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A B S T R A C T   

Congenital myasthenic syndromes (CMS) are a class of inherited disorders affecting the neuromuscular junction, a synapse whose activity is essential for movement. 
CMS with acetylcholinesterase (AChE) deficiency are caused by mutations in COLQ, a collagen that anchors AChE in the synapse. To study the pathophysiological 
mechanisms of the disease in human cells, we have generated iPSC from a patient’s Peripheral Blood Mononuclear cells (PBMC) by reprogramming these cells using a 
non-integrative method using Sendai viruses bearing the four Yamanaka factors Oct3/4, Sox2, Klf4, and L-Myc.   

1. Resource table  

Unique stem cell line identifier REGUi009-A 
Institution Saints-Peres Paris Institute for the Neurosciences 

(SPPIN) 
Contact information of 

distributor 
Pr. Claire Legay, claire.legay@parisdescartes.fr 

Type of cell line human induced Pluripotent Stem Cell (hiPSC) 
Origin Human 
Additional origin info Male, 28 years old 
Cell Source Peripheral Blood Mononuclear cells (PBMCs) 
Clonality Mixed 
Method of reprogramming Sendai virus expressing OCT4, SOX2, L-MYC, KLF4 

genes 
Genetic Modification Congenital 
Associated disease Congenital Myasthenic Syndrome with AChE 

deficiency 
Gene/locus COLQ/1281C>T 
Date archived/stock date February 2020 
Cell line repository/bank No 
Ethical approval N◦AC-2018-3156  

2. Resource utility 

Congenital Myasthenic Syndrome (CMS) with AChE deficiency 

correspond to a rare disease due to mutations in COLQ, a gene that codes 
for a synaptic non-fibrillar collagen (Legay, 2018). ColQ is synthetized 
by muscle cells and anchors AChE in the synaptic cleft where AChE 
hydrolyses acetylcholine to control neurotransmission. To investigate 
the molecular and cellular defects created by a ColQ C-terminus muta-
tion in human muscle cells and in neuromuscular junction in vitro, we 
have generated hiPS cells from patient with a COLQ 1281C > T homo-
zygous mutation. To our knowledge, this is the first hiPSC line produced 
from CMS with AChE deficiency patient (see Table 1). 

3. Resource details 

In this study we have generated hiPS cells named REGUi009-A from 
a 28 years old male patient with a COLQ 1281C>T homozygous muta-
tion (Fig. 1 A and C). The patient mutation and pathology have been 
described in (Wargon et al., 2012), and the patient referred as patient 2 
in this publication. The blood sample for the Peripheral Blood Mono-
nuclear Cells (PBMCs) purification was collected in heparin tubes. 
Another blood sample was collected to extract the patient genomic DNA. 
The PBMCs reprogramming was done using non-integrative CytoTu-
neTM-iPS 2.1 Sendai Reprogramming kit composed by the four Yama-
naka factors Oct3/4, Sox2, Klf4, and L-Myc at the SAFE-iPS Core facility 
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of the Institute for Regerative Medecine & Biotherapiy (IRMB). hiPS 
cells REGUi009-A were cultured on matrigel coated plate in E8 medium 
(Fig. 1 A, right panel), passaged with Versene solution (Gibco 
#15040066), and frozen in Cryostor CS10 preservation media (Sigma 
Aldrich #C2874). Karyotyping of REGUi009-A cells by M-FISH (Fig. 1B) 
show all cells had 46 chromosomes and XY sex chromosomes as ex-
pected for a male patient. SNP analysis detected a duplication in chro-
mosome 1 p36.21 zone in both REGUi009-A cells and somatic cells used 
for reprogramming (Fig S1a and S1b). Karyotyping and genotyping of 
REGUi009-A were performed by M-FISH and SNP analysis at the I-STEM 
core facility. Moreover, the iCS-digitalTM PSC test (Stemgenomics, 
(Assou et al., 2020)) detected no genomic abnormalities on REGUi009-A 
cells. The phosphatase alkaline activity was confirmed by the presence 
of a precipitate with Vector Red AP substrate kit (#SK-5100, Fig. 1A). 
The expression by REGUi009-A of Tra1-60, Tra1-81, and SEEA-4 cell 
surface markers and Oct4, Nanog, and Sox2 pluripotency-associated 
transcription factors was assessed by FACS (Fig. 1D, Table 2) and 
immunocytochemistry (Fig. 1E, Table 2). In addition, we demonstrated 
the REGUi009-A capacity to generate the three germ layers. Embryoid 
bodies (EBs) form in suspension (Fig. 1F, right panel), adhere and 
migrate on a dish, and express molecules representative of the germ 
layers, ie ectoderm, endoderm, and mesoderm using respectively βIII- 
tubulin (Tuj1), α-fetoprotein (AFP) and smooth-muscle actin (SMA) 
antibodies (Fig. 1F). STR profiles analyses on 16 independent loci found 

