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ABSTRACT

Autosomal dominant polycystic kidney disease (ADPKD) is a genetic disease, which characterized by formation and expansion of cysts within the kidney, leading to
kidney failure. Thus, Peripheral blood mononuclear cells (PBMCs) were isolated from a 32-year-old male patient carrying the PKD1 compound mutations p.M3091R
and p.S843P, and were reprogrammed to human induced pluripotent stem cells (iPSCs) using non-integrative episomal vectors. The PLAFMCi002-A iPSC line
expresses pluripotency markers, exhibits the capacity to differentiate into three germ layers in vivo. This iPSC line may be used for studying the molecular basis of the
disease, screening potential therapeutic targets and drug testing.

1. Resource Table
Unique stem cell identifier
Institution
Contact information of
distributor
Type of cell line
Origin
Additional origin info
Cell source
Clonality
Method of reprogramming
Genetic modification
Type of modification
Associated disease
Gene/locus

Ethical approval
PLAFMCi002-A
Chinese PLA General Hospital
lqgbj301@126.com
iPSC
Human
Age: 32
Sex: Male
Ethnicity: Han nationality
Human peripheral blood mononuclear cells (PBMCs)
Clonal
Episomal/Transgene-free

Yes
Spontaneous
Autosomal Dominant Polycystic Kidney Disease
PKD1: NM_001009944: exon26: c.9272 T > G:
p.M3091R:chr16-2152187; PKD1: NM_001009944:
exon11: c.2527 T > C: p.S843P: chr16-2164497
Method of modification N/A
Name of transgene or r- N/A
esistance
Inducible/constitutive
N/A
system
Data archived/stock da- 11/2019
te

Ethics Committee of the Chinese PLA General Hospital
(2012–001)

2. Resource utility
This 32-year-old patient-specific iPSC line is useful for modeling
Autosomal dominant polycystic kidney disease (ADPKD) in vitro and
studying the molecular basis of the disease and screening potential
therapeutic targets.
3. Resource details
ADPKD is characterized by characterized by formation and expansion of cysts within the kidney, and no effective treatment to slowdown
cyst expansion, leading to kidney failure. ADPKD is an autosomal
dominant disease mainly caused by mutation, deletion or rearrangement of the PKD1 gene (Harris and Torres, 2014; Shibazaki et al.,
2008). In our study, we generated an iPSC line from a 32-year-old male
patient with a confirmed diagnosis of ADPKD, and donor testing and
screening were performed (Table 1, Supplementary 1). Further genetic
testing confirmed that the patient was heterozygous for the PKD1
missense mutation p.M3091R and p.S843P (Fig. 1E). Although the
pathogenesis bases are well observed, the molecular pathways of
ADPKD remain unclear. To uncover the ADPKD pathological processes,
patient-derived peripheral blood mononuclear cells (PBMCs) can be
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Table 1
Characterization and validation.
Classification

Test

Result

Data

Morphology
Phenotype

Photography
Flow cytometry
Quantitative analysis (RT-qPCR)

Fig. 1 panel A
Fig. 1 panel D
Fig. 1 panel C

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

Karyotype (G-banding) and resolution
STR analysis
Sequencing
Mycoplasma
Teratoma formation
HBsAg, HBsAb, HBeAg, HBeAb, HBcAb, HCV, TPPA,
HIV

Normal
Presence of pluripotency markers (SSEA4 and TRA1–81)
Expression of pluripotency markers: POUSF 1,
NANOG
46XY, Resolution 0.5 M
19 loci tested, all matched
Compound heterozygous for p.M3091R, p.S843P
Mycoplasma testing by qRT-PCR. Negative
Proof of three germlayers formation
Negative

