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COMPOSITIONS AND METHODS FOR PRODUCING PRO-INFLAMMATORY
MACROPHAGES

[COC1] This application claims benefit of United States provisional patent application number
62/195,725, filed July 22, 2015, the entire contents of which are incorporated by reference info

this application.

REFERENCE TO A SEQUENCE LISTING SUBMITTED VIA EFS-WEB

[CO02] The content of the ASCH text file of the sequence listing named "UWS1WOU1_SL”,
which is 50 kb in size, was created on July 20, 2016, and electronically submitted via EFS-Web

herewith the application. The seguence lisling is incorporated herein by reference in its entirety.

TECHNICAL FIELD OF THE INVENTION

[C003] This invention relates {o methods, constructs and compositions that can be used to
produce pro-inflammaiory macrophages. Compositions comprising engineered monocyles can
be administered to a subject in need of freatment with pro-inflammatory macrophages. The
polarization of the enginesred monocytes can be regulated using a ligand, allowing for both

spatial and temporal control of the treatment.

BACKGROUND OF THE INVENTION

[0004] Macrophages, a main inflammatory cell type, are known 1o be key players in the
inflammatory response. When activated, they exist in two major phenotypes that can be
broadly defined as. pro-inflammatory and pro-repair macrophages. Pro-inflammatory
macrophages are the first to arise at the site of injury and propagate the initial response by
releasing pro-inflammatory cytokines as well as by producing reactive oxygen species in order
to destroy foreign material at the injury site (1}, Pro-repair macrophages promote growth and
regeneration and are present following the pro-inflammatory macrophage decline. These types
of macrophages are present toward the end of the inflammatory response and mainly function
to end and resolve inflammation, stimulate healing, and restore tissue homeostasis that is

characterized by proper vascularization and little to no fibrosis or scarring (2).

[0005] In most inflammation scenarios, having a local overabundance of pro-inflammatory
macrophages can potentially lead to chronic inflammatory diseases, like atherosclerosis and
rheumatoid arthritis. Conversely, having a local overabundance of pro-repair macrophages can
lead {o fibrotic diseases, like pulmonary and cardiac fibrosis. Pro-repair macrophages are alse
found associated with solid tumors. Tumors cells are thought to induce the pro-repair

macrophage phenotype that in turn allows for tumor progression and tumor vascularization (1).
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[0008] Experimental evidence suggests that pro-inflammatory and pro-repair macrophages
have the ability to regulate one another and impact the state of inflammation, most likely
depending on the expression of the cytokines present in the iocal environment. These notions
strengthen the theory that it is necessary 1o have a balance of pro-inflammatory macrophages
and pro-repair macrophages and any skewing of this balance could potentially lead to the

dysregulation of inflammation and asscciated diseases (1-2).

[0007] There remains a need for effective means of selectively inducing and regulating pro-

inflammatory macrophages.

SUMMARY OF THE INVENTION

[0008] The invention meets these needs and others by providing methods and compositions
that mediate selective inducement of pro-inflammatory macrophages. The invention provides, in
one embodiment, a polynucleotide construct encoding a chimeric cellular recepior. in one
embodiment, the construct comprises nucleic acid sequences encoding, in operable linkage, a
myristoyiation sequence (Myr), a dimerizer domain, and an intracellular portion of the TLR4
receptor. in some embodiments, the construct further comprises a sequence that enables
expression of a separate reporter molecule conirolled by the same promoter. Exampies of such
a sequence include, but are not limited to, a ribosome skipping sequence and a cleavage
sequence. One exampile of a reporter molecule is green fluorescent protein (GFP). Inone
embodiment, the construct is free of sequences encoding an extraceliular portion of the TLR4
receptor. in preferred embodiments, the construct is sufficiently free of seguences encoding an
extracellular portion of the TLR4 receptor that no extraceliuiar ligands will bind. In one
embodiment, the dimerizer domain is phenvialanine 36 {o valine point mutation (F38Y) derived

from a mutaied version of the endogenous FKBP12 protein.

[000Q] In one embodiment, the nucleic acid sequences encoding the myristoylation sequence
{Myr), the dimerizer domain, and the intraceliuiar portion of the TLR4 receptor comprises a
nuclectide sequence encoding an amino acid sequence having at least 80% sequence identity
to the amino acid sequence of SEQ 1D NO: 1. In another embodiment, the nucleic acid
sequances encoding the myristoylation sequence (Myr), the dimerizer domain, the intracellular
portion of the TLR4 receptor, the ribosome skipping sequence, and the green flucrescent
protein comprises a nuclectide sequence encoding an amino acid sequence having at least

90% sequence identity to the amino acid sequence of SEQ 1D NO: 2

0010} In one embodiment, the intracellular portion of the TLR4 receplor comprises an aming

acid sequence having at least 80% sequence identity to the amino acid sequence of

LAGCIKYGRGENIYDAFVIYSSQDEDWVYRNELVKNLEEGVPPFQLCLHYRDFIPGVAIAA

NIHHEGFHKSRKVIVYVSQHFIQSRWCIFEYEIAQTWQOFLSSRAGHFIVLOKVEKTLLRQQ

VELYRLLSRNTYLEWEDSVLGRHIFWRRLRKALLDGKSWNPEGTVGTGONWRQEATSI (SEQ
2
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1D NC: 8). In some embodiments, the intraceliuiar portion of the TLR4 receptor includes one or
more of the following mutations: P714A, 8744A, R745A, C7478, Y751A, ETS2A, E775A,
K7768, Q792A, N792 A, Y794A, E796A, and E798A, wherein amino acid numbering refers {o
the human TLR4 receptor protein, amino acid residues 861-839 of which are shown in SEQ 1D
NQO: 8. Representative examples of the intraceliular portion of the TLR4 receptor include, but
are not limited to, polypeptides comprising an aming acid sequence selected from those shown
in SEQ 1D NO: 7-19, or SEQ {D NO: 20, the latter of which includes each of the point mutations

indicated above,

[0011] The invention further provides a method of producing a genstically engineered
monocyte. In one embodiment, the method comprises the steps of. (a) contacting a monocyte
with a construct as described herein under conditions sufficient to transfect the construct into
the monocyte; and (b) culturing the monocyte transfected in step (g). The genetically
engineered monocytes express the chimeric cellular recepior abie to dimerize upon addition of
a Chemical Inducer of Dimerization (CiD) synthetic ligand, which dimerization activates
signaling pathways independently of endogenous physiological ligands, thereby differentialing
the transfected monocyte into a macrophage. in one embodiment, the CID synthetic ligand is a
recombinant FK506 molecule. In ong embodiment, the recombinant FK508 molecule is
AP20187.

[0012] Also provided is a genetically engineered monocyte produced in accordance with the
methods described herein, as well as a pharmaceutical composition comprising a genetically
engineered monocyie of the invention. in some embodiments, the composition further
comprises a CID synthetic ligand. In one embodiment, the CID syntheticligand is a

recombinant FKS06 molecule, such as, for example, AP20187.

[0013] The invention additionally provides a method of reversibly inducing pro-inflammatory
macrophages in a subject. In one embodiment, the method comprises: (a)administering the
composition of claim 11 to a subject; and (byadministering a CID synthetic ligand to the subject.
The CID synthetic ligand activates the genetically engineered monocytes. In one embodiment,
the method further comprises: (¢} withdrawing administration of the CID synthetic ligand and/or
administering a washout ligand, thereby reversing the activation of the genstically engineered
monocytes. The administering of step (&) can be via means suitable to the particular patient
and treatment objective, such as by implantation info a target organ, injection into a target
tissue, introduction of a scaffold to a target site, or intravenous administration. In some
embodiments, the genetically engineered monocyte is pre-treated with a CID synthetic ligand
prior io the administering of step (a8). In such embodiments, pre-polarized cells are administered
fo the subject, thereby jump-starting the process. The CID synthetic ligand is administered

subsequently to maintain the cells in a polarized state in vivo.
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[0014] The invention provides methods of treating conditions that would benefit from selective
inducement of pro-inflammatory macrophages. In one embodiment, the invention provides a
method of treating a fibrotic disease comprising administering o a subject in need thereof the
pharmaceutical composition of the invention and a CID synthetic ligand. Representative
examples of fibrotic disease include, but are not limited to, those selected from the group
consisting of pulmonary fibrosis, cardiac fibrosis, and foreign body reaction. In another
embodiment, the invention provides a method of treating an inflammatory disease comprising
administering o a subject in need thereof the pharmaceutical composition of the invention and
a CID synthetic ligand. In one embodiment, the inflammatory disease is a chronic inflammatory
disease. Representative examples of chronic inflammatory disease include, but are not limited
to, those selected from the group consisting of atherosclerosis and rheumatoid arthritis. In yet
ancther embodiment, the invention provides a method of treating cancer inflammation
comprising administering {0 a subject in need thereof the pharmaceutical composition of the

invention and a CiD synthetic ligand.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Figure 1. Engineered M®s utilizing the Chemically Induced Dimerization (CID) system.

Schematic representation of the engineered macrophages and the activation by CiD drug.

[C018] Figure 2. Diagram of ¢cTLR4 Construct and Enginesred Receptor and Confirmation of
cTLR4 construct expression. {A) The ¢TLR4 construct containg: a myristolation domain (Myr),
an engineered dimerization domain (F38V), the cyloplasmic portion of the TLR4 domain
(cTLR4), a T2A ribosome skipping sequence, and a GFP tag. (B) Western biot probing for the
FIKBR12/F38Y domain (35.5 kDa) containing lysates from RAW284.7 celis, MP-T2A negative
control cells, M®-cTLR4 cells, and F2 positive control cells. M®-T2A cells have been
transduced with a construct that contains only the T2A ribosome skipping seguence with the
GFP tag. F2 cells have been transduced with just two adjacent F38Y domains. Schematic of
the ¢cTLR4 DNA construct inserted. Myr=myristolation sequence, F38V=dimerizer domain,
cTLR4=intracelivlar portion of the TLR4 receptor, T2A=cleavage sequence, GFP=0Green

Fluorescent Protein.
(0017} Figure 3. Mouse F38V-cTLR4 DNA sequence (SEQ 1D NO: 5).
(0018} Figure 4. Mouse F38V-cTLR4 Amino Acid seqguence {(SEQ ID NQG: 4).

[0019] Figure 5. Residues 661 o 838 human TLR4 cyloplasmic/intraceliular portion of the
receptor (SEQ 1D NO: 8). Mutations in all three possible binding sites abrogate TLR4 TiR-TLR4
TIR interactions. Only potential binding sites | and I in the TLR4 TIR domain are critical for
LPS-induced NF-«B signaling. An IRF3/GAL4-based assay suggests that binding site 1l may be

important for iIRF-3 activation.
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[0020] Figure 8. Proposed mutations in human TLR4 cytoplasmic/intraceliular portion amino
acid residues 661 1o 839 include: P714A, S744A, R745A, C747S, Y751A, ET52A, E7T75A,
K7768S, Q792A, N792 A, Y794A, E7S86A, and E798A (SEQ ID NO: 20).

[C021] Figure 7. Control macrophages transduced with the pCDH-EF1-MCS-T2A-copGFP
vector were also generated (T2A RAW264.7). The presence of the construct was confirmed for
the M®- ¢TLR4 engineered cells via western biot analysis for the FKBP12/F36V domain with a
band visible at about 35.5 kDa.

[0022] Figure 8. CiD-treated MO-cTLR4 Cells Exhibit Increased Expression of TNFq, 1L-8, and
INOS. Expression of classical inflammatory M® phenotype markers, determined by sandwich
ELISA assay. Bar graphs show the levels of (A} TNFa and (B) {L-8 of CiD-freated (50 nM) M®-
cTLR4 celis compared to unireated, vehicle (100% EHOH), and LPS-treated cells (100 ng/ml).
Cell media was collected foliowing 24 h treatment. (C) Westemn blot shows intensity of INCS
expression (130 kDa) for CID and LPS-treated M®-cTLR4 cells when compared to conirols.

Cells were lysed following 24 h treaiment.

