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VIRAL VECTORS AND USES THEREOF

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the priority and benefits of Chinese Patent Application No.
202011064132.2, filed with the State Intellectual Property Office of China on September 30,

2020, which is incorporated herein by reference in its entirety.

FIELD
[0002] The present invention relates to the field of biotechnology, specifically the present
invention relates to viral vectors and uses thereof, and more specifically the present invention
relates to viral vectors, lentivirus, pharmaceutical composition and method for introducing gene

of interest into recipient cells.

BACKGROUND

[0003] At present, as a gene delivery vector, lentivirus is widely used in gene therapy of
various diseases, and is mainly concentrated in the field of ex vivo, such as CAR-T preparation,
gene modification of hematopoietic stem cells, etc. Lentiviral vector cannot be widely used in the
in vivo field, one of the main reasons is that the lentiviral transfection lacks targeting.

[0004] Researchers have been committed to achieving targeted transfection of lentivirus.
From the published work, it is the envelope protein that determines the type of host cell
transfected by the lentivirus. By changing the type or structure of the envelope protein, the
lentivirus gains a tendency to transfect certain types of cells, but there are some shortcomings. In
order to obtain the transfection tendency or targeting of the lentivirus, the researchers mainly
make improvements in the following three aspects: first, the envelope protein is replaced with the
envelope protein of other viruses with specific transfection tissues, so that lentivirus have
acquired new transfection characteristics; however, the number of envelope proteins with clear
functional background and guaranteed safety is limited, and the titer and stability of the obtained
recombinant lentivirus have decreased. Second, the scFv domain of a receptor or antibody that
specifically binds to an antigen is fused and expressed to the N-terminus of the envelope protein,
or assembled into a viral vector as a separate membrane protein, so that the lentivirus can bind to

the antigen through the receptor or scFv and has a tendency to transfect cells expressing the
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antigen, but this method greatly reduces the production titer of lentivirus (reduced by about 100
times). Third, the CD47 protein is co-expressed while packaging the virus to obtain a lentivirus
(CD47hi LV) with a high expression of CD47 on the membrane surface. CD47 can interact with
macrophage surface receptors to inhibit macrophages from phagocytosis of the lentivirus, thereby
making CD47hi LV more efficient in gene transfer to hepatocytes and reducing the activation of
acute inflammation response. However, this method uses the body’s ability to metabolize the
virus to passively increase the efficiency of CD47hi LV in gene transfer to hepatocytes, but it
cannot actively target and infect hepatocytes.

[0005] In view of the fact that the current technology is still unable to solve the problem of
the lack of targeting of lentivirus infection without significantly reducing the titer of the lentivirus,

it is necessary to develop new technologies to solve this problem.

SUMMARY OF THE INVENTION

[0006] The present invention aims to solve one of the technical problems in the related art
at least to a certain extent. To this end, the present invention provides a viral vector with targeted
infectivity and significantly improved virus titer.

[0007] In one aspect, provided herein is a group of viral vectors. According to the
embodiments of the present invention, the group of viral vectors comprises: a first viral vector,
the first viral vector carries a first nucleic acid molecule, and the first nucleic acid molecule
encodes an envelope protein; at least one second viral vector, the second viral vector carries a
second nucleic acid molecule, the second nucleic acid molecule encodes at least one fusion
protein, the fusion protein includes at least one single-chain antibody and the C-terminal domain
of the envelope protein, the C-terminal domain of the envelope protein includes a transmembrane
region and a intracellular region of the envelope protein, the C-terminus of the at least one
single-chain antibody connects with the N-terminus of the C-terminal domain of the envelope
protein, the single-chain antibody targets a specific antigen; the first nucleic acid molecule and
the second nucleic acid molecule are arranged to express the envelope protein and the fusion
protein, and the envelope protein and the fusion protein are in a non-fusion form. According to
the embodiments of the present invention, after the viral vectors are introduced into the recipient
cells, a virus with high virus titer can be packaged, and the virus has targeted infectivity.

[0008] According to the embodiment of the present invention, the viral vectors may further
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comprise at least one of the following additional technical features:

[0009] According to the embodiments of the present invention, the viral vectors are
retrovirus vectors, lentivirus vectors or other enveloped virus vectors.

[0010] According to the embodiments of the present invention, the enveloped virus
comprises at least one selected from: Bornaviridae, Nyamaviridae, Arenaviridae, Filoviridae,
Hantaviridae, Nairoviridae, Orthomyxoviridae, Paramyxoviridae, Bunyaviridae, Phenuiviridae,
Rhabdoviridae, Arteriviridae, Coronaviridae, Flaviviridae, Togaviridae, Hepadnaviridae,
Spumavirus, Iridoviridae, Herpesviridae, Poxviridae, and Deltavirus.

[0011] According to the embodiments of the present invention, the envelope protein is an
envelope G glycoprotein (VSV-G) or a mutant of envelope G glycoprotein of vesicular stomatitis
virus of the Rhabdoviridae. The envelope G glycoprotein of vesicular stomatitis virus has cell
membrane adsorption and fusion capabilities. Therefore, the virus packaged by the viral vectors
provided herein has cell adsorption and infection capabilities.

[0012] According to the embodiments of the present invention, the mutant of the envelope
G glycoprotein has K47Q and R354Q mutations. The cell membrane adsorption capacity of
envelope G glycoprotein mutant with K47Q and R354Q mutations is weakened, but its
membrane fusion capacity is not affected. Therefore, the envelope G glycoprotein mutant with
K47Q and R354Q mutations weakens the non-specific cell adsorption ability of the virus
obtained by packaging, but it does not affect the ability of the virus to infects cells.

[0013] According to the embodiments of the present invention, the mutant of the envelope
G glycoprotein has the amino acid sequence shown in SEQ ID NO:1.

[0014] KFTIVFPHNQKGNWKNVPSNYHYCPSSSDLNWHNDLIGTAIQVKMPQSHKA
IQADGWMCHASKWVTTCDFRW YGPKYITQSIRSFTPSVEQCKESIEQTKQGTWLNPGFP
PQSCGYATVTDAEAVIVQVTPHHVLVDEYTGEWVDSQFINGKCSNYICPTVHNSTTWHS
DYKVKGLCDSNLISMDITFFSEDGELSSLGKEGTGFRSNYFAYETGGKACKMQYCKHWG
VRLPSGVWFEMADKDLFAAARFPECPEGSSISAPSQTSVDVSLIQDVERILDYSLCQETWS
KIRAGLPISPVDLSYLAPKNPGTGPAFTIINGTLKYFETRYIRVDIAAPILSRMVGMISGTTT
EQELWDDWAPYEDVEIGPNGVLRTSSGYKFPLYMIGHGMLDSDLHLSSKAQVFEHPHIQ
DAASQLPDDESLFFGDTGLSKNPIELVEGWESSWKSSIASFFFIIGLIIGLFLVLRYV GIHLCIK
LKHTKKRQIYTDIEMNRLGK (SEQ ID NO:1).

