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ABSTRACT

A cell of a cell line adapted to a protein-free and lipid-free
medium, which is derived from CHO cells, can be stably used
for production of recombinant proteins and can proliferate in
a suspended state in a protein-free and lipid-free medium
containing no exogenous growth factors. A method for adapt-
ing CHO cells by using a protein-free and lipid-free medium
and a medium used for the method.
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CELL LINE ADAPTED TO A PROTEIN-FREE
AND LIPID-FREE MEDIUM, A METHOD FOR
PRODUCING THE CELL LINE, AND A
MEDIUM FOR THE CELL LINE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This claims priority of Japanese Patent Application
No. 2013-164836, filed on Aug. 8, 2013, the disclosure of
which is incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to a novel cultured cell
line adapted to a medium substantially free of proteins or
lipids, a method for producing the cell line, a medium for
culturing the cell line, and a use of the cell line for producing
a recombinant protein.

BACKGROUND ART

[0003] The share of biopharmaceuticals has been rapidly
increasing in a medicinal market. Among biopharmaceuti-
cals, remarkably increasing have been recombinant protein
formulations such as enzymes, hormones, antibodies, growth
factors, and blood coagulation factors. For stable supplies of
these pharmaceuticals, establishment of a system for produc-
ing a recombinant protein, which is safe, low-cost and effi-
cient, is desired.

[0004] Recombinant proteins have been conventionally
expressed using Escherichia etc. because of the productivity
and efficiency. However, the expression systems of E. coli
have problems that it is difficult to reproduce the conforma-
tion of a protein and that a post-translational modification
such as glycosylation modification cannot be achieved. Thus,
many of those recombinant protein formulations each com-
prising a cytokine, an enzyme, an antibody drug, or the like,
which involves its conformation or the post-translational
modification for its activity, are produced using Chinese
Hamster Ovary (CHO) cells.

[0005] The expression systems using CHO cells also
involve problems. Until recent years, a serum or a biological
material derived from a heterologous animal has been used
for culturing CHO cells. However, the use of the serum or the
biological material derived from the heterologous animal
causes problems about safety such as a risk of infection of a
virus originated from an animal and an allergy due to a het-
erologous animal antigen. Further, a problem concerning sta-
bility, such as a lot-to-lot variability, is also caused by using
biological materials. Therefore, chemically defined media
(synthetic media) have been developed, in which media com-
ponents produced by chemical syntheses or recombinant
techniques are used instead of biological materials such as a
serum (Non-patent Literature 1: Sunstrom, et al., 2000).
However, those components produced by chemical syntheses
or recombinant techniques, especially growth factors, are
expensive and unstable. Thus, it is desirable for industrial
production to conduct culture without adding such substances
or growth factors.

[0006] An adapted culture method, in which cells are
gradually adapted to an environment which is free of materi-
als derived from biologics or growth factors, is an approach to
eliminate those factors from CHO cell culture. It has been
reported for a long time that cells have an ability to adapt to an
environment and can be adapted to an environment with only
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minimum essential nutrients by spending time on adaptation
(Non-patent Literature 2: Kagawa, et al., 1969; Non-patent
Literature 3: Kagawa, et al., 1970). In a protein expression
system, when a protein of interest is expressed by transfecting
the CHO cells with a vector carrying cDNA of the protein, a
drug resistant gene is used in the transfection in order to select
cells carrying the gene of interest. If any transfection is car-
ried out in addition to transfection for introducing the gene for
the protein of interest, a selection method comes to be limited.
Thus, it is desirable not to carry out additional transfection. In
the adapted culture method, it is unnecessary to perform an
additional manipulation for gene modification such as gene
introduction, because cells themselves are being adapted to
the environment. In this meaning, the adapted culture method
has a high flexibility in terms of introduction of the gene of
interest. However, the adapted culture method is time-con-
suming and labor-intensive, and has a low success rate. Thus,
this method has not been tried in order to obtain adapted cells
derived from the CHO cells having high productivity.
[0007] Further, the CHO cells also involve other problems.
The CHO cells are inherently adherent cells and therefore
they are not suitable for tank culture by using, e.g., a biore-
actor, which is used in large-scale productions of materials for
industrial use. Adherent cells require a large cell-adhering
surface area because they propagate while adhering to a ves-
sel wall. To ensure such large adhering area, a high-density
culture apparatus of a layered or hollow fiber type, or an
adherent carrier such as a micro-carrier, is used, which causes
problems such as complication of the culture apparatus and
increase in production costs. Furthermore, to suspend the
cells, a carrier or a flotation agent such as a surfactant may be
used. Such carrier increases the costs for production. On the
other hand, surfactants are cytotoxic and often exert toxicity
to cells. Further, those surfactants must be removed as impu-
rities upon purification of the product, and may also inhibit
the purification. Therefore, it has been desired to suspend the
CHO cells without using such flotation agents.

PRIOR-ART LITERATURES

Non-Patent Literatures

[0008] [Non-patent Literature 1] Sunstrom N A, Gay R D,
Wong D C, Kitchen N A, DeBoer L, Gray P P. Insulin-Like
Growth Factor-1 and Transferrin Mediate Growth and Sur-
vival of Chinese Hamster Ovary Cells. Biotechnol Prog.,
2000; 16: 698-702.

[0009] [Non-patent Literature 2] Kagawa Y, Takaoka T,
Katsuta H. Mitochondria of mouse fibroblasts, 1.-929, cul-
tured in a lipid- and protein-free chemically defined
medium. J. Biochem., 1969; 65: 799-808.

[0010] [Non-patent Literature 3] Kagawa Y, Takaoka T,
Katsuta H. Absence of essential fatty acids in mammalian
cell strains cultured in lipid- and protein-free chemically
defined synthetic media. J. Biochem., 1970; 68: 133-6.

SUMMARY OF INVENTION

Problem to be Solved by Invention

[0011] The present invention has been attained in view of
the above circumstances, and aims to provide a CHO-derived
cell line which is free of safety concerns, can be stably used
for production of recombinant proteins, can proliferate in a
suspended state, and can be cultured at low costs. In other
words, the invention aims to provide a CHO cell line adapted
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to a protein-free and lipid-free medium, which cell line highly
proliferates independent of materials derived from biologics
or expensive and unstable factors. The present invention fur-
ther aims to provide a method for adapting CHO cells by
using a protein-free and lipid-free medium, a medium to be
used for the method, and so on.

Means for Solving Problems

[0012] The present inventor has successfully established a
CHO cell line that has adapted to a protein-free and lipid-free
medium, which is free of proteinaceous biological materials
or growth factors, lipids, or the like, by using an adapted
culture method. Accordingly, the present invention provides
followings:
[1] A cell of a cell line derived from Chinese Hamster Ovary
(CHO) cells, the cell line being adapted to a protein-free and
lipid-free medium, characterized in that the cell can prolifer-
ate in a suspended state in a protein-free and lipid-free
medium comprising no exogenous growth factors;
[2] The cell as described in said item [ 1], wherein the cell line
has been deposited under Accession number NITE P-01641;
[3] A protein-free and lipid-free medium for culturing cells of
an established cell line derived from CHO cells, the cell line
being adapted to a protein-free and lipid-free medium, char-
acterized by comprising putrescine, thymidine, hypoxan-
thine, and monoethanolamine, in a DMEM medium modified
s0 as to contain glucose in an amount of 3 to 5 times of the
usual amount, and by comprising no exogenous growth fac-
tors;

[4] The protein-free and lipid-free medium as described in

saiditem [3], which comprises 2000 to 5000 mg/L. of glucose,

0.001 to 2 mg/L of putrescine, 0.01 to 1 mg/L. of thymidine,

0.1 to 10 mg/LL of hypoxanthine, and 0.1 to 5 mg/I. of mono-

ethanolamine;

[5] The protein-free and lipid-free medium as described in

said item [3] or [4], which further comprises 1 to 20 mg/L of

insulin;

[6] A composition for producing the medium as described in

any one of said items [3] to [5], which comprises, in addition

to the composition of the DMEM medium, components of:

[0013] 2000 to 5000 mg/L. of glucose, 0.001 to 2 mg/L. of

putrescine, 0.01 to 1 mg/L. of thymidine, 0.1 to 10 mg/LL of

hypoxanthine, and 0.1 to 5 mg/[. of monoethanolamine,
wherein the concentrations of the components are expressed
in the final concentrations of the medium when used;

[7] A method for preparing the adapted cell line as described

in said item [ 1], comprising a step of subculturing CHO cells

in the medium described in any one of said items [3] to [5];

[8] The method of said item [7], comprising the step of sub-

culturing CHO cells in the medium as described in any one of

said items [3] to [5], following a step of culturing the CHO
cells in a medium comprising a protein and/or a lipid, or
comprising an additive that contains them;

[0014] [9] The method as described in said item [8],
wherein the step of culturing the CHO cells in a medium
comprising a protein and/or a lipid, or comprising an addi-
tive that contains them, is carried out while gradually low-
ering the content(s) of the protein and/or the lipid, or the
content of the additive that contains them; and

[10] The method for preparing the adapted cell line described

in any one of said items [7] to [9], comprising a step of

culturing CHO cells in the medium described in any one of
said items [3] to [5], followed by the step of culturing the

CHO cells in a medium comprising a protein and/or a lipid, or
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comprising an additive that contains them, and which is fur-
ther followed by the step of culturing the CHO cells again in
the medium described in any one of said items [3] to [5].

Effects of Invention

[0015] The present invention provides a CHO cell line
adapted to a protein-free and lipid-free medium, which can
proliferate in a suspended state independent of materials
derived from biologics or expensive and unstable factors. The
cell line adapted to a protein-free and lipid-free medium
according to the present invention can be cultured in a sus-
pended state by using a common culture apparatus for float-
ing cells, e.g., one for spin culture or another one for high-
density culture of a bioreactor type, without use of a flotation
agent such as a surfactant. Further, it has been demonstrated
that the suspended form of cells is not due to a deficiency of
their extracellular matrix (ECMs) or is not due to irreversible
morphological change associated with genetic mutation.
Therefore, the adapted cell line of the present invention has
morphology which enables a large-scale production by a tank
culture. Further, the present cell line is a stable one without
any mutation and is a safe and stable cell line desirable for
production systems for biopharmaceuticals.

[0016] The cells of the adapted cell line of the present
invention show a proliferative property that depends on epi-
dermal growth factor (EGF), which is produced by the cells
themselves, i.e., by an autocrine action, but not on the addi-
tion of exogenous growth factors. By inducing a lipid raft
formation in a cell membrane by supplying insulin and/or
GM3 ganglioside to a medium, the cells of the adapted cell
line of the present invention show a proliferative property that
is the same or more than the proliferative property of the
original CHO cells.