[0023] Figure 9. M®-cTLR4 Cells are influenced by 1L-4 Treatment. Expression of classical
inflammatory M® phenotype markers following cocktail treatment of 1L-4 (80 ng/mL) and CID
drug (50 nM), LPS (100 ng/mL) or vehicle. Bar graphs show the levels of (A) TNFa and (B) IL-6
of cockiail-treated cells compared to controls. Cell medium was collected following 24 hour
freatment. (C) Western blot shows intensity of INOE expression (130 kDa) for cocktaii-treated

MdD-cTLR4 celis when compared to controls. Cells were lysed following 24 hour freatment.

[0024] Figure 10. MO-cTLR4 Cells Return o Basseline Levels 48 Hours Following CID Drug
Withdrawal. ClD drug withdrawa! experiment, determined by IL-6 expression. Cells were
treated with CID drug (50 nM), LPS (100 ng/mL), or vehicle for 24 hours or left unireated for 24
hours. Media was collected at the indicated timepoints after complete CID drug withdrawal and

IL-8 levels were measured at each timepoint to determine activation intensity.

[0025] Figure 11. CiD-freated M®-cTLR4 Cells Remain Activated for At Least 48 Howrs.
Longevity study determined by expression of (A) TNF-g, (B) IL-8, and (C} INOS in MO-cTLR4
celis. Media containing CID drug (50 nM) was changed every 24. Cell media was collected at

fime points indicated.

[0028] Figure 12, CiD-freated M®-cTLR4 Cells Activate the MyD88-dependeni Pathway. (A)
Weastern blot probing for p-ERK and {otal ERK Cells were lysed at the time points indicated
following CID drug (50 nM), LPS (100 ng/mL}, or vehicle {100% EtOH) treatment. Top panel
shows phosphorylated over total ERIK ratio relative to the zero timepoint for each subsequent
timepoini. Bottom panel shows corresponding blots. (B) A Duai-luciferase® assay was used o

determine NF-kB activity in M®-cTLR4 cells. Luciferase activity was measured 4 hours
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following treatment of MO®-TLR4 cells with CID drug or vehicle treatment. Luciferase activity

was normalized 1o baseline Renilla luciferase activity.

[0027] Figure 13. ClD-treated M®-cTLR4 Cells Activate the MyD88-independent Pathway.
Western blot for p-IRF3 and total IRF3. Cells were lysed at timepoints indicated following CID
drug (50 nM), LPS (100 ng/mL.), or vehicle treatment.

[0028] Figure 14. Media From ClD-treated Md-cTLR4 Cells Upregulate VCAM-1 and ICAM-1
on Endothelial Cells. Endothelial activation, determined by flow cytometry. Conditioned media
from M$-cTLR4 cells freated for 6 hours with TNFa, CID, and vehicle was transferred to plated
bEnd.3 endothelial cells and left to incubate for 12 hours. Following the 12 hour incubation,
bEnd.3 cells were then trypsinized and stained for both VCAM-1 and ICAM-1. (A & B}
Histograms showing intensity of VCAM-1 and ICAM-1 expression on bEnd.3 cells incubated
with M®-TLR4 conditioned media treated with TNFa (20 ng/mL), CID (50 nM), or vehicle (C &
D) Histograms showing intensity of VCAM-1 and ICAM-1 expression on bEnd.3 cells incubated
with M®-TLR4 conditioned media treated with TNFa (20 ng/mL), CID (50nM), or vehicle, as

well as with or without TNFa neutralizing antibody {(a-TNFa).

[0029] Figure 15. Dose of 50 nM CID Drug Produces Maximum Activation of MO-cTLR4 Cells.
CID drug dosage optimization for M@-cTLR4 cells, determined by IL-8 expression. An iL-8
ELISA was performed to test for the maximum signal of this cytokine in a CID drug titration
experiment. CID drug doses ranged from 50 nM to 250 nM and CID-treated M®-cTLR4 cells

were compared to controls. Cells media was collected following 24 hour treatment.

[COB0] Figure 16. MidLow M@-cTLR4 Cells Exhibit Highest Signal to Noise Ratio. An {L-8
ELISA was performed on unsorted cells and four groups of sorted cells from the lowest to the
most intense GFP intensity of M®-cTLR4 cells. Celis were treated with CID drug (50 nM), LPS

{100 ng/mL), or vehicle for 24 hours or {eft unireated for 24 hours.

[C031] Figure 17. M®-cTLR4 Cells are influenced by 1L-4 Treatment. Expression of the IL-10
cyiokine (M2 marker) following cocktail freatment of [L-4 (60 ng/mL) and CID drug (50 nM}, LPS
(100 ng/mL), or vehicle. Bar graph shows the levels of IL-10 for cockiail-treated cells compared

o controls. Cell medium was collected following 48 hour treatment.

[0032] Figure 18, Co-culture Angiogenesis Assay Resulls. Top left panel shows example of the
angiogenesis analyzer, which uses different colors to distinguish branches, twigs, segments,
master segments, meshes, nodes surrounded by junctions, master junctions, isolated
glements, small isolated glements, and exiremities. Bottom left panel shows network formation
for vehicle-treated M®-cTLR4 celis co-cultured with RAECs. Top right panel shows network
formation for CiD-freated (50 nM) Md-cTLR4 cells co-cultured with RAECs. Bottom right panel
shows network formation for LPS-freated (100 ng/mL) M®-cTLR4 celis co-cultured with RAECS.
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[CO33] Figure 19. Quantification of Co-culture Angiogenesis Assay. (A) Bar graph of
guantification of master segments. (B) Bar graph of quantification of isolated segments. (C) Bar

graph of guantification of branch number. () Bar graph of guantification of branching inferval.

[C034] Figure 20. Schematic illustration showing how Md-cTLR4 cells were tested in vivo using
a Matrigeil plug. Liguid Mairigel with M@®-cTLR4 cells were s.¢. injected into a mouse and ieft to
solidify. Mice were injected with CID drug every other day with 2 mg/kg mouse weight. Matrigel

plugs were then removed following 7 or 14 days and analyzed.

[CO35] Figure 21. 14 Day CiD-treated Plugs with GFP and INOS Positive Cells with Co-
localization. Image taken at 40X magnification. Top lefi panel shows Dapi staining of nuclei, top
right panel shows GFP positive celis, bottom left panel shows INOS positive cells, and boitom

right panel shows the merged image.

[CO38] Figure 22, ELISA for VEGF in the supernatant of TLR4 engineered cells. (A} ELISA for
VEGF in the supematant using T2A = control cell ling, Untreated = TLR4 engineersd celis with
no treatment, EtOH = TLR4 engineered cells treated with vehicle, + CID = TLR4 engineered
cells treated with CID, + LPS = TLR4 engineered cells freated with LPS. (B) ELISA for VEGF in
the supernatant of TLR4 engineered cells. Untreated = TLR4 engineered cells with no
treatment, INF-gamma = TLR4 engineered celis treated with INF-gamma, CID+ INF-gamma =
TLR4 engineerad cells freated with CID and INF- gamma, LPS + INF-gamma = TLR4
engineered cells treated with LPS and INF- gamma, CID = TLR4 engineered cells treated with
Cib.

DETAILED DESCRIPTION OF THE INVENTION

[0037] The invention is based on the surprising and unexpected discovery of a method of
engineering @ TLR4 receptor that is activated only in target cells. The invention provides a
construct that exploits selected portions of the TLR4 receptor {0 which no extraceliular ligand
will bind. A dimerization domain is emplovyed to allow for regulated activation when used in
conjunction with a dimerizer drug. In addition, a myristoylation domain facilitates intraceliular
presentation. Constructs of the invention can be used to create engineered monocytes whose
TLR4 receptors can be selectively activated 1o induce pro-inflammatory macrophages with
administration of a dimerization agent. The engineesred macrophages can be used to amelicrale
conditions associated with excessive pro-repair macrophages, like cardiac fibrosis and solid
tumor growth. Delivery of the engineered macrophages o sites of cardiac fibrosis can reduce
the amount of fibrosis and scarring, and ameliorate cardiac function. Delivery of the enginsered

macrophages o solid tumors can reduce tumor growth and size.
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Definitions

[0038] All scientific and fechnical terms used in this application have meanings commonly used
in the art unless otherwise specified. As used in this application, the following words or phrases

have the meanings specified.

[0038Q] As used herein, “intraceliular portion of a TLR4 receptor” means a portion of the
receptor that is sufficiently free of sequences encoding an exiraceliutar portion of the TLR4

receptor that no exiraceliular ligands will bind.

[0040] As used herein, "polypeptide” includes proteins, fragments of proteins, and peplides,
whether isolated from natural sources, produced by recombinant technigues or chemically

synthesized. Peptides of the invention typically comprise at least about 6 amino acids.

[0041] A "mutation” is an alteration of a polynucleolide sequence, characierized either by an
alteration in one or more nucleotide bases, or by an insertion of one or more nucleotides inio
the sequence, or by a delstion of one or more nuciectides from the sequence, or a combination

of these.

[0042] As used herein, "promoter” means a region of DNA, generally upstream (5') of a coding
region, which controls at least in part the initiation and level of transcription. Reference herein (o
a "promoter” is to be taken in its broadest context and includes the transcriptional regulatory
saquences of a classical genomic gene, including a TATA box or a non-TATA box promoter, as
well as additional regulatory elements (i.e., aclivating sequences, enhancers and silencers) that
alter gene expression in response to developmental and/or environmental stimuli, or in a lissue-
specific or celi-type-specific manner. A promoter is usually, but not necessarily, positioned
upstream or &, of a structural gene, the exprassion of which it regulates. Furthermore, the
regulatory elements comprising a promoter are usually positioned within 2 kb of the start site of
transcription of the gene, although they may also be many kb away. Promoters may contain
additionai specific regulatory elements, localed more distal to the siart sife to further enhance
expression in a cell, and/or to alter the timing or inducibility of expression of a structural gene 1o

which it is operably connected.

[0043] As used herein, "operably connected” or "operably linked” and the like is meant a
linkage of polynuclectide elements in a functional relationship. A nucleic acid is "operably
linked” when it is placed into a functional relationship with ancther nucleic acid seguence. For
instance, a promoter or enhancer is operably linked to a coding sequence if it affects the
transcription of the coding sequence. Operably linked means that the nucleic acid sequences
heing linked are typically contiguous and, where necessary 10 join two protein coding regions,
contiguous and in reading frame. "Operably linking” a promoter to a transcribable

polynuciectide is meant placing the transcribable polynucieotide {(e.g., protein encoding
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polynuciectide or other transcript) under the reguiatory control of a promoter, which then

controls the transcription and optionally translation of that polynucleoctide.

[0044] The term "nucleic acid” or "polynuciectide” refers to a deoxyribonuclectide or
ribonucleotide polymer in either single- or double-stranded form, and uniess otherwise limited,
encompasses known analogs of natural nucleotides that hybridize to nucleic acids in a manner

similar to naturally-occurring nucleotides.

[0045] As used herein, “identical” means, with respect {0 amino acid sequences, that at any
particular amino acid residue position in an aligned seguence, the amino acid residue is
identical between the aligned sequences. The term "similarity” or "sequence similarity” as used
herein, indicates that, al any particular position in the aligned seqguences, the amino acid
residue is of a similar type between the sequences. For example, leucine may be substituted
for an isoleucine or valine residue. This type of substitution can be referred to as a conservative
substitution. Preferably, a conservative substitution of any of the amino acid residues contained
in a given amino acid sequence, these changes have no effect on the binding specificity or

functional activity of the resuiting antibody when compared to the unmodified antibody.

[0048] As used herein, "corresponding position” refers to an aminoe acid residus that is present
in a second sequence at a position corresponding to a specified amino acid residue in a first
sequence which is the same position as the position in the first sequence when the two

sequences are aligned io allow for maximum sequence identity between the two seguences.

