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[DESCRIPTION] 

 

[Title of Invention] METHOD OF INTRODUCING TARGET-SPECIFIC FOREIGN GENE 

 

[Technical Field] 5 

[0001] 

 The present disclosure relates to methods for introducing an exogenous DNA into the 

genome of an animal cell in a target-specific manner, transformed cells obtained by using these 

methods, and methods for producing a polypeptide encoded by the exogenous DNA.  

 10 

[Background Art] 

[0002]

 Methods of expressing a polypeptide such as a cytokine or an antibody in a cultured cell 

by a gene recombination technique and producing it in large quantities are well known.  Such 

polypeptide production techniques generally include steps of introducing a polynucleotide 15 

encoding a polypeptide of interest into a cell in an expressible form to create a transformed cell 

and recovering the accumulated polypeptide of interest from a culture thereof.  Widely-used as 

cells to be transformed are cells of microorganisms, insects, plants, or animals.  Among them, 

animal cells are widely used as suitable host cells for obtaining polypeptides derived from 

animals.  By expressing a polypeptide in animal cells, it is expected that post-translational 20 

modifications such as glycosylation and folding of the polypeptide will happen in a manner 

closer to the environment in which the polypeptide is produced in the living body. 

[0003] 

 When expressing an exogenous DNA in an animal cell, it is common to transform the 

animal cell with an expression vector incorporating a polynucleotide encoding the polypeptide of 25 

interest.  However, unlike when introduced into the genome, an exogenous DNA introduced 

into a cell as an expression vector generally does not replicate and is not inherited through cell 

division, and thus it is difficult to stably retain its traits.  Therefore, even though transformation 

with an expression vector is useful for use in an experimental environment for transient 

expression, it leaves issues for application in industrial production. 30 

[0004] 

 By introducing an exogenous DNA into the genome of animal cells, it becomes possible 

to stably retain traits derived from the expression vector.  This is because polynucleotides 

introduced into the genome are highly likely to be replicated through cell division and retained 

stably.  Based on this idea, it has become possible to stably produce many biological substances 35 

on an industrial scale using animal cells as a platform. 
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[0005] 

 However, it has become clear that even when exogenous DNA is introduced into the 

genome, transformed cells with high expression levels cannot always be obtained.  The 

expression level of exogenous DNA introduced into the genome generally differs depending on 

the position of introduction, and it has not always been possible to efficiently select desired 5 

transformed cells. 

[0006] 

 Targeted integration (TI) has been proposed as one of the techniques capable of solving 

the problems in introducing exogenous DNA into the genome (PTL 1-3).  In TI, a genomic 

region suitable for introduction and expression of exogenous DNA is identified in advance, and 10 

the exogenous DNA to be expressed is site-specifically integrated into the identified genomic 

region.  TI can be said to be a new gene recombination technology created with the 

improvement of genomic site-specific recombination technologies.  As a result of TI, the 

predictability of the expression level of exogenous DNA and such of the obtained transformed 

cells has increased, and efficient acquisition of transformed cells having the required traits can be 15 

expected.  In TI, genomic regions suitable for introducing exogenous DNA are often referred to 

as hotspots.  So far, hotspots have been found in wide-ranging regions on genomes in various 

cells used as host cells for transformation.  Moreover, an attempt to apply TI to the production 

of monoclonal antibodies by animal cells to obtain transformed cells useful for the production 

has also been reported (PTL 4, NPL 1-2). 20 
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 An objective of the present disclosure is to provide a new hotspot that is useful for 

Targeted Integration (TI). 

[Solution to Problem] 

[0010] 

 The present inventors continued to search for regions that enable expression at a high 5 

level of exogenous DNA encoding a polypeptide such as an antibody in animal cells.  In the 

production of transformed cells by TI reported so far, the initial expression level could not 

always be maintained for a long period of time, and there were times when the expression level 

would eventually decrease during culture (PLoS ONE, 2017 12(6): e0179902, Biotechnology 

Letters, 2018, Volume 40, Issue 8, pp 1209-1218).  When such transformed cells are used for 10 

producing a polypeptide, the production amount of the expression product becomes unstable, and 

the production efficiency could decrease.  Alternatively, if the transformed cells are unable to 

maintain industrial production levels, the production line would need to be restructured.  The 

present inventors suspected that the decrease in the expression level of a polypeptide in culture 

may occur depending on the genomic integration site of the exogenous polynucleotide.  15 

Therefore, as a result of trying to search for hotspots that can be expected to maintain the 

expression level of exogenous DNA for a long period of time, the present inventors succeeded in 

finding a new hotspot, and achieved the present disclosure. 

[0011] 

 The present disclosure specifically encompasses the following embodiments: 20 

[1] a method for introducing an exogenous DNA encoding a polypeptide of interest into a CHO 

cell, wherein the method comprises introducing the exogenous DNA into the genomic region 

specified by NCBI accession number NW_003614838.1 in the CHO cell;  

[2] the method according to [1], wherein the integration site of the exogenous DNA is selected 

from a region comprising the coiled-coil domain-containing protein 91 (CCDC91) gene and its 25 

promoter region in the genomic region specified by NCBI accession number NW_003614838.1; 

[3] the method according to [2], wherein the integration site of the exogenous DNA is selected 

from the CCDC91 gene region;

[4] the method according to [3], wherein the integration site of the exogenous DNA is in the first 

intron of the CCDC91 gene; 30 

[5] the method according to any of [1] to [4], wherein the exogenous DNA is site-specifically 

introduced into the genomic region by any method selected from homologous recombination, 

recombinase-mediated cassette exchange (RMCE), and genome editing; 

[6] the method according to any of [1] to [5], wherein the polypeptide of interest is an antigen-

binding molecule; 35 

[7] the method according to [6], wherein the antigen-binding molecule is an antibody; 
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[0012] 

[8] a method for producing a CHO cell or a CHO cell line, wherein the method comprises 

introducing an exogenous DNA encoding a polypeptide of interest into the genomic region 

specified by NCBI accession number NW_003614838.1 in the CHO cell;  

[9] the method according to [8], wherein the integration site of the exogenous DNA is selected 5 

from a region comprising the coiled-coil domain-containing protein 91 (CCDC91) gene and its 

promoter region in the genomic region specified by NCBI accession number NW_003614838.1; 

[10] the method according to [9], wherein the integration site of the exogenous DNA is selected 

from the CCDC91 gene region; 

[11] the method according to [10], wherein the integration site of the exogenous DNA is in the 10 

first intron of the CCDC91 gene; 

[12] the method according to any of [8] to [11], wherein the exogenous DNA is site-specifically 

introduced into the genomic region by any method selected from homologous recombination, 

recombinase-mediated cassette exchange (RMCE), and genome editing; 

[13] the method according to any of [8] to [12], wherein the polypeptide of interest is an antigen-15 

binding molecule; 

[14] the method according to [13], wherein the antigen-binding molecule is an antibody; 

[0013] 

[15] a method for producing a CHO cell or a CHO cell line, wherein the method comprises 

introducing a DNA cassette for introducing an exogenous DNA by an exchange reaction into the 20 

genomic region specified by NCBI accession number NW_003614838.1 in the CHO cell; 

