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SYSTEMS AND METHODS FOR EXPRESSING BIOMOLECULES IN A SUBJECT

The present application claims priority to U.S. Provisional application serial number

63/083.625, filed September 25, 2020, which 1s herein incorporated by reference 1n 1ts entirety.

SEQUENCE LISTING

The text of the computer readable sequence listing filed herewith, titled “38655-
601 SEQUENCE LISTING ST257, created September 24, 2021, having a file size of 2,893,042

bytes, 1s hereby incorporated by reference in 1ts entirety.

FIELD OF THE INVENTION

The present invention provides compositions, systems, kits, and methods for expressing at
least one therapeutic protein or biologically active nucleic acid molecule 1n a subject. In certain
embodiments, the subject 1s first administered a composition comprising polycationic structures
that 1s free, or essentially free, of nucleic acid molecules, and then (e.g., 1-30 minutes later) 1s
administered a composition comprising a plurality of one or more non-viral expression vectors that
encode at least one therapeutic protein (e.g., at least one anti-SARS-CoV-2 antibody, multiple
different antibodies, one anti-SARS-CoV-2 recombinant ACE2 protein, at least one cytokine, or

human growth hormone) or a biologically active nucleic acid molecule.

BACKGROUND

The simplest non-viral gene delivery system uses naked expression vector DNA. Direct
injection of free DNA 1nto certain tissues, particularly muscle, has been shown to produce high
levels of gene expression, and the simplicity of this approach has led to 1ts adoption 1n a number of
clinical protocols. In particular, this approach has been applied to the gene therapy of cancer where
the DNA can be injected either directly into the tumor or can be injected into muscle cells 1n order
to express tumor antigens that might function as a cancer vaccine.

Although direct injection of plasmid DNA has been shown to lead to gene expression, the
overall level of expression 1s much lower than with either viral or liposomal vectors. Naked DNA
1s also generally thought to be unsuitable for systemic administration due to the presence of serum
nucleases. As a result, direct injection of plasmid DNA appears to be limited to only a few
applications involving tissues that are easily accessible to direct injection such as skin and muscle

cells.
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SUMMARY OF THE INVENTION

The present invention provides compositions, systems, kits, and methods for expressing at
least one therapeutic protein or biologically active nucleic acid molecule in a subject. In certain
embodiments, the subject 1s first administered a composition comprising polycationic structures
that 1s free, or essentially free, of nucleic acid molecules, and then (e.g., 1-30 minutes later) 1s
administered a composition comprising a plurality of one or more non-viral expression vectors that
encode at least one therapeutic protein (e.g., at least one anti-SARS-CoV-2 antibody, multiple
different antibodies, or human growth hormone) or a biologically active nucleic acid molecule. In
some embodiments, an agent 1s further administered (e.g., EPA or DHA) that increases the level
and/or length of expression in a subject. In particular embodiments, the first and/or second
composition 1s administered via the subject's airway.

In some embodiments, provided herein are methods comprising: a) administering a first
composition to a subject, wherein the first composition comprises polycationic structures, and
wherein the first composition 1s free, or essentially free, of nucleic acid molecules; and b)
administering a second composition to the subject after administering the first composition,
wherein the second composition comprises a plurality of one or more non-viral expression vectors
that encode at least one anti-SARS-CoV-2 antibody or antigen-binding portion thereof, and/or
recombinant ACE2, and wherein, as a result of the administering the first and second
compositions, the at least one anti-SARS-CoV-2 antibody, or antigen-binding portion thereof,
and/or said recombinant ACE2, 1s expressed 1n the subject.

In certain embodiments, provided herein are systems comprising: a) a first container:;

b) a first composition 1nside the first container and comprising polycationic structures, wherein the
first composition 1s free, or essentially free, of nucleic acid molecules; ¢) a second container; and
d) a second composition inside the second container and comprising a plurality of one or more
non-viral expression vectors that encode at least one anti-SARS-CoV-2 antibody or antigen-
binding portion thereof, or an ACE2 protein.

