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TRANSPOSON SYSTEM, KIT COMPRISING THE SAME, AND USES THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. FIELD OF THE INVENTION
[0002] The present disclosure in general relates to systems, kits, and methods of
engineering cells to carry genes of interest; and uses of the engineered cells as

therapeutic agents to treat subjects in need thereof.

[0003] 2. DESCRIPTION OF RELATED ART

[0004] The PiggyBac (PB) transposon is a mobile genetic element that efficiently
transposes between vectors and chromosomes via a "cut and paste” mechanism.
During transposition, the PB transposase recognizes transposon-specific inverted
terminal repeat sequences (ITRs) located on both ends of the transposon vector and
moves the contents from the original sites and efficiently integrates them into TTAA
chromosomal sites. The powerful activity of the PB transposon system enables genes
of interest between the two ITRs in the PB vector to be easily mobilized into target
genomes.

[0005] The unigque features of PB transposons include: (1) there is no cargo limit; it
has been reported that the PB transposon can mobilize up to 100 kilobase-DNA
fragment into the target cells; (2) the transposition process is reversible; genomes
containing an inserted PB vector can be transiently transfected with a vector only
expressing PB transposase so as to remove the transposons from the genome; and (3)
the uses of the PB transposon are not limited to specific species; the TTAA-specific PB
transposon is a highly useful transposon for genetic engineering of a wide variety of
species, for example, insect cells and mammalian cells. Further, compared with the
viral vectors, the PB transposon has low immunogenicity.

[0006] Immune system plays a critical role in human health. The deficiency or
malfunction of immune system decreases the body’s ability to eliminate abnormal body
cells and invaded pathogens, causing vulnerability to tumors and infections. On the
other hand, when the immune system is overly active, then the body attacks and
damages its own tissues, and accordingly leading to the development of autoimmune
disease and inflammation. Thus, regulating the expression, function or interaction of
immune cells, e.g., introducing an exogenous gene (i) to up-regulate or down-regulate

gene expression of the immune cells or (ii) to boost or suppress the function of immune
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cells, may provide a potential means to prevent and/or treat the immune-related
diseases. However, immune cells are difficult to constantly express an exogenous
gene, which limits their use in cell therapy.

[0007] Accordingly, there exists in the related art a need for an improved expression
system and methods that enable an exogenous DNA sequence, e.g., a gene, to be
efficiently and constantly expressed in immune cells, which may be subsequently used

for cell therapy to prevent or treat immune-related diseases and/or disorders.
SUMMARY

[0008] The following presents a simplified summary of the disclosure in order to
provide a basic understanding to the reader. This summary is not an extensive
overview of the disclosure and it does not identify key/critical elements of the present
invention or delineate the scope of the present invention. Its sole purpose is to present
some concepts disclosed herein in a simplified form as a prelude to the more detailed
description that is presented later.

[0009] Disclosed is an in vitro method for integrating an exogenous DNA sequence
into the genome of a cell. The method is carried out by (i) obtaining a transposon
system that includes (a) a first vector that contains a first inverted repeat having a nucleic
acid sequence consisting of SEQ ID NO: 1, the exogenous DNA sequence downstream
of the first inverted repeat, and a second inverted repeat downstream of the exogenous
DNA sequence, the second inverted repeat having a nucleic acid sequence consisting of
SEQ ID NO: 2, and (b) a second vector that contains a promoter operably linked to a
nucleic acid encoding a transposase having the amino acid sequence of SEQ ID NO: 4;
and (ii) introducing the first vector and the second vector into the cell. The exogenous
DNA sequence is integrated into the genome of the cell by virtue of the transposase,
which is expressed in the cell and catalyzes excision of the exogenous DNA sequence
from the first vector and integration of the excised exogenous nucleic acid into the
genome of the cell.

[0010] Also disclosed is a kit for integrating an exogenous DNA sequence into the
genome of a cell. The kit contains (i) a container; (ii) a transposon system that includes
(a) a first vector containing a first inverted repeat having a nucleic acid sequence
consisting of SEQ ID NO: 1, a second inverted repeat having a nucleic acid sequence
consisting of SEQ ID NO: 2 downstream of the first inverted repeat, and a cloning site

between the first inverted repeat and the second inverted repeat for introducing the
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exogenous DNA sequence, and (b) a second vector that contains a promoter operably
linked to a nucleic acid encoding a transposase having the amino acid sequence of SEQ
ID NO: 4; and (iii) an instruction associated with the container and indicating how to use
the transposon system. The transposase catalyzes excision of the exogenous DNA
sequence from the first vector and integration of the excised exogenous DNA sequence
into the genome of the cell.

[0011] Furthermore, a method for treating a subject having or suspected of having an
immune-related disease is within the scope of the invention. The method includes
integrating an exogenous DNA sequence into the genome of an immune cell using the in
vitro method described above, preferably with the kit also described above, to yield an
engineered immune cell, and administering an effective amount of the engineered
immune cell to the subject to ameliorate or alleviate symptoms of the immune-related
disease.

[0012] Many of the attendant features and advantages of the present disclosure will
become better understood with reference to the following detailed description considered

in connection with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1Ais a histogram depicting the number of hygromycin-resistant colonies
of HEK293 cells co-transfected with the indicated helper plasmid and DNA donor
(circular form) produced by the enzyme digestion/ligation method;

[0014] FIG. 1B is a histogram depicting the number of hygromycin-resistant colonies
of HEK293 cells co-transfected with the indicated helper plasmid and DNA donor (linear
form) produced by the enzyme digestion/ligation method;

[0015] FIG. 1C is a histogram depicting the number of hygromycin-resistant colonies
of HEK293 cells co-transfected with the indicated helper plasmid and DNA donor
produced by a commercially available kit according to Example 1 below;

[0016] FIG. 2A is a histogram depicting the number of hygromycin-resistant colonies
of Jurkat T cells co-transfected with the indicated helper plasmid and DNA donor
produced by the enzyme digestion/ligation method;

[0017] FIG. 2B is a histogram depicting the number of hygromycin-resistant colonies
of Jurkat T cells co-transfected with the indicated helper plasmid and DNA donor
produced by a commercially available kit according to Example 2 below; and

[0018] FIG. 3 is a histogram depicting the transposition efficacy of the indicated DNA
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donor and helper plasmid co-transfected into primary human T cells according to

Example 3 below.

