




Standardisation and Quality Control - Cell and Gene Therapy Products

Proceedings of the International Symposium, Strasbourg, 24-25 February 2003
© Council of Europe

3

TABLE OF CONTENTS

OPENING REMARKS
Prof. Dr H. G. Kristensen, Chair of the European Pharmacopoeia Commission...........................7

SESSION I:
LATEST SCIENTIFIC DEVELOPMENTS IN CELL
AND GENE THERAPY PRODUCTS: WHERE ARE WE

Latest trends and developments:
For Gene therapy:
- Development of gene transfer medicinal products
Prof. Dr K. Cichutek, Paul Ehrlich Institute (PEI) (D).................................................................9
- Quality control of NV1FGF plasmid DNA for PAD gene therapy
Dr D. Faucher, Gencell, Aventis Pharma (F)............................................................................. 13

Latest trends and developments
For Cell Therapy
- Stem cells for therapy: Neutral stem cell lines for neurological disease
Dr J. Sinden, ReNeuron (UK) ................................................................................................... 21
- Cell drug TM – Quality challenges
Dr E. Balbirnie, IDM (F/USA) ................................................................................................. 25

SESSION II:
NEW QUALITY CHALLENGES FOR CELL THERAPY PRODUCTS

Manufacturing overview:
QC of cell banks, starting materials, final product and state of the art testing methods
- Cell therapy
Dr M. Wisher, BioReliance (UK) ............................................................................................. 27
- Gene therapy: general safety tests and vector specific safety issues
Prof. O. Merten, Genethon (F) .................................................................................................. 35

Development issues:
- Virological and microbiological safety aspects of novel cell therapies and tissue engineered
products
Dr D. Galbraith, Q-One Biotech (UK) ...................................................................................... 59
- Strategy for QC and release for individual cell therapy products
Dr Ch. Bogedain, MediGene AG (D) ........................................................................................ 63
- Lessons learned in the scale-up of quality systems for a cell therapy: experience
with autologous chondrocyte implantation
Dr G. C. Du Moulin, Genzyme Biosurgery (B/USA) ................................................................ 69



Standardisation and Quality Control - Cell and Gene Therapy Products

4
Proceedings of the International Symposium, Strasbourg, 24-25 February 2003

© Council of Europe

SESSION III:
NEW QUALITY CHALLENGES FOR GENE THERAPY PRODUCTS

Manufacturing overview:
- Gene therapy of SCID-X1: practical experience in the product elaboration
Prof. M. Cavazzana Calvo, Hôpital Necker (F) ......................................................................... 75
- Manufacture and characterisation of adenoviral vectors for gene therapy clinical trials
Dr G. Sharpe, Cobra Therapeutics Ltd (UK) ............................................................................. 79

Development issues:
- Stability of viral vectors for gene therapy
Dr D. Malarme, Transgene (F) .................................................................................................. 83
- Stability of Plasmid DNA vectors in gene therapy
Dr D. Thatcher, Cobra Therapeutics Ltd (UK) ......................................................................... 87
- Improvements in GMP plasmid DNA production: Vector topology and product safety
Dr M. Schleef, PlasmidFactory (D) .......................................................................................... 91
- Characterization and use of an Adenovirus reference material
Dr B. Hutchins, Canji (USA) .................................................................................................... 95
- Need of reference materials for retroviruses and lentiviruses
Dr K. Mitrophanous, Oxford BioMedica (UK).......................................................................... 99

SESSION IV:
THE REGULATORY ISSUES

Present and future regulatory challenges for gene and cell therapy products
Dr L. Tsang, Arnold & Porter (UK) ....................................................................................... 105

Needs for the industry in standardisation and quality control in the framework
of the European regulatory context
Dr E. Tambuyzer, EUROPABIO – Chair Health Care Board, (B) .......................................... 109
Dr C. L. Julou, EFPIA (B) ...................................................................................................... 109

Needs for the regulatory authorities
- Regulatory developments at European Community level
Mr M. Robert, European Commission (Pharmaceuticals) (B) ................................................. 115
- The French National Agency experience
Mrs S. Lucas-Samuel, AFSSAPS (F) ...................................................................................... 123

Needs for the control laboratories (OMCLs)
Proposals from the French OMCL
Dr M. H. Tissier, AFSSAPS-DLC (F)..................................................................................... 129

USP’s activities in standardisation of cell and gene therapy products
Dr I. F. Deveau, USP (USA)................................................................................................... 137



Standardisation and Quality Control - Cell and Gene Therapy Products

Proceedings of the International Symposium, Strasbourg, 24-25 February 2003
© Council of Europe

5

SESSION V:
THE FUTURE

Final round table discussion and action plan ...................................................................... 141

POSTERS
Study on the quality controls of retroviral vectors in gene therapy
Biologics Evaluation Department
Korea Food and Drug Administration ..................................................................................... 151

External quality control of cell therapy products
AFSSAPS (F) ......................................................................................................................... 152

Future quality control for gene therapy products:
Technical approach of the French agency for the safety of health products
AFSSAPS (F) ......................................................................................................................... 153

The large scale manufacturing of plasmid DNA for pharmaceutical applications
Current plasmid quality standards – contaminations – process difficulties and solutions
QIAGEN (D) .......................................................................................................................... 154

BIOGRAPHICAL NOTES ........................................................................................... 155

PROVISIONAL LIST OF PARTICIPANTS .......................................................... 165



Standardisation and Quality Control - Cell and Gene Therapy Products

6
Proceedings of the International Symposium, Strasbourg, 24-25 February 2003

© Council of Europe



Standardisation and Quality Control - Cell and Gene Therapy Products

Proceedings of the International Symposium, Strasbourg, 24-25 February 2003
© Council of Europe

7

OPENING REMARKS

Prof. Dr H. G. Kristensen, Chair of the European Pharmacopoeia Commission

We thank you to be so numerous participants to this Conference for exchanging your view points on
these very innovative therapies.

The programme of the Conference involves representatives from developpers, manufacturers,
authorities, etc., in both eras the genetransfer models, also known as genetherapy, and the cell
therapy either reconstitutive or substitutive and we hope to capture your interest for the next two
days but also your interactive participation in lively discussions.
A panel of highly qualified experts have been invited thanks to the effort of our scientific
organizing committee. No doubts they will communicate their experiences gained in field trials, the
problems they encountered and how they solved them as well as their specific solutions, but most
probably they wish also to share with you some of their more general questions in order to develop
common approaches hence a number of representatives from the regulatory bodies amongst the
speakers.

This new field of therapy still deserves a thorough scrutiny although it has now been included by
the EU regulators in their most recent draft of Annex I to the revised Directive 2001/83 on human
medicines in a general chapter 4 under the Heading «!Advanced Therapies!».
Also a number of guidelines or points to consider were elaborated by the European Agency for the
Evaluation of Medicinal products (EMEA) experts committees such as the Biotech Working Party
and a specific Gene Therapy Expert Group (GTEG) was recently created to advise the Committee
for Proprietary Medicinal Products (CPMP); our usual international partners have also been active
in the field.
Copies of the most relevant regulatory documents have been included in the documentation
provided in your satchels when their size allowed for duplication.

The present Conference which brings together 153 experts in the field from 22 countries all over the
world but mostly from Europe (16 countries) shall give you the opportunity to exchange your view
points and experience in order to built the future needs in Standardisation and Quality for these
innovative medicines. Your contribution will help EDQM and the European Pharmacopoeia
Commission to develop timely suitable tools to guarantee safe, efficient and good quality products
for the European patients who put great emphasis in such products because it is there unique chance
to be cured from diseases for which there is no other more classical pharmaceutical approach.
At the end of the Conference we have foreseen a round table discussion to help us summarising the
outcome of the presentations and their implication for regulators in order to formulate a clear action
plan in terms of needs for quality standardisation, reference methods, monographs -whether product
specific or more general method oriented- safety testing etc and we hope you will all participate to a
lively debate.
As you may already know the Ph.Eur. Commission has recently included this area of interest in
their working programme and specific experts group were nominated. All we need by now is to
guide them in their work and your needs will be their programmes!
I exhort you to have fruitful exchanges of viewpoints based on experiences and expectations and
declare the Conference open by now.
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SESSION I:
LATEST SCIENTIFIC DEVELOPMENTS IN CELL AND GENE THERAPY PRODUCTS:

WHERE ARE WE

Latest trends and developments for Gene therapy:
Development of gene transfer medicinal products

Prof. Dr K. Cichutek, M. Schweizer, C. Buchholz, R. Toenjes and E. Flory,
Paul Ehrlich Institut (PEI) (D)

Gene transfer medicinal products (GT-MPs) are medicinal products:
• which are either used with the aim of genetically modifying human somatic cells in vivo, or
• which consist of or contain ex vivo genetically modified autologous, allogeneic or xenogeneic

cells.
Genetic modification of cells, either ex vivo or in vivo, involves the use of replication incompetent
viral vectors, non-viral vectors or ”naked” nucleic acid. In some cases, replication competent
microbes such as replicating adenovirus are being used. Viral vectors commonly used include
retroviral, adenoviral, Adeno-Associated Virus (AAV) and pox virus vectors the safety and efficacy
profile of which are different. Therefore, each vector is commonly used in specific settings. The
modified cells used in vivo include autologous, allogeneic or xenogeneic cells.

No marketing authorisation of a GT-MP has been granted and clinical trials, so far mainly carried
out in Europe and North America, have been concentrated on phase I/II with a large emphasis on
analysing safety and obtaining first evidence for possible efficacy of GT-MPs. Disease targets
include monogeneic diseases, cancer, infectious and cardio-vascular disease, examples of which
show that each disease may need the development of a particular approach and the use of a
particular vector, expression construct or modified cell. With an increasing understanding of the
underlying molecular biology, first evidence of possible efficacy has been obtained in a number of
clinical trials including those targeting ischemia, head-and-neck cancer, haemophilia and
monogeneic disease. However, proof of efficacy has yet to be obtained in phase III studies. With
the improvement of gene transfer efficiency, serious adverse reactions are also being observed and
will have to be met by improving the vectors and strategies applied.

In the European Union, marketing authorisation for GT-MPs will be obtained following the
centralised procedure via the European Agency for Evaluation of Medicinal Products (EMEA;
Council Regulation (EEC) No. 2309/93). Experts from national authorities like the Paul-Ehrlich-
Institut (http://www.pei.de/themen/themlink.htm) are involved in the review of applications and
scientific advice given to the developing pharmaceutical industry. A European “Note for Guidance”
on the preclinical and clinical aspects of GT-MPs is available. For the evaluation and review of
clinical protocols, a parallel procedure involving the approval by a competent authority and the
positive appraisal of the local ethics committee will be established (Directive 2001/20/EC). General
issues and matters of importance to the field of gene therapy will be discussed with experts under
the auspices of the Gene Therapy Expert Group of the CPMP/EMEA.
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DISCUSSION

Question from the floor: Concerning database: there is no worldwide database which exists today.
Like you say, there is a lot of data which is kept confidential but there is a potential of having a
‘superficial’ database which would at least give you information on how many trials for such a
vector, how many trials for such a disease etc. This would be very beneficial, what you think Prof.
Dr Cichutek?

Prof. Dr K. Cichutek: It would be good to have an overview of North America and Europe.
Secondly, if we are dealing with the European problem, I think that various database is a good
approach – however, we need a central database which would encompass all the clinical trials
which are on-going and it would be the European Commission and the EMEA would have this
database and the regulators will be happy I imagine to have this. I agree that we should open in part
information contained in the database to the public. The issue of confidentiality must be kept,
however, one can take parts out of the database in order to get an overview of the on-going clinical
trials.
There are two things one could do for this: the first is to take parts of the clinical trials in Europe
and make it open to the public. For this, one have to have a change in the current law, which may be
difficult, but one could lobby ones politicians in order to obtain this. The second, is to rely on the
national databases (and I know that in some Member States these are public and open to
consultation) therefore, we could connect these and we would obtain a lot of information. The
problem with the various databases is the different standard in introducing data and if you do not
adhere to the right standard, you will not get in all the relevant criteria and the information is then
incomplete on.
My recommendation would be to lobby the politicians that we need news laws permitting us to get
extractions form the clinical trial database and the second would be to rely on the national database,
complete these and put them together and one single European database.

Question from the floor: Question related to cell products and gene vectors: it is difficult to
combine different molecules in clinical trials and here we have to deal with two different families of
gene transfer medicinal products – what is the point of view of regulatory bodies concerning
combinations of cell and gene products?

Prof. Dr K. Cichutek: If I have well understood your question, the issue is combining cells
(modified or not) with viral vectors or DNA in which you introduce directly a gene and it becomes
then the gene transfer medicinal product heading? It is not a problem because at the heart of these
gene transfer medicinal products is the gene transfers so we have to deal with new genes which are
introduced into cells and whether these cells are then firstly introduced into the patient, or whether
these gene transfers will be for in vivo poses different end-points but with little differences in the
view-points. I think that it is good to collect under one heading all these issues because a lot of these
products will only be used once, twice or three times and therefore there is no chronic use. The
chronic use and the pharmatox problem relates from the gene product that will be constantly made
in the cells that are modified therefore, in this respect this connects the right people and the right
issues together under one sub-heading.
However, if one talks about cell therapy on its own, there is a lot of connection to the modified cell
therapy under the heading of gene transfer medicinal products. I can tell you that we had an
evaluation of a cell therapy product where people tried to use gene transfer just to get some idea of
the workings of the in vivo of this cell therapy product so personally I think that there is an overlap.
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I hope that the guidelines will be not so specific and will be used for both types of therapies. For the
both types of therapies you will probably have the same competent authorities giving the approvals
therefore, in this respect it is only superficial to make a real difference.



Standardisation and Quality Control - Cell and Gene Therapy Products

12
Proceedings of the International Symposium, Strasbourg, 24-25 February 2003

© Council of Europe



Standardisation and Quality Control - Cell and Gene Therapy Products

Proceedings of the International Symposium, Strasbourg, 24-25 February 2003
© Council of Europe

13

SESSION I:
LATEST SCIENTIFIC DEVELOPMENTS IN CELL AND GENE THERAPY PRODUCTS:

WHERE ARE WE

Latest trends and developments for Gene therapy:
Quality control of NV1FGF plasmid DNA for PAD gene therapy

Dr D. Faucher, Gencell, Aventis Pharma (F)

Cardiovascular diseases background

Cardiovascular diseases represent the first cause of mortality or disability in developed countries.
Arterial occlusions lead to partial ischemia of either the myocardium muscle, where the disease is
called CAD (Coronary Artery Disease), or the limb, in this case the disease is called PAD
(Peripheral Artery Disease). The current therapies proposed to patients suffering severe peripheral
artery occlusive disease are percutaneous transluminal angioplasty (PTA) or surgical treatments in
which revascularisation is achieved by bypass.

Plasmid DNA gene therapy for therapeutic angiogenesis

The treatment we propose and currently being investigated in phase II clinical trials is therapeutic
angiogenesis induced by administration of an angiogenic growth factor using plasmid DNA gene
therapy. The product is named NV1FGF and Phase I clinical trials have shown that intramuscular
plasmid DNA injection was well tolerated by the 51 treated patients [1].

The growth factor we chose for this angiogenic approach is FGF-1 (Fibroblast Growth Factor).
Fibroblast growth factors act on most cell types including endothelial cells, fibroblasts and smooth
muscle cells. Within the FGF family, FGF-1 was the first discovered and was shown to induce
angiogenesis in vivo [2]. FGF-1 was first described to activate endothelial cell migration and
proliferation, the key steps of angiogenesis. FGFs are also involved in repair mechanisms during
wound healing. They could also be useful in impaired healing seen in situations of inadequate
perfusion, or connective tissue disorders.

Therapeutic angiogenesis using a growth factor can be achieved either after administration of the
protein or the gene. However the main drawback of proteins is their very short half-life which may
necessitate high doses (with the risk of adverse events) and multiple injections to reach a
therapeutic effect. Other problems may be related to a systemic biodistribution with the risk of
promoting undesired angiogenesis in other tissues. In contrast, administration of a gene affords a
local delivery of the protein at a low level within the lesioned tissue. Protein synthesis persists from
days to weeks and allows for a sustained release [3].

The choice of the vector for the gene therapy approach depends on different parameters ranging
from the efficiency of the in vivo transfection to the host tolerance. Plasmid vectors have significant
advantages compared to viral vectors for therapeutic angiogenesis. Plasmid vectors have excellent
biosafety level profile, limited systemic distribution, limited immunologic response, enable repeated
administrations and are well tolerated by the host. However, viral vectors have a greater ability for
gene transfer in vivo. The limitation of plasmid vectors gene transfer is counter-balanced by the
potent biological activity of FGF-1.
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Plasmid DNA vector optimization

We have taken a step-wise approach to the development of a safety-improved plasmid vector.
Initially, we developed a redesigned host/plasmid system designated pCOR [4]. pCOR plasmids
have a conditional origin of replication, a minimum size due to the reduction in size to 1 kb of
bacterial DNA sequence and no antibiotic resistance gene. The pCOR backbone consists of three
bacterial elements: the R6Kg origin of replication which requires the R6K π initiator protein to be
functional, a tRNA suppressor gene to maintain selection of the plasmid in an argE bacterial host,
and the cer fragment to allow for multimer resolution. Propagation of pCOR plasmid is restricted to
an engineered E. coli bacterial strain that encodes the R6K π initiator protein, making propagation
of plasmid and bacterial strain co-dependent in minimum medium. pCOR can only replicate in
engineered π-producing enterobacteria, limiting their host range to the laboratory. pCOR plasmids
have also been optimized for high copy number within the E. coli bacterial strain.

Plasmid DNA manufacturing

The amplification and production of plasmids is performed in Escherichia coli. For high-copy
number plasmids such as pCOR plasmids (˜ 500 copies per cell) more than 10 g of plasmid can be
produced from a 100 L working volume fermentation unit. Current processes used for the
manufacturing of plasmids usually involve a standard alkaline lysis extraction step followed by two
or three chromatography steps including anion-exchange, hydrophobic interaction, reversed-phase,
gel filtration, or hydroxyapatite. All of these processes hardly eliminate host genomic DNA and
RNA, whose behaviours are very close to plasmid, so that currently reported specifications for the
levels of contamination are typically around 1% for host DNA, RNA and protein [5, 6]. An affinity
chromatography step based on the formation of a triplex structure between an oligonucleotide
ligand and a target sequence in the plasmid was recently developed at Gencell and successfully
scaled up to multi-litre scale [7, 8]. A process including a triplex affinity step is being implemented
for the manufacturing of clinical lots of NV1FGF for Phase III studies. With this process, the level
of contamination of NV1FGF preparations by genomic DNA and RNA is in the ppm range (1 ng
per mg of plasmid) and the contaminating host proteins are undetectable with currently available
techniques (< 0.01%). The level of residual host DNA and RNA achieved now is several orders of
magnitude lower than reported levels of contamination obtained with processes involving only
“classical” chromatography steps and meets specifications set for therapeutic recombinant proteins.

Plasmid DNA quality control

The quality and safety of plasmid DNA products dedicated to clinical trials such as NV1FGF must
meet all European and US guidelines for active pharmaceutical ingredients and drug products used
for injection. Therefore the testing program takes into account the recommendations issued by the
EMEA, the Food and Drug Administration (FDA), the International Conference of Harmonization
(ICH), as well as the World Health Organization (WHO). This testing program complies with
current Good Manufacturing Practice (cGMP) procedures. To this end, compendial testing methods
described in Pharmacopoeias were used wherever applicable and specific relevant methods were
developed and validated to address the specificity of the product.

Quality control of the banks
The production of NV1FGF plasmid DNA is based on a well defined master cell bank (MCB) and
subsequent working cell banks (WCB). These cell banks represent the primary cell stock and have
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been fully characterised for purity, identity, and viability of the host-vector system. The sequence of
the entire plasmid was established for both the MCB and the final product.

The cell banking system was tested as follows:

Control Test
Purity and viability Purity by plating

Gram staining
Presence of bacteriophage

Identity, partial genotype Genotyping the strain (XAC-1 pir116)
Phenotyping using microbial tests
Verification of specific biological properties

Molecular confirmation Determination of plasmid copy number per bacteria
Restriction map
Percentage of cell retaining the expression construct

Sequence of the plasmid Sequencing of the whole plasmid

Quality control of the product
The quality of the active pharmaceutical ingredient and of the drug product must be demonstrated
with regards to identity, dose, potency/efficacy, purity and safety.
For plasmid DNA identity assessment, agarose gel or capillary electrophoresis (CE) provide the size
of the plasmid as well as the size of the fragments obtained from a battery of restriction enzymes [9,
10]. Western blot analysis performed on a supernatant of cell transfected by the plasmid in presence
of lipofectamine and using specific antibodies confirm the nature and the size of the expressed
protein.
Dose is determined using UV spectrometry at 260 nm when concomitant relevant levels of purity
are obtained but a specific HPLC method is highly recommended.

To assess potency/efficacy an ELISA assay for transgene expression is useful since these tests are
generally quantitative and can be run in addition to a specific bioactivity assay. The development of
such an in vitro assay with plasmid DNA is often long due to the difficulty in obtaining good well
to well transfection repeatability of culture plates. In our case we developed an in vitro bioassay
which measures the potency of the NV1FGF plasmid to induce cell growth. This bioassay is
quantitative and gives a ED50 with a RSD < to 40%.
For product purity assessment, both the integrity of the plasmid and the quantity of potential
contaminants must be investigated.
For the assessment of integrity, a chromatographic method was developed to quantitate the open
circular form considered to be a contaminant of the supercoiled form. This assay can also be
performed using CE [10]. Also since DNA depurination is the first step leading to the cleavage of
DNA nucleotide bonds [11] we recently implemented an assay to accurately assess the depurination
status of the product. The technique consists of inducing the ß-elimination on depurinated sites
using a chemical agent, DMED (N N’-dimethylethylenediamine), described by McHugh [12] and
measuring the resulting open circular plasmid forms by Ion-Exchange HPLC. In addition to that we
also routinely measure the level of multimers (dimers and eventually trimers) present in the
preparation using agarose gel or CE. In our case, this level is very low (around 1% for the dimer)
due to the presence of the “cer” fragment introduced in the plasmid backbone.
Physical product contaminants in purified plasmid DNA vectors arise in the form of host cell DNA,
RNA and proteins. Taking advantage of quantitative PCR techniques, very sensitive methods to
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assess contaminant levels in purified preparations have been set up. At Gencell, we developed two
highly sensitive quantitative assays: one based on PCR for host cell DNA contaminants and one
based on RT-PCR for host cell RNA, both assays having a detection limit of 0.00002%. Host cell
protein contamination could be assessed using different tools, either specific coloration of proteins
using a BCA (bicinchoninic acid) kit but this assay has a low detection limit (around 0,01%) or a
method based on silver staining of SDS-gels. This latter method is much more sensitive especially
if the proteins have been concentrated on ion exchange beads prior to being submitted to gel
electrophoresis. In addition, we are currently developing specific antibodies raised against the major
E. coli protein contaminants observed at the first steps of the purification process. These antibodies
will be used to develop ELISA tests which will be used to address lot to lot consistency regarding
the kind of contaminants found at intermediary stages of the process. As a matter of fact, the level
of remaining protein in the final product obtained from our process is so low that it can not be
assayed by ELISA kits obtained from commercial sources.
Most of the analytical methods described above have already been validated in our hand following
the recommendation of the SFSTP (Société Française des Sciences et Techniques Pharmaceutiques)
for products used in phase I and II clinical trials. Development of new analytical tools are ongoing
for the in-coming phase III.

List of tests applicable to Plasmid DNA Quality Control:

Purpose Test Method
General tests Extractable volume

Appearance test
pH

Pharmacopoeia
Pharmacopoeia
Pharmacopoeia

Identity Plasmid size
Restriction mapping
Gene expression

Agarose gel or CE
Agarose gel or CE
Western-blot

Dose DNA content UV spectrometry or IE HPLC
Potency/Efficacy Transgene expression

Bioactivity
ELISA
In vitro or In vivo

Purity % of supercoiling
% of multimers
Number of apurinic sites
E. coli DNA
E. coli RNA
E. coli proteins
Ratio 260/280 nm
Residual solvents

Ion exchange HPLC or CE
Agarose gel or CE
b-elimination and HPLC or CE
Quantitative PCR
Quantitative RT-PCR
BCA, silver stained SDS-PAGE, or ELISA
UV spectrometry
Pharmacopoeia

Safety Sterility
Bacterial Endotoxins

Pharmacopoeia
Pharmacopoeia

Conclusion

Plasmid DNA manufacturing processes for clinical grade material within the industry has made
huge productivity and quality improvements the last past years. In particular and due to the
introduction in our hand of a highly specific affinity chromatography step, the level of residual
impurities in the product has been dramatically reduced. In parallel, the Quality Control teams have
had to develop sensitive and reproducible assay tools to assess the purity, the safety and the potency
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of these products. Many analytical techniques which were used only in research laboratories in the
early 1990’s had to be optimized and validated to become compliant cGMP tools to assess identity,
purity, potency, safety and stability of the products to be released for phase I, II and III clinical
trials.

DISCUSSION

Dr M. Schleef: Are you using a system to avoid antibiotic resistance? And did you do any
evaluation to find out what such a molecule would cause in a eukaryotic cell if it appears there; if
you have nanogrammes of RNA in your product, even if this is in small quantities there could be
thousands of this molecule so that you have to ensure that you suppress the RNA as it is not
dangerous for the eukaryotic cells; do you have an assay as the PCR is not able to detect this, only
with HPLC but the HPLC might not be sensitive enough.

Dr D. Faucher: Host cell RNA is assessed using either HPLC or RT-PCR. We demonstrated that
we have a very low content of this contaminant, especially with the new process which will be used
for phase III but I do not understand the question since low levels of host cell RNA has never been
considered as a major concern regarding safety?

Dr M. Schleef: No, my concerns is to suppress the RNA which is expressed from the plasmid in
the cells, if you produce plasmid there could be a contamination with the DNA this is one aspect
and the other is as it is on the plasmid and you transfer the plasmid to the eukaryotic cell what could
happen?

Dr D. Faucher: So, I catch your point now. It is true that an amber suppress tRNA may cause
readthrought at a significant number of natural termination codons and induce abnormal protein
synthesis. However, this requires the conjunction of several events in mammals: (1) sufficient
transcription of the suppressor tRNA in mammalian cells; (2) correct folding of this tRNA which is
essential to its activity; (3) correction recognition; and (4) loading of a specific prokaryotic tRNA
by an eukaryotic tRNA synthetase. All those events happening concomitantly seem to be highly
unlikely. Besides, several experiments confirm this assuption and for further details on that question
I recommend to read the article from Fabienne Soubrier which as edited in Gene therapy in 1999.

Question from the floor: As regards plasmid stability during storage, especially using the
depurination assay – what is your experience?

Dr D. Faucher: Our experience is still limited because valuable stability studies take time and we
have implemented the depurination assay only recently. Anyway from our preliminary results we
can observe that the depurination level of a lot is dependent of the manufacturing process and on the
formulation buffer used. A similar depurination level is observed from lot to lot when the same
process is used. At the API (Active Pharmaceutical Ingredient) step, we generally observe a % of
supercoiling around 99%. Among these 99% the results show that from one process to another the
initial % of depurination could vary from 1 to 8% at t=0. In the example I shown you in my
presentation, you could see that the depurination form seems to rapidly undergo the beta-
elimination and so loses its supercoiled form to be transformed in the open circular form. In that
case, the less depurinated forms exist at the beginning, the most stable is the lot over time. In this
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way, the assessment of the depurination level is a valuable tool to predict the stability of a lot over
time.

Question from the floor: You mentioned about the potency assay – do you keep it as a qualitative
assay or do you give it a quantification dimension.

Dr D. Faucher: It is a quantitative assay now. It took us almost 5 years to develop a really
quantitative assay. When I say that the assay was qualitative at the beginning it is for the following
reason in fact we tried to validate it but the relative standard deviation was 80% so in that case we
preferred to say that it was not a quantitative assay. Now, we are better than 40% so we claim that
we have a quantitative assay but this validation is very recent. It is difficult to have a very
reproducible assay since you have to control the transfection of the cells in presence of
lipofectamine and also the cell growth which have to be reproducible from one wells to another;

Question from the floor: Do you have data to indicate that if you are trying to maintain your super
coils structure from 90% to 95% is there a validation data to indicate the super coil nature of the
plasmid correlates to the bioactivity of the molecule?

Dr D. Faucher: Are the linear forms and the relaxed forms as active as the supercoiled forms? I do
not think that anyone could answer properly the question since as far as I know, nobody has a
bioassay accurate enough to demonstrate that. Besides, even if we could demonstrate that using an
in vitro assay, would it be relevant to predict what may really happen in vivo? This could be
different. Actually, we made an experiment in order to see if the relaxed form was active or not
using our in vitro bioassay. In this experiment a 95% open circular plasmid lot gave a similar ED50
than a 95% supercoiled one, so it is highly probable that the open circular form retains its
bioactivity but we could not conclude that we retain 100% of the activity when the plasmid is
relaxed since, at the time this experiment was made, the relative standard deviation of the method
was still 80%. In any case it is impossible with the existing bioassays to be in position to
discriminate a lot 90% supercoiled from another one 95% supercoiled.
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SESSION I:
LATEST SCIENTIFIC DEVELOPMENTS IN CELL AND GENE THERAPY PRODUCTS:

WHERE ARE WE

Latest trends and developments for Cell Therapy
Stem Cells for Therapy:

Neural Stem Cell Lines for Neurological Disease

Dr J. Sinden, ReNeuron (UK)

Introduction

In the last 5 years there has been intense academic and commercial interest in the potential of stem
cells as therapeutics. Many diseases are the result of cell death or degeneration and an effective cell
replacement therapy would be welcomed. The use of bone marrow derived stem cells to treat a
variety of haematological disorders is now established medical practice and has shown the validity
of the paradigm for stem cells as therapeutics. There is now a major search for transplantable stem
cell therapeutics to treat non-haematological disorders. There is increasing belief in the scientific
community that stem cell transplantation will be a viable therapeutic approach.

Many disease of the brain are characterised by cell death. The most obvious diseases in which cell
transplantation will be tried are those where damage is discreet and localised e.g. Parkinson’s
disease and Huntington’s disease.

Grafting of fetal tissue into the striatum of patients with Parkinson’s disease has been tried since the
1980s and this experience has been reported as individual cases, small series and most recently from
two large trials. Such grafts differ distinctly from ReNeuron’s approach in that they use small pieces
of brain tissue dissected from cadaveric fetuses and then pooled to provide sufficient material for
transplantation. The results of the fetal grafts have been mixed and engendered considerable
controversy although it seems clear that many individual patients have benefited. Regardless, the
practical and ethical issues around fetal tissue grafting indicate that it is very unlikely be a widely
used approach and cell lines offer many benefits over heterogeneous tissue grafts.

Using murine cells as a prototype, ReNeuron has repeatedly demonstrated that implanted stem cells
are able to restore function in a wide variety of rat models of human disease including global and
focal ischemia (stroke), neurotoxin basal forebrain lesions (Alzheimer’s disease) and neurotoxin
lesions of the striatum (Huntington’s disease).

ReNeuron has succeeded in developing a wide range of neural stem cell lines derived from the
human fetal brain. The Company finds that it is not possible to maintain human fetal brain cells,
from all anatomical regions, in long–term culture without immortalisation. As a result all of the
Company’s lines are immortalised. Initially ReNeuron used a temperature sensitive gene (tsT) to
conditionally immortalise its human cell lines but the cell lines developed with this technology
proved genetically unstable. Fortunately, the Company has now acquired the exclusive, proprietary
rights based on issued patents in Europe, USA and elsewhere to use another immortalising gene
(c-myc) for this purpose and has now made new cell lines. The Company has also acquired the
c-mycERTM gene in which the c-myc gene is fused to a tamoxifen receptor element. This gene is
only active in culture conditions where tamoxifen is present. This means that cell growth can be
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driven in vitro by adding tamoxifen to the growth media but that cells will no longer divide when
implanted. This is an important safety advantage of ReNeuron’s technology.
The process of manufacturing the cells can be summarised in the following brief way: A non-
pathogenic virus is used to introduce an immortalising gene into a culture plate of human brain stem
cells. Only a small proportion of the cells take up the gene. The cells carrying the gene are first
selected and then expanded to form a population of cells all carrying the immortalising gene. Single
cells from this population are then grown separately to form clonal lines i.e. a large number of cells
each of which is derived from a single cell and are therefore identical. Each line is then tested by a
panel of assays, to identify those that are most promising for in vivo evaluation.

C-myc immortalised lines from several regions of human fetal brain are now growing well.
ReNeuron’s transplantation focus with these lines will be in animal models of Parkinson’s disease
and stroke.

While the majority of ReNeuron’s research efforts are focussed on human cells, the Company has
now derived murine lines to the required regulatory standard with view to a Phase I/II trial in
Huntington’s disease in 2004. ReNeuron was founded in 1997 based on ground-breaking data
developed with murine brain stem cells derived from the immortomouse. The immortomouse is
transgenic for the temperature sensitive (tsT) gene. Cells derived from the mouse are able to divide
at 33°C but cease dividing and mature at 37°C. The Company’s founders showed that neural stem
cell lines from the immortomouse:

- can be grown and expanded indefinitely in appropriate culture conditions
- migrate to the site of damage in rat brain even when transplanted some distance from the lesion.

This exciting property allows the cells to seek out sites of injury by responding to signals from
the damaged brain and means that the surgeon only has to implant them in the general area of
brain damage, not at the exact spot.

- integrate into the host brain tissue in localised areas of damage and restore normal architecture.
Restoration of functional connections (wiring) is important in regaining function.

- repair the motor, sensory and behavioural deficits seen in several well-accepted rat and
marmoset models of human disease (publications all accessible, see www.reneuron.com).

- differentiate into neurons and glia, as required, to provide new structural elements at the site of
injury. The demonstration that the implanted stem cells can become both main types of neural
cells after implantation demonstrates that the implanted cells are true stem cells and are capable
of responding to the signals from the damaged area of the brain.

- integrate into the lesioned brain as a function of the location and extent of damage. The cells do
not integrate into normal young brains and only those cells that are needed integrate into the
host brain.

- repair even when placed contra-laterally (on the opposite side) to that of the lesion. This
suggests that transplanting cells not only into the lesioned side but also into the equivalent
anatomical structure may give additional clinical benefit (e.g. cells implanted into the right
cerebral cortex after left cerebral cortex damage).

- fulfil the essential regulatory requirements for purity, potency and consistent identity.

ReNeuron’s Scientific Assets

- Reliable, ethically approved human fetal tissue source, with donor blood samples serologically
screened (as required for eventual human therapeutic use).

- Clean room tissue culture facilities operated to ICH/FDA guidelines and GLP-like laboratory
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procedures
- GLP-derived human-origin TEFLYA third generation retroviral packaging cells delivering high

titre amphotropic c-myc, c-mycERTM (using different promoter constructs) and GFP.
- Up to 100 clonal neural stem cell lines derived from human fetal brain using regulated

c-mycERTM and unregulated c-myc genes
- ReNcell human neural stem cell lines that are suitable for all cell-based assay formats and

available for licensing (http://www.reneuron.com)
- Cell-line development experience being acquired during 2003 in contracted MCB/WCB

production and testing for murine stem cell product under development for Huntington’s
Disease

- Rodent animal testing facility with expertise in a range of standardised quantifiable efficacy
models of human neurological disease, including Parkinson’s, Alzheimer’s, Huntington’s
diseases, stroke and other forms of ischaemic brain conditions and a transgenic rat model of
inherited motorneuron disease (mutant SOD1). Post-mortem engraftment facility for the
analysis of the disposition and phenotype of grafted human cells using confocal microscopy.

Conclusions

ReNeuron believes it has developed a platform and facility to generate human somatic stem cell
lines to the required standard for clinical development. This is based on:

- Qualified human tissue sources with full ethical approval and compliant with the forthcoming
EU Cells and Tissues Directive

- Proprietary c-myc conditional immortalisation technology
- Clean room tissue culture facilities
- In house GLP and flexible response to the changing regulatory scene
- Rapid ability to functionally test stem cell products
- National political and ethical support for stem cell research and access to scientific leadership in

the field

DISCUSSION

Question from the floor: Hypothetically, is there any possibility that the immortalized cell lines
that you use could run out of control and go to a tumorigenic stage?

Dr J. Sinden: This is something which we clearly need to test. There are several levels of control in
the system and one is this conditional strategy which we have to showing is working and functional.
We also use retroviral vectors which are not well expressed in vivo once you transplant the cells.
We have data that these constructs tend to be shut down and this seems to be true to stem cells that
they like to shut down retroviral expression systems.

Question from the floor: Please could you expand further on your idea concerning developing a
neurology human stem cell for different transplantation system like the quad blood banking.

Dr J. Sinden: The base material which we are using is the human foetal brain – that is our primary
approach. One could use other cell sources but clearly in terms of what we know about what works
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in terms of efficacy and what is closest to jumping the efficacy hurdle is the foetal source and
therefore this is the one we are focusing on. In terms of immunological issues, clearly this would be
an allograft. One would immunosuppress the patients for a period of time, about 6 months I would
imagine. It is unclear as to how necessary that is and I would imagine that at later clinical trials one
could test the immunosuppression requirements.

Question from the floor: I wonder how this type of product will be considered by the regulatory
authorities. Will it be a medicinal product?

Dr J. Sinden: Yes, it is regarded as a pharmaceutical product.
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SESSION I:
LATEST SCIENTIFIC DEVELOPMENTS IN CELL AND GENE THERAPY PRODUCTS:

WHERE ARE WE

Latest trends and developments for Cell Therapy
Cell drug TM – Quality challenges

Dr E. Balbirnie, IDM (F/USA)

IDM is a biopharmaceutical company developing new immunotherapy products to fight cancer.
IDM’s Cell DrugsTM are designed to boost the immune system, destroy tumour cells and immunise
patients to prevent tumour recurrence while avoiding major side effects.

Novel autologous immunotherapy products cannot be always treated as traditional medicinal
products. This has resulted in a number of challenges to ensure that the highest quality standards are
maintained for current clinical trials.

Some of these challenges will be reviewed, particularly in relation to raw materials and release
testing together with the structures IDM is developing to ensure a smooth transition from the
clinical phase to commercialisation.

DISCUSSION

Dr E. Balbirnie: IDM started working with dendritic cells before the issue of tolerance was raised
in the literature by researchers also involved in this field.
One of our early clinical trials relating to a therapy for melanoma (UVIDEMTM) used immature
dentritic cells. IDLM witnessed a good clinical response using these immature cells, which we
postulated could have been the result of uncrontrolled maturation of the immature dentritic cells
following administration to the patients involved.
To study this further, we have designed the current phase of our UVIDEMTM clinical trial to
compare the clinical benefits of using both immature and mature dendritic cells. This study will
involve analysis of both immune and clinical responses in patients who receive one form of
dendritic cell in a double blinded study.
It is likely that IDM’s immature dendritic cells undergo some form of maturation immediately after
injection; however, this hypothesis cannot be proven until the end of the current trial.

Question from the floor: At the beginning of Dr E. Balbarnie’s talk it was mentioned that IDM is
researching with the loading of immature dendritic cells are you not risking tolerance?
My second question concerns raw materials, biological and biotechnological reagents that you
might need. Do your suppliers use 15 nanometer a nano-filtration for some of those products?

