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Embryonic stem cell bank is a cornerstone for stem cell research. It is providing essential resources
to support advances in research in this challenging field that promises broad-ranging cell and tissue therapy.
It is important to make good quality and well characterized embryonic cell lines that will be available for both
research and clinical purposes. This article provides a concise summary on embryonic stem cell banking
processes from cell line characterization, storage, quality assurance, safety testing, distribution, and post-
distribution monitoring. It also states the importance of an international network and collaboration for
technology and knowledge transfer. Moreover, the Bank should play a substantial role as a national reference
and a training center for stem cell research.
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Embryonic Stem Cell (ESC) is one of the most
promising therapeutic tools for many chronic and
incurable conditions. It has exceptional potential to
develop into specialized cells and tissues and has
already been used to replace diseased or injured cells
and tissues. To make cell and tissue therapy success-
ful, embryonic stem cell bank is the crucial step in
the milestone®2. After a new embryonic stem cell line
has been established, it should be thoroughly charac-
terized, then stored and periodically checked for its
special properties. All of these steps require a well-
organized system to verify that all the banked embry-
onic stem cell lines have good quality and a high-level
of safety.

Purposes and scope of embryonic stem cell bank®?
The initial purpose of the bank is to make
embryonic stem cell lines available and accessible to
researchers for studying stem cell biology, develop-
mental biology and related fields. The second purpose
is to provide clinical grade embryonic stem cell lines
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for therapeutic purpose. For this level of quality, a
specially designed facility compatible with Good
Manufacturing Practice (GMP) is needed to achieve
quality assurance and safety testing.

Embryonic stem cell bank is not only founded
to establish and store cell lines but also to serve for a
variety of purposes. For example, the scope of UK stem
cell bank includes a spectrum of different functions®2:

- Establishment of well-characterized and reli-
able banks of stem cell lines available to researchers
in the UK and elsewhere

- Provision of cell banks as starting materials
appropriate for clinical use

- Ensuring appropriate safety testing regimes
tailored separately for research and clinical grade cells

- Performing appropriate studies in collabora-
tion with the depositor to demonstrate the characteris-
tics of the material to be released by the Bank

- Assessing the performance of the cell lines
at different passage levels

- Ensuring appropriate agreements are in place
to enable unhampered research whilst protecting the
intellectual property of the depositors

- Supporting opportunities for training in the
culture, preservation and characterization of stem cell
line with the requirements of the stem cell community.
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Policy and regulation®?®

The embryonic stem cell bank should work in
a transparent manner. It is also obligated to remain
independent and free of any conflict of interest. To
achieve this objective, it is required to refrain from any
involvement in commercial product development. How-
ever, it is crucial that the bank engages with stem cell
researchers and companies that develop new products
with advice on quality and safety issues.

Banking facilities®®

High-quality embryonic stem cell lines for
research and clinical therapy require special facilities
that can produce banks of cells under appropriate con-
ditions. Research grade cell lines are normally produced
in clean-rooms with clean air environment. Clinical-
grade cells for clinical trials and therapies require more
stringent environment similar to that employed within
pharmaceutical industry®. For this objective, the bank
has to establish laboratories with GMP facility®. The
GMP facility comprises three self-contained Grade
B®" |aboratories, each with a Class Il microbiological
safety cabinet providing the Grade A®7air environ-
ment required for open processing of cell materials as
in Fig. 142,

The laboratories should be self-contained
and independent of each other in order to minimise the

possibility of cross contamination. Each laboratory
should be capable of operating independently. The
laboratories should be accessed via an airlock leading
onto a central access corridor (itself a Grade C area).
Access to this central corridor is via a two-stage airlock,
which controls movement into and out of the clean-
room environment. These facilities have to be validated
and accredited by the expert committee before cell
banking can be carried out.

Cell banking, safety testing and quality assurance®?

An important step of establishing an appro-
priate quality system for the cell bank is the prepara-
tion of process maps for all activities undertaken in the
bank. An example of such a map is shown in Fig. 22,
Detailed process mapping has enabled the Bank to
identify clearly all the steps in critical procedures and
ensure that the entire process from deposition of cells
to distribution to recipient is properly controlled and
documented, thereby ensuring a consistent approach
and assure as far as is possible a reproducible and
reliable product.

