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provided for increasing and/or maintaining expression of a gene of interest and for treating a subject via gene therapy.
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ANOVEL CHROMATIN-OPENING ELEMENT FOR STABLE LONG
TERM GENE EXPRESSION

CROSS-REFERERNCE TO RELATED APPLICATIONS
{6061} This application claims the benefit of prionity of U.S. Provisional Application No.
62/841,151, filed April 30, 2619, This provisional application is incorporated by reference herein

in its entirety for all purposes.

SEQUENCE LISTING
{6062} The official copy of the sequence listing is submitted electronically via EFS-Web as an
ASCH formatted sequence listing with a file named 103182-1180463-002610WQ0_SL xt,
created on March 25, 2020 and having a size of 15,649 bytes, and s filed concurrently with the
specification. The sequence listing contained n this ASCH formatted document is part of the

specification and is herein incorporated by reference in its entirety.

BACKGROUND
[6083] Long-term stable expression of genes delivered to cells (transgenes) in mammalhian
cells 1s important in gene therapy, recombinant protein production, genetic reprogramming, and
mammalian synthetic biology. However, transgenes are susceptible to time-dependent epigenetic
silencing, as well as position effect variegation, making reproducible stable expression
challenging. Transgenes are subject to the immediate chromatin environment effect that makes
them susceptible to three effects: (1} position effects such that identical constructs can have
varying expression when integrated into different regions of the host cell genome, (2}
heterochromatin spreading in that repressed chromatin often spreads to neighboring DNA unless
there 1s a functional insulator, and (3) de novo methylation in which a genomic region is
converted to heterochromatin. This is known as transgene silencing, and occurs both i vitro and

in vivo, across all cell types and tissues, and regardless of integration or gene delivery method.

{0004] Long-term stable expression of transgenes s of great importance in the field of
medicine. Durability of gene expression is essential to the field of gene therapy, especially to

avoid redosing patients while providing long-term efficacy of the therapy. Also, manufacture of
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biotherapeutic protein products (such as antibodies) in mammalian cells depends on stable and
high expression. Chromatin position effects make the discovery and maintenance of a highly-

producing cell line difficult and expensive. 1n addition, many animal disease models are made
with the addition of a transgene that then needs to be steadily expressed through the hifetime of

the animal.

{6065} Regulatory elements that address the problem of transgene variegation and silencing to
confer long-term expression have traditionally fallen mnto two categories: passive boundary
elements and active chromatin remodelling elements. The most widely used passive boundary
element is the chicken B-globin 5'HS4 (cHS4) element, a traditional enhancer-blocking insulator
that also functions as a barrier to heterochromatin spreading. In some applications, cHS4 s used
to counteract position effects and has conferred some stability to transgenes compared to the lack
of an mnsulator. However, cHS4 and other passive insulators like Matrix Attachment Regions
{(MARSs) can be cumbersome to use because of their requirement to be on either side of the
genetic construct. Additionally, the element 15 highly host cell dependent, with hinuted utiity
non-blood cell lineages. In contrast, active chromatin remodelling elements bike ubiquitous
chromatin opening elements (UCOESs) have gained populanity in the last decade because of their
mcreased efficacy i resisting silencing. However, UCOE use has largely been limited to the

prototypical AZUCOE from the HNRPAZB1-CBX3 locus.

BRIEF SUMMARY
[0006] The present disclosure provides a novel ubiquitous chromatin opening element (UCOE)
named SRF-UCOE, recombinant polynucleotides, compositions, DNA constructs, expression
cassettes, vectors, host cells, and cell culture systems ncluding SRF-UCGOE polynucleotide
sequences, as well as methods of using the same. Transgemic cells, tissues, and animals
comprising a SRF-UCOE nucleotide sequence are also provided. The compositions and methods

provided are useful for increasing and/or maintaining expression of a gene of mterest.

[B007] In one aspect, provided is a recombinant nucleic acid molecule that includes (a) a
ubiquitous chromatic opening element (UCOE) polynucleotide comprising a nucleic acid
sequence having at least 90% percent sequence identity over the length of the nucleic acid
sequence set forth in SEQ 1D NO:S; and (b) a heterologous promoter operably linked to the

UCQOE polynucleotide. In some instances, the recombinant nucleic acid molecule can include a
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nucleic acid sequence having at least 90% percent sequence identity to the nucleic acid sequence
set forth in any of SEQ ID NGs: 1, 2, 3, or 4. In some instances, the recombinant nucleic acid
molecule can include a nucleic acid sequence having at least 95% percent sequence identity to

the nucleic acid sequence set forth inany of SEQID NGs: 1,2,3, 4 or 5.

{B008]  In some instances, the recombinant nucleic acid molecule can also include a gene,

wherein the heterologous promoter is operably linked to the gene.

{0G09]  In some instances, the heterologous promoter can be a eukaryotic promoter or a viral
promoter. In some instances, the heterologous promoter 1s a mammahian promoter. In some

mstances, the heterologous promoter is a tissue-specific promoter.

{6018} In another aspect, provided is a vector that contains the recombinant nucleic acid

molecule as described above.

{6011} In another aspect, provided is a host cell that contains the recombinant nucleic acid
molecule or the vector as described above. In some instances, the host cell is a eukaryotic cell.

in some nstances, the host cell is 3 bacterial cell.

{B012] In another aspect, provided is a composition containing the recombinant nucleic acid
molecule, the vector, or the host cell as described above. 1n some instances, the composition

includes a pharmaceutically acceptable carrier.

{6813] Inanother aspect, provided 1s a method of treating a subject by gene therapy
comprising administering to a subject in need of gene therapy an effective dose of the

composition described above.

{0014] In another apsect, provided is a method of producing a desired gene product that
includes the steps of: (a) introducing the recombinant nucleic acid molecule or the vector as
described above comprising the gene into a cell line or bacterial strain; and (b} culturing said cell

line or bacterial strain to produce the gene product encoded by the gene.

{B015] In another aspect, provided is a method of increasing the expression of an endogencus
gene in the genome of cell that includes the steps of: (a) introducing the recombinant nucleic acid
molecule as described above into the genome of a cell in a position operably associated with the

endogenous gene; and (b} culturing said cell.
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{0016] In another aspect, provided is a transgenic non-human animal containing cells that

contain the recombinant nucleic acid molecule or the vector as described above.

{B017] In another aspect, provided is a recombinant nucleic acid molecule that contains: (3) a
ubiguitous chromatic opening element (UCOE) polvnuclestide comprising the nucleic acid
sequence of positions 479-780 of SEQ 1D NO:1 up to the full length of SEQ 1D NO:1; and (b} a
heterologous promoter operably linked to the UICOE polynuclectide. In some instances, the
UCQOE polynucleotide has 90% sequence identity to SEQ 1D NQOs: 1, 2, 3, or 4. In some
instances, the UCQOE polynucleotide has 95% sequence identity to SEQID NQGs: 1,2, 3, or 4.

{B018] In another aspect, provided is a recombinant nucleic acid molecule comprising: {a) a
abiquitous chromatic opening element (UCOE) polvnucleotide comprising a nucleic acid
sequence having at least 90% percent sequence 1dentity over the length of positions 479-780 of
SEQG ID NG:1 ap to at least 90% percent sequence identity of the full length of SEQ ID NG 1;
and (b} a heterologous promoter operably linked to the UCOE polynuclectide. In some
instances, the UCOE polynucleotide has at least 90% sequence identity to SEQ ID NQOs: 1, 2, 3,
or 4. In some instances, the UCOFE polynucleotide has at least 95% sequence identity to SEQ 1D

NOs: 1,2, 3, or 4.

BRIEF DESCRIPTION OF THE DRAWINGS
{8019} FIG. 1A shows candidate regions identified by the computational algorithm as
described in Example 1 according to aspects of this disclosure. “Distance” refers to distance

between candidate and HKG.

{6020] FIG. 1B shows the distribution of the candidates regions across 22 autosomal
chromosomes as compared to that of known housekeeping genes according to aspects of this

disclosure.

{8021} FIG. 2A shows a schematic of the dual expression construct used for screening
putative UCOEs for anti-silencing activity in stable transfections according to aspects of this
disclosure. The expression construct includes an Ef1 g-GFP cassette and a hPGK-PuroR cassette
positioned relative to each other so as transcription therefrom will run in opposing directions and
having back-to-back poly A terminators (pA: Ef1a-GFP-BGH polyA tail; hPGK-PuroR-SV40
polyA tail).
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{0022] FIG. 2B shows a graph reflecting the silencing expression data of UCOE candidates
linked to the Efla promoter after stable transfection of P19 cell lines according to aspects of this
disclosure. The candidate regions tested were Candidates 1, 1R, 3, 5,6, 6K, 7, 8, R, 10, and
IOR, with “R” denoting that the reverse orientation of the candidate region was tested. Asa
negative control, the stable expression construct without a UCOE or candidate region was
assessed (Efia). As a postitve control, the 2.2 kB AZUCOE sequence, as well as the 1.2 kB
reverse orientation sequence 3'UCOE, were cloned into the same reporter construct as the
candidate sequences. The percent GFP positive in the population was monitored as a metric for
silencing by flow cytometry analysis with each passage, with the change (difference between

final and initial time points) plotted on the graph (A%GFP+).

[6023] FIG. 2C shows the results of assessing the intrinsic promoter activity of UCOE
candidate regions according to aspects of this disclosure. A schematic representation of the
expresston construct in which the candidate region (UCOE) 1s inserted upstream of the GFP gene
in the absence of any other promoter sequences as used 15 shown as an inlay. As positive
controls, the Ef1u promoter, the 2.2 kB AZUCOFE sequence, and the 1.2 kB reverse orientation
sequence 3'UCOE, were cloned into the same reporter construct as the candidate sequences. The
percent GFP positive in the population was monitored as a metric for gene expression by flow
cytormetry analysis with each passage (%GFP). Stably transfected cells were assayed for %
GFP+ and median fluorescent intensity (normalized to Efia promoter control). Data is reported

as mean + SD from biological duplicates.

[6024] FIG. 2D shows graphs reflecting the efficacy of candidate UCOE regions to delay
transcriptional silencing from the promoters of the stable Ef1o-GFP/hPGK-PuroR expression
construct following transduction into P19 cells according to aspects of this disclosure. The assay
is the same stable transfection screen format described for FIG. 2B, After puromyemn removal at
day 0O, cells are passaged and assayed for % GFP+ cells every 2-3 days until day 18 for the
following conditions: EFla negative control (top left); AZUCQOE and 3'UCOE (top right};
Candidates 1, 1R, and 3 (muddle left}); Candidates 6 and 6R {nuddle right}; Candidates 8 and SR
{bottom left}; and Candidates 10 and 10R (bottom right}. All replicates are shown with the same

symbol. Data in FIG. 2B 1s the difference between the final and mtial time points.
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{0025]  FIG. 2E shows the median GFP expression values (in arbitrary fluorescence units
(afu)} for candidate UCOEs and controls at day O {top) and day 19 {(bottom} in the P19 stable
transfection screen as described for FIG. 2B and FIG. 21 according to aspects of this disclosure.
The data shows that median GFP values for positive controls and tested candidates are not
significantly different from the negative (Efla promoter only) control at day 0 (by one-way
ANOVA). The unsubstantial differences in median expression demonstrates that the % GFP+
cells in the population is a more meaningful measure of silencing. Data s reported as the mean +

SD from at least three biclogical replicates.

{6026] FIG. 3A shows a schematic representation of the genomic region that includes the
candidate 6 SRF-UCOE region and truncation constructs 6-1, 6-2, and 6-3 thereof according to
aspects of this disclosure. Boundaries for the 1,003 bp Candidate 6 were drawn to include the
entire region between SURF1 and SURF2 and the first introns of both genes including the
entirety of the CpG island and CTCF sites. Construct 6-1 includes a small 57 deletion but retains
the most 3" exon of SURF1 and all identified features of the locus. Construct 6-2 includes a
larger 5’ deletion in which all SURF1 sequences and the ' UTR of SURF2 are deleted such that
it lacks the first CTCF binding site and excludes the intergenic region between SURF1 and
SURF2. Construct 6-3 includes a 37 deletion in which the second exon of SURF2 and the second
CTCF site are excluded. The locations of the CpG sland, CRCF regions, and DNasel

hypersensitivity clusters within this genomic region are also shown schematically.

{8027} FIG. 3B shows a schematic illustrating lentivirus donor constructs used to assess
Candidate 6 SRF-UCOE and truncation constructs for anti-silencing activity in stable
transductions according to aspects of this disclosure. The expression construct includes one of
four common promoters between the UCOE region and the GFP coding sequence. Long
terminal repeats (LTR) flank the expression region. A Woodchuck Hepatitis Virus (WHP)
Posttranscriptional Regulatory Element {(wPRE) 15 located between the GFP coding sequence

and the downstream LTR. The test promoters are CMV, EFlg, RSV, and PGK.

[6028] FIG. 4A shows the effect on silencing of the candidate 6 region and constructs 6-1, 6-
2, and 6-3 over time in the lentiviral expression system using the UMV, EFlg, RSV, and PGK
promoters according to aspects of this disclosure. The graphs show the raw data of measured

percent GFP positive cells (%GEFP+) for each construct over time. Transduced populations were
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sorted into triplicate wells using FACS at day O (5 days after lentiviral transductions) to begin the
study at 100% GFP positive cells. Expression 1s lost quickly within the first 10 days, and then
stabilizes around day 15. Data 1s reported as mean + SD from biological triplicates. Two
positive UCOE controls {A2ZUCOE, 3'UCOE) and a negative control (no msulator region} were

used. Day 26 data 1s shown n FIG. 48,

[8029] FIG. 4B shows that Candidate 6 SRF-UCOE and truncation constructs 6-1, 6-2, and 6-
3 resist transgene sifencing from lentiviral transductions with promoters CMV, EFlg, RSV, and
PGK according to aspects of this disclosure. Percent GFP positive cells at the final timepomt
(day 26 for CMV and RSV, day 27 for PGK and EFla) of the lentivirus silencing experiment
across the four tested promoters s plotted. P19 cells were FACS-sorted five days after
transduction {day 0} and then assayed over a 26 or 27-day time period thereafter. Data is reported

as mean + 8D from three biclogical replicates.

{6030} FIG. 5A shows that Candidate 6 {(SRF-UCOE) resists DNA methviation and histone
deacetylation according to aspects of this disclosure. GFP expression is rescued by treatment
with DNA methylation inhibitor S-aza-cytidine {(5-aza) i day 18 UCOE-RSV cells from the
lentiviral silencing experiment. Cells were replica plated at day 16, specified concentrations of 5-
aza were introduced 24 hours later {with exception of control}, and cells were passaged and
assayed via flow cytometry 24 hours atter chemical introduction for % GFP+ cells. Data is

reported as mean + 8D from three biclogical replicates.

{0031} FIG. 5B shows that Candidate 6 (SRF-UCQOE) resisis BNA methylation and histone
deacetylation according to aspects of this disclosure. GFP expression is rescued by treatment
with HDAC inhibitor trichostatin A (TSA) in day 24 UCOE-RSV celis from the lentiviral
silencing experiment. Cells were replica plated at day 22, specified concentrations of TSA were
mtroduced 24 hours later {(with exception of control), and cells were passaged and assayed via
flow cytometry 24 hours after chemical introduction for % GFP+ cells. Data is reported as mean

+ SD from three biological rephicates.

{8032} FIGS. 6A-6D shows that Candidate 6 (SRF-UCOE) resists DNA methylation and
histone deacetylation according to aspects of this disclosure. FIG. 6A shows that GFP
expression 1s rescued by treatment with DNA methylation inhibitor 3-aza-cytidine (5-aza) in day
18 UCOE-CMYV cells from the lentiviral stlencing experiment. Cells were replica plated at day

~r
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16, specified concentrations of 5-aza were introduced 24 hours later (with exception of control),
and cells were passaged and assayed via flow cvtometry 24 hours after chemical introduction for
% GFP+ cells. Data is reported as mean + SD from three biological replicates. In the graph, data
is shown from left to right for gach construct: no treatment, 2 uM S-aza, 10 uM S-aza. ¥IG., 6B
shows that GFP expression s rescued by treatment with HDAC inhubitor trichostatin A (TSA) in
day 24 UCOE-CMYV cells from the lentiviral silencing experiment. Cells were replica plated at
day 22, specified concentrations of TS A were mtroduced 24 hours later (with exception of
control), and cells were passaged and assayed via flow cytometry 24 hours after chemical
mtroduction for % GFP+ cells. Data is reported as mean + SD from three biclogical replicates. In
the graph, data is shown from left to right for each construct: no treatment, 0.05 uM TSA, 0.1
uM TSA. FIG. 6C and FIG. 6D show that UCOE candidates linked to the EFla or PGK
promoters, respectively, demonstrate GFP expression rescue by treatment with HDAC inhubitor
trichostatin A (TSA) or DNA methylation inhibitor S-aza-cytidine (5-aza) on day 21. Cells were
replica plated at day 19, treated with 0.1 uM TSA or 10 uM 5-aza (with exception of control} 24
hours later, and cells were passaged and assayed via flow cytometry 24 hours after chemical
mtroduction for % GFP+ cells. Data 1s reported as mean = SD from three biological replicates.
In the graphs for FIG. 6C and FIG. 6B, the data is shown from left to right for each construct:
no treatment, 0.1 puM TSA, 10 pM S-aza.

