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Abstract Hybridoma HB-8696 produces monoclo-
nal antibody (mAb) 520C9 (mouse IgG;), which
recognizes breast cancer oncoprotein c-erbB2. The
objective of this study was to optimize the medium
recipe of HB 8696 cell for production of mAb 520C9.
The optimization consisted of two steps: (1) screening
of significant nutrients to make subsequent experi-
ments more efficient with less runs and (2) locating
their optimal concentrations. 29 variables including
essential and non-essential amino acids, glucose,
serum and 6 salts, namely NaCl, KCI, CaCl,,
NaH,PO,4, MgSO, and Na-pyruvate were chosen in
screening phase. The Plackett—-Burman method was
used to screen the variables influencing mAb produc-
tion. Seven factors namely glucose, serum, asparagine,
threonine, serine, NaCl and NaH,PO, were identified
to have a positive influencing role on mAb production
with a confidence level >90 % (p < 0.1). Finally,
Response surface methodology revealed the optimal
level of the variables. The mAb production and
average specific mAb production rate were enhanced
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by 111.05 and 105 %, respectively, compared to
control medium.
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Introduction

Monoclonal antibodies (mAb) are extensively used in
medical research, therapeutics and diagnostics (Wald-
mann 2003; Jorgensen et al. 2007). They are also used
in the study of cell surface antigens, affinity purifica-
tion of proteins, histocompatibility testing, and radio
immunoassays. The in vitro hybridoma culture
method is a suitable option for producing monoclonal
antibody in the culture supernatant (Marx and Merz
1995; Falkenberg et al. 1995). Hybridoma HB-8696
produces monoclonal antibody 520C9 (mouse IgG,),
which recognizes the breast cancer oncoprotein
c-erbB2 that is expressed in 30 % of breast cancer
cases (Slamon et al. 1989; Slamon et al. 2001; Shi et al.
1991). Monoclonal antibody 520C9 has been exten-
sively employed in developing bispecific antibody
MDX-210 and MDX-H210 to detect c-erbB2 expres-
sion and breast cancer treatment where c-erbB2 is
expressed at high level (Repp et al. 2003; Repp et al.
1995; Press et al. 2005). Recently, mAb 520C9 has
been used in developing trifunctional antibody Ertu-
maxomab that eliminates tumor cell lines expressing
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c-erbB2 at low level. Ertumaxomab thus provides
therapeutic option for beast cancer patients who are
not eligible for Trastuzumab treatment (Jager et al.
2009).

The increased demand for the monoclonal antibody
has led to continuous effort in developing and
improving hybridoma cell culture that entails opti-
mizing the nutrient medium in order to support cell
growth, reduce cell death, and enhance mAb produc-
tion (Kelley 2009; Butler 2005). The amino acids
provided in a medium have been a focus because they
are primary source of nitrogen and thus are involved in
biosynthesis of structural proteins and enzymes. They
can also serve as an energy source. Supplemental
feeding of amino acids has proven effective for
improving cell viability (Duval et al. 1991) and
protecting cells from apoptosis-induced death and
nutrient deprivation (Ducommun et al. 2001). Other
reports indicate their important role in improving cell
growth (Luan et al. 1987) and specific mAb production
rate (Ducommun et al. 2001). In general, a limitation
of extracellular amino acids affects the intracellular
amino acid pool, which consequently influences the
whole metabolic network for cell growth and mAb
production (Seewoster and Lehmann 1995).

Previously several researchers focused on glucose
and glutamine feeding to develop a strategy for
acquiring improved cell performance (Luan et al.
1987; Glacken et al. 1986). In several cases, glutamine
supplementation did not stimulate cell proliferation
(Geaugey et al. 1989) or display a moderate growth
supporting effect (Franek 1995). Therefore, several
researchers carried out total or partial amino acid
supplementation in order to replenish depleted nutri-
ents (Luan et al. 1987; Reuveny et al. 1985; Feder and
Tolbert 1985), but that approach could result in the
inefficient use of expensive nutrients (Glacken et al.
1986). This indicates that amino acid requirements are
cell line specific (McCarty 1962) and in several studies
researchers determined the utilization pattern of amino
acids and accordingly restored the consumed amino
acids (Jo et al. 1990; Duval et al. 1991; Martial-Gros
et al. 2001). But sometimes that approach has proven
to be unsuccessful for boosting cell growth (Duval
et al. 1991) and improving the specific mAb produc-
tion rate (Hiller et al. 1994) because all amino acids
have an individual influence and their coordinated
interplay effects cell growth, longevity, and mAb
production.
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Therefore, in the present study, individual amino
acids responsible in enhancing the final secreted mAb
were first identified in a rational approach for medium
enrichment. Besides glucose is the energy source and
supplementation with glucose supports viable cells in
extended stationary phase (Ljunggren and Haggstrom
1994; Miller et al. 1989). The specific growth rate of
hybridoma cell was found to be controlled by the level of
certain serum components (Dalili and Ollis 1989).
Serum supports cell growth and phosphate salt is
essential in nucleotide formation (deZengotita et al.
2000; Lee et al. 1989; Martens et al. 1992). Besides
several researchers have found that an increase of
medium osmolarity enhances the specific mAb produc-
tion rate, but the final mAb titer was not improved
because cell growth was suppressed by hyperosmolar
stress condition (Oh et al. 1993; Ozturk and Palsson
1991). Considering all the above factors of the nutrients
on cell growth and mAb production, twenty-nine
variables including all essential and non-essential amino
acids, glucose, serum, and six salts (NaCl, KCl, CaCl,,
NaH,PO,, MgSO, and Na-pyruvate) were selected in
the initial screening phase to improve the final mAb
titer. In the first step, the Plackett-Burman method was
used to screen the variables that have a positive
influencing role on mAb production. In the next step,
concentration range near optimum level of the identified
variables were selected by individual batch experi-
ments, beyond that level they have inhibitory effect on
cell growth and mAb production. Finally, using the
Response surface methodology revealed the optimal
levels of the variables that maximize the mAb concen-
tration produced by the hybridoma cell culture.

