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Abstract

Human-derived induced pluripotent stem cells (iPSCs) have proven to be indispensable in 

cardiovascular drug development, disease modeling, and developmental biology research. For this 

reason, it is particularly useful to develop wild-type iPSC lines to be used in experimental or 

control conditions. Here, we present two such cell lines generated from a sample of peripheral 

blood mononuclear cells (PBMCs) from a healthy patient with normal cardiac function.

1. Resource utility

These well-characterized human induced pluripotent stem cell (iPSC) lines derived from an 

apparently healthy Caucasian female volunteer are useful as wild-type control iPSC lines, 

especially for cardiovascular development research and disease modeling.

2. Resource details

Cardiovascular diseases are the number one cause of death globally. A recent scientific 

statement from the American Heart Association (AHA) highlighted the opportunities of 

using healthy donor and patient-derived iPSC lines for cardiovascular disease modeling 

and regenerative medicine. Well-characterized wild-type iPSC lines from racially diverse 

backgrounds are valuable controls in iPSC-based studies, especially when patients 

with specific mutations are unavailable and gene-editing technologies are applied 

(Ma et al., 2018; Musunuru et al., 2018). A Cardiovascular Discovery Protocol (10

H-0126, https://clinicalstudies.info.nih.gov/ProtocolDetails.aspx?A_2010-H-0126.html) at 

the National Heart, Lung, and Blood Institute (NHLBI) was established to study known 

or suspected metabolic or genetic factors that carry the risk of developing cardiovascular 
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disease. Patients and healthy volunteers from various racial backgrounds underwent tests 

including an echocardiography, a TC angiogram and screening laboratory studies to evaluate 

cardiac and metabolic health. Study subjects also signed a public stem cell database consent 

form, which allows NHLBI researchers to use donors’ blood samples to generate iPSCs for 

research on tissue development, disease modeling, and drug development, and to submit 

genetic data or iPSC lines to a public database. In this study, two human iPSC lines were 

established from one such volunteer: an apparently healthy 51-year old Caucasian female 

who had a normal heart on echocardiography and CT angiography and no evidence of 

metabolic disease.

Following her signing consent, erythroblasts from the healthy volunteer’s peripheral blood 

mononuclear cell (PBMC) sample were expanded and reprogrammed with the pluripotency 

factors OCT3/4, KLF4, SOX2 and C-MYC using Cytotune 2.0 Sendai Virus (SeV) 

to generate NHLBIi001-A and NHLBIi001-B iPSC lines, which maintained a human 

embryonic stem cell (ESC)-like morphology. Their undifferentiated state was characterized 

by immunofluorescent staining and flow cytometry analysis of several common human ESC/

iPSC markers including SOX2, NANOG, OCT4, SSEA4, and TRA-1–60 (Fig. 1A and B). 

In addition, G-banding karyotyping indicated a normal karyotype (46, XX) (Supplemental 

Figure S1A) and short tandem repeat (STR) DNA profiling analysis at 15 loci showed the 

genotypes of these two iPSC lines did match that of the parental PBMC (submitted in 

archive with journal). Mycoplasma status was also confirmed to be negative by quantitative 

PCR (qPCR) (Supplemental Figure S1B). Clearance of the Sendai viral vector (SeV) was 

confirmed after passage 15 with quantitative reverse transcription polymerase chain reaction 

(qRT-PCR) using SeV-specific primers (Supplemental Figure S1C). Lastly, pluripotency was 

demonstrated by a teratoma formation assay in which the cells successfully differentiated 

into all three germ layers (ectoderm, neural tube; mesoderm, cartilage; endoderm, gut) in 
vivo (Fig. 1C).

3. Materials and methods

3.1. Cell culture

The NHLBIi001-A and NHLBIi001-B iPSC cell lines were derived from peripheral blood 

mononuclear cells (PBMCs) from a healthy 51 years old female Caucasian volunteer with 

a normal cardiovascular and metabolic profile. The PBMCs were isolated from 5 to 10 ml 

whole blood by the standard Ficoll gradient centrifugation method. They were cultured in 

1 well of a 12-well tissue culture plate with 1 ml StemSpan™SFEM II medium with an 

added Erythroid expansion supplement (100ng/ml SCF, 10ng/ml IL-3, 2U/ml EPO, 40ng/ml 

IGF-1, 1 μM Dexamethasone, and 100 μg/ml holo-transferrin) for 8–10 days. Half of the 

medium was changed every 2 days to promote erythroblast expansion. Reprogramming of 

