I *I Innovation, Sciences et Innovation, Science and CA 3230492 A1 2023/03/09
Développement économique Canada Economic Development Canada
ey 3 230 492

Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office

(12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION

(13 A1
(86) Date de dépot PCT/PCT Filing Date: 2022/08/30 (51) ClInt./Int.CI. C12N 1/20 (2006.01),
r r . A61K 39/42 (2006.01), A61P 31/18 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2023/03/09 CO7K 16/10 (2006.01), C12N 15/62 (2006.01),
(85) Entrée phase nationale/National Entry: 2024/02/27 C12N 5/10 (2006.01), C12N 7/01 (2006.01)
(86) N° demande PCT/PCT Application No.: CN 2022/115822 (71) Demandeur/Applicant:
(87) N° publication PCT/PCT Publication No.: 2023/030312 KANGLIN BIOTECHNOLOGY (HANGZHOU) CO,, LTD,,

CN

(72) Inventeurs/Inventors:
WU, HAOQUAN, CN;
SUN, BAOZHEN, CN,;
DANG, YING, CN

(74) Agent: SMART & BIGGAR LP

(30) Priorité/Priority: 2021/08/30 (CN PCT/CN2021/115420)

(54) Titre : CONSTRUCTION DE SEQUENCE GENIQUE POUR LA THERAPIE GENIQUE CONTRE L'INFECTION PAR LE VIH
(54) Title: GENE SEQUENCE CONSTRUCT FOR GENE THERAPY FOR HIV INFECTION

(57) Abrégé/Abstract:

The present invention relates to a gene sequence construct for gene therapy for HIV infection. The gene sequence construct is
constructed by means of sequentially connecting, via a coding sequence of a linker polypeptide, a gene coding sequence of a
variable region scFv in each light chain and heavy chain of a monoclonal antibody against antigens at different binding sites
involved in the different steps of HIV infection of a human CD4+ T cell, a gene coding sequence of a variable region scFv in each
light chain and heavy chain of a monoclonal antibody bound to a human CD4 receptor site, a gene coding sequence of an Fc
fragment in a human IgG constant region, and a gene coding sequence of a polypeptide for inhibiting the fusion of HIV and a
CD4+ T cell membrane, and by placing the connected gene coding sequences downstream of a promoter and a secretion signal
peptide coding sequence, thereby expressing a single-gene-encoded secretion-type antibody-like protein molecule. The
recombinant single-gene construct can be conveniently introduced into a target tissue cell via a virus vector; and the expressed
secretion-type antibody-like protein molecule has multi-antigen tropism, can realize the efficient and broad-spectrum blockade of
the HIV infection process on a human CD4+ T cell by means of binding to multiple binding sites involved in the different steps of
HIV infection of the human CD4+ T cell, and effectively avoids the loss of the ability to inhibit an HIV infection due to an HIV escape
mutation, thereby achieving a long-term or even permanent treatment effect on HIV infection by means of a single injection.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



10

15

20

25

CA 03230492 2024-02-27

ABSTRACT

The present invention relates to a gene sequence construct for gene therapy for
HIV infection. The gene sequence construct is constructed by means of sequentially
connecting, via a coding sequence of a linker polypeptide, a gene coding sequence
of a variable region scFv in each light chain and heavy chain of a monoclonal
antibody against antigens at different binding sites involved in the different steps of
HIV infection of a human CD4+ T cell, a gene coding sequence of a variable region
scFv in each light chain and heavy chain of a monoclonal antibody bound to a human
CD4 receptor site, a gene coding sequence of an Fc fragment in a human IgG
constant region, and a gene coding sequence of a polypeptide for inhibiting the
fusion of HIV and a CD4+ T cell membrane, and by placing the connected gene
coding sequences downstream of a promoter and a secretion signal peptide coding
sequence, thereby expressing a single-gene-encoded secretion-type antibody-like
protein molecule. The recombinant single-gene construct can be conveniently
introduced into a target tissue cell via a viral vector, and the expressed secretion-
type antibody-like protein molecule has multi-antigen tropism, can realize the
efficient and broad-spectrum blockade of the HIV infection process on a human
CD4+ T cell by means of binding to multiple binding sites involved in the different
steps of HIV infection of the human CD4+ T cell, and effectively avoids the loss of
the ability to inhibit an HIV infection due to an HIV escape mutation, thereby
achieving a long-term or even permanent treatment effect on HIV infection by means

of a single injection.
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Gene sequence construct for gene therapy for HIV infection

This application claims priority of PCT patent application No.
PCT/CN2021/115420 filed on August 30, 2021, the entire content of which is

incorporated here as a part of this application.

Technical field

The invention belongs to the field of gene therapy/biomedicine technology, and
specifically relates to a gene sequence construct for gene therapy of HIV infection.
The gene sequence construct can be used for gene therapy against HIV infection.
The gene sequence construct can be used to express polytropic neutralizing
antibody-like proteins with broad-spectrum and efficient HIV-neutralizing activity
both in vivo and in vitro, and can be used for clinical research on gene therapy drugs
for HIV infection delivered by recombinant viruses or non-viral vectors and for new

drug research and development.

Background of the Invention

AIDS (acquired immunodeficiency syndrome) caused by human
immunodeficiency virus (HIV) infection is one of the most serious infectious
diseases in the world today. Approximately 0.77 million of the 37.9 million HIV-
infected people worldwide die of AIDS every year. With the development of anti-
AIDS drugs, the expected survival period of actively treated HIV-infected patients
has been greatly extended. However, the side effects and limitations of cocktail
therapy, as well as the emerging drug-resistant strains of HIV, still causes long-term
economic and social burdens, significant decline in the quality of life, and obvious
suffering to the majority of AIDS patients.

Therefore, despite the progress that has been made in the anti-AIDS field, there

1s still a need to develop new drugs and methods for treating HIV infection.

1
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Summary of the invention

The present invention constructs a series of anti-HIV gene therapy constructs
based on recombinant viral vectors. For example, single-chain antibody variable
region fragments (scFv) of a variety of broad-spectrum neutralizing antibodies
against HIV and a neutralizing antibody against human CD4 receptor are combined
with the Fc fragment in the constant region of human antibodies and a HIV
membrane fusion inhibitory polypeptide into a simple and efficient expression
cassette.

Firstly, these gene sequence constructs for HIV infection gene therapy comprise
one or more gene coding sequences of an antibody molecule with the ability to
inhibit HIV infection and one or more gene coding sequences of a polypeptide
(consisting of 2-50 amino acid residues) with the ability to inhibit HIV infection, to
achieve the expression of a fusion protein molecule comprising the antibody
molecule and the polypeptides against HIV infection encoded by a single gene,
which has two or more than two target sites.

Specifically, the antibody molecule comprises a heavy chain constant region
and/or a light chain constant region.

The heavy chain constant region comprises a heavy chain constant region of
IgGl, 1gG2, 1gG3 or IgG4.

The light chain constant region comprises a light chain constant region of a
kappa or lambda light chain.

The light chain variable region comprises the light chain variable region of a
kappa or lambda light chain.

The above-mentioned gene sequence construct comprises two or more than two
gene coding sequences of antibody molecules with the ability to inhibit HIV

infection.
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Alternatively, the gene sequence construct comprises three or more than three
gene coding sequences of antibody molecules with the ability to inhibit HIV
infection.

Alternatively, the gene sequence construct comprises four or more than four
gene coding sequences of antibody molecules with the ability to inhibit HIV
infection.

In addition, the above-mentioned gene sequence construct may comprise two or
more than two gene coding sequences of polypeptides with the ability to inhibit HIV
infection. These polypeptides consist of 2-50 amino acid residues.

Alternatively, the gene sequence construct comprises three or more than three
gene coding sequences of polypeptides with the ability to inhibit HIV infection.

Alternatively, the gene sequence construct comprises four or more than four
gene coding sequences of polypeptides with the ability to inhibit HIV infection.

In the gene sequence construct described in any one of the above, the fusion
protein molecule comprising the antibody molecule and the polypeptide against HIV
infection encoded by the single gene has three or more than three target sites.

Alternatively, the fusion protein molecule comprising the antibody molecule and
the polypeptide against HIV infection encoded by the single gene has four or more
than four targets.

Alternatively, the fusion protein molecule comprising the antibody molecule
and the polypeptide against HIV infection encoded by the single gene has five or
more than five targets.

Alternatively, the fusion protein molecule comprising the antibody molecule
and the polypeptide against HIV infection encoded by the single gene has six or
more than six targets.

The gene sequence construct described in any one of the above comprises two

or more than two gene coding sequences of antibody molecules with the ability to
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inhibit HIV infection and one or more gene coding sequences of the polypeptide
with the ability to inhibit HIV infection.

In the gene sequence construct described above, the fusion protein molecule
comprising the antibody molecule and the polypeptide against HIV infection
encoded by the single gene has three or more than three target sites.

In the gene sequence construct described in any one of the above, the gene
coding sequence of a single-chain antibody molecule without a constant region with
the ability to inhibit HIV infection and the gene coding sequence of the polypeptide
with the ability to inhibit HIV infection are directly or indirectly concatenated via a
coding sequence of a linker polypeptide.

The gene sequence construct described in any one of the above comprises two
or more than two gene coding sequences of antibody molecules with the ability to
inhibit HIV infection, and the gene coding sequences of the antibody molecules are
directly or indirectly concatenated via a coding sequence of a linker polypeptide.

