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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further—-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sugly patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO’s aglherence to
the World Trade Organization (WTO) principles in‘the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This|document was prepared by Technical Commiittee ISO/TC 276, Biotechnology.

Any feedback or questions on this documentshould be directed to the user’s national standpards body. A
complete listing of these bodies can be feund at www.iso.org/members.html.
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ction

Pluripotent stem cells (PSCs), including embryonic stem cells (ESCs) and induced pluripotent stem cells
(iPSCs), have been extensively studied in scientific research in order to improve the understanding
of developmental biology and diseases, to create organoids for drug screening, and to be applied in
cell-based therapies. In just a few years, thousands of PSC lines have been established in laboratories
around the world. PSC lines hold unique characteristics and behaviour due to their capability for both
self-renewal and differentiation into multiple cell types. However, the stem cell phenotype can be
changed by suboptimal cell culture technique, prolonged passage or changing the culture conditions.
Clearly the consequences of using adversely affected cells would be wasted time and resources but,

even more
and delay s
fundamenta
research to
medicines. ]
many signif
PSC lines had
and those f1
can be mor
these specis

cientific progress in this area. Accordingly, mouse PSCs have been used to establis
| understanding of PSC biology and these discoveries have been translated into-huma
drive the development of new human-cell-based in vitro assays and potentiahtegene
louse PSCs and human PSCs have become the most widely studied species ‘in this fiel
cant scientific advances have been made by using PSCs from these two species. Of c
ve been established from other species such as rat, porcine, canine, bovine, primate
om primates in particular have provided understanding of the biglogy of these cells y
e relevant to human stem cell biology than data from mouse (PSES. However, PSCs
s are much less used in research laboratories than mouse and iuman and are therefor

described specifically in this document although much of this documentwill be relevant to them.

Human PSC{
thus ensurij
and have th{
based resed
of biobanks
specifies thg
mouse and |
of PSCs.

developed in research environments will give the clues.to-the development of cell therd
gthatcelllinesusedinthis dynamic field have been prepared and documented appropri
e correct identity and characteristics, which is critical to help ensure reproducibility in|
rch. This document aims to meet the current*demand for standardized PSC proceq
and builds on international consensus agreed:by PSC resource centresl2l. This docu
e establishment, maintenance, characterization, storage and distribution requirement
numan PSCs, providing a general guideline for both biobanking and fundamental resg

e not

pies,
ately
PSC-
lures
ment
s for
arch

Vi
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Biotechnology — Biobanking — Requirements for human

dan

d mouse pluripotent stem cells

1 Scope

This document specifies requirements for the biobanking of human and mouse pluripotent stem

cells

expansion, characterization, quality control (QC), maintenance, preservation, storag

disp
This

used

This
ther

NOTH
speci

2
The

cons
undg

ISO §
ISO 2

1S0/
ISO

main

3

Fort

appl

ISO 4

3.1

sal, distribution and transport.

document is applicable to all organizations performing biobanking with hoiman and
for research and development.

document does not apply to cell lines used for in vivo application in hiimans, clinical ap
Ipeutic use.

q

International, national or regional regulations or requirements,.or multiple of them, can|
fic topics covered in this document.

Normative references

following documents are referred to in the text.in such a way that some or all of t
Fitutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referénced document (including any amendme

601-1, Date and time — Representations.for information interchange — Part 1: Basic rull
0387:2018, Biotechnology — Biobanking — General requirements for biobanking
'S 20388:2021, Biotechnology.— Biobanking — Requirements for animal biological matd

p1709:2020, Biotechnology-— Biobanking — Process and quality requirements for eg
tenance and characterization of mammalian cell lines

Terms and definitions

he purposesof this document, the terms and definitions given in ISO 20387:2018 and t

Y-

ndTEC maintain terminological databases for use in standardization at the following ¢

rablishment,
e, thawing,

mouse PSCs

blications or

also apply to

heir content
applies. For
hts) applies.

A

rial

tablishment,

he following

ddresses:

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

biobank
legal entity or part of a legal entity that performs biobanking (3.2)

[SOURCE: ISO 20387:2018, 3.5]
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3.2

biobanking

process of acquisitioning and storing, together with some or all of the activities related to collection,
preparation, preservation, testing, analysing and distributing defined biological material as well as

related information and data

[SOURCE: IS
3.3

0 20387:2018, 3.6]

cell line master file
complete dossier of all procedures and records used to generate and maintain a cell line

34

cell morphology

form and stjucture of the cell

Note 1 to erjtry: Morphology can be represented by a single parameter or a combinatiofi~ef two or [more
parameters.

[SOURCE: IS0 21709:2020, 3.3]

3.5

cell population purity

percentage |of a particular cell type in a population, of which hag the same specific biolqggical
characteristics, such as cell surface markers, genetic polymorphisms‘and biological activities

[SOURCE: ISO/TS 22859:2022, 3.8]

3.6

cryopreseryvation

process by ¥
be revived |

[SOURCE: IS

3.7
differentiat

process to bring the cells into a defined’cell state or fate

[SOURCE: IS

3.8
differentiaf
ability that
able to furth

[SOURCE: IS

vhich cells are maintained in an ultra-low~temperature in an inactive state so that the
hter

0 21709:2020/Amd 1:2021, 3.6]

ion

0/TS 22859:2022, 3,31]

ion potential
refers to theé concept that stem and progenitor cells can produce daughter cells whic
er differentiate into other cell types

0/TS 22859:2022, 3.12]

y can

N are

39
embryonic
ESC

stem cell

pluripotent stem cell (3.21) derived from the inner cell mass of a blastocyst, i.e. an early stage pre-
implantation embryo

3.10

ethics review committee
body which is responsible for the evaluation and review of the ethical issues involved in the research

3.11
expansion

cell culturing process by which the cell number increases in vitro

© IS0 2022 - All rights res
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3.12
feeder cell
mitotically inactivated cell used to support the growth of pluripotent stem cells (3.21)

3.13
genetic integrity
genome of cells that has not been altered

3.14
genetic state
phenotype of genetic profile of individual organism, including but not limited to karyotype (3.18),

: ik ot 1 1o £
lnte I ll._y, IHIutdiivll a1 RNITUCKTIIT UL UAUSCIIUL{D DCLIUCIILC

3.15
harvest
process of obtaining cells from a cell culture environment

3.16
identity verification
part pf the process of verifying authenticity of a cell line in which cell ofigin is genetically cpnfirmed

[SOURCE: ISO 21709:2020, 3.10]

3.17
induced pluripotent stem cell
iPSC
pluripotent stem cell (3.21) that is generated from somatic cells through artificial reprogramming by
the iptroduction of genes or proteins, or via chemicalor drug treatment

3.18
karyotype
characteristics of the chromosomes of a cellrincluding its number, type, shape and structurfe, etc.

