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Abstract

Chinese hamster ovary (CHO) cells are widely used in biopharmaceuticals because of their high-density suspension culture,
high safety, and high similarity between expressed exogenous proteins and natural proteins. However, the level of exogenous
protein expression decreases with increasing culture time; this phenomenon occurs due to the recombination of foreign genes
into chromosomes through random integration. The present study integrated the foreign genes into a specific chromosomal
site for stable expression based on CRISPR—Cas9 technology. The results showed that the exogenous proteins enhanced
green fluorescent protein (EGFP) and human serum albumin (HSA) were successfully integrated into the vicinity of base
1969647 on chromosome NW_003613638.1 of CHO-K1 cells. The obtained positive monoclonal cell lines expressed all
the corresponding exogenous proteins after 60 consecutive passages, and no significant differences in expression levels
were observed. This study might provide a feasible method to construct a CHO cell line with long-term stable expression

of exogenous proteins.
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Introduction

The Chinese hamster ovary (CHO) cell line is the most
widely used cell line in biopharmaceuticals and has numer-
ous advantages over other cell lines [1]. For example, CHO
cells can be cultured on a large scale in a serum-free medium
with limited chemical composition. In addition to that, these
cells are highly safe and do not act as a host for the replica-
tion of human pathogenic viruses. Their proteins expressed
after post-translational modification are similar to human
proteins [2]. However, a serious concern regarding the use
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of these cells is unstable protein expression during long-
term production [3]. According to Food and Drug Admin-
istration (FDA), stable cell lines should maintain protein
expression levels of > 70% after 70 generations of cell divi-
sion. The expressed protein should not have any clinically
significant differences from reference products in terms of
structure, function, purity, physical and chemical proper-
ties, and biological activity [4, 5]. In actual industrial pro-
duction, selected monoclonal cell lines need 60 generations
of amplified culture from the main cell bank (MCB) to the
working cell bank (WCB) [6]. Therefore, the stability of
60 generations or more of cell lines is crucial to the com-
mercialization of products. However, recombinant cell lines
constructed by traditional methods are difficult to meet this
requirement, and according to Mark Leonard et al., 8§ ~63%
of recombinant CHO cell lines show unstable expression
of target proteins within 90 days of continuous culture [7].
There are three main reasons for the expression of unsta-
ble target proteins in CHO cells. First, the genome of a CHO
cell is unstable and prone to rearrangement [8]. Second, the
traditional method of constructing engineered CHO cells
involves the random integration of foreign genes into the
cell genome, which results in the gene location effect [9].
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Third, the type of host cell system, the number of transgene
copy numbers, gene silencing, and transcriptional inactiva-
tion may also affect the expression stability of CHO cells
[4]. Site-specific integration (SSP) is an effective method to
achieve the stable expression of exogenous genes by insert-
ing the target gene into a specific position on the CHO cell
genome [10]. CRISPR—Cas9 technology has developed rap-
idly due to its convenience, precision, and efficiency [11],
and is widely used to construct recombinant CHO cell lines
[12].

During the construction of a recombinant CHO cell line
by site-specific integration, the initial site selection is an
important aspect of the entire process. The sequencing
results of the first, second, and third generations of CHO
cells have been published [12-14]. Some potential stable
sites were detected, such as the C12orf35 site in the telomere
region of chromosome 8 of CHO cells [15], the HPRT site in
CHO cells [16], the Hipp11 gene in CHO-S cells [17], and
the Kcemf1 gene in CHO-K1 cells [18]. Some stationary sites
were also found in other cell lines, including the HPRT and
GRIK1 sites of the human fibrosarcoma cell line HT1080
[19, 20]. However, stable and highly expressing integration
sites have not yet been successfully used to produce engi-
neered CHO cell lines. Therefore, it is imperative to detect
and verify stable expression sites in the CHO cell genome
and to establish a method of engineering cell construc-
tion based on site-specific integration. In the early stage,
our research group used CHO-K1 as the starting cell line,
combined with the lentivirus tracer-reporter gene (ZsGreen)
technology and chromosome stepping technology, and we
found six loci with the sustainable expression of reporter
genes [20]. In the present study, the stability of one of the
stable expression sites was confirmed; this site was located
in an intron region of the Cdk6 gene on the CHO-K cell
chromosome NW_003613638.1. Using CRISPR-Cas9-
mediated homology-directed repair, an integration strategy
was designed to integrate the enhanced green fluorescent
protein (EGFP) reporter gene into this site. Subsequently, the
human serum albumin (HSA) gene was cloned by the same
method. The study findings revealed that exogenous genes
can be stably integrated and expressed at this loci.

