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Abstract
Background: The increasing number of clinical trials for induced pluripotent stem cell (iPSC)-derived cell
therapy products makes the production on clinical grade iPSC more and more relevant and necessary.
Cord blood banks (CBB) are an ideal source of young, HLA-typed and virus screened starting material to
produce HLA-homozygous iPSC lines for wide immune-compatibility allogenic cell therapy approaches.
The production of such clinical grade iPSC lines (haplolines) involves particular attention to all steps
since donor informed consent, cell procurement and a GMP-compliant cell isolation process.

Methods: Homozygous cord blood (CB) units were identi�ed and quality veri�ed before recontacting
donors for informed consent. CD34+ cells were puri�ed from the mononuclear fraction isolated in a cell
processor, by magnetic microbeads labelling and separation columns.

Results: We obtained a median recovery of 20.0% of the collected pre-freezing CD34+, with a �nal product
median viability of 99.1% and median purity of 83.5% of the post-thawed puri�ed CD34+ population.

Conclusions: Here we describe our own experience, from unit selection and donor reconsenting, in
generating a CD34+ cell product as a starting material to produce HLA-homozygous iPSC following a
cost-effective and clinical grade-compliant procedure. These CD34+ cells are the basis for the Spanish
bank of haplolines envisioned to serve as a source of cell products for clinical research and therapy.

Background
Induced pluripotent stem cells (iPSC) can be generated in the laboratory from donor adult somatic cells
by the reprogramming process, displaying similar characteristics to embryonic stem cells and free of the
ethical concerns related to embryo use1. IPSC can be expanded unlimitedly and they can be differentiated
into any cell type in the body; moreover, the genetic background of the donor can be chosen. These
features make iPSC exceptional candidates as starting material for cell therapies2. IPSC-derived cells are
being tested at the moment in clinical trials for regenerative medicine to treat diseases such as age-
related macular degeneration3 or Parkinson’s disease4, and for immunotherapies for conditions such as
cancer5 or graft-versus-host disease6.

Although the production of therapeutic cells from the patient’s own iPSC would provide no graft rejection
due to histocompatibility issues, the high cost and the long duration of iPSC production plus
differentiation to the therapeutic cell aroused considerations over the practicality of an autologous use of
iPSC. Several approaches for the allogenic use of iPSC have been proposed, like genome editing to
eliminate HLA expression7 or HLA-matching, similarly to what is done for organ or bone marrow
transplantation8. It was proposed that creating iPSC lines from HLA homozygous donors would provide a
match for a wide percentage of the population with a relatively small number of iPSC lines9. This
approach has shown promising results in primates10. Since HLA haplotypes differ in each geographical
area, several studies have identi�ed the most common haplotypes that would serve a national or regional



Page 4/16

population and calculated the number of HLA homozygous iPSC lines (haplolines) to cover a signi�cant
percentage11, 12, 13. Cord blood banks provide an excellent source of starting material for the production
of iPSC: the samples are banked in great numbers, they are already HLA-typed and screened for the
presence of virus and pathologies14. Moreover, CB cells are young cells with negligible risk of
accumulated genetic and epigenetic insults and easy to reprogram. Several countries have set up
initiatives to create their own banks of haplolines (haplobanks) using banked CB as a source of starting
cells, with Japan and Korea reporting already the �rst haplolines15, 16.

In order to use iPSCs in cell therapy, haplolines must be produced to clinical grade, complying GMP
standards throughout manufacturing17. Several international efforts have been put in place to create a
set of standards for critical quality attributes of iPSC for clinical applications, seeking the international
harmonization to allow for haplolines exchange among haplobanks and a better coverage of the
population18, 19.

Several crucial aspects have to be considered in the production of clinical grade iPSC, starting with the
procurement of the starting cells. Banked CB, provides a source of cells that have been already procured
following clinically regulated standards such as Jacie20 or Netcord21, that assure to compliance with
therapeutic use standards, however, their use for reprogramming requires signing a new informed consent
explaining the novel applications of the donation.