[0047] As used herein, "consists essentially of' or "consisting esseniially of’ means that a
polypeptide may have additional features or slements beyond those described, provided that
such additional features or elements do not materially affect the ability of the antibody or
antibody fragment to have the reciied binding specificity. The antibody or antibody fragments
comprising the polypeptides may have additional features or elements that do not interfere with
the ability of the antibody or antibody fragments {0 bind to its target and exhibit its functional
activity, e.g., disrupting or preventing bacterial adhesion to a mannose-coated surface. Such
modifications may be introduced inio the amino acid sequence in order {o reduce the
immunogenicity of the antibody. For exampie, a polypeptide consisting essentially of a specified
seguence may contain one, two, three, four, five or more additional, deleted or substituted
amino acids, at either end or at both ends of the sequence provided that these amino acids do
not interfere with, inhibit, block or interrupt the role of the antibody or fragment in binding to iis

target and exhibiting its biological activity.

[0048] As used herein, a “heterclogous” sequence or a “heterologous” molecule refers fo a
moiety not naturally occurring in conjunction with a recited sequence or molecule.
Represeniative examples of the heterclogous molecule include, but are notlimited to, a

polypeptide, antibody, epifope, polynucleoctide, small molecule or drug. Such heterologous
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moisties can be useful for improving solubility, delivery, immunogenicity, efficacy, detection, or
identification of the reciied sequence or molecule. In some embodiments, the helerologous

saguence is inert or an unrelated sequence.

[0048] As used herein, "pharmaceutically acceptable carrier” includes any material which,
when combined with an active ingredient, allows the ingredient to retain biclogical activily and is
non-reactive with the subject’'s immune system. Examples include, but are not limited to, any of
the standard pharmaceutical carriers such as a phosphate buffered saline solution, water,
emulsions such as oiliwater emulsion, and various types of wetling agents. Preferred diluents

for aerosol or parenteral administration are phosphate buffered saline or normal (0.8%) saline.

0050} Compositions comprising such carriers are formulated by well-known conventional
methods (see, for exampie, Remington's Pharmaceutical Sciences, 18th edition, (Remingten
and Gennaro 1990}).

[0051] As used herein, o “prevent” or “real” a condition means to decrease or inhibit
symptoms indicative of the condition or to delay the onset or reduce the severity of the

condition.

[0052] As used herein, "adjuvant” includes those adjuvanis commonly used in the art to
facilitate an immune response. In some embodiments, such as with the use of a polynucleotide
vaccing, an adjuvant such as a helper peplide or cylokine can be provided via a polynuciectide

encoding the adjuvant.
[0053] As used herein, "a" or "an” means at least one, uniess clearly indicated otherwise.

U in, ise” include”, or variati U ises”
00541 As used herein, the terms "comprise” or "include”, or varigtions such as "comprises” or
55 "

"comprising”, "includes” or "including” mean the inciusion of a recited item or group of items, but

not the exclusion of any other item or group of tems.

Constructs angd Compositions of the Invention

[0055] The invention provides, in one embodiment, a polynuciestide construct encoding a
chimeric cellular receptor. In one embodiment, the construct comprises nucleic acid sequences
encoding, in operable linkage, a myristoylation sequence (Myr), a dimerizer domain, and an
intraceliular portion of the TLR4 receptor. In some embodiments, the construct further
comprises a sequence that enables expression of a separate reporter molecule controlied by
the same promoter. Examples of such a sequence include, but are not limited to, a ribosome
skipping sequence and a cleavage sequence. One example of a reporter molecule is green
fluorescent protein (GFF). In one embodiment, the construct is free of sequences encoding an
exiraceliular portion of the TLR4 receptor. in preferred embodiments, the construct is
sufficiently free of sequences encoding an exiracellular portion of the TLR4 receptor that no
extraceliular ligands will bind. In one embodiment, the dimerizer domain is phenylalanine 36 {o
10



10

15

20

25

30

35

WO 2017/015553 PCT/US2016/043540

valine point mutation (F38Y) derived from a mutated version of the endogenous FKBP12

protein.

[0058] In one embodiment, the nucleic acid sequences encoding the myristoylation sequence
{Myr), the dimerizer domain, and the intraceliuiar portion of the TLR4 receptor comprises a
nuciectide sequence encoding an amino acid sequence having at least 80% sequence identity

to the amino acid sequence of:

[0057] MGSSKSKPKDPSQRLEGVQVETISPGDGRTFPKRGATCVVHYTGMLEDGKKVDSSER
DRNKPFKFMLOKQEVIRGWEEGVAOMSVGQRAKLTISPDYAY GATGHPGIIPPHATLVFDVEL
LKLEGSIAGCKKY SRGESIYDAFVIYSSONEDWVRNELVENLEEGVPRFHLCLHYRDFIPGVAIA
ANHQEGFHKERKVIVVVSRHFIQSRWCIFEYEIAQTWOFLSSREGHFIVLERVEKSLLRQQVELY
RLLSRNTYLEWEDNPLGRHIFWRRLKKALLDGKASNPEQTAEEEQETATWT (SEQ ID NO: 1).

[0058] In one embodiment, the nucleic acid sequences encoding the myristoylation sequence
{Myr), the dimerizer domain, the intfraceliular portion of the TLR4 receptor, the ribosome
skipping sequence, and the green fluorescent protein comprises a nucleotide sequence
encoding an amino acid seguence having at least 80% sequence identity to the amino acid

saquence of:

OO MGSSKSKPKDPSQRLEGVOAOVETISPGDGRTFPKRGQTCOVY

HYTGMLEDGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMS

VCORAKLTISPDYAYGA TGHPGIIFPHATLVFDVELLKLEGSIAGC
KKYSRGESIYDAFVIYSSQNEDWVRNELVKNLEEGVPRFHLCLHY
RDFIPGVAIAANIIQEGFHKSRKVIVVVSERHFIQSRWCIFEYETAQT
WOFLSSRSGIHFIVLEKYEKSLLRQQVELYRLLSRNTYLEWEDNPL
GRHIFWRRLKKALLDGKASNPEQTAEEEGETATWTEFEGSAAAE

GRGSLLTCGDVEENPGPSGMESDESGLPAMEIECRITGTLNGVE

FELVGGGEGTPKQGRMTNKMKSTKGALTFSPYLLSHVMGYGFYH
FGTYPSGYENPFLHAINNGGYTNTRIEKYEDGGVLHVSFSYRYEA
GRVIGDFKVVGTGFPEDSVIFTDKIHIRSESNATVEHLHPMGDNVLVG

SFARTFSLRDGGYYSFVVDESHMHFKSAIHPSILOGNGGPMFAFRRY
EELHSNTELGIVEYQHAFKTPIAF(SEQIDNO: 2).

(0080} In one embodiment, the intraceliular portion of the TLR4 recepior comprises an amino
acid sequence having at least 80% segquence identity to the amine acid sequence of
LAGCIKYGRGENIYDAFVIYSSQDEDWYRNELVKNLEEGYPPFQLCLHYRDFIPGVAIAA
NIHEGFHKSRKVIVVWSQHFIQSRWCIFEYEIAQTWQFLSSRAGHFIVLOKVEKTLLRQQ
VELYRLLSRNTYLEWEDSVLGRHIFWRRLRKALLDGKSWNPEGTVGTGONWOEATSI (SEQ
D NC: 8). In some embodiments, the intraceliular portion of the TLR4 receptor includes one or
more of the following mutations: P714A, 57444, R745A, C7478, Y751A, E752A, ETT5A,
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K7763, G792A, N792 A, Y794A, E798A, and E798A. Representative examples of the
intraceliular portion of the TLR4 receptor include, but are not limited 1o, polypeptides comprising

an amino acid sequence selected from:

[0081] LAGCIKYGRGENIYDAFVIYSSQDEDWVRNELVKNLEEGVPPFQLCLHYRDFIAGVAIA
ANHHEGFHKSRKVIVVWEQHFIGSRWCIFEYEIAGTWQFLSSRAGHFIVLOKVEKTLLRG
QVELYRLLSRNTYLEWEDSVLGRHIFWRRLRKALLDGKSWNPEGTVGTGONWQEATS! (SEQ
1D NG 7y

[0062] LAGCIKYGRGENIYDAFVIYSSQDEDWVRNELVKNLEEGVYPPFQLCLHYRDFIFGVAIA
A NHHEGFHKSRRVIVVWSQHFIGARWCIFEYEIAQTWQOFLSSRAGHFIVLOKVEKTLLRQO
VELYRLLSRNTYLEWEDSYVLGRRHIFWRRLRKALLDGKSWNPEGTVGTGONWQEATSI (SEQ
ID NOG: 8);

[0063] LAGCIKYGRGENIYDAFVIYSSQDEDWYRNELVKNLEEGVPPFOLCLHYRDFIPGVAIA
A NHHEGFHKSRKVIVVVSOHFIQSAWCIFEYEIAQTWQFLSSRAGHFIVLGKVEKTLLRQQ
VELYRLLSRNTYLEWEDSVLGRHIFWRRLRKALLDGKSWNPEGTVGTGUNWQEATS! (BEQ
D NG 9y,

[0064] LAGCIKYGRGENIYDAFVIYSSQDEDWYRNELVKNLEEGYPPFQLCLHYRDFIPGVAIA
A NHHEGFHKSRKVIVVVSQHFIQSRWSIFEYEIAQTWOFLSSRAGIFIVLOKVEKTLLROQ
VELYRLLSRNTYLEWEDSVLGRHIFWRRLRKALLDGKSWNPEGTVGTGCNWQEATS! (SEQ
D NC: 10):

[0065] LAGCIKYGRGENIYDAFVIYSSQDEDWYRNELVENLEEGYPPFOQLCLHYRDFIPGVAIA
A NHHEGFHKSRRKVIVVWESGHFIQSRWCIFEAEIAQTWQFLSSRAGHFIVLOKVEKTLLRQG
VELYRLLSRNTYLEWEDSVLGRHIFWRRLRKALLDGKSYWNPEGTVGTGUNWQEATSI (SEQ
1D NG 1),

[0066] LAGCIKYGRGENIYDAFVIYSSQDEDWVYRNELVKNLEEGVPPFQLCLHYRDFIPGVAIA
A NIHEGFHKSRKVIVVVSQHFIQSRWCIFEYAIAQTWOFLSSRAGHFIVLQKVEKTLLRQQ
VELYRLLSRNTYLEWEDSVLGRHIFWRRLRKALLDGKSWNPEGTVGTGCNWQEATS! (SEQ
1D NC: 12);

0067} LAGCIKYGRGENIYDAFVIYSSQDEDWVRNELVKNLEEGVPPFQLCLHYRDFIPGVAIA
A NHHEGFHKSRKVIVVVSQHFIQSRWCIFEYEIAQTWQFLSSRAGHFIVLOKVAKTLLRQOQ
VELYRLLSRNTYLEWEDSVLGRHIFWRRLRKALLDGKSWNPEGTVGTGONWQEATSI (SEQ
I NG 13),

[0068] LAGCIKYGRGENIYDAFVIYSSODEDWYRNELVKNLEEGYPPFOLCLHYRDFIPGVAIA
A NIHEGFHKSRKVIVVVSQHFIQSRWCIFEYEIAQTWQFLSSRAGHFIVLOKVESTLLROQ
VELYRLLSRNTYLEWEDSVLGRHIFWRRLRKALLDGKSWNPEGTVGTGCNWQEATS! (SEQ
ID NO: 14);
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[0069] LAGCIKYGRGENIYDAFVIYSSQODEDWVRNELVKNLEEGVPPFOLCLHYRDFIPGVAIA
A NIHHEGFHKSRKVIVVVSQHFIQSRWCIFEYEIAQTWOFLSSRAGHFIVLQKVEKTLLRAG
VELYRLLSRNTYLEWEDSVLGRHIFWRRLRKALLDGKSWNPEGTVGTGCNWQEATS! (SEQ
1D NC: 15);

[0070] LAGCIKYGRGENIYDAFVIYSSQDEDWYRNELVKNLEEGYPPFQLCLHYRDFIPGVAIA
A NHHEGFHKSRKVIVVVSQHFIQSRWCIFEYEIAQTWOFLSSRAGHFIVLOKVEKTLLRQG
VELYRLLSRATYLEWEDSVLGRHIFWRRLRKALLDGKSWNPEGTVGTGCNWQEATS! (SEQ
D NC: 16):

[0071] LAGCIKYGRGENIYDAFVIYSSQDEDWYRNELVEKNLEEGYPPFOQLCLHYRDFIPGVAIA
A NHHEGFHKSRRKVIVWEGHFIQSRWCIFEYEIAQTWQFLSSRAGHFIVLGKVEKTLLRQQ
VELYRLLSRNTALEWEDSVLGRHIFWRRLRKALLDGKSWNPEGTVGTGUNWQEATSI (SEQ
1D NG 17);

[0072] LAGCIKYGRGENIYDAFVIYSSQDEDWYVRNELVKNLEEGVPPFOLCLHYRDFIPGVAIA
A NHHEGFHKSRKVIVVWSOHFIQSRWCIFEYEIAQTWOFLSSRAGHFIVLOKVEKTLLRQG
VELYRLLSRNTYLAWEDSVLGRHIFWRRLRKALLDGKSWNPEGTVGTGCNWGOEATS! (SEQ
D NG 18),; and

[0073] LAGCIKYGRGENIYDAFVIYSSQDEDWYRNELVKNLEEGYPPFQLCLHYRDFIPGVAIA
A NHHEGFHKSRKVIVVVSQHFIQSRWCIFEYEIAQTWOFLSSRAGHFIVLOKVEKTLLRQQ
VELYRLLSRNTYLEWADSVLGRHIFWRRLRKALLDGKSWNPEGTVGTGCNWQEATS! (SEQ
ID NO: 19).