Materials and methods
Cell culture

The adherent cells were grown in Ham’s F-12 K (Kaighn’s)
medium containing 10% FBS (Thermo Fisher Scientific,
Waltham, MA) in a 37 °C, 5% CO, incubator. Suspension
cells were grown in a shaker in a CD CHO medium (Irvine,
USA) supplemented with 8 mM L-glutamax at 110 rpm,
37 °C, 5% CO2.
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Construction of targeted plasmids and validation
of site editability

The specific integration site of the Zsgreenl gene in 3 g10
[20]cells was located in an intron region of Cdk6 gene at
base 1,969,647 of chromosome NW_003613638.1. CCTOP
CRISPR-Cas9 online prediction system was used to ana-
lyze the upstream and downstream gene sequences of the
Zsgreenl gene integration site in 3 g10 cells. A sequence 5'
-AACATTCTGAGGACTGCTCAAGG-3 ‘with a predicted
editing efficiency of 0.69 (Score <0.56 is low efficiency,
0.56 < Score <0.74 is medium efficiency, and > 0.74 is high
efficiency) was selected as the target sequence [21]. The
primers sgRNA-F and sgRNA-R were annealed in the fol-
lowing systems: sgRNA-F 4 uL, sgRNA-R 4 uL, NEBuffer2
2 uL, ddH,0 10 pL, in a water bath at 95 °C for 5 min. pSK-
u6-gRNA plasmid (presented by Lu Daru's research group,
Fudan University) was digested by BbsI-HF (NEB Com-
pany, USA) at 37 °C water bath for 4 h, and the fragment was
recovered using SanPrep column PCR product purification
kit. Finally, the annealed fragment of sgRNA was ligated to
the pSK-u6-gRNA vector by T4 ligase (Promega, USA) at
4 °C overnight.

The constructed sgRNA plasmid and CD513B-Cas9
plasmid (donated by the research group of Lu Daru, Fudan
University) were transfected into CHO-K1 cells with Lipo-
fectamine™ 3000 reagent (Invitrogen Company, USA) at
a ratio of 1.8:1. The cells were collected 72 h later. The
genomes were extracted and amplified by PCR with 3 g10-F
and 3 gl0-R. The PCR products were digested with T7 endo-
nuclease I (NEB Company, USA). The PCR products were
sent to Suzhou GENEWIZ Biotechnology Co., Ltd. for fur-
ther sequencing verification. Primer sequences are shown
in Table 1.

Construction of donor plasmid and recombinant
monoclonal screening

After confirming that the sgRNA plasmid could effectively

edit the target site, the upstream and downstream 600-bp
DNA sequences of the PAM site were selected as the 5'

Table 1 sgRNA-related primer sequences

Primer Primer sequence (5° —3’)

sgRNA-F  TTTGGAACATTCTGAGGACTGCTCAGGT
sgRNA-R  TAAAACTTGAGCAGTCCTCAGAATGTTC

3 gl0-F GGTGGTGCTGGGGAGGCTGAGTAATAGTCTTCTG
3¢l10-R CATCATCTTAGCATCTCAGAACATGTCAGTGAA

GGC

The underlined part is the BbsI-HF restriction site
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homologous arm and the 3' homologous arm, respectively.
The 5' and 3' homologous arms were successively con-
structed into EGFP donor plasmid and HSA donor plasmid
by enzyme digestion and ligating method. Primer sequences
are shown in Table 2. EGFP donor plasmid, green fluo-
rescent gene expression box (hPGK-EGFP-SV40 polyA),
and puromycin gene expression box (EF-1a -PuroR-SV40
polyA) were designed between 5' homologous arm and 3'
homologous arm. A red fluorescent gene expression box
(CMV-mCherry-SV40 polyA) was designed upstream of the
5 'homologous arm. The HSA donor plasmid is based on
EGFP donor plasmid; human serum albumin expression box
(CMV-HSA-SV40 polyA) is added between 5' homologous
arm and green fluorescent gene expression box. The plasmid
map is shown in Figure S1.

