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GENOME EDITED PRIMARY B CELL AND METHODS OF MAKING AND USING

CONTINUING APPLICATION DATA
This application claims the benefit of U.S. Provisional Application Serial No. 62/393,512,

filed September 12, 2016, which is incorporated by reference herein.

SEGQGUENCE LISTING
This application contains a Sequence Listing electronically submutted to the United States
Patent and Trademark Office via EFS-Web as an ASCH text file entitled “110-05460201 ST25 txt”
having a size of 90.3 kilobytes and created on September 12, 2017, Due to the electronic filing of
the Sequence Listing, the electronically submitted Sequence Listing serves as both the paper copy
required by 37 CFR § 1.821{c) and the CRF required by § 1.821{¢). The information contained in

the Sequence Listing is incorporated by reference herein.

BACKGROUND

B lymphocytes are a component of the adaptive immune system described as a population of
cells that express clonally diverse cell surface immunoglobulin (Ig) receptors recognizing specific
antigenic epitopes. The process of B cell maturation appears to be largely conserved between
humans and rice. Dysregulation of normal B cell development can lead to congenital
immunodeficiencies, autoimmune diseases, and even leukemia or lymphoma. B cells can generate
protective antibodies that last for decades after initial antigen exposure. After immunization,
antigen-reactive Ig are detectable for many years due to the generation of long-lived plasma cells.
These long-lived plasma cells can arise from long-lived antibody producing cells that do not
proliferate or cells that arise from germinal centers during stages of antibody maturation. These

plasma cells are believed to live for many years and potentially even decades.

SUMMARY OF THE INVENTION
This disclosure describes genome-edited primary B cells, methods of making genome-edited
primary B cells, a therapeutic cassette that can be introduced into primary B cells, and methods of
using the genome-edited primary B cells and the therapeutic cassette.

i



10

20

30

WO 2018/049401 PCT/US2017/051182

In one aspect, this disclosure describes a genome-edited primary B cell. In some
embodiments, the B cell includes a cell expressing at least one of CD19, IgM, Igh, CD27, CD21,
and CXCRS.

In some embodiments, the B cell includes a cell 1solated from peripheral blood, umbilical
cord cells, ascites, or a solid tumor. In some embodiments, the B cell includes a non-clonal cell, a
proliferating cell, a mammalian cell, and/or 2 human cell.

In some embodiments of the genome-edited primary B cell, an endogenous gene is deleted,
a gene includes a point mutation, and/or the cell includes an exogenous gene. The gene can include
a nucleic acid encoding at least a portion of a B cell receptor (BCR).

In some embodiments, the B cell exhibits decreased expression of an endogenous B cell
receptor (BCR) relative to a non-genome edited primary B cell.

In some embodiments, the B cell includes a modification that alters expression or activity of
CD19. In some embodiments, the B cell includes a modification of a noncoding region of the
genome.

In some embodiments, the genome-edited primary B cell exhibits increased survival relative
to a non-genome edited primary B cell.

In another aspect, this disclosure describes a method that includes administering to the
subject a composition comprising a genome-edited primary B cell. In some embodiments, the
method includes treating or preventing a disease in a subject; the disease can include, for example,
an enzymopathy, a cancer, a precancerous condition, an infection with a pathogen, or a viral
infection.

In another aspect, this disclosure describes a therapeutic cassette that includes a nucleic acid
encoding a B cell receptor (BCR) and a nucleic acid encoding a gene to be overexpressed. The B
cell receptor can include a transmembrane region. The gene to be overexpressed can include a
nucleic acid encoding an enzyme. In some embodiments, the enzyme includes an enzyme lacking in
a subject having an enzymopathy or having been diagnosed with an enzymopathy. In some
embodiments, the nucleic acid encoding the BCR and the nucleic acid encoding the gene to be
overexpressed are transcriptionally linked, translationally linked, or both.

In some embodiments, the therapeutic cassette includes a promoter that drives transcription

of the mucleic acid encoding the BCR and the nucleic acid encoding the gene to be overexpressed.
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In another aspect, this disclosure describes a cell that includes the therapeutic cassette. In
some embodiments, the cell includes a B cell, and/or a long-lived plasma cell. The cell can include
a modification of a nucleic acid encoding the endogenous B cell receptor (BCR}.

In a further aspect, this disclosure describes a method that includes administering a cell that
includes the therapeutic cassette. In some embodiments, the method can also include adminustering
an antigen to the subject, wherein the BCR of the therapeutic cassette is specific to the antigen.

In vet another aspect, this disclosure describes a method inchuding editing a genome of a
primary B cell. The primary B cell can include a cell expressing CI319; a cell expressing IgM or
IgD, or a combination thereof; a CD27" cell; a CD217 cell; and/or a CXCRS™ cell. In some
embodiments, the primary B cell can include a cell isolated from peripheral blood, umbilical cord
cells, ascites, or a solid tumor; a non-clonal cell; a proliferating cell; a mammalian cell; and/or a
human cell.

In some embodiments, the method includes introducing an exogenous protein or nucleic acid
into the primnary B cell. The method can include electroporation of the cell. In some embodiments,
the method includes introducing a targeted nuclease or a nucleic acid encoding a targeted nuclease
{(including, for example, Cas9 or a nucleic acid encoding Cas9). In some embodiments, the method
includes introducing a guide RNA (gRINA). The gRNA can include a chemically modified gRNA.
A chemically modified gRNA can include 2'-O-methyl (M), 2'-O-methyl-3"-phosphorothicate (MS),
or 2'-C-methyl-3'-thiophosphonoacetate (MSP).

In some embodiments, the method includes introducing Natronobacterivm gregoryi
Argonaute (NgAgo) and a guide DNA (gDNA).

In some embodiments, editing the genome includes editing a gene including, for example, a
nucleic acid encoding for CD19; editing a nucleic acid encoding a portion of a B cell receptor
{BCR); and/or editing a noncoding region of the genome.

In some embodiments, the method further includes selecting a B cell. In some embodiments,
selection 1s performed after editing the genome. In some embodiments, the B cell is selected for an
edited genome.

In some embodiments, the method 1includes subjecting the primary B cell o at least one of
an activation, a stimulation, and a proliferation step.

The words “preferred” and “preferably” refer to embodiments of the invention that may
afford certain benefits, under certain circumstances. However, other embodiments may also be

preferred, under the same or other circumstances. Furthermore, the recitation of one or more
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preferred embodiments does not tmply that other embodiments are not useful, and is not intended to
exchide other embodiments from the scope of the invention.

The terms “comprises” and variations thereof do not have a limiting meaning where these
terms appear in the description and claims.

Unless otherwise specified, “a,” “an,” “the,” and “at least one” are used interchangeably and
mean one or more than one.

Also herein, the recitations of numerical ranges by endpoints include all numbers subsumed
within that range (e.g., T to Sincludes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, etc.).

For any method disclosed herein that includes discrete steps, the steps may be conducted in
any feasible order. And, as appropriate, any combination of two or more steps may be conducted
simultaneously.

All headings are for the convenience of the reader and should not be used to limit the
meaning of the text that follows the heading, unless so specified.

Unless otherwise indicated, all numbers expressing quantities of components, molecular
weights, and so forth used in the specification and claims are to be understood as being
modified in all instances by the term “about.” Accordingly, unless otherwise indicated to the
contrary, the numerical parameters set forth tn the specification and claims are approximations
that may vary depending upon the desired properties sought to be obtained by the present
invention. At the very least, and not as an attempt to limit the doctrine of equivalents to the
scope of the claims, each numerical parameter should at least be construed in light of the
number of reported significant digits and by applying ordinary rounding techniques.

Notwithstanding that the numerical ranges and parameters setting forth the broad scope
of the invention are approximations, the numerical values set forth in the specific examples are
reported as precisely as possible. All numerical values, however, inherently contain a range
necessarily resulting from the standard deviation found in their respective testing
measurements,

The above summary of the present imnvention is not intended to describe each disclosed
embodiment or every implementation of the present invention. The description that follows more
particularly exemplifies illustrative embodiments. In several places throughout the application,
guidance 1s provided through lists of examples, which examples can be used in various
combinations. In each instance, the recited list serves only as a representative group and should not

be interpreted as an exclusive list.
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows delivery of mRNA encoding eGFP into stimulated primary human B cells.
(A} Histograms depicting the percent eGFP positive B cells after gating on live cells. (B} Flow plots
quantifying viability of B cells depicted in panel A based on APC e-Fluor 780 Fixable Viability
Dye.

Figure 2 shows exemplary results of a surveyor nuclease assay from stimulated primary
human B cells treated with chemically modified gRNAs and Cas® mRNA or protein. DNA was
extracted 3 days after transfection. Lanes without gene modification rates are not labeled for
simplicity but represent 0% editing. Lanes are numbered 1-5 (left to right) with the key denoting
conditions used. Target genes are noted in brackets below each image.

Figure 3 shows a schematic of some exemplary embodiments of targeted gene integration at
the BCR heavy chain locus. (A) Diagram of the BCR heavy chain locus depicting the enhancers, D,
I, and constant exons. A proposed site of transgene integration is indicated. {B) Diagram of two
embodiments for cargo design for gene delivery at the BCR heavy chain locus. P2A: ribosomal skip
sequence to link ¢DNAs transcriptionally, pA: polyadenylation sequence, Splice acc: strong splice
acceptor element.

Figure 4 shows exemplary results of lentiviral transduction of primary human B cells.
Contour plots depict the percent of eGFP-expressing B cells after gating on live cells based on APC
e-Fluor780 Fixable Viability Dye. BaEV-psuedotyped (Fusil et al., Molecular Therapy, 2015,
23(11):1734-47) (feft column), VSVg-psuedotyped (middle column), and no lentivirus controls
(right column) were tested in acutely stimulated (top row), chronically stimulated (center row), and
unstimulated (bottom row) B cell cultures, as described in Example 2. B cells were more efficiently
transduced across all conditions using the BaEV psuedotype virus compared to cells transduced
with the standard VS8Vg psuedotype.

Figure 5 shows exemplary cell surface expression of CI319 protein following knockout of
the CD19 gene in primary human B cell cultures. The CD19 locus was targeted by electroporating
Cas® mRNA and chemically modified gRNA (Trilink) into stimulated B cells using the NEON
Transfection System (1400 volts, 10 milliseconds (ms), 3 pulses). Cas9 mRNA without gRNA, and
no-electroporation samples were included to demonstrate control levels of CB19. CD19 expression
was measured by flow cytometry five days after electroporation. {A) Histograms depicting CD 19

expression in Cas9+HRNA treated cells (solid line) vs. Cas9 alone treated cells (dashed line) and no-
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electroporation controls (solid grey background). (B} CD19 cell surface expression decreased from
96-98% 1n cells treated with Cas9 alone and in no electroporation controls to 38% in B cells treated
with Cas9 and T 19 gRNA.

Figure 6 shows exemplary vector constructs of plasmids encoding therapeutic cassettes used
to engineer primary human B cells to express antibodies. These plasmids allow for expression of a
membrane-bound B cell receptor (BCR) or a secreted antibody, depending on the maturation state
of the B cells. {A) Schematic of a lentiviral vector constructed to express anti-PE heavy chain and
light chain and codon-optimized alpha-L-iduronidase (colDUA) under regulation of MND
promoter. Co-expression of the heavy chain, the light chain and the colDUA was obtained by
introducing the P2A peptide sequences. Sequence is provided in Table 3. (B) Schematic of FAM1
and FAMZ lenuviral vectors (oniginally described 1o Fusil et al, Molecular Therapy, 2015,
23(11)1734-47) modified to express an anti-PE B cell receptor (BCRYantibody. Sequences are
provided in Tables 6 and 8. (C) Schematic of a lentiviral vector constructed to express B1Z heavy
chain and light chain and codon-optimized IDUA (colDUA) under regulation of MND promoter.
Co-expression of the heavy chain, the light chain and the colDUA was obtained by introducing the
P2A peptide sequences. Sequence is provided in Table 4. (£3) Schematic of FAM ! and FAM2
tentivival vectors {onginally descrbed in Fusil et al., Molecular Therapy, 2015, 23(11):1734-47)
modified to express g B12 B cell receptor (BCRYantibody. Sequences are provided in Tables S and
7.

Figure 7 shows the impact of exemplary electroporation settings on the efficacy of
transfecting DNA or RNA encoding eGFP iuto primary human B cells using the NEON
Transfection System. {A} List of the conditions tested — voltage {volts}); widths {(milliseconds {(ms})},
and number of pulses are shown. {B) The impact of the electroporation conditions on transfection

etficacy (top row), cell viability (middle row), and total cell counts (bottom row) were tested using

either a GFP-encoding plasmid (left column) or GFP-encoding mRNA (right column}.

Figure 8 shows exemplary results of indel formation at the BCLZ locus using the Alt-R
CRISPR-Cas9 system, as described in Example 2. Primary human B cells were electroporated using
Neon Transfection System (1400 Volts, 10 ms, 3 pulses) with Alt-R CRISPR-Cas9 system
{Integrated DNA Technology, Coralville, IA) targeting the BCL-2 locus. Sequencing analysis using
TIDE program (available on the world wide web at tide.nki nl) showed 11 .3% total editing
efficiency (R* = 0.89). The majority of editing was observed to include either insertion of one

nucleotide or deletion of 9 nucleotides.
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Figure 9 shows the impact of cell density on the growth and expansion of mature naive-like
B cells from CD19" cells isolated from peripheral blood mononuclear cells following activation
with CD40L crosstinking antibody (Miltenyi Biotech, Inc., San Diego, CA} and IL-4. Celis plated at
a high-density concentration {1x10° cells/mL} in HSC Expansion Media (Miltenyi Biotech, Inc.,
San Diego, CA) showed minimal expansion by day 14 compared to the 30-fold increase observed in
cells plated at a low-density concentration {2x10° cells/mL).

Figure 10 shows exemplary (A} intracellular and (B) secreted IDUA activity of HEK 2937

cell 3-day post-electroporation, as further described in Example 2.

DETAILED DESCRIPTION

Because B cells can become long lived and inherently have the ability to generate large
guantities of protein (i e. antibody), B cells could provide an ideal platform for gene therapy
including, for example, for treatment of enzymopathies. B cells are also readily available in
peripheral blood (making up 1-7% of all feucocytes), and methods to expand the cells are readily
available. Moreover, data suggest that cells cross the blood brain barrier more readily than proteins,
potentially making cellular therapies for enzymopathies with brain involvement more desirable then
enzyme replacement therapy. Yet the delivery of therapeutic genes to B cells using genome-
engineering approaches or the use of any targeted nuclease in primary human B cells has not
previously been reported.

This disclosure describes a genome-edited primary B cell; methods of making the genome-
edited primary B cell; and methods of using the genome-edited primary B cell including, for
example, administering the cell. This disclosure further describes a therapeutic cassette that can be
introduced nto a primary B cell, methods of making the therapeutic cassette, methods of making a

B cell including the therapeutic cassette, and methods of using the therapeutic cassette.

B cell

In some embodiments, the B cell can be 2 CD 197 cell. In some embodiments, the B cell can
be a primary B cell. As used herein, a “primary B cell” is a non-tmumortalized B cell. In some
embodiments, a “primary B cell” is a B cell that is freshly isolated. In some embodiments, the B cell
can be 1solated from peripheral blood mononuclear cells (PBMCs). In some embodiments, the B
cell can be derived from an 1PSC. In some embodiments, the B cell can be derived from a

population of CD34" cells.
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In some embodiments, a “primary B cell” is a B cell that has undergone up to 5 replications
or divisions after being isolated, up to 10 replications or divisions after being isolated, up to 15
replications or divisions after being isolated, up to 20 replications or divisions after being isolated,
up to 25 replications or divisions after being isolated, up to 30 replications or divisions after being
isolated, up to 35 replications or divisions after being 1solated, or up to 40 replications or divisions
after being isolated.

In some embodiments, a “primary B cell” is a B cell that has undergone up to S replications
or divistons after being derived, up to 10 replications or divisions after being derived, up to 15
replications or divisions after being derived, up to 20 replications or divisions after being derived,
up to 25 replications or divisions after being derived, up to 30 replications or divisions after being
derived, up to 35 replications or divisions after being derived, or up to 40 replications or divisions
after being derived.

In some embodiments, the primary B cell is a non-clonal cell. In some embodiments,
primary B cell 15 a proliferating cell. In some embodiment the B cell is preferably cultured in the
presence of CD40L.

In some embodiments, the B cell can be a naive B cell. In some embodiments, a “naive B
cell” is CD197, 1gh™, 1gM™, CD27, CD217, and/or CXCRS™, In some embodiments, the B cell can
be a memory B cell. In some embodiments, a “memory B cell” is CD197, gD, CD277, CD217,
and/or CXCRS™ In some embodiments, the B cell can be an activated memory B cell. In some
embodiments, an “activated memory B cell” is CD197, IgD, CD277, CD21", and/or CXCRS™ . In
some embodiments, the B cell can be a natural effector B cell. In some embodiments, a “natural
effector B cell” is CD197, IgD™, IeM™, and/or CD27". In some embodiments, the B cell can be a
plasmablast. In some embodiments, a “plasmablast” is CD197, CXCR5", CD387, CD27", and/or
CD20

In some embodiments, the B cell may be a B cell that has undergone class-switch
recombination. In some embodiments, the B cell may be a B cell that has not undergone class-
switch recombination.

In some embodiments, the B cell 1s a mammalian cell. In some embodiments, the B cell is

preferably a human cell. In some embodiments, the B cell is a mouse cell.

Genome Edited Primary B cell
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A primary B cell is “genome edited” if the primary B cell includes a modification to its
genome compared to a non-genome edited B cell. In some embodiments, a non-genome edited B
cell is a wild-type B cell. In some embodiments, a non-genome edited B cell is a freshly isolated B
cell.

In some embodiments, the genome edited primary B cell includes a modification of a
noncoding region of the genome and/or a coding region of the genome {e.g., a gene). In some
embodiments, the noncoding region of the genome can include a sequence for a small, regulatory
noncoding RNA, including, for example, a mictoRNA (miRNA}. In some embodiments, the
noncoding region of the genome 13 preferably involved in regulating the function, activation, and/or
survival of the B cell.

In some embodiments, a portion of genomic information and/or a gene can be deleted. In
some embodiments, a portion of genomic information and/or a gene can be added. In some
embodiments, the genomic information and/or the gene that is added is exogeonous. In some
embodiments, “exogenous” genomic information or an “exogenous” gene can be genomic
information or a gene from a non-B cell. In some embodiments, “exogencus” genomic information
or an “exogenous’ gene can be an additional copy of genomic information or a gene already present
in the B cell. In some embodiments, “exogenous” genomic information or an “exogenocus” gene can
be genomic information or a gene from a cell of another species than the B cell being modified. In
some embodiments, “exogenous” genomic information or an “exogenous” gene can be artificially
generated including, for example, a nucleic acid encoding a chimeric antigen receptor. In some
embodiments, a portion of genomic information and/or a gene can be altered, for example, by a
point mutation.

In some embodiments, a genome edited primary B cell preferably includes a modification
that alters expression or activity of the genome edited primary B cell relative to a non-genome
edited primary B cell. For example, in some embodiments, the genome edited primary B cell may
include a therapeutic cassette, as further described below.

In some embodiments, a genome edited primary B cell preferably includes a modification of
a nucleic actd encoding the endogenous B cell receptor (BCR). In some embodiments, the
modification results in a modification of the expression of the endogencus BCR. For example,
expression of the endogenous BCR may be abrogated relative to a non-genome edited primary B
cell. In some embodiments, the expression of the endogenocus BCR may be enhanced relative to a

nou-genome edited primary B cell. In some embodiments, a genome edited privoary B cell includes
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a modification of a nucleic acid encoding C319. In some embodiments, a genome edited primary B
cell includes a modification of a nucleic acid encoding a light chain.

in some embodiments, a genome edited primary B cell includes a modification of a nucleic
acid encoding a cytokine. The cytokine can include, for example, [L-10, IL-4, IL-7, {12, IL-15 TL-
6, or IFN-y, or combinations thereof.