[0015] According to the embodiments of the present invention, the single-chain antibody
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targets a cell-specific antigen.

[0016] The single-chain antibody according to the embodiments of the present invention
can optionally be set to target any specific antigen, for example, targets tumor cell specific
antigen CD19 or Siglecl5, and then packages the obtained virus under the mediation of the
targeted binding of single-chain antibodies to cell-specific antigens, the specific targeted binding
of the virus to cells (such as tumor cells and immune cells) is realized, thereby the specific
infection of the virus to the cells is realized.

[0017] According to the embodiments of the present invention, the fusion protein further
comprises a first connecting peptide. Thereby, the single-chain antibody region is separated from
the C-terminal region of the envelope protein to reduce functional interference between the two.

[0018] According to the embodiments of the present invention, the first connecting peptide
has the amino acid sequence shown in SEQ ID NO: 2.

[0019] AAATTT (SEQ ID NO:2).

[0020] According to the embodiments of the present invention, the C-terminal domain of
the envelope protein has the amino acid sequence shown in SEQ ID NO: 3.

[0021] FEHPHIQDAASQLPDDESLFFGDTGLSKNPIELVEGWESSWKSSIASFFFIIGLI
IGLFLVLRVGIHLCIKLKHTKKRQIYTDIEMNRLGK (SEQ ID NO:3).

[0022] According to the embodiments of the present invention, the fusion protein has the
amino acid sequence shown in SEQ ID NO:4 or SEQ ID NO:10.

[0023] DIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDGTVKLLIYHTS
RLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNTLPYTFGGGTKLEITGGGGSG
GGGSGGGGSEVKLQESGPGLVAPSQSLSVTCTVSGVSLPDYGVSWIRQPPRKGLEWLGVI
WGSETTYYNSALKSRLTIIKDNSKSQVFLKMNSLQTDDTAIYYCAKHYYYGGSYAMDY
WGQGTSVTVSSAAATTTFEHPHIQDAASQLPDDESLFFGDTGLSKNPIELVEGWESSWKS
STIASFFFIIGLIIGLFLVLRVGIHLCIKLKHTKKRQIYTDIEMNRLGK (SEQ ID NO:4).

[0024] DIKMTQSPSSMYASLGERVTITCKASQDINSYLSWFQQKPGKSPKTLIYRANRLVDGVPSRFS
GSGSGQDYSLTISSLEYEDMGIY YCLQYDEFPY TFGGGTKLEIKGGGGSGGGGSGGGGSQVQLQQ
PGAELVKPGASVKMSCKASGYTFTSYWITWVIQRPGQGLEWIGDIYCGSDTMHYNEKFKNKATL
TVDTSSSTAYMQLSSLTSEDSAVYYCARWWDYGSSYDYFDYWGQGTTLTVSSAAATTTFEHPHIQ
DAASQLPDDESLFFGDTGLSKNPIELVEGWFSSWKSSIASFFFIIGLIIGLFLVLRVGIHLCIKLKHTK

KRQIYTDIEMNRLGK (SEQ ID NO:10) .
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[0025] According to the embodiments of the present invention, the viral vectors further
comprises: a first promoter, which is operably linked to the first nucleic acid molecule; and a
second promoter, which is operably linked to the second nucleic acid molecule. Thereby, the first
nucleic acid molecule and the second nucleic acid molecule are respectively under the regulation
of the first promoter and the second promoter to achieve high-efficiency expression of the first
nucleic acid molecule and the second nucleic acid molecule.

[0026] According to the embodiments of the present invention, each of the first promoter
and the second promoter is independently selected from CMYV, EF-1, and RSV promoters.

[0027] According to the embodiments of the present invention, the first nucleic acid
molecule has the nucleotide sequence shown in SEQ ID NO: 5.

[0028] ATGAAGTGCCTTTTGTACTTAGCCTTTTTATTCATTGGGGTGAATTGCAAG
TTCACCATAGTTTTTCCACACAACCAAAAAGGAAACTGGAAAAATGTTCCTTCTAATT
ACCATTATTGCCCGTCAAGCTCAGATTTAAATTGGCATAATGACTTAATAGGCACAGCC
TTACAAGTCAAAATGCCCCAAAGTCACAAGGCTATTCAAGCAGACGGTTGGATGTGT
CATGCTTCCAAATGGGTCACTACTTGTGATTTCCGCTGGTATGGACCGAAGTATATAAC
ACATTCCATCCGATCCTTCACTCCATCTGTAGAACAATGCAAGGAAAGCATTGAACAA
ACGAAACAAGGAACTTGGCTGAATCCAGGCTTCCCTCCTCAAAGTTGTGGATATGCA
ACTGTGACGGATGCCGAAGCAGTGATTGTCCAGGTGACTCCTCACCATGTGCTGGTTG
ATGAATACACAGGAGAATGGGTTGATTCACAGTTCATCAACGGAAAATGCAGCAATTA
CATATGCCCCACTGTCCATAACTCTACAACCTGGCATTCTGACTATAAGGTCAAAGGGC
TATGTGATTCTAACCTCATTTCCATGGACATCACCTTCTTCTCAGAGGACGGAGAGCTA
TCATCCCTGGGAAAGGAGGGCACAGGGTTCAGAAGTAACTACTTTGCTTATGAAACT
GGAGGCAAGGCCTGCAAAATGCAATACTGCAAGCATTGGGGAGTCAGACTCCCATCA
GGTGTCTGGTTCGAGATGGCTGATAAGGATCTCTTTGCTGCAGCCAGATTCCCTGAAT
GCCCAGAAGGGTCAAGTATCTCTGCTCCATCTCAGACCTCAGTGGATGTAAGTCTAAT
TCAGGACGTTGAGAGGATCTTGGATTATTCCCTCTGCCAAGAAACCTGGAGCAAAATC
AGAGCGGGTCTTCCAATCTCTCCAGTGGATCTCAGCTATCTTGCTCCTAAAAACCCAG
GAACCGGTCCTGCTTTCACCATAATCAATGGTACCCTAAAATACTTTGAGACCAGATAC
ATCAGAGTCGATATTGCTGCTCCAATCCTCTCAAGAATGGTCGGAATGATCAGTGGAA
CTACCACAGAACAGGAACTGTGGGATGACTGGGCACCATATGAAGACGTGGAAATTG
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GACCCAATGGAGTTCTGAGGACCAGTTCAGGATATAAGTTTCCTTTATACATGATTGGA
CATGGTATGTTGGACTCCGATCTTCATCTTAGCTCAAAGGCTCAGGTGTTCGAACATCC
TCACATTCAAGACGCTGCTTCGCAACTTCCTGATGATGAGAGTTTATTTTTTGGTGATA
CTGGGCTATCCAAAAATCCAATCGAGCTTGTAGAAGGTTGGTTCAGTAGTTGGAAAAG
CTCTATTGCCTCTTTTTTCTTTATCATAGGGTTAATCATTGGACTATTCTTGGTTCTCCGA
GTTGGTATCCATCTTTGCATTAAATTAAAGCACACCAAGAAAAGACAGATTTATACAGA
CATAGAGATGAACCGACTTGGAAAG(SEQ ID NO:5).