[16] the method according to [15], wherein the integration site of the DNA cassette is selected 

from a region comprising the coiled-coil domain-containing protein 91 (CCDC91) gene and its 

promoter region in the genomic region specified by NCBI accession number NW_003614838.1;  

[17] the method according to [16], wherein the integration site of the DNA cassette is selected 25 

from the CCDC91 gene region; 

[18] the method according to [17], wherein the integration site of the DNA cassette is in the first 

intron of the CCDC91 gene; 

[19] the method according to any of [15] to [18], wherein the exogenous DNA is an exogenous 

DNA encoding an antigen-binding molecule of interest; 30 

[20] the method according to [19], wherein the antigen-binding molecule is an antibody; 

[0014] 

[21] an isolated CHO cell comprising an exogenous DNA encoding a polypeptide of interest 

introduced into the genomic region specified by NCBI accession number NW_003614838.1; 

[22] the CHO cell according to [21], wherein the integration site of the exogenous DNA is 35 

selected from a region comprising the coiled-coil domain-containing protein 91 (CCDC91) gene 
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and its promoter region in the genomic region specified by NCBI accession number 

NW_003614838.1; 

[23] the CHO cell according to [22], wherein the integration site of the exogenous DNA is 

selected from the CCDC91 gene region; 

[24] the CHO cell according to [23], wherein the integration site of the exogenous DNA is in the 5 

first intron of the CCDC91 gene; 

[25] the method according to any of [21] to [24], wherein the exogenous DNA is site-specifically 

introduced into the genomic region by any method selected from homologous recombination, 

recombinase-mediated cassette exchange (RMCE), and genome editing; 

[26] the CHO cell according to any of [21] to [25], wherein the polypeptide of interest is an 10 

antigen-binding molecule; 

[27] the CHO cell according to [26], wherein the antigen-binding molecule is an antibody; 

[0015] 

[28] an isolated CHO cell comprising a DNA cassette for introducing an exogenous DNA into 

the genomic region specified by NCBI accession number NW_003614838.1 by an exchange 15 

reaction; 

[29] the CHO cell according to [28], wherein the integration site of the DNA cassette is selected 

from a region comprising the coiled-coil domain-containing protein 91 (CCDC91) gene and its 

promoter region in the genomic region specified by NCBI accession number NW_003614838.1;  

[30] the CHO cell according to [29], wherein the integration site of the DNA cassette is selected 20 

from the CCDC91 gene region; 

[31] the CHO cell according to [30], wherein the integration site of the DNA cassette is in the 

first intron of the CCDC91 gene; 

[32] the CHO cell according to any of [28] to [31], wherein the exogenous DNA is an exogenous 

DNA encoding an antigen-binding molecule of interest; 25 

[33] the CHO cell according to [32], wherein the antigen-binding molecule is an antibody; 

[0016] 

[34] a method for producing a polypeptide, wherein the method uses a CHO cell in which an 

exogenous DNA encoding a polypeptide of interest is introduced into the genomic region 

specified by NCBI accession number NW_003614838.1; 30 

[35] the method according to [34], wherein the integration site of the exogenous DNA is selected 

from a region comprising the coiled-coil domain-containing protein 91 (CCDC91) gene and its 

promoter region in the genomic region specified by NCBI accession number NW_003614838.1; 

[36] the method according to [35], wherein the integration site of the exogenous DNA is selected 

from the CCDC91 gene region; 35 
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[37] the method according to [36], wherein the integration site of the exogenous DNA is in the 

first intron of the CCDC91 gene; 

[38] the method according to [37], wherein the exogenous DNA is site-specifically introduced 

into the genomic region by any method selected from homologous recombination, recombinase-

mediated cassette exchange (RMCE), and genome editing; 5 

[39] the method according to any of [34] to [38], wherein the polypeptide of interest is an 

antigen-binding molecule; 

[40] the method according to [39], wherein the antigen-binding molecule is an antibody; 

[0017] 

[41] a method for producing a polypeptide comprising the following steps of: 10 

(1) introducing an exogenous DNA encoding a polypeptide of interest into a CHO cell, wherein 

the exogenous DNA is introduced into the genomic region specified by NCBI accession number 

NW_003614838.1 of the genome of the CHO cell;  

(2) culturing the CHO cell into which the exogenous DNA has been introduced; and 

(3) recovering the polypeptide of interest; 15 

[42] the method according to [41], wherein the integration site of the exogenous DNA is selected 

from a region comprising the coiled-coil domain-containing protein 91 (CCDC91) gene and its 

promoter region in the genomic region specified by NCBI accession number NW_003614838.1; 

[43] the method according to [42], wherein the integration site of the exogenous DNA is selected 

from the CCDC91 gene region; 20 

[44] the method according to [43], wherein the integration site of the exogenous DNA is in the 

first intron of the CCDC91 gene; 

[45] the method according to [41], wherein the step of introducing the exogenous DNA encoding 

the polypeptide of interest into the CHO cell includes the following steps (i)-(ii): 

(i) introducing into the CHO cell a DNA cassette for introducing the exogenous DNA by an 25 

exchange reaction; and 

(ii) introducing the exogenous DNA into the genomic region specified by NCBI accession 

number NW_003614838.1 by a recombinase which recognizes the DNA cassette of (i) as a 

target site; 

[46] the method according to any of [41] to [45], wherein the polypeptide of interest is an 30 

antigen-binding molecule; and 

[47] the method according to [46], wherein the antigen-binding molecule is an antibody. 

 

[Effects of the Invention] 

[0018] 35 
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 Through this disclosure, a hotspot suitable for obtaining animal cells transformed by TI 

was discovered.  In a preferred embodiment, the hotspot provided by the present disclosure can 

stably maintain the expression level of a polypeptide encoded by an exogenous DNA introduced 

into its region over a long period of time. 

 5 

[Brief Description of Drawings] 

[0019] 

 Fig. 1 shows a map of a landing pad used in the search for a hotspot.  Genes encoding 

dihydrofolate reductase (DHFR), which is a selection marker for transformed cells, and green 

fluorescent protein (GFP), which is a marker for screening cells with a high expression, have 10 

been integrated.  Recognition sequences (loxP1 and loxP2) of the recombinase Cre are inserted 

at the two ends of these two genes to form a DNA cassette. 

 Fig. 2 shows a map of a recombination plasmid for a cassette exchange reaction with a 

landing pad DNA cassette integrated into the genome.  The recombinase recognition sequence 

loxP is arranged at the two ends of the genes encoding the selection marker DHFR, the light 15 

chain (L), and the heavy chain (H) to form a DNA cassette. 

 Fig. 3 shows the results of a two-week production culture of antibody-expressing cell 

clones established after TI.  The horizontal axis shows the names of the established antibody-

producing cell clones, and the vertical axis shows the antibody production level per liter of 

culture solution (mg/L). 20 

 Fig. 4 shows changes in antibody production over time after freeze-thawing of antibody-

producing cell clones TI-L and TI-J.  The horizontal axis shows the time (days) after thawing 

cryopreserved cells, and the vertical axis shows the antibody production level per liter of culture 

solution (mg/L). 

