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TAT-INDUCED CRISPRZENDONUCLEASE-BASED GENE EDITING

FIELD OF THE INVENTION

The present invention relates to compositions that specifically cleave
target sequences in retroviruses, for example human immunodeficiency virus (HIV).
Such compositions, which can include nucleic acids encoding a Clustered Regularly
Interspaced Short Palindromic Repeat (CRISPR) associated endonuclease and a guide
RNA sequence complementary to a target sequence in a human immunodeficiency
virus, can be administered to a subject having or at risk for contracting an HIV

infection.

BACKGROUND OF THE INVENTION

Since the discovery of HIV-1, AIDS remains a major public health
problem affecting millions of people worldwide. AIDS remains incurable due to the
permanent integration of HIV-1 into the host genome. Current therapy (highly active
antiretroviral therapy or HAART) for controlling HI'V-1 infection and impeding AIDS
development profoundly reduces viral replication in cells that support HIV-1 infection
and reduces plasma viremia to a minimal level. But HAART fails to suppress low
level viral genome expression and replication in tissues and fails to target latently-
infected cells, for example, resting memory T cells, brain macrophages, microglia,
and astrocytes, gut-associated lymphoid cells, that serve as a reservoir for HIV-1.
Persistent HIV-1 infection is also linked to comorbidities including heart and renal
diseases, osteopenia, and neurological disorders. There is a continuing need for

curative therapeutic strategies that target persistent viral reservoirs.

The HIV-1 genome is about 9.8 kb in length, including two viral long-
terminal repeats located at both ends when integrated into the host genome. The
genome also includes genes that encode for the structural proteins Gag, Pol, and Env,
regulatory proteins (Tat and Rev), and accessory proteins Vpu, Vpr, Vif, and Nef. The
HIV-1 transactivator of transcription (Tat) is a multifunctional protein that has been
proposed to contribute to several pathological consequences of HIV-1 infection. Tat
not only plays an important role in viral transcription and replication, it is also capable
of inducing the expression of a variety of cellular genes as well as acting as a

neurotoxic protein. Tat protein is secreted by HIV-1-infected cells and acts by
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diffusing through the cell membrane. It may act as a secreted, soluble neurotoxin and
induces HIV-1-infected macrophages and microglia to release neurotoxic substances.
Tat transcription is driven by the HIV-1 LTR promoter and is required for overall

viral replication of HIV.

The clinical course of HIV infection can vary according to a number of
factors, including the subject's genetic background, age, general health, nutrition,
treatment received, and the HIV subtype. In general, most individuals develop flu-
like symptoms within a few weeks or months of infection. The symptoms can include
fever, headache, muscle aches, rash, chills, sore throat, mouth or genital ulcers,
swollen lymph glands, joint pain, night sweats, and diarrthea. The intensity of the
symptoms can vary from mild to severe depending upon the individual. During the
acute phase, the HIV viral particles are attracted to and enter cells expressing the
appropriate CD4 receptor molecules. Once the virus has entered the host cell, the
HIV encoded reverse transcriptase generates a proviral DNA copy of the HIV RNA
and the proviral DNA becomes integrated into the host cell genomic DNA. It is this
HIV provirus that is replicated by the host cell, resulting in the release of new HIV

virions which can then infect other cells.

The primary HIV infection subsides within a few weeks to a few months,
and is typically followed by a long clinical “latent” period which may last for up to 10
years. The latent period is also referred to as asymptomatic HIV infection or chronic
HIV infection. The subject's CD4 lymphocyte numbers rebound, but not to pre-
infection levels and most subjects undergo seroconversion, that is, they have
detectable levels of anti-HIV antibody in their blood, within 2 to 4 weeks of infection.
During this latent period, there can be no detectable viral replication in peripheral
blood mononuclear cells and little or no culturable virus in peripheral blood. During
the latent period, also referred to as the clinical latency stage, people who are infected
with HIV may experience no HIV-related symptoms, or only mild ones. But, the HIV
virus continues to reproduce at very low levels. In subjects who have been treated
with anti-retroviral therapies, this latent period may extend for several decades or
more. However, subjects at this stage are still able to transmit HI'V to others even if
they are receiving antiretroviral therapy, although antiretroviral therapy reduces the

risk of transmission.
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CRISPRs (clustered regularly interspaced short palindromic repeats) are
DNA loci containing short repetitions of base sequences. Each repetition is followed
by short segments of “spacer DNA” from previous exposures to a virus. CRISPRs are
often associated with Cas genes that code for proteins related to CRISPRs. The
CRISPR/Cas system is a prokaryotic immune system that confers resistance to foreign
genetic elements such as plasmids and phages and provides a form of acquired
immunity. CRISPR spacers recognize and cut these exogenous genetic elements in a

manner analogous to RNA1 in eukaryotic organisms.

The CRISPR/Cas system has been used for gene editing (by adding,
disrupting or changing the sequence of specific genes) and gene regulation in various
organisms. By delivering the Cas9 protein and appropriate guide RNAs into a cell,
the organism's genome can be cut at any desired location. Successful therapeutic gene
editing using CRISPR/Cas9 system requires efficient and specific delivery and
expression of Cas9 enzyme and guide RNAs in target cells. This is particularly
challenging when the frequency of recipient cells in a tissue or cell population is low,

such as in the case of certain virus-infected cells.

SUMMARY

Provided herein is a method of inactivating a human immunodeficiency
virus (HIV) in a mammalian cell in vivo or in vitro. The method includes exposing
the mammalian cell to a composition that includes an isolated nucleic acid sequence
encoding a clustered regularly interspaced short palindromic repeats (CRISPR)-
associated endonuclease operably linked to a truncated HIV LTR promoter containing

at least a core region and a TAR region of a HIV LTR promoter.

In specific embodiments, the CRISPR-associated endonuclease is Cas9.
The CRISPR-associated endonuclease may be optimized for expression in a human
cell. The exposing of the mammalian cell to the composition may include contacting
the cell. The mammalian cell may be a latently infected cell including, but not limited
to, a CD4" T cell, a macrophage, a monocyte, a gut-associated lymphoid cell, a
microglial cell, and an astrocyte. The mammalian cell may include a cultured cell
from a subject having a HIV infection, a tissue explant, and/or a cell line. The

inactivating of HIV may be performed in vivo or ex vivo.
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In specific embodiments, the isolated nucleic acid may additionally encode
one or more guide RNAs that are complementary to a target nucleic acid sequence in
HIV. The target nucleic acid sequence in HIV may refer to a sequence within a
coding and/or noncoding region and/or the long terminal repeat of HIV. The non-
coding region may include a long terminal repeat of HIV. A sequence within the long
terminal repeat of HIV may include a sequence within U3, R, or U5 regions that
excludes any sequence of the truncated HIV LTR promoter. The composition may
include a sequence that encodes a nuclear localization signal. The composition may
additionally include a sequence encoding a transactivating small RNA (tracrRNA)
and the tractrRNA may be fused to a sequence encoding a guide RNA. The

composition may also include an enhancer region of the HIV LTR promoter.

In specific embodiments, the composition may be operably linked to an
expression vector. The expression vector may be a lentiviral vector, an adenoviral

vector, and an adeno-associated virus vector.

Provided herein is an isolated nucleic acid sequence that includes a
sequence encoding a CRISPR-associated endonuclease operably linked to a truncated
HIV LTR promoter containing at least a core region and a TAR region of a HIV LTR

promoter.

In specific embodiments, the CRISPR-associated endonuclease is Cas9.
The CRISPR-associated endonuclease may be optimized for expression in a human

cell.

In specific embodiments, the sequence may additionally encode one or
more guide RNAs that are complementary to a target nucleic acid sequence in HIV.
The target nucleic acid sequence in HIV may refer to a sequence within a coding
and/or noncoding region and/or the long terminal repeat of HIV. The long terminal
repeat of HIV may include a sequence within the U3, R, or US regions that excludes
any sequence of the truncated HIV LTR promoter. The isolated nucleic acid sequence
may also encode a nuclear localization signal and/or a transactivating small RNA
(tractrRNA). The tractrRNA may be fused to a sequence encoding a guide RNA. The
isolated nucleic acid sequence may also include an enhancer region of the HIV LTR

promoter.
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In specific embodiments, the isolated nucleic acid sequence may be
operably linked to an expression vector. The expression vector may refer to a

lentiviral vector, an adenoviral vector, and an adeno-associated virus vector.

Provided herein is a pharmaceutical composition that includes a sequence
encoding a CRISPR-associated endonuclease operably linked to a truncated HIV LTR
promoter containing at least a core region and a TAR region of a HIV LTR promoter.
The pharmaceutical composition may also include a pharmaceutically acceptable
carrier including, but not limited to, a lipid-based or polymer-based colloid. The
colloid may be a liposome, a hydrogel, a microparticle, a nanoparticle, or a block
copolymer micelle. In specific embodiments, the CRISPR-associated endonuclease is
Cas9. The CRISPR-associated endonuclease may be optimized for expression in a

human cell.

In specific embodiments, the pharmaceutical composition may be

formulated for topical application and/or contained within a condom.

In specific embodiments, the sequence may additionally encode one or
more guide RNAs that are complementary to a target nucleic acid sequence in HIV.
The target nucleic acid sequence in HIV may refer to a sequence within a coding
and/or noncoding region and/or the long terminal repeat of HIV. The sequence within
the long terminal repeat of HIV may include a sequence within the U3, R, or U5
regions that excludes any sequence of the truncated HIV LTR promoter. The
sequence may encode a nuclear localization signal. The pharmaceutical composition
may additionally include a sequence encoding a tracrRNA and the tractrRNA may be
fused to a sequence encoding a guide RNA. The sequence may also encode an

enhancer region of the HIV LTR promoter.

In specific embodiments, the sequence provided by the pharmaceutical
composition may be operably linked to an expression vector. The expression vector

may be a lentiviral vector, an adenoviral vector, and an adeno-associated virus vector.

Provided herein is a method of treating a subject having a HIV infection.
The method includes administering to the subject a therapeutically effective amount
of a pharmaceutical composition that includes a sequence encoding a CRISPR-

associated endonuclease operably linked to a truncated HIV LTR promoter containing
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at least a core region and a TAR region of a HIV LTR promoter. The HIV infection
being treated may be a latent infection. The method may further include identifying a

subject having a HIV infection.

In specific embodiments, the CRISPR-associated endonuclease is Cas9.
The CRISPR-associated endonuclease may be optimized for expression in a human

cell.

In specific embodiments, the sequence may additionally encode one or
more guide RNAs that are complementary to a target nucleic acid sequence in HIV. In
some instances, the sequence may encode an enhancer region of the HIV LTR

promoter.

In specific embodiments, an anti-retroviral agent may be administered.
The anti-retroviral agent may include, but is not limited to, non-nucleoside reverse
transcriptase inhibitors, protease inhibitors, and entry inhibitors. The anti-retroviral
agent may include highly active antiretroviral therapy. The pharmaceutical

composition may be administered topically or parenterally.

In specific embodiments, the pharmaceutical composition may be operably
linked to an expression vector. The expression vector may be a lentiviral vector, an

adenoviral vector, and an adeno-associated virus vector.

Provided herein is a method of reducing risk of a HIV infection in a
subject at risk for the HIV infection. The method may include administering to the
subject a therapeutically effective amount of a pharmaceutical composition
comprising a sequence encoding a CRISPR-associated endonuclease operably linked
to a truncated HIV LTR promoter containing at least a core region and a TAR region
of a HIV LTR promoter. In an embodiment, the subject is sexually active, a health

care worker, and/or a first responder.

In specific embodiments, the CRISPR-associated endonuclease may be
Cas9. The CRISPR-associated endonuclease may be optimized for expression in a
human cell. In some instances, the pharmaceutical composition may be operably
linked to an expression vector. The expression vector may be, without limitation, a

lentiviral vector, an adenoviral vector, and an adeno-associated virus vector. In an
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embodiment, the sequence may also encode an enhancer region of the HIV LTR

promoter.

Provided herein is a method of reducing risk of transmission of a HIV
infection from a HIV-infected gestating or lactating mother to her offspring. The
method includes administering to the subject a therapeutically effective amount of a
pharmaceutical composition that includes a sequence encoding a CRISPR-associated
endonuclease operably linked to a truncated HIV LTR promoter containing at least a
core region and a TAR region of a HIV LTR promoter. In an embodiment, the
pharmaceutical composition is administered during one or more of: prenatally,

perinatally, and postnatally.

In specific embodiments, an anti-retroviral agent may be administered.
The anti-retroviral agent may be, without limitation, non-nucleoside reverse
transcriptase inhibitors, protease inhibitors, and entry inhibitors. The anti-retroviral
agent may be highly active antiretroviral therapy. In an embodiment, a
therapeutically effective amount of the composition may be administered to the
offspring. In an embodiment, the sequence may also encode an enhancer region of the

HIV LTR promoter.

Provided herein is a method of administering a pharmaceutical
composition to prevent infection by a HIV in an uninfected subject. The method may '
include administering to the uninfected subject a therapeutically effective amount of
the pharmaceutical composition that includes a sequence encoding a CRISPR-
associated endonuclease operably linked to a truncated HIV LTR promoter containing
at least a core region of a HIV LTR promoter and a TAR region of a HIV LTR

promoter.

Provided herein is a kit that includes a measured amount of a composition
that includes an isolated nucleic acid sequence that includes a sequence encoding a
CRISPR-associated endonuclease operably linked to a truncated HIV LTR promoter
containing at least a core region and a TAR region of a HIV LTR promoter, or a
vector encoding the isolated nucleic acid, and one or more items of: packaging
material, a package insert including instructions for use, a sterile fluid, a syringe, and

a sterile container.
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As envisioned in the present invention with respect to the disclosed
compositions of matter and methods, in one aspect the embodiments of the invention
comprise the components and/or steps disclosed herein. In another aspect, the
embodiments of the invention consist essentially of the components and/or steps
disclosed herein. In yet another aspect, the embodiments of the invention consist of

the components and/or steps disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a schematic representation of full length HIV-1 LTR (LTR(-
454/+66)), and created LTR truncation variants LTR -120/+66, LTR -80/+66 and
LTR -38/+66. The LTR elements contained in each variant are apparent from the

figure.

Fig. 1B is an agarose gel electrophoresis image of PCR-amplified LTR
sequences of full length HIV-1 LTR and the variants of Fig. 1A. Lane 1: full length
HIV-1 LTR (pLTR(-454/+66)). Lane 2: pLTR (-120/+66). Lane 3: pLTR (-80/+66.
Lane 4: pLTR (-38/+66).

Fig. 2 is a diagram of a Cas9 promoter replacement procedure according to
the present invention. pX260-U6-DR-BB-DR-Cbh-NLS-hSpCas9-NLS-H1-
shorttracr-PGK-puro plasmid (Addgene #42229) (marked as “CBh-Cas9”), was used
as a Cas9 gene source/template. The original CBh promoter in the reference plasmid
was removed by restriction enzyme digestion with the enzymes indicated in the figure
and replaced with different HIV-1 LTR promoter variants (marked collectively as

“LTR-Cas9”).

Fig. 3A is a Western blot of Cas9, Tat and a-tubulin expression in U87
MG cells co-transfected with different amounts of plasmids expressing FLAG-labeled
Cas9 under control of full length HIV-1 LTR (pLTR(-454/+66)-FLAG-Cas9) (10, 50
and 250ng), with or without Tat expressing plasmid (pCMV-Tat86, 250ng). Lane I:
pLTR(-454/+66)-Cas9 250ng, pCMV 1000ng. Lane 2: pLTR(-454/+66)-Cas9 50ng,
pCMYV 1200ng. Lane 3: pLTR(-454/+66)-Cas9 10ng, pCMV 1240ng. Lane 4:
pLTR(-454/+66)-Cas9 250ng, pPCMV 750ng, pCMV-Tat86 250ng. Lane 5: pLTR(-
454/+66)-Cas9 50ng, pCMV 950ng, pCMV-Tat86 250ng. Lane 6: pLTR(-454/+66)-
Cas9 10ng, pCMV 990ng, pPCMV-Tat86 250ng.

8
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Fig. 3B comprise graphs of the intensity of the bands corresponding to
Cas9 and normalized to a-tubulin expression in the Western blot of Fig. 3A. The top
panel show the Western blot image quantification of the Cas9 levels normalized to -
tubulin levels, with or without Tat. The bottom panel show the Western blot image

quantification of the +Tat/no Tat ratio.

Fig. 4A is a Western blot of Cas9, Tat and a-tubulin expression in U87
MG cells transfected with different amounts of plasmids (5ng or 50ng) expressing
FLAG-labeled Cas9 under control of the HIV-1 truncated LTR variant pLTR(-
120/+66)-FLAG-Cas9 or the HIV-1 LTR variant pLTR(-80/+66)-F LAG-Cas9, with
or without Tat expressing plasmid (pCMV-Tat86, 250ng). Lane 1: pLTR(-120/+66)-
Cas9 5ng, pPCMV 1245ng. Lane 2: pLTR(-120/+-66)-Cas9 5ng, pPCMV 1245ng,
+rTat protein 2.5 ug/ml. Lane 3: pLTR(-120/+66)-Cas9 Sng, pCMV 995 ng, pCMV-
Tat86 250ng. Lane 4: pLTR(-120/+66)-Cas9 50ng, pCMV 1200ng. Lane 5: pLTR(-
120/+66)-Cas9 50ng, pCMV 1200ng, +rTat protein 2.5 ng/ml. Lane 6: pLTR(-
120/+66)-Cas9 50ng, pPCMV 950 ng, pCMV-Tat86 250ng. Lane 7: pLTR(-80/+66)-
Cas9 5ng, pPCMV 1245ng. Lane 8: pLTR(-80/+66)-Cas9 5ng, pPCMV 1245ng, +rTat
protein 2.5 ug/ml. Lane 9: pLTR(-80/+66)-Cas9 5ng, pCMYV 995 ng, pCMV-Tat86
250ng. Lane 10: pLTR(-80/+66)-Cas9 50ng, pCMV 1200ng. Lane 11: pLTR(-
80/+66)-Cas9 50ng, pCMV 1200ng, +rTat protein 2.5 pg/ml. Lane 12: pLTR(-
80/+66)-Cas9 50ng, pPCMV 950 ng, pCMV-Tat86 250ng.

Fig. 4B comprise graphs of the intensity of the bands corresponding to
Cas9 normalized to a-tubulin expression in the Western blot of Fig, 4A. The top
panel show the Western blot image quantification of the Cas9 levels normalized to o~
tubulin levels, with no Tat, with rTAT or with transfected Tat. The bottom panel

show the Western blot image quantification of the +Tat(transfected)/no Tat ratio.

Figs 5A-5E depict the expression of Cas9 by the HIV-1 LTR promoter is
stimulated by Tat leading to cleavage of the viral promoter in the presence of gRNA.
Fig. 5A: Schematic presentation of the full-length HIV-1 LTR and the various
regulatory motifs within the enhancer and core regions, and the partial Gag gene. The
extent of LTR deletion mutants that are created for expression of Cas9 is depicted.

The positions of the gRNA target sequence and their distance from each other is
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shown. Fig 5B: Co-transfection of TZMb1 cells with pX260-LTR-Cas9 containing
the full-length LTR (-454/+66) or its various mutants (-120/+66 or -80/+66) along
with a plasmid expressing Tat (pCMV-Tat) increased the level of Tat production as
tested by Western blot (top panel). Expression of housekeeping a-tubulin (middle
panel) and Tat (bottom panel) are shown. Fig. 5C: Infection of TZMbl1 cells with
adenovirus expressing Tat, at two different multiplicities of infection (MOI) followed
by lentivirus mediated expression of Cas9 by the LTR o6 promoter and gRNAs A/B
by the U6 promoter led to cleavage of the integrated HIV-1 LTR promoter DNA
sequence and the appearance of a 205 bp DNA fragment in the TZMb1 cells (as tested
by PCR and DNA gel analysis). Fig. 5D: SDS-PAGE illustrating the level of Cas9, B-
tubulin and Tat protein expressed in TZMb1 cells as described in Fig. 5C. Fig. SE:
Luciferase assay illustrating transcriptional activity of the integrated HIV-1 LTR in
TZMb1 cells after various treatments as described in Fig. 5 C.

Figs. 6A-6C show that HIV-1 infection stimulates cleavage of integrated
viral DNA upon induction of Cas9. The LTR go66-Cas9 reporter TZMb1 cell line
transduced with lentivirus expressing gRNA A/B (LV-gRNA A/B) or control (empty
LV) was infected with three different MOI of HIV-1;rr or HIV-1gFi62, and after 48
hours, cells were harvested and protein expression was determined by Western blot
(Fig. 6A), the level of integrated HIV-1 LTR cleavage upon induction of Cas9 after
viral infection was detected by PCR/DNA gene analysis (Fig. 6B) and transcriptional
activity of the integrated HIV-1 promoter was evaluated by luciferase reporter assay

(Fig. 6C).

Figs. 7A-7C show that Tat stimulation of Cas9 cleaves integrated HIV-1
DNA in T-cells encompassing the HIV-1 reporter at a latent stage. CD4" Jurkat T-
cells, 2D10 cells, containing LTR g+66-Cas9 gene were transduced with control
(empty LV) or LV-gRNA A/B followed by transfection with pPCMV or pCMV-Tat
plasmids. After 48 hours, the level of various proteins, as depicted, was determined by
Western blot (Fig. 7A). The genomic DNA for assessing the state of the integrated
HIV-1 DNA was determined by LTR specific PCR and the excision efficiency was
determined as a percentage of ratios between truncated vs. full-length amplicon (Fig

7B). The level of integrated viral promoter reactivation after cleavage was assessed by

10
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flow cytometry and the representative scatter plots are shown (Fig. 7C). Red positive,

propidium iodide stained, and dead cells were excluded from the analysis.

Figs. 8 A-8C show that treatment of cells with latency reversing drugs
induces Cas9 expression and cleavage of integrated viral DNA in Jurkat 2D10 cells.
2D10 cells expressing LTR go/466-Cas9 were treated with control (empty) or lentivirus
expressing gRNAs A/B and 24 hours later they were treated with PMA (P), TSA (T)
or both (P/T) for 16 hours. Protein studies for the expression of Cas9-Flag, a-tubulin
and GFP (indicative of the integrated HIV-1 genome) was determined by Western
blot (Fig. 8A). Genomic DNA for the detection of the level of excision within the
integrated LTR DNA by Cas9 and gRNA A/B was assessed by PCR and the excision
efficiency was determined as described in Fig. 7A-7C legend (Fig. 8B). GFP reporter
assay, by flow cytometry, and representative scatter plot is shown (Fig. 8C).

FIG. 9 is a schematic representation of negative feedback regulation of
HIV-1 by CRISPR/Cas9. At the early stage of (reactivation), basal transcription of the
viral genome allows production of Tat protein @. Upon association of TAT with the
budge sequence of the viral transcript @ and recruitment of several cellular protein to
associate with the loop of TAR and other transcription factors at RNA poly II in close
proximity of the transcription start site, transcription of viral RNA is highly
stimulated at the initiation and more importantly, elongation ®. The basal product
upon viral activation also stimulates the minimum viral promoter, /¢r, driving the Cas9
gene @. The newly synthesized Cas9 upon association with various HIV-1 specific
gRNAs, cleaves the viral genome and permanently inactivates the LTR and shuts
down HIV-1 gene expression and replication. In the absence of Tat, Itr-Cas9 becomes

silent. Expression of Cas9 can continue only in the presence of Tat.

Fig. 10 shows the position and nucleotide sequences of gRNA A/B targets
within the LTR (highlighted in green, PAM in red) and LTR specific primers used in
PCR on TZMb1 genomic DNA (highlighted in blue) in the reference HIV-1 NL4-3
genome. Sequences and sizes of LTR specific PCR products (full-length and
truncated) and predicted edited fragment (SEQ ID NOS: 6-10).

11
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Fig. 11 shows a representative agarose gel analyzing LTR specific PCR
reactions used for quantification of Cas9/gRNA mediated LTR excision efficiency in

experiments using the Jurkat 2D10 reporter cell line from Figures 7A-7C and 8A-8C.

Fig. 12 shows the position and nucleotide composition of LTR gRNA A/B
targets (highlighted in green, PAM in red) and LTR specific primers used to analyze
excision by PCR in Jurkat 2D10 cells (highlighted in blue) in the reference HIV-1
NL4-3 genome. Nucleotide sequences and sizes of amplicons (full-length and
truncated LTR DNA) and predicted excised DNA fragment are shown (SEQ ID NOS:
11-21).

DEFINITIONS

Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art to
which the invention pertains. Although any methods and materials similar or
equivalent to those described herein can be used in the practice for testing of the
present invention, the preferred materials and methods are described herein. In

describing and claiming the present invention, the following terminology will be used.

It is also to be understood that the terminology used herein is for the

purpose of describing particular embodiments only, and is not intended to be limiting.

All genes, gene names, and gene products disclosed herein are intended to
correspond to homologs from any species for which the compositions and methods
disclosed herein are applicable. It is understood that when a gene or gene product
from a particular species is disclosed, this disclosure is intended to be exemplary only,
and is not to be interpreted as a limitation unless the context in which it appears
clearly indicates. Thus, for example, for the genes or gene products disclosed herein,
are intended to encompass homologous and/or orthologous genes and gene products

from other species.

The articles “a” and “an” are used herein to refer to one or to more than
one (i.e., to at least one) of the grammatical object of the article. By way of example,
“an element” means one element or more than one element. Thus, recitation of “a

cell”, for example, includes a plurality of the cells of the same type. Furthermore, to

12
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the extent that the terms “including”, “includes”, “having”, “has”, “with”, or variants
thereof are used in either the detailed description and/or the claims, such terms are

intended to be inclusive in a manner similar to the term “comprising.”

1Y

As used herein, the terms “comprising,” “comprise” or “comprised,” and
variations thereof, in reference to defined or described elements of an item,
composition, apparatus, method, process, system, etc. are meant to be inclusive or
open ended, permitting additional elements, thereby indicating that the defined or
described item, composition, apparatus, method, process, system, etc. includes those
specified elements--or, as appropriate, equivalents thereof--and that other elements

can be included and still fall within the scope/definition of the defined item,

composition, apparatus, method, process, system, etc.

“About” as used herein when referring to a measurable value such as an
amount, a temporal duration, and the like, is meant to encompass variations of +/-
20%, +/- 10%, +/- 5%, +/- 1%, or +/- 0.1% from the specified value, as such
variations are appropriate to perform the disclosed methods. Alternatively,
particularly with respect to biological systems or processes, the term can mean within
an order of magnitude within 5-fold, and also within 2-fold, of a value. Where
particular values are described in the application and claims, unless otherwise stated
the term “about” meaning within an acceptable error range for the particular value

should be assumed.

An “effective amount” as used herein, means an amount which provides a

therapeutic or prophylactic benefit.

“Encoding” refers to the inherent property of specific sequences of
nucleotides in a polynucleotide, such as a gene, a cDNA, or an mRNA, to serve as
templates for synthesis of other polymers and macromolecules in biological processes
having either a defined sequence of nucleotides (i.e., IRNA, tRNA and mRNA) or a
defined sequence of amino acids and the biological properties resulting therefrom.
Thus, a gene encodes a protein if transcription and translation of mRNA
corresponding to that gene produces the protein in a cell or other biological system.
Both the coding strand, the nucleotide sequence of which is identical to the mRNA

sequence and is usually provided in sequence listings, and the non-coding strand, used
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as the template for transcription of a gene or cDNA, can be referred to as encoding the

protein or other product of that gene or cDNA.

The term “expression” as used herein is defined as the transcription and/or

translation of a particular nucleotide sequence driven by its promoter.

“Expression vector” refers to a vector comprising a recombinant
polynucleotide comprising expression control sequences operatively linked to a
nucleotide sequence to be expressed. An expression vector comprises sufficient cis-
acting elements for expression; other elements for expression can be supplied by the
host cell or in an in vitro expression system. Expression vectors include all those
known in the art, such as cosmids, plasmids (e.g., naked or contained in liposomes)
and viruses (e.g., lentiviruses, retroviruses, adenoviruses, and adeno-associated

viruses) that incorporate the recombinant polynucleotide.

“Isolated” means altered or removed from the natural state. For example,
a nucleic acid or a peptide naturally present in a living animal is not “isolated,” but
the same nucleic acid or peptide partially or completely separated from the coexisting
materials of its natural state is “isolated.” An isolated nucleic acid or protein can exist
in substantially purified form, or can exist in a non-native environment such as, for

example, a host cell.

An “isolated nucleic acid” refers to a nucleic acid segment or fragment
which has been separated from sequences which flank it in a naturally occurring state,
i.e., a DNA fragment which has been removed from the sequences which are normally
adjacent to the fragment, i.e., the sequences adjacent to the fragment in a genome in
which it naturally occurs. The term also applies to nucleic acids which have been
substantially purified from other components which naturally accompany the nucleic
acid, i.e., RNA or DNA or proteins, which naturally accompany it in the cell. The
term therefore includes, for example, a recombinant DNA which is incorporated into a
vector, into an autonomously replicating plasmid or virus, or into the genomic DNA
of a prokaryote or eukaryote, or which exists as a separate molecule (i.e., as a cDNA
or a genomic or cDNA fragment produced by PCR or restriction enzyme digestion)
independent of other sequences. It also includes: a recombinant DNA which is part of

a hybrid gene encoding additional polypeptide sequence, complementary DNA
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(cDNA), linear or circular oligomers or polymers of natural and/or modified
monomers or linkages, including deoxyribonucleosides, ribonucleosides, substituted
and alpha-anomeric forms thereof, peptide nucleic acids (PNA), locked nucleic acids

(LNA), phosphorothioate, methylphosphonate, and the like.

The term “variant,” when used in the context of a polynucleotide

sequence, may encompass a polynucleotide sequence related to a wild type gene.

b1 27 &

This definition may also include, for example, “allelic,” “splice,” “species,” or
“polymorphic” variants. A splice variant may have significant identity to a reference
molecule, but will generally have a greater or lesser number of polynucleotides due to
alternate splicing of exons during mRNA processing. The corresponding polypeptide
may possess additional functional domains or an absence of domains. Species
variants are polynucleotide sequences that vary from one species to another. Of
particular utility in the invention are variants of wild type gene products. Variants
may result from at least one mutation in the nucleic acid sequence and may result in
altered mRNAs or in polypeptides whose structure or function may or may not be
altered. Any given natural or recombinant gene may have none, one, or many allelic
forms. Common mutational changes that give rise to variants are generally ascribed
to natural deletions, additions, or substitutions of nucleotides. Each of these types of
changes may occur alone, or in combination with the others, one or more times in a

given sequence.

2 L

As used herein, the terms “nucleic acid sequence”, “polynucleotide,”
are used interchangeably throughout the specification and include complementary
DNA (cDNA), linear or circular oligomers or polymers of natural and/or modified
monomers or linkages, including deoxyribonucleosides, ribonucleosides, substituted
and alpha-anomeric forms thereof, peptide nucleic acids (PNA), locked nucleic acids
(LNA), phosphorothioate, methylphosphonate, and the like. Polynucleotides include,
but are not limited to, all nucleic acid sequences which are obtained by any means
available in the art, including, without limitation, recombinant means, i.e., the cloning
of nucleic acid sequences from a recombinant library or a cell genome, using ordinary

cloning technology and PCR™, and the like, and by synthetic means.
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The nucleic acid sequences may be “chimeric,” that is, composed of
different regions. In the context of this invention “chimeric” compounds are
oligonucleotides, which contain two or more chemical regions, for example, DNA
region(s), RNA region(s), PNA region(s) etc. Each chemical region is made up of at
least one monomer unit, i.e., a nucleotide. These sequences typically comprise at
least one region wherein the sequence is modified in order to exhibit one or more

desired properties.

The term “target nucleic acid” refers to a nucleic acid (often derived from
a biological sample), to which the oligonucleotide is designed to specifically
hybridize. It is either the presence or absence of the target nucleic acid that is to be
detected, or the amount of the target nucleic acid that is to be quantified. The target
nucleic acid has a sequence that is complementary to the nucleic acid sequence of the
corresponding oligonucleotide directed to the target. The term target nucleic acid
may refer to the specific subsequence of a larger nucleic acid to which the
oligonucleotide is directed or to the overall sequence (e.g., gene or mRNA). The

difference in usage will be apparent from context.

In the context of the present invention, the following abbreviations for the
commonly occurring nucleic acid bases are used, “A” refers to adenosine, “C” refers
to cytosine, “G” refers to guanosine, “T” refers to thymidine, and “U” refers to

uridine.

Unless otherwise specified, a “nucleotide sequence encoding an amino
acid sequence” includes all nucleotide sequences that are degenerate versions of each
other and that encode the same amino acid sequence. The phrase nucleotide sequence
that encodes a protein or an RNA may also include introns to the extent that the

nucleotide sequence encoding the protein may in some version contain an intron(s).

A “lentivirus” as used herein refers to a genus of the Retroviridae family.
Lentiviruses are unique among the retroviruses in being able to infect non-dividing
cells; they can deliver a significant amount of genetic information into the DNA of the
host cell, so they are one of the most efficient methods of a gene delivery vector. HIV,
SIV, and FIV are all examples of lentiviruses. Vectors derived from lentiviruses offer

the means to achieve significant levels of gene transfer in vivo.
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“Parenteral” administration of an immunogenic composition includes, e.g.,
subcutaneous (s.c.), intravenous (i.v.), intramuscular (i.m.), or intrasternal injection,

or infusion techniques.

The terms “patient” or “individual” or “subject” are used interchangeably
herein, and refers to a mammalian subject to be treated, with human patients being
preferred. In some cases, the methods of the invention find use in experimental
animals, in veterinary application, and in the development of animal models for
disease, including, but not limited to, rodents including mice, rats, and hamsters, and

primates.

The term “polynucleotide” is a chain of nucleotides, also known as a
“nucleic acid”. As used herein polynucleotides include, but are not limited to, all
nucleic acid sequences which are obtained by any means available in the art, and

include both naturally occurring and synthetic nucleic acids.

2

The terms “peptide,” “polypeptide,” and “protein” are used
interchangeably, and refer to a compound comprised of amino acid residues
covalently linked by peptide bonds. A protein or peptide must contain at least two
amino acids, and no limitation is placed on the maximum number of amino acids that
can comprise a protein's or peptide's sequence. Polypeptides include any peptide or
protein comprising two or more amino acids joined to each other by peptide bonds.
As used herein, the term refers to both short chains, which also commonly are referred
to in the art as peptides, oligopeptides and oligomers, for example, and to longer
chains, which generally are referred to in the art as proteins, of which there are many
types. “Polypeptides” include, for example, biologically active fragments,
substantially homologous polypeptides, oligopeptides, homodimers, heterodimers,
variants of polypeptides, modified polypeptides, derivatives, analogs, fusion proteins,
among others. The polypeptides include natural peptides, recombinant peptides,

synthetic peptides, or a combination thereof.

The term “promoter” means a DNA sequence recognized by the synthetic
machinery of the cell, or introduced synthetic machinery, required to initiate the
specific transcription of a polynucleotide sequence. A “minimal” promoter or

“truncated” promoter or “functional fragment” of a promoter includes all essential
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elements of a promoter for transcriptional activation of, for example, a nucleic acid
sequence operably linked or under control of the minimal promoter. In one
embodiment, a truncated HIV long terminal repeat (LTR) promoter comprises at least
a core region, a trans activation response element (TAR) or combinations thereof, of a

HIV LTR promoter.

The term “transfected” or “transformed” or “transduced” means to a
process by which exogenous nucleic acid is transferred or introduced into the host
cell. A “transfected” or “transformed” or “transduced” cell is one which has been
transfected, transformed or transduced with exogenous nucleic acid. The

transfected/transformed/transduced cell includes the primary subject cell and its
progeny.
To “treat” a disease as the term is used herein, means to reduce the

frequency or severity of at least one sign or symptom of a disease or disorder

experienced by a subject.

A “vector” is a composition of matter which comprises an isolated nucleic
acid and which can be used to deliver the isolated nucleic acid to the interior of a cell.
Examples of vectors include but are not limited to, linear polynucleotides,
polynucleotides associated with ionic or amphiphilic compounds, plasmids, and
viruses. Thus, the term “vector” includes an autonomously replicating plasmid or a
virus. The term is also construed to include non-plasmid and non-viral compounds
which facilitate transfer of nucleic acid into cells, such as, for example, polylysine
compounds, liposomes, and the like. Examples of viral vectors include, but are not
limited to, adenoviral vectors, adeno-associated virus vectors, retroviral vectors, and

the like.

Ranges: throughout this disclosure, various aspects of the invention can be
presented in a range format. It should be understood that the description in range
format is merely for convenience and brevity and should not be construed as an
inflexible limitation on the scope of the invention. Accordingly, the description of a
range should be considered to have specifically disclosed all the possible subranges as
well as individual numerical values within that range. For example, description of a

range such as from 1 to 6 should be considered to have specifically disclosed
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subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from
3 to 6 etc., as well as individual numbers within that range, for example, 1, 2,2.7, 3,

4,5,5.3,and 6. This applies regardless of the breadth of the range.

Where any amino acid sequence is specifically referred to by a Swiss Prot.
or GENBANK Accession number, the sequence is incorporated herein by reference.
Information associated with the accession number, such as identification of signal
peptide, extracellular domain, transmembrane domain, promoter sequence and

translation start, is also incorporated herein in its entirety by reference.

The term “percent sequence identity” refers to the degree of identity

between any given query sequence and a subject sequence.

The term “exogenous” indicates that the nucleic acid or polypeptide is part
of, or encoded by, a recombinant nucleic acid construct, or is not in its natural
environment. For example, an exogenous nucleic acid can be a sequence from one
species introduced into another species, i.e., a heterologous nucleic acid. Typically,
such an exogenous nucleic acid is introduced into the other species via a recombinant
nucleic acid construct. An exogenous nucleic acid can also be a sequence that is
native to an organism and that has been reintroduced into cells of that organism. An
exogenous nucleic acid that includes a native sequence can often be distinguished
from the naturally occurring sequence by the presence of non-natural sequences
linked to the exogenous nucleic acid, e.g., non-native regulatory sequences flanking a
native sequence in a recombinant nucleic acid construct. In addition, stably
transformed exogenous nucleic acids typically are integrated at positions other than

the position where the native sequence is found.

The terms “pharmaceutically acceptable” (or “pharmacologically
acceptable”) refer to molecular entities and compositions that do not produce an
adverse, allergic or other untoward reaction when administered to an animal or a
human, as appropriate. The term “pharmaceutically acceptable carrier,” as used
herein, includes any and all solvents, dispersion media, coatings, antibacterial,
isotonic and absorption delaying agents, buffers, excipients, binders, fubricants, gels,
surfactants and the like, that may be used as media for a pharmaceutically acceptable

substance.
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As used herein, the term “kit” refers to any delivery system for delivering
materials. Inclusive of the term “kits” are kits for both research and clinical
applications. In the context of reaction assays, such delivery systems include systems
that allow for the storage, transport, or delivery of reaction reagents (e.g.,
oligonucleotides, enzymes, etc. in the appropriate containers) and/or supporting
materials (e.g., buffers, written instructions for performing the assay etc.) from one
location to another. For example, kits include one or more enclosures (e.g., boxes)
containing the relevant reaction reagents and/or supporting materials. As used herein,
the term “fragmented kit” refers to delivery systems comprising two or more separate
containers that each contains a subportion of the total kit components. The containers
may be delivered to the intended recipient together or separately. For example, a first
container may contain an enzyme for use in an assay, while a second container
contains oligonucleotides or liposomes. The term “fragmented kit” is intended to
encompass kits containing Analyte specific reagents (ASR's) regulated under section
520(e) of the Federal Food, Drug, and Cosmetic Act, but are not limited thereto.
Indeed, any delivery system comprising two or more separate containers that each
contains a subportion of the total kit components are included in the term “fragmented
kit.” In contrast, a “combined kit” refers to a delivery system containing all of the
components of a reaction assay in a single container (e.g., in a single box housing
each of the desired components). The term “kit” includes both fragmented and

combined kits.

DETAILED DESCRIPTION

Soon after infection with HIV-1, the viral genome becomes integrated into
the host chromosome and is rapidly expressed in CD4" T-cells. HIV-1 replication
leads to drastic depletion of CD4" T-cells. Often, after the acute phase of infection,
the virus enters a new phase called latency, where the integrated proviral DNA
continues to be expressed and viral replication proceeds at very low levels. Under
these circumstances, the weakened immune system caused by persistent viral
replication progresses to AIDS and the development of a broad range of opportunistic
infections that eventually lead to death within three years if untreated. At the

molecular level, expression of the viral genome and its replication both at the acute
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and chronic states is controlled by the viral promoter that spans 450 nucleotides of the
5' long terminal region (LTR). Cooperativity occurs between a series of cellular
transcriptional factors that recognize DNA sequences within the U3 region of the 5'-
LTR and the HIV-1 immediate early transcription activator, Tat, which interacts with
the TAR RNA sequence positioned within the leader region of the Virai transcript.
These interactions are required for the robust initiation and efficient elongation of
transcription from integrated copies of the viral DNA. While the current anti-
retroviral drugs have been effective in suppressing viral infection cycles, they have
yet to contain any components that inhibit viral gene expression at the transcriptional
level, supporting the notion that the integrated copies of the virus may continue to
express the viral genome, albeit at very low levels, in HIV-1 positive patients under
active antiretroviral therapy (ART). Indeed, expression of viral genes drastically
elevates upon cessation of ART and allows production of viral early regulatory

proteins such as Tat to orchestrate productive replication of the viral genome.