3.19
passpge

subdulture
process of further culturing of cells in a culture vessel to provide higher surface area/volume for the
cellsjto grow

Note [l to entry: A passage€an be performed by harvesting an aliquot from the parent vessel and reseeding it into
another vessel.

[SOURCE: ISO/TS22859:2022, 3.18]

3.20
passpge.number
numbet-of subculturing that occurred

Note 1 to entry: For this document, P is understood as the starting population of the cells.
[SOURCE: ISO 21709:2020, 3.13, modified — Note 1 to entry added.]

3.21

pluripotent stem cell

PSC

stem cell (3.26) that can differentiate into all cell types of the body and is able to self-renew indefinitely
in vitro

Note 1 to entry: PSCs include embryonic stem cells (ESCs) (3.9) (including fertilization derived ESCs, somatic cell
nuclear-transferred stem cells (3.25), etc.) and induced pluripotent stem cell (iPSCs) (3.17).

©1S0 2022 - All rights reserved 3
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Note 2 to entry: ESC-like cells can also be isolated by parthenogenetic division of oocytes or other haploid cell
sources, and these cells have many of the characteristics of ESCs. However, certain features of these pluripotent

cell types can require specific characterization approaches.

3.22
population
PDT

doubling time

doubling time
time taken for cultured cell count to double

Note 1 to entry: The time is measured in hours.

[SOURCE: ISP 21709:2020, 3.8, modified — “population doubling time” and “PDT” added as the pref¢rred
term. Note 1 to entry added.]

3.23

self-renewal

ability of stgm cells (3.26) to divide symmetrically, forming two identical daughter sténr'cells

Note 1 to enfry: Adult stem cells can also divide asymmetrically to form one daughter cell which can proceed
irreversibly to a differentiated cell lineage and ultimately lead to specialized functional.differentiated cells, while
the other dayghter cell still retains the characteristics of the parental stem cell.

[SOURCE: ISO/TS 22859:2022, 3.23]

3.24

separation

process of optaining target cells from biological samples

3.25

somatic cell nuclear-transferred stem cell

embryonic sfem cells (3.9) derived from in vitro transfer of a donor cell nucleus into an enucleated o¢cyte
3.26

stem cell

non-specialjzed cells with the capacity for self-renewal (3.23) and differentiation potential (3.8), which
can differenftiate into one or more diffefent types of specialized cells

Note 1 to entpy: Based on potency, stem-cells can be divided into: totipotent stem cell (3.29), pluripotent stem cell
(3.21), multipotent stem cell, oligopateént stem cells, and unipotent stem cells (see Annex A).

[SOURCE: ISO/TS 22859:202273.24, modified — Note 1 to entry replaced.]

3.27

stem cell marker

protein or gene spécifically expressed in stem cells (3.26), usually used to isolate and identify stem|cells
Note 1 to entpy:-Stem cell markers vary depending on stem cell type.

3.28
teratoma

tumour containing representative differentiated tissues and cells from the three germ layers

3.29

totipotent stem cell
stem cell (3.26) that can differentiate into an intact new organism including embryonal and extra
embryonal cells

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=e94bb38d0ea39a703f83c3995799830a

IS0 24603:2022(E)

3.30

viability

attribute of being alive (e.g., metabolically active, capable of reproducing, have intact cell membrane, or
have the capacity to resume these functions)

[SOURCE: I1SO 21709:2020, 3.17, modified — “as defined based on the intended use” deleted.]

4 Abbreviated terms

bFGF basic fibroblast growth factor

EMRD embryo research oversight
ESC embryonic stem cell
HBV hepatitis B virus

HCM[V ~ human cytomegalovirus

HCV hepatitis C virus
HIV human immunodeficiency virus
HLA human leukocyte antigen

HTLY human T-lymphotropic virus
IFU instructions for use
iPSC induced pluripotent stem cell

KLF4 krueppel-like factor 4

KSR knockout serum replacement

mLIH mouse leukaemia inhibitory factor
MTA materials transfer.agreement

0CT4 octamer-binding transcription factor 4
OriP origin‘ofreplication

PBM( peripheral blood mononuclear cell

PSC pluripotent stem cell

QC quality control

S0X2 SRY (sex determining region Y)-box 2
SSEA3  stage-specific embryonic antigen 3
SSEA4  stage-specific embryonic antigen 4
SSEA1  stage-specific embryonic antigen 1
STR short tandem repeat

SV40LT Simian virus 40 large T

© IS0 2022 - All rights reserved 5
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treponema pallidum

5 General requirements

5.1 General

The biobank shall follow ISO 20387 and ISO 21709, in addition to this document. ISO/TR 22758 can be
used as additional reference for the implementation of ISO 20387. For mouse PSCs, ISO/TS 20388 shall
also be followed.

The bioban}
thawing and

A data anal
updated.

The bioban}
PSCs in accd
(as defined 1

According {
expansion,
implemente

5.2 Legal

1SO 20387:2
PSCs, ISO/T

The bioban

transport of PSCs.

ysis procedure shall be established, documented, implemented, regularly meviewed

x shall use validated and/or verified methods and procedures for activities pertaini
rdance with ISO 20387:2018, 7.9.2 and 7.9.3, at all stages of the biologi¢al material life
n 1SO 20387:2018, 3.29).

o the characteristics of PSCs, procedures, QC documents for collection, separ:
btorage, transportation and testing, and data analysis shall be established, docume
d, regularly reviewed and updated.

and ethical requirements

018, 4.1.6, 4.3, 7.2.3.4, 7.3.2.4, A.7 a), and 1S0-21709:2020, 4.2, shall be followed. For mj
5 20388:2021, 4.2, shall also be followed.

k shall collect relevant information, 6n’ ethical requirements, implement and [regy

update thenp, where relevant.

