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A B S T R A C T   

Copy number variants of SLC2A3, which encodes the glucose transporter GLUT3, are associated with several neuropsychiatric and cardiac diseases. Here, we report 
the successful reprogramming of peripheral blood mononuclear cells from two SLC2A3 duplication and two SLC2A3 deletion carriers and subsequent generation of 
two transgene-free iPSC clones per donor by Sendai viral transduction. All eight clones represent bona fide hiPSCs with high expression of pluripotency genes, ability 
to differentiate into cells of all three germ layers and normal karyotype. The generated cell lines will be helpful to enlighten the role of glucometabolic alterations in 
pathophysiological processes shared across organ boundaries.   

1. Resource Table:  

Unique stem cell lines 
identifier 

UKWMPi007-A, UKWMPi007-B, 
UKWMPi008-A, UKWMPi008-B, 
UKWMPi011-A, UKWMPi011-B, 
UKWMPi012-A, UKWMPi012-B 

Alternative names of stem cell 
lines 

bCJ9cl1 (UKWMPi007-A), 
bCJ9cl3 (UKWMPi007-B), 
bCJ10cl2 (UKWMPi008-A), 
bCJ10cl6 (UKWMPi008-B), 
bCJ13cl3 (UKWMPi011-A), 
bCJ13cl5 (UKWMPi011-B), 
bCJ14cl1 (UKWMPi012-A), 
bCJ14cl2 (UKWMPi012-B) 

Institution Division of Molecular Psychiatry, Center of Mental 
Health, University Hospital Würzburg, Germany 

Contact information of 
distributor 

Georg C. Ziegler, ziegler_g@ukw.de 

Type of cell lines iPSC 
Origin human 
Additional origin and disease 

info 
UKWMPi007, Age: 77, Sex: Male, Ethnicity: 
Caucasian, apparently healthy 

(continued on next column)  

(continued ) 

UKWMPi008, Age: 36, Sex: Female, Ethnicity: 
Caucasian, apparently healthy 
UKWMPi011, Age: 41, Sex: Female, Ethnicity: 
Caucasian, attention-deficit/hyperactivity disorder 
(ADHD) 
UKWMPi012, Age: 54, Sex: Male, Ethnicity: 
Caucasian, attention-deficit/hyperactivity disorder 
(ADHD) 

Cell Source Total PBMCs 
Clonality Clonal 
Method of reprogramming Non-integrative Sendai virus 
Genetic Modification No 
Type of Genetic Modification N/A 
Evidence of the 

reprogramming transgene 
loss 

RT-PCR 

Gene/locus UKWMPi007-A and B: chr. 12: 8005624–8109412, 
1 copy variant 
UKWMPi008-A and B: chr. 12: 8005624–8130958, 
1 copy variant 
UKWMPi011-A and B: chr. 12: 8005624–8105015, 
3 copy variant 

(continued on next page) 
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(continued ) 

UKWMPi012-A and B: chr. 12: 7989403–8105015, 
3 copy variant 
(data from QuantiSNP software) 
Assembly: GRCh37, hg19. All CNVs comprise the 
whole SLC2A3 gene (ENSG00000059804, chr. 12: 
8071826–8088871), NANOGP1 
(ENSG00000176654, chr. 12: 8045172–8052736), 
and at least the first translated exon of SLC2A14 
(ENSG00000173262, chr. 12: 7965108–8043744). 

Date archived/stock date UKWMPi007-A and B: 08/2019 
UKWMPi008-A and B: 09/2019 
UKWMPi011-A and B: 12/2019 
UKWMPi012-A and B: 12/2019 

Cell line repository/bank hPSCreg 
https://hpscreg.eu/cell-line/UKWMPi007-A 
https://hpscreg.eu/cell-line/UKWMPi007-B 
https://hpscreg.eu/cell-line/UKWMPi008-A 
https://hpscreg.eu/cell-line/UKWMPi008-B 
https://hpscreg.eu/cell-line/UKWMPi011-A 
https://hpscreg.eu/cell-line/UKWMPi011-B 
https://hpscreg.eu/cell-line/UKWMPi012-A 
https://hpscreg.eu/cell-line/UKWMPi012-B 

Ethical approval Ethics Committee, Medical Faculty, University of 
Würzburg, Ethical approval number 96/11   

1.1. Resource utility 

The glucose transporter GLUT3 (SLC2A3) provides energy for axonal 
outgrowth and neurotransmitter release and is highly expressed in fetal 
cardiomyocytes. Hence, iPSC lines carrying SLC2A3 copy number vari
ants (CNVs) will potentially contribute to a better understanding of 
glucometabolic processes in brain and heart development and degen
eration (Ziegler et al., 2020). 