Cell banking begins with the receipt of cell
material into the Bank. On arrival at the Bank, the cells
are placed in frozen storage in quarantine until pre-
banking safety criteria are verified. Once verified, the
cells are released for the production of the Pre-master

Unclassified am quality
LN2 storage area

_ _ A grade air quahty
B grade air quality in class IT MSC
m GMP cleanroom
and change room 3
C grade awr qualty ~7
m clean comdor
and change room 2 —
D grade air quality ~
1 change room 1 .
S

Fig. 1 Flow of air grade quality in the EU GMP facility®?
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Fig. 2 Overview of the receipt, quarantine, processing, storage and distribution of stem cell lines®*?
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Cell Bank. This is a limited bank of cells, most of those
are used for the initial safety and other quality assurance
tests required permitting the Master Cell Bank to be
produced. The Distribution Bank cells are produced
over time from the Master Cell Bank. This banking sys-
tem is important to ensure that cells can be provided
over decades at the same passage level. In order to
proceed from the Pre-master Cell Bank to the Master
and then to the Distribution Bank, a number of quality
assurance and safety tests have to be performed. These
are particularly stringent in the case of clinical grade.
During the banking process separation of fully tested
cell banks from partially tested and untested banks is
ensured by independent storage in one of three liquid
nitrogen refrigerators.

Safety testing and quality control criteria are
usually based on a detailed risk assessment under-
taken in conjunction with the depositor. Many of
these tests will be common to all cell lines but others
will be specific to particular cell lines. While many tests
can be performed by the bank itself, some will be
outsourced to specialist, accredited laboratories. Core
safety tests will normally include:

- Tests for viruses including HIV 1 and 2, HBV,
HCV,and HTLV 1and 2

- Tests for mycoplasma by PCR and culture

- Tests for sterility

- Tests for adventitious agents including
electron microscopy and cell line inoculation.

For clinical grade cells, a much more exten-
sive set of tests for adventitious agents will be applied
based on the risk assessment. These will include tests
for agents that may be introduced in cell culture
reagents of animal origin or from xenogeneic feeder
layers. Moreover, a number of quality assurance tests
will need to be performed. Viability testing will be the
crucial step of Quality Assurance (QA) and additional
tests will need to be developed to supplement the
routine methods of assessment system currently used
in most cell banks. Each line must also be authenti-
cated by DNA fingerprinting in order for depositors
and users to be confident that the lines are bona
fide and are not cross-contaminated with preexisting
cell lines. Cross-contamination has been an ongoing
problem for many other types of immortalized cell
lines®12, Epigenetic changes may also need to be
investigated, since these may affect subtle changes
in the characteristics of the stem cells. Phenotypic
characterization of cell lines will be performed by a panel
of well-defined antibodies, selected by experts in the
field, and tailored to each line.
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In addition, the stability of stem cell lines in
culture will also be addressed by producing cell banks
at high passage for comparison with the Master
Bank. This process is very important for stem cell lines
because, according to recent research, the karyotype
of embryonic stem cells is not stable®®. The stem cell
culture procedures will also need to be explored to en-
sure standardization, since the complex biology of stem
cells is reflected in their in vitro growth characteristics.
Each line may be expected to have its own set of unique
procedures for growth and preservation. Embryonic
stem cell lines require a mouse fibroblast feeder layer
to promote their proliferation in an undifferentiated
state and the Bank will need to provide and ensure the
quality of the feeder layers required for the growth of
embryonic stem cell lines. It will also be engaged in
optimising cultures and preservation protocols as well
as developing alternative cell-free methods®419, For
cells intended for use in humans, all media components
used should be fully traceable and reproducible.

Training and Education®?

The embryonic stem cell bank does not only
provide invaluable cell lines and cell products for both
research and clinical purposes, but it also serves as a
reference and training center for stem cell researchers.
With educational and training courses, the Bank can
provide appropriate and standardized methods of
embryonic stem cell line derivation, characterization,
storage and transportation for both depositors and
recipients. These do not offer only valuable benefits to
the depositors and recipients, but also help the Bank
itself to raise standard of involved processes and
improve quality and safety of stored cell lines.

International network and collaboration®”

International network and collaboration will
have an important role on technology and knowledge
transfer. In addition, embryonic stem cell line deposi-
tion, storage and distribution can be performed inter-
nationally to obtain the maximal benefit to both research
and therapeutic communities worldwide.

Conclusion

Embryonic stem cell bank is certainly the
cornerstone for stem cell research and the promising
cell and tissue therapy in the near future. It is essential
to make good quality and well characterized embryonic
stem cell lines available for both research and clinical
purposes. However, in Thailand, knowledge, techno-
logy, expertise and international collaboration are
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required to develop the national embryonic stem cell
bank and evolve stem cell therapy into a reality with
the aim of improving the quality of life of Thais and
Thailand’s strength in stem cell research to an inter-
national level.
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