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ABSTRACT

Induced pluripotent stem cell (iPSC) line, THSJTUi001-A, was generated from a 26-year-old Chinese male patient with Wilson's disease carrying a homozygous
Arg778Leu mutation in ATP7B gene, using non-integrated episomal reprogramming vectors. This cell line had normal karyotype, expressed pluripotency markers and
could differentiate into the three germ layers in vivo.

1. Resource table
Unique stem cell line id- THSJTUi001-A
entifier
Alternative name(s) of
LZH-C3
stem cell line
Institution
Department of Neurology, Affiliated Tongren Hospital,
School of Medicine, Shanghai Jiaotong University
Contact information of
Xiao-Ping Wang, x_p_wang@sjtu.edu.cn
distributor
Type of cell line
iPSC
Origin
Human
Additional origin info
Age: 26
Sex: Male
Ethnicity: Han Chinese
Cell Source
Peripheral blood mononuclear cells
Clonality
Clonal
Method of reprogramTransgene free episomal plasmid vectors
ming
Genetic Modification
Yes
Type of Modification
Spontaneous mutation
Associated disease
Wilson disease
Gene/locus
ATP7B/13q14.3c.2333G > T
Method of modification Hereditary
Name of transgene or r- N/A
esistance
Inducible/constitutive s- N/A
ystem
Date archived/stock date 2020
Cell line repository/bank https://hpscreg.en/cell-line/THSJTUi001-A
Ethical approval
This study was approved by the Ethics Committee of
Shanghai Tongren Hospital (NO.2020-023-02).

⁎

2. Resource utility
This patient-specific iPSC line, THSJTUi001-A, will be useful for
modeling Wilson's disease in vitro, promoting drug development and
investigating the molecular basis of this disease.
3. Resource details
Wilson’s disease (WD) is an autosomal recessive inherited disorder
of copper metabolism that leads to copper accumulation in the liver,
brain and other organs of the body (Bandmann et al., 2015). It is caused
by mutations in the adenosine triphosphatase copper transporting β
gene (ATP7B), which encodes a protein that transports copper from
hepatocytes into the bile. When it malfunctions, organ damage occurs
due to copper accumulation. The clinical presentation of WD can be
highly variable and includes hepatic and neuropsychiatric manifestations. Copper chelators (D-penicillamine and trientine) can greatly
improve the symptoms of liver injury but may have limited effects on
neurological symptoms. Gene sequencing is a valuable method to diagnose WD. Up to now, more than 800 disease causing mutations of the
ATP7B gene have been identified worldwide, and Arg778Leu in exon 8
is the hot spot mutation in Chinese Han patients with WD. In order to
better understand the pathogenesis and the pathological processes of
WD, as well as to develop new therapeutic approaches against WD, we
generated an iPSC line derived from a WD patient carrying a homozygous Arg778Leu mutation in ATP7B gene.
In this study, peripheral blood mononuclear cells (PBMCs) were
isolated from a 26-year-old Chinese male patient with Wilson's disease.
PBMCs were reprogrammed to iPSC by transfecting 6 transcript factors

Corresponding author.
E-mail address: x_p_wang@sjtu.edu.cn (X.-P. Wang).

https://doi.org/10.1016/j.scr.2020.102050
Received 28 September 2020; Received in revised form 8 October 2020; Accepted 11 October 2020
Available online 15 October 2020
1873-5061/ © 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/BY-NC-ND/4.0/).

Stem Cell Research 49 (2020) 102050

S.-H. Wang and X.-P. Wang

Fig. 1. Characterization of human THSJTUi001-A iPSC line.
Table 1
Characterization and validation.
Classification

Test

Result

Data

Morphology
Phenotype

Photography
Flow cytometry

Fig. 1 panel A
Fig. 1 panel B

Genotype
Identity
Mutation analysis
Microbiology and virology
Differentiation potential
Donor screening (OPTIONAL)
Genotype additional info (OPTIONAL)

qRT-PCR
Karyotype (G-banding) and resolution
STR analysis
Sequencing
Mycoplasma
Teratoma formation
HBsAg, HBsAb, HCV, TPPA, HIV
Blood group genotyping
HLA tissue typing

