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Liver-Specific Inducible Promoters and Methods of Use Thereof

The present invention relates to liver-specific inducible promoters and vectors, especially gene

therapy vectors comprising them, and methods of their use.

Background of the Invention

The following discussion is provided to aid the reader in understanding the disclosure and does

not constitute any admission as to the contents or relevance of the prior art.

Metabolism by the liver microsomal cytochrome P450 enzymes (CYPs) plays an important
role in the detoxification of xenochemicals such as pharmaceutical drugs and environmental
contaminants. Inducible gene transcription by exposure to xenochemicals is characteristic for
CYPs, which increases the organism's defence capability against toxicity and carcinogenicity.
Based on the discovery of PB induction of CYP2B genes, PB has served as a prototype for a
large group of structurally and functionally diverse xenochemicals that induce CYP2B genes. A
PB-responsive enhancer module (PBREM) was identified as a 51-bp element in mouse
Cyp2b10 and rat CYP2B1, and a near identical DNA element was identified in rat CYP2B2. A
PBREM sequence has also been identified in humans, where it is associated with CYP2B6.
The nuclear receptor heterodimer CAR-RXR has been identified as the transactivator of
PBREM. (see Negishi et al., “The Repressed Nuclear Receptor CAR Responds to
Phenobarbital in Activating the Human CYP2B6 Gene”; J. Biol. Chem 1999, 274:6043-6046)

In many areas, including gene therapy, it is desirable to provide regulatory nucleic acid
sequences that are capable of driving expression of a gene to produce a protein or nucleic acid
expression product within a desired cell, tissue or organ.

Expression in the liver is of particular interest as it is involved in a wide range of essential
functions in the body, including the synthesis of many proteins involved in metabolism,
haemostasis, and protection against infection. Given that many diseases are linked to
disruption of gene expression in the liver, there is a significant interest in developing gene
therapy strategies that allow expression of a transgene in the liver to produce a therapeutic
expression product. Examples of diseases of the liver associated with abnormal expression of
genes include haemophilia (including haemophilia A or B), familial hypercholesterolemia,
ornithine transcarbamylase deficiency, a-antitrypsin deficiency, hepatitis virus infection, non-
viral hepatitis, liver cancer, and various other liver diseases (such as non-alcoholic fatty liver
disease (NAFLD), and alcohol-related liver disease (ARLD).
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A significant challenge in using gene therapy to treat liver diseases is the ability to provide liver-
specific (also known as hepato-specific) therapeutic gene expression. It is known to target of
mammalian hepatocytes by injecting DNA or viral vectors into the liver parenchyma, hepatic
artery or portal vein. Adenoviral vectors have also been reported to primarily target the liver in
mice. However, they also infect other tissues, in particular lung and skeletal muscle, leading to
“off-target” effects. Some forms of adeno-associated viral vectors (AAV) or lentiviral vectors

preferentially transduce hepatocytes, but off-target effects do again arise.

It is therefore desirable to provide systems to regulate gene expression in a liver-specific
manner. ldeally, such systems are highly-specific to the liver (thereby avoiding or minimising
off-target expression in non-target tissues) and are also powerful, i.e. they drive high expression
levels in the liver. The use of cis-acting regulatory elements has been proposed to provide both
specificity and activity. Typically, this concerns cis-regulatory enhancer sequences, i.e. nucleic
acid sequences that act in cis to increase the activity of a promoter. Enhancers are typically
active regardless of their orientation, and they can act over distances of up to several kilobases
away from the promoter in some cases, though they typically also act when much closer to the

promoter.

There is also a desire to provide inducible systems of gene expression, such that gene
expression can be induced as required. Inducibility means that expression of a therapeutic
gene expression product can be induced when required. Furthermore, if induction is dose
dependent, then expression levels of therapeutic gene expression product can be modulated by

adjusting the amount of inducer administered.

There is a thus a need for regulatory sequences to control gene expression in many contexts,
not least in therapeutic gene expression in gene therapy and the like. In particular, there is a
need for regulatory sequences that provide for inducible gene expression. Regulatory

sequences that provide for inducible gene expression in the liver are of particular interest.

Summary of the Invention

In a first aspect, the present invention provides a gene therapy vector comprising an expression
cassette, the expression cassette comprising a synthetic liver-specific inducible promoter
operably linked to a gene, the synthetic liver-specific inducible promoter comprising a cis-
regulatory element (CRE) that is capable of being bound and activated by a heterodimer of CAR
and RXR.
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Constitutive androstane receptor (CAR) is a member of the nuclear receptor superfamily, and it
is a key regulator of xenobiotic and endobiotic metabolism. Unlike most nuclear receptors, CAR
is constitutively active in the absence of ligand and is regulated by both agonists and inverse
agonists. Activation results in translocation of CAR from the cytosol into the nucleus, where the
protein can bind to specific DNA sites, called response elements. Binding occurs both as a
monomer and together with the retinoid X receptor (RXR) resulting in activation or repression of

target gene transcription.

Retinoid X receptor (RXR) is a member of the nuclear receptor superfamily that is activated by

9-cis retinoic acid and 9-cis-13,14-dihydro-retinoic acid.

When CAR is activated (by either direct or indirect activation), it translocates to the nucleus
where CAR and RXR form a heterodimer (referred to herein as “CAR-RXR heterodimer” or

“CAR-RXR”) that can bind to an activate genes comprising an appropriate target sequence.

CAR-RXR binds to and induces target genes via the so-called PB-responsive enhancer module
(PBREM), as discussed above. Accordingly, in some preferred embodiments of the invention
the CRE that is capable of being bound and activated by a CAR-RXR heterodimer of comprises

a PBREM element, or a functional variant thereof.

The mouse PBREM sequence is set out in SEQ ID NO: 1. The human PBREM sequence is set
outin SEQ ID NO: 2. In some embodiments of the invention, the CRE that is capable of being
bound and activated by a CAR-RXR heterodimer of comprises or consists of SEQ ID NO: 1 or
SEQ ID NO: 2, or a functional variant of SEQ ID NO: 1 or SEQ ID NO: 2. Thus, in some
embodiments the CRE that is capable of being bound and activated by a CAR-RXR

heterodimer comprises or consists of a PBREM element or a functional variant thereof.

The sequences and alignment of the mouse and human PBREM elements are shown below,
and the so-called NR1 motif is underlined, the NH1 motif is in italics, and the NR2 moitif is in
bold in each (SEQ ID NOs are shown in brackets):

TCTGTACTTTCCTGACCT TGGCACAGTGCCACCATCAACTTGCCTGACACC (1)

PEEEErrrrrrrerrr R R A
ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCA (2)

PBREM is a 51-bp DNA inducible enhancer consisting of two nuclear receptor DR4 motifs (NR1
and NR2) flanking a NF1 binding site. As can be seen from this alignment, there is a very high

level of conservation of sequence in the NR1 motifs between mouse and human PBREM. The



10

15

20

25

30

35

WO 2020/148555 PCT/GB2020/050107

16-bp NR1 motif of human PBREM differs by only 1 base from the mouse NR1 motif, making
NR1 the most conserved sequence between human and mouse PBREM elements. It has been
proposed in the literature that the NR1 sequence is the binding site for the CAR-RXR
heterodimer, and the remaining sequences are partially or completely redundant. A triple
repeat of NR1 (was shown to remain and inducible in Sueyoshi, ef al. (J. BIOL. CHEM. Vol.
274 10, pp. 6043-6046, 1999). However, it is believed that parts other than NR1 may play a
role in making the PBREM element more specific and inducible (e.g. reducing background,

constitutive expression and allowing from a greater magnitude of induction).

Accordingly, a CRE that is capable of being bound and activated by a CAR-RXR heterodimer
suitably comprises at least one NR1 motif. Suitably the NR1 motif, comprises or consists of the
sequence TGTACT-X-TGACCIC/T] (SEQ ID NO: #), wherein X represents any sequence which
is from 3 to 6 nucleotides in length (preferably 4-5 nucleotides in length, suitably 4 nucleotides
in length). In some preferred embodiments, X comprises the sequence TTCC, and suitably
comprises or consists of the sequence TTCC or TTTCC. Where nucleotides are shown within
square brackets, it indicates that one of the indicated nucleotides within the square brackets is

present at that location.

In some embodiments the NR1 motif comprises or consists of the sequence
TGTACTTTCCTGACCN (SEQ ID NO: 20) (for example, TGTACTTTCCTGACCT (SEQ ID NO:
3) or TGTACTTTCCTGACCC (SEQ ID NO: 4)), or sequence that varies at no more than 2,
preferably no more than 1 nucleotide position from the sequence TGTACTTTCCTGACCN (SEQ
ID NO: 20). Preferably a functional variant of a PBREM element comprises the sequence
CTGTACTTTCCTGACCN (SEQ ID NO: 21) (for example, CTGTACTTTCCTGACC[T/C] (SEQ
ID NO: 22), i.e. CTGTACTTTCCTGACCT (SEQ ID NO: 23) or CTGTACTTTCCTGACCC (SEQ
ID NO: 24)), or sequence that varies at no more than 2, preferably no more than 1 nucleoctide
position from the sequence SEQ ID NO: 21; this sequence includes the conserved C positioned
5’ of the NR1 sequence in both human and mouse PBREM, as represented above. Suitably a
functional variant of a PBREM sequence comprises the sequence
NCTGTACTTTCCTGACCNTG (SEQ ID NO: 25) (for example,
[T/AJCTGTACTTTCCTGACCIC/TITG (SEQ ID NO: 26), TCTGTACTTTCCTGACCTTG (SEQ ID
NQ: 27), or ACTGTACTTTCCTGACCCTG (SEQ ID NO: 28)), or sequence that varies at no
more than 2, preferably no more than 1 nucleotide position from the sequence SEQ ID NO: 25;
this sequence includes the two nucleotides located at each of the 5’ and 3’ of the NR1

sequence human and mouse PBREM, as represented above. Where N is present in a nucleic
acid sequence herein, it represents any nucleotide. Where nucleotides are shown within square
brackets, it indicates that one of the indicated nuclectides within the square brackets is present

at that location.
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In some embodiments the functional variant of a PBREM element suitably comprises two or
more, suitably three or more, operably linked NR1 motif-containing sequences.

Thus, in some embodiments the CRE that is capable of being bound and activated by a CAR-
RXR heterodimer suitably comprises two or more, suitably three or more, operably linked NR1
motifs. The NR1 motifs may in some embodiments be provided adjacent to one another (e.g. in
tandem), and they may be immediately adjacent to one another or separated by a spacer.
Accordingly, a CRE that is capable of being bound and activated by a CAR-RXR heterodimer
suitably comprises the general structure NR1-S-NR1, wherein NR1 represents any NR1 motif
as discussed herein, and S represents an optional spacer. Vhen a spacer is present, it can be
have any sequence and be of any suitable length, e.g. from 2 to 50, 3 to 40, 4 to 30, 5to 20, 6

to 10, 7 to 9, or 8 nucleotides in length.

In some embodiments of the present invention the CRE that is capable of being bound and
activated by a CAR-RXR heterodimer comprises or consists of a functional variant of a PBREM
sequence which comprises one of the following sequences:

- [TGTACTTTCCTGACCN-S-], (SEQ ID NO: 29);

- [CTGTACTTTCCTGACCN-S-], (SEQ ID NO: 30);

- [NCTGTACTTTCCTGACCNTG-S-]n (SEQ ID NO: 31),
wherein S is an optional spacer and n is from 1 to 5, optionally from 2 to 4, and suitably 3.
Thus, the functional variant of a PBREM sequence can comprise a multimer of the NR1 motif-
containing sequences. Various preferred NR1 motifs are discussed above, and they could of
course be used in this embodiment. In some embodiments n is from 1 to 10, from 1 to 6, or from

2 to 4. In some embodiments of the invention n is 3.

In some preferred embodiments, a spacer is present between adjacent NR1 motif-containing
sequences. When a spacer is present, it can be of any suitable length, e.g. from 2 to 50, 3 to
40, 4 to 30, 5to 20, 6 to 10, 7 to 9, or 8 nucleotides in length.

In some embodiments of the present invention the CRE that is capable of being bound and
activated by a CAR-RXR heterodimer comprises or consists of a functional variant of a PBREM
sequence which comprises one of the following sequences:
- TGTACTTTCCTGACCN-S-TGTACTTTCCTGACCN (SEQ ID NO: 32);
- TGTACTTTCCTGACCN-S-TGTACTTTCCTGACCN-S-TGTACTTTCCTGACCN (SEQ
ID NO: 33);
- CTGTACTTTCCTGACCN-S-CTGTACTTTCCTGACCN (SEQ ID NO: 34);
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- CTGTACTTTCCTGACCN-S-CTGTACTTTCCTGACCN-S-CTGTACTTTCCTGACCN
(SEQ ID NO: 35);
- NCTGTACTTTCCTGACCNTG-S-NCTGTACTTTCCTGACCNTG (SEQ ID NO: 36); and
- NCTGTACTTTCCTGACCNTG-S-NCTGTACTTTCCTGACCNTG-S-
NCTGTACTTTCCTGACCNTG (SEQ ID NO: 37),
wherein S is an optional spacer. When a spacer is present, it can be of any suitable length, e.g.
from 2 to 50, 3 to 40, 4 to 30, 5to0 20, 6 to 10, 7 to 9, or 8 nucleotides in length. Various
preferred NR1 motifs are discussed above, and they could of course be used in this

embodiment.

In some embodiments of the present invention the CRE that is capable of being bound and
activated by a CAR-RXR heterodimer comprises or consists of a functional variant of a PBREM
sequence which suitably comprises one of the following sequences:
- TCTGTACTTTCCTGACCTTG-S-TCTGTACTTTCCTGACCTTG-S-
TCTGTACTTTCCTGACCTTG (SEQ ID NO: 38); or
- ACTGTACTTTCCTGACCCTG-S-ACTGTACTTTCCTGACCCTG-S-
ACTGTACTTTCCTGACCCTG (SEQ ID NO: 39),

wherein S is an optional spacer, as set out above.

In some cases, the spacer can have the sequence GATCGATC (SEQ ID NO: 40), but any other

suitable spacer sequence can be used.

In other embodiments of the present invention the CRE that is capable of being bound and
activated by a CAR-RXR heterodimer comprises each of an NR1 element, an NF1 element and
an NR2 element. Suitably these are present in the order NR1-NF1-NR2. The NR1 element
suitably comprises or consists of a sequence as discussed above. The NF1 element suitably
comprises or consists of the sequence TGGCACAGTGCCA (SEQ ID NO: 55) or
TGAAGAGGTGGCA (SEQ ID NO: 56), or a sequence that varies by 7 or fewer nucleotides (e.g.
6, 5, 4, 3, 2, or 1 nucleotides) from SEQ ID NO: 55 or 56. The NR2 element suitably comprises
or consists of the sequence TCAACTTGCCTGACAC (SEQ ID NO: 57) or
TGGACTTTCCTGAACC (SEQ ID NO: 58), or a sequence that varies by 5 or fewer nucleoctides
(e.g. 4, 3, 2, or 1 nucleotides) from SEQ ID NO: 57 or 58.

In some embodiments of the present invention, the CRE that is capable of being bound and
activated by a CAR-RXR heterodimer comprises or consists of a functional variant of a PBREM
sequence which comprises a sequence that is at least 60% identical to either SEQ ID NO: 1 or
SEQ ID NO: 2, preferably at least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 99 %
identical to either SEQ ID NO: 1 or SEQ ID NO: 2. Mouse PBREM (SEQ ID NO: 1) and Human
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PBREM (SEQ ID NO: 2) are 71% identical along their entire length (i.e. 51 nucleotides). Mouse
PBREM remains functional in human cells, and human function in PBREM remains functional in
mouse cells. Thus, at least this level of overall sequence difference across the PBREM element

can be tolerated.

However, as discussed above, there is a very high level of conservation in NR1 motif, and thus
it is generally preferred that a functional variant of a PBREM sequence comprises a sequence
that is at least 90% identical, preferably at least 95% identical, and more preferably perfectly
identical to the sequence TCTGTACTTTCCTGACCTTG (SEQ ID NO: 27) or
ACTGTACTTTCCTGACCCTG (SEQ ID NO: 28), and at least 50%, 55%, 60%, 65%, 70%, 75%,
80%), 85%), 90%, 95% or 99 % identical across the remainder of SEQ ID NO: 1 or SEQ ID NO:
2. Preferably the overall sequence is at least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or
99 % identical to either SEQ ID NO: 1 or SEQ ID NO: 2

Thus, in a preferred embodiment the CRE that is capable of being bound and activated by a
CAR-RXR heterodimer comprises or consists of a functional variant of a PBREM sequence
which comprises a sequence that is at least 90% identical, preferably at least 95% identical, and
more preferably perfectly identical to SEQ ID NO: 1 or SEQ ID NO: 2 in the region spanning
nucleotides 3 to 18 (preferably the region spanning nucleotides 1 to 20), and at least 50%, 55%,
60%, 70%, 75%, 80%, 85%, 90%, 95% or 99% identical across the remainder of SEQ ID NO: 1
or SEQ ID NO: 2 (i.e. nucleotides 1, 2, and 19 to 51, or nucleotides 21 to 51). Nucleotides are
of course numbered with reference to SEQ ID NO: 1 or SEQ ID NO: 2. Preferably the overall
sequence is at least 60%), 65%, 70%, 75%, 80%, 85%, 90%, 95% or 99 % identical to either
SEQ ID NO: 1 or SEQ ID NO: 2

In some preferred embodiments of the invention, the CRE that is capable of being bound and
activated by a CAR-RXR heterodimer comprises or consists of the following sequence:
NCTGTACTTTCCTGACCNTGNNNNNGTGNCANCATNNACTTNCCTGANNCN (SEQ ID NO:
41), or a sequence at least 90%, preferably 95%, more preferably 99% identical thereto. In this
case, identity is calculated with respect to the specifically defined nucleotides rather than the
undefined “Ns”. Functional variants of a PBREM sequence where one or more nucleotides
identified as N are deleted are specifically contemplated as part of such embodiments of the
invention, for example where up to 7, 6, 5, 4, 3, 2, or 1 nucleotides marked N are deleted.
Furthermore, functional variants of a PBREM sequence where one or more nucleoctides are
inserted are specifically contemplated as part of such embodiments of the invention, for
example where upto 7, 6, 5, 4, 3, 2, or 1 nucleotides are inserted. As one specific example, the
rat PBREM element from the CYP2B2 gene comprise a T inserted between the T and C at
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position 10-11, i.e. within NR1 of the PBREM element. Replacement, deletion or insertion of
nucleotides in regions outside of the NR1 motif are likely to be well-tolerated.

Functional variants of a PBREM sequence that more closely resemble the wild type mouse or
human PBREM elements (SEQ ID NO: 1 or SEQ ID NO: 2) are preferred in some cases, as it is
believed that they may demonstrate particularly desirable properties of low background
expression and high levels of inducibility. Such properties are generally desirable where
background expression of a gene provided in a vector of the present invention is to be kept

minimal, i.e. when induction of expression is not occurring.

In some embodiments of the invention the CRE that is capable of being bound and activated by
a CAR-RXR heterodimer comprises or consists of a portion of the PBREM element from each of
two or more different species, suitably from species in two or more different genera (e.g. two
different mammals). Such elements can be referred to as “hybrid PBREM elements”. A hybrid
PBREM element typically comprises all of the motifs of a wild-type PBREM element (i.e. the
NR1, NF1, and NR2 motifs), but these motifs are derived from two or more different species. In
some embodiments a hybrid PBREM element comprises a portion (e.g. the NR1, NF1, and NR2
motifs) from a first species, and a corresponding portion from a second species (e.g. the
corresponding NR1, NF1, and NR2 motifs). By way of non-limiting example, a hybrid PBREM
element can comprise portions (e.g. the NR1, NF1, and NR2 maotifs) of primate (e.g. human)
and rodent (e.g. mouse) PBREM elements. For example, a hybrid PBREM element may
comprise an NR1 motif from primate (e.g. human) and an NR2 motif from rodent (e.g. mouse),
or an NR1 motif from rodent (e.g. mouse) and an NR2 motif from primate (e.g. human). Primate
or rodent NR1 and NR2 motifs can also be combined with an NF1 motif from the corresponding

species.

In some embodiments the hybrid PBREM element comprises one of the following combinations
of PBREM motifs: ANR1-mNF1-hNR2; hNR1-mNF1-mNR2; mNR1-hNF1-mNR2; or mNR1-
hNF1-hNR2 (wherein “h” indicates the human motif and m indicates the mouse motif).
Exemplary hybrid PBREM element sequences are underlined in SEQ ID Nos: 61 to 64 in Table
3; functional variants of these sequences could of course be used, e.g. sequences having 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95% or 99% identity to the hybrid PBREM element
sequences underlined in SEQ ID Nos: 61 to 64, optionally with higher levels of identity in the

NR1 motif, as discussed above.

As discussed above, and without wishing to be bound by theory, induction of gene expression
via PBREM element, or variants thereof, is believed to be dependent upon binding thereto of

the CAR-RXR heterodimer. The ability of any given CRE that is capable of being bound and
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activated by a CAR-RXR heterodimer, e.g. a variant of a PBREM element, to function as
desired, i.e. to be inducible in the same way as the wild type mouse or human PBREM
elements, though not necessarily to the same extent, can readily be determined experimentally.
For example, the variant CRE can be inserted into the construct as set out in the examples
below in place of SEQ ID NO: 1, and the ability of the construct to be induced compared when
SEQ ID NO: 1 was included can be compared. For example, a variant CRE can be provided in
place of SEQ ID NO: 1 in the PB1-MinTK construct and tested in liver cells, preferably primary
hepatocytes, e.g. AXOL assay-ready expanded (ARE) hepatocytes (Axol, ax3701) with
induction by 1uM CITCO, as described in Example 2. Alternatively, a variant could be inserted
into the pAAV-PB1-MinTk construct, as described in Example 4. Alternatively, the experimental
approach used in Sueyoshi, et al. (J. BIOL. CHEM. Vol. 274,10, pp. 6043-6046, 1999) can be
used, i.e. the relevant putative PBREM variant sequences can be cloned in front of the tk
promoter (Bglll site) in the pGL3-Basic vector containing the firefly luciferase reporter gene
(Promega), resulting in PBREM VARIANT-tk-luciferase and reporter gene plasmids. Generally,
a functional variant of a CRE should provide a level of inducibility that is at least 50%, preferably
75%, more preferably 80%, 85%, 90%, or 95% as inducible when compared to the equivalent
construct comprising the wild type PBREM element, e.g. SEQ ID NO: 1 (measured in terms of
fold increase in expression as a result of induction, i.e. a 2 fold increase in expression of a
reported gene upon induction is considered to be 50% as inducible as a 4-fold increase).
Generally, it is desired that the functional variant should provide at least 2-fold induction, more
preferably 3-fold, 4-fold, 5-fold, 6-fold or 7-fold induction when provided in place of the mouse
wild type PBREM in the PB1-MinTK construct described above and tested in liver cells,
preferably primary hepatocytes, e.g. AXOL assay-ready expanded (ARE) hepatocytes (Axol,
ax3701) with induction by 1uM CITCO, as described in Example 2 below. A functional variant
preferably results in a background expression level that is no more than three times as high,
preferably no more than twice as high, and preferably no more than 1.5 times as high when
compared to the equivalent construct comprising the wild-type mouse PBREM element (e.g.

again in the PB1-MinTK construct and tested in ARE hepatocytes).

It will be noted that the PBREM element or functional variant thereof can be present in ether
orientation. The reverse complement of the PBREM elements set out above thus form part of
the presentinvention. Itis noted that the human PBREM element is naturally present in the
reverse orientation compared to the mouse PBREM element, and that the human PBREM
element was shown to remain functional in the “reverse” orientation (i.e. the same orientation as
mouse PBREM) in Sueyoshi, et al. (J. BIOL. CHEM. Vol. 274,10, pp. 6043-6046, 1999).

In some embodiments of the invention, the synthetic liver-specific inducible promoter suitably

comprises a plurality of CREs that are each capable of being bound and activated by a
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heterodimer of CAR and RXR. Thus, in some embodiments the invention provides a synthetic
liver-specific inducible promoter comprising a multimer of CREs that are each capable of being
bound and activated by a heterodimer of CAR and RXR. Viewed another way, the synthetic
liver-specific inducible promoter suitably comprises a cis-regulatory module (CRM) that
comprises a plurality of CREs that are each capable of being bound and activated by a
heterodimer of CAR and RXR. The CREs that are capable of being bound and activated by a

heterodimer of CAR and RXR can be identical or they may be different to one another.

In such embodiments the synthetic liver-specific inducible promoter suitably comprises from 2 to
10 CREs that are each capable of being bound and activated by a heterodimer of CAR and
RXR. The inducible promoter suitably comprises from 2 to 7 CREs, from 2 to 5 CREs, from 2 to
4 CREs, optionally 2 or 3 CREs, and in some embodiments it is preferred that there are 3 CREs
that are each capable of being bound and activated by a heterodimer of CAR and RXR.

As discussed above, the CREs that are capable of being bound and activated by a heterodimer
of CAR and RXR are preferably PBREM elements or functional variants thereof. Thus, in a
preferred embodiment synthetic liver-specific inducible promoter suitably comprises from 2 to 5,
yet more preferably from 2 to 4, and yet more preferably 3 PBREM elements comprising SEQ
ID NO: 1 or SEQ ID NO: 2, or functional variants thereof. Various PBREM elements and
functional variants thereof are discussed in detail above.

In some preferred embodiments of the invention the synthetic liver-specific inducible promoter
comprises from 2 to 4, optionally 2 or 3, operably linked copies of a CRE comprising SEQ ID
NO: 1 or SEQ ID NO: 2, or a functional variant of SEQ ID NO: 1 or SEQ ID NO: 2.

The CREs that are capable of being bound and activated by a heterodimer of CAR and RXR
can be separated by a spacer sequence. The spacer can have any suitable length, e.g. from 2
to 100 nucleotides, from 3 to 50 nucleotides, from 5 to 30 nucleotides, and from 10 to 25
nucleotides. In some embodiments it is referred that the spacer is a multiple of 5 in length. A
spacer of approximately 20 nucleotides in length has been found to be suitable (e.g. from 18-22
nucleotides in length).

In some preferred embodiments of the invention the synthetic liver-specific inducible promoter
comprises a CRM comprising or consisting of one of the following sequences:

- NCTGTACTTTCCTGACCNTGNNNNNGTGNCANCATNNACTTNCCTGANNCN-S-

NCTGTACTTTCCTGACCNTGNNNNNGTGNCANCATNNACTTNCCTGANNCN (SEQ ID NO: 42); or

10
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- NCTGTACTTTCCTGACCNTGNNNNNGTGNCANCATNNACTTNCCTGANNCN-S-
NCTGTACTTTCCTGACCNTGNNNNNGTGNCANCATNNACTTNCCTGANNCN-S-
NCTGTACTTTCCTGACCNTGNNNNNGTGNCANCATNNACTTNCCTGANNCN (SEQ ID NO: 43),

wherein S is an optional spacer. The spacer separates adjacent PBREM elements or functional

variants thereof. Options for the spacer are set out above. In some embodiments the spacer is

approximately 20 nucleotides in length. Variants that comprise a sequence that is at least 90%,

preferably 95%, more preferably 99% identical to the PBREM element

NCTGTACTTTCCTGACCNTGNNNNNGTGNCANCATNNACTTNCCTGANNCN (SEQ ID NO: 41) also form

part of the invention. In this case, identity is calculated relative to the specifically defined

nucleotides rather than the undefined “Ns”. Functional variants of a PBREM sequence where
one or more nucleotides identified as N are deleted are specifically contemplated as part of this

embodiment of the invention, for example where up to 7, 6, 5, 4, 3, 2, or 1 nucleotides marked N

are deleted. Furthermore, functional variants of a PBREM sequence where one or more

nucleotides are inserted are specifically contemplated as part of such embodiments of the
invention, for example where up to 7, 6, 5, 4, 3, 2, or 1 nucleotides are inserted. As one specific

example, the rat PBREM element from the CYP2B2 gene comprise a T inserted between the T

and C at position 10-11, i.e. within NR1 of the PBREM element. Replacement, deletion or

insertion of nucleotides in regions outside of the NR1 motif are likely to be well-tolerated.