Materials and methods
Cell line and cell maintenance

The mouse—mouse hybridoma cell line HB 8696 used
in this study secretes [gG; monoclonal antibody which
recognizes the human c-erbB-2 oncoprotein, specifi-
cally expressed in 30 % of human breast cancer cases.
The cell line was procured from ATCC (Designations:
520C9.C3B10T). The basal medium used for cell
maintenance was Hybricare-46X (ATCC). This
was supplemented with 20 % (v/v) heat inactivated
fetal bovine serum (Biological industries), penicillin—
streptomycin (100 IU/ml). The hybridoma cell was
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cultured and maintained at pH 7.2 and temperature
37 °C in a 5 % CO, atmosphere and 95 % relative
humidity of CO, incubator. The cells were grown in
T-flasks and passaged every 48 h using an inoculum
size of approximately 1.2 x 10° cells/ml.

Medium

Hybricare-46X medium (ATCC) was used for control
experiments and additional nutrients were added in the
same medium for other experiments. The composition
of the control medium is given in Table 1. All
additional nutrients, twenty-one amino acids, glucose
and six salts are cell culture grade and procured from
Himedia (Mumbai, India).

Cell culture

Batch cultures were carried out in triplicate in 6-well
plates under the condition already mentioned in meth-
odology. Each well contained 4 ml medium and was
inoculated with an approximate cell density of 1.2x10°/
ml from the same batch. Samples were collected finally.
Cell density was determined and cell free culture
supernatants were stored at —20 °C for mAb analysis.
In control experiments cells were cultured in Hybricare
medium (Table 1) with 20 % fetal bovine serum.

Analysis of samples

Cell density was measured in a Neubauer hemocytom-
eter under phase contrast microscope with Trypan blue
dye-exclusion method. The cell free culture supernatant
was obtained by centrifugation (12,000 rpm for
10 min). Glucose was measured by Glucose kit (Biolab
Diagnostics, Mumbai, India). Lactic acid was measured
by HPLC (Agilent, Santa Clara, CA, USA) using HP-
Aminex-87H column (Biorad, Hercules, CA, USA)
with column temperature at 60 °C and mobile phase of
5 mM sulfuric acid with flow rate of 0.6 ml/min. (Gey
et al. 1990). Ammonia was measured by Nessler’s
reagent (Morrison 1971). Amino acids were determined
by HPLC (Agilent, Santa Clara, CA, USA) with
Novapak C;g column (Waters, Eschborn, Germany),
using gradient mobile phase A (9 mM sodium dihydro-
genphosphate, 4 % dimethylformamide and 0.1-0.2 %
triethylamine (TEA), was titrated to pH 6.55 with
phosphoric acid) and mobile phase B (80 % (v/v)
aqueous acetonitrile) described by Krause et al. (1995).

mAD concentration in supernatant was measured with
an ELISA. Microtiter plates (Nunc, Roskilde, Denmark)
were coated with sheep anti-mouse antibody (Fc
specific, Roche, Mumbai, India) at 25 °C for 30 min.
The wells were washed with 0.9 % (w/v) NaCl
containing 0.1 % (v/v) Tween 20. The plates were
incubated at 25 °C for 30 min with a blocking reagent
(Roche) consisting of a peptide mixture obtained by
proteolysis of gelatin in Tris—HCIl buffer and NaCl.
After washing, samples were incubated at 25 °C for
30 min. After three washings, plates were incubated
with a peroxidase-conjugated anti-mouse x chain anti-
body from sheep (Fab-fragments, Roche). The reaction
was detected with ABTS subatrate and absorbance was
measured using a 405 nm filter. The concentration of
each sample was measured from a calibration curve. The
standard used was mouse-IgG (Roche).

Experimental design

Previously optimization was done by implementing
the variation of one component at a time. This
approach was time consuming and assumed that the
process response was a function of a single parameter
which was varied, not of their interaction. Recently
statistical optimization method was carried out where
interaction of variables in generating the response was
accounted. In this study the optimization consisted of
screening of significant nutrients to make subsequent
experiments more efficient with less runs using the
Plackett—Burman method and locating their optimal
concentrations using response surface methodology.

Screening of important nutrients

The Plackett Burman (Plackett and Burman 1946)
method was adopted to screen the significant variables
for mAb production. Significant factors were screened
from a large number of independent factors (N) in a
(N + 1) no of experiments. Analysis for the Plackett
Burman experiment was carried out as follows:

First, the effect of all variables including dummies
was calculated.

