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A B S T R A C T

Autism spectrum disorder is a heterogenous neurodevelopmental disorder. The patients experience challenges in social interaction and communication skills as well
as restricted and/or repetitive behaviors. To understand the molecular mechanisms underlying developmental brain disorders, patient-derived cellular models
represent a useful tool. We have generated a human induced pluripotent stem cell line (SDUKIi003-A) from skin fibroblasts derived from a 20-year old male patient
diagnosed with Asperger syndrome (“FYNEN-cohort” of Southern Denmark). The reprogramming of the fibroblasts was accomplished using integration-free episomal
plasmids. Characterization validated the expression of pluripotency markers, differentiation into the three germ layers, and absence of chromosomal abnormalities.

1. Resource Table:

Unique stem cell line
identifier

SDUKIi003-A

Alternative name(s) of s-
tem cell line

IP-AP3/IP-AP3EXP25C1

Institution Institute of Molecular Medicine, University of Southern
Denmark (SDU)
Department of Clinical Research, Department of
Psychiatry (RSYD)

Contact information of
distributor

Prof. Tanja Maria Michel
E-mail: Tanja.Michel@rsyd.dk

Type of cell line iPSC
Origin Human
Additional origin info 20-year-old Caucasian male
Cell Source Skin fibroblasts
Clonality Clonal
Method of reprogram-

ming
Integration-free method; three episomal plasmids car-
rying the genes L-MYC, LIN28, SOX2, KLF4, OCT4, and
shP53

Genetic modification NO
Type of modification N/A
Associated disease Autism spectrum disorders (ASD)
Gene/locus N/A
Method of modification N/A

Name of transgene or re-
sistance

N/A

Inducible/constitutive s-
ystem

N/A

Date archived/stock date August 2018
Cell line repository/bank https://hpscreg.eu/cell-line/SDUKIi003-A
Ethical approval The work has been approved by the Research Ethics

Committee of the Region of Southern Denmark, DK (S-
20160103)

2. Resource utility

Induced pluripotent stem cells (iPSCs) generated from patients with
autism represent a valuable tool for investigating molecular disease
mechanisms of early brain development both in simple monolayer
cultures and in more complex three-dimensional in vitro models (Kaindl
and Winner, 2019).

3. Resource details

A skin biopsy was obtained from a male patient diagnosed with
Asperger syndrome (20-year old; ICD 10: F84.5) (autism spectrum
disorder according to the DSM-5 criteria). The protocol by Vangipuram
et al. (2013) was used for the isolation of fibroblasts from the skin
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biopsy. Reprogramming of the fibroblasts into iPSCs was performed by
the electroporation of three episomal plasmids carrying the Yamanaka
factors hOCT4, hKLF4, hL-MYC, hLIN-28, and shP53 (Okita et al., 2011)
(Table 1). Embryonic stem cell-like colonies emerged twenty to thirty
days post-transfection. Alkaline phosphatases (AP)-positive colonies
were isolated, expanded, and cryopreserved for backup. The colony
SDUKIi003-A displayed a healthy cellular morphology and was there-
fore selected and propagated for additional characterization (Fig. 1A).
Immunofluorescence (IF) revealed positive labeling for several plur-
ipotency markers, including markers localized to the nucleus (OCT4,
NANOG, SOX2) and the cell surface (SSEA-4, and TRA-1-60). These
were also confirmed by qPCR analysis, showing an upregulation of the
expression of pluripotency markers (OCT4, NANOG, and SOX2) and the
self-renewal gene (LIN28-A) in comparison to verified iPS cell lines;
SDUKIi002-A (Kamand et al., 2020) and TMOi001-A (ThermoFisher
Scientific; hPSCreg, A18945) (Fig. 1B). The capacity to differentiate
into the three germ layers was confirmed by 21 days of spontaneous
differentiation in vitro, followed by IF labeling targeting the markers for
endoderm (alpha-fetoprotein, AFP), mesoderm (α-smooth muscle actin,
α-SMA), and ectoderm (β-tubulin III, β-TubIII) at 21 days (Fig. 1 D).
The confirmation of genome integrity (Fig. 1C) and absence of the in-
troduced plasmids (Fig. 1E) was performed after passage seven using
KaryoStat (ThermoFisher Scientific) and qPCR analysis. The authenti-
cation of SDUKIi003-A line compared to the origin fibroblast cell line
was confirmed using Quantitative Fragment analysis PCR (QF-PCR)
(data available in archive with journal). Finally, both the SDUKIi003-A
and its parent fibroblast cell line were tested negative for mycoplasma
infection (Supp. Fig. 1).