[0029] According to the embodiments of the present invention, the second nucleic acid
molecule has the nucleotide sequence shown in SEQ ID NO:6.

[0030] ATGAAGTGCCTTTTGTACTTAGCCTTTTTATTCATTGGGGTGAATTGCGAC
ATTCAGATGACTCAGACCACCTCCTCCCTGTCCGCCTCCCTGGGCGACCGCGTGACCA
TCTCATGCCGCGCCAGCCAGGACATCTCGAAGTACCTCAACTGGTACCAGCAGAAGC
CCGACGGAACCGTGAAGCTCCTGATCTACCACACCTCCCGGCTGCACAGCGGAGTGC
CGTCTAGATTCTCGGGTTCGGGGTCGGGAACTGACTACTCCCTTACTATTTCCAACCTG
GAGCAGGAGGATATTGCCACCTACTTCTGCCAACAAGGAAACACCCTGCCGTACACTT
TTGGCGGGGGAACCAAGCTGGAAATCACTGGGGGCGGAGGATCCGGTGGAGGCGGA
AGCGGGGGTGGAGGATCCGAAGTCAAGCTGCAGGAATCAGGACCTGGCCTGGTGGC
CCCGAGCCAGTCACTGTCCGTGACTTGTACTGTGTCCGGAGTGTCGCTCCCGGATTAC
GGAGTGTCCTGGATCAGGCAGCCACCTCGGAAAGGATTGGAATGGCTCGGAGTCATC
TGGGGTTCCGAAACCACCTATTACAACTCGGCACTGAAATCCAGGCTCACCATTATCA
AGGATAACTCCAAGTCACAAGTGTTCCTGAAGATGAATAGCCTGCAGACTGACGACA
CGGCGATCTACTATTGCGCCAAGCACTACTACTACGGCGGATCCTACGCTATGGACTAC
TGGGGCCAGGGGACCAGCGTGACCGTGTCATCCGCGGCCGCAACTACCACCTTCGAA
CATCCTCACATTCAAGACGCTGCTTCGCAACTTCCTGATGATGAGAGTTTATTTTTTGG
TGATACTGGGCTATCCAAAAATCCAATCGAGCTTGTAGAAGGTTGGTTCAGTAGTTGG
AAAAGCTCTATTGCCTCTTTTTTCTTTATCATAGGGTTAATCATTGGACTATTCTTGGTT
CTCCGAGTTGGTATCCATCTTTGCATTAAATTAAAGCACACCAAGAAAAGACAGATTTA
TACAGACATAGAGATGAACCGACTTGGAAAG (SEQ ID NO:6).

[0031] According to the embodiments of the present invention, the first viral vector and the
second viral vector are the same vector.

[0032] According to the embodiments of the present invention, the first viral vector and the
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second viral vector are the same vector, the vector further comprises: an internal ribosome entry
site sequence (IRES), wherein the internal ribosome entry site sequence is arranged between the
first nucleic acid molecule and the second nucleic acid molecule. The expression of the two
proteins before and after the internal ribosome entry site is usually proportional. The introduction
of the internal ribosome entry site sequence allows the first nucleic acid molecule and the second
nucleic acid molecule to be independently translated and expressed, and the resulting envelope
protein and fusion protein are in a non-fusion form. The introduction of the internal ribosome
entry site sequence effectively guarantees the biological effects of the envelope protein and the
fusion protein, so that the specific binding adsorption and infectivity of the virus obtained by
packaging is remarkable, and the virus titer is high.

[0033] According to the embodiments of the present invention, the first viral vector and the
second viral vector are the same vector, the vector further comprises: a third nucleic acid
molecule, which is arranged between the first nucleic acid molecule and the second nucleic acid
molecule, and the third nucleic acid molecule encodes a second connecting peptide, and the
second connecting peptide can be cleaved. The introduction of the third nucleic acid molecule
makes the expression of the envelope protein and the fusion protein in a non-fusion form, thereby
ensuring the biological function of the envelope protein and the fusion protein, so that the
specific binding adsorption and infection ability of the virus obtained by packaging is remarkable,
and the virus titer is high.

[0034] According to the embodiments of the present invention, the first viral vector and the
second viral vector are the same vector, the ratio of the copy number of the first nucleic acid
molecule and the second nucleic acid molecule is 1:1 ~ 4:1. It should be noted that the "ratio of
the copy number of the first nucleic acid molecule and the second nucleic acid molecule” herein
refers to the ratio of the number of the first nucleic acid molecule and the second nucleic acid
molecule carried on the vector when the first viral vector and the second viral vector are the same
vector, that is, when the first nucleic acid molecule and the second nucleic acid molecule are the
same vector, so as to ensure that the ratio of the protein expression amount of the first nucleic
acid molecule and the second nucleic acid molecule is approximately the same. The inventors
found that when the ratio of the number of the first nucleic acid molecule and the second nucleic
acid molecule carried on the vector is 1:1 ~ 4:1, the virus titer and the infection efficiency of the

virus are both higher.



WO 2022/068837 PCT/CN2021/121509

[0035] According to the embodiments of the present invention, the ratio of the copy
number of the first nucleic acid molecule and the second nucleic acid molecule is 2:1 to 4:1.
According to the specific embodiments of the present invention, when the ratio of the number of
the first nucleic acid molecule and the second nucleic acid molecule carried on the vector is 2:1 to
4:1, the virus titer and the infection efficiency of the virus are both further improved.

[0036] According to the embodiments of the present invention, the ratio of the copy
number of the first nucleic acid molecule and the second nucleic acid molecule is 2:1. The
inventors found that when the ratio of the number of the first nucleic acid molecule and the
second nucleic acid molecule carried on the vector is 2:1, the virus titer and the infection
efficiency of the virus will reach an optimal balance.

[0037] According to the embodiments of the present invention, the first viral vector and the
second viral vector are pMD2.G, pCMV, pMD2.G mutant or pCMV mutant. According to the
embodiments of the present invention, the types of the first viral vector and the second viral
vector are not particularly limited. A vector that can express VSV-G or a vector that can express a
VSV-G or a VSV-G mutant can be used.

[0038] According to the embodiments of the present invention, the viral vectors further
comprises: a third viral vector and a fourth viral vector, the third viral vector carries the gene of
interest, and the fourth viral vector carries the viral structural protein gene and viral packaging
enzyme gene and optional regulatory factor rev gene.