Dr E. Balbirnie: Please see my colleagues during the break as regards your first question.
IDM are continuing to look at the option of using nanofiltration for buffers and raw materials used
in our products currently in development.
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Our current policy is to use animal free components wherever possible to minimize the risk of viral
contamination and ensure patient safety.
Second question: in some cases the suppliers use at present for the culture media 0.2
micromilligramme, we are considering moving to 0.1 or maybe lower. We do test for in vitro
adventitious viruses which we feel would cover any potential viral contamination.

Comment from the floor: I especially mentioned the used nanometer range for filtration because I
have seen some publications coming from the blood product areas where the nanofiltration can
effectively take out the viruses.

Dr E. Balbirnie: Is that from the patient material?

Comment from the floor: Yes, and from other recombinant proteins.

Dr E. Balbirnie: IDM are continuting to develop a frozen OSIDEMTM product for the treatment of
ovarian cancer. This product will combine the patient’s own macrophages with the bispecific
antibody used to direct to macrophages, prior to freezing. This frozen product will be administered
on-site after being shipped frozen and thawed at the patient’s bedside. This development work is
designed to simplify the process of getting the final product to the patient.
Despite the fact that all patients undergo regular immune monitoring, we are continuing to look at
ways of reducing the quantities of bispecific antibody used in OSIDEMTM.

Comment from the floor: If I have understood you correctly, you need a specific antibody and that
would be the component which would go into this kit to be used on a patient basis. Are there any
steps to control after the attachment of the antibody to the cells of the patient or have you
introduced a control at least in the most advanced clinical trial?

Dr E. Balbirnie: Currently, our ovarian cancer trial we purified the macrophages in some cases the
cells were administered fresh and in other cases the macrophages are frozen and then thawed. In the
current format, we currently add the antibody immediately before we administer the cell drug to the
patient. We are moving forward and we are looking to develop a combined macrophage antibody
product which we would freeze and ship to the patient and we only require a very quick thawing
step before we administer this to the patient. At present we have studied the ratio of antibody to
macrophage and we have tried to reduce the level of free antibodies in the cell drug – as we move to
the frozen step we are currently discussing this at present. We are trying to develop methods which
will determine the level of free antibody in the cell drug and develop specifications to ensure that
the level of antibody is at a minimum.
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SESSION II
NEW QUALITY CHALLENGES FOR CELL THERAPY PRODUCTS

Manufacturing overview:
QC of cell banks, starting materials, final product and state of the art testing methods

Cell therapy

Dr M. Wisher, BioReliance (UK)

Summary

In this presentation I will cover the quality control of autologous and allogeneic cell therapy
products. I will highlight issues related to the use of animal derived components in the production
of cell therapy products particularly the potential for virus contamination. One problem with the
release of cell therapy products is the relatively short 'shelf-life' of these products and the long
duration of release assays such as the mycoplasma detection assay. The final part of my
presentation will cover the development of a rapid and sensitive quantitative PCR (Q-PCR) for
mycoplasma detection.

Routes of contamination and testing strategies

In order to understand the rationale for quality control tests for microbial and viral contaminants of
cell therapy products there is a need to appreciate the routes for potential contamination.
Contaminants can be introduced by starting materials used in production. Cells may be
contaminated due to an infection of the donor or during manipulation of the cells. Media
components and reagents are a potential source of contamination. Bovine serum can be
contaminated with mycoplasma and bovine viruses and there is a low risk that the prion agent
responsible for bovine spongiform encephalopathy may infect bovine serum.
Small stable viruses can contaminate other media components such as glucose as evidenced by the
contamination of CHO cells by minute virus of mice (MVM) [1]. Small stable unenveloped viruses
such as parvovirus and circovirus may contaminate trypsin that is often used in the culture of
adherent cells. In addition to starting materials, contaminants can also be introduced into sterile
products from operators due to a breakdown of GMP or by cross-contamination between different
manufacturing runs.

The safety of biological products such as recombinant proteins and monoclonal antibodies produced
from animal and human cells has been assured by the implementation of three complimentary
quality control principles. Namely, the screening of raw materials such as cell banks, media
components and reagents for microbial and viral contaminants; the screening of process
intermediates such as bulk harvests and end of production cells and the incorporation of virus
removal/inactivation processes into the downstream processing of the product. Usually with cell
therapy products there are few possibilities to incorporate steps that can preferentially remove or
inactivate microbial and viral contaminants. However some approaches being developed for blood
cellular components may be applicable to some cell therapy products.

Without downstream virus clearing steps, the quality of cell therapy products can be assured by
placing more emphasis on screening raw materials, to ensure freedom from contaminants, and the
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incorporation of microbial and viral screening assays for the lot release of manipulated and
expanded final cell products. The control of any cell processing steps should be determined by
validating for microbiological control and the efficacy of the cleaning process between production
runs.

QC of autologous cell therapy products

Both the CPMP and US FDA have issued guidance documents on the manufacture and quality
control of human somatic cell therapy medicinal products [2, 3]. The quality control of autologous
cell therapy products emphasises donor screening, in process testing and the validation of the
processing steps. Donor screening should be similar to that applied to blood and organ transplant
donors and should cover human retroviruses, hepatitis B and hepatitis C. Contamination with these
viruses may compromise the success of any cell therapy. Testing of media components used in cell
manipulation should include assays for bacterial and fungal contaminants (sterility), mycoplasma
and viral contaminants. Depending on the time available and the extent of cell manipulation, in
process testing of the manipulated cells may also be applicable. The identity of the cells should be
confirmed using cell markers or isoenzyme analysis and assays for cell number, viability and
function should be performed.

With cell products prepared on an individual patient basis that are re-administered to the patient
immediately after cell manipulation or products that are in very limited numbers there may be
insufficient time and/or material for complete lot release control testing. In these cases a set of
essential and less time consuming tests should be performed that could include cell viability,
phenotype and number, bacterial contamination (using a rapid method) and endotoxin levels (LAL
test). Wherever feasible, retention samples should be stored for future analysis. Without a complete
panel of lot release tests, on each clinical lot, more emphasis should be placed on the validation of
the cell manipulation process. This should be performed on a regular basis (e.g. at 6 monthly
intervals) and should use a cell preparation process that is fully comparable to that used for
preparation of clinical lots. The validation should include analysis for sterility, absence of
mycoplasma and viruses, cell viability, proliferation, purity and activity or function. If cells from
different patients will be handled in the same facility and using the same processing equipment then
the cleaning process for equipment should also be validated. This should include a validation for the
inactivation of bacteria, fungi, mycoplasma and viruses.

QC of allogeneic cell therapy products

For allogeneic cell therapies donor screening would normally be more extensive than for autologous
cell therapy products. Screening should include PCR assays for human retroviruses (HIV 1 and 2,
HTLV I and II), hepatitis B, hepatitis C and hepatitis A and for human herpes viruses such as
cytomegalovirus (CMV) and Epstein Barr virus (EBV). In addition donor infection with other
transmissible agents such as mycobacteria and spongiform encephalopathy (CJD, vCJD) exposure
factors should be exclusion criteria.

The preparation of an allogeneic cell therapy product will involve the production of a Master Cell
Bank (MCB) of manipulated cells that may be expanded to produce a Working Cell Bank (WCB).
The MCB should be characterised for endogenous and adventitious contaminants using assays for
bacteria and fungi (Pharmacopoeia sterility assay), mycoplasma, broad specificity assays for viral
contamination (in vitro and in vivo viral assays), PCR assays for specific human viruses and
retroviruses. If bovine or porcine regents have been used to prepare or cryopreserve the MCB then
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the cell bank should be screened for the presence of bovine and porcine viruses. The MCB should
be screened to determine that the selected and manipulated cells are not tumorigenic and the
identity and karyotype of the cells should be confirmed.

A more restrictive characterisation (sterility, mycoplasma, in vitro virus assay and identity) is
normally performed on WCB cells. Confirmation that the WCB is free of microbial and viral
contaminants is obtained by a full contaminant characterisation (similar to the MCB) performed on
WCB cells passaged to the limit of in vitro cell age that will be used during production (CLIVA).
The extent of this cell characterisation will depend on the intended clinical use of the cell therapy
product and the stage of clinical development.

Prior to the clinical use of an allogeneic cell therapy product each lot should be assessed using lot
release tests. Wherever possible these tests should be completed prior to administering the product.
Each clinical lot should be screened for the presence of bacteria and fungi (sterility assay; 14 days
duration), mycoplasma (28-35 days duration), adventitious viruses (in vitro virus assay, 14 days
duration) and endotoxin level (LAL assay, 1 day). The cell viability, number and activity should be
measured. In practice many cell therapy products cannot be held until lot release tests are completed
prior to product administration. In these situations the lot release-testing programme should be
discussed with the relevant regulatory agencies.

Bovine virus contaminants

Many cell therapy products still require the use of animal derived components such as foetal calf
serum (FCS) and porcine trypsin. This part of my presentation will discuss the appropriate viral
testing of bovine derived products used in the production of cell therapy products.

In April 2002 the CPMP issued a Note for guidance on the use of bovine serum in the manufacture
of human biological medicinal products [4]. This asked for comments by October 2002 but a final
document has not been issued. Recently the European Pharmacopoeia issued a draft monograph
“Substances of human and animal origin for pharmaceutical use” [5]. Both these draft documents
suggest a more extensive testing for bovine viruses than is standardly performed by suppliers of
FCS and suggest that FCS should be screened for antibodies to bovine viral diarrhoea virus
(BVDV) since the presence of antibodies may obscure detection of infective virus. Both documents
specify that FCS should be screened for the presence of bovine polyoma virus (BPyV) although this
requirement was dropped from the final version of similar guidance on the use of bovine serum in
the manufacture of veterinary products [6].

BVDV is a frequent pathogen of cattle worldwide but the extent of FCS contamination is not clear.
Serum suppliers standardly screen for BVDV and positive lots are presumably rejected. Antibody
levels to BVDV are not routinely measured by FCS suppliers. BVDV can be inactivated by the
levels of gamma irradiation (30-35 KGy) used on FCS [7]. Vero, Chinese Hamster Ovary (CHO)
and Chick Embryo Fibroblast (CEF) cells are permissive for replication of BVDV but it is not clear
whether primary human cells are permissive. Human MRC-5 and WI-38 cells that have been used
for human vaccine production are not permissive for BVDV replication [8].

Bovine polyoma virus (BPyV) is a stable, non-enveloped virus related to the human pathogen SV40
virus that is oncogenic in mice. There is no evidence that BPyV is oncogenic or associated with a
disease in cattle or humans. However, 40-60% of FCS batches have tested positive for antibodies to
BPyV and, in one study, serum from 70% of humans in close contact with cattle (e.g. veterinarians)
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tested positive for BPyV antibodies [9]. Using PCR between 60 to 90% of FCS lots contained
genomic material from BPyV and in one study the identification of an amplified PCR product
correlated with the isolation of infectious BPyV. The susceptibility of primary human cells to
infection with BPyV has not been reported. From the above evidence it is difficult to evaluate how
much this virus is a risk to patients receiving cell therapy products. Regulators have recommended
the use of irradiated FCS for the manufacture of cell therapy products. Methods for irradiation
should be carefully validated since BPyV is a double stranded DNA virus that will be inactivated
less easily than single stranded RNA viruses such as BVDV.

BioReliance have screened a number of batches of bovine serum using a PCR for BPyV. Batches
positive for BPyV genomic material were foetal calf serum, 64/73, 88% positive; newborn calf
serum, 2/3; bovine calf serum, 0/3; adult bovine serum, 0/2; horse serum, 0/1. Six out of 11 cell
lines screened were positive by PCR for BPyV but it was not clear whether this contamination was
a carry-over from the use of PCR positive FCS in cell cryopreservation rather than replication of the
virus in the cells. Westcott et al [11] cultured primary kidney cells from 2-week old calves in
human serum, lamb serum or irradiated FCS and found that 18 out of 64 batches of cells were
BPyV positive by PCR. Schuurman et al [10] inoculated BPyV PCR positive FCS onto Macaca
kidney cells and observed viral cytopathic effects after 4 to 7 weeks culture with 5 out of 5 FCS
batches previously testing positive in a BPyV PCR assay. Another group claims that 10 out of 10
FCS batches positive by PCR for BPyV genomic material showed no evidence of viral replication
after culture in an infectivity assay (D Galbraith, personal communication). It is still not clear if the
genomic material detected in PCR assays is representative of infective virus or whether BPyV can
replicate in primary human cells.

Mycoplasma testing

The last part of my presentation will cover the issue of mycoplasma testing. Contamination with
mycoplasma is recognised as being a high risk probability with animal cell culture. A compilation
of the mycoplasma testing, by BioReliance, on cell lines used for research purposes (in both
academic and industrial research institutes) showed that 9.5% (421/4412) of cell lines tested were
positive for mycoplasma contamination using a broth, agar and Vero cell cultivation US FDA
“Points to Consider” assay [12]. 3.5% (53/1483) of cell lines being used to produce clinical material
were positive for mycoplasma contamination.

Pharmacopoeial mycoplasma assays [13] involve the use of mycoplasma broth and agar and the
method must be able to detect 40 to 100 cfu of mycoplasma. Non-cultivable mycoplasma strains are
detected by growth on Vero cell cultures. This method takes highly trained operators to detect low
level contamination. The culture method takes up to 35 days to complete (EP assay), a very long
time compared to the ‘shelf-life’ of many cell therapy products that cannot be held frozen prior to
administration.

BioReliance have developed a quantitative PCR (Q-PCR) assay for mycoplasma. The single tube
PCR assay involves TaqManR assay and uses multiple primers and probes (9 primers and 2 probes)
that target the consensus 16S and 23S rRNA spacer region. The assay has been shown to detect in
excess of 60 different mycoplasma species. The assay has a turnaround time of 2 hrs compared to
35 days for the broth and agar method. Each assay includes plasmid controls containing sequences
from 10 different mycoplasma species (A. laidlawii, M. arginini, M. fermentans, M. gallisepticum,
M. hyorhinis, M. orale, M. pirum, M. pneumoniae, M. salivarium and M. synoviae). These 10
species represent 95% of the mycoplasma contaminants of animal and human cell lines and cover
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the positive control species required in the Pharmacopoeial and US ‘Points to Consider’
mycoplasma assays [12, 13].

The Q-PCR threshold cycle levels showed similar sensitivities using either plasmid or genomic
DNA dilutions. The assay was quantitative over > 5 log10 range and can reproducibly detect < 10
copies of the genome sequences. The assay shows high specificity with very low cross reactivity
between the mycoplasma sequences and genomic DNA form human, Vero cells, E. coli and L. casei
(specificity 3.3 x 105 and 5.8 x 106). There was some cross-reactivity with Staphylococcus DNA but
there was still a thousand fold difference with mycoplasma (specificity 1.1 x 103). An initial
comparison between the sensitivity of this Q-PCR assay and the classical culture methods using 5
different species of mycoplasma indicated that the genome copy/ml detected to cfu/ml ration could
be influenced by the method of detection (with the Vero cell cultivation method less sensitive than
broth and agar cultivation) and the strain of mycoplasma used as positive control for the cultivation
methods. For 5 species tested (M. orale, M. hyorhinis, A. laidlawii, M. pneumoniae and M.
arginini) the average copies/cfu ratio was 100. With a limit of detection of < 10 copies the Q-PCR
assay should reproducibly detect < 10 cfu of mycoplasma which is below the detection sensitivity
specified in Pharmacopoeial assays. A study is now ongoing to compare the use of the Q-PCR assay
with the Pharmacopoeial assay to ascertain false positive and negative rates.

Conclusions

The presentation discussed the testing strategies for the quality control of autologous and allogeneic
cell therapy products. Questions were raised about the risk of contamination of these products with
bovine viral diarrhoea virus and bovine polyoma virus. Particularly is there evidence that these
viruses can infect human cells? Data was presented on the performance of a rapid Q-PCR assay for
mycoplasma detection. The assay can detect > 60 different mycoplasma species, is specific for
mycoplasma detection and can detect < 10 genome copies and < 10 cfu of mycoplasma. This Q-
PCR assay can be used as a rapid screening tool for the release of cell therapy products.

DISCUSSION

Comment from the floor: Could Dr Wisher address a few specifics for QC testing of xenogeneic
cells as opposed to allogeneic cells.

Dr M. Wisher: You would use the same strategy. With xenogeneic cells you are going to have
other issues in terms of potential animal virus contamination. For instance with rodent cell line that
is used as a cell therapy, you are immediately going to have the question of the presence of
retrovirus like particles. Every rodent cell expresses non infectious retrovirus like particles and
certainly a number of murine cell lines expressed infectious retrovirus particles. I think that the
general approach would be similar but you would have to look in far more depth depending on the
species of cell which is being used. Porcine cells are another issue again which has been of common
use and there again you have a endigenous retro virus which has been shown to infect human cell
lines so you would have to address the specific species viruses which could be contaminants.

Dr R. Dobbelaer: There is a specific CPMP Guideline on xenogeneic cell therapy products which
you can download from the EMEA’s website.
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Comment from the floor to Dr Wisher: Could you go into more depth as concerns which cell
therapy products require quick testing because they have to go only into the patients ? Is it only
blood stem cells?

Dr M. Wisher: You will have a presentation later on concerning chondrocytes where they do not
freeze those products but put them back into the patient. Potentially I can see a number of products
that do not freeze well and you might loose function. If you freeze them anyway, you will have to
reconstitute them and then grow them for sometime and then you are back into doing some kind of
in-process testing because you have manipulated them.
If it is a non stem cell you get round that – I have to think of the products which we have looked at.
If you are growing classical human keratinocytes and you have a manipulation system where you
have expanded to get your large sheets for use, you are putting those sheets back onto to patients
wounds before you can do your lot release testing.

Dr L. Mallet: Regarding QPCR method for mycoplasma detection – you may detect some non
viable mycoplasma using QPCR and Dr Wisher indicated a percentage of results of positive results
using reference methods – do you have an idea of the percentage of positive results which you will
obtain in using QPCR?

Dr M. Wisher: This study is on-going at present and being supported by a number of clients and I
have not got permission from them to divulge this information. Therefore, the relative rates of
positivity or false positives which may be associated with non-viable mycoplasma will not be
presented today.

Question from the floor: In the three studies 60%, 70% and 90% is a shock to all manufacturers of
live viral vaccines.

Dr M. Wisher: Yes, however these papers were published – the one of 60% was published nearly 7
years ago and this was Schuurman’s work (60% factor). Certainly, when we read that paper we
started to advise clients that they should look for bovine polyoma virus. The problem is that you
need to then talk about the possibilities – when we started looking at it in multiple lots of foetal calf
serum, we found it everywhere. I would say that almost 100% of all US FCS is PCR positive – I am
not saying that this is infective, but positive. New Zealand FCS is positive but at a much lower rate,
about 20%.

Comment from the floor: Do you think that the test which we have for testing for adventitous
agents is still suitable – aren’t we missing out something?

Dr M. Wisher: You will not detect growth of bovine polyoma virus using the classical in vitro
assays which are used for detecting adventitious contaminants as you need a much longer growth
period. Also, you have to use the type of cell lines that are being used primary bovine cell lines or
primary monkey cell lines which of course are not easy to cultivate.
I raised this in my presentation as there are a lot of European regulators here not to frighten people
but to show that some specific work needs to be performed in this area. But I wish to emphasise that
this may be particles which are not infectious.

Dr J. Robertson: The draft of the CPMP guideline came out last year for comments to industry and
other parties concerned and who wished to comment. These comments have now been received and
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are being discussed within the biotech working party. This issue cropped up some years ago, the
discovery by PCR of the presence of the bovine polyoma virus in various sera and in some cases
cell lines and products. In one of Dr Wisher’s slides there is a comment “is this a safety concern and
what is the risk?” and I think that it is a safety concern however, we do not know what the risk is.
We generally try to work along the principles of “no virus contamination should be present in a
human biological product” now and again however, we met these sticky situations where we are
really at a loss as to how to do it.
The guidelines, these are not legal requirements they are guidance documents, and this is to give
regulators and others an idea of what the regulatory expectations are. At this point of time I think
that this is still under debate and we have to discuss this with everybody and this is part of the
consultation process with the guidelines. There is evidence there that the virus is reasonably wide
spread, that it may well be infecting humans but at this point of time there is no sign of disease in
humans. The fact that there is no apparent disease in bovine species does not translate over to what
might happen in a separate species. There is an area of concern however, but the problem is that this
is so prevalent that you cannot simply say that “do not use any serum”. There is a big question mark
and we do not have the answer as yet.

Dr M. Wisher: It is important in the vaccine area that of course millions of people have been
treated potentially with FCS that may contain this PCR positive material and we have seen no
indication of clinical problems.

Question from the floor: A technical question concerning PCR method for mycoplasmas. How do
you get around the constraints of the sample size which is posed by the PCR, you cannot test
millilitre you can only test 1 microlitre or two?

Dr M. Wisher: That is one of the limitations and we are looking at methods of concentrating so
that we can potentially test a much larger volume. The other way is we have done some work is
using partial growth in broth and agar or in detector cells and then with a PCR endpoint so you are
giving some opportunity to amplify. Either of those ways, certainly when you start going into
partial culture methods with a PCR endpoint you are actually extending the length of time. This is
one of the situations that may restrict the use for large volume material. Cell therapy is properly not
that large – it is one of the cases where you can use a fairly small volume.

References
[1] Garnick R. L., Experience with viral contamination in cell culture. Dev. Biol. Stand., 88, 49-

56 (1996).
[2] Committee for Proprietary Medicinal Products. Points to consider on the manufacture and

quality control of human somatic cell therapy medicinal products. CPMP/BWP/41450/98
(2001).

[3] Food and Drug Administration. Guidance for Industry: Guidance for human somatic cell
therapy and gene therapy (1998).

[4] Committee for Proprietary Medicinal Products. Note for guidance on the use of bovine serum
in the manufacture of human biological medicinal products (draft). CPMP/BWP/1793/02
(2002).



Standardisation and Quality Control - Cell and Gene Therapy Products

34
Proceedings of the International Symposium, Strasbourg, 24-25 February 2003

© Council of Europe

[5] European Directorate for the Quality of Medicines. Substances of human and animal origin
for pharmaceutical use (draft). Pharmeuropa 15.2, 352-357 (2003).

[6] Committee for Veterinary Medicinal Products. Guideline on requirements and controls
applied to bovine serum used in the production of immunological veterinary medicinal
products. EMEA/CVMP/743/00 (2002).

[7] Studer E., Bertoni G. & Candrain U. Detection and characterisation of pestivirus
contaminations in human live viral vaccines. Biologicals, 30, 289-296 (2002).

[8] Audet S. A., Crim R. L. & Beeler J. Evaluation of vaccines, interferons and cell substrates for
pestivirus contamination. Biologicals, 28, 41-46 (2000).

[9] Parry J. V. & Gardner S. D. Human exposure to bovine polyomavirus: a zoonosis? Arch.
Virol, 87, 287-296 (1986).

[10] Schuurman R., van Steenis B. & Sol C. Bovine polyoma virus, a frequent contaminant of calf
serum. Biologicals, 19, 265-270 (1991).

[11] Westcott D. G. F., Ticehurst J., Chaplin M., Lukey J. R. & Lucas M. The isolation of a virus
resembling a polyomavirus from normal calves. Vet. Microbiol, 15, 175-180 (1987).

[12] Food and Drug Administration. Points to Consider in the characterisation of cell lines used to
produce biologicals (1993).

[13] European Directorate for the Quality of Medicines. General chapters, 2.6.7. Mycoplasmas.
European Pharmacopoeia, 4th Edition, 128-131 (2002).



Standardisation and Quality Control - Cell and Gene Therapy Products

Proceedings of the International Symposium, Strasbourg, 24-25 February 2003
© Council of Europe

35

SESSION II
NEW QUALITY CHALLENGES FOR CELL THERAPY PRODUCTS

Manufacturing overview:
QC of cell banks, starting materials, final product and state of the art testing methods

Gene therapy: general safety tests and vector specific safety issues

Prof. O. Merten, Dr M. Audit Genethon (F)

Introduction

Advances in recombinant DNA-technology has led to the ability to use this technology, amongst
many other applications, for the treatment of inherited or acquired diseases. Today about 75% of all
gene therapy trials make use of viral vectors, whereas the other 25% are performed by using non-
viral vectors such as lipofection or naked/plasmid DNA (see Prof. K. Cichutek’s presentation or the
following internet address http://www.wiley.co.uk/genmed).

As all gene therapy “medicines” are injectables, at least in an enlarged sense, the microbiological
safety is of particular importance and is a permanent concern. In addition to the general safety tests
performed for the control of classical biotech products, such as monoclonal antibodies or
recombinant proteins, particular safety aspects with respect to replication competent viruses
eventually present in the final product have to be considered and appropriate safety tests have to be
established, validated, and used in routine.

In the context of gene therapy products, the following types of contaminations can be distinguished:
- microbial contaminants (adventitious agents: fungi, yeasts, bacteria, mycoplasma, adventitious

viruses, prions) which are introduced due to a failure in the GMP conditions (during the
establishment and characterisation of the cell bank, contamination of any raw and starting
material, etc.)

- replication competent viruses which are produced by the vector producer cells, due to
recombination or complementation events

- all other non-microbial contaminations, such as residual cellular DNA, residual cellular DNA,
residual proteins from medium components, endotoxins, etc., which are generally process
derived

In order to understand the problems associated with contaminations coming from the starting
material, it is necessary to know by which means and how these different vectors are produced.
Mouse retroviral and lentiviral vectors can be produced by using stable cell lines on one side or by
using the triple transfection method (transient production) based on the use of, for instance,
HEK293 cells which are transfected with three plasmids providing the gag-pol, and the env genes as
well as the vector construct, in the case of retroviral vectors. With respect to the transient
production of lentiviral vectors a quadruple transfection method of HEK293 cells is normally used,
whereby the rev gene is provided by the fourth plasmid. Although packaging cell lines exist for the
production of rAAV, which are based on the infection by adenovirus for inducing rAAV
production, most of the AAV preparations are produced by using a triple transfection method for
introducing the rep-cap genes, the rAAV-vector as well as the adenoviral helper functions into the
producer cells (Xiao et al. 1998). The more old-fashioned method is based on a double transfection
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(rep-cap genes and the rAAV-vector) followed by the infection of the transfected cells by an
helpervirus (adenovirus or herpesvirus) for inducing the replication of the rAAV-vector. The
production of rec. adenovirus makes use of human complementing cells (HEK293, PER.C6) which
are infected with the rec. adenovirus for production.

Table 1 presents the different starting materials which are used and which have to be characterised,
tested and controlled before any clinical application can be done. It is evident that in dependence of
each vector production principles more or less starting materials are used, all of them have to be
controlled. In any case, medium, medium additives and eventually trypsine for cell passaging as
well as mammalian cells derived from characterised master cell banks or working cell banks are
used.
In the case of the use of producer cells, such as for the production of MLV or LV no additional
starting materials are needed. When triple transfection or quadruple transfection methods are used
(as for the production of MLV, AAV or LV vectors), it is evident that these materials (plasmids) are
produced by bacterial cultures, the bacteria again are derived from characterised bacterial cell
banks. In the case of the production of rAAV by double transfection of the cells followed by an
infection with helpervirus, this helpervirus has to be derived from a characterised and controlled
virus bank. The same is valid for the production of rAdV, in this case the rec. vector used for the
production has to be derived from a characterised and controlled vector bank.

Table 1. The use of various starting materials for the production of different viral vectors.
Vector MLV, LV MLV, LV AAV AdV

Production
system

Stable
producer cell

lines

Transient,
transfection

Transient,
transfection
± infection

Transient,
infection

Other raw
materials

+ + + +

Producer cell + + + +

Bacterial cell
bank

- + + -

Plasmid - + + -

Helper/defi-
cient virus

- - (+) +

This signifies that for all biological starting materials a seed lot system has to be used. The contents
of Table 1 indicate also that it is much more straightforward to use packaging cell lines (as for MLV
and LV vectors) than to use, for instance, transfection methods, because technologically spoken the
production is much easier, but also, because the number of necessary safety and control tests is
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considerably reduced. The overall costs and time investment are considerably reduced therefore. A
supplementary safety consideration in this context concerns the fact that vector productions done by
transfection methods are in any case more risky because additional recombination events might take
place during the transfection step.

Using GMP conditions for the production of biopharmaceuticals, it is evident that a complete
tracability as well as rigorous safety controls have to be performed. Although this is also the case
for gene therapy products, the concern is that it is not possible to rely on purification processes,
because active viral vectors have to be produced, and for some vectors, such as MLV vectors (in
particular for ex vivo gene therapy applications), no downstream processing is performed. In
addition the downstream processing protocols for viral vectors can never be so efficient regarding
the eventual elimination of potential viral contaminants because those potential adventitious viral
contaminants which are of the same class/family as the vector to be produced will not be
eliminated/separated by classical purification methods. These aspects infer that, as there is no
absolute reliance on the virus elimination or inactivation steps during the downstream processing,
all starting materials have to be rigorously tested for the absence of any adventitious contaminant
(microbial, viral, specific viruses).

In the following, safety aspects concerning cell banks, the problems associated with the formation
of replication competent viruses and the formation of recombinants as well as concerning produced
vector batches will be treated. Safety aspects concerning raw materials, the bacterials cell banks,
GMP-plasmids as well as virus/vectors stocks for GMP are only briefly mentioned here, and the
reader is advised to consult other papers printed in these proceedings.

Raw Materials

Raw materials are materials which are directly or indirectly used in the process for the production of
a biopharmaceutical. As sourcing, tracability, quality, etc. of raw materials is an issue valid for all
biopharmaceuticals the guidelines and rules established for the production of well-characterised
proteins and viral vaccines are directly applicable to gene therapy vectors. Therefore the reader is
referred to the following literature:
- raw material considerations (Lubiniecki and Shadle 1997, CBER 1998),
- nature and source of risk and process validation (Berthold et al. 1996),
- viral safety evaluation of biotechnology products (ICH Harmonized Tripartite Guideline 1998),
- guidance on the use of bovine serum (CPMP 2002),
- replacement of serum by serum-free media - safety issues of animal products used in serum-free

media (Merten 2002B),
- overview on viral contaminations in animal cell cultures (Merten 2002),
but also to the papers by Balbirnie, Wisher, and Galbraith (all, this issue).

In general, raw materials testing and control strategy form a major part of the foundation of a well-
characterised protein or biopharmaceutical. Raw materials may be present in the final product as
excipients or may have product contact earlier in processing. Manufacturers of biopharmaceuticals
should use a scientific approach to set acceptance criteria and test methods for bulk raw materials.
These methods and standards should enable the procurement of specified raw materials which
enable the reliable preparation of a product which consistently meets its quality attributes.
Manufacturers of biopharmaceuticals must use available pharmacopoeial standards for excipients
and bulk process raw materials which cannot be completely/substantially removed during
downstream or other processing steps.
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It should be underlined here that animal derived raw materials are a particular concern. As viral
vectors are only partially purified and can never be purified to a high degree as recombinant
proteins, the use of “low risk” raw materials is a necessity (compare also with Introduction). This
signifies that sourcing, tracability, etc. are eventually not sufficient, and that it is of high importance
to replace all animal cell derived substances which are used during the production and purification
process or are used as excipient, by raw materials not derived from animals (synthetic, plant
derived, or produced by microbial fermentation (compare with Merten 2002, 2002B). The use of
modern serum-free media specially developed for cell lines of interest for the production of viral
vectors, such as HEK293 or PER.C6 cells, provides the means to achieve this objective, however, it
should be born in mind that viral contaminations can also be introduced by non-animal derived
medium compounds, GMP-failures, the operator, etc. This indicates that the contamination risk will
never be zero but only minimized.

Cell banks

In the case that diploid or continuous cell lines are used for the production of biologicals (viral
vectors included), cell banks have to be established and characterised. The purpose of cell banks is
to have access to a characterised and stable cell stock from which cells for successive production
runs can be drawn when required. These cell stocks can be exhaustively characterised and are
subjected to intensive quality assurance evaluation before being accepted for production.

The large scale biotech industry normally establishes two cells banks, the master cell bank (MCB)
consisting of 50 – 100 ampoules, which is a basic reserve of the original starting material, and the
working cell bank (WCB) consisting of eventually several hundreds of ampoules, which is the basis
for all production runs. In principle each new production run is started from a new ampoule from
the cell bank. The number of ampoules per working cell bank depends on the anticipated demand.
As the demand for production runs for gene therapy purposes might be limited (in particular in the
case of rare diseases) one cell bank might be sufficient (MCB = WCB). In any case one of both
banks, normally the MCB, has to be characterised as accurately as possible in terms of biological
structure and functional activities and certified to be free of endogenous and exogenous
contaminating agents. In the case that only one bank is established, it is this bank that has to be
rigorously characterised and tested.

What are the general requirements for characterised cell lines? The history concerning
establishment, subcultivation, etc., as well as geneology have to be documented, whereby the
tracability, in particular, with respect to the origin and use of bovine serum is of utmost importance
(problem of BSE/TSE in the UK and many other European countries). Cell lines established after
1980 having been cultivated in serum of uncertain origin might be unsuitable for use and it might be
required to establish new production cells now with a complete tracability. Details of production
and storage procedures used for the MCB and WCB have to be provided in order to assure that the
seed stock is properly defined. The seed stock has to be characterised in order to provide an identity
profile of the cells. The methods used to establish and confirm identity of the cells often include
morphology, doubling time, product expression, karyology (only a requirement for diploid cell
lines), presence of constant chromosomal markers, isoenzyme analysis and/or DNA finger printing
as well as the analysis of immunological markers. Further information on the inserted gene
(complete nucleotide sequence of the gene of interest, detailed restriction endonuclease map
including coding sequence, copy number) should be provided. Viral sequences, if present in the
cells, have to be characterised. In the case of vector producer cell lines, vector retention and identity
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should be confirmed. Identity analysis allows the verification that the cells are stable over a range of
population doublings which spans the doubling number at which the process is operated. This type
of evidence provides reassurance on the robustness of the production process, but also precludes the
possibility of cross-contamination of the cells or of significant changes in the established
characteristics of the cell line occurring during the production process (indication of genetic
stability).

As already above mentioned, the characterisation of the cell line includes also the establishment of
growth and production characteristics under the culture conditions (detailed description of the used
culture system!) used. These data provide a base for the stability assessment of the production cell
line.

The characterisation of cell banks includes the very important question of sterility and absence of
fungi, yeasts, bacteria, mycoplasma, and adventitious viruses. Whereas bacterial and fungal
contaminants can be rather easily detected, the detection of mycoplasma is more difficult, but
possible by using culture methods (duration: several weeks), an indicator DNA fluorochrom test
(relatively insensitive when only few mycoplasma are present), or a mycoplasma specific PCR
method (fast, but still not accepted by the Pharmacopoiea). As there is no general virus test
available able to detect all potential viral contaminants, broad and virus specific virus tests have to
be performed in order to prove the absence of those viruses which might potentially be present. In
this context, classical virological tests (in vitro, in vivo), electron microscopic analysis, and Mouse
Antibody Production (MAP), Rat Antibody production (RAP), or Hamster Antibody production
(HAP) tests, if appropriate, have to be performed. Reverse transcriptase test are employed for
testing retroviruses and PCR tests are employed when very specific viruses have to be searched for.
For more information, the reader is referred to the ICH Harmonized Tripartite Guidelines (1995,
1997, 1998), Smith et al. (1996), “Guidance for Industry – Guidance for Human Somatic Cell
Therapy and Gene Therapy” (CBER 1998), CPMP (2001) Merten (2002), and to Dr M. Wisher’s
presentation.
With respect to vector producer cell lines, it is a requirement to test for the absence of replication
compentent viruses (e.g. absence of replication competent retroviruses in MLV producer cell
lines)(see: 4. RCVs – Replication Competent Viruses).

As example, Table 2 presents the tests to be performed with respect to stable murine MLV producer
cell lines (such as yCRIP or PG13). The MCB has to be tested for identity, sterility, and absence of
mycoplasma, of mycobacterium, of viruses (broad virus tests, specific virus tests), and of those
viruses which can be expected to be present in the particular cell line. In the case of the murine
MLV packaging cell line, mice specific viruses have to be detected by using a mouse antibody
production (MAP) test. The following mouse viruses can be screened in this test: Ectromelia virus,
Hantaan virus, K virus, Lactic Dehydrogenase virus, Lymphocytic Choriomeningitis virus, Minute
Virus of Mice (MVM), mouse adenovirus, mouse cytomegalovirus, mouse encephalomyelitis virus,
mouse hepatitis virus, mouse Rotavirus, Pneumonia virus of mice, Polyoma virus, Reovirus 3,
Sendai virus, Thymic virus (ICH Harmonized Tripartite Guideline, 1998). In any cases, the cells of
the MCB have seen serum and trypsin (eventually not valid for absolute suspension cells) in the
time from the first establishment as primary culture up to the establishment of the MCB (question
of tracability), the MCB has to be tested for the absence of bovine and porcine adventitious viruses,
respectively (Merten 2002). In addition, MLV packaging cell lines, in particular those of the first
and second generation (but eventually also those of the third generation (Chong and Vile 1996,
Chong et al. 1998), might produce replication competent retroviruses (RCRs) whose absence has to
be proven (see next paragraph on RCVs for more details).
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Table 2. Safety testing of cells/cell banks of a rec. MLV producer cell line (murine).
Type Name Method MCB WCB End produc-

tion cells
Microbial Sterility Culture methods + + +

Mycoplasma Cultivation assay,
indicator DNA
fluorochrom test

+ + +

Mycobacterium spp. Culture Method +

Broad
virus
testing

In vitro assay for
adventitious viruses

Co-culture with
detector cells (MRC-
5, Vero, a cell line of
the same
species/tissue as the
cell line to be tested)

+ - +

In vivo assay for
adventitious viruses

Injection into adult
and suckling mice,
and embryonated
eggs

+ - +

Electron microscopy + - +

Mouse antibody pro-
duction (MAP) test:
- 16 mouse viruses

In vivo + - -

Virus
specific

Bovine virus test Different tests + - + (if FCS is
used)

testing PPV test In vitro assay using
primary porcine
kidney cells

+ - + (if
trypsine is

used)
MVM PCR - - +

Retrovirus
testing

RCRs, supernatant
testing

Feline S+L- focus
assay after
amplification

+ - +

RCRs, testing of the
producer cell

Co-cultivation with
cells, amplification,
PG4 cell endpoint

+ + +

Identity Isoenzyme analysis
or DNA
fingerprinting

+ + +

Tumori-
genicity

In vitro - - +

SV40
The second cell bank (normally the WCB) has to be tested for sterility, the absence of mycoplasma
and of RCRs, and identity.
Finally at the end of the production, the end production cells have to be collected and retested for all
potentially present adventitious agents. The only exception is valid for those cells which are grown
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in suspension in protein-free media. As no serum nor trypsin are used (since the establishment of
the MCB), the test specific for bovine and porcine viruses can be omitted. As these cells have
already been tested to be free of murine viruses (testing with the MAP tests) and as there is nor
further risk for contamination with mouse viruses, these specific tests have not be repeated any
more. The only additional virus test to be performed is a test for MVM because this adventitious
virus can be introduced via media additives during the production (Garnick 1996).

By following the “Points to consider in the characterisation of cell lines used to produce
biologicals” (CBER 1993), tumorigenicity testing is only necessary for cell lines destined for the
production of life viral vaccines as well as and of viral vectors for somatic cell and gene therapy.
This testing is also mandatory when human epithelial cells are used.

