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DNA ANTIBODY CONSTRUCTS AND METHOD OF USING SAME

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Application No. 62/086,157,
filed December 1, 2014, and U.S. Provisional Application No. 62/213,166, filed September 2,

2015, which are hereby incorporated by reference in their entirety.

TECHNICAL FIELD

[0002] The present invention relates to a composition comprising a recombinant nucleic
acid sequence for generating a synthetic antibody, including various alterations to an
antibody that can generate a synthetic antibody with half-life extension, eliminate antibody-
dependent enhancement, enhance antibody dependent cellular cytotoxicity, provide bispecific
binding, provide bifunctionality, and others, and functional fragments thereof, in vivo, and a

method of preventing and/or treating disease 1n a subject by administering said composition.

BACKGROUND

[0003] The immunoglobulin molecule comprises two of each type of light (L) and heavy
(H) chain, which are covalently linked by disulphide bonds (shown as S-S) between cysteine
residues. The variable domains of the heavy chain (VH) and the light chain (VL) contribute
to the binding site of the antibody molecule. The heavy-chain constant region 1s made up of
three constant domains (CH1, CH2 and CH3) and the (flexible) hinge region. The light chain
also has a constant domain (CL). The variable regions of the heavy and light chains comprise
four framework regions (FRs; FR1, FR2, FR3 and FR4) and three complementarity-
determining regions (CDRs; CDR1, CDR2 and CDR3). Accordingly, these are very complex
genetic systems that have been difficult to assemble iz vivo.

[0004] Targeted monoclonal antibodies (mAbs) represent one of the most important
medical therapeutic advances of the last 25 years. This type of immune based therapy 1s now
used routinely against a host of autoimmune diseases, treatment of cancer as well as
infectious diseases. For malignancies, many of the immunoglobulin (Ig) based therapies
currently used are in combination with cytotoxic chemotherapy regimens directed against

tumors. This combination approach has significantly improved overall survival. Multiple
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mADb preparations are licensed for use against specific cancers, including Rituxan
(Rituximab), a chimeric mAb targeting CD20 for the treatment of Non-Hodgkins lymphoma
and Ipilimumab (Yervoy), a human mAb that blocks CTLA-4 and which has been used for
the treatment of melanoma and other malignancies. Additionally, Bevacizumab (Avastin) 18
another prominent humanized mAb that targets VEGF and tumor neovascularization and has
been used for the treatment of colorectal cancer. Perhaps the most high profile mAb for
treatment of a malignancy 1s Trastuzumab (Herceptin), a humanized preparation targeting
Her2/neu that has been demonstrated to have considerable efficacy against breast cancer in a
subset of patients. Furthermore, a host of mAbs are 1n use for the treatment of autoimmune
and specific blood disorders.

[0005] In addition to cancer treatments, passive transfer of polyclonal Igs mediate
protective efficacy against a number of infectious diseases including diphtheria, hepatitis A
and B, rabies, tetanus, chicken-pox and respiratory syncytial virus (RSV). In fact, several
polyclonal Ig preparations provide temporary protection against specific infectious agents in
individuals traveling to disease endemic areas 1n circumstances when there 1s msufficient
time for protective Igs to be generated through active vaccination. Furthermore, in children
with immune deficiency the Palivizumab (Synagis), a mAb, which targets RSV infection, has
been demonstrated to clinically protect against RSV.

[0006] Currently available therapeutic antibodies that exist in the market are human IgG1
1sotypes. These antibodies include glycoproteins bearing two N-linked biantennary complex-
type oligosaccharides bound to the antibody constant region (Fc¢), in which a majority of the
oligosaccharides are core-fucosylated. It exercises effector functions of antibody-dependent
cellular toxicity (ADCC) and complement-dependent cytotoxicity (CDC) through the
interaction of the F¢ with either leukocyte receptors (FcyRs) or complement. There 1s a
phenomena of reduced 1n vivo efficacy of therapeutic antibodies (versus 1n vitro), thus
resulting in the need for large doses of therapeutic antibodies — sometimes weekly doses of
several hundred milligrams. This 1s mainly due to the competition between serum IgG and
therapeutic antibodies for binding to FcyRIIIa on natural killer (NK) cells. Endogenous
human serum IgG mhibits ADCC induced by therapeutic antibodies. Thus, there can be
enhanced efficacy of non-fucosylated therapeutic antibodies in humans. Non-fucosylated
therapeutic antibodies have much higher binding affinity for FcyRIIIa than fucosylated
human serum IgG, which 1s a preferable character to conquer the interference by human

plasma IgG.
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[0007] Antibody based treatments are not without risks. One such risk 18 antibody-
dependent enhancement (ADE), which occurs when non-neutralising antiviral proteins
facilitate virus entry into host cells, leading to increased infectivity in the cells. Some cells do
not have the usual receptors on their surfaces that viruses use to gain entry. The antiviral
proteins (1.¢., the antibodies) bind to antibody Fc¢ receptors that some of these cells have 1n
the plasma membrane. The viruses bind to the antigen binding site at the other end of the
antibody. This virus can use this mechanism to infect human macrophages, causing a
normally mild viral infection to become life-threatening. The most widely known example of
ADE occurs 1n the setting of infection with the dengue virus (DENV). It 1s observed when a
person who has previously been infected with one serotype of DENV becomes infected many
months or years later with a different serotype. In such cases, the clinical course of the
disease 1s more severe, and these people have higher viremia compared with those 1n whom
ADE has not occurred. This explains the observation that while primary (first) infections
cause mostly minor disease (DF) 1n children, secondary infection (re-infection at a later date)
1s more likely to be associated with severe disease (DHF and/or DSS) 1n both children and
adults. There are four antigenically different serotypes of DENV (DENV-1 - DENV-4),
Infection with DENV 1nduces the production of neutralizing homotypic immunoglobulin G
(IgG) antibodies which provide lifelong immunity against the infecting serotype. Infection
with DENYV also produces some degree of cross-protective immunity against the other three
serotypes. In addition to inducing neutralizing heterotypic antibodies, infection with DENV
can also induce heterotypic antibodies which neutralize the virus only partially or not at all.
The production of such cross-reactive but non-neutralizing antibodies could be the reason for
more severe secondary infections. Once inside the white blood cell, the virus replicates
undetected, eventually generating very high virus titers which cause severe disease.

[0008] The clinical impact of mAb therapy 1s impressive. However, 1ssues remain that
limit the use and dissemination of this therapeutic approach. Some of these include the high
cost of production of these complex biologics that can limit their use 1n the broader
population, particularly in the developing world where they could have a great impact.
Furthermore, the frequent requirement for repeat administrations of the mAbs to attain and
maintain efficacy can be an impediment 1n terms of logistics and patient compliance. New
antibodies that would reduce or eliminate the low 1n vivo efficacy of therapeutic antibodies
due to competition with serum IgGs are needed. New antibodies that can eliminate antibody

dependent enhancement 1n viruses like Dengue, HIV, RSV and others are needed. Bispecific
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antibodies, bifunctional antibodies, and antibody cocktails are needed to perform several
functions that could prove therapeutic or prophylactic. Combination therapies are needed as
well that can utilize the synthetic antibodies described herein along with immunostimulating
a host system through immunization with a vaccine, including a DNA based vaccine.
Additionally, the long-term stability of these antibody formulations 1s frequently short and
less than optimal. Thus, there remains a need 1n the art for a synthetic antibody molecule that

can be delivered to a subject in a safe and cost effective manner.

SUMMARY

[0009] The present invention 1s directed to a method of generating a synthetic antibody 1n
a subject. The method can comprise administering to the subject a composition comprising a
recombinant nucleic acid sequence encoding an antibody or fragment thercof. The
recombinant nucleic acid sequence can be expressed 1n the subject to generate the synthetic
antibody.

[0010] The generated synthetic antibody may be defucosylated. The generated synthetic
antibody may include two leucine to alanine mutations 1n a CH2 region of a Fc region.
[0011] The antibody can comprise a heavy chain polypeptide, or fragment thereof, and a
light chain polypeptide, or fragment thercof. The heavy chain polypeptide, or fragment
thercof, can be encoded by a first nucleic acid sequence and the light chain polypeptide, or
fragment thereof, can be encoded by a second nucleic acid sequence. The recombinant
nucleic acid sequence can comprise the first nucleic acid sequence and the second nucleic
acid sequence. The recombinant nucleic acid sequence can further comprise a promoter for
expressing the first nucleic acid sequence and the second nucleic acid sequence as a single
transcript in the subject. The promoter can be a cytomegalovirus (CMV) promoter.

[0012] The recombinant nucleic acid sequence can further comprise a third nucleic acid
sequence encoding a protease cleavage site. The third nucleic acid sequence can be located
between the first nucleic acid sequence and second nucleic acid sequence. The protease of
the subject can recognize and cleave the protease cleavage site.

[0013] The recombinant nucleic acid sequence can be expressed 1n the subject to generate
an antibody polypeptide sequence. The antibody polypeptide sequence can comprise the
heavy chain polypeptide, or fragment thereof, the protease cleavage site, and the light chain
polypeptide, or fragment thercof. The protease produced by the subject can recognize and

cleave the protease cleavage site of the antibody polypeptide sequence thereby generating a
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cleaved heavy chain polypeptide and a cleaved light chain polypeptide. The synthetic
antibody can be generated by the cleaved heavy chain polypeptide and the cleaved light chain
polypeptide.

[0014] The recombinant nucleic acid sequence can comprise a first promoter for
expressing the first nucleic acid sequence as a first transcript and a second promoter for
expressmg the second nucleic acid sequence as a second transcript. The first transcript can be
translated to a first polypeptide and the second transcript can be translated into a second
polypeptide. The synthetic antibody can be generated by the first and second polypeptide.
The first promoter and the second promoter can be the same. The promoter can be a
cytomegalovirus (CMV) promoter.

[0015] The heavy chain polypeptide can comprise a variable heavy region and a constant
heavy region 1. The heavy chain polypeptide can comprise a variable heavy region, a
constant heavy region 1, a hinge region, a constant heavy region 2 and a constant heavy
region 3. The light chain polypeptide can comprise a variable light region and a constant
light region.