Accordingly, embodiments of the invention are directed to compositions
for conditional activation of the CRISPR/Cas at the early stage of reactivation. These
compositions completely and permanently ablate virus replication prior to productive
viral replication by removing a segment of the viral gene spanning the viral promoter
and/or the viral coding sequence. In embodiments, a composition comprises a nucleic
acid sequence encoding a clustered regularly interspaced short palindromic repeats
(CRISPR)-associated endonuclease (CRISPR/Cas) operably linked to a truncated
functional viral promoter whereby the truncated viral promoter is under control of an
immediate early transcriptional activator, thereby conditionally activating
CRISPR/Cas at an early stage of viral replication. The isolated nucleic acid further
comprises at least one guide RNA that is complementary to a target nucleic acid
sequence in the virus. The CRISPR/Cas excises a segment of a viral genome, for
example, the segment spanning a viral promoter and/or viral coding sequence. In
these embodiments, the composition is tailored to excise any virus. In certain

embodiments, the virus is a retrovirus.

A viral genome, e.g. HIV integrated into an infected host cell’s genome
may be eliminated from such HIV infected cells utilizing an RNA-guided clustered

regularly interspaced short palindromic repeat (CRISPR)-associated endonuclease
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such as a Cas9. Successful therapeutic gene editing using CRISPR/Cas9 enzyme and
guide RNA requires efficient and specific delivery and expression of Cas9 enzyme
and guide RNAs in target cells. This is difficult when the frequency of recipient cells
in a tissue or population of cells is low, such as HIV infected cells in patients on

highly active antiretroviral therapy (HAART).

According to the present invention, a CRISPR-associated endonuclease
such as a Cas9 is placed under the control of a truncated Tat-responsive HIV LTR
promoter. The endonuclease expression is thereby activated in cells containing the
Tat protein. As demonstrated herein, both exogenously provided (e.g., by
transfection) and endogenously produced (e.g., by reactivation of latent virus) Tat can
activate (CRISPR)-associated endonuclease (e.g., Cas9) expression in cells lines when
expression of the endonuclease is placed under the control of the truncated Tat-
responsive HIV LTR promoter. In the studies presented further detail in the examples
section, the compositions allow for the conditional activation of the CRISPR/Cas9 at
the early stage of viral reactivation by the HIV-1 transcriptional activator, Tat. This
strategy completely and permanently ablates virus replication prior to productive viral
replication by removing an entire viral genome or a segment of the viral gene

spanning the viral promoter and/or the viral coding sequence.

Figure 1A shows a schematic representation of the HIV LTR. Itis
approximately 640 bp in length. HIV-1 LTR is divided into U3, R, and U5 regions.
Transcription of the HIV-1 genome is controlled by a series of cis-acting regulatory
motifs spanning the long-terminal region of the viral genome at the 5' end. The U3
region of the viral promoter occupies -1 to -454 nucleotides, with respect to the
transcription start site at +1 and has three sub-regions: modulatory, enhancer, and
core. The enhancer contains the NF-kB binding site (-127 to -80). The core domain
comprises the GC-rich and TATA box (-80 to +1). The R region (+1 to +98) of the
LTR comprises TAR, a region for which the expressed RNA forms a stem-loop
structure and provides a binding site for the viral transactivator (Krebs et a/, Lentiviral
LTR-directed expression, sequence variation, disease pathogenesis. Los Alamos

National Laboratory HIV Sequence: Compendium, pp. 29-70.2002).
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The LTRs contain all of the required signals for gene expression and are
involved in the integration of a provirus into the genome of a host cell. For example,
the core promoter, an enhancer, and a modulatory region are found within U3 while
the TAR is found within R as shown in Figure 1A. TAR, the binding site for Tat
protein and for cellular proteins, consists of approximately the first 45 nucleotides of
the viral mRNAs in HIV-1 forms a hairpin stem-loop structure. In HIV-1, the U5
region includes several sub-regions, for example, including Poly A which is involved
in dimerization and genome packaging, PBS or primer binding site, Psi or the

packaging signal, and DIS or dimer initiation site.

According to the present invention, a composition is provided comprising
an isolated nucleic acid encoding a CRISPR-associated endonuclease operably linked
to a truncated HIV LTR promoter containing at least the core region and the TAR
(transactivation response element) region of HIV LTR promoter. A truncated HIV
LTR promoter refers to an operative functional promoter containing less than the full
length HIV LTR promoter. Preferably, the truncated promoter contains a core region
and a TAR region without all or substantially all of the modulatory and/or enhancer
regions. In another embodiment, the truncated HIV LTR promoter contains the core
region, the TAR region, and all or substantially all of the enhancer region, but does
not contain any of the modulatory region. The truncated HIV LTR promoter is
responsive to Tat protein. That is, Tat can activate the expression of the CRISPR-
associated endonuclease, such as Cas9, operably linked to the truncated HIV LTR
promoter. The disclosed composition may be utilized to inactivate HIV in a
mammalian cell, treat a subject having a HIV infection, reduce the risk of HIV
infection in a subject at risk for infection, and/or reduce the risk of transmission of
HIV from a HIV-infected mother to her offspring. The therapeutic methods disclosed
herein may be carried out in connection with other antiretroviral therapies such as
HAART. The composition may be included as a part of a kit for diagnostic, research,

and/or therapeutic applications.

Anti-retroviral therapy does not suppress low levels of viral genome
expression nor does it efficiently target latently infected cells such as resting memory
T cells, monocytes, macrophages, microglia, astrocytes, and gut associated lymphoid

cells as described earlier. However, the methods and compositions disclosed herein
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are generally useful for treatment of HIV infected subjects at any stage of infection, or
to an uninfected subject who is at risk for HIV infection. In particular, the disclosed
methods and compositions are useful for HIV infected subjects who are in the latent
period of the infection. Moreover, when a guide RNA is associated with the CRISPR-
associated endonuclease operably linked to a truncated, Tat-responsive HIV LTR
promoter, as disclosed herein, the HIV genome may be excised from the host cell and

eliminated.

Several advantages may be realized with the compositions containing a
sequence encoding CRISPR-associated endonuclease operably linked to a truncated
HIV LTR promoter containing the core region and the TAR region of HIV LTR
promoter. The potential risk of toxic effects caused by the continuous expression may
be alleviated and/or eliminated by limiting the expression of the CRISPR-associated
endonuclease to cells with HIV gene expression and/or replication. For example, the
potential to induce toxicity due to the immunogenicity of the CRISPR-associated
endonuclease may be mitigated because of the low and/or intermittent expression of
the endonuclease according to the present invention, while at the same time eliminate
or cause self-destruction of the HIV genome in infected individuals. In addition, the
present invention may provide a prophylactic strategy for at risk individuals because
persistent expression of the CRISPR-associated endonuclease is minimized. Thus, the
CRISPR-associated endonuclease driven by a truncated, Tat-responsive HIV LTR
promoter may be utilized to provide a safe treatment of HIV infected subjects, and to

vaccinate uninfected individuals who may be at risk of infection.

In some embodiments the promoter comprises one or more mutations,
deletions, insertions, variants, derivatives or combinations thereof. The promoter may

also be chimeric, comprising one or chimeric compounds.

Placing the CRISPR-associated endonuclease under control of a truncated
HIV LTR promoter, as described herein, is also advantageous because a smaller-sized
nucleic acid may be more readily packaged into delivery mechanisms suitable for
gene therapy (e.g., retroviruses). Promoter constructs that include the modulatory
region, for example, may be less suitable for gene therapy due to their size and/or

variable effects on transcription of CRISPR-associated endonuclease. Further, a
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composition including only the TATA box of the core region plus the full TAR region
of the HIV LTR promoter is unable to adequately express Cas9 (data not shown).
Compositions including the entire core region, the TAR region, and optionally the
enhancer of the HIV-1 LTR promoter (see Figure 1A) are able to drive Tat-induced

5  expression of Cas9 in a dosage dependent manner.

The truncated HIV-1 LTR promoter may comprise a nucleic acid that
includes the nucleotides of positions -80 to +66 of the HIV-1 LTR promoter. In an
embodiment, the truncated HIV-1 LTR promoter may comprise a nucleic acid that
includes positions -120 to +66 of the HIV-1 LTR promoter. Preferably, the truncated

10  HIV-1 LTR promoter does not contain sequences from the modulatory region.

As disclosed herein, full length and truncated HIV-1 LTR promoter
sequences were obtained by PCR using pNL4-3 HIV vector (NIH AIDS Reagent

program #114) as a template and the primers shown in the table below:

Primer name Sequence SEQ ID NO.
Kpnl-LTR(- 5’-GGTACCTGGAAGGGCTAATTTGG-3* | SEQID NO: 1
454)-S

Kpnl-LTR(- 5’-GGTACCTCGAGCTTTCTACAAGG-3" | SEQ IDNO: 2
120)-S

Xbal-LTR(-80)- | 5’-TCTAGAGGAGGTGTGGCCTGGGC-3* | SEQID NO: 3
S

Kpnl-LTR(-38)- | 5’-GGTACCAGATGCTACATATAAGC-3* | SEQ ID NO: 4

S
LTR(+66)-Neol- | 5’-CCATGGTAAGCAGTGGGTTCC-3’ SEQID NO: 5
AS

15 The bolded nucleotides in the sequence column correspond to the cleavage

site of the restriction enzyme bolded in the respective primer name column. Each
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primer was utilized to generate a different-sized segment of the HIV-1 LTR promoter
sequence as shown in Figure 1A. For example, LTR -454/+66 includes the entire U3
region and a portion of the R region. In contrast, LTR -80/4+66 corresponds to the
core region of U3 and the TAR region of R. The LTR -38/+66 nucleotide sequence
was unable to adequately drive expression of Cas9 in response to Tat at a detectable

level (data not shown).

The truncated HIV-1 LTR promoter of the present invention corresponds
to a segment containing the core region of U3 and the TAR. The core region includes
the TATA box and a GC rich region that may be a target for SP1. In some
configurations, the truncated HIV-1 LTR promoter may include the enhancer at

positions -120 to -80 as shown in Figure 1A.

The truncated HIV-1 LTR promoter may be utilized to drive expression of
a CRISPR-associated endonuclease such as Cas9. Such endonucleases are described
in PCT international application No. PCT/US2014/053441 (W02015/031775) filed
on August 29, 2014 and published on March 5, 2015, the entire disclosure of which is
incorporated herein by reference. As described above, the HIV genome integrates
into a host genome of an individual infected with HIV. This integrated sequence is
then replicated by the host. Even in the latent period, Tat may be produced by the
cell. The compositions of the present invention eliminate and/or reduce the presence
of the proviral polynucleotides in the host. Because the CRISPR-associated
endonuclease is driven by a Tat-responsive promoter according to the present
invention, any time Tat is present (e.g., produced by an infected cell), the
endonuclease is produced and degrades the nascent polynucleotides. When the virus
is not active, no endonuclease is produced. Thus avoided are potential toxic effects
that continual expression of the endonuclease may exert on the cell and/or host.
Moreover, the amount of endonuclease produced is proportional to the amount of Tat

present as described below with respect to Figures 3 and 4.

In certain embodiments, an isolated nucleic acid sequence has at least a

50% sequence similarity to any one of SEQ ID NOS: 1 to 21.

In certain embodiments, an isolated nucleic acid sequence has at least a

70% sequence similarity to any one of SEQ ID NOS: 1 to 21.
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In certain embodiments, an isolated nucleic acid sequence has at least a

75% sequence similarity to any one of SEQ ID NOS: 1 to 21.

In certain embodiments, an isolated nucleic acid sequence has at least an
85% sequence similarity to any one of SEQ ID NOS: 1 to 17 to about 95%, 96%,
97%, 98%, or 99% sequence similarity to any one of SEQ ID NOS: 1 to 21.

In certain embodiments, an isolated nucleic acid sequence comprises any

one of SEQ ID NOS: 1 to 21 or combinations thereof.

The compositions disclosed herein may include nucleic acids encoding a
CRISPR- associated endonuclease, such as Cas9. In some embodiments, one or more
guide RNAs that are complementary to a target sequence of HIV may also be
encoded. In bacteria, the CRISPR/Cas loci encode RNA-guided adaptive immune
systems against mobile genetic elements (viruses, transposable elements and
conjugative plasmids). Three types (I-III) of CRISPR systems have been identified.
CRISPR clusters contain spacers, the sequences complementary to antecedent mobile
elements. CRISPR clusters are transcribed and processed into mature CRISPR RNA
(crRNA). The CRISPR-associated endonuclease, Cas9, belongs to the type II
CRISPR/Cas system and has strong endonuclease activity to cut target DNA. Cas9 is
guided by a mature crRNA that contains about 20 base pairs (bp) of unique target
sequence (called spacer) and a trans-activated small RNA (tracrRNA) that serves as a
guide for ribonuclease 1II-aided processing of pre-ctrRNA. The crRNA:tractrRNA
duplex directs Cas9 to target DNA via complementary base pairing between the
spacer on the crRNA and the complementary sequence (called protospacer) on the
target DNA. Cas9 recognizes a trinucleotide (NGG) protospacer adjacent motif
(PAM) to specify the cut site (the 3rd nucleotide from PAM). The crRNA and
tracrRNA can be expressed separately or engineered into an artificial fusion small
guide RNA (sgRNA) via a synthetic stem loop (AGAAAU) to mimic the natural
crRNA/tracrRNA duplex. Such sgRNA, like shRNA, can be synthesized or in vitro
transcribed for direct RNA transfection or expressed from U6 or HI-promoted RNA
expression vector, although cleavage efficiencies of the artificial sgRNA are lower

than those for systems with the crRNA and tracrRNA expressed separately.
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The CRISPR-associated endonuclease can be a Cas9 nuclease. The Cas9
nuclease can have a nucleotide sequence identical to the wild type Streptococcus
pyogenes sequence. The CRISPR-associated endonuclease may be a sequence from
other species, for example other Streptococcus species, such as thermophiles. The
Cas9 nuclease sequence can be derived from other species including, but not limited
to: Nocardiopsis dassonvillei, Streptomyces pristinaespiralis, Streptomyces
viridochromogenes, Streptomyces roseum, Alicyclobacillus acidocaldarius, Bacillus
pseudomycoides, Bacillus sélenitireducens, Exiguobacterium sibiricum, Lactobacillus
delbrueckii, Lactobacillus salivarius, Microscilla marina, Burkholderiales bacterium,
Polaromonas naphthalenivorans, Polaromonas sp., Crocosphaera watsonii,
Cyanothece sp., Microcystis aeruginosa, Synechococcus sp., Acetohalobium
arabaticum, Ammonifex degensii, Caldicelulosiruptor becscii, Candidatus
desulforudis, Clostridium botulinum, Clostridium difficle, Finegoldia magna,
Natranaerobius thermophilus, Pelotomaculum thermopropionicum, Acidithiobacillus
caldus, Acidithiobacillus ferrooxidans, Allochromatium vinosum, Marinobacter sp.,
Nitrosococcus halophilus, Nitrosococcus watsoni, Pseudoalteromonas haloplanktis,
Ktedonobacter racemifer, Methanohalobium evestigatum, Anabaena variabilis,
Nodularia spumigena, Nostoc sp., Arthrospira maxima, Arthrospira platensis,
Arthrospira sp., Lyngbya sp., Microcoleus chthonoplastes, Oscillatoria sp., Petrotoga
1n0bili§, Thermosipho africanus, or Acaryochloris marina. Psuedomona aeruginosa,
Escherichia coli, or other sequenced bacteria genomes and archaea, or other
prokaryotic microogranisms may also be a source of the Cas9 sequence utilized in the

embodiments disclosed herein.

The wild type Streptococcus pyogenes Cas9 sequence can be modified.
The nucleic acid sequence can be codon optimized for efficient expression in
mammalian cells, i.e., “humanized.” sequence can be for example, the Cas9 nuclease
sequence encoded by any of the expression vectors listed in Genbank accession
numbers KM099231.1 G1:669193757; KM099232.1 GI:669193761; or KM099233.1
GI:669193765. Alternatively, the Cas9 nuclease sequence can be for example, the
sequence contained within a commercially available vector such as PX330 or PX260
from Addgene (Cambridge, MA). In some embodiments, the Cas9 endonuclease can

have an amino acid sequence that is a variant or a fragment of any of the Cas9
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endonuclease sequences of Genbank accession numbers KM099231.1 GI:669193757,
KM099232.1 GI:669193761; or KM099233.1 GI:669193765 or Cas9 amino acid
sequence of PX330 or PX260 (Addgene, Cambridge, MA). The Cas9 nucleotide
sequence can be modified to encode biologically active variants of Cas9, and these
variants can have or can include, for example, an amino acid sequence that differs
from a wild type Cas9 by virtue of containing one or more mutations (e.g., an
addition, deletion, or substitution mutation or a combination of such mutations). One
or more of the substitution mutations can be a substitution (e.g., a conservative amino
acid substitution). For example, a biologically active variant of a Cas9 polypeptide
can have an amino acid sequence with at least or about 50% sequence identity (e.g., at
least or about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, or
99% sequence identity) to a wild type Cas9 polypeptide. Conservative amino acid
substitutions typically include substitutions within the following groups: glycine and
alanine; valine, isoleucine, and leucine; aspartic acid and glutamic acid; asparagine,
glutamine, serine and threonine; lysine, histidine and arginine; and phenylalanine and
tyrosine. The amino acid residues in the Cas9 amino acid sequence can be non-
naturally occurring amino acid residues. Naturally occurring amino acid residues
include those naturally encoded by the genetic code as well as non-standard amino
acids (e.g., amino acids having the D-configuration instead of the L-configuration).
The present peptides can also include amino acid residues that are modified versions
of standard residues (e.g. pyrrolysine can be used in place of lysine and
selenocysteine can be used in place of cysteine). Non-naturally occurring amino acid
residues are those that have not been found in nature, but that conform to the basic
formula of an amino acid and can be incorporated into a peptide. These include D-
alloisoleucine(2R,3S)-2-amino-3-methylpentanoic acid and Leyclopentyl glycine (S)-
2-amino-2-cyclopentyl acetic acid. For other examples, one can consult textbooks or
the worldwide web (a site currently maintained by the California Institute of
Technology displays structures of non-natural amino acids that have been successfully

incorporated into functional proteins).

The compositions and methods of the present invention may include a
sequence encoding a guide RNA that is complementary to a target sequence in HIV.

The genetic variability of HIV is reflected in the multiple groups and subtypes that
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have been described. A collection of HIV sequences is compiled in the Los Alamos
HIV databases and compendiums (i.€., the sequence database web site is
hitp://www.hiv.lani.gov). The methods and compositions of the invention can be
applied to HIV from any of those various groups, subtypes, and circulating
recombinant forms. These include for example, the HIV-1 major group (often
referred to as Group M) and the minor groups, Groups N, 0, and P, as well as but not
limited to, any of the following subtypes, A, B, C, D, F, G, H, J and K. or group (for
example, but not limited to any of the following Groups, N, 0 and P) of HIV.

The guide RNA can be a sequence complimentary to a coding or a non-
coding sequence (i.e., a target sequence). For example, the guide RNA can be a
sequence that is complementary to a HIV long terminal repeat (LTR) region other
than the portions that are utilized informing the truncated Tat-responsive promoter
that is operably linked to the Cas9 gene. The guide RNA cannot target the sequence
corresponding to the truncated Tat-responding HIV-1 LTR promoter as disclosed
herein because it would result in degradation of the construct itself, thereby
potentially removing the advantages rendered by the CRISPR-associated
endonuclease driven by the truncated HIV LTR promoter. Thus, a guide RNA can
include a sequence found within an HIV-1 U3, R, and/or U5 region reference
sequence or consensus sequence, without selecting a sequence that is a part of the

truncated Tat-responsive HIV promoter.

In some embodiments, the guide RNA can be a sequence complementary
to a coding sequence such as a sequence encoding one or more viral structural
proteins (e.g., gag, pol, env, and tat). Thus, the sequence can be complementary to
sequence within the gag polyprotein, e.g., MA (matrix protein, pl7); CA (capsid
protein, p24); NC (nucleocapsid protein, p7); and P6 protein; pol, e.g., reverse
transcriptase (RT) and RNase H, integrase (IN), and HIV protease (PR); env, e.g.,
gp160, or a cleavage product of gp160, e.g., gp120 or SU, and gp4l or TM; or tat, e.g.,
the 72-amino acid one-exon Tat or the 86-101 amino-acid two-exon Tat. In some
embodiments, the guide RNA can be a sequence complementary to a sequence
encoding an accessory protein, including for example, vif , n willef (negative factor)

vpu (Virus protein U) and tev.
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In some embodiments, the guide RNA sequence can be a sequence
complementary to a structural or regulatory element (i.e., a target sequence) such as
RRE, PE, SLIP, CRS (Cis-acting repressive sequences), and/or INS. RRE (Rev
responsive element) is an RNA element encoded within the env region of HIV and
includes approximately 200 nucleotides (positions 7710 to 8061 from the start of
transcription in HIV-1, spanning the border of gp120 and gp4l). PE (Psi element)
corresponds to a set of 4 stem-loop structures preceding and overlapping the Gag start
codon. SLIP is a TTTTTT “slippery site” followed by a stem-loop structure. CRS
(Cis-acting repressive sequences). INS (Inhibitory/Instability RNA sequences) may
be found for example, at nucleotides 414 to 631 in the gag region of HIV-1.

The guide RNA sequence can be a sense or anti-sense sequence. The
guide RNA sequence generally includes a PAM. The sequence of the PAM can vary
depending upon the specificity requirements of the CRISPR endonuclease used. In the
CRISPR-Cas system derived from S. pyogenes, the target DNA typically immediately
precedes a 5'-NGG proto-spacer adjacent motif (PAM). Thus, for the S. pyogenes
Cas9, the PAM sequence can be AGG, TGG, CGG or GGG. Other Cas9 orthologs
may have different PAM specificities. For example, Cas9 from S. thermophilus
requires 5'-NNAGAA for CRISPR 1 and 5'-NGGNG for CRISPR3) and Neiseria
menigiditis requires 5'-NNNNGATT). The specific sequence of the guide RNA may
vary, but, regardless of the sequence, useful guide RNA sequences will be those that
minimize off-target effects while achieving high efficiency and complete ablation of
the genomically integrated HIV provirus. The length of the guide RNA sequence can
vary from about 20 to about 60 or more nucleotides, for example about 20, about 21,
about 22, about 23, about 24, about 25, about 26, about 27, about 28, about 29, about
30, about 31, about 32, about 33, about 34, about 35, about 36, about 37, about 38,
about 39, about 40, about 45, about 50, about 55, about 60 or more nucleotides.
Useful selection methods identify regions having extremely low homology between
the foreign viral genome and host cellular genome including endogenous retroviral
DNA, include bioinformatic screening using 12-bp+NGG target-selection criteria to
exclude off-target human transcriptome or (even rarely) untranslated-genomic sites;
avoiding transcription factor binding sites within the HIV-1 LTR promoter

(potentially conserved in the host genome); selection of LTR-A- and -B- directed, 30-
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bp guide RNAs and also pre-crRNA system reflecting the original bacterial immune
mechanism to enhance specificity/efficiency versus 20-bp guide RNA-, chimeric
crRNA-tracRNA-based system and WGS, Sanger sequencing and SURVEYOR

assay, to identify and exclude potential off-target effects.

The guide RNA sequence can be configured as a single sequence or as a
combination of one or more different sequences, e.g., a multiplex configuration.
Multiplex configurations can include combinations of two, three, four, five, six,
seven, eight, nine, ten, or more different guide RNAs, for example a combination of
sequences in U3, R, or U5, without selecting a sequence that is a part of the truncated
Tat-responsive HI'V promoter. When the compositions are administered in an
expression vector, the guide RNAs can be encoded by a single vector. Alternatively,
multiple vectors can be engineered to each include two or more different guide RNAs.
Useful configurations will result in the excision of viral sequences between cleavage
sites resulting in the ablation of HIV genome or HIV protein expression. Thus, the
use of two or more different gunide RNAs promotes excision of the viral sequences
between the cleavage sites recognized by the CRISPR endonuclease. The excised
region can vary in size from a single nucleotide to several thousand nucleotides.

Exemplary excised regions are described in the examples.

When the compositions are administered as a nucleic acid or are contained
within an expression vector, the CRISPR endonuclease can be encoded by the same
nucleic acid or vector as the guide RNA sequences. Alternatively or in addition, the
CRISPR endonuclease can be encoded in a physically separate nucleic acid from the
guide RNA sequences or in a separate vector. In some embodiments, the RNA
molecules e.g. crRNA, tracrRNA, gRNA are engineered to comprise one or more
modified nucleobases. For example, known modifications of RNA molecules can be
found, for example, in Genes VI, Chapter 9 (“Interpreting the Genetic Code”), Lewis,
ed. (1997, Oxford University Press, New York), and Modification and Editing of
RNA, Grosjean and Benne, eds. (1998, ASM Press, Washington DC). Modified RNA
components include the following: 2'-O-methylcytidine; N*-methylcytidine; N*-2'-O-
dimethylcytidine; N*- acetylcytidine; S5-methylcytidine; 5,2'-0-dimethylcytidine; 5-
hydroxymethylcytidine; 5- formylcytidine; 2'-0-methy1-5-formaylcytidine; 3-
methylcytidine; 2-thiocytidine; lysidine; 2'-0- methyluridine; 2-thiouridine; 2-thio-2'-
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O-methyluridine; 3,2'-0-dimethyluridine; 3-(3-amino-3- carboxypropyl)uridine; 4-
thiouridine; ribosylthymine; 5,2'-0-dimethyluridine; 5-methy1-2- thiouridine; 5-
hydroxyuridine; 5-methoxyuridine; uridine 5-oxyacetic acid; uridine 5-oxyacetic acid
methyl ester; 5-carboxymethyluridine; 5-methoxycarbonylmethyluridine; 5-

5  methoxycarbonylmethy1-2'-0-methyluridine; 5-methoxycarbonylmethy1-2'-
thiouridine; 5- carbamoylmethyluridine; 5-carbamoylmethy1-2'-0-methyluridine; 5-
(carboxyhydroxymethyl)uridine; 5-(carboxyhydroxymethyl) uridinemethy! ester; 5-
aminomethy1-2-thiouridine; 5-methylaminomethyluridine; 5-methylaminomethy1-2-
thiouridine; S-methylaminomethy1-2-selenouridine; 5-

10 carboxymethylaminomethyluridine; 5- carboxymethylaminomethy1-2'-0-methyl-
uridine; 5-carboxymethylaminomethy1-2-thiouridine; dihydrouridine;
dihydroribosylthymine; 2'-methyladenosine; 2-methyladenosine;
N.sup.6Nmethyladenosine; N¢, N°-dimethyladenosine; N° 2'-O-trimethyladenosine; 2
methylthio—NéNisopentenyladenosine; N6—(cis-hydroxyisopentenyl)—adenosine; 2-

15 methylthio-N6-(cis-- hydroxyisopenteny!)-adenosine; NC-
glycinylcarbamoyl)adenosine; N°¢ threonylcarbamoyl adenosine; N(’—methyl—N(’-
threonylcarbamoyl adenosine; 2—methylthio—N6—methyl—N(’— threonylcarbamoyl
adenosine; N6—hydroxynorvalylcarbamoyl adenosine; 2—methylthio-N6-
hydroxnorvalylcarbamoyl adenosine; 2'-O-ribosyladenosine (phosphate); inosine;

20 2'O-methyl inosine; 1-methyl inosine; 1;2'-0-dimethyl inosine; 2'-O-methyl
guanosine; 1-methyl guanosine; N>-methyl guanosine; N?, N”-dimethyl guanosine;
N?, 2'-O-dimethyl guanosine; N*, N°, 2'-0-trimethyl guanosine; 2'-O-ribosyl guanosine
(phosphate); 7-methyl guanosine; N?%;7-dimethyl guanosine; N%; N?;7-trimethyl
guanosine; wyosine; methylwyosine; under-modified hydroxywybutosine;

25  wybutosine; hydroxywybutosine; peroxywybutosine; queuosine; epoxyqueuosine;
galactosyl-queuosine; mannosyl-queuosine; 7-cyano-7-deazaguanosine; arachaeosine

[also called 7-formamido-7-deazaguanosine]; and 7-aminomethy1-7-deazaguanosine.

Isolated nucleic acid molecules can be produced by standard techniques.
For example, PCR techniques can be used to obtain an isolated nucleic acid
30 containing a nucleotide sequence described herein, including nucleotide sequences
encoding a polypeptide described herein. PCR can be used to amplify specific

sequences from DNA as well as RNA, including sequences from total genomic DNA
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or total cellular RNA. Various PCR methods are described in, for example, PCR
Primer: A Laboratory Manual, Dieffenbach and Dveksler, eds., Cold Spring Harbor
Laboratory Press, 1995. Generally, sequence information from the ends of the region
of interest or beyond is employed to design oligonucleotide primers that are identical
or similar in sequence to opposite strands of the template to be amplified. Various
PCR strategies also are available by which site-specific nucleotide sequence

modifications can be introduced into a template nucleic acid.

Isolated nucleic acids also can be chemically synthesized, either as a single
nucleic acid molecule (e.g., using automated DNA synthesis in the 3' to 5' direction
using phosphoramidite technology) or as a series of oligonucleotides. For example,
one or more pairs of long oligonucleotides (e.g., >50-100 nucleotides) can be
synthesized that contain the desired sequence, with each pair containing a short
segment of complementarity (e.g., about 15 nucleotides) such that a duplex is formed
when the oligonucleotide pair is annealed. DNA polymerase is used to extend the
oligonucleotides, resulting in a single, double-stranded nucleic acid molecule per
oligonucleotide pair, which then can be ligated into a vector. Isolated nucleic acids of
the invention also can be obtained by mutagenesis of, e.g., a naturally occurring
portion of a Cas9 -encoding DNA (in accordance with, for example, the formula

above).

Two nucleic acids or the polypeptides they encode may be described as
having a certain degree of identity to one another. For example, a Cas9 protein and a
biologically active variant thereof may be described as exhibiting a certain degree of
identity. Alignments may be assembled by locating short Cas9 sequences in the
Protein Information Research (PIR) site (http://pir.georgetown.edu ), followed by
analysis with the “short nearly identical sequences” Basic Local Alignment Search

Tool (BLAST) algorithm on the NCBI website (http://www.ncbi.nlm.nih.gov/blast).

A percent sequence identity to Cas9 can be determined and the identified
variants may be utilized as a CRISPR-associated endonuclease and/or assayed for
their efficacy as a pharmaceutical composition. A naturally occurring Cas9 can be the
query sequence and a fragment of a Cas9 protein can be the subject sequence.

Similarly, a fragment of a Cas9 protein can be the query sequence and a biologically
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active variant thereof can be the subject sequence. To determine sequence identity, a
query nucleic acid or amino acid sequence can be aligned to one or more subject
nucleic acid or amino acid sequences, respectively, using the computer program
ClustalW (version 1.83, default parameters), which allows alignments of nucleic acid
or protein sequences to be carried out across their entire length (global alignment).

See Chenna et al., Nucleic Acids Res. 31:3497-3500, 2003.

Recombinant constructs are also provided herein and can be used to
transform cells in order to express Cas9 under the control of a truncated Tat-
responsive HIV LTR promoter. Recombinant constructs may similarly be utilized to
express a guide RNA complementary to a target sequence in HIV. A recombinant
nucleic acid construct comprises a nucleic acid encoding a Cas9 and/or a guide RNA
complementary to a target sequence in HIV as described herein, operably linked to a
regulatory region suitable for expressing the Cas9 and/or a guide RNA
complementary to a target sequence in HIV in the cell. It will be appreciated that a
number of nucleic acids can encode a polypeptide having a particular amino acid
sequence. The degeneracy of the genetic code is well known in the art. For many
amino acids, there is more than one nucleotide triplet that serves as the codon for the
amino acid. For example, codons in the coding sequence for Cas9 can be modified
such that optimal expression in a particular organism is obtained, using appropriate

codon bias tables for that organism.

Nucleic acids as described herein may be contained in vectors. Vectors
can include, for example, origins of replication, scaffold attachment regions (SARs),
and/or markers. A marker gene can confer a selectable phenotype on a host cell. For
example, a marker can confer biocide resistance, such as resistance to an antibiotic
(e.g., kanamycin, G418, bleomycin, or hygromycin). An expression vector can
include a tag sequence designed to facilitate manipulation or detection (e.g.,
purification or localization) of the expressed polypeptide. Tag sequences, such as
green fluorescent protein (GFP), glutathione S-transferase (GST), polyhistidine, c-
myc, hemagglutinin, or FlagTM tag (Kodak, New Haven, CT) sequences typically are
expressed as a fusion with the encoded polypeptide. Such tags can be inserted

anywhere within the polypeptide, including at either the carboxyl or amino terminus.
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Additional expression vectors also can include, for example, segments of
chromosomal, non-chromosomal and synthetic DNA sequences. Suitable vectors
include derivatives of SV40 and known bacterial plasmids, e.g., E. coli plasmids col
ElL pCR1, pBR322, pMal-C2, pET, pGEX, pMB?9 and their derivatives, plasmids such
as RP4; phage DNAs, e.g., the numerous derivatives of phage 1, e.g., NM989, and
other phage DNA, e.g., M13 and filamentous single stranded phage DNA; yeast
plasmids such as the 2p plasmid or derivatives thereof, vectors useful in eukaryotic
cells, such as vectors useful in insect or mammalian cells; vectors derived from
combinations of plasmids and phage DNAs, such as plasmids that have been modified

to employ phage DNA or other expression control sequences.

Several delivery methods may be utilized in conjunction with the truncated
Tat-responsive HIV LTR promoter operably linked to the Cas9 gene for in vitro (cell
cultures) and in vivo (animals and patients) systems. In one embodiment, a lentiviral
gene delivery system may be utilized. Such a system offers stable, long term presence
of the gene in dividing and non-dividing cells with broad tropism and the capacity for
large DNA inserts. (Dull et al, J Virol, 72:8463-8471 1998). In an embodiment,
adeno-associated virus (AAV) may be utilized as a delivery method. AAV is a non-
pathogenic, single-stranded DNA virus that has been actively employed in recent
years for delivering therapeutic gene in in vitro and in vivo systems (Choi et al, Curr
Gene Ther, 5:299-310, 2005). An example non-viral delivery method may utilize
nanoparticle technology. This platform has demonstrated utility as a pharmaceutical
in vivo. Nanotechnology has improved transcytosis of drugs across tight epithelial
and endothelial barriers. It offers targeted delivery of its payload to cells and tissues in

a specific manner (Allen and Cullis, Science, 303:1818-1822, 1998).

The vector can also include a regulatory region. The term “regulatory
region” refers to nucleotide sequences that influence transcription or translation
initiation and rate, and stability and/or mobility of a transcription or translation
product. Regulatory regions include, without limitation, promoter sequences,
enhancer sequences, response elements, protein recognition sites, inducible elements,
protein binding sequences, 5' and 3' untranslated regions (UTRs), transcriptional start
sites, termination sequences, polyadenylation sequences, nuclear localization signals,

and introns.
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The term “operably linked” refers to positioning of a regulatory region and
a sequence to be transcribed in a nucleic acid so as to influence transcription or
translation of such a sequence. For example, to bring a coding sequence under the
control of a promoter, the translation initiation site of the translational reading frame
5  of the polypeptide is typically positioned between one and about fifty nucleotides

downstream of the promoter. A promoter can, however, be positioned as much as
about 5,000 nucleotides upstream of the translation initiation site or about 2,000
nucleotides upstream of the transcription start site. A promoter typically comprises at
least a core (basal) promoter. A promoter also may include at least one control

10 element, such as an enhancer sequence, an upstream element or an upstream
activation region (UAR). The choice of promoters to be included depends upon
several factors, including, but not limited to, efficiency, selectability, inducibility,
desired expression level, and cell- or tissue-preferential expression. It is a routine
matter for one of skill in the art to modulate the expression of a coding sequence by

15  appropriately selecting and positioning promoters and other regulatory regions

relative to the coding sequence.

Vectors include, for example, viral vectors (such as adenoviruses Ad,

AAV, lentivirus, and vesicular stomatitis virus (VSV) and retroviruses), liposomes
and other lipid-containing complexes, and other macromolecular complexes capable

20  of mediating delivery of a polynucleotide to a host cell. Vectors can also comprise
other components or functionalities that further modulate gene delivery and/or gene
expression, or that otherwise provide beneficial properties to the targeted cells. As
described and illustrated in more detail below, such other components include, for
example, components that influence binding or targeting to cells (including

25  components that mediate cell-type or tissue-specific binding); components that
influence uptake of the vector nucleic acid by the cell; components that influence
localization of the polynucleotide within the cell after uptake (such as agents
mediating nuclear localization); and components that influence expression of the
polynucleotide. Such components also might include markers, such as detectable

30  and/or selectable markers that can be used to detect or select for cells that have taken
up and are expressing the nucleic acid delivered by the vector. Such components can

be provided as a natural feature of the vector (such as the use of certain viral vectors
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which have components or functionalities mediating binding and uptake), or vectors
can be modified to provide such functionalities. Other vectors include those
described by Chen et al; BioTechniques, 34: 167-171 (2003). A large variety of such
vectors is known in the art and are generally available. A “recombinant viral vector”
refers to a viral vector comprising one or more heterologous gene products or
sequences. Since many viral vectors exhibit size-constraints associated with
packaging, the heterologous gene products or sequences are typically introduced by
replacing one or more portions of the viral genome. Such viruses may become
replication-defective, requiring the deleted function(s) to be provided in trans during
viral replication and encapsidation (by using, €.g., a helper virus or a packaging cell
line carrying gene products necessary for replication and/or encapsidation). Modified
viral vectors in which a polynucleotide to be delivered is carried on the outside of the
viral particle have also been described (see, e.g., Curiel, D T, et al. PNAS 88: 8850-
8854, 1991).

Additional vectors include viral vectors, fusion proteins and chemical
conjugates. Retroviral vectors include Moloney murine leukemia viruses and HIV-
based viruses. One HIV based viral vector comprises at least two vectors wherein the
gag and pol genes are from an HIV genome and the env gene is from another virus.
DNA viral vectors include pox vectors such as orthopox or avipox vectors,
herpesvirus vectors such as a herpes simplex I virus (HSV) vector [Geller, AL et al.,
J. Neurochem, 64: 487 (1995); Lim, F., et al., in DNA Cloning: Mammalian Systems,
D. Glover, Ed. (Oxford Univ. Press, Oxford England) (1995); Geller, A.L et al., Proc
Natl. Acad. Sci.: U.S.A.:90 7603 (1993); Geller, A.L, et al., Proc Natl. Acad. Sci
USA: 87:1149 (1990)], Adenovirus Vectors [LeGal LaSalle et al., Science, 259:988
(1993); Davidson, et al., Nat. Genet. 3: 219 (1993); Yang, et al., J. Virol. 69: 2004
(1995)] and Adeno-associated Virus Vectors [Kaplitt, M.G., et al., Nat. Genet. 8:148
(1994)].

The polynucleotides disclosed herein may be used with a microdelivery
vehicle such as cationic liposomes and adenoviral vectors. For a review of the
procedures for liposome preparation, targeting and delivery of contents, see Mannino

and Gould-Fogerite, BioTechniques, 6:682 (1988). See also, Felgner and Holm,
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Bethesda Res. Lab. Focus, 11(2):21 (1989) and Maurer, R.A., Bethesda Res. Lab.
Focus, 11(2):25 (1989).

Replication-defective recombinant adenoviral vectors, can be produced in

accordance with known techniques. See, Quantin, et al., Proc. Natl. Acad. Sci. USA,

5 89:2581-2584 (1992); Stratford-Perricadet, et al., J. Clin. Invest., 90:626-630 (1992);
and Rosenfeld, et al., Cell, 68:143-155 (1992).

Another delivery method is to use single stranded DNA producing vectors
which can produce the expressed products intracellularly. See for example, Chen et
al, BioTechniques, 34: 167-171 (2003), which is incorporated herein, by reference, in

10 its entirety.

