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Appendix 1. Annotated Literature on Quality Control and Biobanking of hiPSCs 

1. Scope and Objectives of hiPSC Biobanking for Clinical Translation 

 

1.    Ntai, Aikaterini, Simona Baronchelli, Alberto La Spada, et al. “A Review of Research-Grade Human 

Induced Pluripotent Stem Cells Qualification and Biobanking Processes.” Biopreservation and 
Biobanking 15(4): 384–392 (2017). 

DOI: https://doi.org/10.1089/bio.2016.0097 

Qualification and biobanking of research-grade hiPSCs are reviewed in relation to pluripotency, genetic 

integrity, identity and microbiological safety. The authors examine the variability associated with 

different reprogramming and culture methods and stress the need for uniform biobanking and 

documentation procedures to support reproducibility and clinical translation. 

2.    Martins, Fernando, Maria H. L. Ribeiro. “Quality and Regulatory Requirements for the Manufacture of 
Master Cell Banks of Clinical Grade iPSCs: The EU and USA Perspectives.” Stem Cell Reviews and 
Reports 21(3): 645–679 (2025). 

DOI: https://doi.org/10.1007/s12015-024-10838-9 

Martins and Ribeiro examine the quality and regulatory requirements for producing hiPSC master cell 

banks for clinical translation from European (EMA) and US (FDA) perspectives. They define minimum 

requirements for hiPSCs intended for first-in-human clinical trials and review approaches to 

characterising banks for identity, purity, adventitious agents and stability. They also argue that existing 

biotechnological guidelines need to be expanded to address cell banks used in cell therapy 

manufacturing more adequately. 

3.    Andrews, P. W., D. Baker, N. Benvinisty, et al. “Points to Consider in the Development of Seed Stocks 
of Pluripotent Stem Cells for Clinical Applications: International Stem Cell Banking Initiative (ISCBI).” 
Regenerative Medicine 10(2 Suppl): 1–44 (2015). 

DOI: https://doi.org/10.2217/rme.14.93 

Although somewhat dated, the ISCBI guidance provides an extensive account of the establishment and 

operation of hPSC biobanks for clinical and translational applications. Governance, donor consent, 

quality control, traceability and long-term storage are discussed, with a distinction between banking 

for research use and banking intended to support clinical translation. 

4.    Escribá, Rubén, Meral Beksac, Annelise Bennaceur-Griscelli, et al. “Current Landscape of iPSC 
Haplobanks.” Stem Cell Reviews and Reports 20(8): 2155–2164 (2024). 

DOI: https://doi.org/10.1007/s12015-024-10783-7 

The global development of hiPSC haplobanks is examined in relation to the prospects for scalable, 

immunologically compatible cell therapies. The authors compare national and international initiatives, 

including differences in donor selection, HLA coverage strategies, quality requirements and legal 

frameworks. 

5.    Madrid, Marinna, Uma Lakshmipathy, Xiaokui Zhang, et al. “Considerations for the development of 
iPSC-derived cell therapies: a review of key challenges by the JSRM-ISCT iPSC Committee.” Cytotherapy 
26(11): 1382–1399 (2024). 

DOI: https://doi.org/10.1016/j.jcyt.2024.05.022 

Madrid and colleagues examine regulatory and quality considerations for hiPSC-derived cell therapy 

products, including differences in product definition, manufacturing methods and regulatory 

requirements across countries. Harmonised standards are presented as important for safe, scalable 

clinical translation. 

https://doi.org/10.1089/bio.2016.0097
https://doi.org/10.1007/s12015-024-10838-9
https://doi.org/10.2217/rme.14.93
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https://doi.org/10.1016/j.jcyt.2024.05.022
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international standardization of cell-based therapeutic products derived from pluripotent stem cells.” 
Stem Cell Reports 18(8): 1573–1591 (2023). 

DOI: https://doi.org/10.1016/j.stemcr.2023.05.003 

National regulations for therapies derived from pluripotent stem cells differ across regions. Hirai and 

colleagues review these disparities and the difficulties they create for international regulatory 

harmonisation. 