[6033] FIG. 7 shows a sequence alignment of the Candidate 6 (SRF-UCOE) nucleic acid
sequence (SEQ ID NO:1) with truncation constructs 6-1, 6-2, and 6-3 (SEQ ID NOs: 2-4) as well
as the core sequence shared amongst all four (SEQ ID NGO:5) according to aspects of this

disclosure.

DETAILED DESCRIPTION
[B034]  Provided in this disclosure 13 a novel chromatin-opening element, named herein as
SRFE-UCQOE, and methods of use thereof. The SRF-UCOE element was identified as nucleic acid
sequence located on chromosome 9 in the Human Surfeit Locus, particularly encompassing the
region between and mcluding parts of the first introns of the SURF1 and SURFZ genes. The
SRF-UCQOE element acts m a modular fashion and confers anti-sitencing activity to operatively
hinked heterclogous promoters. The SRF-UCOE element addresses the problems of position

effects, heterochromatin spreading, and de novo methylation as known to impact transgene
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expression. The SRF-UCOE element will find utility in synthetic biclogy, biomanutacturing, and

gene and cell therapy.

{0035] The provided SRF-UJCOE element has several advantages over existing methods,
devices or materials. First, it 18 an entirely different sequence from a different area of the
genome as compared to the existing AZUCOE between the {UBX3 and HNRPAZB1 genes {and
much lesser used UCOEs from the TBP and RPS3 loci). Second, it matches or cutperforms the
previously characterized A2UCOE and its most popular truncation when paired with commonly
used promoters. Third, at approximately 1002 base pairs or less, it 1s smaller in size relative to
other existing UCOEs, which poses a great advantage because many viruses have restrictive size
constraints for the delivery DNA. Fourth, as discussed further below, it lacks synthetic promoter
activity, which makes the element safer/avoids oncogenic effects that have plagued early gene

therapy trials. This also allows its use with tissue-specific promoters.

{6036] The human Surfeit housekeeping locus 1s a unique, highly conserved cluster of six
housekeeping genes. The human Surfeit locus spans approximately 60kb and is located on
9¢34.2. The orientation of each gene alternates from its neighbor, making it a locus of multiple
divergent housekeeping gene promoters. The locus comprises bi~-directional promoters between
the SURFS and SURF3 genes and between the SURF1 and SURF2 genes. As assessed by
others, prior to this disclosure, there has been no mdication that these regions open chromatin or
moaintain chromatin in an open state and faciliate reproducible expression of an operably-linked

gene m cells of at least two different tissue types. See, for example, U.S. Patent No. 7,442,787,

{6037}  As described 1n this disclosure, the SRF-UCOE element does not inttiate transcription
n synthetic constructs comprising a gene that 1s not otherwise operably linked to a promoter
sequence as shown, for example 10 FIG. 2C and described i Example 3. These results suggest
that the endogenous promoter activity of this region must be mediated by additional
environmental components. As with most housekeeping genes, this region does not contain a
TATA box but does have a strongly predicted SP2 transcription factor binding site according to
the comprehensive database of TFBS binding profiles, JASPAR (24). The lack of an inherent
transcriptional activity in non-natural constructs makes the element a more modular component
that can be pawed with promoters of desired strengths for a given apphication. This fack of

mherent transcriptional activity in non-natural constructs also reduces the possibility of
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unwanted off-target effects of a bidirectional promoter upon random mtegration, a previously
identified disadvantage of A2UCOE (9). Contrary to prior conventional thinking that the
mechanism of chromatin opening for UCOEs is directly tied to its mediation of bidirectional
transcriptional activity, the chromatin opening function of the SRF-UCOE element s not tied to

its functionality as a promoter.
A. SRF-UCOE Polynucleotides

{0038] The SRF-UCQOE element polynucleotides of the invention include the sequences set
forth m SEQ 1D NOs: 1-5 and active fragments and variants thereof. Such sequences can be
used to produce transgenic cells and organisms. The transformed organisms are characterized by
genomes that comprise at least one stably incorporated DNA construct comprising a nucleic acid
sequence for the SRF-UCOE element as disclosed herein. The full length SRF-UCOE
polynucleotide as set forth in SEQ 1D NO:1 15 provided as well as modified versions thereof such
as, for example, the polynucleotide sequences set forth in SEQ 1D NOs: 2-5. In one aspect,
provided is a polynucleotide comprising a sequence as set forth in SEQ 1D NOs:1-5 or a variant

thereof,

[8039] Analignment of SRF-UCOE sequences as set forth in SEQ 1D NOs: 1-5 1s shown in
FIG. 7. In some embodiments, the SRF-UCOE element is the nucleic acid sequence set forth in
SEQ ID NG, reflecting the full length non-variant sequence. In some embodiments, the SRF-
UCOE element comprises the nucleic acid sequence set forth in SEQ ID NO:2, reflecting a
truncated variant sequence having a 106 base pair 5’ end deletion. In some embodiments, the
SRF-UCOE element comprises the nucleic acid sequence set forth in SEQ ID NO:3, reflecting a
truncated variant sequence having a 478 base pair 5’ end deletion. In some embodiments, the
SRF-UCOE element comprises the nucleic acid sequence set forth in SEQ ID NO 4, reflecting a
truncated variant sequence having a 241 base pair 3’ end deletion. In some embodiments, the
SRF-UCQOE element comprises the nucleic acid sequence set forth in SEQ ID NG5, reflecting a
core sequence of 283 base paurs. In some mstances, the SRF-UCOE element 15 up to 1002
nucleotides m length. In some mstances, the SRF-UCOE element 1s from 233 to 1002

nucleotides in length.

[6040] In some embodiments, the SRF-UCOE element of this disclosure comprises the 5

untranslated region (UTR), the first intron, and the first and second exons of the human SURF]
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gene. In some embodiments, the SRF-UCOE element comprises the 5" UTR, the first intron, and
the first exon of the human SURFZ gene. In some embodiments, the SRF-UCOE element
comprises the 5’ UTR, the first intron, and the first and second exons of the human SURF2 gene.
In some embodiments, the SRF-UCOE element comprises a methylation-free Cp( 1sland focated
within the first 600 base pairs of the human SURF2 gene. CpG-islands have an average GC
content of approximately 60%, compared with a 40% average in bulk DNA. In some
embodiments, the SRF-UCOE element comprises a CTCF element located within the first 600
base pairs of the human SURF1 gene. In some embodiments, the SRF-UCOE element comprises
a CTCF element located within the first 600 base pairs of the human SURFZ gene. Insome
embodiments, the SRF-UCOE element comprises a one or more DNasel hypersensitivity sites
located within the first 600 base pairs of the human SURF1 gene and the first 600 base pairs of

the human SURF2 gene.

{6041] In one aspect, the SRF-UCOE element, or active fragments or variants thereof, has
chromatin opening activity. Open chromatin or chromatin in an open state refers to chromatin in
a de-condensed state and 1s also referred to as euchromatin. Condensed chromatin is also referred
to as heterochromatin. Chromatin 1n a closed {condensed) state 1s transcriptionally silent.
Chromatin in an open {de-condensed) state 1s transcriptionally competent. The establishment of
an open chromatin structure 1s characterized by DNase [ sensitivity, DNA hypomethylation and
hustone hyperacetylation. Standard methods for identifving open chromatin are well-known to
those skilled in the art and are described in Wu, 1989, Meth. Enzymol,, 170, 269-289 (27};
Crane-Robinson et al, 1997, Methods, 12, 48-56 (28); Remn et al,, 1998, N.A R, 26, 2255-2264
(29).

[8042] Active fragments and vanants of the SRF-UCQOE element disclosed herein will retain
chromatin opening activity. Chromatin opening comprises the ability of the composition to
achieve an observable effect in retaining an open chromatin state or diminushing the occurrence
of a closed chromatin state as detected by expression of a gene operably hinked to the SRF-
UCOE element, or an active fragment or vanant thereof, and a heterologous promoter. Such
activity may also be measured by the extent of DNase I sensitivity, DNA hypomethylation and
histone hyperacetylation at the operably linked gene. Such activity can comprise any statistically

significant retention in gene expression, DNase [ sensitivity, DNA hypomethylation, and/or
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histone hyperacetylation, including, for example retention of about 5%, 10%, 15%, 20%, 25%,

30%, 35%, 40%, 45%, 50%, $5%, 60%, 65%, 70%, 75%, 85%, 90%, 05%, or greater.

B

{0043] The term “fragment” refers to a portion of a SRF-UJCOE polynuclectide sequence as
described 1n this disclosure. “Fragments” or “biologically active portions” include
polynucleotide sequences comprising a sufficient number of contiguous nucleic acid residues to
retain the biological activity of the element, 1.e., have chromatic opening activity. Fragments of
the SRF-UCOE polynucleotide sequence include those that are shorter than the full-length
sequence. A biologically active portion of a SRF-UCOE polynucleotide sequence can be a
polynucleotide sequence that s, for example, 100, 150, 200, 250, 300, 350, 400, 450, 500, or
more nucleic acids in length of any one of SEQ 1D NOs: 1-4. Such biologically active portions
can be prepared by recombinant techniques and evaluated for chromatic opening activity. As
used here, a fragment comprises at least 25 contiguous nucleic acids of SEQ ID NOs: 1-5.
Exemplary active SRF-UCOE polynuclectide fragments include SEQ 1D NOs: 2, 3, and 4 as
shown, for example, in FIG. 34, FIGS. 4A-4B, FIG. SA-8B, FIGK. 6A-6D, and FIG. 7 and
described in Examples 4-6.  In some instances, the biologically active portion of the SRF-UCOE
polynucleotide 1s less than 1002 nucleotides m length. In some instances, the biologically active
portion of the SRF-UCOE polynucleotide 1s at least 283 nucleotides i length. In some
mstances, the biologically active portion of the SRF-UCOE polynucleotide 15 less than 1002

nucleotides i length.

[0044] 1t 1s recognized that modifications may be made to the SRF-UCOE polynucleotide
sequence provided herein creating varant SRF-UCQOE sequences. Changes designed by man
may be introduced through the application of site-directed mutagenesis techniques. Conservative
amino acid substitutions may be made i nonconserved regions that do not alter the function of
the SRF-UCQOE polynucleotide sequence. Alternatively, modifications may be made that

mprove the activity of the element.

[B045] By “vanants” 13 intended to mean substantially stmilar sequences. For the SRF-UCOE
element, a variant comprises a deletion and/or addition of one or more nucleotides at one or more
internal sites within the native polynucleotide and/or a substitution of one or more nucleotides at

one or more sites in the SRF-UCOE polynucieotide as set forth 1 any of SEQ ID NOs: 1-6.
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{0046] Vanants of the SRF-UCOE polvnucleotide of the invention can also be evaluated by
comparison of the percent sequence 1dentity between the variant polynuclestide and the SRF-
UCQOE polynucleotide. Thus, for example, an 1solated polynucleotide with a given percent
sequence identity to the polynucleotide of SEQ ID NO: 1-6 are provided. Percent sequence
identity between any two polynucleotides can be calculated using sequence alignment programs
and parameters described elsewhere herein. Where any given pair of polynucleotides of the
disclosure 1s evaluated by comparison of the percent sequence identity, the percent sequence
identity between the two polynucleotides is at least 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 0%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or more sequence identity to SEQ ID NQOs: 1-6. In some embodiments, the variant has at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to the polynucleotide
sequence set forth in any of SEQ ID NO: 1-6. In some embodiments, a biologically active
variant of the SRF-UCOE polynucieotide may differ by as few as 1-15 nucleotides, as few as 1-
10, such as 6-10, as few as 5, as few as 4, as few as 3, as few as 2, or as few as | nucleotides. In
some embodiments, a biologically active varnant of the SRF-UCOE polvnucieotide of SEQ 1D
NO:S may differ by up to 30 nucleotides, up to 25-30, up to 10-25, such as 15-20, up to 15, up to
10, up to S, up to 3, or up to 2 nucleotides. In some embodiments, biologically active variant of
the SRF-UCOE polynucleotide of any of SEQ ID NG: 1-4 may differ by up to 100 nucleotides,
up to S0-75, such as 30-30, up to 50, up 10 40, up to 30, up to 20, up to 10, or up to 5 nucleotides.
In specific embodiments, the varant polynuclectides can comprise an 3’ or a 5' end truncation,
which can comprise at least a deletion of 10, 15, 20, 25, 30, 35, 40, 45, or 50 nucleotides or more

from either the 3" or a 5" end of the SRF-UCOE polynucleotide.

{6047} Theterms “identity” or “percent identity”, mn the context of two or more nucleic acids
or polypeptide sequences, refer 1o two or more sequences or subsequences that are the same or
have a specified percentage of nucleotides or amino acid residues that are the same (e.g., at least
6%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, or at least
95% or greater wdentity over a specified region}, when compared and aligned for maximum
correspondence over a comparison window, or designated region, as measured using one of the
following sequence comparison algorithms or by manual alignment and visual inspection. The
percent nucleic acid sequence identity is obtained by counting the number of identical maiches

(i.e., same residue} after aligning the sequences and introducing gaps, if necessary, to achieve the
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maximum percent sequence identity (i.e., the sequences are optimally aligned}, and dividing such

number of identical matches by the length of the aligned sequences.

{B048] Two sequences are “optimally aligned” when they are aligned for similarity scoring
using a defined nucleic acid substitution matrix {e.g., BLOSUM®62 or BLOSUMS30), gap
existence penalty and gap extension penalty so as to arrive at the highest score possible for that
pair of sequences. The gap existence penalty is imposed for the mtroduction of a single nucleic
acid gap 1n one of the aligned sequences, and the gap extension penalty is imposed for each
additional empty nucleic acid position inserted into an already opened gap. The alignment s
defined by the nucleic acids positions of each sequence at which the alignment begins and ends,
and optionally by the insertion of a gap or multiple gaps in one or both sequences, so as to arrive
at the highest possible score. Methods of alignment of sequences for comparison are well known
in the art, e.g., visual alignment or using publicly available software using known algorithms to
achieve maximal alignment. While optimal alignment and scoring can be accomplished
manually, the process is facilitated by the use of a computer-implemented alignment algorithm,

as described below.

[0049] Unless otherwise stated, identity and sinularity will be calculated by the Needleman-
Wunsch global alignment and scoring algorithms (Needleman and Wunsch (1970} J. Mol. Biol.
48(3):443-453 (30)) as noplemented by the “needle” program, distributed as part of the
EMBOSS software package (Rice, P. et al, Trends in Generics 16(6). 276-277 (31), versions
6.3.1 available from EMBnet at various sources) using default gap penalties and scoring matrices
(EBLOSUMG2 for protein and EDNAFULL for DNA). Equivalent methods may also be used.
By “equivalent method” is intended any sequence comparison method that, for any two
sequences in question, generates an alignment having identical nucleotide residue matches and
an identical percent sequence 1dentity when compared to the corresponding alignment generated

by needle from EMBOSS version 6.3.1.

