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Background: Recombinant anti-vascular endothelial growth factor (VEGF) monoclonal
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antibodies and Fc-fusion proteins have been widely used for the effective treatment of retinal
neovascular diseases. In this regard, VEGFR-Fc fusions, which act as strong VEGF inhibitors,
have been approved for the treatment of age-related macular degeneration (AMD) and diabetic
macular edema (DME). Production of monoclonal antibodies and Fc-fusion proteins relies on
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mammalian host systems such as Chinese hamster ovary (CHO) cells. Application of genomic
regulatory elements including scaffold/matrix attachment regions (SAR/MARs) can profoundly
attachment affect recombinant protein expression in CHO cells.

Methods: To construct the VEGFR-Fc expression vectors, the enhanced green fluorescent
protein (EGFP) gene was replaced by the VEGFR-Fc coding sequence in pEGFP-SAR-puro and
PEGFP-puro vectors. Recombinant plasmids were transfected to CHO-KI cells using TurboFect
transfection reagent. VEGFR-Fc expression was evaluated in transiently transfected cells as well
as stable cell pools and clones using an enzyme-linked immunosorbent assay (ELISA).
Results: IFN-SAR showed no significant effect on transient expression of VEGFR-Fc during 72
h of culture. However, a 2.2-fold enhancement in VEGFR-Fc fusion protein titer was observed
in IFN-SAR containing stable cell pools. Further evaluation of the VEGFR-Fc expression level
in single-cell clones also indicated that clones with the highest VEGFR-Fc expression belonged
to the pools transfected with IFN-SAR construct.

Conclusion: Our results indicate that the incorporation of IFN-SAR in expression vector
can increase the expression of VEGFR-Fc in stable cell pools as well as single-cell clones. In
contrast, transient expression of the fusion protein was not affected by IFN-SAR. More studies
are needed to investigate the mechanism underlying this effect, including the analysis of mRNA
expression and gene copy number in stable cell pools as well as clonal cells.

Introduction

Therapeutic monoclonal antibodies and Fc-fusion proteins
are considered as one of the most promising and profitable
classes of biopharmaceuticals due to their unique properties
such as long half-life, high binding affinity, and the ability
to recognize a wide range of antigens."? In addition, the
possibility of generating the desired antibody fragments
and fusion proteins through antibody engineering has
further enhanced the interest towards these products.**
Anti-angiogenesis therapy based on blocking of vascular
endothelial growth factor (VEGF) or VEGF receptor
(VEGFR) has been used as a therapeutic strategy to treat

a wide range of human diseases including retinal diseases
and cancers.>® Soluble VEGF decoy receptors such as
Aflibercept, which has been developed by fusion of the
Fc region of human IgG1 antibody and some extracellular
domains of human VEGEFR, has been approved for the
treatment of ocular diseases such as age-related macular
degeneration (AMD) and diabetic macular edema
(DME).”#

Whole monoclonal antibodies, as well as Fc-fusion
proteins, are mainly produced in mammalian expression
systems such as Chinese hamster ovary (CHO), Sp2/0, and
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NSO cells due to their ability in performing the appropriate
post-translational modifications such as glycosylation.’
CHO cells are considered as the main mammalian
expression system for producing the recombinant
therapeutic proteins.' However, mammalian cell-based
expression systems suffer from major limitations, including
low growth rate, low expression yield, and the need for
expensive media. Several strategies have been employed
for the improvement of recombinant protein expression
in CHO cells including optimization of media, bioprocess
development and expression vector engineering."'
Development of the optimized expression vectors is crucial
for the high-level expression of mAb-based products in
CHO cells. Accordingly, several epigenetic regulatory
elements including insulators, scaffold/matrix attachment
regions (SAR/MARs) and ubiquitous chromatin opening
elements (UCOEs) have been successfully employed for
improving the performance of mammalian expression
vectors.'>!*

SARs are DNA elements that are responsible for the
attachment of chromatin to the nuclear matrix, which
results in the generation of independent chromatin
loops. Furthermore, SARs are involved in the regulation
of transcription and chromatin accessibility.”” Several
studies have examined the performance of SAR-containing
expression vectors for transgene expression in mammalian
cells. In the current study, the effects of the beta-interferon
scaffold attachment region (IFN-SAR) on the transient
and stable expression of a VEGFR-Fc fusion protein were
examined in CHO cells.