In the case that human cells are used, as stable producer/packaging cell lines for MLV based vectors
(Merten 2003) or as transient production means for MLV, LV, AAV, or AdV, additional tests with
respect to human viruses should be performed. By using PCR-methods the absence of the following
viruses has to be shown: HIV 1 & 2, HTLV 1 & 2, HBV, HCV, HHV-6, HHV-7, HHV-8, EBV,
CMV, AAV, SIV, HPV, SV40, human and simian spuma virus. In addition, a general retrovirus test
(e.g. F-PERT (Fluorescence-Product Enhanced Reverse Transcriptase) assay) has to be performed.
In general, the regulations established for “cell substrates for the production of vaccines for human
use” (European Pharmacopoeia chapter 5.2.3.) are also applicable for the cell lines used for the
production of viral vectors for gene therapy purposes.

For additional information/details, the reader is referred to Dr M. Wisher‘s presentation (this issue).

RCVs – Replication Competent Viruses:

Introduction

The basic design of viral vectors for gene therapy is frequently by that of a defective virus,
indicating that the viral particle can infect a target cell, but is unable to replicate because one or
several of the essential functions for replication have been inactivated or eliminated from the
genetic construct. However, these defective functions can be overcome by recombination and/or
complementation events.

Recombination is the physical interaction of viral genome either with viral sequences in the cell
genome (e.g. retroviral vectors recombine with viral sequences present in the cell genome) or with
wild type virus which has superinfected the host cell (e.g. in the case of adenoviral vectors). Many
viruses including retroviruses, adenoviruses, herpesviruses, parvoviruses and poxviruses can readily
recombine with related viruses in vitro when there is sequence homology even when it is limited to
a small region of the genome.

An equal important consideration is the potential for the complementation of any defective
functions inherent in the vector either by cellular or viral genes, leading to mobilisation of the
vector. This issue will not be further discussed in this paper.

The problematic and risk associated with the appearance of RCVs was exemplified by an
experiment involving administration of ex vivo transduced bone marrow progenitor cells that had
been inadvertently exposed to high titer RCRs contained in the retroviral vector material to severely
immunosuppressed Rhesus monkeys. In this experiment, three of ten animals developed
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lymphomas and died within 200 days (Donahue et al. 1992). The RCR was suspected to be
associated with the disease because monkeys who died had prolonged high-titer retroviremia and
murine RCR sequences were detected in their lymphomas (Vanin et al. 1994, Purcell et al. 1996).
In addition, the presence of several different recombinant murine leukaemia viruses was revealed
(Purcell 2001).

This incident but also the knowledge of the appearance of RCAs (replication competent
adenoviruses) in many adenoviral vector preparations produced using HEK293 cells led to the
obligation of the sponsor to prove the absence (for MLV- and LV-vectors) or a minimal acceptable
threshold (AdV-vectors: lower than 1 RCA per 3x1010 viral particles).

The only existing document concerning the detection of RCVs refers to the detection of replication
competent RCRs in retroviral vector products for gene therapy (guidelines by CBER:
“Supplemental guidance on testing for replication competent retroviral vector based gene therapy
products and during follow-up of patients in clinical trials using retroviral vectors”). This document
is dedicated to retroviral vector preparations and more specifically to MLV-based vectors (safety
testing of MCBs, WCBs, end production cells, vector supernatants, etc.) but can also be used, in the
absence of specific recommendations concerning HIV-based vectors, for the detection of
recombinants in lentiviral vector preparations.
In the following, issues concerning RCVs (RCRs, RCLs, RCAs, RCAAVs) will be treated in more
detail.

Detection of recombinants in retroviral vector preparations

Recommendations for testing of RCR/recombinants:
The recommendation from CBER defines when to test for the presence of RCR and the amounts of
supernatant or cells to test (see table 3). This recommendation also defines that, in order to amplify
any potential RCR present in supernatant or vector producer cells, supernatant assays or co-culture
assays, respectively, should include a minimum of 5 passages on a permissive cell line. The
amplified material has then to be tested with an appropriate assay. All assays should include
relevant positive and negative controls to assess specificity, sensitivity and reproducibility of the
detection method employed.

Each producer cells and supernatant have to be tested for the presence of RCR containing the
envelope used to pseudotype the vector. If derivation of vector producer cells includes use of
retroviral vector containing an envelope distinct from the packaging vector, for example, an
ecotropic MLV, the potential exists for induction of an RCR with that envelope. Testing of the
MCB for the presence of ecotropic RCR is then recommended.

Each lot of retroviral vector supernatant should be also tested for inhibitory effects on detection of
RCR by using positive control samples that are diluted in vector supernatant. This means that each
sample has to be tested alone and added to different dilutions of the positive control in order to
define the smallest quantity of RCR detectable in the sample with the method used.



Standardisation and Quality Control - Cell and Gene Therapy Products

Proceedings of the International Symposium, Strasbourg, 24-25 February 2003
© Council of Europe

43

Table 3. Recommendations for product testing (CBER 2000).
Manufacturing step RCR testing (amounts for testing)

Cells Supernatant
MCB Yes (1%) Yes (5%)1

WCB Yes (1%) OR Yes (5%)1

End of production
cells

Yes (1%) NA2

Vector-containing
supernatant

NA2 Yes (5%)1

Ex vivo transduced
cells:
- cultured < 4 days
after transduction

No (Archive) No (Archive)

- cultured ≥ 4 days
after transduction

Yes (1%) Yes (5%)1

Note: 1For instances where supernatant production volumes are greater than 6 litres, it is
recommended that sufficient supernatant be tested to ensure a 95% probability of detection of RCR
if present at a concentration of 1 RCR/100 ml.
2NA, not applicable.

Recommendations for patient monitoring:
The monitoring schedule for patients enrolled in gene therapy trials using retroviral vector include
analysis of patient samples at the following time points: pre-treatment, 3 months, 6 months, 1 year
after treatment, and yearly thereafter. If all post-treatment assays are negative during the first year,
the yearly samples should be archived.

Methods
Several methods have been used to detect RCR either in supernatant or in MLV-based vector
producer cells, such as the PG-4 S+ L- assay (Bassin et al., 1982; Haapala et al., 1985) which is the
reference method, the PCR assays (Martineau et al., 1997) and marker rescue assays (Danos and
Mulligan, 1988; Markowitz et al., 1988).

The PG-4 S+ L- assay is based upon morphological changes in the PG-4 indicator cells. The cat cell
line PG-4 S+ L- harbor a replication-defective murine sarcoma virus. Superinfection of these cells
with MuLV rescue the sarcoma virus resulting in transformation and the formation of foci. Marker
rescue assays are based upon the mobilisation of a vector encoding a marker or drug-resistance
gene. In marker rescue assays, test samples are inoculated onto the mobilisation cell line, and any
RCR present infects the cells and provides, in trans, the retroviral proteins necessary to package the
marker or drug-resistance gene-encoding vector RNA. After few days in culture, supernatants are
harvested, and inoculated onto indicator cells. These indicator cells are selected with the antibiotic
corresponding to the drug-resistance gene or tested for the presence of the marker gene expression
to reveal the presence of RCR in the test sample.

In our hands, as well as in the hands of others (Kim et al., 1998) the PG-4 S+ L- assay is less
sensitive than PCR and marker rescue assays. According to Kim et al. (Kim et al., 1998), the
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marker rescue assay is approximately 100 times more sensitive than the PG-4 S+ L- assay.
Furthermore some toxicity was evident when high titer RCR-free vector supernatants were
inoculated onto PG-4 cells (Forestell et al., 1996; Printz et al., 1995). The effect of this toxicity is
morphologically different from syncitia formation caused by RCR but rendered the test reading
quite difficult.

The marker rescue assay has a limit of detection of one infected cell among the background of 106

total vector-producing cells or 10 infected cells among 108 vector-producing cells after
amplification on Mus dunni cells (Printz et al., 1995).

The RCR detection by PCR also has several disadvantages: it necessitates a large number of
amplification cycles and this can lead to false-positives; RCR with a different sequence from those
of the primers used in the PCR, are not detected. However, this method is one of the two methods
recommended for the detection of RCR infection in patients treated with MLV-based vector. PCR
analysis is performed on patient peripheral blood mononuclear cells with RCR-specific DNA
sequence primers. The other method recommended for patient monitoring is the detection of RCR-
specific antibodies. The more appropriate assay depends on the mode of vector administration and
the clinical indication. For example, it has been shown that direct administration of vector producer
cells or repeated direct injection of a vector can result in vector-specific antibodies which do not
correlate with the presence of RCR (Long et al., 1998; Martineau et al., 1997). In this case, a PCR
assay may be preferable over serologic monitoring. Monitoring of patients by PCR may be equally
preferred over serologic monitoring in cases where the patients are immunocompromised to an
extent that antibody production may be minimal or not at all. PCR assays allow detection of one
molecule of MLV proviral DNA in the background of 1 mg of genomic DNA of peripheral blood
mononuclear cells (Martineau et al., 1997).

An amphotropic replication-competent virus supernatant standard has been developed to calibrate
the sensitivity of RCR-assays. This positive control can be obtained from the ATCC (# VR-1450) in
form of a titered supernatant. The availability of this standard supports the use of a statistical
approach for the establishment of the minimum volume of retroviral supernatant to be tested. In
addition, the retroviral supernatant standard provides a tool for comparing the sensitivity of RCR
testing in different labs and/or testing methods and may lead to improvements in assay sensitivity.
Another positive control, in which the amphotropic envelope of the first positive control was
replaced by a GaLV envelope was developed by Généthon (Audit et al., 2002) and is available on
demand. Its performance / characteristics are equivalent to those of amphotropic RCR standard.

A number of different assays for RCR contamination of lentiviral vector preparations have been
developed. As for MLV vectors, an amplification step including a minimum of 5 successive
passages of permissive cells infected with the vector to test should be performed before the
presence of RCR is measured. As for MLV-based vector preparations, marker rescue assays
(Mautino et al., 2000; Srinivasakumar and Schuening, 1999), syncitia formation assay (Chang et
al., 1999), and monitoring of gag-pol packaging sequences transferred from the lentiviral vector
preparation by using PCR (Metharom et al., 2000) have been used to detect RCR in HIV-based
vector preparations. However the most frequently used assays for detecting the contamination by
recombinants are the Tat transactication test (Kafri et al., 1999; Naldini et al., 1996) and the
quantification of p24 protein in the supernatant of cells infected with the vector stock to test (Dull et
al., 1998; Farson et al., 2001; Gasmi et al., 1999).
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The Tat transactication test, detects the presence of the Tat protein in indicator cells treated with the
sample. Indicator cells such as HeLa-P4 (Clavel and Charneau, 1994) or MAGI (Kimpton and
Emerman, 1992) express CD4 at their surface and contain an integrated Lac Z gene driven by the
HIV-1 LTR. The presence of transmissible elements encoding Tat is revealed by
scoring!b—galactosidase positive cells in the treated culture. The detection limit for this assay is
around!20!tat-transducing units per milliliter of sample. Its use is less relevant in the context of third
generation vector production systems from which tat is eliminated.

The p24 detection assay is the more commonly used assay (Dull et al., 1998; Gasmi et al., 1999).
Supernatant obtained from the successive amplifications are simply tested for the presence of
capside p24 protein using a commercially available p24 assay, whose sensitivity is advertised as 3
pg/ml. The method described by Farson et al. (2001) presents an interesting distinctive feature, it
permits not only the detection of RCR but also the detection of any recombinant able to transmit the
gag and pol gene of HIV. Indeed, in this assay, the amplification of potential recombinants is made
on cells expressing the VSV/G glycoprotein and the p24 concentration is assessed on the
supernatant obtained from the successive passages of these VSV/G-expressing cells. In comparison
with the detection of RCR, the detection of gag-pol recombinants induces an increased security
because if gag-pol recombinants are detected, additional recombinations are again needed to obtain
a completely functional RCR. This assay can detect a recombinant input as low as 6 fg of p24,
corresponding approximately to 72 physical particles (Farson et al., 2001).

Finally it should be mentioned that MCB, WCB, clinical lot intermediates, and purified vector lots
should be tested for the absence of RCR.

Replication competent adenovirus (RCA):

Introduction
Depending on the AdV5 derived sequences used for the establishment of the complementing cell
lines, RCAs are or are not produced when replication incompetent adenovirus (AdV) is produced.
Classical complementing cell lines, such as HEK293 (Graham et al. 1977) and 911 (Fallaux et al.
1996) that contain stably integrated E1 genes capable of trans activating the defective viral genome,
generally lead to the generation of RCAs due to recombination between homologous AdV derived
sequences of the vector and the helper cells (shown for HEK293 cells by Lochmüller et al. (1994)
and by Hehir et al. (1996) and discussed for HEK293 and 911 cells by Fallaux et al. (1998)). As an
example, in dependence of the vector titer of the lots produced, Morgan et al.!(1998) found RCAs in
HEK293 derived AdV vector lots with the following frequency: vector titer of the lot ≥109 (n=59):
37% of the lots were RCA positive, vector titer of the lot ranging from108 to 108.9 (n=58): 24% of
the lots were RCA positive, vector titer of the lot ranging from 107 to 107.9 (n=11): 18% of the lots
were RCA positive, vector titer of the lot <107 (n=5): all vector lots were RCA-negative.

As a result of the recombination event, the vector loses its transgene and reaquires the E1 region.
The RCAs are undesirable and are a potential safety risk when present in adenoviral vector
preparations for clinical use. It may provide helper functions to the replication-defective vectors,
which may lead to uncontrolled amplification and mobilisation of the vector virus and spread of the
vector (Imler et al. 1995). In addition, the RCA will aggravate the host immune response and give
rise to inflammation and tissue damage. As a consequence, regulatory bodies have taken the
position that strict upper limits should be set for RCAs inherent to the manufacturing process
(CPMP, 2001).
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In order to resolve the problem associated with the presence of RCAs in Ad5 vector preparations,
several new helper cell lines have been developed, avoiding homologous recombination events due
to absence of homologous sequences: the HER (human embryonic retinoblast) based PER C6 cell
lines (Fallaux et al. 1998) and HeLa based HeLa-E1 cell lines (Kim et al. 2001). It could be shown
that these cells do not produce RCAs (Fallaux et al. 1998, Kim et al. 2001, Malarme 2003).
However, Guillaume (2001) showed that sometimes PER.C6 cells can produce E1+ viral entities in
AdV lots although no homologous sequences exist. These E1+ entity is generated by illegitimate
recombination and is called helper dependent E1+ particle because it cannot be amplified as single
entity in A549 cells. Its replication seems to be only possible via an helper effect.

Detection methods:
The high titres of virus used in adenovirus vector gene therapy protocols requires sensitive
screening of RCVs to detect one or two RCVs in 1012 virus vectors. In principle two different
detection methods for RCAs can be used, the PCR-method for the detection of RCAs across deleted
regions of the virus genome and the detection of replication competent virus via its cytopathic effect
on detector cells (‘supernatant rescue assay’ (Dion et al. 1996)), which is the preferred method
today (CBER 1998).

 “Supernatant rescue assay”:
In order to get a reasonable sensitivity the potentially present RCAs have to be amplified with
respect to the defective viral vector. This amplification (= first step of the assay) is generally done
with HeLa and A549 cells. HeLa cells are preferred for this step because they can withstand AdV
vector cytotoxicity up to a multiplicity of infection (MOI) of 200. Under similar conditions, A549
cells exhibit severe vector induced cytotoxicity that masks the presence of RCA contamination
(Hehir et al. 1996). During the second, longer step of the assay, RCA plaques/cytopathic effect
(CPE) can be observed readily in A549 cells but not on HeLa cells (Hehir et al. 1996). However, it
should be mentioned, that HeLa cells have also been used for the second step and the presence of
RCA was assessed by scoring the CPE by microscopy (Dion et al. 1996).

The first step of the test (amplification step) has a duration of 4 days, and for the onset of the second
step A549 cells are inoculated with supernatant from the HeLa cultures (Dion et al. 1996) or with
HeLa cell lysate (Hehir et al. 1996). The culture is continued for 10 (Hehir et al. 1996) to 24 days
(Ma et al. 2002) for assessing individual plaque formation or wide spread cytopathic effect,
respectively. The medium is changed periodically during this test phase. Whereas small scale assays
are performed in Petri dishes (10 cm), the large scale version is done in roller bottles (for both assay
steps).

The final scoring depends on the observation of either individual plaques or wide spread cytopathic
effect. This is taken as an indication of the presence of one RCA in the individual test dosis (which
corresponds to the sensitivity of this test), the test is qualitative.

A slightly modified version represents the solid phase quantitative RCA assay, which makes use of
A549 cells which are cultivated with an agarose overlay. As for the supernatant rescue assay an
MOI of 200 of defective AdV can be tested. After incubation, the plaques are visualized by neutral
red staining, they are further subjected to amplification for CPE and PCR analysis. The duration of
the assay is 15 days (Guillaume 2002). The main advantage of the cell culture test is the sensitivity,
its main disadvantage is its extended turnaround time.
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PCR:
The principle of the detection of RCA by PCR is rather simple: the presence of RCV in adenovirus
vector stocks can be detected by PCR amplification across deleted regions of the virus genome. As
recombinant defective AdV vectors are normally E1 deleted, PCR methods are often based on the
use of primers that hybridize with E1 sequences in order to search for E1-positive viruses
(Lochmüller et al. 1994, Zhang et al. 1995, Dion et al. 1996, Ma et al. 2002).

Despite the rapidity of detection of RCAs, PCR based RCA detection methods are associated with a
lot of disadvantages:
- PCR can be too specific, leading to false negative results, when the primers do not correspond

entirely to the RCA sequences due to point mutations or small deletions;
- PCR based methods require extraction of DNA from the virus, a process whereby a single wild

type virus genome contaminating 109 or more recombinant viral genomes could easily be
damaged or lost if the extraction is not 100% efficient;

- PCR based assays require special equipment, technical expertise, primers and special
precautions to minimize template contamination;

- finally, the sensitivity of the bioassay is significantly better than that of the PCR assay (1 wild
type/109 defective particles versus 1 wild type/105 defective particles (Dion et al. 1996)).
However, in the case that a PCR method is used after an amplification step (Guillaume 2001) or
that a second PCR using the product of the first PCR as template is added (Dion et al. 1996) a
similar sensitivity can be achieved. In this context, Zhang et al. (1995) has reported a sensitivity
of 1 wild-type/109 recombinants by using a multiplex PCR.

As positive standard the recently established and characterised wild type AdV5 reference material is
available from the ATCC (Hutchins et al. 2000, Hutchins 2002). It will allow laboratories to
standardise in-house controls employed in assays for the determination of particle concentration and
infectious titer of adenoviral preparations. However, this reference material will also be useful for
the calibration of RCA-tests.

Finally it should be mentioned that master viral banks of AdV vectors, MCB, WCB, clinical lot
intermediates (cell lysates), and purified vector lots should be tested for the absence of RCAs.
Although cell lines, such as PER C6, have been shown to be safe with respect to RCA production,
for the moment the RCA assays have still to be applied to the PER.C6 production system (Malarme
2003).

Replication competent adenovirus associated virus (rcAAV)

Classical production methods of rAAV are based on the tri-transfection of producer cells (normally
HEK293) with three plasmids providing the rep-cap genes of AAV, the rec. AAV-vector (ITR-
transgene-ITR) and the adenoviral helper functions indispensable for the mobilisation and
replication of AAV (Xiao et al. 1998). It could be shown that this production system can lead to the
generation of rcAAV (Flotte et al. 1995), due to the fact that recombination between two partial
AAV plasmids showing only a single restriction site can reconstitute wild type AAV
(wtAAV)(Senapathy and Carter 1984). In addition, the probability of generation of rcAAV particles
through non-homologous recombination is relatively high (Allen et al. 1997, Wang et al. 1998).

Although AAV is non-pathogenic in humans and the presence of rcAAV is therefore not an
important safety issue in contrast to other viral vectors, the presence of rcAAV in vector
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preparations is undesirable because wtAAV/rcAAV can interfere with AAV vector transduction of
the target cells, as shown for rabbit lung epithelial cells (Halbert et al. 1997), because the co-
infection of vector and rcAAV may lead to mobilisation of the vector upon AdV infection
(Myzyczka 1992), and because the expression of AAV open reading frames in infected cells might
result in an immune response against the transduced cells.

It was reported that recombinant AAV vector stocks contained wild-type AAV sequences ranging
from 0.01% to 10% (Muzyczka 1992, Koeberl et al. 1997, Kube et al. 1997, Snyder et al. 1997).
The detection of rcAAV or wtAAV is rather straitforward because after amplification AAV
sequences eventually present in the recombinant AAV preparations are detected by hybridisation or
PCR methods. The potentially present rcAAV/wtAAV is first amplified in one or several cell
passages on HEK293 cells in the presence of adenovirus (Allen et al. 1997, Koeberl et al. 1997,
Wang et al. 1998, Cao et al. 2000) or presence/absence of adenovirus (Cao et al. 2002). For these
cell passages the amplification cells have to be lysed for harvesting the amplified rcAAV and for
performing the subsequent amplification cycle. For detecting rcAAV typical sequences, DNA is
finally extracted and the entire AAV genome (Allen et al. 1997, Koeberl et al. 1997, Wang et al.
1998) or the AAV-cap sequence (Allen et al. 1997) are detected by hybrisation methods (Southern
analysis) or the AAV-rep sequence is detected by PCR (Cao et al. 2000, 2002).
Cao et al. (2000) reported a sensitivity of one rcAAV (independent of the test volume).

As positive control for rcAAV generally a wtAAV is used (Allen et al. 1997). However, the project
of the establishment of a reference standard (Flotte et al. 2002) as done of the adenovirus will allow
the AAV-community to standardise in-house controls employed in assays for the determination of
particle concentration and infectious titer of adenoviral preparations. In the case that this reference
material will be a wild-type AAV, this reference material will also be useful for the calibration of
RCA-tests.
Finally it should be mentioned that master viral banks of helper virus (in the case of a production
system based on the use of a double-transfection followed by infection with the helper virus), MCB
and WCB of producer cells, clinical lot intermediates (cell lysates), and purified vector lots should
be tested for the absence of rcAAV/wtAAV.
In addition it should be mentioned that it is currently recommended to test the MCB destined to the
production of adenoviral vectors, the master AdV seed stocks and the final adenoviral vector
preparation for AAV, because AAV is associated with AdV (CBER 1998).

Quality control of clinical vector lots:
Clinical vector lots have to be tested as any other biopharmaceutical. Their consistency with regard
to identity, purity, potency, and safety has to be determined. The following quality controls have to
be performed: safety tests (sterility, absence of mycoplasma, absence of adventitious agents (in
vitro, EM), absence (RCR, RCL) or maximal acceptable upper limits (RCA, rcAAV) of RCVs,
infectivity/particle ratio, etc.), purity (endotoxin level, residual levels of cellular DNA and proteins
(cellular, medium derived), presence and number of particulates, etc.), identity (restriction map,
PCR, etc.), potency (minimum vector titer (infectious titer, viral particles), function (transgene
expression), stability of expression of the genetic material, etc.), pH, fill volume, etc. (CPMP 2001,
ICH Harmonised Tripartite Guidelines 2003, European Pharmacopoeia chapter 2.6.16). These tests
are performed on a routine batch control analysis.

As an example, the safety testing of retroviral GMP product is presented in Table 4: As for other
biotech products, potential contaminations (adventitious viruses, fungi, microorganisms in general)
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should be tested in the bulk product before any downstream processing in order to keep the highest
probability to detect them. Sterility and the absence of RCRs should be tested for either in the bulk
product or in the clinical lot. The RCRs to be tested for are those which might be present in the
product, e.g. amphotropic or GaLV enveloped RCR. Further, the clinical lot has to be tested for
endotoxin level (< 5 EU/ml) and general safety. In the case that the produced retroviral vector is
used for an ex vivo treatment, the transduced cell lot has to be tested for the absence of RCRs in the
cells as well as in the supernatant derived from the transduced cells. Again, the RCR test has to be
adapted to the envelope of the produced retroviral vector.

Table 4. Overview of retroviral GMP product safety testing:

Test Bulk harvest Clinical lot Ex vivo
transduced lot

Sterility + and/
or

+

Mycoplasma cultivation
and fluorochrome

+

Bioburden +
In vitro assay for
adventitious viruses

+

In vivo assay for
adventitious viruses

(+)

MVM PCR +
Vector titer +

Co-cultivation S+L- with
PG4 (ampho.)

+

Infection S+L- with PG4
(ampho.)

+ or + +

Co-cultivation cell line
with 293 (if GaLV)

+

Infection of 293 cells (if
GaLV)

+ or + +

LAL test +
General safety +

Co-cultivation S+L- with
FG10

+

In principle, other viral vectors have to be tested for the absence of their specific replication
compentent viruses: lentiviral vector preparations for the absence of replication competent
lentiviruses, AAV vector preparations for the absence of rcAAVs or eventually for an acceptable
upper limit of rcAAV (this should be discussed with the regulatory agency), and in the case that the
production was done by using an helper virus (adenovirus or herpesvirus) also for the absence of
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this helper virus. Adenoviral vector preparations should be tested for a minimal ratio of RCA (<1
RCA/109 infectious units (current recommendation (CBER 1998, Hutchins et al. 2000)) and for the
absence of AAV. In the case that PER.C6 cells are used for the production of the adenoviral vector
preparation, the absence of RCA is guaranteed (see Replication competent adenovirus (RCA)),
however, the absence of RCAs has still to be shown (Malarme 2003). In addition, the particle to
infectious particle ratio should be 100/1 for phase I clinical trials (CBER 1998), a ratio of 30/1 is
under discussion. It is important to minimize this ratio because too a high load of AdV particles can
be highly toxic (caused by the viral structural proteins). Thus, CBER (1998) recommends that
patient dosing should be based on the particle number. As a final remark, FDA made the point that a
measure of the infectious titer does not constitute a potency assy, potency assays must quantify the
vector function, indicating the quantification of the biological function of the specific transgene
(Hutchins et al. 2000).
More information concerning testing and characterisation of adenoviral vectors for gene therapy
clinical trials, on the use of adenovirus reference material, as well as on stability of viral vectors for
gene therapy, the reeder is referred to the articles by Sharpe, Hutchins, and Malarme (all, this issue).

Other starting materials

Here, those biological starting materials are briefly treated which are also used for the production of
viral gene vectors: virus seed stocks for the production of recombinant adenoviral vectors as well as
helper viruses for the production of AAV (for instance), bacterial seed banks and plasmid stocks.
As the final objective is a clinical application, these starting materials have to be prepared by using
GMP conditions.

Virus seed stocks/vector banks should be tested as cell banks and the same safety precautions
should be applied: details of establishment, production and storage procedures used for the seed
stock have to be provided. The identity (integrity, stability) of the vector/virus has to be proven, by
using, for instance, immunological markers (e.g. molecular analysis of capsid proteins or nucleic
acids), phenotypic characterisation (e.g. host range), sequence analysis, restriction enzyme
mapping, or PCR. Virus/vector stocks have to be tested for sterility, absence of mycoplasma and of
adventitious viruses. The infectious and eventual total particle number should be determined. A
master seed stock of recombinant adenovirus should be twice plaque purified in order to obtain a
master virus seed stock devoid of or only with a reduced number of defective interfering virus
particles. In addition, in the case of replication defective vectors, the stock has to be tested for
absence of RCVs. For more information, the reader is referred to Smith et al. (1996) and to the
“Guidance for Industry – Guidance for Human Somatic Cell Therapy and Gene Therapy” (CBER
1998).

The same principles of rules/regulations as established and used for animal cell banks are similarly
applied for testing and quality control of bacterial seed stocks. These stocks have to be tested
according to the guidelines: purity, identity, genetic stability. More details can be found in the
reviews by Smith et al. (1996) and Duncan (2003) as well as in the “Note for Guidance on the
Quality, Preclinical and Clinical Aspects of Gene Transfer Medicinal Products” (CPMP 2001). In
addition, the reader is referred to Drs Faucher and Schleef’ presentations.
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Table 5. GMP plasmid seed lot
Endotoxin LAL test <100 EU/mg
DNA homogeneity >95% ccc, agarose gel
RNA+ssDNA contamination Undetectable by agarose gel/HPLC
E.coli genomic DNA <10 mg/mg of plasmid DNA
Protein <10 mg/mg of plasmid DNA
Sterility No colonies after 21 days of

tryptose broth culture
Identity Restriction digestion, coding

sequence
Purity Spectrophotometric scans
A 260/280 1.75 – 1.80
Potency Transfection experiment

Finally, plasmids used for the production of viral vectors by transfection methods have also to be
produced under GMP conditions, indicating that the bacterial seed stocks as well as the plasmid
production have to be performed under GMP conditions. As for all other starting materials,
plasmids for GMP applications have to follow several quality criteria for lot release: potency,
general safety, sterility, purity, quantity, and identity (DNA sequence of the inserted gene,
restriction enzyme analysis) (CBER 1996). An example for the quality standards of a plasmid lot
used for the transfection of HEK293 cells in view of the GMP production of rAAV for a clinical
application is shown in Table 5. More details can be found in the “Points to consider on Plasmid
DNA Vaccines for preventive Infectious Disease Indications” (CBER 1996), “Note for Guidance on
the Quality, Preclinical and Clinical Aspects of Gene Transfer Medicinal Products” (CPMP 2001),
and in the reviews/articles by Smith et al. (1996), Stadler et al. (2003), and Schleef (2001). In
addition, the reader is referred to the articles by Faucher, Thatcher, and Schleef (all, this issue).

Conclusions

It is evident that such a highly complex domain such as gene therapy needs many different starting
materials for the preparation of viral vector lots for clinical purposes. As animal and non-animal
derived raw materials, recombinant and transformed cell lines, recombinant and helper viruses
(wild-type or modified/deficient), eventually plasmids and the bacterial seed stocks are directly or
indirectly used for the production, all these materials have to be produced under GMP conditions,
and the respective safety tests and quality controls have to be applied according to regulatory
requirements. In addition, gene therapy is a rapidly changing and advancing domain, the regulatory
requirements as well as the development of new tests is continuously ongoing and adapting to this
new situation, signifying the todays rules and regulations will already be replaced tomorrow by new
and more adapted ones. However, this means also, that industrial laboratories as well as regulatory
agencies have to be flexible, have to keep an open eye to new developments in this field, and have
to adapt to new situations by keeping a tight and intense communication/discussion in the same
time. Only then, new and adapted regulations can be relatively easily established, introduced (e.g. in
response to new developments and new situations) and accepted by any player in the field.
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DISCUSSION

Comment from the floor: I was curious to see that in one of Prof. O. Merten’s slides showing the
series of viruses which are being tested for the murine retro virus vector producer cell line – there
are about 8 or 9 human viruses which are being tested – what is the reason for these human viruses
are being tested in a murine cell line?

Prof. O. Merten: This comes from a very general proposal for the testing of cell lines and it is
evident that only those viruses have to be tested for which are potentially present.

Comment from the floor: Prof. O. Merten told us that the ELISA p24 is sufficient for the detection
of RCLs in lentiviral vector preparations – is it possible to imagine the development of a similar
equivalent test for RCR development MLV?

Prof. O. Merten: In principle, this is possible and Genethon is working on new vectors and we are
also working on this development.
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SESSION II
NEW QUALITY CHALLENGES FOR CELL THERAPY PRODUCTS

Development issues:
Virological and microbiological safety aspects of novel cell therapies

and tissue engineered products

Dr D. Galbraith, Q-One Biotech (UK)

For the moment, stem cell and tissue engineering products will be regulated through the Centralised
Procedure in Europe as a “hi-tech” pharmaceutical product with more rigorous safety evaluation
standards. In the US they are mainly treated as devices. However, the safety evaluation and
production strategies should be global in concept.

There are a number of standards and guidance in development including those prepared by ASTM
(American Society for the Testing of Materials) covering the following subjects:
- Standard guide for cell, tissue and organ processing
- Standard terminology related to tissue engineered medical products
- Guide for classification of tissue engineered skin products
- Characterisation and testing of biomaterial scaffolds used in tissue engineered medical products.

The subject of this presentation is the virological and microbiological safety aspects of this group of
products.

Viral contamination can come from a variety of sources:
- From human viruses, originating in the donated tissues, within the cell bank
- From feeder cells used to support stem cell growth or reagents used to sort cells
- From media and media supplements

The minimum requirements for donor screening are outlined below:
- Europe

– Council of Europe Guidelines on blood donation and CPMP/BWP note on plasma products
– HLA class I and II and possibly minor antigens
– Importance of questionnaire on medical history lifestyle risks and CJD family history

- USA
– Minimum criteria as for allogeneic blood donors 21 CFR 640.3
– Focus on HIV, HTLV, Hep B and C
– HLA class I &II major and possibly minor antigens

The donor screening questionnaire should cover information on the following:
- Tattooing or skin scarification
- Family history of CJD
- History of treatment with pituitary extracts of human origin
- Contact with a case of hepatitis in the last 12 months
- Blood transfusion in the last 6 months

Serological screening of donors should cover minimum viruses such as HIV 1 & 2, HTLV 1 & 2,
and Hepatitis B & C. Other viruses that should be covered by serology depends on the tissue and
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the value of serology. For herpesviruses, all beta (CMV, HHV-6, HHV-7) and gamma (EBV, HHV-
8) herpesviruses should be screened for by PCR and alphaviruses by infectivity. Other viruses
according to tissue type that should be screened for include B19 & TTV for haematopoietic cells
and HPV for epithelial cells.
Serological screening has the drawback of a period where infection is present but it is shows as
seronegative.

Contamination by animal derived viruses can come from feeder cells, antibodies used to sort cells
or media components. Zoonotic and non-zoonotic viruses may cause serious disease when delivered
in vitro.

Feeder cells, even when irradiated can release infectious viruses. Retroviruses may be induced by
irradiation or azacytidine and circoviruses are highly resistant to irradiation.

Antibodies used in cell sorting usually come from mouse or sheep and bulk antibody should be
tested. Sheep antibodies raise TSE issues that should be considered such as obtaining appropriate
Certificates of Suitability. In addition the manufacturing process for antibody should be validated
for removal and/or inactivation of viruses.

Adventitious agents from media come from additives such as
- Bovine foetal calf serum.
- Porcine trypsin
- Amino Acid and other supplements:

– Murine
– Human

Bovine Foetal Calf Serum
- Will have to comply with the requirements in the draft CPMP guideline on bovine serum when

finalised.

Parvoviral Contaminants
- Parvoviruses are amongst the most resistant viruses known
- They have shown rapid changes in host range and pathogenicity
- They are transmitted in biological materials e.g. Porcine parvovirus in trypsin, Minute virus of

mice in amino acids

Master Cell Banks
- Master cell banks are ideal but not always possible
- Not all MCBs are clonal and this causes problems in safety evaluation
- If MCB limited testing can be conducted on WCB

A number of human viruses are of concern and can be screened for in the MCB.

Test on cell banks for human viruses include the general in vitro and in vivo assays and molecular
based assays such as PCR.
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Newly Discovered and Emerging Viruses
- Hepatitis E virus
- Circoviruses
- Borna disease virus
- Bunyaviruses / Arboviruses
- Unknown viruses!

Transmissible Spongiform Encephalopathies
- Ruminant products must have certificate of suitability
- Where high risk material used may need additional data e.g. clearance studies on TSEs
- Diagnostic tests other than infectivity becoming available
- For human cells sequencing of PrP gene for mutations

New CBER Guidance on deferral
- Draft Guidance for Industry regarding Preventive Measures to Reduce the Possible Risk of

Transmission of CJD and vCJD by Human Cells, Tissues, and Cellular and Tissue-Based
Products (HCT/Ps)

- Interim guidance until there is a test available for CJD/vCJD
- Based on blood donor deferral recommendations

DISCUSSION

Question from the floor: Any viral seeds prepared pre-1980 using foetal calf serum derived from a
European country needs to be re-derived. We are at a crucial junction of a product where we have to
make a decision – do we spend sometime to produce re-derived seed banks or do we go ahead as it
is. We need to know what the regulatory’s decision will be – it is too long for us to wait for 5 years
and then be told otherwise.

Dr D. Galbraith: Our experience has been that people have gone and re-derived. I do not know of
anyone who has not got plans to re-derive their virals seeds, if they know the material they are
working with has been made from calf serum from high risk material which is foetal calf serum
from Europe over that period of time.

Dr R. Dobbelaer: There is a very explicit part of the CPMP note for guidance on TSE on cell
banks and seed lots and the need to re-derive them.

Comment from the floor: My understanding of the CPMP guide which has just been released on
the website essentially represents the decision statement of the CPMP issue that there is no need to
re-establish master seeds and cell banks however, with regard to the working seeds and cell banks
(because there are much closer to the production process and to the final product) there might be a
need to re-establish the cell bank and seed lots. There are however, a number of conditions attached
to the strategy of seed lots and cell banks. The conditions are set out clearly in the draft guidance.

Comment from the floor: If you have a product which is not yet authorised and will go through
the registration process be it in Europe or in USA by FDA, you will have to have, at the end, very
good reasons for using bovine materials from high risk countries.
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SESSION II
NEW QUALITY CHALLENGES FOR CELL THERAPY PRODUCTS

Development issues:
Strategy for QC and release for individual cell therapy products

Dr Ch. Bogedain, Dr B. Rehberger, MediGene AG (D)

Interaction between the properties of the product and the parties involved

Quality control (QC) testing affects the manufacturing process of an individualised product at
different stages. The specific properties of the product and its components as well as the parties
involved in the development of a drug (patients, drug developers, authorities) strongly influence the
implementation of the QC testing schedule. The interactions between the properties of the product
and the aforementioned parties may be considered as a force field of interests (see figure below).
Particularly the origin of autologus cells from different individuals and their different properties add
a high degree of complexity to the QC testing schedule, which may be rendered even more complex
by manipulations such as genetic modifications, freezing/thawing for storage and transport, or
irradiation. As the development of gene and cell therapies is highly regulated, it is advisable to
carefully develop a strategy for the testing schedule together with the responsible authorities at an
early stage.

Specific properties of the product
When autologous cells are a component of a product, they may render the standardisation of a
testing schedule complex because of the issues detailed below:

Stability
The stability of cell material derived from different donors may differ. If manipulations such as
freezing/thawing, irradiation, or genetic manipulations are necessary, the stability of the cell
material may even be more difficult to standardise. In case of a product consisting of allogeneic
cells, the stability is shown with end of production cell lines derived form a master cell bank, but
this is not possible for autologus cells. The definition of expiry dates can indirectly be deduced from
cells derived from the same tissue using the same manufacturing protocol and validated preparation
methods. A second possibility is later retesting with autologus material in real time, but this
alternative is often limited by the amount of material available.

Authorities Patient / physician /
ethics committee

Product

Drug developer



Standardisation and Quality Control - Cell and Gene Therapy Products

64
Proceedings of the International Symposium, Strasbourg, 24-25 February 2003

© Council of Europe

Identity
The QC testing schedule has to ensure the identity of the autologus cells. This is routine if the cells
can easily be characterised as in the case of stem cells, but it may be more difficult if, for example,
autologous tumour cells for which no unique marker is available are used. An identity test upon
release of the final product would be the desired status, but early time points of testing such as
histological analysis of the untreated tissue sample or flow cytometric analysis during cultivation
may also be acceptable. The preliminary release by in-process controls may be justified if a major
change of the composition of the cells until release is avoided. If a thorough process validation is
limited e.g. by a limited access of authentic tumour material, a discussion with the authorities on
acceptable testing schedules may be advisable.

Sterility
The cells themselves may be the source of contaminations, which may have their origin in an acute
infection of the donor or in saprophytic microorganisms residing at the organ, or tissue from which
the cell sample is taken. Therefore, sterility testing at the point of cellular starting material reception
is required to avoid contaminations of the GMP facility. On the other hand, a proper production
process and the GMP status have to prevent contaminations occurring at during sample
procurement, transport, or handling during manipulation. Sterility testing is a crucial point of final
product release testing, although this is not always possible in a timely adequate manner, if the final
product cannot be stored after the last production step.

