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Lab Resource: Genetically-Modified Single Cell Line 

Derivation of human pluripotent stem cell line via CRISPR/Cas9 mediated 
deletion of exon 3 LAMA2 gene (DMBi001-A-1) 
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Department of Medical Biotechnology, Faculty of Biochemistry, Biophysics and Biotechnology, Jagiellonian University, Gronostajowa 7, 30-387 Krakow, Poland  

A B S T R A C T   

LAMA2-related muscular dystrophy (LAMA2-MD) results from mutations in LAMA2 gene, encoding laminin α-2. It is a congenital disease characterized by muscle 
wasting, with the most severe version being diagnosed within first few months after birth. To generate LAMA2-DM in vitro model, we excised exon 3 from the LAMA2 
gene in our previously derived healthy human induced pluripotent stem cells (hiPSCs). Obtained hiPSCs show expression of pluripotency markers, differentiation 
capacity into all three germ layers, normal karyotype and lack of LAMA2 expression on mRNA and protein level after differentiation into skeletal myocytes. 
Accordingly, it may provide novel insight into the molecular basis of LAMA2-MD.   

Resource Table:  
Unique stem cell line identifier DMBi001-A-1 (https://hpscreg.eu/ce 

ll-line/DMBi001-A-1) 
Alternative name(s) of stem cell line N/A 
Institution Department of Medical Biotechnology, 

Jagiellonian University, Krakow, Poland 
Contact information of the reported cell 

line distributor 
Prof. Józef Dulak PhD, mail: jozef. 
dulak@uj.edu.pl 

Type of cell line hiPSC 
Origin human 
Additional origin info (applicable for 

human ESC or iPSC) 
Age:58 
Sex: male 
Ethnicity: caucasian 

Cell Source Healthy hiPSC line DMBi001-A (https://h 
pscreg.eu/cell-line/DMBi001-A) 

Method of reprogramming Sendai virus 
Clonality clonal 
Evidence of the reprogramming 

transgene loss (including genomic 
copy if applicable) 

RT-PCR 

Cell culture system used GeltrexTM, Essential 8 medium, ROCK 
inhibitor Y27623 (10 µM) added with 
every replating; cells were passaged with 
0,5 mM EDTA at a ratio of 1:3 to 1:6; cells 
were cultured in 37̊C, 5% CO2, 20% O2 

Type of Genetic Modification Induced deletion 
Associated disease LAMA2-related muscular dystrophy 

(OMIM: 156225) 
Gene/locus LAMA2 exon 3, 6q22-q23 (Gene ID: 3908) 
Method of modification/site-specific 

nuclease used 
CRISPR/Cas9 

Plasmid transfection 

(continued on next column)  

(continued ) 

Site-specific nuclease (SSN) delivery 
method 

All genetic material introduced into the 
cells 

Cas9 plasmids pSpCas9(BB)-2A-Puro 
(PX459) V2.0 (Addgene #62988), and 
lentiCRISPR v2-Blast plasmid (Addgene 
#83480) 

Analysis of the nuclease-targeted allele 
status 

Sequencing of the targeted allele 

Method of the off-target nuclease 
activity surveillance 

N/A 

Name of transgene N/A 
Eukaryotic selective agent resistance 

(including inducible/gene expressing 
cell-specific) 

Positive (puromycin) 

Inducible/constitutive system details N/A 
Date archived/stock date 21.4.2021 
Cell line repository/bank N/A 
Ethical/GMO work approvals Jagiellonian University Bioethical 

Committee, approval No. 
122.6120.303.2016 
Agreement of the Ministry of the 
Environment for the use of GMO/GMM 
(decision 41/2016) 

Addgene/public access repository 
recombinant DNA sources’ 
disclaimers (if applicable) 

pSpCas9(BB)-2A-Puro (PX459) V2.0 was a 
gift from Feng Zhang (Addgene plasmid # 
62988; http://n2t.net/addgene:62988; 
RRID:Addgene_62988) 
lentiCRISPR v2-Blast was a gift from 
Mohan Babu (Addgene plasmid # 83480; 
http://n2t.net/addgene:83480; RRID: 
Addgene_83480)  

* Corresponding authors. 
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1. Manuscript section expected contents clarification 

1.1. Resource utility 

A human induced pluripotent stem cell (hiPSC) line carrying deletion 
of exon 3 in the LAMA2 gene was generated to study the development of 
LAMA2-related muscular dystrophy in vitro. Accordingly, obtained line 
can be differentiated into the LAMA2-expressing cells (e.g. skeletal 
myocytes, cardiomyocytes) to study phenotypic changes as well as 
alteration in molecular signalling pathways dependent on the lack of 
laminin α-2 (see Table 1). 