The gene sequence construct described in any one of the above comprises two
or more than two gene coding sequences of polypeptides with the ability to inhibit
HIV infection, and the gene coding sequences of the polypeptides are directly or
indirectly concatenated via a coding sequence of a linker polypeptide.

In the gene sequence construct of any one of the above, the one or more gene
coding sequence of the antibody molecule with the ability to inhibit HIV infection
comprises a gene coding sequence of an anti-HIV-1-gp160 (including its cleavage
products gp120 and gp41) antibody molecule.

In the gene sequence construct of any one of the above, the one or more gene
coding sequence of the antibody molecule with the ability to inhibit HIV infection
comprises a gene coding sequence of an antibody molecule that binds to human CD4
receptor site.

In the gene sequence construct of any one of the above, the one or more gene

coding sequence of the polypeptide with the ability to inhibit HIV infection

4
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comprises a gene coding sequence of a polypeptide that inhibits the fusion of HIV
and CD4+ T cell membranes.

The gene sequence construct described in any one of the above comprises two
or more than two gene coding sequences of antibody molecules with the ability to
inhibit HIV infection and one or more gene coding sequences of polypeptides with
the ability to inhibit HIV infection, and the two or more than two gene coding
sequences of the antibody molecules with the ability to inhibit HIV infection
comprise a gene coding sequences of an antibody molecule against HIV-1-gp160
(including its cleavage products gp120 and gp41) and a gene coding sequence of an
antibody molecule that binds to human CD4 receptor site, and the one or more gene
coding sequences of polypeptides with the ability to inhibit HIV infection comprise
a gene coding sequence of a polypeptide that inhibits the fusion of HIV and CD4+
T cell membranes.

The gene sequence construct described in any one of the above comprises (1)
gene coding sequences of light chain complementarity determining regions
(LCDR1, LCDR2 and LCDR3) and heavy chain complementarity determining
regions (HCDR1, HCDR2 and HCDR3) of an anti-HIV-1-gpl160 (including its
cleavage products gpl20 and gp41) monoclonal antibody, (i1) gene coding
sequences of light chain complementarity determining regions (LCDR1, LCDR2
and LCDR3) and heavy chain complementarity determining regions (HCDRI,
HCDR?2 and HCDR3) of a monoclonal antibody that binds to human CD4 receptor
site, (i11) a gene coding sequence of human IgG constant region Fc fragment, and
(iv) a gene coding sequence of a short peptide that inhibits the fusion of HIV and
CD4+ T cell membranes, in which the coding sequences of the light chain and the
heavy chain of the antibodies can be directly or indirectly concatenated via a coding
sequence of a linker polypeptide in any order.

The gene sequence construct described in any one of the above comprises (1)

gene coding sequences of light chain variable region (VL) and heavy chain variable

5
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region (VH) of an anti-HIV-1-gp160 (including its cleavage products gp120 and
gp41) monoclonal antibody, (i1) gene coding sequences of light chain variable region
(VL) and heavy chain variable region (VH) of a monoclonal antibody that binds to
human CD4 receptor site, (ii1) a gene coding sequence of human IgG constant region
Fc fragment, and (iv) a gene coding sequence of a short peptide that inhibits the
fusion of HIV and CD4+ T cell membranes, in which the coding sequences of the
light chain variable region (VL) and the heavy chain variable region (VH) of the
antibodies can be directly or indirectly concatenated via a coding sequence of a
linker polypeptide in any order.

The gene sequence construct described in any one of the above further
comprises a promoter located upstream of the gene coding sequence of the antibody
molecule with the ability to inhibit HIV infection and the gene coding sequence of
the polypeptide with the ability to inhibit HIV infection.

The gene sequence construct described in any one of the above further
comprises a secretion signal peptide coding sequence located upstream of the gene
coding sequence of the antibody molecule with the ability to inhibit HIV infection
and the gene coding sequence of the polypeptide with the ability to inhibit HIV
infection.

The gene sequence construct described in any one of the above comprises a
first gene coding sequence of an antibody molecule with the ability to inhibit HIV
infection, a second gene coding sequence of an antibody molecule with the ability
to inhibit HIV infection, and a gene coding sequence of a polypeptide with the
ability to inhibit HIV infection, which is selected from:

VL2-linker-VH2-linker-VL1-linker-VH]1-linker-CH2-CH3; or

VL2-linker-VH2-linker-VL1-linker-VH]1-linker-CH2-CH3-linker-peptide
inhibitor; or

other constructs that are constructed by arranging the combination of VL2 and

VH2 or VL1 and VH1 in different orders in a construct.

6
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VL2 and VH2 are the variable region fragments of light chain and heavy chain
of the first antibody molecule respectively; VL1 and VHI are the variable region
fragments of light chain and heavy chain of the second antibody molecule
respectively; CH2-CH3 is Fc fragment of human IgG constant region, and the linker
is a linker polypeptide; the peptide inhibitor is a polypeptide that inhibits HIV
infection (for example, a polypeptide that inhibits the fusion of HIV and CD4+ T
cell membranes).

The gene sequence construct described above 1s VL2-linker-VH2-linker-VL1-
linker-VH1-linker-CH2-CH3, or a construct in which the combinations of VL2 and
VH2 or VL1 and VHI are arranged in different orders.

The gene sequence construct described above 1s VL2-linker-VH2-linker-VL1-
linker-VH1-linker-CH2-CH3-linker-peptide inhibitor, or a construct in which the
combinations of VL2 and VH2 or VL1 and VH1 are arranged in different orders.

In the gene sequence construct described above, the protein sequences of VL2
and VH2 include SEQ ID NO: 2, or a functional fragment thereof, or a homologous
sequence that 1s at least 75%, 80%, 85%, 90%, 95%, 98%., or 99% identical thereto.

In the gene sequence construct described above, the protein sequences of VL1
and VH1 include SEQ ID NO: 3, or a functional fragment thereof, or a homologous
sequence that 1s at least 75%, 80%, 85%, 90%, 95%, 98%., or 99% identical thereto.

In the gene sequence construct described above, the sequence of the linker
polypeptide (linker) is selected from: GGGGS, (GGGGS)2, (GGGGS)s, (GGGGS)4,
(GGGGS)s, (GGGGS)s and (GGGGS);, or other optional linker polypeptide
sequences.

In the gene sequence construct described above, the polypeptide (peptide
inhibitor) that inhibits the fusion of HIV and CD4+ T cell membranes can be selected
from the group consisting of membrane fusion inhibitory polypeptides P52, C34,
T20, etc.
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The sequence of the membrane fusion inhibitory polypeptide P52 includes SEQ
ID NO: 5 or a homologous sequence that is at least 75%, 80%, 85%, 90%, 95%,
98%, or 99% identical thereto; the polypeptide sequence of C34 includes SEQ ID
NO: 6 or a homologous sequence that is at least 75%, 80%, 85%, 90%, 95%, 98%,
or 99% identical thereto; the polypeptide sequence of T20 includes SEQ ID NO: 7
or a homologous sequence that is at least 75%, 80%, 85%, 90%, 95%, 98%, or 99%
identical thereto.

Furthermore, the present invention also provides a viral vector genome
comprising any of the constructs described above and a corresponding viral vector
system comprising the genome.

The viral vector system described above can be a lentiviral vector system or an
adeno-associated virus vector system.

Among them, the lentiviral vector system can include the viral vector genome
of any of the above constructs and other nucleotide sequences encoding and
expressing packaging components required for the production of lentivirus, which
are introduced into production cells to produce a lentiviral particle containing the
genome of the construct described above.

The adeno-associated virus vector system can include the viral vector genome
of any of the above constructs and other nucleotide sequences encoding and
expressing packaging components required for the production of adeno-associated
virus, which are introduced into production cells to produce an adeno-associated
virus particle containing the genome of the construct described above.

Any virus particle produced above, which comprises the genome of any of the
constructs described above, can express anti-HIV neutralizing antibody-like
molecules after transducing cells, and can be used to administer to a patient to inhibit
or prevent HIV infection.

The present invention also provides a pharmaceutical composition comprising

the viral particle described above, and a pharmaceutically acceptable carrier or

8

Date Recue/Date Received 2024-02-27



10

15

20

25

CA 03230492 2024-02-27

diluent, or cells transduced by the lentiviral particle described above in vitro,
including but not limited to transduced muscle cells, liver cells, or CD4+ T cells.

The above-mentioned virus particle or the pharmaceutical composition
containing the above virus particle can be used for injection into the body to express
an antibody molecule protein with two or more than two target sites, and the mature
molecule is a dimer formed by disulfide bonds, which can effectively and broadly
block infection of HIV against human CD4+ T cells by binding to multiple binding
sites involved 1n different steps of HIV infection against human CD4+ T cells, and
can be used for gene therapy of HIV infection, thereby achieving long-term
treatment for a HIV-infected individual.

The present invention provides a method for inhibiting HIV infection,
comprising administering the viral particle or the pharmaceutical composition
described above to cells.

The cells include muscle cells, liver cells, or CD4+ T cells.

The above-mentioned cells can be transduced in vitro or in vivo using one of
the above-mentioned viral particles or pharmaceutical compositions.

