
DESCRIPTION 

METHOD FOR ESTABLISHING MODIFIED HOST CELL 

TECHNICAL FIELD 

[0001] The present invention relates to the production of 

recombinant proteins using cultured animal cells. More 

specifically, the present invention relates to a technique of 

establishing host cells capable of efficiently producing 

proteins of interest. 

BACKGROUND ART 

[0002] In the production of pharmaceutically useful 

proteins by gene recombination technology, use of animal cells 

permits complicated posttranslational modification and folding, 

which cannot be attained using prokaryotic cells. The animal 

cells have therefore been frequently used as host cells for 

recombinant protein production. 

[0003] In recent years, a large number of biotechnology-

based pharmaceuticals such as antibodies and biologically 

active proteins have been developed. Techniques of 

efficiently producing recombinant proteins in animal cells 

lead to the cost reduction of biotechnology-based 

pharmaceuticals and promise their stable supply to patients. 

[0004] Thus, there has been a demand for methods for 

producing proteins with higher production efficiency. 

[0005] A known technique of improving the production 

efficiency of a protein of interest involves transferring a 

gene of the protein of interest as well as an additional 

structural gene to host cells so that the gene is expressed at 
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a high expression level. 

[0006] For example, there is disclosed a method for 

producing a protein, comprising culturing cells which highly 

express a gene of a membrane transport protein taurine 

transporter (TauT) and which a DNA encoding a desired protein 

is transferred to (Patent Literature 1: W02007/119774, Patent 

Literature 2: W02009/051109). 

[0007] According to another disclosure, the yield of a 

desired protein is increased by use of cells which a gene of 

cysteine sulfinic acid decarboxylase (CSAD), an enzyme of the 

taurine synthesis pathway, is transferred to (Patent 

Literature 3: W02008/114673). 

[0008] According to a further disclosure, the yield of a 

desired protein is increased by use of cells which an alanine 

aminotransferase (ALT) gene is transferred to (Patent 

Literature 4: W02009/020144). The alanine aminotransferase, 

an enzyme that catalyzes the formation of glutamate from 

alanine, is also known as an enzyme glutamic pyruvic 

transaminase (GPT) contained in human liver cells. 

[0009] According to a further disclosure, the yield of a 

desired protein is increased by use of cells which a gene of 

an anion exchanger (AE) having bicarbonate transporter 

functions is transferred to (Patent Literature 5: 

W02009/054 4 33} . 

[0010] These disclosures also show that the yield of the 

desired protein is further increased as a result of co-

expressing CSAD and TauT, co-expressing ALT and TauT, co-

expressing bicarbonate transporter and CSAD, or co-expressing 
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bicarbonate transporter and ALT (Patent Literatures 3 to 5}. 

[0011] In previous studies, the present inventors have 

often failed to establish a cell line highly co-expressing 2 

types of foreign genes stably by the transfer of these 2 types 

of foreign genes to host cells, even if a cell line stably 

expressing each gene can be established by the transfer of 

this gene alone. In this case, empirically, a cell line 

highly co-expressing 2 types of gene stably cannot be 

established, when the expression level of a gene identical to 

at least one of the foreign genes, or a counterpart gene in 

host cells is equal to or lower than the detection limit in 

Quantitative PCR (qPCR). Particularly, it has been impossible 

to establish host cells highly co-expressing genes of proteins 

having the same functions or genes of enzymes involved in the 

same metabolic reaction, for example, host cells highly co-

expressing 2 types of membrane transport proteins or host 

cells highly co-expressing 2 types of enzymes. Alternatively, 

2 types of sugar chain-related enzyme genes from GlycArt 

Biotechnology AG are expressed in host cells. In some cases, 

however, the afucosyl contents of antibodies in antibody-

producing cells derived from host cells having higher 

expression levels of these enzymes have been confirmed to fall 

outside an expected range due to the unstable gene expression 

of the enzymes. 

[0012] As mentioned above, two or more different genes are 

often difficult to highly express. 
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SUMMARY OF INVENTION 

TECHNICAL PROBLEM 

[0014] The present invention provides a novel technique for 

stably overexpressing genes that are difficult to express in 

host cells for use in recombinant protein production. The 

present invention also provides a technique of establishing a 

cell line that grows stably with a short doubling time. 

SOLUTION TO PROBLEM 

[0015] The research group of the present inventors has 

previously found a particular nucleic acid sequence that is a 

protein-non-coding nucleic acid sequence and is expressed as 

an RNA within host cells to thereby functionally control the 

expression of NfkBia (nuclear factor KB inhibitor a or 1-KB 

(inhibitor~KB)) and improve the ability to produce recombinant 

proteins such as recombinant antibodies (PCT/JP2012/058577 

(W02012/137683)}. The present inventors have collectively 

designated RNAs and DNAs having such functions and their 

sequences as APES (antibody production enhancing sequence) 

(also referred to as PPES (polypeptide production enhancing 

sequence)). 

[0016] APES has been considered as a functional nucleic 

acid that activates NF-K (kappa) B via the suppression of 

NfkBia (or I-KB) expression. Also, KSHV miRNA-Kl or the like 
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is known as a nucleic acid having such functions (Lei, Xiufen 

et al., Nat. Cell. Biol., 12 (2), p. 193-199, 2010). 

[0017] This time, the present inventors have found novel 

use of APES. 

[0018] Specifically, the present inventors have found that 

APES works to cause the stable and high expression of 

transgenes so as to achieve (1) the construction of cells 

highly expressing a particular gene that is difficult to 

express in ordinary cells and (2) the construction of cells 

highly expressing stably two or more different genes, which 

are difficult to establish from ordinary cells. 

[0019] Thus, the present application provides a method for 

highly expressing stably difficult-to-express foreign genes or 

foreign genes with unstable expression within a host cell by 

the transfer of the APES gene to the host cell. 

[0020] The present application also provides a method for 

establishing a cell that grows stably with a short doubling 

time by the transfer of the APES gene to a host cell. 

[0021] The APES gene is a DNA encoding a non-coding RNA 

(RNA that is not translated into a protein) suppressing the 

expression of NfkBia. 

[0022] The present invention is summarized as follows: 

(1) A method for establishing a cell line for recombinant 

protein production capable of stably expressing two or more 

foreign genes, comprising transferring a gene of a non-coding 

RNA suppressing the expression of NfkBia to a cell so that the 

gene is expressed. 

(2) The method according to (1), wherein the two or more 
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foreign genes encode proteins that are difficult to express 

stably at the same time. 

(3) The method according to (2), wherein all of the proteins 

that are difficult to express stably at the same time belong 

to proteins having similar functions. 

(4) The method according to (3), wherein the proteins having 

similar functions are transporters or metabolic enzymes. 

(5) The method according to any of (1) to (4), wherein genes 

of two or more transporters (e.g., TauT and AE1) are 

transferred to the cell. 

(6) The method according to any of (1) to (4), wherein genes 

of two or more metabolic enzymes (e.g., enzymes ALT1 and PC of 

the pyruvate metabolism pathway) are transferred to the cell. 

(7) The method according to any of (1) to (4), wherein genes 

of TauT and two metabolic enzymes are transferred to the cell. 

(8) A method for constructing a cell with a short doubling 

time, comprising transferring a DNA construct comprising a 

gene of a non-coding RNA suppressing the expression of NfkBia 

to a cell so that the non-coding RNA is expressed within the 

cell. 

(9) A cell in which a gene of a non-coding RNA suppressing 

the expression of NfkBia is expressed by the transfer of the 

gene to the cell while two or more foreign genes are stably 

expressed. 

(10) The method according to any of (1) to (8) or the cell 

according to (9), wherein the non-coding RNA suppressing the 

expression of NfkBia is a small RNA up to 30 bases long 

comprising a consecutive sequence of 19 to 25 bases in length, 
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the small RNA being capable of binding to a portion of NfkBia 

mRNA by base pairing. 

(11) The method according to any of (1) to (8) or the cell 

according to (9), wherein the non-coding RNA suppressing the 

expression of NfkBia is an mRNA-type non-coding RNA up to 561 

bases long comprising a consecutive sequence of 19 to 25 bases 

in length, the mRNA-type non-coding RNA being capable of 

binding to a portion of NfkBia mRNA by base pairing. 

(12) The method according to any of (1) to (8) or the cell 

according to (9), wherein the non-coding RNA suppressing the 

expression of NfkBia is an mRNA-type non-coding RNA 561 to 

1579 bases long comprising a consecutive sequence of 19 to 25 

bases in length, the mRNA-type non-coding RNA being capable of 

binding to a portion of NfkBia mRNA by base pairing. 

(13) The method or the cell according to any of (10) to (12), 

wherein the consecutive sequence of 19 to 25 bases in length 

is an arbitrary partial sequence in the nucleotide sequence 

represented by SEQ ID NO: 2, or a complementary sequence 

thereof. 

(14) The method according to any of (1) to (8) or the cell 

according to (9), wherein the gene of a non-coding RNA 

suppressing the expression of NfkBia has a nucleotide sequence 

represented by any of SEQ ID NOs: 1 to 16 and 29. 

(15) The method according to any of (1) to (8) or the cell 

according to (9), wherein the gene of a non-coding RNA 

suppressing the expression of NfkBia is a DNA having the 

following nucleotide sequence or a complementary sequence 

thereof: 
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(a) a sequence capable of binding to a nucleotide 

sequence represented by any of SEQ ID NOs: 1 to 16 and 29 by 

base pairing; 

(b) a nucleotide sequence identical to a nucleotide 

sequence represented by any of SEQ ID NOs: 1 to 16 and 29 

except for 1 or several bases; 

(c) a partial sequence of the 31-untranslated region of 

the NfkBia gene, comprising a nucleotide sequence represented 

by any of SEQ ID NOs: 1 to 16 and 29; or 

(d) a nucleotide sequence identical to the sequence (c) 

except for 1 or several bases. 

(16) The method according to any of (1) to (8) or the cell 

according to (9), wherein a gene of a desired protein is 

further transferred to the cell. 

(17) The method or the cell according to (16), wherein the 

desired protein is an antibody. 

(18) The method for establishing a cell line for recombinant 

protein production capable of stably expressing two or more 

foreign genes according to (1), wherein the method comprises: 

transferring a first foreign gene and the gene of a non-

coding RNA suppressing the expression of NfkBia to the cell so 

that these genes are expressed; and 

transferring a second foreign gene that is difficult to 

express stably at the same time with the first foreign gene, 

to the cell, wherein 

the first and second foreign genes are protein-encoding 

genes, and 

the established cell line for recombinant protein 
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production expresses the gene of a non-coding RNA suppressing 

the expression of NfkBia, and the protein-encoding first and 

second foreign genes. 

(19) The method for establishing a cell line for recombinant 

protein production capable of stably expressing two or more 

foreign genes according to (1), wherein the method comprises: 

transferring a first foreign gene and the gene of a non-

coding RNA suppressing the expression of NfkBia to the cell so 

that these genes are expressed; 

transferring a second foreign gene to the cell; and 

transferring a third foreign gene that is difficult to 

express stably at the same time with the second foreign gene, 

to the cell, wherein 

the first, second, and third foreign genes are protein-

encoding genes, and 

the established cell line for recombinant protein 

production expresses the gene of a non-coding RNA suppressing 

the expression of NfkBia, and the protein-encoding first, 

second, and third foreign genes. 

(20) The method according to (18) or (19), wherein the first 

foreign gene is a taurine transporter (TAUT) gene. 

(21) The method according to any of (18) to (20), wherein a 

gene of a desired protein is further transferred to the cell 

to establish a host cell line for the production of the 

desired protein. 

ADVANTAGEOUS EFFECTS OF INVENTION 

[0023] The present invention has enabled various foreign 

genes to be stably overexpressed in host cells. Thus, a 
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polypeptide that is difficult to express in ordinary cells can 

be produced as a medicament by use of the present invention. 

In addition, the present invention enhances the expression 

level of a difficult-to-express antigenic protein and thus 

facilitates developing an antibody against such an antigen. 