Materials and Methods

Plasmids and constructs

pEGFP-puro and pEGFP-SAR-puro vectors (Figure 1),
which were constructed in previous studies (unpublished
data), were used for the generation of VEGFR-Fc
expression vectors. Briefly, pPEGFP-puro was developed by
ligation of a 1640 bp fragment containing CMV promoter,
EGFP, and SV40 poly A from pEGFP-N1 vector (Takara
Bio, Japan) to a 4060 bp fragment from pSilencer 2.1 U6
puro (Thermo Fisher Scientific, USA) that contained the
origin of replication, ampicillin, and puromycin resistance
genes. pEGFP-SAR-puro vector was generated by cloning
a 2200 bp fragment containing human INF-SAR (kindly
provided by Prof. Jurgen Bode, Germany) at the flanking
sites of EGFP expression unit in pEGFP-puro vector using
EcoRI and HindIII restriction site in reverse orientation.
To construct the VEGFR-Fc fusion, first a 720 bp
fragment containing human IgG1 Fc coding sequence was
synthesized (Bioneer, Korea) and cloned in Xhol and NotI
restriction sites of the pEGFP-puro and pEGFP-SAR-puro
plasmids. Then, a 710 bp synthesized fragment encoding
VEGFR domains (Bioneer, Korea) was cloned in Kpnl
restriction site, which allowed in-frame insertion of this
sequence upstream of the Fc coding sequence to obtain the
pFU-puro and pFU-SAR-puro expression vectors.

Cell culture

Adherent CHO-K1 (ATCC CCL-61) cells were cultured
in Dulbeccos Modified Eagle Medium/Nutrient Mixture
F-12 (DMEM/F12) medium supplemented with 10%
fetal bovine serum (FBS), 100 U/ml penicillin, 100 pg/ml
streptomycin, and 2 mM L-glutamine (Biosera, France)
at 37 °C in a humidified incubator with 5% CO,. The
trypan blue exclusion method was used to determine cell
concentration and viability.

Transient expression

Plasmid transfection was performed using TurboFect
transfection reagent (Thermo Fisher Scientific, USA),
according to the manufacturer’s instructions. Briefly,
24 h before transfection, CHO-K1 cells were seeded at
the density of 0.1 x 10° cells/well in 24-well plates. The
following day, an equimolar amount of each expression
vector (1000 ng of pFU-SAR-puro and 595 ng of pFU-puro)
was diluted in 100 pl of serum-free DMEM-F12 medium
and was mixed. Then, 2 ul of the TurboFect transfection
reagent was added to the mixture, and incubated for 20
min at room temperature. The transfection reagent/DNA
mixture was then added to each well and gently mixed.
CHO-K1 cells were also transfected using the pEGFP-
puro reporter vector to monitor the transfection efficiency.
48 h after transfection, pEGFP-puro transfected cells
were analyzed using fluorescence microscopy (Nikon
Instruments, USA), and flow cytometry (BD Bioscience,
USA). VEGFR-Fc expression was also evaluated in the
cell culture supernatant of pFU-SAR-puro and pFU-puro
transfected cells using ELISA.

Development of stable cell pools

Stable pFU-puro and pFU-SAR-puro cell pools were
generated by the transfection of CHO-K1 cells with the
corresponding expression vectors in duplicates. 48 h post-
transfection, the double transfectants of each vector were
detached and then mixed. After that, the cells were diluted
1:10 in growth medium and seeded in 6-well plates. Also,
the un-transfected CHO-K1 cells were seeded as negative
control. Cells were then maintained in selective medium
containing 5 pug/mL puromycin for 2 weeks. Puromycin
selection was continued until colonies were formed in the
transfected cells, and the un-transfected cells completely
died. Puromycin resistant cells were cultured in puromycin
containing medium until they reached >70% confluence.
Cells were then expanded to T25 flasks for performing
further analyses.

