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Abstract Biopharmaceutical proteins are usually produced by culturing recombinant Chinese hamster 
ovary (CHO) cells. High producer cell lines are screened from transfected cells with random integration of 
target genes. Since transgene expression is susceptible to the surrounding environment of the integrated 
genomic locus, producer cell lines should be selected from a large number of recombinant cells with 
heterogeneous transgene insertion. In contrast, targeted integration into a characterized genomic locus 
allows for predictable transgene expression and less clonal variability, and thus stable production of target 
proteins can be expected. Genome editing technology based on programmable nucleases has recently 
emerged as a versatile tool for precise editing of target locus in the cell genome. Here, we demonstrated 
targeted knock-in of transgenes into the hypoxanthine phosphoribosyltransferase (hprt) locus of CHO cells 
using CRISPR/Cas9 and CRISPR-mediated precise integration into target chromosome (PITCh) systems. 
We also generated knock-in CHO cells based on the homology-independent targeted integration (HITI) 
system. We evaluated the knock-in efficiency of transgenes into the hprt locus using these systems. 

1 Introduction  
Chinese hamster ovary (CHO) cells have been widely 
used as a host for biopharmaceutical protein production 
because they can produce proteins with post-translational 
modifications such as glycosylation and proper folding 
(Fisher et al., 2015). High producer cells have been 
conventionally screened from stable pools with random 
integration of transgenes, generated using gene 
amplification methods such as dihydrofolate reductase 
(DHFR)/methotrexate (MTX) and glutamine synthetase 
(GS)/methionine sulfoximine (MSX) systems. The stable 
pool cells with random integration of transgenes exhibit 
diverse and unpredictable phenotypes in transgene 
expression (Noh et al., 2013), because transgene 
expression is susceptible to the surrounding environment 
of the integrated genomic locus. Thus, tedious screening 
efforts are required to establish high-producer clones.  
 In recent years, genome editing tools using artificial 
engineered enzymes such as transcription activator-like 
effector nuclease (TALEN) and clustered regularly 
interspaced short palindromic repeats 
(CRISPR)/CRISPR-associated protein 9 (Cas9) RNA-
guided nucleases have been developed for specific 
modification of target genes on the genome (Kim and Kim, 
2014). These methods cause generation of DNA double-
strand breaks (DSBs) at desired sites on the genome, and 
gene knock-out and knock-in at the target site rely on the 
DSB repair mechanisms of cells, comprising two major 
pathways: non-homologous end joining (NHEL) and 

homologous recombination repair (HDR). In NHEJ, the 
target gene is disrupted by the frame shift caused by 
insertion and/or deletion at the target site. On the other 
hand, in HDR using a homologous sequence such as sister 
chromatid as a template, DSB is correctly repaired. 
Therefore, HDR-mediated knock-in of transgenes is 
possible by using a donor plasmid in which arm sequences 
homologous to the target sequence are added at the both 
ends of the target gene. Although HDR-mediated gene 
modification is frequently used for targeted knock-in of 
transgenes, the knock-in efficiency is generally known to 
be low.  
 Recently, as an efficient knock-in strategy, a precise 
integration into target chromosome (PITCh) system 
mediated by microhomology end joining (MMEJ) was 
reported (Nakade et al., 2014). Since the PITCh system 
does not depend on HDR like gene knock-in by NHEJ, it 
is expected to apply for cell types difficult to knock-in 
using conventional methods. In contrast, Suzuki et al. 
developed a simple knock-in procedure designated as 
homology-independent targeted integration (HITI) using 
non-homologous sequences in vivo (2016). This 
procedure exhibited higher knock-in efficiency compared 
with conventional genome editing methods using HDR, 
NHEJ, and PITCh methods. Figure 1 shows schematic 
drawings of these knock-in systems. 
 Targeted knock-in of a reporter gene using the HDR-
mediated CRISPR/Cas9 system has been reported in 2015 
for CHO cells (Lee et al., 2015). Since then, there were 
some reports showing genomic modification (Lee et al., 
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2016) and transgene knock-in (Inniss et al., 2017) for 
CHO cells. In this study, we demonstrated targeted knock-
in of transgenes into the hypoxanthine 
phosphoribosyltransferase (hprt) locus of CHO cells, 
which is known to be beneficial for stable and high 
transgene expression (Wang et al., 2017), using 
CRISPR/Cas9 and CRISPR-mediated PITCh and HITI 
systems. We evaluated the transgene knock-in efficiency 
into the hprt locus using these systems. 

