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Abstract

ocker bag bioreactors have been used
successfully in cultivating cells because
they provide good nutrient distribution
and cell suspension while eliminating
the need to validate cleaning and sterilization.
Therefore, this study examined the long-term per-
formance of a 50L single-use bag bioreactor on a
rocking platform in CB.Hep-1 monoclonal antibody
(mAb) production. For such a purpose, the biore-
actor was operated in a continuous mode with a
mixture of serum-free media (SFM) for 62 days, and
with protein-free medium (PFM) for another 62 days.

Stationary phase culture results with SFM were:
cell concentration of 1.57 £0.2 x10° cells mL",
specific growth rate of (u)=0.0202, cell viability of
91.1 £6.4%, mAb concentration of 44.6 + 11.1 ug mL",
cell-specific secretion of 28.8 £8.1 pg cell”, and mAb
yield of 42.4+4.0 mg L. After SFM was replaced
by PFM, there were statistically different results
(p<0.05) in a cell concentration of 2.56 +0.2 x 10°®
cells mL™", cell viability of 97.0+1.1%, mAb con-
centration of 90.1+28.2 ug mL", and mAb yield of
76.6 +10.6 mg L. However, the cell-specific secre-
tion of 38.0 £ 6.0 pg cell™ was statistically similar, but
only with the first batch run with SFM.

Average purification recovery from the SFM and
PFM supernatants was 74.6 £7.9% and 70.9+ 11.2 %,
respectively. The recovery and biochemical prop-
erties of the CB.Hep-1 mAb cultured with either
media composition were similar to those found with
CB.Hep-1 mAb produced by ascites. Regardless of
whether SFM or PFM is used, it can be concluded
that the 50L single-use bag bioreactor on a rocker
platform was suitable for long-term CB.Hep-1 pro-
duction and can result in a 36 g yield in 125 days.

Introduction

In 1984, Kohler and Milstein received the Nobel Prize in
Medicine for their original work on monoclonal antibody
(mAb) generation. One of the most significant points of
this discovery was the development of an immortalized
cellline to generate a continuous source of antibodies with
high antigen specificity.'" Initially, mAbs were only used
as laboratory reagents, but they were quickly accepted
as diagnostic reagents, and finally as therapeutic agents.
Since their discovery, an endless number of mAbs have
been generated all over the world, and today are the most
studied, applied, and marketed molecules.[?3!In 1985, the
first commercial mAb, Orthoclone® OKT3 (developed by
Ortho Pharmaceuticals), was approved to prevent trans-
planted kidney rejection.™

One year later in 1986, the CB.Hep-1 mAb, which is
specific for the hepatitis B surface antigen (HBsAg), was
developed for large-scale antigen immunopurification
of human vaccinations by the Monoclonal Antibody
Division of the Cuban Center for Genetic Engineering
and Biotechnology (CIGB).™! Since this time, the antibody
has been used to help eradicate the hepatitis B disease in
Cuba, plus serve in an international immunization program,
which is considered an extraordinary contribution by the
Cuban Institute of Biotechnology and Medicine.t6”!

Even so, the application of this mAb for large-scale
production wasn’t possible because of the lack of large bio-
reactors at CIGB. Appropriate bioreactor designs weren't
readily available and there was an insufficient supply of
good cell culture media. Furthermore, mammalian cell
metabolism wasn’t well understood by our group, we had
little to no experience with mAb production in vitro, and
our yields were very low (<50 ug/L). Because of the very
high capital investment that would have been required to
scale up, we could not justify building a production facility.

In subsequent years, several approaches have been used
to produce CB.Hep-1 mAb such as ascites, hollow fiber
bioreactors, antibody fragments produced in bacteria, and
more recently, transgenic plants.’ 9
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In spite of the reduction in hepatitis B vaccine prices
worldwide, remarkable advances in mammalian cell cul-
ture technologies have made it possible for our Center
to develop large-scale production capabilities for the
CB.Hep-1 mAb. Also, since there are ethical concerns about
the use of animal-derived raw materials for production, and
the use of transgenic plants hasn’t gained full acceptance,
we have moved toward an ever-increasing use of dispos-
able bioreactors.