In some preferred embodiments of the invention the synthetic liver-specific inducible promoter

comprises a CRM comprising or consisting of one of the following sequences:

-  TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACC-S-
TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACC (SEQ ID NO: 44);

- TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACC-S-
TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACC-S-
TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACC (SEQ ID NO: 45);

- ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCA-S-
ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCA-S-
ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCA (SEQ ID NO: 46); or

- ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCA-S-
ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCA (SEQ ID NO: 47),

wherein S is an optional spacer. Options for the spacer are set out above. In some

embodiments the spacer is approximately 20 nucleotides in length.
The synthetic liver-specific inducible promoters of the present invention suitably comprises no or

only minimal nucleic acid sequences that would lead to constitutive expression or expression in

non-liver cells (or, as the case may be, in cells which do not express CAR and RXR). Thus,
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background expression and expression in non-liver cells (or cells which do not express CAR
and RXR) is minimised or avoided entirely.

The synthetic liver-specific inducible promoter typically comprises a CRE that is capable of
being bound and activated by a heterodimer of CAR and RXR operably linked to a minimal
promoter or proximal promoter, preferably a minimal promoter. Where a proximal promoter is
used, it is preferably liver-specific. Generally, a minimal promoter is preferred, as a proximal
promoter will tend to drive at least some degree of background expression. However, some

amount of background expression may be desirable in some instances.

The minimal promoter can be any suitable minimal promoter. A wide range of minimal
promoters are known in the art. Without limitation, suitable minimal promoters include HSV
thymidine kinase minimal promoter (MinTK), CMV minimal promoter (CMVmp) and SV40

minimal promoter (SV40mp). The minimal promoter can be a synthetic minimal promoter.

In some preferred embodiments of the invention the synthetic liver-specific inducible promoter
comprises a CRE that is capable of being bound and activated by a heterodimer of CAR and
RXR operably linked to the MinTK minimal promoter. This combination has been shown to
provide a desirable combination of low background expression and inducibility. Some
particularly preferred embodiments comprise two or three CREs that are capable of being
bound and activated by a heterodimer of CAR and RXR operably linked to MinTK; such

promoters are particularly strong inducibility combined with low background.

In some preferred embodiments of the invention the synthetic liver-specific inducible promoter
comprises a CRE that is capable of being bound and activated by a heterodimer of CAR and
RXR operably linked to the SV40 minimal promoter. This combination has been shown to
provide high levels of inducibility, albeit with some increase in background expression levels.
Some particularly preferred embodiments comprise two or three CREs that are capable of being
bound and activated by a heterodimer of CAR and RXR operably linked to minimal promoter;

such promoters are particularly strong inducibility.

In some preferred embodiments the CRE that is capable of being bound and activated by a
heterodimer of CAR and RXR is separated from the minimal promoter or proximal promoter by a
spacer sequence. The spacer sequence can have any suitable length. For example, the
spacer between the CRE that is capable of being bound and activated by a heterodimer of CAR
and RXR (or, where a plurality of CREs are present, the most proximal CRE) and the minimal or

proximal promoter can have a length of from 10 to 200 nucleotides. Spacers of various lengths
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(including 20, 46, 80, and 100 nucleotides, for example) were successfully employed in the
examples set out below.

In some embodiments of the present invention the synthetic liver-specific inducible promoter
comprises a sequence according any one of SEQ ID NOs: 7 to 18, or functional variant of any
one thereof. The functional variant is suitably at least 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95% or 99% identical to any one of SEQ ID NOs: 7 to 18. As mentioned above, a sequence

identity of 90%, 95% or 99% or higher in regions corresponding to NR1 motifs is preferred.

In some preferred embodiments of the present invention the synthetic liver-specific inducible
promoter comprises a sequence according to SEQ ID NO: 7, SEQ ID NO: 10, SEQ ID NO: 11 or
SEQ ID NO: 12, or functional variant of any one thereof. The functional variant is suitably at
least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 99% identical to any one of SEQ ID NO:

7, SEQ ID NO: 10, SEQ ID NO: 11 or SEQ ID NO: 12. As mentioned above, a sequence
identity of 90%, 95% or 99% or higher in regions corresponding to NR1 motifs is preferred.
These promoters comprise 1, 2, 3 and 4, respectively, copies of mouse PBREM linked to a
MinTK minimal promoter. SEQ ID NO: 10 and SEQ ID NO: 11, or functional variants thereof are
particularly preferred embodiments of the invention in view of their especially desirably

properties in terms of high inducibility combined with low background expression levels.

In some embodiments of the invention, the synthetic liver-specific inducible promoter comprises
or consists of a sequence according to any one of SEQ ID NOs: 59 to 71, or a functional variant
thereof. The functional variant is suitably at least 60%, 70%, 80%, 90%, 95% or 99% identical

to any one of SEQ ID NOs: 59 to 71. As mentioned above, a sequence identity of 90%, 95% or

99% or higher in regions corresponding to NR1 motifs is preferred.

In some preferred embodiments of the present invention the synthetic liver-specific inducible
promoter comprises a sequence according to any one of SEQ ID NO: 68, 69, 70 or 71, or
functional variant of any one thereof. The functional variant is suitably at least 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95% or 99% identical to any one of SEQ ID NO: 60 or 61. As mentioned
above, a sequence identity of 90%, 95% or 99% or higher in regions corresponding to NR1
motifs is preferred. These promoters comprise 2x MHM or 3x human PBREM elements.

Suitably the expression cassette comprises sequences providing or coding for one or more of,
and preferably all of, a ribosomal binding site, a start codon, a stop codon, and a transcription
termination sequence. Suitably the expression cassette comprises a nucleic acid encoding a
posttranscriptional regulatory element. Suitably the expression cassette comprises a nucleic

acid encoding a polyA element.
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A gene for use in the present invention typically encodes a desired gene expression product
such as a polypeptide (protein) or RNA. The gene may be a full-length cDNA or genomic DNA
sequence, or any fragment, subunit or mutant thereof that has at least some desired biological

activity.

Where the gene encodes a protein, it can be essentially any type of protein. By way of non-
limiting example, the protein can be an enzyme, an antibody or antibody fragment (e.g. a
monoclonal antibody), a viral protein (e.g. REP, CAP, REV, VSV-G, or RD114), a therapeutic

protein, or a toxic protein (e.g. Caspase 3, 8 or 9).

In some preferred embodiments of the present invention, the gene encodes a therapeutic
expression product, preferably a therapeutic protein suitable for use in treating a disease or
condition associated with the liver. Such genes may be referred to as “therapeutic genes”. The
therapeutic expression product can be a protein, e.g. a secretable protein such as, e.g., a
clotting factor (e.qg., factor IX or factor VIII), a cytokine, a growth factor, an antibody or
nanobody, a chemokine, a plasma factor, insulin, erythropoietin, lipoprotein lipase, or a toxic
protein. Alternatively, the therapeutic expression product may be RNA, such as an siRNA or
miRNA. A non-exhaustive list of therapeutic expression products (and sequences encoding
them) envisaged for use in the present invention includes: factor VIII, factor IX, factor VII, factor
X, von Willebrand factor, erythropoietin (EPO), interferon-a, interferon-B, interferon-y, interleukin
1 (IL-1), interleukin 2 (IL-2), interleukin 3 (IL-3), interleukin 4 (IL-4 ), interleukin 5 (IL-5),
interleukin 6 (IL-6), interleukin 7 (IL-7), interleukin 8 (IL-8), interleukin 9 (IL-9), interleukin 10 (IL-
10), interleukin 11 (IL-11 ), interleukin 12 (IL-12), chemokine (C-X-C motif) ligand 5 (CXCLS),
granulocyte-colony stimulating factor (G-CSF), granulocyte-macrophage colony stimulating
factor (GM-CSF), macrophage colony stimulating factor (M-CSF), stem cell factor (SCF),
keratinocyte growth factor (KGF), monocyte chemoattractant protein-1 (MCP-1), tumour
necrosis factor (TNF), afamin (AFM), al-antitrypsin, a-galactosidase A, a-L-iduronidase, ATP7b,
ornithine transcarbamoylase, phenylalanine hydroxylase, lipoprotein lipase, aromatic amino acid
decarboxylase (AADC), ATPase Sarcoplasmic/Endoplasmic Reticulum Ca2+ Transporting 2
(ATP2A2), cystic fibrosis transmembrane conductance regulator (CTFR), glutamic acid
decarboxylase 65 kDa protein (GAD65), glutamic acid decarboxylase 67 kDa protein (GAD67),
lipoprotein lipase (LPL), nerve growth factor (NGF), neurturin (NTN), porphobilinogen
deaminase (PBGD), sarcoglycan alpha (SGCA), soluble fms-like tyrosine kinase-1 (sFLT-1),
apoliproteins, low-density lipoprotein receptor (LDL-R), albumin, glucose-6-phosphatase,
antibodies, nanobodies, aptamers, anti-viral dominant-negative proteins, and functional
fragments, subunits or mutants thereof. Preferably the protein is a primate protein, more

preferably a human protein.
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Proteins or polypeptides of interest can be, for example, antibodies, enzymes or fragments
thereof, viral proteins, cytokines, lymphokines, adhesion molecules, receptors and derivatives or
fragments thereof, protein antibiotics, toxin fusion proteins, carbohydrate-protein conjugates,
structural proteins, regulatory proteins, vaccines and vaccine like proteins or particles, process
enzymes, growth factors, hormones, and any other polypeptides that can serve as agonists or
antagonists and/or have therapeutic or diagnostic use. According to one preferred embodiment,
the protein is an immunoglobulin, preferably an antibody or antibody fragment, most preferably
a Fab or scFv antibody. According to another preferred embodiment the protein is a viral

protein.

In some embodiments of the invention, the synthetic liver-specific expression cassette
comprises a gene useful for gene editing, e.g. a gene encoding a site-specific nuclease, such
as a meganuclease, zinc finger nuclease (ZFN), transcription activator-like effector-based
nuclease (TALEN), or the clustered regularly interspaced short palindromic repeats system
(CRISPR-Cas). Suitably the site-specific nuclease is adapted to edit a desired target genomic
locus by making a cut (typically a site-specific double-strand break) which is then repaired via
non-homologous end-joining (NHEJ) or homology dependent repair (HDR), resulting in a
desired edit. The edit can be the partial or complete repair of a gene that is dysfunctional, or

the knock-down or knock-out of a functional gene.

The product of interest may also be a nucleic acid, for example an RNA, for example an
antisense RNA, microRNA, siRNA, tRNA, rRNAs, guide RNA or any other regulatory,

therapeutic or otherwise useful RNA.

In some preferred embodiments of the invention, the gene therapy vector is a viral vector, such
as a retroviral, lentiviral, adenoviral, or adeno-associated viral (AAV) vector, but other forms of
gene therapy vector are also contemplated. In some preferred embodiments the vector is an
AAV vector. In some preferred embodiments the AAV has a serotype suitable for liver
transduction. In some embodiments, the AAV is selected from the group consisting of. AAV2,
AAV5, AAV6, AAV7, AAVS, AAV9, or derivatives thereof. AAV vectors are suitably used as self-
complementary, double-stranded AAV vectors (SCAAV) in order to overcome one of the limiting
steps in AAV transduction (i.e. single-stranded to double-stranded AAV conversion), although
the use of single-stranded AAV vectors (ssAAV) is also encompassed herein. In some
embodiments of the invention, the AAV vector is chimeric, meaning it comprises components
from at least two AAV serotypes, such as the ITRs of an AAV2 and the capsid protein of an
AAVS5.
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In some embodiments of the invention, the vector is a plasmid. Such a plasmid may include a
variety of other functional nucleic acid sequences, such as one or more selectable markers, one
or more origins of replication, polycloning sites and the like.

In another aspect, the present invention provides an expression cassette comprising a synthetic
liver-specific inducible promoter operably linked to a gene, the synthetic liver-specific inducible
promoter comprising a CRE that is capable of being bound and activated by a heterodimer of
CAR and RXR. Various synthetic inducible promoters are discussed above in the context of a
gene therapy vector, and they can be used in this aspect of the invention. Thus, the present
invention also encompasses the synthetic liver-specific promoters as described with respect to
the first aspect in an expression cassette both in a gene therapy vector (s described in detail

above) and in other contexts.

In some embodiments of the invention, the expression cassette is present in an expression
vector for expression in eukaryotic cells. Examples of eukaryotic expression vectors include,
but are not limited to, pW-LNEO, pSV2CAT, pOG44, pXTl and pSG available from Stratagene;
pSVKS3, pBPV, pMSG and pSVL available from Amersham Pharmacia Biotech; and
pCMVDsRed2-express, plRES2-DsRed2, pDsRed2-Mito, pPCMV-EGFP available from Clontech.
Many other vectors are well-known and commercially available. For mammalian cells
adenoviral vectors, the pSV and the pCMV series of vectors are particularly well-known non-
limiting examples. There are many well-known yeast expression vectors including, without
limitation, yeast integrative plasmids (Ylp) and yeast replicative plasmids (YRp). For plants the
Ti plasmid of agrobacterium is an exemplary expression vector, and plant viruses also provide
suitable expression vectors, e.g. tobacco mosaic virus (TMV), potato virus X, and cowpea

mosaic virus.

In embodiments of this aspect of the invention the gene is preferably not a reporter gene.
Suitably the gene encodes a therapeutic expression product (e.g. as discussed above) or
another expression product that is useful in industry or research. Thus, in some preferred
embodiments of the invention the expression cassette is for the expression of a product which is
not a reporter (such as a fluorescent protein, luminescent protein or a chromogenic protein),
and preferably is for expression of a therapeutic expression product. Various suitable
expression products are discussed above. Further useful expression product will be apparent

to the skilled person.
In another aspect the present invention also provides a synthetic liver-specific inducible

promoter comprising a CRE that is capable of being bound and activated by a heterodimer of

CAR and RXR. The various synthetic inducible promoters discussed above in the context of a

16



10

15

20

25

30

35

WO 2020/148555 PCT/GB2020/050107

gene therapy vector are considered to be embodiments of this aspect of the present invention.
In other words, various promoters described above are considered to be embodiments of this
aspect of the invention independent of whether they are in the context of a gene therapy vector.
In particular, there are disclosed various synthetic liver-specific inducible promoters that have
beneficial properties and which are not disclosed in the art. These have utility in gene therapy,
but also have broad utility in other contexts such as cell culture and bioprocessing, as discussed

further below.

Particularly, but not exclusively, embodiments of this aspect of the invention include a synthetic
liver-specific inducible promoter comprising a sequence according any one of SEQ ID NOs: 7 to
18, or functional variant of any one thereof. The functional variant is suitably at least 60%, 70%,
80%, 90%, 95% or 99% identical to any one of SEQ ID NOs: 7 to 18. As mentioned above, a
sequence identity of 90%, 95% or 99% or higher in regions corresponding to NR1 motifs is

preferred.

In some preferred embodiments the synthetic liver-specific inducible promoter comprises a
sequence according to SEQ ID NO: 7, SEQ ID NO: 10, SEQ ID NO: 11 or SEQ ID NO: 12, or
functional variant of any one thereof. The functional variant is suitably at least 60%, 70%, 80%,
90%, 95% or 99% identical to any one of SEQ ID NO: 7, SEQ ID NO: 10, SEQ ID NO: 11 or
SEQ ID NO: 12. These promoters comprise 1, 2, 3 and 4, respectively, copies of mouse

PBREM linked to a MinTK minimal promoter.

In some embodiments of the invention, the synthetic liver-specific inducible promoter comprises
or consists of a sequence according to any one of SEQ ID NOs: 59 to 71, or a functional variant
thereof. The functional variant is suitably at least 60%, 70%, 80%, 90%, 95% or 99% identical

to any one of SEQ ID NOs: 59 to 71. As mentioned above, a sequence identity of 90%, 95% or

99% or higher in regions corresponding to NR1 motifs is preferred.

In some preferred embodiments of the present invention the synthetic liver-specific inducible
promoter comprises a sequence according to any one of SEQ ID NO: 68, 69, 70 or 71, or
functional variant of any one thereof. The functional variant is suitably at least 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95% or 99% identical to any one of SEQ ID NO: 68, 69, 70 or 71. As
mentioned above, a sequence identity of 90%, 95% or 99% or higher in regions corresponding

to NR1 motifs is preferred. These promoters comprise 2x MHM or 3x human PBREM elements.
In a further aspect of the invention there is provided a CRE that is capable of being bound and

activated by a CAR-RXR heterodimer which comprises or consists a functional variant of the

PBREM element. Suitably the variant PBREM is a non-naturally occurring variant of PBREM,
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i.e. it comprises a sequence that does not occur in nature. For example, the variant does not
comprise the sequence of human, mouse or rat PBREM elements (e.g. SEQ ID NO:1 or SEQ ID
NQ: 2). Various non-natural CREs capable of being bound and activated by a CAR-RXR
heterodimer are described above in respect of the first aspect of the invention, and these

provide exemplary embodiments of the present aspect.

In some embodiments the CRE of the invention comprises or consists of a hybrid PBREM
element, as discussed above. By way of non-limiting example, a hybrid PBREM element can
comprise portions of primate (e.g. human) and rodent (e.g. mouse) PBREM elements. For
example, a hybrid PBREM element may comprise an NR1 motif from human and an NR2 motif
from mouse, or an NR1 motif from mouse and an NR2 motif from human. Mouse or human
NR1 and NR2 motifs can also be combined with an NR1 motif from the corresponding species.
In some embodiments the hybrid PBREM element comprises one of the following combinations
of PBREM motifs: hNR1-mNF1-hNR2; hNR1-mNF1-mNR2; mNR1-hNF1-mNR2; or mNR1-
hNF1-hNR2 (wherein “h” indicates the human motif and m indicates the mouse motif).
Exemplary hybrid PBREM element sequences are underlined in SEQ ID Nos: 61 to 64 in Table
3; functional variants of these sequences could of course be used, e.g. sequences having 60%,
70%, 75%, 80%, 85%, 90%, 95% or 99% identity to the hybrid PBREM element sequences
underlined in SEQ ID Nos: 61 to 64.

In some embodiments the CRE that is capable of being bound and activated by a CAR-RXR
heterodimer comprises or consists of one of the following sequences:
ACTGTACTTTCCTGACCCTGAAGAGACTGTACTTTCCTGACCCTGAAGAGACTGTACTTTCC
TGACCCTGAAGAG (SEQ ID NO: #, human NR1x3);
ACTGTACTTTCCTGACCCTGGCACAGTGCCACCATGGACTTTCCTGAACCA (SEQ ID NO:
72; HMH hybrid);
ACTGTACTTTCCTGACCCTGGCACAGTGCCACCATCAACTTGCCTGACACC (SEQ ID NO:
73; HMM hybrid);
TCTGTACTTTCCTGACCTTGAAGAGGTGGCACCATCAACTTGCCTGACACC (SEQ ID NO:
74; MHM hybrid); or
TCTGTACTTTCCTGACCTTGAAGAGGTGGCAGCATGGACTTTCCTGAACCA (SEQ ID NO:
75; MHH hybrid),

or a functional variant thereof. The functional variant suitably comprises a sequence that
is 80%, 85%, 90%, 95% or 99% identical to any of said sequences.

In a further aspect of the present invention there is provided a CRM that comprises a two or

more CREs that are capable of being bound and activated by a CAR-RXR heterodimer which

comprises or consists a functional variant of the PBREM element. Various CRMs comprising
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two or more CREs capable of being bound and activated by a CAR-RXR heterodimer are
described above and also in respect of the first aspect of the invention, and these provide
exemplary embodiments of the present aspect. In some embodiments the CRM comprises at

least one non-natural CRE as discussed above, e.g. at least one hybrid CRE.

In some embodiments the CRM comprises one of the following sequences:
TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACC-S-
CTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACC (SEQ ID NO: 76;
2x mouse PBREM CREs);
TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACC-S-
TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACC-S-
TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACC-S-
TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACC (SEQ ID NO:
77; 3x mouse PBREM CREs);
CTGTACTTTCCTGACCTTGAAGAGGTGGCACCATCAACTTGCCTGACACC-S-
TCTGTACTTTCCTGACCTTGAAGAGGTGGCACCATCAACTTGCCTGACACC (SEQ ID NO:
78; 2x MHM hybrids CREs);
ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCA-S-
ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCA (SEQ ID NO:
79; 2x human PBREM CREs);
ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCA-S-
ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCA-S-
ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCA (SEQ ID NO:
80; 3x human PBREM CREs),

or a functional variant of any thereof. The functional variant suitably comprises a sequence that
is 80%, 90%, 95% or 99% identical to any of said sequences, and wherein S is an optional
spacer. When present, the spacer can have any suitable length, e.g. from 2 to 100 nucleotides,
from 3 to 50 nucleotides, from 5 to 30 nucleoctides, and from 10 to 25 nucleotides. In some
embodiments it is referred that the spacer is a multiple of 5 in length. A spacer of approximately
20 nucleotides in length has been found to be suitable (e.g. from 18-22 nucleotides in length).

In some embodiments the CRM comprises one of the following sequences:
TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCCATTACTCGC
ATCCATTCTCTCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACC
(SEQ ID NO: 81; 2x mouse PBREM CREs);
TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCCATTACTCGC
ATCCATTCTCTCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACC
GCACTGAAGGTCCTCAATCGTCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTT
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GCCTGACACCCTGACCTCCTGCCAGCAATATCTGTACTTTCCTGACCTTGGCACAGTGCCA
CCATCAACTTGCCTGACACC (SEQ ID NO: 82; 3x mouse PBREM)
CTGTACTTTCCTGACCTTGAAGAGGTGGCACCATCAACTTGCCTGACACCCATTACTCGCA
TCCATTCTCTCTGTACTTTCCTGACCTTGAAGAGGTGGCACCATCAACTTGCCTGACACC
(SEQ ID NO: 83; 2x MHM hybrids);
ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCACATTACTCGC
ATCCATTCTCACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCA
(SEQ ID NO: 84; 2x human PBREM); or
ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCACATTACTCGC
ATCCATTCTCACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCA
GCACTGAAGGTCCTCAATCGACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTT
TCCTGAACCA (SEQ ID NQO: 85; 3x human PBREM),

or a functional variant of any thereof. The functional variant suitably comprises a sequence that

is 80%, 90%, 95% or 99% identical to any of said sequences.

In one embodiment, the cis-regulatory element, cis-regulatory module or promoter presented
herein, or variants thereof, can enhance or drive expression of a gene in an non-liver or non-
liver derived tissue (e.g. spleen, muscle, heart, lung, and brain). Gene expression in the non-
liver tissue can be exclusive, or in addition to expression in a liver cell. When expression of the
gene is driven in both the non-liver and liver tissue, the expression level in the non-liver tissue
can be equal to, or greater than the expression level in the liver tissue. For example, a promoter

presented herein, or variant thereof can drive equal expression of a gene in the liver and heart.

In a further aspect the present invention provides a recombinant virion (viral particle) comprising
a gene therapy vector according to the present invention. The virion can be, for example an
AAV particle, a retroviral particle, a lentiviral particle, or some another form of gene therapy viral

particle.

The gene therapy vectors or virions of the present invention may be formulated in a
pharmaceutical composition with a pharmaceutically acceptable excipient, i.e., one or more
pharmaceutically acceptable carrier substances and/or additives, e.g., buffers, carriers,
excipients, stabilisers, etc. The pharmaceutical composition may be provided in the form of a kit.

Accordingly, in a further aspect the present invention provides a pharmaceutical composition
comprising a gene therapy vector or virion as set out above. The gene therapy vectors or
virions of the present invention may be formulated in a pharmaceutical composition with a

pharmaceutically acceptable excipient, i.e., one or more pharmaceutically acceptable carrier
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substances and/or additives, e.g., buffers, carriers, excipients, stabilisers, etc. The
pharmaceutical composition may be provided in the form of a kit.

According to a further aspect of the present invention, there is provided a cell comprising a gene
therapy vector, expression cassette, promoter, CRE, or CRM according to the various aspects

of the invention.

Suitably the cell is a eukaryotic cell. The eukaryotic cell can suitably be a fungal cell (e.g. yeast
cell), an animal (metazoan) cell (e.g. mammalian cells), or a plant cell. Alternatively, the cell

may be a prokaryotic cell.

In some embodiments of the invention, the cell is ex vivo, e.g. in cell culture. In other

embodiments of the invention the cell may be part of a tissue or multicellular organism.

In a preferred embodiment, the cell is a liver cell (hepatocyte), which may be ex vivo or in vivo.
The liver cell may be a primary liver cell or a cell of a liver-derived cell line, e.g. an immortalised
cell line. The cell may be present within a liver tissue environment (e.g. within a liver) or may be
isolated from liver tissue, e.g. and it may be in cell culture. Suitably the cell is a human cell.
Generally liver cells express both CAR and RXR. However, some liver-derived cell lines do not
express CAR (e.g. the Huh7 cell line), and in such cases it is necessary to provide exogenous
CAR. This can be achieved by providing to the cell a suitable expression construct comprising
a nucleic acid encoding CAR operably linked to a promoter, e.g. a constitutively active

promoter. Suitable approaches are known in the art and are described in the examples.

In some embodiments the cell has been modified to express CAR and/or RXR. Suitably in such
embodiments the cell is a cell which does not normally express CAR, RXR or both CAR and
RXR. Suitably the cell is not a liver cell. Accordingly, in some embodiments of the invention,
the promoters, expression cassettes and vectors of the present invention are used in non-liver
cells, which do not normally (i.e. in their natural state) express CAR and/or RXR; and thus
promoters of the present invention would not normally be active in such cells. However, said
cells have been modified such that it is able to express CAR and RXR and thus the promoter
can be induced. By way of non-limiting example, the cell may be any type of animal primary cell
or animal cell line.

The gene therapy vector, expression cassette, promoter, CRE, or CRM according to various

aspects of the invention may be inserted into the genome of the cell, or it may be present in an

episomal vector.