In some embodiments, a genome edited primary B cell includes a medification of a nucleic
acid encoding a member of the Bel-2 family including, for example BAX, also known as bel-2-like
protein 4, and bel-2. In some embodiments, the modification of a nucleic acid encoding a member
of the Bcl-2 family allows for increased survival of the genome edited primary B cell including, for
example, increased survival in culture.

In some embodiments, a genome edited primary B cell includes a modification of a nucleic
acid encoding a B cell inhibitory receptor including, for example, FCyRII, CD22, PD-1, CDS,
CDo66a, LAIR1, ILT2, or CDD72, or combinations thereof. In some embodiments, the modification
alters expression or activity of the inhibitory receptor relative to a non~-genome edited primary NK
cell. For example, expression of the inhibitory receptor can be decreased.

In some embodiments, a genome edited primary B cell includes a modification that affects
the frequency or rate with which a B cell undergoes affinity maturation. In some embodiments, a
genome edited primary B cell includes a modification of a nucleic acid encoding BCL6 and/or
BLIMPI. BCLG6 inhibits BLIMP1T expression, and BLIMP1 expression inhibits BCL6 expression.
BCL6 expression can cause a B cell to be retained in the germinal center where it continues to
undergo atfinity maturation. BLIMP1 drives B cells to differentiate into plasma cells (both short
lived and long lived). In some embodiments, the modification of a nucleic acid encoding BCLO
and/or BLIMP1T could be used to atfect the frequency or rate with which a B cell undergoes affinity
mafration.

In some embodiments, a genome edited primary B cell includes a modification in a nucleic
acid encoding a member of an endoplasmic-reticulum (ER) stress response pathway including, for
example, IREL, PERK, or ATF6, or combinations thereof, under a temporary block of caspase-
dependent cell death during their initial differentiation. In some embodiments, the modification in a
nucleic acid encoding a member of an ER stress response pathway may affect the survival of the
genore edited primary B cell and may, for example, increase survival in culture.

In some embodiments, the genome-edited primary B cell preferably includes a modification

that alters survival of the genome edited primary B cell relative to a non-genome edited primary B
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cell. In some embodiments, the gene-edited primary B cell exhibits increased capacity to expand
relative to a non-genome edited primary B cell. The expansion can be, for example, i vivo or in
vitro. In some embodiments, the expansion can be in viro after co-culturing with a cytokine, an

antibody, an antigen, a cell expressing an antigen, or a combination thereof.

Genome Editing of the B cell

This disclosure also describes a method of making a genome-edited B cell including a
genome-edited primary B cell.

In some embodiments, the method includes a technique to introduce a protein or nucleic acid
into the primary B cell. Any suitable method of introducing a protein or nucleie acid may be used.
In some embodiments, the method preferably includes electroporation of a primary B cell to
introduce genetic material including, for example, DNA, RNA, and/or mRNA. As used herein,
electroporation may include nucleofection. In some embodiments, the genetic material may be
introduced via transduction with a virus including, for example adenoc-associated virus (AAV), an
integrase-deficient lentivirus (IDLV), etc. An adeno-associated virus can include any suitable
serotype including, for example, AAV2Z, AAV3, AAV4, AAVS, AAVG), ete. Because plasmid
DNA can be toxic to B cells, in some embodiments, mRNA or protetn based approaches of genome
editing are preferred. In some embodiments, a technique to introduce a protein or nucleic acid can
include introducing a protein or nucleic acid via electroporation; microinjection; viral delivery;
exosomes; liposomes; biolistics; jet injection; hydrodynamic injection; ultrasound; magnetic field-
mediated gene transfer; electric pulse-mediated gene transfer; use of nanoparticles including, for
example, lipid-based nanoparticles; incubation with a endosomolytic agent; use of cell-penetrating
peptides; etc. In some embodiments, the method preferably includes electroporation of a primary B
cell using a NEON transfection system.

In some embodiments, the method includes editing a gene. Editing a gene can include
introducing one or more copies of the gene, altering the gene, deleting the gene, upregulating
expression of the gene, downregulating expression of the gene, mutating the gene, methylating the
gene, demethylating the gene, acetylating the gene, and/or deacetylating the gene. Mutating the
gene can include introducing activing mutations, introducing inactivating and/or inhibitory
mutations, and/or introducing point mutations.

In some embodiments, the method preferably includes inducing double stranded breaks in

the genome of the primary B cell. Double stranded breaks may be introduced using a targeted
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nuclease including, for example, a transcription activator-like effector nucleases {TALEN), a zinc
finger nuclease (ZFN), a CRISPR-associated nuclease, etc. In some embodiments, double stranded
breaks are preferably introduced using the CRISPR/Cas9 system. ln some embodiments, the method
preferably includes introducing a CRISPR nuclease {including, for example, Cas9 and/or Cpfl) or
DNA or RNA encoding a CRISPR nuclease (including, for example, DNA or RNA encoding Cas9
or Cpfl). The method can, in some embodiments, include introducing a guide RNA (gRNA}.

In some embodiments, the method includes introducing a DNA-guided DNAse. In some
embodiments, the method includes introducing Natronobacterium gregoryi Argonaute (NgAgo). In
some embodiments, NgAgo can be used as a DNA-guided endonuclease. (Gao et al, Nature
Biotechnology, 2016, doi:10.1038/nbt.354.) The method can further include, for example,
introducing a guide DNA (gDNA).

The gRNA target or gDNA target can include any suitable target. Tn some embodiments, the
target includes a portion of the B cell genome including, for example, a gene or a portion of a gene.
In some embodiments, the targeted gene or portion of the gene enhances B cell function. For
example, a gRNA target or gDNA target can include a B cell receptor, including, for example, a
heavy chain gene, a light chain gene, or CD79; CD19; a B cell developmental regulator including,
for example, BLIMP1 or BCL6; adeno-associated virus integration site 1 (AAVS1); a B cell
inhihitory receptor (e.g., FCyRII, CD22, PD1, CDS, Chooa, LAIRL ILT2, CD72, etc); and/or a
member of the ER stress response pathways (e.g., IREIL PERK, ATFO6, etc.)

In some embodiments, where transfection may be used to deliver the CRISPR/Cas? system,
the gRNA may preferably include a chemically modified gRNA. In some embodiments, the
chemical modification to the gRINA preferably decreases a cell’s ability to degrade the RNA  In
some embodiments, a chemically modified gRNA includes one or more of the following
modifications: 2'-fluoro (2'-F), 2’-O-methyl (2'-0-Me}, S-constrained ethyl (cEt), 2'-O-methyl (M),
2'-O-methyl-3'-phosphorothioate (MS), and/or 2'-O-methyl-3'-thiophosphonoacetate (MSP). In
some embodiments, the chemically modified gRNA can include a gRNA and/or a chemical
modification described in Hendel et al, Nature Biotechnology, 2015, 33(9):985-989 or Rahdar et al |
PNAS, 2015, 112{(513E7110-7.

In such embodiments, the genome editing may occur via homologous recombination (HR)
and/or non-homologous end joining (NHEDT) pathways including, for example, by microhomology-

mediated end joining (MMEJ}.
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In some embodiments, the method 1includes selecting a B cell. In some embodiments, the
selection is performed after editing a gene. A B cell can, in some embodiments, be selected using
one or more of the following methods: flow sorting (including, for example, for GFP expression);
magnetic bead separation (including, for example, targeting a cell-surface marker); transient drug
resistance gene expression (including, for example, antibiotic resistance). In some embodiments, the
selection may be for a B cell that has an edited genome.

In some embodiments, the method includes expanding an edited B cell. Tn some
embodiments, the expansion can be performed after selecting the B cell. In some embodiments, a B
cell can be expanded by co-incubation with an antigen recognized by the B cell receptor or a cell
expressing an antigen recognized by the B cell receptor. In some embodiments, a B cell can be

expanded by co-incubation with a cytokine or ligand including, for example, CD40L and/or {L-4.

Metheds of Transfection

In some embodiments, the primary B cells at the time of electroporation or transfection are
preferably stimulated cells, that is, the cells have been subjected to an activation, a stimulation,
and/or a proliferation step.

in some embodiments, the B cell can be stimulated for at least 12 hours, at least 18 hours, at
teast 1 day, at least 2 days, at least 3 days, at least 4 days, at least 5 days, at least 6 days, or atleast 7
days. In some embodiments, the B cell can be simulated for up to 1 day, up to 2 days, up to 3 days,
up to 4 days, up to 5 days, up to 6 days, up to 7 days, up to 8 days, up to 9 days, up to 10 days, up to
12 days, up to 14 days, up to 3 weeks, up to 4 weeks, or up to two months. In sore erobodirnents,
the B cell is preferably stimulated for 14 days.

In some embodiments, the B cell can be stimulated with cytokines. The cytokines can
include, for example, IL-4, IL-7, [L.-21, and/or B cell activating factor (BAFF). In some
embodiments, the B cell can be stimulated by cross-linking a cell surface receptor, including, for
example, C140 (ligated and/or crosslinked, for example, by CB40L or anti-CP40 antibody).

In some embodiments, the B cell is preferably transfected via electroporation. The
electroporation protocols may be optimized including, for example, by altering the number of B
cells per reaction {e.g., 0.1 million, 0.5 million cells, T million cells, 2 million celis, 3 million cells,
4 million cells, or 5 million cells), the number of pulses {(e.g., 1, 2, 3, 4, 5, 6, 7, or 8), the voltage
{e.g., 1000 volts, 1100 volts, 1200 volts, 1300 volts, 1500 volts, or 1600 volts), the amount of

nucleic acid {e.g, 0.5 pug, 1 pg, 2 ug, Sug, 10 pg, 15 ug, 20 ug, 25 ug, 30 ug, 35 pg, 40 ug, 45 g,
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or 50 ug) and the duration of the pulse(s) (e.g., 2 ms, S ms, 7ms, 9ms, 10 ms, 11 ms, 13 ms, or
15 ms).

In some embodiments, the B cell can be electroporated using an AMAXA nucleofector or

NEON system. In some embodiments, 1 million B cells per reaction may be electroporated using

the NEON platform, 25 pg mRNA, and a protocol of 3 pulses, 1400 volts, and 10 ms duration.

In some embodiments, transfection levels are preferably tested 48 hours post-transfection. In
some embodiments, transfection levels are preferably tested 72 hours post-transfection. In some
embodiments, transfection levels are preferably tested using transtection of eGFP mRNA and by
performing flow cytometry analysis at 48 hours and/or 72 hours post transfection to assess eGFP
expression levels and cell viability.

In one embodiment, to test the efficiency and toxicity of mRNA delivery to primary human
B cells, peripheral blood mononuclear cells were 1solated frorn leukopaks using standard Ficoll-
Paque separation. B cells were then isolated from PBMCs using the EasySep Human CD19 Positive
Selection Kit (Stem Cell Technologies, Vancouver, Canada) and cultured in X-VIVO 20 media
{Lonza Group, Lid, Allendale NJ) with 10% Human Serum. B cells were electroporated with in
vitro transcribed mRNA encoding eGFP (TriLink BioTechnologies, San Diege, CA) using either
the AMAXA or NEON electroporation platform. Preliminary results using this approach were
disappointing with fewer than 6% EGFP" B cells being detected at 48 hours post-electroporation, as
measured by flow cytometry analysis.

In contrast, when the primary B cells were stimulated and expanded prior to electroporation,
including, tor example, using a seven-day culture with IL-4 and CD40L (Miltenyi Biotech, Inc., San
Diego, CA), an increase in the percentage of eGFP positive cells 72 hours post-electroporation was
observed, up to 97.6% EGFP™ B cells, along with a viability of up to 68.6%.

A major barrier to the application of CRISPR/Cas9 technology is the fow rate of gene
modification in some types of cells including hard-to-transfect cells, primary cells of various kinds,
and other cells that cannot be cloned (i.e., propagated from single isolated cells). For example,
initial attempts using unmodified gRNAs were unable to induce detectable double strand breaks in
primary human T cells or CD347 cells.

To determine if using the CRISPR/Cas9 system would allow for targeted gene delivery gene
delivery to B cells either homologous recombination (HR) or non-homologous end joining (NHED)
pathways, double strand break (DSB) induction was examined. Using gRNAs synthesized as RNA

oligonucleotides containing 3 tandem 2-U-methyl-3-phosphorothioate modified bases on the 57 and
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37 ends and Cas® mRNA or protein, gene modification was induced (Figure 2). These data

demonstrate that targeted double strand breaks can be induced in B cells.

Therapeutic Cassette

In some embodiments, the genome edited primary B cell may 1oclude a therapeutic cassette.
In some embodiments, the therapeutic cassette preferably includes a nucleic acid encoding a BCR
and a nucleic acid encoding a gene to be overexpressed. In some embodiments, the gene to be
overexpressed preferably includes a nucleic acid encoding an enzyme. The nucleic acid encoding
the BCR and the nucleic acid encoding the gene to be overexpressed are preferably transcriptionally
and/or transiationally linked.

In some embodiments, it may be desired to inactivate the endogenous BCR as it could
interfere with the functionality of a BCR transgene. In some embodiments, it may be preferable to
insert a therapeutic cassette at the endogenous BCR heavy chain locus. In some embodiments, it
may be preferable to edit the endogenous BCR by the transfection methods described herein.
Because VDJ recombination removes some regions of the endogenous heavy chain locus, in some
embodiments, genome editing, including, for example, insertion of a therapeutic cassette, can be
targeted to near an enhancer found in the constant region. In some embodiments, the therapeutic
cassette can be targeted to the region show in Figure 3A, a region that is retained in nearly all heavy
chain recombination eveunts.

In some embodiments, the therapeutic cassette preferably includes a nucleic acid encoding a
BCR. In some embodiments, the BCR 15 specific to an antigen that can be administered to a subject
via immunization. In some embodiments, the BCR preferably includes a transmembrane region
and/or a membrane bound-antibody. As used herein, a BCR may include etther a roembrane-
anchored BCR or a soluble Ig or both.

In some embodiments, the therapeutic cassette includes a nucleic acid that encodes a heavy
chain. In some embodiments, the transcription of the nucleic acid encoding a heavy chain can be
driven by an endogenous promoter. In some embodiments, the transcription of the nucleic acid
encoding a heavy chain can be driven by an exogenous promoter. In some embodiments, the
promoter can include, for example, a MND promoter, a CMV promoter, a CAG promoter, a PGK
promoter, a EF1A promoter, a FEEK promoter, etc. In some emabodiments, the nucleic acid
encoding the heavy chain preferably encodes a single variable segment, a single diversity segment,

a single joining segment, and a single C-region. In some embodiments, the nucleic acid encoding
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the heavy chain preferably encodes a transmembrane region including, for example, an M1 and/or
an M2 domain.

n some embodiments, the therapeutic cassette can include a nucleic acid encoding a light
chain. In some embodiments, the transcription of the nucleic acid encoding a light chain can be
driven by an endogenous promoter. In sorue erabodiments, the transcription of the nucleic acid
encoding a light chain can be driven by an exogenous promoter. In some embodiments, the
promoter can include, for example, a MND promoter, a CMV promoter, a CAG promoter, a PGK
promoter, a EF1A promoter, a FEEK promoter, etc. In some embodiments, the nucleic acid
encoding the light chain preferably encodes a single variable segment, a single joining segment, and
a single C-region.

In some embodiments, expression of the nucleic acid encoding the light chain can be
transcriptionally or translationally linked to expression of the nucleic acid encoding the heavy chain
including, for example, by internal ribosomal entry sites (IRESs), a ZA peptide sequence, a “2A-
like” sequence, ribosomal skipping, and/or a CHY SEL (cis-acting hydrolase element) sequence.
The 2A peptide sequence impairs normal peptide bond formation through a mechanism of
ribosomal skipping, allowing the expression of more than one protein without introducing an
internal ribosome entry sites (IRES) or an additional promoters. In some embodiments, 2A peptide
can be derived from the porcine teschovirus-1 (P2A}, the foot and mouth disease virus (F2A), or the
Thosea asigna virus {T2A).

In some embodiments, the heavy chain and/or the light chain of the therapeutic cassette is
specific to an antigen that can be administered to a subject via immunization. For example, in some
embodiments, the heavy chain and/or the light chain can be specific for phycoerythrin (PE}. In
another example, in some embodiments, the heavy chain and/or the light chain can be specific for
B12, an anti-HIV envelope protein.

The therapeutic cassette includes a nucleic acid encoding a gene to be overexpressed. In
some embodiments, transcription of the nucleic acid encoding the gene to be overexpressed is
preferably driven by the same promoter that drives transcription of at least one of the heavy chain or
the light chain of the BCR. In some embodiments, transcription of the nucleic acid encoding the
gene to be overexpressed can be driven by a different promoter than the promoter that drives
transcription of at least one of the heavy chain or the light chain of the BCR.

When, for example, transcription of the nucleic acid encoding the gene to be overexpressed

is driven by the same promoter that drives transcription of at least one of the heavy chain or the
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fight chain of the BCR, overexpression of the gene can be controlled by immunizing a subject for
the antigen recognized by the exogenous BCR. Moreover, in some embodiments, whether the
therapeutic cassette produces a membrane anchored-form of the BCR or a soluble Ig-form of the
BCR is dependent on the maturation state of the B cell into which the therapeutic cassette is
targeted.

In some embodiments, the therapeutic cassette can include the components shown 1n Figure
3B. In some embodiments, the therapeutic cassette can include the components arranged as shown
in Figure 3B. In some embodiments, the therapeutic cassetie can include the components shown in
at least one panel of Figure 6. In some embodiments, the therapeutic cassette can include the
components arranged as shown in at least one panel of Figure 6.

In some embodiments, expression of the nucleic acid encoding the enzyme can be
transcriptionally or translationally linked to BCR expression including, for example, by internal
ribosomal entry sites (IRESs), a 2A peptide sequence, a “2A-like” sequence, ribosomal skipping,
and/or a CHY SEL (cis-acting hydrolase element) sequence. In some embodiments, a splice acceptor
approach or a constitutive promoter can be used to drive a nucleic acid encoding BCR linked to a
nucleic acid encoding a therapeutic enzyme.

n some embodiments, the gene to be overexpressed preferably includes an enzyme and/or a
therapeutic enzyme. A therapeutic enzyme can include, for example, an enzyme lacking in a subject
having an enzymopathy. The enzymopathy can 1nclude, for example, Gaucher disease, Fabry
disease, MPS I, MPS 1T (Hunter syndrome), MPS VI, Glycogen storage disease type I, Adenosine
Deaminase Deficiency, or Pompe disease. In some embodiments, the therapeutic enzyme includes
alpha-L-iduronidase (IDUA)}, an enzyme essential for the breakdown of glycosaminoglycans
(GAGs). A therapeutic enzyme can additionally or alternatively include, for example, an enzyme
whose expression increases the health of a subject.

In some embodiments, the therapeutic cassette includes a nucleic acid encoding a marker
gene including, for example, a gene for GFP or a gene for drug resistance.

In some embodiments, a nucleic acid encoding a heavy chain, a nucleic acid encoding a light
chain, and a nucleic acid encoding a gene to be overexpressed are included in the therapeutic
cassette and are transcriptionally linked. In some embodiments, the therapeutic cassette further
includes one or more 2A peptides that are transcriptionally Hoked to the nucleic acid encoding a

heavy chain, the nucleic acid encoding a light chain, and the therapeutic enzyme.
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The therapeutic cassette may be encoded by a vector construct. In some embodiments, the
vector construct includes a plasmid. In some embodiments, the vector may include a lentiviral
vector including, for example, a BaEV-psuedotype lentiviral vector, 3 VSVg-psuedotype lentiviral
vector, a FAM]I lentiviral vector, and/or a FAMZ lentiviral vector {see Fusil et al., Molecular

S Therapy, 2015, 23(11):1734-47). In some embodiments, the vector may include a cis-acting DNA
element including, for example, a gene encoding the posttranscriptional regulatory element of
woodchuck hepatitis virus (WPRE), a gene encoding murine intracisternal type A particle, one or
more copies of a gene encoding a constitutive transport element (CTE} originating from different
simian refroviruses, etc.