[0039] According to the embodiments of the present invention, the structural protein gene,
the viral packaging enzyme gene and the regulatory factor rev gene are arranged on the same
fourth viral vector or different fourth viral vectors. For example, the expression products of the
lentiviral vector psPAX2 include structural protein gag, packaging enzyme pol (including reverse
transcriptase, protease and integrase) and regulatory factor rev. wherein, the regulatory factor rev
can increase the product titer to a certain extent, but it is not necessary for lentiviral packaging.
Rev (pRSV-rev) and gag-pol (pMDLg-pRRE) can be divided into two plasmids for expression; or
rev (pRSV-rev), gag (pCMV-gag), pol (pCMV-gag) can be divided into three plasmids for
expression.

[0040] According to the embodiments of the present invention, the viral packaging enzyme
comprises at least one of reverse transcriptase, protease, and integrase.

[0041] According to the embodiments of the present invention, the third viral vector is a
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transfer vector.

[0042] According to the embodiments of the present invention, the transfer vector contains
a lentivirus packaging signal.

[0043] According to the embodiments of the present invention, the lentivirus packaging
signal comprises: V.

[0044] According to the embodiments of the present invention, the transfer vector is a pLV
vector.

[0045] According to the embodiments of the present invention, the fourth viral vector is
psPAX2.

[0046] In the other aspect, provided herein is a method for obtaining lentivirus. According
to the embodiments of the present invention, the method comprises: introducing the group of
viral vectors provided herein into a first recipient cell; culturing the first recipient cell to obtain a
virus. The lentivirus obtained by the method has a high titer, and the abilities to target binding
and infect cells are significantly improved.

[0047] According to the embodiments of the present invention, the method provided herein
may further comprise at least one of the following additional technical features:

according to the embodiments of the present invention, the virus is lentivirus, the first viral
vector and the second viral vector are different vectors, the mass ratio of the third viral vector, the
fourth viral vector, the first viral vector and the second viral vectoris 2: 1: 1: 0.25~2: 1:
1: 1. According to the ratio of viral vectors of the embodiments of the present invention, the
lentivirus titer and lentivirus infection efficiency are both high.

[0048] According to the embodiments of the present invention, the mass ratio of the third
viral vector, the fourth viral vector, the first viral vector and the second viral vector is 2:1:1:0.5.
The inventors found that when the mass ratio of the third viral vector, the fourth viral vector, the
first viral vector and the second viral vector is 2:1:1:0.5, the titer and the infection efficiency of
the lentivirus will reach an optimal balance.

[0049] According to the embodiments of the present invention, the first recipient cell is
293T.

[0050] In the third aspect, provided herein is a lentivirus. According to the embodiments of
the present invention, the lentivirus is obtained by packaging as described herein. The lentivirus

has a high titer and has the abilities to target binding and infect cells.



WO 2022/068837 PCT/CN2021/121509

[0051] In the fourth aspect, provided herein is a lentivirus. According to the embodiments
of the present invention, the lentivirus expresses an envelope protein and a fusion protein, the
fusion protein comprises a single-chain antibody and the C-terminal domain of the envelope
protein, and the C-terminal domain of the envelope protein comprises the transmembrane and
intracellular regions of the envelope protein, the C-terminus of the single-chain antibody is
connected to the N-terminus of the C-terminal domain of the envelope protein. The lentivirus
provided herein has a high titer and has the abilities to target binding and infect cells.

[0052] According to the embodiments of the present invention, the envelope protein is an
envelope G glycoprotein or a mutant of envelope G glycoprotein of vesicular stomatitis virus.

[0053] In the fifth aspect, provided herein is a pharmaceutical composition. According to
the embodiments of the present invention, the pharmaceutical composition comprises the group
of viral vectors or the lentivirus provided herein, and the viral vectors or lentivirus carries the
gene of interest. It should be noted that the "gene of interest" herein refers to the exogenous gene
that the viral vectors or lentivirus needs to carry. After the virus infects the cell, the exogenous
gene enters the target cell, and the expression of the gene of interest is achieved in the target cell.
When the expression of the gene of interest in the target cell can achieve direct or indirect
therapeutic effects, the pharmaceutical composition formed by the viral vectors or lentivirus
achieves the effect of bringing the gene of interest into the targeted cell, thereby achieveing the
targeted treatment of diseases.

[0054] In the sixth aspect, provided herein is a method for expressing gene of interest.
According to the embodiments of the present invention, the method comprises: introducing the
viral vectors or lentivirus integrated with the gene of interest into the second recipient cell;
culturing the second recipient cell to express the gene of interest. According to the embodiments
of the present invention, the expression of the gene of interest in the recipient cell is effectively
realized. For example, in the embodiments of the present invention, mcherry or BFP is a gene of
interest that can be carried, in order to verify the feasibility of the targeting vector platform, the
inventor used mcherry gene or BFP gene as a tag gene to express fluorescent protein, thereby
characterizing the positive rate of virus infection in the recipient cell.

[0055] According to the embodiments of the present invention, the method may further
comprise at least one of the following additional technical features:

[0056] according to the embodiments of the present invention, the introduction into the
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second recipient cell is carried out by electrotransfection, transfection or infection. It should be
noted that the "electrotransfection” or "transfection" refers to a method of introducing the viral
vectors into a recipient cell, and the "infection” refers to a process in which the virus actively
binds and fuses with the cell membrane to enter the cell. Wherein, "electrotransfection” refers to a
method of introducing vectors for virus packaging into recipient cell by means of electrical
stimulation, and "transfection" refers to a method of introducing vectors for virus packaging into
recipient cell through chemical mediators, such as liposomes.

[0057] According to the embodiments of the present invention, the second recipient cell is a
somatic cell.

[0058] According to the embodiments of the present invention, the second recipient cell is a
tumor cell. When the expression of the gene of interest in tumor cells can achieve direct or
indirect therapeutic effects, the method provided herein achieves specific killing of tumor cells
and achieves specific treatment of tumors.

[0059] According to the embodiments of the present invention, the "pMD2.G mutant" or
"pPMD2.G-Mut" refers to a plasmid (VSV-G-K47Q\R354Q) expressing lentiviral envelope

protein containing K47Q\R354Q mutation site.