Reverse transcription-polymerase chain reaction (RT-
PCR)

Total RNA was isolated from pFU-puro and pFU-SAR-puro
stable pools as well as un-transfected CHO-K1 cells using
an RNA extraction kit (Favorgen, Taiwan). First-strand
cDNA was synthesized from 5 pg of DNase-treated RNA
using a first-strand cDNA synthesis kit (Vivantis, Malaysia).
PCR was performed using gene-specific primers (Table 1).
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Table 1. Primer sequences used in RT-PCR.

Primer name Sequence
Fu For GCCACCATGGTGTCTTACTG
Fu Rev TAAGGATCCTCACTTGCC

Analysis of VEGFR-Fc expression

To estimate the VEGFR-Fc expression, the cells were
seeded in 6-well plates at the cell density of 0.1 x 10° cells/
ml, and culture supernatants were collected after 72 h. A
direct enzyme-linked immunosorbent assay (ELISA) was
employed in 96-well plates (Greiner, USA) to estimate the
titer of the fusion protein in the cell culture supernatant.
1:2 and 1:4 dilutions of the cell culture supernatants were
prepared in PBS. 100 ul of the dilutions were coated in each
well in duplicates, and then were incubated at 37 °C for
1h. A human IgG1 antibody was used as the standard in
0, 6.25, 12.5, 25, 50, 100, and 200 ng/ml concentrations,
and cell culture supernatants from the un-transfected
CHO-K1 cells were used as negative control. The wells
were then washed and blocked using 100 pl of blocking
buffer containing 3% skimmed milk. After 1 h incubation
and performing three washing steps, 100 ul of (HRP)-
conjugated goat anti-human Fc (diluted 1:10000 in PBS
buffer containing 1% BSA) was added to each well and
incubated for another hour. Then, the wells were washed
and 100 ul of tetramethylbenzidine (TMB) substrate
(Sigma, Germany) was added to each well and incubated
for 15 min. Finally, the reaction was stopped using 1M HCL
and the optical density was measured at 450 nm. Specific
productivity (Qp) was calculated using the following
equation, where P is the titer (pg/ml), X is the cell density
(cells/ml), and ¢ is the culture duration in days.'®

P2-pP1

Qp =
B2 (12— t1)

Single-cell cloning

Single-cell cloning was performed in 96-well plates using
serial dilution cloning.'” The cells were diluted to 10 cells/
ml density in DMEM/F12 medium, supplemented with
15% FBS and 2 mM L-glutamine, and then 100 ul of the
cell suspensions were added to each well. After two weeks,
single clones were identified under the phase-contrast
microscope, and clones with detectable expression levels
of VEGFR-Fc were identified using ELISA. 10 clones were
selected from each pool and expanded in 24-well and
6-well plates.

Statistical analysis

Statistical analysis was performed using SPSS 18 software
(SPSS Inc., USA). Student’s t-test was used for comparing
the means between two groups. P-value less than 0.001 (P
< 0.001) was considered as statistically significant.

Results

Vector Construction

Cloning of the VEGFR-Fc fragment in pEGFP-puro and
PEGFP-SAR-puro expression vectors was confirmed using
restriction digestion analysis. Observing the specific bands
at 1430 bp following restriction digestion indicated the
presence of the VEGFR-Fc insert in the expression vectors
(Figure la). Schematic representation of the VEGFR-Fc
coding sequence (CDS) is shown in Figure lc, and the
maps of the resulting expression vectors are presented in
Figure 1d-g.
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Figure 1. (a) restriction digestion analysis of recombinant pFU-
puro and pFU-SAR-puro expression vectors. Lane 1: un-digested
pFU-puro, lane 2: pFU-puro digested with Xhol and Notl. Lane 3:
1Kb size marker, Lane 4: un-digested pFU-SAR-puro, lane 5: pFU-
SAR-puro digested with Xhol and Notl. The appearance of a 1730
bp band corresponding to VEGFR-Fc in digested vectors confirms
the cloning. (b) DNA size marker. (c) schematic representation of
the VEGFR-Fc CDS. (d) schematic map of pEGFP-puro vector, ()
schematic map of pEGFP-SAR-puro vector, (f) schematic map of
pFU-puro vector, and (g) schematic map of pFU-SAR-puro vector.

