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Abstract: The aim of this study isto investigate the effect of the chimeric intron in different directions on the expression of
the nerve growth factor (NGF) in recombinant Chinese hamster ovary (CHO) cells. The chimeric intron that contained the
splice sequence of the first intron of the human B-globin and the human immunoglobulin heavy chain variable region intron
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was used. NGF gene was cloned into the expression vectors containing the chimeric intron in the forward or reverse direction,
followed by transfecting into CHO cells, and screened under G418 to produce the stable transfected CHO cells. Fluorescence
quantitative PCR, ELISA, and Western blotting were performed to detect the recombinant NGF gene expression in CHO cells.
The results showed that the chimeric introns could significantly enhance the expression of NGF in recombinant CHO cells.
Moreover, the enhancing effect on NGF expression level by the intron in the forward direction showed stronger than that of the
reverse direction both at mMRNA and protein level. In conclusion, the chimeric intron could increase NGF expression in stably
transfected CHO cells and the effect is associated with the direction of the intron insertion.

Keywords: Chinese hamster ovary cells, gene expression, intron, nerve growth factor

The efficient expression of a transgene is a
critical issue in the field of genetic engineering.
However, transgene silencing and low level of
expression due to the position effect is a
widespread issue in transgenic animals and
plants®®. Construction of efficient expression
vectors is an effective strategy for improving
transgenic expression levels. Previous studies on
this topic have focused on issues such as promoter
selection, suitable enhancers, gene dosage, and
optimization of vector-host combinations*®.
Introns are nucleotide sequences that are removed
from the initial transcript during the
post-transcriptional processing. The fact that
introns could enhance gene expression was first
reported by Callisin a study on transgenic maize'®.
Since then, many more introns have been
confirmed to affect transgenic expression™®*3.
Different introns have different effects on gene
expression, with some introns even reducing the
gene expression level s%. The source of the introns,
type of host cell, and the intron insertion site are
some key factors that need to be considered if we
aim to use introns for improving gene expression
levels. Chimeric introns have exact splicing
sites and have been confirmed to significantly
promote the expression of the chloramphenicol
acetyltransferase (CAT) gene in mice™¥. They have
also been shown to increase the expression of GFP
in 293T, COS and Chinese hamster ovary (CHO)
cells®®. Therefore, we chose to use chimeric
introns in this study. The chimeric introns in this
study consisted of the 5'-donor site from the first
intron of the human B-globin gene and the branch
and 3’-acceptor site from the intron of an
immunoglobulin gene heavy chain variable region.
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Nerve growth factor (NGF) is a member of the
neurotrophic factor family. As a common humoral
regulation factor used in the clinical field, NGF is
widely distributed in the central and peripheral
nervous systems. It maintains neuron growth,
survival, and differentiation, and affects synaptic
plasticity by promoting the development of the
nervous system. Under pathological conditions, the
purpose of protecting neurons can be achieved by
inducing the expression of the nerve growth factor
gene, which, in turn, inhibits neuronal death,
removes free radicals, and promotes the recovery of
neuronal function®*"),

The mammalian cell expression system can
provide post-translational machining process
functions such as the direction of correct protein
folding, and complex N-type glycosylation, and
accurate O-type glycosylation. The expression
products are closest to the natural protein molecules
found in higher organisms in terms of the molecular
structure, physical and chemical properties, and
biological functions.

The most widely used mammalian cell
expression systems are CHO cells, African green
monkey kidney fibroblast COS cells, baby hamster
kidney (BHK) cells, mouse thymoma NSO cells,
and mouse myeloma SP2/0 cells*®#*%. Among
these, CHO cells are the most commonly used
expression systemst?>?%. Authors including Xu
and Wang have been using CHO cells as a
recombinant NGF gene expression system'®>2%,
However, to our knowledge, no study has reported
that chimeric introns can promote NGF gene
expression in CHO cells.

In this study, a chimeric intron and NGF gene
were cloned, and NGF expression vectors with
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different directions of chimeric introns were
constructed. These vectors were then transfected
into CHO cells and their effects on NGF gene
expression were observed.

1 Materialsand Methods

1.1 Reagentsand cells

Restriction enzymes, including Xba I and Hind
III, were purchased from TaKk aRa Company (Dalian,
China). The Genome extraction kit, PCR mix,
DNA gel extraction kit, and T4 DNA ligase were all
purchased from TaKaRa Co. (Dalian, China).
Agarose and G418 were purchased from
Sigma-Aldrich Co. (St. Louis, Missouri, USA).
Primer synthesis and sequencing of the chimeric
intron and NGF gene were carried out by Invitrogen
(Beijing, China). pCAT-3 vector was purchased
from Promega (Madison, WI, USA). CHO cells
used in this study were purchased from the Institute
of Biochemistry and Cell Biology (Shanghai,
China). DMEM and serum were purchased from
Gibco, Thermo Fisher Scientific, Inc. (Waltham,
MA, USA). Suo-hua transfection reagent was
purchased from Xiamen Sunma Bioengineering Co.
Ltd. (Xiamen, China). TRIzol reagents were
purchased from Invitrogen (Beijing, China).

