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DESCRIPTION
RECOMBINANT POLYPEPTIDE PRODUCTION METHOD

TECHNICAL FIELD

[0001] The present invention relates to a method of producing a recombinant polypeptide,
and more specifically, to a method of producing a polypeptide efficiently using an animal cell
in which the expression of nuclear factor B inhibitor o (NfkBia) has been decreased.
BACKGROUND ART

[0002] When proteins useful as medicaments are produced using gene recombination
technology, use of animal cells enables complicated post-translational modification and
folding which prokaryotic cells cannot perform. Hence, animal cells have been frequently
used as host cells for producing recombinant proteins.

[0003] In recent years, a large number of biopharmaceuticals such as antibodies and
physiologically active proteins have been developed. Techniques that permit recombinant
proteins to be produced efficiently by animal cells lead to cost reduction of
biopharmaceuticals and promise their stable supply to patients.

[0004] Under these circumstances, a method of protein production with higher production
efficiency is desired.

[0005] NikBia (IKBq, nuclear factor #B inhibitor o), which is an abbreviation of nuclear
factor of kappa light polypeptide gene enhancer in B-cells inhibitor, alpha, is involved in
activation of NF-kappa B, a transcription factor related to intracellular signaling. NfkBia is
one of factors that inactivate NF-kappa B. The inducible nuclear expression of newly
biosynthesized NfkBia negatively regulates the DNA binding and transcriptional activities of
NF-kappa B (Non-Patent Document 1). Further, the expression of some genes that inhibit
cell proliferation, like NfkBia, is suppressed in almost all mouse or human tumor cells (Non-
Patent Document 2). NF-kappa B usually exists in a state where it is bound to an inactivator
such as NfkBia. When various stimulations are given, NF-kappa B is released from such an

inactivator, activated and translocated into the nucleus, and binds to a specific DNA sequence
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in the promoter/enhancer regions of various target genes of cytokine, growth factors,
adhesion molecules, cell death regulators, and the like (5°-GGGACTTTCC-3’; the DNA
sequence is called NFxB-binding sequence, kB motif, NFkB response element, or the like
(SEQ ID NO: 35)), and NF-kappa B is thus involved in modulating transcriptional activities
(Non-Patent Document 3).
[0006] Meanwhile, it has been totally unknown how NfkBia is related to the recombinant
protein-producing ability, as a behavior of NfkBia within cultured animal cells.
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SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0008] Itis an object of the present invention to provide a method capable of producing a
natura] or recombinant protein at a high level.

SOLUTION TO PROBLEM

[0009] The present inventors used cultured cell strains (CHO cell strains) having high
recombinant antibody-producing ability to conduct studies on genes expressed markedly in
the cell strains, in diligent efforts to achieve the above object.  As a result, the present
inventors identified one mRINA type non-coding RNA that was recognized by using a

specific mouse sequence as a probe. This transcript corresponded to the complementary
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strand of the untranslated region of NfkBia mRNA. Further, the present inventors found
that expressing in cultured recombinant cells a nucleic acid molecule consisting of a partial
sequence of the transcript markedly increases the recombinant polypeptide-producing ability
of the cultured cells. The present inventors also found that NfkBia expression was
suppressed in the highly antibody-producing cells in which the non-coding RNA expression
had been increased. The present inventors further found that the cultured cells having the
high recombinant antibody-producing ability suppressed the NfkBia expression in the cells.
Based on these findings, the present inventors expected that the production amount of a
desired polypeptide would be able to be increased by inducing high expression of a transcript
that regulates the NfkBia expression in cultured cells. These findings led to the completion
of the present invention.

[0010] Such an RNA or DNA or sequence thereof that has the function of increasing the
ability to produce a protein such as a recombinant antibody by increased expression of itself
in cultured cells is collectively named herein as APES (Antibody Production Enhancing
Sequence) (also referred to as PPES (Polypeptide Production Enhancing Sequence) in some
cases). '

[0011] The present inventors presumed that APES (or PPES) would regulate the NfkBia
expression in cultured cells, thereby enhancing the activity of Nf-kappa B and thus increasing
the recombinant polypeptide-producing ability. It is presumed that the NF-kappa B having
enhanced activity would be ﬁanslocated into the nucleus, increase the expression of genes
related to immunity, inflammation and anti-apoptosis (e.g., Bel-2, Bel-xL, IAPs (Inhibitors of
Apoptosis Proteins})) and contribute to the growth of the cells, the maintenance of the survival
rate of the cells, and the like.

[0012] Furthermore, a plurality of NF-kappa B-binding sequences exist in the
promoter/enhancer regions of common plasmids for expression of a gene encoding a
recombinant protein or peptide such as an antibody. Hence, it is also presumed that NF-
kappa B that has been translocated into the nucleus would enhance the promoter activity of

the expression plasmids and contribute to higher antibody production. For example, in the
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case of the MCMYV promoter, such NF-kappa B-binding sequences exist at eight sites in a
mouse cytomegalovirus-derived sequence (DD434486) and at three sites in a human
cytomegalovirus-derived sequence (DI097553).

[0013] The present invention is summarized as follows:

(1) A method of producing a polypeptide comprising culturing a cell that expresses APES
and into which a DNA encoding a desired polypeptide has been introduced, thereby
producing the desired polypeptide.

(1-1) The method according to (1), wherein the cell is a strongly APES-expressing cell.

(2) The method according to (1), wherein the APES is a nucleic acid molecule comprising a
nucleotide sequence that can bind to the DNA or mRNA of NfkBia gene derived from human,
mouse, rat or hamster by base pairing and thereby can suppress the expression of the NfkBia
gene.

(3) The method according to (2), wherein the APES is a small RNA of at most 30 nucleotides
in length comprising a sequence of 19 to 25 nucleotides in length that can bind to a part of
the NfkBia mRNA by base pairing.

(4-1) The method according to (2), wherein the APES is an mRNA type non-coding RNA of
at most 561 nucleotides in length comprising a sequence of 19 to 25 nucleotides in length that
can bind to a part of the NfkBia mRNA by base pairing.

(4) The method according to (2), wherein the APES is an mRNA type non-coding RNA of at
most 500 nucleotides in length comprising a sequence of 19 to 25 nucleotides in length that
can bind to a part of the NfkBia mRNA by base pairing.

(5-1) The method according to (2), wherein the APES is an mRNA type non-coding RNA of
561 to 1579 nucleotides in length comprising a sequence of 19 to 25 nucleotides in length
that can bind to a part of the NfkBia mRNA by base pairing.

(5) The method according to (2), wherein the APES is an mRNA type non-coding RNA of
500 to 1000 nucleotides in length comprising a sequence of 19 to 25 nucleotides in length
that can bind to a part of the NfkBia mRNA by base pairing.

(6) The method according to any of (3) to (5), wherein the continuous sequence of 19 to 25



_5.

nucleotides in length is any partial sequence in the nucleotide sequence represented by SEQ
ID NO: 2.
(7-1) The method according to (6), wherein the APES is selected from nucleic acid molecules
each comprising any of the following nucleotide sequences:

(a) a DNA consisting of the nucleotide sequence of any of SEQ ID NOs:1 to 16 and
29;

(b) a DNA that comprises the sequence of (a) above and is a partial sequence of the
3” untranslated region of the NfkBia gene;

(c) a DNA consisting of the nucleotide sequence identical to the sequence of (a) or
(b) above except for one or several nucleotides;

(d) an RNA that is a transcript of (a), (b) or (c) above; and

(e) a DNA or RNA consisting of the sequence that can bind to the sequence of (a)
above by base pairing.
(7) The method according to (6), wherein the APES is selected from nucleic acid molecules
each comprising any of the following nucleotide sequences:

() a DNA consisting of the nucleotide sequence of any of SEQ ID NOs: 4 to 16;

(b) an RNA that is a transcript of (a) above;

(c) a DNA consisting of the nucleotide sequence identical to the sequence of (a)
above except for one nucleotide;

(d) an RNA that is a transcript of (c) above; and

(e) a DNA or RNA consisting of the sequence that can bind to the sequence of (a)
above by base pairing.
(8) The method according to (1), wherein an exogenous DNA encoding the desired
polypeptide has been introduced into the cell and the APES has been artificially introduced
into the cell.
(9) The method according to (8), wherein the cell into which the APES has been artificially
introduced is a cell transfected with the APES.

(10) The method according to (8), wherein the cell into which the APES has been artificially
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introduced is a cell in which the transcription of endogenous APES has been activated.
(11) The method according to (8), wherein a DNA encoding a taurine transporter has been
further introduced into the cell.
(12) The method according to (8), wherein a DNA encoding cysteine sulfinic acid
decarboxylase has been further introduced into the cell.
(13) The method according to (8), wherein a DNA encoding alanine transferase has been
further introduced into the cell.
(14) The method according to (1), wherein the polypeptide is an antibody.
(15) The method according to (1), wherein the cell is a Chinese hamster ovary cell.
(16) A method of producing a pharmaceutical comprising the polypeptide produced by any of
the methods shown above.
(17) A nucleic acid molecule (APES or PPES) that comprises any of the following nucleotide
sequences and has APES activity, provided that the nucleic acid molecule of SEQ ID NO: 1
is excluded:

(a) a DNA consisting of the nucleotide sequence of any of SEQ ID NOs: 2 to 16 and
29;

{b) a DNA that comprises the sequence of (a) above and is a partial sequence of the
3’ untranslated region of NfkBia gene;

(c) a DNA consisting of the nucleotide sequence identical to the sequence of any of
SEQ ID NOs: 1 to 16 and 29 or the sequence of (b), except for one or several nucleotides;

(d) an RNA that is a transcript of (a), (b) or (b) above; or

(e) a DNA or RNA consisting of the sequence that can bind to the sequence of (a)
above by base pairing.
(18) A vector comprising the nucleic acid molecule according to (17) above.
(19) A cell into which the nucleic acid molecule according to (17) above or the vector
according to (18) above has been artificially introduced.
ADVANTAGEOUS EFFECTS OF INVENTION

[0014] The present invention enables the efficient production of recombinant proteins.



BRIEF DESCRIPTION OF DRAWINGS
[0015] Figure 1 shows the sequence of the identified AI462015 transcript and its location
On mouse genome.

Figure 2 shows the expression intensity of ‘the AT462015 transcript on the 3rd day of
a subculture of an antibody-producing cell obtained by expressing Mab1 (anti-IL-6 receptor
antibody) at a high level in a CHO-DG44 cell.

Figure 3 shows the expression intensity of the AI462015 transcript on the 3rd day of
a subculture of an antibody-producing cell obtained by expressing Mab2 (anti-glypican 3
antibody) at a high level in a CHO-DXBI11s cell.