Single-use bag bioreactors have become widely
accepted for cell culture in both process development
and clinical manufacturing. Their basic advantages over
traditional stainless steel bioreactors, which are still con-

sidered the industry gold standard, are they can be used in
an unclassified manufacturing area, the process validation
and equipment qualifications are much easier, and they
offer design flexibility, low investment costs, and a lower
risk of cross-contamination.

Despite our initial plans to move forward with CB.Hep-1
mAb process scale-up in disposable, stirred-tank bioreac-
tors, we investigated the long-term performance of a 50 L
bag rocker platform. We chose to produce the CB.Hep-1
mADb using serum-free media (SFM) and protein-free media
(PFM). Additionally, this study included a biochemical char-
acterization of the purified CB.Hep-1 mAb against that of
the mAb produced in ascites.

Materials and Methods

CB.Hep-1 Hybridoma Source

The Sp2/0-Ag14 derived hybridoma, CRL-1581™ (ATCC®),
for CB.Hep-1 was obtained using a BALB/c mouse sub-
cutaneously immunized with the HBsAg that had been
emulsified in complete and Freund'’s incomplete (SAFC)
adjuvants. Cells were cultivated in 1L spinner flasks start-
ing with 3x 10° cells mL" and using RPMI-1640 (Gibco® by
Thermo Fisher) media supplemented with 8% fetal bovine
serum (FBS) (Gibco), 2 mM L-glutamine, T mM sodium
pyruvate, and 177 mM sodium bicarbonate. The cells were
maintained at 37 °Cin a 5% CO, atmosphere, and the media
was replaced every 48 hours until the cells reached the
highest cell density.?!

Cell Counting and Viability

Cell counting and viability were measured by the trypan
blue exclusion method using a hemocytometer as a count-
ing chamber."” The microscope used was a Leica model
090131001.

@ODDMKO’T

FIGURE 1. 50 L Appliflex single-use bioreactor used
to produce CB.Hep-1 hybridoma cell supernatant.

Cell Adaptation

To start the adaptation procedure, the cell line was first
maintained in T-75 cm? flasks (Corning® Costar®) in a CO,
incubator at 37°C under an atmosphere of 95% air and
5% CO.,. Following this, the cell culture medium adapta-
tion was carried out in spinner flasks by diluting the cell
suspension 1:4 through the addition of SFM every two
days. The SFM used was MyeloCIM and CP-CHO (Merck
Millipore). After 15 days of sequential adaptation, the cells
were considered adapted to SFM and were transferred to
a single-use bioreactor. The cell concentration used for all
stages of scale-up was 3 x 10° cells mL™.

Ascites Production

BALB/c mice at 24+ 1 g of weight were used for ascites
production. The animals were maintained at 22 +2°C and
65-80% relative humidity with a low level of ammonia.
Ten days before cell inoculation, the animals were primed
with 0.5 mL mineral oil into the abdominal cavity. Ascites
cells were harvested by abdominal
paracentesis under aseptic conditions
inside a sterile hood. After harvesting
was complete, ascites was centrifuged
at 2000 xg to remove cells from the
liquid phase.

CB.Hep-1 mAb
Supernatant Production

The 50L Appliflex single-use bag
bioreactor (Applikon® Biotechnology)
(Figure 1) was inoculated from spinner
flasks at 0.3 x 10% CB.Hep-1 hybrid-
oma cells mL™" using a mixture of SFM
CP-CHO and MyeloCIM SFM media
(v/v). The cells were harvested from
the spinner flasks during the expo-
nential growth phase with a 96.0%
viability and a specific secretion rate
equal to 40.8 pg immunoglobulin G
(IgG) cell'. The bioreactor operating
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parameters are described in Table 1 where the maximum replace-
ment volume of fresh media/reactor working volume/day (v/v/d)
was 0.5. After 62 days of cultivation, the SFM mixture was replaced
with PFM (PFHM-II, Gibco) to determine if the maximum viable cell
concentration could be increased.

CB.Hep-1 mAb Purification from Ascites
The ascites was harvested, filtered, and purified with protein A

TABLE 1. Operating parameters for the

main 50 L Appliflex single-use bioreactor.

