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ABSTRACT

Peripheral blood stem cells (PBSC) are used
for transplantation to reconstitute the hemato-
poietic system after high-dose chemotherapy.
PBSC are harvested from peripheral blood
upon successful mobilization by cytokines
and/or chemotherapy. Further in vitro manipu-
lation steps like enrichment of CD34* PBSC or
gene transfer can be performed. To ensure the
quality and safety of the final cell preparations
intended for transplantation, national and inter-
national guidelines and regulations have been

issued. Herein the implementation of a quality
assurance program including the principles of
good manufacturing practice (GMP) and a
quality control (QC) system is one major con-
cern. GMP regulations apply to all phases of
cell collection, processing and storage as well
as documentation, training of personnel, and the
laboratory facility. QC measures have to be
taken to ensure consistent quality and safety
with an emphasis on preventing any deficiencies.
Stem Cells 1997;15(suppl 1):275-280

INTRODUCTION

The clinical use of purified stem cells instead of bone marrow transplantation has continuously
increased during the last years. These cells are, besides others like stroma cells or fibroblasts, also tools
for somatic gene therapy. Transfection with genes of interest may be induced by using different methods
such as lipofection or retroviral vectors. Most of these cell preparations are autologous which means that
the patients’ cells will be reinjected after preparation and manipulation. The application of naked cDNA
is still in an early clinical evaluation.

Production of cell products requires close interaction with hospitals. Ideally, the cell processing lab-
oratory should be in close proximity to those institutions which are involved in therapeutic use. Though
the number of preparations is limited compared to standard pharmaceutical production, these manipulat-
ed cells are considered drugs. This results in a number of special requirements concerning equipment and
safety standard of the cell processing laboratory as well as qualification and training of personnel. As a
consequence, good manufacturing practice (GMP) production of somatic and gene-transfected cells will
be transferred from clinic laboratories to special institutions which are pharmaceutical manufacturers,
though they do not have the size and the turnover of pharmaceutical companies involved in production
of standard drugs. In this short review requirements for the scale-up process and the transmission of stem
cells and gene-manipulated cells from a clinical research laboratory to production according to GMP and
other regulatory directions are described.
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GENERAL

In the recent past the terms quality assurance (QA), quality control (QC) and GMP have become
increasingly well-known in the context of the production of blood and blood components [1]. The same is
true for the field of somatic cell and gene therapy where a number of guidelines, regulations and federal
laws have to be considered (Table 1). In the following, some regulatory aspects and their consequences
for the practice of somatic cell and gene therapy such as peripheral blood stem cell (PBSC) processing and
the production of gene-transfected cells are outlined.

Table 1. Legal basis for production and distribution of drugs

A Drug Law (5. AMG, amendment 1995) A Pharmaceutical recommendations (EC, BGA)
A Regulation for production of drugs (1993) A DAB 10, EP, USP
A EC-Guidelines A Standards (VDI, DIN EN ISO)

A Directives (PIC, WHO, FDA)

WHO = World Health Organization; USP = United States Pharmacopeia;
BGA = Bundesgesundheitsamt; EC = European Communities

DIFFERENT LEGAL IMPACTS ON PBSC PROCESSING AND MANIPULATION IN GERMANY AND
THE USA

The applicability of the German drug law (Arzneimittelgesetz; AMG) to somatic cell therapy is
defined in different paragraphs {2]. Paragraph two defines drugs as substances and substance preparations
intended for cure, mitigation, prevention or diagnosis of diseases and injuries. According to paragraph
four, blood preparations are defined as medical products prepared from or containing blood or blood com-
ponents. PBSC collection and preparation is therefore regulated by the German drug law and consecutive
guidelines, directives and recommendations.

In the U.S. Food and Drug Administration (FDA) draft document concerning the regulations of PBSC
for transplantation, a clear differentiation between manipulated and nonmanipulated PBSC is made [3].