[B086] Optimal alignment of sequences for comparison can also be conducted, for example, by
manual alignment and visual inspection (see, e.g., Ausubel et af., Current Protocols in
Molecular Biology (1995 supplement)), by the local homology algorithm of Smith and
Waterman, Adv. Appl. Math. 2:482, 1970, by the search for similarity method of Pearson and

Lipman, Proc. Natl. Acad. Sci. USA 85:2444, 1988, by computerized implementations of these
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algorithms (e.g., GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software
Package, Genetics Computer Group, 575 Science Dr, Madison, Wis.}, or by manual alignment
and visual inspection {see, e.g., Ausubel ef af., Current Protocols in Molecular Biology (1995
supplement}}. An additional method is the algorithm of Karlin and Altschul (1990} Proc. Natl.
Acad. Sci. USA 87:2264-2268, modified as in Karlin and Altschul (1993) Proc. Natl. Acad. Sci.
USA 90:5873-5877. Such an algorithm 1s incorporated into the BLAST programs of Altschul et
al. (1990} J. Mol Biol 215(33:403-410. BLAST nucleotide searches can be performed with the
BLASTN program {nucleotide query searched against nucleotide sequences) to obtain nucleotide
sequences homologous to the SRF-UCOE element of the invention. To obtain gapped alignments
for comparison purposes, Gapped BLAST (in BLAST 2.0} can be utilized as described in
Altschul er al. (1997) Nucleic Acids Res. 25:3389-3402 and made available to the public at the
website for the National Center for Biotechnology Information and the National Institute of
Health. Optimal alignments, including multiple alignments, can be prepared using, e.g., PSI-
BLAST, available through www.nchi nlm nih. gov and described by Altschul er al. (1997) supra.
PSI-Blast can be used to perform an iterated search that detects distant relationships between
molecules. When utihzing BLAST, Gapped BLAST, and PSI-Blast programs, the default
parameters of the respective programs {(e.g., BLASTX and BLASTN) can be used. Other
publicly available software useful for alignment analysis includes ALIGN, ALIGN-2

(Genentech, South San Francisco, Calif ), and Megalign (DNASTAR).

[0051] Recombinant or synthetic nucleic acids encoding the SRF-UCOE element disclosed
heremn are also provided. Of particular interest are nucleic acid sequences that have been
designed for expression in eukaryotes, particularly in mammals. That s, the nucleic acid
sequence can be optinized for increased expression in a host animal. Tn some instances, the

nucletc acid sequence can be optimized for mncreased expression wn a specific host animal tissue.

[6652] A “recombinant nucleic acid” or “recombinant polynucleotide” comprises a
combination of two or more chemically linked nucleic acid segments which are not found
directly jomned in nature. By “directly joined” 1s intended the two nucleic acid segments are
mmediately adjacent and joined to one another by a chemical linkage. In specific embodiments,
the recombinant polynucleotide comprises a SRF-UCOE polynucleotide, or active fragment or

variant thereof, such that an additional chemically linked nucleic acid segment is located 3' to the
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SRF-UCQE polynucleotide. Alternatively, the chemically-hinked nucleic acid segment of the
recombinant polynucleotide can be formed by deletion of a sequence. The additional chemically
linked nucleic acid segment or the sequence deleted to join the linked nucleic acid segments can
be of any length, mncluding for example, 1, 2, 3,4, 5, 6,7, 8,9, 10, 15, 20 or greater nucleotides
up to 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 20%, 25%,
30%, 35%, 40% of the nucleic acids of the SRF-UCOE polynucleotide. Various methods for
making such recombinant polynucleotides include chemical synthesis or by the manipulation of
isolated segments of polynucleotides by genetic engineering techniques. In specific
embodiments, the recombinant polynucleotide can comprise a recombinant DNA sequence ora
recombinant RNA sequence. A “fragment of a recombinant polynucleotide or nucleic acid”
comprises at least one of a combination of two or more chemically linked amino acid segments

which are not found directly joined in nature.

[B053] Insome instances, the SRF-UCQOE element is operably linked to a heterologous
promoter. A “promoter” refers to a DNA sequence recognized by the synthetic machinery of the
cell, or introduced synthetic machinery, required to imtiate the specific transcription of a gene.
As used herein, “heterologous” in reference to a sequence is a sequence that originates froma
foreign species, or, if from the same species, is substantially modified from us native form in
composition and/or genomic locus by deliberate human intervention. As used herein, “linked”
refers 1o a cis-linkage 1n which the components so described (e.g., the promoter, the SRF-UCOE
element, and/or the gene) are present in a cis relationship on the same nucleic acid molecule.

The term “operatively hinked” or “operably linked” refers to an arrangement of elements wherein
the components so described are configured so as to perform therr usual function. In one
example, the SRF-UCOE element operably linked to a given promoter 1s able to facilitate the
ability of the promoter to mitiate transcription. The SRF-UCOE element need not be contiguous
with the promoter, so long as it functions to facilitate the transcriptional imtiation activity of the
promoter. Thus, for example, intervening sequences can be present between the SRF-UCOE
element and the promoter sequence, and the SRF-UCOE element can still be considered

“operably linked” to the promoter.

[6054] In some embodiments, the SRF-UCOE element and heterologous promoter are

operably hinked to a gene, such as the coding sequence for a protein or RNA of interest. As used
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herein, the term “gene” (1.e., “expressible gene™) refers to a polynucleotide sequence that
encodes a polypeptide or RNA molecule. A “gene product” as used herein refers to a
polypeptide or RNA molecule expressed from the polynucieotide sequence of the gene. In some

embodiments, a gene can be a cDNA or a genomic DNA sequence.

{B0S5]  In some instances, the polynuclectide of the present invention facilitates reproducible
expression of an operably-linked gene at a physiclogical level. By “physiclogical level”, it is
meant a level of gene expression at which expression in a cell, population of cells or a patient
exhibits a physiological effect. Preferably, the physiological level 1s an optimal physiological
level depending on the desired result. Preferably, the physiological level is equivalent to the level

of expression of an equivalent endogenous gene.

[6056] The term “factlitates reproducible expression” refers to the capability of the SRF-
UCOE element, or active fragment or vanant thereof, to facilitate reproducible activation of
transcription of the operably-linked gene. The process is believed to involve the ability of the
UCOE to render the region of the chromatin encompassing the gene (or at least the transcription
factor binding sites} accessible to transcription factors. Reproducible expression preferably
means that the polynucleotide when operably-linked to a gene gives substantially the same level
of expression of the operably-linked gene urespective of its chromatin environment and
preferably irrespective of the cell tissue type. Preferably, substantially the same level of
expression means a level of expression which has a standard deviation from an average value of
less than 48%, more preferably less than 40% and most preferably, less than 25% on a per-gene-
copy basis. Alternatively, substantially the same level of expression preferably means that the
level of expression varies by less than 10-fold, more preferably less than 5-fold and most
preferably less than 3-fold on a per-gene-copy basis. In some nstances, the level of expression is
the level of expression measured in a transgemic animal. In some mstances, the SRF-UCOE
element, or active fragment or vaniant thereof, facilitates reproducible expression of an operably-

linked gene when present at a single or tow {(less than 3} copy-number.
B. Expression Cassettes and Vectors

[B087] Polynucleotides encoding the SRF-UCQOE polynucleotide and active fragments and
variants thereof as described herein can be provided in expression cassettes for expression in an

organism of iterest. The cassette will include 3 and 3' regulatory sequences inchuding a
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heterologous promoter operably linked to the SRF-UCQE polynuclesctide, or active fragment or
variant thereof, that allows for expression of a gene of interest that is operably linked to the
heterologous promoter and the SRF-UCOE polynucleotide, or active fragment or variant thereof.
The cassette may additionally contain at least one additional gene or genetic element to be co-
transformed into the organism. Such an expression cassette s provided with a plurality of
restriction sites and/or recombination sites for insertion of the gene of interest to be under the
transcriptional regulation of the regulatory regions. The expression cassette may additionally

contain a selectable marker gene and/or a reporter gene.

[6058] Insome embodiments, the expression cassette will include 1o the 5'-3' direction of
transcription, the SRF-UCOE polynucleotide, or active fragment or variant thereof, a
transcriptional and translational initiation region (1.e., a promoter), a gene (1.€., an expressible
gene encoding a protein or RNA of interest), and a transcriptional and translational termination
region (1.e., termination region} functional in the organism of interest. The promoters of the
mvention are capable of directing or driving expression of a gene in a host cell. One or more of
the promoter, the translational termination region, and the gene may be endogenous or
heterologous to the host cell or to each other. At least one of the promoter, the translational
ternunation region, and the gene 15 heterologous to the SRF-UCOE polynucieotide. In some
mstances, at least one of the promoter, the translational ternunation region, and the gene are

heterologous to the others.

[0039] Additional regulatory signals include, but are not limited to, transcriptional initiation
start sifes, operators, activators, enhancers, other regulatory elements, ribosomal binding sites, an
mitiation codon, termination signals, and the like. Such regulatory signals are discussed
generally m Sambrook et al. (1992) Molecular Cloning: A Laboratory Manual, ed. Maniatis et al.
{Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N Y ), Advanced Bacterial Genetics,
ed. Davis et al, (1980} (Cold Spring Harbor Laboratory Press}, Cold Spring Harbor, NY ., and
the references cited therem.

[60608] In some embodiments, the gene s a therapeutic nucleic acid sequence. Therapeutically
useful nucleic acid sequences nchude sequences encoding receptors, enzymes, ligands,
regulatory factors, hormones, antibodies or antibody fragments, and structural proteins.

Therapeutic nucleic acid sequences also mnclude sequences encoding nuclear proteins,
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cytoplasmic proteins, mitochondral proteins, secreted proteins, membrane-associated proteins,
serum proteins, viral antigens, bacterial antigens, protozoal antigens, and parasitic antigens. Such
nucleic acid sequences also include sequences encoding proteins, peptides, lipoproteins,
glvcoproteins, phosphoproteins, and nucleic acid {e.g., RNAS or antisense nucleic acids).
Proteins or polypeptides which can be encoded by the therapeutic nucleic acid sequence include
hormones, growth factors, enzymes, clotting factors, apolipoproteins, receptors, erythropoietin,
therapeutic antibodies or fragments thereof, drugs, oncogenes, tumor antigens, tumor
suppressors, viral antigens, parasitic antigens, and bacterial antigens. Specific examples of these
compounds include proinsulin, growth hormone, androgen receptors, insulin-like growth factor 1,
insulin-like growth factor Il insulin-like growth factor binding proteins, epidermal growth
factor, transforming growth factor o, transforming growth factor §, platelet-derived growth
factor, angiogenesis factors {acidic fibroblast growth factor, basic fibroblast growth factor,
vascular endothehal growth factor, angiogenin}, matrix proteins (Type IV collagen, Type VI
collagen, laminin), phenylalanine hvdroxylase, tyrosine hydroxylase, oncoproteins (for example,
those encoded by ras, fos, myc, erb, Src, ney, sis, jun), HPV E6 or E7 oncoproteins, p33 protein,
Rb protein, cytokine receptors, [L-1, I1L-6, IL-8, and proteins from viral, bacterial and parasitic
organisms which can be used to mnduce an immunological response, and other proteins of useful

significance 1n the body.

[6061] In preparing the expression cassetie, the various DNA fragments may be manipulated,
so as to provide for the DNA sequences in the proper orientation and, as appropriate, in the
proper reading frame. Toward this end, adapters or linkers may be employed to join the DNA
fragments or other manipulations may be mmvolved to provide for convenient restriction sites,
removal of superfluous DNA, removal of restriction sites, or the like. For this purpose, in vifro
mutagenesis, primer repair, restriction, annealing, resubstitutions, e.g., transitions and

fransversions, may be mvolved.

[B062] A number of promoters can be used in the practice of the invention. The promoters can
be selected based on the desired expression profile. In some embodiments, the promoter s a
heterologous promoter. The SRF-UCOE polynucleotide can be combined with any of
constitutive, inducible, tissue- specific, and/or other promoters for expression of the gene in the

organism of interest. In some embodiments, the promoter is a eukaryotic promoter or a viral
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promoter. In one example, the promoter is a eukaryotic promoter such as a mammalian
promoter. Exemplary mammalian promoters are the EFlo promoter, the PGK promoter (human
and/or mouse) and the U6 promoter. In another example, the promoter is a viral promoter.
Exemplary viral promoters include the UMV promoter, the RSV promoter, the SFFV promoter
and the SV40 promoter. In some instances, the promoter 1s a strong and/or substantially

ubiguitous promoter.

{6063] The expression cassette can also comprise a selectable marker gene for the selection of
transformed cells. Selectable marker genes are utilized for the selection of transformed cells or
tissues. Marker genes include genes encoding antibiotic resistance, such as those encoding
puromycin N-acetyl-transferase (PAC), neomycin phosphotransferase 1I (NEQ), and hygromycin

B phosphotransferase (HPT). Additional selectable markers are known and any can be used.

[0064] Also provided in this disclosure 1s a vector comprising the SRF-UCOE polynucleotide.
The vector preferably comprises a gene operably-linked to the SRF-UCOE polynucleotide. The
vector can comprise any of the elements and embodiments discussed above with respect to the
expression cassetie provided. In some embodiments, the gene comprises the necessary elements
enabling gene expression such as suitable promoters, enhancers, splice acceptor sequences,
mternal ribosome entry site sequences (IRES) and transcription stop sttes. Suitable elements for
enabling gene expression are well known to those skilled in the art. The suitable elements for
enabling gene expression can be the natural endogenous elements associated with the gene or
may be heterclogous elements used in order o obtain a different level or tissue distribution of
gene expression compared to the endogenous gene. Preferably, the vector comprises a promoter
operably associated with the gene and the SRF-UCOE polynucleotide. The promoter may be a

natural endogenous promoter of the gene or may be a heterologous promoter as discussed above.

[8065] The vector may be any vector capable of transferring DNA to a cell. In some
embodiments, the vector 15 an integrating vector or an episomal vector. In some instances, the
integrating vector can be a recombinant lentivirus vector. A recombinant lentivirus vector will
meclude DNA of at least a portion of a lentivirus genome whuch portion 1s capable of infecting the
target celis. The term “mfection” 1s used to mean the process by which a virus transfers genetic
material to its host or target cell. In some mstances, the lentivirus used in the construction of a

vector of the invention 13 also rendered replication-defective to remove the effect of viral
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replication of the target cells. In such cases, the replication defective viral genome can be
packaged by a helper virus in accordance with conventional techniques. Generally, any lentivirus
meeting the above criteria of infectiousness and capability of functional gene transfer can be
employed in the practice of the invention. Lentiviral vectors are described in Milone, MLC. and

O’ Doherty (2018) Leukemia 32: 1529-1541 (43).

[8066] Ditferent types of lentiviral vector systems have been developed that seck to improve
lentiviral vector system safety and efficacy. Second generation lentiviral systems contain a
single packaging plasmid encoding the Gag, Pol, Rev, and Tat genes. Without an internal
promotor, transgene expression is driven by the genomic 5° LTR, which 1s a weak promotor and
requires the presence of Tat to activate expression. Third generation systems improve on the
safety of the second generation system in two ways. First, the packaging system 15 split into two
packaging plasmids: one encoding Rev and one encoding Gag and Pol. Second, Tat is
eliminated from the third generation system; expression of the transgene from this promoter is no
longer dependent on Tat transactivation. A third generation transfer plasmid can be packaged by
either a second or a third generation packaging system. While the second and third generation
systems address concerns related to unintentional generation of replication-competent viruses,

the systems are still vulnerable to causing mutagenesis and off target effects in transduced cells.

[8067] Other vectors useful in the present invention include adenovirus, adeno-associated
virus, SV40 virus, vaccina virus, HSV and pox virus vectors. In some instances, the vector s an
adenovirus transfer vector. Adenovirus vectors are well-known to those skilled in the art and
have been used to deliver genes to numerous cell types, ncluding airway epithelium, skeletal
muscle, iver, brain and skin (Hitt, MM, et al. (1997} Advances in Pharmacology 40 137-206
(33); Anderson, W.F. (1998) Nature 392 (6679 Suppl):25-30 (34)). In some mstances, the vector
15 an adeno-associated {AAV) vector. AAV vectors are well-known to those skilled in the art and
have been used to stably transducer buman T-lymphocytes, fibroblasts, nasal polyp, skeletal
muscle, brain, erythroid and hematopoietic stem cells for gene therapy applications (Philip, R et
al., 1994, Mol Cell. Biol. 14, 2411-2418 (35); Russell, D.W._ et al | 1994, PNAS USA 91(19):
8915-8919 (36): Flotte. TR. et al,, 1993, PNAS US4 90(22}: 10613-10617 (37): Walsh, CE. et
al., 1992, PNAS USA 89(15:7257-7261 (38);, Miller, L L. et al., 1994, PNAS US4 91(21), 10183
10187 (39); Emerson, 1990, Blood 87, 3082-3088 {40); Naso, ML.F. et al. (2017} BioDrugs 31(4}:
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317-334 (41)). Episomal vectors can include transient non-replicating episomal vectors and self-
replicating episomal vectors with functions derived from viral origins of replication such as those
from EBV, human papovavirus (BK) and BPV-1. In some mnstances, the vector may bea
replicating episomal vector. Such vectors have a larger size capacity than many viral vectors and
have less risk of insertional mutagenesis. Such integrating and episomal vectors are well-known
to those skilled in the art. Certain suitable episomal vectors are described in Ehrhardt, A. et al.
{2008y Current Gene Therapy, 8(3):147-161 (42). In some embodiments, the vectoris a
mammalian artificial chromosome. The use of mammalian artificial chromosomes is discussed

by Kazuki, Y. and Oshimura, M. (2011} Mol Therapy 19(9): 1591-1601 (44).

