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COMPOSITIONS AND METHODS FOR ACTIVATION AND MATURATION OF 

IMMUNE CELLS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Provisional Application No. 63/530,465, 

filed August 2, 2023, and U.S. Provisional Application No. 63/631,183, filed April 8, 2024. The 

entire contents of the above-identified applications are hereby fully incorporated herein by 

reference in their entireties. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH 

[0002] This disclosure was made with government support from Grant No.(s) 

5F31CA275339-02 and 1DP2GM146245-01 awarded by the National Institutes of Health. The 

government has certain rights in the disclosure. 

REFERENCE TO AN ELECTRONIC SEQUENCE LISTING 

[0001] The contents of the electronic sequence listing (BROD-5835WP_ST26.xml”; Size is 

1,167,882 bytes and it was created on August 2, 2024) is herein incorporated by reference in its 

entirety. 

TECHNICAL FIELD 

[0003] The subject matter disclosed herein is generally directed to compositions and methods 

for activating and differentiating T cell progenitors in targeted tissues to stimulate the production 

of differentiated T cells. 

BACKGROUND 

[0004] The thymus is a vital organ for establishing and maintaining the adaptive immune 

system, serving as the site for the selection, proliferation, development, and differentiation of T 

cells. Over time, the thymus undergoes age-related atrophy (i.e., thymus involution or thymic 

involution), which results in less efficient T cell development and decreased output of naive T 

cells. This can increase susceptibility to opportunistic infections, autoimmunity, and cancer. The 

inability to establish adaptive immunity can also result in poor vaccine response and increased 

morbidity and mortality. Thus, there is a need for compositions and methods for the stimulation
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and differentiation of T-cell progenitors in non-thymic tissues to rejuvenate the adaptive immune 

system. 

[0005] Citation or identification of any document in this application is not an admission that 

such a document is available as prior art to the present disclosure. 

SUMMARY 

[0006] The present disclosure provides compositions and methods for the activation and 

differentiation of T cell progenitors in targeted tissues to stimulate the production of differentiated 

T cells. In one embodiment, the present disclosure provides a composition comprising (a) one or 

more polynucleotides encoding one or more activating proteins that induce T cell differentiation 

of T cell progenitor cells and (b) a delivery vehicle configured to deliver the one or more 

polynucleotides to a target tissue where T cell progenitors differentiate. 

[0007] In one embodiment, one or more activating proteins is an agonist of a Notch signaling 

pathway or a T cell receptor (TCR) signaling pathway. In another embodiment, the agonist of the 

Notch signaling pathway comprises DLL1, DLL4, Jagged1, Jagged2, or a combination thereof. In 

another embodiment, an agonist of the TCR signaling pathway is a major histocompatibility 

complex (MHC) class I or MHC class II ligand. In another embodiment, the MHC class I ligand 

comprises HLA-A, HLA-B, HLA-C, or a homolog thereof. In another embodiment, the MHC class 

II ligand comprises HLA-DP, HLA-DQ, HLA-DR, or a homolog thereof. 

[0008] In one embodiment, the agonist of the Notch signaling pathway does not comprise 

DDL-1 or DLL4. In one embodiment, the agonist of the Notch signaling pathway does not 

comprise IL-7. In one embodiment, the agonist of the Notch signaling pathway does not comprise 

FLT3L. 

[0009] In one embodiment, the composition further comprises one or more cytokines or 

polynucleotides encoding said cytokines. In another embodiment, the one or more cytokines 

comprise IL-7, FLT3L, KIT ligand, IL-2, IL-4, IL-15, CCL25, or a combination thereof. In another 

embodiment, one or more cytokines induce the expression of the transcription factor RUNX3. 

[0010] In one embodiment, the one or more polynucleotides of any of the compositions 

described herein comprise one or more plasmid DNAs encoding the one or more activating 

proteins and/or cytokines; one or more mRNA molecules encoding the one or more activating 

proteins and/or cytokines; or a combination thereof. In another embodiment, the one or more 
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mRNAs comprise one or more modifications that increase mRNA _ stability, reduce 

immunogenicity, and/or improve translation efficiency. 

[0011] In one embodiment, the delivery vehicle comprises a lipid nanoparticle, an exosome, a 

microvesicle, a viral vector, an engineered retroelement vector, a polynucleotide-based 

nanostructure, or an extracellular contractile injection system. In another embodiment, the viral 

vector comprises a retroviral, lentiviral, adenoviral, adeno-associated, or herpes simplex viral 

vector. 

[0012] In one embodiment, the target tissue is the liver, spleen, small intestine, thymus, or a 

combination thereof. 

[0013] In one embodiment, the present disclosure provides a method for inducing T cell 

progenitor differentiation, said method comprising delivering, to a target tissue where T cell 

progenitor differentiation occurs, one or more polynucleotides encoding one or more activating 

proteins that induce differentiation of T cell progenitor cells. 

[0014] In one embodiment, the one or more polynucleotides are formulated so that they are 

delivered to endothelial cells in the target tissue and that the activating proteins are displayed on 

the surface of the endothelial cells. 

[0015] In one embodiment, the target tissue is the liver, spleen, small intestine, or thymus, or 

a combination thereof. 

[0016] In one embodiment, the one or more activating proteins induce differentiation of T cell 

progenitors to double-positive (DP) T cells. 

[0017] In one embodiment, the one or more activating proteins do not induce autoimmunity. 

[0018] In one embodiment, the one or more activating proteins is an agonist of a Notch 

signaling pathway or a T cell receptor (TCR) signaling pathway. In another embodiment, the 

agonist of the Notch signaling pathway comprises DLL1, DLL4, Jagged1, Jagged2, or a 

combination thereof. In another embodiment, the agonist of the TCR signaling pathway is an MHC 

class I or MHC class II ligand. In another embodiment, the MHC class I ligand comprises HLA- 

A, HLA-B, HLA-C, or a homolog thereof. In another embodiment, the MHC class II ligand 

comprises HLA-DP, HLA-DQ, HLA-DR, or a homolog thereof. 

[0019] In one embodiment, the one or more polynucleotides of any methods described herein 

comprise one or more plasmid DNAs encoding the one or more activating proteins, one or more 
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mRNAs encoding the one or more activating proteins, or a combination thereof. In another 

embodiment, the one or more mRNAs comprise one or more modifications that increase mRNA 

stability, reduce immunogenicity, and/or improve translation efficiency. 

[0020] In one embodiment, the one or more polynucleotides are delivered via a lipid 

nanoparticle, an exosome, a microvesicle, a viral vector, an engineered retroelement vector, a 

polynucleotide-based nanostructure, or an extracellular contractile injection system. 

[0021] In one embodiment, the method further comprises delivering one or more cytokines or 

polynucleotides encoding one or more cytokines. In another embodiment, the one or more 

cytokines comprise IL-7, FLT3L, KIT ligand, IL-2, IL-4, IL-15, or CCL25, or a combination 

thereof. In another embodiment, the one or more cytokines induce expression of the transcription 

factor RUNX3. In another embodiment, the one or more cytokines are co-delivered with the one 

or more polynucleotides encoding the one or more activating proteins. In another embodiment, the 

cytokines are delivered separately, temporally or spatially, from the one or more polynucleotides 

encoding the activating proteins. 

[0022] In one embodiment, the one or more cytokines induce differentiation of double-positive 

(DP) T cells into single-positive (SP) T cells. 

[0023] In one embodiment, the present disclosure provides a method for identifying candidate 

activating proteins, or combinations of activating proteins, that induce T cell proliferation and 

differentiation, said method comprising (a) delivering one or more polynucleotides encoding one 

or more candidate activating proteins that induce T cell differentiation of T cell progenitor cells to 

a population of cells derived from a tissue of interest, (b) selecting a sample of single clone cells 

expressing the candidate activating proteins from the population of cells derived from the tissue of 

interest, (c) treating a population of T cell progenitors with the sample of single clone cells 

expressing the candidate activating proteins, (d) quantifying the percentage of T cells differentiated 

from the population of T cell progenitors, and (e) selecting the polynucleotides encoding the 

candidate activating proteins that resulted in T cell differentiation for evaluation in vivo, wherein 

the percentage of differentiated T cells is at or above 50% of the total cell population consisting of 

the differentiated T cells and T cell progenitors. 

[0024] In one embodiment, the tissue of interest is the liver, spleen, small intestine, or thymus, 

or a combination thereof. 
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[0025] In one embodiment, the sample of single clone cells is selected using flow cytometry. 

[0026] These and other aspects, objects, features, and advantages of the example embodiments 

will become apparent to those having ordinary skill in the art upon consideration of the following 

detailed description of example embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] An understanding of the features and advantages of the present disclosure will be 

obtained by reference to the following detailed description that sets forth illustrative embodiments, 

in which the principles of the disclosure may be utilized, and the accompanying drawings of which: 

[0028] FIG. 1 depicts the dysfunction of cortical thymic epithelial cells in aging mice. 

[0029] FIG. 1A depicts a simplified model of T cell development starting from bone marrow 

(BM)-derived common lymphoid progenitors (CLP) and multipotent progenitors (MPP) homing 

into the thymus (T), where they receive differentiation signals followed by positive selection by 

cortical thymic epithelial cells (CTEC) and negative selection by stromal antigen-presenting cells, 

including medullary thymic epithelial cells (mTECs). Mature CD8* or CD4" single-positive (SP) 

T cells then circulate systemically, including in the secondary lymphoid organs spleen (S) and 

lymph nodes (LN). DN, double-negative, DP, double-positive. 

[0030] FIG. 1B shows the quantification of circulating CLPs (% Sca-1*c-Kit* of Lin’ IL7ra*) 

inn = 35 animals of various ages. Linear regression shown. 

[0031] FIG. 1C shows quantification of circulating MPPs (% CD34°FIt3L* of Lin’ Sca-1*c- 

Kit") in n = 35 animals of various ages. Linear regression shown. 

[0032] FIGs. 1D-1E shows the relative fraction of circulating CLPs within live blood 

mononuclear cells across age. Each dot is the value for one mouse (n=36). The arrowhead 

annotates the average start of macroscopic thymic involution in C57BL/6J mice. 

[0033] FIGs. 1F-1G shows the changes to selected cell-type interactions: cTEC with DN T 

cells (left, FIG. 1F) and mTEC with DP T cells (right, FIG. 1G). Linear regression plotted and 

Pearson’s R indicated. P-value denotes significance of Pearson’s correlation with age. The 

arrowhead annotates the average start of macroscopic thymic involution in C57BL/6J mice. Violin 

plots demonstrate the average interaction z-scores pre- and post- thymic involution. P values were 

calculated using two-tailed unpaired t-tests. 
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[0034] FIGs. 1H-1I shows the decreasing receptor-ligand interactions (normalized interaction 

strength) with age. Each row is a unique cell-type-cell-type receptor-ligand pair and is annotated 

by common receptors on TEC (FIG. 1H) or ligands on DN cells (FIG. 1D). Bar charts demonstrate 

the average interaction z-scores for select interactions pre- and post- thymic involution. P values 

were calculated using Mann-Whitney tests. For FIGs. 1H-1I, 7? = 47 spatial arrays over 21 time 

points. 

Receptor-ligand analysis: Squidpy integration of CellPhoneDB and Omnipath were used to 

identify shifts in receptor-ligand interactions at each time point. Subsequently, the mean values of 

each receptor ligand cell-cell pair across time were employed to calculate Spearman’s R 

correlation and a pvalue. After correcting the p-values through Bonferroni correction, unique 

interactions were categorized into those decreasing and increasing with age for visualization. 

[0035] FIG. 2 depicts the formulation and characteristics of lipid nanoparticles (LNPs) 

containing DII1, Flt3, and II7 mRNA (DFJ). 

[0036] FIG. 2A shows maps of linearized plasmids used for in vitro transcription (IVT) of DFI 

mRNAs. 

[0037] FIG. 2B show a gel electrophoresis of in vitro transcribed and capped DFI mRNAs. 

[0038] FIG. 2C shows TapeStation RNA ScreenTape results of in-vitro transcribed and capped 

DFI mRNAs. 

[0039] FIG. 2D shows encapsulation efficiencies of DFI-containing SM-102 lipid 

nanoparticles (LNPs). Three measurements each of two independent batches shown. Data are 

mean + s.e.m. P value was calculated using a two-tailed unpaired t-test. 

[0040] FIG. 2E shows LNP diameter p and polydispersity indices (%PD) as measured by 

dynamic light scattering. Individual LNP batches shown in grey, average calculated and shown in 

green. 

[0041] FIGs. 2F-2I Validation of DLL1 mRNA expression in immortalized liver cells. 

[0042] FIG. 2F shows primary hepatocytes transfected with 2.5 ug EGFP mRNA in 7.5 pL 

Lipofectamine™ 3000 and subsequently stained with anti-DLL1 monoclonal antibody (HMD1-5) 

PE for surface expression of DLL1. 
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[0043] FIG. 2G shows primary hepatocytes transfected with 2.5 ug DLL1 mRNA in 7.5 pL 

Lipofectamine™ 3000 and subsequently stained with anti-DLL1 monoclonal antibody (HMD1-5) 

PE for surface expression of DLL1. 

[0044] FIG. 2H show percentage of AML12 primary hepatocytes positive for expression of 

DLL1 or EGFP. 

[0045] FIG. 21 shows percentage of HEK 293T cells positive for expression of DLL1 or EGFP. 

[0046] FIG. 3: Intravenously injected DIl1-I17-Flt31 LNPs improve immune responses in aged 

animals. 

[0047] FIG. 3A shows a schematic of triple mRNA delivery. 

[0048] FIGs. 3B-3C shows fluorescence images (FIG. 3B) and quantification (FIG. 3C) of 

surface DLL1 protein expression in immortalized mouse hepatocytes transfected with 0.25 ug 

DLL1 mRNA in 7.5 uL Lipofectamine™ 3000 and subsequently stained with anti-DLL1 antibody 

(AB10554) or mock transfected. B-Catenin staining was used to delineate cell membranes. Scale 

bar, 100 um. 

[0049] FIG. 3D shows the extracellular concentrations of biologically active IL-7 (left) and 

FLT3L (right) secreted by immortalized hepatocytes transfected with 2.5 ng FLT3L mRNA or 2.5 

ug IL-7 mRNA in 7.5 uL Lipofectamine™ 3000 or 7.5 uL empty Lipofectamine™ 3000 as 

determined by IL-7 and FLT3L ELISA, respectively. Data are mean + s.e.m. P values were 

calculated using two-tailed unpaired t-tests. # = 3 independent transfection experiments. 

[0050] FIGs. 3E-3F shows mRNA-pulsed hepatocytes secrete processed FTL3L and IL-7. 

(FIG. 3E) Primary hepatocytes were treated with 2.5 ug FLT3L mRNA in 7.5 uL Lipofectamine™ 

3000 or 7.5 uL empty Lipofectamine™ 3000. (FIG. 3F) Primary hepatocytes were treated with 

2.5 ug IL-7 mRNA in 7.5 uL Lipofectamine™ 3000 or 7.5 uL empty Lipofectamine™ 3000. 

ELISA was performed using anti-FLT3L and anti-IL-7 monoclonal antibodies. 

[0051] FIG. 3G shows serum FIt3L and IL-7 levels in mice treated with either F1t31/II7 mRNA 

LNPs or Luc LNPs. Serum levels measured by FIt3L and IL-7 cytokine ELISA, respectively. Data 

are mean +s.e.m. P values were calculated using a two-tailed unpaired t-test. 

[0052] FIG. 3H shows IVIS luciferase imaging of Foxn1-/- mice that have received either 

mock SM-102 LNPs or Luc SM-102 LNPs intravenously 8 hours before imaging. N=4 mice. 
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[0053] FIGs. 4A-4B — Jn vitro T cell maturation by AML12-DLL1 is not inferior to OP9- 

DLL1. 

[0054] FIG. 4A shows schematic of procedure used to show DLL 1-expressing hepatocytes 

induce the differentiation of T cells from hematopoietic stem cells i7 vitro. 

[0055] FIG. 4B shows percentage of lymphocytes that are CD4- CD8° double negative, T cell 

receptor negative (DN TCR-), CD4 CD8 double negative, T cell receptor-positive (DN TCR+), 

CD4* CD8* double positive (DP), CD4 single positive (SP CD4), or CD8 single positive (SP CD8), 

following co-incubation of hematopoietic stem cells with AML12 hepatocytes expressing GFP 

(AML 12-GFP) or DLL] (AML12-DLL1), or with OP9 stromal cells expressing GFP (OP9-GFP) 

or DLL1 (OP9-GFP). 

[0056] FIGs. 5A-5B — Screening for in vitro differentiation cocktail combinations. 

[0057] FIG. 5A shows the procedure for screening for combinations of activating proteins that 

induce T cell differentiation. 

[0058] FIG. 5B shows the relative percentages of differentiated T cells for each of the 

combinations tested, wherein the combinations yielding the highest percentage of differentiated T 

cells were used for i# vivo testing. 

[0059] FIGs. 6A-6F — /n vivo testing in immunocompetent mice. 

[0060] FIG. 6A Vaccination schedule used to evaluate the efficacy of SYNTHYMUS (DLL1 

mRNA in combination with IL-7/FLT3L mRNAs) in athymic mice. 

[0061] FIGs. 6B-6F shows the treatment of athymic mice with SYNTHYMUS preferentially 

induces mature CD8+ SP T cell development. 

[0062] FIG. 7 shows a trajectory of artificially produced T cells. DLL1-mediated T cell 

production occurs in the liver, followed by cytokine-mediated maturation in the blood and spleen. 

A total number of T cells harvested from the liver (left), peripheral blood (middle), and spleen 

(right) of athymic mice treated with empty lipid nanoparticles, cytokines only, DLL1 mRNA, or 

DLL1 mRNA in combination with cytokines. The relative proportion of T cells that are double 

negative (DN), double positive (DP), CD4 single positive (SP CD4), or CD8 single positive (SP 

CD8) is shown. 

[0063] FIGs. 8A-8F show artificial thymus-produced T cells can be activated ex vivo. 

[0064] FIGs. 9A-9C show artificial thymus-produced T cells can lyse target cells. 

8
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[0065] FIG. 9A shows a diagram of the experimental sequence for one-sided mixed 

lymphocyte reaction (MLR) of T cells derived from spleens of DFI mRNA-treated of Foxn1-/- 

animals as effector cells and NSG splenocytes as target cells. NSG-mice are T cell-deficient and 

DFI-induced T cells were additionally labeled with CFSE to allow unambiguous identification and 

proliferation assessment of effector cells 

[0066| FIG. 9B shows histograms indicating the abundance and proliferation of CFSE+ T cells 

after MLR (left) or without target cells (right). Each histogram represents one biological replicate. 

[0067] FIG. 9C shows the absolute counts of target cells (CFSE-) 24 h after mixed lymphocyte 

reaction (MLR). Each dot is the value for one mouse. n=5 for all conditions. Effector-to-target 

(E:T) ratios indicated. 

[0068] FIGs. 10A-10K show an immune aging model for cancer immunotherapy. 

[0069] FIG. 10A shows an overview of the establishment of age-induced decline in anti-tumor 

response due to thymic involution in mice and subsequent evaluation of treatment with the 

compositions described herein. One group of aged mice was treated with SYNTHYMUS (n=10), 

and a separate control group was treated with empty LNP (n=10). Following treatment, each group 

was inoculated with a B16-OVA melanoma cell line on day 0 and treated with an anti-PD-L1 

antibody every three days. Tumor growth in response to immune checkpoint blockade (ICB) and 

overall survival (OS) were evaluated. 

[0070] FIGs. 10B-10C show a comparison of tumor size in aged mice following tumor 

inoculation with B16-OVA melanoma cells and subsequent treatment with immune checkpoint 

blockade (ICB). 

[0071] FIG. 10D shows the overall probability of survival for aged mice following tumor 

inoculation with B16-OVA melanoma cells and following treatment with anti-PD-L1 antibody. 

[0072] FIG. 10E shows a diagram of the experimental sequence for subcutaneous tumor 

implantation with 50.000 B16-F10-OVA cells into C57BL/6J mice aged 5 weeks (young) or 72 

weeks (aged) followed by two treatments with 100ug anti-PD-L1 in NaCl subcutaneous (d3, d6) 

and measurement of tumor size and survival analysis. 

[0073] FIG. 10F shows a quantification of tumor sizes at d14, when the first animal reached 

the experimental endpoint. Data are mean + s.e.m. P value was calculated using a two-tailed 

unpaired t-test. 

9
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[0074] FIG. 10G shows a Kaplan-Meier survival analysis of young and aged animals treated 

as outlined in d. P value was calculated using a Log-rank (Mantel-Cox) test. Young + ICI (n=5), 

young + NaCl (n=5), aged + ICI (n=5), aged + NaCl (n=5). 

[0075] FIG. 10H shows tumor immunogenicity experimental workflow (2" experiment). 

[0076] FIG. 101 shows tumor size diagrams (2"4 experiment). Each line represents the 

consecutively measured tumor size values of one mouse. 

[0077] FIG. 10J shows a quantification of tumor sizes at d12, when the first animal reached 

the experimental endpoint (2"4 experiment). Data are mean + s.e.m. P value was calculated using 

a two-tailed unpaired t-test. 

[0078] FIG. 10K shows a Kaplan-Meier survival analysis of aged animals treated as outlined 

in FIG. 10H (2™ experiment). P value was calculated using a Log-rank (Mantel-Cox) test. #7 = 8 

for both conditions. 

[0079] FIGs. 11A-11H shows an immune aging model for vaccine response. 

[0080] FIG. 11A shows an overview of establishment of age-induced decline in vaccination 

response due to thymic involution in mice and subsequent evaluation of treatment with the 

compositions described herein. One group of aged mice was treated with SYNTHYMUS (n=S), 

and a separate group of aged mice was treated with empty LNP (n=5). Following treatment, each 

group was immunized with ovalbumin with complete Freund’s adjuvant (OVA/CFA) on day 0 and 

subsequently provided a booster immunization with ovalbumin with incomplete Freund’s adjuvant 

(OVA/IFA) on day 14. Following immunization, mice were treated with ovalbumin-derived 

SIINFEKL (SEQ ID NO: 753) and ISQAVHAAHAEFINEAGR (SEQ ID NO: 754) (ISQ) tetramer 

peptides, and T cell adaptive response was evaluated. 

[0081] FIG. 11B shows an analysis of peripheral blood drawn at day 7 revealed that 

SYNTHYMUS led to a greater percentage of double positive (DP) T cells. 

[0082] FIG. 11C shows the percentage of SIINFEKL (SEQ ID NO: 753) tetramer-specific 

CD8+ T cells isolated from peripheral blood, spleen, liver, and thymus. 

[0083] FIG. 11D shows epitope-specific secretion of granzyme B (GzmB), IFN-y, and IL-2. 

[0084] FIGs. 11E-11F show a comparison of SIINFEKL (SEQ ID NO: 753) tetramer-specific 

T cells in young mice (Young), aged mice treated with DLL] mRNA in combination with IL-7 
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mRNA and FLT3L mRNA (Aged + SYNTHYMUS), and aged mice treated with empty lipid 

nanoparticle (Aged + LNP). 

[0085] FIG. 11G shows the vaccination response as an immune aging function, where the 

percentage of SIINFEKL (SEQ ID NO: 753) tetramer-specific T cells decreases with age. 

[0086] FIG. 11H shows the treatment with SYNTHYMUS can augment SIINFEKL (SEQ ID 

NO: 753) tetramer-specific immune response by 20 weeks. 

[0087] FIG. 111 shows the fold change in intracellular cytokine expression of IL-2 (left) and 

IFN-y (MFI) (right) after 6h recall of splenocytes with SINFEKL (SEQ ID NO: 753) relative to 

DMSO vehicle. # = 4 animals for both conditions. Data are mean + s.e.m. P values were calculated 

using two-tailed unpaired t-tests. 

[0088] FIG. 11J shows the weights of explanted spleens at d21 post vaccination. Each dot is 

the value for one mouse. # = 4 animals for all conditions. Data are mean + s.e.m. P values were 

calculated using one-way ANOVA followed by two-tailed Dunnett’s T3 multiple-comparison post 

hoc test. Scale bar for representative spleen images, | cm. 

[0089] FIG. 11K shows the relative frequencies of SIINFEKL-H-2K(b) (SEQ ID NO: 753) 

Tetramer-binding T cells in spleens (left) and peripheral blood (right). Each dot is the value for 

one mouse. #4 for all conditions. Data are mean + s.e.m. P values were calculated using one- 

way ANOVA followed by two-tailed Dunnett’s T3 multiple-comparison post hoc test. 

[0090] FIG. 11L shows the relative frequencies of naive (CD44 CD62L") T cells in spleens. 

Each dot is the value for one mouse. # = 4 for all conditions. Data are mean + s.e.m. P values were 

calculated using one-way ANOVA followed by two-tailed Dunnett’s T3 multiple-comparison post 

hoc test. 

[0091] FIG. 11M shows the longitudinal vaccination experiment of mice with increasing age. 

Second order polynomial (quadratic) interpolation of relative frequencies of SIINFEKL-H-2K(b) 

(SEQ ID NO: 753) Tetramer-binding T cells in spleens with 95% confidence bands shown. df = 

29, R* = 0.9116. This standard curve was used to project the “vaccination response age” of 

numerically 52-week-old animals that have been pre-treated with DFI or Luc mRNA prior to 

vaccination. Each dot is the value for one mouse. Vaccinated animals (4 = 32: # = 4 per age group), 

aged + vaccination + Luc mRNA (77 = 4), aged + vaccination + DF] mRNA G:= 4). P value to 
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compare the estimated vaccination response ages of the two treatment groups was calculated using 

a two-tailed unpaired t-test. 

[0092] FIGs 11N-11T: Single-factor delivery does not fully recapitulate the effects of DFI 

combination treatment. 

[0093] FIG. 11N. Diagram of the experimental sequence for subcutaneous peptide vaccination 

with Ovalbumin into mRNA-LNP-treated C57BL/6J followed by measurement of vaccine- 

induced T cells by flow cytometry. Sham vaccinated mice were used as negative controls. 

[0094] FIG. 110. Weights of explanted spleens at d21 post vaccination. Each dot is the value 

for one mouse. n=4 animals for all conditions. Data are mean + s.e.m. P values were calculated 

using oneway ANOVA followed by two-tailed Dunnett’s T3 multiple-comparison post hoc test. 

Y, young; O, aged. 

[0095] FIG. 11P. Relative frequencies of SINFEKL-H-2K(b) (SEQ ID NO: 753) Tetramer- 

binding T cells in peripheral blood. Each dot is the value for one mouse. n= 4 for all conditions. 

Data are mean + s.e.m. P values were calculated using one-way ANOVA followed by two-tailed 

Dunnett’s T3 multiplecomparison post hoc test. Y, young; O, aged. 

[0096] FIG. 11Q. Relative frequencies of SUNFEKL-H-2K(b) (SEQ ID NO: 753) Tetramer- 

binding T cells in the spleen. Each dot is the value for one mouse. n=4 for all conditions. Data 

are mean + s.e.m. P values were calculated using one-way ANOVA followed by two-tailed 

Dunnett’s T3 multiple-comparison post hoc test. Y, young; O, aged. 

[0097] FIG. 11R. Relative frequencies of naive (CD44- CD62L+) T cells in spleens. Each dot 

is the value for one mouse. n= 4 for all conditions. Data are mean + s.e.m. P values were calculated 

using oneway ANOVA followed by two-tailed Dunnett’s T3 multiple-comparison post hoc test. 

Y, young; O, aged. 

[0098] FIG. 11S. Relative frequencies of effector (CD44+ CD62L-) T cells in spleens. Each 

dot is the value for one mouse. n=4 for all conditions. Data are mean + s.e.m. P values were 

calculated using oneway ANOVA followed by two-tailed Dunnett’s T3 multiple-comparison post 

hoc test. Y, young; O, aged. 

[0099] FIG. 11T. Relative frequencies of memory (CD44+ CD62L+) T cells in spleens. Each 

dot is the value for one mouse. n=4 for all conditions. Data are mean + s.e.m. P values were 
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calculated using one way ANOVA followed by two-tailed Dunnett’s T3 multiple-comparison post 

hoc test. Y, young; O, aged. 

[0100] FIGs. 12A-12B show mRNA delivery results in a slight increase of FLT3L, but not IL- 

7 serum levels. 

[0101] FIG. 12A shows serum levels of IL-7 in athymic mice following treatment with DLL1 

mRNA. 

[0102] FIG. 12B shows serum levels of FLT3L in athymic mice following treatment with 

DLL1 mRNA. 

[0103] FIG. 13: DLL1 mRNA does not induce liver toxicity 

[0104] FIG. 13A shows a diagram of the experimental sequence for safety analysis 

experiments. 

[0105] FIG. 13B shows the weights of aged animals (72 weeks) treated for 35 days with Luc 

mRNA (n=5) or LIFT mRNA (n=5). 

[0106] FIG. 13C shows liver function parameters measured in serum of aged animals (72 

weeks) treated for 35 days with NaCl (n= 10), LIFT mRNA (n=9) or recombinant IL-7/FLT3L 

(n= 10) shown. Data are mean + s.e.m. 

[0107] FIG. 13D shows multiplexed cytokine measurements in peripheral blood of aged 

animals (72 weeks) treated for 35 days with NaCl (n= 10), LIFT mRNA (n= 9) or recombinant 

IL-7/FLT3L (n= 10). Average concentration of each analyte is shown. 

[0108] FIG. 13E shows a representative flow cytometry gating strategy to quantify frequencies 

of KYNKANAFL-H-2Kd (SEQ ID NO: 781) specific T cells in peripheral blood of NOD mice by 

tetramer staining. 

[0109] FIG. 13F shows a diagram of the experimental sequence for i.v. adoptive cell transfer 

(ACT) of thymus derived CD4+/CD8+ double-positive (DP) T cells (n= 5 CD45.1 mice, pooled 

in NaCl) or NaCl into aged recipients (n = 5 CD45.2 mice aged 72 weeks) followed by verification 

of successful ACT in blood and detection and phenotyping of CD45.1 cells in thymi and spleens. 

[0110] FIG. 13G shows relative frequencies of CD45.1+ in peripheral blood (top, d0), thymus 

(middle, d7), spleen (bottom, d7). Each dot is the value for one mouse. Aged CD45.2 + ACT 

(n= 5), aged CD45.2 + NaCl (n= 5). Data are mean + s.e.m. P values were calculated using two- 

tailed unpaired t-tests. 
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[0111] FIG. 13H shows relative frequencies of double-negative (DN), double positive (DP) 

and single-positive (SP) CD45.1 cells in thymi and spleens of recipients at d7 after ACT. Aged 

CD45.2 + ACT (n=5). Data are mean + s.e.m. P values were calculated using repeated measures 

one-way ANOVA followed by Sidak multiple-comparison post hoc test. 

[0112] FIGs. 14A-14L: DFI promotes ectopic T cell development. 

[0113] FIG. 14A shows the experimental workflow for treatment of athymic B6.Cg-Foxn/-/- 

/J (FoxnI-) mice with DFI or Luc LNPs 

[0114] FIG. 14B shows fluorescence images of CD3° cells in explanted livers following 7 days 

of treatment. Scale bar, 5 pm. Representative of three independent experiments 

[0115] FIG. 14C shows a flow cytometry quantification of absolute counts of CD45 cells 

(left), CD3* TCRB* DN T cells (middle) and relative fraction of CD3* TCRB* DN T cells of CD45~ 

cells in the parenchyma of explanted livers following 7 days of treatment. 77=3 animals for both 

conditions. Data are mean + s.e.m. P values were calculated using two-tailed unpaired t-tests. 

[0116] FIGs. 14D-14H show single-cell RNA/V(D)J sequencing of CD3+ cells isolated from 

liver parenchyma of DFI-treated Foxn1-/- mice at day 7 by density centrifugation followed by 

FACS according to the gating shown in FIG. 14C. 

[0117] FIG. 14D show a Uniform Manifold Approximation and Projection (UMAP) of liver- 

parenchymal T cell progenitor cells with annotations of three transcriptional clusters I-III (left), 

density plots of representative marker genes CD44, GATA3, TRBC (right). N = 4 DFI mRNA- 

treated animals; n = 706 single cells post QC. 

[0118] FIG. 14E shows a heatmap of the averaged relative expressions of hematopoietic and 

T cell progenitor lineage markers, T cell development phase I-specific transcription factors (TFs), 

TFs overlapping phases I and II, phase II-specific TFs, and TCR genes Trbc and Trac in clusters 

I-III defined in FIG. 14D. 

[0119] FIG. 14F shows a UMAP from FIG. 14D annotated by TCR status of each cell. 

[0120] FIG. 14G shows stacked bar charts split by experiment replication (mice M1/2 or M3/4) 

and TCR chain indicating the proportion and absolute number of rearrangements of unproductive 

and productive TCR chains (top) and the proportion of genetic events leading to unproductive 

TCRs (bottom). 
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[0121] FIG. 14H shows a heatmap of differentially expressed genes in cells split by TCR 

recombination status. 

[0122] FIG. 14I shows a flow cytometry analysis of relative fractions of CD3+ TCRB+ DN T 

cells of CD45+ cells in peripheral blood following 35 days of treatment. Each dot is the value for 

one mouse. n= 5 animals for both conditions. Data are mean + s.e.m. P value was calculated using 

a two-tailed unpaired t-test. 

[0123] FIG. 14J shows the relative fraction of CD4+ and CD8+ SP T cells of CD45+ cells in 

peripheral blood following 35 days of treatment. Each dot is the value for one mouse. Luc (n= 5), 

DFI (n= 4). Data are mean + s.e.m. P values were calculated using two-way ANOVA followed by 

two-tailed Sidak’s post hoc test. 

[0124] FIGs. 14K-14L show the V(D)J sequencing of peripheral blood samples following 35 

days of treatment. 

[0125] FIG. 14K shows a violin plot of overall Simpson clonality shown. 

[0126] FIG. 14L shows representative tree maps that denote the up to top 100 TCR clones and 

their relative frequencies within the V(D)J repertoire of a Luc and DFlI-treated animal, 

respectively. (left). Bar charts depicting the number of unique V(D)J rearrangements (right). Each 

dot is the value for one mouse. Luc (# = 8), DFI {#= 6). Data are mean + s.e.m. P values were 

calculated using two-tailed unpaired t-tests for the number of unique rearrangements 

[0127] FIGs. 15A-15I: Ectopically developed T cells accumulate in the spleens of athymic 

animals. 

[0128] FIGs. 15A-15B show representative images (A) and weights (B) of explanted spleens 

following 35 days of treatment. Each dot is the value for one mouse. Foxn/™ (7 = 4), FoxnI” + 

Luc mRNA (77 = 4), FoxnI" + DFI mRNA (= 4) animals. Data are mean + s.e.m. P values were 

calculated using one-way ANOVA followed by two-tailed Dunnett’s T3 multiple-comparison post 

hoc test. Scale bar for representative spleen images, | cm. 

[0129] FIG. 15C shows the relative fraction of CD3* TCRB* DN T cells of CD45* cells in 

spleens following 35 days of treatment. Each dot is the value for one mouse. Luc mRNA (7 = 4}, 

DFI mRNA (#7 = 4}. Data are mean + s.e.m. P value was calculated using a two-tailed unpaired t- 

test. 
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[0130] FIG. 15D shows the relative fraction of CD4* and CD8° SP T cells of CD45" cells in 

spleens following 35 days of treatment. Each dot is the value for one mouse. 7=4 for both 

conditions. Data are mean + s.e.m. P values were calculated using two-way ANOVA followed by 

two-tailed Sidak’s post hoc test. 

[0131] FIG. 15E shows the STARmap workflow for in situ splenocyte profiling. 

[0132] FIG. 15F shows a representative 2D-projection of major cell types and T cell/dendritic 

cell subtypes in white pulps from wild-type (WT)/DFI/Luc mice. 

[0133] FIG. 15G shows: Top: Relative immature T cell abundance per field of view (FOY) in 

WT/DFI/Luc mice normalized to the WT condition. n = 386(WT)/387(DFI)/361(Luc). Middle: 

Relative naive CD4* / CD8* T cell abundance per field of view (FOV) in WT/DFI/Luc mice 

normalized to the WT condition. n = 249(WT)/247(DFI)/176(Luc). Bottom: Relative naive cDC1 

/ cDC2 abundance per field of view (FOV) in WT/DFI/Luc mice normalized to the WT condition. 

n = 404(WT)/408(DFI)/386(Luc). P values are calculated by unpaired two-sided t-test. 

[0134] FIG. 15H shows the differential gene expression analysis of DCs across conditions 

indicate activation of all DC subtypes. 

[0135] FIG. 15I shows a neighborhood enrichment quantification by cell-cell adjacency 

analysis of major cell types. 

[0136] FIG. 15J-150: Characterization of ectopically generated T cells in the liver 

parenchyma. 

[0137] FIG. 15J shows a representative flow cytometry gating strategy to quantify frequencies 

of intraparenchymal CD45+ CD3+ T cell (progenitors) in the livers of DFI or Luc mRNA-treated 

Foxn1-/- animals. 

[0138] FIG. 15K shows histograms indicating the abundance of CD45+ CD3+ T cell 

(progenitors) in the livers of DFI or Luc mRNA-treated Foxnl-/- animals. Each histogram 

represents one biological replicate. 

[0139] FIG. 15L shows a Uniform Manifold Approximation and Projection (UMAP) of liver- 

parenchymal T cell progenitor cells with annotations of the two biological replicates from 4 DFI 

mRNA-treated animals (left), density plots of representative marker genes Gata3, Trbcl (night). N 

= 4 DFI mRNA-treated animals; n = 706 single cells post QC. 
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[0140] FIG. 15M shows a heatmap showing averaged relative expressions of transcription 

factors (TFs) Gata3, Id2, Zbtb16 as well as transcripts of the CD3 complex Cd3g, Cd3d, Cd3e split 

by V(D)J recombination status and TCR expression in T cell progenitors. 

[0141] FIG. 15N shows a representative flow cytometry gating strategy to quantify frequencies 

of ex vivo matured liver-derived T cell progenitors from DFI mRNA-treated Foxn1-/- animals co- 

cultured with MHC I/I] WT or knockout (KO) splenocytes as antigen-presenting cells (APCs). 

APC fractions were T cell-depleted and liver-derived T cells were additionally labeled with CFSE 

to allow unambiguous identification. 

[0142] FIG. 150 shows a quantification of flow cytometry readout outlined in (E). Liver 

parenchymal T cell progenitors were co-cultured with splenic APCs for 8 days prior to analysis. 

Proportions of all transferred and live cells, double-negative (DN), CD4/CD8 double-positive (DP) 

and CD4 or CD8 single positive (SP) T cells shown. n=6 biological replicates for all conditions. 

Data are mean + s.e.m. P values were calculated using one-way ANOVA followed by two-tailed 

Dunnett’s T3. 

[0143] FIGs. 16A-16G: DFI demonstrates favorable toxicity and immunological safety. 

[0144] FIG. 16A shows the experimental workflow to test for the development of type 1 

diabetes (TID). NOD.Cg-Tg(TcraTcrbNY8.3)1Pesa/DvsJ (NY8.3) mice transgenic for the 

autoreactive TCR recognizing NRP-V7 (KYNKANAFL) (SEQ ID NO: 781) included as positive 

control group. Experimental endpoint (Onset of T1D) was reached in animals with blood glucose 

levels > 200 mg/dL in two independent measurements or in animals developing glucosuria. 

