFL
DrPOMT1 618
HsPOMT?2 645
PtPOMT2 645

« Pro653 is highly conserved.
« Each parent is a carrier of one mutation.

« Athird, unrelated patient was identified with the
same two mutations. She also has CMD with
cognitive impairment and dystroglycanopathy on
muscle biopsy.

Wallace et al., Neuromuscular Disorders 24:312-320, 2014
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Ashkenazi Jewish
founder mutation In
FKTN causes WWS

fetal
muscle

exon 9 of FKTN
homozygous 1-base pair
insertion (c.1167insA,
p.F390Ifs*14)

dystrophin a-DG

(GT20ADG)

a-DG
(IIH6)

Chang et al., Prenat Diagn
29: 560-569, 2009.




FKTN mutations can also cause
mild childhood onset LGMD
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Severe hydrocephalus is common in nestin-Cre, but
rare iIn GFAP-Cre/DG null mice possibly a result of
an obliterated subarachnoid space in nestin-Cre.

nestin-Cre
littermates

Satz et al.,
J Neurosci 30:14560-
14572, 2010.
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O-mannosylation of a-dystroglycan
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Fat pad overlying spina bifida

occulta. Tuft of hair or only skin

plug %) dimple may be present, or there
P may be no external manitestation.

Dermal sinus also present in

this case (arrow)

PHUNRAR X-ray film showing deficit of lamina

of sacrum (spina bifida occulta)

Occipital
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Spina bifida with
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