Adventitious agents
The patient himself is the main source of adventitious agents commonly investigated and detected
during the manufacture of autologous cellular drug products. As the recipient of the final product
will be the same person as the donor of the cellular starting material, testing for adventitious agents
such as viruses (e.g. HIV, HBV, HCV, etc.) on the cellular starting material can be limited to a
certain level, which is rather designed to guarantee the safety of the GMP facility and the staff
working with the cells. This is different to an allogeneic setting. For autologous products, animal or
human derived starting materials are much more focused on. They have to be of the highest possible
quality with respect to documentation and safety testing.

Potency and identity of the end product
The definition of the final product may be rendered difficult if no universal marker (e. g. tumour
marker) that unequivocally allows the identification of the tumour cells is available. Furthermore,
the definition of the potency of the final product may be complex and require specifically developed
assays (e. g. immunologic assays). For the reasons outlined above, data from the tests for the
determination of the potency may vary greatly and complicate the definition of the specifications.

Authorities
The clinical development of a new product in Europe is subject to the national legislation in the
different countries, which usually varies. This is in marked contrast to the centralised approval
procedure at the EMEA for market authorisations of new drugs. The legally protected rights, which
are subjected to national legislation in European states, are usually the safety of the patient and of
the staff working with the product as well as the physician treating the patient. Moreover, gene
therapies may be considered an introduction of a genetically modified organism (GMO) into the
environment (e. g. in The Netherlands) that is regulated by a special legislation, and the competent
authorities then have to be approached.
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For innovative drugs such as gene therapies, the authorities may not be experienced with certain
aspects of these therapies, e.g. if a new vector is used. In these cases, different authorities often
come up with different safety assessments if a clinical trial is planned to be carried out in several
European countries. As different regulatory bodies usually have to be approached in one country,
even at national level authorities may come up with different safety assessments and conflicting
requirements to perform a study. The matters can however be discussed with the authorities and
resolved. If it is planned to run a clinical trial in different countries and when the approval letters
with the respective requirements are available, it is advisable to schedule time for adjusting
production related documents and clinical protocols by submitting amendments in order to fulfil the
different authorities’ requirements and to keep the production process and the clinical protocol as
homogeneous as possible. It should be considered, however, that it is unlikely that the authorities in
different countries will agree to all details of standardised production processes and the clinical
protocol. Therefore, for certain problems country specific solutions have to be found.

Patients
The patients are interested in a safe product that should be made available quickly and reliably. For
certain indications, e.g. end stage tumour diseases when patients have a short life expectancy, or if
the product cannot be stored frozen (chondrocytes), the time frame for the QC testing is limited. In
such cases the drug may be applied when certain QC tests are still ongoing. The patient’s infection
status is of much less interest for an autologous product than for an allogeneic product since no
other patient will be affected. The patient’s interests are safeguarded by the authorities, by the ethics
committees, by patients’ interest groups, or by the physician.

Drug developer
The drug developer is interested in a safe product and in a maximal power of evidence to evaluate a
clinical trial. The trial should be feasible and should be realised as fast as possible. Moreover, the
clinical trial material and ultimately the marketed product should be produced in an economical
manner.

Force field of interests: conclusions
The interests of the different players are thus not always in line with one another. Therefore,
conflicting issues have to be resolved by discussions with authorities and ethics committees, and
case-by-case decisions have to be made. In any case, the safety of the patient has the highest
priority. This points to the necessity to develop a QC strategy as early as possible, i.e. during the
development phase of the product and prior to approaching the authorities to get approval for the
first clinical trial. Time for the discussion with the authorities should be scheduled before and after
submitting the dossiers. The more complex the product, and the more counties/authorities are
involved, the more time should be scheduled. As potency assays for certain properties of the
product may not be available on the market, time to develop and validate such assays as well as for
a tech transfer to contract laboratories should be scheduled.

Assessment of a strategy: Stepwise approach
The strategy should be assessed by a stepwise approach where the production process and possible
time points to perform QC and release tests are considered separately:

Inclusion criteria of patient
This assessment should start with patient inclusion criteria. One should consider both patient
protection and the protection of the clean room facility. Although the status of a patient’s infection
with pathogenic viruses may not impair the efficacy of a treatment, the evaluation of this status is
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important to protect both the production facility and the staff from contamination by pathogens.
Moreover, in gene therapy regimens, certain acute infections may have to be monitored at the time
of therapy in order to rule out such infections resulting in the replication of gene therapy vectors in
the patient, because these agents promote replication of the vector.

Starting materials
Careful selection and testing of starting materials is crucial particularly if they are derived from
humans or animals. If a gene therapy is realised, special attention has to be paid to the vector, since
it is a component of the starting material that requires a complex manufacturing process. This
makes exhaustive safety testing schedules necessary. These investigations may include tests for
pathogens or the wild type parent virus of the vector, or viruses, which may lead to the replication
of the vectors in the patient’s somatic cells.

In process controls
In process controls (IPC) will include general safety tests according to pharmacopoeia, such as
sterility, mycoplasma or the viability of the autologous cells. They may also include product
specific tests or potency tests which provide information about the probability of success for a
therapy, such as the degree of purity or the integrity of the cell population and the expression rate of
therapeutic genes.

Release testing
The release tests must address general safety considerations. Moreover, product specific potency
assays have to be applied here. Exhaustive safety testing such as in vivo / in vitro virus tests may be
dispensable if it is ruled out that pathogens are introduced into the product via the starting materials
(see above).

General considerations
For the definition of the general testing schedule, general aspects such as the life expectancy of the
patient population have to be considered. The life expectancy may limit the time span during which
the product is applicable to the patient and could result in the advancement of a time consuming test
(e. g. mycoplasma) which then could be carried out as an IPC and not as a release test. Sometimes
the product itself has a limited shelf life, which makes delaying some QC tests until post patient
application necessary.

A thorough validation of the production process can help to make product specific tests dispensable.
However, this is often limited by poor access to authentic clinical material for validation purposes
in an autologous setting.

DISCUSSION

Comment from the floor: Dr Ch. Bogedain states that ‘safety is the highest priority’ however, I
feel that possibility of demonstrating efficacy of the active principle should have been the primary
concern for the regulators. Otherwise, you would not be able to draw any conclusions from your
treatment on an individual basis.
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Dr Ch. Bogedain: Yes, however, in a phase I trial you primarily assess the safety and tolerance and
you must ensure the safety and the efficacy of the drug evaluated by the sub-sequent trial. However,
you are correct in the sense that if you do not want information concerning efficacy of such a drug
we would not perform phase I trial.

Comment from the floor: Dr Ch. Bogedain mentioned the different authorities involved in the
review process, we currently have stream-lined the process in the Netherlands. For investigators
before submitting a gene therapy product exist a system like the pre IND meeting with the FDA
where they can apply for a preliminary hearing in which all agencies are present and investigators
and/or sponsors can directly ask questions and we will try and harmonise the review procedure as
much as possible in the future.
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SESSION II
NEW QUALITY CHALLENGES FOR CELL THERAPY PRODUCTS

Development issues:
Lessons learned in the scale-up of quality systems for a cell therapy:

experience with autologous chondrocyte implantation

Dr G. C. Du Moulin, Genzyme Biosurgery (B/USA)

The use of living human cells to facilitate the repair of defects in structural tissues is a rapidly
emerging treatment option. Through a greater understanding of cell biology it is now possible to
cultivate, propagate, and manipulate many kinds of living human cells into therapeutically useful
modalities. While these technologies will continue to develop and be validated through the clinical
trial process a few products have already reached commercialization and have become successful
adjuncts to surgical practice. In order to earn  US FDA approval these products have had to develop
robust quality control programs to insure safety and efficacy. Using the extensive experience gained
from a commercialized autologous cell therapy this presentation seeks to address issues related to
formulation, potency, safety, stability and storage and shipping conditions. Additionally, the
selection of raw materials and components will be discussed. Finally, this presentation will
conclude with general quality assurance issues that will be necessary elements to a comprehensive
program for a commercialized cell therapy product.

The application of cell therapy to repair articular defects of the knee was developed in Sweden. [1]
This technology involved the processing and cultivation of chondrocytes from an autologous
cartilage biopsy into a therapeutically effective implant. Use of autologous cells circumvents the
complications of graft rejection and viral transmission by returning the patient’s own cells for
transplantation. In 1997 the  US Food and Drug Administration approved Carticel as a biological
product. Since then over 8,000 patients have received autologous chondrocytes. Clinical evaluation
has clearly demonstrated the value of this modality of tissue engineering.

All autologous cell therapy programs present several challenges. [2] Since every patient seeking
treatment requires customized cell processing, a processing failure can lead to a patient not
receiving treatment. Special care has to be taken to prevent the possibility of cross-contamination of
patient cells and to maintain the sterile integrity of each processing lot. Traditional batch processing
techniques are difficult to employ; making economies of scale problematic. Further complicating
the scale-up of a cell therapy program is the fact that these products must all be thoroughly tested
before release and that this release is governed by a limited product shelf life.

We have approached autologous ex vivo tissue engineering in a clinically relevant scale by applying
well accepted manufacturing principles and practices to customized patient therapy. To prepare for
the scale up of a cell therapy program a robust process validation program was initially conducted
to insure that the management of tissue from many patients can occur in a consistent manner. Cell
processing is controlled using standard operating procedures predicated upon the principles of good
manufacturing practice in which all processing events are consistently performed and thoroughly
documented in batch production records. Personnel involved in cell therapy procedures require
intensive training and certification. All cell-processing activities must be conducted in a highly
controlled processing environment using equipment that has been specified for cell processing
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purposes and has undergone calibration and validation. Finally, the raw materials chosen for these
programs need to be of the highest quality and tested for pre-determined specifications before use.
To oversee all these activities a Quality Systems program has to be developed to insure that that all
processing controls are respected and to verify that all patient and lot segregation activities are
followed.

Formulation of a Cell Therapy Product

Cell therapy products can be categorized into two areas, those that are comprised of cell
suspensions or cells combined with biocompatible matrices. Suspensions are usually produced at
the culmination of a number of cell culture steps that may include feeding, varying incubation
periods which allow for cell growth and expansion, enzyme treatment, and periods of freezing as
hold points or for long term storage. Incorporation of biocompatible matrices or scaffolds further
complicates a manufacturing process by incorporating manipulations such as cutting, shaping, cell
loading, or encapsulation. As formulation processes increase in complexity so does the ability to
control manufacturing steps. A critical aspect of the formulation of cell therapy products is the
maintenance of an aseptic environment. Open culturing systems are particularly vulnerable to
contamination. The judicious use of antimicrobial agents to help maintain a sterile growth
environment is helpful, but cannot replace the value of good aseptic technique. As the field of cell
therapy continues to expand, improved cell culture environments such as cell factories will be
useful to improve consistency and safety in a cell therapy-manufacturing environment.

Potency

Potency has been described as the therapeutic activity of the product. Determining the potency for
cell therapy products is problematic since the active ingredient is usually composed of living cells
in a dynamic state. Potency assays that are particularly lengthy to perform may be of little value if
used for lot release. However, they are critically important in the validation process. These are
usually in vitro bioassays whose data can be quantified. Measurable parameters might include
phenotype, immunostaining or function of an expressed gene. Because of time constraints due to
short shelf lived products, release assays are more likely to be a combination of cell yield and cell
viability determinations performed just prior to the shipment of the cell product.

Safety

Safety of the cell product has to be assured. For short shelf lived cell therapy products it is essential
to maintain safety by application of aseptic processing skills throughout the entire manufacturing
process. Since the potential of viral contamination exists it may be necessary to conduct studies to
show that viruses such as HIV, HBV, and HCV do not persist or amplify in the cell culture system.
In most cases endotoxin assays can be performed before the cell product is released from the
manufacturing facility. Microbiological assays that require lengthy incubation periods such as the
determination for mycoplasma will most likely not be completed before patient administration.
Sterility as required by the European Pharmacopoeia requires 14 days of incubation. Since most
products will need to be administered before this time rapid methods of sterility detection will need
to be validated to replace compendial microbiological testing methods. Safety also has to include
assurance that toxic contaminants are not introduced into the process.
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Stability

A cell therapy product is in a continual dynamic state. Shelf lives for these products can normally
range from a number of hours to a few days at most. It must be shown that a therapeutic dose of
cells can be safely sustained from the terminal manufacturing steps through surgical implantation.
Storage and shipping requirements must be included in any determination of stability. Insuring the
integrity of the delivery scheme must include temperature control as well as protection of the final
product including container closure integrity. Since most of the shelf life including storage time will
elapse during shipment of the cells to the clinical site it is crucial to devise a program that will
include all relevant aspects of stability. It is useful to execute the well- established design control
strategies in accordance with ISO directives to properly assess the parameters necessary for a robust
shipping configuration. Temperature challenge studies over time frames that simulate worst case
shipping conditions should be performed. It is important to include lot release criteria as well as
other quantifiable determinants that show that the product retains its therapeutic potency.

Transport media should be carefully chosen to maximize product stability during storage and
shipping. Measurable changes in cell viability or other parameters may occur during shipment.
Understanding these differences will help to determine the appropriate storage, shelf life, and
shipping conditions of the product.

Quality Assurance Program [3]

Tissue engineered products must be produced with a high level of consistency. Stringent controls
must be established for key manufacturing criteria. The role of Quality Assurance is to insure that
all aspects of the manufacturing process remain within established parameters. Essential elements
include control over the manufacturing process, the manufacturing personnel, the facility in which
the production takes place, the components and raw materials which comprise the product, and
finally the equipment used to produce the product. Variability inherent in cell therapy products must
be determined and minimized through an effective compliance development program. It becomes
the function of the Quality Assurance organization to insure that, where possible, variability is
reconciled. For example, patient biopsies collected in various clinical surroundings under differing
conditions may result in variances in size, storage condition, and site of harvest. Because each
patient presents a unique set of clinical and physiological circumstances, these and other variables
outside the control of the cell processing facility can significantly affect the manufacturing process
and ultimately the efficacy of the cell product.

Maintaining patient identity and traceability is vital and requires meticulous documentation. In
order to prevent mix-ups a unique lot number must be assigned to identify the biopsy material and
other relevant information such as treating surgeon, hospital address, and site and time of biopsy
collection. Each patient lot must receive a full complement of in process and final release testing.
This information must be documented and verified in the individual’s lot history record. Rigorous
cleaning, sterilization, and environmental control programs preserve the aseptic nature of the
processing environment. Inspection, testing, and release of raw materials as well as maintenance
and calibration of equipment mitigate the potential for significant process variability [4]. Biopsies
transported to the cell processing facility as well as the final cell product returned to the patent must
be packaged and shipped in specially engineered containers which assure a controlled, protective
environment for living cells. Containers must maintain the integrity of cells within defined
temperature ranges over a period of time to allow transit to and from overseas points of origin. Cell
transit and processing activities are governed by the known limited shelf life of the living cells.
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Training of personnel is particularly important because ex vivo cell processing is typically not
amenable to automation and, therefore, relies heavily upon skilled technicians performing
standardized manual operations. Finally, quality assurance systems must be able to perform under
rigid time constraints to optimize viability and cell function, and to minimize post release delays.

Quality Control Program [5]

Quality Control refers specifically to those elements of the quality system that require a technical
analytic capability. Many standardized analytical methods do not yet exist for cell therapy products
and so these assays must be developed and validated to assess purity, identity, sterility, yield, and
viability. Testing methodologies also serve to monitor performance of materials and components
and to identify weaknesses in cell processing procedures. Quality Control assays must provide
quantifiable data for analysis and trending so that the quality system is capable of directing
continuous improvement. Examples of important assays used in the evaluation of cell therapy
products include tests for sterility, endotoxin, and cell viability.

Sterility testing: A number of sterility tests are conducted throughout the cell culturing process.
Testing points are identified at critical cell processing steps to monitor aseptic processing. Sterility
tests may also be conducted to assess the microbial load of the biopsy following collection. This is
an important indicator of effectiveness of surgeon training. Sterility testing protocols must comply
with guidance provided by various pharmacopoeial references.

Endotoxin testing: All patient lots prepared for release are tested for the presence of endotoxin. The
Limulus amebocyte lysate (LAL) assay has been developed to measure endotoxin in biologics,
drugs, and clinical specimens.

Cell viability. Cell viability is determined by mixing a sample of cell suspension with trypan blue.
Trypan blue is absorbed by nonviable cells but is excluded from viable cells. Viability is expressed
as a percentage of viable cells to total cells viewed microscopically.

Quality control responsibilities may include environmental monitoring. Environmental monitoring
controls include establishing and maintaining, with scheduled monitoring, government mandated
clean room classifications at appropriate levels. Microbiological control of the clean room
environment is maintained by close surveillance of air, water, surfaces, and personnel. Routine
monitoring of the environment with established alert levels provides early warning to the QA
department on the adequacy of cleaning and sanitization procedures before action levels are
exceeded.
The use of media fills in cell processing is an extremely useful QC measure because it demonstrates
the effectiveness of aseptic processing, environmental controls, and adequacy of personnel training.
Successful media fill studies build confidence into the aseptic processing capabilities of the
manufacturing line. Acceptance criteria are based on multiple runs with no evidence of failure. The
scope and duration of media fills must encompass all critical cell culture processing steps with
particular emphasis on final harvesting and assembly procedures.

Raw Materials

The manufacture of cell therapy products requires use of reagents and components the can
contribute variability to the manufacturing process. This variability must be overcome by
demonstrating control to ensure a consistent product. Consistency and conformance to
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specifications for all raw materials must be demonstrated. Through inspection, testing, and auditing
programs, the QC department monitors material performance and vendor compliance to established
specifications. Critical materials used in the cell culture process, such as enzymes, are functionally
tested using either a well-characterized reference human cell line or freshly harvested animal tissues
before their use can be authorized. A materials review board (MRB) or similar organization
periodically reviews trends generated through these monitoring programs, at which point
adjustments to current specifications and classification schemes can be made. In addition, vendor
selection and qualification are determined through these programs.

In addition to the guidance available through the  US Food and Drug Administration, The United
States Pharmacopeia has published an information chapter, “<1046> Cell and Gene Therapy
Products”.[6] This source should be consulted when developing manufacturing and quality systems
for cell therapy programs.

DISCUSSION

Question from the floor: Dr G. C. Du Moulin showed us fantastic data during his presentation
done on 8,000 people. However, do you have some evidence, based on medicinal data, which
supports that this therapy is of some activity and some official effort in any pathology, in clear cut
way with phase three clinical trials etc?

Dr G. C. Du Moulin: There are indeed post-approval trials going on currently. The Swedish group
have published their group of patients which were the original patients that are about 11/12 years
post operatively Because of the uniqueness of chondroytes the approval process was done originally
on the basis of the review of the European data in Salkranska where the FDA inspectors went for
3/4 weeks and read all the patients assessments. This was done prior to the establishment in 1997 of
a regulatory responsibility by the Food and Drug Administration on this type of product. Will this
ever be repeated – no; so you will have to go through the traditional clinical testing.
We have been able to improve what we say on the product insert at about 91% of all patients have a
demonstrable improvement of their knee function as a result of this.

Prof. Dr K. Cichutek: In terms of potency Dr G. C. Du Moulin you said that you test the viability
of cells – is that all?

Dr G. C. Du Moulin: The potency assay is the RT-PCR and the argarose expansions cannot be
done as lot release tests. They are done as part of a reference strain-testing programme as there are
compromises that you have to make, the product cannot sit around on a shelf while you do a 20-day
test. Sterility is also a major issue because many of the sterility test which we do come off test after
these cells have been implanted. In cell therapies which we are working on now there are better
identity markers, the use of flowcytometry to better identify and characterize these cells but this is
very difficult to do when you are filling the vial one day and the patient surgery happens the next
day.

Prof. Dr K. Cichutek: But those cells which failed these tests, afterwards how is the clinical
outcome in the patients – are there any differences?



Standardisation and Quality Control - Cell and Gene Therapy Products

74
Proceedings of the International Symposium, Strasbourg, 24-25 February 2003

© Council of Europe

Dr G. C. Du Moulin: We have not had any which failed.

Question from the floor: Dr G. C. Du Moulin, you mentioned a few times that you get variability
among the samples that comes in – so what is the doubling that you control and how many cells are
required for a transplantation?

Dr G. C. Du Moulin: This is very variable – we can have a 600-micogramme biopsy that grows
slowly and we could have a 50 microgramme which grows very quick.
To answer the second question: Each vial has 12 million cells in it, the original work which was
done showed that for each square centimetre for defect, there would be 1 million cells. We make
sure that there are enough cells as the surgeons often squirt them in the air… we try and build this in
a part of it, however surgeons do sometimes ask for a second vial.

Question from the floor: Dr Ch. Du Moulin you said that you used foetal bovine serum to
cultivate the cells – do you have a process to wash it off before you actually transplant the cells?

Dr G. C. Du Moulin: It is washed off in the final product during the processing.
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SESSION III:
NEW QUALITY CHALLENGES FOR GENE THERAPY PRODUCTS

Manufacturing overview:
Gene therapy of SCID-X1: practical experience in the product elaboration.

Prof. M. Cavazzana Calvo, Hôpital Necker (F),
S. Hacein-Bey-Abina, N. Wulffraat, R. Sorensens, I. Alexander and A. Fischer.

SCID-X1 accounts for 50 – 60% of SCID cases. It is characterised by an absence of mature T and
natural killer (NK) lympocytes whereas B cells are present in normal or increased numbers. The
SCID-X1 locus was mapped to Xq 12-13,1. It was then recognized that the gene encoding the g
chain of the IL-2 receptor, renamed g-common (gc-chain), was present at the same locus, and results
in the SCID condition when mutated. The gc chain is shared by several hematopoietic cytokine
receptors including the IL-2, IL-4, IL-7, IL-9, IL-15 and IL-21 receptors which explains why the
T/NK lymphoid lineages are missing. The faculty T and NK cell differentiation observed in SCID-
X1 is the main consequence of the defective IL-7 and IL-15 induced signaling, respectively. In this
respect we found that following in vitro gc gene transfer into SCID-X1 patients’ bone marrow cells,
functional NK cells could be differentiated in the presence of the preclinical data accumulated by
our group in favour of treating this disease by a gene therapy approach that confers several potential
advantages in this setting [1] [2]. Indeed, the role of the gc-chain in the survival, proliferation and
differentiation of the lymphoid precursor cells led to an expectation that its expression could confer
a major selective advantage to transduced cells over SCID-X1 cells. Furthermore, its early
expression in all hematopoietic lineages and the tight regulation of its function by the other cytokine
receptor subunits should ensure the absence of any toxic effect due to its unregulated expression. A
retroviral (MFG) vector encoding the human gc was constructed without any selective transgene.

The defective retrovirus infectious particles were produced by an amphotropic Y Crip packaging
cell line clone, and the viral supernatant obtained was used both for the preclinical and the clinical
studies. The first line of evidence that this disease could be treated by gene transfer came from the
transduction of the EBV-transformed gc-deficient B cell lines [3]. We demonstrated that gc
expression was restored, leading to a physiological level of membrane expression and function.
This expression was stable over a period of 1 year and conferred an in vitro growth advantage.
Several different gc-deficient B cell lines were retrovirally transduced, some of them expressing an
abnormal gc protein potentially able to compete with the normal one. However, transdominant
negative effects were not observed. The latter result has been further confirmed by our clinical
results in one patient treated by gene therapy who expressed at the cell surface an abnormal gc
protein unable to transduce signaling, and by the gene transfer data reported by Candotti et al in a
murine model characterised by the expression of a truncated gc, mutated in the intracytoplasmic
region [4]. The transduction of gc-deficient CD34+ cells in appropriate culture conditions restored
the differentiation of NK and T cells thus raising the plausibility of clinical application as it was
demonstrated that gc expression by CD34+ cells from SCID-X1 patients can relieve the T and NK
developmental block, at least in vitro [5] [6]. Meanwhile, conditions have been defined for
improved gene transfer into CD34 cells in a clinical-grade system. This includes CD4+ cell
selection and preactivation for 1 day in sterile containers in the presence of high concentrations of
SCF and Flt-3L and standard concentrations of MGDF and IL-3. Before adding viral supernatant,



Standardisation and Quality Control - Cell and Gene Therapy Products

76
Proceedings of the International Symposium, Strasbourg, 24-25 February 2003

© Council of Europe

the sterile bags are pre-coated with the CH296 human recombinant fibronectin fragment and the
cells are transduced three times in the continuous presence of this cytokine cocktail and protamine
sulfate. By means of this protocol 30-40% of CD34+ cells were transduced in a highly reproducible
manner, and they maintained their lymphoid potential after 6 weeks of long-term liquid culture [7].
The last major concern before clinical application was the potential toxicity of gc gene transfer into
hematopoietic precursor cells. Three different experiments in animal models produced evidence that
gc gene transfer not only restored immune cell development but also did it without any detectable
adverse effects up to 11 months following autologous transplantation [8] [9] [10] [4].

Since March 1999, nine children presenting with classical SCID-X1 disease have been treated in
France and one in Australia by a gene therapy protocol with quite similar immunological results,
but variable follow-up. All of the enrolled patients lacked an HLA genoidentical hematopoietic
stem cell (HSC) tranplantation donor and parents had given their informed consent. The 2.5 year
detailed follow-up of the first five patients treated was recently published [11]. Briefly, the clinical
and biological results obtained in these ten patients show the reproducibility of this approach in
terms of numbers of transduced CD34+ cells as well as kinetics of immunological reconstitution. In
nine out of the eight patients treated, the infusion of transduced CD34+ cells resulted in the
generation of peripheral transduced T-cells with characteristics similar to those of age-matched
controls in terms of cell count, subset distribution, TCR diversity and antigen-driven activation
within 6-12 weeks. So far, correction of T-cell immunodeficiency has been sustained for a period of
up to 4 years. Despite a low rate of B-cell transduction, immunoglobulin production was at least in
part restored. Three years after gene therapy, the number of TRECs remains comparable to those of
age-matched controls.

This result, together with normal-sized thymus and normal naive lymphocyte count detection
suggest that a durably functional thymus has been established in these patients. The absence of
allogeneic response against the thymic epithelium could explain the persistence of the thymic
function observed, conversely to the results reported after allogeneic HSCT. As well as sustaining
thymic function, we have also gathered data suggesting the transduction of hematopoietic precursor
cells with characteristics close to that of “stem” cells. In two patients, indeed 13 and 21 months
after treatment, about 1% of CD34+ cells in the bone marrow and between 1 to 5% of the LTC-IC
were shown to express the transgene. These results correlate with the low but stable expression of
gc over time on the circulating polymorphonuclear cells and monocytes. Despite these encouraging
results gene therapy remains a second-choice therapeutic approach after HLA-identical transplant
from a family donor, because of the immune reconstitution kinetics related to the peripheral
expansion of the donor’s mature T lymphocytes and the positive long-term overall results. The
recently reported occurrence of two severe adverse events in two patients treated by this strategy
raise a number of questions on the [12] the risk assessment of insertional mutagenesis for the future
of this field. This risk has been underestimated and was unexpected on the basis of results obtained
in four different animal models. A careful evaluation of these adverse events and a comparison with
the outcome of the only available alternative therapy, haploidentical stem cell transplantation are
necessary before drawing any conclusions on this strategy. The sequence of all T-cell retrovirus-
integration sites will provide us with useful information on this risk.
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DISCUSSION

Prof. Dr K. Cichutek: In the light of the development could there be additional pre-clinical studies
which would have helped to assess the problem?

Dr M. Cavazzana Calvo: The side effects were not at all expected and the animal models as we set
up were unable to explain this. We are trying to see if the use of foetal cells in new born animals are
able to mimic these side effects but the results are pending.

Comment from the floor: Thank you for sharing the data on the SCIDs and I am sorry that such a
successful trial turns out to have two SCID which did not accord. Did you see any integration of
your retrovirus in LMO 2? I read that in a third patient there is also integration in LMO 2 of the
retrovirus but that patient is not ill – what is the difference between the third patient and the first
two patients? Is it the administration of the cells?

Dr M. Cavazzana Calvo: We did’nt study integration site in the mice model because the risk of
insertion and mutagenesis at this time was considered so low that we did not do a study.
Nevertheless, the mice never developed any toxic effect up to 1 year of observation after gene
therapy. There is data from the group who is helping us for the study of integration site for the third
patient. We have not detected any hyper expression in this patient. There is no difference in the
infected cells.

Comment from the floor: Dr M. Cavazzano Calvo mentioned an increased insertional mutagenesis
event and its certainly showing up as more frequent and I’m sure there are many factors related to
that but is it not also true that if you are putting in a million cells.
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SESSION III:
NEW QUALITY CHALLENGES FOR GENE THERAPY PRODUCTS

Manufacturing overview:
Manufacture and characterisation of adenoviral vectors for gene therapy clinical trials

Dr G. Sharpe, Cobra Therapeutics Ltd (UK)

The scope of this paper is limited to the manufacture and characterisation of recombinant,
replication deficient (DE1, DE3) adenovirus type 5. The virus is propagated in the helper cell line
PERC6™, which complements the E1 deletion in the viral genome while limiting the possibility for
homologous recombination to produce replicating virus. For use of the virus as a gene therapy
delivery vector in the clinic, its production must be from infection of a qualified master cell bank of
the helper cell line with a qualified master virus seed stock of the recombinant virus. Qualification
in this context starts with laying down the cell bank and seed stock in a manner that is compliant
with cGMP and then having them tested to show that they are free from adventitious agents: human,
bovine or porcine viruses; mycoplasma; bacteria and fungi. Being able to show the absence of
adventitious agents in the raw materials is critical to the manufacture, since producing a virus that is
itself the therapeutic product limits the application of virus removal or inactivation steps that would
be required for, say, a recombinant protein.

Virus for clinical trials needs to be made in as simple a process as possible, but with the scope to be
readily scaled up – there is always a need for more material e.g. as replacements, for additional
protocols, and for testing or stability. Because of this requirement to scale quickly, roller bottles are
often chosen as the route to be developed so that a modular process can be initiated at small scale
then scaled up simply by increasing the number of units. Roller bottles also provide a fully
disposable manufacture thereby eliminating any necessity for cleaning validation. The downside of
this approach is if the manufacturing scale becomes so great that the numbers of roller bottles
become too great for a manual operation. Nevertheless roller bottles provide a rapid and seamless
route through development and technology transfer, they are flexible in that both suspension or
adherent cells can be used and the disposable units help limit cross contamination, provide physical
containment of the genetically modified microorganism and have low capital cost.

So having infected the cells with virus, a crude virus lysate (CVL) is generated that goes on to be
purified by density gradient centrifugation or chromatography to produce the bulk virus that itself
requires to be fully characterised, though some testing can be performed on the CVL e.g. for
mycoplasma and replication competent adenovirus.

 For clinical trials the virus product, as for a licensed product, must be tested for: identity; quantity;
purity; impurities; potency; sterility and stability. Because dosing is based on the total number of
particles this assay is one of the most important, as is a test for infectivity to determine what is
known as the P:I ratio that shows a suitably high proportion of the virus particles are intact and
active (for clinical trials the P:I ratio target is 30). The host residual impurities must comply with
current regulatory expectations and sterility is tested to comply with normal pharmacopoeial
requirements. Because most virus formulations are dosed by injection there should also be a
measure of osmolality.
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Stability has been monitored essentially by observing the P:I ratio and the individual measurements
of total particles and infectivity. We have used a picogreen assay to measure total particles in a
bracketed study to cover dose escalation between 5 x 108 and 5 x 1011 viral particles per ml. As
expected these numbers have remained very constant over a period now in excess of three years.
We measured the virus infectivity by a plaque assay that we spent some time optimizing, (we had
the opportunity to essentially validate our plaque assay by our participation in the Adenovirus
Reference Material Working Group). An internal reference standard batch was used in all assays
and trended to give a feel for assay variability based on over 100 separate assays. The infectivity
assay is a good stability indicator since damaged or aggregated virus will change the P:I ratio. In the
bracketed study the low and high virus concentrations followed very similar patterns.

The test that often causes most difficulty is the potency test but this was addressed in this instance
by developing an in vitro cell based assay. This particular virus vector was being used to deliver a
gene coding for a bacterial enzyme under the control of a mammalian promoter such that post
infection cells would express the enzyme. This vector was part of a potential cancer therapy known
as Gene Directed Enzyme-Prodrug Therapy (GDEPT). Following direct intratumoural injection
with virus and allowing sufficient time for expression, the cells were exposed to a prodrug that was
converted by the enzyme into a very potent, but short half-life, cytotoxic agent that causes localised
cell death.

The potency assay was therefore designed to demonstrate: infectivity of the virus; expression and
functionality of the transgene; and finally cytotoxic functionality of activated prodrug. This in vitro
assay was a useful QC test to compare different batches to a reference batch and to each other, but
ultimately requires comparison to clinical data to look for correlation. Again, this type of assay,
with multiple steps contributing to variability, required a significant optimization effort to bring it
into control.

In summary it is important to manufacture therapeutic virus from qualified cell banks and virus seed
stocks in controlled and dedicated manufacturing clean rooms. It is then critical to demonstrate that
patient safety is held paramount by assembling a comprehensive testing package:
- to confirm product identity
- to quantify the dose
- to demonstrate purity by showing a high proportion of infective units, and quantifying

impurities, host residuals and freedom from adventitious agents
- to measure osmolality
- to measure potency or specific activity
- to show sterility

DISCUSSION

Question from the floor: Regarding the method which Dr G. Sharpe used for viral particle
measurement it was done by a Pico green assay. This pike kit is usually used to quantify DNA and
therefore you made a relation between the DNA content and the virus particle content.

Dr G. Sharpe: That is correct; there is a calculation that is needed to convert one to another.
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Question from the floor: You are sure that you have no free DNA which could interfere and
modify the results?

Dr G. Sharpe: That is measured separately and it is not a significant contributor.

Question from the floor: When I look at the specifications for infectious particles in adenoviruses
– the early specifications were quite high and then went down – is this a real number or is this an
assessment or did the ratios improve?

Dr G. Sharpe: What we have measured has always been the same and although we originally set
our specification at 100 we were always getting lower P:I ratios. The P:I ratio is now, if I am
correct, 30 and we still meet that requirement – we have not changed the assays and therefore the
assays in our hands have stayed the same as to what we were measuring before.
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SESSION III:
NEW QUALITY CHALLENGES FOR GENE THERAPY PRODUCTS

Development issues:
Stability of viral vectors for gene therapy

Dr D. Malarme, Transgene (F)

Two aspects of the stability of viral vectors for gene therapy were presented: thermal stability and
genetic stability.

Thermal stability

Factors affecting the thermal stability

Several factors may affect the thermal stability of viral vectors:
- the type of vector (Retrovirus, Adenovirus, Vaccinia virus, …) is of major importance, some

viruses being highly sensitive to environmental conditions, like Retroviruses, while others are
more resistant, like Adenoviruses.

- the production process is also of importance; in most cases an increased instability of the
product is observed when the purity is improved. Any modification in the production process
may have an impact on viral stability and new stability studies must be conducted.

- an increased viral concentration generally has a positive effect on stability, but some viruses at
high concentrations may tend to aggregate.

- the physical form (liquid or lyophilized) and the formulation buffer must be specifically
optimized for each type of virus.

Stability-indicating profile

To study the thermal stability, existing guidelines for biological products and the experience
accumulated since several years on live vaccines are usefully considered. The first objective is to
establish a stability-indicating profile “that provides assurance that changes in the identity, purity
and potency of the product will be detected” (ICH Q5C Guideline: Stability testing of
Biotechnological/Biological products).

An example of stability-indicating profile, for an Adenovirus vector expressing human Interleukin
2, is proposed in table 1.

The most critical assays, Infectious titer, Viral particles and Aggregation, are performed every three
months during the first year and every 6 months after. The other assays are performed every 6 or 12
months.
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Test Real time stability (months)

0 3 6 9 12 18 24
Aspect x x x x x
Volume x x x x x
pH x x x x x
Osmolality x x x x x
Sterility x x x
Infectious titer x x x x x x x
Viral particles x x x x x x x
Ratio vp/iu x x x x x x x
Expression of IL-2 x ! x ! x x x
Functionality of IL-2 x ! x ! x x x
RP-HPLC x ! x ! x x x
IEX-HPLC x ! x ! x x x
Aggregation x x x x x x x

Table 1. Example of stability-indicating profile.

Preliminary results

Our preliminary results obtained for an Adenovirus vector expressing human IL2 indicate that there
is no reduction in particle titre and also, more importantly, in infectious units after a 1-year storage
period at +4°C in liquid form. Those results show that promising perspectives exist for a storage at
+4°C instead of the currently used temperature of -70°C. Additional analysis, e.g. by ion-exchange
HPLC and RP-HPLC, are in progress in order to establish more precise acceptance criteria.

Conclusions

Thermal stability studies on viral vectors for gene therapy are very similar to the studies conducted
on classical live vaccines; the same guidelines may be applied and the interpretation of the results is
similar.
Most viral vectors are currently stored at -70°C, which is unpractical for commercial applications,
but good perspectives exist for a storage at -20°C or +4°C.

Genetic stability

Factors affecting the genetic stability

The main factors affecting the genetic stability of viral vectors are listed below:
- the type of vector, RNA viruses being generally less stable compared to DNA viruses.
- the nature of the transgene(s) and its level of expression: the transgene may be toxic for the
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cells or for the virus itself; it may also be naturally unstable. In those cases, the counter-selective
pressure will favour a mutated sub-population.

- the construction of the genetic insert, which is of up most importance and, for example, any
region of homology inside the genetic insert or between the genetic insert and the
complementation cells must be avoided.

- the number of viral passages performed for the production of the clinical lots: it has to be
strictly defined by the production procedures.

Example of genetic stability study

The example of a Vaccinia virus vector (MVA) expressing a modified Mucine protein (MUC1) and
the cytokine Interleukin 2 (MVA-MUC1-IL2) was presented. The general strategy developed for
such vectors and some key results were discussed.

The assays to check the genetic stability of the vector were performed at different viral passages: at
an early passage (Pre-Master Virus Seed), on the Master Virus Seed, on the production lots and 3
passages beyond the production passage. As the Vaccinia strain used to construct the vector
(Modified Virus Ankara, MVA) is non replicative in human cells, we considered that 3 passages
beyond the production passage suffice.

The majority of the assays are performed on the global virus population:
- expression of the transgenes
- functionality of the transgenes
- PCR to check the integrity of the genetic insert
- sequencing of the genetic insert and the adjacent regions

Those assays will characterise the major viral population and are not adequate to detect mutated
sub-populations. For that purpose, the analysis of several sub-clones is strongly recommended.
For the example of vector MVA-MUC1-IL2, viral plaques were isolated on BHK21 cells,
individually amplified and finally assayed for IL2 and MUC1 expression. For both transgenes, more
than the specified limit of 90% of the sub-clones did express the proteins.

Conclusions

Multiple assays are necessary to check the genetic stability of viral vectors for gene therapy; those
assays are performed before, at and beyond the passage used for production of the clinical material
and characterise both the major viral population and isolated sub-clones.
Genetic stability is a key parameter for the characterisation of viral vectors for gene therapy.

DISCUSSION

Prof. Dr K. Cichutek: What is the recommended number of clones?

Dr D. Malarme: We analysed several hundred of clones – probably about 1,000 clones in all
because we perform this assay on each lot of product.
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Prof. Dr K. Cichutek: Did you look at this from a statistical point of view – what would be the
recommended number as from which you detect a certain percentage of mutants?