[0068] In some embodiments, the vector is a plasmid. For example, the plasmid can be a non-
replicating, non-integrating plasmid. The term “plasnud” as used herein refers to any nucleic
acid encoding a gene and includes linear or circular nucleic acids and double or single stranded
nucleic acids. The nucleic acid can be DNA or RNA and may comprise modified nucleotides or
ribonucleotides, and may be chemically modified by Such means as methylation or the inclusion
of protecting groups or cap- or tail structures. A non-replicating, non~-integrating plasnud is a
nucleic acid which when transfected into a host cell does not replicate and does not specifically
integrate into the host cell's genome (1.e. does not integrate at high frequencies and does not
mtegrate at specific sites). In some instances, the plasmid s a naked nucleic acid. As used
herein, the term “naked” refers to a nucleic acid molecule that 1s free of direct physical
associations with proteins, lipids, carbohydrates or proteoglveans, whether covalently or through
hydrogen bonding. The term does not refer to the presence or absence of modified nucleotides or
ribonucieotides, or chemical modification of the all or a portion of a nucleic acid molecule by
such means as methylation or the inclusion of protecting groups or 5’ cap and/or poly A

elements.
L, Transformed Cells and Animals

[8069] Also provided mn this disclosure are transformed cells, cell tissue, and organisms are
provided comprising the SRF-UCOE polynucleotide or active fragment or varnant thereof In
one aspect, provided 1s a host cell mnto which a DNA construct comprising the SRF-UCQE
polynucleotide or active fragment or variant thereof of this disclosure has been introduced. BNA

constructs comprising the SRF-UCOE polynucieotide or active fragment or vanant thereof can
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be used to transform cells of organisms of interest. Methods for transformation involve
introducing a nucleotide construct into a host cell. By “imtroducing” 1s intended to introduce a
construct comprising the SRF-UCOFE polvnucleotide {e.g., alone or as part of an expression
cassette or vector) into a host cell in such a manner that the construct gains access to the interior
of the host cell. The methods of the invention do not require a particular method for introducing
a nucleotide construct to a cell, only that the nucleotide construct gains access to the mterior of
the host cell or at least one cell of a host organism. Methods for introducing nucleotide
constructs into cells are known 1n the art including, but not limited to, stable transformation

methods, transient transformation methods, and virus-mediated methods.

{8070} The host cell may be any cell such as bacterial cells, yeast cells, insect cells, and
mammalian cells. In some embodiments, the host cell is a2 mammalian cell. In some instances,
the host cell 15 a non-human mammalian cell. In some instances, the host cell is a human cell. In
some instances, mammalian host cells can be derived from mammalian cell ines such as the
CHO cell ling, the 293 cell line, the NSO cell line, the P19 cell line, the Jurkat cell line, the K562
cell line, and the Hs68 cell line. In some instances, the mammalian cell line is the CHO cell ling,
which has been used in biomanufacturing of proteins as described above. In some embodiments,
the host cell is an embryonic stem (ES) cell. ES cells are pluripotent stem cells derived from the
mner cell mass of a blastocyst, an early-stage embryo. In other embodiments of the invention,

the host cell 1s an mduced pluripotent stem cell (iPS cells or iPSC). 1PS cells are a type of

pluripotent stem cell artificially derived from a non-pluripotent cell—typically an adult somatic
cell-—by inducing expression of specific genes {e.g., at least Oct-3/4 (PouSf1}, Sox2). 1PS cells
are similar to natural pluripotent stem cells, such as embryonic stem (ES) cells, in many aspects,
such as the expression of certain stem cell genes and proteins, chromatin methylation patterns,
doubling timne, embryoid body formation, teratoma formation, viable chimera formation, and
potency and differentiability. 1PS cells can be generated from a variety of adult somatic cells,
mcluding, e.g., stomach cells, hiver cells, skin cells and blood cells. In another embodiment, the
host cell 1s a primary cell obtained from a subject, such as a human subject or a mouse subject.
For example, primary cells can include human foreskin fibroblasts (HFF), adipose-derived stem

cells (ADSC), dermal fibroblasts, and epithehal cells.
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{0071 “Transgenic cells” or “transformed cells” or “stably transformed” or “transduced cells”
cells or tissues refers to cells that have incorporated or integrated the SRF-UCOE polynucleotide
or active fragment or vanant thereof. In some mstances, the polynucleotide is part of a DNA
construct or an expression cassette as described above. In some instances, the polynucleotide is
part of a vector as described above. 1t is recognized that other exogenous or endogenous nucleic
acid sequences or DNA fragments may also be incorporated into the host cell. Numerous
techniques are known and are useful according to the invention for delivering the vectors
described herein to cells. Transformation may be performed, for example, by any of infection,
transfection, transduction, conjugation, microinjection, electroporation, microprojection,
biolistics or particle bombardment, electroporation, silica/carbon fibers, ultrasound mediated,
PEG mediated, calcium phosphate co-precipitation, polycation DMSO technique, DEAE
cellulose and Dextran procedures, heat shock, viral mediated, liposome mediated (e.g.,
polybrene, lipopolyamines, poly-L-ornithine), and the like. Transformation protocols as well as
protocols for introducing polynucleotide sequences into host cells may vary depending on the
type of cell, 1.e, prokaryotic, eukarvotic, targeted for transformation.  Methods for
transformation are known in the art. Transformation may result in stable or transient
mcorporation of the nucleic acid into the cell. “Stable transformation” 1s intended to mean that
the nucleotide construct introduced mio a host cell integrates into the genome of the host cell and
is capable of being inhertted by the progeny thereof. “Transient transformation” 13 intended to
mean that a polynucleotide 1s miroduced into the host cell and does not integrate mto the genome
of the host cell. In some embodiments, a vector of the tnvention may be delivered to a host cell
non-specifically or specifically (i.e., to a designated subset of host cells) via a viral or non-viral
means of delivery. Delivery methods of viral origin include viral particle packaging cell lines as
transfection recipients for the vector of the present invention into which viral packaging signals
have been engineered, such as those of adenovirus, herpes viruses, lentiviruses, and
papovaviruses. Non-viral based gene delivery means and methods may also be used in the
invention and inchude direct naked nucleic acid mjection, nucleic acid condensing peptides and

non-peptides, cationic liposomes and encapsulation in liposomes.

[6872] Inspecitic embodiments, the sequences provided herein can be targeted to specific cite
within the genome of the host cell. Such methods include, but are not limited to, meganucieases

designed against the host genomic sequence of interest (Silva, G etal (2011} Current Gene
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Therapy 11(1): 11-27 (45));, CRISPR-Cas9, TALENs, and other technologies for precise editing
of genomes (Rojo, P. et al. {2018) Bivengineered 9(1): 214-221 (45); Ly, C. et al,, J. Controf
Release 266: 17-26 (463}, Cre-lox stte-specific recombination; FLP-FRT recombination;, Bxbi-
mediated ntegration; zinc-finger mediated mtegration; and homologous recombination as are

well known 1 the art.

{6073} The SRF-UCOE polvnucleotide or active fragment or variant thereof may be inserted
into the genome of a cell in a position operably associated with an endogenous {native) gene and
thereby lead to increased expression of the endogenous gene. Alternatively, the SRF-UCOE
polynucleotide m its endogenous (native} position on the genome may have a gene inserted in an
operably associated position downstream thereof so that expression of the gene occurs. In such
instances, transgene design and integration site selection may be considered so as to not disrupt

gene expression within the native Surfeit locus upon integration thereof.

{6074] In one aspect, provided is also a eukaryotic cell whose genome comprises the SRF-
UCOE nucleic acid sequence or an active fragment or variant thereof upstream of a promoter
operably linked to a gene. In some instances, the eukaryotic cell is a human cell. In some

mstances, the eukarvotic cell 1s a non-human mammal cell.

{6075] Insome aspects, the host cell of this disclosure 15 an ES cell that can be used to
generate transgenic animals using techniques well known i the art, which comprise injection of
the ES cell into a blastocyst followed by implantation of chimeric blastocysts into females to
produce offspring which can be bred and selected for homozygous recombinants having the
required insertion. o some embodiments, the transgenic animal 1s a chimeric animal comprising

ES cell-denived tissue and host embryo derived tissue.

[6076] In one aspect, provided is a method for producing a transgenic non-human mammal
that has stable expression of a gene of interest, the method comprising (a) inserting the SRF-
UCOE nucleic acid sequence or an active fragment or variant thereof upstream of a promoter
operably hinked to a gene into the genome of a non-human mammal ES cell genome, (b)
mjecting the non-human mammal ES cell into a non-human mammal blastocyst of the same
species to create a chimeric blastocyst; {¢) implanting the chimeric blastocyst into a mature non-
human mammal female; and (d) obtaining a transgenic non-human mammmal as the progeny of

the mature non-human mammal female resulting from the chimeric blastocyst.
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{8677]  Inanother aspect, provided herein is also a non-human animal whose genome
comprises the SRF-UCOE nucleic acid sequence or an active fragment or variant thereof
upstream of a promoter operably linked to a gene. 1n some instances, the animal is a non-human
mammal. In some embodiments, the non-human mammal 15 a rodent, such as a mouse or rat,
and celis of the invention, are rodent cells or ES cells, such as mouse ES cells. Transgenic
animals containing the SRF-UCOE nucleic acid sequence or an active fragment or variant

thereof may be used for long-term production of a protein of interest.

{0078] The present disclosure also provides the use of the polynucleotide of the present
mvention in producing transgenic non-human animals. The present invention also provides a
non-human animal containing cells which contain a SRF-UCOE polynucleotide or active

fragment or variant thereof.

B. Compositions and Methods of Use

[6079]  As discussed above, the present disclosure provides SRF-UCOQOE polynucleotides as

well as vectors and host cell. In some instances, these compositions are used in gene therapy.

{6080] In one aspect, provided in this disclosure 1s a pharmaceutical composition comprising
the SRF-UCOE polynucleotides, vectors, or host cells as described herein in combination with a
pharmaceutically acceptable carrier. The pharmaceutical compositions may compromise the
SRF-UCOE polynucleotide or active fragment or variant thereof, a vector, or host cell in
admixture with a pharmaceutically acceptable carrier or diluent. The term “pharmaceutically
acceptable carrier” as used herein is intended to include any and all solvents, dispersion media,
coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents, and the
like, compatible with pharmaceutical administration. Suttable carriers are described in the most
recent edition of Remungton’s Pharmaceutical Sciences, a standard reference text in the field,
which is incorporated herein by reference. Exemplary carriers or diluents include, but are not
himited to, water, saline, Ringer’s solutions, dextrose solution, and 5% human serum albunun.
The use of such media and agents 1s well known in the art. Except insofar as any conventional
media or agent 1s incompatible with the agents provided herein, use thereof in the composition is
contemplated. The present disclosure also provides the use of the polynuclectides, vector, or

host cell of the present invention 1n the manufacture of a composition for use in gene therapy.
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{0081} In another aspect, the present disclosure also provides the SRF-UCOE polynucleotides,
vector or host cell described herein as a component of a cell culture system capable of producing
a desired gene product. Suitable cell culture systems are well-known to those skilled in the art

and are fully described in the body of literature known to those skilled in the art.

{0082] In another aspect, the present disclosure provides a method of producing a desired gene
product {e.g., a protein or RNA molecule} comprising introducing a recombinant nucleic acid
molecule comprising a SFR-UCOE polynucleotide as described herein, or a vector comprising
such SFR-UCOE polynucleotide, into a cell line or bacterial strain, wherein the SFR-UCOE
polynucleotide is operably linked to a gene upon insertion. The method may comprise further

culturing said cell line or bacterial strain to produce the gene product encoded by the gene.

{6083] In another aspect, the present disclosure provides a method of producing a increasing
the expression of an endogenous gene in the genome of cell comprising introducing a
recombinant nucleic acid molecule comprising a SFR-UCOE polynucleotide as described herein,
or a vector comprising such SFR-UCOE polynucleotide, into the genome of a cell in a position
operably associated with the endogenous gene. The method may comprise further culturing said

ceil.

[6084] In another aspect of this disclosure, provided is a method of maintaining or increasing
expression of a gene of interest in a cell, the method comprising inserting the SRF-UCQOE
nucleic acid sequence or an active fragment or variant thereof upstrearm of a promoter operably

linked to a gene of interest {1.e, an expressible gene) in the genome of the cell.

[B085]  In some embodiments, the SRF-UCOE element (Candidate 6), or active fragment or
variant thereof, is positioned upstrearn of a heterologous promoter that 15 operably linked to a
gene of interest to modulate strong long-term expression thereof as shown in FIG. 2B, FIGS.
2D-2F, FIGS. 4A-4B, FIGS. 5A-3B, and FIGS. 6A-6D and described in Examples 3-5. In
some embodiments, the SRF-UCOE element, or active fragment or vanant thereof, prevents
transgenes delivered by non-viral (stable transtection) and viral (lentivirus) methods from losing
as much expression as the same construct without such element as shown, for example, in FIG.
2B, FIGS, 2D-2E, FIGS. 4A-4B, FIGS. 5A-5B, and FIGK. 6A-6D and described in Examples
3-5. In some embodiments, the SRF-UCOE element stabilizes gene expression in a higher

percentage of the cell population than A2UCOE or derivatives thereof as shown, for example, in
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FIG. 2B, FIGS, 2D-2E, FIGK, 4A-4B, FIGS, 5A-5B, and FIGS, 6A-6D and described 1n
Examples 3-5. In some embodiments, the SRF-UCOE element resists DNA methylation and
histone deacetylation as shown, for example, in K18, SA-5B and FEGS. 6A-6D and described

in Example 5.

{0086] Inthe provided methods, at least one of the SRF-UCOE, the promoter, or the gene are
heterologous with respect to each other. In some instances, the gene of interest is an endogenous
gene {native) in the cell genome. In some instances, the promoter is an endogenous promoter
(native) in the cell genome and to the gene of interest. In some instances, the gene of interest is
an exogenous gene and is inserted together with the SRF-UCOE nucleic acid sequence or an
active fragment or variant thereof. In some instances, the promoter is an exogenous promoter to
the gene of interest {1.€. a heterologous promoter) and 1s inserted together with the SRF-UCOE
nucleic acid sequence or an active fragment or variant thereof In some embodiments, the SRF-
UCOE nucleic acid sequence or an active fragment or variant thereof is inserted as construct
conmprising a promoter and, i1 some nstances, a promoter operably linked to a gene of interest.
Such methods are performed using the SRF-UCOE polynucleotides, DNA constructs, expression
cassettes, and vectors described in thus disclosure. Thus, the present disclosure provides the use
of the SRF-UCOE polynucleotides described herein to imcrease the expression of an endogenous
gene comprising inserting the polynucleotide into the genome of a cell in a position operably

associated with the endogenous gene thereby increasing the level of expression of the gene.

[0087] 1In one aspect of this disclosure, provided is a method of treating a subject by gene
therapy comprising adnunistering to a subject in need of gene therapy an effective dose of any of
the compositions described herein. In some embodiments, the method comprising inserting the
SRF-UCOE nucleic acid sequence or an active fragment or variant thereof upstream of a
promoter operably linked to a gene of interest (i.e., an expressible gene) in the genome of the
cell. Thus, the method comprises administering to a patient in need of such treatment an
effective dose of a SRF-UCOE polynucleotide, a vector, or a host cell as described heremn.
Generally, the subject 1s suffering from a disease treatable by gene therapy. In the method of
treatment, as described in the preceding paragraph, at least one of the SRF-UCOE, the promoter,

or the gene are heterologous with respect to each other.
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{B088]  Inthe provided method treatment, the SRF-UCOE polynuclectide, vector, or host cell
of the disclosure, or a pharmaceutical composition comprising any thereof, may be administered
via a route which includes any of systemic intramuscular, intravenous, aerosol, oral (solid or
hiquid form), buccal, topical, ocular, as a suppository, intraperitoneal, intrathecal injection, and/or

local direct injection.