In some embodiments, the systems further comprise an Agent that: 1) increases the level of
expression of the at least one anti-SARS-CoV-2 antibody or antigen-binding portion thereof, or the
ACE2 protein, when administered to a subject, and/or 11) and/or the length of time of the
expression; as compared to when the agent 1s not administered to the subject. In further
embodiments, the Agent 1s present 1n the first composition and/or the second composition. In
other embodiments, the systems further comprise: a third container, and wherein the agent 1s

present in the third container.
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In certain embodiments, the systems further comprise an anti-viral agent (e.g.. Remdesivir
or a protein comprising at least part of the ACE2 receptor) and/or an anti-inflammatory and/or
anticoagulant.

In particular embodiments, wherein: A) the subject 1s infected with the SARS-CoV-2 virus,
and wherein the at least one anti-SARS-CoV-2 antibody, or antigen-binding portion thereof, or
recombinant ACE2 1s expressed 1n the subject at an expression level sufficient to reduce: 1) the
SARS-CoV-2 viral load 1n the subject, and/or 11) at least one symptom 1n the subject caused by the
SARS-CoV-2 infection; or B) the subject 1s not infected with the SARS-CoV-2 virus, and wherein
the at least one anti-SARS-CoV-2 antibody, or antigen-binding portion thereof, or recombinant
ACE?2 1s expressed 1n the subject at an expression level sufficient to prevent the subject from being
infected by the SARS-CoV-2 virus.

In certain embodiments, the expression level 1s maintained in the subject for at least two
weeks without: 1) any further, or only one, two, or three further repeat, of steps a) and b), and 11)
any further administration of vectors encoding the at least one anti-SARS-CoV-2 antibody or
antigen-binding portion thereof. In other embodiments, the expression level 1s maintained in the
subject for at least one month without: 1) any further, or only one, two, or three further repeat, of
steps a) and b), and 11) any further administration of vectors encoding the at least one anti-SARS-
CoV-2 antibody or antigen-binding portion thereof. In further embodiments, the expression level
1s maintained 1n the subject for at least one year, or two years, or for the lifetime of the subject,
without: 1) any further, or only one, two, or three further repeat, of steps a) and b), and 11) any
further administration of vectors encoding the at least one anti-SARS-CoV-2 antibody or antigen-
binding portion thereof. In some embodiments, the at least one anti-SARS-CoV-2 antibody, or
antigen-binding portion thereof, 1s expressed in the subject at a level of: 1) between 500ng/ml and
50ug/ml, or 10-20ug/ml, for at least 25 days, or 11) at least 250 ng/ml for at least 25 days.

In some embodiments, provided herein are methods of simultaneously expressing at least
three different antibodies, or antigen binding portions thereof, in a subject comprising: a)
administering a first composition to a subject, wherein the first composition comprises
polycationic structures, and wherein the first composition 1s free, or essentially free, of nucleic
acid molecules; and b) administering a second composition to the subject after administering the
first composition, wherein the second composition comprises a plurality of one or more non-viral
expression vectors that encode at least three different antibodies or antigen-binding portions
thereof, and wherein, as a result of the administering the first and second compositions, the at least
three different antibodies, or antigen-binding portions thereof, are ssmultaneously expressed 1n the
subject. In certain embodiments, the at least three different antibodies, or antigen binding portions

thereof, are specific for SARS-CoV-2 and/or influenza A, and/or influenza B. In some
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embodiments, the at least three different antibodies, or antigen-binding portions thereof, are each
fully or substantially neutralizing for SARS-CoV-2. In other embodiments, the at least three
different antibodies, or antigen-binding portions thereof, are each fully or substantially neutralizing
for a virus selected from the group consisting of: HIV, influenza A, influenza B, and malaria.

In certain embodiments, provided herein are systems comprising: a) a first container; b) a
first composition inside the first container and comprising polycationic structures, wherein the first
composition 1s free, or essentially free, of nucleic acid molecules; ¢) a second container; and d) a
second composition mnside the second container and comprising a plurality of one or more non-
viral expression vectors that encode at least three different antibodies or antigen-binding portions
thereof. In certain embodiments, the systems further comprise: an agent that: 1) increases the level
of expression of at least one of the at least three different antibodies or antigen-binding portions
thereof when administered to a subject, and/or 11) and/or the length of time of the expression, as
compared to when the agent 1s not administered to the subject. In other embodiments, the agent 1s
present 1n the first composition and/or the second composition. In additional embodiments, the
systems further comprise a third container, and wherein the agent 1s present in the third container.