Dr D. Malarme: This depends on which kind of mutation you observe. If you consider that the
mutations, like we had in the case which I showed you during my presentation, are not of major
importance because they generated mutant forms which are natural mutant forms of the protein. We
considered that in this case there is no major safety issue with the modified proteins. If you generate
mutants which may have some toxic potential for the patient, then you must analyse many more
clones in that case.

Question from the floor: If it is a replication deficient virus, why would you recommend three
additional passages? This is not going into the body and multiply?

Dr D. Malarme: It is not replicative in the human body so there will be no viral cycles inside the
body but it is classical to have to go beyond the passage level and also the Authorities probably
expect you to do this. We decided to perform those experiments. We went three passages beyond
and not ten like we would have done for replicative viruses.

Question from the floor: Looking at the master seed it show 8 to 9 passages from the master seed.

Dr D. Malarme: From the master seed there is only one passage to the clinical lots.

Comment from the floor: If you make this for large scale manufacturing, then you have to
increase your passages between your master seed.

Dr D. Malarme: We designed our master seed to be very large and large enough to ensure at least
20 years of commercial production. That is because for the MVA vector we use a very low
multiplicity of infection – we use a MOI of 0.01 so with a few amount of virus seed we can
generate a very high amount of product.

Comment from the floor: Regarding a cell clone expressing a special transgene – at which point
has it to be handed under GMP conditions, at the stage of cloning of the vector, transfection
procedure, single clone selection or clone expansion?

Dr D. Malarme: We make the construct on laboratory conditions and we then transfer the material
to the GMP facility where we perform three sub-clonings. These are three successive sub-clonings.
This ensures the re-cloning of the vector and a higher purity. This takes time however and will
block your production facility for several weeks.

Question from the floor: In Dr Malarme’s presentation you showed that you only had one
transgene. Suppose that you had had multi transgenes and you start analysing the plaques and you
know the sequences but there is a differential regulation of expression – have you already
encountered this problem? How would one tackle this problem?

Dr D. Malarme: When we isolate plaques, we look at the expression and only on the sub-clones
with a lower level of expression we look at the sequence. When the expression is correct then we
suppose that the sequence is correct.
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SESSION III:
NEW QUALITY CHALLENGES FOR GENE THERAPY PRODUCTS

Development issues:
Stability of Plasmid DNA vectors in gene therapy

Dr D. Thatcher, Cobra Therapeutics Ltd (UK)
Presentation given by Dr Geoff Sharpe BSc PhD CChem MRSC,

Cobra Biomanufacturing Plc (UK)

Plasmid DNA, as a biopharmaceutical product, presents some interesting quality issues as a
consequence of its physical form. DNA is essentially a simple structure, especially when compared
to a protein: it comprises repeating units of only four nucleotides linked through a sugar backbone
and hydrogen bonded into a double helix - a very large and extended structure that by its nature is
sensitive to shear forces. Physico-chemical analysis has limited utility and is fairly uninformative
and imprecise in terms of fine structure; biological assays are also imprecise because most rely on
the train of events required to convert DNA sequence into protein prior to a biological readout being
obtained. Even using DNA sequencing it would be difficult to see 10-15% of a contaminating
modified sequence.

So it is with this background, that to manufacture a consistent quality of plasmid DNA required
knowledge of how DNA could be damaged and methods to assess if DNA had been exposed to
damage during manufacture.

Normally plasmid DNA is isolated as a circular toroidal loop that is supercoiled with so called
plectonemic twisting (supercoiled or covalently closed circular [CCC] plasmid DNA). If a single
strand of the plasmid DNA is ruptured through either physical, chemical (de-purination followed by
beta elimination) or enzymatic cleavage, the supercoiling unwinds to so-called open circular
conformations. If both strand are cleaved the plasmid becomes linear. These forms can be visualised
by atomic force microscopy (AFM) and measured by capillary or gel electrophoresis. The
traditional way of looking at plasmid DNA is agarose gel electrophoresis, and although this is a
good qualitative test – that is all it is. Capillary electrophoresis, in a number of forms, has been used
as a test for plasmid DNA and one of the simplest is free solution capillary electrophoresis (FSCE).
This allows plasmid DNA in its supercoiled or covalently closed circular form to be separated from
the nicked, open circular (OC) form and linear form. The use of FSCE has allowed a quantitative
measure of CCC plasmid DNA to be made.

Generation of OC DNA from CCC DNA can be forced to occur by the use of increased
temperature, acidic pH or exposure to divalent metal cations. When plasmid DNA is purified and
dissolve in normal saline any of the above physical conditions will lead to a fairly rapid conversion
from CCC to OC as monitored by FSCE. DNA formulated with appropriate buffers to maintain
neutral pH (Tris) and act as chelators (EDTA) for metal ions has been subjected to short and long
term thermal stress studies. An Arrhenius plot of the long-term data highlights the degradation
process as non-enzymatic with activation energy of approximately 19 kcal/mol/K.

Thus a quantitative specification can now be set as to what level of CCC plasmid DNA should be
expected from a manufacturing process that does not subject the DNA to damaging conditions, and
this can be confirmed by FSCE. Further, because it is known that FSCE can detect physical changes
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in plasmid DNA that can be due to alterations in the physical environment in which the DNA is
held, then this technique can be used to monitor stability. It is of interest though to know if such
physical changes are important for the biological use to which this therapeutic plasmid DNA is
designed to be used.

Making use of a plasmid carrying the luciferease gene, in vitro and in vivo studies were compared
using high percentage CCC plasmid DNA and two lots of stressed DNA derived from this same
batch that were mainly OC or mainly linear. In general the results showed that the CCC DNA out-
performed the other forms when transfection and subsequent gene expression were required. We
have additional anecdotal information however that suggests that when plasmid DNA is used as a
vaccine to elicit an immune response it is less clear that high percentage CCC DNA is required.

We have observed plasmid DNA over a number of years (>3) and from a CCC level that was not
especially high to start with, a relatively rapid transition to OC was seen in the first year, but this
then seemed to plateau at around 50%. This is quite a logical observation when considered from a
statistical viewpoint. To convert CCC DNA to OC requires a single strand nick, but to convert OC
to linear by the same mechanism would require a second nick in the opposite strand very close to
the site of the first nick – a much lower probability than a new nick in CCC DNA or a second nick
some distance from the first. So at 50% CCC you might consider roughly equal probability of nicks
occurring in CCC or OC and hence the plateau.

The consequence of this theory is that while we can measure the physical stability of DNA and
show a loss of CCC over time it will be equally important to know if this has an adverse or neutral
effect on the intended biological application. Therefore it is recommended that pivotal stability
studies should include bioanalytical data in order to compare reduced transcription efficiency
against open circular DNA formation on a case-by-case basis.

DISCUSSION

Comment from the floor: What you do recommend as storage temperature for liquid DNA
formulation?

Dr G. Sharpe: What we have seen is that storage is at its optimum at –70°C, -20°C is fine and we
do have stability data that have been done over 2 or 3 years. It is critical that if the level of super
coiled DNA is not high at the start, then you actually see the degradation running faster. Turning
out a product with high covalently closed circular DNA gives you a more stable product. If you
want liquid formulation and you want that to be used then you can thaw DNA and store it at 4° for
at least a number of weeks, if not months.

Comment from the floor: Did Dr G. Sharpe develop precise formulations to stabilise DNA
solutions?

Dr G. Sharpe: For the stability you have to have a buffer to counteract the variability in pH, that is
very clear degenerative pathway. Having protection against divalent metal cations is something else
which you need to have. If you are going to dose this as parental it needs to be isotonic and that is
why the saline was included. Most of the formulations that we have looked at are TrisEDTA salt
formulations.
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Comment from the floor: Within the hospital where I work, we are dealing with a plasmid
supplier who found out that the stock, above 1milligramme per ml could be best stored at –80°
while the dilutions under 1 milligramme per ml could be better stored at –20°C. Could you explain
this theory.

Dr G. Sharpe: We have looked at a number of concentrations and certainly concentrations of 0.5 to
2 milligrammes which are stored equally well at both temperatures. We do put reference materials
at –70°C or –80°C however. Under normal circumstances, we would keep both bulk and formulated
DNA at –20°C.

Comment from the floor: Could you explain further about freeze-thaw cycles concerning plasma
DNA?

Dr G. Sharpe: We have done this and used the capillary electrophoresis to look at this – we have
done 60 freeze-thaw cycles of DNA and have seen very little effect. It was not carried out over a
long period however.
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SESSION III:
NEW QUALITY CHALLENGES FOR GENE THERAPY PRODUCTS

Development issues:
Improvements in GMP plasmid DNA production: Vector topology and product safety

Dr M. Schleef, PlasmidFactory (D), C. Voß, University of Bielefeld, Faculty of Technology (D),
T. Schmidt, PlasmidFactory (D), and E. Flaschel, PlasmidFactory (D) - University of Bielefeld,

Faculty of Technology (D)

Plasmids are used as research tools for e.g. standard applications like cloning or DNA fragments
and for any kind of gene transfer (transformation, transfection, etc.). Hence, as pharmaceutical tools
(drugs) they are used to transfer therapeutic or preventive genetic information for applications as
gene therapy, cell therapy, DNA immunisation (therapeutic or curative DNA vaccines), virus
production (e.g. AAV) etc. into cells. Therefore, the use of fully characterised nucleic acids - free of
animal derived substances during production - is essential.
For intended clinical trials it is elemental to consider some aspects in designing the plasmid vector.
Important is the structure with respect to the total size, copy number, gene elements (therapeutic
genes, promoters, antibiotic resistance elements, origin of replication, etc.), the sequence (e.g. CpG,
repeats, etc.) and – mainly – the topologic structure of the plasmid vector.

Topological structures of plasmid DNA can be characterised by capillary gel electrophoresis (CGE)
– an important tool for quality control and stability assessments in storage, DNA drug formulation
or in drug delivery applications. Any process development for the manufacturing of plasmid DNA
has to be accompanied by a powerful in-process-control (IPC) system to generate data on the
characteristics of plasmid molecules. In particular, methods are required for obtaining ccc plasmid
DNA in pure form. Commonly, other plasmid topologies appear as well, which have to be separated
from the desired API (active pharmaceutical ingredient). The innovative technology of CGE (see
www.CGEservice.com for further information) is the key assay in quality control for clinical grade
plasmid DNA, because it is superior to non-reproducible agarose gel electrophoresis (AGE). Hence,
a large-scale manufacturing process has been developed, which allows the separation of undesired
open circular (oc) or linear plasmid topologies from the desired supercoiled covalently closed
circular (ccc) vector molecules.

In DNA purification the removal of any contaminating cellular component is very important (see
Ferreira et al. in: Schleef (Ed.), Plasmids for therapy and vaccination, Wiley-VCH 2001, pp. 193-
236). A specific problem is the separation of the DNA from the un-desired bacterial chromosomal
DNA.

PlasmidFactory´s Plasmid DNA production service in GMP grade quality is an example for the
consideration of certain important aspects to ensure safety of the product. In particular no animal
derived substances are used at all from cultivation until filling. Especially no RNase is used, since
this typically derives from bovine. The preparative separation of high efficient ccc vector molecules
is recently available as part of the process. Here the non-ccc forms and the bacterial chromosomal
DNA are removed as well as other contamination like RNA, protein, endotoxin (bacterial LPS) etc..
The quality control assays necessary to evaluate the quality of a DNA product and to ensure safety
in production were published earlier (Schleef et al., Eng. Life Sci., 2, 157-160 (2002)).
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Plasmid stability data were obtained from storage assessments over a long period of time (real time
date) and with accelerated studies. In addition, the analysis of shear effects influencing the plasmid
quality in DNA drug delivery formulation and application (e.g. gene gun or jet injection) is
performed. Using CGE, the development and the in-line monitoring for pharmaceutical plasmid
production staring from fermentation control throughout the whole manufacturing process including
the formulated and filled product will be performed the first time in a way conforming to GMP.

DISCUSSION

Comment from the floor: If like Dr M. Schleef mentioned he is not very happy about using
absorbance at 260 to quantify the DNA and prefer fluorescence or PCR how do you initially
quantitate or validate your immuno-fluorescene assays or your quantitative PCR assays? What
standard do you use?

Dr M. Schleef: We have to use this because everyone else is. We have made a reference DNA
which is an internal reference DNA which we have characterised and which is by definition
1!milligramme per millilitre and we dilute this. We have also made a fluorescence assay and PCR
assays and we have seen differences. However, we always say that it is based on absorption at
260!nanometre and it is reproducible in this way. You always need a reference to do such an
analysis therefore it is difficult to change it as it constitutes a lot of work.

Comment from the floor: Many groups do establish the extinction coefficient for their drug entity
so it is not that difficult to do.

Question from the floor: Do you share similar observations that the close circular form of DNA
translates into the potency or into the expression of the protein?

Dr M. Schleef: Yes, we have seen data on this and we have also thought about it. There was one
slide in a presentation which concerned the linearisation – if you linearise it by Eco R1 and if Eco
R1 is not in the transgene of course linear molecules have has high efficacy because there is none
within this transgene. But if the restrictions would be inside, then you would have 0 expression. The
degradation into open circular it is a statistical event – it happens anywhere, inside or outside the
transgene. From this point of view the supercoiled form is more efficient. We have seen also
transfectious studies with DNAs which contain a lot of open circular forms (a bad quality DNA)
versus supercoiled batches of the same plasmid and the results supported this. It was not because
there was some contamination inside, it was simply the result of sheering that was done.

Question from the floor: If you see the data which has been obtained from the human vaccination
regarding plasma DNA vaccines, it is not very encouraging and people are wondering if the
delivery system is important and they say that gene gun is probably the better way of delivering the
plasmid. Is this correct?

Dr M. Schleef: This would depend on the kind of immunisation system you want to have. If you
wish to have low amounts of DNA to have a high effect you can use gene gun and gold particles to
protect may be the DNA by adhesions onto the surface of the particles but we never performed this
assay, we did a lot of jet injection and transfiction studies but we never received a sample from
anyone who re-eluded this from the gold particles so that we could check this. It would be
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interesting to see which molecules are preferably bound to the gold particles and if they are
damaged by being on these gold particles. It is known from sand, in cleaning facilities for waste
water, that nucleic acids stick to sand and they are protected from simply being on that surface
because they are maybe in a structure where enzymes cannot degrade them. It could be possible that
the gold particles are protecting the DNA – it could be the other way around however. We reeluted
plasmid DNA from complexes. These complexes containing plasmid like e.g., liposomes and
whatever complex building agents. They make big aggregates and if you resolve this, for example
some can be resolved with chloroform and aqueous phase – it can be analysed by CGE. We could
see that there was damage. This damage depends on in which phase of aggregation it happened,
which means that there is some optimization of the transfection necessary. We could have done the
same for gold particles, however, we never did.

Question from the floor: In a paper you gave with Mr Shaw, two years ago, you described in the
harvesting of the plasmid – first a denaturation step, where your chromosome and your plasmid
DNA denaturation occured and then with a pH shift you could renaturate your plasmid DNA while
the chromosomal DNA denaturated.

Dr M. Schleef: This is a typical alkaline lysis – what happens is that these two single strand
molecules are hanging within each other – they cannot separate from each other, while the single
stranded very long DNA fragments from the bacteria are to far away from each other to find their
partner strand is very difficult. They stay in this configuration because they cannot find their
partner, they would “like” to go to a double strand but they cannot. This causes a big network which
is the white flaky stuff which you have in this material which is then centrifuged away.
This is a matter of not finding the partner strand and then making a network.

Question from the floor: Stability of DNA in water – why do we not just ethanol precipitate it?

Dr M. Schleef: Firstly, we do not wish to use ethanol in the process but there are other ways to
concentrate this and to store it (even dry) but this is not the whole step. How do you know how
much DNA you have in a pallet? You have to tell this to the person who is carrying out the clinical
trials – he/she would like to add 1 millilitre to a 1 milligramme pallet, to obtain 1 milligramme per
millilitre. This is a pharmaceutical test. You need to be careful because if you put it on a vortex you
may destroy your plasmid DNA and you never know if it was completely restored and therefore this
is not practical. It would be possible to make a lot of these pallet but how can I ensure the size and
amount per palette.
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SESSION III:
NEW QUALITY CHALLENGES FOR GENE THERAPY PRODUCTS

Development issues:
Characterization and use of an Adenovirus reference material

Dr B. Hutchins, Canji (USA)

As development of adenoviral vectors for gene therapy proceeds in clinical trials, the safety profile
of this class of gene transfer agents becomes more important. This allows regulatory authorities and
clinicians to build confidence in their decisions regarding risk to benefit ratio, dose escalation and
study design, and efficacy. The development of reference testing reagents has been successfully
used to standardize measurements among laboratories in the past. This approach was recommended
by many parties with a stake in adenovirus vector delivery to address the fact that particle units and
infectious units were not standardized in the field. The Adenovirus Reference Material (ARM) was
developed under the guidance of the Adenovirus Reference Material Working Group (ARMWG)
and the US FDA through the donation of services and supplies by a large number of laboratories
and organizations from the US, Canada, France, the Netherlands, Germany, and the UK. The ARM
consists of a purified wild type adenovirus, type 5. The purpose of the ARM is to define the particle
unit and infectious unit for adenovirus-based gene vectors and establish a reference point for
comparisons. All information regarding the development and characterization of the ARM,
including copies of the ARMWG particle concentration and infectious titer assay procedures, can be
found at the website http://www.wilbio.com, which is maintained by The Williamsburg
BioProcessing Foundation in cooperation with the FDA.

The ARMWG was able to obtain donations of materials and services to produce more than 5300 x
0.5-mL vials of a reference material, the production cell bank, the production virus bank, a testing
phase cell bank, and repository services for storage and distribution. A consortium of more than 24
laboratories from around the world characterized the ARM. The ARMWG assigned the particle
concentration and infectious titer based on statistical analyses of the data derived during the
characterization phase of the project. Detailed characterization data are available for Lot No.
001503. Minimal data are available for three “sister” lots (all are sub-lots from one bulk lot, but
filtered and vialed on different dates).

The particle concentration is 5.8 x 1011 particles/mL, with a 95% certainty that the true particle
concentration lies within the range of 5.6 x 1011 to 6.0 x 1011 particles/mL. The particle
concentration was based on data submitted by 13 different laboratories, each of which performed an
A260nm/SDS procedure provided by ARMWG. If the ARMWG procedure for particle
determination is performed with the ARM, 99.7% of the time the result should fall within the range
of 4.8 x 1011 to 6.9 x 1011 particles/mL (within 3 S.D. of the mean).

The infectious titer on HEK 293 cells is 7 x 1010 NAS Infectious Units (NIU)/ mL, with 95%
certainty that the infectious titer on HEK 293 cells lies within the range of 7 x 1010 to 8!x!1010

NIU/mL. The infectious titer was assigned based on data submitted by 17 different laboratories,
each of which assayed two independent dilution series on HEK 293 cells in a procedure provided by
ARMWG. This procedure was designed to provide many data points, in contrast to assays designed
for the ruggedness typical of a QC laboratory. A square-root-of-two-fold dilution series was
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utilized, and the end point was cytopathic effect (CPE) read after 10 days. The ARMWG assay
incorporated a correction for the slow diffusion of the adenovirus particle in solutions into the titer
calculation from the raw data, i.e., the NAS method. If the ARMWG method for infectious titer is
performed with the ARM, 99.7% of the time the result should fall within the range of 3!x!1010 to 18
x 1010 NAS IU/mL (within 3 S.D. of the mean).

The complete DNA sequence of the ARM genome was determined and will be deposited with
GenBank. It is similar but not identical to the adenovirus 5 sequence found at GenBank accession
no. NC 001406. The ARM was analyzed for a variety of impurities. The amount and fragment size
distribution of residual HEK 293 host cell DNA was determined via qPCR with <3 pg host cell
DNA per µg total DNA for fragment sizes of 120, 411, and 757 bp. Residual HEK 293 host cell
proteins were determined via a commercial ELISA kit to be 18 ng/mL. Residual BSA (commercial
ELISA) is present at <0.5 ng/mL. Free hexon was assess by an immunoaffinity/gel filtration assay
and found to be 1.16 µg/mL, or approximately 2.0 µg free hexon per 1012 adenoviral particles.
When analyzed by a published reverse phase-HPLC assay, no 31K MW precursor protein was
detected. Endotoxin is <0.15 EU/mL. The A260nm to A280nm ratio in the presence of 0.1% (w/v)
SDS was 1.37. The ARM was tested and found to be free of adventitious agents.

Particle size distribution, assessed by photon correlation spectroscopy in several laboratories,
demonstrated that the preparation is very homogeneous in nature, consisting primarily of single
particles. This was confirmed by image analysis upon field emission scanning electron microscopy.
Mean particle diameter, perimeter, and multiplet order and distribution were studied. The total
estimated mean diameter of the single particles was found to be 86.2 ± 5.4 nm. Particle perimeter
analysis was applied to examine micro-aggregation. The analysis revealed that the ARM consists
predominantly of >70% single virus particles. The remaining virus population is composed of
doublets, triplets, or multiplets of more than 3 particles.

The ARM should be used to establish the infectious titer and particle concentration of a laboratory’s
own adenovirus preparation, which can then be used as an internal reference material to determine
the infectious titer and particle concentration of other adenoviral preparations. Values for
adenovirus infectious titer are particularly dependent on the assay method. The ARM is intended to
provide a fixed reference point so that if the same preparation is assayed using different methods,
the resulting adjusted titers will be similar. The number of replicates required to obtain an accurate
particle concentration or infectious titer will depend on the variance of the assays being used.

The ARM could be used to validate the methods a laboratory uses to determine particle
concentration and infectious titer. The ARM could also be used to validate the infectious titer of any
control virus used in replication-competent adenovirus assays. However, on-going validation work
should be performed using the laboratory’s internal adenovirus reference material, as the
availability of the ARM will be limited. It is not the intent of the ARMWG or of FDA to
standardize methods across the field, nor to require that the values assigned to the ARM be
duplicated during validation studies. There is no requirement to follow ARMWG procedures when
assaying the particle concentration or infectious titer.

The ARM was prepared using a working cell bank of HEK 293 cells reserved for this project. It is
not recommended that laboratories use the ARM to produce adenovirus.

Short-term field use and shipping configuration studies were performed. The field use study focused
on the impact of multiple freeze-thaw cycles, thaw and subsequent storage at 2-8ºC over 7 days, and
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thaw and subsequent storage at room temperature over 7 days. Stability studies on the ARM have
shown aggregation in some vials after a single freeze-thaw, i.e., after standing for more than 4 hours
upon thaw after receipt from ATCC. The ARM can be thawed at room temperature and left at either
room temperature or at 2-8ºC for as long as 4 hours without impact.

The shipping stability study examined the impact on the ARM when packaged on dry ice using the
ATCC shipping configuration, with the package held for two days at 40ºC and then an additional
day at 50ºC. Data confirmed that the ARM could be successfully shipped in the ATCC long
distance configuration.

A 5-year stability study is in progress to monitor the ARM when stored frozen at –80ºC, and, on a
more limited basis, when frozen at –80ºC but stored long-term at –20ºC. Stability is being evaluated
via particle concentration by A260nm in SDS, particle quality and concentration as determined by
an anion exchange HPLC assay, activity by an infectious titer assay (a flow cytometry-based
method incorporating the NAS calculation), particle size by photon correlation spectroscopy,
particle aggregation by ratio of A320 nm to A260 nm (without SDS), and, for selected time points,
a qualitative assessment of micro-aggregation via field emission scanning electron microscopy and
assessment of sterility as a correlative for container integrity.

During the characterization phase it was observed that all vials contained an organic contaminant
that was presumed to be a plastic leachate. The contaminant can be detected as an early eluting peak
by RP-HPLC with a distinct peak UV spectrum that distinguishes it from virus protein peaks. The
contaminant is present in all four sub-lots. Its absorbance characteristics do not interfere with the
A260nm/SDS method used to determine particle concentration (contribution less than 2%).

The ARM is available from ATCC (http://www.atcc.org) for a nominal fee.

The development of the Adenovirus Reference Material may serve as a model for other gene
vectors. The process of determining how to produce and characterize the material, obtaining
volunteered materials and services, and analyzing and publishing the data for the ARM has
proceeded relatively smoothly and relatively quickly (less than 2 years). ARMWG members were
likely influenced by the unfortunate death of Jesse Gelsinger and by public perceptions of gene
therapy.

Although the process went relatively smoothly, ARMWG membership did not always agree,
especially in the initial meetings and in the 2002 meetings that discussed and determined the
assignment of infectious titer. There were quite lively discussions over several meetings and the
Conferences regarding assignment of infectious titer. However the membership remained focused
on our collective goal and found ways to compromise or acknowledge on differences among
members while still achieving the goal. Sometimes we had to remind ourselves, or be reminded,
that the ARMWG was not setting policy, but only creating a reagent that would provide a tool in
generating data to aid regulatory agencies.

Last September an ICH Working Group recommended that the three regions collect data regarding
use and implementation of the ARM. It is when this information is analyzed in a year or two by the
group, that the real impact or success of the ARM can be determined.
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DISCUSSION

Prof. Dr . K. Cichutek: Regarding the AV reference material- working group, please could you let
me know further information.

Dr B. Hutchins: They are still in the early stages of understudy on how to make their working
group work.
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SESSION III:
NEW QUALITY CHALLENGES FOR GENE THERAPY PRODUCTS

Development issues:
Need of reference materials for retroviruses and lentiviruses

Dr K. A. Mitrophanous 1, J. E. Miskin1, J. B. Rohll1,2, H. H. Roehl2, F. M. Ellard1, F. J. Wilkes1,
D. Chipchase1, P. A. Radcliffe1, D. Baban1,3, D. J. Jolly2, S. M. Kingsman1

((1) Oxford BioMedica, (UK), (2) BioMedica Inc (USA), MRC Functional Genetics Unit (UK))

Retrovirus and Lentivirus-based vector systems hold great promise as tools for gene therapy. Recent
progress in the use of these vectors has made their use for clinical benefit possible.

Most retroviral vectors to date have been based on the mammalian C-type retroviruses. More
recently lentiviral vectors have been developed as gene therapy vectors including the human
immunodeficiency virus (HIV) type 1 and 2, feline immunodeficiency virus (FIV) and the equine
infectious anaemia virus (EIAV). For recent reviews see [8, 10] EIAV belongs to the non-primate
subgroup within the Lentiviridae. It has the simplest genome of all the lentiviruses, encoding only
three accessory genes unlike HIV which encodes six. EIAV infects all Equidae causing anaemia but
no immunodeficiency. There has been no documented case of EIAV infecting humans. Indeed
EIAV is not able to enter human cells and when experimentally forced to is unable to replicate in
human cells.

EIAV based vectors have been used to transduce a number of cells (both dividing and non-dividing)
in vitro and in vivo [1-3, 6, 7, 9]. The latest EIAV based vector system consists of a codon-
optimized gag/pol gene, a heterologous envelope gene (usually the G protein of vesicular stomatitis
virus (VSV-G)) and a vector genome that contains only 800nt of EIAV sequence [12]. These
remaining viral sequences are required for the packaging of the genome into the viral particle, the
reverse transcription of the genome and finally for the integration process into the target cells’
genomic DNA. The vector genome has a self-inactivating (SIN) LTR. In principle this means that
in the transduced cells no full length vector RNA will be made; in practice this occurs at very low
levels. There is no requirement for any of the EIAV accessory genes or the EIAV envelope gene.
The only EIAV protein expressed is Gag/Pol and this is expressed only in the producer cells. There
is no significant homology between the gag/pol, the env and the vector genome components. It is
therefore impossible for homologous recombination to generate wild type EIAV. However there
remains a very small possibility of generating some form of replication competent lentivirus (RCL)
by non-homologous recombination among the vector system components or with cellular genes.

In summary we have generated a lentiviral vector system based on a non-human pathogen in which
only one of the five viral genes (tat, tev, S2, env, gag/pol) namely gag/pol is present in the system
and this system delivers to the target cells only 800nt of non-coding RNA from the 8200nt EIAV
genome.

For these vectors to progress to clinical use they must be demonstrated to be free of detectable
RCL’s. To date, assays for replication competent retroviruses (RCR’s) have been carried out as
follows. The test article (the viral vector preparation destined for the patient) has been passaged on
a permissive cell line for approximately two weeks. At the end of this passage the supernatant has



Standardisation and Quality Control - Cell and Gene Therapy Products

100
Proceedings of the International Symposium, Strasbourg, 24-25 February 2003

© Council of Europe

been assessed for the presence of virus by a number of sensitive assays. If an RCR was present in
the test article it would replicate in the permissive cells such that by the end of the assay its
presence would be scored as either positive or negative. In order to confirm that RCRs would have
been detected by the procedure, a positive control is used, consisting of a replicating virus (of
known titre) spiked into a portion of the test article. This is then assessed alongside the unspiked
test article. The test article is considered as RCR free if the positive control is successfully detected
whilst the unspiked test article remains negative. To date, the positive control has usually been
based on the parental virus. In the case of murine leukaemia virus (MLV) based vectors, a wild type
MLV has been used.

However the considerations for developing a positive control to qualify an RCL assay for the EIAV
based vector system are less straightforward because the parental virus, EIAV, will not infect or
replicate in human cells. This means that a human cell line cannot be used for amplification of the
positive control spike in the test article. If an equine cell line, such as equine dermal (ED) cells, is
used then this could detect a recombinant that had recreated a replication competent equine virus.
This test would however set a very low barrier for acceptability of a clinical lot. This is because the
probability of recreating an equine virus from vector components, where the replication genes and
promoters are completely missing, is extremely low and acceptability would almost be inevitable.
In addition, failing to detect an RCL in equine cells would not give confidence that there was not a
human cell competent RCL in the preparation.

The most likely tropism of any RCL would be for human cells because the vector is manufactured
in human cells. In designing our RCL test for EIAV vectors we have therefore made three
conditions.

Firstly that the amplification cell line must be human to allow detection of human RCLs. Secondly
the positive control virus must be a retrovirus that is capable of replicating well in human cells so
that we can detect the spike reliably and reproducibly. Thirdly the replication characteristics of the
positive control must be similar to the replication kinetics of the parental EIAV so that we know
that we are looking for RCLs over a time frame that would reveal any RCL.

A virus that appears to fit the requirements is the wild type MLV 4070A, this is because a standard
is available from the ATCC and it can reproducibly and reliably infect human cells including
HEK293 cells which are currently used for the manufacture of lentiviral vectors. However MLV is
an oncoretrovirus and not a lentivirus and so we were interested to determine whether the
replication kinetics were similar to EIAV. To determine this we obtained the absolute titres of
EIAV and MLV using a PERT assay and then infected equine dermal (ED) cells with equivalent
multiplicity of infection. The replication kinetics were determined by measuring the new particles
released into the culture supernatant, over a single cycle time course. Both the rate of production
and the burst size were similar with both viruses. In order to determine if this also held true in
human cells we had to solve the problem of lack of permissiveness of human cells for EIAV. At
least two barriers to infection of human cells by EIAV have been identified.

These are, the lack of the viral receptor, making the EIAV envelope non-functional for human cells,
and the inability of the EIAV Tat protein to function with the human cell transcription machinery
due to the species specificity of the essential cellular cyclin T1 co-factor. In order to overcome the
receptor block we could have substituted the EIAV wild type envelope gene with a gene encoding a
more permissive envelope such as the VSV-G gene. However this would have created a novel
recombinant virus with potentially enhanced pathogenicity for both animals and humans. Such an
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experiment would require high containment and did not seem justified. We therefore made a
disabled EIAV genome, called EMOB2, that contains all of the accessory genes and the codon
optimized gag/pol gene but that lacks an env gene. This disabled virus was produced by
pseudotyping with the VSV-G envelope provided in trans from an expression plasmid. We showed
that these defective particles will transduce human HEK293 cells to create integrated copies of the
EMOB2 genome however there is no expression of particles from the integrated genomes. We
reasoned that this was due to the lack of the compatible cyclin T1 transcription complex cofactor
which precluded efficient expression from the proviral LTR.

We therefore created a modified HEK293 cell line (293/eCycT1) that stably expresses the equine
cyclin T1 gene. When this was infected with EMOB2 we could now detect new particle production
over a single cycle and the rate and yield of particles were comparable to MLV at an equivalent
moi. These data therefore confirmed that MLV was an excellent model for EIAV in terms of
replication kinetics and indicate that a two week amplification time will be sufficient to detect
EIAV derived RCLs. The MLV standard has been used for many years to qualify retroviral vector
RCR assays and the guidelines for conducting such assays are well established (these can be found
on http://www.fda.gov/cber/gdlns/retrogt1000.pdf).

In accordance with the guidelines we therefore intend to use MLV as the positive control in the
RCL assays. We are currently determining the lowest human cell-transducing dose of the MLV
ATCC standard that can be detected after amplification in human cells for 14 days in the context of
clinical grade lentiviral vectors. We will test the equivalent of three human doses or 5% of the
clinical lot and the lesser of 108 or 1% of the post production cells, following passage for 14 days in
human cells, in comparison with an aliquot that is spiked with the appropriate number of MLV
positive control particles. The supernatants will be screened for retroviral particles using the
sensitive PERT assay to detect any reverse transcriptase. Any positive result would then be
subjected to a secondary screen to eliminate the possibility of contamination with the positive
control. This screen is a PCR based assay that uses highly specific nested primer pairs that can
distinguish any of the vector components from the MLV positive control.

This assay has been developed in collaboration with the LGC and also allows a qualitative
assessment of the nature of the RCR in terms of the gag/pol and env composition. A preparation
that was positive by PERT and was contaminated by the positive control would warrant a repeat
RCL test but the definition of a PCR product that was not due to the positive MLV control would
cause the test article to fail.

Incidentally the data also illustrate how difficult it is to create an EIAV-based entity that will infect
and express in human cells. Given that the EIAV therapeutic vectors are even more disabled than
EMOB2 as they lack any tat, rev, S2, env or viral LTRs then the possibility for RCL generation
appears extremely remote.

In all analyses of the vector and clinical lot it is essential to have a robust and reproducible method
of determining the potency of the vector. Potency relates to the ability of the vector to transduce the
desired target cell and the ability of the vector to induce the required therapeutic effect. The latter is
specific to each therapy and will not be discussed here but the transduction potency is a general
feature of any vector and required a generic assay. In order to measure transduction potency we
have therefore needed to develop assays that are independent of the therapeutic genes, which will
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vary, and also assays which are independent of marker genes such as LacZ or eGFP that are usually
absent from clinical vectors.

We have therefore developed assays that can provide an absolute measure of the number of
particles based on either the RT activity as measured by PERT or the number of RNA genome
molecules [5, 11]. In order to determine the number of RNA molecules we have generated a set of
RNA reference standards that are based on run-off transcripts from various parts of the vector
genome RNA that will be common to any vector, for example the packaging signal. It is then
possible to use real time RT-PCR to measure the absolute number of RNA molecules relative to the
known reference standards. In assessing the reliability of these assays we have shown that particle
numbers derived by PERT and RT-PCR are consistent with those assessed by immuno-staining for
viral core proteins and VSV-G [4]. The availability of a particle standard for comparison would
clearly be of use when cross correlating this type of assay between laboratories. The measurement
of particles is only part of the potency assay because it is the ability of those particles to integrate a
gene into a target cell that is the critical property of the vector. Once again we cannot rely upon the
properties of the expression of the particular therapeutic gene. Our approach has been to measure
integration per se. To do this we have devised a simple integration-assay reference standard that
comprises an EIAV transduced HEK293 clonal line that contains a single integrated copy.
Chromosomal DNA from this cell line can be amplified using primer pairs specific for the
integrated provirus and the Ct value that determines a single copy can be defined. Any test article
can then be applied to test cells and the number of integration events can be quantified relative to
the standard so revealing an integration potency per biophysical particle as measured by PERT or
genome RT-PCR. The details of the integration assay have been carefully controlled to ensure that
only bona fide integrants are measured rather than plasmid carry-over or un-integrated
intermediates of reverse transcription such as 2 LTR circles. This necessitates passaging transduced
cells for at least 6 days and more usually 9 days to ensure that a stable integration level has been
attained

In summary in order to move EIAV based vectors to the clinic it has been necessary to generate a
number of internal reference standards. These are, a standard marker gene expression vector, a cell
line that contains a single integrated genome copy to standardise the integration potency, RNA
standards for quantification of particles indirectly by measuring RNA genomes, PERT standards to
quantify vector particles based on RT activity and generic primer pairs for amplifying potential
RCRs. In addition we use the established MLV reference standard as a positive control for RCL
assays. Most of these standards are specific to the EIAV class of vectors but the concepts should be
readily transferable to other lentiviral vectors. In particular the use of an MLV standard could be
valuable for developing RCL assays for other vector systems if the replication kinetics are
comparable and there is no vector interference. In the future it would also be useful to develop a
standard for direct particle assessment by immunostaining or electron microscopy. The
development of manufacturing standards and release testing for lentiviral vectors has therefore
started with the guidelines that have been established for retroviral vectors but the concepts have
been extended to use the more sensitive biochemical methods of RT-PCR and PERT to replace the
infectivity assays that have been used to characterise retroviral vectors and RCRs. We are
developing lentiviral vectors for the treatment of Parkinson’s disease, ocular disease and
haemophilia and these will be manufactured for clinical development in 2004.
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DISCUSSION

Prof. Dr . K. Cichutek: When we thought about developing an antiviral or retro viral standards the
problem was that there are so many diverse vectors and so many different pseudo-types that you
would not know what kind of reference you would have to develop.

Dr K. Mitrophanous: That is why I would like to use an MLV as a standard. The most important
aspect is how quickly viral particles are made and then determine your amplification process. It
does not really matter what you use as long as it replicates with the same speed as the MLV
standard for example. Then it should be good enough standard for all the different viruses. If it
replicates slower or faster, slower is a problem and you would have to develop another one.
However, it is difficult to envisage one standard for everything but this is as close as we think of
doing it.

Question from the floor: I was impressed with Dr K. Mitrophanous’ PERT method for testing
RCR, have you compared your method with a standard amplification on permissive cells and then a
classical read-out.

Dr K. Mitrophanous: We are doing experiments where we take an MLV wild type and an EIAV
wild type on equine cells and see if the dynamics match.

Question from the floor: Your assay with the PERT assay, how do you rule out false positives, for
example if there was BT activities coming through from the cell?

Dr K. Mitrophanous: We have a PCR assay which specifically looks for EIAV. We can then
identify any pert activity if it is EIAV or if it is not. If it is not EIAV then we should, I suppose,
clone it or isolate what has come up.
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SESSION IV:
THE REGULATORY ISSUES

Present and Future Regulatory Challenges for Gene and Cell Therapy Products

Dr L. Tsang, Arnold & Porter (UK)

Introduction

Medicines arising from the application of recombinant DNA and cell culture technologies are
already in clinical use, and there have been tremendous innovative developments in the new area of
biotechnology. Progress in the understanding of biochemistry, cell and molecular biology, genetics,
material science and biomedial engineering has instilled new rigour in the clinical development of
gene-based, cell- or tissue-based products for therapeutic or prophylactic uses. Some of the
potential clinical applications of such products may be intended for treating individuals suffering
from life-threatening or seriously debilitating conditions, which may not be amenable to
conventional clinical interventions. All these changes have continued to present technical and
regulatory challenges to industry and regulatory authorities with regard to product quality, safety
and efficacy. At this stage of the product development, which is essentially proof-of-concept,
particular attention should be focussed to ensuring patient safety.