1.2. Resource details 

LAMA2-related muscular dystrophy (LAMA2-MD) is caused by mu-
tations in LAMA2 gene encoding laminin α-2 which assembles into 
laminin-211 in the basement membrane of cardiac and skeletal muscle 
(Oliveira et al., 2018). The clinical manifestation of LAMA2-MD range 
from later childhood onset with mild symptoms to early onset congenital 
disease with severe progression. Symptoms vary from respiratory diffi-
culties with associated recurrent chest infections, failure to thrive due to 
digesting difficulties, joint contractures, motor development delay, 
scoliosis, facial muscle weakness, limitations of eye movement, to pro-
gressive sensorimotor neuropathy, sometimes accompanied with car-
diac arrhythmia and cardiomyopathy. While the disorder is quite severe 
and fairly common (prevalence 0,7–2.5/100 000), development of novel 

therapeutic strategies is hindered by the lack of proper human model. 
We have decided to introduce a mutation into previously described 

healthy hiPSC line (Kachamakova-Trojanowska et al., 2019) deleting 
LAMA2 exon 3, as it is one of the most common DNA alteration 
described in LAMA2-MD patients (Oliveira et al., 2018). We employed 
the CRISPR/Cas9 technology (Jinek et al., 2012) with a pair of sgRNAs 
targeting LAMA2 exon 3 flanking regions to achieve its excision. We 
designed three different sgRNAs for each side of the exon 3 (L1-L3, R1- 
R3) (Fig. 1 A), which were inserted into separate Cas9-encoding plas-
mids. Upon establishing the most effective cleavage activity, R2, L1 and 
L3 sgRNA inserted plasmids were selected for further experiments. The 
combination of R and L plasmids (R2/L1 or R2/L3) were nucleofected 
into the cells and after puromycin selection and proof of excision in the 
mixed culture (Fig. 1 B left), derivation of homozygotic clone was 
initiated. A clone showing expected excision in both allelic copies was 
selected as succesful – the final deletion spans sgRNA L1-R2 (Fig. 1 C). 

The presence of the mutation was tested by sequencing (Fig. 1 A, 
Supplementary material) proving the absence of sequence spanning 
sgRNA set L1-R2 in both alleles, by RT-PCR proving lack of LAMA2 
transcript in hiPSC-derived myocytes (Fig. 1 D, upper panel) and by 
Western blot proving lack of laminin α2 protein in these cells (Fig. 1D, 
bottom panel). 

After expansion, the DMBi001-A-1hiPSC line was positively tested 
for presence of pluripotency markers (OCT4, NANOG in red, SSEA4 and 
TRA-1–60 in green, nuclei in blue) by immunocytochemistry (Fig. 1 E) 
and flow cytometry (Fig. 1 F). The differentiation potential into all 3 
germ layers was confirmed by spontaneous differentiation via embry-
onic bodies and subsequent RT-PCR-based analysis of NES (nestin), 

Table 1 
Characterization and validation.  

Classification Test Result Data 

Morphology Photography normal Fig. 1, panel E 
Pluripotency status evidence for the 

described cell line 
Qualitative analysis 
(Immunocytochemistry) 

Assessed staining/expression of pluripotency markers: OCT4, 
NANOG presence in the nuclei, TRA-1-60, SSEA4 present on the 
cytomplasmic membrane 

Fig. 1 panel E 

Quantitative analysis (Flow 
cytometry) 

Assessed % of positive cells for transcription factors and cell 
surface markers OCT4: 100%, NANOG: 100%, SSEA-4: 98%, 
TRA_1-60: 96% 

Fig. 1, panel E 

Karyotype Karyotype (G-banding) 46XY,  

Resolution 450–500 

Fig. 1 panel H 

Genotyping for the desired genomic 
alteration/allelic status of the gene of 
interest 

PCR across the edited site or 
targeted allele-specific PCR 

Deletion of LAMA2 exon 3 (177437–177858 bases of the LAMA2 
gene annotated NC_000006.12 are deleted), homozygous 

Fig. 1, panel A,  
Supplementary Table 2 

Transgene-specific PCR N/A N/A 
Verification of the absence of random 

plasmid integration events 
PCR PCR detection using primers recognizing Cas9 coding sequence. 