[0016] The recombinant nucleic acid sequence can further comprise a Kozak sequence.
The recombinant nucleic acid sequence can further comprise an immunoglobulin (Ig) signal
peptide. The Ig signal peptide can comprise an IgE or IgG signal peptide.

[0017] The recombinant nucleic acid sequence can comprise a nucleic acid sequence
encoding at least one amino acid sequence of SEQ ID NOs:1, 2, 5, 41, 43, 45, 46, 47, 48, 49,
51, 53, 55, 57, 59, 61, and 80. The recombinant nucleic acid sequence can comprise at least
one nucleic acid sequence of SEQ ID NOs:3, 4, 6, 7, 40, 42, 44, 50, 52, 54, 56, 58, 60, 62, 63,
and 79.

[0018] The present invention 1s also directed to a method of generating a synthetic
antibody 1n a subject. The method can comprise administering to the subject a composition
comprising a first recombinant nucleic acid sequence encoding a heavy chain polypeptide, or
fragment thercof, and a second recombinant nucleic acid sequence encoding a light chain
polypeptide, or fragment thereof. The first recombinant nucleic acid sequence can be
expressed 1n the subject to generate a first polypeptide and the second recombinant nucleic
acid can be expressed 1n the subject to generate a second polypeptide. The synthetic antibody
can be generated by the first and second polypeptides.

[0019] The first recombinant nucleic acid sequence can further comprise a first promoter

for expressing the first polypeptide 1n the subject. The second recombinant nucleic acid
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sequence can further comprise a second promoter for expressing the second polypeptide in
the subject. The first promoter and second promoter can be the same. The promoter can be a
cytomegalovirus (CMV) promoter.

[0020] The heavy chain polypeptide can comprise a variable heavy region and a constant
heavy region 1. The heavy chain polypeptide can comprise a variable heavy region, a
constant heavy region 1, a hinge region, a constant heavy region 2 and a constant heavy
region 3. The light chain polypeptide can comprise a variable light region and a constant
light region.

[0021] The first recombinant nucleic acid sequence and the second recombinant nucleic
acid sequence can further comprise a Kozak sequence. The first recombinant nucleic acid
sequence and the second recombinant nucleic acid sequence can further comprise an
immunoglobulin (Ig) signal peptide. The Ig signal peptide can comprise an IgE or IgG signal
peptide.

[0022] The present invention 1s further directed to method of preventing or treating a
disease 1n a subject. The method can comprise generating a synthetic antibody 1n a subject
according to one of the above methods. The synthetic antibody can be specific for a foreign
antigen. The foreign antigen can be derived from a virus. The virus can be Human
immunodeficiency virus (HIV), Chikungunya virus (CHIKYV) or Dengue virus.

[0023] The virus can be HIV. The recombinant nucleic acid sequence can comprise a
nucleic acid sequence encoding at least one amino acid sequence of SEQ ID NOs:1, 2, 5, 46,
47, 48,49, 51, 53, 55, and 57. The recombinant nucleic acid sequence can comprise at least
one nucleic acid sequence of SEQ ID NOs:3, 4, 6, 7, 50, 52, 55, 56, 62, and 63.

[0024]  The virus can be CHIKYV. The recombinant nucleic acid sequence can comprise a
nucleic acid sequence encoding at least one amino acid sequence of SEQ ID NOs:59 and 61.
The recombinant nucleic acid sequence can comprise at least one nucleic acid sequence of
SEQ ID NOs:58 and 60.

[0025] The virus can be Dengue virus. The recombinant nucleic acid sequence can
comprise a nucleic acid sequence encoding at least one amino acid sequence of SEQ ID
NO:45. The recombinant nucleic acid sequence comprises at least one nucleic acid sequence
of SEQ ID NO:44.

[0026] The synthetic antibody can be specific for a self-antigen. The self-antigen can be
Her2. The recombinant nucleic acid sequence can comprise a nucleic acid sequence

encoding at least one amino acid sequence of SEQ ID NOs:41 and 43. The recombinant
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nucleic acid sequence can comprise at least one nucleic acid sequence of SEQ ID NOs:40 and
42.

[0027] The synthetic antibody can be specific for a self-antigen. The self-antigen can be
PSMA. The recombinant nucleic acid sequence can comprise a nucleic acid sequence
encoding at least one amino acid sequence of SEQ ID NO:80. The recombinant nucleic acid
sequence can comprise at least one nucleic acid sequence of SEQ ID NO:79.

[0028] The present invention 1s also directed to a product produced by any one of the
above-described methods. The product can be a single DNA plasmid capable of expressing a
functional antibody. The product can be comprised of two or more distinct DNA plasmids
capable of expressing components of a functional antibody that combine 1n vivo to form a
functional antibody.

[0029] The present invention 1s also directed to a method of treating a subject from
infection by a pathogen, comprising: administering a nucleotide sequence encoding a
synthetic antibody specific for the pathogen. The method can further comprise administering
an antigen of the pathogen to generate an immune response 1n the subject.

[0030] The present invention 1s also directed to a method of treating a subject from cancer,
comprising: administering a nucleotide sequence encoding a cancer marker to induce ADCC.
[0031] The present invention 1s also directed to a nucleic acid molecule encoding a
synthetic antibody comprising a nucleic acid sequence having at least about 95% 1dentity
over an entire length of the nucleic acid sequence set forth in SEQ ID NO:79.

[0032] The present mnvention 1s also directed to a nucleic acid molecule encoding a
synthetic antibody comprising a nucleic acid sequence as set forth in SEQ ID NO:79.

[0033] The present invention 1s also directed to a nucleic acid molecule encoding a
synthetic antibody comprising a nucleic acid sequence encoding a protein having at least
about 95% 1dentity over an entire length of the amino acid sequence set forth in SEQ ID
NO:0.

[0034] The present invention 1s also directed to a nucleic acid molecule encoding a
synthetic antibody comprising a nucleic acid sequence encoding a protein comprising an
amino acid sequence as set forth in SEQ ID NO:&O0.

[0035] Any one of the above-described nucleic acid molecules may comprise an

expression vector.
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[0036] The present invention 1s also directed to a composition comprising one or more of
the above-described nucleic acid molecules. The composition may also include a

pharmaceutically acceptable excipient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 shows the nucleic acid sequence encoding an IgG heavy chain as described
in Example 1.

[0038] FIG. 2 shows the nucleic acid sequence encoding an IgG light chain as described 1n
Example 1.

[0039] FIG. 3 shows a graph plotting time (hours) vs. OD 450 nm (1:100 dilution of tissue
culture supernatant).

[0040] FIG. 4 shows an 1mage of a Western blot.

[0041] FIG. 5 shows generation and confirmation of expression of pHIV-1Env-Fab. (FIG.
S5A & FIG. 5B) Circular plasmid map of pHIV-1 Env Fab anti-gp120 Fab expressing
construct were designed using VRCOI1 heavy (H) and light (L) variable chain Ig genes.
Several modifications were included when constructing the Fab plasmids in order to increase
the level of expression. The Fab VL and VH fragment genes, as shown, were cloned
separately between the BamH]1 and Xhol restriction sites of the pVax1 vector. FIG. 5C
shows 1n vitro expression of pHIV-1 Env Fab. The graph indicated the temporal kinetics of

expression of the pHIV-1 Env Fab after transfection of 2937T cells. The values indicated,

indicative of expression, are mean OD450nm + SD of triplicate wells. As a control 293T cells
were also transfected with the pVax1 backbone.

[0042] FIG. 6 shows measurement of temporal generation of anti HIV Env specific Fab by
pHIV-1 Env Fab. FIG. 6A shows a time course of generation of anti-HIV1 Fab. After
administration of pHIV-1 Env Fab, production of the specific Fab was measured over 10 days
in the sera at a final dilution of 1:100 by ELISA and presented as OD450nm. Sera from
pVax1 administered mice were used as a negative control. FIG. 6B shows a comparative
measurement of anti-gp120 antibody responses after immunization with recombinant gp120
(rgp120). As described in Example 2, mice were immunized with a single injection of rgp120
followed by measurement of production of anti-gp120 antibodies up to 10 days and presented
as OD450nm values. PBS was used as a negative control injection for this study. FIG. 6C
shows confirmation of HIV1Env-Fab binding by immunoblot analysis. As indicated in

Example, either 5 or 10ug of gp120 were subjected to SDS-PAGE and nitrocellulose blotting
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followed by incubation of the blots with sera from pHIV-1 Env Fab administered mice. The
immunoblot indicated that the experimental sera recognized bound rgp120, confirming the
specificity of the generated Fab. FIG. 6D shows a temporal quantitation of human IgG1Fab,
measured as IgG1 1n mouse sera following pHIV-1Env-Fab administration. IgG1 was

measured by a standard ELISA kit, at the time points indicated, and expressed as Fab

(ug/mL) £+ SD. Sera from pVaxl-administered mice were used as a negative control. Sera
samples were analyzed at the time points indicated on the x-axis. The arrow shown 1n the
oraphs displayed in FIG. 6A, FIG. 6B and FIG. 6D indicate the point of DNA plasmid
administration.

[0043] FIG. 7 shows FACS binding analysis HIV1 Env Fab to clade A HIV Env
olycoprotein. FIG. 7A shows FACS scans indicating binding of anti-HIV1Env-Fab to HIV-1
clade A Env glycoprotein. DNA expressing either a consensus (pCon-Env-A) or “optimized”
(pOpt-Env-A) HIV-1 clade A envelope was transfected mto 293T cells. Two days post
transfection, cells were stained with erther purified native VRCOI1 Ig, sera generated from
pHIV-1 Env Fab (collected 48 hours after a single plasmid administration) or control Ig
generated from plgG-E1M2 administration. Sera and VRCO1 antibody were diluted 1:4 or
1:100, respectively 1n 50ul of PBS and incubated at room temperature for 30 minutes. Cells
were then stained with the appropriate secondary phycoerythrin (PE) conjugated Igs and
subsequently gated for FACS analysis as singlet and live cells. The percent binding of
positive cells was indicated 1n each of the scans. FIG. 7B shows graphical representation of
the FACS binding data. The number of stained cells (1.¢. indicative of expression levels) 1n
cach of the Ig/sera tested groups was divided by the background staining values and
presented as percent of specific binding on the y-axis as a function of the different HIV clade
A Env preparations tested.