In certain embodiments, the at least three different antibodies or antigen-binding portions
thereof, are each expressed 1n the subject at a level of at least 100 ng/ml (e.g., at least 100 ... 500 ...
900 ng/ml). In other embodiments, the at least three different antibodies or antigen-binding
portions thereof, are each expressed in the subject at a level of at least 100 ng/ml for at least 25
days. In other embodiments, the at least three different antibodies or antigen-binding portions
thereof, are expressed 1n the subject at a level of at least 200 ng/ml.

In further embodiments, the at least three different antibodies or antigen-binding portions
thereof, are expressed 1n the subject at a level of at least 200 ng/ml for at least 25 days. In other
embodiments, wherein: A) the expression level for each of the three different antibodies, or
antigen binding portions thereof, 1s maintained 1n the subject for at least two weeks, or at least 3
weeks, without: 1) any further, or only one further, repeat of steps a) and b), and 11) any further
administration of vectors encoding the at least three different antibodies or antigen binding
portions thereof; and/or B)repeating steps a) and b) at least once or at least twice. In particular
embodiments, the expression level 1s maintained 1n the subject for at least two weeks, or at least 3
weeks, without: 1) any further, or only one or two further, repeats of steps a) and b), and 11) any
further administration of vectors encoding the at least three different antibodies or antigen binding
portions thereof.

In other embodiments, the one or more non-viral expression vectors comprise three non-
viral expression vectors. In further embodiments, each of the three non-viral expression vector

encodes a different antibody or antigen binding fragment thereof. In further embodiments, the one
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or more non-viral expression vectors comprise six non-viral expression vectors. In additional
embodiments, each of the six non-viral expression vectors encodes a different antibody light chain
variable region, or heavy chain variable region. In further embodiments, the one or more non-viral
expression vectors comprise first, second, and third nucleic acid sequences each encoding an
antibody light chain variable region, and fourth, fifth, and sixth nucleic acid sequences each
encoding an antibody heavy chain variable region. In other embodiments, the antigen-binding
portions thereof are selected from the group consisting of: a Fab', F(ab)2, Fab, and a minibody.

In some embodiments, at least one of the at least three different antibodies or antigen-
binding portions thereof 1s an anti-SARS-CoV-2 antibody or antigen binding portion thereof. In
other embodiments, the at least one of the at least three different antibodies or antigen-binding
portions thereof 1s an antibody or antigen binding portion thereof selected from Table 4 and/or
Table 7. In further embodiments, the at least three different antibodies or antigen-binding portions
thereol comprise at least four, five, six, seven, or eight different antibodies or antigen-binding
portions thereof. In some embodiments, the administering comprises intravenous administering.

In some embodiments, provided herein are methods comprising: a) administering a first
composition to a subject, wherein the first composition comprises polycationic structures, and
wherein the first composition 1s free, or essentially free, of nucleic acid molecules; and b)
administering a second composition to the subject after administering the first composition,
wherein the second composition comprises a plurality of non-viral expression vectors that encode
human growth hormone (hGH) and/or hGH linked to a half-life extending peptide (hGH-ext), and
wherein, as a result of the administering the first and second compositions, the hGH 1s expressed
in the subject.

In particular embodiments, the hGH and/or hGH-ext 1s expressed in the subject at a serum
expression level of at least 1 ng/ml (e.g., atleast 1 ... 10 ... 100 ... 500 ng/ml). In other
embodiments, the expression level 1s maintained in the subject for at least two weeks without: 1)
any further, or only one further repeat, of steps a) and b), and 1) any further administration of
vectors encoding the hGH or hGH-ext. In other embodiments, the expression level 1s maintained
in the subject for at least one month without: 1) any further, or only one further repeat, of steps a)
and b), and 11) any further administration of vectors encoding the hGH or hGH-ext. In additional
embodiments, the expression level 1s maintained 1n the subject for at least one year without: 1) any
further, or only one further repeat, of steps a) and b), and 1) any further administration of vectors
encoding the hGH or hGH-ext. In further embodiments, the plurality of non-viral expression
vectors encode the hGH-ext, and wherein the half-life extending peptide 1s selected from the group