4. Materials and methods

4.1. Reprogramming of fibroblasts to iPSCs

Skin fibroblasts were isolated using the protocol from Vangipuram
et al. (2013). The material obtained from the skin biopsy was first se-
parated into small fragments and cultured in fibroblast isolation
medium containing DMEM-Glutamax high glucose medium (Thermo-
Fisher Scientific, #31966–021), supplemented with 20% fetal bovine
serum (FBS) (Sigma-Aldrich, #F9665) and 1:500 primocin (InvivoGen,
ant-pm-1). The fibroblasts were expanded in fibroblast medium con-
taining 10% FBS and 1% penicillin–streptomycin for the reprogram-
ming (Sigma-Aldrich, #P4333).

The reprogramming followed a protocol slightly modified from
Rasmussen et al. (2014). At 80–90% confluency, fibroblasts were in-
cubated with Trypsin-EDTA (Sigma, #T3924) for 3–5 min for detach-
ment, and 1 × 106 cells were sampled and resuspended in transfection
solution (P2 primary cell 4D-Nucleofactor kit, #V4XP-2024). Cells were
then electroporated using the 4D-Nucleofactor transfection unit
(Lonza); program EN 150 using 1 μg of each plasmid, pCXLE-hUL (L-
MYC, LIN28, Addgene #27080), pCXLE-hSK (SOX2, KLF4, Addgene
#27078), and pCXLE-hOCT4-shp53-F (OCT4, shP53, Addgene
#27077). The transfected cells were cultured in a vitronectin-coated 6-
well plate (3x105-5x105 cells/well) (STEMCELL Technologies, #07180)
in penicillin–streptomycin-free fibroblast medium for 24–48 h. This
medium was then replaced by TeSR-E7 medium (STEMCELL Technol-
ogies, #05910) and changed daily. After 25–35 days, stem cell-like
colonies, positively stained with AP (ThermoFisher Scientific,
#A14353), were picked out and seeded in mTeSR1 medium (STEMC-
ELL Technologies, #85850) supplemented in RevitaCell Supplement
(1:100) (ThermoFisher Scientific, #A2644501) for further expansion.
Colonies were passaged manually 3–4 times to minimize the transition
of the differentiated cells. On passages 3–5, cells (70–80% confluency)
were split using ReleSR reagent (STEMCELLS Technologies, #05872)
according to the manufacturer's protocol. The iPSC cell pellet was re-
suspended in FBS containing 10% dimethyl sulfoxide (DMSO) (Sigma-
Aldrich, #D4540) and cryopreserved at −80 °C for 24 h before being
stored in liquid nitrogen. All cell culture and incubation for cell pas-
saging was performed at 37 °C in humidified incubators supplemented
with 5% CO2, and 20% O2.

4.2. In vitro spontaneous differentiation

Differentiation of the iPSCs into the three germ layers was per-
formed using embryoid body (EB) formation. Cells were detached using
ReLeSR and transferred into ultralow 96-well plates (Corning) (10,000
cell/well) in mTeSR1 medium containing RevitaCell (1:100). After
5–7 days, the EBs were isolated using a micropipette with a cut p1000
tip. The EBs were plated in 24-well plates with coverslips, coated with
0.1% gelatin (Sigma-Aldrich, #G2500), and remained in culture for a
maximum period of three weeks in a spontaneous differentiation
medium of DMEM F12 (ThermoFisher Scientific, #11320033) supple-
mented with 20% FBS, 2 mM Glutamax (ThermoFisher Scientific,
#35050061), 1x non-essential amino acids (ThermoFisher Scientific,
#11140035), 0.1 mM β-mercaptoethanol (Sigma-Aldrich, #M6250),

Table 1
Characterization and validation.