The present invention provides a method of treating HIV infection in a subject
in need thereof, comprising administering to the subject a therapeutically effective
dose of the viral particle or the pharmaceutical composition as described above.

The subjects described therein include an early-stage HIV infector, a HIV-
infected individual who is already received cocktail drug therapy, or a HIV-infected
individual who is resistant to cocktail drug therapy.

The mode of administering drugs to the above-mentioned subject is
intramuscular injection of one of the above-mentioned virus particles or
pharmaceutical compositions.

Alternatively, one of the above-mentioned viral particles or pharmaceutical

compositions or CD4+ T cells transduced thereby is injected intravenously.
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The virus particles and pharmaceutical compositions injected into the body
through the above-mentioned methods can express anti-HIV protein molecules with
multiple targets sites and secrete them into blood, which can act on multiple nodes
of HIV infection, and can effectively block HIV infection path and effectively avoid
the loss of the ability to inhibit HIV infection due to escape mutations of HIV,
thereby achieving a long-term or even permanent therapeutic effect on HIV infection
with a single injection.

Antibody-like molecules composed of multiple single-chain antibody variable
region fragments (scFv) based on the above expression cassettes were delivered to
mice via lentivirus and adeno-associated virus vectors, and showed effective blood
concentration, strong in vitro cytological HIV-1 virus neutralizing activity, and
broad-spectrum neutralizing ability against both CXCR4 and CCRS5 tropic viruses,
suggesting a highly potential technical route for anti-HIV broad-spectrum
neutralizing antibody gene therapy drugs.

The present invention can be used for various forms of anti-HIV gene therapy
based on the genetic expression of broad-spectrum neutralizing antibodies.

Description of the drawings

The drawings of the present invention are described in detail.

Figure 1. Schematic representation of the mature molecular structure of an
expected tritropic anti-HIV neutralizing antibody.

Figure 2. Schematic representation of the gene sequence constituent of a
tritropic anti-HIV neutralizing antibody.

Figure 3. Schematic representation of the mature molecular structure of an
expected amphotropic anti-HIV neutralizing antibody.

Figure 4. Schematic representation of the gene sequence constituent of an

amphotropic anti-HIV neutralizing antibody.

10
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Figure 5. Schematic representation of a gene construct for cloning the gene
sequence of an amphotropic (KL-BsHIVO01) or tritropic (KL-BsHIV01-003) anti-
HIV neutralizing antibody into a lentiviral vector.

Figure 6. Profile of the latest-generation lentiviral vector pKL-kan-lenti-EF 1 a-
WPRE used in the present invention.

Figure 7. Profile of the latest-generation adeno-associated virus vector pAAV-
MCS-CMV-EGFP (anti) used in the present invention.

Figure 8. Schematic representation of a gene construct for cloning the gene
sequence of an amphotropic (KL-BsHIVO01) or tritropic (KL-BsHIV01-003) anti-
HIV neutralizing antibody into an adeno-associated virus vector.

Figure 9. Expression of anti-HIV neutralizing antibody-like molecule in 293T
cells detected by Western blot analysis. After transfecting 293T cells with a plasmid
of a gene construct of the anti-HIV neutralizing antibody-like gene sequence
molecule cloned into an adeno-associated virus vector, the same volume of 293T
cell culture supernatant was collected as samples for Western blot analysis under
non-reducing conditions, anti-HIV neutralizing antibody-like proteins were detected
using goat anti-human IgG1 Fc fragment antibodies. M, pre-stained protein size
marker; 1, blank plasmid transfection control; 2, KL-BsHIVO01; 3, KL-BsHIVO01-
003; 4, KL-BsHIVO01-C34; 5, KL-BsHIV01-T20. The larger molecular bands (much
larger than 180 kDa) in the Western blot are anti-HIV neutralizing antibody-like
molecules expected to exist in the form of dimers (under non-reducing conditions).

Figure 10. Expression of anti-HIV neutralizing antibody-like in C2CI12
myotube cells detected by Western blot analysis. The recombinant adeno-associated
virus 1s packaged after transfecting 293T cells with the plasmid of the gene construct
of the anti-HIV neutralizing antibody-like gene sequence cloned into the adeno-
associated virus vector and other helper plasmids. After isolation and purification,
the transduced C2C12 cells were infected with the same infection coefficient. The

same volume of C2CI12 cell culture supernatant was collected as samples for

11
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Western blot analysis under non-reducing conditions, anti-HIV neutralizing
antibody-like proteins were detected using goat anti-human IgGl Fc fragment
antibodies. M, pre-stained protein size markers; 1, KL-BsHIVO1; 2, KL-BsHIVO1-
003; 3, KL-BsHIV01-C34; 4, KL-BsHIV01-T20. The larger molecular bands (much
larger than 180 kDa) in the Western blot are anti-HIV neutralizing antibody-like
molecules expected to exist in the form of dimers (under non-reducing conditions).
The band at the equivalent position of 180 kDa is a non-specific band.

Figure 11. Neutralizing activity of the culture supernatant of 293T cells
transduced with the HIV-neutralizing antibody lentiviral gene therapy vector against
HIV. VCN, copy number of lentiviral vector after transduction of 293T cells.

Figure 12. Neutralizing activity of culture supernatant of C2C12 cells
transduced with the HIV neutralizing antibody adeno-associated virus gene therapy
vector against the virus.

Figure 13. Expression of the anti-HIV neutralizing antibody adeno-associated
virus gene therapy vector in BALB/c mice after intramuscular injection. The levels
of anti-HIV neutralizing antibodies secreted into mouse serum were determined by
ELISA.

Figure 14. Neutralizing activity against HIV strains of amphotropic and
tritropic HIV-neutralizing antibody-like secreted into mouse serum at different
concentrations. The data in the figure are the mean + SD of three parallel
measurements for each sample. This experiment was repeated more than two times.

Detailed description of the invention

Broadly neutralizing antibodies (bNAb) with HIV-1 neutralizing activity are
produced in a small number of elite infected individuals over several years, which
can efficiently and broadly bind to virus surface glycoproteins of HIV and neutralize
the infection activity of HIV against CD4+ T cells, thereby representing a promising
method for preventing or resisting HIV-1 infection. However, the specific

mechanism for production of the bNAD is not clear. Most individuals infected with

12
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HIV-1 can only produce non-neutralizing antibodies. Currently, there 1s no research
has successfully induced the production of broad-spectrum neutralizing antibodies
in healthy subjects through standard immunization methods.

Without wishing to be bound by theory, it 1s believed that in some embodiments,
recombinantly derived broad-spectrum neutralizing antibodies against HIV-1 can
effectively reduce the viral load in a patient, and even if they cannot completely
eliminate HIV from the body, they can help control the progression from HIV
infection to AIDS. Compared with small molecular anti-HIV drugs, recombinantly
derived neutralizing antibodies can also greatly reduce side effects and increase
patient compliance. Clinically, recombinant broad-spectrum neutralizing antibodies
can be used as vaccine replacement products for preventing HIV infection in specific
situations, or as antiviral drugs at different disease stages.

However, like highly effective anti-HIV small molecular drugs, specific broad-
spectrum neutralizing antibodies only target a single epitope of a single viral protein
(HIV-gp160). The escape phenomenon caused by viral mutations is still difficult to
avoid. Since the development, production, and use costs of broad-spectrum
neutralizing antibodies are much higher than that of small molecular anti-HIV drugs,
combined use of drugs has no advantages. Therefore, a large number of anti-HIV
broad-spectrum neutralizing antibody drugs under development are difficult to use
clinically to date.

In response to the above problems, the research and development of broad-
spectrum neutralizing antibody drugs against HIV mainly requires breakthroughs in
the following two aspects:

1. Development of amphotropic or polytropic neutralizing antibodies or
antibody-like macromolecules to cover multiple targets to avoid escape caused by
viral mutations.

2. Geneticization of broad-spectrum neutralizing antibodies or antibody-like

macromolecules. Anti-HIV infection gene therapy drugs delivered by recombinant

13
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viruses or non-viral vectors stably express neutralizing antibodies or antibody-like
macromolecules in the body in a genome-integrated or non-integrated manner for a
long time. A single treatment is effective for a long time or even lifelong, greatly
reducing the production and use costs of macromolecular antibody drugs.

The present invention adopts a polytropic antibody molecular structure, that is,
the antigen-binding region consists of two or more than two single-chain variable
region fragments (scFv) of monoclonal broad-spectrum neutralizing antibodies
concatenated by a linker polypeptide (linker).

Specific embodiments include constructing a series of antibody molecule gene
constructs containing amphotropic/tritropic antibody single chain variable region
fragments (scFv) and cloning them into recombinant adeno-associated virus and
recombinant lentiviral vectors. Then the corresponding adeno-associated virus and
lentivirus are packaged in 293T cells, and the 293T cells and differentiated and
undifferentiated muscle cell lines are infected with a certain biological titer of the
virus. The antibody molecules produced in the cell supernatant were tested
quantitatively and qualitatively, and their neutralizing activity against the HIV-1
wild-type virus strain was tested in the infection activity analysis of the HIV-1 wild-
type virus strain and the virus-sensitive reporter cell line TZM-bl.

The structure of the anti-HIV neutralizing antibody of the present invention, the
constituent of the gene sequence construct, and the special terms involved will be
further described in detail below in conjunction with the examples.