PBMC-derived erythroblasts with the CytoTune 2.0 SeV kit (A16517, Thermo Fisher) is 

similar to fibroblast reprogramming as previously described (Beers et al., 2015) except for 

a few modifications: (1) 200,000 PBMCs were infected by 20ul of premixed SeVs (1:1:1 

ratio of three SeVs) using centrifugation at 2250 rpm for 1 h, (2) SeVs were removed by 

centrifugation one day after infection, (3) erythroblasts were plated onto Matrigel (Corning, 

354277)-coated 48-well plates on day 2–3 post-infection by a serial dilution of 20–15,000 
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cells/well. Established NHLBIi001-A and NHLBIi001-B iPSCs were maintained with 

Essential8 (E8) medium (A1517001, Thermo Fisher) using the EDTA dissociation method 

(Beers et al., 2012) and were expanded for >15 passages prior to further characterization and 

use.

3.1.1. Immunocytochemistry—NHLBIi001-A and NHLBIi001-B iPSCs were fixed 

and stained as previously described, though we blocked the cells and diluted the primary 

antibodies with a 10mg/ml Bovine Serum Albumin (BSA) in DPBS solution (Hong et al., 

2019). Cell nuclei were stained with DAPI and the cells were imaged with an EVOS® FL 

Cell Imaging System (Thermo Fisher) and a 10 or 20 × objective lens with Texas Red, FITC, 

and DAPI filters.

3.1.2. Flow cytometry analysis—iPS cells were dissociated from the plate with 

TrypLE (12563029, Thermo Fisher) and were prepared for flow cytometry as previously 

described (Beers et al., 2015), except that a different permeabilization buffer (2%FBS 

and 0.2% Tween 20 in DPBS) was used. We used fluorophore conjugated antibodies as 

listed inTable 2. The cells were analyzed with an AccuriC6 Flow Cytometry system (BD 

Biosciences).

3.1.3. G-banding karyotyping—G-banding karyotyping was performed by WiCell 

Cytogenetics lab (Madison, WI) using twenty randomly selected metaphases.

3.1.4. Short tandem repeat (STR) analysis—STR analysis was performed by 

WiCell Cytogenetics lab using a Powerplex® 16 System (Promega) and genomic DNA 

extracted from the iPSCs with DNeasy Blood and Tissue Kit (Qiagen).

3.1.5. Mycoplasma detection—2 ml of medium from the iPSC culture was spun 

down at >20,000 g for 20 min to collect a small pellet of cells. After removing all 

medium, the pellet was lysed by 0.5x Phusion HF Buffer (NEB, #B0518S) with 8U/ml 

Proteinase K (NEB, #P8107S) at 55 °C for 1–3 h followed by heat-inactivation at 95 

°C for 10 min. Quantitative PCR (qPCR) detection of mycoplasma was carried out using 

the primer pair GPO-1_MGSO with the SsoAdvanced™Universal SYBR Green Supermix 

(Bio-Rad Laboratories) for 40 cycles. The RFU values at the end of the PCR were used to 

compare samples with positive (a known contaminated sample) and negative (sterile water) 

controls to evaluate the presence of mycoplasma contamination. A pair of GAPDH primers 

(GAPDH-3) that amplify in human samples was used to ensure cell material was present.

3.1.6. Testing for Sendai reprogramming vector clearance—RNA from 

NHLBIi001-A and NHLBIi001-B iPSCs was extracted using 1 ml TRIzol Reagent Solution 

(15596026, Thermo Fisher) following the manufacturer’s protocol, however we used 100 

μl 1-bromo-3-cholopropane (BCP) in place of chloroform. RNA from another recently 

generated passage 2 iPSC line was used as a positive control for SeV detection. Following 

RNA extraction, 2 ug of RNA was reverse transcribed into cDNA with Maxima H Minus 

Reverse Transcriptase (Thermo Fisher) primed with PolyN(15-mer) (Eurofins) in accordance 

with the manufacturer’s protocol. Leftover RNA template was removed by incubating the 

sample with 1 μl Ribonuclease H (Life Technologies) from Escherichia coli for 20 min at 
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37 °C. The Real-time PCR reaction was then prepared with the SsoAdvanced™Universal 

SYBR Green Supermix and run on a BIO-RAD CFX96 (Bio-Rad Laboratories) machine.