Sepharose® Fast Flow (PASFF, GE Healthcare Life Sciences) affinity
chromatography."We used 150 mM PBS at pH 8.0 as the adsorption
buffer, and 100 mM citric acid at pH 3.0 as the elution buffer. The
column was an XK50/30 (GE Healthcare Life Sciences) which was
run at 100 cm h'. Extensive washings with 150 mM PBS at pH 8.0
were done to remove endotoxins and other protein contaminants.
Subsequently, the purified mAb was incubated in 100 mM citric acid
at pH 3.0 and 4°Cas avirus inactivation step. Afterward, the sample
buffer was changed to 20 mM Tris/150 mM NaCl at pH 7.6 and used
with size-exclusion chromatography (SEC), Sephadex G-25 (coarse)
(GE Healthcare Life Sciences) in an XK50/30 column, operated at
130 cm h™. The recovered material was finally filtered under sterile
conditions with a 0.22 um membrane filter.

CB.Hep-1 mAb Purification from Cell Culture Supernatant

Cell culture supernatant was continuously harvested and cen-
trifuged (model SCR7BA, Hitachi) at 1500 xg for ten minutes. Then
it was filtered with a 0.22 um filter and concentrated with a 30 kDa
SARTOFLOW?® Alpha cartridge (Sartorius Stedim Biotech). It was
then purified by PASFF affinity chromatography using 150 mM PBS
at pH 8.0 as an adsorption buffer and 100 mM citric acid at pH 3.0
as the elution buffer. An XK50/30 column was operated at 100
cm h'. Extensive washings with 150 mM PBS at pH 8.0 were done to
remove other contaminants. Next, the purified mAb was incubated
in 100 mM citric acid at pH 3.0 and 4 °C as a virus inactivation step.
Afterward, the sample buffer was changed to 20 mM Tris/150 mM
NaCl at pH 7.6 with SEC using Sephadex G-25 (coarse) in an XK50/30
column operated at 130 cm h™' and the resulting material was filtered
under sterile conditions with a 0.22 um membrane filter.

Colorimetric Assay for Protein Quantification

Protein quantification was performed using the procedure
described by Lowry et al.,"? and the calibration curve ranged from
10-100 pg mL™". Absorbance was measured at 730 nm in an Ultrospec
UV/visible spectrophotometer (GE Healthcare Life Sciences).

Enzyme-Linked Immunosorbent Assay (ELISA)
Used for CB.Hep-1 mAb Quantification

MaxiSorp® microtiter plates (Nunc/Thermo Scientific) were coated
with 100 ug mL" of rec-HBsAg in carbonate/bicarbonate buffer at
pH 9.6. After incubation, the plates were washed. Standard and
control samples were diluted in 150 mM PBS, 0.2% bovine serum
albumin, and 0.005% Tween 20. The plates were incubated again
for 20 minutes at 50°C. Then the wells were washed five times and
incubated for 20 minutes at 50°C with 100 uL well? of a goat anti-
mouse polyclonal antibody preparation and horseradish peroxidase
conjugate. The plates were given a final wash and the reaction
was revealed with o-phenylenediamine (OPD) as the substrate with

Operating Parameters Values

Agitation rate 10-15rpm

Acceleration 100%

Deceleration 100%

Platform angle 13°

Air supply 100L min”

O, supply 50-400L min™

CO, supply 0.1-0.2mL min™

pH range 6.7-7.2 pH

Temperature value 37°C

Total volume 50L

Maximum filling level 20L

Seeding cell density 0.3 %106 cells mL"

Initial filling level 12L

Serum-free cell culture media* Run 1, days 1-33
Run 2, days 34-46
Run 3, days 47-62

Protein-free cell culture media** | Run 4, days 63-125

*A mixture of MyeloCIM and CP-CHO; **PFHM-II

0.015% H,0, and a citrate buffer at pH 5.0. The
reaction was stopped by adding 50 mL of 2M
H,SO,, and the results were measured immedi-
ately at 492 nm with a Multiskan ELISA Reader
(Thermo Scientific/Labsystems).l"3!

ELISA Used to Determine CB.Hep-1
mAb Affinity Constant (K )

The affinity constant was determined with the
method described by Beatty et al.l'*! Microtiter
plates were coated with the rec-HBsAg and then
incubated with CB.Hep-1 mAb. The plates were
sequentially incubated with the goat anti-mouse
IgG and horseradish peroxidase conjugate, and
the reaction was revealed using OPD as the sub-
strate with 0.015% H,0, in citrate buffer at pH 5.0.
The reaction was stopped by adding 50 mL of
2 M H,SO,. The amount of antibody adherent
to the antigen on the plates was reflected by
the enzyme product measured with an optical
density at 492 nm using a Multiskan ELISA reader.