[0044] FIG. 8 shows time course of neutralization of HIV-1 by sera from pHIV-1Env-Fab
administered mice. Sera used for analysis of neutralization activity sera were collected at the
time points indicated in the graphs. The neutralization analysis was conducted in TZM-BL
cells using a panel of HIV-1 pseudotyped viruses: Bal26 (FIG. 8A; clade B, Tier 1),
Q23Env17 (FIG. 8B; clade A, Tier 1), SF162S (FIG. 8C; clade B, Tier 1), and ZMS53M (FIG.
8D; clade C, Tier 2). Cells were infected at an MOI of 0.01 as delineated in Example 2 and
incubated 1n the presence of sera (final dilution of 1:50) containing Fab generated from
pHIV-1 Env Fab administration. Percent neutralization values are shown, the calculation of

which was described in Example 2. As well, horizontal lines are provided in each of the
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oraphs, indicating the approximate time points at which the experimental sera mediated 50%
viral neutralization.

[0045] FIG. 9 shows the nucleic acid sequence encoding the heavy chain (VH-CH1) of the
HIV-1 Env Fab described in Examples 2-7.

[0046] FIG. 10 shows the nucleic acid sequence encoding the light chain (VL-CL) of the
HIV-1 Env Fab described in Examples 2-7.

[0047] FIG. 11 shows immunofluorescence of cells transtected with a plasmid encoding
HIV Env. The cells were stained with preparations from pVAXI1 (left panel) or pHIV-Env-
Fab (right panel).

[0048] FIG. 12 shows a graph plotting type of antigen vs. sera concentration (ng/mL).
[0049] FIG. 13 shows a schematic of a construct encoding a synthetic human IgG1l
antibody.

[0050] FIG. 14 shows a schematic of the assembled antibody (upon expression) that 1s
encoded by the construct of FIG. 13.

[0051] FIG. 15 shows the amino acid sequence of the VRCOI IgG.

[0052] FIG. 16A shows a schematic of the construct encoding HIV-1 Env-PG9 Ig; FIG.
16B shows a schematic of the vector containing the construct of FIG. 16A; and FIG. 16C
shows an 1mage of a stained gel.

[0053] FIG. 17A shows a schematic of the construct encoding HIV-1 Env-4E10 Ig; FIG.
17B shows a schematic of the vector containing the construct of FIG. 17A; and FIG. 17C
shows an 1image of a stained gel.

[0054] FIG. 18 shows the amino acid sequence of HIV-1 Env-PG9 Ig before cleavage by
furin.

[0055] FIG. 19 shows the amino acid sequence of HIV-1 Env-4E10 Ig before cleavage by
furin.

[0056] FIG. 20A shows a schematic of a construct encoding the heavy (VH-CH1) chain of
CHIKV-Env-Fab; and FIG. 20B shows a schematic of a construct encoding the heavy (VL-
CL) chain of CHIKV-Env-Fab.

[0057] FIG. 21 shows a schematic of an expression vector containing the construct
encoding the heavy (VH-CH1) or light (VL-CL) chain of CHIKV-Env-Fab.

[0058] FIG. 22 shows a graph plotting time 1n hours (hr) vs. OD450 nm.

[0059] FIG. 23 shows an 1image of an immunoblot.
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[0060] FIG. 24 shows a schematic of the timing of DNA administration and obtaining the
pre-bleed and bleeds.

[0061] FIG. 25 shows a graph plotting time 1n days vs. OD450 nm.

[0062] FIG. 26 shows a graph plotting days after challenge vs. percent survival.

[0063] FIG. 27 shows a graph plotting mouse group vs. pg/mL of TNF-q.

[0064] FIG. 28 shows a graph plotting mouse group vs. pg/mL of I1L-6.

[0065] FIG. 29 shows a schematic 1llustrating a construct encoding a VH-CH1 and under
the control of a promoter.

[0066] FIG. 30 shows a schematic 1llustrating a construct encoding a VL-CL and under
the control of a promoter.

[0067] FIG. 31 shows a schematic 1llustrating the construct encoding a VH-CH]1 or VL-
CL of the anti-Her-2 Fab cloned 1nto an expression vector.

[0068] FIG. 32 shows the nucleic acid sequence encoding the VH-CH1 of the anti-Her-2
Fab.

[0069] FIG. 33 shows the amino acid sequence encoded by the nucleic acid sequence of
FIG. 32 (1.e., the amino acid sequence of the VH-CHI1 of the anti-Her-2 Fab).

[0070] FIG. 34 shows the nucleic acid sequence encoding the VL-CL of the anti-Her-2
Fab.

[0071] FIG. 35 shows the amino acid sequence encoded by the nucleic acid sequence of
FIG. 34 (1.e., the amino acid sequence of the VL-CL of the anti-Her-2 Fab).

[0072] FIG. 36 shows a graph plotting type of transfected cell vs. IgG concentration
(ng/mL).

[0073] FIG. 37 shows a schematic 1llustrating a construct encoding the variable heavy
region (VH), variable heavy constant region 1 (CHI), hinge region, variable heavy constant
region 2 (CH?2), variable heavy constant 3 (CH3) of an immunoglobulin G (IgG) heavy chain
and encoding the variable light region (VL) and variable light constant region (CL) of an IgG
light chain. The heavy and light chains of the 1gG are separated by a protease cleavage site
and each 1s preceded by a signal peptide (encoded by leader sequence).

[0074] FIG. 38 shows a nucleic acid sequence encoding the anti-Dengue virus (DENV)
human IgG.

[0075] FIG. 39 shows the amino acid sequence encoded by the nucleic acid sequence of

FIG. 39 (1.e., the amino acid sequence of the anti-DENV human IgG). In this amino acid
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sequence, protease cleavage has not yet occurred to separate the heavy and light chains 1nto
two separate polypeptides.

[0076] FIG. 40 shows a graph plotting mouse group vs. OD 450 nm.

[0077] FIG. 41 shows a graph plotting days post-injection vs. human IgG concentration
(ng/mL).

[0078] FIG. 42 shows the amino acid sequence encoded by the nucleic acid sequence of
FIG. 1 (1.e., SEQ ID NO:6). This amino acid sequence 1s the amino acid sequence of the IgG
heavy chain described in Example 1 below.

[0079] FIG. 43 shows the amino acid sequence encoded by the nucleic acid sequence of
FIG. 2 (1.e., SEQ ID NO:7). This amino acid sequence 1s the amino acid sequence of the IgG
light chain described in Example 1 below.

[0080] FIG. 44 shows the amino acid sequence encoded by the nucleic acid sequence of
FIG. 9 (1.e., SEQ ID NO:3). This amino acid sequence 1s the amino acid sequence of the
heavy chain (VH-CHI1) of HIV-1 Env-Fab described in Examples 2-7.

[0081] FIG. 45 shows the amino acid sequence encoded by the nucleic acid sequence of
FIG. 10 (1.e., SEQ ID NO:4). This amino acid sequence 1s the amino acid sequence of the
light chain (VL-CL) of HIV-1 Env-Fab described in Examples 2-7.

[0082] FIG. 46 shows the nucleic acid sequence encoding the HIV-1 PGY single chain Fab
(scFab) described 1n Example 11 below.

[0083] FIG. 47 shows the amino acid sequence encoded by the nucleic acid sequence of
FIG. 46 (1.c., SEQ ID NO:50). This amino acid sequence 1s the amino acid sequence of the
HIV-1 PGY scFab described in Example 11 below.

[0084] FIG. 48 shows the nucleic acid sequence encoding the HIV-1 4E10 single chain
Fab (scFab) described in Example 13 below.

[0085] FIG. 49 shows the amino acid sequence encoded by the nucleic acid sequence of
FIG. 48 (1.e., SEQ ID NO:52). This amino acid sequence 1s the amino acid sequence of the
HIV-14E10 scFab described in Example 13 below.

[0086] FIG. 50 shows a schematic 1llustrating a construct encoding the variable heavy
region (VH), variable heavy constant region 1 (CHI), hinge region, variable heavy constant
region 2 (CH2), variable heavy constant 3 (CH3) of an immunoglobulin G (IgG) heavy chain.

The nucleic acid sequence encoding the IgG heavy chain 1s preceded by a leader sequence.

12
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[0087] FIG. 51 shows a schematic 1llustrating a construct encoding the variable light
region (VL) and variable light constant region (CL) of an IgG light chain. The nucleic acid
sequence encoding the IgG light chain 1s preceded by a leader sequence.

[0088] FIG. 52 shows the nucleic acid sequence encoding the HIV-1 VRCOI1 IgGl1 heavy
chain described 1in Example 9 below.

[0089] FIG. 53 shows the amino acid sequence encoded by the nucleic acid sequence of
FIG. 52 (1.e., SEQ ID NO:54). This amino acid sequence 1s the amino acid sequence of the
HIV-1 VRCOI1 IgG1 heavy chain described in Example 9 below.

[0090] FIG. 54 shows the nucleic acid sequence encoding the HIV-1 VRCOI1 IgG light
chain described 1in Example 9 below.

[0091] FIG. 55 shows the amino acid sequence encoded by the nucleic acid sequence of
FIG. 54 (1.e., SEQ ID NO:56). This amino acid sequence 1s the amino acid sequence of the
HIV-1 VRCOI IgG light chain described below in Example 9.

[0092] FIG. 56 shows the nucleic acid sequence encoding the heavy chain (VH-CH1) of
the CHIKV-Env-Fab described below in Example 14.

[0093] FIG. 57 shows the amino acid sequence encoded by the nucleic acid sequence of
FIG. 56 (1.e., SEQ ID NO:58). This amino acid sequence 1s the amino acid sequence of the
heavy chain (VH-CH]1) of the CHIKV-Env-Fab described in Example 14 below.

[0094] FIG. 58 shows the nucleic acid sequence encoding the light chain (VL-CL) of the
CHIKV-Env-Fab described below in Example 14.

[0095] FIG. 59 shows the amino acid sequence encoded by the nucleic acid sequence of
FIG. 58 (1.e., SEQ ID NO:60). This amino acid sequence 1s the amino acid sequence of the
light chain (VL-CL) of the CHIKV-Env-Fab described in Example 14 below.