21



10

15

20

25

30

35

WO 2020/148555 PCT/GB2020/050107

Suitable cells for the present invention include, but are not limited to, eukaryotic cells, such as
yeast, plant, insect or mammalian cells. For example, the cells may any type of differentiated
cells or may, be oocytes, embryonic stem cells, hematopoietic stem cells or other forms. In
some embodiments the cells is an animal (metazoan) cell (e.g. mammalian cells). In some
preferred embodiments the cells is a liver cell (e.g. a Huh7 cell, HepaR{ cell, HEPG2 cell, etc ;
a wide range of liver cells are available from ATCC, DSMZ and other sources). In some
embodiments the cell is a mammalian cell. In some embodiments the mammalian cell is a
human, simian, murine, rat, rabbit, hamster, goat, bovine, sheep or pig cell. Some preferred
cells or "host cells" for the production of products of interest are human, mice, rat, monkey, or
rodent cell lines. Hamster cells are preferred in some embodiments, e.g. BHK21, BHK TK’,
CHO, CHO-K1, CHO-DUKX, CHO-DUKX B1, CHO-S and CHO-DG44 cells, or
derivatives/progenies of any of such cell lines. In alternative embodiments, the cell could be a
human cell. In some preferred embodiments the human cell could be a human embryonic
kidney (HEK) cell, preferably a HEK 293 cell. In another preferred embodiment of the invention
the cell may be a retinal cell, e.g. a retinal pigmented epithelium (RPE) cell, for example ARPE-
19 (ATCC CRL-2302). Furthermore, murine myeloma cells, preferably NSO and Sp2/0 cells or
the derivatives/progenies of any of such cell lines are also well-known as production cell lines
for biopharmaceutical proteins. Non-limiting examples of cell lines that can be used in the
present invention and sources from which they can be obtained are summarised in Table 1.
Suitable host cells are commercially available, for example, from culture collections such as the
DSMZ (Deutsche Sammlung von Mikroorganismen and Zeilkuituren GmbH, Braunschweig,

Germany) or the American Type Culture Collection (ATCC).

For bioprocessing applications, it may be preferred that cells are established, adapted, and
completely cultivated under serum free conditions, and optionally in media which are free of any
protein/peptide of animal origin. Commercially available media such as Ham's F12 (Sigma,
Deisenhofen, Germany), RPMI-1640 (Sigma), Dulbecco's Modified Eagle's Medium (DMEM,;
Sigma), Minimal Essential Medium (MEM; Sigma), Iscove's Modified Dulbecco's Medium
(IMDM; Sigma), CD-CHO (Invitrogen, Carlsbad, CA), CHO-S-SFMII (Invitrogen), serum-free
CHO Medium (Sigma), protein-free CHO Medium (Sigma), EX-CELL Media (SAFC),
CDM4CHO and SFM4CHO (HyClone) are exemplary appropriate nutrient solutions. Any of the
media may be supplemented as necessary with a variety of compounds examples of which are
hormones and/or other growth factors (such as insulin, transferrin, epidermal growth factor,
insulin like growth factor), salts (such as sodium chloride, calcium, magnesium, phosphate),
buffers (such as HEPES), nucleosides (such as adenosine, thymidine), glutamine, glucose or
other equivalent energy sources, antibiotics, trace elements. Any other necessary
supplements may also be included at appropriate concentrations that would be known to those

skilled in the art. In the present invention the use of serum-free medium is preferred, but media
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supplemented with a suitable amount of serum can also be used for the cultivation of host cells.
For the growth and selection of genetically modified cells expressing a selectable gene a
suitable selection agent is added to the culture medium.

The cell may be a prokaryotic cell, e.g. a bacterial cell. In some embodiments of the invention
the cell may be a prokaryotic cell; although prokaryotic cells do not possess the CAR/RXR
systems associated with the present invention, prokaryotic cells may nonetheless be useful in

production of a vector or other steps in handling, transportation or storage of a vector.

In some embodiments the cell is a packaging or producer cell for the production of a viral
vector. For example, the cell can be a packaging or producer cell for the production of an AAV
vector. Various a packaging or producer cell lines are known in the art. In a packaging or
producer cell line, it may be preferred that the promoter of the present invention is operably

linked to a viral protein, e.g. Rep or Cap or other viral structural or non-structural genes.

In a further aspect of the present invention, a promoter of the present invention can be operably
associated with a gene encoding a viral protein or RNA. The viral protein can be a structural or
non-structural protein. By way of non-limiting example, the viral protein can be an AAV protein,
for example Rep or Cap protein, or it can be a viral helper protein such as E1A, E1B, E2A, or
E4. In other embodiments, the viral protein can be REV, VSV-G, or RD114.

In a further aspect of the invention, there is provided a gene therapy vector, expression
cassette, promoter, virion or pharmaceutical composition according to various aspects of the
present invention for use in the treatment of a disease, preferably a disease associated with

aberrant gene expression, optionally in the liver (e.g. a genetic liver disease).

Expression in the liver is of particular interest as it is involved in a wide range of essential
functions in the body, including the synthesis of many proteins involved in metabolism,
haemostasis, and protection against infection. Given that many diseases are linked to
disruption of gene expression in the liver, there is a significant interest in developing gene
therapy strategies that allow expression of a transgene in the liver to produce a therapeutic
expression product. Diseases associated with aberrant gene expression include, but are not
limited to, haemophilia (including haemophilia A or B), familial hypercholesterolemia, ornithine
transcarbamylase deficiency, phenylketonuria, ornithine transcarbamylase deficiency, glycogen
storage disease, a1-antitrypsin deficiency, hereditary hemochromatosis, tyrosinemia type 1,
argininosuccinic aciduria, hepatitis virus infection, non-viral hepatitis, liver cancer, genetic

cholestasis, Wilson'’s disease, and various other liver diseases (such as non-alcoholic fatty liver
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disease (NAFLD), and alcohol-related liver disease (ARLD). Use for the treatment of

haemophilia A or B represent preferred embodiments of the various aspects of the invention.

In a further aspect, the present invention provides a method of producing an expression
product, suitably a therapeutic expression product, in cells, suitably liver cells, the method
comprising:

- providing cells comprising an expression cassette comprising a synthetic liver-specific
inducible promoter operably linked to a gene, the synthetic liver-specific inducible
promoter comprising a cis-regulatory element (CRE) that is capable of being bound and
activated by a heterodimer of CAR and RXR; and

- administering to said cells an inducer which is able to induce expression of the
expression product from the gene operably linked to the inducible promoter in said

expression cassette.

The method suitably comprises maintaining said cells under suitable conditions for expression
of the expression product from the gene. In culture this may comprise incubating the cell, or
tissue comprising the cell, under suitable culture conditions. The cell may of course be in vivo,
e.g. in one or more cells in the liver of a subject. Thus, this aspect of the invention provides,
inter alia, methods for producing a product of interest in a cell culture (e.g. in a bioprocessing
application) or the expression of a therapeutic product (e.g. in a subject or ex vivo). Various

cells suitable for use in this aspect are discussed above.

Suitably the method comprises the step of introducing the expression cassette into the liver. A
wide range of methods of transfecting liver cells are well-known in the art. A preferred method
of transfecting liver cells is transducing the cells with a viral vector comprising the synthetic liver-
specific expression cassette, e.g. an AAV vector. Details of various vectors for use in the

present invention are described below.

The method may include collecting or isolating the expression product. Suitable methods for
collecting or isolating various expressions product (e.g. proteins or nucleic acids) are well

known to the skilled person.

In some embodiments the cell is a liver cell. Generally liver cells express both CAR and RXR.
However, some liver-derived cell lines do not express CAR (e.g. the Huh7 cell line), and in such
cases it is necessary to provide exogenous CAR. This can be achieved by providing a suitable
expression construct to express CAR in the cell, for example comprising a nucleic acid
encoding CAR operably linked to a suitable promoter. Suitable expression vectors and other

approaches for expressing CAR in any given cell are well known in the art.
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Natural expression of CAR is generally limited to liver cells. Accordingly, where the cell does
not express CAR (which is typical for non-liver cells), it will typically be necessary to provide
exogenous CAR to the cell. As above, this can be achieved by providing a suitable expression
construct to express CAR in the cell, for example comprising a nucleic acid encoding CAR
operably linked to a suitable promoter. Suitable expression vectors and other approaches for

expressing CAR in any given cell are well known in the art.

The inducer for use in the invention can be any agent which is suitable to induce activation of
CAR and the formation of a CAR-RXR heterodimer. Such an inducer can induce expression
from a PBREM element in a cell in which the expression cassette is present. There is a wide
range of inducers of expression from the mouse and human PBREM elements known from the
prior art (see, for example, HONKAKOSKI, et al., Molecular Pharmacology, 53:597-601 (1998),
and Cherian et al. “Small-molecule modulators of the constitutive androstane receptor”, Expert
Opin Drug Metab Toxicol. 2015 July; 11(7): 1099—-1114; Banerjee et al. “Targeting xenobiotic
receptors PXR and CAR in human diseases”, Drug Discov. Today. 2015 May ; 20(5): 618-628;
Omiecinski et al., “Multi-species Analyses of Direct Activators of the Constitutive

Androstane Receptor” Toxicological Sciences, 123(2), 550-562 (2011)). Typically, these
inducers are activating ligands for CAR. CAR is characterized by its broad specificity for various
endogenous and exogenous ligands with varying chemical structures, which allows it to be a
xenobiotic sensor. Table 1 of Cherian et al. lists various activators of activators of CAR in

various species, which could be used as inducers in any aspect of the present invention.

For example, and without limitation, the inducer suitably comprises one or more agents selected
from the following list:

phenobarbital (PB); a flavonoid compound, e.g. flavone, chrysin, baicalein, or galangin;
1,4-Bis[2-(3,5-dichloropyridyloxy)]benzene (TCPOBOP); 6-(4Chlorophenyl)imidazo[2,1-
b][1,3]thiazole-5-carbaldehyde-O-(3,4-dichlorobenzyl)oxime (CITCO); Acetaminophen;
Buprenorphine; Phenytoin; Carbamazepine; Valproic Acid; Artemisinin and derivatives;
Chlorpromazine; Efavirenz; Nevirapine; Rilpivirine; Etravirine; Diazepam; Cyclophosphamid;
Ifosfamide; Cerivastatin; Simvastatin; lovastatin; substituted sulphonamides; Thiazolidin-4-one;
Estradiol; Estrone and analogues; 17a-ethinyl- 3;17R-estradiol (EE2); Dehydroepiandrost erone
(DHEA); 5R-pregnane-3,20-dione; Diethylstilbestrol; Gingko biloba extract; Galangin; chrysin;
baicalein; Diallyl sulphide; Ellagic acid; Resveratrol; Squalestatin-1; Bilobalide; Triclocarban;
Triclosan; Dichlorodiphenyltrichloroethane (DDT); Dieldrin; Methoxychlor; Metofluthrin;
Permethrin; Pyrethrins; Sulfoxaflor; Diethylhexyl phthalate (DEHP); Cyproconazole;
Fluconazole; Propiconazole; FL81; Tri-p-methylphenyl phosphate (TMPP); UM104; and UM145.
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In some preferred embodiments, the inducer is a drug (pharmaceutical agent), e.g. a drug that
has regulatory approval in at least on country (preferably the US or a member of the EU) for use
in humans or animals (preferably humans) to treat at least one medical condition. Alternatively,
it can be preferred that the inducer has GRAS status in at least on country (preferably the US or
a member of the EU). In some preferred embodiments the inducer comprises one or more
agents selected from the following list:

phenobarbital (PB); flavonoid compounds, such as flavone, chrysin, baicalein, or
galangin; Acetaminophen; Buprenorphine; Phenobarbital; Phenytoin; Carbamazepine; Valproic
Acid; Artemisinin and derivatives; Chlorpromazine; Efavirenz; Nevirapine; Rilpivirine; Etravirine;
Diazepam; Cyclophosphamid; Ifosfamide; Cerivastatin; Simvastatin; lovastatin; substituted

sulphonamides; and Thiazolidin-4-one.

These compounds are all known drugs or are considered GRAS for use in humans, and thus

can in general be used to induce expression in humans with a suitable degree of safety.

In some embodiments of the invention the inducer is phenobarbital. In some other
embodiments the inducer is CITCO or TCPOBOP. In some other embodiments the inducer is a

flavonoid, e.g. flavone.

The inducer can be administered to the cells in any suitable manner. For example, in cell
culture the inducer can be added to the culture medium. When the cells are in in in vivo, e.g.
the cells are in the liver of an animal, the inducer can be administered to the cells via systemic
administration to the animal or through local administration to the target tissue (e.g. liver). A
suitable dosage rate for any given inducer can be readily determined by the person skilled in the
art. The person skilled in the art can thus readily determine for any inducer an appropriate way
to deliver the inducer to the cells, and a suitable concentration to use. In the case of CITCO,
administration of a concentration of from 0.5 pM to 3 yM, e.g. approximately 1 uM, to cells has
been demonstrated in the examples below to be suitable to induce expression. In the case of
TCPOBOP administration of a concentration of from 50 nM to 150 nM to cells has been
demonstrated in the examples below to be suitable to induce expression. In the case of
flavone, administration of a concentration of 30 pM to cells has been demonstrated in the
examples below to be suitable to induce expression. However, other appropriate
concentrations could be used, and the requisite dose to be administered to a patient can be
determined by the skilled person. Accordingly, in some embodiments the present invention
contemplates exposing the cells comprising the expression cassette to from 0.1 uM to 15 pM of
CITCO in order to induce expression, e.g. from 0.25 pM to 6 pM, from 0.5 uM to 3 uM. In some
embodiments the present invention contemplates exposing the cells comprising the expression

cassette to from 10 nM or 750 nM of TCPOBOP in order to induce expression, e.g. from 25 nM
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to 300 nM, or from 50 nM to 150 nM. In some embodiments the present invention contemplates
exposing the cells comprising the expression cassette to from 6 uM to 150 pM of flavone in
order to induce expression, e.g. 15 to 150 uM, or 25 to 35 pM.

The method may suitably comprise ceasing to administer the inducer. Ceasing to administer
the inducer will lead to at least a reduction of expression of the expression product. Typically,

expression of the expression product will return to a baseline level over time.

The method may suitably comprise varying the concentration of the inducer administered to the

cells over time. This can be used to modulate the level of expression of the expression product.

In some embodiments of the invention the concentration of the inducer administered to the cells
over time is varied in order to modulate the dosage of a therapeutic gene product provided in a
subject or to vary the production of an expression product in cell culture. In the case of therapy
in a subject (discussed in more detail below), the concentration of the inducer can be varied in
response to an alteration in the condition of a subject, the level of a biomarker in a subject, or

any other reason.

In some embodiments the method involves administering an inhibitor to the cells. The inhibitor
can be any agent which is suitable to inhibit or decrease activation of CAR and the formation of
a CAR-RXR heterodimer. Addition of an inhibitor can be used to decrease or eliminate
expression of the expression product (i.e. turn down or switch off expression). By way of non-
limiting example, metformin is a known antagonist of CAR, which can be used as an inhibitor.
Furthermore, androstenol and several isomers of androstanol, androstanes, are known to be
endogenous antagonists of CAR, and these can be administered as inhibitors. Various
inhibitors of CAR are discussed in Cherian et al. “Small-molecule modulators of the constitutive
androstane receptor”, Expert Opin Drug Metab Toxicol. 2015 July; 11(7): 1099-1114 — see Fig.
1 which discloses various human, mouse and rat CAR inhibitors. Further CAR (or RXR)
inhibitors which is suitable to inhibit or decrease formation of a CAR-RXR heterodimer that can
be used in the present invention could of course be identified by the skilled person. A suitable
dosage rate for any given inhibitor can be readily determined by the person skilled in the art.

In a further aspect, the present invention provides a method of expressing a therapeutic
transgene in a liver cell, the method comprising introducing into the liver cell a gene therapy
vector according to the present invention, and thereafter administering to the cell an inducer.
Suitable inducers are discussed above. The liver cell can be in vivo or ex vivo. As mentioned
above, the concentration of the inducer administered to the cell can be varied over time.

Exemplary therapeutic genes for use in this aspect are discussed above.
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It will be evident to the skilled person that a gene therapy vector, expression cassette, virion or
pharmaceutical composition according to various aspects of the invention may be used for gene
therapy. Accordingly, the use of the such gene therapy vectors, expression cassettes, virions or
pharmaceutical compositions in gene therapy forms part of the present invention. An aspect of
the invention thus provides a gene therapy vector, expression cassette, virion or pharmaceutical
composition as set out herein for use in gene therapy, preferably gene therapy through liver-
specific expression of a therapeutic gene, suitably for treatment of a disease involving aberrant

gene expression in the liver.

In a further aspect the present invention provides a method of gene therapy of a subject,
preferably a human, in need thereof, the method comprising:

- introducing into the liver of the subject a gene therapy vector, expression cassette or
virion of the present invention, which comprises a gene encoding a therapeutic product;
and

- administering an inducer to the subject such that a therapeutically effective amount of

the therapeutic product is expressed in the subject.

Suitable therapeutic genes are also discussed above. Conditions which can be treated are
also discussed above, including but not limited to haemophilia (including haemophilia A or B),
familial hypercholesterolemia, ornithine transcarbamylase deficiency, phenylketonuria, ornithine
transcarbamylase deficiency, glycogen storage disease, al-antitrypsin deficiency, hereditary
hemochromatosis, tyrosinemia type 1, argininosuccinic aciduria, hepatitis virus infection, non-
viral hepatitis, liver cancer, genetic cholestasis, Wilson’s disease, and various other liver
diseases (such as non-alcoholic fatty liver disease (NAFLD), alcohol-related liver disease

(ARLD), and lysosomal storage disorders.

The method suitably comprises expressing a therapeutically effective amount of the therapeutic
product from the gene in the liver of said subject. The therapeutic product may have a
therapeutic effect in the liver or in another location in the subject. For example, the therapeutic

product may be released into the blood stream.

Suitable inducers are set out above, as are methods of administration of the inducer. As
discussed above, administration of the inducer may be ceased after a period of time, e.g. after a
suitable therapeutic benefit has been achieved. Alternatively, the amount of the inducer
administered to the subject may be varied over time. The amount of the inducer administered
to the subject may be adjusted in order to obtain expression of a desired amount (dose) of the

therapeutic product. Thus, where there is a clinical need for an increased amount of the
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therapeutic product (e.g. due to insufficient response in the subject), the amount of the inducer
administered to the subject can be increased, and vice versa (e.g. due to an excessive
response or undesirable side effects).

In some embodiments the method may comprise the steps of:
- determining the amount of the therapeutic product expressed in the subject or assessing
the response of a subject to the therapeutic product, and:
a) where a higher amount of the therapeutic product in the subject is desired,
increasing the amount of inducer administered to the subject, or
b) where a lower amount of the therapeutic product in the subject is desired,

decreasing the amount of inducer administered to the subject.

Standard laboratory techniques can be used to determine the amount of the therapeutic product

in the subject.

When considering that the amount of the inducer administered to the subject may be varied
over time, it will of course be understood that the inducer will not typically be administered to the
patient continuously, but rather will typically be administered at a given dosage level at a given
time interval. The present invention thus contemplates varying the amount of inducer
administered to the subject over time by adjusting the dose, adjusting the time period between
doses, or both. Thus, for example, to increase the amount of inducer administered to a subject
the dose can be increased while the time period between doses is kept constant, the dose can
be kept constant while the time period between doses is reduced, or the dose can be increased
and the time period between doses is reduced. To decrease the amount of inducer
administered to a subject the dose can be decreased while the time period between doses is
kept constant, the dose can be kept constant while the time period between doses is reduced,

or the dose can be decreased and the time period between doses is increased.

Alternatively, or additionally, the method may comprise changing the inducer in order to alter the
amount of the therapeutic product in the subject. For example, a weak inducer can be replaced

with a stronger inducer, or vice versa.

The method may also comprise changing the inducer if, for example, the subject has an

adverse reaction to an inducer, or the inducer is found to be ineffective in the subject.
The method may also comprise administering an inhibitor to the subject. Suitable inhibitors for

use in the invention are discussed above. The inhibitor can be added to reduce or stop

production of the therapeutic product in the subject. The amount of the inhibitor administered to
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the subject may be adjusted in order to obtain expression of a desired amount (dose) of the
therapeutic product.

Genes encoding suitable therapeutic gene products are discussed above. However, specific
mention may be made of therapeutic proteins, such as factor VIl and IX for the treatment of

haemophilia.

The method suitably comprises administering a vector or virion according to the present
invention to the subject. Suitably the vector is a viral gene therapy vector, preferably an AAV

vector.

In some embodiments, the method comprises administering the viral gene therapy vector
systemically. Systemic administration may be enteral (e.g. oral, sublingual, and rectal) or
parenteral (e.g. injection). Preferred routes of injection include intravenous, intramuscular,

subcutaneous, intra-arterial, intra-articular, intrathecal, and intradermal injections.

In some embodiments, the viral gene therapy vector may be administered concurrently or
sequentially with one or more additional therapeutic agents or with one or more saturating

agents designed to prevent clearance of the vectors by the reticular endothelial system.

Where the vector is an AAV vector, the dosage of the vector may be from 1x10'° gc/kg to 1x10'®
gc/kg or more, suitably from 1x10'2 ge/kg to 1x10'4 ge/kg, suitably from 5x10'? ge/kg to 5x10'3
gc/kg.

In general, the subject in need thereof will be a mammal, and preferably primate, more
preferably a human. Typically, the subject in need thereof will display symptoms characteristic
of a disease. The method typically comprises ameliorating the symptoms displayed by the

subject in need thereof, by expressing the therapeutic amount of the therapeutic product.

Gene therapy protocols for therapeutic gene expression in target cells in vitro and in vivo, are
well-known in the art and will not be discussed in detail here. Briefly, they include intramuscular
injection, interstitial injection, instillation in airways, application to endothelium, intra-hepatic
parenchyme, and intravenous or intra-arterial administration (e.g. intra-hepatic artery, intra-
hepatic vein) of plasmid DNA vectors (haked or in liposomes) or viral vectors. Various devices
have been developed for enhancing the availability of DNA to the target cell. While a simple
approach is to contact the target cell physically with catheters or implantable materials
containing the relevant vector, more complex approaches can use jet injection devices an

suchlike. Gene transfer into mammalian liver cells has been performed using both ex vivo and
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in vivo procedures. The ex vivo approach typically requires harvesting of the liver cells, in vitro
transduction with suitable expression vectors, followed by reintroduction of the transduced
hepatocytes the liver. /n vivo gene transfer has been achieved by injecting DNA or viral vectors

into the liver parenchyma, hepatic artery, or portal vein.

In a further aspect of the invention, there is provided the use of a synthetic inducible promoter,
synthetic expression cassette, vector or virion according to various aspects of the present
invention for the manufacture of a pharmaceutical composition for treatment of any condition or

disease mentioned herein.

In a further aspect, the present invention provides a method for producing an expression

product, the method comprising the steps of:

(a) providing a population of eukaryotic cells, preferably animal cells, more preferably
mammalian cells, and more preferably liver cells, comprising an expression cassette
comprising a synthetic liver-specific inducible promoter operably linked to a gene, the
synthetic liver-specific inducible promoter comprising a cis-regulatory element (CRE) that is
capable of being bound and activated by a heterodimer of CAR and RXR;

(b) culturing said population of cells; and

(¢) administering to said cells an inducer which is able to induce expression of the expression
product from the gene operably linked to the inducible promoter in said expression cassette;
and

(d) recovering the expression product.

The method is preferably a method of bioprocessing, i.e. a process that uses living cells to
obtain desired expression products. Preferred transgenes and products of interest that they
encode are discussed above. The expression product may be useful for therapeutic, cosmetic,
research or other industrial processes. Inducers and cells that are suitable for this aspect are

discussed above.

Step (b) typically comprises maintaining said population of cells under suitable conditions for
proliferation of the cells. The conditions typically prepare the cells for expression of the
expression product from the transgene upon induction in step (¢). The skilled person would be
aware of suitable conditions for the various types of cells contemplated. The method thus
suitably comprises incubating said population of cells under conditions suitable for growth of the

cells prior to step (c) of treating said population of cells so as to induce expression.

The step of recovering the expression product typically comprises separating the expression

product from said population of cells, and in some cases from other components of the cell
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culture medium. The method preferably comprises the step of purifying the expression product.
Suitable methods of recovering and/or purifying an expression product are conventional in the
art, and will depend on the specific nature of the expression product.

It will be apparent that the present invention allows for the production of the expression product
to be delayed until a desired point in a cell culture process. This can, for example, permit the
population of cells to be expanded until such time as a desired cell number or concentration is
reached, or a desired growth phase is reached. This can be desirable for many reasons, e.g. to
allow cells to grow under optimal conditions prior to expression of the transgene, which may
inhibit growth. In the case of toxic proteins, for example, the production of a toxic expression
product can be avoided until a cell culture system is at a desired stage. Once the toxic protein
is expressed the cells will of course be adversely affected or killed. However, even for non-toxic
expression products there may be considerable efficiency advantages in delaying expression of

the transgene until a desired point.

The methods can be carried out in any suitable reactor including but not limited to stirred tank,
airlift, fibre, microfibre, hollow fibre, ceramic matrix, fluidized bed, fixed bed, and/or spouted bed
bioreactors. As used herein, "reactor" can include a fermenter or fermentation unit, or any other
reaction vessel and the term "reactor" is used interchangeably with "fermenter". For example, in
some aspects, an example bioreactor unit can perform one or more, or all, of the following:
feeding of nutrients and/or carbon sources, injection of suitable gas (e.g., oxygen), inlet and
outlet flow of fermentation or cell culture medium, separation of gas and liquid phases,
maintenance of temperature, maintenance of oxygen and CO- levels, maintenance of pH level,
agitation (e.g., stirring), and/or cleaning/sterilizing. Example reactor units, such as a
fermentation unit, may contain multiple reactors within the unit, for example the unit can have 1
to 10 or more bioreactors in each unit. In various embodiments, the bioreactor can be suitable
for batch, semi fed-batch, fed-batch, perfusion, and/or a continuous fermentation process. In
some embodiments, the bioreactor can have a volume of from about 100 ml to about 50,000
litres, preferably 10 litres or higher. Additionally, suitable reactors can be multi-use, single-use,
disposable, or non-disposable and can be formed of any suitable material. U.S. Publication
Nos. 2013/0280797, 2012/0077429, 2011/0280797, 2009/0305626, and U.S. Patent Nos.
8,298,054, 7,629,167, and 5,656,491 (hereby incorporated by reference in their entirety)
describe exemplary systems that may be used in the present invention.

In some preferred embodiments of the invention, the method is for the production of gene
therapy viral vectors, e.g. rAAV viral particles. In this embodiment the cell is suitably a
packaging cell or a producer cell, and one of the helper functions is under the control of the

inducible promoter. By way of non-limiting example, the Rep, Cap, E1A, E1B, E2A, E4 and VA
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RNA genes can be placed under control of the inducible promoter. Due to its toxicity,
controlling expression of Rep is of particular interest. Thus, in another aspect of the present
invention, there is provided the use of a promoter as discussed herein to control expression of a
viral protein in a method of producing a viral gene therapy product, preferably a viral helper

protein, and more preferably the Rep gene.

In a further aspect, the invention provides a reactor vessel comprising a cell culture comprising
cells the present invention and a medium sufficient to support growth of the cell. Various

reactors suitable for the present invention are described above.

In a further aspect of the invention there is provided the use of bioprocessing vector or cell of
the present invention in a bioprocessing method for the manufacture of a product of interest,

e.g. a therapeutic product.

Brief Description of the Figures

- Figure 1A shows measurement of luciferase expression from the PB1-MinTK construct after
transfection into Huh7 cells and treatment with DMSO, 50 nM, 150 nM and 250 nM
TCPOBOP.

- Figure 1B shows measurement of luciferase expression from the PB1-MinTK construct after
transfection into Huh7 cells, wherein the Huh7 cells were transfected with CAR or not
transfected with CAR.