[0017] Also, the cells of the adapted cell line of the present
invention show a production efficiency of a recombinant pro-
tein, which is more excellent than that of the original CHO
cells. Therefore, by using the adapted cell line of the present
invention, it is possible to produce a desired recombinant
protein efficiently, thereby the productivities of biopharma-
ceuticals can be increased. By using the adapted cell line of
the present invention, biopharmaceuticals can be produced in
a safer, less expensive, and more stable manner.

[0018] The process for producing the adapted cells of the
present invention does not require any special apparatus, and
it enables production of the adapted cells that can be cultured
in a suspended state with a high reproducibility. Further, the
medium of the present invention is advantageous because it is
substantially free of proteins or lipids, inexpensive, stably
available at low cost, and free of unnecessary materials that
are obstacles in the purification of a recombinant protein.

BRIEF DESCRIPTION OF DRAWINGS

[0019] FIG. 1 is a diagram illustrating a protocol of the
method for preparing the adapted cell line of the present
invention. Panels A and B show methods for preparing a cell
line adapted to a DMEM medium and another cell line
adapted to an NPL medium, respectively.

[0020] FIG. 2 is an inverted phase-contrast microphoto-
graph (100 magnifications) that shows cellular morphology
of the cells adapted to a protein-free and lipid-free medium
according to the present invention. Panel A: NPLAd CHO
cells; Panel B: DMAd CHO cells; and Panel C: Original
CHO-K1 cell line.
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[0021] FIG. 3 is an inverted phase-contrast microphoto-
graph (40 magnifications) which shows influences of ECMs
to the cellular morphology of the cells adapted to a protein-
free and lipid-free medium according to the present invention
(NPLAd CHO cells). Panel A: No treatment plate; Panel B:
fibronectin-coated plate; Panel C: Type 1 collagen-coated
plate; and Panel D: albumin-coated plate.

[0022] FIG. 4 is an inverted phase-contrast microphoto-
graph (40 magnifications) which shows influences of the
addition of a serum to the cellular morphology of the cells
adapted to a protein-free and lipid-free medium according to
the present invention. Panel A: DMAd CHO cells; Panel B:
Reverse-adapted DMAd CHO cells (the third passage); Panel
C: Reverse-adapted DMAd CHO cells (the twentieth pas-
sage); Panel D: NPLLAd CHO cells; Panel E: Reverse-adapted
NPLAd CHO cells (the second passage); Panel F: Reverse-
adapted NPLAd CHO cells (the ninth passage); and Panel G:
Original CHO cells.

[0023] FIG. 5 is a figure that shows reversion of the cell
growth rates by a reverse-adapting culture method. -O-:
Original CHO cells; -x-: DMAd CHO cells; and -@-:
Reverse-adapted DMAd CHO cells (the twenty-fifth pas-
sage). The numerical values are shown as an average (of three
wells for each group) +SD.

[0024] FIG. 6 is a figure that shows influences of an anti-
EGF neutralizing antibody on the proliferation of the NPLLAd
CHO cells and the induction of cell proliferation by insulin.
-@-: insulin was added; -O-: insulin and an anti-EGF neu-
tralizing antibody (5 mg/ml.) were added. The numerical
values are shown as an average (of three wells for each group)
*=SD.

[0025] FIG. 7 is a figure that shows a comparison of cell
proliferations between insulin-added NPLAd CHO cells and
the original CHO cells. [J: Original CHO cells; and l: insu-
lin-added (10 mg/L.) NPLAd CHO cells. The numerical val-
ues are shown as an average (of three wells for each group)
*=SD.

[0026] FIG. 8 is a schematic representation that shows the
EGF/EGFR autocrine loop and inhibition of cell proliferation
by an anti-EGF antibody.

[0027] FIG. 9 is a schematic representation that shows the
structure of cell membrane and lipid rafts.

[0028] FIG. 10 is an inverted phase-contrast microphoto-
graph (40 magnifications) which shows influences of the
addition of ganglioside GM3 to the cellular morphologies.
Panel A: 0 ng/mIl, GM3; Panel B: 250 ng/ml. GM3; Panel C:
1,250 ng/mL. GM3; and Panel D: 2,500 ng/m[. GM3.

[0029] FIG. 11 is a figure that shows influences of the
amount of added ganglioside GM3 on cell proliferation. The
numerical values are shown as an average (of three wells for
each group) £SD.

[0030] FIG. 12 is a figure that shows a comparison of cell
proliferations between NPLAd CHO cells that have been
cultured in an insulin- and GM3-added NPL medium, and the
original CHO cells that have been cultured in a serum-added
medium. -O-: NPLAd CHO cells that have been cultured in
an insulin- and GM3-added NPL medium; and -@-: original
CHO cells that have been cultured in a serum-added medium.
The numerical values are shown as an average (of three wells
for each group) £SD.

[0031] FIG.13is aschematic representationofa concept of
induction of lipid raft formation by the addition of GM3.
[0032] FIG. 14 is a schematic representation that shows a
flow of an experiment for comparing productivities of a
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recombinant protein by a transient assay of the original CHO
cells and of cells of an adapted cell line.

[0033] FIG. 15 is a vector map of NanoL.uc reporter vector
pNL1.3.CMV.
[0034] FIG. 16 is a figure that shows a comparison among

specific activities of luciferase of the DMAd CHO cells, the
GM3-added NPLAd CHO cells, and the NPLLAd CHO cells
with no added GM3, based on the luciferase activity of the
original CHO cells. -A-: DMAd CHO cells; -O-: NPLAd
CHO cells with no added GM3; and -@-: GM3-added
NPLAd CHO cells. The numerical values are shown as an
average (of specific activities of luciferase of three experi-
ments for each experiment group) £SD.

[0035] FIG. 17 is a figure that shows a comparison among
estimated values of the luciferase activities per cell of the
GM3-added NPLAd CHO cells, the NPLAd CHO cells with
no added GM3, the DMAd CHO cells, and the original CHO
cells. -@-: GM3-added NPLAd CHO cells; -O-: NPLAd
CHO cells with no added GM3; -A-: DMAd CHO cells; and
-x -: the original CHO cells. The numerical values are the total
luminescence of each cell group determined in FIG. 16
divided by the number of cells in the cell group with time,
wherein the number of cells are determined by culturing the
cells in the same medium under the same culturing condi-
tions, and are shown as an average +SD.

DETAILED DESCRIPTION OF THE INVENTION

[0036] As used in the present description and claims, the
following terms have meanings as respectively defined below.
An “established cell line” is defined as a cell line that has been
confirmed to present no change in the growth rate or cellular
morphology for three or more passages when the cells are
plated at the same cell density upon passage. A “protein-free
and lipid-free medium” means a medium that is substantially
free of proteins or lipids, namely, a medium to which com-
position one or both of a protein and a lipid, or an additive
comprising one or both of them (for example, a serum or a
tissue extract) is not intentionally added. In this case, it may
be allowed the presence of a small amount of a protein or a
lipid, which is introduced into the medium as an impurity or
a contaminant of an added component. A “growth factor”
means a cytokine having a molecular weight of more than 8
kD, which promotes proliferation of a specified cell.
Examples of the growth factors include epidermal growth
factor (EGF), insulin like growth factor (IGF), transforming
growth factor (TGF), nerve growth factor (NGF), brain-de-
rived neurotrophic factor (BDNF), vesicular endothelial
growth factor (VEGF), granulocyte-colony stimulating factor
(G-CSF), granulocyte-macrophage-colony stimulating factor
(GM-CSF), platelet-derived growth factor (PDGF), erythro-
poietin (EPO), thrombopoietin (TPO), basic fibroblast
growth factor (bFGF, or FGF2), and hepatocyte growth factor
(HGF).

[0037] The “DMEM medium (Dulbecco’s modified
Eagle’s medium)” is a synthetic medium for mammal cells
having a composition that has been obtained by Dulbecco
(Dulbecco, Virology 1959 July; 8(3): 396-7) by modifying
the Eagle’s minimum essential medium (Eagle, Science 1959
Aug. 21; 130(3373): 432-7). The DMEM medium may con-
tain components such as HEPES, phenol red, pyruvic acid
and the like in varied amounts, as long as it is based on the
Dulbecco’s composition. However, DMEM media, to which
aprotein or a lipid has been added, are not included within the
scope of the present invention.
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1. A Protein-Free and Lipid-Free Medium

[0038] The protein-free and lipid-free medium according to
the present invention has been obtained by modifying the
DMEM medium. The original CHO cells have been continu-
ously cultured for a long period of time in DMEM medium
supplemented with serum. Therefore, the original CHO cells
have been adapted to the composition of the DMEM medium.
Thus, the DMEM medium was selected as the base medium
in expectation that the CHO cells would readily be adapted to
a modified DMEM medium.

[0039] The protein-free and lipid-free medium (hereafter,
this may be called as an NPL. medium) of the present inven-
tion was designed by using the DMEM medium as a base in
order to improve the proliferation and the like of the cells.
Decreased nutrient components caused by not adding a
serum, especially decreased nonessential components, are
compensated by syntheses of them through metabolism.
However, the cell growth rate may decrease because of, e.g.,
the time lag until the completion of the syntheses of those
components. Therefore, the composition of the NPL medium
has been formulated by adding to the DMEM composition the
following components that are not contained in the DMEM
medium:

(1) Nonessential Amino Acids

[0040] 1 to 100 mg/L, preferably 1 to 50 mg/L., and most
preferably 10 mg/L of alanine; 5 to 100 mg/L, preferably 20
to 80 mg/L, and most preferably 50 mg/L of asparagine; 5 to
100 mg/L, preferably 5 to 50 mg/L., and most preferably 25
mg/L, of asparagine acid; 5 to 100 mg/L, preferably 5 to 50
mg/L, and most preferably 20 mg/L. of cysteine; 1 to 250
mg/L, preferably 100 to 250 mg/L., and most preferably 200
mg/L, of glutamic acid; 1 to 100 mg/L, preferably 40 to 100
mg/L, and most preferably 70 mg/LL of phenylalanine; and 10
to 100 mg/L, preferably 50 to 100 mg/L, and most preferably
100 mg/L of proline;
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(2) Inorganic Salts

[0041] 0.1 to 10 mg/L, preferably 0.5 to 5 mg/L., and most
preferably 2 mg/L of zinc sulfate heptahydrate; 0.001 to 0.01
mg/L, preferably 0.001 to 0.008 mg/L, and most preferably
0.004 mg/L. of sodium selenite; and 0.0001 to 0.005 mg/L,
preferably 0.0001 to 0.003 mg/L., and most preferably 0.002
mg/L of copper (II) sulfate pentahydrate;

(3) Vitamins

[0042] 0.001 to 1 mg/L, preferably 0.005 to 0.5 mg/L, and
most preferably 0.01 mg/IL of biotin; and 0.01 to 2 mg/L,
preferably 0.01 to 1 mg/L, and most preferably 0.1 mg/L. of
vitamin B12;

(4) Precursors of Nucleic Acids

[0043] 0.01 to 1 mg/L, preferably 0.05 to 0.8 mg/L, and
most preferably 0.7 mg/L. of thymidine; and 0.1 to 10 mg/L,,
preferably 0.5 to 7 mg/L, and most preferably 4 mg/l. of
hypoxanthine;

(5) Others

[0044] 0.0001 to 2 mg/L, preferably 0.001 to 1 mg/L, and
most preferably 0.2 mg/IL of putrescine; and 0.1 to 5 mg/L,,
preferably 0.5 to 3 mg/L, and most preferably 1.5 mg/L. of
monoethanolamine.

