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Background
The study of biomolecular phenomena underlying human diseases is
paramount to developing strategies for their treatment and/or prevention.

« Animal models

« Adult stem cells from patients’ tissues which present the main
pathological status
Induced pluripotent stem cells from patients’ fibroblasts

Aim of the study

The aim of this study is to evaluate if MUSE
stem cells may represent a valid cell-based
model to study neural diseases
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Mesenchymal stromal cells (MSCs)

NN

The HSC microenvironment

‘o= = = ’ Bone marrow
Macrophage i .
D= Rericyte

| P> Ctln-l- {("’v

\ Osteomac
\7 P~
¢ i Rt - Adipocyte

_ CD146+

osteo-
progenitor

.
gradient . ( ,

O HSC dormanc Y,
— ) quiescence, long-term self-renewal
LT-HSPC homing

©J. Cell Sci. (2011) 124, pp. 3529-3535

@ Cp4cells
& Neutrophils
* Macrophages
W MSCs

Adipose cellular
architecture < Vascular fragments



Within the population of MSCs, there is a cellular subpopulation t
In that it shows the expression of SSEA-3: MUSE cell
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Within the population of MSCs, there is a cellular subpopulation that it is unique
In that it shows the expression of SSEA-3: MUSE cells

MUSE Non-MUSE
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Multilineage differentiating Stress Enduring (MUSE) cells
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MUSE cells are identified as endogenous, stress-resistant stem cells, expressing several pluripotency
master genes and able to differentiate in mature cells of the three embryonic sheets.

adapted from Wakao S et al., 2018



Isolation and characterization of MUSE cells

MUSE Non-MUSE
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The isolated MUSE cell population displayed the characteristics of pluripotent stem cells: expression
of stem cell markers and trilineage differentiation capacity.



Multilineage differentiating Stress Enduring (MUSE) cells
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MUSE cells are identified as SSEA-3 (+) cells in various tissues and
can be collected from various sources by positive selection for this marker.

adapted from Wakao S et al., 2018



Muse Stem Cells as
Neurological disease model

Mutations in the coding region of IQSEC2 gene have been
identified in patients with intellectual disability (ID),
epilepsy, and autism since 2008.

Wide phenotypic diversity has been described for IQSEC2-
related ID, as is also the case for Rett syndrome (RTT).
Indeed, several patients with /QSEC2 mutations show
clinical symptoms similar to RTT, and some meet all of the
criteria for canonical RTT.




We aimed to study the possibility to isolate

from subjects with IQSEC2 gene
mutation. The Muse stem cells of patients would
be differentiated into neural lineage for
establishing



|IQSEC2 Gene and protein

 The IQSECZ2 gene (i.e., BRAG1 gene) encodes for several protein isoforms that vary a
the N- and C-termini
» |IQSEC2 proteins, meanwhile, are guanine nucleotide exchange factors for the RAS

superfamily GTPase, including ARF6, which IQSEC2 isoforms activate by exchanging
their GDP for GTP via the Sec7 domain
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IQSEC 2 gene Mutations Sites
for the Three Patients

Homo sapiens IQ motif and Sec7 domain ArfGEF 2 (IQSEC2), transcript variant 1
mRNA

NCBI Reference Sequence: NM_001111125.3

WT ggg tgg cgce cgt gag aga gcg ggg aca ggg ctc toc tge ccg thc cec tge coc tgg goc goc agg Bkg gag gog oo
PT1 ggg tgg cgc cgt gag aga gcg ggg aca ggg ctc toc tge cog ttc coc tge coc tgg goc goc agg A8 cag gog noo
PT2 gge tgg cge cgt gag aga gog geg aca ggg ctc tec tge ccg tic coc tge cec tgg goc goc age Akl cag gog nos
PT3 ggg tgg cge cgt gag aga geg ggg aca ggg cte tee tge ceg tte coc tge coc tgg gee gece agg - gag gcg gg.

il

0.

WT CCC ccg ccg cca gag gag tac aag agc cag agg ccc gtc tcc aac tcec teca tec tte ctg ggco tece ctt ggg cte cct
PT1 ccc ccg ccg cca gag gag tac aag age cag agg ccc gtc tecc aac tcc tca toc tt@ ggc tec ctt ggg ctc cct

PT2 ccc ccg ccg cca gag gag tac aag agce cag agg ccc gte tcc aac tec teca toc tte ctg ggc tee ctt ggg cte cct

PT3 ccc cecg cog cca gag pgag tac aag age cag agg coc gte tee aac tee tea too tte ctg ggoe tee ottt ggg cte cct Alessand ra Ren

WT ggc cca gtc cca ggg ©cc caa cac tat ace ttg gge cgg cca gge agg gea ccc aga Cgg ggg  gol gga gega at Med-ical
PT1 ggc cca gtc cca ggg cCcC caa cac tat acc ttg ggc cgg cca ggc agg gea ccc aga cgg ggg  gCct gga gga
PT2 ggc cca gtc cca ggg ccc caa cac tat acc ttg gge cgg cca gge agg gea ccc aga cgg ggg  got gga gga
PT3 ggo cca gte cca ggg coc caa cac tat ace ttg gge cgg cca gge agg gea coc aga cgg gg@t gga gega

WT cac cct cag ttt gct cca cat ggc Cgce cac €CC ctg cac cag ccc aca tcc cca ctg ¢ ctg tac agt cct goc
c

cc
PT1 cac cct cag tit gct cca cat gge cge cac ccc ctg cac cag ccc aca tcc cca clg cec ctg tac agt cct goc
PT2 cac cct cag ttt gct cca cat gge cge cac ccc ctg cac cag ccc aca tce cca ctg cce ctg l@gt cct gcc

