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Preface

Monoclonal antibodies (mAb) are used extensively in basic biomedical research, in diagnosis of
disease, and in treatment of illnesses, such as infections and cancer. Antibodies are important tools used by
many investigators in their research and have led to many medical advances.

Producing mADb requires immunizing an animal, usually a mouse; obtaining immune cells from its
spleen; and fusing the cells with a cancer cell (such as cells from a myeloma) to make them immortal, which
means that they will grow and divide indefinitely. A tumor of the fused cellsis called a hybridoma, and
these cells secrete mAb. The development of the immortal hybridoma requires the use of animals; no
commonly accepted nonanimal alternatives are available.

An investigator who wishes to study a particular protein or other molecule selects a hybridoma cell
line that secretes mAD that reacts strongly with that protein or molecule. The cells must grow and multiply
to form a clone that will produce the desired mAb. There are two methods for growing these cells: injecting
them into the peritoneal cavity of a mouse or using in vitro cell-culture techniques. When injected into a
mouse, the hybridoma cells multiply and produce fluid (ascites) in its abdomen; this fluid contains a high
concentration of antibody. The mouse ascites method is inexpensive, easy to use, and familiar.

However, if too much fluid accumulates or if the hybridoma is an aggressive cancer, the mouse will
likely experience pain or distress. If aprocedure produces pain or distress in animals, regulations call for a
search for alternatives. One alternative isto grow hybridoma cells in a tissue-culture medium; this technique
requires some expertise, requires special media, and can be expensive and time-consuming. There has been
considerable research on in vitro methods for growing hybridomas and these newer methods are less
expensive, are faster, and produce antibodies in higher concentration than has been the case in the past. The
existence of alternatives to the mouse ascites method raises the question: Is there a scientific need for the
mouse ascites method of producing mAb?

The American Anti-Vivisection Society (AAVS) petitioned the National Institutes of Health (N1H)
on April 23, 1997, to prohibit the use of animalsin the production of mAb. On September 18, 1997, NIH
declined to prohibit the use of mice in mAb production, stating that “the ascites method of mAb production
is scientifically appropriate for some research projects and cannot be replaced.” On March 26, 1998, AAVS
submitted a second petition, stating that “ NIH failed to provide valid scientific reasons for not supporting a
proposed ban.” The office of the NIH director asked the National Research Council to conduct a study of
methods of producing mAb.

In response to that request, the Research Council appointed the Committee on Methods of Producing
Monoclonal Antibodies, to act on behalf of the Institute for Laboratory Animal Research of the Commission
on Life Sciences, to conduct the study. The 11 expert members of the committee had extensive experience
in biomedical research, laboratory animal medicine, animal welfare, pain research, and patient advocacy
(Appendix B). The committee was asked to determine whether there was a scientific necessity for the mouse
ascites method; if so, whether the method caused pain or distress; and, if so, what could be done to minimize
the pain or distress. The committee was also asked to comment on available in vitro methods; to suggest
what acceptable scientific rationale, if any, there was for using the mouse ascites method; and to identify
regulatory requirements for the continued use of the mouse ascites method.

The committee held an open data-gathering meeting during which its members summarized data
bearing on those questions. A 1-day workshop was attended by 34 participants, 14 of whom made formal
presentations (see agenda, Appendix A). A second meeting was held to finalize the report. The present
report was written on the basis of information in the literature and information presented at the meeting and
the workshop.
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Executive Summary

Monoclonal antibodies (mAb) are important reagents used in biomedical research, in diagnosis of
diseases, and in treatment of such diseases as infections and cancer. These antibodies are produced by cell
lines or clones obtained from animals that have been immunized with the substance that is the subject of
study. To produce the desired mAD, the cells must be grown in either of two ways: by injection into the
abdominal cavity of a suitably prepared mouse or by tissue culturing cellsin plastic flasks. Further
processing of the mouse ascitic fluid and of the tissue culture supernatant might be required to obtain mAb
with the required purity and concentration. The mouse method is generally familiar, well understood, and
widely available in many laboratories; but the mice require careful watching to minimize the pain or distress
that some cell lines induce by excessive accumulation of fluid (ascites) in the abdomen or by invasion of the
viscera. The tissue-culture method would be widely adopted if it were as familiar and well understood as the
mouse method and if it produced the required amount of antibody with every cell line; but culture methods
have been expensive and time-consuming and often failed to produce the required amount of antibody
without considerable skilled manipulation. However, culture methods are now becoming less expensive,
more familiar, and more widely available.