7.   Petricciani, John, Takao Hayakawa, Glyn Stacey, Jean-Hugues Trouvin, Ivana Knezevic. “Scientific 
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DOI: https://doi.org/10.1016/j.biologicals.2017.08.011 

Petricciani and colleagues examine the scientific and regulatory evaluation of cell therapy products, 

identifying differences in regulatory views across countries and regions and the need for a global effort 

to establish common principles. Their core consensus package of requirements for evaluating human 

cell therapy products is relevant to defining the scope of biobanking guidelines for clinical translation. 

8.     Barry, Jacqueline, Elsa Abranches, Ricardo P. Baptista, et al. “Charting the Translational Pathway: ISSCR 
Best Practices for the Development of PSC-Derived Therapies.” Stem Cell Reports 21(2) (2026). 
DOI: https://doi.org/10.1016/j.stemcr.2025.102784 

The ISSCR Best Practices for the Development of Pluripotent Stem Cell-Derived Therapies is a 

comprehensive, interactive resource for academia and industry. It covers critical stages of the 

translational pipeline and key decisions on the path to a licensed therapy. Its global account of the 

regulatory landscape includes resources for critical processes and links to jurisdiction-specific 

regulatory information. 

9.     European Medicines Agency, Committee for Advanced Therapies (CAT). “Reflection paper on stem cell-
based medicinal products.” EMA/CAT/571134/2009. European Medicines Agency, 2011. 
URL: https://www.ema.europa.eu/en/reflection-paper-stem-cell-based-medicinal-products-scientific-guideline 

The EMA reflection paper covers the development, manufacturing and quality control of stem-cell-

based medicinal products. It complements the general EMA guideline on human cell-based medicinal 

products (EMEA/CHMP/410869/2006). 

10.  U.S. Food and Drug Administration. “21 CFR Part 1271: Human cells, tissues, and cellular and tissue-

based products (HCT/Ps).” Code of Federal Regulations, Title 21. 
URL: https://www.ecfr.gov/current/title-21/chapter-I/subchapter-L/part-1271 

This US federal regulation governs human cells, tissues, and cellular and tissue-based products 

(HCT/Ps), including donor eligibility, current good tissue practices, registration and reporting 

requirements. It provides a reference for the US regulatory framework applicable to hPSC biobanking 

for clinical translation. 

2. Biobanking Workflow for Human Pluripotent Stem Cells 

 

11.  Orzechowski, Marcin, Maximilian Schochow, Michael Kühl, Florian Steger. “Donor Information in 
Research and Drug Evaluation with Induced Pluripotent Stem Cells (iPSCs).” Stem Cell Research & 
Therapy 11(1): 126 (2020). 

DOI: https://doi.org/10.1186/s13287-020-01644-4 

Ethical and legal questions surrounding donor information in hiPSC research and pharmaceutical 

development include informed consent, the selection of clinical and demographic data to collect, and 

the retention of appropriate documentation. Orzechowski and colleagues also consider the data 

governance needed to support future translational use. 

https://doi.org/10.1016/j.stemcr.2023.05.003
https://doi.org/10.1016/j.biologicals.2017.08.011
https://doi.org/10.1016/j.stemcr.2025.102784
https://www.ema.europa.eu/en/reflection-paper-stem-cell-based-medicinal-products-scientific-guideline
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-L/part-1271
https://doi.org/10.1186/s13287-020-01644-4
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12.  Abberton, Keren M., Tricia L. McDonald, Mary Diviney, et al. “Identification and Re-consent of Existing 

Cord Blood Donors for Creation of Induced Pluripotent Stem Cell Lines for Potential Clinical 

Applications.” Stem Cells Translational Medicine 11(10): 1052–1060 (2022). 

DOI: https://doi.org/10.1093/stcltm/szac060 

Re-consenting existing cord blood donors for the creation of hiPSC lines intended for clinical translation 

raises ethical and practical issues. Abberton and colleagues discuss re-contacting donors, preparing 

consent forms and providing donor clinical information linked to new hiPSC lines for translational 

research. 