Transient expression of the VEGFR-Fc

Transfection of CHO-K1 cells was performed using pEGFP-
puro reporter plasmid as well as pFU-puro and pFU-SAR-
puro expression vectors. Analyzing EGFP expression using
fluorescent microscopy and flow cytometry indicated the
successful transfection of the cells (Figure 2). No significant
difference was observed in VEGFR-Fc expression in the
cell culture supernatant of pFU-puro and pFU-SAR-puro
transfected cells, indicating that the transient expression of
VEGFR-Fc was not affected by the presence of IFN-SAR in
the expression vector (Figure 3).
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a

Figure 2. Analysis of pEGFP-puro transfected cells using fluorescent microscopy and flow cytometry. (a) light microscope image, (b)
fluorescence microscope image, and (c) flow cytometry plot which shows the presence of 53% pEGFP positive cells.
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Figure 3. Transient expression of VEGFR-Fc in CHO-K1 cells.
Expression analysis was performed 48 h post-transfection. The
bars represent the mean values of three independent analyses.

Evaluation of the VEGFR-Fc expression in stable cell pools
Expression of the VEGFR-Fc fusion protein in pFU-puro
and pFU-SAR-puro stable cell pools was firstly evaluated
using RT-PCR. As indicated in Figure 4, observing the
specific bands at 1430 bp showed the successful expression
of VEGFR-Fc in both pFU-puro and pFU-SAR-puro stable
pools.

To evaluate VEGFR-Fc protein expression, CHO pFU-
puro and pFU-SAR-puro stable cell pools were cultured
at the cell density of 0.1 x 10° cells/ml. VEGFR-Fc titer
in cell culture supernatant were measured after 72 h of
cultivation, and the specific productivity was calculated.
As indicated in Figure 5, compared to CHO pFU-puro,
the titer and specific productivity of pFU-SAR-puro stable
cell pool increased up to 2.2- and 2-fold, respectively (P <
0.001).

Evaluation of the VEGFR-Fc expression in single-cell
clones

Analyzing the VEGFR-Fc titer and specific productivity
in single-cell clones indicated improved expression of
VEGEFR-Fc in the clones derived from pFU-SAR-puro
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Figure 4. (a) RT-PCR analysis of VEGFR-Fc expression in pFU-
puro and pFU-SAR-puro stable cell pools. Lane 1: negative con-
trol, lane 2: CHO-K1, lane 3: pFU-puro, and lane 4: pFU-SAR-
puro. Observation of a 1430 bp band indicates the expression of
the VEGFR-Fc mRNA in stable cell pools. (b) DNA size marker.
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Figure 5. Analysis of VEGFR-Fc expression in pFU-puro and pFU-

SAR-puro stable cell pools. Expression analysis was performed
72 h post culture. The bars represent the mean values of three
independent experiments.

stable cell pool compared to the clones from CHO pFU-
puro stable pool (Figure 6). SAR-C5 clone which was
isolated from the pFU-SAR-puro pool showed the highest
expression level with the titer and specific productivity of
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Figure 6. Evaluation of VEGFR-Fc expression in pFU-puro
and pFU-SAR-puro derived clones. Expression analysis was
performed 72 h post-culture. The bars indicate the mean values of
three independent measurements.

312 ng/ml and 173 pg/10° cells/day, respectively, which
were 2.2- and 2.1-fold higher compared to the best
producing clone from pFU-puro stable pool (P < 0.001).

Discussion

SARs are genetic elements involved in chromatin
organization and gene expression in higher eukaryotes.”®
Previous studies have suggested that SAR elements could
increase the expression level as well as the stability of
stable gene expression in CHO cells. As reported by Kim
et al. (2004),' up to 7-fold enhancement was observed
in the P-galactosidase reporter gene (B-GAL) expression
from a plasmid-based expression vector using human
B-globin MAR element. The authors did not observe
any enhancement in transgene expression in transient
expression.