Figure 4 shows the expression intensity of the AI462015 transcript on the 3rd day of
a 1L-jar fed-batch culture of Mab2 (anti-glypican 3 antibody)-producing cells.

Figure 5 shows an increase of the expression intensity of the AJ462015 transcript on
the 13th day at the late stage of the 1L-jar fed-batch culture of the Mab2-producing cells.

Figure 6 shows the expression intensity of the AI462015 transcript on the 3rd day of
a 1L-jar fed-batch culture of cells that had low potential to produce Mab1(anti-IL-6 receptor
antibody).

Figure 7 shows an expression plasmid of a partial sequence 434bp of the transcript
AJ462015 (437p).

Figure 8 shows an expression plasmid of a partial sequence 165bp of the transcript
Al462015 (437p).

Figure 9 shows a plasmid in which only a hygromycin resistance gene was
expressed as a control.

Figure 10 shows that the amount of Mab1 production is increased by the strong
expression of partial sequences of the transcript AI462015 (437p).

Figure 11 shows the strong expression of the transcript AI462015 and the
suppressed NfkBia expression in highly antibody-producing cells.

Figure 12 shows a probe set used to quantify the NfkBia expression.

Figure 13 shows a result of the quantification of the suppressed NfkBia expression



in the highly antibody-producing cells.

Figure 14 shows the eight NfkB-binding sites on the mouse CMV IE2 promoter
{SEQ ID NO: 23) (the sites are underlined).

Figure 15 is an outline of a method for analysis of microRNA expression,

Figure 16 shows PCR products derived from microRNAs that had been expressed at
high levels in highly antibody-producing cells.

Figure 17 shows plasmids pPur-APES165 and pPur-ALT1 that were used for co-
expression of the partial sequence 165bp of the transcript A1642048 (437p) and co-
expression of ALT]I, respectively, in pHyg-TAUT-expressing cells.

Figure 18 shows a result of a shaker fed-batch culture that shows a high cell growth
effect and high antibody production effect that resulted from the strong expression of APES.

Figure 19 shows a result of a 1L-jar fed-batch culture that shows a high cell growth
effect and high antibody production effect that resulted from the strong expression of APES.

Figure 20 shows a correlation between the APES expression level of strongly
APES165-expressing candidate host cells (nine strains) and their viable cell density.

Figure 21 shows that the amount of Mabl production is increased by the strong
expression of partial sequences of the partial sequence APES165 of the transcript A1462015
(437p).

Figure 22 shows that the partial sequences of APES165, which were found to have a
high antibody production effect as shown in Figure 21, comprise the Nfkbia complementary
sequence.

Figure 23 shows that AI462015 is the complementary strand of mouse Nfkbia
mRNA (Example 8).

Figure 24 shows that there is a homologous sequence of AI462015 on CHO-K1 cell
genome (Example 8).

Figure 25a shows that a partial sequence (nucleotides 7 to 91 from the 5’ end) of
AI462015 is conserved regardless of species.

Figure 25b shows that a partial sequence (nucleotides 7 to 91 from the 5° end) of



-9-

AI462015 is conserved regardless of species.

Figure 25¢ shows that a partial sequence (nucleotides 7 to 91 from the 5’ end) of
Al462015 1s conserved regardless of species.

Figure 25d shows that a partial sequence (nucleotides 7 to 91 from the 5’ end) of
Al462015 is conserved regardless of species.

Figure 25e shows that a partial sequence (nucleotides 7 to 91 from the 5’ end) of
Al462015 is conserved regardless of species.
DESCRIPTION OF EMBODIMENTS
[0016] Embodiments of the present invention are described below in more detail.
[0017] (1) APES (Antibody Production Enhancing Sequence)
The present invention provides a method of producing a polypeptide comprising culturing a
cell that expresses APES and into which a DNA encoding a desired polypeptide has been
introduced, thereby producing the desired polypeptide.
[0018] As detailed in the Examples described later, the present inventors found an mRNA
type non-coding RNA with an increased expression level correlated with the antibody-
pfoducing ability in cultured CHO cells, and the present inventors identified the mRNA type
non-coding RNA as a transcript of 437 nucleotides in mouse genome (Figure 1; GenBank
Accession ID: Al462015; SEQ ID NO: 1). The sequence of Al462015 and its location on
mouse genome are shown in Figure 1.  The Al462015 sequence exists on the
complementary strand near the 3’ untranslated region of NfkBia (nuclear factor kB inhibitor
o) mRNA on mouse genome (Note: The subsequent information update given by GeneBank
revealed that the 437-nucleotide transcript of AI462015 corresponds to the complementary
strand of the 3’ untranslated region (513 nucleétides) of mouse NfkBia mRNA (Figure 23)).
[0019] Further, the present inventors found that the production amount of the desired
polypeptide can be increased by introducing nucleic acid molecules each having an
Al462015-derived partial sequence into host cells to thereby enable the expression.
[0020] The present inventors presumed that these nucleic acid molecules would regulate the

NikBia expression in cultured cells, thereby enhancing the activity of Nf-kappa B and thus
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increasing the recombinant polypeptide-producing ability. Specifically, the present
inventors presumed that the NF-kappa B having enhanced activity would be translocated into
the nucleus, increase the expression of genes related to immunity, inflammation and anti-
apoptosis (e.g., Bcl-2, Bel-xL, IAPs (Inhibitors of Apoptosis Proteins)) and contribute to the
growth of the cells, the maintenance of the survival rate of the celis, and the like.

[0021] The present inventors collectively named as APES (Antibody Production Enhancing
Sequence) (also referred to as PPES (Polypeptide Production Enhancing Sequence) in some
cases) an RNA or DNA or sequence thereof which has the following functions provided by
its own expression or increased expression in cultured cells: regulating the NfkBia éxpression
in the cultured cells and thereby enhancing the activity of Nf-kappa B and increasing the
ability to produce a desired recombinant polypeptide such as a recombinant antibody, and
which preferably does not encode proteins.

[0022] The foregoing Al462015-derived sequence or a partial sequence thereof is
conserved in not only rodents such as mouse and hamster but also human, and is deemed to
be also a highly conserved sequence in other mammals and animals such as fish and insects.
Hence, a partial sequence of the 3” untranslated region of various animal cell-derived NfkBia
mRNA or sequence complementary to the sequence (the partial sequence and the
complementary sequence correspond to the AI462015-derived sequence or partial sequence
thereof) also can be used as the APES sequences of the present invention.

[0023] In one embodiment, a part of the APES sequence comprises the Nfkbia
complementary sequence or is the Nfkbia complemantary sequence, and this feature results
in the suppression of the Nfkbia expression in. APES-expressing cells. This suppression
effect promotes the function of producing an antibody and the like at high levels.

[0024] In one embodiment, APES is a nucleic acid molecule that interferes with NfkBia
mRNA (RNA interference) and that has the function of binding itself to NfkBia mRNA in a
cell to negatively regulate the mRNA expression. The increase of the intracellular
expression level of APES leads to the suppressed expression of the NfkBia function and

thereby increases the expression level of antibody genes and further produces a recombinant
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polypeptide such as an antibody at high levels.

[0025] Thus, APES can be the following one comprising a sequence that can bind to the
DNA or mRNA of the NfkBia gene by base pairing: a double-stranded RNA (dsRNA) or an
siRNA, which is a short dsSRNA, or an siRNA dissociated into single strands, or an shRNA,
an antisense DNA or RNA, a microRNA (miRNA) or an mRNA type non-coding RNA.
[0026] For example, the APES sequence can be an oligonucleotide consisting of a sequence
comprising a partial sequence complementary to target NfkBia mRNA. Such an
oligonucleotide is, for example, a miRNA that has a sequence corresponding to 19 to 25
nucleotides in the complementary strand of NfkBia mRNA or a sequence identical to the
above sequence except for one nucleotide and that has the effect to suppress the NfkBia
expression. Alternatively, APES may be a long chain, mRNA type non-coding RNA and
can be, for example, such an RNA that consists of a sequence of 561 nucleotides in length
(561 mer) or at most 500 nucleotides in length (500 mer) comprising a sequence capable of
binding to the DNA or mRNA of the NfkBia gene by base pairing and that has the effect to
suppress the NfkBia expression. Alternatively, APES may be a longer chain (hundreds to
hundreds of thousands of nucleotides), mRNA type non-coding RNA. For example, APES
can be a nucleic acid molecule or sequence of 200 to 100000 nucleotides in length or 300 to
300000 nucleotides in length.

[0027] The sequence that can bind by base pairing is not limited to 2 completely pairing
sequence (i.e., a 100% complementary sequence), but the presence of non-pairing nucleotides
is also acceptable as long as they do not interfere with its functions. Rather, partial
complementation is preferred depending on the form of APES. Hence, for example, a
sequence that is at Ieast 70%, more preferably 80%, still more preferably 90%, most
preferably 95% homologous to a genetic DNA or mRINA comprising the NfkBia untranslated
region, or the sequence complementary to the above sequence is also encompassed in the
“sequence that can bind by base pairing”. For example, as for an mRNA type non-coding
RNA of 561 mer or 500 mer, the at least 90% homologous sequence encompasses mutant

sequences that comprise 1 to 50 mismatched nucleotides (or 1 to 56 mismatched nucleotides
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in the case of the RNA of 561 mer) resulting from insertion, deletion or point mutation of
nucleotides and that have the function of increasing the ability to produce a recombinant
polypeptide such as an antibody in association with the expression of the mutant sequences
themselves in host cells, or the function of suppressing the NfkBia expression. Hence, it is
deemed that a sequence derived from NfkBia orthologue (xenogeneic homologous gene)
which has some degree of sequence similarity (e.g., at least 70% homology) and is derived
from a species different from a host cell also can be used as APES.

[0028] Altematively, the sequence that can bind by base pairing encompasses a sequence
that can bind to NfkBia mRNA under a condition such as an intracellular condition. Such a
sequence encompasses, for example, a sequence that hybridizes under conditions known to
the skilled person as highly stringent conditions and that has desired functions. One
example of the highly stringent conditions is incubation of a polynucleotide and another
polynucleotide in a hybridization buffer solution comprising 6 x SSPE or SSC, 50%
formamide, 5 x Denhardt’s reagent, 0.5% SDS and 100 pg/ml of a fragmented, denatured
salmon sperm DNA, at a hybridization temperature of 42°C for 12 to 16 hours (one of the
polynucleotides may be adhered to the surface of such a solid as a membrane) and
subsequent several washings of the resulting material with a wash buffer solution comprising
1 x SSC and 0.5% SDS at an optimal temperature of 42°C or higher. For other concrete
conditions, refer to multiple experiment manuals that are well known to the skilled person,
such as Sambrook et al., “Molecular Cloning: A Laboratory Manual (3rd Edition)”, Cold
Spring Harbor Laboratory Pr; and Ausubel et al., “Current Protocols in Molecular Biology”,
Maruzen Co., Ltd.