 Fig. 5 shows the antibody production level by other antibody-producing cell clones 25 

prepared by incorporating the genes of different antibodies into the recombination plasmid of 

Fig. 2.  The horizontal axis shows the names of the produced antibodies, and the vertical axis 

shows the antibody production level per liter of culture solution (mg/L). 

 Fig. 6 shows schematically the position of introduction of the landing pad on the genome 

of the parent cell TI-L (the transformed cell before substitution of the landing pad with the 30 

exchange cassette) of the antibody-producing cell clone having the highest antibody production 

level.  In the figure, the part indicated by “Integration site” is the integration site of the landing 

pad identified in the present disclosure.  The integration site is 6651 bp downstream from the 

(5’end) of the CCDC91 gene and 6454 bp downstream from the upstream (5’end) of Intron 1.  

The 5 kb nucleotide sequence upstream (5’ side in the genomic sequence) and the 5 kb 35 
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nucleotide sequence downstream (3’ side in the genomic sequence) of the “Integration site” are 

shown in SEQ ID NOs: 1 and 2, respectively. 

 

[Description of Embodiments] 

[0020] 5 

 Hereinafter, embodiments for carrying out the present invention will be described in more 

detail. 

[0021] 

 The following definitions and detailed descriptions are provided to facilitate the 

understanding of the present disclosure explained herein. 10 

[0022]

 In the present specification, the "antigen-binding molecule" is limited only by binding to 

the antigen of interest.  The antigen-binding molecule can be a domain having any structure as 

long as the domain used binds to the antigen of interest.  Examples of such a domain include, 

but are not limited to, an antibody heavy chain variable region (VH), an antibody light chain 15 

variable region (VL), a single-domain antibody (sdAb), a module called A domain of 

approximately 35 amino acids contained in an in vivo cell membrane protein avimer 

(WO2004/044011 and WO2005/040229), adnectin containing a 10Fn3 domain serving as a 

protein binding domain derived from a glycoprotein fibronectin expressed on cell membranes 

(WO2002/032925), Affibody containing an IgG binding domain scaffold constituting a three-20 

helix bundle composed of 58 amino acids of protein A (WO1995/001937), DARPins (designed 

ankyrin repeat proteins) which are molecular surface-exposed regions of ankyrin repeats (AR) 

each having a 33-amino acid residue structure folded into a subunit of a turn, two antiparallel 

helices, and a loop (WO2002/020565), anticalin having four loop regions connecting eight 

antiparallel strands bent toward the central axis in one end of a barrel structure highly conserved 25 

in lipocalin molecules such as neutrophil gelatinase-associated lipocalin (NGAL) 

(WO2003/029462), and a depressed region in the internal parallel sheet structure of a horseshoe-

shaped fold composed of repeated leucine-rich-repeat (LRR) modules of an immunoglobulin 

structure-free variable lymphocyte receptor (VLR) as seen in the acquired immune systems of 

jawless vertebrates such as lamprey or hagfish (WO2008/016854). 30 

[0023] 

 Preferred examples of the antigen-binding molecule of the present invention include an 

antigen-binding molecule that can exert an antigen binding function by a molecule constituted 

only by the antigen-binding domain, and an antigen-binding molecule that can exert an antigen 

binding function by itself after being released from an additional peptide linked thereto.  35 
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Examples of such an antigen-binding molecule include, but are not limited to, single-domain 

antibodies, scFv, Fv, Fab, Fab', and F(ab')2. 

[0024]

 One preferred example of the antigen-binding molecule of the present invention includes 

an antigen-binding molecule having a molecular weight of 60 kDa or smaller.  Examples of 5 

such an antigen-binding molecule include, but are not limited to, single-domain antibodies, scFv, 

Fab, and Fab'.  The antigen-binding molecule having a molecular weight of 60 kDa or smaller 

is usually likely to be subjected to clearance by the kidney when existing as a monomer in blood 

(see J Biol Chem. 1988 Oct 15; 263 (29): 15064--70).

[0025]10 

Antibodies 

 The term "antibody" herein is used in the broadest sense and encompasses various 

antibody structures, including but not limited to monoclonal antibodies, polyclonal antibodies, 

multispecific antibodies (e.g., bispecific antibodies), and antibody fragments so long as they 

exhibit the desired antigen-binding activity. 15 

[0026]

Antibody fragments 

An "antibody fragment" refers to a molecule other than an intact antibody that comprises 

a portion of an intact antibody that binds the antigen to which the intact antibody binds.  

Examples of antibody fragments include but are not limited to Fv, Fab, Fab', Fab’-SH, F(ab')2; 20 

diabodies; linear antibodies; single-chain antibody molecules (e.g., scFv); and multispecific 

antibodies formed from antibody fragments.  As such, antibodies and antibody fragments are 

representative examples of antigen binding molecules. 

[0027]

Fc regions 25 

The term “Fc region” herein is used to define a C-terminal region of an immunoglobulin 

heavy chain that contains at least a portion of the constant region.  The term includes native 

sequence Fc regions and mutant Fc regions.  In one embodiment, a human IgG heavy chain Fc 

region extends from Cys226, or from Pro230, to the carboxyl-terminus of the heavy chain.  

However, the C-terminal lysine (Lys447) or glycine-lysine (residues 446-447) of the Fc region 30 

may or may not be present.  Unless otherwise specified herein, numbering of amino acid 

residues in the Fc region or constant region is according to the EU numbering system, also called 

the EU index, as described in Kabat et al., Sequences of Proteins of Immunological Interest, 5th 

Ed. Public Health Service, National Institutes of Health, Bethesda, MD, 1991. 

[0028]35 

Nucleic acids/polynucleotides 
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An "isolated" nucleic acid/polynucleotide refers to a nucleic acid/polynucleotide molecule 

that has been separated from a component of its natural environment.  An isolated nucleic 

acid/polynucleotide includes a nucleic acid/polynucleotide molecule contained in cells that 

ordinarily contain the nucleic acid/polynucleotide molecule, but the nucleic acid/polynucleotide 

molecule is present extrachromosomally or at a chromosomal location that is different from its 5 

natural chromosomal location.  In the present disclosure, a nucleic acid/polynucleotide is 

exogenous to the host cell when it is obtained from an environment other than the host cell 

(endogenous), regardless of whether the nucleic acid/polynucleotide has been artificially 

constructed or was naturally occurring.  Thus, for example, when a nucleic acid/polynucleotide 

contains a cDNA, the nucleic acid/polynucleotide is usually exogenous to the host cell. 10 

[0029] 

 When an exogenous nucleic acid/polynucleotide of the present disclosure contains DNA, 

it is particularly described as “exogenous DNA”.  The exogenous DNA can also contain 

components other than DNA if it retains the required genetic information.  For example, a DNA 

complexed with a component other than DNA, such as a protein or a liposome constituting a 15 

virus particle, is also an exogenous DNA.  In the present disclosure, the host cell is a Chinese 

hamster (Cricetulus griseus, Japanese name is Mongol Kinuge Nezumi) cell.  Therefore, a DNA 

containing a nucleotide sequence information that is not normally contained in the genome 

thereof can be referred to as an “exogenous DNA”. 