As described above, the compositions of the present invention can be
prepared in a variety of ways known to one of ordinary skill in the art. Regardless of
their original source or the manner in which they are obtained, the compositions
disclosed herein can be formulated in accordance with their use. For example, the

15 nucleic acids and vectors described above can be formulated within compositions for
application to cells in tissue culture or for administration to a patient or subject. Any
of the pharmaceutical compositions of the invention can be formulated for use in the
preparation of a medicament, and particular uses are indicated below in the context of
treatment, e.g., the treatment of a subject having an HIV infection or at risk for

20 contracting and HIV infection. When employed as pharmaceuticals, any of the
nucleic acids and vectors can be administered in the form of pharmaceutical
compositions. These compositions can be prepared in a manner well known in the
pharmaceutical art, and can be administered by a variety of routes, depending upon
whether local or systemic treatment is desired and upon the area to be treated.

25  Administration may be topical (including ophthalmic and to mucous membranes
including intranasal, vaginal and rectal delivery), pulmonary (e.g., by inhalation or
insufflation of powders or aerosols, including by nebulizer; intratracheal, intranasal,
epidermal and transdermal), ocular, oral or parenteral. Methods for ocular delivery
can include topical administration (eye drops), subconjunctival, periocular or

30  intravitreal injection or introduction by balloon catheter or ophthalmic inserts

surgically placed in the conjunctival sac. Parenteral administration includes
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intravenous, intraarterial, subcutaneous, intraperitoneal or intramuscular injection or
infusion; or intracranial, e.g., intrathecal or intraventricular administration. Parenteral
administration can be in the form of a single bolus dose, or may be, for example, by a
continuous perfusion pump. Pharmaceutical compositions and formulations for
topical administration may include transdermal patches, ointments, lotions, creams,
gels, drops, suppositories, sprays, liquids, powders, and the like. Conventional
pharmaceutical carriers, aqueous, powder or oily bases, thickeners and the like may

be necessary or desirable.

The pharmaceutical compositions may contain, as the active ingredient,
nucleic acids and vectors described herein in combination with one or more
pharmaceutically acceptable carriers. In making the compositions of the invention,
the active ingredient is typically mixed with an excipient, diluted by an excipient or
enclosed within such a carrier in the form of, for example, a capsule, tablet, sachet,
paper, or other container. When the excipient serves as a diluent, it can be a solid,
semisolid, or liquid material (e.g., normal saline), which acts as a vehicle, carrier or
medium for the active ingredient. Thus, the compositions can be in the form of
tablets, pills, powders, lozenges, sachets, cachets, elixirs, suspensions, emulsions,
solutions, syrups, aerosols (as a solid or in a liquid medium), lotions, creams,
ointments, gels, soft and hard gelatin capsules, suppositories, sterile injectable
solutions, and sterile packaged powders. As is known in the art, the type of diluent
can vary depending upon the intended route of administration. The resuiting
compositions can include additional agents, such as preservatives. In some
embodiments, the carrier can be, or can include, a lipid-based or polymer-based
colloid. In some embodiments, the carrier material can be a colloid formulated as a
liposome, a hydrogel, a microparticle, a nanoparticle, or a block copolymer micelle.
As noted, the carrier material can form a capsule, and that material may be a polymer-

based colloid.

The nucleic acid sequences of the invention can be delivered to an
appropriate cell of a subject. This can be achieved by, for example, the use of a
polymeric, biodegradable microparticle or microcapsule delivery vehicle, sized to
optimize phagocytosis by phagocytic cells such as macrophages. For example, PLGA

(poly-lacto-co-glycolide) microparticles approximately 1-10 pm in diameter can be
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used. The polynucleotide is encapsulated in these microparticles, which are taken up
by macrophages and gradually biodegraded within the cell, thereby releasing the
polynucleotide. Once released, the DNA is expressed within the cell. A second type
of microparticle is intended not to be taken up directly by cells, but rather to serve
primarily as a slow-release reservoir of nucleic acid that is taken up by cells only
upon release from the micro-particle through biodegradation. These polymeric
particles should therefore be large enough to preclude phagocytosis (i.e., larger than 5
um and preferably larger than 20 pm). Another way to achieve uptake of the nucleic
acid is using liposomes, prepared by standard methods. The nucleic acids can be
incorporated alone into these delivery vehicles or coincorporated with tissue-specific
antibodies, for example antibodies that target cell types that are commonly latently
infected reservoirs of HIV infection, for example, brain macrophages, microglia,
astrocytes, and gut-associated lymphoid cells. Alternatively, one can prepare a
molecular complex composed of a plasmid or other vector attached to poly-L-lysine
by electrostatic or covalent forces. Poly-L-lysine binds to a ligand that can bind to a
receptor on target cells. Delivery of “naked DNA” (i.e., without a delivery vehicle) to
an intramuscular, intradermal, or subcutaneous site, is another means to achieve in
vivo expression. In the relevant polynucleotides (e.g., expression vectors) the nucleic
acid sequence encoding an isolated nucleic acid sequence comprising a sequence
encoding a CRI.SPR—associated endonuclease and optionally a guide RNA is operably

linked to the truncated Tat-responsive HIV LTR promoter as described above.

In some embodiments, the compositions of the invention can be
formulated as a nanoparticle, for example, nanoparticles comprised of a core of high
molecular weight linear polyethylenimine (LPEI) complexed with DNA and
surrounded by a shell of polyethyleneglycolmodiifed (PEGylated) low molecular
weight LPEL

The nucleic acids and vectors may also be applied to a surface of a device
(e.g., a catheter) or contained within a pump, patch, or other drug delivery device.
The nucleic acids and vectors disclosed herein can be administered alone, or in a
mixture, in the presence of a pharmaceutically acceptable excipient or carrier (e.g.,
physiological saline). The excipient or carrier is selected on the basis of the mode and

route of administration. Suitable pharmaceutical carriers, as well as pharmaceutical
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necessities for use in pharmaceutical formulations, are described in Remington's
Pharmaceutical Sciences (E. W. Martin), a well-known reference text in this field, and

in the USP/NF (United States Pharmacopeia and the National Formulary).

In some embodiments, the compositions may be formulated as a topical
gel for blocking sexual transmission of HIV. The topical gel can be applied directly
to the skin or mucous membranes of the male or female genital region prior to sexual
activity. Alternatively or in addition the topical gel can be applied to the surface or

contained within a male or female condom or diaphragm.

In some embodiments, the compositions can be formulated as a
nanoparticle encapsulating a nucleic acid encoding Cas9 or a variant Cas9 operably
linked to a truncated HIV LTR promoter. The nucleic acid may additionally encode a

guide RNA sequence complementary to a target HIV.

The present formulations can encompass a vector encoding Cas9 and a
guide RNA sequence complementary to a target HIV. The guide RNA sequence can
include a sequence complementary to a single target region or it can include any
combination of sequences complementary to multiple target regions as described
earlier. Alternatively the sequence encoding Cas9 driven by the truncated HIV LTR
promoter and the sequence encoding the guide RNA sequence can be on separate

vectors.

The compositions disclosed herein are generally and variously useful for
treatment of a subject having an HIV infection. The methods are useful for targeting
any HIV, for example, HIV-1 and HIV-2, and also SIV, and any circulating
recombinant form thereof. A subject is effectively treated whenever a clinically
beneficial result ensues. This may mean, for example, a complete resolution of the
symptoms of a disease, a decrease in the severity of the symptoms of the disease, or a
slowing of the disease's progression. These methods can further include the steps of
a) identifying a subject (e.g., a patient and, more specifically, a human patient) who
has an HIV infection; and b) providing to the subject a composition comprising a
nucleic acid encoding a CRISPR-associated nuclease, e.g., Cas9, under control of the

truncated Tat-responsive HIV LTR promoter. The methods may further include

42



WO 2016/154016 PCT/US2016/023170

10

15

20

25

30

providing to the subject a sequence encoding a guide RNA complementary to an HIV

target sequence, e.g. an HIV LTR.

A subject can be identified using standard clinical tests, for example,
immunoassays to detect the presence of HIV antibodies or the HIV polypeptide p24 in
the subject's serum, or through HIV nucleic acid amplification assays. An amount of
such a composition provided to the subject that results in a complete resolution of the
symptoms of the infection, a decrease in the severity of the symptoms of the infection,
or a slowing of the infection's progression is considered a therapeutically effective
amount. The present methods may also include a monitoring step to help optimize
dosing and scheduling as well as predict outcome. In some methods of the present
invention, one can first determine whether a patient has a latent HIV infection, and
then make a determination as to whether or not to treat the patient with one or more of
the compositions described herein. Monitoring can also be used to detect the onset of
drug resistance and to rapidly distinguish responsive patients from nonresponsive
patients. In some embodiments, the methods can further include the step of
determining the nucleic acid sequence of the particular HIV harbored by the patient
and then designing the guide RNA to be complementary to those particular sequences.
For example, one can determine the nucleic acid sequence of a subject's LTR U3, R,
or U5 region and then design one or more guide RNAs to be precisely complementary
to the patient's sequences, again without selecting a sequence that is a part of the

truncated Tat-responsive HIV promoter.

The compositions are also useful for the treatment, for example, as a
prophylactic treatment, of a subject at risk for having a retroviral infection, e.g., an
HIV infection. These methods can further include the steps of a) identifying a subject
at risk for having an HIV infection; b) providing to the subject a composition
comprising a nucleic acid encoding a CRISPR-associated nuclease, e.g., Cas9, under
control of a truncated Tat-responsive HIV-1 LTR promoter. The sequence may
additionally encode for a guide RNA complementary to an HIV target sequence, e.g.
an HIV LTR. A subject at risk for having an HIV infection can be, for example, any
sexually active individual engaging in unprotected sex, i.e., engaging in sexual
activity without the use of a condom; a sexually active individual having another

sexually transmitted infection; an intravenous drug user; or an uncircumcised man. A
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subject at risk for having an HIV infection can be, for example, an individual whose
occupation may bring him or her into contact with HIV-infected populations, e.g.,
healthcare workers or first responders. A subject at risk for having an HIV infection
can be, for example, an inmate in a correctional setting or a sex worker, that is, an
individual who uses sexual activity for income employment or nonmonetary items

such as food, drugs, or shelter.

The compositions can also be administered to a pregnant or lactating
woman having an HIV infection in order to reduce the likelihood of transmission of
HIV from the mother to her offspring. A pregnant woman infected with HIV can pass
the virus to her offspring transplacentally in utero, at the time of delivery through the
birth canal or following delivery, through breast milk. The compositions disclosed
herein can be administered to the HIV infected mother either prenatally, perinatally or
postnatally during the breast-feeding period, or any combination of prenatal, perinatal,
and postnatal administration. Compositions can be administered to the mother along
with standard antiretroviral therapies as described below. In some embodiments, the
compositions of the invention are also administered to the infant immediately
following delivery and, in some embodiments, at intervals thereafter. The infant also

can receive standard antiretroviral therapy.

The compositions may be administered to an individual who is not
infected with HIV to prevent infection with HIV. The composition may include
delivering a therapeutically effective amount of the pharmaceutical composition. The
pharmaceutical composition may include a sequence encoding a CRISPR-associated
endonuclease and at least the core region of a HIV LTR promoter and a TAR region

of the truncated Tat-responsive HIV LTR promoter as described above.

The methods disclosed herein can be applied to a wide range of species,
e.g., humans, non-human primates (e.g., monkeys), horses or other livestock, dogs,

cats, ferrets or other mammals kept as pets, rats, mice, or other laboratory animals.

The methods of the invention can be expressed in terms of the preparation
of a medicament. Accordingly, the invention encompasses the use of the agents and
compositions described herein in the preparation of a medicament. The compounds

described herein are useful in therapeutic compositions and regimens or for the
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manufacture of a medicament for use in treatment of diseases or conditions as

described herein.

Any composition described herein can be administered to any part of the
host's body for subsequent delivery to a target cell. A composition can be delivered
to, without limitation, the brain, the cerebrospinal fluid, joints, nasal mucosa, blood,
lungs, intestines, muscle tissues, skin, or the peritoneal cavity of a mammal. In terms
of routes of delivery, a composition can be administered by intravenous, intracranial,
intraperitoneal, intramuscular, subcutaneous, intramuscular, intrarectal, intravaginal,
intrathecal, intratracheal, intradermal, or transdermal injection, by oral or nasal
administration, or by gradual perfusion over time. In a further example, an aerosol

preparation of a composition can be given to a host by inhalation.

The dosage required will depend on the route of administration, the nature
of the formulation, the nature of the patient's illness, the patient's size, weight, surface
area, age, and sex, other drugs being administered, and the judgment of the attending
clinicians. Wide variations in the needed dosage are to be expected in view of the
variety of cellular targets and the differing efficiencies of various routes of
administration. Variations in these dosage levels can be adjusted using standard
empirical routines for optimization, as is well understood in the art. Administrations
can be single or multiple (e.g., 2- or 3-, 4-, 6-, 8-, 10-, 20-, 50-, 100-, 150-, or more
fold). Encapsulation of the compounds in a suitable delivery vehicle (e.g., polymeric

microparticles or implantable devices) may increase the efficiency of delivery.

The duration of treatment with any composition provided herein can be
any length of time from as short as one day to as long as the life span of the host (e.g.,
many years). For example, a compound can be administered once a week (for, for
example, 4 weeks to many months or years); once a month (for, for example, three to
twelve months or for many years); or once a year for a period of 5 years, ten years, or
longer. It is also noted that the frequency of treatment can be variable. For example,
the present compounds can be administered once (or twice, three times, etc.) daily,

weekly, monthly, or yearly.

An effective amount of any composition provided herein can be

administered to an individual in need of treatment. An effective amount can be
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determined by assessing a patient's response after administration of a known amount
of a particular composition. In addition, the level of toxicity, if any, can be
determined by assessing a patient's clinical symptoms before and after administering a
known amount of a particular composition. It is noted that the effective amount of a
particular composition administered to a patient can be adjusted according to a desired
outcome as well as the patient's response and level of toxicity. Significant toxicity
can vary for each particular patient and depends on multiple factors including, without

limitation, the patient's disease state, age, and tolerance to side effects.

Any method known to those in the art can be used to determine if a
particular response is induced. Clinical methods that can assess the degree of a
particular disease state can be used to determine if a response is induced. The
particular methods used to evaluate a response will depend upon the nature of the
patient's disorder, the patient's age, and sex, other drugs being administered, and the

judgment of the attending clinician.

The compositions may also be administered with another therapeutic
agent, for example, an anti-retroviral agent, used in HAART. Antiretroviral agents
may include reverse transcriptase inhibitors (e.g., nucleoside/nucleotide reverse
transcriptase inhibitors, zidovudine, emtricitibine, lamivudine and tenoifvir; and non-
nucleoside reverse transcriptase inhibitors such as efavarenz, nevirapine, rilpivirine);
protease inhibitors, e.g., tipiravir, darunavir, indinavir; entry inhibitors, e.g.,
maraviroc; fusion inhibitors, e.g., enfuviritide; or integrase inhibitors e.g., raltegrivir,
dolutegravir. Antiretroviral agents may also include multi- class combination agents
for example, combinations of emtricitabine, efavarenz, and tenofivir; combinations of
emtricitabine; rilpivirine, and tenofivir; or combinations of elvitegravir, cobicistat,

emtricitabine and tenofivir.

Concurrent administration of two or more therapeutic agents does not
require that the agents be administered at the same time or by the same route, as long
as there is an overlap in the time period during which the agents are exerting their
therapeutic effect. Simultaneous or sequential administration is contemplated, as is

administration on different days or weeks. The therapeutic agents may be
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administered under a metronomic regimen, e.g., continuous low-doses of a therapeutic

agent.

Dosage, toxicity and therapeutic efficacy of such composittons can be
determined by standard pharmaceutical procedures in cell cultures or experimental
animals, e.g., for determining the LDs, (the dose lethal to 50% of the population) and
the EDs, (the dose therapeutically effective in 50% of the population). The dose ratio
between toxic and therapeutic effects is the therapeutic index and it can be expressed

as the ratio LDs¢/EDs.

The data obtained from the cell culture assays and animal studies can be
used in formulating a range of dosage for use in humans. The dosage of such
compositions lies preferably within a range of circulating concentrations that include
the EDs, with little or no toxicity. The dosage may vary within this range depending
upon the dosage form employed and the route of administration utilized. For any
composition used in the method of the invention, the therapeutically effective dose
can be estimated initially from cell culture assays. A dose may be formulated in
animal models to achieve a circulating plasma concentration range that includes the
ICs (i.e., the concentration of the test compound which achieves a half-maximal
inhibition of symptoms) as determined in cell culture. Such information can be used
to more accurately determine useful doses in humans. Levels in plasma may be

measured, for example, by high performance liquid chromatography.

As described, a therapeutically effective amount of a composition (i.€., an
effective dosage) means an amount sufficient to produce a therapeutically (e.g.,
clinically) desirable result. The compositions can be administered one from one or
more times per day to one or more times per week; including once every other day.
The skilled artisan will appreciate that certain factors can influence the dosage and
timing required to effectively treat a subject, including but not limited to the severity
of the disease or disorder, previous treatments, the general health and/or age of the
subject, and other diseases present. Moreover, treatment of a subject with a
therapeutically effective amount of the compositions of the invention can include a

single treatment or a series of treatments.
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The compositions described herein are suitable for use in a variety of drug
delivery systems described above. Additionally, in order to enhance the in vivo serum
half-life of the administered compound, the compositions may be encapsulated,
introduced into the lumen of liposomes, prepared as a colloid, or other conventional
techniques may be employed which provide an extended serum half-life of the
compositions. A variety of methods are available for preparing liposomes, as
described in, e.g., Szoka, et al., U.S. Pat. Nos. 4,235,871, 4,501,728 and 4,837,028
each of which is incorporated herein by reference. Furthermore, one may administer
the drug in a targeted drug delivery system, for example, in a liposome coated with a
tissue specific antibody. The liposomes will be targeted to and taken up selectively

by the organ.

Also provided, are methods of inactivating a retrovirus, for example a
lentivirus such as a human immunodeficiency virus, a simian immunodeficiency
virus, a feline immunodeficiency virus, or a bovine immunodeficiency virus in a
mammalian cell. The human immunodeficiency virus can be HIV-1 or HIV-2. The
human immunodeficiency virus can be a chromosomally integrated provirus. The
mammalian cell can be any cell type infected by HIV, including, but not limited to
CD4" lymphocytes, macrophages, fibroblasts, monocytes, T lymphocytes, B
lymphocytes, natural killer cells, dendritic cells such as Langerhans cells and
follicular dendritic cells, hematopoietic stem cells, endothelial cells, brain microglial
cells, astrocytes and gastrointestinal epithelial cells. Such cell types include those cell
types that are typically infected during a primary infection, for example, a CD4"
lymphocyte, a macrophage, a monocyte or a Langerhans cell, as well as those cell

types that make up latent HIV reservoirs, i.e., a latently infected cell.

The methods can include exposing and/or contacting the cell to a
composition comprising an isolated nucleic acid encoding a CRISPR-associated
endonuclease operably linked to a truncated HIV LTR promoter containing the core
region and the TAR region of the HIV LTR promoter. The isolated nucleic acid may
further encode one or more guide RNAs wherein the guide RNA is complementary to
a target nucleic acid sequence in the retrovirus. The contacting step can take place in
vivo, that is, the compositions can be administered directly to a subject having HIV

infection. The methods are not so limited however, and the contacting step can take
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place ex vivo. For example, a cell or plurality of cells, or a tissue explant, can be
removed from a subject having an HIV infection and placed in culture, and then
contacted with a composition comprising a CRISPR-associated endonuclease
operably linked to a truncated HIV LTR promoter and optionally a guide RNA
wherein the guide RNA is complementary to a nucleic acid sequence in HIV. As
described above, a pharmaceutical composition may include a nucleic acid encoding a
CRISPR-associated endonuclease operably linked to a truncated Tat-responsive HIV

LTR promoter.

The compositions are formulated in such a way as to promote uptake by
the mammalian cell. Useful vector systems and formulations are described above. In
some embodiments the vector can deliver the compositions to a specific cell type.
The invention is not so limited however, and other methods of DNA delivery such as
chemical transfection, using, for example calcium phosphate, DEAE dextran,
liposomes, lipoplexes, surfactants, and perfluoro chemical liquids are also
contemplated, as are physical delivery methods, such as electroporation, micro

injection, ballistic particles, and “gene gun” systems.

Standard methods, for example, immunoassays to detect the CRISPR-
associated endonuclease, or nucleic acid-based assays such as PCR to detect the guide
RNA, can be used to confirm cell has taken up and/or expressed the protein into
which it has been introduced. The engineered cells can then be reintroduced into the

subject from whom they were derived as described below.

In other embodiments, the compositions comprise a cell which has been
transformed or transfected with one or more Cas9/truncated Tat-responsive HIV LTR
promoter vectors. In some embodiments, the methods of the invention can be applied
ex vivo. That is, a subject's cells can be removed from the body and treated with the
compositions in culture to excise HIV sequences and the treated cells returned to the
subject's body. The cell can be the subject's cells or they can be haplotype matched or
a cell line. The cells can be irradiated to prevent replication. In some embodiments,
the cells are human leukocyte antigen (HLA)-matched, autologous, cell lines, or
combinations thereof. In other embodiments the cells can be a stem cell. For

example, an embryonic stem cell or an artificial pluripotent stem cell (induced
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pluripotent stem cell (iPS cell)). Embryonic stem cells (ES cells) and artificial
pluripotent stem cells (induced pluripotent stem cell, iPS cells) have been established
from many animal species, including humans. These types of pluripotent stem cells
would be the most useful source of cells for regenerative medicine because these cells
are capable of differentiation into almost all of the organs by appropriate induction of
their differentiation, with retaining their ability of actively dividing while maintaining
their pluripotency. iPS cells, in particular, can be established from self-derived
somatic cells, and therefore are not likely to cause ethical and social issues, in
comparison with ES cells which are produced by destruction of embryos. Further,
iPS cells, which are self-derived cell, make it possible to avoid rejection reactions,

which are the biggest obstacle to regenerative medicine or transplantation therapy.

The compositions described herein can be packaged in suitable containers
labeled, for example, for use as a therapy to treat a subject having a retroviral
infection, for example, an HIV infection or a subject at for contracting a retroviral
infection, for example, an HIV infection. The containers can include a composition
comprising a nucleic acid sequence encoding a CRISPR- associated endonuclease, for
example, a Cas9 endonuclease, and a truncated Tat-responsive HIV LTR promoter as
described earlier. The sequence may additionally encode a guide RNA
complementary to a target sequence in a HIV, or a vector encoding that nucleic acid,
and one or more of a suitable stabilizer, carrier molecule, flavoring, and/or the like, as
appropriate for the intended use. Accordingly, packaged products (e.g., sterile
containers containing one or more of the compositions described herein and packaged
for storage, shipment, or sale at concentrated or ready-to-use concentrations) and Kkits,
including at least one of the disclosed compositions. A product can include a
container (e.g., a vial, jar, bottle, bag, or the like) containing one or more
compositions of the invention. In addition, an article of manufacture further may
include, for example, packaging materials, instructions for use, syringes, delivery
devices, buffers or other control reagents for treating or monitoring the condition for
which prophylaxis or treatment is required. In some embodiments, the kits can include
one or more additional antiretroviral agents, for example, a reverse transcriptase
inhibitor, a protease inhibitor or an entry inhibitor. The additional agents can be

packaged together in the same container as a nucleic acid sequence encoding a
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CRISPR- associated endonuclease, for example, a Cas9 endonuclease, operably
linked to a truncated HIV LTR promoter and optionally a guide RNA complementary
to a target sequence in a HIV, or a vector encoding that nucleic acid or they can be

packaged separately.

The product may also include a legend (e.g., a printed label or insert or
other medium describing the product's use (e.g., an audio- or videotape)). The legend
can be associated with the container (e.g., affixed to the container) and can describe
the manner in which the compositions therein should be administered (e.g., the
frequency and route of administration), indications therefor, and other uses. The
compositions can be ready for administration (e.g., present in dose-appropriate units),
and may include one or more additional pharmaceutically acceptable adjuvants,
carriers or other diluents and/or an additional therapeutic agent. Alternatively, the
compositions can be provided in a concentrated form with a diluent and instructions

for dilution.

The practice of the invention is illustrated by the following non-limiting

examples.
EXAMPLES
Example 1: Cloning of LTR-Cas9 variants

Full length and various truncated LTR promoter sequences were obtained
by PCR using pNL4-3 HIV vector (NIH AIDS Reagent Program #1 14) as a template

and the following primers (restriction sites noted in boldface):

Kpn1-LTR(-454)-S 5-GGTACCTGGAAGGGCTAATTTGG-3’ (SEQ
ID NO: 1)

Kpnl-LTR(-120)-8 5*-GGTACCTCGAGCTTTCTACAAGG-3’ (SEQ
ID NO: 2)

Xbal-LTR(-80)-S 5-TCTAGAGGAGGTGTGGCCTGGGC-3" (SEQ ID
NO: 3)

Kpnl1-LTR(-38)-S 5’-GGTACCAGATGCTACATATAAGC-3’ (SEQID
NO: 4), or
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LTR(+66)-Neol-AS 5-CCATGGTAAGCAGTGGGTTCC-3’ (SEQ ID
NO: 5).

The derivation of the truncated HIV-1 LTR promoter variants is shown in
diagrammatically in Fig 1A with reference to the U3, R and US regions of the LTR,
and the LTR enhancer, core, TAR (trans-activation-responsive) and TATA box
elements. Fig. 1B shows an agarose gel electrophoresis image of the PCR-amplified

LTR truncation variants.

PCR products were gel purified and directly subcloned in TA vector
(Invitrogen), then excised with Kpnl or Xbal and Ncol restriction enzymes and
ligated into Kpnl-Ncol or Xbal-Ncol digested pX260-U6-DR-BB-DR-Cbh-NLS-
hSpCas9-NLS-H1-shorttracr-PGK-puro plasmid (Addgene #42229) (hereinafter
“pX260 plasmid”) as a Cas9 gene source/template. The pX260 plasmid contains a
Cbh promoter (Xbal-Kpnl-Cbh-Ncol) As a result of the manipulation, the original
Cbh promoter in the pX260 plasmid was removed and replaced with one of the LTR
promoters (Xbal- or Kpnl-LTR-Ncol). A blueprint of the original pX260 plasmid
structure in shown in Fig. 2, identified as “Cbh-Cas9” (from www.Addagene.org and
Cong et al., Science (2013) 339(6121):819-23). A blueprint of a modified plasmid is
shown in Fig. 2 as “LLTR-Cas9”.

Example 2: Optimization of LTR/Tat Ratio for Inducing Cas9 Expression

To find an optimal ratio between Tat and LTR promoter for the best
transactivation effect, cells of the human primary glioblastoma cell line U87 MG were
co-transfected using Lipofectamine 2000 reagent (Invitrogen) with different amounts
of plasmid expressing FLAG-labeled Cas9 under control of full length HIV-1 LTR
(pLTR(-454/+66)-FLAG-Cas9) plasmid (10, 50 and 250ng), with or without Tat
expressing plasmid (pCMV-Tat86, 250ng). U87 MG is an HIV-1 latency reporter cell
line. The total amount of DNA was equilibrated with empty pCMV plasmid
(pcDNA3.1). Forty-eight hours later, cells were lysed in TNN buffer (50mM Tris pH
7.4, 100mM NaCl, 5SmM EDTA, 1% NP 40). Cas9, Tat and a-tubulin expression
were then examined by Western blot. The results are shown in Fig. 3A (U87 MG
WCE 50pg/well). Lane 1: pLTR(-454/+66)-Cas9 250ng, pCMV 1000ng. Lane 2:
pLTR(-454/+66)-Cas9 50ng, pPCMV 1200ng. Lane 3: pLTR(-454/+66)-Cas9 10ng,
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pCMYV 1240ng. Lane 4: pLTR(-454/+66)-Cas9 250ng, pPCMV 750ng, pCMV-Tat86
250ng. Lane 5: pLTR(-454/+66)-Cas9 50ng, pCMV 950ng, pPCMV-Tat86 250ng.
Lane 6: pLTR(-454/4+66)-Cas9 10ng, pCMV 990ng, pCMV-Tat86 250ng.

The intensity of bands corresponding to Cas9 and a-tubulin (used as a
loading control) were analyzed and compared using ImageJ software. The results are
shown in Fig. 3B. The top panel shows the Western blot image quantification of the
Cas9 levels normalized to the levels of a-tubulin, with or without Tat. The bottom
panel show the Western blot image quantification of the +Tat/no Tat ratio. The results
indicate that maximal (5.3x) induction of Cas9 expression was obtained at a 1:5 ratio

of pLTR-Cas9:pCMVTat86 (50ng:250ng).
Example 3: Comparison of Truncated LTR Promoters in Inducing Cas9 Expression

To test and compare truncated LTR promoters, U87 MG cells were
transfected with different amounts of plasmids (Sng or 50ng) expressing FLAG-
labeled Cas9 under control of the HIV-1 truncated LTR variant pLTR(-120/+66)-
FLAG-Cas9 or the HIV-1 truncated LTR variant pLTR(-80/+66)-FLAG-Cas9, with or
without Tat expressing plasmid (pCMV-Tat86, 250ng). Forty-eight hours later,
whole cell lysates where prepared and resolved by Western blot. Intensity of bands
corresponding to Cas9 and a-tubulin (used as a loading control) were analyzed and
compared using Image] software. The results are shown in Fig. 4A. Lane 1: pLTR(-
120/+66)-Cas9 5ng, pCMV 1245ng. Lane 2: pLTR(-120/+66)-Cas9 5ng, pPCMV
1245ng, +rTat protein 2.5 pg/ml. Lane 3: pLTR(-120/+66)-Cas9 5ng, pPCMV 995 ng,
pCMV-Tat86 250ng. Lane 4: pLTR(-120/4+66)-Cas9 50ng, pCMV 1200ng. Lane 5:
pLTR(-120/+66)-Cas9 50ng, pCMV 1200ng, +rTat protein 2.5 pg/ml. Lane 6:
pLTR(-120/+66)-Cas9 50ng, pCMV 950 ng, pCMV-Tat86 250ng. Lane 7: pLTR(-
80/+66)-Cas9 5ng, pPCMV 1245ng. Lane 8: pLTR(-80/+66)-Cas9 5ng, pCMV
1245ng, +rTat protein 2.5 pg/ml. Lane 9: pLTR(-80/+66)-Cas9 5ng, pCMV 995 ng,
pCMV-Tat86 250ng. Lane 10: pLTR(-80/+66)-Cas9 50ng, pCMV 1200ng. Lane 11:
pLTR(-80/+66)-Cas9 50ng, pCMV 1200ng, +rTat protein 2.5 pg/ml. Lane 12:
pLTR(-80/+66)-Cas9 50ng, pCMV 950 ng, pCMV-Tat86 250ng.

The intensity of bands corresponding to Cas9 and a-tubulin (used as a

loading control) were analyzed and compared using ImageJ software. The results are
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shown in Fig. 4B. The top panel show the Western blot image quantification of the
Cas9 levels normalized to the levels of a-tubulin, with no Tat, with rTAT or with
transfected Tat. The bottom panel show the Western blot image quantification of the
+Tat(transfected)/no Tat ratio. The results demonstrate that removing modulatory
and/or enhancer regions of the LTR (those regions being schematically represented in
Fig. 1A) did not significantly affect Tat-mediated transactivation of Cas9 expression.
Tat-mediated expression was apparent from the pLTR(-80/+66)-FLAG-Cas9 plasmid,
containing the core and TAR LTR promoters elements, but not the enhancer and

modulatory regions.
Example 4: Negative Feedback Regulation of HIV-1 by Gene Editing Strategy

In the studies presented here, the gene editing composition allows
conditional activation of the CRISPR/Cas9 at the early stage of viral reactivation by
the HIV-1 transcriptional activator, Tat. This new strategy completely and
permanently ablates virus replication prior to productive viral replication by removing
a segment of the viral gene spanning the viral promoter and/or the viral coding
sequence. Further, this strategy alleviates any concerns due to unforeseen
complications that may arise by unnecessary and persistent expression of Cas9 at high

levels in cells.
Results

The coding DNA sequence corresponding to the Cas9 gene was placed in a
pX26 expression vector plasmid containing three different segments of the HIV-1
promoter spanning the U3 and R regions of the 5'-LTR to identify the minimal DNA
elements of the viral promoter that remain responsive to Tat, yet lacks the sequences
corresponding to gRNAs A and B that are initially used for editing HIV-1 DNA (Fig.
5A). After verification of this cloning strategy by DNA sequencing of each construct,
expression of Cas9 by each vector and the level of responsiveness to Tat was
examined in TZMbl cells co-transfected with pX26 or pX26-LTR-Cas9 and CMV-
Tat. Results from Western blot revealed activation of expression of Cas9 by all three
constructs including the plasmid encompassing the minimal DNA promoter sequence
positioned between -80 to +66 (Fig. 5B). This was particularly important for these

studies as the promoter sequence resides outside of the DNA sequences corresponding
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to gRNAs A and B (Fig. 5B). Next, a DNA fragment corresponding to LTRg0/+66)-
Cas9 was cloned into a lentiviral vector (LV) and used to transduce TZMb1 cells to
assess the effect of Tat protein on the editing of integrated copies of HIV-1 DNA
expressing the luciferase reporter gene. Results from PCR amplification of the LTR
revealed the detection of 205 bp DNA fragment in cells expressing gRNAs A and B
and Tat protein (Fig. 5C, compare lanes 1-5 to lanes 6-8). The position of the primers
used for PCR amplification and the expected amplicons are illustrated in Fig. 5A (also
see Fig. 10). Results from sequencing verified excision of the 190 bp DNA fragment
upon expression of Tat in cells transduced by LV-LTR g0/+66)-Cas9 plus LV-gRNAs
A/B. Expression of Cas9, Tat and a-tubulin (control for equal loading) are shown in

Fig. 5D.

Next, the impact of the viral DNA excision on viral promoter activity was
examined by luciferase assay. Results show a gradual decrease in luciferase activity
upon activation of Cas9 by Tat, corroborating the results from DNA assay, indicating
that the cleavage of DNA causes inhibition of viral promoter activity in these cells
(Fig. SE). In follow-up studies, the activation of Cas9 was investigated upon infection
of TZMbl1 cells by HIV-1. To this end, cells were transduced by LV-LTR.30/+¢6)-Cas9
and LV-gRNAs A/B for 24 hours, after which cells were infected with HIV-1 JRFL OT
HIV-1sr6 at three different MOIs. After 48 hours, cells were harvested for evaluating
DNA excision by PCR, expression of the integrated promoter sequence by luciferase
assay, and expression of Cas9 by Western blot. Results from these experiments show
the detection of a post-cleavage 205 bp DNA fragment in cells infected with HIV-
1Lrpe and HIV-1gE 6y, indicating that production of Tat by HIV-1rp. and HIV-1gg62
transactivated the LTRgo/+66) promoter and production of Cas9 in these cells (Fig.
6A). Further, results from the luciferase assay revealed significant reduction of
luciferase activity in the cells, again verifying the effectiveness of Cas9 activation by
Tat, which is produced upon infection by HIV-1reL or HIV-1gFi¢: in shutting down
the integrated HIV-1 luciferase gene. Induction of Cas9 in the infected cells is shown
in Fig. 6B. Results from Western blot showed activation of the truncated LTR

promoter, LTRgo/+66), upon infection of cells with HIV-1jrpr and HIV-1ggi62,

resulting in the production of Cas9 protein in the cells (Fig. 6C).
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In the follow-up, the ability of Tat-mediated activation of the LTR-Cas9
was tested along with gRNAs A/B in eliminating the HIV-1 genome in the human T-
lymphocytic cells line, 2D10. These cells harbor integrated copies of a single round
HIV-1PNLA4-3 in a latent state, whose genome lacks a portion of the Gag and Pol
genes and the Nef gene is replaced by a gene encoding the reporter green fluorescent
protein (GFP). The enhanced level of Tat protein in these cells and the activation of
Cas9 (shown in Fig. 7A) caused editing of the viral LTR upon activation of Cas9 in
the cells transduced by LV-gRNAs A/B (Fig. 7B, also see Fig. 11, lanes 1-8).
Accordingly, a significant decrease in the number of GFP positive cells was detected
in the presence of Tat, indicating that activation of Tat eliminates the capacity of the
cleaved promoter in expressing viral DNA, which in turn, causes suppression of GFP
in these cells. The DNA sequence corresponding to the position of the gRNAs,
excision of the DNA fragment and PCR primers are shown in Fig. 12.

In light of earlier observations indicating to the ability of PMA and/or TSA
in stimulating integrated copies of proviral DNA in 2D10 cells, the impact of PMA
and TSA on the activation of Cas9 in a latently infected T-cell mode! was assessed.
As seen in Fig. 8A, treatment of 2D10 cells with PMA and TSA, singly or in
combination, increased the level of Cas9 expression. In a parallel experiment, PCR
analysis was performed for the detection of LTR DNA and showed a clear increase in
the level of viral DNA excision (Fig. 8B), as evidenced by the appearance of the 205
bp DNA fragment (see Fig. 11, lanes 9-14). Examination of viral activation by
measuring the level of GFP in the cells using Western blot or the quantification of
green fluorescent cells, indicative of viral activation, by fluorescent microscopy (Fig.
8C) showed a drastic decrease in the level of viral gene expression. Thus, it is likely
that activation of the minimal viral promoter (-88/+60) either by Tat produced upon
reactivation of the silent provirus or directly by PMA and TSA that produced Cas9,
have a negative impact on the expression of the latently integrated viral genome in

cells containing gRNAs A and B.
Discussion

Since its discovery in 1985, the Tat protein of HIV-1 has captured

significant attention due to its critical role in expression of the viral genome at the
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transcriptional level and its pathogenic impact on uninfected cells. Mechanistically,
Tat associates with the RNA sequence located downstream of the initiation site from
transcription (nucleotides +1 to +59), so-called transcription responsive region or
TAR. The association of Tat with TAR triggers a series of molecular and biochemical
events leading to the formation of pre-initiation and initiation complexes of
transcription in proximity to the transcription start site (nucleotide +1). This complex
includes a series of cellular proteins that have the ability to phosphorylate or acetylate
components of the complexes including pTEF and RNA polymerase II, thus
facilitating transcriptional elongation of RNA. In addition, the interaction of Tat with
various transcriptional factors including NF-xB, p300/CBP and GCNS5 can affect
transcription of other viral and cellular genes; all of which contribute to the disease
spectrum seen in HIV-1 positive AIDS patients. Tat also plays a major role in the
productive replication of latent virus in reservoirs once transcription from the
reactivated viral promoter leads to an initial round of viral transcription and Tat
production. The unique importance of Tat in HIV-1 replication and the pathogenesis
of AIDS, provided a strong rationale for serving as a potential target for drug
discovery as well as vaccine development. In fact, several potent inhibitors, some
with the ability to interfere with Tat-TAR interaction and others with the capacity to
prevent Tat communication with its cellular partners, have shown various degrees of

efficacy in affecting HIV-1 replication.

The strategy that was utilized in this study was to recruit Tat to excise a
segment of the viral genome and permanently ablate HIV-1 gene transcription and
replication in cells with productive or latent HIV-1. Here a suicide path was designed
for HIV-1 that is triggered by Tat and includes editing of the viral genome using
CRISPR/Cas9 technology (illustrated in Fig. 9). According to this pathway,
production of Tat in the cells, in addition to stimulating its own promoter with the
full-length 5-LTR sequence, potentiates expression of Cas9 through the same
mechanism by a truncated minimal promoter sequence spanning the GC-rich, TATA
box, and TAR (-80 to +66) regions. Production of Cas9 and its association with
gRNAs designed to target the LTR DNA sequence outside of the (-80 to +66) induced
InDel mutations within the full-length viral promoter and by excising a segment of the

gene, can permanently eradicate HIV-1 in the cells. In addition to the expected 417 bp
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DNA fragment representing the full-length LTR sequence, results from short-range
amplification of LTR DNA showed a second DNA fragment of 227 bp in size only in
cells expressing Tat. The 227 bp DNA fragment was generated by joining the residual
5'-LTR to the remaining 3'-LTR after cleavage by Cas9/gRNA A at either the 5'-LTR
or the 3'-LTR. It is also likely that ligation of the remaining DNA fragment from the
5'-LTR with those from the 3'-LTR after cleavage by Cas9/gRNA created a new
template for gene amplification and the appearance of a similar size (227 bp)
amplicons. A multiplex of gRNAs were utilized that target the LTR (gRNA A) plus a
region within the Gag gene with the expectation of the removal of DNA fragment

between gRNA A and gRNA Gag.

The CRISPR/Cas9 gene editing strategy has received attention in
biomedical research in recent years due to its extraordinary ability to edit the genome
with precision and high efficiency and its simplicity and flexibility of implementation.
However, there are several areas that need close attention. For example, it is important
to design the most specific and effective gRNAs to avoid off-target effects. The
strategy that was employed here for maximizing specificity and avoiding off-target
editing was verified by ultra deep sequencing of the whole genome and various other
tests. The second issue relates to the controlled expression of Cas9 to avoid
unnecessary presence of the protein that may non-specifically cause injury to the host
genome in the long term and/or induce an immune response. The strategy here was
developed for conditional expression of Cas, only in the presence of HIV-1 Tat,
which provides a novel approach for activating and silencing gene editing for

eradicating HIV-1 when the virus is on the rise.