[0029] The novel nucleic acid molecule having APES activity or a nucleic acid molecule
having the sequence complementary to the molecule is an important feature of the present
invention.

[0030] In one embodiment, APES is a nucleic acid molecule having the function of
suppressing the NfkBia expression or increasing the production of a recombinant polypeptide

and is an RNA or DNA that can bind to the DNA or mRNA of the NfkBia gene derived from
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human, mouse, rat or hamster by base pairing. It is deemed that such a nucleic acid
molecule comprises a sequence homologous or complementary to mRNA encoding NfkBia
and can bind to the NikBia gene or mRNA and inhibit its expression.

[0031] In oneembodiment, APES is a small RNA of 19 to 25 nucleotides in length
comprising the sequence complementary to a part of NfkBia mRNA, or a small RNA that has
a sequence identical to the sequence except for one nucleotide and has the function of
suppressing the NfkBia expression or increasing the production of recombinant polypeptides.
The small RNA as referred to herein means a small non-coding RNA (snRNA), and snRNA
encompasses miRNA.

[0032] In one embodiment, APES is an mRNA type non-coding RNA of at most 561
nucleotides in length or at most 500 nucleotides in length that comprises the sequence
complementary to a part of NfkBia mRNA (for example, the sequence is a small non-coding
RNA sequence as described above).

[0033] In one embodiment, APES is an mRNA type non-coding RNA of 561 to 1579
nucleotides in length or 500 to 1000 nucleotides in length that comprises the sequence
complementary to a part of NfkBia mRNA (for example, the sequence is a small non-coding
RNA sequence as described above).

[0034] One specific example of APES that was found in the transcript in CHO cells has a
mouse Al462015-derived partial sequence or such a partial sequence in which one or several
nucleotides have been substituted, deleted or added. In particular, included is a DNA
sequence of 165 nucleotides that consists of the nucleotide sequence between G at nucleotide
4 and C at nucleotide 168 from the 5’ end (SEQ ID NO: 2, APES165); the complementary
(antisense) DNA sequence of the DNA sequence; a sequence comprising an RNA sequence
transcribed from these DNA; or a partial sequence of any length in the sequence.
Alternatively, included is a DNA sequence of 434 nucleotides that consists of the nucleotide
sequence between G at nucleotide 4 from the 5’ end and T at the 3” end (SEQ ID NO: 3,
APES434); the complementary (antisense) DNA sequence of the DNA sequence; a sequence

comprising an RNA sequence transcribed from these DNA; or a partial sequence of any
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length derived from the sequence. Also included is a nucleotide sequence comprising a
sequence derived from a mammal such as human, hamster or rat that corresponds to the
mouse Al462015 sequence; a partial sequence of the sequence comprising the mammal-
derived sequence; or such a partial sequence in which one or several nucleotides have been
substituted, deleted or added.

[0035] In one embodiment, APES has the nucleotide sequence between nucleotides 4 and
133 from the 5° end (SEQ ID NO: 4, APES130) in AI462015 or a partial sequence derived
from the sequence. For example, included is the DNA sequence between nucleotides 4 and
68 from the 5” end (SEQ ID NO: 5, APES4-68) or the DNA sequence between nucleotides
69 and 133 from the 5 end (SEQ ID NO: 6, APES69-133) or the complementary DNA
sequence thereof, or a sequence transcribed from these DNA.

[0036] In one embodiment, APES has the sequence of 52 nucleotides between nucleotides
40 and 91 from the 5’ end (SEQ ID NO: 7) in AI462015 or a sequence derived from a partial
sequence obtained by cleavage of the 52 nucleotides at any location. For example, included
is the DNA sequence of the former part (the 29 nucleotides of APES40-68, the 24 nucleotides
of APES4(-63, or the 22 nucleotides of APES40-61) or the latter part (the 23 nucleotides of
APES69-91) or the complementary DNA sequence thereof (corresponding to SEQ ID NOs: 8
to 11, respectively) or a sequence transcribed from these DNA.

[0037] The 52 nucleotides described above are a sequence identical to that of the
complementary strand of the 3° untranslated region of the rat NfkBia gene except for one
nucleotide. The 5° 24 nucleotides (APES40-63, SEQ ID NO: 9) are a sequence identical to
that of the 3’ untranslated region of the human NfkBia gene. The 5’ 22 nucleotides
(APES40-61, SEQ ID NO:10;: AAGTACCAAAATAATTACCAAC) are a sequence
identical to that of the complementary strand of the 3’ untranslated region of NfkBia mRNA
regardless of species such as rat, thesus monkey, dog and horse. RINAI effect is expected to
be produced by expressing in host cells a partial sequence complementary to the 3’
untranslated region of the NfkBia gene. For example, it is possible that an RNA having a

sequence complementary to 19 to 25 nucleotides of the above 52 nucleotides would act as a



-15 -

microRNA (miRNA) on the untranslated region of NfkBia mRNA, thereby interfering with
translational process.

[0038] Alternatively, APES has the sequence of 85 nucleotides between nucleotides 7 and
91 from the 5° end (SEQ ID NO: 29) in AI462015 or a sequence derived from a partial
sequence obtained by cleavage of the 85 nucleotides at any location. It is possible that an
RNA having a sequence complementary to 19 to 25 nucleotides of the above 85 nucleotides
would act as a microRNA (miRNA) on the untranslated region of NfkBia mRNA, thereby
interfering with translational process.

[0039] In one embodiment, APES has a sequence found in a search for siRNA of 21
nucleotides. Examples include miRNA sequences comprising the sequence complementary
to the DNA sequence between nucleotides 84 and 104 (SEQ ID NO: 12, APES84-104) in
AJ462015, the DNA sequence between nucleotides 99 and 119 (SEQ ID NO: 13, APES99-
119) or the DNA sequence between nucleotides 101 and 121 (SEQ ID NO: 14, APES101-
121). The sequence between nucleotides 71 and 112 (SEQ ID NO: 16) in the above APES
69-133 is a region that has been quantified on GeneChip and actually expressed at a high
level. Hence, it is deemed to be highly possible that APES84-104 would function as a
miRNA.

[0040] Further, based on the structural or functional feature of APES, a new nucleic acid
molecule having APES activity can be synthesized chemically or isolated from biological
sources. The structural feature of APES is that it is a nucleic acid molecule comprising a
sequence complementary to a part of target NfkBia mRNA. The nucleic acid molecule may
be in any form, regardless of matters such as whether it is a DNA, DNA transcript, mRNA or
cDNA, exosome RNA, chemically synthesized single-stranded RNA, or chemically
synthesized double-stranded RNA. The functional feature is the increase of the ability to
produce a recombinant polypeptide such as an antibody or the suppression of the NfkBia
expression, in association with the expression of APES in host cells.

[0041] If APES is isolated from a biological source, it may be derived from any living

organism without any particular limitation. Specific examples include APES derived from
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animals including primates such as human and chimpanzee; rodents such as mouse, rat and
hamster; livestock such as cattle, pig and goat; birds such as chicken; fish such as zebrafish;
insects such as fly; nematode; and the like. APES is preferably derived from human, a
rodent, or the same species as a host cell. For example, when a strongly APES-expressing
cell is a Chinese hamster ovary cell (CHO cell), APES is preferably derived from human,
mouse or hamster.

[0042] Such a nucleic acid molecule can be prepared by a method known to the skilled
person. For example, the nucleic acid molecule may be prepared in accordance with the
following procedures: preparing total RNA from a cultured cell that has produced a
recombinant polypeptide such as an antibody at a high level, synthesizing an oligonucleotide
on the basis of a nucleic acid sequence of the present invention (e.g., APES165 of SEQ ID
NO: 2), and carrying out PCR using the oligonucleotide as a primer to amplify cDNA having
the features of APES. Further, after the preparation of a small RNA from the cultured cell
that has produced a recombinant polypeptide such as an antibody at a high level, a cDNA
library can be prepared to produce a small RNA comprising a partial sequence
complementary to NfkBia mRINA on the basis of the nucleotide sequence of a cloned cDNA.
The ¢DNA library also can be constructed by a method described in, for example, Sambrook,
J. et al., Molecular Cloning, Cold Spring Harbor Laboratory Press (1989), after preparing a
small RNA such as a microRNA (miRNA).

[0043] Furthermore, an APES-expressing genomic DNA can be isolated by determining the
nucleotide sequence of the cDNA obtained and screening a genomic DNA library using the
cDNA as a probe.

[0044] Specifically, the following procedures may be used: first, total RNA is isolated from
cells, tissues, or the like that are likely to express APES of the present invention; for the
isolation of mRNA, a known method such as the guanidine ultracentrifugation method
(Chirgwin, J. M. et al., Biochemistry (1979) 18, 5294-5299) or the AGPC method
(Chomczynski, P. and Sacchi, N., Anal. Biochem. (1987) 162, 156-159) is used to prepare
total RNA, and then the total RNA is further purified using RNeasy Mini Kit {(QIAGEN) or
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the like.

[0045] From the total RNA obtained, cDNA is synthesized using a reverse transcriptase.
cDNA also can be synthesized using SuperScript™ II Reverse Transcriptase (Invitrogen) or
the like. It is also possible to synthesize and amplify cDNA in accordance with the 5°-
RACE method (Frohman, M. A. et al., Proc. Natl. Acad. Sci. U.S.A. (1988) 85, 8998-9002;
Belyavsky, A. et al., Nucleic Acids Res. (1989) 17, 2919-2932) using 5’-Ampli FINDER
RACE Kit (Clontech) and polymerase chain reaction (PCR) with a primer and the like.
[0046] A DNA fragment of interest is prepared from the resulting PCR product and ligated
to a vector DNA to thereby prepare a recombinant vector. The vector is introduced into E.
coli or the like, and then, colonies obtained are selected to prepare a desired recombinant
vector. The nucleotide sequence of the DNA of interest can be confirmed by a known
method such as the dideoxynucleotide chain termination method.

[0047] The DNA obtained can be modified using a commercially available kit or a known
method. Such modification is, for example, the introduction of single nucleotide
polymorphism using the site-directed mutagenesis method, or the like. The thus modified
sequences are also included in the scope of the present invention as long as they have APES
activity.

[0048] As used herein, the phrase “have (having) APES activity” refers to having the action
of suppressing the NfkBia expression in a cultured host cell to thereby activate Nf-kappa B
and thus increase the recombinant polypeptide-producing ability. The phrase refers
univocally to having the function of suppressing the NfkBia expression by expression of the
subject in a cell.

