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development plan and the relational timeline
for the mMAb upgrade plan (Table 2).
Proceeding judiciously with both plans in
parallel was important in facilitating overall
commercial development. 

Process changes. We suggested to our FDA
product review team that we would first
reclone the cells into defined media (free of
fetal bovine serum) to prevent viral and
bovine spongiform encephalopathy risks
associated with bovine-derived material.
Once the cells were adapted to those culture
conditions and proper antibody secretion
was verified, we would generate a
manufacturing master cell bank (MCB) and
working cell bank (WCB) for each
hybridoma. Those cell banks would be
characterized and screened for safety in
accordance with the 1997 PTC. 

We suggested that the purification
processes be modified to include a capture
step that employed recombinant protein A
followed by a low (3.0) pH virus inactivation
step. A second, orthogonal purification step
using ion-exchange chromatography 
(Q Sepharose) would follow. A
nanofiltration step, using a Viresolve-180
cartridge system (Millipore Corporation,
www.millipore.com), would remove viral
particles after ion-exchange chromatography
as a second mechanism for robust viral
removal. The final material would then be
sterile-filtered and vialed using a validated
aseptic filling process (Figure 1). 

Study protocol design for validating virus
removal in the purification process would be
initiated after at least one lot of each mMAb
was produced using the final CGMP-
compliant process. Because the purification
processes were essentially identical, we
proposed validating only the worst-case
scenario. The in-process and final product
testing scheme would be enhanced to
include additional analytical methods for

Employing Murine MAbs 
as Ancillary Products 
in Cell Therapy Manufacturing
Part 2: A Case Study

Experience shows that murine
MAbs used in cell therapy
manufacturing can be produced
with safety concerns in mind. In
such cases, adequate
characterization ensures that they
retain functional integrity.

L
ast month in Part 1, we discussed the
regulatory environment affecting
murine monoclonal antibodies used as
ancillary products in the manufacture
of human cell therapies. Our company

in-licensed a bone marrow processing
procedure to treat patients with hematologic
malignancies. Because the procedure had
been applied only to preclinical exploratory
studies in mice, we knew we would have to
upgrade the manufacturing process to GMP
standards.

We recognized that the manufacturing
process and testing regimen used on the
diagnostic mMAbs did not address many of
the specific regulatory concerns discussed in
the 1997 Points to Consider (PTC) (9).
Failure to address those issues would
impede our clinical and commercial
development programs, so we developed a
comprehensive plan to modify the mMAb
production. Table 1 shows the risk
assessment profile we used and the process
modifications that address each risk.
Essentially, those modifications involved
changing the bulk mMAb production
method from mouse ascites to serum-free
cell culture, generating properly qualified
and safety-tested manufacturing cell banks
for the hybridomas, evaluating the process
intermediates for murine viruses and
retroviruses, modifying the purification
process to include robust virus inactivation
and removal steps, and having the work
performed at a GMP-compliant contract
manufacturing company. 

We scheduled a pre-IND meeting with
FDA to review our proposed company-
sponsored IND that would allow us to
initiate phase 2–3 clinical studies. The status
of the mMAb ancillary products and the
manufacturing upgrade plan were important
agenda items for that meeting. Other items
we discussed were our proposed clinical
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assessing biological function and protein
structure, such as reduced and nonreduced
sodium dodecylsulfate polyacrylamide gel
electrophoresis (SDS-PAGE), isoelectric
focusing (IEF), or size-exclusion high-
pressure liquid chromatography (SEC-
HPLC). 

Functional assessment. We considered the
functional or potency assays to be especially
critical. We developed three assays to assess
the proper functioning of the mMAbs: a
titration assay using human bone marrow, a
binding specificity assay using cell lines that
express specific surface antigens, and a
small-scale depletion assay that mimics the
clinical immunomagnetic depletion
procedure. Collectively, those assays
incorporated reference material derived from
mMAb lots used in the early clinical trials to
ensure that changes in the manufacturing
process did not degrade protein function.

antibody binding (57,60,65,66). Some
antibodies, however, also have glycosylation
sites in the variable region (67,68).
Glycosylation of those sites can increase or
decrease antibody binding (69–73). 