1.2 DNA cloning
Primers (Table 1) were designed based on the
gene sequence of the nerve growth factor (NGF)

*1 AHEAEIRSY
Tablel Primersused in thisstudy

(GenBank No. AB489186.1). Xba I and Hind III
restriction sites were added at the ends of the
primers, in order to subclone the NGF gene. Human
whole blood genome was extracted using a genome
extraction kit, following the manufacturer’'s
instructions. The NGF gene was amplified using
human genomic DNA as the PCR template. PCR
results were visualized by 1% agarose gel
electrophoresis. Target bands were recovered,
ligated to T-vector, and sequenced.

Chimeric introns were amplified using pCAT-3
control as the PCR template. The PCR products
were tested by 1% agarose gel electrophoresis. The
target bands were recovered, ligated to the T-vector,
and then sequenced.

1.3 Vector construction

Plasmid pCATG (constructed and preserved by
our lab, pCAT-3 inserted G418 selection marker)
was digested with Xba Il and Hind III. The NGF
gene was connected to a large fragment of pCATG,
and the new vector was named pNFG. The pNFG
vector was digested with Hind III, and the resultant
fragments were recovered. The recovered pNFG
fragments as well as the forward and reverse introns
obtained from PCR amplification were treated with
akaline phosphatase. The forward and reverse
introns were added to 5-upstream of NGF gene
respectively. Vectors pNFGZ, containing the forward
intron, and pNFGF, containing the reverse intron,
were constructed (Fig. 1).

Primer name Sequence (5'-3) Size (bp)
Intron’s 5'primer TTTAAGCTTGCGGCCGCTTAAGCT 24
Intron’s 3'primer TTTAAGCTTGCGGCCGCTTAAGAG 24
NGF' s 5'primer GTCAAGCTTGCCGCCACCATGTCCATGTTGTTCTACACTCTG 42
NGF's 3'primer TGCTCTAGATTACGCCCCGCCCTGCCACTCAGGCTCTTCTCA 54
CAGCCTTCCTGC
Fluorescent sense primer of NGF TCAACAGGACTCACAGGAGCAA 22
Fluorescent antisense primer of NGF ACCTCTCCCAGCACCATCAC 20
Fluorescent sense primer of B-actin TGTTGCCCTAGACTTCGAGCA 21
Fluorescent antisense primer of f-actin  GGACCCAGGAAGGAAGGCT 19

&: 010-64807509
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Fig. 1 Plasmids used in this study.

1.4 Caéll cultureand transfection

CHO cells were cultured in DMEM containing
15% fetal bovine serum. When the culture attained
the log phase, they were transferred to 24-well
plates with 1x10° cells per well. When the cell
density reached 80%, three vectors, pNFG, pNFGZ
and pNFGF, were transfected into CHO cells using
Suo-hua transfection reagents. The manufacturer’s
instructions were followed in al instances. After
24 h, G418 (800 pg/mL) was added to the DMEM,
in order to screen stable transfected cells, until all
control cells died. The cells were then cultured
using 300 ug/mL G418 for 1 week. Single clones
were selected and transferred to 96-well plates,
followed by continuous culturing with 300 ug/mL
G418 DMEM for 1-2 weeks. Single clones that
grew well in 96-well plates were transferred to
culture bottles, where they were further cultured for
1 week in DMEM with 300 pg/mL G418.

1.5 Quantitative PCR

CHO cells that were stably transfected for 1
week were washed twice with PBS, digested by 1%
trypsin, and collected by centrifugation at
4 000 r/min for 5min. Total RNA was extracted
using Trizol, and the RNA content was measured by
the UV method. The cDNA reverse transcription
mixture comprised RNA (1 ug), buffer 2 pL,
enzyme mix (0.5 pL), oligo dT (0.5 uL), and
random 6-mers (0.5 pL), with ddH,O added to reach
the reaction volume of 10 pL. The reaction
temperature was 37 °C for 15 min, followed by
85°Cfor5s.

