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Abstract

Stem cells, which could be developed as starting or raw materials for cell therapy,

hold tremendous promise for regenerative medicine. However, despite multiple fun-

damental and clinical studies, clinical translation of stem cells remains in the early

stages. In contrast to traditional chemical drugs, cellular products are complex, and

efficacy can be altered by culture conditions, suboptimal cell culture techniques, and

prolonged passage such that translation of stem cells from bench to bedside involves

not only scientific exploration but also normative issues. Establishing an integrated

system of standards to support stem cell applications has great significance in effi-

cient clinical translation. In recent years, regulators and the scientific community have

recognized gaps in standardization and have begun to develop standards to support

stem cell research and clinical translation. Here, we discuss the development of these

standards, which support the translation of stem cell products into clinical therapy,
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and explore ongoing work to define current stem cell guidelines and standards. We

also introduce general aspects of stem cell therapy and current international consen-

sus on human pluripotent stem cells, discuss standardization of clinical-grade stem

cells, and propose a framework for establishing stem cell standards. Finally, we

review ongoing development of international and Chinese standards supporting

stem cell therapy.
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Significance statement

Developments in stem cell research are advancing rapidly; nevertheless, the clinical translation

of stem cell research remains quite limited. In contrast to translational chemical drugs, cellular

products are complex in nature and can be altered by suboptimal cell culture techniques, pro-

longed passage, or changes in culture conditions. Therefore, the translation of stem cell research

from bench to bedside involves not only scientific exploration, but also normative issues. In this

review, the authors provide a discussion on the development of standards and propose

establishing an integrated standard system for stem cell clinical applications that could include

standards to cover the process management, the quality of stem cell products, and the analytical

method used for evaluation.

1 | INTRODUCTION

Stem cells, which are capable of self-renewal and differentiating

into one or more different types of specialized cells, could be

developed as the starting or raw materials for cell therapy. Based

on differentiation potential, stem cells can be classified as totipo-

tent, pluripotent, multipotent, oligopotent, or unipotent. Totipotent

stem cells (eg, zygotes) can differentiate into all possible cell types

as well as extra-embryonic cells (eg, placenta and yolk sac). Pluripo-

tent stem cells, such as embryonic stem cells (ESCs) and induced

pluripotent stem cells (iPSCs), can differentiate into all cells types

in the body, whereas multipotent stem cells, such as hematopoietic

stem cells and neural stem cells, can differentiate into only a lim-

ited number of cell types in a particular lineage. Oligopotent stem

cells (eg, myeloid stem cells) have further restrictions in potency

and differentiate into closely-related cell types. Unipotent stem

cells such as muscle stem cells, can self-renew and differentiate

into a single cell type. According to incomplete statistics, there are

approved stem cell products on the market in the US, Europe, Japan,

Korea, Canada, Australia, and India. Representative stem cell products

are listed in Table 1.

Using the search term “stem cells” returned 8544 clinical trials

that were registered in the National Institutes of Health (NIH) clinical

trial website through early June 2021 (ClinicalTrials.gov). These

included 4167 and 1283 studies involving hematopoietic and mesen-

chymal stem cells, respectively. Another 69 studies focused on func-

tional cells derived from ESCs, and 104 studies examined functional

cells derived iPSCs.

The safety and efficacy of a new treatment are essential in clinical

trials. Although some trials reported exciting positive results,1-5 there

remains a lot to be learned about how stem cells and their derivatives

can be manufactured and applied safely in disease therapy and restore

function.6 Some clinical trials were unsuccessful due to safety concerns

or inefficacy. For example, a 9-year-old boy was diagnosed with a

glioneuronal neoplasm after undergoing transplantation with neural

stem cells derived from two donors.7 In another study, patients lost

vision after intravitreal injection of autologous stem cells to treat age-

related macular degeneration.8 In contrast to traditional chemical drugs,

cellular products are complex and can be impacted by suboptimal han-

dling or processing.9,10 As such, translation of stem cells from bench to

bedside involves not only scientific exploration but normative issues as

well. Establishing an integrated system of standards will facilitate effi-

cient clinical translation of stem cell-based therapies. Standards repre-

sent a level of quality and attainment, and are typically defined by

collaborative groups comprising individuals with subject matter exper-

tise and knowledge of the needs of the organizations they represent,

such as manufacturers, sellers, buyers, customers, trade associations,

users, or regulators. Scientists, physicians, regulators, funders, entrepre-

neurs, and others who are involved in stem cell clinical translation are

encouraged to collaborate on the timely development of standards for

stem cell research and translation. To address issues associated with

gaps in standardization, regulators and scientific societies have begun to

convene experts from various fields related to stem cell therapy applica-

tions to develop standards for stem cell clinical translation.11,12 In this

review, we discuss the development of stem cell standards based on

current consensus and recent progress in stem cell standardization.
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2 | INTERNATIONAL CONSENSUS ON
HUMAN PLURIPOTENT STEM CELLS