10
Genome-Edited Plasma Cell and Methods of Differentiating a Genome-Edited Primary B Cell
inio a Genome-Edited Plasma Cell

This disclosure further provides a genome-edited plasma cell and methods for differentiating
a genome-edited primary B cell into a long-lived plasma cell.

15 In some embodiments, the genome-edited primary B cell and the genome-edited plasma cell
preferably include a modification of a nucleic acid encoding the endogenous B cell receptor (BCR).
In some embodiments, the expression of the endogenous BCR is abrogated relative to a non-
genome edited primary B cell and the expression of an exogenous BCR is enhanced relative to a
non-genome edited primary B cell.

20 In some embodiments, the BCR of the genome-edited primary B cell is specific to an
antigen that can be administered to a subject via immunization. For example, 1o some embodiments,
the B cell receptor can be specific for phycoerythrin (PE}. In another example, in some
embodiments, the B cell receptor can be specific for B12, an anti-HIV envelope protein.

In some embodiments, the subject including genome-edited primary B cell is exposed to an

25 antigen recognized by the BCR . In some embodiments, administering an antigen to a subject via
immunization where the BCR of the genome-edited primary B cell is specific to the antigen results
in the generation of long lived-plasma cells. A BCR can be considered specific to an antigen when
the antigen binding site of the BCR binds to the antigen.

Replacing the endogencus B cell receptor with a B cell receptor of known specificity allows

30 for the transcriptional regulation of a nucleic acid under the same promoter as the components of

the B cell receptor.
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For example, a genome-edited primary B cell including a B cell receptor specific for
phycoerythrin (PE) and including a nucleic acid encoding alpha-L-iduronidase (IDUA) could be
introduced into a subject. The subject could be IDUA deficient. Immunizing the subject with PE
could result in differentiation of the genome-edited primary B cell into a long-lived plasma cell and
transcription of the nucleic acid encoding IDUA, thereby increasing the expression of IDUA in the
genome-edited B cell and body-wide in the patient for cross correction of the disease. In other
embodiments, the B cell specificity may be altered and/or the nucleic acid encoding a gene to be

overexpressed can be modified.

Administration

This disclosure further provides methods for using the genome-edited primary B cell
described herein. For example, a genome-edited primary B cell can be used to treat or prevent a
disease in a subject. A method can include administering to the subject a composition that includes
the genome-edited primary B cell described herein or produced by a method described herein. The
disease could include, for example, an enzymopathy, a cancer, a precancerous condition, infection
with a pathogen (including, for example, malaria), or infection with a virus.

A genome-edited primary B cell can be administered to a subject alone or in combination
with one or more other therapies. For example, a genome-edited primary B cell can be administered
to a subject in combination a pharmaceutical composition that includes the active agent and a
pharmaceutically acceptable carrier and/or in combination with a cellular therapy including, for
example, a chimeric antigen receptor T cell (CAR-T). The B cell can be administered to a patient,
preferably a mammal, and more preferably a human, in an amount effective to produce the desired
effect. The B cell can be administered by a variety of routes, including, for example, intravenously,
intratumorally, intraarterially, transdermally, via local delivery by catheter or stent, via a needle or
other device for intratumoral injection, subcutaneously, etc. The B cell can be administered once or
multiple times. A physician having ordinary skill in the art can determine and prescribe the effective
amount and dosing of a genome-edited primary B cell and, optionally, the pharmaceutical
compaosttion required.

The cancer may include, for example, bone cancer, brain cancer, breast cancer, cervical
cancer, cancer of the larynx, lung cancer, pancreatic cancer, prostate cancer, skin cancer, cancer of
the spine, stomach cancer, uterine cancer, hematopoietic cancer, and/or lymphoid cancer, etc. A

hematopoietic cancer and/or lymphoid cancer may include, for example, acute myelogenous
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leukemia (AML}, acute lymphoblastic leukemia {(ALL)}, myelodysplastic syndromes (MDS), non-
Hodgkin lymphoma (NHL), chronic myelogenous leukemia (CML), Hodgkin’s disease, and/or
multiple myeloma. The cancer can be a metastatic cancer.

In a further aspect, a genome-edited primary B cell can be administered to inhibit the growth
of a tumor in a subject. Tn some embodiments, the tumor can include a solid tumor.

The virus can include, for example, a herpes virus, inchuding for example, CMV, Varicella
zoster virus (VZV), Epstein-Barr virus (EBV), a herpes simplex virus (HSV) or Kaposi’s sarcoma-
associated herpesvirus (KSHV), a virus of the family Flaviviridae including for example, Dengue or
Zika virus; or a lentivirus, including for example, human immunodeticiency virus (HIV).

The enzymopathy can include, in some embodiments, an enzymopathy that is currently
treated with enzyme replacement therapy including, for example, Gaucher disease, Fabry disease,
MPS I, MPS I (Huoter syndrore), MPS VI, Glycogen storage disease type [L, Adenosine
Deaminase Deficiency, or Pompe disease. The enzymopathy can include, in some embodiments, an
enzymopathy that is currently treated with gene therapy.

A genome-edited primary B cell can be administered or prepared in a subject before, during,
and/or after other treatments. Such combination therapy can involve administering a genome-edited
primary B cell before, during, and/or after the use of other anti-cancer agent, other anti-viral agents,
or a combination of other anti-cancer agent and other anti-viral agents. Such agents can include, for
exampie, a cytokine; a chemoking; a therapeutic antibody including, for example, a high affinity
anti-CMV IgG antibody; an NK cell receptor ligand, including, for example, BIKE or TRiIKE; an
adjuvant; an antioxadant; a chemotherapeutic agent; and/or radiation. The administration or
preparation of the genome-edited primary B cell can be separated in time from the administration of
other anti-cancer agents and/or other anti-viral agents by hours, days, or even weeks. Additionally
or alternatively, the administration or preparation can be combined with other biologically active
agents or modalities such as, but not limited to, an antineoplastic agent, and non-drug therapies,
such as, but not limited to, surgery.

In some embodiments, a genome-edited primary B cell including a B cell receptor of known
specificity can be administered to a subject before the subject is immunized with antigen recognized
by the B cell receptor. Inn such embodiments, immunization with the antigen can allow for the
transcriptional regulation of a nucleic acid under the same promoter as the components of the B cell

receptor.
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For example, a genome-edited primary B cell including a B cell receptor specific for an
antigen and including a nucleic acid encoding an enzyme could be introduced into a subject. The
subject could be enzyme deficient. Immunizing the subject with the antigen is expected to result in
differentiation of the genome-edited primary B cell into a long-lived plasma cell and transcription
of the nucleic acid encoding the enzyme, thereby increasing the expression of enzyme in the

genome-edited B cell.



WO 2018/049401 PCT/US2017/051182

Hlustrative Embodiments of a Genome-Edited Primary B Cell

t. A genome-edited primary B cell.

S 2 The genome-edited primary B cell of ermnbodiment 1, wherein the B cell comprises a cell

expressing CD19.

3. The genome-edited primary B cell of either of embodiments 1 or 2, wherein the B cell comprises
a cell expressing IgM or IgD, or a combination thereof.

10
4. The genome-edited primary B cell of any one of embodiments 1 to 3, wherein the B cell

comprises a CD277 cell.

5. The genome-edited primary B cell of any one of ermnbodiments 1 to 4, wherein the B cell

15 comprises a CD217 cell.

6. The genome-edited primary B cell of any one of embodiments 1 to 5, wherein the B cell

comprises a CXCRS5™ cell.

20 7. The genome-edited primary B cell of any one of embodiments 1 to 6, wherein the B cell

comprises a cell isolated from peripheral blood, umbilical cord cells, ascites, or a solid tumor.

8. The genome-edited primary B cell of any one of ernbodiments 1 to 7, wherein the B cell

comprises a non-clonal cell.

9. The genome-edited primary B cell of any one of embodiments 1 to 8, wherein the B cell

comprises a proliferating cell.

10. The genome-edited primary B cell of any one of embodiments 1 to 9, wherein the B cell is a

30 mammalian cell.
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11. The genome-edited primary B cell of any one of embodiments 1 to 10, wherein the B cell is a

human cell.

12. The genome-edited primary B cell of any one of embodiments 1 to 11, wherein an endogenous

gene of the genome-edited primary B cell 15 deleted.

13. The genome-edited primary B cell of any one of embodiments 1 to 12, wherein an endogenous
P >

of the genome-edited primary B cell comprises a potnt mutation.

14. The genome-edited primary B cell of any one of embodiments 1 to 13, the genome-edited

primary B cell comprising an exogenous gene.

15. The genome-edited primary B cell of any one of embodiments 12 to 14, wherein the gene

comprises a nucleic acid encoding at least a portion of a B cell receptor (BCR).

16. The genome-edited primary B cell of any one of embodiments 1 to 15 wherein the B cell
exhibits decreased expression of an endogenous B cell receptor (BCR) relative to a non-genome

edited primary B cell.

17. The genome-edited primary B cell of any one of embodiments 1 to 16, wherein the B cell

comprises a moditication that alters expression or activity of CD19.

18. The genome-edited primary B cell of any one of erabodiments 1 to 17, wherein the B cell

comprises a modification of a noncoding region of the genome.

19. The genome-edited primary B cell of any one of embodiments 1 to 18, wherein the genome-

edited primary B cell exhibits increased survival relative to a non-genome edited primary B cell.

20, The genome-edited primary B cell of any one of embodiments 1 to 19, wherein the genome-
edited primary B cell comprises a therapeutic cassette compnsing a nucleic acid encoding a B cell

receptor {BCR) and a nucleic acid encoding a gene to be overexpressed.

3
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21. A method for treating or preventing a disease in a subject, the method comprising:
administering to the subject a composition comprising the genome-edited primary B cell of

any one of embodiments 1 to 20,

22. The method of embodiment 21, wherein the disease comprises an enzyrmopathy, a cancer, a

precancerous condition, an infection with a pathogen, or a viral infection.

Hiustrative Therapeutic Cassette Embodiments

1. A therapeutic cassette comprising a nucleic acid encoding a B cell receptor (BCR) and a nucleic

acid encoding a gene to be overexpressed.

2. The therapeutic cassette of embodiment 1, wherein the BCR comprises a transmembrane region.

3. The therapeutic cassette of embodiment 1 or embodiment 2, wherein the gene to be

overexpressed comprises a nucleic acid encoding an enzyme.

4. The therapeutic cassette of embodiment 3, wherein the enzyme comprises an enzyme lacking in a

subject having an enzymopathy.

S. The therapeutic cassette of embodiment 4, wherein the enzyme comprises alpha-L-iduronidase

(IDUA).

6. The therapeutic cassette of any one of embodiments 1 to 5, wherein the nucleic acid encoding the
BCR and the nucleic acid encoding the gene to be overexpressed are transcriptionally hinked,

translationally linked, or both.

7. The therapeutic cassette of any one of embodiments 1 to 6, wherein the therapeutic cassette
comprises a promoter that drives transcription of the nucleic acid encoding the BCR and the nucleic

acid encoding the gene to be overexpressed.
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&. The therapeutic cassette of any oune of embodiments 1 to 7, wherein the BCR comprises a BCR

specitic for phycoerythrin (PE).

9. The therapeutic cassette of any one of embodiments 1 to 7, wherein the BCR comprises a BCR

S specific for B12.
10. A vector comprising the therapeutic cassette of any one of embodiments 1 to 9.
11, The vector of embodiment 10, wherein the vector comprises a lentiviral vector.
10
12. The vector of either of embodiment 10 or embodiment 11, wherein the vector comprises at least
one of a BaEV-psuedotype lentiviral vector, a VSVg-psuedotype lentiviral vector, a FAMI

lentiviral vector, and a FAM?Z tentiviral vector,

15 13, The vector of any one of embodiments 10 to 12, wherein the vector comprises a cis-acting DNA

element.

14, A cell comprising the therapeutic cassette of any one of embodiments | to 9.

20 15, A cell comprising the vector of any one of embodiments 10 to 13.

16. The cell of either of embodiment 14 or embodiment 15, wherein the cell comprises a

modification of a nucleic acid encoding an endogenous B cell receptor (BCR).

25 17. The cell of embodiment 16, wherein the modification comprises a modification that reduces

expression of the endogenous BCR.

18. The cell of any one of embodiments 15 to 17, wherein the cell comprises a B cell.

30 19 The cell of any one of embodiments 15 to 18, wherein the cell comprises a long-lived plasma

cell.
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20. A method comprising administering the cell of any one of embodiments 14 to 19 to a subject.

21. The method of embodiment 20, the method further comprising administering an antigen to the

subject, wherein the BCR of the therapeutic cassette is specific to the antigen.

fllustrative Embodiments of Metheds of Editing a Genome of a Primary B Cell

Y

. A method comprising editing a genome of a primary B cell.

. The method of embodiment 1, wherein the primary B cell comprises a cell expressing CD19.

A

3. The method of either of embodiments 1 or 2, wherein the primary B cell comprises a cell

expressing IgM or IgD, or a combination thereof.

4. The method of either of embodiments 1 or 3, wherein the primary B cell comprises a CD277 cell.

5. The method of any one of embodiments 1 to 4, wherein the primary B cell comprises a CD217

cell.

6. The method of any one of embodiments 1 to 5, wherein the primary B cell comprises a CXCRS™

cell.

7. The method of any one of embodiments 1 to 6, wherein the primary B cell corprises a cell

isolated from peripheral blood, umbilical cord cells, ascites, or a solid tumor.

8. The method of any one of embodiments 1 to 7, wherein the primary B cell comprises a non-

clonal cell.

9. The method of any one of embodiments 1 to &, wherein the primary B cell comprises a

proliferating cell.

10. The ruethod of any one of ermnbodiments 1 to 9, wherein the primary B cell 1s a mammalian cell.
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11. The method of any one of embodiments 1 to 10, wherein the primary B cell is a human cell.

12. The method of any one of embodiments 1 to 11, the method comprising introducing an

exogenous protein or nucleic acid into the primary B cell.

13. The method of any one of embodiments 1 to 12, the method comprising electroporation of the

cell.

14. The method of any one of embodiments 1 to 13, the method comprising introducing a targeted

nuclease or a nucleic acid encoding a targeted nuclease.

15. The method of any one of embodiments 1 to 14, the method comprising introducing a guide

RNA (gRNA).

16. The method of embodiment 15, wherein the gRINA comprises a chemically modified gRNA.

17. The method of embodiment 16, wherein the chemically modified gRNA comprises 2'-O-methyl

(M), 2'-O-methyl-3'-phosphorothicate (MS}, or 2'-O-methyl-3'-thiophosphonoacetate (MSP).

18. The method of any one of embodiments 1 to 17, the method comprising introducing

Namronobacterium gregoryi Argonaute (NgAgo) and a guide DNA (gDNA).

19. The method of any one of embodiments 1 to 18, wherein editing the genome comprises editing a

gene for CD9.

20. The method of any one of embodiments 1 to 19, wherein editing the genome comprises editing a

nucleic acid encoding a portion of a B cell receptor (BCR).

21. The method of any one of embodiments 1 to 20, wherein editing the genome comprises editing a

noncoding region of the genome.
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22. The method of any one of embodiments 1 to 21, wherein the method further comprises selecting

aB cell

23. The method of embodiment 22, wherein the selection is performed after editing the genome.

24. The method of either of embodiments 22 or 23, wherein the B cell is selected for an edited

genore,

25. The method of any one of embodiments 1 to 24, wherein the method further comprises

subjecting the primary B cell to at least one of an activation, a stimulation, and a proliferation step.

26. The method of embodiment 25, wherein subjecting the primary B cell to at least one of an

activation, a stimulation, and a proliferation step comprises exposing the B cell to cytokines.

27. The method of etther of embodiments 25 or 26, wherein subjecting the primary B cell to at least

one of an activation, a stimulation, and a proliferation step comprises exposing the B cell to CD40L.

28. The method of any one of embodiments 25 to 27, wherein the primary B cell is subjected to at
least one of an activation, a stimulation, and a proliferation step prior to introducing an exogenous

protein or nucleic acid into the primary B cell.

29. The method of any one of embodiments 1 to 28, wherein the method further comprises
introducing into the primary B cell a therapeutic cassette comprising a nucleic acid encoding a B

cell receptor (BCR) and a nucleic acid encoding a gene to be overexpressed.

The present invention is illustrated by the following examples. It is to be understood that the
particular examples, materials, amounts, and procedures are to be interpreted broadly in accordance

with the scope and spirit of the invention as set forth herein.



5

10

15

30

WO 2018/049401 PCT/US2017/051182

EXAMPLES

Example 1

Medias
Culturing media:

- X-VIV0O 20 (Lonza Group, Litd, Allendale, NJ)

- 10% Human Serum

or

- HSC Expansion Media XF (Miltenyi Biotec, San Diego, CA

- 5% Human Serum

Freezing Media:
- 45 ml fetal bovine serum (FBS) (heat inactivated)

-5 mL BMSO

Methods
Design and construction of guide RNAs

Guide RNAs (gRNAs), shown in Table 1, were designed to the desired region of a gene
using the CRISPR Design Program (Zhang Lab, MIT 2015). Multiple gRNAs were chosen based on
the highest ranked values determined by off-target locations. The gRNAs were ordered in
oligonucleotide pairs: 5’-CACCG-gRNA sequence-3” and 5'-AAAC-reverse complement gRNA
sequence-C-3". The gRNAs were cloned together using a modified version of the target sequence
cloning protocol (Zhang Lab, MIT). The oligonuclectide pairs were phosphorylated and annealed
together using T4 PNK (NEB) and 10X T4 Ligation Buffer (NEB) in a thermocycler with the
following protocol: 37°C 30 minutes, 95°C 5 minutes and then ramped down to 25°C at
S°Ci/minute. pENTR1 vector digested with FastDigest £bs/ (Ferruentas), FastAP (Fermentas) and
10X Fast Digest Buffer are used for the ligation reaction. The digest pENTR1 vector was ligated
together with the phosphorylated and annealed oligo duplex (dilution 1:200} from the previous step
using T4 DNA Ligase and Buffer (NEB). The ligation was incubated at room temperature for at
feast 1 hour and then transtormed and mini-prepped (GeneJET Plasmid Miniprep Kit, Life

Technologies). The plasmids were sequenced to confirm the proper insertion.
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Table 1.

gRNA Name gRNA Sequence

BAX gRNA 1 Oligo 1 GCGGLGETGATGGACGGGTCC SEQID NG:1
BAX gRNA 2 Oligo 1 GCGGLGLETEATGGALGGGETC SEQID NG:2
BAX gRNA 3 Oligo 1 GTCTCGLCGGETCLGCGLGGE SEG D NG:3
BAX gRNA 4 Oligo 1 GCCTCTCGCCGHRGETCCGLGL SEQID NOA4
BAX gRNA S Oligo 1 GCGGACCCGGCOAGAGGLGE SEQID NG5S
BAX gRNA 6 Oligo 1 GTCCCGLCGCCGUCTCTOGCC SEQID NGO:6
Lairl gRNA 1 Oligol  GTCCTTGCATTGGTGCGCCTC SEQID NO:7
Lairl gRNA2 Oligo1  GCCTGAGGUGCACCAATGCA SEGQID NOE
Lairl gRNA 3 Cligo1  GCAGAGTTCTGTCCTTGCAT SEQ D NO:S
Lairl gRNA 4 Olige 1 GCATTGGTGCGCCTCAGGLC SEQID NG:10
Lairl gRNAS Oligo 1 GCTAGGCCCAGGAGGGLGGETG SEQIDNG:11
Lairl gRNAG6 Oligo 1l  GTCAGGCCAGGCTGCACTGCT SEQID NG:12
BCLZ gRNA 1 Oligo 1 GCTTCTAGCGCTCGGCACCGG SEQID NO:13
BCLZ gRNA 2 Oligo 1 GCAGCGCGGGCTTCTAGCGCT SEQIDNO:14
BCLZ gRNA3 Clige 1 GGGCTTCTAGCGLTCGGCAC SEQ 1D NO:15
BCLZ gRNA 4 Oligo 1 GTTCTAGCGCTCGGLACCGGC SEQID NG:16
BCL2 gRNAS Oligo 1 GAAATGAAGGCAGGACGCGCC SEQID NG:17
BCLZ gRNAG Cligol  GTCATTTATCCAGCAGCTTTT SEQID NO:18
CDI9 gRNA 1 GAAGCGHEGGACTCLOGAGALT SEGQID NG9
CD19 gRNA 2 GTTCAACGTCTCTCAACAGAT SEQID NO:20
CD19gRNAZ GGGRUCTCATGTGGATTCCC SEQID NG:21
CDI1S gRNA 4 GCTGTGUTGUAGTROCTEAA SEQ D NG:22
CD19 gRNAS GETTCTACCTGTGCOCAGCLG SEQ D NO:23
CD19 gRNAG GTCTCAGAGGGGEGEUILLIGET SEQID NO:24
CD1% Cell For TACCCTCTCTGAGCCTCCAT SEQID NO:25
CD19 Cell Rev CCTCTCTCCAGCTCCATTGTY SEQID NOG:26
hiGKC gRNA 1 GATGGATAACGUCCTCCAAY SEQID NG:27
hiGKC gRNA 2 TCAACTGUTCATCAGATGGL SEQ D NO:Z28
hIGKC gRNA 3 ATCCACTTTCCACTETALTY SEQID NO:29
hiGKC gRNA 4 ATTCAGUAGGCACATAACAG SEQ ID NO:30
RIGKC gRNA S CCTGOTCTGTGACALTONCC SEQID NO:31
hIGKC gRNA & TETCCTGGOAGTTACCCGAT SEQID NG:32

Validation of gRNAs

293T cells were plated out at a density of 1 x 10° cells per well in a 24 well plate. 150 uL of
Opti-MEM medium was combined with 1.5 pg of gRNA plasmid, 1.5 pg of Cas9 plasmid and
100 ng of GFP. Another 150 ul of Opti-MEM medium was combined with 5 yl of Lipofectamine

2000 Transfection reagent (Invitorgen, Life Technologies). The solutions were combined together
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and incubated for 10 minutes to 15 minutes at room temperature. The DNA-lipid complex was
added dropwise to one well of the 24 well plate. Cells were incubated for 3 days at 37°C and then
genomic DNA was collected using the GenelET Genomic DNA Purification Kit (Thermo
Scientific). Activity of the gRINAs was quantified by a Surveyor Digest, gel electrophoresis, and

densitometry (Guschin et al. Merhods Mol Biol. 2010, 649:247-56).