The most common strategies to obtain haplolines from blood samples consists in isolating the
mononuclear fraction or the CD34 + hematopoietic progenitor population22, 23.

In this article, we report our experience to obtain CD34 + from homozygous donors to make iPSC
haplolines following a procedure that complies with regulatory standards for ATMP starting materials
and that can be adopted by other CBB with an interest in creating iPSC haplobanks. The process was
performed within the Spanish haplobank project (IPS-PANIA) on nine CB units corresponding to HLA
haplotypes estimated to provide the widest possible coverage of the Spanish population13.

Materials And Methods

Segment veri�cation
High-resolution typing was performed by Sanger sequencing in an ABI PRISM 3130xl Genetic Analyzer
(ThermoFisher) and/or Next Generation Sequencing (NGS) in a MiSeq platform (Illumina) or in Ion
GeneStudio S5 System (ThermoFisher) for HLA-A, -B, -C, -DRB1, -DRB3/4/5, -DQB1 and -DPB1 genes.
CD45 + and CD34 + cell content was assessed by �ow cytometry following ISHAGE protocol and viability
was calculated by dye exclusion with 7AAD. Colony formation assays to calculate E-clone was done in
StemMACS HSC-CFU methyl-cellulose medium (Miltenyi) and cultivation for 14 days in a CO2 cell 37ºC,
5.5% CO2, 90% HR incubator.



Page 5/16

Thawing of the CBU and mononuclear fraction (MNF)
puri�cation
The CB bags were thawed in a water bath at 37oC and slowly equilibrated with a 1:1 volume of
equilibration buffer containing PBS with no Ca2 + or Mg2+, 5% p/v human serum albumin (Griffols), 5
mM MgCl2 and 200U/mL of DNAse I (Pulmozyme, Roche) in a closed system and allowed to equilibrate

at 4oC for 5 minutes. The mononuclear (MN) fraction was puri�ed in a closed system using �coll
(Histopaque-1077, Sigma-Aldrich) in a Sepax-2 cell processor (Biospace) with the NeatCell program and
using the CS900.2 kit. PBS with no Ca2 + or Mg2+, 2% p/v human serum albumin (Griffols), 2.5 mM
MgCl2 and 20U/mL of DNAse I (Pulmozyme, Roche) was used as washing buffer. The obtained MNF was
diluted 1:1 with washing buffer then centrifuged for 15 min at 300 g. The supernatant was discharged
and the pellet resuspended at a concentration of 2x106 MN cells/mL in washing buffer.

CD34 + selection
The cell suspension was blocked for 5 minutes at 4oC with 100 ul/108 cells of Planngamma 100 mg/mL
(Griffols). CliniMACS CD34 reagent (Miltenyi) immunomagnetics beads were added at 100 ul/108 cells
and incubated for 30 minutes at room temperature, mixing every �ve minutes. Subsequently the cells
were washed in 50 mL of washing buffer and centrifuged 15 minutes at 300 g. The labeled cells were
then passed through a clinical grade separation mini column (MACS ART MS columns Miltenyi) located
in a �xed magnetic �eld. For each 108 cells two consecutive columns were used. CD45 + and CD34 + 
content and viability were assessed right after puri�cation and after o/n incubation by �ow cytometry
using anti-CD45 (clone J33, Beckman), anti-CD34 (clone 581, Beckman) and 7AAD (Beckman) for
viability.

CD34 + expansion
CD34 + selected cells were resuspended and cultivated in Stempro34 (Gibco) supplemented with IL6 10
ng/mL, IL3 10 ng/mL, TPO 10 ng/mL, SCF 50 ng/mL and Flt3l 50 ng/mL. All cytokines were human
recombinant GMP grade (PeproTech).

Sterility and Mycoplasma testing
Sterility was assessed by BactAlert IFA and iFN plus bottles (Biomerieux) and the presence of
mycoplasma by MycoAlert™ Detection Kit (Lonza).