- Figure 1C shows the data from Figure 1A represented as a ratio of the strong viral promoter
CMV-IE. Figure 1C also shows that in the absence of CAR, there is no luciferase
expression. One PBREM element in combination with MinTK promoter drives expression to
a maximum of 40% of the CMV-IE gene expression.

- Figure 1D shows measurement of EPO expression from the PB1-MinTK construct after
transfection into Huh7 cells and treatment with DMSO, 0.5 uM, 1 uM, 2 uM and 3 M
CITCO. This figure also shows that addition of CITCO does not change the EPO expression
from the promoter CMV-MP.

- Figure 2A shows measurement of luciferase expression from the PB1-MinTK, PB1-CMV-MP
and PB1-SV40-MP constructs after transfection into AXOL ARE-hepatocytes and treatment
with DMSO (left) or 1 uM CITCO (right).

- Figure 2B shows the data from Figure 2A represented as a ratio of the strong viral promoter
CMV-IE.

- Figure 3A shows luciferase expression from the PB1-SV40, PB1-1-SV40, PB1-2-SV40 and
PB1-3-SV40 constructs which contain 1, 2, 3 and 4 PBREM elements respectively. The

33



10

15

20

25

30

35

WO 2020/148555 PCT/GB2020/050107

PBREM multimers in combination of SV40 promoter are inducible and increase the
expression level but only up to 3 copies of the PBREM element.

- Figure 3B shows lluciferase expression from the PB1-CMV, PB1-1-CMV, PB1-2-CMV and
PB1-3-CMV constructs which contain 1, 2, 3 and 4 PBREM elements respectively. The
PBREM multimers in combination of CMV promoter are inducible and increase the
expression level but only up to 3 copies of the PBREM element.

- Figure 3C shows lluciferase expression from the PB1-MinTK, PB1-1-MinTK, PB1-2-MinTK
and PB1-3-MinTK constructs which contain 1, 2, 3 and 4 PBREM elements respectively.
The PBREM multimers in combination of MinTK promoter are inducible and increase the
expression level but only up to 3 copies of the PBREM element.

- Figure 4A shows luciferase expression from the PB1-MinTK construct in the pGL4.10 vector
in AXOL ARE-hepatocytes, PB1-MinTK construct in pAAV vector in Huh7 cells and PB1-
MinTK construct in pAAV vector in AXOL ARE-hepatocytes. The induction of luciferase
expression from the PB1-MinTK construct is comparable across vectors and cell types.

- Figure 4B shows luciferase expression from PB1-2-MinTK construct in the pGL4.10 vector
in AXOL ARE-hepatocytes, PB1-2-MinTK construct in pAAV vector in Huh7 cells and PB1-
2-MinTK construct in pAAV vector in AXOL ARE-hepatocytes. The induction of luciferase
expression from the PB1-2-MinTK construct is comparable across vectors and cell types.

- Figure 5 shows luciferase expression from PB1-MinTK and PB1-2-MinTK constructs in the
pAAV vector in AXOL ARE-hepatocytes without CITCO, with CITCO (1uM) induction and
after CITCO withdrawal.

- Figure 6 shows the mouse PBREM element.

- Figure 7 shows a plasmid map of the pGL4.10 vector.

- Figure 8 shows in vivo results from the PB1 and PB1-2 constructs. A) Bioluminescent
imaging of representative mice from O to 48hrs after induction, B) Bioluminescence plotted
to show the different kinetics of induction, C) Fold induction observed for each construct
(n=5).

- Figure 9 shows the effect of CITCO and Flavone on the induction of the PBREM hybrids in a
HUH?7 cell line stably expressing human CAR.

- Figure 10 shows the effect of CITCO and Flavone on the induction of the PBREM hybrids in
primary hepatocytes.

- Figure 11 shows the effect of CITCO and Flavone on the induction of multimers of the
PBREM hybrids in a Huh7 cell line stably expressing human CAR.

- Figure 12 shows the effect of CITCO and Flavone on the induction of multimers of the

PBREM hybrids in primary hepatocytes.

Detailed Description of Embodiments of the Invention and Examples
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While the making and using of various embodiments of the present invention are discussed in
detail below, it should be appreciated that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of specific contexts. The specific
embodiments discussed herein are merely illustrative of specific ways to make and use the

invention and do not delimit the scope of the invention.

The practice of the present invention will employ, unless otherwise indicated, conventional
techniques of cell biology, cell culture, molecular biology, transgenic biology, microbiology,
recombinant DNA, and immunology, which are within the skill of the art. Such techniques are
explained fully in the literature. See, for example, Current Protocols in Molecular Biology
(Ausubel, 2000, Wiley and son Inc, Library of Congress, USA); Molecular Cloning: A Laboratory
Manual, Third Edition, (Sambrook et al, 2001, Cold Spring Harbor, New York: Cold Spring
Harbor Laboratory Press); Oligonucleotide Synthesis (M. J. Gait ed., 1984); U.S. Pat. No.
4,683,195; Nucleic Acid Hybridization (Harries and Higgins eds. 1984); Transcription and
Translation (Hames and Higgins eds. 1984); Culture of Animal Cells (Freshney, Alan R. Liss,
Inc., 1987); Immobilized Cells and Enzymes (IRL Press, 1986); Perbal, A Practical Guide to
Molecular Cloning (1984); the series, Methods in Enzymology (Abelson and Simon, eds. -in-
chief, Academic Press, Inc., New York), specifically, Vols.154 and 155 (Wu et al. eds.) and Vol.
185, "Gene Expression Technology" (Goeddel, ed.); Gene Transfer Vectors For Mammalian
Cells (Miller and Calos eds., 1987, Cold Spring Harbor Laboratory); Immunochemical Methods
in Cell and Molecular Biology (Mayer and Walker, eds., Academic Press, London, 1987);
Handbook of Experimental Imnmunology, Vols. I-IV (Weir and Blackwell, eds., 1986); and
Manipulating the Mouse Embryo, (Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y., 1986).

The discussion of the background to the invention herein is included to explain the context of
the invention. This is not to be taken as an admission that any of the material referred to was
published, known, or part of the common general knowledge in any country as of the priority

date of any of the claims.

Throughout this disclosure, various publications, patents and published patent specifications are
referenced by an identifying citation. All documents cited in the present specification are hereby
incorporated by reference in their entirety. In particular, the teachings or sections of such

documents herein specifically referred to are incorporated by reference.
To facilitate the understanding of this invention, a number of terms are defined below. Terms

defined herein have meanings as commonly understood by a person of ordinary skill in the

areas relevant to the present invention. Terms such as "a", "an" and "the" are not intended to
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refer to only a singular entity, but include the general class of which a specific example may be
used for illustration. The terminology herein is used to describe specific embodiments of the
invention, but their usage does not delimit the invention, except as outlined in the claims.

The term “cis-regulatory element” or “CRE?”, is a term well-known to the skilled person, and
means a nucleic acid sequence such as an enhancer, promoter, insulator, or silencer, that can
regulate or modulate the transcription of a neighbouring gene (i.e. in cis). CREs are found in
the vicinity of the genes that they regulate. CREs typically regulate gene transcription by binding
to TFs, i.e. they include TFBS. A single TF may bind to many CREs, and hence control the
expression of many genes (pleiotropy). CREs are usually, but not always, located upstream of
the transcription start site (TSS) of the gene that they regulate. “Enhancers” are CREs that
enhance (i.e. upregulate) the transcription of genes that they are operably associated with, and
can be found upstream, downstream, and even within the introns of the gene that they regulate.
Multiple enhancers can act in a coordinated fashion to regulate transcription of one gene.
“Silencers” in this context relates to CREs that bind TFs called repressors, which act to prevent
or downregulate transcription of a gene. The term "silencer” can also refer to a region in the 3'
untranslated region of messenger RNA, that bind proteins which suppress translation of that
mRNA molecule, but this usage is distinct from its use in describing a CRE. Generally, the
CREs of the present invention are liver-specific inducible enhancers. In the present context, it is
preferred that the CRE is located 1500 nucleotides or less from the transcription start site
(TSS), more preferably 1000 nucleotides or less from the TSS, more preferably 500 nucleotides
or less from the TSS, and suitably 250, 200, 150, or 100 nucleotides or less from the TSS.
CREs of the present invention are preferably comparatively short in length, preferably 100
nucleotides or less in length, for example they may be 90, 80, 70, 60 nucleotides or less in

length.

The term “cis-regulatory module” or “CRM” means a functional module made up of two or more
CREs; in the present invention the CRESs are typically liver-specific inducible enhancers. Thus,
in the present application a CRM typically comprises a plurality of liver-specific inducible CREs.
Typically, the multiple CREs within the CRM act together (e.g. additively or synergistically) to
enhance the transcription of a gene that the CRM is operably associated with. There is
conservable scope to shuffle (i.e. reorder), invert (i.e. reverse orientation), and alter spacing in
CREs within a CRM. Accordingly, functional variants of CRMs of the present invention include
variants of the referenced CRMs wherein CREs within them have been shuffled and/or inverted,

and/or the spacing between CREs has been altered.

As used herein, the term "promoter" refers to a region of DNA that generally is located upstream

of a nucleic acid sequence to be transcribed that is needed for transcription to occur, i.e. which
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initiates transcription. Promoters permit the proper activation or repression of transcription of a
coding sequence under their control. A promoter typically contains specific sequences that are
recognized and bound by plurality of TFs. TFs bind to the promoter sequences and result in the
recruitment of RNA polymerase, an enzyme that synthesizes RNA from the coding region of the
gene. A great many promoters are known in the art. The inducible promoters of the present
invention typically drive a low level of expression prior to being induced, and upon induction
they drive a significantly higher level of expression (e.g. a2, 3,4, 5,6, 7, 8, 9, or even 10 fold

increase in expression after induction.

The promoters of the present invention are synthetic promoters. The term “synthetic promoter”
as used herein relates to a promoter that does not occur in nature. In the present context it
typically comprises a synthetic CRE and/or CRM of the present invention operably linked to a
minimal (or core) promoter or liver-specific proximal promoter. The CREs and/or CRMs of the
present invention serve to provide inducible liver-specific transcription of a gene operably linked
to the promoter. Parts of the synthetic promoter may be naturally occurring (e.g. the minimal
promoter or one or more CREs in the promoter), but the synthetic promoter as a complete entity

is not naturally occurring.

As used herein, “minimal promoter" (also known as the “core promoter”) refers to a short DNA
segment which is inactive or largely inactive by itself, but can mediate transcription when
combined with other transcription regulatory elements. Minimum promoter sequence can be
derived from various different sources, including prokaryotic and eukaryotic genes. Examples of
minimal promoters are discussed above, and include the dopamine beta-hydroxylase gene
minimum promoter, cytomegalovirus (CMV) immediate early gene minimum promoter (CMV-
MP), SV40 minimal promoter (SV40-MP), and the herpes thymidine kinase minimal promoter
(MIinTK). However, the proximal promoter can be synthetic. A minimal promoter typically
comprises the transcription start site (TSS) and elements directly upstream, a binding site for

RNA polymerase II, and general transcription factor binding sites (often a TATA box).

As used herein, “proximal promoter” relates to the minimal promoter plus the proximal sequence
upstream of the gene that tends to contain primary regulatory elements. It often extends
approximately 250 base pairs upstream of the TSS, and includes specific TFBS. In the present
case, the proximal promoter is suitably a naturally occurring liver-specific proximal promoter that
can be combined with one or more CREs or CRMs of the present invention. However, the

proximal promoter can be synthetic.

A “functional variant” of an cis-regulatory element, cis-regulatory module, promoter or other

nucleic acid sequence in the context of the present invention is a variant of a reference
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sequence that retains the ability to function in the same way as the reference sequence, e.g. as
an inducible liver-specific cis-regulatory enhancer element, inducible liver-specific cis-regulatory
module or inducible liver-specific promoter. Alternative terms for such functional variants

include “biological equivalents” or “equivalents”.

It will be appreciated that, as discussed above, the ability of a given cis-regulatory element to
function as an inducible liver-specific enhancer is determined principally by the ability of the
sequence to be bound by the CAR-RXR heterodimer such the expression is induced.
Accordingly, in most cases, a functional variant of a cis-regulatory element will contain a
suitable binding site for the CAR-RXR heterodimer. The CAR-RXR heterodimer is believed to
bind to the NR1 motif in the wild type PBREM element, and thus a sequence which can function
as an NR1 motif is desired. There is a very high degree of sequence conservation between
mouse and human PBREM in the NR1 motif, and thus it is typically desired that a high level of
identity to the NR1 motif is preserved in any functional variant. Additional sequences in the in
the wild type PBREM element may contribute to minimising background expression and
providing high levels of inducibility, and thus it is generally preferred that a functional variant
contains at least some degree of sequence identity in these other areas. Levels of sequence
identity between a functional variant and a reference sequence can thus be an indicator or
retained functionality. High levels of sequence identity in the NR1 motif of the cis-regulatory
element is of generally higher importance than sequence identity in other regions (e.g. NF1 and

NR2, where there is considerably less need, if any, for any conservation of sequence).

The ability of CAR-RXR heterodimer to bind to a given CRE can determined by any relevant
means known in the art, including, but not limited to, electromobility shift assays (EMSA),
binding assays, chromatin immunoprecipitation (ChiP), and ChIP-sequencing (ChiP-seq). Ina
preferred embodiment the ability of the CAR-RXR heterodimer to bind a given functional variant
is determined by EMSA. Methods of performing EMSA are well-known in the art. Suitable
approaches are described in Sambrook et al. cited above. Many relevant articles describing
this procedure are available, e.g. Hellman and Fried, Nat Protoc. 2007; 2(8): 1849-1861.

“Liver-specific” or “liver-specific expression” refers to the ability of a cis-regulatory element, cis-
regulatory module or promoter to enhance or drive expression of a gene in the liver (or in liver-
derived cells) in a preferential or predominant manner as compared to other tissues (e.g.
spleen, muscle, heart, lung, and brain). In the case of the present invention that expression
should be inducible, i.e. expression of the gene only occurs, or increases significantly, when a
suitable inducer is administered (inducers for use in all aspects of the present invention are

discussed above). Expression of the gene can be in the form of mMRNA or protein. In preferred
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embodiments, liver-specific expression is such that there is negligible expression in other (i.e.
non-liver) tissues or cells, i.e. expression is highly liver-specific.

The ability of a promoter to function as an liver-specific inducible promoter can be readily
assessed by the skilled person. The skilled person can thus easily determine whether any
variant of the specific promoters exemplified herein remains functional (i.e. it is a functional
variant as defined above). For example, any given CRE to be assessed can be operably linked
to a minimal promoter (e.g. positioned upstream of MinTK) and the ability of the cis-regulatory
element to provide inducible liver-specific expression of a gene (typically a reporter gene) is
measured. Alternatively, a variant of a CRE can be substituted into an inducible liver-specific
promoter in place of a reference CRE, and the effects on inducible liver-specific expression
driven by said modified promoter can be determined and compared to the unmodified form.
Similarly, the ability of a promoter to induce liver-specific expression can be readily assessed by
the skilled person (e.g. as described in the examples below). Expression levels and inducibility
of a gene driven by a variant of a reference promoter can be compared to the expression levels

and inducibility by the reference sequence, and suitable approaches are discussed above.

Liver-specificity can be identified wherein the expression of a gene (e.g. a therapeutic or
reporter gene) when induced occurs preferentially or predominantly in liver-derived cells.
Preferential or predominant expression can be defined, for example, where the level of
expression when induced is significantly greater in liver-derived cells than in other types of cells
(i.e. non-liver-derived cells). For example, expression in liver-derived cells when induced is
suitably at least 5-fold higher than non-liver cells, preferably at least 10-fold higher than non-
liver cells, and it may be 50-fold higher or more in some cases. For convenience, liver-specific
expression can suitably be demonstrated via a comparison of expression levels in a hepatic cell
line (e.g. liver-derived cell line such as Huh7 and/or HepG2 cells) or liver primary cells,
compared with expression levels in a kidney-derived cell line (e.g. HEK-293), a cervical tissue-

derived cell line (e.g. HelLa) and/or a lung-derived cell line (e.g. A549).

The liver-specific inducible promoters of the present invention preferably have a reduced
expression at a level of at least 4-fold less than the CMV-IE promoter in non-liver-derived cells,
suitably in HEK-293, Hela, and/or A549 cells when induced.

The liver-specific inducible promoters of the present invention are preferably suitable for

promoting expression in the liver of a subject, e.g. driving liver-specific expression of a

transgene, preferably a therapeutic transgene.
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It should also be noted that the liver-specific promoters of the present invention can, in some
cases, be used in non-liver cells. Generally non-liver cells do not express CAR, and thus the
promoters of the invention do not function in such cells. However, where non-liver cells are
engineered to express CAR (and RXR if they do not naturally express RXR) such non-liver cells
can inducible express genes linked to the promoters of the present invention. In other word, the
liver-specific promoters of the present invention can also function in non-liver cells that have
been modified to have a liver-like phenotype in terms of CAR and RXR expression. The term
“liver-specific” should be construed accordingly. Vhere liver cells do not express CAR (e.g. the

Huh-7 cell line) or the RXR, they can likewise be modified to express the relevant protein.

The term "nucleic acid" as used herein typically refers to an oligomer or polymer (preferably a
linear polymer) of any length composed essentially of nucleotides. A nucleotide unit commonly
includes a heterocyclic base, a sugar group, and at least one, e.g. one, two, or three, phosphate
groups, including modified or substituted phosphate groups. Heterocyclic bases may include
inter alia purine and pyrimidine bases such as adenine (A), guanine (G), cytosine (C), thymine
(T) and uracil (U) which are widespread in naturally-occurring nucleic acids, other naturally-
occurring bases (e.g., xanthine, inosine, hypoxanthine) as well as chemically or biochemically
modified (e.g., methylated), non-natural or derivatised bases. Sugar groups may include inter
alia pentose (pentofuranose) groups such as preferably ribose and/or 2-deoxyribose common in
naturally-occurring nucleic acids, or arabinose, 2-deoxyarabinose, threose or hexose sugar
groups, as well as modified or substituted sugar groups. Nucleic acids as intended herein may
include naturally occurring nucleotides, modified nucleotides or mixtures thereof. A modified
nucleotide may include a modified heterocyclic base, a modified sugar moiety, a modified
phosphate group or a combination thereof. Modifications of phosphate groups or sugars may be
introduced to improve stability, resistance to enzymatic degradation, or some other useful
property. The term "nucleic acid" further preferably encompasses DNA, RNA and DNA RNA
hybrid molecules, specifically including hnRNA, pre-mRNA, mRNA, cDNA, genomic DNA,
amplification products, oligonucleotides, and synthetic (e.g., chemically synthesised) DNA, RNA
or DNA RNA hybrids. A nucleic acid can be naturally occurring, e.g., present in or isolated from
nature; or can be non-naturally occurring, e.g., recombinant, i.e., produced by recombinant DNA
technology, and/or partly or entirely, chemically or biochemically synthesised. A "nucleic acid"
can be double-stranded, partly double stranded, or single-stranded. Where single-stranded, the
nucleic acid can be the sense strand or the antisense strand. In addition, nucleic acid can be

circular or linear.
The terms "identity" and "identical" and the like refer to the sequence similarity between two

polymeric molecules, e.g., between two nucleic acid molecules, such as between two DNA

molecules. Sequence alignments and determination of sequence identity can be done, e.g.,
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using the Basic Local Alignment Search Tool (BLAST) originally described by Altschul et al.
1990 (J Mol Biol 215: 403-10), such as the "Blast 2 sequences" algorithm described by
Tatusova and Madden 1999 (FEMS Microbiol Lett 174: 247-250).

Methods for aligning sequences for comparison are well-known in the art. Various programs
and alignment algorithms are described in, for example: Smith and Waterman (1981) Adv. Appl.
Math. 2:482; Needleman and Wunsch (1970) J. Mol. Biol. 48:443; Pearson and Lipman (1988)
Proc. Natl. Acad. Sci. U.S.A. 85:2444; Higgins and Sharp (1988) Gene 73:237-44; Higgins and
Sharp (1989) CABIOS 5:151-3; Corpet et al. (1988) Nucleic Acids Res. 16:10881-90; Huang et
al. (1992) Comp. Appl. Biosci. 8:155-65; Pearson et al. (1994) Methods Mol. Biol. 24:307-31,
Tatiana et al. (1999) FEMS Microbiol. Lett. 174:247-50. A detailed consideration of sequence
alignment methods and homology calculations can be found in, e.g., Altschul et al. (1990) J.
Mol. Biol. 215:403-10.

The National Center for Biotechnology Information (NCBI) Basic Local Alignment Search Tool
(BLAST™; Altschul et al. (1990)) is available from several sources, including the National
Center for Biotechnology Information (Bethesda, MD), and on the internet, for use in connection
with several sequence analysis programs. A description of how to determine sequence identity
using this program is available on the internet under the "help" section for BLAST™. For
comparisons of nucleic acid sequences, the "Blast 2 sequences" function of the BLAST™
(Blastn) program may be employed using the default parameters. Nucleic acid sequences with
even greater similarity to the reference sequences will show increasing percentage identity
when assessed by this method. Typically, the percentage sequence identity is calculated over

the entire length of the sequence.

For example, a global optimal alignment is suitably found by the Needleman-Wunsch algorithm
with the following scoring parameters: Match score: +2, Mismatch score: -3; Gap penalties: gap
open 5, gap extension 2. The percentage identity of the resulting optimal global alignment is
suitably calculated by the ratio of the number of aligned bases to the total length of the
alignment, where the alignment length includes both matches and mismatches, multiplied by
100.

Synthetic” in the present application means a nucleic acid molecule that does not occur in
nature. Synthetic nucleic acid expression constructs of the present invention are produced
artificially, typically by recombinant technologies. Such synthetic nucleic acids may contain
naturally occurring sequences (e.g. promoter, enhancer, intron, and other such regulatory
sequences), but these are present in a non-naturally occurring context. For example, a

synthetic gene (or portion of a gene) typically contains one or more nucleic acid sequences that
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are not contiguous in nature (chimeric sequences), and/or may encompass substitutions,
insertions, and deletions and combinations thereof.

“Complementary” or “complementarity”, as used herein, refers to the Watson-Crick base-pairing
of two nucleic acid sequences. For example, for the sequence 5-AGT-3' binds to the
complementary sequence 3-TCA-5". Complementarity between two nucleic acid sequences
may be “partial”’, in which only some of the bases bind to their complement, or it may be
complete as when every base in the sequence binds to its complementary base. The degree of
complementarity between nucleic acid strands has significant effects on the efficiency and

strength of hybridisation between nucleic acid strands.

“Transfection” in the present application refers broadly to any process of deliberately introducing
nucleic acids into cells, and covers introduction of viral and non-viral vectors, and includes
transformation, transduction and like terms and processes. Examples include, but are not
limited to: transfection with viral vectors; transformation with plasmid vectors; electroporation
(Fromm et al. (1986) Nature 319:791-3); lipofection (Feigner et al. (1987) Proc. Natl. Acad. Sci.
USA 84.7413-7); microinjection (Mueller et al. (1978) Cell 15:579-85); Agrobacterium-mediated
transfer (Fraley et al. (1983) Proc. Natl. Acad. Sci. USA 80:4803-7); direct DNA uptake;
whiskers-mediated transformation; and microprojectile bombardment (Klein et al. (1987) Nature
327:70).

As used herein, the phrase "transgene" refers to an exogenous nucleic acid sequence. In one
example, a transgene is a gene encoding an industrially or pharmaceutically useful compound,
or a gene encoding a desirable trait. In yet another example, the transgene encodes an
antisense nucleic acid sequence, wherein expression of the antisense nucleic acid sequence

inhibits expression of a target nucleic acid sequence.

The term “vector” is well known in the art, and as used herein refers to a nucleic acid molecule,
e.g. double-stranded DNA, which may have inserted into it a nucleic acid sequence according to
the present invention. A vector is suitably used to transport an inserted nucleic acid molecule
into a suitable host cell. A vector typically contains all of the necessary elements that permit
transcribing the insert nucleic acid molecule, and, preferably, translating the transcript into a
polypeptide. A vector typically contains all of the necessary elements such that, once the vector
is in a host cell, the vector can replicate independently of, or coincidental with, the host
chromosomal DNA; several copies of the vector and its inserted nucleic acid molecule may be
generated. Vectors of the present invention can be episomal vectors (i.e., that do not integrate
into the genome of a host cell), or can be vectors that integrate into the host cell genome. This

definition includes both non-viral and viral vectors. Non-viral vectors include but are not limited

42



10

15

20

25

30

35

WO 2020/148555 PCT/GB2020/050107

to plasmid vectors (e.g. pMA-RQ, pUC vectors, bluescript vectors (pBS) and pBR322 or
derivatives thereof that are devoid of bacterial sequences (minicircles)) transposons-based
vectors (e.g. PiggyBac (PB) vectors or Sleeping Beauty (SB) vectors), etc. Larger vectors such
as artificial chromosomes (bacteria (BAC), yeast (YAC), or human (HAC)) may be used to
accommodate larger inserts. Viral vectors are derived from viruses and include but are not
limited to retroviral, lentiviral, adeno-associated viral, adenoviral, herpes viral, hepatitis viral
vectors or the like. Typically, but not necessarily, viral vectors are replication-deficient as they
have lost the ability to propagate in a given cell since viral genes essential for replication have
been eliminated from the viral vector. However, some viral vectors can also be adapted to
replicate specifically in a given cell, such as e.g. a cancer cell, and are typically used to trigger
the (cancer) cell-specific (onco)lysis. Virosomes are a non-limiting example of a vector that
comprises both viral and non-viral elements, in particular they combine liposomes with an
inactivated HIV or influenza virus (Yamada et al., 2003). Another example encompasses viral

vectors mixed with cationic lipids.

The term “operably linked”, “operably connected” or equivalent expressions as used herein refer
to the arrangement of various nucleic acid elements relative to each such that the elements are
functionally connected and are able to interact with each other in the manner intended. Such
elements may include, without limitation, a promoter, an enhancer and/or a regulatory element,
a polyadenylation sequence, one or more introns and/or exons, and a coding sequence of a
gene of interest to be expressed. The nucleic acid sequence elements, when properly oriented
or operably linked, act together to modulate the activity of one another, and ultimately may
affect the level of expression of an expression product. By modulate is meant increasing,
decreasing, or maintaining the level of activity of a particular element. The position of each
element relative to other elements may be expressed in terms of the 5' terminus and the 3'
terminus of each element, and the distance between any particular elements may be referenced
by the number of intervening nucleotides, or base pairs, between the elements. As understood
by the skilled person, operably linked implies functional activity, and is not necessarily related to
a natural positional link. Indeed, when used in nucleic acid expression cassettes, cis-regulatory
elements will typically be located immediately upstream of the promoter (although this is
generally the case, it should definitely not be interpreted as a limitation or exclusion of positions
within the nucleic acid expression cassette), but this needs not be the case in vivo, e.g., a
regulatory element sequence naturally occurring downstream of a gene whose transcription it
affects is able to function in the same way when located upstream of the promoter. Hence,
according to a specific embodiment, the regulatory or enhancing effect of the regulatory element

is position- independent.
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A “spacer sequence” or “spacer” as used herein is a nucleic acid sequence that separates two
functional nucleic acid sequences (e.g. TFBS, CREs, CRMs, minimal promoters, etc.). It can
have essentially any sequence, provided it does not prevent the functional nucleic acid
sequence (e.g. cis-regulatory element) from functioning as desired (e.g. this could happen if it
includes a silencer sequence, prevents binding of the desired transcription factor, or suchlike).
Typically, it is non-functional, as in it is present only to space adjacent functional nucleic acid

sequences from one another.