[0030] 20 

 The nucleotide sequence information of the Chinese hamster genome can be obtained, for 

example, as a GenBank reference sequence.  If the nucleotide sequence information of a given 

DNA contains a nucleotide sequence that does not match the reference sequence, even partially, 

it can be understood that it is an exogenous DNA.  For example, a DNA containing the genetic 

information of the Chinese hamster itself, while a part of it has been modified into genetic 25 

information derived from another species or an artificial information, is included in exogenous 

DNAs.  As such, a large part of the exogenous DNAs becomes exogenous by containing 

artificially-constructed nucleotide sequence information.  When a given DNA encodes an 

amino acid sequence, and the original amino acid sequence information is maintained even after 

the nucleotide sequence of the DNA is modified, it is an artificially-constructed DNA.  30 

Alternatively, DNA from which introns contained in the genomic sequence have been removed 

from the Chinese hamster gene (e.g., a cDNA) is also usually exogenous. 

[0031]

Vectors

The term "vector," as used herein, refers to a nucleic acid molecule capable of 35 

propagating another nucleic acid to which it is linked.  The term includes the vector as a self-
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replicating nucleic acid structure as well as the vector incorporated into the genome of a host cell 

into which it has been introduced.  Certain vectors can direct the expression of nucleic acids to 

which they are operatively linked.  Such vectors are referred to herein as "expression vectors." 

[0032]

Host cells 5 

 The terms "host cell," "host cell line," and "host cell culture" are used interchangeably 

and refer to cells into which exogenous nucleic acid has been introduced, including the progeny 

of such cells.  Host cells include "transformants" and "transformed cells," which include the 

primary transformed cell and progeny derived therefrom without regard to the number of 

passages.  Progeny may not be completely identical in nucleic acid content to a parent cell, but 10 

may contain mutations.  Mutant progeny that has the same function or biological activity as 

screened or selected for in the originally transformed cell are included herein.

[0033] 

 In a certain embodiment, the present disclosure provides a method for introducing an 

exogenous DNA encoding a polypeptide of interest into a CHO cell, wherein the method 15 

comprises site-specifically introducing the exogenous DNA into a genomic region specified by 

NCBI accession number NW_003614838.1 of the CHO cell genome. 

 CHO cells (Chinese Hamster Ovary Cell) are a general term for a fibroblast cell line 

established from the ovaries of Chinese hamsters.  They have excellent proliferative ability and 

can be cultured in an artificial medium by an adhesive culture or suspension culture.  Various 20 

polypeptides are produced by genetic recombination using CHO cells as a host.  For example, 

dhfr-CHO lacking the DHFR gene (Proc. Natl. Acad. Sci. USA (1980) 77, 4216-4220) and 

CHO-K1 (Proc. Natl. Acad. Sci. USA (1968) 60, 1275) are widely used as host cells in genetic 

recombination technology.  Mutant lines of these CHO cells are also included in the CHO cells 

of the present disclosure.  In addition, as cells derived from CHO cells, CHO-DG44 and CHO-25 

DXB11 lines are being used as host cells.  These known cell lines derived from CHO cells are 

also included in the CHO cells in the present disclosure.  

[0034] 

 The CHO cells constituting the present disclosure can be obtained from cell banks such as 

ATCC or as a commercially distributed and available cell line.  When a CHO cell theoretically 30 

consists of a group of cells established from a single cell, it is particularly referred to as a “CHO 

cell line”.  In the present disclosure, “CHO cells” may be a CHO cell line unless otherwise 

specified. 

[0035] 

 In the present disclosure, the genomic region identified as a hotspot is specified by NCBI 35 

accession number NW_003614838.1 in the genome of CHO cells.  NW_003614838.1 is a CHO 
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cell genomic nucleotide sequence revealed by the whole genome shotgun sequence method, and 

consists of about 170.6 kbp.  Therefore, in the present disclosure, the region into which the 

exogenous DNA is introduced may be any location within the approximately 170.6 kbp. 

[0036] 

 In the nucleotide sequence, a preferable integration site in the present disclosure includes, 5 

for example, a region specified by a sequence existing on the LOC103164262 (coiled-coil 

domain-containing protein 91; CCDC91) gene and its promoter.  In a certain embodiment, this 

region consists of approximately 159.4 kbp containing the gene and its promoter region.  

Alternatively, in another embodiment, a nucleotide sequence of about 121.3 kbp not containing 

the promoter in this region is also preferable as the integration site of the exogenous DNA.  For 10 

example, in the nucleotide sequence constituting the CCDC91 gene, a range of about 20 kbp 

including 10 kbp upstream and downstream of the first intron, or a range of about 10 kbp 

including 5 kbp upstream and downstream of the first intron is preferable as a region to introduce 

an exogenous DNA in the present disclosure.  As an example, the nucleotide sequences 5 kbp 

upstream and downstream of the first intron are shown in SEQ ID NOs: 1 and 2, respectively.  15 

Therefore, the relationship between each SEQ ID NO and the integration site can be shown, for 

example, as follows: 

5’- (SEQ ID NO: 1) - [Integration site (i.e., hotspot)] - (SEQ ID NO: 2) -3’ 

[0037] 

 Here, when the nucleotide sequence constituting the CCDC91 gene is mapped on the 20 

nucleotide sequence of the genome, it is located in the reverse complementary sequence (that is, 

the antisense sequence) when viewed from the genome sequence.  Therefore, in the nucleotide 

sequence of the CCDC91 gene, the first intron is mapped over the region including the 5’end of 

SEQ ID NO: 2 (positions 1-6454 in SEQ ID NO: 2) to the region including the 3’end of SEQ ID 

NO: 1 (positions 3190-5040 in SEQ ID NO: 1).  The nucleotide sequence of the first intron in 25 

which both are linked is shown in SEQ ID NO: 3.  Therefore, in a preferred embodiment of the 

present disclosure, the site-specific integration site of exogenous DNA can be selected from the 

region specified by the nucleotide sequence of SEQ ID NO: 3 (reverse complementary sequence) 

on the CHO cell genome.  

[0038] 30 

 In the present disclosure, a region specified by a certain nucleotide sequence includes the 

case where a plurality of nucleotide sequences are homologous.  That is, even if the target 

nucleotide sequence X contains some mutations or modifications, if it is homologous to a 

nucleotide sequence A as a whole, it is a “region specified by nucleotide sequence A”.  When a 

plurality of nucleotide sequences are homologous, they can usually be aligned.  By aligning the 35 

differing nucleotide sequence A and nucleotide sequence X, a position corresponding to a 
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specific position in nucleotide sequence A can be specified on nucleotide sequence X.  

Algorithms for aligning multiple nucleotide sequences are known.  BLASTN, for example, is 

one of the common tools for aligning nucleotide sequences.  Nucleotide sequences that can be 

regarded as being homologous to NCBI accession number NW_003614838.1, the CCDC91 gene 

and its promoter, the first intron, and the like according to these known algorithms correspond to 5 

“regions specified by each nucleotide sequence” in the present disclosure. 

