
295

Address
Human Applications Laboratory, General Clinical Research Center,
University of Michigan Health System, Ann Arbor, MI, USA

Current Opinion in Biotechnology 1999, 10:295–297

http://biomednet.com/elecref/0958166901000295

© Elsevier Science Ltd ISSN 0958-1669

Abbreviations
CBER Center for Biologics Evaluation and Research
CFR Code of Federal Regulations
FDA Food and Drug Administration
GCRC General Clinical Research Center
GMP Good Manufacturing Practice
HAL Human Applications Laboratory
SOP standard operation procedure

Introduction
All manufacturing of biologics in the United States is regu-
lated by the relevant sections of the Code of Federal
Regulations (CFR), most notably Sections 210, 211, and 600
of Title 21 [1]. The Center for Biologics Evaluation and
Research (CBER) at the Food and Drug Administration
(FDA) publishes additional guidelines to be used in vector
production, cell isolation, and genetic manipulation. These
guidelines are available on the CBER website
(http://www.fda.gov/cber) and also from CBER fax service
(888-CBER-FAX). CBER guidelines, like the regulations in
the CFR, are designed to maximize patient safety and
ensure the potency of the biologics produced. Although
CBER guidelines are not regulations, all producers of bio-
logics should strive to meet and exceed the suggested
standards. CBER guidance documents are constantly being
evaluated and revised as the knowledge base surrounding
biologic manufacturing and use increases. The FDA often
discuss their biologic manufacturing guidelines as being
within the “Good Manufacturing Practice (GMP) continu-
um”, meaning that the guidelines are under constant
revision and improvement. Because a guideline’s suggested
procedures may not be comprehensive in evaluating new
technologies, and because not all of the suggested proce-
dures are applicable to every situation, it is important that the
CBER documentation and personnel be consulted before
the final production of any biologics intended for human use.
Manufacturers should strive to always work in the ‘spirit of
GMP’ by following the guidelines to the best of their abili-
ties and by creating new guidelines where appropriate.

The most recent significant Guidance for Industry publi-
cation by CBER is Guidance for Human Somatic Cell Therapy
and Gene Therapy [2]. This publication is essential to the
production of any biologic under GMP. Additional relevant
documents include Points to Consider on Plasmid DNA

Vaccines for Preventative Infectious Disease Indications
(December 1996) and A Proposed Approach to the Regulation
of Cellular and Tissue-based Products (1997). Issues discussed
in the FDA’s Guidance and Points to Consider documents
often overlap, so the most recent publication should always
be given precedence. As guidelines, manufacturers are not
legally bound to follow them; however, CBER views these
documents as precursors to regulation, so any progress
manufacturers from either industry or academia make in
addressing the concerns outlined in the guidelines will be
to their benefit.  In this review, we will discuss how com-
mercial and academic facilities will each need to approach
their adoption of CBER guidance differently.

Commercial and academic production facilities
Commercial and academic production facilities are gov-
erned by the same government regulations, but have
different resources, business practices, and goals.
Compared to industry, most academic institutions have
more strictly limited resources for use in the manufactur-
ing process, both in facilities and personnel. Academic
institutions also often work with new technologies that
may still be in the preliminary stages of research and
development. Additionally, academic institutions often
work with orphan projects, whose intended population is
too small to be economically viable for corporate develop-
ment. For these reasons, academic institutions are often
given a broader time frame in which to reach GMP com-
pliance on a product. These contrasts can be large or small,
depending on the institution and the product to be pro-
duced. Differences between the commercial and academic
aspects of biologic manufacturing can most easily be dis-
cussed by categorizing the GMP production process into
the seven categories of facility, equipment, personnel,
materials, protocols, testing, and records.

Facility
Commercial GMP production facilities are often designed
for the manufacture of one product or class of products. If
a commercial manufacturing facility needs to be changed,
sufficient resources and economies of scale will allow it to
be redesigned or rebuilt to the new specifications. Facility
redesign is often not an option at academic institutions,
either for financial reasons or due to time constraints.
Instead, the original GMP facility must be designed to
handle a wide variety of procedures and must be flexible
enough to change procedures and products quickly with a
minimal amount of effort. GMP facilities at universities are
often called upon to produce, manipulate, and package
viral vectors, package various DNA products, isolate and
grow cell lines, perform basic product testing, and develop
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medical devices utilizing cell or gene therapies. These
functions must all be kept separate, yet often still take
place within the same general space, utilizing several com-
mon areas. Implementation of procedures that successfully
allow the sharing of spaces and rapid product turnover
requires appropriately trained and qualified personnel.