With those potential problems in mind,
we decided to use three assays to assess
mMAb function after we produced a
demonstration batch of purified mMAb
using the modified CGMP process. We used
MCBs and WCBs that had been generated
from hybridoma cells subjected to the
complete serum-free adaptation process. We
developed prospective acceptance criteria
that required the newly produced mMAbs to
exhibit equivalent results in the functional
assays to those of the ascites-produced
reference material. Therefore, if significant
differences were observed in those tests, the
mMAb upgrade plan would be suspended
while investigations commenced, preventing
the mMAb from being used in clinical
processing. Conversely, if no significant
differences in activity were observed, we
would proceed with characterization and
validation activities designed to qualify the
mMAb in accordance with the 1997 PTC.
Subtle differences, such as changes in
glycosylation pattern, may have no affect on
the desired activity.

Hybridoma subcloning. We adapted the master
hybridoma cell lines to serum-free culture
conditions by gradual exposure of the cells
to a commercial, defined serum-free

At our pre-IND meeting, we received
clearance to proceed with our clinical
development program on the understanding
that our antibody development was
proceeding “at-risk.” We knew that the
manufacturing process changes might affect
the behavior of the new proteins. Our
clinical program could be prolonged if the
raw material production yielded mMAbs
with significantly different structural or
functional properties. Using the above-
mentioned assays to assure the functional
integrity of each mMAb was critical to
moving forward with our development plan.

Converting to Bulk Production
A number of stability-related problems have
been reported with hybridomas or mMAbs
produced by them. A number of investigators
have reported loss of antibody productivity
during adaptation to serum-free conditions or
after subcloning of hybridoma cells (35–40).
In addition, altered antibody function and
activity have been attributed to modifications
in protein glycosylation following changes in
either the bulk production system or in cell
cultivation conditions (41–52). Antibody
glycosylation plays an important role in
conformation, solubility, transport, secretion,
effector function, immunogenicity, and half-
life (53–64). Most glycosylation sites are
found in the constant region of the heavy
chain, although glycosylation of those sites
seems to have little, if any, effect on

Figure 1. Modified mMAb manufacturing
process
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Manufacturing Step Risk or Inadequacy Resolution

Hybridoma master Tiered cell banking system Generate master and working
stock not used cell banks

Inadequate microbiological Validate master and working
testing of hybridoma cells cell banks (FDA 1997 PTCa)

Murine viruses not completely Validate master and working
assessed in hybridoma cells cell banks (FDA 1997 PTCa)

Bulk antibody Viral risk associated with mice Convert bulk production 
production used for production to serum-free culture

Murine viruses not assessed Assess murine viruses in 
in hybridoma bulk material

Purification No retroviral reduction steps Modify purification process to 
include robust virus removal steps

Vialing Inadequacies in aseptic Transfer project to GMP- 
processing compliant drug/biologics CMOb

Overall Potential for adulteration, Transfer project to GMP-
inadequate process validation, compliant drug/biologics CMOb

inappropriate raw materials,
inadequate facilities and equipment

aPoints to Consider (9) bcontract manufacturing organization

Table 1. Risk assessment profile and associated process modifications for upgrade of in
vitro diagnostic mMAb manufacturing
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WCBs for each hybridoma were generated. 
Murine retrovirus. Table 3 shows test results

obtained for the cell bank of each clone. Cell
banks for each mMAb met specifications for
identity and freedom from bacteria, fungi,
mycoplasma, and murine and other
adventitious viruses. As expected, murine
retroviruses were detected in each
hybridoma clone. Transmission electron
microscopy showed retroviral particles 
(type A and C) in both MCBs. Both of those
cell banks were positive for xenotropic
murine retrovirus using the S+L- assay. The
MCB of the anti-NK cell mMAb also
yielded positive results for reverse-
transcriptase activity (an enzyme specific for
retroviruses) and for ecotropic murine
retrovirus in the XC plaque assay. The
presence of the murine retrovirus confirmed
the need to upgrade the protein purification
processes by incorporating robust viral
removal steps.