_ 2 Ri(H) = Y Ri(=)

where, E,; is the effect of variable i (g/l); R,; (+) and
R,; (—) represents the response (mAb production pg/
ml) of an assembly in the screening design which
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Table 1 Medium composition of control experiment

Variable name

Concentration (g/1)

Variable name

Concentration (g/1)

Amino acids
Glutamine
Lysine
Arginine
Isoleucine
Leucine
Threonine
Valine
Tyrosine
Glycine
Cysteine
Histidine
Phenylalanine
Serine

Alanine
Asparagine
Aspartic acid
Glutamic acid
Methionine
Proline
Tryptophan
Ornithine
Sugar

Glucose
Inorganic salts
NaCl

CaCl,

KCl1

NaH,PO,
MgSO,4
Na-pyruvate
Na-glucuronate-H,O
Ferric nitrate-9H,0
Na-acetate-3H,O

0.615
0.102
0.064
0.076
0.076
0.064
0.064
0.038
0.027
0.034
0.031
0.047
0.037
0.009
0.010
0.010
0.010
0.022
0.013
0.013
0.001

0.760

4.893

0.153

0.254

0.097

0.076

0.046
0.00012528
0.0000696
0.00348

Vitamins

Vitamin A Alcohol
Vitamin D-2
Menadion
Para-amino-benzoic acid
Ascorbic acid

Vitamin B-12

Biotin

Choline chloride

Folic acid

i-Inositol

Nicotinic acid
Niacinamide
D-calcium pantothenate
Pyridoxal-HCI
Pyridoxine-HCI
Riboflavin
Thiamine-HCI

Alpha-tocopherol phosphate

Others

Insulin zinc bovine
D-glucuronolactone
5-Methylcytosine
Oxalic acid

Phenol red

HEPES

NAD DPN

FAD disodium hydrate
NADP TPN

Uridine 5 triphosphate
2-Deoxycytidine-HCI
2-Deoxyguanosine
2-Deoxyadenosine
Thymidine
Glutathione Reduced
Taurine
Cocarboxylase

Tween 80

Coenzyme A

0.00001744
0.00001744
0.00001744
0.00000872
0.00348
0.000696
0.000001744
0.00287104
0.00278576
0.0050199
0.00000438
0.00278838
0.00278576
0.00278838
0.000004384
0.00028016
0.00000174
0.00000174

0.005568
0.00012528
0.00000696
0.091872
0.011832
1.658568
0.0004872
0.0000696
0.0000696
0.0000696
0.000696
0.000696
0.000696
0.000696
0.000696
0.0002912
0.0000696
0.00087
0.000174

contains the high and low levels of variable i,
respectively (g/1); N is the number of assemblies

(N = 32).
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The standard deviation (SD) of dummies which
serves as the population standard deviation in the

Student’s t test was calculated
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Table 2 Upper and lower level of variables for Plackett
Burman experiments

SI. no Variable name The upper The lower
level level
g () g (=)
1. Glucose 6.0 0.598
2. Glutamine 1.2 0.484
3. Lysine 0.5 0.08
4. Arginine 0.3 0.05
5. Isoleucine 0.3 0.06
6. Leucine 0.3 0.06
7. Threonine 0.3 0.05
8. Valine 0.3 0.05
9. Tyrosine 0.06 0.03
10. Glycine 0.15 0.021
11. Cysteine 0.15 0.027
12. Histidine 0.15 0.024
13. Phenylalanine 0.15 0.037
14. Serine 0.15 0.029
15. Alanine 0.04 0.007
16. Asparagine 0.04 0.008
17. Aspartic acid 0.04 0.008
18. Glutamic acid 0.04 0.008
19. Methionine 0.075 0.017
20. Proline 0.04 0.01
21. Tryptophane 0.05 0.01
22. Ornithine 0.01 0.0005
23. Serum (%) 20 5
24. NaCl 8 3.85
25. CaCl, 0.75 0.12
26. KC1 1.0 0.2
217. NaH,PO, 0.4 0.076
28. MgSO,4 0.3 0.06
29. Na Pyruvate 0.2 0.036

> (Ea)?

n

SD = (2)
where E, is the effect of dummy variables; n is the
number of dummy variables (n = 2).
Then a student’s t test was performed to identify the
significant factors.
Evi
— v 3
D (3)
The larger the absolute value of the t value, the
more significant is the variable. In the current study

1y

of mAb production amino acid requirement by
hybridoma cell was for biosynthesis and as energy
source. Twenty-nine variables including twenty-one
amino acids (essential and non essential), glucose,
serum and six salts: NaCl, KCI, CaCl,, NaH,POy,,
MgSO, and Na-pyruvate were included in screening
phase.

Locating optimum concentration of significant
variables

Response surface methodology (RSM) is a collection
of statistical and mathematical approaches and applied
to locate the optimal level of the important factors. The
interaction of multiple factors is evaluated in minimal
experimental trials by RSM. It is a two-level factorial
design where contour plots are developed by quadratic
effects of the important key factors and a model
equation is developed to fit the experimental data for
calculating the optimal response of the system (Box
et al. 1978). In the current study the Plackett Burman
design was followed by RSM (Myers and Montgom-
ery 1995) where the optimum concentration values of
the variables were determined assuming the interac-
tion effects of the variables. The dependent variable,
mAb production (Y) was assumed to be mainly
affected by the seven significant variables. Using least
squares the regression model was fit to evaluate the
linear interaction and quadratic effects of the vari-
ables. The second order polynomial model was
described as follows:

i=nj=n

Y = fy+ z": Bixi + Z Bixixj+ i: B+
i=1 [

i=1j=1 i=
i#

where, Y: mAb production, x;: i variable, f8, _

regression coefficient (z = i, ii or ij, where i < j) and
¢: residual error. The R? value was used to evaluate
model sufficiency. Response surface plots were
generated to locate the optimum concentration of
the variables. All computations were done using
MATLAB.