2 Materials and Methods 

2.1 Plasmid construction 

Red fluorescence protein (DsRed) and scFv-Fc genes 
derived from pIRES2-DsRed (Clontech, Palo Alto, USA) 
were inserted into the pBA/EF1α Pur vector (Takara Bio, 
Kusatsu, Japan) to generate donor plasmids for targeting 
the hprt locus. DNA fragments homologous to hprt exon 
2 were amplified by PCR from CHO-K1 cell genome. The 
5’ and 3’ HR regions were placed into upstream and 
downstream of marker gene expression cassettes 
(PSV40/Puro-PhEF1α/DsRed), respectively, to prepare a 
donor vector for HR-mediated knock-in. To prepare donor 
vectors for the MMEJ-mediated PITCh system and for the 
NHEJ-mediated HITI system, DNA fragments 
corresponding to gRNAs for specific one PITCh-gRNA 
(v2) and hprtE2-gRNA of HITI were added to the vectors 
encoding transgene expression cassettes using PCR and 
standard molecular biology methods (pCRISv2/DsRed, 
pCRISv2/scFv-Fc and pHITI/DsRed). 

   As a Cas9 and sgRNA co-expression plasmid, pX330 
(Addgene; Plasmid #42230) was used. The sgRNA 
targeting exon 2 of the hprt locus was designed using the 
CRISPRdirect software (http://crispr.dbcls.jp). Two 
microhomologies- and PITCh-specific gRNA templates 
expression units under the control of human U6 promoter 
were inserted to generate all-in-one CRISPR/Cas9 vectors 
containing two gRNA expression units and a Cas9 
cassette (pX330/E2-v2).   

2.2 Cells and medium 

CHO-K1 (Riken, Tsukuba, Japan) and recombinant CHO 
cells were cultured in a Ham’s F12 basal medium (Sigma-
Aldrich, St. Louis, USA) containing 10% (v/v) fetal 
bovine serum (FBS) (BioWest, Nuaillé, France), 100 
units/mL penicillin and 70 µg/mL streptomycin (Fujifilm 
Wako Pure Chemical Corporation, Osaka, Japan) in 
tissue-culture dishes or plates (Thermo Fisher Scientific, 
Waltham, MA, USA). Cells were incubated in a 
humidified 5% (v/v) CO2 incubator at 37°C. 

2.3 Transfection and cell screening 

CHO-K1 cells were seeded in wells of 24-well plates 
(Thermo Fisher Scientific) at a cell density of 1.2 × 105 
cells/well. After 24 h, the Cas9/sgRNA expression vector 
(pX330/E2) and donor vector were co-transfected using a 
lipofection reagent (Lipofectamine® 2000, Invitrogen). 

Two days after transfection, CHO cells seeded at a cell 
density of 3.0 × 105 cells/well in 6-well plates (Thermo 
Fisher Scientific) were cultured in F12 medium 
supplemented with 50 mg/L puromycin (Invitrogen) for 3 
days. Five days after transfection, the cells were cultured 
for about 10 days in F12 medium supplemented with 50 
µM 6-TG (Fujifilm Wako Pure Chemical Corporation, 
Osaka, Japan) and puromycin. The medium was replaced 
every three days during the culture period. Clones were 
isolated by the colony picking method. Picked clones 
were subjected to further experiments. 

2.4 Clone analysis 

Genomic DNA extracted from cell clones using a 
genomic DNA extraction kit (MagExtractor -genome-, 
Toyobo, Osaka, Japan) was subjected to genomic PCR 
analysis to assay targeted knock-in. Flow cytometry 
analysis (SH-800, Sony, Tokyo, Japan) was performed to 
analysis DsRed expression levels for the established 
clones.  

2.5 Genome editing efficiency 

The gRNA/Cas9 expression vectors were transfected into 
CHO-K1 cells using a lipofection reagent. Genomic DNA 
were extracted after 3 days of transfection. T7 
endonuclease I (T7EI) assay were performed according to 
a previous report (Ran et al., 2013).  

3 Results 

3.1 Design of guide RNAs for gene knock-in into 
the hprt locus of CHO cells 

First, the gRNAs for exons 2 and 3 of the hprt locus of 
CHO cells were designed and the corresponding gRNA 
expression vectors were constructed. Three days after 
transfection of the vectors into CHO-K1 cells, genomic 
DNA was extracted from the cells. We evaluated the 
efficiency of genome editing using T7EI assay. The 
insertion/deletion (indel) mutation rate was measured as 
15.1% for exon2 (Figure 2), but negligible for exon 3. 
Therefore, we used the gRNA for exon 2 for the further 
knock-in experiments. 