consisting of: an Fc region peptide, serum albumin, carboxy terminal peptide of human chorionic

oonadotropin b-subunit (CTP), and XTEN (see, Schellenberger et al., Nat Biotechnol. 2009
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Dec;27(12):1186-90). In additional embodiments, the methods further comprise: ¢) administering
an agent, 1n the first and/or second composition, or present in a third composition, wherein the
agent: 1) increases the level of expression of the hGH and/or hGH-ext, and/or 1) and/or the length
of time of the expression compared to when the agent 1s not administered to the subject.

In some embodiments, provided herein are systems comprising: a) a first container; b) a
first composition inside the first container and comprising polycationic structures, wherein the first
composition 1s free, or essentially free, of nucleic acid molecules; ¢) a second container; and d) a
second composition inside the second container and comprising a plurality of non-viral expression
vectors that encode human growth hormone (hGH) and/or hGH linked to a half-life extending
peptide (hGH-ext). In certain embodiments, systems further comprise: an Agent that: 1) increases
the level of expression of the hGH and/or the hGH-ext when administered to a subject, and/or 11)
and/or the length of time of the expression; as compared to when the agent 1s not administered to
the subject. In other embodiments, the agent 1s present in the first composition and/or the second
composition. In particular embodiments, the systems further comprise: a third container, and
wherein the agent 1s present in the third container.

In some embodiments, provided herein are methods comprising: a) administering a first
composition to a subject, wherein the first composition comprises polycationic structures, and
wherein the first composition 1s free, or essentially free, of nucleic acid molecules; b)
administering a second composition to the subject after administering the first composition,
wherein the second composition comprises a plurality of expression vectors that each comprise a
first nucleic acid sequence encoding a first protein and/or a first biologically active nucleic acid
molecule; and ¢) administering an agent, 1n the first and/or second composition, or present in a
third composition, wherein the agent: 1) increases the level of expression of the first protein or the
first biologically active nucleic acid molecule, and/or 11) and/or the length of time of the
expression; and/or 111) decreases toxicity as measured by alanine aminotransferase (ALT) levels:
all as compared to when the agent 1s not administered to the subject; wherein the agent 1s selected
from the group consisting of: docosahexaenoic acid (DHA), eicosapenaenoic acid (EPA), alpha
Linolenic acid (ALA), lipoxin A4 (LA4), 15-deoxy-12,14-prostaglandin J2 (15d), arachidonic acid
(AA), cocosapentaenoic acid (DPA), retinoic acid (RA), diallyl disulfide (DADS), oleic acid (OA),
alpha tocopherol (AT), sphingosine-1-phosphate (S-1-P), palmitoyl sphingomyelin (SPH), an anti-
TNFa antibody or antigen binding fragment thereof, a heparinoid, and N-Acetyl-De-O-Sulfated
Heparin; and wherein, as a result of the administering the first and second compositions and the
agent to the subject, the first protein or the first biologically active nucleic acid molecule 1s

expressed 1n the subject.
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In other embodiments, the first protein or the first biologically active nucleic acid
molecule, 1s expressed 1n the subject at a serum expression level of at least 10 ng/ml or at least 100
ng/ml. In additional embodiments, the expression level 1s maintained 1n the subject for at least two
weeks without: 1) any further, or only one further repeat, of steps a), b) and ¢), and 1) any further
administration of vectors encoding the first protein or the first biologically active nucleic acid
molecule. In further embodiments, the expression level 1s maintained in the subject for at least one
month without: 1) any further, or only one further repeat, of steps a), b) and ¢), and 11) any further
administration of vectors encoding the first protein or the first biologically active nucleic acid
molecule. In additional embodiments, the expression level 1s maintained in the subject for at least
one year without: 1) any further, or only one further repeat, of steps a), b), and ¢), and 11) any
further administration of vectors encoding the first protein or the first biologically active nucleic
acid molecule. In other embodiments, the first nucleic acid sequence provides the first protein or
the first biologically active nucleic acid molecule, wherein the first biologically active nucleic acid
molecule comprises a sequence selected from: an siRNA or sShRNA sequence, a miRNA sequence,
an antisense sequence, a CRISPR multimerized single guide, and a CRISPR single guide RNA
sequence (SgRNA). In other embodiments, each of the expression vectors further comprises a
second nucleic acid sequence encoding: 1) a second therapeutic protein, and/or 11) a second
biologically active nucleic acid molecule.