The primer sequences used for quantitative
PCR amplification of the NGF gene and internal
control B-actin are shown in Table 1. The PCR

http://journals.im.ac.cn/cjbcn

reaction mixture comprised SYBR 5 pL, P; 0.2 uL,
P, 0.2 pL, cDNA 0.2 pL and ddH,0 4.45 pL. The
reaction conditions were: 95 °C for 5s, and 60 °C
for 30 s, repeated for 40 cycles. The reverse
transcription reagents and fluorescence quantitative
PCR reagents were purchased from TaKaRa Co.

1.6 ELISA

Stably transfected CHO cells were washed
twice with PBS and cultured in 3 mL of serum-free
DMEM for 24 h. The expression of NGF protein per
106 cells in the supernatant was determined by
ELISA (Shanghai Yi-giao Biological Technology
Co. Ltd., Shanghai, China). The number of stably
transfected cells was determined simultaneously by
cell counting.

1.7 Western blotting

The protein content was determined by the
bicinchoninic acid (BCA) method. A 1-ug sample of
protein was used for sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE).
The proteins were transferred to PVDF membranes
after separation. The membrane was incubated
overnight at 4 °C in a blocking buffer containing
skimmed milk, and then incubated with the NGF
antibody solution (1:500, Wuhan Boster Biological
Technology Co. Ltd, Wuhan, China) at room
temperature for 2 h. Finally, the membranes were
incubated in horseradish peroxidase-labeled goat
anti-rabbit 1gG antibody solution (1:3 000) at room
temperature for 1 h. The protein signals were
detected using ECL luminescence reagents. The
results of the Western blotting were visualized using
the Tanon-5200 chemiluminescence imaging system
(Shanghai, China).

1.8 Bioinformatic analysis

Specific transcription-factor-binding sites of
forward and reverse chimeric introns were
identified using Genomatix Online software
Matlnspector (http://www.genomatix.de/index.html).

1.9 Statistical analysis

All the experimental data were analyzed using
SPSS v.18.0 software, and differences at P<0.05
were considered significant. Data are shown asX #s.
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2 Results

2.1 Identification of recombinant plasmids

The NGF gene was amplified by PCR, using
pNFGZ, pNFGF and pNFG as templates. The
presence of 770 bp bands established that the NGF
gene was cloned successfully into pNFG, pNFGZ
and pNFGF vectors (Fig. 2A). pNFGZ and pNFGF
were digested by Hind III. The presence of 200 bp
bands established that the introns had been cloned
into pNFGZ and pNFGF (Fig. 2B). Sequencing
further confirmed that all the vectors were
constructed successfully.

A

Lane2 Lane3 Lanc4

Lane 1

1 500 bp
750 bp

Lane 1 Lane 2 Lane 3 Lane 4

5000 bp

Bl 2 BEBYIFN PCREEEZHRK (A: PCR ¥ &M
NGF % f%; B: Hind &SI & E4H KAL)

Fig. 2 Vector identification by enzyme digestion and
PCR. (A) Detection of NGF clones by PCR
amplification. Lane 1: marker III DNA ladder; lane 2:
pNFG; lane 3: pNFGZ; lane 4. pNFGF. (B) Vector
identification by Hind III digestion. Lane 1. pNFGZ;
lane 2: pNFGF; lane 3: Marker III DNA ladder.

&: 010-64807509

2.2 mRNA level of the NGF gene

The results of fluorescence quantitative PCR
are shown in Fig. 3. pNFG vector was able to
correctly express the mRNA of NGF gene. The
chimeric introns were able to enhance the mRNA
level of the NGF gene. The forward and reverse
introns successfully promoted the transcription of
NGF gene. The mRNA level in the pNFGF vector
containing the reverse intron was 115-times higher
than that in the pNFG vector without introns.
Meanwhile, the mRNA level of pNFGZ containing
the forward intron increased to 363-times that of
the pNFG vector and 248-times that of the pNFGF
vector containing the reverse intron. The
difference in both cases was highly significant
(P<0.01).

2.3 NGF protein expression

Serum-free culture medium was collected
after the stable transfected cells were cultured for
24 h. The expression levels of NGF protein were
then detected by the ELISA (Fig. 4). The results
demonstrated that the pNFG vector can correctly
express the NGF protein. The NGF expression
level was 2.9 ng/mL/10° cells. Vectors containing
the chimeric introns were able to appropriately
increase the NGF protein level. This implies that
both forward and reverse introns can enhance the
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Fig. 3 Detection of relative expression of NGF mRNA
in different vectors by fluorescence quantitative PCR.
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expression of NGF gene to NGF protein. The
NGF protein level of pNFGF vector containing
the reverse intron increased to 1.75-times that of
the pNFG vector without introns, while the
protein level of pPNFGZ was 1.52-times that of
pNFGF.