[0145] FIG. 16B shows a longitudinal blood glucose levels (top) and frequency of NRP-V7- 

specific TCRs in the peripheral blood (bottom) of NOD animals treated as outlined in (D). 

[0146] FIG. 16C shows a Kaplan-Meier analysis of cumulative diabetes incidence analysis of 

NOD animals treated as outlined in (D). Onset of T1D was defined as in (D). P values were 

calculated using Log-rank (Mantel-Cox) tests. NY8.3 (#7= 5}, NOD + Luc mRNA (@ = 9}, NOD + 

DFI mRNA {(# = 9}. 

[0147] FIG. 16D shows an experimental workflow to monitor for the development of OVA- 

targeted T cell immunity. C57BL/6-Tg(TcraTecrb)1100Mjb/J (OT-I) mice transgenic for the TCR 

recognizing OVA257-264 included as positive control group for CD8-driven OVA-targeted 
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responses, B6.Cg-Tg(TcraTcrb)425Cbn/J (OT-ID) mice transgenic for the TCR recognizing 

OVA329-337 included as positive control group for CD8-driven OVA-targeted responses. 

[0148] FIG. 16E shows the relative frequencies of SIINFEKL-H-2K(b) (SEQ ID NO: 753) 

Tetramer-binding T cells in peripheral blood. Each dot is the value for one mouse (#7 = 5 for ali 

conditions). Data are mean + s.e.m. P values were calculated using one-way ANOVA followed by 

two-tailed Dunnett’s T3 multiple-comparison post hoc test. P value comparing Act-mOVA groups 

indicated. 

[0149] FIG. 16F shows the relative frequencies of AAHAEINEA-I-A(b) (SEQ ID NO: 782) 

Tetramer-binding T cells in peripheral blood. Each dot is the value for one mouse (#7 = 5 for all 

conditions}. Data are mean + s.e.m. P values were calculated using one-way ANOVA followed by 

two-tailed Dunnett’s T3 multiple-comparison post hoc test. P value comparing Act-mOVA groups 

indicated. 

[0150] FIG. 16G shows an anti-OVA IgG ELISA with sera of Act-mOVA mice treated with 

Luc (# = 5) or DFI G:=5} mRNA for 35 days and challenged by OVA/CFA vaccination and 

OVA/IFA boost (O) or sham vaccination (S). Vaccinated C57BL/6J wild-type (WT, # = 5} mice 

used as positive controls. ODus6 am -576 nm SHOWE. 

[0151] FIG. 17: STARmap PLUS identifies ectopically generated T cells and new cell-cell 

interactions in the spleens of DFl-treated mice. 

[0152] FIG, 7A. Computational workflow for ceil typing of splenocytes by STARmap. After 

quality control cells were clustered into regions by SPIN and ceils in the identified white pulp 

regions were further clustered by K-means clustering using listed marker genres. 

[0153] FIG. 178. Gene expression dot plots for level 1 chistering of major cell types. 

[0154] FIG. 17C. Gene expression dot plots for level 2 clustering of major cell types. 

[0155] FIG. 17D. Gene expression dot plots for level 3 clustering of major cell types. 

[0156] FIG. L7E. Heat map showing the relative gene expression (normalized by gene} for 

ectopically generated T cell subtypes. 

[0157] FIG. U7F. Neighborhood enrichment quantification by CCA analysis showing all T cell 

subtypes. 

[0158] FIG. 18: Ectopically generated T cells are functional. 
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[0159] FIG. 18A. Diagram of the experimental sequence for DFI mRNA treatment of Foxn1- 

/- animals for 35 days followed by sort of splenic T cells and the outlined functional assessments. 

CS7BL/6J mice were used as positive controls. 

[0160] FIG. 18B. Relative frequencies of IFN-y-positive T cells after activation with the 

indicated reagents. Each dot is the value for one mouse. n=5 for all conditions. Data are mean + 

s.e.m. P values were calculated using one-way ANOVA followed by two-tailed Dunnett’s T3 

multiple-comparison post hoc test. nu, Foxn1-/-; wt, C57BL/6J. 

[0161] FIG. 18C. Representative flow cytometry gating strategy to quantify frequencies of 

cytokine-producing T cells after ex vivo stimulation with the indicated reagents. 

[0162] FIG. 18D. Relative frequencies of IL-2-positive T cells after activation with the 

indicated reagents. Each dot is the value for one mouse. n=5 for all conditions. Data are mean + 

s.e.m. P values were calculated using one-way ANOVA followed by two-tailed Dunnett’s T3 

multiple-comparison post hoc test. nu, Foxn1-/-; wt, CS7BL/6J. 

[0163] FIG. 18E. Absolute T cell counts 24 h after activation with the indicated reagents. Each 

dot is the value for one mouse. n=5 for all conditions. Baseline (0 h) value indicated by dotted 

line. Data are mean + s.e.m. P values were calculated using one-way ANOVA followed by two- 

tailed Dunnett’s T3 multiple-comparison post hoc test. nu, Foxn1-/-; wt, CS57BL/6J. 

[0164] FIG. 18F. Diagram of the experimental sequence for one-sided mixed lymphocyte 

reaction (MLR) of T cells derived from spleens of DFI mRNA-treated of Foxn1-/- animals as 

effector cells and NSG splenocytes as target cells. NSG-mice are T cell-deficient and DFI-induced 

T cells were additionally labeled with CFSE to allow unambiguous identification and proliferation 

assessment of effector cells. 

[0165] FIG. 18G. Representative flow cytometry gating strategy to identify CFSE-labeled 

effector cells and unlabeled target cells after MLR. 

[0166] FIG. 18H. Histograms indicating the abundance and proliferation of CFSE+ T cells 

after MLR (left) or without target cells (right). Each histogram represents one biological replicate. 

[0167] FIG. 181. CFSE median fluorescence intensity in effector cells 24 h after MLR. Each 

dot is the value for one mouse. n=5 for all conditions. J. Absolute counts of target cells (CFSE-) 

24 h after MLR. Each dot is the value for one mouse. n=5 for all conditions. Effector-to-target 

(E:T) ratios indicated. 

19



WO 2025/030082 PCT/US2024/040682 

[0168] FIG. 18J shows CFSE median fluorescence intensity in effector cells 24 h after MLR. 

Each dot is the value for one mouse. n=5 for all conditions. 

[0169] FIG. 19 shows a graphical overview of the experimental approach and the proposed 

DFI action mechanism. LNPs, lipid nanoparticles; TCR, T cell receptor; DN, double-negative T 

cell; DP, double-positive T cell; SP, single-positive T cell. 

[0170| The figures herein are for illustrative purposes only and are not necessarily drawn to 

scale. 

DETAILED DESCRIPTION OF THE EXAMPLE EMBODIMENTS 

I, GENERAL DEFINITIONS 

[0171] Unless defined otherwise, technical and scientific terms used herein have the same 

meaning as commonly understood by one of ordinary skill in the art to which this disclosure 

pertains. Definitions of common terms and techniques in molecular biology may be found in 

Molecular Cloning: A Laboratory Manual, 2™ edition (1989) (Sambrook, Fritsch, and Maniatis); 

Molecular Cloning: A Laboratory Manual, 4'" edition (2012) (Green and Sambrook); Current 

Protocols in Molecular Biology (1987) (F.M. Ausubel et al. eds.); the series Methods in 

Enzymology (Academic Press, Inc.): PCR 2: A Practical Approach (1995) (M.J. MacPherson, B.D. 

Hames, and GR. Taylor eds.): Antibodies, A Laboratory Manual (1988) (Harlow and Lane, eds.): 

Antibodies A Laboratory Manual, 2" edition 2013 (E.A. Greenfield ed.); Animal Cell Culture 

(1987) (R.I. Freshney, ed.); Benjamin Lewin, Genes IX, published by Jones and Bartlet, 2008 

(ISBN 0763752223); Kendrew etal. (eds.), The Encyclopedia of Molecular Biology, published by 

Blackwell Science Ltd., 1994 (ISBN 0632021829); Robert A. Meyers (ed.), Molecular Biology 

and Biotechnology: a Comprehensive Desk Reference, published by VCH Publishers, Inc., 1995 

(ISBN 9780471185710); Singleton et a/., Dictionary of Microbiology and Molecular Biology 2nd 

ed., J. Wiley & Sons (New York, N.Y. 1994), March, Advanced Organic Chemistry Reactions, 

Mechanisms and Structure 4th ed., John Wiley & Sons (New York, N.Y. 1992); Marten H. Hofker 

and Jan van Deursen, Transgenic Mouse Methods and Protocols, 2"4 edition (2011) and CRISPR 

Gene Editing: Methods and Protocols, Editor: Yonglun Luo, Publisher: Springer New York, 2019. 

[0172] As used herein, the singular forms “a,” “an,” and “the” include both singular and plural 

referents unless the context dictates otherwise. 
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[0173] The term “optional” or “optionally” means that the subsequently described event, 

circumstance, or substituent may or may not occur and that the description includes instances 

where the event or circumstance occurs and instances where it does not. 

[0174] The recitation of numerical ranges by endpoints includes all numbers and fractions 

subsumed within the respective ranges and the recited endpoints. 

[0175] The terms “about” or “approximately,” as used herein when referring to a measurable 

value such as a parameter, an amount, a temporal duration, and the like, are meant to encompass 

variations of and from the specified value, such as variations of +/-10% or less, +/-5% or less, +/- 

1% or less, and +/-0.1% or less of and from the specified value, insofar such variations are 

appropriate to perform in the disclosed disclosure. It is understood that the value to which the 

modifier “about” or “approximately” refers is also specifically, and preferably, disclosed. 

[0176] As used herein, a “biological sample” may contain whole cells and live cells and/or cell 

debris. The biological sample may contain (or be derived from) a “bodily fluid.” The present 

disclosure encompasses embodiments wherein the bodily fluid is selected from amniotic fluid, 

aqueous humour, vitreous humour, bile, blood serum, breast milk, cerebrospinal fluid, cerumen 

(earwax), chyle, chyme, endolymph, perilymph, exudates, feces, female ejaculate, gastric acid, 

gastric juice, lymph, mucus (including nasal drainage and phlegm), pericardial fluid, peritoneal 

fluid, pleural fluid, pus, rheum, saliva, sebum (skin oil), semen, sputum, synovial fluid, sweat, 

tears, urine, vaginal secretion, vomit and mixtures of one or more thereof. Biological samples 

include cell cultures, bodily fluids, cell cultures from bodily fluids. Bodily fluids may be obtained 

from a mammal organism, for example, by puncture or other collecting or sampling procedures. 

[0177] The terms “subject,” “individual,” and “patient” are used interchangeably herein to 

refer to a vertebrate, preferably a mammal, more preferably a human. Mammals include, but are 

not limited to, murines, simians, humans, farm animals, sport animals, and pets. Tissues, cells, 

and the progeny of a biological entity obtained in vivo or cultured in vitro are also encompassed. 

[0178] In an embodiment, the terms SYNTHYMUS or DFI are used interchangeably herein to 

refer to DLL] mRNA in combination with IL-7/FLT3L mRNAs or Lipid nanoparticles (LNPs) 

containing DLL1, FLT3L and IL-7 mRNAs. 

[0179] In an embodiment, an immune checkpoint inhibitor may be any molecule that inhibits 

an immune checkpoint. Immune checkpoints are well known in the art and include, without 
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limitation, PD-1, PD-L1, PD-L2, CTLA4, B7-H3, B7-H4, BTLA, IDO, KIR, LAG3, A2AR, TIM- 

3, and VISTA. In some embodiments, the inhibitor is an antibody against the immune checkpoint 

protein. In certain embodiments, the immune checkpoint inhibitor is an inhibitor of PD-1 or PD- 

LI, e.g., an antibody that specifically binds PD-1 or PD-L1. In some embodiments, the immune 

checkpoint inhibitor is nivolumab, pembrolizumab, ipilimumab, durvalumab, or atezolizumab. In 

one embodiment, the immune checkpoint inhibitor is nivolumab. 

[0180] Various embodiments are described hereinafter. It should be noted that the specific 

embodiments are not intended as an exhaustive description or as a limitation to the broader aspects 

discussed herein. One aspect described in conjunction with a particular embodiment is not 

necessarily limited to that embodiment and can be practiced with any other embodiment(s). 

Reference throughout this specification to “one embodiment,” “an embodiment,” and “an example 

embodiment” means that a particular feature, structure, or characteristic described in connection 

with the embodiment is included in at least one embodiment of the present disclosure. Thus, 

appearances of the phrases “in one embodiment,” “in an embodiment,” or “an example 

embodiment” in various places throughout this specification are not necessarily all referring to the 

same embodiment but may. 

[0181] Furthermore, the particular features, structures, or characteristics may be combined in 

any suitable manner, as would be apparent to a person skilled in the art from this disclosure, in one 

or more embodiments. Furthermore, while some embodiments described herein include some but 

not other features included in other embodiments, combinations of features of different 

embodiments are meant to be within the scope of the disclosure. For example, in the appended 

claims, any of the claimed embodiments can be used in any combination. 

[0182] Titles or subtitles may be used in the specification for the sole convenience of the reader 

but are not intended to influence the scope of the present disclosure or to limit any aspect of the 

disclosure to any subsection, subtitle, or paragraph. 

[0183] All publications, published patent documents, and patent applications cited herein are 

hereby incorporated by reference to the same extent as though each publication, published patent 

document, or patent application was specifically and individually indicated as being incorporated 

by reference. 
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II. OVERVIEW 

[0184] The present disclosure provides compositions and methods for the activation and 

differentiation of T cell progenitors in non-thymic tissues to stimulate the production of 

differentiated T cells. The compositions and methods described herein can restore an adaptive 

immune response where T cell production is diminished due to thymic atrophy or involution. In 

general, the compositions comprise one or more polynucleotides encoding one or more activating 

proteins that induce or promote T cell differentiation of T cell progenitor cells, and a delivery 

vehicle configured to deliver said polynucleotides to a target tissue where T cell progenitors 

differentiate. The compositions described herein may be delivered to a subject in need (e.g., a 

subject experiencing thymic atrophy or involution), wherein the compositions are directed to one 

or more target tissues. Once taken up by the cells comprising the target tissues, the one or more 

polynucleotides are transcribed and/or translated, yielding the one or more activating proteins. The 

polynucleotide may encode activating proteins expressed on the surface of the target tissue cells. 

Circulating T cell progenitors that may pass through or otherwise make contact with the target 

tissue, may interact with the activating proteins now expressed by the target tissue cells via Notch 

receptors on the surface of the T cell progenitors. For example, a circulating T cell progenitor 

expressing Notch] may interact with a hepatic cell expressing transgenic Delta-like ligand 4 

(DLL4) via a Notch1-DLL4 interaction. Binding of the activating protein on the surface of target 

tissue cells to the Notch receptor on the CD4- CD8" double negative (DN) T cell progenitors 

induces a series of transcriptional events that lead to the differentiation of the T cell progenitors 

into CD4* CD8* double positive (DP) T cells. Subsequent exposure of the DP T cells to cytokines 

delivered to the subject in need thereof induces the DP T cells to further differentiate and mature 

into CD4* or CD8" single positive (SP) T cells. 

[0185] In another aspect, the present disclosure provides methods for inducing T cell 

progenitor differentiation comprising delivering, to a target tissue where T cell progenitor 

differentiation occurs, one or more polynucleotides encoding one or more activating proteins that 

induce or promote differentiation of T cell progenitor cells. 

[0186] In another aspect, the present disclosure provides methods for identifying candidate 

activating proteins, or combinations of activating proteins, that induce T cell proliferation and 

differentiation. 
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[0187] The compositions and methods described herein address the need to restore adaptive 

immune response where T cell production is diminished. Delivery of the compositions to target 

non-thymic tissues and presentation of the activating proteins and cytokines therein provide an 

alternative environment for in vivo differentiation of T cell progenitors and maturation of T cells. 

The increased production of naive and mature T cells can improve adaptive immune response and 

prove particularly useful for improving vaccine efficacy and clinical outcomes in cancer 

immunotherapy. 

In. IMMUNE REJUVENATION COMPOSITIONS 

[0188] The present disclosure provides compositions for the activation and differentiation of 

T cell progenitors in non-thymic tissues to stimulate the production of differentiated T cells. In 

one embodiment, the present disclosure provides a composition comprising (a) one or more 

polynucleotides encoding one or more activating proteins that induce T cell differentiation of T 

cell progenitor cells, and (b) a delivery vehicle configured to deliver the one or more 

polynucleotides to a target tissue where T cell progenitors differentiate. In one embodiment, the 

composition may further comprise one or more cytokines or one or more polynucleotides encoding 

said cytokines. 

[0189] As used herein, the term “T cell progenitor” (used interchangeably with “progenitor T 

cell(s)”, “T cell precursor(s)’, “precursor T cell(s)’, “thymic progenitor(s)’, “thymic progenitor 

cell(s)”, “early thymic progenitor cell(s)’, “thymic seeding progenitor cell(s)”, or with any other 

applicable term or terms known by one skilled in the art) refers to any cell or cell type that may be 

induced to differentiate and develop into a T cell. The term may encompass any undifferentiated 

cell subject to any stage of T cell development up to, but not including differentiation into CD4+ 

CD8+ double positive (DP) cells. Examples of T cell progenitors include but are not limited to, 

hematopoietic stem cells, hematopoietic stem precursor cells, pluripotent stem cells, induced 

pluripotent stem cells, multipotent stem cells, multipotent progenitors, oligopotent stem cells. 

[0190] As used herein, the term “differentiated T cell” refers to any cell or cell type subject to 

any stage of T cell development, wherein said cell or cell type is a CD4+ CD8+ DP cell, a CD4+ 

CD8- single positive (SP) cell, or a CD4- CD8+ SP cell. 

1) Activating Proteins that Induce T-cell Differentiation 
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[0191] The compositions described herein may comprise one or more polynucleotides 

encoding one or more activating proteins that induce T cell differentiation of T cell progenitor 

cells. As used herein, the term “activating protein” refers to any protein that induces a T cell 

progenitor to differentiate into a CD4+ CD8+ DP T cell, a CD4+ CD8- SP cell, or a CD4- CD8+ 

T cell; or mediates positive and/or negative selection of T cells. In one embodiment, the one or 

more activating proteins is an agonist of a Notch signaling pathway. In one embodiment, the one 

or more activating proteins is an agonist of a T cell receptor (TCR) signaling pathway. The 

compositions described herein may further comprise one or more cytokines or one or more 

polynucleotides encoding said cytokines. 

[0192] As contemplated in the present disclosure, the compositions described herein, 

comprising one or more polynucleotides encoding one or more activating proteins, can be 

delivered to a non-thymic target tissue wherein T cell differentiation can take place (FIG. 19). In 

a non-limiting example, the compositions described herein can be delivered intravenously and 

migrate to the liver or spleen via the circulatory system. Once taken up by hepatic or splenic cells, 

the one or more polynucleotides are transcribed and/or translated, yielding the one or more 

activating proteins (e.g., an agonist of the Notch signaling pathway or TCR signaling pathway) to 

be expressed on the surface of the cells. Circulating T cell progenitors that may pass through or 

otherwise make contact with the liver or spleen, may interact with the activating proteins now 

expressed by the hepatic or splenic cells via Notch receptors on the surface of the T cell progenitors 

or TCRs in the case of differentiated T cells. 

2) Notch Signaling Pathway Agonists 

[0193] In one embodiment, the one or more activating proteins that induce T cell 

differentiation of T cell progenitors may comprise an agonist of a Notch signaling pathway. Notch 

is a transmembrane receptor that regulates various processes in the development and 

differentiation of most cells, including T cells. The Notch family includes four cell surface 

receptors and five cell surface Notch ligands in mammals. The four receptors consist of Notch1, 

Notch2, Notch3, and Notch4. The Notch ligands fall into two families known as Delta-like ligands 

(DLL), which consist of DLL1, DLL3, and DLL4, and Serrate-like Jagged ligands, which consist 

of Jagged1 and Jagged2. DLL3 functions as an antagonist of these ligands, while the remaining 

25



WO 2025/030082 PCT/US2024/040682 

four ligands (DLL1, DLL4, Jagged1, and Jagged2) function as agonists. Kopan et al., The 

canonical signaling pathway: unfolding the activation mechanism, Cell, 2009, 137: 216-233. 

[0194] The canonical Notch receptor is a transmembrane protein expressed as a heterodimer, 

having an extracellular domain and an intracellular domain. The extracellular domain contains 

epidermal growth factor (EGF)-like repeats (i.e., repeats of six cysteine residues that form three 

disulfide bonds) that bind either DLL or Jagged ligands. The binding of an agonist ligand (e.g., 

DLL1, DLL4, Jagged1, Jagged2) induces proteolytic cleavage that releases the intracellular 

domain of Notch into the cytoplasm. The intracellular domain then migrates to the nucleus, where 

it interacts and forms a complex with the transcription factor RBP-J and a Mastermind-like 

transcriptional co-activator (e.g., MAML1, MAML2, MAML3). This complex recruits additional 

co-activators and induces transcription of the genes involved in T-cell development. Once the 

transcription complex has formed, the MAML transcriptional co-activator recruits kinases to 

phosphorylate the Notch intracellular domain, leading to E3 ligase-dependent degradation. 

[0195] Notch signaling plays an essential role in the development of mature T cells from 

lymphocyte and T cell progenitors. In the cortical region of the thymus, the Notch receptors on the 

surface of CD4~- CD8 double negative (DN) T cell progenitors interact with DLL expressed on 

thymic stromal cells, leading to the development of CD4* CD8" double positive (DP) T cells. The 

primary Notch-DLL interaction necessary for T cell differentiation and development is that 

between Notch! and DLL4. Although DN T cell progenitors interact primarily with DLL4, they 

can also interact with DLL1, Jagged1, and Jagged2, among other Notch signaling agonists. 

[0196] In one embodiment, the agonist of the Notch signaling pathway may comprise DLL1, 

DLL4, Jagged1, Jagged2, or a combination thereof. In another embodiment, the agonist of the 

Notch signaling pathway may comprise one or more fragments of DLL1, DLL4, Jagged1, Jagged?, 

or a combination thereof. In another embodiment, the agonist of the Notch signaling pathway may 

comprise a recombinant or fusion protein comprising any one of DLL1, DLL4, Jagged1, Jagged2, 

or a combination thereof. In another embodiment, the recombinant or fusion protein may comprise 

any one of DLL1, DLL4, Jagged1, or Jagged2, and a fragment of an immunoglobulin protein. 

Non-limiting examples of such recombinant or fusion proteins include Notch signaling agonists 

comprising the extracellular domain of DLL1 or DLL4 fused to the Fc fragment of IgG as 

described in U.S. Pub. No. 2023/0073449 and U.S. Pat. No. 11,525,119. 
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[0197] In an embodiment, DLL1 has a protein accession of NP_005609.3. In an embodiment, 

DLL] has a genomic accession of NG_027940.1. In an embodiment, DLL1 has a mRNA accession 

of NM _005618.4. In an embodiment, DLL1 has a secondary protein accession of 

XP_005266991.1, XP_054184659.1, or XP_054211199.1. In an embodiment, DLL1 has a 

secondary mRNA accession of XM_005266934.5, XM_054328684.1, or XM_ 054355224 1. In an 

embodiment, DLL1 has a secondary genomic accession of NC_000006.12, NT_187553.1, or 

NC_060930.1. In an embodiment, DLL1 has a secondary protein accession of AAG09716.1, 

EAW47425.1, AAF05834.1, BAG36904.1, AAQ89251.1, ACH57449.1, or ADO22155.1. In an 

embodiment, DLL1 has a secondary mRNA accession of AF196571.1, AK311474.1, 

AK314234.1, AY358892.1, BC028096.1, DA243552.1, DR000029.1, EU927387.1, or 

GQ891293.1. In an embodiment, DLL1 has a secondary genomic accession of AF222310.1, 

AL078605.30, CH471051.2, CP068272.2, or KT583886.1. In an embodiment, DLL] has a protein 

accession of 000548.2. In an embodiment, DLL1 has a secondary protein accession of BZ2RAK7, 

B5MOB3, QONUA41, or Q9UJV2. 

3) T Cell Receptor (TCR) Signaling Pathway Agonists 

[0198] In one embodiment, the one or more activating proteins that induce T cell 

differentiation of T cell progenitors may comprise an agonist of a T-cell receptor (TCR) signaling 

pathway. In another embodiment, the agonist of the TCR signaling pathway may comprise a ligand 

of the major histocompatibility complex (MHC). Ligands encoded by the MHC are divided into 

main classes, class I molecules or ligands and class II molecules or ligands. Class I loci in humans 

are denoted as human leukocyte antigen (HLA)-A, HLA-B, and HLA-C, and are among the most 

polymorphic loci in the entire human genome. Class I ligands bind intracellular peptides derived 

from the cytosol for presentation to CD8+ T cells. Class II loci in humans are denoted as HLA- 

DP, HLA-DQ, and HLA-DR. These molecules, which are found on the surface of dendritic cells 

and other specialized antigen-presenting cells (APCs), present peptides to CD4+ T cells for the 

initiation of cytokine production or antibody production via T helper functions. 

[0199] For developing T cells to progress to mature SP T cells, they must exhibit a degree of 

self-reactivity to distinguish between self and non-self. In the thymus, MHC ligands on the surface 

of thymic epithelial cells present self-peptides (forming a complex termed “peptide-MHC” or 

“pMHC” complex) to immature DP T cells. T cells that react weakly with these self-pMHC 
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complexes are selected for further differentiation to CD4+ or CD8+ SP T cells in a process called 

positive selection. T cells that do not react with self-pMHC complexes die by neglect, and those 

that react too strongly undergo clonal deletion by apoptosis via negative selection. 

[0200] As contemplated in the present disclosure, the compositions described herein, 

comprising one or more polynucleotides encoding one or more agonists of the TCR signaling 

pathway (e.g., an MHC class I or MHC class II ligand), can be delivered to a non-thymic target 

tissue wherein T cell differentiation can take place (FIG. 19). Once taken up by the cells 

comprising the non-thymic target tissue, the one or more polynucleotides are transcribed and/or 

translated, leading to the expression of the one or more TCR signaling pathway agonists on the 

surface of the target tissue cells. Circulating T cells that may pass through or otherwise make 

contact with the target tissue, may interact with the TCR signaling agonists expressed on the 

surface of the target tissue cells via, for example, TCR-pMHC interactions. 

[0201] In one embodiment, the agonist of the TCR signaling pathway may comprise a major 

histocompatibility complex (MHC) class I ligand. In another embodiment, the MHC class I ligand 

comprises HLA-A, HLA-B, HLA-C, or a homolog thereof. In one embodiment, the agonist of the 

TCR signaling pathway may comprise an MHC class II ligand. In another embodiment, the MHC 

class II ligand may comprise HLA-DP, HLA-DQ, HLA-DR, or a homolog thereof. 

[0202] In one embodiment, the agonist of the TCR signaling pathway may be a synthetic 

peptide-MHC complex or an altered peptide ligand. 

4) Cytokines 

[0203] In one embodiment, the compositions described herein may further comprise one or 

more cytokines or polynucleotides encoding the one or more cytokines. Cytokines play a crucial 

role throughout the differentiation of DN T cell progenitors to DP T cells. During early T cell 

development, IL-7 and KIT ligands in the thymic microenvironment promote rapid proliferation 

of T cell progenitors to maintain the pool of such cells for further differentiation and development. 

Buono et al., A dynamic niche provides Kit ligand in a stage-specific manner to the earliest 

thymocyte progenitors, Nat Cell Biol, 2016, 18: 157-167. FLT3L has also been observed to play a 

role in the proliferation of hematopoietic progenitor cells. Gabbianelli et al., Multi-level effects of 

FLT3 ligand on human hematopoiesis: expansion of putative stem cells and proliferation of 

granulomonocytic progenitors:‘monocytic precursors, Blood, 1995, 86 (5): 1661-1670. IL-7 is 
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required for expression of the transcription factor RUNX3, which is necessary for CD8 lineage 

commitment. Park et al., Signaling by intrathymic cytokines, not T cell antigen receptors, specifies 

CD8 lineage choice and promotes the differentiation of cytotoxic-lineage T cells, Nat. Immunol, 

2010, 11: 257-264. In combination with IL-15, IL-7 is also required for development of CD8+ T 

cells. 

[0204] In one embodiment, the one or more cytokines may comprise IL-7, FLT3L, KIT ligand, 

IL-2, IL-4, IL-15, CCL25, or a combination thereof. In another embodiment, the one or more 

cytokines induce the expression of RUNX3. 

[0205] In an embodiment, IL-7 has a protein accession of NP_000871.1, NP_001186815.1, 

NP_001186816.1, or NP_001186817.1. In an embodiment, FLT3L has a mRNA accession of 

NM_ 000880.4, NM_001199886.2, NM _ 001199887.2, or NM_ 001199888.2. In an embodiment, 

IL-7 has a secondary protein accession of XP_011515825.1, XP_011515824.1, XP_047277724.1, 

XP_047277723.1, XP_047277721.1, XP_047277722.1, XP_054216413.1, XP_054216412.1, or 

XP_054216414.1. In an embodiment, IL-7 has a secondary mRNA accession of 

XM_011517523.4, XM_011517522.4, XM_047421768.1, XM_047421767.1, XM_047421765.1, 

XM_047421766.1, XM _054360438.1, XM _ 054360437.1, or XM _ 054360439.1. In an 

embodiment, IL-7 has a secondary genomic accession of NC_000008.11 or NC_060932.1. In an 

embodiment, IL-7 has a secondary protein accession of AAC63047.1, EAW87060.1, 

ABK41904.1, BAD89408.1, BAD89409.1, BAD89411.1, BAD89412.1, BAD89414.1, 

BAD89422.1, BAF84227.1, AAH47698.1, ACX53627.1, AAA59156.1, or ANQ68335.1. In an 

embodiment, IL-7 has a secondary mRNA accession of AB102879.1, AB102880.1, AB102882.1, 

AB102883.1, AB102885.1, AB102893.1, AK226000.1, AK291538.1, AU136355.1, BC032487.1, 

BC047698.1, CD013923.1, GQ919059.1, JO4156.1, or KX160446.1. In an embodiment, IL-7 has 

a secondary genomic accession of AC083837.4, AC100854.2, AH006906.2, CH471068.1, 

EAW87061.1, EAW87062.1, CP068270.2, EF064721.1, or LC461681.1. In an embodiment, IL-7 

has a protein accession of P13232. In an embodiment, IL-7 has a secondary protein accession of 

AONOL3, QSFBYS, or QSFBY9. 

[0206] In an embodiment, FLT3L has a protein accession of NP _001389760.1, 

NP_001389761.1, NP 001389762.1, NP _001389763.1, NP 001389764.1, NP_001389765.1, 

NP_001389766.1, or NP_038548.3. In an embodiment, FLT3L has a mRNA accession of 

29



WO 2025/030082 PCT/US2024/040682 

NM_001402831.1, NM_001402832.1, NM_001402833.1, NM_001402834.1, NM_001402835.1, 

NM_001402836.1, NM_001402837.1, or NM_013520.4. In an embodiment, FLT3L has a RNA 

accession of NR 102725.2, NR_175301.1, NR_175302.1, NR_175303.1, NR_175304.1, 

NR_175305.1, NR_175306.1, or NR_175307.1. In an embodiment, FLT3L has a secondary 

protein accession of XP_036008569.1, XP_036008568.1, XP_036008567.1, XP_006540675.1, 

XP_036008570.1, XP_036008566.1, XP_036008564.1, XP_036008565.1, or XP_036008563.1. 

In an embodiment, FLT3L has a secondary mRNA accession of XM _ 036152676.1, 

XM_036152675.1, XM_036152674.1, XM_006540612.4, XM_036152677.1, XM_036152673.1, 

XM_036152671.1, XM_036152672.1, or XM_036152670.1. In an embodiment, FLT3L has a 

secondary RNA accession of XR_882018.2, XR_004934016.1, XR_882016.2, XR_004934014.1, 

XR_882017.3, XR_ 004934015.1, XR_882012.3, XR_882010.3, XR_004934013.1, 

XR_004934012.1, XR_004934011.1, XR_004934010.1, XR_004934009.1, or XR_004934008.1. 

In an embodiment, FLT3L has a secondary genomic accession of NC_000073.7. In an 

embodiment, FLT3L has a secondary protein accession of EDL22807.1, EDL22808.1, 

EDL22809.1, EDL22810.1, EDL22811.1, EDL22812.1, EDL22813.1, AAA90951.1, 

AAA90952.1, AAA93305.1, AAA93306.1, AAA93307.1, BAB31997.1, AAH19801.1, 

ABX76044.1, AAA39436.1, AAB33069.1, AAB33070.1, AAB33071.1, or AAA18000.1. In an 

embodiment, FLT3L has a secondary mRNA accession of AK020105.1, BB224229.2, 

BC019801.1, CK622267.1, EU274583.1, L23636.1, 876459.1, S76461.1, S76464.1, or U04807.2. 

In an embodiment, FLT3L has a secondary genomic accession of AC126256.4, CH466603.1, 

U29875.2, or U44024.1. In an embodiment, FLT3L has a protein accession of P49772.1. 

5) Polynucleotides 

[0207] The compositions and methods described herein may comprise one or more 

polynucleotides encoding one or more activating proteins that induce T cell differentiation of T 

cell progenitor cells (e.g., Notch signaling pathway agonists, TCR signaling agonists, cytokines). 

As used herein with reference to the relationship between DNA, cDNA, RNA, mRNA, 

protein/peptides, and the like, “corresponding to” or “encoding” (used interchangeably herein) 

refers to the underlying biological relationship between these different molecules. As such, one 

skilled in the art would understand that operatively “corresponding to” can direct them to 

determine the possible underlying and/or resulting sequences of other molecules given the 
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sequence of any other molecule that has a similar biological relationship with these molecules. For 

example, from a DNA sequence, an RNA sequence can be determined, and from an RNA 

sequence, a CDNA sequence can be determined. 

[0208] As used herein, “polynucleotide” (used interchangeably herein with “nucleic acid” and 

“nucleotide sequence”) can generally refer to a string of at least two base-sugar-phosphate 

combinations and refers to, among others, single-and double-stranded DNA, DNA that is a mixture 

of single-and double-stranded regions, single- and double-stranded RNA, and RNA that is mixture 

of single- and double-stranded regions, hybrid molecules comprising DNA and RNA that may be 

single-stranded or, more typically, double-stranded or a mixture of single- and double-stranded 

regions. In addition, polynucleotide as used herein can refer to triple-stranded 

regions comprising RNA or DNA or both RNA and DNA. The strands in such regions can be from 

the same molecule or from different molecules. The regions may include all of one or more 

of the molecules, but more typically involve only a region of some of the molecules. One of the 

molecules of a triple-helical region, often an oligonucleotide. “Polynucleotide” and “nucleic 

acids” also encompasses such chemically, enzymatically, or metabolically modified forms of 

polynucleotides, as well as the chemical forms of DNA and RNA characteristic of viruses and 

cells, including simple and complex cells, inter alia. For instance, the term polynucleotide, as used 

herein, can include DNAs or RNAs as described herein that contain one or more modified bases. 

Thus, DNAs or RNAs including unusual bases, such as inosine, or modified bases, such as 

tritylated bases, to name just two examples, are polynucleotides as the term is used herein. 

“Polynucleotide,” “nucleotide sequences,” and “nucleic acids” also include PNAs (peptide nucleic 

acids), phosphorothioates, and other variants of the phosphate backbone of native nucleic acids. 

Natural nucleic acids have a phosphate backbone; artificial nucleic acids can contain other types 

of backbones but contain the same bases. Thus, DNAs or RNAs with backbones modified for 

stability or for other reasons are “nucleic acids” or "polynucleotides" as that term is intended. 

herein. As used herein, “nucleic acid sequence” and “oligonucleotide” also encompasses a nucleic 

acid and polynucleotide as defined elsewhere herein. 

6) Messenger RNA (mRNA) 
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[0209] In certain example embodiments of the compositions described herein, the one or more 

polynucleotides encoding the one or more activating proteins and/or cytokines may comprise one 

or more messenger RNA (mRNA) molecules. 

[0210] In an embodiment, one or more mRNA molecules include one or more mRNA 

molecules that encode one or more Notch signaling pathways, one or more cytokines, or a 

combination thereof. In an embodiment, one or more mRNA molecules include one or more 

mRNA molecules that encode one or more Notch signaling pathways and one or more cytokines. 

In an embodiment, the one or more MRNA molecules include one or more MRNA molecules that 

encode DLL1, IL-7, FLT3L, or a combination thereof. In an embodiment, the one or more mRNA 

molecules include one or more mRNA molecules that encode DLL1, IL-7, and FLT3L. In an 

embodiment, the one or more mRNA molecules include one or more mRNA molecules that encode 

DLL] and IL-7. In an embodiment, the one or more mRNA molecules include one or more mRNA 

molecules that encode DLL1 and FLT3L. In an embodiment, the one or more mRNA molecules 

include one or more mRNA molecules that encode IL-7 and FLT3L. 

a) mRNA Modifications 

[0211] In certain example embodiments of the compositions described herein, the one or more 

mRNA molecules may comprise one or more modifications that increase mRNA stability, reduce 

immunogenicity, and/or improve translation efficiency. Moditications may be made to any of the 

various portions of an mRNA molecule, including the 5'-cap, the coding sequence, and the 3’-poly- 

A tail, 

b) 35'-Cap Modifications 

[0212] In one embodiment, the one or more mRNA molecules may comprise a 5’-cap. In one 

embodiment, the 5'-cap may comprise one or more modifications that increase stability, reduce 

immunogenicity, and/or improve the translation efficiency of the mRNA molecule. The 5’-end of 

the mRNA (also known as the 5‘-cap) is essential for modulating mRNA stability and translational 

efficiency. In eukaryotes, the 5’-cap consists of a modified 7-methyl-guanosine (m’G) cap, which 

is formed co-transcriptionally and 1s able to protect the mRNA from 5’-end degradation by cellular 

nucleases. The m’G is ligated to the first transcribed nucleotide via a 5‘—5’ trisphosphate bond to 

form the minimal 5’-cap structure (m’GpppN, wherein ‘N’ represents the first transcribed 
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nucleotide of the mRNA). The 5’-cap plays a role in the initiation of translation, serving as the site 

to which the eukaryotic initiation factor eIF4E binds and recruits the translational machinery to 

initiate translation of the encoded protein. Given the role that 5’-cap plays in mRNA stability and 

translation, optimizing the 5’-cap is crucial for designing effective mRNA vectors. 

[0213] In one embodiment, the one or more modifications comprise a m’GpppG or m’GpppG 

analog cap. Synthetic mRNAs are generally capped using one of two strategies: post- 

transcriptional in vitro capping using commercially available Vaccinia virus capping enzymes, or 

co-transcriptional capping with the dinucleotide m’GpppG or its analogs. Analogs of m’GpppG 

that may be used in capping include, but are not limited to, anti-reverse cap analogs (ARCA), two- 

m’G-headed caps, phosphorothiolate caps, phosphoroselenoate caps, boranophosphate caps, 

imidodiphosphate caps, and locked nucleic acid (LNA) caps. ARCAs are modified dinucleotide 

caps containing 3’-O,7'-dimethylguanosine or 3’-deoxy-7-methylguanosine, which prevent 

incorrect incorporation into synthetic mRNA transcripts via the 3’-OH in m’G and have been 

shown to more than double translation efficiencies relative to unmodified cap dinucleotides. 