Isolation of peripheral blood mononuclear cells (PEMCs) from a leukopok

Human PBMC (Stem Cell Technologies, Vancouver Canada) were dituted 3:1 with chilled
IX PBS. The diluted blood was added dropwise {very slowly) over 15 mbL of Lymphoprep (Stem
Cell Technologies, Vancouver, Canada) in a SO mL conical. Cells were spun at 400 x g for 25
minutes with no brake. The buffy coat was removed and placed into a new conical. The cells were
washed with chilled 1X PBS and spun for 400 x g for 10 minutes (with brake). The supernatant was

removed, cells resuspended in freeze media, counted and frozen.

Isolation of CDI9" B cells

PBMCs were thawed and counted; the cell density was adjusted to I x 10° celis/mL, and
cells were transferred to a 14 mb polystyrene round-bottom tube. B cells were selected using the
EasySep Human CD19 Positive Selection Kit (Stem Cell Technologies, Vancouver, Canada),
following manufacturers’ protocol. Collected cells were spun at 400 x g for 5 minutes and

resuspended in growth medium.

Activation and Stimulation of CDI19" B cells

To stimulate B cells, the isolated CD197 B cells were counted and plated out at a density of
1 x 10° cells/mL in a 24-well plate. Cells were plated with CD40L and 1L-4 following
manufacturer’s protocol (Miltenyi Biotec Inc, San Diego, CA). Cells were incubated for 1 week at

37°C and then counted using a hemocytometer.

NEON transfection of CDI9+ B cells

Unstimulated or stimulated B cells were electroporated using the NEON Transfection
System (100 pL Kit, ThermoFisher Scientific, lne., Waltham, MA) sccording to manufacturer
instructions except for any varniations described below. Cells were counted and resuspended at a

density of 1 x 10° cells in 100 L. of Resuspension Buffer T. 5 ug of GFP plasmid or mRNA or 15
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ug CasY and 10 ug of plasmid or mRNA gRNA {in molecular water) were added to the cell mixture.
Cells were electroporated at 1400 V, 10 ms, 3 pulses. After transfection, cells were plated ina 2 mL
culturing media in a 6 well plate.

Unstimulated or stimulated B cells were nucleoporated according to manufacturer
instructions using the AMAXA NUCLEOFECTOR and the Human B Cell NUCLEOFECTOR Kit

{Lonza Cologne GmbH, Cologne, Germany).

Flow cviometry

Electroporated B cells were analyzed by flow cytometry 24 to 72 hours after transfection for
expression of GFP. Cells were prepped by washing with chilled 1X PBS with 0.5% FBS and stained
with Viability Dye eFlour 780 (eBiosciences, San Diego, CA). Cells were analyzed using a LSR II

{BD Biosciences, San Jose) and Flowlo v.9.

Homuologous recombinanion in CI 9+ B celly

Stimuiated CD19™ B cells were electroporated using the NEQON wransfection system {100 ul
Kit, ThermoFisher Scientific, Ing., Waltham, MA). Cells were counted and resuspended at a density
of 1.0-3.0 x 10° cells in 100 pl of Resuspension Buffer T. 15 ug mRMNA Cas® { Trilink
BinTechnologies, San Diego, CAY, 10 pg mRMNA gRMA {Trilink BioTechnologies) and 10 pg of
homologous recombination (HR) targeting vector were used for to examine HR. 10 pg of HR
targeting vector alone or 15 ug Cas% with 10 ug mRMA gRMNA were used as comtrols. After
electroporation, cells were plated in 2 ml of colturing medivm 1 8 6 well plate. Cells were counted
using a Countess H Automated Cell Counter {ThermoFisher Scientific, Ing, Waltham, MA) every
three days to wonitor growth under these various conditions. In order to momtor for HR, cells were
analyzed by flow cytometry and tested by PCR. For flow cyiometry, celis were analvzed once a
week tor three weeks. B cells were stained with Fixable Viability Dyve eFluor 780 {eBinsciences,
Kan Diege). Cells were analyzed using a LSR H (B Biosciences, San Jose, UA) and Flowlo v @,
To test for HR by PCR, glMNA was isolated tfrom B cells and amplified by PCR using accuprime tag
DIMNA polymerase, high fidelity {ThermoFisher Scigutific, Inc., Waltham, MA). Primers, shown in
Table 2 were designed to both the CCRS gene and to both ends of the HR targeting vector to lock

for proper bomologous recombination.

Table 2.

(O]
3



WO 2018/049401

5" HR Primer Forward
5 HR Primer Reverse
3" HR Primer Forward

3" HR Primer Reverse

TGCATGTTCTTT QTG GGUTA
CAC GGUGACTACTGU ACTTA
GGG AGE ATT GGG AAG ACAAT
TET CTT TICTCCCCA TAG CAA

Results are shown in Figures 1 to 2.

L3
(8]

PCT/US2017/051182

SEQID NO:33
SEQIDNG:34
SEQ ID NO:35
SEG 1D NG:36
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Example 2

Methods

Validation of gRNAx

293T cells were plated out at a density of 1 x 10° cells per well in a 24 well plate. 150
microliters (ul) of Opti-MEM medium was combined with 1.5 micrograms (ug) of gRNA plasmid,
1.5 pg of Cas9 plasmid, and 100 nanograms (ng) of GFP. Another 150 pL of Opti-MEM medium
was combined with 5 pL of Lipotectamine 2000 Transfection reagent (Invitrogen, Carlsbad, CA;
Life Technologies, Carlsbad, CA). The solutions were combined and incubated for 10 to 15 minutes
at room temperature. The DNA-lipid complex was added dropwise to one well of the 24 well plate.
Cells were incubated for 3 days at 37°C and then genomic DNA was collected using the GenelET
Genomic DNA Purification Kit (Thermo Fisher Scientific, Waltham, MA}.

For Figures 5 and 8, activity of the gRNAs was quantified by the Tracking of Indels by
Decomposition (TIDE) algornithm (available on the world wide web at tide nki.nl). Briefly, the
edited region was amplified by PCR using region-specific primers, and sent to ACGT, Inc.
{(Wheeling, 1L) for Sanger Sequencing. Chromatogram files returned from ACGT, Inc. were

uploaded to the TIDE website for analysis of editing efficiency.

Production and Titration of Lentiviral Vectors

BaEV-psuedotype and VSVg-psuedotype lentiviral vectors were generated by transient
transfection of 2937 cells using Lipofectamine 2000 Transfection Reagent (Invitrogen, Waltham,
MA} in accordance with the manufacturer’s instructions. 15 pg of BaEV glycoprotein (Fusil et al |
Molecular Therapy, 2015, 23(11):1734-47) or 15 pg of VSV glycoprotein were combined with 20
ug of a gagpol packaging plasmid and cargo plasmid to construct BaEV-psuedotype or VSVg-
psuedotype viruses, respectively. Highteen hours after transfection, media was replaced with
Dulbecco’s Modified Eagle Media (DMEM) containing 10% FBS and 1x penicillin-streptomycin.
Viral titers were harvested after 24 hours and filtered to remove cellular debris. Lentiviral titers
were determined using a qPCR Lentivirus Titration Kit (Applied Biological Materials Inc.,
Vancouver, Canada) in accordance with manufacturer’s jnstructions. Results are shown in Figure 4.

Two additional lentiviral vectors were constructed to expressed either B12 heavy chain and

light chain or anti-PE heavy chain and light chain and codou-optimized IDUA (colDUA) under
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regulation of a MND promoter (a synthetic promoter that contains the U3 region of a modified
MoMuLV LTR with myeloproliferative sarcoma virus enhancer). Co-expression of the heavy chain,
the light chain, and the colDUA was obtained by introducing the P2A peptide sequences. These
vectors use alternative sphicing of mRINA transcripts to induce the expression of functional BCR in
mature naive B cells or functiooal soluble anubody 1o plasma cells; thus, the expression of either
BOCR or soluble antibody is dependent on the maturation state of the B cell. Schematics of the

vectors are shown in Figure 6. Sequences of the vectors are shown i Tables 310 8

Acute and Chronic Activation of B cells

Both acute and chronically activated B cells were activated with a B Cell Expansion Kit
{Miltenyi Biotec Inc, San Diego, CA) which activates B cells via crosslinking of CD40. Acutely
activated cells were stimulated for 12 hours before application of the lentiviral constructs;

chronically activated cells were activated for 14 days before application of the lentiviral constructs.

Targeted fnockout of CD 19 expression

CD19 expression was knocked out in primary human B cells using a CRISPR/Cas9 system.
Chronically activated B cells were transfected with 1.5 ug of chemically modified mRNA coding
for Cas? protein (Trilink BioTechnologies, San Diego, CA) and 1 pg of chemically modified CD19
gRNA 4 oligo 1 (TriLink Biotechnologies) with the NEON Transfection System (1400 volts, 10 ms,
3 pulses). The combination of Cas® protein and CD19 gRNA creates a double stranded break,
which in turn leads to indel formation and frameshift mutations which elirninates gene expression

and protein levels.

Fvaluation of CD19 expression

Five days following electroporation, engineered primary human B cells were stained with
APC e-Fluor780 Fixable Viability Dye and anti-CD19 antibody conjugated to BV421 (BioLegend,
San Diego, CA). Cells were run on a LSRII flow cytometer (BD Biosciences), and data was

analyzed using Flowlo Version 9 (Tree Star, Ashland, OR). Results are shown in Figure 5.

Testing of electroporation conditions in B cells
B cells activated for 14 days were electroporated with the NEON transfection under a

variety of voltages, widths, and pulse settings (Figure 7A) with either 1 pg of plasmid DNA or
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mRNA encoding eGFP. Percent transfection was determined by eGFP expression 2 days post
electroporation and measured on a LSRII flow cytometer. Cell counts and cell viability were

determined by Trypan Blue exclusion. Results are shown in Figure 7B.

Gene Knockout in CDI19" B cells

Stimulated CD19" B cells were electroporated using the NEON Transfection Kit and System
{(Invitrogen, Carlsbad, CA). Gene editing at the BCL2 locus (gRNA 6 Oligo 1) was done using Alt-
R CRISPR-Cas9 reagents from Integrated DNA Technologies (Coralville, IA). In brief, 1.1 ul. of
200 uM Alt-R CRISPR-Cas9 crRINA, 1.1 ull Alt-R tracrRNA, and 2.8 ul nuclease-free duplex
buffer were incubated at 95°C for 5 minutes, then allowed to cool down at room temperature (RT)
to form a crRNA tractRNA duplex. 0.5 uL of 22 picomolar (pmol} crRNA tracrRNA duplex and
0.5 ul of 18 pmol Alt-R Cas9 enzyme were incubated at RT for 20 min to form the Ali-R CRISPR-
Cas? system. This Alt-R CRISPR-Cas9 system was combined with Electroporation enhancer
{(Invitrogen, Carlsbad, CA) and then added to 360,000 chronically activated B cells to a final
volume was 12 pL in T buffer. A 10 ub pipette tip was used to electroporate the cells at 1400
Volts, 10 ms, 3 pulses. The electroporated cells were cultured for S days before gene editing was

measured using TIDE analysis as described as above. Results are shown in Figure 8.

B cell expansion

Sorted CD 197 B cells were expanded using a B cell expansion kit (Miltenyi Biotec Inc, San
Diego, CA) in accordance with the manufacturer’s protocols for 14 days. Both a low density
starting B cell concentration (1x10° cells/mL) and a high density starting B concentration (1x10°
cells/mL) were tested. Trypan Blue exclusion was used to determine cell counts at indicated

timepoints. Results are shown in Figure 9.

{DUA activity

2937 cells were electroporated using NEON System (1400 Volts, 10 ms, 3 pulses) with
either GFP mRNA alone (control) or GFP mRNA together with pLL MND B12-IDUA expression
plasmid. The pLL MIND B12-IDUA expression plasmid includes the expression cassette shown in
Figure 6C.

To measure intracellular IDUA activity, the cells were harvested 3 days post electroporation.

IDUA activities (nmol/hour/mg protein) were measured using IDUA assay described in Ou et al.
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2014, Mol Genet Metab., 2014;111(2):113-5. The HEK 2937 cells that received pL.L MND B12-
IDUA expression plasmid showed significantly higher intracellular IDUA activities (40-fold higher)
than control. Results are shown in Figure 10A.

To measure IDUA activity in the cell media, media was collected 3 days post
electroporation. IDUA activities (nmol/hour/mL) were measured using IDUA assay described in Ou
et al. 2014, Mol Genet Metab., 2014;111{2):113-5. The culture media that contained HEK 2937
cells received pL.L MND B12-IDUA expression plasmid showed significantly higher IDUA

activities {14-fold higher) than control. Results are shown in Figure 10B.
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The complete disclosure of all patents, patent applications, and publications, and
electronically available matenial (including, for instance, nucleotide sequence submissions in, e.g.,
GenBank and RefSeq, and amino acid sequence submissions in, e.g., SwissProt, PIR, PRF, PDB,
and translations from annotated coding regions in GenBank and RefSeq) cited herein are
incorporated by reference. In the event that any inconsistency exists between the disclosure of the
present application and the disclosure(s) of any document incorporated herein by reference, the
disclosure of the present application shall govern. The foregoing detailed description and examples
have been given for clarity of understanding only. No unnecessary limitations are to be understood
therefrom. The invention is not limited to the exact details shown and described, for vanations

obvious to one skilled in the art will be included within the invention defined by the claims.
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Table 3. Coding sequence for Anti-PE heavy chainflight chain/colBUA lentivival co-
enpression cassette (SEQ 1D NG37T). Long terminal repeats (L TRs) ave highlighted in gray.
MND promoter is highlighted in gray and snderlined. Anti-PE heavy chain, light chain,
and colBUA are capitalized and puderlined. P2As are italicized and highlighied in dark
YRy,

LR

gegeccgaacagggactigaaagegaaagggaaaccagaggageticictegacgcaggacticggetigeigaagegegoacggcaag

aggegagggecggcgaciggigagtacgccaaaaatitigactageggagectagaaggagagagatggeigegagagegtcagiatl

aagcgggggagaattagatcgegatgggaaaaaatticggitanggccagggegaaagaaaaaatataaatiaaaacatataglatgg

gcaagcagggagctagaacgattegeagitaatectggectgtiagaaacatcagaaggctgtagacaaatactigggacagetacaac

catcccttcagacaggatcagaagaacttagatcattatataatacagtageaacceictatigigigeatcaaaggatagagataaaag

acaccaaggaagelitagacaagatagaggaagagcaaaacaaaagiaagaccaccgeacageaageggocggecgegetigatetic

agacciggaggaggagatatgagggacaattggagaagtgaattatataaatataaagiagiaaaaatigaaccattaggagiageac

ccaccaaggeaaagagaagagtggtgcagagagaaaaaagageagligggaataggagetitgticetigegtictigggageageagg

aagcactatgggcgcagegtcaatgacgctgacggtacaggecagacaattattgtctggtatagtgeagoageagaacaatiigetiga

gggciatigaggcgcaacageatetgttgeaacticacagictggggcateaageagetecaggcaagaatectggetgiggaaagatac

ctaaaggatcaacagctectggggatitggggtigetciggaaaactcatitgeaccactgetgtgocttggaatgetagtiggagtaata

aaictciggaacagatitggaatcacacgacciggatggagtgpgacagagaaatiaacaatiacacaageiiaatacacicctiaatig

aagaalcgcaaaaccageaagaaaagaatgaacaagaatliatiggaattagataaatgpgeaagtitgiggaatiggtttaacataac

agatiggctgtggtatataaaatiaticataatgatagtaggaggctiggtaggtitaagaatagtittigctgtactitctatagtgaatag

agitaggcagggataticaccattategtttcagacccaccticocaaccecgaggggaccegacaggeccgaaggaatagaagaagaa

getggagagagagacagagacagatccaticgattagigaacggatcggeactgegtgegecaaticigeagacaaatggeagtatica

tccacaattitaaaagaaaaggegeeatiggpesstacagigeaggeganagaatagtagacataatagcaacagacatacaaacta
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aagaattacaaaaacaaattacaaaaaticaaaatittcggettiattacagggacageagagatccagittggttagtaccgggcoecge
tctagagatccgacgecgocatetctaggecogegeeggeocectcgeacagactigtgggagaageteggetactceoctgecceggtt
aatttgcatataatatticctagtaaciatagaggcttaatgtgegataaaagacagataateiglictttitaatactagetacatittaca
tgataggcttggattictataagagatacaaatactaaatiattattitaaaaaacagcacaaaaggaaacicaccctaactgtaaagta
attgtgtgtitigagactataaatatcectiggagaaaagectigttaacgegeggtgacectegaggtegacggtategataagetegett

cacgagaticcageaggicgagggacctaataacticgtatageatacatiatacgaagitatatiaagggticcaagciiaageggocg
RMND promater

cgtggataaccgtatiaccgecatgea

Anti-PE Heavy Chain
ctagccaagitigtacaaaaaageagecigecaccATGGAAGTACAGCTGGAALA

GAGTGGTGLAGAGTTIGGCAAGACCAGGGGLLAGLGTGARACTCTCTIGCAAGGLGAGTGGATATACCTTTALA

AGTTACGGTATTTCTTGGGTAAAACAGAGGACGGEGLAGGETCTGGAATGGATAGGTGAAATTTACCCTAAAT

CCGGCARTACATACTATAATGAALARTTCAALGGACGAGCGACACTTACCGLTCGATAAGTCTAGTTCCACTGLG

TATATGGAACTCCGAAGCCTTACCAGCGAGGACTCCACAGTGTATTITIGCGCGCGACAGGGGTACTATGCAAA

TTCACAATTCACGTACTGGGGTCAAGGGACACTTGTAACAGTAAGLGCAGLLAGTACTAAGGGGLLGAGLETCY

T CTGGCTCCTAGCTCAAAATCCACATCCGGLGRTACCGCAGCGCTCGRATGTCTIGTTAAAGATTATTTICC

AGAACCTGTCACAGTCAGTIGGAATAGCGECECTTTGACTTCCGEEETCCATACGTTTCCGGCGETGLTGLAATC
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AT OGN AT IO CAG T TG T G ACAGTGCCGAGLTCCTCTCTGRGCACTCAGACTTATATTTGCAALD