2. Resource details 

Several studies have associated common SLC2A3 CNVs with 
attention-deficit/hyperactivity disorder (ADHD) (Merker et al., 2017), 
age of onset of Huntington’s disease (Vittori et al., 2014), and congenital 
heart defects in patients with 22q11.2 microdeletion (Mlynarski et al. 
2015) and Turner syndrome (Prakash et al., 2016). We hypothesized 
that these associations are due to an energetic dysregulation during 
glucose-sensitive developmental stages ultimately promoting metabolic 
stress and degenerative processes (Ziegler et al., 2020). However, there 
is a lack of experimental human studies, which address the impact of 
SLC2A3 CNVs at the cellular level. We therefore generated two iPSC 
clones each from two SLC2A3 deletion carriers (both apparently 
healthy, female, 36 years old, and male, 77 years old) and two SLC2A3 
duplication carriers (both with adult ADHD, female, 41 years old, and 
male, 54 years old), respectively. The CNVs on chr. 12p13.31 comprise 
the whole SLC2A3 gene as well as the pseudogene NANOGP1, and at 
least the first exon of SLC2A14 (ENSG00000173262). 

In brief, peripheral blood mononuclear cells (PBMCs) were reprog
rammed with the CytoTune-iPS Reprogramming Kit 2.0 (Thermo Fisher). 
Colonies with typical iPSC-like appearance (Fig. 1A) were picked and 
expanded under feeder-free conditions (37 ◦C, 5% CO2) with splitting 
steps (ratio 1:8) every 3 to 4 days by Accutase (Merck Millipore) and Rock 
inhibitor treatment (10 μM Y27632, Miltenyi Biotech) for 24 h after 
passaging or thawing. All cell lines showed typical iPSC morphology 
forming dense, sharp-edged colonies (Fig. 1A). Positive immunostainings 
for OCT3, SSEA4, and TRA-1–60 proved the expression of pluripotency 
markers (Fig. 1B). Additionally, all eight iPSC lines formed embryoid 
bodies (EBs) in serum-containing medium (Fig. 1C), and cells of all three 
germ layers developed within these EBs after 4 weeks of cultivation in 
adherent conditions as indicated by positive immunostainings for α-SMA 
(mesoderm), AFP (endoderm), and βIII-Tubulin (ectoderm) (Fig. 1D). 
qRT-PCR showed a marked increase in expression of the pluripotency 

genes REX1, SOX2, LIN28A, and OCT3 as compared to non-reprogrammed 
PBMCs (Fig. 1E). SLC2A3 duplication and deletion variants were 
confirmed by TaqMan® CNV assay Hs_00406005 (Thermo Fisher) 
(Fig. 1F) and by means of the Illumina Infinium Global Screening Array 
v3.0. Standard G-banding and molecular karyotyping revealed normal 
karyotypes without evidence for structural or numerical chromosome 
aberrations (Fig. S1A). Absence of Sendai-viral transcripts SeV, c-Myc, 
Klf4, and KOS was confirmed by RT-PCR and gel-electrophoresis 
(Fig. S1B). All cell lines were free of Mycoplasma (Fig. S1C). Genetic 
identity of all cell lines with respective donor DNA extracted from blood 
was checked by genotype fingerprinting. All investigations were per
formed around passage 10. 

Taken together, we generated four iPSC lines with a heterozygous 
SLC2A3 deletion, and four iPSC lines carrying an SLC2A3 gain (3 copies), 
which all show expression of pluripotency markers, differentiate sponta
neously into cells of all three germ layers, and are karyotypically normal. 
Thus, our SLC2A3 CNV iPSC lines are a suitable cellular model to study 
the effects of SLC2A3 gene-dosage dependent cellular alterations on the 
pathophysiology of a wide range of diseases, comprising developmental 
and degenerative neuropsychiatric and cardiovascular diseases. 

3. Materials and methods 

3.1. PBMC isolation 

PBMCs were extracted from EDTA blood by Ficoll density gradient 
centrifugation and cultivated in suspension for 4 days in StemPro-34 
SFM (Thermo Fisher) with 100 ng/ml SCF, 100 ng/ml FLT-3, 20 ng/ 
ml IL-3, and 20 ng/ml IL-6 (all Peprotech). 