Genomic DNA was extracted using a mini-extraction kit
of genomic DNA (Beyotime, Shanghai, China) from a mon-
oclonal cell line for junction PCR amplification verification.
All PCR amplifications were performed using Phantom Max
Super-Fidelity DNA Polymerase (Vazyme, Nanjing, China).
The specific amplification procedure for 5°/3 junction PCR
was as follows: 95 °C for 3 min; 95 'C for 15 s, 68 °C for 15 s,
72 °C for 75 s, 30 ; 72 °C for 5 min. The PCR products were
verified by sequencing. Out—out junction PCR was used to
confirm further whether the cell line was homozygous or
heterozygous according to the following condition: 95 ‘C
for 3 min; 95 °C for 15 s, 67 C for 15 s, 72 °C for 7 min,
30x; 72 °C for 5 min. All primers involved are shown in
Supplementary Table 3.

The constructed sgRNA plasmid, CD513B-Cas9 plasmid,
and donor plasmid (EGFP plasmid/HSA donor plasmid)
were transfected into CHO-K1 cells by LipofectamineTM

Table 2 Sequence of homologous arm related primers

3000 at the molar ratio of 1.8:1:1.8. After 48 h culture, cells
were screened with 10 pg/mL puromycin pressure (Sangon
Biotech (Shanghai) Co., Ltd.). After all the cells in the con-
trol group died, the cells were collected for flow separa-
tion. Flow cytometry was used to separate monoclonal cells
expressing only green fluorescence into 96-well plates with
1 cell in each well. After 6-7 days of culture, cells in the
well with only one cell cluster were selected for expansion
culture. The genome was extracted and confirmed by PCR.
5’ junction PCR and 3’ junction PCR were used to iden-
tify the site-specific integration of the target gene. Out—out
PCR was used to identify whether the monoclonal cells were
homozygous or heterozygous. Primer sequences are shown
in Table 3. The fixed-point integration is shown in Fig. 1.

Detection of target protein

The expression of EGFP gene in cell lines with site-specific
integration can be detected by flow cytometry. And, with
CHO-K1 blank cells as negative control, the average green
fluorescence intensity of 20,000 cells was detected by BD
FACS Arialll flow sorter, and the results were analyzed by
FlowJo V10 software. Dot blot and Western blot analysis can
detect the expression of the HSA gene in cell lines with site-
specific integration. Dot blot was performed as follows: 5 uL.
of cell culture supernatant was spotted on NC membrane
(Pall, Shanghai, China) and air dried and blocked with 5%
skim milk for 2 h at room temperature. The membranes were
washed three times with TBST and incubated with HSA
antibody (Abcam, Shanghai, China) overnight at 4 “C. After
this, the membranes were again washed three times with
TBST and incubated with goat anti-mouse antibody (Abcam,

Primer Primer sequence (5" —3") Restric-
tion enzyme cut-
ting site

3 g10-5 ‘HA-F CTAGCTAGCTAGGAATAAGTAACTGGACTGTGTCCCATGCATG Nhel

3 g10-5 ‘HA-R CGGGGTACCCCGCCTTGAGCAGTCCTCAGAATGTTGAAAGAG Kpnl

3 g10-3 ‘HA-F CCGCTCGAGCGGCAAAAGCTCCCCGAAAGAGAAATGCATACC Smal

3 g10-3 ‘HA-R CCCAAGCTTGGGCACTTACTGCTAGGCTTTCTGTTTTTACTGAAGGG HindIII

The underlined part is restriction enzyme cutting site

Table 3 Primers used for PCR Primer

Sequence(5” —3°)

5’arm-F/Oo-F
5’arm-EGFP-R
5’arm-HSA-R
3’arm-F
3’arm-R/O0-R

GGTGGTGCTGGGGAGGCTGAGTAATAGTCTTCTG
TGAACAGCTCCTCGCCCTTGCTCACCATG
CATCACCAGTGGAACCTGGAACCCAGAGC
CATGGCCGAGTTGAGCGGTTCCC
CATCATCTTAGCATCTCAGAACATGTCAGTGAAGGC
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Fig. 1 Site-specific integration of foreign genes into CHO-K1 genome

Shanghai, China) for 1.5 h at room temperature and exposed.
Western blot was performed as follows: 20 pL of denatured
cell culture supernatant was separated by 10% SDS-PAGE.
The protein on the gel was transferred to an NC membrane
at 110 V for 70 min. The subsequent operations were carried
out similarly to the dot blot operations.