3.2 Targeted knock-in of transgenes into the hprt 
locus 

We evaluated the targeted knock-in efficiency of 
transgene cassettes among HR, CRIS-PITCh and HITI 
systems. CHO-K1 cells were transfected with each donor 
vector and corresponding Cas9-sgRNA co-expression 
plasmids. The amounts of Cas9-sgRNA and donor vectors 
used for transfection were each 400 ng/well. The 
transfected cells seeded at the density of 3.0 × 105 
cells/well in 6-well plates were selected using puromycin 
and followed by 6-TG treatment. After 10 day-culture for 

2

MATEC Web of Conferences 333, 07001 (2021) https://doi.org/10.1051/matecconf/202133307001
APCChE 2019

http://crispr.dbcls.jp/


 

screening of transfectants, we counted the numbers of 
colonies showing resistance for both drugs (6-TG and 
puromycin) and DsRed expression. The colony numbers 
were 21, 28, and 141 for using HR, PITCh, and HITI 
vectors, respectively (Figure 3). The knock-in efficiency 
into the hprt locus using HITI system was 6.7-fold and 
5.0-fold higher compared with those using HR and PITCh 
systems, respectively. In contrast, for the established 
clones, genomic PCR was performed using specific 
primer sets for 3’ junction regions. When genomic PCR 
analysis for amplification around the 3’-junction region 
was performed to evaluate targeted transgene knock-in for 
the clones established using each integration method, 
expected sequences for the amplicons were detected with 
100% (5/5), 50% (4/8), and 17% (4/23) of clones using 
HR, PITCh, and HITI vectors, respectively.  

Figure 1. Schematic drawings of targeted knock-in using 
HR, PITCh and HITI systems. 

Figure 2. Genome editing efficiency for the hprt exon 2 
of CHO cell genome. 

Figure 3. Colony formation. 

 

4 Discussion 

CHO cells are frequently used as host cells for the 
commercial production of biopharmaceutical proteins, 
including therapeutic antibodies. The biopharmaceutical 
protein production process using recombinant CHO cells 
has been well established and become a de facto standard 
in the pharmaceutical industry. In order to achieve high 
productivity, it is one of the most important steps to 
establish producer cells suitable for biomanufacturing. 
However, establishment of producer cells using 
conventional gene amplification procedures relies on 
unknown mechanisms. Therefore, stable and highly 
productive cell lines are screened from a large number of 
cells with a wide variety of transgene insertion sites. On 
the other hand, targeted integration into a characterized 
genomic locus is expected to obtain more predictable 
transgene expression levels for clones, and hence stable 
production of target proteins may be anticipated. In this 
study, we demonstrated targeted knock-in of transgenes 
into the hprt locus of CHO cells using CRISPR-mediated 
genome editing systems, and evaluated the transgene 
knock-in efficiency for these methods.  
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In general, CHO cells have a feature of high frequency of 
transgene integration (random integration) as compared to 
other cell lines. Thus, a screening system that can 
distinguish between random and targeted integration of 
transgenes is very important for obtaining targeted knock-
in cells. Cells with knocked-out of hprt gene are selectable 
using a drug, 6-TG (Johnson, 2012). Therefore, in this 
study, double drug screening using puromycin and 6-TG 
effectively worked to establish knock-in cells, eliminating 
random and off-target integrants.  

For the construction of PITCh- and HITI-mediated 
targeting vectors, short sequences for gRNA target 
(microhomology arms for PITCh and the same sequences 
as target locus for HITI) are easily added to donor vectors 
by PCR or insertion of synthetic oligonucleotides, 
simplifying donor vector construction  compared with 
HR-mediated targeting vectors in which a target gene 
should be flanked with long homology arms (500-3,000 
bp). The colony forming efficiency exhibited 1.3- and 6.7-
fold higher using PITCh- and HITI-mediated systems, 
respectively, compared with that using HR-mediated 
system, while targeted knock-in efficiency among the 
double drug-resistant clones was slightly lower for 
PITCh- and HITI-mediated systems. Recently, Aida et al. 
(2016) reported that overexpression of exonuclease 1 can 
improve the PITCh-mediated system. The use of 
minicircle DNA vectors that lack bacterial backbone 
sequences enhanced the targeted knock-in efficiency in 
HITI-mediated system (Suzuki et al., 2016). In fact, we 
also showed that higher targeted integration efficiency in 
Cre/loxP-mediated site-specific integration was obtained 
using minicircle DNA as the donor vector (Wang et al., 
2018). Furthermore, we have previously demonstrated 
that timing of drug addition and concentration of 
screening drugs greatly affected strict selection for the 
transgene integration into the hprt locus of CHO-K1 cells 
using the TALEN based-PITCh system (Sakuma et al., 
2015). Thus, these technical improvements and 
optimization of screening conditions may further improve 
targeted knock-in efficiency.  

In conclusion, we examined targeted knock-in of 
transgenes into the hprt locus of CHO cells using 
CRISPR-mediated integration systems. These systems 
effectively worked to generate targeted knock-in cells. 
The results indicate that the CRISPR-mediated targeted 
knock-in is a promising approach for CHO cell 
engineering. 
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