Results and discussion

Hybricare-46X medium used in the present study, was
specially designed by ATCC by combining modified
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Fig. 1 Identification of
significant variables for
mAB production by Placket
Burman

DMEM and NCTC 135 with insuline for fastidious
hybridoma cell lines such as HB 8696. ATCC already
designed this medium in such a way that it promotes
the growth of HB 8696. But it is not designed for
optimal mAb production. As Hybricare-46X medium
is growth promoting, it was selected as control
medium in preference to other commercially available
media such as DMEM, RPMI etc. for initial screening

and optimization.

iNa pyruvate P77
MgS®, Pz

i77) Phenylalaning
1 Histidin 222727
Cystine BZZZ7227727,

1
777777 Glycine
77777777777 Tyrdsine
1

(7277 7

Valine 727
Threonine

Leucine ZZZ E
i Isoleucine H

77777777 Aginine
Lysine H
1
1
1

!

e irdiZA Glucose

-8

Phase 1: Screening of important nutrients

by Plackett—-Burman design

Initial screening of important variables was achieved
by minimal trials in Plackett—-Burman design. The high
and low levels of each variable used in Placket-
Burman are shown in Table 2. A design of thirty two
experiments was formulated for twenty-nine variables
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4 P01 5 0

(Table 3) using MATLAB 7.0. Here (+) sign and (—)
sign indicated the upper and lower level of each
variable in the experimental design. Two dummy
variables which were not changing in the design, were
introduced to estimate the population standard devi-
ation. Response was measured in terms of mAb
production and t values of all the variables were
determined and are shown in Fig. 1 where the
confidence interval greater than 90 % (p,; < 0.1)
was accepted. Nine variables namely glucose, aspar-
agine, threonine, serine, alanine, serum, NaCl, CaCl ,,
NaH,PO, were identified for their significant effect in
mAb production. Among them alanine and CaCl, had
a negative effect (negative t value). Therefore the
other seven variables namely asparagine, threonine,
serine, glucose, serum, NaCl and NaH,PO, having
highly positive t values were significant and consid-
ered for further study. Note that glutamine having a
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Fig. 2 Influence of glucose

'

1.E+06

concentration on hybridoma
culture a viable cell density,
b viability, ¢ IgG, d glucose,
e lactic acid and f ammonia.
Serum concentration was
kept at 20 %. Symbols:
Control (0.76 g/l) (filled
circle), 1.4 g/l (filled
square), 2.7 g/l (filled

Viable cell density =
(number/ml)

Viability (%)

triangle), 4.5 g/l (open
circle), 9 g/l (open square),
18 g/l (open triangle)

(D) 20
= 15
2
3
8 10
(&}
3
O 5
0
0 48 9 144
Time (h) Time (h)
(E) 5 (F) 5
g —
E z
o ©
5 o
© e
o g
i3] S
« <
O T T
0 48 96 144 0 48 96 144
Time (h) Time (h)

negative t value was not influencing mAb production.
It is well known that glutamine usually enhances cell
growth and the same phenomenon was also found for
this cell line (data not shown). Though glutamine was
found to be growth stimulatory mAb production was
decreased due to lowering of the specific mAb
production rate. Parampalli et al. (2007) reported
similar preference of other amino acids except gluta-
mine for mAb production. Amino acid requirements
are different for different cell lines. Therefore the
amino acids identified as important in the current study
may or may not be important for other cell lines.
Similar phenomena were also found in Zac3, a murine
hybridoma where antibody production was increased
by addition of serine and threonine (Ducommun et al.

2001). Threonine was also identified as significant for
mAb production by hybridoma 130-8F (Alwis et al.
2007). Asparagine was also found as mAb production
enhancer for the hybridoma cell line 4A2 (Hiller et al.
1994). On the other hand none of these three amino
acids were identified as important for mAb production
in the case of hybridoma cell line ATCC-CRL1606
(Selvarasu et al. 2010).

Phase 2: Locating near the optimum region
In this step, the region near the optimum value of
positive influencing variables was determined. For

that, separate batch cultures were carried out varying
the concentration of selected components to study their
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Fig. 3 Influence of amino (A) 1.60E+08
acid concentration on
hybridoma cell culture. a, ol
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>
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effect on cell growth and mAb production. To under-
stand the sole impact of a single variable, experiments
were performed allowing one variable to vary while
keeping the other variables constant. Batch cultures
were carried out varying glucose concentration from
0.76 to 18 g/l. Growth patterns at higher level of
glucose were almost similar to control (0.76 g/1) up to
24 h except 18 g/l (Fig. 2a). After 24 h cell viability
was maintained for another 4 days by consuming the
remaining glucose (Fig. 2a, b, d). Similar observation
was found by Reuveny et al. (1986) where cell viability
was maintained over prolonged period of time by
glucose feeding because deprivation of glucose can
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Time {(h}