Determination of cell line stability verification
and HSA protein production capacity

The stability of recombinant cell lines includes subculture
stability and cryopreservation stability, which refers to the
stability of product expression in continuous cell subcul-
ture, and cryopreservation stability refers to the stability of
product expression after the resuscitation of cells subjected
to liquid nitrogen cryopreservation periodically [22]. The
EGFP gene was used as the reporter gene, and the CHO-
K1 cell line with the EGFP gene was used for site stability
verification. Three CHO-K1-EGFP cell lines were randomly
selected for continuous suspension culture for 60 generations
and frozen every 10 generations. After passage, cells of all
generations were resuscitated, and changes in the average
fluorescence intensity of suspended cell lines were detected
by flow cytometry to evaluate the stability of suspended cell
lines.

Based on the Western blot results, three cell lines express-
ing intact HSA protein were selected for suspension acclima-
tization. The cell lines, successfully acclimated in suspen-
sion, were continuously passed for 60 generations and frozen
every 20 generations. At the end of the passage, cells of all
generations were resuscitated, and batch experiments were
conducted. Each cell line was inoculated in 50 mL CD CHO
medium containing L-glutamine 8 mmol/L, and the initial
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inoculation density was 1x 10° cells/mL. Three groups of
parallel experiments were performed. Cell density, viabil-
ity, glucose content, and lactate content were determined by
daily sampling. The experiment was terminated when the
cell viability was less than 80%. The urinary microalbumin
kit (SMMIND, Shanghai, China) was used to detect HSA
protein in the fermentation broth.

Results
Determination of the 3 g10 cell multiplication time

To detect whether the insertion of an exogenous gene at
the intron region of the Cdk6 gene in CHO-K cell chromo-
some NW_003613638.1 would affect cell growth, the total
number of cells was detected by the MTT method. The cell
growth curve was plotted based on the absorbance reading
at 560 nm (Fig. 2). CHO-K1 cells normally divide every
20 to 24 h. The results of the MTT assay showed that the
proliferation time of cell line 3 g10 was approximately the
same as that of CHO-K1 cells. Therefore, 24 h was used as
cell doubling time in this study.

Stability of the green fluorescence reporter protein
ZsGreen1 expressed in 3 g10 cells

By detecting the average green fluorescence intensity of
the CHO-K1 (3g10) cell line with the randomly integrated
tracer gene ZsGreenl, it was preliminarily determined that
the 1969647 bases of chromosome NW_003613638.1 could
stably express foreign proteins. Figure 3A shows the fluo-
rescence microscopy images of 3g10 cells in the continuous
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Fig.3 Stability of ZsGreenl reporter gene expression in 3 g10 cells.
The expression of the ZsGreenl protein in adherent 3 gl0 cells is
shown in Fig. 3A-D. A Inverted fluorescence microscopy results of
adherent 3 g10 cells at 10d, 20d, 30d, 40d, and 50d. B ImageJ soft-
ware analysis results of the average fluorescence intensity of cells in

passage process. All the cells exhibited green fluorescence.
Figure 3B shows the average fluorescence brightness of
cells in the fluorescence field analyzed by Imagel software.
Although the average fluorescence intensity of 3g10 cells in
different generations was slightly different, the expression
levels of ZsGreenl were the same. As shown in Fig. 3C,
the flow cytometry detection results revealed that the flu-
orescence intensity of 3g10 cells in different generations
remained at approximately 55,000. The stability of passage
and cryopreservation of 3g10 adherent cells were confirmed,
and the NW_003613638.1 site preliminarily proved to be
stable.

Confirmation of sgRNA editing efficiency

To detect the actual editing of the designed sgRNA in CHO-
K1 cells, the targeted plasmid and Cas9 plasmid were trans-
fected into CHO-K1 cells. If the gene editing event occurred
in the cells, DNA homologous directed repair would occur
at the opening site mismatch. The upstream and downstream
sequences of the Cas9 cleavage site in the transfected cell
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fluorescence field photographs in (A). C Quantitative analysis of fluo-
rescent protein expression in cells by flow cytometry. D Mean fluo-
rescence intensity of each generation of cells in (C). Flow cytometry
analysis was performed using CHO-K1 as a negative control

@ Springer



664

Systems Microbiology and Biomanufacturing (2023) 3:659-668

pool were amplified by PCR and digested by T7 endonu-
clease I. Because T7 endonuclease I can recognize and cut
mismatched DNA double strands, if a gene editing event
occurs, two bands of 750 bp and 260 bp will appear in aga-
rose gel electrophoresis after enzyme digestion, as shown in
Figure S2A. The PCR products were sequenced. The results
(Fig. S2B) showed a significant peak nesting after the fourth
base upstream of the PAM sequence, and the position recog-
nized by the Cas9 complex was between three and four bases
upstream of the PAM sequence. These results indicated that
the designed sgRNA could guide the Cas9 protein to the
fixed location in the CHO-K1 genome where gene editing
events occurred.