13.  Yoshida, Shinsuke, Tomoaki M. Kato, Yoshiko Sato, et al. “A clinical-grade HLA haplobank of human 

induced pluripotent stem cells matching approximately 40% of the Japanese population.” Med 4(1): 
51–66.e10 (2023). 

DOI: https://doi.org/10.1016/j.medj.2022.10.003 

Yoshida and colleagues report the production of an HLA-homozygous hiPSC haplobank for clinical 

translation. Donor selection is based on HLA genotyping, and the lines are generated under GMP-

compliant conditions for allogeneic use. 

14.   Steeg, Rachel, Sabine C. Mueller, Nancy Mah, Bjørn Holst, Alfredo Cabrera-Socorro, Glyn N. Stacey, 

Paul A. De Sousa, Aidan Courtney, Heiko Zimmermann. “EBiSC Best Practice: How to Ensure Optimal 

Generation, Qualification, and Distribution of iPSC Lines.” Stem Cell Reports 16(8): 1853–1867 (2021). 

DOI: https://doi.org/10.1016/j.stemcr.2021.07.009 

The workflows and governance of the European Bank for induced Pluripotent Stem Cells (EBiSC) 

encompass donor consent, reprogramming, cell line generation, documentation and shipping across 

contributing centres. Steeg and colleagues discuss the practical challenges of harmonising these 

activities and operating at scale. 

15.  Alvarez-Palomo, Belén, Joaquim Vives, Ricardo P. Casaroli-Marano, et al. “Adapting Cord Blood 
Collection and Banking Standard Operating Procedures for HLA-Homozygous Induced Pluripotent Stem 

Cells Production and Banking for Clinical Application.” Journal of Clinical Medicine 8(4): 476 (2019). 
DOI: https://doi.org/10.3390/jcm8040476 

Alvarez-Palomo and colleagues adapt cord blood processing and banking SOPs to the generation and 

banking of HLA-homozygous hiPSCs for clinical applications. Practical guidance covers the choice of a 

suitable cord blood unit, reprogramming to hiPSCs under defined conditions, documentation and 

quality control. 

16.  Li, Yan, Teng Ma. “Bioprocessing of Cryopreservation for Large-Scale Banking of Human Pluripotent 

Stem Cells.” BioResearch Open Access 1(5): 205–214 (2012). 

DOI: https://doi.org/10.1089/biores.2012.0224 

Cryopreservation procedures for stem cells and other biological agents include freezing and thawing 

protocols designed to maximise viability and function. Li and Ma discuss these procedures alongside 

criteria for post-thaw cell recovery and the prediction of long-term storage performance. 

17.  Shibamiya, Aya, Elisabeth Schulze, Dana Krauß, et al. “Cell Banking of hiPSCs: A Practical Guide to 
Cryopreservation and Quality Control in Basic Research.” Current Protocols in Stem Cell Biology 55(1): 
e127 (2020). 

DOI: https://doi.org/10.1002/cpsc.127 

Shibamiya and colleagues provide practical protocols for freezing, thawing and handling hiPSC banks 

in basic research laboratories. The guide covers cryopreservation and quality control, including viability 

assessments and basic QC checkpoints at different stages of cell banking. 

https://doi.org/10.1093/stcltm/szac060
https://doi.org/10.1016/j.medj.2022.10.003
https://doi.org/10.1016/j.stemcr.2021.07.009
https://doi.org/10.3390/jcm8040476
https://doi.org/10.1089/biores.2012.0224
https://doi.org/10.1002/cpsc.127
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18.  Francis, Natalie, Joy Aho, Inbar Friedrich Ben-Nun, et al. “Scaling up Pluripotent Stem Cell-Based 

Therapies - Considerations, Current Challenges and Emerging Technologies: Perspectives from the ISCT 

Emerging Regenerative Medicine Working Group.” Cytotherapy 27(9): 1031–1042 (2025). 