T

o8 144 0 48 g6 144
Time {h)

induce apoptosis accelerating steady decline phase
(Mercille and Massie 1994). In the case of 18 g/l
glucose experiment cell growth was repressed proba-
bly due to the inhibition of the high glucose level. The
lactic acid was produced marginally higher in the case
of higher levels of glucose experiments (lactic acid
15-17 mM) compared to control (lactic acid 13 mM)
(Fig. 2e). In the case of high glucose level (2.7-9 g/1)
though cell viability was extended, the IgG production
was found slightly higher at 4.5 g/l glucose (15.3 pg/
ml) as compared to the control (11.5 pg/ml) (Fig. 2c¢).
Similarly a comparative study was carried out by
growing hybridoma cell in Hybricare-46X medium
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Fig. 4 Influence of serum percentage on hybridoma culture.
Symbols: 0 % (filled circle), 5 % (filled square), 10 % (filled
triangle), 15 % (open circle), 20 % (open square), 30 % (open
triangle)

supplemented with different concentrations of aspar-
agine from 0.01 to 1.5 g/l along with a control
experiment in order to study the effect of asparagine
on cell growth and mAb production. Cell growth was
improved and a final mAb concentration of 15.27 pg/
ml was obtained at 0.75 g/l of asparagine (Fig. 3a, b).
To study the effect of threonine, hybridoma cells were
cultured varying threonine concentration from 0.064 to
2.4 g/1. Exponential growth phase was stimulated in the
presence of threonine but at 2.4 g/l a rapid decline
phase was found (Fig. 3c). The final mAb titer was
increased with increase of threonine up to 1.2 g/l,
compared to control (Fig. 3d). Likewise to study the
effect of serine, hybridoma cells were cultured in the
presence of additional serine supplemented medium.
Cell growth was stimulated in the exponential phase
and a slight prolongation of the cell viability was
observed at higher concentrations of serine (Fig. 3e).

The final mAb titer was improved to 15.8 pg/ml with
serine supplementation at 2.1 g/l (Fig. 3f). Serum was
screened as another influencing factor by the Plackett
Burman method. Separate batch cultures were carried
out varying serum percentage from 0 to 30 %. Cell
growth was affected at a lower serum level (Fig. 4a).
But exponential growth phase was stimulated similarly
with serum supplementation from 10 % onwards and a
sharp decline phase of viable cells was prevented with
the increment of serum percentage (Fig. 4a). The
maximum mAb titer was obtained with 20 % serum
and no further significant increment of mAb was
found with increase of the serum percentage and
that may be due to no further increment of specific
mAb production rate at higher serum levels (Fig.
4b). Separate batch cultures were run varying NaCl
from 4.9 (control) to 9.8 g/l. Cell growth was
decreased at hyperosmolar condition and that may
be due to stressful condition (Fig. 5a). Cell growth
was considerably reduced at 9.8 g/l NaCl may be
due to elevated medium osmolarity of 477 mOsm/I
where the osmolarity of the control medium was
~300 mOsm/l (Osmolarity of the control medium
was taken from the ATCC Hybricare medium data
sheet and the osmolarity of other media was
calculated based on the added NaCl). But the
culture produced slightly enhanced final titer of
13.9 pg/ml at 7.4 g/l NaCl compared to the control
(Fig. 5b). This indicated an apparent increase of
specific mAb production rate at this level of NaCl.
The decrease in cell growth (Oyaas et al. 1989;
Ozturk and Palsson 1991; Zhu et al. 2005; Chua
et al. 1994) and increase in specific mAb production
rate in presence of hypertonic environment were
observed by other researchers (Oh et al. 1995; Lin
et al. 1999; Ryu and Lee 1997). Phosphorous being
an essential part of many cell components like
DNA, RNA, phospholipids was selected as signif-
icant variable in the initial screening. Previously
phosphorous supplementation was found to boost
hybridoma cell growth (deZengotita et al. 2000). In
the current study cell growth was improved with
increase of phosphate up to 1.1 g/l (Fig. 5c) result-
ing in a correspondingly higher mAb concentration
(Fig. 5d). Phosphate addition at 2.7 g/l was found
inhibitory to cell growth and mAb production.
According to the effect of seven variables on cell
growth, mAb production and their respective inhib-
itory levels, their concentration range near optimum
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Fig. 5 Influence of NaCl (A)

(8)

and NaH,PO, concentration
on hybridoma cell culture. a,
b NaCl, symbol: different
concentrations of NaCl,
Control (4.95 g/l) (filled
circle), 7.35 g/l (filled
square), 9.8 g/l (filled
triangle). ¢, d NaH,POy,
symbol: different
concentrations of NaH,POy,,
control (0.097 g/) (filled
circle), 0.28 g/l (filled
square), 0.55 g/l (filled

1.E+06
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triangle), 1.1 g/l (open 0 48
circle), 1.66 g/l (open
square), 2.8 g/l (open
triangle). The serum (C)

concentration was kept at
20 %
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value was selected in RSM experiment to avoid
their inhibition.