It is import

ant to recognize that PSC lines”are potentially not acceptable for use in researt

developmenit or both in some countries,and shipment of cells to collaborating organizations will re

consideratid
procuremer

Experiment
review com
lines in the |

The biobanK
evidence of

n of these differences. The biobank shall establish, document and implement policies o
t and supply of PSCs.

hl plans using or.establishing human PSCs should be consulted in a specialized ¢
mittee with particular expertise in topics relevant to the type and intended use of thq
piobank.

bthicaltand regulatory compliance.

The biobanK

 shall be aware whether reimbursement was made for the donation of human embi

shall establish criteria and procedures for the isolation, establishment, expansion, storage,

and

hg to
cycle

tion,
nted,

ouse

larly

h or
uire
[ the

thics
» PSC

[ shall establish a process to verify and document cell line provenance, to be able to provide

yos/

tissues and

tretherthe hummamrembryo was treated for researchas thistam be ihtegatimrsonmre toun

ries.

For derivation of new pluripotent cell lines from human embryos, the ethical review process shall refer
to relevant expert ethical reviews.

EXAMPLE

The human embryo research oversight (EMRO) process (ISSCR guidelines 2016, Chapter 2.1

Ethical requirements relevant for distribution are provided in 18.1.

5.3 Personnel, facilities and equipment

)i,

ISO 20387:2018, Clause 6, and ISO 21709:2020, 4.3, 4.4, 4.7, shall be followed. For mouse PSCs,
ISO/TS 20388:2021, 4.3, shall also be followed.

© IS0 2022 - All rights reserved
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The biobank personnel shall be appropriately and specifically trained in PSC generation,
characterization, culture, cryopreservation, thawing and transport.

The biobank shall ensure that external operators providing PSC services demonstrate relevant
knowledge, experience and corresponding skills.

The biobank shall ensure that facilities, equipment and environmental conditions do not adversely
affect PSC quality attributes or invalidate the test results.

Equipment management procedures should be established, including the use of equipment and
maintenance plan.

The

clear

5.4

[SO 7

The

nece

If an
or bd
sour

For

lysat
verif]
communication with the manufacturer on the.fisk of microbial contamination and oth
haza
shall

5.5

ISO 4

The

folloy

a)

b)

‘)
d)

biobank shall control the operating environment and conditions (e.g. temperatur
liness) according to the relevant characteristics of PSCs and the need for aseptic procg

Reagents, consumables and other supplies
1709:2020, 4.5, shall be followed. For mouse PSCs, ISO/TS 20388:2021, 5,1.3, shall also

biobank shall establish acceptance criteria for materials, includihg reagents and c
ssary for PSC isolation, establishment, expansion, preservation, storage, thawing and 4

mal serum is used for PSC culture, there should be no evident potential high risk sot
vine spongiform encephalopathy, which cannot be managed by a risk assessment of tl
Ce material and decontamination (such as irradiation for, certain viruses).

dulture of human cell lines, if there are blood compgnents in the culture medium (suc

e, serum, albumin, transferrin and various cytokines), the source, batch number
ication report shall be documented; and, if possible, a risk assessment shall be complet

rds such as toxic contaminants. Where approved sources of these components are av
be used unless unsuitable for technical*or logistical reasons.

Management of information‘and data
0387:2018, 7.8.3 and 7.10,shall be followed.

biobank shall manage-ahd maintain associated data of PSC lines, including but not li
ving:

the technical information: methods used in the derivation of cells/lines, culture conditi
data including‘the passage number, characterization and microbiological test data;
tthe preseryation and storage information;

the-safety testing data;

e, humidity,
ssing.

be followed.

bnsumables,
ransport.

rce of virus
he biological

h as platelet
and quality
ed following
er potential
pilable, they

mnited to the

bns, passage

the cell 1dentity verification methods, €.8. Dy short tandem repeat (STKJ) analysis a
typing or equivalent validated methods.

Certain data retention times, data integrity and security of data storage shall be ensured.

nd/or HLA-

For human PSCs, a minimum period of retention of records shall be established. Special requirements
for storage and retention times can apply for future applications. Personal data of each human donor
shall be held in a protected location and shall be handled in accordance with ISO 20387:2018, 4.3.

The cell line master file shall be kept to enable review of the data and records for specific applications.
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6 Collection of biological source materials and associated data

6.1

A risk assessment shall be performed and documented.

Information about the human donor and requirements for the biological material

To protect the private data of the donor, the biobank shall establish donor data protection methods in
accordance with ISO 20387:2018, 4.3.

The documentation of the donor information shall be performed. Where possible, the documentation
shall be performed prior to sample collection. The documentation shall include but is not limited to:

a) the donpr reference, which can be in form of a code (e.g. pseudonymized, anonymized);

b) thereleyant health status of the donor (e.g. medical history, statement of donor health or|suitability,
diseaseltype, concomitant disease, demographics such as age and sex);

NOTE The ABO blood groups and category classification data of HLA of the donorcan also be collpcted
dependihg on the situation.

c) the infdrmation about medical treatment and special treatment prior ¢o\the collection (e.g. [date,
terms of treatment, medication, conclusion of medical specialist);

d) where applicable, information about the informed consent given by‘the donor (e.g. copy of the signed
informgd consent signature form with details of the donors’ name redacted); see ISO 20387:2018,
7.2.34.

Documentafion of the donor information should include theigeographical region of the donor as needed

based on th¢ purpose of research.

For planned iPSC line establishment, the documentatioh of donor information shall include but is not

limited to:

— sex;

— age;

— tissue of cell type.

During the ¢ollection process foerxr human cells, measures shall be taken to protect donor and biopank

personnel health and safety:.

6.2 Information about the mouse donor and requirements for the biological materigl

The biobank shall<establish, document and implement inclusion and exclusion criteria based on the

purpose of fesearch.

Documentaticgof the mouse donorinformation shall take Y\]Qf‘ﬂ annr to r‘n”nr‘hnn shall include a) and

b), and should include, but is not limited to c) and d) of the followmg list:

a) the strain and genotype;

b) the demographics (i.e. age and sex, etc.);

c) the relevant health status of the mouse (e.g. statement of donor health or suitability, disease type,
concomitant disease);

d) the information about medical treatment and special treatment prior to the collection (e.g. date,
terms of treatment, medication, conclusion of medical specialist, stress, diet).