The emerging demands of stem cell research and therapeutics neces-

sitate the availability of abundant stem cell resources. Pluripotent

stem cells could serve as an unlimited donor source for various types

of cells and tissues that could be used for cell therapy for devastating

and intractable diseases, such as spinal cord injury, macular degenera-

tion, and neurodegenerative disorders, and hold enormous promise

for regenerative medicine. When human ESC lines were first success-

fully cultured in the late 1990s, stem cell research raised both promise

for regenerative medicine and pressing ethical and regulatory ques-

tions on how to advance such research in a responsible way. Coun-

tries around the world subsequently developed national laws, polices,

and guidelines to guide human ESC research within country-specific

boundaries that are ethically and socially acceptable.13 These laws,

polices, and guidelines, unsurprisingly, varied among countries and

created an international “patchwork” that in subsequent years was

exploited by businesses offering direct-to-consumer stem cell

interventions.14

To address this challenge, the International Society for Stem Cell

Research (ISSCR), the largest professional organization of stem cell

researchers from around the world, issued Guidelines for the Conduct

of Human Embryonic Stem Cell Research in 200615 and Guidelines for

the Clinical Translation of Stem Cells in 2008.16 These guidelines were

reviewed and updated in 2016 according to the remarkable advances

in the fundamental knowledge and clinical application of stem cell sci-

ence. The 2016 Guidelines for Stem Cell Research and Clinical Transla-

tion17 extended the scope to encompass institutional oversight,

government regulation, and public communications surrounding basic

and translational stem cell research. In May 2021, the ISSCR released

and updated Guidelines for Stem Cell Research and Clinical Translation.

This update reflects emerging advances including stem cell-based

embryo models, human embryo research, chimeras, organoids, and

genome editing.18,19 The ethical principles outlined in the guidelines

include integrity of the research enterprise, primacy of patient/

participant welfare, respect for patients and research subjects, trans-

parency, and social and distributive justice. The guidelines recommend

that research related to human embryos (eg, preimplantation stages of

human development, in vitro human embryo culture, derivation of

TABLE 1 Representative approved stem cell products on the market

Region Trade name Cell type Manufacturer Indications

United States ALLOCORD HPC cord blood SSM Cardinal Glennon

Children's Medical Center

Hematopoietic and immunologic

reconstitution

United States Ducord HPC cord blood Duke University School of

Medicine

Hematopoietic and immunologic

reconstitution

United States Clevecord HPC cord blood Cleveland Cord Blood Center Hematopoietic and immunologic

reconstitution

United States Hemacord HPC cord blood New York Blood Center, Inc Hematopoietic and immunologic

reconstitution

Europe Alofisel Allogeneic MSC extracted from

adipose tissue

Takeda Complex anal fistulas in adults

with Crohn's disease

Europe Zynteglo Genetically modified autologous

CD34+ cell enriched population that

contains HSC

Bluebird bio (Netherlands)

B.V.

Beta-thalassemia

Europe Strimvelis Autologous CD34+ enriched cell

fraction contains genetically

modified CD34+ cells

Orchard Therapeutics

(Netherlands) BV

Severe combined

immunodeficiency

Japan Temcell Allogeneic MSC from BM JCR Pharmaceuticals Co. Ltd Acute GVHD

Japan Stemirac Autologous MSC from BM Nipro Corporation Spinal cord injury

South Korea NeuroNATA-R Autologous MSC from BM CORESTEM ALS

South Korea Cupistem Autologous adipose-derived MSC Anterogen Crohn's disease complicated with

anal fistul

South Korea Cartistem Allogeneic derived MSC from UCB Medipost Damaged cartilage

South Korea Hearticellgram-AMI Autologous MSC from BM Pharmicell Aute myocardial infarction

Canada/New

Zealand

Prochymal

(Remestemcel-L)