Manipulated PBSC products are defined as those obtained after one or more purging or enriching pro-
cedures of the starting material. Procedures resulting in manipulated PBSC products are, e.g., centrifugal
elutriation, negative or positive cell selection by monoclonal antibodies, and expansion of cell populations
in vitro using cytokines or other procedures leading to a somatic cell therapy product [3].

Nonmanipulated or minimally manipulated PBSC are defined as “products that have not been subject
to a procedure that selectively removes, enriches, expands or functionally alters specific nucleated cell
populations” [3]. This includes ex vivo centrifugation and density gradient separation, lysis of contami-
nating erythrocytes, addition of medium for cryopreservation, transfer of product from collection devices
to storage containers and storage in liquid or frozen state. The depletion of polymorphonuclear leukocytes
as well as the mobilization in vivo, e.g., by G-CSF, would not be considered manipulation [3].

Per definition manipulated as well as nonmanipulated PBSC products can be intended for the preven-
tion, treatment, cure, diagnosis or mitigation of diseases or injuries in humans. However, manipulated
PBSC intended for transplantation are subject to investigational new drug (IND) regulations during clinical
development and as final biological products are subject to licensure, whereas nonmanipulated PBSC IND
applications are not requested by the FDA. If the latter are intended for distribution in interstate commerce,
licensure of the product (product license application) and establishment (establishment license application;
[ELA]) are required. In this case the manufacture of these products has to be performed according to GMP
and is subject to FDA inspection. In addition the registration as a blood establishment is necessary [3].

According to the German drug law, all PBSC intended for autologous transplantation are defined as non-
final medical products and are not subject to new drug application (NDA) or equivalent procedures. The same
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is true for those PBSC harvested from definite donors and intended for allogeneic transplantation into prede-
termined patients. The manufacture of PBSC products, however, requires a production licensure according to
paragraph 13 AMG. Manufacture is defined as the acquisition, manipulation, preparation, transfer from col-
lection devices into storage containers, packaging and labeling. The approval is mandatory for the manufac-
ture of medical products from human or animal source for commercial distribution. A commercial distribution
is given when the manufacturer is not identical to the user, e.g., the physician at the clinic [2].

One prerequisite for regulatory approval is the appointment of qualified individuals responsible for pro-
duction, QC, distribution and monitoring of the product’s clinical safety. Having equal authority they report
separately to the management. In addition to a scientific degree, three year’s experience in medical serology
or microbiology and one year’s experience in transfusion medicine are demanded (paragraph 14 AMG) [2].

According to the national pharmaceutical operation regulation (Pharmabetriebsverordnung), the imple-
mentation of a QA system in pharmaceutical companies is required. Pharmaceutical activities included are
the manufacture, testing, storage, packaging and distribution of pharmaceutical products. The QA program
has to be designed to ensure that manufacturing is consistently performed in such a way as to yield a
product of consistent quality. Major parts of the QA program are the GMP and the QC [1, 4]. The phar-
maceutical operation regulation is not applicable to physicians testing medical products in clinical trials,
which is addressed in paragraphs 40-42 AMG, but it is relevant for all pharmaceutical manufacturing
processes, including the preparation of products intended for use in clinical trials.

PROCESSING OF PBSC FOR TRANSPLANTATION

As mentioned before, the processing of PBSC for transplantation requires product and establishment
licenses as well as the implementation of a QA program with GMP and QC as major elements.

What is the major difference between isolating PBSC from a human blood sample for research pur-
poses and the processing of PBSC from a patient’s blood according to GMP for later clinical use, e.g.,
transplantation?

Besides the general requirements of establishment and product-specific approval by regulatory
authorities, there are a number of areas that have to be covered to fulfill GMP requirements, some of
which will be pointed out in more detail in Table 2 [4].

One major area of GMP is standard operating procedures (SOP) that have to exist for all manufacturing pro-
cedures as well as for documentation, in-process controls, cleaning, training, product release, etc, [4]. Methods
and procedures have to be described precisely in the SOP and personnel have to strictly follow these descriptions.
Every change of a method, a common occurence in a research lab, has to be approved after specific validation
experiments have been performed, and the new method can only be implemented after the SOP is updated and
signed. This particularly complex procedure represents a major difference compared to basic research.