Results
An overview of the process we followed to obtain clinically compatible homozygous CD34 + is depicted in
Fig. 1, with critical steps and go/no go points.

Donor recontact and reconsent
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All cord blood donors recontacted had agreed in the informed consent for the original cord blood
donation on the possibility of being contacted again in the future. The donors were telephoned and
informed about the project and the special interest of their homozygous donated samples. Subsequently,
an e-mail was sent including an introductory brochure on simple language, the Patient Information
document and the Informed Consent document, and they were invited to read it carefully; both documents
had been approved by the Vall d'Hebron Hospital Ethics Committee for Human Research. The donors that
were interested in participating had an interview, either in person or by telephone, with a physician who
knew the project in detail but was not directly involved in it. Those donors consenting on participating
also answered a health questionnaire to discard genetic diseases or other incompatibilities with the
donation.

All the selected donors were reachable by phone and willing to listen to the proposal. An in-person
interview was the �rst choice to meet the donor and to give them a chance to ask questions about the
donation and the project, and to sign the Informed Consent document. However, due the Covid19
pandemic, for most of the donors the interviews were performed over the phone and the Informed
Consent was sent by courier to the donor's home and collected on the spot.

From the 17 donors recontacted, only three of them declined to participate and one of them was
discarded due to a chromosomal abnormality found in a post-donation miscarriage.

CBU selection criteria
The whole Spanish cord blood registry comprises 52,220 donations. From the 9,419 which are genotyped
in high resolution, we identi�ed 109 homozygous units corresponding to 43 different haplotypes and we
ranked the haplotypes priority according to the cumulative coverage capacity for HLA matching, as
previously described13. The average pre-freeze content in CD34 + in the homozygous units was 5.51x106.
The screening selection criteria for the homozygous CBU are listed in Table 1.

As an initial selection criterion, only those haplotypes represented in more than two homozygous cord
blood units were considered, in order to keep always at least one unit of the haplotype available for
transplantation within any of the national Cord Blood Banks. A second selection criteria was to have a
pre-freeze CD34 + content of ≥ 2x106 cells. Selected units were pre-reserved from the Spanish CB registry.
Veri�cations on frozen segments were performed for 25 units with the goal to create seven haplolines
representing the top haplotypes estimated to give the widest coverage for the Spanish population.
Initially, we set as acceptance criteria having an E-clone of at least 10% and a CD34 + viability after
thawing of at least 50%. Since segments normally perform worse than the main bag in terms of viability
upon freezing, some samples with low performance on CD34 + viability or colony formation at the
veri�cation, were still considered as candidates taking into account other considerations such as CD34 + 
collection content or the quality of alternative candidate CBU for that haplotype. On the thawed segments,
the median viability of CD45 + cells was 51.4% [15.9%-88%] and that of CD34 + was 82% [36.8%-98.7%]
and the median E-clone was 24.6% [0.6%-130.9%] (Table 2).
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As part of the veri�cation process, the samples HLA was retyped by NGS to con�rm homozygosity.
Finally, nine units were thawed for CD34 + selection, prior reserve con�rmation to the Spanish CB registry.
The characteristics of the selected CBU are described in Table 3.

Thawing of CBU and CD34 + selection
We designed a thawing and CD34 + cells isolation process that could be consistent and that yielded a
su�cient number of viable CD34 + cells for reprogramming and set the acceptance criteria for the �nal
CD34 + puri�ed population, represented in Table 4.