Moreover, the present invention permits construction of a cell 

highly expressing a plurality of genes stably and therefore 

enables a host cell for recombinant protein production 

incorporating a large number of useful genes to be prepared. 

[0024] According to another aspect of the present invention, 

a cell that grows stably with a short doubling time can be 

established. Thus, use of such a cell as a host in 

recombinant protein production using cultured animal cells can 

achieve efficient production of proteins of interest. 

BRIEF DESCRIPTION OF DRAWINGS 

[0025] Figure 1 shows the sequence of an identified 

AI462015 transcript and its position on the mouse genome 

(Reference Example 1). 

Figure 2 shows the expression intensity of the AI462015 

transcript on day 3 of the subculture of antibody-producing 

cells in which MAbl (anti-IL-6 receptor antibody) was highly 

expressed by CHO-DG44 cells (Reference Example 2). 

Figure 3 shows the expression intensity of the AI462015 

transcript on day 3 of the subculture of antibody-producing 

cells in which MAb2 (anti-glypican 3 antibody) was highly 

expressed by CHO-DXBlls cells (Reference Example 2). 

Figure 4 shows the expression intensity of the AI462015 

transcript on day 3 of the 1 L-jar fed-batch culture of MAb2 



- 11 -

(anti-glypican 3 antibody)-producing cells (Reference Example 

2) . 

Figure 5 shows a rise in the expression intensity of the 

AI462015 transcript on day 13 at the late stage of the 1 L-jar 

fed-batch culture of MAb2-producing cells (Reference Example 

2) . 

Figure 6 shows the expression intensity of the AI462015 

transcript on day 3 of the 1 L-jar fed-batch culture of cells 

having the low potential to produce MAbl (anti-IL-6 receptor 

antibody) (Reference Example 2). 

Figure 7 shows an expression plasmid of a partial 

sequence 434 bp of the transcript AI462015 (437b) (Reference 

Example 3). 

Figure 8 shows an expression plasmid of a partial 

sequence 165 bp of the transcript AI462Q15 (437b) (Reference 

Example 3). 

Figure 9 shows a control plasmid used for the expression 

of only a hygromycin resistance gene (Reference Example 3). 

Figure 10 shows that the Mabl yield is increased by the 

strong expression of a partial sequence of the transcript 

AI462015 (437b) (Reference Example 3). 

Figure 11 shows the strong expression of the transcript 

AI462015 and suppressed NfkBia expression in highly antibody-

producing cells (Reference Example 4). 

Figure 12 shows a probe set used in the quantification of 

NfkBia expression (Reference Example 4). 

Figure 13 shows results of quantifying suppressed NfkBia 

expression in highly antibody-producing cells (Reference 
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Example 4). 

Figure 14 shows eight NfkB-binding sites (underlined) on 

mouse MCMV IE2 promoter (SEQ ID NO: 23) (Reference Example 4). 

Figure 15 summarizes an analysis method for microRNA 

expression (Reference Example 5). 

Figure 16 shows PCR products derived from microRNAs 

highly expressed in highly antibody-producing cells (Reference 

Example 5). 

Figure 17 shows plasmids pPur-APES165 and pPur-ALTl that 

were used for the co-expression of the partial sequence 165 bp 

of the transcript AI642048 (437b) and the co-expression of 

ALT1, respectively, in pHyg-TAUT-expressing cells (Reference 

Example 6). 

Figure 18 shows results of shaker fed-batch culture, 

showing the effects on higher cell proliferation and on higher 

raAb-production brought about by the overexpression of APES 

(Reference Example 6). 

Figure 19 shows results of lL-jar fed-batch culture, 

showing the effects on higher cell proliferation and on higher 

mAb-production brought about by the overexpression of APES 

(Reference Example 6). 

Figure 20 shows the correlation between the APES 

expression levels of APES165-overexpressing candidate host 

cells (9 lines) and their viable cell densities (Reference 

Example 6). 

Figure 21 shows that the MAbl yield is increased by the 

overexpression of a partial sequence of the partial sequence 

APES165 of the transcript AI462015 (437b) (Reference Example 
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7} . 

Figure 22 shows that the partial sequence of APES165 

found to have a high mAb-producing effect in Figure 21 

comprises an Nfkbia complementary sequence (Reference Example 

7) . 

Figure 23 shows that AI462015 is a complementary strand 

of mouse Nfkbia mRNA (Reference Example 1). 

Figure 24 shows that a homologous sequence of AI462015 

resides on the CHO-K1 cell genome (Reference Example 1). 

Figure 25a shows that a partial sequence (nucleotides 7 

to 91 from the 5' end) of AI462015 is conserved regardless of 

species (Reference Example 1). Figure 25b shows that a 

partial sequence (nucleotides 7 to 91 from the 5' end) of 

AI462015 is conserved regardless of species (Reference Exampl 

Figure 25c shows that a partial sequence (nucleotides 7 

to 91 from the 5' end) of AI462015 is conserved regardless of 

species (Reference Example 1). Figure 25d shows that a 

partial sequence (nucleotides 7 to 91 from the 5' end) of 

AI462015 is conserved regardless of species (Reference Exampl 

Figure 25e shows that a partial sequence (nucleotides 7 

to 91 from the 5* end) of AI462015 is conserved regardless of 

species (Reference Example 1). 

Figure 26 shows the establishment of DXB11/TAUT/APES 

(DTP) host cells (Example 1). 

Figure 27 shows the expression levels of hamster TAUT 

mRNA, human ALTl mRNA, and Nfkbia mRNA (Example 1). 
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Figure 28 shows the establishment of DXBll/TAUT/APES/AEl 

(DTPE) host cells (Example 1). 

Figure 29 shows the establishment of 

DXB11/TAUT/APES/ALT1/PC (DTPLC) host cells (Example 1}. 

Figure 30 shows that DXB11/TAUT/ALT1/PC (DTLC) host cells 

were not established even by the transfer of a human PC 

expression plasmid pNeo-PC to DXB11/TAUT/ALT1 (DTL) host cells 

(Example 1). 

Figure 31 shows the doubling times of DXB11 (dhfr-) and a 

DT host cell (Example 2). 

Figure 32 shows the preparation of modified host cells by 

the forced overexpression of various genes (Example 2). 

Figure 33 shows the doubling times of modified host cells 

(Example 2). 

DESCRIPTION OF EMBODIMENTS 

[0026] Hereinafter, the embodiments of the present 

invention will be described in more detail. 

[0027] (1) APES (antibody production enhancing sequence) 

APES is a nucleic acid molecule that inactivates I-KB, an 

inhibitor protein of NF-KB, and is more specifically a nucleic 

acid molecule that suppresses the gene expression of an I-KB 

control subunit I-KBa (NfkBia). Such a nucleic acid molecule 

is composed principally of a non-coding RNA suppressing the 

expression of NfkBia. APES is a generic name for the non-

coding RNA itself, a DNA encoding the RNA, and their sequences. 

[0028] Alternatively, APES is a nucleic acid molecule 

comprising a nucleotide sequence capable of binding to a 

human-, mouse-, rat-, or hamster-derived NfkBia gene (DNA or 
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mRNA) by base pairing and thereby suppressing the expression 

of NfkBia. Such a nucleic acid molecule is probably capable 

of binding to the NfkBia gene (DNA or mRNA) and thereby 

inhibiting the expression thereof. APES is a molecule that 

causes, for example, the RNA interference of NfkBia mRNA. 

[0029] Alternatively, APES may be a double-stranded RNA 

(dsRNA), a siRNA, which is a short dsRNA, a siRNA dissociated 

into single strands, a shRNA, an antisense DNA or RNA, a 

microRNA (miRNA), or a mRNA-type non-coding RNA, comprising a 

sequence capable of binding to a human-, mouse-, rat-, or 

hamster-derived NfkBia gene (DNA or mRNA) by base pairing. 

[0030] Alternatively, APES is a nucleic acid molecule 

comprising a nucleotide sequence that consists of a 

complementary sequence of the human-, mouse-, rat-, or 

hamster-derived NfkBia gene (DNA or mRNA) or comprises a 

partial sequence of this complementary sequence and is capable 

of suppressing the expression of NfkBia. 

[0031] Alternatively, APES is a nucleic acid molecule 

comprising a nucleotide sequence that is a partial sequence of 

the human-, mouse-, rat-, or hamster-derived NfkBia gene (DNA 

or mRNA) or a complementary sequence of this partial sequence 

and is capable of suppressing the expression of NfkBia. 

[0032] APES can be, for example, an oligonucleotide 

consisting of a sequence comprising a sequence homologous or 

complementary to a portion of the target NfkBia mRNA. 

Examples of such oligonucleotides include small RNAs having a 

sequence corresponding to 19 to 25 bases in the complementary 

strand of NfkBia mRNA or a sequence identical to the sequence 



- 16 -

except for one base and having the effect of suppressing the 

expression of NfkBia. In this context, the small RNA means a 

small non-coding RNA (snRNA). The snRNA includes miRNAs. 

[0033] Alternatively, APES may be a long-chain mRNA-type 

non-coding RNA. Such a mRNA-type non-coding RNA can consist 

of, for example, a sequence up to 561 nucleotides long 

(561 mer) comprising a sequence capable of binding to the 

NfkBia gene (DNA or mRNA) by base pairing and have the effect 

of suppressing the expression of NfkBia. Alternatively, APES 

may be an mRNA-type non-coding RNA having a longer chain 

(hundreds to hundreds of thousands of nucleotide). For 

example, APES can be a nucleic acid molecule or sequence 200 

to 100000 nucleotides long or 300 to 300000 nucleotides long. 

APES may be an mRNA-type non-coding RNA 561 to 157 9 bases long 

or 500 to 1000 bases long comprising a sequence complementary 

(e.g., the snRNA sequence mentioned above) to a portion of 

NfkBia mRNA. 

[0034] The sequence capable of binding by base pairing is 

not limited to a completely pairing sequence (i.e., a 100% 

complementary sequence), and the presence of non-pairing bases 

is also acceptable as long as these bases do not interfere 

with the functions. Alternatively, depending on the form of 

APES, partial complementation is rather preferred. Thus, for 

example, a sequence that is at least 70%, more preferably 80%, 

further preferably 90%, most preferably 95% homologous to the 

NfkBia gene (DNA or mRNA) containing an untranslated region, 

or a complementary sequence thereof is also included in the 

"sequence capable of binding by base pairing". For example, 



as for a 561 mer or 500 mer mRNA-type non-coding RNA, the at 

least 90% homologous sequence encompasses a mutant sequence 

that comprises 1 to 50 mismatched bases (or 1 to 56 mismatched 

nucleotides for the 561 mer RNA) resulting from base insertion, 

deletion, or point mutation and has the function of increasing 

the ability to produce a recombinant polypeptide such as a 

recombinant antibody in conjunction with the expression 

thereof in host cells or the function of suppressing the 

expression of NfkBia in conjunction with the expression 

thereof in host cells. Accordingly, for example, a sequence 

derived from an NfkBia orthologue (xenogeneic homologous gene) 

that has some degree of sequence similarity (e.g., 70% or 

higher homology) and is derived from an organism species 

different from a host cell may also be used as APES. 

[0035] Alternatively, the sequence capable of binding by 

base pairing encompasses a sequence capable of binding to 

NfkBia mRNA under conditions such as intracellular conditions. 

Such a sequence includes, for example, a sequence that 

hybridizes under conditions known to those skilled in the art 

as highly stringent conditions and has desired functions. One 

example of the highly stringent conditions is the incubation 

of a polynucleotide and another polynucleotide at a 

hybridization temperature of 42°C for 12 to 16 hours (wherein 

one of the polynucleotides may be attached to the surface of a 

solid such as a membrane) in a hybridization buffer solution 

containing 6 x SSPE or SSC, 50% formamide, 5 x Denhardt's 

reagent, 0.5% SDS, and 100 fig/ml of a fragmented denatured 

salmon sperm DNA, followed by several washings of the 
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resulting hybrid with a wash buffer solution containing 1 x 

SSC and 0.5% SDS at an optimal temperature of 42°C or higher. 