Phase 3: Determination of optimum concentration
of important variables by response surface
methodology

Response surface methodology is a stepwise
approach to explore the interactive effect of the
significant variables with the obtained response. The
seven significant variables with high positive t value
were taken into consideration in RSM. Based on
Central composite design (CCD), experiments were
designed in RSM to optimize the variable concen-
tration. In the current work seventy eight experiments
(done in duplicate) along with twenty-two experi-
ments at the central position were carried out. In
terms of coded values the RSM experimental design
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has been shown in Table 4. The corresponding
experimental values of each coded variable are given
in Table 5. The final mAb titer and respective total
cell density are plotted in Fig. 6. The figure eluci-
dated that the IgG production was not only related to
cell growth but also dependent on the quality of the
cell line for high specific mAb production rate. For
example, comparing experiments 14 and 45, both had
almost similar cell growth but very different produc-
tivity due to high specific production rate in exper-
iment 45. The experiment 63 had a comparatively
lower cell growth than that of experiment 45 but had
slightly higher mAb production due to a better
specific production rate at experiment 63. Using all
experimental data a quadratic regression equation
was developed by MATLAB 7.0 in terms of mAb
production. The second order polynomial regression
model is described below:
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Table 4 Experimental design of RSM in coded values of variables

Exp no. Glucose Threonine Asparagine Serine Serum NaCl NaH,PO, mAb production
(ng/ml)
1 -1 -1 -1 -1 -1 -1 1 11.5
2 -1 -1 -1 -1 -1 1 -1 6.8
3 -1 -1 -1 -1 1 -1 -1 11.9
4 -1 -1 -1 -1 1 1 1 7.0
5 -1 -1 -1 1 -1 -1 -1 21.1
6 —1 —1 —1 1 —1 1 1 8.5
7 —1 —1 —1 1 1 —1 1 15.8
8 -1 -1 -1 1 1 1 -1 18.7
9 -1 -1 1 -1 -1 -1 -1 20.4
10 -1 -1 1 -1 -1 1 1 5.7
11 -1 -1 1 -1 1 -1 1 139
12 -1 -1 1 -1 1 1 -1 11.6
13 —1 —1 1 1 —1 —1 1 20.1
14 -1 -1 1 1 -1 1 -1 8.1
15 -1 -1 1 1 1 -1 -1 14.3
16 -1 -1 1 1 1 1 1 13.0
17 -1 1 -1 -1 -1 -1 -1 9.0
18 -1 1 -1 -1 -1 1 1 7.9
19 -1 1 -1 -1 1 -1 1 14.7
20 -1 1 -1 -1 1 1 -1 14.9
21 —1 1 —1 1 —1 —1 1 16.7
22 -1 1 -1 1 -1 1 -1 13.0
23 -1 1 -1 1 1 -1 -1 12.9
24 -1 1 -1 1 1 1 1 16.0
25 -1 1 1 -1 -1 -1 1 6.1
26 -1 1 1 -1 -1 1 -1 9.4
27 -1 1 1 -1 1 -1 -1 13.5
28 —1 1 1 —1 1 1 1 8.3
29 -1 1 1 1 -1 -1 -1 13.7
30 -1 1 1 1 -1 1 1 11.7
31 -1 1 1 1 1 -1 1 16.6
32 -1 1 1 1 1 1 -1 18.4
33 1 -1 -1 -1 -1 -1 -1 17.4
34 1 -1 -1 -1 -1 1 1 15.0
35 1 -1 -1 -1 1 -1 1 17.0
36 1 —1 —1 —1 1 1 —1 18.5
37 1 -1 -1 1 -1 -1 1 16.0
38 1 -1 -1 1 -1 1 -1 11.1
39 1 -1 -1 1 1 -1 -1 17.7
40 1 -1 -1 1 1 1 1 13.0
41 1 -1 1 -1 -1 -1 1 14.3
42 1 -1 1 -1 -1 1 -1 11.1
43 1 —1 1 —1 1 —1 —1 18.1
44 1 -1 1 -1 1 1 1 16.1
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Table 4 continued

Exp no. Glucose Threonine Asparagine Serine Serum NaCl NaH,PO, mAb production
(ng/ml)
45 1 —1 1 1 —1 —1 —1 22.1
46 1 -1 1 1 -1 1 1 15.5
47 1 -1 1 1 1 -1 1 16.8
48 1 -1 1 1 1 1 -1 21.0
49 1 1 -1 -1 -1 -1 1 21.2
50 1 1 -1 -1 -1 1 -1 204
51 1 1 —1 —1 1 —1 —1 21.8
52 1 1 -1 —1 1 1 1 15.8
53 1 1 -1 1 -1 -1 -1 17.4
54 1 1 -1 1 -1 1 1 15.2
55 1 1 -1 1 1 -1 1 20.3
56 1 1 -1 1 1 1 -1 16.5
57 1 1 1 -1 -1 -1 -1 12.6
58 1 1 1 —1 —1 1 1 13.3
59 1 1 1 —1 1 —1 1 15.7
60 1 1 1 —1 1 1 —1 17.7
61 1 1 1 1 -1 -1 1 11.6
62 1 1 1 1 -1 1 -1 16.2
63 1 1 1 1 1 -1 -1 223
64 1 1 1 1 1 1 1 13.2
65 —2.8284 0 0 0 0 0 0 13.1
66 2.8284 0 0 0 0 0 0 11.2
67 0 —2.8284 0 0 0 0 0 12.5
68 0 2.8284 0 0 0 0 0 18.3
69 0 0 —2.8284 0 0 0 0 18.5
70 0 0 2.8284 0 0 0 0 13.9
71 0 0 0 - 0 0 0 15.5
72 0 0 0 2.8284 0 0 0 11.9
73 0 0 0 0 —2.8284 0 0 7.1
74 0 0 0 0 2.8284 0 0 14.6
75 0 0 0 0 0 —2.8284 0 15.7
76 0 0 0 0 0 2.8284 0 12.7
77 0 0 0 0 0 0 —2.8284 14.6
78 0 0 0 0 0 0 2.8284 18.0
79 0 0 0 0 0 0 0 17.6
80 0 0 0 0 0 0 0 18.1
81 0 0 0 0 0 0 0 18.2
82 0 0 0 0 0 0 0 17.7
83 0 0 0 0 0 0 0 18.0
84 0 0 0 0 0 0 0 17.6
85 0 0 0 0 0 0 0 18.0
86 0 0 0 0 0 0 0 18.4
87 0 0 0 0 0 0 0 18.0
88 0 0 0 0 0 0 0 18.2
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Table 4 continued

