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6.5 Validation
All repository processes, equipment and facili-
ties should be validated to demonstrate they are
fic for cheir intended purpose. Validation is che
documented act of ensuring that any procedure,
process, equipment, material, activity or system
actually gives che expected results with adequarte
reproducibility [s7). This approach should include
implementation of the key elements of validation
including a user requirement specification (URS),
impact/risk assessments, and a series of qualifica-
tion stages for equipment (i.e. design qualification
(DQ], installation qualificacion [IQ)], operational
qualificacion [OQ], and performance qualifica-
tion [PQ]). Repositories may also use a valida-
tion master plan that describes the overall phi-
losophy, strategy, and methodology for validadion,
and which equipment, processes and other items
require validation. A validacion matrix or sched-
ule of validation will also be useful to document
which organisation or contractor is responsible for
each item subjected co validacion. It is imporcanc
that risk assessments are performed in advance
of validation to ensure critical areas are targeted
and that any validation performed is appropriace
and optimised in terms of use of resource. Due to
commonality of operations chis is an area where
exchange of learning experiences between reposi-
tories can help to reduce the burden of QA.

Validadion should be considered for any equip-
ment used that may impact on the suitability of
the cell banks for clinical use, such as that used
in processing, clcaning, environmental moni-
toring, storage and shipment. Equipment such
as controlled-rate freezers, mechanical refrigera-
tors, LN, storage refrigerators and dry-shippers
will rcquirc appropriate monitoring, such as con-
tinuous temperature monitoring and recording
when in use, to demonscrate that che required
conditions are mainrained. Shipment devices,
such as ‘dry shippers’, will also require validation
to assure fitness for purpose. Cricical equipment
such as heating, ventilation and air condition-
ing (HVAC), biological safety cabinets, particle
counters, incubators and cold storage should be
validated. The Pharmaceutical Inspection Co-
operation Scheme [203] and WHO [87] both pro-
vide guidance on related validation, and compli-
ance with national regulation.

Process validation in parcicular should be
considered on a case-by-case basis. Validation
of routine expansion and banking of cell lines
will need to rake many factors into account,
including the number and type of interven-
tions required, the culture formart being used
(e.g., open or closed system), transfers berween
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processing arcas and incubators, and the impact
of different operators and different cabinets/
rooms. Within the banking process, the cryo-
preservation process itself should be validaced
to demonstrace thar cells recovered from cryo-
preservacion have che characteristics set out in
the repository’s cell bank release specification

for cell lines.

6.6 Qualification and
standardization of test methods and
reagents
Establishing the testing regime for seed stock
banks has been described and discussed in sec-
tion 4 and Appendix 6. All tests used to establish
suitability of hPSC seed stocks for clinical use
should be qualified for use. This qualification
should address requirements, including but not
necessarily restricted to, sensitivity, specificity
and also potential for effects (such as test inhi-
bition) by the hPSC sample components. This
is most readily achieved by supplying samples
to testing laborarories accredited for the tests in
question. Where such accredited testing is not
available the repository should be able to pro-
vide qualification data for the tests performed.
Accredited services may be available cthat can
provide tests that meet multiple or harmonised
pharmacopoeia requirements and these may be
required where the cell line is to be used inter-
nationally [93].

Well established surface markers and a wide
range of gene markers are used in stem cell char-
acterization, and selected reference marerials for
their assay may be useful (e.g., fixed cell prepara-
tions, RNA preparations). Standardized func-
tional assays will need to be developed, and in
particular standardized pluripotency assays will
be important to progress in the field as assays
and reagents vary between laboratories. The
ISCI has focused on a number of relevantissues
in this area, including the initial identification
of standard markers for hESC lines [73]. This
group has also begun to work on determina-
tion of pluripotency in hPSC lines and further
international collaborative effort is required in
chis important aspect of pluripotent stem cell
research, which is fundamental to supporting
high-quality research data (see www.stem-cell-
forum.net). For an overview on standards in the
cell therapy area see Sheridan e# /. [95] and foran
over view on cell characterization for cell cherapy
see PAS 93 [o3].

