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Abstract

Taguchi’s methods were used for the design of an experimental strategy aimed at optimizing cell density and
monoclonal antibody (mAb) production from a spinner flask hybridoma culture. 23G11 is an antibody to the
human leukocyte adhesion molecule, CR3 or 8 2 integrin (CD11b/CD18). It recognizes specifically the A-domain
of the a subunit CD11b. Anti § 2 integrin monoclonal antibodies hold a great potential for preventing
inflammation mediated tissue injuries. An L8 orthogonal experimental design was used to investigate four
different culture components: stirring speed, nature of serum, concentration of serum and nature of media (RPMI
1640 or RPMI 1640 supplemented with glucose and glutamine). The experiments were conducted using two levels
for each factor studied and a direct ELISA test was used to estimate the level of antibody production. Statistical
analysis of the collected data pointed to the stirring speed and serum concentration, and the interaction between
these parameters, as the components that affected cell growth. Antibody production was affected by these factors
and by the nature of medium but also by the following two interactions: stirring speed/nature of serum and stirring
speed/concentration of serum. This study emphasizes the value of using Taguchi’s methods as a basis for
optimization of mAb production from a hybridoma culture, in cost effective and significantly less labor intensive
ways.

Introduction

The widespread use of monoclonal antibodies (mAbs)
in immunotherapy, diagnostic tests and for in vivo
imaging and immunopurification, is the driving force
for an increasing demand that could be met only if
large scale production techniques are mastered. To
produce large quantities of mAb, hybridoma cell lines
are either injected into mice to produce ascites or
cultured using various techniques (Harlow and Lane
1988). While production of mAbs from ascites is
declining because of the associated ethical and safety
issues (retroviruses and mycoplasma contamination)
(Merten 1989), other mammalian and non mam-
malian expression systems such as bacteria (Laroche-
Traineau et al. 2000), insect cells (Goosen 1993) or

plants (Fielder and Conrad 1995) have been de-
veloped following successful cloning of mAb encod-
ing genes. However, production of recombinant anti-
bodies in mammalian and non mammalian cells is
hampered by the lack of fidelity of the expression
pattern and the frequent need to improve functionality
through genetic engineering of these proteins (i.e.
humanization, construction of single chain variable
fragments: ScFv, diabodies, triabodies, etc.). Conse-
quently, hybridoma cell line culture remains a good
source for generating large quantities of mAbs that are
usually needed to assess their therapeutical or diag-
nostic potential through in vitro and in vivo animal
studies before seeking approval from regulatory au-
thorities and entering industrial scale production
under GMP conditions.
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Several technologies for growing hybridoma to
produce mAbs are available and range from ordinary
flasks to spinner flasks, roller bottles and bioreactors
(Kurkela et al. 1993).

Strategies to improve the yield of mAbs synthesis
at large scale are being developed for each system
(Yang et al. 2000; Kurkela et al. 1993; Dhir et al.
2000).

For conventional optimization strategies, each vari-
able to be studied requires independent testing. Thus
to perform an optimization study it is necessary to
conduct a large number of costly and labor intensive
experiments.

The Taguchi approach uses a number of progres-
sive trials to examine simultaneously several factors
and to identify rapidly those that have major effects
(Taguchi 1986). These control factors are then used to
predict a combination that will lead to the optimal
performance (Aujame et al. 2000; Han et al. 1998). If
these results are satisfactory, then further experiments
are unnecessary. This approach has been successfully
applied in PCR optimization (Cobb and Clarkson
1994) and the Enzyme Linked Immunosorbent Assay
(ELISA) (Jeney et al. 1999)

Taguchi’s methods allow the accurate optimization
of a process by performing the minimum number of
experiments possible. A trial to study the effect and
interaction of four factors at 2 levels each would
require 16 experiments (2*). However, by using
Taguchi’s methods this study can be carried out by
performing only eight experiments. The more com-
ponents and interactions that need to be investigated,
the more it becomes worth using this type of ex-
perimental design. As an example, by using the
Taguchi approach only 12 experiments would be
necessary to test 8 factors and 3 interactions, instead
of 256 experiments for a full plan analysis. Taguchi’s
methods have found widespread use in industrial
process design, principally in development trials.
However, besides protein expression in the baculo-
virus system (Burch et al. 1995), few biotechnologi-
cal processes have so far benefited from the Taguchi
approach in their development phases.