[0039] 

 As described above, there are several cell lines known to have different properties such as 

drug resistance and nutritional requirement in CHO cells.  If these differences in properties are 

caused by mutations or modifications in the nucleotide sequence information of the genome, and 10 

even if they occur in the regions specified by the present disclosure, they are “regions specified 

by each nucleotide sequence” if the regions can be identified.  Mutations and modifications of 

genomic nucleotide sequence information include additions, deletions, insertions, and 

substitutions of nucleotide sequence information.  Alternatively, changes in nucleotide 

sequence information that are not accompanied by apparent cellular trait changes (such as 15 

polymorphism) can be tolerated.  In addition, if the nucleotide sequence information is 

maintained, differences in epigenetic modification states between DNAs, such as DNA 

methylation, are also tolerated. 

[0040] 

 In the present disclosure, exogenous DNA can be site-specifically introduced into the 20 

above region by a known homologous recombination technique or genome editing technique.  

“Site-specific” refers to selecting a position specified by a certain nucleotide sequence in the 

nucleotide sequence constituting the genome as a position for introduction, and introducing a 

DNA of interest using this position as a target.  Therefore, “site-specific” can also be expressed 

as “targeting”.  In the present disclosure, introduction of nucleic acids/polynucleotides into the 25 

genome can be achieved by inserting a DNA at a target site or replacing a portion of the genome 

with the DNA to be introduced. 

[0041] 

 For example, the following methods are known as methods used for incorporating an 

exogenous DNA by TI: 30 

homologous recombination, 

RMCE (recombinase-mediated cassette exchange), and 

gene editing.  

 Homologous recombination is a method that utilizes the DNA repair mechanism that cells 

originally have.  Exogenous DNA having a nucleotide sequence homologous to the target 35 

position on the genome is introduced into cells to replace the DNA existing at the target position 
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with the exogenous DNA.  In homologous recombination, the efficiency is generally very low 

(about 10-5 to 10-7%) because a special enzyme that specifically recognizes the nucleotide 

sequence is not artificially used. 

[0042] 

 RMCE is the method used in the Examples of the present invention, and is a gene transfer 5 

method which uses a recombinase and the nucleotide sequence it recognizes.  By introducing in 

advance, the recognition nucleotide sequence of the recombinase into the target position on the 

genome and introducing an exogenous DNA similarly having the recognition nucleotide 

sequence into the cell, the DNA existing at the target position and the exogenous DNA are 

substituted.  Typical recombinase/recognition sequence combinations are “Cre/loxP” and 10 

“FLP/FRT”, but there are several others as well. 

[0043] 

 Gene editing (genome editing) is a gene transfer method that uses genome editing 

technology that can target and cleave a target position on the genome.  An enzyme designed to 

target a target position on the genome is introduced into a cell, and the target position is cleaved 15 

to promote DNA repair in the cell.  At this time, by introducing an exogenous DNA together 

with the enzyme, the exogenous DNA is easily linked to the cleavage site.  CRISPR/Cas, 

TALEN, and ZFN are representative enzymes used in genome editing technology.  For 

example, CRISPR-Cas9, a representative genome editing tool, recognizes a nucleotide sequence 

complementary to a guide RNA and cleaves double-stranded DNA (namely, genomic DNA).  If 20 

the donor vector is co-introduced, the exogenous DNA loaded on the vector can be introduced 

into the double-stranded DNA in the process of repairing the cleaved double-stranded DNA. 

 Therefore, by using a guide RNA corresponding to the nucleotide sequence of the above-

mentioned integration site, an exogenous DNA can be introduced in a site-specific manner using 

CRISPR-Cas9. 25 

[0044] 

 In the present disclosure, the integration site of exogenous DNA is specified by NCBI 

accession number NW_003614838.1.  Furthermore, in identifying the integration site, as 

already described, the integration site can be identified from among nucleotide sequences 

homologous to the nucleotide sequence referred to with NCBI accession number 30 

NW_003614838.1.  Here, when designing a guide RNA for introducing an exogenous DNA 

into an above-mentioned homologous nucleotide sequence, the nucleotide sequence of the 

genome of the CHO cell into which DNA is planned to be introduced can be determined in 

advance.  By considering not only the reference sequence, but also the genomic nucleotide 

sequence of the specific CHO cell into which the actual introduction is planned, more specific 35 

design of nucleotide sequences becomes possible. 
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[0045] 

 In a certain embodiment of the present disclosure, the donor vector can include any 

element, such as a selection marker, in addition to the exogenous DNA to be introduced.  

Selection markers include antibiotic resistance genes and metabolic selection markers.  By 

placing the genome-edited CHO cells under culture conditions appropriate for the selection 5 

marker, cells into which the exogenous DNA loaded on the donor vector has been introduced 

into the genome in an expressible state can be selectively maintained and proliferated.  A cell 

population selectively maintained through the above steps constitutes a cell population in which 

a common exogenous DNA is introduced at the same position in the CHO cell genome.  

Alternatively, if the expression level of exogenous DNA in the resulting cell population is 10 

compared and transformed cells that exceed the desired expression level are screened and 

cloned, it is also possible to establish the transformed cells into which the exogenous DNA has 

been integrated into the hotspot identified in the present disclosure as a cell line.  The method 

for introducing exogenous DNA provided in the present disclosure is useful for producing CHO 

cells or CHO cell lines. 15 

[0046] 

 In other words, the present disclosure provides a method for producing CHO cells or a 

CHO cell line, wherein the method comprises selectively introducing an exogenous DNA 

encoding a polypeptide of interest into the region in the CHO cell genome identified by NCBI 

accession number NW_003614838.1.  The method of the present disclosure can further 20 

additionally include determining the expression level of the introduced exogenous DNA and 

comparing the determined expression level.  After comparing the expression levels, more 

desirable transformed cells can be obtained by selecting and cloning cells having high expression 

levels.  The expression levels of exogenous DNA in all transformed cells can be ranked, and 

transformed cells included in, for example, the top 20%, or 10%, preferably 8%, or more 25 

preferably 5% can be selected as the desirable transformed cells.  

[0047] 

 When a DNA encoding a polypeptide that generates a signal is used as the exogenous 

DNA, transformed cells can be screened by comparing the expression level using signal intensity 

as an index.  Signal-generating polypeptides include the green fluorescent protein (GFP) and its 30 

derivatives.  Alternatively, a selection marker can be used as the exogenous DNA.  When a 

selection marker is used, CHO cells can be cultured under culture conditions suitable for the 

marker, and CHO cells into which the exogenous DNA has been introduced into the hotspot 

identified by the present disclosure can also be selected.  Nucleic acids/polynucleotides 

encoding the selection markers, signal-generating polypeptides, and such that are integrated into 35 

the genome from the donor vector can also be linked to form a DNA cassette. 
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[0048] 

 In the present disclosure, “landing pad” is a DNA comprising the above-mentioned “DNA 

cassette”, and is synonymous with “DNA cassette” in that it introduces an exogenous DNA into 

the genome. 

[0049] 5 

 When introducing a DNA cassette of the donor vector into the genome hotspot according 

to the present disclosure, a recognition sequence of the recombinase can be further additionally 

added to the DNA cassette.  Cre recombinase and FLP recombinase are known as 

recombinases.  These recombinases recognize their respective recognition sequences, loxP and 

FRT.  Therefore, by adding these recognition sequences to both ends of the DNA cassette, the 10 

exogenous nucleic acid/polynucleotide introduced by the DNA cassette can be easily and 

selectively replaced with another DNA by a recombination reaction.  Recombining 

(substituting) an exogenous DNA once introduced into the genome with a different DNA 

cassette is called an exchange reaction.  The nucleotide sequence selectively recognized by the 

recombinase involved in the exchange reaction can be referred to as a recombination targeting 15 

sequence. 