Antibody can be an immunoglobulin, an antigen-binding fragment, or a protein
molecule derived therefrom that specifically recognizes and binds to an antigen (e.g.,
HIV-1 gp4l antigen). "Antibody" in the present invention is a broad definition
covering various antibody structures, including but not limited to monoclonal
antibodies, polyclonal antibodies, polytropic antibodies (e.g., amphotropic
antibodies, tritropic antibodies), and antibody fragments, provided they possess

specific antigen-binding activity. Examples of specific antibodies include intact
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immunoglobulins as well as antibody variants and fragments that retain binding
affinity for the antigen. Examples of antibody fragments include, but are not limited
to, variable region fragments (Fv), antigen-binding fragments (e.g., Fab, Fab', Fab'-
SH, or F(ab')2 produced after proteolysis), single-chain antibodies molecules (eg,
scFv), diabodies, nanobodies, and polytropic antibodies formed from combinations
of antibody fragments. Antibody fragments include antigen-binding fragments
produced by modification of intact antibodies or antigen-binding fragments
synthesized de novo using recombinant DNA technology.

Single chain antibodies (scFv) are molecules obtained through genetic
engineering and contain the light chain variable region (VL) and heavy chain
variable region (VH) of one or more antibodies, each fragment is concatenated by a
suitable linker polypeptide to form a fused single-chain molecule. The concatenation
orders of VL and VH in a single-chain antibody molecule usually does not affect its
antigen-binding function, thus both single-chain antibodies composed of two
concatenation manners (VL-VH or VH-VL) will be used.

An antibody can have one or more antigen-binding sites. In the case of more
than one antigen binding site, these binding sites may be the same or different. For
example, a naturally occurring immunoglobulin has two identical antigen-binding
sites, while a Fab fragment produced from an immunoglobulin by papain hydrolysis
has only one antigen-binding site, and an amphotropic single-chain antibody (scFv)
has two different antigen-binding sites.

Normally, a naturally occurring immunoglobulin consists of a light chain and a
heavy chain linked by disulfide bonds. Immunoglobulin genes include vy, a., 8, €, p,
A, and k constant region genes as well as numerous immunoglobulin variable region
genes. Light chains are of two types, A and k. There are five main types of heavy
chains (y, a, d, €, u), which determine the functional classification of antibody

molecules, namely IgG, IgA, IgD, IgE, and IgM.
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Each heavy and light chain contains a constant region and a variable region.
VH represents the variable region of the antibody heavy chain, including the heavy
chain variable region of the antigen-binding fragment Fv, scFv, or Fab. VL
represents the variable region of an antibody light chain, including the light chain
variable region of an antigen-binding fragment Fv, scFv, or Fab. In the following
examples, VH and VL work together to specifically recognize and bind antigens.

VH and VL contain three separated highly variable regions (also called
complementarity determining regions (CDRs)) and a framework region. The
sequences of the backbone regions of different light and heavy chains are relatively
conserved within the same species. The backbone region of an antibody determines
the position of the complementarity-determining regions in the three-dimensional
structure. The complementarity determining region is mainly responsible for binding
to the epitope of an antigen. The three complementarity determining regions on the
light chain are labeled LCDR1, LCDR2, and LCDR3 from N-terminus to C-terminus,
respectively. The three complementarity determining regions on the heavy chain are
labeled HCDR1, HCDR2, and HCDR3 from N-terminus to C-terminus, respectively.

The protein sequences of VH and VL in the present invention include, in
addition to the sequences disclosed in the following examples, any other sequences
that carry functional fragments thereof, or a homologous sequence that is at least
75%, 80%, 85%, 90%, 95%, 98%, or 99% identical thereto.

Constant region fragment of an antibody is a region of immunoglobulin with
a relatively stable amino acid sequence except for the variable region near the N-
terminus where the amino acid sequence changes greatly, including the constant
domain in the antigen-binding fragment (located at the N-terminus of the hinge
region, including the light chain constant domain and the heavy chain constant
domain) and the constant domain of the crystallizable fragment of the heavy chain
(called the Fc fragment, located at the C-terminal of the hinge region). The Fc

fragment usually refers to the last two constant region domains of immunoglobulins
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IgA, IgD, and IgG or the last three constant region domains of IgE and IgM. The Fc
fragment may also include part or all of the hinge region sequence located at its N-
terminus.

Anti-HIV-1 neutralizing antibody or antigen-binding fragment specifically
binds to the HIV-1 envelope protein (e.g., binds to gp4l), thereby inhibiting
biological functions associated with the HIV-1 envelope (e.g., the ability to bind to
target receptors). In the following examples, anti-HIV-1 neutralizing antibodies or
antigen-binding fragments reduce the infection titers of HIV-1 strains with different
tropisms against cells.

Amphotropic or polytropic antibody is a recombinant molecule composed of
two or more than two different antigen-binding domains, and therefore can bind two
or more than two different antigenic determinants. Amphotropic or polytropic
antibodies include molecules composed of two or more than two different antigen-
binding domains linked through chemical synthesis or genetic engineering. The
antigen-binding domains can be linked via a linker polypeptide. The antigen-binding
domain can be a monoclonal antibody, an antigen-binding fragment (e.g., scFv or
Fab), or a combination of antigen-binding domains from different sources.

Linker polypeptide is used to connect two protein molecules or fragments into
a continuous single fusion molecule. For example, in the following examples, two
or more antibody molecules or antigen-binding fragments (e.g., scFv) are connected
to form a polytropic antibody molecule with two or more antigen-binding sites; or
the light chain variable region (VL) and heavy chain variable region (VH) of an
antibody are connected to form a single-chain antigen-binding sequence; or the
antibody molecule or antigen-binding fragment 1s connected with other effector
molecules, for example, the antigen-binding fragment scFv is connected to an HIV-
1 membrane fusion inhibitory polypeptide to form a fusion protein. Linker
polypeptides are typically rich in glycine (Gly or G) to increase linker flexibility,

and rich in serine (Ser or S) or threonine (Thr or T) to increase solubility, for example,
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the (GGGGS), linkers with different lengths used in some of the following examples,
n may be 1 or more than 1. However, the linker polypeptide sequence used in the
examples 1s not limited to this, and also includes other optional linker polypeptide
sequences.

Antigenic determinant is a specific chemical group or polypeptide sequence
on a molecule that has antigenicity, that is, it can stimulate a specific immune
response of the host. An antibody specifically binds to a specific epitope on a
polypeptide, such as in the following examples, an antibody that specifically binds
to an epitope on gp4l.

HIV-1 envelope protein is first synthesized as a precursor protein with a size
of 845-870 amino acid residues, called HIV gp160. gp160 forms a homotrimer in
the host cell, which 1s glycosylated, cleaved to remove the signal peptide, and then
cleaved by an intracellular protease at amino acid residues 511/512 to produce gp120
and gp41 polypeptide chains. gp120 and gp41 remain associated together in the
homotrimer as the gp120/gp41 protomer. Mature gpl20 consists of amino acid
residues 31-511 of the HIV-1 envelope protein and is a highly N-glycosylated
protein, constituting the majority of the domain of the HIV-1 envelope protein trimer
exposed on the envelope surface. gp120 is responsible for binding to the human CD4
cell receptor as well as coreceptors (e.g., chemokine receptors CCRS or CXCR4).
gp41 consists of amino acid residues 512-860 of the HIV-1 envelope protein,
including the intra-envelope domain, the transmembrane domain, and the extra-
envelope domain. The extra-envelope domain of gp41 includes amino acid residues
512-644, which combines with gp120 to form a protomer, which together constitute
the HIV-1 envelope protein homotrimer. The protruding extra-envelope domain of
the HIV-1 envelope protein trimer undergoes several structural rearrangements,
from a closed structure before fusion with the host cell membrane that can escape
antibody recognition, to an intermediate structure that bind human CD4 cell

receptors and coreceptors, and a post-membrane fusion structure.
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HIV membrane fusion inhibitory peptide: Membrane fusion of virus and host
cells is a key step in HIV infection against cells. After binding of the glycoprotein
gp120/gp41 homotrimer on the HIV envelope to the human CD4 cell receptor and
co-receptor, the structure undergoes several changes. Finally, the gp41 trimer
integrated on the HIV envelope is inserted into the host cell membrane, completing
the fusion of the virus and host cell membranes, and resulting in entering of HIV
genetic material into the cells. HIV membrane fusion inhibitory polypeptide binds
to the envelope protein of the virus, thereby preventing it from undergoing the
structural changes necessary for the fusion of the virus and the host CD4 cell
membrane, and preventing HIV from infecting CD4 cells. HIV membrane fusion
inhibitory polypeptides used in the present invention include the P52, C34, T20
sequences disclosed in the following examples or homologous sequences that are at
least 75%, 80%, 85%, 90%, 95%, 98%, or 99% identical thereto.