SDS-PAGE and SEC-HPLC Performed to
Determine CB.Hep-1 mAb Purity and
Molecular Homogeneity

The identity pattern and purity of the
CB.Hep-1 mAb and rec-HBsAg were determined
following the procedure described by Laemm]i!**!
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Molecular distribution and purity of the mAb were also esti-
mated by using a SEC-HPLC column with TSKgel G3000PW
(600 mm/57.5 mm ID, TosoHaas). The chromatographic
mobile phase was 150 mM PBS at pH 7.0, and 100 ug of
sample was dissolved in 150 mM PBS at pH 7.0 and then
directly applied into the system. The volumetric flow
rate was 200 uL min™ and the absorbance was measured
at 226 nm.

CB.Hep-1 mAb Western Blot Analysis

Samples were transferred by a semi-dry electrophoretic
transfer onto a nitrocellulose membrane and immunoblot-
ted. The membrane was blocked with skim milk powder
at 5% (w/v) and 0.05% (w/v) diaminobenzidine. Then
0.015% (v/v) H,0, in a saline solution was used as the color
substrate. CB.Hep-1 mAb was detected using the goat
anti-mouse IgG and horseradish peroxidase conjugate.*®

CB.Hep-1 mAb Isoelectrofocusing

A high-resolution electrophoretic technique was used to
separate proteins and peptides based on their isoelectric
points. We used a linear pH gradient ranging from 5.0-7.0
with PhastGel™ IEF (GE Healthcare), and a homogeneous
polyacrylamide gel (5% T, 3% Q).

CB.Hep-1 mAb Isotyping

The CB.Hep-1 mAb isotype was determined with a
mouse mAb isotyping commercial kit (Hycult® Biotech) by
following the manufacturer’s recommendations.

ELISA to Quantify Staphylococcal Protein

To quantify the staphylococcal protein A, polystyrene
plates (Costar, Corning) were coated with anti-protein A
polyclonal antibodies. After sample addition, the goat
anti-mouse IgG and horseradish peroxidase conjugate was
applied, and the reaction was then revealed with perox-
idase substrate solution. The absorbance was measured
with a Multiskan ELISA reader using a 492 nm filter.l'”!

Dot-Blot to Quantify Mouse DNA
The mouse DNA content in the purified CB.Hep-1 mAb
samples was determined according to the method reported

by Brown."® The oligonucleotides used as probes were
5-GAAAAACGTG-3"and 5'-GATCCTCATTTTTCACGTTTTT-3".

Mathematical Analysis
The specific growth rate (p) was calculated as:

Xv + [DXvdt = ufXvdt

where Xv is the concentration of viable cells. The CB.Hep-1
mAb secretion was expressed as pg of CB.Hep-1 mAb
per cell. This amount was estimated by calculating the
ratio of antibody concentration to cell concentration.
Statgraphics® Plus v. 5.0 (Statpoint Technologies) and Excel
2003 software (Microsoft) programs were used as tools for
statistical analysis. An analysis of variance (ANOVA) and a
Duncan multiple range test were performed to compare
mathematical results, and the statistical significance level
used was consistently 0.005.

Results and Discussion

Mice have been used extensively for antibody-rich
ascites production after intraperitoneal inoculation of
hybridoma cells."! And even though it is a useful tech-
nique, it has been criticized as a cruel and unnecessary
use of animals.? In addition, antibodies produced by the
ascites method might potentially be contaminated by
adventitious murine viruses, endogenous murine immu-
noglobulins, other antigenic compounds, mouse nucleic
acids, and residual peritoneum priming substances. Any
one of these contaminants poses additional difficulties in
mADb purification.