In another study in 2005, Kim et al.” examined the
expression of the B-GAL gene ina plasmid vector containing
the human beta-interferon SAR element. Accordingly, al5-
to 20-fold enhancement in B-GAL stable expression was
reported in CHO DG44 cells; however, no positive effect
was observed in the transient expression. Harraghy et al.?°
isolated a new SAR element from the mouse genome (S4
MAR). When incorporated into a monoclonal antibody
expression vector, up to 2.7-fold increase was reported in
cell-specific productivity compared to the control vector.
SARs have been also employed for the improvement of the
transgene expression from retrovirus vectors,” lentivirus
vectors,'® and transposons.?

In line with the previous studies, we evaluated the effects
of INF-SAR element on the transient and stable expression
of a VEGFR-Fc fusion protein in CHO-K1 cells. IFN-SAR
element is one of the most studied SARs, which have been
successfully employed in both plasmid-based and virus-
based vectors.’** Our findings from stable VEGFR-Fc
expression in cell pools and clones were in agreement with
the results of previous studies, with 2-fold enhancement in
cell-specific productivity. The same effect was observed in
the clonal cells derived from cell pools.

In our study, transient expression of VEGFR-Fc fusion
protein was not affected by the presence of IFN-SAR in
the expression vector. Generally, SARs are not considered
as potent enhancers of transient gene expression, which
is probably because SARs can affect the chromatin
structure and organization after transgene integration
into the genome. However, a few studies have shown some
enhancements in the transient expression of the transgenes
from SAR containing vectors.* Jia et al.*® indicated that the
position of DNA topoisomerase I gene (TOP1) SAR in the
expression vector can affect transient and stable expression
as well as transgene stability and ratio of positive colonies.
These inconsistencies can be attributed to the differences
in SAR elements, components of the expression vectors,
and the transgenes among different studies.

Analyzing the VEGFR-Fc expression in single-cell clones
derived from pFU-puro and pFU-SAR-puro pools also
indicated substantial improvement in the fusion protein
expression in the clones harboring IFN-SAR. Interestingly,
we also observed notable variation among the pFU-SAR-
puro derived clones. Although several studies have shown
that the incorporation of the SARs in expression vectors can
reduce the chromosomal position effect on the transgene,
such effects may not be completely halted in the presence
of SARs. Additionally, this variation may be also attributed
to the differences in the transgene copy number. Finally,
differences in protein expression and secretion machinery
as well as metabolism among the clones can also affect the
transgene expression.

Conclusion

In this study, the effects of the INF-SAR element on the
transient and stable expression of VEGFR-Fc fusion protein
were evaluated. Our findings show that IFN-SAR can
significantly improve the expression of VEGFR-Fc in stable
cell pools as well as clonal cells, while no effect was observed
in the transient expression. Therefore, incorporation of the
IFN-SAR in the expression vector can be considered as a
promising strategy for effective expression of VEGFR-Fc
in CHO-K1 cells. Evaluation of the expression stability of
the clones and the quality attributes of the resulting fusion
protein can further clarify the efficiency of this system.

Acknowledgements

The authors wish to thank Prof. Jurgen Bode for the kind gift
ofhuman IFN-SAR. This study was supported by the Deputy
of Research and Technology, Shahid Beheshti University
of Medical Sciences, Tehran, Iran (grant number 11451).

Conflict of Interest
The authors declare they have no conflict of interest.

References

1. Ecker DM, Jones SD, Levine HL. The therapeutic
monoclonal antibody market. MAbs. 2015;7(1):9-14.
doi:10.4161/19420862.2015.989042

2. Grilo AL, Mantalaris A. The Increasingly Human

Pharmaceutical Sciences, 2020, 26(4), 393-398 | 397


https://doi.org/10.4161/19420862.2015.989042

Naghneh et al.

and Profitable Monoclonal Antibody Market.
Trends Biotechnol. 2019;37(1):9-16. doi:10.1016/j.
tibtech.2018.05.014

3. Rathore AS, Sarker A, Gupta RD. Recent Developments
Toward Antibody Engineering and Affinity Maturation.
Protein Pept Lett. 2018;25(10):886-96. doi:10.2174/092
9866525666180925142757

4. Rajabibazl M, Rasaee MJ, Forouzandeh M, Rahimpour
A. Retroviral transduction of fluonanobody and the
variable domain of camelid heavy-chain antibodies
to chicken embryonic cells. Iran ] Immunol
2013;10(4):247-58.