In a previous work, we selected a hybridoma cell
line that produces high levels (0.5 mg ml™') of a
mouse mAb (23G11) directed specifically against a
recombinant form of the (3, integrin alpha subunit
CDI11b, A-domain. The A-domain is a 200 amino-
acid peptide present within structurally diverse
proadhesive proteins. Anti-integrin antibodies carry a
therapeutic potential in controlling leukocyte-medi-

ated tissue injury in several pathological inflammatory
states.

In this study, we applied the Taguchi’s methods to
identify critical parameters affecting cell growth and
production of monoclonal antibody 23G11 by a hy-
bridoma cell line.

Materials and methods

Cell line (Hybridoma): the 23G11 murine hybridoma
was used throughout this study. This cell line
produces an IgG2a monoclonal antibody.

Media: The cells were cultivated in two media
RPMI-1640 (Life Technologies, ref. 13018) (medium
1) and RPMI-1640 supplemented with glucose and
glutamine up to final concentrations of 16.67 mM and
4 mM respectively (medium 2). These media were
supplemented with either fetal calf serum (FCS)
(Hyclone, USA) or bovine serum enriched with iron
(NS) (Hyclone, USA), at a concentration of 5 or 10%.

Culture conditions: Cultures were carried out in
250 ml spinner flasks containing 200 ml of cultured
cells, at 37 °C in a 5% CO, incubator. The stirring
speed was maintained at 30 or 60 rpm. The spinners
were inoculated with 2 X 10° cells ml™'. The experi-
ments were carried out in duplicate. Samples were
taken daily for cell count and for the measurement of
glucose, lactate, pH and antibody levels.

Analytical methods

The viable and total cell concentrations were deter-
mined using a hemacytometer and the trypan blue
exclusion method.

The specific growth rate, u (h~") was estimated by
the following equation:

pw=(Ln X,~Ln X,)/(t,~t,)

where X represents the viable cell density per ml, t
represents the time points of sampling expressed in h;
the subscripts 1 and 2 stand for two succeeding
sampling points.

Glucose and lactic acid concentrations were moni-
tored by enzymatic assays, using glucose assay kit
and lactate assay kit from Chronolab (Switzerland).

ELISA test: Immulon-2 ELISA plates were coated
with recombinant protein, CD11b A-domain (2 pg/
well) at 37 °C for 1 h. Plates were washed once with
PBS buffer, then blocked with 1% BSA at room



Table 1. The layout of the Taguchi experiments (L8 array)
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A B AB AC BC D
1 + + + + + +
2 + + + - - - -
3 + - - + + - -
4 + - - - - + +
5 - + - + - + -
6 - + - - + - +
7 - - + + - - +
8 - - + - + + -

The factor levels are shown in each experiment. On the left-hand side, the numbers indicate the experiments, and the letters at the top of the

columns indicate the factors (variables).

temperature for 1 h. After washing three times with
0.05% Tween 20, plates were incubated with mAb
23G11 (hybridoma culture supernatant diluted with
PBS-1%BSA) at room temperature for 1 h. After
incubation, plates were washed three times, then
incubated with a second mAb, goat anti mouse IgG
conjugated with alkaline phosphatase (Sigma) at room
temperature for 1 h. Plates were then washed three
times and incubated with the alkaline phosphatase
substrate: o-phenylenediamine/H,0, (Sigma) for 30
min at room temperature. The results were quantified
using an ELISA plate reader at 405 nm.

Taguchi’s orthogonal design

The Taguchi experiments followed an experimental
layout called the L8 array (Table 1).

We chose the L8 array because it allows inves-
tigation of the effect of four factors and 3 interactions
at once. The levels of the components used in the L8
Taguchi’s orthogonal array are shown in Table 2.

To determine the significance of the effect of each
factor and interaction studied, an ANOVA table was
constructed. The variance of each parameter was
calculated. The F value was used to test the signifi-
cance of the factor. A factor is considered as having a
major effect if the calculated value (F) is higher than

Table 2. Levels assigned to the factors studied in a Taguchi’s
orthogonal array for the optimization of cell growth and mono-
clonal antibody production by a hybridoma cell line.

Level
+ —
A 30 rpm 60 rpm
B NS FCS
C 5% 10%
D Medium 1 Medium 2

the tabulated value (F'), determined from the Fisher-
Snedecor table at the p = 0.05 level.