For other specific conditions, see many experimental manuals 

well known to those skilled in the art, such as Sambrook et 

al., "Molecular Cloning: A Laboratory Manual, the 3rd Edition" 

Cold Spring Harbor Laboratory Pr; and Ausubel et al., "Current 

Protocols in Molecular Biology", Maruzen Co., Ltd. 

[0036] According to another embodiment, APES is a nucleic 

acid molecule comprising a nucleotide sequence that is 

homologous or complementary to a partial sequence of the 31-

untranslated region of human-, mouse-, rat-, or hamster-

derived NfkBia mRNA and is capable of suppressing the 

expression of NfkBia. 

[0037] As described in Reference Examples mentioned later, 

the present inventors have found an mRNA-type non-coding RNA 

that exhibited an expression level increased in correlation 

with the ability of cultured CHO cells to produce antibodies. 

This RNA has been identified as a transcript of a known 

sequence (Figure 1, GenBank Accession ID: AI462015, SEQ ID NO: 

1) consisting of 437 bases in the mouse genome. Figure 1 

shows the sequence of this AI462015 and its position on the 

mouse genome. The 437-base transcript of AI462015 corresponds 

to a complementary strand of the 3'-untranslated region (513 

bases) of mouse NfkBia mRNA (Figure 23) . The present 

inventors have further found that the yield of a desired 

polypeptide can be increased by the transfer of a nucleic acid 

molecule having a partial sequence derived from AI462015 to 

host cells. 
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[0038] The AI462015-derived sequence or partial sequence 

thereof mentioned above is conserved not only in rodents such 

as mice and hamsters but in humans and thus also considered as 

a highly conservative sequence for other mammals and other 

animals such as fish and insects. Thus, a partial sequence of 

the 3'-untranslated region of NfkBia mRNA derived from any of 

various animal cells adaptable to the AI462015-derived 

sequence or the partial sequence thereof, or a complementary 

sequence thereof can also be used as the APES sequence of the 

present invention. 

[0039] As one specific example, APES has a mouse AI462015-

derived partial sequence or a sequence derived from this 

partial sequence by the substitution, deletion, or addition of 

1 or several bases. Particularly, examples thereof include: a 

165-base DNA sequence consisting of a nucleotide sequence from 

G at nucleotide 4 to C at nucleotide 168 from the 5* end (SEQ 

ID NO: 2, APES165); a complementary (antisense) DNA sequence 

thereof; sequences comprising RNA sequences transcribed from 

these DNAs; and partial sequences of any length in these 

sequences. Alternative examples thereof include: a 434-base 

DNA sequence consisting of a nucleotide sequence from G at 

nucleotide 4 from the 5' end to T at the 3' end (SEQ ID NO: 3, 

APES434); a complementary (antisense) DNA sequence thereof; 

sequences comprising RNA sequences transcribed from these 

DNAs; and partial sequences of any length derived from these 

sequences. Such sequences also include: sequences comprising 

mammal (e.g., human, hamster, or rat)-derived sequences 

corresponding to the mouse AI462015 sequence; partial 
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sequences thereof; and nucleotide sequences derived from these 

partial sequences by the substitution, deletion, or addition 

of 1 or several bases. 

[0040] In one embodiment, APES has a nucleotide sequence 

from nucleotides 4 to 133 from the 5' end (SEQ ID NO: 4, 

APES130) in AI462015, or a partial sequence derived from this 

sequence. Examples thereof include a DNA sequence from 

nucleotides 4 to 68 from the 5' end (SEQ ID NO: 5, APES4-68) 

or nucleotides 69 to 133 from the 5' end (SEQ ID NO: 6, 

APES69-133), a complementary DNA sequence thereof, and 

sequences transcribed from these DNAs 

[0041] In one embodiment, APES has a 52-base sequence from 

nucleotides 40 to 91 from the 5' end (SEQ ID NO: 7) in 

AI462015, or a sequence derived from a partial sequence 

obtained by the cleavage of the 52-base sequence at an 

arbitrary position. Examples thereof include a DNA sequence 

of the former part (29 bases of APES40-68, 24 bases of APES40-

63, or 22 bases of APES40-61) or the latter part (23 bases of 

APES69-91), a complementary DNA sequence thereof 

(corresponding to SEQ ID NOs: 8 to 11, respectively), and 

sequences transcribed from these DNAs. 

[0042] The 52-base sequence mentioned above is identical to 

the complementary strand of the 31-untranslated region of the 

rat NfkBia gene except for one base. Its 5'-sequence of 24 

bases (APES40-63, SEQ ID NO: 9) is identical to the 3'-

untranslated region of the human NfkBia gene. Its 5'-sequence 

of 22 bases (APES40-61, SEQ ID NO: 10: AAGTACCAAAATAATTACCAAC) 

is identical to the complementary strand of the 3T-
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untranslated region of NfkBia mRNA regardless of species such 

as rats, rhesus monkeys, dogs, and horses. The expression of 

a partial sequence complementary to the 3'-untranslated region 

of the NfkBia gene in host cells is expected to produce an 

RNAi effect. For example, an RNA having a sequence 

complementary to 19 to 25 bases of the aforementioned 52-base 

sequence may act as a raicroRNA (miRNA) on the untranslated 

region of NfkBia mRNA to thereby inhibit the translation. 

[0043] Alternatively, APES has an 85-base sequence from 

nucleotides 7 to 91 from the 5? end (SEQ ID NO: 29) in 

AI462015, or a sequence derived from a partial sequence 

obtained by the cleavage of the 85-base sequence at an 

arbitrary position. An RNA having a sequence complementary to 

19 to 25 bases of the aforementioned 85-base sequence may act 

as a microRNA (miRNA) on the untranslated region of NfkBia 

mRNA to thereby inhibit the translation. 

[0044] In one embodiment, APES has a sequence that is found 

by search for a 21-base siRNA. Such a sequence is, for 

example, a miRNA sequence comprising a sequence complementary 

to a DNA sequence from nucleotides 84 to 104 (SEQ ID NO: 12, 

APES84-104), nucleotides 99 to 119 (SEQ ID NO: 13, APES99-119) , 

or nucleotides 101 to 121 (SEQ ID NO: 14, APES101-121) in 

AI462015. Since the sequence from nucleotides 71 to 112 (SEQ 

ID NO: 16) in APES69-133 mentioned above is a region that has 

been quantified on GeneChip and is actually expressed at a 

high level, APES84-104 is likely to function as a miRNA. 

[0045] In another embodiment, APES may be a known non-

coding RNA suppressing the expression of NfkBia. Examples of 
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such nucleic acid molecules include KSHV (Kaposi's sarcoma-

associated herpesvirus) miRNA-Kl (for its sequence information 

see, for example, X Cai et al., Proc Natl Acad Sci USA. 2005 

April 12; 102 (15): 5570-5575). 

[0046] Also, a novel nucleic acid molecule having APES 

activity may be chemically synthesized or isolated from an 

organism source on the basis of the structural or functional 

feature of APES. The structural feature of APES is that APES 

is a nucleic acid molecule comprising a sequence complementary 

to a portion of the target NfkBia mRNA. The nucleic acid 

molecule may be in any form and may be a DNA, a DNA transcript 

an mRNA, a cDNA, an exosome RNA, a chemically synthesized 

single-stranded RNA, a chemically synthesized double-stranded 

RNA, or the like. The functional feature is that the ability 

to produce a recombinant polypeptide such as a recombinant 

antibody is increased in conjunction with the expression 

thereof in host cells or that the expression of NfkBia is 

suppressed in conjunction with the expression thereof in host 

cells. 

[0047] For the isolation of APES from an organism source, 

this APES can be derived from any organism without particular 

limitations. Specific examples thereof include APES derived 

from animals including: primates such as humans and 

chimpanzees; rodents such as mice, rats, and hamsters; 

livestock such as cattle, pigs, and goats; birds such as 

chickens; fish such as zebrafish; insects such as flies; and 

nematodes. APES is preferably derived from a human, a rodent, 

or an animal of the same species as a host cell. For example, 



when a strongly APES-expressing cell is a Chinese hamster 

ovary cell (CHO cell), human-, mouse-, or hamster-derived APES 

is preferred. 

[0048] Such a nucleic acid molecule can be prepared by a 

method known to those skilled in the art. For example, the 

nucleic acid molecule may be prepared by: preparing total RNA 

from cultured cells highly producing a recombinant polypeptide 

such as a recombinant antibody; synthesizing an 

oligonucleotide on the basis of the nucleic acid sequence of 

the present invention (e.g., APES165 of SEQ ID NO: 2); and 

amplifying cDNA having the features of APES through PCR 

reaction using the oligonucleotide as a primer. After 

preparation of a small RNA from cultured cells highly 

producing a recombinant polypeptide such as a recombinant 

antibody, a cDNA library can be prepared to obtain a small RNA 

comprising a partial sequence complementary to NfkBia mRNA on 

the basis of the nucleotide sequence of the cloned cDNA. The 

cDNA library may be constructed by a method described in, for 

example, Sambrook, J. et al., Molecular Cloning, Cold Spring 

Harbor Laboratory Press (1989), after preparation of a small 

RNA such as a microRNA (miRNA). 

[0049] Also, the genomic DNA for APES expression can be 

isolated by the sequencing of the obtained cDNA and the 

screening of a genomic DNA library using the obtained cDNA as 

a probe. 

[0050] Specifically, the following procedures may be 

carried out: first, total RNA is isolated from cells, tissues, 

or the like that are likely to express the APES of the present 
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invention. For the isolation of mRNA, total RNA is prepared 

by a known method, for example, a guanidine 

ultracentrifugation method (Chirgwin, J. M. et al., 

Biochemistry (1979) 18, 5294-5299) or an AGPC method 

(Chomczynski, P. and Sacchi, N., Anal. Biochem. (1987) 162, 

156-159) and then further purified using RNeasy Mini Kit 

(Qiagen N.V.) or the like. 

[0051] cDNA is synthesized from the obtained total RNA 

using reverse transcriptase. The cDNA synthesis may be 

carried out using Superscript(TM) II Reverse Transcriptase 

(Invitrogen Corp.) or the like. Also, the cDNA can be 

synthesized and amplified according to a 5'-RACE method 

(Frohman, M. A. et al., Proc. Natl. Acad. Sci. U.S.A. (1988) 

85, 8998-9002; and Belyavsky, A. et al., Nucleic Acids Res. 

(1989) 17, 2919-2932) using 5'-Ampli FINDER RACE Kit 

(manufactured by Clontech Laboratories, Inc.) and polymerase 

chain reaction (PCR) with primers or the like. 

[0052] The DNA fragment of interest is prepared from the 

obtained PCR product and ligated to a vector DNA. The 

recombinant vector thus prepared is transferred to E. coli or 

the like. Colonies are selected to prepare a desired 

recombinant vector. The nucleotide sequence of the DNA of 

interest can be confirmed by a known method, for example, a 

dideoxynucleotide chain termination method. 

[0053] The obtained DNA can also be modified using a 

commercially available kit or a known method. Examples of the 

modification include the introduction of single-nucleotide 

mutation by site-directed mutagenesis. The sequence thus 
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modified is also included in the scope of the present 

invention as long as the modified sequence has APES activity. 

In this context, the phrase "having APES activity" refers to 

having the function of suppressing the expression of NfkBia 

(I-KBCC) through expression within host cells. 

[0054] In the present specification, the nucleic acid 

molecule having APES activity is also referred to as the 

nucleic acid molecule of the present invention. 

[0055] (2) Transfer of APES to host cell and its expression 

The present invention involves transferring APES, i.e., a 

gene of a non-coding RNA suppressing the expression of NfkBia, 

to a host cell and further involves expressing APES, 

preferably, strongly expressing APES. 

[0056] The strong expression of APES means increase in the 

expression level of APES compared with an original cell. 