5. Wu JB, Tang YL, Liang XH. Targeting VEGF pathway
to normalize the vasculature: an emerging insight in
cancer therapy. Onco Targets Ther. 2018;11:6901-9.
doi:10.2147/OTT.S172042

6. Paulus YM, Sodhi A. Anti-angiogenic Therapy for
Retinal Disease. Handb Exp Pharmacol. 2017;242:271-
307. do0i:10.1007/164_2016_78

7. Supuran CT. Agents for the prevention and treatment
of age-related macular degeneration and macular
edema: a literature and patent review. Expert Opin Ther
Pat. 2019;29(10):761-7. doi:10.1080/13543776.2019.16
71353

8. Makri OE, Tsapardoni FN, Tsekouras IK, Lagogiannis
AP, Chairas N, Pallikari A, et al. Visual and anatomic
outcomes of aflibercept treatment in treatment-
naive patients with neovascular age-related macular
degeneration; real-life data over 24 months. Hell ] Nucl
Med. 2019;22 Suppl 2:55-62.

9. Durocher Y, Butler M. Expression systems for
therapeutic glycoprotein production. Curr Opin
Biotechnol. 2009;20(6):700-7. doi:10.1016/j.copbio.2
009.10.008

10. Lalonde ME, Durocher Y. Therapeutic glycoprotein
production in mammalian cells. ] Biotechnol.
2017;251:128-40. doi: 10.1016/j.jbiotec.2017.04.028

11. Hunter M, Yuan P, Vavilala D, Fox M. Optimization of
Protein Expression in Mammalian Cells. Curr Protoc
Protein Sci. 2019;95(1):e77. doi:10.1002/cpps.77

12. Saunders F, Sweeney B, Antoniou MN, Stephens P,
Cain K. Chromatin function modifying elements in an
industrial antibody production platform--comparison
of UCOE, MAR, STAR and cHS4 elements. PLoS
One. 2015;10(4):0120096. doi:10.1371/journal.po
ne.0120096

13. Betts Z, Dickson AJ. Assessment of UCOE on
Recombinant EPO Production and Expression Stability
in Amplified Chinese Hamster Ovary Cells. Mol
Biotechnol. 2015;57(9):846-58. doi:10.1007/s12033-
015-9877-y

14. Lee NC, Kononenko AV, Lee HS, Tolkunova EN,
Liskovykh MA, Masumoto H, et al. Protecting a
transgene expression from the HAC-based vector
by different chromatin insulators. Cell Mol Life Sci.
2013;70(19):3723-37. d0i:10.1007/s00018-013-1362-9

15. Arope S, Harraghy N, Pjanic M, Mermod N. Molecular

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

characterization of a human matrix attachment region
epigenetic regulator. PLoS One. 2013;8(11):e79262.
doi:10.1371/journal.pone.0079262

Mohammadian O, Rajabibazl M, Pourmaleki E,
Bayat H, Ahani R, Rahimpour A. Development of an
improved lentiviral based vector system for the stable
expression of monoclonal antibody in CHO cells. Prep
Biochem Biotechnol. 2019;49(8):822-9. d0i:10.1080/10
826068.2019.1621893

Chen S, Gray D, Ma ], Subramanian S. Production
of recombinant proteins in mammalian cells.
Curr Protoc Protein Sci. 2001;Chapter 5:Unit5.10.
do0i:10.1002/0471140864.ps0510s12

Kim JM, Kim J§, Park DH, Kang HS, Yoon ], Baek K,
et al. Improved recombinant gene expression in CHO
cells using matrix attachment regions. ] Biotechnol.
2004;107(2):95-105. doi:10.1016/j.jbiotec.2003.09.015
Kim JD, Yoon Y, Hwang HY, Park JS, Yu S, Lee J, et
al. Efficient selection of stable chinese hamster ovary
(CHO) cell lines for expression of recombinant
proteins by using human interferon beta SAR element.
Biotechnol Prog. 2005;21(3):933-7. doi:10.1021/
bp049598v

