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A B S T R A C T

The role of Neurochondrin (NCDN) in humans is not well understood. Mice with a conditional Ncdn knock-out show epileptic seizures, depressive-like behaviours and
impaired spatial learning. Using CRISPR/Cas9, we generated a Neurochondrin deficient human iPSC line KICRi002-A-3 carrying a homozygous 752 bp deletion /
2 bp insertion in the NCDN gene. The iPSC line maintained a normal 46,XY karyotype, expressed pluripotency markers and exhibited capability to differentiate into
the three germ layers in vitro. Off-target editing was excluded and Neurochondrin expression was not detectable. The iPSC line offers a valuable resource to study the
role of Neurochondrin during human neurogenesis.

Resource Table:

Unique stem cell line id-
entifier

KICRi002-A-3

Alternative name(s) of
stem cell line

UUIGPi012-A-3
10-I ncdn K.O.10

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 iPSCs
Origin Human
Additional origin info
Cell Source Fibroblasts
Clonality Clonal
Method of reprogram-

ming
Sendai virus (parental line KICRi002A)

Genetic Modification YES
Type of Modification Targeted gene knock-out
Associated disease Epilepsy
Gene/locus NCDN/Chr1: 35,557,473–35,567,274
Method of modification CRISPR-Cas9
Name of transgene or r-

esistance
N/A

Inducible/constitutive s-
ystem

N/A

Date archived/stock date November 2019
Cell line repository/bank https://hpscreg.eu/cell-line/KICRi002-A-3
Ethical approval The study was approved by the Regional Ethics

Committee Uppsala on November 18 2009, (Registration
#: 2009/319 and 2016/209).

1. Resource utility

The neurite outgrowth promoting protein Neurochondrin regulates
glutamate receptor 5 (mGluR5) signaling. Disruption of Ncdn is em-
bryonic lethal in mice. The Neurochondrin deficient iPSC line presented
here provides a novel resource to gain insights into functions mediated
by Neurochondrin during human neurogenesis.

2. Resource details

Neurochondrin (also named Norbin in the murine system) is a leu-
cine-rich cytoplasmic protein primarily expressed in the brain
(Istvanffy et al., 2004). In mice, a complete lack of Neurochondrin is
embryonic lethal whereas conditional cortical loss results in epileptic
seizures, depressive-like behaviors and impaired spatial learning
(Dateki et al., 2005). Neurochondrin negatively regulates Ca2+/cal-
modulin-dependent protein kinase II (CaMKII) phosphorylation and
functions as a mediator of neurite growth and synaptic plasticity of
importance for spatial learning processes (Dateki et al., 2005). Both the
conditional Neurochondrin-deficient and the CaMKII α subunit muta-
tion-transgenic mice display epileptic seizures. Furthermore, Neu-
rochondrin modulates signaling activity and expression of the meta-
botropic glutamate receptor 5 (mGLUR5) (Wang et al., 2009). Increased
mGluR5 expression is associated with temporal lobe epilepsy
(Kandratavicius et al., 2013).

To create a human Neurochondrin deficient iPSC line we targeted
NCDN using two distinct guide (g)RNAs using a CRISPR/Cas9-mediated
editing system. The parental line was a previously reported male iPSC
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parental line, KICRi002A (Uhlin et al., 2017) and the approach yielded
an isogenic line Table 1. The two gRNAs, targeting exon 4 and exon 5 of
the NCDN gene, respectively, were cloned into a plasmid containing
Cas9 and 2A-EGFP (pSpCAs9(BB)−2A-GFP, PX458; Fig. 1A). Both
vectors were introduced into the iPSCs using nucleofection and the

iPSCs were sorted by fluorescence-activated cell sorting (FACS) of GFP
expressing cells into a laminin coated 96 well plate (1 cell per well).
Single cells were clonally expanded and analyzed by Sanger sequen-
cing. In clone KICRi002-A-3, Sanger sequencing revealed homozygosity
for a 752 bp deletion replaced by a 2 bp insertion

Fig. 1. Characterization of the human Neurochondrin deficient iPSC line KICRi002-A-3.
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(chr1:36,028,130–36,028,881delinsTC) that disrupts the NCDN reading
frame resulting in a premature termination codon (p.Lue428Pro*24;
Fig. 1A).