3.1.7. Teratoma assay—NHLBIi001-A and NHLBIi001-B iPSCs were removed from 

6-well plates when ~90% confluent using the EDTA dissociation method. 1 × 107 cells per 

clone were resuspended in E8 medium and kept on ice. The suspension was mixed with 

a 50% volume of cold Matrigel (Corning, 354277) and 150 μl of the resulting mixture 

was injected subcutaneously into NSG mice (JAX No. 005557) at two sites. Tumors were 

visible after 6–8 weeks at which point they were removed and fixed in 10% Neutral Buffer 

Formalin. They were then embedded in paraffin and stained with hematoxylin and eosin.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgement

We would like to thank Dr. Zu-xi Yu of the Pathology Core and Dr. Chengyu Liu of the Transgenic Core of 
National Heart, Lung, and Blood Institute, NIH for performing teratoma assay. We would also like to thank WiCell 
Cytogenetics lab for performing karyotyping and STR assays. This work was supported by the Intramural Research 
Program of National Heart, Lung, and Blood Institute at NIH.

References

Ma Z, Huebsch N, Koo S, Mandegar MA, Siemons B, Boggess S, Conklin BR, Grigoropoulos CP, 
Healy KE, 2018. Contractile deficits in engineered cardiac microtissues as a result of MYBPC3 
deficiency and mechanical overload. Nat. Biomed. Eng 2, 955–967. [PubMed: 31015724] 

Musunuru K, Sheikh F, Gupta RM, Houser SR, Maher KO, Milan DJ, Terzic A, Wu JC, American G 
Heart Association Council on Functional, B. Translational, Y. Council on Cardiovascular Disease 
in the, C. Council on, N. Stroke, 2018. Induced pluripotent stem cells for cardiovascular disease 
modeling and precision medicine: a scientific statement from the American Heart Association. Circ. 
Genom. Precis. Med 11, e000043. [PubMed: 29874173] 

Beers J, Linask KL, Chen JA, Siniscalchi LI, Lin Y, Zheng W, Rao M, Chen G, 2015. A cost-effective 
and efficient reprogramming platform for large-scale production of integration-free human induced 
pluripotent stem cells in chemically defined culture. Sci. Rep 5, 11319. [PubMed: 26066579] 

Beers J, Gulbranson DR, George N, Siniscalchi LI, Jones J, Thomson JA, Chen G, 2012. Passaging 
and colony expansion of human pluripotent stem cells by enzyme-free dissociation in chemically 
defined culture conditions. Nat. Protoc 7, 2029. [PubMed: 23099485] 

Hong J, Xu M, Li R, Cheng YS, Kouznetsova J, Beers J, Liu C, Zou J, Zheng W, 2019. Generation 
of an induced pluripotent stem cell line (TRNDi008-A) from a Hunter syndrome patient carrying a 
hemizygous 208insC mutation in the IDS gene. Stem. Cell. Res 37, 101451. [PubMed: 31071499] 

Patterson et al. Page 4

Stem Cell Res. Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
(A) Images of phase contrast microscopy and immunofluorescence staining of pluripotency 

markers of NHLBIi001 iPSCs. (B) Flow cytometry analysis of pluripotency markers of 

NHLBIi001 iPSCs. (C) Teratoma formation assay shows NHLBI001 iPSCs can generate 

three germ layers in vivo.
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Resource Table:

Unique stem cell lines identifier NHLBIi001-A

NHLBIi001-B

Alternative names of stem cell lines MS19-ES-D (NHLBIi001-A)

MS19-ES-H (NHLBIi001-B)

Institution National Heart, Lung, and Blood Institute (NHLBI)

Contact information of distributor Dr. Jizhong Zou jizhong.zou@nih.gov

Type of cell lines iPSC

Origin Human

Cell Source Blood

Clonality Clonal

Method of reprogramming Cytotune 2.0 Sendai viruses

Multiline rationale Wild-type control iPSC lines from a healthy donor with normal cardiac function

Gene modification No

Type of modification N.A.

Associated disease N.A.

Gene/locus N.A.

Method of modification N.A.

Name of transgene or resistance N.A.

Inducible/constitutive system N.A.

Date archived/stock date September 2019

Cell line repository/bank N.A.

Ethical approval The Cardiovascular Disease Discovery Protocol (#10-H-0126) has been approved by NHLBI 
Institutional Review Board (IRB) to collect blood samples for iPSC generation.
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