Exp no. Glucose Threonine Asparagine Serine Serum NaCl NaH,PO, mAb production
(ng/ml)
89 0 0 0 0 0 0 0 18.0
90 0 0 0 0 0 0 0 18.2
91 0 0 0 0 0 0 0 17.7
92 0 0 0 0 0 0 0 18.0
93 0 0 0 0 0 0 0 18.2
94 0 0 0 0 0 0 0 18.1
95 0 0 0 0 0 0 0 17.6
96 0 0 0 0 0 0 0 17.8
97 0 0 0 0 0 0 0 18.0
98 0 0 0 0 0 0 0 18.2
99 0 0 0 0 0 0 0 18.0
100 0 0 0 0 0 0 0 18.1
Table 5 Coded values of six variables in RSM experiments
Code Glucose Threonine Asparagine Serine Serum NaCl NaH,PO,
variable Xy) (&M X2) (&M X3) (gD (X4) (&M (Xs) (%) Xe) (g (X7) (g/)
—2.2884 0.7656 0.0674 0.0098 0.0373 5.000 4.9277 0.0967
-1 2.4575 0.4335 0.2491 0.6717 9.483 6.5672 0.5503
0 3.3828 0.6337 0.3799 1.0186 12.50 7.4638 0.7984
+1 4.3081 0.8339 0.5108 1.3656 15.1517 8.3605 1.0464
+2.2884 6.0000 1.2000 0.7500 2.0000 20.00 10.000 1.5000
R 25
y=—-26.3+4+79x; —22.9x; 4+ 19.6x3
+22.0x4 + Ldxs + 1.4xs + 21.9x7 - T I S
—0.84x7 — 7.7x5 — 12125 — 4.3x; 57 %33 B Jg100, 52,
—0.12x% — 0.57x2 — 3.2:2 1.4x1x =] TTe0 ?I 2er IR s
— 1.9x1x5 — 3241 — 0.006x,%s 2 oo o85S g“g NSRS
+0.4x1x6 — 0.55x,x7 — 28.8xx3 D 10- s T e
— 1.6xx4 + 0.7xx5 + 0.43x2x¢ : 1§ ?g : ; ik
+ 1.6x0x7 + 9.4x3x4 + 0.63x3x5 5 1 ¥
+ 0.29x3x6 — 10.2x3x7 — 0.09x4x5
— 0.34x4x6 + 1.33x4x7 4+ 0.25x5%6 0 ' ' T
0.0E+00 50E+05  1.0E+06  1.5E+06  2.0E+0B

— 0.4X5X7 — 1.4x6x7
R*=0.63

Here j is the mAb production. The R* value is 0.63 and
used to evaluate model sufficiency. The response
surfaces were generated for all possible combinations
of variables by keeping other parameters constant at a
time (Fig. 7). The contour plots were studied and

Total cell density (number/ml)

Fig. 6 Relationship of cell growth and mAb production. Each
data labeled by the number indicates the corresponding RSM
experiments (see Table 4)

optimized concentrations of the seven variables were
located. The optimum values of the variables obtained
in this way are given in Table 6.
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Fig. 7 Response surface
and contour plot of different
variables a threonine and
glucose, b asparagine and
glucose, ¢ serum and
glucose, d serine and
threonine, e NaCl and
glucose and f NaH,PO, and
NaCl

NaCl (gl)

Table 6 Optimum and control medium concentration

"

c\
»
o

glucose (g/l)

Optimum Control
Variables
Glucose (g/1) 4.4 0.72
Threonine (g/1) 0.8 0.063
Asparagine (g/l) 0.16 0.009
Serine (g/1) 0.64 0.035
Serum (%) 14 20
NaCl (g/) 6.6 4.62
NaH,PO, (g/) 0.35 0.09
mAb production
Experimental (pg/ml) 243+1.1 11.5£1.5
Prediction (pg/ml) 22.3 -
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Validation

The mathematical model generated during RSM imple-
mentation was validated by conducting an experiment at
optimal concentrations of the seven variables. The
control experiment was carried out simultaneously
using the inoculum of the same batch. The cell growth
was found almost similar in the exponential phase for
both control and optimum experiment but viable cell
number did not decline so sharply in the optimal
experiment as compared to control. Viability was also
better maintained in the optimum experimental condi-
tion (Fig. 8a). Under optimal condition the mAb
production was increased to 24.3 £ 1.1 pg/ml and it
was enhanced by 111.05 % compared to the control



