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Lab Resource: Single Cell Line 

Generation of a human iPSC line (UUIGPi015-A) from a patient with Dravet 
syndrome and a 2.9 Mb deletion spanning SCN1A on chromosome 2 

Jens Schuster *, Claudia de Guidi, Rekha Tripathi, Joakim Klar, Niklas Dahl * 

Department of Immunology, Genetics and Pathology, Science for Life Laboratory, Uppsala University, 751 08 Uppsala, Sweden  

A B S T R A C T   

Dravet syndrome is an early onset devastating epilepsy syndrome usually caused by heterozygous mutations in SCN1A. We generated a human iPSC line (UUIGPi015- 
A) from dermal fibroblasts of a patient with Dravet syndrome carrying a deletion on chromosome 2 encompassing SCN1A and 9 flanking genes. Characterization of 
the iPSC line confirmed expression of pluripotency markers, tri-lineage differentiation capacity and absence of exogenous reprogramming factors. The iPSC line 
retained the deletion and was genomically stable. The iPSC line UUIGPi015-A provides a useful resource for studies on the pathophysiology of Dravet syndrome and 
seizures caused by haploinsufficiency of SCN1A and flanking gene products.   

1. Resource table  

Unique stem cell line identifier UUIGPi015-A 
Alternative name(s) of stem cell 

line 
DD3A 

Institution Uppsala University, Uppsala, Sweden 
Contact information of 

distributor 
Jens Schuster, jens.schuster@igp.uu.se 
Niklas Dahl, niklas.dahl@igp.uu.se 

Type of cell line iPSC 
Origin Human 
Additional origin info required 

for human ESC or iPSC 
Age: 6 years at sampling date 
Sex: female 
Ethnicity if known: Caucasian 

Cell Source Dermal fibroblasts 
Clonality Clonal 
Method of reprogramming Sendai virus 
Genetic Modification Yes 
Type of genetic modification Hereditary 
Evidence of the reprogramming 

transgene loss 
RT/PCR for Sendai virus genome 

Associated disease Dravet Syndrome (OMIM #607208) 
Gene/locus SCN2A, CSRNP3, GALNT3, TTC21B, SCN1A, 

SCN9A, SCN7A, XIRP2, B3GALT1, STK39/ 
Chr2: 2q24.3X; 166.244.769-169.112.419 

Date archived/stock date March 2021 
Cell line repository/bank https://hpscreg.eu/user/cellline/edit/UUIGPi 

015-A 
Ethical approval The study was approved by the Regional Ethics 

Committee of Uppsala (Registration: Dnr 2016/ 
209).  

2. Resource utility 

The human iPSC line UUIGPi015-A adds a new genomic make-up to 
available iPSC lines derived from Dravet patients. The iPSC line is useful 
to study the effects of SCN1A haploinsufficiency caused by a chromo-
some 2 deletion, as well as to test for drug responsiveness relevant in 
Dravet syndrome. 

3. Resource details 

Dravet syndrome is a devastating childhood epilepsy caused by 
heterozygous mutations in SCN1A, encoding the voltage-gated sodium 
channel Nav1.1 (Brunklaus and Zuberi, 2014). Disease modelling using 
patient-derived iPSCs carrying distinct SCN1A mutations (Schuster 
et al., 2019) has yielded important insights into electrophysiological and 
molecular perturbations underlying Dravet syndrome (Schuster et al., 
2019; Sun et al., 2016). However, a subset of Dravet patients also pre-
sent large deletions that may encompass genes flanking SCN1A, inter-
fering with disease severity and progression (Mastrangelo et al., 2019). 
The generation of iPSC lines with such deletions will enable in-
vestigations on mechanisms caused by haploinsufficiency for SCN1A 
and flanking genes associated with clinical variants of Dravet syndrome. 

To this end, we established iPSC derived from a girl diagnosed with 
Dravet syndrome caused by a 2,9 Mbp deletion on chromosome 2 
(Fig. 1A). The deletion spans 10 genes comprising SCN1A, 3 additional 
genes encoding sodium channels (i.e. SCN2A, SCN7A, SCN9A) and 6 
other genes (CSRNP3, GALNT3, TTC21B, XIRP2, B3GALT1, STK39). We 
obtained a punch skin biopsy from the girl and reprogrammed primary 
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Fig. 1. Characterisation of human iPSC line UUIGPi015-A.  
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fibroblasts (DD3) using the Sendai virus reprogramming system. The 
clonal iPSC line UUIGPi015-A was expanded as monolayer on recom-
binant laminin LN521 and displayed tight colony growth with typical 
iPSC morphology, i.e. distinct, luminescent boarders and a high nucleus 
to cytoplasm ratio as seen by light microscopy (Fig. 1B, size bar 100 µm). 