[0074] The construct described herein was made using a TLR4-Sportg Vector (Open
Biosystems):

[0075] The construct begins with TLR4 (particularly amino acids 675-835; fransmembrane
helices undertined; TIR cytoplasmic domain in bold and highlighied; a linker sequence is added

hetween them; the proling that is both bold and underlined is needed for signaling):

00767 MMPPWLIARTLIMALEESCLTPGSLNPCIEVVPNITYQCMDOKL

SKVPDDIPSSTRKNIDLSEFNPLKILKSYSFSNESELOWLDLSRCEIETIEDKAWHGLHE

LSNLILTGNPIOSESPGSESGLTSLENLVAVETKLASLESFPIGOLITLRKKLNVAHNE

ITHSCKLPAYFSNLTNLVAVDLSYNYIQTITVNDLOFLRENPOVNLSLDISLNPIDEIQ

DOAFQGIKLHELTLRGNEFNSSNIMKTCLONLAGLHVHRLILGEFRDERNLEIFEPSIM

E‘fj

FGLCDVTIDEFRLTHINDESDDIVKFHCLANVSAMS LAGVS IKYLEDVPKHFRKWESLS
IIRCOLKOFPTLDLEPFLKS LT LTMNKGS I SFKKVALPSLSYLDLSRNALSFSGCCSYS
TNSLRHLDLSFNGAL IMSANFMGLEELOHLDFOHSTLERVTEFSAFLSLEKLLYL
DISYTNTKIDFDGIFLGLTSLNTLEMAGCN S FRDNTLSNVEANTTNLTFLDLSKCOLEQ
ISWGVFDTLHRLOLINMS HNNLLFLDS SHYNQLY SLSTLDCSFNRIETSKGILOHFPK
LAFFNLINNSVACICEHOKFLOWVKDOKOFLYNVEQMT CAT PVEMNT S LVLDENNST
CYMYKTIISVSVISVIVVSTVAFLIYHFYFHLILIAGCKKYSRG N
13
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[0077] Nucleotide sequence for ¢cTLR4 (by uniprot.org; 2207-2738; Xho 1 is underlined):

00787 5 ~ATTGCTGGCTGTAAAAAGTACAGCAGAGGAGAAAGCATCTATGATGCATTTGTGAT

CTACTCGAGTCAGAATGAGGACT GGGTGAGARATGAGCT GGTAAAGAAT TTAGAAGCGAAGGAGTGCCCCGCTTTCACT
TCTGCCTTCACTACAGAGACTTTATTCCTGGTGTAGCCATTGCTGCCAACATCATCCAGGAAGGCTTCCACAAGAGT
CGGAAGGTTATTGTGETAGTGTCTAGACACTTTATTCAGAGCCETTGETGTATCTTTGAATATGAGATTGCTCAAAC
ATGGCAGTTTCTGAGCAGCCGCTCTGGCATCATCTTCATTGTCCTTGAGAAGGTTGAGAAGTCCCTGCTGAGGCAGT
AGGTGGAATTGTATCGCCTTCTTAGCAGAAACACCTACCTGGAAT GGGAGGACAATCCTCTGGGEAGGCACATCTTC

TGGAGAAGACTTAAALATGCCCTATTGGATGGAAAAGCCTCGAAT CCTGAGCARACAGCAGAGGAAGAACAAGARAAC

GGCARACTTGGALC-37 (SEQ ID NO:22).

[0079] Final engineered construct DNA sequence (initial lowercase sequence is EF1 promoter;
followed by, in uppercase, Kozak sequence, myristoylation domain (underlined), F36V domain
{underlined), ¢cTLR4 sequence (underlined), and in lowercase and underlined, T2A seguence
and copGFP; SEQ ID NG 3):

[0080] saggaictgcgatcgeiccggtgecegicagigggeagagegeacaicgoeccacagiceccgagaagtiQuouaoagy
ggteggeaatigaacgggtgectagagaaqgoiggegegaagiaaactgggaaagigatgicgigtactggctcegectiiticecoga
gggtagggoagaaccgiatataagtgeagtagtegecgigaacgiiciititcgeaacgggttigecgecagaacacagetgaagett
cgagggagctegeatcictecticacgegeccgecgecctacetgaggecqecatecacgecggtigagtegegticigeegecteceg
cetgtggtgectectgaacigegicegecgtctaggtaagttiaaagetcaggtecgagaccgggectiigtceggegetcectiggagec
tacctagactcagecggeiciccacgettigectgaccecigetigeicaacictacgictiigtitegittictglictgegecgitacagatee
aageigtgaceggegectactctagagetageGUCACCATOGEGAGTAGCAAGAGSCAAGCCTAAGGACC
CCAGCCAGCGCCTCGAGGGLGTGCAGGTGGAGACTATCTCCUCAGGAGACGGGCGLAC
CTTCCCCAAGLGCGLLCAGACLTOLETGRTGLACTACACCOGOATGOTTGAAGATGGAA
AGAAAGTTIGATTCCTCCCOGGACAGAAACAAGCCCTTITAAGTTTATOCTAGGCAAGCAGG
AGGTGATCCCGAGGCTGGGAAGAAGGGGTTGCCCAGATCAGTGTGGGTCAGAGAGCCAAA
CIGACTATATCTCCAGATTATGCCTATGGTGCCACTGGGCACCCAGGCATCATCCCACCAL
ATGCCACTCTCOTCTTCCATGTGCAGLTTCTAAAACTGGCAAGGATCCATTGLTGGCTGTAA
AAAGCTACAGCAGAGGAGAAAGCATCTATCATGCATTTGTOATCTACTCOAGTCAGAATGAG
GACTGOGTGAGAAATGAGCTAGTAAAGAATTTAGAAGAAGOAGTGCCCCGCTTTCACCTC
TGCCTTCACTACAGAGACTTTATTCCTGEGTGTAGUCATTGCTGCCAACATCATCCAGGAAG
GCTTCCACAAGAGCCGGAAGGTTATTGTGOTAGTGTCTAGACACTTITATICAGAGCLGTTG
GTGCTATCTTTGAATATCAGATTGUTCAAACATGOCAGTTTCTCAGCAGCCGLTCTGGUATC
ATCTTCATTIGTCCTTCAGAAGGTTGAGAAGTCCCTGUTGAGGCAGCAGGTGEAATTIGTATC

GLCTTCTTAGCAGAAACACCTACCTGCAATGEGAGGACAATCCTCTGEGGAGGCACATCT
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TCTGGAGAAGACTTAAAAAGGLCCTATTGGATGGAAAAGCCTCGAATCCTGAGCAAALAG

CAGAGGAAGAACAAGAAACGGCAACTTGGAC Coaaticgaaggatcegeggecgeigagageagaggaas

tctictaacatgeqaigacatagagaagaaicceggeccticcggaatggagagegacgagageggcectgeecgecatqgagate

gagtgecgeatcaccggcacecigaacgacgtaggagticgaacigaigaoaogaeggagagageaceeeeaageaggaccgeat

gaccaacaagatgaagageaccaaaggegecctgaccticageccctaccigeligagecacatgatgagciacgacticiaccact

tcggcacctaccccagegactacgagaacceecticcigeacqecalcaacaacqggeqactacaccaacacceqgeaicgagaagt

acgaggacaacaacataciacacaigaqeticagetaceqctacgaqaccqgecacataaicaqonaciicaagaigatggacac

cqqeliceccgagaacaacgtgalcticaccgacaagaticatccgeageaacgecaceatggagcaceigeacececatagaegat

aacgtactugtaggeagcticaccegcaccicagocigegegacgacgactactacageticaiggiggacagecacatgeactic

aagagcegecatccaceecageaicciagecagaacggaaaccocatgticgocticegecgegiagaaqagetqcacageaacace

gaqcigaqcaicgtggaqiaccagcacqcecticaagacocccalogecticgec.

0081} The protein sequence iranslated and labeled (SEQ ID NO: 4):

[0082] MGSSKSKPKDPSQRL {myristoylation domain)
EGVOVETISPGDGRTFPKRGQTCVVHYTGMLEDGKKVDESESRDRNKPFKFMLGKGQEVIRGWE
EGVAQMSVOCQRAKLTISPDYAYGATGHPGHPPHATLVFDVELLKLE (F36V domain)
GSIAGCKKYSRGESIYDAFVIYSSONEDWVRNELVKNLEEGVPRFHLCLHYRDFIPGYAIAANI
QEGFHKSRIVIVVVSRHFIQSRWCIFEYEIAQTWQFLSSRSGHFIVLEKVEKSLLRQOVELYRLL
SRNTYLEWEDNPLGRHIFWRRLKKALLDGKASNPEQTAEEEQETATWT {¢TLR4 domain}
EFEGSAAA (spacer) EGRGSLLTCGDVEENPGP {T24 sequence) SCMESDESG {spacer) L
FPAMEIECRITGTLNGVEFELVGGGEGTPKQGRMTNKMKSTKGALTFSPYLLSHVMGYGFYHF
GTYPSGYENPFLHAINNGGYTNTRIEKYEDGGVLHVSFSYRYEAGRVIGDFKVVGTGFPEDSVI
FTDKHRSNATVEHLHPMGDNVLVGSFARTFSLRDGGYYSFVVDSHMHFKSAIHPSILONGGP
MFAFRRVEELHSNTELGIVEYGQHAFKTPIAF {copGFP) A,

[0083] In one embodiment, the invention provides a composition comprising a construct of the
invention. In one embodiment, the construct encodes the myristoylation domain, the F36YV
domain, and the ¢cTLR4 domain. Optionally, the construct further comprises the T2A sequence
and copGFP, or reporter sequence. in another embodiment, the invention provides a
compaosition comprising a cell fransfected with a construct of the invention. Typically, the cell is

a monocyte.

[0084] In one embodiment, the composition is a pharmaceutical composition. The composition
can comprise a therapeutically or prophylactically effective amount of consiruct, or engineered
monocyte fransfected with same, of the invention. An effective amount is an amount sufficient
to achieve pro-inflammatory macrophage activation, or {o alleviate symptoms of a condition,
disease, or infection. In some emboediments, the composition of the invention further comprises
a carrier. The carrier can be a pharmaceutically acceptable carrier, or other carrier that

facilitates use of the composition.
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[0085] While any suitable carrier known to those of ordinary skill in the art may be employed in
the pharmaceutical compositions of this invention, the type of carrier will vary depending on the
mode of administration. Compositions of the present invention may be formulated for any
appropriate manner of administration, including for example, topical, oral, nasal, intfravenous,
intracranial, intraperitoneal, subcutaneous or intramuscular administration. For parenteral
administration, such as subcutaneous injection, the carrier preferably comprises water, saline,
alcohol, & fat, a wax or a buffer. For oral administration, any of the above carriers or a solid
carrier, such as mannitol, lactose, starch, magnesium stearate, sodium saccharine, taicum,

celiuiose, glucose, sucrose, and magnesium carbonate, may be employed.