GTAAACCACAAGLCATCTAACACAAAAGTGGATAAGAAGETAGAACCTAAGAGLTGTGACAAGACGCATALCATY

GGG T LY G CAGAAL TG T CCGAGGALCATCCGTATTCCTCTT TCCCCCCARGLCCARAGACACCLT

GATGATTTICAAGAACGLCGGAGGTGACGTGTGTTIGTIGTAGATGTCTCCCACGAAGACCCCGAAGTAAAGTTITA

ATTGGTATGTIGATGGCGTCGAAGTCCACAACGCCAAAACCAAGCCTAGAGAAGAGCAGTACAATTCAACATA

TAGAGTAGTGAGTGTAT T GACTGTCCTTCACCAGGACTGRCTCAATGGTAAGGAGTATAAGTGCAAGGTGAGT

AACAAGGLGCTCCCCGLTCCTATAGAAAAAACTATCAGTAAAGCAAAAGGTCAACCGAGAGAGLCTCAGETCT

ATACACTCCCCCCCAGCCGGGATGAACTGACGAAAAATCAGGTCTCACTTACGTGTCTGGTTAAAGGTTICTATC

COTCTGATATIGCGGTGGAATGGGAATCAAATGGTCAGCCAGAAAACAATTACAAAACGACGCCCCCAGTGLT

GEACTCCGATGGCTCTITCTTCCTTTATTCCAAACTTACAGTAGATAAGTCAAGATGGLAACAAGGGARLETIGTT

TAGTTGCAGCGTTATGCATGAAGCACTLCATAATCACTATACCCAAAAGAGCTIGICCCTTICCCCAGAGCTTCAA

CTGGAGGAGTCTTGLGLAGAGGCALAGGATGETGAGCTCGATGEETTGTGCGACGACAATAACCATCTTTATAA

CACT T I CTGT TG T CT G TACAGLGETACTGTTACCT T TCARAGTTAAGTGEATATTCAGTICAGTTGTC

GATTTGAAACAGACTATCATCCCAGACTATCGGAACATGATAGGCCAAGGLGCCagagccaaaagaagtgglictgee
3 Anti-PE Hight chain
ATGGACATTGTGTTGALCCAGACA

GG AT ATGTCTGLCTCACTCGGLCARAGAGTAACGATGACTIGCACCGLGAGTICTAGCGTCAGCTCTAGT

TACCTTCATTGGTTTCAGLAAAAACCCGGGTCAAGTCCAAAGLTCTGGATCTACTCTACATCAAATCTGGCATLL

GEIGTICCTGETAGGTTLTCCGGLTCCEGCAGLGAAACTTCTTATTCCCTGATTATIGGLTCCCTCGAGACAGAA

GATGCCGCAACCTACTACTGTCACCAATATCACCGGAGCCCGCCCACATITGGAGGAGGAACTAAATTGGAAAT
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CAAGACAGTIGLAGLGLLTAGLETAT T AT T T TCCCACCCTCAGATGAGLAALTGARATCCGG GACCGLATCTGT

TGTCTGTCTGCTGAACAACTTCTATCCCCGAGAGGLCAAAGTTICAGTGCAAAGTGGACAATGCEGCTTCAATCTG

Gl AACTC T AR GARTCCGTCACTGAGCAGGATTCTAAGGATTICTACATATAGTCTTICATCAACCCTTACALCTTAG

TAAGGCGGACTATGAAAAACACAAAGTGTACGCATGTGAGGTAACTCACCAGGGECTGCGCTCCCCGGTTACT

P2A

AAAAGTTTTAATCGAGGGGAGTGCagagccaaaagaagtggtictgac

ceiDUa
iATGAGGCCGCTCAGAQ{IGAGGGCTGCTCWCTCGCCCWCWGCATCCWG CTGE

CLECCCCCCCTGTLGLACCCEUTGAAGLLCCACACCTCETACACGTGEATGCTGLECEGLGLGLTEGTGGLCATTGL

GCCGATTTTGGAGGAGCACAGEGTICTGTCCTCLLTTGCCCCALTCTCAAGLGGACCAATACGTCCTCAGTTIGEGE

ACCAGCAACTTAACCTGGCCTACGTTGGGGCAGTGCCACATAGAGGCATAAAACAGGTTCGAACCCACTGGLTG

CTGEAGTIGETRAACTACACGLGGLAGTACCEGTCCAGGTLTCTCATACAATTTTACTCATCTCGACGGATALLTT

GACT TG CAGGGARRACCARCTGTIGLCCGET I I CGAARCTGATCGGTAGLGLATCLCGLCACTITALTGATITL

GAGGACAAACAACAAGTTTTIGAATGGAAGGATTTGGTAAGCAGLLTGGLGAGAAGATATATCGGLLGATALG

GELTCGCECALGTGTCTAAATGGAATTTTGAAACGTGEAACGAACCTGACCATCACGATTTIGACAALGTLAGE

ATGACAATGCAGGGGTTCCTTAACTATTACGACGCGTGTICTGAAGGTTTGAGAGCGGCTTCCCCTGCALTCOGE

TTGEGGAGGECCCEREGACABCTTCCATACCCLCCCGLGETCACCETIGTCATGGGECCTCTTGLGGLACTGTLATY

GATGGCACAARTT T T TALGGGAGAAGCCGGTGTGAGACTGGATTACATTAGTCTCCACCGAAAGGGAGCLLE

CTCAAGCATTAGTATCCTGGAACAAGAGAAAGTGGTTGLTCAGCAGATTCGGLAATTGTTCLCAAAATTCGLTG

ACACGCCAATATATAALGATGAAGLTGALLCCTIGGTGCGETGGAGTCTTCCTCAALCTTGGCGLGLCGATETA

ACGTACGCTGCAATGETGGTAAAGGTCATAGCCCAACATCAGAACCTGCTCCTCGCCAATACGACAAGTGCCTTT

42



WO 2018/049401 PCT/US2017/051182

L AL GGl T G ART AT AR GG T CTGAGLTACCACCCTCACCCGTTIGCTCAGCGAACATIGACCG

CTAGGTTCCAAGTGAATAATACACGALCECCCCACGTCCAACTCTTGLECAAACCTETTCTTACCGLGATGEGGL

TCCTCG T T CGACGAAGAGCAACTCTGGGLAGAAGTATCCCAAGCGGGCACTGTGLTGGACTCCAACCATA

CTGETAGGCGTGCTGGCCTCCGCCCACCGLCCCCAGGGACCAGCAGACGCGTGRAGGGCTGCGGTTCTGATATAT

GLCAGTCACGACACAAGGELGCALCLCGAATAGGTCAGTLBCTGTGACTITGCGELTGAGAGGGBETCCCALLGE

G T CGACTG T TATGTAARCGAGATACCTGGACAATGGTCTITGLTCCCCLGATGECGAGTGRLGRAGRLTG

GEGAGGCCCETATTTCCGACTGCTGAACAGTITCGACGAATGLGAGLAGLTGAAGATCCCGTAGCAGCAGCACT

ACGLLLTCTTCCTG LT GEAGGTAGACTTALGT TG LGACCEGLCCTLCG CLTTCCTTCACTGCTCCTCGTACATGETLY

GOGCACGCCCCGAGAAGLCACCAGGCCAGGTCACTCGACTCCGAGCCCTTCCGCTCACCCAAGGACAGCTCGTCC

TTGTC T GG TCTGACGAGLATGTCGETAGCAAATGLCTTTGGACGTACGAGATACAGTTTAGLCAGGALGGTAAG

GLATATACTCCT G T TAGTAGGAAGCCATCTACT T TAACCTTTITGTATICAGTCCCGACACGGGTGCTGTCAGEG

GETCTTACCGEETCCGCECCCTGGATTATTGEGLCAGACCCGGACCTTTCTCCEGATCCTGTCCCCTATCTCGAGET

GCCCGTGCCAAGGGGECCTCCCAGCCCCGGCAATCCATAATG A cagetttctigtacaaagtagtigtacaagtagga

attegtcgagggacctaataacticgtatageatacattatacgaagtiatacatgtitaagggticeggticcactaggtacaaticgata

tcaagcetiategataatcaaccictggatiacaaaatitgigaaagatigactggtaticttaactatgttgctectittacgetatgtggata

cgctgetttaatgectttgtatcatgetatigettcecgtatggetitcatittictectectigtataaatectggttgoigictetttatgaggag

ttgtggeocgttgteaggcaacgiggegigetgtgcacigigtitgcigacgeaacceccactggtiggggeatigecaccacetgtcaget

cotttecgggactttcgetiteccoctccctatigecacggeggaactcategecgentgectigeecgeigetggacagggecteggeigtt

geggeactgacaaticegtggtatigicggggaaatcategicctticctiggeigetegectgtgtigecacctiggaticigegegggacgtc

ctictgetacgicccticggeacicaatocageggaccttccticeogeggectgetgecggetotgeggectettecgegtcticgecticge
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ccteagacgagtcggatctecctitgggoegecteccegeatcgataccgicgaccicgategagacctagaaaaacatggageaateac
aagtagcaatacagcagctaccaatgoigatigigoctggclagaageacaagaggaggaggaggtgggtiticcagicacacctcagg
tacctitaagaccaatgacttacaaggcageigiagatctiagecacttittaaaagaaaaggegggactggaagggctaaticactece
aacgaagacaagatatccttgatcigtggatctaccacacacaaggctacticectgatiggeagaactacacaccagggccagggate
agatatccactgacctitggatggtgctacaagctagtaccagtigageaagagaaggtagaagaagecaatgaaggagagaacacce

gettgttacacectgigagectgoatgggatggatgaccoggagagagaagtattagagtggagetttgacagocgectageatttcatic
LTR

acatggeccgagagetgeateoggactgtactg
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Tabie 4. Coding sequence for Bi2 heavy chain/tight chain/csIDUA lentiviral co-expression
cassetie (SEC ID NO:38). Long terminal vepeats (L TRs) are highlighied in gray. MND
promoter is highlighted in gray and underlined. Bi2 heavy chain, light chain, and celDUA
are capitalized and anderlined. P2As are ialicized and highlighted in dark gray.

gtg

gegeocgaacagggactigaaageganagggaaaccagaggagetcteiogacgcaggactcggctigclgaagegogeacggeaag
aggcgaggegeggcgactiggigagtacgeraaaaatitigactageggaggctagaaggagagagatgggtgcgagagegtcagtatt
aagegggggagaatiagatcgegatgggasaaaaticggtiaaggecagggggaaagaaaaaatataaatiasaacatatagtatgg
graagcagggagctagaacgattcgeagttaatectggectgtiagaaacatcagaaggetgtagacaaatactgggacagetacaac
catccctteagacaggatcagaagaacitagatcatiatataatacagtageaaccctetattgtgtgeatcasaggatagagataaaag
acaccaaggaagcttiagacaagalagaggaagagcaaaacaaaaglaagaccarcgracagraagrggccggacgrgeigatctic
agacctggaggageagatatgageeacaatiggagaagigaatiatataaatataaagtagtasaaatigaaccatiaggagtageac
ccaccaaggcaaagagaagagiggtgragagagaaaaaagageagigggaataggagettigitcctigggticttgggageageagg
aagcactatgggegeagegicaatgacgeigacggtacaggccagacaatiatigicigglatagigeageageagaacaattigeiga
gggctattgaggcgeaacageaictgtigeaactcacagiciggggeatcaagoagetecaggcaagaatectggetigiggaaagatac
ctaaaggalcaacagcicciggegatttggeettgcictggaaaactcatitgeaccactgotgtgectiggaatgotagtiggagtaata
aatciciggaacagatttggaatcacacgacciggatggagigggacagagaaattaacaattacacaagettaatacactecttaattg
aagaatcgeaaaaccageaagaaaagaatgaacaagaattatiggaatiagatacatgggcaagitigtggaattggttiaacataac
aaattggetgtggtatatasaatiaticataatgatagtaggaggctiggtagetttaagaatagiititgeigiactitctatagtgaatag
agttaggcagggataticaccattategiticagacccaccicccaaccocgaggggaccegacaggeccgaaggaatagaagaagaa
getggagagagagacagagacagatecattcgattagigaacggateggeacigegigegecaatictgeagacaaatggeagtatica

tccacaatitiaaaaganaagggeggatiggggagtacagtgcaggggaaagaatagtagacataatagcaacagacatacaaacta



WO 2018/049401 PCT/US2017/051182

aagaattacaaaaacaaattacaaaaaticaaaatittcggettiattacagggacageagagatccagittggttagtaccgggcoecge

tctagagatccgacgecgocatetctaggeccgegeeggeoccectcgeacagactigtgggagaageteggetactceoctgecceggtt

aatttgcatataatatticctagtaaciatagaggcttaatgtgegataaaagacagataateiglictttitaatactagetacatittaca

tgataggcttggattictataagagatacaaatactaaatiattattitaaaaaacagcacaaaaggaaacicaccctaactgtaaagta

attgtgtgtitigagactataaatatcectiggagaaaagectigttaacgegeggtgacectegaggtegacggtategataagetegett

cacgagaticcageaggicgagggacctaataacticgtatageatacatiatacgaagitatatiaagggticcaagciiaageggocg
MNE prometer

cgtggataaccgtatiaccgecatgea

812 heavy chain
ctagccaaglitgtacaaaaaagcagecigccaccATCCAAGTCCAACTGGTACAA

TCCGGAGCTGAAGTGAAAAAACCAGGGGCATCLGTGAAAGTCTCATGLCAAGLCTCOGGTTACCGATITAGTAA

CTTTGTGATACACTGGETTCGECAAGCLCCAGGACARAGATTCGAGTGGATGEGLTGGATAAALLLATATAATG

GTAACAAAGAATTCTCAGLTARATTCCARGACCGGGTAACATTTACGGCGGATALTICAGCTAACACTGCATAL

ATGGAACTTCGCAGCTTGAGETCCGCGGACACAGCCETATATTACTECGLGAGGGTTGGCCCATATAGLTGGGA

CGACAGTCCGLAGGACAATTATTACATGGALGTGTGGEEEAAGGGTACGACCGTAATAGTCAGTAGTELGETLL

ACTAAAGGTCCCTCTGTCTTCCCATTGGCACCGAGTICTAAGTCTACGTCTGGTGGCACAGCTGCACTGGGLTGT

CTGGTCARAGACTATTTCCCCGAALLAGTTACGETTAGTTGGAACAGCGGAGLLLTGACAAGCGGAGTECALAL

GBI TG GG I T T AT T AGT G GAC T T AT AGCCTCTCATCCCTAGTAACGETTCCATCCTCATLTLTIGRA
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ACGCAAACGTATAT TIGTAACGTTAATCATAAGELTTCTAATACTAAGGTIGACAAARAGGTAGAGCCTARATCY

TGCEGATAAGACGCACACCTGLOCGCCCTETCCTGCACCCGAACTTTTGGGEEGTCCATCAGTTTTCCTGTITCCTC

CARAGLCARAAGATACTCTGATGAT I CLAGAALGLCAGAGGTAACCTGLGTCGTAGTLGATGTTIICTCACGAA

GACCCTGAAGTGAAATTTAACTGGTACGTAGATGGTGTGGAAGTGCACAATGLGAAAACTAAACCGCGLGAAG

AACAGTACAACTCTACTTACCGAGTCGTGTCCGTCCTCACGGTCCTCCATCAGGACTGGCTTAACGGAAAAGAAT

ACARATGTARAGTCAGCAACARAGTGOTCCCAGCGLCCATAGAAAAAACGATTAGTAAGGCGAAAGGTTAALT

TAGAGAGLCACAGGTATACACTCTCCCACCTTCALGGGACGAALTTACGAAAAACCAGGTITCACTCACATGTTT

GOTGAAAGEATTTTATCCTAGCGATATTGLTGTAGAATGGCAGAGTAACGGGCAACCTGAGAACAATTATAAG

ACAACACCTCCTGTATTGGATTCAGACGGTAGTITTITCTIGTATAGCAAATTGACTGTTGACAAGTCCCGETGG

CAACAGGGEAATGTCT LT CCTGETCTGTCATGLATGAAGCCCTTCACAACCATTACACCCAGAAAAGTTIGTLLL

T LG AACTTCAGCTGRAAGAGTCCTGCGCCGAAGCACAAGATGGAGAACTCGATGGOCTGTGGALGALL

ATAACTATCTTCATCACTCTCTTCTTGCTGAGTGTGTGCTACAGLGCCACCGTTACTITTITCAAGGTAAAATGGEA

TATTCTCCAGCGTGGTCGATCTCAAACAGACAATCATTCCGGATTACAGAAALATGATTGGGLAGGECG Tagag

FA B12 light chain
ccaaaagaagtggttctggcg

TTETGTTGACTCAGAGLLCCGGAACTCTGTCCCTCAGTCLCGG LBAAAGGGLAACATTCAGTTGTAGGTLTICLL

ATTCAATTCGAAGTAGGIGCGTTGCGTGETACCAACACAAACCOGGLCAAGCTCCACGLITGGTGATCCACGES

GTETCAAATAGGGCATCTGEGATCTCCGATAGETTTTCAGGGTCAGGATCAGGTACGGATTTCACCCTTACCATC

ACACGGGTIGAALLLGAGBATTTCGLCCTITATTACTGLCAGGTATATGEGGLCAGCAGTTATACGTTTGGTCA

GGGCEACCAAGCTCGAGLGAAAACGGACCGTCGCGGCCCCAAGCGTCTTTATCTTCCCACCCTCTGACGAACAGE
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TCAAATCCGOTACAGCT LT GTAGTITGCTTGLTCAACAACTTTTACCCACGEGAGGLGAAAGTTICAATGRAAAD