As is well known, hybridomas are non-anchorage
dependent cells which can be grown in suspension cell
culture. So, the question becomes whether one specific
hybridoma can be grown in culture at a high enough
density for a sufficient period, and secrete enough mAb
to replace the ascites method. Several successful tech-
niques have been used to produce mAb in cell culture!?,
and among them, single-use bag bioreactors on rocker
platforms are one of the techniques known for their
overall simplicity in producing cells to inoculate larger
bioreactors.[?? In specific terms, the movement of a bag
bioreactor’s rocking platform facilitates mixing and con-
tinuous renovation of the culture medium surface, which

allows a bubble-free surface aeration, vigorous cell growth,
and efficient product formation.

The first bag (Wave®) bioreactors were developed
by Singh et al.'”®' They reported the successful scale-up
of a number of processes to 100 L. Since then, several
authors have also reported the extensive use of rocker
bag bioreactors for different purposes.'?? Therefore, with
the initial idea of moving forward with CB.Hep-1 mAb pro-
duction scale-up in disposable, stirred-tank bioreactors, we
first wanted to assess the long-term performance ofa 50 L
Appliflex single-use bioreactor. Our goal was to produce
material we could characterize as a potential immunoli-
gand for immunopurification of a biologic for human use.
This data will be published in an upcoming paper.

Currently, the huge majority of protein experiments
and productions using in vitro procedures are carried
out in unsupplemented media. Several commercial SFM
and PFM of good quality are now available from different
suppliersi2%#251 and more than one of these formulations
may be used in a single manufacturing process, with each
one designed for a specific culture phase. With regard to
CB.Hep-1 mAb production, previous experiments with
CB.Hep-1 hybridoma cells showed that SFM were always
more efficient than PFM.® 9 This is why the SFM media
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was chosen for the cell adaptation
and initial cultivation of CB.Hep-1
hybridoma cells in the 50 L Appliflex
single-use bioreactor. With this
approach, the adaptation period
was relatively short (just 15 days)
because the cells showed the max-
imum specific growth rate (u) and
cell density in only ten days.

To assess the long-term produc-
tion potential of CB.Hep-1 mAb in
the 50 L bioreactor (Figure 1), cells
were seeded at 3x10° cells mL" in
a culture volume of 12L. The bag
control parameters were: O, supply
of 50 mL min™, CO, supply of 0.2L
min, air supply of 1L min?, pH of
7.0, temperature of 37°C, rocker
angle of 13°, acceleration of 100,
deceleration of 100, and agitation
rate of 10 rpm (Table 1). These con-
ditions were maintained during the
experiment. CB.Hep-1 hybridoma
cells were cultivated from the SFM
for the first 62 days, with the media
equivalent of three batches and two
suppliers, and finally in PFM. Under
these conditions, the bag bio-
reactor was successfully operated
in a continuous mode for 125 days
without evidence of cell clogging or
contamination.

It is well known that in vitro cell
culture techniques are an increas-
ingly good alternative to using live
animals in experimentation. To
take it a step further, developing
cell culture processes that perform
well without the need for animal-
derived components, such as

3.5E+06 - - 120

3.0E+06 - 100

2.5E+06

80
2.0E+06 -

1.5E+06 -
40

(=)}
=]
Cell viability (%)

1.0E+06 -

5.0E+05 ! 20

Viable Cell Concentration (cell mL?)

0.0E+00 1

Time (days)

=8=Xv (Cell/mL) —d—Cell Viability (%)

FIGURE 2. Viable cell concentration (Xv) and viability measured in the CB.Hep-1
mADb culture in a 50L Appliflex single-use bioreactor using SFM and PFM for 125 days.

serum, is an even better option. Today, in many cases, SFM and PFM can be easily
and effectively utilized, which is why we chose them for this study.

Additional benefits in using SFM for cell culture are that SFM usually does not
contain albumin, steroids, and endogenous bovine immunoglobulins. The avail-
ability of SFM is a remarkable advance that simplifies the mAb purification process
when compared to mAb purification for CB.Hep-1 mAb in serum-supplemented
media.?®! In general, the composition of this type of media contains only some
trace elements, intermediary metabolites, mineral compounds (mainly zinc), and
a very low amount of defined proteins such as insulin and transferrin.2”!

As shown in Figure 2, the CB.Hep-1 hybridoma cells grew rapidly after they were
inoculated into a bag bioreactor containing SFM. The relatively fast cell growth
in SFM (u=0.0202) resulted in a maximum cell concentration of 1.57 +0.2 x 108
cells mL™" and a cell viability of 91.1+£6.4% in two weeks. The sudden reduction
observed in the cell concentration and cell viability at day 5 (68.9 %) was provoked
by problems with CO, supply and not the adaptation of cells to the new culture
technology from spinner flasks.