The disclosures of each and every patent, patent application, and
publication cited herein are hereby incorporated herein by reference in their entirety.
One skilled in the art will readily appreciate that the present invention is well adapted
to carry out the objects and obtain the ends and advantages mentioned, as well as
those inherent therein. While the invention has been disclosed with reference to
specific embodiments, it is apparent that other embodiments and variations of this
invention may be devised by others skilled in the art without departing from the true
spirit and scope used in the practice of the invention. The appended claims are

intended to be construed to include all such embodiments and equivalent variations

58



WO 2016/154016 PCT/US2016/023170

CLAIMS
What is claimed:

1. A method of inactivating a human immunodeficiency virus (HIV) in vivo
or in vitro, the method comprising administering to a subject or contacting a
mammalian cell with a composition comprising an isolated nucleic acid sequence
encoding a clustered regularly interspaced short palindromic repeats (CRISPR)-
associated endonuclease operably linked to a truncated HIV long terminal repeat
(LTR) promoter containing at least a core region and a trans activation response

element (TAR) of a HIV LTR promoter.

2. The method of claim 1, wherein the isolated nucleic acid sequence further
encodes at least one guide RNA that is complementary to a target nucleic acid

sequence in HIV.

3. The method of claim 2, wherein the target nucleic acid sequence in HIV

comprises a sequence within a coding region or non-coding region of HIV.

4. The method of claim 3, wherein the non-coding region comprises a long

terminal repeat sequence of HIV.

5. The method of claim 3, wherein the target nucleic acid sequence comprises

a sequence within the long terminal repeat of HIV.

6. The method of claim 5, wherein the sequence within the long terminal
repeat of HIV comprises a sequence within the U3, R, or U5 regions that excludes any

sequence of the truncated HIV LTR promoter.

7. The method of claim 1, wherein the mammalian cell is a latently infected

cell.

8. The method of claim 7, wherein the latently infected cell is selected from
the group consisting of: a CD4" T cell, a macrophage, a monocyte, a gut-associated

lymphoid cell, a microglial cell, and an astrocyte.
9. The method of claim 1, wherein the inactivating is in vivo or ex vivo.

10. The method of claim 9, wherein the mammalian cell comprises a cultured

cell from a subject having a HIV infection, a tissue explant, or a cell line.
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11. The method of claim 1, wherein the CRISPR-associated endonuclease is

Cas9.

12. The method of claim 1, wherein the CRISPR-associated endonuclease 1s

optimized for expression in a human cell.

13.  The method of claim 1, wherein the composition further comprises a

sequence encoding a transactivating small RNA (tracrRNA).

14.  The method of claim 13, wherein the tracrRNA is fused to a sequence

encoding a guide RNA.

15.  The method of claim 1, wherein the composition further comprises a

sequence encoding a nuclear localization signal.

16.  The method of claim 1, wherein the composition is operably linked to an

expression vector.

17.  The method of claim 16, wherein the expression vector is selected from
the group consisting of: a lentiviral vector, an adenoviral vector, and an adeno-

associated virus vector.

18.  The method of claim 1, wherein the composition further comprises an

enhancer region of the HIV-1 LTR promoter.

19.  Anisolated nucleic acid sequence comprising a sequence encoding a
clustered regularly interspaced short palindromic repeats (CRISPR)-associated
endonuclease operably linked to a truncated a human immunodeficiency virus (HIV)
long terminal repeat (LTR) promoter containing at least a core region and a trans

activation response element (TAR) of a HIV LTR promoter.

20.  The isolated nucleic acid sequence of claim 19, wherein the sequence
further encodes at least one guide RNA that is complementary to a target nucleic acid

sequence in HIV.

21.  The isolated nucleic acid sequence of claim 20, wherein the target nucleic
acid sequence in HIV comprises a sequence within a coding region or a non-coding

region of HIV.
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22.  The isolated nucleic acid sequence of claim 21, wherein the non-coding
region comprises a long terminal repeat of HIV or a sequence within the long terminal

repeat of HIV.

23.  The isolated nucleic acid sequence of claim 22, wherein the sequence
within the long terminal repeat of HIV comprises a sequence within the U3, R, or U5

regions that excludes any sequence of the truncated HIV LTR promoter.

24.  The isolated nucleic acid sequence of claim 19, wherein the CRISPR-

associated endonuclease 1s Cas9.

25.  The isolated nucleic acid sequence of claim 19, wherein the CRISPR-

associated endonuclease is optimized for expression in a human cell.

26. The isolated nucleic acid sequence of claim 19, further comprising a

sequence encoding a transactivating small RNA (tracrRNA).

27.  The isolated nucleic acid sequence of claim 26, wherein the tracrRNA is

fused to a sequence encoding a guide RNA.

28.  The isolated nucleic acid sequence of claim 19, further comprising a

sequence encoding a nuclear localization signal.

29.  The isolated nucleic acid sequence of claim 19, wherein the isolated

nucleic acid sequence is operably linked to an expression vector.

30.  The isolated nucleic acid sequence of claim 29, wherein the expression
vector is selected from the group consisting of: a lentiviral vector, an adenoviral

vector, and an adeno-associated virus vector.

31.  The isolated nucleic acid sequence of claim 19, further comprising an

enhancer region of the HIV LTR promoter.

32. A pharmaceutical composition comprising a nucleic acid sequence
encoding a clustered regularly interspaced short palindromic repeats (CRISPR)-
associated endonuclease operably linked to a truncated human immunodeficiency
virus (HIV) long terminal repeat (LTR) promoter containing at least a core region and

a trans activation response element (TAR) of a HIV LTR promoter.
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33.  The pharmaceutical composition of claim 32, further comprising a

pharmaceutically acceptable carrier.

34.  The pharmaceutical composition of claim 33, wherein the

pharmaceutically acceptable carrier comprises a lipid-based or polymer-based colloid.

35.  The pharmaceutical composition of claim 34, wherein the colloid is a

liposome, a hydrogel, a microparticle, a nanoparticle, or a block copolymer micelle.

36.  The pharmaceutical composition of claim 32, wherein the pharmaceutical

composition is formulated for topical application.

37.  The pharmaceutical composition of claim 32, wherein the pharmaceutical

composition is contained within a condom.

38.  The pharmaceutical composition of claim 32, wherein the sequence further
encodes at least one guide RNA that is complementary to a target nucleic acid

sequence in HIV.

39.  The pharmaceutical composition of claim 38, wherein the target nucleic
acid sequence in HIV comprises a sequence within a coding region or a non-coding

region of HIV.

40.  The pharmaceutical composition of claim 39, wherein the non-coding

region comprises a long terminal repeat of HIV.

41.  The pharmaceutical composition of claim 40, wherein the target nucleic

acid sequence comprises a sequence within the long terminal repeat of HIV.

42, The pharmaceutical composition of claim 41, wherein the sequence within
the long terminal repeat of HIV comprises a sequence within the U3, R, or U5 regions

that excludes any sequence of the truncated HIV-1 LTR promoter.

43.  The pharmaceutical composition of claim 32, wherein the CRISPR-

associated endonuclease is Cas9.

44.  The pharmaceutical composition of claim 32, wherein the CRISPR-

associated endonuclease is optimized for expression in a human cell.

45.  The pharmaceutical composition of claim 32, further comprising a nucleic

acid sequence encoding a transactivating small RNA (tracrRNA).
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46.  The pharmaceutical composition of claim 45, wherein the tracrRNA is

fused to a sequence encoding a guide RNA.

47.  The pharmaceutical composition of claim 32, further comprising a

sequence encoding a nuclear localization signal.

48.  The pharmaceutical composition of claim 32, wherein the pharmaceutical

composition is operably linked to an expression vector.

49.  The pharmaceutical composition of claim 48, wherein the expression
vector is selected from the group consisting of: a lentiviral vector, an adenoviral

vector, and an adeno-associated virus vector.

50. The pharmaceutical composition of claim 32, wherein the sequence

further encodes an enhancer region of the HIV-1 LTR promoter.

51. A method of treating a subject having a human immunodeficiency virus
(HIV) infection, the method comprising administering to the subject a therapeutically
effective amount of a pharmaceutical composition comprising a nucleic acid sequence
encoding a clustered regularly interspaced short palindromic repeats (CRISPR)-
associated endonuclease operably linked to a truncated HIV long terminal repeat
(LTR) promoter containing at least a core region and a trans activation response

element (TAR) of a HIV LTR promoter.

52.  The method of treating the subject having the HIV infection of claim 51,
wherein the sequence further encodes at least one guide RNA that is complementary

to a target nucleic acid sequence in HIV.

53.  The method of treating the subject having the HIV infection of claim 51,

wherein HIV infection is a latent infection.

54.  The method of treating the subject having the HIV infection of claim 51,

wherein the pharmaceutical composition is administered topically or parenterally.

55.  The method of treating the subject having the HIV infection of claim 51,

further comprising administering an anti-retroviral agent.
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56.  The method of treating the subject having the HIV infection of claim 55,
wherein the anti-retroviral agent is selected from the group consisting of non-

nucleoside reverse transcriptase inhibitors, protease inhibitors, and entry inhibitors.

57.  The method of treating the subject having the HIV infection of claim 56,

wherein the anti-retroviral agent comprises highly active antiretroviral therapy.

58.  The method of treating the subject having the HIV infection of claim 51,

wherein the CRISPR-associated endonuclease 1s Cas9.

59.  The method of treating the subject having the HIV infection of claim 57,

wherein the pharmaceutical composition is operably linked to an expression vector.

60.  The method of treating the subject having the HIV infection of claim 59,
wherein the expression vector is selected from the group consisting of: a lentiviral

vector, an adenoviral vector, and an adeno-associated virus vector.

61.  The method of treating the subject having the HIV infection of claim 57,

wherein the sequence further encodes an enhancer region of the HIV LTR promoter.

62. A method of reducing risk of a human immunodeficiency virus (HIV)
infection in a subject at risk for the HIV infection, the method comprising
administering to the subject a therapeutically effective amount of a pharmaceutical
composition comprising a nucleic acid sequence encoding a clustered regularly
interspaced short palindromic repeats (CRISPR)-associated endonuclease operably
linked to a truncated HIV long terminal repeat (LTR) promoter containing at least a

core region and a trans activation response element (TAR) of a HIV LTR promoter.

63.  The method of reducing risk of the HIV infection in the subject at risk for
the HIV infection of claim 69, wherein the subject is sexually active, a health care

worker or first-responder.

64.  The method of reducing risk of the HIV infection in the subject at risk for

the HIV infection of claim 62, wherein the CRISPR-associated endonuclease is Cas9.

65.  The method of reducing risk of the HIV infection in the subject at risk for
the HIV infection of claim 62, wherein the CRISPR-associated endonuclease is

optimized for expression in a human cell.

64



WO 2016/154016 PCT/US2016/023170

66.  The method of reducing risk of the HIV infection in the subject at risk for
the HIV infection of claim 62, wherein the pharmaceutical composition is operably

linked to an expression vector.

67.  The method of reducing risk of the HIV infection in the subject at risk for
the HIV infection of claim 67, wherein the expression vector is selected from the
group consisting of: a lentiviral vector, an adenoviral vector, and an adeno-associated

virus vector.

68.  The method of reducing risk of the HIV infection in the subject at risk for
the HIV infection of claim 67, wherein the sequence further encodes an enhancer

region of the HIV LTR promoter.

69. A method of reducing risk of transmission of a human immunodeficiency
virus (HIV) infection from a HI'V-infected gestating or lactating mother to her
offspring, the method comprising administering to the subject a therapeutically
effective amount of a pharmaceutical composition comprising a nucleic acid sequence
encoding a clustered regularly interspaced short palindromic repeats (CRISPR)-
associated endonuclease operably linked to a truncated HIV long terminal repeat
(LTR) promoter containing at least a core region and a trans activation response

element (TAR) region of a HIV LTR promoter.

70.  The method of reducing risk of transmission of the HIV infection from the
HIV infected gestating or lactating mother to her offspring of claim 69, wherein the
pharmaceutical composition is administered during at least one of: prenatally,

perinatally, and postnatally.

71.  The method of reducing risk of transmission of the HIV infection from the
HIV infected gestating or lactating mother to her offspring of claim 69, further

comprising administering an anti-retroviral agent.

72.  The method of reducing risk of transmission of the HIV infection from the
HIV infected gestating or lactating mother to her offspring of claim 71, wherein the
anti-retroviral agent is selected from the group consisting of non-nucleoside reverse

transcriptase inhibitors, protease inhibitors, and entry inhibitors.
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73.  The method of reducing risk of transmission of the HIV infection from the
HIV infected gestating or lactating mother to her offspring of claim 72, wherein the

anti-retroviral agent comprises highly active antiretroviral therapy.

74.  The method of reducing risk of transmission of the HIV infection from the
HIV infected gestating or lactating mother to her offspring of claim 69, further
comprising administering a therapeutically effective amount of the composition to the

offspring.

75.  The method of reducing risk of transmission of the HIV infection from the
HIV infected gestating or lactating mother to her offspring of claim 69, wherein the

sequence further encodes an enhancer region of the HIV LTR promoter.

76. A method of administering a pharmaceutical composition to prevent
infection by a human immunodeficiency virus (HIV) in an uninfected subject, the
method comprising administering to the uninfected subject a therapeutically effective
amount of the pharmaceutical composition comprising a nucleic acid sequence
encoding a clustered regularly interspaced short palindromic repeats (CRISPR)-
associated endonuclease operably linked to a truncated HIV long terminal repeat
(LTR) promoter containing at least a core region and a trans activation response

element (TAR) region of a HIV LTR promoter.

77. A composition comprising a nucleic acid sequence encoding a clustered
regularly interspaced short palindromic repeats (CRISPR)-associated endonuclease
operably linked to a truncated HIV long terminal repeat (LTR) promoter containing at
least a core region and a trans activation response element (TAR) region of a HIV

LTR promoter.

78.  The composition of claim 77, wherein the CRISPR-associated endonuclease 1s

optimized for expression in a human cell.

79.  The composition of claim 77, wherein the CRISPR-associated endonuclease 1s

Cas.

80.  The composition of claim 79, wherein the CRISPR-associated endonuclease 1s

Cas9 (CRISPR/Cas9).
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81.  The composition of claim 79, wherein the CRISPR/Cas is under control of a

minimal HIV LTR promoter.

82.  The composition of claim 81, wherein the minimal truncated HIV LTR
promoter is activated by an immediate early transcription activator (Tat) thereby

conditionally activating CRISPR/Cas at an early stage of HIV replication.

83.  The composition of claim 77, further comprising at least one guide RNA that

is complementary to a target nucleic acid sequence in HIV.

84.  The composition of claim 77, wherein the composition further comprises a

sequence encoding a transactivating small RNA (tractrRNA).

85.  The composition of claim 84, wherein the tracrRNA is fused to a sequence

encoding a guide RNA.

86.  The composition of claim 79, wherein the CRISPR/Cas excises a segment of a

viral genome, the segment spanning a viral promoter and/or viral coding sequence.

87. A composition comprising a nucleic acid sequence encoding a clustered
regularly interspaced short palindromic repeats (CRISPR)-associated endonuclease
(CRISPR/Cas) operably linked to a truncated viral promoter whereby the truncated
viral promoter is under control of an immediate early transcriptional activator(s),

thereby conditionally activating CRISPR/Cas at an early stage of viral replication.

88.  The composition of claim 87, further comprising at least one guide RNA that

is complementary to a target nucleic acid sequence in the virus.

89.  The composition of claim 87, wherein the CRISPR/Cas excises a segment of a

viral genome, the segment spanning a viral promoter and/or viral coding sequence.

90. An isolated nucleic acid sequence having at least a 75% sequence similarity to

any one of SEQ ID NOS: 1 to 21.

91.  Anisolated nucleic acid sequence comprising any one of SEQ ID NOS: 1 to

21 or combinations thereof.

92. A kit comprising a measured amount of a composition comprising an isolated
nucleic acid sequence comprising a sequence encoding a clustered regularly

interspaced short palindromic repeats (CRISPR)-associated endonuclease operably
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linked to a truncated HIV long terminal repeat (LTR) promoter containing at least a
core region and a trans activation response element (TAR) region of a HIV LTR
promoter, or a vector encoding the isolated nucleic acid, and at least one item selected
from the group consisting of packaging material, a package insert comprising

instructions for use, a sterile fluid, a syringe, and a sterile container.
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Fig. 1B
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Fig. 3A
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Fig. 4A
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Fig. 4B
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This interational search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. [:] Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. II1  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
**-Please See Supplemental Page-***-

1. |:I As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:] As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. % No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Group |: Claims 1-89, 92

Remark on Protest [:l The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Farm PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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-***.Continued from Box No. Hll: Observations where unity of invention is lacking-***-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |, Claims 1-89 and 92 are directed toward an isolated nucleic acid sequence encoding a clustered regularly interspaced short
palindromic repeats (CRISPR)-associated endonuclease operably linked to a truncated HIV long terminal repeat (LTR) promoter
containing at least a core region and a trans activation response element (TAR) of a HIV LTR promoter; methods, nucleic acids,
compositions and a kit associated therewith.

Groups |1+, Claims 90, 91 and SEQ ID NO: 1 are directed toward an isolated nucleic acid sequence having at least a 75% sequence
similarity to any one of SEQ ID NOS: 1 to 21; or comprising any one of SEQ ID NOS: 1 to 21 or combinations thereof.

The isolated nucleic acid will be searched to the extent that it encompasses SEQ ID NO: 1 (first exemplary nucleic acid sequence).
Applicant is invited to elect additional nucleic acid sequence(s) with specified SEQ ID NO: for each CDR or specified substitution(s) at
specified site(s) of a SEQ ID NO: (in order to provide a fully specified sequence), to be searched. Additional nucleic acid sequence(s) will
be searched upon the payment of additional fees. It is believed that claims 80 (in-part) and 91 (in-part) encompass this first named
invention and thus these claims will be searched without fee to the extent that they encompass SEQ ID NO: 1 (nucleic acid sequence).
Failure to clearly identify how any paid additional invention fees are to be applied to the "+" group(s) will result in only the first claimed
invention to be searched/examined. An exemplary election would be a nucleic acid encompassing SEQ ID NO: 2 (first exemplary elected
nucleic acid sequence).

No technical features are shared between the nucleic acid sequences of Groups I+ and, accordingly, these groups lack unity a priori.
The inventions listed as Groups | and I+ do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons: the special technical features of
Group | include a CRISPR-associated nuclease, not present in any of Groups |I+; the special technical features of Groups II+ include
SEQ ID NO: 1, not present in Group |.

Groups | and Il share the technical features including: HIV LTR sequences.

However, these shared technical features are previously disclosed by WO 2015/031775 A1 to Temple University of The Commonwealth
System of Higher Education (hereinafter 'Temple').

Temple discloses HIV LTR sequences (target sequences within HIV-1 LTR U3 region (HIV LTR sequences); page 10, fourth paragraph).

Since none of the special technical features of the Groups ! and Il+ inventions is found in more than one of the inventions, and since all
of the shared technical features are previously disclosed by the Temple reference, unity of invention is lacking.

Form PCT/ISA/210 (patent family annex) (January 2015)



CN 107949424 A

(19) e AR X FEE SRR ZIRE

v, (12) REAE RIS

(10)EIFATS CN 107949424 A
(43)ERIE ¥ H 2018. 04. 20

(21)E{ES 2016800291288 (7H) EFRIBANA Jb 2 KRR BUREA R
(22)E3i5H 2016.03.18 ZvA] 11314
o RIBA T2fh

(30) flL et i

62/136,080 2015.03.20 US (51)Int.CI.

A61P 31,/12(2006.01)

(85)PCTEIFR AR 1A NI I B2 H A61P 31,/18(2006.01)

2017.11.20 C12N 9/22(2006.01)
(86)PCTEFRERIBEHY ERIEH IR C12N 15/63(2006.01)

PCT/US2016/023170 2016.03.18 C12N 15/49(2006.01)

(87)PCTEIFRERIBHY A Fh B3R
W02016/154016 EN 2016.09.29

(TOHBRIEAN R K- EHAT RS
Huhib S5€ [ 5 479 JE

(T2)&BAA K « g FIA]

BCFIE RS0 BA45300T B EI20TT

(54) %X BA &R
TAT S 1) 3 T CRISPR/ A% & 3 VI g 1 25k [X]
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L. —FAE AR P A A0 N S B BB 6 75 (HIV) JKOF R 73, %5 A& 2l E A2
543 B IR 7 5 B 25 0 a4 FLah W 40 iR S5 Z 41 & W efi, % B A IR 17 5 G A
5% A P FLAERE 1) 9 6 [] SC =5 5 7 471 (CRISPR) AHSCKZ IR N VI , 1% 8 mT B AF sh B e 2 A 1
HIVK R 85 75 (LTR) B 3h ¥, MR G 72/ & FHIV LTRE 37 1% O X 35,
A sz e e B e (TAR) o

2. AR ELR LR B 732, Hodr %00 B AZIR 7 4 it — 20 g &2 /b — PP SHIV A B
PRALBR T 1 AP 1] F:RNA

3. AR R 2T IR 1 771 Forp  aZHTVH B SR RRAZ IR 7 218 & 7 THIVYm s [X ksl 4E
Ha i X 3 175

4 BRI B SR 3T IR B 7325, Hod, i AR 4t X S AL ST HI VI K R i 7 51

5. GNABUR ELR 3P R B 7732, Hor i BEAR AL IR P A AL 5 AL THIVR R B2 7 51 N (1)
¥ 5.

6 . LA EL SR 5 ATk (1) 77325, Herr, %A THIVK AR i 8 5 70 N 1 R 7106 2 A TUSIX
RIX BRUS X P 1) 41, 13X L X 3 A G5 1 8 HIV . LTRJE 37 AR )7 51

T BRI EL R FTIR B 775, o, 1208 L B0 20 M0 2 V8 AR IR e T e

8GR RN B R TRT IR B 775, Horh , iZ B AR PR B G AN 3k R 51 i 4L )l R B 4 - CDA T4
i 5 A T L A 4 i R D AR EE o 2 L /N J Jo 4 AR 2 T IR o 4

9. UBURIEE SR BT IR 1) 512  Fo A, 12 K A AR P K B ) 2 A P 2KV

10 WIAURIEL R OB IR 1 77325, Horh , i L Eh M) A M 0 7 ok B B A HT VI B 1) 52 3038 1)
BRI 2300 B H  BRAE I AR

L1 GnAUCR] SR LI 0 77325, o, iZCRISPRAHIGAZ IR N V)il =& Cas9.

12 USR] SR LR B 7 36, Horbr , 1% CRISPRAA S KX R A V)i 4 A0 A T N 4 B 7
Ko

3. WA R EE R LT 1) 7, Ko, A&t — P8 & g td &k 0 30E NRNA
(tracrRNA) B F % o

14 BB SR IS FTIR ) 1, Hor , % tracrRNAS 4 i 1) S RNAK 2 1 Rl & o

15 WIAUCR SR VTR 9 51, o i1 & Wit — DB & i iz e s S 1751

16. BRIV E SR VTR I 732, Hodb i A0 A vl B e s B 2 Rk d ik

17 BRI ZE SR 16 BT IR (1) 7325, Forp a2 3R 8k B Z1 B 2L R 1) B 20 A8 3 3 044
JUR TP BRI % I B A A

18. WAL R ZER LT iR 1 77 v, Horp i & Wit — B A 5 % HIV-1LTR J3 30+ K 38 58 1
X 45

19. —Fh 73 B BIAZ IR 17 51) » Ho A B G B s 1752 1 LA 1) B K2 [ SC EE 57 %71 (CRISPR) AHK
W% N V)G ) 77 51, 12 8 RT3 4R 2 2 AR 1) N A 3 Sk B i 2 (HTV) KK i 3 557 911
(LTR) JB35h 1, M%) B8 T 2 /8 HHIV LTRJE 11 HAZ% U DX 48R0 Sz 23 v )82 7644
(TAR) .

20 BRI SR 19Tk B 70 B AL IR 7 51, b & 7 Bt — B gmtd 22 /b — P SHIVAH
BUFRAZ IR 7 51 H AN A] S:RNA

21 JIAUR] L SR 20 T iR 1 70 S AR 7 41, Fobr  iZHIV AR R AR A% R 7 91 AL 5 67 TP HIV

2



CN 107949424 A W F E Kk B 2/5 i

Sy [X 45 s A G 5 DX 35 A 1) R 41

22 ANBURIEE R 21 BT IR 1 70 B AL TR 17 1, Fodb 1 3 4w IX 48 B HT VIR K A vty 25 5
J7 BB TRHIVA K o 8 57 51 N 7471

23 ANBURIEE R 22 BT IR (1 70 B A% IR 17 91, Fodb i T HI VA K ity 56 52 5 21 3 (19 )7 )
AL E AL FUSX WRIX BLUSIX P 81, 73X 48 XA G 45 2 8E FIHIV. LTR A 81 AT A 7
B,

24 WIRURIZE SR 1OFTIR I 70 B AL R 17 41, Fo A, 1% CRISPRAE G R P VI 2 Cas9.

25 . AIAUFIZL R 19 FT IR ¥ 7 B AL IR 7 91, Fo b, i CRISPRAH AL R N DI 4 A4 FH T
N 4R Py R IE o

26 WTBLR) B SR 19 BT IR 1) 43 B (AL IR 7 51, i3k — 2560 B gt Jse XI5 /NRNA (tracrRNA)
ipE2 Il

27 ANBURIEE R 26 BT 1K1 70 B A% TR 7 41, o, % trac rRNAS i [v] S RNAJK) /7 71 i

I
=

28 WAL ZE R 19FTIR K
29 . WIAUR) SR 19 BT iR 1)
IREAR

30. WL R EE SR 29 BT IR 1) 3 B AR R J 7 41), o i R IA AR E B N 51 BT 4 R R A 4«
1255 B 2 A s P AR B BRI R

31 WIBLRIZE R 19FT IR I 73 B AL R )T 41, 13— 2D AL 8 i HIV LIRS 37 10 35 7 X
o

32. — PP W, I Fr YR B A% 1) R () % 4 [=] SC 25 53 )% 471 (CRISPR) AH R AL R
P DTG A% B T 41, 12 i ] # 4F T 42 28 00 1 N e % R B i B8 (HITV) KoK o 2 2 )7 41
(LTR) JEZh 7, M8 1 B3 T 2/ EHIV LTRSS T B A% U X 38R0 Sz 2 383 i Bz 6 4
(TAR) »

33 WTRURI LR 32FT IR 254 &0 33— 20 A0 & 25 24 T 52 I 37

34 UIAURIEE SR 33FTIR M 2320 & W, Forp 2 24 5 ] 2 52 B BN 5 25 T g o i 1k
BT R AWM R,

35. WIAURI SR 34 FTIR M 2320 &, FLrpr e A2 I AR« 7K 88 Fe  Aar « oK SR
R B AL RV

36. WAL RN ZL R 32FTIR I AR &), Forb % 29 A LI R A H

3T WBUREER 32T IR 2 &, Horh A W SRR EN .

38. WAL R B R 32FT IR M 25 &4 , Forp 1% 7 91 it — 3D i & /b — B S HTV A B bR
TR T 51 B AN ] 3RNA .

39. WTBLRN B SR 38 AT IR () 25 W20 &4, Forb , iZH TV A BERRAZ R 15 9160 25 0 T HIVIG Zmis
X 5k 5 A G A X 35 P9 11 7 51

40 WRLR) B R 39FTIR I 25 2l &1, Forb , Z AR gn A X 380 E ST HI VI K AR it 5 R P51

AL WTAURIEE SR A0FT IR I G A4 Forb  iZ BERR IR T 41 B 35 AL T iZH TV K o 8
BN
A2 WAURIEE SR AT IR I G A4 Fob A THIVEK A B E 74N K75 A

PEILIR P8, 2 P RS A E LS 5 1 8
PEIIZIR YA, o, %0 B IR 7 51 Al R E it e i = 3R

N D

g

3
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AL FU3X WRIX BRUSIX N 41 5 1T 3% 26 X 3 AN G5 124 45 IHTYV. LTR S 31 IRATA P 1)

43 BRI EE SR 32T iR B 2540 &4, Hoh , i CRISPRAH G IR N VI 2 Cas9.

44 WAL B R 32 5T IR 1 25 L &4, Horh , 1% CRTSPRAH S A% 2 P VI e 16 FH T A\ 41
M RIE .

45 QBRI B R 32 Bk M 2520 64 i3t — 20 A5 gt J =00 /NRNA (tracrRNA) A%
B

46 . WBLREE SRAS TR I 26, o, i tracrRNA S gm i ] F:RNAM /7 SRl

AT UTRUR B R 32T IR I 25 54, i3 — 30 A& atidi% e L5 S T 51

A8 UIAURIZE R 32 TR I 2345, Forp X 22 6 W mT B e Hh B B 2 3R Bk

49 WAL RI B R AS TR [ 25 &), oA, i R IB B IE B 1 71 B 2 B B4 < 12
BERRR B B AR R RS B AR A

50. WIAURIEE R 32T IR I ZI A A4 , Forb 1% 7 A1t — 20 dm b i HIV-1LTR J5 3l 7 1) 14
5T X

51.—FGTT B N sh a8 (HIV) B 2 W 72 27 A8 sz i
YR UIRTT B R B ALTR T HI I 25 0 A0  \ZA% TR T 570 S o 5 e 140 FAER 1) o 4[] SC R
525 %1 (CRISPR) AHICAZ IR N VI , 128 v] 45 4F Hh 5 82 2 U M HT VA R o 5 52 7 471 (LTR) J3
BT, AR I S 372 /D8 AHIV LTRJE 37 1A% O DX AN S 0 e B 76 44 (TAR) .
52 WAL R SR 51 BTk 1 V4 7 B A HIVIER Y (2 5 2 1 7735, Fo b, % 5 51— 4 4
2 /b — P SHIVA SRR AZ R 7 51 AT ] F:RNA
53. IR R 51 TR V6 Y7 B A HIVIERGL 1 52 3038 1 775, Fo R i HT VIS & 18 AR 4
R
54 WIAURI B R 51 TR VR T7 RAHIVIE G 2 i 1 7 ik o i 29 A & )2 sk
& 28l E SM a2

55. IR R 51 TR 7697 B A HIVIER L 1 52 3038 1 51, i — DB & R A Pridi i %
BRI

56. WAL R EL R 55 AT IR 1 ¥A 7 HAA HIVIE G 1 3230 1 77 v, Jorp il 3 S 53 771
1 [ =A% T T8 2 SR A0 A 79 2 1 TR o 790 AR N 90 1) 70 B 2L s )

57 WAL R EL R 56 T iA 1 ¥A 7 HA HIVIE G 1 3230 1 77 v, Forp , il 3 S 53 771
B EE R PSSR BRI TT

58. WAL R ELR 51 AT Id (1) ¥R J7 B HIVIER G 1 523038 110 751, Hoh, 1ZCRTSPRAH KAZ R
N VIl 2 Cas9,

59. WIAURI B R 5T FTIR VR TT RAHIVIE G 1) 52 i 5 1 7 v Forp i 29 & ) vl
Ve B B R IR A

60 . WIAUHI EZL R 5P IR 6 I7 A HIVIE G 32l # 1) 77 %, H
G T2 R ) AR AL« 2 3 AR L s B A L RN B A AR

61. WAL R EL R 5T AT IR 1 ¥a 7 HAAHIVIE G 1 323 & 1 77, Jorb , &3 St — 25 g tis
ZHIV LTRJE 2071 3858 7 X 38

62. — FPFEARAL T N e 8 G Fe o 55 (HIV) B2 RS T 19 52 303 G H TV IR XU 1 7 v
FIT A E ANZZ R R AT B RN B SR T I 2 AE G  ZALR T 51 Gt ik

%

|

JZRIEHAREE T

4
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TP A () o 6 1B SC B85 7 471 (CRISPR) AHOG AR N VI , 12 19 ] 45 4F b % 492 22 A0 FRTH TV
KR EE T (LTR) JH 3+, T 1 B 31 2/ 5 FHIV LTRE 37 1% 0 X 38 %
I A B 7o (TAR) o

63 . WL R ZESR 69 BT A [ 4 AR AL T-HIVIER G4 XU 1 52 3 3 SR SR H DV () XGRS /) 732,
W AZ SR S VR R (E PN B SR

64 . WIBLRIZESR 62 BT A8 (1) PR AR AL T-HIVIER G4 XU 1 52 3 3 SR L H DV () JXURS: /) 732,
H, iZCRISPRAHIAZ IR N VIl 2 Cas9.

65 . WL R ZESR 62 BT a8 [ P AR AL T-HIVIER G4 XU N 1 52 3 35 SR L H DV () JXURS: /) 792,
H, 1% CRISPRAA AL B P DIEE 4 A0 40 F T N il 2K

66 . WL R ZESR 62 T a8 [ P AR AL T-HIVIER 54 XU N 1 52 3 3 SR SR H DV ) XGRS /) 732,
W 2N A ) T R R B T R IR A

67 . WL RIZESR 6T BT I () PR AR AL T-HIVIER G4 XU 1 52 3 3 SR SR H DV ) JXURS: 1) 732,
W AZRIREARIE B T F1 AT R B2 120 FE A R0 B A AR B R A

68 . WL R ZLSR 6T BT A () P AR AL T-HIVIER G4 XU 1 52 3 3 SR SR H DV () JXURS: /) 732,
T FHE— B g ASZHIV LIRS 3T 38 98 1 X 48

69. — PR AR N G2 BRI 5 (HIV) 265k DB GLH TV & Uik S S50 7L 3 58 ) L 7 o A%
T RS (1) 532 i VR L B NS R 48 200 9T A B B S IR T I 2964
AL T 5 G i S () FIUAEEE [ 88 2 [ SC 8 2 7 41 (CRISPR) AHOCAZ R PN DTG , 148 ] 45 /E Hb
B2 HIVK R ER 75 (LTR) B3hT, MiZEE N B s 2/ & AHIV LTRIE3)
FIIAZ O X 38l sz = i . e (TAR) o

70 WL B SR 69 BT I (1) 4 ARHT Vg 2 WSS HTV ) U 40 10 mlmel 2L 00 B 53 1) L 7 Lo AL 4%
0 JRURSE PR 7925, e Hp A A G A = B L= B AN P JE ) 2 b — AN B R 2

71 BRI B SR 69 BT I (1) P4 AR HT Vg 2 MR YL HTV ) U 40 10 mlmel 2L 300 B 25 1) L 7 Lo AL 4%
() RS (1) 5 4 1E— 2D L8 4R 25 P i SR i B 711

72 BRI EE SR 71T IA () B ARHT Vg e U YSHTV ) U 00 1 mlmel 2L 300 B 53 1) L 7 Lo AL 4%
(100 DARSE 1) 7 4 5 FL b, A Bl A Si o B 7728 1 A% 0T 00 A Se T A0 o) 7] 2 1 T o) 7 At
N TR BT 4 R ) A4

73 BRI EE SR 727 38 (4] 3 AR HT Vg 2 WSS HTV ) U 00 1 mlmel 2L 300 B 25 1) L 7 Lo AL %
[ JRUISE PR 792 5 G HR AT A S B 7 B s T P () P % SR B VR T

74 BRI B SR 69 BT I (1) P4 ARHT Vg 2 YL HTV ) U 40 17 mlmel 2L 30 B 53 1) L 7 Lo AL %
(0 RS 1R 792 1 — D B M T L A AR T A E A A

75 . WL B SR 69 BT I (1) 4 ARHT Vg 2 MR SSHTV ) U 40 10 mlmel 20 00 B 53 1) L 7 Lo AL 4%
(R IRUSE (1) 77 3%, e, i 7 it — 28 A iZHIVL TR J&3 3l (1) 3 9 - X 35

76. — PR Zj 2 S Y LA DT 1E A B GRS B N e e SRR R (HTV) 1575, 1%
J7FELE AR IR 1 32 25 206 9T A RGE B & IR T A I iR &) A% IR T 5
O 8 5 1) R0 ) ) 4 (] SCEE 7 81) (CRISPR) AHSCAZ R N VI , 1186 nl B dth i b B 48
FIHIVE K 8 741 (LTR) J8 30 ¥, %8 1 B 3 2/ EAHIV LR3I O X
S R0 s T e 26 A4 (TAR) S

TT. —Fh B S L BR T AN G AL R 17 5 Y 05 B A% 1A 04 ) I 6 [B] S 38 2 7 1)

5
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(CRISPR) #HAZ R N VI , Z B v e AE Hh B 8 2 8 NIV Kim B R 74 (LTR) B3+,
MiZAREN Bah T2 /D5 AHIV LTRSS T BAZ% O DX 38R Sz 20 350 Wi B 7644 (TAR) o

78 UIARUR B SR 7T TR 4L &, Hod , i CRISPRAH 2 8 N BBt e 4% T A4 iy
Fik.

79. WIALRIE R TTRTIR I G4, Forh , iZCRISPRAA AL IR W VI /2 Cas .

80. WA AN BE R TR IR I &4, Horb , iZCRISPRAH KK R N VI /& Cas9 (CRISPR/
Cas9) »

81. WIBUFIERTOFTR ML &1, Forh L IZCRISPR/Cashb 5t /NHIV LTRJE 201 (¥ 5 i
o

82 WAL R EE R 81T IR I L&, Forp , TEHTVE #1131, 1% B /N JE HIV LTRJE B

T4k B 20 B S B TR 7 (Tat) B0 » IR 2544 1 I35 CRTSPR/Cass

83 . WAL RN ERTTRT IR AW, it — 20 & 2 /b —Fh SHIVH BEARAZ IR 7 51 AP 7]
ERNA,

84. WAL A B R TT TR AL &9, Horh , iZ 40 & Wik — 25 615 90 15 e 20 800 7/ RNA
(tracTRNA) 1] 541,

85. WAL R E R 8AFTIR I &Y, Forb , 1% tracrRNAS gwtid [a] SRNA /7 51 Ak 4 o

86. WAL FIEE R T9OFT IR AW, Forh , i%CRISPR/Cas VI Jps 8 3 R 40 1 — B, % By 5
P B JE B A/ B R D A

87. — MG F YW AW, 1 ZAZ IR 75 9 5 1 7% 1 F 43 18] B8 45 [] SC 8 7 %1
(CRISPR) #HAZ IR N VIEE (CRISPR/Cas) HiZ g nT #1F Hh B 45 2 HUE MR 8 R 8 1, 15k,
TR B B I S0 i Z U 1 5 R B 1AL T R AT R R SRR AL TR I R, AT 24

HuIECRISPR/Cas
88. WAL F) ERSTAT R I &y, it — b & 2 /40— Fh 5Z 0 3 SEFR AL R 7 7)) B AR
171\ SRNA.

89 . WA F) B SR 8T AT IR I 2H &4, Horh , i%CRISPR/CasV)Rg i 25 2L R 2 1) — B, 1% B 5
P BE J B0 A/ B0 B w4

90. —M4r B R EE 7 1), HL 5SEQ ID NO:1ZSEQ ID NO: 21 (K4F—& HA &=/ T15% 1
7B AR .

91. —Fh /B IIR T 71, HoAw 47 SEQ ID NO:1%SEQ ID NO: 21fffF—F s A 4.

