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CLAIMS 

 

What is claimed is: 

1. An engineered macrophage-specific promoter system comprising: 

(i) (a) a regulatory element, wherein the regulatory element is derived from a promoter of a gene 

selected from the group consisting of CCL19, CCR7, CXCL11, GBP5, IDO1, UBD, and UNQ6494.1; 

and 

 (b) a heterologous payload, optionally wherein the heterologous payload is selected from the 

group consisting of transcriptions factors, cytokines, receptors, enzymes, chemokines, antibodies, 

fragments of antibodies, miRNAs, and shRNAs,  

wherein the regulatory element exhibits greater activity in an M1 macrophage compared to an 

M2 or MO macrophage, and wherein the regulatory element is or comprises an enhancer region that 

is derived from a promoter of a gene that is more highly expressed in M1 macrophage compared to 

M2 or MO macrophages, 

optionally wherein M2 macrophages are selected from the group consisting of M2a 

macrophages, M2b macrophages, and M2c macrophages, optionally wherein the regulatory element 

comprises a sequence having at least 75%, at least 80%, at least 85%, at least 90%,  at least 95%, at 

least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to a nucleotide 

sequence selected from the group consisting of SEQ ID NO: 132 - 138 or  

(ii) (a) a regulatory element, wherein the regulatory element is derived from a promoter of a gene 

selected from the group consisting of CD28, SOCS3, PLXDC1, IL7R ZNF704, LNCAROD, MRC1, and 

ID3; and 

 (b) a heterologous payload, optionally wherein the heterologous payload is selected  from 

the group consisting of transcriptions factors, cytokines, receptors, enzymes,  chemokines, 

antibodies, fragments of antibodies, miRNAs, and shRNAs,  

wherein the regulatory element exhibits greater activity in an M2 macrophage compared to 

an M1 or MO macrophage, and wherein the regulatory element is or comprises an enhancer region 

that is derived from a promoter of a gene that is more highly expressed in M2 macrophage 

compared to M1 or MO macrophages,  

optionally wherein M2 macrophages are selected from the group consisting of M2a 

macrophages, M2b macrophages, and M2c macrophages, optionally wherein the regulatory 

element comprises a sequence having at least 75%, at least 80%, at least 85%, at least 90%,  at 

least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to a 
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nucleotide sequence selected from the group consisting of SEQ ID NO: 139 — 141, 392, 393, and 

414 - 419. 

 

2. An engineered macrophage-specific promoter comprising an ablation of at least one 

nucleotide motif, wherein the ablation increases specific activity of the engineered macrophage -

specific promoter in M1 macrophages, as compared to activity of a corresponding macrophage-

specific promoter lacking the ablation in M1 macrophages, optionally wherein the corresponding 

macrophage-specific promoter lacking the ablation in M1 macrophages is a wildtype macrophage 

promoter, and wherein the wildtype macrophage promoter comprises a sequence selected from the 

group consisting of SEQ ID NOs: 132-138, wherein the engineered macrophage-specific promoter 

comprises: 

i) a motif within the nucleotide sequence of SEQ ID NO: 132, wherein the motif comprises a 

sequence selected from the group consisting of: position 63 to position 73 of SEQ ID NO: 132, 

position 80 to position 102 of SEQ ID NO: 132, position 141 to position 162 of SEQ ID NO: 132, 

position 212 to position 222 of SEQ ID NO: 132, position 229 to position 251 of SEQ ID NO: 132, 

position 307 to position 361 of SEQ ID NO: 132, position 365 to position 376 of SEQ ID NO: 132, 

position 559 to position 571 of SEQ ID NO: 132, position 617 to position 633 of SEQ ID NO: 132, 

position 782 to position 799 of SEQ ID NO: 132, position 852 to position 871 of SEQ ID NO: 132, 

position 886 to position 920 of SEQ ID NO: 132, position 933 to position 959 of SEQ ID NO: 132, 

position 1002 to position 1028 of SEQ ID NO: 132, position 1032 to position 1045 of SEQ ID NO: 