Another difference is the place of cell processing. For research purposes this will usually happen in a nor-
mal cell culture lab under non-GMP conditions. In contrast, patient cells intended for clinical use are processed
in a clean room facility according to the EC guideline of GMP for medicinal products for human use and the
supplementary guideline for the manufacture of sterile drugs [4, 5]. Within the clean room facility, the air is
filtered to meet the criteria for a certain air cleanliness level. The clean room facility should fulfill the air clean-
liness classification between classes C and B (10.000 to 100 according to U.S. federal standard No. 209B) and

~ Table 2. Principles and guidelines of good manufacturing practice

A Quality management A Quality control
A Personnel A Contract manufacture
A Premises and equipment A Complaints and product recall

»

A Documentation Self-inspection

A Production
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of class A (100 according to 209B) under the sterile working bench, respectively [5]. Before entering the clean
room facility, clothes have to be changed and masks and gloves must be worn, In a general sense, the per-
sonnel have to be trained to work in a clean room facility. The aim is to avoid contamination and to ensure
sterility and safety of the product. Furthermore, the implementation of a detailed hygiene plan for each area
within the establishment is a must. Finally, GMP regulations also define that within the clean room produc-
tion unit, only one production process is allowed at a time to avoid cross-contamination among different
samples. This would present a major obstacle in a common research lab with limited space and with many
people working on different projects simultaneously.

To ensure the continued safety of the cell products and prevent the release of unsuitable PBSC prepara-
tions, a number of in-process control assays have to be performed. These include routine testing for sterility,
determination of cell number and viability, a fluorescence-activated cell sorter analysis to determine the
amount of CD34" stem cells in the preparation and a colony-forming unit assay to investigate the potential of
the cells to differentiate and to proliferate in the presence of cytokines in vitro. Based on the results of these
assays, the release of the final cell product is decided (Fig. 1).

Additional activities to comply with GMP regulations include: validation of all methods, survey of room
surfaces and air to monitor accurate cleaning procedures and the fulfillment of air cleanliness criteria, release
procedures for lab material prior to use and for the final cell product, documentation of all production- and
patient-related data, regular training of personnel and regular self-inspections (Table 2) [4]. All raw data (e.g.,
results of in-process controls, validation studies, volumes, times, harvest and storage) have to be kept and report-
ed in detail. Acceptable range limits for cell numbers and yield have to be specified. In addition incubators, lig-
uid nitrogen tanks and other key equipment should be monitored for adequate function. These results also have
to be documented. The material used (e.g., tissue culture flasks, pipettes, media and reagents) should be of GMP
grade whenever possible. Otherwise, at a minimum, certificates of analysis for the specific lot used are requested.

PRODUCTION OF GENE-TRANSFECTED HEMATOPOIETIC PROGENITOR CELLS FOR IN VIvOo USE
Somatic gene therapy is a medical intervention based on modification of the genetic material of living cells.
Cells may be modified in vitro or ex vivo followed by administration to humans or may be altered in vivo.
However, in vivo gene transfer is difficult to control and may affect cells other than the specific target cells.
Recently, various innovative therapies involving ex vivo manipulation and subsequent reintroduc-
tion of somatic cells into humans have been used or proposed. The in vitro attempt offers some impor-
tant advantages—cells of interest can be modified, followed by selection, cloning steps and control of
function in vitro. Cells of desired phenotype and/or function can be expanded in vitro under controlled

Figure 1. Quality control of ex
vivo generated stem cell products.
FACS = fluorescence-activated
cell sorter; CFU = colony forming

unit; PBSC = peripheral blood
FACS-analysis stem cell.