Gene sequence construct is a vector composed of a recombinant
polynucleotide sequence, which is composed of an expression control sequence
connected to the nucleic acid sequence to be expressed. The expression vector
contains sufficient cis-acting elements and other expression elements are provided
by the host cell. Expression vectors include all vectors of the present invention, such
as plasmids and viruses carrying integrated recombinant polynucleotide sequences
(e.g., recombinant lentivirus and recombinant adeno-associated virus). The vector
carries a nucleic acid sequence (DNA or RNA) that allows it to replicate in a host
cell, such as a replication initiation site, one or more selectable marker genes, and
other genetic structures disclosed in the present invention. Viral vectors are
recombinant nucleic acid vectors that carry at least part of the nucleic acid sequence
from one or more viruses. In certain examples below, a viral vector contains one or
more nucleic acid sequences encoding a disclosed antibody or antigen-binding
fragment that specifically binds to HIV-1 gpl60 and thereby neutralizes HIV-1. In

some examples, the viral vector may be a recombinant adeno-associated virus (AAV)
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vector or a recombinant lentiviral vector. These viral vectors are replication-
defective vectors and require other helper plasmids or vectors carrying gene
functions or components necessary for viral replication to be amplified and packaged
in cells to produce viral particles. The purified and prepared viral vectors or viral
particles will not replicate and amplify in host cells when used to treat patients.
Treatment of HIV infection: HIV i1s a virus that attacks the body's immune
system. It mainly targets the most important CD4 T lymphocytes in the human
immune system, substantially destroys these cells, leading to the loss of immune
function. Many patients with acute HIV infection experience flu-like symptoms 2 to
4 weeks after infection, which may last from days to weeks. Patients in the acute
infection stage have a large amount of HIV in their blood and are highly infectious.
Afterwards, the patient enters the asymptomatic chronic infection period, also
known as the HIV latent period. However, the HIV in the patient's 1s still active,
continues to proliferate, and can be spread. The average incubation period of HIV in
the human is 8 to 9 years. During the incubation period of the HIV, HIV-infected
people can live and work for many years without any symptoms. However, if people
infected with HIV do not receive any anti-HIV infection treatment, they will develop
into the most serious stage of HIV infection, that is, the AIDS stage after the
incubation period. AIDS patients have a high viral load and can easily transmit HIV
to others. Their immune systems are severely damaged and their bodies are
susceptible to various diseases and malignant tumors, with a high mortality rate.
Currently, there 1s still a lack of effective drugs to cure HIV infection
worldwide. The current treatment goals are: maximally and sustainably reducing
viral load; rebuilding acquired immune function and maintaining immune function;
improving quality of life; and reducing HIV-related morbidity and mortality. The
currently commonly used anti-HIV infection method is a combined antiretroviral
therapy (i.e., cocktail therapy), which greatly improves the efficacy of anti-HIV and

significantly improves the quality of life and prognosis of patients. The earlier the
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cocktail therapy is started, the better the results. For example, in the acute phase of
HIV infection, i.e., in the first few months after infection, treatment should be started
as soon as HIV infection is diagnosed. However, cocktail therapy has side effects
and limitations, such as the need of maintaining long-term compliance with
continuous medication, as well as the emerging drug-resistant strains of HIV, which
still causes long-term economic and social burdens, a significant decline in the
quality of life, and obvious suffering to the majority of AIDS patients.

Broad-spectrum neutralizing antibodies with HIV-1 neutralizing activity
identified and 1solated from a small number of elite infected individuals can
efficiently and broadly bind to virus surface glycoproteins of HIV and neutralize the
infection activity of HIV against human CD4+ T cells, thereby representing a
promising method for preventing or resisting HIV-1 infection. Compared with small
molecular anti-HIV drugs, recombinantly derived neutralizing antibodies can also
greatly reduce side effects and increase patient compliance. The only anti-HIV
neutralizing antibody currently approved for clinical use is Ibalizumab, which
targets the CD4 receptor on the surface of human T cells. It interferes with the
binding of virus surface glycoproteins of HIV to CD4 receptors by binding to CD4
receptors, thereby neutralizing the infection activity of the virus against CD4+ T
cells and showing excellent efficacy in patients with multi-drug resistance to HIV
infection.

However, specific broad-spectrum neutralizing antibodies only target a single
epitope of a single viral protein (HIV-gp160). The escape phenomenon caused by
viral mutations is still difficult to avoid. Since the development, production, and use
costs of broad-spectrum neutralizing antibodies are much higher than that of small
molecular anti-HIV drugs, combined use of drugs has no advantages. The present
invention develops amphotropic and polytropic neutralizing antibodies or antibody-
like macromolecules, which cover multiple targets to avoid escape caused by viral

mutations, and geneticizes the broad-spectrum neutralizing antibodies or antibody-
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like macromolecules, resulting in breakthrough in the development of anti-HIV
broad-spectrum neutralizing antibody drugs. Anti-HIV infection gene therapy drugs
delivered by recombinant viruses or non-viral vectors stably express neutralizing
antibodies or antibody-like macromolecules in the body in a genome-integrated or
non-integrated manner for a long time. A single treatment is effective for a long time
(for example, therapeutically effective lasts for one year or years) or even lifelong,
greatly reducing the production and use costs of macromolecular antibody drugs.

The following examples explain the present invention and the present invention
1s not limited to the following examples.

Examples

I. Design of structure of HIV neutralizing antibodies

The structure of the anti-HIV neutralizing antibody and the antibody-like
molecule used in the present invention is a tritropic anti-HIV neutralizing antibody-
like molecule, which, from the N-terminal to the C-terminal of the protein molecule
consists of: signal peptide - scFv of anti-HIV-gp41 broad-spectrum neutralizing
antibody (VH-(ggggs), linker-VL)-(ggggs), linker- scFv of anti-human CD4
antibody (VH-(ggggs), linker-VL)-human IgGl CH2- CH3-(ggggs). linker-HIV
membrane fusion inhibitory short peptide. The coding sequence 1s expressed in cells
and 1s translated into a protein, which forms a dimer and is secreted out of the cells.
The expected structure of the mature anti-HIV neutralizing antibody-like molecule
1s shown 1n Figure 1, and the gene structure is shown in Figure 2.

I1. Gene sequences expressing HIV neutralizing antibodies

The sequences of anti-HIV-gp41 broad-spectrum neutralizing antibody scFv
are: signal peptide (the protein sequence is as set forth in SEQ ID NO: 1); anti-HIV-
1-gp41-MPER monoclonal antibody (10E8v4- 5R+100cF)-scFv (the protein
sequence is as set forth in SEQ ID NO: 2); scFv of anti-human CD4 monoclonal
antibody (Ibalizumab) (the protein sequence is as set forth in SEQ ID NO: 3), human
IgG1 Fc fragment (the protein sequence is as set forth in SEQ ID NO: 4), HIV
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membrane fusion inhibitory short peptide P52 (the protein sequence is as set forth
in SEQ ID NO: 5), HIV membrane fusion inhibitory short peptide C34 (the protein
sequence 1s as set forth in SEQ ID NO: 6), HIV membrane fusion inhibitory short
peptide T20 (the protein sequence is as set forth in SEQ ID NO: 7).

I11. A total of four gene expression cassettes for anti-HIV neutralizing antibody

were constructed, which are:

1.

Anti-HIV amphotropic neutralizing antibody-like molecule KL-BsHIVO1
containing anti-HIV neutralizing antibody 10E8v4-5R+100cF-scFv (the protein
sequence 1s as set forth in SEQ ID NO: 8) (the DNA sequence is as set forth in
SEQ ID NO: 9) (as shown in Figure 3 and Figure 4);

. Anti-HIV tritropic neutralizing antibody-like molecule KL-BsHIV01-003

containing anti-HIV neutralizing antibody 10E8v4-5R+100cF-scFv (the protein
sequence is as set forth in SEQ ID NO: 10) (the DNA sequence is as set forth in
SEQ ID NO: 11) ( as shown 1n Figure 1 and Figure 2);

. Anti-HIV tritropic neutralizing antibody-like molecule KL-BsHIVO0I1-C34

containing anti-HIV neutralizing antibody 10E8v4-5R+100cF-scFv (the protein
sequence is as set forth in SEQ ID NO: 12) (the DNA sequence is as set forth in
SEQ ID NO: 13) (as shown in Figure 1 and Figure 2);

. Anti-HIV tritropic neutralizing antibody-like molecule KL-BsHIVO01-T20

containing anti-HIV neutralizing antibody 10E8v4-5R+100cF-scFv (the protein
sequence is as set forth in SEQ ID NO: 14) (the DNA sequence is as set forth in
SEQ ID NO: 15) (as shown in Figure 1 and Figure 2).

IV. Examples of gene therapy vector constructs for HIV neutralizing antibodies

As shown in Figure 5, the above gene expression cassette for monoclonal

antibody molecule was cloned into the latest generation lentiviral vector currently

used, pKL-kan-lenti-EF1a-WPRE (Figure 6) (the DNA sequence is as set forth in

SEQ ID NO: 16) by multi-fragment recombinant ligation. The lentiviral vector
includes: 5'LTR, in which the promoter region of the LTR is replaced with a CMV
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promoter; y packaging signal; retroviral export element RRE; cPPT; a promoter
CBH; a polynucleotide encoding a polypeptide of an HIV neutralizing antibody
fragment; the post-transcriptional regulatory element WPRE; PPT; AU3 3'LTR; and
a poly(A) signal. The gene expression cassette for neutralizing antibody (Figure 4)
designed 1n this example was synthesized by Nanjing Genscript Biotechnology Co.,
Ltd., which together with the CBH promoter (the sequence is as set forth in SEQ 1D
NO: 17) were cloned between the multiple cloning sites EcoRI/EcoRV on the
lentiviral vector backbone pKL-kan-lenti-EF1a-WPRE by homologous
recombination methods well known in the art (Figure 6). After cloning was
completed, the sequence information was confirmed by sequencing, and the plasmid
was named as pKL-Kan-lenti-CBH-KL-BsHIVOI1 (the sequence is as set forth in
SEQ ID NO: 18) (Figure 5). The coding sequence of the HIV fusion inhibitory short
peptide P52 or C34 or T20 was cloned between the multiple cloning sites EcoRV on
the lentiviral vector backbone pKL-kan-lenti-EF10-WPRE by homologous
recombination methods well known in the art. After cloning was completed, the
sequence information was confirmed by sequencing, and the plasmid was named as
pKL-Kan-lenti-CBH-KL-BsHIVO01-003 (the sequence 1s as set forth in SEQ ID NO:
19) (Figure 5).