Examples of the original cell can include, but are not 

particularly limited to, cells, such as CHO cells, which are 

used as hosts in recombinant protein production. Referring to 

Reference Examples mentioned later, as a specific example, the 

original cell has an AI462015 signal value of 2000 or less 

before antibody gene transfer in a GeneChip experiment using 

an oligonucleotide array from Affymetrix, Inc. (Affymetrix 

MOUSE43Q 2) . By contrast, the increase in the expression level 

of APES means that, for example, the signal value of AI462015 

is twice or more that of the original cell. 

[0057] The cell strongly expressing APES by the transfer of 

the APES gene comprises endogenous or exogenous APES within 

the cell. Examples of the strongly APES-expressing cell 
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include cells which APES is artificially transferred to. 

[0058] The cells which APES is artificially transferred to 

can be prepared by a method known to those skilled in the art. 

For example, the cells can be prepared by the incorporation of 

an APES-encoding DNA sequence into a vector, with which cells 

are then transformed. 

[0059] In the present specification, the cells which APES 

is artificially transferred to also encompass cells strongly 

expressing APES as a result of activating endogenous APES by 

gene activation technology (see, for example, International 

Publication No. W094/12650). 

[0060] A typical example of the endogenous APES is APES as 

a DNA sequence encoded on the genome of a host cell. The cell 

according to the present invention is not limited to the cells 

based on the gene activation technology, and, for example, 

cells strongly expressing APES by the transcriptional 

activation of endogenous APES due to some factor after 

antibody gene transfer may also be used in the present 

invention. 

[0061] {3} Expression vector 

The expression vector is useful for the strong expression 

of APES by a host cell and for the expression of foreign 

polypeptides such as transporters or metabolic enzymes. The 

expression vector is also used for the expression of foreign 

polypeptides useful as pharmaceutical active ingredients or 

antigens. 

[0062] Examples of the expression vector that may be used 

in the present invention include mammal-derived expression 
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vectors (e.g., pcDNA3 (manufactured by Invitrogen Corp.), 

pEGF-BOS (Nucleic Acids Res 1990, 18 (17), p5322), pEF, and 

pCDM8), insect cell-derived expression vectors (e.g., "Bac-to-

BAC baculovirus expression system" (manufactured by GIBCO BRL), 

and pBacPAK8), plant-derived expression vectors (e.g., pMHl 

and pMH2), animal virus-derived expression vectors (e.g., pHSV, 

pMV, and pAdexLcw), retrovirus-derived expression vectors 

(e.g., pZIpneo), yeast-derived expression vectors (e.g., 

"Pichia Expression Kit" (manufactured by Invitrogen Corp.), 

pNVll, and SP-Q01), and Bacillus subtilis-derived expression 

vectors (e.g., pPL608 and pKTH50). 

[0063] The expression vector for the expression of a 

foreign polypeptide comprises a DNA encoding the polypeptide 

and an expression control sequence capable of promoting the 

expression of the DNA. Likewise, the expression vector for 

the expression of APES comprises a DNA encoding APES and an 

expression control sequence capable of promoting the 

expression of the DNA. A single vector may be constructed 

such that one or more polypeptides and APES are expressed. In 

the case of activating, for example, the APES or polypeptide 

gene as a portion of the host genome by use of gene activation 

technology, an expression control sequence that promotes the 

expression of such a host cell-derived DNA may be transferred 

to the host cell. 

[0064] Examples of the expression control sequence include 

an appropriate promoter, enhancer, transcription terminator, a 

Kozak sequence containing a start codon (i.e., ATG) in a 

protein-encoding gene, a splicing signal for intron, a 
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polyadenylation site, and a stop codon. The vector can be 

appropriately constructed by those skilled in the art. 

[0065] The expression control sequence preferably contains 

a promoter/enhancer region capable of increasing gene 

transcription levels in the animal cell used. The 

promoter/enhancer region involved in the expression of a gene 

encoding a desired polypeptide may or may not contain a NF-KB-

binding sequence. 

[0066] For the purpose of expression in mammalian cells 

such as CHO cells, COS cells or NIH3T3 cells, the vector 

preferably has a promoter necessary for expression within the 

cells, for example, SV40 promoter (Mulligan et al., Nature 

(1979) 277, 108), MMLV-LTR promoter, EFla promoter (Mizushima 

et al., Nucleic Acids Res. (1990) 18, 5322), or CMV promoter. 

More preferably, the vector also has a gene for the selection 

of transformants (e.g., a drug resistance gene that permits 

discrimination using a drug (neomycin, G418, etc.)). Examples 

of the vector having such properties include pMAM, pDR2, pBK-

RSV, pBK-CMV, pOPRSV, and pOPl3. 

[0067] An exemplary method intended to stably express the 

gene and increase the number of intracellular gene copies 

involves transfecting CHO cells deficient in nucleic acid 

synthesis pathway with vectors having a DHFR gene serving as a 

complement thereto (e.g., pCHOI) and using methotrexate (MTX) 

in the gene amplification. An exemplary method intended to 

transiently express the gene involves using COS cells having 

an SV40 T antigen gene on their chromosomes to transform the 

cells with vectors having a replication origin of SV40 (pcD, 
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etc.)* Also, a replication origin derived from polyomavirus, 

adenovirus, bovine papillomavirus (BPV), or the like may be 

used. The expression vectors for increasing the number of 

gene copies in the host cell system can additionally contain a 

selection marker such as an aminoglycoside phosphoryl 

transferase (APH) gene, a thymidine kinase (TK) gene, an E. 

coli xanthine guanine phosphoribosyltransferase (Ecogpt) gene, 

or a dihydrofolate reductase (dhfr) gene. 

[0068] (4) Host cell 

The host cell used in the present invention is not 

particularly limited. The host cell may be any cell including 

eukaryotic cells (e.g., animal cells, plant cells, and yeasts) 

and prokaryotic cells (e.g., E. coli and Bacillus subtilis) 

and is preferably an animal cell derived from an insect, fish, 

an amphibian, a reptile, or a mammal, particularly preferably 

a mammalian cell. Examples of the origin of the mammalian 

cell include primates such as humans and chimpanzees, rodents 

such as mice, rats, and hamsters, and other mammals. A human 

or a rodent is preferred. The cell of the present invention 

is further preferably a cultured mammalian cell, such as a CHO, 

COS, 3T3, myeloma, BHK, HeLa, or Vero cell, which is often 

used in ordinary polypeptide expression. 

[0069] CHO cells are particularly preferred for the purpose 

of large-scale expression of a polypeptide useful as a 

medicament or an antigen. In particular, DHFR gene-deficient 

CHO cells dhfr-CHO (Proc. Natl. Acad. Sci. USA (1980) 77, 

4216-4220) or CHO K-l (Proc. Natl. Acad. Sci. USA (1968) 60, 

1275) can be preferably used as CHO cells. 
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[0070] The CHO cells mentioned above are preferably a DG44 

line, a DXB-11 line, K-l, or CHO-S, particularly preferably a 

DG44 line or a DXB-11 line. 

[0071] The host cell can be used as, for example, a 

production system for the manufacture of a desired polypeptide 

such as a medicament or an antigen. Such a cell may be a 

natural cell capable of producing the desired polypeptide or 

may be a cell which a DNA encoding the desired polypeptide is 

transferred to. A transformed cell which a DNA encoding the 

desired polypeptide is transferred to is preferred. 

[0072] As an example, the transformed cell which a DNA 

encoding the desired polypeptide is transferred to is a host 

cell transfected with an expression vector comprising at least 

the DNA encoding the desired polypeptide. 

[0073] In the present invention, the cell "which a DNA {or 

a gene) is transferred to" encompasses cells transfected with 

an exogenous DNA as well as cells in which an endogenous DNA 

has been activated by gene activation technology (see, for 

example, International Publication No: W094/12650), resulting 

in the initiation or increase of the expression of a protein 

corresponding to the DNA or the transcription of the DNA. 

[0074] In the case of producing the desired polypeptide 

using the cells which APES is artificially transferred to, the 

order in which APES and a gene encoding the desired 

polypeptide are transferred is not particularly limited. 

After transfer of APES, the gene encoding the desired 

polypeptide may be transferred; or after transfer of the gene 

encoding the desired polypeptide, APES may be transferred. 



Alternatively, APES and the gene encoding the desired 

polypeptide may be transferred at the same time. 

[0075] In the case of using the vector, APES and the gene 

encoding the desired polypeptide may be transferred at the 

same time via a single vector or may be separately transferred 

using a plurality of vectors. 

[0076] (5) Foreign gene 

In the present invention, APES can be transferred to a 

host cell in advance and strongly expressed so that difficult-

to-express foreign genes or foreign genes with unstable 

expression are highly expressed stably within the cell. 

[0077] In the case of using the host cell in the production 

of a desired polypeptide, a gene of the desired polypeptide to 

be produced as well as other foreign genes can be transferred 

to the host cell and highly expressed stably within the cell. 

[0078] Preferably, the yield of the desired polypeptide is 

increased by the expression of foreign genes within the 

transformed cell which a DNA encoding the desired polypeptide 

is transferred to. Examples of such foreign genes include 

DNAs encoding taurine transporter (TauT), cysteine sulfinic 

acid decarboxylase (CSAD), alanine aminotransferase (ALT), 

anion exchanger (AE), pyruvate carboxylase (PC), and X~box 

binding protein (XBP-1). 

[0079] In the present invention, APES is transferred to the 

host cell in advance and strongly expressed therein. A 

plurality of foreign genes other than the gene of the desired 

protein can be transferred to the host cells and stably 

expressed therein. Preferably, the yield of the desired 
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polypeptide is increased by the expression of the gene of the 

desired polypeptide as well as two or more other particular 

foreign genes in the host cell. As a result, a cell line 

suitable for recombinant protein production can be established 

[0080] Such two or more foreign genes can be genes encoding 

proteins that are difficult to express stably at the same time 

Specifically, APES is transferred to the host cell in advance 

and overexpressed therein. Two or more foreign genes that are 

difficult to express stably at the same time, other than the 

gene of the desired polypeptide, can thereby be stably 

expressed at the same time. The phrase "difficult to express 

stably at the same time" denotes the combination of foreign 

genes encoding two or more proteins that are not stably 

expressed at the same time in a host cell without the transfer 

of APES. 

[0081] In this context, the "two or more foreign genes that 

are difficult to express stably at the same time" refer to 

foreign genes that can be transferred each alone to an animal 

cell without the transfer of APES, preferably a host cell 

before transfer of the gene of the desired protein, to 

establish a cell line stably expressing each gene, but fail to 

yield a cell expressing the two or more protein-encoding 

foreign genes at the same time even by screening using an 

agent or the like after transfer of these two or more foreign 

genes. In this case, preferably, the expression level of a 

gene identical to at least one of the foreign genes, or a 

counterpart gene in the host cell before transfer of the 

foreign genes is equal to or lower than the detection limit in 
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qPCR. 

[0082] Even if the cell of the present invention is a host 

cell for the production of the desired protein in which two or 

more protein-encoding foreign genes have been successfully-

introduced, the expression level of at least one of the two or 

more protein-encoding foreign genes may be decreased to lower 

than 50%, preferably 30% or lower, more preferably 10% or 

lower, most preferably zero by screening for the gene 

amplification of the desired protein using at least two 

treatments with drugs such as MTX after transfer of the gene 

of the desired protein. In the present invention, such genes 

are referred to as the "two or more foreign genes that are 

difficult to express stably at the same time". 

[0083] In another embodiment, the "two or more foreign 

genes that are difficult to express stably at the same time" 

refer to genes in which, when compared with the expression 

levels of the two or more protein-encoding foreign genes 

during screening of cells which the two or more protein-

encoding foreign genes are transferred to but no APES is 

transferred to, the expression level of at least one of the 

two or more protein-encoding foreign genes is decreased to 

lower than 50%, preferably 30% or lower, more preferably 10% 

or lower, most preferably zero after at least 15-generation 

subculture of the cells. 