Classification Test Result Data

Morphology Photography Normal embryonic stem cell-like morphology Fig. 1, panel A
Phenotype Qualitative analysis:

Immunocytochemistry
Positive staining of pluripotency markers: OCT4, SOX2, NANOG, KLF4, and
SSEA-4

Fig. 1, panel B

Quantitative analysis: RT-qPCR Expression of pluripotency genes (OCT4, SOX2, NANOG, LIN28-A, and
KLF4) in SDUKIi003-A

Fig. 1, panel B

Quantitative analysis: Flow cytometry Percentage of cells expressing pluripotent cell-surface markers: SSEA-4:
99.69%
TRA-1-60: 77.25%

Fig. 1, panel B

Genotype KaryoStat assay (ThermoFisher
Scientific)

The size of structural aberration that can be detected is > 2 Mb for
chromosomal gains and > 1 Mb for chromosomal losses.

Fig. 1, panel C

Identity STR analysis:

Quantitative fragment analysis PCR (QF-
PCR)

21 sites were analyzed, all matched Available in archive
with journal

Mutation analysis N/A N/A N/A
Microbiology and virology Mycoplasma Mycoplasma tested by luminescence.

Result: Negative (B/A ratio < 1)
Fig. 1, panel F

Differentiation potential Embryoid body formation Proof of pluripotency (three germ layers differentiation): alpha-fetoprotein
(AFP), α-smooth muscle actin (α-SMA), and β-tubulin III (β-TubIII)

Fig. 1, panel D

Donor screening N/A N/A N/A
Genotype additional info N/A N/A N/A

N/A N/A N/A
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and 1% penicillin–streptomycin. The cells were fixed in 4% paraf-
ormaldehyde (PFA) and immunolabeled for germ layer-specific markers
as described above.

4.3. Immunofluorescence analysis

iPSCs and their respective differentiated cells were fixed in 4% PFA
(Sigma-Aldrich, #HT501128) for 30 min at room temperature (RT),
permeabilized using 0.25% Triton X-100 (Sigma-Aldrich, #T8787) for
15 min, and blocked for 1 h at RT with a blocking buffer consisting of

PBS, 0.25% triton, and 1% BSA (Sigma-Aldrich, #A9647). The fixed
cells were incubated with the primary (overnight at 4 °C) and secondary
(1–2 hrs at RT) antibodies listed in Table 2. Cell nuclei were stained
with DAPI diluted in TBS (1:1000) for 10 min at RT and mounted onto
microscope slides using Aquatex (Merck). Images were captured using a
fluorescence microscope (Leica)/confocal microscopy (DaMBIC) and
optimized using Image-J software. Fibroblasts derived from the patient
were used as a negative control (data not shown).

Fig. 1.
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4.4. RT-qPCR analysis

Isolation of total RNA was performed using the RNeasy mini kit
(Qiagen, #74104) according to the manufacturer’s instructions. RNA
was reversely transcribed (500 ng/reaction) into cDNA using the High
Capacity cDNA Reverse Transcription Kit (Applied Biosystems,
#4368814). For RT-qPCR, we used Maxima SYBR Green/ROX qPCR
master mix (ThermoFisher Scientific, #K0222). Primary CT values were
normalized based on the CT values of the housekeeping genes (GAPDH
and 36B4), and the fold change expression pattern of the selected genes
was calculated using the ΔΔCT method. RNA isolated from the
TMOi001-A and SDUKIi002-A cell lines served as a positive control for
pluripotency markers. RNA isolated from fibroblasts transfected with
episomal plasmids (Fibroblast + P) was used as a positive control for
the integration assay. Finally, RNA isolated from the patient’s fibro-
blasts was included in all qPCR experiments as a negative control. Data
analysis was performed using Bio-Rad CFX manager (3.1) software
(Gene study). Primers used for RT-qPCR analysis are listed in Table 2.

4.5. Flow cytometry

iPSCs were fixed in 4% paraformaldehyde (PFA) (Sigma-Aldrich,
#HT501128) for 20 min at RT, washed with PBS, and labeled with
conjugated antibodies diluted in FACS buffer (PBS, 2 mM EDTA, and
1% FBS) for 60 min at RT (isotype control for each antibody was in-
cluded) (Table 2). Cells were analyzed using a FACS Aria II flow cyt-
ometer (BD Biosciences) (gating strategy: ∼50% of total events).

4.6. Mycoplasma contamination test

The test was performed using the MycoAlert (Lonza, #LT07-118)
and MycoAlert control set (Lonza, #LT07-518) according to the man-
ufacturer’s instructions.