We analysed the iPSC line for expression of four pluripotency factors 
(i.e. TRA-1–60, SSEA4, NANOG and SOX2) and all proteins were 

detected by either immunofluorescence or flow cytometry, respectively 
(Fig. 1C and D, size marker 100 µm). Furthermore, we examined the 
iPSC line for expression of a set of 96 marker genes for pluripotency and 
the three germ layers ectoderm, mesoderm and endoderm using a 
scorecard assay. Expression of the marker genes was comparable to that 
in a reference set of 23 human pluripotent stem cell lines (Fig. 1E). The 
scorecard assay was also used to assess the differentiation capacity of the 
UUIGPi015-A line in an embryoid body differentiation assay. After non- 
directed differentiation for 28 days, the expression of markers for all 
three germ layers was markedly upregulated, while genes associated 
with pluripotency were downregulated when compared to their 
expression in the undifferentiated iPSC line (Fig. 1F), demonstrating that 
the iPSC line UUIGPi015-A is pluripotent. 

To further characterize the iPSC line, we assessed genome integrity 
using the CytoScanTMHD DNA array. No chromosomal aberrations could 
be detected at a resolution of >0.5 Mb but the 2,9 Mb deletion on 
chromosome 2, suggesting that the iPSC line retained the genotype of 
the patient derived fibroblasts (Fig. 1A). Cell line authentication was 
investigated using a set of 16 polymorphic short tandem repeats (STRs) 
and all STRs of the iPSC line UUIGPi015-A matched the parental fibro-
blast line (data available upon request). 

Additionally, we performed standard PCR to detect presence of 
persisting Sendai virus. The iPSC line proved free of Sendai virus at 
passage P24 (Fig. 1G). Finally, the iPSC line tested negative for myco-
plasma infection (Supplementary File 2). 

In summary, we derived a human iPSC line UUIGPi015-A from a 
patient with Dravet Syndrome and a 2,9 Mb deletion on chromosome 2 
(Table 1). The iPSC line is available to model Dravet syndrome patho-
physiology and for drug screening. 

4. Materials and methods 

4.1. Culture conditions 

Fibroblasts were cultured in DMEM (Sigma, cat no: D5796), 10% 
fetal bovine serum (ThermoFisher-Scientific, cat no: 10500056), 2 mM 
GlutaMAX™ (ThermoFisher-Scientific, cat no: 35050038), 1% peni-
cillin/streptomycin (ThermoFisher-Scientific, cat no: 15140122) in a 
humidified atmosphere with 5% CO2 at 37 ◦C and passaged using Try-
pLE™ Express (ThermoFisher-Scientific, cat no: 12604039), and 
Defined Trypsin Inhibitor (ThermoFisher-Scientific, cat no: R007100). 
Human iPS cells were cultured in Essential-8™ medium (ThermoFisher 
Scientific, cat no: A1517001), on laminin-521 coated culture dishes 
(BioLamina; 5% CO2, 37 ◦C) and passaged as single cells using TrypLE™ 
Express and Defined Trypsin Inhibitor at a ratio of 1:10 when 80% 
confluence was reached. 

For the embryoid body (EB) differentiation assay, iPSCs were 
dissociated with TrypLE™-Express, seeded into a 96-well ultra-low 
attachment plate (Sigma) in DMEM/F12, 20% Knock-out serum 
replacement, 3% FBS, 2 mM GlutaMAX™, 1x non-essential amino acids 
and 1% penicillin/streptomycin, supplemented with 10 μM Rho-kinase 
inhibitor Y27632 (Stem Cell Technologies). The next day, formed EBs 
were transferred to non-adherent culture plates for a total of 28 days of 
differentiation. 

4.2. Reprogramming 

Fibroblasts were reprogrammed using CytoTuneTM-iPS Sendai 
reprogramming kit v2.0. (Thermofisher, cat no: A16517), expressing the 
Yamanaka factors hc-Myc, hKLF4, hSox2 and hOct3/4. A total of 8 iPSC 
colonies were manually picked for passage 1 and expanded on LN521 
coated culture dishes in Essential-8 medium (see culture conditions). 
Subsequently, the clonal line DD3A (UUIGPi0015-A) was fully 
characterized. 

Table 1 
Human iPSC line UUIGPi015-A characterization and validation.  

Classification Test Result Data 

Morphology Bright field microscopy UUIGPi015-A 
appears normal 
at passage (P) 
10 

Fig. 1 panel B 

Phenotype Qualitative analysis 
(Immunocytochemistry) 

The iPSC line 
UUIGPi015-A 
(P10) expresses 
pluripotency 
markers 
NANOG and 
SOX2. 