Human MSC Osiris Acute GVHD in pediatric patients

Australia MPC Mesenchymal precursor cell Mesoblast Repair and regeneration of

damaged tissue

India Stempeucel Autologous MSC from BM Stempeutics CLI

Abbreviations: ALS, amyotrophic lateral sclerosis; BM, bone marrow; CLI, critical limb ischemia; GVHD, graft-vs-host disease; HPC, hematopoietic

progenitor cell; HSC, hematopoietic stem cells; MSC, mesenchymal stem cells; UCB, umbilical cord blood.
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new embryo-derived cells or cell lines, integrated stem cell-based

embryo models, and production of human gametes in vitro that are

tested by fertilization or involve creation of embryos) shall be subject

to a specialized oversight process to evaluate the unique aspects of

the science and associated ethical issues. The guidelines outlined

three categories to specify the types of research involving human

embryos and related stem cell research that should be subject to

review: Category 1: 1A, exempt from review and 1B, reportable to an

oversight process, but normally exempt from review; Category 2:

requires review; Category 3: 3A, research activities currently not per-

mitted and 3B, prohibited research activities (see Section 2.2 of the

2021 guidelines for detailed information). The 2021 guidelines include

an important update wherein the 14-day rule stating: “In vitro culture

of any intact human preimplantation embryo or organized embryo-like

cellular structure with human organismal potential, regardless of deri-

vation method, beyond 14 days or formation of the primitive streak,

whichever occurs first.”, was removed from Category 3, prohibited

activities. Considering the advancing technology in human embryo

culture, and the potential beneficial knowledge that promotes human

health and well-being, the 2021 guidelines softened the restriction

and encouraged public discussion about allowing such research to be

conducted.

3 | MANUFACTURE OF CLINICAL GRADE
CELLS

Through mid-June 2021, 799 human ESC lines and 2744 human iPSC

lines from 42 countries and regions were registered at the website

http://hPSCreg.eu: the human pluripotent stem cell registry database

funded by European Union. This registry includes 1662 cell lines from

the United Kingdom, 943 cell lines from the US, 88 cell lines from

Japan, and 565 cell lines from China. However, many of these cell

lines are suitable only for research use due to the source of embryonic

material, derivation process and subsequent handling procedures.20-22

For example, most of the human ESC lines collected by the National

Institutes of Health (NIH) were deemed ineligible for future use as

therapeutic products because their derivation processes did not fol-

low “Tissue Donor Guidance.”22

According to current national and international regulation poli-

cies, most countries require rigorous donor screening and good

manufacturing practice (GMP) for the generation of clinical grade

human pluripotent stem cells.23,24 GMP is the quality assurance that

covers both manufacturing and final product testing to ensure that

medicinal products are consistently produced and controlled to the

quality standards appropriate to their intended use and as required by

the product specification. According to GMP, general measures shall

be defined to ensure that processes necessary for production and

testing are clearly defined, validated, reviewed, and documented, and

that the personnel, premises and materials are suitable for production

of pharmaceuticals and biologicals.

Transfer of cell production to GMP standards involves three

important aspects: (a) validated standard operating procedures (SOPs)

for the entire process including cell establishment, culturing, passag-

ing, freezing, storage, and transport; (b) release of criteria for the cells

that are produced; and (c) description of quality control methodology.

In the past decade, scientists devised extensive standard opera-

tional procedures for establishing clinical-grade human pluripotent

stem cell lines.23,25-28 According to these studies, these general rec-

ommendations specify that (a) donor eligibility screening is conducted

and informed consent is obtained; (b) completely xenofree reagents

are used; (c) pluripotency is characterized; and (d) stability and bio-

safety are tested.

Donor eligibility requires screening for risk factors associated

with infection and communicable disease. For example, in the

United States, the Food and Drug Administration (FDA) “Tissue Donor

Guidance (2007)” requires the donor to be tested and demonstrated

to be negative/nonreactive for the following infectious antigens/

disease agents: HIV types 1 and 2; hepatitis B virus, hepatitis C virus;

human transmissible spongiform encephalopathy (TSE), including

Creutzfeldt-Jakob Disease (CJD) (prion diseases); Treponema pallidum

(syphilis); Human T-lymphotropic virus (HTLV), types I and II;

Chlamydia trachomatis; and Neisseria gonorrhoeae before donation.