The American Anti-Vivisection Society (AAVS) petitioned the National I nstitutes of Health (NIH) in
early 1997 to prohibit the use of an animal in the production of mAb. NIH responded late in 1997, asserting
that continued use of the mouse method for producing mAb was scientifically required. In a second petition,
in early 1998, AAV S did not accept the NIH response. NIH asked the National Research Council to form a
committee to study thisissue. The Committee on Methods of Producing Monoclonal Antibodies was
composed of 11 experts with extensive experience in biomedical research, laboratory animal medicine, pain
research, animal welfare, and patient advocacy. The committee was asked to determine whether thereisa
scientific necessity for producing mAb by the mouse method and, if so, to recommend ways to minimize any
pain or distress that might be associated with the method. The committee was also to determine whether
there are regulatory requirements for the mouse method and to summarize the current stage of development
of tissue-culture methods.

On the basis of relevant literature, material submitted to the committee, the experience of members of
the committee, and presentations at a 1-day workshop attended by 14 speakers and 20 additional observers,
as well as two separate working committee meetings, the committee came to specific conclusions and made
recommendations.

We believe that choosing the method of producing monoclonal antibodies should be consistent with
other recommendations in the Guide for the Care and Use of Laboratory Animals. One such
recommendation pertains to multiple survival surgery; the Guide states (page 12) that this practice "should
be discouraged but permitted if scientifically justified by the user and approved by the Institutional Animal
Care and Use Committee (IACUC)” [emphasis added]. Similarly, we recommend that mAb production by
the mouse ascites method be permitted if scientifically justified and approved by the relevant IACUC. We
further believe that tissue-culture methods should be used routinely for mAb production, especially for most
large-scale production of mAb. When hybridomas fail to grow or fail to achieve a product consistent with
scientific goals, the investigator is obliged show that a good-faith effort was made to adapt the hybridomato
in vitro growth conditions before using the mouse ascites method.

Recommendation 1: Thereisa need for the scientific community to avoid or minimize pain and
suffering by animals. Therefore, over the next several years, astissue-culture systemsare further
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developed, tissue-culture methods for the production of monoclonal antibodies should be adopted as
theroutine method unlessthereisa clear reason why they cannot be used or why their use would
represent an unreasonable barrier to obtaining the product at a cost consistent with the realities of
funding of biomedical research programsin government, academe, and industry. Thiscould be
accomplished by establishing tissue-culture production facilitiesin institutions.

There are several reasons why the mouse method of producing mAb cannot be abandoned: some cell
lines do not adapt well to tissue-culture conditions; in applications where several different mouse mAb at
high concentrations are required for injection into mice, the in vitro method can be inefficient; rat cell lines
usually do not efficiently generate mAb in rats and adapt poorly to tissue-culture conditions but do produce
mAb in immunocompromised mice; downstream purification or concentration from in vitro systems can lead
to protein denaturation and decreased antibody activity; tissue-culture methods can yield mAb that do not
reflect the normal modification of proteins with sugars, and this abnormality might influence binding
capacity and other critical biologic functions of mAb; contamination of valuable cell lines with fungi or
bacteria requires prompt passage through a mouse to save the cell line; and inability of some cell lines that
do adapt to tissue-culture conditions to maintain adequate production of mAb poses a serious problem. For
these reasons, the committee concludes that there is a scientific necessity to permit the continuation of the
mouse ascites method of producing mAb. However, note that over time, asin vitro methods improve, the
need for the mouse ascites method will decrease.

Recommendation 2: The mouse ascites method of producing monoclonal antibodies should not
be banned, because thereisand will continue to be scientific necessity for this method.