[0045] Further, the amount of glucose is increased to 2000
to 5000 mg/L, i.e., 2 to 5 times of the usual amount in the
DMEM medium.

[0046] To the NPL medium a low-molecular compound
may be added as long as it is not a protein or a lipid. The
medium is adjusted so that the final osmic pressure during use
comes to be within the range of 200 to 400 mOsml/kg, pref-
erably 250 to 350 mOsml/kg.

[0047] Further, to the NPL medium according to the
present invention, 1 to 20 mg/LL (preferably 1 to 15 mg/L) of
insulin and/or 0.1 to 10 mg/L. (preferably 1 to 5 mg/L) of
ganglioside GM3 (1-O-[4-O-(3-O-a-neuraminosyl-p-D-ga-
lactopyranosyl) p-D-gluco pyranosyl|ceramide):

Chemical formula 1
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[0048] By adding one or both ofthem, the growth rate ofthe
cells is increased, or the term for adaptation can be shortened.
[0049] The NPL medium according to the present invention
can be prepared as a dry composition or a concentrate com-
prising a part or entire set of the above constituents. By
dissolving the dry composition or by diluting the concentrate
before use, an aqueous solution comprising a composition of
the NPL medium according to the present invention can be
obtained. By using the dry composition or the concentrate,
the NPL medium according to the present invention can be
readily prepared just before its use.

2. A Method for Establishing an Adapted CHO Cell Line

[0050] As the original CHO cells, commercially available
cells can be used. CHO cells that have been usually main-
tained in a medium supplemented with serum are passaged
while gradually decreasing the serum concentration, and are
adapted until they finally come to stably proliferate in a
serum- and growth factor-free medium. As the medium that is
used in the adaptation process, a standard medium such as the
DMEM medium can be used. However, to attain a stable
proliferation property in a serum-free medium, it is preferable
to use the NPL medium according to the present invention.
Further, an NPL medium supplemented with insulin and/or
GM3 is preferred because the cells can be adapted in a shorter
period of time by using the medium.

[0051] The adapted cell line thus established has acquired
such ability that the cells stably proliferate in a suspended
state in a static culture. Therefore, the cells of the adapted cell
line of the present invention can be readily cultured in a
suspended state in large quantity in a spinner or a tank without
using a carrier or an agent for suspension.

[0052] The adapted CHO cell line that had been established
by using the NPL medium was deposited in the National
Institute of Technology and Evaluation Patent Microorgan-
isms Depository (NPMD), Kamatari 2-5-8, Kazusa, Kisa-
razu, Chiba, Japan, on Jun. 28, 2013, as Identification refer-
ence “NPLAd001,” and Accession number of NITE P-01641
was assigned.

3. A Process for Producing a Recombinant Protein

[0053] The cell line adapted to a protein-free and lipid-free
medium according to the present invention can be used for the
production of a recombinant protein by transfecting the cell
with a gene that encodes a desirable protein. The method for
producing a vector that carries the gene to be transfected and
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the method for transfection are not specifically restricted as
long as those methods can be applied for the CHO cells.
Methods that are used in this technical field can be used. The
cells of the cell line adapted to a protein-free and lipid-free
medium according to the present invention can be cultured in
a suspended state in large quantity. Further, the cells of the
present invention have a protein-productivity that is several
times higher than that of the original CHO cells. Therefore,
when the cells of the present invention are used, sufficient
yields can be secured even by the transient method. In the
production of a recombinant protein, any protein-free and
lipid-free media such as DMEM and NPL can be used. How-
ever, by culturing cells in a medium supplemented with GM3
and/or insulin before transfection and conducting the trans-
fection in another medium comprising no GM3, the recom-
binant protein can be efficiently produced.

[0054] Therecombinant protein produced can be recovered
and purified from the cells according to the present invention
or the medium by using any methods that are used in this
technical field depending on the feature of the protein.

Examples

1. Establishment of a CHO Cell Line Adapted to a
Protein-Free and Lipid-Free Medium by a Method
for Adaption to a Medium

[0055] By using a method for adaption to a medium, two
types of CHO cell lines were established as follows.

(1) Cells

[0056] The original CHO-K1 cells that were used in the
method for adaption to a medium were purchased from the
European Collection of Cell Cultures (ECACC). These cells
were maintained in a Dulbecco’s Modified Eagle’s MEM
(DMEM) medium (Kyokuto Pharmaceutical Industry)
supplemented with 10% fetal bovine serum (FBS).

(2) Media

[0057] To apply the method for adaption to a medium to the
original CHO cells, the DMEM medium (Kyokuto Pharma-
ceutical Industry) and an NPL. medium, which are shown in
Table 1, were used.

[0058] FEach medium was prepared by dissolving pre-
scribed constituents in distilled water to obtain the predeter-
mined final concentrations of the constituents, followed by
sterilization by filtration.

TABLE 1
(Unit: mg/L)

component DMEM NPL component DMEM  NPL
NacCl 6,400 6,400 L-Leucine 105 105
KcCl 400 400 L-Lysine*HCI 146 146
CaCl, (anhyd.) 200 200 L-Methionine 30 30
MgSO, (anhyd.) 98 98 L-Phenylalanine 66
NaH,PO, (anhyd.) 109 109 L-Proline 100
Fe(NO;);*9H,0 0.1 0.2 L-Serine 42 42
ZnS0,*7H,0 2.0 L-Threonine 95 95
Na,SeO; 0.0043 L-Tryptophan 16 16
CuSO,*5H,0 0.002  L-Tyrosine*HCl 72 72
HEPES 4,000 L-Valine 94 94
Glucose (anhyd.) 1,000 4,000 Biotin 0.01
Sodium Pyruvate 110 110 D-Ca Pantothenate 4.0 4.0
Phenol Red 15 15 Choline Chloride 4.0 4.0
L-Alanine 10 Vitamin B12 0.1
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TABLE 1-continued
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(Unit: mg/L)
component DMEM NPL component DMEM  NPL
L-Arginine*HCl 84 164 Folic Acid 4.0 4.0
L-Aspragine*H,O 50 myo-Inositol 7.2 7.2
L-Aspartic Acid 25 Niacineamide 4.0 4.0
L-Cystein HCI*H,O 20 Pyridoxal HCI 4.0 4.0
L-Cystine*2HCI 63 63 Riboflavin 0.4 0.4
L-Glutamic Acid 200 Thiamine HCI 4.0 4.0
L-Glutamine 584 584 Putrescine 2HCI 0.2
Glycine 30 30 Thymidine 0.7
L-Histidine HCI*H,O 42 42 Hypoxanthine Na 4.0
L-Isoleucine 105 105 Monoethanolamine 1.53

(3) A Method for Adaption to a Medium

(3-1) Adaptation by Using a DMEM Medium

[0059] The adaptation by using a DMEM medium was
carried out according to the following procedure (FIG. 1,
Panel A). First, starting from the DMEM medium supple-
mented with 10% FBS, i.e., the medium that was used for
maintaining the cells of the original CHO cell line, the cells
were incubated for about one week while sequentially low-
ering the serum concentration to 3%. Further, incubation of
the cells was continued in a DMEM medium supplemented
with 1% FBS for one month. Until the cell proliferation
property became stable, the cells were incubated in a DMEM
medium supplemented with 1% FBS medium. When the cell
proliferation property became stable, the supplementation of
the serum was stopped. The incubation of the cells was con-
tinued thereafter.

[0060] When the cell growth rate markedly lowered by
culturing in a serum-free DMEM medium, the cells were
returned to a medium comprising 1% of a serum, and cultured
until the proliferation property was restored. When the pro-
liferation property became stable, culturing of the cells in a
serum-free medium was resumed. These operations were
repeated until the cells were able to be stably cultured in the
serum-free medium. The culture was carried out under con-
ditions of 37 degrees Celsius and 5% CO,.

[0061] The cell line that had been adapted to the serum-free
medium by using a DMEM medium was named as “DMAd
CHO cells” For the following experimentations, DMAd
CHO cells that had experienced at least thirty passages after
adaptation were used.

[0062] The definition of the adapted cell line is as follows:
When the growth rate becomes stable, cells having a viability
of at least 90% are seeded in a culture flask (25 cm?>-size) ata
cell density of 100,000 cells/mL, and then continuously cul-
tured. When the growth rate and the cell morphologies are not
altered for at least three passages, the cells are established as
an adapted cell line.

(3-2) Adaptation by Using an NPL Medium

[0063] The adaptation by using an NPL medium was car-
ried out according to the following procedure (FIG. 1, Panel
B). First, starting from the DMEM medium supplemented
with 10% FBS, i.e., the medium that was used for maintaining
the cells of the original CHO cell line, the cells were incu-
bated for about one week while sequentially lowering the
serum concentration to 3%. Further, incubation of the cells
was continued in an NPL medium supplemented with 1%
FBS for two weeks. Until the cell proliferation property

became stable, the cells were incubated in an NPL medium
supplemented with 1% FBS medium. When the cell prolif-
eration property became stable, the supplementation of the
serum was stopped. The incubation ofthe cells was continued
thereafter.

[0064] When the cell growth rate markedly lowered by
culturing in a serum-free NPL medium, the cells were
returned to a medium comprising 1% of a serum, and incu-
bated until the proliferation property was restored. When the
proliferation property became stable, culturing of the cells in
a serum-free medium was resumed. These operations were
repeated until the cells were able to be stably cultured in the
serum-free medium. The culture was carried out under con-
ditions of 37 degrees Celsius and 5% CO,. The cell line that
had been adapted to the serum-free medium by using an NPL
medium was named as “NPLAd CHO cells.” For the follow-
ing experimentations, NPLAd CHO cells that had experi-
enced at least two-hundred passages after adaptation were
used.