DETAILED DESCRIPTION

[0019] The detailed description provided below in connection with the appended
drawings is intended as a description of the present examples and is not intended to
represent the only forms in which the present example may be constructed or utilized.
The description sets forth the functions of the example and the sequence of steps for
constructing and operating the example. However, the same or equivalent functions

and sequences may be accomplished by different examples.

[0020] 1. Definitions

[0021] For convenience, certain terms employed in the specification, examples and
appended claims are collected here. Unless otherwise defined herein, scientific and
technical terminologies employed in the present disclosure shall have the meanings that
are commonly understood and used by one of ordinary skill in the art. Also, unless
otherwise required by context, it will be understood that singular terms shall include
plural forms of the same and plural terms shall include the singular. Specifically, as
used herein and in the claims, the singular forms “a” and “an” include the plural reference
unless the context clearly indicates otherwise. Also, as used herein and in the claims,
the terms “at least one” and “one or more” have the same meaning and include one, two,
three, or more.

[0022] Notwithstanding that the numerical ranges and parameters setting forth the
broad scope of the invention are approximations, the numerical values set forth in the
specific examples are reported as precisely as possible. Any numerical value, however,
inherently contains certain errors necessarily resulting from the standard deviation found
in the respective testing measurements. Also, as used herein, the term “about”
generally means within 10%, 5%, 1%, or 0.5% of a given value or range. Alternatively,
the term “about” means within an acceptable standard error of the mean when
considered by one of ordinary skill in the art. Other than in the operating/working
examples, or unless otherwise expressly specified, all of the numerical ranges, amounts,
values and percentages such as those for quantities of materials, durations of times,
temperatures, operating conditions, ratios of amounts, and the likes thereof disclosed
herein should be understood as modified in all instances by the term “about”.

Accordingly, unless indicated to the contrary, the numerical parameters set forth in the
4
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present disclosure and attached claims are approximations that can vary as desired. At
the very least, each numerical parameter should at least be construed in light of the
number of reported significant digits and by applying ordinary rounding techniques.
[0023] As used herein, the term “transposon” or “transposable element” refers to a
polynucleotide that is able to change its position within a genome by excising from a
donor polynucleotide, (e.g., a vector), and integrate into a target site, (e.g., a cell's
genomic or extrachromosomal DNA). A transposon is a polynucleotide that includes a
nucleic acid sequence flanked by cis-acting nucleotide sequences; in which at least one
cis-acting nucleotide sequence is positioned 5' to the nucleic acid sequence, and at least
one cis-acting nucleotide sequence is positioned 3' to the nucleic acid sequence.
Cis-acting nucleotide sequences include at least one inverted repeat (IR) at each end of
the transposon, to which a transposase, preferably a member of the mammalian
piggyBac family of transposases, binds. In certain preferred embodiments, the
transposon is a moth micro-piggyBac transposon.

[0024] As used herein, the term “transposase” refers to a polypeptide that catalyzes
the excision of a transposon from a donor polynucleotide, e.g., a minicircle construct,
and the subsequent integration of the transposon into the genomic or extrachromosomal
DNA of a target cell. Preferably, the transposase binds an inverted repeat sequence.
[0025] As used herein, the term “polypeptide” refers to a polymer of amino acids of
any length. Thus, for example, the terms peptide, oligopeptide, protein, antibody, and
enzyme are included within the definition of polypeptide. The term “polypeptide” also
includes post-translational modifications of the polypeptide, for example, glycosylation
(e.qg., the addition of a saccharide), acetylation, phosphorylation and the like.

[0026] The term “vector” as used herein refers to a nucleic acid molecule capable of
transporting another nucleic acid molecule to which it has been linked. Examples of
vectors include but are not limited to bacteria, plasmids, phages, cosmids, episomes,
viruses, and insertable DNA fragments, i.e., fragments capable of being inserted into a
host cell genome by homologous recombination.

[0027] As used herein, the term “plasmid” refers to circular, double-stranded DNA
capable of accepting a foreign DNA fragment and capable of replicating in prokaryotic or
eukaryotic cells.

[0028] The terms "minicircle”, “minicircle DNA” and “minicircle nucleic acid sequence”
are interchangeable, and are used to refer to a nucleic acid sequence typically devoid of

any of plasmid/vector backbone sequences required for replication, such as the
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prokaryotic antibiotic resistance gene and the prokaryotic origin of replication.
Minicircles can be generated in vivo from bacterial plasmids by site-specific
intramolecular recombination between recombinase recognition sites in the plasmid,
yielding a minicircle DNA vector devoid of bacterial plasmid backbone DNA. According
to one embodiment of the present disclosure, the present minicircle is prepared by the
enzyme digestion/ligation method. According to another embodiment of the present
disclosure, the present minicircle is prepared by a commercially available kit, that is,
Minicircle DNA Production kit (System Biosciences, CA, USA).