Integrity of DNA was confirmed using primers recognizing 
genomic sequence. 

Supplementary Figure 1 

Parental and modified cell line genetic 
identity evidence 

STR analysis DNA Profiling Supplementary file 2, 
submitted in the archive with 
journal  

(AMEL, D5S818, D13S317, D7S820, D16S539, vWA, Th01, 
TPOX, CSF1PO, D21S11), matched with paternal cell line  

Mutagenesis / genetic modification 
outcome analysis 

Sequencing (genomic DNA PCR 
product) 

Deletion of LAMA2 exon 3 (177437–177858 bases of the LAMA2 
gene annotated NC_000006.12 are deleted), homozygous, the 
same mutation in both alleles 

Fig. 1, panel A,  
Supplementary Table 2 

PCR-based analyses Detection of homozygously excised PCR product Fig. 1, panel C 
RT-PCR Lack of LAMA2 transcript in hiPSC-derived myocytes Fig. 1, panel D 
Western blot Lack of laminin α-2 protein in hiPSC-derived myocytes Fig. 1, panel D 

Supplementary Figure 2 
Off-target nuclease analysis Surveyor nuclease assay (based on 

Till et al., 2006) 
Lack of mutations in 5 selected off-target sites for sgRNA L1 and 
R2 

Supplementary Figure 3 

Specific pathogen-free status Mycoplasma Mycoplasma testing by luminescence. Negative Ratio value for sample 0,375; 
positive value > 1,2 

Multilineage differentiation potential Directed differentiation Ectodermal markers (neurofilament-H), endodermal markers 
(SOX17) and mesodermal markers (vimentin) expression showed 
by ICC 

Fig. 1, panel F 

Donor screening (OPTIONAL) HIV 1 + 2 Hepatitis B, Hepatitis C N/A N/A 
Genotype - additional 

histocompatibility info (OPTIONAL) 
Blood group genotyping N/A N/A 
HLA tissue typing N/A N/A  
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TUBB3 (ectodermal markers), SOX17, FOXA2 (endodermal markers) 
and TBXT (Brachyury T, mesodermal marker) (Fig. 1G, left panel) as 
well as immunocytochemical analysis of neurofilament-H (ectodermal 
marker), SOX17 (endodermal marker) and vimentin (mesodermal 
marker) (Fig. 1 G, right panel). The derived cell line shows healthy 
karyotype (Fig. 1 H) and is negative for mycoplasma presence (see 
Table 1). Importantly, Surveyor nuclease assay revealed no off-target 
activity of L1 and R2 sgRNAs in 5 selected genomic sites (Supplemen-
tary Figure 3). 

2. Materials and methods 

2.1. Pluripotent stem cell lines derivation and characterization 

The DMBi001-A-1 hiPSC line was obtained by introducing a deletion 
into the LAMA2 gene of healthy hiPSC line DMBi001-A by CRISPR/Cas9 
technology. sgRNAs were designed (using the CHOPCHOP software) to 
target the exon 3 from 5’ and 3’ side of the sequence (R1-R3, L1-L3, 
Table 2). L1-L3 sgRNA was inserted into the gRNA scaffold of the 
pSpCas9(BB)-2A-Puro (PX459) V2.0 plasmid (Addgene #62988 (Ran 
et al., 2013)) using BbsI restriction endonuclease, R1-R3 sgRNAs were 
inserted into the gRNA scaffold of the lentiCRISPR v2-Blast plasmid 
(Addgene #83480) using BsmBI enzyme. The cleavage activity was 
tested by nucleofection into the hiPSC healthy line using Human Stem 
Cell Nucleofector™ Kit 1 and Amaxa Nucleofector 2B (program B16, 
both Lonza). PCR product was cleaved using celery juice extract (CJE, 
extracted in-house) with mismatch-specific nuclease activity, and the 
cleaving combination of plasmids R2/L1 or R2/L3 was nucleofected into 
the cells. 24 h post nucleofection, puromycin (0,3 µg/ml) was added into 
the culture medium for 24 h and after replating, 500 cells were seeded 
for individual clonal expansion, as well as analyzed via PCR in search for 
a homozygotic clone with shorter PCR product (full lenght of the 
product was 887 bp, expected band length of L1/R2 nucleofected cells 
was 442 bp, expected band length of L3/R2 nucleofected cells was 438 
bp). Clone 30 was selected showing expected band in both allelic copies 
– the final deletion spans sgRNA L1-R2 (Fig. 1 C). 