132, position 1064 to position 1087 of SEQ ID NO: 132, position 1169 to position 1192 of SEQ ID 

NO: 132, position 1212 to position 1232 of SEQ ID NO: 132, position 1257 to position 1275 of 

SEQ ID NO: 132, position 1310 to position 1333 of SEQ ID NO: 132, position 1381 to position 

1434 of SEQ ID NO: 132, position 1698 to position 1753 of SEQ ID NO: 132, position 1783 to 

position 1826 of SEQ ID NO: 132, position 1909 to position 1927 of SEQ ID NO: 132, position 

1946 to position 1961 of SEQ ID NO: 132; and/or 

ii) a motif within the nucleotide sequence of SEQ ID NO: 136, wherein the motif comprises a 

sequence selected from the group consisting of: to position 133 to position 144 of SEQ ID NO: 

136, position 200 to 217 of SEQ ID NO: 136, position 225 to position 247 of SEQ ID NO: 136, 

position 303 to position 325 of SEQ ID NO: 136, position 332 to position 342 of SEQ ID NO: 136, 

position 391 to position 413 of SEQ ID NO: 136, position 423 to position 460 of SEQ ID NO: 136, 

position 467 to position 477 of SEQ ID NO: 136, position 693 to position 717 of SEQ ID NO: 136, 

position 738 to position 761 of SEQ ID NO: 136, position 838 to position 861 of SEQ ID NO: 136, 

position 1229 to position 1246 of SEQ ID NO: 136, position 1286 to position 1309 of SEQ ID NO: 
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136, position 1413 to position 1431 of SEQ ID NO: 136, position 1456 to position 1473 of SEQ ID 

NO: 136, to position 1530 to position 1544 of SEQ ID NO: 136, position 1577 to position 1590 of 

SEQ ID NO: 136, position 1816 to position 1836 of SEQ ID NO: 136, position 1852 to position 

1872 of SEQ ID NO: 136, and to position 1876 to position to position 1896 of SEQ ID NO: 136; 

and/or 

iii) a motif within the nucleotide sequence of SEQ ID NO: 137, wherein the motif comprises a 

sequence selected from the group consisting of: to position 43 to position 60, position 107 to position 120 

of SEQ ID NO: 137, position 210 to position 230 of SEQ ID NO: 137, position 345 to position 407 of 

SEQ ID NO: 137, position 427 to position 457 of SEQ ID NO: 137, position 468 to position 484 of 

SEQ ID NO: 137, position 560 to position 582, position 730 to position 746 of SEQ ID NO: 137, 

position 809 to position 820 of SEQ ID NO: 137, position 827 to position 837 of SEQ ID NO: 137, 

position 858 to position 878 of SEQ ID NO: 137, position 1291 to position 1302 of SEQ ID NO: 

137, position 1321 to position 1341 of SEQ ID NO: 137, position 1435 to position 1463 of SEQ ID 

NO: 137, position 1530 to position 1541 of SEQ ID NO: 137, position 1707 to position 1718 of 

SEQ ID NO: 137, position 1834 to position 1863 of SEQ ID NO: 137, position 1870 to position 

1882 of SEQ ID NO: 137, and to position 1913 to position 1929 of SEQ ID NO: 137, 

optionally wherein the ablation comprises a substitution or deletion of one or more nucleotides of the at 

least one nucleotide motif. 

 

3. An engineered macrophage-specific promoter comprising at least one regulatory element, 

wherein the regulatory element exhibits greater activity in an M1 macrophage compared to an M2 

or MO macrophage or exhibits greater activity in an M2 macrophage compared to an M1 or MO 

macrophage, optionally wherein the engineered macrophage-specific promoter comprises at least 2, 

at least 3, at least 4, or at least 5 regulatory elements, optionally wherein each of the regulatory 

elements are the same or different, optionally wherein M2 macrophages are selected from the 

group consisting of M2a macrophages, M2b macrophages, and M2c macrophages.  