Most importantly, the change experienced in the cell concentration for
days 16-52 coincided with the change of SFM (0.91 x 108 cells mL™" to 1.02 x 10°
cells mL"); however differences in the pH values among medium batches were not
reflected. This observation is essential for parenteral products because changes
in the cell culture media (glucose, lactate, ammonia, and additives), and culture
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FIGURE 3. IgG concentration and IgG-specific secretion measured in the CB.Hep-1
mAb culture in a 50L Appliflex single-use bioreactor using SFM and PFM for 125 days.

conditions (dissolved O, and CO,, and culture osmolality) may influence not only
the yield but also antibody glycosylation. These factors can affect the activity of
monosaccharide transferases and/or sugar transport to the golgi apparatus, which
is the major glycosylation site in mammalian cell proteins. Although the integrity
of protein backbones is usually unchanged across different culture conditions, this
is most important for CB.Hep-1 mAb production because this antibody is used
forimmunopurification of a biologic?®, and the immobilization of the mAb does
not involve carbohydrates.?%:3%

During the SFM cultivation time, mAb production resulted in a concentration
of 44.6+11.1 ug mL" and 28.8+8.1 pg cell™ as cell-specific secretion. The har-
vested IgG yield ranged from 38.1£0.8 to 49.2+4.9mg/L of supernatants and
44 mg/L/day as average volumetric antibody productivity. As a consequence, the
total mAb production was 18.6g in 432 L of cell culture after 62 days (Figure 3).
The designed purification process (Figure 4) efficiency of the CB.Hep-1 was
expressed as mAb recovery, and purity was evidenced with an average recovery
of 74.6 £7.9% (Figure 5) and 98.7 £ 0.5% of purity with SDS under reducing con-
ditions (Figures 6 and 7, on the
following page). Therefore, the
process designed for the purifi-

cation of CB.Hep-1 mAb in SFM :zzggi

supernatant increased the purity

from 90.3% to 98.5%. This purity 33000 7

level of the supernatant sam- 30000 -

ples would not be reached using 25000 -
20000 -

serum-supplemented media. The
content of mouse DNA was lower
than 3.9 pg mg™ mAb, while the
protein A leakage never exceeded
the specification limit of 10 ppm 0
(4.4 £ 2.3 ppm). Characterization

15000 -
10000 -
5000 -

Cumulative IgG Amount (mg)

FIGURE 4. General flowchart of
CB.Hep-1 mAb purification from
cell culture supernatant.

of the mAb-purified molecules
demonstrated a mAb affinity con-
stant of 2.1 x10°M for an IgGapk,

Time (days)

® Cumulative Harvested IgG Amount (mg)
=0~ Cumulative Purified IgG Amount (mg)

FIGURE 5. Cumulative harvested and purified IgG amount obtained from cell
culture in a 50L Appliflex single-use bioreactor using SFM and PFM for 125 days.
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FIGURE 6. Purity analysis results of CB.Hep-1 mAb produced in a 50 L Appliflex bioreactor using SFM and PFM media.

(A) SDS-PAGE—Lane 1: CB.Hep-1 mAb used as control (ascites); Lane 2: CB.Hep-1 mAb purified from PFM supernatant (99.9% purity); Lane 3: CB.Hep-1
mAb purified from SFM supernatant (98.5% purity); Lane 4: supernatant from SFM culture (90.3% purity); and Lane 5: molecular weight marker.
(B) Western blot of the SDS-PAGE—Lane 1: CB.Hep-1 mAb used as control (ascites); Lane 2: CB.Hep-1 mAb purified from PFM supernatant;
Lane 3: CB.Hep-1 mAb purified from SFM supernatant; Lane 4: supernatant from SFM culture; and Lane 5: molecular weight marker. (C) Isotyping
of the CB.Hep-1 mAb purified from SFM. (D) Mouse DNA content in CB.Hep-1 mAb preparations—Lanes 1-9: mouse DNA standard curve
(1ng-3.9pg); Lane 10: bovine serum albumin (negative control); Lane 11: mouse IgG (negative control); Lanes 12 and 13: CB.Hep-1 mAb purified
from SFM supernatant; and Lanes 14 and 15: CB.Hep-1 mAb purified from SFM supernatant. (E) Isotyping of the CB.Hep-1 mAb purified from PFM.