Of note, where reagents of biological ori-
gin are clinical products in their own righe,
standardization of their biological activity is
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often performed under the auspices of WHO
and its Expert Committee on Biological Stan-
dardization [20s]. Most of the WHOQO Interna-
tional Reference Marterials (IRMs) are made
and distributed by the National Instituce for
Biological Standards and Control (a center of
the Medicines and Health-care Products Reg-
ulatory Authority [MHRA]J) and a listing of
these marerials can be found on the National
Insticute for Biological Standards and Control
website [206].

Standardization of certain reagents such as
growth factors used in cell culture may also be
helpful to enhance reproducibility of cultures
of hPSC lines. This can in part be achieved by
the repository establishing specifications and
acceptance criteria for the properties of com-
plex cell culture components. In addition, cell
culture assays and control materials can be
established to determine batch consistency in
supplies of such factors. Where such reagents
are used widely it may be feasible to establish
international reference marerials (see previous
paragraph). Furthermore, for certain reagents
there are Pharmacopeia reference methods for
their characterization.

6.7 Auditing suppliers and service

providers

An important element in assuring traceability,
safety, and thus suitability for reposicories of
hPSCs, is the performance of audits of suppli-
ers of critical reagents and services that would
impact on the final quality of the cell lines
offered for clinical use. Such audits may range
from a paper-based audit (which may be justi-
fied where suppliers operate under relevantand
independently inspected quality standards) to
a detailed on-site inspection of procedures and
documentacion. The sharing of such audits
between repositories could provide both cost-
and time-saving benefits. However, implement-
ing such a scheme would be challenging and
repositories would need to be confident in the
ability of any third party auditor and in the
consistency of the auditing procedure between
repositories. Recruiting a common auditor with
appropriate training and expertise using a com-
mon audit protocol is a possible solution. Such
an auditor should have previous experience
with inspecting similar facilities and opera-
tions and should have a regulatory background.
Alternacively, repositories may decide only to
use suppliers who are registered and inspected
by a recognised regulatory body; however, this
should be done using a risk-based approach.
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6.8 Cell line "history file’

Careful evaluation of the information associ-
ated with a stem cell line is necessary to deter-
mine its suitability for developing a clinical
product. Where cthe repository has derived
the hPSC line it can collate this information
directly under its own QMS. However, where
this is not the case it is important to avoid wast-
ing time and resource on unsuitable cell lines,
thus, stem cell repositories should request rel-
evanc historical information from the depositor
and continue to build a documented history
pertaining to each cell line as it is processed and
banked. This compiled documentation, some-
times called a cell line *history file’, should pro-
vide all information necessary to enable trace-
abiliry of cell line establishment and processing,
from the derivation and original transport to
the repository, through banking, testing, stor-
age and any subsequent discribution. This his-
tory file should also include evidence thac che
cell banking was performed under principles
of GMP or other suitable conditions where a
GMP manufacturing license is not applicable
(i.e., early seed stocks where a final producr is
not identified, whereas MCBs and WCBs for
specific clinical applications in a clinical trial
or under Hospital Exemption arrangemencs,
would probably be required to be prepared
under a GMP manufacturing license). For
example, the EU directive on tissues and cells
for use in humans (s8] is based on the principles
of GMP, but a manufacturing license under
EU GMP is not required for cells and tissue
intended for human application including seed
stocks of hPSC lines. Some of the key aspects
that should be considered for inclusion in a cell
line history file are given in Tape2. Whilstic is
unlikely to be feasible to include all raw dara
and original informarion, the history file should
at least facilitate traceability to chat informa-
tion. Where the cell repository receives the cell
line from a depositor working under a suicable
quality system, the repository may decide thara
documented audit (physical site audit or paper
based) along wich traceability (typically an
anonymized link) to the donor and appropri-
ate informed consent may be sufficient. Where
such links are not possible the repository will
need to carry out a risk assessment with respect
to the acceprability of that line wichin its own
jurisdiction and if contingencies cannot be puc
in place to resolve significant risks then che
repository may decide not to receive the line
or supply it for restricted purposes such as for
laboratory research only.
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Section
Depositor information