Ancillary materials are materials that come into contact with the

cellular therapeutic product during the manufacturing process, but are

not intended to be in the final product. These materials can have a

chemical or biological origin such as sera, media, growth factors, and

monoclonal antibodies. Ancillary materials used in the culture process

will greatly affect the safety and quality of the cells. Most countries

advocate use of Xeno-free culture media, feeder cells or a feeder-free

matrix in all cell operating processes to decrease the risk of infections

by animal microbes and posttransplantation immune rejection due to

immune responses to animal proteins.29,30

Characterization of pluripotency is usually carried out by testing

the following cell features: expression of pluripotent specific genes

such as Oct4, Nanog, Sox2, Rex1 and the PSC surface antigens

SSEA4, TRA-1-60, TRA-1-81; alkaline phosphatase (AP) activity; ran-

dom or direct differentiation of cell types in the three germ layers

in vitro and ability to form teratomas containing tissues of the three

germ layers.

Genetic changes are reported to occur in cultured human pluripo-

tent stem cells lines31-33 that may cause deleterious effects including

loss of functional characteristics and transformation into a tumori-

genic state.34,35 Karyological analyses are usually used to evaluate

genome integrity. There a number of new techniques for these ana-

lyses including comparative genome hybridization (CGH) microarray

and SNP microarrays. Whole genome sequencing can be used to char-

acterize the genome and detect small genetic changes (eg, mutation

of proto-oncogenes such as p53, raf, mos, ras, src, abl, fes, sis, erbB,

fms, myc, myn, fos) for assessment of tumorigenesis risk.

To further ensure the safety of cells used in clinical settings, test-

ing to detect various pathogens such as bacteria, fungi, mycoplasma,

virus and endotoxin are needed.36 In addition, validation of the

pluripotency and biosafety of clinical human pluripotent stem cells

can help support clinical applications of the cells for regulatory

documentation.25
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To provide cost-effective treatments that are affordable for pub-

lic health systems, storage of sufficient numbers of clinical-grade

human pluripotent stem cell lines in a stem cell bank for HLA matching

is needed to meet the demands of cell therapies in the future. Bio-

banking involves acquisitioning and storage, together with activities

related to collection, preparation, preservation, testing, analyzing, and

distributing defined biological material as well as related information

and data. The International Stem Cell Banking Initiative (ISCBI) aims to

harmonize global stem cell banking and to facilitate best practices in

stem cell research and clinical cell delivery. The ISCBI has published

guidelines for the development of pluripotent stem cell seed stocks

for clinical applications. These guidelines consider governance and

ethical factors, provenance and selection of donor tissue and safety

assessment, characterization, regulation and quality assurance.37

4 | ESTABLISHING AN INTEGRATED
SYSTEM OF STANDARDS FOR STEM CELL
CLINICAL APPLICATIONS

Before beginning a clinical trial, the therapeutic cell product should

undergo critically processes for preparation and evaluation. The prep-

aration process usually starts with the donation intention obtained

from the donor and encompasses informed consent and ethics review,

collection of biological source material, establishment of cell lines,

expansion, characterization, quality control, and final cell preparations.

The preclinical evaluation could include indications screening, animal

disease model, in vivo kinetics and evaluation of safety and viability

(Figure 1). Manufacturers can have their own SOPs, which can help

reduce the lot-to-lot variation and could be updated flexibly for pro-

gress and innovation, when appropriate. The standards on the guid-

ance and requirements on management of process, such as personnel,

facilities and environmental conditions for handling the stem cells,

donor screening and informed consent, ethical review, ancillary mate-

rials, could be developed to supporting the optimization and validation

of the SOPs for different manufacturers and different cell products.

According to the requirements of stem cell preparation and evalua-

tion, the standard system for stem cell clinical applications could

include standards that cover the process management, quality of stem

cell products and the analytical method used for evaluation (Figure 2).

The standards for quality should specify the requirements for

every quality attribute that will influence effectiveness and safety dur-

ing clinical therapy. These critical quality attributes could include, but

are not limited to, cell viability, purity, genomic stability, sterility,

expression of specific genes, functional evaluation in vitro and in vivo,

and absence of infectious pathogens and tumorigenicity. Most impor-

tantly, the acceptance criteria that separate acceptability from unac-

ceptability shall be established.

To implement quality standards, the analytical methods used to

evaluate quality attributes should be developed. For the clinical transla-

tion of cell products, technology and testing method standards are

needed that consider the requirements of a cell sample in addition to

the sensitivity, accuracy, detection range and criterion of the results.38

To ensure that the quality of final cell products meets eligibility

standards and that testing results are accurate, standards covering the

entire operating process should be established. These standards can

include requirements for personnel, facilities and environmental con-

ditions for handling the stem cells, donor screening and informed con-

sent, ethical review, ancillary materials, storage and transport.