[0084] When the cell of the present invention is a host 

cell for the production of the desired protein, the "stable 

expression at the same time" specifically means that after 

transfer of the gene of the desired protein to a host cell 



- 34 -

which two or more protein-encoding foreign genes are 

transferred to and contains APES, the expression levels of the 

two or more protein-encoding foreign genes are each kept at 

50% or higher, preferably 70% or higher, even after screening 

for the gene amplification of the desired protein using at 

least two treatments with drugs such as MTX. 

[0085] In another embodiment, the "stable expression at the 

same time" means that, when compared with the expression 

levels of the two or more foreign genes during screening of 

cells which the two or more foreign genes are transferred to, 

the expression levels of the two or more protein-encoding 

foreign genes are each kept at 50% or higher, preferably 70% 

higher, more preferably 80% or higher, even after at least 15-

generation subculture of the cells. 

[0086] In the present invention, the cell line in which the 

"stable expression at the same time" of the two or more 

foreign genes is maintained as mentioned above is referred to 

as an established cell line. 

[0087] The "proteins that are difficult to express stably 

at the same time" according to the present invention can 

belong to proteins having similar functions. Examples of the 

combination of the proteins having similar functions that are 

difficult to express stably at the same time include the 

combination of two or more types of membrane transport 

proteins or accessory proteins necessary for the functions 

thereof, two or more types of enzyme proteins, preferably 

metabolic enzymes involved in the same metabolic pathway, or 

two or more types of transcription factors. 
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[0088] Alternatively, the combination of the proteins that 

are difficult to express stably at the same time may be the 

combination of two or more types of membrane transport 

proteins with one or two or more types of enzyme proteins. 

Alternatively, the combination of the proteins that are 

difficult to express stably at the same time may be the 

combination of one or two or more types of membrane transport 

proteins with two or more types of enzyme proteins. 

[0089] The membrane transport proteins refer to proteins 

that reside in biomembranes and mediate the transport of 

materials. These proteins are also called transporters, 

carriers, permeases, etc. An important role of the cell 

membrane is the function of causing the selective permeation 

of various ions, nutrients, and the like. These membrane 

proteins are responsible for this function. The membrane 

transport proteins also include proteins that mediate the 

transport of organic materials such as sugars or amino acids, 

and ion pumps and ion channels, which are ion transporters. 

Various sugar or amino acid-transporting proteins 

{transporters and permeases) and ion transporters have been 

purified, and their genes are known. 

[0090] In the present invention, genes of the proteins 

having similar functions can be, for example, the combination 

of two or more types of transporter genes. Examples of the 2 

types of transporters include TauT and AE1. 

[0091] A typical example of the enzyme proteins having 

similar functions is the combination of a plurality of 

metabolic enzymes. Genes of the enzyme proteins having 
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similar functions can be, for example, two or more types of 

metabolic enzyme genes of the same pathway. Such metabolic 

enzymes may be two or more enzymes that promote continuous 

reactions in the same pathway. The metabolic enzymes of the 

same pathway can be, for example, enzymes that catalyze amino 

acid degradation reaction. The metabolic enzymes may be, for 

example, enzymes of the pyruvate metabolism pathway. Examples 

of the two or more enzymes of the pyruvate metabolism pathway 

can be ALT1 and PC. 

[0092] Alternatively, the enzyme proteins having similar 

functions may be, for example, the combination of a plurality 

of glycosyltransferases. 

[0093] The combination of one or two or more types of 

membrane transport proteins with two or more types of enzyme 

proteins can be, for example, TauT and two metabolic enzymes. 

[0094] As mentioned above, the artificial expression of 

APES in a host cell can be achieved by the artificial transfer 

of the gene of a non-coding RNA suppressing the expression of 

NfkBia to a cell and the expression of the gene. Likewise, 

the expression of two or more foreign genes can also be 

achieved by the artificial transfer of these foreign genes to 

a cell and the expression of the genes. 

[0095] An exogenous DNA (which may be incorporated in a 

vector) can be transferred to the host cell by a method, for 

example, a calcium phosphate method, a DEAE dextran method, a 

method using cationic ribosome DOTAP (manufactured by 

Boehringer Mannheim), electroporation, Nucleofection (Amaxa; 

currently, Lonza Group Ltd.), or lipofection. 
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[0096] In the present invention, the cell "which a DNA (or 

a gene} is transferred to" encompasses cells transfected with 

an exogenous DNA as well as cells in which an endogenous DNA 

has been activated by gene activation technology (see, for 

example, International Publication No. W094/12650), resulting 

in the initiation or increase of the expression of a protein 

corresponding to the DNA or the transcription of the DNA. 

[0097] For transferring two or more foreign protein genes 

that are difficult to express stably at the same time to the 

host cell and stably expressing these genes, it is preferred 

that APES should be transferred to the host cell in advance 

before transfer of the second foreign gene. In the case of 

using the vector, preferably, APES and second or later foreign 

genes are separately transferred using a plurality of vectors. 

[0098] On the other hand, the order in which the first 

foreign gene and APES are transferred is not particularly 

limited. After transfer of APES, the first foreign gene may 

be transferred; or after transfer of the first foreign gene, 

APES may be transferred. Alternatively, APES and the first 

foreign gene may be transferred at the same time. In the case 

of using the vector, APES and the first foreign gene may be 

transferred at the same time via a single vector or may be 

separately transferred using a plurality of vectors. 

[0099] (6) Cell line for recombinant protein production 

In the present invention, a cell line for recombinant 

protein production highly expressing a plurality of protein-

encoding foreign genes stably even after repetitions of 

subculture can be obtained by the transfer of the gene (APES) 
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of a non-coding RNA suppressing the expression of NfkBia and 

the expression of the gene. 

[0100] In addition, a cell line for recombinant protein 

production that can grow stably with a short doubling time can 

be obtained by the transfer of the APES gene to a host cell. 

Such a cell may be a cell highly expressing stably other 

transferred foreign genes in addition to APES. 

[0101] As examples of the cell provided by the present 

invention, as shown in Examples mentioned later, APES165 (SEQ 

ID NO: 2: gtctgtaaaa atctgtttaa taaatataca tcttagaagt 

accaaaataa ttaccaacaa aatacaacat atacaacatt tacaagaagg 

cgacacagac cttagttggg ggcgactttt aagcacatgc cactgaacac 

ctggctctta catgggagga cacac) is first transferred to a highly 

TauT-expressing cell. To the cell thus established, 

subsequently, another transporter gene is further transferred 

to thereby establish a cell highly co-expressing two 

cooperatively functioning transporters stably. Also, APES165 

is first transferred to a highly TauT-expressing cell. To the 

cell thus established, subsequently, genes of two enzymes of 

the pyruvate metabolism pathway are further transferred to 

thereby establish a cell highly co-expressing stably TauT and 

two enzymes that promote continuous reactions of the pyruvate 

metabolism pathway. These cells have properties preferred for 

recombinant protein production and as such, are suitable as 

host cells for the production of desired proteins useful as 

medicaments or antigens. These cells can be cultured as hosts 

after artificial transfer of genes of the desired proteins and 

allowed to produce the desired proteins. The produced 
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proteins can be recovered to produce the desired proteins. 

EXAMPLES 

[0102] Hereinafter, the present invention will be described 

specifically with reference to Examples. However, these 

Examples are provided merely for illustrative purposes and are 

not intended to limit the scope of the present invention. 

[0103] Example 1: Establishment of ceil highly expressing 

particular difficult-to-express genes 

(1) The membrane proteins TauT and AE1 function 

cooperatively through the entry and exit of chlorine ions on 

cell surface. In spite of previous repetitive attempts to 

establish host cells highly expressing TauT and AE1 at the 

same time in order to enhance the TauT functions of highly 

TauT-expressing cells, the deposition of floating cells was 

observed during the course of drug selection, and the 

establishment of co-expressing cells ended in failure. In 

this case, the original expression level of AE1 in the host 

cells was equal to or lower than the detection limit in qPCR. 

(2) The enzymes ALT1 and pyruvate carboxylase (PC) 

catalyze the biosynthesis of pyruvate from alanine and 

oxaloacetate from the pyruvate. In spite of previous attempts 

to highly express PC in highly ALTl-expressing host cells in 

order to promote the reactions of the metabolic pathway 

leading to the TCA circuit, the establishment of co-expressing 

cells ended in failure. In this case, the original expression 

level of ALTl in the host cells was equal to or lower than the 

detection limit in qPCR. 

[0104] In these two cases, however, APES was highly 



- 40 -

expressed in advance before transfer of the second gene to 

thereby successfully establish cells highly expressing three 

or more types of genes including APES. Specifically, in the 

case of (1), TAUT/APES cells in which APES was highly 

expressed in highly TauT-expressing cells were constructed, 

and then, AE1 was transferred thereto to thereby establish 

highly proliferative TAUT/APES/AE1 cells highly expressing 

TauT and AE1. In the case of (2), TAUT/APES/ALTl cells highly 

expressing ALTl were constructed from the highly TAUT/APES-

expressing cells of (1), and then, PC was transferred thereto 

to thereby establish highly proliferative TAUT/APES/ALT1/PC 

cells highly expressing ALTl and PC. On the other hand, 

TAUT/ALT1/PC cells highly expressing ALTl and PC were not 

established from TAUT/ALT1 cells without the high expression 

of APES. 

[0105] In the present Examples, CHO cells of DXB-11 line 

were used as host cells. 

[0106] [Example 1-1] Establishment of DXB11/TAUT/APES cell 

A hamster TAUT expression plasmid pHyg-TAUT was 

transferred to the host cells DXB11 by electroporation. 

Highly proliferative and highly hamster TAUT (taurine 

transporter)-expressing cells DXBll/TauT (DT) were established 

by screening in the presence of 200 }j.g/mL of hygromycin 

(Figure 26). Further, an APES expression plasmid pPur-APES165 

was transferred to the host cells by electroporation. Highly 

proliferative cells DXB11/TAUT/APES (DTP) in which Nfkbia mRNA 

expression was suppressed by the forced expression of APES 

(Figure 26) were established by screening in the presence of 
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6 jag/mL of puromycin. The DTP cells were confirmed by the 

Taqman method to stably maintain the high expression of 

hamster TAUT mRNA and the suppressed expression of Nfkbia mRNA 

even after repetitions of subculture (Figure 27). 

[0107] [Example 1-2] Establishment of DXB11/TAUT/APES/AE1 

cell 

Host cells highly co-expressing two transporters stably 

may be difficult to establish. For example, a stable line 

highly co-expressing TAUT and anion exchanger 1 (AE1) was not 

established from the host cells DXB11. A human AE1 expression 

plasmid pNeo-AEl was transferred by electroporation to the 

highly hamster TAUT-expressing cells DXBll/TAUT/APES (DTP) in 

which Nfkbia mRNA expression was suppressed by the forced 

expression of APES as shown in Figure 26. Highly 

proliferative cells DXB11/TAUT/APES/AE1 (DTPE) in which 

hamster TAUT and human AE1 were highly co-expressed were 

established by screening in the presence of 200 jag/mL of G418 

(Figure 28). 

[0108] The DTPE cells were confirmed by the Taqman method 

to stably maintain the high expression of hamster TAUT mRNA, 

the high expression of human AE1 mRNA, and the suppressed 

expression of Nfkbia mRNA even after repetitions of subculture 

(Figures 27 and 28). 

[0109] A human AE1 expression plasmid pPur-AEl was 

transferred to the DXB11/TAUT (DT) cells by electroporation 

without transfer of APES. DXB11/TAUT/AE1 (DTE) cells were not 

established by screening in the presence of 6 p,g/mL of 

puromycin. 
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[0110] Thus, the high co-expression of two transporters 

functioning cooperatively via the TAUT-mediated exit of Cl~ 

ions and the AEl-mediated uptake of Cl~ ions seems to require 

the suppression of Nfkbia mRNA expression by the high 

expression of APES. 