[0096] FIG. 60 shows the nucleic acid sequence encoding HIV-1 Env-4E10 Ig described
in Example 12 below

[0097] FIG. 61 shows the nucleic acid sequence encoding HIV-1 Env-PG9 Ig described 1n
Example 10 below.

[0098] FIG. 62 shows the nucleic acid sequence encoding VRCO1 IgG (SEQ ID NO:64)
[0099] FIG. 63 shows a schematic of the linear arrangement of the nucleotide sequence as
the construct design for human anti-PSMA antibodies.

[00100] FIG. 64 shows graphs providing the In vitro expression of anti-huPSMA-IgG1
antibodies. The left graph shows the anti-huPSMA expression 1n 293T transfected cells. The

right graph shows the binding of the huPSMA protein with in vitro transfected cells (versus
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neg control: pVax1-empty vector, and positive control: PSMA-mAbs-commercial
monoclonal antibodies)

[00101] FIG. 65 shows a graph providing the quantification of anti-huPSMA-IgG1 for
human PSMA protein.

[00102] FIG. 66 shows on the top panel the immunization and bleeding schedule of Nu/J
mice; and the bottom panel shows 1 vivo kinetics of anti-huPSMA IgG1 binding in Nu/J
mice.

[00103] FIG. 67 shows gel pictures of a western blot confirming anti-huPSMA
[gG1binding.

[00104] FIG. 68 shows several flow cytometry graphs of different subjects, which provides
information on the specificity of anti-huPSMA IgG1 1n treated mouse sera (Nu/J), which
binds to human prostate (LNCaP) cells.

[00105] FIG. 69 shows a graph that details the anti-huPSMA IgG1: ADCC activity, as
cttector cells were tested for cytotoxicity against LnCap cells 1n the presence or absence of
sera from the mice treated with anti-PSMA-IgG DNA.

[00106] FIG. 70 shows the schematic design of antibody expressing plasmids and
confirmation of expression and binding kinetics of antibodies following a single EP mediated
injection of the CHIKV-Fab expression plasmid. (A) The variable light and heavy (VL and
VH) IgG fragment genes of a selected anti-CHIKYV human monoclonal antibody 1dentified
from the NCBI database were cloned separately for CHIKV-Fab and CHIKV-IgG into
optimized DNA plasmid vectors. (B) DNA plasmids encoding the anti-CHIKYV VL and VH-
Fab genes or CHIKV-IgG were transfected together into 293T cells 1n order to determine
their respective 1n vitro expression by ELISA. Cells transfected with an empty control pVax|
plasmid served as a negative control. (C) In vivo expression of anti-CHIKV-IgG antibodies
following EP mediated delivery. Mice (B6.Cg-Foxnlnu/J) were administrated single
intramuscular mjections of CHIKV-1gG plasmids (total 100ug) followed by EP (n=5 mice
per group). Injection of an empty pVax1 vector was used a negative control. (D). Specific
binding to the CHIKV-Env antigen was measured through ELISA assays with collected sera
from CHIKV-IgG and recombinant CHIKV-Env immunized mice and presented as OD
450nm values for individual mice at different time points. (E) Sera levels of human IgG
concentration were measured at various time points in mice injected intramuscularly with
CHIKV-IgG as described 1in Materials and Methods. (F) Evaluation of antibody binding
affinity and specificity. Binding affinity functionality of sera from CHIKV-IgG 1njected
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mice (Day 14) to target proteins was tested by Western blot using the cell lysates from the
CHIKYV-infected cells as described 1n the Examples, below.

[00107] FIGS. 71A-71C show the expression and binding kinetics of IgG following a single
clectroporation mediated 1njection of the CHIKV-IgG expression plasmid. FIG. 71A shows
sera from CHIKV-Fab administered mice are specific for the CHIKV-Env antigen. ELISA
plates were coated with recombinant CHIKV-Env or HIV-1 Env (subtype B; MN) protein
and sera from mice injected with CHIKV-1gG or pVax1 were obtained as indicated after the
first injection. Specific binding to the CHIKV-Env antigen was measured through ELISA
assays with collected sera and presented as OD 450nm values for individual mice at different
time points. FIG. 71B shows immunofluorescence assay (IFA) results demonstrated that
CHIKV-Fab generated from CHIKV-Fab administered mice was capable of binding to the
CHIKV-Env glycoprotein. CHIKYV infected Vero cells were fixed at 24hrs post infection and
followed by an immunofluorescence assay to detect CHIKV-Env antigen expression (green).
Cell nucle1 were stained with DAPI (blue). Moderate amounts of CHIKV-Env protein
expression were observed 1in Vero cells with CHIKV-Fab antibody. pVax1 immunized mice
sera was used as a negative control. FIG. 71C shows FACS analysis of binding of sera from
plasmid 1njected mice to CHIKV-infected cells. The x-axis indicates GFP staining using the
lentiviral GFP pseudovirus complemented with CHIKV-Env. The y-axis demonstrates
staining of the tested human IgG produced 1n mice. Double-positive cells are an
indication/measurement of sera binding to the CHIKYV infected cells.

[00108] FIG. 72 shows that sera from mice injected with CHIKV-1gG plus EP exhibits
ncutralizing activity against multiple CHIKYV strains. FIGS. 72A-72F shows the neutralizing
activity of sera from mice administered CHIKV-IgG with EP was measured against six
different CHIKV wviral strains: Ross, LR2006-OPY 1, IND-63-WB1, PC-08, B448-China and
Bianchi. Neutralizing antibody (nAb) titers are plotted as the highest dilution of serum that
resulted 1n at least 50% inhibition of CPE 1n Vero cells. Similar results were observed 1n 2
independent experiments with at least 10 mice per group for each experiment. 1C-50 values
were performed with Prism GraphPad software.

[00109] FIG. 73 shows the durability of anti-CHIKV-Env IgG and serum and mucosal IgG
responses following immunization with CHIKV-Fab and IgG expression and Challenge
studies. (A) Schematic representation of IgG plasmid immunizations and CHIKV-challenge.
(B-C) BALB/c mice were 1injected with pVax1, CHIKV-IgG or CHIKV-Fab on day 0 and
challenged on day 2 (B) or day 30 (C) with CHIKV-Del-03 (JN578247) CHIKYV strain
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(1x107 PFU 1n a total volume of 25 ul). Mice were monitored daily and survival rates were
recorded for 20 days after the viral challenge. (D-E) Protection of mice from different route
of CHIKYV viral infection. Two group of mice were immunized with 100ug of CHIKV-IgG
by intramuscular (IM) 1njection and were challenged on day 2 with subcutaneous (s.c) (D)
and another group of mice were challenged by intranasal (1.n) (E) inoculation with CHIKYV.

Mice were monitored daily and survival rates were recorded for 20 days after the viral
challenge. 7 indicates DNA administration; & indicates virus challenge. Each group consisted

of 10 mice and the results were representative of 2 independent experiments.

[00110] FIG. 74 shows protection both immediate and persistent via CHIKV-Challenge
studies. (A). Schematic representation of CHIKV-IgG vaccination and challenge studies.
Group I challenge: BALB/c mice were injected with CHIKV-IgG, CHIKV-Env, or pVax1 on
day 0 and challenged on day 2 with CHIKV-Del-03 (JN578247) viral strain (1x107 PFU 1n a
total volume of 25 ul). Group II challenge: BALB/c mice were given either single CHIKV -
[eG immunization on day O or multiple CHIKV-Env immunizations on indicated days, and

then challenged on day 35 under the same conditions as the Group I challenge. T indicate
DNA administration; & indicates virus challenge. For each study, mice were monitored for

20 days, and survival rates were recorded. (B) Survival curve of mice from Group 1
challenge study. Note that 100% survival was recorded in CHIKV-IgG-immunized mice. (C)
Survival curve of mice from Group Il challenge study. (D) Concentrations of anti-CHIKV
human IgG levels were measured at indicated time points following immunization with
CHIKV-IgG plus EP. (E) Induction of persistent and systemic anti-CHIKV-Env antibodies
following CHIKV-IgG and CHIKV-Env immunization in mice.

[00111] FIG. 75 shows the ex vivo cytokine production in response to infection with
CHIKYV. (A) Viral titers in CHIKV-IgG and CHIKV-Env administered mice from Group 11
challenge study on day 45 (1.e. 10 days post-challenge). Each data point represents the
average viral titers from 10 mice. A group of pVaxl immunized mice served as a control.
Viral loads were significantly reduced in both CHIKV-IgG (p=0.0244) and CHIKV-Env
(p=0.0221) compared to pVax1 mice. (B & C) Characterization of serum pro-inflammatory
cytokines levels (TNF-a and I1L-6) from CHIKYV infected mice. Cytokine levels were
measured 1n mice at day 45 (15 days post-challenge) by specific ELISA assays. Mice 1njected
with CHIKV-IgG and CHIKV-Env had similar and significantly lower sera levels of TNF- a
and IL-6 than the control group (p<0.0001). Data represent the average of 3 wells per mouse
(n = 10 per group). (D) T-cell responses 1n splenocytes of mice immunized with CHIKV-1gG
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and/or CHIKV-Env immunization of mice, and then stimulated with CHIKV-specific
peptides. The data shown are representative of at least 2 separate experiments.

[00112] FIG. 76 shows the 1n vitro expression of human anti-DENV neutralizing mAbs by
SNAP1. (a) Schematic illustration of DNA plasmid used for SNAP1; antibody heavy and light
chain sequences are separated by a combination of furin and 2A cleavage sites. (b) ELISA
quantification analysis of human IgG 1n supernatants of pDVSF-3 WT- or LALA-transfected
293T cells. (¢) Western blot analysis of pDVSF-3 WT-transfected 293T supernatants
containing DVSF-3 WT. Antibodies were purified by Protein A spin columns and separated
by SDS-PAGE under reducing (left) and non-reducing (right) conditions. (d) Vero cells were
cither uninfected (Mock) or infected by DENV, 2, 3, or 4, then fixed, permeabilized, and
stained with supernatants of pDVSF-3 WT- or LALA-transfected 293T cells.