(4) Results

[0065] In the two cases in which the DMEM medium and
the NPL medium were respectively used, adapted cell lines
were able to be established. The morphologies of the cells of
the established adapted cell lines and the cells of the original
cell line are shown in FIG. 2. During their subcultures, the
NPLAd CHO cells (Panel A), the DMAd CHO cells (Panel
B), and the cells of the original CHO-K1 cell line were
observed by using an inverted phase-contrast microscope
(100 magnifications). The CHO cells of the original cell line
showed cobblestone-like proliferation (Panel C). In contrast,
the DMAd CHO cells (Panel B) and the NPLAd CHO cells
(Panel A), which had been adapted to a protein-free and
lipid-free medium, were in a suspended state as single cells or
aggregates. Usually, to suspend the CHO cells, shaking or
addition of a flotation agent such as a surfactant is required.
However, without these operations, the cells of the adapted
cell lines were able to be suspension-cultured as aggregates.
[0066] Ithasbeen said that the CHO cells require lipids and
growth factors, which are supplied from a serum, for prolif-
eration. It is thought that the adapted cells came to be able to
produce these substances by themselves during the adapta-
tion process. Further, in contrast to the CHO cells of the
original cell line, the two adapted cell lines were both
acquired altered phenotypes that allow the cells to be suspen-
sion-cultured as aggregates without any treatment for realiz-
ing the suspended state. Namely, the cells came to be able to
proliferate in a suspended state without a flotation agent or the
like.
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[0067] The growth rates of the adapted cell lines according
to the present invention were slightly inferior to that of the
original CHO cell line when cells were in static cultures using
culture flasks as described above. The DMAd CHO cells
reached confluency in one week to ten days. In contrast, the
NPLAdCHO cells reached confluency five days after the start
of the culture and required to be subcultured. Thus, the
growth rate of the NPLAd CHO cells was faster than that of
the DMAd CHO cells. The interval between subcultures is 3
to 4 days for the original CHO cells. Thus, the growth rates of
the NPLAd CHO cell line and the DMAd CHO cell line were
slightly slower as compared to that of the original cell line.
[0068] Thecelllines adapted to a protein-free and lipid-free
medium depend on only autologous growth factors for cell
proliferation. Thus, the slower growth rates may be attribut-
able to several causes such as deficiency of factors other than
autologous growth factors and functional deterioration of the
cells because of deficiency of proteins and/or lipids for a long
period of time. However, it is accepted that the use of a
spinner or a culturing apparatus of a bioreactor-type allows
efficient exchange of nutrient components and oxygen sup-
ply, and thus allows cultures at a more rapid growth rate and
at a higher cell density, as compared to the static culture.
Thus, it is likely that such a difference of the cell growth rates
of'this level can be adequately compensated by the selection
or improvement of the culturing method.

[0069] The adapted NPLAd CHO cell line that had been
established was deposited in the National Institute of Tech-
nology and Evaluation Patent Microorganisms Depository
(NPMD), Kamatari 2-5-8, Kazusa, Kisarazu, Chiba, Japan,
on Jun. 28, 2013, as Identification reference of “NPLAd001,”
and Accession number of NITE P-01641 was assigned

2. Study of Adherence Property of the CHO Cells
Adapted to a Protein-Free and Lipid-Free Medium

[0070] Adherent cells, which are usually cultured by using
a serum, adhere to a wall of a culture vessel by binding a
cell-adhesion factor such as integrin, which is secreted by the
cells themselves, through an ECM contained in the serum,
such as fibronectin. The reason that the adapted cells can be
cultured in a suspended state, unlike its original cells that are
cultured in an adhesion state, may be because an ECM is not
supplied from the protein-free and lipid-free medium. There-
fore, whether the NPLAd CHO cells become adherent was
studied by seeding and culturing the NPLLAd CHO cells using
plates, which had been coated with an ECM (such as fibronec-
tin or type-I collagen) or albumin.

(1) Culture Substrate

[0071] The following culture substrates were used: (1) a
fibronectin-coated 24-well plate (manufactured by Japan
Becton, Dickinson and Company; “Fibronectin-coated
24-well plate”), (2) a type I collagen-coated 24-well plate
(manufactured by Japan Becton, Dickinson and Company;
“Type 1 collagen-coated 24-well plate”), (3) an albumin-
coated 24-well plate (produced by dispensing 1 mI of phos-
phate buffered saline (PBS) comprising 1 mg/ml. of bovine
serum albumin (BSA) into the 24-well plate manufactured by
Japan Becton, Dickinson and Company, incubating the plate
at37 degrees Celsius for 2 hours, rinsing with PBS twice so as
to wash extra BSA off, and drying it under sterile conditions
in a clean bench), and (4) an untreated plate (a 24-well plate
manufactured by Japan Becton, Dickinson and Company).
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(2) Experimental Method

[0072] The NPLAd CHO cells were used as the cells and
the NPL medium was used as the medium. The NPLAd CHO
cells, which had been maintained in the NPL medium, were
washed twice with the NPL medium. After washing, the cell
aggregates were suspended in the NPL. medium and the num-
ber of the cells was counted by a dye-exclusion test by using
the improved Neubauer hemocytometer and trypan blue, and
a viability was calculated. After it was confirmed that the
viability was 90% or more, the cell number was adjusted to
50,000 cells/mL. with the NPL medium. The cells were
seeded in wells of the fibronectin-coated 24-well plate, the
type 1 collagen-coated 24-well plate, the albumin-coated
24-well plate, and the untreated 24 well plate in an amount of
1 mL/well.

[0073] The plates, where the cells had been seeded, were
incubated for five days under conditions of'37 degrees Celsius
and 5% CO,. Then, it was observed by using an inverted
phase-contrast microscope (40 magnifications) whether the
cells adhered during culture.

(3) Results

[0074] FIG. 3 shows the cell morphologies on the respec-
tive plates five days after the start of the culture. The cells on
the fibronectin-coated plate (Panel B), the type I collagen-
coated plate (Panel C), and the albumin-coated plate (Panel
D) were in the forms of aggregates, and suspended without
adhesion, as the cells on the untreated plate. Among these
cells, there was no difference. The possibility cannot be
denied that the cells adhered once to a culture substrate and
then detached from the culture substrate after the cells
reached confluency. Therefore, the cells were continuously
observed. As a result, it was observed that the NPLAd CHO
cells proliferated without adhering to the culture substrate
from the beginning of the culture. From the above results, it
was understood that the reason why the cells of the adapted
cell line were able to be suspended was not due to the defi-
ciency of ECMs.

[0075] Inthe case where the disappearance of the adhesion
property is not due to the deficiency of ECMs, another pos-
sibility is that a cell-adhesion factor such as integrin is not
sufficiently generated. Further, alteration of the cell mem-
brane structure can also be possible. The lipids including
phospholipids are, in addition to those biosynthesized from
sugars, incorporated into the cells through albumin that is a
carrier protein in blood, and are used in, e.g., the cell mem-
brane. In the case of the adapted cell line, there is a possibility
that the structure of the cell membrane has been altered due to
the deficiency of the lipids for a long period of time, which in
turn has affected the adhesion property of the cells.

3. Verification of Reversibility of Phenotypic
Alteration of the CHO Cells Adapted to a
Protein-Free and Lipid-Free Medium

[0076] The CHO cells of the original cell line cannot pro-
liferate in a protein-free and lipid-free medium. However, the
cells of the adapted cell lines can proliferate under an olig-
otrophic condition because they have adapted to the protein-
free and lipid-free medium. There is a possibility that this
phenotypic change has resulted from a clone cell that had
come to be able to proliferate under an oligotrophic condition
by a genetic mutation and became dominant during the cul-
ture. In the case where the phenotypic change of the CHO
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cells is due to a genetic mutation, there is a possibility that an
unpredictable transformation may have also been occurred
due to, e.g., a genetic point mutation, a genetic deletion by a
partial chromosome elimination, or a deletion of chromo-
some, thereby the cellular function per se may have been
damaged. Such damaged cells are not ensured in terms of
their stabilities as cells used in production systems. Further,
similar properties may not necessarily be obtained even if the
same procedure is used. Thus, the reproducibility of the
medium adaptation method may not be ensured as well.
Therefore, to investigate whether the phenotypic change of
the adapted cell line is associated with a genetic mutation,
reversibility of this phenotypic change was studied. Namely,
the cells of the adapted cell line were returned in a medium
supplemented with a serum, and whether the cells showed
cell morphologies and growth rates similar to those of the
CHO cells of the original cell line was examined.

(1) Experimental Method

(1-1) Reverse Adaptation Cultures of the DMAd CHO Cells
and the NPLAd CHO Cells

[0077] The DMAd CHO cells that had been continuously
cultured for at least thirty passages after establishment and
the NPLAd CHO cells that had been continuously cultured
for at least two hundreds and eighty passages after establish-
ment were used as the cells. The DMEM medium supple-
mented with 10% FBS was used as the medium.

[0078] The DMAd CHO cells and the NPLAd CHO cells
were respectively washed twice with a DMEM medium, and
then respectively suspended in the DMEM medium by dis-
persing cells of aggregates. Thereafter, the numbers of the
cells were respectively counted by a dye-exclusion test by
using the improved Neubauer hemocytometer and trypan
blue, and viabilities were respectively calculated. By diluting
with the DMEM medium supplemented with 10% FBS, the
cell number was adjusted to 100,000 cells/mL.. The diluted
cell suspension, 5 mL, was poured into a culture flask of 25
cm?, and the cells were cultured under conditions of 37
degrees Celsius and 5% CO,. When the cells reached conflu-
ency, the cells were subcultured by the same procedures.
[0079] Inthe case where the cells adhered to the wall of the
flask, after recovering suspended cells, the adhered cells were
detached and dispersed by using trypsin. Not to select cells
having properties of a specific tendency, when the cells were
again seeded, a mixture of floating cells and adhered cells was
used. The DMAd CHO cells and the NPLAd CHO cells,
which had been reversely adapted, were respectively named
as the reverse-adapted DMAd CHO cells and the reverse-
adapted NPLAd CHO cells.

(1-2) Determination of Growth Rate of the Reverse-Adapted
Cell Line

[0080] The CHO cells of the original cell line, the DMAd
CHO cells, and the reverse-adapted DMAd CHO cells, which
had been continuously cultured for at least twenty-five pas-
saged in the reverse adaptation medium, were used. As the
media, the DMEM medium supplemented with 10% FBS was
used for the CHO cells of the original cell line and the reverse-
adapted DMAd CHO cells, and the DMEM was used for the
DMAd CHO cells.