The whole thawing, mononuclear fraction (MNF) enrichment and CD34 + puri�cation process was
performed in the clean room facilities -in an A grade hood within a D grade environment- and using GMP
grade reagents compatible with clinical use. Each CBU was retrieved from liquid nitrogen storage and
code veri�ed before transporting it in a dry shipper to the clean room. Upon the point of MNF puri�cation,
the procedure was performed in a closed system. The CBU thawed at 37oC in a water bath were slowly
equilibrated with a 5% p/v human serum and DNAse I containing solution and a sample was retrieved for
a cytometry assay. At this point the median content on nucleated cells (NC) was 1.77 x 109 [5.41 x 108-2 x
109] cells, meaning a median recovery 94.7% [63.4-111.3], with a median viability of CD45 + of 48%
[45.6%-69.4%] (Fig. 2). Isolation of the MNF with the �coll method was performed in a Sepax 2 cell
processor, using the NeatCell program, directly from equilibration without prior washing. This method
allowed for a closed system and consistent recovery of the MNF with �coll. At this point, the NC content
was reduced to a median 4.3 x 108 [2 x 108- 8.3 x 108] which correspond to a 25.3% [3.7%-48.9%] of
recovery (Fig. 2).

The range of CD34 + content of the CBU pre-freeze ranged from 2 to 17.9 106 cells and viability was a
median 98%. Upon thawing, the median viability was still very high, 90.5% [50.9%-99.3%], and the median
recovery of CD34 + was 67.6% [17.5%-88.1%]. The time of storage in cryopreservation, ranging from 5.1
years to 22.8 years, did not seem to affect the viability or the recovery (Fig. 3).

For CD34 + selection we used the clinical grade immunolabelled beads from Miltenyi (CliniMACS CD34
reagent) but not the CliniMACS device, since the device, column and tubing system are designed for
larger volumes and much higher content of CD34+ (up to 6x108). The CD34 + puri�cation was thus
performed in an open system in an A grade hood within a D grade environment. A clinical grade
separation column labelled placed in a �xed strong magnetic �eld was used to select the labelled cells.
To improve the purity of the �nal population, the cells passed through two selection columns sequentially.
Figure 3 shows the qualitative analysis during CD34 + isolation. One of the CB units (process n. 2) did not
perform to the required standards and the process did not proceed after column puri�cation. We suspect
this was due to the quality of the freezing process and not the thawing and isolation, since the quality
standards and NC yield were low since the �rst steps of the process. For the rest of the samples, after
column puri�cation we obtained a median of 1.39 x 106 total CD34+ [0.94 x 106-2.98 x 106] cells,
resulting in a median recovery of 20% [10.6%-84%] of the collected CD34 + and a 34.1% % [15.1%-56.8%]
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of the content at thawing. The median viability at this point was 99.1% [96.7–99.5%] and the purity 83.5%
[66.9%-87.9%]. After column selection the cells were incubated o/n in CD34 expansion medium and
quality tested again. The average total number of CD34 + slightly declined o/n (median 1.05 x 106 CD34+
[0.53 x 106-3.73 x 106]) but viability and purity remain quite constant (medians 96.1% [76.3%-98%] and
83.5% [66.9%-88.3%], respectively). Samples were taken for sterility testing after o/n incubation and for
mycoplasma testing after 72h in culture, giving a negative result in all cases. In all cases, the puri�ed
CD34 + population was allowed to expand for 4 days before reprogramming. After an initial drop in cell
number, by day 4 the CD34 + cells had recovered and were proliferating again. The median expansion fold
at this point was 1.75 [0.96–3.87].

Discussion
Since the number of potential clinical applications for iPSC-derived cells increases and clinical trials
progress, the need for clinical grade quality iPSC becomes more evident. The use of banked CB units as a
source of HLA homozygous donor cells to create allogenic iPSC cell therapies has become a sensible and
attractive option as well as a way to revalorize existing CBB. Contrary to peripheral blood or other tissues
as starting material for reprogramming, banked CB does not require new donations and the samples are
already screened for medical �tness and tested for viral infections and sterility.

Japan and Korea have reported the production of the �rst sets of haplolines for their national haplobanks
and other countries, such as Germany, Spain or Australia, have initiated the construction of theirs. The
IPS-PANIA project aims at the production of seven clinical grade haplolines representing top haplotypes
regarding HLA-match coverage of the Spanish population. Not to deploy the Spanish CB registry of any
particular HLA haplotype and safeguard the potential for hematopoietic progenitor transplantation, only
those haplotypes that were represented in at least two homozygous CB units we considered. This did not
affect the top four most common haplotypes but for some of the less common haplotypes we could not
�nd su�cient homozygous CB units.