The term "pharmaceutically acceptable" as used herein is consistent with the art and means
compatible with the other ingredients of the pharmaceutical compaosition and not deleterious to

the recipient thereof.

“Therapeutically effective amount” and like phrases mean a dose or plasma concentration in a
subject that provides the desired specific pharmacological effect, e.g. to express a therapeutic
gene in the liver. It is emphasized that a therapeutically effective amount may not always be
effective in treating the conditions described herein, even though such dosage is deemed to be
a therapeutically effective amount by those of skill in the art. The therapeutically effective
amount may vary based on the route of administration and dosage form, the age and weight of

the subject, and/or the disease or condition being treated.

The terms “treatment” or “treating” refer to reducing, ameliorating or eliminating one or more

signs, symptoms, or effects of a disease or condition.

The terms “individual,” “subject,” and “patient” are used interchangeably, and refer to any
individual subject with a disease or condition in need of treatment. For the purposes of the
present disclosure, the subject may be a primate, preferably a human, or another mammal,

such as a dog, cat, horse, pig, goat, or bovine, and the like.

Technical Introduction

Nuclear receptors

Nuclear receptors play vital roles in converting chemical changes in the cellular environment
into transcriptional and therefore biological changes. This function is essential in maintaining the
homeostasis of not just cells but whole organisms. Nuclear receptors are only found in
metazoans with a vast difference in the number across species, e.g. Humans have 48 and C.

elegans have 270.
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Since their discovery the importance and number of nuclear receptors has grown substantially,
and these proteins are now recognised as a protein superfamily. This family includes receptors
that bind to and respond to steroids, thyroid hormones, nutrients and xenobiotic chemicals.
Once bound by a ligand the receptors undergo a conformational change and bind to DNA
thereby initiating or repressing gene expression. This ability to bind genomic DNA is key to the
receptors function and its importance in cellular fate, body development and metabolism. The
number of ligands that have been shown to bind nuclear receptors is constantly expanding and
belies the function of the cognate receptor. Ligands range from endogenous hormones to
vitamins and xenobiotics highlighting their importance to cell metabolism and homeostasis. Due
to the profound effect that these receptors can have on the transcriptome they are excellent
targets for drug treatment and it is estimated that ~13% of FDA approved drugs target nuclear

receptors.

Structure

Nuclear receptors have a mass between 50 — 100kDa and the mature polypeptides are
organised into 5 domains:

A/B: Highly variable between receptors. Contains the activation function 1 (AF-1) which acts as
a weak transcriptional activator in absence of ligand but a strong activator when ligand is bound.
This is due to interaction with the AF-2 in the E domain.

C: Highly conserved domain that contains 2 zinc fingers that binds to the DNA response
element.

D: Flexible domain that connects and allows interaction between the LBD and the DBD.
Important in cellular trafficking and subcellular distribution

E: Highly conserved in structure but only moderate conservation in sequence. Contains the
ligand binding cavity and confers ligand specificity on the receptor. Contributes to the
dimerisation interface along with the DBD, also binds coactivators and repressors. Contains
activation factor 2 (AF2) whose action is dependent on ligand binding.

F: Highly variable C-terminal domain.

Mechanism of action

Nuclear receptors can be classed into 4 types based on their mechanism of action. Below is a
summary of each of the types:

Type |: These receptors are found in the cytoplasm of the cell in and inactivated state. Binding
of ligand causes dissociation of heat shock proteins (HSP), homo-dimerisation, translocation to
the nucleus and binding to the receptor’'s DNA response motif. These receptor’s bind to a DNA
motif that consists of 2 % sites separated by a variable length of DNA (direct repeats 1-5 (DR1-

5)) with the second % site being an inverted repeat of the 15t. Some of this class of receptors
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bind to direct repeats and can bind as either monomers/dimers or in the case of the constitutive
androstane receptor as heterodimer with RXR.

Type II: These receptors , whether inactive or active, reside in the nucleus. They usually bind to
DNA as a heterodimer with RXR. In the absence of ligand these receptors are often complexed
with corepressor proteins.

Type lll: Similar to type | receptors but bind to exclusively to direct repeats of DNA sequences.
Type IV: These can bind as monomers of dimers but only single DNA binding domain binds to a

single half-site on the DNA.

The constitutive androstane receptor (CAR)

Constitutive androstane receptor (CAR) - or nuclear receptor subfamily 1, group I, member 3 - is
a member of the nuclear receptor superfamily that is almost exclusively expressed in liver cells.
Itis here that, CAR in tandem with another nuclear receptor, pregnane X receptor (PXR) acts a
sensor of endobiotic and xenobiotic chemicals. Once bound by activating substances these
receptors modulate the activity of numerous genes, including the cytochrome p450s, and are
therefore responsible for the metabolism and excretion of these compounds. It is through this
binding and gene activation activity that CAR and PXR perform a major role in the detoxification

of foreign chemicals in the body.

Function:

As indicated above CAR functions as key regulator of xenobiotic and endobiotic metabolism. It
has a predicted 24 transcripts in the liver. It has been shown that some of these transcripts are
responsible for low level constitutive activity of this receptor whereas other transcripts are
inducible. Constitutive activity is believed to be modulated by interactions with transcriptional
coactivators such as steroid receptor coactivator 1 (SRC1). This activity can be repressed by

binding of inverse agonists such as androstane.

Ligand activation:

Inactive CAR is phosphorylated and resides in the cytoplasm of the cell. Here it forms a
complex with heat shock protein 90 (hsp90) and the cytoplasmic CAR retention protein (CCRP),
this association is what keeps CAR in the cytoplasm and therefore inactive. This inactive CAR
can be activated in 2 ways 1) direct ligand binding such as by TCPOBOP a mouse CAR ligand
or 2) by indirect activation via phenobarbital. Both pathways lead to the dissociation of CAR
from the multiprotein complex and allow its translocation to the nucleus. In the nucleus CAR can
either act as monomer or form a heterodimer with retinoid X receptor (RXR). Nuclear CAR binds
DNA at the phenobarbital response element (PBREM) through which it activates CAR regulated
genes e.g. CYP2B, CYP2C and CYP3A subfamilies.

46



10

15

20

25

30

35

WO 2020/148555 PCT/GB2020/050107

Direct activation:
TCPOBOP is a thought to bind directly to mouse CAR and induce its translocation to the
nucleus. However, this chemical does not bind to the human CAR therefore for human studies

CITCO is an equivalent compound.

Indirect activation:

Indirect activation of CAR by phenobarbital (PB), a anticonvulsant, is a widely recognised model
for indirect CAR activation. PB causes the dephosphorylation of CAR through activation of the
phosphatase PP2A. The exact mechanism of PP2A activation is unknown however, PB
activates AMP-activated protein kinase which may activate PP2A which is then recruited by the

multiprotein complex.

Another theory is that PB competes with epidermal growth factor (EGF) for its receptor,
epidermal growth factor receptor (EGFR). The disassociation of EGF and EGFR inactivates
SRC1 which leads to dephosphorylation of the receptor for activated C kinase 1 (RACK 1)
leading to stimulation of PP2A.

PBREM element:

The DNA binding site for the mouse CAR homolog was identified by Honkakoski et al.
(MOLECULAR PHARMACOLOGY, 53:597-601 (1998)). In this study they found that a RXR
and CAR heterodimer bind to a site in the phenobarbital-responsive enhancer module (PBREM)
of the cytochrome P-450 Cyp2b10 gene in response to phenobarbital induction. Expression of
RXR and CAR in mammalian cell lines activated PBREM, indicating that a CAR-RXR
heterodimer is a trans-acting factor for the Cyp2b10 gene. It was also shown that this
heterodimer bound to 2 imperfect direct repeat-4 motifs and that this motif was conserved in
humans. The PBREM element is shown in Fig. 6 with NR1 and NR2 being the nuclear receptor
binding sites with the imperfect direct repeats in bold. NFI binding site is indicated. It appears
that CAR-RXR heterodimer binds to the NR1 site.

The human PBREM element has also been identified, Sueyoshi, et al. (J. BIOL. CHEM. Vol.
274,10, pp. 6043-6046, 1999).

The sequences and alignment of the mouse and human PBREM elements are shown below,

and the so-called NR1 motif is underlined in each (SEQ ID NO shown in brackets):

TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACC (1)

FEEEEEEErrr e 1 I T O I e B O O I B
ACTGTACTTTCCTGACCCTGARGAGGTGGCAGCATGGACTTTCCTGAACCA (2)
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It can be seen that there is a very high level of conservation in the NR1 motif and much lower
levels of identity in other areas.

The present invention is based upon the surprising finding that the PBREM element, and
functional variants thereof, can be used to provide inducible expression, for example, when
provided in a gene therapy vector. The present invention allows for useful levels of inducibility

and low levels of background (constitutive expression).

Example 1

The PBREM enhancer was used together with the MinTK promoter to drive the expression of

luciferase and EPO.

Materials

- Huh? cells which are a human liver cell line

- DPBS: without CaCl,, without MgCl. (Gibco, 14190-094)

- DMEM (Sigma, D6546)

- FBS (Sigma, F9665)

- Pen-Strep (Sigma, P4333)

- Promega Fugene-HD (E2311)

- TCPOBOP (Sigma, T2320)

- CITCO (Cayman Chemicals Company, 16027)

- pcDNAG®G plasmid which contains the B-galactosidase gene used as internal control for
transfection efficiency (Thermofisher, V22020)

- mouse CAR expression plasmid from Jouan et al, 2016 (BioCat GmbH, EX-Z24288-M51-10-
GC). This was used as Huh7 is CAR deficient.

- B-galactosidase substrate solution (Thermofisher, 75707/75710)

- Pierce BCA kit (23225)

- LARII (Dual Luciferase Reporter 1000 assay system, Promega, E1980)

- EPO ELISA kit (Abcam, ab119522)

Method:

Day 1

- Cells were seeded onto a 48 well plate at a density of 25,000 cells/300pl
Day 2
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On the day of transfection, DNA to be transfected (CAR plasmid/ PB1-MinTK operably
linked with luciferase or EPO/ pcDNAB plasmid for internal control) was diluted to a 100ng/ul
stock solution.

Per 48 well transfection:

45ng of DNA (15ng of each plasmid, pcDNA6, CAR and test plasmid) was mixed with 4.1 pl
of Optimem medium.

0.5 pl of Fusion HD was mixed with 4pl of Optimem medium.

These 2 solutions were mixed and incubated at room temperature for 15 minutes.

The final solution was then added to the well drop wise.

3hrs after transfection, the inducer TCPOBOP was added to the appropriate wells at the

indicated concentration.

Day 3

24hrs after induction the media was removed from the cells.

The cells were washed once in 300ul of DPBS

Cells were lysed using 100ul of passive lysis buffer and incubation with rocking for 15
minutes

The cell debris was pelleted by centrifugation of the plate at max speed in a benchtop
centrifuge for 1 min

For luciferase, 10 ul sample was transferred into white 96-well plate and luminescence

measured by injection of 50ul of LARII substrate.

B-galactosidase activity was measured as per manufacturer’s instructions (Mammalian 8-
Galactosidase Assay Kit, 75707/75710, Thermo Scientific) using 25ul of lysate. 25 pl of
lysate was transferred into a microplate well and mixed with 25 pl of B-galactosidase Assay
Reagent, equilibrated to room temperature. The mixture was incubated at 37°C for 30 min
and absorbance measured at 405 nm.

Protein concentration was measured as per manufacturer’s instructions (Pierce™ BCA
Protein Assay Kit, 23225/23227, Thermo Scientific) using 25 ul of lysate. 25 pl of lysate was
transferred into a microplate well and mixed with 200 ul of working solution. The mixture was
incubated at 37°C for 30 min, cooled to room temperature and then absorbance measured
around 562 nm. The protein concentration was calculated with respect to protein standard
curve prepared from assaying standards with known protein concentration.

Luciferase readouts were normalised to both B-galactosidase and protein concentration in the

lysate to produce normalised relative luminometer units (RLUS).

49



10

15

20

25

30

35

WO 2020/148555 PCT/GB2020/050107

To compare across experiments the strength of the promoters was compared to CMV-IE
promoter which was driving the same gene as the PBREM-containing constructs, which is
included in every experiment.

Transfections with PB1-MinTk-EPO were performed as described above with the exception that
EPO is secreted into the medium. Therefore, medium was collected, and EPO concentration
measured as per manufacturer’s instructions (ab119522 Erythropoietin (EPO) Human ELISA
Kit, Abcam) using an ELISA assay. 50 pl of medium was transferred to a pre-washed microplate
wells and mixed with 50 pl of 1x Biotin Conjugated Antibody. The mixture was incubated at
room temperature for 1 hour. The wells were washed, 100 pl of Streptavadin-HRP was added
and the plate was incubated at room temperature for 15 minutes. The wells were washed and
then 100 ul of TMB Substrate Solution. The mixture was incubated at room temperature for 10
minutes. The enzyme reaction was stopped by addition of 100 pl of Stop Solution and
absorbance was read at 450 nm. The EPO concentration was calculated with respect to EPO

standard curve prepared from assaying standards with known EPO concentration.

The PB1-MinTK construct was cloned into the vector pGL4.10 using the Kpnl and Ncol
restriction sites. This places the promoters directly upstream of the firefly luciferase reporter
gene. The PB1-MinTK construct contains the 51bp enhancer and the MinTK minimal promoter

from Herpes Thymidine kinase gene.

Results:

Luciferase expression from the PB1-MinTK construct in Figure 1A showed that there was very
little measurable luciferase activity from the promoter when the cells were treated with vehicle
(DMSO). This activity corresponds to leaky expression from the promoter. Addition of 50 nM or
150 nM TCPOBORP lead to strong induction of the promoter, with up to 6-fold induction
measured. Addition of 250 nM of TCPOBOP did not illicit a response from this promoter
suggesting that homeostatic control mechanisms may have been activated to prevent
overburdening the cell. Therefore, the PB1-MinTK construct is induced by addition of
TCPOBOP in Huh7 cells. The induction is tuneable, depending on the concentration of
TCPOBOP but declines at higher concentrations.

In Figure 1B, luciferase expression from the PB1-MinTK construct in the presence of CAR and
150 nM TCPOBORP is high as previously seen in Figure 1A. However, when the cells are
transfected with PB1-MinTK and but no CAR, there is no measurable activity when 150 nM
TCPOBOP is added. This can be explained by the absence of a receptor for TCPOBOP to bind
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to, when no CAR is present. Therefore, the induction is CAR dependent and indicates a highly
liver specific process.

Taken together these results show that the PB1-MinTk construct is inducible by addition of
TCPOBOP in Huh7 cells, the induction is tuneable, the induction is CAR dependent and that the
expression from a single element is enough to drive 40% of CMV-IE gene expression.

The experimental data shown in Figure 1A is represented in Figure 1C as a ratio of the
luciferase expression of strong viral promoter CMV-IE. This shows that the luciferase
expression from one PBREM element linked with MinTK promoter is enough to drive 40% of the
luciferase expression the CMV-IE promoter. Figure 1C also shows that there is no luciferase

expression from the PB1-MInTK construct in the absence of CAR.

The PB1-MinkTK promoter was then used to drive expression of the protein EPO, which is of
therapeutic interest. The expression was driven in Huh7 cells transfected with PB1-MinTK
promoter operably linked to the EPO protein and a CAR-containing plasmid. Transfections were
performed as previously described but the EPO expression was induced by human CAR
inducer CITCO.

CITCO, a human CAR inducer, was used instead of TCPOBOP, a mouse inducer, because
TCPOBOP does not activate human CAR. This means that TCPOBOP cannot be used in
human cells which are the ultimate target in which this invention is to be used. This was also
done to ensure that the mouse PBREM element can be activated by a human CAR which is
induced with the human CAR inducer, CITCO.

EPO expression from the PB1-MinTK construct after transfection into Huh7 cells and treatment
with DMSO, 0.5 upM, 1 pM, 2 uM and 3 pM CITCO is shown in Figure 1D. This figure shows that
there is very little expression of EPO with no addition of the drug but upon addition of up to 2uM
of CITCO there is a marked increase in the production of EPO. This again returns towards
baseline activity at the highest concentration. This figure also shows that addition of CITCO
does not change the EPO expression from the promoter CMV-MP. The overall EPO expression
level of PB1-MinTK in this example is around 22% of the EPO expression of CMV-IE (data not
shown). This is different to the previously observed 40% with respect to CMV-IE in Figure 1C
because CITCO is a weaker inducer of CAR activity than TCPOBOP.

PB1-MInTK was used to successfully drive tuneable expression of luciferase and EPO.

Example 2
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The PBREM element was then used in combination with two other minimal promoters to test for
inducibility and expression. PBREM was cloned in front of CMV minimal promoter, the MinTK

promoter and the SV40 minimal promoter and was introduced in AXOL ARE-hepatocytes.

Axol Assay-Ready Expanded (ARE) Hepatocytes are primary human hepatocytes that have
been expanded in vitro. Large batch sizes (up to 2000 vials) are available, ensuring a reliable,
ready-to-use and consistent source of primary hepatocytes. ARE Hepatocytes express CYP
enzymes, are metabolically functional, are polarized and can be infected by the Hepatitis C
virus. AXOL ARE-hepatocytes express CAR negating the need to transfect with a CAR-

expressing plasmid.

Materials:

- AXOL assay-ready expanded (ARE) hepatocytes (Axol, ax3701)
- ARE hepatocyte thawing medium (Axol, ax3705)

- ARE maintenance medium (Axol, ax3710)

- Virimer red transfection reagent (Lipocalyx, VR04-02-15)

- CITCO, lucifierase, B-galactosidase and BCA kits as described above

Methods:

ARE hepatocytes were cultured and transfected as described in the manufacturer's manual.
200,000 cells were seeded in 2 ml culture medium in collagen-coated 6 well plate. The cells
were incubated for 4 h at 37°C and 5% CO; for sufficient adhesion. 200 ul of transfection
mixture containing the DNA to be transfected (PB1-MinTK/PB1-CMV/PB1-SV40 operably linked
with luciferase and B-galactosidase containing promoter) was added and the cells were
incubated on an orbital shaker at 100 rpm for three hours at 37°C and 5% CO.. 3hrs after
transfection CITCO was added to the appropriate wells. Cells were incubated under static
conditions at 37°C and 5% CO. overnight and in the morning the medium was replaced with

fresh ARE Hepatocyte Maintenance Medium. Readout was 24hrs after induction.

Results:

Luciferase expression from the PB1-MinTK, PB1-CMV-MP and PB1-SV40-MP constructs in
Figure 2A indicates that each of the minimal promoters supports expression from the PBREM
element upon addition of 1uM CITCO. The induction was around 7-fold for SV40 and MinTK
and 2-fold for CMV-IE promoter. The expression levels for each of the constructs are 20%, 10%
and 55% for PB1-MinTK, PB1-CMV and PB1-SV40 respectively, compared to CMV-IE. SV40
can drive the highest expression, but it comes at the price of a higher background level. The

CMV minimal promoter shows little to no expression. From this data it appears that the original
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MinTk construct may provide the best compromise between expression level, inducibility and
tightness of control (i.e. minimising background expression).

PBREM can be used to drive inducible expression in combination with a variety of minimal

promoters.

Example 3

This experiment was performed to examine whether multimerising the NR binding sites would
subsequently increase the activity of the promoter. We therefore cloned 2, 3 and 4 repeats of
the PBREM element in front of the MinTk, CMV and SV40 minimal promoters. An important
consideration here was the spacing between the elements, here we followed the general rule of
5, whereby elements spaced at intervals at 5bp apart do not sterically hinder each other. Using
in-house knowledge, from previous inducible promoter design, we cloned the elements 20bp
apart. These multimers were cloned into the pGL4.10 plasmid previously described. These

constructs were then tested in the AXOL ARE hepatocytes as previously described.

MinTK promoter:

PB1-MinTK, PB1-1-MinTK, PB1-2-MinTK and PB1-3-MinTK contain 1, 2, 3 and 4 PBREM
elements respectively in combination of the MinTK minimal promoter. Luciferase expression
from the PB1-1-MinTK, PB1-2-MinTK and PB1-3-MinTK constructs upon induction with 1 ul
CITCO in Figure 3C shows that the multimers are induced and increase the expression level.
However, this increase in expression level is only observed up to 3 copies of the PBREM
element (PB1-2) as addition of another element appears to have a detrimental effect on
induction and expression level. Each multimer is induced to 1.5, 4.1 and 2.66 of CMV-IE
respectively. However, the level of induction is similar to the initial PB1-MinTK construct
depicted here as PB1. This is due to an increase in the background activity of the promoters.

The results are expressed as a ratio to CMV-IE. Results are mean of 3 biological replicates.

SV40 minimal promoter:

PB1-SV40, PB1-1-SV40, PB1-2-SV40 and PB1-3-SV40 contain 1, 2, 3 and 4 PBREM elements
respectively in combination of the SV40 minimal promoter. Luciferase expression from the PB1-
1-SV40, PB1-2-SV40 and PB1-3-SV40 constructs upon induction with 1 pl CITCO in Figure 3A
shows that the multimers are induced and indeed increase the expression level. However, as
before this increase in expression level is only observed up to 3 copies of the PBREM element
as addition of another element appears to have a detrimental effect on induction and expression
level. Each multimer is induced to 2.6, 3.6 and 2.57 of CMV-IE respectively. The level of

induction is higher than the 6-fold increase seen with the MinTk minimal promoter with up to 9-
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fold induction. Again, there is an increase in the background level of expression but this much
less than seen with the CMV-MP promoters as described below. The results are expressed as a
ratio to CMV-IE. Results are mean of 3 biological replicates.

CMYV promoter:

PB1-CMV, PB1-1-CMV, PB1-2-CMV and PB1-3-CMV contain 1, 2, 3 and 4 PBREM elements
respectively in combination of the CMV minimal promoter. Luciferase expression from the PB1-
1-CMV, PB1-2-CMV and PB1-3-CMV constructs upon induction with 1 yl CITCO in Figure 3B
shows that the multimers are induced and indeed increase the expression level. However, as
before this increase in expression level is only observed up to 3 copies of the PBREM element
as addition of another element appears to no effect on induction and expression level. Each
multimer is induced to 1.9, 2.67 and 2.67 of CMV-IE respectively. The level of induction is lower
than observed with either the MinTk or SY40 minimal promoter, maximum 5-fold. Using the
CMV minimal promoter seems to increase the background level of expression to very high

levels and as such it may be the poorest candidate assessed.

Increasing the number of PBREM elements increases the level of expression up to 3 PBREM

elements. Further increasing PBREM number to 4 results in a lower luciferase expression.

Example 4

Following from Example 3, it was decided to take PB1-MinTK and PB1-2-MinTk forward for in
vivo studies. To facilitate this the two aforementioned constructs were cloned into pAAV vector
(Takara, Clontech) to allow for the preparation of AAV viruses. The inserts where cloned using
restriction digest of the pAAV plasmid and PCR amplification of the original pGL4.10 constructs.

We investigated the effect of the Inverted Terminal Repeats (ITRs) on the activity of the
promoters. This was done as we have observed interference from the AAV ITRs in other
projects. To this end, the pAAV-PB1-MinTk and pAAV-PB1-2-MinTk were transfected into Huh7

and ARE primary cells as previously described and their activity assessed.

The results of these experiments can be seen in Figure 4A and 4B. These graphs represent the
mean of 3 biological replicates and show that the ITRs do not affect the performance of the
promoters. The induction of luciferase expression from the PB1-MinTK and PB1-2-MinTK
construct is comparable across vectors and cell types. These constructs are remarkably robust,

and the plasmid backbone appears to have no effect on activity.

Example 5§
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Luciferase expression from the PB1-MinTK and PB1-2-MinTK constructs in the pAAV vector in
AXOL ARE hepatocytes is inducible by CITCO (1uM) but reduces after removing CITCO as
shown in Figure 5. This shows that removal of the drug reduces the activity of the promoter to

almost baseline levels.

Example 6 - /In vivo experiments using AAV comprising PB1 and PB1-2 induction
From the previous application the constructs PB1 (single mouse PBREM element and Min-TK
promoter) and PB1-2 (3xPBREM and min-TK promoter) were selected for testing in vivo in

mice. This was performed as follows.

The PB1 and PB1-2 AAV constructs from the previous application, sequences below (SEQ ID
NO 49 and 50, Table 3), were used to make AAV virus.

AAV production

Day 1:

- Seed HEK 293-AAV cells in 15cm plates. To be 70-80% confluent on the day of transfection
- Final volume on each plate: 15ml

Day 2: Prepare Transfection mix:

- DNA mix/plate: pDG9 (Packaging plasmid for AAV9): 10.5pug/ pHGTI (Ad. Helper plasmid):
31.5ug/ Vector plasmid: 10.5ug/ Prepare in serum free DMEM/Optimem

- Transfer mix/plate: PEI: 125pl/ Prepare in serum free DMEM/Optimem

- Add DNA mix into transfection mix. Mix and leave at room temperature for 15-20 mins.

- Add 3ml of transfection mix to each plate drop-wise and gently distribute. Incubate for 24h.

Day 3:

- Replace media with 15m| DMEM supplemented with P/S and 2% FCS. Leave for 48h.

Day 5:

- Collect supernatant and pool in 50ml tubes, 25ml each tube. Store at -20°C.

- Collect cells: Add 5ml of PBS to each plate — scrape and collect in 50ml tubes.

- Towash plates, add another 1ml of PBS and collect.

- Spin at 1500rpm for 5 mins.

- Remove supernatant and resuspend pelleted cells in 1ml/plate TD lysis buffer — pool

- Store at -80°C.

Endonuclease treatment

Cells:

- Freeze and thaw pellets 5 times — ~20 mins at 37°C then ~20 mins in dry ice (or -80°C).
- Add 25pliml cells of 20% Deoxycholate (or 50ul/ml of 10% Deoxycholate).
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Add 8pl/ml cells of benzonase.
Incubate at 37°C for 30 mins.

Spin at 4Krpm for 30 mins.

Filter supernatant using 0.45uM filters.
Store at 4°C for up to 24h.

Supernatant:

Add 2.5pl/25ml supernatant of benzonase.
Add 50ul/25ml supernatant of MgSO4.
Incubate at 37°C for 30 mins.

Spin at 4Krpm for 30 mins.

Filter supernatant using 0.45uM filters.
Store at 4C for up to 24h.

HPLC purification

Place both lines in 20% ETOH — template — system wash

Put line A in PBS and line B in Glycine — template —system wash

Place the column in the machine — manual run — flowrate: 5ml/min — Run for 25ml or until
the UV line is flat.

Prepare FACS tubes (10 for cells and more for supernatant): add 30ul/tube Tris — put in the
machine to collect vectors.

Place the waste lines in a separate tube to be able to run them again through the column.
Run samples (flowrate low, depending on how fast the system and how concentrated the
sample is; for cells it is slower, for supernatant it is higher).

After running the waste through the column, wash with PBS — flowrate: 5ml/min until the
UV line is flat.

Set — fraction size: 1ml; Flowrate: 1ml/min; concentration %B: 100% — run.