Shipping records

Provenance

Culture/banking details

Quality control test results
Facility and equipment details

Environmental monitoring records

Deviations from standard procedures (SOPs)
Change controls

Records of staff training and illness of an
infectious nature

Typical content

Name of owner of cell line

Address (registered company and manufacturing sites where applicable)

Primary contact

Telephone number(s)

Evidence of ownership*®

Signed records of inventory shipped and cross check of received goods, including “chain of
custody’ documentation

Records of temperature monitoring data

Record of courier used

Record of arrival at repository including transport time/temperature and condition on
receipt

Donor information related to the donation of primary tissue™*

Original, anonymized donor consent and medical history (this may not always be available
depending on national laws and regulations)

Description of the culture conditions related to (where applicable): tissue or embryo
culture; cell line derivation; cell line expansion; reagent documentation, traceability

and cryopreservation. This should include, for example, passage number (or population
doublings where possible) of seed lots and subsequent banks that were created up to the
point of manufacture relevant to the material being received by the repository
Characterization and safety test results both provided by the depositor and generated by
the repository and given with associated passage or population doubling levels
Qualification records: records of use, maintenance, calibration, validation, re-verification,
repair

Records of and trends in scores of contamination for testing applied to the environmental
conditions, which may include: viable and non-viable particle counts; active air sampling,
air pressures, temperature, relative humidity, operator finger dabs, ambient temperatures in
critical storage areas

Records of deviations from normal procedure, which may affect the specific cell line, for
example failure of an incubator in which the line was processed

Records of change control investigations relevant to the cell line, for example impact of
changes to QC test specifications or moving storage location of cryopreserved material
Records of training and return to work procedures to ensure staff infectious status is not a
risk to cell cultures

*There is a risk to final clinical utility of a particular cell line if all potential owners are not identified at an early stage. Thus, it is important to obtain accurate
information from the cell provider, about all parties with a potential interest in ownership of the cell line (e.g., sponsors of research, host organisation, principle
investigator) and to confirm, first, that they are in agreement with the repository receiving and diistributing the cells, and second, whether they need to be a signatory

party to the deposit of the cell line in the repository.

=*Detailed donor information may be held by the repository, but special care will obviously need to be taken (and may be a legal requirement) for its control and
security. For example, in the UK the Caldicot Principles apply to the management of sensitive patient data [215].

Over long periods of time, after the seed

6.9 Serious adverse reaction (SAR)

stocks of cells have been released, quality and serious adverse event (SAE)

control dara may become summarized and/
or archived by suppliers and service providers,
which means that ics recrieval from the original
source is not practicable or not possible. It is
therefore important to endeavor to anticipate
the kinds of critical informacion chat may be
required many years into the future (e.g., derails
of quality control, information on production
processes, safety testing daca), and obtain and
store copies of this from the respective sources
(e.g., raw material manufacturers, testing com-
panies) when the cell line is banked, to form
parc of the cell line ‘history file’ whether che
cells are stem cell lines or some other propagac-
able cell type.
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reporting

Events may arise during the provision of cells for
cherapy that indicate potential risk to patients.
Whenever such events are identified, they are
required to be investigated for impact on the
patient and if necessary action taken to mini-
mise cthe impact and prevent re-occurrence. Two
kinds of event are generally recognised, a seri-
ous adverse reaction (SAR) and a serious adverse
event (SAE). Whilsc definitions of these may
vary significantly between regulators, a SAR
usually refers to a serious adverse reaction related
to treatment of a patient receiving the cherapy
and a SAE refers to any other occurrences that
might have an impact on patients receiving the
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therapy. Repositories clearly need to be aware of
the regulatory definitions cthat apply to them.