5 | INTERNATIONAL STANDARDS
SUPPORTING STEM CELL THERAPY

The International Organization for Standardization (ISO), founded in

1946, is an independent, nongovernmental organization made up of

members from the national standards bodies of 165 countries. The

ISO has developed nearly 24 000 international standards that cover

almost all aspects of technology and manufacturing. A number of rela-

tive standards for therapeutic cells have been developed by the ISO

Transla�on of cells to clinic therapy  (before clinical trial)

Prepara�on Evalua�on 

In vivo 
evalua�on

Ethic 
review

Informed 
consent

Inten�on/
screening

Dona�on
Source 

material 
collec�on

Establishing 
cell line

Expansion

Cell line
Confirming 
the cri�cal 

quality 
a�ributes in 

vitro

Quality 
control

Characteriza�on
Indica�on screening
Animal disease model

Safety Kine�cs, tumorigenicity, etc.

Efficacy
Func�onal evalua�on

F IGURE 1 Preclinical processes for cell preparation and evaluation. The cell preparation process includes donation of biological source
material, establishment of cell lines, and in vitro characterization of cellular preparations. Preclinical evaluation includes in vivo analysis of efficacy
and safety
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and cover risk management, manufacturing equipment systems, ancil-

lary materials, packaging, transportation, and analytical methods. The

representative ISO standards regarding stem cell research and clinical

translation are listed in Table 2.

ISO 13022:2012 Medical Products Containing Viable Human Cells—

Application of Risk Management and Requirements for Processing

Practices,39 which specifies requirements and guidance for processing

practices and managing risk associated with viable cellular compo-

nents of products to be regulated such as medicinal products, bio-

logics, medical devices and active implantable medical devices, or

combinations thereof.

In ISO/TS 20399:2018 Ancillary Materials Present During the Pro-

duction of Cellular Therapeutic Products,40 the standard is applicable to

cellular therapeutic products, including gene therapy products in

which cells form part of the final product. This standard has three

parts. Part 1 specifies definitions and general requirements for ancil-

lary materials used in processing of cellular therapeutic products. Part

2 provides guidance for ancillary material suppliers to maintain a high

level of lot-to-lot consistency in terms of identity, purity, stability, bio-

safety and performance, as well as accompanying documentation. Part

3 provides guidance for ancillary material users.

ISO 21973:2020 Biotechnology—General Requirements for Trans-

portation of Cells for Therapeutic Use41 specifies general requirements

and reviews points to consider for transportation of cells for thera-

peutic use, including development of a transportation plan that sets

forth verification and validation procedures, communication between

the client and the transportation service provider, and associated

documentation.

International standards relative to analytical methods, as outlined in

ISO 23033:2021 Biotechnology—Analytical Methods—General Guidelines for

Process
Management 

Standards

Method 
Standards

Quality 
Standards

Eligible
Cell Products 

Acceptance Criteria

Requirements on
cri�cal quality a�ributes 

Suppor�ng Implemen�ng

Accuracy

Viability, purity, genomic stability, safety, 
marker gene expression,  func�on 

evalua�on, etc.

Requirements on analy�cal methods
sample prepara�on, opera�on, sensi�vity, 

accuracy, detec�on range, 
criterion of the results, etc.

Personal, facili�es, environment, 
donor screening/consent, ethical review, 

Ancillary materials, manufacturing, 
storage, transport, etc.

Requirements on process management

F IGURE 2 Stem cell standard systems. Quality standards specify the acceptance criteria of critical quality attributes of stem cell products,
separating the acceptability from unacceptability. Method standards, which specify the requirements for evaluation of the critical quality
attributes of cell products, facilitate implementation of quality standards. Process standards specify the management requirements supporting the
whole operating process, thus ensuring the accuracy of testing results and quality of final cell products
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the Characterization and Testing of Cellular Therapeutic Products, ISO/CD

20404 Biotechnology—Bioprocessing—General Requirements for the Design

of Packaging to Contain Cells for Therapeutic Use, ISO/TS 23565

Biotechnology—Bioprocessing—General Requirements and Considerations for

Equipment Systems Used in Manufacturing of Cellular Therapeutic Products

are presently under development in ISO/TC276 Biotechnology.