Start collecting: Look for the peak. The peak indicates vector purification. Mark the tubes
containing these vectors.

Save programme before exiting.

Wash with PBS — 75ml, 5ml/min

Wash with Na3PO4 (to store the column in) — 75ml, 5ml/min

Remove column and store at 4°C.

Wash the machine with PBS — template — system wash

Wash the machine with 20% ETOH — template — system wash

Put both lines in 20% ETOH and shut down

Add 2L of PBS into a big bucket and put the Dialysis cassette (Side-A-Lyzer; Thermo

scientific) to prime.
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- Collect the vectors from the marked FACS tubes using a syringe and needle and add into
the dialysis cassette — remove excess air from the membrane, carefully place the rubber on
top of the cassette and let it float in the PBS-containing bucket — leave over night at room

temperature on a slow rotating rotor.

Next day:

- Prime membrane by adding 5ml PBS onto a centrifugal filter (Amico Ultra 15; MERCK) —
spin for 5 mins at 4Krpm

- Remove excess PBS from inside the membrane.

- Take vectors out from the cassette and load onto the membrane — spin for 5 mins at 4Krpm

- Wash the membrane with the vectors inside few times, then collect into 2ml centrifuge tube
filter 0.22pM (Spin-X; COSTAR)

- 8pin for 3 mins at 13Krpm.

- Remove filter and aliquot: 1x100ul (for injection), the rest in 10-2ul aliquots.

- Storein -80°C.

- Virus quantification was performed using qRT-PCR with primers and probes for the

luciferase gene.

Mice experiment

The AAV serotype chosen was AAV9 as this has a tropism for most tissues and organs and
would therefore give an idea of the specificity of our promoters (avoiding issues of AAV
tropism). Output form the experiment was luciferase activity measured visually with the 15
reading at 5 days post injection. The mice were then monitored weekly and after 35 days, once
control vector AAV9 with CMV-IE had shown consistent steady results a baseline for induction
profiling was established. At this point the inducer was added with measurements taken before

and after induction. See below for more details.

Mice:

- Adult (8 weeks of age) CD1 male mice were injected with an AAV9 vector via tail vein.

- Atotal of 5x10"" vector genomic copy number/ml was administered per mouse.

- Mice were imaged 5 days post injection. They were first anesthetized and received an
intraperitoneal injection of luciferin (300 pl of luciferin stock 15mg/ml). After 5 minutes the
mice were placed in the IVIS machine and images were acquired.

Imaging:

- The exposure time used for images were 1 and 10 seconds.

- Images were taken once a week
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- Additionally, before administering an inducer or repressor, mice were imaged daily over four
days.

Induction:
- Inducer (Phenobarbital) was at a concentration of 5mg/ml. The mice received 10 pl

intraperitoneally, i.e. 50 micrograms per mouse (each mouse weighing approx. 30g).

Results

The results of the experiment can be seen in Figure 8. Figure 8A shows representative mice
from each construct tested. It can be seen here that both the PB1 and PB1-2 expression is
confined to the liver whereas the CMV-IE promoter is expressing in almost all tissues of the
mouse. Furthermore, at Ohrs the PB1 and PB1-2 mice show no expression of the luciferase
gene, suggesting tightly controlled expression. However, when the inducer phenobarbital is
added we can see that expression from both PB1 and PB1-2 increases. There is some
variation in the magnitudes and duration of induction. For example, PB1 induced ~10-fold with
maximal activity seen at Shrs and induction is complete at 24hrs, whereas PB1-2 has ~50-fold
increase with a maximal activity at 24hrs, with the induction not being completed until 48hrs
after injection (Figure 8 B and C). These data corroborate the findings observed in the model
cell lines, and further demonstrate the potential for this inducible system for use in vivo. The
system has a low background and good inducibility, even when the inducer is given at 10-fold

less than the recommended dosage for humans.

Example 7 — Variants of PBREM Elements

As discussed above, the nuclear receptor CAR binds to DNA sequences in both human and
mice. As can be seen from the sequence alignment there is some sequence divergence
between the species. The 51bp modular PBREM element can itself be broken down into 3
distinct parts (see table below). 1) The NR1 region (containing the NR1 element) which is
thought to be responsible for most of the inducible activity, 2) the NF1 region (containing the
NF1 element) which binds other nuclear receptors and may be responsible for lowering the
background level in the absence of activated CAR and 3) NR2 region (containing the NR2
element) which is again implicated in the inducible activity of CAR.

The alignment and the delineation of the component parts that make up the PBREM element is
shown below:

Mouse TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACC 51
Human ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCA 51

KAKkAKAKRKAAAAKXKA KX *K KKk KAk KAk *hkkhkk KAhkkkk *

(Mouse = SEQ ID NO: 1, Human = SEQ ID NO: 2)
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Table 4 — Mouse and Human PBREM Sequences:

Mouse PBREM (SEQ ID Nos in parenthesis)

NR1 region NF1 region NR2 region

TCTGTACTTTCCTGACCT (86) | TGGCACAGTGCCACCA (88) | TCAACTTGCCTGACACC (90)

Human PBREM (SEQ ID Nos in parenthesis)

NR1 region NF1 region NR2 region

ACTGTACTTTCCTGACCC (87) | TGAAGAGGTGGCAGCA (89) | TGGACTTTCCTGAACCA (91)

In the earlier examples, variants of the promoters used contained a mouse PBREM element.

To confirm our expectation that the human PBREM element could also be used, we also
assessed the inducibility of the human PBREM,; this is potentially relevant because one aim of
this project is to provide inducible promoters for use in human gene therapy, and the human
sequence may have some advantages. In addition, we also assessed human and mouse
hybrids of the PBREM element to determine if we could modulate or improve the inducibility and
background level of the promoters. Such new combinations would not be found in nature in any
context, and would likely to have novel traits, e.g. background and induction level. The
constructs were tested in the PGL4.10 backbone as previously described, and are listed below
in Table 2. These were: Human NR1x3-Min TK (3 x human NR1 region with MinTK minimal
promoter); Human PBREM-minTK (human PBREM with MinTK minimal promoter); hNR1-mNF|-
hNR2-Min TK (Human Mouse Human hybrid with MinTK minimal promoter); hNR1-mNFI
mNR2-Min TK (Human Mouse Mouse hybrid with MinTK minimal promoter); mNR1-hNFI-
mNR2-Min TK (Mouse Human Mouse hybrid with MinTK minimal promoter); mNR1-hNFI-hNR2-
Min TK (Mouse Human Human hybrid with MinTK minimal promoter); hPB-SV40 (human
PBREM with SV40 minimal promoter); and MHM-SV40 (Mouse Human Mouse hybrid with SV40
minimal promoter) — SEQ ID NOs: 59 to 66, respectively.

These constructs were tested in the Huh7 stable cell line and primary hepatocytes as previously
described. In addition, to testing the constructs with the traditional human CAR activator CITCO
we also tested the natural compound flavone. This is a GRAS (generally regarded as safe)
product that has previously been reported to activate human CAR and could be a useful drug
for use in gene therapy applications due to its non-toxic nature and few side effects. CITCO
has been predicted to be relatively unstable in vivo, and there is no data available for its safety
of use in humans, and is therefore preferred for use only in tissue culture. Furthermore, the in
vivo results presented above used phenobarbital as the inducer. In some contexts the use of
phenobarbital may be undesirable, even if at 10x less than the recommended dose (which
appears to be possible in view of the data above). Therefore, flavone may be a more desirable

inducer that mitigates any safety or regulatory issues.

The results of these experiments can be seen in Figures 9 and 10. These figures show a
comparison to PB1 which was tested in vivo. In both the stable CAR expressing Huh7 cell line
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(Figure 9) and primary cells (Figure 10), human PBREM (hPB) performs in an almost identical
manner to the mouse PBREM (PB1), suggesting they are interchangeable both with the Min-TK
and SV40 minimal promoters. Of the hybrids tested, all were inducible to similar level with a
similar background as PB1 except for the MHM hybrid. This has a lower background and lower
overall activity but has good induction, suggesting it may have tighter expression control than
the PB1 construct; this was independent of the minimal promoter context as this hybrid with
either Min-Tk and SV40 showed similar results. All constructs where induced by flavone to a
similar level to CITCO, showing that this compound is indeed a useful inducer of the PBREM
constructs. A slight outlier in these experiments was the construct composed of 3x NR1 from
human PBREM. It has a relatively high background, and was only induced in the stable cell line

and less so in the primary cells.

From these experiments a similar approach to the examples discussed above was applied. The
best monomers, human PBREM and the MHM hybrid, were multimerised and tested with both
the Min-Tk minimal promoter and the SV40 minimal promoter. The sequences of these
multimers are presented in Table 3. The promoters were: 2xhPB SV40 (2x human PBREM
elements with SV40 minimal promoter); 2xMHM-MinTK (2x Mouse Human Mouse hybrid with
MinTK minimal promoter); 2xMHM-SV40 (2x Mouse Human Mouse hybrid with SV40 minimal
promoter); 3xhPB minTK (3x human PBREM elements with MinTK minimal promoter); and
3xhPB-SV40 (3x human PBREM elements with SV40 minimal promoter) - SEQ ID NOs: 67 to

71, respectively.

Expression and induction from these promoters was assessed using both CITCO and flavone in
both the Huh7 CAR expressing stable cell line and primary hepatocytes as previously

described.

The results can be seen in Figures 11 and 12. The comparison here is with the PB1-2 from the
earlier examples. It can be observed that the multimer promoters all induce to high degree with
both compounds, and that they all have very low background regardless of the minimal
promoter used. Furthermore, the 2xMHM and 3xhPB performed the best, with overall
expression levels higher than were observed for PB1-2 and comparable background levels.
This suggests that some of the new promoters may perform better in vivo, and also gives more
options to control gene expression as required.

Sequences
Table 1 — PBREM elements, variants and parts thereof

Name Sequence (SEQ ID NO)

PBREM TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACC (1)
(mouse/rat)

60



WO 2020/148555

PCT/GB2020/050107

PBREM
(human)

ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCA (2)

NR1 motif
of PBREM
(mouse/rat)

TGTACTTTCCTGACCT (3)

NR1 motif
of PBREM
(human)

TGTACTTTCCTGACCC (4)

3x NR1
sequence
(mouse)

gatcTCTGTACTTTCCTGACCTTGgatcgatcTCTGTACTTTCCTGACCTTGgatcgatc TCTGTACTT
TCCTGACCTTGgatc (5)

3x NR1
sequence
(human)

gatcACTGTACTTTCCTGACCCTGgatcgatcACTGTACTTTCCTGACCCTGgatcgatcACTGTACT
TTCCTGACCCTGgatc (6)

NF1 motif
of PBREM
(mouse/rat)

TGGCACAGTGCCA (55)

NF1 motif
of PBREM
(human)

TGAAGAGGTGGCA (56)

NR2 motif
of PBREM
(mouse/rat)

TCAACTTGCCTGACAC (57)

NR2 motif
of PBREM
(human)

TGGACTTTCCTGAACC (58)

NR1 motif underlined, NF1 motif bold, and NF2 motif double underlined.

Table 2 — Inducible promoters comprising mouse PBREM element

Name Sequence (SEQ ID NO)

PB1-MinTK TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCGATCCGGCCCCGCCCAGC
GTCTTGTCATTGGCGAATTCGAACACGCAGATGCAGTCGGGGCGGCGCGGTCCGAGGTCCACTTCGC
ATATTAAGGTGACGCGTGTGGCCTCGAACACCGAGCGACCCTGCAGCGACCCGCTTAACAGCGTCA
ACAGCGTGCCGCAGATCTCGAGGAGCTTGGCGAGATTTTCAGGAGCTAAGGAAGCTAAAC (7)

PB1-CMV- TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCGCTGGGAGTTCGTAGACG

MP GAGCGATTAATCCATATGCAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTAGA
TACGCCATCCACGCTGTTTTGACCTCCATAGAAGATCGCCACCC (8)

PB1-SV40- TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCGCTGGGAGTTCGTAGACG

MP GACTAGCCCGGGCTCGAGATCTGCGATCTGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAAC
TCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATCGCTGACTAATTTTTITT
ATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTG
GAGGCCTAGGCTTTTGCAAAAAGCTTGGCATTCCGGTACTGTTGGTAAAGCCACCC (9)

PB1-MinTK GGCCTAACTGGCCGGTACTCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACC

and EPO GATCCGGCCCCGCCCAGCGTCTTGTCATTGGCGAATTCGAACACGCAGATGCAGTCGGGGCGGCGCG

GTCCGAGGTCCACTTCGCATATTAAGGTGACGCGTGTGGCCTCGAACACCGAGCGACCCTGCAGCGA
CCCGCTTAACAGCGTCAACAGCGTGCCGCAGATCTCGAGGAGCTTGGCGAGATTTTCAGGAGCTAAG
GAAGCTAAACATGGGGGTGCACGAATGTCCTGCCTGGCTGTGGCTICTCCTGTCCCTGCTGTCGCTCCC
TCTGGGCCTCCCAGTCCTGGGCGCCCCACCACGCCTCATCTGTGACAGCCGAGTCCTGGAGAGGTACC
TCTTGGAGGCCAAGGAGGCCGAGAATATCACGACGGGCTGTGCTGAACACTGCAGCTTIGAATGAGAA
TATCACTGTCCCAGACACCAAAGTTAATTTCTATGCCTGGAAGAGGATGGAGGTCGGGCAGCAGGLC
GTAGAAGTCTGGCAGGGCCTGGCCCTGCTGTCGGAAGCTGTCCTGCGGGGCCAGGCCCTGTIGGTCA
ACTCTTCCCAGCCGTGGGAGCCCCTGCAGCTGCATGTGGATAAAGCCGTCAGTGGCCTTCGCAGCCTC
ACCACTCTGCTTCGGGCTCTGGGAGCCCAGAAGGAAGCCATCTCCCCTCCAGATGCGGCCTCAGCTGC
TCCACTCCGAACAATCACTGCTGACACTTTCCGCAAACTCTTCCGAGTCTACTCCAATTTCCTCCGGGGA
AAGCTGAAGCTGTACACAGGGGAGGCLTGCAGGACAGGGGACAGATGATCTAGAGTCGGGGLGGCC

61




WO 2020/148555 PCT/GB2020/050107

GGCCGCTTCGAGCAGACATGATAAGATACATTGATGAG TTTGGACAAACCACAACTAGAATGCAGTG
AAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAA
CAAGTT (19)

PB1-1-MinTk
(2xPBREM)

TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCCATTACTCGCATCCATTCT
CTCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCGCTGGGAGTTCGTAGAC
GGAGATCCGGCCCCGCCCAGCGTCTTGTCATTGGCGAATTCGAACACGCAGATGCAGTCGGGGCGGC
GCGGTCCGAGGTCCACTTCGCATATTAAGGTGACGCGTGTGGCCTCGAACACCGAGCGACCCTGCA
GCGACCCGCTTAACAGCGTCAACAGCGTGCCGCAGATCTCGAGGAGCTTGGCGAGATTTTCAGGAGC
TAAGGAAGCTAAAC (10)

PB1-2-MinTk
(3xPBREM)

TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCCATTACTCGCATCCATTCT

CTCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCGCACTGAAGGTCCTCAA

TCGTCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCGCTGGGAGTTCGTAG
ACGGAGATCCGGCCCCGCCCAGCGTCTTGTCATTGGCGAATTCGAACACGCAGATGCAGTCGGGGCG

GCGCGGTCCGAGGTCCACTTCGCATATTAAGGTGACGCGTGTGGCCTCGAACACCGAGCGACCCTGC
AGCGACCCGCTTAACAGCGTCAACAGCGTGCCGCAGATCTCGAGGAGCTTGGCGAGATTTTCAGGAG
CTAAGGAAGCTAAAC (11)

PB1-3-MinTk

TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCCATTACTCGCATCCATTCT
CTCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCGCACTGAAGGTCCTCAA
TCGTCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCCTGACCTCCTGCCAG
CAATATCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCGCTGGGAGTTCGT
AGACGGAGATCCGGCCCCGCCCAGCGTCTTGTCATTGGCGAATTCGAACACGCAGATGCAGTCGGGG
CGGCGCGGTCCGAGGTCCACTTCGCATATTAAGGTGACGCGTGTGGCCTCGAACACCGAGCGACCCT
GCAGCGACCCGCTTAACAGCGTCAACAGCGTGCCGCAGATCTCGAGGAGCTTGGCGAGATTTTCAGG
AGCTAAGGAAGCTAAAC (12)

PB1-1-Sv40

TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCCATTACTCGCATCCATTCT
CTCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCGCTGGGAGTTCGTAGAC
GGACTAGCCCGGGCTCGAGATCTGCGATCTGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAA
CTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATCGCTGACTAATTTTITT
TATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTT
GGAGGCCTAGGCTTTTGCAAAAAGCTTGGCATTCCGGTACTGTTGGTAAAGCCACCC (13)

PB1-2-SV40

TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCCATTACTCGCATCCATTCT
CTCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCGCACTGAAGGTCCTCAA
TCGTCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCGCTGGGAGTTCGTAG
ACGGACTAGCCCGGGCTCGAGATCTGCGATCTGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCT
AACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATCGCTGACTAATTTTT
TTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTT
TTGGAGGCCTAGGCTTTTGCAAAAAGCTTGGCATTCCGGTACTGTTGGTAAAGCCACCC (14)

PB1-3-5V40

TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCCATTACTCGCATCCATTCT
CTCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCGCACTGAAGGTCCTCAA
TCGTCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCCTGACCTCCTGCCAG
CAATATCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCGCTGGGAGTTCGT
AGACGGACTAGCCCGGGCTCGAGATCTGCGATCTGCATCTCAATTAGTCAGCAACCATAGTCCCGCC
CCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATCGCTGACTAAT
TTTTTITTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGC
TTTTTITGGAGGCCTAGGCTTTTGCAAAAAGCTTGGCATTCCGGTACTGTTGGTAAAGCCACCC (15)

PB1-1-CMV

TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCCATTACTCGCATCCATTCT
CTCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCGCTGGGAGTTCGTAGAC
GGAGCGATTAATCCATATGCAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTAG
ATACGCCATCCACGCTGTTTTGACCTCCATAGAAGATCGCCACCC (16)

PB1-2-CMV

TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCCATTACTCGCATCCATTCT
CTCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCGCACTGAAGGTCCTCAA
TCGTCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCGCTGGGAGTTCGTAG
ACGGAGCGATTAATCCATATGCAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCT
AGATACGCCATCCACGCTGTTTTGACCTCCATAGAAGATCGCCACCC (17)

PB1-3-CMV

TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCCATTACTCGCATCCATTCT
CTCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCGCACTGAAGGTCCTCAA
TCGTCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCCTGACCTCCTGCCAG

CAATATCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACCGCTGGGAGTTCGT
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AGACGGAGCGATTAATCCATATGCAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGC
CTAGATACGCCATCCACGCTGTTTTGACCTCCATAGAAGATCGCCACCC (18)

Human
NR1x3-Min
TK

ACTGTACTTTCCTGACCCTGAAGAGACTGTACTTTCCTGACCCTGAAGAGACTGTACTTTCCTGACCCT
GAAGAGGATCCGGCCCCGCCCAGCGTCTTGTCATTGGCGAATTCGAACACGCAGATGCAGTCGGGGC
GGCGCGGTCCGAGGTCCACTTCGCATATTAAGGTGACGCGTGTGGCCTCGAACACCGAGCGACCCT
GCAGCGACCCGCTTAACAGCGTCAACAGCGTGCCGCAGATCTCGAGGAGCTTGGCGAGATTTTCAGG
AGCT (59)

Human
PBREM-
MinTK

ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCAGATCCGGCCCCGCCCAG
CGTCTTGTCATTGGCGAATTCGAACACGCAGATGCAGTCGGGGCGGCGCGGTCCGAGGTCCACTTCG
CATATTAAGGTGACGCGTGTGGCCTCGAACACCGAGCGACCCTGCAGCGACCCGCTTAACAGCGTCA
ACAGCGTGCCGCAGATCTCGAGGAGCTTGGCGAGATTTTCAGGAGCTAAGGAAGCTAAACATGGAA
GATGCCAAAAACATTAAG (60)

hNR1-mNFI-
hNR2-Min
TK (HMH
MinTK)

ACTGTACTTTCCTGACCCTGGCACAGTGCCACCATGGACTTTCCTGAACCAGATCCGGCCCCGCCCAGC
GTCTTGTCATTGGCGAATTCGAACACGCAGATGCAGTCGGGGCGGCGCGGTCCGAGGTCCACTTCGC
ATATTAAGGTGACGCGTGTGGCCTCGAACACCGAGCGACCCTGCAGCGACCCGCTTAACAGCGTCA
ACAGCGTGCCGCAGATCTCGAGGAGCTTGGCGAGATTTTCAGGAGCTAAGGAAGCTAAACATGGAA
GATGCCAAAAACATTAAG (61)

hNR1-mNFI
mNR2-Min
TK (HMM
MinTK)

ACTGTACTTTCCTGACCCTGGCACAGTGCCACCATCAACTTGCCTGACACCGATCCGGCCCCGCCCAGC
GTCTTGTCATTGGCGAATTCGAACACGCAGATGCAGTCGGGGCGGCGCGGTCCGAGGTCCACTTCGC
ATATTAAGGTGACGCGTGTGGCCTCGAACACCGAGCGACCCTGCAGCGACCCGCTTAACAGCGTCA
ACAGCGTGCCGCAGATCTCGAGGAGCTTGGCGAGATTTTCAGGAGCTAAGGAAGCTAAACATGGAA
GATGCCAAAAACATTAAG (62)

mNR1-hNFI-
mNR2-Min
TK (MHM
MinTK)

TCTGTACTTTCCTGACCTTGAAGAGGTGGCACCATCAACTTGCCTGACACCGATCCGGCCCCGCCCAGC
GTCTTGTCATTGGCGAATTCGAACACGCAGATGCAGTCGGGGCGGCGCGGTCCGAGGTCCACTTCGC
ATATTAAGGTGACGCGTGTGGCCTCGAACACCGAGCGACCCTGCAGCGACCCGCTTAACAGCGTCA
ACAGCGTGCCGCAGATCTCGAGGAGCTTGGCGAGATTTTCAGGAGCTAAGGAAGCTAAACATGGAA
GATGCCAAAAACATTAAG (63)

mNR1-hNFI
hNR2-Min
TK (MHH
MinTK)

TCTGTACTTTCCTGACCTTGAAGAGGTGGCAGCATGGACTTTCCTGAACCAGATCCGGCCCCGCCCAG
CGTCTTGTCATTGGCGAATTCGAACACGCAGATGCAGTCGGGGCGGCGCGGTCCGAGGTCCACTTCG
CATATTAAGGTGACGCGTGTGGCCTCGAACACCGAGCGACCCTGCAGCGACCCGCTTAACAGCGTCA
ACAGCGTGCCGCAGATCTCGAGGAGCTTGGCGAGATTTTCAGGAGCTAAGGAAGCTAAACATGGAA
GATGCCAAAAACATTAAG (64)

hPB-SV40

ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCAGCTGGGAGTTCGTAGAC
GGACTAGCCCGGGCTCGAGATCTGCGATCTGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAA
CTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATCGCTGACTAATTTTTTT
TATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTT
GGAGGCCTAGGCTTTTGCAAAAAGCTTGGCATTCCGGTACTGTTGGTAAAGCCACCC (65)

MHM-5V40

TCTGTACTTTCCTGACCTTGAAGAGGTGGCACCATCAACTTGCCTGACACCGCTGGGAGTTCGTAGAC
GGACTAGCCCGGGCTCGAGATCTGCGATCTGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAA
CTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATCGCTGACTAATTTTITTT
ATTTATGhPBCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTT
TGGAGGCCTAGGCTTTTGCAAAAAGCTTGGCATTCCGGTACTGTTGGTAAAGCCACCC (66)

2xhPB SV40

ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCACATTACTCGCATCCATTC
TCACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCAGCTGGGAGTTCGTAG
ACGGACTAGCCCGGGCTCGAGATCTGCGATCTGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCT
AACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATCGCTGACTAATTTTT
TTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTT
TTGGAGGCCTAGGCTTTTGCAAAAAGCTTGGCATTCCGGTACTGTTGGTAAAGCCACCC (67)

2xMHM-
MinTK

TCTGTACTTTCCTGACCTTGAAGAGGTGGCACCATCAACTTGCCTGACACCCATTACTCGCATCCATTCT
CTCTGTACTTTCCTGACCTTGAAGAGGTGGCACCATCAACTTGCCTGACACCGCTGGGAGTTCGTAGA
CGGAGATCCGGCCCCGCCCAGCGTCTTGTCATTGGCGAATTCGAACACGCAGATGCAGTCGGGGCGG
CGCGGTCCGAGGTCCACTTCGCATATTAAGGTGACGCGTGTGGCCTCGAACACCGAGCGACCCTGCA
GCGACCCGCTTAACAGCGTCAACAGCGTGCCGCAGATCTCGAGGAGCTTGGCGAGATTTTCAGGAGC
TAAGGAAGCTAAAC (68)

2xMHM-
Sv40

TCTGTACTTTCCTGACCTTGAAGAGGTGGCACCATCAACTTGCCTGACACCCATTACTCGCATCCATTCT
CTICTGTACTTTCCTGACCTTGAAGAGGTGGCACCATCAACTTGCCTGACACCGCTGGGAGTTCGTAGA
CGGACTAGCCCGGGCTCGAGATCTGCGATCTGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTA
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ACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATCGCTGACTAATTTTTT
TTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTT
TGGAGGCCTAGGCTTTTGCAAAAAGCTTGGCATTCCGGTACTGTTGGTAAAGCCACCC (69)

3xhPB-
minTK

ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCACATTACTCGCATCCATTC
TCACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCAGCACTGAAGGTCCTC

AATCGACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCAGCTGGGAGTTCG
TAGACGGAGATCCGGCCCCGCCCAGCGTCTTGTCATTGGCGAATTCGAACACGCAGATGCAGTCGGG
GCGGCGCGGTCCGAGGTCCACTTCGCATATTAAGGTGACGCGTGTGGCCTCGAACACCGAGCGACC

CTGCAGCGACCCGCTTAACAGCGTCAACAGCGTGCCGCAGATCTCGAGGAGCTTGGCGAGATTTTCA
GGAGCTAAGGAAGCTAAAC (70)

3xhPB-SV40

ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCACATTACTCGCATCCATTC
TCACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCAGCACTGAAGGTCCTC
AATCGACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCAGCTGGGAGTTCG
TAGACGGACTAGCCCGGGCTCGAGATCTGCGATCTGCATCTCAATTAGTCAGCAACCATAGTCCCGCC
CCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATCGCTGACTAAT
TTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGC
TTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTTGGCATTCCGGTACTGTTGGTAAAGCCACCC (71)

PBREM elements are underlined; minimal promoter is in bold; gene sequences are double

underlined.

Table 3 — Constructs and other sequences.