8 © IS0 2022 - All rights reserved
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The ID of the mouse, which can be in form of a code (e.g. according to Reference [11]), should be
additionally documented, if available. For planned iPSC line establishment, the documentation of donor

infor

mation shall additionally include but is not limited to:

— SeX;

— age;

— tissue or cell types;

— the reprogramming strategies including reprogramming factors and gene delivery system.

The {

If the
laboj
with

If th
own(

For H

6.3
ISO 2

The |
biolof

NOTH

inimal weltare requirements of donor mouse husbandry should conform to 150 109%5

mouse PSC is established from a specific strain or genetic modified mouse deyéloped
atory, company or organization, an agreement for new established mouse PSCs/$hall
the mouse donor’s legally designated representative.

e donated mouse is genetically modified, its use does not necessarily|conflict with
1’s rights.

SCs from mice, any known colony infectious agent screening shall be documented.

Collection procedure
0387:2018, 7.2, shall be followed.

biobank shall establish, implement, validate and deeiiment a collection procedure for e
gical source material.

new

Each selected tissue has specific requirements for collection and best practice. Taking
evelopments can improve the quality of harvested cells.

All r¢agents and materials used to collegt the biological material shall be sterile.

The biobank should conform to 1ISO-35001 or the WHO’s Laboratory Biosafety Manuall12] wh

biol

ical material contaminated.with pathogens.

The fisk of microbiological ‘contamination (bacterial, fungal, viral, parasitic) should be 1
focuging on those agents which are most likely to be contaminants in relation to the geogt
cohort and tissue being procured.

7

2:2006.
| by another

be required

the original

hch relevant

into account

en handling

nitigated by
aphy, donor

ransport.of the biological source material or PSCs and associated data to the
biobank

ISO 20387:2018, 7.4, shall be followed. ISO/TS 20658 can be used to consider transport a
and pafety requirements for facilities. For mouse PSCs, ISO/TS 20388:2021, Clause 6, shall also be

d handling,

followed.

The biobank should conform to ISO 35001 or the WHO’s Laboratory Biosafety Manuall12l when handling

biolo

gical material contaminated with pathogens.

The biobank shall determine the appropriate conditions for the transportation of the biological source
material from the collection facility to the biobank. Instructions on the transportation of biological
source material to the preparation site as well as the transportation of PSC preparations to the biobank
should be included.

The following factors shall be taken into account for transportation:

a) packaging, material, containers and secondary containment;

b) medium or solvent;

©ISO
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<)

Biological source material storage media and conditions shall be established, implemented, documented
and validated to ensure maintenance of the viability and other key parameters.

transportation duration and temperature.

The sample shall be transported under appropriate biosafety conditions.

A procedure for critical control points shall be established, implemented and documented.

8 Reception and traceability of the biological source material or PSCs and

associate

data

ISO 20387:2
shall also bd

9 Establ

9.1 Proce

For establis
suitable mef

The bioban}
primary cul

Processes sl
aseptic tech

For iPSC lin
delivery sys

Each cultury

9.2 Uniq\

The unique
This should

databasel13]
lines should|

9.3 Testil

The human

018, 7.3.1, 7.3.2 and 7.5, shall be followed. For mouse PSCs, ISO/TS 20388:2021,'Clay
followed.

Ise 7,

ishment of cell lines

PSSES

hing human PSC and mouse PSC lines, ISO 21709:2020, 5.1, shall be followed. Examples of

hods for the establishment and culture of PCS lines are givemin Annex B.

 shall establish, implement, validate, document and maintain procedures for isolatiof and
fure of relevant cell lines.

hould be performed in a biosafety cabinet or under a laminar flow hood using appropgriate

hiques.

e establishment, the reprogramming strategies including reprogramming factors and
tem shall be clearly documented.

gene

e expansion is referred to as a “subculture” or “passage”.

relevant tra

the conditior

1e identification

identification of PSC._lines shall be established in accordance with ISO 20387:2018, 7.5.

include a unique cellline name (such as that generated by registration in the hPSCreg®b

for human PSCs)-or-sample number, a biobank batch number and biobank vial number. Cell

be anonymized or de-identified.

g for infectious agents

donor/biological material or the cell line(s) derived from this material should be testgd for

nSmittable infectious agents, e.g. HIV, HBV, HCV, HTLV, HCMV and TP. A report regafding
e Mouse donor, Inciuding imformation on Tesuits of Spe pathiogen testing; siall be

)

obtained from the provider.

The analytical data and results as well as the associated analyses shall be documented and available
to authorized biobank personnel and researchers who process biological material and established cell
lines.

1) hPSCreg® is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.
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10 Characterization

10.1 General

The biobank shall establish, document and implement procedures to characterize PSCs and report the
relevant data so that users can determine suitability for their intended use.

Biological characteristics of PSC lines shall be established by the biobank in accordance with current
scientific best practice and international consensus (e.g. Reference [14]). The characterization shall
include but is not limited to the following:

a)

b)

d)

f)

Lell morphology: Cells grow under 2D conditions and typically exhibit growth as-c
¢lear colony boundaries, high nuclear-cytoplasmic ratio and uniform morphology. With
¢ell-cell contact is tight.

Lell identification: Cell lines have a unique donor genetic profile and this)profile (
o facilitate exclusion of cross-contamination with other cells and confirm donor
fequirements on the cell line authentication can refer to ISO/TS 235112). Biological sour
Fr establishing PSC lines or the PSC in early passage shall be used-where possible to ¢

initial STR profile as a reference for subsequent STR profiling, e.g. to-Check for cross-co
r cell identity.

Lenetic integrity: Chromosome karyotype analysis: For-gells from non-disease affe(
these are typically as follows: human PSCs: 46, XX or 46, XY; mouse PSCs: 40, XX or 40,

For biobanks of PSC lines, karyological variants can.arise and in such cases the potenti
¢ell line performance should be assessed either bythe biobank or by users of the bioba

Lell viability: A range of viability assays cansbe used and each measures a different a
Eiology. Such tests include cell metabolic dctivity [the function of esterase, Thiazole 1

ased on the determination of succinic dehydrogenase (MTT also known as 3-(4,5-dims¢
2-yl)-2,5-diphenyltetrazolium bromide), apoptosis markers, cell redox potential,
potential, proliferation rate (DNA-content), mitochondrial function and membrane inte]

INOTE1  Cell viability is addressed in ISO 23033:2021, 7.5.