Results and discussion

In this work, we studied the effect on cell growth and
monoclonal antibody production, by a hybridoma cell
line, of four factors which are: stirring speed (factor
A), nature of serum (factor B), concentration of serum
(factor C) and the nature of medium (factor D).
Furthermore, we investigated the interactions between
the stirring speed/nature of serum, the stirring speed/
concentration of serum and the nature of serum/con-
centration of serum.

As shown in Table 4, for each factor and interaction
studied, we calculated the effect, determined the
variance and calculated the F values which were
compared to the tabulated values retrieved form the
Fisher-Snedecor table (F).

It should be noted that studying 3 factors and 4
interactions using an L8 orthogonal array, does not
leave any degree of freedom to estimate the residual
error (R).

Optimization of cell growth

For experiments 1, 2, 3, 4, 6 and 8, typical batch
growth curves were obtained (Figure 1). We observed
an initial period (up to day 2 or 3) of exponential
growth followed by a sharp decline in viable cell
count. For experiments 5 and 7, we did not observe
any increase of cell density; cells died immediately.

The maximum number of viable cells was obtained
for run 3. Cell density reached 1.8X 10°
cells ml™' (Figure 1a). For these conditions, the spe-
cific growth rate obtained was 0.029 h™' (Table 3).

Assessment of glucose consumption versus cell
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Table 3. Influence of the experimental set up on cell growth and monoclonal antibody production.

Run Maximal viable cell pw(h™h Maximal monoclonal
concentration (10° ml™") antibody level(jg ml™)

1 1.10 0.033 591.74

2 1.20 0.025 1104.62

3 1.80 0.029 724.71

4 1.20 0.036 375.18

5 0.25 0 0

6 1.40 0.036 561.34

7 0.25 0 132.79

8 1.01 0.029 960.25

density indicated that for all the experiments per-
formed, cell growth was not limited by this nutrient as
shown in Figure 1a and b. Cells stopped growing even
though glucose was not exhausted from the medium.
This suggests that the cessation of cell growth could
be due either to a limitation by another nutrient, like
glutamine, or to the accumulation of toxic metabo-
lites, such as lactate or ammonia.

Lactate production curves indicated in Figure Ic
show that the level reached for all the experiments
was lower than the levels reported for several hybrid-
oma cell lines (Sanfeliu et al. 1995; Miller et al.
1988). In our study, the highest lactate levels were
observed in experiments 1 and 6, which corresponded
to the highest specific growth rates.

The statistical analysis of the kinetic parameters
was carried out according to the methods used by
Taguchi.

The calculation of the variance for each factor and
interaction studied shows that the lowest values were
obtained for the following factors: the nature of serum
and the type of medium. This indicates that these
factors did not have a significant effect on cell den-
sity. Thus, they were ignored and their effects were
pooled and considered as a residual error (R). The
calculations based on these observations are presented
in Table 4.

The analysis of the ANOVA table (Table 4) showed
that only factor A (stirring speed), and factor C

(concentration of serum) as well as the interaction
between these two factors (AC) have a significant
effect on the cell growth.

The cell growth was related to the significant
variables using the following linear equation:

Cell density (Cells per ml)=
X+h,x A+h.x C+h,.x AC

Where X is the average cell density obtained in the
eight experiments. h,, h. and h,. stand respectively
for the effects of factors A, C and the interaction
between factors A and C.

Our data show that for optimal cell growth, factor
A (stirring speed) should be set at level + (i.e. 30
rpm) and factor C (serum concentration) at level - (i.e.
10%).

Optimization of production of monoclonal
antibodies

To estimate the yield of the antibody production
throughout the optimization trials, we used a direct
specific ELISA test. For each trial, several dilutions of
the cell culture supernatant, harvested daily, were
tested. The concentration of monoclonal antibody
(mg ml") was deduced from a standard curve con-
structed using purified monoclonal antibody 23G11
with a known concentration.