Personnel
Facility personnel are usually structured in one of two
ways: either the dedicated facility staff perform all the lab-
oratory duties, or the facility staff are responsible for
training and assisting the sponsor’s staff in the actual pro-
duction work. The first method of an all-encompassing
dedicated staff can be very cumbersome in an academic
setting, although it is the preferred method in a commer-
cial environment. Industry facilities usually prefer to train
their production staff once with the intent of having them
perform their duties for several months or years. Academic
facilities, because they have smaller staffs that are required
to simultaneously perform a wide variety of duties, cannot
hope to find experienced staff or, if necessary, train their
staff to be proficient in all the areas of responsibility with-
in the facility. A method of sharing manufacturing
responsibilities between a dedicated facility staff and the
research sponsor’s staff is much more effective at produc-
ing a rapid product turnover with the limited resources
available in academia. The facility staff establishes and
ensures that the environment and equipment are operating
within the current GMP guidelines. The facility staff also
train the sponsor staff in current GMP methodologies and
thinking. The sponsor’s staff members, who are the most
familiar with the procedures required to manufacture the
desired product at a bench scale, in turn educate the facil-
ity staff in their production methods. The two groups then
work together to address any changes that may be needed
to make the production GMP-compliant, either in the
facility’s resources or procedures, or, as commonly occurs,
in the production protocols.

Protocols and standard operating procedures
The creation of written standard operating procedures
(SOPs) specifically designed for a given facility is a critical
element in the operation of a facility within the GMP con-
tinuum. Similar to the government-dictated guidelines and
regulations, properly designed SOPs are constantly evalu-
ated and updated to reflect current thinking in both
industry and academia. Academic institutions may find
that, due to the often varied sources and short durations of
their projects, they are required to evaluate their proce-
dures more frequently than their industry counterparts. In
a facility designed for several simultaneous GMP manu-
facturing operations, the staff may find themselves often
needing revised or completely new protocols, sometimes
on a monthly basis. To do this, the facility staff must meet
with a sponsor’s staff early in the process to determine
what resources will be needed for the desired production.
The sponsor staff will often require training in GMP and
assistance in making their protocols and procedures GMP-

compliant. The sponsor staff, once trained, can work on
writing their protocols to be GMP-compliant, while the
facility staff works to prepare and update the facility and
maintenance protocols specific for the new project. Critical
to the writing of new and updated SOPs is the generation
of new and updated record-keeping methods. The FDA
periodically may require a change in record-keeping as
technological advances allow for far more efficient and
secure data storage and retrieval.

Record storage and retrieval
Commercial production projects will usually have the bulk
of their protocol and record-keeping process in place
before they begin any manufacturing. An academic insti-
tution will instead strive to define its basic protocols and
record-keeping methods to the best of its ability, but not
necessarily completely, before beginning production.
Academic institutions often work with products that are in
the early stages of research, where clear production criteria
may not have been thoroughly defined. Thus record keep-
ing in an academic setting is a more dynamic process but
nonetheless one that must comply with standards of thor-
ough written documentation and witnessed review.

Raw materials
Industry will often have invested the resources to define
their raw materials as part of the exploratory process of
developing a new product. In contrast, materials used in
academic institution productions may be difficult to find in
fully defined and certified forms. An academic sponsor
does not have the desire or resources to fully define mate-
rials that are being used to develop a product at a bench
scale. Additionally, the materials may be such that there
are no consistent and reliable methods for completely
defining raw material compositions or potencies. In these
cases, the facility staff and sponsor staff need to work
together to develop rationally designed assays for compre-
hensive definition of the materials used in the process.
The foci of the materials testing should include assays rel-
evant to safety of the product, and final potency of the
product. In the case of biologics this often involves con-
ventional and molecular analyses to exclude contamination
with microbiological agents. When a systematic material-
testing program has been implemented the program can be
updated as new information about the purity and stability
of the materials is discovered.