In some embodiments, the agent 1s present in the first composition. In particular
embodiments, the agent 1s present in the third composition, and 1s administered at least one hour
prior to the first composition. In additional embodiments, the agent comprises docosahexaenoic
Acid (DHA). In further embodiments, the agent comprises eicosapenaenoic Acid (EPA).

In additional embodiments, provided herein are systems comprising: a) a first container:;

b) a first composition nside the first container and comprising polycationic structures, wherein the
first composition 1s free, or essentially free, of nucleic acid molecules; ¢) a second container; and
d) a second composition inside the second container and comprising a plurality of expression
vectors that each comprise a first nucleic acid sequence encoding a first protein and/or a first
biologically active nucleic acid molecule; and e) an agent 1n the first and/or second composition,
or present 1n a third composition 1n a third container, wherein the agent 1s selected from the group
consisting of: docosahexaenoic acid (DHA), eicosapenaenoic acid (EPA), alpha Linolenic acid
(ALA), lipoxin A4 (LA4), 15-deoxy-12,14-prostaglandin J2 (15d), arachidonic acid (AA),
cocosapentaenoic acid (DPA), retinoic acid (RA), diallyl disulfide (DADS), oleic acid (OA), alpha
tocopherol (AT), sphingosine-1-phosphate (S-1-P), palmitoyl sphingomyelin (SPH), an anti-TNFa
antibody or antigen binding fragment thereof, a heparinoid, and N-Acetyl-De-O-Sulfated Heparin.
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In further embodiments, the agent, when administered to a subject with the first and second
compositions: 1) increases the level of expression of the first protein or the first biologically active
nucleic acid molecule, and/or 1) and/or the length of time of the expression; and/or 111) decreases
toxicity as measured by alanine aminotransferase (ALT) levels; all as compared to when the agent
1s not administered to the subject. In other embodiments, the agent 1s present in the first
composition and/or the second composition. In further embodiments, the systems further comprise
said third container, and wherein the agent 1s present in the third container.

In some embodiments, provided herein are methods comprising: a) administering a first
composition to a subject via the subject's airway, wherein the first composition comprises
polycationic structures, and wherein the first composition 1s free, or essentially free, of nucleic
acid molecules; and b) administering a second composition to the subject after administering the
first composition, wherein the administering 1s via the subject's airway, and wherein the second
composition comprises a plurality of expression vectors that each comprise a first nucleic acid
sequence encoding a first protein and/or a first biologically active nucleic acid molecule; and
wherein, as a result of the administering the first and second compositions to the subject, the first
protein or the first biologically active nucleic acid molecule 1s expressed 1n the subject.

In certain embodiments, the first protein or the first biologically active nucleic acid
molecule 1s expressed 1n the subject's lungs. In further embodiments, the first composition 1s an
aqueous composition or a freeze-dried composition. In other embodiments, the second
composition 1s an aqueous composition or a freeze-dried composition. In additional embodiments,
the polycationic structure comprise lipids selected from the group consisting of: 1,2-dioleoyl-3-
trimethylammonium-propane (DOTAP); 1,2-Dimyristoyl-sn-glycero-3-phosphocholine (DMPC);
1,2-dioleoyl-sn-glycero-3-phospho-L-serine (DOPS); and 1-stearoyl-2-oleoyl-sn-glycero-3-
phospho-L-serine. In other embodiments, the subject has lung inflammation. In further
embodiments, the subject 1s on a ventilator.