There has been a long history of using mammalian cells, as substrates for the production of
therapeutic and prophylactic medicinal products. Human diploid fibroblast cells such as MRC-5, a
cell line which was developed in the 1960s, have been used in the development of live attenuated
viral vaccines. Established animal cell lines such as BHK and Chinese hamster ovary cells (CHO)
have been widely used in producing a range of glycosylated recombinant proteins for treating, for
example, infertility and haemophilia. The principles for the quality and safety evaluation of cell
substrates are well established and have been published in various international or region-specific
regulatory guidelines. The real question is how one can capitalise on the knowledge and experience
gained over the years in the regulation of conventional biologicals and biotechnology products in
the regulation of novel technology products. In this presentation, I attempt to address the technical,
regulatory and legal issues concerning the regulation of such products.

Gene Transfer Products

Gene transfer products belong to a sub-set of recombinant DNA derived products and biologicals.
Therefore, the underpinning regulatory science is not substantially different, whilst recognising that
the active ingredient in the finished product consists of genetic material. In the case of gene transfer
products, emphasis however has been placed on product characteristics, particularly in relation to
the gene transfer vehicle, and their relevance to safety and efficacy evaluation.

Scientific efforts have been invested in devising new gene delivery vehicles and vectors to enhance
their selectivity and transduction efficiency.

Cell- and Tissue-based Products

The use of cells for therapeutic purposes, such as adoptive immunotherapy, is an attractive
proposition for several reasons. The technology established for manufacturing recombinant proteins
can be adapted for the production of therapeutic proteins in situ using cells as the delivery vehicles
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following transplant. Furthermore, appropriately engineered cells or irradiated cells can be used as
therapeutics for treating diseases such as cancers and immune deficiencies by stimulating the
patient’s own immune system.

It is theoretically and experimentally possible to train a patient’s own immune system to destroy a
tumour or beat off an offending chronic viral infection. Advances in basic immunobiology such as
the isolation and characterisation of certain antigen- presenting cells, e.g. dendritic cells, have
renewed interest in developing cell based immunotherapeutics as potential clinical modalities for
treating diseases like cancer. For such products, it is vitally important:
- to define the history of the derived cell-lines including the reagents used and the procedures

involved including the passage numbers;
- to define the antigen profiles, including their genotypic and phenotypic fidelity following

passage;
- to control the reproducibility of the process to ensure batch consistency.

For cell-based vaccines derived from tumour cells, one area which deserves particular attention
from a patient safety perspective is validation of the capability of the process to inactivate
proliferating tumour cells. The availability of reliable, quantitative and sensitive assays is an
essential prerequisite for the determination of the efficacy of the inactivation step prior to cell
administration to the patients.

Further, in the oncology arena, allogeneic, autologous or xenogeneic cells have been explored as
candidates for ex vivo gene transfer before injection into the patient where they localise specifically
to tumour foci. The most obvious choice of the cell type as genel carriers would be certain immune
cells, including macrophages, T cells, natural killer (NK) cells, and eosinophils. However, non-
immune cells can be recruited as potential candidates, including stem cells. Such clinical approach
can augment anti-tumour immune responses offered by allogeneic cell based cancer vaccines.

Despite this, further research is still required in a number of areas to realise the full potential of cell-
based immunotherapies. These include:
- identification of immunogenic determinants responsible for mediating the relevant T cell

immune response;
- optimization of strategies to diminish self-tolerance and to generate strong, long lasting

immunity through manipulation of both the antigen and the delivery system.

There is also an increasing interest in developing therapeutic products for re-structuring or
regenerating damaged tissues or organs. Growth factors have been or are being investigated for the
regeneration of tissues such as bone, skin, cartilage, neurons and blood vessels, and the
differentiation of stem cells into specific cell lineages. Some of these products have already been
approved or are in clinical development. One example is bone morphogenetic proteins, such as
osteogenic protein 1 for healing leg fractures, the latter of which has been approved in the European
Union under the European Centralised Procedure as a medicinal product. For such products, the
active ingredients are embedded in a biocompatible matrix which regulates the release of the growth
factors.

In addition to the scientific endeavours in developing growth factor- based regenerative products,
there is also an increasing interest in using cells for repairing damaged or injured tissues or organs.
There are a number of clinical targets including cartilage replacement using autologous
chondrocytes, and skin replacements for diabetic ulcers using fibroblasts and/or keratinocytes.
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The study of stem cells, begun 40 years ago within the haematopoietic system, has demonstrated
that a single precursor cell present in the bone marrow (BM) of adult animals is capable of both
extensive self-renewal and multi-lineage differentiation. There is now a body of evidence to
demonstrate that pluripotential stem cells from a variety of sources can be induced to differentiate
into any of several lineages of choice. All these scientific endeavours have opened up an enormous
vista of opportunity for all types of cell-based therapeutics. The plasticity of stem cells could
therefore be exploited to create under defined cultivation conditions any cell or tissue type that is
required for any particular clinical application, and may obviate the need to harvest specific cell
types. Approaches include the use of adult, fetal or embryonic stem cells. An example of the former
is the differentiation of bone marrow-derived stem cells into endothelial cells.

The realisation of the full potential for novel technology products in a clinical setting demands
robust scientific evidence, underpinned by legitimate regulatory requirements to ensure their safety
and efficacy. The arena of gene-, tissue- and cell-based products cuts across the boundaries of
biology, physics, chemistry, materials sciences and clinical practice. There is, therefore, a need to
adopt a multi-disciplinary approach to addressing key issues pertaining to the design and functional
assessment of such products. The accrual of such knowledge, together with equally important
information on the mechanisms of cell differentiation and tissue repair, will form a rational basis of
future clinical developments of these products. In parallel with such scientific endeavours, a clear
and transparent regulatory system is needed, having regard to accepted bioethical principles. There
is an urgent need to consider how such products should be optimally and appropriately regulated in
the interest of public health protection without causing unnecessary hindrance to patients access to
innovative treatments. In order to achieve this, it is imperative for the regulatory authorities to work
in partnership with the wider scientific community as well as the patient groups.

DISCUSSION

Question from the floor: Concerning environment risk assessment: What is your interpretation and
at what point a company should be performing this risk assessment? During the clinical trials or just
before you submit the marketing application.

Dr L. Tsang: The way in which the legislation is drafted is that there is no equivalent provision
unlike 2309/93, the Article 6.1 allows the EMEA to do equivalent environmental risk assessment
for deliberate release. In the clinical trial directive there is no equivalent provision so presumably,
the way I see this, will be that you will have to consider whether or not the containment directive
will fit or deliberate release directive will apply to your product.
You have to remember that the two directives have to be looked at and read conjunctively. The
containment directive is very narrow in scope it applies to genetically modified microorganisms
where as the deliberate release applies to GMOs as a whole and a definition is actually in the
directive itself.

Prof. Dr K. Cichutek: As you mentioned the term ‘tissue engineering products’ can you help us
find a distinction between those and cell therapy products.
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Dr L. Tsang: This term is currently undefined at the moment in European legislation If you look at
the two licensed products by the EMEA through centralised procedure the osteogenic proteins 1 and
the other growth factor, if you look at the scientific opinion given by DG Sanco Scientific Steering
Committee they will be considered as tissue engineered products because they repair and re-grow
the tissues through their biological properties. I think that this is a very wide definition. If we are
going to have a regulation on tissue engineering products we really need to look at if there are any
overlaps with the existing regulation. We need to look at the regulation very critically.

Comment from Prof. J. H. Trouvin: Is there a reason to regulate differently cell therapy and gene
therapy products, eventually this could be a good way forward for discussing cell and tissue
therapy, as compared to gene therapy.
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SESSION IV:
THE REGULATORY ISSUES

Needs for the Industry in Standardisation and Quality Control in the framework of the
European Regulatory context

Dr E. Tambuyzer, EUROPABIO – Chair Health Care Board, (B)

The current European and Global regulatory context for cell and gene therapy products is changing
dramatically due to innovative applications and products derived from biotechnology.

Standardisation and quality control for these products is of high importance for society to guarantee
safety, and for industry to plan and have a sustainable development.

The current European regulatory initiatives for cell and gene therapy products are being reviewed in
this context and the industry view explicated.

___________________

Needs for the Industry in Standardisation and Quality Control in the framework of the
European Regulatory context

Dr C. L. Julou, EFPIA (F)

Whatever their size (small, medium size or large), companies whose objective is to find and
develop gene or cell therapy products in order to provide new and better treatments need the
following:
- a clear legal framework
- a regulatory environment that is capable of evolving

• as the technology, methods and experimental models evolve
• as new data become available

- a regulatory environment that supports clinical research and high quality drug development.
It is also absolutely necessary that regulators responsible for the oversight of Production, Research
and Development activities have a very strong scientific background and experience in the
evaluation of medicinal products in particular biologic/biotechnology products.

These points will be further developed during this presentation.

Legal framework
We strongly believe that there is a need for safeguards when products are administered to Human
Beings for therapeutics purposes.
All companies that engage in the research and development of new therapy products need to know
who is responsible for the regulatory oversight of their activities. This is especially important when
different regulatory bodies in a given country regulate different products for therapeutic use.
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We consider that a legal framework is always needed to ensure the products administered to
patients for therapeutic purposes meet objective public criteria, which can be summarised as
follows:
- all therapeutic claims must be substantiated
- the therapeutic claims pertain to a well defined product
- possible risks to human health in particular, are appropriately assessed and do not outweigh

benefits (possible benefits when a product is still in a clinical trial phase aimed to demonstrate
its efficacy in a given indication).

Any legal framework must be accessible to all interested parties as transparency is the only way to
ensure compliance and to build trust. The legal framework must define basic rights and obligations.
A heavy legal framework including rigid obligations and no right always discourage entrepreneurs
whilst a clear, scientifically-based and transparent regulatory approach fosters a favourable
environment for the rapid development of high quality innovative therapies.

Regulatory environment
The persons involved in the research and development of new products for therapeutic use must
consult different types of regulatory texts.
First of all there are legally binding texts (Regulations, Directives and national laws, decrees, etc)
that must strictly be complied with and texts, which must be taken into consideration (points to
consider, note for guidance documents) but from which it is possible to deviate for justified reasons.

A number of legal texts have been subject to “political” discussions. They are likely to have been
heavily influenced by headline news at the time they were discussed, leading to the adoption of
irrational provisions. There are also texts that are based only on scientific, technical and public
health considerations.

There are texts that will be carved in stones (mostly legally binding texts) and will not be easily
modified as opposed to texts that can evolve as the research and analytical tools evolve and new
experience is gained. The Notes for Guidance and Points To Consider belong to the second
category.

Points To Consider are especially useful to draw the attention of the researchers, developers and
producers on possible issues and to encourage them to address them if it proves that they are
relevant to their product or to their activities. We consider that they are extremely useful means of
communication from the regulators because they are perceived as helpful, didactic tools developed
by professionals who know what they talk about. In addition they can be amended easily as needed.

The Notes for Guidance are aimed to guide users on possible ways to address issues. They too can
evolve fairly easily and it is possible to update them as experience is gained. The following are
important to keep in mind:
- requirements that are shown to be irrelevant must be deleted
- developers must not consider that guidelines are recipe books or checklists. It is absolutely

necessary that all persons (scientists, regulatory affairs, clinicians) engaged in these activities
are experienced developers that constantly keep in mind one key objective, which is developing
quality products with an appropriate benefit/risk ratio.

Notes for guidance and standards are precious tools to support quality development and thus help
new products become available to patients. However they can freeze development and discourage



Standardisation and Quality Control - Cell and Gene Therapy Products

Proceedings of the International Symposium, Strasbourg, 24-25 February 2003
© Council of Europe

111

innovation if they are not updated in a timely fashion as techniques evolve and experience is gained.
These points can be illustrated by the following examples (examples pertaining to the development
of gene therapy are given here):
- Facilitating the development of international standards to help producing more consistent, safer,

quality viral vectors is a welcome ongoing initiative
- Defining criterions for determining acceptable levels of production impurities would help the

persons responsible for developing manufacturing processes and those in charge of quality
control. On the contrary, hastily setting rigid limits would be inappropriate.

- Providing guidance with respect to the expected extent of product characterisation in relation to
the phase of development would be helpful.

- Similarly it would be useful to have guidance on what is the room for manoeuvre in terms of
production scale-up, process improvements, vector improvement during the course of
development meaning what are the associated needs for comparability studies, repetition of
nonclinical studies and clinical studies. Clearly, the extent of the work required to support a
process change or a vector improvement is seriously taken into consideration at the time vector
improvement or production strategies are developed. Pragmatic advice from the regulatory
authorities will support quality development. On the contrary rigid requirements or fears that a
change in the process or vector might cause “bad surprises” in terms of regulatory requirements
at a late development stage will discourage stepwise approaches.

Some features of gene or cell therapies may be dealt with in laws initially written to address issues
associated with other types of products, for example:
- a proposal for a Directive of the European parliament and of the Council on setting standard of

quality and safety for the donation, procurement, testing, processing, storage, and distribution of
human tissues and cells is currently in first reading by the European parliament. This text which
is aimed to address ethical, technical and safety issues associated with cell and tissue
transplantation will be applicable to the cells used to prepare cell therapy products,

- the Directives pertaining to genetically modified organisms (GMO) matters and their technical
annexes were written to address the environmental issues that the development of genetically
modified seeds were raising Nevertheless they are fully or partly applicable to medicinal
products.

It is absolutely necessary to promote sectoral legislation and to develop pragmatic, technically
relevant requirements for gene therapy products and the vaccines consisting of or containing
GMOs. The role of regulators with both expert knowledge in such matters and assessment
experience in medicinal products is essential here.

Good Practices will generally be applicable to gene therapy products.
- Good Manufacturing Practices; the principles of good manufacturing practices must be

complied with in general. However for practical reasons, some requirements cannot apply and
have to be adapted.

- Good Laboratory Practices: they must be strictly complied with at least when “conventional”
safety studies are performed.

- Clinical studies must be conducted in accordance with Good Clinical Practices; depending on
the countries where they are conducted, the provisions contained in the following texts will have
to be taken into consideration ICH, WHO, European Directive 20/2001/EC, etc.

Supporting clinical research
Gene and cell therapy products; like any other medicinal products, will not become available to
patients if their efficacy is not demonstrated and if the possible risks to human health have not be



Standardisation and Quality Control - Cell and Gene Therapy Products

112
Proceedings of the International Symposium, Strasbourg, 24-25 February 2003

© Council of Europe

appropriately assessed. In addition these new therapies may raise specific issues (e.g. with respect
to the handling of the product, patients monitoring, etc). The clinical development phase is therefore
extremely important.
The legal framework must be very clear, the requirements must be accessible to all; the one door-
one key principle must be preferred.

Sponsors of gene therapy clinical trials select the clinical sites based on the following criteria:
- Presence of the target patient population and availability of high quality multidisciplinary teams

with experience in clinical research; the clinical teams must have experience in the handling of
biological medicinal products and biological samples; they must be prepared to adhere to very
strict and heavy protocols.

- Regulatory constraints and administrative burden; time necessary to obtain all necessary
clearance before they can include the first patient in a trial

- Experience of local (national) regulatory reviewers (as it must be kept in mind that in Europe,
authorisations must be obtained in every country hosting a clinical site) and possibility to
dialogue with them to obtain advice from them.

It should be a public health priority to foster a favourable environment for clinical research in
Europe. It is particularly important in the case of gene therapy and cell therapy because there is a
need for the nonclinical research teams who engineer the new products to work in close cooperation
with their production and quality control colleagues as well as the clinicians. Research teams and
production facilities will tend to be located in the countries where the conduct of gene therapy or
cell therapy clinical trials is not hampered by unjustified regulatory hurdles and a lot of
bureaucracy.

To conclude this brief presentation we believe that good ways to support the progress of cell and
gene therapy are:
- to communicate on what really are gene and cell therapies; for the public there is still a lot of

confusion
• between cell therapy and transfusion or organ transplantation
• between gene therapy and genomics
• between all the above and therapeutic cloning, etc.

- to define a clear, simple and light legal framework
- to promote cooperation and dialogue between all interested parties to be in a position to develop

appropriate standards, guidelines and relevant regulatory requirements
- to encourage all teams to formalise protocols and generate quality and well documented data

because these are the only one that will make it possible to draw relevant and therefore useful
conclusions.

DISCUSSION

Question from the floor: Based on the new Directive on clinical trials – what could we expect in
terms of harmonisation between Member States for clinical trial authorisation procedure for gene
transfer product?
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Dr E. Tambuyser: You should realise that the new clinical Directive only relates to the application
procedure for clinical trials. It is harmonising the form of the dossier, the format of the application
form and it is also a means of getting central register on the on-going clinical trials. It is
harmonising legislation for ethical committees. It is how you get your paper work in to Local
Authority. The assessment of the clinical trials still would be done nationally in each and every
country in Europe. This is more related to the procedure and putting certain things into place in
Europe but this is not related to how the application is handled by the National Authority. There
exists guidelines for this purpose, and these should be followed.

Comment from Prof. Dr K. Cichutek: Concerning the harmonisation of clinical trial approval
between Member States. I would like to point out that the application form is the amounts of
documents which are to be submitted to local ethics committees v. competent authority may differ
between Member States. What we are missing are general acceptance/ non-acceptance criteria in
order to have a clear guidance for the sponsors and also for the authorities and ethical committees –
as this is not part of the Directive, it will be difficult to harmonise procedures.

Prof. J. H. Trouvin: There are some guidelines, which are under development at the Commission
level for the application of Directive on clinical trials. I do not know the exact content final of these
guidelines. It is very likely that they will focus on procedures and format for dossiers to be
submitted. They will not address in detail the content, type and quantity of scientific information to
be submitted.

Question from the floor: My domain of interest is haematology. In my work we receive bone
marrow from donations which is then transferred to hospitals and we process this bone marrow
extensively and then we freeze down the bone marrow and store these samples up to the point
where we make the transplant. This is not a tissue as it is manipulated, it is not a medicinal product
because there is no industry involved in commercialising this. The screening in Italy for HLA
compatibility all over Italy is an entirely non-profit organisation. If we receive this and store this
then we are not a company, we should as haematology centres be enrolled in this third possibility of
the tissue engineered products except that Dr Tambuyzer has written that they could be accredited
in industries as a tissue bank, however why not accreditate haematology divisions which can
process, store and transplant.

Dr E. Tambuyser: I agree with your proposal, however, the point which we wanted to make is to
make the definition of tissue banks not so narrow that it only includes the current tissue banks but if
you are able to follow the same rules, and the same guidelines then there is no problem with your
proposal of accreditation. Moreover, the current way of transplanting bone marrow should not even
fall under this Directive because it could be hampered by it. We should make sure that we are not
hindering procedures which are running well at the moment.

Question from the floor: The National Agencies could support a system whereby for marketing
authorisation there are common standards defined for regulatory guidance but for investigational
medicinal products there is no common standard. It is still legislated on a National basis, this is
illogical and impractical for me.

Dr E. Tambuyser: That is not necessarily true as there exists ICH guidelines for some parts of the
dossiers, I agree that these are not complete. However, there are general provisions agreed by what
kind of documentation should be available at each clinical stage. Unfortunately, the quality part of
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these are lagging behind as for clinical development, clinical trial and studies and non-clinical
studies there are a fair number of document that apply.

Prof. J. H. Trouvin: Regarding approval of a clinical trial, it should be stressed that more than an
administrative decision this is, before all, matter of evaluation and assessment. And we have, in the
domain of evaluation, many examples with medicinal products application where 2 national
authorities, although having the same scientific information, could reach different opinion and
decision for the same dossier. It should also be mentioned that investigational medicinal products
have to follow the rules for quality, safety and GMP applicable to pharmaceuticals.

Comment from the floor: Products which are subject to the centralised procedure for which a
single opinion will prevail across all EU member states – this applies at the marketing authorisation
level but the regulators at national level are acting illogically.

Prof. Dr K. Cichutek: If you can do a clinical trial in one national member state, you should be
able to do the same in another member state. Therefore, this current version which is not
harmonised, may allow for a few procedures of future developments.

Prof. J. H. Trouvin: At present there is no centralised European system foreseen for evaluation and
approval of clinical trials. The very first initiative for this Directive is to harmonise as explained by
the previous speaker, the format and the decision-making process to get a first approval. The final
decision is still under the responsibility of each member state.
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SESSION IV:
THE REGULATORY ISSUES

Needs for the Regulatory authorities
Regulatory developments at European Community level

Mr M. Robert, European Commission (Pharmaceuticals) (B)

For a long period of time, there was no mention at all of "gene therapy products" and "cell therapy
products" in the European Community legislation.

What is the legal status applicable to gene and cell therapy products

However in 1994, a Commission communication (94/C 82/04) indicated that "products intended for
gene therapy" are not only medicinal products in the sense of what is currently Article 1 of
Directive 2001/83/EC, but those medicinal products also fall within the scope of Part A of the
Annex to Regulation (EEC) No. 2309/93, i.e. they must be granted a centralised Community
Marketing Authorisation.

Such a statement concerning gene therapy medicinal products was also emphasised in another
Commission communication (98/C 229/3) of July 1998. In the same document, it was also
mentioned that cell therapy products must be considered as medicinal products in the sense of
Article I of Directive 2001/83/EC, which stipulates that a medicinal product is:
" Any substance or combination of substances:
- presented for treating or preventing disease in human beings,
- which may be administered to human beings with a view to making a medical diagnosis or to

restoring, correcting or modifying physiological functions in human beings."

This clarification was introduced to avoid any misunderstanding, in particular to clearly distinguish
those products from medical devices. The latter are defined by Community legislation (Article 1 to
Directive 98/79/EC) as:
"Any instrument, apparatus, appliance material or other article, whether used alone or in
combination, including the software necessary for its proper application, intended by the
manufacturer to be used for human beings for the purpose of:
- diagnosis, prevention, monitoring, treatment or alleviation of disease, alleviation or

compensation for an injury or handicap,
- investigation, replacement or modification of the anatomy or of a physiological process,
- control of conception, and which does not achieve its principal intended action in or on the

human body by pharmacological, immunological or metabolic means, but which may be
assisted in its function by such means."

Gene therapy as well as cell therapy medicinal products do not fit with the last part of this definition
that is dealing with the "principal intended action", even so they may incorporate medical devices in
their composition.

Clearly based on a reasonable interpretation of Community legislation, these elements were
indisputably confirmed later on thanks to the Directive 2001/20/EC on clinical trials on medicinal
products for human use. If several provisions of it are devoted to gene therapy as well as cell
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therapy medicinal products, however, no specific definition of these two types of medicinal
products is laid down in this directive.

Annex I to Directive 2001/83/EC

To compensate such a situation and to facilitate the task of stakeholders through a clear guidance, it
was decided to introduce detailed definitions of both gene therapy and cell therapy medicinal
products in the frame of the revision of Annex I to Directive 2001/83/EC. As they are legally
binding, these definitions take on board all of these elements previously discussed.

For the purposes of this Annex I, gene therapy medicinal product shall mean "a product obtained
through a set of manufacturing processes aimed at the transfer, to be performed either in vivo or ex
vivo, of a prophylactic, diagnostic or therapeutic gene (i.e. a piece of nucleic acid), to
human/animal cells and its subsequent expression in vivo. The gene transfer involves an expression
system contained in a delivery system known as a vector, which can be of viral, as well as non-viral
origin. The vector can also be included in a human or animal cell".

For the purposes of this Annex I, somatic cell therapy medicinal products shall mean "the use in
humans of autologous (emanating from the patient himself), allogeneic (coming from another
human being) or xenogeneic (coming from animals) somatic living cells, the biological
characteristics of which have been substantially altered as a result of their manipulation to obtain a
therapeutic, diagnostic or preventive effect through metabolic, pharmacological and immunological
means. This manipulation includes the expansion or activation of autologous cell populations ex
vivo (e.g., adoptive immuno-therapy), the use of allogeneic and xenogeneic cells associated with
medical devices used ex vivo or in vivo (e.g., micro-capsules, intrinsic matrix scaffolds, bio-
degradable or not)."

Commission communication 98/C 229/3

In spite of these breakthroughs there remains an uncertainty regarding the type of Marketing
Authorisation that cell therapy medicinal products must be granted. More precisely, it is
questionable if they fall or not within the scope of Part A of the Annex to Regulation (EEC) No.
2309/93, i.e., they must be granted a centralised Marketing Authorisation. In this respect there is no
clear indication in the Pharmaceutical Community legislation inasmuch as no special handling of it
has been proposed in the frame of Review 2001.

Consequently, one can interpret Community legislation so as to propose that cell therapy medicinal
products are indeed covered by the said Part A. Firstly, in the Commission communication (98/C
229/3), cell therapy medicinal products appear under the heading devoted to 1. Part A of the Annex
- biotechnology-derived medicinal products and not at all under the heading 2. Part B of the Annex -
high technology products and products containing new active substance. Secondly, in the Directive
2001/20/EC on clinical trials, the seventh recital states that: "For medicinal products falling within
the scope of Part A of the Annex to Council Regulation (EEC) No. 2309/93 […], which include
products intended for gene therapy or cell therapy, prior scientific evaluation by the EMEA,
assisted by the CPMP, is mandatory before the Commission grants marketing authorisation. […].
Provision must therefore be made to allow the Agency (EMEA) to have full information on the
conduct of any clinical trial for such medicinal products."
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Gene therapy and somatic cell therapy medicinal products

Gene therapy as well as cell therapy medicinal products are very different from conventional
medicinal products. They are complex and subject to a noticeable diversity of presentations, which
are delineated in the new Annex I.

For instance, gene therapy medicinal products may require both allogeneic or xenogeneic hosting
cells and the vector, which is ready-prepared and stored prior its transfer into these cells. In that
case, the "active substance" corresponds to the cells genetically modified by the vector and the
"medicinal product" is destined to be administered to several unrelated patients. If autologous
hosting cells are used, the "active substance" is represented by the ready-prepared vector and the
"medicinal product" is administered to the cell donor only (or to an histo-compatible donor). The
ready-prepared vector constitutes the "active substance" where it is administered directly to the
patient without the intermediate use of hosting cells.

Somatic cell therapy medicinal products also cover different contrasting situations. For instance,
apart from their manipulation to modify their immunological, metabolic or other qualitative or
quantitative aspects, cells can be either manipulated and combined with non-cellular components or,
autologous cell derivatives can be expressed in vitro or, cells can be genetically modified or
otherwise manipulated to express previously unexpressed homologous or non-homologous
functional properties. It should be noted that in the latter case, the medicinal product must be
granted a centralised marketing authorisation where the newly expressed "functional properties"
lead to the expression of genes coding for proteins of therapeutic interest.

Proposed Directive on human cells and tissues as starting materials

The quality and safety of cells of human origin that are involved in advanced therapy medicinal
products such as gene therapy and cell therapy medicinal products as depicted in the revised Annex
I, are very critical points to be vigilantly verified. Up to a point, the proposed Directive of the
European Parliament and of the Council on human cells and tissues as starting materials (Official
Journal of the European Union 2002/C 227 E/28 of 24/09/2002) is partly addressing this issue.

In this future legislation, which is currently under discussion before the two Community
Institutions, standards of quality and safety for donation, procurement, testing of human tissues and
cells in view of their application to the human body, namely, transplantation, are led down. As
starting materials, allogeneic cells used in gene therapy and cell therapy medicinal products will
have to comply with the requirements of this incoming legislation. As it stands at the moment,
however, the proposal specifically excludes from its scope autologous cells to be used for the
manufacturing of medicinal products, i.e., gene therapy and cell therapy medicinal products. The
corresponding quality and safety requirements applicable are therefore those delineated in the
Pharmaceutical legislation. Moreover, the revised Annex I specifies that in the case of gene therapy
and cell therapy medicinal products using autologous cells, the whole manufacturing process from
the collection of cells from the patient (autologous situation) up to the re-injection to the patient
shall be considered as one intervention. The scope of the proposal on cells and tissues clearly
excludes such a situation.
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Different types of human cells

It is certainly true that depending of the intended use of cells of human origin the linkage with one
Community legislation instead of another or, in other words, the Community legal status conferred
to these cells is not immediately obvious for those who have to deal with different situations that are
close or very similar in nature. According to existing or Community legislation in preparation, one
can envisage at the moment three different destinations for human cells, that is, 'transplantation',
'medicinal products' and finally, 'tissue engineered products'.

- Cells for transplantation are not regarded as products per se in the sense of Community
legislation. In spite of the fact they are slightly different from the original cells extracted, due to
elementary "treatments" such as sorting, washing and maintenance in a survival culture medium for
a brief period of time prior to their application in humans, the resulting cells are not products. The
distinction between cells (for transplantation) and cell-products depends on the extent and intent of
the cell processing or the way in which the biological characteristics of the cells have been altered.
In the light of this, allogeneic bone marrow cells for example are not regarded as a product because
they are not highly processed.

- Cells intended for therapy and, depending of the various situations previously mentioned,
gene(s) intended for therapy using cells are, because of, for example, their high processing,
selection and expansion to be considered as products. More precisely, these products fall within the
scope of Community legislation on pharmaceuticals.

- Whereas there is so far no Community legal definition of it, a "human tissue engineered
product" is understood as any product, which is presented as having properties for the repair,
replacement or regeneration of human tissue or organs, for which the primary mode of action is not
through metabolic, pharmacological or immunological means. Such a product must contain living
cells and/or tissue, which have been derived from humans and substantially modified, and may also
contain non-viable cells, cellular products, bio-molecules and bio-materials (including biological
product, bio-mimetic and/or biosynthetic materials). The European Commission is currently taking
into consideration the possibility to elaborate a specific legislation devoted to that particular
category of biological products.

DISCUSSION

Prof. Dr K. Cichutek: As it was pointed out by other speakers too, the Commission
communication. Council regulation and directives should be consistent with each other. You have
the somatic cell therapy definition including the xenogeneic cells in Appendix 1 of the 2001/83/EC
Directive but then in the 2001/20/EC Directive on clinical trials, which provides for written
authorisation, you have an unlimited time span until written clinical trial authorisation for
xenogeneics cell therapy products v. the others.

Mr M. Robert: You have to follow the rules of elaborating directives and the rules have not been
defined by the Commission. The procedure at Community level is that you must start with the
legislative initiative, which is exclusively in the hands of the European Commission; then you go to
the Parliament and the Council for discussion of it and the final legislative text, when it is adopted,
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you must compare it with the initial text of the Commission: you will see very important
differences. Therefore, we must live with this legislation such as the Directives you mentioned, as it
is. It is up to you, when you go in front of the Ethical Committee members at national level, to
explain the purpose of your clinical trial and to convince them that it is indispensable for the safety
of patients. That is true, there is no limitation of time, there is an obligation for the Ethics
Committee to deliver a favourable opinion, which is indispensable.

Question from the floor: New drug directive – is there no standard for quality safety for
autologous cells?

Mr M. Robert: Yes, in the Directive proposal on human tissues and cells there are standards on
quality and safety for autologous cells when they are intended for transplantation but not for their
use as medicinal products. In the latter case, the standards for autologous cells are described in the
new Annex I. This Directive proposal, which is a compromise, is a challenge for the Member States
and stakeholders.

Question from the floor: If you produce an anti-cancer vaccine with autologous dentritic cells is it
considered as a medicinal product, and if yes, does this mean that you have to conduct pre-clinical
testing in animals?

Mr M. Robert: They are medicinal products therefore! But someone has to decide this. In the
Directive on clinical trials, there are weaknesses because at the beginning if there is no one who is
capable to tell you that “yes, this is medical product” or “this is not foreseen by the legislation”
what to do? That is why it would be important to have a clarification on that in the next review of
the rules governing medicinal products. So when you go in front of a competent authority, for
example the EMEA, you have to explain that it is a medicinal product and then the clinical trials
have been conducted according to the requirements of the legislation.

Comment from the floor: Autologous dentritic cells – these are clearly covered by the CPMP
guideline on somatic cell therapy. They are medicinal products. In terms of pre-clinical
requirements, there are very good immunological species restriction and HLA restriction for the
invalidity of pre-clinical studies. It does not follow automatically that you need to do pre-clinical
studies other than mutagenecity. It is a case by case based on the HLA restriction.

Comment from Prof. J. H. Trouvin: If the product is qualified as a medicinal product that should
not mean that you have to follow exactly the same development rules as for a new chemical entity.
For example, for recombinant proteins, which are qualified medicinal products, the pre-clinical
development tests, which have been proposed in the S6 ICH guideline are clearly very flexible and
adaptable on a case by case and depart from the usual development plan proposed or recommended
for new chemical entities.

Question from Prof. Dr K. Cichutek: Concerning the Commission communication of 1998,
which refers to the licensing of industrially produced products: if we interpret that in terms of ex-
vivo used vectors I understand that those could be licensed through the centralised procedure. Could
that also refer to industrially produced autologous cells if they are taken from a donor, sent to an
industrial process plant, which then sends it back to the clinical side where it is used?

Mr M. Robert: In view of the first proposal concerning the vector itself, I think that there is no
difficultly in considering them as medicinal products, so they need to be granted a marketing
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authorisation through the centralised procedure. Concerning autologous cells, this depends on the
situation, whether it is for gene therapy or for cell therapy. Gene therapy medicinal products in one
case: you must go through the centralised procedure. In the other one you do not know. This is not
clearly said in the Community legislation. In my presentation I said that it should go through the
centralised procedure but this has been challenged. It is unfortunate that this has not been indicated
in part A of the Annex to the Centralised procedure Regulation within the framework of the current
Review 2001. This would help enormously and clarify this situation if that was the case.
Now, concerning the “industrially manufactured concept” (this was the wording used in the
Commission communication on 1998, therefore if it is industrially manufactured), you have a
certain flexibility to interpret what is industrially manufactured. As to the discussions on the
Directive on tissues and cells proposed by DG Sanco we have difficulty because we dare not to
define this concept: is it either a batch of cells or thousands of batches of cells? A guidelines
obviously needs to be developed, as there is legal uncertainty on this point.

Comment from the floor: I agree with Mr M. Robert – in response to a colleague speaking about
the guidelines before concerning industrially manufactured was exactly the wording which was not
clear in defining somatic cell therapy products whether they were medicinal products or not.

Mr M. Robert: This wording is typically the wording of the legislation – industrially manufactured
– but we must remember historically that this has been introduced in the legislation for generics. As
these are non-proprietary medicinal products some people considered, years ago, that those generics
did not need to be granted a marketing authorisation. This of course, was not acceptable. This is the
reason why the wording ‘industrially manufactured products’ was introduced in the Community
legislation.

Question from the floor: The wording of “industrially manufactured” combined with cell therapy
products is not clear because autologous products can be considered ‘industrially manufactured’
when you multiply them in a cell culture this can be considered not ‘industrially manufactured’ as
these come from the same patient and will go back to that same patient.

Mr M. Robert: ‘Industrially manufactured’ means in specific premises with a certain technology.
It is clearly regardless of the origin, i.e. autologous or not.

Prof. J. H. Trouvin: A good example of that is what Dr G. C. Du Moulin presented during this
conference with the chondrocytes application. This is clearly an industrial process, although dealing
with autologous cells. This clearly illustrates that you can develop, on an industrial scale, a process
for autologous cell preparations.

Comment from the floor: My point is that when we were checking the legal meaning of this, no
one could tell us if that product was indeed “industrially manufactured” or not, because the
definition was not clear.
I noticed in the presentation of Dr M. Robert that there is a difference apparently, between cell
therapy medicinal products and cell therapy products. Is there an annex 1 “version” available at
present, as what you showed us I have never seen it before; is this a new version?

Dr M. Robert: Yes of course, there is a new version that has not yet been adopted by the Standing
Committee. By definition this document is not yet public. Last year we have had a consultation and
then we prepared a new proposal after the external consultation; we continued the dialogue with
stake holders, particularly the Biotech Working Party, EMEA and some representatives of the
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Member States. At the end of the day, it is the Member States who will decide. I am pleased to say
however that we are close to the end of this process, I hope. We want this document to be coherent
with the legislation, but there is no real difference because we are dealing here with “medical
products” only, as I underlined it at the beginning of my presentation.

Question from the floor: Taking the chondrocytes as an example, the other part of the definition
that exerts its effect through pharmacological immunological means, even if you have an industrial
process to cell therapy but it does not have these kinds of action. Is chondrocyte a medicinal product
if it is a supporting structure only and has no action.

Dr M. Robert: This is not an exclusive criteria. In your example, the answer is no: it is not a
medicinal product.
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SESSION IV:
THE REGULATORY ISSUES

Needs for the Regulatory authorities
The French Medicines Agency experience

Mrs S. Lucas-Samuel, Mrs P. Zorzi-Morre, AFSSAPS (F)

Legislative and regulatory framework:

Gene therapy and cell therapy products are regulated in France under four different sets of laws.
Firstly, concerning gene therapy products, the GMO French law of 1992 implementing EEC
directives 90/219 and 90/220 (recently modified by Directive 2001/18 CE), placed the deliberate
release of GMOs intended for human use (clinical trials and marketing authorisation) under the
responsibility of AFSSAPS (the French Agency for the safety of health products former French
medicine Agency). The "Bioethique" Law in 1994 defined general principles to be applied for
donation and therapeutic use of products and elements of human body and regulated ethical criteria
for donation. This law introduced the concept of "cell preparation" obtained from hematopoïetic
stem cells and from somatic cells.

The law of 1996 (DMOSS law) introduced cell therapy and gene therapy products as a new type of
products, namely biological products of therapeutic benefit and placed these products under the
responsibility of AFSSAPS. This law defined the authorisations to be obtained from the Agency as
well as those to be delivered from the regional hospital organisation regarding collection and
administration of these products. In 1998, the law that created AFSSAPS harmonised the regulatory
framework for cell preparations (Bioethique law of 1994) and for cell and gene therapy products
(DMOSS law of 1996) and determined a harmonised set of authorisation procedures. This law has
also placed ancillary products, tissues, organs and biovigilance under AFSSAPS responsibility.

It should also be mentioned that the Law Huriet-Sérusclat of 1988 dealing with the protection of
persons participating in biomedical research, also applies to cell and gene therapy clinical trials.
This law is based on the Helsinski Declaration, relating to the ethical principles on the protection of
human beings as well as the protection of their health and rights.

The decree of the first of October 2001 has defined the different types of authorisations to be
obtained from AFSSAPS,
- for clinical trials,
- for process/products,
- for production/preparation sites.

In conclusion, this legal framework which has been progressively implemented has allowed the
authorisation of clinical trials in France for gene therapy and cell therapy products, respectively
since 1993 and 1996. The decrees official decisions which are still pending will officialise the
various application formats for the three authorisations mentioned above.
It should also be underlined that cell and gene therapy products that are presented as proprietary
medicinal products, will be authorised at the European level through the centralised procedure.
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Definition and principles:

- Cell therapy is defined as the administration to a patient of a cell preparation (autologous,
allogeneic, xenogeneic) presenting defined characteristics for therapeutic, diagnostic or
preventive purposes.

- Gene therapy is defined as the transfer of genetic material, by the means of vectors used in
vivo or ex vivo, to obtain in vivo, in human tissues, the expression of gene(s) of interest, for
therapeutic or diagnostic purposes.

For these cell and gene therapy products, two situations are identified: In some cases, products will
be typically “proprietary medicinal products”, manufactured under the responsibility of
pharmaceutical establishments. Examples are recombinant viral vectors or allogeneic fibroblasts
(treatment of diabetic fore-foot ulcer). In other cases the cell preparation will be obtained by ex vivo
processing of cells, taken from the patient. This is the case of autologous cells such as
hematopoietic stem cells in cancer treatment or keratinocytes in burned patients. Examples of
allogeneic cells are pancreatic cells in diabetic patients or fetal neuron in Parkinson and Huntington
diseases.

Whatever the situation, three key steps are identified:
- starting materials which are the materials from which the active substance is manufactured.