We then produced demonstration batches
of material using the newly designed, full-
scale CGMP-compliant process. We
produced bulk material in roller bottle
suspension culture using defined, serum-free
medium. The bulk material was purified
according to plan. The purified material was
then analyzed using the three functional
assays described above. 

Acceptable functional activity. In each case, the
newly produced mMAb exhibited acceptable
results for all three functional assays. The
functional activity of each mMAb was
equivalent to that of the reference material.

phosphate buffered saline and exposed to
immunomagnetic beads coated with sheep
antimouse polyclonal antibodies (Dynal,
Inc., www.dynal.net). After incubation,
unbound cells were separated from the
immunosensitized cells that were bound to
beads using a magnetic system. Unbound
cells were quantified and specific
subpopulations (target population, 
B lymphocytes; nontarget population, 
CD 34� stem cells) were identified by flow
cytometry. The relative activity of the
antibody produced by each clonal
population was determined by calculating
the percentage of each cell population
recovered after that immunomagnetic
depletion procedure. The term relative
activity units is therefore a function of the
percent recovery of those cell populations.
Results indicate that the antibodies produced
by each clonal culture exhibit similar
activity in their ability to deplete targeted 
B lymphocytes. In addition, nonspecific loss
of nontarget CD 34� stem cells was
comparable for each sample.

Figure 2 shows that supernatants
containing antibodies from the seven clones
and the reference material exhibited similar
activity, each demonstrating comparable
ability to deplete B lymphocytes but
preserve progenitor cells (stem cells) present
in human bone marrow. Once functional
stability of the clones for each hybridoma
was confirmed, the one that exhibited the
most favorable growth characteristics and
production rate was selected, and MCBs and

medium. Once the cells had fully adapted to
the medium (and acceptable growth rates,
cell viability, and antibody production were
confirmed), we subcloned them using
limiting dilution. We selected high-
antibody–producing clones displaying
acceptable growth characteristics and culture
viability and assessed them for functional
stability using a small-scale depletion assay.
That assay tested culture supernatants from a
number of mMAb clones for their ability to
deplete target cell populations from human
bone marrow immunomagnetically. 

Samples of clarified culture supernatant
material from various clonal cultures
derived from the parent anti-B lymphocyte
hybridoma were incubated with density-
gradient purified cells obtained from human
bone marrow. The cells were washed with

Figure 2. Comparison of anti-B lymphocyte
mMAb activity derived from multiple clones
using the small-scale depletion assay
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Initial (Phase 2) Advanced (Phase 3)
Manufacturing Unit Pre-IND Status Clinical Trial Status Clinical Trial Status

Adaptation of hybridoma to serum- Not done Completed Not applicable
free culture; tiered cell bank 
generation

Safety testing; cell bank validation Not done Completed Not applicable

Cell culture process Not developed, use material Process defined Process online
produced in mouse ascites

Antibody production; assessment Use existing process; test Process defined; mouse viral Process and complete 1997 PTC
of in-process material for mouse purifiedmaterial for murine testing per 1997 PTC performed in-process testing online
virus contamination viruses on in-process material

Analytical methods Use existing methods In-process and final product All test methods online and 
test methods developed; compar- qualified; reference and newly
ative assessment of reference and produced mMAbs characterized
newly produced mMAb function using complete test panel

Vialing Use existing methods Validated aseptic fill prodedure Validated aseptic fill procedure

Validation of virus removal in Not done Protocol generation Completed per 1997 PTC
purification process

Table 2. mMAb manufacturing upgrade plan and timeline 
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Representative data are provided for the
anti-B lymphocyte mMAb below. 

The ability of test and reference anti-
B lymphocyte purified mMAb to bind with
cells known to express the B lymphocyte
receptor and not cross-react with a negative

(CD 19). Negative control cell lines employed
were Jurkat clone E6-1 human T cell
leukemia cells and SHP-77 human small-cell
lung carcinoma cells. 