In addition to standards for cells having therapeutic use, the ISO

also developed biobanking standards related to cells for research and

development, including ISO 20387:2018 Biotechnology—Biobanking—

General Requirements for Biobanking42; ISO 21899:2020

Biotechnology—Biobanking—General Requirements for the Validation

and Verification of Processing Methods for Biological Material in

Biobanks43; ISO 21709:2020 Biotechnology—Biobanking—Process and

Quality Requirements for Establishment, Maintenance and Characteri-

zation of Mammalian Cell Lines44; ISO/DIS 24603 Biotechnology—Bio-

banking—Requirements for Human and Mouse Pluripotent Stem Cells

(under development); ISO/DTS 22859 Biotechnology—Biobanking—

Requirements for Human Mesenchymal Stromal Cells Derived from

Umbilical Cord Tissue (under development) and ISO/DIS 24651

Biotechnology—Biobanking—Requirements for Human Mesenchymal

Stromal Cells Derived from Bone Marrow (under development).

Standards Coordinating Body (SCB) (https://www.

standardscoordinatingbody.org/), a fully independent and functioning

nonprofit organization, coordinates activities between the standards

development organizations (SDOs) by serving as a liaison, recruiting sub-

ject matter experts to serve on working groups. To help inform the impact

and urgency of developing new standards, SCB publishes stakeholder

surveys regarding standard needs: Community Perspectives: Needed

Standards in Regenerative Medicine Report in December 2020. For

educating stakeholders on how standards are developed and used, SCB

has assembled helpful introductory resources including Standards termi-

nology, benefits of standards, case studies, organizations developing

standards, guidance and regulations and community publications. SCB

maintains an interactive database (https://portal.standards

coordinatingbody.org/) for searching current information on published

and in-development regenerative medicine standards, in addition to ISO

standards, the representative of documents and standards developed

by other SDOs are listed in Table 3.

TABLE 2 Representative ISO standards regarding stem cell research and clinical translation

Standards Status

ISO 13022:2012 Medical Products Containing Viable Human Cells—Application of Risk Management and Requirements for

Processing Practices

Published

ISO 20387:2018 Biotechnology-Biobanking—General Requirements for Biobanking Published

ISO 20391-1:2018 Biotechnology—Cell Counting—Part 1: General Guidance on Cell Counting Methods Published

ISO 20391-2:2019 Biotechnology—Cell Counting—Part 2: Experimental Design and Statistical Analysis to Quantify Counting

Method Performance

Published

ISO/TS 20399-1:2018 Biotechnology—Ancillary Materials Present During the Production of Cellular Therapeutic Products—Part 1:
General Requirements

Published

ISO/TS 20399–2:2018 Biotechnology—Ancillary Materials Present During the Production of Cellular Therapeutic Products—Part 2:
Best Practice Guidance for Ancillary Material Suppliers

Published

ISO/TS 20399-3:2018 Biotechnology—Ancillary Materials Present During the Production of Cellular Therapeutic Products—Part 3:
Best Practice Guidance for Ancillary Material Users

Published

ISO 21709:2020 Biotechnology—Biobanking—Process and Quality Requirements for Establishment, Maintenance and

Characterization of Mammalian Cell Lines

Published

ISO 21973:2020 Biotechnology—General Requirements for Transportation of Cells for Therapeutic Use Published

ISO 21899:2020 Biotechnology—Biobanking—General Requirements for the Validation and Verification of Processing Methods for

Biological Material in Biobanks

Published

ISO 23033:2021 Biotechnology—Analytical methods—General Requirements and Considerations for the Testing and

Characterization of Cellular Therapeutic Products

Published

ISO/CD 20399 Biotechnology—Ancillary Materials Present During the Production of Cellular Therapeutic Products and Gene

Therapy Products

Under development

ISO/CD 20404 Biotechnology—Bioprocessing—General Requirements for the Design of Packaging to Contain Cells for Therapeutic

Use

Under development

ISO/DTS 22859 Biotechnology—Biobanking—Requirements for Human Mesenchymal Stromal Cells Derived from Umbilical Cord

Tissue

Under development

ISO/CD 23511 Biotechnology—General Requirements for Cell Line Authentication Under development

ISO/TS 23565 Biotechnology—Bioprocessing—General Requirements and Considerations for Equipment Systems Used in the

Manufacturing of Cells for Therapeutic Use

Under development

ISO/DIS 24603 Biotechnology—Biobanking—Requirements for Human and Mouse Pluripotent Stem Cells Under development

ISO/DIS 24651 Biotechnology—Biobanking—Requirements for Human Mesenchymal Stromal Cells Derived from Bone Marrow Under development
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6 | DEVELOPMENT OF REGULATIONS
AND STANDARDS FOR STEM CELLS IN
CHINA