 

4. The engineered macrophage-specific promoter of any one of claims 1 - 3, wherein the at least one 

regulatory element comprises a nucleotide sequence selected from: 

i) a nucleotide sequence having at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, 

at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to SEQ ID NO: 297 - 

313;  
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ii) a nucleotide sequence having at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, 

at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to SEQ ID NO: 372 - 

390; 

ii) a nucleotide sequence having at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, 

at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to SEQ ID NO: 440 — 

443, 

iii) a nucleotide sequence having at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, 

at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to SEQ ID NOs: 314 — 

371, 

iv) a nucleotide sequence having at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, 

at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to SEQ ID NO: 420-439, 

optionally wherein the engineered macrophage-specific promoter further comprises a minimal 

promoter operably linked to the engineered macrophage-specific promoter, optionally wherein the 

minimal promoter is derived from a promoter selected from the group consisting of: minP, NFkB 

response element, CREB response element, NFAT response element, SRF response element 1, SRF 

response element 2, API response element, TCF-LEF response element promoter fusion, Hypoxia 

responsive element, SMAD binding element, STAT3 binding site, minCMV, YB TATA, minTK, 

inducer molecule responsive promoters, CMV, EFS, SFFV, SV40, MND, PGK, UbC, hEFlaV1, 

hCAGG, hEFlaV2, hACTb, heIF4Al, hGAPDH, hGRP78, hGRP94, hHSP70, hKINb, hUBIb, and 

tandem repeats thereof. 

 

5. An engineered macrophage-specific promoter comprising at least one regulatory element 

comprising a nucleotide sequence having at least 75%, at least 80%, at least 85%, at least 90%, at 

least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to SEQ 

ID NO: 1-29, 81-82, 88-97, 119-122, 132-138, 142 - 163, 97-313, 139-141, 314 - 371, 390, 392 - 

393, and 420-443, optionally wherein the regulatory element or the engineered macrophage-specific 

promoter is operably linked to a minimal promoter, wherein optionally the minimal promoter 

comprises a sequence of a promoter selected from minP, NFkB response element, CREB response 

element, NFAT response element, SRF response element 1, SRF response element 2, API response 

element, TCF-LEF response element promoter fusion, Hypoxia responsive element, SMAD binding 

element, STAT3 binding site, minCMV, YB TATA, minTK, SCP3, YB-SCP3, inducer molecule 

responsive promoters, CMV, EFS, SFFV, SV40, MND, PGK, UbC, hEFlaV1, hCAGG, hEFlaV2, 

hACTb, heIF4Al, hGAPDH, hGRP78, hGRP94, hHSP70, hKINb, hUBIb, and tandem repeats 

thereof, optionally wherein the engineered macrophage-specific promoter system further comprises 
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a translation initiator site, optionally wherein the translation initiator site is or comprises a Kozak 

sequence. 

 

6. The engineered macrophage-specific promoter system of claim 1 or 2, wherein the regulatory 

element or the engineered macrophage-specific promoter comprises: 

a) a first transcriptional activating element as set forth in SEQ ID NO: 220, a second transcriptional 

activating element as set forth in SEQ ID NO: 222, a third transcriptional activation element as set 

forth in SEQ ID NO: 240, a fourth transcriptional activating element as set forth in SEQ ID NO: 

254, and a fifth transcriptional activating element as set forth in SEQ ID NO: 256; and does not 

comprise at least one repressive element selected from: SEQ ID NO: 226, SEQ ID NO: 234, SEQ ID 

NO: 236, SEQ ID NO: 238, SEQ ID NO: 246, and SEQ ID NO: 252, optionally further comprising a 

sixth transcriptional activating element as set forth in SEQ ID NO: 224 and/or a seventh 

transcriptional activating element as set forth in SEQ ID NO: 258, optionally wherein the regu latory 

element or the engineered macrophage-specific promoter further do not comprise SEQ ID NO: 228, 