[0029] As used herein, the term “introduce” refers to the introduction of a
polynucleotide (e.g., the minicircle nucleic acid sequence or the helper vector of the
present transposon system) into a cell or organism. The nucleic acid of the
polynucleotide may be in the form of naked DNA or RNA, associated with various
proteins, or incorporated into a vector. The term “introduce” as used herein is intended
to convey the broadest possible meaning and encompass the introduction, for example
by transfection method (introducing a polynucleotide into eukaryotic cells by physical
and/or chemical treatment), transformation method (introducing a polynucleotide into
prokaryotic cells by physical and/or chemical treatment), viral method/viral transduction
method (introducing a polynucleotide into eukaryotic and/or prokaryotic cells by a virus
or a viral vector), conjugation method (introducing a polynucleotide from one cell to
another cell by direct cell-to-cell contact or by a cytoplasmic bridge between the cells),
and fusion method (fusing two cells, including homotypic cell fusion and heterotypic cell
fusion).

[0030] The term “engineer” as used herein refers to any manipulation of a cell that
results in a detectable change in the cell, wherein the manipulation includes, but is not
limited to, inserting a polynucleotide and/or polypeptide heterologous/homologous to the
cell and mutating a polynucleotide and/or polypeptide native to the cell.

[0031] The term “transposition” as used herein refers to a complex genetic
rearrangement process involving the movement or copying of a polynucleotide
(transposon) from one location and insertion into another, often occurred within a
genome, or between genomes, DNA constructs (such as plasmids, bacmids, and
cosmids) or genome and DNA construct. According to the embodiments of the present
disclosure, the transposition is occurred between the genome and the DNA construct, in
which the polynucleotide (e.g., the expression cassette of the present transposon

system) is transferred from the minicircle nucleic acid sequence of the present
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transposon system to the genome of host cells (e.g., the immune cells).
[0032] The term “transposition efficacy” as used herein refers to the number of host
cells, which contain the introduced polynucleotide, within a population of host cells. In
general, the transposition efficacy can be determined by transfecting a polynucleotide
encoding a reporter gene, for example, (3-gal, into a population of target cells. Thus, the
transfection efficiency can be determined by assaying for the gene product encoded by
the introduced polynucleotide; for example, by measuring the number of cell having
B-gal activity. According to one embodiment of the present disclosure, the introduced
polypeptide is a hygromycin-resistance gene, and accordingly the transposition efficacy
can be determined by measuring the number of cells resistant to hygromycin.
[0033] As used herein, the term “immune cell” refers to cells that play a role in the
immune response. |Immune cells are of hematopoietic origin, and include lymphocytes,
such as B cells and T cells; natural killer cells; myeloid cells, such as monocytes,
macrophages, eosinophils, mast cells, basophils, and granulocytes.
[0034] The term “immune-related disease” as used herein refers to a disease and/or
condition in which the immune system is involved in the pathogenesis of the disease, or
in which appropriate stimulation or inhibition of the immune system can result in
treatment and/or protection from the disease. Exemplary immune-related disease
treatable by the present invention includes, but is not limited to, tumor, infectious disease,
allergy, autoimmune disease, graft-versus-host disease, or inflammatory disease.
[0035] The term “subject” refers to a mammal including the human species that is
treatable with methods of the present invention. The term “subject” is intended to refer

to both the male and female gender unless one gender is specifically indicated.

[0036] 2. Description of the invention

[0037] In general, the present disclosure relates to systems, methods and/or kits for
engineering cells to carry genes of interest (e.g., genes of therapeutic proteins). The
engineered cells are then used as a therapeutic agent to treat a patient, whom is
suffering from a disease and/or disorder treatable by the products of the genes of
interest.

[0038] As mentioned above, an in vitro method for integrating an exogenous DNA
sequence into the genome of a cell is provided. The exogenous DNA sequence can
encode an antibiotic resistance protein, an siRNA, a reporter protein, a cytokine, a
kinase, an antigen, an antigen-specific receptor, a cytokine receptor, or a suicide

polypeptide. For example, the exogenous DNA sequence can encode a receptor
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specific to a tumor-associated antigen. A T-cell engineered via the method is capable
of recognizing and specifically killing the tumor cells expressing the tumor-associated
antigen. In another example, the exogenous DNA sequence encodes a
hygromycin-resistance protein so that a hygromycin-resistance cell line can be
established. Alternatively, the exogenous DNA sequence may not possess any
biological function, and can be used to interrupt the function of another gene by inserting
itself into an essential gene, thereby interrupting its function. For example, the
exogenous DNA sequence can encode an anti-sense RNA for PD-1 or T cell specific
receptor (TCR) gene silencing.

[0039] The method described above is carried out by first obtaining a transposon
system.

[0040] The transposon system includes a first vector that contains a first inverted
repeat having a nucleic acid sequence consisting of SEQ ID NO: 1, an exogenous DNA
sequence downstream of the first inverted repeat, and a second inverted repeat
downstream of the exogenous DNA sequence, the second inverted repeat having a
nucleic acid sequence consisting of SEQ ID NO: 2. The first vector can further include
a non-prokaryotic promoter operably linked to the exogenous DNA sequence. The
non-prokaryotic promoter can be, e.g., the cytomegalovirus promoter, the Rous sarcoma
virus promoter, the simian virus 40 promoter, the mouse mammary tumor virus
promoter, the phosphoglycerate kinase promoter, the chicken beta-actin promoter, the
elongation factor 1-alpha promoter, the human H1 promoter, and the U6 promoter. As
an example, the first vector further includes an enhancer, a silencer, or an insulator.
[0041] In a particular embodiment, the first vector is a minicircle DNA lacking
prokaryotic sequences required for bacterial replication. The minicircle DNA can have a
length of 500-1,500 bp exclusive of the exogenous DNA sequence. For example, the
minicircle DNA can has a length of 700-1,200 bp or 800-1,000 bp exclusive of the
exogenous DNA sequence.

[0042] In general, prokaryotic DNA is regarded as an immune-stimulating antigen,
which would elicit an immune response in a host leading to a decrease in the expression
efficacy of the exogenous DNA carried by the first vector. Accordingly, the lack of
prokaryotic sequences in the minicircle DNA renders the present transposon system
more efficient in terms of introducing and expressing the exogenous DNA in a host cell,
e.g., a eukaryotic cell, as compared with that of other transposon/expression systems

that include prokaryotic DNA sequences. Furthermore, the transposon system
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described above is smaller in size as compared with that of typical
transposon/expression systems, due to the absence of prokaryotic DNA sequences in
the minicircle DNA.