$tem cell markers: PSCs-express cell markers including but not limited to self-reney
e.g. 0CT4, SOX2, NANOG 1n both human PSCs and mouse PSCs) and canonical marke
f pluripotency (e.g.--htiman PSC: TRA-1-81, TRA-1-60, SSEA3, SSEA4; mouse PSC:
xpression level of these markers can vary in different culture conditions. The stated nj
e present in the)majority of the cells, e.g. by immunofluorescence and/or gene express
The operatershould establish cut-off values fit for purpose.

Pluripotency assay: A range of assays can be employed to reveal the pluripotency
Table b):

lonies with
in the clone,

an be used
origin. The
ce materials
stablish the
htamination

ted donors,
XY.

al impact on
hk.

spect of cell
blue method
thylthiazol-

membrane

ority].

val markers
's indicative
5SEA1). The
arkers shall
on analysis.

bf PSCs (see

types representative of each germ layer.

NOTE 2
defect and for preparation of a particular type of differentiated cells.

2)
three germ layers following the injection of PSCs into immune-compromised mice.

NOTE 3 Some cells with incomplete pluripotency potential can also generate

to the cell

Some cell lines, while failing the test, can be useful, e.g. for research to understand the

Teratoma formation: Assessing the spontaneous generation of differentiated tissues from the

masses that

superficially resemble teratomas yet lack terminal three-germ-layer differentiation, potentially leading

to misinterpretation.

2)

Under preparation. Stage at the time of publication: ISO/DTS 23511.2:2022.
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3)

4)

5)

NOTE 4 The teratoma assay is currently widely used and is considered as the gold standard
functional assay for assessing human PSC developmental potential. Due to ethical and legal
restrictions, other human PSC pluripotency assays in vivo (such as chimaera formation and tetraploid
complementation) cannot be performed.

NOTE 5 Teratomas are not generated from single cells, the teratoma assay assesses
developmental potency at a population-based level.

for mouse cell lines, chimaera formation: assessing whether cells can re-enter development
when introduced into host embryos at either morula or blastocyst stages.

NOTE 6 Human xenogenics are outside of the scope of this document.

NOTE 7 PSCs of high quality can support normal development and generate high-grade
chirhaeras with extensive colonization of all embryonic tissues including the germ line, where€aq less-
potént PSCs produce either low chimaerism or reduced embryo viability.

Gerjmline transmission: assessing whether the test PSCs can generate functional gametegs by
brepding chimaeras to produce all-donor PSC-derived offspring.

NOTE 8 This is prohibited in human PSC pluripotency assessing, seethe“international stem cell
resgarch guidelinesf10],

Tetfaploid complementation: assessing whether the test PS€s can direct developmept of
an pntire organism by introducing donor PSCs into tetraploid (4n) host blastocysts, which
can| be generated by electrofusion of blastomeres at thextwo cell stage. The 4n blastofysts
canfnot sustain normal embryonic development beyond:.mid-gestation, while tetraploid efxtra-
emll?ryonic tissues develop normally and support denor cells. Any resulting embryo$ are
derjved essentially entirely from donor PSCs. The ability to perform such tests can be restriicted
in certain countries varies and, where not feasible; alternative validated in vitro assays can be
used.

NOTE 9 Tetraploid complementation js‘prohibited in human PSC pluripotency assessing, s¢e the
intefrnational stem cell research guidelinesH:

g) In the dase of reprogrammed iPSCs, the“ongoing expression of reprogramming factors from the
reprogramming vectors used can.affect the ability of an iPSC line to differentiate properly or
efficiently. The elimination of ectopic expression of the reprogramming factors shall be confifmed

and doqumented.

Table 1 — Pluripotency assay

inwitro teratoma chimaera germline tetraploid
differentiation formation | formation | transmission | complementation
functional + ++ +++ ++++ +++++
stringency

10.2 Population doubling time and subculture/passage

10.2.1 PDT

The PDT is the time (measured in hours) required for the replication of the population of PSCs. The PDT
is calculated with Formula (1) using the cell counts obtained before and after harvesting:

D= (T—Ty) xlog?/ (log N~ log Ny) M
where

D is the PDT;
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(T-T,y) istheincubation time in hours;
N is the count of cells harvested;
N, is the count of cells seeded.
NOTE1 Formula (1) is applicable in a linear range of cell expansion.

The average PDT of mouse PSCs ranges typically between 11 h and 20 h.[131[16][17][18] The average PDT
of human PSCs ranges between 16 h and 48 hl16][19][20][21],

NOTE2 Depending on the culture conditions culture passage cell density and characteristics of the donor

(e.g. 4ge), the PDT can vary.

The PDT of PSCs should be determined by the biobank after secondary culture.

PDT [an reflect the growth kinetics of PSCs in culture. The biobank can utilizethe PDT of PSC cultures
at different passages to evaluate changes in culture cell growth kinetics.

The PDT shall be documented.

10.2{2 Subculture/passage

P, the passage number(s) together with the seeding and final e¢lldensity, and the culture v¢ssel surface
area|shall be documented. When the PSCs cover the culturewvessel surface at 70 % to 80 %, the cells can
be passaged.

Passpge numbers are frequently used by laboratories{ However, the passage number is corfelated with
the surface area/volume of a culture vessel and howsthe initial Py is defined. It is recommended that the
biobank defines P as the initial plating of cells.

Docymenting PDT along with passage numbers can facilitate a better understanding of growth
dyndmics of the PSCs and the relationshipbetween passages and PDT.

10.3 Stability of the culture

Stabllity indicators of PSCs shall be established, implemented and documented by the biobak according
to the intended purpose, including but not limited to trends of:

a) the density/concenttation;
b) the cell populatien purity;
c) thesurvival'rate;

d) the genetic state/integrity;

EXAMPLE As determined by karyotyping, single nucleotide polymorphism arrays, whole genome
sequencing, etc.

e) the biological activity of the PSCs.

Some degree in variation of the PSC lines is expected, but progressive or irreversible changes, such
as changes in the genetic sequence, chromosome changes, growth rate or morphology, should be
documented and assessed to explore any potential deleterious impact on the PSCs’ pluripotent
properties or other effects which can impair the quality of differentiated cells.

