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Abstract

Cancer-derived iPSCs have provided valuable insight into oncogenesis, but human cancer cells can 

often be difficult to reprogram, especially in cases of complex genetic abnormalities. Here we 

report, to our knowledge, the first successful generation of an iPSC line from a human 

immortalized acute myeloid leukemia (AML) cell line, the cell line HL-60. This iPSC line retains 

a majority of the leukemic genotype and displays defects in myeloid differentiation, thus providing 

a tool for modeling and studying AML.

1. Resource utility

Reprogramming has enabled further understanding of the development and progression of 

cancer, including leukemogenesis. Here we report an iPSC line generated from the 

immortalized AML cancer cell line HL-60. HL-60-iPSCs retain leukemic abnormalities of 

the parental line, and can serve as a valuable model to study AML.

2. Resource details

Cells from the HL-60 leukemic cell line (Gallagher et al., 1979; Dalton et al., 1988) were 

reprogrammed by infection with Sendai virus expressing the four Yamanaka factors (OCT4/
POU5F1, SOX2, KLF4, c-MYC), and colonies were manually picked based on iPSC-like 

morphology approximately four weeks after infection. Only one iPSC line was successfully 
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expanded in culture (Fig. 1A) and was evaluated for pluripotency based on gene and cell 

surface marker expression, as well as protein expression, compared to a positive control 

iPSC line (Fig. 1B-D). Clearance of the Sendai virus vector was also confirmed (Fig. 1E).

Given the low reprogramming efficiency and the genomic complexity of the parental line, 

we examined genomic integrity and confirmed iPSC identity with the genome-wide 

HumanCore BeadChip SNP array (D’Antonio et al., 2017; Panopoulos et al., 2017) (Fig. 

1F). [Short Tandem Repeat (STR) analysis also confirmed the iPSC line was derived from 

HL-60 cells; submitted in archive with journal]. The SNP array demonstrated that the 

HL-60-iPSC line retained almost all of the genomic aberrations of the parental HL-60 

leukemic line, despite the wide array of abnormalities present (Fig. 1F; HL-60-iPSCs were 

analyzed at passage 12; genomic abnormalities present in both parental line and iPSC line 

are shaded in grey; Note: it is possible that the few parental HL-60 cell line mutations not 

detected in iPSCs are still present in low levels in the HL-60-iPSCs, but that they are now 

outside the detection limits of the array) (D’Antonio et al., 2017).

Despite the variety of genomic aberrations, HL-60-iPSCs demonstrated functional 

pluripotency in vitro by successful differentiation into embryonic germ layers. Embryoid 

body-mediated differentiation followed by immunofluorescent analysis indicated positive 

staining for all germ layers (Fig. 1G). Additional analysis of in vitro differentiation potential 

was performed by real-time PCR of germ-layer specific genes (D’Antonio et al., 2017), 

which also demonstrated that the HL-60-iPSC line has the ability to generate cells 

expressing genes for all three embryonic germ layers at levels comparable to control iPSCs 

(Fig. 1H). Given their leukemic origin, to determine if HL-60-iPSCs demonstrated a specific 

differentiation deficiency in their ability to produce mature myeloid cells, HL-60-iPSCs 

were subjected to directed differentiation towards mature neutrophils. When compared to a 

control iPSC line for expression of the cell surface marker CD16, HL-60-iPSCs show a clear 

defect in the generation of CD16-expressing myeloid cells (Fig. 1I; Table 1).

Our results demonstrate, to our knowledge, the first successful generation of iPSCs from a 

human immortalized AML cell line. These findings also provide evidence that it is possible 

to generate iPSCs with widespread genomic aberrancies (albeit at low reprogramming 

efficiencies). Thus, HL-60-iPSCs provide a unique tool for modeling and studying this 

hematologic malignancy.

3. Materials and methods

3.1. Cell lines

HL-60 peripheral blood leukemia cells were obtained from ATCC (ATCC® CCL240™) 

(Gallagher et al., 1979; Dalton et al., 1988). Control iPSC lines have been previously 

published (Panopoulos et al., 2017).

3.2. Generation of iPSCs

Minor modifications were made to the manufacturer’s suggested protocol using the 

CytoTune™-iPS 2.0 Sendai Reprogramming Kit: 2.0×105 HL-60 leukemic cells were 
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infected at twice the recommended MOI. Resultant iPSCs were expanded and maintained in 

mTeSR™1 on Matrigel®.

3.3. Flow cytometry

A BD LSRFortessa™ X-20 was used to analyse cells labelled with fluorescently-conjugated 

antibodies, and figures generated in FlowJo (Table 2).

3.4. Gene expression analysis and gel electrophoresis

Total RNA was isolated using Trizol and cDNA for RT-qPCR generated with the iScript™ 

Reverse Transcription Supermix. PCR analysis of Sendai virus clearance was performed 

using the Phusion® High-Fidelity PCR Master Mix, using 35 cycles of 95 °C for 10 s, 64 °C 

for 30 s, 72 °C for 10 s. Products were analysed on a 2% agarose gel with a 100 bp DNA 

standard, using previously-infected cells as a positive control for presence of Sendai virus 

(Table 2).