In the past decades, health and drug regulatory agencies in China have

developed a series of regulations and guidance documents on stem

cell research. The earliest regulatory efforts were made in the early

1990s in response to the then latest advancements in cell and gene

therapies.45 Although most regulatory documents produced during

that early stage are now outdated, the Ethical Guidelines for Human

Embryo Cell Research46 and Guidelines for the Research and Preparations

Quality Control of Human Cell Therapy47 remain in effect. Between

2009 and 2011, stem cell research and clinical practices in China were

guided by Measures for the Administration of the Clinical Application of

Medical Technologies.48

Nonetheless, prior to 2012, without proper implementation and

oversight, stem cell clinical research in China was sidetracked by com-

mercial interests. Some rogue stem cell clinics ignored government

regulations and warnings from the scientific community, and offered

costly but largely ineffective treatments.49 Other jurisdictions have

also experienced similar problems and situations.50,51 In this regard,

there were growing doubts about the commitment of the Chinese

research community and government to the development of safe and

effective stem cell therapies for patients. In response to these con-

cerns, the regulatory agencies in China made a considerable effort to

develop effective regulations. In 2015, the National Health and Family

Planning Commission (NHFPC) and the China Food and Drug Admin-

istration (CFDA) issued Management Methods for Clinical Research of

Stem Cells (Trial)52 and Guidelines for Quality Control of Stem Cell Prepa-

ration and Pre-clinical Research (Trial).53 In 2017, the CDFA issued

TABLE 3 The representative documents and standards developed by other standards development organizations in addition to ISO

SDO Documents/standards

ASTM International ASTM F2997-21 Standard Practice for Quantification of Calcium Deposits in Osteogenic Culture of Progenitor Cells Using

Fluorescent Image Analysis

AABB Standards for Cellular Therapy Services (10th Edition)

ASTM International ASTM E3231-19 Standard Guide for Cell Culture Growth Assessment of Single-Use Material

ASTM International ASTM F3163-16 Standard Guide for Classification of Cellular and/or Tissue-Based Products (CTPs) for Skin Wounds

ASTM International ASTM F3368-19 Standard Guide for Cell Potency Assays for Cell Therapy and Tissue Engineered Products

ATCC ASN-0002-2011 Authentication of Human Cell Lines: Standardization of STR Profiling

BSI PAS 93:2011 Characterization of Human Cells for Clinical Applications. Guide

EDQM EP 2.7.23 Numeration of CD34/CD45+ Cells in Haematopoietic Products

EDQM EP 2.7.29 Nucleated Cell Count and Viability

EDQM EP 5.2.12 Raw Materials of Biological Origin for the Production of Cell-Based and Gene Therapy Medicinal Products

FACT FACT Common Standards for Cellular Therapies (Second Edition)

FACT FACT Standards for Immune Effector Cells (First Edition, Version 1.1)

FACT FACT-JACIE International Standards for Hematopoietic Cellular Therapy Product Collection, Processing, & Administration (Eighth

Edition)

ISCT Minimal Criteria for Defining Multipotent Mesenchymal Stromal Cells. The International Society for Cellular Therapy Position

Statement

ISCT Potency Assay Development for Cellular Therapy Products: An ISCT Review of the Requirements and Experiences in the Industry

ISCT Stromal Cells from the Adipose Tissue-Derived Stromal Vascular Fraction and Culture Expanded Adipose Tissue-Derived Stromal/

Stem Cells: A Joint Statement of the International Federation for Adipose Therapeutics and Science (IFATS) and the International

Society for Cellular Therapy (ISCT)

PDA TR 81 Cell-Based Therapy Control Strategy

PMDA MHLW No. 1314 Guidelines on Ensuring the Quality and Safety of Products Derived from Processed Human Stem Cells

PMDA MHLW No. 266 General Principles for the Handling and Use of Cellular/Tissue-Based Products

PMDA MHLW Notifications: Autologous No. 0208003, Allogenic No. 0912006 Guidelines on Ensuring Quality and Safety of Products

Derived from Processed Cell/Tissue

USP 41- NF 36 (1044) Cryopreservation of Cells

USP USP <1043> Ancillary Materials for Cell, Gene, and Tissue-Engineered Products

USP USP <1046> Cell and Gene Therapies Products

USP USP <127> Flow Cytometric Enumeration of CD34+ Cells

Abbreviations: ATCC, American Type Culture Collection; BSI, British Standards Institution; EDQM, European Directorate for the Quality of Medicines;

FACT, Foundation for the Accreditation of Cellular Therapy; ISCT, International Society for Cellular Therapy; PDA, Parenteral Drug Association; PMDA,

Pharmaceuticals and Medical Devices Agency, Japan; USP, United States Pharmacopeia.
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Guideline for Research and Evaluation of Cell Therapy Products (Trial),54

which normalized the research and evaluation of the cell therapy

products in China and refined guidance for risk control as well as

pharmaceutical, nonclinical and clinical research, and also supported

the supervision and application of stem cell therapy.