Viability and
cell number

CFU-assay

Microbiological tests Type of cell product Cell analysis

Leukapheresis product

CD34-selection

Sterility

Sterility CD34-enriched PBSC

ex vivo expansion of PBSC

|

Sterility Expanded PBSC

. Aliguots Transplantation
Sterility in of
LN, cells

85USD17 SUOWILLOD dA 181D 3|dedt|dde aup Aq pausenoh a1e Saple YO 38N JO S3INJ 10} Akeug173U1UO AB]IM UO (SUO1IPUOI-pUe-SWLBY WD A8 | 1M ARl U1 |UO//SAIL) SUOBIPUOD PUe SWLS | U1 385 *[S202/90/62] Uo ArelqiT aulluO AB|IM ‘SEBOSTOESS WRIS/Z00T OT/I0P/L0Y" A3 1M Aleiq 1 |Bu U0 'S euINo S| poLLBIS// SANY WOy papeolumod ‘ZS ‘66T ‘8T6Y6YST



279
n
inal product ca
and the final p
itions
Rosenthal et al. - - -
Singhofer-Wowra, e e .
g e ic manipulation
: in vitro genetic m e
- O
E % : o is regarded as e
E E i i S German drug o
> & mggmmg b s . b
g =) '8 e k= = O g B=l =1 accordl g eqlnrem
£3 °og ﬁgxﬁsé ing (0 Gern i
3 &8 5= B 239 = %‘é S e . i drug
= A By O - %—OE‘-’O'S . fort ..
223 8 = o - @ [T =1 lcense ddlt]()n’
! {%%E.EE‘ %géazg o, i rties. In a
i E é : é i | ; ced for third pa o Al oot
5 -
| ; o o ELA has to be file doen
| i n
| & loping, testing a o be e
: A7
: de\'l f the product ha epr
i i P rdance w ‘
b t e icinal
| H H o edi
= 2 t"a 5 =3 a = forme . for ;
45,_‘:5 'EB'%~;*;: » o | 2)
i i : e Table
§.2:~;’ E%agﬁgé GMP ¢ e :
. : = 5 e g —
z S5 g =B 3 SEE e i e
g S 58 7B 8% g = p o, any ay
=} (=" = wn O B -t E = ddl :
£ § 2“58t§ B:‘c")sg‘mg P o '
g S =%§ FSSz 20 8 iion . o
5= .9—:5 5o =] 25 =< 8 bin -
=g -8 = 3SR o 1 require marke autboriz
= ER L z
Q =3 = 2 4 % Wll rOpean
| N . . e cen-
| | b by' tA ency through th o
N ion procedure
lized concertati core
éo - eneral for the p Lo
i | - e ted cells in fu P
“ i i e-transfec .
T EF S ¢ = £ 5 &5 gen ith GMP regulati ,BSC "
R 5E'Ucu‘a =2 US : -
. = = 3 E] 2 O s = ’ e . :
k= 5 E 8 B > o § Z & E b =
% | . ; - : . licable. How ;
: ) h | : e f the cells o
< =Ys) = : : . . O '
. ? : ic modification e
) ] o ded for therap -
e infen
g e erns about safety "
i : ises novel conc .
? o : it ene cons >
= = £ 8 8 The s . o
o ? i I fficacy. s
S g = 8 8 E g b ne o e
232F :
g s B §E : g characterize o Og.
S 8% = g ?%‘S‘g o :
8 = = 5 ' % 2 g S o . s Stablhty manufactu
o £5Z¢g5% £:22 g sy v e
S = IS o = =} z»:m—ce a5 function. | H ’ |
g = m%.sug“ss &SUE P i :
£3 |5 £3£E%% g 338%5 E e el ;i | d
s g2 > k '
| | o ) ; intermediates an e
5% - E m since poor ¢ol on o
| : o the b tion of adv t
£ the introduc o
g H : . ontami _
‘: '9 : g or other ¢ e
: § i § : e t changes in proper
8 .. 25 & N 0 > g o | i
E 2—‘;’ & § o % = 9 E] g 5 : blhty 0 : for
g8 23 = 2% 5= 3 i o e e
52 52 T ® 2788 2 ¢ sbil ke
"Soo>"co ooom = g rOdu | ndtes
B85 8 8 28 85 g & P peailed . e
8 o 25 = .= 4 < & ] g roduct. o
o £ 84 & =8 bl 8= g5 & F sin i -
(=] Q= %: = : | '
S e £5 22 £% 3 5253 = e -
g 3 u-cogé‘-am “‘857. E s g
= o D o S : .
= 3%']: $as < : i e ]
n- . | : atic ce o
| = som o | e
E defined by theple A gE?C
- jeti
] e human hematopo
Q-‘ .
mnto
ég ‘% transfer
= " : c
i £l &8
= ‘5 g
e ™ 2
£ =)
St
[-W