In additional embodiments, provided herein are systems comprising: a) a first container; b)
a first composition nside the first container and comprising polycationic structures, wherein the
first composition 1s free, or essentially free, of nucleic acid molecules, and wherein the
polycationic structure comprise lipids selected from the group consisting of: 1,2-dioleoyl-sn-
olycero-3-phospho-L-serine (DOPS); and 1-stearoyl-2-oleoyl-sn-glycero-3-phospho-L-serine; ¢) a
second container; and d) a second composition inside the second container and comprising a
plurality of expression vectors that each comprise a first nucleic acid sequence encoding a first
protein and/or a first biologically active nucleic acid molecule.

In some embodiments, provided herein are systems comprising: a) a first container; b) a

first composition 1nside the first container and comprising polycationic structures, wherein the first
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composition 1s free, or essentially free, of nucleic acid molecules; ¢) a second container; and d) a
second composition inside the second container and comprising a plurality of expression vectors
that each comprise a first nucleic acid sequence encoding a first protein and/or a first biologically
active nucleic acid molecule, wherein the first and/or second composition 1s a freeze-dried
composition.

In some embodiments, provided herein are methods of treating a subject comprising:
administering a composition to a subject, wherein the composition comprises: 1) an emulsion
and/or plurality of liposomes, and 1) an Agent, wherein the subject has: inflammation, an
autoimmune disease, an immune-deficiency disease, SARS-CoV-2 infection, and/or 1s receiving a
checkpoint inhibitor, and wherein the Agent selected from the group consisting of:
dexamethasone, dexamethasone palmitate, a dexamethasone fatty acid ester, docosahexaenoic
Acid (DHA), eicosapenaenoic Acid (EPA), alpha Linolenic Acid (ALA), lipoxin A4 (LA4), 15-
deoxy-12.14-Prostaglandin J2 (15d), arachidonic acid (AA), docosapentaenoic acid (DPA),
retinoic Acid (RA), diallyl disulfide (DADS), oleic acid (OA), alpha tocopherol (AT),
sphingosine-1-phosphate (S-1-P), palmitoyl sphingomyelin (SPH), an anti-TNFa antibody or
antigen binding fragment thereof, a heparinoid, and N-Acetyl-De-O-sulfated heparin. In further
embodiments, the administration comprises airway administration. In other embodiments, the
administration comprises systemic administration. In other embodiments, the composition
comprises the liposomes, and wherein Agent 1s incorporated into the liposomes. In other
embodiments, the composition further comprises one or more of the Agents not in the liposomes.
In additional embodiments, the composition 1s free, or essentially free, or nucleic acid molecules.
In other embodiments, the subject 1s infected with SARS-CoV-2, and the method further
comprises administering an anti-viral agent to the subject. In further embodiments, the anti-viral
agent comprises Remdesivir or a protein comprising at least part of the ACE2 receptor. In other
embodiments, the methods further comprise: administering an anti-inflammatory and/or
anticoagulant to the subject. In some embodiments, the composition 1s an aqueous composition or
a freeze-dried composition. In additional embodiments, the liposomes comprise lipids selected
from the group consisting of: 1,2-dioleoyl-3-trimethylammonium-propane (DOTAP); 1,2-
Dimyristoyl-sn-glycero-3-phosphocholine (DMPC); 1,2-dioleoyl-sn-glycero-3-phospho-L-serine
(DOPS); and 1-stearoyl-2-oleoyl-sn-glycero-3-phospho-L-serine.

In certain embodiments, provided herein are methods comprising: a) administering a first
composition to an animal model, wherein the first composition comprises polycationic structures,
and wherein the first composition 1s free, or essentially free, of nucleic acid molecules, and
wherein the animal model 1s infected with SARS-CoV-2; and b) administering a second