There has been considerable debate about the most appropriate test for genetic stability. The biobank
shall decide on the features of stability that it needs to monitor and maintain awareness of them based
on the latest research consensus regarding the most suitable methodologies to use.

©1S0 2022 - All rights reserved 13
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10.4 Functionality

10.4.1 Gen

eral

The functionality indicators of PSCs shall be established according to the intended application of the
cells, which include but are not limited to differentiation potential, the structure and physiological
function of the differentiated cells, and the expression of specific genes and proteins, as well as the

secretion of

specific cellular factors of PSCs, etc.

For human PSCs, it is especially important to pay significant attention to such tests as they will provide a
basis for critical assays that need to be defined to reach the appropriate fitness for the intended research

purpose ang
cells intendd

10.4.2 Inyv|

The startin
shall be doc

The charact
be limited t
such as the
careful cong

Experiment
or as othery
aware whet
is determing

10.5 Micrg

Procedures
documented

Throughout]
equipment,

can involve additional biomarkers to those used in standard QC and characterizatio
bd for broad research purposes.

itro differentiation

b cells, equipment, culture system and operation procedures used in~cell differenti
imented.

erization of the differentiated cells generated during the differentiation of PSCs shoul
b specific morphological features. The functional identificatior should also be establi
expression of the crucial system markers. The selection of-tlhiese system markers req
ideration and validation.

5 involving human blastocyst in vitro developmentwsing PSCs should not exceed 14
vise stated in the respective materials transfer agreement (see 18.1). The biobank shj
her the period for experiments involving humancblastocyst in vitro development using
bd by law or regulation of the relevant region(s}or countries(s).

pbial contamination

throughout the whole process.

the whole process from donation and procurement, preparation of culture reagent;
fo maintenance and cryepreservation of cultures, it is important to take a holistic viey

n for

htion

d not
hed,
lires

days
1l be
PSCs

for microbial contaminant testing.0f PSCs shall be established, validated, implemented and

and
y and

establish microbiological testing at all critical points of the process. In addition, procedures to minimize

risks to oth
for primary,
dedicated a1

Test metho
appropriate
cultures.

er established cultures should be in place. It is good practice to maintain QC proceq
tissues or cells mewly brought into the biobank. Such cultures should be maintained
ea and in segregated equipment until sufficient data are available to justify their relocg

s used fer microbiological testing shall be validated. It is important to be sure
levels.of sensitivity, specificity and robustness are being used in respect of testing

lures
in a
tion.

that
v cell

Microbial cd

ntamination shall be assessed hy risk management fhrmlghmlf the process

11 Quality control

ISO 20387:2018, 7.8, and I1SO 21709:2020, 5.5, shall be followed. For mouse PSCs, ISO/TS 20388:2021,
8.5, shall also be followed.

The biobank shall establish, implement and document a QC procedure, which shall include the testing of
biological characteristics related to the in vitro functionality of PSCs as given in Clause 10.

QC of biological characteristics (see Clause 10) of PSCs shall be performed for all critical procedures,
from isolation to thawing. An exemplary QC procedure for biobanking of PSCs is given in Annex C.

14
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The biobank shall establish, implement and document QC acceptance criteria for all the biological
characteristics of PCSs included in Clause 10.

The biobank shall establish, implement and document QC acceptance criteria for all critical control
points, e.g. culture media, reagents, equipment.

QC shall be established with a risk-based approach related to laboratory safety.

Safety indicators of PSCs shall be established by the biobank according to the application, which
addresses both microbiological risk and cell-derived risk.

Microbiological testing, including but not limited to sterility testing (bacterial, fungus), mycoplasma

testi

a)

b)

Cell-

hg and endotoxin testing, shall be performed:

f required by the user/biobank, human PSCs shall be tested for relevant fungi, bacteri
igents (e.g. HIV, HBV, HCV, HTLV, HCMV, TP) and mycoplasma by validated“meth
ultures. Risk assessment on the donor and cell culture reagents can alse\reveal thg
esting for microorganisms needs to be performed. PSC should be negatiye for fungi, |
mycoplasma.

I
q
1

Mouse PSCs should be tested negative for fungi, bacteria and myceplasma, and shou
overt signs of viral cytopathic effect. Risk assessment on the“*donor animals and
feagents can also reveal additional testing that can be neededto be performed for micr
Mouse colonies used to derive PSCs should be subject to,microbiological screening :
gdnimal husbandry best practice.

Herived hazard testing, including but not limited 4o testing of pathogenic internal 3

a, infectious
ods for cell
t additional
bacteria and

Id not show
cell culture
borganisms.
iccording to

nd external

cellu / should be

perfq

Jar factors, abnormal immunological response;{fumorigenicity and genetic stability
rmed depending on the potential ultimate future use of the cells.

12

Reley
and 1

Testing

Fant testing procedures shall be,developed, implemented and documented to ensure the accuracy

eliability of the testing processes-and test results.

For tpsting equipment and relevant facilities/environment, see 5.3.

13 (

The
supp

Cell line management

biobank shall §ustain a master and distribution PSC biobanking system[22] to ensurp consistent

ies of cell lifi€s to users over timel2l.

14 Preservation of cell lines

ISO 20387:2018, 7.6, shall be followed

Documentation shall be performed for each batch of preserved cells.

In the process of cell expansion, the potential for cross-contamination and switching of cell lines
shall be minimized by a combination of documentation and procedural controls, and suitable testing
implemented to expose non-authentic cell lines and incidences of cell line cross-contamination during
cell biobanking procedures. Such analysis should facilitate comparison of cell lines banked in the same
biobank and a DNA fingerprint of each cell line compared to DNA from the donor of origin.

During the process of PSC expansion the culture generation (by recording cell number and viability at
harvest and seeding of new cultures), cell line name, the operation date, culture conditions, operator
name or initials and any protocol deviations and corrective actions shall be documented.
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15 Storage

ISO 20387:2

018, 7.5, 7.7 and Clause A.6, and ISO 21709:2020, 5.3.4, shall be followed.

Optimization of the cryopreservation procedure and method(s) to minimize damage to cells during
freezing and thawing is critical to ensure reliable availability of viable cells.

NOTE
temperature

can minimize negative effects on the cell viability.

For cryopreserved PSCs, the following information shall be documented:

Controlling the freezing rate, using an appropriate cryoprotectant, and maintaining a stable storage

a) the cell phame;

b) the pregerved PSC batch number;

c) the datg of preservation in accordance with ISO 8601-1;
d) the culture conditions;

e) the pasgage number;

f) the operator name.