Screening and identification of monoclonal cell lines
with EGFP gene integration

According to the designed site-specific integration strategy
(Fig. 1), cell lines with successful site-specific integration
events expressed the EGFP gene and showed only green
fluorescence. The cell lines with random integration events
expressed both the EGFP gene and the mCherry gene. Cell
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lines without integration events showed no fluorescence. The
transfected cells were collected and sorted by flow cytom-
etry. The results are shown in Fig. 4A. Taking K1 cells as
the negative control, the proportion of cells with only green
fluorescence was 68.8%; this finding indicated that 68.8%
of the cells had site-directed integration events. Green-only
monoclonal cells were then sorted into 96-well plates at a
density of 1 cell per well.

The genome of the monoclonal cell line was extracted for
PCR analysis, as shown in Fig. 4B and C. The PCR products
of 5’-homologous arm and 3'-homologous arm were around
1800 bp in size, which was consistent with our expecta-
tions. Five positive monoclonal strains (1: K1-EGfP-29,
2: K1-EGFP-39, 3: K1-EGFP-40, 4: K1-EGFP-41, 5:
K1-EGfP-44) were screened by 5' junction PCR and 3’
junction PCR. The out—out PCR results (Fig. 4D) indicated
that the obtained positive monoclonal cells were heterozy-
gous. Sequencing results showed that the 4800-bp band
contained the site-integrated complete EGFP gene, and
the 1500-bp band contained the unintegrated chromosomal
DNA,; this finding was consistent with our expectations. All
positive monoclonal cell lines showed green fluorescence
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Fig.4 CHO-K1 cell sorting and identification results of site-specific
integration of the EGFP gene. A Flow cytometric sorting of CHO-
K1 cells with the EGFP gene introduced by site-directed integra-
tion. B Results of 5" junction PCR, M: DL 2000 DNA Marker, 1:
K1-EGFP-29, 2: KI1-EGFP-39, 3: K1-EGFP-40, 4: K1-EGFP-41,
5: KI-EGFP-44. C Results of 3’ junction PCR, M: DL 2000
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DNA marker, 1: K1-EGFP-29, 2: K1-EGFP-39, 3: K1-EGFP-40,
4: KI1-EGFP-41, 5: KI1-EGFP-44. D Results of out—out PCR,
M: DL 5000 DNA marker, 1: KI-EGFP-29, 2: KI1-EGFP-39, 3:
K1-EGFP-40, 4: K1-EGFP-41, 5: K1-EGFP-44. E Fluorescence
intensity was detected by flow cytometry
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Fig.5 Flow cytometry analysis of average cell fluorescence inten-
sity. A—C Flow cytometry analysis results of CHO-KI1-EGFP-29
suspension cells, CHO-K1-EGFP-39 suspension cells, and CHO-
in the flow cytometry analysis. These results indicate that
CRISPR-Cas9 technology can be used to integrate foreign
genes into this site and achieve stable expression.

K1-EGFP-40 suspension cells. D Results of the average fluorescence
intensity of three CHO-K1-EGFP suspension cell lines

EGFP expression of site-specific integrant cell lines
in 60 consecutive passages

The cell lines K1-EGFP-29, K1-EGFP-39, and K1-EGFP-40
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Fig.6 CHO-K1 cell sorting and identification results of site-specific
integration of the HSA gene. A Flow cytometric sorting of CHO-K1
cells with the HSA gene introduced by site-directed integration; B
Dot blot HSA gene expression profile in adherent cells. C Results of
5" junction PCR, M: DL 2000 DNA marker, 1: HSA-B21, K1-HSA-
A12, K1-HSA-14. D Results of 3' junction PCR, M: DL 2000 DNA

marker, 1: HSA-B21, K1-HSA-A12, K1-HSA-14. E Results of out—
out PCR, M: DL 50,000 DNA marker, 1: HSA-B21, K1-HSA-A12,
K1-HSA-14. F Western blot assay results of HSA gene expression in
adherent cells, M: molecular mass marker, HSA-B21, K1-HSA-A12,
K1-HSA-14, Exposure time: 30 s
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Fig.7 Identification of HSA gene expression and batch culture
of CHO-KI1-HSA suspension cell lines. K1-HSA-14 cell density
changes (A) and cell viability changes during batch culture (B).