92 — il Fl &, HES WM ERNAEY, ZHEME S BIRF I, %59 8
B 3 1 i RS A () FIUAEEE [ B8 2 [2] SC 8852 5 471 (CRISPR) AHORAX R N VIR /7 471 i g vl
P B A IHIVE K s B E 5% (LTR) B3+, % n B3 78 AHIV LTR)E
17 2 /DA% 0 X A sz 2 I Ve B 7T (TAR) X3k, BRAiZ 4 & 0 60 & i i% 20 8 B A%
7 A3 s LA B 3d B AL ZA ) A0 2 A FH U BH 0 1 A 248 00 TE B AR S 2% L IR A
PP AL I 2 D — T
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TATIE S HIE TCRISPR/#& N IEE AY B E 4miE

BRARGUE

(00011 AR A W By S P 28 g U0 2 o 0 7 A N A B kB i 755 (HTV) P #EAR P A1 I AL 5
Py 3k LT AL HE AL TR (1 20 & ) T 45 25 A8 SEAT HT VIR Y A T HI VIR G R W 1) 52k 3, o
A% IR i i) S (14 LA 1) o 6L ] S B 55 17 81 (CRISPR) AHSRAZ IR N DI LA [ 5 N A S e
TEF P RLAR 77 1 ELAR D 1) S RNAF 471 o

ERREA

[0002]  FHHIV-1% 3 LK , ATDSAY A2 tH 53 [ P sz 20 3 N ) 3 B0 L Je 1a) @t | T
HIV-17K A PEHEA NTE BRI AL, ATDS AN vl vE 0. H 8, T4 fIHI V-1 FIRH 1EATDS
RIBIVEYT (i VR DU 55 S0 55 VA 97 BRHAART) A% K M AR 7 40 At vb S RRHT V-1
T 1 5 1], R IR B IR P 28 B AR 7K - o (EHAART SR g BH H14H 23 P AR /KT ) s B 2R (R 4
FIB RN ), A B8 DA P8 ER 1 SR % 1 240 e A S H TV =1 S0 P AR I 149 1 A2 1 T 40 S i
Mk 2 6 /0 P2 J 4 L 2 TR e o 200 L R B R D R L A 4 B A B s o i ] PEH TV - LR et =
AL F5 O I RTE R B B a2 A 4 B S ) O RORE & X T DA 1 O 75 6 AT
(reservoir) NEEFRIEITAUIG T SRBEAEERFEL TR K

[0003]  HIV-1ZEE AR KELIN9. 8kb, BLHE 24 %A N\ T 32 25 IR I T 194 o 140 7 A4 B
KR i B P A %2 R B FE i 45/ B2 (Gag Pol MEnv) (i T H (TatMRev) (LA
KA E E (Vpu Vpr Vit HiNef) (R HIV-1585 35 1 R ROE A 1 (Tat) & — M2 Thfe &
H o, D4 R I HAR BCHIV- 1B L (1) 47 TR 3 2% J5 2R o Tat AN AE T3 75 % 5 R0 A2 i) 4oy e B 22
A, BT T 2 Pl B SE R 1) 0 HReE A& B B B T2 A E - Tat 2 I FH AHTV-
LB G 1) 40 B 433, L@ It 9 00 2 ot 4 B BT ke A FH o e T VR D Rk I  PTE ) #R 2 FE R T
AR F, HA5 S ARHTV- 1R G 1 0 248 it A0 /) 12 5 4 R T8O A 22 B3 1R ) T o Tat 3% S FHHT V-
ILTR B3 T-UR Sl , HoAHTVA) B4 75 5 i 7 .

[0004]  HTV/B& 4% B PR 2 v iR R B DR R T AL, 1% PR 36 46 52 0 3 IR A% 1 e L R
— A BRI B FRE DL BT 2 BRI DA HIVIE Y il i, K 2 SRR IR LA B L
AN H PR AU BB DRE R o AR AT B 48 R A S VLI BB R v S TR g 11 s B
AR AR5 R ED &5 IO SR K AR VS o SRR 1 58 B A AR AN [R] N4 T AR B 21
FEAZ AN o AE S B AR A, HT VS 35 B00RE 48 W 51 22 3808 38 B 1Y CDASZ AR 43 1 41 A 5 3 N 1%
A . — B EEdE N 15 E4HAE , S AGH LV 3 3% SR i R A= scHTV. RNARY) i 78 B2DNAREI 4%, H %
FIT 993 B DNA B AR AR F 45 88 6 N 1% 7 5 41 225 (R 4 DNAHP o Bt 20X — 1% 78 = 4H i & il HIV
B EE , S BT A HTVIR B4R AR50, 1Z 9 R T VIR B34 mT B Je SR e H e 0 A

[0005]  HJURHIVIEGAEE ) 240 H A~ 5. (H S R i, FL 5 T B ZE 2K 104F (1) K il
PR YRR B BE o 1X — VAR S F8 AR N TE SR O HT VB e Bl M2 MEH T VIR % o 32303 1) CDA bR E 44
OB R FHE R 2GR KT, HR ZH02 0 R G2 RA RN T G A 5 5 2, ik
AR B A RS 7K B BTHIVE AR o 3% — 38 AR I FE w78 JE a0 I 5 A 40 B A o] B AN AT
AT Aar DN P 3 75 2 w1, L AE 0 v RT e A AE /D B B A R RE SRR B o 1 AR S I R
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H, HERAR NI PRI AR B, B A HIVII AATAT REAZE JIHIVA SSREAR , 8 & J7 5 P e
MR AL HIVIR B RE SR AR F AR KT B0 7F S 4 I PL % S m 890 7 B TR T I
ZARFARN X — IR I I SRR R T A AT, B A T IX — B B 52 0 IR AR 4%
PSSR ERIR YT, AT RS HIVAL 5% 2 AN (E BT SR B 18 7 BR AR T AL 48 1 X
58

[0006]  CRISPR (JS i 1) FIAEE (] B8 4 [2] SC 8 2 )7 41)) o 5 A 0 S S B 2k I 41) ) DNA D[R] s
i — I B 5 BREE M AT 2R 55 2020 “IA)BRDNA” Y48 B - CRISPR— % 5 Cas 3 A A%
%CasH: K 4 A% 5 CRISPRAH JC (1 5 19 i - i%CRISPR/Cas R 40 2 F A% LE W 405 2245, HoW T %6t
MR 43 G SR R B AR B e B8 A — P 2 14 1) T2 2 o CRISPRI] i BA 246k
T EAZADA HLAR A RNAL I 7 2R AR 3 DX L SRR 3% B

[0007]  i%CRISPR/Cas R4t CL &4k FH T 2 FiA ML A (1) 22 (R dm GE st oA | Hp W B8 A
B AR LR A 51)) A3 PR T 38 4 % Cas 93 [ AITIE B A 1) S RNASR % ZE 4R i 1Y , W] 2EAT:
] Bt A BRI AL B D) B2 A MR I 2 R 2H . 8 FHCRISPR/Cas9 RSt 1 BT 176 97 1 222 (K] Y
5 B Cas O A1 [A) T RNATE $E AR 40 A Fp 15 2050 HL e 57 1 X 06 A3 24 21 2 sl 4 P 45 7
JERSZ 2T M ) A0 3R ARG, G 7 SR g P R e (1) A B () A5 B R S G L — Bk K

LZRAR

[0008] % SCHREHE— PP A4 Py BAAR A1 L340 A ML P RN S e BB i B (HIV) Ki&H77
T E BRI AL W) AR B T 03 0 B IR T S E 0, 7 B IR T 51
S i S A% V1) A (7] g L [R] SC B 2 /7 41 (CRISPR) AHSRAZ R N VI , 12 18 T e /E Hh B b 2 A
[IHIV LIRS 3 ¥, Mz K B3I+ 2 /08 A HIV LTRJE 31 %0 X IR ATARIX 5.
[0009]  HAARSZHiH , % CRISPRAHIALIR N VI #2& Cas9. iZCRISPRAH G A% R N VI AT 5%
PEAt BT N4 N R o R 2% 0 L 30 ) 40 O g B T 406 W mT A 355 e ki 4 B o 120 7L 30
YhAR R AT DL B AR P IR G R A B, 0 FE RN PR T, CDAT TR A - 2 W 4 A - SR A% 40 B i A o8
TRES A 2 /0N J8 5 40 i« B T o 4T e » 2T L 0 4 Pt T B R B BB HT VBRG] 52
W E BB TR A 2o B b K/ B AN D &R o i HT VA 3E P AR PN S it B8 R 42448 PN S it
[0010]  EARSZhtifalH , %50 B WAL IR v] B4 h g i — Fhak 2 Fp SHIVH SEARAZ IR /7 51 B b
(1) 1] ST RNA S IZHTV A FEARAZ IR 7 51 AT F8 AL T-HI VI G b [X 35k % / B85 AE G [X 35k A% / B R
Uit 557 H N ) P 31 o 1% AR G A X 3R] R HI VA K R v B 2 7 41 o %A THIVET S R i 5
BN F AT AFEAL TUBX RIX L BRUSIX P Y 81, 3% e XA B 5 i a s I HTV LTR
Ja BT WA 7 51 o 220 A P ml G i A% 8 AL AE 5 07 91 A 4 & 1) ] A MM H S B e
% /DRNA (tracrRNA) %1, HiZ tracrRNAR] 5 —2mid [n) S RNAR) 7 5 REL & 1% 2069
IRl BLFEIZHIV LTRJA 31 399 7 X 38

(00111 EARSZHFIH , 20 & W0 ml 4 v] AR Hb B 5 22 R IR Bk a2 Rk Bk n] DL 1295
BREUR s B A L AT R B A

[0012]  ARSCHEME—Fhor S AZIR 7 51, A6 9w S CRISPRAH AL IR W VI BRI 7 91) 5 4% 1
Al ERAE R R A IHIV LIRS 3N 1, T B 37 28 FHIV LTRE 31T L
[X 3 FNTARX 12, .

[0013]  H ARSI , % CRISPRAHIKALIR N VI #2& Cas9. iZCRISPRAH G R N I AT 5%

8
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AL T A4 N RIE .

[0014]  HE RSt , 1% )7 51 Al B5 0 g 0 — PPk 2 A S HTV A SR AL R 7 51 E AN 1] 5
RNA . ZHIV R SEAR % R 7 51 ] $8 AR THIVE S A /s AE G fis X 35 K / 8% K oK iy 85 2 7 %)
W31 o 1A T HIVI KR o 55557 91 A 1 81 AT A& A7 T-U3IX \RIX L BRUB X A 7 471
XX I A ELFEAZ AL IHIV LTRS 30§ AR 5 51 o 1% 50 B B R BR 17 51 IR 1T i A% e or
=5 /8% B /RNA (tracrRNA) 1% tracrRNA ] 5 —Zg i [a] SERNAK R A& o %70 5
(R A% e H R ] A% AZHIV . LTR JE 311 58 1 X 35 .

[0015] A& St 51 7 , 1273 B AR IR 7 21 A 43 ] 458 4R B 2 2 ARk Ak o 12 3Rk AT
BACIE o EE A o B3 A R B R A

[0016]  ATHEfE— FhELFE G L CRISPRAHICAZ IR N VIBE I 72 51 25 W0 2H & , 12 vT #R 4
R BB HIV LIRS 30T, MBI B3 72 /D &G HIV LTRIE 37 B O X 3k AN
TARIX 38, 12 25 W) 20 & W) A W] R04 24 27 nT 232 I 800, A AE AN PR T, 28 37 1 Joid 1) Jie A ml
T RE WA B AR AT L2 g B A S TIORE @R K RO | BYRR BEER S IR o FLAR
S5 e, 1% CRISPRAH S A% R N V) /2 Cas9 . 1% CRISPRAH S A% R A )1 m] A AL T A4
FIN RIE

[0017]  HEARSLHE] %2 P nT Be b v T /s & fE gk

[0018]  HAARSLtEGH , 1% 77 5 T &St g i — P el 2 Bl SHIVA EEAR X R 7 51 BN R] 52
ZHIVAH SRR AL IR 7 41 vl $8 AL THIVI gt K / 8 AE Gt [X 355 K / B R iy 25 5% 51 Y
(073 o 12 A0 THIVI K R i 5527 91 A 7 810 AT A4 A7 T-USIX W RIX L BRUB X A ) 7 471, 31X
S6 X I AN UGB FHIV LIRS 37 AR 781 o 7 1 Al i % e AL AE 5 % A&
VI Z 35 Gt t rac rRNAF R 81, HLiZ tracrRNAT] 5 4 i [5] SERNA K 5 71 fb & o 3% 5 71 75
Al b iZHIV LTR S 3 (1) 3 9 X 35

[0019]  HARSZH#E] T , HIZ W2 G IR A0 7 51 n] 3 v] #4228 R IR 3k 1% 3R
IR AR TT DL AE 1203 B3 B AR L I B A L s B A A

[0020]  ACSCHE M —FhyasT B A HIVIER YY) 32 B 71 07 7 A4 1% 52 1 4
ZIIRIT BB AW 1% 25 H A )AL FE SR i CRTSPRA A% BR N VIR 1) 17 51, % 1
Al RAE R R A HIV LTRIB 31, T B 31 28 FHIV LTRE 3T L
X S FITARIX 35 o A7 Y5 97 THI VI Y i] DL AR M IR Y o i 07 v AT i — 20 46 2 5 A HI VS
P52 iR .

[0021]  H ARSI, % CRISPRAHIKALIR N VI #2& Cas9. iZCRISPRAH G A% R N I AT 5%
AL T A4 N KIE .

[0022]  H RSt , 1% )5 51 ] BA 0 g 0 — PPk 2 A S HTV A SR AL R 7 71 B A 1]
RNA . — 28 f51]FHp , iZ 51 W] i iZHIV LTRJE )1 H 58 7 X 45

[0023]  HEARShti e , BT 45 25 Pl i 0 B 50 A Ul i SO BT AT B A (HANPR T, AR
A% T 100 2 S T ) 591 i 1 AR o) 7] B N AR R o A e 300 e 39 7 551 T L v 1 1)
PO SRR BHRTT A S WI T AN R 258010 B MR 2

[0024] A St 5] 7 , 12 245 W0 4H & 0 Rl 4 Rl 45 A B 22 SRR B4R i R R B AR AT DL 2
8P BRI s T A4 R s FE A A A

[0025] AT rR SR A — ARG AL T-HI VIR XURS: T 1 52 1038 RS H T VIR XU () 7792 o 1% 77 2%

9
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AL %32 R 45 29097 A SR B S RS CRTISPRAHSCAZ R 1 DI 7 51 1) 25 &
W, 12 ] A B B 2 AU M HIVK R 82 7 41 (LTR) JB 3l ¥, AR & sh 12 /b
FAHIV LTRJE BT A% O X S8 FNTARIX 5k o B8 St 451 - , 1252 30 R VG BR3P N
Ko/ BB 2R

[0026]  H ARSI , ZCRISPRAHKAZIR N VIR 7] LA 2 Cas9. i CRISPRAH G AX IR N V) il
AT CABE AR A B N A N 3Rk o — 281 252 A AT DA R SR A e B R IA AR
R AZFRIB B AR AT LU, TR PR T, 18055 B3 204 MR 98 55 28 Ak L R0 iR 0 B R AR o L A S it 45
H T FI AT g RS iZHIV LTR S 31 (1) 358 7 [X 35,

[0027]  ASCH HRAE— Pl ARH T VIER 2 B G HT VIR & Ui B0 LA B 5% 1) H 7 AL # 11)
PSS (1) 54 o 1 07 12 B0 45 (W12 52 138 45 2576 9T B R I AL & S IS CRISPRAH G AL IR A DT 1
JF AN 25020 61, 12 ] 454 M BE B2 28 U I HT VK K s B 7 41 (LTR) JE 30, 1 1% 8K
R R 3h 1 2 /D& AHIV LTRE 31 A% 0 X I A TARIX 5 . B A8 SE it b, % 25240 &4
FEP R B = JHA ™ JE ) 22 b — AN B s 24

[0028] ARSIt , o] 5 2P adh 4 Si o 25 55 o 1 P 3 B A mT DU, i AERR T, 3R
A% T T8 2 Sy T ) 591 i IR o) 7] BB N AR R o A e 200 e 3 7 551 T AR v R 1)
PUI I SR B IR YT « B RS St , nRHE T A AR IS A S A 2 BT Lo B St
H T FI AT g RS iZHIV LTR S 21 (1 358 7 [X 35,

[0029]  ASCH Rt —Fhes 25 25 W2 A W LABIT 1 AR B S (1) 52 3 SR H TV I 7 15 o 1% 7 s
AT LS I AR B G 1) SZ2 A 25 25 TR T A SR B & Y A CRTSPRAH A% BR N VI 7 41 1)
LML B, 1% B ] A B R AR HT VK K i E 41 (LTR) B 3h 1, %8 1 B
ST E/DEHUIV LTRIGEN FHIAZ O IX IV LTRJE 307 H TARIX 35

[0030] A HRpE— PP EHE IS E A SRR & 2 A S a2 BIER T,
Z 5 B IR T 51 636 9w 65 CR T SPRAH A B 9 VIV 7 471 12 9 ] 5 b B 12 22 A 0 1)
HIV LTRJE3h¥, #5312 /D8 AHIV LTRJE 3+ 09 4% 0 X B TAR X 35k ; 544 74
25 BAK TR I (R 3044 s LA J B bl A0 4 4l FH 100 B 15 10 B, b 4 U T R AR VRS 88 W & T
B A a2 /b — 0,

[0031] AR B o O T B 4 2 00 40 20 S W0 A0 5 v B e B2, — D7 THT » A R B 1 L 1 S it
W60 E AR SO AR TR 4 5 S/ BOP IR 5 — 5 T, A IR 1R L B S it 9] 32 B Pl AR SO AR R 1
Wy T /B TR Ko F5— 77 THI » A% 5 BH (1) L8 S5 it 491 Fh A S 48 25 10 20 73 B/ B800 BRZE A

M3 35 BB

[0032]  PE1AR 4K EHIV-1LTR (LTR (-454/+66) ) PL K FT G2 O LTRAR JE AR LTR-120/+
66.LTR-80/+66 MILTR-38/+66 1 7~ it &l o i — A8 A & L TRIG A4 A B A B 2 AT AL
[0033] P& 1BA&Z K 1IARI A BEHIV-1LTRAIAZ A [ PCRY™ B4 HI L TR 5 471 1 358 A A vk P FL ik
%GB IR ] : 42K BEHIV-1LTR (pLTR (-454/+66) ) o3&k 2: pLTR (-120/+66) . i& %3 : pLTR (-80/+
66) o1& X4 : pLTR (-38/+66) .

[0034] &2 2R A K BH I Cas9 A 3h ¥ B i F2 1) B i - 48 FpX260-U6-DR-BB-DR-Cbh-
NLS-hSpCas9-NLS-H1-%5 tracr—-PGK—puro i i (Addgene#42229) (kx5 N “CBh—-Cas9”) /EN
Cas9FE PRI /IR o LA B o B s 13 %) gt A7 PR o1 B 9 4 10 % B 225 B0RE R 1) i 46 CBh A 3))

10
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T, H B NARMHIV-1LTR B 3h 122 GLRIFr7 A “LTR-Cas9”) .

[0035]  PEI3ARTEA K FEHIV-1LTR (pLTR (-454/+66) ~FLAG-Cas9) (10.50F1250ng) 5
N AEAE AN A & [ RAXFLAGHR iC /) Cas 91 AL HL A FH BAE F Ta t 3218 JFkL (pCMV -
Tat86,250ng) FEAT ILHE YL (M USTMGYH HE 1 , Cas9. Tat Fla-fll ' B [ 3R 1k (¥ 25 (1 Joii B a2k
(Western blot) .18 X 1:pLTR (-454/+66) —Cas9 250ng.pCMV 1000ng.iE X2 :pLTR (-454/
+66) —Cas9 50ng.pCMV 1200ng.iE X3 :pLTR (-454/+66) —Cas9 10ng.pCMV 1240ng.iE K4 :
pLTR (-454/+66) -Cas9 250ng.pCMV 750ng.pCMV-Tat86 250ng.i&{X5:pLTR (-454/+66) -
Cas9 50ng.pCMV 950ng.pCMV-Tat86 250ng.iE{X6:pLTR (-454/+66) -Cas9 10ng.pCMV
990ng .pCMV-Tat86250ng -

[0036] P 3BAL % 56t T Cas9 H UH— 4k 22 B 3AZE [ Joft V328 B Hh o~ B8 2 1 R0 1Y) 4 i
R . BB R Cas 9K P IH— L 245 B Tat B a— U8 8 1 KPR 8 A 5 BN IZE G 5
NE IR+ Tat/ToTat b ) & E BRI RS E & .

[0037]  PEJ4ARLEHIV-18 58 I LTRAZ /&R pLTR (-120/+66) ~FLAG-Cas9EKHIV-1LTRAZ /A pL.TR
(=80/+66) ~FLAG—Cas9fJ} I , 7E 3 FHAN R B R IAFLAGHR 1L Cas O JikE (5ng&50ng)
LA F s A P Tat 3% TR (pCMV-Tat86, 250ng) FEAT H 4L IUSTMGH L , Cas9. Tat Flla-
WA R A RIEREA FENZLER B :pLTR (-120/+66) ~Cas9 5ng.pCMV 1245ng . JEIK2:
pLTR (-120/+66) —Cas9 5ng.pCMV 1245ng.+rTatdH2.5ug/ml .8 X3 :pLTR (-120/+66) —
Cas9 5ng.pCMV 995ng.pCMV-Tat86 250ng.iE K4 :pLTR (-120/+66) -Cas9 50ng.
pCMV1200ng . i ¥X5 : pLTR (-120/+66) ~Cas9 50ng.pCMV 1200ng.+rTatZ 2. 5ng/ml o B IX
6:pLTR (-120/+66) —Cas9 50ng.pCMV 950ng.pCMV-Tat86 250ng.iE{X7:pLTR (-80/+66) -
Cas9 5ng.pCMV 1245ng .18 {X8:pLTR (-80/+66) -Cas9 b5ng.pCMV 1245ng.+rTati[H2.5ug/
ml o8 X9 : pLTR (-80/+66) —Cas9 5ng.pCMV 995ng.pCMV-Tat86 250ng.iEX10:pLTR (-80/+
66) —Cas9 50ng.pCMV 1200ng.i& X1 1:pLTR (-80/+66)-Cas9 50ng.pCMV 1200ng.+rTatis
H2.50g/ml . 18X 12:pLTR (-80/+66) —Cas9 50ng.pCMV 950ng.pCMV-Tat86 250ng.

[0038] P 4BAL % 5%t T Cas9 H A —Hb 2 E4AHT 1 Joit V328 B mh a8 B 1 3R AA 1Y 26 0t
FEE . EENERCasI7KFIH—fh = JiTat A rTAT BUH 25 Y Ta t I a1 8 H /K &
H ENE KNG E & . T BoR+Tat (R4 /oTatbb () E H BENZE R € & .

[0039]  FEI5AZ5E UL , 7EgRNAIKIAFAE N, JB I HIV-1LTR & 2 7 47 1 Cas93RIE Z H Tat 1)
R, 5 BUWEE A 80T 0 BRI BA : A FEHTV-1LTR 3G 5 1 DXCIUANAZ /O X3 1 22 i
TR DR R 7 Gag B DR ) I AU R IR ik 1 4 813 FH T-Cas ORI LTR R 2K FEAZ AT
PR o T gRNABERR Fp 51 () A B K LA s a] (1 2R 25 o (&1 5B : 4 & A 4 K JELTR (-454/+
66) ol H 5 AE A (-120/+668%-80/+66) [ pX260-L.TR-Cas9i& [A] ik Tat i) Fiki (pCMV-Tat) —
AT TZMb 14 M FL o G, B8N 1 Tat 427 (1) 7K, i 2 B o R ek e (R o o 1
BERWME SRR RIS (hEE) MTatiy ik (T El)  EI5C: {f R IATat iR 25 LL A
ANTE] PR G 52 K (MOT) S G TZMb 1 4, 2 J5 3 I L TR s0/+66 JF 8 1~ HEAT 18 8 A ¥ Cas 93K
KL Sl U6 373k 47 gRNA A/BR R , S ETZMb 140 N T 4 5 HIHIV-1LTR J5 31 5-DNA
P A ZARLL 12205 bp DNAJY B () 30 (i i PCRAIDNAE K 434 firill) o EEl5D : SDS-PAGE,
B U B TZMb 1 40 i N R IE [ Cas 9 B- U B2 1 A Tat 8 1 7K, 4n B 5CIET o BTz o ]
S5E: R R B IE , 7R P e B 7E 2 MGy J5  TZMb 140 B 3 BT & & I HTV- 1L TR 35 S
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WP 5CH FTR

[0040]  [E6AZ6CTE TR, ECasOI S T, HIV-1EK YL )38 T B 854 (1) 95 FEDNATI 240 . DL
i5gRNA A/BR1E S8 (LV-gRNA A/B) BN REH) (Z5LV) %% FLTR-s0/+66—Cas 94k 15 TZMb 1 4H g
Z A8 = AAS MO T FHT V-1 jree BCHT V-1 sp162/8 G 1% 40 il R A8/ Ji , U R4 A, JE it 2R
3R B 328 35 0 8 R 1 R ik (EI6A) |, i PCR/DNAZKE R 43 B A6 s 25 6 Y J5 72 Cas 9 5 T i
WESEITHIV-1LTREAL MR /KT (B 6B) , sk %¢ e 22 g 4 o 22 PR U 36 VA BT B A I HT V-1 )5
BT 363 P (B60) »

[0041]  ETAZETCE RN, FEEARI, Tat X Cas IR RN M 7 FEFEHIV-13R 25 ZE K A T4R B Y
T A BHIV-1DNA . LA B4 (25 LV) BELV-gRNA A/B#4 54 A LTR s0/+66—Cas 93 K 1 CD4"
Jurkat T4HE2D104HMI, 2 J5 LA pCMVEpCMV—Ta t BURL % B4 .48/ 5 , 3 it 2 3 Joi B 728325
SEFT R ) 2 PR 3 R KSE (BITA) o 3@ LTRY: 54 PCRIN 2 FH T~ VA% BT ¢ & I HIV-1DNA
ARSI ZE DR ZHDNA , H DI 2l e A L By b Rom syl 5 2K BT #172
bt (B 7B) o ot 3t R4l B AR PEAG BT B A (1909 55 5 3 T 7E R 2 5 B OBE 1K, HLEoR
TARERMEEUE I (BTC) o MiZ o MrHERR 21 6 FH PR I AL DI e G e i) R AE T I 4R .

[0042]  EI8AZSCIE N , LAV IR BHW % 25067 4R 15 K 1 Jurkat 2D104HAE N HCas93R
35 1 BT B G (1) 95 B DNA TR A o A FH XS REA) (%) B3R 1A gRNAs A/BI 1295 7576 J7 R ik
LTR-s0/+66—Cas9fI 2D1040 il , 24 /N f= , 458 FHPMA (P) JTSA (T) BUH % (P/T) ¥697 X LL4H 116
N ol I R SR B VAT B TR AT, M E Cas9-Flag a— i & [ FIGFP GRIR AT B &
IHIV-12E R 4H) () 3Rk (BI8A) o i I PCRVEAY T A Wil i CasOFMIgRNA A/BREAT B P B
LTR DNAFI ]I 7K ~F 1) JL ERT 4 DNA , 3F 20 & 7A 22 7C I 3 o Bt ik 0 22 17018 80 (BI8B) & it
T IE LI AR A AT HEAT () GFPHR 7 J2E R 56 DA R AR R MBS (18C) &

[0043]  [E|9#& @i CRISPR/Cas Qi3 AT FIHTV—1 6 sz 45 1o 1 Ay 11 2 3R o 7 s 1) 309, o
BRAE R B sk n P Tat R ORI AE 7= A TAT 5 B i KA@M #2.3) /7 71 (budge
sequence) HWUK (recruitment) #F S5 TARFINAL TRNA poly TTIRFENUT i AL 4R AL SUAL T
HE i s R 1 () PR R B G () 4 B 2R 2 3 I, 0 BERINALR) B 55— JF 0 BV 4 v 52 )3, HL B o 2
) A2 5 1% e P2 SR8 — B A (D) o 77 9 B Uik ) P St 7= At I s /N 88 R 8l T T er, 3K B
%Cas9E K @ . 247 & i Cas9 5 2 FHHIV- 145 5 M e RNABK A I, BT & 22812 # 2E K 4
K AH K EZLTR H 2% 1EHTV-13E R R X FE il o ANELETath, Ttr—Cas92F NEHFER . Cas9ff
FISANAETat 47 7E IS ] RFLEREAT o

[0044]  E107R, ZFHIV-INLA-35E K 4l , T TZMb1 3% K ZHDNA (B4 €4 51 5%) I PCRA Y
LTR (G 75 5%, PAMCNZL ) FILTREE VL 510 gRNA A/BEEAR I 67 B FIA% T R JT 51) TR
S EPCRy=4) (A4 BEAIRAT ) S v 4 4w 1) B (SEQ ID NO:64SEQ ID NO:10) 17
FIFIR N

[0045]  [&] 112 AR MR 2 T Wt o Jls P DK 5 51, L 20 i 748 R B R TA R TCRIBA 22 8CHY
Jurkat 2D10FK %5 40 R A0 5256 b T 2 B Cas9/gRNAA S UL TR IR 25 R (I LTREF 5 4 PCR
SN o

[0046] K127~ , ZFHHIV-INLA-3FE Kl , AR50 A i@ i PCRYE Jurkat 2D10ZH A A i3t
1T VIRR (I s 55 BILTR gRNA A/BEEAR (SR (a5 5%, PAMCN AL 2) FILTREE F-44% 5|0 A B AN
B RRAS. SR TP W1 (K EEFEFEILTR DNA) AT IR FIDNA A B 2% 1 R 5 41
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K /N (SEQ ID NO:11Z&ESEQ ID NO:21) .

[0047] E X

[0048]  BRAEE AR, A SO Al ) 2 RHEOR 1 B A 5 AR BH it Ja8 SR R N 138 5
T i 2 AH R 00 35 o RV AT S 5 AR ST 48 s B AL RS S0 A ART 7 VR AR R S i A R
B ARLOC I B A LA v 4 7 T A SCHR A8 R IR AR TR SR i A sk AR B .

[0049] & B ERAG , AT B ARTE A H T~ 5 E B RS Siti 5 B 1, mE 7 LABR il
[0050] A H 4 5 1) BT A 2 AL L JE R A4 0% L A2 IR 72 i B B 550K B AT s AR SO P 2 1)
S AW ANTT R R ATART P o ) [ 8 % € AR AR I o S B A, B AR AE B R ST BRI, 245k A
R S ol ) 2 DR R AT 7 it e 4 R I 3K — 8 R A T s 480 T AS AW A B ] o BRIk, 2% 4510 1
T AT AR S i R 1 2 DR B R R A B AR R SR E L e R TR A/ B L e ] 905 2 A
AL R = i

[0051]  ASCHF) ST “—" FRIER—A a0 —A (B, 20— & SCH L R
IR, “— T BN A o EGE I — AN o R R, 2845 AT ) KR R
FHFIZE R 2 S b Ah , AR E “BFE” (including®iincludes)  “BF” (having}
has)  “B47 (with) BUHARRLETE AU B 15 S/ BOBCRIZE R S Hh i 48 T 5 5 X L8R AE AR
NEENERT, H R T7 R LT ARE “BE7

[0052]  ACH, RTIH HAEW) AE 5T RS A e LB IR I oo F, R
“f%” (comprising.compriseBcomprised) M FARA R Ay 25 M I BT O B, FEUE
BN ToAF BIAFRAE , TR B B CERREIR B I H VA XSS T R R S FE I
$6 B AR AL 1) Jo B, ARE G0 8 , F S, HASRE T FE HADE AN E W IE VG
WD AR S TT VAR R ETEE /8 LN I H e o

[0053]  ArHr, MR E I AE dn s I BRAERT, “207 BN SR T iR e/ -20% +/-
10% \+/-5% +/-1% Bi+/-0. 1% AL 5, [T 3K L8 A% §F 3 A T S0t By 48 3 1 7 4 - B, 0°F
AR T A RGBSR, ZARE T 2N T EP S ER N UL L2 E RN A
T T ABOREE SR PR IR T 4 e BAE, B AR BA B HERR , 75 W SR 2 ARG “20” BORAL T %%
SEAE B AT L2 B R ZE TE LN

[0054] AT, “HRE” BOPEHEIE ST I BTl P 2 AL ) £ .

[0055]  “fuhd” & F5 2 4% IR UnFE A . cDNABYmRNAH 3& 24 [ A (1945 F R 7 51 FLAE Ak
1T AW d R p e RE WA K51 896 e B BT U H IR /7 41 (B, rRNA,
tRNAFIMRNA) B 5E SR SR 7 51 DA S B BT A 00 AR 2 1 I o DRk, o X6 T — R PR £
mRNAF) % 3% % B AE AR L B L B A R g b AR P= i A 0, NS R bz 8 A i HoAx 1
& 7 51 5 1ZmRNA Y 31 56 2 AR H— e T e 2103 b 1) A % , DA S AR 5 DR B e DNA% 3%
PR 1T AE G BE , P35 5 ] Fe AN g% 8 1 R ER % 4 R B e DNA & 724

[0056]  ACHh , RTE “KIE” & XA H B 3+ RSN RF 8 1% TR 7 91 % 5 I/ Bl vk
[0057]  “KXFA” 2RO EEHAZZERM B ZEH X TRO ST RIEEEZ S
RERIBZ TR T 9 R85 7 5] FRIE w5 2 i T 2Ra8 B AE oot s T
Feak B HE ok AT 1E 2 A E AR N A RIS R LG R IB BAR B IR Z AR & AR A
&, an-G I 2 A% H R AASRL  BURL (n, 48 BORLBRIE B b 2 1 k) AP 2 (4, 12
BSOS IR L R EEET) -

13
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(0058) 431" 7 T 1 ARAR AS A SRS s« L, 4 4817 2547 6 B M 4 0 ook
B 3 B (B 5 3% 1 SRS IR 37 B0 0 852 2 40 W P AR 0 RSO A2 50
B L 4 B LRI T B SR L A T A7 1, 5T 47 2 T4 SRR 3RS 25
i & i =4

[0059)  “43 BERIRAR” 2 iRl 15 B ol F B, JLEL 26 5 SRR A R A B T S WA 31
SYRTFR B, 2 MR ATIEE ADNA FF BEF 7 SRS B HIDNA J B, PP BRI 4 B B R R
(RS RILL P AT B P51 2R RS T EL 2 A T SR B VAR 3 120 57
S AR 3 L4 B T 98B 2R O RNASRDNA SR 88 1178 . A DR 6.0
9, FLALDNA, B AR 1 RN T S IR IR Py B A SRR DR T
BEE DDA AELDNAPY , SRCIE AR RT3 FEBURI AL 40 T (B, L PR S R
AL 7 0 CDNASIAE D64 SR CDNA P BR) 75 230 0 3 PR A F R 21 A
SEGRIA 354 H FLALDNAL TLAPDNA (cDNA) R4 B /SIS B B 2 M SRR S5
LR 0 A S LA LRI PR B A R LR AR T a3 540
TR MR (PNA) BIRERR (LNA) B BRI ARG 5

[0060] 4 ) F- 25 H5 HF MR FE IR L R SO ing AR A5 T 5 A U PR KR 2 %
FPRRFE P 35 SUIRTTLT, B0, “SERrIEB” A0k, BT 82 A5 f YR A5t 3 “% At
L BB R EAT 55540 T I — S A8 E T AEmRNAI T3 B 9 51 & TR0 22
BB T B o 2 FUAT 2 SRS MO 2 B FR ARSI 2 KT 9 00 3
PR >SS RIS s M — IR g 55— R 0 % R 91 AR 0 o
A7 PO 2000 PR 7 2 o 25 T B 7 91 o 0 20— 5728, EL AT
PACAE RN SR RS 4 P I E T B A B 2 K« A T4 00 R o 413
B A P S BT — e (L B R T 2 o R e SR R G 28 51 % 8 e B L8
PECCAEIE 3% TR TRCTFIR IO R ARG ISR B A IR B , BRSO B 0 69
I — YR U S B 5 S L L

[0061) STt A “BARRFF U 15 % RHPR T T LM ), ELELHE FLARDNA (cDN)
AR T SR 4 SR 2 AR S DB A 2 0l 1 G R AL R B
FFI ORI R SEZ BRI 80— 2 5 T B A (PNA) BIRA T (LNA) S AR
e ST . 25 I LA (EL AR T A U T D A B8 0 A
FOFE B, % T B LI TS BE T LT B, B, PR A 90 5 A AT CR ™A I A 401
(1ibrary) SN HEBRAL F0E RRRRFF 51, LA J% 20T B

[0062)  RXFEFFHURT B “HArHy” 325 2, H1 /R0 S A AR BT RG_  SCo, “i
I AT B T R S 4 7R /ML D B, 10, DNA 5 RNAK 8. PNA
X026 A5 27 X B8 25 > — o B9 R A PR BT L M F S0 0 55 % b — A
B8, 3 T LR A L P AU

[0063) A “HUATRARE” R ARG LI UL AW E ) , LA TERL P L1 LR S 2
A A SRR 17 2 5 7 R, M AR A 2 AR RA 91 5 1
R A SR PR I BB BT R “URR AR TR AR % SR P 5 0 Bk
T 0 R 5 91 S AR 1 (o, 3 SRmRNA) « PRI 7R WA S 9

Do

14
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(00641 Ak i L SCof, AT R 6 ILGRRRAE I 4615 , N TR R AT, “C” SR
GRS T, TR T U R R

(00651 It -{F FLACHE: , “Uhly B LR FE PR B HF R P 647 (1 M A B L2 A
R AR ¥ 91 0 AT PP 1.6 5 S 8 £ R BRRNA ) FR 91 T 6L 1 4 T
SUEL BRI AR T VAR TR0 R HE IR BT LA 2 4 3 T

(0066) AL, “UB TR SRS T RERHI N BEAE 05 A R TT 5 , 5
AEAE I B ORI JEH & M KR 4% (5 L0 25 1 4HMIRODNAPY B
AT DR PR T T2 — TV STV RIF TV 25 0 4 WS 1 i
IR ERRHROE T SEILR AT 10 e SR S R 1 T B S R PEAAL € 0100 B F 41 4025 604
b1, B () VRS FROK (i v.) VRS OLA ) VEF BN RF PO, SRR A

[0067) STl i B 7 B AT S R T M ELAB R AT RO L3
TR (L NF I o T o, AR 7 5 S B T R
R E] TR AR T, @B KRR B S 30 Bl R KKt
[0068] AV MHTIR A HHE RN B, TRAR B . Ao, SR R AR R 3
VRIS R LA T B A 0 A RG89, EL R AR 5 PR B

[0069) A “BK” » “% K™ 1“2 1 I 4 P, EL 9k R 3 B 4 0 AR
SRR L A o B £ R I8 A0 15 DT A R, FLAR 1 R s 51 T 5
(A LR O TR R % i L% e AR M 4 5 09505 2 A R T AL AR
FETRSR B 1 A SC  iART A8 AR o — SR A I  SERA S S 0 A A %
A5 3 A 1A 8 1R, VT R BB 77 2 AT K 0 B, 2
P B S R 2 M S PR 22 A £ 2 K 72 9
Wy B A LR A B AL I &R B B

(00701 A “JHE T BNy FIDNAFF 51, SUHEAMNE 25 MBI (machinery) SR NHY 2 M2
AR EL A D 2 ML LR F SU R SRS A5 B B T o IR ) TR )
TH TR PE I B G I 3 T T S I A 4 R TE P 0, TR L R
o T BB T IR R 91 EL ISt BRIV KA B 2P 5 (LTR) J3) T 0
ELAHIV LTRJZY THO B0 B i R ACH I R TE A (TAR) S3EAL £

(00711 AR LR ety S B (L I 0 P 0™ B4 S PR R P 25 ) A
AN IR “Z i e SR LRI L e SR AN A 2 5 FEANIR R
e BRI AN 25 e B/ B RO AT L3 H R W AT SR AR

[0072) Ao IR , YT BT W (I 1 T8 DT s s A 2
b RIS 5™ F

(0073) SR A” REMIRI AL 0, FE 0 25 4 BRI R ELFT RSO B 0 AR 40
P BRI S LB R B T, S 2 BT IR 580 T A s P 35 AL 2 P A 2 T
B R VS 2. R A S L7 1 S U0 BORLSs  « R L L R0
BRI B AN 4 3 ORI A 0 RAIE AL A 2 T 5 SR £ B
55 R S LA (ELRIR T 543 1 IS AR O O S5 MR 2%
(00741 5l « 5 57 A A4 T, AR W10 %5 A TP LA L 2 S 0L B AR, 6 s a0
Sy T A0 Iy N, A S A 5400 40 R ) AR, X0 0
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ISR A LA FLAA I 2 1) BT T BE I 1Y R DL S VG L P AN AR 451, Xof v BB A1 &
6 6B N AL N B AR R R0 T, M1 B3 I E4 1B A2E 4 N2E 6. W3E6
2 DA %0 B Y MR 50, 14202743455 3 F16 .. 3% —H I AT TR 1% Yu FE i )
FETiAE A .

[0075]  #i@idSwiss Prot.BGENBANKE 5 i8R &M T4, WiZ 7 Fli it 51 i3
AR HiZ BT 5 MRBINAE B, 55 BE I /M 25 B8 L 5 307 17 50 F G BRI LR 1 %
5, W3 51 T DA AR AR L

[0076]  RiE “FF ol — B0 2 Lb” $8 AT 45 2 M B W P 51 5 B ke P 51 2 TR i — B0 )
FEEE.