hiPS cells genetically identical to the patient PBMC (data available from 
the authors). Absence of mycoplasma contamination (Fig S2) was 
assessed by luminescence (MycoAlert Mycoplasma Detection Kit, 
Lonza). 

4. Materials and methods 

4.1. Human blood samples 

The PBMCs were isolated from the whole blood sample by the 
Genethon core facility using Ficoll density gradient cell separation. 

4.2. Ethics statement 

The patient signed a written informed consent and the study was 
approved by the scientific ethical committee “Comité de protection des 
personnes Ile-de-France XI”, under the authorisation n◦ AC-2018–3156. 

4.3. hiPSC generation 

Prior to reprogramming, PBMCs were cultured 5 days in erythroid 
media: SFEM II medium completed with erythroid expansion supple-
ment (Stemcell Technologies #09655 and #02692). The PBMCs 
reprogramming was done according to CytoTuneTM-iPS 2.1 (Invitrogen 
#A34546). Briefly, 5 × 104 cells in SFEM II were added together with 
the sendai viruses KOS, L-Myc and Klf4 respectively at 10, 10 and 6 MOI. 
The tube containing cells and viruses was centrifugated for 1 h at 2250 
rpm. Spinoculated cells were plated in erythroid media, with 5 mM Rock 
inhibitor and 100 mM sodium butyrate under hypoxic conditions for 7 
days. From day 3, the cells were cultivated on matrigel coated dishes. 

4.4. Alkaline phosphatase activity 

The cells were stained with Vector® Red AP substrate (Vector Lab-
oratories kit #SK-5100) according to manufacturer’s instructions. The 
culture media was discarded before incubation with the substrate 
working solution for 20–30 min in the dark. 

4.5. Immunofluorescence labelling 

Cells grown on coverslips were fixed in 4% PBS/paraformaldehyde 
and labelled overnight at room temperature, after a 60-minute incuba-
tion in the blocking buffer (5% goat serum) supplemented with 0,1% 
Saponin according to the standard protocol of StemLightTM Pluripotency 
Antibody Kit (Cell Signaling). Cells were incubated with the appropriate 
fluorochrome-conjugated secondary antibodies for 60 min. DNA was 
stained with DAPI (ImmunoChemistry, #6244) for 15 min. Image 
acquisition was performed with an Axio Imager Z1(ZEISS) Apotome, 
X10 objective (Fig. 1.E) and a confocal microscope Zeiss LSM880, X40 
objective (Fig. 1.F). 

4.6. Fluorescence-activated cell sorting (FACS) 

BD Stemflow Human Pluripotent Stem Cell Transcription Factor 
Analysis Kit was used for FACS. Cells were analysed on a CANTO II 
Becton Dickinson and analysis was made with Flow-JO. 

4.7. hiPSC karyotyping 

30 metaphases were counted and 6 cells were karyotyped for the M- 
FISH analyses. SNP analysis was carried out following the Illumina 
Infinium Core24 protocol (Integragen) and results analysed on Genome 
Studio software v2011.1. 