{8089} The exact dosage regime will be determined by individual chinicians for individual
patients and this, in turn, will be controlled by the exact nature of the protein expressed by the
gene of interest and the type of tissue that is being targeted for treatment.  The dosage also will
depend upon the disease indication and the route of administration. Advantageously, the duration
of treatment will generally be continuous or until the cells die. The number of doses will depend
upon the disease, and efficacy data from chinical trials. In some embodiments, the amount of
polynucleotide or vector DNA delivered for effective gene therapy according to the invention
will preferably be in the range of between 50 ng-1000 pg vector DNA/kg body weight of the
subject. For example, the amount admunistered may be in the range of 1-100 pg vector DNA/kg

body weight.

[8090] The polynucleotide, vector or host cell of this disclosure may be admunustered to a
manmal using 72 vivo cell uptake or by an ex vivo approach. In some instances, for the ex vivo
uptake approach, are removed from a subject, transduced with the polynucleotide or vector, and
then reimplanted into the subject. The hiver, for example, can be accessed by an ex vivo approach
by removing hepatocytes from an anuval, transducing the hepatocytes in vigro and re-implanting
the transduced hepatocytes into the subject {e.g., as described for rabbits by Chowdhury, M. et
al. (1991} Science 254(5039):1802-1805 (47) and i humans by Wilson, I M. (1992) Hum. Gene
Ther 3(2y.179-222 (48}}. Such methods also may be effective for delivery to various populations
of cells in the circulatory or lymphatic systems, such as ervthrocytes, T-cells, B cells, and
hematopoietic stem cells.

EXAMPLES

[6091] The following examples are offered to llustrate, but not to limit the claimed invention.

[0092] UCOEs have been defined by their abiity to confer reproducible, stable expression of
transgenes, even when integrated mto centromeric heterochromatin, One particular UCOE

sequence from the HNRPA2B1-CBX3 locus {dubbed AZUCOE) has been by far the most
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studied and utilized of the currently identified UCQOEs. The AZUCOE element encompasses a
methylation-free CpG island between the HNRPAZB1 and UBX3 housekeeping genes. Stable
expresston can be achieved from using its innate promoter for HNRPA2BI, or as a regulatory
element linked to a heterologous promoter to confer stable long-term transgene expression. Its
efficacy has been attributed to its resistance to DNA methylation-mediated silencing and
recruitment of chromatin remodellers. A2ZUCOE has demonstrated its utility in conferring long-
term stable expression to gene therapy consiructs in a variety of cell types and tissues, both in
vitro and in vivo {Dighe, N. et al. (2014} PLoS One, 9, e1 04805 (8); Muller-Kuller, U. ef af.
2015y Nucleic Acids Res, 43, 1577-1592 (9); Brendel, C. etal (2012) Gene Ther, 19, 1018-1029
(10}} and even in clinically-relevant human 1PSCs (Haenseler, W. et al. (2018} Marters, DOL
10.19185/matters. 201805000005 (11)). Additionally, AZUCOE has shown utility in the rapid
selection and 1solation of hughly expressing clones in biomanufacturing to significantly improve
titer (Saunders, F. et al. (2015) PLoS One, 10, 0120096 (12); Benton, T. et al. (2002)
Cytotechnology, 38, 43-46 (13), Withams, 8. et al. (2005) BMC Biotechnol, 5, 17 {(14)).
Recently, the AZUCOE sequence has been used to confer stability to creating dCasS-effector
platform cell lines for doing CRISPRI screens that perturb specific genes to study biological
phenomena (Adamson, B. er af. (2016) Cell, 167, 1867-1882 1821 (25); Jost, ML et al. (2017)
Mol Cell, 68, 210-223 216 (26). The AZUCGOE 15 described, e.g., in UK. Patent No. 7,442,787,

[6093] A vanety of individual studies have found efficacy from varnable lengths of the core
sequence {refs 6, 7, 9, 10, 61, 62). There 1s thus still a need for a modular single sequence under
I kb that can predictably stabilize a broad diversity of gene expression constructs. Finally,
although A2UCOE seems to maintain the specificity of tissue-specific promoters, there 1s still a
concern that the bidirectional promoter can cause non-specific activation upon integration, and
these off-target effects have traditionally been a concern in the gene therapy space. Additional
UCOEs with different functionality may be able to address weaknesses and deficiencies of
A2UCQOE to find utility mn more applications, as well as help determine the underlying
mechanism of this interesting class of elements.

Example 1: Materials and Methods Used in Example

[6094] To develop critenia for identifying potential UCOE elements, particular properties of

the A2UCQOE locus in the human genome were identified that have been hypothesized to be
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linked to 1ts mechanism. AZUCQOFE encompasses divergenily transcribed promoters of the
HNRPAZBI and CBX3 housekeeping genes, including a methylation-free CpG sland. Bistinct
histone modification patterns, especially H3 and H4 acetylation, as well as the H3K4me3 mark
that 1s associated with active transcription, have also been studied at this locus (Lindahl Allen,
M. and Antoniou, M. {2007} Epigenetics, 2, 227-236 (21)). Finally, msulator factor CTCF is
known to bind to boundary regions and mediate three-dimensional chromatin loops at
epigenetically distinct boundaries, making CTCF binding sites a hallmark of insulators (Weth, O,
et al. (2014) Nucleic Acids Research, 42, 11941-11951 (54}). With the exact mechanism of
AUCOE’s functionality unknown, as unbiased of a feature search as possible was performed,
with the hypothesis that there may be other sequences in the human genome that perform

similarly.

[8095] The human genome was examined through a computational algorithm that identifies
areas with simular features to the AZUCOE locus. Because it 1s a chromatin-remodelling element,
the epigenetic signature at the locus was used as the first indicator of UCOE activity, With the
causal effect of most histone roarks stdl unknown (Banwuster, A.J. and Kouzarides, T. (201 1)
Cell Res, 21, 381-395 (53)), as unbiased of a search as possible was performed by using all 13 of
the ChiP-Seq tracks available through the Broad Institute/ENCODE consortium for the
GM12878 lymphoblastoid cell line, which the inventors have deternmuned to be the most
karyotypically-normal somatic cell line. Regions with the same pattern of presence/absence of
histone marks (as well as three other DNA-associated proteins, EZH2, H2AZ, and CTCF,
measured m the ChiP-seq) were searched across the hgl9/Gr37 human genome assembly. This
search resulted in 2,911 candidate regions. As the sequence 13 a regulatory sequence, these
regions were further querted to ensure that they did not fall completely within the coding
sequence of genes, using the UCSC Known Genes track. Applying this filter reduced the
candidate list to 936 regions. Next, based on 84% overlap of AZUCOE and the CPG 1sland
between HRNPAZB1 and CBX3, a condition that the region is strongly composed of a CpG
island was applied. Specifically, regions were required to bave at least a 50% overlap with a CpG
island, bringing the number of candidate regions to 151, To ensure that regions with
unmethylated Cp(G islands were searched, candidate regions were further selected based on
Reduced Representation Bisulfite Sequencing (RRBS) data of GM12878 cells, also from the

ENCODE project (further described below). The application of this critenia reduced the
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candidate list to 94 unique regions of the genome. As a final filter, the CTCF binding sites were
confirmed with a different dataset from ENCODE, the ENCODE Transcription factor ChiP
dataset, which encompassed data across several cell ines (Wang, J. ef al. (2013} Nucleic Acids
Res 41, D171-176 (52}, bringing the number of candidate regions down to 88. The candidate list
includes the AZUCOE locus on chromosome 7, and sizes of the candidate regions ranged
between 57 to 3916 bp (data not shown).

A, Computational algorithm for identifying putative UCOE elements in the human

genome

{0096] Data for the hg19 assembly of the human genome was downloaded from the
appropriate sources: (a) Broad Institute ChiP-seq data for GM12878 cells as part of the
ENCODE consortium {13 tracks) (15), {b) University of California Santa Cruz (UCSC) Known
Genes Track (16}, {¢) UCSC Genome Browser Cp(G Island track, (d} ENCODE Reduced
Representation Bisulfite Sequencing (RRBS) in GMI12878 (17}, and (e) the ENCODE
transcription factor ChiP dataset (18).

{6097} Briefly, the 13 ChiP-seq tracks {consisting mostly of 11 histone modifications) for
GM12878 cells were combined in a binary fashion (present or absent) to return a list of regions
that contained the same combination of features. These sequences were then screened to remove
regions that fell completely within a gene’s coding sequence according the UCSC Known Genes
track. Next, sequences that did not consist of at least S0% overlap with a CpG 1sland were
removed, and the remaining sequences were screened for <20% methylated reads through RBSS

data. Finally, regions were screened for a verified CTCF binding site,

[0098] The ranking method was powered by data from a study identifying 1,522 housekeeping
genes and their coefficient of variation across 42 tissues (19). Results from the computational
algorithm were ranked first by their distance to the transcription start site of the nearest

housekeeping gene, and then by the coefficient of variation of that gene.

[0099] The Broad peak data was downloaded from ENCODE for GM12878, which spanned
13 histone modifications and transcription factor binding sites: CTCF, EZHZ, H2A 7, H3K4ml,
H3K4m2, H3K4m3, H3K%ac, H3K9m3, H3K27ac, H3K27m3, H3K36m3, H3K79mZ, and
H4K20m! . The files contain discrete intervals of ChiP-seq fragment enrichment through a

statistical approach further described through the UCSC ENCODE portal, specifically using the
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Scripture software to call peaks (Guttman, M. ef al. (2010} Nat Biotechnol, 28, 503-510 {49)},
followed by an unpublished Matlab script to decouple smaller enriched intervals within very
large intervals from the Scripture output. The bedtools intersect function was used consecutively
on each of the 11 ChiP-seq signals that were associated with the A2UCOE locus: H3K4mi,
H3K4m?2, H3Kdm3, H3K9ac, H3K27ac, H3K36m3, H3K79m2, H4K20m1. ChiP-seq peaks for
EZH2, H2A 7, and CTCF were also used in this fashion. bedtools subiract was used to remove

any intervals in the resulting dataset for H3K9m3 and H3K27m3.

{86180} The UCSC Known Genes Track was downloaded from the UCSC genome browser.
This Known Genes dataset was constructed based on protein data from Swiss-Prot and
associated mRNA data from Genbank (Hsu, F. et al. (2006) Bioinformarics, 22, 1036-1046 (50}).
The known gene track was subtracted from the working candidate list {using bedtools subtract)
and that result then intersected with the working list (keeping the entirety of the original interval
using bedtools intersect with the —wa function) to remove any regions that were completely

within the known gene track.

{0101} The CpG sland track was downloaded from the UCSC Genome Browser, which was
generated using a modified version of a program developed by G. Miklem and L. Hillier, and
predicts CpG islands using three particular criteria; (1) GC content of 50% or greater, (2) | length
greater than 200 bp, (3) ratio greater than 0.6 of observed number of CG dinucleotide to the
expected number on the basis of the number of Gs and Cs n the segment. The program examines
each base one at a time, scoring dinucleotides +17 for CG and —1 otherwise. This was intersected
with the working list using bedtools intersect to find overlaps, and keep the entire original entry

where there was a minimal overlap of 0.5 (50%).

{6162] DNA methylation data from Reduced Representation Bisulfite Sequencing (RRBS) in
GM12878 was downloaded from ENCODE (Counsortium, E.P. (2012) Nanure, 489, 57-74 (51)).
This data consisted of intervals identified through RBSS, read counts within each interval, and
the percent methylated CGs for each interval This hist was filtered first to only include entries
with at least 10 reads and then percent methylated (a) greater than 10%, (b) greater than 20%,
and {¢) less than 20%. Initrally, the overlapSelect function from UCSC Genome Browser was to
keep all candidates that overlapped with {a}, but this criteria was too harsh as it removed the

A2UCOE locus from the bist. So 1nstead the overlapSelect function from UCS{T Genome
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Browser was used to keep all candidates that overlapped with (c) and remove any that

overlapped with (b}

{0183] Fmally, a simple overlapSelect was performed with the CTCF binding site data from
ENCODE Transcription factor CHIP dataset, which encompasses data across several cell lines

{(Wang, J. et al. (2013) Nucleic Acids Res, 41, D171-176 (52}).

[8104] Re-ranking Candidate List by Housekeeping Gene Coefficient of Variance. A list of
identified housekeeping genes and their coetficients of variance was obtained from a 2009 study
of the gene expression profiles of 42 tissues (She, X. et al. (2009} BMC Genomics, 10, 269 (53}).
The accession numbers were mapped to RefSeq gene names and their corresponding
chromosome number and position. This file and the wdentified candidate list were used as an
mput to the bedtools Closest function to determine the distance to and identity of the closest
housekeeping gene for each candidate, including regions that overlapped with the housekeeping
gene (HK). Results were then merged back with the coefficient of variations from the
housekeeping-identifying study {53). The result of this analysis was 88 regions of interest, which
were then sorted by distance to housekeeping gene and then further sorted by the coefficients of
variance to rank-order the candidate list. This ranking resulted in AZUCOE being at the top of
the list {zeroth position}, and candidates were named Candidate 1, 2, and onwards to result in a
total of 87 putative UCOE candidates. Rankings for AZUCOE and Candidates 1-20 are shown in

FiG. 1A

B. Construction of vectors
[0105]  Actual candidate sequence was determined by a visual inspection of the outpuis of the
algorithm using the Feb 2009 GRCh37/hg19 assembly in the UCSC Genome Browser (20). Start
and end positions were visually determined for the candidates based on including as many
desired features from the computational search as possible {e.g., the entirety of a CpGisland, or
to include any nearby CTCF binding sites) to result in a 1-1.5 kb length (see Table 1 below).
Strand refers to +/- strand of the genome, as all candidates were drawn to be in the same 5’23’
direction as the gene with the nearest TSS to the candidate region. Regions between divergently

transcribed genes are noted as divergent, along with name of the reverse complement.

Table 1. Position of algorithm output candidates versus experimental candidates in the

GRCh37/hgl9 human genome assembly
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Algorithm | Algorithm | Candidate | Candidate
Candidate # | Chromosome | start End Start End Strand | Lenpth | Divergent?
i chi6 160210822 160212252 160210457 160211870 + 1374 | ves, IR
2 chrl 245027688 245027958 245027171 245028685 - 1383 | no
3 chit 160147650 160148638 160147398 160148705 + 1308 | no
4 chri6 25122572 25123049 25122235 25123617 + 1383 | no
5 chr20 5093462 5094272 5093242 5095057 - 1816 | no
6 che9 136223261 136223954 136222946 136223954 + 1009* | ves
7 chrl 226595430 226596263 226594104 226596047 + 1944 | no
8 chrl7 66507666 66508098 66507371 66509135 765 | no
9 chris 44828479 44829488 44828051 44829357 1307 | yes, 9R
10 chrio 105156061 105156603 105153621 165157125 - 1305 | ves, 10R
[3186] Primers were designed using NCBI Primer-Blast. These are listed below in Table 2.

