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Modeling neurodegeneraƟ ve diseases using stem cells

Prof. Dr. Beate Winner, IZKF - Junior Research Group 3

The overall goal in our laboratory is to invesƟ gate neurodegeneraƟ on using human stem cell derived mo-
dels. During the last year, we invesƟ gated neuronal phenotypes in the most frequent autosomal dominant 
(SPG4) and recessive (SPG11) forms of hereditary spasƟ c paraplegia (HSP). We were able to show a gene-
dosage dependent rescue of impairments of the microtubule structure in paƟ ents‘ neurons with SPG4 mu-
taƟ ons and axonal pathology in paƟ ents’ neurons with SPG11.

The hereditary spasƟ c paraplegias (HSP) are a hete-
rogeneous group of motoneuron diseases charac-
terized by progressive spasƟ city and paresis of the 
lower limbs. We generated neuronal cultures from 
induced pluripotent 
stem cells (iPSC) from 
paƟ ents’ fi broblasts to 
model the two most 
frequent geneƟ c forms 
(SPG4 and SPG11) that 
cause degeneraƟ on in 
the corƟ cospinal tract.

Gene dosage depen-
dent rescue of HSP 
neurite defects in SPG4 
paƟ ents’ neurons
SpasƟ n, the protein 
encoding SPG4, is a 
member of the ATPa-
se-associated (AAA) 
family of proteins with 
the main funcƟ on to 
sever microtubuli. We 
invesƟ gated paƟ ents 
with an idenƟ cal hete-
rozygous nonsense mutaƟ on (p.R562X). The levels 
of SpasƟ n expression and its isoforms were signifi -
cantly decreased in SPG4 neurons. The neurite com-
plexity of SPG4 glutamatergic projecƟ on neurons 
was severely impaired. Moreover these neurites dis-
played abundant neurite swellings, with loosely ar-
ranged, interrupted microtubules, and an imbalance 
of axonal transport, with an increase in retrograde 
transport for mitochondria. An important fi nding of 
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this study is that eleva-
Ɵ on of SpasƟ n levels 
by lenƟ viral expression 
of SpasƟ n at low levels 
led to restoraƟ on of 
neurite complexity and 
reducƟ on of neurite 
swellings in SPG4 neu-
rons. InteresƟ ngly, the-
re was also a decrease 
in SpasƟ n expression in 
the fi broblasts of these 
paƟ ents, indicaƟ ng a 
potenƟ al role for paƟ -
ent-derived fi broblasts 
as a pharmacological 
screening tool in the 
future.

In summary, we could 
show that the gene 

dosage of spasƟ n (mutated in SPG4 linked HSP) de-
termines the neuriƟ c complexity. Moreover we pro-
vided the proof of principle that cellular phenotypes 
caused by the haploinsuffi  ciency of spasƟ n can be 
reverted by gene dosage dependent repair (Havlicek 
et al., HMG 2014). 

A) Work fl ow for invesƟ gaƟ ng disease phenotypes in human 
stem cell derived cells. B) Neurite swellings in SPG4 neurons. 
C) Axonal pathology and impaired axonal transport in SPG11 neurons.
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DysfuncƟ on of spatacsin leads to axonal pathology in 
SPG11 linked hereditary spasƟ c paraplegia
Another study invesƟ gated the impact of spatacsin 
(mutated in SPG11) on neurons. An accumulaƟ on of 
vesicle-like structures and inclusions in human neu-
rites from SPG11 paƟ ents points towards neurite pa-
thologies in human neurons with SPG11 mutaƟ ons. 
In mouse corƟ cal neurons, spatacsin was located in 
a punctuated fashion in axons and dendrites. It colo-
calized with acƟ n, tubulin and synapƟ c vesicle mar-
kers, and was present in synaptosomes. Knockdown 
of spatacsin evidenced that the loss of funcƟ on of 
spatacsin leads to axonal instability by down-regula-
Ɵ on of acetylated tubulin. Furthermore, Ɵ me–lapse 
assays in spatacsin-silenced neurons highlighted an 
overall reducƟ on in synapƟ c vesicles and anterogra-
de vesicle traffi  cking indicaƟ ve of impaired axonal 
transport.
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The present study provides the fi rst evidence that 
human SPG11 mutaƟ ons and loss of funcƟ on of 
spatacsin share neurite pathologies and show that 
SPG11 is implicated in axonal maintenance and car-
go traffi  cking. Understanding the cellular funcƟ ons 
of spatacsin will allow deciphering mechanisms of 
motor cortex dysfuncƟ on in autosomal recessive he-
reditary spasƟ c paraplegia. (Perez-Branguli, Mishra 
et al., HMG 2014).
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