Table1 
Characterization and validation.  

Classification Test Result Data 

Morphology Photography REGUi009-A appear 
normal 

Fig. 1 
panel A 

Phenotype Qualitative analysis 
(Immunocytochemistry) 

Positive for 
pluripotency: 
Oct4, Nanog, SOX2, 
SSEA4 
Phosphatase alkaline 

Fig. 1 
panel E 
Fig. 1 
panel A 

Quantitative analysis 
(Flow cytometry) 

Positive for cell 
surface markers 
Oct4, Nanog, SOX2, 
and SEEA-4Tra1-60, 
Tra1-81 

Fig. 1 
panel D 

Genotype Karyotype (M-FISH) and 
resolution 

46XY, 400 Fig. 1 
panel B 

Identity SNP analysis 5 sites tested, 
genotype conformity 
is normal 

Suppl. 
Fig. S1a 
and S1b 

Stemgenomics 
iCS-digitalTM Pluri test 

no abnormalities 
detected  

STR analysis 16 independent loci 
tested: hiPSC 
genetically identical to 
PBMC  

Donor mutation 
description (From 
electropherogram data) 

COLQ gene carrying 
c.1281C>T mutation 

Fig. 1 
panel C 

Mutation 
analysis (if 
applicable) 

Sequencing N/A  
Southern Blot OR WGS N/A  

Microbiology 
and virology 

Mycoplasma testing by 
luminescence (MycoAlert 
Mycoplasma Detection 
Kit, Lonza) 

REGUi009-A is 
negative 

Suppl. 
Fig. S2 

Differentiation 
potential 

Embryoid body 
formation 

Ectoderm, endoderm, 
and mesoderm 
expression detected by 
immunocytchemistry 

Fig. 1 
panel F 

Donor 
screening 
(optional) 

HIV 1 + 2 Hepatitis B, 
Hepatitis C 

Not performed N/A 

Genotype 
additional 
info 
(optional) 

Blood group genotyping Not performed N/A 
HLA tissue typing Not performed N/A  
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4.8. Three germ layer in vitro differentiation and characterization 

Embryoid bodies (EBs) were formed in suspension, in low attach-
ment 96 wells plates in E8 medium completed with polyvinyl alcohol 
(PVA) 4 mg/ml and 10 µM Rock inhibitors Y27632 based on published 
protocol (Lin and Chen, 2014). The next day, medium was changed to E6 

medium and EBs were left to differentiate spontaneously. After 7 days, 
EBs were plated on a matrigel coated µ-dishes (ibidi #81156) to adhere 
and cells started to migrate. To promote endoderm differentiation, some 
EBs were treated with Activin-A 100 ng/ml (R&D systems #338-AC) 
during 3 days when in suspension, and the first 4 days in adhering 
culture. Cells were fixed after 10 days of adhering culture and 

Fig. 1. Characterization of REGUi009-A hiPSC line bearing COLQ c.1281 C>T mutation responsible for a CMS.  
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immunostained. 

4.9. Authentication of hiPSC identity 

hiPSC identity was confirmed by short tandem repeat (STR) analysis 
by Eurofins Genomics. 
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Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.scr.2020.102106. 
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Table 2 
Reagents details.  

Antibodies used for immunocytochemistry/flow-cytometry  
Antibody Dilution Company Cat # and 