2.2. PCR 

DNA was isolated using GenomeMini kit (A&A Biotechnologies), 
PCR was performed using CloneAmp HiFi PCR Premix (Takara) and 
LAMA2 exon 3 primers (Table 2) in ProFlex PCR System thermocycler 
(ThermoFisher Scientific). The length of the product was analyzed on 
2% agarose gel electrophoresis. 

2.3. In vitro spontaneous differentiation 

The pluripotency of the DMBi001-A-1 hiPSC line was tested by 
spontaneous differentiation via embryoid bodies and expression of early 
differentiation markers of ectoderm (neurofilament-H), endoderm 
(SOX17) and mesoderm (vimentin). Cells were suspended in Essential6 

medium (ThermoFisher Scientific) supplemented with 10 µM Y27632 
and seeded (3000 cells) into non-adherent U-shaped wells of 96 well 
plate. Medium was replaced with fresh Essential6 after 24 h and on day 5 
of differentiation embryoid bodies were transferred onto Geltrex- 
covered coverslips placed in 24 well plate. Marker expression was 
analyzed after 2 additional weeks of culture in Essential6 medium using 
immunocytological labeling. 

2.4. Immunocytochemistry 

Cells were fixed with 4% paraformaldehyde for 15 min, then per-
meabilized with 0.1% Triton X-100 in PBS and blocked with 5% bovine 
serum albumin for 60 min. Samples were incubated overnight at 4 ◦C 
with appropriate primary antibodies and 60 min at room temperature 
with secondary antibodies. Nuclei were counterstained with 4′,6-dia-
midine-2′-phenylindole dihydrochloride (DAPI, Sigma Aldrich, St. 
Louis, MO, USA) and microscopic images were obtained using Carl Zeiss 
LSM-510 meta laser scanning confocal microscope. 

2.5. Flow cytometry 

EDTA-harvested cells were fixed with 4% paraformaldehyde for 15 
min, then permeabilized with 0.7% Tween in PBS and blocked with 3% 
bovine serum albumin for 60 min. Samples were incubated overnight at 
4 ◦C with appropriate primary antibodies and 60 min at room temper-
ature with secondary antibodies. Nuclei were counterstained with 
Hoechst 33342. The samples were analyzed using LSFortessa flow cy-
tometer and FACSDiva software (both BD Biosciences) with appropriate 
unstained control. 

2.6. Mutation validation 

DMBi001-A-1 hiPSC line was tested for the mutation presence by 
sequencing of the targeted locus specified by LAMA2 exon3 primers, 
performed in Genomed company. Sequencing confirmed the deletion 
between nucleotide 177,437 and 177,858 of the reference LAMA2 gene 
[NCBI Entry NC_000006.12 (128883138.0.129516566)]. 

2.7. Differentiation into skeletal muscle cells 

DMBi001-A-1 as well as isogenic control counterparts (DMBi001-A) 
were differentiated into skeletal muscle cells to evaluate laminin α-2 
expression using Skeletal Muscle Differentiation kit (Amsbio) according 
to manufacturer’s instruction on Geltrex-coated wells. RNA was isolated 
from cells collected at day 20 (myocytes stage) during replating and 
subjected to RT-PCR to evaluate LAMA2. Additionally, proteins were 
collected at day 23–24 and subjected to Western blot analysis to eval-
uate the lack of laminin α-2 in DMBi001-A-1 hiPSC-derived cells. 