composition to the animal model after administering the first composition, wherein the second
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composition comprises a plurality of one or more non-viral expression vectors that encode first
and second anti-SARS-CoV-2 antibodies or antigen-binding portion thereof, and wherein, as a
result of the administering the first and second compositions, the first and second candidate anti-
SARS-CoV-2 antibodies or antigen-binding portions thereof, are expressed in the animal model;
and ¢) determining the extent to which the expression of the first and second candidate anti-SARS-
CoV-2 antibodies, or antigen-binding portions thereof, 1) reduce the SARS-CoV-2 viral load 1n the
animal model, and/or 11) reduce at least one symptom 1n the animal model caused by the SARS-
CoV-2 infection. In particular embodiments, the plurality of one or more non-viral expression
vectors further encode third, fourth, fifth, sixth, seventh, eighth, ninth, tenth, or eleventh candidate
antlI-SARS-CoV-2 antibodies or antigen-binding fragments thereof. In certain embodiments, the
animal model 1s selected from a: mouse, rat, hamster, Guinee pig, primate, monkey, chimpanzee,
or rabbit. In further embodiments, first and anti- SARS-CoV2 antibodies, or antigen binding
portions thereof, are from Table 7 or Table 5. In additional embodiments, the first and second
antl- SARS-CoV2 antibodies, or antigen binding portions thereof, are selected from the group
consisting of: REGN10933, REGN10987; VIR-7831; LY-CoV1404; LY3853113; Zost 2355K;
CVO07-209K; C121L; Zost 2504L; CV38-183L; COVA2135K; RBD215; CV07-250L; C144L;
COVAIISL; C135K; and B38. In certain embodiments, the first and second anti- SARS-CoV?2
antibodies, or antigen binding portions thereof, are REGN10933 and REGN10987.

In further embodiments, the polycationic structures comprise cationic lipids. In some
embodiments, first composition comprises a plurality of liposomes, wherein at least some of said
liposomes comprises said cationic lipids. In other embodiments, at least some of said liposomes
comprise neutral lipids. In further embodiments, the ratio of said cationic lipids to said neutral
lipids 1n said liposomes 1s 95:05 - 80:20 or about 1:1. In other embodiments, the cationic and
neutral lipids are selected from the group consisting of: distearoyl phosphatidyl choline (DSPC);
hydrogenated or non-hydrogenated soya phosphatidylcholine (HSPC);
distearoylphosphatidylethanolamine (DSPE); egg phosphatidylcholine (EPC); 1,2-Distearoyl-sn-
glycero-3-phospho-rac-glycerol (DSPG); dimyrnstoyl phosphatidylcholine (DMPC); 1,2-
Dimyristoyl-sn-glycero-3-phosphoglycerol (DMPG); 1.2-Dipalmitoyl-sn-glycero-3-phosphate
(DPPA); trimethylammonium propane lipids; DOTIM (1-[2-9(2)-octadecenoylloxy)ethyl]-2-(8(2)-
heptadecenyl)-3-(2-hydroxyethyl) midizolinium chloride) lipids; and mixtures of two or more
thereof.

In some embodiments, the one or more non-viral expression vectors comprise plasmids,
wherein the plasmids are not attached to, or encapsulated 1n, any delivery agent. In additional
embodiments, the one or more non-viral expression vectors comprise a first nucleic acid sequence

encoding an antibody light chain variable region, and a second nucleic acid sequence encoding an
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antibody heavy chain variable region, and optionally, a third nucleic acid sequence encoding an
antibody light chain variable region, and a fourth nucleic acid sequence encoding an antibody
heavy chain vanable region. In certain embodiments, wherein: A) the antigen-binding portion
thereof 1s selected from the group consisting of: a Fab', F(ab)2, Fab, and a minibody, and/or B) the
wherein the at least one anti-SARS-CoV-2 antibody, or antigen-binding portion thereof, 1s bi-
specific for different SARS-CoV-2 antigens. In other embodiments, the anti-SARS-CoV-2
antibody 1s monoclonal antibody selected from the group consisting of: REGN10933,
REGN10987; VIR-7831; LY-CoV1404; LY3853113; Zost 2355K; CV07-209K; C121L; Zost
2504L; CV38-183L; COVA2I5K; RBD215; CV07-250L; C144L; COVAI118L; C135K; and B38.
These antibodies are described 1n the following reference, which are each herein incorporated by
reference: Zost et al., Nature Medicine volume 26, pages1422—-1427 (2020); Robbiani et al.,
Nature volume 584, pages437-442 (2020); and Wu et al., Science, 2020 Jun 12;368(6496):1274-
1278; and see references in Table 7. Any combmationof 2, 3,4, 5,6,7,8.9, 10, 11, 12, 13, 14,
15, 16, or all 17 of these antibodies, or antigen binding {fragments thereof, may be used in any of
the embodiments described herein. In some embodiments, the anti-SARS-CoV-2 antibody, or
antigen-binding portion thereof, comprises at least two, three, four, five, six, seven, eight, nine,
ten, eleven, twelve, or more of any combination of the following: REGN10933, REGN10987:
VIR-7831; LY-CoV1404; LY3853113; Zost 2355K; CV07-209K; C121L; Zost 2504L; CV38-
183L; COVA2I5K; RBD215; CV07-250L; C144L; COVAI118L; C135K; and B38 (or any of
those shown 1n Table 7 or Table 5). In additional embodiments, the anti-SARS-CoV-2 antibody.
or antigen binding portion thereof, 1s as described 1n Table 7.