Each stored
reference n
collection, s

The bioban}
and temper

16 Thawi

In the cell t
into culture
To optimize
typically 37

The frozen (¢
medium at 3

The followir
a)
b)

the batd

the cell

vial derived from the same batch of cultured cells shall have a unique identific
hmber (i.e. a biobank or batch number), which is traceable throughout the process
pparation and expansion in accordance with ISO 20387:2018, 7.5.

shall maintain records of the cryopreservationjprocess, including the cell density, via
iture control.

ng

hawing process, frozen cells shallibé thawed at 37 °C £ 0,5 °C, processed for culturg
and then transferred into an ineubator with appropriate gas atmosphere and hum

°C+0,5°C.

ells should be quicklythawed by warming and transferred directly to pre-warmed cu|
7 °C £ 0,5 °C to ensure maximal PSC viability and biological activity.

1g information(should be documented, including but not limited to:
h number.of the set of frozen vials;

name;

c) the pasj

age number;

htion
es of

bility

, put
idity.

the process, the incubator shall be set to an appropriate culture temperature, which is

[ture

d)

e)
f)

g)

the culture condition;
the operator name;

the thawing date of the thaw operation in accordance with ISO 8601-1;

nitrogen to the time point when the cells are put into culture;

h)

passaged.

Cell viability shall be tested after thawing.

16

the thawing time in accordance with ISO 8601-1 as the time point when the frozen cells leave liquid

the date in accordance with ISO 8601-1 at which the culture reaches sufficient colony density to be
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17 Disposal

For managing waste disposal, ISO 20387:2018, 4.1.8, 7.1.1, 7.5.3, 8.4.2, Clause A.7, and ISO 21709:2020,

5.3.6

, shall be followed.

Any disposal of PSCs (e.g. embryo, germ cell, bone marrow, blood) shall be conducted in accordance

with

applicable environmental, biosafety and ethical requirements.

18 Distribution

18.1 General requirements

ISO 3
10.1,

Depd
natid
lines

If thd
appr

Only
biob{

A m3
by th
for y
prioy
proh

A cq
orga
Collg
(e.g.
(ISCH

The
requ

Culty
proc
eithdg
instr

0387:2018, 7.3.3, and ISO 21709:2020, 5.4, shall be followed. For mouse PSCs, ISO/TS
shall also be followed.

sitors of cells shall provide documented evidence that demonstratesythey have n
nal legal and ethical requirements associated with procurement of tissue and derivati

e organization or the individual wants to apply for PSCs, they shall submit an applic{
bved by the PSCs storage organization in accordance with itg’formal written procedur

ethically approved projects shall receive cells from theé biobank. This can be asse
ink or an ethics review group.

terials transfer agreement (MTA) or an equivalentderms and conditions document sh
e recipient of the cells and stored by the biohank. The MTA content should prevent
nethical purposes and prohibit third-party;distribution or change of research pro
permission from the biobank. The biobank-should take into account the inclusion of
ibiting reproductive cloning that uses human PSCs.

mmon MTA is not necessarily:.practicable for all biobanks. However, biologic
hizations have identified key generic elements that should be included (e.g. Europ
ctions’ Organisation[23]) andthere are other national examples that can be considered

') website to obtain MTAsfrom suppliers of stem cell lines).

rements for any transfer to third parties.

ire manuals§hotld be available from the biobank, ideally online, including key standa
pdures. Thetelease of cells to users should be accompanied with advice and training.
r have_evidence of past training or training should be provided as part of cell suppl
uctionsfor users shall contain protocols for thawing of the cryopreserved cells.

0388:2021,

net all their
bn of the cell

ition and be
bS,

ssed by the

i1l be signed
distribution
ect without
MTA clauses

al resource
ean Culture
hs templates

National Cancer Institute, see‘also links to national biobanks on the International Stenp Cell Forum

MTA should stipulate-the rights and responsibilities of the biobank and the recipieft, including

d operating
Jsers should
ly. Minimum

A cd

niplaint procedure shall be established, implemented and documented in accor

dance with

[SO 20387:2018, 7.13. The biobank shall have a replacement policy for cultures which fail to thrive in
the hands of user(s). All complaints should be reviewed to assess the effectiveness of the corrective

actio

ns taken and to look for opportunities to improve service.

18.2 Information for users

ISO 20387:2018, 7.12, shall be followed.

Instructions for use (IFU) and/or standard operational procedures forisolation, expansion, preservation,
storage and transport of PSCs should be provided to biobank users. The IFU should typically contain
information prescribing general culture and preservation methods and what procedures the cells have

been qualified or consented for (e.g. “in vitro research only”, “not for generation of gametes”, “not for
reproductive cloning”).
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Batch numbers, traceable to the batch or biobank, and a statement or material safety data sheet on

hazards for

the cells shipped shall be provided to users.

Terms and conditions or a warranty, which qualifies cell potential and characteristics based on testing
performed by the biobank, should be provided.

The characterization and microbiological test data from the depositor for cell line in the biobank shall

be available

for bank users.

The biobank should have a documented policy for the quality and sourcing of raw materials that can
impact the quality of cell preparations, subject to national or international restrictions, e.g. fetal bovine

serum, tryp

The bioban

Information| should include but is not limited to:

a) the datg of collection and preservation of tissue in accordance with ISO 8601-1, if available;

b) the dat¢, in accordance with ISO 8601-1, of attempted derivation (for human ESCs, this is us
considefed to be the date the inner cell mass was isolated or plated in vitro);

c) whether fresh or frozen embryos has been used;

d) where applicable, relevant information regarding informed conSent obtained from the hy
donor fgr use of the original tissue for research;

e) where dpplicable, relevant information regarding the necessary animal welfare approval(s);

f) any ass¢ciated constraints on the use of the derived cellline;

g) the datg and interpretation resulting from characte¥ization and QC.