DOI: https://doi.org/10.1016/j.jcyt.2025.04.058 

The ISCT Emerging Regenerative Medicine Working Group examines the challenges of scaling iPSC-

derived therapies for manufacturing. Topics include manufacturing processes appropriate to each 

development stage, when to introduce automation, the choice of expansion and differentiation 

technologies, and the integration of manufacturing and analytical automation throughout the process. 

Quality-by-design approaches and design-of-experiment methods are discussed as ways to improve 

product characterisation. The paper also provides an in-depth review of expansion and differentiation 

technologies, their compatibility with GMP requirements and process analytical technologies. 

3. Quality Management, Data Management and Traceability 

Quality management framework and SOPs 

19.  O'Shea, Orla, Rachel Steeg, Charlotte Chapman, Peter Mackintosh, Glyn N. Stacey. “Development and 
implementation of large-scale quality control for the European Bank for induced Pluripotent Stem 

Cells.” Stem Cell Research 45: 101773 (2020). 
DOI: https://doi.org/10.1016/j.scr.2020.101773 

O’Shea and colleagues describe the QC system established for EBiSC’s large-scale hiPSC bank and the 

quality management system (QMS) adapted to support it. Full traceability, stringent release testing 

and continuous process improvement ensure the safety and quality of the distributed hiPSC lines. 

20.  Magri, Mara. “Writing a Quality Management Plan.” In: Quality Management and Accreditation in 
Hematopoietic Stem Cell Transplantation and Cellular Therapy: The JACIE Guide. Aljurf, M., Snowden, 

J. A., Hayden, P., Orchard, K. H., McGrath, E. (eds.). Springer, 2021. 

URL: https://www.ncbi.nlm.nih.gov/books/NBK584266/ 

Book chapter 

Magri sets out the core elements of a QMS for cell and tissue establishments: document control, SOPs, 

deviation management, CAPA, change control and personnel training. The chapter provides a 

structured framework applicable to quality systems in hiPSC biobanking. 

21.  European Directorate for the Quality of Medicines & Healthcare (EDQM). “Guide to the Quality and 
Safety of Tissues and Cells for Human Application.” 4th edition. Council of Europe, 2019. 
URL: https://www.aebt.org/wp-content/uploads/2020/03/Guide-to-the-quality-and-safety-of-tissues-and-cells-

CoE-4th-ed.pdf 

Regulatory guidance document, Council of Europe. 

The EDQM guide defines mandatory QMS elements for cell and tissue establishments, including 

controlled documentation, validated SOPs, deviation handling, CAPA implementation and staff 

qualification. 

22.  Aljurf, Mahmoud, John A. Snowden, Patrick Hayden, Kim H. Orchard, Eoin McGrath (eds.). “Quality 
Management and Accreditation in Hematopoietic Stem Cell Transplantation and Cellular Therapy: The 

JACIE Guide.” Springer, 2021. 
DOI: https://doi.org/10.1007/978-3-030-64492-5 

Book 

Practical requirements for implementing quality management systems in cell and gene therapy are set 

out in this book. The chapters detail structures for document control, SOP management, deviation 

handling, CAPA, change control and personnel training in regulated manufacturing and banking 

settings. 

https://doi.org/10.1016/j.jcyt.2025.04.058
https://doi.org/10.1016/j.scr.2020.101773
https://www.ncbi.nlm.nih.gov/books/NBK584266/
https://www.aebt.org/wp-content/uploads/2020/03/Guide-to-the-quality-and-safety-of-tissues-and-cells-CoE-4th-ed.pdf
https://www.aebt.org/wp-content/uploads/2020/03/Guide-to-the-quality-and-safety-of-tissues-and-cells-CoE-4th-ed.pdf
https://doi.org/10.1007/978-3-030-64492-5
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23.  Hägg, Alice, Rachel Wood, Ayako L. Mochizuki, et al. “Toward Standardized iPSC Testing: Insights from 
a Multi-Year International Quality Assessment Round.” Stem Cell Reports 21(4) (2026). 
DOI: https://doi.org/10.1016/j.stemcr.2026.102857 

Two international Quality Assessment Rounds (QARs), involving 18 sites in 11 countries in 2019 and 23 

sites in 12 countries in 2023, evaluated flow cytometry assessment of the undifferentiated state and 

qPCR testing of genomic integrity in iPSC lines. Genomic integrity testing showed high inter-laboratory 

consistency. Flow cytometry initially showed substantial variability, which decreased after 

standardised workflows were introduced in the 2023 round. OCT3/4, TRA-1-60 and SSEA5 were 

identified as consistently reproducible markers across sites. The study also describes a model for QC 

benchmarking across sites that is relevant to interoperable iPSC banking. 