[0050] 

 Once established, the transformed cells according to the present disclosure can express an 

arbitrary polypeptide by substituting the exogenous DNA incorporated into the hotspot with a 

DNA encoding an arbitrary exogenous polypeptide.  Furthermore, in transformed cells in which 20 

the DNA cassette has been introduced into the hotspot and which can express exogenous DNA at 

a high level, even after the exogenous DNA in the DNA cassette is substituted with another 

exogenous DNA, a high expression level equivalent to that of the exogenous DNA before the 

substitution can be expected.  As such, transformed cells established according to the present 

disclosure are useful as parent cells (master cells) because they can be applied to the production 25 

of an arbitrary polypeptide.  That is, the present disclosure provides a method for producing 

CHO cells or a CHO cell line, wherein the method comprises inserting a DNA cassette for 

introducing an exogenous DNA by an exchange reaction into the genomic region specified by 

NCBI accession number NW_003614838.1 of CHO cells.  

[0051] 30 

 The present disclosure also relates to isolated CHO cells comprising an exogenous DNA 

introduced into the region specified by NCBI accession number NW_003614838.1 of the 

genome.  In a preferred embodiment, the CHO cells of the present disclosure can include a 

recombination targeting site for introducing an arbitrary DNA using an exogenous DNA.  That 

is, the present disclosure relates to isolated CHO cells comprising a DNA cassette for 35 

introducing an exogenous DNA by an exchange reaction into the genomic region specified by 
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NCBI accession number NW_003614838.1.  The incorporation of exogenous DNA into a 

specific region in the genome retained by CHO cells can be verified, for example, by amplifying 

the genomic DNA as a template using primers comprising nucleotide sequences specific to the 

nucleotide sequences constituting the region.  If a product having a desired nucleotide sequence 

length can be confirmed as a result of amplification, it is possible to know that the CHO cell has 5 

an exogenous DNA integrated into the target region. 

 In the present disclosure, “isolated” refers to a cell or cell population isolated from at least 

some components of its natural environment, such as a substantially homogeneous cell 

population.  “Substantially homogeneous” means that the frequency of the number of cells 

having the characteristics of the present disclosure in the cell population is 1/20 or more, 10 

preferably 1/10 or more, more preferably 1/5 or more, still more preferably 1/3 or more, even 

more preferably 1/2 or more, and most preferably 1/1.  Here, a cell with the features of the 

present disclosure is usually defined by comprising an exogenous DNA introduced into the 

region identified by NCBI accession number NW_003614838.1 of the genome. 

[0052] 15 

 The exogenous DNA incorporated into the hotspot as a DNA cassette is then substituted 

with a DNA encoding an arbitrary polypeptide to produce an arbitrary polypeptide.  In the 

present disclosure, the polypeptide intended for production is optional.  For example, various 

polypeptides conventionally produced by culturing CHO cells can be applied to the present 

disclosure.  Therefore, the present disclosure provides, in a certain embodiment, a method for 20 

producing a polypeptide using CHO cells into which an exogenous DNA encoding a polypeptide 

of interest has been introduced into the genomic region specified by NCBI accession number 

NW_003614838.1.  In the present disclosure, the method for producing a polypeptide can 

preferably include the following steps of: 

(1) introducing an exogenous DNA encoding a polypeptide of interest into a CHO cell, wherein 25 

the exogenous DNA is site-specifically introduced into the genomic region specified by NCBI 

accession number NW_003614838.1 of the CHO cell genome; 

(2) culturing the CHO cell into which the exogenous DNA has been introduced in (1); and 

(3) recovering the polypeptide of interest. 

[0053] 30 

 In the present disclosure, the step of site-specific introduction into the genomic region 

specified by NCBI accession number NW_003614838.1 of the CHO cell genome is based on the 

nucleotide sequence-specific recombination reaction of the genome.  A nucleotide sequence-

specific recombination reaction means, in a preferred embodiment, site-specific introduction of 

an exogenous DNA of interest into a target site selected from the nucleotide sequence of the 35 

genome.  In the present disclosure, site-specific introduction of an exogenous DNA into the 
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genome includes the insertion of the exogenous DNA into the genome.  Alternatively, a DNA 

of interest can be introduced into a target position by substituting a part of the nucleotide 

sequence constituting the genome with the exogenous DNA. 

 In the present disclosure, the exogenous DNA once site-specifically introduced can 

further be substituted with another DNA.  A cell into which a recombinase recognition 5 

sequence for substitution has been introduced into a hotspot is useful as a parent cell (master 

cell) of the present disclosure. 

[0054] 

 The integration site and orientation of the exogenous DNA can be confirmed by analyzing 

the nucleotide sequence of the genome of the parent cell (master cell), or transformed cell in 10 

which the exogenous DNA in the genome has been replaced with an exogenous DNA encoding 

the polypeptide intended for production, and collating with the original genomic sequence, as 

necessary.  For example, when genomic DNA is amplified by PCR with primers specific to the 

nucleotide sequences constituting the genomic region selected as the target (integration site), it is 

possible to selectively amplify the exogenous nucleic acid/polynucleotide and detect its 15 

presence.  Alternatively, the nucleotide sequence of the amplification product can be 

determined to confirm the introduction of the exogenous nucleic acid/polynucleotide of interest. 

[0055] 

 Parent cells (master cells), or transformed cells in which the exogenous DNA in the 

genome has been replaced with an exogenous DNA encoding a polypeptide intended for 20 

production, can be divided into small portions after expansion culture and cryopreserved.  In 

addition, the expression level of the exogenous DNA of the transformed cells thawed after 

cryopreservation and its stability can be evaluated to further select transformed cells that are 

advantageous for production.  Alternatively, the transformed cells obtained according to the 

present disclosure can be adapted to conditions for producing the polypeptide to obtain cells 25 

advantageous for production. 

[0056] 

 Examples of polypeptides that can be applied to the production method of the present 

disclosure include cytokines, peptide hormones, growth factors, their receptors, antigen-binding 

molecules typified by antibodies, enzymes, and the like.  These polypeptides can be expressed 30 

by introducing a polynucleotide encoding a full length or fragment into the genome, as 

necessary.  Alternatively, they can be fused with an arbitrary polypeptide.  They can also be 

expressed as partially-modified molecules, or as molecules in which multiple fragments have 

been artificially linked. 

[0057] 35 
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 CHO cells into which an exogenous DNA encoding a polypeptide of interest has been 

introduced can be cultured under conditions suitable for CHO cells.  For example, conditions 

for culturing in a commercially available basal medium (a basal medium for culturing animal 

cells) are widely known.  For example, DMEM, MEM, RPMI1640, IMDM, F10 medium, F12 

medium, and the like are known as culture solutions for animal cells.  Animal serum can also be 5 

added to the medium, or a serum-free culture can also be adopted when possible.  Regarding 

the specific CHO cell culture conditions, culture is typically carried out under an atmosphere 

with a CO2 concentration in the gas phase of 0-40%, preferably 2-10%, at 30-39°C, preferably 

37°C or so, for 1-14 days.  Alternatively, the culture can be continued for a longer period if the 

production of the polypeptide of interest continues.  During the culture period, as necessary, a 10 

part or all the medium can be replaced with a new medium to recover the medium. 