3.2. Reprogramming of PBMCs into iPSCS 

PBMCs were reprogrammed by transduction with Sendai virus 
particles carrying KOS, hc-Myc, and hKlf4 for 24 h (CytoTune-iPSC 
Reprogramming Kit 2.0, Thermo Fisher). After 3 days, cells were 
transferred to Matrigel™ (Corning)-coated 6 well plates and kept in 
adherent culture henceforth. On day 7, PBMC medium was exchanged 
for StemMACS™ iPS BrewXF (Miltenyi Biotec). In the third week after 
transduction colonies displaying typical iPSC morphology were picked 
and further expanded. 

3.3. Germ layer differentiation 

IPSCs were seeded on ultra-low attachment plates (Corning) in dif
ferentiation medium (DMEM, 10% FBS, 1% NEAA, 100 µM β-mercap
toethanol). After 5 days, EBs were plated on 0.1% gelatine (PAN 
Biotech)-coated plates to facilitate differentiation. Immunofluorescence 
analysis was carried out after 4 weeks. 

3.4. Immunofluorescence analysis 

Cells were fixed with 4% paraformaldehyde (Roth). Unspecific binding 
was blocked by 5% FBS and 1% BSA in PBS. For intracellular targets, cells 
were permeabilized with 0.2% Triton X-100 for 30 min at RT. For TRA-1–60 
and SSEA4 cells were stained without permeabilization. Primary antibodies 
(Table 2) were incubated overnight at 4 ◦C, and secondary antibodies 
(Table 2), and DAPI (300 nM, Sigma) for 1 h at RT. Staining patterns were 
visualized by an inverted fluorescence microscope (Olympus). 

3.5. qRT-PCR 

Total RNA was extracted from iPSCs (Qiagen kit), and RNA was 
reverse-transcribed by QuantiTect® Reverse Transcription Kit (Qiagen). 
The reaction was run with SYBR™ Select Master Mix (Thermo Fisher) in 
a CFX384 thermocycler (Biorad). Data analysis was performed with 
qbase+ software. 
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3.6. TaqMan genotyping assay 

10 ng genomic DNA, 5 µl TaqMan genotyping master mix, 0.5 µl 
TaqMan copy number reference assay, 0.5 µl TaqMan SLC2A3 assay 
(Hs_00406005, all reagents Thermo Fisher), and 5 µl H2O were mixed. 
The reaction was run in quadruplicates in a BioRad CFX 384 cycler (10 
min. 95 ◦C, followed by 40 cycles of 15 s at 95 ◦C and 60 s at 60 ◦C). Data 
were analyzed by CopyCaller™ software (Fig. 1 F). 

3.7. Karyotype analysis 

Karyotyping was performed by GTG-banding and analysis of at least 
11 metaphases by the Institute of Human genetics, University of Würz
burg. All samples were examined with a resolution of 400–500 bands 
(Table 1) by using an Axioskop (Zeiss) microscope. 

Table 1 
Characterization and validation.  

Classification Test Result Data 

Morphology Light microscopy, Phase contrast hESC-like morphology Fig. 1A 
Phenotype Qualitative analysis Expression of pluripotency markers 

OCT3, SSEA4, TRA-1–60 
Fig. 1B 

Quantitative analysis (qRT-PCR) REX1, SOX2, LIN28A, and OCT3: positive Fig. 1E 
Genotype Karyotype (G-banding) and resolution UKWMPi007-A: 46, XY (400) 

UKWMPi007-B: 46, XY (400) 
UKWMPi008-A: 46, XX (400) 
UKWMPi008-B: 46, XX (400) 
UKWMPi011-A: 46, XX (400) 
UKWMPi011-B: 46, XX (400) 
UKWMPi012-A: 46, XY (500) 
UKWMPi012-B: 46, XY (500) 

Fig. S1A 
Findings submitted in archive with 
journal 

Identity Illumina Infinium Global Screening Array v3.0. 
SNP fingerprinting  

Available with authors 

Mutation analysis TaqMan® CNV assay Hs_00406005 (Thermo 
Fisher) 

UKWMPi007-A and B: 1 copy 
UKWMPi008-A and B: 1 copy 
UKWMPi011-A and B: 3 copies 
UKWMPi012-A and B: 3 copies 

Fig. 1F 

Microbiology and 
virology 

Mycoplasma LookOut(R) Mycoplasma PCR Detection Kit: negative Fig. S1C 

Differentiation potential Embryoid body formation and undirected 
differentiation 

Expression of α-smooth muscle actin, α-feto protein, and 
βIII-Tubulin 

Fig. 1B 

Donor screening HIV 1 + 2, Hepatitis B, Hepatitis C Negative Submitted in archive with journal 
Genotype additional 

info 
Blood group genotyping N/A N/A 
HLA tissue typing N/A N/A  

Table 2 
Reagents details.   