reprogrammed to a pluripotent state and differentiated into kidney
organoids for studying the disease (Stower 2019).
PBMC were reprogrammed to iPSC by transfection of non-integrating
episomal
vectors
(pCEP4-M2L,
pEP4EO2SEN2K,
pEP4EO2SET2K) carrying the reprogramming factors (OCT4, SOX2,
NANOG, LIN28, c-MYC and KLF4) (Yu et al. 2009). After reprogramming, the PLAFMCi002-A shows typical embryonic stem cell-like morphology (Fig. 1A) with a 46, XY normal karyotype (Fig. 1B). To confirm
the pluripotency of PLAFMCi002-A, the expression of pluripotent
markers was evaluated by RT-qPCR and FACS analyses. Expression of
POUSF 1 and NANOG was identified by RT-qPCR, SSEA4 and TRA-1–81
proteins were assessed by FACS analysis (Fig. 1C, D, Table 2). We
further confirmed pluripotency via teratoma assay and showed presence of structures representing the three germ layers (endoderm, mesoderm and ectoderm) (Fig. 1F). The results of short tandem repeats
(STR) analysis revealed that the PLAFMCi002-A cell line were derived
from the patient-donated PBMCs (Table 1). Sanger sequencing confirmed the presence of the PKD1 missense mutation c.9272 T > G:
p.M3091R, c.2527 T > C: p.S843P (Fig. 1E). The Mycoplasma testing
by RT-PCR was negative (Table 1, Supplementary 2).

Fig. 1 panel B
Submitted in archive with journal
Fig. 1, E
Available with the authors
Fig. 1 panel F
Supplementary 1

was carried out using Nuwacell™ ncTarget hPSC Medium (Nuwacell
Biotechnologies) (Yu et al. 2011).
After 3–4 weeks, picked iPSC colonies and seeded on Matrigelcoated tissue culture dishes (ES, qualified; BD Biosciences, Cat
#354277) with Nuwacell™ ncTarget hPSC Medium (Nuwacell
Biotechnologies Co.,Ltd) for expansion at 37 °C and 5% CO2 in a 100%
humidified atmosphere.
4.2. hiPSCs culture
The hiPSCs were cultured and expanded in Nuwacell™ ncTarget
hPSC Medium (Nuwacell Biotechnologies) with daily medium changes.
Cells were passaged onto Laminin511 Human Recombinant Protein
(Nuwacell Biotechnologies Co., Ltd) using ncTarget hPSC Medium
containing 2.5 μM Rock kinase inhibitor Blebbistatin (Nuwacell
Biotechnologies Co.,Ltd) at a ratio of 1:8 every 3–4 days when the cells
reached 80% confluency.
4.3. RT-QCr
To determine gene expression of pluripotency markers in the
PLAFMCi002-A iPSC lines, we performed qRT-PCR.1 μg of total RNA
extracted from PLAFMCi002-A iPSCs was retro-transcribed into cDNA
using the PrimeScript™ RT Master Mix (Takara) according to protocol.
q-PCR was performed on QuantStudio 3 (Thermo) with all-in-one
SYBR® Green qPCR Mix (GeneCopoeia), and the GADPH used as reference gene, H1 cDNA served as control. The primer sequences are
listed in Table 2.

4. Materials and methods
4.1. Isolation of PBMCs and generation of hiPSCs
Peripheral whole blood sample was collected from the patient by
venipuncture in BD Vacutainer® EDTA tubes (BD Biosciences). PBMCs
were isolated by density gradient centrifugation using Ficoll (Sigma).
Before reprogramming, PBMCs were activated with cytokine for 4 days
as previously reported. On day 0, the activated PBMCs (CD34 + cells)
were reprogrammed into iPSCs using nonintegrative episomal vectors
(pCEP4-M2L, pEP4EO2SEN2K, pEP4EO2SET2K) by using the Amaxa
Nucleofector 2b Device with the program T-019, and the vectors containing reprogramming factors OCT4, SOX2, NANOG, LIN28, c-MYC
and KLF4. Because of the low number of CD34+ cells from PBMCs, the
CD34+ cell expansion was performed on cell culture plates coated with
fibronectin using StemSpan SFEM (STEMCELL Technologies) CD34+
cell amplification medium for normalizing the transfection efficacy.
Next, EX-CYTE growth enhancement medium (1:1000, Millipore,
Billerica, MA), 2 mM GlutaMAX, 250 ng/ml SCF, 250 ng/ml FLT3L,
100 ng/ml TPO, 20 ng/ml IL-3, 50 ng/ml IL-6 and 10 ng/ml sIL6-R (all
from Peprotech, Rocky Hill, NJ) were added as additives to the culture
medium. After the above genes transfected, the CD34 + cells were
seeded in 6-well fibronectin coated plates (1 × 106 cells/well). In
support of cell growth after reprogramming, DMEM/F12 medium was
added together with N-2 (1X, Thermo Fisher Scientific), B-27 (1X,
Thermo Fisher Scientific), bFGF (100 ng/ml, Peprotech), PD0325901
(0.5 μM Stemgent), CHIR99021 (3 μM, Stemgent), A-83–01 (0.5 μM,
Stemgent), hLIF (1000 U/ml, Millipore), and HA-100 (10 μM, Santa
Cruz Biotechnology) 2–5 days after transfection. The iPSC amplification

