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Abstract

Pompe disease is an autosomal recessive lysosomal storage disease caused by pathogenic variants 

in GAA, which encodes an enzyme integral to glycogen catabolism, acid α-glucosidase. Disease-

relevant cell lines are necessary to evaluate the efficacy of genotype-specific therapies. Dermal 

fibroblasts from two patients presenting clinically with Pompe disease were reprogrammed 

to induced pluripotent stem cells using the Sendai viral method. One patient is compound 

heterozygous for the c.258dupC (p.N87QfsX9) frameshift mutation and the c.2227C>T 

(p.Q743X) nonsense mutation. The other patient harbors the c.−32–13T>G splice variant and 

the c.1826dupA (p.Y609X) frameshift mutation in compound heterozygosity.
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Resource Table

Unique stem cell lines identifier 1: CHOCi002-A

2: CHOCi003-A

Alternative name(s) of stem cell lines N/A

Institution CHOC Children’s Research Institute

Contact information of distributor Chloe Christensen, chloe.christensen@choc.org

Type of cell lines iPSC

Origin Human

Additional origin info Age: 7.7 y, 16.1 y

Sex: F, M

Ethnicity: Caucasian, Caucasian

Cell source Dermal fibroblasts

Clonality Clonal

Method of reprogramming Non-integrating Sendai virus

Genetic modification Yes

Type of genetic modification Hereditary

Evidence of the reprogramming transgene 
loss

RT-PCR

Microbiology and virology Mycoplasma testing by luminescence: Negative

Associated disease Infantile-onset Pompe disease, Late-onset Pompe disease

Gene/locus 1: Chromosome 17q25.2-q25.3, GAA: [c.258dupC];[c.2227C>T]

2: Chromosome 17q25.2-q25.3, GAA:[c.−32–13T>G];[c.1826dupA]

Date archived/stock date April 29, 2022

Cell line repository/bank https://hpscreg.eu/cell-line/CHOCi002-A
https://hpscreg.eu/cell-line/CHOCi003-A

Ethical approval Ethics approval was obtained from Children’s Hospital of Orange 
County Institutional Review Board, #130990. Informed consent was 
obtained for biopsy collection.

1. Resource utility

The human induced pluripotent stem cell (iPSC) lines reported here harbor pathogenic 

mutations associated with infantile and late-onset Pompe disease (PD) (de Faria et al., 2021). 

These iPSC lines allow for further elucidation of PD cellular phenotype and for the study of 

genome editing-based therapeutic strategies that target patient-specific genotypes.

2. Resource details

PD is a rare lysosomal storage disease with a prevalence of 1:23,000 (Park, 2021). 

Pathogenic mutations in GAA render acid α-glucosidase non-functional, impairing glycogen 

metabolism. Without intervention, patients experience hypertrophic cardiomyopathy and 

muscle weakness and die within the first year of life. The iPSC lines that exist for some 

common GAA mutations are useful resources for elucidating disease mechanisms and 

assessing therapeutic strategies in vitro (Cheng et al., 2019; van der Wal et al., 2017). 

However, there are more than 700 known pathogenic mutations causative for PD, the vast 
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majority of which are not represented in existing iPSC lines (de Faria et al., 2021). To our 

knowledge, the PD iPSC lines described here are the first reported with these genotypes, and 

all mutations except the GAA c.−32–13T>G pathogenic variant are not present in existing 

PD iPSC models (van der Wal et al., 2017). Cellular models of PD generated from these 

iPSCs will be invaluable for the evaluation of gene therapies that target patient-specific 

mutations.

The two iPSC lines described here (CHOCi002-A and CHOCi003-A) were generated 

using the CytoTune™-iPS Sendai reprogramming method (see Table 1). Dermal fibroblasts 

derived from a patient with the GAA c.258dupC (p.N87QfsX9) frameshift mutation and the 

c.2227C>T (p.Q743X) nonsense mutation present in compound heterozygosity were used 

to generate CHOCi002-A. Dermal fibroblasts derived from a second patient with the c.−32–

13T>G splice variant and the c.1826dupA (p.Y609X) frameshift mutation in compound 

heterozygosity were used to generate CHOCi003-A. Sanger sequencing confirmed that both 

cell lines maintained their GAA genotype post-reprogramming (Fig. 1A). RT-qPCR analysis 

showed that both iPSC lines have gene expression consistent with downregulation of genes 

associated with ecto-, meso-, and endoderm, and similar self-renewal gene expression when 

compared to a pluripotent reference standard (Fig. 1B). Of note, RT-qPCR analysis assessed 

85 genes including SOX2, NANOG, POU5F1 (OCT3/4), HAND1, SOX17, GATA4, and 
LEFTY1 (Fig. 1B).