Most countries have established systems for
reporting post-donation disease and adverse
events in clinical trials. Repositories supply-
ing cells cthat may be used for human applica-
tion should be coordinated within chese sys-
tems to ensure that SARs and SAEs related to
subsequent final products can be traced back
through the repository and ultimately to the
primary tissue donor to enable full investiga-
tion of the potential causes. Establishment of
mechanisms to assure traceability are critical
in the development of seed stocks, as already
discussed extensively throughour the earlier
sections of this document.

Stem cell repositories supplying cells for clini-
cal use will be expected in the first insctance to
identify, investigate and report SAEs occurring
in the banking process, which might affect the
suitability of the cells for clinical use. Second,
they will also be expected to submit to regula-
tory investigations when SARs or SAEs occur
in clinical applications using cells they have
supplied. In such cases, they will be expected
to demonstrate full traceability on the procure-
ment, banking, testing, storage and supply for
the cells in question. It is vital that stem cell
repositories understand cheir responsibilities
in these situations and how to manage them
through appropriate elements of their QMS.

Within Europe, the Rapid Alert system for
human Tissues and Cells (RATC) has been
implemented whereby manufacturers (includ-
ing ‘tissue establishments’ providing cells and
tissue as starting materials for cell cherapies) and
distributors of medicinal products (including
advanced therapy medicinal products [ATMPs])
are required to report all SARs for medicinal
products (licensed, unlicensed and clinical trial
products) to their national competent auchoricy
within a defined time period under RATC [207].

In the EU each national competent auchor-
ity reports incidents to the Europe-wide phar-
macovigilance web-based AE/AR collection
system EudraVigilance which is managed by
the European Medicines Agency (EMA). In
the USA, the FDA runs MedWartch [209] for
reporting and monitoring adverse reactions.
This includes specific guidance for human cell-
and cellular-based tissue products. EU member
states are also required to reporc all adverse inci-
dents to the WHO international drug monitor-
ing programme and this is done by the national
competent authority. The WHO maintains an
international system for monitoring adverse
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reactions to drugs using information derived
from Member States within and beyond che
EU. The system is run and coordinated by the
Uppsala Monitoring Center (UMC) in Swe-
den (www.who.umec.org). Similar requiremencs
apply in other jurisdictions and a list of nori-
fied bodies in different countries is given in
Tasre 3 [208].

Stem cell repositories should consider che
International Conference on Harmonisation
(ICH) guidance on efficacy, which includes
guidance for pharmacovigilance planning and
definitions and standards for preparing and sub-
mitting safety reports [209]. Guidance can also
be obtained from the Council for International
Organisations of Medical Sciences (CIOMS)
[210], which was jointly established by the WHO
and the United Nartions Educartional Scientific
and Cultural Organisation.

6.10 Disaster recovery, contingency
planning and legacy management
It is necessary that procedures for disaster recov-
ery are in put in place to manage unforeseen
events that may severely impact on repository
critical operations (e.g., fire, flood, loss of power,
failure of liquid nitrogen supply). Repositories
should at least mainrain some local backup stor-
age system such as splitting storage of stocks
over different equipment and locations. Such
backups must be maintained under the same
conditions as the main stocks. Where possible
repositories should encourage and advise deposi-
tors to secure their own cell stocks for backup in
this way. Records of banking inventories should
also be backed up and other critical repository
documentation on cell bank production eicher
backed up or adequarely secured. In addicion, it
is necessary to ensure that contingency plans are
in place to secure the continued availability of
stored cell lines for appropriace periods of time in
the event of normal repository operations being
discontinued. These procedures can be delivered
within a risk management system as outlined in
section 6.2.