DESCRIPTION OF THE DRAWINGS

[0060] Figurel is a structural pattern diagram of the envelope fusion protein of targeting
CD19 antigen (antiCD19-G) according to the embodiments of the present invention; wherein
anti-CD19 scFv represents the variable region sequence of the CD19 single-chain antibody, and
VSV-G C-terminal represents the C-terminal domain of the lentiviral envelope protein;

[0061] Figure 2 is a map of pMD2.G mutant (pMD2.G-Mut) according to the embodiments
of the present invention;

[0062] Figure 3 is a titer result graph of CD19-targeting lentivirus obtained by packaging
pMD2.G-Mut and pMD2.antiCD19-G in different proportions according to the embodiments of
the present invention, wherein the abscissa represents the type of lentivirus, the types and ratios
of vectors contained in each lentivirus are shown in Table 1; the ordinate represents the lentivirus
titer measured by the lentivirus infecting HEK-293T-CD19 cells;

[0063] Figure 4 is a titer result graph of CD19-targeting lentivirus obtained by packaging

according to the embodiments of the present invention, wherein the abscissa represents the type
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of lentivirus, the types and ratios of vectors contained in each lentivirus are shown in Table 2; the
ordinate represents the lentivirus titer measured by the lentivirus infecting HEK-293T cells;

[0064] Figure 5 is a flow analysis diagram of 293T infected by CD19-targeting lentivirus
obtained by packaging according to the embodiments of the present invention, wherein CD19ta is
a scFv that can bind to CD19;

[0065] Figure 6 is a capability analysis diagram of 293T infected by CDI19-targeting
lentivirus obtained by packaging according to the embodiments of the present invention, wherein
the abscissa represents the type of lentivirus, the types and ratios of vectors contained in each
lentivirus are shown in Table 2; the ordinate represents that the ratio of mCherry positive rate of
HEK-293T-CD19 cells and HEK-293T cells after the mixed system of HEK-293T-CD19 and
HEK-293T cells is infected by lentivirus, CD19ta is a scFv that can bind to CD19;

[0066] Figure 7 1is a capability analysis diagram of 293T cells infected by
Siglec15-targeting lentivirus obtained by packaging according to the embodiments of the present
invention, wherein the abscissa represents the type of the lentivirus, the types and ratios of
vectors contained in each lentivirus are shown in Table 3; the ordinate represents the ratio of the
BFP positive rate of HEK-293T-HS15 cells and HEK-293T cells after the mixed system of
HEK-293T-HS15 and HEK-293T cells is infected by the lentivirus, HEK-293T-HS15 represents
HEK 293T cells stably expressing human Siglecl5 protein, and 5G12 represents scFv that
capable of binding to Siglecl5.

EXAMPLES

[0067] Embodiments of the present invention are described in detail below, and examples
of the embodiments are shown in drawings.

[0068] According to specific embodiments of the present invention, provided herein is a
group of novel lentiviral vectors with targeted transfection ability, the group of vectors comprise
a coding region carrying an envelope protein VSV-G or VSV-G mutant, and a coding region
carrying a fusion protein obtained by linking the single-chain antibody scFv and C-terminal
domain of VSV-G through a connecting peptide.

[0069] The lentiviral vectors provided herein have the following characteristics: MDVSV-G
mutant is a mutant that weakens the ability of VSV-G to adsorb target cells, but retains the ability

of cell membrane fusion; @scFv can be one or more in series; @the C-terminal domain of
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VSV-G at least includes the intracellular and transmembrane regions of VSV-G; @a viral vector
can contain one or more fusion proteins.

[0070] The advantages of this study: (Dthe fusion protein formed by scFv and the
C-terminal domain of VSV-G has the same transmembrane and intracellular regions as VSV-G, so
that the fusion protein still maintains the interaction with the matrix protein, making it efficiently
assembled on the envelope of the lentiviral particle without interfering with the budding of the
virus particle, thereby not having a significant impact on virus titer. @The envelope of the
lentiviral particle still contains intact VSV-G or its mutant, which can maintain the stability of the
virus particle. @Through the binding of scFv to the corresponding antigen, the lentiviral particle
can actively infect target cells which expresses corresponding antigens, and increase the infection
efficiency of the target cells under the same infection multiplicity conditions. @) The scFv has a
clear functional background and guaranteed safety, and any antigen can be screened to
specifically bind scFv, making the virus packaged by the lentiviral vectors can be universally
applied to the targeted infection of various types of cells. & VSV-G is replaced with a mutant
with weakened ability to adsorb target cells, so that the specific binding force between scFv and
the corresponding antigen dominates the process of viral particle adsorption, and further
improves the targeting of recombinant lentivirus.

[0071] According to specific embodiments of the present invention, provided herein is a
method for constructing and using a new type of lentiviral vectors with the ability to target gene
transfection, comprising the following steps (taking the lentiviral vector targeted for transfection
of CD19* cells as an example):

[0072] 1. Designing a fusion protein (CD19 scFv-VSV-G-CT (antiCD19-G for short))
formed by a single-chain antibody targeting CD19 and the C-terminal domain of VSV-G. The
structural pattern diagram is shown in Figure 1. Wherein, the VSV-G signal peptide is located at
the amino terminus of the VSV-G precursor protein and it is the membrane-localized telopeptide
of the VSV-G protein. The VSV-G signal peptide helps the VSV-G protein to locate to the
endoplasmic reticulum, after the protein matures, it is hydrolyzed and separated. The VSV-G
protein of the viral particle does not contain this signal peptide.

[0073] The representative amino acid sequence of the signal peptide is shown in SEQ ID
NO:7.

[0074] MKCLLYLAFLFIGVNC (SEQ ID NO:7).
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[0075] The amino acid sequence of the anti-CD19 scFv is shown in SEQ ID NO:8.

[0076] DIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDGTVKLLIYHTS
RLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNTLPYTFGGGTKLEITGGGGSG
GGGSGGGGSEVKLQESGPGLVAPSQSLSVTCTVSGVSLPDYGVSWIRQPPRKGLEWLGVI
WGSETTYYNSALKSRLTIIKDNSKSQVFLKMNSLQTDDTAIYYCAKHYYYGGSYAMDY
WGQGTSVTYVSS (SEQ ID NO:8).

[0077] The amino acid sequence of the first linker peptide (Linker) is shown in SEQ ID
NO:2.

[0078] AAATTT (SEQ ID NO: 2).

[0079] VSV-G C-Terminal contains amino acids 405-495 (91 in total) of VSV-G protein,
and its amino acid sequence is:

FEHPHIQDAASQLPDDESLFFGDTGLSKNPIELVEGWESSWKSSIASFFFIIGLIIGLFLV
LRVGIHLCIKLKHTKKRQIYTDIEMNRLGK(SEQ ID NO:3).

2. Constructing CG fusion membrane protein expression plasmid

[0080] The DNA sequence in the model of VSV-G signal peptide-scFv-Linker-(VSV-G-CT)
is designed and entrusted gene synthesis company to synthesize. The pMD2.G plasmid (VSV-G
protein expression plasmid) is used as a vector to construct the fusion protein expression plasmid
pMD2. antiCD19-G.

3. Constructing VSV-G weak adsorption mutants (reference: Structural basis for the
recognition of LDL-receptor family members by VSV glycoprotein. Nature Communications.
2018)

[0081] The DNA sequence of the K47Q and R354Q double-point mutant is designed and
entrusted gene synthesis company to synthesize. The VSV-G expression plasmid pMD2.G is used
as a vector to construct the VSV-G-K47Q\R354Q expression plasmid pMD2.G-Mut. Studies have
found that K47Q and R354Q mutations can only reduce the membrane adsorption capacity of
VSV-G, but not affect the membrane fusion capacity of VSV-G.