[00113] FIG. 77 shows the SNAP1 results 1in long-term expression of neutralizing DENV
antibodies 1n mouse serum. (a) Total serum-detectable levels of human IgG was measured by
ELISA after a single intramuscular injection of DNA plasmid encoding the anti-DENV
human IgG antibody DVSF-1 1nto Foxnl/NuJ immunodeficient mice. Human IgG levels
between weeks 0-4 (left) and at week 19 (right). Each line (left) or dot (right) represents an
individual mouse (n = 5). (b) Total human IgG 1n serum was measured by ELISA after
intramuscular mjection of pDVSF-3 WT or pDVSF-3 LALA plasmids 1n 129/Sv mice (n = 4-
5 per group). (¢) Vero cells were either uninfected (Mock) or infected by DENV, 2, 3, or 4,
then fixed, permeabilized, and stained with 129/Sv mouse serum taken at days 0 or 7 post-
DNA 1njection of either pDVSF-3 WT or pDVSF-3 LALA (n =5 per group). (d)
Neutralization was assessed by incubating DENV1, 2, 3, or 4 with serial dilutions of 129/Sv
mouse serum taken at day 7 post-DNA 1njection of either pDVSF-3 WT or pDVSF-3 LALA
(n = 5 per group) before addition to Vero cells. The percentage of infected cells 1s shown.
[00114] FIG. 78 shows that SNAP1 protects against virus-only and antibody-enhanced
disease. (a) Virus-only challenge: AG129 mice received an intramuscular injection of either
pDVSF-3 WT, pDVSF-3 LALA, or pVax empty vector five days prior to challenge with a
sublethal dose of DENV2 S221 (n = 5-6 per group; p < 0.0084 for comparison between
pDVSF-3 LALA and pDVSF-3 WT). (b) Antibody-dependent enhancement challenge:
AG129 mice received an intramuscular injection of either pDVSF-3 WT, pDVSF-3 LALA,
or pVax empty vector five days prior to administration of an enhancing dose of the non-

neutralizing anti-DENV mAb 2H?2. Thirty minutes later, mice were challenged with a
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sublethal dose of DENV2 S221 (n = 5-6 per group; p < 0.0072 for comparison between
pDVSF-3 LALA and pDVSF-3 WT). A Kaplan-Meier survival curve 1s shown (a-b).
[00115] FIG. 79 shows the 1n vitro functional analysis of pPDVSF-3 WT and LALA-
encoded antibodies. (a) ELISA binding analysis of human IgG in supernatants of pDVSF-3
WT- or LALA-transfected 293T cells against purified recombinant DENV E proteins. (b)
Antibody-dependent enhancement were assessed by incubating DENV, 2, 3, or 4 with serial
dilutions of supernatants of pDVSF-3 WT- or LALA-transfected 293T cells before addition
to K562 cells. The percentage of infected cells 1s shown.

[00116] FIG. 80 shows the pre-challenge levels of anti-DENYV human IgG levels in AG129
mice after SNAP1 delivery (a) Total human IgG of DVSF-3 WT or DVSF-3 LALA 1n serum
was measured by ELISA 4 days after DNA intramuscular injection (one day before DENV2
challenge) and EP of respective plasmids in AG129 mice (n = 5-6 per group; p < 0.0005 for
comparison between pDVSF-3 WT and pVax; p <0.0001 for comparison between pDVSF-3
LALA and pVax).

[00117] FIG. 81 shows the delivery of multiple DENV antibody-encoding plasmids in mice
produces increased DENV 1-4 antisera. (a) Total human IgG of DVSF-3 WT, DVSF-1 WT,
or DVSF-3 WT and DVSF-1 WT 1n serum was measured by ELISA 7 days after DNA
intramuscular mjection and EP of respective plasmids in 129/Sv mice (n = 5 per group; p <
0.0088 for comparison between pDVSF-1 WT and pDVSF-1+3; p £0.0240 for comparison
between pDVSF-3 WT and pDVSF-1+3 ).

[00118] FIG. 82 shows 1n the top panel that DVSF-3 WT binds to human FcyR1a, whereas
DVSF-3 LALA does not bind. The bottom 4 panels show results of antibody-dependent
enhancement assay: incubation of DENV with DVSF-3 LALA does not lead to human
monocyte (K562 cell line) infection, whereas DVSF-3 WT incubation does enhance
infection.

[00119] FIG. 83 shows a graph plotting days post injection of the anti-PSMA plasmid 1nto
C57BL/6 nude (B6.Cg-Foxnlnu/J) mice against the concentration of human IgG (ug/mL) 1n
the collected sera.

[00120] FIG. 84 shows a graph plotting time (days) against OD 450 nm. The graphed
results are from an ELISA examining the binding of 1in vivo anti-PSMA antibodies to human

recombinant PSMA.
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[00121] FIG. 85 shows a graph plotting days post injection of anti-PSMA plasmid into
C57BL/6 mice against the concentration of human IgG (ug/mL). Each mouse 1s depicted by
separate line as indicated 1n the legend.

[00122] FIG. 86 shows a graph plotting days post injection of anti-PSMA plasmid 1nto
C57BL/6 mice against the concentration of human IgG (ug/mL). The depicted results are the
ogrouped mice.

[00123] FIG. 87 shows a graph plotting the concentration of anti-PSMA antibody (g/mL) 1n
log10 against luminescence in relative light units (RLU).

[00124] FIG. 88 shows a graph plotting sample type against fold induction of luciferase
activity.

[00125] FIG. 89 shows timelines for tumor implantation (day 0), immunization (day 5 or
7), and tumor measurement (days 7, 14, 21, 28, 35, 42, 49, 56, and 63) for mice immunized
with pVaxl or anti-PSMA DNA plasmid.

[00126] FIG. 90 shows a graph plotting days post tumor implantation and tumor volume
(mm?) for mice immunized with pVax1 on day 5 after tumor implantation.

[00127] FIG. 91 shows a graph plotting days post tumor implantation against tumor volume
(mm?) for mice immunized with anti-PSMA DNA plasmid on day 5 after tumor implantation.
[00128] FIG. 92 shows a graph plotting days post tumor implantation against tumor volume
(mm?) for mice immunized with anti-PSMA DNA plasmid on day 7 after tumor implantation.
[00129] FIG. 93 shows 1mages of mice with tumors and measurement of respective tumors.
The mice were (1) mice immunized with pVax1 on day 5 after tumor implantation, (2) mice
immunized with anti-PSMA DNA plasmid on day 5 after tumor implantation, or (3) mice
immunized with anti-PSMA DNA plasmid on day 7 after tumor implantation.

[00130] FIG. 94 shows a graph plotting days post tumor implantation against tumor volume
(mm?) for the indicated groups of mice.

[00131] FIGS. 95A-95E show optimized PSMA-dMAD plasmids drive high level IgG
production iz vitro. FIG. 95A shows the design of optimized anti-PSMA-IgG plasmid coding
for the anti-PSMA monoclonal antibody hereto referred to as the PSMA-dMADb. FIG. 95B
shows quantification ELISA and FIG. 95C shows binding ELISA of a 1:50 dilution of
supernatants collected at 48 hour from pVax1-or PSMA-dMAb-transfected 293T cells. FIG.
95D shows titration binding ELISA of 48-hour supernatants from pVax1l or PSMA-dMAD-
transfected 293T cells. FIG. 95E shows Western blot analysis of recombinant PSMA
(rPSMA) or 1rrelevant recombinant HIV-Env (rHIV-Env) proteins probed with a 1:50
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dilution of supernatant from PSMA-dMAb-transfected 293T cells shows specific binding of
PSMA-dMADb-IgG produced 1n 293T cells.

[00132] FIGS. 96A-96C show that PSMA-dMAD plasmids drive high-level IgG production
in mice. FIG. 96A shows quantification ELISA performed on sera collected from C57BL/6
nude (B6.Cg-Foxnlnu/J) mice that were inoculated intramuscularly with a single injection of
100ug PSMA-dMAD plasmid followed by EP. Peak IgG concentrations of 1.2 ug/ml was
obtained at day 14 for C57BL/6 nude. FIG. 96B shows titration binding ELISA of sera
collected from mice tested on recombinant human PSMA. FIG. 96C shows Western blot
analysis of recombinant PSMA (rPSMA) or 1rrelevant, recombinant HIV-Env (tHIV-Env)
proteins probed with a 1:50 dilution of sera from PSMA-dMAb-inoculated mice shows
specific binding of PSMA-dMAD IgG produced in mice.

[00133] FIGS. 97A-97B show PSMA-dMAD IgGs produced in nude mice bind to PSMA
expressing cell lines. FIG. 97A shows flow cytometry analyses of PSMA expressing LNCaP
and TRAMP-C2 cell lines stained with 1:50 dilution of day 14 sera from mice inoculated
with either empty pVaxl vector or PSMA-dMAD plasmid. FIG. 97B shows quantification of
mean florescence index (MFI) of LnCap and TRAMP-C2 cell staining.

[00134] FIG. 98 shows PSMA-dMAD produced in C57BL/6 nude mice stain PSMA 1n
tumor tissues.

[00135] FIGS. 99A-99C show that PSMA-dMADb mediates ADCC on LNCaP cells. FIG.
99A shows ADCC activity of PSMA-dMAD was examined by using the ADCC Reporter
assay FIG. 99B shows the fold of induction of ADCC activity induced by PSMA-dMAD
immunized mice sera as compared to the no antibody negative control. FIG. 99C shows flow
cytometry to analyze the effects of PSMA-dMAD sera on cell death of LNCaP cells.

[00136] FIGS. 100A-100D show PSMA-dMAD induces antitumor immunity in a TRAMP-
C2 tumor challenge mouse model. FIG. 100A shows a schema of tumor administration and
pVaxl or PSMA-dMAD plasmid administration into C57BL/6 mice. FIG. 100B shows the
tumor volume measured weekly with calipers for up to 10 weeks post tumor administration.
FIG. 100C shows representative mice with tumors from pVax1l and PSMA-dMAD groups at
Day 50 post tumor administration. FIG. 100D shows the depletion of NK cells with single
injection of ant1-NK1.1 IgG prior to PSMA-dMADb administration abrogated the protective
cttects of PSMA-dMAD on tumor killing.
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DETAILED DESCRIPTION

[00137] The present invention relates to compositions comprising a recombinant nucleic
acid sequence encoding an antibody, a fragment thercof, a variant thercof, or a combination
thereof. The composition can be administered to a subject in need thereof to facilitate 1n vivo
expression and formation of a synthetic antibody.