Name

Sequence (SEQ ID NO)

pAAV-
ZsGreen
original
plasmid

AGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGG
TTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACC
CCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACAC
AGGAAACAGCTATGACCATGATTACGAATTGCCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGG
CCGCCCGGGCAAAGCCCGGGCGTCGGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGC
GCAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTATCGATATCAAGCTTTAATAGTAATCAAT
TACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGC
CTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCA
ATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCA
AGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATG
CCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCAT
GGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGT
CTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGT
AACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAG
CTGGTTTAGTGGATATCCTTAAGGGCCCAGCCGGCCCGAATCCCGGCCGGGAACGGTGCATTGGAAC
GCGGATTCCCCGTGCCAAGAGTGACGTAAGTACCGCCTATAGAGTCTATAGGCCCACAAAAAATGCTT
TCTTCTTTTAATATACTTTTTTGTTTATCTTATTTCTAATACTTTCCCTAATCTCTTTCTTTCAGGGCAATA
ATGATACAATGTATCATGCCTCTTTGCACCATTCTAAAGAATAACAGTGATAATTTCTGGGTTAAGGCA
ATAGCAATATTTCTGCATATAAATATTTCTGCATATAAATTGTAACTGATGTAAGAGGTTTCATATTGCT
AATAGCAGCTACAATCCAGCTACCATTCTGCTTTTATTTTATGGTTGGGATAAGGCTGGATTATTCTGA
GTCCAAGCTAGGCCCTTTTGCTAATCATGTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCAACGT
GCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGAATTGGGATTCGCGAGAATTCGCCACCATGGCC
CAGTCCAAGCACGGCCTGACCAAGGAGATGACCATGAAGTACCGCATGGAGGGCTGCGTGGACGGC
CACAAGTTCGTGATCACCGGCGAGGGCATCGGCTACCCCTTCAAGGGCAAGCAGGCCATCAACCTGT
GCGTGGTGGAGGGCGGCCCCTTGCCCTTCGCCGAGGACATCTTGTCCGCCGCCTTCATGTACGGCAAC
CGCGTGTTCACCGAGTACCCCCAGGACATCGTCGACTACTTCAAGAACTCCTGCCCCGCCGGCTACAC
CTGGGACCGCTCCTTCCTGTTCGAGGACGGCGCCGTGTGCATCTGCAACGCCGACATCACCGTGAGCG
TGGAGGAGAACTGCATGTACCACGAGTCCAAGTTCTACGGCGTGAACTTCCCCGCCGACGGCCCCGT
GATGAAGAAGATGACCGACAACTGGGAGCCCTCCTGCGAGAAGATCATCCCCGTGCCCAAGCAGGGC
ATCTTGAAGGGCGACGTGAGCATGTACCTGCTGCTGAAGGACGGTGGCCGCTTGCGCTGCCAGTTCG
ACACCGTGTACAAGGCCAAGTCCGTGCCCCGCAAGATGCCCGACTGGCACTTCATCCAGCACAAGCTG
ACCCGCGAGGACCGCAGCGACGCCAAGAACCAGAAGTGGCACCTGACCGAGCACGCCATCGCCTCCG
GCTCCGCCTTGCCCTGATAAGGATCCACGGGTGGCATCCCTGTGACCCCTCCCCAGTGCCTCTCCTGGE
CCTGGAAGTTGCCACTCCAGTGCCCACCAGCCTTGTCCTAATAAAATTAAGTTGCATCATTTTGTCTGA
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CTAGGTGTCCTTCTATAATATTATGGGGTGGAGGGGGGTGGTATGGAGCAAGGGGCAAGTTGGGAA
GACAACCTGTAGGGCCTGCGGGGTCTATTGGGAACCAAGCTGGAGTGCAGTGGCACAATCTTGGCTC
ACTGCAATCTCCGCCTCCTGGGTTCAAGCGATTCTCCTGCCTCAGCCTCCCGAGTTGTTGGGATTCCAG
GCATGCATGACCAGGCTCAGCTAATTTTTGTTTTTTITGGTAGAGACGGGGTTTCACCATATTGGCCAG
GCTGGTCTCCAACTCCTAATCTCAGGTGATCTACCCACCTTGGCCTCCCAAATTGCTGGGATTACAGGC
GTGAACCACTGCTCCCTTCCCTGTCCTTATCGATAGATCTAGGAACCCCTAGTGATGGAGTTGGCCACT
CCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGL
CCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGCTGCCTGCAGGCAGCTTGGCACTGGCCGTCGTTT
TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCG
CCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGG
CGAATGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATACGTCAAAG
CAACCATAGTACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGA
CCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCC
GGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTC
GACCCCAAAAAACTTGATTTGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCG
CCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCC
TATCTCGGGCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCT
GATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGTTTACAATTTTATGGTGCACTCTCAGT
ACAATCTGCTCTGATGCCGCATAGTTAAGCCAGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTG
ACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTC
AGAGGTTTTCACCGTCATCACCGAAACGCGCGAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAG
GTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAAC
CCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATG
CTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTITIG
CGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAG
TTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCC
CGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGA
CGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAG
TCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAG
TGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGC
ACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAA
CGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAA
CTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACT
TCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTC
GCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGG
GAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCAT
TGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAA
GGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACT
GAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCT
GCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTT
TTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTT
AGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGC
TGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCG
CAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAA
CTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGG
TATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTG
GTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGG
GGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTT
TTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGC
TGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAG (48)

pAAV-PB1-
MinTk

TGCCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGL
GACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACT
AGGGGTTCCTATCGATATCAAGCTTCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCT
GACACCGATCCGGCCCCGCCCAGCGTCTTGTCATTGGCGAATTCGAACACGCAGATGCAGTCGGGGC
GGCGCGGTCCGAGGTCCACTTCGCATATTAAGGTGACGCGTGTGGCCTCGAACACCGAGCGACCCTG
CAGCGACCCGCTTAACAGCGTCAACAGCGTGCCGCAGATCTCGAGGAGCTTGGCGAGATTTTCAGGA
GCTAAGGAAGCTAAACATGGAAGATGCCAAAAACATTAAGAAGGGCCCAGCGCCATTCTACCCACTC
GAAGACGGGACCGCCGGCGAGCAGCTGCACAAAGCCATGAAGCGCTACGCCCTGGTGCCCGGCACC
ATCGCCTTTACCGACGCACATATCGAGGTGGACATTACCTACGCCGAGTACTTCGAGATGAGCGTTCG
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GCTGGCAGAAGCTATGAAGCGCTATGGGCTGAATACAAACCATCGGATCGTGGTGTGCAGCGAGAAT
AGCTTGCAGTTCTTCATGCCCGTGTTGGGTGCCCTGTTCATCGGTGTGGCTGTGGCCCCAGCTAACGA
CATCTACAACGAGCGCGAGCTGCTGAACAGCATGGGCATCAGCCAGCCCACCGTCGTATTCGTGAGC
AAGAAAGGGCTGCAAAAGATCCTCAACGTGCAAAAGAAGCTACCGATCATACAAAAGATCATCATCA
TGGATAGCAAGACCGACTACCAGGGCTTCCAAAGCATGTACACCTTCGTGACTTCCCATTTGCCACCC
GGCTTCAACGAGTACGACTTCGTGCCCGAGAGCTTCGACCGGGACAAAACCATCGCCCTGATCATGAA
CAGTAGTGGCAGTACCGGATTGCCCAAGGGCGTAGCCCTACCGCACCGCACCGCTTGTGTCCGATTCA
GTCATGCCCGCGACCCCATCTTCGGCAACCAGATCATCCCCGACACCGCTATCCTCAGCGTGGTGCCAT
TTCACCACGGCTTCGGCATGTTCACCACGCTGGGCTACTTGATCTGCGGCTTTCGGGTCGTGCTCATGT
ACCGCTTCGAGGAGGAGCTATTCTTGCGCAGCTTGCAAGACTATAAGATTCAATCTGCCCTGCTGGTG
CCCACACTATTTAGCTTCTTCGCTAAGAGCACTCTCATCGACAAGTACGACCTAAGCAACTTGCACGAG
ATCGCCAGCGGCGGGGCGCCGCTCAGCAAGGAGGTAGGTGAGGCCGTGGCCAAACGCTTCCACCTA
CCAGGCATCCGCCAGGGCTACGGCCTGACAGAAACAACCAGCGCCATTCTGATCACCCCCGAAGGGG
ACGACAAGCCTGGCGCAGTAGGCAAGGTGGTGCCCTTCTTCGAGGCTAAGGTGGTGGACTTGGACAC
CGGTAAGACACTGGGTGTGAACCAGCGCGGCGAGCTGTGCGTCCGTGGCCCCATGATCATGAGCGGC
TACGTTAACAACCCCGAGGCTACAAACGCTCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGACA
TCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTGGACCGGCTGAAGAGCCTGATCAAATACAA
GGGCTACCAGGTAGCCCCAGCCGAACTGGAGAGCATCCTGCTGCAACACCCCAACATCTTCGACGCC
GGGGTCGCCGGCCTGCCCGACGACGATGCCGGCGAGCTGCCCGCCGCAGTCGTCGTGCTGGAACAC
GGTAAAACCATGACCGAGAAGGAGATCGTGGACTATGTGGCCAGCCAGGTTACAACCGCCAAGAAG
CTGCGCGGTGGTGTTGTGTTCGTGGACGAGGTGCCTAAAGGACTGACCGGCAAGTTGGACGCCCGCA
AGATCCGCGAGATTCTCATTAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAATCGCGAGAATTCTC
TAGAGTCGACACTAGTGCGGATCCACGGGTGGCATCCCTGTGACCCCTCCCCAGTGCCTCTCCTGGCC
CTGGAAGTTGCCACTCCAGTGCCCACCAGCCTTGTCCTAATAAAATTAAGTTGCATCATTTTGTCTGAC
TAGGTGTCCTTCTATAATATTATGGGGTGGAGGGGGGTGGTATGGAGCAAGGGGCAAGTTGGGAAG
ACAACCTGTAGGGCCTGCGGGGTCTATTGGGAACCAAGCTGGAGTGCAGTGGCACAATCTTGGCTCA
CTGCAATCTCCGCCTCCTGGGTTCAAGCGATTCTCCTGCCTCAGCCTCCCGAGTTGTTGGGATTCCAGG
CATGCATGACCAGGCTCAGCTAATTTITTGTTTTTTTGGTAGAGACGGGGTTTCACCATATTGGCCAGGC
TGGTCTCCAACTCCTAATCTCAGGTGATCTACCCACCTTGGCCTCCCAAATTGCTGGGATTACAGGCGT
GAACCACTGCTCCCTTCCCTGTCCTTATCGATAGATCTAGGAACCCCTAGTGATGGAGTTGGCCACTCC
CTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGLTTTGCCC
GGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGCTGCCTGCAGGCAGCTTGGCACTGGCCGTCGTTTTA
CAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCC
AGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCG
AATGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATACGTCAAAGCA
ACCATAGTACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACC
GCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCG
GCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCG
ACCCCAAAAAACTTGATTTGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGC
CCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCT
ATCTCGGGCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTG
ATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGTTTACAATTTTATGGTGCACTCTCAGTA
CAATCTGCTCTGATGCCGCATAGTTAAGCCAGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGA
CGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCA
GAGGTTTTCACCGTCATCACCGAAACGCGCGAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAGG
TTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACC
CCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGC
TTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTITTGC
GGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTT
GGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCC
GAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGAC
GCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGT
CACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGT
GATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCA
CAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAAC
GACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAAC
TACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTT
CTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCG
CGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGA
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GTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTG
GTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGG
ATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGA
GCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTITCTGCGCGTAATCTGCTGC
TTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTT
CCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGG
CCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGC
TGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAG
CGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTG
AGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTAT
CCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTA
TCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGG
GCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTITGCTGGCCTTTTG
CTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGA
TACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCC
AATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCG
ACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGC
TTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAA
CAGCTATGACCATGATTACGAAT (49)

pAAV-PB1-2-
MinTk

GCCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGLG
ACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTA
GGGGTTCCTATCGATATCAAGCTTTTCTCTGGCCTAACTGGCCGGTACTCTGTACTTTCCTGACCTTGG
CACAGTGCCACCATCAACTTGCCTGACACCCATTACTCGCATCCATTCTCTCTGTACTTTCCTGACCTTG
GCACAGTGCCACCATCAACTTGCCTGACACCGCACTGAAGGTCCTCAATCGTCTGTACTTTCCTGACCT
TGGCACAGTGCCACCATCAACTTGCCTGACACCGCTGGGAGTTCGTAGACGGAGATCCGGCCCCGCCC
AGCGTCTTGTCATTGGCGAATTCGAACACGCAGATGCAGTCGGGGCGGCGCGGTCCGAGGTCCACTT
CGCATATTAAGGTGACGCGTGTGGCCTCGAACACCGAGCGACCCTGCAGCGACCCGCTTAACAGCGT
CAACAGCGTGCCGCAGATCTCGAGGAGCTTGGCGAGATTTTCAGGAGCTAAGGAAGCTAAACATGGA
AGATGCCAAAAACATTAAGAAGGGCCCAGCGCCATTCTACCCACTCGAAGACGGGACCGCCGGCGAG
CAGCTGCACAAAGCCATGAAGCGCTACGCCCTGGTGCCCGGCACCATCGCCTTTACCGACGCACATAT
CGAGGTGGACATTACCTACGCCGAGTACTTCGAGATGAGCGTTCGGCTGGCAGAAGCTATGAAGCGC
TATGGGCTGAATACAAACCATCGGATCGTGGTGTGCAGCGAGAATAGCTTGCAGTTCTTCATGCCCGT
GTTGGGTGCCCTGTTCATCGGTGTGGCTGTGGCCCCAGCTAACGACATCTACAACGAGCGCGAGCTG
CTGAACAGCATGGGCATCAGCCAGCCCACCGTCGTATTCGTGAGCAAGAAAGGGCTGCAAAAGATCC
TCAACGTGCAAAAGAAGCTACCGATCATACAAAAGATCATCATCATGGATAGCAAGACCGACTACCAG
GGCTTCCAAAGCATGTACACCTTCGTGACTTCCCATTTGCCACCCGGCTTCAACGAGTACGACTTCGTG
CCCGAGAGCTTCGACCGGGACAAAACCATCGCCCTGATCATGAACAGTAGTGGCAGTACCGGATTGC
CCAAGGGCGTAGCCCTACCGCACCGCACCGCTTGTGTCCGATTCAGTCATGCCCGCGACCCCATCTTC
GGCAACCAGATCATCCCCGACACCGCTATCCTCAGCGTGGTGCCATTTCACCACGGCTTCGGCATGTTC
ACCACGCTGGGCTACTTGATCTGCGGCTTTCGGGTCGTGCTCATGTACCGCTTCGAGGAGGAGCTATT
CTTGCGCAGCTTGCAAGACTATAAGATTCAATCTGCCCTGCTGGTGCCCACACTATTTAGCTTCTTCGC
TAAGAGCACTCTCATCGACAAGTACGACCTAAGCAACTTGCACGAGATCGCCAGCGGCGGGGLGLCG
CTCAGCAAGGAGGTAGGTGAGGCCGTGGCCAAACGCTTCCACCTACCAGGCATCCGCCAGGGCTACG
GCCTGACAGAAACAACCAGCGCCATTCTGATCACCCCCGAAGGGGACGACAAGCCTGGCGCAGTAGG
CAAGGTGGTGCCCTTCTTCGAGGCTAAGGTGGTGGACTTGGACACCGGTAAGACACTGGGTGTGAAC
CAGCGCGGCGAGCTGTGCGTCCGTGGCCCCATGATCATGAGCGGCTACGTTAACAACCCCGAGGCTA
CAAACGCTCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTACTGGGACGAGGACGA
GCACTTCTTCATCGTGGACCGGCTGAAGAGCCTGATCAAATACAAGGGCTACCAGGTAGCCCCAGCC
GAACTGGAGAGCATCCTGCTGCAACACCCCAACATCTTCGACGCCGGGGTCGCCGGCCTGCCCGACG
ACGATGCCGGCGAGCTGCCCGCCGCAGTCGTCGTGCTGGAACACGGTAAAACCATGACCGAGAAGG
AGATCGTGGACTATGTGGCCAGCCAGGTTACAACCGCCAAGAAGCTGCGCGGTGGTGTTGTGTTCGT
GGACGAGGTGCCTAAAGGACTGACCGGCAAGTTGGACGCCCGCAAGATCCGCGAGATTCTCATTAAG
GCCAAGAAGGGCGGCAAGATCGCCGTGTAATCGCGAGAATTCTCTAGAGTCGACACTAGTGCGGATC
CACGGGTGGCATCCCTGTGACCCCTCCCCAGTGCCTCTCCTGGCCCTGGAAGTTGCCACTCCAGTGCCC
ACCAGCCTTGTCCTAATAAAATTAAGTTGCATCATTTTGTCTGACTAGGTGTCCTTCTATAATATTATGG
GGTGGAGGGGGGTGGTATGGAGCAAGGGGCAAGTTGGGAAGACAACCTGTAGGGCCTGCGGGGTC
TATTGGGAACCAAGCTGGAGTGCAGTGGCACAATCTTGGCTCACTGCAATCTCCGCCTCCTGGGTTCA
AGCGATTCTCCTGCCTCAGCCTCCCGAGTTGTTGGGATTCCAGGCATGCATGACCAGGCTCAGCTAAT
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TITTIGTTTTTTTGGTAGAGACGGGGTTTCACCATATTGGCCAGGCTGGTCTCCAACTCCTAATCTCAGG
TGATCTACCCACCTTGGCCTCCCAAATTGCTGGGATTACAGGCGTGAACCACTGCTCCCTTCCCTGTCC
TTATCGATAGATCTAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCAC
TGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCG
AGCGCGCAGCTGCCTGCAGGCAGCTTGGCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACC
CTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAG
GCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCCTGATGCGGTATTT
TCTCCTTACGCATCTGTGCGGTATTTCACACCGCATACGTCAAAGCAACCATAGTACGCGCCCTGTAGC
GGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAG
CGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAAT
CGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTTGGG
TGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTT
CTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGGCTATTCTTTTGATTTA
TAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAA
TTTTAACAAAATATTAACGTTTACAATTTTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAG
TTAAGCCAGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCATC
CGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCACCGTCATCACCGA
AACGCGCGAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTT
TCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATA
CATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAA
GAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTIG
CTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACAT
CGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGA
GCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGT
CGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGA
TGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTAC
TTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACT
CGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGC
CTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAA
CAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTG
GCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGG
GCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAA
CGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTA
CTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTT
GATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAA
GATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACC
GCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCA
GCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCT
GTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTC
GTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGG
GGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAG
CTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTC
GGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGG
TTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAA
CGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCG
TTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGA
ACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTC
CCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTG
AGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGG
CTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTAC
GAATT (50)

pGL4.10
backbone
vector

GGCCTAACTGGCCGGTACCTGAGCTCGCTAGCCTCGAGGATATCAAGATCTGGCCTCGGCGGCCAAG
CTTGGCAATCCGGTACTGTTGGTAAAGCCACCATGGAAGATGCCAAAAACATTAAGAAGGGCCCAGC
GCCATTCTACCCACTCGAAGACGGGACCGCCGGCGAGCAGCTGCACAAAGCCATGAAGCGCTACGCC
CTGGTGCCCGGCACCATCGCCTTTACCGACGCACATATCGAGGTGGACATTACCTACGCCGAGTACTT
CGAGATGAGCGTTCGGCTGGCAGAAGCTATGAAGCGCTATGGGCTGAATACAAACCATCGGATCGTG
GTGTGCAGCGAGAATAGCTTGCAGTTCTTCATGCCCGTGTTGGGTGCCCTGTTCATCGGTGTGGCTGT
GGCCCCAGCTAACGACATCTACAACGAGCGCGAGCTGCTGAACAGCATGGGCATCAGCCAGCCCACC
GTCGTATTCGTGAGCAAGAAAGGGCTGCAAAAGATCCTCAACGTGCAAAAGAAGCTACCGATCATAC
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AAAAGATCATCATCATGGATAGCAAGACCGACTACCAGGGCTTCCAAAGCATGTACACCTTCGTGACT
TCCCATTTGCCACCCGGCTTCAACGAGTACGACTTCGTGCCCGAGAGCTTCGACCGGGACAAAACCAT
CGCCCTGATCATGAACAGTAGTGGCAGTACCGGATTGCCCAAGGGCGTAGCCCTACCGCACCGCACC
GCTTGTGTCCGATTCAGTCATGCCCGCGACCCCATCTTCGGCAACCAGATCATCCCCGACACCGCTATC
CTCAGCGTGGTGCCATTTCACCACGGCTTCGGCATGTTCACCACGCTGGGCTACTTGATCTGCGGCTTT
CGGGTCGTGCTCATGTACCGCTTCGAGGAGGAGCTATTCTTGCGCAGCTTGCAAGACTATAAGATTCA
ATCTGCCCTGCTGGTGCCCACACTATTTAGCTTCTTCGCTAAGAGCACTCTCATCGACAAGTACGACCT
AAGCAACTTGCACGAGATCGCCAGCGGCGGGGCGCCGCTCAGCAAGGAGGTAGGTGAGGCCGTGGC
CAAACGCTTCCACCTACCAGGCATCCGCCAGGGCTACGGCCTGACAGAAACAACCAGCGCCATTCTGA
TCACCCCCGAAGGGGACGACAAGCCTGGCGCAGTAGGCAAGGTGGTGCCCTTCTTCGAGGCTAAGGT
GGTGGACTTGGACACCGGTAAGACACTGGGTGTGAACCAGCGCGGCGAGCTGTGCGTCCGTGGCCC
CATGATCATGAGCGGCTACGTTAACAACCCCGAGGCTACAAACGCTCTCATCGACAAGGACGGCTGG
CTGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTGGACCGGCTGAAGA
GCCTGATCAAATACAAGGGCTACCAGGTAGCCCCAGCCGAACTGGAGAGCATCCTGCTGCAACACCC
CAACATCTTCGACGCCGGGGTCGCCGGCCTGCCCGACGACGATGCCGGCGAGCTGCCCGCCGCAGTC
GTCGTGCTGGAACACGGTAAAACCATGACCGAGAAGGAGATCGTGGACTATGTGGCCAGCCAGGTTA
CAACCGCCAAGAAGCTGCGCGGTGGTGTTGTGTTCGTGGACGAGGTGCCTAAAGGACTGACCGGCAA
GTTGGACGCCCGCAAGATCCGCGAGATTCTCATTAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAA
TAATTCTAGAGTCGGGGCGGCCGGCCGCTTCGAGCAGACATGATAAGATACATTGATGAGTTTGGAC
AAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTG
TAACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGG
GGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACCTCTACAAATGTGGTAAAATCGATAAGGATCC
GTCGACCGATGCCCTTGAGAGCCTTCAACCCAGTCAGCTCCTTCCGGTGGGCGCGGGGCATGACTATC
GTCGCCGCACTTATGACTGTCTTCTTTATCATGCAACTCGTAGGACAGGTGCCGGCAGCGCTCTTCCGC
TTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGG
CGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGC
AAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGA
GCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCG
TTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCT
TTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCG
TTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAAC
TATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGAT
TAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACT
AGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTC
TTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTITITGTTTGCAAGCAGCAGATTACGCGCA
GAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAAC
TCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAA
TGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGCGGCCGCAAATGCTAAAC
CACTGCAGTGGTTACCAGTGCTTGATCAGTGAGGCACCGATCTCAGCGATCTGCCTATTTCGTTCGTCC
ATAGTGGCCTGACTCCCCGTCGTGTAGATCACTACGATTCGTGAGGGCTTACCATCAGGCCCCAGCGC
AGCAATGATGCCGCGAGAGCCGCGTTCACCGGCCCCCGATTTGTCAGCAATGAACCAGCCAGCAGGG
AGGGCCGAGCGAAGAAGTGGTCCTGCTACTTTGTCCGCCTCCATCCAGTCTATGAGCTGCTGTCGTGA
TGCTAGAGTAAGAAGTTCGCCAGTGAGTAGTTTCCGAAGAGTTGTGGCCATTGCTACTGGCATCGTG
GTATCACGCTCGTCGTTCGGTATGGCTTCGTTCAACTCTGGTTCCCAGCGGTCAAGCCGGGTCACATG
ATCACCCATATTATGAAGAAATGCAGTCAGCTCCTTAGGGCCTCCGATCGTTGTCAGAAGTAAGTTGG
CCGCGGTGTTGTCGCTCATGGTAATGGCAGCACTACACAATTCTCTTACCGTCATGCCATCCGTAAGAT
GCTTTTCCGTGACCGGCGAGTACTCAACCAAGTCGTTTTGTGAGTAGTGTATACGGCGACCAAGCTGC
TCTTGCCCGGCGTCTATACGGGACAACACCGCGCCACATAGCAGTACTTTGAAAGTGCTCATCATCGG
GAATCGTTCTTCGGGGCGGAAAGACTCAAGGATCTTGCCGCTATTGAGATCCAGTTCGATATAGCCCA
CTCTTGCACCCAGTTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCGGGGTGTGCAAAAACAGGCA
AGCAAAATGCCGCAAAGAAGGGAATGAGTGCGACACGAAAATGTTGGATGCTCATACTCGTCCTTTIT
CAATATTATTGAAGCATTTATCAGGGTTACTAGTACGTCTCTCAAGGATAAGTAAGTAATATTAAGGTA
CGGGAGGTATTGGACAGGCCGCAATAAAATATCTTTATTTTCATTACATCTGTGTGTTGGTTTTTTGTG
TGAATCGATAGTACTAACATACGCTCTCCATCAAAACAAAACGAAACAAAACAAACTAGCAAAATAGG
CTGTCCCCAGTGCAAGTGCAGGTGCCAGAACATTTCTCT (51)