[0043] The transposon system also includes a second vector, i.e., a helper plasmid
that contains a promoter operably linked to a nucleic acid encoding a transposase. The
transposase recognizes and binds to the first inverted repeat and the second inverted
repeat in the first vector. The transposase can be, e.g., ThyPLGMH, mycPBase,
TPLGMH, or HAhyPBase. In a particular embodiment, the transposase has the amino
acid sequence of SEQ ID NO: 4 that is encoded by SEQ ID NO: 3. The helper vector
may be prepared in accordance with methods known in the art, such as that described
by Yaa-dyuhn James Meir et. al. (A versatile, highly efficient, and potentially safer
piggyBac transposon system for mammalian genome manipulations, FASEB, 2013: 27,
4429-4443).

[0044] The promoter in the second vector is selected from the cytomegalovirus
promoter, the Rous sarcoma virus promoter, the simian virus 40 promoter, the mouse
mammary tumor virus promoter, the phosphoglycerate kinase promoter, the chicken
beta-actin promoter, the elongation factor 1-alpha promoter, the human H1 promoter,
and the U6 promoter. |n a particular embodiment, the promoter is the cytomegalovirus
promoter.

[0045] To carry out the method, the first vector and the second vector are introduced
into a cell. This can be accomplished using techniques including, but not limited to,
calcium phosphate co-precipitation, electroporation, nucleofection, cell squeezing
(gently squeezing the cell membrane), sonoporation (inducing pore formation in cell
membrane by high-intensity ultrasound), optical transfection (generating a tiny hole in
cell membrane by highly focused laser), impalefection (inserting into a cell DNA bound to
the surface of a nanofiber), gene gun (“shooting” into the cell nucleus DNA coupled to a
nanoparticle of an inert solid), magnetofection (using magnetic force to deliver DNA into
target cells), viral transduction (using viruses as a carrier to deliver DNA into target cells),
or transfection via a dendrimer, a liposome, or a cationic polymer. In one example, the
transposon system is introduced into a cell via a non-liposomal chemical method, namely,
FUGENE® HD transfection. In another example, the transposon system is introduced
into a cell via nucleofection. In a particular embodiment of the method, the first vector
of the transposon system is linearized, for instance, using a restriction enzyme, prior to

introducing it into a cell.
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[0046] The first vector and the second vector are introduced into the cell in a ratio
ranging from 2:1 to 1:1 by weight. According to one embodiment, the exogenous DNA
is introduced into an epithelial cell and the ratio between the first vector, e.g., minicircle
DNA and the second vector is 2:1 to 1:1 by weight. According to another embodiment,
the exogenous DNA is introduced into an immortal T cell and the ratio between the
minicircle nucleic acid sequence and the helper vector is about 2:1 to 1:1 by weight. In
still another embodiment, the exogenous DNA is introduced into a primary T cell and the
ratio between the minicircle nucleic acid sequence and the helper vector is about 2:1 to
1:1 by weight.

[0047] The exogenous DNA sequence is integrated into the genome of the cell by
virtue of the transposase, which is expressed in the cell by the second vector and
catalyzes excision of the exogenous DNA sequence from the first vector and integration
of the excised exogenous DNA into the genome of the cell.

[0048] The cell used in the above method can be an immune cell. More specifically,
the immune cell can be a T cell, a B cell, a dendritic cell, a macrophage, or a mast cell.
[0049] In another aspect, the cell is a stem cell. The stem cell can be derived from,
e.g., bone marrow, adipose tissue, peripheral blood, umbilical cord blood, or dental pulp.
In a particular method, the cell is a human cell.

[0050] To carry out the above method, a kit for integrating an exogenous DNA
sequence into the genome of a cell is provided. The kit contains a container, which
comprises the present transposon system described above; and an instruction
associated with the container and indicating how to use the present transposon system.
As mentioned above, the present transposon system includes a first and a second
vectors.

[0051] The first vector includes a first inverted repeat having a nucleic acid sequence
consisting of SEQ ID NO: 1, a second inverted repeat having a nucleic acid sequence
consisting of SEQ ID NO: 2 downstream of the first inverted repeat, and a cloning site
between the first inverted repeat and the second inverted repeat for introducing an
exogenous DNA sequence.

[0052] The first vector in the kit can further include a non-prokaryotic promoter
downstream of the first inverted repeat and upstream of the cloning site. The
exogenous DNA can be inserted into the cloning site such that the non-prokaryotic
promoter is operably linked to the exogenous DNA sequence. The non-prokaryotic

promoter can be, e.g., the cytomegalovirus promoter, the Rous sarcoma virus promoter,