4. Lentivirus packaging and harvest

[0082] (D The lentiviral vector packaging plasmids were co-transfected into 293T cells.

[0083] (2 The virus-containing culture supernatant is collected after 48-72 h of transfection;
filtered with 0.45um filter, aliquoted and stored in an ultra-low temperature refrigerator.

5. Detection and analysis of targeted transfection ability of lentiviral vectors
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[0084] (O Lentiviral vectors are used to infect the mixed cultured cells of CD19* and
CD19, and the positive rates of the two types of cells are compared.

[0085] @ Under the same infection conditions, the positive rate of infected CD19"* cells /
the positive rate of infected CD19 cells can be used to evaluate the ability of the lentivirus to
target infect CD19* cells (targeted infectivity for short). When the targeted infectivity < 1, the
lentivirus has no ability to target CD19* cells; when the targeted infectivity >1, the lentivirus
has the ability to target CD19* cells, and the larger the value, the stronger the ability to target
CD19" cells.

[0086] Embodiments of the present invention are described in detail below, and examples
of the embodiments are shown in drawings. The embodiments described below with reference to
the drawings are exemplary and are intended to explain the present invention and should not be
construed as limiting the present invention.

[0087] It should be noted that the "plasmid" and "vector" described in the following
embodiments have the same meaning and can be used interchangeably.

Example 1

1. Packaging a series of lentiviruses with different antiCD19-G content targeted to infect
CD19* cells

1.1.1 Lentivirus packaging information

[0088] According to the plasmids and mass ratios shown in Table 1 (to maintain the same
mass of pLV-mCherry and psPAX2 plasmids between each group), 293T cells were
co-transfected to package the lentivirus.

Table 1:

lentivirus Names of lentiviral vectors and ratios

LVm-CDI19ta(1:0.25) | pLV-mCherry: psPAX2: pMD2.G-Mut : pMD?2. antiCD19-G=2:1:1:0.25
LVm-CD19ta(1:0.5) | pLV-mCherry: psPAX2: pMD2.G-Mut : pMD2. antiCD19-G=2:1:1:0.5

LVm-CD19ta(1:1) pLV-mCherry: psPAX2: pMD2.G-Mut : pMD2. antiCD19-G=2:1:1:1
LVm-CD19ta(1:2) pLV-mCherry: psPAX2: pMD2.G-Mut : pMD?2. antiCD19-G=2:1:1:2
LVm-CD19ta(1:4) pLV-mCherry: psPAX2: pMD2.G-Mut : pMD?2. antiCD19-G=2:1:1:4
LVm-CD19ta(1:8) pLV-mCherry: psPAX2: pMD2.G-Mut : pMD?2. antiCD19-G=2:1:1:8

[0089] Wherein, pLV-mCherry is a transfer plasmid carrying mCherry sequence, the gene
of interest is the mCherry sequence, and psPAX2 is a plasmid expressing lentiviral structural
proteins gag and pol (reverse transcriptase, protease, integrase, packaged into viral particle,

non-structural protein). pMD2.G-Mut is a plasmid expressing lentiviral membrane protein
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mutants (VSV-G-K47Q\R354Q), pMD2. antiCD19-G is a plasmid expressing a chimeric protein
containing a scFv targeting CD19 and the C-terminal domain of the VSV-G protein, wherein the
map of the pMD2.G mutant used in this example is shown in FIG. 2.

1.1.2 Evaluation of Lentiviral Vector Yield

1) Evaluation of cell line construction:

[0090] A 293T cell line (HEK-293T-CD19) that stably co-expressed CD19 and GFP was
constructed. The purpose of expressing GFP was to use GFP positive to indicate CD19 positive
cells.

2) Evaluation of lentivirus packaging, harvesting and yield

[0091] According to the experimental group set up in Table 1, 293T cells were
co-transfected for 48-72h, and then the virus liquids of each group were collected. The virus
liquids of each group were filtered through a 0.45um sterile filter. 200pL of HEK-293T-CD19
cells was spread into the wells of a 24-well plate. The filtered lentivirus was diluted 100 times,
then 200 puL/well of the solution was added to the corresponding cell well, and mixed gently and
thoroughly, the plate was incubated at 37°C and 5% COz for 3-4 days. Flow cytometry was used
to detect the percentage of mCherry™ cells in the infected cells.

3) Results and analysis

[0092] When the mass ratio of plasmids expressing VSV-G-K47Q\R354Q protein and
antiCD19-G fusion protein is 1:0.25~1:1 (i.e. 4:1~1:1), the virus titer is higher. Wherein 1:0.5 (i.e.
2:1) is the highest (the result is shown in Figure 3). Virus yield = virus titer X virus liquid volume.
When the harvested virus liquid volume is the same, the level of virus titer represents the level of
virus yield, that is, when the mass ratio of plasmids expressing VSV-G-K47Q\R354Q protein and
antiCD19-G fusion protein is 1:0.25~1:1 (i.e. 4:1~1:1), the virus yield is higher, and 1:0.5 is the
highest.

1.2 Packaging a series of lentiviruses targeted to infect CD197 cells.

1.2.1 Lentivirus packaging information

[0093] According to the plasmid and ratio in Table 2 below (to maintain the same amount
of pLV-mCherry and psPAX2 plasmids between each group), 293T cells were co-transfected to
package lentivirus.

Table 2:

lentivirus Names of lentiviral vectors and ratios
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Negative Control(NC) pLV-mCherry: psPAX2=2:1

LV (Lentivirus) pLV-mCherry: psPAX2: pMD2.G =2:1:1

LV-CD19ta pLV-mCherry: psPAX2: pMD2.G : pMD2. antiCD19-G=2:1:1:0.5
LVm pLV-mCherry: psPAX2: pMD2.G-Mut=2:1:1

LVm-CD19ta pLV-mCherry: psPAX2: pMD2.G-Mut: pMD2. antiCD19-G=2:1:1:0.5

[0094] Wherein, pLV-mCherry is a transfer plasmid carrying mCherry sequence, the gene
of interest is the mCherry sequence, and psPAX2 is a plasmid expressing lentiviral structural
proteins gag and pol (reverse transcriptase, protease, integrase, packaged into viral particle,
non-structural protein). pMD2.G is a plasmid expressing lentiviral envelope protein (expressing
VSV-G), pMD2.G-Mut is a plasmid expressing lentiviral membrane protein mutant
(VSV-G-K47Q\R354Q), pMD2. antiCD19-G is a plasmid expressing a chimeric protein
containing a scFv targeting CD19 and the C-terminal domain of the VSV-G protein, wherein the
map of the pMD2.G mutant used in this example is shown in FIG. 2.