[0077]  ARAE “HMJEME" R W, 1ZAZ IR 8L 2 B e 55 4 A% R A4 3 1) — 350 4 B 1% 25 2H A% 1 G
5, AR T3 B AR IR E R G, AR AR R AT LA K E A SN — R A 5 — R
FF 5, B SR AL IR o SR Hb 3K — SR AL R 25 H B 4 A R A 3 1 2 5 N LB Fl o Ak
PRAHEAZ R T DA — A WU S5 AR 1) B E 24 PRk 5IN A MR A AR P )7 51 o 046 S5 A 7 41
() AP A% Bl R a8 I B B 2 A MR AZ R 1 R R AR A A7 AE T 5 R AR B )7 41
X 53 T3k, ZAE R AR 7 51451 i 2 2H A% R F4 3¢ v A JiR 2B P B0 3 1 3 iR A T A U
b R B AR ) AR I A% TR S TR s B TR IR R IR AR 7 S Ak 2 AN AL

[0078]  ARiB “Zy2Erl 27 (B “ZGHE B2 107) 245, UIEA A E s AN, R
FEAE EIE F i BUR BN B AN R RN 53 T AR R A o AR SCH AR R R 1“2 2 ] 42
B ALFEATAT AT VA ) 2 B R 2 PO A B A RIS A R R 2% ) T
TEFR GG 70 T 7R R  FR TS MRS e AT AT AR 24 5 T B s2 P B A ot

[0079]  ASCH, R “UHE” 2T FH T HiE Rl BT s R a0 AR5 SR fred
(152 FH T4 58 A R I FH B P S8R 6 o 6 IR BB 1B L T, 1K SE 413 R 48 B 46 SV )
BT, B TIE B AR NSRRI SE) K/ BECR R (i, 2255 F T S5t 1 058
i 1 B A A7 il LA S A — AN i 5] 5 — N b s s B 1 R G 49, ) S
—ANELE N A R AR /BRI B B (G, BT AR, R EE o etk
P& AR AN AN ERIIE RS, 85— A28 5 H SR F & AN 5 o %
AR OB — B R 16 2 T BRI N, R — R ] S A G R R B, TS AR
W H ER TR U TR ARE “or Bl &7 400 ) T 55 S A 20 B URE 5 R (ASR)
EFFEANPR T R 12 AR AR B i L 24 Bt i R 5520 (e) 26 T AE Il 71
H b AR SR EE 2 M g B — A4 58 Bl & 01— s &
G EFEEARTE D EEA A& P A, A ARG R —DERN &G MR
W RTAE A (i, — AN E TN AN — BT A B I ) BIHNE RS A E RAE” B
ARG E A A A .

= JENSL) S

[0080]  DAHIV-1LEHL A AN , 1205 5 5k R A AL N 8 G N 15 T2 Qe i (A I IR AECDA TAH R
PN 2RI HTV-1 2 Al 5 BCDA THH L A Rl ZUA5RE o 3 1, AL TG SR 12090 B 3 AN
PRI HB B, A% 8 BL, A8 A 1T 52 DNASE 3 i R 08 , B B 52 il 4E 4R35 IR K
SPREAT SRR LEAF LT, o5 75 15 S R 1 I A e R 1) S X R ST FIATDS A R, UK et
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B Y0 FE AL PR B, TR B A RIRTT, MR A FEUE = FE NI AR TR B, &
18 P PR A PR B DR 2 ) 08 T FL Ak T 88 A 3l T B N L 1200 55 3 3 TS 5
KR 3 X4 (LTR) (450 MZ IR - — R FIIH A5 ~LTRAGUS X 35 P4 A DNA 571 F) 200 it 2% 3% [
T SHIV-1ED 2 B 3 s i A IR 7 Tat 22 8] R B B[R] 1 5 & Tat 5070 F %00 75 5 A /T 5§
X N HITAR RNAFFZIAH B AR o 1% £6AH B AR FH 9K B B84 1) )93 5EDNA B A (1) 9 4 B sh A
RGE 75 R H TP R S 20 C 4 RO 1 6 S R G ER e A M 405
A TE G S5 /K P b 0] 99 B 2 DR SRR TR AT AT 4 23, S0 T 8 65 1) 95 253 B A AT 4 87 1R AT 1
P R ERIE YT (ART) FUHIV-1RH M BB A N 1A 3 25 2 DR 2H O ME 2, BUAR SRR IR 7K P9
K. FESL b, R B SEIN () R IATEART Hh W by BRI ZU B T, H Ao Vi 8 5 3 R 15 14 B 1 i Tat
(1) A2 7= DA Gt %0 5 B DR 2 1 2B P P A

[0081]  #fi i, A% K BH 1) L B8 S it ] 41 1) FH T 76 300 1 - 00 2% A b B30 CRTSPR/ Cas (1)
AW o IX L] S WITE A P= 19 55 ) 2 B, I SRR 1200 B 2 IR 0 B N Z 0 5 R sh 1 A/
B BE S G T A B R BT 56 4 HLK A HB R B 3 25 2 1] o BLAR S 4] 25 ) B g R
T A3 () o 45 [R] SC 52 ) %) (CRISPR) AH SR P VIl (CRISPR Cas) FIRLER 7 41, i v]
A BE b 22 AR ) THRE MR 8 A 2h 1, A5 UL 1280 R R B B Bh T Ak T R 2 R SR
BRI, AT A2 99 B8 2 Bl F G 2% A b B0E CRISPR/ Cas o %4 B HIAZ IR 3E — 22
B Fr B/ —F 55995 55 Y I BE AR AL R T 1 L KM ) SRNA . CRTISPR/ Cas DIk 173 75 2 A 41 1) —
B, 0, B 8005 75 )3 307 S/ B0 B g 3 A1 1K — B o X e B S 45, R R 2H A DA
& T UIBRATAR 95 B o 2 Lo FL B8 STt L 12008 B2 0 4 SR 75

[0082] W] LAAd FIRNA 5|3 1) RS A% A0 R4 1) % 4 1) SC B 5 7 1) (CRISPR) AH G A% R A V)il 4
Cas9, W45 -G N IBE G 1) 7 2 200 o 225 A1 2 %) 9 7 26 DR 4 JTH TV AT R H TV G (1) 4 A H 9
B o 4 FHCRISPR/Cas W Al ] 7 RNAF D I 76 97 14 25 D8] 2 75 A0 BUAR 21 L P8 B 2 HL R 57
P 1) i 328 10K Cas O AN 1) S RNA . 24 2H 23 5l 200 Pt A5 7 v J3% 52 200 PR AR SR S AR IS, U i3k 47
s PE R BT L e 8 (HAART) Y7 1R S8 R Y THT VB SR 4l B Y, X LA EAT .

[0083] AR A K B , ¥ECRISPRAHAZ IR N VIBG WCas9 B T A 1) i M. Tat HIV LTR)H
TR o R e & A 1% Tat & A 408 P9 B0 1AL R N DIBEI R 08 . i AR S BT R
B, 2R 2 A% IR N DI 280K B T2 80 1 S R Tat HIV. LTRJE 21 R # 6) R i, ShE T
PROLR (Un, I e ) AP YRR AR PRI (G, 8 P8 AR5 55 1 FE IS Tat W& CRTSPRAH €
%R N VI (U, Cas9) TE4TAE R N 1R IE o 75 H B8 Sl 38 o b itk — S gl 2 BB 5T
B R T AR R EOE 0 5@ HIV- 1 0B AL R T Tat 4 26 - 0% CRISPR/
Cas9. 18 It o [ B A g #5225 D] 40 B8 02 7 2R IR 1) 8 i 25 )3 300 1 B/ B89 B G ) 5 B ) —
B, X — SR AR AR P M 5 R 2 Al s 4 HK AR BR T E =

[0084] 1A R THIV LTRA /&Kl o HAKE K29 9640bp HIV-1LTR%) AU3IX \RIX \ FIUS
X o I — R 51 % 0 B 22k R 2H 5 v P R i DX 3 100 I =2 A i 8 0 4 288 1 Sk 3 i H T V-1
I IR 2 ) 3 53 o W4 B0 SRR AR AL 3 R+, R B B sl T IOUSIX (5 4 T -1 2454 R H.
B ZASF DX 87 P X 38 5 XA 0 [X 3k o 1 38 50 7 S ANF-x B &5 &AL A1 (-
1272 -80) . %A% O I & 1% & GCIX FITATAR (-80 % +1) iZLTRIJRIX (+1 £ +98) & TAR,
TARSE Fr 218 HIRNATE F 25 30 25 74 Fir FH () EL3 A 1993 75 s S0 DR 71 465 6 L s 1 IX 4

(Krebs et al.,Lentiviral LTR-directed expression,sequence variation,disease
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pathogenesis.Los Alamos National Laboratory HIVsequence:Compendium,pp.29-
70.2002) .

[0085]  LTREHEFEBXFFHI A ST, HAEW NGRE 25 EAMERANN RS
o G, R IAZ L R B 1 BG SR R 1 X A T U3, TR IR TARAE TR, 4] 1A
7 o TAR A N Tat d H B A0 MR B 10 45 & A7 s, KMEHHIV-11%) 9 BEmRNAR {45 MZ H IR
MR H I UK e 2R 5 o FEHTV-1Hp, UB XA 45 2 X3k, 491 2, B, 465 25908 fn — SR A4 AL 11
BRI H 2 Poly APBSER 51445 A4 s Psi B 25455 L LA M DISER  BRARHL 417 45
[0086]  HRHEAK W, SR E 4 B LR I -GV, %70 B8 B A% 2 S AS CRI SPRAH R AZ IR
PN DI, 2 AT B4 R B A OHTY LTRSS T, T8 1 B 8h 7 2 /& A HIV LTR
JA BT B O X ANTAR (5 2 I0E Wi o) X4 R HIV. LTR 5 37 fa A E 1 D se
PR T, RS AN AT 2KEHV LTRSS T %8 1 5 30 TR & A 1O X 80
TAR DX 355111 5 57 AN 25 B0 58 A AN B Y 75 1 X 3 R/ B0 5 - X0 o 59— FL RS St 49, 1%k
FLITHIV LTRJS 378 A 1% O DX TARD IS | DL S 4 3B s o b 4 3 i 38 5 - X3k, (HAN 5
BV DX IR AR A 5B 40 A ZAE HIV LIRS 8 F I m MW Tat 8 (. 5 <, Tat ] 5 7]
He Ve B A HIV LTRJE 3 7 CRISPRAH JCAZ R 1 VI 4N Cas 9 3K IE . BT #6141
B AT R KIS AL A N HIV 89T B HIVIE G 323807 R IRAL THI VIR G4 RS
2R B GLHT VIR RS A/ B AICHTV B GUHTV IR BESE [n) o7 2o A% 3B 1 RS o« A8 ST
5 85 (1167 YR DTV AT 5 H B P L Sow R VR )T WHAART & H o 241 & W) nT 4 a4 i 46y H
TSl WA S/ 8RR & —E )

[0087] 710 A s 3 3 T BE ANBE A /K~ 1 B R R 2 3R 0K, 40 LB AT il , R A R0t
AR AR A S G 1) 20 PR A R B A 12T 40 B B A% 0 B 5 Wk A D /0 2 ot 4 L 22 T IR Jota 4 e
A0 R 5% bR S A L DA FE AR o SR, A S48 85 () 7 VR A5 ) — RRAT F 6 97 AR AT RS G fr
B LRI VIR 3243, B T4 THIVIEGE KUK N B AR GL I 32103 o e 0l b, P48 2 1) 7
TRV AW a] T A T I Ge v AR ) TR G HT VI 52383 - BE AN, 24065 1) S RNA 55 Al st B
BEE AN SN Tat BTV LTRJE 3 FICRTSPRAHSCAZ R P VI B AH S BRI , WA SCAT 4B 25
R\ TE 4 A IR R R ZH TV K2

[oo88]  fifi iz &Pl SEIL A A0, o i 20 & W& A RS CRISPRAH A% R N DI
(3, i 86 AT B B B A OHTV LTRE 30T, M8 B 3h 74 AHIV LTRSS
T A% O DX BN TARDX 45, o 1245 2852 3 1K s St P 8 76 1) 5 M A0 2 JRURS: , Tl 3 oK CRISPRAH 9K
%R A VT ) 252 R il 72 B AT HI VS (R 308 Ko/ 5553 il P 24 oA T 4 DA 2 A8 %/ 550 B o 491
AR YE AW, B i A% IR N V) A S/ B TA) e 3k, AT RA G A1 2% T CRISPRAH R AL IR
PN D)t P B 928 SR 1R 5 S EE PRI 0 (RIS Y B B0 s e e A N HT VA DR 4H 1) 3k
SR o b4k, RN CRISPRAH G A R N DI 1) RF 22 R T84 fe /M, AR B AT $ (4 FH 4k T AU
AN TR 1 A o AL, AR ) SR B Tat (HIV. LTR /S 3+ BT 3K 3l A CRISPRAH K A%
2 N VI AT FH R AR BERTHT VI GL 2 11 2 4097, DA S FH RO AT R AL T RURE: T 1 AR S e 44
RSP

[0089]  — L& BRGSLHI T, Z B8 T E — AN EEZ AR GRK FEAN RIR AT E
HE AZBBTINAAIRE I, B8 — Mea e a1 &4.

[0090] A LTI , PR /N ROT AL R W] LA BE 25 5 M b 6 7 1k - IRl VB 97 O s AL
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il Cln, 30 3 595 5) A 5 K CRISPRAHSCHX IR N VI & T UG FIHIV LTRJF 314 Nt A
AT AN, B T HEAZ M DX 38 3 B A R RS K/ O CRISPRAE SGAZIR A DT
eI AT AR ROR % A s T RE T RERANE T RV - B (B FEHTV LTRS 3011
RO X TATASE I b A= TARIX 35 (1) 2 & W) A e 78 7 M 3R 18 Cas 9 (B R &) - 46 %
HIV-1LTRJA 3h [ BN %0 X 38 TARIX 33 DA S AT i 3o (UL 1A) B 46 Re DL &
W 77 R IX BN Tat s S Cas9FKIA .

[0091]  ZAIEIIHIV-1LTR G 3 ¥ Al B &AL L , T IR B FEHTIV-1LTR J3 3 £ B -80
66 %R . L AS Szt b, iZ a8 K HIV-1LTR S 8 7 A B & % R, T %A% 8 AL 45 1%
HIV-1LTRJE 3T B - 1202 +66 . AL , 1Z M FIHIV-1LTR B 30 FIFA & B R B %A
PE X 318 7 571

[0092]  dpASC R 6 5 , 38 3 i FHpNL4-3HIVE AR (NTH AIDS [ NAFE F#114) VB AR A
R TR B PCRIR 14 B A T HIV-1LTR B 317 41 -

i FE51 SEQ ID NO.
Kpnl-LTR(- 5-GGTACCTGGAAGGGCTAATTTGG-3" | SEQ ID NO: 1
454)-8
Kpnl-LTR(- 5-GGTACCTCGAGCTTTCTACAAGG-3’ | SEQ ID NO: 2
120)-S

[0093] Xbal-LTR(-80)- | 5’-TCTAGAGGAGGTGTGGCCTGGGC-3* | SEQID NO: 3
S

Kpnl-LTR(-38)- | 5'-GGTACCAGATGCTACATATAAGC-3’ | SEQID NO: 4
S

LTR(+66)-Ncol- | 5’-CCATGGTAAGCAGTGGGTTCC-3’ SEQID NO: 5
AS

[0094]  JF AL IUKE () A% FF R X BT 45 B 514 242 R IR R R ) B o B — 51900 R AE
WE 1A B AN [F] RS IHIV-1LTR B 3+ 7 91 B o 45 4, LTR-454/+66 £ 35 BEANU X Fili%
RIX Y —#870  AHEE 2K, LTR-80/+66 %} N T U3 K] 4% /0 [X 32k AR ) TAR[X 32K o 53¢ Ay %o} Tat 1) Wi
%, LTR-38/+664% IR ST F1| e 78 73 X 8l o] Kz 7K P Cas 9K IE (Bdak BR) -

[0095] 7% BH () AR FTHTV-1LTR 5 3 ¥ X B T & A U3 A% 0 [X 35 B S TAR ) 15 B - % 4%
Oy XA FETATAS A& GCIX 35, e 7] LASE SP1A FE bR o — LS AU 1Z A AOHIV-1LTR J5 5
TR FE W AT R AL T 07 B - 120 2 -8011) #5381

[0096]  #R4EKIHIV-1LTR S 51 7] B SR BX ZNCRISPRAE &K% R N VI i Cas 9fk) ik o ixX Le 4%
1% N V)R 4R 7~ 7 20 144F:8 [ 29 H 4258 HAF 201543 A5 H A FFHIPCT H s B i PCT/US 2014/
053441 (WO 2015/031775) 91, 1% HI i 1) BEAR A FF N 2538 ek 5| A 9 A AR S o b Frids , HIV
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B IR A 3 A NRHT VISR AR 78 BRI b Bl 5, X — A1 F 8 E 22 W 5 E
TEWARIAN , Tat B AT B 40 B A 77 o AR R W R 2 A W0 T8 Bk B/ BRAIR T 1 2440 N AT 55 2 1%
TR B AEALE o IR N CRISPRAA AL R P VI AR 5 4% & BH ()i . Ta t (Tat-responsive) KA
TR, FETa t47- 76 (A0, B Bl B GS 1R A P 26 77) BT ART I T8) N, 12 4% R P9 DD o A 7 HE ok
H MRV E B Z A% IR - IR B AN TE BN, A LR N VIB F= A o (R I, %R 9 Dl 1 i 48
FIE ] BEHt 0T Z AN A / B A = 0 AR B M RN A5 DL G

[0097] g4k, BT A= FIRZ R W VIR ) & S5 A7 AR Tat &R AE L , 40 R SO e TR 3R 4
Frid .

[0098]  HLut H @B St b, 4> BEHIAX IR P 41 5 SEQ ID NO:1ZSEQ ID NO: 21 4F—# K]
FE BRI 9 522050 %

[0099]  FEiu H f8 sty , 4> B AR /7 4115 SEQ ID NO: 1ZSEQ ID NO: 21 4E— 1
AR R 22 /070 % o FEte B8ty 4 , 43 B %R 7 711 5. SEQ ID NO:1%SEQ ID NO:
21— B P FIARIPE A 2 D75 %

[0100]  HLut H A8 Sitif b, 4> B HIAZ IR 7 41 5 SEQ ID NO: 1ZSEQ ID NO: 17 4E—# K]
AR A % /085 % , & 5SEQ ID NO:1ZSEQ ID NO: 21 AT —F B F 41 A AL 1 £
95% .96 % .97 % .98% 599 % .

[0101]  JEdu BB syl , 4> B AR /7 516 2 SEQ ID NO: 1% SEQ ID NO: 21/ —#%
HHAA.

[0102] Az 48 55 10 4 S T A4 4 A CRTSPRAH SE Z R 9 1)1 WiCas O I 1 . — Lk B il
St R, — Fh k2 P S HIVAR bR P 51 B RN 1] S RNAE T DA 9t o /240 15 7 , CRISPR/Cas
B R G T RNA 5| S B0 0 RT B35t 4% DR 7 O 5 e 6 DRl R 6 JTORE) (0036 B 14 9 0% 348
CL%R T =MEA (IZR111) [CRISPR R4t . CRISPRFZ & 1 18] bg > #1) , 5 A7 3K A] sh K 1 5.
AN 1) o CRT SPR#E % % 55 AN R JE R A I CRISPR RNA (crRNA) - CRISPRAHIC K% R A 1) it
Cas9J& T IIZCRISPR/Cas &4t , H B A 38 Z4 1) V) E| EEFRDNAF A% R A DIRGE £ - Cas 9 HH 74
[1crRNAS] S, 1% B crRNAS A Z920 4N B FE 5 (bp) A AR SEAR 51 (R A 8] B 5 471) A
YERT crRNA R AZ BE A% BR B 11 148 Bhom 1% 51 19 e sCB0E 19 /RNA (tracrRNA) o 1% crRNA:
tracrRNAXUEE 5] 5 Cas9% HH crRNA b 1% B B& /¥ 71| 5 #EFRDNA b % B 407 51 (R A4 i 8] B
1) 2 16 {49 EL M Bl 32 T X6k 1T LA iZDNAA #E AR o Cas TR =A% R (NGG) i [8] B 7 51 48T F%
7 (PAM) LLHE & VI EIAL 5 (H PAMES [ 553 % FR)  ZerRNART trac rRNAR] M7 4 R 0K , 5K
28 WA B ZE N (AGAAAU) T #5200 T8 N T RlA /N 1A] 3 RNA (sgRNA) BABEHLK 2R crRNA/
tracrRNAXUEE o 1X ' sgRNAUITShRNA R 8 A5 B« A4 41 57 DA 51 5 RNAFS YL B UG ERCH I 34 (1)
RNAR IR B AR FRIE , SR 475 s gRNAF S AR A T M 37, 381K crRNAFH trac rRNA ) F 45 1Y) 22 i
[0103]  CRISPRAHICAZIR N VI 7] LA /& Cas OFL IR - CasOR% BRI AT LA 5 7 A= Y iR Al e Bk
(Streptococcus pyogenes) J¥ ¥ 564> — S T IR T 51 - CRISPRAH A% & P9 DI 7] L A2
K H e YRR T B B R R A A eE I 1 T 51 . Cas IR IR IR ST 51 A] LUYR H H e Fh , %
HeWMEFEAR T kA gE R L3 R K (Nocardiopsis dassonvillei) UBHEEEET i
(Streptomyces pristinaespiralis) & % & E (Streptomyces
viridochromogenes) VR4 5 % # (Streptomyces roseum) . /& # 8 24 BR AT 4
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(Alicyclobacillus acidocaldarius) EE IR ZEMEATE (Bacillus pseudomycoides) fifi
B R ZE AT (Bacillus selenitireducens) - FH{HF /N T H (Exiguobacterium
sibiricum) fEK AL (Lactobacillus delbrueckii) MEVRFLERFT I (Lactobacillus
salivarius) /i ® (Microscilla marina) AT H 40 # (Burkholderiales
bacterium) ZEf% iR HL iU 5 (Polaromonas naphthalenivorans) . H.Jfi & J& (Polaromonas
sp.) R B W5 % (Crocosphaera watsonii) #2214 J& (Cyanothece sp.) A4k fk 3E 5
(Microcystis aeruginosa) - EBk# J& (Synechococcus sp.) Pl 7 {7 ¥ e 254 5F
(Acetohalobiumarabaticum) - J}IK # % B (Ammonifex degensii) VAZEF4ERH
(Caldicelulosiruptor becscii) &H & (Candidatus desulforudis) - A FEA IR 4 AT
(Clostridiumbotulinum) JEXMEM B (Clostridiumdifficle) « K35 X /K 8 H
(Finegoldia magna) P& ELAH R A B (Natranaerobius thermophilus) PN E& 25 0 R
AE5MmIRE (Pelotomaculum thermopropionicum) . "8 = & 6% 4 H
(Acidithiobacillus caldus) BB AL EBAF A (Acidithiobacillus
ferrooxidans) S F5& A (Allochromatiumvinosum) AT J& Marinobacter sp.) WEih
WS ER B (Nitrosococcus halophilus) HEFEEAHALEREE (Nitrosococcus watsoni) Jjif
R B IR (Pseudoal teromonas haloplanktis) - JHHEZT 24T B (Ktedonobacter
racemifer) . F kit B (Methanohalobiumevestigatum) . % A% i R #% (Anabaena
variabilis) IR TIER#E: (Nodularia spumigena) ¥k B Nostoc sp.) AR KHZE g
(Arthrospira maxima) -8l THH2 fE#E: (Arthrospira platensis) « Ti42% J& (Arthrospira
sp.) MK E & (Lyngbya sp.) R GHEE Microcoleus chthonoplastes) Eili &
(Oscillatoria sp.) - fAMHE (Petrotoga mobilis) AEMWEHEE (Thermosipho
africanus) BIRIFEA A AN E (Acaryochloris marina) . ¢ AR 5 (Psuedomona
aeruginosa) « KT (Escherichia coli) B &I AP H 40 e 2 R 20 A AR B LB B
JRAZ AU AR AR AT DL A AR ST 4 8 1 B S i A5 Hh 4 FH K1 Cas 97 B1) ) R

[0104] B A= RUPR e BK R Cas 9T F1 ] SAZAM XL BR ST 41 AT Lhe &4k F T 1EW FL3h
AN N B RCRIER SN W 7z P H A LL2, il i, HGenbank & % 5
KM099231.1GI:669193757.KM099232.1GL669193761 . 5KM099233 . 1GI : 669193765 Ff 51| i)
ATART IR FAR I b 1¥) Cas ORZ BRI T 471 B3, 1% Cas ORZ IR G 7 41| ] DA A2 , 91 4, ] e Ay 1) %
Rtk 5 Addgene (Cambridge ,MA) FIPX3308%PX260 N & A B 751 . — L5 H 4l s 451 v, Cas9
IR N VNG AT BA Z IR P Y 2 A R R 7 41 2 Genbank ¥ 53 5KM099231 . 161 : 669193757
KM099232.1GT:669193761.8¢KM099233 . 1GT : 669193765 L1 Cas MR A VI 5 51| 5%
PX3308%PX260fICas9Z FR 751 (Addgene , Cambridge ,MA) FIARA DY Fi Bt o AT & 1fiCas O 1F
1% 7 51 LA G i Cas O] AE ) 23 e AR A, HLIX S8 R m] B A sl n] B0 , 40, FefE 3 A — 4 Ek
Z N RAE (U, IO R R BRI AR, BIX Be RAR I 2 A T AS[F] T B A A Cas O 741 . —
AL Z AN B R AR BT DL B (i, PR 7 R TR ANAR) o 19140, Cas9 22 IR A= W 2 i P AR Ak T
BA—R R T, 1275 585 R Cas9Z KK 7 51— Bt A 2 sk 2950 % (0, 7 51— 2L
PENE D ELZ150% . 55% 60% .65% . 70% +75% +80% +85%90% +95% 97 % .98 % . 5L
999%6) o P 51 24 TR A L Y A0 35 TRl 2H P B A s H 2 R AN A =R s S IR e s R L A
SRR REATRAMB R s KA AR 2 Z IR TR 2R 5 F 2R 4 2 IR ARG =
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P2 5 LA B 2 T 2 R PR R - Cas O R R R 7 471 Hh I B BRI B 2k vl DL Al 1 48 H LA S B 7R
Bk o AR H I S R B i 0 I A 1 A% B SR G i 110 S PR ke i DA I A b v 2 i
i (an, A & ARL- W DM B & TR) o Ak B 16 Bkt o] B 6 4 Dy b v 7 2 R A A ik
AR S LR e 2 (l , MR gt 8 I T FH R A 2 IR, T 8~ e R T FH R B A IR -
Ak E R H B S 3 R B 3 A AR AR T R R BB AE & A R 3 A 4y 1 20 EL AT 9 Bk i
LRI AL . X B 9E AR BB R L R L 5D 7 &R (2R, 3S) —2- (-3 H 3L R iR Al
-0 H &8 (S) —2-&IE—2- I NI 2 /R . & T Ho e sl , vl 25 1) T i sl i sty (H A | m
PN T2 B AR5 W sy, H R R @4 R AN DhRe e B B HE B AR 2 IR I 45 1) o
[0105] A<k BH (1) 4H & 4 A7 v v] B0 4 Gm i S HTV R SR 132 51 EL AR 1) 1] S:RNAT 3 51 HIV
(B AR S AR B TE L 2 3B 1 2 AN A RV ZHIVF SIS fELos Alamos HIVEY
P PE AN B (B, 2 50 B0 BE R I Ahi tp: //www. hiv. lani . gov) o A & B ) J5 i AL &4
AT K B W % Foh 2H 531 M7 24 R0 3 B 20 R AR AT H TV o X SeHT VAL $5 , 451, HT V-1 3 22
H 5] (— MR AC ML) ROHTVATYR Z HIFINLL L OZH AIPLHHIV, LA K, HASER T, R iR AR 3
A ABC\D-F.GH. JARIKZH (5401, (HANBR -, N2H L OZH FPEH FR AT ArT 2H) fUHTV

[0106] %] FRNAR] LA A2 5 2w tid )7 51 B AR it /7 41 (B, #0657 51) EAME P51 - 4, 2%
[l SRNAR] P& SHIVK A i E 741 (LTR) [X 48k B4 e 51, HA iZH VK R i 8 R 5 471
(LTR) X 38 AN [R] - FHAEI %0 (inform) % AT #54F Hh A 422 22 Cas 955 DA I AU 1R L i i Tat J5 3))
TR Y o R A 22 3 BRI B 436 R B4 A 5 12 n) T RNAAS B8 DA KT B2 T A 3 H 48 75 11 30
(1) e . Ta t FTHIV-1LTR J& 30T 1 7 51U N AR , TP 7E RS B 1 Jiack ti 0 I HIV. LTRJS
Bl X B CRISPRAH K AZ IR N VI I SRAF I AL 25 o DRI, 1] RNART R FE FEHIV-1U3 R A2/ 8k
USIX 32 2% 7 HI S AL A )5 41 AR R BRI 7 3 5 T AN 38 B AE M2 a8 R 1) T B2 Ta t FTHTV i B
[ — B 117 51

[0107]  — ik B B8 ST 5] , 1% 17 FRNART DL 5 dm b 7 51 W g i — Fh B8 22 Filoipg 25 45 14 2
H (41, gagpolenv. Mtat) 17751 AN T H . B L, 1% 7 51 0] S gag 2 8 [ WIMA (3 )i &
F,pl7) \CA (K55 HE A ,p24) NC (K7 HE A ,p7) FP6EE [ ; pol Wi #% 5¢EF (RT) FRNase H.
AW (IN) L KHIVEE AR (PR) senvilg 160.5Xgpl 60/ 24/ =4 tgp1 2088 SU LA Jegpd 18K
T™; BR tat W72 B — NI 5 T TatBi86 = 101 M E L FR I ANM B T Tat I Y 51 L
Hh o —LE L BE St 5], % 1) S RNART DU 5 Yn A 4 B AR 1 7 40 BT T B 1% Bl AR
BFE, 40, vifn willef (B1HF) wvpu (W EEER HU) Fltev,

[0108]  — b ELBBSfE 5] , 12 7] S RNAFE 51 0] DA 5 45 0 1k sl i =75 14 o (B, #8405 7 1)
WIRREPE.SLTPCRS (=X A FHBH #0457 51) A2 /BLINS B AMP) T 51 . RRE (Revil B G AF) A& 7E
HIVE env X 38 A 5 g i IRNA TG, HALHE K 29200/ M IR (HIV-1H0 MFE SR UG THII A B
771058061, % ikgp120 5gp41 (i1 5L) .PE (Psiyofh) % M T4k 78 1% Cag e 1k %5 i 1 2 B H.
SiZ S 7 EEBN — HANDN ZE R SLIPR G IRFEE 22 S TTTTTT YB3 A 057
(slippery site) .CRS OBUCAFE FHRH A FF 21 o 4540, INS Gl 14 / AN B € ERNA 7 1)) 7] A,
THIV-1# gag X I H % HR414 52631 .

[0109] X[ SRNAJF B AT LA 2 1E U7 BB LT 41 o 1% 1] S:RNAJT 5138 AL 35 PAM . X PAM
(1) 7 Z AT A6 Bis Bt A8 FH G CRTSPRAX BR 1A DI 14 R S 14 75 SR T A8 o 7 IR 11 R Ak 4 35K 1 119
CRISPR—Cas &% , SEARDNALL B A7 T2 415" -NGG i 18] Bg AH AR 3L 7 (PAM) 2 BT A & . A1t
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X TR e B 3R 1 Cas9 , % PAMF F1 AT BLJ2AGG . TGG . CGGELGGG . Ho B Cas9 B & A 7T A A
[] ) PAMAS: S P o 45 a5 S ) B SRk BR T ) Cas 975 255 " —-NNAGAA F T-CRISPR 1 H.75 %5 -
NGGNG FHT-CRISPR3; LA K , 5K H i i %8 4% G B (Neiseria menigiditis) FCas9ifiZ5 ~
NNNNGATT « % [] 3 RNAF R 57 4 7 51 7] A8, AHTE 18 12% 7 41 el e A%, mT 1) ) S RNA 7 5104 2
TS F5 /N A I 8L 205 I ) i 2k L 5 4 R o 22 IR 2 3t B A5 PO H TV RIS B2 14 P 51 o 12 1) S RNAFP
FIFIAC FE AT L4120 2 29605 5E 2 ML H IR ARAL , 14, 2920, 2)21. 4922, 2923, £)24. 2525,
29262927 . 212821292130, 2131 . 2132 2133 2134 . 2135, 2136 . 2137 . 2138, 4139, 2140 . %]
45,2750, 2155 Z1605 E Z ML TR - 0] HEIE SR 7k 1 BA AR APk 75 2 R 41
5L P Y5 T S350 B DNAT) A =3 4T A S5 R 28 2 T ey [ 081 ) X3k, 2 v B e 12—
bptNGGHEAR I B 11 AT A 015 JE 0 3k , LAHERR I SN 4% s A B (B 2 27 DL kb)) AR AL 2R
FERI AL s BERHIV-1LTR S 37 (GELEH R4 T-18 R R W) P s R 45 A6 A5
HEFELTR-A-FA-B—Fi 7] (1] 30-bp ] F:RNALA K2 35 5 Jsz W Jis 4 41 B G 2 AL 1) BT —c T RNA R 4R
DLFRE FF6F B 3 T-20-bp A S:RNA L k& c rRNA—t racRNA 2R S8 1 45 S Mk /4 2tk 5 DL JZWGS
Sanger il /7 AISURVEYORER S , DA 45 7E HLHERR 18 75 1 i #3308

[0110]  i%[n) SRNA/F HI A B AT DA B — P 3], i — Ml 2 FhAS R P S 46, tn 2 454
M 2B A$52.3.4.5.6.7.8.9. 1085 £ 1 [ FRNARIZH A, 51 U1, U3 \RELUS 4 J7 471
4L &, AN IR BEAE N iZ AR S Wi B Tat (OHIV S B 71— 30 7 8 4iZ A &Y TRk
BAR N 52516}, 1% 5] SRNA ] B — 3R gD . B, v 2 AU I o & AL P A ek
B 22 PSR B4 1) F:RNA AT FH A8 BK  BOCR R A7 2 2 18] (1) 55 17 ZI I DIRR , 5 BCHT VAL [A]
Y BRHTVER H RIS B R o R G, A58 P Pl B8 22 FPoAS [A] 1 (3] :RNA, {2 3E 7 #%CRISPRIZ IR N
DIBGR ) ) AR 5 2 18] ()9 55 7 21 B VIR o 9 DIRBR IX 3k RSF ol N — M H R 2 L+
%A IR P OS2 o 451 s 1 4 ol DI DX s s - L s s o

[0111] %20 S WIE LR T 45 249 5L & TR RIS AR N B, CRISPRAX IR N VIl Al % 1) 5
RNAJF 7112 AT | AR TR 09 4% BR Bk B AR G A o B35 B 4, CRTSPRAX R N VI v] 7 5 1% 7] S:RNA
FE 0B b 53 B8 R A% IR v B ST IR AR A G A o — LS HL RS STt 5] R, KERNA ) F- A crRNA |
tracrRNA gRNAJN TN AL — AN MBI AL BRI 2L o 41 4, 8 K0 R RNA 2y~ [ A& i ] L
FLewismfEf) (IERIVI) EE9TE “BifL Z 128" (Genes VI, Chapter 9,Interpreting
the Genetic Code) (1997,0xford University Press,New York) LA XGros jeanFl1Benne%
BRI CRNAIE I 5 4n %5 ) Modification and Editing of RNA) (1998,ASM Press,
Washington DC) . ZABHIRNAZH 43 L35 N 1) : 2° —0—H 3L 7, N - FH L i 1 s N* -2 -0- . Hf
S N - 2B 5 L5, 2 -0~ F L - R S I T 5- I lE I R 20 -0
PR -5 FE e i 8 s 3-FF 2L i s 2- T B s i 1 (1ysidine) 527 —0—FF3E JREF; 2- B IR 7
2-Ti—2" —0-H 3L R ;3,2 —-0- WL SR : 3— G- IE-3-R N IL) SR 4B PR A% W 3k
W 55,27 -0~ L JR1F  5-H FE 2B SR s 5-FR 36 JR 17 ; 5-F A L JR s IR -5~ L TR 5
PREF-5-58 LB F G s 52 B BE R T 5 5 HF AR 2 HR 28 PR Y s 5 FH AR R -2 -0- R A JR
H 5 5 AR BRI H -2 it PR 5 5% Y R Ik P JRE JoR 7 5 5% FF IR 3 R 6 -2 -0 6 JR 7
5- GREFRH L) JREF;5- GREEFRH AL JREFH g ; 525 FH -2 JR 1 5 5 S A B 3
PRAF 3 5 R B i F -2 R EF 5 5 PP B (B Y 2T JR 1 5 B FR R U R R JR 75 5
P F R B -2 -0 B R 5 FE R U R -2 - JR T s A UR T s R 2 1
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FRIEEE 5 2 — FY R LY 5 2 P RE IR s NO, N— R BRI s N©, NO— - FRREJIR 7 s N°, 27 —0- = F RE iR
H 3 2 B AR -NO NS5 0 0 R IR s NO— OS2 08 S A %) — It s 2 FR AR -NO- (i L 7
PRI ) —BR T 5 NO- R A i U R R SE) — AR s NO— I Ik S ik PP i AR 5 NO— R 36N
T I S s P I I 5 2 P A IO - i R -NO— T U S P T R R 5 NO % 5 1 A
S R L AR 5 2 R S AR -NO- SR I IE A 0 I R R SE AR s 2 -0 A b S AR A (B PR
£) s WLEF; 2 —0—F LML s 1-H EWLTF; 1,27 -0~ —H EWLTF ;2 -0 H L 19 9F ; 1 -1 36 199
N2—FF R B 97 N2 N F R I 7 N2 27 —0- L 7 N2 NP 27 -0 = FE L I 35 27 —O— A%
HE O (BERRIR) » 7-F AL 995 N2, 7- T HIR 9 NP NP T- = HI R 1 (R (wyosine)
M T s B A R IR T M T 8 (wybutosine) s BRI T8 &R T 1
(queuosine) s VR ; LI H R -RE-T-2A1 9 E, TARE
(arachaeosine) [JRFR7T-F MR R -7- LR S ] fIT-2 A H B-7- LR 21,
[0112] Wl FRAER AR A 7= 43 B HIAX IR 43 1o 140, PCRELAR W] SR IR HL & A A 7w
AZ T TR T A1 B 70 25 AL IR, (03 S AR ST R 387 1) 22 K AZ 5 IR 17 51 - PCR AT SR 15k
9 DNALA JZRNAF R 5744 17 51, B4 >R 15 4> 56 5] 2H DNA B S 40 BERNA ) J7 51 o 22 FPCR 7 V248 7~
FlanDief fenbachfDvekslermf A (PCR 5|4 : SEH = F-M) (PCR Primer:A Laboratory
Manual,Cold Spring Harbor Laboratory Press,1995) .l % , % FH K H B Bl X 5 ak i
H O XU R o ) 7 P B R T AL IR 51 i ST IR 5| AE T2 E 515838 5 Ax
(1) A s B — B B AR ARL o AT {5 A 22 FHPCR IR , 3 I 1% SRS , R sk 2 VEAZ T IR 7 B 2 A
FINBERAZIR
[0113] 73 B A% R T4k 7 5 i 9 B — R R 73 1 (o, s L ik 2 B R AE3° 25 7 )
AT H BIDNAG ) BLA N — RIVFERZEH R 140, I — % 8l 2 XK S IR (40, >50 2
L100MZ IR G A& A B B T4, HAR—X & BAMER T B (W, A5 M HTIR)
DRI I 229 12 SEAZ 1 BRI KB T s UM Jie % - {5 FHDNASR & iR A8z A% T IR , T %) 5%
A A B BN B RL IR 7 T Bl G 5 iZ VAL IR 77 T #EHE (Ligate) NEARN o A K B
(1) 53 25 (P A% R R ] e 3 1 W Cas 94w A DNAT H 48 H B8 43 (1) 98788 (il , AR i 1= =0 T kA
[0114]  PRAMZIR ECEA 1 9nAS 1 22 IR AT 487 AR ot B 3 PR B2 ) — Btk o i n, Cas 9%k
S A2 P AR AR AT 47 o R I PR B ) — Bk o i i A Cas9 P A1 B 1 {5 2.
5 (PIR) M3k (http://pir.georgetown. edu) NG RN FIGK R 45 B, 2 J5 @ INCBI M vk
(http://www.ncbi.nlm.mh.gov/blast) b “Mir-F—8F 5" &7 yH A R A T
H (BLAST) SEBEAT 73 #
[0115] W] 5 AHXS T-Cas 9 7 1 — St ¥ 2 b, H T 50 B 22 4R mT F/ECRISPRAH AL IR
N VTG S/ 85T 58 HAE N WA A 0 Dl . B AR H I Cas9 T L2 A )7 41, 1 Cas 9k
H 1B L2 sz i) 51 .
[0116]  [AJFE, CasOtE H I v B nl LLZ A 7 41, 1 He A 2230 1 AR A ] LU 327 91 A
I e A ok, mE AR P ClustalW (BAS L. 83, BRINSHD) , B A75E 4% iR uk it
& 7 5145 A HE— N B AN AL IR BRI R 78 AR T AR B BT A 0 HELE
HEUR K T (& R%HE) o WChenna et al.,Nucleic acids Res.31:3497-3500,
2003,
(01171 SR T EBJER S N TatiHIV LTRSS 78] N 3Rk Cas9, A it E 40 1)
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i, 1% 5 AH A 38 AT R R A AL A o B 2H Ak T S BLth FH R R R S HIV A B AR 7 21 B AN P ) 5
RNA . 55 21 A% FR 4 38 10,25 A S0 rb $7 B G i Cas O AZ R K / B ST HTV Ah S 45 52 51) H AN 7]
SERNA, ] A b 122 2508 T AE 4 M N %694 Cas9 K /B S HI VA #1675 51 H AN ] S:RNAF)
VAT DIPTSR, K AL IR W] S B A R 8 28 SRR T 91 ) 22 K o a8 AL B A 1) AR A 2 140
BTN RN T 2 BRI R, A IR — A R R R Y T IR R = o 4.
Y R A TR E A HLAR R B S 7% R RAE i Cas 99w 5 72 51 b 1) 25 651, DALt
RBEZA AR PR RIE .