[0088] Such compositions may also comprise buffers {e.g., neutral buffered saline or
phosphate buffered saline), carbohydrates {.q., glucose, mannose, sucrose or dextrans),
mannitol, proteins, polypeptides or amino acids such as glycine, antioxidants, chelating agents
such as EDTA or glutathione, adjuvants {e.g., aluminum hydroxide) and/or preservatives.
Alternatively, compositions of the present invention may be formulated as a lyophilizate.

Compounds may alse be encapsulated within liposomes via known methods.

Administration of the Compositions

[0087] Treatment includes prophylaxis and therapy. Prophylaxis or treatment can be
accomplished by a single direct injection at a single time point or mulliple time points.
Administration can also be nearly simultaneous to multiple sites. Patients or subjects include
mammals, such as human, bovine, equine, canineg, feling, porcine, and ovine animals as well as

other veterinary subjects. Typical patients or subjects are human.

[0088] Compositions are typically administered /n vivo via parenteral (e.g. intravenous,
subcutaneous, and inframuscular) or other traditional direct routes, such as buccal/sublingual,
rectal, oral, nasal, topical, {such as transdermal and ophthalmic), vaginal, pulmonary,
intraarterial, intraperitoneal, intraccular, or intranasal routes or directly inio a specific tissue,
such as by implantation into a targst organ, injection into a target tissue, or infroduction of a

scaffold to a target site.

[0088] The compesitions are administered in any suitable manner, ofien with pharmaceutically
acceptable carriers. Suitable methods of adminisiering celis in the context of the present
invention 1o a patient are avaiiable, and, although more than one route can be used {0
administer a particular compeosition, a particular route can often provide a more immediate and

more effective reaction than another route.

0080} The dose administered to a patient, in the context of the present invention should be
sufficient to effect a beneficial therapeutic response in the patient over time, or 1o inhibit
infection or disease due to infection. Thus, the composition is adminisiered to a patient in an

amount sufficient to alleviate, reduce, cure or at least partially arrest symploms and/or
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complications from the disease or infection. An amount adequate to accomplish this is defined

as a “therapeutically effective dose.”

[0081] The dose will be determined by the activity of the composition produced and the
condition of the patient, as weill as the body weight or surface areas of the patient to be treated.
The size of the dose aiso will be determined by the existence, nature, and extent of any
adverse side effects that accompany the administration of a particular composition in a
particular patient. In determining the effective amount of the composition 1o be administered in
the treatment or prophylaxis of disease, the physician needs to evaluate the progression of the

disease, and any treatment-related {oxicity.

Methods and Uses of the Invention

[0082] The invention further provides a method of producing a genstically engineered
monocyie. in one embodiment, the method comprises the steps of. {a) contacling @ monocyte
with a construct as described herein under conditions sufficient to transfect the construct into
the monocyte; and (&) culturing the monocyte transfected in step (8). The genetically
engineered monocytes express the chimeric cellular receptor able to dimerize upon addition of
a Chemical Inducer of Dimerization (CiD) synthetic ligand, which dimerization activates
signaling pathways independently of endogenous physiological ligands, thereby differentiating
the transfected monocyte into a macrophage. In one embodiment, the CID synthetic ligand is a
recombinant FK508 molecule. In one embodiment, the recombinant FK508 molecule is
AP20187.

[0083] Also provided is a genetically engineered monocyte produced in accordance with the
methods described herein, as well as a pharmaceutical composition comprising a genetically
engineered monocyle of the invention. In some embodiments, the composition further
comprises a ClD synthetic ligand. In one embodiment, the CID syntheticligand is a

recombinant FK508 molecule, such as, for example, AP20187.

[00B4] The invention additionally provides a method of reversibly inducing pro-inflammatory
macrophages in a subject. In one embodiment, the method comprises: (2) administering the
composition of claim 11 to a subject; and (b} administering a ClD synthetic ligand to the subject.
The CID synthetic ligand activates the genetically engineered monocytes. In one embodiment,
the method further comprises: (¢} withdrawing administration of the CID synthetic ligand and/or
administering a washout ligand, thereby reversing the activation of the genetically engineered
monocytes. One example of a washout ligand for use with AP20187 is B/B Washout Ligand
(Clontech). The administering of step (&) can be via means suitable to the particular patient and
treatment objective, such as by implantation into a target organ, injection inio a target tissue,
introduction of a scaffold to a target site, or intravencus adminisiration. In some embodiments,
the genetically engineered monocyte is pre-treated with a CID synthetic ligand prior to the
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administering of step (a). In such embodiments, pre-polarized cells are administered to the
subject, thereby jump-starting the process. The CID synthetic ligand is administered

subsequently 1o maintain the celis in a polarized state in vivo.

[00B5] The invention provides methods of treating conditions that would benefit from seleclive
inducement of pro-inflammatory macrophages. in one embodiment, the invention provides a
method of treating a fibrotic disease comprising administering o a subject in need thereof the
pharmaceutical composition of the invention and a CID synthetic ligand. Representative
examples of fibrotic disease include, but are not limited to, those selected from the group
consisting of pulmonary fibrosis, cardiac fibrosis, and foreign body reaction. in another
embodiment, the invention provides a method of treating an inflammatory disease comprising
administering o a subject in need thereof the pharmacsutical composition of the invention and
a CID synthetic ligand. In one embodiment, the inflammatory disease is a chronic inflammatory
disease. Representative examples of chronic inflammatory disease include, but are not limited
to, those selected from the group consisting of atherosclerosis and rheumatoid arthritis. In yet
ancther embodiment, the invention provides a method of freating cancer inflammation
comprising administering {o a subject in need thereof the pharmaceutical composition of the

invention and a CiD synthetic ligand.

Kits

[0098] For use in the methods described herein, kits are also within the scope of the invention.
Such kits can comprise a package or container that is comparimentalized fo receive one or
more containers such as vials, tubes, and the like, each of the container(s) comprising one of
the separate slements (e.g., constructs, cells, dimerizing agent, matrigel, scaffold) to be used in
the method. Typically, the kit comprises one or more constructs of the invention. The kit
further comprises one or more containers, with one or more constructs stored in the containers.
The kit of the invention will typically comprise the container described above and one or more
other containers comprising materials desirable from a commercial and user standpoint, including
buffers, diluents, filiers, needies, syringes, and package inseris with instructions for use. In
addition, a label can be provided on the container to indicate that the compaosition is used for a
specific therapeutic or non-therapeutic application, and can also indicate directions for use.

Directions and or other information can also be included on an insert which is included with the kit

EXAMPLES

[0087] The following examples are presented to illustrate the present invention and to assist
one of ordinary skill in making and using the same. The examples are not intended in any way

to otherwise limit the scope of the invention.
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Examplie 1. Engineering macrophages o control the inflammatory response and angiogenasis

0088} The physiological innate inflammatory response requires a highly orchestrated series of
events characterized by four basic phases: reaction, regrowth, remodeling, and resoclution.[1]
During the course of this healing process, M® play an aclive role in secreting chemokines and
cylokines that direct the recruitment and egress of various immune cell types at the injured sife.
The functional M® phenotype depends on the microenvironment of the injured site and alters
accordingly during the normal process of healing.[2] However, dysregulation of the MO

phenotype can lead to a non-ideal healing outcome.

[0099] Monocytes are the precursor cells to M@, which are a main inflammatory cell type and
are known to be key players in the inflammatory response. When aclivated, M® are classified
inte two major phenotypes that can be broadly defined as: pro-inflammatory M® and pro-
healing M®. In literature, pro-inflammatory M® are often denoted as “classically activated” or
“M1” and pro-healing M® are denoted as “alternatively aclivated” or “M2.” However, these two
major M phenolypes are the two extremes on the phenotype scale, as intermediate
macrophage types also exist [3] During the inflammatory reaction, M1 M® are the first to arrive
at the inflammation site and this M< population subsegquently shifis {0 a less inflammatory pro-
healing M2 MDD population during the repair phase. Pro-inflammatory MO release inflammatory
cytokines, such as TNFa and HL-6 as well as produce reactive oxygen species (ROS}.[4, 5] In
comparison, the pro-healing M® phenotype has been shown to produce cytokines, such as iL-
10 and TGFB1, which are markers that can decrease the pro-inflammatory response and

promote healing and fibrosis.[3]

[0100] Angiogenesis, or the formation of new blood vessels, is a critical step in the wound
healing process. In the course of the inflammation response, pro-inflammatory M® secrete
TNFo and IFN-y, which regulate expression of adhesion molecules on £EC. These cytokines
promote leukocyte adhesion to EC and extravasation into tissues by increasing expression of
both cell surface and soluble forms of vascular cell adhesion protein 1 (VCAM-1) and
interceliular adhesion molecule 1 ({CAM-1).[6-8] These two adhesion molecules belong to the
immunoglobulin superfamily group and have been implicated, along with integrins, in pro-

angiogenic processes.[10, 11]

[C101] This study utilizes engineered pro-inflammatory M1-like cells to investigate EC
activation. The engineered cells were designed by using the chemical inducer of dimerization
(CID) technology to induce activation of the TLR4 receptor independent of the
lipopolysaccharides (LPS) exogencus ligand, which is a well-established inducer of the M1 M®
phenotype.[12] The CID technology has been used in several other groups to control a variety
of cell signaling pathways.[13-17] For this system to function, the intraceliular domain of a

desired receptor is fused {0 a F36V protein, which is a mutated version of the FKBP12 protein.
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This F38V version has a binding site for a cell permeable CID drug. When CID drug is present,
two F38Y proteins will dimerize, bringing the desired intracellular domains in close enough
proximity io activate receplior-specific pathways. These cells can be activated by the exposure
to CID drug and be deactivated by the withdrawal of CiD drug. Currently in literature there have
been no celiular engineering approaches to control or modulate M® polarization to determine
ideal healing conditions. Having the ability to control M@ polarization during and after an
inflammatory response could potentially allow for the manipulation of the host response and the

optimal healing of multipie inflammatory conditions.
Methods and Materials:
Reagents and antibodies

[0102] The monocional anti-human/mouse/ral FKBP12 antibody was purchased from Thermo
Scientific. The following antibodies were purchased from Cell Signaling: p44/42 MAPK,
Fhospho -p44/42 MAPK IRF3 and Phospho-IRF3. The anti-iINOS/NOS type Il antibody was
purchased from BD Biosciences. The anti-mouse CD106 (VCAM-1) PE, the anti-mouse CD54
(ICAM-1) PE, the rat IgG2b isotype, and the anti-mouse TNFa antibodies were purchased from
eBioscience. The HRP-conjugated goat-anti-rabbit antibody was obtained from Jackson
immunoResearch Laborateries, Inc. and the HRP-conjugated goat-anti-mouse antibody was
obtained from Life Technologies. LPS and recombinant mouse TNFa was purchased from
Sigma and recombinant mouse 1L-4 was purchased from eBioscience. AP20187 (CID drug)
was purchased from Clontech. Lipofectamine 2000 was purchased from invitrogen. The Dual-

Luciferase ® reporter assay system was obtained from Fromega Corporation.
Plasmid construction of ¢TLR4

[C103] The mouse Sport8-TLR4 vector was purchased from Open Biosystems. The
cytoplasmic portion of TLR4 (¢TLR4) was amplified (mRNA base pairs 2207-2748) and inserted
into a pBluescript I KS+ vector with an existing myristolation domain and engineered F36V
domain {(pBluescript-Myr-F36V) (55) following BamHl and EcoRY restriction enzyme (RE) cuts.
PCR products were gel purified using a QIAEX Il gel extraction kit (QGlagen) before ligations
were performed. This resulted in a pBluescript-Myr-F38V-cTLR4 construct. The pCDH-EF1a-
MCS-TZ2A-copGFP lentiviral cDNA and expression vector was purchased from System
Biosciences. This vector was cut in the MCS with both Nhel and EcoRl, and a PCR ampilified
portion of the Myr-F36V-cTLR4 sequence was ligated into this site within the pCDH-EF 1o~
MCS-T2A-copGFP veclor (7.26 kb). This resulted in the final cTLR4 lentiviral plasmid: pCDH-
EF1o-Myr-F38V-cTLR4-T2A-copGFP (8.18 kb).