Cytotechnology (2013) 65:233-252 249
30 5
(A) 1.5E+06Ji 120 (B) Ell
- 1.2E+06 Y§ T 100 R
2= 80 2 = 5
& £ 9.0E+05 e £ 2
TG > o 2
% 0 60 = S [e]
Is] E ] o o o
S 6.0E+05 © (U] =
2E 140 S o o
|
3.0E+05 20
0.0E+00 T -0
0 48 96 144 192 0 48 96 144 192
Time (h) Time (h)
(C) 0.6 (D) o.07 0.8
2 0.06 £
o 5 S
5 £ 005 108 E
s = 0.4 6 = a3
0 = O o " o —=
= = — 0.04
T 0 £F {04 EE
20 o 3 T e 2
a2 c b 0.03 £73
8™ 921 S E 002 §E
3] o : +02 &
4 £ £
2 0.01
0 - 0 - . 0
0 48 96 144 192 0 48 96 144 192
Time (h) Time (h)
(E) o005 07 m %011 08
A 106 ° 3
p 004 - € B 20 +02 & =
== 105 g = 8= =
S =9 2 6.006 - 22
o = 0.03 1 1 a~— £ . £9
0.4 £ oD 0
c E SE o5 1008 © ¢
= c 3 £ = ]
® T 0.02- 103 =5 7T 0004 a E
A= 20 g £ @ S
35 t02=E & {004 <E
] 0.002 i a
0.01 101 @ < &
0 r T 0 0 T T 0
0 48 96 144 192 0 48 96 144 192
Time (h) Time (h)

Fig. 8 Hybridoma cell growth and IgG production at control
and optimal condition. Symbol: Live cell density at control
(filled circle) and optimum condition (filled triangle).Viability
at control (open circle) and optimum condition (open triangle).
IgG production at control (filled diamond) and optimum
condition (filled square). Glucose at control (open diamond)

medium (11.54+1.5 pg/ml) (Fig. 8b). The mAb pro-
duced at optimal condition agreed well with the
predicted value (22.3 pg/ml) (Table 6). The average
specific mAb production rate was almost double at
optimum condition compared to control (Fig. 8c). This
increment of mAb was a combined effect of amino
acids, optimal levels of sugar, serum and NaH,PO, and

and optimum condition (open square). Specific IgG production
rate at control (grey square) and optimum condition (grey
triangle). Threonine at control (open diamond) and optimum
condition (times). Serine at control (grey diamond) and optimum
condition (grey times). Asparagine at control (grey circle) and
optimum condition (grey triangle)

moderate osmolarity stress (Osmolarity of optimum
medium was 390 mOsm/l, determined based on added
component where as in control it was 300 mOsm/1).
Parampalli et al. (2007) statistically optimized medium
formulations that improved antibody production by
50 %. As product titer = viability x total cell x spe-
cific productivity, product titer can be increased by
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increasing of viability, total cell and specific productiv-
ity. Both the viability and specific production rate of the
optimum medium were increased compared to control
medium (HB medium), resulting in the increase of the
total titer (Fig. 8a, c). Earlier it was indicated that more
cells were not responsible for more product or high
specific production rate because there are a number of
medium compositions where the number of cells was
high but product formation was reduced (Fig. 6). So,
only viability may not be the driving force for the
increase of the specific production rate. Instead, the
optimum medium composition itself was responsible
for both the increase of the viability and increase of the
specific production rate.

It has been reported elsewhere that the amino acids
show varying patterns of production or consumption,
depending upon oxygen level, culture mode and cell
type (Ozturk and Palsson 1991). In our study con-
sumption of all three important amino acids, serine,
threonine and asparagine was observed in the batch
culture of the hybridoma (Fig. 8d—f). In the control
medium (HB medium) serine, threonine and aspara-
gine were consumed to 0.013, 0.023 and 0.002 g/l
during batch culture (Fig. 8d—f). So these amino acids
were acting as limiting substrate as their levels were
very low. This was overcome by adding amino acids to
the optimum medium.

In this study some limiting nutrients like glucose and
amino acids as well as NaCl and NaH,PO, have been
supplemented initially in the optimum culture. These
would be added at a later stage when they appeared to
be limiting. But there are already few studies suggest-
ing that early supplementation of hybridoma cultures
with rapidly consumed amino acid prolongs their
survival, whereas late addition does not modify cell
demise (Duval et al. 1991). A profound reduction in the
maximal cell density associated with an accelerated
drop in cell viability was found in the late addition of
amino acid. Also it has been seen in that study that
amino acid supply in a later stage does not increase the
specific production rates. Therefore in the current study
the limiting nutrients and nutrients which maintain
osmotic pressure were added early in the culture.

Conclusion

As mAb 520C9 has potential applications, optimiza-
tion of its production is necessary but optimization
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strategy is not available yet for this antibody. The
purpose of the study was to develop an optimum
medium formulation through statistical analysis to
maximize mAb 520C9 production by the hybridoma
cell HB8696. The methodology by combining the
Plackett—-Burman design, finding near optimum solu-
tion and response surface methodology were effective
in screening significant variables and optimizing their
concentration. The initial screening procedure by the
Plackett Burman method was able to identify the three
positively influencing amino acids, namely, aspara-
gine, threonine and serine out of twenty-one amino
acids. Four other nutrients, serum, NaCl, glucose and
NaH,PO, were also found important in the initial
screening phase. The next step exhibited effect of
individual nutrients on cell growth and mAb produc-
tion along with near optimum level. A significantly
higher mAb titer was obtained under optimum
medium formulation. The mAb produced at optimal
condition is 24.3 £ 1.1 pg/ml whereas mAb was
11.5 £ 1.5 pg/ml for the control condition. The
average specific mAb production rate has been
enhanced by 105 % compared to control medium.
The applied strategy in the current study is systematic,
and simple to screen the important nutrient, exhibited
positive effect of the key nutrients and determined
their optimum concentration.
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