Fig. 1. Generation and characterization of DMBi001-A-1 hiPSC line with the deletion of LAMA2 exon 3. A. Schematic representation of binding sites for tested 
sgRNAs and primers used for detecting introduced mutations within LAMA2 gene. Schematic representation of genomic fragment deleted in obtained hiPSC line is 
depicted in red. B. PCR-based analysis of hiPSC nucleofected with plasmids encoding sgRNA L1 and R2 as well L3 and R2. Lower bands indicated with asterisks 
confirm deletion of LAMA2 exon 3 within obtained cells. C. PCR-based genotyping of single cell-derived clones from hiPSC nucleofected with plasmids encoding 
sgRNA L1 and R2. Clone 30 with complete deletion of LAMA2 exon 3 is indicated with red arrow. D. RT-PCR (upper panel) and Western blot (bottom panel) analyses 
of LAMA2 expression in DMBi001-A-1 hiPSC-derived skeletal myocytes. E. Immunofluorescent stainings for pluripotency markers (upper panel): SSEA4 (green, upper 
panel), NANOG (red, upper panel), TRA-1–60 (green, middle panel) and OCT4 (red, middle panel) in DMBi001-A-1 hiPSC. Nucleai were stained with DAPI (blue). 
Negative controls without primary antibodies (no pAb) are presented in the third panel – AlexaFluor488 serves as a control for green signal and AlexaFluor568 serves 
as a control for red signal. Representative phase contrast images of DMBi001-A-1 hiPSC are demostrated in bottom panel. Scale bars: 200 µm (left pictures) and 50 µm 
(right picture). F. Flow cytometric analysis of pluripotency markers: TRA-1–60, OCT4, SSEA4 and NANOG in DMBi001-A-1 hiPSC. G. RT-PCR (left panel) and 
immunocytochemical (ICC) analyses of the expression of three germ layers markers in spontaneously differentiated DMBi001-A-1 hiPSC. In the ICC analysis, vimentin 
(red) served as mesodermal marker, SOX17 (green) served as endodermal marker and neurofilament-H (red) served as ectodermal marker. Nuclei were stained with 
DPAI (blue). Scale bars: 50 µm. H. Karyotypic analysis of DMBi001-A-1 hiPSC. (For interpretation of the references to colour in this figure legend, the reader is 
referred to the web version of this article.) 
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Table 2 
Reagents details.  

Antibodies and stains used for immunocytochemistry/flow-cytometry  

Antibody Dilution Company Cat # and 
RRID 

Pluripotency Markers Rabbit anti-NANOG 1:200 ICC/1:100 
FACS 

Santa Cruz, Cat# sc- 
33759  

Goat anti-OCT4 1:100 Santa Cruz, Cat# sc- 
5279  

MC-813–70 mouse Anti-SSEA4 1:100 ICC/1:50 
FACS 

Merck Millipore, Cat# 
MAB4304  

TRA-1–60 1:100 ICC/1:50 
FACS 

Merck Millipore, Cat# 
90,232 

Differentiation markers Vimentin 1:200 Abcam, Cat# ab92547  
SOX17 1:100 R&D Systems, Cat# 

AF1924  
Neurofilament H 1:1000 Abcam, Cat# ab8135 

Western blot confirming lack of laminin α-2 protein in DMBi001-A-1 hiPSC- 
derived cells 

Laminin α-2 1:100 Santa Cruz, Cat# sc- 
55605  

Lamin A 1:1000 Santa Cruz. Cat# sc- 
20680 

Site-specific nuclease 
Nuclease information Cas9  
Delivery method Plasmid nucleofection  
Selection/enrichment strategy Puromycin  
Primers and Oligonucleotides used in this study  

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

Targeted mutation analysis/sequencing LAMA2 exon 3 ATGGCATACTAGAGCTGTCTC/ 
AGAACCTTTAAGTGCACACACC 
Supplementary Figure 1 

RT-PCR analysis of LAMA2 expression LAMA2 CGACCAATGCAACATGTGGAG/ 
CTGCCACCAAGTGTTCTTTCCA 
Fig. 1, panel D 

RT-PCR analysis of EEF2 expression EEF2 TCAGCACACTGGATAGAGG/ 
GACATCACCAAGGGTGTGCA 
Fig. 1, panel D, panel G 

RT-PCR analysis of the markers of ectoderm, mesoderm and endoderm in 
spontaneously differentiated DMBi001-A-1 hiPSC 