TGGATAATGCCCTTCAATCCGGGAACAGCCAAGAAAGTGTGACGGAACAGGALCAGCARAGACTCTALLTATTL

ACTCAGTAGCACTCTGACTITGTCCAAGGCCGATTATGAAAAACATAAGGTTITACGCGTGCGAGGTTACACALE
P2A
AAGGTCTGCBAAGCCCAGTAACAAAATCCTTCAATAGGGGTGAGTGCagagccaaaagaagiggtictages

oD IA
ATGAGGLCGUTCAGACCGAGGGLTGLTOITC

TG T T GLATCCT TGO GG OCCCC TG TG CACCCGLTCAAGOOCCACACCTOGTACACGTGRATGC

TGCECGLGLGCTGTEECCATTGCEGLCEATTITGCAGGAGCACAGGGTTCTGTCCTCCCTTGCCCCACTLTCAAGC

GEACCAATALGTCCTCAGTTGGGACCAGCAALTTAACCTGELLTACGTIGEGGLAGTGCCACATAGAGGCATAA

AACAGGTTCGAACCCACTGGCTGCTGGAGTIGGTAACTACACGUGGCAGTACCGGTCGAGGTCTCTCATACAAT

TTTACTCATCTCGACGGATACCTTGACTTGLTGAGGGAARALCAACTGTTGCCCGGTTICGAACTEBATEGGGTAGE

GLATCCGGLLALT I IACTGAT T TCCAGGALARACAACAAGTT T TIGAATGGAAGGATTIGGTAAGCAGLLTGGT

GAGAAGATATATCGGCCGATACGGGLTCECGLACGTGTCTAAATEGAATTTTGAAACGTEGAACGAALLTGAL

CATCACGATTTTGACAACGTCAGLATGACAATGLAGGGGTTCCTTAACTATTACGALGCGTGTTCTGAAGGTTTG

AGAGCGGCTTCCCCTGLACTCCGCTTIGGGAGGELLCGGGRACAGCTTCCATACCCCCCCGCGETCACCGTIGTCA

TGEGGE LTI GLGGLACTGTCATGATGGLACAAATTTTTTTACGGGAGAAGLCGGTETGAGALCTGGATTACAT

TAGTCTCCACCGAAAG GRAGCCCGCTCAAGLATTAGTATCCTGGAACAAGAGAAAGTGETIGLICAGLAGATTC

GELAATTETTCCCARAATTCGCTGACACGCCAATATATAALGATGAAGCTGACCCCTTGETGEGGTGGAGTCTT

T AR T GGG CGLLGATGTAACGTACGLTGLAATGGTGGTAAAGETCATAGLCCAACATCAGAALCCTGLT

CCTCGCCAATACGACAAGTGCCTTTCCCTACGCGCTTTTGTCCAATGATAACGCGTTICTGAGCTACCACCCTCAL
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G TG TCAGLGAALAT T GACCG LT AGE T TCCAAGTGAATAATACAL GACCGCCCCALCGTL CARLTLTIGLGE

AAACCTGTTCTTACCGCGATGEEGLTCCTCGCTCTTCTCGALGAAGAGCAACTCTGGGCAGAAGTATCCCAAGCE

GGCACTGTGCTGGACTCCAACCATALTGTAGGLGTGCTGGCCTCCGLOCACCGLCCCCAGGRACCAGCAGALGT

GTGGAGGGCTGCGGTTCTGATATATGCCAGTGACGACACAAGGGCGCACCCGAATAGGTCAGTCGCTGTGACTT

TGCGGCTGAGAGGGGTCCCACCGEGTOLTGGACTGGTTTATGTAALGAGATACCTGGACAATGRTICTTITGLTCC

CCCGATG G AT LCGAGELT GG GAGGLLCGTATTICCGACTGLTGAACAGTITCGACGAATGLGAGCAL

CTGAAGATCCCGTAGCAGCAGCACCACGUCCTLTTCCTGCTGGAGGTAGACTTACGTTGCGALLEGGLLCTCCGEC

TTCCTTCACTECTCCTOGTACATGTCTGCGLACGLCCCGAGAAGCCACCAGGLLAGGTCACTLGACTCCGAGLLLY

TCCGCTCACCCAAGGACAGCTCGTCCTTGTCTGGTCTGACGAGCATGTCGGTAGCAAATGOCTTTGGACGTACGA

GATACAGTTTAGCCAGGALGGTAAGGLATATACTCCTGTTAGTAGGAAGCCATCTACTTITAACCTTTTIGTATTC

AGTCCCGACACGGRTGCTGTCAGCGGETCTTACCGGETCCGCGLCCTGGATTATTGGROCAGACCCGGACCTTIC

TCCGATCCTGTCCCCTATCTCGAGGTGLCCGTGCCAAGGGGELCTCCCAGLCLCGGLAATCCATAATGAaCccage

ttictigtacaaagtggtigtacaagtaggaaticgicgagggacctaataacticgtatageatacattiatacgaagtiatacatgtitaa

gggticcggttccactaggtacaaticgatatcaagettategataateaaccictggatiacaaaattigtgaaagatigactggtaticit

aactatgtigetecttttacgetatgtggatacgetgettiaatgectitgtatcatgetattgeticeegtatggetitcatitictectocttgt

ataaatcctggtigetgtcictitatgaggagtigtgeccegtigticaggcaacgtiggegtggigtgcactgtgtitgetgacgcaaccece

actggttggggeatigecaccaccigicagetectttcegggactitegetttccoectecctatigecacggeggaactcategeogectge

cttgeocgetgeiggacageggotcggetgtiggacactgacaaticegliggtgtigicggggaaateategtectticctiggetgricge

ctgtgtigecacciggatictgegegggacgtectictgetacgicecticggeocteaatccageggaccticeticecgeggectgetgec

gecictgeggocicticegegtettcgecticgecctcagacgagicggatctecctitgggecgeatccocgeategataccgiogacciog
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atcgagacctagaaaaacatggageaatcacaagtageaatacageageiaccaatgetgattgtgectiggotagaageacaagagga
geaggaggigggitttccagtcacaccicaggiacctttaagaccaatgacttacaaggeageigtagatetiagecactitttaaaagaa
aaggggegactggaaggectaaticactcccaacgaagacaagatatectigatetgtggatctaccacacacaaggetacticectgat

tggcagaactacacaccagggccagggatcagatatecactgacctitggatggigetacaagetiagtaccagiigageaagagaaggt

agaagaagccaalgaaggagagaacaccegetigttacacceigigagectgeatigggatggatgacecggagagagaagtatiagag
LTR

tggaggtttgacagecgoctageattteatcacatggeccgagageigeateeggactgtac
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Table 5. Coding sequences for FAMI BI2 vector (SEQ 1D N(R39) WPRE, woodchuck
hepatiiis virus postivansoriptional regulatory clement; FEEK., B coll specilic prometer;
T2A, 2A peptide from Thoseq asigna virus; M1 and M2, transmembrane coding regions.
tgtgtaattgttaatitctctgteccactocatecaggiogtgtgaticeaaatotgticcagagatitattactocaactageaticcaagge
acagcagtggtgcaaatgagttitccagageaaccccaaatecccaggagetgitgatectttaggtatetticcacagecaggatictig
cetggagetgettgatgeoceagactgtgagtigeaacagatgetgtigegectcaatageccteageaaatigtictgetgetgeactata
ccagacaataatigictggectgtaccgtcagegtcatigacgetgegeecatagtgeticctgeigeteccaagaacccaaggaacaaa
getectattcocactgetettitttctctetgeaccactettctetttgoctiggtgggtgctactoctaatggtteaatitttactactttatattt
atataattcactictccaatigicocteatatetectectccaggictgaagatcageggecgettgetgtgeggtegtctiacttigiittge
tcttectetatetigtctaaagettoctiggtgtcttttatctetatectitgatgeacacaatagagggtigetactgtattatataatgateta
agitcttctgatnoctgictgaaggeatggtigtagetgicccagtatitgictacagectictgatgttictaacaggecaggattaactge
gaatcgitctagetecctgetigoocatactatatgitttaattiatatittttctitcccectggecttaaccgaattttttcccategegatcta
attcteecoogettaatactgacgeictegeacecatetetetecttctagectecgetagteaaaatitttggegtactcaccagicgocgee
cetegectottgocgtgogegeticageaagecgagtectgegtcgagagagetectctggtitocctitegetticaagtecctgtteggge
gecactgetagagattttccacactgactaaaagggtcigagggatctctagttaccagagtcacacaacagacgggcacacactactig
aagcactcaaggcaagctttatigaggcttaageagigggticcctagitagecagagageicccaggetcagatotggictaaccagag
agacccagtacaggeaaaacgegetgetiatatagaccicecacegtacacgectaccgeccatttgegtcaatggggoggagtigttac
gacattttggaaagtccogtigatitiggigecaaaacaaacteccatigacgtcaatggggiggagacttggaaatcoccgtgagtcaa
accgetatocacgeccatigatglactgocaaaaccgeateaccatggtaatagegatgactaatacgtagatgiactgecaagtaggaa
agtcccataaggtcatgtactgggeataatgecaggegggocatttaccgicatigacgtcaatagggggegtacttggeatatgataca
cttgatgtactgecaagtgggeagtttaccgtaaatactccacocatigacgtcaatggaaagtecctatiggegitactatgggaacata
cgteattattgacgicaatgggegggggtcgtigggcggtcagecaggogggecatitaccgtaagttatgtaacgeggaactecatatat

gegctatgaactaatgacceegiaatigatiactattaataaciagicaataatcaatgicaacgegtatatctggecegtacategegaa
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geagegeaaaacgectaaccciaageagaticticatgeaatigicggteaagectigectigiigtagettaaatitigeticgegeactac

tcagcgacciccaacacacaageagggageagatactggcttaactatgeggeatcagageagatigtactgagagtgcaccatagee

gatcgggagaictcecgatcegicgacgteaggtggcactittcggggaaatgigegeggaaccectatitgttatititctaaatacattc

aaataigtatccgeicatgagacaataacccigataaatgeticaataatatigaaaaaggaagagtatgagiaticaacatticegtgic

geeetiattecctttittgeggeatittgecticcigtitttgeicacccagaaacgeiggigaaagtaaaagatgctgaagateagiiggst

geacgagtgggttacatcgaactggatcicaacageggtaagatectigagagttitcgeccegaagaacgtiticcaatgatgageactt

ttaaagtictgcetatgtggegeggtattateccgtatigacgocgggcaagageaacteggicgecgeatacactatictcagaatgactty

gtigagiactcaccagtcacagaaaageatcitacggatggcatgacagiaagagaattatgeagtgetgecataaccatgagtgataa

cactgeggecaactiactictgacaacgatcggaggaccgaaggagetaacegetittttgeacaacatggggeatcatgtaactegectt

gategligggaaccggagotgaatgaagecataccaaacgacgagegigacaccacgatgecigiageaatggeaacaacgtigegea

aactattaactggegaactacitactctagetteccggeaacaattaatagactggatggaggcggataaagttgcaggaccacticige

geteggoecttoeggeiggetggtitatigetgataaatetggagecggtgagegtgggtictcgeggtatcatigeageactggggccaga

tggtaagecciccegiategtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagategetgagataggie

cotcactgattaageatiggiaactgtcagaccaagttiacticatatatactitagatigatitaaaacticatitttaatitaaaaggatcta

getgaagatcctititgataatcteatgaccaaaateccttaacgtgagitticgticcactgagegtcagaccecgtagaaaagatcaaa

ggatcttctigagatectittttictgegegtaatctgeigetigcaaacaaaaaaaccaccgetaccagoggtggtitgttigecggatcaa

gagctaccaacictitttccgaaggtaactiggcticageagagegeagataccaaatactgtictictagtgtageegtagitaggecace

acttcaagaacictgtageaccgectacatacctegetctgetaatectgttaccagiggctgetgecagiggegataagiegigictiace

gggtiggactcaagacgatagtiaccggataaggegeagoggtcgegeigaacgggggeticgigeacacageccagettggagegaa

cgacctacaccgaactgagatacctacagegigagetatgagaaagegecacgeticecgaagggagaaageoggacaggtateeggt

aagcggeaggeicggaacaggagagegeacgagggagcticcagggggaaacgectggtatetttatagtectgtogggtitcgecace

tctgactigagegtegatitttgtgatgctegicagggeggcggagectatggaaaaacgccageaacgeggectititacggitccigee
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ctittgctggectittgetcacatgtictitectgegttateccctgaticigiggataacegtatiacegectitgagtgagetgatacegetc

goegeagocgaacgaccgagogeagogagicagtgagcgaggaageggaagagegeccaatacgeaaaccgoctetceccgegegtt

ggccgaticatiaatgeagetggcacgacaggtticecgactggaaagegegcagtgagegeaacgcaatiaatgigagitagetcacic

attaggcaccccaggetttacactttatgettecggcicgtatgitgigiggaatigigageggataacaatttcacacaggaaacagetat

gaccatgattacgecaageictagetagaggtegacggtatacagacatgatiaagatacattgatgagitigegacaaaccacaactaga

atgcagigaaaaaaatgctitatiigigaaatitgtgatgctatigetttatttgtaaccatiataageigeaataaacaagiiggagisgg

cgaagaactecageatgagateccegegetggaggateatccagecggogicccggaaaacgaticegaageccaaccittcatagaag

geggoggtggaatcgaaatcicglageacgigicagicctgetccteggecacgaagigeacgeagtigecggecgggicgcgragggc

gaactcccgeecccacggeigeticgecgateteggtcatggeegaeacggaggegtcecggaagticgtggacacgacctecgaccacte

gecglacagetegiccaggocgogeacccacacceaggecagggtgtigiceggeaccacciggtectiggaccgogetgatgaacaggg

tcacgiegtcccggaccacaccggegaagicgicctccacgaagiccegggagaacccgagecggtcggtecagaactegacegetceg

gegacgicgegogeggtgagcaccggaacggeaciggicaacttggecatggtttagticctcacctigtegiattatactatgecgatata

ctatgccgaigattaatigtcaacacgtgeigaicagatecgaaaaiggatatacaageteccgggagettittgeaaaagectaggecte

caaaaaagectoctcactactictggaatagcicagaggcagaggoggecteggectcigeataaataaaaaaaatiagtcagocalgg

ggcggagaatgggoggaactggeeggagtioggggcerpatgggcggagttaggggceggactatggtigetgactaatigagatgea

tgetttgeatactictgectgetggegagoctggggactitccacacctggttgeigactaatigagatgeatgettigeatactictgectge

tggegagectggggactticcacaccctaactgacacacaticcacagaatiaaticgegitaaattttigitaaatcageteatitittaac

caataggccgaaateggeaaaateccttataaatcaaaagaatagaccgagatagggtigagigtigticcagtttggaacaagagtce

actattaaagaacgiggaciceaacgicaaagggegasaaaccgictatcagggegatggoccactacgtgaaccateaccctaatcaa

giittttgpggtcgaggtgecgtaaageactaaatcggaaccoiaaagggageccecgatitagagetigacggegaaagocggegaac

glggcgagacaggaagggaagaaagcgaaaggagegggcgctagggcgctggeaagigiageggtcacgetgegegiaaccaccac

accegoegegctiaatgegeogctacagggegegtggggataccecctagagocecagetggtictitecgericagaagecatagagee
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caccgeatccccageatgectgetatigicticccaatecteccecttgetgiectgececaccccaceececagaatagaatgacacctac

tcagacaatgcgatgcaatitccteattttatiaggaaaggacagigggagiggcacciiccagggicaaggaaggcacgggggagsss

caaacaacagatggeiggcaactagaaggcacagtegaggcigatcagegegttiaaacgggecctgeiagagattttccacacigact

aaaagggictgagggatcictagtiaccagagicacacaacagacgggracacactactigaageactcaaggeaagctitatigaggc

ttaagcagtgggticcctagitagecagagagetcecaggcteagateiggtictaaccagagagacccagtacagiceggatgeagetct

cgggecatgigatgaaatgetaggeggctgicaaacciccacictaatactictetctocgggicatccateccatgeaggcteacagggt

gtaacaagegggtigtictetecitcatiggettctictaceticictigetcaactggtactagetigtageaccatccaaaggtcagtggata

fctgatccctggeoctggtgtgtagtictgecaatcagggaagtagectigigigiggtagatccacagatcaaggatatetigicticgtig

geagtgaatiageecticcagtecccectttictiitaaaaagiggctaagatctacagetgecttgtaagicatiggicttaaaggtacctg

aggtgtgaciggaaaaccoaccicctectectcitgigetictagecaggeacaatcageattggtagetgetgtatigetactigtgatige

WPRE

tccatgtittictaggictegategaggicgacget

atcgataageitgatatcgaatigggageeactagagtegeggecgettiactigtacagittaacatcicgag

FEEK

ccataaagatggitaatiaacccacccaagate
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B12 light chain

cgaagcttgetacegageicggatctecacceegtaGCLALC

T2A site

gagggcagaggaagtctgtiaacatgeggt

B12 Heavy Chain

gacgtcgaggagaatectggece
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giggggagctgaccticaggacatigitggeceatocoggecgggecctacatectigggtoctgecac

M1

agagggaatcacccccagaggoccaagercagggegacacageacigaccacceccticotgiccagagetgeaactggaggagage

tgtlgcggaggcgcaggacggggagetggacgesacigtpgacgaccatcaccateticatcacactcttcctgtiaagegtgtgctacag

M2

tgecaccgtcacctictticaagy

ssgocaccotetgeggggtgtccagggegegocaataaaatatetttattticattacatctgigigtggtittttgt
gigaatcgatagtactaacatacgciciccatcaaaacaaaacgaaacaaaacaaactageaaaataggetgicoccagigeaagtge
aggtgccagaacatitetctatitaaatgctagaatiaaccaaactggatctctgetgtcccigiaataaaccegaaaatittgaattttigt

aatttgttttigtaaticittagtttgtatgtctgtigetattatgictactatictitcccctgeactgtaccocccaatecocecctittettttaa
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aattgtggatgaatactgecatttgtcigeagaatiggegeacgeagtgecgatccgticactaategaatiggatetgictetgteictetct
ccaccitctictictattecticgggectgicgggtecccicggggtigggaggtgggtcigaaacgataatggigaatatocctgoctaact
ctattcactatagaaagiacagcaaaaactaticttaaacctaccaagecicetiactatcattatgaataatittatataccacagecaatt
tgitatgitaaaccaattccacaaactigeccatttatctaattccaataatictigitcatictitictigetggttttgegaticticaatiaa

ggagigtattaaget
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Table 6. Coding sequences for FAMI anti PE vector (SEQ} ID NG44 WPRE, woodehuck
hepatiiis virus postivansoriptional regulatory clement; FEEK., B coll specilic prometer;
T2A, 2A peptide from Thoseq asigna virus; M1 and M2, transmembrane coding regions.
tgtgtaatigttaatticictgteccactecatccaggtegtgtgaticcaaatetgitccagagatttatiactccaactageattecaagge
acagcagtggtgcaaatgagtiticcagageaaccccaaatocccaggagetgtigatectttaggtatetttccacagecaggatictig
cctggagetgetigatgocccagactgtgagttgeaacagatgetgttgegacteaatagoccicageaaattgticigetgetgeactata
cecagacaataatigictggoctgtaccgicagegteatigacgetgegeccatagtgeticcigetgeteccaagaacccaaggaacaaa
getectaticecactgetettittictetetgeaccactettotctitgectiggtgggtgctactectaatggttcaatitttactactttatatit
atataattcactictccaatigtcocteatatetectectccaggtctgaagatcagoggecgettgetgtgeggtagictiactittgttttge
tettectetatettgtctaaagettectiggtgtettttatcictatectttgatgcacacaatagagggtigctacigiattatataatgatcta
agitctictgatnectgictgaagggatggtigtagetgtcecagtatitgictacagectictgatgtttctaacaggecaggattaactge
gaatcgttctageiccotgettgeccatactatatgttitaatttatatttttictiteccectggecttaacogaatitttteccategegatceta
attcteccocgettaatactgacgeictogeacceatetetetectictagectecgetagtcaaaatttttggegtacteaccagiegecgec
cetegectettgeogtgegegeticageaagecgagtoctgegtegagagagetectctggtiteoctticgeittcaagtoccigiteggge
gecactgetagagattttcoacactgactaaaagggtctgagggatctctagtiaccagagtcacacaacagacgggcacacactacttg
aagcactcaaggeaageiitatigaggettaageagigggttcoctagtiagecagagagetcocaggeicagatctggtctaaccagag
agacccagtacaggeaaaacgegetgetiatatagaccteccacegtacacgectacegeccatttgegtcaatggggeggagtigttac
gacaftttggaaagtcecgtigatttiggtgecaaaacaaactoccatigacgtcaatggggtggagactiggaaatcccegtgagtcaa
accgetatccacgeccatigatglactgoecaaaaccgeatcaccatggtaatagegatgactaatacgtagatgtactgecaagtaggas
agicccataaggtcatgtactgggeataatgecaggogggeatitaccgicattigacgicaataggggecgtactiggeatatgataca
ctigatgtactgecaagtgggeagtttaccgtaaatactccacecatigacgicaatggaaagtccctatiggegttactatgggaacata
cgicattatigacgtcaatgggegggegtegtigegoggicagecaggegggocatitaccgiaagitatgtaacgeggaactacatatat

gggctatgaactaatgacccogtaatigatiactatiaataactagtcaataatcaatgticaacgegtatatctggecegtacategegaa