PT3 cac cct cag ttt gct cca cat ggc cgc cac €Cc ctg cac cag ccc aca tcc cca ctg ccc ctg tac agt cct gec
WT ccc cag cac cct cca goec cac aaa cag gge cct aag cac ttec atce ttec age cac cac cca cag atg atg cca

PT1 ccc cag cac cct cca gcc cac cag ggc cct aag cac ttc atc ttc age cac cac cca cag atg atg cca

PT2 ccc cag cac cct cca goec cac aaa cag gge cct aag cac ttc alc Ltc agce cac cac cca cag atg atg cca
PT3 ccc cag cac oot cca goc cac aas cag gge oct aag cac tte ate tte age cac cac cca cag atg atg cca

WT gca gca ggc geg get ggg ggc cct gga tee cgg cca cca ggg ggc tee tac tcc cac ccc cac cac ccc cag
PT1 g8Ca gca gge geg get ggg gec oct gga tee cgg cca cca ggg gece tee tac tee cac ¢cc cac cac ¢cc cag
PT2 gca gca gge geg get ggg gge cct gga tee ¢gg cca cca ggg ggce tee tac tee cac ccc cac cac ccc cag
PT3 gca gca ggc gog got ggg gegc oct gga tec cgg cca cca ggg ggc tec tac tcc cac ¢cc cac cac ¢ccc cag

WT tca cca ttg tca cca cac tca ccc alc cca ccc cac ccc tece tat cca cec cle cecc cca ccc tece cct cac acc
PT1 tca cca ttg tca cca cac tca ccc atc cca ccc cac ccc tcce tat cca ccc cte ccc cca ccc tcec cct cac acc
PT2 tca cca ttg tca cca cac tca ccc atc cca ccc cac ccc tecc tat cca ccc cte ccc cca ccc tece cct cac acc
PT3 tca cca ttg tca cca cac tca ccc atc cca ccc cac ccc tecce tat cca ccce cte ccc cca ccc tec cct cac acc

WT ccg cac tca ccc ctt cca cecc acc tece ccce cat gge ceg ctg cac goece tet ggg cocc oct gge aca goc aac
PT1 ccg cac tca ccc Ctt cca cCcc acc tcc ccc cat ggce ccg ctg cac geoc tct ggg ccc cct gge aca gec aac
PT2 ccg cac tca ccc ctt cca ccc acc tcc ccc cat gge ccg ctg cac goc tct ggg ccc cct gge aca gcec aac
PT3 ccg cac tca ccc ctt cca ccc acc tcc ccc cat gge ccg ctg cac goco tct ggg ccc cct gge aca goc aac

WT ccc ccc agt gca aac ccc aag goc aag cca age cgg atc agce acc gtg gtc - tga atg gag aga gtg agc
PT1 ccc cec agt gea aac ccc aag gec aag cca age cgg atc age ace gtg gte tga tga atg gag aga gtg age
PT2 ccc ccc agt geca aac ccc aag goc aag cca age cgg atc age acc gtg gte tga tga atg gag aga gtg agce
PT3 ccc ccc agt gca aac ccc aag gec aag cca age cgg atc age acc gtg gte tga tga atg gag aga gtg age




Methods
O O O

Patient/ Healty Fibroblast Isolation/ MUSE isolation by Culture MUSE cells in
donor Skin Biopsy Cultivation MACS suspention/colony forming

Analysis and Comparision
Biological properties

Neural induction 21 days
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Astrocyte Differentiation 50 days

Soubannier, V., Maussion, G., Chaineau, M., Sigutova, V., Rouleau, G., Durcan, T.M. and Stifani, S., 2020. Characterization of
human iPSC-derived astrocytes with potential for disease modeling and drug discovery. Neuroscience Letters, 731, p.135028

Kuroda, Y., Wakao, S., Kitada, M., Murakami, T., Nojima, M. and Dezawa, M., 2013. Isolation, culture and evaluation of
multilineage-differentiating stress-enduring (Muse) cells. Nature protocols, 8(7), pp.1391-1415.




Muse cells Characterization

Muse-PT2 Muse-PT3 (A) Muse Cells were successful
control-healthy fibroblast (Muse-C
fibroblast patients that we labelled
Muse-PT2 and Muse-PT3. The cells
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(B) The cells were positive for CD
CD105, CD44, that are typical m
mesenchymal stromal cells, and negative f
hematopoietic marker.
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\
Stemness Markers Evaluation
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Senescence
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Cell Cycle

Evaluation of Biological properties
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Neural lineage Induction
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Reactive Astrocytes

— astrophy with loss of function

/I
\ < functional - pathological remodeling
N . e
7\, change

neuroprotective

phenotypic |change

-reactive astrogliosos
naive astrocyte ey, reactive astrocyte hypestrophy 7 galscar
/¢ astrocytes ——> reactive astroc :
P “process extension Y Profferation, migration Sca-forming astrocytes

MRNA level

GFAP, B -catenin ‘
A2 nestin, N-cadherin
Cdh2, Sox9 [

CSPG-rel GBP2 AMIGO2 SPHK1 TIMP1
S100A10 -related genes

A1 A2
Reactive astrocytes




Differentiation journey from fibroblasts
Astrocytes




ND-Muse

Light microscope ~ EAAT1 EAAT2 GFAP SOX9 APOE 51008
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Take Home Message

Muse stem cells, which are
cells multipotent stem cells and are
naturally present in human body,
could be an effective in vit
disease model.
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