Since the original CB donation had a speci�c aim for hematopoietic progenitor transplantation and the
particular nature of iPSC cells –unlimited expansion and ever-growing possibilities of applications and
potentially multiple patients- the recontacting for the signing of a new Informed Consent document
deserves special care. The donors have to be clearly informed of the new nature of the donation and the
wide possibilities of the samples. In our experience, contacting the donors by telephone by quali�ed
personnel not directly involved in the project was an e�cient way to track back the donors and a
favorable predisposition to participate was high. Adapting to the Covid19 pandemic restrictions and
switching from in-person interview to phone calls was well accepted. Most of the recontacted donors
(82%) agreed to the new use of the donation.

We set a series of requirements on the homozygous CBU to be selected for consideration, regarding �rstly
cellularity and CD34 + content, to assure a su�cient number of cells to reprogram and for backup storage
after puri�cation and recovery. Although having an O group was initially considered preferential but no an
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essential requirement, as ABO blood group incompatibility has been described as a possible risk of graft
rejection (22), and we found availability of O type donors to for the haplotypes providing the widest
coverage, we decided to include it in the requirements list. Similarly, a minimum requirement of
homozygosity in HLA-A, HLA-B and HLA-DRB1 was originally set, but preference was given to CBU that
were also homozygous for HLA-C. Indeed, all the selected units chosen for reprogramming in the IPS-
PNIA project are also homozygous for the HLA-C allele. Rhesus type and sex were not considered as
selection requirements as there is no evidence that there could a signi�cant impact in the future
engraftment of the iPSC-derived cells.

To thaw and enrich the mononuclear fraction we decided to use the Sepax cell processor, without prior
washing, similarly as it was described by Kaur and colleagues23. For the CD34 + puri�cation, Liektde and
colleagues20 have reported satisfactory results processing HLA-homozygous CBU for the creation of a
haplobank in Germany using a CliniMACs device. Considering the small scale in volume and CD34 + 
content of cryopreserved CBU we decided not to use the CliniMACS device, which is designed for larger
samples and up to tow orders of magnitude higher content of CD34+. We also considered the high cost in
reagents and consumables of using the ClinicMACS methods for cryopreserved CB samples.
Alternatively, we used a scaled amount of the CliniMACS CD34 reagent and clinical grade columns, and
performed a manual immunoselection. Using the described method, we obtained good quality CD34+,
with a good recovery, which proliferated and reprogrammed satisfactorily –only one of the eight thawed
CBU failed to reprogram.

Conclusions
We report our own experience in producing HLA-homozygous CD34 + from cryopreserved CBU as staring
material for clinical grade iPSC and we propose an e�cient and reproducible protocol, from donor
recontacting to a cost-effective and clinical grade-compliant CD34 + isolation and expansion procedure.
Our aim is to contribute to the production of internationally harmonized haplolines as sources of cell
products for clinical research and therapy.

Abbreviations
CB
Cord Blood
CBB
Cord Blood Bank
CBU
Cord Blood Unit
iPSC
Induced Pluripotent stem cells
NC
Nucleated cells



Page 10/16

Declarations
Ethics approval and consent to participate

The Information Document and the Informed Consent form sent to the donors were approved by the
Ethics Committee for Research with Medicines from Vall d’Hebron Hospital (Barcelona, Spain). All donors
participating had signed the Informed Consent document.

Consent for publication

Not applicable

Availability of data and material

All the presented data is available for consultation

Competing interests

The authors declare no competing interests.

Funding

This research was funded by the Spanish Ministry of Science, Innovation and Universities, National Plan
for Scienti�c and Technical Research and Innovation 2013-2016 RETOS COLABORACIÓN Program 2017:
exp. RTC-2017-6000-1. 2017-2021.