10



WO 2017/101749 PCT/CN2016/109510
the simian virus 40 promoter, the mouse mammary tumor virus promoter, the
phosphoglycerate kinase promoter, the chicken beta-actin promoter, the elongation
factor 1-alpha promoter, the human H1 promoter, and the U6 promoter. |n one example,
the first vector further includes an enhancer, a silencer, or an insulator.
[0053] The kit also includes a second vector, i.e., a helper plasmid, which contains a
promoter operably linked to a nucleic acid encoding a transposase. The transposase
can be, e.g., ThyPLGMH, mycPBase, TPLGMH, or HAhyPBase In a particular
embodiment, the transposase has the amino acid sequence of SEQ ID NO: 4.
[0054] The second vector in the kit, like the second vector used in the in vitro method
set forth, supra, contains a promoter selected from the cytomegalovirus promoter, the
Rous sarcoma virus promoter, the simian virus 40 promoter, the mouse mammary tumor
virus promoter, the phosphoglycerate kinase promoter, the chicken beta-actin promoter,
the elongation factor 1-alpha promoter, the human H1 promoter, and the U6 promoter.
In a particular embodiment, the promoter is the cytomegalovirus promoter.
[0055] As used herein, “instruction” includes a pamphlet, a recording, a diagram, or
any other medium of expression (e.g., tape, CD, VCD or DVD) that can be used to
communicate or teach the user how to use the present transposon system. The
instruction can be affixed to the container, or is packed independently from the container
that comprises the present transposon system.
[0056] The kit described herein may further include a buffer solution for stabilizing the
transposon system and/or for performing cell transfection. Buffer solutions can be, e.g.,
phosphate-buffered saline, Tris-based saline, Tris-EDTA buffer, 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid buffer, or (N,N-bis(2-hydroxyethyl)-2-amino
ethanesulfonic acid (BES) buffer.
[0057] As mentioned above, a method for treating a subject having or suspected of
having an immune-related disease is provided. The method includes engineering cells
with the aid of the kit described above to carry a gene suitable for the treatment of the
immune-related disease and administering an effective amount of the engineered cells
for the treatment of the immune-related disease. In an example, the gene is a chimeric
antigen receptor (CAR) against CD19 for engineering CAR T cells for treating acute
lymphoblastic leukemia.
[0058] The subject having or suspected of having an immune-related disease is a
mammalian animal, including human, mouse, rat, rabbit, monkey, and pig. In a specific

aspect, the subject is a human. In the case when the subject being treated is a human,
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the introduced/transferred immune cell of the present method is preferably derived from
the subject himself/herself. Alternatively, the introduced/transferred immune cell of the
present method is derived from a donor.
[0059] According to some embodiments of the present disclosure, the present method
is useful in treating an immunosuppression disease, such as tumor or infectious disease.
In these embodiments, the present transposon system may comprise an
immune-enhancing gene so as to enhance the immune response in the subject.
[0060] According to other embodiments of the present disclosure, the present method
is useful in treating a disease caused by a hyperactive immune response (e.g.,
autoimmune disease) or an inappropriate immune response (e.g., allergy,
graft-versus-host disease, or inflammatory disease). In the embodiments, the present
transposon system comprising an immune-suppressive gene is capable of inhibiting the
immune response in the subject.
[0061] The following Examples are provided to elucidate certain aspects of the
present invention and to aid those of skilled in the art in practicing this invention. These
Examples are in nho way to be considered to limit the scope of the invention in any
manner. Without further elaboration, it is believed that one skilled in the art can, based
on the description herein, utilize the present invention to its fullest extent. All

publications cited herein are hereby incorporated by reference in their entirety.
EXAMPLES

[0062] Materials and Methods

[0063] Cell culture

[0064] Human embryonic kidney cell line 293 (HEK 293), human JK immortal
T-lymphocytes (Jurkat T), and primary human T cells were used in the present study.
The HEK293 cells were cultured in MEM medium containing 10% FBS, 2 mM
L-glutamine, 1x nonessential amino acids, 1x penicillin/streptomycin, and 1 mM sodium
pyruvate. The Jurkat T cells and the primary human T cells were cultured in RPMI1640
medium containing 2 mM L-glutamine, 10% FBS, 1mM sodium pyruvate, and 0.1 mM
nonessential amino acids. All cells were maintained at 37°C with 5% COs..

[0065] Production of conditioned medium

[0066] Jurkat cells were cultured in a fresh medium at the density of 2 x 10%/mL for 24
hrs., then the culture medium was collected, filtered and used as the conditioned

medium.
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[0067] Generation of plasmids and/or expression constructs
[0068] pBS-cassette
[0069] The DNA fragment containing the hygromycin resistance gene driven by the
SV40 promoter was excised from pcDNA3.1_hygro LacZ vector (Invitrogen). After
Xmnl and Sapl digestion, the DNA fragment was cloned into the Smal site of pBlueScript
SKIl to complete the construction of pBS-hygro. To further insert the kanamycin
resistance gene and the ColE1 origin of replication, the Apol Afllll fragment of
pZErO-2.1 (Invitrogen) was cloned into the EcoRYV site of pBS-hygro to complete the
construction of the pBS-cassette.
[0070] mini-piggyBac _long
[0071] The pBS-cassette was digested with restriction enzyme Smal and EcoRYV,
followed by inserting the digested fragment into pXLBacllPUbnlsEGFP, which was
derived from pBSII-ITR1. The construct thus produced, mini-piggyBac long, had
terminal repeats (TR) of 308 bp and 238 bp at its 5'- and 3’- ends, respectively.
[0072] The linear form of mini-piggyBac long is prepared by digesting the
mini-piggyBac_long with Xmnl.
[0073] mini-piggyBac short
[0074] The mini-piggyBac_long construct was digested with Pcil and Acll, filled-in by
klenow (NE Biolabs) and self-ligated by T4 DNA ligase (NE Biolabs), so as to produce
mini-piggyBac_short, which did not contain the ampicillin resistance gene and the f1
replication origin.
[0075] The linear form of mini-piggyBac_short is prepared by digesting the
mini-piggyBac_short with Bgl |.
[0076] micro-piggyBac long
[0077] The short piggyBac terminal repeat domains (TRD) (i.e. 746~808 3’ LTR and
1426~1460 5’ LTR as in pXL-Bacll) were obtained from the PCR mixture consisting of
the following four pairs of primers; pB-11-Kpnl (SEQ ID NO: 5), pB-5-forward (SEQ ID
NO: 6), pB-6-reverse (SEQ ID NO: 7), and pB-12-Sacl (SEQ ID NO: 8). The resulting
amplicon containing both 67 bp 5’ and 40 bp 3’ TRD with Swal and Xho | restriction sites
in between was cloned into pBS-SKIl through Kpn | and Sac | restriction sites to obtain
pPBendAATT. The expression cassette obtained from the pBS-cassette described
above was inserted between short piggyback TRDs in pPBendAATT through the

blunt-ended Xho | site to produce micro-piggyBac_long.
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[0078] The linear form of micro-piggyBac long is prepared by digesting the
micro-piggyBac_long with Xmnl.