[0049] In some cases, a nucleic acid molecule having APES activity is referred to herein as
the nucleic acid molecule of the present invention.

[0050] (2) Expression of APES

In the present invention, it was found that by using APES-expressing cells, preferably,
strongly APES-expressing cells, the amount of polypeptides produced by the cells is

increased.
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[0051] A strongly APES-expressing cell means a cell into which APES has been artificially
introduced using a vector or the like, and strong expression of APES means that the
expression level of APES has been increased as compared with an original cell into which
antibody gene has not yet been introduced. Examples of the original cell include, but are
not particularly limited to, cells for use as hosts (e.g., CHO cells) in the production of
recoinbinant proteins. Ifit is explained with reference to the Examples described later, a
specific example is as follows: in a GeneChip experiment using an oligonucleotide array
produced by AFFYMETRIX, Inc. (Affymetrix MOUSE430_2), signal values of AI462015
are 2000 or less in original cells into which antibody gene has not yet been introduced. An
increase of the expression level of APES as compared with the values means that a signal
value of AI462015 is, for example, twice or more as high as those values.

[0052] A strongly APES-expressing cell comprises endogenous or exogenous APES in the
cell. Examples of the strongly APES-expressing cell include cells into which APES has
been artificially introduced.

[0053] A cell into which APES has been artificially introduced can be prepared by a
method known to the skilled person. For example, the cell can be prepared by incorporating
an APES-encoding DNA sequence into a vector and transforming the vector into a cell.
[0054] The cell into which APES has been artificially introduced, as referred to herein,
further encompasses cells in which endogenous APES has been activated by gene activation
technology (refer to, for example, International Publication No. WO 94/12650 pamphlet)
which resulted in strong expression of APES.

[0055] A typical example of the endogenous APES is APES as a DNA sequence encoded in
the host cell genome. In the present invention, cells also can be used in which after
introduction of antibody gene, the transcription of the endogenous APES has been activated
because of some factor without using any gene activation technology, resulting in strong
expression.

[0056] A vector into which an APES-encoding DNA sequence has been inserted also falls

within the scope of the present invention. The vector of the present invention is useful for
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retaining the nucleic acid molecule of the present invention within or outside a host cell and
expressing the nucleic acid molecule of the present invention. The vector of the present
invention is also useful for permitting a host cell to express APES strongly. By permitting a
host cell to express APES strongly, the amount of a desired polypeptide produced by the host
cell can be increased.

[0057] For example, when E. coli is used as a host cell, it is preferred that the vector has an
“ort” for amplification in E. coli (e.g., IM109, DH5a, HB101, XL 1Blue) to achieve the
amplification and preparation of a large quantity of the vector in E. coli or the like and also
has a gene for selecting transformed E. coli (e.g., a drug resistance gene that allows
discrimination using some drug (ampicillin, tetracycline, kanamycin, chloramphenicol)).
Examples of the vector include M13 vectors, pUC vectors, pBR322, pBluescript, pCR-Script,
and the like. In addition to these vectors, pPGEM-T, pDIRECT, pT7 and the like are
enumerated if the vectors are used for subcloning and excision of cDNA.

[0058] (3) Expression Vector .

In the present invention, when a vector is used for strong expression of APES and/or
polypeptide production, an expression vector is especially useful. Examples of the
expression vector that can be used in the present invention include mammal-derived
expression vectors (e.g., pcDNA3 (Invitrogen), pEGF-BOS (Nucleic Acids. Res. 1990,
18(17), p5322), pEF, pCDMB8), insect cell-derived expression vectors (e.g., “Bac-to-BAC
baculovairus expression system” (GIBCO BRL), pBacPAKS), plant-derived expression
vectors (e.g., pMH1, pMH2), animal virus-derived expression vectors (e.g., pHSV, pMV,
pAdexLcw), retrovirus-derived expression vectors (e.g., pZIpneo), yeast-derived expression
vectors (e.g., “Pichia Expression Kit” (Invitrogen), pNV11, SP-Q01), Bacillus subtilis-
derived expression vectors (e.g., pPL608, pK TH50), and the like.

[0059] The expression vector for expressing an exogenous polypeptide comprises a DNA
encoding the polypeptide and an expression-regulating sequence capable of promoting the
expression of the DNA. Likewise, the expression vector for expressing APES comprises a

DNA encoding APES and an expression-regulating sequence capable of promoting the
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expression of the DNA. A single vector may be constructed to express both a polypeptide
and APES. For example, if an APES or polypeptide gene that is a part of the host genome
is activated using gene activation technology, an expression-regulating sequence that
promotes the expression of such a host cell-derived DNA may be introduced.

[0060] Examples of the expression-regulating sequence include an appropriate promoter,
enhancer, transcription terminator, a Kozak sequence containing a start codon (i.e., ATG)ina
protein-encoding gene, a splicing signal for intron, a polyadenylation site, a stop codon, and
the like. The vector can be appropriately constructed by the skilled person.

[0061] The expression-regulating sequence preferably contains a promoter/enhancer region
capable of increasing the level of gene transcription in an animal cell to be used. The
promoter/enhancer region involved in the expression of a gene encoding a desired
polypeptide may contain 2 NF-kB-binding sequence.

[0062] When expression in mammalian cells such as CHO cells, COS cells and NIH3T3
cells is intended, the vector preferably has a promoter needed for expression in the cells, such
as SV40 promoter (Mulligan et al., Nature (1979) 277, 108), MMLV-LTR promoter, EFlo.
promoter (Mizushima et al., Nucleic Acids Res. (1990) 18, 5322) or CMV promoter. More
preferably, the vector also has a gene for selection of transformation into cells (¢.g., a drug
resistance gene that allows discrimination using a drug (e.g., neomycin, G418)). Examples
of the vector having such characteristics include pMAM, pDR2, pBK-RSV, pPBK-CMV,
pOPRSV, pOP13 and the like.

[0063] Further, when the stable expression of a gene and the intracellular amplification of
the copy number of the gene are intended, a method may be used in which, into CHO cells
lacking a nucleic acid synthesis pathway, a vector having the DHFR gene which
complements the lack (e.g., pCHOI) is introduced, followed by amplification with
methotrexate (MTX). When transient expression of a gene is intended, a method may be
used in which COS cells carrying a SV40 T antigen-expressing gene on the chromosome are
transformed with a vector having the replication origin of SV40 (e.g., pcD). As the

replication origin, a replication origin derived from polyomavirus, adenovirus, bovine
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papillomavirus (BPV) or the like also can be used. Further, to amplify the gene copy
number in a host cell system, the expression vector can contain a selection marker such as the
aminoglycoside transferase (APH) gene, thymidine kinase (TX) gene, E. coli xanthine-
guanine phosphoribosy! transferase (Ecogpt) gene, or dihydrofolate reductase (dhfr) gene.
[0064] (4) Host Cell

The cell to be used in the present invention may be either a natural cell capable of producing
a desired polypeptide or a cell into which a DNA encoding a desired polypeptide has been
introduced. Preferably, a transformed cell into which a DNA encoding a desired
polypeptide has been introduced is used.

[0065] One example of the transformed cell into which a DNA encoding a desired
polypeptide has been introduced is a host cell that has been transfected with an expression
vector containing at least a DNA encoding a desired polypeptide and that has expressed
endogenous or exogenous APES strongly.

[0066] Further, in the present invention, the cell into which “a DNA.(or a gene) has been

introduced” encompasses cells transfected with exogenous DNA as well as cells in which

endogenous DNA has been activated using gene activation technology (refer to, for example,
International Publication No. WO 94/12650 pamphlet) which resulted in the expression of a
protein corresponding to the DNA or the initiation or increase of the DNA transcription.
[0067] When a cell into which APES has been artificially introduced is used to produce a
desired polypeptide, the sequence of the introduction of APES and a gene encoding the
desired polypeptide is not barticularly limited; APES may be introduced before the
introduction of the gene encoding the desired polypeptide, or the gene encoding the desired
polypeptide may be introduced before the introduction of APES.  Alternatively, APES and
the gene encoding the desired polypeptide may be introduced simuitaneously.

[0068] When a vector is used, APES and the gene encoding the desired polypeptide may be
introduced simultaneously using a single vector, or they may be introduced separately using a
plurality of vectors.

[0069] The cell to be used in the present invention is not particularly limited. It may be
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any cell such as a eukaryotic cell (e.g., animal cell, plant cell, yeast) or a prokaryotic cell (e.g.,
E. coli and B. subtilis). Animal cells derived from insects, fish, amphibia, reptiles and
mammals are preferred, and mammalian cells are particularly preferred. The origins of the
mammalian cells are primates such as human and chimpanzee, rodents such as mouse, rat and
hamster, and the like, preferably human and rodents. Further, it is preferred that the cell of
the present invention is cultured mammalian cells that are usually often used for the
expression of polypeptides, such as CHO cells, COS cells, 3T3 cells, myeloma cells, BHK
cells, HeLa cells and Vero cells. For the expression of a large quantity of a desired
polypeptide, CHO cells are particularly preferably used. In particular, dhfr-CHO (Proc.
Natl. Acad. Sci. USA (1980) 77, 4216-4220), which is CHO cells lacking the DHFR gene, or
CHO K-1 (Proc. Natl. Acad. Sci. USA (1968) 60, 1275) can be advantageously used as CHO
cells.

[0070] In particular, DG44 strain, DXB-11 strain, K-1 or CHO-S is preferred as the above
CHO cell, and DG44 or DXB-11 strain is particularly preferred.

[0071] The host cell of the present invention can be used, for example, as a production
system for the production or expression of a desired polypeptide. [fa DNA encoding a
desired polypeptide is introduced into a strongly APES-expressing host cell, the desired
polypeptide can be produced at a high level. Into the host cell of the present fnvention, a
DNA encoding either a taurine transporter (TauT) or an anion exchanger (AE1) (the DNA
may be incorporated into a vector) may be further introduced. Into the host cell of the
present invention, a DNA encoding either cysteine sulfinic acid decarboxylase (CSAD) or
alanine transferase (ALT1) may be still further introduced. For details, refer to WO
2007/119774, WO 2008/114673, WO 2009/020144 and WO 2009/054433.

[0072] Exogenous DNA (which may be incorporated into a vector) can be introduced into
the host cell by a method such as the calcium phosphate method, the DEAE dextran method,
a method using cationic ribosome DOTAP (Boehringer Mannheim), electroporation, the
Nucleofection method (amaxa), or lipofection.