A course of action should also be defined in
the event of a planned termination of the reposi-
tory (such as an orderly wind-down when the
facility is transferred elsewhere) or an emergency
termination (including loss of key resources,
funding or regulatory approval). It will also be
important to distinguish between obligations
regarding cells intended for human application
and cells held for research, since the standards
and conditions required for both cells and
associated records will be different for each.
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Country  National competent authority
Australia Therapeutic Goods Administration
Brazil ANVISA
Canada Health Canada
China National Institutes for Food and Drug Control
National Centre for ADR Monitoring
European European Commission Rapid Alert system for human Tissues and Cells
Finland Finnish Medicines Agency
France French National Agency of Medicine and Health Products Safety, ANSM
Germany Federal Institute for Drugs and Medical Devices
India Indian Pharmacopoeia Commission
Israel Israeli Ministry of Health
Japan The Pharmaceuticals and Medical Devices Agency
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Program/website

www.tga.gov.au
http://portal.anvisa.gov.brivps/portal/anvisa-ingles
www.he-sc.ge.ca/index-eng.php
www.nicpbp.org.cn/en/CLO309

http://ec.europa.eu/health/blood_tissues_organs/
docs/ratc_report_2008_2012_en.pdf
www.fimea.fi/frontpage

ansm.sante. fr/Produits-de-sante/Medicaments

www.bfarm.de
wwww.bfarm.de/EN/Home/home_node.html (English)

WwWw.ipc.gov.in
www. health.gov.il/english
www.pmda.go.jp/english

Netherlands Pharmacovigilance Centre Lareb
Singapore  Health Sciences Authority
South Korea MFDS

Spain Spanish Medicines and Health Products Agency www.aemps.gob.es/en

Sweden Medical Products Agency wvww.lakemedelsverket.se

Taiwan Bureau of Medical Affairs, Department of Health and Center for Drug — www.fda.gov.tw
Evaluation

Thailand US FDA, Drug Information Centre and NADRM
UK Medicines and Healthcare Regulatory Agency

USA UsS FDA

6.11 Regulation in different

countries

The regulation for cell-based therapies is still
at an early stage of development, and progress
in establishing formal regulatory frameworks
varies across jurisdictions [9¢]. As cell therapy
products are being developed, manufacturers
will aim to marker their products in differenc
countries, making knowledge of the differences
in regulatory frameworks of vital importance. A
comparison of the regulatory frameworks in the
EU and the USA has been published by the Brit-
ish Standards Inscicute (PAS 83) [94]. The ISCBI
section on the ISCF website has also developed
information on the national regulatory bodies
(Tasie 3) and donor sclection procedures in dif-
ferent countries (see Appendix 4), and provides
relevant policy statements by the ISCF Echics
Working Party on cell banking procedures [s,11].
Some countries have developed regulatory route
maps to help national cell/tissue repositories,
hospitals, and industry negotiate the regula-
tory landscape, and a toolkit used in the UK for
stem cell cherapy [211]. A route map regarding che
Canadian regulatory framework for che develop-
ment of stem cell-based therapies has been devel-
oped under the auspices of the Canadian Stem
Cell Network [212].
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7. Preservation and storage

7.1 Cryopreservation of hPSC lines
Cells can be stored in a stable state through the
application of appropriate cryopreservation pro-
tocols [9¢]. Cryopreservation includes a number
of processing steps both before low-temperature
storage and again at thawing and culture of
the cryopreserved marterial. In addition, mate-
rial must be stored and transported under
conditions that maintain material scabilicy.
Cryopreservation protocols generally fall into
two types: those that incur che formation of
ice within the system, whether intracellular or
extracellular (i.e. freezing) and those thac avoid
ice formarion (i.e. vicrification). For a review of
cryopreservation and vicrification methods [97].

In applying or designing an effective cryo-
preservation process, there are a number of key
technical issues chat should be considered:

Methods for assessing recovery of cells from
the cryopreservation process

Choice of cryoprotective agent (CPA)
Choice of container and packaging
Mode of cryopreservation (i.e., freezing vs

vitrification)
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Method of cooling (passive vs controlled rare
cooling)

Storage conditions

Transportation of cryopreserved material

Recovery process (i.e., rewarming and elution
of cryoprotectant)