SEQ ID NO: 230, SEQ ID NO: 232, SEQ ID NO: 242, SEQ ID NO:244, SEQ ID NO: 248, and SEQ 

ID NO: 250, optionally wherein the regulatory element or the engineered macrophage-specific 

promoter does not comprise the repressive elements as set forth in SEQ ID NO: 226, SEQ ID NO: 

236, SEQ ID NO: 238, SEQ ID NO: 246, and SEQ ID NO: 252, optionally wherein the regulatory 

element or the engineered macrophage-specific promoter comprises: a sequence as set forth in 

GTTAAGTGGCTAGGGATAACATTGAGGCACTAAAGCATTATTGGTTCTGC 

AGTCAAGGGTAGGATAGATTGTTTTTTTTTTTTT (SEQ ID NO: 482), and a sequence as set forth in 

TTTGTGGTTTTATTGGTTTTCATATTACAAACAAAGAAACTAGAAAATGAA 

ACCATTCCAAAAGTGGAAGTAATTTCTCA (SEQ ID NO: 483), or a sequence as set forth in 

GCTCTTCTAAAAATATGCGAAATGAGGTTTTTAGGGAGGTGTAGGTATGG 

CTGAAGAAAATCAAGGTGAATGAAGACAAGATCAATTGAGAATGTAGTT 

TCAGAAATAGCAAAGAAGCCAAAGTTTGAGGAAGTTAAGTGGCTAGGGA 

TAACATTGAGGCACTAAAGCATTATTGGTTCTGCAGTCAAGGGTAGGATA 

GATTGTTTTTTTTTTTTTTGAGACGGAGTCTCACTCTGCTGCCCAGGC (SEQ ID NO: 484), a 

sequence as set forth in ATTTTGGTTTCAGTTTTCCTTAC (SEQ ID NO: 240), and a sequence as set 

forth in TTTGTGGTTTTATTGGTTTTCATATTACAAACAAAGAAACTAGAAAATGAA 

ACCATTCCAAAAGTGGAAGTAATTTCTCA (SEQ ID NO: 483); or 

b) a first transcriptional activating element as set forth in SEQ ID NO: 268 and a second 

transcriptional activating element as set forth in SEQ ID NO: 270 and does not comprise at least 

one repressive element selected from: SEQ ID NO: 260, SEQ ID NO: 262,  SEQ ID NO: 264, SEQ 
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ID NO: 266, SEQ ID NO: 272, and SEQ ID NO: 391; or at least one, at least two, at least three, at 

least four, or at least five tandem repeats of SEQ ID NO: 268 and SEQ ID NO: 270;  

optionally further comprising a third transcriptional activating element as set forth in SEQ ID NO: 

291 and/or a fourth transcriptional activating element as set forth in: SEQ ID NO: 295,  

optionally wherein the regulatory element or the engineered macrophage-specific promoter does not 

comprise the repressive elements as set forth in SEQ ID NO: 262, SEQ ID NO: 264, SEQ ID NO: 272, 

and SEQ ID NO: 391, optionally wherein the regulatory element or the engineered macrophage-specific 

promoter further does not comprise SEQ ID NO: 260 and/or SEQ ID NO: 266. 

 

7. A heterologous construct comprising 

i) the engineered macrophage-specific promoter system of claim 1; or 

ii) the engineered macrophage-specific promoter of any one of claims 2 - 6 operably linked to a 

heterologous payload, optionally wherein the heterologous payload is a polynucleotide comprising a 

nucleotide sequence encoding a polypeptide, optionally wherein the polypeptide comprises at least one 

effector molecule, 

optionally wherein the polypeptide comprises a first effector molecule and a second effector 

molecule, 

optionally wherein the engineered macrophage specific promoter comprises a regulatory element 

selected from: a nucleotide sequence having at least 75%, at least 80%, at least 85%, at least 90%, 

at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to 

SEQ ID NO: 420; and a nucleotide sequence having at least 75%, at least 80%, at least 85%, at 

least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence 

identity to SEQ ID NO: 427,  

optionally wherein the polynucleotide comprises a nucleotide sequence encoding the first 

effector molecule, a linker nucleotide sequence, and a nucleotide sequence encoding the second 