Product testing
Final-product testing criteria are similar to those applied to
raw material testing in that safety, purity and potency are
of utmost importance. Unfortunately, adequate testing in
these areas may require procedures that may not be com-
mercially available and in some cases may exist only in a
conceptual format. This is especially relevant in the area of
biologics where assays that adequately define potency of
the product require cell-based model systems. Once again,
the facility staff and sponsor staff at academic institutions
should work together to develop tests that, using the most
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appropriate methods available, determine that the product
is safe and that potency is as expected. Attention should
always focus on the validation of the proposed assays and
justification for the methodology used.

University of Michigan Human
Applications Laboratory
At the University of Michigan Medical System the cul-
ture and manipulation of human cells and the
manufacture of gene transfer vectors for use in investiga-
tor-initiated clinical trials are performed in a specially
designed facility designated the Human Applications
Laboratory (HAL). The HAL occupies approximately
1,500 square feet of laboratory space on the seventh floor
of the University Hospital and is entirely housed within
hospital space allocated to the National Institutes of
Health sponsored General Clinical Research Center
(GCRC). The GCRC supports the full time HAL staff
and provides resources needed for day to day operation
of the facility. In addition to the support of multiple pro-
jects sponsored by the GCRC, the HAL participates in
the National Institutes of Health sponsored National
Gene Vector Laboratory program at the University of
Michigan. The HAL is used for final formulation and
preparation of customized unit-dose ampules containing
clinical-grade plasmid DNA produced by the National
Gene Vector Laboratory. 

The HAL is physically divided into distinct areas, includ-
ing a quality assurance-quality control (QA-QC) area, an
anteroom-autoclave area, and a clean room (GMP) area.
The autoclave room is accessed from an exterior hallway
and provides access to the anteroom, which serves as a pri-
mary gowning area. The clean room area is further divided
into a common hallway that leads to four distinct produc-
tion rooms. The hallway serves as a secondary gowning
area prior to entrance into any of the dedicated production
rooms. A validated sterilizer can be accessed via the com-
mon hallway and is used for both sterilization of supplies
and disposal of waste products.

A single tissue culture module within the GMP area of
the HAL can be used for the performance of any given
protocol. No other laboratory procedures (including the
growth of other eukaryotic cells, bacteria or viruses) are
performed in a designated module. Single pass air flows
into this room through an in line high efficiency particu-
late arrestance (HEPA) filter in the ceiling; air is
exhausted through the laminar flow hood directly to the
outside. Air quality is maintained within parameters for
Class 10,000 within the room (< 10, 000 particles
0.3 micrometers or larger per cubic foot of air) and Class

100 within the laminar flow hood (< 100 particles 0.3
micrometers or larger per cubic foot of air).

Within each module, ~12 square feet of stainless steel
benchspace is available for the housing of equipment and
other prepackaged sterile reagents. The shelf space is locat-
ed immediately adjacent to the six foot laminar flow hood.
Equipment within this module includes a six foot laminar
flow hood, four sets of stacking CO2 incubators, an inverted
microscope, a table-top centrifuge, a triple arm laboratory
balance, and a free-standing refrigerator-freezer for storage
of media, serum and supplements. The incubators are con-
tinuously monitored for temperature, humidity and CO2
concentrations using electronic sensors linked to a comput-
er-based data storage system. The refrigerator-freezers are
also monitored for temperature using the same system. The
room is monitored on a regular basis for air quality, and gen-
eral environmental cleanliness by the Technical Staff of the
HAL in accordance with established standard operating pro-
cedures. Cleaning of the common hallways and individual
modules before and after performance of protocol-related
activities is performed on a regular basis in accordance with
established standard operating procedures. Although the
HAL is not an FDA licensed facility it does allow members
of the university community to develop and execute state of
the art cellular and molecular therapeutic trials that would
otherwise be impossible.

Conclusions
Compliance with GMP for facilities engaged in vector pro-
duction, cell isolation and genetic manipulation requires
attention to relevant sections of the CFR. Because the
goals of industrial manufacture are ultimately focused on
the generation of refined processes that allow large-scale
production of a cost effective final product, whereas acad-
emia discovers and explores a broader range of new
technologies on a much smaller scale, differences in the
manner in which each achieves the GMP continuum will
arise under the same CFR guidelines. In every case, how-
ever, thoughtful consideration of facility design, personnel,
protocol development, record keeping, material and final-
product testing will allow a given facility to ensure safety
of produced materials for study subjects and patients, as
well as protection of employees.
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