Table 2. Primers

Name SEQ ID NG DNA Sequence

Canl fwd Sall 10 aclaagalGTCGACCCATCTTGACGGCAGCGATA

Canl rev Nhel 11 1agttictGCTAGCCGCTGAGACGATCTCGGAAA
CanlR_fwd Sall 12 actaagaGTCGACCGCTGAGACGATCTCOGGAAA
CanlR_rev Nhel 13 tagtictGCTAGCCCATCTTGACGGCAGCGATA

Can2 fwd Sall 14 actaagaGTCGACTCACCCTCACGGTTAGCTACT
Can2 rev Nhel 15 tagtict GCTAGCCAACGTACAACGCAGCACTC

Can3 fwd Sall 16 actaagaGTCGACCAGACCGATCTGATTCACTGE
Can3 rev MNhel 40 tagtict GCTAGCCGGTCGCATAGGCCGAG

Can4d fwd_ Sall 17 actaagaGTCGACACTTTTCCACACACTACTTCCCTC
Cand _rev_Nhel 18 tagttctGCTAGCTCTGTCTTTCCAGCAGCGTT
Can6_fwd Sall 19 aclaagalGTCGACGCACACGACCACAATTCCAC

Cant _rev Nhel 20 tagttctGCTAGCGACCACCTACGGGTTCTTGG
Can6R_fwd Sall 21 actaagaGTCGACGACCACCTACGGGTTCTTGG
Can6R_rev Nhel 22 tagtict GCTAGCGCACACGACCACAATTCCAC

Can# fwd Sall 23 actaagaGTCGACAAGUCACACGGCCCTAGAAAT
Can8 rev Nhel 24 tagtictGCTAGCTGGAGAGGAAAACTACCGGC
Can9 fwd Sall 23 aclaagalGTCGACGTCOTGUCCACGTATCTALCC
Can9 rev Nhel 26 1agitctGCTAGCCTAGCGAGGAGTTAGCACGG
Can9R _fwd Sall 27 actaagaGTCGACCTAGCGAGGAGTTAGCACGG
Can9R_rev_Nhel 28 tagttctGCTAGCGTCCTGCCCACGTATCTACC

Cand fwd Sall 29 actaagaGTCGACCAAGTTCACTGTGTGCTGTGTATT
Can3 rev MNhel 30 tagttctGCTAGCGTCTTCGTTGCCAACAGGCT

Can7 twd Sall 31 actaagaGTCOGACGAGGGGTTGGGGGTAAAATTAGT
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Can7 rev_Nhel 32 tag et GUTAGC AGGTTCCTTAGTGGGCAACA
Canl0_fwd Sall 33 actaagaGTCGAC AGCAGGGAAAGCGAGAGAAC
Canl0_rev_Nhel 34 taghtctGCTAGC AAAGGCCTTCCCACTGATCG

CanlOR fwd Sall 35

actaagaGTCGAC AAAGGCCTTCCCACTGATCG

Canl0OR _rev Nhel 36 tagttictGCTAGC AGCAGGGAAAGCGAGAGAAC
Cant 213F fwd (for |37 actaagalG TCGAC TTCAAAGTGUCAGGGCAGACA
6-1}
CanG_585F fwd (for | 38 actaagaGTCGAC TTCTGCGAGCGGCTTOC
6-2}
Can6_S74R_rov (for | 39 tagttctGCTAGC TTCCCTCTCCTCCCCTGATC
6-3)
{0107} Candidate clones were obtained by PCR using human bone osteosarcoma cell line

U208 genome preparations as template with the Kapa Hifi Hotstart Polymerase (Roche)

according to manufacturer’s instructions. The primary stable transfection plasmud pUS425S was

created through the addition of the back-to-back Ef1o-EGFP, hPGK-PuroR cassette using the

Sal1/Bglll sites in the ROSA26 donor plasmud, a gift from Charles Gersbach { Addgene plasmd

#37200). Positive controls (Le., 2.2 kb A2UCOE and 1.2 kb 3'UCOE elements) and putative

UCOEs were cloned through ligation cloning into the Sall/Nhel restriction enzyme sites in

pCS4255. The plasmuds used in this study are listed below in Table 3.

Table 3. Plasmuds

Plasmid # Beseription Source/Parent
Stable Transfection (Screen) Plasmids

pCR3207 pDonor for ROSA26 (Gersbach lab, Addgene #37200
pCR4255 Eftu-EGFP pCR3207
pC84236 A2UCOE-Eflg-EGEFP pCR4253
pCS4257 SUCOE-Ef1a-EGFP pCS84255
pCS4258 Candidate1-Ef1g-EGEFP pC84257
p84259 Candidate I R-Ef1o-EGFP pCH4257
pC84260 Can3-Efla-EGFP pCR4257
pCh4261 Can6-Ef1a-EGFP pCR42357
p(CS4262 Cant{opp -Efta-EGFP pCS4257
pCS4263 Can8-Efla-EGFP plCS4257
pCS4264 Can9R-Efla-EGFP pC84257
pCS4265 A2UCQGE-EGFP pCS4255
pS4266 3UCOE-EGFP pCB4255
pCl4267 Canl-EGFP pCR4266
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pCS4268 Canl{opp)-EGFP pCS4266
pCS4269 Can3-EGFP pC84266
pCS4270 Can6-EGFP pCS4266
p(84271 Canb{opp-ECGFP pC84266
pCR4272 Can5-Efla-EGFP pCR4266
p(C84273 Can7-Ef1a-EGFP p(C84266
pC84274 Canl0-Ef1-EGFP pC54266
pCS4275 CanlOR-Efla-EGFP pCS4266
Leoti plasmids

pCS3759 pLentt donor Kiang et al. (64)
pCS3800 pMO86 HIV-1 Gag packaging plasmid | Xiang et al. (64)
pCS3801 pMO87 VSV g envelope protein Hiang ct al. (64)

plagmd

pCR4276 pKL3-with Efi a-EGFP pCR3799
pCR4277 pKL3-with Can6-Ef1g-EGFP p(C83799
pCS4278 pKL3 with Can12R-Ef1a-EGFP pC83799
pCS4279 pKLS with A2UCOE-Ef1a-EGFFP p{CS3799
pCS4280 pKLS with 3'UCOE-Efla-EGFP pCS3749
p(CS84281 Can6-1-Ef1a-EGFP pC84278
pC84282 Can6-2-Efla-EGFP pC84278
pC84283 6-3-Efia-EGFP pCR4278
p(Ch4284 pKL3 with CMV-EGFP p(C83799
pCS4285 Can6-1-CMV-EGFP pCS4284
pCS4286 Can6-2-CMV-EGFP pC54284
pCS4287 A2UCOE-CMV-EGFP p(CS4284
pCS4288 3UCOE-CMV-EGFP p(C84284
pC84289 Can6-CMV-EGFP pC84284
p(C54290 Can 6-3-CMV p(CS4284
pC84291 pKL3 with PGK-EGFP pC83799
pCS4292 Can6-1-PGK-EGFP p(C84291
pCS4293 Can6-2-PGK-EGEFP pCs4291
pCS4294 A2UCOE-PGK-EGFP pCS4291
p84295 3UCOE-PCGK-EGFP p84291
pCR4296 Can6-PGK-EGFP pCR4291
p(CR4297 Can 6-3-PGK pC84292
pCS4298 RSV-EGFP pC84291
pCS4299 Can6-1-RSV-EGFP p(CS4298
pCS4300 3JUCOE-RSV-EGFP p84295
pC84301 Can6-RSV-EGFP pC8429¢6
pC84302 AZUCOE-RSY-EGFP pCl4294
pCR4303 Can6-2-RSV-EGFP pCR4298
p(C84304 Can 6-3-RSV-EGFP p(C84303
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[{8168] Lentiviral vectors were based on the donor plasmud pCS3799. The UCOE-Efto-EGFP
cassette from the stable transfection plasmids was cloned into the Xmal/Xbal sites in p{CS379%
to make pCS4276. Additional truncation candidates were cloned into the Sall/Nhel sites
preceding the Efta promoter (SEQ ID NO:6). The three other promoters — CMV, PGK, and RSY
(SEQ ID NOs: 7-9) — were cloned using the Sall/Agel sites in pCS4276. UCOE candidate

sequences were cloned through the Sall/Nhel sites in these plasmids.

. Maintenance of P19 cell lines
[6189] Mouse embryonic teratocarcinoma stem P19 cells were obtained from ATCC (CRL-
1825} and maintained in alphaMem mediom with Glutamax (Thermo Fisher Scientific) and 10%
FBS (Thermo Fisher Scientific). Cells that were FACS sorted were maintained in this growth
media with the addition of 1% penucillin/streptomycin (Thermo Fisher Scientific). HEK2937T
(ATCC CRL-3216} cells for lentiviral preduction were cultured in DMEM media (Thermo
Fisher Scientific} with 10% FBS (Thermo Fisher Scientific). All cells were grown at 37°C, 5%

{0z, and 80% hurmdity in an incubator.

B. Stable transfection of P19 cell line
[6118] P19 cells were seeded at 25,000 cells/well 1n 12 well plates. 24 h after seeding, cells
were transfected using Lipofectamine 2000 (Thermo Fisher) according to the manufactorer’s
mstructions using 500 ng DNA/well and 2.5 pl. of ipofectamine per well. 24 hours after
transfection, selection was mitiated with 1 pg/mL puromycin (Sigma-Aldrich) in regular growth
media and, from then on, cells were passaged at 1:15 or 1:20 dilutions whenever cells were 80-
90% confluent (every 2-3 days) with frequent refreshing of puromycin-containing media to clear
dead cells. After approximately 14-16 days, remaining cells were assumed to be stably
transfected and were changed to regular growth media to iitiate silencing experiment. During
silencing experiments, the P19 cells were passaged every 2-3 days and re-seeded at 15,000

cells/well.

E. Lentiviral preparation & transduction of P19 cell line
{6111} Two plasmids (pCS3800: encoding HIV-1 Gag, pUS380: encoding VSVg envelope

protein) were used with varying versions of the donor plasmid pUS3799. HEKZ293T cells were

plated at 5 x 1076 cells in a 10 cm dish. Twenty-four hours after plating, the three plasmids (10
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ug donor, 8 ug pUS3800, 10 ng pCS83801) were co-transfected together using a calcium
phosphate protocol (Zufferey, R.T. and Trono, B. (2001} Current Protocols in Human Genetics,
26(1), 12.10.1-12.10.12; DOL 10.1002/0471142905 hg1210s26 (55)}. The total DNA was
brought to 500 pL in water, to which 500 ub of 2X HEPES-butfered saline, pH7.0 (Alfa Aesar)
was added and mixed. One-tenth of the total volume (100 pL) of 2.5 M calcium chloride (Sigma-
Aldrich) was then added to the mixture, followed by a 20-minute incubation. The mixture was
then added to the plate in a dropwise manner. Media was replaced six hours later, and the
supernatant was collected at 48 hr after the transfection, filtered through 0.4 um filter, and frozen
at -80° C in 1 mL aliquots. Lentiviral aliquots were thawed 1n a 37° C bead bath before

fransductions.

{8112} P19 cells were plated at 20-30,000 cells/well in 12-well plates one day before
transduction. Twenty-four hours after plating, cells were transduced at varying dilutions of the
lentiviral stock (ranging from 1:2 to 1:100} in DMEM + 10% FBS with 8 pg/mb polybrene
(Santa Cruz Bistechnologies). Media was refreshed on P19 cells 24 hours after transduction, and
cells were passaged and assayed through the Miltenyt VYB {see flow cytometry methods} 48 h
after transduction. MOI was determined by reporter expression at this timepoint using the
following formula: MOI = In(1/1-p} where p 1s the % of cells that are GFP positive at 48 hours
post-transduction {Chen, S. era/l (2015) Cell, 160, 1246-1260 (56)).

{6113} Only populations that resulted in MOIs between 0.15 and 0.5 were subject to FACS
sorting 5 days post transduction. Cells were FACS-sorted on the BD Influx cell sorter at the
Stanford FACS Facility using the 488-nm laser and 525/40 filter to assay GFP expression. After
gating for singlets and viability, GFP+ gate was drawn to be <0.1% GFP posttive in non-
transduced P19 cells. GFP+ gates were re-drawn for each promoter set to avoid the ~10% highest
and lowest expressing cells within the GFP+ gate, but the same gate was used for every
experimental condition under the same promoter. Triplicate wells of each population (12-15,000

cells/well in a 24~well plate) were collected.

F. Epigenetic effector experiments
{6114} Replica-plated cell populations were treated with varying concentrations of S-aza-2’-
deoxycytidine {Sigma-Aldrich, A3656) or Trichostatin A (Sigma-Aldrich, T1952) 24 hours after

passaging. TSA was purchased as a readymade 5 mM solution in DMSO, which was then diluted
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toa (.05 uM or 0.1 uM concentration in P19 growth media. 5 mg of 5-aza-2"-deoxycytidine was
dissolved in | ml of 1:1 acetic acid water to make a 21.9 mM stock solution, which was then
diluted in P19 growth media to 2 uM or 10 uM. Cells were assayed through flow cytometry after

24 hours.

. Flow cytometry analysis
{8115} Fluorescence data throughout stlencing experiments was obtained using a MACSQuant
VYB flow cytometer (Miltenyi Biotec). EGFP was measured through the 488-nm laser and
525/50nm band pass filter. Flow cytometry data was analyzed using the Flowlo software (Tree
Star). After being gated for singlets and viability, GFP+ gates in Flowio were drawn such that a
non-transfected or non-transduced P19 cell population was at 1% GFP+. Median values reported
are of cells within the GFP+ gate, both % GFP positive and median are reported with the

standard deviation of biological replicates.

Example 2: Computational Algorithm Returns 87 Candidate UCQOE Sequences

[8116] To better prioritize the resulting candidate UCOEs for experimental characterization, a
ranking methodology was implemented based on the hypothesis that the best UCOEs would be
co-localized with the strongest housekeeping genes. As described above, a study of the human
genome was used that identified 1,522 housekeeping genes using the gene expression profiles of
42 ussues (She, X etal (2009 BMC Genomics, 10, 269 {19}). Elements were ranked first on the
distance to the nearest housekeeping gene and then by the coefficient of vanance (lowest to
highest) of that housekeeping gene as a measure of how consistently that gene 15 expressed
(according to (19)). As a validation of this approach, the region encompassing the A2UCOE
locus came out first with this methodology, leaving 87 other ranked candidate regions to test for
UCOE activity, with sizes ranging from 57 to 3916 bp (A2UCOE and candidates 1-20 are shown
in FIG. 1A}, As many of the critenia used are broadly associated with regulatory regions of
housekeeping genes, the distribution of the candidates across 22 autosomes was compared to the
distribution of known housekeeping genes as shown 1n FIG. 1B. The results from this analysis
show that the distributions are not correlated. For example, there are no candidates on
chromosome 19 even though 1t has the third-most housekeeping genes, and chromosome 4 13
overrepresented in the candidate UCOE regions compared to the distribution of housekeeping

genes. The difference in distributions suggests that the algorithm searches for something distinct
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than a subsection of housekeeping regulatory areas and supports the utility of the algorithm

developed as described herein.

{0117} The first ten candidate regions were visually inspected in the UCSC Genome Browser
(20} in the hgl9 assembly to draw candidate element boundaries such that the size of all tested
candidates was between 1-1.5 kb (see Table 1 above). Boundaries were drawn to most
conservatively include all nearby CTCF sites and the entirety of the CpG island when possible.
Candidate regions were oriented in the same 5 to 3' direction as the nearest gene. In areas
between dual divergent genes (1.e. Candidates 1, 6, 9, and 10}, candidates were tested in both

configurations with the {-) strand designated as “R”.