Authors’ contribution

BAP, has participated in the design of the work; the acquisition, analysis and interpretation of data; and
draft of the document. SQ has participated in the design of the work, analysis, interpretation of data and
draft of the document. AV and AR, have participated in the design of the work, analysis and interpretation
of the data and revision of the document. MC, ST, LPC, CRA, LC, RA, CA, DHM and CF have participated in
the acquisition of data and revision of the document. 

Acknowledgements

We would like to acknowledge Mrs. Elena Valdivia for technical advice, Dr. Jesús Fernandez and Dr. Laura
Medina for contacting the donors and Mrs. Elisabet Tahull Navarro for administrative and management
help. We would also like to thank the cord blood donors, the donation programs professionals, and all the
cord blood banks staff for their invaluable dedication to helping bring hope to many patients in need.

References
1. -Takahashi K, Yamanaka S. Induction of pluripotent stem cells from mouse embryonic and adult

�broblast cultures by de�ned factors. Cell. 2006;126:663–76.



Page 11/16

2. -Yamanaka S Pluripotent Stem Cell-Based Cell Therapy-Promise and Challenges. Cell Stem Cell. 2020
Oct 1;27(4):523–531. doi: 10.1016/j.stem.2020.09.014.

3. -Mandai M, Watanabe A, Kurimoto Y, et al. Autologous Induced Stem-Cell-Derived Retinal Cells for
Macular Degeneration. N Engl J Med. 2017;376(11):1038–46. doi:10.1056/NEJMoa1608368.

4. -Takahashi J. iPS cell-based therapy for Parkinson's disease: A Kyoto trial. Regen Ther. 2020 Sep
15;13:18–22. doi: 10.1016/j.reth.2020.06.002. PMID: 33490319; PMCID: PMC7794047.

5. -Strati P, Bachanova V, Goodman A, et al. Preliminary results of a phase I trial of FT516, an off-the-
shelf natural killer (NK) cell therapy derived from a clonal master induced pluripotent stem cell (iPSC)
line expressing high–a�nity, non-cleavable CD16 (hnCD16), in patients (pts) with relapsed/refractory
(R/R) B-cell lymphoma (BCL). J Clin Oncol. 2021;39(suppl 15):7541.
doi:10.1200/JCO.2021.39.15_suppl.7541.

�. -Bloor AJC, Patel A, Gri�n JE, Gilleece MH, Radia R, Yeung DT, Drier D, Larson LS, Uenishi GI, Hei D,
Kelly K, Slukvin I, Rasko JEJ. Production, safety and e�cacy of iPSC-derived mesenchymal stromal
cells in acute steroid-resistant graft versus host disease: a phase I, multicenter, open-label, dose-
escalation study. Nat Med. 2020 Nov;26(11):1720–5. doi:10.1038/s41591-020-1050-x. Epub 2020
Sep 14. PMID: 32929265.

7. -Lee J, et al. Abrogation of HLA surface expression using CRISPR/Cas9 genome editing: a step
toward universal T cell therapy. Sci Rep. 2020 Oct;20(1):17753. 10(.

�. -Taylor CJ, Bolton EM, Pocock S, Sharples LD, Pedersen RA, Bradley JA. Banking on human
embryonic stem cells: Estimating the number of donor cell lines needed for HLA matching. Lancet.
2005;366:2019–25.

9. -Pappas DJ, Gourraud PA, Le Gall C, Laurent J, Trounson A, DeWitt N, Talib S. Proceedings: human
leukocyte antigen haplo-homozygous induced pluripotent stem cell haplobank modeled after the
california population: evaluating matching in a multiethnic and admixed population. Stem Cells
Transl Med. 2015 May;4(5):413-8. doi: 10.5966/sctm.2015-0052. PMID: 25926330; PMCID:
PMC4414226.

10. -Sugita S, et al. Successful Transplantation of Retinal Pigment Epithelial Cells from MHC
Homozygote iPSCs in MHC-Matched Models. Stem Cell Reports. 2016 Oct 11;7(4):635–648.