 Culture can be carried out using, as the various culture apparatuses for culturing animal 

cells, for example, a fermenter-type tank culture apparatus, air lift-type culture apparatus, culture 

flask-type culture apparatus, spinner flask-type culture apparatus, microcarrier-type culture 

apparatus, fluidized bed-type culture apparatus, hollow fiber-type culture apparatus, roller bottle-15 

type culture apparatus, filling tank-type culture apparatus, and the like. 

[0058] 

 If the polypeptide of interest is secreted into the culture, the polypeptide can be recovered 

by retrieving the culture supernatant.  The polypeptide can be purified to a substantially pure 

and homogeneous state.  Isolation and purification of the polypeptide can be done by applying 20 

isolation/purification methods used in conventional purification steps.  For example, column 

chromatography, filtration, ultrafiltration, salting-out, solvent precipitation, solvent extraction, 

distillation, immunoprecipitation, SDS-polyacrylamide gel electrophoresis, isoelectric focusing, 

dialysis, recrystallization, and such are appropriately selected and combined to suitably isolate 

and purify antibodies.  Chromatography includes affinity chromatography, ion exchange 25 

chromatography, hydrophobic chromatography, gel filtration chromatography, reverse phase 

chromatography, adsorption chromatography, and the like.  These chromatographies are 

performed using liquid chromatography, such as HPLC and FPLC.  A polypeptide containing 

an Fc domain, such as an antibody, can also be purified by affinity chromatography such as a 

protein A column or a protein G column.  Examples of a protein A column include Hyper D, 30 

POROS, Sepharose F.F. (manufactured by Pharmacia), and the like. 

 

[Examples] 

[0059] 
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 The following are examples of methods and compositions of the invention.  It is 

understood that various other embodiments may be practiced, given the general description 

provided above.

[0060] 

Although the foregoing invention has been described in some detail by way of illustration 5 

and example for purposes of clarity of understanding, the descriptions and examples should not 

be construed as limiting the scope of the invention.  The disclosures of all patent and scientific 

literature cited herein are expressly incorporated in their entirety by reference. 

 

[0061] 10 

[Example 1] Preparation of Landing Pad plasmid 

 A “landing pad” containing a DNA cassette that functions as a target position for 

introducing a gene of interest during the cassette exchange reaction was created and integrated 

into the plasmid (Fig. 1).  This landing pad plasmid carries the green fluorescent protein (GFP) 

gene as a marker gene for identifying a gene high expression region on the CHO cell genome.  15 

It also has the dihydrofolate reductase (DHFR) gene as a selection marker after introduction of 

the landing pad plasmid.  DNA sequences (loxP1 and loxP2) recognized by the recombinase 

Cre are inserted at both ends of the two genes, the DHFR gene and the GFP gene.  The DHFR 

gene and GFP gene existing between these two loxPs are removed during the cassette exchange 

reaction and replaced with a gene encoding the polypeptide to be produced loaded on the 20 

recombination plasmid.  In the following examples, antibody production was attempted by 

substituting with an antibody gene. 

 

[0062] 

[Example 2] Preparation of recombination plasmid 25 

 A “recombination plasmid” was prepared for the cassette exchange reaction with the 

DNA cassette of the landing pad inserted on the CHO cell genome (Fig. 2).  The recombination 

plasmid carries the DHFR gene and the antibody gene consisting of heavy and light chains, and 

loxP is inserted at both ends of these genes.  As the evaluation antibody, one type of IgG1 

antibody (mAb-A) and two types of IgG2 antibody (mAb-B, C) were used.  Each antibody 30 

recognizes a different antigen as follows: 

mAb-A: GYM329/Anti-latent myostatin antibody/IgG1; 

mAb-B: CIM331/Anti-IL-31 receptor antibody/IgG2 (WO 2010/064697); 

mAb-C: SA237/Anti-IL-6 receptor antibody/IgG2 (WO 2016/027859). 

 Although Fig. 2 uses a recombination plasmid carrying an antibody gene consisting of 35 

one set of heavy chain/light chain, the configuration of the recombination plasmid can be 
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appropriately modified depending on the type of the antibody to be expressed, such as loading an 

antibody gene consisting of two sets of heavy chain/light chain in the case of a bispecific 

antibody. 

 

[0063] 5 

[Example 3] Preparation of a host cell for Targeted Integration (TI) 

 Transfection of the landing pad plasmid into the host cell (CHO-DXB11) was performed 

using LONZA’s Nucleofector 2b (Nucleofector is a registered trademark of Lonza Cologne 

GmbH).  The landing pad plasmid used for transfection was linearized with the restriction 

enzymes EcoRV and SalI.  Four hours after the transfection, the medium was replaced with a 10 

hypoxanthine/thymidine-free medium, and the shake culture of cells was initiated.  

Approximately two weeks later, single cell sorting was performed using Sony’s cell sorter 

SH800.  At the time of sorting, the cell population within the top 2% having a high GFP 

fluorescence intensity was sorted.  A 488 nm semiconductor laser was used to excite GFP.  

Single cell sorted cells were expanded and cultured, and genomic DNA was extracted from each 15 

cell clone.  Using the recovered genomic DNA, the number of copies of the GFP gene 

introduced into each cell clone was measured using Bio-Rad’s QX200 Droplet Digital PCR 

system (Droplet Digital is a registered trademark of Bio-Rad Laboratories, Inc.).  The copy 

number of the GFP gene was used as the copy number of the landing pad possessed by the cell, 

and cell clones into which one or two copies of the landing pad were introduced were selected.  20 

Each of the obtained cell clones was used as a TI host cell candidate in subsequent experiments. 

 

[0064] 

[Example 4] Introduction and evaluation of an antibody gene into TI host cells by the cassette 

exchange reaction 25 

 An antibody gene was introduced and evaluated using the TI host cell candidates 

established in Example 3.  A recombination plasmid carrying the mAb-A antibody gene (one 

copy each of the H chain and L chain) and a Cre expression plasmid were co-introduced into 

each TI host cell using Nucleofector 2b, and the cassette exchange reaction was carried out.  

The cassette exchange reaction replaces the DNA cassette introduced into the TI host cell 30 

genome with the DNA cassette comprising the mAb-A antibody gene.  The medium was 

exchanged four hours after transfection, and about two weeks later, cells having no GFP 

fluorescence were fractionated to establish antibody-expressing cells derived from each TI host.  

At this time, it was not possible to obtain viable cells from some TI host cells after the cassette 

exchange reaction.  The established antibody-expressing cell clones were used in two weeks of 35 

production culture, and the antibody-producing ability was evaluated.  As a result, antibody-
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expressing cell clones derived from three TI hosts (TI-J, L, and M) showed an antibody 

production amount of 1000 mg/L or more on the 14th day of production culture (Fig. 3). 