1.2.2 Evaluation of the targeting performance of lentiviral vector targeting CD19* Cells

1) Evaluation of cell line construction:

[0095] A 293T cell line (HEK-293T-CD19) that stably co-expresses CD19 and GFP was
constructed. The purpose of expressing GFP was to use GFP positive to indicate CD19 positive
cell.

2) Lentivirus packaging, harvest, titer determination and target cell transfection

[0096] According to the experimental group set up in Table 2, 293T were co-transfected for
48-72 h. The virus liquids of each group were collected and stored in ultra-low temperature
refrigerator (<-75°C). The titer was measured with 293T cells.

[0097] 293T and HEK-293T-CD19 cells were mixed at a ratio of 1:1 and spread into a
24-well plate. The frozen lentivirus solution was diluted 100 times, and 200uL/well of the
solution was added to the corresponding cell wells, mixed gently and thoroughly. (There are two
purposes for mixed transfection of the two types of cells: a. To ensure that the transfection
conditions of the two cells are completely the same; b. To simulate the transfection conditions
when target cells and non-target cells coexist in in vivo gene therapy.)

[0098] The plate was incubated at 37°C and 5% COx for 3-4 days. Flow cytometry was
used to detect the percentage of mCherry™ cells and the percentage of GFP-positive (GFP*) cells
in the infected cells.

3) Results and analysis
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[0099] The expression of antiCD19-G fusion protein will not cause a significant drop in the
production titer of lentivirus (results are shown in Figure 4), and the titer can reach more than 107,
which is significantly better than that of the targeted virus in the prior art. The expression of
antiCD19-G fusion protein also can enhance the infectivity of lentivirus to CD197 cells (results
are shown in Figure 5 and Figure 6).

[00100] The expression of mutant envelope protein (VSV-G-K47Q\R354Q) can reduce the
infectivity of lentivirus (results are shown in Figure 5D and Figure 5B), and the expression of
antiCD19-G fusion protein specifically enhances the infectivity of lentivirus to target CD19* cells
(results are shown in Figure 5E), so that LVm-CD19ta have a stronger infectivity to target CD19+

cells than LV-CD19ta (results are shown in Figure 6).

Example 2

2.1 Packaging a series of lentiviruses targeted to infect human Siglec15" cells

[00101] According to the plasmids and ratios in Table 3 below (to maintain the same amount
of pLV-BFP and psPAX2 plasmids between each group), HEK 293T cells were co-transfected to

package lentivirus.

Table 3:
lentivirus Names of lentiviral vectors and ratios
LV-BFP pLV-BFP: psPAX2: pMD2.G =2:1:1
LV-BFP-5G12 pLV-BFP: psPAX2: pMD2.G: pMD2. antiSiglec15-G=2:1:1:0.5
LVm-BFP pLV-BFP: psPAX2: pMD2.G -Mut=2:1:1
LVm-BFP-5G12 pLV-BFP: psPAX2: pMD2.G -Mut : pMD2. antiSiglec15-G=2:1:1:0.5

[00102] Wherein pLV-BFP is a transfer plasmid carrying the BFP (Blue Fluorescent Protein)
sequence, and the gene of interest is the BFP sequence. psPAX2 is a plasmid expressing lentiviral
structural protein gag and pol (reverse transcriptase, protease, integrase, packed into viral
particles, non-structural protein), pMD2.G is a plasmid expressing lentiviral envelope protein
(VSV-G), pMD2.G-Mut is a plasmid expressing lentiviral membrane protein mutant
(VSV-G-K47Q \R354Q), pMD2. antiSiglec15-G is a plasmid expressing chimeric protein
containing the scFv targeting Siglec15 and the C-terminal domain of the VSV-G protein. The map
of the pMD2.G mutant used in this example is shown in Figure 2.

[00103] The amino acid sequence of anti-Siglec15 scFv is shown in SEQ ID NO: 9:
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DIKMTQSPSSMYASLGERVTITCKASQDINSYLSWFQQKPGKSPKTLIYRANRLVDG
VPSRESGSGSGQDYSLTISSLEYEDMGIY YCLQYDEFPYTFGGGTKLEIKGGGGSGGGGS
GGGGSQVQLQQPGAELVKPGASVKMSCKASGYTFTSYWITWVIQRPGQGLEWIGDIYC
GSDTMHYNEKFKNKATLTVDTSSSTAYMQLSSLTSEDSAVYYCARWWDYGSSYDYFDY
WGQGTTLTVSS (SEQ ID NO:9)

2.2 Evaluation of the targeting performance of lentiviral vector targeting Siglec15* Cells

1) Evaluation of cell line construction:

[00104] A 293T cell line that stably co-expresses Siglec15 and BFP (293T-Siglec15%) was
constructed.

2) Lentivirus packaging, harvest, titer determination and target cell transfection

[00105] According to the experimental group set up in Table 2, 293T cells were
co-transfected for 48-72 h, the virus liquids of each group were collected and stored in ultra-low
temperature refrigerator (<-75°C). The titer was measured with 293T cells.

[00106]293T and 293T-Siglec15* cells were mixed at a ratio of 1:1 and spread into a
24-well plate. The frozen lentivirus solution was diluted 100 times, and 200uL/well of the
solution was added to the corresponding cell wells, mixed gently and thoroughly.

[00107] The mixed-transfected two kinds of cells were stood and cultured for 3-4 days at
37°C, 5% CO2. Flow cytometry was used to detect the percentage of BFP* cells and Siglec15
positive (Siglec15%) cells in the infected cells.

4) Results and analysis

[00108] The specific experimental results are shown in Figure 7. The specifically expression
of antiSiglec15-G fusion protein enhances the ability of lentivirus to infect Siglec15* cells,
making LV-BFP-5G12 have stronger targeting ability than LV-BFP, and LVm-BFP-5G12 have
stronger targeting ability than LVm-BFP.

[00109] In addition, the terms "first" and "second" are only used for descriptive purposes,
and cannot be understood as indicating or implying relative importance or implicitly indicating
the number of indicated technical features. Therefore, the features defined with "first" or
"second"” may explicitly or implicitly include at least one of the features. In the description of the
present invention, "more" means at least two, such as two, three, etc., unless otherwise
specifically defined.

non

[00110] Reference throughout this specification to "an embodiment,” "some embodiments,"
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"one embodiment”, "another example," "an example," "a specific examples,” or "some
examples," means that a particular feature, structure, material, or characteristic described in
connection with the embodiment or example is included in at least one embodiment or example
of the present disclosure. Thus, the appearances of the above terms throughout this specification
are not necessarily referring to the same embodiment or example of the present disclosure.
Furthermore, the particular features, structures, materials, or characteristics may be combined in
any suitable manner in one or more embodiments or examples. In addition, those skilled in the art
can integrate and combine different embodiments, examples or the features of them as long as
they are not contradictory to one another.