[0079] micro-piggyBac_short

[0080] The micro-piggyBac long was digested with Acc65] and Afllll to remove the
ampicillin resistance gene and the f1 replication origin. The remaining DNA fragment
was blunt-ended followed by self-ligation to generate the construct of
micro-piggyBac_short, which did not contain the ampicillin resistance gene and the f1
replication origin.  This construct is also designated as the minicircle cassette.

[0081] The linear form of micro-piggyBac short is prepared by digesting
micro-piggyBac_short with Xmnl

[0082] Minicircle-microPB-cassette

[0083] Alternatively, the micro-piggyBac short, i.e., minicircle cassette, can be
prepared using the MC-Easy circle Minicircle DNA Production kit. In this method, the
micro-piggyBac_long was digested with Kpnl, Sacl, and Xmnl, the Kpnl-Sacl fragment
(3993 bp) containing the left (microL) and right (microR) inverted repeats of
micro-piggyBac was blunt-ended and inserted into the EcoRV site of
pMC.BESPX-MCS1 so as to produce pMC-microPB-cassette. The minicircle-microPB-
cassette was prepared from the pMC-microPB-cassette using the MC-Easy circle
Minicircle DNA Production kit by following the manufacturer's protocol. The
minicircle-microPB-cassette thus produced did not contain the ampicillin resistance gene
and the f1 replication origin.

[0084] Helper plasmid

[0085] The helper plasmids pCMV-ThyPLGMH, pCMV-mycPBase, pCMV-TPLGMH,
and pCMV-HAhyPBase were constructed in accordance with the protocol described by
Yaa-Jyuhn James Meir et. al. (A versatile, highly efficient, and potentially safer piggyBac
transposon system for mammalian genome manipulations, FASEB, 2013: 27,
4429-4443). The content of this publication is hereby incorporated by reference in its
entirety.

[0086] Transposition Assay

[0087] HEKZ293 cells

[0088] Cells at 80% confluence were harvested and seeded into individual wells of
24-well plates at a density of 1 x 10° cells/well 18 hours before transfection. For each
transfection, a total of 300 ng DNA mixture were transfected using Fugene 6 (Roche,

Florence, SC). Each DNA mixture contained 100 ng of helper plasmid (i.e.,
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pCMV-ThyPLGMH, pCMV-mycPBase, pCMV-TPLGMH, or pCMV-HAhyPBase), various
amounts of DNA donor (i.e.,, mini-piggyBac long, mini-piggyBac_short,
micro-piggyBac_long, micro-piggyBac_short, pMC-microPB-cassette, or
minicircle-microPB-cassette; the amount of the smallest donor was set to be 100 ng) and
pcDNA3.1 for a total of 300 ng of DNA. For each transfection reaction, one fifth of the
transfected cells were transferred to 100-mm plates followed by hygromycin selection for
14 days. To count the clones, cells were fixed with PBS containing 4%
paraformaldehyde for 10 min and then stained with 0.2% methylene blue for 1 hour.
After 14 days of hygromycin selection, only colonies 0.5 mm in diameter were counted.
[0089] Jurkat T cells
[0090] Cells were seeded at 1 x 10%mL 24 hours before nucleofection. For each
nucleofection reaction, a total of 6 pg of DNA was used to transfect 1 x 10° cells. Each
DNA mixture contained 2.5 pg of helper plasmid (i.e., pCMV-ThyPLGMH,
pCMV-mycPBase, pCMV-TPLGMH, or pCMV-HAhyPBase), various amounts of DNA
donor (i.e., mini-piggyBac_long, mini-piggyBac_short, = micro-piggyBac_long,
micro-piggyBac_short, pMC-microPB-cassette, or minicircle-microPB-cassette; the
amount of the smallest donor was set to be 2.0 pg) and pcDNA3.1 for a total of 6 ug DNA.
24 hours after nucleofection, 30 live cells in 50 pL of conditioned medium described
above with 1.2 mg hygromycin were seeded into each well of a 96-well plate. Every two
to three days, an equal volume of conditioned medium was added gently into each well
without disturbing the cell clusters. For each reaction, a total of 10,200 live cells were
subjected to hygromycin selection. Transposition activity was determined by counting
the total number of cell clusters for each reaction under a light microscope 6 or 7 days
after hygromycin selection.

[0091] Primary T cells

[0092] One day before nucleofection, human primary cells (CD8'CD45RA") were
thawed in RPMI complete medium. After overnight culture, cells were harvested and
subjected to nucleofection. For each nucleofection reaction, a total of 2.2 ug of DNA
were used to transfect 1X10° cells in 20 pl of ALL-IN-ONE nucleofection buffer (GF1001,
GenomeFrontier, Biosciences). Each DNA mixture contained 0.8 pg of helper plasmid
(i.e. pCMV-HAhyPBase or pCMV-ThyPLGMH), various amounts of donor plasmid (i.e.,
mini-piggyBac_long, mini-piggyBac_short, micro-piggyBac_long, or
micro-piggyBac_short; the amount of the largest donor was set to be 1.4 pg) and

pcDNAS3.1 for a total amount of 2.2 ug of DNA. 24 hours after nucleofection, total cells
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transfected in each reaction were cultured in 500 ul of RPMI 1640 complete medium with

the addition of stimuli (IL-2 (50 ug/ml) and PHA) and hygromycin (1.0 mg/ml).
Transposition activity was determined by counting the total number of surviving cells 22

days after hygromycin selection.