Table 4. Analysis of the effects of culture components on hybridoma 23G11 cell growth

Factor/Interaction effect Variance Degree of freedom F F’
h, 298750 S3 7.14E+11 1 59.44 185
hy, —38750 S?. 248E+11 1 20.69 185
h,p —136250 S’ 7.26E+11 1 60.44 18.5
he —176250 S;.. 2.14E+11 1 17.86 185
hye 30125082, 1.48E+11 1 12.36 18.5
h, —38750 S& 1.20E+10 2
h 163749.87

BC

h, =% (Y; X level of I)/8, Variance I = 8 X (hl)z. I indicates the factor or the interaction studied. Yj indicates the viable cell density obtained
for the experiment j. The level used for each factor at the corresponding experiment is indicated in Table 1.
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Figure 1. Viable cell density (a), glucose concentration (b) and
lactate concentration (c) during the experiments performed accord-
ing to the L8 Taguchi array.

The levels of monoclonal antibodies obtained in the
eight experiments are presented in Figure 2.
The statistical treatment related to monoclonal

Monoclonal antibodies
level (ug/ml)

Time (days)

—o—Run1 —@—Run2 —Ac—Run 3 —@—Run 4
---0--Run5-..0--Run6 ---A--Run7 ---©-- Run 8

Figure 2. Monoclonal antibody levels throughout the experiments
performed according to the L8 Taguchi array.
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antibody production was performed according to the
method detailed above. The results obtained, shown in
Table 5, indicate that the following factors: stirring
speed, concentration of serum, nature of medium, and
the following interactions stirring speed/nature of
serum and stirring speed/concentration of serum,
have a significant effect on the production of mono-
clonal antibody by the hybridoma cell line used.

These observations strongly suggest that the stir-
ring speed and the concentration of serum used are
critical parameters that affect both cell growth and
monoclonal antibody production, and that synthesis of
monoclonal antibody is more affected by environmen-
tal conditions than by cell growth.

The modelling of the monoclonal antibody pro-
duction according to Taguchi’s methods is given by
the following equation:

Level of monoclonal antibodies=Y+h,xA+
h.xC+h,xD+h,.xAC+h,;xAB

Where Y is the average level of monoclonal antibody
obtained in the 8 experiments. h,, h, h, stand for the
effects of factors A, C and D respectively. h,. and
h,; indicate the interaction between factors A and C,
factors A and B, respectively.

These data show that to optimize monoclonal anti-
body 23G11 production levels, RPMI 1640 enriched
with glucose and glutamine should be used. Stirring
speed and serum concentration should be respectively
set at 30 rpm and 10%.

Other studies claim that production of monoclonal
antibodies by hybridoma cell lines culture is affected
by the operating conditions, such as glucose and
glutamine concentrations, osmolarity and pH (Miller
et al. 1988; Oyaas et al. 1994; Maier et al. 1995;
Sanfeliu et al. 1995). In our study, higher glucose and
glutamine concentrations seemed to enhance mono-
clonal antibody production and not cell density. This
could be explained by the increase of osmolarity,
which stimulates monoclonal antibodies synthesis,
and not cell growth.

For the cell line studied, we observed that the level
of monoclonal antibody 23G11 produced is not asso-
ciated with cell growth (see Figures 1, 2). Such
behavior has been observed with other hybridoma cell
lines in different studies (Miller et al. 1988; Merten
1989).

Conclusion

Using Taguchi’s method, we have identified critical
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Table 5. Analysis of factors and interactions effects on monoclonal antibody production by 23G11 cells.

Factor/Interaction effect Variance Degree of freedom F F’
h, 142.73 S, 162978.78 1 310.92 161
hy 8.09 8%, 159097.89 1 303.52 161
h,, 141.02 S 301150.85 1 574.53 161
he —194.02 S5, 187711.41 1 358.11 161
h,c 153.18 S 44416.11 1 84.79 161
h, —74.54 S}, 159194.06 1 303.70 161
hye —141.06 S. 524.16 1

h, =% (Y; X level of I)/8, Variance I = 8 X (h[)ZI indicates the factor or the interaction studied. Yj indicates the level of monoclonal antibody
obtained for the experiment j. The level used for each factor at the corresponding experiment is indicated in Table 1.

variables and interactions that could be used for
further experimentation aimed at optimizing the pro-
duction of a monoclonal antibody by a hybridoma cell
line in spinner flasks.

Three factors; stirring speed, serum concentration
and the nature of the medium and two interactions;
stirring speed/nature of serum and stirring speed/
concentration of serum were identified as being the
key factors that affect antibody production.

These observations, made at a laboratory scale, can
be used as a basis for optimization of monoclonal
antibody production in other systems and at a larger
scale. This study shows the great value of using the
Taguchi’s methods to easily define the critical param-
eters to be optimized for the production of biologicals
from a continuous cell line in labor and cost effective
ways.