7.1.1 Assessing recovery from
cryopreservation

In order to design or optimise any cryopreser-
vation protocol, an assessment of recovery is
required. Tests using trypan blue or fluorescent
compounds such as acridine orange/ propidium
iodide are often referred to as ‘viability tests’,
but are more truly membrane integricy tests
[98]. The accuracy of these tests in indicating
normal function of the cell, parcicularly the
complex requirements of hESCs in culture, is
arguable. Such tests may over- or under-estimate
the ability of cells to survive, actach, proliferace
and maintain the undifferentiated state and dif-
ferentiate into the required cell type. Furcher-
more, cells that still show membrane incegricy at
the time of thawing may die later by apoprosis.
Such tests should not be employed in isolation.
It may be necessary to consider evaluation and
quantification of the viable material at a point
sometime after thawing, such as 24 or 48 h
post-thaw. Consideration should also be given
to use of a range of tests, including appropriate
functional assays, when assessing recovery from
cryopreservation [98].

7.1.2 Choice of cryoprotectant

In choosing an appropriate CPA, consideration
should be given to any known specific effect on
the cells e.g., cytoskeleton effects, membrane
effects, induction of cell differentiation. In order
to provide protection, cells must be equilibrated
in the CPA solution prior to the application of
cooling. CPAs can be toxic to cells and consid-
eration must be given to the intrinsic toxicity of
standard compounds which is time, temperature
and concentration dependent, whether using
a controlled rate freezing method or vitrifica-
tion [99]. Additives to the solution (e.g., serum)
should be assessed for their ability to mitigate
these and other effects.

Cryoprotectant solutions will exert an osmotic
effect during their addicion to and elucion from
the cells. If uncontrolled, such effects can be
damaging and compromise cell survival. Osmotic
damage can be reduced or eliminated by the
use of step-wise addition and eludon protocols.
Single step protocols (e.g., centrifugation and
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re-suspension in medium containing cryoprotec-
tant) should be assessed for their effect on sur-
vival. Step-wise or slow addition or elution pro-
tocols should rake into account the likelihood of
incurring damage from CPA toxicity.

7.1.3 Choice of primary container

For cell suspensions, the choice of primary con-
tainer will generally be condidonal on the mode
of cryopreservation. The most practical and
generally acceprable options currently available
are straws, vials and bags. Each option should
be assessed for its suitability not only for che
mode of cryopreservation (e.g., whether or not
the required cooling rate is achievable) buc also
its ability to prevent or reduce contamination
(primarily during cooling and storage), and ics
compliance with regulatory guidelines (such as
requirements for labelling of the primary con-
tainer). The use of open systems is not consid-
ered best practice and represents a hazard to
stored cells (see below).

The primary techniques and methods available
for preservation of hPSC lines are described by
Hunt [100) in Appendix 8. Further expert opin-
ion on preservation technologies can be found in
Day and Stacey [101] and the recently published
informarional general chapter ‘Cryopreservacion
of Cells available in Pharmacopeial Forum section
39(2) [213].

7.1.4 Storage conditions
Scientific evidence suggests that storage at ulera-
low, sub-zero temperatures (generally accepred
to mean storage in or above liquid nitrogen) does
not result in significant deterioration of mate-
rial over extended periods of time (measured in
decades, for a review see [102], provided thart the
temperature remains stable and uniform. This
may be extended to mechanical refrigeracion
at temperacures at or below -160°C. Storage in
mechanical freezers at -80 to -85°C is acceprable
for short periods of time if the sample is to be,
or has been, preserved by freezing, buc is likely
to result in potentially damaging ice formation
in vitrified samples. If storage ac this tempera-
ture is considered necessary, the period of storage
should be validated to show thart the cells do not
demonstrate any adverse effects. Storage above
-80°C is not recommended. For vitrified marerial,
temperatures above, or repeated cycling through,
the glass transidon temperature (approximacely
-130°C) should be avoided to prevent progressive
formation of ice crystal nuclei.

The most stable conditions for storing cells at
ultra-low temperatures are provided by storage

fsg
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under LN . Consideration should be given to
che potential for cross-contamination of samples
stored in this manner via the liquid. There are
a number of reports in the literacure chac indi-
cate that contaminants, including viruses, can
survive in LN, and there is at least one report
of fatal viral cransmission through this route. A
formal risk assessment should be carried out of
sample containment (i.e., primary and second-
ary containers), and alternatives to such condi-
tions considered. Leakage of LN, into the sample
container also represents an explosive hazard
when samples are removed from storage.