11. -Taylor CJ, Peacock S, Chaudhry AN, et al. Generating an iPSC Bank for HLA-Matched Tissue
Transplantation Based on Known Donor and Recipient HLA Types. Cell Stem Cell. 2012;11(2):147–
52. doi:10.1016/j.stem.2012.07.014.

12. -Pappas DJ, Gourraud PA, Le Gall C, Laurent J, Trounson A, DeWitt N, Talib S. Proceedings: human
leukocyte antigen haplo-homozygous induced pluripotent stem cell haplobank modeled after the
california population: evaluating matching in a multiethnic and admixed population. Stem Cells
Transl Med. 2015 May;4(5):413-8. doi: 10.5966/sctm.2015-0052. PMID: 25926330; PMCID:
PMC4414226.

13. -Álvarez-Palomo B, García-Martinez I, Gayoso J, Raya A, Veiga A, Abad ML, Eiras A, Guzmán-
Fulgencio M, Luis-Hidalgo M, Eguizabal C, Santos S, Balas A, Alenda R, Sanchez-Gordo F, Verdugo LP,



Page 12/16

Villa J, Carreras E, Vidal F, Madrigal A, Herrero MJ, Rudilla F, Querol S. Evaluation of the Spanish
population coverage of a prospective HLA haplobank of induced pluripotent stem cells. Stem Cell
Res Ther. 2021 Apr 13;12(1):233. doi: 10.1186/s13287-021-02301-0. PMID: 33849662; PMCID:
PMC8042859.

14. -Rao M, Ahrlund-Richter L, Kaufman DS. Concise review: Cord blood banking, transplantation and
induced pluripotent stem cell: Success and opportunities. Stem Cells. 2012;30:55–60.
doi:10.1002/stem.770.

15. -Umekage M, Sato Y, Takasu N. Overview: an iPS cell stock at CiRA. In�amm Regen 2019 Sep
2;39:17. doi: 10.1186/s41232-019-0106-0. eCollection 2019.

1�. -Rim YA, Park N, Nam Y, et al. Recent progress of national banking project on homozygous HLA-typed
induced pluripotent stem cells in South Korea. J Tissue Eng Regen Med. 2018 Mar;12(3):e1531–6.
doi:10.1002/term.2578. Epub 2017 Nov 10.

17. -Alvarez-Palomo B, Vives J, Casaroli-Marano RPP, Gomez G, Rodriguez Gómez SG, Edel L, Querol
Giner MJ. S. Adapting Cord Blood Collection and Banking Standard Operating Procedures for HLA-
Homozygous Induced Pluripotent Stem Cells Production and Banking for Clinical Application. J Clin
Med. 2019 Apr 8;8(4):476. doi: 10.3390/jcm8040476. PMID: 30965661; PMCID: PMC6518259.

1�. -Sullivan S, Stacey GN, Akazawa C, Aoyama N, Baptista R, Bedford P, Bennaceur Griscelli A, Chandra
A, Elwood N, Girard M, Kawamata S, Hanatani T, Latsis T, Lin S, Ludwig TE, Malygina T, Mack A,
Mountford JC, Noggle S, Pereira LV, Price J, Sheldon M, Srivastava A, Stachelscheid H, Velayudhan
SR, Ward NJ, Turner ML, Barry J, Song J. Quality control guidelines for clinical-grade human induced
pluripotent stem cell lines. Regen Med. 2018 Oct;13(7):859–66. doi:10.2217/rme-2018-0095. Epub
2018 Sep 12. PMID: 30205750.