3.5. Karyotype and identify analysis

Genomic analysis and identity testing was performed using the HumanCore Exome array, 

which has a resolution of ~ 100 kb, as previously described (D’Antonio et al., 2017). DNA 

was isolated using the DNeasy Blood and Tissue kit, and 200 ng of genomic DNA 

hybridized to HumanCore-24 BeadChips. Chips were processed according to manufacturer’s 

suggested protocol on a HiScan, with genotype calls, log R ratios (LRR), and B-allele 

frequencies (BAF) extracted using GenomeStudio V2011.1. Distribution of LRR and BAF 

were used to manually observe copy number aberrant regions, and the estimated boundary 

position for each aberration determined using specific probe locations. Abbreviations in Fig. 

1F: chr = chromosome; DEL = deletion; DUP = duplication; LOH = loss of heterozygosity. 

PCR amplification of D17S1290 loci was performed as described above and used for STR 

analysis.

4. Undirected in vitro differentiation

To generate uniform embryoid bodies (EBs), small dots of Matrigel® were plated onto 10-

cm cell culture dishes. HL-60-iPSCs were individualized using TrypLE and plated onto 

Matrigel® dots in mTeSR™1, with subsequent media changes every day until dots were 

solid iPSC colonies. Colonies were then detached from the 10-cm plate using dispase and 

plated into T25 low-attachment flasks in EB media (DMEM/F12, 10% FBS, 0.5 mM L-

glutamine, 0.1 mM non-essential amino acids, 55 mM P-mercaptoethanol), where they 

formed compact EBs. After 4 days of suspension culture with daily media changes, EBs 

were plated onto gelatin-coated 24-well plates and cultured for an additional 10 days in EB 

media. Differentiated cells were either collected from wells for RNA isolation using TrypLE 

or fixed and stained for microscopy.

5. Myeloid differentiation

HL-60-iPSCs were subjected to directed myeloid differentiation by co-culture with mouse 

OP9 stromal cells in media containing cytokines (Choi et al., 2011). In brief, iPSCs were 
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differentiated into multipotent myeloid progenitors via coculture over 9 days, with half-

media changes on days 4 and 6. Myeloid progenitors were then expanded in low-attachment 

T25 flasks for 2 days in the presence of GM-CSF, and further differentiated into neutrophils 

in the presence of G-CSF. Analysis was performed via flow cytometry as described above.

6. Mycoplasma testing

Absence of mycoplasma in the HL-60-iPSC line was confirmed using the Lonza 

MycoAlert™ detection kit using manufacturer’s protocol.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

This work was partially supported by the Indiana Clinical and Translational Sciences Institute through grant #UL1 
TR001108 (to ADP), and a University of Notre Dame College of Science Deans’ Fellowship and Harper Cancer 
Research Institute RLAC Award (to AEY). HumanCore BeadChip data generation was performed at the UCSD 
IGM Genomics Center with support from NIH grant P30CA023100. We thank the Gallagher Family for their 
generous support of stem cell research at the University of Notre Dame.

References

Choi KD, Vodyanik M, Slukvin II, 2011. Hematopoietic differentiation and production of mature 
myeloid cells from human pluripotent stem cells. Nat. Protocols 6 (3), 296–313. 10.1038/
nprot.2010.184. Epub 2011/03/0. PubMed PMID: 21372811; PMCID: PMC3066067. [PubMed: 
21372811] 

Dalton WT Jr., Ahearn MJ, McCredie KB, Freireich EJ, Stass SA, Trujillo JM, 1988. HL-60 cell line 
was derived from a patient with FAB-M2 and not FAB-M3. Blood 71 (1), 242–247. Epub 
1988/01/01 PubMed PMID: 3422031. [PubMed: 3422031] 

D’Antonio M, Woodruff G, Nathanson JL, D’Antonio-Chronowska A, Arias A, Matsui H, Williams R, 
Herrera C, Reyna SM, Yeo GW, Goldstein LSB, Panopoulos AD, Frazer KA, 2017. High-
throughput and cost-effective characterization of induced pluripotent stem cells. Stem Cell Rep. 8 
(4), 1101–1111. 10.1016/j.stemcr.2017.03.011. PubMed PMID: 28410643; PMCID: PMC5390243.