NESTIN GCGGGCTACTGAAAAGTTCC/ 
CCAGCTTGGGGTCCTGAAAG 
Fig. 1, panel G 

TUBB3 AGGGCATCTCTtGAGAACAAA/ 
GCCTCGTTGTAGTAGACGCTG 
Fig. 1, panel G 

SOX17 AAGGGCGAGTCCCGTATCC/ 
TCAGCGCCTTCCACGACTTGC 
Fig. 1, panel G 

FOXA2 ATTGCTGGTCGTTTGTTGTG/ 
TACGTGTTCATGCCGTTCAT 
Fig. 1, panel G 

TBXT (Brachyury T) GATGATGGAGGAACCCGGAG/ 
GGCACCTCCAAACTGAGGAT 
Fig. 1, panel G 

R1 GTTAGTGGTTTGTGGGTGAA.AGG 177 805–177 827 (reference ID 
NC_000006.12) 

R2 TCATCTTATCAAGAAAACAA.TGG 177 851–177 873 (reference ID 
NC_000006.12) 

R3 TTTGTTTAGTTAGTGGTTTG.TGG 177 796–177 819 (reference ID 
NC_000006.12) 

L1 CTGTATGGTGCTATGAGACA.AGG 177 432–177 454 (reference ID 
NC_000006.12) 

L2 AGTTAGCAGCATCATATGAA.AGG 177 601–177 624 (reference ID 
NC_000006.12) 

L3 ATAGCACCATACAAGGTAGC.AGG 177 425–177 447 (reference ID 
NC_000006.12) 

Potential random integration-detecting PCRs Cas 9 CATCGAGCAGATCAGCGAGT/ 
CGATCCGTGTCTCGTACAGG (product 
length: 275 bp) 
Supplementary Figure 1 

Intron 2 of HBB gene (chromosome 11) – to confirm 
integrity of DNA 

CTATGGGACGCTTGATGT/ 
GCAATCATTCGTCTGTT (product length: 
113 bp) 
Supplementary Figure 1 

Evaulation of off-target activity of L1 sgRNA Off-target 1, chromosome 4: 21,045,919 CTGATACAAAGTCATAGCTCTCCAG/ 
CTGCTATCTTCACAGCCAGGACA  

Off-target 2, chromosome 6: 131,883,267 GTAGTTGATGTAGTGCAGATATGG/ 
CAAGATGAGCATGTCAACGAAAC 
Supplementary Figure 3 

(continued on next page) 

S. Jelinkova et al.                                                                                                                                                                                                                               



Stem Cell Research 56 (2021) 102529

6

2.8. Line identity validation 

STR analysis was performed by Human Genome Variation Research 
Group (Małopolska Centre of Biotechnology, Jagiellonian University, 
Krakow, Poland) using DNA isolated from DMBi001-A-1 hiPSCs as well 
as parental healthy hiPSC line (DMBi001-A). 

2.9. Karyotype 

Karyotype analysis was performed in Kariogen cytogenetic labora-
tory. Chromosome banding was achieved using Giemsa staining. 10 
mitoses in each sample were evaluated. 

2.10. Mycoplasma test 

Presence of mycoplasma was tested using MycoAlertTM mycoplasma 
detection kit (Lonza) according to the manufacturer’s instructions. 
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GGAACATTTCTAGCACAATTGGGGA 
Supplementary Figure 3  

Off-target 2, chromosome 3: 7,117,871 GGGTATCAGAAGACTTGCAC/ 
CCTTTGACAGAAATTGTCCTTC 
Supplementary Figure 3  

Off-target 3, chromosome 5: 77,169,227 GGCCTTCTGAGTTAGTAAAACC/ 
GCTGCCAATCCACTGCCTTCC 
Supplementary Figure 3  

Off-target 4, chromosome X: 51,957,836 CTTTCTGTTGTCTAACTACTCTAGC/ 
GGGTCAATGAAGAAATTAAGAAGAC 
Supplementary Figure 3  

Off-target 5, chromosome 2: 217,296,782 GAGCCATACCTGGCAAACAGAAG/ 
GCCTCTTACAGCTTTTTGTTCC 
Supplementary Figure 3  
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