[0081] Because the CHO cells of the original cell line and
the reverse-adapted DMAd CHO cells adhered to the wall of
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the flask, they were detached and dispersed by using trypsin.
Then, the numbers of the cells were respectively counted by
a dye-exclusion test by using the improved Neubauer
hemocytometer and trypan blue, and the viabilities were
respectively calculated. The DMAd CHO cells were sus-
pended in the DMEM medium to disperse the cells of aggre-
gates. Thereafter, the number of the cells was counted by a
dye-exclusion test by using the improved Neubauer hemocy-
tometer and trypan blue, and the viability was calculated.
[0082] The CHO cells of the original cell line, the DMAd
CHO cells, and the reverse-adapted DMAd CHO cells were
respectively diluted with the respective passage media to
50,000 cells/mL. The cells were respectively seeded in wells
of'24-well plates at 1 mL./well. The plates after seeding were
incubated for seven days under conditions of 37 degrees
Celsius and 5% CO.,. At regular time intervals, the cell num-
bers were respectively counted by a dye-exclusion test by
using the improved Neubauer hemocytometer and trypan
blue, and the viabilities were respectively calculated. The
NPLAGJ cells and the reverse-adapted NPLLAd CHO cells
were respectively cultured and their viabilities were calcu-
lated in the same manner.

(2) Results

[0083] FIG. 4 shows the cell morphologies of the CHO
cells of the original cell line, the DMAd CHO cells, the
NPLAJ cells, the reverse-adapted DMAd CHO cells and the
reverse-adapted NPLAd CHO cells, which had been cultured
for reverse adaptation to the DMEM medium supplemented
with a serum. The alterations of the cell morphologies were
observed with the inverted phase-contrast microscope (40
magnifications). In the reverse adaptation cultures, parts of
the DMAd CHO cells and the NPLLAd CHO cells adhered just
after the start of the culture with a serum. By continuing
subculture, the DMAd CHO cells and the NPLAd CHO cells
shifted to adhesive morphologies. In the reverse-adapted
DMAJd CHO cells of the third passage (Panel B) and the
reverse-adapted NPLAd CHO cells of the second passage
(Panel E), adhered cells and suspended cells having spherical
shapes were observed in a mixed state. No differences in
morphologies were observed between the reverse-adapted
DMAGJ CHO cells of the twentieth passage (Panel C) and the
CHO cells of the original cell line (Panel G), and between the
reverse-adapted NPLAd CHO cells of the ninth passage
(Panel F) and the CHO cells of the original cell line (Panel G).
[0084] FIG. 5 shows the growth rates of respective canines.
The cell growth rates of the reverse-adapted DMAd CHO
cells (-@-) and the CHO cells of the original cell line (-O-)
were higher than that of the DMAd CHO cells (-x-), and were
almost the same. The reverse-adapted DMAd CHO cells and
the CHO cells of the original cell line had the same cell
growth rates up to the third day of culture. At the seventh day,
the growth rate of the reverse-adapted DM Ad CHO cells was
slightly higher, but there was no significant difference. Simi-
lar results were obtained for the NPLLAd CHO cells (the data
were not shown).

[0085] The phenotypic change of the CHO cell line adapted
to a protein-free and lipid-free medium, which had been
established, was reversible, and it was possible to reverse the
cell morphology and the proliferation property to those that
are similar to the CHO cells of the original cell line by cul-
turing in the presence of a serum. The DMAd CHO cells used
and the NPLAd CHO cells used were, after their establish-
ments, more than thirty passages and more than two hundreds
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and eighty passages, respectively. By this experiment, it was
confirmed that their phenotypic changes were not fixed even
though the cells were continuously cultured for a long period
of time. Further, it was confirmed that the morphology of the
NPLAd CHO cells, which had been continuously cultured for
more than four hundred passages, was restored to that of the
original cell line by the reverse adaptation with the addition of
a serum (the data were not shown). From these results, it is
thought that the phenotypic change of the CHO cell line
adapted to a protein-free and lipid-free medium, which was
established, is not an irreversible change associated with a
genetic mutation.

[0086] Itis thoughtthata cell line having properties similar
to those of the cell lines of the present invention can be
reproducibly established by the method of the present inven-
tion, because the adapted cell lines of the present invention
involve no genetic mutation and the possibility that the prop-
erties were incidentally obtained was low. Thus, the present
invention has realized desirable phenotypes important for the
safety and productivity in biopharmaceutical productions
without an unpredictable a phenotypic change due to muta-
tion. Therefore, the adapted cells and the method for prepar-
ing them of the present invention are useful as a cell line for
the stable production of biopharmaceuticals and as a method
for preparing the cell line, respectively.

4. Reactivity of the CHO Cells Adapted to a
Protein-Free and Lipid-Free Medium to Cell Growth
Factors

[0087] Forcelllines that are used for industrial application,
high proliferation ability and high productivity of a substance
are required. To enhance the growth rate of the adapted cell
line ofthe present invention, responsiveness of the cells to cell
growth factors were studied.

[0088] It is said that usually the CHO cells proliferate
depending on growth factors that are supplied from a serum or
biological materials in the medium. However, the protein-free
and lipid-free medium, which was used for the culture for
adaptation, does not comprise a serum or biological materials
at all. Therefore, the growth factors are not supplied from the
medium. Thus, it is thought that the cells of the adapted cell
line produce growth factors in an autocrine-like manner to
proliferate. There is a possibility that the membrane structure
has been altered due to the deficient of the lipids for a long
period of time, in which period of time the cells have been
adapted to the protein-free and lipid-free medium. Therefore,
it is thought that there is a possibility that the proliferation
ability of the adapted cell line can be improved by increasing
the expression of growth factors by the cells, or by normaliz-
ing the membrane structure so that signals of the growth
factors can be fully received.

[0089] First, to study the involvement of an autocrine factor
in the adapted cell line, a blocking test of a growth factor to its
receptor was carried out by using a neutralizing antibody. As
an autocrine factor of the adapted cell line, EGF was noticed.
This is because there is a report (Fisher, et. al., Mead. Johnson
Symp Perinat Dev Med., 1988, 33-40) that EGF works as a
growth factor in many types of epidermal or epithelial cells
including CHO cells. Therefore, it was examined whether the
proliferation was controlled by inhibiting the binding
between EGF and the receptor by an anti-EGF neutralizing
antibody. If the proliferation is inhibited by the anti-EGF
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neutralizing antibody, it can be judged that as an autocrine
factor EGF is responsible for the proliferation of the adapted
cell line.

[0090] Next, the addition of an endcrine factor was contem-
plated to induce further proliferation of the cells of the
adapted cell line. As the endcrine factor, insulin was noticed.
Insulin is a typical endcrine factor that is produced by the
[-cells of the pancreatic islet of Langerhans, is an essential
growth factor for many cells, and is reported to contribute to
the proliferation of the CHO cells (Chun, et. al., Biotechnol
Prog., 2003, 19, 52-7).

[0091] The insulin is a growth factor and was also commer-
cialized in 1922 as a therapeutic medicine for diabetes
(Rosenfeld, Clin Chem., 2002, 2270-88). It is one of the
oldest recombinant pharmaceuticals. Its stability is higher
than those of other proteinaceous growth factors, and it is
inexpensive as compared to other recombinant growth factors
because it is produced in a large scale. Because of these
reasons, insulin was used in this study.

(1) Effect of Anti-EGF Antibody Against Proliferation of
NPLAd CHO Cells and Induction of Cell Proliferation by
Insulin

[0092] Commercially available anti-EGF antibody (by R &
D Systems, Inc.) and commercially available recombinant
insulin (by Sigma-Aldrich) were used.

[0093] The NPLAd CHO cells were used as the cells and
the NPL medium was used as the medium. The NPLAd CHO
cells that had been maintained in the NPL medium were
washed twice with the NPL medium. After washing, the cell
of aggregates were suspended and dispersed in the NPL
medium. Thereafter, the number of the cells was counted by
a dye-exclusion test by using the improved Neubauer
hemocytometer and trypan blue, and the viability was calcu-
lated. After it was confirmed that the viability was 90% or
more, the cell number was adjusted to 50,000 cells/mL. in the
NPL medium. The cells were seeded in wells of the 24-well
plate at 1 mL/well. To a half of the wells, in which the cells
had been seeded, the anti-EGF neutralizing antibody was
added so as to be a concentration of 5 mg/mlL..

[0094] To the wells containing seeded cells, to which the
anti-EGF neutralizing antibody had or had not been added,
insulin was added so as to be the concentrations of 0, 1, 2, 5,
or 10 mg/L.. The plates, where the cells had been seeded, were
incubated for five days under conditions of'37 degrees Celsius
and 5% CO,. Then, the numbers of the cells were respectively
counted by a dye-exclusion test by using the improved Neu-
bauer hemocytometer and trypan blue, and the viabilities
were respectively calculated.

(2) Comparison of the Proliferation of the Insulin-Added
NPLAd CHO Cells to that of the CHO Cells of the Original
Cell Line

[0095] The CHO cells of the original cell line and the
NPLAd CHO cells were used. For the NPLAd CHO cells, an
NPL medium supplemented with 10 mg/I. of insulin (by
Sigma-Aldrich) was used. For the CHO cells of the original
cellline, a DMEM medium supplemented with 10% FBS was
used.

[0096] Because the CHO cells ofthe original cell line were
adherent cells, they were detached and dispersed by using
trypsin. Thereafter, the number of the cells was counted by a
dye-exclusion test by using the improved Neubauer hemocy-
tometer and trypan blue, and the viability was calculated. As
for the NPLAd CHO cells, the cells of aggregates were sus-
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pended and dispersed in the NPL medium. Thereafter, the
number of the cells was counted by a dye-exclusion test by
using the improved Neubauer hemocytometer and trypan
blue, and the viability was calculated.

[0097] The CHO cells of the original cell line and the
NPLAd CHO cells were diluted to a cell number of 50,000
cells/mL. in the DMEM medium supplemented with 10%
FBS and the NPL. medium supplemented with insulin, respec-
tively. The entire cells were seeded at 1 mlL./well on 24-well
plates. The plates, on which the cells had been seeded, were
incubated for five days under conditions of 37 degrees Celsius
and 5% CO,. Then, the numbers of the cells were respectively
counted by a dye-exclusion test by using the improved. Neu-
bauer hemocytometer and trypan blue, and the viabilities
were respectively calculated. As the test to examine whether
there was a significant difference, the Student’s t-test was
used.

(3) Results

[0098] Theeffects of EGF, and insulin, which had been said
to have an effect of proliferation induction to CHO cells, on
proliferation of the adapted cells were studied. FIG. 6 shows
an insulin concentration-dependent cell proliferation of the
NPLAd CHO cells on the fifth day from the start of the
culture.