Antibodies used for immunocytochemistry/flow-cytometry  

Antibody Dilution Company Cat # RRID 

Pluripotency Markers Mouse anti-OCT3 
Mouse anti-SSEA4 
Mouse anti-TRA-1–60 

1:50 
1:200 
1:50 

Santa Cruz, Cat# sc5279 
Thermo Fisher, Cat# MA1-021 
Santa Cruz, Cat# Sc21705 

AB_628051 
AB_2536687 
AB_628385 

Differentiation Markers Mouse anti-α-SMA 
Rabbit anti-AFP 
Mouse anti-βIII Tubulin 

1:1000 
1:1000 
1:1000 

R&D, Cat#MAB1420 
Dako, Cat# A0008 
Promega, Cat# G7121 

AB262054 
AB_2650473 
AB_430874 

Secondary antibodies Goat Anti-Rabbit 555 
Goat Anti-Mouse488 

1:400 
1:400 

Thermo Fisher, Cat# A11034, 
Thermo Fisher, Cat# A11029, 

AB_2576217 
AB_138404   

Primers  

Target Size of band Forward/Reverse primer (5′-3′) 

Sendai virus detection (RT-PCR) SeV 
KOS 
Klf4 
c-Myc 

181 bp 
528 bp 
410 bp 
532 bp 

GGATCACTAGGTGATATCGAGC/ACCAGACAAGAGTTTAAGAGATATGTATC 
ATGCACCGCTACGACGTGAGCGC/ACCTTGACAATCCTGATGTGG 
TTCCTGCATGCCAGAGGAGCCC/AATGTATCGAAGGTGCTCAA 
TAACTGACTAGCAGGCTTGTCG/TCCACATACAGTCCTGGATGATGAT 

Pluripotency Markers (qRT-PCR) REX1 
SOX2 
LIN28A 
OCT3 

162 bp 
160 bp 
136 bp 
119 bp 

AGGTGGCATTGGAAATAGCAGA/AGTGGGGTGGGTTTGCCTA 
GACAGTTACGCGCACATGAA/TCATGGAGTTGTACTGCAGGG 
CTGTAAGTGGTTCAACGTGCG/CTTCAAGCTCCGGAACCCTT 
CCCACACTGCAGCAGATCA/TGTGCATAGTCGCTGCTTGA 

Reference genes (qRT-PCR) PSMB4 
RPS27A 
VPS29 

140 bp 
79 bp 
146 bp 

GGACATGCTTGGTGTAGCCT/AGCGTTCTACTAAGTCGCGG 
GGTTAAGCTGGCTGTCCTGAA/AGAAGGGCACTCTCGACGAA 
GACTCTGGCTGGTGATGTTCA/AGCTGGCCATATCTCCCCAT  

Fig. 1. Characterization of iPSC lines (A-F). A Morphology of iPSC colonies. B Immunostainings of pluripotency marker proteins. C Embryoid bodies. D Immu
nostainings of mesodermal (α-SMA), endodermal (AFP), and ectodermal (βIII-Tub) marker proteins. E Relative mRNA expression levels of pluripotency marker genes 
in the iPSC lines compared to PBMCs. F Calculation of SLC2A3 copy number from TaqMan CNV assay data. 
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3.8. Molecular karyotyping and SNP fingerprinting analysis 

Genomic DNA was processed on Global Screening Array v3.0 
(GSAMD24v3-0, Illumina, Inc. San Diego) by the Institute of Human 
Genetics, LIFE&BRAIN GmbH, University of Bonn. SNP calling was 
performed using GenomeStudio V2.0.5 implemeting GenTrain Algo
rithmus 3.0 with a GenCall threshold of 0.2. All samples had call rates 
above 98%. Samples were tested for discordance between genetically 
inferred and annotated gender, and for genotype identity comparing 
genotypes by in-house scripts and by running the ––genome computa
tion implemented in plink v1.9. Genotype identity is assumed with less 
than 2% of genotypes not matching. 
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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.2021.102526. 
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