Exampie 3: Candidate UCOKEs exhibit activity in a P19 embryonal carcinoma stem cell
silencing screen

{6118} Candidates were initially screened in the P19 murine embryonic carcinoma stem cell
line. Murine embryonic carcinoma P19 cells are commonly used to study transgene silencing as
they are susceptible to silencing within 2-3 weeks while other cell hines can take months. Early
studies and characterization of AZUCOE in P19 cells (Zhang, F. et al. (2010) Mol Ther, 18,
1640-1649 (7); Knmght, S. er al. (2012) J Virol, 86, 9088-9095 (22)) support that it 1s a valid
model system for studying anti-silencing activity that is predictive of efficacy in other cells and
in vivo. As P19 cells readily integrate DNA, a stable transfection of the expression construct
performed. The EFla (Flongation Factor 1} promoter was selected as the promoter to be linked
with the candidate UCOEs because of its non-viral origin, 5o as to disregard the effect of viral
recognition silencing (Gill, D R. et al. (2001) Gene Therapy, 8, 1539-1546 (57)), and its high
expression level may allow for better dynamics in identifving the best performing candidates.
Because stable transfections have a low efficiency of mtegration, a selection cassette was
meorporated into the construct. Another endogenous non-viral promoter, the hPGK promoter,
was chosen to drive expression of the puromycin resistance gene. The Efta -GFP and hPGK-
PuroR casseties were designed to be oriented in opposing directions with the polvA terminators
back-to-back, for maximal separation between the two promoters as shown in FIG. 24 This
design was intended to reduce polymerase run-through from one cassette to the other, as well as
maintain genetic distance so that the epigenetic mechanism might be able to act independently on

each promoter.
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{0119] Candidate UCOEs were cloned directly upstream of the Ef1 a-EGFP cassette after PCR
from a genome prep of the UZOS human osteosarcoma cell line. Candidates 2 and 4 were not
recoverable with PCR. As a positive control, the 2.2 kB A2UCQOE sequence, as well as the 1.2
kB reverse orientation sequence 3'UCOE, were cloned into the same reporter construct as the
candidate sequences. All candidate constructs and controls were transfected into P19 cells and
selected for stable integrants by passaging in antibiotic-selective media over two weeks. After
two weeks of selection, cells were transferred into antibiotic-free media to relieve the selection
pressure that would counteract gene silencing. Cells were passaged every 2-3 days and the
percent GFP positive in the population was monitored as a metric for silencing by flow
cytometry analysis with each passage The results as shown in FIG. 2B demonstrate an
exponential decay in this metric over the course of 19 days, with the negative (no-insulator
control) having the most drastic decay over the first five days while active insulators resulted in
more consistent gene expression over time. As shown in FIG. 2B, analysis of the loss of GFP-
positive cells over time showed that both AZUCOFE and 3'UCOE conferred silencing resistance
compared to the negative (Effw-only) control, with the 1.2 kB 3’ UCOE mediating only an 8%
loss in percent GFP positive cells over the time period, compared to 40% for the negative control
and 29% for the 2.2 kb AZUCOE sequence. Additionally, four of the eleven tested candidates,
Candidates 1, 5, 6 and 8, showed a significant improvement i stable expression relative to the
negative control. In particular, Candidate 6 conferred the least loss of expression at about 6%
loss over the 19 days, although the reverse orientation of Candidate 6 conferred no protective
effect. Replicates were so variable for Candidate 9R and 10R that 1t was not possible to conclude
that they outperformed the control. In particular, candidate 6 conferred the least loss of
expression, while the reverse onentation did not cutperform the negative control. Absolute
expression, measured by GFP intensity, was not significantly different across cell populations
harboring different controls and candidate UCQOESs, as shown in FIG, 2E, confirming gene

silencing as an all-or-nothing per-cell phenomenon.

[6120] As AZUOCE dually functions as a protective regulatory element and a universal
promoter, the candidate UCOEs were further screened for standalone promoter activity. A
similar experiment as the aforementioned screen was performed using a similar expression
construct that lacked the Efla promoter. A schematic representation of such constructs is shown

in FIG. 2C (inlay). This construct was used to assess whether the candidate sequences could
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drive reporter expression and act as stand-alone functional promoters. Candidates were compared
to the positive control of the EF1a promoter, which had ~70% GFP+ cells after two weeks of
antibiotic selection, showing a distinct positive population in the fluorescence histogram. The
GEP+ gate (1.e, flow cytometry fluorescence threshold for GFP+ cells} was set to encompass 1%
of untransfected cells and then applied to all samples. In a representative flow cytometry
example, positive control cells (Efla promoter) showed 74.2% GFP+ cells after two weeks of
antibiotic selection. Such a result appears as a bimodal distribution on a histogram, with a peak
below the gate threshold (1e, GFP negative cell population) and a peak above it (i.e., the distingt
GYP positive population mentioned above}. A representative example for seven of the tested
constructs shown in FEG. 2C showed the following percentages of GFP+ cells: AZUCOE: 77.5%
GFP+; 3'UCGH: 75.5% GFP+; Can5: 18.9% GFP+; Can6: 1.99% GFP+; CanoR: 0.93% GFP+;
Canl0: 58 4% GFP+; Canl0R: 61.6% GFP+ {data not shown). In thus study, a % GFP+ of at
least 50% 1s considered to reflect the exastence of a second population in the histograms, and
thus a binary indicator of promoter function. Accordingly, histograms for the constructs showing
at least 50% GFP+ cells (A2UCOE, 3'UCOE, Canl0, and CanlOR} all show two distinet peaks,
while only one peak is visible for the constructs showing less than S0% GFP+ cells (CanS, Can6,
and CanoR). The median GFP intensity of the GFP+ population was used a measure of the

strength of the promoter, and normalized to the Efla positive control as shown in FIG. 2C.

[0121]  As expected, A2UCOE and 3'UCOE both exhibit promoter activity, with A2UCOE
driving more than twice the absolute expression of GFP as 3'UCOE as shown in FIG, 2C. Thus
aligns with previous observations that the RNPAZBI1 promoter 153 much stronger than that of
UBX3 (Zhang, F, et al. (2010} Mol Ther, 18, 1640-1649 (7}). However, the RNPAZBI promoter
m AZUCOE 1s only 30% as strong as the EF1u promoter. Several of the candidate UCOEs
tested, including Candidates 3, 10 and 10R, are promoters comparable to 3'UCOE with absolute
expression of about 10% of EF1a. On the other hand, Candidate 6 (SRF-UCQOE) and 6R did not
exhibit inherent promoter activity, having expression at the level of background noise at 1-3%
GFP+ as shown 1n FIG. 2. Candidate 6 encompasses the entire regulatory region between the
transcription start sites of the divergent genes SURF1 and SURFZ, as well as the first exon and
intron of each gene, as shown i FIG. 3A. Therefore, this region must encompass the
endogenous promoters for SURF1 and SURF2. However, in this synthetic test construct, the

promoters are non-functional, suggesting that the promoter activity 1s dependent on an enhancer
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sequence that might be quite distant in two dimensional sequence space but topologically close
in three dimensional space. Because of the nonmodularity and potential safety concerns
assoctated with AZUCQGE’s bidirectional promoter activity, Candidate 6 may present advantages

in particolar applications by not exhibiting promoter activity.

Example 4: Candidate 6 (SRF-UCOE) and associated fruncations demonsirate activity
across multiple promoters,

{0122 While convenient for a screen, the stable transfection methodology is uncontrolled for
copy number and integration sites are hikely biased by antibiotic selection. Thus, the more
reproducible and applicable integration technology of lentiviral transduction was chosen to
further characterize the most active candidate UCOE element Candidate 6 (SRF-UCQOE). A
series of lentiviral constructs were constructed that associated candidate UCOE regions with four
commonly used mammalian promoters. A schematic of such constructs is shown in FIG. 3B.
Candidate 6 (SRF-UCOE) spans the entire region between SURF1 and SURF2 as well as the

first introns of both genes, as shown in FIG, 3A

{0123] Inan effort to identify the core functional region of Candidate 6 (SRF-UCOE) and
determine shorter sequences that exhibit this activity, three truncated versions of Candidate 6
{(SRF-UCOE) were constructed and tested in this assay: construct 6-1, construct 6-2, and
construct 6-3, as shown in FIG, 34 and FIG, 7. Truncation 6-1 was designed to keep as many of
the important features as possible while removing additional spacer sequence; thus, the 5’ end of
the Candidate 6 region was truncated up to the first CTCF binding stte and the CpG sland was
kept completely intact. Truncation 6-2 was designed to incorporate a larger truncation of the §
end of the element to remove the intergenic region between SURF 1 and SURF2 and the first
CTCF binding site while still incorporating the majority of the CpG sland. Truncation 6-3 was
truncated at the 3" end of the element thereby removing the second CTCF binding site. It was
hypothesized that construct 6-1 would function as well as Candidate 6 (SRF-UCOQOE) due to
retamning most of the predicted functional features. Tt was also hypothesized that the constructs 6-
2 and 6-3 would exhibit reduced efficacy due to the loss of a CTCF binding site. Of particular
interest was whether construct 6-2, which lacked the intergenic regulatory area between the

divergent SURF1 and SURF2 genes would retain anti-silencing activity.
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{#124] P19 cells were transduced with lentiviral constructs harboring the four Candidate 6
regions, two positive UCOE controls (A2ZUCGE, 3'UCQE), and a negative control (no insulator
region}. Transduced cells were FACS-sorted after lentiviral integration at a low MOI to ensure
single integrants. The initial MOI based on transduction efficiency {(as described above) for all
data shown in FIGS, 4A4-4B 15 shown in Table 4 below. Fach set of candidates and controls are
shown in order of efficacy in resisting silencing (highest to lowest %GFP+ at day 26 or day 27).
The percent GFP positive cells were assayed over time as with the stable transfection

experiments, showing exponential decay over time, as shown in FIG. 4A

Table 4. MOis of lentiviral transductions before FACS sort.

Construct MOI Construct MOI
Efla PGK
3'UCOE 0.25 AZUCOE 0.44
Can 6-3 0.19 Can 6-3 0.32
A2UCOE 0.26 3'UCOE 0.33
Can 6-1 0.29 Can 6-1 0.39
Can 6 0.30 Can 6 .25
FEfla 0.48 Can 6-2 0.62
Can 6-2 0.36 PGK 0.18
MY RSY
Can 6-2 0.35 Can 6 0.38
AZUCOE 0.28 Can 6-1 0.12
Can 6-1 3.23 Can 6-3 .48
Can 6-3 0.57 A2UCQOE (.30
3UCOE 0.28 3UCOE 0.11
Can 6 0.03 RSV (.46
CMV 0.22 Can 6-2 (.53

[0125]  As all conditions were FACS-sorted at day 0 to 100% GFP positive, the percent GFP
positive cells at day 26 (CMV/RSV) or day 27 (PGK/Ef o) 15 a readout of the amount of
silencing that has occurred. For FACS sorting, the GFP+ gate was drawn to encompass 1% of
untransduced P19 samples, and then applied to all samples to quantify the percentage of GFP+
cells. In a representative example, the CMV promoter with no insulator shows 16.2% GFP+
cells, and the CMV promoter with the 6-2 candidate truncation shows 592 GFP+ cells at day 26;

the RSV promoter with no msulator shows 8.99% GFP+ cells, and the RSV promoter with
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candidate 6 shows 79.6% GFP+ cells at day 26; the EFla promoter with no insulator shows
17.3% GFP+ cells, and the EFla promoter with the 6-3 candidate truncation shows 69% GFP+
cells at dav 27; and the PGK promoter shows 5.32% GFP+ cells, and the PGK promoter with the
6-3 candidate truncation shows 47 8% GFP+ cells at day 27 (data not shown). For the
representative examples described, the values represent one biological replicate for the promoter-
only negative control and the candidate 6 variant (full-length or truncation) that maintained the
highest percentage of GFP+ cells at day 26 (CMV/RSV) or dat 27 (PGK/EF1a). Al of the
described example populations show a consistently low SSC-A:SSC-A side-scatter value
{approximately 25K or less). These data are summarized along with additional biological
replicates in FIG. 4B. When linked to Efla, AZUCQE, 3'UCOE, and Candidate 6-3 have more
than four times the GFP positive cells at day 26 compared to the negative control, with greater
than 65% of cells GFP positive at day 27 for Candidate 6-3 compared to 15% in the negative
control. The full-length Candidate 6 and 6-1 element maintain 2.7 and 3.6 times the expression
of the negative control, respectively. Meanwhile, Candidate 6-2 1s meffective with 11% GFP+

cells as compared to 15% in the negative control.

[0126] For the CMV promoter, the negative control shows about 13% GFP+ celis at day 26.
Unlike the other promoters tested, Candidate 6-2 15 the best-performing population in this
promoter, mediating 55% GFP+, a 4.4-fold improvement over the negative control and a 1 4-fold
improvement over A2ZUCOE. A2UCOE, 6-1, and 6-3, all perform equivalently with 39% GFP+
cells at day 26, which s a 3-fold improvement over the negative control. Here, the full length
AZ2UCOE 15 slightly more effective than 3'UCOE, and 1s exactly matched by truncations 6-1 and

6-3 at 39% GIP+.

[6127] For the PGK promoter, only about 5% of the negative control cells are still GFP+ at the
day 27 timepomt. A2UCOE, 3'UCOE, and Candidate 6-3 perform simiarly, mamtaiming more
than 8 times the expressing cells than the control, with Candidate 6-3 mediating 49% GFP
positive cells at the final timepoint. The full-length Candidate 6 and truncation 6-1 demonstrate
29% and 31% GFP+ at day 27, respectively, which corresponds to a 5-fold improvement over
the negative control. Candidate 6-2 15 substantially less effective than the other Candidate 6

sequences at | 7% GFP+ celis at day 27.
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{#128] Fimally, Candidate 6 and associated truncations demonstrate the most improvement
over the AZUCQE elements in the RSV promoter construct. At day 26, only 7% of cells in the
negative conirol remain GFP+. AZUCOE and 3'UCOE exhibit substantial improvement over the
control at 43% and 27% GFP+, respectively. Markedly, Candidate 6 maintains 76% GFP+ cells,
with truncations 6-1 and 6-3 exhibiting 68% and 66% GFP+ cells, respectively. These three
elements show at least a 9-fold improvement over the negative control and at least 1.5-fold over
AZUCOE and 2.4-fold over the 1.2 kb 3'UCOE. Truncation 6-2, on the other hand, is ineffective

when linked to the RSV promoter.

{0129] Taken together, the data demonstrate that Candidate 6 and the truncation constructs
(with the exception of construct 6-2} showed substantial improvement over the negative control
across all four tested promoters and performed on par (PGK/Ef1a) or at least 1.4 times better
(CMV/RSV) than the positive controls A2UCOE and 3'UCOE. Candidate 6 and associated
truncations were most efficacious in concert with the RSV promoter, cutperforming the 2.2 kb
AZUCQE by 1.5-fold, and the 1.2kb 3'UCOE by more than two-fold in percent GFP+ cells after
26 days. While there 1s variability i the performance of the Candidate 6 truncations depending
on the promoter, Candidate 6-3 extubits the most consistent activity, outperforming the full-
length Candidate 6 sequence m all promoters except RSV {where it 15 still highly effective).
Thus, we suggest that the 767 bp Candidate 6-3 element would be an effective first choice for
researchers looking to mediate anti-silencing activity, as this element maintains at least an
equivalent level of percent GFP+ cells as AZUCOE/3'UCOE across all four promoters tested.
Notably, truncation 6-2, which completely lacks the mtergenic area between SURF1 and SURF2
genes, failed to outperform the negative control n 3 of the 4 promoters tested, suggesting that the
functional core of the element 15 located within this intergenic region. The notable exception to
this 1s the substantial protective effect of the 6-2 element with the CMV promoter, which
mdicates that the particular interplay of the 6-2 sequence and the components of the CMV

promoter combine for a unique protective effect.

Fxample 5: Effective UCOFEs confer resistance to DNA CpG methylation and histone-
deacylation.
[6130] An examination of whether Candidate ¢ functioned on an epigenetic level to resist

transgene stlencing was next performed. It 15 well understood that transgene silencing 1s
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mediated by the loss of histone acetylation at the locus and addition of DNA methylation {Alhaj,
S.Y. et al. (2018) Biotechnol Genet Eng Rev, 1-25 (4)). Two small molecule drugs have been
widely used to probe this effect: (1) trichostatin A (TSA), which is a specific imhibitor of histone
deacetylase, and {11} 5-azacytidine (5-aza), a cvtidine analog that inhibits methylation upon its
incorporation into DNA. Both molecules have been individually used to reactivate expression of
silenced transduced genes and to conclude that histone deacetylation and CpG methylation are
mtegrally imnvolved in transgene silencing (Chen, W. Y et al. (1997) Proc Natl Acad Sci U 8 A,
94, 5798-5803 (58); Pikaart, MLJ. et al {1998) Genes Dev, 12, 2852-2862 (59); Kurtyama, S. et
al. (1998) Gene Ther, 5, 1299-1305 (60}).