Normal
SSEA-4: 98.3%
Tra-1–81: 96.4%
Expression of pluripotency markers: POU5F1, NANOG
46XY, Resolution 450–500
21 sites tested, all matched
Homozygous Arg778Leu mutation in ATP7B gene
Mycoplasma testing by qRT-PCR Negative
Three germ layers formation
Negative
N/A
N/A

Fig. 1 panel C
Fig. 1 panel D
Available with the authors
Fig. 1 panel E
Supplementary file 1
Fig. 1 panel F
Available with the authors
N/A
N/A

Table 2
Reagents details.
Antibodies used for flow-cytometry
Pluripotency Markers
Primers
Pluripotency Markers (qRT-PCR)
Pluripotency Markers (qRT-PCR)
House-Keeping Genes (qRT-PCR)
Targeted mutation analysis/sequencing

Antibody
Mouse anti-SSEA-4
Mouse anti-Tra-1–81

Dilution
1:100
1:100

Company Cat # and RRID
BD Cat # 560128, RRID: AB_1645533
BD Cat # 560161, RRID: AB_1645540

Target
POU5F1
NANOG
GAPDH
ATP7B

Forward/Reverse primer (5′−3′)
CAGTGCCCGAAACCCACAC/GGAGACCCAGCAGCCTCAAA
CAGAAGGCCTCAGCACCTAC/ATTGTTCCAGGTCTGGTTGC
GGTTGTCTCCTGCGACTTCA
TCATAAACGCCCATCACAGAG/GTGACCAATTTGGAGATTAGTGACT

(OCT4, SOX2, NANOG, KLF4, LIN28 and LMYC) carried on an episomal
plasmid (Okita et al., 2011). After reprogramming, the THSJTUi001-A
shows typical embryonic stem cell-like morphology (Fig. 1A). The expression of pluripotent markers (SSEA4, Tra-1-81) were determined by
flow cytometry analysis (Fig. 1B) and the endogenous expression of
POU5F1 and NANOG was detected by qRT-PCR (Fig. 1C). Karyotyping
analysis at passage 12 showed no numerical or structural chromosomal
alterations (Fig. 1D). Sanger sequencing analysis showed the presence
of a c.2333 G > T change in exon 8 of ATP7B gene (Fig. 1E). Teratoma
assay confirmed the pluripotency of the THSJTUi001-A in vivo, by
detection of the presence of structures representing the three germ
layers (Fig. 1F). The mycoplasma testing by RT-PCR certified the iPSC
line developed by us as mycoplasma-free (Supplementary File 1).

4. Materials and methods
4.1. Ethical statement
The present study was approved by the Ethics Committee of
Shanghai Tongren Hospital (NO.2020-023-02), and written informed
consent was given before the start of the study.
4.2. Reprogramming human peripheral blood cells (Dowey et al., 2012; Yu
et al., 2011)
Blood samples were collected from a 26-year-old Chinese male patient who had a missense mutation (R778L) in exon 8 of ATP7B gene
after obtaining the written informed consent. This study was approved
by the Ethics Committee of Shanghai Tongren Hospital. The isolation of
PBMCs from blood samples was using Ficoll-Paque Plus (GE Healthcare
2
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Life Sciences, Pittsburgh, PA, USA) by density gradient centrifugation.
PBMCs were cultured in StemSpan SFEM medium (StemCell
Technologies, Vancouver, BC, Canada) supplemented with EXCYTE
growth enhancement media supplement (Millipore, Billerica, MA,
USA), GlutaMAX, SCF, FLT3L, TPO, IL-3, IL-6 and sIL6-R (all from
Peprotech, Rocky Hill, NJ, USA). 1 × 106 of PBMCs were electroporated with episomal iPSC reprogramming vectors containing Oct4,
Sox2, Nanog, Lin28, Klf4 and L-Myc (OSNLKL, Invitrogen, A14703,
USA) using the CD34+ Nucleofector kit (Lonza, Walkersville, MD,
USA), program T-16 following manufacturer’s instructions.
Subsequently, transfected PBMCs were plated onto Matrigel-coated 6well culture plates (Corning, Kennebunk, ME, USA) and medium was
replaced on the second day with N2B27 medium (Life Technologies,
Waltham, MA, USA) supplemented with 100 ng/ml bFGF (Peprotech),
0.5 µM PD0325901, 3 µM CHIR99021, 0.5 µM A-83-01 (all from
Stemgent, San Diego, CA, USA), 1000 U/ml hLIF (Millipore) and 10 µM
HA-100 (Santa Cruz Biotechnology, Santa Cruz, CA, USA). The medium
was replaced every day until day 12 and then replaced with NuwacellTM
ncTarget hPSC Medium (Nuwacell Biotechnologies, Anhui, China)
every day. Colonies of iPSCs were manually picked from 17 to 21 days
after transfection and transferred onto Matrigel-coated 6-well culture
plates for expansion.