effector,  

optionally wherein the linker nucleotide sequence encodes one or more 2A ribosome 

skipping elements,  

optionally wherein the one or more 2A ribosome skipping elements comprise elements that 

are each selected from the group consisting of: P2A, T2A, E2A, and F2A, 

and optionally wherein the at least one effector molecule or each effector molecule is 

selected from a therapeutic class, wherein the therapeutic class is selected from the group consisting 

of: a cytokine, a chemokine, a homing molecule, a growth factor, a polynucleotide molecule, a co-

activation molecule, a tumor microenvironment modifier, a receptor, a ligand, a transcription factor, 



374 

an antibody, a peptide, and an enzyme, optionally wherein the transcription factor is a master 

regulator, optionally wherein the transcription factor is a master regulator of polarization to an M1 

macrophage, optionally wherein the transcription factor is IRF7 or a derivative thereof, or p65/RelA 

or a derivative thereof, optionally wherein the transcription factor is a master regulator of 

polarization to an M2 macrophage, optionally wherein the at least one effector molecule or each 

effector molecule is or comprises a cytokine, chemokine, homing molecule, growth factor, a tumor 

microenvironment modifier, co-optionally wherein the cytokine is selected from the group 

consisting of: ILl-beta, IL2, IL4, IL6, IL7, IL10, IL12, an IL12p70 fusion protein, IL15, IL17A, 

IL18, IL21, IL22, Type I interferons, Interferon-gamma, and TNF-alpha, optionally wherein the 

cytokine is a master regulator of polarization to an M1 macrophage, optionally wherein the cytokine 

is IFNgamma, IFNalpha, TNF alpha, GM-CSF, IL-12, IL-12p70, IL-12p40, IL-12p35, IL-6, IL-23, 

IL-lalpha, IL-lbeta, or a derivative thereof, optionally wherein the cytokine is a master regulator of 

polarization to an M2 macrophage, optionally wherein the cytokine is IL-10, IL-4, IL-13, IL-21, 

TGF-beta, M-CSF, or a derivative thereof, optionally wherein the chemokine is selected from the 

group consisting of: CCL21a, CXCL10, CXCL11, CXCL13, a CXCL10-CXCL11 fusion protein, 

CCL19, CXCL9, and CXCL1, optionally wherein the homing molecule is selected from the group 

consisting of: anti-integrin alpha4, beta7; anti-MAdCAM; CCR9; CXCR4; SDF1; MMP-2; CXCR1; 

CXCR7; CCR2; CCR4; and GPR15, optionally wherein the growth factor is selected from the group 

consisting of: FLT3L and GM-CSF, optionally wherein the co-activation molecule is selected from 

the group consisting of: c-Jun, 4-1BBL and CD40L, optionally wherein the tumor microenvironment 

modifier is selected from the group consisting of: an adenosine deaminase, a TGFbeta inhibitor, an 

immune checkpoint inhibitor, a VEGF inhibitor, and an HPGE2, optionally wherein each of the first 

effector molecule and the second effector molecule are from separate therapeutic classes, optionally 

wherein each effector molecule is a human-derived effector molecule, optionally wherein the 

cytokine is modified to comprise a membrane tethering domain, optionally wherein the membrane 

tethering domain is or comprises a transmembrane-intracellular domain and/or transmembrane 

domain of a protein selected from: PDGFR-beta, CD8, CD28, CD3zeta-chain, CD4, 4-1BB, OX40, 

ICOS, CTLA-4, PD-1, LAG-3, 2B4, LNGFR, NKG2D, EpoR, TNFR2, B7-1, and BTLA, or a 

functional portion thereof, optionally wherein the master regulator of polarization to an M1 

macrophage is IRF7 or a derivative thereof, optionally wherein the derivative of IRF7 comprises 

IRF7 operably linked to a degron domain, optionally wherein the degron domain is selected from: a 

PEST domain, HCV NS4 degron, GRR (residues 352-408 of human p105), DRR (residues 210-295 

of yeast Cdc34), SNS (tandem repeat of SP2 and NB (SP2-NB-SP2 of influenza A or influenza B), 