Stepinski et al., Synthesis and Properties of mRNAs Containing the Novel “Anti-reverse” Cap 

Analogs 7-Methyl(3'-O-methyl)GpppG and 7-methyl (3’-deoxy)GpppG, RNA, 2001, 7 (10), 1486- 

1495; Jemielity et al., Novel “anti-reverse” cap analogs with superior translational properties, 

RNA, 2003, 9 (9), 1108-1122. Modified ARCAs that further improve mRNA stability and 

translational efficiency include, but are not limited to, tetraphosphate analogs (m’GppppG) that 

have a higher binding affinity for eIF4E, Muttach et al., Synthetic mRNA Capping, Beilstein J. 

Org. Chem., 2017, 13, 2819-2832, as well as phosphorotioate modified analogs that reduce 

susceptibility of the mRNA to decapping by DCP1/DCP2. Grudzien-Nogalska, et al., 

Phosphorothioate cap analogs stabilize mRNA and increase translational efficiency in mammalian 

cells, RNA, 2007, 13 (1), 1745-1755; Kowalska, et al., Syathesis and characterization of mRNA 

cap analogs containing phosphorothioate substitutions that bind tightly to e[F4E and are resistant 

to the decapping pyrophosphatase DcpS, RNA, 2008, 14 (6), 1119-1131; Kuhn et al., 

Phosphorothioate cap analogs increase stability and translational efficiency of RNA vaccines in 

immature dendritic cells and induce superior immune responses in vivo, Gene Therapy, 2010, 17 

(8), 961-971. Additional modifications to the 5'-cap, including those not described herein but 
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appreciated by a person skilled in the art, are also contemplated within the context and scope of 

the present disclosure. 

c) Coding Sequence Modifications 

[0214] In one embodiment, the one or more mRNA molecules comprise a coding sequence 

that encodes the one or more activating proteins and/or cytokines. The coding sequence may 

comprise one or more modifications that increase stability, reduce immunogenicity, and/or 

improve the translation efficiency of the mRNA molecule. Modifications to the coding sequence 

of the mRNA molecule may take the form of nucleoside substitutions and/or phosphodiester 

modifications. 

[0215] In one embodiment, the one or more modifications may comprise one or more 

nucleoside substitutions. Nucleoside substitutions comprise modifying or replacing natural 

nucleosides in the mRNA molecules with nucleosides that include, but are not limited to, 

pseudouridine (¥), N'-methyl pseudouridine (m'F), 2-thiouridine (s*U), 5-methylcytidine (m°C), 

N6-methyladenosine (m°A), 2'-O-methyluridine (Um), 2'-O-methylcytidine (Cm), 2'-O- 

methyladenosine (Am), and 2'-O-methylguanosine (Gm). Nucleoside substitutions with ‘¥ and 

m!¥ are the most widely used for reducing the immunogenicity of mRNA molecules, as well as 

increasing translational efficiency. and m! can be used to replace uracil-rich regions in mRNA, 

which activate the innate immune system through interaction with toll-like receptors (TLRs). 

Kauffman et al, Efficacy and immunogenicity of unmodified and pseudouridine-modified mRNA 

delivered systematically with linid nanoparticles in vivo, Biomaterials, 2016, 109, 78-87. 

Substitutions with 4 and m'¥ have also been shown to increase translation efficiency. Kariko et 

al, fucorporation of Pseudouridine into mRNA Yields Superior Nonimnnmogenic Vector with 

increased Translational Capacity and Biological Stability, Molecular Therapeutics, 2008, 16 (11), 

1833-1840; Svitkin et al. Né-methyi-pseudouridine in mRNA Enhances Transiation through 

ef 2o-dependent and Independent Mechanisms try Increasing Rihosame Density, Nucleic Acids 

Research, 2017, 45 (10), 6023-6036. 

[0216] In one embodiment, the one or more modifications may comprise one or more 

phosphodiester modifications. Common phosphodiester modifications include, but are not limited 

to, phosphorothioate, boranophosphate, and 2’-O-methylation modifications. Additional 

modifications to the coding sequence, including those not described herein but appreciated by a 
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person skilled in the art, are also contemplated within the context and scope of the present 

disclosure. 

d) Poly-A Tail Modifications 

[0217] In one embodiment, the one or more MRNA molecules comprise a poly-A tail. In one 

embodiment, the poly-A tail may comprise one or more modifications that increase stability, 

reduce immunogenicity, and/or improve the translation efficiency of the mRNA molecule. The 

poly-A tail is a chain of adenosine residues located at the 3’~end of the mRNA molecule, which 

contributes to mRNA stability and translational efficiency. Modifications to the poly-A tail include 

but are not limited to, the addition of 3’-deoxyadenosine (also known as cordycepin) or 8-aza- 

adenosine, phosphorothicate modification (Strzelecka et al.. Phosphodiester Modifications in 

mRNA Poly(A) Tail Prevent Deadenylation without Compromising Protein Expression, RNA, 

2020, 26 (12), 1815-1837), and addition of sulforhodamine B (Anhauser et al., Adu/tiple Covalent 

Fluorescence Labeling of ukarotic mRNA at the Poly(A) fail Enhances Translation and Can Be 

Performed in Living Cells, Nucleic Acids Research, 2019, 47 (7), 242). Additional modifications 

io the poly-A tail, including those not described herein but appreciated by a person skilled in the 

art, are also contemplated within the context and scope of the present disclosure. 

[0218] In addition to structural modifications, the poly-A tail may comprise various lengths of 

adenosine residues. In one embodiment, the poly-A tail may comprise from 1 to 500, from 50 to 

400, from 50 to 350, from 50 to 300, from 100 to 250, e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 

14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 

40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 

66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, $3, 84, 85, 86, 87, 88, 89, 90, 91, 

92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 

113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 

132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 

151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 

170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 

189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 

208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 

227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245. 
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246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 

265, 266, 267, 268, 269, 270, 271, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 

284, 285, 286, 287, 288, 289, 290, 291, 292, 293, 294, 295, 296, 297, 298, 299, 300, 301, 302, 

303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 

322, 323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 340, 

341, 342, 343, 344, 345, 346, 347, 348, 349, 350 adenosine residues. 

e) Codon Optimization 

[0219] In one embodiment, the one or more polynucleotides can be codon optimized. In 

general, codon optimization refers to a process of modifying a nucleic acid sequence for enhanced 

expression in the host cells of interest by replacing at least one codon (e.g., about or more than 

about 1, 2, 3, 4, 5, 10, 15, 20, 25, 50, or more codons) of the native sequence with codons that are 

more frequently or most frequently used in the genes of that host cell while maintaining the native 

amino acid sequence. Various species exhibit a particular bias for certain codons of a particular 

amino acid. Codon bias (differences in codon usage between organisms) often correlates with the 

efficiency of translation of messenger RNA (mRNA), which is, in turn, believed to be dependent 

on, among other things, the properties of the codons being translated and the availability of 

particular transfer RNA (tRNA) molecules. The predominance of selected tRNAs in a cell is 

generally a reflection of the codons used most frequently in peptide synthesis. Accordingly, genes 

can be tailored for optimal gene expression in a given organism based on codon optimization. 

Codon usage tables are readily available, for example, at the “Codon Usage Database” available 

at www.kazusa.orjp/codon/ and these tables can be adapted in a number of ways. See Nakamura, 

Y. et al. “Codon usage tabulated from the international DNA sequence databases: status for the 

year 2000” Nucl. Acids Res. 28:292 (2000). Computer algorithms for codon optimizing a 

particular sequence for expression in a particular host cell are also available, such as Gene Forge 

(Aptagen; Jacobus, PA), are also available. In one embodiment, one or more codons (e.g., 1, 2, 3, 

4,5, 10, 15, 20, 25, 50, or more, or all codons) in a polynucleotide sequence encoding one or more 

activating proteins and/or cytokines corresponds to the most frequently used codon for a particular 

amino acid. 

[0220] The polynucleotide can be codon optimized for expression in a specific cell type, 

tissue type, organ type, and/or subject type. In one embodiment, a codon-optimized sequence is a 
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sequence optimized for expression in a eukaryote, e.g. humans (1.e., being optimized for 

expression in a human or human cell), or for another eukaryote, such as another animal (e.g., a 

mammal or avian) as is described elsewhere herein. Such codon-optimized sequences are within 

the ambit of the ordinary skilled artisan in view of the description herein. In one embodiment, 

the polynucleotide is a codon-optimized for a specific cell type. Such cell types can include but 

are not limited to, epithelial cells (including skin cells, cells lining the gastrointestinal tract, cells 

lining other hollow organs), nerve cells (nerves, brain cells, spinal column cells, nerve support 

cells (e.g. astrocytes, glial cells, Schwann cells etc.), muscle cells (e.g., cardiac muscle, smooth 

muscle cells, and skeletal muscle cells), connective tissue cells ( fat and other soft tissue padding 

cells, bone cells, tendon cells, cartilage cells), blood cells, stem cells and other progenitor cells, 

immune system cells, germ cells, and combinations thereof. Such codon-optimized sequences are 

within the ambit of the ordinary skilled artisan in view of the description herein. In one 

embodiment, the polynucleotide is codon optimized for a specific tissue type. Such tissue types 

can include but are not limited to, muscle tissue, connective tissue, connective tissue, nervous 

tissue, and epithelial tissue. Such codon-optimized sequences are within the ambit of the ordinary 

skilled artisan in view of the description herein. In one embodiment, the polynucleotide is codon 

optimized for a specific organ. Such organs include but are not limited to, muscles, skin, intestines, 

liver, spleen, brain, lungs, stomach, heart, kidneys, gallbladder, pancreas, bladder, thyroid, bone, 

blood vessels, blood, and combinations thereof. Such codon-optimized sequences are within the 

ambit of the ordinary skilled artisan in view of the description herein. 

[0221] In one embodiment, a polynucleotide coding sequence encoding one or more activating 

proteins and/or cytokines of the compositions and methods described herein is codon. 

optimized for expression in particular cells, such as prokaryotic or eukaryotic cells. The eukaryotic 

cells may be those of or derived from a particular organism, such as a mammal, including but not 

limited to human, or non-human eukaryote or animal or mammal as herein discussed, e.g., mouse, 

rat, rabbit, dog, livestock, or non-human mammal or primate. 

IV. DELIVERY VEHICLES 

[0222] In one embodiment, the compositions and methods described herein may comprise one 

or more delivery vehicles for the delivery of the activating proteins and/or cytokines. The delivery 

vehicles may be selected based on the types of cargo to be delivered, and/or the delivery is in vitro 
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and/or in vivo. Examples of delivery vehicles include vectors, viruses, non-viral vehicles, and other 

delivery reagents described herein. 

[0223] The delivery vehicles, in accordance with the present disclosure, may comprise the 

greatest dimension (e.g., diameter) of less than 100 microns (um). In one embodiment, the delivery 

vehicles may comprise the greatest dimension of less than 10 um. In one embodiment, the delivery 

vehicles may comprise a greatest dimension of less than 2000 nanometers (nm). In one 

embodiment, the delivery vehicles may comprise a greatest dimension of less than 1000 

nanometers (nm). In one embodiment, the delivery vehicles may comprise the greatest dimension 

(e.g., diameter) of less than 900 nm, less than 800 nm, less than 700 nm, less than 600 nm, less 

than 500 nm, less than 400 nm, less than 300 nm, less than 200 nm, less than 150nm, or less than 

100nm, less than 50nm. In one embodiment, the delivery vehicles may comprise the greatest 

dimension ranging between 25 nm and 200 nm. 

[0224] In one embodiment, the delivery vehicles may comprise particles. For example, the 

delivery vehicle may be or comprise nanoparticles (e.g., particles with the greatest dimension (e.g., 

diameter) no greater than 1000nm. The particles may be provided in different forms, including but 

not limited to, solid particles (e.g., metal such as silver, gold, iron, titanium), non-metal, lipid- 

based solids, polymers), suspensions of particles, or combinations thereof. Metal, dielectric, and 

semiconductor particles may be prepared, as well as hybrid structures (e.g., core-shell particles). 

[0225] In one embodiment, nanoparticles may be used to deliver the compositions described 

herein. In general, a "nanoparticle" refers to any particle having a diameter of less than 1000 nm. 

In certain preferred embodiments, nanoparticles of the disclosure have a greatest dimension (e.g., 

diameter) of 500 nm or less. In other preferred embodiments, nanoparticles of the disclosure have 

a greatest dimension ranging between 25 nm and 200 nm. In other preferred embodiments, 

nanoparticles of the disclosure have a greatest dimension of 100 nm or less. In other preferred 

embodiments, nanoparticles of the disclosure have the greatest dimension ranging between 35 nm 

and 60 nm. It will be appreciated that reference made herein to particles or nanoparticles can be 

interchangeable, where appropriate. Nanoparticles made of semiconducting material may also be 

labeled quantum dots if they are small enough (typically sub 10 nm) that quantization of electronic 

energy levels occurs. Such nanoscale particles are used in biomedical applications as drug carriers 

or imaging agents and may be adapted for similar purposes in the present disclosure. Semi-solid 
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and soft nanoparticles have been manufactured and are within the scope of the present disclosure. 

Nanoparticles with one-half hydrophilic and the other half hydrophobic are termed Janus particles 

and are particularly effective for stabilizing emulsions. They can self-assemble at water/oil 

interfaces and act as solid surfactants. 

[0226] Particle characterization (including, e.g., characterizing morphology, dimension, 

etc.) is done using a variety of different techniques. Common techniques are electron microscopy 

(TEM, SEM), atomic force microscopy (AFM), dynamic light scattering (DLS), X-ray 

photoelectron spectroscopy (XPS), powder X-ray diffraction (XRD), Fourier transform infrared 

spectroscopy (FTIR), matrix-assisted laser desorption/ionization time-of-flight mass spectrometry 

(MALDI-TOF), ultraviolet-visible spectroscopy, dual polarization interferometry and nuclear 

magnetic resonance (NMR). Characterization (dimension measurements) may be made as to native 

particles (i.e., preloading) or after loading of the cargo (herein cargo refers to e.g., one or more 

polynucleotides encoding one or more activating proteins and/or cytokines, one or more cytokines, 

or any combination thereof, and may include additional carriers and/or excipients) to provide 

particles of an optimal size for delivery for any in vitro, ex vivo, and/or in vivo application of the 

present disclosure. In certain preferred embodiments, particle dimension (e.g., diameter) 

characterization is based on measurements using dynamic laser scattering (DLS). Mention is made 

of U.S. Patent No. 6,007,845; U.S. Patent No. 5,855,913; U.S. Patent No. 5,985,309; U.S. Patent 

No. 5,543,158; and the Dhalman et al., Jn vivo endothelial siRNA delivery using polymeric 

nanoparticles with low molecular weight, Nature Nanotechnology, 2014, 9, 648-655, 

doi:10.1038/nnano.2014.84, describing particles, methods of making and using them, and 

measurements thereof. 

1) Vectors and Vector Systems 

[0227] Also provided herein are vectors that can be used to deliver any of the polynucleotides 

and/or cytokines described herein. The vectors can be useful in producing human cells, animal 

cells, and transgenic animals that can express one or more components of the compositions 

described herein. Other uses for the vectors and vector systems described herein are also within 

the scope of this disclosure. In general, and as described elsewhere herein, the term “vector” refers 

to a tool that allows or facilitates the transfer of an entity from one environment to another. In 

some contexts, which will be appreciated by those of ordinary skill in the art, “vector” can be a 
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term of art to refer to a nucleic acid molecule capable of transporting another nucleic acid to which 

it has been linked. A vector can be a replicon, such as a plasmid, phage, or cosmid, into which 

another DNA segment may be inserted so as to bring about the replication of the inserted segment. 

Generally, a vector is capable of replication when associated with the proper control elements. 

[0228] Vectors include, but are not limited to, nucleic acid molecules that are single- 

stranded, double-stranded, or partially double-stranded; nucleic acid molecules that comprise 

one or more free ends or no free ends (e.g., circular); nucleic acid molecules that comprise DNA, 

RNA, or both; and other varieties of polynucleotides known in the art. One type of vector is a 

“plasmid,” which refers to a circular double-stranded DNA molecule into which additional DNA 

segments can be inserted, such as by standard molecular cloning techniques. Another type of 

vector is a viral vector, wherein virally derived DNA or RNA sequences are present in the 

vector for packaging into a virus (e.g., retroviruses, replication defective retroviruses, 

adenoviruses, replication defective adenoviruses, and adeno-associated viruses (AAVs)). Viral 

vectors also include polynucleotides carried by a virus for transfection into a host cell. Certain 

vectors are capable of autonomous replication in a host cell into which they are introduced 

(e.g., bacterial vectors having a bacterial origin of replication and episomal mammalian 

vectors). Other vectors (e.g., non-episomal mammalian vectors) are integrated into the genome 

of a host cell upon introduction into the host cell, and thereby are replicated along with the host 

genome. Moreover, certain vectors are capable of directing the expression of genes to which 

they are operatively linked. Such vectors are referred to herein as “expression vectors.” 

Common expression vectors of utility in recombinant DNA techniques are often in the form of 

plasmids. 

[0229] Recombinant expression vectors can comprise a nucleic acid (e.g., a polynucleotide) of 

the disclosure in a form suitable for expression in a host cell. This means that the recombinant 

expression vectors include one or more regulatory elements, which can be selected on the basis of 

the host cells to be used for expression, operatively linked to the nucleic acid sequence to be 

expressed. Within a recombinant expression vector, “operably linked” and “operatively linked” 

are used interchangeably herein and further defined elsewhere herein. In the context of a vector, 

the term “operably linked” is intended to mean that the nucleotide sequence of interest is linked to 

the regulatory element(s) in a manner that allows for expression of the nucleotide sequence (e.g., 
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in an in vitro transcription/translation system or in a host cell when the vector 1s introduced into 

the host cell). Advantageous vectors include lentiviruses and adeno-associated viruses, and types 

of such vectors can also be selected for targeting particular types of cells. These and other 

embodiments of the vectors and vector systems are described elsewhere herein. 

[0230] In one embodiment, the vector can be a bicistronic vector. In one embodiment, 

a bicistronic vector can be used for one or more elements of the compositions described herein. In 

one embodiment, expression of elements of the compositions described herein can be driven by 

the CBh promoter or other ubiquitous promoter. Where the element of any of the compositions 

described herein is an mRNA, its expression can be driven by a Pol II promoter, such as a U6 

promoter. In one embodiment, the two are combined. 

[0231] In one embodiment, a vector capable of delivering to a cell one or more polynucleotides 

and/or cytokines of the compositions described herein, can be composed of or contain a minimal 

promoter operably linked to a polynucleotide encoding a first activating protein or cytokine and a 

second minimal promoter operably linked to a polynucleotide encoding a second activating protein 

or cytokine, wherein the length of the vector sequence comprising the minimal promoters and 

polynucleotide sequences is less than 4.4Kb. In an embodiment, the vector can be a viral vector. 

In certain embodiments, the viral vector is an is an adeno-associated virus (AAV) or an adenovirus 

vector. In one embodiment, the first regulatory element is a polymerase HI promoter. In one 

embodiment, the second regulatory element is a polymerase I promoter. 

[0232] These and other vectors are further described in detail in this section and elsewhere 

herein. 

2) Vector Features 

[0233] The vectors can include additional features that can confer one or more functionalities 

to the vector, the polynucleotide to be delivered, a virus particle produced therefrom, or a 

polypeptide expressed thereof. Such features include but are not limited to, regulatory elements, 

selectable markers, molecular identifiers (e.g., molecular barcodes), stabilizing elements, and the 

like. It will be appreciated by those skilled in the art that the design of the expression vector and 

additional features included can depend on such factors as the choice of the host cell to be 

transformed, the level of expression desired, etc. 

a) Regulatory Elements 
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[0234] In certain embodiments, the polynucleotides and/or vectors thereof described herein 

can include one or more regulatory elements that can be operatively linked to the polynucleotide. 

The term “regulatory element” is intended to include promoters, enhancers, internal ribosomal 

entry sites (IRES), other expression control elements (e.g., transcription termination signals, such 

as polyadenylation signals and poly-U sequences), and cellular localization signals (e.g., nuclear 

localization signals). Such regulatory elements are described, for example, in Goeddel, GENE 

EXPRESSION TECHNOLOGY: METHODS IN ENZYMOLOGY 185, Academic Press, San 

Diego, Calif. (1990). Regulatory elements include those that direct constitutive expression of a 

nucleotide sequence in many types of host cells and those that direct expression of the nucleotide 

sequence only in certain host cells (e.g., tissue-specific regulatory sequences). A tissue-specific 

promoter can direct expression primarily in a desired tissue of interest, such as muscle, neuron, 

bone, skin, blood, specific organs (e.g., liver, pancreas), or particular cell types (e.g., lymphocytes). 

Regulatory elements may also direct expression in a temporal-dependent manner, such as in a cell- 

cycle-dependent or developmental stage-dependent manner, which may or may not also be tissue 

or cell-type specific. In one embodiment, a vector comprises one or more pol III promoters (e.g., 

1, 2, 3, 4, 5, or more pol HI promoters), one or more pol II promoters (e.g., 1, 2, 3, 4, 5, or more 

pol II promoters), one or more pol I promoters (e.g., 1, 2, 3, 4, 5, or more pol I promoters), or 

combinations thereof. Examples of pol III promoters include, but are not limited to, U6 and H1 

promoters. Examples of pol II promoters include but are not limited to, the retroviral Rous sarcoma 

virus (RSV) LTR promoter (optionally with the RSV enhancer), the cytomegalovirus (CMV) 

promoter (optionally with the CMV enhancer) (see, e.g., Boshart et al, Cell, 41:521-530 (1985)), 

the SV40 promoter, the dihydrofolate reductase promoter, the B-actin promoter, the 

phosphoglycerol kinase (PGK) promoter, and the EFla promoter. Also encompassed by the term 

“regulatory element” are enhancer elements, such as WPRE; CMV enhancers; the R-US’ segment 

in LTR of HTLV-I (Mol. Cell. Biol., Vol. 8(1), p. 466-472, 1988); SV40 enhancer; and the intron 

sequence between exons 2 and 3 of rabbit B-globin (Proc. Natl. Acad. Sci. USA., Vol. 78(3), p. 

1527-31, 1981). 

[0235] In one embodiment, the regulatory sequence can be a regulatory sequence described in 

US. Pat. No. 7,776,321, U.S. Pat. Pub. No. 2011/0027239, and International Patent Publication 

No. WO 2011/028929, the contents of which are incorporated by reference herein in their entirety. 
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In one embodiment, the vector can contain a minimal promoter. In one embodiment, the minimal 

promoter is the Mecp2 promoter, tRNA promoter, or U6. In a further embodiment, the minimal 

promoter is tissue specific. In one embodiment, the length of the vector polynucleotide the minimal 

promoters and polynucleotide sequences is less than 4.4Kb. 

[0236] To express a polynucleotide, the vector can include one or more transcriptional and/or 

translational initiation regulatory sequences, e.g., promoters, that direct the transcription of the 

gene and/or translation of the encoded protein in a cell. In one embodiment, a constitutive promoter 

may be employed. Suitable constitutive promoters for mammalian cells are generally known in 

the art and include, but are not limited to SV40, CAG, CMV, EF-1a, B-actin, RSV, and PGK. 

Suitable constitutive promoters for bacterial cells, yeast cells, and fungal cells are generally known 

in the art, such as a T-7 promoter for bacterial expression and an alcohol dehydrogenase promoter 

for expression in yeast. 

[0237] In one embodiment, the regulatory element can be a regulated promoter. "Regulated 

promoter" refers to promoters that direct gene expression not constitutively, but in a temporally 

and/or spatially regulated manner, and includes tissue-specific, tissue-preferred and inducible 

promoters. Regulated promoters include conditional promoters and inducible promoters. In one 

embodiment, conditional promoters can be employed to direct expression of a polynucleotide in a 

specific cell type, under certain environmental conditions, and/or during a specific state of 

development. Suitable tissue specific promoters can include, but are not limited to, liver specific 

promoters (e.g. APOA2, SERPIN Al (hAAT), CYP3A4, and MIR122), pancreatic cell promoters 

(e.g. INS, IRS2, Pdx1, Alx3, Ppy), cardiac specific promoters (e.g. Myh6 (alpha MHC), MYL2 

(MLC-2v), TNI3 (cTnl), NPPA (ANF), Slc8al (Ncx1)), central nervous system cell promoters 

(SYN1, GFAP, INA, NES, MOBP, MBP, TH, FOXA2 (HNF3 beta)), skin cell specific promoters 

(e.g. FLG, K14, TGM3), immune cell specific promoters, (e.g. ITGAM, CD43 promoter, CD14 

promoter, CD45 promoter, CD68 promoter), urogenital cell specific promoters (e.g. Pbsn, Upk2, 

Sbp, Fer114), endothelial cell specific promoters (e.g. ENG), pluripotent and embryonic germ layer 

cell specific promoters (e.g., Oct4, NANOG, Synthetic Oct4, T brachyury, NES, SOX17, FOXA2, 

MIR122), and muscle cell specific promoter (e.g., Desmin). Other tissue and/or cell specific 

promoters are generally known in the art and are within the scope of this disclosure. 
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[0238] Inducible/conditional promoters can be positively inducible/conditional promoters 

(e.g., a promoter that activates transcription of the polynucleotide upon appropriate interaction 

with an activated activator, or an inducer (compound, environmental condition, or other stimulus) 

or a negative/conditional inducible promoter (e.g., a promoter that is repressed (e.g., bound by a 

repressor) until the repressor condition of the promotor is removed (e.g., inducer binds a repressor 

bound to the promoter stimulating release of the promoter by the repressor or removal of a 

chemical repressor from the promoter environment). The inducer can be a compound, 

environmental condition, or other stimulus. Thus, inducible/conditional promoters can be 

responsive to any suitable stimuli such as chemical, biological, or other molecular agents, 

temperature, light, and/or pH. Suitable inducible/conditional promoters include, but are not limited 

to, Tet-On, Tet-Off, Lac promoter, pBad, AlcA, LexA, Hsp70 promoter, Hsp90 promoter, pDawn, 

XVE/OlexA, GVG, and pOp/LhGR. 

[0239] Examples of promoters that are inducible and that can allow for spatiotemporal control 

of gene editing or gene expression may use a form of energy. The form of energy may include but 

is not limited to sound energy, electromagnetic radiation, chemical energy and/or thermal energy. 

Examples of inducible systems include tetracycline inducible promoters (Tet-On or Tet-Off), small 

molecule two-hybrid transcription activations systems (FKBP, ABA, etc.), or light inducible 

systems (Phytochrome, LOV domains, or cryptochrome). such as a Light Inducible 

Transcriptional Effector (LITE) that direct changes in transcriptional activity in a sequence- 

specific manner. In one embodiment, the vector can include one or more of the inducible DNA 

binding proteins provided in International Patent Publication No. WO 2014/018423 and US Patent 

Publication Nos., 2015/0291966, 2017/0166903, 2019/0203212, which describe e.g., 

embodiments of inducible DNA binding proteins and methods of use and can be adapted for use 

with the present disclosure. 

[0240] In one embodiment, transient or inducible expression can be achieved by including, for 

example, chemical-regulated promotors, i.e., whereby the application of an exogenous chemical 

induces gene expression. Modulation of gene expression can also be obtained by including a 

chemical-repressible promoter, where application of the chemical represses gene expression. 

Chemical-inducible promoters include, but are not limited to, the maize 1n2-2 promoter, activated 

by benzene sulfonamide herbicide safeners (De Veylder et al., (1997) Plant Cell Physiol 38:568- 
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77), the maize GST promoter (GST-II-27, WO93/01294), activated by hydrophobic electrophilic 

compounds used as pre-emergent herbicides, and the tobacco PR-1 a promoter (Ono et al., (2004) 

Biosci Biotechnol Biochem 68:803-7) activated by salicylic acid. Promoters which are regulated 

by antibiotics, such as tetracycline-inducible and tetracycline-repressible promoters (Gatz et al., 

(1991) Mol Gen Genet 227:229-37; U.S. Patent Nos. 5,814,618 and 5,789,156) can also be used 

herein. 

b) Selectable Markers and lags 

[0241] One or more of the polynucleotides encoding the one or more activating proteins and/or 

cytokines of the compositions described herein can be operably linked, fused to, or otherwise 

modified to include a polynucleotide that encodes or is a selectable marker or tag, which can be a 

polynucleotide or polypeptide. In one embodiment, the polynucleotide encoding a polypeptide 

selectable marker can be incorporated in a polynucleotide encoding an activating protein and/or 

cytokine such that the selectable marker polypeptide, when translated, is inserted between two 

amino acids between the N- and C- terminus of the activating protein or cytokine polypeptide or 

at the N- and/or C-terminus of the activating protein or cytokine polypeptide. In one embodiment, 

the selectable marker or tag is a polynucleotide barcode or unique molecular identifier (UMI). 

[0242] It will be appreciated that the polynucleotide encoding such selectable markers or tags 

can be incorporated into a polynucleotide encoding one or more components of the compositions 

described herein in an appropriate manner to allow expression of the selectable marker or tag. Such 

techniques and methods are described elsewhere herein and will be instantly appreciated by one 

of ordinary skill in the art in view of this disclosure. Many such selectable markers and tags are 

generally known in the art and are intended to be within the scope of this disclosure. 

[0243] Suitable selectable markers and tags include, but are not limited to, affinity tags, such 

as chitin binding protein (CBP), maltose binding protein (MBP), glutathione-S-transferase (GST), 

poly(His) tag; solubilization tags such as thioredoxin (TRX) and poly(NANP), MBP, and GST; 

chromatography tags such as those consisting of polyanionic amino acids, such as FLAG-tag; 

epitope tags such as V5-tag, Myc-tag, HA-tag and NE-tag; protein tags that can allow specific 

enzymatic modification (such as biotinylation by biotin ligase) or chemical modification (such as 

reaction with FIASH-EDT2 for fluorescence imaging), DNA and/or RNA segments that contain 

restriction enzyme or other enzyme cleavage sites; DNA segments that encode products that 
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provide resistance against otherwise toxic compounds including antibiotics, such as, 

spectinomycin, ampicillin, kanamycin, tetracycline, Basta, neomycin phosphotransferase II 

(NEO), hygromycin phosphotransferase (HPT)) and the like, DNA and/or RNA segments that 

encode products that are otherwise lacking in the recipient cell (e.g., tRNA genes, auxotrophic 

markers); DNA and/or RNA segments that encode products which can be readily identified (e.g., 

phenotypic markers such as B-galactosidase, GUS; fluorescent proteins such as green fluorescent 

protein (GFP), cyan (CFP), yellow (YFP), red (RFP), luciferase, and cell surface proteins); 

polynucleotides that can generate one or more new primer sites for PCR (e.g., the juxtaposition of 

two DNA sequences not previously juxtaposed), DNA sequences not acted upon or acted upon by 

a restriction endonuclease or other DNA modifying enzyme, chemical, etc.; epitope tags (e.g., 

GFP, FLAG- and His-tags), and, DNA sequences that make a molecular barcode or unique 

molecular identifier (UMI), DNA sequences required for a specific modification (e.g., 

methylation) that allows its identification. Other suitable markers will be appreciated by those of 

skill in the art. 

[0244] Selectable markers and tags can be operably linked to one or more components of the 

compositions described herein via suitable linker, such as a glycine or glycine serine linkers as 

short as GS or GG up to (GGGGG)3 (SEQ ID NO: 755) or (GGGGS)3 (SEQ ID NO: 756). Other 

suitable linkers are described elsewhere herein. 

[0245] The vector or vector system can include one or more polynucleotides encoding one or 

more targeting moieties. In one embodiment, the targeting moiety encoding polynucleotides can 

be included in the vector or vector system, such as a viral vector system, such that they are 

expressed within and/or on the virus particle(s) produced such that the virus particles can be 

targeted to specific cells, tissues, organs, etc. In one embodiment, the targeting moiety encoding 

polynucleotides can be included in the vector or vector system such that the polynucleotides 

encoding the one or more activating proteins and/or cytokines of the compositions described herein 

include the targeting moiety and can be targeted to specific cells, tissues, organs, etc. In one 

embodiment, such as non-viral carriers, the targeting moiety can be attached to the carrier (e.g., 

polymer, lipid, inorganic molecule etc.) and can be capable of targeting the carrier and any attached 

or polynucleotides encoding the one or more activating proteins and/or cytokines to specific cells, 

tissues, organs, etc. 
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c) Codon Optimization of Vector Polynucleotides 

[0246] As described elsewhere herein, the polynucleotides encoding the one or more activating 

proteins and/or cytokines of the compositions described herein can be codon optimized. In one 

embodiment, one or more polynucleotides contained in a vector (“vector polynucleotides”) 

described herein that are in addition to an optionally codon optimized polynucleotides encoding 

the one or more activating proteins and/or cytokines of the compositions described herein can be 

codon optimized. In general, codon optimization refers to a process of modifying a nucleic acid 

sequence for enhanced expression in the host cells of interest by replacing at least one codon (e.g., 

about or more than about 1, 2, 3, 4, 5, 10, 15, 20, 25, 50, or more codons) of the native sequence 

with codons that are more frequently or most frequently used in the genes of that host cell while 

maintaining the native amino acid sequence. Various species exhibit particular bias for certain 

codons of a particular amino acid. Codon bias (differences in codon usage between organisms) 

often correlates with the efficiency of translation of messenger RNA (mRNA), which is in turn 

believed to be dependent on, among other things, the properties of the codons being translated and 

the availability of particular transfer RNA (tRNA) molecules. The predominance of selected 

tRNAs in a cell is generally a reflection of the codons used most frequently in peptide synthesis. 

Accordingly, genes can be tailored for optimal gene expression in a given organism based on codon 

optimization. Codon usage tables are readily available, for example, at the “Codon Usage 

Database” available at www.kazusa.orjp/codon/ and these tables can be adapted in a number of 

ways. See Nakamura, Y., et al. “Codon usage tabulated from the international DNA sequence 

databases: status for the year 2000” Nucl. Acids Res. 28:292 (2000). Computer algorithms for 

codon optimizing a particular sequence for expression in a particular host cell are also available, 

such as Gene Forge (Aptagen; Jacobus, PA), are also available. In one embodiment, one or more 

codons (e.g., 1, 2, 3, 4, 5, 10, 15, 20, 25, 50, or more, or all codons) in a sequence encoding one or 

more of the activating proteins or cytokines corresponds to the most frequently used codon for a 

particular amino acid. As to codon usage in yeast, reference is made to the online Yeast Genome 

database available at http://www.yeastgenome.org/community/codon_usage.shtml, or Codon 

selection in yeast, Bennetzen and Hall, J Biol Chem. 1982 Mar 25;257(6):3026-31. As to codon 

usage in plants including algae, reference is made to Codon usage in higher plants, green algae, 

and cyanobacteria, Campbell and Gown, Plant Physiol. 1990 Jan; 92(1): 1-11.; as well as Codon 
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usage in plant genes, Murray et al, Nucleic Acids Res. 1989 Jan 25;17(2):477-98; or Selection on 

the codon bias of chloroplast and cyanelle genes in different plant and algal lineages, Morton BR, 

J Mol Evol. 1998 Apr;46(4):449-59. 

[0247] The vector polynucleotide can be codon optimized for expression in a specific cell- 

type, tissue type, organ type, and/or subject type. In one embodiment, a codon optimized sequence 

iS a sequence optimized for expression in a eukaryote, e.g., humans (i.e., being optimized for 

expression in a human or human cell), or for another eukaryote, such as another animal (e.g. a 

mammal or avian) as is described elsewhere herein. Such codon optimized sequences are within 

the ambit of the ordinary skilled artisan in view of the description herein. In one embodiment, the 

polynucleotide is codon optimized for a specific cell type. Such cell types can include, but are not 

limited to, epithelial cells (including skin cells, cells lining the gastrointestinal tract, cells lining 

other hollow organs), nerve cells (nerves, brain cells, spinal column cells, nerve support cells (e.g. 

astrocytes, glial cells, Schwann cells etc.) , muscle cells (e.g. cardiac muscle, smooth muscle cells, 

and skeletal muscle cells), connective tissue cells (fat and other soft tissue padding cells, bone 

cells, tendon cells, cartilage cells), blood cells, stem cells and other progenitor cells, immune 

system cells, germ cells, and combinations thereof. Such codon optimized sequences are within 

the ambit of the ordinary skilled artisan in view of the description herein. In one embodiment, the 

polynucleotide is codon optimized for a specific tissue type. Such tissue types can include, but are 

not limited to, muscle tissue, connective tissue, connective tissue, nervous tissue, and epithelial 

tissue. Such codon optimized sequences are within the ambit of the ordinary skilled artisan in view 

of the description herein. In one embodiment, the polynucleotide is codon optimized for a specific 

organ. Such organs include, but are not limited to, muscles, skin, intestines, liver, spleen, brain, 

lungs, stomach, heart, kidneys, gallbladder, pancreas, bladder, thyroid, bone, blood vessels, blood, 

and combinations thereof. Such codon optimized sequences are within the ambit of the ordinary 

skilled artisan in view of the description herein. 

[0248] In one embodiment, a vector polynucleotide is codon optimized for expression in 

particular cells, such as prokaryotic or eukaryotic cells. The eukaryotic cells may be those of or 

derived from a particular organism, such as a plant or a mammal, including but not limited to 

human, or non-human eukaryote or animal or mammal as discussed herein, e.g., mouse, rat, rabbit, 

dog, livestock, or non-human mammal or primate. 
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3) Vector Construction 

[0249] The vectors described herein can be constructed using any suitable process or 

technique. In one embodiment, one or more suitable recombination and/or cloning methods or 

techniques can be used to the vector(s) described herein. Suitable recombination and/or cloning 

techniques and/or methods can include, but not limited to, those described in U.S. Patent 

Publication No. US 2004/0171156 Al. Other suitable methods and techniques are described 

elsewhere herein. 

[0250] In one embodiment, a vector comprises one or more insertion sites, such as a restriction 

endonuclease recognition sequence (also referred to as a “cloning site”). In one embodiment, one 

or more insertion sites (e.g., about or more than about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more insertion 

sites) are located upstream and/or downstream of one or more sequence elements of one or more 

vectors. 

4) Viral Vectors 

[0251 The cargos, e.g., the polynucleotides and/or cytokines described herein, can be 

introduced to cells by transduction by a viral or pseudoviral particle. Methods of packaging the 

cargos in viral particles can be accomplished using any suitable viral vector or vector systems. 

[0252] As used in this context herein “transduction” refers to the process by which foreign 

nucleic acids and/or proteins are introduced to a cell (prokaryote or eukaryote) by a viral or 

pseudoviral particle. After packaging in a viral particle or pseudoviral particle, the viral particles 

can be exposed to cells (e.g., in vitro, ex vivo, or in vivo) where the viral or pseudoviral particle 

infects the cell and delivers the cargo to the cell via transduction. Viral and pseudoviral particles 

can be optionally concentrated prior to exposure to target cells. In one embodiment, the virus titer 

of a composition containing viral and/or pseudoviral particles can be obtained and a specific titer 

be used to transduce cells. 