4.7. Cell Authentication/STR analysis

The cell pellets and the derived iPSC cell line (SDUKIi003-A) were
collected from the original fibroblast cell line (1–2x106/pellet). Sample
identification analysis was performed by QF-PCR using Devyser
Compact QF-PCR kit at the Department of Clinical Genetics, Odense
University Hospital, Odense, Denmark.

4.8. Karyotyping

The genome integrity of the generated iPSCs was tested at passage
10 using the KaryoStat assay (Thermofisher Scientific). Genomic DNA
was extracted (1x106 cells) using the Genomic DNA Purification Kit
(Thermofisher Scientific) and loaded according to the manufacturer’s
instructions (250 ng of gDNA) on a special array (GeneChip) required
for the KaryoStat analysis.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
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Table 2
Reagents details.

Antibodies/Dye used for immunofluorescence/flow cytometry

Antibody Dilution Company Cat # and RRID

Pluripotency

Flow cytometry

Rabbit anti-OCT4A
Rabbit anti-SOX2
Rabbit anti-Nanog
Rabbit anti-KLF4

Human anti-TRA-1-60-PE
Human anti-SSEA4-FITC
PE Mouse IgM, κ Isotype Control
FITC Mouse IgG3, κ Isotype Control

1:400
1:400
1:400
1:400

1:10
1:5
20 μl/test
20 μl/test

Cell Signaling Technology Cat# 2840, RRID: AB_2167691
Cell Signaling Technology Cat# 3579, RRID: AB_2195767
Cell Signaling Technology Cat# 4903, RRID: AB_10559205
Cell Signaling Technology Cat# 4038, RRID:AB_2265207

BioLegend Cat#330610, RRID: AB_2119065
BD Biosciences Cat# 560126, RRID: AB_1645491
BD Biosciences Cat# 555584, RRID: AB_395960
BD Biosciences Cat# 555578, RRID: AB_395956

In vitro differentiation Mouse anti-β-TubIII
Mouse anti-α-SMA
Mouse anti-AFP

1:250
1:500
1:50

Thermo Fisher Scientific Cat# MA5-16308, RRID: AB_2537819
Thermo Fisher Scientific Cat# 14–9760-80, RRID: AB_2572995
R&D Systems Cat# MAB1368, RRID: AB_357658

Secondary antibodies Alexa Fluor 488 Goat anti-Mouse IgG
Rhodamine Red-X (RRX) Donkey anti-Rabbit IgG

1:1000

1:500

Thermo Fisher Scientific Cat# A28175, RRID: AB_2536161

Jackson ImmunoResearch Labs Cat#711–295-152, RRID: AB_2340613

Live Stain Dye Alkaline phosphatase (AP)-FITC 1:500 Thermo Fisher Scientific Cat# A14253

Primers
Target Forward/Reverse primer (5′-3′)

Episomal Plasmids (qPCR) OCT4 Plasmid
SOX2 Plasmid
KLF4 Plasmid
L-MYC Plasmid
LIN28 Plasmid

CATTCAAACTGAGGTAAGGG/ TAGCGTAAAAGGAGCAACATAG
TTCACATGTCCCAGCACTACCAGA/TTTGTTTGACAGGAGCGACAAT
CCACCTCGCCTTACACATGAAGA/TAGCGTAAAAGGAGCAACATAG
GGCTGAGAAGAGGATGGCTAC/TTTGTTTGACAGGAGCGACAAT
AGCCATATGGTAGCCTCATGTCCGC/TAGCGTAAAAGGAGCAACATAG

Pluripotency Markers (qPCR) NANOG (TaqMan)
OCT4 (TaqMan)
SOX2 (TaqMan)
LIN28A (TaqMan)

Assay ID:Hs04260366_g1
Assay ID:Hs04260367_gH
Assay ID:Hs01053049_s1
Assay ID:Hs00702808_s1

Housekeeping Genes (qPCR) GAPDH (TaqMan)
GAPDH
36B4

Assay ID:Hs03929097_g1
TGCCACTCAGAAGACTGTGG/ TTCAGCTCTGGGATGACCTT
CGACCTGGAAGTCCAACTAC/ ATCTGCTGCATCTGCTTG
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Supplementary data to this article can be found online at https://
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