[0093] EXAMPLE 1: Transposition activity in HEK293 cells

[0094] The transposition activities of DNA donors and helper plasmid were analyzed in
this example. The results are depicted in FIGs. 1A-1C.

[0095] As shown in FIG. 1A, no matter what DNA donor was co-transfected, the cells
transfected with pCMV-ThyPLGMH resulted in more hygromycin-resistant cells, as
compared with those transfected with pcDNA3.1, pCMV-TPLGMH, or pCMV-mycPBase.
The data indicated that ThyPLGMH exhibited the strongest transposition activity among
the transposases tested. As to the DNA donor, all four tested DNA donors (i.e.,
mini-piggyBac_long, mini-piggyBac_short, micro-piggyBac_long, and
micro-piggyBac_short) exhibited similar transposition activity in HEK293 cells (FIG. 1A).
Surprisingly, when the DNA donors were transfected into HEK293 cells in their linearized
forms, the transposition activity of micro-piggyBac (i.e, micro-piggyBac short or
micro-piggyBac_long) was obviously higher than that of mini-piggyBac (i.e.,
mini-piggyBac_short or mini-piggyBac_long) (FIG. 1B), in which micro-piggyBac_short
exhibited the strongest transposition activity.

[0096] The transposition activity was further examined using the minicircle prepared
with the MC-Easy circle Minicircle DNA Production kit. The data shown in FIG.1C
indicated that the activity of minicircle-microPB-cassette was about 2.7-fold higher than
that of pMC-microPB-cassette when they were co-transfected with pCMV-ThyPLGMH.
[0097] Taken together, these data indicated that the transposition activity decreased
as the total length or the TRD of DNA donor increased; and ThyPLGMH possessed
higher transposition activity than other transposases tested. Accordingly, compared
with other DNA donors and helper plasmids, the combination of pCMV-ThyPLGMH and
micro-piggyBac minicircle (i.e., either micro-piggyBac_short or
minicircle-microPB-cassette) produced the highest transposition efficacy in HEK293

cells.

[0098] EXAMPLE 2: Transposition activity in Jurkat T cells
[0099] The transposition activity of pCMV-ThyPLGMH and micro-piggyBac minicircle

was further examined in Jurkat T cells. The results are depicted in FIGs. 2A-2B.
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[00100] As shown in FIG. 2A, the number of hygromycin-resistant colonies obtained
from cells co-transfected with pCMV-ThyPLGMH and micro-piggyBac_short was
significantly higher than that of cells co-transfected with other DNA donors and helper
plasmids.

[00101] Similar to the finding shown in FIG. 1C, the combination of pCMV-ThyPLGMH
and minicircle-microPB-cassette produced the highest transposition efficacy, compared

with other DNA donor/helper plasmid combinations (FIG. 2B).

[00102] EXAMPLE 3: Transposition activity in primary human T cells

[00103] In addition to the cell lines described above, i.e., HEK293 cells and Jurkat T
cells, the transposition activity of specific DNA donors and helper plasmids were further
analyzed in primary human T cells.

[00104] As depicted in FIG. 3, the best transposition activity in human primary T cells
was observed in cells transfected with pCMV-ThyPLGMH with either the short or long
form of micro-piggyBac, i.e., micro-piggyBac_short or micro-piggyBac_long.

[00105] In conclusion, the present disclosure provides a transposon system and
method for integrating an exogenous gene into the genome of a cell, especially in an
immune cell. Compared with the combinations of other DNA donors and helper
plasmids, the combination of pCMV-ThyPLGMH and micro-piggyBac minicircle (either
produced by enzyme digestion/ligation method (i.e., micro-piggyBac_short) or produced
by MC-Easy circle Minicircle DNA Production kit (i.e., minicircle-microPB-cassette)) or
micro-piggyBac_long would produce the highest transposition efficacy. Accordingly,
the present disclosure provides a potential means to treat different disease (e.g., an
immune-related disease) via efficiently transporting a therapeutic gene into the subject in
need thereof.

[00106] It will be understood that the above description of embodiments is given by way
of example only and that various modifications may be made by those with ordinary skill
in the art. The above specification, examples and data provide a complete description
of the structure and use of exemplary embodiments of the invention. Although various
embodiments of the invention have been described above with a certain degree of
particularity, or with reference to one or more individual embodiments, those with
ordinary skill in the art could make numerous alterations to the disclosed embodiments

without departing from the spirit or scope of this invention.
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WHAT IS CLAIMED IS:

1. An in vitro method for integrating an exogenous DNA sequence into the
genome of a cell, the method comprising:
(i) obtaining a transposon system that includes
a first vector containing:
a first inverted repeat having a nucleic acid sequence consisting of
SEQ ID NO: 1,
the exogenous DNA sequence downstream of the first inverted repeat,
and
a second inverted repeat downstream of the exogenous DNA sequence,
the second inverted repeat having a nucleic acid sequence consisting of SEQ
ID NO: 2, and
a second vector that contains a promoter operably linked to a nucleic acid
encoding a transposase having the amino acid sequence of SEQ ID NO: 4; and
(i) introducing the first vector and the second vector into the cell,
whereby the exogenous DNA sequence is integrated into the genome of the cell,
wherein the transposase is expressed in the cell and catalyzes excision of the
exogenous DNA sequence from the first vector and integration of the excised exogenous
nucleic acid into the genome of the cell.

2. The method of claim 1, wherein the exogenous DNA sequence encodes an
antibiotic resistance protein, an siRNA, a reporter protein, a cytokine, a kinase, an

antigen, an antigen-specific receptor, a cytokine receptor, or a suicide polypeptide.

3. The method of claim 2, wherein the first vector further comprises a
non-prokaryotic promoter operably linked to the exogenous DNA sequence.

