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ABSTRACT

Hereditary transthyretin amyloid cardiomyopathy is cardiac involvement in systemic transthyretin amyloidosis. For the first time, we generated induced pluripotent
stem cell (iPSC) line of hATTR-CM carrying the TTR mutation p.Asp38Asn. We isolated peripheral blood mononuclear cells from the patient’s peripheral blood. The
reprogramming of PBMCs achieved a pluripotent state by the transfection of non-integrated episomal vectors. We demonstrated pluripotency with the presence of cell
surface markers, the expression of pluripotency-related genes and the ability to form teratoma composed of three germ layers in vivo. This iPSC line is a useful model
for studying the pathogenic mechanism of TTR p.Asp38Asn mutation.

Resource table
Unique stem cell line identifier
Alternative name(s) of stem cell line
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

Resource table (continued)
PUMCHi004-A
PUMCH-hATTR004
Peking Union Medical College Hospital
shuyangzhang103@nrdrs.org
iPSC
Human
Age: 35
Sex: male
Ethnicity: Han Chinese
Peripheral blood mononuclear cells
Clonal
Episomal/Transgene-free

Yes
Spontaneous
Transthyretin amyloid cardiomyopathy
TTR: NM_000371.3: exon2: c.112G > A: p.Asp38Asn:
chr18:29172901
Method of modification
NA
Name of transgene or re- NA
sistance
Inducible/constitutive s- NA
ystem
Date archived/stock date 2019
Cell line repository/bank https://hpscreg.eu/cell-line/PUMCHi004-A

⁎

Ethical approval

Informed consent was signed before the establishment of
the iPSC line; the Ethics Review Committee of Peking
Union Medical College approved the study. Approval
number: JS-1233

1. Resource utility
The cell line provides the unlimited resource of patient-derived stem
cells and prepares the basis for the next step to produce cardiomyocytes
in vitro. Study of transthyretin amyloid cardiomyopathy (ATTR-CM)
has been facing challenges because of the lack of cellular models.
Although several rodent models have been established, pathologically
meaningful heart damage has not been established in these models. The
iPSC disease model can preserve the genetic background and patientspecific clinical characteristics, and provides an ideal tool as a “humanin-a-dish” disease model to study the molecular mechanism and potential pharmacological candidates.
2. Resource details
Clinical characteristics of hATTR-CM are summarized in our prior
research: male susceptibility; heart failure with preserved ejection
fraction; left ventricular hypertrophy, especially ventricular septum and
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posterior wall, detected on echocardiography; positive TTR gene mutation; and poor prognosis with the survival rate at 60 months after
diagnosis was only 11.1% (He et al., 2019). As a rare cardiomyopathy
with unknown prevalence, hATTR-CM faces the challenge of misdiagnosis and poor prognosis.
In our study, we generated an iPSC cell line from a 35-year-old male
patient with a confirmed diagnosis of hATTR-CM. This patient had a
prominent clinical history of heart failure and a familial history of
sudden cardiac death. Echocardiography shows hypertrophy of the
ventricular septum and posterior wall. Nuclear scintigraphy proves the
evidence of transthyretin in the heart. Further genetic testing revealed
that the patient was heterozygous for the TTR missense mutation
p.Asp38Asn. The variant was also previously reported to have a cardiac
phenotype. However, there is no published research to study the TTR
missense mutation p.Asp38Asn based on the patient-derived iPSC
model. We believe our research will offer an predictive cellular model
for the underlying pathogenic mechanisms of the TTR missense mutation p.Asp38Asn.
PBMCs were reprogrammed by nonintegrating episomal vectors to
introduce reprogramming factors (pEP4EO2SEN2K, pEP4EO2SET2K,
pCEP4-M2L) (Yu et al., 2009). The reprogrammed iPSC line showed a
normal human embryonic stem (hES)-like phenotype (Fig. 1, A) and
46,XY normal karyotype (Fig. 1, B) and the reprogramming factors are
no longer present (Supplementary materials). After the 6th passage, we
confirmed the expression of pluripotent stem cell surface biomarkers
(TRA-1–81 and SSEA4) and master transcription factors OCT4 and
NANOG. The mRNA expression of OCT4 and NANOG was detected via
QRT-PCR and the presence of the surface markers SSEA4 and Tra-1–81
was proved via flow cytometry. The presence of the OCT4 and NANOG
was proved by Immunofluorescence staining (Supplementary materials). The above process proved the pluripotency of the iPSC line in
vitro (Fig. 1, C-D). Furthermore, the teratoma assay demonstrated the
pluripotent potential to differentiate into endoderm, mesoderm and
ectoderm (Fig. 1, F). Short tandem repeat (STR) analysis confirmed that
the PBMCs and iPSCs were both from the same patient. In addition,
Sanger sequencing results revealed the TTR missense mutation
c.112G > A (p.Asp38Asn) (Fig. 1, E).