CMV-IE
comparative
promoter

GACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGG
AGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTG
ACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGA
GTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGA
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CGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTG
GCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGC
GTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTT
TGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGG
TAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCT (52)

pcDNAG.0 B-
galactosidas
e
transfection
control

GACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAG
TTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGC
TACAACAAGGCAAGGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGC
TTCGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTA
CGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCT
GGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAAT
AGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAG
TGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCC
AGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGG
TGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTC
CACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAA
CAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCT
CTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAGGGAGAC
CCAAGCTGGCTAGCGTTTAAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAA
TTCTGCAGATCGAAACGATGATAGATCCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTT
ACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCAC
CGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCTTTGCCTGGTTTCCGGCACCAG
AAGCGGTGCCGGAAAGCTGGCTGGAGTGCGATCTTCCTGAGGCCGATACTGTCGTCGTCCCCTCAAA
CTGGCAGATGCACGGTTACGATGCGCCCATCTACACCAACGTGACCTATCCCATTACGGTCAATCCGC
CGTTTGTTCCCACGGAGAATCCGACGGGTTGTTACTCGCTCACATTTAATGTTGATGAAAGCTGGCTAC
AGGAAGGCCAGACGCGAATTATTTTTGATGGCGTTAACTCGGCGTTTCATCTGTGGTGCAACGGGCG
CTGGGTCGGTTACGGCCAGGACAGTCGTTTGCCGTCTGAATTTGACCTGAGCGCATTTTTACGCGCCG
GAGAAAACCGCCTCGCGGTGATGGTGCTGCGCTGGAGTGACGGCAGTTATCTGGAAGATCAGGATAT
GTGGCGGATGAGCGGCATTTTCCGTGACGTCTCGTTGCTGCATAAACCGACTACACAAATCAGCGATT
TCCATGTTGCCACTCGCTTTAATGATGATTTCAGCCGCGCTGTACTGGAGGCTGAAGTTCAGATGTGC
GGCGAGTTGCGTGACTACCTACGGGTAACAGTTTCTTTATGGCAGGGTGAAACGCAGGTCGCCAGCG
GCACCGCGCCTTTCGGCGGTGAAATTATCGATGAGCGTGGTGGTTATGCCGATCGCGTCACACTACGT
CTGAACGTCGAAAACCCGAAACTGTGGAGCGCCGAAATCCCGAATCTCTATCGTGCGGTGGTTGAACT
GCACACCGCCGACGGCACGCTGATTGAAGCAGAAGCCTGCGATGTCGGTTTCCGCGAGGTGCGGATT
GAAAATGGTCTGCTGCTGCTGAACGGCAAGCCGTTGCTGATTCGAGGCGTTAACCGTCACGAGCATC
ATCCTCTGCATGGTCAGGTCATGGATGAGCAGACGATGGTGCAGGATATCCTGCTGATGAAGCAGAA
CAACTTTAACGCCGTGCGCTGTTCGCATTATCCGAACCATCCGCTGTGGTACACGCTGTGCGACCGCTA
CGGCCTGTATGTGGTGGATGAAGCCAATATTGAAACCCACGGCATGGTGCCAATGAATCGTCTGACC
GATGATCCGCGCTGGCTACCGGCGATGAGCGAACGCGTAACGCGAATGGTGCAGCGCGATCGTAATC
ACCCGAGTGTGATCATCTGGTCGCTGGGGAATGAATCAGGCCACGGCGCTAATCACGACGCGCTGTA
TCGCTGGATCAAATCTGTCGATCCTTCCCGCCCGGTGCAGTATGAAGGCGGCGGAGCCGACACCACG
GCCACCGATATTATTTGCCCGATGTACGCGCGCGTGGATGAAGACCAGCCCTTCCCGGCTGTGCCGAA
ATGGTCCATCAAAAAATGGCTTTCGCTACCTGGAGAGACGCGCCCGCTGATCCTTTGCGAATACGCCC
ACGCGATGGGTAACAGTCTTGGCGGTTTCGCTAAATACTGGCAGGCGTTTCGTCAGTATCCCCGTTTA
CAGGGCGGCTTCGTCTGGGACTGGGTGGATCAGTCGCTGATTAAATATGATGAAAACGGCAACCCGT
GGTCGGCTTACGGCGGTGATTTTGGCGATACGCCGAACGATCGCCAGTTCTGTATGAACGGTCTGGTC
TTTGCCGACCGCACGCCGCATCCAGCGCTGACGGAAGCAAAACACCAGCAGCAGTTTTTCCAGTTCCG
TTTATCCGGGCAAACCATCGAAGTGACCAGCGAATACCTGTTCCGTCATAGCGATAACGAGCTCCTGC
ACTGGATGGTGGCGCTGGATGGTAAGCCGCTGGCAAGCGGTGAAGTGCCTCTGGATGTCGCTCCACA
AGGTAAACAGTTGATTGAACTGCCTGAACTACCGCAGCCGGAGAGCGCCGGGCAACTCTGGCTCACA
GTACGCGTAGTGCAACCGAACGCGACCGCATGGTCAGAAGCCGGGCACATCAGCGCCTGGCAGCAG
TGGCGTCTGGCGGAAAACCTCAGTGTGACGCTCCCCGCCGCGTCCCACGCCATCCCGCATCTGACCAC
CAGCGAAATGGATTTTTGCATCGAGCTGGGTAATAAGCGTTGGCAATTTAACCGCCAGTCAGGCTCTC
TTTCACAGATGTGGATTGGCGATAAAAACCAACTGCTGACGCCGCTGCGCGATCAGTTCACCCGTGCA
CCGCTGGATAACGACATTGGCGTAAGTGAAGCGACCCGCATTGACCCTAACGCCTGGGTCGAACGCT
GGAAGGCGGCGGGCCATTACCAGGCCGAAGCAGCGTTGTTGCAGTGCACGGCAGATACACTTGCTG
ATGCGGTGCTGATTACGACCGCTCACGCGTGGCAGCATCAGGGGAAAACCTTATTTATCAGCCGGAA
AACCTACCGGATTGATGGTAGTGGTCAAATGGCGATTACCGTTGATGTTGAAGTGGCGAGCGATACA
CCGCATCCGGCGCGGATTGGCCTGAACTGCCAGCTGGCGCAGGTAGCAGAGCGGGTAAACTGGCTC
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GGATTAGGGCCGCAAGAAAACTATCCCGACCGCCTTACTGCCGCCTGTTTTGACCGCTGGGATCTGCC
ATTGTCAGACATGTATACCCCGTACGTCTTCCCGAGCGAAAACGGTCTGCGCTGCGGGACGCGCGAAT
TGAATTATGGCCCACACCAGTGGCGCGGCGACTTCCAGTTCAACATCAGCCGCTACAGTCAACAGCAA
CTGATGGAAACCAGCCATCGCCATCTGCTGCACGCGGAAGAAGGCACATGGCTGAATATCGACGGTT
TCCATATGGGGATTGGTGGCGACGACTCCTGGAGCCCGTCAGTATCGGCGGAATTCCAGCTGAGCGC
CGGTCGCTACCATTACCAGTTGGTCTGGTGTCAAAAAGCGGCCGCTCGAGGTCACCCATTCGAAGGTA
AGCCTATCCCTAACCCTCTCCTCGGTCTCGATTCTACGCGTACCGGTCATCATCACCATCACCATTGAGT
TTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTG
CCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCAT
TGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGG
GAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGC
TGGGGCTCTAGGGGGTATCCCCACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTA
CGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCT
CGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGC
TTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGAT
AGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAA
CAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTT
AAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTAATTCTGTGGAATGTGTGTCAGTTAGGGTG
TGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACC
AGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAG
CAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCC
CCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCTGCCTCTGAGCTATTCCAGAA
GTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCCGGGAGCTTGTATATCCATTT
TCGGATCTGATCAGCACGTGTTGACAATTAATCATCGGCATAGTATATCGGCATAGTATAATACGACA
AGGTGAGGAACTAAACCATGGCCAAGCCTTTGTCTCAAGAAGAATCCACCCTCATTGAAAGAGCAAC
GGCTACAATCAACAGCATCCCCATCTCTGAAGACTACAGCGTCGCCAGCGCAGCTCTCTCTAGCGACG
GCCGCATCTTCACTGGTGTCAATGTATATCATTTTACTGGGGGACCTTGTGCAGAACTCGTGGTGCTG
GGCACTGCTGCTGCTGCGGCAGCTGGCAACCTGACTTGTATCGTCGCGATCGGAAATGAGAACAGGG
GCATCTTGAGCCCCTGCGGACGGTGCCGACAGGTGCTTCTCGATCTGCATCCTGGGATCAAAGCCATA
GTGAAGGACAGTGATGGACAGCCGACGGCAGTTGGGATTCGTGAATTGCTGCCCTCTGGTTATGTGT
GGGAGGGCTAAGCACTTCGTGGCCGAGGAGCAGGACTGACACGTGCTACGAGATTTCGATTCCACCG
CCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGC
GGGGATCTCATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAA
AGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAAC
TCATCAATGTATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTGGCGTAATCATGGTCAT
AGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGT
GTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTC
CAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGC
GTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCG
GTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACA
TGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAG
GCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGA
CTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTT
ACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTAT
CTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCG
CTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGC
AGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTG
GCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCG
GAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGC
AAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGA
CGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCT
AGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACA
GTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTG
ACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATAC
CGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCG
CAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAA
GTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGT
CGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGT
GCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCA
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CTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTG
GTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCA
ATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGG
GCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACT
GATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCA
AAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAG
CATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGG
GGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTC (53)

pGL4.10-
CMV-MP-
EPO

GGCCTAACTGGCCGGTACCGTCGACGATATCGGATCCAGGTCTATATAAGCAGAGCTCGTTTAGTGAA
CCGTCAGATCGCCTAGATACGCCATCCACGCTGTTTTGACCTCCATAGAAGATCGCCACCATGGGGGT
GCACGAATGTCCTGCCTGGCTGTGGCTTCTCCTGTCCCTGCTGTCGCTCCCTCTGGGCCTCCCAGTCCT
GGGCGCCCCACCACGCCTCATCTGTGACAGCCGAGTCCTGGAGAGGTACCTCTTGGAGGCCAAGGAG
GCCGAGAATATCACGACGGGCTGTGCTGAACACTGCAGCTTGAATGAGAATATCACTGTCCCAGACA
CCAAAGTTAATTTCTATGCCTGGAAGAGGATGGAGGTCGGGCAGCAGGCCGTAGAAGTCTGGCAGG
GCCTGGCCCTGCTGTCGGAAGCTGTCCTGCGGGGCCAGGCCCTGTTGGTCAACTCTTCCCAGCCGTGG
GAGCCCCTGCAGCTGCATGTGGATAAAGCCGTCAGTGGCCTTCGCAGCCTCACCACTCTGCTTCGGGC
TCTGGGAGCCCAGAAGGAAGCCATCTCCCCTCCAGATGCGGCCTCAGCTGCTCCACTCCGAACAATCA
CTGCTGACACTTTCCGCAAACTCTTCCGAGTCTACTCCAATTTCCTCCGGGGAAAGCTGAAGCTGTACA
CAGGGGAGGCCTGCAGGACAGGGGACAGATGATCTAGAGTCGGGGCGGCCGGCCGCTTCGAGCAG
ACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATT
TGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAAC
AATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACCT
CTACAAATGTGGTAAAATCGATAAGGATCCGTCGACCGATGCCCTTGAGAGCCTTCAACCCAGTCAGC
TCCTTCCGGTGGGCGCGGGGCATGACTATCGTCGCCGCACTTATGACTGTCTTCTTTATCATGCAACTC
GTAGGACAGGTGCCGGCAGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGC
TGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGC
AGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGC
GTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAA
ACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGA
CCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCAC
GCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTT
CAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATC
GCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTC
TTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCC
AGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTT
TTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTA
CGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAG
GATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACT
TGGTCTGACAGCGGCCGCAAATGCTAAACCACTGCAGTGGTTACCAGTGCTTGATCAGTGAGGCACC
GATCTCAGCGATCTGCCTATTTCGTTCGTCCATAGTGGCCTGACTCCCCGTCGTGTAGATCACTACGAT
TCGTGAGGGCTTACCATCAGGCCCCAGCGCAGCAATGATGCCGCGAGAGCCGCGTTCACCGGCCCCC
GATTTGTCAGCAATGAACCAGCCAGCAGGGAGGGCCGAGCGAAGAAGTGGTCCTGCTACTTTGTCCG
CCTCCATCCAGTCTATGAGCTGCTGTCGTGATGCTAGAGTAAGAAGTTCGCCAGTGAGTAGTTTCCGA
AGAGTTGTGGCCATTGCTACTGGCATCGTGGTATCACGCTCGTCGTTCGGTATGGCTTCGTTCAACTCT
GGTTCCCAGCGGTCAAGCCGGGTCACATGATCACCCATATTATGAAGAAATGCAGTCAGCTCCTTAGG
GCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCGGTGTTGTCGCTCATGGTAATGGCAGCACTACACA
ATTCTCTTACCGTCATGCCATCCGTAAGATGCTTTTCCGTGACCGGCGAGTACTCAACCAAGTCGTTTT
GTGAGTAGTGTATACGGCGACCAAGCTGCTCTTGCCCGGCGTCTATACGGGACAACACCGCGCCACAT
AGCAGTACTTTGAAAGTGCTCATCATCGGGAATCGTTCTTCGGGGCGGAAAGACTCAAGGATCTTGCC
GCTATTGAGATCCAGTTCGATATAGCCCACTCTTGCACCCAGTTGATCTTCAGCATCTTTTACTTTCACC
AGCGTTTCGGGGTGTGCAAAAACAGGCAAGCAAAATGCCGCAAAGAAGGGAATGAGTGCGACACGA
AAATGTTGGATGCTCATACTCGTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTACTAGTACGTCT
CTCAAGGATAAGTAAGTAATATTAAGGTACGGGAGGTATTGGACAGGCCGCAATAAAATATCTTTATT
TTCATTACATCTGTGTGTTGGTTTTTTGTGTGAATCGATAGTACTAACATACGCTCTCCATCAAAACAAA
ACGAAACAAAACAAACTAGCAAAATAGGCTGTCCCCAGTGCAAGTGCAGGTGCCAGAACATTTCTCT
(54)
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Claims

. A gene therapy vector comprising an expression cassette, the expression cassette

comprising a synthetic liver-specific inducible promoter operably linked to a gene, the
synthetic liver-specific inducible promoter comprising a cis-regulatory element (CRE) that is

capable of being bound and activated by a heterodimer of CAR and RXR.

. The gene therapy vector of claim 1 wherein the CRE that is capable of being bound and

activated by a CAR-RXR heterodimer of comprises or consists of SEQ ID NO: 1 or SEQ ID
NO: 2, or a functional variant of SEQ ID NO: 1 or SEQ ID NO: 2.

. The gene therapy vector of claim 1 or 2 wherein the functional variant of SEQ ID NO: 1 or

SEQ ID NO: 2 comprises an NR1 motif from PBREM, preferably the sequence
TGTACTTTCCTGACCN (SEQ ID NO: 20) or a sequence that varies at no more than 2,
preferably no more than 1, nucleotide position from the sequence TGTACTTTCCTGACCN
(SEQ ID NO: 20).

. The gene therapy vector of any preceding claim wherein the functional variant of SEQ 1D

NO: 1 or SEQ ID NO: 2 comprises one of the following sequences:
- [TGTACTTTCCTGACCN-S-1, (SEQ ID NO: 29);

- [CTGTACTTTCCTGACCN-S-]n (SEQ ID NO: 30); and

- [NCTGTACTTTCCTGACCNTG-S-]n (SEQ ID NO: 31),

wherein S is an optional spacer and n is from 1 to 5, optionally from 2 to 4, and preferably 3

. The gene therapy vector of any preceding claim wherein the functional variant of SEQ 1D

NO: 1 or SEQ ID NO: 2 comprises one of the following sequences:

- TGTACTTTCCTGACCN-S-TGTACTTTCCTGACCN (SEQ ID NO: 32);

- TGTACTTTCCTGACCN-S-TGTACTTTCCTGACCN-S-TGTACTTTCCTGACCN (SEQ
ID NO: 33);

- CTGTACTTTCCTGACCN-S-CTGTACTTTCCTGACCN (SEQ ID NO: 34);

- CTGTACTTTCCTGACCN-S-CTGTACTTTCCTGACCN-S-CTGTACTTTCCTGACCN
(SEQ ID NO: 35); and

- NCTGTACTTTCCTGACCNTG-S-NCTGTACTTTCCTGACCNTG (SEQ ID NO: 36); and

- NCTGTACTTTCCTGACCNTG-S-NCTGTACTTTCCTGACCNTG-S-
NCTGTACTTTCCTGACCNTG (SEQ ID NO: 37),

wherein S is an optional spacer.
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10.

11.

12.

The gene therapy vector of any preceding claim wherein the functional variant of SEQ ID

NO: 1 or SEQ ID NO: 2 comprises one of the following sequences:

- TCTGTACTTTCCTGACCTTG-S-TCTGTACTTTCCTGACCTTG-S-
TCTGTACTTTCCTGACCTTG (SEQ ID NO: 38); or

- ACTGTACTTTCCTGACCCTG-S-ACTGTACTTTCCTGACCCTG-S-
ACTGTACTTTCCTGACCCTG (SEQ ID NO: 39),

wherein S is an optional spacer.

The gene therapy vector of any preceding claim wherein the functional variant of SEQ ID
NO: 1 or SEQ ID NO: 2 comprises a sequence that is at least 60% identical to either SEQ ID
NO: 1 or SEQ ID NO: 2, preferably at least 65%, 75%, 80%, 85%, 90%, 95% or 99 %
identical to either SEQ ID NO: 1 or SEQ ID NO: 2.

The gene therapy vector of any preceding claim wherein the functional variant of SEQ ID
NO: 1 or SEQ ID NO: 2 comprises a sequence that is at least 90% identical, preferably at
least 95% identical, and more preferably perfectly identical to SEQ ID NO: 1 or SEQ ID NO:
2 in the region spanning nucleotides 3 to 18 (preferably the region spanning nucleotides 1 to
20), and at least 70%, 80%, 85%, 90%, 95% or 99% identical across the remainder of SEQ
ID NO: 1 or SEQ ID NO: 2.

The gene therapy vector of any preceding claim wherein the functional variant of SEQ ID
NO: 1 or SEQ ID NO: 2 comprises the following sequence:

NCTGTACTTTCCTGACCNTGNNNNNGTGNCANCATNNACTTNCCTGANNCN (SEQ
ID NO: 41), or a sequence at least 90%, preferably 95%, more preferably 99% identical
thereto.

The gene therapy vector of any preceding claim comprising a plurality of CREs that are
each capable of being bound and activated by a heterodimer of CAR and RXR.

The gene therapy vector of any preceding claim comprising 2 or 3 CREs that are each
capable of being bound and activated by a heterodimer of CAR and RXR.

The gene therapy vector of any preceding claim comprising a synthetic liver-specific
inducible promoter comprising a cis-regulatory module (CRM) comprising or consisting of
one of the following sequences:
NCTGTACTTTCCTGACCNTGNNNNNGTGNCANCATNNACTTNCCTGANNCN-S-
NCTGTACTTTCCTGACCNTGNNNNNGTGNCANCATNNACTTNCCTGANNCN (SEQ ID NO: 42); and
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13.

14.

15.

16.

17.

18.

NCTGTACTTTCCTGACCNTGNNNNNGTGNCANCATNNACTTNCCTGANNCN-S-
NCTGTACTTTCCTGACCNTGNNNNNGTGNCANCATNNACTTNCCTGANNCN-S-
NCTGTACTTTCCTGACCNTGNNNNNGTGNCANCATNNACTTNCCTGANNCN (SEQ ID NO: 43),

wherein S is an optional spacer.

The gene therapy vector of any preceding claim comprising a synthetic liver-specific
inducible promoter comprising a CRM comprising or consisting of one of the following
sequences:

TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACC-S-
TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACC (SEQ ID NO: 44);
TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACC-S-
TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACC-S-
TCTGTACTTTCCTGACCTTGGCACAGTGCCACCATCAACTTGCCTGACACC (SEQ ID NO: 45);
ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCA-S-
ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCA-S-
ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCA (SEQ ID NO: 46); and
ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCA-S-
ACTGTACTTTCCTGACCCTGAAGAGGTGGCAGCATGGACTTTCCTGAACCA (SEQ ID NO: 47),

wherein S is an optional spacer.

The gene therapy vector of any preceding claim which comprises substantially no nucleic
acid sequences that would lead to constitutive expression or expression in non-liver cells.

The gene therapy vector of any preceding claim which comprises a CRE that is capable of
being bound and activated by a heterodimer of CAR and RXR operably linked to a minimal

promoter or proximal promoter.

The gene therapy vector of claim 15 wherein the minimal promoter is HSV thymidine kinase

minimal promoter (MinTK), CMV minimal promoter (CMVmp) or SV40 minimal promoter

(SV40mp).

The gene therapy vector of any preceding claim which comprises a sequence according any

one of SEQ ID NOs: 7 to 18 and 59 to 71, or functional variant of any one thereof.

The gene therapy vector of any preceding claim which comprises a sequence according to
SEQ ID NO: 7, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 68, SEQ ID

NO: 69, SEQ ID NO: 70 or SEQ ID NO: 71, or functional variant of any one thereof.
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19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

The gene therapy vector of any preceding claim wherein the synthetic liver-specific
expression cassette comprises sequences providing or coding for one or more of, and
preferably all of, a ribosomal binding site, a start codon, a stop codon, a transcription
termination sequence, a nucleic acid encoding a posttranscriptional regulatory element

and/or a polyA element.

The gene therapy vector of any preceding claim wherein the gene encodes a protein or
RNA.

The gene therapy vector of any preceding claim wherein the gene encodes a therapeutic
expression product, preferably a therapeutic protein suitable for use in treating a disease or

condition associated with aberrant gene expression in the liver.

The gene therapy vector of any preceding claim wherein the gene encodes a site-specific
nuclease, such as a meganuclease, zinc finger nuclease (ZFN), transcription activator-like
effector-based nuclease (TALEN), or the clustered regularly interspaced short palindromic
repeats system (CRISPR-Cas).

The gene therapy vector of any preceding claim which is a viral vector, such as a retroviral,

lentiviral, adenoviral, or adeno-associated viral (AAV) vector.

The gene therapy vector of any preceding claim which is a plasmid.

An expression cassette comprising a synthetic liver-specific inducible promoter operably
linked to a gene, the synthetic liver-specific inducible promoter comprising a CRE that is

capable of being bound and activated by a heterodimer of CAR and RXR.

The expression cassette of claim 25 wherein the gene is not a reporter gene.

The expression cassette of claim 25 or 26 wherein the gene encodes a therapeutic
expression product.

A synthetic liver-specific inducible promoter comprising a sequence according any one of
SEQ ID NOs: 7 to 18 and 59 to 71, or functional variant of any one thereof.

A recombinant virion comprising a gene therapy vector according to any one of claims 1 to
24, an expression cassette according to any one of claims 25 to 27, or a promoter according

to claim 28.
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30.

31.

32.

33.

34.

35.

36.

A pharmaceutical composition comprising a gene therapy vector according to any one of
claims 1 to 24, an expression cassette according to any one of claims 25 to 27, a promoter
according to claim 28, or a virion according to claim 29.

A cell comprising a gene therapy vector according to any one of claims 1 to 24, an
expression cassette according to any one of claims 25 to 27, a promoter according to claim

28, or a virion according to claim 29.

A cell according to claim 31 which is a liver cell, optionally a liver cell in cell culture or a liver

cell that is present in the liver of a subject.

A gene therapy vector according to any one of claims 1 to 24, an expression cassette
according to any one of claims 25 to 27, a promoter according to claim 28, a virion
according to claim 29, or pharmaceutical composition according claim 30 for use in the
treatment of a disease, preferably a disease associated with aberrant gene expression in

the liver.

A method of producing an expression product, preferably a therapeutic expression product,

in cells, preferably liver cells, the method comprising:

- providing cells comprising an expression cassette comprising a synthetic liver-specific
inducible promoter operably linked to a gene, the synthetic liver-specific inducible
promoter comprising a cis-regulatory element (CRE) that is capable of being bound and
activated by a heterodimer of CAR and RXR; and

- administering to said cells an inducer which is able to induce expression of the
expression product from the gene operably linked to the inducible promoter in said

expression cassette.

The method of claim 34 comprising maintaining said liver cells under suitable conditions for

expression of the expression product from the gene.

The method of claim 34 or 35 wherein the inducer the inducer comprises one or more

agents selected from the following list:
phenobarbital (PB); a flavonoid compound, e.g. flavone, chrysin, baicalein, or
galangin;1,4-Bis[2-(3,5-dichloropyridyloxy)]benzene (TCPOBOP); 6-
(4Chlorophenyl)imidazo[2,1-b][1,3]thiazole-5-carbaldehyde-O-(3,4-dichlorobenzyl)oxime
(CITCO); Acetaminophen; Buprenorphine; Phenytoin; Carbamazepine; Valproic Acid;
Artemisinin and derivatives; Chlorpromazine; Efavirenz; Nevirapine; Rilpivirine;
Etravirine; Diazepam; Cyclophosphamid; Ifosfamide; Cerivastatin; Simvastatin;

lovastatin; substituted sulphonamides; Thiazolidin-4-one; Estradiol; Estrone and
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analogues; 17a-ethinyl- 3;17R-estradiol (EE2); Dehydroepiandrost erone (DHEA); 5R-
pregnane-3,20-dione; Diethylstilbestrol; Gingko biloba extract; Galangin; chrysin;
baicalein; Diallyl sulphide; Ellagic acid; Resveratrol, Squalestatin-1; Bilobalide;
Triclocarban; Triclosan; Dichlorodiphenyltrichloroethane (DDT); Dieldrin; Methoxychlor;
Metofluthrin; Permethrin; Pyrethrins; Sulfoxaflor; Diethylhexyl phthalate (DEHP);
Cyproconazole; Fluconazole; Propiconazole; FL81; Tri-p-methylphenyl phosphate
(TMPP); UM104; and UM145.

37. The method of any one of claims 34 to 36 wherein the inducer the inducer comprises one or

38.

39.

40.

41.

42.

more agents selected from the following list:

phenobarbital (PB); a flavonoid compound, e.g. flavone, chrysin, baicalein, or galangin;
Acetaminophen; Buprenorphine; Phenobarbital; Phenytoin; Carbamazepine; Valproic
Acid; Artemisinin and derivatives; Chlorpromazine; Efavirenz; Nevirapine; Rilpivirine;
Etravirine; Diazepam; Cyclophosphamid; Ifosfamide; Cerivastatin; Simvastatin;

lovastatin; substituted sulphonamides; and Thiazolidin-4-one.

The method of any one of claims 34 to 37 comprising ceasing to administer the inducer.

The method of any one of claims 34 to 38 comprising varying the concentration of the

inducer administered to the cells over time.

The method of any one of claims 34 to 39 comprising the step of introducing the synthetic

liver-specific expression cassette into the cell.

A method of expressing a therapeutic transgene in a liver cell in a subject, the method

comprising introducing into the liver cell a gene therapy vector according to any one of

claims 1 to 24, and thereafter administering to the cell an inducer.

A method of gene therapy of a subject, preferably a human, in need thereof, the method

comprising:

introducing into the liver of the subject a gene therapy vector according to any one of
claims 1 to 24, an expression cassette according to any one of claims 25 to 27, a virion
according to claim 29, or pharmaceutical composition according claim 30, which
comprises a gene encoding a therapeutic product; and

administering an inducer to the subject such that a therapeutically effective amount of

the therapeutic product is expressed in the subject.
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43.

44.

45.

46.

47.

The method of claim 42 comprising varying the amount of the inducer administered to the
subject over time in order to modulate the dosage of a therapeutic gene product provided in

a subject.

The method of claim 42 or 43 comprising the steps of:
- determining the amount of the therapeutic product expressed in the subject or assessing
the response of a subject to the therapeutic product, and:
a) where a higher amount of the therapeutic product in the subject is desired,
increasing the amount of inducer administered to the subject, or
b) where a lower amount of the therapeutic product in the subject is desired,

decreasing the amount of inducer administered to the subject.

The method of any one of claim 42 to 44 comprising changing the inducer in order to alter
the amount of the therapeutic product in the subject.

Use of a gene therapy vector according to any one of claims 1 to 24, an expression cassette
according to any one of claims 25 to 27, a promoter according to claim 28, a virion
according to claim 29 for the manufacture of a pharmaceutical composition for treatment of
any condition or disease mentioned herein.

In a further aspect, the present invention provides a method for producing an expression
product, the method comprising the steps of:

a) providing a population of eukaryotic cells, preferably animal cells, more preferably
mammalian cells, and more preferably liver cells, comprising an expression cassette
comprising a synthetic liver-specific inducible promoter operably linked to a gene, the
synthetic liver-specific inducible promoter comprising a cis-regulatory element (CRE)
that is capable of being bound and activated by a heterodimer of CAR and RXR;

b) culturing said population of cells; and

¢) administering to said population of cells an inducer which is able to induce
expression of the expression product from the gene operably linked to the inducible
promoter in said expression cassette; and

d) recovering the expression product.

79