RPB (four copies of residues 1688-1702 of yeast RPB), SPmix (tandem repeat of SP1 and SP2 
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(SP2-SP1-SP2-SP1-SP2 of influenza A virus M2 protein), NS2 (three copies of residues 79-93 of 

influenza A virus NS protein), ODC (residues 106-142 of ornithine decarboxylase), Nek2A, mouse 

ODC (residues 422-461), mouse ODC_DA (residues 422-461 of mODC including D433A and 

D434A point mutations), an APC/C degron, a COPT E3 ligase binding degron motif, a CRL4-Cdt2 

binding PIP degron, an actinfilin-binding degron, a KEAP1 binding degron, a KLHL2 and KLHL3 

binding degron, an MDM2 binding motif, an N-degron, a hydroxyproline modification in hypoxia 

signaling, a phytohormone-dependent SCF-LRR-binding degron, an SCF ubiquitin ligase binding 

phosphodegron, a phytohormone-dependent SCF-LRR-binding degron, a DSGxxS (SEQ ID NO: 

687) phospho-dependent degron, an Siah binding motif, an SPOP SBC docking motif, a PCNA 

binding PIP box, and derivatives thereof, optionally wherein the degron domain is a PEST domain, 

optionally wherein the PEST comprises the amino acid sequence SEQ ID NO: 501 or a derivative 

thereof. 

 

8. A heterologous construct for inducing a macrophage to transition from an M1 state to an M2 state, 

comprising: 

either 

i) the regulatory element derived from a promoter of a gene that is more highly expressed in M1 

macrophage compared to M2 or MO macrophages, as applied to claim 1(i), or 

ii) the engineered macrophage-specific promoter of any one of claims 2-6; and 

a heterologous payload encoding a master regulator of polarization to an M2 macrophage, 

wherein the regulatory element or engineered macrophage-specific promoter of (a) is operably 

linked to the heterologous payload and configured to induce expression of the heterologous payload, 

optionally wherein the master regulator of polarization to an M2 macrophage is IL-10, IL-4, IL-13, 

IL-21, TGF-beta, M-CSF, or a derivative thereof, optionally wherein the master regulator of 

polarization to an M2 macrophage is IL-10, optionally wherein the M2 state is an M2c state, an M2a 

state, or an M2b state, optionally wherein (a) is a regulatory element derived from a CCL19 

promoter, optionally comprising the nucleotide sequence of SEQ ID NO: 132.  

 

9. A heterologous construct for stabilizing a macrophage in an M1 polarization state,  

comprising: 

either 

i) the regulatory element derived from a promoter of a gene that is more highly expressed in M1 

macrophage compared to M2 or MO macrophages, optionally wherein the regulatory element derived 

from a UBD1 promoter, an IDO1 promoter, or a CCL19 promoter., as applied to claim1(ii), or 
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ii) the engineered macrophage-specific promoter of any one of claims 2-6; and a heterologous 

payload encoding a master regulator of polarization to an M1 macrophage, 

wherein the regulatory element or engineered macrophage-specific promoter of (a) is operably 

linked to the heterologous payload and configured to induce expression of the heterologous payload, 

optionally wherein the master regulator of polarization to an M1 macrophage is a cytokine, 

optionally wherein the cytokine is IFNgamma, IFNalpha, TNF alpha, GM-CSF, IL-12, IL-12p70, 

IL-12p40, IL-12p35, IL-6, IL-23, IL-lalpha, IL-lbeta, or a derivative thereof, optioanlly wherein the 

master regulator of polarization to an M1 macrophage is a transcription factor selected from IRF7 or a 

derivative thereof, or p65/RelA or a derivative thereof. 