There does not appear to be convincing evidence that significant pain or distress is associated with
the injection into the mouse of pristane (a chemical that promotes the growth of the tumor cells), but during
the accumulation of ascites there is likely to be pain or distress, particularly when some cell lines that are
tissue-invasive are used and in situations of significant ascites development. Therefore, after injection of
hybridoma cells, mice should be evaluated at least daily, including weekends and holidays, after
development of visible ascites and should be tapped before fluid accumulation becomes distressful. A limit
should be placed on the number of taps and multiple taps should be allowed only if the animal does not
exhibit signs of distress.

Recommendation 3: When the mouse ascites method for producing mAb isused, every
reasonable effort should be made to minimize pain or distress, including frequent observation,
limiting the numbers of taps, and prompt euthanasia if signs of distress appear.

Two of 13 mAb approved by the Food and Drug Administration for therapeutic use cannot be
produced by in vitro means, or converting to an in vitro system for their production would require (because
of federal regulations) proof of bioequivalence, which would be unacceptably expensive. Furthermore,
many commercially available mAb are routinely produced by mouse methods, particularly when the amount
to be produced is less than 10 g, another situation where it would be prohibitively expensive to convert to
tissue-culture conditions. However, with further refinement of technologies, media, and practices,
production of mAb in tissue culture for research and therapeutic needs will probably become comparable
with the costs of the mouse ascites method and could replace the ascites method.



Recommendation 4: mAb now being commercially produced by the mouse ascites method
should continueto be so produced, but industry should continue to move toward the use of
tissue-culture methods.

In afew circumstances, the use of the mouse ascites method for the production of mAb might be
required. We suggest the following as examples of criteriato be used by an IACUC in establishing
guidelines for the production of mAb in mice by the ascites method.

1. When a supernatant of a dense hybridoma culture grown for 7—10 days (stationary batch method)
yields an mAb concentration of less than 5 ng/ml. If hollow-fiber reactors or semipermeable-membrane
systems are used, 500 mg/ml and 300 mg/ml, respectively, are considered low mAb concentrations.

2. When more than 5 mg of mAb produced by each of five or more different hybridoma cell linesis
needed simultaneously. It istechnically difficult to produce this amount of mAb since it requires more
monitoring and processing capability than the average laboratory can achieve.

3. When analysis of mAb produced in tissue culture reveals that a desired antibody function is
diminished or lost.

4. When a hybridoma cell line grows and is productive only in mice.

5. When more than 50 mg of functional mAb is needed, and previous poor performance of the cell
line indicates that hollow-fiber reactors, small-volume membrane-based fermentors, or other techniques
cannot meet this need during optimal growth and production.

We emphasize that those criteria are not all-inclusive and that it is the responsibility of the IACUCs
to determine whether animal use is required for scientific or regulatory reasons. Criteria have not been
developed to define a cell line that is low-producing or when tissue-culture methods are no longer a useful
means of producing mADb.



| ntroduction

Monoclonal antibodies (mAb) are important reagents used in biomedical research, in diagnosis of
diseases, and in treatment of such diseases as infections and cancer. These antibodies are produced by cell
lines or clones obtained from animals that have been immunized with the substance that is the subject of
study. The cell lines are produced by fusing B cells from the immunized animal with myeloma cells (Kohler
and Milstein 1975). To produce the desired mAD, the cells must be grown in either of two ways: by injection
into the peritoneal cavity of a suitably prepared mouse (the in vivo, or mouse ascites, method) or by in vitro
tissue culture. Further processing of the mouse ascitic fluid and of the tissue-culture supernatant might be
required to obtain mAb with the required purity and concentration. The mouse ascites method is generaly
familiar, well understood, and widely available in many laboratories; but the mice require careful watching
to minimize the pain or distress induced by excessive accumulation of fluid in the abdomen or by invasion of
the viscera. Thein vitro tissue-culture method would be widely adopted if it were as familiar and well
understood as the mouse ascites method and if it produced the required amount of antibody with every cell
line; but in vitro methods have been expensive and time-consuming relative to the costs and time required by
the mouse ascites method and often failed to produce the required amount of antibody even with skilled
manipulation. Modern in vitro methods have increased the success rate to over 90% and have reduced costs.