Loss of Neurochondrin in the edited iPSC line KICRi002-A-3 was
evaluated by western blot (Fig. 1B). A band corresponding to the ex-
pected size of Neurochondrin could be detected in the parental line but
was undetectable in KICRi002-A-3 (Fig. 1B). To assess the specificity of
CRISPR/Cas9 editing in the KICRi00-A-3 iPSC line, we analysed the top
three predicted off-target sites by Sanger sequencing. Off-target editing
was thus excluded, as all three sites showed wild type sequence (Sup-
plementary File 2).

Subsequently, we evaluated whether the KICRi002-A-3 line retained
pluripotent stem cell characteristics. Genomic integrity was in-
vestigated by karyotyping utilizing G-banding. The iPSC line showed a
normal male 46,XY karyotype without any acquired chromosomal
aberrations or rearrangements (Fig. 1C). The cell authentication of the
targeted line using a set of 16 polymorphic short tandem repeats (STRs)
revealed an identical profile to the parental iPSCs. The established
knock-out line KICRi002-A-3 showed typical pluripotent stem cell
morphology with large nucleus-to-cytoplasm ratio, prominent nuclei
and defined luminescent borders as seen by Bright-field microscopy
(Fig. 1D, scale bar 100 µm). Immunofluorescence confirmed expression
of the pluripotency markers NANOG and SOX2 (Fig. 1E, scale bar
100 µm), and expression of pluripotency markers SSEA4 and TRA-1–60
was established by flow cytometry (Fig. 1F). Additionally, scorecard
analysis of a set of markers for pluripotency and germ layer differ-
entiation revealed an expression profile of KICRi0002-A-3 that was si-
milar to the expression profile of 23 pluripotent stem cell lines
(Fig. 1G). Furthermore, the differentiation potential of the KICRi002-A-
3 line was assessed by an embryoid body (EB) differentiation assay.
Scorecard analysis after three weeks of EB differentiation showed
marker expression patterns specific for the ectoderm, mesoderm and
endoderm, demonstrating that the iPSCs retained the differentiation
capacity typical of pluripotent stem cells (Fig. 1G).

In summary, we have generated a human Neurochondrin deficient
iPSC line KICRi002-A-3 that will serve as an ideal tool for studies on the
role of Neurochondrin during human neurogenesis

3. Materials and methods

3.1. Cell culture

The iPSCs were cultured in Essential-8(E8) ™ medium

(ThermoFisher Scientific, cat no: A1517001) on laminin 521 coated
plates (Biolamina, cat no: LN-521) at 5% CO2 and 37 °C. Cells were
passaged using TrypLE™ Express (cat no: 12,605,036) and Trypsin
Inhibitor every 4–6 days (60–70% confluency) at a ratio of 1:10 sup-
plemented with 10 µM Rho-kinase inhibitor Y27632.

For embryonic body formation, the iPSC were dissociated with
Accutase (Sigma cat no: A6964), and approximately 1.5 × 106 were
seeded into an AggreWell™400 plate (Stem Cell Technologies, cat no:
34,421) in AggreWell™ medium (Stem Cell Technologies, cat no:
05,893), supplemented with 10 μM Rho-kinase inhibitor (Y27632; Stem
Cell Technologies, cat no: 72,304). After 24 h, cells were transferred to
non-adherent culture plates and further differentiated for three weeks.

3.2. gRNA design and CRISPR/Cas9-mediated NCDN knockout

For NCDN targeting, two gRNAs were designed using CRISPR-direct
tool (https://crispr.dbcls.jp/). We selected gRNAs for NCDN target sites
with the lowest number of predicted off-targets. The gRNA sequences
(exon 4: CTATGCCAAGACCCTCTACG; exon 5: CCTCGCTTCTGTGCAA
GTAT) Table 2 were cloned into pSpCas9 (BB)−2A-GFP (PX458); Ad-
dgene plasmid #48,138. The resulting vector containing sequences for
the two NCDN gRNAs and Cas9 was nucleofected into the parental iPSC
line KICRi002A using an Amaxa Nucleofector II (Lonza; program B-
016). Cells were replated onto LN521 coated culture dishes. Twenty-
four hours post nucleofection GFP expressing single cells were isolated
using fluorescence-activated cell sorting (FACS; BD Aria II) and replated
directly onto LN-521 coated 96-well plates in the presence of 10 µM Y-
27,632. Single cell clones were expanded for 2–3 weeks and subse-
quently analyzed by Sanger sequencing of NCDN.