[0253] The term of art “viral vector” and as used herein in this context refers to polynucleotide 

based vectors that contain one or more elements from or based upon one or more elements of a 

virus that can be capable of expressing and packaging a polynucleotide, such as the 

polynucleotides encoding the one or more activating proteins and/or cytokines of the compositions 

described herein, into a virus particle and producing said virus particle when used alone or with 

one or more other viral vectors (such as in a viral vector system). Viral vectors and systems thereof 
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can be used for producing viral particles for delivery of and/or expression of one or more 

components of the compositions described herein. The viral vector can be part of a viral vector 

system involving multiple vectors. In one embodiment, systems incorporating multiple viral 

vectors can increase the safety of these systems. Suitable viral vectors can include retroviral -based 

vectors, lentiviral-based vectors, adenoviral-based vectors, adeno associated vectors, helper- 

dependent adenoviral (HdAd) vectors, hybrid adenoviral vectors, herpes simplex virus-based 

vectors, poxvirus-based vectors, and Epstein-Barr virus-based vectors. Other embodiments of viral 

vectors and viral particles produce therefrom are described elsewhere herein. In one embodiment, 

the viral vectors are configured to produce replication incompetent viral particles for improved 

safety of these systems. 

[0254] In certain embodiments, the virus structural component, which can be encoded by one 

or more polynucleotides in a viral vector or vector system, comprises one or more capsid proteins 

including an entire capsid. In certain embodiments, such as wherein a viral capsid comprises 

multiple copies of different proteins, the delivery system can provide one or more of the same 

protein or a mixture of such proteins. For example, AAV comprises 3 capsid proteins, VP1, VP2, 

and VP3, thus delivery systems of the disclosure can comprise one or more of VP1, and/or one or 

more of VP2, and/or one or more of VP3. Accordingly, the present disclosure is applicable to a 

virus within the family Adenoviridae, such as Atadenovirus, e.g., Ovine atadenovirus D, 

Aviadenovirus, e.g., Fowl aviadenovirus A, Ichtadenovirus, e.g., Sturgeon ichtadenovirus A, 

Mastadenovirus (which includes adenoviruses such as all human adenoviruses), e.g., Human 

mastadenovirus C, and Siadenovirus, e.g., Frog siadenovirus A. Thus, a virus of within the family 

Adenoviridae is contemplated as within the disclosure with discussion herein as to adenovirus 

applicable to other family members. Target-specific AAV capsid variants can be used or selected. 

Non-limiting examples include capsid variants selected to bind to chronic myelogenous leukemia 

cells, human CD34 PBPC cells, breast cancer cells, cells of lung, heart, dermal fibroblasts, 

melanoma cells, stem cell, glioblastoma cells, coronary artery endothelial cells and keratinocytes. 

See, e.g., Buning et al, 2015, Current Opinion in Pharmacology 24, 94-104. From teachings herein 

and knowledge in the art as to modifications of adenovirus (see, e.g., US Patents 9,410,129, 

7,344,872, 7,256,036, 6,911,199, 6,740,525; Matthews, “Capsid-Incorporation of Antigens into 

Adenovirus Capsid Proteins for a Vaccine Approach,” Mol Pharm, 8(1): 3-11 (2011)), as well as 
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regarding modifications of AAV, the skilled person can readily obtain a modified adenovirus that 

has a large payload protein, despite that heretofore it was not expected that such a large protein 

could be provided on an adenovirus. And as to the viruses related to adenovirus mentioned herein, 

as well as to the viruses related to AAV mentioned elsewhere herein, the teachings herein as to 

modifying adenovirus and AAV, respectively, can be applied to those viruses without undue 

experimentation from this disclosure and the knowledge in the art. 

a) Retroviral and Lentiviral Vectors 

[0255] Retroviral vectors can be composed of cis-acting long terminal repeats with packaging 

capacity for up to 6-10 kb of foreign sequence. The minimum cis-acting LTRs are sufficient for 

replication and packaging of the vectors, which are then used to integrate the gene of interest into 

the target cell to provide permanent transgene expression. Suitable retroviral vectors for use with 

the polynucleotide and/or cytokine components of the compositions described herein can include 

those based upon murine leukemia virus (MuLV), gibbon ape leukemia virus (GaLV), Simian 

immunodeficiency virus (SIV), human immunodeficiency virus (HIV), and combinations thereof 

(see, e.g., Buchscher et al., J. Virol. 66:2731-2739 (1992); Johann et al., J. Virol. 66:1635-1640 

(1992); Sommnerfelt et al., Virol. 176:58-59 (1990); Wilson et al., J. Virol. 63:2374-2378 (1989): 

Miller et al., J. Virol. 65:2220-2224 (1991); PCT/US94/05700). Selection of a retroviral gene 

transfer system may therefore depend on the target tissue. 

[0256] The tropism of a retrovirus can be altered by incorporating foreign envelope proteins, 

expanding the potential target population of target cells. Lentiviral vectors are retroviral vectors 

that are able to transduce or infect non-dividing cells and are described in greater detail elsewhere 

herein. A retrovirus can also be engineered to allow for conditional expression of the inserted 

transgene, such that only certain cell types are infected by the lentivirus. 

[0257] Lentiviruses are complex retroviruses that have the ability to infect and express their 

genes in both mitotic and post-mitotic cells. Advantages of using a lentiviral approach can include 

the ability to transduce or infect non-dividing cells and their ability to typically produce high viral 

titers, which can increase efficiency or efficacy of production and delivery. Suitable lentiviral 

vectors include, but are not limited to, human immunodeficiency virus (HIV)-based lentiviral 

vectors, feline immunodeficiency virus (FIV)-based lentiviral vectors, simian immunodeficiency 

virus (SIV)-based lentiviral vectors, Moloney Murine Leukaemia Virus (Mo-MLV), Visna.maedi 
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virus (VMV)-based lentiviral vector, carpine arthritis-encephalitis virus (CAEV)-based lentiviral 

vector, bovine immune deficiency virus (BIV)-based lentiviral vector, and Equine infectious 

anemia (EIA V)-based lentiviral vector. In one embodiment, an HIV-based lentiviral vector system 

can be used. In one embodiment, a FIV-based lentiviral vector system can be used. 

[0258] In one embodiment, the lentiviral vector is an EIAV-based lentiviral vector or vector 

system. EIAV vectors have been used to mediate expression, packaging, and/or delivery in other 

contexts, such as for ocular gene therapy (see, e.g., Balagaan, J Gene Med 2006; 8: 275 — 285). In 

another embodiment, RetinoStat®, (see, e.g., Binley et al., HUMAN GENE THERAPY 23:980- 

991 (September 2012)), which describes RetinoStat®, an equine infectious anemia virus-based 

lentiviral gene therapy vector that expresses angiostatic proteins endostatin and angiostatin that is 

delivered via a subretinal injection for the treatment of the wet form of age-related macular 

degeneration. Any of these vectors described in these publications can be modified for use with 

the polynucleotides encoding the one or more activating proteins and/or cytokines of the 

compositions described herein. 

[0259] In one embodiment, the lentiviral vector or vector system thereof can be a first- 

generation lentiviral vector or vector system thereof. First-generation lentiviral vectors can contain 

a large portion of the lentivirus genome, including the gag and pol genes, other additional viral 

proteins (e.g, VSV-G) and other accessory genes (e.g., vif, vprm vpu, nef, and combinations 

thereof), regulatory genes (e.g., tat and/or rev) as well as the gene of interest between the LTRs. 

First generation lentiviral vectors can result in the production of virus particles that can be capable 

of replication in vivo, which may not be appropriate for some instances or applications. 

[0260] In one embodiment, the lentiviral vector or vector system thereof can be a second- 

generation lentiviral vector or vector system thereof. Second-generation lentiviral vectors do not 

contain one or more accessory virulence factors and do not contain all components necessary for 

virus particle production on the same lentiviral vector. This can result in the production of a 

replication-incompetent virus particle and thus increase the safety of these systems over first- 

generation lentiviral vectors. In one embodiment, the second-generation vector lacks one or more 

accessory virulence factors (e.g., vif, vprm, vpu, nef, and combinations thereof). Unlike the first- 

generation lentiviral vectors, no single second generation lentiviral vector includes all features 

necessary to express and package a polynucleotide into a virus particle. In one embodiment, the 
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envelope and packaging components are split between two different vectors with the gag, pol, rev, 

and tat genes being contained on one vector and the envelope protein (e.g., VSV-G) are contained 

on a second vector. The gene of interest, its promoter, and LTRs can be included on a third vector 

that can be used in conjunction with the other two vectors (packaging and envelope vectors) to 

generate a replication-incompetent virus particle. 

[0261| In one embodiment, the lentiviral vector or vector system thereof can be a third- 

generation lentiviral vector or vector system thereof. Third-generation lentiviral vectors and vector 

systems thereof have increased safety over first- and second-generation lentiviral vectors and 

systems thereof because, for example, the various components of the viral genome are split 

between two or more different vectors but used together 7 vitro to make virus particles, they can 

lack the tat gene (when a constitutively active promoter is included up-stream of the LTRs), and 

they can include one or more deletions in the 3’LTR to create self-inactivating (SIN) vectors 

having disrupted promoter/enhancer activity of the LTR. In one embodiment, a third-generation 

lentiviral vector system can include (1) a vector plasmid that contains the polynucleotide of interest 

and upstream promoter that are flanked by the 5’ and 3’ LTRs, which can optionally include one 

or more deletions present in one or both of the LTRs to render the vector self-inactivating; (ii) a 

“packaging vector(s)” that can contain one or more genes involved in packaging a polynucleotide 

into a virus particle that is produced by the system (e.g. gag, pol, and rev) and upstream regulatory 

sequences (e.g. promoter(s)) to drive expression of the features present on the packaging vector, 

and (iii) an “envelope vector” that contains one or more envelope protein genes and upstream 

promoters. In certain embodiments, the third-generation lentiviral vector system can include at 

least two packaging vectors, with the gag-pol being present on a different vector than the rev gene. 

[0262] In one embodiment, the pseudotype and infectivity or tropisim of a lentivirus particle 

can be tuned by altering the type of envelope protein(s) included in the lentiviral vector or system 

thereof. As used herein, an “envelope protein” or “outer protein” means a protein exposed at the 

surface of a viral particle that is not a capsid protein. For example, envelope or outer proteins 

typically comprise proteins embedded in the envelope of the virus. In one embodiment, a lentiviral 

vector or vector system thereof can include a VSV-G envelope protein. VSV-G mediates viral 

attachment to an LDL receptor (LDLR) or an LDLR family member present on a host cell, which 

triggers endocytosis of the viral particle by the host cell. Because LDLR is expressed by a wide 
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variety of cells, viral particles expressing the VSV-G envelope protein can infect or transduce a 

wide variety of cell types. Other suitable envelope proteins can be incorporated based on the host 

cell that a user desires to be infected by a virus particle produced from a lentiviral vector or system 

thereof described herein and can include, but are not limited to, feline endogenous virus envelope 

protein (RD114) (see e.g., Hanawa et al. Molec. Ther. 2002 5(3) 242-251), modified Sindbis virus 

envelope proteins (see e.g., Morizono et al. 2010. J. Virol. 84(14) 6923-6934; Morizono et al. 

2001. J. Virol. 75:8016-8020; Morizono et al. 2009. J. Gene Med. 11:549-558; Morizono et al. 

2006 Virology 355:71-81; Morizono et al J. Gene Med. 11:655-663, Morizono et al. 2005 Nat. 

Med. 11:346-352), baboon retroviral envelope protein (see e.g., Girard-Gagnepain et al. 2014. 

Blood. 124: 1221-1231); Tupaia paramyxovirus glycoproteins (see e.g., Enkirch T. et al., 2013. 

Gene Ther. 20:16-23); measles virus glycoproteins (see e.g., Funke et al. 2008. Molec. Ther. 16(8): 

1427-1436), rabies virus envelope proteins, MLV envelope proteins, Ebola envelope proteins, 

baculovirus envelope proteins, filovirus envelope proteins, hepatitis El and E2 envelope proteins, 

gp41 and gp120 of HIV, hemagglutinin, neuraminidase, M2 proteins of influenza virus, and 

combinations thereof. 

[0263] In one embodiment, the tropism of the resulting lentiviral particle can be tuned by 

incorporating cell targeting peptides into a lentiviral vector such that the cell targeting peptides are 

expressed on the surface of the resulting lentiviral particle. In one embodiment, a lentiviral vector 

can contain an envelope protein that is fused to a cell targeting protein (see e.g., Buchholz et al. 

2015. Trends Biotechnol. 33:777-790; Bender et al. 2016. PLoS Pathog. 12(e1005461); and 

Friedrich et al. 2013. Mol. Ther. 2013. 21: 849-859. 

[0264] In one embodiment, a split-intein-mediated approach to target lentiviral particles to a 

specific cell type can be used (see e.g., Chamoun-Emaneulli et al. 2015. Biotechnol. Bioeng. 

112:2611-2617, Ramirez et al. 2013. Protein. Eng. Des. Sel. 26:215-233. In these embodiments, a 

lentiviral vector can contain one half of a splicing-deficient variant of the naturally split intein 

from Nostoc punctiforme fused to a cell targeting peptide and the same or different lentiviral vector 

can contain the other half of the split intein fused to an envelope protein, such as a binding- 

deficient, fusion-competent virus envelope protein. This can result in production of a virus particle 

from the lentiviral vector or vector system that includes a split intein that can function as a 

molecular Velcro linker to link the cell-binding protein to the pseudotyped lentivirus particle. This 
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approach can be advantageous for use where surface-incompatibilities can restrict the use of, e.g., 

cell targeting peptides. 

[0265] In one embodiment, a covalent-bond-forming protein-peptide pair can be incorporated 

into one or more of the lentiviral vectors described herein to conjugate a cell targeting peptide to 

the virus particle (see e.g., Kasaraneni et al. 2018. Sci. Reports (8) No. 10990). In one embodiment, 

a lentiviral vector can include an N-terminal PDZ domain of InaD protein (PDZ1) and its 

pentapeptide ligand (TEFCA) (SEQ ID NO: 757) from NorpA, which can conjugate the cell 

targeting peptide to the virus particle via a covalent bond (e.g., a disulfide bond). In one 

embodiment, the PDZ1 protein can be fused to an envelope protein, which can optionally be 

binding deficient and/or fusion competent virus envelope protein and included in a lentiviral 

vector. In one embodiment, the TEFCA (SEQ ID NO: 757) can be fused to a cell targeting peptide 

and the TEFCA-CPT (SEQ ID NO:757) fusion construct can be incorporated into the same or a 

different lentiviral vector as the PDZ1-envenlope protein construct. During virus production, 

specific interaction between the PDZ1 and TEFCA (SEQ ID NO: 757) facilitates producing virus 

particles covalently functionalized with the cell targeting peptide and thus capable of targeting a 

specific cell-type based upon a specific interaction between the cell targeting peptide and cells 

expressing its binding partner. This approach can be advantageous for use where surface- 

incompatibilities can restrict the use of, e.g., cell targeting peptides. 

[0266] Lentiviral vectors have been disclosed as in the treatment for Parkinson’s Disease, see, 

e.g., US Patent Publication No. 20120295960 and US Patent Nos. 7303910 and 7351585. 

Lentiviral vectors have also been disclosed for the treatment of ocular diseases, see e.g., US Patent 

Publication Nos. 20060281180, 20090007284, US20110117189; US20090017543; 

US20070054961, US20100317109. Lentiviral vectors have also been disclosed for delivery to the 

brain, see, e.g., US Patent Publication Nos. US20110293571; US20110293571, US20040013648, 

US20070025970, US20090111106 and US Patent No. US7259015. Any of these systems or a 

variant thereof can be used to deliver the polynucleotides encoding the one or more activating 

proteins and/or cytokines of the compositions described herein to a cell. 

[0267] In one embodiment, a lentiviral vector system can include one or more transfer 

plasmids. Transfer plasmids can be generated from various other vector backbones and can include 

one or more features that can work with other retroviral and/or lentiviral vectors in the system that 
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can, for example, improve safety of the vector and/or vector system, increase virial titers, and/or 

increase or otherwise enhance expression of the desired insert to be expressed and/or packaged 

into the viral particle. Suitable features that can be included in a transfer plasmid can include, but 

are not limited to, 5’; LTR, 3’LTR, SIN/LTR, origin of replication (Ori), selectable marker genes 

(e.g., antibiotic resistance genes), Psi (), RRE (rev response element), cPPT (central polypurine 

tract), promoters, WPRE (woodchuck hepatitis post-transcriptional regulatory element), SV40 

polyadenylation signal, pUC origin, SV40 origin, F1 origin, and combinations thereof. 

[0268] In another embodiment, Cocal vesiculovirus envelope pseudotyped retroviral or 

lentiviral vector particles are contemplated (see, e.g., US Patent Publication No. 20120164118 

assigned to the Fred Hutchinson Cancer Research Center). Cocal virus is in the Vesiculovirus 

genus and is a causative agent of vesicular stomatitis in mammals. Cocal virus was originally 

isolated from mites in Trinidad (Jonkers et al., Am. J. Vet. Res. 25:236-242 (1964)), and infections 

have been identified in Trinidad, Brazil, and Argentina from insects, cattle, and horses. Many of 

the vesiculoviruses that infect mammals have been isolated from naturally infected arthropods, 

suggesting that they are vector-borne. Antibodies to vesiculoviruses are common among people 

living in rural areas where the viruses are endemic and laboratory-acquired; infections in humans 

usually result in influenza-like symptoms. The Cocal virus envelope glycoprotein shares 71.5% 

identity at the amino acid level with VSV-G Indiana, and phylogenetic comparison of the envelope 

gene of vesiculoviruses shows that Cocal virus is serologically distinct from, but most closely 

related to, VSV-G Indiana strains among the vesiculoviruses. Jonkers et al., Am. J. Vet. Res. 

25:236-242 (1964) and Travassos da Rosa et al., Am. J. Tropical Med. & Hygiene 33:999-1006 

(1984). The Cocal vesiculovirus envelope pseudotyped retroviral vector particles may include for 

example, lentiviral, alpharetroviral, betaretroviral, gammaretroviral, deltaretroviral, and 

epsilonretroviral vector particles that may comprise retroviral Gag, Pol, and/or one or more 

accessory protein(s) and a Cocal vesiculovirus envelope protein. In certain embodiments of these 

embodiments, the Gag, Pol, and accessory proteins are lentiviral and/or gammaretroviral. In one 

embodiment, a retroviral vector can contain encoding polypeptides for one or more Cocal 

vesiculovirus envelope proteins such that the resulting viral or pseudoviral particles are Cocal 

vesiculovirus envelope pseudotyped. 

b) Adenoviral vectors, Helper-dependent Adenoviral vectors, and Hybrid Adenoviral Vectors 
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[0269] In one embodiment, the vector can be an adenoviral vector. In one embodiment, the 

adenoviral vector can include elements such that the virus particle produced using the vector or 

system thereof can be serotype 2 or serotype 5. In one embodiment, the polynucleotide to be 

delivered via the adenoviral particle can be up to about 8 kb. Thus, in one embodiment, an 

adenoviral vector can include a DNA polynucleotide to be delivered that can range in size from 

about 0.001 kb to about 8 kb. Adenoviral vectors have been used successfully in several contexts 

(see e.g., Teramato et al. 2000. Lancet. 355:1911-1912; Lai et al. 2002. DNA Cell. Biol. 21:895- 

913; Flotte et al., 1996. Hum. Gene. Ther. 7:1145-1159; and Kay et al. 2000. Nat. Genet. 24:257- 

261. 

[0270] In one embodiment, the vector can be a helper-dependent adenoviral vector or system 

thereof. These are also referred to in the art as “gutless” or “gutted” vectors and are a modified 

generation of adenoviral vectors (see e.g., Thrasher et al. 2006. Nature. 443:ES-7). In certain 

embodiments of the helper-dependent adenoviral vector system one vector (the helper) can contain 

all the viral genes required for replication but contains a conditional gene defect in the packaging 

domain. The second vector of the system can contain only the ends of the viral genome, one or 

more polynucleotides encoding the one or more activating proteins and/or cytokines of the 

compositions described herein, and the native packaging recognition signal, which can allow 

selective packaged release from the cells (see e.g., Cideciyan et al. 2009. N Engl J Med. 361:725- 

727). Helper-dependent adenoviral vector systems have been successful for gene delivery in 

several contexts (see e.g., Simonelli et al. 2010. J Am Soc Gene Ther. 18:643-650; Cideciyan et 

al. 2009. N Engl J Med. 361:725-727; Crane et al. 2012. Gene Ther. 19(4):443-452; Alba et al. 

2005. Gene Ther. 12:18-S27; Croyle et al. 2005. Gene Ther. 12:579-587; Amalfitano et al. 1998. 

J. Virol. 72:926-933; and Morral et al. 1999. PNAS. 96:12816-12821). The techniques and vectors 

described in these publications can be adapted for inclusion and delivery of the polynucleotides 

encoding the one or more activating proteins and/or cytokines of the compositions described 

herein. In one embodiment, the polynucleotide to be delivered via the viral particle produced from 

a helper-dependent adenoviral vector or system thereof can be up to about 37 kb. Thus, in one 

embodimentan adenoviral vector can include a DNA polynucleotide to be delivered that can range 

in size from about 0.001 kb to about 37 kb (see e.g., Rosewell et al. 2011. J. Genet. Syndr. Gene 

Ther. Suppl. 5:001). 
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[0271] In one embodiment, the vector is a hybrid-adenoviral vector or system thereof. Hybrid 

adenoviral vectors are composed of the high transduction efficiency of a gene-deleted adenoviral 

vector and the long-term genome-integrating potential of adeno-associated, retroviruses, 

lentivirus, and transposon based-gene transfer. In one embodiment, such hybrid vector systems 

can result in stable transduction and limited integration site. See e.g., Balague et al. 2000. Blood. 

95:820-828; Morral et al. 1998. Hum. Gene Ther. 9:2709-2716; Kubo and Mitani. 2003. J. Virol. 

77(5): 2964-2971; Zhang et al. 2013. PloS One. 8(10) e76771; and Cooney et al. 2015. Mol. Ther. 

23(4):667-674), whose techniques and vectors described therein can be modified and adapted for 

use with the polynucleotides encoding the one or more activating proteins and/or cytokines of the 

compositions described herein. In one embodiment, a hybrid-adenoviral vector can include one or 

more features of a retrovirus and/or an adeno-associated virus. In one embodiment, the hybrid- 

adenoviral vector can include one or more features of a spuma retrovirus or foamy virus (FV). See 

e.g., Ehrhardt et al. 2007. Mol. Ther. 15:146-156 and Liu et al. 2007. Mol. Ther. 15:1834-1841, 

whose techniques and vectors described therein can be modified and adapted for use with the 

polynucleotides encoding the one or more activating proteins and/or cytokines of the compositions 

described herein. Advantages of using one or more features from the FVs in the hybrid-adenoviral 

vector or system thereof can include the ability of the viral particles produced therefrom to infect 

a broad range of cells, a large packaging capacity as compared to other retroviruses, and the ability 

to persist in quiescent (non-dividing) cells. See also e.g., Ehrhardt et al. 2007. Mol. Ther. 156:146- 

156 and Shuji et al. 2011. Mol. Ther. 19:76-82, whose techniques and vectors described therein 

can be modified and adapted for use with the polynucleotides encoding the one or more activating 

proteins and/or cytokines of the compositions described herein. 

c) Adeno-Associated Viral (AAV) Vectors 

[0272] In an embodiment, the vector can be an adeno-associated virus (AAV) vector. See, e.g., 

West et al., Virology 160:38-47 (1987); U.S. Pat. No. 4,797,368; WO 93/24641; Kotin, Human 

Gene Therapy 5:793-801 (1994); and Muzyczka, J. Clin. Invest. 94:1351 (1994). Although similar 

to adenoviral vectors in some of their features, AAVs have some deficiency in their replication 

and/or pathogenicity and thus can be safer than adenoviral vectors. In one embodiment, the AAV 

can integrate into a specific site on chromosome 19 of a human cell with no observable side effects. 
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In one embodiment, the capacity of the AAV vector, system thereof, and/or AAV particles can be 

up to about 4.7 kb. 

[0273] The AAV vector or system thereof can include one or more regulatory molecules. In 

one embodiment, the regulatory molecules can be promoters, enhancers, repressors and the like, 

which are described in greater detail elsewhere herein. In one embodiment, the AAV vector or 

system thereof can include one or more polynucleotides that can encode one or more regulatory 

proteins. In one embodiment, the one or more regulatory proteins can be selected from Rep78, 

Rep68, Rep52, Rep40, variants thereof, and combinations thereof. 

[0274] The AAV vector or system thereof can include one or more polynucleotides that can 

encode one or more capsid proteins. The capsid proteins can be selected from VP1, VP2, VP3, and 

combinations thereof. The capsid proteins can be capable of assembling into a protein shell of the 

AAV virus particle. In one embodiment, the AAV capsid can contain 60 capsid proteins. In one 

embodiment, the ratio of VP1:VP2:VP3 in a capsid can be about 1:1:10. 

[0275] In one embodiment, the AAV vector or system thereof can include one or more 

adenovirus helper factors or polynucleotides that can encode one or more adenovirus helper 

factors. Such adenovirus helper factors can include, but are not limited, E1A, E1B, E2A, E4ORF6, 

and VA RNAs. In one embodiment, a producing host cell line expresses one or more of the 

adenovirus helper factors. 

[0276] The AAV vector or system thereof can be configured to produce AAV particles having 

a specific serotype. In one embodiment, the serotype can be AAV-1, AAV-2, AAV-3, AAV-4, 

AAV-5, AAV-6, AAV-8, AAV-9 or any combinations thereof. In one embodiment, the AAV can 

be AAV1, AAV-2, AAV-5 or any combination thereof. One can select the AAV of the AAV with 

regard to the cells to be targeted; e.g., one can select AAV serotypes 1, 2, 5 or a hybrid capsid 

AAV-1, AAV-2, AAV-5 or any combination thereof for targeting brain and/or neuronal cells; and 

one can select AAV-4 for targeting cardiac tissue; and one can select AAV8 for delivery to the 

liver. Thus, in one embodiment, an AAV vector or system thereof capable of producing AAV 

particles capable of targeting the brain and/or neuronal cells can be configured to generate AAV 

particles having serotypes 1, 2, 5 or a hybrid capsid AAV-1, AAV-2, AAV-5 or any combination 

thereof. In one embodiment, an AAV vector or system thereof capable of producing AAV particles 

capable of targeting cardiac tissue can be configured to generate an AAV particle having an AAV- 
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4 serotype. In one embodiment, an AAV vector or system thereof capable of producing AAV 

particles capable of targeting the liver can be configured to generate an AAV having an AAV-8 

serotype. In one embodiment, the AAV vector is a hybrid AAV vector or system thereof. Hybrid 

AAVs are AAVs that include genomes with elements from one serotype that are packaged into a 

capsid derived from at least one different serotype. For example, if it is the rAAV2/5 that is to be 

produced, and if the production method is based on the helper-free, transient transfection method 

discussed above, the 1st plasmid and the 3rd plasmid (the adeno helper plasmid) will be the same 

as discussed for rAAV2 production. However, the second plasmid, the pRepCap will be different. 

In this plasmid, called pRep2/Cap5, the Rep gene is still derived from AAV2, while the Cap gene 

is derived from AAVS. The production scheme is the same as the above-mentioned approach for 

AAV? production. The resulting rAAV is called rAAV2/5, in which the genome is based on 

recombinant AAV2, while the capsid is based on AAVS. It is assumed the cell or tissue-tropism 

displayed by this AAV2/5 hybrid virus should be the same as that of AAVS. 

[0277] A tabulation of certain AAV serotypes as to these cells can be found in Grimm, D. et 

al, J. Virol. 82: 5887-5911 (2008), which is recapitulated in Table 1 below. 

Table 1 

Cell Line AAV-1AAV-2|AAV-3]AA V-4|AAV-S|AA V-6|JAA V-8]AAV-9 

Huh-7_ | 13, | oo | 25 | oo | ot | 10 | 07 | 0.0 | 
HEK293 

HeplA {| 20 | 100 | 02 | 10 | o1 | 1 | 02 | 00 | 

IH3T3 
A549 
HT 1180 

Wi 1429 
2500 2857 
2222 3333 
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[0278] In one embodiment, the AAV vector or system thereof is configured as a “gutless” 

vector, similar to that described in connection with a retroviral vector. In one embodiment, the 

“gutless” AAV vector or system thereof can have the cis-acting viral DNA elements involved in 

genome amplification and packaging in linkage with the heterologous sequences of interest (e.g., 

the polynucleotides encoding the one or more activating proteins and/or cytokines of the 

compositions described herein). 

[0279] In one embodiment, the AAV vectors are produced in in insect cells, e.g., Spodoptera 

frugiperda Sf9 insect cells, grown in serum-free suspension culture. Serum-free insect cells can be 

purchased from commercial vendors, e.g., Sigma Aldrich (EX-CELL 405). 

[0280] Construction of recombinant AAV vectors is described in a number of publications, 

including U.S. Pat. No. 5,173,414; Tratschin et al., Mol. Cell. Biol. 5:3251-3260 (1985); Tratschin, 

et al., Mol. Cell. Biol. 4:2072-2081 (1984); Hermonat & Muzyczka, PNAS 81:6466-6470 (1984); 

and Samulski et al., J. Virol. 63:03822-3828 (1989). Any of the techniques and/or methods can be 

used and/or adapted for constructing an AAV or other vector described herein. nAAV vectors are 

discussed elsewhere herein. 

[0281] 

d) Herpes Simplex Viral Vectors 

[0282] In one embodiment, the vector can be a Herpes Simplex Viral (HSV)-based vector or 

system thereof. HSV systems can include the disabled infections single copy (DISC) viruses, 

which are composed of a glycoprotein H defective mutant HSV genome. When the defective HSV 

iS propagated in complementing cells, virus particles can be generated that are capable of infecting 

subsequent cells permanently replicating their own genome but are not capable of producing more 

infectious particles. See e.g., 2009. Trobridge. Exp. Opin. Biol. Ther. 9:1427-1436, whose 

techniques and vectors described therein can be modified and adapted for use with the components 

of the compositions described herein. In one embodiment, where an HSV vector or system thereof 

is utilized, the host cell can be a complementing cell. In one embodiment, HSV vector or system 

thereof can be capable of producing virus particles capable of delivering a polynucleotide cargo of 

up to 150 kb. HSV-based vectors and systems thereof have been successfully used in several 

contexts including various models of neurologic disorders. See e.g., Cockrell et al. 2007. Mol. 

Biotechnol. 36:184-204; Kafri T. 2004. Mol. Biol. 246:367-390; Balaggan and Ali. 2012. Gene 
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Ther. 19:145-153; Wong et al. 2006. Hum. Gen. Ther. 2002. 17:1-9; Azzouz et al. J. Neruosci. 

22L10302-10312; and Betchen and Kaplitt. 2003. Curr. Opin. Neurol. 16:487-493, whose 

techniques and vectors described therein can be modified and adapted for use with the components 

of the compositions described herein. 

e) Poxvirus Vectors 

[0283] In one embodiment, the vector can be a poxvirus vector or system thereof. In one 

embodiment, the poxvirus vector can result in cytoplasmic expression of one or more 

polynucleotides encoding the one or more activating proteins and/or cytokines of the compositions 

described herein. In one embodiment, the capacity of a poxvirus vector or system thereof can be 

about 25 kb or more. 

[0284] Virus Particle Production from Viral Vectors 

J) Retroviral Production 

[0285] In one embodiment, one or more viral vectors and/or system thereof can be delivered 

to a suitable cell line for production of virus particles containing the polynucleotide or other 

payload to be delivered to a host cell. Suitable host cells for virus production from viral vectors 

and systems thereof described herein are known in the art and are commercially available. For 

example, suitable host cells include HEK 293 cells and its variants (HEK 293T and HEK 293TN 

cells). In one embodiment, the suitable host cell for virus production from viral vectors and systems 

thereof described herein can stably express one or more genes involved in packaging (e.g., pol, 

gag, and/or VSV-G) and/or other supporting genes. 

[0286] In one embodiment, after delivery of one or more viral vectors to the suitable host cells 

for or virus production from viral vectors and systems thereof, the cells are incubated for an 

appropriate length of time to allow for viral gene expression from the vectors, packaging of the 

polynucleotide to be delivered (e.g., the polynucleotides encoding the one or more activating 

proteins and/or cytokines of the compositions described herein), and virus particle assembly, and 

secretion of mature virus particles into the culture media. Various other methods and techniques 

are generally known to those of ordinary skill in the art. 

[0287] Mature virus particles can be collected from the culture media by a suitable method. In 

one embodiment, this can involve centrifugation to concentrate the virus. The titer of the 
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composition containing the collected virus particles can be obtained using a suitable method. Such 

methods can include transducing a suitable cell line (e.g., NIH 3T3 cells) and determining 

transduction efficiency, infectivity in that cell line by a suitable method. Suitable methods include 

PCR-based methods, flow cytometry, and antibiotic selection-based methods. Various other 

methods and techniques are generally known to those of ordinary skill in the art. The concentration 

of virus particle can be adjusted as needed. In one embodiment, the resulting composition 

containing virus particles can contain 1 X10! -1 X 107° particles/mL. 

[0288] Lentiviruses may be prepared from any lentiviral vector or vector system described 

herein. In one example embodiment, after cloning pCasES10 (which contains a lentiviral transfer 

plasmid backbone), HEK293FT at low passage (p=5) can be seeded in a T-75 flask to 50% 

confluence the day before transfection in DMEM with 10% fetal bovine serum and without 

antibiotics. After 20 hours, the media can be changed to OptiMEM (serum-free) media and 

transfection of the lentiviral vectors can done 4 hours later. Cells can be transfected with 10 ug of 

lentiviral transfer plasmid (pCasES10) and the appropriate packaging plasmids (e.g., 5 ug of 

pMD2.G (VSV-g pseudotype), and 7.5ug of psPAX2 (gag/pol/rev/tat)). Transfection can be 

carried out in 4mL OptiMEM with a cationic lipid delivery agent (SOuL Lipofectamine 2000 and 

100ul Plus reagent). After 6 hours, the media can be changed to antibiotic-free DMEM with 10% 

fetal bovine serum. These methods can use serum during cell culture, but serum-free methods are 

preferred. 

[0289] Following transfection and allowing the producing cells (also referred to as packaging 

cells) to package and produce virus particles with packaged cargo, the lentiviral particles can be 

purified. In an exemplary embodiment, virus-containing supernatants can be harvested after 48 

hours. Collected virus-containing supernatants can first be cleared of debris and filtered through a 

0.45um low protein binding (PVDF) filter. They can then be spun in an ultracentrifuge for 2 hours 

at 24,000 rpm. The resulting virus-containing pellets can be resuspended in S5Oul of DMEM 

overnight at 4 degrees C. They can be then aliquoted and used immediately or immediately frozen 

at -80 degrees C for storage. 

g) AA¥ Particle Production 

[0290] There are two main strategies for producing AAV particles from AAV vectors and 

systems thereof, such as those described herein, which depend on how the adenovirus helper 
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factors are provided (helper v. helper free). In one embodiment, a method of producing AAV 

particles from AAV vectors and systems thereof can include adenovirus infection into cell lines 

that stably harbor AAV replication and capsid encoding polynucleotides along with AAV vector 

containing the polynucleotide to be packaged and delivered by the resulting AAV particle (e.g., 

the polynucleotides encoding the one or more activating proteins and/or cytokines of the 

compositions described herein). In one embodiment, a method of producing AAV particles from 

AAV vectors and systems thereof can be a “helper free” method, which includes co-transfection 

of an appropriate producing cell line with three vectors (e.g., plasmid vectors): (1) an AAV vector 

that contains a polynucleotide of interest (e.g., the polynucleotides encoding the one or more 

activating proteins and/or cytokines of the compositions described herein) between 2 ITRs; (2) a 

vector that carries the AAV Rep-Cap encoding polynucleotides; and (helper polynucleotides. One 

of skill in the art will appreciate various methods and variations thereof that are both helper and - 

helper free and as well as the different advantages of each system. 

[0291] Non-Viral Vectors 

[0292] In one embodiment, the vector is a non-viral vector or vector system. The term of art 

“non-viral vector” and as used herein in this context refers to molecules and/or compositions that 

are vectors but that are not based on one or more components of a virus or virus genome (excluding 

any nucleotide to be delivered and/or expressed by the non-viral vector) that can be capable of 

incorporating one or more polynucleotides of the compositions described herein and delivering 

said polynucleotides to a cell and/or expressing the polynucleotides in the cell. Non-viral vectors 

can include, without limitation, naked polynucleotides and polynucleotide (non-viral) based vector 

and vector systems. 

5) Naked Polynucleotides 

[0293] In one embodiment, one or more polynucleotides of the compositions described herein 

can be included as a naked polynucleotide. The term of art “naked polynucleotide” as used herein 

refers to polynucleotides that are not associated with another molecule (e.g., proteins, lipids, and/or 

other molecules) that can often help protect it from environmental factors and/or degradation. As 

used herein, associated with includes, but is not limited to, linked to, adhered to, adsorbed to, 

enclosed in, enclosed in or within, mixed with, and the like. Naked polynucleotides that include 

one or more of the polynucleotides described herein can be delivered directly to a host cell and 
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optionally expressed therein. The naked polynucleotides can have any suitable two- and three- 

dimensional configurations. By way of non-limiting examples, naked polynucleotides can be 

single-stranded molecules, double stranded molecules, circular molecules (e.g., plasmids and 

artificial chromosomes), molecules that contain portions that are single stranded and portions that 

are double stranded (e.g., ribozymes), and the like. In one embodiment, the naked polynucleotide 

contains only the one or more polynucleotides encoding the one or more activating proteins and/or 

cytokines. In one embodiment, the naked polynucleotide can contain other polynucleotides in 

addition to the polynucleotides of the compositions described herein. 

6) Non-Viral Polynucleotide Vectors 

[0294] In one embodiment, one or more of polynucleotides of the compositions described 

herein can be included in a non-viral polynucleotide vector. Suitable non-viral polynucleotide 

vectors include, but are not limited to, transposon vectors and vector systems, plasmids, bacterial 

artificial chromosomes, yeast artificial chromosomes, AR(antibiotic resistance)-free plasmids and 

miniplasmids, circular covalently closed vectors (e.g. minicircles, minivectors, miniknots,), linear 

covalently closed vectors (“dumbbell shaped”), MIDGE (minimalistic immunologically defined 

gene expression) vectors, MiLV (micro-linear vector) vectors, Ministrings, mini-intronic 

plasmids, PSK systems (post-segregationally killing systems), ORT (operator repressor titration) 

plasmids, and the like. See e.g., Hardee et al. 2017. Genes. 8(2):65. 