24.  Ludwig, Tenneille E., Peter W. Andrews, Ivana Barbaric, et al. “ISSCR standards for the use of human 
stem cells in basic research.” Stem Cell Reports 18(9): 1744–1752 (2023). 

DOI: https://doi.org/10.1016/j.stemcr.2023.08.003 

The ISSCR standards for laboratory research with human pluripotent and tissue stem cells define 

reporting criteria and best practices intended to improve reproducibility and rigour. They complement 

the ISSCR Best Practices for the Development of PSC-Derived Therapies (Barry et al., 2026), which 

addresses clinical translation rather than basic research. 

25. International Organization for Standardization. “ISO 24603:2022 Biotechnology — Biobanking — 

Requirements for human and mouse pluripotent stem cells.” Geneva: ISO, 2022. 
URL: https://www.iso.org/standard/78708.html 

ISO 24603:2022 defines requirements for biobanking human and mouse pluripotent stem cells, 

covering quality management, donor consent, cell line characterisation, documentation and long-term 

storage. It is the first international standard specific to PSC biobanking. 

Data management, sample identification and traceability 

26. Knoppers, Bartha M., Rosario Isasi. “Stem cell banking: between traceability and identifiability.” 
Genome Medicine 2(10): 73 (2010). 

DOI: https://doi.org/10.1186/gm194 

Knoppers and Isasi examine the importance of traceability and identifiability in stem cell banking. They 

describe how unique coding systems and linked donor and sample data track biological materials 

throughout the biobanking process, and discuss the challenges of maintaining accurate records that 

support scientific use and meet ethical and regulatory requirements. 

27. Alkhatib, Ramez, Karoline I. Gaede. “Data Management in Biobanking: Strategies, Challenges, and 
Future Directions.” BioTech 13(3): 34 (2024). 
DOI: https://doi.org/10.3390/biotech13030034 

Data governance and metadata standardisation link biobank samples to their associated data. Alkhatib 

and Gaede explain how these practices support traceability and audit readiness throughout the 

biobank lifecycle. 

https://doi.org/10.1016/j.stemcr.2026.102857
https://doi.org/10.1016/j.stemcr.2023.08.003
https://www.iso.org/standard/78708.html
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Dewender, Ayuen Lual, Rachel Steeg, Sabine C. Mueller. “The Management of Data for the Banking, 
Qualification, and Distribution of Induced Pluripotent Stem Cells: Lessons Learned from the European 

Bank for Induced Pluripotent Stem Cells.” Cells 12(23): 2756 (2023). 
DOI: https://doi.org/10.3390/cells12232756 

The data infrastructure used by EBiSC and hPSCreg supports the registration, banking, qualification and 

distribution of hiPSC lines. Mah and colleagues describe how structured databases link donor consent 

data, cell line provenance, manufacturing records, QC results and distribution information to ensure 

traceability and regulatory transparency. 

29.  Shekhovtsov, Volodymyr A., Johann Eder. “Metadata Quality for Biobanks.” Applied Sciences 12(19): 
9578 (2022). 

DOI: https://doi.org/10.3390/app12199578 

Shekhovtsov and Eder define the core attributes of data and metadata quality in biobanks and their 

role in maintaining data integrity. They explain how metadata quality supports traceability and the 

reliability of audits in biobanking systems. 

4. Quality Control Testing of hiPSC Banks 

 

30.  Sullivan, Stephen, Glyn N. Stacey, Chihiro Akazawa, et al. “Quality Control Guidelines for Clinical-Grade 

Human Induced Pluripotent Stem Cell Lines.” Regenerative Medicine 13(7): 859–866 (2018). 