Storage in the gas phase above liquid nicrogen
(often referred to as vapour-phase storage) has
been recommended. Such storage, while reduc-
ing the risk of cross-contamination, increases the
likelihood for temperacure inscabilicy from che
inherent temperature gradient berween botcom
and top of the LN, refrigerator. This tempera-
ture gradient may be reduced or eliminated by
modification to, or purchase of, tanks designed
to reduce this temperature gradient. Storage
refrigerators are available thar exclude LN from
the storage compartment altogecher (referred to
as isothermal vessels) or restricted it to areas
below the sample concainers, for example by the
use of vapour-phase placforms. Temperature gra-
diencs are reduced or eliminated either through
jacketing the vessel with LN, (che isothermal
approach) or through the use of a heat-shunt
device within the tank or through design of low-
loss access to the vessel.

7.1.5 Recovery of frozen or vitrified
materials
Cells can be damaged through inappropriate
thawing and CPA elution protocols. In general,
rapid warming (at 37-40°C) is considered more
effective in preventing cell damage from incra-
cellular ice formation or solution effects of the
CPA during rewarming. Rapid warming is espe-
cially importanc for vitrified material; however,
care must be taken to prevent thermal runaway
and exposure of the thawed material to elevated
temperatures where the temperacure-dependent
coxic effects of the CPA may damage the cells. In
designing or applying a cryopreservation protocol
consideration should be given to the method of
rewarming and che freezing/vitrification protocol
optimized to that particular rewarming procedure.
Consideracion should also be given to the
method of eluting the CPA to prevent osmotic
damage. The use of non-permeating compounds
such as sucrose or mannicol to prevent excessive
swelling may be considered. Recipients should
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be provided wich validated thawing and elution
I £
protocols and a mechanism for adverse event/

adverse incident reporting.

7.2 Shipment
In Europe there is specific legislacion for the
import and export of dssues (s8], which also has
technical annexes which prescribe aspects of cell
and tissue procurement, processing, storage and
testing. However, the situacion is highly vari-
able around the world. In some countries such
as Isracl, a simple statement of commercial worth
is required, whereas in Taiwan there are specific
import and export regulations, and in some
countries such as Singapore, these issues are still
under consideration (to the best of the authors’
knowledge at the time of publication).

Competenc couriers are cricical to efficient
shipment, and it is best that repositories take
responsibility for using couriers that have good
knowledge of local requirements for import. Itis
also important for stem cell repositories to have
service level agreements wich couriers that iden-
tify standards of service and emergency proce-
dures where cryogens become depleted.

Cells cryopreserved by slow cooling may be
cransported in dry ice. Vicrified marerial should
not be transported in dry ice (solid CO,) at
-79°C, to avoid de-vitrification and cell dam-
age. Cells cryopreserved by either mechod may
be transported in LN, dry-shippers which are
probably the most secure form for transport.
Repositories should identify transportation com-
panies with the required technical expertise to
undertake such shipments. Where this is likely to
involve shipments outside of the country of origin,
repositories should be familiar with the regulatory
requirements pertaining to the safe shipment of
cells in dry shippers. Use of air freight couriers
that avoid transportation on commercial passen-
ger airlines may reduce problems associated with
a lack of knowledge of shipping in dry shippers
or dry ice shippers. Where cells are transported
in the absence of temperature data-loggers, con-
sideration should be given to the use of chemi-
cal or other indicartors to provide information on
temperature during transportation.

8. Future applications of human
pluripotent stem cell lines

8.1 Evaluation of human stem cell
lines for production of biological
medicines
Apart from cell therapy, stem cells or cell lines
derived from stem cells can be envisaged for use
as substrates for the production of biological

www.futuremedicine.com
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medical products such as recombinant proteins
(e.g., growth factors or monoclonal antibodies),
vaccines and conditioned media. A ISCBI sub-
group including representatives from the phar-
maceutical industry, reviewed the requiremencs
for cells used to manufacture such products and
provided the following summary.