[0295] In one embodiment, the non-viral polynucleotide vector can have a conditional origin 

of replication. In one embodiment, the non-viral polynucleotide vector can be an ORT plasmid. In 

one embodiment, the non-viral polynucleotide vector can have a minimalistic immunologically 

defined gene expression. In one embodiment, the non-viral polynucleotide vector can have one or 

more post-segregationally killing system genes. In one embodiment, the non-viral polynucleotide 

vector is AR-free. In one embodiment, the non-viral polynucleotide vector is a minivector. In one 

embodiment, the non-viral polynucleotide vector includes a nuclear localization signal. In one 

embodiment, the non-viral polynucleotide vector can include one or more CpG motifs. In one 

embodiment, the non-viral polynucleotide vectors can include one or more scaffold/matrix 

attachment regions (S/MARs). See e.g., Mirkovitch et al. 1984. Cell. 39:223-232, Wong et al. 

2015. Adv. Genet. 89:113-152, whose techniques and vectors can be adapted for use in the present 

disclosure. S/MARs are AT-rich sequences that play a role in the spatial organization of 
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chromosomes through DNA loop base attachment to the nuclear matrix. S/MARs are often found 

close to regulatory elements such as promoters, enhancers, and origins of DNA replication. 

Inclusion of one or S/MARs can facilitate a once-per-cell-cycle replication to maintain the non- 

viral polynucleotide vector as an episome in daughter cells. In certain embodiments, the S/MAR 

sequence is located downstream of an actively transcribed polynucleotide (e.g., one or more of the 

polynucleotides encoding the activating proteins and/or cytokines of the compositions described 

herein) included in the non-viral polynucleotide vector. In one embodiment, the S/MAR can be a 

S/MAR from the beta-interferon gene cluster. See e.g., Verghese et al. 2014. Nucleic Acid Res. 

42:e53; Xu et al. 2016. Sci. China Life Sci. 59:1024-1033; Jin et al. 2016. 8:702-711; Koirala et 

al. 2014. Adv. Exp. Med. Biol. 801:703-709; and Nehlsen et al. 2006. Gene Ther. Mol. Biol. 

10:233-244, whose techniques and vectors can be adapted for use in the present disclosure. 

[0296] In one embodiment, the non-viral vector is a transposon vector or system thereof. As 

used herein, “transposon” (also referred to as transposable element) refers to a polynucleotide 

sequence that is capable of moving form location in a genome to another. There are several classes 

of transposons. Transposons include retrotransposons and DNA transposons. Retrotransposons 

require the transcription of the polynucleotide that is moved (or transposed) in order to transpose 

the polynucleotide to a new genome or polynucleotide. DNA transposons are those that do not 

require reverse transcription of the polynucleotide that is moved (or transposed) in order to 

transpose the polynucleotide to a new genome or polynucleotide. In one embodiment, the non- 

viral polynucleotide vector can be a retrotransposon vector. In one embodiment, the 

retrotransposon vector includes long terminal repeats. In one embodiment, the retrotransposon 

vector does not include long terminal repeats. In one embodiment, the non-viral polynucleotide 

vector can be a DNA transposon vector. DNA transposon vectors can include a polynucleotide 

sequence encoding a transposase. In one embodiment, the transposon vector is configured as a 

non-autonomous transposon vector, meaning that the transposition does not occur spontaneously 

on its own. In one embodiment, the transposon vector lacks one or more polynucleotide sequences 

encoding proteins required for transposition. In one embodiment, the non-autonomous transposon 

vectors lack one or more Ac elements. 

[0297] In one embodiment, a non-viral polynucleotide transposon vector system can include a 

first polynucleotide vector that contains the one or more polynucleotides encoding the activating 
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proteins and/or cytokines described herein flanked on the 5’ and 3’ ends by transposon terminal 

inverted repeats (TIRs) and a second polynucleotide vector that includes a polynucleotide capable 

of encoding a transposase coupled to a promoter to drive expression of the transposase. When both 

are expressed in the same cell the transposase can be expressed from the second vector and can 

transpose the material between the TIRs on the first vector and integrate it into one or more 

positions in the host cell’s genome. In one embodiment, the transposon vector or system thereof 

can be configured as a gene trap. In one embodiment, the TIRs can be configured to flank a strong 

splice acceptor site followed by a reporter and/or other gene and a strong poly A tail. When 

transposition occurs while using this vector or system thereof, the transposon can insert into an 

intron of a gene and the inserted reporter or other gene can provoke a mis-splicing process and, as 

a result, it inactivates the trapped gene. 

[0298] Any suitable transposon system can be used. Suitable transposon and systems thereof 

can include, but are not limited to, Sleeping Beauty transposon system (Tc1/mariner superfamily) 

(see e.g., Ivics et al. 1997. Cell. 91(4): 501-510), piggyBac (piggyBac superfamily) (see e.g., Li et 

al. 2013 110(25): E2279-E2287 and Yusa et al. 2011. PNAS. 108(4): 1531-1536), Tol2 

(superfamily hAT), Frog Prince (Tcl/mariner superfamily) (see e.g., Miskey et al. 2003 Nucleic 

Acid Res. 31(23):6873-6881) and variants thereof. 

7) Non-Viral Delivery Vehicles 

[0299] The delivery vehicles may comprise non-viral vehicles. In general, methods and 

vehicles capable of delivering nucleic acids and/or proteins may be used for delivering the 

polynucleotides and/or cytokines of the compositions described herein. Examples of non-viral 

vehicles include lipid nanoparticles, cell-penetrating peptides (CPPs), DNA nanoclews, gold 

nanoparticles, streptolysin O, multifunctional envelope-type nanodevices (MENDs), lipid-coated 

mesoporous silica particles, and other inorganic nanoparticles. 

a) Lipid Particles 

[0300] The delivery vehicles may comprise lipid particles, e.g., lipid nanoparticles (LNPs) and 

liposomes. Lipofection is described in e.g., U.S. Pat. Nos. 5,049,386, 4,946,787; and 4,897,355) 

and lipofection reagents are sold commercially (e.g., Transfectam™ and Lipofectin™). Cationic 

and neutral lipids that are suitable for efficient receptor-recognition lipofection of polynucleotides 
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include those of Felgner, International Patent Publication Nos. WO 91/17424 and WO 91/16024. 

The preparation of lipid:nucleic acid complexes, including targeted liposomes such as 

immunolipid complexes, is well known to one of skill in the art (see, e.g., Crystal, Science 

270:404-410 (1995); Blaese et al., Cancer Gene Ther. 2:291-297 (1995); Behr et al., Bioconjugate 

Chem. 5:382-389 (1994); Remy et al., Bioconjugate Chem. 5:647-654 (1994); Gao et al., Gene 

Therapy 2:710-722 (1995); Ahmad et al., Cancer Res. 52:4817-4820 (1992): U.S. Pat. Nos. 

4,186,183, 4,217,344, 4,235,871, 4,261,975, 4,485,054, 4,501,728, 4,774,085, 4,837,028, and 

4,946,787). 

b) Lipid Nanoparticles (LNPs) 

[0301] LNPs may encapsulate nucleic acids within cationic lipid particles (e.g., liposomes), 

and may be delivered to cells with relative ease. In some examples, lipid nanoparticles do not 

contain any viral components, which helps minimize safety and immunogenicity concerns. Lipid 

particles may be used for in vitro, ex vivo, and in vivo deliveries. Lipid particles may be used for 

various scales of cell populations. In some examples. LNPs may be used for delivering the 

polynucleotides encoding the one or more activating proteins and/or cytokines of the compositions 

described herein. 

[0302] Components in LNPs may comprise cationic lipids 1,2-  dilineoyl-3- 

dimethylammonium-propane (DLinDAP),  1,2-dilinoleyloxy-3-N,N- dimethylaminopropane 

(DLinDMA), — 1,2-dilinoleyloxyketo-N,N-dimethyl-3-aminopropane (DLinK-DMA), _ 1,2- 

dilinoleyl-4-(2-dimethylaminoethy])-[1,3 ]-dioxolane (DLinKC2-DMA), 3- o-[2"- 

(methoxypolyethyleneglycol 2000) succinoyl]-1,2-dimyristoyl-sn-glycol (PEG-S-DMG), R-3- 

[(ro-methoxy-poly(ethylene glycol)2000) carbamoyl ]-l,2-dimyristyloxlpropyl-3-amine (PEG-C- 

DOMG),  (heptatriaconta-6,9,28,3 1-tetraen-19-yl-4-(dimethylamino)butanoate) (DLin-MC3- 

DMA), (4-hydroxybutyl) azanediyl)bis (hexane-6, |-diyl)bis(2-hexyldecanoate) (ALC-0315), 

heptadecan-9-yl 8-((2-hydroxyethyl) (6-oxo-6-(undecyloxy) hexyl) amino) octanoate (SM-102), 

and any combination thereof. Preparation of LNPs and encapsulation may be adapted from Rosin 

et al, Molecular Therapy, vol. 19, no. 12, pages 1286-2200, Dec. 2011). 

[0303] In example embodiments, the LNP is SM-102, see e.g., K. J. Hassett, et al., Molecular 

Therapy - Nucleic Acids 2019, 15, 1-11 and F. Ferraresso, et al., Mol. Pharmaceutics 2022, 19, 

2175-2182. 
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[0304] In one embodiment, the LNP contains a nucleic acid, wherein the charge ratio of 

nucleic acid backbone phosphates to cationic lipid nitrogen atoms is about 1: 1.5 — 7 or about 1:4. 

[0305] In one embodiment, the LNP also includes a shielding compound, which is removable 

from the lipid composition under i7 vivo conditions. In one embodiment, the shielding compound 

is a biologically inert compound. In one embodiment, the shielding compound does not carry any 

charge on its surface or on the molecule as such. In one embodiment, the shielding compounds are 

polyethylenglycoles (PEGs), hydroxyethylglucose (HEG) based polymers, polyhydroxyethyl 

starch (polyHES) and polypropylene. In one embodiment, the PEG, HEG, polyHES, and a 

polypropylene weight between about 500 to 10,000 Da or between about 2000 to 5000 Da. In one 

embodiment, the shielding compound 1s PEG2000 or PEGS000. 

[0306] In one embodiment, the LNP can include one or more helper lipids. In one embodiment, 

the helper lipid can be a phosphor lipid or a steroid. In one embodiment, the helper lipid is between 

about 20 mol % to 80 mol % of the total lipid content of the composition. In one embodiment, the 

helper lipid component is between about 35 mol % to 65 mol % of the total lipid content of the 

LNP. In one embodiment, the LNP includes lipids at 50 mol% and the helper lipid at 50 mol% of 

the total lipid content of the LNP. 

[0307] Other non-limiting, exemplary LNP delivery vehicles are described in U.S. Patent 

Publication Nos. US 20160174546, US 20140301951, US 20150105538, US 20150250725, Wang 

et al., J. Control Release, 2017 Volume 263, p. 39-45; Altinoglu et al., Biomater Sci., 4(12):1773- 

80, Nov. 15, 2016; Wang et al., PNAS, 113(11):2868-73 March 15, 2016; Wang et al., PloS One, 

10(11): e0141860. doi: 10.1371/ournal.pone.0141860. eCollection 2015, Nov. 3, 2015; Takeda et 

al., Neural Regen Res. 10(5):689-90, May 2015; Wang et al., Adv. Healthcare Mater., 3(9):1398- 

403, Sep. 2014; and Wang et al., Agnew Chem Int Ed Engl., 53(11):2893-8, Mar. 10, 2014; James 

E. Dahlman and Carmen Barnes et al. Nature Nanotechnology (2014) published online 11 May 

2014, doi:10.1038/nnano.2014.84; Coelho et al., N Engl J Med 2013; 369:819-29; Aleku ef al., 

Cancer Res., 68(23): 9788-98 (Dec. 1, 2008), Strumberg ef al., Int. J. Clin. Pharmacol. Ther., 

50(1): 76-8 (Jan. 2012), Schultheis e/ al., J. Clin. Oncol., 32(36): 4141-48 (Dec. 20, 2014), and 

Fehring et al., Mol. Ther., 22(4): 811-20 (Apr. 22, 2014); Novobrantseva, Molecular Therapy— 

Nucleic Acids (2012) 1, e4; doi:10.1038/mtna.2011.3; WO2012135025; US 20140348900; US 

20140328759; US 20140308304; WO 2005/105152; WO 2006/069782; WO 2007/121947; US 
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2015/082080: US 20120251618: 7,982,027; 7,799,565; 8,058,069; 8,283,333; 7,901,708: 

7,745,651: 7,803,397; 8,101,741; 8,188,263; 7,915,399; 8,236,943 and 7,838,658 and European 

Pat. Nos 1766035; 1519714; 1781593 and 1664316. 

c) Liposomes 

[0308] In one embodiment, a lipid particle may be liposome. Liposomes are spherical vesicle 

structures composed of a uni- or multilamellar lipid bilayer surrounding internal aqueous 

compartments and a relatively impermeable outer lipophilic phospholipid bilayer. In one 

embodiment, liposomes are biocompatible, nontoxic, can deliver both hydrophilic and lipophilic 

drug molecules, protect their cargo from degradation by plasma enzymes, and transport their load 

across biological membranes and the blood brain barrier (BBB). 

[0309] Liposomes can be made from several different types of lipids, e.g., phospholipids. A 

liposome may comprise natural phospholipids and lipids such as 1,2-distearoryl-sn-glycero-3 - 

phosphatidyl choline (DSPC), sphingomyelin, egg phosphatidylcholines, monosialoganglioside, 

or any combination thereof. 

[0310] Several other additives may be added to liposomes in order to modify their structure 

and properties. For instance, liposomes may further comprise cholesterol, sphingomyelin, and/or 

|,2-dioleoyl-sn-glycero-3- phosphoethanolamine (DOPE), e.g., to increase stability and/or to 

prevent the leakage of the liposomal inner cargo. 

[0311] In one embodiment, the liposome can be a Trojan Horse liposome (also known in the 

art as Molecular Trojan Horses), see eg., — cshprotocols.cshlp.org/content/ 

2010/4/pdb.prot5407.long, the teachings of which can be applied and/or adapted to generated 

and/or deliver the polynucleotide and/or cytokine components of the compositions described 

herein. 

[0312] Other non-limiting, exemplary liposomes can be those as set forth in Wang et al., ACS 

Synthetic Biology, 1, 403-07 (2012); Wang et al., PNAS, 113(11) 2868-2873 (2016); Spuch and 

Navarro, Journal of Drug Delivery, vol. 2011, Article ID 469679, 12 pages, 2011. 

doi:10.1155/2011/469679; WO 2008/042973; US Pat. No. 8,071,082; WO 2014/186366; 

20160257951; US20160129120; US 20160244761; 20120251618; WO2013/093648; Lipofectin 

(a combination of DOTMA and DOPE), Lipofectase, LIPOFECTAMINE.RTM. (e.g., 

LIPOFECTAMINE.RTM. 2000, LIPOFECTAMINE .RTM. 3000, LIPOFECTAMINE.RTM. 
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RNAiMAX, LIPOFECTAMINE.RTM. LTX), SAINT-RED (Synvolux Therapeutics, Groningen 

Netherlands), DOPE, Cytofectin (Gilead Sciences, Foster City, Calif.), and Eufectins (JBL, San 

Luis Obispo, Calif.). 

da) Stable Nucleic Acid Lipid Particles (SNALPs) 

[0313] In one embodiment, the lipid particles may be stable nucleic acid lipid particles 

(SNALPs). SNALPs may comprise an ionizable lipid (DLinDMA) (e.g., cationic at low pH), a 

neutral helper lipid, cholesterol, a diffusible polyethylene glycol (PEG)-lipid, or any combination 

thereof. In some examples, SNALPs may comprise synthetic cholesterol, 

dipalmitoylphosphatidylcholine, 3-N-[(w-methoxy polyethylene glycol)2000)carbamoy]]-1,2- 

dimyrestyloxypropylamine, and cationic 1,2-dilinoleyloxy-3-N, Ndimethylaminopropane. In some 

examples, SNALPs may comprise synthetic cholesterol, 1,2-distearoyl-sn-glycero-3- 

phosphocholine, PEG-cDMA, and 1,2-dilinoleyloxy-3-(N;N-dimethyl)aminopropane 

(DLinDMAo). 

[0314] Other non-limiting, exemplary SNALPs that can be used to deliver the polynucleotide 

and/or cytokine components of the compositions described herein can be any such SNALPs as 

described in Morrissey et al., Nature Biotechnology, Vol. 23, No. 8, August 2005, Zimmerman et 

al., Nature Letters, Vol. 441, 4 May 2006; Geisbert et al., Lancet 2010; 375: 1896-905; Judge, J. 

Clin. Invest. 119:661-673 (2009); and Semple et al., Nature Niotechnology, Volume 28 Number 

2 February 2010, pp. 172-177. 

e) Other Lipids 

[0315] The lipid particles may also comprise one or more other types of lipids, e.g., cationic 

lipids, such as amino lipid 2,2-dilinoleyl-4-dimethylaminoethyl-[1,3]- dioxolane (DLin-KC2- 

DMA), DLin-KC2-DMA4, C12- 200 and colipids disteroylphosphatidyl choline, cholesterol, and 

PEG-DMG. In one embodiment, the delivery vehicle can be or include a lipidoid, such as any of 

those set forth in, for example, U.S. Pub. No. 2011/0293703. In one embodiment, the delivery 

vehicle can be or include an amino lipid, such as any of those set forth in, for example, Jayaraman, 

Angew. Chem. Int. Ed. 2012, 51, 8529 —8533. In one embodiment, the delivery vehicle can be or 

include a lipid envelope, such as any of those set forth in, for example, Korman et al., 2011. Nat. 

Biotech. 29:154-157. 
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fp). Lipoplexes’Polyplexes 

[0316] In one embodiment, the delivery vehicles comprise lipoplexes and/or polyplexes. 

Lipoplexes may bind to negatively charged cell membrane and induce endocytosis into the cells. 

Examples of lipoplexes may be complexes comprising lipid(s) and non-lipid components. 

Examples of lipoplexes and polyplexes include FuGENE-6 reagent, a non-liposomal solution 

containing lipids and other components, zwitterionic amino lipids (ZALs), Ca2p (e.g., forming 

DNA/Ca*' microcomplexes), polyethenimine (PEI) (e.g., branched PEI), and poly(L-lysine) (PLL). 

g) Cell Penetrating Peptides 

[0317] In one embodiment, the delivery vehicles comprise cell penetrating peptides (CPPs). 

CPPs are short peptides that facilitate cellular uptake of various molecular cargo (e.g., from 

nanosized particles to small chemical molecules and large fragments of DNA). CPPs may 

comprise different sizes, amino acid sequences, and charges. In some examples, CPPs can 

translocate the plasma membrane and facilitate the delivery of various molecular cargoes to the 

cytoplasm or an organelle. CPPs may be introduced into cells via different mechanisms, e.g., direct 

penetration in the membrane, endocytosis-mediated entry, and translocation through the formation 

of a transitory structure. 

[0318] CPPs may have an amino acid composition that either contains a high relative 

abundance of positively charged amino acids such as lysine or arginine or has sequences that 

contain an alternating pattern of polar/charged amino acids and non-polar, hydrophobic amino 

acids. These two types of structures are referred to as polycationic or amphipathic, respectively. A 

third class of CPPs are the hydrophobic peptides, containing only non-polar residues, with low net 

charge or have hydrophobic amino acid groups that are crucial for cellular uptake. Another type 

of CPPs is the trans-activating transcriptional activator (Tat) from Human Immunodeficiency 

Virus | (HIV-1). Examples of CPPs include to Penetratin, Tat (48-60), Transportan, and (R-AhX- 

R4) (Ahx refers to aminohexanoyl). Examples of CPPs and related applications also include those 

described in U.S. Patent No. 8,372,951. 

[0319] CPPs can be used for in vitro and ex vivo work quite readily, and extensive optimization 

for each cargo and cell type is usually required. In some examples, CPPs may be covalently 

attached directly (i.e., functionalized) to the polynucleotides (e.g., plasmid DNA, mRNA) and/or 

cytokines described herein and delivered to cells. In some examples, the CPP-functionalized 
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polynucleotides encoding the one or more activating proteins may be delivered in combination 

with the CPP-functionalized polynucleotides encoding the one or more cytokines. In some 

examples, the CPP-functionalized polynucleotides encoding the one or more activating proteins 

may be delivered in combination with the CPP-functionalized cytokines. In some examples, the 

CPP-functionalized polynucleotides encoding the one or more activating proteins may be delivered 

separately from the CPP-functionalized cytokines. 

h) DNA Nanoclews 

[0320] In one embodiment, the delivery vehicles comprise DNA nanoclews. A DNA nanoclew 

refers to a sphere-like structure of DNA (e.g., with a shape of a ball of yarn). The nanoclew may 

be synthesized by rolling circle amplification with palindromic sequences that aide in the self- 

assembly of the structure. The sphere may then be loaded with a payload. An example of DNA 

nanoclew is described in Sun W et al, J Am Chem Soc. 2014 Oct 22;136(42):14722-5; and Sun W 

et al, Angew Chem Int Ed Engl. 2015 Oct 5;54(41):12029-33. A DNA nanoclew may be coated, 

e.g., coated with PEI to induce endosomal escape. 

i) Gold Nanoparticles 

[0321] In one embodiment, the delivery vehicles comprise gold nanoparticles (also referred to 

AuNPs or colloidal gold). Gold nanoparticles may form complex with cargos, e.g., the 

polynucleotides encoding the one or more activating proteins and/or cytokines of the compositions 

described herein. Gold nanoparticles may be coated, e.g., coated in a silicate and an endosomal 

disruptive polymer, PAsp(DET). Examples of gold nanoparticles include AuraSense Therapeutics’ 

Spherical Nucleic Acid (SNA™) constructs, and those described in Mout R, et al. (2017). ACS 

Nano 11:2452-8; Lee K, et al. (2017). Nat Biomed Eng 1:889-901. 

yp iTOP 

[0322] In one embodiment, the delivery vehicles comprise iTOP. iTOP refers to a combination 

of small molecules drives the highly efficient intracellular delivery of native proteins, independent 

of any transduction peptide. iTOP may be used for induced transduction by osmocytosis and 

propanebetaine, using NaCl-mediated hyperosmolality together with a transduction compound 

(propanebetaine) to trigger macropinocytotic uptake into cells of extracellular macromolecules. 
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Examples of iTOP methods and reagents include those described in D'Astolfo DS, Pagliero RJ, 

Pras A, et al. (2015) Cell 161:674-690. 

k) Polymer-based Particles 

[0323] In one embodiment, the delivery vehicles may comprise polymer-based particles (e.g., 

nanoparticles). In one embodiment, the polymer-based particles may mimic a viral mechanism of 

membrane fusion. The polymer-based particles may comprise components that mimic Influenza 

virus machinery and form transfection complexes with various types of nucleic acids (e.g., plasmid 

DNA, mRNA, siRNA, miRNA, shRNA) that cells take up via the endocytosis pathway, a process 

that involves the formation of an acidic compartment. The low pH in late endosomes acts as a 

chemical switch that renders the particle surface hydrophobic and facilitates membrane crossing. 

Once in the cytosol, the particle releases its payload for cellular action. This Active Endosome 

Escape technology is safe and maximizes transfection efficiency as it is using a natural uptake 

pathway. In one embodiment, the polymer-based particles may comprise alkylated and 

carboxyalkylated branched polyethylenimine. In some examples, the polymer-based particles 

include, but are not limited to, VIROMER, e.g., VIROMER RNAi, VIROMER RED, VIROMER 

mRNA. Example methods of delivering the compositions or components of the compositions 

described herein include those described in Viromer® RED, a powerful tool for transfection of 

keratinocytes. doi: 10.13140/RG.2.2.16993.61281, Viromer® Transfection - Factbook 2018: 

technology, product overview, users' data., doi:10.13140/RG.2.2.23912.16642. 

[0324] Other exemplary and non-limiting polymeric particles are described in US 

20170079916, US 20160367686, US 20110212179, US 20130302401, 6,007,845, 5,855,913, 

5,985,309, 5,543,158, WO2012135025, US 20130252281, US 20130245107, US 20130244279; 

US 20050019923, and 20080267903. 

!) Streptolysin O (SLO) 

[0325] The delivery vehicles may comprise streptolysin O (SLO). SLO is a toxin produced by 

Group A streptococci that works by creating pores in mammalian cell membranes. SLO may act 

in areversible manner, which allows for the delivery of proteins (e.g., up to 100 kDa) to the cytosol 

of cells without compromising overall viability. Examples of SLO include those described in 
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Sierig G, et al. (2003). Infect Immun 71:446—55; Walev I, et al. (2001). Proc Natl Acad Sci US A 

98:3185—90; Teng KW, et al. (2017). Elife 6:e25460. 

m) Multifunctional Envelope-Type Nanodevice (MEND) 

[0326] The delivery vehicles may comprise multifunctional envelope-type nanodevice 

(MENDs). MENDs may comprise condensed plasmid DNA, a PLL core, and a lipid film shell. A 

MEND may further comprise cell-penetrating peptide (e.g., stearyl octaarginine). The cell 

penetrating peptide may be in the lipid shell. The lipid envelope may be modified with one or more 

functional components, e.g., one or more of: polyethylene glycol (e.g., to increase vascular 

circulation time), ligands for targeting of specific tissues/cells, additional cell-penetrating peptides 

(e.g., for greater cellular delivery), lipids to enhance endosomal escape, and nuclear delivery tags. 

In some examples, the MEND may be a tetra-lamellar MEND (T-MEND), which may target the 

cellular nucleus and mitochondria. In certain examples, a MEND may be a PEG-peptide-DOPE- 

conjugated MEND (PPD-MEND), which may target bladder cancer cells. Examples of MENDs 

include those described in Kogure K, et al. (2004). J Control Release 98:317—23; Nakamura T, et 

al. (2012). Acc Chem Res 45:1113-21. 

n) Lipid-coated mesoporous silica particles 

[0327] The delivery vehicles may comprise lipid-coated mesoporous silica particles. Lipid- 

coated mesoporous silica particles may comprise a mesoporous silica nanoparticle core and a lipid 

membrane shell. The silica core may have a large internal surface area, leading to high cargo 

loading capacities. In one embodiment, pore sizes, pore chemistry, and overall particle sizes may 

be modified for loading different types of cargos. The lipid coating of the particle may also be 

modified to maximize cargo loading, increase circulation times, and provide precise targeting and 

cargo release. Examples of lipid-coated mesoporous silica particles include those described in Du 

X, et al. (2014). Biomaterials 35:5580—90; Durfee PN, et al. (2016). ACS Nano 10:8325-45. 

o) Inorganic nanoparticles 

[0328] The delivery vehicles may comprise inorganic nanoparticles. Examples of inorganic 

nanoparticles include carbon nanotubes (CNTs) (e.g., as described in Bates K and Kostarelos K. 

(2013). Adv Drug Deliv Rev 65:2023-—33.), bare mesoporous silica nanoparticles (MSNPs) (e.g., 
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as described in Luo GF, et al. (2014). Sci Rep 4:6064), and dense silica nanoparticles (SiNPs) (as 

described in Luo D and Saltzman WM. (2000). Nat Biotechnol 18:893-5S). 

p) Exosomes 

[0329] The delivery vehicles may comprise exosomes. Exosomes include membrane bound 

extracellular vesicles, which can be used to contain and delivery various types of biomolecules, 

such as proteins, carbohydrates, lipids, and nucleic acids, and complexes thereof (e.g., RNPs). 

Examples of exosomes include those described in Schroeder A, et al., J Intern Med. 2010 

Jan;267(1):9-21; El-Andaloussi §S, et al., Nat Protoc. 2012 Dec;7(12):2112-26; Uno Y, et al., Hum 

Gene Ther. 2011 Jun;22(6):711-9; Zou W, et al., Hum Gene Ther. 2011 Apr;22(4):465-75. 

[0330] In some examples, the exosome may form a complex (e.g., by binding directly or 

indirectly) to one or more components of the cargo. In certain examples, a molecule of an exosome 

may be fused with first adapter protein and a component of the cargo may be fused with a second 

adapter protein. The first and the second adapter protein may specifically bind each other, thus 

associating the cargo with the exosome. Examples of such exosomes include those described in 

Ye Y, et al., Biomater Sci. 2020 Apr 28. doi: 10.1039/d0bm00427h. 

[0331] Other non-limiting, exemplary exosomes include any of those set forth in Alvarez- 

Erviti et al. 2011, Nat Biotechnol 29: 341;[1401] El-Andaloussi et al. (Nature Protocols 

7:2112-2126(2012); and Wahlgren et al. (Nucleic Acids Research, 2012, Vol. 40, No. 17 e130). 

q Self-Assembling Nanoparticles 

[0332] In one embodiment, the delivery vehicle is a self-assembling nanoparticle. The self- 

assembling nanoparticles can contain one or more polymers. The self-assembling nanoparticles 

can be PEGylated. Self-assembling nanoparticles are known in the art. Examples of self- 

assembling nanoparticles include, but are not limited to, those described in Schiffelers et al., 

Nucleic Acids Research, 2004, Vol. 32, No. 19, Bartlett et al. (PNAS, September 25, 2007,vol. 

104, no. 39; Davis et al., Nature, Vol 464, 15 April 2010. 

r) Supercharged Proteins 

[0333] In one embodiment, the delivery vehicle can be a supercharged protein. As used herein 

“Supercharged proteins” are a class of engineered or naturally occurring proteins with unusually 

high positive or negative net theoretical charge. Non-limiting, exemplary supercharged proteins 
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can be any of those set forth in Lawrence et al., 2007, Journal of the American Chemical Society 

129, 10110-10112. 

S) Nucleic Acid Assemblies 

[0334] In one embodiment, the delivery vehicle can be a nucleic acid assembly. As described 

herein, a nucleic acid assembly is a structure primarily assembled from and composed of nucleic 

acid molecules wherein the assemblies are structured and held together by nucleic acid 

hybridization. The nucleic acid molecules can be any form of nucleic acid, including but not 

limited to, DNA, RNA, mixtures of DNA and RNA, and peptide nucleic acids. Nucleic acid 

assemblies may be designed and fabricated in any number of geometric shapes including, but not 

limited to, two-dimensional crystalline arrays or three-dimensional polyhedrons. In one 

embodiment, the nucleic acid assembly may comprise DNA origami. As used herein, the term 

“DNA origami” describes nucleic acid assemblies comprising a long single-stranded 

polynucleotide (i.e., a scaffold strand) folded into a desired shape or structure and held together 

using numerous short single strands of nucleic acids (i.e., staple strands). Exemplary DNA origami 

structures include three-dimensional solid figures, in which each side is a flat surface. The flat 

surfaces are typically polygons and are joined at their edges and held together by staple strands. 

Additional nucleotides can be added to the 5’ or 3’ end of the staple strands to generate staple 

overhangs. These staple overhangs can be functionalized with specific nucleic acid sequences to 

hybridize to a target nucleic acid or form a complex with a desired cargo. For example, a staple 

overhang may hybridize with one or more of the mRNA molecules described herein for delivery 

of the mRNA molecules into cells. Staple overhangs may be outwardly facing, such as, for 

example, when functionalized with a DNA aptamer for targeting to the HER2 receptor. Staple 

overhangs may also be inwardly facing, such as for example, when hybridized with one or more 

of the mRNA molecules described herein such that the nucleic acid assembly encloses and shields 

the mRNA molecules. Examples of nucleic acid assemblies are described in Wamhoff et al., ACS 

Appl. Bio Mater. 2023, DOI: 10.1021/acsabm.3c00155; Parsons et al., Nat Commun 14, 382 

(2023), DOI: 10.1038/s41467-02336156-1; Knappe et al., Nat Rev Mater 8, 123-138 (2023), DOI: 

10.1038/s41578-022-00517; Pan et al., Nucleic Acids Research, 2017, Vol. 45, No. 11, DOI: 

10.1093/nar/gkx378; as well as in International Publication Nos. WO 2017/189870 and WO 

2020/05 1507. 
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i) Endogenous Retroelement Derived Delivery Systems 

[0335] Eukaryotic genomes contain domesticated genes from integrating viruses and mobile 

genetic elements. Some of these domesticated genes have been retooled by mammalian cells to 

perform different biological functions. As described in Segel et al., Science. 2021 Aug 20; 

373(6557): 882-889. DOL 10.1126/science.abg6155, as well as in International Publications Nos. 

WO 2021/055855 and WO 2022/165262, which are incorporated by reference, such systems have 

been engineered to function as delivery systems for a wide range of cargo. Accordingly in one 

embodiment, the delivery system is an endogenous retroelement derived delivery system. An 

endogenous retroelement derived delivery system typically comprises a retroelement polypeptide 

capable of self-assembly into a delivery particle and one or more packaging elements that can be 

associated with the cargo to be packaged and which direct encapsulation of the cargo into the 

delivery particle. The endogenous retroelement system may be a retroviral gag protein or homolog 

thereof, such as Arcl, Asprvl, PNMA1, PNMA3, PNMA4, PNMAS, PNMA6, PNMA7, PEG10, 

RTL1, MOAP1, or ZCCHC12. In one embodiment, the packaging elements may be a 5’ UTR 

and/or 3’ UTR derived from an mRNA encoding a retroelement polypeptide. 

u) Extracellular Contractile Injection Systems (eCIS) 

[0336] In one embodiment, the delivery vehicle may comprise an extracellular contractile 

injection system (eCIS). Contractile injection systems (CIS) are a class of syringe-like 

macromolecular complexes used by endosymbiotic bacteria to inject protein payloads into 

eukaryotic host cells by driving a spike through the cellular membrane. See Kreitz et al., Nature 

616, 357-364 (2023), DOI: 10.1038/s41586-023-05870-7. These macromolecular complexes 

contain a rigid tube structure housed in a contractile sheath anchored to a baseplate and sharpened 

by a spike protein. Payload proteins loaded into the lumen of the inner tube form associations with 

the spike, which upon target cell recognition, is forced through the cellular membrane via sheath 

contraction. CISs can be anchored to the bacterial membrane or the thylakoid membrane in 

cyanobacteria, or can be produced as free eCISs. Bacterial payloads used in eCISs have been 

shown to exhibit a variety of functions including host cytoskeleton modulation, DNA cleavage, 

induction of metamorphosis, and host toxicity. An exemplary eCIS 1s the Photorhabdus virulence 

cassette (PVC) derived from the entomopathogenic bacterium Photorhabdus asymbiotica. See 

Kreitz et al. (2023). The P. asymbiotica PVC locus contains 16 core structural and accessory genes 
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necessary for the assembly of a functional eCIS (denoted as pvc/-/6). Downstream of these genes 

are the payload genes Pdp/ and Pf, as well as a series of putative regulatory genes. 

[0337] eCISs may be engineered to alter the payload and reprogrammed to modulate tropism 

towards a desired cell type. As has been demonstrated using PVCs, the endogenous payload 

proteins (i.e., Pdpl and Pnf) contain highly disordered N-terminal regions that are involved in 

loading the payload proteins into the tube structure of the eCIS. These N-terminal “packaging 

domains” can be fused to novel payload proteins not naturally loaded onto eCISs. Thus, in one 

embodiment, the delivery vehicle may comprise an engineered eCIS wherein the one or more 

activating proteins and/or cytokines is fused to an N-terminal packaging domain or one or more 

polynucleotides encoding the fusion protein thereof. Tropism or homing of the eCIS may be 

modulated by engineering the Pvcl3 tail fiber protein, which is involved in eukaryotic cell 

recognition. The C-terminus of the Pvc13 tail fiber protein comprises a helical structure with a 

globular binding domain that interacts with eukaryotic cell receptors. Kreitz et al. demonstrated 

that PVCs can be reprogrammed to target human cells by replacing the C-terminal binding domain 

with either the trimeric human adenovirus 5 knob domain (Ad5-knob) or epidermal growth factor 

receptor (EGFR)-specific designed ankyrin repeat protein (DARPin) E01 (E01-DARPin). See 

Kreitz et al. (2023). Accordingly, in one embodiment, the delivery vehicle may be an engineered 

eCIS further comprising one or more tail fiber proteins engineered to bind to a cell of interest. 

[0338] The compositions and delivery vehicles described herein (i.e., vectors, viral vectors, 

lipid particles, etc.) may be delivered through a number of mechanisms such as, for example, those 

described below. 

8) Physical Non-Viral Delivery Methods 

a) Microinjection 

[0339] Microinjection of the cargo directly to cells can achieve high efficiency, e.g., above 

90% or about 100%. In one embodiment, microinjection may be performed using a microscope 

and a needle (e.g., with 0.5—5.0 um in diameter) to pierce a cell membrane and deliver the cargo 

directly to a target site within the cell. Microinjection may be used for in vitro and ex vivo delivery. 

[0340] Plasmids or mRNAs encoding the one or more activating proteins and/or cytokines, 

may be microinjected. In some cases, microinjection may be used to 1) deliver DNA directly to a 

cell nucleus, and/or ii) deliver mRNA (e.g., in vitro transcribed) to a cell nucleus or cytoplasm. In 
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certain examples, microinjection may be used to deliver plasmids directly to the nucleus or mRNA 

encoding the activating proteins and/or cytokines to the cytoplasm. 

b) Electroporation 

[0341] In one embodiment, the cargos and/or delivery vehicles may be delivered by 

electroporation. Electroporation may use pulsed high-voltage electrical currents to transiently open 

nanometer-sized pores within the cellular membrane of cells suspended in buffer, allowing for 

components with hydrodynamic diameters of tens of nanometers to flow into the cell. In some 

cases, electroporation may be used on various cell types and efficiently transfer cargo into cells. 

Electroporation may be used for in vitro and ex vivo delivery. 

[0342] Electroporation may also be used to deliver the cargo to into the nuclei of mammalian 

cells by applying specific voltage and reagents, e.g., by nucleofection. Such approaches include 

those described in Wu Y, et al. (2015). Cell Res 25:67-79; Ye L, et al. (2014). Proc Natl Acad Sci 

USA 111:9591-6; Choi PS, Meyerson M. (2014). Nat Commun 5:3728; Wang J, Quake SR. 

(2014). Proc Natl Acad Sci 111:13157-62. Electroporation may also be used to deliver the cargo 

in vivo, e.g., with methods described in Zuckermann M, et al. (2015). Nat Commun 6:7391. 

c) Hydrodynamic delivery 

[0343] Hydrodynamic delivery may also be used for delivering the cargos, e.g., for in vivo 

delivery. In some examples, hydrodynamic delivery may be performed by rapidly pushing a large 

volume (8—10% body weight) solution containing the gene editing cargo into the bloodstream of 

a subject (e.g., an animal or human), e.g., for mice, via the tail vein. As blood is incompressible, 

the large bolus of liquid may result in an increase in hydrodynamic pressure that temporarily 

enhances permeability into endothelial and parenchymal cells, allowing for cargo not normally 

capable of crossing a cellular membrane to pass into cells. This approach may be used for 

delivering naked DNA plasmids, mRNA molecules, and proteins. The delivered cargos may be 

enriched in liver, kidney, lung, muscle, and/or heart. 

d) Transfection 

[0344] The cargos, e.g., the polynucleotides described herein, may be introduced to cells by 

transfection methods for introducing nucleic acids into cells. Examples of transfection methods 

include calcium phosphate-mediated transfection, cationic transfection, liposome transfection, 
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dendrimer transfection, heat shock transfection, magnetofection, lipofection, impalefection, 

optical transfection, proprietary agent-enhanced uptake of nucleic acid. 

e) Biolistics 

[0345] The cargos, e.g., the polynucleotides and/or cytokines described herein, can be 

introduced to cells using a biolistic method or technique. The term of art “biolistic’, as used herein 

refers to the delivery of nucleic acids to cells by high-speed particle bombardment. In one 

embodiment, the cargo(s) can be attached, associated with, or otherwise coupled to particles, which 

than can be delivered to the cell via a gene gun (see e.g., Liang et al. 2018. Nat. Protocol. 13:413- 

430; Svitashev et al. 2016. Nat. Comm. 7:13274; Ortega-Escalante et al., 2019. Plant. J. 97:661- 

672). In one embodiment, the particles can be gold, tungsten, palladium, rhodium, platinum, or 

iridium particles. 