Gallagher R, Collins S, Trujillo J, McCredie K, Ahearn M, Tsai S, Metzgar R, Aulakh G, Ting R, 
Ruscetti F, Gallo R, 1979. Characterization of the continuous, differentiating myeloid cell line 
(HL-60) from a patient with acute promyelocytic leukemia. Blood 54 (3), 713–733. Epub 
1979/09/01 PubMed PMID: 288488. [PubMed: 288488] 

Panopoulos AD, D’Antonio M, Benaglio P, Williams R, Hashem SI, Schuldt BM, DeBoever C, Arias 
AD, Garcia M, Nelson BC, Harismendy O, Jakubosky DA, Donovan MKR, Greenwald WW, 
Farnam K, Cook M, Borja V, Miller CA, Grinstein JD, Drees F, Okubo J, Diffenderfer KE, Hishida 
Y, Modesto V, Dargitz CT, Feiring R, Zhao C, Aguirre A, McGarry TJ, Matsui H, Li H, Reyna J, 
Rao F, O’Connor DT, Yeo GW, Evans SM, Chi NC, Jepsen K, Nariai N, Muller FJ, Goldstein LSB, 
Izpisua Belmonte JC, Adler E, Loring JF, Berggren WT, D’Antonio-Chronowska A, Smith EN, 
Frazer KA, 2017. iPSCORE: a resource of 222 iPSC lines enabling functional characterization of 
genetic variation across a variety of cell types. Stem Cell Rep. 8 (4), 1086–1100. https://doi.org/
10.1016Zj.stemcr.2017.03.012. PubMed PMID: 28410642; PMCID: PMC5390244.

Yamasaki et al. Page 4

Stem Cell Res. Author manuscript; available in PMC 2021 April 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://doi.org/10.1016Zj.stemcr.2017.03.012
https://doi.org/10.1016Zj.stemcr.2017.03.012


Fig. 1. 
Generation and characterization of HL-60-iPSCs.
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Table 2

Reagents details.

 Antibodies used for immunocytochemistry/flow-cytometry

Antibody Dilution Company Cat # and RRID

Pluripotency markers (flow) Mouse anti-TRA-1-60 FITC 1:20 BD Pharmingen Cat# 560173, RRID: 
AB_1645379

Pluripotency markers (flow) Mouse anti-SSEA-4 PE 1:20 BD Pharmingen Cat#560128, RRID: 
AB_1645533

Pluripotency markers (IF) Rabbit anti-Oct4 1:200 Abcam Cat#ab19857, RRID: AB_445175

Pluripotency markers (IF) Rabbit anti-Nanog 1:100 Abcam Cat# ab21624, RRID: AB_446437

Myeloid marker (flow) Mouse anti-CD16 PE 1:20 Life Technologies Cat#MHC1604, RRID: 
AB_10373687

Differentiation markers (IF) Mouse anti-alpha smooth muscle 
actin

1:100 Abcam Cat# ab7817, RRID:AB_262054

Differentiation markers (IF) Mouse anti-forkhead box A2 1:100 Abnova Cat# H00003170-M12, RRID: 
AB_626426

Differentiation markers (IF) Mouse anti-beta III tubulin 1:100 BioLegend Cat# 657402, RRID: AB_2562570

Secondary antibodies (IF) CF488A chicken anti-mouse IgG 
(H + L)

1:500 Biotium Cat# 20208, RRID: AB_10853798

Primers

Target Forward/Reverse primer (5’–3’)

Pluripotency markers (qPCR) Endogenous POU5F1 GGGTTTTTGGGATTAAGTTCTTCA/
GCCCCCACCCTTTGTGTT

Pluripotency markers (qPCR) Endogenous SOX2 CAAAAATGGCCATGCAGGTT/
AGTTGGGATCGAACAAAAGCTATT

Pluripotency markers (qPCR) NANOG ACAACTGGCCGAAGAATAGCA/
GGTTCCCAGTCGGGTTCAC

Ectoderm markers (qPCR) DCX TGCCTCAGGGAGTGCGTTA/
GAACAGACATAGCTTTCCCCTTC

Endoderm markers (qPCR) CDH1 CGAGAGCTACACGTTCACGG/
GGGTGTCGAGGGAAAAATAGG

Mesoderm markers (qPCR) BMP4 GCACTGGTCTTGAGTATCCTG/
TGCTGAGGTTAAAGAGGAAACG

Housekeeping gene (qPCR) 18S GGCGCCCCCTCGATGCTCT/
GCTCGGGCCTGCTTTGAACACTCT

STR Analysis (PCR) D17S1290 GCCAACAGAGCAAGACTGTC/
GGAAACAGTTAAATGGCCAA

Reprogramming factor clearance 
(PCR)

Sendai virus ATGCGGCTGATCTTCTCACT/CTTTGCCACGCAATTAGGGT
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Resource Table:

Unique stem cell line identifier NDi001-A

Alternative name(s) of stem cell line HL-60-iPSC c25 (NDi001-A)

Institution University of Notre Dame

Contact information of distributor Athanasia D. Panopoulos; apanopou@nd.edu

Type of cell line iPSCs

Origin Human

Additional origin info Age: 36

Sex: Female

Cell Source Peripheral blood-derived HL-60 cell line (ATCC®CCL240™)

Clonality Clonal

Method of reprogramming Sendai virus

Genetic Modification No

Type of Modification N/A

Associated disease Acute myeloid leukemia

Gene/locus Complex genotype; see Fig. 1F

Method of modification N/A

Name of transgene or resistance N/A

Inducible/constitutive system N/A

Date archived/stock date N/A

Cell line repository/bank Registered in the Human Pluripotent Stem Cell

Registry (https://hpscreg.eu)

Ethical approval Commercially purchased (ATCC)
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