fibronectin- and Matrigel-coated 6-well plates containing CD34+ cell
expansion medium. Fibronectin and Matrigel are used together to
promote recovery after electrical transfection. Two to eleven days after
transfection, DMEM/F12 medium was used 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) to support
the growth of reprogramming cells. Then, Nuwacell hPSC Medium was
used for iPSC amplification (REF Yu et al., 2011 PLOS ONE 2011). The
total clone number of iPSCs was counted 17 days after electrical
transfection.
3.3. Generation and maintenance of the iPSC line
Developed based on Yu’s method, hiPSC culture uses Matrigel (BD
Biosciences, Bedford, MA) as the substrate, cultures cells in Nuwacell
Epic hPSC medium without feeder cells, and passages cells in EDTA.
When the confluence reached approximately 85%, hiPSCs were washed
once with DPBS (calcium and magnesium free), after which 0.5 mM
EDTA (Nuwacell Biotechnologies) was added, and the cells were incubated at 37 °C for 8 min (2 ml per well for 6-well plates). Then, the
EDTA was removed, and 2 ml Nuwacell Epic hPSC medium was gently
added to detach the cells. After shaking gently a few times, most cells
detached from the matrix. The digested cell clumps were quickly dispensed into Matrigel-coated culture plates pre-supplemented with fresh
Nuwacell Epic hPSC medium. To promote cell adhesion and storage,
Blebbistatin (2.5 µM, Nuwacell Biotechnologies) was added on the first
day of passage. Using this method, cells were passaged at a ratio of
1:8–1:10 every 3 to 4 days. Nuwacell hPSC Cryopreservation Medium
(Nuwacell Biotechnologies) was used for cryopreservation, and all
procedures were performed according to the operation manual.
3.4. Teratoma formation assay
A total of 5 × 10^6 iPSCs grown on Matrigel were collected and
suspendedin 30% Matrigel in DMEM/F12 solution. Then, 6- to 8-weekold SCID Beige mice received an intramuscular injection of iPSCs on
their hind legs. When the diameter of teratomas reached 1–2 cm after
7–8 weeks, the teratomas were collected and stained with hematoxylineosin, followed by examination for endoderm, mesoderm and ectoderm
tissues under a microscope (Nikon, TS 100) (Table 1).

3. Materials and methods
3.1. Ethical statement
Our research observed ethical rules of the Declaration of Helsinki
and was approved by the ethics committee at Peking Union Medical
College Hospital (PUMCH). Individuals who participated in the study
signed written consent before biological samples were collected for
research. Approval number: JS-1233.

3.5. Mycoplasma detection
Samples were examined by KingMed Diagnostics Co., Ltd. The iPSCs
was tested negative for mycoplasma contamination by Mycoplasma
Detection Kit (KingMed Diagnostics), following the instructions
(Supplementary materials).

3.2. Reprogramming human peripheral blood cells
The episomal reprogramming plasmid contains and expresses
human OCT4, SOX2, NANOG, LIN28, c-MYC, KLF4 and SV40LT transgenes. Transfection used 3.0 µg of pEP4EO2SEN2K, 3.2 µg of
pEP4EO2SET2K and 2.4 µg of pCEP4-M2L DNA.
The method of reprogramming peripheral blood cells is similar to
that of fibroblasts and adipose tissue cells. Given that the number of
CD34+ cells in peripheral blood is limited, CD34+ cells were expanded on fibronectin-coated culture plates using StemSpan SFEM
(STEMCELL Technologies) CD34+ cell expansion medium to enhance
the transfection efficacy. In next step, 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 IL6 and 10 ng/ml sIL6-R (all from Peprotech, Rocky Hill, NJ) were added
to cell culture. After 7 days of expansion, CD34+ cells showed strong
growth (expanded by 75 times). Approximately 1 × 106 CD34+ cells
were transfected with the reprogramming plasmid and inoculated in

3.6. RT-PCR
To quantify the transcript amounts, reverse transcription-PCR was
performed in accordance with the instructions. Total RNA was extracted from iPSCs using Extract RNA reagent (Evrogen) and was then
reverse transcribed to generate cDNA using an MMLV RT kit (Evrogen).
cDNA amplification was achieved using All-in-One SYBR® Green qPCR
Mix (GeneCopoeia) on a CFX96 Real-Time PCR Detection System
(BioRad). For primer sequences, see Table 2.
3.7. Karyotype analysis
G-banding karyotype analysis was carried out to evaluate the karyotype of the iPSCs. For metaphase preparation, colcemid (50 μg/ml)
was added to the growth medium for 2 h at 37 °C. Then, the cells were
treated with hypotonic solution at 37 °C for 20–40 min and fixed for
2
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Fig. 1. Characteristics of the iPSC line.

staining. Thirty well-spread metaphases were analyzed and karyotyped,
and all showed normal karyotypes.