Harraghy N, Regamey A, Girod PA, Mermod N.
Identification of a potent MAR element from the
mouse genome and assessment of its activity in stable
and transient transfections. Journal of Biotechnology.
2011;154(1):11-20. doi:10.1016/j.jbiotec.2011.04.004
Moreno R, Martinez I, Petriz J, Nadal M, Tintoré X,
Gonzalez JR, et al. The B-interferon scaffold attachment
region confers high-level transgene expression and
avoids extinction by epigenetic modifications of
integrated provirus in adipose tissue-derived human
mesenchymal stem cells. Tissue Eng Part C Methods.
2011;17(3):275-87. d0i:10.1089/ten. TEC.2010.0383
Sjeklocha L, Chen Y, Daly MC, Steer CJ, Kren BT.
B-globin matrix attachment region improves stable
genomic expression of the Sleeping Beauty transposon.
J Cell Biochem. 2011;112(9):2361-75. doi:10.1002/
jcb.23159

Wang XY, Zhang JH, Sun QL, Yao ZY, Deng BG, Guo
WY, et al. Characteristic element of matrix attachment
region mediates vector attachment and enhances nerve
growth factor expression in chinese hamster ovary cells.
Genet Mol Res. 2015;14(3):9191-9. doi:10.4238/2015.
August.7.29

Li Q, Wang W, Guo X, Jia YL, Wang YE Wang TY.
A short synthetic chimeric sequence harboring
matrix attachment region/PSAR2 increases transgene
expression in Chinese hamster ovary cells. Biosci
Biotechnol Biochem. 2017;81(9):1755-61. doi:10.1080
/09168451.2017.1350563

Jia YL, Guo X, Wang XC, Wang TY. Human genome-
derived TOP1 matrix attachment region enhances
transgene expression in the transfected CHO cells.
Biotechnol Lett. 2019;41(6-7):701-9. doi:10.1007/
$10529-019-02673-7

398 | Pharmaceutical Sciences, 2020, 26(4), 393-398


https://doi.org/10.1016/j.tibtech.2018.05.014
https://doi.org/10.1016/j.tibtech.2018.05.014
https://doi.org/10.2174/0929866525666180925142757
https://doi.org/10.2174/0929866525666180925142757
https://doi.org/10.2147/OTT.S172042
https://doi.org/10.1007/164_2016_78
https://doi.org/10.1080/13543776.2019.1671353
https://doi.org/10.1080/13543776.2019.1671353
https://doi.org/10.1016/j.copbio.2009.10.008
https://doi.org/10.1016/j.copbio.2009.10.008
https://doi.org/10.1002/cpps.77
https://doi.org/10.1371/journal.pone.0120096
https://doi.org/10.1371/journal.pone.0120096
https://doi.org/10.1007/s12033-015-9877-y
https://doi.org/10.1007/s12033-015-9877-y
https://doi.org/10.1007/s00018-013-1362-9
https://doi.org/10.1371/journal.pone.0079262
https://doi.org/10.1080/10826068.2019.1621893
https://doi.org/10.1080/10826068.2019.1621893
https://doi.org/10.1002/0471140864.ps0510s12
https://doi.org/10.1016/j.jbiotec.2003.09.015
https://doi.org/10.1021/bp049598v
https://doi.org/10.1021/bp049598v
https://doi.org/10.1016/j.jbiotec.2011.04.004
https://doi.org/10.1089/ten.TEC.2010.0383
https://doi.org/10.1002/jcb.23159
https://doi.org/10.1002/jcb.23159
https://doi.org/10.4238/2015.August.7.29
https://doi.org/10.4238/2015.August.7.29
https://doi.org/10.1080/09168451.2017.1350563
https://doi.org/10.1080/09168451.2017.1350563
https://doi.org/10.1007/s10529-019-02673-7
https://doi.org/10.1007/s10529-019-02673-7