[0073] (5) Intended Polypeptide
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The polypeptide to be produced by the method of the present invention is not particularly
limited. It may be any polypeptide such as an antibody (e.g., anti-IL-6 receptor antibody,
anti-IL-6 antibody, anti-glypican-3 antibody, anti-CD?3 antibody, anti-CD20 antibody, anti-
GPIIb/H]a antibody, anti-TNF antibody, anti-CD25 antibody, anti-EGFR antibody, anti-
Her2/neu antibody, anti-RSV antibody, anti-CD33 antibody, anti-CD52 antibody, anti-IgE
antibody, anti-CD11a antibody, anti-VEGF antibody, anti-VL.A4 antibody) or a
physiologically active protein (e.g., granulocyte colony-stimulating factor (G-CSF),
granulocyte-macrophage colony-stimulating factor (GM-CSF), erythropoietin, interferon,
interleukin (e.g., IL-1, IL-6), t-PA, urokinase, serum albumin, blood coagulation factor, PTH).
An antibody is particularly preferred, and may be any antibody such as a natural antibody, a
low molecular antibody (e.g., Fab, scFv, sc(Fv)2), a chimeric antibody, or a humanized
antibody.

[0074] (6) Production of Polypeptide

A polypeptide of interest can be obtained by culturing the host cell described above,
producing a desired polypeptide and collecting the polypeptide.

[0075] For culturing the cell, media that are used in common cell (preferably, animal cell)
cultures can be used. These media generally contain amino acids, vitamins, lipid factors,
energy sources, osmotic regulators, iron sources and pH buffers. It is generally appropriate
that the contents of these components fall within the following ranges: amino acids 0.05-
1500 mg/L, vitamins 0.001-10 mg/L, lipid factors 0-200 mg/L, energy sources 1-20 g/L,
osmotic regulators 0.1-10000 mg/L, iron sources 0.1-500 mg/L, pH buffers 1-10000 mg/L,
trace metal elements 0.00001-200 mg/L, surfactants 0-5000 mg/L, growth cofactors 0.05-
10000 pg/L and nucleosides 0.001-50 mg/I.. However, the contents are not limited to these
ranges and can be appropriately determined depending on the type of the cell to be cultured,
the type of the desired polypeptide, and the like.

[0076] In addition to the components described above, for example, trace metal elements,
surfactants, growth cofactors, nucleosides and the like may be added.

[0077] Specific examples include amino acids such as L-alanine, L-arginine, L-asparagine,
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L-aspartic acid, L-cysteine, L-cystine, L-glutamine, L-glutamic acid, glycine, L-histidine, L-
isoleucine, L-leucine, L-lysine, L-methionine, L-ornithine, L-phenylalanine, L-proline, L-
serine, L-threonine, L-tryptophan, L-tyrosine and L-valine (preferably, L-alanine, L-arginine,
L-asparagine, L-aspartic acid, L-cystine, L-glutamine, L-glutamic acid, glycine, L-histidine,
L-isoleucine, L-leucine, L-lysine, L-methionine, L-phenylalanine, L-proline, L-serine, L-
threonine, L-tryptophan, L-tyrosine and L-valine); vitamins such as i-inositol, biotin, folic
acid, lipoic acid, nicotinamide, nicotinic acid, p-aminobenzoic acid, calcium pantothenate,
pyridoxal hydrochloride, pyridoxine hydrochloride, riboflavin, thiamine hydrochloride,
vitamin B12 and ascorbic acid (preferably, biotin, folic acid, lipoic acid, nicotinamide,
calcium pantothenate, pyridoxal hydrochloride, riboflavin, thiamine hydrochloride, vitamin
B12 and ascorbic acid); lipid factors such as choline chloride, choline tartrate, linoleic acid,
oleic acid and cholesterol (preferably, choline chloride); energy sources such as glucose,
galactose, mannose and fructose (preferably, glucose); osmotic regulators such as sodium
chloride, potassium chloride and potassium nitrate (preferably, sodium chloride); iron sources
such as iron EDTA, ferric citrate, ferrous chloride, ferric chloride, ferrous sulfate, ferric
sulfate and ferric nitrate (preferably, ferric chloride, iron EDTA and ferric citrate); and pH
buffers such as sodium hydrogencarbonate, calcium chloride, sodium dihydrogen phosphate,
HEPES and MOPS (preferably, sodium hydrogencarbonate). Media containing any one(s)
of these components can be given as examples.

[0078] In addition to the above components, for example, the following components may be
added: trace metal elements such as copper sulfate, manganese sulfate, zinc sulfate,
magnesium sulfate, nickel chloride, tin chloride, magnesium chloride and sodium subsilicate '
(preferably, copper sulfate, zinc sulfate and magnesium sulfate); surfactants such as Tween
80 and Pluronic F68; grovyth cofactors such as recombinant insulin, recombinant IGF-1,
recombinant EGF, recombinant FGF, recombinant PDGF, recombinant TGF-¢., ethanolamine
hydrochloride, sodium selenite, retinoic acid and putrescine hydrochloride (preferably,
sodium selenite, ethanolamine hydrochloride, recombinant IGF-1 and putrescine

hydrochloride); nucleosides such as deoxyadenosine, deoxycytidine, deoxyguanosine,
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adenosine, cytidine, guanosine and uridine; and the like. It is to be noted that in preferred
examples of above media, an antibiotic such as streptomycin, penicillin G potassium or
gentamicin or a pH indicator such as Phenol Red may be contained.

[0079] The pH of the medium varies depending on the cell to be cultured. pH6.8-7.61s
generally appropriate, and pH7.0-7.4 is appropriate in many cases.

[0080] It is also possible to use a commercially available medium for animal cell culture,
such as D-MEM (Dulbecco’s Modified Eagle Medium), D-MEM/F-12 1:1 Mixture
(Dulbecco’s Modified Eagle Medium: Nutrient Mixture F-12), RPMI1640, CHO-S-SFM II
(Invitrogen), CHO-SF (Sigma-Aldrich), EX-CELL 301 (JRH Biosciences), CD-CHO
(Invitrogen), IS CHO-V (Irvine Scientific) or PF-ACF-CHO (Sigma-Aldrich).

[0081] The medium may be a serum-free medium.

[0082] When the host cell is CHO cells, a method known to the skilled person can be used
to culture the CHO cells. For example, CHO cells can be usually cultured in a gas-phase
atmosphere at a CO; concentration of 0 to 40%, preferably 2 to 10%, at 30 to 39°C,
preferably about 37°C. |

[0083] An appropriate culture period for producing a desired polypeptide is usually 1 day to
3 months, preferably 1 day to 2 months, more preferably 1 day to 1 month.

[0084] As various culture devices for animal cell culture, the following devices can be used
for culture: for example, fermenter type tank culture devices, air lift type culture devices,
culture flask type culture devices, spinner flask type culture devices, microcarrier type culture
devices, fluidized bed type culture devices, hollow fiber type culture devices, roller bottle
type culture devices and packed bed type culture devices.

[0085] Culture may be performed by any method such as batch culture, fed-batch culture or
continuous culture. Among them, fed-batch culture or continuous culture is preferred, and
fed-batch culture is more preferred.

[0086] The polypeptide obtained can be isolated from the inside of a host cell or from its
outside (e.g., media) and purified into a substantially pure and homogenous polypeptide.

The isolation and purification of the polypeptide may be performed using a common isclation
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and purification method in polypeptide purification, and are not limited in any way. For
example, polypeptides can be isolated and purified by appropriately selecting and combining
chlomatography columns, filters, ultrafiltration, salting-out, solvent precipitation, solvent
extraction, distillation, immunoprecipitation, SDS-polyacrylamide gel electrophoresis,
isoelectric focusing, dialysis, recrystallization, and the like.

[0087] Examples of the chromatography include affinity chromatography, ion-exchange
chromatography, hydrophobic chromatography, gel filtration, reverse-phase chromatography,
adsorption chromatography, and the like (Strategies for Protein Purification and
Characterization: A Laboratory Course Manual. Ed. Daniel R. Marshak et al., Cold Spring
Harbor Laboratory Press, 1996). These chromatographies can be carried out using liquid-
phase chromatography such as HPLC or FPLC. The present invention also encompasses
polypeptides highly purified by these purification methods.

[0088] It is to be noted that before or after the purification of polypeptides, it is also
possible to give optional modifications or remove a partial peptide by allowing an
appropriate polypeptide modification enzyme to act on the polypeptides. Examples of the
polypeptide modification enzyme include trypsin, chymotrypsin, lysyl endopeptidase, protein
kinase, glucosidase, and the like.

[0089] (7) Pharmaceuticals

When the polypeptide produced by the method of the present invention has a biological
activity that can be utilized as a medicament, the polypeptide can be mixed with a
pharmaceutically acceptable carrier or additive and formulated to produce a pharmaceutical.
[0090] Examples of the pharmaceutically acceptable carrier or additive include water,
pharmaceutically acceptable organic solvents, collagen, polyvinyl alcohol,
polyvinylpyrrolidone, carboxyvinyl polymers, sodium carboxymethyl cellulose, sodium
polyacrylate, sodium alginate, water-soluble dextran, sodiﬁm carboxymethyl starch, pectin,
methyl cellulose, ethyl cellulose, xanthane gum, gum arabic, casein, agar, polyethylene
glycol, diglycerin, glycerin, propylene glycol, Vaseline, paraffin, stearyl alcohol, stearic acid,

human serum albumin (HSA), mannitol, sorbitol, lactose, surfactants acceptable as



-27-

pharmaceutical additives, and the like.

[0091] The actual additive is selected from the foregoing additives, either alone or in an
appropriate combination, according to the dosage form of the therapeutic agent of the present
invention, but the actual additive is definitely not limited thereto. For example, in case of
using as a formulation for injection, a material caﬁ be used that is obtained by dissolving the
purified polypeptide in a solvent such as physiological saline, a buffer solution or a glucose
solution and then adding to the resulting solution an adsorption inhibitor such as Tween 80,
Tween 20, gelatin or human serum albumin. Alternatively, a freeze-dried material may be
used to prepare a dosage form that is dissolved and reconstituted prior to use, and an
excipient that can be used for the freeze-drying is, for example, a sugar alcohol or sugar, such
as mannitol or glucose.

[0092] The effective amount of administration of the polypeptide is appropriately selected
according to the type of the polypeptide, the type of diseases to be treated or prevented, the
age of patients, the seriousness of the diseases, and the like. For example, when the
polypeptide is an anti-glypican antibody, the effective amount of administration is selected
from the range of 0.001 mg to 1000 mg per kg of body weight per administration.
Alternatively, an amount of administration of 0.01 to 100000 mg/body can be selected per
patient. However, the effective amount is not limited to these ranges.

[0093] The polypeptide can be administered either orally or parenterally, but parenteral
administration is preferred.  Specific examples include injection (e.g., systemic or local
administration by intravenous injection, intramuscular injection, intraperitoneal injection,
subcutaneous injection or the like), transnasal administration, transpulmonary administration,
percutaneous administration and the like.