J) Implantable Devices 

[0346] In one embodiment, the delivery system can include an implantable device that 

incorporates or is coated with the compositions or components of the compositions described 

herein. Various implantable devices are described in the art, and include any device, graft, or other 

composition that can be implanted into a subject. 

V. METHODS 

I) Methods for Inducing T Cell Progenitor Differentiation 

[0347] In one embodiment, the present disclosure provides for methods for inducing T cell 

progenitor differentiation into mature T cells, which comprises introducing into a target tissue one 

or more of the compositions or polynucleotides described herein. In one embodiment, the methods 

comprise delivering to a target tissue where T cell progenitor differentiation occurs, one or more 

polynucleotides encoding one or more activating proteins that induce differentiation of T cell 

progenitors. In one embodiment, the methods comprise delivering to a target tissue one or more 

compositions comprising one or more polynucleotides encoding one or more activating proteins 

that induce differentiation of T cell progenitors. In one embodiment, the one or more compositions 

may be formulated in one or more delivery vehicles as described herein and configured to deliver 

the one or more polynucleotides to the target tissue. In one embodiment, the one or more 
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polynucleotides may be formulated such that the one or more polynucleotides are delivered to 

endothelial cells in the target tissue wherein the activating proteins are displayed on a surface of 

the endothelial cells. In one embodiment, the one or more activating proteins induce differentiation 

of T cell progenitors to double positive (DP) T cells. In some examples, the one or more activating 

proteins comprise an agonist of a Notch signaling pathway or a T cell receptor (TCR) signaling 

pathway, or both. In some examples, the one or more activating proteins comprise DLL1, DLL4, 

Jaggedl, Jagged2, or a combination thereof. In one embodiment, the target tissue can be an 

extrathymic tissue. 

[0348] In one embodiment, the methods described herein may further comprise delivering one 

or more cytokines or polynucleotides encoding the one or more cytokines. In one embodiment, the 

one or more cytokines may be selected to induce further differentiation of T cell progenitors such 

as from DP T cells to single positive (SP) T cells. In one embodiment, the cytokines are chosen 

from IL-7, FLT3L, KIT ligand, IL-2, IL-4, IL-15, or a combination thereof. In one embodiment, 

the one or more cytokines comprise IL-7, FLT3L, or a combination thereof. In one embodiment, 

the one or more cytokines may be co-delivered with the one or more polynucleotides encoding the 

one or more activating proteins or delivered separately from the one or more activating proteins. 

In one embodiment, the cytokines may be delivered using any of the delivery systems disclosed 

herein. When delivered in a separate delivery vehicle from the one or more activating proteins, the 

one or more cytokines may be delivered prior to, concurrently with, or subsequently to delivery of 

the one or more activating proteins. In one embodiment, separate delivery of the one or more 

cytokines or polynucleotides encoding the cytokines takes place temporally with respect to the 

delivery of the one or more polynucleotides encoding the activating proteins. 

[0349] As used herein, the term “temporally” or “temporal” with respect to cytokine delivery 

refers to the administration or delivery of cytokines or polynucleotides encoding the cytokines at 

a specific point in time that differs from the point in time during which the one or more 

polynucleotides encoding the one or more activating proteins are administered or delivered. 

[0350] In one embodiment, the one or more cytokines or polynucleotides encoding the 

cytokines are delivered at a point in time after the delivery of the polynucleotides encoding the 

one or more activating proteins. In one embodiment, the one or more cytokines or polynucleotides 

encoding the cytokines are delivered at a point in time before the delivery of the polynucleotides 
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encoding the one or more activating proteins. In one embodiment, the separate delivery of the one 

or more cytokines or polynucleotides encoding the cytokines takes place spatially with respect to 

the delivery of the one or more polynucleotides encoding the activating proteins. 

[0351] As used herein, the term “spatially” or “spatial” with respect to cytokine delivery refers 

to the administration or delivery of cytokines or polynucleotides encoding the cytokines to a cell, 

tissue, or organ that differs from the cell, tissue, or organ to which the one or more polynucleotides 

encoding the one or more activating proteins are administered or delivered. 

[0352] For example, after the one or more polynucleotides encoding the one or more activating 

proteins are delivered to the liver, the one or more cytokines or polynucleotides encoding the 

cytokines may be delivered intravenously into the blood circulation or may be delivered to a 

different tissue such as, for example, the spleen, small intestine, etc. 

[0353] In one embodiment, one or more activating protein compositions or polynucleotides, 

encoding the activating proteins capable of inducing the differentiation of T cell progenitors as 

disclosed herein, may be delivered to a target cell population by ex vivo transduction prior to 

transplantation of the transduced target cell population into the subject. In one embodiment, the 

transduced target cell population may be cultured in vitro, and optionally cell sorted, prior to 

transplantation into the subject. 

[0354] In one embodiment, the target cell population may be isolated from the subject, for 

example, from a biopsy, and the cells cultured i# vitro prior to ex vivo transduction. In one 

embodiment, the target cell population may comprise stem cells resident in the target tissue. In one 

embodiment, the target cell population may comprise liver stem cells, e.g., oval stem cells. In one 

embodiment, the target cell population may comprise hematopoietic stem cells (HSCs) or 

lymphocyte progenitor cells. In one embodiment, the target cell population may comprise 

thymocytes or thymocyte progenitors. In one embodiment, the target cell population may comprise 

T cell progenitor cells isolated from a subject's bone marrow. In one embodiment, the target cell 

population may comprise induced pluripotent stem cells (IPSCs), embryonic stem cells (ESCs) or 

HSCs that, after ex vivo transduction, are cultured in vitro under conditions that induce 

differentiation along the T cell lineage prior to transplantation into the subject (see, for example, 

Gras-Pena et al. (2022) Human stem cell-derived thymic epithelial cells enhance human T-cell 

development in a xenogeneic thymus. J Allergy Clin Immunol. 2022 May;149(5):1755-1771). In 

83



WO 2025/030082 PCT/US2024/040682 

one embodiment, the transduced target cell population may be cell-sorted to select for CD2+, 

CD5+ and CD7+ and/or CD1+, CD34- cells (see, for example, Tjonnfjord et al. (1995) 

Haemopoietic progenitor cell differentiation: flow cytometric assessment in bone marrow and 

thymus. Br J Haematol. 91(4):1006-16). In one embodiment, the target cell population may 

comprise pleiotropic multipotent stem cells (SCs) (see, for example, Ragazzini et al. (2023) 

Defining the identity and the niches of epithelial stem cells with highly pleiotropic multilineage 

potency in the human thymus. Dev Cell. 20;58(22):2428-2446.e9). In one embodiment, the target 

cell population may be isolated from a thymus organoid (see, for example, the published US. 

Patent Application No. 2021/0187164, the content of which is incorporated by reference herein in 

its entirety). 

[0355] In one embodiment, the transduced target cell population may be transplanted directly 

into a target tissue, for example, by injection, e.g., into the subject's liver, thymus, and/ or spleen. 

In another embodiment, the transduced target cell population may comprise transduced bone 

marrow T cell progenitors or thymocytes that can be administered to the subject by intravenous 

injection. The transduced bone marrow T cell progenitors may then migrate to and colonize a target 

tissue, e.g., the subject's liver, thymus, and/ or spleen. For example, colonization of the thymus 

ensures thymocytes having a high affinity for self-peptides or the subject's major 

histocompatibility antigens (MHC) undergo negative selection, whereas those bone marrow T cell 

progenitors or thymocytes having a weak affinity for MHC class I or class IT molecules may be 

positively selected. In one embodiment, the transduced bone marrow T cell progenitors may 

comprise Early Lymphoid Progenitors (ELPs). In one embodiment, the ELPs may comprise 

CD44+, CD25-, CD117+ cells (see, for example, Schwarz et al. (2007). Selective thymus settling 

regulated by cytokine and chemokine receptors. The Journal of Immunology, 178(4), 2008-2017). 

In one embodiment, the transduced bone marrow T cell progenitors may express ephrin type B 

receptor 2 (EphB2) or EphB3 (see, for example, Alfaro et al. (2015) EphB2 and EphB3 play an 

important role in the lymphoid seeding of murine adult thymus. J Leukoc Biol. 2015;98(6):883- 

96). 

[0356] In one embodiment, the one or more polynucleotides comprise one or more plasmid 

DNAs encoding the one or more activating proteins. In one embodiment, the one or more 

polynucleotides comprise one or more mRNAs encoding the one or more activating proteins. In 
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one embodiment, the one or more polynucleotides comprise a combination of one or more plasmid 

DNAs and mRNAs. In one embodiment, the one or more mRNAs comprise one or more 

modifications that increase mRNA stability, reduce immunogenicity, and/or improve translation 

efficiency. In one embodiment, the mRNAs comprise self-replicating mRNA. In one embodiment, 

the one or more polynucleotides are delivered via a lipid nanoparticle, an exosome, a microvesicle, 

a viral vector, an engineered retroelement vector, a polynucleotide-based nanostructure, or an 

extracellular contractile injection system or as described elsewhere herein. 

2) Methods for Identifying Candidate Activating Proteins 

[0357] The present disclosure also provides a method for identifying candidate activating 

proteins, or combinations of activating proteins, that induce T cell proliferation and differentiation 

in a target tissue. In one embodiment, the method comprises (a) delivering one or more 

polynucleotides encoding one or more candidate activating proteins that induce T cell 

differentiation of T cell progenitor cells to a population of cells derived from a tissue of interest, 

(b) selecting a sample of single clone cells expressing the candidate activating proteins from the 

population of cells derived from the tissue of interest, (c) treating a population of T cell progenitors 

with the sample of single clone cells expressing the candidate activating proteins, (d) quantifying 

the percentage of T cells differentiated from the population of T cell progenitors, and (e) selecting 

the polynucleotides encoding the candidate activating proteins that resulted in T cell differentiation 

for evaluation in vivo, wherein the percentage of differentiated T cells is at or above 50% of the 

total cell population consisting of the differentiated T cells and T cell progenitors. In one 

embodiment, the tissue of interest can be the liver, spleen, small intestine, thymus, or a 

combination thereof. In one embodiment, the sample of single clone cells can be selected using 

flow cytometry. 

VIL PHARMACEUTICAL FORMULATIONS 

[0358] Also described herein are pharmaceutical formulations that can contain an amount, 

effective amount, and/or least effective amount, and/or therapeutically effective amount of one or 

more compounds, molecules, compositions, vectors, vector systems, cells, or a combination 

thereof (which are also referred to as the primary active agent or ingredient elsewhere herein) 

described in greater detail elsewhere herein a pharmaceutically acceptable carrier or excipient. As 
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used herein, “pharmaceutical formulation” refers to the combination of an active agent, compound, 

or ingredient with a pharmaceutically acceptable carrier or excipient, making the composition 

suitable for diagnostic, therapeutic, or preventive use in vitro, in vivo, or ex vivo. As used herein, 

“pharmaceutically acceptable carrier or excipient” refers to a carrier or excipient that is useful in 

preparing a pharmaceutical formulation that is generally safe, non-toxic, and is neither biologically 

or otherwise undesirable, and includes a carrier or excipient that 1s acceptable for veterinary use 

as well as human pharmaceutical use. A “pharmaceutically acceptable carrier or excipient” as used 

in the specification and claims includes both one and more than one such carrier or excipient. 

When present, the compound can optionally be present in the pharmaceutical formulation as a 

pharmaceutically acceptable salt. In one embodiment, the pharmaceutical formulation can include, 

such as an active ingredient, any of the compositions or components thereof described in greater 

detail elsewhere herein. 

[0359] In one embodiment, the active ingredient is present as a pharmaceutically acceptable 

salt of the active ingredient. As used herein, “pharmaceutically acceptable salt” refers to any acid 

or base addition salt whose counter-ions are non-toxic to the subject to which they are administered 

in pharmaceutical doses of the salts. Suitable salts include, hydrobromide, iodide, nitrate, bisulfate, 

phosphate, isonicotinate, lactate, salicylate, acid citrate, tartrate, oleate, tannate, pantothenate, 

bitartrate, ascorbate, succinate, maleate, gentisinate, fumarate, gluconate, glucaronate, saccharate, 

formate, benzoate, glutamate, methanesulfonate, ethanesulfonate, benzenesulfonate, p- 

toluenesulfonate, camphorsulfonate, napthalenesulfonate, propionate, malonate, mandelate, 

malate, phthalate, and pamoate. 

[0360] The pharmaceutical formulations described herein can be administered to a subject in 

need thereof via any suitable method or route to a subject in need thereof. Suitable administration 

routes can include, but are not limited to auricular (otic), buccal, conjunctival, cutaneous, dental, 

electro-osmosis, endocervical, endosinusial, endotracheal, enteral, epidural, extra-amniotic, 

extracorporeal, hemodialysis, infiltration, interstitial, intra-abdominal, intra-amniotic, intra- 

arterial, intra-articular, intrabiliary, intrabronchial, intrabursal, intracardiac, intracartilaginous, 

intracaudal, intracavernous, intracavitary, intracerebral, intracisternal, intracorneal, intracoronal 

(dental), intracoronary, intracorporus cavernosum, intradermal, intradiscal, intraductal, 

intraduodenal, intradural, intraepidermal, intraesophageal, intragastric, intragingival, intraileal, 
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intralesional, intraluminal, intralymphatic, intramedullary, intrameningeal, intramuscular, 

intraocular, intraovarian, intrapericardial, intraperitoneal, intrapleural, intraprostatic, 

intrapulmonary, intrasinal, intraspinal, intrasynovial, intratendinous, intratesticular, intrathecal, 

intrathoracic, intratubular, intratumor, intratympanic, intrauterine, intravascular, intravenous, 

intravenous bolus, intravenous drip, intraventricular, intravesical, intravitreal, iontophoresis, 

irrigation, laryngeal, nasal, nasogastric, occlusive dressing technique, ophthalmic, oral, 

oropharyngeal, other, parenteral, percutaneous, periarticular, peridural, perineural, periodontal, 

rectal, respiratory (inhalation), retrobulbar, soft tissue, subarachnoid, subconjunctival, 

subcutaneous, sublingual, submucosal, topical, transdermal, transmucosal, transplacental, 

transtracheal, transtympanic, ureteral, urethral, and/or vaginal administration, and/or any 

combination of the above administration routes, which typically depends on the disease to be 

treated and/or the active ingredient(s). 

[0361] Where appropriate, compounds, molecules, compositions, vectors, vector systems, 

cells, or a combination thereof described in greater detail elsewhere herein can be provided to a 

subject in need thereof as an ingredient, such as an active ingredient or agent, in a pharmaceutical 

formulation. As such, also described are pharmaceutical formulations containing one or more of 

the compounds and salts thereof, or pharmaceutically acceptable salts thereof described herein. 

Suitable salts include, hydrobromide, iodide, nitrate, bisulfate, phosphate, isonicotinate, lactate, 

salicylate, acid citrate, tartrate, oleate, tannate, pantothenate, bitartrate, ascorbate, succinate, 

maleate, gentisinate, fumarate, gluconate, glucaronate, saccharate, formate, benzoate, glutamate, 

methanesulfonate, ethanesulfonate, benzenesulfonate, p-toluenesulfonate, camphorsulfonate, 

napthalenesulfonate, propionate, malonate, mandelate, malate, phthalate, and pamoate. 

[0362] In one embodiment, the subject in need thereof has or is suspected of having a 

hematopoietic disease or a symptom thereof. Exemplary diseases are described in greater detail 

elsewhere herein, such as in connection with therapeutic methods. As used herein, “agent” refers 

to any substance, compound, molecule, and the like, which can be biologically active or otherwise 

can induce a biological and/or physiological effect on a subject to which it is administered to. As 

used herein, “active agent” or “active ingredient” refers to a substance, compound, or molecule, 

which is biologically active or otherwise, induces a biological or physiological effect on a subject 

to which it is administered to. In other words, “active agent” or “active ingredient” refers to a 
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component or components of a composition to which the whole or part of the effect of the 

composition is attributed. An agent can be a primary active agent, or in other words, the 

component(s) of a composition to which the whole or part of the effect of the composition is 

attributed. An agent can be a secondary agent, or in other words, the component(s) of a 

composition to which an additional part and/or other effect of the composition is attributed. 

I) Pharmaceutically Acceptable Carriers and Secondary Ingredients and Agents 

[0363] The pharmaceutical formulation can include a pharmaceutically acceptable carrier. 

Suitable pharmaceutically acceptable carriers include, but are not limited to water, salt solutions, 

alcohols, gum arabic, vegetable oils, benzyl alcohols, polyethylene glycols, gelatin, carbohydrates 

such as lactose, amylose or starch, magnesium stearate, talc, silicic acid, viscous paraffin, perfume 

oil, fatty acid esters, hydroxy methylcellulose, and polyvinyl pyrrolidone, which do not 

deleteriously react with the active composition. 

[0364] The pharmaceutical formulations can be sterilized, and if desired, mixed with agents, 

such as lubricants, preservatives, stabilizers, wetting agents, emulsifiers, salts for influencing 

osmotic pressure, buffers, coloring, flavoring and/or aromatic substances, and the like which do 

not deleteriously react with the active compound. 

[0365] In one embodiment, the pharmaceutical formulation can also include an effective 

amount of secondary active agents, including but not limited to, biologic agents or molecules 

including, but not limited to, e.g., polynucleotides, amino acids, peptides, polypeptides, antibodies, 

aptamers, ribozymes, hormones, immunomodulators, antipyretics, anxiolytics, antipsychotics, 

analgesics, antispasmodics, anti-inflammatories, anti-histamines, anti-infectives, 

chemotherapeutics, imagining agents, sensitizers, and combinations thereof. 

2) Effective Amounts 

[0366] In one embodiment, the amount of the primary active agent and/or optional secondary 

agent can be an effective amount, least effective amount, and/or therapeutically effective amount. 

As used herein, “effective amount” refers to the amount of the primary and/or optional secondary 

agent included in the pharmaceutical formulation that achieve one or more therapeutic effects or 

desired effect. As used herein, “least effective” amount refers to the lowest amount of the primary 

and/or optional secondary agent that achieves the one or more therapeutic or other desired effects. 
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As used herein, “therapeutically effective amount” refers to the amount of the primary and/or 

optional secondary agent included in the pharmaceutical formulation that achieves one or more 

therapeutic effects. In one embodiment, the one or more therapeutic effects are to modify a nucleic 

acid in vitro, ex vivo, in situ, or in vivo. 

[0367] The effective amount, least effective amount, and/or therapeutically effective amount 

of the primary and optional secondary active agent described elsewhere herein contained in the 

pharmaceutical formulation can range from about 0 to 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 

120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 

310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490, 

500, 510, 520, 530, 540, 550, 560, 570, 580, 590, 600, 610, 620, 630, 640, 650, 660, 670, 680, 

690, 700, 710, 720, 730, 740, 750, 760, 770, 780, 790, 800, 810, 820, 830, 840, 850, 860, 870, 

880, 890, 900, 910, 920, 930, 940, 950, 960, 970, 980, 990, 1000 pg, ng, ug, mg, or g or be any 

numerical value with any of these ranges. 

[0368] In one embodiment, the effective amount, least effective amount, and/or therapeutically 

effective amount can be an effective concentration, least effective concentration, and/or 

therapeutically effective concentration, which can each range from about 0 to 10, 20, 30, 40, 50, 

60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 

260, 270, 280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 

450, 460, 470, 480, 490, 500, 510, 520, 530, 540, 550, 560, 570, 580, 590, 600, 610, 620, 630, 

640, 650, 660, 670, 680, 690, 700, 710, 720, 730, 740, 750, 760, 770, 780, 790, 800, 810, 820, 

830, 840, 850, 860, 870, 880, $90, 900, 910, 920, 930, 940, 950, 960, 970, 980, 990, or 1000 pM, 

nM, uM, mM, or M or be any numerical value with any of these ranges. 

[0369] In other embodiments, the effective amount, least effective amount, and/or 

therapeutically effective amount of the primary and optional secondary active agent can range 

from about 0 to 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 

190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 

380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490, 500, 510, 520, 530, 540, 550, 560, 

570, 580, 590, 600, 610, 620, 630, 640, 650, 660, 670, 680, 690, 700, 710, 720, 730, 740, 750, 

760, 770, 780, 790, 800, 810, 820, 830, 840, 850, 860, 870, 880, 890, 900, 910, 920, 930, 940, 

950, 960, 970, 980, 990, 1000 IU or be any numerical value with any of these ranges. 
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[0370] In one embodiment, the primary and/or the optional secondary active agent present in 

the pharmaceutical formulation can range from about 0 to 0.001, 0.002, 0.003, 0.004, 0.005, 0.006, 

0.007, 0.008, 0.009, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.11, 0.12, 0.13, 0.14, 

0.15, 0.16, 0.17, 0.18, 0.19, 0.2, 0.21, 0.22, 0.23, 0.24, 0.25, 0.26, 0.27, 0.28, 0.29, 0.3, 0.31, 0.32, 

0.33, 0.34, 0.35, 0.36, 0.37, 0.38, 0.39, 0.4, 0.41, 0.42, 0.43, 0.44, 0.45, 0.46, 0.47, 0.48, 0.49, 0.5, 

0.51, 0.52, 0.53, 0.54, 0.55, 0.56, 0.57, 0.58, 0.59, 0.6, 0.61, 0.62, 0.63, 0.64, 0.65, 0.66, 0.67, 0.68, 

0.69, 0.7, 0.71, 0.72, 0.73, 0.74, 0.75, 0.76, 0.77, 0.78, 0.79, 0.8, 0.81, 0.82, 0.83, 0.84, 0.85, 0.86, 

0.87, 0.88, 0.89, 0.9, 0.91, 0.92, 0.93, 0.94, 0.95, 0.96, 0.97, 0.98, 0.9, to 1, 2, 3, 4, 5, 6, 7, 8, 9, 

10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 

36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 

62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 

88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.1, 99.2, 99.3, 99.4, 99.5, 99.6, 99.7, 99.8, 99.9 % 

w/w, v/v, or w/v of the pharmaceutical formulation. 

[0371] In one embodiment, where a cell population is present in the pharmaceutical 

formulation (e.g., as a primary and/or or secondary active agent), the effective amount of cells can 

range from about 2 cells to 1x10!/mL, 1x107°/mL or more, such as about 1x10!/mL, 1x10?/mL, 

1x10°/mL, 1x10*/mL, 1x10°%/mL, 1x10%/mL, 1x107/mL, 1x108/mL, 1x10?/mL, 1x10!°/mL, 

1x10!/mL, 1x10!/mL, 1x104/mL, 1x10!4/mL, 1x10'5/mL, 1x10!/mL, 1x10!’/mL, 1x10!8/mL, 

1x10!°/mL, to/or about 1x10?°/mL. 

[0372] In one embodiment, the amount or effective amount, particularly where an infective 

particle is being delivered (e.g., a virus particle having the primary or secondary agent as a cargo), 

the effective amount of virus particles can be expressed as a titer (plaque forming units per unit of 

volume) or as a MOI (multiplicity of infection). In one embodiment, the effective amount can be 

1x10! particles per pL, nL, uwL, mL, or L to 1x10”°/ particles per pL, nL, wL, mL, or L or more, 

such as about 1x10, 1x10?, 1x103, 1x104, 1x105, 1x10®, 1x107, 1x108, 1x10°, 1x10! 1x10", 

1x10!2, 1x10!3, 1x10!4, 1x1015, 1x10!6, 1x10!7, 1x10!8, 1x10!°, to/or about 1x10” particles per pL, 

nL, wL, mL, or L. In one embodiment, the effective titer can be about 1x10! transforming units per 

pL, nL, uL, mL, or L to 1x10?°/ transforming units per pL, nL, wL, mL, or L or more, such as about 

1x10!, 1x102, 1x103, 1x104, 1x105, 1x10®, 1x107, 1x108, 1x10°, 1x10!°, 1x10", 1x10!2, 1x10!3, 

1x10!) 1x10, 1x10!°, 1x10!7, 1x10'®, 1x10", to/or about 1x10” transforming units per pL, nL, 
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uL, mL, or L. In one embodiment, the MOI of the pharmaceutical formulation can range from 

about 0.1 to 10 or more, such as 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1, 1.1, 1.2, 1.3, 1.4, 1.5, 

1.6, 1.7, 1.8, 1.9, 2, 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3, 3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 3.7, 3.8, 

3.9,4,4.1,4.2,43,4.4,45,4.6,4.7,48, 4.9,5,5.1,5.2,53,5.4,5.5,5.6,5.7,58,5.9,6,6.1,62, 

6.3, 6.4, 6.5, 6.6, 6.7, 6.8, 6.9, 7, 7.1, 7.2, 7.3, 7.4, 7.5, 7.6, 7.7, 7.8, 7.9, 8, 8.1, 8.2, 8.3, 8.4, 8.5, 

8.6, 8.7, 8.8, 8.9, 9, 9.1, 9.2, 9.3, 9.4, 9.5, 9.6, 9.7, 9.8, 9.9, 10 or more. 

[0373] In one embodiment, the amount or effective amount of the one or more of the active 

agent(s) described herein contained in the pharmaceutical formulation can range from about 1 

pg/kg to about 10 mg/kg based upon the bodyweight of the subject in need thereof or average 

bodyweight of the specific patient population to which the pharmaceutical formulation can be 

administered. 

[0374] In embodiments where there is a secondary agent contained in the pharmaceutical 

formulation, the effective amount of the secondary active agent will vary depending on the 

secondary agent, the primary agent, the administration route, subject age, disease, stage of disease, 

among other things, which will be one of ordinary skill in the art. 

[0375] When optionally present in the pharmaceutical formulation, the secondary active agent 

can be included in the pharmaceutical formulation or can exist as a stand-alone compound or 

pharmaceutical formulation that can be administered contemporaneously or sequentially with the 

compound, derivative thereof, or pharmaceutical formulation thereof. 

[0376] In one embodiment, the effective amount of the secondary active agent can range from 

about 0 to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 

27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 

53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 

79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.1, 99.2, 99.3, 

99.4, 99.5, 99.6, 99.7, 99.8, 99.9 % w/w, v/v, or w/v of the total secondary active agent in the 

pharmaceutical formulation. In additional embodiments, the effective amount of the secondary 

active agent can range from about 0 to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 

20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 

46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 

72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 
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98, 99, 99.1, 99.2, 99.3, 99.4, 99.5, 99.6, 99.7, 99.8, 99.9 % wihw, v/v, or w/v of the total 

pharmaceutical formulation. 

3) Dosage Forms 

[0377] In one embodiment, the pharmaceutical formulations described herein can be provided 

in a dosage form. The dosage form can be administered to a subject in need thereof. The dosage 

form can be effective generate specific concentration, such as an effective concentration, at a given 

site in the subject in need thereof. As used herein, “dose,” “unit dose,” or “dosage” can refer to 

physically discrete units suitable for use in a subject, each unit containing a predetermined quantity 

of the primary active agent, and optionally present secondary active ingredient, and/or a 

pharmaceutical formulation thereof calculated to produce the desired response or responses in 

association with its administration. In one embodiment, the given site is proximal to the 

administration site. In one embodiment, the given site is distal to the administration site. In some 

cases, the dosage form contains a greater amount of one or more of the active ingredients present 

in the pharmaceutical formulation than the final intended amount needed to reach a specific region 

or location within the subject to account for loss of the active components such as via first and 

second pass metabolism. 

[0378] The dosage forms can be adapted for administration by any appropriate route. 

Appropriate routes include, but are not limited to, oral (including buccal or sublingual), rectal, 

intraocular, inhaled, intranasal, topical (including buccal, sublingual, or transdermal), vaginal, 

parenteral, subcutaneous, intramuscular, intravenous, internasal, and intradermal. Other 

appropriate routes are described elsewhere herein. Such formulations can be prepared by any 

method known in the art. 

[0379] Dosage forms adapted for oral administration can discrete dosage units such as 

capsules, pellets or tablets, powders or granules, solutions, or suspensions in aqueous or non- 

aqueous liquids; edible foams or whips, or in oil-in-water liquid emulsions or water-in-oil liquid 

emulsions. In one embodiment, the pharmaceutical formulations adapted for oral administration 

also include one or more agents which flavor, preserve, color, or help disperse the pharmaceutical 

formulation. Dosage forms prepared for oral administration can also be in the form of a liquid 

solution that can be delivered as a foam, spray, or liquid solution. The oral dosage form can be 
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administered to a subject in need thereof. Where appropriate, the dosage forms described herein 

can be microencapsulated. 

[0380] The dosage form can also be prepared to prolong or sustain the release of any 

ingredient. In one embodiment, compounds, molecules, compositions, vectors, vector systems, 

cells, or a combination thereof described herein can be the ingredient whose release is delayed. In 

one embodiment, the primary active agent is the ingredient whose release is delayed. In one 

embodiment, an optional secondary agent can be the ingredient whose release is delayed. Suitable 

methods for delaying the release of an ingredient include, but are not limited to, coating or 

embedding the ingredients in material in polymers, wax, gels, and the like. Delayed release dosage 

formulations can be prepared as described in standard references such as "Pharmaceutical dosage 

form tablets,” eds. Liberman et. al. (New York, Marcel Dekker, Inc., 1989), "Remington - The 

science and practice of pharmacy", 20th ed., Lippincott Williams & Wlkins, Baltimore, MD, 2000, 

and "Pharmaceutical dosage forms and drug delivery systems", 6th Edition, Ansel et al., (Media, 

PA: Williams and Wilkins, 1995). These references provide information on excipients, materials, 

equipment, and processes for preparing tablets and capsules and delayed release dosage forms of 

tablets and pellets, capsules, and granules. The delayed release can be anywhere from about an 

hour to about 3 months or more. 

[0381] Examples of suitable coating materials include, but are not limited to, cellulose 

polymers such as cellulose acetate phthalate, hydroxypropyl cellulose, hydroxypropyl 

methylcellulose, hydroxypropyl methylcellulose phthalate, and hydroxypropyl methylcellulose 

acetate succinate; polyvinyl acetate phthalate, acrylic acid polymers and copolymers, and 

methacrylic resins that are commercially available under the trade name EUDRAGIT® (Roth 

Pharma, Westerstadt, Germany), zein, shellac, and polysaccharides. 

[0382] Coatings may be formed with a different ratio of water-soluble polymer, water 

insoluble polymers, and/or pH dependent polymers, with or without water insoluble/water soluble 

non-polymeric excipient, to produce the desired release profile. The coating is either performed 

on the dosage form (matrix or simple) which includes, but is not limited to, tablets (compressed 

with or without coated beads), capsules (with or without coated beads), beads, particle 

compositions, "ingredient as is" formulated as, but not limited to, suspension form or as a sprinkle 

dosage form. 
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[0383] Where appropriate, the dosage forms described herein can be a liposome. In these 

embodiments, primary active ingredient(s), and/or optional secondary active ingredient(s), and/or 

pharmaceutically acceptable salt thereof where appropriate are incorporated into a liposome. In 

embodiments where the dosage form is a liposome, the pharmaceutical formulation is thus a 

liposomal formulation. The liposomal formulation can be administered to a subject in need thereof. 

[0384 Dosage forms adapted for topical administration can be formulated as ointments, 

creams, suspensions, lotions, powders, solutions, pastes, gels, sprays, aerosols, or oils. In one 

embodiment for treatments of the eye or other external tissues, for example the mouth or the skin, 

the pharmaceutical formulations are applied as a topical ointment or cream. When formulated in 

an ointment, a primary active ingredient, optional secondary active ingredient, and/or 

pharmaceutically acceptable salt thereof where appropriate can be formulated with a paraffinic or 

water-miscible ointment base. In other embodiments, the primary and/or secondary active 

ingredient can be formulated in a cream with an oil-in-water cream base or a water-in-oil base. 

Dosage forms adapted for topical administration in the mouth include lozenges, pastilles, and 

mouth washes. 

[0385] Dosage forms adapted for nasal or inhalation administration include aerosols, solutions, 

suspension drops, gels, or dry powders. In one embodiment, a primary active ingredient, optional 

secondary active ingredient, and/or pharmaceutically acceptable salt thereof where appropriate can 

be in a dosage form adapted for inhalation is in a particle-size-reduced form that is obtained or 

obtainable by micronization. In one embodiment, the particle size of the size reduced (e.g., 

micronized) compound or salt or solvate thereof, is defined by a Dso value of about 0.5 to about 

10 microns as measured by an appropriate method known in the art. Dosage forms adapted for 

administration by inhalation also include particle dusts or mists. Suitable dosage forms wherein 

the carrier or excipient is a liquid for administration as a nasal spray or drops include aqueous or 

oil solutions/suspensions of an active (primary and/or secondary) ingredient, which may be 

generated by various types of metered dose pressurized aerosols, nebulizers, or insufflators. The 

nasal/inhalation formulations can be administered to a subject in need thereof. 

[0386] In one embodiment, the dosage forms are aerosol formulations suitable for 

administration by inhalation. In some of these embodiments, the aerosol formulation contains a 

solution or fine suspension of a primary active ingredient, secondary active ingredient, and/or 
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pharmaceutically acceptable salt thereof where appropriate and a pharmaceutically acceptable 

aqueous or non-aqueous solvent. Aerosol formulations can be presented in single or multi-dose 

quantities in sterile form in a sealed container. For some of these embodiments, the sealed 

container is a single dose or multi-dose nasal or an aerosol dispenser fitted with a metering valve 

(e.g., metered dose inhaler), which is intended for disposal once the contents of the container have 

been exhausted. 

[0387] Where the aerosol dosage form is contained in an aerosol dispenser, the dispenser 

contains a suitable propellant under pressure, such as compressed air, carbon dioxide, or an organic 

propellant, including but not limited to a hydrofluorocarbon. The aerosol formulation dosage forms 

in other embodiments are contained in a pump-atomizer. The pressurized aerosol formulation can 

also contain a solution or a suspension of a primary active ingredient, optional secondary active 

ingredient, and/or pharmaceutically acceptable salt thereof. In further embodiments, the aerosol 

formulation also contains co-solvents and/or modifiers incorporated to improve, for example, the 

stability and/or taste and/or fine particle mass characteristics (amount and/or profile) of the 

formulation. Administration of the aerosol formulation can be once daily or several times daily, 

for example 2, 3, 4, or 8 times daily, in which 1, 2, 3 or more doses are delivered each time. The 

aerosol formulations can be administered to a subject in need thereof. 

[0388] For some dosage forms suitable and/or adapted for inhaled administration, the 

pharmaceutical formulation is a dry powder inhalable formulation. In addition to a primary active 

agent, optional secondary active ingredient, and/or pharmaceutically acceptable salt thereof where 

appropriate, such a dosage form can contain a powder base such as lactose, glucose, trehalose, 

mannitol, and/or starch. In some of these embodiments, a primary active agent, secondary active 

ingredient, and/or pharmaceutically acceptable salt thereof where appropriate 1s in a particle-size 

reduced form. In further embodiments, a performance modifier, such as L-leucine or another 

amino acid, cellobiose octaacetate, and/or metals salts of stearic acid, such as magnesium or 

calcium stearate. In one embodiment, the aerosol formulations are arranged so that each metered 

dose of aerosol contains a predetermined amount of an active ingredient, such as the one or more 

of the compositions, compounds, vector(s), molecules, cells, and combinations thereof described 

herein. 
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[0389] Dosage forms adapted for vaginal administration can be presented as _pessaries, 

tampons, creams, gels, pastes, foams, or spray formulations. Dosage forms adapted for rectal 

administration include suppositories or enemas. The vaginal formulations can be administered to 

a subject in need thereof. 

[0390] Dosage forms adapted for parenteral administration and/or adapted for injection can 

include aqueous and/or non-aqueous sterile injection solutions, which can contain antioxidants, 

buffers, bacteriostats, solutes that render the composition isotonic with the blood of the subject, 

and aqueous and non-aqueous sterile suspensions, which can include suspending agents and 

thickening agents. The dosage forms adapted for parenteral administration can be presented in a 

single-unit dose or multi-unit dose containers, including but not limited to sealed ampoules or 

vials. The doses can be lyophilized and re-suspended in a sterile carrier to reconstitute the dose 

prior to administration. Extemporaneous injection solutions and suspensions can be prepared in 

one embodiment, from sterile powders, granules, and tablets. The parenteral formulations can be 

administered to a subject in need thereof. 

[0391] For some embodiments, the dosage form contains a predetermined amount of a primary 

active agent, secondary active ingredient, and/or pharmaceutically acceptable salt thereof where 

appropriate per unit dose. In an embodiment, the predetermined amount of primary active agent, 

secondary active ingredient, and/or pharmaceutically acceptable salt thereof where appropriate can 

be an effective amount, a least effect amount, and/or a therapeutically effective amount. In other 

embodiments, the predetermined amount of a primary active agent, secondary active agent, and/or 

pharmaceutically acceptable salt thereof where appropriate, can be an appropriate fraction of the 

effective amount of the active ingredient. 

4) Co-Therapies and Combination Therapies 

[0392| In one embodiment, the pharmaceutical formulation(s) described herein can be part of 

a combination treatment or combination therapy. The combination treatment can include the 

pharmaceutical formulation described herein and an additional treatment modality. The additional 

treatment modality can be a chemotherapeutic, a biological therapeutic, surgery, radiation, diet 

modulation, environmental modulation, a physical activity modulation, and combinations thereof. 

[0393] In one embodiment, the co-therapy or combination therapy can additionally include but 

not limited to, polynucleotides, amino acids, peptides, polypeptides, antibodies, aptamers, 
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ribozymes, hormones, immunomodulators, antipyretics, anxiolytics, antipsychotics, analgesics, 

antispasmodics, anti-inflammatories, anti-histamines, anti-infectives, chemotherapeutics, imaging 

agents, sensitizers, and combinations thereof. 

5) Administration of the Pharmaceutical Formulations 

[0394| The pharmaceutical formulations or dosage forms thereof described herein can be 

administered one or more times hourly, daily, monthly, or yearly (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 

11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more times hourly, daily, monthly, or yearly). In one 

embodiment, the pharmaceutical formulations or dosage forms thereof described herein can be 

administered continuously over a period of time ranging from minutes to hours to days. Devices 

and dosages forms are known in the art and described herein that are effective to provide 

continuous administration of the pharmaceutical formulations described herein. In one 

embodiment, the first one or a few initial amount(s) administered can be a higher dose than 

subsequent doses. This is typically referred to in the art as a loading dose or doses and a 

maintenance dose, respectively. In one embodiment, the pharmaceutical formulations can be 

administered such that the doses over time are tapered (increased or decreased) overtime so as to 

wean a subject gradually off of a pharmaceutical formulation or gradually introduce a subject to 

the pharmaceutical formulation. 