As shown in Figure 5, the HIV neutralizing antibody gene expression cassettes
CBH-KL-BsHIVO01, CBH-KL-BsHIV01-003, CBH-KL-BsHIVO01-C34, CBH-KL-
BsHIVO01-T20 present in pKL-Kan-lenti-CBH-KL-BsHIVO1, together with WPRE,
were cloned between the multi-cloning sites Mlul/Sall on the currently used latest
generation adeno-associated virus vector pAAV-MCS-CMV-EGFP (anti) (the
sequence 1s as set forth in SEQ ID NO: 20) through multi-fragment recombination
ligation (see Figure 7). The adeno-associated virus vector includes: AAV2 ITR; a
promoter CBH; a polynucleotide encoding HIV neutralizing antibody fragment;
WPRE and SV40 poly(A) signal; AAV2 ITR. The plasmids were named as pAAV-
CBH-KL-BsHIVO1-WPRE (the sequence is as set forth in SEQ ID NO: 21), pAAV-
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CBH-KL-BsHIV01-003-WPRE (the sequence is as set forth in SEQ ID NO: 22),
pAAV-CBH-KL-BsHIVOI -C34-WPRE (the sequence is as set forth in SEQ ID NO:
23), pAAV-CBH-KL-BsHIVO1-T20-WPRE (the sequence is as set forth in SEQ 1D
NO: 24) (Figure 8).

V. Packaging and purification of viruses expressing HIV neutralizing
antibodies

Lentiviral vectors (pKL-Kan-lenti-CBH-KL-BsHIVO1 and pKL-Kan-lenti-
CBH-KL-BsHIV01-003) were used to package lentiviral vectors for antibody gene
therapy in the 293T cell line. The antibody gene lentiviral vectors (pKL-Kan-lenti-
CBH-KL-BsHIVO01 and pKL-Kan-lenti-CBH-KL-BsHIV01-003) constructed in the
examples, envelope plasmid (pKL-Kan-Vsvg, the nucleotide sequence is shown in
SEQ ID NO: 25) and the packaging plasmids (pKL-Kan-Rev, the nucleotide
sequence is shown in SEQ ID NO: 26; pKL-Kan-GagPol, the nucleotide sequence
i1s shown in SEQ ID NO: 27) were mixed and co-transfected into 293T cells
(purchased from the American Type Culture Collection Center (ATCC), ATCC
deposit number: CRL-3216) at the same time, to perform the package of the HIV
neutralizing antibody gene therapy lentivirus in the 293T cell line. The transfection
method was transient transfection of eukaryotic cells mediated by PEI cationic
polymer. The PEI cationic polymer is the PEI-Max transfection reagent purchased
from Polysciences (Cat. No.: 24765-1). The transfection operation was carried out
according to the standardized operation recommended by the manufacturer, and the
transfection scale was 15cm cell culture dish. At 48 hours after the transfection was
completed, the lentiviral vector (transfected cell culture supernatant) was harvested.
The supernatant was firstly centrifuged in a desktop bucket centrifuge at 4000 rpm
at room temperature for 5 minutes to remove cell debris, and then centrifuged at
10000g at 4°C for 4 hours to obtain virus particle pellet. After removing the

centrifugation supernatant, | mL. DMEM complete medium was added to the virus
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particle pellet, the virus particles were resuspended with a microinjector, and the
prepared virus resuspension was aliquoted and frozen at -80°C for later use.

The AAV expression vectors (pAAV-CBH-KL-BsHIVO1-WPRE, pAAV-
CBH-KL-BsHIV01-003-WPRE, pAAV-CBH-KL-BsHIV01-C34-WPRE, and
pAAV-CBH-KL-BsHIVO01-T20-WPRE ) were used to package the antibody gene
therapy AAV vector in the 293T cell line. The antibody gene AAV vector
constructed in the Example, capsid plasmid (AAV2/8, the nucleotide sequence 1s
shown in SEQ ID NO: 28) and packaging plasmid (pHelper, the nucleotide sequence
1s shown in SEQ ID NO: 29) were mixed and co-transfected into 293T cells at the
same time, to perform the package of the HIV neutralizing antibody gene therapy
vector AAV in the 293T cell line. The transfection method was transient transfection
of eukaryotic cells mediated by PEI cationic polymer. The PEI cationic polymer is
the PEI-Max transfection reagent purchased from Polysciences (Cat. No.: 24765-1).
The transfection operation was carried out according to the standardized operation
recommended by the manufacturer, and the transfection scale was 15c¢m cell culture
dish. The supernatant was discarded after 7 hours after transfection and replaced
with 25 ml of toxin-producing medium. At 120 hours after the transfection is
completed, the supernatant and cells were collected, centrifuged at 4200 rpm for 10
minutes, and then the supernatant and cells were separated. Lysis solution and
ribozyme were added to the cells, lysed and digested for 1 hour, centrifuged at
10000g for 10 minutes and the lysate supernatant was obtained. The lysate
supernatant and culture medium supernatant were purified by affinity
chromatography and then aliquoted and frozen at -80°C for later use.

V1. Functional verification of HIV neutralizing antibodies expressed in the
supernatant of cells transduced with lentiviral gene therapy vectors

The packaged lentiviral vectors pKL-Kan-lenti-CBH-KL-BsHIVO01 and pKL-
Kan-lenti-CBH-BsHIV01-003 were used to infect 293T cells at different MOlIs.
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After 48 hours, the supernatant and some cells were collected. The infection copy
number of lentiviral vectors was detected by probe method.
1.293T cells infected with lentiviral vectors were collected, washed with PBS,
centrifuged at 4200rpm for 5 minutes to collect the cells, resuspended in 20ul QE
DNA Extraction Solution and subjected to the following program on a PCR machine
to lyse the cells and extract the total DNA.
Cell Lysis PCR Procedure:

Temperature Time

65°C 15 min
68°C 15 min
95°C 10 min

Quantitative PCR was used to calculate the infected lentivirus copy number
(VCN) of 293T cells using methods well known 1n the art.

2. TZM-bl cells at 2E4 cells/well were plated. 50 uL of cell supernatant with
antibody expression with VCN of 0.05 and 0.25 was mixed with 50 uL of HIV pAD-
8 and pNL4-3 respectively, incubated at 37°C for 30 minutes, and added to TZM-bl
cells. The wells where only pAD-8 or pNL4-3 was added were negative controls,
and the well where HIV was not added was blank control. At 24 hours, the
supernatant was discarded, and 100 pL cell lysis solution was added. After 10
minutes, the lysed cells were collected, and centrifuged at 8000 rpm for 5 minutes.
100 uL of firefly luciferase detection reagent was added to 50 pL of lysed cells. RLU
(relative light unit) was measured using a multifunctional microplate reader with
chemiluminescence function. The results showed (Figure 11) that in in vitro cell
experiments, at the same infection copy number (VCN), 293T cell culture
supernatant HIV transduced with the neutralizing antibody KL-BsHIV01-003
lentiviral gene therapy vector contained antibodies that completely neutralize HIV,
and the neutralizing effect was significantly better than the HIV bispecific
neutralizing antibody KL-BsHIVO01 lentiviral gene therapy vector.
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VII. Functional verification of HIV neutralizing antibodies expressed in the
supernatant of cells transduced with adeno-associated virus gene therapy vectors

C2C12 mouse myoblasts were plated in 24-well cell culture plate at 1ES cells
per well, and differentiated into myotube cells using 2% horse serum medium. The
packaged adeno-associated viruses pAAV-CBH-KL-BsHIVO01, pAAV-CBH-KL-
BsHIV0-003, pAAV-CBH-KL-BsHIV01-C34, and pAAV-CBH-KL-BsHIV01-T20
were used to infect differentiated C2C12 cells at different MOIs. The supernatant
was collected after 96 hours.

1. The enzyme plate (Corning, Cat. No.: 42592) was coated with synthetic HIV
MPER peptide. The expression supernatant and the purified and quantified KL-
BsHIVOI standard were used as the primary antibody, HRP-labeled goat anti-human
IgG Fc (KPL, Cat. No.: 04-10-20) was used as the secondary antibody, developed
with TMB, and the OD value was detected at 450 nm with a microplate reader.
ELISA results (Table 1) showed that the anti-HIV neutralizing antibody adeno-
associated virus vector could effectively express HIV neutralizing antibodies after
transducing cells in vitro and secreted mature HIV neutralizing antibody proteins
into the cell culture supernatant. At the same MOI, the expression level of KL-
BsHIVOI in the supernatant was the highest, and the expression level decreased after
adding HIV fusion inhibitory short peptide (see also Figure 9 and Figure 10).