 

[0065] 

[Example 5] Evaluation of long-term stability of the production ability of antibody-expressing 5 

cells derived from TI hosts 

 A recombination plasmid carrying the mAb-A antibody gene (2 copies each of the H 

chain and L chain) was newly prepared, and a cassette exchange reaction was carried out 

similarly as in Example 4 on two TI host cells (TI-J and L).  The obtained antibody-expressing 

cell clones were cryopreserved and subjected to long-term passage culture for about 140 days 10 

after thawing.  During this period, production cultures were performed at intervals of about 30 

days to evaluate changes in antibody-producing ability after cell thawing.  As a result, each 

antibody-expressing clone derived from TI-J and TI-L cells maintained high antibody-producing 

ability for a long period of 140 days, and the mean values for 140 days were about 2400 and 

4200 mg/L, respectively (Fig. 4). 15 

 

[0066] 

[Example 6] Evaluation of the production ability of TI host cells using different antibody genes 

 Recombination plasmids carrying each of the three antibody genes mAb-A, B, and C 

(two copies each of the H chain and L chain) were newly prepared, and a cassette exchange 20 

reaction was carried out similarly as in Example 4 on TI-L cells, which is the parent cell of the 

cell clone that had the highest antibody-producing ability in the production culture.  Then, cells 

having no GFP fluorescence were fractionated, and three antibody-expressing cells derived from 

the TI host were established.  As a result of two weeks of production culture, the antibody-

expressing cells derived from TI-L cells also had a high antibody-producing ability for the three 25 

different antibodies mAb-A, B, and C (Fig. 5). 

 

[0067] 

[Example 7] Identification of the landing pad integration site 

 Genomic DNA was extracted from TI-L cells, which are the parent cells of the cell clone 30 

that had the highest antibody-producing ability in production culture.  Whole-genome 

sequencing of TI host cells was performed using two next-generation sequencers, the PacBio 

Sequel system by Pacific Biosciences and the HiSeq sequencing system by Illumina.  First, 

eight long reads having the landing pad DNA sequence were extracted from all read data 

obtained from the PacBio Sequel system, and these were subjected to a Blast search against the 35 

CHO cell genomic sequence (CHO-K1 [ATCC] _RefSeq_2014) on the public Nucleotide 
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Database.  From the search results, the genomic region with the highest homology was 

identified as the integration site for the landing pad plasmid, and the theoretical genomic 

structure of the integration site containing the landing pad was designed.  As a result of 

mapping all the read data obtained from the HiSeq sequencing system to the designed theoretical 

genomic structure, it was confirmed to be mapped to the designed genomic structure just as 5 

theorized.  As a result of identification, the landing pad was inserted in the first intron (SEQ ID 

NO: 3) of the CCDC91 (coiled-coil domain-containing protein 91) gene (Gene symbol: 

LOC103164262) on NW_003614838.1 registered in CHOK1 RefSeq scaffold (as of January 

2019) (Fig. 6).  The CCDC91 gene is mapped on the antisense sequence of NW_003614838.1.  

Therefore, the nucleotide sequence of SEQ ID NO: 3 is also mapped on the antisense sequence 10 

of NW_003614838.1.  In addition, about 32 kbp upstream of the CCDC91 gene, there was a 

region highly homologous to the promoter of the CCDC91 gene in the mouse genomic sequence 

(GRCm38.p6).  The 5 kb nucleotide sequences located on the 5’side and 3’side of the genomic 

sequence centering on the identified integration site are as shown in SEQ ID NOs: 1 and 2, 

respectively.  Therefore, the positional relationship between each nucleotide sequence and the 15 

landing pad is as follows:  

5’-(SEQ ID NO: 1) - [landing pad] - (SEQ ID NO: 2) -3’ 

 

[Industrial Applicability] 

[0068] 20 

 The hotspot provided by the present disclosure is useful for the production by TI of 

transformed cells for making animal cells produce exogenous DNA.  For example, when a 

DNA encoding an antibody is introduced into the hotspot of the present disclosure, transformed 

cells useful for antibody production can be obtained with high probability. 

  25 
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[CLAIMS] 

 

1. A method for introducing an exogenous DNA encoding a polypeptide of interest into a CHO 

cell, wherein the method comprises introducing the exogenous DNA into the genomic region 

specified by NCBI accession number NW_003614838.1 in the CHO cell.  5 

 

2. A method for producing a polypeptide, wherein the method uses a CHO cell in which an 

exogenous DNA encoding a polypeptide of interest is introduced into the genomic region 

specified by NCBI accession number NW_003614838.1. 

 10 

3. A method for producing a polypeptide comprising the following steps of: 

(1) introducing an exogenous DNA encoding a polypeptide of interest into a CHO cell, wherein 

the exogenous DNA is introduced into the genomic region specified by NCBI accession number 

NW_003614838.1 of the genome of the CHO cell;  

(2) culturing the CHO cell into which the exogenous DNA has been introduced; and 15 

(3) recovering the polypeptide of interest. 

 

4. The method according to claim 3, wherein the step of introducing the exogenous DNA 

encoding the polypeptide of interest into the CHO cell includes the following steps (i)-(ii): 

(i) introducing into the CHO cell a DNA cassette for introducing the exogenous DNA by an 20 

exchange reaction; and 

(ii) introducing the exogenous DNA into the genomic region specified by NCBI accession 

number NW_003614838.1 by a recombinase which recognizes the DNA cassette of (i) as a 

target site. 

 25 

5. The method according to any of claims 1 to 4, wherein the integration site of the exogenous 

DNA is selected from a region comprising the coiled-coil domain-containing protein 91 

(CCDC91) gene and its promoter region in the genomic region specified by NCBI accession 

number NW_003614838.1. 

 30 

6. The method according to claim 5, wherein the integration site of the exogenous DNA is 

selected from the CCDC91 gene region. 

 

7. The method according to claim 6, wherein the integration site of the exogenous DNA is in the 

first intron of the CCDC91 gene. 35 
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8. The method according to any of claims 1 to 4, wherein the polypeptide of interest is an 

antigen-binding molecule. 

 

9. The method according to claim 8, wherein the antigen-binding molecule is an antibody. 

 5 

10. An isolated CHO cell comprising a DNA cassette for introducing an exogenous DNA into 

the genomic region specified by NCBI accession number NW_003614838.1 by an exchange 

reaction. 

 

11. The CHO cell according to claim 10, wherein the integration site of the DNA cassette is 10 

selected from a region comprising the coiled-coil domain-containing protein 91 (CCDC91) gene 

and its promoter region in the genomic region specified by NCBI accession number 

NW_003614838.1.  

 

12. The CHO cell according to claim 11, wherein the integration site of the DNA cassette is 15 

selected from the CCDC91 gene region. 

 

13. The CHO cell according to claim 12, wherein the integration site of the DNA cassette is in 

the first intron of the CCDC91 gene. 

 20 

14. The CHO cell according to any of claims 10 to 13, wherein the exogenous DNA is an 

exogenous DNA encoding an antigen-binding molecule of interest. 

 

15. The CHO cell according to claim 14, wherein the antigen-binding molecule is an antibody. 

 25 

  