[0395] As previously discussed, the pharmaceutical formulation can contain a predetermined 

amount of a primary active agent, secondary active agent, and/or pharmaceutically acceptable salt 

thereof where appropriate. In some of these embodiments, the predetermined amount can be an 

appropriate fraction of the effective amount of the active ingredient. Such unit doses may therefore 

be administered once or more than once a day, month, or year (e.g., 1, 2, 3, 4, 5, 6, or more times 

per day, month, or year). Such pharmaceutical formulations may be prepared by any of the methods 

well known in the art. 

[0396] Where co-therapies or multiple pharmaceutical formulations are to be delivered to a 

subject, the different therapies or formulations can be administered sequentially or simultaneously. 

Sequential administration is administration where an appreciable amount of time occurs between 

administrations, such as more than about 15, 20, 30, 45, 60 minutes or more. The time between 

administrations in sequential administration can be on the order of hours, days, months, or even 

years, depending on the active agent present in each administration. Simultaneous administration 
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refers to administration of two or more formulations at the same time or substantially at the same 

time (e.g., within seconds or just a few minutes apart), where the intent is that the formulations be 

administered together at the same time. 

Vil. KITS 

[0397] Also described herein are kits containing any one or more of the elements disclosed in 

the above compositions and methods. In one embodiment, the kit comprises a vector system as 

taught herein or one or more of the components of the composition as taught herein, such as the 

one or more polynucleotides encoding the one or more activating proteins that induce T cell 

differentiation of T cell progenitor cells and/or one or more cytokines or polynucleotides encoding 

said polynucleotides, and/or a delivery vehicle configured to deliver said polynucleotides and/or 

cytokines, and instructions for using the kit. Elements may be provided individually or in 

combinations, and may be provided in any suitable container, such as a vial, a bottle, or a tube. In 

one embodiment, the kit includes instructions in one or more languages. The instructions may be 

specific to the applications and methods described herein. In one embodiment, a kit comprises one 

or more reagents for use in a process utilizing one or more of the elements described herein. 

Reagents may be provided in any suitable container, such as a vial, a bottle, or a tube. For example, 

a kit may provide one or more reaction or storage buffers. Reagents may be provided in a form 

that is usable in a particular assay, or in a form that requires addition of one or more other 

components before use (e.g., in concentrate or lyophilized form). A buffer can be any buffer, 

including but not limited to a sodium carbonate buffer, a sodium bicarbonate buffer, a borate 

buffer, a Tris buffer, a MOPS buffer, a HEPES buffer, and combinations thereof. In one 

embodiment, the buffer is alkaline. In one embodiment, the buffer has a pH from about 7 to about 

10. In one embodiment, the kit comprises one or more of the vectors and/or one or more of the 

polynucleotides described herein. The kit may advantageously allow to provide all elements of the 

systems of the present disclosure. 

[0398] Further embodiments are illustrated in the following Examples which are given for 

illustrative purposes only and are not intended to limit the scope of the disclosure. 
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EXAMPLES 

EXAMPLE |: EVALUATION OF CANDIDATE ACTIVATING PROTEINS FOR 

EXPRESSION IN HEPATOCYTES 

1) Materials and Methods 

a) Plasmid construction 

[0399] In vitro transcription vectors were cloned by inserting UTRs into a pET45 vector via 

Gibson assembly using Gibson Assembly Master Mix (NEB E2611L) and transformation into 

chemically competent Stbl3 cells. G-blocks encoding the human alpha globin 5' UTR and 3' FI 

element were synthesized de novo by IDT.A hard-coded A30LA70 polyA tail was added by PCR 

and ligation using KLD enzyme mix (New England Biolabs). Subsequent coding sequences were 

inserted by digestion with NcoI and XhoI and Gibson assembly. Plasmid sequences were verified 

via next generation sequencing, long read sequencing (Primordium Labs), and PCR to verify the 

length of polyA tails. 

b) Invitro transcription and LiCl purification of mRNA 

[0400] Plasmids were linearized, and a T7-driven in vitro transcription reaction (Life 

Technologies, Carlsbad, CA) was performed to generate mRNA with 101 nucleotide long poly(A) 

tails. The 5' UTR and the 3’ FI elements contain sequences from the human alpha globin gene. 

Capping of mRNA was performed in concert with transcription through addition of a trinucleotide 

cap1 analog CleanCap, and m1'P-5'-triphosphate (TriLink, San Diego, CA) was incorporated into 

the reaction instead of uridine-5'-triphosphate (UTP). LiCl-based purification of mRNA was 

performed. 

[0401] Maps of linearized plasmids used for i vitro transcription (IVT) of the mRNAs 

encoding candidate activating proteins DLL1 (D), FLT-3L (F), and IL-7 (I) mRNAs (DFI mRNAs) 

are depicted in FIG. 2A. The integrity of the in vitro transcribed and capped DFI mRNAs was then 

verified by agarose gel electrophoresis (FIG. 2B) and TapeStation RNA ScreenTape Analysis 

(Agilent) (FIG. 2C) before aliquoting at 1 ug / ul and storing at —80°C. 

c) DFILNP production 

[0402] Lipid nanoparticles (LNPs) were formulated by combining SM-102 as ionizable lipid, 

1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC), cholesterol, and 1,2-dimyristoyl-racglycero- 
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3-methoxypolyethylene glycol-2000 (DMG-PEG-2000) in a molar ratio of 50:10:38.5:1.5. These 

were formulated into LNPs along with mRNA using microfluidic mixing. Briefly, an ethanol phase 

containing lipidoid, phospholipid, cholesterol and DMG-PEG at a designated molar ratio was 

mixed with an aqueous phase (10 mM citrate buffer, pH 3) containing mRNA at a flow rate ratio 

of 1:3 and at a lipidoid/RNA weight ratio of 10:1 in a microfluidic chip device. LNPs were dialyzed 

against 1x PBS in a 20 kDa molecular weight cut-off cassette for 2 h, sterilized through a 0.22 um 

filter and stored at 4 °C. The efficiency of mRNA encapsulation within the LNPs was determined 

to be ~85%, indicating that theformulation is capable of effectively complexing with and 

encapsulating microgram quantities of DFI mRNA. These SM-102 LNPs encapsulating w- 

modified and m7GpppNm-capped DFI, firefly luciferase (Luc) or GFP mRNA, respectively were 

used for all subsequent experiments. Consistent with prior findings, when delivered intravenously, 

these lipid nanoparticles (LNPs) primarily target the liver, and mRNA expression was observed 

specifically in liver cells. Primary hepatocytes produced DLL1 protein, which was displayed on 

the cell surface of transfected hepatocytes as well as biologically active IL-7 and FLT-3L, which 

are released from the liver cells into the bloodstream (FIGs. 3B — 3D). 

d) LNP characterization 

[0403] The hydrodynamic size, PDI and zeta potential of LNPs were measured using a 

Zetasizer Nano ZS90 (Malvern Instruments). The mRNA encapsulation efficiency of LNPs were 

determined using a modified Quant-iT RiboGreen RNA assay (Invitrogen) and found to be >85% 

on average (FIG. 2D). LNP endotoxin levels were consistently found to be <1 endotoxin unit per 

ml. The average hydrodynamic LNP diameter was ~75 nm with a polydispersity index of 0.02— 

0.03 as measured by dynamic light scattering (FIG. 2E). 

e) Cell culture and transfection 

[0404] Unless otherwise stated, mammalian cells were maintained in T75 flasks 

(ThermoFisher 156499) at 37°C with 5% CQO2 in either DMEM-GlutaMAX (ThermoFisher 

10569044) or RPMIGlutaMAX (ThermoFisher 61870127). All media was supplemented with 

10% FBS (VWR 97068- 085) and 1x penicillin-streptomycin (ThermoFisher 15140122). For 

growth of primary T cells, media was also supplemented with 50 uM 2-mercaptoethanol 

(ThermoFisher 21985023). Images of transfected cells were acquired on a Leica DMI8 Confocal 

100



WO 2025/030082 PCT/US2024/040682 

Microscope running Leica Application Suite X (1.4.3), equipped with a Lecia Stellaris 5 camera 

using an HC PL APO CS2 20x/0.75 DRY objective and a pinhole setting of 1 Airy Unit. Images 

were processed using Fiji (www.imagej.net/software/fiji/downloads). 

J) Flow cytometry 

[0405] Cells were prepared and stained according to the staining protocol of each experiment 

outlined below, pelleted at 500 g for Smin, and resuspended in 200 pL of flow cytometry buffer 

(PBS supplemented with 2% EDTA (Life Technologies 15575020) and 5% FBS (VWR 97068- 

085)). Samples were run on a Beckman Coulter Cytoflex LX flow cytometer, and analysis was 

performed using the FlowJo v10 software. All antibodies used can be found in the table below. 

g) Antigen-specific tetramer staining 

[0406] All peptide-MHC tetramers were provided by the NIH Tetramer Core Facility. Before 

staining of cells with viability dye and surface antibody cocktails, samples were stained with 

titrated tetramer combinations. For OVA vaccination experiments, SIINFEKL-H-2Kb-PE (SEQ 

ID NO: 753) (1:100 dilution) and SIINFEKL-H-2Kb-APC (SEQ ID NO: 753) (1:100 dilution) 

were used. For central tolerance experiments, SIINFEKLH- 2Kb-PE (SEQ ID NO: 753) (1:100 

dilution) and SIINFEKL-H-2Kb-APC (SEQ ID NO: 753) (1:100 dilution) and AAHAEINEA-I- 

Ab- PE (SEQ ID NO: 782) (1:20 dilution) and AAHAEINEA-I-Ab-PE (SEQ ID NO: 782) (1:20 

dilution) were used. T cells isolated from OTI or OT-II mice were used as staining controls, 

respectively. For NOD diabetes experiments, KY NKANAFL-H-2Kd-PE (SEQ ID NO: 781) (1:50 

dilution) and KYNKANAFL-H-2Kd-APC (SEQ ID NO: 781) (1:50 dilution) were used. T cells 

isolated from NY8.3 mice were used as staining controls. In all experiments, tetramers were diluted 

in PBS and cells were stained for 20 min on ice before addition of surface antibody cocktails and/or 

fixation. 

h) Animal experiments 

[0407] All animal experiments were approved by the Institutional Animal Care and Use 

Committee (IACUC) of the Broad Institute (Protocol ID 0017-09-14-2). Animal maintenance 

complied with all relevant ethical regulations and were consistent with local, state and federal 

regulations as applicable, including the National Institutes of Health Guide for the Care and Use 

of Laboratory Animals. Animals were kept on a 12-h light/dark cycle between 68 °F and 79 °F and 
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30-70% humidity. Mice were acclimated at the animal facility for at least 7 days before performing 

any experiments. 

i) Thymus tissue processing for Slide-seq 

[0408] Thymus samples for spatial Slide-TCR-seq were derived from C57BL/6J male mice 

(Jackson Laboratories). The thymus lobes were isolated, weighed, and embedded in optimal 

cutting temperature (OCT) compound. Following this, the specimens were promptly frozen on dry 

ice and stored at -80°C. The right lobes from 21 distinct time points were selectively chosen for 

spatial Slide-TCR-seq. 

jp) Isolation of liver parenchymal immune cells 

[0409] Harvesting of livers from Foxnl-/- mice treated with DFI was performed under 

terminal anesthesia to minimize the risk of thrombosis. The abdomen was sterilized using 70% 

ethanol. An incision was initiated at the pelvis with scissors, lifting the skin with forceps, and 

continued to the sternum to expose the peritoneal cavity membrane. The peritoneum was carefully 

opened from the pelvis to the sternum, and the abdomen was further opened by incising along the 

flanks. The abdominal organs were moved aside using cotton tip applicators to expose the liver. 

The liver was perfused by locating and incompletely severing the inferior vena cava at the top of 

the liver, followed by the insertion of a 23 G needle attached to a 10 mL syringe containing cold 

PBS. Correct perfusion was indicated by the liver blanching and appearing pale. The gallbladder 

was removed and discarded, and the liver was carefully resected, taking care to sever any adhesions 

to surrounding tissues, then placed in DMEM and kept on ice. It was critical to ensure the entire 

liver was well perfused to prevent the contamination of the tissue-resident leukocyte populations 

of interest with blood-borne cells. 

[0410] Single-cell suspension from the liver were prepared by placing the liver lobes into 

individual 70 «1m cell strainers atop 50 mL tubes. The liver tissues were mashed through the 

strainer with the rubber end of a 5 mL syringe plunger, rinsing it with FACS buffer. The cell 

suspension was then centrifuged at 300 x g with swinging buckets for 3 minutes at 21°C—23°C, 

and the supernatant was carefully removed and discarded. The pellet was resuspended in a freshly 

prepared 42% isotonic Percoll solution (2.1 mL 10x PBS, 29 mL 1x PBS, 18.9 mL Percoll), mixed 

well, and transferred to a 15 mL tube. The original tube was washed with more Percoll solution, 
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which was then combined in the 15 mL tube. The suspension was centrifuged at 800 = g for 20 

minutes at 21°C— 23°C with the brake off to separate hepatocytes (top cellular layer) and 

leukocytes (pellet). The top cellular layer and Percoll were carefully removed and discarded, and 

the pellet was resuspended in ACK Lysis buffer and transferred to a new 15 mL tube containing 

additional ACK Lysis buffer. After a 5-minute incubation at 21°C—23°C with occasional shaking, 

the suspension was centrifuged again at 300 < g for 3 minutes at 21°C—23°C to repellet the 

leukocytes. Finally, the pellet was resuspended in FACS buffer for further analysis and the cell 

count was determined using a small aliquot of the cell suspension. 

k) Isolation and staining of blood-circulating T cells 

[0411] For all vaccination experiments, at the indicated time points post-vaccination, 

approximately 100 uL of blood was collected with EDT A-coated capillary tubes from each mouse 

and then transferred to an EDTA-coated tube. The collected blood samples were centrifuged at 

2000 g for 10 min, followed by transferring the resulting plasma into another tube and antibody 

staining was performed using the eBioscience™ 1-step Fix/Lyse Solution (10X) (ThermoFisher, 

00-5333-54). Briefly, 50 or 100 ul of blood samples were incubated with 50 or 100 ul 2-fold 

concentrated antibody cocktails (1:100 final dilution) as well as TruStain FCX (anti-mouse 

CD16/32, clone 93; BioLegend) (1:50 final dilution) for 20 min at 4°C in the dark, followed by 

the addition of 2 mL of 1-step Fix/Lyse Solution and 15 min incubation at room temperature in 

the dark. Samples were then washed twice with 10 mL of PBS followed by centrifugation at 500 

x g for 5 min and finally resuspended in 200 yl FACS buffer. In the case of tetramer staining, 

samples were pre-incubated with the respective 2-fold concentrated tetramers (1:20-1:100 final 

dilution), followed by incubation with 2-fold concentrated antibody cocktails (1:100 final dilution) 

as well as TruStain FCX (anti-mouse CD16/32, clone 93; BioLegend) (1:50 final dilution). 
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1) Antibodies and dyes used for flow cytometry and immunofluorescence staining 

Name Flyorophore Clone Lot # Manulactu. Catalog 
rer nuniber 

PE arni-monse {1-2 PE JES6- —-B351622, 503808 
SH4 B377509 

antiingrDLLI Affinity Purified YX7042203 | AF3970 
Sheep IgG 
Brilliant Violet 310 anti-mouse BYSI0 30-FLL — B38AT38, 103138 
Chas B360620, 

8384034 
APC anti-mouse IPN APC XMGi. B3Sa911, SOS810 

B396246 
anti-sheep LeG AAPQO623011 | R& bd NLOV 

S¥SteTBs 

PE anti-mouses/human CD44 PE IM? B343363 103024 
Anti-Ma CD8a, eBioscience eFluor 450 33-6.7 9 2827379 48-G08 1-82 
BD GoleiPing Protein Transport {277727 $1-2301RZ 
Inhibitor bioscience | 
PerCP Rai Anti-Mouse CD4 PerCP RM4-5 2279727, 353052 

3201956, 
1334056 

APC anti-mouse CD62L APC MEL- — B37I0I7 104412 

FITC anti-mouse CD3 FITC 17A2 — - BARS3IS, 109204 

BA06287 
APC Hamster Anti-Mouse TCR B APC HS7- 3030398, $93174 

507 2076848 
TraStain PeX (anti-mouse 93 B398113, 101320 
CD16/32) B380119, 

B372578 
Anti-Mo CD45_}, eBiascience APC A2G 2536046 }7-Q453-82 
Anti-Mo CD45.2, eBiosoience PE 104 2514115 12-0454-82 
Anti-Mo CDI35 (PIS), eBiuscience = Per P-eFlunr A2FIO 2408298 46-135 1-82 

Fag 
FITC anti-mouse Ly-GA‘E (Sea-f) PITC Db? B359231 108106 
APC anti-mouse CD34 APC HM34 —- B383558 {28612 
PE antismouse CDI17 (e-kif PE 2B8 B343465 105808 
PEVCeanine? anti-mouse CD12? PE/Cyanine?  ATR34  BSTSa72 gend) 135014 
dL-7 Re) 

eBioscience Fixable Viabiliy Dye ¢Fluor 780 2752774 6S-O865-14 
eFhior 7G 

m) Chemicals and enzymes 

[0412] Chemicals and enzymes are listed as name (vendor, catalog number): Tissue-Tek 

O.C.T. Compound (SAKURA, 4583). Glass bottom 24-well plates (Cellvis, P24-1.5HN). 3- 

(Trimethoxysilyl) propyl methacrylate (Sigma-Aldrich, M6514). poly-D-lysine (Sigma- Aldrich, 
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A-003-M). 16% PFA (Electron Microscopy Sciences, 15710-S). UltraPure™ DNase/RNase-Free 

Distilled Water (Invitrogen, 10977023). Methanol (Sigma-Aldrich, 34860-1LR). PBS (Gibco, 

10010-023). Tween-20, 10% solution (Calbiochem, 655206). Yeast tRNA (ThermoFisher 

Scientific, AM7119). SUPERase-In RNase Inhibitor (ThermoFisher Scientific, AM2696). 

UltraPure™ SSC, 20X (Invitrogen, 15557044). Formamide (Calbiochem, 655206). 

Ribonucleoside vanadyl complex (New England Biolabs, S$1402S). T4 DNA ligase, 5 Weiss U/uL 

(ThermoFisher Scientific, EL0012). Phi29 DNA polymerase (ThermoFisher Scientific, EP0094). 

Deoxynucleotide (dNTP) Solution Mix (New England Biolabs, N0447L). UltraPure BSA 

(ThermoFisher Scientific, AM2618). 5-(3-aminoallyl)-dUTP (ThermoFisher Scientific, 

AM8439). Methacrylic acid NHS ester, 98% (Sigma-Aldrich, 730300). DMSO, anhydrous 

(Invitrogen, D12345). Acrylamide solution, 40% (Bio-Rad, 161-0140). Bis Solution, 2% (Bio- 

Rad, 161-0142). Ammonium persulfate (Sigma-Aldrich, A3678). N,N,N’,N’- 

Tetramethylethylenediamine (Sigma-Aldrich, T9281). Gel Slick® Solution (Lonza Bioscience, 

50640). OminiPur SDS, 20% (Calbiochem, 7991). Proteinase K Solution, RNA grade 

(ThermoFisher Scientific, 25530049). Antarctic Phosphatase (New England Biolabs, M0289L). 

DAPI (Molecular Probes, D1306). 10% Triton X-100 (Sigma-Aldrich, 93443). Flamingo 

Fluorescent Protein Gel Stain (Bio-Rad, 1610490). 

2) In vitro Delivery of mRNAs encoding candidate activating proteins 

a) Expression of candidate activating proteins in primary hepatocytes 

[0413] The expression vectors encoding candidate activating proteins were screened and 

evaluated for successful expression in hepatocytes and subsequent differentiation of T cell 

progenitors (FIG. 2F-2K). DLL1 expression was validated by FACS analysis of primary 

hepatocytes transfected with DLL1 mRNA (FIG. 2F-2G). Primary hepatocytes were stained with 

anti-DLL1 monoclonal antibody (HMD1-5) PE for surface expression of DLL1 following 

treatment with either 2.5 ug EGFP mRNA in 7.5 uL Lipofectamine™ 3000 (FIG. 2F) or 2.5 ug 

DLL1 mRNA in 7.5 pL Lipofectamine™ 3000 (FIG. 2G). Percentage of primary hepatocytes 

positive for expression of DLL1 or EGFP was then quantified (FIG. 2H) and compared to the 

percentage of HEK 293T cells positive for expression of DLL1 or EGFP (FIG. 21). 

[0414] In vitro expression of candidate activating proteins (e.g., DLL1 mRNA) was further 

validated in hepatocytes (FIG. 3B). In the example provided herein, immortalized hepatocytes 
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were stained with anti-DLL1 monoclonal antibody (AB10554) for surface expression of DLL1 

following treatment with either 0.25 ug DLL1 mRNA in 7.5 uL Lipofectamine™ 3000 or 7.5 nL 

empty Lipofectamine™ 3000. 

[0415] Cytokine expression in primary hepatocytes following transfection with FLT3L, and 

IL-7 mRNA was also evaluated (FIG. 3D). ELISA was performed using anti-FLT3L and anti-IL- 

7 monoclonal antibodies in primary hepatocyte samples treated with either 2.5 ug FLT3L mRNA 

in 7.5 pL Lipofectamine™ 3000 or 7.5 uL empty Lipofectamine™ 3000 or 2.5 ug IL-7 mRNA in 

7.5 uwL Lipofectamine™ 3000 or 7.5 uL empty Lipofectamine™ 3000. FIGs. 3E-3F show that 

transfection of FTL-1 and IL-7 LNPs into primary hepatocytes induces protein expression, 

processing and secretion of biologically active activating proteins into the culture supernatant. 

Taken together, these data indicate that hepatocytes are able to detectably express activating 

proteins and cytokines following transfection in vitro. 

b) Expression of a candidate activating protein induces differentiation of T cell progenitors in 

vitro 

[0416] To determine whether hepatocytes expressing DLL1 were capable of inducing 

differentiation of T cell progenitors, hematopoietic stem cells were co-incubated with AML12 

hepatocytes expressing GFP (AML12-GFP) or DLL1 (AML12-DLL]1), or with OP9 stromal cells 

expressing GFP (OP9-GFP) or DLL1 (OP9-GFP), and the percentage of differentiated 

lymphocytes was evaluated (FIG. 4A-4B). Data are presented as the percentage of lymphocytes 

that are CD4- CD8 double negative, T cell receptor negative (DN TCR-), CD4 CD8° double 

negative, T cell receptor positive (DN TCR+), CD4* CD8* double positive (DP), CD4 single 

positive (SP CD4), or CD8 single positive (SP CD8), following co-incubation. Results indicate 

that DLL1-expressing hepatocytes and stromal cells are able to induce differentiation of 

hematopoietic stem cells into TCR+ and DP T cells. 

[0417] FIG. 5A shows the procedure for screening for combinations of activating proteins that 

induce T cell differentiation. FIG. 5B shows the relative percentages of differentiated T cells for 

each of the combinations tested, wherein the combinations yielding the highest percentage of 

differentiated T cells were used for i vivo testing. 

3) In vivo Delivery of mRNAs encoding candidate activating proteins 
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[0418] Upon formulation, concentrations and encapsulation efficiency of mRNA were 

determined using Quant-it RiboGreen RNA Assay Kit (ThermoFisher, R11490). mRNA-LNPs 

(equal molar, normalized to the control RNA) in a total volume of 100 uL were injected through 

retro-orbital injection into each mouse. For Luciferase imaging, PBS injection was used as 

negative control. For all other experiments investigating DFI mRNA-LNPs, Luc LNPs was used 

as a negative control. 

Serum cytokine analyses 

[0419] Heart blood was aspirated by cardiac puncture using EDTA-precoated syringes and 

collected in BD Microtainer® Tubes with Potassium EDTA additive (BD, 365974). Serum was 

isolated by centrifugation at 2000 rpm for 10 mins at room temperature and snap-frozen on dry 

ice. All samples were received by IDEXX BioAnalytics and stored securely at -80°C prior to 

analysis. Samples were tested on the Milliplex MAP Mouse Cytokine/Chemokine Magnetic Bead 

Panel (MilliporeMC YTOMAG-70K-PMX) according to the kit protocol as qualified. Data were 

collected by xPONENT® 4.3 (Luminex) and data analysis was completed using BELYSA® 1.1.0 

software. The data collected by the instrument software are expressed as Median Fluorescence 

Intensity (MFI). MFI values for each analyte are collected per each individual sample well. Analyte 

standards, quality controls, and sample MFI values were adjusted for background. Calibrator data 

were fit to either a five-parameter logistic (SPL) or four parameter logistic (4PL) model depending 

on best fit to produce accurate standard curves for each analyte. Quality control and sample data 

were interpolated from the standard curves and then adjusted according to dilution factor to 

provide calculated final concentrations of each analyte present in the sample. Samples 

demonstrating hemolysis were excluded from the analysis. 

[0420] Serum FIt3L and IL-7 levels in mice treated with either F1t31/II7 mRNA LNPs or Luc 

LNPs were detected by FIt3L and IL-7 cytokine ELISA, respectively (FIG. 3G). 

c) In vivo Luciferase imaging 

[0421] In vivo activity of Luciferase following delivery of Luc mRNA-LNPs was measured 

using a Competent [VIS-Perkin Elmer IVIS Spectrum CT System (Perkin Elmer). Mice were 

injected through retro-orbital injection with Luc mRNA-LNPs at a dose of 5 ug MRNA per mouse., 

and bioluminescence imaging was performed on an IVIS imaging system (PerkinElmer). At 6 h 
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postinjection, mice were anesthetized with isoflurane and intraperitoneally (i.p.) injected with 

Dluciferin potassium salt (150 mg per kg (body weight)). Mice were imaged 5 mins post injection 

using auto exposure settings. The luminescent activity was quantified using Aura 4.0 imaging 

software. The background was determined by including mice injected with PBS control and 

subtracted from each measurement. 

[0422] Consistent with prior findings, when delivered intravenously, the LNPs target primarily 

the liver. FIG. 3H shows IVIS luciferase imaging of Foxn1-/- mice that have received either mock 

SM-102 LNPs or Luc SM-102 LNPs intravenously 8 hours before imaging. N=4 mice. 

EXAMPLE 2: EVALUATION OF T CELL PRODUCTION IN MICE 

FOLLOWING TREATMENT WITH ACTIVATING PROTEIN 

EXPRESSION VECTORS 

[0423] To evaluate whether the above in vitro results could be validated in vivo, athymic 

B6.Cg-Foxn1™/J mice were treated with DLL! mRNA or DLL1 mRNA in combination with 

recombinant IL-7/FLT3L for 35 days, and peripheral blood was drawn at various intervals and 

analyzed using FACS to detect differentiated T cells (FIG. 6A-6C). Treatment of athymic mice 

with SYNTHYMUS was shown to preferentially induce development of mature CD8" SP T cells 

(FIG. 6B-6F). Based on these observations, Applicants next sought to identify the non-thymic 

tissues or organs where these DP and SP T cells were produced. 

[0424] Analysis of lymphocytes isolated from peripheral blood and spleen of athymic B6.Cg- 

Foxn1™/J mice demonstrated that co-receptor expression of the T cell population varies between 

T cells in the liver, in circulation, and in the spleen (FIG. 7). Although treatment with DLL1 mRNA 

with or without cytokines leads to the production of DP T cells in the liver, only treatment with 

DLL1 in combination with cytokines seemed to induce T cell differentiation in peripheral blood, 

with most T cells being either DN or CD4+ SP (FIG. 7). In the spleen, T cell differentiation was 

largely induced by treatment with DLL1 mRNA in combination with cytokines, with most T cells 

being CD8+ SP T cells (FIG. 7). 

[0425] FIGs. 8A-8F further show artificial thymus-produced T cells can be activated ex vivo. 

[0426] FIGs. 9A-9C show the artificial thymus-produced T cells can also lyse target cells. 

Serum toxicity analyses 
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[0427] Heart blood was aspirated by cardiac puncture using EDTA-precoated syringes and 

collected in BD Microtainer® Tubes with Potassium EDTA additive (BD, 365974). Serum was 

isolated by centrifugation at 2000 rpm for 10 mins at room temperature and snap-frozen on dry 

ice. All samples were received by IDEXX BioAnalytics and stored securely at -80°C prior to 

analysis. Serum AST, ALT, CK, albumin, triglycerides and GGT were measured by an Olympus 

AU5400 (IDEXX BioAnalytics). Samples demonstrating hemolysis were excluded from the 

analysis. 

[0428] Treatment of athymic mice with DLL1 mRNA does not result in weight loss or liver 

toxicity (FIG. 13A-13B). Safety of the compositions described herein was confirmed using liver 

function and toxicity tests for aspartate transaminase (AST), alanine transaminase (ALT), gamma- 

glutamyl transferase (GGT), and albumin (FIG. 13C). 

EXAMPLE 3: REPROGRAMMING T CELL AGING WITH A TRANSIENT 

mRNA INTERVENTION 

[0429] Mammals have evolved adaptive immunity to safeguard against infections and tumor 

development. The thymus is central to this system, producing T cells that identify infected and 

cancerous cells. However, as the thymus ages, its functional decline contributes significantly to 

immune system defects in the elderly. To explore the feasibility of reversing this decline, 

Applicants delivered mRNAs encoding DLL-1, IL-7, and FLT3L, key factors for T cell 

development, which are depleted with thymic aging, to the liver to generate a transient ectopic site 

of T cell maturation. Applicants demonstrate that LNP-mediated delivery of these factors improves 

T cellular immunity in aged mice without generating autoimmunity. Mechanistically, Applicants 

find it induces ectopic development of T cells from hematopoietic precursors and activates 

dendritic cells, providing mechanistic evidence that in vivo engineering of adaptive immunity can 

effectively counteract immune aging. 

1) Immune aging and the thymus 

[0430] The most common causes of death amongst people aged 75 and older are influenza and 

pneumonia, followed by malignant diseases. This reflects the age-related decline in the immune 

system’s self-renewal capacity, which decreases the ability to fight off pathogens and maintain 

cellular homeostasis. The thymus undergoes a sharp decline in size and function with age, a 

phenomenon known as thymic involution (Bodey, B., et al. (1997). Involution of the Mammalian 
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Thymus, One of the Leading Regulators of Aging. /n Vivo, 11(5), 421-440; Kumar BV, Connors 

TJ, Farber DL. (2018). Human T Cell Development, Localization, and Function throughout Life. 

Immunity. Feb 20;48(2):202-213). Starting in early adulthood, this leads to a decrease in the 

production of new T cells (Mittelbrunn, M., Kroemer, G. (2021). Hallmarks of T cell aging. Nat 

Immunol, 22, 687-698). Attempts to reverse thymic involution have achieved only limited success. 

[0431 Intrathymic T cell development largely starts from pre-thymic common lymphoid 

progenitors (CLPs). CLPs have the capacity to differentiate into T cells when Notch signaling is 

triggered and are considered the major source of thymopoiesis (FIG. 1A). In mice, the frequency 

of circulating Lin’ IL7ra* c-Kit" Sca-1* CLPs was not significantly impaired following the 

beginning of thymic involution at the age of 5 weeks (FIG. 1B-1E). This is in line with studies 

assessing the abundance of cells with T cell progenitor potential in the bone marrow by 

multiparametric flow cytometry as well as experimental findings from heterochronic thymus and 

bone marrow transplantations. Both suggest that an enhancement of T cell-mediated immunity can 

be achieved by the transplantation of a juvenile thymus into an aged recipient, while an analogous 

bone marrow transplant does not have this effect. Therefore, improving the functionality of T cells 

and enhancing the T cell receptor repertoire remain critical yet unmet needs in an ageing 

population. 

[0432] Applicants posited that by studying interactions in the aging thymus, mechanisms 

underlying reduced T cell output could be identified and, potentially, factors that could be used to 

induce T cell development outside of the thymic microenvironment. Thymocytes and stromal cells 

across thymic involution in C57BL6/J mice were previously profiled by combining dissociated 

and spatial single-cell RNA and TCR sequencing (Liu et al., Spatial maps of T cell receptors and 

transcriptomes reveal distinct immune niches and interactions in the adaptive immune response. 

Immunity 55, 1940—1952.e5 (2022)). Because T cell production is mainly driven by cell-cell 

interactions with thymic epithelial cells, shifts in cell-cell interactions between developing 

thymocytes and thymic epithelial cells during aging were analyzed, using the Squidpy (Palla et al., 

Squidpy: a scalable framework for spatial omics analysis. Nat. Methods 19, 171-178 (2022)) 

integration of CellPhoneDB ( Efremova et al., CellPhoneDB: inferring cell—cell communication 

from combined expression of multi-subunit ligand-receptor complexes. Nat. Protoc. 15, 1484— 

1506 (2020)) and Omnipath ( Turei et al., OmniPath: guidelines and gateway for literature-curated 
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signaling pathway resources. Nat. Methods 13, 966-967 (2016)) to incorporate the spatially 

acquired information. After adjusting for compositional changes, a global reduction in intercellular 

interactions between cortical thymic epithelial cells (CTECs) and double-negative (DN) T cells 

following the start of thymic involution was discovered, whereas there was no apparent change in 

interactions between mTECs and double-positive (DP) T cells with aging (FIGs. 1F-1G). Hence, 

beyond the reported apoptosis and trans-differentiation of aging cTECs and the depletion of the 

thymic stromal stem cell pool (Mittelbrunn et al., Hallmarks of T cell aging. Nat. Immunol. 22, 

687-698 (2021)), cTEC function is additionally affected by thymic involution, together impairing 

the early, cTEC-dependent stages of T cell development. On the molecular level, receptor-ligand 

interaction analyses revealed multiple signaling pathways between thymic epithelial cells and 

thymocytes that decreased with age (Fig. 1H). Although Interleukin-7 (Il7)-mediated signaling, 

which has been described as critical for T cell progenitor survival, was found to be reduced in 

cTECs, DN thymocytes were predicted to additionally receive significantly less CD69 and Notch 

1/3 downstream signaling post thymic involution, further underscoring a potential defect in early 

T cell development (Fig. 11). Previous research highlighted the importance of FIt3 ligand (FLT3L) 

for the regeneration of the T cell compartment, particularly in older mice following bone marrow 

transplantation and confirmed an intrathymic requirement for this factor (Kenins et al., Intrathymic 

expression of Flt3 ligand enhances thymic recovery after irradiation. J. Exp. Med. 205, 523-531 

(2008)). However, this interaction was likely not detected here because FLT3L is primarily 

produced by perivascular fibroblasts in the adult thymus (Chaudhry et al., Thymus: the next 

(re)generation. Immunol. Rev. 271, 56-71 (2016)). Based on these results in combination with 

previous research, three factors, Applicants selected IL-7, FLT3L, and Notch signaling, for further 

testing in aged mice to investigate if these factors could reverse the effect of ageing on the immune 

response. 

2) Delivery of Dill, Flt3, and Il7 mRNA to the liver improves immune response 

[0433] Cell type-specific delivery of the identified factors to thymic epithelial cells or 

perivascular fibroblasts by systemic administration is challenging and would not account for the 

numerous impairments and disrupted tissue architecture caused by thymic involution. Applicants 

therefore considered a synthetic approach that involved delivery of these factors to an ectopic site, 

effectively bypassing the need for an intact thymus architecture. Under normal conditions, naive 
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T cells do not interact with epithelial cells in non-lymphoid tissues due to the endothelial barrier. 

The one exception to this, however, is the liver. Its unique structure, characterized by slow blood 

circulation, endothelial fenestrations, and the absence of a basement membrane, permits direct 

interaction between T cells and hepatocytes (Warren et al., T lymphocytes interact with 

hepatocytes through fenestrations in murine liver sinusoidal endothelial cells. Hepatology 44, 

1182-1190 (2006)). The liver additionally hosts various cell types capable of presenting antigens 

to T cells (von Andrian et al., Homing and cellular traffic in lymph nodes. Nat. Rev. Immunol. 3, 

867-878 (2003), Bertolino et al., Antigen-specific primary activation of CD8+ T cells within the 

liver. J. Immunol. 166, 5430-5438 (2001)) and maintains a high functional capacity, even in 

advanced age (Hunt et al., Hallmarks of Aging in the Liver. Comput. Struct. Biotechnol. J. 17, 

1151-1161 (2019)). Its sustained adaptability during fetal development and certain adult diseases 

to support extramedullary hematopoiesis underscores the liver’s functional and structural capacity 

to facilitate the development of blood cells when needed (Mende et al, Unique molecular and 

functional features of extramedullary hematopoietic stem and progenitor cell reservoirs in humans. 

Blood 139, 3387-3401 (2022)). Lastly, in vivo delivery of lipid nanoparticle (LNP)-encapsulated 

molecules to hepatocytes is efficient and robust (Kim et al., Engineered ionizable lipid 

nanoparticles for targeted delivery of RNA therapeutics into different types of cells in the liver. 

Sci Adv 7 (2021). For these reasons, the liver was chosen as a site of ectopic T cell maturation. 

[0434] Applicants identified DLL1 (D), FLT-3L (F), and IL-7 (1) (hereinafter DFI) as key 

factors for T cell development, which are depleted with thymic aging. Applicants engineered a 

formulation of mRNA-encoded DFI within biodegradable LNPs (FIGs. 2 and 3A) and 

demonstrated production of biologically active DFI factors by primary murine hepatocytes (FIGs. 

3B-3C). FIG. 3B shows fluorescence images (left) and quantification (right) of surface DLL1 

protein expression in mouse hepatocytes. B-Catenin staining was used to delineate cell membranes. 

Scale bar, 100 um. FIG. 3D shows extracellular concentrations of biologically active IL-7 (left) 

and FLT3L (right) secreted by mRNA-transfected hepatocytes as determined by IL-7 and FLT3L 

ELISA, respectively. Data are mean + s.e.m. P values were calculated using two-tailed unpaired t- 

tests. n = 3 independent transfection experiments. Following intravenous administration of DFI 

LNPs (FIG. 14A), Applicants detected CD3+ cells resembling T cells in the livers of athymic mice 

(FIG. 14B-14C). 
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[0435] Applicants performed single-cell RNA/TCR sequencing of these liver-parenchymal 

CD3-+ cells and found that Applicants captured a cross-section of T cell progenitors at various 

stages of T cell development, which Applicants delineated by analyzing canonical transcription 

factor expression patterns (FIG. 14D-14J). These cells also underwent V(D)J recombination in the 

absence of a thymus, which resulted in the generation of a primitive, yet diverse TCR repertoire 

(FIG. 14K-14L). 

3) DFI enhances immune responses and T cell function in aged mice 

[0436] Applicants were interested if DFI treatment enhances the compromised T cell responses 

of aged animals. Consistent with prior findings, when delivered intravenously, the DFI LNPs 

primarily target the liver, and mRNA expression was specifically observed in liver cells (FIG. 3H). 

[0437] Treatment of aged immunocompetent mice (72 weeks old) with DFI prior to tumor 

challenge improved anti-tumor responses in a melanoma model treated with immune checkpoint 

inhibitors in aged mice resulting in increased survival (FIG. 10). 

[0438] Adjuvant DFI treatment of aged animals challenged with peptide vaccines also resulted 

in improved T cell responses and an increase in naive T cells (FIG. 11). Applicants were able to 

numerically and functionally ‘rejuvenate’ vaccine responses with DFI by 24.1 weeks of age (FIG. 