[0118] A A 4B 7S (A K% R vl A & FE R A b o B PTG , 9 2, A2 ) ) RS L % 2R
X 35 (SAR) « Jo/ BARICH o R ic 40 3 D5 v I 37 1 2 40 i DA T e B g 3R 28 o 43 2, i 42 vl
T ARAEDFGE, Xt AR (U, RIVE R (G418 1R R (ol 5 ) M 251 . Rk,
PR B FE Y BE TR AR 3k S B W (G, 2B B EAT) BT R IE 1 2 BRI FR S 7 31 o AR 25 7 51
ek & E (GFP) A H IK-S- 50 (GST) « Z H &AL - c—myc . Il 20 fd HE4E 2 | 5k
FlagTMF5%s (Kodak ,New Haven,CT) ¥4, S B4 3R 1K N 5 B gm i 1) 22 KA A o 1X LE bR 2545
FNIZZ R AT AL , B3 78 il S 2 v

[0119] ] G FEEAM RIBE AR, B U0, etk R A AE e Ak 7 51 5 A i DNA P 21 ) 5
B o3& M B SR L FE SVAO B AT AR W0 R0 8 0 () 48 B8 BRE , 40 R A B Bikicol E1.pCRI.
pBR322.pMal-C2.pET\pGEX\pMBI S AT AEW , JFURL UIRPA 5 Wik B AAKDNA , i 1 A4 115 2 A7 A=
YIUNNMI89 , LA S e Wk T A4 DNA UM 1 3 FH 22 R B FEDNA s 1 BE JSORE , Gn 2w Jokz s FeAT A4 5 T
T EAZ AN P9 )k ik, dom] T B i sne 2L 30470 200 B P 10 28K 5 R T o 5 W5 1 AR DN AT
AR, T S4B LUK PR B AR DNABY . B I8 3% 1l 17 41 (1) L o

[0120] 5 FHik J5 i ] 5 1% ml $ A B 1% 25 Cas O IR (A AR JH 1 <1 B Tat fHIV LTR S 3
THA TR A (G 729) Fik Py G R EE) S50 . HLBE St , v] {4 48 5 75 2%
K% ARG 1X— RGEEA Tz ) 1 AR DNAE N BE 709 73 2440 i A 4 24 40 i v 2
e e KW R E4E (Dull et al.,J Virol,72:8463-8471 1998) . H. i sizjifi 51 , i
A (AAV) B SIS 7775 o AAV A5 P 1) S BEDNAYR 25 , T 55K, L& g ARt A T
TEAR SN N R G8h dikya o7 R K (Choi et al.,Cnrr Gene Ther,5:299-310,2005) .
— i P R RS B IS T VA AT A AR IR R R 1X — P 5 T AR B AR IR N 25911
SEHPE AR R T ENGE T AW S 50 bR 5 0 57 bk i M B4 A o i R it
PUARE S 7 sk 4T H A 3 E AR A0 $E 170 473% (Allen and Cullis,Science,303:1818~
1822,1998) .

(01211 ZERAR TR O] AL HE V5 1 X 4 o A TE “V 5 1k X 457 S 48 B 54 5% Bl % 13 )5 sh A
B\ DA S S iU P I A e M A/ B B I A% R 1 o YR T 1 DX B FE T AN R T
JB BT A 358 T R 81 Wi N e B A BRI S B SR o BB B RS A S
I3 AHE PRIX I, (UTR) & UG AL 5 & b P 9 R BRI AL P B A B ALAE 5 DA RN &
T

[0122]  ORIE “A 4V Hh BE B A2 FE b A e v 1) R 1 2k X SRRy 1 S 9 2 81 5 A6 5 AT 5 )
T HII G S B P A5, R T K m e A BT A s I AR R SRR 2 IR 2R
BEAE (1) B PR AR AR A7 i 8 ALTE R BT P — AN B A50/MZ R 2 8] o S8 T , ¥ B 3+
TE AR FL PR AR 17 A B 20k 295, 000 A% 1 8 Ak B e A 7E 4% s e 4R 47 A3 B g 292,000
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MEHBRAL . )3 8307 A A 2 /b — A0 GER) B3+ . J8 30778 il GG & /b — /il
T, angsE 1 4, Hod B oA E EIEEGE X 38 (UAR) o 05 G5 1 A 3h 1 B I £ Ak
FTE TR, BFEAR T, FCR Al B0 a3 S8 B A 221 R IE KL BL gl e sl i
LUt FRk o I 1 B I 3 I 5 A7 B B RS i 6 e B R S 1 JFG R 1 DX 3 A
ZYwhS 7 A RIS , L IREARN T A

[0123] R ARGHE, a0, P sEdik (U, B EEAd VAAV 1805 2 L DL KK 1 8 3 2 (VSV)
A i B8) IR AR A B S A TR A2 & 4, LR REA T 2 A% R 2818 32 40 B i i
() BRI T 28 G ARt mT A 2 e gk — 20 U R (R A ik AR/ B R R SR IA T 2 5 B
e 14, B T S AR 20 P S A 2 P o XD 2H 23 BR D B 14 o G0 SCHR B TR AR R s A B, X 4
Hoe o AFE , 5 a0, 520 25 6 22 20 P Bl DL A B D9 m) (1) 21 70 (RFE Y 3 4 e S8 2R Bl 2H 2
SRS AU 5 5 M 0 DO BARAZ IR I 2H 53 5 82 1% 25 4% 1 R 78 1 4 A8 s 78 1%
RN T R4 5 (an, A FAZE AL 5 LSS 2 A% IR RIS B 2H 43 o IR L 2H 43 TR ]
BLFEAR LA, 40 a] PSR AS I B8 028 38 ) 28 48 BN I 308 12 B4 P 326 1 A IR 1) 200 G ) s )
K/ BT IR AR A o X HE 20 73 v S AIEAE iz 3R 1 R ARRRE (U, {5 A s B A T4
RO ) 2H 53 BT RE 1 1 98 B A AA) , BT AR Ik A DL 3R (LI 8 T e 1 o L s iR L 4
Chen et al.,BioTechniques,34:167-171 (2003) Hr 457 i) AR LE , 5 Fih 8RR 1) 1 2R3 AK 2 1%
e O N HLE T . “E AR R AT 2 R G — Ml 2 A R R PR L R PR M BT A1)
R A TR Z R B R I 1 5 B A QIR 0 RST 20 ot , 8 R0 38 0k 5 61 s = 0k
PRI AH ) — AN B 22 AN 840 10 9 N2 e MR DR = ) B 471 o 3% 85 75 1] A2 O B B ISR
T LA B R AR Fe A I R gk e m B L i R R ) Dy e (n, Ja ik A P 485 7 R a1 A/ AR
FeALHT TR R R P R B B B A R) O SR T RARNIA I 2% T IR A
7 LE T B AR S MU B 2 AE 1 1) B0k (WL, 41, Curiel,D T,et al.PNAS 88:8850-8854,
1991) .

[0124]  FAMFIEAR TG B 800k Rl G B B A2 B W) 100 e S B MR LR 2% e
B I 97 B AN FHIVIR 35 . — DN THIVER S EA A & E DA 8k, i, gag
DAl Mlipo 1 PRl >k FHHIVEE R ZH , T env RIS B 53— i 85 - DNAJR B3 B AR (U455 R B 8044, ok
16995 B3 20 MR BYCE IR 0 B AR L S o B B A T Y B A R 2 i B (HSV) 24k [Geller,
A.T.et al.,J.Neurochem,64:487 (1995) ;Lim,F.,et al.,in DNA Cloning:Mammalian
Systems,D.Glover,Ed. (Oxford Univ.Press,Oxford England) (1995) ;Geller,A.I.et
al.,Proc Natl.Acad.Sci.:U.S.A.:90 7603(1993) ;Geller,A.I.,et al.,Proc
Natl.Acad.Sci USA:87:1 149(1990) ]; IedmdE i1k [LeGal LaSalle et al.,Science,
259:988(1993) ;Davidson,et al.,Nat.Genet.3:219(1993) ;Yang,et al.,J.Virol.69:
2004 (1995) 1 ; VA S I gm 2 e 24K [Kaplitt ,M.G. ,et al.,Nat.Genet.8:148(1994) ].

[0125]  RSCH 48 5 1) 2 4% 5 R 0T S0 ik 3R W fH & 1 g PR Al iom S 38R & 1 . o8 T
X A 1] 2% L BE ) N R oM B IE ) 4538, IMannino and Gould-Fogerite,
BioTechniques,6:682 (1988) .t ), ,Feigner and Holm,Bethesda Res.Lab.Focus,1 1
(2) :21 (1989) #Maurer,R.A.,Bethesda Res.Lab.Focus,1 1(2) :25(1989) ,

[0126] W] AR 4% © 0 F7 A A= 7= & i) sl By 289 =5 2H R 9 B 34K . UL, Quantin,et al.,
Proc.Natl.Acad.Sci.USA,89:2581-2584(1992) ;Stratford-Perricadet,et al.,
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J.Clin.Invest.,90:626-630 (1992) ; #lRosenfeld,et al.,Cell,68:143-155(1992) .
[0127] 5 —Hauis J7 v /2 A P A 72 B BE DNA TR A , 12 B v A2 7= 78 40 i P a8 1 7240
W, 50, Chen et al.,BioTechniqiies,34:167-171(2003) , 1% CkiE i 5] 1 LA 544
TR

[0128]  4n bRk, o DL Ads b RN 0 B R ) 22 Pl A2 il 25 AR BHI A 540 e iR HL
AR ARE BRAF I AR AnAeT, AT AR I IR L HA SO AR R I H S N, BN AR R AR A AT
BC iR TR TR A R B T 45 24 28 B Bz i A S0 AR BT 2
YI2H & W) eT B D T 25550 il & b, B @ A R iR Ve T s Bl B R B, i, ek B
HIVIEEGL () 32 17 BAL T HTVATHT VI G XU T 1 323 IR T« A/ E N 25 mi A i
FEAZ A% R RN BRI 0T LL G2 S VR T S 24 o X L 2] A W mT DL 245 803 N i 7
Al , HrliE 2 Mg G 4, A 2B R T BT 5 5 2 1 8 R 3 a4 &G 7 UL e iR
ST TR o 25 245 7] LA 2 Hh 25 25 (RO FE IR 045 24 R 25 24 kG B, L dh 40 B s danik &2 [ T
i VHIZ B pais) s 25 (n, 8 gk R s SE IR BN , G35 18 E 55 28 45 24
HEW B B VHE 25 24) RIS 2y T Res 2581 B A a2 A TR SR ERE 1Y v
AIEFE AN S 25 GRIR D) » 25 T IR JE s g A v 5, slod@ it DLANREF R B T 45 I3 N
)3T BURBHE A 5IN 7 B A as 25 ARG EHIK Bk B2 T IR L SSOUL R v 5 Bl
T s BN A P BCy N 2R 2 W I MR 25T DL IR HEVE B (single bolus dose) [F)
T2, BORT DAAZ , 51 4, 38 i i SR E VR AR 25 25 . T 40 SR 251 25 40 & W F | 7 n] (L 45
BT BCE FR)Be 0 LI R TR 51 A 7R 1 S 7R VR R RS A R 24 S R K
PRI B A B P 5 5T S 51 5 T e A 0 75 I BT A R

[0129]  ZAMHAEW W A A NEERRS , AR R LR R 5 — Ml 2 Fhgy
SRS WG o AEAE AR J B R A B DI 1 8RR R 8 SR AR &, 1@ i R
FRRR R Bl o AE A N IR 3 7R VR AR B B AR AR TR B BN A o i R 77 R A
TR, B AT LA [ 4 2 [ A By A A L (an, A B ER KD  He AR 2 Ve a0 i) 8 2 S 855
BT T o R i EH B 0T LA 70 AL TR R 700 B 71 B0 /N 7R < Tt 71 i 7 L LR
LN 8| IS e Sl € (o] i N (S T % N s RO v I I I = B I3 57| I -
TE i 2 A 791 I B VR S VR NI T i 2oy AR IR T X o a2 S0 L R T , AR 711 90 28 28 mT A 4
TR 25 2518 121 2% « TS 4G vT AL4E S A 741, s B 55 — Lo B A8 st 451w 5 % 38057
AT LA BT AL 5 T I 5T A R A B T IR A I R A o — L8 B RS S R, i BRI A R AT
DA FE 1) S R AR 7K 358 2 A RIORE P K O 3 ik B SR W I o ) Jis A o b v, 8551
AT R , Hazahkhar DL B T RS A

[0130] A& BHBIAX IR T 41 ] ik 22 52 108 (1) 18 B 40 A« 31X ml e 9 an s R & i) 4B
DT T A i RTORE B3l P 8 ot 28 L T S, R i LR RUST D T A Wk 4 a4
JH B s 1 e A RST o 9 an, mT 4 B AR 29791 22 10um T PLGA (B -TA A2 lig— 3 - 252 Ii8) TR o
1% 2 1% BR A 5 2 A0 X e URIORE P 5 12 ACRURE A 5 55 4 P 56 B 7 122 200 i L 3 e A A P
fift, N RO Z ZAZ TR - — ELARET, 1ZDNARN 72 12 41 i PN 08 o 58 — Fir 20 ) S ok 46 m)
T A A0 B, (H B AR IR I SR B ARG 38, I AL IR AN AE 8 AR W% e D Tk
FOURE RS TS A 0 241 A L o 33K 1 5 5 UL . R Ut A2 5 DK, DA RHL RS # i A Y (BY, KT-5m
m, HARIE K T-20um) o 55— SEIZAZ IR A 36 ) 18 458 A2 45 FH 28 e b o D7 v o) 4% 1 i DR & 1%
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IR AT B N Homak g A b, Bl S H VR Rt PR — ki IR N = bk A i an bl —
FAE N HT VI G ) 8 AR 1 Je e 5 AR 2 28 1) 2 R SIS 2R 9 BB IR B4 , 12 4 R A 497 2 i = Wk 24
F /DN B S5 4 B 2 T 2 5 400 S A g A DG IR EX AR AT B o B, T % b ad T A R D EEE AN )
Bt o 22 IR L 2 R 1) PR B B AR A B ) 43 T 48 B ) SR - L R 45 A B A, 1T 4
PR 556 R AR AR B 5244 “BRDNA” (BP9 A ik 20 5) LRI 30 R N B S A7 Ui
Bk, 2 — SR N R TF B i ESCTIR  FEAH OGN 2 A% IR (U0, FRIE AR H, Yhs
5B LR T AL IR 7 54 o] #5442 28 U 1) el B Tat—HIV LTREE 31, H
1% B IR 17 5 B & G i CRTSPRAA AL IR P9 DI AN 32 [7] S RNAI 741

[0131]  —u& B SRSt 5 b, 4% BA 1) 2H 6 490 o] T 1) 9 g K BORE , 491 4, FH 55 DNAZ 6 () 1
T EANER AT (LPED B0 MG A% 0 5 £ B2 (PEGLL) AR 7> F & LPET
AT RE B A K R o

[0132]  iZAXPR ANE A T N T35 8 (W, S8 MR, B & 7222 W B H & 25 9%
IR B N o AE 2GR 32 R S G (AR 38 67K BIAEAE T , A8 S0 46 8 I AZ IR A1 2%
PR B2 25 B DUVR -G W 2N 24 - 2O R Bl ) e 2t T 245 B U Rs AR e 561 . T
25 R Y B 25 2 BT UL R 255 TR e R T ARSI N N R 275 F R BRI 25
B#) Remington’s Pharmaceutical Sciences (E.W.Martin)) DA K USP/NF ({3 [E 24 st
FIEFK A J74) (United States Pharmacopeia and the National Formulary)) H.
[0133]  —ub HBESL a5 , 12 2H & W mT B i) 4 FH T BELISTHI VIS 12 A% 38 1 71 FH &6 - 1% 51 F
RN AT FE TS B 2 BT, B0 22 53 1 B e A T A DX I B SR B b o Bl Bl A, 1%
A0 I R it N 22 53 FH B 2 P e 2 2 B R S 1 R v Bl Y 3

[0134]  —u& B STt 7] , 2% 4H -5 W AT I 1 D G oK SR , 2 g oK SRE P 256 A 4 A T 45
TEHNEE B 2 #UE IIHIV LTRJE 3 711 Cas9skCas OB AR AL TR o AL IR I i 4wt 55 FEARHIV AL
HMI I FRNATF B

[0135] % BH I 1] 551 AT 245 G b5 Ca s O A 5 BEARH TV E KM P 7] F:RNA T 81 1 Ak« % 1m) &
RNAJFF1 AT 45 5 B — BEAR X BAME) 7 51, B AT A5 AR AT 5 5 A 48 7s 1 22 AN BEFR X B A
K AT B S - B, 129 AS ARG IHIV LTR A 37X 38 Cas9i) 7 51 5 g s % e] 5
RNAJF B (1) 5 F0 0] LA T3 R ik o

[0136] AT 45 i I 41 & Wpid & HAE 2 75 o] 13697 BRAHIVE LR 52 10 %07
AT DAERHIVAIHIV=-1AIHIV=2 STV & HAR AT 30 B4 SO BE A o B 24 1 R 2 ) 45
RS, W52 3K A RO TT X AT RE IR , 10, i RE R () 58 42 W IR 5 o IR
VRN BRI R X BT VE R DA P R a) SO0 B HT VIS G 1) 52 3
(tn, &3, HE BARm S, NREF) s fib) Mz A ERUE SR AEY, i, 1%
BR 2 A AL T A Y i S Ta t FHIV. LTRS 3532 ] T i CRISPRAH R AX IR B A1Cas9 . 1% 57
A A FE A 2 2R TR g f0 S HIVER SR P I AnHIV. LTRELARMP) (3] S RNAK] 731

(01371 W] {5 FHAas vHE i R I 4ok 65 J01) 52 425, 4810 A FH 2 X 36 Sk A 12 52 4 35 1L 3 N 2
TAFAEHIVHUARBRHTV Z ik p24 , BB HIVAXER 4 35 056 04T MK R 3 it 22 % 52 3 Hog
FSCIER G R 58 A VAR L JE S 1™ B TR B L BRI e AR ek 2 i A A I BN TR
W AR LN Al B IR i D IR, LS BhARAL R & 45 250 1) 36 DL S U R AR %
B ) — 267735, AT el e BB 2 S oA AR R HI VIR Y, Bl J5 W 5E A2 75 DL — el 2 Ff
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ASCH AR 7N PV A DR TT 1% BB o MR A2t ] P SRS i 24 1 1) AR 5 DA R PR X 73 ek A
F S B — L RS 1% 05 15 T D AR R I B A R e HT VI X R
30, CA S8 Ja ¥ v AR 5 ISR I 1) EL AR ) 1) S RNA R 2 3R o 4540, AT g 52 # L TR
U3R.BRUS X I I AL IR 7 41, 1B J5 e T 51% 838 10 7 Z1DKS f TR — Fh Bl 22 Fol ] SRNA,
B, e R AR A e B Ta t IHIV & 371 — 33 1 7 271

[0138]  ZZH & W75 w0 Ak T 300 % SR 0 B3 RS L ANH T VIR G 1 XU T 1 3218 5 1R 9T
B, A 1% 52 1 T VR TT o X S ik T 3 — D AR D IR ca) % A A HIVIE L
ZARF s Alb) M2 E P LB SR A S, Forb  Z AR gm0 Ak T A 1 L 1e B Ta t (1)
HIV LTRJB3IF# 6] N B CRISPRAHFEAZ BRI WiCas 9. 12 5 F1| Al A4 i 4 i S5 HT VAR A5 7 471 U
HIV LTRE M [R] FRNA b T-HIVIRGL i XU T B 52 30 T LA, a0, AR 2 5 A e 4t
1T RGN, B 2 5 i B2 B R 3G sh 3 s B 5 — MR A 3R S 1) P 3 R A
F K 753 s BAR SZ BIAL I Bk o A T HI VISR I XU 19 5282 v LUAZ , 461l , JLHRA ] g
A 5 B YLHT VI B R B 1 A, BR3P TAE 2 B3 2R 0 o A THT VI 1 XU R 1
AR T DR, 1, SRR PRSI R U 25 B AR, ¥ 55 2 A8 PR VE B3R A3 U 2 5.
B0 T I H W 2 B B AN

[0139]  ZAH-BWIIR A 45 24 28 HAHTIVIEGL I PR 42 S slon SL I 1A 2o, DLRCARHTV A BESE () H
T L ALTRI AT REVE o FE B 78 S RN, YA HIVI) 22 1 m] & i SR w1 2 7 5 N )
T2 BUAE S i I L R B AR A T A AR SO AR R (W A S T A T R I L B
7= J5 B FLHAZE 24 2 B HT VI BE , B D= J S L= A B R 4R AR B G 0 24 . 1% 4
AR5 N SO R AR DU B SR BT A R AA 2 . — Lo ELE S v, AR B A W)
WAL MR G SR 25 25 2 B2 )1, DA S, — S HL RS St o] v, 78 3 J5 AN Hhah 24 1% 28 ) Lt m 42
ZHREPUIS L SR ERIRTT -

[0140] XA AW n] 45 24 22 RSEGLHT VI AN, LB 1E R GEHTV %4 & mT sk ih
TR ZAMHEY) %A GV B 45 dm i CRISPRAH AL R N VBRI 741, LA e 22
b FIRHIV LTRJA BT A% O X I AL G I e B Tat JHIV LTRJE 37 B TARIX 35
[0141]  ASC R ER 7 2 2 A 0a, i AR VAR AR KK (i, 1k 7) W B e
F & M SR AR N B ZR TR AL R /R B B S5 % Sh )

[0142] A BH 1) J7 ¥ ] 3R 7R R = 25 11551 o i bk, A K BH R 5 A SCH 8 7R 1R 37 RN AE & ) 7
2= 24 1) 770 AR ) FHOE o A SR s A A mT B T i6 T PR G A 5 R, B0nT Tl iR
J7 AR ST a7 TR 9 BROPERE ) 25 24 1)

[0143]  ARSCH /R A 00T 45 245 2 18 £ SRR AT 5807 » LAEAT Ji5 2 2 A 40
(R8I o 2H A el s 22 ARRR T, VR LB 00 Al S T DR S B It v i i LA
AN N Y Y A R e e = s a7/ I B bN - 17 N N -5 NN N2 NN IR
B I B P S N B BROE RV 4 2 G 1 IR ER S i 2, B I i T [R)  A
(IEEZR 24 . FL e sl vh , v I N R 41 S P S e il gh 2208 .

[0144]  Ji 75 B 77 B B T 25 250 A% s AU AR 5 AR B IR AR 1tk 5 AR 1) B v VAR
FETH AR AW AN S 5 IETE 25 250 L 2590 s LA RN DR 2 76 125 A 1 S0 IR o 5 400 P R 1) 22 5
PERNZ Fhes 251842 AN [E 20310 5, TIUH I & 0 7 &R AE B T T bR vE 2 3a Ak
BAINZAUIE TN N A ISR, AT IR LR B KT B AR Ak . 45 245 0] DL B R 2 58] (A, 2
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FRE3 i Af5 V64 815 1045 2065 . 505 . 10045 15065 BB 2 4%) AL S 2570 2 b
g E R (W0, RA ORI PN 36 B T a] 3 nfns R .

[0145] i A SC R SR A AT ART 4 & W B AT VR T O RFSEI [R] ] DL MR 22— R Bk 1
FEA T (U0, 1R 2 AR B AR FE I 18] o 51 40, A & a2 2545 Ji — Ik (SR 45 25450 4 JA
BIR%Z HBARZ ) ;8 A— IR GEA 256132120 HBUR 2 45) s siEF—IR, 45 2554 .10
A BY R K AN TR) ot SV R YR T AR A AR i an , AR BRI AL S e R R R R L BR
REFLE 24— IR (B IR L = IREE) o

[0146]  WPMEA E A A SCH SR AL AT 2 -5 W45 24 2 75 BRI AR s I Pl i
TE45 24 OB (1) RE 5 4G4 Ja ) e BRI 5 A R - LA, 6 A B, AT 38 e v Al 8 5 7
RO AR MR E A SV AT Z S G ARREIR T 1 B R K R R 4 2 B
(R RE 5 2H A WA 50 P AR 4 P Ay B2 1 2 SR DA A B8 3 1 e 7 A B M K AT R 6 T
— I B I E R REE L, Haz Bk T2 MR &=, O EAR T & B H 1 5%
TRIRAS S AF RS B SO BIAE FH R T 52 4

(01471 Z A O RN AT ART 753235 0T SR E 72 15 75 K 1 a8 I Ve I o A PP 45 8 52 9
DR B R FE R PR J7 925 AT FH RN A2 75155 1 Wil 7 o FH A A7ty B2 2 FR) R 5 D7 24 IR %
AR VRV BB I AR A Sl L IEAE R R B 25 L DL S R B AR ) HIT

[0148] 1ZH AW Al 52 E¥6 77 a0 H FHAART A B L ad 4 sk i 55 57— 2 2 . Pridi 4%
SR B 71 T 9 U A S A AR (i, R EE /A R 0 A BRI 3R L 5 22 O E B AR
(emtricitibine) KR EMEEMET (tenoifvir) 3 DA JFEA% T 100 5 S5 g 00 1 7500 G Ak v
Fit (efavarenz) EHH - FIILF A (rilpivirine)) ; B H B HIF, &L F
(tipiravir) JHuEG AR5 (darunavir) EHEAR S s BENFNHIF], a0 s 445 (maraviroc) ; il
AR, R Fkh (enfuviritide) ; UG BEINGEGF, W FEFE%H (raltegrivir) JEE
FEF3 (dolutegravir) o Huilli i 569 58 77 70 v CLFE 257 2 2 45, 1, TR R Ath v L Ay
FToe58EmBENAds BilimiE MLERE S EREFTMWAHEG BB
(elvitegravir) . AJ bk @ik (cobicistat) - B fthE 5 & EEH I H G .

(01491 PRk 22 PG 7 I FEAT 45 24 1 AN 75 2204 12 55 70E AR (5] I (8] B5am o AH R s 42 4
2, REAEZ S5 R 3 IHAETT Th Rk 0 i) 18] B AT AE B 2 B A o [\ 280 8K P 45 24 Pl it R AE AN TF]
H BRI 45 2 %367 70T LA 221407 S840 24, WIFR SR 25 23R E TR T 7

[0150] W] e e b v 24 2 A2 A2 A M 355 7R ) vh BRCSL 56 3 W Hh N e T e 20 5 Wi 5 1 BRI
AT 250, 4l %€ LDso CRE A4 111 50 %6 B 71 &) FHEDso G BEAAR 150 % Y697 _EA R &) -
BRI 59T R IR R B A2 VR YT FRE, HRT 7R 9LDs0/EDsoll

(01511 M40 A 35 77 i 56 AN S 0B 73R4T 1 Eicds wT A T 13T 76 A\ A b A FH 00 77 B9 o i
—HE YRR DLk AL T3S H A (K EE B JE 55 I EDso B 6 FA MR FE 0 Bl A o 2771 & AT AR 98 Pl
SRR 77 2 R0 i 48l FH ) 4 245 IR AR AR X — 0 BBl N AR A o F T FE AR i B 7 6 TR A SRR 25
Vi, B W) mT AR ARG 77 1050 Ak VR T A RGRI R - v AE SR A T R, DL S AL AR
AN M 15 F2 ) A TCs0 (BRI, IAAY B 4 S B XSS R P 2F e M) O 3R ) R A0 3R L S 3k
JE£ 96 ] o 3% — A5 J2. AT FH >R B A 7 1 0 5 ] 78 N AR P A ) 5 o ] 48 dan o o v RO AH B 1
& 1 ) K

[0152]  4n B P 697 A &= -G RN, A RGHE) B2 L= A a7 B s, g R H)

30



CN 107949424 A W OB P 25/30 T

BT BR 4 R B i S 48 2 R R — IR 2 R BT — IR G AR EH R
— IR AZIREARN AR T i, LG PRI 2R ] 52 A 25096 9T 52 6 I e [ A s A AL i R 3R
BLFEABANPR T, S 903 SO RE (1) 7™ B VE L JE BTVR YT 1% 52 3R 1 — R IR I B/ B8 L DA K%
FELE BB e Ah A VG TT A SR I A K B A& 06 T 52 n] B4 B — R yT 8K
— RINETT -

[0153]  ASCHhiE/REIHGE T HIRE 2 MWt 85 . 1ok, o8 7RI T4 24k
H IR N IS 2 3 2 A TR I B L 5 N R A Y i S M IR AR, BRT SR F )
ZAH A PRALIE R AR AR G R . 2 R k] BT 4 I TR, WnfESzoka%E A
fr) 26 [ L FIUS 4,235,871.US 4,501,728F1US 4,837,028 #7~ f) , ix Lo & 1| & [ i@ 1T 5
FATGHNA S B35, NTTATE#E 0] 25 W50k RGP B 252250, Bl an, TR B A 2 &
PEBUAR B NE AR A 25 24 28 SRS 2 DA — 238 B B0 ) HE R 48 B s et B
[0154] I HRAH Ay L2047 A4 A w000 300 2 S s 2 A1 0 3 N S P2 SRR 0 2 S A B P B
I3 BF A G 955 R B 0 B 4 TR P B O BE RIS IR 5V o 1 N B 9% R O 7 T LA HT V- 18-
HIV=2 1% N e 9% G FE 5 75 0] DA G PR35 I AT 55 o 12T L B 41 i v DA i H TV /B e
AT AR 40 B 25 20, AL FEAEANER -, CDA ™ Ibk 2 411 55 058 &40 D 2T 24 BRI G B A 40  Tobk E2 &
FEL S BIR EZ 24 6 R SR % T A4 . 45 5 200 e art B3 B0 4 R AR R 4 . 3 T A L
B2 20 B 20 S8 SR AT D < 2 T s SR 4 B AR 15 P L Bz 4 B o X A 2 i 2 7R A 5 S B AR A ) IR
SRR i A Al SR () 4 B 2R TR, 451, CDA 6K B2 4T 5 e 200 B A% 400 i i B 5 30 2
DA S S G 2H il s AR P LTV 4 53 0 25 0 4 MO S 2 B9 AR e v 4 i

[0155] %77 v ] CL4E K 4 f 2 % T B/ B Al B 5 i CR T SPRAE S A% R N VIV 70 15 (1)
IR H A, Hoh Z g vl e E e B 2 AE HTV LIRS ZD 7, B @M Bl 7 &8
HIV LTRJS 37 1A% O X IR AN TAR X 35 o 12 70 28 A% R v i3t — 20 Gt — Pl 22 Fh ) S:RNA,
1, 1% ] S RNA- S 12000 e 5o B HH I BEAR AL R T 51 EL b o i D IR T R A AR S 2
A Y] B 25 5 B NIV 5280 A% 7 IR AR 2 BR T ik, HoaZde koD i my LA
T e P 5 KR AE o il an , v A A HT VB G (1) 52 5 F o — AN 4l B 55 2 A4 g B 241k
TR IR 3%, Bl 5 & H 5 — & W, Hodr, 240G P& vl $fF Hb B 42 28 AU HTV
LTRJ& 37 B CRISPRAH A% & P9 DI LA S AT 1) 1] SFRNA, A1 ] FRNA S HIVH B 2 7
BIH AN W1 AT, 25940 4 ) o] AL 3G SR D CR TSPRAE S A% R N VI 1A A% I , FLrb iz g o #4E
Hb B2 S AR AT I A N Tat IHTV LTREEhF.

[0156] % ZH &4 LA i3k FL AR 7L 30 47 A4t i e B ) o = skl o m PR ) 28k Ak 22 4 A il 77 a1
BTk o — 1 5 48 S it 491 o, 0 T K% 40 A Pk 2R R S D AN M SR B (AR R B A TR T
U, ] SR FH L & DNAS 1 77 vk an i FH % i B 45 - DEAE AT e MBI i AR i R Ak W3R
T ¥ 1 751 R 4 J AL 2 VAR R A S e, DL S B S ik n e F FL R G VE I R R
Gk (ballistic particle) &%t K& “RHFE R5:.

[01571  mJ s P AR vEE 5 6, ARSI CR T SPRAH € 4% & 1A 17186 P 4 28 4 565 B FH LA 1 1]
SRNAMK) FE A% BR (1K) 58 UNPCR , SAAIE S 40 i ) 28 35 B K / B0 363 B 80 51 % 40 7Y 114 2
H B8 5, W1 R s, B n i 40 B ml PR 5 INAE R R IR 32 a0 AR Y

[0158]  H'& HEE STt b , %4 &Y & C &l H—Fhek £ FhCas 9/ I R N Tat ]
HIV LTRJS 87 3 A Bl Yo (1) 4D o — b FLBE St 5] v, Ak B 1R 77 32 vl CATR) 8244 3 7
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T 2, 2R A AT 5 3 SRk, 0 FZ A SR 7R B T LLYIBRHIV
FEB, BRRE VR TT JE A BRI [R112% 32 3 B AR Y o i 4 T DU 32 3R I 40, se A TeT B 2
LRI UL A B AP R o T AR S A LA BT 1 AR ] — s ELBE ST iz i R A A
YA BTE (HLA) DCECAI4RM R Z0A 4 i &R s A o e BBl S 451 o, 240 i ] LA
e T i, G Fafe N T 288 T4 (5 S 2R T4 (iPS cell)) .M T
K R Z s R 35 NI IR G- 40 (ESZRf) AN T2 64 (F S5 £ 68T 40,
iPSHNNI) o X LAY 1) 2 BT A0 M 2 A& T B AR 5 24 0 B FH I A SR, TR D 3 2 4
P A8 38 3 0 L I I B S A R L A A R, BLYE SRR 2 AR PRI R B R BE SLAE
BEI 43 AL RE 77 o 45 ) H 5 5 388 3o e S5 A T 4 7= O ES A B A B 5 3 PS AT PR ml A 19 98 400 i 7
7 HL R AN K T B8 i R A 3 R4 2 1) R T AR S B R AN A, 1 PS AT AT BB Ao HE R
87, T A DA Js Bt A2 P2 S 2 RS AR YR 97 1 B K P i

[0159]  ASCH R R 4L &P T SRAE (RIS S I bRin 2528 W 9, B AR MR 7 ok A 38 1
B SR BRI AHT VI 1) 52380 3 Bl A 300 5 S5 0 B S AnHT VIR G KU R 1R 320 - %%
AR AW, S A S BT R SRS CRISPRAH A% TR A VI tnCas R4 R N T i
A% IR FE 51 LA K AR ) Wi S Tat FHTV. LTRJB BT o % 77 51 Al A/ Mo G S HTV A #E 5 5 51
HAME ) S RNA, B A0 %A% BRI A4 L L KGE F T T & i — Pl 22 P 4 i A e 771
BT 5B (Flavoring) 55 Hu bk, BLAE I 72 (U0, A A SRR 1) —FhEk 2 Fhdl
BN TC B A% T 03 B T A7 8 S ek LR 4R Ek &) T IO BE A ) LU AR &
& 2/ —Fh TR N H AW P T S S — FhE 2 AR B S 2 A (AN
GBS 5 SR Ah, AT HE— 2B B RE I A, a0, 2Rk A 0 B 15 R 8 A
2R PR B FH T A 3 B HR TS BT T BT TR A PRI e s R o — e L S it 5] R, R
FR AT L FE — i al 22 A4 ) B30 SR AR A8 a0 A SRR o 7R B 1 Bl 1 7 B
BEN A7 o 12 F A7) AT 5 R 51 B G i A% R () 3R — R B B E MR A 28 Y, BT
fITer Bt 2%, oA a2 R G i ] AR Hb B 2 U UHTV. LTRJSE 305 B CRTSPRAH A% IR
P VI UnCas9 LA AT 3% ) S HTV R BEAR 5 571 B M ] S:RNA.

[0160] 1277 7R AT AL FE B 451 (L, 538 12 77 o FH 3 1 B0 R4 10 B8l o sl e A o (o, %
For R ) %R BT I AR ORI (U, RGP T %A E8) , BT R iZ AR N A A Y
NCRELIR 25 24577 20 (W, S 2R fig4z) Ui e e Fig A A 5 T4 45 (i,
PAF S A eI AT AE) » HL AT AL HE— Fhal 22 A 1) 24 2 AT B2 32 (1 A 77 BRI el 3 &
T T L/ BAANIIE T 7o B 5 12 2B 0 m] A R B B R 57 AR R U I O IR 4 T 3K

[0161]  JE L IR AERR il S e 491 %o AR & BH S B AT 9 7R PE T B

[0162]  [SEjifafsl]

[0163]  SEZjifs]1 : LTR-Cas9AS {A 1) 7o [

[0164] i FHpNL4-3HIVE A& (NIH AIDSTRFRIFE 7 #114) VEBIAR AT iR 514 (BR #4700
FHFRVE) HUPCRIRAE 4K BE () A 22 MR LTRSS ) 17 1) -

[0165]  Kpnl-LTR (-454) =S 5’ -GGTACCTGGAAGGGCTAATTTGG-3 " (SEQ ID NO:1)

[0166]  Kpnl-LTR (-120) =S 5’ -GGTACCTCGAGCTTTCTACAAGG-3’ (SEQ ID NO:2)

[0167]  Xbal-LTR (-80) =S 5’ -TCTAGAGGAGGTGTGGCCTGGGC—3" (SEQ ID NO:3)

[0168]  Kpnl-LTR (-38) =S 5’ -GGTACCAGATGCTACATATAAGC-3" (SEQ ID NO:4) ,or
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[0169]  LTR (+66) -Ncol-AS 5°-CC ATGGTAAGC AGTGGGTTCC-3’ (SEQ ID NO:5) .

[0170]  ZHELTRAJU3X \RIX FIUSIX LA S LTRIEHE T I A% Lo s TAR (S el ) ot
PFANTATAR T, BURL AOHTIV-1LTR 5 )5~ 324 (1) 1 SR A M 2 7= T 1A . [8 1B 2R 42 PCR
3 38 R L TR BT 728 AR 1) B i W 4 s H, vk PR

[0171]  PCRI=#¥ & Bt IR 40 FF EHAETAZAE (Invitrogen) H IV ve b , B /5 48 FHKpn1 84
Xbal K&Ncol BR il 1 A VI D1 BRI 3% 52 A AEH Cas 9RE R SR U A/ BB 1K) Z2Kpn1-Ncol 5
Xbal-Ncol JEfi#HpX260-U6-DR-BB-DR-Cbh-NLS—hSpCas9-NLS-H1 -4 short tracr—PGK—puro
Jiki (Addgene#42229) (J& SCHR “pX260” Fiki) H . pX260 i & 4 Cbh Ja 3 F (Xbal-Kpnl-
Cbh-Ncol) AF RiZIEAE R 45 3, pX260 BTk H 1 iR 45 Chh 3 2l 3 B2 [k I B i — MILTR /3
8¥ (Xbal-8{Kpnl-LTR-Ncol) o &2 & 7R 1) JE 4G pX 260 Ji A 25 #4) 1 35 B 45 A 78 9 “Cbh—
Cas9” Gk Hwww.Addagene.org#flCong et al.,Science (2013) 339 (6121) :819-23) . &1&1f
JFRE ) 5 P A “LTR-Cas9” s fE Rl 2

[0172]  sjitufs)2 : 15 F:Cas9FKIEFILTR/ Tat L LA

[0173] 7 R FHMALBA et R A E AR B Tat SLTRE BT I LR, 7 B A B A
A TatFRik Fiki (pCMV-Tat86,250ng) [ 4= FEHIV-1LTR (pLTR (-454/+66) ~FLAG-Cas9) JFifi
(10.5071250ng) FIxf MR, 48 FH A AN [R) BE ) #IBFLAGHR id Cas R Lipofectamine 20004
F (Invi trogen) FE5E G AR 57 20 F2 988 200 Pt 2R US TMG I 4D - USTMG AZHT V-1 AR 41 g
. LLZEpCMV G KL (peDNAS . 1) P DNAF) S5 8 o A8/IN i, 7E TNNEE ik (50mM Tris pH 7.4
100mM NaCl.5mM EDTA.1%NP 40) H Z4f@ 20 A o [ J i ik & (1 Jo B 2R 246 A5 Cas 9\ Ta t fllafif
EERAMRE 4R LR TE3AF (USTMG WCE 50ug/4L) - iBYX1:pLTR (-454/+66) ~Cas9
250ngpCMV 1000ng . i& X2 : pLTR (-454/+66) —Cas9 50ng.pCMV 1200ng.i& X3 :pLTR (-454/
+66) —Cas910ng .pCMV 1240ng. & X4 :pLTR (-454/+66) —Cas9 250ng.pCMV 750ng.pCMV—
Tat86 250ng.iE{X5:pLTR (-454/+66) —Cas9 50ng.pCMV 950ng.pCMV-Tat86 250ng.iE X6 :
pLTR (-454/+66) -Cas910ngpCMV 990ng.pCMV-Tat86 250ng.