4.4. Karyotyping
Karyotype analysis was performed at passage 7, 8 using conventional G-banding techniques. At least 25 metaphases were read for each
sample (400-band resolution). G-banding karyotype was used to confirm genomic stability of the PLAFMCi002-A iPSC lines. All showed
normal karyotype.
4.5. Mycoplasma contamination test
The PLAFMCi002-A iPSC cell supernatant were sent to KingMed
Diagnostics Co., Ltd for mycoplasma testing with PCR Mycoplasma
Detection (Takara, Cat #6601), and the results are listed in Table 1 and
Supplementary 2.
4.6. STR analysis
STR analysis of the PLAFMCi002-A iPSC lines and parental PBMCs
was performed by BGI Genomics Co. Ltd, and their STR spectra in 23
loci confirmed identity between the iPSC lines and parental PBMCs
(Table 1).
2
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Fig. 1. Characterization of human PLAFMCi002-A iPSC line.
Table 2
Reagents details antibodies used for flow-cytometry.

Pluripotency Markers
Pluripotency Markers
Primers
Pluripotency markers (qRT-PCR)
Pluripotency markers (qRT-PCR)
House-Keeping Genes (qRT-PCR)

Antibody

Company Cat #

PE Mouse anti-SSEA-4
PE Mouse anti-Human TRA-1–81

BD Cat#560128
BD Cat#560161

Target
POU5F1
NANOG
GAPDH

Forward/Reverse primer (5′–3′)
CAGTGCCCGAAACCCACAC/GGAGACCCAGCAGCCTCAAA
CAGAAGGCCTCAGCACCTAC/ATTGTTCCAGGTCTGGTTGC
AATGAAGGGGTCATTGATGG/AAGGTGAAGGTCGGAGTCAA
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4.7. Teratoma formation assay

influence the work reported in this paper.

The iPSCs were dispersed into single cells using Solase Cell
Dissociation Solution (Nuwacell Biotechnologies Co., Ltd) and resuspended in ncTarget hPSC Medium (containing 50% Matrigel). Then
cell suspension was subcutaneously injected into the thigh groin of both
sides of 4–8 weeks old SCID Beige mice (200 μl injection per side). After
4–8 weeks, teratomas were dissected and fixed in 4% paraformaldehyde. The samples were embedded in paraffin, sectioned and stained
with haematoxylin-eosin. Then the formation of endoderm, mesoderm
and ectoderm tissues was examined under Olympus microscope.
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4.8. Flow cytometry
The cells were collected and prepared single cell suspension,
blocked in PBS with 5% albumen of bovine serum (BSA; SigmaAldrich). Then incubated with the antibodies against SSEA4 and
Tra1–81(Table 1), following with incubation of Goat anti-Mouse IgG H
&L (Alexa Fluor® 488) and Goat anti-Rabbit IgG H&L (Alexa Fluor®
488). Pluripotency marker of iPSCs were assayed by flow cytometry
analysis (Beckman Coulter).
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