[00111] Although explanatory embodiments have been shown and described, it would be
appreciated by those skilled in the art that the above embodiments cannot be construed to limit
the present disclosure, and changes, alternatives, and modifications can be made in the

embodiments without departing from spirit, principles and scope of the present disclosure.
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What is claimed is:

1. A group of viral vectors, comprising:

a first viral vector, wherein the first viral vector carries a first nucleic acid molecule, and the
first nucleic acid molecule encodes an envelope protein;

at least a second viral vector, wherein the second viral vector carries a second nucleic acid
molecule, the second nucleic acid molecule encodes at least one fusion protein, the fusion protein
includes at least one single-chain antibody and the C-terminal domain of the envelope protein ,
the C-terminal domain of the envelope protein includes a transmembrane region and a
intracellular region of the envelope protein, the C-terminus of the at least one single-chain
antibody connects with the N-terminus of the C-terminal domain of the envelope protein, the
single-chain antibody targets a specific antigen;

the first nucleic acid molecule and the second nucleic acid molecule are arranged to express
the envelope protein and the fusion protein, and the envelope protein and the fusion protein are in
a non-fusion form.

2. The viral vectors according to claim 1, wherein the viral vectors are retrovirus vectors,
lentivirus vectors or other enveloped virus vectors.

3. The viral vectors according to claim 1, wherein the enveloped virus comprises at least one
selected from: Bornaviridae, Nyamaviridae, Arenaviridae, Filoviridae, Hantaviridae,
Nairoviridae, Orthomyxoviridae, Paramyxoviridae, Bunyaviridae, Phenuiviridae, Rhabdoviridae,
Arteriviridae, Coronaviridae, Flaviviridae, Togaviridae, Hepadnaviridae, Spumavirus,
Iridoviridae, Herpesviridae, Poxviridae, and Deltavirus;

optionally, the envelope protein is an envelope G glycoprotein or a mutant of envelope G
glycoprotein of vesicular stomatitis virus of the Rhabdoviridae.

4. The viral vectors according to claim 3, wherein the mutant of the envelope G glycoprotein
has K47Q and R354Q mutations;

optionally, the mutant of the envelope G glycoprotein has the amino acid sequence shown in
SEQ ID NO:1.

5. The viral vectors according to claim 1, wherein the single-chain antibody targets a
cell-specific antigen.

6. The viral vectors according to any one of claims 3-5, wherein the fusion protein further

comprises a first connecting peptide;
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optionally, the first connecting peptide has the amino acid sequence shown in SEQ ID NO:

optionally, the C-terminal domain of the envelope protein has the amino acid sequence
shown in SEQ ID NO: 3;

optionally, the fusion protein has the amino acid sequence shown in SEQ ID NO:4 or SEQ ID
NO:10.

7. The viral vectors according to claim 1, further comprising:

a first promoter, which is operably linked to the first nucleic acid molecule; and

a second promoter, which is operably linked to the second nucleic acid molecule.

8. The viral vectors according to claim 7, wherein each of the first promoter and the second
promoter is independently selected from CMV, EF-1, and RSV promoters.

9. The viral vectors according to claim 1, wherein the first nucleic acid molecule has the
nucleotide sequence shown in SEQ ID NO: 5;

optionally, the second nucleic acid molecule has the nucleotide sequence shown in SEQ ID
NO:6.

10. The viral vectors according to claim 1, wherein the first viral vector and the second viral
vector are the same vector.

11. The viral vectors according to claim 10, further comprising:

an internal ribosome entry site sequence, and the internal ribosome entry site sequence is
arranged between the first nucleic acid molecule and the second nucleic acid molecule.

12. The viral vectors according to claim 10, further comprising:

a third nucleic acid molecule, which is arranged between the first nucleic acid molecule and
the second nucleic acid molecule, and the third nucleic acid molecule encodes a second
connecting peptide, and the second connecting peptide can be cleaved.

13. The viral vectors according to claim 10, wherein the ratio of the copy number of the first
nucleic acid molecule and the second nucleic acid molecule is 1:1 ~ 4:1,

optionally, the ratio of the copy number of the first nucleic acid molecule and the second
nucleic acid molecule is 2:1 ~ 4:1,

preferably, the ratio of the copy number of the first nucleic acid molecule and the second
nucleic acid molecule is 2:1.

14. The viral vectors according to claim 1, wherein the first viral vector and the second viral
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vector are pMD2.G, pCMYV, pMD2.G mutant or pCMYV mutant.

15. The viral vectors according to claim 1, further comprising: a third viral vector and a
fourth viral vector, the third viral vector carries the gene of interest, and the fourth viral vector
carries the viral structural protein gene and viral packaging enzyme gene and optional regulatory
factor rev gene;

optionally, the structural protein gene, the viral packaging enzyme gene and the regulatory
factor rev gene are arranged on the same fourth viral vector or different fourth viral vectors;

optionally, the viral packaging enzyme comprises at least one of reverse transcriptase,
protease, and integrase.

16. The viral vectors according to claim 15, wherein the third viral vector is a transfer
vector, and the transfer vector contains a lentiviral packaging signal,

optionally, the lentiviral packaging signal comprises: ‘V';

optionally, the transfer vector is pLV;

optionally, the fourth viral vector is psPAX2.

17. A method for obtaining lentivirus, comprising: introducing the viral vectors according to
any one of claims 1~16 into a first recipient cell; culturing the first recipient cell to obtain a virus.

18. The method according to claim 17, wherein the virus is lentivirus, the first viral vector
and the second viral vector are different vectors, the mass ratio of the third viral vector, the fourth
viral vector, the first viral vector and the second viral vectoris2: 1: 1: 0.25~2: 1: 1: 1,

preferably, the mass ratio of the third viral vector, the fourth viral vector, the first viral vector
and the second viral vector is 2:1:1:0.5;

optionally, the first recipient cell is 293T.

19. A lentivirus, which is obtained by packaging according to the method of claim 17 or 18.

20. A lentivirus, which expresses an envelope protein and a fusion protein, wherein the
fusion protein comprises a single-chain antibody and a C-terminal domain of the envelope
protein, the C-terminal domain of the envelope protein comprises transmembrane and
intracellular regions of the envelope protein, the C-terminus of the single-chain antibody is
connected to the N-terminus of the C-terminal domain of the envelope protein,

optionally, the envelope protein is an envelope G glycoprotein or a mutant of envelope G
glycoprotein of vesicular stomatitis virus.

21. A pharmaceutical composition, comprising the viral vectors of any one of claims 1-16 or
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the lentivirus of claim 19 or 20, wherein the viral vectors or lentivirus carries the gene of interest.

22. A method for expressing a gene of interest, comprising:

introducing the viral vectors or lentivirus integrated with the gene of interest into a second
recipient cell;

culturing the second recipient cell to express the gene of interest;

optionally, the introduction into the second recipient cell is carried out by
electrotransfection, transfection or infection;

optionally, the second recipient cell is a somatic cell;

optionally, the second recipient cell is a tumor cell.
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