[0099] In the case where the anti-EGF neutralizing anti-
body was added to the NPL medium (-O-), the proliferation
of the NPLAd CHO cells was inhibited irrespective of the
concentration of insulin added. Especially, in the case where
insulin was not added and the anti-EGF neutralizing antibody
was not added, the cell number (insulin concentration being 0
mg/L of -@-) was 235,000 cells/mL, whereas in the case
where the insulin was not added and the anti-EGF neutraliz-
ing antibody was added, the cell number (insulin concentra-
tion being 0mg/L of -O-) was 155,000 cells/mL. Namely, the
proliferation was inhibited by about 35%. This result reveals
that the proliferation of the NPLLAd CHO cells depends on
EGF, irrespective of the presence or absence of insulin. Fur-
ther, because the NPL. medium comprise no EGF, it was
suggested that EGF, of which binding to the receptor had been
inhibited by the anti-EGF neutralizing antibody, was pro-
duced by the NPLLAd CHO cells per se, namely, it was an
autocrine growth factor. However, even if the binding of EGF
was inhibited by the anti-EGF neutralizing antibody, the cell
number increased to about three-fold from the number of the
cells seeded (50,000 cells/mL) on the fifth day of culture.
Thus, it is thought that an autocrine factor or factors other than
EGF are involved.

[0100] The NPLAd CHO cells proliferated in an insulin
concentration-dependent manner (-@-). The cell numbers
were 400,000 cells/mL and 530,000 cells/mL at insulin con-
centrations of 2 mg/L. and 10 mg/L, respectively. Thus, the
cells were more than doubled at the insulin concentration of
10 mg/L. compared to the cell number of the case where
insulin was not added. It was studied to what extent the
proliferation of the NPLAd CHO cells increases by adding
insulin, as compared to the CHO cells of the original cell line.
As a result, on the fifth day of culture, the NPLLAd CHO cells
in the NPL. medium supplemented with 10 mg/L. of insulin
proliferated to about 550,000 cells/mL, whereas the cell num-
ber of the CHO cells of the original cell line was over 800,000
cells/mL. (P<0.005) (FIG. 7). From this result, it was sug-
gested that only by adding insulin to the NPL medium, the
growth rate of the NPLLAd CHO cells would not be compa-

Feb. 12, 2015

rable to that of the CHO cells of the original cell line. How-
ever, the effect of insulin to induce proliferation of the
NPLAd CHO cells in a concentration-dependent manner was
confirmed.

[0101] As stated above, it was found that the cell prolifera-
tion of the NPLAd CHO cell line increased depending on the
concentration of the added insulin, which was a paracrine
growth factor. Further, it was also found that the cell prolif-
eration was inhibited by the anti-EGF neutralizing antibody
even though no EGF was added to the medium. Furthermore,
it was revealed that, in the cell proliferation induced by the
stimulation of insulin, the cell proliferation was also sup-
pressed by inhibiting EGF with the anti-EGF neutralizing
antibody. Because no EGF was added to the medium, it was
thought that EGF, of which binding to the receptor had been
inhibited by the anti-EGF neutralizing antibody, was an auto-
crine growth factor produced by the adapted cell line per se,
and that EGF induced the proliferation of the same cells from
which it was secreted by forming an EGF/EGFR (receptor)
autocrine loop.

[0102] EGF is a protein that is composed of fifty-three
amino acid residues and has a molecular weight of 6,045 Da,
and controls cell proliferation by binding to EGF receptors
that are present on the surfaces of cells. It has been reported
that EGF induces the self-proliferation of the cells as an
autocrine growth factor in various cells including epidermal
or epithelial cells by forming an EGF/EGFR autocrine loop
(Shvartsman, et. al., Am J Physiol Cell Physiol., 2002; 282:
C545-59; DeWitt, et. al., J Cell Sci., 2001; 114: 2301-13).
Growth factors that belong to the EGF family including EGF
per se are not synthesized as a secretory form, but are
expressed as precursors in cells. After translation, the precur-
sors come out of the cell surfaces by passing through the
membranes. Thereafter, they are cut with a protease on the
surfaces of cells to be growth factors of a secretory form. As
shown in FIG. 8, EGF produced in a cell is present on the
surface of a cell as a transmembrane protein (membrane-
bound EGF) that is embedded in a cytoplasmic membrane.
By being cleaved with a protease, the extracellular domain
leaves the cell to be secretory EGF, which in turn binds to
EGF receptor. By binding of secretory EGF to EGF receptor,
the signal is transmitted to inside of the cell through the
transmembrane domain of EGF receptor, and the cell prolif-
eration is induced. The anti-EGF neutralizing antibody that
was used in this study directly binds to EGF and inhibits the
binding with the receptor. Therefore, as the reason that the
cell proliferation of the adapted cell line was inhibited with
the anti-EGF neutralizing antibody, it is inferred that the
signal for proliferation from the receptor was not transmitted
(FIG. 8). Further, in the adapted cell line according to the
present invention, the anti-EGF neutralizing antibody inhib-
ited not only self-proliferation but also the proliferation by
insulin that is a paracrine growth factor. Therefore, in the
adapted cell line, the autocrine production of EGF is a very
important factor for proliferation of the cells themselves.
[0103] As described above, it was thought that the signal
transduction of EGF was important for cell-proliferation in
the adapted cell line. Therefore, hereinafter, it was studied
whether the growth rate of the adapted cell line was able to be
facilitated by increasing the signaling efficiency of EGF.
[0104] Amongautocrine factors other than EGF, ithas been
reported that IGF-1 (Insulin-like Growth Factor-1) induced
the proliferation of CHO cells (Pak, et. al., Cytotechnology,
1996; 22: 139-46). Therefore, using the NPLLAd CHO cells,
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the binding of IGF-1 was inhibited by an anti-IGF-1 neutral-
izing antibody. However, the cell proliferation was not sup-
pressed. Therefore, it was thought that IGF-1 was not respon-
sible for the autocrine proliferation of the adapted cell line.
However, from the result that the cell proliferation of the
adapted cell line was not entirely suppressed by inhibition of
binding using the anti-EGF neutralizing antibody, it is highly
likely that an growth factor other than IGF-1 is responsible for
the proliferation of the adapted cell line as an autocrine factor.

5. Influence of GM3 on the Cell Proliferation of the
CHO Cells Adapted to a Protein-Free and Lipid-Free
Medium

[0105] Cell membranes are constituted by a lipid bilayer
that has been formed from an arrangement of a number of
phospholipids such as, mainly, phosphatidylcholine, sphin-
gomyelin, phosphatidylethanolamine, and phosphati-
dylserine, with various proteins (such as transmembrane pro-
teins and anchor proteins) and the like, that are embedded in
the lipid bilayer. The lipid rafts are structures of the mem-
brane and comprise lipids, especially, sphingolipid, sphin-
goglycolipid, and cholesterol in large amounts. It is thought
that the lipid rafts are involved in signal transductions to the
inside of a cell (FIG. 9), because the transmembrane proteins
as the receptors are concentrated in the lipid rafts. There are
many reports that especially ganglioside, a sphingoglycolipid
in a lipid raft, is responsible for the control of signal trans-
ductions. Further, it has been reported that the receptors for
the EGF are localized in the lipid rafts (Balbis, et. al., J Cell
Biochem., 2010; 109(6): 1103-8). Therefore, there is a pos-
sibility that the signal transductions via receptors are not fully
functional if the formation of the lipid rafts is insufficient.
[0106] As described above, in the adapted cell line that had
been continuously cultured in a protein-free and lipid-free
medium for a long period of time, there is a possibility that its
cell membrane structure has been altered due to the deficiency
of lipids. Therefore, in the adapted cell line, there is a possi-
bility that the formation of the lipid rafts is insufficient, and
the signal transductions via EGF receptors are not fully func-
tional. Thus, ganglioside GM3, a sphingoglycolipid, which
plays an important role in the structure of the lipid raft, was
noticed, and influences of the addition of GM3 to the cell
morphology and growth rate of the adapted cells were stud-
ied. Namely, a possibility that the cell membrane structure is
re-constructed and the cell adherent property is recovered by
the addition of GM3, and another possibility that the presence
or absence, or the concentration of GM3 results in alteration
of the cell morphology, especially increase in the number of
the adherent cells, or alteration of the size of the cell aggre-
gates, were studied.

(1) Influence of GM3 on the Morphology of the CHO Cells
Adapted to a Protein-Free and Lipid-Free Medium

[0107] A commercially-available ganglioside GM3
(NeuSA, Enzo Life Science) was used. As the cells, the
NPLAd CHO cells were used. The aggregated NPLAd CHO
cells were suspended and dispersed in the NPL medium.
Then, the number of the cells was counted by a dye-exclusion
test by using the improved Neubauer hemocytometer and
trypan blue, and the viability was calculated.

[0108] The NPLAd CHO cells were diluted to a cell num-
ber of 50,000 cells/mL with the NPL. medium supplemented
with insulin at a concentration of 10 mg/L.. The entire cells

Feb. 12, 2015

were seeded at 1 ml/well in wells of 24-well plates. Then, to
the plates containing the cells, ganglioside GM3 was added so
as to be concentrations of 0, 250, 1,250, or 2,500 ng/mlL..
[0109] Theplates, on which the cells had been seeded, were
incubated for five days under conditions of'37 degrees Celsius
and 5% CO,. Then, the alterations of the cell morphologies
were observed with the inverted phase-contrast microscope.
Thereafter, the numbers of the cells were respectively
counted by a dye-exclusion test by using the improved Neu-
bauer hemocytometer and trypan blue, and viabilities were
respectively calculated. As the test to examine whether there
was a significant difference, the Student’s t-test was used.
(2) Comparison of the Growth Rate of the Insulin- and GM3-
Added NPLAd CHO Cells to that of the CHO Cells of the
Original Cell Line

[0110] The NPLAd CHO cells and the CHO cells of the
original cell line were used. Because the CHO cells of the
original cell line were adherent, they were detached and sus-
pended by using trypsin. Thereafter, the number of the cells
was counted by a dye-exclusion test by using the improved
Neubauer hemocytometer and trypan blue, and the viability
was calculated. As for the NPLAd CHO cells, the cell aggre-
gates were suspended and dispersed in the NPL. medium.
Thereafter, the number of the cells was counted by a dye-
exclusion test by using the improved Neubauer hemocytom-
eter and trypan blue, and the viability was calculated.