4.7. Karyotyping
Karyotype analysis was performed to examine chromosomal abnormalities of the derived iPSCs line. In brief, cells were treated with
50 ng/ml colchicine for 2 h at 37 °C, followed by single cell trypsinization. Cells were centrifuged at 400g for 5 min at room temperature
(RT) and maintained in hypotonic solution (75 mM KCL) for 20 min at
37 °C. Cells were then fixed with Methanol: Acetic acid (3:1).
Metaphase spreads were prepared on cover slips, dried overnight and
Giemsa stained (Sigma-Aldrich, St Louis, MO, USA) after trypsin pretreatment.
4.8. Teratoma formation
Teratoma assay was performed to examine the in vivo differentiation potential of the derived iPSCs. 3 × 106 of iPSCs were collected by
trypsin‐EDTA treatment and injected into the hind limb muscles of 4week-old immunocompromised SCID-beige mice. After 4 weeks, teratomas were harvested and processed for hematoxylin and eosin
staining. These experiments were approved by the Animal Care and Use
Committee of Shanghai Tongren Hospital.
4.9. Short tandem repeat (STR) analysis

4.3. Culture and maintenance of human iPSCs

STR analyses were performed by pairing THSJTUi001-A cell line
and the parental PBMCs. Briefly, genomic DNA was extracted by Chelex
100 method and amplified by AmpFLSTRTM Identifiler™ PCR
Amplification Kit (Thermo Fisher Scientific) and then analyzed with an
3500xl Genetic Analyzer (Applied Biosystems, USA) using the software
program GeneMapper v 4.0 (Applied Biosystems). Short tandem repeat
(STR) analysis was performed for the genetic signatures of 21 microsatellite markers, all the sites are matched.

When the cultures reached around 90% confluence, iPSCs were
washed once with DPBS (without calcium or magnesium). iPSCs were
passaged using 0.5 mM EDTA (Nuwacell Biotechnologies) at 37 °C for
8 min and then cultured at 37 °C in a 5% CO2 humidified incubator. To
promote cell adhesion, the ROCK inhibitor Blebbistatin (Nuwacell
Biotechnologies) was added on the first day of passage. Cells were
routinely passaged as described above at a 1:8–1:10 ratio every 4 days.
Cryopreservation
was
performed
using
Nuwacell
hPSC
Cryopreservation Medium (Nuwacell Biotechnologies) according to the
manufacturer’s instructions.

4.10. Mycoplasma detection
Mycoplasma was detected using the MycoAlert™ mycoplasma detection kit (LONZA) according to the manufacturer's instructions and
the result was negative.

4.4. Flow cytometry
iPSCs were trypsinized, washed, counted, adjusted to 1 × 107 cells/
ml and incubated for 30 min on ice in the dark with antibodies for
SSEA4, Tra-1-81 and isotype controls (BD Biosciences, Franklin Lakes,
NJ, USA). Thereafter, cells were washed twice with PBS and measured
using flow cytometry analysis (See Table 1).
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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.2020.102050.
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4.6. Sequencing of mutation site
Genomic DNA was extracted from WD-iPSCs and from WD-PBMCs
using the DNA blood and Tissue kit (Qiagen) following the manufacturer’s instructions. ATP7B exon 8 was amplified by PCR and analyzed by Sanger sequencing with specific primers listed in Table 2.
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