[0094] (8) Suppression of NfkBia Expression

According to the present invention, in the method of producing a desired polypeptide by
culturing an animal cell into which a DNA encoding the polypeptide has been introduced, the
production amount of the desired polypeptide can be increased by decreasing the expression

level of nuclear factor kB inhibitor « (NfkBia) in the host cell. The NfkBia gene is an
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essential gene, and the complete suppression of the gene leads to cell death. Hence, it is
conceivable that suppressing the expression of the NfkBia gene moderately is important in
the method of the present invention.

[0095] For these reasons, the scope of the present invention includes the method of
producing a desired polypeptide by culturing an animal cell into which a DNA encoding the
polypeptide has been introduced, comprising the step of decreasing the expression level of
NfkBia in the cell to a level lower than that in a parent cell into which antibody gene has not
yet been introduced.

[0096] As amethod of decreasing the NfkBia expression, the expression can be inhibited by
the inhibition of transcription from the NfkBia gene, the degradation of mRNA, the inhibition
of translation from mRNA, or the inhibition of the function (binding) of translation product.
As compared with cases in which this method of decreasing the NfkBia expression is not
used, the expression level of NfkBia is controlled to 70% or lower, preferably 60% or lower,
more preferably 50% or lower, resulting in the increase of the production amount of the
desired polypeptide. In other words, the expression level of the NfkBia gene necessary to
avoid cell death is, for example, 20% or higher, preferably 30% or higher.

[0097] A specific means for inhibiting the NfkBia expression is deemed to be the use of an
antisense oligonucleotide, a ribozyme or a nucleic acid molecule that causes RNA
interference (RNAI), such as dsRNA, siRNA, shRNA or miRNA. mRNA type non-coding
RNAs which are called “large intergenic (or intervening) long noncoding RNAs (lincRNAs)”,
other mRNA type non-coding RNAs, decoy oligos or aptamers also can be used. These
nucleic acid molecules each comprise a sequence homologous or complementary to mRNA
encoding NfkBia and can bind to the NfkBia gene or mRNA and inhibit its expression.

APES (or PPES) is such a nucleic acid molecule.

[0098] The nucleic acid molecule that can be used to inhibit the NfkBia expression is, for
example, a small RNA of 19 to 25 nucleotides in length comprising the sequence
complementary to a part of NfkBia mRNA, or a small RNA that has a sequence identical to

the sequence except for one nucleotide and has the function of inhibiting the NfkBia
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expression.

[0099] By expressing in a host cell such a small RNA that inhibits the NfkBia expression,
the expression level of nuclear factor kB inhibitor o (NfkBia) can be decreased. A typical
method for expressing in a host cell the small RNA that inhibits the NfkBia expression can be
the introduction of a vector comprising a DNA encoding such a small RNA into the cell.
[0100] It is also possible to inhibit the NfkBia expression by introducing into the cell a
dsRNA formed by binding of a sense RNA and antisense RNA against NfkBia mRNA or a
partial sequence thereof to each other.

[0101] Before measuring the NfkBia expression level, the sequence of NfkBia mRNA that
has been expressed in a target cell and can be quantified by a TagMan method has' to be
determined. For example, the NfkBia partial sequences (SEQ ID NOs: 19 and 28) and
TagMan probe set (SEQ ID NOs: 20-22) that were used in this study can be shown by Figure
12. These TagMan probes can be designed using Primer Express®™ Software (Applied
Biosystems) or the like. The above NfkBia partial sequence (SEQ ID NO: 28) was also
confirmed as an NF-kappa-B inhibitor alpha-like sequence in CHO K1 cells and matched our
sequence in PCR cloning. In the sequence, the expression of the region between 64
nucleotides upstream and 132 nucleotides upstream of the stop codon TGA (907-909) can be
quantified. |

[0102] A typical measurement instrument is, for example, 7900HI Sequence Detection
System produced by Applied Biosystems (ABI), and all kits and reagents can be purchased.
Hence, the quantification can be performed in accordance with a protocol recommended by
ABL

EXAMPLES

[0103] The present invention is concretely described below with reference to the Examples
shown below. It should be noted that these Examples are provided for illustrating the
present invention, not for limiting the scope of the present invention.

[0104] [Example 1] GeneChip experiment for analyzing various gene-introduced CHO cells

A GeneChip experiment was conducted in accordance with a common procedure using an
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oligonucleotide array produced by AFFYMETRIX, Inc. (Affymetrix MOUSE430_2),
provided that since any hamster array had not been commercialized, Mouse Genome 430 2.0
Array was used. Optimization of hybridization conditions resulted in the detection of
present calls in 8 of 16 mouse gene probes on Test 3 Array, and it became possible to
quantify the expression of transcript in hamsters when the nucleotide sequence homology to
mouse sequences was about 90% or higher.

[0105] From cells exhibiting the strong expression of various genes, high-purity total RNA
was prepared, and then, cDNA was synthesized using the total RNA and an oligo dT primer
containing a T7 promoter sequence (T7-(T)24). Next, a biotin-labeled cRNA was
synthesized from the cDNA through a transcription reaction using Bio-11 CTP, Bio-16 UTP
and Megascript T7 Kit (Ambion). After the cRINA was subjected to column purification,
the resulting high-quality cRNA whose molecular weight was confirmed on electrophoresis
to correspond to 18s to 28s rRNA was fragmented to prepare GeneChip samples of a uniform
size. To the GeneChip samples prior to use, a hybridization sample solution was added,
followed by cryopreservation at -80°C. The sample solution was heat-treated immediately
before use, centrifuged and applied to Mouse Genome 430 2.0 Array. Incubation was
performed at 45°C for 16 hours in an oven specialized for hybridization, while rotating the
arrays. The samples were recovered, and the arrays were washed repeatedly, dyed with
streptavidin R-phycoerythrin and then scanned.

[0106] The GeneChip signal values of the transcripts on the arrays (about 45,000) were
compared, and as a result, an mRNA type non-coding RNA UG_GENE=AI1462015
(Affymetrix MOUSE430 2, 1420088 AT) was identified as a transcript the expression of
which was high intensity and markedly increased on mouse genome in a subcultured DG44
cell that produced at least 900 mg/L of MADb]1 (anti-IL-6R antibody; tocilizumab, Product
name: Actemra) on the 10th day of a 1L-jar fed-batch culture and that strongly expressed
MADb] (anti-IL-6R antibody), TAUT and CSAD (Figure 1: the sequence of the A1462015
transcript).

[0107] AI462015 is an mRNA type non-coding RNA of 437 nucleotides and its sequence
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exists on the complementary strand near the 3* untranslated region (56590831-56590397) of
NikBia mRNA in mouse genome 12. There were possibilities that the AI462015 transcipt
would act directly on the untranslated region of NfkBia mRNA and inhibit translation or that
a part of the sequence of 437 nucleotides would function as a small RNA and degrade NfkBia
mRNA.

[0108] For example, the sequence of 52 nucleotides that is the sequence between A at
nucleotide 40 and A at nucleotide 91 from the 5’ end
(AAGTACCAAAATAATTACCAACAAAATACAACATATACAACATTTACAAGAA:
SEQ ID NO: 7) in the AI462015 sequence matched the complementary strand of the 3°
untranslated region of rat NfkBia mRNA (1478-1529, GENE ID: 25493 NfkBia) except for
one nucleotide (A at nucleotide 61 from the 5° end in AI462015). Further, the sequence of
24 nucleotides comprising the sequence between A at nucleotide 40 and A at nucleotide 63
(AAGTACCAAAATAATTACCAACAA: SEQID NO: 9) in AT462015 is the
complementary strand of the partial sequence of the 3° untranslated region of human NfkBia
mRNA (TTGTTGGTAATTATTTTGGTACTT, 1490-1513: SEQ ID NO: 24). In light of
these points, it was predicted that 19 to 25 nucleotides that are a part of the 52 nucleotides
would act on the NfkBia mRNA of CHO cells, serving as a microRNA, or that partial
sequences would act on the NfkBia mRNA of CHO cells, serving as antisense RNAs.

[0109] Further, according to updated information (Example 8), for example, the sequence
of 85 nucleotides that is the sequence between T at nucleotide 7 and A at nucleotide 91 from
the 5° end (the underlined part shown in Figures 23 and 24; SEQ ID NO: 29)
(TGTAAAAATCTGTTTAATAAATATACATCTTAGAAGTACCAAAATAATTACCAA

CAAAATACAACATATACAACATTTACAAGAA) in the AI462015 sequence matched the

complementary strand of the 3” untranslated region of rat NfkBia mRNA (1478-1562, GENE
ID: 25493 NfkBia, SEQ ID NO: 31) except for one nucleotide (A at nucleotide 70 from the
5” end in AI462015) (Matching = 84/85, Figure 25b). Likewise, the sequence was
confirmed to be homologous to the sequences of human (Matching = 75/85, Figure 25a, SEQ

ID NO: 30), chimpanzee (Matching = 75/85, Figure 25¢, SEQ ID NO: 32), rhesus monkey
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(Matching = 74/85, Figure 25d, SEQ ID NO: 33), and cattle (Matching = 76/85, Figure 25e,
SEQ ID NO: 34). Hence, it is deemed that 19 to 25 nucleotides that are a part of the 85
nucleotides (Conserved Sequence 7-91) act on animal cells or mammalian cells regardless of
species, serving as a microRNA, or that partial sequences act on animal cells or mammalian
cells regardless of species, serving as antisense RNAs. Thus, it was predicted that they also -
would act on the NfkBia mRNA of cultured animal cells, preferably mammalian cells such as
CHO cells.

[0110] [Example 2] Identification of transcript expressed at an increased level in highly
antibody-producing cells

In Example 1, the expression level of the transcript AI462015 was increased in the DG44 cell
producing MAD1 (anti-IL-6R antibody; tocilizumab, Product name: Actemra) at a high level
(Figure 2). Likewise, when a different antibody (MADb2: anti-glypican 3 antibody; GC33
(refer to WO 2006/006693)) was produced at a high level in a different host cell (CHO-
DXB11s), the increased expression of the AI462015 transcript was observed (Figure 3).
[0111] As shown in Fugure 2, when the taurine transporter (TauT) gene was strongly
expressed, the cysteine sulfinic acid decarboxylase (CSAD) gene was strongly expressed
(data not shown), and TauT and CSAD were strongly co-expressed, in a CHO-DG44 cell in
each case, the expression levels of the transcript AI462015 were all comparable. In contrast,
in a cell in which TauT and CSAD were strongly co-expressed and additionally Mab1 (anti-
IL-6 receptor antibody) was strongly expressed, aberrant increase of AI462015 (7 times
higher than the host cell) was observed, and the expression level was also shown by an
aberrantly high GeneChip signal value (10,000 or higher). Considering thatr the expression
intensities of GAPDH as a control were comparable among cells, the increased expression of
the transcript A1462015 was found to be specific in the cell producing Mabl antibody at a
high level. The same applies to the case shown in Figure 3; when the MAb2 (anti-glypican
3 antiboty) gene was strongly expressed in a CHO-DXB11s cell, the increased expression of
the AI462015 sequence (13 times higher than the average value among cells each strongly

expressing TauT, CSAD or AE1) was found to be specific in the cell producing MAb2
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antibody at a high level.