[00138] In particular, the heavy chain and light chain polypeptides expressed from the
recombinant nucleic acid sequences can assemble into the synthetic antibody. The heavy
chain polypeptide and the light chain polypeptide can interact with one another such that
assembly results in the synthetic antibody being capable of binding the antigen, being more
immunogenic as compared to an antibody not assembled as described herein, and being
capable of eliciting or inducing an immune response against the antigen.

[00139] Additionally, these synthetic antibodies are generated more rapidly 1n the subject
than antibodies that are produced 1n response to antigen induced immune response. The
synthetic antibodies are able to effectively bind and neutralize a range of antigens. The
synthetic antibodies are also able to effectively protect against and/or promote survival of

disease.

1. Definitions

[00140] Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art. In case of
conflict, the present document, including definitions, will control. Preferred methods and
materials are described below, although methods and materials similar or equivalent to those
described herein can be used 1n practice or testing of the present invention. All publications,
patent applications, patents and other references mentioned herein are incorporated by
reference 1n their entirety. The materials, methods, and examples disclosed herein are
1llustrative only and not intended to be limiting.

[00141] The terms “comprise(s),” “include(s),” “having,” “has,” “can,” “contain(s),” and
variants thereof, as used herein, are intended to be open-ended transitional phrases, terms, or
words that do not preclude the possibility of additional acts or structures. The singular forms

(44

a,” “and” and “the” include plural references unless the context clearly dictates otherwise.

2% ¢¢

The present disclosure also contemplates other embodiments “comprising,” “consisting of”
and “consisting essentially of,” the embodiments or elements presented herein, whether

explicitly set forth or not.
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[00142] “Antibody” may mean an antibody of classes 1gG, IgM, IgA, IgD or IgE, or
fragments, fragments or derivatives thercof, including Fab, F(ab")2, Fd, and single chain
antibodies, and derivatives thereof. The antibody may be an antibody 1solated from the serum
sample of mammal, a polyclonal antibody, atfinity purified antibody, or mixtures thereof
which exhibits sufficient binding specificity to a desired epitope or a sequence derived
therefrom.

[00143] “Antibody fragment” or “fragment of an antibody” as used interchangeably herein
refers to a portion of an intact antibody comprising the antigen-binding site or variable
region. The portion does not include the constant heavy chain domains (1.e. CH2, CH3, or
CH4, depending on the antibody 1sotype) of the Fc region of the intact antibody. Examples
of antibody fragments include, but are not limited to, Fab fragments, Fab' fragments, Fab'-SH
fragments, F(ab')2 fragments, Fd fragments, Fv fragments, diabodies, single-chain Fv (scFv)
molecules, single-chain polypeptides containing only one light chain variable domain, single-
chain polypeptides containing the three CDRSs of the light-chain variable domain, single-
chain polypeptides containing only one heavy chain variable region, and single-chain
polypeptides containing the three CDRSs of the heavy chain variable region.

[00144] “Antigen” refers to proteins that have the ability to generate an immune response in
a host. An antigen may be recognized and bound by an antibody. An antigen may originate
from within the body or from the external environment.

[00145] “Coding sequence™ or “encoding nucleic acid™ as used herein may mean refers to
the nucleic acid (RNA or DNA molecule) that comprise a nucleotide sequence which encodes
an antibody as set forth herein. The coding sequence may further include 1nitiation and
termination signals operably linked to regulatory elements including a promoter and
polyadenylation signal capable of directing expression 1n the cells of an individual or
mammal to whom the nucleic acid 1s administered. The coding sequence may further include
sequences that encode signal peptides.

[00146] “Complement” or “complementary” as used herein may mean a nucleic acid may
mean Watson-Crick (e.g., A-T/U and C-G) or Hoogsteen base pairing between nucleotides or
nucleotide analogs of nucleic acid molecules.

[00147] “Constant current” as used herein to define a current that 18 received or experienced
by a tissue, or cells defining said tissue, over the duration of an electrical pulse delivered to
same tissue. The electrical pulse 1s delivered from the electroporation devices described

herein. This current remains at a constant amperage 1n said tissue over the life of an electrical
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pulse because the electroporation device provided herein has a feedback element, preferably
having instantancous feedback. The feedback element can measure the resistance of the tissue
(or cells) throughout the duration of the pulse and cause the electroporation device to alter its
electrical energy output (€.g., increase voltage) so current 1n same tissue remains constant
throughout the electrical pulse (on the order of microseconds), and from pulse to pulse. In
some embodiments, the feedback element comprises a controller.

[00148] “Current feedback”™ or “feedback”™ as used herein may be used interchangeably and
may mean the active response of the provided electroporation devices, which comprises
measuring the current in tissue between electrodes and altering the energy output delivered
by the EP device accordingly in order to maintain the current at a constant level. This
constant level 1s preset by a user prior to initiation of a pulse sequence or electrical treatment.
The feedback may be accomplished by the electroporation component, ¢.g., controller, of the
clectroporation device, as the electrical circuit therein 1s able to continuously monitor the
current 1n tissue between electrodes and compare that monitored current (or current within
tissue) to a preset current and continuously make energy-output adjustments to maintain the
monitored current at preset levels. The feedback loop may be instantancous as 1t 1s an analog
closed-loop feedback.

[00149] “‘Decentralized current” as used herein may mean the pattern of electrical currents
delivered from the various needle electrode arrays of the electroporation devices described
herein, wherein the patterns minimize, or preferably eliminate, the occurrence of
clectroporation related heat stress on any area of tissue being electroporated.

[00150] ““Electroporation,” “electro-permeabilization,” or “electro-kinetic enhancement”
(“EP”’) as used interchangeably herein may refer to the use of a transmembrane electric field
pulse to induce microscopic pathways (pores) 1n a bio-membrane; their presence allows
biomolecules such as plasmids, oligonucleotides, sSIRNA, drugs, 1ons, and water to pass from
one side of the cellular membrane to the other.

[00151] “Endogenous antibody” as used herein may refer to an antibody that 1s generated 1n
a subject that 1s administered an effective dose of an antigen for induction of a humoral
Immune response.

[00152] “Feedback mechanism” as used herein may refer to a process performed by either
software or hardware (or firmware), which process receirves and compares the impedance of

the desired tissue (before, during, and/or after the delivery of pulse of energy) with a present
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value, preferably current, and adjusts the pulse of energy delivered to achieve the preset
value. A feedback mechanism may be performed by an analog closed loop circuit.

[00153] “Fragment” may mean a polypeptide fragment of an antibody that 1s function, 1.¢.,
can bind to desired target and have the same mtended effect as a full length antibody. A
fragment of an antibody may be 100% 1dentical to the full length except missing at least one
amino acid from the N and/or C terminal, in each case with or without signal peptides and/or
a methionine at position 1. Fragments may comprise 20% or more, 25% or more, 30% or
more, 35% or more, 40% or more, 45% or more, 50% or more, 55% or more, 60% or more,
65% or more, 70% or more, 75% or more, 830% or more, 85% or more, 90% or more, 91% or
more, 92% or more, 93% or more, 94% or more, 95% or more, 96% or more, 97% or more,
98% or more, 99% or more percent of the length of the particular full length antibody,
excluding any heterologous signal peptide added. The fragment may comprise a fragment of
a polypeptide that 1s 95% or more, 96% or more, 97% or more, 98% or more or 99% or more
1dentical to the antibody and additionally comprise an N terminal methionine or heterologous
signal peptide which 1s not included when calculating percent 1dentity. Fragments may
further comprise an N terminal methionine and/or a signal peptide such as an
immunoglobulin signal peptide, for example an IgE or IgG signal peptide. The N terminal
methionine and/or signal peptide may be linked to a fragment of an antibody.

[00154] A fragment of a nucleic acid sequence that encodes an antibody may be 100%
1dentical to the full length except missing at least one nucleotide from the 5' and/or 3' end, 1n
cach case with or without sequences encoding signal peptides and/or a methionine at position
1. Fragments may comprise 20% or more, 25% or more, 30% or more, 35% or more, 40% or
more, 45% or more, 50% or more, 55% or more, 60% or more, 65% or more, 70% or more,
75% or more, 80% or more, 85% or more, 90% or more, 91% or more, 92% or more, 93% or
more, 94% or more, 95% or more, 96% or more, 97% or more, 98% or more, 99% or more
percent of the length of the particular full length coding sequence, excluding any
heterologous signal peptide added. The fragment may comprise a fragment that encode a
polypeptide that 15 95% or more, 96% or more, 97% or more, 98% or more or 99% or more
1dentical to the antibody and additionally optionally comprise sequence encoding an N
terminal methionine or heterologous signal peptide which 1s not included when calculating
percent 1identity. Fragments may further comprise coding sequences for an N terminal

methionine and/or a signal peptide such as an immunoglobulin signal peptide, for example an
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IgE or IgG signal peptide. The coding sequence encoding the N terminal methionine and/or
signal peptide may be linked to a fragment of coding sequence.

[00155] “Genetic construct” as used herein refers to the DNA or RNA molecules that
comprise a nucleotide sequence which encodes a protein, such as an antibody. The coding
sequence includes nitiation and termination signals operably linked to regulatory elements
including a promoter and polyadenylation signal capable of directing expression 1n the cells
of the individual to whom the nucleic acid molecule 1s administered. As used herein, the
term "expressible form" refers to gene constructs that contain the necessary regulatory
clements operable linked to a coding sequence that encodes a protein such that when present
in the cell of the individual, the coding sequence will be expressed.