3.9. Flow cytometry
Single-cell suspensions were prepared and blocked with 5% bovine
serum albumin (BSA; Sigma-Aldrich) in PBS (Lonza). iPSCs were then
stained with monoclonal antibodies targeted to SSEA4 (BD Biosciences,
RRID: 560128) and TRA-1–81 (BD Biosciences, RRID: 560161), followed by flow cytometry analysis on a Guava easyCyte 8 (Merck
Millipore). The data were analyzed using Kaluza Analysis 1.5 Software
(Beckman Coulter). Monoclonal antibodies are listed in Table 2.

3.8. Immunofluorescence staining
The ipsc cells were washed twice with PBS after they covered slips.
Using 4% paraformaldehyde to fix cells for 20 min. Then, washing cells
3 times. Using 0.1% Triton X-100 to permeabilize cells at room temperature for 1 h, and 5% bovine serum albumin to block for 30 min.
Incubate cells with the primary antibody, rabbit anti-NANOG or rabbit
anti-OCT4 antibody, overnight at 4 °C. After washing three times, incubate cells with the secondary antibody, Alexa Fluor 488-conjugated
donkey anti-rabbit IgG, for 1 h at room temperature in the dark. The
nuclei were counterstained with DAPI. Antibodies are listed in Table 2.

3.10. STR analysis
Samples were examined by BGI Genomics Co., Ltd. The identities of
the cell lines were determined by comparing the STR profile at 23 loci,
including Yindel, AMEL, D3S1358, D13S317, D7S820, D16S539,
D8S1179, Penta D, D19S433, D5S818, D21S11, TPOX, D1S1656,
D6S1043, D2S441, D12S391, D2S1338, vWA, Penta E, TH01, D18S51,
3
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Table 1
Characterization and validation.
Classification

Test

Result

Data

Morphology
Phenotype

Photography
Qualitative analysis

Normal
Presence of pluripotency markers (TRA-1–81 and
SSEA4)
Expression of OCT4 and NANOG in iPSCs
Normal male karyotype: (1–22)x2, (XY)x1

Fig. 1, A
Fig. 1, D

NA
All sites match
Heterozygous for p.Asp38Asn
NA
Mycoplasma was negative as determined by PCR
Teratoma assay
Negative

NA
With Author
Fig. 1, E
NA

Quantitative analysis (RT-qPCR)
Karyotype (G-banding) and resolution of
0.5 Mb
Microsatellite PCR (mPCR) OR
STR analysis
Sequencing
Southern Blot OR WGS
Mycoplasma
Teratoma formation
HIV 1 + 2 Hepatitis B, Hepatitis C

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

Blood group genotyping
HLA tissue typing

Not completed
Not completed

Antibodies used for flow cytometry
Antibody

Dilution

Company Cat # and RRID

PE Mouse
anti-SSEA4
PE Mouse
anti-TRA-181

1:200

BD Biosciences/cat#
RRID 560,128
BD Biosciences/cat#
RRID 560,161

1:200
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Immunocytochemistry
Pluripotency
markers
Secondary
antibodies

Rabbit antiOCT4
Rabbit antiNANOG
Alexa Fluor
488 doneky
anti-rabbit

1:500

Target

Forward/Reverse primer (5′-3′)

OCT4

GAAGGAGAAGCTGGAGCAAA/
CTTCTGCTTCAGGAGCTTGG

1:500
1:200
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Appendix A. Supplementary data

Primers

Pluripotency
markers (RTPCR)
Pluripotency
markers (RTPCR)
Pluripotency
markers (RTPCR)

Fig. 1, F
Not shown but available from
author

peripheral blood samples from the patients. All sites matched, which
confirmed cellular identity.

Table 2
Reagent details.

Pluripotency
markers

Fig. 1, C
Fig. 1, B

NANOG

CAGCCCTGATTCTTCCACCAGTCCC/
TGGAAGGTTCCCAGTCGGGTTCACC

GAPDH

AATGAAGGGGTCATTGATGG/
AAGGTGAAGGTCGGAGTCAA

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.scr.2020.102022.
References
He, S., Tian, Z., Guan, H., Li, J., Fang, Q., Zhang, S., 2019. Clinical characteristics and
prognosis of Chinese patients with hereditary transthyretin amyloid cardiomyopathy.
Orphanet J. Rare Dis. 14, 251.
Yu, J., Hu, K., Smuga-Otto, K., Tian, S., Stewart, R., Slukvin II, , Thomson, J.A., 2009.
Human induced pluripotent stem cells free of vector and transgene sequences.
Science (New York, N.Y.) 324, 797–801.
Yu, J., Chau, K.F., Vodyanik, M.A., Jiang, J., Jiang, Y., 2011. Efficient feeder-free episomal reprogramming with small molecules. PLoS ONE 6, e17557.

CSF1P0, and FGA. The profiles were compared between iPSC clones and

4