V6vST
66T ‘816
uo (suon )} ) 202, uo fetorel wRXs )T/10p/WOY umoq ‘zs ‘2 VS
014 papeo|
'sdny w
K|powsis/j

J al euINo!

1pUIUO’S|

fo|imArelq

/10p/!

/2

STOESS

M 'GE:

) BAIES1D) B|Cfex 1luo A3|1

Ariqiysu

€2,

02/90

ULe | 8y 89S

'sdny) suonipuod pue st

1pUIUO//*

fo1mArelq

/UI00

pUe-SWS] e

LI [11PU0D:

MO (¢

uluo

10} Arelq1

N Joss|ni

e VO sl

I E=Ta

Aq paus,

o1|dde ay)

D03

IOLWILLOD) DA fa:

asUB0 17 SU



280 GMP Production of Stem Cells

progenitor cells for clinical use is described in more detail in the following. In general vector and insert have to
be characterized thoroughly, and this should be done according to good laboratory practice (GLP) (Table 3). In
the example a previously described vector carrying the gene of interest is used. Initially a master cell bank (MCB)
of the producer cell line is generated under GMP conditions. All materials used are of GMP grade if available.
To minimize the risk of contamination, all cell culture steps take place in a clean room facility. Aliquots of the
MCB are then tested for fungal, bacterial, viral or mycoplasma contamination and isoenzyme, and caryotype
analysis is performed to characterize and identify the cell line prior to further use as demanded by the European
Communities and FDA (7, 10]. In contrast to the in-house assays performed for QC of untransfected PBSC prod-
ucts, the safety testing of vectors, parental, producer or transfected cell lines, and their products, e.g., vector
supernatant, is usually outsourced to a contract laboratory approved by national or international regulatory
authorities. The safety testing is performed in a nonclean room facility but GLP regulations are applied. Aliquots
of producer as well as end-of-production cells are also tested for adventitious agents. In addition, identity,
integrity and vector retention have to be demonstrated. The inserted gene should be sequenced post-production.

During process development, a production pilot run is made to optimize cell density and growth curves
with the intention of recovering high titer retroviral vector containing supernatant (Table 3). Thereafter the
clinical lot is produced under GMP conditions. An important issue is the testing for replication-competent
retroviruses (RCR), e.g., by using the S+L- assay. Testing is recommended at multiple stages in production
including MCB/WCB, the pilot run, the final clinical grade supernatant and the end-of-production cells. In
addition, an aliquot of the ex vivo transduced cells of each patient has to be screened for RCR. In the course
of the clinical protocol, periodic patient monitoring for evidence of RCR is also requested [10].

CONCLUSION

Cell processing for clinical application will become an important tool for new therapeutic strategies.
Besides preparation of hematopoietic cells and gene-modulated cells, the generation of other cells like
fibroblasts, keratinocytes, chondroblasts, etc., will be required for a variety of indications. With an
increasing number of these new products, the production in a clinical research laboratory has to be trans-
ferred to GMP facilities in big hospitals or closely associated institutions. This will enable physicians in
clinical disciplines to focus on research projects and treatment of their patients and no longer be busy
with routine cell processing. On the other hand, synergies in this field of production of biologics can be
used which will lead to cost savings. Somatic cell and gene therapy will provide new opportunities for
patients with inherited diseases or malignancies, however, strict regulations during cell processing have
to be followed in order to guarantee the highest quality and safety for the patients.
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