[0174] 3 #fr 48 FH Image JH A B %) B T Cas 9 Fla~lUE B 11 (FHAE 200 Anr X ) 110 17 1)
0EFE . 5 BN T 3B . EE B/RIH— M B o UE R H /K B A BA R A TatCas9K
FRIEA RENEE G €&, FEE R Tat/ToTat bt )8 E FEN G € & 45 L, AL
5ffIpLTR-Cas9: pCMVTat86 (50ng: 250ng) EL3KF T XfCas9FRIEHII K (5.3x) FF .

[0175]  sEjfs]3 : Z P ILTR J5 8l F 1515 T Cas9R A AT LL 4%

[0176] Dy 7 MK AN BT L TR 2 31, 7548 F Bl AVS R I8 Ta t B Jiokz (pCMV-Tat86,
250ng) &, 3 FUAN A B EHT V-1 AU AU LTRAZ A pLTR (-120/+66) ~FLAG—Cas9B{HIV-1#k
FILTRAZ /A pLTR (=80/+66) ~FLAG—Cas 9% il N FRIAFLAGHR L H Cas 9H iTkL (5ngBl50ng) e
YLUBTMGHH I - 48 /NI 5, ] % 4= 40 P SR fge v O 3 ik 2 [ BT B RV 40 A o 50 B 48 F Image J
AL O BT Cas 9 Fa— T8 B 1 (RIS i /E) (1) 157 (1) 9 B o 45 2R W TR 4A MR o 38
X 1:pLTR (-120/+66) —Cas9 5ng.pCMV 1245ng.iE X 2:pLTR (-120/+66) -Cas9 5ng.pCMV
1245ng +rTatf H2.5ug/ml . 18 X3 : pLTR (-120/+66) —Cas9 5ng.pCMV 995ng.pCMV-Tat86
250ng. 18 X4 : pLTR (-120/+66) -Cas9 50ng.pCMV 1200ng. & X5:pLTR (-120/+66) —-Cas9
50ng.pCMV 1200ng.+rTatig[H2.5ug/ml . JE{X6:PLTR (-120/+66) -Cas9 50ng.pCMV 950ng.
pCMV-Tat86 250ng.id{X7:pLTR (-80/+66) —Cas9 5ng.pCMV 1245ng.iE X8 :pLTR (-80/+
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66) —Cas9 5ng.pCMV 1245ng.+rTat& H2.5ug/ml I8 X9 :pLTR (-80/+66) —Cas9 5ng.pCMV
995ng .PCMV-Tat86 250ng.iE X 10:pLTR (-80/+66) ~Cas9 50ng.pCMV 1200ng.JE X 11:pLTR
(-80/+66) —Cas9 50ng.pCMV 1200ng.+rTatEH2.5ug/ml .8 {X12:pLTR (-80/+66) —Cas9
50ngpCMV 950ng.PCMV-Tat86 250ng-

(01771 3B A% FH Image JEK A4 LL B0 2 T Cas 9 Fla—f s A (1 (R AE R far X HR) 1 1% 57 (1)
PR AR B R T E4BH . FE B RIA— R iEREAKFRIARATat A rTAT B A
AL e Tat i) CasO/KFHIEE H FETZEIE € & . B BIR+Tat (G54 /LTatlb T EH
JR BN 8 AR E B o 5 SRR, REBRLTRIR) Y 7 X el S / B 1 i1~ X 3 IS 6 [X 3 e P A o
FEEITAT) FF AR B & M Tat /1 3 1 S B0E 1) Cas 9K & . Tat S T 1 R I& A pLTR (-80/+
66) ~FLAG-Cas9 BRI AT I , i BORL O A 4% 0 oG P RITAR LIRS 2115 70 1 AN 95 4 58
- XA T X3

[0178]  SEtif51)4 - 16 o J5 [R] ot 48 SR ST HI V- 1A A S At 1 1

[0179]  FEARSCEBIII T 25 R Jwfi 2 G400 S0 V7000 B F5-O0B0E 19 9, 1@ HT V-1
¥ 5 AL R T Tat R CRISPR/ Cas O1EAT A SR AR I 0 o 1K — 3 SR £ 28 77 11 093 25 52 1) A1
T I 5% 12 005 7 L D] ) 5 Bk 200 B 8 BT A/ B2 R g G R A ) 7 B, e 4 HOR AR
B 7R E o X — SRS IR 1 BT AT BE H CasOZE 4 i N 1 FF 6 22 HRF B2 1) =y 7K
ik BRI RORL 2 AN I RO T HE A8 S .

[0180] 45

[0181]  SREXS B - Cas 93k A () i A9DNA 3 1) B F & A 1ZHIV-1 R 35 71 #5785 -LTRIU3 X
HIRIX ) ZANAN[R] 1 B R pX 26 F 1k BAA FURL N, LLSE 599 55 5 31 1 e ZNDNA T AT, 1208 /)N
DNATT A O B 5% Tt (49 W 82 P4 AHL 85k 2D ok 87 de 47 FH T 4w 4B HIV-1DNA[) gRNA AFIgRNA BI¥) 7
1) (B 5A) o FEIH 1 08— #4358 135 AT DNAT Fp 1T A% 93X — o B S, 4 DU o 5 — B iR gk AT
[f1Cas9F Ik L & 7E pX 263, pX26-LTR-Cas9 FICMV-Tat 5% JL i) TZMb 1 41 i Hh X6 Tat ft i 7 14
IR o B S B R 4 B W, A = P AL FE R 55 A6 T80 22 +66 2 [H] A7 B ¥ Bt /NDNA &3 31 ¥
7B ) JBORE A AL 3 230 1 Cas9R) %35 (KI5B) « 1% 83 T F 41 AL T 5 gRNA AFIgRNA B
FEXF B BIDNA JF 31 2 4 3% — 0E 6 T X L8 i 58 0 R H 2 (E5B) o b f5 , 8 % N T
LTR (-s0/+66) ~Cas O DNA F B 7 [ NS R B2 28 (LV) NI F R S TZMb 1 48, LAy Tat 25
P 7E R0 9 ' BB 5 25 [N (1 B A HT V- 1DNASE AS B [ R0 . LTRAPCRY 14 45 SR R
R ZEIEeRNA AMIgRNA BUA K Tat 2 1 401 P9 A9 205bp DNA T Beif 45 2R (K5C, KBk 1 &
5EIE X6 R SHLLER) o EI5A (1 W 10) th s MU B 1 F-T-PCRY G 1) 51 Wiy o7 2 A0 T 1]
B3 181 I e 2 BRE S, — H Tat fF 8 I LV-LTR (s0/+66)—Cas9il_FLV-gRNA A/B% S 40 iy
PR IL,190bp DNAF BERI B DIBR - Cas9. Tat Fla—f e 85 1 (T N ARIF] S 81 Xt D) (1R 1A
E/RTERI5DH

[0182] k) , a8 3k %€ 't 2 il 1k 96 46 25 75 75 DNA VI %o 7 25 8 3l T id PR AR 5o o 45 B o
L3l Ta t 05 Cas O , G R MEIE VEZ A8 T B, 1IESE 1 DNAT S ) 45 2R , 22 W DNAK 2 fift i
FIC SRR S G i A 5 7 5 B3 I R ] (B5E) BE VTR ST, B %% 7 TZMb 140 U4l HT V-1
TR YL ] Cas OIS « N 13X — H 1, i Bg PALV-LTR (-s0/+66) ~Cas9FILV-gRNA A/B#% 524 /)N
i, 2 J5 A8 FHHTIV=1 e  BRHTV-1sp162 LA = FPAS[R] (MO T /B S 41 ffd . 48 /NI J5 , W SR AT Y, Ji it
PCRYFAEDNAVIRR , 83 52 0 31 B il g v Al B8 5 J5 30 1 P ZI ) 360, I3 25 3 BT Rk v
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fifiCasOm) ik o IX BE 526 iy 28 B 35 s, 7F LAHT V=1 jrer AIHTV—1sp162/8% 2% 10 21 P4 4G ) HE 22
JEH1205bp DNAF Bt , REHZE X Lo i b, 3B I HI V-1 jrer FTHIV-1sr162 /5 IBTELTR (s0/+66) o
FreE T Tat, Lh X Cas9TEIX 4l i i 772 4E (E16A) o B, 5O R BHR IS A 245 R IR, X
S 20 A PN 2 O 2R S 1 T PR A, P IE S I8 Ta t 59 Y Cas 9t T2 A1 BT B A [ HT V- 1%%
SR B R A ROE , TMi Tat 2 @R HIV-1 re BRHTV—1sp1e2/B G 72 A2 ) o B Cas 9 5 NI G
N B AE SEos T EI6BH o 85 1 5 BN E I 25 SRR, 2448 FHHIV-1res FTHI V-1 sp162/8% 42 41 Y
I, B FRILTR J3 21 F-LTR (-s0/+60) $EIE0E » FEUX MM N 7= Cas9E H (BI6C)

[0183]  BHFHISE T, MK T Tat A S IIELTR-Cas 9 Rl gRNA A/B— il 4 A T-ihk 2 48
o R 2D10H FIHTV-1 22 PR 2H ¥ B8 7 o 3% e 20 i 17 A VAR IRAS B BRI HTV-1PNLA4 -3 3 5 51
A, 1Z FRIIHTV-1PNLA4-3 ) JE DR ZH B AR T Gag 3 [ FPo 1 3 ] (1358 43, H.Ne £ 35 [KI 4 & 4 A
TS £ 075 Y R 35 25 1 (1 S5 1K) (GFP) o 1 B2 41 i N Tat 25 1 FUK P32 T+ FlCas 9 ig b (\BoR
THEITAH) 1, 7EIEIELV-gRNA A/BEE S 40 B Y 1) Cas 98 0 Y » dmf 1% 2L TR (K178,
TRULEILL, TR 1Z8) BRIk, ALl 2 T Ta t£7 7E I GFPRH M 40 MU % B (1 235 N F%, Ui Tat i
WS T RR T BRI 5 30T 3R 1K 99 BEDNAR BE 7, 10 s ik SReid i Xt X 6 41 g GRP A4 BEL 401
X BT gRNAGL B DNA F BT DIBR LA S PCRE )[R DNAJF 31 8o T 12+ .

[0184] % T FLATHI MBI LB T PMA A2/ BR TSALE 342D 1 O ZH fu P 1i7 7 2 DNAE & 5 A b 1)
BE 7 5 X PMAFITS ASK #85 AR 1 S 4% 1) T4 B ASE 28 v Caas O PR 807G ) 52 M) AT DAy o I 8 AR B
WL, PA B R ZH A T 20 PMA I TSA XS B 2D 1041 i , 38 0 1 Cas 9K IA () 7K °F o AT SE 86, 3t
1T FTRLILTR DNARIPCRZM AT, IXPCRAM T 27k 1 3 BEDNA DI 7K ~F- 1 B 2. 184 i (1 8B) , 1%
#:205bp DNA B B I H B ATUE B (LI 11, S8R9 Z14) o Ji sk A5 FH 2 11 o B0 3282 00 5 241 e Y
GEP (1) 7K P 11 6 2 975 25 (040 B0y » B30I 3T 5% 6 S0 A5 6o o 1R 35 8 B G T R € % e 4 B ik AT
€18 (KI80) , \on 1 Il FE S R R IA /K P (W A T 6 o DRT U, 38 ot o 7 B 25 4 P O 0
P R Tat B, B 320 i 72 A2 Cas O PMAFI TS AN 5t /N B JS 3 F (-88/+60) 33 , IT EXT T
FrH gRNA AFIgRNA BIFI4H G A 1A 78 R 1 o 3 6 R AL 1) Rk L B T 52 o

[0185] it

[0186]  E19854FE4 K ILLAK , B FHIV-11Tat 8 ([ 76 55 3k R 4 DL 3L s /K P08 b e H
SXof oA B R 20 ) B0 T o TR R e A e i R A E AR RS G HLEE L Tat HAL T
B AR IAAT SR HEIRNATE 51 (R IR +1 Z5+59) B BT 18 () s 3w |37 [X I B TARFH K Bk . Tat 55
TAR SRR — R A0 5 T FAF AN, FEET 3 S i AL 5 %R D) % ke 4k
R EVN BTG X — R EWEE— R EA S ZE SV A R LEL LB 1)
RE S AR 1, LS pTEF FIRNASR A B LT, (R LL AR ERNAT) 5% A B Ak, Tat 5 2 Fis 5%
DAL 10 R B A R AT s i L e 53 AR 4 2 R 1190 3 53 5 Hovb, 12237 SR DR FENF -« B . p300/
CBPAIGCNS , HLET A PRI~ 350412 Bl WL T-HIV-1FH P4 ATDS £ 35 44 N 1 2 o3 1 o — HLR H BB
(97 58 JE B B e s S B TR RE B S FNTat P2 AR I WD SR G 30 , DI fis A7 F2 P 5 AR e o 2 R gk
ITHE =R, T Ta t 75 ik A2 A 4 7 B 2 A . Tat 7EHTV- 18 I AIATDS & AL EE A ik —
To BB SR T R R a0k DA S 5 T I R () T A AR 1) i A T ) AR, s
b BT EER AN HIF], — 5 B T Tat-TARAH HAE FHIIGE 77, T H & B A 1k Tat 5 H 40
FOtEAK AR BT RE /T, 2 BoR T 2 MR EE I S2 ma HIV-158 1 1) 2% se

[0187] AT Fi H A5 F A SR /2 SR F Tat i VIR s 2 25k DR 4L 19 715 B9 K AT b R B LA AR
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PR B AR PRIV =119 40 B P FRTHT V-1 28 PR s A AR i i B, v 17— FHIV-11 i
Tatfil & 1) EH AR, 1% 848 045 {8 FICRISPR/Cas 945 A 4 459 75 24 K 24 (FER 9 1) AR
PEX — @12, TatFE ML N I 774 B 7 RN RG22 K 25" -LTRIFZI B & J33h 14, ik
I AR [F) LA B 8R1% B GC L TATAEL FITAR (80 & +66) [X I8k ity 5 45 1) 5 /N B 3 1 7% 41 T
IN5HCas 9 6 I5 o £ B IR J: [R5 B, Cas 9 72 A5 A e 55 g RNAF 6 A 7T 7K AP M R B 4 i
PWIHIV-1, Hrp , ZgRNAB T N L (-804 +66) 45 &k 4= K FE i 8 8 8 7 P ) InDe 1 847
ILTR DNAJFZ AR o B T B AU B AR K BELTR /7 Z1I417bp  DNAF B2 4h, LTR DNA
(1) 57 Y L4 B 458 R o AR AE T 0k Tat (9 40 N AR B S22 7bp R DNA A B . 3l ik
BRI 5 -LTR 5l it Cas9/gRNA AZLM#5’ -LTREL3 -LTRJG M £ B4 13 -LTRE: & , £ B i%
227bp DNA Bt BT g2, SR [ i Cas9/gRNAZMIR J5 15 ~LTRIF AR BEDNA FF X 55k 437 -
LTRAIDNA B Bz , g 1371 B T2 R 38 A1/ MAFR (227bp) 97386 7~ ISR o {55 FH DA
LTRAN_FGagd& Al N — X 3N ¥EAR Y 22 T.gRNA (gRNA A) , H A gRNA ALjgRNA GagZ [A][)
DNA Fr B R o 1 T 441

[0188] W43, HH T CRISPR/ Cas 92k [l 4 48 A B& 7 LA 1y R B R iy 2850 28 G 5 21 DRI 26 7 1D
(R FLRE /7 S STt ) ] B R R V5 1 5 2 0 O 2 AR AE IR A T R 32 BT AR,
T 07 TH 75 BB V) E A, B B LA S PR ELAA R0 gRNA L 3t G it B 255 N A2 B L) o Jd st
A 5 R 2L 149 6 % 55 00 7 R0 2 A JEL I, E S AR ST R F I Sk o] FH T e R AL S HLkt
o BB G i o 28 IR B K CasOf 32 $53RIE , DLIRE G0 ] RE JE45 S 1 b i i 1 32 3 IR 21 K31
S A0S/ B T G P L ) B ) A A BT AR A SRS B K R T Cas AU AEHTV-1Ta t /77
NG AR FIE , ARGt — R TZEHIV-1 2 FH & 3 80E Ase 2R TR 5 1% 05 22 10
B R G 1 B BUR AR

[0189]  ASCrh 5| F A — 5] LRI H 1 A TR AN 258 1 5] A P EE R I N A
N AZAIR AR N RO 5 T AR, AR AR I 3 B 1 S B 3R AS BT R A &5 SR AN A
%S B T [ A6 1 5 SR AN S RS AN R W 2 228 LA St A51) 1 4 5 14 (AR B i, 1 s
AN AR BETH 2 B 1 L e L i i 49 AR 388 B T A 17 125 AN A B S BB H T A 114 S
T o {651 e 24 P B SO 22 3K A5 i 88 Dy 0, i e 50 L A SIC Tt 491 2 S5 R B
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FHRENEEU8T MG WCE 50 u g/l

250kDa oo
130kDa e FLA o
S

2
55 k ”‘ﬂ-—-—“-"_'—' a'ﬁi%%ﬁ
2o 55 kDa

. s— - Tat 86
14 kDa

pLTR(-454/+66)-Cas9 250ng, pCMV 1000ng
pLTR(-454/+66}-Cas9 50ng, pCMV 1200ng
pLTR(-454/+66}-Cas9 10ng, pCMV 1240ng
plTR(-454/+66)-Cas9 250ng, pCMV 750ng, pCMV-Tat86 250ng
pLTR(-454/+66)-Cas9 50ng, pCMV 950 ng, pCMV-Tat86 250ng
pLTR(-454/+66)-Cas9 10ng, pCMV 990ng, pCMV-Tat86 250ng

: 8
2
3
4.
D
6.

K 3A
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HH REP# U887 MG WCE 30 p g/fl

1 2 3 4 5 6 7 8 9 10 11 12

250kDa D *
i wverin pancne PN T N i — FLAG-CasS

130kDaswss 160 kDa

y o - EEH

' 55 kDa

1 2 3 45 6 7 8 9 10 11 12

3 -
R g
—— pa——

W S W W—— — - --—~
— e —— — ~ — e

Il

o

se 1001

15 kDa P e - * Tat 86

11 kDa=x : - 14 kDa

pLTR(-120/+66)-Cas9 Sng, pCMV 1245ng

pLTR(-120/+66)-Cas9 5ng, pCMV 1245ng, +rTat protein 2.5 ug/ml
pLTR(-120/+66})-Cas9 5ng, pCMV 995ng, pCMV-Tat86 250ng
pLTR(-120/+66)-Cas9 50ng, pCMV 1200ng,

pLTR(-120/+66)-Cas9 50ng, pCMV 1200ng, +rTat protein 2.5 ug/ml
pLTR(-120/+66)-Cas9 50ng, pCMV 950ng, pCMV-Tat86 250ng
pLTR(-80/+66)-Cas9 Sng, pCMV 1245ng

pLTR(-80/+66)-CasS 5ng, pCMV 1245ng, +rTat protein 2.5 ug/ml
pLTR(-80/+66)-Cas9 5ng, pCMV 995ng, pCMV-Tat86 250ng

10 pLTR(-80/+66}-Cas9 50ng, pCMV 1200ng,

11. pLTR(-80/+66)-Cas9 50ng, pCMV 1200ng, +rTat protein 2.5 ug/mli
12. pLTR{-80/+66)-Cas9 50ng, pCMV 950ng, pCMV-Tat86 250ng
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T - - (160 kDa)
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Pw*u---— (51;’%['(%?;5
— — — ] GFP
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—— e — (14 kDa)

1 2 3 4 5 6 7 8

0.5;

0.4-

0.31

IER (AU)

0.2;

0.11

6 7 8
| |

%t B8 LV-gRNA A/B

<78

46



11/20 71

&

S

i

el-

(Brl 1) 3ol
(B0 W_HW.@H«

_oe.!dum~

(Brl g) 3e1 4+ (Bl z) 3oL+

(BoH-GE) u_n%@u_w

e e 519 .:.‘:

O»or xd'_

s U %2
i % A

% % ww »i%

1 Ww _ ¥ 7, M 3 Ww W.ri: M

5 m t 3 I B (-

- _ geor [ I eE ™ £ T

& _ %9 . 2 %6E 2 :

g/v YNB-A1

B P

'I\

K7C

47

CN 107949424 A

KA
KABY
KD

{Bo-N¥O) YL T k7

5 5 B

" i 3 -4 i el =
S¥'0% x i | 1oF o
%6°0¢ & 2 | %60| 2

URE
junmg
=
H



CN 107949424 A W OB BB 12/20 71
POPiE] LV-gRNA A/B
[ Iu -u
CasS-FLAG
— ——— Wy
w—— m‘w (160 kDa)
st Aty
— -TEEA
— — Y W ey = w | (55 kDa)
GFP
o W - - |27 kDa)
1 2 3 4 5 6 7 8
g - P T PM - P T PO
E8A
- 0.8,
_ 0.8
5
<
& o4
=
0.2
0 1 2 T 3 T
ﬂ;ﬂ | —_ P T
it BE LV-gRNA A/B

48



13/20 71

B M

i

'I\

CN 107949424 A

Ld+
(BoH@Eu JC 26

.8r mdo. 08_. @8— o

o kv (14|
| i

| e
m 04
@

m, m.mqn

\ _rﬁ_ i
M, \ L0°VF
! %0'LT |

(6o TH-NY 9 %%ﬁ'@ﬁ

10Ny ) (26 T %z

1204

(Bowa I @
mocn \d

v,

(6oH-NY D) 2D ¥z

,moi.amm.u\_nvﬂ

vh b o c..o_.

(o 1-nu ol YL ¥z

(60 :@%%.&H«
0L B0 2L

PINCPREE S PRI Pt

(bom-Nu9) Y26 H ¥

L

HEI¥
soréavu_n%@uw

£l ™l

PP

!

2507 |
%870 | .

S,
ibou-Nyol JE2E T ¥
a/v YNY6-A1

;
“
_
_
|
|
|
|
!
|

HiE

e

Z,cJ m.._

\ " 2001

m
e\oa v

(Bow: @_u_@m@@

_.. v (PG

i moi

>
i
3

ce0F|"

(6oH-ny 9l 0Tk

'a‘
=

m E«

Kl8C

49



14/20 7T

1z I

i\

St

CN 107949424 A

(bes yNyb6 E‘W—/

| e 2

&

2 B

g YNuB

Vv VNNB

® ﬁm
\ W@E.
[ |

Q.O

oL GEHWHT

K9

50



15/20 71

BH B B

.I

CN 107949424 A

D9YIOVYIYLYIVLIDILYOYILIDI9OYOIDILOYIDNDLOYDDDD999LID99LDLOIDYODOYIILLLIYOIODLIDDILILOVYODOVYIVIIOLLIIOO
Y92 LYIYOLIDLOYOYYYIYLIOYIOYOLOYOOIYILYOYOIYO9DYII999YIIEIYIOVIOVVOYIONLIEOLODDLLOYLIDOVYIVIRWIOVIIVLOLYOOLOLOLYO

(01 :ON Q1 D3S) das0z :64-/g bt ML [l B [ . MDJ

OOVDOYYLYLYOVLO
9ILYOYIILIDIOYDIDOLIOYOO9DLIOYIDDIDDDLIINDLOLIOYDIOYIDLILIOYOOIILI9IILLILOVOOIYYIVLILLIODYOILYOYILIOLOVOVYYYOVLOYL
ﬁw<o---H¢UOBOO<w<DUUUOO.H¢U¢U&OUBHB<UG¢BUUQUUU<U<OH.BBO«.@OO,H.O_H.Om.h.wdhO<¢O¢w00<OOUUU<OO¢w
094UOOBiUQ@UUOiOHiPUUU<U<HHOHHUO<U¢40<<O¢U<OUmdwh<iuUO@<O¢<W<HO4<UO<U¢004<OHHG<UU<BU<HHUiﬂUhHUOB&OHi--HHU4

(6 :ON a1 ©3s) daoeL “w\mi@mmwﬁwww

OVYOLIOYIIILYILYOYIIVYODOVIDDDOWIIEIVIVLOVYYOVIO N LILYDLIDILLOVYLIDOYYIVIYIOVIODOVLIOLYODLOLILYED
(8 :ON QI ©3S) g ¥11+V H11 VYNub/gseods+

JOYIOYYLIYIYIOYLIOOLYOYILIDD9VOI9DLOYIDDDLIYINDINODLII9DLOLOOVYOIOVID LLLIOVIOCO
HUOUUHBHU&@OOﬁ@UéHUH&BUO<OUB<U<OHUOHU@OﬁﬁmuihUﬂHwiOMﬂ.&iowho04040000008<U<UBOUHH9¢UU¢HUUHUUW¢U<U&Hdeéwwhwh
OYLLYLOYYOYOOOVYOIIDOYOOYOILYOIDLYIOYIDOYILYLIIIDYIVLLILLOOVYIV YOIV VOVOVOOVYOLYYIIOOVOVYOVLOWVYOOVOWIIOVYOLLOVIIY
HQ<HHO¢<UBHUOB®Ohmﬂ“ﬂheouﬁwhU@UUHmH¢0m09¢0w0<UUUuO<UU<Umuth<<w<UUﬂBBdOBUUUBHU@HUO@iﬁUdUiUiUU@BUE<OGBOBUB¢U

(2:ON a1 03s) dageg :61-/eby- ¥1T XX T AL YDd

OLOLOYIOYYYOLOOLOWILLOIOLIOOYYYIY
¥OLIOD9YYLLIDLOYIIIVYODOYLIOVY.LIO99.LOLIOLIOYOODLIIOVDLILYOYIOVIOY LIOOLILILDLODILOY LI LIOOLILLILOOLOOYOOYYIVLYOVILIIO

[T+]3xe3s uotazdraosuexy
LUYOYOIDI209Y9D99LOVIO99LIVO99ID99LII991L9L99VIOOYIDLLILIOYIOIDLIDIDDLLLOVID

(€9€l) [6T~/T0~] ¥
OYYOVYIDLLLOOVYDDLYIVOLIODLIOVOVY YOIV LDV LOVOBRR L YOO LIOOYOWODD099LYIVILOOLLIY
[vZT-/€PT-] € ¥LT W4
09YLIO2I029YDYOLILOVYDDLILIVILYLOYEOTYOOIYIDDDIEIOTODLEDDDLYEIDYIDIYILYLIOIWIYLIOLLIOVOY YOV YOYOYDOYYOLYYID
ww<w<¢wmﬁwm¢uwmw¢UU<¢wHHUiUUiHO&HHUiiUHHUOHOwkmﬂ“ﬂhBUUdOHUiUUH&B@OGUH&OOOiUUOwOiUU<U¢U¢HU¢¢D<UOOhB<wHUUUHHU
Wyd[82e~/LVE~] ¥ ¥LT
YID99YYIYIYIVIDYLIOLEOOLOLOIYDLLODLYOVIYYIVYOYYYYY YOOI LODLL LYY LOO9OYYOIL
(19€X) [T6€-/€TV-] 4

(9 :ON Q1 ©3S) 1ANZL

K10

51



16/20 71

B M

i

'I\

CN 107949424 A

dagoz | -
dq gee | 4

B

- 00}

- 00t
- 00F
— 00§
059
—008
~=000}

VS1/VIANd

VSl

VWNd

VSL/YINd

vS1

VA d

P ——

YNYB +

YNNB -

el

K11

52



17/20 71

B M

i

.I

CN 107949424 A

2[00 NS ROR)
¥OVY9ODID99LYIOVILODLLLYODYLIDLIOIOVIVIOLLIOVYIOILOLOVLIYLOVYOVOIOYIDDIIVOOVODLYIDDLYIIOVIDIVOLY
LODDOVYIVLLOLLODYIVYIVYOVOVIOVYILYYIIDOVOVYOVLOVYIIVOVIOVYILIIVIIVIOVLIOVYOLIOOIOO LV IO T

(v1 :ON QI ©3S) daoel X Y (Hig 77

OV¥DLOVODIYLYOVILYODOVODODIVIDVIOVIOVILOVYOVIOIOLL

(€L :ON Q1 ©3S) g ¥11+V ¥11 YNYbB/gseads+

DIDLOLIOLIDOEOIDLIODOVYOLIIYIOVIDVYOVLLODILDLOLILODD LIV ILOLIDOLLILLODLD
OVYOOVYLYLYDVLIDLYIVILIODIVYIIODLOVIODIDLIVIODDDIDLIDIDLOLODYIIDVIILLIIVIOIOOLIDIDLLLIVYIODVYYD
YLOLILILOOYODIVIVOLOOLOVOVYVOV.LOYIOVOPEI VIO LOOVOVIDID9DIYIVILOILLLYIOYLIDLOIOYIVOLLIOVYOOL
DLOYLLYLOYYDVOIIIYIDIDIVOOVIILYODILYIOVIDOVILYLIDIVIVLIOLLIOYIOVYYIVYVYOVYOVOOVYYOLYYDIDOVIOVYYOVYL
0440w<w¢00<40BHO@UOdmeHHO<<UBBUOBGOB<WEEBHUU@OBU<UoH<H<w<0Bdwwwmuwawﬁoumumoﬁbummmmowwﬁh

(z1 :ON Q1 ©38) dagLy :ev+/SLe- ¥1T F 3 E [ MDd

OLOLOVLOVYVYIOLOOLOVOLLODOLLOOVYYYLYYDLODOYYLLODLIOYDDD

YVOOOVYLOVYY.LODDLDIILIDYOODLIDDVIIILYOVIIVOVILOOLIOLILILODDLIOVIOLIDOLLLLLOOLIOOWYIOVYY LY IYOYLOD
[Ep+/6T+]) ¥ [T+]3xe3s uoridraosuexy

I¥9YIII229YDI99LOVIDDILIOVINDINDDLIDDDILOLIOYINOYIILLLIYOODODLINIILLLIYOD
o<<u<euea&uo«ouEumoeowHumwguguﬁw¢oﬂe<uoauomo<ououooe«umoeoueaem
[P21-/€PT-]1 € ¥LT W¥d
D9OYILIDLIDOYIVILILOYYIDLILOVYIIY IO
YYOVY99OYIDIIDYIIVIOLYODDLYIOYIIDVD LY. LIIIYIYILOLLIODVIYYIVYOYIVYIOVYDILYYIDOIYOVYOV IOVYIOVOVD
uﬁw,ﬁaomougogam«aoEuweooagaeuomweomuU,E,Ew«u,Ewowmuuouw«uo«o«ugoﬁo«uwweamoeuoueeu
Wid[82€-/LFPE~] ¥ ¥IT [z6€-/G6LE-]) 3
Y LO99YVYIVYIYIVYIIVIILVIODLOLILYOLLIILYOVOVYYIVOYYYYYYIIDIOOLLIYYIDODOVYOIL

(L1 :ON a1 ©3s) 01LQz I&NINP

K12

53



18/20 71

1z I

.I

CN 107949424 A

(61 :ON QI D3S) 6SeoeS WYa [LZ9+/L09+] a Ben LIDOPEEDSNVOOYIOVOYYYYIOLYOVIVOOVYY
(81 :ON QI ©3S) 6seodg Wva[Lz9+/L09+] a Ben ILI1DDOVVEEEYOIYIVOVYYYIOLYOYIVOOVYY

(L1 :ON Q1 D3S) 6seges WYal6zZe-/6PE~] T UIT DOLOOEMEILOOYO LOVYIIIVLYOVILYODOY
(91 :ON Q1 ©3S) 6sends Wvalgze-/Lbe-]1 ¥ VLT DOLOOIVEEE LIOOYOLOVIILYLYOYOIVIDOY

:6eo pue ¥171.6 L-AlH Ul s}abie) gsenes snsiaA gsends
9910ILOLIDYINDLIIOVILOLYIVIOVIVIILOOLOLIIOIIDDLOVIOL

009 LLLLLIDLIDVYIOVY LY LYIVILIDLYOYILIDIDYIDIDDLOVIDDILIVIDDIDDDLIIDDLOLIDVIIIYIILLLOVODDDLIDD
OLLLOVO9DVYIVIOLLLIOYIILYIVOLIDLIVIVYYYOVIOVLOYOLOVIIILVIVOVILYOOOVDIDDOVIIVIVIVLOYYOVIOOLL

{51 “ON Q1 ©38) dq82zz :ev~/52€- ML [H B [ . Dd

K12 (Fz4R)

54



19/20 71

B M

i

.I

CN 107949424 A

OVYOVOVYYYYLIOLYYYIOLYDOOVIOVYILYIOVYODDD9DLOVIVIVYYYLODLYIOVILYVYVY LLLYOVYYIOYD
(855L) [0T6+/888+] ¥
010)6) 1818191 1213} 4-43)
YOLYIIYOOVDLLLIOLYIDDY LYY IOVYOVIDDOYDLLLOOOVYOVOYTOVLOVIOVYYYILOODOLYIOLYYY LLLOYYOVYLOOVYOLVYL
YOD99VYILVYIVYLODLYYYDDDDDOYIILIDVYOVIOLOVIYLIDIVYLLYYYYODOVILOOVIIOVIYYIVYYOOVYIVIOVYDLIODOVIOOVIOOY
<Uw«U<UOO<¢4<<O<490<¢<<U<<<<UOmm<4ow<w<&¢o<<&<omhhUUwmmﬂﬂﬂmoU<U<O<4<4&0&¢U¢B<oo<<<UB<UDBU
Wvd [Lz9+/L09+] a Beo
LOLLYLOLOOLOY
DOVLVYYIVILYYIVIVLIVOLYOVLLOYYOVYYOVYILYOOVIVOVYILLIODDLYOOVYYIVYLIOYIVOODLOVIYYYOVYOYILOLIOOVYOVOL
YOVOVOYLLLIOOODLIDLYYLLOVYIOODLILYOIVYOVLOOVIODIEDIOVYDIDOD IV IOV IVIYOVYYVILOVVYY LY ILYYOVYYOYYYOODD
DYDI9OIOYYLILODDILILVYYYVYIOID LYYV ILYOVLLYYOVIODIODIOVY LIV IOODIOIDVIVOIIDLODDLYIVOVOVIIVYIVIIOOVYID
[9gg+]1xR1S 2Uab Hespd
DOYLIOVOLLLIVYVYVYYDDODVYIOVOLODLITYODDDIDDDOYDIDOVIOVYIDDIVIDIODDOVYOLIOLLIDDILIOTYOIVIOIOVD
JLOLOLYOVYOOVOVIOOYYVILOVYVYOIIYYYOLLIOYDOOVIVYYDDDIDIDIDLOVIOVYLILIILVYYYYOOILOLOYILOVLLLLODIOVOVYOL
DDDLVOVYOVYILOVYVIODIDLOVYILOLOLLOLILODIIDIOLOLOVILOVYYDLIDIOVOLIOOOLIODOVYYVILYYILIDOVVY LLODLIVIDD

YVYOODOYLOVYYIOODLIOLOLIDTYDDDLODDYOILILYOVIIOYOVILIOOLILILOLODOILOVILOLIDOLLLLLODLOOYIOVY LY IVYIOV.LID
[€p+/6T+) ¥ [T+]3xe3s uorjdraosuexrd

LYOVYILIDDDVYDIODLOVODDDLIOVIODODIDDDLIIIDLOILOOYINIYIILLIIYOOODLIODDDLLLIOYOD
(e9€l) [61-/1p-) ¥
OVYYOVLDLLLIOVODLYOVOLODLOVOVY YOV LOVIOVOBEE I YOO LOOYIVIIDIDDILYIYILODLLLY

[pZT-/€PT-] € ¥IT WVd
DOYLIDLIDOYOYDLLLOVYOOLOLOVLLY LD
YYDYOOIDYIODDIVOOVIDLYOIDLYIOVIDOVI LY LIODIVIVLLOLLIDOVYIYYIYYOVIVIOVYDILYYIIOIDVYOVYOVIIOVYIOVOVD
U¢40B90400490<BBO<40BHUGHOOH@MW&BBUUmwhumuUBﬁBiwdoB@OOO<UUwa40040<04H0<40406@BH<OHUUUBHU

Wed[8Ze-/LbE-] ¥ ¥I1T (zse-/sLe-] 4
YII99OYYIVYIYIVIIVILOIYDOLOLDIVOLLIDILYIVYOVYIVOVYY VYOI IO LLIYYIODOOYYOOL
(19€L) [T6€~-/E€TH-] 4 (1€9-/pSp-) 4

:20uanbag

(0T ‘ON I OHS) 4L M (DON AV 65eDdS

K12 (Fz4R)

55



20/20 Hi

BH B B

.I

CN 107949424 A

DY¥OVOYYYVYILLOILYVYYIO LYDIOVIOVYIIVIVDNNNND LOYIYIVYYLODILYIIV IV Y LILYOVYOYD
(867L) [016+/888+) ¥ xdwrad ¥d4

elele) lela) 13} A"

YOLYIIYIOVILLLIOIYIIIVIVYIOVYOYIIIOYILLLIOOOVYOVYOVYOVLOVIOVYYYIOOOILYIOILVYYLLLOVYOVLOOYILIYL

¥O099Y¥ILYIYIOOILYYTID999YIILIIYYOVIDILOVIVIODIVILIYYYYIDOYILOOYIIOYIVYIVYYOOVIVIVOLIOYIOVIDY

¥OOYIYIDOYYYY YOV LOVYYYOYYYYIOYOVYOOVOVIYOVYLYOVILIOE B v OOV OOV VYV IOLYOY LYOOVYYILYID LI
wea [LZ9+/L09+] a beo

IOLLYLIOLOOLOY

DOV IVYIVIVVYIVIVYIIYDIVOVLIOVYOVYOVILILYDOYIYIVILIIDDILYIDYYIYLIOYIYOOD LOVIVYYIVOYIOLIDOVYOVIL

YOVOVOVLILLID99LIIIYY LLOVIDILLYOIVYOVLOOVIOIVYIOVYINOO LY IOV LY LYIOVYY Y LOVYYIYIYYOVYYOUYYODDD

OYDID99YYLLIOODLLYYYVYYYIOD LYYV LYOVLLYYOVYIDOIODOVYYLLYLODDLIDDVYIVYODDLODDLEDVIVOVOIIVYOVILIODOYOD
(9€€+)3a03S suab Hesd

DOV IIOYILLLLYYYYYIDOIYIOVOLIDILIVDIDDDDDDDYIIDOVIOVYIIDIVIOIDIDVYYDLIOLLIDOILIOVIDVIOOIYD
UBUBUB¢0400<O<Ome<480<<£wmedmwahU<wwU<U<<wUUU@UOQHG@UOdBUBUE<4¢<OUB@BO¢UBO<BBBBUOU<¢<UB
UUUB<O£O<EU<¢BUOBOHU<OBOBOBHOBUEQUUUQHwHOBO<BO¢M¢UBUOBO<OBBUUOBBU@@<¢B<4UBouwmmkhuwhomoUU
YYO29OVLOVYLOOOLILIOLIOTYODOLIIOVIOLILYIOVIOVIOVLLODLOLD LOLODDLOVIOLIDOLLLLLOOLOOYIOVY LY LYOVLOO

[T+])3xe3s uotidraosuex]]
L¥OYILIDIOYOINDLOYINDOLIVOD9I99DLIIDDLOLIDYODIYIILLLIYO99DLIDIDLILIVIOIVY IV LOLLLIOY
90LYIYILIDIIVOVYYIVIIOVIOYIDIDILTIDLIDYOYDIIIODIYIYILOILLIYIOYLIDLIDOVYOYOLLLOYYOD LOLOVIIVLO
¥¥OYIOOYHDDDIYIDOYIDIYIODIYIOYIIOYD LY LIDIYIVILOLLIDOYIYYIVYOVOYIOVYDLYYIIDIYIYYOVLOVYIDYIVO
OVYOILIOVYIIVIOVILOVYILLOOLOO HER L OO YO LO¥DD LY I¥OYI LYO9OYIID9OYIIYIYIYLOVYOYINDLIYOLIIDLLD
wed [6z€-/67€-]1 T ¥LT

YILD99YYIVYIVYIVIIVIILYDOILOILILYDLLIDLYOVOVYIVOYYYYYYIOODLODLLIYYLIDDOVYVYIOL
(T9€L) [T6€~-/€TH-] 4 F2wTad ¥DJ

:@ouanbag

(12 :ON dI OFS) 44 i (N LYIONN AV 658DdS

K12 (Fz4R)

56



	Biblio page:1
	Description page:2
	Claims page:60
	Drawings page:70
	Biblio page:1
	ISR page:2
	2.pdf
	2016800291288.pdf
	扉页
	权利要求书
	说明书
	附图