2000 3

1800
1600 —

1400 — |

E 1200 -3 |
& 3
1000 - I
2 3 I
2 s A
- Y
g8 ™7 \ d
£00 — o o iy o
| AN
3 J e )
400
200 \ T
0 __J ~ al
T ] T | T | T | T | T | T 1 A l T | T | T | T | T | T | T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Retention Time (mim)

FIGURE 7. SEC-HPLC chromatograms of purified CB.Hep-1 mAb produced in a 50L Appliflex bioreactor.

(A) ascites (control); (B) CB.Hep-1 purified from SFM culture (1-33 days); (C) CB.Hep-1 purified
from SFM culture (34-62 days); and (D) CB.Hep-1 purified from PFM culture (63-125 days).
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and an isoelectric pH ranging from 6.7-7.1, with
8isoforms (Table 2). These results were consistent
with those reported previously.’3"

Subsequent to this evaluation in SFM, the media
was replaced by PFM (PFHM-II) after 62 days. We
did this to have more control in media preparation
and reduce the chances of introducing adventi-
tious agents. The SFM was supplemented with
amino acids like tyrosine, cysteine, and hydroxil-
proline that could be derived from animal-sourced
materials including human hairs, avian feathers,
bovine collagen, and bovine or porcine gelatin.
Additionally, the use of PFM is a step forward in
the simplicity of the purification process design
because this type of medium does not contain
polypeptides.i?s! This aspect is important for mAbs
that are not used as parenteral drugs, which have
relatively high costs but low prices.

In this part of the study, results showed
the ability of the PFM to increase maximum
cell concentration, cell viability, mAb concen-
tration, and mAb yield up to 2.56 +£0.2 x 10°
cells mL?, 97.0+1.1%, 90.1 +28.1 ug mL", and
76.6 +10.6 mg L™, respectively (Figures 2 and 3).
Concerning the specific growth rate (p), this
parameter remained constant between these
two types of media: 0.0202 with SFM and 0.0192
with PFM. It should be noted that, as a conse-
quence of the increase in cell concentration and
CB.Hep-1 mAb concentration, the cell-specific
secretion was statistically similar (38.0+6.0 pg
cell) to the values obtained in the first batch of
the SFM mixture (28.8 £8.1 pg cell™) (p=0.00001,
a=0.05). Further experiments must be done to
explain differences in the SFM product batches
and suppliers. Therefore, the use of PFM increased
the harvested mAb amount 1.4-fold, which could
be explained by the fact the PFM is usually bet-
ter designed, or optimized, for the mammalian
cell metabolism than SFM.12:331 By contrast, other
authors have reported that only the cell-specific
secretion increased by using PFM.134

Concerning CB.Hep-1 mAb purification and
characterization, results revealed no substantial
differences in mAb recovery between superna-
tants SFM (74.6 + 7.9%) and PFM (70.9 +11.2%)
(p=0.6320, a=0.05) (Figure 5). A similar phe-
nomenon was observed in the measurement
of CB.Hep-1 mAb SDS-purity with values of
98.0+1.0% (PFM) and 98.7 +£0.5% (SFM) under
reducing conditions, and 93.7+£0.5% (PFM) and
93.3+0.5% (SFM) under non-reducing conditions
(p=0.3739 and p=0.5586, a=0.05) (Table 2).
Additionally, results showed similarity in the IgG
immunoblotting profile where all bands are from
mouse IgG origin, subtype (IgGapk), and with an

TABLE 2. Results of the CB.Hep-1 mAb production

in a 50L Appliflex single-use bioreactor.

Operating Parameters Values
Main operating mode Continuous
Total run time 125 days
Maximum media replacement (SFM and PFM) 0.5v/v/d

Maximum cell density (SFM, days 1-33)

1.53+0.1 x10° cells mL"

Maximum cell density (SFM, days 34-46)

1.63+0.1 x10° cells mL™

Maximum cell density (SFM, days 47-62)

1.56+0.2 x 10° cells mL™*

Maximum cell density (PFM, days 63-125)

2.56+0.2x10° cells mL"

Average cell viability (SFM, days 1-33)

84.7+5.9%

Average cell viability (SFM, days 34-46) 94.3+2.7%
Average cell viability (SFM, days 47-62) 96.3+1.3%
Average cell viability (PFM, days 63-125) 97.0+1.1%

Average mAb concentration (SFM, days 1-33)

52.84+11.0 pg mL™*

Average mAb concentration (SFM, days 34-46)

48.3+11.1 ug mL"!