19. -Andrews PW, Baker D, Benvinisty N, Miranda B, Bruce K, Brüstle O, Choi M, Choi YM, Crook JM, de
Sousa PA, Dvorak P, Freund C, Firpo M, Furue MK, Gokhale P, Ha HY, Han E, Haupt S, Healy L, Hei DJ,
Hovatta O, Hunt C, Hwang SM, Inamdar MS, Isasi RM, Jaconi M, Jekerle V, Kamthorn P, Kibbey MC,
Knezevic I, Knowles BB, Koo SK, Laabi Y, Leopoldo L, Liu P, Lomax GP, Loring JF, Ludwig TE,
Montgomery K, Mummery C, Nagy A, Nakamura Y, Nakatsuji N, Oh S, Oh SK, Otonkoski T, Pera M,
Peschanski M, Pranke P, Rajala KM, Rao M, Ruttachuk R, Reubinoff B, Ricco L, Rooke H, Sipp D,
Stacey GN, Suemori H, Takahashi TA, Takada K, Talib S, Tannenbaum S, Yuan BZ, Zeng F, Zhou Q.
Points to consider in the development of seed stocks of pluripotent stem cells for clinical
applications: International Stem Cell Banking Initiative (ISCBI). Regen Med. 2015;10(2 Suppl):1–44.
doi: 10.2217/rme.14.93. PMID: 25675265.

20. -FACT-JACIE International Standards for Hematopoietic Cellular Therapy Product Collection,
Processing, and Administration. 7th edition. 2018.

21. -NetCord-FACT international standards for cord blood collection, banking and release for
administration. 7th edition. 2020.

22. -Liedtke S, Korschgen L, Korn J, Duppers A, Kogler G. GMP-grade CD34 + selection from HLA-
homozygous licensed cord blood units and short-term expansion under European ATMP regulations.



Page 13/16

Vox Sang. 2021 Jan;116(1):123–35. doi:10.1111/vox.12978. Epub 2020 Jul 20. PMID: 32687634.

23. -Lee S, Huh JY, Turner DM, Lee S, Robinson J, Stein JE, Shim SH, Hong CP, Kang MS, Nakagawa M,
Kaneko S, Nakanishi M, Rao MS, Kurtz A, Stacey GN, Marsh SGE, Turner ML, Song J. Repurposing the
Cord Blood Bank for Haplobanking of HLA-Homozygous iPSCs and Their Usefulness to Multiple
Populations. Stem Cells. 2018 Oct;36(10):1552–1566. doi: 10.1002/stem.2865. Epub 2018 Jul 29.
PMID: 30004605.

24. -Wilmut I, Leslie S, Martin NG, Peschanski M, Rao M, Trounson A, Turner D, Turner ML, Yamanaka S,
Taylor CJ. Development of a global network of induced pluripotent stem cell haplobanks. Regen
Med. 2015;10(3):235-8. doi: 10.2217/rme.15.1. PMID: 25933231.

25. -Kaur I, Zulovich JM, Gonzalez M, McGee KM, Ponweera N, Thandi D, Alvarez EF, Annandale K, Flagge
F Jr, Rezvani K, Shpall E. Comparison of two methodologies for the enrichment of mononuclear cells
from thawed cord blood products: The automated Sepax system versus the manual Ficoll method.
Cytotherapy. 2017 Mar;19(3):433–439. doi: 10.1016/j.jcyt.2016.11.010. Epub 2016 Dec 26. PMID:
28034522.

Tables
Tables 1 to 4 are available in the Supplementary Files section.

Figures

Figure 1

Process diagram for homozygous CB units (CBU) selection and processing. IC = Informed Consent.



Page 14/16

Figure 2

Nucleated cells (NC) recovery during the process. A, total number of NC measured in automatic cell
counter. B, recovery or % vs the initially reported NC content upon collection. C, CD45+ viability measured
by dye exclusion at the cytometer, before and after freezing. Lines depict median values.
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Figure 3

CD34+ population recovery during the process. A, total number of CD34+ measured by �ow cytometry. B,
recovery or % vs the initially reported CD34+ content upon collection. C, CD45+ viability measured by dye
exclusion at the cytometer, at different stages of the process. D, Purity calculated as % of viable CD34+
within the CD45+ viable population of the immunoselected cells just after the puri�cation column and
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after o/n incubation. E, Puri�ed CD34+ population expansion after 96h in culture. Lines depict median
values.
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