3.3. Immunohistochemistry

Cells cultured on 10 mm glass cover slips were fixed with 4% for-
maldehyde for 5 min at room temperature (RT) and blocked with BP
buffer (1%BSA, 0,3% TritonX100, 1xPBS). Cells were incubated over-
night with the primary antibodies diluted in BP (mouse anti-NANOG,
goat anti-SOX2) at 4 °C. Secondary antibodies were incubated in BP at
room temperature for 60 min. Nuclear marker, DAPI (1 μg/ml), Sigma
cat no: D8417 was incubated for 5 min at room temperature and cells
were mounted onto microscope slides using ImmuMount, ThermoFisher
Scientific, cat no: 9,990,402. Images were taken on an AxioImager
(Zeiss; at 20x resolution; N.A 0.8).

Table 1
Characterization and validation.

Classification Test Result Data

Morphology Photography KICRi002-A-3 appears normal Fig. 1 panel D
Phenotype Qualitative analysis (Immunofluorescence) Positive for pluripotency markers NANOG and SOX2 Fig. 1 panel E

Quantitative analysis (TaqMan® hPSC Scorecard™) KICRi002-A-3 is pluripotent and undifferentiated as
compared to reference set

Fig. 1 panel G

Quantitative analysis (Flow Cytometry) KICRi002-A-3 is positive for surface markers TRA–1–60
(99.6%) and SSEA4 (96.6%)

Fig. 1 panel F

Genotype Karyotyping (G-banding) 46,XY (resolution 400 bphs) P28 Fig. 1 panel C
Identity STR analysis (AmpFLSTR™ Identifiler™ PCR

Amplification Kit)
DNA profile of all 16 polymorphic sites matched Available with the authors

Mutation analysis Sanger Sequencing KICRi002-A-3 carries a 772 bp deletion and 2 bp
insertion in exon 4 and 5 of NCDN gene

Fig. 1 panel A

Western Blot NCDN protein is not detectable in the KICRi002-A-3
iPSC line

Fig. 1 panel B

Microbiology and virology Mycoplasma testing by luminescence (MycoAlert
Mycoplasma Detection Kit, Lonza).

Negative Supplemental File 1

Differentiation potential Embryoid body formation and differentiation followed by
Scorecard analysis

Expression of all three germ layers detected after 3
weeks of differentiation

Fig. 1 panel G

Donor screening HIV 1 + 2 Hepatitis B, Hepatitis C N/A
Genotype additional info Blood group genotyping N/A

HLA tissue typing N/A

A. Fatima, et al. Stem Cell Research 44 (2020) 101758

3

https://crispr.dbcls.jp/


3.4. Karyotyping

Karyotype analysis of KICRi002-A-3 iPS cell line at passage 29 was
conducted by G-banding of metaphases using Giemsa (G) solution
staining (Unit of Clinical Genetics, Uppsala University Hospital). G
banding of chromosomes was performed on 20 fixed metaphases by the
Metafer slide scanning platform and Ikaros software, MetaSystems.

3.5. STR analysis

Genomic DNA was isolated from iPSC using a NuceloSpin ® tissue

kit, Macherey and Nagel, cat no: 740,952.250, and authentication was
performed by AmpFlSTR™ Identifiler™ PCR Amplification Kit
(ThermoFisher Scientific, cat no: 4,322,288). Data was analyzed with
GeneMapper™ Software 5, cat no: 4,475,073.

3.6. Western blot

To obtain whole cell extracts, cells were washed with cold 1xPBS
and incubated with cold RIPA buffer, Sigma, cat no: R0278, supple-
mented with cOmplete™, Mini, EDTA-free Protease Inhibitor Cocktail,
Roche, cat no: 11,836,170,001, for 30 min on ice. Protein lysates (20
ug) were analyzed by SDS–PAGE electrophoresis (NuPage 10 gels, cat
no: NW0412A) and transferred to nitrocellulose membrane, iBLOT
system (ThermoFisher Scientific, cat no: IB301001). Primary antibodies
were incubated overnight at 4 °C. The membrane was washed three
times with 0.1% PBS-T for 15 min and incubated with the secondary
antibodies for 1 h at room temperature. After three washes with 0.1%
PBS-T for 15 min the signals were visualized on LI-COR Odyssey
Platform.