Cell transduction of ¢ TLR4 ientiviral constructs

[0104] We utilized a 3rd generation lentiviral vector, pCDH (System Biosciences), carrying the

cTLR4 gene under the conirol of the EF-1a promoter. For stable lentiviral transductions, 5x108
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HEK293T packaging cells were seeded in 10-cm cell culture dishes that were previously coatad
with 50 ug/mL poly-D-lysine hydrobromide (Sigma). Culture medium was changed just prior fo
transduction. In total, 12 pg plasmid DNA was used for each 10-cm dish (2.8 ug transfer vector
(cTLR4), 0.9 ug pSL3 (vesicular stomatitis virus G envelope), 5.4 yg pSL4 (HIV-1 gag/pol
packing genes), and 2.8 ug p3L5 (rev gene required for HIV-1 envelope protein expression).
DNA and Lipofectamine 2000™ (Life Technologies) were diluted in Opti-MEM® medium
(Gibco) separately. After a 5 minute incubation, DNA and lipofectamine were combined and
incubated for 20 minutes at room temperature. The complexes were then added, drop-wise, to
cell dishes with 8 mL growth media and medium was replaced after 14-16 hours. Virus
supernatant was collected following an additional 48 hours by fillering through a 0.45 um filler.
Fiitered virus supematant was then added either directly or in concentrated form 1o previously
plated RAW264.7 cells (5x105 cells per well) in 8-well plates. Cells were then sorted for GFP

expression to acquire >90% transduction efficiency.
Celi culture

[0105] RAW264.7 and bEnd.3 cells were obtained from ATCC. RAWR264.7 and bEnd.3 cells
were cultured in DMEM medium from Invitrogen containing 10% (v/v) heat-inactivated FBS and
100 U/mi pen/strep (Invitrogen) and incubated at 37°C with 5% CO2.

Western Blotting

[0108] Protein from RAW264.7, MO-T2A (vector control cells), and Md-cTLR4S cell monolayers
were exiracted by lysis in Laemmii buffer containing 1x Halt Protease Inhibitor cockiail (Thermo
Scientific). Following lysis, samples were boiled and protein concentration was determined by
performing a BCA assay from Thermo Scientific. Samples (10-30 ug of lysates) were run on 4-
20% Mini-PROTEAN® TGX precast polyacrylamide gels (Bio-Rad). Protein from gels were
transferred onic PVDF membranes and probed with the appropriate primary antibody overnight.
Membranes were washed between each antibody incubation and subsequently probed with the
appropriate HRP-conjugated secondary antibody {Life Technologies). The Clarity Western ECL

Substirate (Bio-Rad) was used 1o detect bands.
Cytokine Profile

[0107] We tested iL-8 and TNFa concentrations in supernatants of transduced RAW204.7 cells
in viiro, Briefly, M®-cTLR4 celis (1 » 106) were plated in each well of a 6-well plate and treated
with vehicle (100% EtOH), LPS (100 ng/ml), CID drug (50 nM), or left untreated in DMEM
without serum. Supematants were collected and tested using the mouse 1L-8 ELISA Ready-
SET-Gol and the mouse TNFa ELISA Ready-SET-Go! Kits (eBioscience) according 1o the
manufacturer's instructions. Plates were read at 450 nM with a 570 nM wavelength subtraction,

normalized to standard solutions, and concentrations (pg/ml) were calculated.
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Luciferase Assay

[0108] Two hundred thousand cells/well were sesded in 24-well plates. The following day each
well was fransfecied with a total of 0.8 ug plasmid DNA, which consisted of g 20:1 ratio of
pBIX-LUC (NFKB reporter construct):pRL {Renilla luciferase construct). The promoterless
pGL4.10 vector was also transfected in a 20:1 ratio of pGL4.10:pRL, as a control. Transfections
of each well were performed with 2 yl. Lipofectamine 2000 (Invitrogen). The following moming
transfection reagents were replaced with fresh serum-free medium and treated with either
vehicle (100% EtOH) or CID drug (50 nM) for 4 hours. Cell lysate was harvested and luciferase
activity was measured using a Dual-Luciferase ® raporter assay kit (Promega) according o

manufacturer's instructions. All groups were normalized to Renilla luciferase.
Endothelial Cell Activation

[0109] Md-cTREL4 conditioned media, following a 6 hour treatment in 8-well plates (1x108
celisiwell), was transferred to plated bEnd.3 calls in a 12-well plate (0.2x108 cells/well). Before
media transfer, TNFa neutralizing and I1gG isotype antibody (1 ug/mL) were incubated in media
for 15 minutes. Media was then added o bEnd.3 cells for 12 hours. Following incubation,
bEnd.3 cells were trypsinized and stained for ICAM-1 and VCAM-1. Celi cytometry was
performed on a FACSCanto I Cell Analyzer (BD Biosciences) equipped with 488 nm and 847
nim lasers. Typically, 10,000 cells were analyzed per sample. Experiments were repeated at
least three times. Non-specific staining was evaluated using a monocional antibody for igG2b

and igG2a (eBioscience).
Statistical Analysis

[C110] Resulls are expressed as mean & SE uniess otherwise specified. Significance betwesn

groups was determined by ANOVA and p-values less than 0.05 were considered significant.
Resuits
Engineering M®-cTLR4 pro-inflammatory macrophages

[C111] With the goal of developing inducible M1 MO cells, we have engineered the murine
monocytic cell line RAW264.7 1o express a fusion protein comprising the intraceliular TLR4
signaling domain and F36V-dimerization domains that bind {o a cell permeable CID drug
(Figure 1A). The cTLR4 construct is in a pCDH expression system. The 5 end of the construct
starts with a myristoylation domain (Myn), which allows targeting o the membrane {0 mirror the
spatial localization of the endogenous full length TLR4 domain. The Myr domain is followed by
the engineered F38VY dimerization domain, which has a binding site for the CID drug. This
domain is linked to the cTLR4 domain, which is only the cytoplasmic portion of the receptor that

is necessary for proper signal transduction. This design allows dimerization via a F36V-F38Y
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interaction with the homodimerization CID drug (AP20187). Lastly, there is a T2A ribosome

skipping sequence that allows the separate expression of GFP at the 3’ end of the construct.

[0112] Delivery of the cTLR4 engineered constructs to RAWZ264.7 cells was achieved via
tentiviral methods. Control M® cells were also generated. These cells were transfecied with
constructs lacking the cytoplasmic and engineered domain (M®-T2A). Confirmation that the
whole engineered construct was being transcribed was validated by the expression of the GFP
reporter marker in the MO-cTLR4 cell line. Protein expression of the ¢TLR4 construct in the
M®P-cTLR4 engineered cells was verified by western blot analysis for the FKBP12/F36V

domain. A corresponding 35.5 kDa band can be seen in Figure 1B.
Pro-inflammatory activation of M®-cTLR4 celis

[0113] Polarized classical inflammatory M® are known to have increased levels of TNFq, IL-86,
and iINOCGS.[8] Therefore the MO-cTLR4 cells were tested for the presence and levels of these
markers. Engineered M®-cTLR4 cells were seeded in 6-well culture plates overmnight and then
treated for 24 hours with CID drug, vehicle, or LPS as a positive control. Polarization was
confirmed by ELISA and western blot analyses. CiD-treated M®-cTLR4 celis expressed
increased TNFa and IL-6 levels when compared to uninduced controls (Figure 2A & 2B).
However, the ClD-treated M®-cTLR4 cell levels were not as high as the LPS-treated celis. We
also tested for INOS via a western blot and observed similar results with this marker. The
positive conirol LPS-treated cells had a substantial increase in iNOS expression and there is a
band evident at 130 kDa in the ClD-treated lane, however, it has much lower intensity than the
LPS-treated cells (Figure 2C). The difference in LPS-treated groups and CiD-treated groups
can be atiributed to the fact that LPS also acls on other receptors, such as CD14 and the
Macrophage Scavenger Receptor, in which both of these receptor pathways can iead to NF-«B
responses. Thus, there is potentially more input signal from LPS than our CID drug, which only
activates through TLR4.

[C114] Diversity and plasticity are hallmarks of celis from the M® lineage and they can change
phenotype depending on the surrounding microenvironment.[18] Thus, we iested how the
expression of classical M® markers in the M®-CTLR4 cells were influenced by a M2 M®
activator. Engineered cells were treated with a cockiail of either vehicle/iL-4, CIDAL-4, or
LPS/L-4, as well as the appropriate controls. The degree of polarization was assessed by
ELISA and western blot analyses for IL-6, TNFaq, and INOS (Figure 3). Both CID- and LPS-
treated groups responded similarly to the IL-4 cocikiail ireatment and exhibited about half ithe
expression of IL-6 and iINOS when compared {o treatment groups without iL-4. However, TNFa

fevels for both CID drug and LPS with and without [L-4 were not significantly different.
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M®-cTLR4 celis response to CID drug dose, withdrawal, and length of treatment

[C115] For M®-cTLR4 cells, IL-6 levels are elevated in CiD-treated cells when compared o
controls. In order to find the optimal in vitro dosage, an IL-6 ELISA was performed fo test for the
maximum signal of this cytokine in a CID drug tifration experiment. The optimal dose of CID
drug corresponds to the lowest dose that induces the highest level of iL-0 expression. The [L-6
ELISA results are seen in Supplemental Figure 1. These results suggest that a dose of at least

50 nM, produces the maximum activation of M®-cTLR4 cells in the range from 50 nM - 250 nM.

[0116] A withdrawal experiment was aiso performed o determing the time in which the celis
would revert to a baseline state following CID drug withdrawal. M®-cTLR4 cells were seeded in
a 6-well culture plate (1x108 cells/iwell), Cells were treated with vehicle, CID drug, or LPS for 24
hours. Timepoints were collected after complete CiD drug withdrawal and {L-8 levels were
measured at each timepoint to determine aclivation intensity. Results showed that cells

converged to their baseline state at approximately 18 hours (Figure 4).

[0117] In order to determine how long the engineered M®-cTLR4 celis would stay "on” or
activated, we performed a longevity study for TNFg, 1L-8, and INOS. With constant CID drug
presence in the media, we found that the M@®-cTLR4 cells maintain considerable elevated
fevels of all three pro-inflammatory markers for at least 48 hours (Figure 5A-5C). The IL-6 levels

stayed activated the longest for 72 hours.

[0118] Lastly, the M®-cTLR4 celis were optimized for maximal signal to baseline aclivation by
sorting four different GFP intensity populations: dim, midiow, midhigh, and high. An IL-8 ELISA
was performed to determine activation of these popuiations compared to unsorted M® and M-
T2A populations {(Supplemental Figure 2). As signal intensity increased, the baseline activation
of M®-cTLR4 cells also increased. A potential explanation for the high baseline activation as
GFP intensity increases might be that some cells have more cTLR4 constructs integrated into
their genome, thus resulting in higher GFP intensity. This higher integration will yield a greater
concentration of the enginesred ¢TLR4 construct on the celf surface and might result in self-
dimerization, if the constructs are in close enough proximity. Ultimately, we defermined that the
midiow M®-cTLR4 population had similar CID and LPS activation, as well as the highest signal

to noise ratio, so we used this sorted population for the remaining experiments.