[0111] The CHO cells of the original cell line and the
NPLAd CHO cells were diluted to a cell number of 50,000
cells/mL, with the DMEM medium supplemented with 10%
FBS and the NPL, medium supplemented with insulin at a
concentration of 10 mg/l. and GM3 at a concentration of
2,500 ng/mL,, respectively. The entire cells were seeded at 1
ml./well in wells of 24-well plates. Then, the plates, on which
the cells had been seeded, were incubated for five days under
conditions of 37 degrees Celsius and 5% CO,. At regular time
intervals, the cell numbers were respectively counted by a
dye-exclusion test by using the improved Neubauer hemocy-
tometer and trypan blue, and the viabilities were respectively
calculated. As the test to examine whether there was a sig-
nificant difference, the Student’s t-test was used.

(3) Results

[0112] FIG. 10 shows the result of observation about the
alteration of cell morphologies by the addition of GM3. Irre-
spective of the presence or absence, or the concentration of
added GM3, alteration of cell morphologies, such as increase
in the number of adherent cells or alteration of the size of the
cell aggregates, was not observed.

[0113] FIG. 11 shows the result of influence on the cell
proliferation by the addition of GM3. In the case where GM3
was added at a concentration of 1,250 ng/mL to the culture
medium for the NPLAd CHO cells, the cell number was
significantly increased (P<0.05) as compared to the case
where GM3 was not added. This effect was GM3 concentra-
tion-dependent. In the case where GM3 was added at a con-
centration of 2,500 ng/mlL, the cell number increased to about
1,000,000 cells/mL, which was about twice of the case where
GM3 was not added. Therefore, it was revealed that GM3 had
an effectto induce cell proliferation of the NPLLAd CHO cells.
[0114] Next, the facilitation of proliferation by the addition
of'insulin and GM3 was studied. FIG. 12 shows the results. In
the case where insulin (10 mg/lL) and GM3 (2,500 ng/mL.)
were added to the NPL medium, the NPLAd CHO cells (-O-)
showed a cell growth rate that is about the same as that of the
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CHO cells (-@-) of the original cell line in a medium supple-
mented with serum. Therefore, it was shown that, by adding
insulin and GM3 to a medium, the NPLAd CHO cells showed
a growth rate that was comparable to that of the CHO cells.

[0115] As described above, the proliferation of the NPLAd
CHO cells was induced by adding GM3. Further, by using
GM3 in combination with insulin, its growth rate increased to
an extent similar to that of the CHO cells of the original cell
line, in a static culture as well. Meanwhile, any change in the
cell morphology was not observed. Therefore, it is thought
that the deficiency of GM3 is not responsible for the ability of
cells to be suspended.

[0116] It has been said that GM3 is responsible for the
signal transduction of a cell, as well as that it is a major
structural component of lipid rafts. However, as for the par-
ticipation of GM3 to the signal transduction, there are con-
tradictory reports that GM3 acts both suppressively and
inducibly. Bremer, et. al., reported that the GM3 was a modu-
lator of EGF receptor because, in A431 cells and KB cells
overexpressing EGF receptors, addition of exogenous GM3
modulated the signal transduction by inhibiting the autophos-
phorylation of tyrosine kinase of EGF receptor, and inhibited
EGF-dependent cell proliferation (Bremer, et. al., J Biol.
Chem., 1986; 261: 2434-40). Whereas, Ji, et al., reported,
using the same A431 cells, that the autophosphorylation of
tyrosine kinase of EGF receptor was reduced by removing
ganglioside on the cell surface with an endoglycoceramidase
that was able to cleave sphingoglycolipid on the surface of a
living cell under physiological conditions (Ji, et al., Glycobi-
ology, 1995; 5: 343-50). Further, there is also a report that
activities of tyrosine kinase of not only EGF receptor but also
growth factors such as FGF, IGF-1 and PDGF, as well as their
receptors, were inhibited, and thus the proliferation was
inhibited by removing gangliosides with a glycosylceramide
synthesis inhibitor, D-PPPP hydrochloride (D-1-threo-1-
phenyl-2-hexadecanoylamino-3-pyrrolidino-1-propanol-
HC), in Swiss 3T3 fibroblast cells, but the inhibition was
cancelled and proliferation was restored by adding exog-
enous gangliosides (Li, et al.,, J Biol. Chem., 2000; 275:
34213-23). From the above reports that are seemingly con-
tradictory, it has been thought that gangliosides are a factor
that is essential for the expressions of the functions of growth
factors and receptors, and particularly the functions of recep-
tors for various growth factors are deteriorated by deficiency
of gangliosides, and, on the other hand, that the addition of
exogenous GM3 to a cell line overexpressing EGF receptors
acts to inhibit the functions. In recent studies about diabetes
mellitus, there are reports that the elevated synthesis of GM3
due to the stimulation with TNF-a causes a functional abnor-
mality of lipid rafts and suppresses selectively the metabolic
signal of insulin (Tagami, et al., J Biol. Chem., 2002; 277:
30855-92; Inoguchi, Himan-kenkyu (obesity research),
2006; 12: 260-2). It shows that excessive GM3 causes insulin
resistance. It is thought from these facts that although GM3 in
an amount that is necessary to form lipid rafts acts facilita-
tively, whereas excessive GM3 acts suppressively, to prolif-
eration.

[0117] The cell line adapted to a protein-free and lipid-free
medium according to the present invention is exposed for a
long period of time to a state that is deficient for lipids,
especially gangliosides. Therefore, there is a possibility that
the receptors on lipid rafts have been affected. It is thought
that, in the adapted cell line under a lipid-deficient condition,
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the functions of receptors on lipid rafts is normalized by
adding GM3, which act in the direction of inducing prolifera-
tion (FIG. 13).

6. Production of Recombinant Proteins in CHO Cells
Adapted to a Protein-Free and Lipid-Free Medium

[0118] A transient method was used for verifying a produc-
tion system of a substance. The productive capacity of a
recombinant protein of the cells of the CHO cell line adapted
to a protein-free and lipid-free medium was studied as com-
pared to that of the CHO cells of the original cell line, accord-
ing to the procedures shown in FIG. 14 by using the expres-
sion of secretory luciferase as an index.

(1) Experimental Procedures

(1-1) Transfection of Expression Vector Carrying a Gene of
Secretory Luciferase

[0119] The CHO cells of the original cell line were cultured
in a DMEM medium supplemented with 10% FBS. The
DMAd CHO cells were cultured in a DMEM medium. The
NPLAd CHO cells were cultured either in an NPL medium
supplemented with insulin (10 mg/L) or in an NPL. medium
supplemented with insulin (10 mg/l.) and GM3 (2,500
ng/mL).

[0120] The“TransIT-LT1 Transfection Regent” (by Takara,
MIR2304) as a transfection reagent and the “NanoLuc (reg-
istered trademark) reporter vector pNL.1.3. CMV [secNluc/
CMV]” (by Promega, N1101) as an expression vector carry-
ing a gene of secretory luciferase, were respectively used
(FIG. 15).

[0121] The CHO cells of the original cell line were
detached by using trypsin and washed twice with the DMEM
medium supplemented with 10% FBS. After washing, the
number of the cells was counted by a dye-exclusion test by
using the improved Neubauer hemocytometer and trypan
blue, and the viability was calculated. The DMAd CHO cells
were washed with the DMEM medium, and the NPLAd CHO
cells were washed with the NPL. medium supplemented with
insulin (10 mg/L.) or NPL. medium supplemented with insulin
(10 mg/L) and GM3 (2,500 ng/mlL.). Then, the cell aggregates
were suspended and dispersed in each of the media. Thereaf-
ter, the numbers of the cells were counted by a dye-exclusion
test by using the improved Neubauer hemocytometer and
trypan blue, and the viabilities were calculated.

[0122] Afterthe viabilities of 90% or more were confirmed,
the cell number was respectively adjusted to 400,000 cells/
mL in each of the media. The cells were seeded in wells of the
24-well plate at 0.5 mL/well. The plates, on which the cells
had been seeded, were incubated for twenty-four hours under
conditions of 37 degrees Celsius and 5% CO,.

[0123] To 700 puL of the DMEM medium, 7 pL. of 1 pg/ul.
of the “Nanoluc (registered trademark) reporter vector
pNL1.3. CMV” was added and mixed. Then, the “TransIT-
LT1 Transfection Regent,” 21 uL, was added and mixed. The
mixture was kept standing at room temperature for thirty
minutes to allow a transfection complex being prepared. As a
control, a dummy complex was prepared in the same manner,
except that TE buffer had been added instead ofthe “Nanol.uc
(registered trademark) reporter vector pNL1.3. CMV.?
[0124] The preparedtransfection complex, 52 ul./well, was
added dropwise to the wells of the plates, on which the cells
had been seeded. For one combination of the cell and the
medium, three wells were used. By gently rocking the plates,
the contents in each well were mixed. The dummy complex
was added dropwise to the wells of the plates and the contents
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in each well were mixed in the same manner (one well per
combination of the cell and the medium). The plates were
incubated for five days under conditions of 37 degrees Celsius
and 5% CO,.

[0125] Hereinafter, the NPLAd cells that were obtained by
culturing in an NPL medium supplemented with insulin (10
mg/L.) and then being transfected, and the NPLLAd cells that
were obtained by culturing in an NPL. medium supplemented
with insulin (10 mg/L) and GM3 (2,500 ng/ml.) and then
being transfected, will be respectively referred to as “NPLAd
CHO cells without GM3” and “NPLAd CHO cells with
GM3”

(1-2) Assay of the Specific Activity of Luciferase

[0126] The “Nano-Glo Luciferase Assay System” (by
Promega, N1110) was used as a luciferase assay kit.

[0127] From each well of the plates, into which the cells
were seeded and the transfection was completed, 10 pL. of
supernatant was taken 5, 24, 48, 72, and 120 hours after the
completion of the transfection. The activity of secretory
luciferase contained in the supernatant was assayed using the
“Nano-Glo Luciferase Assay System” with a luminometer.

(1-3) Calculation of the Specific Activity of Luciferase

[0128] The specific activity of luciferase is the ratio of the
luminescence of the supernatant of the adapted cell line under
each incubation condition to that of the supernatant of the
CHO cells of the original cell line, in which the supernatants
were sampled at the same time. The calculation was carried
out as follows:

[Mathematical Formula 1]

(1) the Specific Activity of Luciferase (%) of DMAd CHO
Cells

[0129]

{[(average luminescence intensity of transfected
DMAdJ CHO cells)-(luminescence intensity of
dummy DMAd CHO cells-blank)]/[(average
luminescence intensity of transfected CHO cells
of the original cell line)-(luminescence intensity
of dummy CHO cells of the original cell line—
blank)]}x100

(2) the Specific Activity of Luciferase (%) of NPLAd CHO
Cells to which GM3 was not Added

{[(average luminescence intensity of transfected
NPLAd CHO cells without GM3)—(lumines-
cence intensity of dummy NPLAd CHO cells
without GM3-blank)]/[(average luminescence
intensity of transfected CHO cells of the original
cell line)-(luminescence intensity of dummy
CHO cells of the original cell line-blank)] }x100

(3) the Specific Activity of Luciferase (%) of NPLAd CHO
Cells to which GM3 was Added

{[(average luminescence intensity of transfected
NPLAd CHO cells with GM3)—(luminescence
intensity of dummy NPLAd CHO cells with
GM3-blank)]/[(average luminescence intensity
of transfected CHO cells of the original cell
line)—(luminescence intensity of dummy CHO
cells of the original cell line-blank)]}x100

[0130] The experiment was repeated three times, and the
data were shown as the average of specific activities of
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Iuciferase of all experiments +SD. As the test to examine
whether there was a significant difference, the Student’s t-test
was used.