58



WO 2018/049401 PCT/US2017/051182

geagegeaaaacgectaaccciaageagaticticatgeaatigicggteaagectigectigiigtagettaaatitigeticgegeactac

tcagcgacciccaacacacaageagggageagatactggcttaactatgeggeatcagageagatigtactgagagtgcaccatagee

gatcgggagaictcecgatcegicgacgteaggtggcactittcggggaaatgigegeggaaccectatitgttatititctaaatacattc

aaataigtatccgeicatgagacaataacccigataaatgeticaataatatigaaaaaggaagagtatgagiaticaacatticegtgic

geeetiattecctttittgeggeatittgecticcigtitttgeicacccagaaacgeiggigaaagtaaaagatgctgaagateagiiggst

geacgagtgggttacatcgaactggatcicaacageggtaagatectigagagttitcgeccegaagaacgtiticcaatgatgageactt

ttaaagtictgcetatgtggegeggtattateccgtatigacgocgggcaagageaacteggicgecgeatacactatictcagaatgactty

gtigagiactcaccagtcacagaaaageatcitacggatggcatgacagiaagagaattatgeagtgetgecataaccatgagtgataa

cactgeggecaactiactictgacaacgatcggaggaccgaaggagetaacegetittttgeacaacatggggeatcatgtaactegectt

gategligggaaccggagotgaatgaagecataccaaacgacgagegigacaccacgatgecigiageaatggeaacaacgtigegea

aactattaactggegaactacitactctagetteccggeaacaattaatagactggatggaggcggataaagttgcaggaccacticige

geteggoecttoeggeiggetggtitatigetgataaatetggagecggtgagegtgggtictcgeggtatcatigeageactggggccaga

tggtaagecciccegiategtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagategetgagataggie

cotcactgattaageatiggiaactgtcagaccaagttiacticatatatactitagatigatitaaaacticatitttaatitaaaaggatcta

getgaagatcctititgataatcteatgaccaaaateccttaacgtgagitticgticcactgagegtcagaccecgtagaaaagatcaaa

ggatcttctigagatectittttictgegegtaatctgeigetigcaaacaaaaaaaccaccgetaccagoggtggtitgttigecggatcaa

gagctaccaacictitttccgaaggtaactiggcticageagagegeagataccaaatactgtictictagtgtageegtagitaggecace

acttcaagaacictgtageaccgectacatacctegetctgetaatectgttaccagiggctgetgecagiggegataagiegigictiace

gggtiggactcaagacgatagtiaccggataaggegeagoggtcgegeigaacgggggeticgigeacacageccagettggagegaa

cgacctacaccgaactgagatacctacagegigagetatgagaaagegecacgeticecgaagggagaaageoggacaggtateeggt

aagcggeaggeicggaacaggagagegeacgagggagcticcagggggaaacgectggtatetttatagtectgtogggtitcgecace

tctgactigagegtegatitttgtgatgctegicagggeggcggagectatggaaaaacgccageaacgeggectititacggitccigee
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ctittgctggectittgetcacatgtictitectgegttateccctgaticigiggataacegtatiacegectitgagtgagetgatacegetc

goegeagocgaacgaccgagogeagogagicagtgagcgaggaageggaagagegeccaatacgeaaaccgoctetceccgegegtt

ggccgaticatiaatgeagetggcacgacaggtticecgactggaaagegegcagtgagegeaacgcaatiaatgigagitagetcacic

attaggcaccccaggetttacactttatgettecggcicgtatgitgigiggaatigigageggataacaatttcacacaggaaacagetat

gaccatgattacgecaageictagetagaggtegacggtatacagacatgatiaagatacattgatgagitigegacaaaccacaactaga

atgcagigaaaaaaatgctitatiigigaaatitgtgatgctatigetttatttgtaaccatiataageigeaataaacaagiiggagisgg

cgaagaactecageatgagateccegegetggaggateatccagecggogicccggaaaacgaticegaageccaaccittcatagaag

geggoggtggaatcgaaatcicglageacgigicagicctgetccteggecacgaagigeacgeagtigecggecgggicgcgragggc

gaactcccgeecccacggeigeticgecgateteggtcatggeegaeacggaggegtcecggaagticgtggacacgacctecgaccacte

gecglacagetegiccaggocgogeacccacacceaggecagggtgiigiccggeaccacctggtectiggaccgogetgatgaacaggg

tcacgtegtcccggaccacaccggegaagicgiccticcacgaagiccegggagaacccgagecggtcggtecagaactegacegetceg

gegacgicgegogeggtgagcaccggaacggeaciggicaacttggecatggtttagticctcacctigtegiattatactatgecgatata

ctatgccgaigattaatigtcaacacgtgeigaicagatecgaaaaiggatatacaageteccgggagettittgeaaaagectaggecte

caaaaaagectoctcactactictggaatagcicagaggcagaggoggecteggectcigeataaataaaaaaaatiagtcagocalgg

ggcggagaatgggoggaactggeeggagtioggggcerpatgggcggagttaggggceggactatggtigetgactaatigagatgea

tgetttgeatactictgectgetggegagoctggggactitccacacctggttgeigactaatigagatgeatgettigeatactictgectge

tggegagectggggactticcacaccctaactgacacacaticcacagaatiaaticgegitaaattttigitaaatcageteatitittaac

caataggccgaaateggeaaaateccttataaatcaaaagaatagaccgagatagggtigagigtigticcagtttggaacaagagtce

actattaaagaacgiggaciceaacgicaaagggegasaaaccgictatcagggegatggoccactacgtgaaccateaccctaatcaa

giittttgpggtcgaggtgecgtaaageactaaatcggaaccoiaaagggagecceogatitagagetigacggegaaagocggogaac

glggcgagacaggaagggaagaaagcgaaaggagegggcgctagggcgctggeaagigiageggtcacgetgegegiaaccaccac

accegoegegctiaatgegeogctacagggegegtggggataccecctagagocecagetggtictitecgericagaagecatagagee
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caccgeatccccageatgectgetatigicticccaatecteccecttgetgiectgececaccccaceececagaatagaatgacacctac

tcagacaatgcgatgcaatitccteattttatiaggaaaggacagigggagiggcacciiccagggicaaggaaggcacgggggagsss

caaacaacagatggeiggcaactagaaggcacagtegaggcigatcagegegttiaaacgggecctgeiagagattttccacacigact

aaaagggictgagggatcictagtiaccagagicacacaacagacgggracacactactigaageactcaaggeaagctitatigaggc

ttaagcagtgggticcctagitagecagagagetcecaggcteagateiggtictaaccagagagacccagtacagiceggatgeagetct

cgggecatgigatgaaatgetaggeggctgicaaacciccacictaatactictetctocgggicatccateccatgeaggcteacagggt

gtaacaagegggtigtictetecitcatiggettctictaceticictigetcaactggtactagetigtageaccatccaaaggtcagtggata

fctgatccctggeoctggtgtgtagtictgecaatcagggaagtagectigigigiggtagatccacagatcaaggatatetigicticgtig

geagtgaatiageecticcagtecccectttictiitaaaaagiggctaagatctacagetgecttgtaagicatiggicttaaaggtacctg

aggtgtgaciggaaaaccoaccicctectectcitgigetictagecaggeacaatcageattggtagetgetgtatigetactigtgatige

WPRE

tccatgtittictaggictegategaggicgacget

atcgataageitgatatcgaatigggageeactagagtegeggecgettiactigtacagittaacatcicgag

FEEK

ccataaagatggitaatiaacccacccaagate
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Anti-PE light chain

cgaagcttgetacegagceicggatctecacceegtaGCLAL

T2A site

ggecagaggaagicigtiaac

Anti-PE Heavy Chain

atgeggtgacgtegaggagaatectggeec
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tggegagetgaccicaggacattgtiggeccateccggeegggecctacatectgg
M1
gtectgecacagagggaatcaccoccagaggoccaagoccagggggacacageactgaccacceacticctgiccagagetgeaactg

gaggagagctgtpcggaggogcaggacgeggagetggacgggeigtiggacgaccatcaccateticatcacacteticctgitaageg

tgtgctacagtgecacegtcaccticticaag

ggccaccctctgoggggtetccagggegegocaataaaatatctitattttcattacateigigts
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ttggttttitgtgtgaategatagtactaacatacgeicticcatcaaaacaaaacgaaacaaaacaaaciagcaaaataggetgteccea

gtgcaagigcaggtgccagaacattictetatitaaatgctagaattaaccaaaciggateictgctgtecctgtaataaacccgaaaattt
tgaatittigtaatitgtittigtaatictitagitigtatgtetgitgctatiatigictactatictitcecctgeacigtaccecccaatooccec
fitictittaaaattgtggatgaatactgocattigtctgeagaatiggogeacgeagtgeogatecgitcactaategaatggatetgictct
gictctetctccaccticticttctaticottcgggecigicgggtecoctcggpgtigpgaggtggetctigaaacgataatggigaatalece
tgectaactctattcactatagaaagtacagcaaaaactatictiaaacciaccaagectcctactatcattatgaataatittatatacea

cagcecaatiigtiatgttasaccaaticcacaaacitgeccatttatetaaticcaataattictigticatictiticttgetggtittgegatic

ticaattaaggagtgtattaaget
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Table 7. Coding sequences for FAMI BI2 vector (SEQ 1D N{R41) WPRE, woodchack
hepatiiis virus postivansoriptional regulatory clement; FEEK., B coll specilic prometer;
T2A, 2A peptide from Thoseq asigna virus; M1 and M2, transmembrane coding regions.
tgtgtaattgttaatitctctgteccactocatecaggiogtgtgaticeaaatotgticcagagatitattactocaactageaticcaagge
acagcagtggtgcaaatgagttitccagageaaccccaaatecccaggagetgitgatectttaggtatetticcacagecaggatictig
cetggagetgettgatgeoceagactgtgagtigeaacagatgetgtigegectcaatageccteageaaatigtictgetgetgeactata
ccagacaataatigictggectgtaccgtcagegtcatigacgetgegeecatagtgeticctgeigeteccaagaacccaaggaacaaa
getectattcocactgetettitttctctetgeaccactettctetttgoctiggtgggtgctactoctaatggtteaatitttactactttatattt
atataattcactictccaatigicocteatatetectectccaggictgaagatcageggecgettgetgtgeggtegtctiacttigiittge
tcttectetatetigtctaaagettoctiggtgtcttttatctetatectitgatgeacacaatagagggtigetactgtattatataatgateta
agitctictgatecigtctgaagggatggtigtagetgtoccagtatitgictacagectictgatgtttctaacaggecaggattaactgeg
aatcgtictageteoctgettgoccatactatatgtittaatttatatittttetticcccctggecttaaccgaattttttcecategegatctaa
ttcteecocgettaatactgacgeteicgeacecatetetetecttctagectocgetagtcaaaatititggegtactcaccagtegocgeec
ctegoetettgeegtgegogettcagoaagecgagicctgogtogagagagetoctetggtiteectttegetticaagteectgticgggceg
ccactgetagagatittccacactgactaaaagggtetgagggatctctagttaccagagtcacacaacagacgggcacacactactiga
agcactcaaggcaagcetttatigaggcttaageagtgggttccctagttagocagagageteccaggetcagateiggictaaccagaga
gacccagtacaggeaaaacgegetgettatatagacctcccaccgtacacgectaccgeceatitgegicaatggggoggagtigitacg
acattttggaaagtccogtigatitiggtgecaaaacaaactcccatigacgtcaatggggiggagactiggaaateccegtigagicaaac
cgctatecacgeccattgatgtactgecaaaaccgeatcaccatggtaatagegatgactaatacgtagatgtactgecaagtaggaaag
tcccataaggtcatgtactgggeataatgecaggegggocattiaccgicatigacgtcaatagggggegtacttggeatatgatacactt
gatgiactgocaagigggeagittacegtaaatactocacocatigacgtcaatggaaagtocctattggogttactatgggaacatacgt
cattattgacgtcaatgggogggeatogttgggoggtcagocaggegggecattitacogtaagtiatgtaacgeggaactccatatatgg

gctatgaactaatgaccecgtaattgattactattaataactagicaataatcaatgtcaacgegtatatetggecegtacategegaage
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agcgeaaaacgectaacectaageagaticticatgeaatigteggtcaagecttgecttgttgtagetiaaatitigetegegeactacte
agcgacciccaacacacaagcagggageagataciggettaactatgeggeatcagageagatigtacigagagtgeaccatagggga
tcgggagatcteccgatecgicgacgteaggigegcactiticgggegaaatgigegeggaaccectatitgiitatttitctaaatacaticaa
atatgiatccgeicatgagacaataacccigataaatgeticaataatatigaaaaaggaagagiatgagiaticaacatttcegigtoge
cettattecctittitgeggeatttigecticctgtitttgetcacceagaaacgetggtgaaagtaaaagatgeigaagatcagttgggiac
acgagtgggitacatcgaaciggalctcaacageggtaagatectigagagiiticgecoccgaagaacgitttccaatgatgageactitt
aaagtictgctatgtggegeggtattatcecgiatigacgecgggcaagageaacteggicgecgeatacactaticicagaatgactige
tigaglactcaccagtcacagaaaageatcitacggatggeatgacagtaagagaatiatgeagtgotgecataaccatgagigataac
actgeggecaacttacitelgacaacgaicggaggaccgaaggagetaaccgetititigeacaacatgggggateatgtaactegectt
gategligggaaccggagotgaatgaagecataccaaacgacgagegigacaccacgatgecigiageaatggeaacaacgtigegea
aactattaactggegaactacitactctagetteccggeaacaattaatagactggatggaggcggataaagttgcaggaccacticige
geteggoecttoeggeiggetggtitatigetgataaatetggagecggtgagegtgggtictcgeggtatcatigeageactggggccaga
tggtaagecciccegiategtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagategetgagataggie
cotcactgattaageatiggiaactgtcagaccaagttiacticatatatactitagatigatitaaaacticatitttaatitaaaaggatcta
getgaagatcctititgataatcteatgaccaaaateccttaacgtgagitticgticcactgagegtcagaccecgtagaaaagatcaaa
ggatcttctigagatectittttictgegegtaatctgeigetigcaaacaaaaaaaccaccgetaccagoggtggtitgttigecggatcaa
gagctaccaacictitttccgaaggtaactiggcticageagagegeagataccaaatactgtictictagtgtageegtagitaggecace
acttcaagaacictgtageaccgectacatacctegetctgetaatectgttaccagiggctgetgecagiggegataagiegigictiace
gggtiggactcaagacgatagtiaccggataaggegeagoggtcgegeigaacgggggeticgigeacacageccagettggagegaa
cgacctacaccgaactgagatacctacagegigagetatgagaaagegecacgeticecgaagggagaaageoggacaggtateeggt
aagcggeaggeicggaacaggagagegeacgagggagcticcagggggaaacgectggtatetttatagtectgtogggtitcgecace

tctgactigagegtegatitttgtgatgctegicagggeggcggagectatggaaaaacgccageaacgeggectititacggitccigee
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ctittgctggectittgetcacatgtictitectgegttateccctgaticigiggataacegtatiacegectitgagtgagetgatacegetc

goegeagocgaacgaccgagogeagogagicagtgagcgaggaageggaagagegeccaatacgeaaaccgoctetceccgegegtt

ggccgaticatiaatgeagetggcacgacaggtticecgactggaaagegegcagtgagegeaacgcaatiaatgigagitagetcacic

attaggcaccccaggetttacactttatgettecggcicgtatgitgigiggaatigigageggataacaatttcacacaggaaacagetat

gaccatgattacgecaageictagetagaggtegacggtatacagacatgatiaagatacattgatgagitigegacaaaccacaactaga

atgcagigaaaaaaatgctitatiigigaaatitgtgatgctatigetttatttgtaaccatiataageigeaataaacaagiiggagisgg

cgaagaactecageatgagateccegegetggaggateatccagecggogicccggaaaacgaticegaageccaaccittcatagaag

geggoggtggaatcgaaatcicglageacgigicagicctgetccteggecacgaagigeacgeagtigecggecgggicgcgragggc

gaactcccgeecccacggeigeticgecgateteggtcatggeegaeacggaggegtcecggaagticgtggacacgacctecgaccacte

gecglacagetegiccaggocgogeacccacacceaggecagggtgiigiccggeaccacctggtectiggaccgogetgatgaacaggg

tcacgtegtcccggaccacaccggegaagicgiccticcacgaagiccegggagaacccgagecggtcggtecagaactegacegetceg

gegacgicgegogeggtgagcaccggaacggeaciggicaacttggecatggtttagticctcacctigtegiattatactatgecgatata

ctatgccgaigattaatigtcaacacgtgeigaicagatecgaaaaiggatatacaageteccgggagettittgeaaaagectaggecte

caaaaaagectoctcactactictggaatagcicagaggcagaggoggecteggectcigeataaataaaaaaaatiagtcagocalgg

ggcggagaatgggoggaactggeeggagtioggggcerpatgggcggagttaggggceggactatggtigetgactaatigagatgea

tgetttgeatactictgectgetggegagoctggggactitccacacctggttgeigactaatigagatgeatgettigeatactictgectge

tggegagectggggactticcacaccctaactgacacacaticcacagaatiaaticgegitaaattttigitaaatcageteatitittaac

caataggccgaaateggeaaaateccttataaatcaaaagaatagaccgagatagggtigagigtigticcagtttggaacaagagtce

actattaaagaacgiggaciceaacgicaaagggegasaaaccgictatcagggegatggoccactacgtgaaccateaccctaatcaa

giittttgpggtcgaggtgecgtaaageactaaatcggaaccoiaaagggagecceogatitagagetigacggegaaagocggogaac

glggcgagacaggaagggaagaaagcgaaaggagegggcgctagggcgctggeaagigiageggtcacgetgegegiaaccaccac

accegoegegctiaatgegeogctacagggegegtggggataccecctagagocecagetggtictitecgericagaagecatagagee
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caccgeatccccageatgectgetatigicticccaatecteccecttgetgiectgececaccccaceececagaatagaatgacacctac

tcagacaatgcgatgcaatitccteattttatiaggaaaggacagigggagiggcacciiccagggicaaggaaggcacgggggagsss

caaacaacagatggeiggcaactagaaggcacagtegaggcigatcagegegttiaaacgggecctgeiagagattttccacacigact

aaaagggictgagggatcictagtiaccagagicacacaacagacgggracacactactigaageactcaaggeaagctitatigaggc

ttaagcagtgggticcctagitagecagagagetcecaggcteagateiggtictaaccagagagacccagtacagiceggatgeagetct

cgggecatgigatgaaatgetaggeggctgicaaacciccacictaatactictetctocgggicatccateccatgeaggcteacagggt

gtaacaagegggtigtictetecitcatiggettctictaceticictigetcaactggtactagetigtageaccatccaaaggtcagtggata

fctgatccctggeoctggtgtgtagtictgecaatcagggaagtagectigigigiggtagatccacagatcaaggatatetigicticgtig

geagtgaatiageecticcagtecccectttictiitaaaaagiggctaagatctacagetgecttgtaagicatiggicttaaaggtacctg

aggtgtgaciggaaaaccoaccicctectectcitgigetictagecaggeacaatcageattggtagetgetgtatigetactigtgatige

WPRE

tccatgtittictaggictegategaggicgacget

tcgataagetigatategaatigggagggactagagtegeggecgctttacttgtacagtttaacatcicga

FEEK

gecataaagatggttaattaacccaccecaagat &t
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812 light chain

acgaagetiggtaccgageteggateiccaceocgtaGCCAC

T2A site

gagggcagaggaagtetgttaacatge

B12 Heavv Chain

getgacgicgaggagaatoctggecca

69



WO 2018/049401 PCT/US2017/051182

tggggagctgacctcaggacatigitggeccateccggecgggecctacatectgggtect

M1

gccacagagggaatcaccoccagaggoccaageocagggggacacageacigaccaccoocticetgtecagagy

igteggeegeacgtigiceccagetgtoctigacatigicceccatgetigicacaaacigicicigac

actgtcccacaggeigtecccaceigtecctgacgetgegeetggetgepectigpeggcagagaggtggectcagtgeectgaggggt