Guidelines for the testing of diploid cells,
continuous cell lines and stem cells for cell
seed, MCB, WCB and end of production cells
have been provided by Part B of the document,
“WHO Recommendations for the evaluation of
animal cell cultures as substrates for the manu-

Jacture of biological medicinal products” 3). In

cases where a stem cell line has a finite lifespan
(senescence) and a diploid profile, the ISCBI
manufacturing sub-group recommended assess-
ment of the basic characteristics of a stem cell
line by following the criteria of other accepted
diploid cell lines such as MRC-5 for biologics
production. In the case of a stem cell line with a
continuous cell line profile (unlimited capacicy
for population doubling), the group considered
that the stem cell line can be included in the
continuous cell line classification. As stated
by WHO, this proposal can be applied to any
animal stem cell lines including human stem
cell lines.

Depending on the product that is made, the
sub-group also proposed reference to the guide-
lines described in Tapi 4.

In addition, specific recommendations for the
testing of each product type should be railored

WHO/ DRAFT/ 4 May 2010: Recommendations for the evaluation of animal cell
cultures as substrates for the manufacture of biological medicinal products and for
the characterization of cell banks (proposed replacement of TRS 878, Annex 1). See

reference WHO 2010a

International Conference on Harmonization, Q5D, Derivation and Characterization

of Cell Substrates Used for Production of Biotechnological/Biological Products, 1997.
wawww.ich.org/lLOB/media/MEDIA429. pdf

International Conference on Harmonization, Q5A, Viral Safety Evaluation of
Biotechnology Products Derived from Cell Lines of Human or Animal Origin. www.ich.

org/LOB/media/MEDIA425.pdf

International Conference on Harmonization, Q5B, Quality of Biotechnological
Products: Analysis of the Expression Construct in Cells Used for Production of -DNA
Derived Protein Products. www.ich.org/LOB/media/MEDIA426. pdf

CBER Guidance for Industry, Characterization and Qualification of Cell Substrates
and Other Biological Starting Materials Used in the Production of Viral Vaccines

for the Prevention of Infectious Diseases, 2010. www.fda.gov/downloads/
BiologicsBloodVaccines/GuidanceComplianceRegulation

(a) Applies to recombinant subunit vaccines. Inactivated vaccines, all live vaccines containing self-replicating agents, and genetically engineered live vectors are
excluded from the scope of this document.

(b) Applies to subunit vaccines only.
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to the origin and the derivation process of the
stem cell line and to the funcrtions of the prod-
uct on a case by case basis. The risks related to
contaminants from the stem cell line have to be
considered in the testing of each product, thac
is, viruses, retroviruses and other transmissible
agens, cellular DNA, cellular proteins (growth-
promoting proteins).

8.2 Preparation of pluripotent stem
cell lines for use in toxicology assays
The capability of human stem cell lines to create
dssue-like cultures /2 vitro, could provide valu-
able information on the toxicity of medicines
and hopefully avoid some of the serious chronic
toxic effects of drugs which were not detected by
standard assays [103,104]. The principles of GCCP
[63] are directly relevant to the use of the undif-
ferentiated hPSC lines used in the development
of toxicology assays. As part of the EC funded
multi-consortium cluster SEURAT-1 [214] con-
sideration has also been given to the kinds of
specific quality control measures needed for
hPSC lines and their development [105]. A diverse
range of differentiation protocols are being used
to develop these assays and the establishment of
assay control parameters, and possibly reference
preparations of toxicants to provide quality con-
trol of the differentiated culcures. This will be
vital to ensure reproducibility in assay data and
will be paramount for the successful urilization
of stem cell-based models in toxicology and drug

discovery.
Vaccines Recombinant Conditioned
proteins media
z v ~
N ¥
v (a) N
v (b) v
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