[0111] [Example 1-3] Establishment of 

DXB11/TAUT/APES/ALTl/PC cell 

Host cells highly co-expressing two enzymes stably may 

also be difficult to establish. For example, a stable line 

highly co-expressing alanine transferase (ALTl) and pyruvate 

carboxylase (PC) was not established from the host cells. A 

human ALTl expression plasmid pNeo-ALTl was transferred to 

DXBll/TauT/APES (DTP) of Figure 26 by electroporation. Highly 

proliferative and highly human ALTl-expressing cells 

DXB11/TAUT/APES/ALT1 (DTPL) were established by screening in 

the presence of 200 p,g/mL of G418. A human PC expression 

plasmid pZeo-PC was further transferred to the DTPL cells by 

electroporation. Highly proliferative and highly human PC-

expressing cells DXB11/TAUT/APES/ALTl/PC (DTPLC) were 

established by screening in the presence of 200 ̂ tg/mL of 

Zeocin (Figure 29). 

[0112] The DTPLC cells were confirmed by the Taqman method 

to stably maintain the high expression of hamster TAUT mRNA, 

the high expression of human ALTl mRNA, the suppressed 

expression of Nfkbia mRNA, and the high expression of human PC 

mRNA even after repetitions of subculture (Figures 27 and 29). 

[0113] On the other hand, a human ALTl expression plasmid 

pPur-ALTl was transferred to the DXB11/TAUT (DT) cells by 
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electroporation without transfer of APES. Highly 

proliferative and highly human ALTl-expressing cells 

DXB11/TAUT/ALTl (DTL) were established by screening in the 

presence of 6 jig/mL of puromycin. A human PC expression 

plasmid pNeo-PC was further transferred to the DTL cells by 

electroporation. DXB11/TAUT/ ALT1/PC (DTLC) was not 

established by screening in the presence of 200 p.g/mL of G418 

(Figure 30). 

[0114] Thus, the high co-expression of ALTl and PC, enzymes 

promoting the continuous reactions of the pyruvate metabolism 

pathway, seems to require the suppression of Nfkbia mRNA 

expression by the high expression of APES. 

[0115] Example 2: Method for establishing cell that grows 

stably with short doubling time 

[Example 2-1] Calculation of doubling time (estimate) 

The doubling time (estimate) was calculated by shaker 

culture using a 125-mL Erlenmeyer flask followed by the 

measurement of the number of viable cells using Roche Cedex 

Cell Counter and Analyzer system (Innovatis AG, Bielefeld, 

Germany). From individual cells that maintained 90% or higher 

viability, subculture was started. Repetitive subculture 

operations were carried out by, for example, 3-day culture 

from an initial viable cell density of 2 x 105 cells/mL or 4-

day culture from an initial viable cell density of 1 x 

105 cells/mL so as to prevent overgrowth. The doubling time 

between passages was calculated while the viability was kept 

at 90% or higher. Although a subculture medium for modified 

cells having forced gene expression contained a drug such as 
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hygromycin used in each gene transfer, the same medium as that 

for DXB11 (dhfr-) was used except for the drug. 

[0116] The doubling time (estimate) of DXB11 (dhfr-) before 

modification based on gene transfer was calculated for 

subculture in a drug-free medium (7 subculture operations 

(four 3-day culture runs and three 4-day culture runs) from 

cells having 99.5% viability) and consequently determined to 

be 27.5 ± 1.7 hours (Figure 31). 

[0117] [Example 2-2] Establishment of hosts forced to 

express various genes and doubling time 

As shown in Figure 32, modified hosts were established by 

the forced expression of various genes. First, the taurine 

transporter (TAUT) expression plasmid (pHyg-TAUT) was 

transferred to DXB11 (dhfr-) by electroporation. 

Approximately 2 to 3 weeks later, two lines of favorably grown 

cells were selected in the presence of 200 [.ig/mL of hygromycin 

Their gene expression profiles at the time of subculture were 

compared with those of the unmodified line by a GeneChip 

experiment using an oligonucleotide array from Affymetrix, Inc 

(Affymetrix MOUSE430_2) to select, as a DT host, a line highly 

expressing TAUT mRNA and having other expression profiles 

similar to those of DXBll (dhfr-). The doubling time 

(estimate) of the established DT host was calculated for 

subculture in a drug (hygromycin)-containing medium (11 

subculture operations (four 3-day culture runs and seven 4-day 

culture runs) from cells having 90.0% or higher viability) and 

consequently determined to be 26.1 ± 2.7 hours, which was 

substantially equivalent to the doubling time of DXBll (dhfr-) 
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(Figure 31). 

[0118] Next, for the further modification of the DT host, a 

partial sequence APES165 (Japanese Patent Application 

No. 2011-082002) of APES, which is abnormally overexpressed in 

mAb-producing cells, was forcedly expressed. The pPur-APES165 

was transferred to the DT host by electroporation. 

Approximately 2 to 3 weeks later, 9 lines of favorably grown 

cells were selected in the presence of 6 fig/mL of puromycin. 

The correlation between the APES expression level and cell 

growth (R2 = 0.701) was observed (Figure 20). 

[0119] When a cell line highly co-expressing TAUT and APES 

and having the shortest doubling time of 20.8 hours was used 

as a DTP host, this DTP host acquired unprecedented characters. 

For example, the anion exchanger 1 (AE1) expression plasmid 

(pNeo-AEl), which failed to establish host cells forced to co-

express AEl and TAUT, was transferred to the DTP host by 

electroporation. Approximately 2 to 3 weeks later, favorably 

grown cells were selected in the presence of 200 jag/mL of G418 

to construct cells highly co-expressing TAUT and AEl. When a 

cell line having the highest AEl expression level was used as 

a DTPE host, this DTPE host was stable even after repetitions 

of culture for a long period and had a doubling time shorter 

than that of the DTP host (Figure 33, 57 passages, 19.9 ±4.3 

hours). 

[0120] As a subsequent example, the alanine 

aminotransferase 1 (ALTl) expression plasmid (pNeo-ALTl), 

which was able to establish host cells forced to co-express 

ALTl and TAUT, was transferred to the DTP host by 
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electroporation. Approximately 2 to 3 weeks later, favorably 

grown cells were selected in the presence of 200 jag/mL of G418 

to construct cells highly co-expressing TAUT and AEl. Since 

the correlation between the ALTl expression level and cell 

growth was found, a cell line having the highest ALTl 

expression level was used as a DTPL host. This host was also 

stable even after repetitions of culture for a long period and 

had a doubling time shorter than that of the DTP host {Figure 

33, 57 passages, 19.8 ± 4.3 hours). Since host cells forced to 

co-express ALTl and TAUT can be established independently of 

the forced expression of APES, the ALTl expression plasmid 

(pPur-ALTl) was transferred to the DT host by electroporation. 

Approximately 2 to 3 weeks later, favorably grown cells were 

selected in the presence of 6 p.g/mL of puromycin. When a cell 

line having the highest ALTl expression level was used as a 

DTL host, this DTL host was stable even after repetitions of 

culture for a long period, but was confirmed to grow 

nonuniformly compared with the DTPL host and to have a 

doubling time longer than that of the DTPL host (Figure 33, 57 

passages, 21.9 ± 7.3 hours). 

[0121] These results indicate that: (1) host cells with a 

short doubling time can be constructed by the forced 

overexpression of APES; and (2) cells with a shorter doubling 

time can be constructed by the further transfer of another 

gene to the strongly APES-expressing host. The nucleic acid 

sequence having such functions was previously unknown. 

[0122] Reference Examples 

The present inventors previously used a cultured cell 
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line (CHO cell line) having the high ability to produce 

recombinant antibodies as a material to study a gene that 

exhibited marked expression in this cell line, thereby 

identifying one mRNA-type non-coding RNA. This transcript 

corresponded to a complementary strand of the untranslated 

region of NfkBia mRNA. The present inventors further found 

that the ability of cultured recombinant cells to produce 

antibodies can be remarkably improved by the expression of a 

nucleic acid molecule consisting of a partial sequence in this 

transcript in the cultured cells. The present inventors also 

found that: the expression of NfkBia is suppressed in highly 

mAb-producing cells having a rise in the expression of the 

non-coding RNA; the expression of NfkBia is suppressed in 

cultured cells having the high ability to produce mAbs; and 

the yield of mAbs is increased by the high expression of the 

transcript controlling the expression of NfkBia in the 

cultured cells. 

[0123] These maters will be described with reference to the 

following Reference Examples. 

[0124] [Reference Example 1] GeneChip experiment to analyze 

various transgenic CHO cells 

The GeneChip experiment was conducted according to 

routine procedures using an oligonucleotide array from 

Affymetrix, Inc. (Affymetrix MOUSE4 30_2) . However, since any 

hamster array was commercially unavailable, Mouse Genome 430 

2.0 Array was used instead. The optimization of hybridization 

conditions resulted in detectable present calls in 8 of 16 

mouse gene probes on Test 3 array and thus enabled the 
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expression of transcripts in hamsters to be quantified when 

their nucleotide sequence homology to mouse sequences was 

approximately 90% or higher. 

[0125] High-purity total RNA was prepared from cells 

strongly expressing various genes. Then, cDNA was synthesized 

using the total RNA and an oligo dT primer containing a T7 

promoter sequence (T7-(T)24). Next, biotin-labeled cRNA was 

synthesized from the cDNA through transcription reaction using 

Bio-11 CTP, Bio-16 UTP, and Megascript T7 Kit (Ambion). After 

column purification of the cRNA, high-quality cRNA confirmed 

to have a molecular weight corresponding to 18s to 28s rRNA on 

electrophoresis was fragmented to prepare GeneChip samples 

having a uniform size. The GeneChip samples were supplemented 

with a hybridization sample solution and cryopreserved 

at -80°C until use. Each sample solution was heat-treated 

immediately before use, centrifuged, and applied to Mouse 

Genome 430 2.0 Array. The sample was incubated at 45°C for 16 

hours in an oven specialized for hybridization, with the array 

rotated. The sample was recovered, and the array was 

repeatedly washed, stained with streptavidin R-phycoerythrin, 

and then scanned. 

[0126] The GeneChip signal values of the transcripts 

{approximately 45,000} on the arrays were compared. As a 

result, an mRNA-type non-coding RNA UG_GENE=AI462015 

{Affymetrix MOUSE43Q_2, 1420088_AT) on the mouse genome was 

identified as a transcript overexpressed with high intensity 

in strongly MAbl (anti-IL-6R antibody)-expressing, TAUT-

overexpressing, and CSAD-overexpressing subcultured DG44 cells 
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that produced 900 mg/L or more of MAbl (anti-IL-6R antibody; 

tocilizumab, trade name: Actemra) on day 10 of the 1 L-jar 

feeding culture (Figure 1: the sequence of the AX462015 

transcript). 

[0127] AI462015 is a 437-base mRNA-type non-coding RNA 

whose sequence resides on the complementary strand near the 

3'-untranslated region (56590831-56590397) of NfkBia mRNA in 

chromosome 12 on the mouse genome. The possibility was 

suggested that the AI462015 transcript would act directly on 

the untranslated region of NfkBia mRNA to inhibit the 

translation or that a portion of the 437-base sequence would 

function as a small RNA to degrade NfkBia mRNA. 

[0128] For example, a 52-base sequence comprising A at 

nucleotide 40 through A at nucleotide 91 from the 5' end 

(AAGTACCAAAATAATTACCAACAAAATACAACATATACAACATTTACAAGAA: SEQ ID 

NO: 7) in the AI462015 sequence matches with the complementary 

strand of the 3'-untranslated region (1478-1529, GENE ID: 

254 93 NfkBia) of rat NfkBia mRNA except for one base (A at 

nucleotide 61 from the 5' end in AI462015) . In addition, a 

24-base sequence comprising A at nucleotide 40 through A at 

nucleotide 63 (AAGTACCAAAATAATTACCAACAA: SEQ ID NO: 9) in 

AI462015 is the complementary strand of a partial sequence 

(TTGTTGGTAATTATTTTGGTACTT, 1490-1513: SEQ ID NO: 24) of the 

31-untranslated region of human NfkBia mRNA. It was therefore 

predicted that 19 to 25 bases, a portion of the 52-base 

sequence, as a microRNA or a partial sequence thereof as an 

antisense RNA could act on the NfkBia mRNA of CHO cells. 