that had been successfully acclimatized in suspension were
continuously passaged for 60 generations, and the expres-
sion of the EGFP gene was detected by flow cytometry
every 10 generations. As shown in Fig. 5, due to the differ-
ences in EGFP expression levels in the initial cell line, the
fluorescence intensity of each cell line was different in the
continuous passage process; however, all monoclonal cell
lines expressed EGFP in the continuous passage of 60 gen-
erations. These results indicated that EGFP could be stably
expressed at this site.

Site-specific integrated expression of HSA

To confirm whether the integration screening strategy can
be used for site-specific integration of secreted proteins at
this site, the secreted HSA gene was integrated into this site
using the above method. Eighteen cloned cell lines express-
ing HSA were obtained by flow cytometry and Dot blot
analysis (Fig. 6A, B). PCR was used to confirm the integra-
tion of exogenous genes, and the Western blot assay was
used to detect the secretion and expression of HSA in the
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Time (d)

K1-HSA-A12 cell density changes (C) and cell viability changes
(D) during batch culture. (E) Quantitative analysis of HSA protein
expression during cell culture

culture supernatant. The electrophoretic diagram of PCR
products (Fig. 6C, D) showed that the PCR products of
5'-homologous arm and 3’-homologous arm were around
4100 bp and 5500 bp, respectively; this result was consistent
with our expectations. The out—out PCR product (Fig. 6E)
had bands around 7000 bp and 2200 bp; the 7000 bp band
contained the site-directed integration of the HSA gene,
while the 1500-bp band was K1 chromosomal DNA. The
results of the Western blot assay (Fig. 6F) showed that the
target band appeared at around 70 kDa, which was consist-
ent with the HSA protein of 68 kDa. These results indicate
that the methods mentioned above can achieve site-specific
integration and expression of HSA at this site.

HSA expression of site-specific integrant cell lines
in 60 consecutive passages

The suspension-acclimated K1-HSA-A12 and K1-HSA-14
cell lines were continuously passaged for 60 generations,
and batch experiments were performed every 20 generations
to detect the expression of HSA. As shown in Fig. 7, the
2 monoclonal cell lines expressed HSA in 60 consecutive
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passages, with an expression level of approximately 6 mg/L.
The expression level of HSA was the same between the two
monoclonal cell lines, but a minor difference was observed
between the individual cells. These results suggest that
this site can be used for site-specific integration and stable
expression of HSA.

Discussion

In the present study, a method based on CRISPR-Cas9
technology was established. The EGFP gene and the
HSA gene were successfully integrated into the CHO-K1
cell chromosome NW_0036136338.1 near the 1969647th
base (Cdk6 gene intron region). The monoclonal cell lines
(K1-EGFP-29, K1-EGFP-39, K1-EGFP-40, K1-HSA-A12,
and K1-HSA-14) screened by flow cytometry were success-
fully acclimated in suspension. The cells were subcultured
for 60 passages, and the expression of exogenous proteins
(EGFP and HSA) was detected every 20 passages. The
results showed that all monoclonal cell lines expressed the
corresponding foreign proteins. Therefore, the region near
the 1969647th base of chromosome NW_0036136338.1
in CHO-KI1 cells is an integration site that can be used to
express foreign proteins stably.

Currently, in the field of biopharmaceuticals, expres-
sion cell lines are being constructed through the random
integration of the target gene [3]. Compared to traditional
methods, the protocol established in the present study can
effectively solve the problem of long-term unstable expres-
sion of recombinant cell lines and greatly reduce the con-
struction time. According to incomplete statistics, it takes
6—12 months on an average to construct a recombinant
cell line by traditional methods [3]; however, the present
study took only 2 months to obtain a recombinant CHO
cell line that can stably express foreign proteins for a long
time. More importantly, according to the requirements of
the FDA and other drug review centers, non-productive
cell clones should not exceed 30% during the scale-up and
production process from the MCB to the WCB [4]. There-
fore, cell strains constructed by site-specific integration
are easier to meet this requirement and more consistent
with GMP requirements in pharmaceutical production.
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