4. The method of claim 3, wherein the non-prokaryotic promoter is selected from
the group consisting of cytomegalovirus promoter, Rous sarcoma virus promoter, simian
virus 40 promoter, mouse mammary tumor virus promoter, phosphoglycerate kinase
promoter, chicken beta-actin promoter, elongation factor 1-alpha promoter, human H1
promoter, and U6 promoter.

5. The method of claim 3, wherein the first vector further comprises an enhancer,

a silencer, or an insulator.

18



WO 2017/101749 PCT/CN2016/109510
6. The method of claim 1, wherein the promoter in the second vector is selected

from the group consisting of cytomegalovirus promoter, Rous sarcoma virus promoter,
simian virus 40 promoter, mouse mammary tumor virus promoter, phosphoglycerate
kinase promoter, chicken beta-actin promoter, elongation factor 1-alpha promoter,
human H1 promoter, and U6 promoter.

7. The method of any one of claims 1 to 6, wherein the first vector is a minicircle
DNA lacking prokaryotic sequences required for bacterial replication and having a length

of 500-1,500 bp exclusive of the exogenous DNA sequence.

8. The method of claim 7, wherein the minicircle DNA has a length of 700- 1,200
bp exclusive of the exogenous DNA sequence.

9. The method of claim 8, wherein the minicircle DNA has a length of 800- 1,000

bp exclusive of the exogenous DNA sequence.

10. The method of claim 1, wherein the cell is an immune cell selected from the
group consisting of a T cell, a B cell, a dendritic cell, a macrophage, or a mast cell.

11. The method of claim 1, wherein the cell is a stem cell derived from bone

marrow, adipose tissue, peripheral blood, umbilical cord blood, or dental pulp.

12.  The method of claim 1, further comprising linearizing the first vector prior to
the introducing step.

13. The method of claim 1, wherein the first vector and the second vector are
introduced into the cell by calcium phosphate co-precipitation, electroporation,
nucleofection, cell squeezing, sonoporation, optical transfection, impalefection, gene gun,
magnetofection, viral transduction, or transfection via a dendrimer, a liposome, or a

cationic polymer.

14. The method of any one of claims 10 to 13, wherein the first vector is a
minicircle DNA lacking prokaryotic sequences required for bacterial replication and

having a length of 500-1,500 bp exclusive of the exogenous DNA sequence.

15. The method of claim 14, wherein the minicircle DNA has a length of 700-
1,200 bp exclusive of the exogenous DNA sequence.
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16. The method of claim 15, wherein the minicircle DNA has a length of 800-

1,000 bp exclusive of the exogenous DNA sequence.
17. The method of claim 10 or claim 11, wherein the cell is a human cell.

18. A Kit for integrating an exogenous DNA sequence into the genome of a cell,
the kit comprising:
a container;
a transposon system that includes
a first vector containing:
a first inverted repeat having a nucleic acid sequence consisting of
SEQ ID NO: 1,
a second inverted repeat having a nucleic acid sequence consisting
of SEQ ID NO: 2 downstream of the first inverted repeat, and
a cloning site between the first inverted repeat and the second
inverted repeat for introducing the exogenous DNA sequence, and
a second vector that contains a promoter operably linked to a nucleic acid
encoding a transposase having the amino acid sequence of SEQ ID NO: 4; and
an instruction associated with the container and indicating how to use the
transposon system ;
wherein the transposase catalyzes excision of the exogenous DNA sequence from the
first vector and integration of the excised exogenous DNA sequence into the genome of
the cell.

19. The kit of claim 18, wherein the promoter in the second vector is selected
from the group consisting of cytomegalovirus promoter, Rous sarcoma virus promoter,
simian virus 40 promoter, mouse mammary tumor virus promoter, phosphoglycerate
kinase promoter, chicken beta-actin promoter, elongation factor 1-alpha promoter,
human H1 promoter, and U6 promoter.

20. The kit of claim 18, wherein the first vector further comprises a
non-prokaryotic promoter downstream of the first inverted repeat and upstream of the
cloning site, wherein the non-prokaryotic promoter is selected from the group consisting
of cytomegalovirus promoter, Rous sarcoma virus promoter, simian virus 40 promoter,

mouse mammary tumor virus promoter, phosphoglycerate kinase promoter, chicken
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beta-actin promoter, elongation factor 1-alpha promoter, human H1 promoter, and U6

promoter.

21. The kit of any one of claims 18 to 20, wherein the first vector is a minicircle
DNA lacking prokaryotic sequences required for bacterial replication.

22. A method for ftreating a subject having or suspected of having an

immune-related disease, comprising,

(1) engineering an immune cell to carry an exogenous gene by use of the kit of

claim 18; and

(2) administering an effective amount of the engineered immune cell of the step (1)
to the subject to ameliorate or alleviate symptoms of the immune-related disease.

23. The method of claim 22, wherein the subject is a human.

24. The method of claim 22, wherein the immune cell is derived from the subject

or a donor.

25. The method of claim 22, wherein the exogenous gene enhances the immune
response in the subject, and the immune-related disease is a tumor or an infectious

disease.

26. The method of claim 22, wherein the exogenous gene inhibits the immune
response in the subject, and the immune-related disease is an allergy, an autoimmune

disease, a graft-versus-host disease, or an inflammatory disease.

27. The method of claim 22, wherein the immune cell is a T cell, a B cell, a

dendritic cell, a macrophage, or a mast cell.

28. The method of claim 22, wherein the exogenous gene encodes an antibiotic
resistance protein, a reporter protein, a cytokine, a kinase, an antigen, an
antigen-specific receptor, a cytokine receptor, a suicide polypeptide, or a regulatory

element.
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Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing filed or furnished:

a.  (means)

|:| on paper
in electronic form

b. (time)
in the international application as filed
|:| together with the international application in electronic form

I:l subsequently to this Authority for the purposes of search

2. |:| In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that in the application as filed or does

not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
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