For gene therapy, starting materials are the cell banks and the virus seeds (this including the
appropriate documentation about the gene of interest and the expression vector). For cell
therapy, they correspond either to the cells (autologous, allogeneic or xenogeneic), obtained
from tissues, organs and fluids or from cell banks (continuous cell lines)

- bulk of active ingredient which is for gene therapy either the recombinant vector, or the
naked or complexed plasmid, or the virus producing cells, or the in vitro genetically
modified cells. For cell therapy, the bulk corresponds either to the pool of manipulated cells,
or to the cell lysates, or to the proliferating cells or to the cells used in conjonction with inert
matrixes and medical devices.

- Finished medicinal product which corresponds to the active ingredient formulated in its final
immediate container for the intended medical use.

In summary, several situations can be encountered for these products: they can be proprietary or
non proprietary medicinal products and can be produced by pharmaceutical establishments or non
pharmaceutical ones (public or private). But whatever the situations, the same three manufacturing
steps can be identified i.e. starting materials, bulk of active ingredient, finished medicinal product
and the same requirements are applicable for both processes, i.e. quality assurance system in place,
traceability and quality of starting materials, validated and reproducible process, quality control of
the product to be administered.

The manufacturing processes can be more or less complex, i.e. from HSC simply frozen, stored and
transported up to cells that undergo more sophisticated in-vitro processing, such as selection,
propagation, differentiation and also production of viral vectors or plasmid DNA that includes steps
such as cell banking, culture and purification.

But whatever the complexity of the process, the three key-steps are clearly identified, even if these
are closely related, as for simple processes.
Performing cell therapy means that 3 successive steps for authorisation are fulfilled, implying
various responsibilities: the collection of cells (starting materials) and the administration of the cell
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therapy products are placed under the responsibility of health establishments. For those an
authorisation must be obtained for these activities. Only the preparation of the cell therapy product
itself is under AFSSAPS responsibility which delivers authorisations for clinical trials, for
process/product, and for production/preparation sites.

Clinical trials

They have to be authorised by AFSSAPS, respectively since 1993 for gene therapy (according to
the GMO law of 1992) and since 1996 for cell therapy.

The procedure in place to start a cell therapy clinical trial requires that the sponsor submit to
AFSSAPS a dossier according to a specific application format (regularly updated since 1993). The
dossier is evaluated by an expert working group. A response from AFSSAPS must be given within
90 days: this can be an authorisation of the trial or a reject. In some cases, if data are deemed
incomplete or not satisfactory during the assessment period, suspensive questions will have to be
answered by the sponsor, and a clock-stop is set up. In parallel to the evaluation conducted by
AFSSAPS, a favourable opinion has to be obtained from the local Ethics Committee (Comité
Consultatif de Protection des Personnes se prêtant à la Recherche Biomedicale – CCPPRB). The
procedure for gene therapy is basically the same but is more complex since two other bodies have to
be consulted and must give their positive appraisal:
- Commission de Génie Génétique (CGG) is in charge of the contained use conditions and of

classifying the GMO according to the proposed activity; the outcome of the CGG review
process is sent to the applicant via AFSSAPS.

- Commission de Génie Biomoléculaire (CGB) is in charge of reviewing the potential risk of
release into the environment of the GMO and determines the relevant level and period of
isolation for the patients. The outcome of the CGB review process will be sent to the Ministry
of Environment for validation, and then to AFSSAPS.

The dossier to be submitted to AFSSAPS has to follow a specific application format. This
document represents a comprehensive approach to quality as well as safety and efficacy issues:

- pharmaceutical and biological information (quality of starting materials, other raw materials
and ancillary products, manufacture and control, storage, etc.),

- information on the GMO (only for gene therapy clinical trials) dealing with containment and
assessment of risks for deliberate release,

- pharmacotoxicology data,
- clinical trial protocol.

Since 1993, about 55 gene therapy clinical trials have been submitted to AFSSAPS. About 70% of
these trials use viral vectors, mainly retroviral and adenoviral vectors.
The transgenes used differ regarding the target pathologies: FGF and VEGF genes, IL2 gene, p53
gene and the HSV-Tk gene, are mostly used.

For cell therapy, about 140 clinical trials have been submitted to AFSSAPS since 1996. The
sponsors are mainly public organisations (80%), and the types of cells, object of the trials, are HSC
for 60% and 75% are autologous. Therapeutic indications of interest are mainly cancer treatment.
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AFSSAPS Procedures and Responsibilities

As mentioned earlier, AFSSAPS is the competent authority responsible for granting the following
authorisations:
- for clinical trials to be conducted,
- for process/product to be therapeutically used in a given indication,
- for production/preparation sites to be allowed to manufacture the medicinal product.
The authorisations are granted by two directions of AFSSAPS: Evaluation Direction for clinical
trials and process/products and the Establishments and Inspection Direction for the production sites.
The evaluation is conducted by appropriate AFSSAPS working groups, composed of external and
internal experts.

Advice is also required
- for cell therapy, from the French Establishment responsible for graft activities (EFG) and
- for Gene therapy from CGG and CGB.

The final decision is taken by AFSSAPS General Director. To obtain these authorisations,
appropriate dossiers have to be submitted according to specific formats, which are currently under
finalisation and should be published shortly. Three types of format will be officialised
corresponding respectively to
- dossier for clinical trial,
- for process/products which have to be submitted to the Evaluation Direction, and
- dossier for production/preparation sites to be submitted to the Inspection and Companies

Direction.
Once the authorisations are granted, several follow up actions will be undertaken by AFSSAPS as
for other medicinal products: vigilance under the responsibility of the Evaluation Direction and
inspections under the responsibility of Inspection and Companies Direction, and control of the
products under the responsibility of the Laboratories and Control Direction.

Technical requirements for Process/Product authorisation

The technical requirements are aimed at demonstrating quality, safety and efficacy of the product.
These technical requirements are in compliance with the Note for Guidance and Points To Consider
issued by EMEA
- for cell therapy,
- for gene therapy,
- for xenogeneic cells.
The dossier to be submitted will be organised in three modules dealing respectively with
- quality,
- non-clinical data,
- clinical data.
The Quality module comprises 4 main sections:
- starting and other raw materials,
- production/preparation process,
- quality controls of the product,
- viral safety.
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For gene therapy products, information on starting materials include those related to the gene of
interest, the expression vector, cell hosting the recombinant vector, cell banks and virus seed lots
systems. For cell therapy, information shall be provided on cells (autologous, allogeneic or
xenogeneic) with criteria applied for clinical and biological selection of the donor, collection
conditions and controls with viability, identity and purity. Ancillary products are defined as
products in contact with organs, tissues, cells or embryos, used during processing, storage or
shipment before their therapeutic use in human. Ancillary products are under AFSSAPS
responsibility and authorisation will have to be granted for marketing (decree is still pending):
technical requirements to be submitted will be aimed at insuring the quality (information on the
manufacturing process, quality of raw materials and quality controls), safety as well as their in vitro
efficacy (based on bibliographic or experimental data).

Whatever the type of process (simple or complex), the following information will have to be
provided:
- name of the manufacturer,
- process description and flow chart (from starting materials up to the finished product to be

administered),
- in-process controls to ensure that the process is run in a consistent manner,
- identification of critical steps and intermediates with their appropriate controls,
- process validation for the demonstration of consistency.

An extensive characterisation of the product has to be conducted in terms of identity,
purity/impurities, microbiological safety, quantity and potency. This characterisation will allow
setting up the routine controls that will be applied for the release of the product. A special attention
has to be brought to the demonstration of viral safety and information has to be provided for the
three main steps, i.e.:
- collection with selection criteria for the donor,
- reagents and ancillary products from biological origin,
- process with inclusion of specific steps aimed at reducing/eliminating potential viral

contaminants.

As for other medicinal product, non clinical and clinical data will also be needed to support the
demonstration of safety and efficacy. According to the type of product, an extensive program will
have to be conducted while in other data from literature will be deemed sufficient.

In conclusion, a regulatory framework has been set up in France to insure the health safety of cell
and gene therapy products as for other medicinal products for which AFSSAPS is responsible. The
authorisation granted for a process/ product will allow a manufacturer to commercialise a product,
for a given therapeutic indication, according to a define process. The establishment that will be
responsible for the manufacture/preparation process will have to be authorised in parallel.

DISCUSSION

Question from the floor: Regarding ancillary product: I would like to know more about regulation
in France of this product and secondly it would be interesting to have the opinion of the National
Agencies which are present here.
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Mrs S. Lucas-Samuel: Currently ancillary products to be evaluated there is a cell and gene therapy
process but a decree is still pending for a marketing authorisation.
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SESSION IV:
THE REGULATORY ISSUES

Needs for the Control laboratories (OMCLs)
Proposals from the French OMCL

Dr M. H. Tissier, Dr F. Cano, Dr X. Chenivesse, Dr B. Panterne,
Dr V. Ridoux, AFSSAPS (F)

The national Official Medicines Control Laboratories (OMCLs) are in charge of the control of
medicinal products available on the European market, either during the pre-marketing authorisation
phase or after the marketing authorisation has been granted. They provide the national authorities
with an independent technical expertise on the compliance of the batches manufactured as regards
pre defined quality standards. The final objective is to initiate public health measures in case of
occurrence of quality defects, demonstrated by independent OMCLs testing.

Today, OMCLs act into two contexts:

- batch release, as it is the case for vaccines and blood products according to European Batch
Release Directives. Such directives, well adapted to the context of biological products, aim to
detect the deviation of quality production process by checking key parameters of all the batches
produced before their release on the market,

- market surveillance, consisting of the control of key quality parameters of batches selected
randomly once they have been put on the market.

In order to be able to control the quality of these products, OMCLs must have reference documents
describing the quality parameters of products and the adapted methods of control. Such documents
are usually part II of MA files and European Pharmacopoeia completed by various European or
International Guidelines reached by consensus.

When such reference documents are not available, the role of OMCLs is also to participate in their
elaboration.

The same applies for reference materials. Such an elaboration is conducted by the mean of a
collaborative approach in order to reach a consensus between national control authorities, academic
experts and industry on what should be the quality standards for the considered products. Usually
this is conducted under the supervision of official organizations (i.e.: EDQM, WHO...)

Considerations for cell and gene therapy products

Cell and gene therapy products are used in the context of new developing therapeutic approaches
using products of biological origin. These products display similarities with other biological
products such as blood products, vaccines, biotech medicinal products regarding the critical points
for quality. As an example, some production processes of viral vectors for gene therapy are highly
similar with those of live viral vaccines. In the same way, due to the requirement of cell cultures
and the use of biological reagents and biological raw materials, some quality controls of cell and
gene therapy products can be identical (i.e.: mycoplasmae, sterility, contamination with exogeneous
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agents of human or animal origin). In addiction, the control of quality of such products also requires
the control of nucleic acids, proteins, chemical compounds or the detection of human viruses.
Therefore for addressing major quality concerns of such products, OMCLs have to rely on their
previous experience in the quality control of biologicals, to adapt it to cell and gene therapy
products and to define which specific methods of controls have to be carried out.

The considerations on the OMCLs needs must envisage various aspects not only restricted to
technical aspects. Such considerations include:

REGULATORY ASPECTS:

Is there a regulatory support justifying the initiation of a control policy by an OMCL?

Today, the majority of OMCLs belonging to the OMCL network, coordinated by the EDQM, work
in the field of medicinal products.

At the national level, the field of activity of some OMCLs is extended, according to a national
regulation, to various kind of products (i.e.: blood, cells...) not subject to marketing authorisation
even if in some cases they are subject to process authorisations.

Today, the European OMCL network considers only medicinal products and their raw materials, the
regulatory support being based on Directives relative to medicinal products, batch release of
vaccines and MDS and on the European Pharmacopoeia requirements. Thus, OMCLs are involved
in batch release of vaccines and MDS, market surveillance of Centrally Authorized Products (CAP),
collaborative studies of the European Pharmacopoeia and other coordinated controls concerning
medicinal products largely distributed on the European market.

- For gene therapy products at least for plasmids, viral and synthetic vectors, it can be envisaged a
future CAP and so, they could be included in the coordinated programs of controls performed by
the OMCL network. In these conditions, the question that has now to be anticipated is the kind of
procedure to apply:

- batch release as it is the case for vaccines
- market surveillance as it is the case for medicinal biotech products

From a strategic point of view, such a decision is of interest for an OMCL. The full integration in a
batch release procedure implies an ability to perform routine and repetitive controls in a very
limited deadline at the request of the producer himself who wants to get a batch release certificate.
The experience in the field of vaccines shows the importance of regular contacts between the
producer and the OMCL, even during the preliminary stages of new production process and also the
interest for the OMCL to perform a statistical follow-up of batches by the mean of control charts.

The market surveillance, coordinated by the European authorities and decided at their initiative,
allows OMCLs to choose specific technical orientations even if they cannot answer all the requests
of controls. The important point is to have a sufficient number of OMCLs to cover all the necessary
quality controls.
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- Cell therapy products are not subject to marketing authorisation. They are not today considered in
the programs of controls coordinated by EDQM and from a regulatory point of view, the European
directive referring to such products is in preparation.

To give the example of the French OMCL, cell therapy products are in the field of competence of
the French Agency AFSSAPS and thus in the field of competence of the French OMCL.

At the national level, the strategic approach is the same as for blood components, i.e. an external
quality control of storage and preparation centers. In this concept, the results of lab controls are an
indirect approach of the quality of the centers. The public health actions, if necessary, are engaged
at the center levels but they do not aim to batch rejection. At this time, this approach is only applied
for autologous or allogeneic cells obtained in restricted amounts and prepared for the treatment of
severe pathologies.

A European strategy needs to be envisaged, considering all types of cells and pathologies. The need
for a coordinated program of control at the European level could depend on the type of cells and
their level of production and distribution.

REFERENCE DOCUMENTS AND REFERENCE MATERIALS

Even if OMCLs have at their disposal some documents recently published, i.e. CPMP guidelines,
USP monograph, publications or clinical trial files, do they have today consensual reference
documents where they can find, for each kind of products:

- key quality parameters to be controlled by an OMCL, i.e. those having a crucial influence on
efficacy and safety aspects,

- adequate and validated control techniques of such parameters, i.e. techniques applicable in
routine by a sufficient panel of national laboratories and having nevertheless a sufficient degree
of sensitivity.

In the same way, can OMCLs find easily reference materials or reagents without being totally
dependant on producers or can they find biological models able to detect major elements i.e.:
indicator cell lines which could detect the presence of replication competent viruses ?

At the French OMCL level, considerations have already been initiated for cell and gene therapy
products on the basis of the existing documents already mentioned in cooperation with a large panel
of academic experts, well-known in these two fields.

For the two categories of products, key parameters to be controlled as a priority by an independent
OMCL have been defined. For cell therapy, taking into consideration the level of therapeutic use, it
has been focused on haematopoietic stem cells, the key quality parameters proposed being:
numeration of nucleated cells and CD34+ cells; viability; functionality (CFU-GM); sterility. Results
of 300 samples issued from 32 centers are today available.

A specific work focusing on bacteriological controls, taking into consideration the small volumes of
samples and the pre existing diversity of practices led to the diffusion of first recommendations at
the national level, and an improvement of practices has been noted. Such recommendations were
based on the experience gained from 800 samples.
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For gene therapy, it has been envisaged separately the four categories of potential vectors, plasmids,
viral vectors, synthetic vectors and genetically modified cells, focusing on the finished product
which will be administered to the patient. A report has been issued and has been already requested
by EMEA, EDQM and WHO. The implementation of techniques in the laboratories of the national
OMCL is on-going.

The following step is to go deeply in the considerations concerning viral vectors considering
separately each category and to get an experience of specific techniques. In this regard, a crucial
point for OMCLs is in the anticipation of therapeutic success (including the number of potentially
concerned patients) in order to justify the rationale of their investments. It is the reason why the
uncertainty linked to the results of clinical trials is a limiting factor for OMCLs. Therefore, the
participation of the authorities in charge of evaluation as well as the development of contacts with
producers become essential for OMCLs if they want to produce first reference documents and
standard preparations.

At this time, the initiation of European Pharmacopoeia Working Groups has been envisaged at the
EDQM level. In this context, collaborative studies should be envisaged. Nevertheless, they
underline the question of samples.

SAMPLES

A major aspect for an OMCL preparing a control activity is to know where he can get samples of
clinical quality.

This point is particularly important when facing products that are only devoted to clinical trials or
when there is no specific GMP or good transport or preparation practices.

It is of higher interest to develop and validate the techniques of controls using GMP samples.

At the national level (AFSSAPS), cell therapy products are obtained directly from centers of
preparation and storage. Gene therapy products are either bought (i.e.: plasmids and viral vectors
with markers, synthetic vectors) or obtained directly via an investigator of clinical trial (academic
promoter), but for the time being they have never been provided by the companies. Nevertheless,
the both companies also contacted by the French OMCL agreed to provide samples of the clinical
batches used in their clinical trials.

The implementation of specific good practices is now essential, as well as the recording of all kinds
of producers ready to provide material of a sufficient quality, susceptible to be used for
collaborative studies. The most interesting approach could be to obtain samples of products used in
clinical trials conducted in Europe.

PREMISES

The considerations on cell and gene therapy products include the question of handling of genetically
modified material by national authorities. The necessity to initiate procedures of premises
agreement must not be forgotten, because it can take several months.

The issue is raised of the need for the national authorities to have at their disposal high level safety
laboratories, like BSL3. In this regard the level containment required in France depends on the virus
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from which the vector is derived, the nature of the transgene and the titer of the viral preparation
used and also on the design of the gene therapy construct. At First, it appears that most of the
handling could be achieved in level 2 (L2) laboratories. OMCLs do not act in the context of
production and it could be envisaged to require samples of low titer for routine controls.
Nevertheless, in the event of emergency, accident or specific campaigns the availability of a L3
laboratory remains important for the OMCL network.

The question of animal housing facilities has also been asked. A large proportion of in vivo tests
relates more to the development of the product by the manufacturer than to the checking of the
pharmaceutical quality aspect performed by OMCLs. It is simply necessary to have the possibility
to conduct simple tests on small rodents.

In conclusion, the priority for OMCLs is to structure the European approach. The first necessities
are:
- to record all the facilities offered by national OMCLs and to record the producers able to

participate in a collaborative work and to provide samples of good quality
- to define priorities in collaboration with evaluation structures and manufacturers
- to prepare the drafting of monographs of European Pharmacopoeia keeping in mind that general

methods and general chapters already published (ie: mycoplasmae, sterility) could be only
completed with a specific section.

- Otherwise, the first proposals could be:
• Bacteriological control of haematopoietic stem cells
• General chapter on the specificity of gene therapy products followed by specific

monographs focusing on cells, plasmids, retroviruses, adenoviruses, poxviruses

With this approach, collaborative studies could be implemented, the first proposals being:
- detection of mycoplasma
- bacteriological control of haematopoietic stem cells
- titration of adenoviral vectors
- titration of retroviral vectors
- titration of vectors derived from vaccina virus
- detection of RCV
- preparation of titrated adenoviral or retroviral vector
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SESSION IV:
THE REGULATORY ISSUES

USP’s activities in standardisation of cell and gene therapy products

Dr I. F. Deveau, USP (USA)

USP has begun to address some of the issues that have been raised concerning the quality control
and assurance of gene and cell therapy products. I would like to spend the next 10 minutes or so
briefly outlining our progress.

Every 5 years, the primary governing body of the USP, the USP Convention, meet to discuss and
decide the goals of the USP. It does this by debating and approving resolutions to be carried out by
the organization. The meeting in 1995, the Convention passed Resolution 11, which charged the
USP to examine the feasibility and advisability of developing methodologies and standards for gene
and cell therapy products. The responsibility to carry out this resolution felled to the Expert
Committee for Biotechnology and Gene Therapy. After some initial discussions, the Committee
decided to form an ad hoc advisory panel to begin the task of drafting guidelines, specifically a new
General Information Chapter for the USP.

During the 2000 meeting of the Convention, this advisory panel was elevated to the status of an
Expert Committee, so now USP has the Committee for Gene Therapy, Cell Therapy and Tissue
Engineering. The Committee is composed of representatives from:
A. Government agencies (US FDA, US NIH, US NIST, and Health Canada)
B. Academic Centers, since so many products are being developed and tested there
C. Established Gene and Cell Therapy companies.

A draft of the new GC was completed in 2000 and published in the Pharmacopeial Forum in
January 2000 for public comments.

USP received numerous comments about this publication and the Committee revised the GC to
address these comments. The revision appeared in January 2001. Generally, if someone likes what
USP proposes they keep silent. It’s only when they don’t like it that we hear about it. However, this
proposed general chapter was different, general feedback, especially after the re-publication of the
proposal was very positive. Based upon this feedback, USP moved the proposal to become an
official part of the USP. With USP 25, 1st Supplement (April 2002), this General Chapter became
official.

The General Chapter reflects the current best practices for the production of gene and cell therapy
products. This is a rapidly evolving field. Beyond a certain point, standardization may not be
appropriate at this time; it may result in inhibiting the development of new technology.

The General Chapter is divided into several sections. It begins by providing definitions on what are
cell and gene therapy products. There is an emphasis on guidelines for manufacturing. The idea
behind good manufacturing practices is to build quality into the product, rather than to test for it at
the end. By following GMP then there should be fewer surprises when one performs pharmacopeial
or release tests at the end. This is true for all medical products; but is especially important for gene
and cell therapy products where manufacturing processes are inherently complicated and involved.
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The General Chapter strongly supports and provides guidelines for full characterization of raw
materials, including cell and viral banks, reagents and media components to ensure that they are
suitable for use in manufacturing. The general chapter states that there should be clear and defined
in-process control points to ensure that the final product will meet specification for identity, purity
and potency.

There are also sections on analytical methodology. It is acknowledged that there are only a few
pharmacopeial tests, which are suitable for gene and cell therapy products. Even when a
pharmacopeial test will address an important attribute of the product, the test still might be not be
appropriate. A case in point is the test for sterility. The test takes weeks to complete. However,
many products, especially cell-based products, have shelf lives measured in a few days. There are
tests that are more rapid for assessing sterility, but the ruggedness and robustness of these methods
are unclear from the prospective of the Pharmacopeia. USP encourages the development of new
methods and will consider adopting them once we receive suitable validation data. The section on
analytical methodology is organized such that safety is the first discussed not the last. Furthermore,
these products need appropriate assays for defining the dose, the potency, purity and identity of the
product.

The general chapter also discusses such issues as stability, storage, shipping, labeling, the use of
appropriate standards and the current state of regulations. The general chapter ends with a list of
definitions and abbreviations.

Since the completion of the Cell and Gene Therapy Products general chapter, the USP Expert
Committee on Gene Therapy, Cell Therapy and Tissue Engineering has begun work on other topics.
Within the US, there are several approved cell-based wound dressings. All of these products are
allogenic cells derived from neonatal foreskin. They are considered efficacious for at least two
reasons; they provide a physical covering for the wound and they are known to release cytokins and
other growth factors, which are believed to stimulate healing of the wound bed. The USP has begun
writing monographs for these products. The first such monograph developed is for Graftskin. The
proposed monograph was published in USP Pharmacopeial Forum, volume 27, number 6
[November – December 2001]. A revised monograph was published in USP Pharmacopeial Forum,
volume 28, number 6 [November – December 2002].

Based upon their working developing this first monograph, the USP Expert Committee on Gene
Therapy, Cell Therapy and Tissue Engineering had decided that subsequent monographs for similar
product should include sections specifying:
- Description, General Characteristics & Adventitious Agent Testing requirements
- Packaging and Storage requirements
- Labeling requirements
- USP “Reference Standard(s)” requirements

As well as tests for:
- Histological characterization
- Cell (and matrix) identity
- Cell viability/metabolic function
- Other unique characteristics (for example, Barrier integrity)

The Graftskin revision published in Pharmacopeial Forum, volume 28, number 6 [November –
December 2002] included a proposal for a new type of reference standard, “Authentic Visual
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Reference” or “AVR”. For Graftskin, this is a series of photomicrographs showing the histological
characteristics of passing and failing Graftskin units. AVR are used to help the analyst ascertain
histological quality.

The USP Expert Committee on Gene Therapy, Cell Therapy and Tissue Engineering has also begun
developing a new general information chapter on ancillary products. The  US Code of Federal
Register defines ancillary products as “agents used in the manufacturing of cell and gene therapy
products that are not intended to be in the final product but may have an impact on safety, purity
and potency of the products under manufacture”. The general chapter will address issues such as
characterizing the ancillary products to assure it has the correct identity and proper functionality for
the manufacturing process. The chapter will also include sections on risk assessments on the use of
categories of ancillary products, the establishment of protocols for the removal of the ancillary
products from the final product, and residual ancillary product testing of the final product.
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SESSION V:
THE FUTURE

FINAL ROUND TABLE DISCUSSION AND ACTION PLAN
Mr P. Castle, EDQM/European Pharmacopoeia; Prof. Dr K. Cichutek, Vice President of the

Paul-Ehrlich Institut (PEI); Dr R. Dobbelaer, Head Biological Standardisation, Scientific Institute
of Public Health (SIPH); Dr C. L. Julou, European Federation Pharmaceutical Industries’
Association (EFPIA); Prof. Dr H. G. Kristensen, Chair of the European Pharmacopoeia

Commission; Mr J. M. Spieser, EDQM/European Pharmacopoeia; Prof. J. H. Trouvin, Director
for the Assessment of Medicinal and Biological Product (AFSSAPS); Dr E. Tambuyzer,

EUROPABIO – Chair Health Care Board

Cell and gene therapy action plan

Mr J. M. Spieser: We would like to address with you the issues on quality, on safety testing, on
standardisations, on methods, monographs, guidelines but also issues related to reference materials
and last but not least, the question of definition and nomenclature which is very important.What we
wish to communicate is that we are not a “stand alone”! body, it is a global package complementing
each other and which must complement licence, inspection: the European Pharmacopoeia has its
role and so do the control laboratories as it has been demonstrated during these two days of the
conference.
It is still an evolving field, nevertheless it is timely to process as only a very few products have so
been registered. We also have to deal with 2 types of operators, industrial be it at small or big scale
but also with a lot of small academia, hospital unit who produce these materials.

Safety highest priority: Sterility, mycoplasma, LAL, adventitious agents, NAT requirements. Need
for customisation. Q-PCR

Mr J. M. Spieser: Safety is the highest priority. What else then the existing European
Pharmacopoeia test method should we have? We have the sterility, mycoplasma, the endotoxin
testing, the adventitious tissue agent testing, the NAT requirements – are these tests adapted to the
purpose of these kinds of products? Do we need to customise them more in detail for the specific
situations?
With regard to quantitative PCR, is there a need for specific SOPs or guidelines?

Question from the floor: Do you consider that replication competent viruses (RCR) arriving out of
the production of gene therapy products would be considered as adventitious agents for which there
is an existing test method?

Comment from the floor: In the US there are product impurities.

Dr R. Dobbelaer: It is very clear that the existing monographs on adventitious agents would not be
applicable, in my personal opinion, to detection of RCR viruses as we have seen. Specific
technology is needed and the question is whether we should take up such technology or
specifications for such technology, should we take this up in Pharmacopoeial monographs or
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general methods? Should we extend the monograph on extraneous agents, which may not be the
correct heading for these kind of impurities.
The answer to your question, in my opinion, is no. The testing for adventitious agents does not
cover RCRs.

Mr J. M. Spieser: Therefore we need adaptation and customisation at least in this case.

Prof. Dr K. Cichutek: This question highlights what needs to be reviewed and to which extent as
concerns the safety tests for conventional products and whether that will apply to the products
which are coming onto the market in the near future; and I think that it is clear that even the RCR
testing and the general virus testing there are still issues which are currently under development. I
would not favour coming up with a strict guideline spelling out what exactly should be done.
However, I think that we should review what exists, if it is applicable and highlight what other
methods are available currently and how these could be applied.

Dr G. Sharpe: You can say that an RCR is an adventitious agent and in certain ways it is, however
I would also say that the current methodology which you are describing testing for it is not
adequate.

Comment from the floor: Concerning sterility testing: I saw that the AFSSAPS poster session. We
have been working since 1999 to validate automated fast sterility testing. There was a survey done
at the International Society of Cell Therapy and about 50% of the respondents on pre-submission
cell therapies, based on blood cell therapies, and immuno therapies are all using automated fast
sterility testing. Therefore this is an absolute essential necessity to get these tests validated for this
technology. The time for detection for some of the organisms that we see are brought down from 14
days to 24, 48 hours with a sensitivity of about 1/2 CFU per ml. We have to move away from the
compendial sterility test and allow these automated fast systems to be used for this purpose.

A further comment on mycoplasma: FDA has been very excited about the potential for PCR
mycoplasma testing. I think that there is a good potential there as the European Pharmacopoeia tests
is 35 days and the CFR test is 28 days. That still needs some work – from the standpoint of release
testing is that the release test when you have products which have 24 or 48 shelf life it is important
that the release test be able to be carried out quickly with a high through output as there are 100% of
the patients which will need to be tested with this equipment and any thing that may indicate as no-
tester will require an additional testing cycle is suspect. Likewise, for the fast sterility tests, a simple
approach is the best, there are very good tests using flow-cytometry.
LAL again is a backbone release test because it is very well understood and very well done and
allows you to assess your product before it leaves your facility.

Prof. Dr K. Cichutek: I agree with this comment – we are trying at Paul-Ehrlich Institut some of
the automated sterility testing at present. The problem is that we should provide results for some
products such as autologous products, which have a very short shelf life. When we look at the
approvals of clinical trial, should we let those go or not, this depends on how fast the safety testing
can be done.
For these there should be a specific chapter in order to highlight these products that have a very
short shelf life or a very short manipulation process before they are given to the patient.

Comment from the floor: Sterility testing: many of the gene therapy products are too fragile to
stand up to sterilization techniques. Surely the emphasis is on the implementation of a said
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technique in one of these many gene and cell therapy manufacturing procedures. How are you going
to address that from the Pharmacopoeial point of view.

Dr R. Dobbelaer: This is mainly a GMP issue, which is not too different from what we know in
classical biological production facilities.
The guarantee of sterility is the sum of GMP in process and final product testing as classically is the
case for all biologicals.

Safety tests: List of virus? Validation models? Role of production methods

Mr J. M. Spieser: Issues linked to safety tests, linked to virology: we have been discussing how
exhaustive the lists of viruses shall be – will this be forever exhaustive or will there be a possibility
of including some validation models? There is also a possibility of introducing an important role of
serum free medium culture which of course undoubtedly will come to a solution where the viral
load will be lower and less testing required when you use such media.
What are your suggestions?

Question from the floor: If you look at the classical test for adventitious earlier, there used to be
the in vivo and in vitro assays – now we are slowly replacing these with the PCR assays. There has
to be a very clear definition of how the assay has to be performed and what primers have to be used.
A lot of vendors are supplying these assays and it gets the manufacturers into very serious trouble
because we are unable to identify what is a specific reaction and what is non-specific.

Comment from the floor: Comment on serum free media: I worked on this a long time at Pasteur
Institute and in principle, you can produce all serum free media it is a question of developmental
time which has to be looked at carefully.
Now, at Genethon we have tested the production of retro viral vectors with serum free media and
for cells slack. If you look at more modern cell lines such as Phoenix cell lines you find commercial
media which are very good. We should all go towards serum free media in order to increase safety.

Comment from the floor: A word of caution on serum free culture: in a serum free condition the
growth is very different to the normal growth in presence of foetal calf serum. It is important to do
the appropriate validation work to ensure that the performance of cells in culture is the same as in
serum containing media – it may be necessary to generate new stocks of cells and retest them after a
serum free adaptation.

Comment from the floor: As for the viral testing we can never get rid of the culturing systems
because firstly, using PCR techniques you can only find what you are looking for and secondly, you
cannot make the difference with PCR between infectious virus and dead virus and therefore you
need a control method based on culturing.

Dr R. Dobbelaer: This raises the questions, once more, what is expected from a Pharmacopoeial
text. The current monographs on adventitious agents and the CPMP Note for Guidance’s or Points
to Consider, all include the general principle of having to test for specific viruses and taking into
account the history of your cell bank and taking into account the history of your genetic material, be
it the virus or something else. In a general way, this is covered and the real question is, can we give
additional guidance as to the kind of viruses which have to be tested with PCR or with cell culture
technology?
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Question from the floor: There are differences between the lists from the EMEA and the FDA lists
– why are there these differences?

Dr J. Robertson: It is guidance which we should give regarding what viruses should be tested for
in any given situation. The comment “exhaustive list of viruses” is not correct – I think that this is
exhausting! There is one case with the murine situation where we have an exhaustive list and this
we should avoid. It is probably better to look at this on a case-by-case situation so that we are
looking at providing guidance as to what viruses we are looking for.

Mr J. M. Spieser: The guideline should nevertheless address the differences between the two
regulatory regions (EMEA and FDA).

Dr J. Robertson: The only time which we come together and agree internationally, between
different territories and any specific list of viruses I suppose would be with an international
guideline, like ICH/VICH. European Pharmacopoeia guidelines will only be mandatory in Europe,
and for CFR the same in USA. We have had small differences in the past which have arisen for
reasons, they arise because European virologists sit down and define a list of viruses pertaining to a
guideline drafting in Europe and US do likewise for a US guideline and because those lists are not
precise and there are no correct answers to what viruses should be tested for – there will be
differences.

Prof. Dr K. Cichutek: If you think of xenogeneic cell therapy situation there are a couple of
national requirements to test extensively all kinds of viruses which could be in the species where
you have taken the cells from. Some guidance could be needed here, especially when thinking of
the fact that there is not this indefinite time until approval of clinical trials unbless otherwise there
will never be any xenogeneic cell therapy at this point. I think that it would be necessary to compile
a list there.

Comment from the panel: I think that the differences between the lists of viruses and guidance’s is
very much depend on when those guidance documents were written. The US guidance documents
are very often older than those of elaboration in Europe and therefore have considered what more
we learnt about viruses since those earlier days.
There is enough knowledge now about the use of certain types of cells in the biotech industry and it
would be useful for virus experts to try and give some definition on what viruses are important to
look at for particular types of cells because the danger is that we have an exhaustive list of human
viruses which could go on almost forever (!) and yet for many of these, the risk of contamination is
very low and very remote. This would be useful to starting thinking now, what are the particular
types of viruses which we should be looking for, particular the better known cells which have been
around and being used for many years now.

Comment from the floor: One thing that the European Pharmacopoeia could address is that a lot
of these specific virus testing is not done in a statistical manner. For example, some laboratory will
take 1/2 a microgramme of DNA purified from your cell, or vector product and that is what goes
into the PCR assay, some will take a full microgramme and this is so small an amount. What is the
meaningfulness of a test based on a small and not necessarily representative sample. Cell banks are
expensive and valuable and people will be reluctant to give up vials.
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Reference materials: Adenovirus; What else; Other reference material; regional working
standards

Mr J. M. Spieser: Reference materials: We have had one example on the adenovirus and Dr B.
Hutchins said that there was no need for having common reference methods and SOPs; I have heard
from other users it could be useful to exchange the data and results.
We have heard that something is at the primarily stage for retrovirus what about AAV, what about
non viral vectors – do we need reference materials? Do we also need there common reference
methods for using them and other SOPs and what other reference materials. Dr K. Mitrophanous
who was clearly asking for several reference materials for potency assays. Is there a need for having
regional working standards?

Dr B. Hutchins: People would like to have recommendations on how to use these – there is some
information in various Pharmacopoeia already, however, for whatever reason, people have trouble
finding and using this information in the bioassays. As these start to come into play, there needs to
be some kind of informational chapter relating on how to approach this. Surprisingly, a lot of
groups have trouble envisaging what to do with this material on a day to day practical basis in their
laboratories.

Comment from the floor: MVA is becoming a very common vector system to deliver genes. It has
been observed that several laboratories use a definition of a titre in different form – some use it as
PFU (plaque-forming unit) and some define it as DCID50. In order to go into a clinical trial one
would like to have a good comparison so there has to be a standardisation and availability of a
standard for MVA.

Dr J. Robertson: I agree with Dr Hutchins as regards adenovirus standard – in my view, the whole
idea was to set up a standard so that data arising from different manufacturers and laboratories
could be compared, what was not important was setting up a common method of analysis. This is
the message that I tried to get across with WHO international standards for biological preparations
that it is the standard which is important and not the method of analysis. The standard allows
different methods of analysis to be compared.
Having said this, I would like to address another point. The non viral vectors. Again, there is a
WHO working group, which I am running and we would like to look at setting up a non viral, i.e. a
plasmid DNA reference preparation. This is for use in analytical techniques and the idea is it will
get qualitative reagents and not quantitative reagents – this has recently got off the ground and
investigations have been started in preparing this material.

Comment from the floor: There is confusion concerning reference materials concerning the two
different purposes and uses of reference material. There is a certain kind of reference material
which could be used to compare different institute and different trials. But, within each organisation
we would greatly benefit if we understood that establishing internal reference material contributes
to monitor your own production and your own different lots of material which you use in successive
trials would be a great step forward and therefore a standardised common method would be helpful.
From what I read in publications, there are not that many people that do this and generate internal
standards and have programmes to replace those internal standards so that they basically have a
history of their own product. Those are easier to use and implement as each organisation could
implement their own reference material.
With regard to common reference material shared between laboratories I think that in many of those
applications there are not being completely dominant type of vector emerging so that maybe it is
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still a little bit early. As Prof. K. Cichutek said that this was effectively the conclusions of the virus
working group.

Methods: Guidance vs detailed SOPs; Specificity; Validity criteria/suitability; confience
limits/precision; reagents, patent issues…

Mr J. M. Spieser: Issues linked to methods: here we could have approach either in the form of
guidance or in the detailed SOPs, of course it is too easy to say that this will be done on a case-by-
case depending on what is the use of the method. There is a need however, to address the
specificities and the need to address validity criteria, suitability. What are the normal confidence
limits and variation limits linked with such a given method and of course there is the issue of
reagents. We must not forget that we are working in an area where a lot is under industrial property,
not being trapped by having patent issues linked with some specific reagents.

Dr R. Dobbelaer: Speaking from the live virus vaccine experience, there have been several
attempts to lay down very specific titration protocols and the exercise has not been very successful.
You still end up with systemic differences between different laboratories assaying the same
preparation and that is essentially true for vector systems. I think that is where the remark on ‘how
to use the reference’ is an extremely important one – do you use them as a relative potency, do you
use them to see where you stand in relation to other laboratories? How to use reference materials
and laying down general principles for valid criterion and confidence limits is more important than
fixing or laying down an SOP.

Mr J. M. Spieser: We have had a very clear explanation from Dr B. Hutchins that collaborative
studies will be of great help who have to address all these issues.

Potency assay

Mr J. M. Spieser: We have heard the debate that there is room for development of potency assays.
There is also a need for developing study models for efficacy and safety. Other key issues in
relation to potency assays are how to customise them to have customised QC v. in-process controls.
There is also the issue of quality linked to the role of out-sourcing. The potency assay is then
specifically linked with the viruses and their standards and SOPs.

Quality: Upstream vs end product testing; Place of QA; Inspection GMP; Role of independent
testing by OMCLs; Transfer of technology

Mr J. M. Spieser: We have heard that the quality is built-in and that it is not different from other
pharmaceutical preparations. You produce quality, you do not test quality and therefore, the more
you work on up-stream v. end product testing the better but of course there is still room for making
a good combination of the two.
There is place for QA and it has been very well illustrated in several cases – nevertheless it was
very clear that there is also a clear need for GMP and clear rules must be integrated here avoiding
double standards, the industry v. other developers or researchers (academia).
There was a very clear illustration and demonstration of the role of independent testing by OMCLs
but in all of this, there is a very important issue which is the transfer of technology, training and
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qualification. With your help, we will try and devote some of these issues in our own remit and
others will be the remit of our complimentary institutions like the inspectors or others.