[0129] The updated information of GenBank further revealed 
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that the 437-base transcript of AI462015 corresponds to the 

complementary strand of the 3'-untranslated region (513 bases) 

of the mouse NfkBia gene (Figure 23). As shown in Figure 24, 

the homologous sequence of AI462015 resides on the genomic 

sequence of CHO-K1 cells (SEQ ID NO: 25: AI462015; SEQ ID NOs: 

26-27: CHO-K1 genome). In addition, suppressed Nfkbia 

expression (Reference Example 4) was observed in highly 

antibody-producing CHO cells, suggesting that the homologous 

sequence of AI462015 is highly expressed functionally in CHO 

cells. 

[0130] For example, an 85-base sequence comprising T at 

nucleotide 7 through A at nucleotide 91 from the 51 end 

(underlined in Figures 23 and 24, SEQ ID NO: 29) 

(TGTAAAAATCTGTTTAATAAATATACATCTTAGAAGTACCAAAATAATTACCAACAAAATA 

CAACATATACAACATTTACAAGAA) in the AI462015 sequence matches 

with the complementary strand of the 3'-untranslated region 

(1478-1562, GENE ID: 25493 NfkBia, SEQ ID NO: 31) of rat 

NfkBia mRNA except for one base (A at nucleotide 70 from the 

5' end in AI462015) (Matching = 84/85, Figure 25b). Likewise, 

this sequence was confirmed to be homologous to human 

(Matching = 75/85, Figure 25a, SEQ ID NO: 30), chimpanzee 

(Matching = 75/85, Figure 25c, SEQ ID NO: 32), rhesus monkey 

(Matching = 74/85, Figure 25d, SEQ ID NO: 33), and bovine 

(Matching = 76/85, Figure 25e, SEQ ID NO: 34) sequences. 

Accordingly, 19 to 25 bases, a portion of the 85-base sequence 

(Conserved Sequence 7-91), as a microRNA or a partial sequence 

thereof as an antisense RNA is considered to act on animal 

cells or mammalian cells regardless of species. Thus, it was 



predicted that this microRNA or antisense RNA would also act 

on the NfkBia mRNA of cultured animal cells, preferably 

mammalian cells such as CHO cells. 

[0131] [Reference Example 2] Identification of transcript 

overexpressed in highly mAb-producing cell 

In Reference Example 1, the expression level of the 

transcript AI462015 was increased in the DG44 cells highly 

producing MAbl (anti-IL-6R antibody: tocilizumab, trade name: 

Actemra) (Figure 2). Likewise, the overexpression of the 

AI462015 transcript was also observed when a different mAb 

(MAb2: anti-glypican 3 antibody; GC33 (see W02006/006693)) was 

highly produced in different host cells (CHO-DXBlls) (Figure 

3) . 

[0132] As shown in Figure 2, the expression level of the 

transcript AI462015 was equivalent among CHO-DG44 cells 

overexpressing the taurine transporter (TAUT) gene, CHO-DG44 

cells overexpressing the cysteine sulfinic acid decarboxylase 

(CSAD) gene (data not shown), and CHO-DG44 cells co-

overexpressing TAUT and CSAD. By contrast, abnormally 

overexpressed AI462015 (7 times its expression in the host 

cells) was observed in cells co-overexpressing TAUT and CSAD 

and further strongly expressing Mabl (anti-IL-6 receptor 

antibody), and its expression level also exhibited an 

abnormally high GeneChip signal value (10,000 or higher). 

Since these cells had the same level of GAPDH expression 

intensity as a control, the overexpression of the transcript 

AI462015 was specific for the cells highly producing the Mabl 

antibody. The same holds true for Figure 3. When the MAb2 
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{anti-glypican 3 antibody) gene was strongly expressed in CHO-

DXBlls cells, the overexpression of the AI462015 sequence (13 

times the average value of cells overexpressing TAUT, CSAD, or 

AEl) was specific for the cells highly producing the MAb2 

antibody. 

[0133] These results indicate that highly antibody-

producing cells that grow stably on day 3 of the shaker 

passage culture express the AI462015 sequence at an abnormally 

high level. 

[0134] Under production culture conditions on day 3 of the 

1 L-jar culture, the abnormal overexpression of the AI462015 

sequence was also observed. As shown in Figure 4, two lines 

of highly antibody-producing cells that produced approximately 

1200 to 1400 mg/L of MAbl (anti-IL-6R antibody) on day 10 of 

the 1 L-jar fed-batch culture exhibited a high GeneChip signal 

value of 5,000 or higher. Although the GeneChip signal value 

on day 3 of the 1 L-jar fed-batch culture was approximately 

50% of the value in the shaker culture due to the difference 

in culture conditions, the expression intensity of the 

AI462015 sequence was increased to a level comparable to that 

in the shaker passage culture on day 13 at the late stage of 

the 1 L-jar fed-batch culture, showing an abnormally high 

signal value (Figure 5). On the other hand, strongly MAbl-

expressing DXBlls cells with a low antibody yield (300 mg/L or 

less on day 7 of hydrolysate-free shaker culture; 500 mg/L or 

less even in hydrolysate-supplemented culture) were not 

confirmed to overexpress the AI462015 sequence on day 3 of the 

1 L-jar culture even under conditions where a hydrolysate 
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contributing to higher production {Hy-Fish or porcine lysate) 

was added (Figure 6}. 

[0135] These experimental results showing the high antibody 

yield (640 mg/L on day 7 of the hydrolysate-free shaker 

culture) in the strongly MAbl-expressing, TauT-overexpressing, 

and CSAD-overexpressing DG44 cells that exhibited a high 

signal value in Figure 2, the high antibody yield (640 mg/L on 

day 7 of the hydrolysate-free shaker culture) in the strongly 

MAb2-expressing DXBlls cells that exhibited a high signal 

value in Figure 3, and no rise in signal value even under 

conditions where a hydrolysate contributing to higher antibody 

production was added in Figure 6, suggested that "cells having 

a high expression level of the AI462015 sequence have the high 

potential to produce antibodies". 

[0136] [Reference Example 3] Example of higher production 

resulting from APES overexpression in mAb-producing cell 

In order to demonstrate that the high expression level of 

the AI462015 sequence correlates with the high potential to 

produce antibodies, each plasmid for the expression of a 

portion of the AI462015 sequence was transferred to the 

strongly MAbl-expressing DXBlls cells having the low potential 

to produce mAbs in Figure 6. After strong expression, the 

potential to produce mAbs was compared among the cell lines. 

[0137] In the sequence of the mouse genome-derived 

transcript AI462015 (Figure 1, 437 bases), partial sequences 

(containing the AI462015 probe sequence of Affymetrix 

GeneChip) from G at nucleotide 4 from the 5' end to T at the 

3! end and from G at nucleotide 4 and C at nucleotide 168 from 



- 54 -

the 5' end were designated as APES434 and APES165, 

respectively, and two types of expression units were prepared 

therefrom (APES: an abbreviation for antibody production 

enhancing sequence). These expression units further having 

Kozak sequence were synthesized to construct pHyg-APES434 

(Figure 7) and pHyg-APES165 (Figure 8), each of which was to 

be highly expressed under the control of CMV promoter, and 

pHyg-null (Figure 9). 

[0138] A gene transfer system Nucleofector from Amaxa 

(currently, Lonza Group Ltd.) was used to transfer the 

expression plasmids to the strongly MAbl-expressing DXBlls 

cell lines with a low antibody yield in Figure 6. All cell 

lines that highly grew on 96-well plates in the presence of a 

selection medium containing hygromycin (200 jig/ml) were 

selected and expanded to 24-well plates. Then, the mAb yield 

was compared among these cell lines. The numbers of the 

selected lines were pHyg-APES434 (N = 38), pHyg-APES165 (N = 

60), and pHyg-null (N = 11) and were expected to produce a 

positive effect from the transfer of the plasmids for strong 

APES expression. Since no cell growth was observed on day 13 

of the static culture in the 24-well plates containing 1 mL of 

a subculture medium, the antibody yield and the cell count 

were measured. The average antibody yield was pHyg-APES434 

(44.3 mg/L), pHyg-APES165 (41.2 mg/L), and pHyg-null 

(21.9 mg/L), and the average cell count was pHyg-APES434 (9.27 

x 105 cells/mL), pHyg-APES165 (11.39 x 105 cells/mL), and pHyg-

null (7.76 x 10b cells/mL). The pHyg-APES434-transferred cells 

and the pHyg-APESl65-transferred cells were both statistically 



- 55 -

superior to the control pHyg-null-transferred cells (t-test, P 

< 0.001, Figure 10). 

[0139] These results demonstrated that the potential of 

cells to produce antibodies was enhanced by the 

overexpression of the nucleic acid sequence comprising the 51 

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). 

[0140] [Reference Example 4] Suppression of NfkBia 

expression in highly antibody-producing CHO cell 

As mentioned in Reference Example 1, the AI462015 

sequence resides on the complementary strand near the 3'-

untranslated region (31 78 bp) of the NfkBia gene in 

chromosome 12 on the mouse genome; and the 22-base sequence 

(AAGTACCAAAATAATTACCAAC: SEQ ID NO: 10) contained in the 

AI462015 sequence is identical to the complementary strand of 

the 3'-untranslated region (1492-1513) of the human NfkBia 

gene and is further conserved regardless of species such as 

rats, rhesus monkeys, dogs, and horses, suggesting that this 

22-base sequence can work as a microRNA to degrade NfkBia mRNA 

through RNA interference. In addition, the 21-base sequence 

(CATATACAACATTTACAAGAA: SEQ ID NO: 15) from C at nucleotide 71 

from the 5' end, which corresponds to the former part of the 

specific probe sequence region (42-base) 

(CATATACAACATTTACAAGAAGGCGACACAGACCTTAGTTGG: SEQ ID NO: 16) on 

an oligonucleotide array from Affymetrix, Inc. (Affymetrix 

MOUSE430_2) capable of quantifying AI462015 expression, is 

complementary to the sequence from nucleotides 1478 to 1498 of 
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rat NfkBia mRNA, suggesting that the AI462015 sequence-derived 

nucleic acid molecule can suppress NfkBia expression through 

the RNA interference of NfkBia mRNA and thereby maintain the 

homeostasis of highly antibody-producing CHO cells {lethality 

of knockout mice: postnatal) (Note: the AI462015 transcript 

was found later to correspond to the complementary strand of 

the 3' 513-base untranslated region of the mouse NfkBia gene 

(see Reference Example 8); and a sequence from nucleotides 71 

to 112 (SEQ ID NO: 16) in AI462015 quantified using mouse 

GeneChip was confirmed as a transcript in CHO cells). 

[0141] Thus, the expression level of NfkBia mRNA was 

quantified in the highly AI462015-expressing cells with the 

high potential to produce mAbs to confirm that the expression 

was suppressed. 

[0142] Since the sequence of NfkBia mRNA in CHO cells was 

unknown, probes (5' ACTTGGTGACTTTGGGTGCT and 5' 

GCCTCCAAACACACAGTCAT) (SEQ ID NOs: 17 and 18) were designed 

from sequences conserved in mouse and rat amino acid coding 

regions (for both, 942 bases: 314 amino acids) to produce a 

325-bp PCR product. The 325-bp PCR clone is considered as a 

partial sequence of CHO cell-derived NfkBia mRNA, in light of 

its sequence homology (Figure 11). 

[0143] Mouse Genome 430 2.0 Array (Reference Example 1) was 

unable to quantify the expression of NfkBia mRNA, probably 

because the probe sequence corresponded to a species-specific 

sequence in CHO cells. The comparison of the 325-bp PCR 

product levels showed that the NfkBia mRNA expression was 

suppressed in the highly mAb-producing cells that 



overexpressed the AI462015 sequence (Lanes 3 and 4) compared 

with gene-overexpressing cells that produced no mAb (Lanes 1 

and 2) . TaqMan Probe Set (Figure 12} capable of quantifying a 

partial sequence of the 325-bp product was further designed 

and used in RT-PCR quantification. As a result, the NfkBia 

mRNA expression in the highly mAb-producing cells was 

suppressed to approximately 50% of the level in the cells that 

produced no mAb (Figure 13). 