Western blotting results also showed that the
activity of NGF protein in pNFGZ and pNFGF
vectors containing introns was higher than that of
PNFG, while pNFGZ had a higher protein activity
than pNFGF (Fig. 5).

R W = Y ) WO

NGF expression quantity (ng/mL/10° cells)

PNFG pNFGF pNFGZ

B 4 ELISA #&0 NGF EEMERILE
Fig. 4 Detection of the expression of NGF protein in
different vectors by ELISA.

A
Lane 1 Lane?2 Lane 3
——)
B
Lanc 1 Lane 2 Lane 3

5 NGF (A)#1 p-actin (B) BYJ Western blotting £58R
Fig. 5 Western blotting results of NGF and B-actin.
(A) Western blotting results of NGF. Lane 1. pNFG;
lane 2: pNFGF; lane 3: pNFGZ. (B) Western blotting
results of B-actin. Lane 1: pNFG; lane 2: pNFGF; lane
3: pPNFGZ.
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2.4 Analysis of transcription-factor-binding
sites

Transcription-factor-binding sites  of the
forward and reverse intron sequences were analyzed
using the Matlnspector software. The results
showed that there were 27 transcription factors that
could combine with the forward intron sequence.
These included the Zinc finger BED
domain-containing protein, heat shock factors, and
GATA binding factors. In addition, 22 transcription
factors could combine with the reverse intron
sequence, including the C,H, zinc finger
transcription factors, two-handed zinc finger
homeodomain transcription factors, and Hepatic
Nuclear Factor 1. The forward intron sequence
could combine with a greater number of
transcription factors, thereby, being more efficient
in improving the gene transcription. The reverse
intron sequence presented a lower number of
transcription-factor-binding sites, consistent with its
lower ability to enhance gene expression.

3 Discussion

Designing efficient expression vectors is an
important way of improving gene expression
systems. cHS4 (chicken B-globin 5’ hypersensitive
site) and ubiquitous chromatin opening element
(UCOE) are examples of cis-elements that are
typically used to improve transgenic
expression*®??. |n addition, introns are effective
elements to enhance transgene expression. Cooper'
reported that lack of introns can lead to a decline in
gene expression. Hermening et al., Hasannia et al.
and Kim et a.'®* reported that introns can
improve the expression of foreign genes. Different
types of introns enhance the expression of
recombinant proteins to different degrees, and the
maximum change reported to date has been 20-fold.
Possible ways in which introns enhance gene
expression are: 1) introns may contain enhancers or
other acting elements, which could bind to proteins
to affect the initiation and extension of
transcription; 2) splicing of introns may increase the
stability of mRNA in nucleus, leading to greater
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accumulation of mature mRNA in the cytoplasm;
and 3) introns may contain sequences that can
improve gene expression by changing the nuclear
components, location, etc.

In this study, recombinant nerve growth factor
(NGF) gene expression vectors were constructed,
and chimeric introns comprising the 5-end splice
sequence of the first intron of human B-globin and
splice sequences of the 3-end of the human
immunoglobulin heavy chain variable region intron
were inserted into the 5'-upstream region of the
NGF gene. Chimeric introns in different directions
could potentially enhance the expression of the
NGF gene differently. The forward intron not only
enhanced the NGF mRNA expression level, but was
also able to increase the amount of NGF protein
produced. However, the effect on the protein
expression level was not as significant as that on the
MRNA expression level. This difference may be
explained by the fact that there are more
transcription factor binding sites in the forward
intron sequence, which could greatly improve the
level of NGF gene transcription, and the translation
process could be affected by mRNA degradation.
The reverse intron could also promote the
transcription and translation process of the NGF
gene, thereby increasing the quantity of both NGF
MRNAs and proteins. Our results are similar to
those reported by Hermening et al. and Kim et
al.['%12 i e introns can improve the expression of
transgenes, but different introns exhibit different
degrees of improvement. This may be related to the
choice of intron types, the source of introns, and the
position of the insertion. We determined that the
direction of the chimeric introns could affect gene
expression. A possible reason is that introns inserted
in different positions have different sequences,
which may be combined with different transcription
factors, thereby presenting different abilities of gene
expression regulation.

4 Conclusion

Chimeric introns can enhance the expression of
exogenous genes. Different direction introns have

&: 010-64807509

different capacities of gene expression regulation.
In our study, the forward introns could greatly
promote the transcription of a foreign gene. They
could also significantly improve the process of
translation of a foreign gene. Reverse introns could
also improve the expression of foreign genes, but
not as effectively as the forward intron.
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