[0112] The above results show that highly antibody-producing cells that grew stably on the
3rd day of shaker subculture expressed the AT462015 sequence at aberrantly high levels.
f0113] Under production culture conditions on the 3rd day of a 1L-jar culture, the
aberrantly increased expression of the AI462015 sequence was also observed. As shown in
Figure 4, two types of highly antibody-producing cells producing about 1200 to 1400 mg/L
of MADb1 (anti-IL-6R antibody) on the 10th day of a 1L-jar fed-batch culture exhibited high
GeneChip signal values of 5,000 or higher. Because of the differences in culture conditions,
the GeneChip signal values measured on the 3rd day of the 1L-jar fed-batch culture were
about 50% of the value in the shaker culture. However, on the 13th day at the late stage of
the 1L-jar fed-batch culture, it was found that the expression intensity of the AI462015
sequence had been increased to a level comparable to that in the shaker subculture, showing
aberrantly high signal values (Figure 5). On the other hand, a low antibody-producing and
strongly MADbl-expressing DXB11s cell (300 mg/L or less on the 7th day of hydrolysate-free
shaker culture; 500 mg/L or less even in hydrolysate-added culture) did not exhibit increased
expression of the Al462015 sequence on the 3rd day of a 1L-jar culture even under
conditions in which a hydrolysate that contributes to higher production (Hy-Fish or Procine
Lysate) was added (Figure 6).

[0114] The experimental results show the high amount of antibody produced in the strongly
MADbI1-, TauT- and CSAD—expressing DG44 cell that showed a high signal value in Figure 2
(the amount was 640 mg/L on the 7th day of hydrolysate-free shaker culture), the high
amount of antibody produced in the strongly MAb2-expressing DXB11s cell that showed a
high signal value in Figure 3 (the amount was 640 mg/L on the 7th day of hydrolysate-free
shaker culture), and no increase of the signal value observed even when a hydrolysate that
contributes to higher antibody production was added as shown in Figure 6. In light of these
experimental results, it was deemed that “a cell expressing a high level of the AI462015
Asequence has high antibody-producing potential”.

[0115] [Example 3] Example of higher production resulting from strong expression of



-34 -

APES in antibody-producing cells

To demonstrate that the expression level of the AI462015 sequence correlates with the level
of antibody-producing potential, plasmids expressing a part of the AI462015 sequence were
each introduced into the DXB1 1s cell that exhibited low antibody-producing potential and
strong expression of MADbI in Figure 6, and then, strong expression was induced and the
antibody-producing potentials were compared.

[0116] Of the sequence of the mouse genome-derived transcript A1462015 (Figure 1; 437
nucleotides), partial sequences (containing an AI462015 probe sequence of Affymetrix
GeneChip): the sequence between G at nucleotide 4 from the 5° end and T at the 3” end was
named as APES434 and the sequence between G at nucleotide 4 and C at nucleotide 168
froin the 5” end was named as APES165. Two types of expression units were thus prepared
(APES is short for Antibody Production Enhancing Sequence). Kozak sequence-added
expression units were synthesized to construct pHyg-APES434 (Figure 7) and pHyg-
APES165 (Figure 8) each of which was expressed at high levels under a CMV promotér, and
pHyg-null (Figure 9).

[0117] Nucleofector, which is a system for gene intoduction produced by Amaxa (currently,
LONZA), was used to introduce the expression plasmids into the strongly MAbI-expressing
DXB11s cells, which were low antibody-producing strains in Figure 6.  After selecting all
cell strains that highly grew on a 96-well plate in the presence of a selection medium
containing hygromycin (200 pg/ml), they were expanded to 24-well plate, and the amounts of
antibody production were compared. The numbers of the selected strains are as follows:
pHyg-APES434 (N=38), pHyg-APES165 (N=60) and pHyg-null (N=11), and it was expected
from these strain numbers that a positive effect would be produced by the introduction of the
strongly APES-expressing plasmids. Since no cell growth was observed on the 13th day of
a static culture in the 24-well plate containing a 1 mL subculture medium, the amounts of
antibody production and the cell numbers were measured. The average values of the
amounts of antibody production were pHyg-APES434 (44.3 mg/L), pHyg-APES165

(41.2 mg/L) and pHyg-null (21.9 mg/L), and the cell numbers (average values) were pHyg-
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APES434 (9.27 x 10° cells/mL), pHyg-APES165 (11.39 x 10° cells/mL) and pHyg-null (7.76
x 10° cells/mL). The pHyg-APES434-introduced cell and the pHyg-APES165-introduced
cell were both statistically superior to the pHyg-null as a control (t-test, P<0.001, Figure 10).
[0118] The above results show that the strong expression of the nucleic acid sequence
comprising the 5° 165 bp of the AI462015 transcript (e.g., APES165, which is the DNA
transcript of SEQ ID NO: 2, or APES434, which is the DNA transcript of SEQ ID NO: 3)
increased the antibody-producing potential of the cells.

[0119] [Example 4] Suppression of NfkBia expression in highly antibody-producing CHO
cells

As described in Example 1, the AI462015 sequence exists on the complementary strand near
the 3° untranslated region (the 3° 78 bp) of the NfkBia gene in mouse genome 12; the 22
nucleotides (AAGTACCAAAATAATTACCAAC; SEQ ID NO: 10) contained in the
AJ462015 sequence are a sequence identical to that of the complementary strand of the 3’
untranslated region (1492-1513) of the human NfkBia gene and are conserved regardless of
species such as rat, thesus monkey, dog and horse, and hence, there is a possibility that the 22
nucleotides would cause RNA interference and degrade NfkBia mRNA, serving as a
microRNA; or the 21 nucleotides (CATATACAACATTTACAAGAA,; SEQ ID NO: 15)
from C at nucleotide 71 from the 5° end, which correspond to the former part of the specific
probe sequence region (42 bp)
(CATATACAACATTTACAAGAAGGCGACACAGACCTTAGTTGG; SEQ ID NO: 16)

on an AFFYMETRIX oligonucleotide array (Affymetrix MOUSE430 2) that is capable of
quantifying the A1462015 expression, are the sequence complementary to the sequence
between nucleotides 1478 and 1498 of rat NfkBia mRNA. In light of the foregoing, there
was a possibility that the A1462015 sequence-derived nucleic acid molecule would interfere
with NfkBia mRNA (RNA interference), suppress its expression and thereby maintain the
homeostasis of highly antibody-producing CHO cells (Lethality of knockout mice: postnatal)
(Note: It was found later that the AI462015 transcript correspond to the complementary

strand of 513 nucleotides in the 3’ untranslated region of the mouse NfkBia gene. Refer to
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Example 8. Further, it was confirmed that the sequence between nucleotides 71 and 112
(SEQ ID NO: 16) of Al462015 that was quantified with mouse GeneChip was a transeript in
CHO cells.)

[0120] In relation to these matters, the present inventors tried a procedure to quantify the
expression level of NfkBia mRNA in the highly Al462015-expressing cells that had high
antibody-producing potential, to confirm the suppression of the NfkBia mRINA expression.
[0121] Since the sequence of NfkBia mRNA in CHO cells was unknown, probes (5’
ACTTGGTGACTTTGGGTGCT and 5 GCCTCCAAACACACAGTCAT) (SEQ ID NOs:
17 and 18, respectively) were designed using sequences conserved in the amino acid coding
regions of mouse and rat (for the both regions, 942 nucleotides: 314 amino acids) to produce
325 bp PCR products. It is deemed that the 325 bp subjected to PCR cloning is a partial
sequence of CHO cell-derived NfkBia mRNA, in light of the sequence homology (Figure 11).
[0122] The expression of NfkBia mRNA could not be quantified with Mouse Genome 430
2.0 Array (Example 1), possibly because the probe sequence corresponds to a species-
specific sequence of CHO cells. Meanwhile, the comparison of the 325bp PCR products
showed that the NfkBia mRNA expression was suppressed in the highly antibody-producing
cells that exhibited increased expression of the AI462015 sequence (Lanes 3 and 4) as
compared with strongly gene-expressing cells that had not produced antibody (Lanes 1 and 2).
Further, a TagMan probe set capable of quantifying a partial sequence of the 325 bp was
designed (Figure 12) and quantification was performed by RT-PCR. As a result, it was
found that the NfkBia mRINA expression in the highly antibody-producing cells was
suppressed to about 50% of the level in the cells that had not produced antibody (Figure 13).
[0123] Inlight of these findings, it is deemed that the NfkBia mRNA expression was
suppressed in the highly antibody-producing cells and consequently the antibody-producing
potential was increased. In the promoter/enhancer regions of the expression plasmids used
by the present inventors for the expression of antibody genes, at least a plurality of NfkB-
binding sites actually exist (Figure 14; the NfkB-binding sites on the mouse CMV IE2

promoter). These enhancer regions are essential for high expression of antibody genes.



-37-

Thus, it is deemed that one factor of the high antibody production is that NfkB activated by
the suppression of the NfkBia expression is translocated into the nucleus, followed by the
enhancement of the promoter activity.

[0124] [Example 5] Analysis of microRNA increased in highly antibody-producing CHO
cells

As illustrated by Figure 15, Mir-X™ miRNA First-Strand Synthesis Kit (Clontech) was used
to analyze microRNA. The 3’ ends of the small RNAs prepared from the following cells
were poly(A)-tailed: a highly MADbI (anti-IL-6R antibody)-producing DXB11s cell and
highly MADb1 (anti-IL-6R antibody)-producing and strongly TAUT-expressing DXB11s cell,
both of which had been in subculture, and a DXB11s host cell into which antibody gene had
not yet been introduced.  After that, an adapter having an oligo dT at the 3° ends and a PCR
primer sequence (mRQ 3’ primer) at the 5’ ends was subjectéd to priming to synthesize first-
strand cDNAs. gPCR was carried out using the resulting cDNAs as templates, the mRQ 3’
primer and an expected APES sequence-derived microRNA-specific primer (APES 40-61 5°
primer or APES 71-91 5’ primer), and further, U6 snRNA 5’ primer as a positive control (30
cycles of 95°C for 5 sec, 60°C for 20 sec). The PCR reaction liquids obtained were purified

~ and then electrophoresed on 3% agarose gel. As illustrated by Figure 16, bands of intended

size were detected by the PCR using the APES 40-61 5° primer and the U6 snRNA 5° primer.