To accompany governmental guidance and in response to the

ISSCR proposal for developing standards, the stem cell research com-

munity and industry associations in China also developed specific

standards to address quality control issues. The China Medicinal Bio-

technology Association (CMBA) published Preparation of Stem Cell

Preparation for Quality Management Discipline.55 In 2016, the Chinese

Society for Stem Cell Research (CSSCR) and the Chinese Society for

Cell Biology (CSCB) founded the Stem Cell Standardization Working

Group (now recognized as the Standard Committee of Chinese Soci-

ety for Cell Biology), which aimed to develop standards for facilitating

normalized practices in stem cell research and clinical translation and

ensure that the cells have sufficient quality for research, development

and clinical therapy. In 2017, the standards committee published the

first stem cell standard in China, T/CSCB 0001 General Requirements

for Stem Cell.56 This document is applicable to stem cell research and

production, and specifies stem cell classification, as well as require-

ments for ethical considerations, quality and quality control, detection

control and waste disposal for stem cells. In 2019, the first specific

standard for quality control of human ESCs, T/CSCB 0002 Human

Embryonic Stem Cell,57 was published. This standard specifies the techni-

cal requirements, test methods, test regulations, instructions for use,

labeling requirements, packaging requirements, storage requirements

and transportation requirements for human ESCs, which is applicable to

the quality control for human ESCs. The English version of these two

standards was published in 2020.58,59 In 2021, the committee released

another six specific standards for quality control of various cell types

including T/CSCB 0003 Human Mesenchymal Stem Cell,60 T/CSCB 0004

Human Hematopoietic Stem/Progenitor Cell,61 T/CSCB 0005 Human

Induced Pluripotent Stem Cell,62 T/CSCB 0006 Human Retinal Pigment

Epithelial Cell,63 T/CSCB 0007 Human Cardiomyocytes64 and T/CSCB

0008 Primary Human Hepatocyte.65 These quality control standards

specified criteria for critical quality attributes including cell morphology,

chromosome karyotype, cell viability, cell authentication, cell markers,

microorganisms and function. The English version of the six standards is

going to be published. These standards developed by Committee of

Chinese Society for Cell Biology are listed in Table 4. The committee

continuously convenes proposals for standardizing stem cell research

and clinical applications. A number of standards are currently under

development with the committee and cover ethical guidance, analytical

methods, and quality control standards.

7 | CONCLUSION AND PERSPECTIVES

Clinical translation of stem cells requires collaborations among scientists,

clinics, industry, regulators, and patients. Standardization can be used as a

tool to create a level playing field that benefits everyone and supports

efficient clinical translation in many ways. Standardized management for

clinical cell procedures and quality control can help maintain sufficient

quality and minimize lot-to-lot variations of stem cells products, which will

assist in the scientific analysis of clinical trial outcomes, enable positive

therapy effects reported in published studies to be reproducible in clinic,

and protect the rights and interests of patients. The standards will also

reduce the costs of uncertainty for private entities and facilitate indepen-

dent review by regulators.19 Stem cell research is advancing rapidly; stan-

dards should be set out and updated on time to keep pace with progress

in regenerative medicine and biology.
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TABLE 4 Standards developed by Committee of Chinese Society
for Cell Biology

Published

time Standards English version

2017 T/CSCB 0001 General

Requirements for Stem Cell

Cell Proliferation, 2020

2019 T/CSCB 0002 Human Embryonic

Stem Cell

Cell Proliferation, 2021

2020 T/CSCB 0003 Human

Mesenchymal Stem Cell

To be published

2020 T/CSCB 0004 Human

Hematopoietic Stem/Progenitor

Cell

To be published

2020 T/CSCB 0005 Human Induced

Pluripotent Stem Cell

To be published

2020 T/CSCB 0006 Human Retinal

Pigment Epithelial Cell

To be published

2020 T/CSCB 0007 Human

Cardiomyocytes

To be published

2020 T/CSCB 0008 Primary Human

Hepatocyte

To be published
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