DOI: https://doi.org/10.2217/rme-2018-0095 

Consensus QC standards for hiPSC lines intended for clinical translation focus on quality attributes 

relevant to safety and comparability. Sullivan and colleagues outline harmonised assays for identity, 

pluripotency, genomic integrity and microbiological safety to enable consistent evaluation across sites. 

31.  Baghbaderani, Behnam Ahmadian, Xinghui Tian, Boon Hwa Neo, et al. “cGMP-Manufactured Human 

Induced Pluripotent Stem Cells Are Available for Pre-clinical and Clinical Applications.” Stem Cell 
Reports 5(4): 647–659 (2015). 

DOI: https://doi.org/10.1016/j.stemcr.2015.08.015 

Baghbaderani and colleagues report a cGMP-compliant process for producing hiPSC master cell banks 

for pre-clinical and clinical applications. Manufacturing extends from donor tissue through 

reprogramming with non-integrating techniques to cell banking and release testing for identity, 

pluripotency, genomic stability and microbiological safety. 

32.  Dobner, Jochen, Sebastian Diecke, Jean Krutmann, Alessandro Prigione, Andrea Rossi. “Reassessment 
of Marker Genes in Human Induced Pluripotent Stem Cells for Enhanced Quality Control.” Nature 
Communications 15(1): 8547 (2024). 

DOI: https://doi.org/10.1038/s41467-024-52922-1 

Commonly used pluripotency-associated marker genes are assessed in both hESCs and hiPSCs, 

distinguishing those with uniform expression from those that vary. Dobner and colleagues suggest 

revised gene marker sets to improve the distinction between cell states and the evaluation of 

pluripotency in vitro. 
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https://doi.org/10.2217/rme-2018-0095
https://doi.org/10.1016/j.stemcr.2015.08.015
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World Journal of Stem Cells 11(10): 729–747 (2019). 

DOI: https://doi.org/10.4252/wjsc.v11.i10.729 

Strategies for assessing genomic stability in hiPSCs include evaluating chromosomal integrity and 

detecting large-scale genetic abnormalities. Steichen and colleagues review the mechanisms that lead 

to genomic alterations, methods for monitoring these changes and the implications of instability for 

research and clinical applications of hiPSCs. 

34.  Park, Ji Won, Su Ji Bae, Jun Ho Yun, Sunhee Kim, Misun Park. “Assessment of Genetic Stability in Human 
Induced Pluripotent Stem Cell-Derived Cardiomyocytes by Using Droplet Digital PCR.” International 
Journal of Molecular Sciences 25(2): 1101 (2024). 

DOI: https://doi.org/10.3390/ijms25021101 

Park and colleagues assess genomic stability in hiPSCs and their cardiac derivatives using droplet digital 

PCR to quantify targeted mutations. They compare methods for detecting such changes, including 

karyotyping, array-based methods and sequencing, and discuss the relevance of genomic integrity to 

safe clinical applications. 
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Induced Pluripotent Stem Cells Qualification and Biobanking Processes.” Biopreservation and 
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donor material, documenting reprogramming, performing QC testing and maintaining long-term 
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36.  European Medicines Agency (EMA). “Human Cell-Based Medicinal Products — Scientific Guideline.” 21 
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URL: https://www.ema.europa.eu/en/human-cell-based-medicinal-products-scientific-guideline 

Regulatory guidance document, EMA. 

The EMA guideline covers the development, manufacturing and quality control of cell-based medicinal 

products, together with their non-clinical and clinical development. Its scope includes somatic cell 

therapy medicinal products and tissue-engineered products. 
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DOI: https://doi.org/10.1038/nbt.2051 

The ISCI screened 125 hESC and 11 iPSC lines from 38 laboratories worldwide for genetic changes 

during culture. The study found a progressive tendency to acquire changes during prolonged culture, 

commonly affecting chromosomes 1, 12, 17 and 20. A minimal 20q11.21 amplicon driven by BCL2L1 
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karyotypic changes in PSC banks. 
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