{0131} ‘Transduced P19 cells undergoing the previously described silencing experiment were
replica plated at late passages and treated a day later with a range of concentrations of 5-aza or
TSA. Twenty-tfour hours later, cells were assayed by flow cytometry for reactivation of GFP
expresston. Data are shown in FIGS, SA-5B (constructs with RSV promoter), FIGS. 6A-68
{constructs with CMV promoter), FIG. 6C (constructs with Efla promoter), and FIG. 6D
{constructs with PGK promoter). All examined populations showed a dose-dependent increase
n %GFP positive cells, with the highest dose of S-aza rescuing 63% of the silenced cells in the
RSV promoter-only construct, as shown in FEG. SA. For every condition tested, increasing
concentration of 5-aza increased the fraction of silenced cells that were reactivated, suggesting
that even more cells may have been susceptible to 5-aza rescue if the toxicity of the chemical had
not limited the concentration. This etfect corroborates that the silencing seen in transduced cells
1s due to methylation of the BNA construct. Similarly, TSA-treated cells show a dose-dependent
recovery of GFP expression, although to a smaller extent than 5-aza, with the highest dose of
TSA rescuing only about 25% of silenced cells in the RSV promoter-only construct, as shown m
FIG. 3B, These results further confirm the role of histone deacetylation n the silencing of
transduced P19 cells. Even across the most effective UCOEs {(Candidate 6 with RSV}, more than
80% of silenced cells at day 18 and later can be rescued with the small molecule effectors. Taken
together, the data indicate that silencing in our transduction experiments 18 due to epigenetic
effects as opposed to a loss of the DNA construct, and that UICOEs (and particularly Candidate 6
and truncations) function by resisting DNA methylation or histone deacetvlation at the

integration locus.
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{#132] The following embodiments are contemplated. As used below, any reference to a series
of embodiments 1s to be understood as a reference to each of those embodiments disjunctively

{e.g., “Embodiments 1-4” is to be understood as “Embodiments 1, 2, 3, or 47},

{6133] Embodiment 1 13 a recombinant nucleic acid molecule comprising {(a} a ubiquitous
chromatic opening element (UCOE) polynucieotide comprising a nucleic acid sequence having
at least 90% percent sequence 1dentity over the fength of the nucleic acid sequence set forth in

SEQ 1D NO:5; and (b) a heterologous promoter operably linked to the UCOE polynucleotide.

{6134] Embodiment 2 13 the recombinant nucleic acid molecule of embodiment 1, comprising
a nucleic acid sequence having at least 90% percent sequence identity to the nucleic acid

sequence set forth in any of SEQ DD NOs: 1,2, 3, or 4.

{#135] Embodiment 3 is the recombinant nucleic acid molecule of embodiment 1, comprising
a nucleic acid sequence having at least 95% percent sequence identity to the nucleic acid

sequence set forth inany of SEQID NGs: 1,2, 3, 4, 01 5.

{6136] Embodiment 4 13 the recombinant nucleic acid molecule of any one of embodiments 1-

3, further comprising a gene, wherein the heterologous promoter is operably linked to the gene.

{6137} Embodiment 5 13 the recombinant nucleic acid molecule of any one of embodiments 1-

4, wherein the heterclogous promoter is a eukaryotic promoter or a viral promoter.

{6138] Embodiment 6 13 the recombinant nucleic acid molecule of any one of embodiments 1-

5, wherein the heterologous promoter is a mammalian promoter.

{6139] Embodiment 7 13 the recombinant nucleic acid molecule of any one of embodiments 1-

6, wherein the heterologous promoter is a tissue-specific promoter.

{6140] Embodiment 8 i3 a vector comprising the recombinant nucleic acid molecule of any one

of embodiments 1-7.

{6141} Embodiment 9 13 a host cell comprising the recombinant nucleic acid molecule of any

one of embodiments 1-7 or the vector of embodiment 8.

{6142} Embodiment 10 is the host cell of embodiment 9, wherein the host cell is a eukarvotic

cell.
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{#143] Embodiment 11 1s the host cell of embodiment 9, wherein the host cell is a bacterial

cell.

{#144] Embodiment 12 is a3 composition comprising the recombinant nucleic acid molecule of
any one of embodiments 1-7, the vector of embodiment 8, or the host cell of any one of

embodiments 9-11.

{6145] Embodiment 13 s the composition of embodiment 12, wherein the composition

comprises a pharmaceutically acceptable carrier.

{6146] Embodiment 14 1s a method of treating a subject by gene therapy comprising
adminstering to a subject in need of gene therapy an effective dose of the composition of

embodiment 13.

{0147] Embodiment 15 is a method of producing a desired gene product comprising: {a)
imtroducing the recombinant nucleic acid molecule of any one of embodiments 4-7 or the vector
of embodiment 8 comprising the gene into a cell hine or bacterial strain; and (b) culturing said

cell hine or bactenal strain to produce the gene product encoded by the gene.

{0148] Embodiment 16 is a method of increasing the expression of an endogenous gene in the
genome of a cell comprising: {a} introducing the recombinant nucleic acid molecule of any one
of embodiments 1-7 into the genome of a cell 1n a posttion operably associated with the

endogenous gene; and (b} culturing said cell.

{0149] Embodiment 17 is a transgenic non-human animal containing cells that contain the
recombinant nucleic acid molecule of any one of embodiment 1-7 or the vector of embodiment

8.

{6150] Embodiment 18 1s a recombinant nucleic acid molecule comprising: {(a) a ubiquitous
chromatic opening element (UCQOE) polynucleotide comprising the nucleic acid sequence of
positions 479-780 of SEQ ID NOG:1 up to the full length of SEQ 1D NO:1; and (b) a heterologous
promoter operably linked to the UCOE polynucleotide.

{6151} Embodiment 19 is a recombinant nucleic acid molecule comprising: {(a} a ubiquitous
chromatic opening element (UCOE) polynucleotide comprising a nucleic acid sequence having

at least 90% percent sequence identity over the length of positions 479-780 of SEQ ID NO:1 up
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to at least 90% percent sequence identity of the full length of SEQ ID N(O:1; and (b} a

heterologous promoter operably linked to the UCOE polynucleotide.

{0182] Embodiment 20 is the recombinant nucleic acid molecule of embodiment 18 or 19,

wherein the UCOE polynucleotide has 90% sequence identity to SEQ ID NOs: 1, 2, 3, or 4.

{#183] Embodiment 21 is the recombinant nucleic acid molecule of embodiment 18 or 19,

wherein the UCOE polynucleotide has 95% sequence identity to SEQ ID NOs: 1, 2, 3, or 4.

{#184] Embodiment 22 is the recombinant nucleic acid molecule of any one of embodiments
18-21, further comprising a gene, wherein the heterologous promoter is operably linked to the

gene.

{6155] Embodiment 23 is the recombinant nucleic acid molecule of any one of embodiments

18-22, wherein the heterologous promoter 1s a eukaryotic promoter or a viral promoter.

{6156} Embodiment 24 s the recombinant nucleic acid molecule of any one of embodiments

18-23, wherein the heterologous promoter 13 a mammalian promoter.

{6157} Embodiment 25 15 the recombinant nucleic acid molecule of any one of embodiments

18-24, wherein the heterologous promoter is a tissue-specific promoter.

[6158] Embodiment 26 15 a vector comprising the recombinant nucleic acid molecule of any

one of embodiments 18-25.

[6158] Embodiment 27 15 a host cell comprising the recombinant nucleic acid molecule of any

one of embodiments 18-25 or the vector of embodiment 26.

[6160] Embodiment 28 1s the host cell of embodiment 27, wherein the host cell 15 a eukaryotic

cell.

[6161] Embodiment 29 15 the host cell of embodiment 27, wherein the host cell 15 a bacterial

cell.

[6162] Embodiment 30 15 a composition comprising the recombinant nucletc acid molecule of
any one of embodiments 18-25, the vector of embodiment 26, or the host cell of any one of

embodiments 27-29.
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{#163] Embodiment 31 is the composition of embodiment 3¢, wherein the composition

comprises a pharmaceutically acceptable carrier.

{#164] Embodiment 32 1s a method of treating a subject by gene therapy comprising
administering to a subject in need of gene therapy an effective dose of the compostiion of

embodiment 31.

{6165] Embodiment 33 1s a method of producing a desired gene product comprising: {a)
introducing the recombinant nucleic acid molecule of any one of embodiments 18-25 or the
vector of embodiment 26 comprising the gene into a cell line or bacterial strain; and (b} culturing

said cell line or bacterial strain to produce the gene product encoded by the gene.

{8166] Embodiment 34 1s a method of increasing the expression of an endogenous gene in the
genome of a cell comprising: (a} introducing the recombinant nucleic acid molecule of any one
of embodiments 18-25 into the genome of a cell in a position operably associated with the

endogenous gene; and (b} culturing said cell.

{6167} Embodiment 35 15 a transgenic non-human animal containing cells that contain the
recombinant nucleic acid molecule of any one of embodiment 18-25 or the vector of embodiment
26.
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persons skilled in the art and are to be included within the spirit and purview of this application

and scope of the appended claims. The inventions have been described broadly and generically

herein. Fach of the narrower species and subgeneric groupings falling within the generic

disclosure also form part of the mvention. In addition, where features or aspects of the invention

are described in terms of Markush groups, those skilied in the art will recognize that the

invention 1s also thereby described in terms of any individual member or subgroup of members

of the Markush group. All publications, patents, and patent applications cited herein are hereby

mcorporated by reference in their entirety for all purposes.
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WHATIS CLAIMED IS:

1. A recombinant nucleic acid molecule comprising

{a) a ubiquitous chromatic opening element (UCOE) polynucieotide comprising a nucleic
acid sequence having at least 90% percent sequence identity over the length of the nucleic acid
sequence set forth in SEQ D NO:S; and

{b} a heterologous promoter operably linked to the UUCOE polynuclectide.

2. The recombinant nucleic acid molecule of claim 1, comprising a nucleic acid
sequence having at feast 90% percent sequence identity to the nucleic acid sequence set forth in

any of SEQID NOs: 1,2, 3, 0r 4.

3. The recombinant nucleic acid molecule of claim 1, comprising a nucleic acid
sequence having at least 95% percent sequence identity to the nucleic acid sequence set forth in

any of SEQID NGs: 1,2,3,4, 0r 5.

4, The recombinant nucleic acid molecule of claim 1, further comprising a gene,

wherein the heterologous promoter is operably linked to the gene.

5. The recombinant nucleic acid molecule of claim 1, wherein the heterologous

promoter 1s a eukaryotic promoter or a viral promoter,

6. The recombinant nucleic acid molecule of claim 1, wherein the heterologous

promoter 1s a mammalian promoter.

~
I
7

The recombinant nucleic acid molecule of claim 1, wherein the heterologous

promoter s a tissue-specific promoter.

8. A vector comprising the recombinant nucleic acid molecule of any one of claims
1-7.
9, A host cell comprising the recombinant nucleic acid molecule of any one of

claims 1-7 or the vector of claim 8.

i0. The host cell of claim 9, wherein the host cell 15 a eukarvotic cell.
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i1. The host cell of claim 9, wherein the host cell 15 a bacterial cell.

12, A composition comprising the recombinant nucleic acid molecule of any one of

claims 1-7, the vecior of claim &, or the host cell of claim 9.

13. The composition of claim 12, wherein the composition comprises a

pharmaceutically acceptable carrier.

14. A method of treating a subject by gene therapy comprising adnunistering to a

subject i need of gene therapy an effective dose of the composition of claim 13.

15, A method of producing a desired gene product comprising:

{a) mtroducing the recombinant nucleic acid molecule of any one of claims 4-7 or the
vector of claim 8 comprising the gene mto a cell hine or bacterial stramn; and

{b) culturing said cell line or bacterial strain to produce the gene product encoded by the

gene,

16. A method of increasing the expression of an endogenous gene m the genome of a
cell comprising:

{a) mtroducing the recombinant nucleic acid molecule of any one of claims 1-7 into the
genome of a cell in a position operably associated with the endogenous gene; and

{b) culturing said cell.

17. A transgenic non-human ammal containing cells that contain the recombinant

nucleic acid molecule of any one of claims 1-7 or the vector of ¢claim 8.

18. A recombinant nucleic actd molecule comprising:
(a} a ubiquitous chromatic opening element (UCOE) polynucleotide comprising
the nucleic acid sequence of positions 479-780 of SEQ 1D NOG:1 up to the full length of SEQ ID
NO: T and

{b) a heterologous promoter operably hinked to the UCOE polynucleotide.

19. A recombinant nucleic acid molecule comprising:
{a} a ubiquitous chromatic opening element {UCOE) polynucleotide comprising a

nucleic acid sequence having at least 90% percent sequence 1dentity over the length of positions

58
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479-780 of SEQ 1D NG:1 up to at least 90% percent sequence identity of the full length of SEQ
D NO:1; and

(b} a heterologous promoter operably hinked to the UCOE polynucleotide.

20. The recombinant nucleic acid molecule of claim 18 or 19, wherein the UCGHE

polynucleotide has 90% sequence identity to SEQ 1D NOs: 1, 2,3, or 4.

21. The recombinant nucleic acid molecule of claim 18 or 19, wherein the UCGHE

polynucleotide has 95% sequence identity to SEQ 1D NOs: 1, 2,3, or 4.
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FIG. 1A
Candidate | Chrom Starting Ending HKG Accession | Distance | CVoof
Rank osoImne Position Position Number HKG
{A2UCOE}| chr? 262390064 26242980 NM 602137 0 0.203
1 chré 160210822 160212232 | NM 01416l 0 0.231
2 chrl 245027688 245027938 NM 031844 0 0.265
3 chré 160147650 1601486358 | NM 004906 0 0.322
4 chrio 25122572 25123049 NM 0601032391 | O 0.36
5 chr20 5093492 5094272 NM 001009924 | O 0.367
O chr9 136223261 136223954 NM 617503 0 0.409
7 chri 226595430 226556263 NM 001618 0 0.426
chri? 66307666 H6308098 NM 212471 0 0.442
9 chris 44828479 4482048K NM 003738 g 0.472
10 chrif 165156061 105156603 NM 032747 0 0.518
11 chr4 71705461 7H705654 NAM 602092 0 0.593
12 chri 36670036 30670546 NM 601009552 | @ 0.634
13 chrd 37801884 37893238 NM 615173 0 0.773
14 chri 45476510 45477327 NM 624662 0 ).845
15 chrio 165156297 105156587 | NM 632747 27 0518
16 chrd 37892104 37802292 NM 615173 412 0.773
17 chr20 49548302 49548597 NM 181442 775 0317
18 chré 24720026 24722570 NM 630939 1523 0.359
19 chril 6123027 76123946 NM 203485 11019 0.604
20 chrg 30514493 30515911 NM_ 000637 1966K 0.353
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US2020/030093

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - C12N 15/113; C12N 15/85 (2020.01)

CPC- C12N 15/113; C12N 15/67; C12N 15/85; C12N 2830/46 (2020.05)

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

see Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

see Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

see Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2014/0186890 A1 (CHROMAGENICS B.V.) 03 July 2014 (03.07.2014) entire document 1-8, 16, 19-21
Y US 2009/0018031 A1 (TRINKLEIN et al) 15 January 2009 (15.01.2009) entire document 1-8, 16, 19-21
Y WO 2000/005393 A2 (COBRA THERAPEUTICS LIMITED et al) 03 February 2000 (03.02.2000) | 7, 16
. | entire document
A US 2009/0111144 A1 (BEBBINGTONY) 30 April 2009 (30.04.2009) entire document 1-8, 16, 18-21
A WO 2018/204764 A1 (CAMP4 THERAPEUTICS CORPORATION) 08 November 2018 1-8, 16, 18-21
(08.11.2018) entire document
A WO 2002/024930 A2 (ML LABORATORIES PLC et al) 28 March 2002 (28.03.2002) entire 1-8, 16, 18-21
document
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “T”  later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“D” document cited by the applicant in the international application “X" document of particular relevance; the claimed invention cannot be
“E” earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone
“L”  document which mag throw doubts on priority claim(s) or which “Y” document of particular relevance; the claimed invention cannot
is cited to establish the i

A)ublication date of another citation or other be considered to involve an inventive step when the document is
ed) combined with one or more other such documents, such combination

special reason (as speci f A ] S
being obvious to a person skilled in the art

“0” documentreferring toanoral disclosure, use, exhibitionor other means

“P”  document published prior to the international filing date but later than  “&” document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
27 July 2020 a7 AUG 2020

Name and mailing address of the ISA/US Authorized officer

Mait Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R. Copenheaver

P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300 Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2020/030093

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. D Claims Nos.:

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

2. D Claims Nos.:

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

3. % Claims Nos.: 9-15, 17
because they are dependent claims and are not drafied in accordance with the second and third sentences of Rule 6.4(a).

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

This Intemmational Searching Authority found multiple inventions in this international application, as follows:

l. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

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

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

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

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

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

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)
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International application No.

PCT/US2020/030093

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

carried out on the basis of a sequence listing;

a, m forming part of the international application as filed:
IX} in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

only in the form of an Annex C/ST.25 text file.

3. Additional comments:

SEQ ID NOs: 1-5 were searched.

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

b. [:I furnished together with the international application under PCT Rule 13ter. 1(a) for the purposes of international search

c. D furnished subsequent to the international filing date for the purposes of international search only:
D in the form of an‘Annex C/ST.25 text file (Rule 13/er: 1(a)).

[] on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

2. [I In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

Form PCT/ISA/210 (continuation of first sheet (1)) (July 2019)
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