Table 1. ELISA detection of antibody expression level in culture supernatant
of C2C12 cells transduced with HIV neutralizing antibody adeno-associated virus

gene therapy vectors

HIV neutralizing antibody
AAV expression | concentration (ng/mL)
construct MOI MOI MOI
8.00E+04 | 1.60E+05 | 3.20E+05
KL-BsHIVO1 675.00 460.40 423.70
KL-BsHIV01-003 31.82 62.42 122.80
28
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KL-BsHIV01-C34 43.05 43.43 60.49
KL-BsHIVO1-T20 11.67 2091 31.43

2. TZM-bl cells at 2E4 cells/well were plated. the cell expression supernatants
containing the same amount of antibodies were mixed with 50 uL. of HIV pAD-8 or
pNL4-3, incubated at 37°C for 30 minutes, and added to TZM-bl cells. The wells
where only pAD-8 or pNL4-3 was added were negative controls, and the well where
HIV was not added was blank control. At 24 hours, the supernatant was discarded,
and 100 pL cell lysis solution was added. After 10 minutes, the lysed cells were
collected, and centrifuged at 8000 rpm for 5 minutes. 100 pL of firefly luciferase
detection reagent was added to 50 uL of lysed cells. RLU (relative light unit) was
measured using a multifunctional microplate reader with chemiluminescence
function. The results showed (Figure 12) that in in vitro cell experiments, when the
same amount of HIV neutralizing antibodies was added, the tritropic HIV
neutralizing antibody in which HIV fusion inhibitory short peptide is added to KL-
BsHIVOI had the neutralizing effect that was not weaker than the original antibody,
and the neutralizing effect of KL-BsHIV01-003 on pAD-8 and pNL-3 was
significantly better than that of the HIV bispecific neutralizing antibody KL-
BsHIVOL1.

VIII. Expression of adeno-associated virus gene therapy vector in BALB/c
mice after intramuscular injection

The AAV gene therapy vectors (pAAV-CBH-KL-BsHIVOI-WPRE and
pAAV-CBH-KL-BsHIV01-003-WPRE) were injected intramuscularly into the
thigh muscles of the hind limbs of mice. Blood was collected every 1 week, the
serum was separated, and the concentration of antibodies expressed in the serum was
detected by ELISA.

1. The enzyme plate (Corning, Cat. No.: 42592) was coated with synthetic HIV
MPER peptide. The expression supernatant and the purified and quantified KL-
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BsHIVOI standard were used as the primary antibody, HRP-labeled goat anti-human
IgG Fc (KPL, Cat. No.: 04-10-20) was used as the secondary antibody, developed
with TMB, and the OD value was detected at 450 nm with a microplate reader. The
ELISA results (Figure 13) showed that the anti-HIV neutralizing antibody adeno-
associated virus vector could continuously and effectively express HIV neutralizing
antibodies in mice.

2. TZM-bl cells at 2E4 cells/well were plated. The serum dilutions containing
the same amount of antibodies were mixed with 50 uL. of HIV pAD-8 or pNL4-3,
incubated at 37°C for 30 minutes, and added to TZM-bl cells. The wells where only
pAD-8 or pNL4-3 was added were negative controls, and the well where HIV was
not added was blank control. After overnight culture, the supernatant was discarded,
and 100 pL cell lysis solution was added. After 10 minutes, the lysed cells were
collected, and centrifuged at 8000 rpm for 5 minutes. 100 pL of firefly luciferase
detection reagent was added to 50 uL of lysed cells. RLU (relative light unit) was
measured using a multifunctional microplate reader with chemiluminescence
function. The results showed that in cell experiments, both anti-HIV amphotropic
(KL-BsHIVO01) and tritropic (KL-BsHIV01-003) neutralizing antibodies had strong
activity of neutralizing HIV (Figure 14), with the IC50s against HIV strain pAD-8
of 0.878 ng/mL and 0.150 ng/mL respectively, and the IC50s against HIV strain
pNL4-3 0of 0.117 ng/mL and 0.017 ng/mL respectively. It is obvious that after adding
the same amount of HIV neutralizing antibody, the tritropic HIV neutralizing
antibody KL-BsHIV01-003 had better neutralizing effect on pAD-8 and pNL4-3
than the amphotropic HIV neutralizing antibody KL-BsHIVO1 (Figure 14). The two
HIV neutralizing antibodies have stronger neutralizing activity against HIV than the

reported HIV broad-spectrum neutralizing antibodies.
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CLAIMS

1. A gene sequence construct for gene therapy of HIV infection, comprising
one or more gene coding sequences of an antibody molecule with the ability to
inhibit HIV infection and one or more gene coding sequences of a polypeptide
(consisting of 2-50 amino acid residues) with the ability to inhibit HIV infection, to
achieve the expression of a fusion protein molecule comprising the antibody
molecule and the polypeptide against HIV infection encoded by a single gene, which
has two or more than two target sites.

2. The gene sequence construct according to claim 1, wherein the antibody
molecule comprises a heavy chain constant region and/or a light chain constant
region.

3. The gene sequence construct according to claim 2, wherein the heavy chain
constant region comprises a heavy chain constant region of I1gGl, IgG2, IgG3 or
IgGA4.

4. The gene sequence construct according to claim 2 or 3, wherein the light
chain constant region comprises a light chain constant region of a kappa or lambda
light chain.

5. The gene sequence construct according to any one of claims 1-4, comprising
two or more than two gene coding sequences of the antibody molecule with the
ability to inhibit HIV infection.

6. The gene sequence construct according to any one of claims 1-5, comprising
three or more than three gene coding sequences of the antibody molecule with the
ability to inhibit HIV infection.

7. The gene sequence construct according to any one of claims 1-6, comprising
four or more than four gene coding sequences of the antibody molecule with the

ability to inhibit HIV infection.
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8. The gene sequence construct according to any one of claims 1-7, comprising
two or more than two gene coding sequences of the polypeptide with the ability to
inhibit HIV infection.

9. The gene sequence construct according to any one of claims 1-8, comprising
three or more than three gene coding sequences of the polypeptide with the ability
to inhibit HIV infection.

10. The gene sequence construct according to any one of claims 1-9, comprising
four or more than four gene coding sequences of the polypeptide with the ability to
inhibit HIV infection.

11. The gene sequence construct according to any one of claims 1-10, wherein
the fusion protein molecule comprising the antibody molecule and the polypeptide
against HIV infection encoded by the single gene has three or more than three target
sites.

12. The gene sequence construct according to any one of claims 1-11, wherein
the fusion protein molecule comprising the antibody molecule and the polypeptide
against HIV infection encoded by the single gene has four or more than four target
sites.

13. The gene sequence construct according to any one of claims 1-12, wherein
the fusion protein molecule comprising the antibody molecule and the polypeptide
against HIV infection encoded by the single gene has five or more than five target
sites.

14. The gene sequence construct according to any one of claims 1-13, wherein
the fusion protein molecule comprising the antibody molecule and the polypeptide
against HIV infection encoded by the single gene has six or more than six target sites.

15. The gene sequence construct according to any one of claims 1-14,
comprising two or more than two gene coding sequences of the antibody molecule
with the ability to inhibit HIV infection and one or more gene coding sequences of

the polypeptide with the ability to inhibit HIV infection.
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16. The gene sequence construct according to claim 15, wherein the fusion
protein molecule comprising the antibody molecule and the polypeptide against HIV
infection encoded by the single gene has three or more than three target sites.

17. The gene sequence construct according to any one of claims 1-16, wherein
the gene coding sequence of the antibody molecule with the ability to inhibit HIV
infection and the gene coding sequence of the polypeptide with the ability to inhibit
HIV infection are directly or indirectly concatenated via a coding sequence of a
linker polypeptide.

18. The gene sequence construct according to any one of claims 1-17,
comprising two or more than two gene coding sequences of antibody molecules with
the ability to inhibit HIV infection, wherein the gene coding sequences of the
antibody molecules are directly or indirectly concatenated via a coding sequence of
a linker polypeptide.

19. The gene sequence construct according to any one of claims 1-18,
comprising two or more than two gene coding sequences of polypeptides with the
ability to inhibit HIV infection, wherein the gene coding sequences of the
polypeptides are directly or indirectly concatenated via a coding sequence of a linker
polypeptide.

20. The gene sequence construct according to any one of claims 1-19, wherein
the one or more gene coding sequence of the antibody molecule with the ability to
inhibit HIV infection comprises a gene coding sequence of an anti-HIV-1-gp160 (or
its cleavage products gp120 and gp41) antibody molecule.

21. The gene sequence construct according to any one of claims 1-20, wherein
the one or more gene coding sequence of the antibody molecule with the ability to
inhibit HIV infection comprises a gene coding sequence of an antibody molecule
that binds to human CD4 receptor site.

22. The gene sequence construct according to any one of claims 1-21, wherein

the one or more gene coding sequence of the polypeptide with the ability to inhibit
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HIV infection comprises a gene coding sequence of a polypeptide that inhibits the
fusion of HIV and CD4+ T cell membranes.