References

Aujame L., Seguin D., Droy C. and Hessler C. 2000. Experimental
design optimisation of filamentous phage transfect mammalian
cells by cationic lipids. Biotechniques 28: 1202—1208.

Burch G.J., Ferguson C.H., Cartwright G. and Kwong F.Y. 1995.
Application of Taguchi experimental design to the optimization
of baculovirus expression system. Biochem. Soc. Trans. 23:
107S.

Cobb B.D. and Clarkson J.M. 1994. A simple procedure for
optimizing the polymerase chain reaction (PCR) using modified
Taguchi methods. Nucleic. Acids Res. 22: 3801-3805.

Dhir S., Morrow K. Jr., Rhinehart R.R. and Wiesner T. 2000.
Dynamic optimization of hybridoma growth in a Fed-Batch
Bioreactor. Biotechnol. Bioeng. 67: 197-205.

Fielder U. and Conrad U. 1995. High-level production and long
term storage of engineered antibodies in transgenic tobacco
seeds. Bio/Technology. 13: 1090-1093.

Goosen M.F.A. 1993. Insect culture engineering: an overview. In:
Goosen M.F.A., Baugulis A. and Faulkner (eds), Insect Cell
Culture Engineering. Marcel Dekker, New York, pp. 1-16.

Han J.J., Yang T.H. and Rhee J.S. 1998. Optimization of reaction

variables for sucrose monoester production using lipase in a
solvent free system by Taguchi’s method. Biotechnol. Tech-
niques 12: 295-299.

Harlow E. and Lane D. 1988. Antibodies: A Laboratory Manual.
Cold Spring Harbor Laboratory, Boston. 274-277.

Jeney C., Dobay O., Lengyel A., Adam E. and Nasz 1. 1999.
Taguchi optimization of ELISA procedures. J. Immunol. Meth-
ods 223: 137-146.

Kurkela R., Fraune E. and Vihko P. 1993. Pilot-scale production of
murine monoclonal antibodies in agitated, ceramic-matrix or
hollow-fiber cell culture systems. Biotechniques 15: 674-683.

Laroche-Traineau J., Clofent-Sanchez G. and Santarelli X. 2000.
Three-step purification of bacterially expressed human single-
chain Fv antibodies for clinical applications. J. Chromatogr. B.
Biomed. Sci. Appl. 14: 107-117.

Maier S.T., Buchhloz R. and Marx U. 1995. Influence of glucose,
glutamine and oxygen on the metabolism of hybridomas and
peripheral blood cells. In: Spier R.E., Griffiths J.B. and Beuvery
E.C. (eds), Animal Cell Technology: Developments Towards the
21" Century. Kluwer Academic Publishers, Dordrecht, pp. 235
239.

Merten O.-W. 1989. Culture of hybridoma — a survey. In: Miller
A.O.A. (ed.), Advanced Research on Animal Cell Technology.
Kluwer Academic Publishers, Dordrecht, pp. 367—400.

Miller W.M., Blanch HW. and Wilke C.R. 1988. A kinetic analysis
of hybridoma growth and metabolism in batch and continuous
suspension culture: effect of nutrient concentration, dilution rate
and pH. Biotechnol. Bioeng. 32: 947-965.

Oyaas K., Ellingsen T.E., Dyrset N. and Levine D.W. 1994. Hy-
perosmotic hybridoma cell cultures: increased monoclonal pro-
duction with addition of glycine betaine. Biotechnol. Bioeng. 42:
601-610.

Sanfeliu A., Cairo J.J., Casas C., Sola C. and Godia F. 1995. The
effect of medium composition on growth and monoclonal anti-
body production of hybridoma cells. In: Spier R.E., Griffiths J.B.
and Beuvery E.C. (eds), Animal Cell Technology: Developments
Towards the 21° Century. Kluwer Academic Publishers, Dor-
drecht, pp. 307-312.

Taguchi G. 1986. Introduction to Quality Engineering. Asian
Productivity Organization. UNIPUB, New York.

Yang J.D., Angelillo Y., Chaudhry M., Goldenberg D.M. and
Glodenberg D.M. 2000. Achievement of high cell density and
high antibody productivity by a controlled-fed perfusion bio-
reactor process. Biotechnol. Bioeng. 69: 74-82.