Average mAb concentration (SFM, days 47-62)

33.8+3.5pug mL”?

Average mAb concentration (PFM, days 63-125)

72.2+23.8ug mL"

Average specific secretion (SFM, days 1-33)

37.4+6.5 pg cells™”

Average specific secretion (SFM, days 34-46)

29.7+£7.2 pg cells™

Average specific secretion (SFM, days 47-62)

23.4+4.8 pg cells™

Average specific secretion (PFM, days 63-125)

34.9+6.2 pg cells”

Consumed media volume 1034.5L
Consumed media rate 8.27L day”’
Purification process recovery (SFM) 74.6+£7.9%

Purification process recovery (PFM)

70.9£11.2%

SDS-PAGE purity (reducing conditions, SFM) 98.7+0.5%
SDS-PAGE purity (non-reducing conditions, SFM) | 93.7+0.5%
SDS-PAGE purity (reducing conditions, PFM) 98.0+1.0%
SDS-PAGE purity (non-reducing conditions, PFM) | 93.3+£0.5%

Western-blot pattern (SFM)

All bands from IgG origin

Western-blot pattern (PFM)

All bands from IgG origin

SEC-HPLC purity (SFM)

93.1+£2.4%

SEC-HPLC purity (PFM)

99.4+0.4%

SEC-HPLC residence time (SFM)

16.0£0.0 minutes

SEC-HPLC residence time (PFM)

16.2+0.04 minutes

Isotype (SFM) subclass 1gG,, 8 isoforms
Isotype (PFM) subclass 1gG,,, 6 isoforms
Isoelectric (SFM, pH 6.7 theoretic) 6.7-7.1 pH
Isoelectric (PFM, pH 6.7 theoretic) 6.7-7.1 pH
Affinity constant (SFM) 2.1x10°M
Affinity constant (PFM) 1.5%10°M
Mouse DNA content (SFM) <3.9 pgmg’
Mouse DNA content (PFM) <3.9pgmg’
Staphylococcal protein A content (SFM) 4.4+2.3 ppm
Staphylococcal protein A content (PFM) 5.7+2.4 ppm
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affinity constant of Ky =2.1 x 10°°M (SFM) and 1.51 x 10°M
(PFM) (Figure 6, Table 2). Baker et al.®* reported that the
use of PFM could provoke a considerable improvement in
the mAb preparation homogeneity. However, we found
that there were no differences in the homogeneity pro-
file of CB.Hep-1 mAb measured by SEC-HPLC (Figure 7)
when profiles of CB.Hep-1 mAb purified from PFM were
compared with profiles obtained from mAb samples puri-
fied from ascites and SFM. In summary, all profiles were

characterized by a major fraction (monomers + dimers)
at 16.2 +0.04 minutes of retention time and a small frac-
tion was very small at 23.5 £0.02 minutes (undefined). The
purity of this small fraction never exceeded 1% in PFM,
while in SFM, it reached 8% (p=0.0129). Mouse DNA and
protein A (p=0.5586) quantifications were equal to values
of antibody purified from supernatants of SFM (Table 2).
Therefore in purification terms, the use of PFM was not
more advantageous than the use of SFM.

Conclusions

Regardless of whether SFM (CP-CHO/MyeloCIM)
or PFM (PFHM-11) was used in this study, it can be con-
cluded that the Appliflex 50L single-use bag bioreactor
and rocker platform was suitable for producing 36 g of
CB.Hep-1 mAb in 125 days of culture time. Statistical
differences in cell concentration and cell viability were

estimated when PFM replaced the SFM mixture. The aver-
age purification recovery was not affected by the cell
culture media composition, and the biochemical prop-
erties of the CB.Hep-1 mAb produced in this single-use
rocker bioreactor were similar to those of the antibody
obtained from ascitic fluid.
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