The anticipated use of the mAb will determine the amount required (Marx and others 1997). Only
small amounts of mAb (lessthan 0.1 g) are required for most research projects and many analytic purposes.
Medium-scale quantities (0.1-1 g) are used for production of diagnostic kits and reagents and for efficacy
testing of new mAb in animals. Large-scale production of mADb is defined, in this context, asover 1 g.
These larger quantities are used for routine diagnostic procedures and for therapeutic purposes.

The use of monoclonal antibodies (mADb) in biomedical research has been and will continue to be
important for the identification of proteins, carbohydrates, and nucleic acids. Their use hasled to the
elucidation of many molecules that control cell replication and differentiation, advancing our knowledge of
the relationship between molecular structure and function. These advances in basic biologic sciences have
improved our understanding of the host response to infectious-disease agents and toxins produced by these
agents, to transplanted organs and tissues, to spontaneoudly transformed cells (tumors), and to endogenous
antigens (involved in autoimmunity). In addition, the exquisite specificity of mAb allows them to be used in
humans and animals for disease diagnosis and treatment. Under the appropriate conditions, mAb-producing
hybridomas survive indefinitely, so continued production of mAb is associated with the use of fewer
animals, especially when production involves the use of in vitro methods. Despite all those benefits
associated with production of mAb with the mouse ascites method, it can be distressful to the host animal.

The U.S Government Principles for the Utilization and Care of Vertebrate Animals Used in Testing,
Research and Training (IRAC 1983) states that “animals selected for the procedure should be of appropriate
species and quality and the minimum number required to obtain valid results. Methods such as mathematical
models, computer simulation, and in vitro biological systems should be considered. Proper use of animals,
including the avoidance or minimization of discomfort, distress, and pain when consistent with sound
scientific practices, isimperative.” The Guide for the Care and Use of Laboratory Animals (NRC 1996,
page 10) specifically addresses excessive tumor burden in animals and states, "occasionally, protocols
include procedures that have not been previously encountered or that have the potential to cause pain or
distress that cannot be reliably controlled. . . . Relevant objective information regarding the procedures and
the purpose of the study should be sought from the literature, veterinarians, investigators and others
knowledgeable about the effectsin animals.” The Public Health Service Policy on Humane Care and Use of
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Laboratory Animals (NIH 1996, page 7) requires IACUCsto ensure that approved protocols conform with
the PHS requirement that "procedures with animals . . . avoid or minimize discomfort, distress and pain to
animals (in away that is) consistent with sound research design.” It is therefore incumbent on the scientist to
consider first the use of in vitro methods for the production of mAb. If in vitro production of mAb is not
reasonable or practical, the scientist may request permission to use the mouse ascites method. However,
"prior to approval of proposals which include the mouse ascites method, |ACUCs must determine that (i) the
proposed use is scientifically justified, (i) methods that avoid or minimize discomfort, distress and pain
(including in vitro methods) have been considered, and (iii) the latter [refersto in vitro methods] have been
found unsuitable" (NIH 1997). The charge to the present committee excluded evaluation of steps needed to
produce an antibody secreting cell line.



Generation of Hybridomas. Permanent Cell Lines Secreting Monoclonal
Antibodies

Production of monoclonal antibodies involves in vivo or in vitro procedures or combinations thereof.
Before production of antibodies by either method, hybrid cells that will produce the antibodies are generated.
The steps in producing those cells are outlined below (figure 1). The generation of mAb-producing cells
requires the use of animals, usually mice. The procedure yields a cell line capable of producing one type of
antibody protein for along period. A tumor from this “immortal” cell lineis called a hybridoma.

No method of generating a hybridoma that avoids the use of animals has been found. Recent in vitro
techniques alow the intracellular production of antigen-binding antibody fragments, but such techniques are
still experimental and have an uncertain yield, efficacy, and antibody function (Frenken and others 1998). It
has also been possible to genetically replace much of the mouse mAb-producing genes with human
sequences, reducing the immunogenicity of mAb destined for clinical use in humans. Before the advent of
the hybridoma method, investigators could produce only polyclonal serum antibodies; this required large
numbers of immunized animals and did not immortalize the antibody-pro