18.3 Transport

18.3.1 ISO R0387:2018, 7.4, and ISO 21709:2020, 5.4.4, shall be followed.

According to the requirements of the“use of PSCs, the appropriate mode of transportation

transportat
safety, stabi

The bioban]

PSCs and th
Unnecessar

PSCs can be

sin grm/\/fh factors

k should provide information to facilitate the efficient selection of suitable ell

on conditions shall be(selected to enable maintenance of the biological characteri
lity and viability of PSGs.

x shall establishimplement and document procedures for the transport and handli
bir associated,data.

 exposure to radiation should be avoided during shipment.

transSpeorted as frozen ampoules/vials or as living cultures; in either case:

ines.

ually

iman

and
stics,

hg of

a) advise therecipient as to when the cells are to be shipped;
b) provide written instructions on the following:
1) instructions upon reception of PSCs;
2) instruction for thawing and reconstitution of PSCs;
3) instructions for secondary storage conditions;
4) medium or serum required;
5) any special supplements;
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6) subculture regimen;

c) tape the cells’ data sheet and a copy of the instructions to the outside of the package so that the
recipient knows what to do before opening it.

Each frozen ampoule/vial or living culture container (primary container) can be introduced into a pre-
sterilized self-adhesive seal package. The packaging shall be labelled with:

— the sample’s data;

— the production and expiration date;

— {he name and contact information of the entity that performs biobanking.

18.3(2 The transport of PSCs should be qualified by the biobank and accepted by the eell fequestor(s).
The qualification should include but is not limited to:

a) the container carrying cells;

b) the transportation routes;

c) the transportation conditions and maximum shipment duration;
d) the transportation equipment and transportation methods;

e) the transportation risks;

f) the safeguard measures.

18.3(3 The biobank shall establish and control.transportation conditions such as:
a) the temperature range;

b) the vibration in case of transportingliving PSCs;

c) the contamination prevention;

d) the validation of the eqipment performance of the shipment device (e.g. dry-shipper, vials
¢ontaining the sample);

e) the appropriate packaging;
f) the directional\placement of the sample;
g) the allowedradiation;

h) the humidity when transporting living PSCs.

NOTH This can be verified by online monitoring or transport process control.

18.3.4 The transport of PSCs shall be documented including but not limited to:
a) the mode and condition of the PSCs transportation;

b) the route of transportation;

c) the shipping agent and their contacts;

d) therecipient details (i.e. person, address and other information).

18.3.5 Where necessary, arrangements should be made to check packages in transit and new cryogens
(e.g. solid carbon dioxide, liquid nitrogen) added, where possible, to maintain the appropriate shipping
temperature.
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18.3.6 With current culture methods, biobanks should avoid shipment of growing cultures. Pooling
multiple straws or vials from the same frozen stock can be necessary for a recipient to successfully
thaw a culture. However, biobanks should aim to provide sufficient viable cells in a single container to
enable appropriately trained staff to thaw a representative culture.
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Annex A
(informative)

Potency comparison

Table A.1 — Potency comparison

IS0 24603:2022(E)

Totipotent Pluripotent Multipotent Oligopotent lllnipotent
Potency +++++ ++++ +++ ++ ¥
Terminology Toti = whole Pluri = many Multi = several Oligo = a few Uni[=single
Cell types capable |Differentiate Differentiate Differentiate intoa |Differentiate Differentiate
of ggnerating into any cell into cells from |limited number of |into.a'few types |int¢ only one
type as well as |any of the three |cell typesin a of-cells typle of cells
extra- germ layers particular lineage
embryonic cells | (but not the
(placenta) placenta)
Examples Zygote Embryonic Haematopoigeti€ Myeloid stem |Mypblast
stem cells, stem cellsyneural cells
induced stem cells,
pluripotent mesenechymal
stem cells stenycells
21
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Annex B
(informative)

Examples for methods for the establishment and culture of PSCs

B.1 General

There are vjarieties of methods for the establishment and passage of human and mouse RSCs] The

approaches given in B.2 can be taken into consideration as options.

B.2 Process

B.2.1 Human ESC establishment

Information for approaches for the establishment of human ESCs can be,found in References| [24]

and [25].

B.2.2 Human iPSC establishment

B.2.2.1 Episomal reprogramming method

Feeder-free[iPSC derivation from human neonatal foreskinfibroblasts is used as an example.

a)

b)

d)

f)

g)

22

Episomgl vectors: There are different versions ef episomal vectors currently available. The type of
episomdl vectors routinely used for human iPS€ derivation is based on OriP/EBNA1 elements ffrom
EpsteintBarr virus.

Reprogramming factors: Many different combinations of reprogramming factors can be use(, e.g.
human PCT4, SOX2, NANOG, LIN28:L:MYC, KLF4 and SV40LT. These genes are cloned in appropriate
expressjion cassettes in episomal vectors.

Culture| human neonatal foteskin fibroblasts in appropriate medium, e.g. DMEM supplemgnted
with 10(% heat-inactivatedfetal bovine serum, 0,1 mM non-essential amino acids, 1 mM GlutaMAX,
0,1 mM| B-mercaptoethdanol and 4 ng/ml bFGF. Transfect episomal reprogramming vectors| into
foreskin fibroblasts(gither chemically or via electroporation. To improve transfection efficiency,
nucleofg¢ction can.beperformed.

Plate trhnsfected fibroblasts at low cell density in fibroblast culture medium. The surface cdn be
precoatpdwith matrix such as Matrigel, Vitronectin or Laminin 511-E8. Low cell-density plating is
critical herg, e.g. ~1,0 x 106 nucleofected fibroblasts can be plated into three 10 cm dishes.

Culture transfected fibroblasts in reprogramming medium. To improve feeder-free episomal
reprogramming efficiency, the reprogramming culture can be divided into two stages. During the
first stage (e.g. day 1 to day 13 for neonatal foreskin fibroblasts), serum-free fibroblast culture
medium (e.g. N2B27 basal medium) supplements with small molecules (e.g. A-83-01, PD0325901,
CHIR99021, HA-100) and growth factors (e.g. LIF, bFGF) can be used. During the second stage (e.g.
day 13 to day 25), appropriate feeder-free human ESC culture medium can be used.

Pick human iPSC colonies. On day 21 to day 25 post-transfection, compact human iPSC colonies
can be readily visible under microscope. Under microscope, use 20 pl pipet tips to manually pick
and transfer each iPSC colony to individual wells of 48-well plates pre-coated with matrix such as
Matrigel, Vitronectin or LMN511-E8 in appropriate feeder-free human ESC culture medium.

Incubate in a 5 % CO, incubator at 36,5 °C = 0,5 °C and change medium every day.
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