RRID 

Pluripotency 
markers 
immunostaining 

Oct-4A Rabbit mAb 
(Clone C30A3) IgG 

1/200 Cell signaling 
technology #2840, 
RRID: AB_2167691 

Pluripotency 
markers 
immunostaining 

Sox2 XP® Rabbit mAb 
(Clone D6D9) IgG 

1/200 Cell signaling 
technology # 3579, 
RRID: AB_2195767 

Pluripotency 
markers 
immunostaining 

Nanog XP® Rabbit mAb 
(Clone D73G4) IgG 

1/200 Cell signaling 
technology # 4903, 
RRID: AB_10559205 

Pluripotency 
markers 
immunostaining 

SSEA4 Mouse mAb 
(Clone MC813) IgG 

1/200 Cell signaling 
technology # 4755, 
RRID: AB_1264259 

Pluripotency 
markers 
immunostaining 

TRA–1–60(S)IgM 
Mouse mAb (Clone 
TRA–1–60(S)) IgM 

1/200 Cell Signaling 
Technology # 4746, 
RRID: AB_2119059 

Pluripotency 
markers 
immunostaining 

TRA–1–81 Mouse mAb 
(Clone TRA–1–81) IgM 

1/200 Cell signaling 
technology # 4745, 
RRID: AB_2119060 

Secondary 
Antibody 

Alexa Fluor® 488 
conjugate Goat anti- 
Rabbit IgG 

1/400 Fisher scientific # A- 
11034, RRID: 
AB_2576217 

Secondary 
Antibody 

Alexa Fluor® 555 
conjugate Goat anti- 
Rabbit IgG 

1/400 Invitrogen- 
thermofisher 
scientific #A-21424, 
RRID: AB_141780 

Pluripotency 
markers flow 
cytometry 

PE Mouse anti-human 
Nanog (Clone: 
N31–355) 

1:5 BD Biosciences 
Cat#560791, RRID: 
AB_1937305 

Pluripotency 
markers flow 
cytometry 

PerCP-CyTM 5.5 Mouse 
anti-Oct3/4 (Clone: 40/ 
Oct-3) 

1:5 BD Biosciences 
Cat#560794, RRID: 
AB_1937313 

Pluripotency 
markers flow 
cytometry 

Alexa FluorR 647 
Mouse anti-Sox2 
(Clone:245,610) 

1:5 BD Biosciences Cat# 
560301, RRID: 
AB_1645308 

Pluripotency 
markers flow 
cytometry 

Alexa FluorR 647 
Mouse anti-SSEA-4 
(Clone: MC813–70) 

1:5 BD Biosciences 
Cat#560796, RRID: 
AB_2033991 

Pluripotency 
markers flow 
cytometry 

PE Mouse IgG1, κ 
Isotype Control (Clone 
MOPC-21) 

1:5 BD Biosciences 
Cat#554121, RRID: 
AB_395252 

Pluripotency 
markers flow 
cytometry 

PerCP-Cy5.5 Mouse 
IgG1, κ Isotype Control 
(Clone: X40) 

1:5 BD Biosciences 
Cat#347202, RRID: 
AB_400265 

Pluripotency 
markers flow 
cytometry 

Alexa Fluor® 647 
Mouse IgG2a, κ Isotype 
Control (Clone: MOPC- 
173) 

1:5 BD Biosciences 
Cat#558020, RRID: 
AB_396989 

Differenciation 
markers 
immunostaining 

Chicken anti-TUJ1 1:1500 Abcam 
#ab41489, RRID: 
AB_727049 

Differenciation 
markers 
immunostaining 

Mouse anti-AFP 1:200 Abcam 
#ab3980, RRID: 
AB_304203 

Differenciation 
markers 
immunostaining 

Rabbit anti-SMA 1:100 Abcam 
#ab5694, RRID: 
AB_2223021 

Secondary 
Antibody 

Alexa Fluor® 488 
conjugate Goat anti- 
Chicken IgG 

1:500 Abcam 
#ab150169, RRID: 
AB_2636803 

Secondary 
Antibody 

Goat anti-Rabbit IgG (H 
+ L), Cyanine3 

1:500 Invitrogen- 
thermofisher 
scientific 
#A10520, RRID: 
AB_2534029 

Secondary 
Antibody 

Goat anti-Mouse IgG (H 
+ L), Alexa Fluor 633 

1:500 Invitrogen- 
thermofisher 
scientific 
#A21052, RRID: 
AB_2535719  
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