[0144] These results suggest that the expression of NfkBia 

mRNA is suppressed in the highly mAb-producing cells, 

resulting in their enhanced potential to produce mAbs. The 

promoter/enhancer regions in the expression plasmids used by 

the present inventors for mAb gene expression actually 

contained two or more NfkB-binding sites (Figure 14; the NfkB-

binding sites on the mouse MCMV IE2 promoter). These enhancer 

regions are essential for the high expression of mAb genes. 

It therefore appears that the high mAb production is brought 

about in part by the following event: NfkB activated by the 

suppression of the NfkBia expression is translocated into the 

nucleus so that the promoter activity is enhanced. 

[0145] [Reference Example 5] Analysis of microRNA increased 

in highly antibody-producing CHO cell 

As shown in Figure 15, Mir-X(TM) miRNA First-Strand 

Synthesis Kit (Clontech Laboratories, Inc.) was used to 

analyze microRNAs. Small RNAs prepared from the highly MAbl 

(anti-IL-6R antibody)-producing DXBlls cells and the highly 

MAbl (anti-IL-6R antibody) producing and TAUT-overexpressing 

DXBlls cells during subculture and from DXBlls host cells 
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before mAb gene transfer were 3'-tagged with poly(A) and then 

primed with an adaptor having oligo dT at the 3' end and a PCR 

primer sequence (mRQ 3' primer) at the 5' end to synthesize 

primary-strand cDNAs. qPCR reaction (95°C for 5 sec and 60°C 

for 20 sec, 30 cycles) was carried out using the obtained 

cDNAs as templates, the mRQ 3' primer, 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. The PCR reaction solutions were 

purified and then electrophoresed on 3% agarose gel. As shown 

in Figure 16, bands having the size of interest were detected 

by the PCR reaction using the APES 40-61 5' primer and the U6 

snRNA 5' primer. As shown in Lanes 1, 2, and 3, the 22-base 

APES 40-61 (AAGTACCAAAATAATTACCAAC: SEQ ID NO: 10) was highly 

expressed in the highly MAbl (anti-IL-6R antibody)-producing 

cells. The expression level of the positive control U6 snRNA 

(Lane 4) was comparable among all of these cell lines, and the 

presence of APES 71-91 (CATATACAACATTTACAAGAA: SEQ ID NO: 15) 

was not confirmed (data not shown), suggesting that the APES 

40-61 sequence (22 bases) conserved regardless of species 

contributes as a microRNA to higher antibody production. 

[014 6] [Reference Example 6] Example of higher growth 

resulting from APES overexpression in host cell for antibody 

production 

Highly mAb-producing cells (DXBll/TAUT/MAbl) that 

produced 3.9 g/L of Mabl (anti-IL-6R antibody) on day 14 of 

the 1 L-jar fed-batch culture were obtained from the host 

cells DXBll/TAUT for mAb production. By virtue of the ability 
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of TAUT to maintain survival rates, the cells produced 8.1 g/L 

on day 31 of the culture. High production on day 14 of the 

culture, however, required increasing the maximum viable cell 

density reached by the cells (4.1 x 10e6 cells/mL), in 

consideration of actual production. If the suppressed Nfkbia 

mRNA expression resulting from the overexpression of APES 

(Reference Example 4) promoted the activation of Nfkb, the 

expression of growth-related genes would be increased; thus, 

the maximum viable cell density reached by the cells might be 

increased. A plasmid for the co-overexpression of APES and a 

plasmid for the co-overexpression of ALTl, which contributed 

to higher mAb production as with APES (pPur-APES165 and pPur-

ALTl, respectively; Figure 17) were each transferred to the 

highly mAb-producing cells DXBll/TAUT/MAbl (parent line). The 

top three highly proliferative lines were selected for each of 

the two types and subjected to shaker feedingfed-batch culture. 

As a result, the average maximum viable cell density reached 

by the cells was (11.5 ±1.7} x 10e6 cells/mL for the APES165-

overexpressing cells, showing that cells more highly 

proliferative than the ALTl-overexpressing cells ((8.9 ± 1.8) 

x 10e6 cells/mL were obtained. The average mAb yield on day 14 

of the shaker fed-batch culture was 4.4 ± 0.6 g/L for the 

APES-overexpressing cells and 4.0 ± 0.6 g/L for the ALTl-

overexpressing cells, which were higher than 3.4 g/L for the 

DXBll/TAUT/MAbl cells without transfer, showing that the 

effect of APES overexpression positively acts independently of 

the effect of TAUT overexpression (Figure 18). The positive 

effect brought about by the overexpression of APES was 
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markedly observed in the 1 L-jar fed-batch culture. The 

comparison of the highly proliferative cells in the shaker 

fed-batch culture revealed that the APES-overexpressing cell 

line was most highly proliferative and advantageously 

exhibited, even by a short-term culture, a yield as high as 

5.3 g/L on day 12 of the culture relative to 3.2 g/L for the 

parent cell line and 4.4 g/L for the ALTl-overexpressing cell 

line (Figure 19). On the basis of these results, a APES165-

overexpressing host DXBll/TAUT/APES was prepared in order to 

modify the host cells DXB11/TAUT for mAb production into more 

highly proliferative host cells. The pPur-APES165 was 

transferred to the DXBll/TAUT host by electroporation. After 

drug selection, the expression level of APES snRNA {small non-

coding RNA) at the time of subculture was quantified for 9 

lines of candidate hosts having a favorable survival rate and 

favorable growth. The DXB11/TAUT/APES candidate host cell 

line having a high APES expression level was shown to have a 

high viable cell density during culture and exhibit a 

correlation (R2 = 0.70) (Figure 20). 

[0147] [Reference Example 7] Example of higher production 

resulting from APES overexpression in mAb-producing cell - 2 

In the same way as in Reference Example 3, plasmids for 

the expression of the 5' partial sequence of the AI462015 

transcript were transferred to strongly MAbl-expressing DXBlls 

cells, and the potential to produce antibodies was compared 

among the lines. 

[0148] In addition to APES4-168 (APES165), expression units 

of APES4-68 (SEQ ID NO: 5) and APES69-133 (SEQ ID NO: 6), each 
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of which consisted of a partial sequence thereof, were 

prepared to study the potential of the cells to produce 

antibodies. Compared with strong null vector expression 

(null), APES4-68 and APES69-133 exhibited high mAb production 

with significant differences of p < 0.05 and p < 0.01, 

respectively (t-test, P < 0.001, Figure 21). 

[0149] Figure 22 shows the positions, in the mouse AI462015 

transcript, of the partial sequences that exhibited APES 

activity, which were identified in Reference Example 3 and 

this Reference Example. These partial sequences that 

exhibited APES activity contained a 23-base or longer 

complementary sequence of Nfkbia. 

[0150] The present invention is applicable to cells 

producing any recombinant polypeptide (e.g., any recombinant 

antibody). 

[0151] All publications, patents, and patent applications 

cited herein are incorporated herein by reference in their 

entirety. 
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Claims 

1. A method for establishing a cell line for recombinant protein production that stably 

expresses two or more transporters or two or more metabolic enzymes, comprising transferring a 

gene of a non-coding RNA suppressing the expression of NfkBia to a cell so that the gene is 

expressed. 

2. The method according to claim 1, wherein the method comprises transferring genes of two 

or more transporters to the cell. 

3. The method according to claim 1, wherein the method comprises transferring genes of two 

or more metabolic enzymes to the cell. 

4. The method according to claim 1, wherein the method comprises transferring genes of 

TauT and two metabolic enzymes to the cell. 

5. A cell in which a gene of a non-coding RNA suppressing the expression of NfkBia is 

expressed by the transfer of the gene to the cell while two or more foreign genes are stably 

expressed, wherein said foreign genes are genes of two or more transporters or genes of two or 

more metabolic enzymes. 

6. The method according to any of claims 1 to 4 or the cell according to claim 5, wherein the 

non-coding RNA suppressing the expression of NfkBia is a small RNA up to 30 bases long 
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comprising a consecutive sequence of 19 to 25 bases in length, the small RNA being capable of 

binding to a portion of NfkBia mRNA by base pairing. 

7. The method according to any of claims 1 to 4 or the cell according to claim 5, wherein the 

non-coding RNA suppressing the expression of NfkBia is an mRNA-type non-coding RNA up to 

561 bases long comprising a consecutive sequence of 19 to 25 bases in length, the mRNA-type 

non-coding RNA being capable of binding to a portion of NfkBia mRNA by base pairing. 

8. The method according to any of claims 1 to 4 or the cell according to claim 5, wherein the 

non-coding RNA suppressing the expression of NfkBia is an mRNA-type non-coding RNA 561 to 

1579 bases long comprising a consecutive sequence of 19 to 25 bases in length, the mRNA-type 

non-coding RNA being capable of binding to a portion of NfkBia mRNA by base pairing. 

9. The method or the cell according to any of claims 6 to 8, wherein the consecutive sequence 

of 19 to 25 bases in length is an arbitrary partial sequence in the nucleotide sequence represented by 

SEQ ID NO: 2, or a complementary sequence thereof. 

10. The method according to any of claims 1 to 4 or the cell according to claim 5, wherein the 

gene of a non-coding RNA suppressing the expression of NfkBia has a nucleotide sequence 

represented by any of SEQ ID NOs: 1 to 16 and 29. 

11. The method according to any of claims 1 to 4 or the cell according to claim 5, wherein the 

gene of a non-coding RNA suppressing the expression of NfkBia is a DNA having the following 

nucleotide sequence or a complementary sequence thereof: 
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(a) a sequence capable of binding to a nucleotide sequence represented by any of SEQ ID 

NOs: 1 to 16 and 29 by base pairing; 

(b) a nucleotide sequence identical to a nucleotide sequence represented by any of SEQ ID 

NOs: 1 to 16 and 29 except for 1 base; 

(c) a partial sequence of the 3'-untranslated region of the NfkBia gene, comprising a 

nucleotide sequence represented by any of SEQ ID NOs: 1 to 16 and 29; or 

(d) a sequence consisting of a nucleotide sequence identical to the sequence (c) except for 

1 base. 

12. The method according to any of claims 1 to 4 or the cell according to claim 5, wherein a 

gene of a desired protein is further transferred to the cell. 

13. The method or the cell according to claim 12, wherein the desired protein is an antibody. 

14. The method for establishing a cell line for recombinant protein production capable of 

stably expressing two or more foreign genes according to claim 1, wherein the method comprises: 

transferring a first foreign gene encoding a protein, and the gene of a non-coding RNA 

suppressing the expression of NfkBia to the cell so that these genes are expressed; and 

transferring a second foreign gene encoding a protein to the cell, wherein 

the first and second foreign genes encode transporters, and 

the established cell line for recombinant protein production expresses the gene of a 

non-coding RNA suppressing the expression of NfkBia, and the protein-encoding first and second 

foreign genes. 
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15. The method for establishing a cell line for recombinant protein production capable of 

stably expressing two or more foreign genes according to claim 1, wherein the method comprises: 

transferring a first foreign gene encoding a protein and the gene of a non-coding RNA 

suppressing the expression of NfkBia to the cell so that these genes are expressed; 

transferring a second foreign gene encoding a protein to the cell; and 

transferring a third foreign gene encoding a protein to the cell, wherein 

the second and third foreign genes encode metabolic enzymes, and 

the established cell line for recombinant protein production expresses the gene of a 

non-coding RNA suppressing the expression of NfkBia, and the protein-encoding first, second, and 

third foreign genes. 

16. The method according to claim 14 or 15, wherein the first foreign gene is a taurine 

transporter (TAUT) gene. 

17. The method according to any of claims 14 to 16, wherein a gene of a desired protein is 

further transferred to the cell to establish a host cell line for the production of the desired protein. 