 

10. A heterologous construct for inducing a macrophage to transition from an M2 state to an  M1 

state, comprising: 

either 

i) the regulatory element derived from a promoter of a gene that is more highly expressed in M2 

macrophage compared to M1 or MO macrophages, as applied to claim 1(ii), or 

ii) the engineered macrophage-specific promoter of any one of claims 2-6; and a heterologous 

payload encoding a master regulator of polarization to an M1 macrophage, 

wherein the regulatory element or engineered macrophage-specific promoter of (a) is operably linked 

to the heterologous payload and configured to induce expression of the heterologous payload, 

optionally wherein the master regulator of polarization to an M1 macrophage is a cytokine, 

optionally wherein the cytokine is IFNgamma, IFNalpha, TNF alpha, GM-CSF, IL-12, IL-12p70, IL-

12p40, IL-12p35, IL-6, IL-23, IL-lalpha, IL-lbeta, or a derivative thereof, optionally wherein the 

master regulator of polarization to an M1 macrophage is a transcription factor selected from IRF7 or 

a derivative thereof, or p65/RelA or a derivative thereof. 

 

11. A heterologous construct for stabilizing a macrophage in an M2 polarization state,  

comprising: 

either 

i) the regulatory element derived from a promoter of a gene that is more highly expressed in M2 

macrophage compared to M1 or MO macrophages, as applied to claim (ii), or 

ii) the engineered macrophage-specific promoter of any one of claims 2-6; and a heterologous 

payload encoding a master regulator of polarization to an M2 macrophage, wherein the regulatory 

element or engineered macrophage-specific promoter of (a) is operably linked to the heterologous 

payload and configured to induce expression of the heterologous payload, optionally wherein the 
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M2 state is an M2c state, an M2a state, or an M2b state, optionally wherein the master regulator of 

polarization to an M2 macrophage is IL-10, IL-4, IL-13, IL-21, TGF-beta, M-CSF, or a derivative 

thereof. 

 

12. A vector comprising the heterologous construct according to any one of claims 7-11. 

 

13. A dual expression vector comprising the heterologous construct according to claim 12 and a 

second construct comprising a nucleotide sequence encoding an activating immune receptor.  

 

14. An immunoresponsive cell comprising the heterologous construct according to any one of 

claims 7-11, the vector according to claim 12, or the dual expression vector according to claim 13,  

 optionally wherein the immunoresponsive cell is selected from the group consisting of: a T cell, 

a CD8+ T cell, a CD4+ T cell, a gamma-delta T cell, a cytotoxic T lymphocyte (CTL), a regulatory 

T cell, a viral-specific T cell, a Natural Killer T (NKT) cell, a Natural Killer (NK) cell, a B cell, a 

tumor-infiltrating lymphocyte (TIL), an innate lymphoid cell, a mast cell, an eosinophil, a 

basophil, a neutrophil, a myeloid cell, a macrophage, a monocyte, a dendritic cell, an erythrocyte, a 

platelet cell, a human embryonic stem cell (ESC), an ESC-derived cell, a pluripotent stem cell, a 

mesenchymal stromal cell (MSC), an induced pluripotent stem cell (iPSC), and an iPSC-derived 

cell,  

 optionally wherein the immunoresponsive cell is a macrophage, optionally wherein the 

macrophage is a tumor-resident macrophage, optionally wherein the immunoresponsive cell is 

autologous or allogeneic, optionally wherein the immunoresponsive cell expresses  an activating 

immune receptor, optionally wherein the activating immune receptor comprises an antigen 

recognizing receptor. 

 

15. A pharmaceutical composition comprising the vector of claim 12, the dual expression vector 

according to claim 13, or the immunoresponsive cell according to claim 14, and a 

pharmaceutically acceptable carrier, pharmaceutically acceptable excipient, or a combination thereof. 

 

16.  Use of a therapeutically effective dose of the vector of claim 12, the dual expression vector 

according to claim 13, the immunoresponsive cell according to claim 14, or the pharmaceutical 

composition according to claim 15 in the manufacture of a medicament for treating cancer. 
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17.  The vector of claim 12, the dual expression vector according to claim 13, the immunoresponsive 

cell according to claim 14, or the pharmaceutical composition according to claim 15 for use in therapy. 