In some embodiments, the at least one anti-SARS-CoV-2 antibody, or antigen-binding
portion thereof, comprises at least two anti-SARS-CoV-2 antibodies, and/or antigen-binding
portions thereof, which are expressed in the subject at an expression level sufficient to reduce: 1)
the SARS-CoV-2 viral load 1n the subject, and/or 11) at least one symptom 1n the subject caused by
the SARS-CoV-2 infection. In other embodiments, the at least one anti-SARS-CoV-2 antibody, or
antigen-binding portion thereof, comprises at least four, or at least eight, or at least eleven, anti-
SARS-CoV-2 antibodies and/or antigen-binding portions thereof. In additional embodiments, the
at least one anti-SARS-CoV-2 antibody, or antigen-binding portion thereof, comprises at least
four, or at least eight, or at least 11, anti-SARS-CoV-2 antibodies and/or antigen-binding portions
thereof, and which are expressed 1n the subject at an expression level sufficient to reduce: 1) the
SARS-CoV-2 viral load 1n the subject, and/or 11) at least one symptom 1n the subject caused by the
SARS-CoV-2 infection.

In some embodiments, the administering comprises intravenous administering. In other

embodiments, the second composition 1s administered: 1) between 0.5 and 80 minutes after the first
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composition, or between about 1 and 20 minutes after the first composition. In particular
embodiments, the methods further comprise: ¢) administering an agent, in the first and/or second
composition, or present in a third composition, wherein the agent: 1) increases the level of
expression of the at least one anti-SARS-CoV-2 antibody or antigen-binding portion thereof,
and/or 11) and/or the length of time of the expression compared to when the agent 1s not
administered to the subject. In other embodiments, the agent 1s present in the first composition. In
particular embodiments, the agent 1s present in the third composition, and 1s administered at least
one hour prior to the first composition. In some embodiments, the agent 1s selected from the group
consisting of: dexamethasone, dexamethasone palmitate, a dexamethasone fatty acid ester,
Docosahexaenoic Acid (DHA), Eicosapenaenoic Acid (EPA), Alpha Linolenic Acid (ALA),
Lipoxin A4 (LA4), 15-deoxy-12,14-Prostaglandin J2 (15d), Arachidonic Acid (AA),
Docosapentaenoic Acid (DPA), Retinoic Acid (RA), Diallyl Disulfide (DADS), Oleic Acid (OA),
Alpha Tocopherol (AT), Sphingosine-1-Phosphate (S-1-P), Palmitoyl Sphingomyelin (SPH), an
anti-TNFa antibody or antigen binding fragment thereof, a heparinoid, and N-Acetyl-De-O-
Sulfated Heparin. In certain embodiments, the dexamethasone fatty acid ester has the following

Formula:

, wherein R is Cs-Ca23 alkyl or Cs-Ca3 alkenyl.

In certain embodiments, the agent (e.g., water soluble dexamethasone, aka dexamethasone
cy clodextrin inclusion complex; see Sigma Sku D2915) 1s present in the first, second, or third
composition at a concentration of 0.1-35 mg/ml or 0.001-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>