Comment from the floor: The issue of comparing industry and academics and hospitals – in my
experience of trying to advise different sponsors on the regulatory implications of initiating early
phase clinical studies for somatic cell therapies it has been almost impossible to find facilities where
we can run under GMP – however, we can adapt hospital environment to the appropriate air
handling systems and operate a GMP-like-process by those skilled in the art of a very complex
individualised autologous treatment process, which is very much required for that initial proof of
concept study. The process can then be adapted to a more refined technique. We have to be very
careful here and pragmatic in applying GMP standards and that level of pragmatism is not, at the
moment, evident in the way the clinical trials directive guidelines are being written. I think that
there is an opportunity for the European Pharmacopoeia to help in balancing the application of
GMP standards in a way which allows cell therapy investigational studies to continue. There is a
very high risk of us loosing innovative opportunities here.

Prof. H. G. Kristensen: Strictly the European Pharmacopoeia does not present or discuss GMP
standards – it is the job of another body. Your advice however, is taken.

Prof. J. H. Trouvin: I fully support the comment. Regarding GMPs there is clearly a need for
further discussion on what is meant, in the context of clinical trials, by GMPs. Is it a magic word
which implies that “provided you follow GMP then the product is safe” and that outside GMP no
quality or safety of a product. We have to reconsider this approach as it was suggested. Indeed, in
terms of strict implementation of GMPs, there could be some difficulties for clinical trials,
particularly at hospital level and academia as well as other sponsors. For them, and I am not saying
that they are producing products of poor quality, we could recognise that there is a need to adopt
and adapt certain standards even if the general principles should be, obviously, followed.
The other comment I have regarding GMP is whether or not there is a need to develop specific
GMPs for cell therapies or gene therapy. As regards gene therapy products, I am not convinced that
different GMPs should apply, their production is very close to vaccine production or even any other
biological product.
There may be some specific points to be considered (and particularly for viral vectors) but the
general principles for GMP do apply to all types of medicinal or biological products. As regards cell
therapy production processes, I would be more prudent and support the view that, for those type of
products and production processes, GMPs rules may necessitate to be adapted, and particularly to
take into account the vast array of production system and production sites.

Comment from the floor: You are however, still coming from the same point of industry and
academia, hospitals. I would propose to replace the word “or” by “and”! I do not think that we
should put these two groups into different categories, we are working a lot together and the main
distinction which we should make is between research on the one hand and products which are for
patients on the other hand. The point concerning GMP is we should firstly remember that the main
point is to have safety as the highest priority and whatever administrative part we can take out of
GMP when it would be there, this can be looked at, but safety should never be compromised.

Dr B. Hutchins: A more enlightening way to look at this is what you need to think of in terms of
elements of good manufacturing practices in those initial clinical investigations regardless whether
you are a hospital, independent investigator or a company. Because the principles should be the
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same and the issue is what is minimally necessary v. what you should be approaching as you get to
phase III and marketing product. These should not be identical requirements and this is one of the
issues and why people think that there are double standards. This is because industry might be held
to a higher level all the way through compared to investigators are. This is because investigators go
further along, there will be held to the higher standard. One of the questions is that, can the issues
relating to making that distinction be discussed in some kind of informal guide.

Comment from the floor: There should not be a double standard and I think that there is a double
standard now. Having spend half my time in hospitals and half in industry, there is no way a
hospital establishment can live up to the consistent regulation which is required, particularly in an
aseptic process facility, but certainly under any general GMP requirements. If GMPs were made for
any industry, they were made for patient-specific customised generative medical cell therapy
industry where variability is the watch word of the day. There is one exception if the medical
institution, and I see this in the University hospitals (CHU) in France who have focused and
developed centres of excellence where they have their own pharmaceutical directed clean room
facility in which the physicians can borrow time on laboratories but they have to work to the
general standard. The requirements for GMP gradually develop as you work through phase I, II and
III. We have a higher hurdle in terms of assuring safety from the initial phase I trials and we try and
apply very strict GMP to phase I.

Comment from the floor: Much of this might be solved by getting guidance documents on what
different phases of clinical development should be documented within the characterisation and the
procedures.

Comment from the floor: I would like to add not only the different phases but also the different
kinds of manipulations. Of course when there is a full batch production in a hospital then it should
have the general industrial standard but when it concerns preparations for administration on a
patient basis – that is a different question.

Monographs: Define scope; General guidance vs detailed methodology; Product/group of
product (type) specific; Flexible standardisation approach? Horizontal guidance vs vertical
approach/guidance? Source material: reagents

Mr J. M. Spieser: Monographs in the European Pharmacopoeia: There will be a clear need to
define their scope and to address the issue of should there be general guidance v. detailed
methodology.
Again, should it be product specific or type specific, grouping the different products in one and
addressing these issues – there should be flexible standardisation approach.
Horizontal guidance v. vertical approach because there are some of the issues which are common to
different type of products some of which are common to cell and gene therapy. There is also the
issue should there be for example source material or reagents, for example, monographs or
requirements specifically foetal calf serum or bovine serum where there could be a very clear
monograph or requirements.

Definition/nomenclature: Implication on the rules and regulations applicable to the products
(controls, license, inspection, etc.); GT/CT different approaches?On going dialogue, advice and
open consultation; Close collaboration; International partners
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Mr J. M. Spieser: The definition and nomenclature – it has very important implications on the
rules and regulations applicable to the products, where you have to define clearly which group does
it belong to and then from that you can issue what kind of controls, licence and inspections you
have to address. One of the important issues which has already been addressed by Prof.!J. H.
Trouvin is, is there room in having different approaches for the gene therapy v. the cell therapy.

All that will done, as it has been done over these two days of conference, on an on-going dialogue
advice, open consultation, close collaboration with the EMEA’s experts group, be it the Biotech
Working Party, Gene Transfer Technology Expert Group and also our international partners.

Prof. H. G. Kristensen: Concerning definition and nomenclature I would say that it has always
been the task of the European Pharmacopoeia to provide the correct terminology and definitions. It
seems to be very important in this field and I have no doubt that there will arise proposals from the
Pharmacopoeia to be discussed with other regulatory Parties before they can be finally published
bearing in mind that there will be as usual, an open consultation through Pharmeuropa.
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Study on the quality controls of retroviral vectors in gene therapy
Biologics Evaluation Department

Korea Food and Drug Administration

Jeewon Joung, Ilung Oh, Won Shin, Seokkee Jang, Youngmi Kim, Sungmin Ahn,
Kyuyoung Lee, Seok H. Lee, and Yeowon Sohn

Viral vectors and non-viral vectors such as plasmid DNA are two principal vector types for gene
transfer that are commonly used in gene therapy. Among these, retroviral vectors are the most
popular gene transfer system. They are replication-defective retroviral particles that are
phenotypically identical to replication-competent retroviruses (RCR). The known pathogenicity of
Mo-MuLV RCR such as an induction of T cell lymphoma in primates requires vigilant testing of
gene therapy products for RCR. As a result the availability of sensitive assays for detecting
infectious retroviruses has become critical for the quality control of gene therapy vectors. In this
study, we describe the establishment of RCR tests in two amphotropic viral vectors. To establish the
biological assays that can detect RCR in MuLV, PG-4 S+/L- assay and Mink S+/L- assay were
performed. Wild-type MuLV (1.5x107 FFU/_, ATCC VR-1450), which was identified by
immunofluorescence antibody test (IFA), was used as positive control. Comparative studies
demonstrated that extended PG-4 S+/L- assay yields higher titers than the extended Mink cell test.
We established PCR-based assay by testing PBRT (PCR-based reverse transcriptase) assay. It
showed high sensitivity to detect MuLV, implying the possibility of an alternative test for PG-4
S+/L- assay. Further studies are scheduled to validate the PBRT assay. For the detection of RCR in
another popular retroviral vector, gibbon ape leukemia virus (GaLV), marker rescue assay was
performed as a biological test. A dilution of GaLV could be detected up to a dilution of 10-9. PCR
assay was also performed that was able to detect one GALV-infected cell in 106 uninfected cells.
From these experimental results, we’ve established the RCR assays for retroviral vectors. We
believe these assays should be suitable for the quality control of gene therapy products.

Key words: Gene therapy, retroviral vector, quality control, RCR
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External quality control of cell therapy products

Panterne B., Sabatini C., Huyghe G., Maquin C., Mouillot L. and Tissier M.-H., AFSSAPS (F)

In France, the law 96-452 of May, 28th 1996 and the law 98-535 of July 1st 1998 have established
rules for the use of cell therapy products and have put the «!Agence française de sécurité sanitaire
des produits de santé!» (AFSSAPS) in charge of evaluation, inspection and control of these
products. The “Direction des Laboratoires et des Contrôles” is in charge of external quality control
of cell therapy products. A working group with experts from national cell therapy production sites
and members of AFSSAPS has been created. First of all, an investigation of French cell therapy
activity was done to better know practices in this field. Considering hematopoietic cells are the
main cellular products used in routine, their control was first developped. It concerns:
- Peripheral blood stem cells in autologous and allogeneic context
- Bone marrow
- Immunoselected progenitors
- Donor lymphocytes

Regarding hematopoietic stem cells, a pilot study with four production sites allowed to validate
transport conditions that maintain cell quality and sterility. Then a feasibility study with all the 35
French production sites of cell therapy was organized and allowed to validate logistic and technical
procedures.

Today, 2 to 3 external quality control operations take place each year. The results from 1999 to
2002 will be presented: these controls show a good correlation for enumeration of nucleated and
CD34+ cells. Concerning the clonogenic assay of CFU-GM, correlation is acceptable but can be
improved by carrying on standardisation studies. Indeed, when no correlation appears between a
producer and AFSSAPS, external control can help to find whether some technical differences can
explain discordant results. Concerning bacteriological control, investigations have shown less
standardisation. Also, a second working group for bacteriological control of cell therapy products
allowed the agency to publish in 2002 French guidelines for this control. To improve sensitivity of
the used methods, DLC has organised a collaborative study sending cell products contaminated at
different levels. A first part was done with a rapid growing germ (staphylococcus epidermidis) to
ensure the feasibility. 96% of good results have been obtained. A second part has been led with a
more fastidious growing germ (propionibacterium acnes) and this time, only 76% of good results
have been obtained.

As a result, external cell therapy quality control has increased technical standardisation, has
checked the quality of products and will allow to compare performances between various French
producers of hematopoietic cells.
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Future quality control for gene therapy products:
Technical approach of the French Agency for the Safety of Health Products

Valérie Ridoux, Xavier Chenivesse, Marie Magloire, Jean-Luc Peiffer,
Sarah Taya, Serge Ferro, Isabelle Fabre, Pierre-Antoine Bonnet

In the field of gene therapy (GT), controls considered as relevant for an independent national
authority acting for the purposes of health safety concern the verification of the identity, the purity,
the microbiological and viral safety as well as the transfer and expression efficiency of the product.
For OMCLs, these controls which are largely dependent of the GT product type (plasmid, plasmid /
synthetic vectors complex, viral vector and genetically modified cell) are related to a large extent to
the "finished product" which will be administrated to the patient but can be also applied to some
"intermediate products" during production.

Several techniques applied for these controls have been already developed at the AFSSAPS control
laboratories on its Vendargues site using plasmid expressing a reporter gene encoding the "Green
Fluorescent Protein" (GFP) and various purchased synthetic vectors. The first methods set up are
restriction map and PCR for identity, spectrophotometry for purity and DNA concentration, agarose
gel electrophoresis for topology, in vitro and in vivo transfers of the transgene for expression
efficiency. Following these initial developments and with the voluntary participation of clinical
investigators, some controls were carried out with a plasmid used in a clinical trial in France.

Now, we plan to initiate a similar approach for the control of other types of gene therapy products
like other plasmids, retroviral vectors and AAV vectors using in a first time products expressing
reporter genes and then samples of clinical quality. This strategy appears as an essential step in
order to validate the techniques which will be used to control the future marketed gene therapy
products. At this time, this approach based on laboratory analyses is devoted to gain specific
expertises for the elaboration of future monographs.
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The large scale manufacturing of plasmid DNA for pharmaceutical applications
Current plasmid Quality Standards – Contaminations – Process difficulties and solutions

Dr M. Müller1, Dr A. Breul2

A prerequisite for the use of plasmid DNA in clinical trials for gene therapy and genetic vaccination
is a manufacturing process that is suitable to generate the pharmaceutical product in a “state-of-the-
art” quality. Also, such a manufacturing process needs to meet the requirements concerning batch
scale, robustness, reproducibility and regulatory compliance.

As the efficacy of a (plasmid) drug determines the commercial success or failure of the complete
project, the feasibility of the manufacturing process has a similar impact.

This poster will illustrate the plasmid quality standards as they are currently accepted for use in
clinical trials by regulatory authorities around the world. Critical contaminations and their causes
will be discussed and the challenge of the removal thereof. These considerations will be done
viewing on pilot to large scale manufacturing processes. Knowing the hurdles, preventive actions
can be implemented in the manufacturing to improve the quality of the plasmid product used in
clinical trials and therewith enhancing the probability to successfully bring a product from the
research and clinical phases into the commercial market.

1Associate Director R&D, Contract Manufacturing & Process Development,
2Product and Key Account Manager DNA Manufacturing Service, QIAGEN/pAlliance,
QIAGEN
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BIOGRAPHICAL NOTES

Dr Agnès Artiges graduated in pharmacy and has a PhD in the same subject, as well as a degree
and a PhD in law, the latter from the University of Paris, France. In her postgraduate law degree she
specialised in European Institutions.
She was Assistant and Assistant Instructor in the Toxicology Laboratory of the Faculty of
Pharmacy of Bordeaux before joining the French Ministry of Health in 1971. During her career with
the Ministry, she has held the posts of Head of the French Pharmacopoeia, Head of the Registration
Authority for Medicinal Products for Human Use and Head of the Sub-directorate of Scientific and
Technical Affairs.
In addition, she was Chairman of the European Pharmacopoeia Commission from November 1989
to November 1992 and a member of the former Quality Working Party of the Committee for
Proprietary Medicinal Products (CPMP) of the EC and was Chairman of this Working Party from
December 1991 to March 1993.
Dr Artiges left the French Ministry of Health in April 1993 to take up the post of Director of the
European Directorate for the Quality of Medicines (European Pharmacopoeia and European
Network of Official Medicines Control Laboratories/OMCL) - Council of Europe.

Dr Christoph Bogedain obtained his degree in biology from Ludwig-Maximilians-Universität in
Munich/Germany in 1990. He worked for his Ph. D. at the Max-von-Pettenkofer Institut, Munich
and at the Insitut für Medizinische Mikrobiologie, Regensburg, on cellular immune responses to
Epstein-Barr virus infections and obtained his Ph. D. in 1994. He worked as a postdoctoral fellow at
the Insitut für Medizinische Mikrobiologie, Regensburg in 1994/95. In 1995 he joined the newly
founded biotech company MediGene AG, Martinsried, as a scientist for vector development and
immunology. Since 1999 he has been working as a project manager for a gene therapy project at
MediGene.

Dr Serge Braun, obtained his degree in Pharmacy from the Louis Pasteur University of Strasbourg,
France. He studied for a PhD in Pharmacology at the same University, and obtained his PhD in
1989. He joined from 1990-1992 as postdoctoral fellow, the Neuromuscular Center, School of
Medicine of the University of Southern California in Los Angeles, USA.
From 1992 to 1995, he returned as research assistant to the Department of Immunology and
Immunopharmacology, School of Pharmacy of Strasbourg. He rapidly led his own group, working
on the pathogenesis and treatment of different genetic and acquired neuromuscular diseases. He is
co-founder of a biotech company, Neurofit (founded in 1996) a contract research organization,
specialized in preclinical testings of both the central and the peripheral nervous system.
He joined a gene therapy company, Transgene (Strasbourg, France), as research scientist. He
developed his career in the field of gene therapy of genetic diseases and of cancer, as project leader,
then as Lab Head. He is currently Vice-President Research of Transgene.
He is also treasurer of Alsace BioValley, a tri-national initiative, non-profit making organization,
for the development of a major biotech cluster in Europe. He is also scientific expert of different
state organisms and non-profit associations.
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Dr Astrid Breul, Product & Key Account Manager at the plasmid DNA contract manufacturing
group at QIAGEN, is responsible for key customer contacts in Europe, Asia, and Australia and for
coordinating and implementating pAlliance marketing activities. In 1993 she graduated at the
University of Cologne, with a PhD in biology. After three years of sales experience Astrid Breul
joined QIAGEN in 1996 as product manager for DNA clean-up and plasmid miniprep kitsystems.

Mr Peter Castle graduated in biochemistry from Cambridge University, England in 1968. He
worked on drug metabolism and determination of drugs in body fluids at the Pharmaceutical
Society of Great Britain for three years before joining the animal health division of Smith Kline &
French in the licensing department, working on veterinary vaccines and anthelmintics. Since 1974
he has worked in the Technical Secretariat of the European Pharmacopoeia, now a division of the
European Department for the Quality of Medicines (Council of Europe, Strasbourg). He is
Secretary to the European Pharmacopoeia Commission and head of the division dealing with
development of monographs and general chapters. Member of the Council of the International
Association for Biological Standardization.

Prof. Dr Marina Cavazzana-Calvo obtained his PhD in 1993 (first class honors) at the University
of Paris VII – Biology of blood cells (Supervisor: Prof. A. Fischer). She is currently Director of the
cellular and gene therapy laboratory at the Hospital Necker Enfants Malades, Paris. The is
Researcher at INSERM unit 429 in the fields: new therapeutical approaches of primary
immunodeficiences; gene therapy of gamma chain deficient SCID children; graft rejection
prevention by specifique tolerance induction; immune therapy of viral infections in the
immunocompromised patient. She is also expert consultant for the French Drug Agency and Vice
president of the inter commission 5 of INSERM, member of concerted action 21 of AIDS national
research society.

Prof. Dr Klaus Cichutek studied Biochemistry and received his PhD at the University of Münster
in 1984. From 1985 till 1988 he worked as Post-doc at the University of California, Berkeley, in the
Department of Molecular Biology and Virus Laboratory. Then he became Head of the Research
Laboratory for Molecular Biology at the Paul Ehrlich Institut (Federal Agency for Vaccines and
Sera) in Langen, Germany where he was promoted Head of the Department of Medical
Biotechnology in 1994 and then Vicepresident in October 2001. In the meantime he has become
Chair of the “Commission for Somatic Gene Therapy” belonging to the German Medical
Association in 1995 and received his title of Professor of Biochemistry at the J. W. Goethe
University, Frankfurt/Main, in 1998. He belongs to various editorial boards of scientific magazines
such as “Current Opinon in Biotechnology”, “Gene Therapy and Regulation”,
“Bundesgesundheitsblatt”. Since 2000 he has been appointed Chair of the “Committee on Gene
Therapy of AIDS and Infectious Diseases” of the European Society of Gene Therapy

Dr Olivier Danos is Directeur de Recherche at the CNRS and Scientific Director of Genethon, a
non profit research center on gene therapy located in Evry (France) and funded by the French
Muscular Dystrophy Association (AFM), in association with the CNRS.
He started his research career at the Pasteur Institute in Paris where he completed his PhD work in
Virology and Molecular Biology under the direction of Dr Moshe Yaniv (1981-1986). His work
was on the molecular characterisation viruses including Papillomaviruses and the Human
Immunodeficiency Virus. He was appointed by the CNRS in 1984.
Between 1986 and 1989, he worked as a post-doctoral fellow with Dr Richard Mulligan at the
Whitehead Institute for Biomedical Research (Massachussets Institute of Technology, Cambridge,
USA) and developed retroviral vectors for gene transfer into hematopoietic stem cells.
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Returning to the Pasteur Institute in 1989 he was in charge, along with Dr Jean-Michel Heard, of
the laboratory “Retrovirus et Transfert Génétique” that studied strategies for gene therapy on animal
models of genetic disease, as well as fundamental virology. During a leave of absence from his
CNRS position, he became between 1994 and 1996 Senior Scientific Director of Somatix Therapy
Corporation (Alameda, USA).
Dr Danos sits in several international peer review and expert committees on gene therapy and
virology. He is a corresponding member of the American Society for Gene Therapy and a funding
member and member of the board of the European Society of Therapy (ESGT). He served as
president of ESGT between 1996 and 2000.

Dr Ian F. DeVeau obtained his Bachelor’s of Arts in Biology from the State University of New
York, at buffalo in the United States. He received his PhD in Biology from the Pennsylvania State
University, United States in 1988. From 1988 to 1992, he was a postdoctoral fellow with the United
States Department of Agricultural researching topics covering physiology, metabolism and
biochemistry. From 1992 to 1999, he was with the United States Food and Drug Administration as
an analyticial chemist and pharmacokineticist. Since 1999, he has been with the United States
Pharmacopeia as a staff scientist responsible for biologics, including gene and cell therapy products.
He holds memberships with the American Association of Pharmaceutical Scientists and the
American Society of Gene Therapy.

Dr Roland Dobbelaer is a biochemist by training and currently head of the Section for Biological
Standardisation of the Scientific Institute of Public Health in Brussels, where he is responsible for
the National Control Authority Batch Release of vaccines and plasma derivatives operating in the
EU Network of Official Medicines Control Laboratories. He also advises the Belgian Medicines
Board and, as a member of the CPMP Biotechnology Working Party, also the European Authorities
in matters of licensing and regulation of biologicals. He is currently chairing the CPMP Vaccine
Expert Group, the Biological Standardisation Steering Committee of the European Directorate for
the Quality of Medicines (EDQM) and the European Pharmacopoeia Expert Group N° 15 on
vaccines. He is also a member of the WHO Expert Committee on Biological Standardisation
(ECBS).

Dr Gary C. du Moulin obtained his degree in biology at the Military College of Vermont –
Norwich University in the United States. He studied for his M.P.H. and PhD at Boston University.
He obtained his PhD in 1984. He served on the faculty of Harvard Medical School from 1973-1989.
He joined Genzyme in 1995 after assisting in the development of a cell-based therapy for renal
carcinoma. Dr du Moulin is a member of the Gene Therapy, Cell Therapy, and Tissue engineering
Expert Committee of the  US Pharmacopeiae.

Dr Didier Faucher obtained his Master of Science in Biochemistry from the Paul Sabatier
Toulouse University in France. He studied for his PhD at the François Rabelais Tours Faculty of
Pharmacy, France. He obtained his PhD in 1988. He joined the Rhône-Poulenc Santé group and has
been a scientist involved first in the discovery of new endogenous proteins and then in the
development of biochemical tools for the analysis of recombinant proteins. He is currently Head of
Analytical Development and Quality Control at Gencell SA, a 100% Aventis Pharma subsidiary, for
gene therapy and protein approaches
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Dr Daniel N. Galbraith obtained his degree in Microbiology from Glasgow University in
Scotland. He awarded his PhD in 1992 by the University of Abertay also in Scotland. He joined the
University of Glasgow following his graduation as a post-doctoral fellow in the department of
medicine. In 1996 he was appointed assistant head of Research and Development by Q-One Biotech
Ltd. Since 2002 he has been Director of Regulatory Affairs for Q-One Biotech in matters
concerning novel biological drug development.

Dr Beth Hutchins is Co-Chair of the Adenovirus Reference Material Working Group and Director,
Process Sciences, at Canji, Inc., Schering Plough Corp.’s gene therapy subsidiary. Dr Hutchins is
also a member of the USP Expert Committee on Gene Therapy, Cell Therapy, and Tissue
Engineering (2005). Dr Hutchins received her PhD in Molecular Biology from Washington
University in St. Louis (USA) in 1982. She was a post-doctoral fellow at Stanford University
studying xenotransplantation of islets for diabetes. Dr Hutchins then worked for the diagnostics firm
Syva Co. prior to moving to Genentech, Inc., in 1988. There she was responsible for
immunochemistry-based analytical methods for recombinant protein development; including
methods supporting development of Herceptin®. She joined Canji in 1993.
Today her department is responsible for production and certification of cell and virus banks for
gene therapy, production and characterisation of preclinical research and toxicology materials,
preclinical and clinical sample analyses, and development of process and analytical methods to
support new gene therapy product candidates.

Dr Jeewon Joung obtained his PhD degree at Ewha Womens University in cell and molecular
biology. From1993 to 1996, she was Researcher, Division of biotechnology, KNIH.
Since1996 she has been Researcher, Division of biotechnology, KFDA. She is Dealing with a lot of
release test of recombinant hepatitis B vaccine; product review of cell and gene therapy products,
and other recombinant products.

Dr Christine-Lise Julou, PhD, studied Pharmacy in Paris, Research in the department of Virology
and Immunology of Prof G. Werner with dissertation on the development of experimental models
for finding new drugs for the treatment of Herpes Virus infections and health law and business law
(also in Paris). From October 1994 to August 2001 she was senior Director Regulatory Affairs,
responsible for the worldwide regulatory activities pertaining to gene therapy, cell Therapy and
Genomics of Rhone-Poulenc Rorer then Aventis and in addition between June 1998 and August
2001General Manager and Pharmaceutical head of Rhône-Poulenc Rorer Recherche et
Development in France. Since September 2001, Dr Julou is Head of Scientific, Technical and
Regulatory Affairs at the European Federation of Pharmaceutical industries and associations, based
in Brussels

Prof. Henning G. Kristensen obtained his degree in pharmacy from the Royal Danish School of
Pharmacy in 1963. He obtained his PhD degree in 1968 and DSc in 1981 both within particle
technology. He has since 1978 been professor of pharmacy and from 1982 to 1988 Rector of the
School of Pharmacy. His field of research is the formulation design, processing and quality control
of oral solid dosage forms. In recent years, the research has been directed towards the
biopharmaceutical aspects of poorly soluble drug substances and the role of lipids for drug
absorption.
He has been the Chair of the Danish Pharmacopoeia Commission and a member of the European
Pharmacopoeia Commission since 1976. From June 2001 he is Chair of the European
Pharmacopoeia Commission. He has chaired the Group of Experts on Dosage Forms since 1993 and
chaired several Working Parties, e.g. Standard Terms, Sterilisation Methods, Inhalations.
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Mrs Sophie Lucas-Samuel, PhD, is in charge at AFSSAPS of the Unit “Produits Biologiques à
effet therapeutique” placed under the responsibility of the Department for Evaluation of Biological
Products. This unit is in charge of organs, tissues, cell therapies, gene therapies and ancillary
products (regulatory framework and technical evaluation of dossiers).

Dr Daniel Malarme graduated and received his PhD from University of Brussels, Belgium. He
began his career as R & D Scientist, at Solvay S.A. where he contributed during about 10 years to
the development of recombinant veterinary vaccines and to the scaling-up of processes for virus
production.
He developed his experience, during a six-year period, as Quality Control manager, Human
Vaccines at Smith-Kline Beecham.
In 1998 he joined Transgene where he is currently Vice President of Pharmaceutical Development,
in charge of Quality control, Quality Control development and process development

Dr Otto-Wilhelm Merten, graduated in 1980 from the Agricultural University in Vienna/A and
received his PhD in 1984 from the same university (Title: Production of monoclonal antibodies
against hepatitis B). Between 1984 and 1986 he was head of the cell technology laboratory at the
Sandoz Research Institute in Vienna/A, and joined the Pasteur Institute in Paris in November 1986,
where he installed the laboratory for cell technology of which he became the responsible. Since
June 1987, he is in Généthon (Evry/F), where he became the head of development (responsible for
the development of new production and purification protocols as well as of new analytical methods
(QC methods)). Since June 2000, he is also ass. Prof. for Animal Cell Technology at the
Agricultural University in Vienna/A.

Dr Markus Müller obtained his degree in Biology at the University of Cologne. He obtained his
Diploma Thesis in 1990 and his his PhD degree in 1995, both within gene expression in transgenic
plants. From 1991 to 2000, he was respectively research at Bayer AG (D), laboratory manager and
Project manager at Qiagen GmbH (D). Since 2000, he has been Associate Director in the
department “Contract Manufacturing & Process Development” at QIAGEN GmbH. Main activities:
Coordination and supervision of process development activities for the GMP purification process
and analytical assays development, supervision of technical transfers with partner organizations,
business development, basic research,

Dr Béatrice Panterne hold a thesis in cellular biology of the Paris XI University obtained in 1994.
The subject concerned hematopoietic stem cells, particularly the regulation of cytokine receptors.
This work was done in the “Laboratoire de Biologie cellulaire et moléculaire des facteurs de
croissance” at CNRS, Villejuif. She spent two more years in this team to study cell cycle gene
expression in human hematopoietic progenitors. Since July 1997th, she have joined the “Agence
française de sécurité sanitaire des produits de santé” at the Laboratories and Control Direction to
implement quality control of cell therapy products. Today, they organise 2 to 3 external quality
control operations each year with the 32 French producers sites of hematopoietic products. At last,
she is member of 2 national groups in this field, one for the bacteriological control of cell therapy
products and one for cell therapy evaluation (clinical trials and products).
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Dr Valérie Ridoux: a graduate of Paris 6 University and PhD in Neurosciences with research
experience of gene transfer using adenoviral and retroviral vectors in the brain for the treatment of
epilepsy. She gained post-doctoral experience in Genethon II where she participated to refine the
localisation of the gene involved on a rare dermatosis. Since September 1997, she is in charge of
protocols development of gene therapy controls at the Laboratories and Controls Department of
AFSSAPS.

Mr Maurice Pierre Robert is French by birth. He received a double training: first of all, he took
different degrees in Biology, Biochemistry and Human Biology at the University of Sciences in
Lyon (France). After which, he obtained a PhD in 1977. He started his career as a researcher at the
French INSERM (Institut National de la Santé et de la Recherche Médicale) specialising in
immunological questions in a transplant unit in Lyon. Then he decided to go into policy work.
Having been graduated from the Institute of Political Sciences in Paris in 1981, he passed the exam
to study at the Ecole Nationale d’Administration. In 1988, he became a senior administrator in the
French Ministry of Health. During his time there he was in charge of surveillance, control and
prevention of communicable diseases i.e. immunisation programs and epidemiological surveys. He
joined the European Commission in 1992.
Monsieur Robert is currently Principal Administrator in the Directorate General Enterprise (former
DG-III) of the European Commission in Brussels. Having joined the Pharmaceuticals and
Cosmetics Unit in July 1997, he is now in charge, inter alia, of the revision of part of Community
legislation on Pharmaceuticals (Marketing Authorization application dossier) of medicinal products
for human use, in particular. He is also dealing with biological medicinal products (biotechnology-
derived medicinal products, plasma derivatives and products of gene therapy and cell therapy) in
connection with the European Medicine Evaluation Agency in London. Before that, he was working
with the DG SANCO, Health & Consumer Protection (former DG-V), Public Health Unit, in
Luxembourg, on dossiers dealing with communicable diseases, in particular, the recently adopted
European Parliament and Council Decision for the setting up of a European network for the
surveillance and control of communicable diseases at Community level.

Dr Martin Schleef, studied Biology at the Universities of Würzburg and Bielefeld and received his
PhD at the University of Bielefeld in 1993.
From 1993 to 1994: Post-doc at the Institute Pasteur in Paris, France.
From 1994 to 1999: R&D Dept. at QIAGEN GmbH in Hilden, Germany.
Since 2000: CEO of PlasmidFactory GmbH & Co. KG, Bielefeld, Germany.

Dr Geoffrey Sharpe joined Cobra bio-Manufacturing (formerly known as Therexsys) in 1996 as
QC Manager. Since then the Company tripled in size and floated the manufacturing division, Cobra
Bio-Manufacturing plc in June 2002. He was previously the Biotechnology Team Leader in
Analytical Development Department at Zeneca, Macclesfield and has over 25 years experience in
pharmaceutical biotechnology with ICI Pharmaceuticals and Zeneca.
As Director of Quality Assurance at Cobra Geoff is responsible for all aspects of quality including
setting quality policy and releasing new gene therapy materials for clinical trials.
Geoff has a PhD in molecular biology from Leicester University, he is a Chartered Chemist and
Member of the Royal Society of Chemistry. He is the Immediate Past Chairman (2002-2004) of the
Joint Pharmaceutical Analysis Group (JPAG), which is joint between the Royal Society of
Chemistry and the Royal Pharmaceutical Society of Great Britain.
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Dr John Sinden obtained his PhD from the University of Paris and held postdoctoral appointments
at the University of Oxford and the Institute of Psychiatry in London. He was formerly Reader in
Neurobiology of Behaviour at King’s College London with a special expertise in neural
transplantation. With two colleagues, he founded ReNeuron in 1997 and joined the Company as
Chief Scientific Officer in 1998 and saw the Company through a successful flotation on LSE AIM
in late 2000. He is coordinator on the largest EC FP5-funded stem cell grant and occasionally
advises the both the UK government and its agencies and the EC on scientific, industrial and ethical
issues in the stem cell field.

Mr Jean-Marc Spieser studied Pharmacy at the University of Strasbourg and obtained his Masters
Degree (postgraduate) in Applied Industrial Pharmaceutics at the University of Montpellier in 1973.
After different positions in Research and Pharmaceutical Industry he joined the Technical
Secretariat of the European Pharmacopoeia Commission at the Council of Europe in Strasbourg.
Jean-Marc Spieser is currently Head of Division IV at the EDQM, an independent division which
manages the activities of the Biological Standardisation Programme aimed at:
- developing and validating new methodologies and particularly those in- vitro methods which are
alternative methodologies to in vivo animal bio-assays and 
- establishing the European working standards and reference materials for biologicals (hormones,
vaccines and blood derivatives).
and the OMCL Network including for the time being about 85 participating Official Control
Laboratories all over Europe involved in both the human and the veterinary field In 1994, he
initiated the inter communication between Official Medicines Control Laboratories (OMCL) within
Europe by developing a real European Network governed by general common policies and
operational guidelines especially in the areas of:
- Quality Assurance
- market surveillance, for pharmaceuticals commercialised in Europe through both systems
(centralised and decentralised) and,
- batch release activities by official control Authorities for biologicals.

Dr Ir. Erik Tambuyzer is Genzyme’s Vice President Corporate Affairs Europe, and a member of
the European Management Board of Genzyme Corporation.
Starting his professional career at Baxter Health Care in 1977, he pursued his career six years later
at Innovi NV (Brussels, Belgium), a technology management and consultancy company. In 1985 he
co-founded the biotech company Innogenetics NV (Ghent, Belgium), of which he was General
Manager until 1992, when he joined Genzyme as European Vice President Diagnostics and
Genetics.
Dr Tambuyzer is the immediate Past Chairman of EuropaBio, the European Association for
Bioindustries, of which he currently is a Vice-Chairman and Chairman of the Health Care Board;
he is also founder & Chairman of the Ethics Working Group of this Association. He is Vice-
Chairman of the European Platform for Patients’ Organizations, Science & Industry, EPPOSI, and
an adviser to international journals. He is also Chairman of the Advisory Board of the Life Sciences
Fund of Dresdner Kleinwort Capital.
Dr Tambuyzer is a bio-engineer and holds a doctoral degree in bio-industrial sciences from the
University of Leuven, (KUL), Belgium. A Belgian citizen, born in 1949, he is married and has 3
children.
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Dr Marie-Helene Tissier, doctor of medicine, graduated in pharmacology, has been practitioner in
French hospitals during seven years. Then, during two years, she performed experimental research
in neurobiology at INSERM, France, before she joined the pharmaceutical industry where she
conducted international projects of development in the field of medicinal products, during four
years. She has been working at the French Medicines Agency transformed into French Agency for
the safety of Health Products (AFSSAPS) since 1994, initially in the evaluation department and
then in the control laboratories. In 2001, she was appointed as Director of the Laboratories and
Control department at AFSSAPS.

Prof. Jean-Hugues Trouvin graduated in Pharmacy and received his Doctorate in Pharmacology
from the University of Paris. He was, until June 2001, Professor of Pharmacology and
Pharmacokinetics at the Faculty of Pharmacy, University of Paris. Concurrently with his work at the
University, Dr Trouvin has been involved, since 1986, as rapporteur for the French Marketing
Autorisation Commission, in charge of reviewing the Quality Aspects of Biotechnology-derived
medicinal products. He was chairman of the French biotechnology working party (including viral
safety aspects) from 1989 to 1993.
He is currently at the “AFSSAPS” (French Medicine Agency) as Director of the Directorate for
Evaluation of Medicinal products and Biologicals.
At the European level, he participated as the French representative in the biotechnology/pharmacy
working party in Brussels from 1989 to 1994, where he acted as rapporteur on several topics and
dossiers.
Since 1992, he has been involved in the ICH (International Conference on Harmonisation)
discussion for the Biotechnology topics, and particularly acting as CPMP rapporteur for the topic
“genetic stability” and for the development of the CTD, quality Biotechnology aspects.
In January 1995 he was appointed as French CPMP member and French representative in the
CPMP Biotechnology working party (EMEA, London). In 1995, he was designated by the CPMP as
ICH co-ordinator for Biotechnology topics. In January 1998 and January 2001, he was re-appointed
as French CPMP member. He is currently Chairman of the Biotechnology Working Party (BWP).

Dr Lincoln Tsang, A graduate in pharmacy and law from the University of London, received his
PhD in biochemical toxicology from the University of Aston in Birmingham. He qualified as a
pharmacist and a barrister-at-law. Dr Tsang is currently of Counsel with Arnold & Porter, an
international law firm. He is based in its London Office specialising in life science, pharmaceutial
and medical technology. His practice focuses on the interfaces of science, law and public policy.
Prior to joining the firm, he spent over 12 years with the United Kingdom Medicines Control
Agency and lately as its Head of Biologicals and Biotechnology. He was a member of the
Committee for Proprietary Medicinal Products' Biotechnology Working Party for 7 years and had
authored a number of European regulatory guidelines. He was chairman of the CPMP Gene
Therapy Expert Group, and of the ad hoc expert group on transmissible spongiform encephalopathy
with the mandate for revising the 2001 CPMP Note for Guidance. He remains as a member of the
British Pharmacopoeia Commission's Committee on Biological Materials. He continues to provide
advice to both industry and foreign governments on matters concerning biotechnology.
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Dr Martin Wisher is Scientific Director at BioReliance's European headquarters. BioReliance is
the world's leading contract testing company offering microbial, viral and molecular assays for cell
line characterisation and the validation of purification processes. Martin has over 18 years
experience in this field working for BioReliance and other contract development companies. He
works with clients offering development and regulatory consulting and heads up a new assay
development group. Prior to joining BioReliance he was involved in the development of
monoclonal antibodies and recombinant proteins.
Martin has a PhD obtained at the National Institute for Medical Research, London and 30 years
experience in cell culture, virology and molecular biology.

Mrs Pierrette Zorzi is head of the Department for Evaluation of Biological Products at AFSSAPS
(French drug Agency), and member of the CPMP Biotechnology Working Party. Products covered
by the department are recombinant products, vaccines, plasma derived medicinal products, other
extractives products as well as cell and gene therapy products, tissues, organs and ancillary
products. Before joining AFSSAPS, she was in the pharmaceutical industry for 25 years, most part
of it in the biotechnology sector. She chaired several biotech working groups in French and
European industry associations. She has been involved since 1992 in the ICH process, acting as
EFPIA topic leader for guidelines developed on quality of biotechnological/biological products. She
was the ICH Rapporteur for the Q6B guideline on Specifications for biotech products. She is now
participating as a EU representative to the development of the ICH guideline on Comparability for
biotech products.
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