[00156] “‘Identical” or “identity” as used herein 1n the context of two or more nucleic acids
or polypeptide sequences, may mean that the sequences have a specified percentage of
residues that are the same over a specified region. The percentage may be calculated by
optimally aligning the two sequences, comparing the two sequences over the specified region,
determining the number of positions at which the 1dentical residue occurs 1n both sequences
to yield the number of matched positions, dividing the number of matched positions by the
total number of positions 1n the specified region, and multiplying the result by 100 to yield
the percentage of sequence 1dentity. In cases where the two sequences are of different lengths
or the alignment produces one or more staggered ends and the specified region of comparison
includes only a single sequence, the residues of single sequence are included 1n the
denominator but not the numerator of the calculation. When comparing DNA and RNA,
thymine (T) and uracil (U) may be considered equivalent. Identity may be performed
manually or by using a computer sequence algorithm such as BLAST or BLAST 2.0.

[00157] “Impedance” as used herein may be used when discussing the feedback mechanism
and can be converted to a current value according to Ohm's law, thus enabling comparisons
with the preset current.

[00158] “Immune response” as used herein may mean the activation of a host’s immune
system, ¢.g., that of a mammal, in response to the introduction of one or more nucleic acids
and/or peptides. The immune response can be 1n the form of a cellular or humoral response,
or both.

[00159] ““Nucleic acid” or “oligonucleotide” or “polynucleotide” as used herein may mean
at least two nucleotides covalently linked together. The depiction of a single strand also

defines the sequence of the complementary strand. Thus, a nucleic acid also encompasses the
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complementary strand of a depicted single strand. Many variants of a nucleic acid may be
used for the same purpose as a given nucleic acid. Thus, a nucleic acid also encompasses
substantially 1identical nucleic acids and complements thercof. A single strand provides a
probe that may hybridize to a target sequence under stringent hybridization conditions. Thus,
a nucleic acid also encompasses a probe that hybridizes under stringent hybridization
conditions.

[00160] Nucleic acids may be single stranded or double stranded, or may contain portions
of both double stranded and single stranded sequence. The nucleic acid may be DNA, both
genomic and cDNA, RNA, or a hybrid, where the nucleic acid may contain combinations of
deoxyribo- and ribo-nucleotides, and combinations of bases including uracil, adenine,
thymine, cytosine, guanine, inosine, xanthine hypoxanthine, 1socytosine and 1soguanine.
Nucleic acids may be obtained by chemical synthesis methods or by recombinant methods.
[00161] “Operably linked” as used herein may mean that expression of a gene 1s under the
control of a promoter with which 1t 1s spatially connected. A promoter may be positioned 5'
(upstream) or 3' (downstream) of a gene under 1ts control. The distance between the
promoter and a gene may be approximately the same as the distance between that promoter
and the gene 1t controls 1n the gene from which the promoter 1s derived. As 1s known 1n the
art, variation i this distance may be accommodated without loss of promoter function.
[00162] A “peptide,” “protein,” or “polypeptide” as used herein can mean a linked
sequence of amino acids and can be natural, synthetic, or a modification or combination of
natural and synthetic.

[00163] “‘Promoter” as used herein may mean a synthetic or naturally-derived molecule
which 1s capable of conferring, activating or enhancing expression of a nucleic acid 1n a cell.
A promoter may comprise one or more specific transcriptional regulatory sequences to
further enhance expression and/or to alter the spatial expression and/or temporal expression
of same. A promoter may also comprise distal enhancer or repressor elements, which can be
located as much as several thousand base pairs from the start site of transcription. A promoter
may be derived from sources including viral, bacterial, fungal, plants, insects, and animals. A
promoter may regulate the expression of a gene component constitutively, or differentially
with respect to cell, the tissue or organ in which expression occurs or, with respect to the
developmental stage at which expression occurs, or 1n response to external stimuli such as
physiological stresses, pathogens, metal 10ns, or inducing agents. Representative examples of

promoters include the bacteriophage T7 promoter, bacteriophage T3 promoter, SP6 promoter,
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lac operator-promoter, tac promoter, SV40 late promoter, SV40 early promoter, RSV-LTR
promoter, CMV IE promoter, SV40 early promoter or SV 40 late promoter and the CMV IE
promoter.

[00164] “Signal peptide” and “leader sequence” are used interchangeably herein and refer
to an amino acid sequence that can be linked at the amino terminus of a protein set forth
herein. Signal peptides/leader sequences typically direct localization of a protein. Signal
peptides/leader sequences used herein preferably facilitate secretion of the protein from the
cell in which 1t 1s produced. Signal peptides/leader sequences are often cleaved from the
remainder of the protein, often referred to as the mature protein, upon secretion from the cell.
Signal peptides/leader sequences are linked at the N terminus of the protein.

[00165] ““Stringent hybridization conditions™ as used herein may mean conditions under
which a first nucleic acid sequence (e.g., probe) will hybridize to a second nucleic acid
sequence (e.g., target), such as 1n a complex mixture of nucleic acids. Stringent conditions are
sequence dependent and will be different in different circumstances. Stringent conditions may
be selected to be about 5-10°C lower than the thermal melting point (Tm) for the specific
sequence at a defined 1onic strength pH. The Tm may be the temperature (under defined 10nic
strength, pH, and nucleic concentration) at which 50% of the probes complementary to the
target hybridize to the target sequence at equilibrium (as the target sequences are present 1n
excess, at Tm, 50% of the probes are occupied at equilibrium). Stringent conditions may be
those 1n which the salt concentration 1s less than about 1.0 M sodium 1on, such as about 0.01-
1.0 M sodium 10on concentration (or other salts) at pH 7.0 to 8.3 and the temperature 1s at least
about 30°C for short probes (e.g., about 10-50 nucleotides) and at least about 60°C for long
probes (e.g., greater than about 50 nucleotides). Stringent conditions may also be achieved
with the addition of destabilizing agents such as formamide. For selective or specific
hybridization, a positive signal may be at least 2 to 10 times background hybridization.
Exemplary stringent hybridization conditions include the following: 50% formamide, 5x
SSC, and 1% SDS, incubating at 42°C, or, 5x SSC, 1% SDS, incubating at 65°C, with wash
in 0.2x SSC, and 0.1% SDS at 65°C.

[00166] ““Subject” and “patient” as used herein interchangeably refers to any vertebrate,
including, but not limited to, a mammal (e.g., cow, pi1g, camel, llama, horse, goat, rabbit,
sheep, hamsters, guinea pig, cat, dog, rat, and mouse, a non-human primate (for example, a

monkey, such as a cynomolgous or rhesus monkey, chimpanzee, etc) and a human). In some
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embodiments, the subject may be a human or a non-human. The subject or patient may be
undergoing other forms of treatment.

[00167] “Substantially complementary™ as used herein may mean that a first sequence 1s at
least 60%, 65%, 70%, 75%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% 1dentical to the complement of a second
sequence over aregion of 8,9, 10, 11, 12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100 or more nucleotides or amino acids,
or that the two sequences hybridize under stringent hybridization conditions.

[00168] ““Substantially identical” as used herein may mean that a first and second sequence
are at least 60%, 65%, 70%, 75%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,0r 99% over aregionof 1,2, 3,4, 5,6, 7,
8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 45, 50, 55, 60,
635, 70, 75, 80, 85, 90, 95, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100 or more
nucleotides or amino acids, or with respect to nucleic acids, 1f the first sequence 1s
substantially complementary to the complement of the second sequence.

[00169] “Synthetic antibody” as used herein refers to an antibody that 1s encoded by the
recombinant nucleic acid sequence described herein and 1s generated 1n a subject.

[00170] ““Treatment” or “treating,” as used herein can mean protecting of a subject from a
disease through means of preventing, suppressing, repressing, or completely eliminating the
disease. Preventing the disease involves administering a vaccine of the present invention to a
subject prior to onset of the disease. Suppressing the disease involves administering a
vaccine of the present invention to a subject after induction of the disease but before its
clinical appearance. Repressing the disease involves administering a vaccine of the present
invention to a subject after clinical appearance of the disease.

[00171] ““Variant” used herein with respect to a nucleic acid may mean (1) a portion or
fragment of a referenced nucleotide sequence; (11) the complement of a referenced nucleotide
sequence or portion thercof; (111) a nucleic acid that 1s substantially identical to a referenced
nucleic acid or the complement thereof; or (1v) a nucleic acid that hybridizes under stringent
conditions to the referenced nucleic acid, complement thereof, or a sequences substantially
1dentical thereto.

[00172] ““Variant” with respect to a peptide or polypeptide that differs in amino acid
sequence by the insertion, deletion, or conservative substitution of amino acids, but retain at

least one biological activity. Variant may also mean a protein with an amino acid sequence
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that 1s substantially identical to a referenced protein with an amino acid sequence that retains
at least one biological activity. A conservative substitution of an amino acid, 1.¢., replacing an
amino acid with a different amino acid of similar properties (e.g., hydrophilicity, degree and
distribution of charged regions) 1s recognized 1n the art as typically involving a minor change.
These minor changes can be 1dentified, in part, by considering the hydropathic index of
amino acids, as understood 1n the art. Kyte et al., J. Mol. Biol. 157:105-132 (1982). The
hydropathic index of an amino acid 1s based on a consideration of its hydrophobicity and
charge. It 1s known 1n the art that amino acids of similar hydropathic indexes can be

substituted and still retain protein function. In one aspect, amino acids having hydropathic

indexes of +2 are substituted. The hydrophilicity of amino acids can also be used to reveal
substitutions that would result 1n proteins retaining biological function. A consideration of the
hydrophilicity of amino acids in the context of a peptide permits calculation of the greatest
local average hydrophilicity of that peptide, a useful measure that has been reported to
correlate well with antigenicity and immunogenicity. U.S. Patent No. 4,554,101, incorporated
fully herein by reference. Substitution of amino acids having similar hydrophilicity values
can result in peptides retaining biological activity, for example immunogenicity, as 1S

understood 1n the art. Substitutions may be performed with amino acids having hydrophilicity

values within +£2 of each other. Both the hyrophobicity index and the hydrophilicity value of
amino acids are influenced by the particular side chain of that amino acid. Consistent with
that observation, amino acid substitutions that are compatible with biological function are
understood to depend on the relative similarity of the amino acids, and particularly the side
chains of those amino acids, as revealed by the hydrophobicity, hydrophilicity, charge, size,
and other properties.