MyDg8-dependent and MyD88-independent signaling pathway activation in M®-cTLR4

cells

[C119] Following LPS stimulation and subsequent TNFa production, the TLR4 pathway leads to
activation of NF-kB and the three MAPK pathways through the MyD88-dependent pathway.
Both NF-kB and MAPK pathways directly control the transcription of the HL.-6 and INOS
inflammatory genes, as well as control the mRNA stability of those transcripts. For the activated
M@-cTLR4 cells, ERK1/2 phosphorylation is expected if the MyD88 dependent pathway and
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subsequent downstream TRAFS activation has occurred. Therefore, we performed a western
blot to probe for phosphorylated-ERK {p-ERK) and total ERK and compare the p-ERK/iotal
ERK ratio relative to the zero timepoint (Figure 8A). As lime increases from C minutes o 60
minutes, the CiD-treated M$-cTLR4 cells exhibit an upregulation of ERK1/2 phosphoryiation at
the § minute timepoint, a subsequent decrease for the 15 minute timepoint, and then a
significant increase for the last two timepoints. The LPS-treated M®-cTLR4 cells exhibited a
similar ERK1/2 phosphorylation pattern with lower maximum phosphorylation. The NF-xB
transcription factor has also been shown 10 be activated following TLR4 dimerization. Thus,
MOP-cTLRS cells were tested for NF-kB promoter activation via a Dual-Luciferase reporter
assay. Cells were fransduced with a NF-kB responsive promoter element driving the luciferase
gene. Measurement of the luciferase activity following CID treatments (Figure 6B) shows that
CiD-treated M®-cTLR4 cells have increased NF-xB promoter activation when compared to the
vehicle. These results suggest that the ClD-treated celis signal through the MyD88 dependent
pathway.

[C120] To determine if the M®-cTLR4 cells were signaling through the MyD88-independent
pathway, we tested for phosphorylated IRF32. This protein is downstream of the MyD28-
independent pathway and has been shown o translocate into the nucleus and regulate type |
interferon responses. [18] Western blot analysis of the p-IRF3/total IRF3 ratio relative to the zero
timepoint (Figure 7) shows a pronounced activation peak at 2 hours for both CID- and LPS-
treated M®-cTLR4 cells when compared to vehicle. The IRF3 phosphorylation of the CID- and
LPS-treated MO-cTLR4 cells starts to decrease following the 2 hour timepoint and

subsequently reaches similar levels as vehicle at the 6 and 12 hour timepoints.

MO -cTLR4 endothelial cell activation

[0121] Betiter wound healing cutcomes have been correlated with increased angiogenesis.[20]
Furthermore, areas containing almost entirely pro-inflammatory M® have been shown fo
correlate with angiogenesis, in specific cases.[20, 21] Thus, we tested whether engineered M&-
cTLR4 celis-derived factors were able to induce EC activation by measuring the expression of
the VCAM-1 and ICAM-1 adhesion molecules. EC incubated with media from M$-cTLR4
treated with TNFa and CID drug both had increased expression of VCAM-1 and iICAM-1 (Figure
8A & 8B) when compared to vehicle alone. For the TNFa-treatment group, 93.5% of EC were
positive for VCAM-1 and 57.2% of EC were positive for ICAM-1. The CID drug-treatment group
was very similar, with 93.7% of the EC being positive for VCAM-1 and 84.4% of the EC being
positive for ICAM-1. The vehicle group had a baseline VCAM-1 and ICAM-1 expression when

compared to the isctype control.

[0122] To determine if the TNFo was the main driver of the EC aclivation, we repeated the

experiment with a neulralizing antibody for TNFa (Figure 8C & 8D). Before adding the M®-

25



10

15

20

25

30

35

WO 2017/015553 PCT/US2016/043540

cTLR4 conditioned media o the EC, a TNFao neutralizing antibody was incubated in the media
for 15 minutes. The CID and the TNFa groups with the neutralizing antibody had severely
decreased levels of both VCAM-1 and ICAM-1 when compared to the IgG control. The VCAM-1
expression was decreased by a factor of three and the ICAM-1 expression was decreased by a
factor of two and fell below vehicle/baseline treatment, thus indicating that some of the activity

at basseline is TNFa-dependent.

Discussion

[0123] In this study we enginesred RAW2E4.7 celis to have the ability to polarize into pro-
inflammatory M@, by using the CID system for the TLR4 receptor. We confirmed that the
engineered cTLR4 receplor was being expressed in the stably transduced RAW204.7 cell line.
Additionally we determined that both MyDa8-dependent and MyDa8-independent pathways
were activated by CID drug treatment in Md-cTLR4 cells. The CiD-treated M$-cTLR4 cells
displayed M1-like M® characteristics, such as increased 1L-6, TNFq, and iNOS expression.
M®D-cTLR4 celis were influenced by 1L-4 cocktail treatment, however, the engineered cells still
displayed M1 M® characteristics, albeit at lower expression levels, The M®-cTLR4 celis
remained polarized in response to CID drug for at least 48 hours and CiD drug withdrawal
experiments suggest that the engineered cells became deactivated 18 hours after drug
withdrawal. Lastly, we showed that these engineered cells have functional properties by
performing a M®-cTLR4 conditioned-media experiment with EC. CiD-polarized Md-cTLR4
conditioned-media had the ability {o activate EC by upregulating both VCAM-1 and ICAM-1
expression on the cell surface, which are two cell adhesion molecules associated with
angiogenic processes.[22, 23] Further, the activation of EC by ClD-treated M®-cTLR4 was

determined to be dependent on TNFa.

[G124] The CID system has been successfully used in literature to trigger a variety of signal
transduction cascades. In vitro immunology studies using this system have been mostly
focused on downstream effects of a specific engineerad receptor's signaling pathway [24-28]
For instance, Kuenzel et al. fransfected Hel.aS3 cells with a nucleoctide-binding oligomerization
domain-like receptor 5 (NLRCS)-FKBP fusion protein and determined that induced
dligomerization of this receplor activated certain IFN signaling pathways that contributed to an
antiviral defense mechanism.[25] In another study, Fooksman et al. transiently transfected T2
cell lines with a dimerizable mouse class | H2-Kb H chain-FKBP fusion protein and determined
that induced dimerization, and thus clustering of this class | MHC construct, enhanced
tymphoblast recognition by T celis.[26] In contrast to using the CID system to examine cause
and effect relationships within a specific pathway, the present study is the first o use this
system o regulaie the phenotype of a cell by polarizing RAWZ264.7 cells inio a specific pro-

inflammatory M®. Further, our lab has previously demonsirated thai this system can be used {o
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engineer inducible bone resorbing ostecclasts from the monocyte-macrophage RAWZ284.7 cell
ling, in which it is important to note that monocytes are a common precursor to both

macrophages and osteociasis.[27]

[G125] Other groups have attempted o engineer macrophages to control the inflammatory
response. For example, Wu et al. transduced MdPs in vitro with the iFN-y gene and delivered
them intratracheally to immunodeficient mice.[28] These M®s restored immune function in the
flungs of the immuncdeficient mice. However, these constitutively active IFNy-expressing pro-
inflammatory M®s probably have limited applications, since the cells were not engineered to be
tunable. Additionally, Oxford BioMedica has engineered human Mds {0 express cytochrome
P450, which can convert a cancer prodrug into its active form during hypoxic tumor conditions.
When delivered into an avascular spheroid model, the human engineesred P450 M®ds were able
to induce tumor cell death following the addition of the prodrug.[29] The success of this study
was dependent on the hypoxia-driven expression of cytochrome P450 in M®s. The engineered
Ma-cTLR4 in our study, on the other hand, can be controlled temporally and specifically with
the addition or withdrawal of the CID drug and activation is independent of the local
environment. Indeed, we observe an upregulation of key pro-inflammatory markers from these
engineered M®s as soon as 6 hours after CID drug addition and then we observe return to
basseline conditions in 18 hours following drug withdrawal. The ability to tune the engineered
MDs with respect {0 selective activation provides a large added benefit, since the engineered

MP-cTLRS cells could be turned on or off when and if necessary.

[01268] Several studies have elucidated that temporal expression of key angiogenic cytokines,
such as TNFq, is necessary for tip formation in EC.[30] Sainson et al. showed that 2- to 3-day
pulses of TNFa in vitro and in vivo stimulates angiogenesis, as opposed to the inhibition of
angiogenesis with continuous administration. We observe robust TNFa expression in our
engineered pro-inflammatory M®-cTLR4 cells, which may possibly be utilized to promote
angiogenesis, if controlled in a time-based manner. indeed, the M®-cTLR4 engineerad cells
may be tailored to exhibit pulse behavior with the simple addition and withdrawal of CiD drug at
certain timepoints. In addition, we do observe that the MO-cTLR4-conditioned media stimulates
EC activation by increasing VCAM-1 and ICAM-1 adhesion molecule expression in an in vitro
setting and in a TNFa-dependent manner, which suggests that our engineered M$ may be able
to promote angiogenesis. Further, iINOS levels directly correiate with VCAM-1 expression. [31]
We do see similar activation patterns with both TNFa and INOS in our M$-cTLR4 cells, 50 both
of these factors could be working in concert to upregulate adhesion molecule expression.
Activation of VCAM-1 and ICAM-1 has been shown to destabilize endothelial junctions resulting
in leaky vessels, a first step in the angiogenesis process. It has been suggested that a
subsequent M2 M® phase may be necessary for the process of angiogenesis to continue and

come io completion, as the M2 M® phenotype has been hypothesized to bridge and stabilize
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newly formed vessels.[32] Thus, CID drug activated M$-cTLR4 celis may provide the required

priming step for angiogenesis to inifiate.

[0127] In addition to INOS and TNFaq, our CiD-treated M®-cTLR4 cells also produce increased
levels of IL-6. The IL-6 cytokine has been closely associated with promotion of angiogenesis.
increased 1L-6 mRNA levels correlated with the development of ovarian follicies and the uterine
fining, which are two independent physiclogical angiogenic processes.[33] Moreover, IL-8
treatment has been shown o promote tubule formation in brain microvesse! £EC in an in vitro
setting. This correlated with increased IL-6 and VEGF mRNA expression in the healing adult
muring brain tissue following injury.[34] These studies suggest that {L.-6 may play a role in
normal physiclogical angiogenesis as well as angiogenesis related to inflammatory remodeling
of tissue. Studies in 1L-6 KO mice showed that the |L-6 delstion resulted in delayed wound
healing, accompanied with both delayed angiogenesis and coliagen deposition.[35] The direct
mechanism of IL-6 and its influence on pro-angiogenic behavior is still not completely
understood, however, 1L-6 seems 10 be a key player in this process. The present engineered
M@-cTLR4 cells produce IL-8, along with two other factors implicated with pro-angiogenic
behavior. This strongly suggests that our M®-cTLR4 cells may have the ability to aid in the

priming of the endothelium for early siage angiogenesis.