(1-4) Comparison of Luminescence Per Cell

[0131] To compare the luminescence for each group of
cells, the luminescence of the supernatants, which were
sampled with time after transfection, of each group of cells
was divided by the number of cells increased in a period, of
the same time, the same cell, the same composition of the
medium, and the same incubation conditions. Namely, the
luminescence per cell was presumptively calculated.

(2) Results

[0132] To study the protein productivity of the adapted cell
line, the cells were transfected by a lipofection method with
plasmid pNL1.3.CMV vector, carrying cDNA of secretory
luciferase integrated downstream of the CMV promoter, and
the activities of luciferase that had been respectively secreted
into media of the CHO cells of the adapted cell line and the
CHO cells of the original cell line were compared by assaying
the luminescence. FIG. 16 shows the results. In the NPLAd
CHO cells with GM3, the protein yield just after transfection
was slowly increased. However, after 120 hours, there was no
significant difference between the specific activities of
Iuciferase of the CHO cells of the original cell line and the
NPLAdCHO cells with GM3. The overall protein yield of the
NPLAd CHO cells with GM3 (-@-) was comparable to that of
the CHO cells of the original cell line. The DMAd CHO cells
(-A-) and the NPLAd CHO cells without GM3 (-O-) showed
specific activities of luciferase, which were three times or
more of that of the CHO cells of the original cell line, at 120
hours after the transfection. The significant differences were
p<0.05 and p<0.005 for the DMAd CHO cells and the
NPLAd CHO cells without GM3, respectively. Therefore, it
was thought that the protein productivities of the established
cell lines were higher than that of the CHO cells of the
original cell line.

[0133] To convert the data into luminescence per cell, the
luminescence with time that was assayed in FIG. 16 was
divided by the number of increased cells, for the same time
point, the same cell, the same composition of the medium,
and the same incubation conditions, thereby the lumines-
cence per cell was presumptively calculated (FIG. 17). As a
result, it was estimated that, at 120 hours after the transfec-
tion, the luminescence per cell of the DMAd CHO cells (-A-)
was almost the same as that of the NPLAd CHO cells without
GM3 (-O-), and was about four times that of the CHO cells of
the original cell line (-x-). Further, it was estimated that, at
120 hours after the transfection, the luminescence per cell of
the NPLLAd CHO cells with GM3 (-@-) was almost the same
as that of the CHO cells of the original cell line.

[0134] From these results, it was shown that each of the
adapted cell lines was able to produce a recombinant protein
ataproductivity that is similar to or more than that of the CHO
cells of the original cell line. The DM Ad CHO cells and the
NPLAd CHO cells without GM3 produced three times or
more of luciferase as compared to luciferase produced by the
CHO cells of the original cell line (FIG. 16). Further, when
the luciferase activity per cell was estimated, at 120 hours
after the transfection, the activities of the DMAd CHO cells
and the NPLAd CHO cells without GM3 were four times
higher than that of the CHO cells of the original cell line, and
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the activity of the NPLAd CHO cells with GM3 was almost
the same as that of the CHO cells of the original cell line (FIG.
17).

[0135] The reason why the adapted cell lines show higher
luciferase productivities than that of the CHO cells of the
original cell line is not clearly understood. However, there is
a possibility that alteration of the membrane structures of the
adapted cell lines influenced. As described above, there is a
possibility that, because the adapted cell lines were exposed
to a condition of lipid-deficiency for a long period of time by
passages in protein-free and lipid-free media, the structures of
their cell membranes altered and thereby their transfection
efficiencies were elevated. Further, there is another possibil-
ity that membrane permeability was increased for proteins
synthesized in cells, and thus more luciferase protein was
secreted.

[0136] From these results, it was demonstrated that an effi-
cient production of a recombinant protein was able to be
realized by ensuring a sufficient number of cells in culture
before transfection by adding insulin and GM3 to a medium,
and then transfecting the cells by a transient method after
removing GM3.

What is claimed is:

1. A cell of a cell line derived from Chinese Hamster Ovary
(CHO) cells, the cell line being adapted to a protein-free and
lipid-free medium, characterized in that the cell can prolifer-
ate in a suspended state in a protein-free and lipid-free
medium comprising no exogenous growth factors.

2. The cell as described in claim 1, wherein the cell line has
been deposited under Accession number NITE P-01641.

3. A protein-free and lipid-free medium for culturing cells
of an established cell line derived from CHO cells, the cell
line being adapted to a protein-free and lipid-free medium,
characterized by comprising putrescine, thymidine, hypox-
anthine, and monoethanolamine ina DMEM medium that has
been modified so as to contain glucose in an amount of 3 to 5
times of the usual amount, and by comprising no exogenous
growth factors.

4. The protein-free and lipid-free medium as described in
claim 3, which comprises 2000 to 5000 mg/L. of glucose,
0.001 to 2 mg/L of putrescine, 0.01 to 1 mg/L. of thymidine,
0.1 to 10 mg/LL of hypoxanthine, and 0.1 to 5 mg/I. of mono-
ethanolamine.

5. The protein-free and lipid-free medium as described in
claim 3, which further comprises 1 to 20 mg/L. of insulin.

6. A composition for producing the medium as described in
claim 3, which comprises, in addition to the composition of
the DMEM medium, components of: 2000 to 5000 mg/L, of
glucose, 0.001 to 2 mg/IL of putrescine, 0.01 to 1 mg/LL of
thymidine, 0.1 to 10 mg/[L. of hypoxanthine, and 0.1 to 5 mg/LL
of monoethanolamine, wherein the concentrations of the
components are expressed in the final concentrations in the
medium when used.

7. A method for preparing a cell of a cell line derived from
Chinese Hamster Ovary (CHO) cells, the cell line being
adapted to a protein-free and lipid-free medium, character-
ized in that the cell can proliferate in a suspended state in a
protein-free and lipid-free medium comprising no exogenous
growth factors, comprising a step of subculturing CHO cells
in the medium as described in claim 3.

8. The method of claim 7, wherein the step is following a
step of culturing the CHO cells in a medium comprising a
protein and/or a lipid, or comprising an additive that contains
them.
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9. The method as described in claim 8, wherein the step of
culturing the CHO cells in a medium comprising a protein
and/or a lipid, or comprising an additive that contains them, is
carried out while gradually lowering the content(s) of the
protein and/or the lipid, or the content of the additive that
contains them.

10. The method as described in claim 7, wherein the step is
followed by a step of culturing the CHO cells in a medium
comprising a protein and/or a lipid, or comprising an additive
that contains them, and which is further followed by a step of
culturing the CHO cells in a protein-free and lipid-free
medium comprising putrescine, thymidine, hypoxanthine,
and monoethanolamine in a DMEM medium that has been
modified so as to contain glucose in an amount of 3 to 5 times
of'the usual amount, and by comprising no exogenous growth
factors.

11. The method as described in claim 7, wherein the step is
followed by a step of culturing the CHO cells in a medium
comprising a protein and/or a lipid, or comprising an additive
that contains them, and which is further followed by a step of
culturing the CHO cells in a protein-free and lipid-free
medium comprising comprises 2000 to 5000 mg/L. of glu-
cose, 0.001 to 2 mg/LL of putrescine, 0.01 to 1 mg/L. of thy-
midine, 0.1 to 10 mg/L. of hypoxanthine, and 0.1 to 5 mg/L of
monoethanolamine.

12. The method as described in claim 10, wherein the
protein-free and lipid-free medium further comprises 1 to 20
mg/L of insulin.

13. The method as described in claim 10, wherein the step
is followed by a step of culturing the CHO cells in a medium
comprising a protein and/or a lipid, or comprising an additive
that contains them, and which is further followed by a step of
culturing the CHO cells in a medium comprising putrescine,
thymidine, hypoxanthine, and monocthanolamine in a
DMEM medium that has been modified so as to contain
glucose in an amount of 3 to 5 times of the usual amount, and
by comprising no exogenous growth factors.

14. The protein-free and lipid-free medium as described in
claim 4, which further comprises 1 to 20 mg/L. of insulin.

15. A composition for producing the medium as described
in claim 4, which comprises, in addition to the composition of
the DMEM medium, components of: 2000 to 5000 mg/L of
glucose, 0.001 to 2 mg/IL of putrescine, 0.01 to 1 mg/LL of
thymidine, 0.1 to 10 mg/IL of hypoxanthine, and 0.1 to 5 mg/LL
of monoethanolamine, wherein the concentrations of the
components are expressed in the final concentrations in the
medium when used.

16. A composition for producing the medium as described
in claim 5, which comprises, in addition to the composition of
the DMEM medium, components of: 2000 to 5000 mg/L of
glucose, 0.001 to 2 mg/IL of putrescine, 0.01 to 1 mg/LL of
thymidine, 0.1 to 10 mg/IL of hypoxanthine, and 0.1 to 5 mg/LL
of monoethanolamine, wherein the concentrations of the
components are expressed in the final concentrations in the
medium when used.

17. A method for preparing a cell of a cell line derived from
Chinese Hamster Ovary (CHO) cells, the cell line being
adapted to a protein-free and lipid-free medium, character-
ized in that the cell can proliferate in a suspended state in a
protein-free and lipid-free medium comprising no exogenous
growth factors, comprising a step of subculturing CHO cells
in the medium as described in claim 4.
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18. The method of claim 17, wherein the step is following
a step of culturing the CHO cells in a medium comprising a
protein and/or a lipid, or comprising an additive that contains
them.

19. A method for preparing a cell of a cell line derived from
Chinese Hamster Ovary (CHO) cells, the cell line being
adapted to a protein-free and lipid-free medium, character-
ized in that the cell can proliferate in a suspended state in a
protein-free and lipid-free medium comprising no exogenous
growth factors, comprising a step of subculturing CHO cells
in the medium as described in claim 5.

20. The method of claim 19, wherein the step is following
a step of culturing the CHO cells in a medium comprising a
protein and/or a lipid, or comprising an additive that contains
them.