[00173] A variant may be a nucleic acid sequence that 1s substantially 1dentical over the full
length of the full gene sequence or a fragment thercof. The nucleic acid sequence may be
30%, 81%, 82%, 83%, 84%., 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%.,
96%, 97%, 98%, 99%, or 100% 1dentical over the full length of the gene sequence or a
fragment thercof. A variant may be an amino acid sequence that 1s substantially 1dentical
over the full length of the amino acid sequence or fragment thereof. The amino acid
sequence may be 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentical over the full length of the amino

acid sequence or a fragment thereof.
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[00174] “Vector” as used herein may mean a nucleic acid sequence containing an origin of
replication. A vector may be a plasmid, bacteriophage, bacterial artificial chromosome or
yeast artificial chromosome. A vector may be a DNA or RNA vector. A vector may be either
a self-replicating extrachromosomal vector or a vector which integrates into a host genome.
[00175] For the recitation of numeric ranges herein, each intervening number there between
with the same degree of precision 1s explicitly contemplated. For example, for the range of 6-
9, the numbers 7 and 8 are contemplated 1n addition to 6 and 9, and for the range 6.0-7.0, the
number 6.0, 6.1, 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 6.8, 6.9, and 7.0 are explicitly contemplated.

2. Composition

[00176] The present invention relates to a composition comprising a recombinant nucleic
acid sequence encoding an antibody, a fragment thercof, a variant thercof, or a combination
thercof. The composition, when administered to a subject 1n need thereof, can result in the
generation of a synthetic antibody 1n the subject. The synthetic antibody can bind a target
molecule (1.¢., an antigen) present in the subject. Such binding can neutralize the antigen,
block recognition of the antigen by another molecule, for example, a protein or nucleic acid,
and elicit or induce an immune response to the antigen.

[00177] The synthetic antibody can treat, prevent, and/or protect against disease in the
subject administered the composition. The synthetic antibody by binding the antigen can
treat, prevent, and/or protect against disease in the subject administered the composition. The
synthetic antibody can promote survival of the disease in the subject administered the
composition. The synthetic antibody can provide at least about 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, or 100% survival of the disease in the subject administered the
composition. In other embodiments, the synthetic antibody can provide at least about 65%,
66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, or 80%
survival of the disease 1n the subject administered the composition.

[00178] The composition can result in the generation of the synthetic antibody 1n the
subject within at least about 1 hour, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours, 7 hours, 8
hours, 9 hours, 10 hours, 11 hours, 12 hours, 13 hours, 14 hours, 15 hours, 20 hours, 25
hours, 30 hours, 35 hours, 40 hours, 45 hours, 50 hours, or 60 hours of administration of the
composition to the subject. The composition can result in generation of the synthetic
antibody 1n the subject within at least about 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7
days, 8 days, 9 days, or 10 days of administration of the composition to the subject. The

composition can result in generation of the synthetic antibody 1n the subject within about 1
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hour to about 6 days, about 1 hour to about 5 days, about 1 hour to about 4 days, about 1 hour
to about 3 days, about 1 hour to about 2 days, about 1 hour to about 1 day, about 1 hour to
about 72 hours, about 1 hour to about 60 hours, about 1 hour to about 48 hours, about 1 hour
to about 36 hours, about 1 hour to about 24 hours, about 1 hour to about 12 hours, or about 1
hour to about 6 hours of administration of the composition to the subject.

[00179] The composition, when administered to the subject 1n need thereof, can result in
the generation of the synthetic antibody 1n the subject more quickly than the generation of an
endogenous antibody 1n a subject who 1s administered an antigen to induce a humoral
immune response. The composition can result in the generation of the synthetic antibody at
least about 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, or 10 days
before the generation of the endogenous antibody 1n the subject who was administered an
antigen to induce a humoral immune response.

[00180] The composition of the present invention can have features required of effective
compositions such as being safe so that the composition does not cause 1llness or death; being
protective against 1llness; and providing ease of administration, few side effects, biological

stability and low cost per dose.

3. Recombinant Nucleic Acid Sequence

[00181] As described above, the composition can comprise a recombinant nucleic acid
sequence. The recombinant nucleic acid sequence can encode the antibody, a fragment
thercof, a variant thercof, or a combination thercof. The antibody 1s described 1n more detail
below.

[00182] The recombinant nucleic acid sequence can be a heterologous nucleic acid
sequence. The recombinant nucleic acid sequence can include at least one heterologous
nucleic acid sequence or one or more heterologous nucleic acid sequences.

[00183] The recombinant nucleic acid sequence can be an optimized nucleic acid sequence.
Such optimization can increase or alter the immunogenicity of the antibody. Optimization
can also improve transcription and/or translation. Optimization can include one or more of
the following: low GC content leader sequence to increase transcription; mRNA stability and
codon optimization; addition of a kozak sequence (e.g., GCC ACC) for increased translation;
addition of an immunoglobulin (Ig) leader sequence encoding a signal peptide; and

climinating to the extent possible cis-acting sequence motifs (1.e., internal TATA boxes).
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a. Recombinant Nucleic Acid Sequence Construct

[00184] The recombinant nucleic acid sequence can include one or more recombinant
nucleic acid sequence constructs. The recombinant nucleic acid sequence construct can
include one or more components, which are described 1in more detail below.

[00185] The recombinant nucleic acid sequence construct can include a heterologous
nucleic acid sequence that encodes a heavy chain polypeptide, a fragment thercof, a variant
thereof, or a combination thereof. The recombinant nucleic acid sequence construct can
include a heterologous nucleic acid sequence that encodes a light chain polypeptide, a
fragment thercof, a variant thereof, or a combination thereof. The recombinant nucleic acid
sequence construct can also include a heterologous nucleic acid sequence that encodes a
protease or peptidase cleavage site. The recombinant nucleic acid sequence construct can
include one or more leader sequences, in which each leader sequence encodes a signal
peptide. The recombinant nucleic acid sequence construct can include one or more
promoters, one or more introns, one or more transcription termination regions, one Or more
initiation codons, one or more termination or stop codons, and/or one or more
polyadenylation signals. The recombinant nucleic acid sequence construct can also include

one or more linker or tag sequences. The tag sequence can encode a hemagglutinin (HA) tag.

(1) Heavy Chain Polypeptide
[00186] The recombinant nucleic acid sequence construct can include the heterologous
nucleic acid encoding the heavy chain polypeptide, a fragment thercof, a variant thereof, or a
combination thercof. The heavy chain polypeptide can include a variable heavy chain (VH)
region and/or at least one constant heavy chain (CH) region. The at least one constant heavy
chain region can include a constant heavy chain region 1 (CH1), a constant heavy chain
region 2 (CH2), and a constant heavy chain region 3 (CH3), and/or a hinge region.
[00187] In some embodiments, the heavy chain polypeptide can include a VH region and a
CHI region. In other embodiments, the heavy chain polypeptide can include a VH region, a
CHI1 region, a hinge region, a CH2 region, and a CH3 region.
[00188] The heavy chain polypeptide can include a complementarity determining region
(“CDR”) set. The CDR set can contain three hypervariable regions of the VH region.
Proceeding from N-terminus of the heavy chain polypeptide, these CDRs are denoted
“CDRI1,” “CDR2,” and “CDR3,” respectively. CDR1, CDR2, and CDR3 of the heavy chain

polypeptide can contribute to binding or recognition of the antigen.
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(2) Light Chain Polypeptide
[00189] The recombinant nucleic acid sequence construct can include the heterologous
nucleic acid sequence encoding the light chain polypeptide, a fragment thereof, a variant
thereot, or a combination thercof. The light chain polypeptide can include a variable light
chain (VL) region and/or a constant light chain (CL) region.
[00190] The light chain polypeptide can include a complementarity determining region
(“CDR”) set. The CDR set can contain three hypervariable regions of the VL region.
Proceeding from N-terminus of the light chain polypeptide, these CDRs are denoted “CDR1,”
“CDR2,” and “CDR3,” respectively. CDR1, CDR2, and CDR3 of the light chain polypeptide

can contribute to binding or recognition of the antigen.

(3) Protease Cleavage Site

[00191] The recombinant nucleic acid sequence construct can include the heterologous
nucleic acid sequence encoding the protease cleavage site. The protease cleavage site can be
recognized by a protease or peptidase. The protease can be an endopeptidase or
endoprotease, for example, but not limited to, furin, elastase, HtrA, calpain, trypsin,
chymotrypsin, trypsin, and pepsin. The protease can be furin. In other embodiments, the
protease can be a serine protease, a threonine protease, cysteine protease, aspartate protease,
metalloprotease, glutamic acid protease, or any protease that cleaves an internal peptide bond
(1.e., does not cleave the N-terminal or C-terminal peptide bond).

[00192] The protease cleavage site can include one or more amino acid sequences that
promote or increase the efficiency of cleavage. The one or more amino acid sequences can
promote or increase the efficiency of forming or generating discrete polypeptides. The one or

more amino acids sequences can include a 2A peptide sequence.

(4) Linker Sequence

[00193] The recombinant nucleic acid sequence construct can include one or more linker
sequences. The linker sequence can spatially separate or link the one or more components
described herein. In other embodiments, the linker sequence can encode an amino acid

sequence that spatially separates or links two or more polypeptides.
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(5) Promoter

[00194] The recombinant nucleic acid sequence construct can include one or more
promoters. The one or more promoters may be any promoter that 1s capable of driving gene
expression and regulating gene expression. Such a promoter 18 a cis-acting sequence clement
required for transcription via a DNA dependent RNA polymerase. Selection of the promoter
used to direct gene expression depends on the particular application. The promoter may be
positioned about the same distance from the transcription start in the recombinant nucleic
acid sequence construct as 1t 1s from the transcription start site in 1ts natural setting.

However, variation 1n this distance may be accommodated without loss of promoter function.
[00195] The promoter may be operably linked to the heterologous nucleic acid sequence
encoding the heavy chain polypeptide and/or light chain polypeptide. The promoter may be a
promoter shown effective for expression in eukaryotic cells. The promoter operably linked to
the coding sequence may be a CMV promoter, a promoter from simian virus 40 (SV40), such
as SV40 early promoter and SV40 later promoter, a mouse mammary tumor virus (MMTV)
promoter, a human immunodeficiency virus (HIV) promoter such as the bovin<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>