[0128] Despite the possible use of the M®-cTLR4 cells as angiogenesis priming agents, in
which a following M2 M® response might need o be necessary, these cells could also be used
in certain diseases 1o skew the balance of a M2 M®-agbundant process. For example, diseases
characterized by excessive fibrosis could benefit from this technology, as there is ofien a local
abundance of M2 Mds present during fibrotic evenis. Fibrosis occurs due to the abundance of
these M2 M®s over-producing TGFE, which in furn recruits fibroblasts. The recruitment of
fibroblasts then leads o the overproduction of collagen, thus leading to a fibrotic state. This
dysregulated process is often associated with the dense collagen fibrous capsule that
surrounds an implanted material, as well as with cardiac fibrosis thai plagues congestive heart
failure patients.[36] A few studies have suggested that a proper balance of M1 and M2 M® is
necessary to achieve a reduction in the extent of fibrosis [37, 38] Thus, CiD-activated MO-
cTLR4 cells may provide a tool to reestablish the proper M1 vs M2 M® equilibrium and
decrease the excessive collagen deposition. Another possible application of the M®P-cTLR4
cells could be tumor inhibition. Tumor-induced angiogenesis is essential for cancer cell survival,
tumor growth and metastasis propagation. An abundance of pro-angiogenic, anti-inflammatory
M2 Mds, known as tumor-associated M® (TAMs), is normally present in the tumor environment
thus aiding tumor progression. in conirast, very few M1 M®s able (o activate NK cells and TH1
responses are present in and around the growing tumor mass{39]. Thus, the delivery of tunable
MP-cTLRS cells to the tumor may halt progression by activating a more pro-inflammatory

immune response.
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[0129] We have shown that the M®-cTLR4 cells become aclivated with the addition of CiD
drug and conversely that these engineered cells return to baseline conditions once CID drug
has been withdrawn in an in vilro environment. However, it is still not known what will occur in
vivo with the addition or withdrawal of CID drug. The {L-4 cocktail resuits showed that the MD-
cTLRA4 celis had decreased [L-8 and iINOS ievels when compared to CID drug or LPS treatment
alone, however, -4 did not seem 1o affect TNF-o levels. This suggests that the engineered
cells are influenced by competing M2-like M® signals. These competing signals may be
changing the phenotype of the engineered M®-cTLR4 cells into an intermediate phenolype or
even skewing the cells toward a M2-like M® phenotype. These results are not completely
surprising, as M® are known o be very plastic cells and can change phenotypes depending on
the surrounding microenvironment. Future in vivo studies will be necessary o determine if
elevated TNF-a levels, or other increased pro-inflammatory M® markers, are adequate encugh
to maintain a pro-inflammatory surrounding environment with M2 Md competing signals
present. In a physiological setting, the CiD-treated and subsequently Cil-withdrawn
engineered M®s could potentially: 1) be primed to polarize into M2 pro-healing M®s, 2) remain
in a pro-inflammatory M® phenotype state due to the surrounding environmeni, 3) develop into
an intermediate phenotype siate due to M2 MO compeling signals, 4) undergo apoptosis or, 5)
migrate out of the inflammation site. Future studies will determine the degree of plasticity of the

engineered cells, as well as how precise we can control these cells in vivo.

[0130] it has been shown previously that M® drive the wound healing response.[11, 40, 41} In
this study, we have engineered unable pro-inflammatory M® that could possibly be used to
betier regulate inflammation. By utilizing these M®-cTLR4 cells to control the host response, it
might be possible o increase angiogenesis for better healing oculcomes. Additionally, these
engineered cells could be used as a tool to betler understand and better reguiate M1 M®-like
dynamics. VWhile RAWZ264.7 cells are suitable to use during in vitro inflammation studies, fufure
investigations will focus on using a more physiclogical engineered primary cell type, such as
bone marrow derived MO, [42] While ongoing studies continue o unravel M®-cTLR4 cell
possibilities in both in vitro and in vivo setlings, currently these engineered cells serve as a
plaiform technology that could be applied to various inflammatory diseases including the FBR,

fibrosis, atherosclerosis, and cancer.

Example 2: Plasticity of M®-cTLR4 Celis

[G131] Diversity and plasticity are halimarks of cells from the M® lineage and they can change
phenotype depending on the surrounding microsnvironment. As described in Example 1 above
and in Figure 9, we tested how the expression of classical MO markers in the MO-cTLR4 cells
were influenced by a M2 M® activator. Engineered cells were treated with a cocklail of either

vehicle/ll-4, CID/IL-4, or LPS/IL-4, as well as the appropriate controls. The degree of
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polarization was assessed by ELISA and western blot analyses for IL-6, TNFq, and INOS
(Figure 9). Both CID- and LFPS-treated groups responded similarly to the 1L-4 cockiail treatment
and exhibited about half the expression of 1L.-6 and INOS when compared {0 treatment groups
without {L-4. However, TNFa levels for both CID drug and LPS with and without 1L-4 were not
significantly different. Similar results to iINOS and 1L-6 were observed with {L-10 cytokine
expression (Figure 17}, which is a canonical pro-healing M2 M® marker. Cockiail treatment of
CiDAL-4 and LPS/IL-4 displayed increased levels of IL-10, when compared to controls without

IL-4 present.

Example 3. Co-Culture of MO-cTLR4 Cells and Endothelial Cells in Tube Formation Assay

[0132] Since cell-cell interactions have been shown o be important for endothelial cells (ECs)
and macrophages (M®s), a co-culture tube formation assay was performed (Figure 18).
Untreated Ma-cTLR4 ceils co-cultured with rat aortic ECs (RAECs), with no added factors to
the medium, had the least amount of isclated segments, the least amount of branches, and the
most amount of branching interval. CiD-treated and LPS-reated M®-cTLR4 celis co-cultured
with RAECs, with CID or LPS added o the medium, had much more branches than untreated
co-cultures with a smaller branching interval. The Cil-treated group differed from the LPS&-
treated group in isolated segment analysis, as LPS-treated MO TLR4 cells co-cultured with
RAECs had the highest number of isolated segments and ClD-treated Mdc-TLR4 cells co-
cultured with RAECs had slightly more isclated segments than the untreated group. The
number of branches and the branching interval for the CID- and LPS-treated groups were
significantly different than the control. However, the number of master segments and isolated
segments for the CID- and LPS-treated groups were not significantly different, when compared

to the controi (Figure 19).

Example 4. In vive Analvsis of MO-cTLR4 Cells and Their Co-localization with INOS

Inflammation Regions in Tissue

[0133] Four groups of 4 week old female BALB/c mice (iotal of 16 mice) were used in this in
vivo study. The four groups consisted of. 7 day non-treated mice, 7 day ClD-treated mice, 14
day non-treated mice, and 14 day ClD-treated mice. At day of injection, pre-plated M$-cTLR4
cells were lifted off and counted. 0.5x106 cells were s5.¢. injected mixed in with Matrige! into the
right back dorsal area of the mouse. Before placing mouse back in cage, mice were injected
with the first intraperitoneal CiD drug dose (2 mg/kg mouse weight). Treatment groups were

given CID drug injections every cther day during the course of the experiment (Figure 20).

[C134] The existence of GFP positive MP-cTLR4 celis and INOS co-localization indicates that
the M®-cTLR4 cells remain functional within the Matrige! plug and also indicates the potential
influence of the M®-cTLR4 cells on the local environment. As most celis were dead in the 14

day untreated Matrigel plugs, there were no regions of co-localization of GFP M®-cTLR4 cells
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and iINOGS regions. However, the 14 day CiD-treated plugs had occurrences of GFR/ANOS co-
tocalization (Figure 21, 14 day).

Example 5. Decreased Expression of VEGF in M®-¢TLR4 cells Treated with CID, LPS, and/or
IFN-y

[0135] In order to determine if the M®-cTLR4 cells were expressing the key angiogenic
molecule VEGF-A, an ELISA was performed to test for VEGF-A levels in M®-cTLR4 medium
following various treatments (Figure 22A). CiD-treated and LPS-ireated M®-cTLR4 cells
expressed significantly decreased amounts of VEGF, when compared to controls. Since studies
have shown human and rat Mds express increased VEGF with IFN-y treatment, the response
was also tested with this faclor. Figure 22B shows cockiail treatment of IFN-y treatment with
CID or LPG, or IFN-y alone. All groups also show a significant decrease in VEGF when

compared 1o the control.

[0138] A significant decrease in VEGF expression was observed when M®P-cTLR4 celis were
treated with either CID, LPS, IFN-y, or a combination of the treatments, when compared to
controls. The down-regulation of VEGF could be maintaining the angiogenesis process at the
first siage, which is the desiabilization step. The second and third siep involve sprouting and
branching, respectively, which necessitates increases in VEGF expression. Since M®-cTLR4
cells are actively down-regulating this facior, this might play a large role in the anti-angiogenic
behavior of the activated enginesred cells.
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[0179] Throughout this application various publications are referenced. The disclosures of
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order to describe more fully the state of the art to which this invention pertains.
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invention have been described hersin for purposes of lllustration, various modifications may be
made without deviating from the spirit and scope of the invention. Accordingly, the invention is

not limited except as by the appended claims.
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What is claimed is;

1. A polynuclectide construct encoding a chimeric cellular receptor, the construct
comprising nucleic acid sequences encoding, in operable linkage, a myristoylation seguence

(Myr), a dimerizer domain, and an intracellular portion of the TLR4 recepior.

2. The construct of claim 1, further comprising a ribosome skipping sequence or a

cleavage seguence, and nucleic acid sequence encoding a green fluorescent protein.

3. The construct of claim 1, which is free of seguences encoding an extraceiiular poriion of
the TLR4 receptor.

4. The construct of claim 1, wherein the dimerizer domain is phenylalanine 36 to valine

point mutation (F38Y) derived from a mutated version of the endogenous FKBP12 protein.

5. The construct of claim 1, wherein the myristoviation sequence (Myn), the dimerizer
domain, and the intraceliular portion of the TLR4 receptor have the amino acid seguence of
SEQIDNO: 1.

6. The construct of claim 1, wherein the intracellular portion of the TLR4 recepior
comprises an amine acid sequence having at least 90% sequence identity {o the amino acid
sequence of SEQ ID NO: 6, wherein SEQ 1D NO: 6 is amine acid residues 661-839 of human
TLR4 receptor.

7. The construct of claim 6, wherein the intraceliular portion of the TLR4 receptor
comprises an amino acid sequence selected from SEQ 1D NOs: 7-20, or at least two mutations
selected from P714A, 87444, R745A, C7478, Y751A, E7B2A, E775A, K7783, Q792A, N792 A,
Y7944, E796A, and E798A.

8. A method of producing a genetically engineered monocyte comprising the steps of:

{a) contacting a monocyie with the construct of any one of claims 1-7 under conditions

sufficient to transfect the construct into the monocyte; and
{b) cuituring the monocyie transfected in step {a),

wherein the genetically engineered monocytes express the chimeric celiular receplor able to
dimerize upon addition of a Chemical Inducer of Dimerization (CID) synthetic ligand, which
dimerization activates signaling pathways independently of endogenous physiclogical ligands,

thersby differentiating the transfected monocyte into a macrophags.

8. The method of claim 8, wherein the CID synthetic ligand is a recombinant FK506

moleculs.

10. The method of claim 9, wherein the recombinant FK506 molecule is AP20187.
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1. A genetically engineered monocyte produced in accordance with the method of any one

of claims 8-10.

12. A pharmaceutical composition comprising the genetically engineered monocyte of claim
11

13. The pharmaceutical composition of claim 12, further comprising a CID synthetic ligand.

14. The pharmaceutical composition of claim 13, wherein the CID synthetic ligand is a

recombinant FK506 molecule.

15. The pharmaceutical composition of claim 14, wherein the recombinant FK5086 molecule
is AFZ20187.

16. A method of reversibly inducing pro-inflammatory macrophages in a subject, the method

comprising:

(a) administering the composition of claim 11 to a subject, and

(b administering a ClD synthetic ligand to the subject;

whereby the CID synthetic ligand activates the genetically engineersed monocyles.
17. The method of claim 16, further comprising:

(<) withdrawing administration of the CID synthetic ligand and/or administering a washout

ligand, thereby reversing the aclivation of the genetically engineered monocytes.

18. The method of claim 16, wherein the administering of step (a) is by implaniation into a
target organ, injection inio a target tissue, infroduction of a scaffold o a target site, or

intravenous administration.

19. The method of claim 16, wherein the genstically engineered monocyte is pre-treated

with a CiD synthetic ligand prior to the administering of step {(a).

20. A method of treating a fibrotic disease comprising administering o a subject in need

thereof the pharmaceutical composition of any one of claims 12-15 and a CID synthetic ligand.

21. The method of claim 20, wherein the fibrotic disease is selected from the group

consisting of puimonary fibrosis, cardiac fibrosis, and foreign body reaction.

22. A method of treating an inflammatory disease comprising administering {0 a subject in
need thereof the pharmaceutical composition of any one of claims 12-15 and a CiD synthstic

ligand.

23. The method of claim 22, wherein the inflammatory disease is a chronic inflammatory

diseasea.

35



WO 2017/015553 PCT/US2016/043540

24. The method of claim 23, wherein the chronic inflammatory disease is selected from the

group consisting of atherosclerosis and rheumatoid arthritis.

25, A method of treating cancer inflammation comprising administering to a subject in nead

thereof the pharmaceutical composition of any one of claims 12-15 and a CID synthetic ligand.
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