Fig. 1 panel D 

Quantitative analysis 
(Flow cytometry) 

UUIGPi015-A 
(P12) is 
positive for cell 
surface 
markers SSEA4 
(97,7%) and 
TRA-1–60 
(92,4%) 

Fig. 1 panel C 

Genotype CytoScanTM HD array Detection of 
the 2868 kbp 
deletion on 
chromosome 2. 
No additional 
genomic 
aberrations 
were detected. 
Resolution > 1 
Mb 

Fig. 1 panel A 
Supplementary 
File 1 

Identity STR analysis 
(AmpLSTRTM Identifiler 
PCR Amplication Kit) 

MatchDNA 
profile of 16 
polymorphic 
markers in 
donor 
fibroblasts and 
iPSC line 
UUIGPi015-A 

Submitted in 
the archive with 
journal 

Mutation 
analysis 

CytoScanTM HD array Detection of 
heterozygous 
2868 kbp 
deletion on 
chromosome 2 

Fig. 1 panel A 

Sequencing N/A  
Southern Blot OR WGS N/A  

Microbiology 
and virology 

Mycoplasma testing by 
luminescence 
(MycoAlertTM 
Mycoplasma Detection 
Kit) 

Negative Supplementary 
file 2 

Differentiation 
potential 

Embryoid body 
formation and 
differentiation followed 
by Scorecard analysis 

UUIGPi015-A 
(P13) 
demonstrates 
the ability to 
differentiate 
into cells 
representing 
the three germ 
layers 

Fig. 1 panel F 

Donor 
screening 
(OPTIONAL) 

HIV 1 + 2 Hepatitis B, 
Hepatitis C 

N/A  

Genotype 
additional 
info 
(OPTIONAL) 

Blood group genotyping N/A  
HLA tissue typing N/A   
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4.3. DNA isolation and cell authentication 

Genomic DNA was isolated using a tissue DNA kit (Macherey-Nagel). 
Cell authentication of DNA from iPSC line UUIGPi0015-A and the 
parental fibroblast line was performed using AmpFLSTR™ Identifiler™ 
PCR Amplification Kit (ThermoFisher-Scientific) and the amplified 
products were separated on a SeqStudio Genetic Analyzer (Applied 
Biosystems). Fragment lengths were analyzed using GeneMapper™ 
Software v5. 

4.4. Genome stability and deletion detection 

Genomic integrity was assessed on DNA (see above) from the hiPSC 
line using the CytoScan™HD Array (ThermoFisher Scientific, cat no: 
901835) at Uppsala University Hospital, Clinical Genetics unit, Uppsala. 
Data were also used to verify the presence of the 2,8 Mb deletion on 
chromosome chromosome 2. 

4.5. Immunofluorescence 

Cells were fixed in 4% formaldehyde for 5 min and pre-incubated in 
1xPBS, 1%BSA, 0,3% TritonX100. Primary antibodies (mouse anti- 
NANOG, rabbit anti-SOX2; Table 2) were diluted in preincubation 
buffer and incubated at 4 ◦C overnight. Next day, following three 
washing steps, secondary antibodies (donkey anti-mouse AF488, donkey 
anti-goat AF633) were incubated at room temperature for 60 min. Nu-
clear marker DAPI (1 μg/ml; Sigma cat no: D8417) was incubated for 10 
min at room temperature and specimens were mounted onto microscope 
slides using ProlongTM Glass Antifade Mountant (Invitrogen). Specimens 
were imaged using an AxioImager (Zeiss). 

4.6. Flow cytometry 

iPSCs were harvested with TrypLExpress and washed in 1% BSA/ 
1xPBS. Primary antibodies (mouse-IgG anti-SSEA4, mouse-IgM anti 
TRA-1–60; Table 2) were incubated at room temperature for 30 min. 
Secondary antibodies (goat anti-mouse IgM AF488, goat anti-mouse IgG 
AF555; Table 2) were incubated for 20 min at room temperature. Cells 
were analysed on an LSR-FORTESSA (BD) with software FlowJo v10.7.2. 

4.7. RNA isolation, RT-PCR and scorecard assay 

Total RNA was isolated utilizing miRNeasy mini kit (Qiagen, cat no: 
217084) and RNA quality assessed by Agilent BioAnalyzer (RIN > 8). 
CDNA was synthesized using the High Capacity cDNA Synthesis kit 
(ThermoFisher Scientific, cat no: 4368814) from 1 μg of total RNA. 

Detection of Sendai virus was performed by PCR on a “MyCycler” 
thermal cycler (BIORAD) with a total of 35 cycles (95 ◦C – 30 s, 55 ◦C – 1 
min, 72 ◦C – 1 min) using 1/10 of the cDNA reaction and primers SeV-F 
and SeV-R (Table 2). GAPDH was used as positive control. Samples were 
run without template as negative control. The expected PCR products 
(SeV: 195 bp, GAPDH: 325 bp) were separated by 1% agarose gel 
electrophoresis together with a size standard (GeneRuler 100 bp DNA 
ladder; ThermoFisher Scientific, cat no: SM0243). For expression anal-
ysis of marker genes, samples were run on TaqMan® hPSC Scorecard™ 
Panel (ThermoFisher Scientific, cat no: A15872/A15870) following 
manufacturer’s protocol. Scorecards were analysed using the company’s 
software at https://apps.thermofisher.com/hPSCscorecard/home.htm. 

4.8. Mycoplasma 

The iPSC line UUIGPi015-A (DD3A) was assessed for presence of 
mycoplasma using cell culture supernatants and the MycoAlert® my-
coplasma detection kit (Lonza, cat no: LT07-318). 
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