Monoclonal colonies exhibiting the morphological hallmarks of iPSCs were isolated and 

expanded (Fig. 1C). Pluripotency was further evidenced through immunofluorescence 

assessment of pluripotency markers OCT3/4, SOX2, SSEA-4, TRA-1–60, and TRA-1–81 

(Fig. 1D). Karyotyping revealed no chromosomal abnormalities (Fig. 1E). RT-PCR for 

pluripotency markers showed elevated SOX2 and NANOG expression levels in iPSCs 

compared to parental fibroblasts (Fig. 1F). Measurements of OCT4 expression showed 

an increase in comparison to parental fibroblasts for CHOCi002-A but were inconclusive 

for CHOCi003-A (Fig. 1F). However, RT-qPCR-based measurement of POU5F1 (OCT3/4) 

expression in CHOCi003-A showed levels consistent with a pluripotent reference standard 

(Fig. 1B). Transgene loss was confirmed through RT-PCR with Sendai virus, KOS, Klf4, and 

c-Myc-specific primers (Fig. 1G). Differentiation potential was confirmed through directed 

differentiation followed by immunofluorescence assessment for expression of markers for 

ectoderm (OTX2/SOX1), mesoderm (Brachyury/HAND1), and endoderm (GATA4/SOX17) 

(Fig. 1H). Short tandem repeat (STR) analysis confirmed common identity between iPSCs 

and parental fibroblasts at 17 genomic loci (submitted to journal). Both cell lines were 

confirmed to be mycoplasma free (Suppl. Table S1). In conclusion, CHOCi002-A and 

CHOCi003-A demonstrate the pluripotency characteristics necessary for future use in 

genome editing strategy testing and disease modelling.

3. Materials and methods

3.1. Reprogramming of human dermal fibroblasts

Biopsied tissue from two donor patients was mechanically disassociated and cultured in 

high glucose Dulbecco’s Modified Eagle Medium (Cytiva) supplemented with 20% fetal 

bovine serum (Omega), 1% non-essential amino acids (Gibco), and 37.5 μg/mL Primocin 
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(Invivogen). Fibroblasts (passage (P)6, CHOCi002-A; P11, CHOCi003-A) were transduced 

using the CytoTune-iPS 2.0 Sendai Reprogramming Kit (Thermo Fisher Scientific) with a 

MOI of 10:10:6. On day 7 posttransduction, cells were passaged to Vitronectin-coated plates 

(Gibco; 0.5 μg/cm2). On day 8, media was switched to Essential 8™ (Gibco) and replenished 

everyday thereafter. Emerging stem cell colonies were mechanically picked and expanded. 

Cells were passaged using UltraPure™ EDTA (Invitrogen, 0.5 mM) and were supplemented 

with 10 μM Y-27632 (STEMCELL Technologies) for 24 h after passaging or thawing.

3.2. Genomic DNA isolation and genotyping

Genomic DNA was isolated using QuickExtract™ DNA Extraction Solution (Biosearch 

Technologies) as per the manufacturer’s protocol. GAA exons 2, 13 and 16 were amplified 

by PCR. The genotypes were confirmed through Sanger sequencing. Primers are listed in 

Table 2.

3.3. Real Time-qPCR and karyotyping

RT-qPCR and karyotyping were performed by Thermo Fisher Scientific Stem Cell 

Characterization Services. Cell pellets (>2 × 106 cells; P10) were prepared according to 

the Genomic DNA Purification Kit or PureLink™ RNA Mini Kit. DNase-treated RNA 

was reverse transcribed using the high-capacity cDNA Reverse Transcription Kit with 

RNase inhibitor. cDNA samples were prepared for RT-qPCR using the TaqMan® hPSC 

Scorecard™ Kit. Total gDNA (100 ng) was used to prepare the Cytoscan HT-CMA 96 array 

for KaryoStat+.

3.4. Reverse Transcriptase-PCR

Cell pellets (5x105 cells; P1 and 16, CHOCi002-A; P12, CHOCi003-A) were treated with 

TRIzol reagent (Invitrogen) and RNA was isolated using the Direct-zol™ RNA MiniPrep 

Kit (Zymo Research). RNA was reverse transcribed using the iScript™ cDNA synthesis Kit 

(Bio-Rad) according to the manufacturer’s protocol. cDNA was amplified using site-specific 

PCR primers.

3.5. Immunofluorescence

Pluripotency immunofluorescence: iPSCs (P16-26) were fixed in 4% formaldehyde, 

permeabilized in 0.5% Triton® X-100 (for non-surface markers) and blocked in 3% bovine 

serum albumin. Cells were incubated with primary antibodies at 4 °C overnight. Cells 

were incubated with secondary antibodies at room temperature for one hour. Trilineage 
immunofluorescence: iPSCs (P10-26) were differentiated using either the StemMACS™ 

Trilineage Differentiation Kit, human, (Miltenyi Biotec) or to cardiac mesoderm 

using the PSC Cardiomyocyte Differentiation Kit (Gibco). Cells were processed for 

immunocytochemistry using the Human Three Germ Layer 3-Color Immunocytochemistry 

Kit (R&D Systems) and Alexa Fluor 488-conjugated secondary antibodies were applied 

where indicated. Slides were mounted in VECTASHIELD® Antifade Mounting Media 

with DAPI (Vector Laboratories). Cell imaging was performed using a Keyence BZ-X810 

fluorescence microscope with BZ-X800 Viewer software.
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3.6. Short tandem repeat analysis

STR analysis was performed by the ATCC Human Cell Authentication Service. Cells 

(1x106) were spotted on FTA™ paper (135-XV™). Amplification of 17 STR loci was 

performed using a PowerPlex® 18D System (Promega). Data were processed using 

GeneMapper™ ID-X 1.6 software (Applied Biosystems™).

3.7. Mycoplasma assessment

Absence of mycoplasma (at P5) was confirmed using the MycoAlert Mycoplasma Detection 

Kit (Lonza) according to the manufacturer’s protocol.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Characterization and validation of CHOCi002-A and CHOCi003-A iPSC lines.
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