23. The gene sequence construct according to any one of claims 1-21,
comprising two or more than two gene coding sequences of the antibody molecule
with the ability to inhibit HIV infection and one or more gene coding sequences of
the polypeptide with the ability to inhibit HIV infection, wherein the two or more
than two gene coding sequences of the antibody molecules with the ability to inhibit
HIV infection comprise a gene coding sequence of an antibody molecule against
HIV-1-gp160 (or its cleavage products gp120 and gp41) and a gene coding sequence
of an antibody molecule that binds to human CD4 receptor site, and wherein the one
or more gene coding sequences of the polypeptide with the ability to inhibit HIV
infection comprise a gene coding sequence of a polypeptide that inhibits the fusion
of HIV and CD4+ T cell membranes.

24. The gene sequence construct according to any one of claims 1-23,
comprising (1) gene coding sequences of light chain complementarity determining
regions (LCDRI, LCDR2 and LCDR3) and heavy chain complementarity
determining regions (HCDR1, HCDR2 and HCDR3) of an anti-HIV-1-gp160 (or its
cleavage products gpl20 and gp41) monoclonal antibody, (i1) gene coding
sequences of light chain complementarity determining regions (LCDR1, LCDR2
and LCDR3) and heavy chain complementarity determining regions (HCDRI,
HCDR?2 and HCDR3) of a monoclonal antibody that binds to human CD4 receptor
site, (ii1) a gene coding sequence of human IgG Fc fragment, and (iv) a gene coding
sequence of a polypeptide that inhibits the fusion of HIV and CD4+ T cell
membranes, wherein the coding sequences of the antibodies can be directly or
indirectly concatenated via a coding sequence of a linker polypeptide in any order.

25. The gene sequence construct according to any one of claims 1-24,
comprising (i) gene coding sequences of light chain variable region (VL) and heavy

chain variable region (VH) of an anti-HIV-1-gp160 (including its cleavage products
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gp120 and gp41) monoclonal antibody, (i1) gene coding sequences of light chain
variable region (VL) and heavy chain variable region (VH) of a monoclonal antibody
that binds to human CD4 receptor site, (i11) a gene coding sequence of human IgG
Fc fragment, and (iv) a gene coding sequence of a polypeptide that inhibits the fusion
of HIV and CD4+ T cell membranes, wherein the coding sequences of the antibodies
can be directly or indirectly concatenated via a coding sequence of a linker
polypeptide in any order.

26. The gene sequence construct according to any one of claims 1-25, further
comprising a promoter located upstream of the gene coding sequence of the antibody
molecule with the ability to inhibit HIV infection and the gene coding sequence of
the polypeptide with the ability to inhibit HIV infection.

27. The gene sequence construct according to any one of claims 1-26, further
comprising a secretion signal peptide coding sequence located upstream of the gene
coding sequence of the antibody molecule with the ability to inhibit HIV infection
and the gene coding sequence of the polypeptide with the ability to inhibit HIV
infection.

28. The gene sequence construct according to any one of claims 1-27,
comprising a first gene coding sequence of an antibody molecule with the ability to
inhibit HIV infection, a second gene coding sequence of an antibody molecule with
the ability to inhibit HIV infection, and a gene coding sequence of a polypeptide
with the ability to inhibit HIV infection, and is selected from:

VL2-linker-VH2-linker-VL1-linker-VH]1-linker-CH2-CH3; or

VL2-linker-VH2-linker-VL1-linker-VH]1-linker-CH2-CH3-linker-peptide
inhibitor; or

other constructs that are constructed by arranging the combination of VL2 and
VH2 or VL1 and VHI1 in different orders in a construct;

wherein VL2 and VH2 are the variable region fragments of light chain and
heavy chain of the first antibody molecule respectively; VL1 and VHI1 are the
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variable region fragments of light chain and heavy chain of the second antibody
molecule respectively; CH2-CH3 is Fc fragment of human IgG constant region, and
the linker 1s a linker polypeptide; the peptide inhibitor is a polypeptide that inhibits
HIV infection (for example, a polypeptide that inhibits the fusion of HIV and CD4+
T cell membranes).

29. The gene sequence construct according to claim 28, which 1s VL2-linker-
VH2-linker-VL1-linker-VH1-linker-CH2-CH3, or a construct in which the
combinations of VL2 and VH2 or VL1 and VH1 are arranged in different orders.

30. The gene sequence construct according to claim 28, which is VL2-linker-
VH2-linker-VL 1-linker-VH1-linker-CH2-CH3-linker-peptide  inhibitor, or a
construct in which the combinations of VL2 and VH2 or VL1 and VH1 are arranged
in different orders.

31. The gene sequence construct according to claims 28, 29 and 30, wherein
the protein sequences of VL2 and VH2 include SEQ ID NO: 2, or a functional
fragment thereof, or a homologous sequence that is at least 75%, 80%, 85%, 90%,
95%, 98%, or 99% identical thereto.

32. The gene sequence construct according to claims 28, 29 and 30, wherein
the protein sequences of VL1 and VHI include SEQ ID NO: 3, or a functional
fragment thereof, or a homologous sequence that is at least 75%, 80%, 85%, 90%,
95%, 98%, or 99% identical thereto.

33. The gene sequence construct according to claims 28, 29 and 30, wherein
the sequence of the linker polypeptide (linker) is selected from: GGGGS, (GGGGS)s,
(GGGGY)3, (GGGGS)4, (GGGGS)s, (GGGGS)s and (GGGGS),, or other optional
linker polypeptide sequences.

34. The gene sequence construct according to claims 28 and 30, wherein the
polypeptide (peptide inhibitor) that inhibits the fusion of HIV and CD4+ T cell
membranes can be selected from the group consisting of membrane fusion inhibitory
polypeptides P52, C34, T20, etc.
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35. The gene sequence construct according to claim 34, wherein the sequence
of the membrane fusion inhibitory polypeptide P52 includes SEQ ID NO: 5 or a
homologous sequence that is at least 75%, 80%, 85%, 90%, 95%, 98%, or 99%
identical thereto; the polypeptide sequence of C34 includes SEQ ID NO: 6 or a
homologous sequence that is at least 75%, 80%, 85%, 90%, 95%, 98%, or 99%
identical thereto; the polypeptide sequence of T20 includes SEQ ID NO: 7 or a
homologous sequence that is at least 75%, 80%, 85%, 90%, 95%, 98%, or 99%
identical thereto.

36. A viral vector genome comprising the construct of any one of the preceding
claims.

37. A viral vector system comprising the genome according to claim 36.

38. The viral vector system according to claim 37, which is a lentiviral vector
system or an adeno-associated virus vector system.

39. The lentiviral vector system according to claim 38, comprising the genome
according to claim 36 and other nucleotide sequences encoding and expressing
packaging components required for the production of lentivirus, which are
introduced into production cells to produce a lentiviral particle containing the
genome according to claim 36.

40. The adeno-associated virus vector system according to claim 38,
comprising the genome according to claim 36 and other nucleotide sequences
encoding and expressing packaging components required for the production of
adeno-associated virus, which are introduced into production cells to produce an
adeno-associated virus particle containing the genome according to claim 36.

41. A viral particle comprising the genome of the construct of any one of claims
1-35.

42. A pharmaceutical composition, comprising the viral particle according to

claim 41, and a pharmaceutically acceptable carrier or diluent, or cells transduced
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by the lentiviral particle according to claim 39 in vitro, including but not limited to
transduced muscle cells, liver cells, or CD4+ T cells.

43. The virus particle according to claims 39-41 or the pharmaceutical
composition according to claim 42, for use in injection into the body to express an
antibody-like molecule protein with two or more than two target sites, and the mature
molecule is a dimer formed by disulfide bonds, which can effectively and broadly
block infection of HIV against human CD4+ T cells by binding to multiple binding
sites involved 1n different steps of HIV infection against human CD4+ T cells, and
can be used for gene therapy of HIV infection, thereby achieving long-term
treatment for a HIV-infected individual.

44. A method of inhibiting HIV infection, comprising administering to cells the
viral particle or the pharmaceutical composition according to claims 39-42.

45. The method according to claim 44, wherein the cells comprise muscle cells,
liver cells, or CD4+ T cells.

46. The method according to claim 44, wherein the method comprises
transducing the cells of claim 45 in vitro or in vivo with the viral particle or the
pharmaceutical composition according to claims 39-42.

47. A method of treating HIV infection in a subject in need thereof, wherein the
method comprises administering to the subject a therapeutically effective dose of the
viral particle or the pharmaceutical composition of claims 39-42.

48. The method according to claim 47, wherein the subject includes an early-
stage HIV infector, a HIV-infected individual who is already received cocktail drug
therapy, or a HIV-infected individual who is resistant to cocktail drug therapy.

49. The method according to claim 43, wherein the viral particle or the
pharmaceutical composition according to claims 39-42 is injected intramuscularly.

50. The method according to claim 43, wherein the viral particle or the
pharmaceutical composition according to claims 39-42 or CD4+ T cells transduced

thereby 1s injected intravenously.
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51. The virus particle and the pharmaceutical composition injected into the
body according to the method of claims 49 and 50, which can express anti-HIV
protein molecules with multiple targets sites and secrete them into blood, which can
act on multiple nodes of HIV infection, and can effectively block HIV infection path
and effectively avoid the loss of the ability to inhibit HIV infection due to escape
mutations of HIV, thereby achieving a long-term (for example, therapeutically
effective lasts for one or several years) or even permanent therapeutic effect on HIV

infection with a single injection.
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