Samples of test or reference mMAb were
incubated with a fixed number of cells for
each cell type at a specific concentration.
The cells were washed with phosphate
buffered saline and incubated with
fluorescent-conjugated antibody (isotype
specific goat antimouse IgG phycoerythrin
conjugate). The cells were washed with
phosphate buffered saline and analyzed by
flow cytometry. Relative binding of mMAb
to each cell line was a function of the
relative fluorescent signal and was assessed
subjectively on a scale of 4�, bright, to (�),
the fluorescence signal equivalent to
background. Table 4 summarizes the
binding specificity data. Results indicate that
both the test and reference mMAb stain the
positive control Daudi cells similarly and do
not react with the negative control cell lines.

Figure 3 shows representative examples
of equivalent binding titration curves for the
newly produced anti-B lymphocyte mMAb
and the reference antibody material. In this
assay, samples of purified anti-
B lymphocyte mMAb (test and reference
material) at different concentrations were
incubated with density-gradient purified
cells obtained from human bone marrow.
The cells were washed with phosphate
buffered saline and then incubated with a
fluorescent-conjugated antibody (isotype
specific goat antimouse IgG phycoerythrin
conjugate). The cells were washed with
phosphate buffered saline and analyzed by
flow cytometry. Corresponding isotype
negative controls were also run in parallel. 

Fluorescent histograms were generated
for each antibody concentration after
acquiring 50,000 events per test. Relative
binding activity (signal-to-noise ratio) was
determined by comparing the nonspecific
and specific binding histogram patterns or
peaks at each antibody concentration and
determining the average channel number or
linear value of the events for each peak
(mean � � channel value per number of
events). The signal-to-noise ratio, which is
essentially the mean channel value for the
specific binding peak divided by that of the
nonspecific binding peak, was calculated
and plotted for each antibody concentration.
Results indicate that both test and reference

control cell line was evaluated by exposing
different cell lines to mMAb and assessing
antibody binding through fluorescent staining.
The positive control cell line employed was
the Daudi human Burkitt’s lymphoma cell
line that expresses the B lymphocyte receptor

mMAb Results
Test Specification Anti-B Lymphocyte Anti-NK Cell 

Mycoplasmaa None detected None detected None detected

Sterilitya No bacteria or No bacteria or No bacteria or 
fungi detected fungi detected fungi detected

Identitya Murine markers Murine markers Murine markers
detected detected detected

MAPb Negative Negative Negative

Adventitious virus None detected None detected None detected
in vitro assaya,c

Adventitious virus None detected None detected None detected
in vivo assaya

Transmission Test and record Type A and C Type A and C 
electron microscopyb retroviral particles retroviral particles

observed observed

Reverse Test and record Negative Positive
transcriptaseb

XC plaque assay; Test and record Negative Positive
ecotropic retrovirusb

S+L- assay; Test and record Positive Positive
Xenotropic retrovirusb

atest performed on MCB and WCB, results the same for each cell bank
btest performed on MCB only cincluding bovine viruses

Table 3. Cell bank validation test results with murine virus assessment

Figure 3. Comparison of Anti-B lymphocyte mMAb binding titration curves
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consistency lot production, among others),
which are all costly and time consuming.
Also, confirming the functional stability
provided a greater degree of assurance that
the upgrade plan could continue without
risking the overall commercial program. 

Subtle differences in the biochemical
profile of the newly produced mMAb, such
as glycosylation pattern changes, may be
observed as characterization work progresses.
Such differences may have no influence on
functional activity for the antibodies. 

Undoubtedly, other companies will be
faced with the need to upgrade cell therapy
ancillary product manufacturing procedures as
more such therapeutic modalities enter clinical
evaluation. Our experience shows that
significant modifications can be made to
mMAb production methodology — including
recloning hybridomas, changing bulk
production methods, adapting cells to serum-
free culture conditions, and altering
purification methods — with no loss of
desired protein function. Therefore, safety
issues associated with mMAbs for cell therapy
use can be addressed to satisfy regulatory
requirements without compromising the
necessary ancillary product function.
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