As shown by Lanes 1, 2 and 3, the 22 nucleotides of APES 40-61
(AAGTACCAAAATAATTACCAAC; SEQ ID NO: 10) were expressed at high levels in the
~ highly MAb1 (anti-IL-6R antibody)-producing cells. The expression level of the U6
snRNA (Lane 4) as a positive control was comparable in any cells, and the presence of APES
71-91 (CATATACAACATTTACAAGAA; SEQ ID NO: 15) was not confirmed (data not
shown). Based on these findings, it was deemed that the APES 40-61 sequence (22
nucleotides) conserved regardless of species would contribute as a microRNA to higher
antibody production.

[0125] [Example 6] Example of higher growth resulting from strong expression of APES in

a host cell for antibody production
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From a host cell for antibody production DXB11/TAUT, a highly antibody-producing cell
(DXB11/TAUT/MAD1) that produced 3.9 g/L of MAb! (anti-IL-6R antibody) on the 14th
day of a 1L-jar fed-batch culture was obtained. The TAUT s ability to maintain survival
rate helped the production of 8.1 g/L on the 31st day of the culture, but it was necessary to
increase the highest cell density (4.1 x 10e6 cells/mL) to achieve high production on the 14th
day of the culture, considering actual production. If the suppressed Nfkbia mRNA
expression resulting from the strong expression of APES (Example 4) promotes the
activation of Nfkb, the expression of growth-related gene would be increased, and thus, the
highest cell density would be possibly increased. A plasmid for co-expression of APES and
- a plasmid for co-expression of ALT! which contributed to higher antibody production as is
the case with APES (pPur-APES165, pPur-ALT1, respectively; Figure 17) were each
introduced into the above highly antibody-producing cell DXB11/TAUT/MAb!1 (parent
strain). The top three most highly grown strains each for the two types were selected and
subjected to a shaker fed-batch culture. | As aresult, the average value of the highest cell
density was (11.5£1.7) x 10e6 cells/mL for the strongly APES165-expressing cell, showing
that more highly grown cell than the strongly ALT1-expressing cell ((8.9+1.8) x 10e6
cells/mL) was obtained. Further, the average values of the amounts of antibody production
on the 14th day of the shaker fed-batch culture were 4.42:0.6 g/L for the strongly APES-
expressing cell and 4.0+0.6 g/L for strongly ALT1-expressing cell, which were higher than
3.4 g/L for the DXB11/TAUT/MAD! cell into which a plasmid had not yet been introduced.
This result shows that the strongly APES-expressing effect was positively produced
independently of the strongly TAUT-expressing effect (Figure 18). The positive effect
resulting from the strong expression of APES was markedly observed in a 1L-jar fed-batch
culture. The comparison of highly grown cells in the shaker fed-batch culture revealed the
highest growth of the strongly APES-expressing strain, which showed its advantage of high
producibility in a short-term culture, with the value of 5.3 g/L on the 12th day of the culture
as compared with 3.2 g/L for the parent strain and 4.4 g/L for the strongly ALT1-expressing

strain (Figure 19). Based on the above results, the present inventors decided to modify the
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host cell for antibody production DXB11/TAUT into a host cell that exhibits higher growth,
and prepared a strongly APES165-expressing host cell DXB11/TAUT/APES. Gene
introduction was performed by introducing pPur-APES165 into the DXB11/TAUT host by
means of electroporation. For the nine candidate host strains that were good in both
survival rate and growth after drug selection, their expression levels of APES snRNA (small
non-coding RNA) in subculture were quantified. The DXB11/TAUT/APES candidate host
strain that expressed APES at a high level had a high viable cell density during the culture
and showed a correlation (R*=0.70) (Figure 20).

[0126] [Example 7] Example 2 of higher production resulting from strong expression of
APES in antibody-producing cells

As is the case with Example 3, plasmids expressing 5° end partial sequences of the A1462015
transcript were introduced into strongly MAb1-expressing DXB11s cells, and their antibody-
producing potentials were compared.

[0127] Inaddition to APES4-168 (APES165), expression units of APES4-68 (SEQ ID NO:
5) and APES69-133 (SEQ ID NO: 6), each of which consisted of a partial sequence of
APES4-168, were prepared to study the antibody-producing potentials of the cells.
Compared with strong null vector expression (null), APES4-68 and APES69-133 exhibited
high antibody production with significant differences of p<0.05 and p<0.01, respectively (t-
test, P<0.001, Figure 21).

[0128] Figure 22 shows which regions the respective partial sequences having APES
activity that were identified in Examples 3 and 7 correspond to in the mouse Al462015
transcript.  The partial sequences exhibiting APES activity comprise at least 23 nucleotides
of the Nfkbia complementary sequence.

[0129] [Example 8] Gene analysis related to APES

Based on the gene information at the time of filing this application, it is stated in Example 1
that “AJ462015 is an mRNA type non-coding RNA of 437 nucleotides and its sequence
exists on the complementary strand near the 3” untranslated region (56590831-56590397) of

the NfkBia gene in mouse genome 12”.  However, the subsequent information update given
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by GeneBank revealed that the 437 nucleotides, which are the AI462015 transcript,
correspond to the complementary strand of the 3’ untranslated region (513 nucleotides) of the
mouse NfkBia gene (Figure 23). As shown in Figure 24, there is AI462015 homologous
sequence on the genome sequence of CHO-K1 cells that was published after the filing of this
application (SEQ ID NO: 25: AI462015; SEQ ID NOs: 26-27: CHO-K1 genome). Further,
the suppression of the Nfkbia expression was observed in highly antibody-producing CHO
cells (Example 4). Hence, it is conceivable that AI462015 homologous sequence is
expressed at a high level in CHO cells and functions therein.

[0130] The present invention can be applied to any cells producing a recombinant
polypeptide such as an antibody.

[0131] All publications, patents and patent applications cited herein are incorporated herein

by reference in their entirety.
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CLAIMS

1. A method of producing an antibody comprising culturing a cell that expresses an antibody
production enhancing sequence (APES) which has been artificially introduced into the cell and into
which an exogenous DNA encoding a desired antibody has been introduced, thereby producing the
desired antibody; and

wherein the APES is a nucleic acid molecule comprising a nucleotide sequence that can
bind to the DNA or mRNA of NfkBia gene derived from human, mouse, rat or hamster by base

pairing and can suppress the expression of the NfkBia gene.

2. The method according to Claim I, wherein the APES is a small RNA of at most 30
nucleotides in length comprising a sequence of 19 to 25 nucleotides in length that can bind to a part
of the NfkBia mRINA by base pairing and wherein the sequence of 19 to 25 nucleotides in length is
any partial sequence in the nucleotide sequence represented by SEQ ID NO: 2.

3. The method according to Claim 1, wherein the APES is an mRNA type non-coding RNA
of at most 561 nucleotides in length comprising a sequence of 19 to 25 nucleotides in length that
can bind to a part of the NfkBia mRNA by base pairing and wherein the sequence of 19 to 25
nucleotides in length is any partial sequence in the nucleotide sequence represented by SEQ ID NO:

2.

4. The method according to Claim 1, wherein the APES is an mRNA type non-coding RNA
of 561 to 1579 nucleotides in length comprising a sequence of 19 to 25 nucleotides in length that
can bind to a part of the NfkBia mRNA by base pairing and wherein the sequence of 19 to 25
nucleotides in length is any partial sequence in the nucleotide sequence represented by SEQ ID NO:

2.

5. The method according to Claim 4, wherein the APES is selected from nucleic acid
molecules each comprising any of the following nucleotide sequences:

(a) a DNA consisting of the nucleotide sequence of any of SEQ ID NOs:1 to 16 and 29;

(b) a DNA that comprises the sequence of (a) above and is a partial sequence of the 3’ untranslated

region of the NfkBia gene;

-
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(¢) a DNA consisting of the nucleotide sequence identical to the sequence of (a) or (b) above except
for one or several nucleotides;
(d) an RNA that is a transcript of (a), (b} or (c) above; and

(¢) a DNA or RNA consisting of the sequence that can bind fo the sequence of (a) above by base

pairing.
6. The method according to Claim 1, wherein the cell is a strongly APES-expressing cell,
7. The method according to Claim 1, wherein the cell into which the APES has been

artificially introduced is a cell transfected with the APES.

8. The method according to Claim 1, wherein the cell into which the APES has been

artificially introduced is a cell in which the transcription of endogenous APES has been activated.

9. The method according to Claim 1, wherein a DNA encoding a taurine transporter has been

further introduced into the cell.

10. The method according to Claim 1, wherein a DNA encoding cysteine sulfinic acid

decarboxylase has been further introduced into the cell.

11. The method according to Claim 1, wherein a DNA encoding alanine transferase has been

further introduced into the cell.

12. The method according to Claim 1, wherein the cell is a2 Chinese hamster ovary cell.

13. A method of producing an antibody-containing pharmaceutical, the method comprising:
producing an antibody according to the method of any one of claims 1 to 12, and
formulating said antibody into a pharmaceutical composition by mixing said antibody

with a pharmaceutically acceptable carrier or additive.

4. A nucleic acid molecule that consists of any of the following nucleotide sequences and has
APES activity:

(a) a DNA consisting of the nucleotide sequence of any of SEQ ID NOs: 2, 4 to 16 and 29;

(b) a DNA consisting of the nucleotide sequence identical to the sequence of any of SEQ ID NOs: 1
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to 16 and 29, except for one nucleotide; or

(c) an RNA that is a transcript of (a) or (b) above.

15. Use of a vector comprising the nucleic acid molecule according to Claim 14 or a nucleic
acid molecule that comprises any of the following nucleotide sequences and has APES activity:
@ a DNA consisting of the nucleotide sequence of any of SEQ ID NOs: 2 to 16 and 29;

(b) a DNA that comprises the sequence of (a) above and is a partial sequence of the 3’
untranslated region of NfkBia gene;

(c) a DNA consisting of the nucleotide sequence identical to the sequence of any of SEQ ID
NOs: 1 to 16 and 29 or the sequence of (b), except for one or several nucleotides;

(d) an RNA that is a transcript of (a), (b) or (c) above; or

(e) a DNA or RNA consisting of the sequence that can bind to the sequence of (a) above by
base pairing

in a method according to claims 1 to 13.

16. Use of a cell into which the nucleic acid molecule according to Claim 14 or the vector

according to Claim 15 has been artificially introduced in a method according to claims 1 to 13.