3.7. Quantitative real-time PCR (RT-PCR)

Total RNA was isolated using RNeasy micro kit (Qiagen; cat no:
74,004) and cDNA was synthesized using High Capacity cDNA
Synthesis kit (ThermoFisher Scientific, cat no: 4,368,814) from 1 μg of
total RNA. Real-time PCR was performed using SYBR® Green Real-Time
PCR Master mix (Sigma, Cat no: 4,913,850,001) on StepOnePlus™ Real-
Time PCR System, Applied Biosystems. Quantitative gene expression for
NCDN was normalized to the expression level of GAPDH.

3.8. Scorecard analysis

Total RNA was extracted (see RT-PCR) and qualified by Agilent
BioAnalyzer. Subsequently, cDNA was synthesized as above. Samples
were run on TaqMan® hPSC Scorecard™ Panel (ThermoFisher Scientific,
cat no: A15872/A15870) following manufacturer's protocol. Scorecards
were analyzed with company's software at https://apps.thermofisher.
com/hPSCscorecard/home.htm.

3.9. Mycoplasma testing

Absence of mycoplasma was confirmed in KICRi002-A-3 line cell
culture supernatants using MycoAlert™ Mycoplasma Detection kit
(Lonza, cat no: LT07-318).

Acknowledgments

We thank prof. Anna Falk for the parental iPSC line KICRi002A. This
work was supported by the Swedish Research Council 2015–02424 (to
ND), and Hjärnfonden FO2019-0210 (to ND). Image acquisition and
flow cytometry were performed at the BioVis Platform and scorecard
processing at the Genome centre platform, Science for Life Laboratory
at Uppsala University.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.scr.2020.101758.

References

Istvanffy, R., Vogt Weisenhorn, D.M., Floss, T., Wurst, W., 2004. Expression of neu-
rochondrin in the developing and adult mouse brain. Dev. Genes Evol. 214, 206–209.

Dateki, M., Horii, T., Kasuya, Y., Mochizuki, R., Nagao, Y., Ishida, J., Sugiyama, F.,
Tanimoto, K., Yagami, K., Imai, H., Fukamizu, A., 2005. Neurochondrin negatively
regulates camkii phosphorylation, and nervous system-specific gene disruption re-
sults in epileptic seizure. J. Biol. Chem. 280, 20503–20508.

Table 2
Reagents details.

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

Pluripotency
Markers

Mouse IgG anti-
NANOG

1:200 Millipore Cat# MABD24
RRID:AB_11,203,826

Pluripotency
Markers

Goat IgG anti-SOX2 1:500 RnD Systems
Cat# AF2018
RRID:AB_355,110

Pluripotency
Markers

Mouse IgG anti-
SSEA4

1:100 Thermo Fisher Scientific
Cat# 41–4000
RRID:AB_2,533,506

Pluripotency
Markers

Mouse IgM
anti–TRA–1–60

1:100 Thermo Fisher Scientific
Cat# 41–1000
RRID:AB_2,533,494

Specific Target Rabbit IgG anti-
NCDN

1:1000 Sigma-Aldrich Cat#
HPA023676
RRID: AB_1,854,325

Specific Target Rabbit IgG anti-
Tubulin, alpha

1:500 Abcam Cat# ab15246
RRID:AB_30,178

Secondary
Antibodies

AF488 Goat anti-
mouse IgM

1:1000 Thermo Fisher Scientific
Cat# A-11,001
RRID:AB_2,534,069

Secondary
Antibodies

AF555 Goat anti-
mouse IgG

1:1000 Thermo Fisher Scientific
Cat# A-21,426
RRID:AB_2,535,847

Secondary
Antibodies

AF647 donkey anti-
mouse IgG

1:1000 Thermo Fisher Scientific
Cat# A-31,571
RRID:AB_162,542

Secondary
Antibodies

AF488 donkey anti-
goat IgG

1:1000 Thermo Fisher Scientific
Cat# A-11,055
RRID:AB_2,534,102

Secondary
Antibodies

IRD800 donkey anti-
rabbit IgG

1:5000 Li-COR
Cat#
RRID: AB_621,843

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

NCDN/gRNA-1
(PCR,
cloning)

Neurochondrin Top: CACCgCTATGCCAAGACCCTCTACG
Bottom:
AAACCGTAGAGGGTCTTGGCATAGc

NCDN/gRNA-2
(PCR,
cloning)

Neurochondrin Top: CACCgCCTCGCTTCTGTGCAAGTAT
Bottom:
AAACATACTTGCACAGAAGCGAGGc

NCDN/Screening
(PCR, Sanger
Sequencing)