M2

gegtgggectegggggcageggctgtpgcctiogcteaccectgtgetptgectigectaca

sgpccaccetctgoggggtgtecagggegegecaa
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taaaatatctiiattttcattacatcigtgtgtigetitittptgtgaatcgatagtaciaacatacgeictceaicaaaacaaaacgaaaca

aaacaaactagcaaaataggeigiccccagtgeaagigeaggtgecagaacatiictctatttaaatgetagaattaaccaaactggate
tctgetgtccctgtaataaaccegaaaatitigaattttigtaatitgtittigtaatictitagtttgtatgtctgttgetatiatgtctactattc
titccectgeactgtaccecccaatoccoectittctitiaaaattgtggatgaatactgecattigictgeagaatiggegeacgeagtgec

gatcegticactaatcgaatggatctgteictgictcteteiccaccttettcttetaticcticgggectgtegggtececicggggitgggag
gtgggtcigaaacgataatggtgaatatecctgectaacictaticactatagaaagiacagcaaaaactaticttaaacctaccaagect
cetactatcatiatgaataatittatataccacagecaattigitatgttaaaccaaticcacaaactigeccatttatetaaticcaataatt

cttgticattettttettgetggititgegaticticaattaaggagtgtatiaaget

~d
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Table & Coding sequences for FAM? anti PE vector (SEQ} I NG:42) WPRE, woeodchuck
hepatiiis virus postivansoriptional regulatory clement; FEEK., B coll specilic prometer;
T2A, 2A peptide from Thoseq asigna virus; M1 and M2, transmembrane coding regions.
tgtgtaattgttaatitctctgteccactocatecaggiogtgtgaticeaaatotgticcagagatitattactocaactageaticcaagge
acagcagtggtgcaaatgagttitccagageaaccccaaatecccaggagetgitgatectttaggtatetticcacagecaggatictig
cetggagetgettgatgeoceagactgtgagtigeaacagatgetgtigegectcaatageccteageaaatigtictgetgetgeactata
ccagacaataatigictggectgtaccgtcagegtcatigacgetgegeecatagtgeticctgeigeteccaagaacccaaggaacaaa
getectattcocactgetettitttctctetgeaccactettctetttgoctiggtgggtgctactoctaatggtteaatitttactactttatattt
atataattcactictccaatigicocteatatetectectccaggictgaagatcageggecgettgetgtgeggtegtctiacttigiittge
tcttectetatetigtctaaagettoctiggtgtcttttatctetatectitgatgeacacaatagagggtigetactgtattatataatgateta
agitctictgatecigtctgaagggatggtigtagetgtoccagtatitgictacagectictgatgtttctaacaggecaggattaactgeg
aatcgtictageteoctgettgoccatactatatgtittaatttatatittttetticcccctggecttaaccgaattttttcecategegatctaa
ttcteecocgettaatactgacgeteicgeacecatetetetecttctagectocgetagtcaaaatititggegtactcaccagtegocgeec
ctegoetettgeegtgegogettcagoaagecgagicctgogtogagagagetoctetggtiteectttegetticaagteectgticgggceg
ccactgetagagatittccacactgactaaaagggtetgagggatctctagttaccagagtcacacaacagacgggcacacactactiga
agcactcaaggcaagcetttatigaggcttaageagtgggttccctagttagocagagageteccaggetcagateiggictaaccagaga
gacccagtacaggeaaaacgegetgettatatagacctcccaccgtacacgectaccgeceatitgegicaatggggoggagtigitacg
acattttggaaagtccogtigatitiggtgecaaaacaaactcccatigacgtcaatggggiggagactiggaaateccegtigagicaaac
cgctatecacgeccattgatgtactgecaaaaccgeatcaccatggtaatagegatgactaatacgtagatgtactgecaagtaggaaag
tcccataaggtcatgtactgggeataatgecaggegggocattiaccgicatigacgtcaatagggggegtacttggeatatgatacactt
gatgiactgocaagigggeagittacegtaaatactocacocatigacgtcaatggaaagtocctattggogttactatgggaacatacgt
cattattgacgtcaatgggogggeatogttgggoggtcagocaggegggecattitacogtaagtiatgtaacgeggaactccatatatgg

gctatgaactaatgaccecgtaattgattactattaataactagicaataatcaatgtcaacgegtatatetggecegtacategegaage
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agcgeaaaacgectaacectaageagaticticatgeaatigteggtcaagecttgecttgttgtagetiaaatitigetegegeactacte
agcgacciccaacacacaagcagggageagataciggettaactatgeggeatcagageagatigtacigagagtgeaccatagggga
tcgggagatcteccgatecgicgacgteaggigegcactiticgggegaaatgigegeggaaccectatitgiitatttitctaaatacaticaa
atatgiatccgeicatgagacaataacccigataaatgeticaataatatigaaaaaggaagagiatgagiaticaacatttcegigtoge
cettattecctittitgeggeatttigecticctgtitttgetcacceagaaacgetggtgaaagtaaaagatgeigaagatcagttgggiac
acgagtgggitacatcgaaciggalctcaacageggtaagatectigagagiiticgecoccgaagaacgitttccaatgatgageactitt
aaagtictgctatgtggegeggtattatcecgiatigacgecgggcaagageaacteggicgecgeatacactaticicagaatgactige
tigaglactcaccagtcacagaaaageatcitacggatggeatgacagtaagagaatiatgeagtgotgecataaccatgagigataac
actgeggecaacttacitelgacaacgaicggaggaccgaaggagetaaccgetititigeacaacatgggggateatgtaactegectt
gategligggaaccggagotgaatgaagecataccaaacgacgagegigacaccacgatgecigiageaatggeaacaacgtigegea
aactattaactggegaactacitactctagetteccggeaacaattaatagactggatggaggcggataaagttgcaggaccacticige
geteggoecttoeggeiggetggtitatigetgataaatetggagecggtgagegtgggtictcgeggtatcatigeageactggggccaga
tggtaagecciccegiategtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagategetgagataggie
cotcactgattaageatiggiaactgtcagaccaagttiacticatatatactitagatigatitaaaacticatitttaatitaaaaggatcta
getgaagatcctititgataatcteatgaccaaaateccttaacgtgagitticgticcactgagegtcagaccecgtagaaaagatcaaa
ggatcttctigagatectittttictgegegtaatctgeigetigcaaacaaaaaaaccaccgetaccagoggtggtitgttigecggatcaa
gagctaccaacictitttccgaaggtaactiggcticageagagegeagataccaaatactgtictictagtgtageegtagitaggecace
acttcaagaacictgtageaccgectacatacctegetctgetaatectgttaccagiggctgetgecagiggegataagiegigictiace
gggtiggactcaagacgatagtiaccggataaggegeagoggtcgegeigaacgggggeticgigeacacageccagettggagegaa
cgacctacaccgaactgagatacctacagegigagetatgagaaagegecacgeticecgaagggagaaageoggacaggtateeggt
aagcggeaggeicggaacaggagagegeacgagggagcticcagggggaaacgectggtatetttatagtectgtogggtitcgecace

tctgactigagegtegatitttgtgatgctegicagggeggcggagectatggaaaaacgccageaacgeggectititacggitccigee
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ctittgctggectittgetcacatgtictitectgegttateccctgaticigiggataacegtatiacegectitgagtgagetgatacegetc

goegeagocgaacgaccgagogeagogagicagtgagcgaggaageggaagagegeccaatacgeaaaccgoctetceccgegegtt

ggccgaticatiaatgeagetggcacgacaggtticecgactggaaagegegcagtgagegeaacgcaatiaatgigagitagetcacic

attaggcaccccaggetttacactttatgettecggcicgtatgitgigiggaatigigageggataacaatttcacacaggaaacagetat

gaccatgattacgecaageictagetagaggtegacggtatacagacatgatiaagatacattgatgagitigegacaaaccacaactaga

atgcagigaaaaaaatgctitatiigigaaatitgtgatgctatigetttatttgtaaccatiataageigeaataaacaagiiggagisgg

cgaagaactecageatgagateccegegetggaggateatccagecggogicccggaaaacgaticegaageccaaccittcatagaag

geggoggtggaatcgaaatcicglageacgigicagicctgetccteggecacgaagigeacgeagtigecggecgggicgcgragggc

gaactcccgeecccacggeigeticgecgateteggtcatggeegaeacggaggegtcecggaagticgtggacacgacctecgaccacte

gecglacagetegiccaggocgogeacccacacceaggecagggtgiigiccggeaccacctggtectiggaccgogetgatgaacaggg

tcacgtegtcccggaccacaccggegaagicgiccticcacgaagiccegggagaacccgagecggtcggtecagaactegacegetceg

gegacgicgegogeggtgagcaccggaacggeaciggicaacttggecatggtttagticctcacctigtegiattatactatgecgatata

ctatgccgaigattaatigtcaacacgtgeigaicagatecgaaaaiggatatacaageteccgggagettittgeaaaagectaggecte

caaaaaagectoctcactactictggaatagcicagaggcagaggoggecteggectcigeataaataaaaaaaatiagtcagocalgg

ggcggagaatgggoggaactggeeggagtioggggcerpatgggcggagttaggggceggactatggtigetgactaatigagatgea

tgetttgeatactictgectgetggegagoctggggactitccacacctggttgeigactaatigagatgeatgettigeatactictgectge

tggegagectggggactticcacaccctaactgacacacaticcacagaatiaaticgegitaaattttigitaaatcageteatitittaac

caataggccgaaateggeaaaateccttataaatcaaaagaatagaccgagatagggtigagigtigticcagtttggaacaagagtce

actattaaagaacgiggaciceaacgicaaagggegasaaaccgictatcagggegatggoccactacgtgaaccateaccctaatcaa

giittttgpggtcgaggtgecgtaaageactaaatcggaaccoiaaagggagecceogatitagagetigacggegaaagocggogaac

glggcgagacaggaagggaagaaagcgaaaggagegggcgctagggcgctggeaagigiageggtcacgetgegegiaaccaccac

accegoegegctiaatgegeogctacagggegegtggggataccecctagagocecagetggtictitecgericagaagecatagagee
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caccgeatccccageatgectgetatigicticccaatecteccecttgetgiectgececaccccaceececagaatagaatgacacctac

tcagacaatgcgatgcaatitccteattttatiaggaaaggacagigggagiggcacciiccagggicaaggaaggcacgggggagsss

caaacaacagatggeiggcaactagaaggcacagtegaggcigatcagegegttiaaacgggecctgeiagagattttccacacigact

aaaagggictgagggatcictagtiaccagagicacacaacagacgggracacactactigaageactcaaggeaagctitatigaggc

ttaagcagtgggticcctagitagecagagagetcecaggcteagateiggtictaaccagagagacccagtacagiceggatgeagetct

cgggecatgigatgaaatgetaggeggctgicaaacciccacictaatactictetctocgggicatccateccatgeaggcteacagggt

gtaacaagegggtigtictetecitcatiggettctictaceticictigetcaactggtactagetigtageaccatccaaaggtcagtggata

fctgatccctggeoctggtgtgtagtictgecaatcagggaagtagectigigigiggtagatccacagatcaaggatatetigicticgtig

geagtgaatiageecticcagtecccectttictiitaaaaagiggctaagatctacagetgecttgtaagicatiggicttaaaggtacctg

aggtgtgaciggaaaaccoaccicctectectcitgigetictagecaggeacaatcageattggtagetgetgtatigetactigtgatige

WPRE

tccatgtittictaggictegategaggicgacget

tcgataagetigatategaatigggagggactagagtegeggecgctttacttgtacagtttaacatcicga

FEEK

gecataaagatggttaattaacccaccecaagat &t
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Anti-PE light chain

cgaagettggtaccgageteggatciccaccocgtaGCCAC

T2A site
gaggecagaggaagictgtt

Anti-PE Heavy Chain

aacatgcggtgacgicgaggagaateciggecca
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cegtgoccageacctgaactoctggggggaccgtcagteticctcticoccocaaaacccaag

gacacccteatgatctccoggaceectgaggticacatgeptiggtiggtiggacgtgagccacgaagaccctgaggtcaagitcaactggtat
gitgacggcgtggaggigeataatgocaagacaaageegegggaggageagtacaacageacgtacegigiggtcagegtccteacey
tectgeaccaggaciggetgaatggraaggagtacaagtgeaaggtciccaacaaageccteccagoccccategagaaaaccatetcee
aaagecaaagggrageoccgagaaccacaggtgtacaccetgeccccateccgggatgagetgaccaagaatcaagtcagectgacet
geetggtcaaaggettctateccagogacategocgtggagtgggagagcaatgggcagocgEagaacaactacaagaccacgecice
cgtgctggactecgacggctecticticetetactcaaaactcacegtggacaagageaggtgecageaggggaacgtcticicatgetec
gigatgcatgaggetcigeacaaccactacacacagaagagoctcteccigictocgggtaaatgagt gCacgErcgeraageecceg
ctecccaggetcteggggtogegogaggatgetiggeacgtaceecgtgtacatacticecaggeacccageatggaaataaageaccea
gegcttcectgggococtgegagacigigatggtictitccacgggtcaggecgagtctgaggectgagtiggcatgagegaggcagagty

geteccactgiccccacaciggeccaggetgtgatgggeagetgaccicaggacattgtiggeccateceggecgggecctacatectgg

M1

gicctgocacagagggaatcaccoccagaggoccaagoccagggggacacageactgaccacceecttoctgiccagags

ntron

g ggteggccgeacgtigteoceagetgtoctigacatigtececcatgetgtcacaaactgte

tctgacactgtcccacaggetgtocecaccigtccctgacgotgogggtggetgggoctiggggecagagaggiggectcagigoeciga
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M2

gEEEtgEsteeepctogggggcagggcigtggectcgotcaccectgtgetgtgocttgectacag;

ggecacecteigeggggtgtocagegege
gccaataaaatatctitattttcattacatcigtgtgtiggtitittgtgtgaatcgatagtactaacatacgeictccatcaaaacaaaacg
aaacaaaacaasactagcaaaataggcigtecceagtgcaagtgeaggigecagaacatitcictatitaaatgetagaatiaaccaaact
geatcictgetgteoctgtaataaaccegaaaatttigaatitttgtaatttgtititglaatictitagtitgtatgtetgitgctatiatgicta
ctattctitcecctgeactgtacceeccaatecccectitictttiaaaattgiggatgaatactgecattigictgcagaatiggegcacgea
gtgcegatcegttcactaatcgaatggatetgtetotigictetetciccaccticticttctattocticgggoctgtegggtccecteggggtt
gegaggtgeetctgaaacgataatggtgaatatecctgectaactciaticactatagaaagtacageaaaaactatictiaaacctace
aagcctectactatcattatgaataatittatataccacagecaattigttatgitaaaccaattccacaaacttgoccatitatctaattcea

ataatictigitcatictitictigctggititgegaticticaatiaaggagtigtatiaagct
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What is claimed is:

t. A genome-edited primary B cell.

2. The genome-edited primary B cell of claim 1, wherein the primary B cell comprises a cell

expressing at least one of CD19, IgM, IgD, CD277, CD217, and CXCRS™

3. The genome-edited primary B cell of either of claims 1 or 2, wherein the primary B cell

comprises a cell isolated from peripheral blood, umbilical cord cells, ascites, or a solid tumor.

4. The genome-edited primary B cell of any one of claims | to 3, wherein the primary B cell

comprises a non-clonal cell.

5. The genome-edited primary B cell of any one of claims 1 to 4, wherein the primary B cell

comprises a proliferating cell.

6. The genome-edited primary B cell of any one of claims 1 to 5, wherein the primary B cell is a

mammalian ceil.

7. The genome-edited primary B cell of any one of claims 1 to 6, wherein an endogenous gene is

deleted.

8. The genome-edited primary B cell of any one of claims 1 to 7, wherein an endogenous gene

comprises a point mutation.

9. The genome-edited primary B cell of any one of c¢laims 1 to 8, the primary B cell comprising an

EXOZEenous gene.

10. The genome-edited primary B cell of any one of claims 7 to 9, wherein at least one of the
endogenous gene and the exogenous gene comprises a nucleic acid encoding at least a portion of a

B cell receptor (BCR}.
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11. The genome-edited primary B cell of any one of claims 1 to 10, wheretn the primary B cell
exhibits decreased expression of an endogenous B cell receptor (BCR) relative to a non-genome

edited primary B cell.

12. The genome-edited primary B cell of any one of claims 1 to 11, wherein the primary B cell

comprises a maodification that alters expression or activity of CI}9.

13. The genome-edited primary B cell of any one of claims 1 to 12, wherein the primary B cell
comprises a therapeutic cassette comprising a nucleic acid encoding a B cell receptor (BCR) and a

nucleic acid encoding a gene to be overexpressed.

14. A method comprising administering to the subject a composition comprising the genome-edited

primary B cell of any one of claims 1 to 13.

15. The method of claim 14, wherein the method comprises treating or preventing a disease in a
subject, and the disease comprises an enzymopathy, a cancer, a precancerous condition, an infection

with a pathogen, or a viral infection.

16. A therapeutic cassette comprising a nucleic acid encoding a B cell receptor (BCR) and a nucleic

acid encoding a gene to be overexpressed.

17. The therapeutic cassette of claim 16, wherein the gene to be overexpressed comprises a nucleic

acid encoding an enzyme.

18. The therapeutic cassette of claim 17, wherein the enzyme comprises an enzyme lacking in a

subject having an enzymopathy.
19. The therapeutic cassetie of any one of claims 16 to 18, wherein the nucleic acid encoding the

BCR and the nucleic acid encoding the gene to be overexpressed are transcriptionally linked,

transiationally linked, or both.
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20. The therapeutic cassetie of any one of claims 16 to 19, wherein the therapeutic cassette
comprises a promoter that drives transcription of the nucleic acid encoding the BCR and the nucleic
acid encoding the gene to be overexpressed.

21. A vector comprising the therapeutic cassette of any one of claims 16 to 20.

22. The vector of claim 20, the vector comprising a lentiviral vector,

2

(42

. The vector of etther of claims 21 or 22, wherein the vector comprises at least one of a BaEV-
psuedotype lentiviral vector, a VSVg-psuedotype lentiviral vector, a FAMI lentiviral vector, and a
FAMZ lentiviral vector.

24. A cell comprising the therapeutic cassette of any one of claims 16 to 20.

25. The cell of claim 24, wherein the cell comprises a primary B cell.

26. A method comprising administering the cell of either of claims 24 or 25 to a subject.

27. The method of claim 26 further comprising administering an antigen 1o the subject, wherein the

BCR of the therapeutic cassette is specific to the antigen.

28. A method comprising editing a genome of a primary B cell, wherein the primary B cell

comprises a cell expressing at least one of CD19, IgM, IgD, CD27", CD217, and CXCRS™.

2

29. The method of claim 28, the method comprising introducing an exogenous protein or nucleic

acid into the primary B cell.

30. The method of either of claims 28 or 29, the method comprising electroporation of the cell.

31. The method of any one of claims 28 to 30, the method comprising introducing a targeted

nuclease or a nucleic acid encoding a targeted nuclease.
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32. The method of any one of claims 28 to 31, wherein the method further comprises subjecting the

primary B cell to at least one of an activation, a stimulation, and a proliferation step.

33. The method of claim 32, the method comprising:

subjecting the primary B cell to at least one of an activation, a stimulation, and a
proliferation step; and

electroporation of the cell to introduce an exogenous protein or an exogenous nucleic acid

into the primary B cell.
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Figure 5
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Figure 7 Electreporation conditions
A Condition Voltage Width Pulses
1 n/fa n/a n/fa
2 1500 20 1
3 1700 20 1
4 1200 30 1
5 1400 30 1
6 1000 40 1
7 1200 40 1
1200 20 2
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12 1400 10 3
13 1600 10 3
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