Neurochondrin CACCACGCTAAGCTCATGTC/
GGGGCTGGCTATGTCTACTC

NCDN-offtarget1
(PCR, Sanger
Sequencing)

Off target GGAGACCTTCCCTACCCTGA/
TCGACAATAAAGCATTGGAAGA

NCDN-offtarget2
(PCR, Sanger
Sequencing)

Off target GCTCCAGACTGGCAGGAGTA/
AATGCCTTAATTCATGCAACC

NCDN-offtarget3
(PCR, Sanger
Sequencing)

Off target AGCCAAGAGCTTCCCAAAAT/
GAATCATCATAGCCACAAATTCC

NCDN(qPCR) Neurochondrin CCCCTCGCTTCTGTGCAAGTA/
GTGTTCCCTGAAGAGCTGGA

GAPDH (qPCR) Glyceraldehyde-3-
phosphate
dehydrogenase
(normalization)

GAAGGTGAAGGTCGGAGTC/
GAAGATGGTGATGGGATTTC

A. Fatima, et al. Stem Cell Research 44 (2020) 101758

4

https://apps.thermofisher.com/hPSCscorecard/home.htm
https://apps.thermofisher.com/hPSCscorecard/home.htm
http://dx.doi.org/10.13039/501100004359
http://dx.doi.org/10.13039/501100003792
https://doi.org/10.1016/j.scr.2020.101758
http://refhub.elsevier.com/S1873-5061(20)30062-3/sbref0001
http://refhub.elsevier.com/S1873-5061(20)30062-3/sbref0001
http://refhub.elsevier.com/S1873-5061(20)30062-3/sbref0002
http://refhub.elsevier.com/S1873-5061(20)30062-3/sbref0002
http://refhub.elsevier.com/S1873-5061(20)30062-3/sbref0002
http://refhub.elsevier.com/S1873-5061(20)30062-3/sbref0002
http://antibodyregistry.org/AB_30,178


Wang, H., Westin, L., Nong, Y., Birnbaum, S., Bendor, J., Brismar, H., Nestler, E., Aperia,
A., Flajolet, M., Greengard, P., 2009. Norbin is an endogenous regulator of metabo-
tropic glutamate receptor 5 signaling. Science 326, 1554–1557.

Kandratavicius, L., Rosa-Neto, P., Monteiro, M.R., Guiot, M.C., Assirati, J.A., Carlotti,
C.G., Kobayashi, E., Leite, J.P., 2013. Distinct increased metabotropic glutamate

receptor type 5 (mGluR5) in temporal lobe epilepsy with and without hippocampal
sclerosis. Hippocampus 23, 1212–1230.

Uhlin, E., Ronnholm, H., Day, K., Kele, M., Tammimies, K., Bolte, S., Falk, A., 2017.
Derivation of human iPS cell lines from monozygotic twins in defined and xeno free
conditions. Stem Cell Res. 18, 22–25.

A. Fatima, et al. Stem Cell Research 44 (2020) 101758

5

http://refhub.elsevier.com/S1873-5061(20)30062-3/sbref0003
http://refhub.elsevier.com/S1873-5061(20)30062-3/sbref0003
http://refhub.elsevier.com/S1873-5061(20)30062-3/sbref0003
http://refhub.elsevier.com/S1873-5061(20)30062-3/sbref0004
http://refhub.elsevier.com/S1873-5061(20)30062-3/sbref0004
http://refhub.elsevier.com/S1873-5061(20)30062-3/sbref0004
http://refhub.elsevier.com/S1873-5061(20)30062-3/sbref0004
http://refhub.elsevier.com/S1873-5061(20)30062-3/sbref0005
http://refhub.elsevier.com/S1873-5061(20)30062-3/sbref0005
http://refhub.elsevier.com/S1873-5061(20)30062-3/sbref0005

	Generation of a human Neurochondrin deficient iPSC line KICRi002-A-3 using CRISPR/Cas9
	Resource utility
	Resource details
	Materials and methods
	Cell culture
	gRNA design and CRISPR/Cas9-mediated NCDN knockout
	Immunohistochemistry
	Karyotyping
	STR analysis
	Western blot
	Quantitative real-time PCR (RT-PCR)
	Scorecard analysis
	Mycoplasma testing

	Acknowledgments
	Supplementary materials
	References