11). 

[0439] Leveraging the high functional capacity and unique anatomy of the liver, Applicants 

demonstrate clinically relevant improvements in T cell immunity in aged mice, including enhanced 

anti-tumor and vaccine responses. Mechanistically, Applicants found that the approach enables the 

ectopic development of T cell precursors in the liver, ultimately creating a primitive, but diverse 

T cell repertoire in the absence of a thymus. Underscoring its potential to be deployed safely, this 

treatment avoids the potentially severe side effects of cytokine treatments or cellular 

reprogramming and does not trigger autoimmunity in treated animals. The results offer promising 

evidence that targeted in vivo engineering of T cell immunity can effectively counteract immune 

aging. 

4) Increasing Immune Checkpoint Blockade Response in a Murine Model of Age-related 

Decline in Anti-tumor Immunity 

a) Subcutaneous tumor implantation and treatment with immune checkpoint inhibitors 
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[0440] OVA-expressing melanoma B16 cell line (B16-OVA) was kindly provided by Michael 

Kilian (Brigham and Women’s Hospital, Boston, USA). Mice were inoculated subcutaneously 

with 1 x 10° B16-OVA cells in Matrigel® Matrix (Corning). Tumor growth was monitored daily 

by measuring with digital calipers using the two largest perpendicular axes until the area (length 

x width) of the tumor exceeded 200 mm2. 100ug of anti-PD-1 Ab (clone: 29F.1A12, BioXCell), 

anti-PD-L1 Ab (10F.9G2, BioXCell), and/or control hamster IgG Ab (BioXCell), and/or control 

Rat IgG Ab (BioXcell) were injected intraperitoneally 3 and 7 days after tumor inoculation as 

previously described 

[0441] To evaluate the efficacy of the compositions described herein in increasing immune 

checkpoint blockade response in tumor-bearing aged mice, a murine model exhibiting age-related, 

reduced adaptive immunity was established (see FIGs. 10A to 10K). 

[0442] Consistent with previous reports in various models, immune checkpoint inhibitor (ICI) 

with anti-PD-1/PD-L1 antibodies was less effective for tumor eradication in aged mice 

subcutaneously inoculated with 1 x 10° ovalbumin (OVA)-expressing B16 melanoma cells (FIGs. 

10E-10G). Tumor outgrowth in young mice was substantially attenuated by ICI treatment (FIG. 

10F), whereas it did not result in any noticeable clinical activity in aged animals, significantly 

limiting their survival (FIG. 10G). 

[0443] One group of aged mice (72-week-old animals) was treated with DFI-LNPs for 28 days 

(2 doses per week for 4 weeks) (n=10) and a separate control group was treated with empty LNPs 

(n=10). Following treatment, each group was inoculated with 1 x 10° B16-OVA melanoma cell 

line on day 0 and subsequently treated with anti-PD-L1 antibody on day 3 (FIG. 10A-10D) or day 

3 and day 6 (FIG. 10H-10K). Tumor growth in response to immune checkpoint blockade (ICB) 

was measured daily and overall survival (OS) probability were evaluated (see FIGs. 10B-10D (first 

experiment) and FIGs. 10I-10K (second experiment)). Tumor rejection was observed in 3 out of 8 

animals and long-term s./,./,urvival in 40% of mice treated with DFI-LNPs, a significant 

improvement over LNP-treated animals (Fig. 10D and 10K). Taken together, these data 

demonstrate that the compositions described herein are capable of increasing anti-tumor immune 

response in aged mice exhibiting diminished adaptive immunity. 

5) Increasing Vaccination Response in a Murine Model of Age-related Decline in Adaptive 

Immunity 
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[0444] To evaluate the efficacy of the compositions described herein in increasing 

immunization response in aged mice, a murine model exhibiting age-related, reduced adaptive 

immunity was established. 

a) Subcutaneous Immunization 

[0445] Young (5 weeks) and aged (72 weeks) mice were immunized with protein emulsified 

in complete Freund's adjuvant (CFA, BD 210485), followed by one or two booster doses of protein 

emulsified in incomplete Freund's adjuvant (IFA, BD 210486). Mice were injected with antigen 

emulsified in CFA subcutaneously at two sites on the chest, injecting 0.05 mL at each site (total 

of 0.1 per mouse). The needle was kept inserted in the subcutaneous space for 10 to 15 seconds 

after each injection to avoid leakage of the emulsion. A booster injection of antigen emulsified in 

IFA is administered 14 days after immunization with antigen/CFA emulsion. The booster is given 

as a single subcutaneous injection with 0.1 mL of IFA emulsion, at one site on the sternum. Serum, 

peripheral blood or spleen samples were obtained 21 days after the initial immunization. 

b) Quantification of vaccination responses 

[0446] For all vaccination experiments, at the indicated time points post-vaccination, 

approximately 100 uL of blood was collected with EDTA-coated capillary tubes from each mouse 

and then transferred to an EDTA-coated tube. The collected blood samples were centrifuged at 

2000 g for 10 min, followed by transferring the resulting plasma into another tube. Anti-OVA 

mouse IgG antibodies were measured via ELISA using a Mouse Anti-OVA IgG Antibody Assay 

Kit (Chondrex Inc, 3011), according to the manufacturer’s protocol. All samples were processed 

in technical duplicates, with averaged values of technical duplicates being reported for each 

biological replicate. All samples were background subtracted using the average of the background 

of the 0 pg/mL standard (buffer only condition), and the standard curve was fit to a logistic 

regression that was used for the back-calculation of antibody titers. 

[0447] At the indicated time point mentioned above, mouse spleen single-cell suspensions 

were prepared in RPMI 1640 medium by mashing tissue against the surface of a 70-um cell strainer 

(BD Falcon, 64752-00). Then, the single-cell suspension was centrifuge at 200 g for 5 minutes and 

the supernatant was removed. Red blood cells were lysed by adding 3 ml of ACK lysis buffer 

(ThermoFisher) at 4 °C for 1.5 minutes, followed by centrifugation and removal of the supernatant. 
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The cells were washed once with RPMI 1640 medium and then resuspended with RPMI 1640 

medium (10% FBS and 1% Pen-Strep antibiotic). 410° of splenocytes from each mouse were 

cultured in RPMI medium and stimulated with SINFEKL (SEQ ID NO: 753) peptide (synthesized 

at 99% purity by GenScript) at a final concentration of 1 ug/ml for each peptide. The GolgiStop 

transport inhibitor cocktail (BD, 554724) was added according to the manufacturer's instruction 2 

hours later. Then, 6 hours later, the cells were collected and washed with FACS buffer (PBS with 

2% FBS) prior to Fc block with TruStain FCX (anti-mouse CD 16/32, clone 93; BioLegend) (1:50 

final dilution) and surface antibody staining for 20 min at 4 °C. Cells were washed with a FACS 

buffer and then fixed and permeabilized using a BD Cytoperm fixation/permeabilization solution 

kit (BD, 554714) according to the manufacturer’s instructions. Cells were washed in perm/wash 

solution, followed by intracellular staining (45 min, 4°C) using a cocktail of the respective 

cytokine antibodies. Finally, the cells were washed in perm/wash solution and suspended in a 

staining buffer. Samples were washed, resuspended in 200 ul FACS buffer and acquired on a 

Beckman CytoFLEX LX Flow Cytometer. Analysis was performed using FlowJo v10 software. 

[0448] One group of aged immunocompetent mice was treated with SYNTHYMUS (n=5) and 

a separate group of aged immunocompetent mice was treated with empty LNP (n=5). Following 

treatment, each group was immunized with ovalbumin with complete Freund’s adjuvant 

(OVA/CFA) on day 0 and subsequently provided a booster immunization with ovalbumin with 

incomplete Freund’s adjuvant (OVA/IFA) on day 14. Following immunization, mice were treated 

with ovalbumin-derived SINFEKL (SEQ ID NO: 1) and SQA VHAAHAEINEAGR (ISQ) (SEQ 

ID NO: 754) tetramer peptides and T cell adaptive response was evaluated (FIG. 11A). Analysis 

of peripheral blood drawn at day 7 revealed that SYNTHYMUS led to the production of a greater 

percentage of double positive (DP) T cells (FIG. 11B). The percentage of SIINFEKL (SEQ ID 

NO: 1) tetramer-specific CD8+ T cells harvested from peripheral blood, spleen, liver, and thymus 

was measured (FIG. 11C). 

[0449] A comparison of SINFEKL (SEQ ID NO: 753) tetramer-specific T cells in young mice 

(Young, 6 weeks), aged mice (Aged, 72 weeks) treated with DLL1 mRNA in combination with 

IL-7 mRNA and FLT3L mRNA (Aged + SYNTHYMUS), and aged mice treated with empty lipid 

nanoparticle (Aged + LNP) is shown in FIGs 11E-11F. A statistically significantly greater 

percentage of total T cells and CD8+ T cells specific for SINFEKL (SEQ ID NO: 753) was 
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observed for the aged group treated with SYNTHYMUS relative to the aged mice group treated 

with the empty LNP (FIG. 11F). Epitope-specific T cell proliferation and cytokine secretion 

(granzyme B (GzmB), IFN-y, and IL-2) were also significantly higher for the aged group treated 

with SYNTHYMUS (FIG. 11D). Aged mice treated with DLL1 mRNA in combination with IL-7 

mRNA and FLT3L mRNA exhibited increased production of SUINFEKL (SEQ ID NO: 753) 

tetramer-specific CD8+ T cells in the blood, spleen, and liver relative to the control group that did 

not receive DLL1 mRNA (FIG. 11C). A greater relative proportion of tetramer-specific CD8+ T 

cells was found in the liver compared to the thymus, with no increase in production of such T cells 

observed in the latter (FIG. 11C). 

[0450] As a benchmark for the improved vaccine response observed when aged animals were 

pre-treated with DFI-LNPs, a time course experiment of vaccine response decline was performed. 

Challenging wild-type mice of various ages (4 to 90 weeks) with a peptide vaccine showed a clear 

negative correlation between age and the proportion of vaccine-responsive T cells in the spleen 

(FIG. 11G and 11M). Treatment of C57BL/6J mice with SYNTHYMUS was also shown to 

augment SIINFEKL (SEQ ID NO: 753) tetramer-specific immune response by 20 weeks relative 

to mice treated with empty LNP (FIG. 11H). 

[0451] The effect of treatment with DFI-LNPs prior to peptide vaccination, observing 

significantly enhanced T cell-mediated vaccine responses in older animals compared to Luc-LNP 

treatment (Fig. 11A-11M). This enhancement was evidenced by increased spleen cellularity and 

weight, established indicators of immune activation or reconstitution (FIG. 11J). Treatment with 

DFI-LNPs also increased the presence of vaccine-induced, SIINFEKL-specific T cells in both the 

spleen and bloodstream (FIG. 11K). Repeated antigen exposures throughout life result in an age- 

dependent naive-to-memory shift in the T cell repertoire. In line with this, substantially more 

CD44 CD62L* naive T cells were present in the spleen of young mice compared to aged mice. 

DFI treatment, however, increased the frequency of naive T cells in the spleen of aged animals 

(Fig. 11L). To investigate whether these effects were attributable to a single component, these 

experiments were repeated with either individual mRNAs or the recombinant protein equivalents 

of IL-7 and FLT-3L (FIGs. 11N-11T). Similar to previous studies on recombinant IL-7 as a vaccine 

adjuvant, only IL-7 treatment (2 doses of 100 ug per week) significantly increased the abundance 

of vaccine-responsive T cells in the spleen. However, IL-7 treatment did not result in an increase 
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in naive T cells or circulating SIINFEKL-specific clones in the peripheral blood, as observed with 

the triple DFI mRNA combination. This is in agreement with findings from clinical trials, where 

IL-7 primarily induced proliferation of mature T cell subsets. Other single factors of DFI delivered 

as mRNA did not recapitulate any of the observed effects (FIGs. 11N-11T). As a benchmark for 

the improved vaccine response, aged animals were pre-treated with DFI-LNPs. A time course 

experiment of vaccine response decline was observed. Challenging wild-type mice of various ages 

(4 to 90 weeks) with a peptide vaccine showed a clear negative correlation between age and the 

proportion of vaccine-responsive T cells in the spleen (Fig. 11M). One-year-old animals treated 

with DFI-LNPs exhibited significantly enhanced T cell responses compared to same age wild-type 

animals, with the response aligning to what Applicants observed in much younger animals (A = 

24.1 weeks to their biological age, p = 0.0006; Fig. 11M). Analysis of splenocytes from these 

animals revealed that T cells from DFI-LNP-treated groups produced higher levels of IL-2 and 

IFN-y upon antigen re-exposure than those from control groups (Fig. 111). These results indicate 

that ectopic expression of DI///, Fit3, and //-7 in the liver is a potentially viable strategy to enhance 

the function of the T cell repertoire in older mice, yielding significant improvements in anti-tumor 

and vaccine-induced immunity. This suggests application of this approach may transiently boost 

immune responses in immunocompromised individuals. 

EXAMPLE 4: DFI TREATMENT INDUCES THYMUS-INDEPENDENT 

T CELL DEVELOPMENT 

[0452] Applicants hypothesized that the immunostimulatory effects and increased presence of 

naive CD62L*‘ T cells observed upon treatment with DFI may result in part from the lymphopoiesis 

of novel T cells. To explore this hypothesis, Applicants employed homozygous B6.Cg-Foxn1-/-/J 

(FoxnI~) mice, which lack the thymic anlage, but unlike other models of T cell deficiency (e.g., 

NSG or Rag2” models) do not have any further defects affecting T cell maturation. In fact, some 

functional mature T cells can be detected, particularly in adult mice, due to abnormal TCR 

recombination and peripheral expansion. Because of this, prior to each experiment, the absence of 

all T cells was confirmed. DFI was administered as in the prior experiments and then the liver 

parenchyma was analyzed at an early treatment stage (day +7, after 2 doses) and the spleens and 

heart blood after a complete 5-week treatment course (day +35, 10 doses) using flow cytometry 

and complementary single-cell profiling methods (FIG. 14A). As early as 7 days after beginning 
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treatment, CD3* signals within the liver parenchyma and hepatic vessels were observed (FIG. 

14B). Mononuclear immune cell fractions from the perfused liver tissues were then isolated 

through density centrifugation and analyzed via flow cytometry. In the DFI-treated mice, there 

was an increase in the absolute number of CD45" cells, driven by the emergence of a new liver 

intraparenchymal CD3* TCR®§* cell population that lacked CD4 and CD8 expression (FIG. 14C). 

1) Single-cell RNA/TCR-seq of liver parenchymal T cell progenitors 

[0453] Freshly isolated immune cells post density centrifugation of liver cell suspensions and 

red blood cell lysis were blocked with rat anti-mouse CD16/32 (0.5 ug per well, eBioscience). 

Subsequently, respective antibodies in PBS were added in a total volume of 100 uL and stained 

for 30 minutes. The antibodies used included anti-mouse CD45-BV510 (clone 30.F11, 

BioLegend), anti-mouse CD3-FITC (clone 17A2, BioLegend), anti-mouse TCRB-APC (clone 

H57-597, BD), TruStain FCX (anti-mouse CD16/32, clone 93; BioLegend). eFluor 780 fixable 

viability dye (eBioscience) was employed per the manufacturer’s protocol to exclude dead cells. 

Cells were stained with respective antibody pools for 20 min at 4°C. Subsequently, cells were 

washed twice with PBS + 2% FBS + 5mM EDTA and sorted on a Sony MA900 sorter using a 

100 um nozzle into chilled 1.5ml microtubes that were pre-coated overnight with 0.4% BSA and 

kept on ice until processing. 

[0454] Following the preparation of single-cell suspensions and sorting as described above, 

10,000 cells per biological replicate (replicate 1: mice 1+3, replicate 2: mice 2+4) were loaded 

onto a 10x Chromium controller (Chip G) per the manufacturer’s protocol using the Chromium 

Single Cell V(D)J Reagent Kits (v1.1 Chemistry). The resulting emulsion was recovered and 

immediately subjected to reverse transcription. Subsequent steps included cDNA isolation and 

library preparation, adhering to the manufacturer’s protocol. Each of the final transcriptome and 

V(D)J libraries underwent paired-end sequencing (26 and 92 bp) on a single Illumina NovaSeq 

6000 S2 lane. Raw sequencing data underwent processing and alignment to the mouse genome 

(GRCm39 - mm39) using the CellRanger pipeline (10x Genomics, version 7.1.0). 

[0455] Seurat datasets were generated for blood and thymus at each time point. Singlets were 

identified per the published Seurat vignette (satijalab.org/seurat/articles/ hashing vignette.html) 

and used for downstream analyses. Additionally, only cells with more than 500 and less than 4000 

unique features were detected, and less than 5% of mitochondrial counts were considered for 
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further analysis. Using scRepertoire AB-VDJ, information was added per sample using default 

settings, employing the CDR3 amino acid (’'aa”) sequence for clonotype calling. 

2) Single-cell RNA/V(D)J sequencing of the liver parenchyma 

[0456] Single-cell RNA/V(D)J sequencing of the liver parenchyma-infiltrating cells showed 

three transcriptionally distinct cell clusters, expressing varied sets of lineage marker genes and 

transcription factors (TFs) indicative of different stages in T cell development (FIG. 14D-14E). 

Traditionally, pro-T cell stages are divided into three phases based on known precursor-product 

relationships, extracellular signal requirements, and commitment status. Phase I includes early T 

cell progenitors (ETP, also known as DN1) and DN2a stages, characterized by the proliferation of 

uncommitted T cell precursors with a dependency on Notch signaling. Phase II encompasses the 

T cell lineage-committed DN2b and DN3a stages, where cells exhibit a higher dependency on 

Notch but proliferate less and undergo TCR gene rearrangement. Phase III spans from DN3b to 

DP stages, during which T cell lineage-committed cells proliferate in response to pre-TCR or yo 

TCR signals and eventually lose Notch dependency. Applicants found cells that express lineage 

markers and TFs characteristic of each of these developmental phases (FIG. 14E). 

[0457] The very few cells captured within cluster I highly expressed Kit, resembling DN1 

cells, the earliest T cell precursors in the thymus. In cluster II, Applicants observed expression of 

a number of T cell specific transcription factors (TFs), in line with the natural transition of T cells 

to phase II. This transition is largely driven by the Notch pathway, and the thymus plays a vital 

role in providing Notch ligands. Providing DLL-1 mimics these thymic signals in the liver niche, 

steering the cluster I cells towards the T cell lineage. In phase I of T cell development, no specific 

set of TFs is recognized to have 'master-like' activity. Yet, through their collective actions, 

overlapping with Notch signaling, a well-defined ensemble of factors establishes T cell identity. 

Applicants found cluster II cells exhibited a distinct set of these phase I TFs, including Lmo2 (also 

referred to as Rbin2), Mef2c, Bcl-1 la, Hhex, Lyll, and, in alignment with the characteristics of 

early pro-T cells, Hoxa9 and Meis/. Expression of these last two TFs decreases in cells of cluster 

Il, which aligns with the physiological progression of pro-T cells into phase II (FIG. 14E). 

[0458] During T cell development, Notch signaling is also instrumental in activating a set of 

genes, referred to as phase II genes. Among these, the coordinated expression of Gata3 and Tcf7 

is critical for upregulating genes that define T cell identity and ultimately activating Bc///b. 
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BCL11B plays a vital role in ensuring that T cell progenitors, moving from phase I to phase II, do 

not deviate into alternative lineages. This is achieved in part by repressing the expression of /d2 

and Zbtb/6, which serve essential roles in innate lymphoid cells and natural killer cells. Applicants 

found that cells in cluster III express these three key TFs but not /d2 or Zbtb/6. This distinct 

expression pattern, which was not observed in clusters I and II, is indicative of lineage commitment 

as cells transition from phase I to phase II (FIG. 14E). 

[0459] Applicants also observed that cells in cluster III began co-expressing 7rb and Tra genes 

(FIG. 14E), suggesting these cells might undergo V(D)J recombination, which is essential for 

generating the TCR repertoire and B-selection. To detect signs of active V(D)J recombination in 

the CD3+ liver intraparenchymal cells, Applicants incorporated all detected V(D)J sequences into 

their analysis. Because Applicants anticipated capturing incompletely recombined TCRs during 

these early developmental stages, the V(D)J repertoire profiles were aligned with the GRCm38 

V(D)J reference and subsequently realigned the data with igb/ast to identify unproductive or 

partially recombined sequences prior to their inclusion in the single-cell analysis (FIG. 14F, Table 

4, Yeet al., IgBLAST: an immunoglobulin variable domain sequence analysis tool. Nucleic Acids 

Res. 41, W34-40 (2013)). 
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3) Realignment of V(D)J sequences to the GRCm38 VDJ reference 

[0460] Immune repertoire profiles were aligned using Cell Ranger v7.2.0 and the GRCm38 

VDJ reference. In order to capture the unproductive or partially recombined sequences, the 

outputted files were realigned with igblast v1.22.0 using the dandelion python package (v0.3.5) 11 

with reannotate genes and the flavor set to “original”. Applicants compared strain and non-strain 

specific alignments and had improved performance with the non-strain-specific realignment. 

Contig designations were assigned as previously describe). Single-cell contig information for TRA 

and TRB locus was attached to the single-cell object using a modified form of combine TCRQ) 

from scRepertoire v2.0.0 allowing for sequences designated as unproductive or with NAs in the 

junctional assignments. 

[0461] Applicants’ analysis predominantly identified unproductive or germline T cell receptor 

beta (TRB) rearrangements within cells from clusters I and II. By contrast, although the majority 

of cells in cluster III also presented with non-functional TRB and T cell receptor alpha (TRA) 

rearrangements, a subset began to express fully recombined and functional TRB or combined 

TRA/TRB chains (FIG. 14F, Table 4). This heterogeneity may reflect the early analysis time point 

(7-days post treatment onset), resulting in only 2.5% of all sequenced clones exhibiting a 

functional TCR configuration. Notably, Applicants also detected TCR germline transcription 

alongside missing V genes in several instances of non-productive TRA and TRB sequences across 

clusters. This suggests that the TRA and TRB loci acquire an accessible state, poised for active 

V(D)J recombination (FIG. 14G). 

[0462] By reassigning the transcriptional clusters based on the sequence of their V(D)J genes, 

Applicants achieved a clearer segregation that aligns with the established sequential trajectory of 

T cell maturation (FIG. 14H). This progression is further delineated by the co-expression of phase 

Il TFs and, ultimately, the strong expression of the CD3/TCR complex alongside an increase in 

Thymocyte selection-associated high mobility group box protein (Tox), indicative of successful B- 

selection (FIG. 14H). 

[0463] Encouraged by the detection of rare, but productively recombined TCRab T cells in the 

liver parenchyma, Applicants tested if animals treated for 35 days built a TCR repertoire in the 

absence of a thymus by analyzing the peripheral blood by flow cytometry and deep V(D)J 

sequencing. Flow cytometry analysis revealed that CD3* TCRP* cells constituted approximately 
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10% of the CD45* cell population (compared to around 20% T cells typically observed in 

C57BL/6J wild-type mice; FIG. 141). Interestingly, although many of these cells were CD47/CD8- 

about 40% were CD47/CD8". This suggests they had successfully undergone positive selection, a 

key process in T cell maturation following successful V(D)J recombination (FIG. 14I-J). In the 

peripheral blood of these athymic animals, Applicants observed predominantly CD4/CD8* T 

cells, but no CD4" T cells (FIG. 14J). Although both Notch and IL-7 signaling favor differentiation 

of CD8* T cells, this observation aligns with previous studies in in vitro T cell differentiation 

cultures, which attributed limitations in generating CD4* cells to a lack of Major 

Histocompatibility Complex (MHC) class II expression or inefficient TCR-MHC interactions in 

such experimental setups. Nevertheless, CD47/CD8* T cells can be positively selected i# vitro 

presumably because the feeder cells also express ubiquitous MHC class I ligands, which can be 

recognized by MHC class I restricted TCRs. Applicants therefore tested if a similar mechanism 

could achieve positive selection in athymic DFI-treated animals using ex vivo differentiation co- 

cultures with different MHC-transgenic microenvironments. Co-culture of CD3* cells isolated 

from the livers of DFI-treated mice at d+7 with T cell-depleted splenocytes from B2M/* mice 

(which lack MHC class I expression) showed no formation of CD4/CD8* T cells (FIGs. 15N- 

150). However, maturation to CD47/CD8* T cells occurred when co-cultured with wild-type 

splenocytes, while a notable increase in CD4*/CD8° (double positive, DP) T cells was observed in 

B2M~ co-cultures, indicating a block in maturation beyond the DP stage in the absence of MHC 

class I (FIGs. 15N-150). Applicants conclude positive selection and successful maturation of 

CD4/CD8* T cells from pro-T cells generated outside the thymus, specifically in the DFI- 

reprogrammed liver niche, depends on MHC class I molecules. 

[0464] In contrast, in the peripheral blood, ex vivo co-cultures produced CD4°/CD8° T cells, 

suggesting that liver-generated pro-T cells can in principle differentiate into the CD4* T cell 

lineage. However, co-culture with splenocytes lacking all murine MHC class I molecules (2-A4b/- 

' H2-Aa’, H2-EbI--, H2-Eb2“, H2-Ea~-) resulted in a significant reduction of these events 

(FIG. 15N-150). 

[0465] Considering that MHC class II expression is restricted to professional antigen- 

presenting cells (APCs) and lowly abundant in the non-inflamed non-thymic environments, it is 

plausible that the maturation of CD4* T cells in DFI-treated athymic mice will only occur within 
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secondary lymphoid organs, such as lymph nodes and the spleen, both of which have a specialized 

role in supporting the maturation and differentiation of immune cells. 

[0466] Athymic mice have been reported to possess a very limited quantity of mature T cells, 

a condition that is particularly pronounced in adult specimens. In scenarios lacking sufficient T 

cells, naive T cells are known to undergo spontaneous homeostatic proliferation upon encountering 

self-MHC/peptide ligands, a process that depends on the presence of IL-7. To ascertain whether 

the observed increase in T cell numbers stemmed from the actual creation of new T cell clonotypes 

rather than from homeostatic proliferation triggered by //7 mRNA delivery, blood samples from 

Foxnl” + Luc and FoxnI’- + DFI treated mice were analyzed by deep V(D)J sequencing. To 

quantitatively assess the diversity of TCRs in these groups, Applicants computed two metrics: 

clonality, which utilizes Simpson indices for normalization across sample sizes, and power law 

distribution slopes. The Simpson clonality index, favored over the Shannon clonality due to its 

lower sensitivity to sequence count disparities, ranges from 0 to 1, where 1 indicates minimal 

diversity (a single clone population) and 0 signifies maximum diversity (all clones present at equal 

frequencies). The assumption that DFI results in increased homeostatic T cell proliferation was 

not supported by the findings; the Simpson clonality scores were similar across both treatment 

groups, suggesting the introduction of new TCRs rather than mere expansion of existing clones 

(FIG. 14L). 

4) VDJ deep sequencing 

[0467] Genomic DNA was isolated from snap-frozen spleen samples using QlAamp DNA 

isolation kit (QIAGEN) as per the manufacturer’s instructions. TCR beta chain (TCRB) deep 

sequencing was performed on purified DNA to detect rearranged TCRB gene sequences using 

mTCRB Kit (Adaptive Biotechnologies) according to the manufacturer’s protocol. The prepared 

library was sequenced by Adaptive Biotechnologies. Data processing (demultiplexing, trimming, 

gene mapping) was done using the Adaptive Biotechnologies proprietary platform as previously 

described. 

[0468] Consistent with prior studies in /oxn/~~ mice, Applicants identified a scarce number of 

TCR rearrangements, with the average count of unique clonotypes being fewer than 50 and the 

repertoire being predominantly occupied by a few highly expanded clones (FIG. 14K). By contrast, 

mice treated for 35 days with DFI showed a significant increase in the number of TCR 
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rearrangements, with up to 400 unique rearrangements (FIG. 14K-L). Together, these data align 

with previous findings that DFI treatment, but not //7 mRNA alone, elevates naive T cell counts 

in immunocompetent, but aged animals. 

[0469] Overall, the V(D)J sequencing analysis corroborates the development of a rudimentary, 

yet diverse TCR repertoire in DFI-treated athymic mice by the addition of novel TCR clonotypes, 

further characterized by the absence of a dominant CDR3 length or VB/JB family preference. 

EXAMPLE 5 - ACCUMULATION OF FUNCTIONAL T CELLS IN THE SPLEEN 

[0470] Applicant’s prior experiments indicated that full maturation of T cell progenitors 

induced by DFI-exposed hepatocytes requires MHC class I and II-competent APCs. Applicants 

therefore hypothesized that the ectopically generated T cell progenitors that Applicants found 

circulating in the blood might either die of neglect or home to secondary lymphoid organs to 

mature. Given that the spleen is essential for T cell immunity, playing a critical role in the 

migration and activation of T cells, and that it is the primary location where T cells interact with 

MHC class II-competent APCs, such as dendritic cells (DCs), Applicants tested if the T cell 

progenitors in DFI-treated animals can be detected in the spleen. Applicants explanted spleens 

after 35 days of DFI treatment and 24 hours after the last injection. Applicants observed a 

substantial weight and size increase of spleens from DFI-treated animals relative to Luc LNP 

treated controls as well as age-matched Foxn/** animals (FIG. 15A-15B). Applicants next 

performed flow cytometry and found an increase in overall CD45" immune cells and specifically 

CD3* TCR6* cells in DFI-treated animals (FIG. 15C). Phenotyping the CD3* TCR’ cell fraction 

revealed a significantly increased abundance of both single-positive CD4* and CD8" T cells in 

DFI-treated animals relative to Luc-mRNA-treated controls (FIG. 15D). 

[0471] To better understand how the DFI affects the splenic architecture and maturation of T 

cells, Applicants performed in situ sequencing using STARmap to characterize the types of 

immune cells present in wild-type, athymic DFI-treated, and athymic Luc-treated animals. 

1) STARmap protocol 

[0472] STARmap padlock and primer probes were designed as described in Wang et al (Wang 

et al., Science 361 (2018)). For the 64- gene STARmap data collection, 2-6 pairs of primer and 

padlock probes (Tables 2 and 3) were designed for each gene. The mice used in this study were 
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anesthetized with isoflurane and rapidly decapitated. The mouse spleen tissue was collected and 

placed in Tissue-Tek O.C.T. Compound. Two biological replicates 7 were collected for each 

condition (Luc, DFI, and WT). Then the spleen tissue in O.C.T. was frozen in liquid nitrogen and 

stored at -80 °C. For mouse spleen tissue sectioning, the spleen tissue was transferred to cryostat 

(Leica CM1950) and cut into 20 um cross sections at -20 °C. The slices were transferred and 

attached to glass-bottom 24-well plates pretreated with 3- (Trimethoxysilyl)propyl methacrylate 

and poly-D-lysine. 

[0473] The STARmap procedure was conducted as described in Wang (Wang et al., Science 

361 (2018). Briefly, the spleen slices were fixed with 400 ul 4% PFA in 1XPBS at room 

temperature for 15 min, then permeabilized with 600 ul prechilled methanol at -20 °C for an hour. 

The samples were then taken from -20°C freezer to room temperature for 5 min, then quenched 

with 400 ul quenching solution (0.1 mg/ml Yeast tRNA, 0.1 U/ul SUPERase-In RNase Inhibitor, 

100 mM Glycine, 0.1% Tween-20 in PBS) at room temperature for 10 min. After quenching, the 

samples were rinsed with 600 ul PBSTR (1X PBS supplemented with 0.1% Tween-20 and 0.02 

U/ul SUPERase:In RNase Inhibitor) twice. Then the samples were incubated with 200 ul of 1X 

hybridization buffer (2X SSC, 10% formamide, 20 mM Ribonucleoside vanadyl complex, 0.1 

mg/ml yeast tRNA, 0.1 U/ul SUPERase:In, 1% Triton-X-100, pooled padlock and primer probes 

at a concentration of 10 nM per oligo) at 40 °C in a humidified oven with parafilm wrapping and 

shaking for 20 h. The samples were washed with 300 ul PBSTR twice and 300 ul high-salt washing 

buffer (4X SSC dissolved in PBSTR) once, for 20 min at 37 °C for each wash. Finally, the samples 

were rinsed once with 300 ul PBSTR at room temperature. 

[0474] The samples were then incubated with a 200 ul ligation mixture (0.1 Weiss U/ul T4 

DNA ligase, 0.5 mg/ml BSA, and 0.2 U/ul of SUPERase-In RNase inhibitor in 1X T4 DNA ligase 

buffer) at room temperature for three hours with gentle shaking. After the ligation reaction, the 

samples were washed twice with 300 ul PBSTR and then incubated with 200 ul rolling circle 

amplification (RCA) mixture (0.2 Weiss U/ul Phi29 DNA polymerase, 250 uM dNTP, 20 uM 5- 

(3-aminoallyl)- dUTP, 0.5 mg/ml BSA and 0.2 U/ul of SUPERase: In RNase inhibitor in 1X Phi29 

buffer) at 4 °C for 30 min then 30 °C for three hours with gentle shaking. The samples were washed 

twice with PBST (0.1% Tween-20 in PBS) before being temporarily stored at 4 °C overnight. 

142



WO 2025/030082 PCT/US2024/040682 

[0475] The next day, the samples were treated with 300 ul freshly prepared modification 

mixture (20 mM methacrylic acid NHS ester in 100 mM sodium bicarbonate buffer) at room 

temperature for one hour and then washed once by PBST for 5 min. The samples were rinsed once 

and then incubated with 200 ul monomer buffer (4% acrylamide, 0.2% bis-acrylamide, 0.2% 

tetramethylethylenediamine in 2X SSC) at 4 °C for 15 min. Then the buffer was aspirated, and 50 

ul polymerization mixture (0.2% ammonium persulfate dissolved in pre-cooled monomer buffer) 

was added to the center of the sample and immediately covered by Gel Slick-coated glass coverslip 

(Electron Microscopy Sciences, 72226-01). The polymerization reaction was performed for one 

hour at room temperature in an N2 box, then washed by PBST twice for 5 min each. The samples 

embedded in hydrogel were digested with 300 ul Proteinase K mixture (0.5 mg/ml Proteinase K, 

1% SDS in 2X SSC) at 37 °C for three hours, then washed by PBST three times for 5 min each. 

Subsequently, the samples were treated with 200 ul dephosphorylation mixture (0.25 U/ul 

Antarctic Phosphatase, 0.5 mg/mL BSA in 1X Antarctic Phosphatase buffer) at 37 °C overnight 

and washed by PBST three times for 5 min each. 

[0476] For SEDAL sequencing, each sequencing cycle began with treating the sample with 

800 ul stripping buffer (60% formamide, 0.1% Triton X-100 in H2O) at room temperature twice 

for 10 min each, followed by washing with 1 mL PBST three times for 5 min each. Then the 

samples were incubated with a 250 ul sequencing mixture (0.1875 U/ul T4 DNA ligase, 0.5 mg/ml 

BSA, 10 uM reading probe, and 5 uM decoding probes in 1X T4 DNA ligase buffer) at room 

temperature 8 for at least 5 hours. The samples were washed with 900 ul washing and imaging 

buffer (10% formamide in 2X SSC buffer) three times for 10 min each, then immersed in washing 

and imaging buffer for imaging. Images were acquired using Leica TCS SP8 confocal microscopy 

with 40X oil immersion objective (NA 1.3) and voxel size of 194 nm < 194 nm x 350 nm (x x y 

x z). DAPI staining was performed before the first cycle using 5X DAPI in PBST for 3 hours at 

room temperature. The DAPI signal was collected at the first cycle of imaging. Four cycles of 

imaging were performed to decode 64 genes. 

[0477] After SEDAL sequencing, the samples were treated with 800 ul stripping buffer three 

times at room temperature for 10 min each. The samples were then washed with 1 mL PBST three 

times for 5 min each. To visualize the plasma membrane and aid cell segmentation, the samples 

were treated with 300 ul Flamingo staining mixture (1X Flamingo Fluorescent Gel Stain and 5X 
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DAPI in PBS) at room temperature overnight, then washed with 300 ul PBST three times for 5 

min each. The Flamingo signal was collected and the DAPI signal was reimaged while the samples 

were immersed in PBST with 0.1X Flamingo Fluorescent Gel Stain. 

2) STARmap primer probes 

Table 2 

| a | cia | 6 AGAGCAAGTIGAGATACTCTccrATTTArcCTT. | 6 

| 2 | cid | 2 | GaaccactrccctccaacatatrcrraTcrT | 8 
| 2 | cod | 3 | cctcataetccacaaccctatiatratcrT | 

| 2 | cdad | 6 | crTccaGAGGGaaTcaTGcaTaTTatrarcrT | 12 

| 3 | teft | 6 LAG TGAGGATGGGTAGGETTGCTATTCTTATCIT. | 18 

| 4 [| cdaa | 2 | AGATAGCGTTGGGATGAATCTATTATIATCIT. | 20 
| 4 | cdg | 3 | GGTAGGTGTGCAAAATGTAGCTTTCTATTATTATCTT | 21 | 
| 4 | cde | 4 craertcecacttcacterratrarrarcrt | 22 

| 4 {cdg | 6 | acgtcrccaatcerccrerrarratrarcry | 24 

| 5 {tra | 4 | ACTCCATTGTGAGCACAAATTATGTITATCIT. | 28 

| 5 [tira | 6 | tecactatrrcacectatctraterimarcrtT | 30 
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| 6 | Kit | 1 ‘| TeGcATAAcAcATGAACACTCTATGGTTATCTT | 31 
| 6 | «it | 2 | GcaTcacactrecacaccactatectratcrr | 32 
| 6 | wit | 3 ‘| retectcGacaaccttccatatactratcTt | 338 
| 6 | kit | 4 ‘| GGaccareccatrTateacccratcetrarcrt | 34 
| 6 | Kit =| 5 =| aatgtatcccctrrcrraactatcerratcrr | 35 
| 6 | «it | 6 | ATCCTGTAAGGACAACACATGATATGGTTATCIT. | 36 

| 7 | cazs | 4 ~~ AGccAcacaGacTTTatcctatecrratcrr | 40 

| 7 | cdas_ | 6 ‘| ctccaccaaccaccaccactatecrrarcrtT, | 42 
| 8 | cd3g | 1 | aGtcTtGtcactcaacccacaTarcatratcrr | 43 
| 8 | cd3g | 2 «(| TGTCCCGCAATGAGATATACTATGATTATCIT. | 44 
| 8 | cdg | 3s crcrr@tcreaacctcrigactateatratcrr | 45 
| 8 | cig | 4 ~~ [tGGtecctaTeTtTAcctcratcatratcrr | 46 
| 8 | cd3g_ | 5 ATGCTGATGACCTCAGCGAAGATTATGATTATCIT. | 47 
| 8 | cd3g | 6 ‘| ccTTGGaGATGGcTGTACTGGTCATATGATTATCTT | 48 
| 9 | cd3e | 1 ‘| ctcetcactetcracaceecratcrrrarcry | 49 
| 9 | cd3e | 2 ‘| GcccaGactGatacacarertarcrratcrr | 50 
| 9 | cde | 3 [tcAGactecrctcreartcatatcrrmatcrt |S. 
| 9 | cise | 4 ‘| TGGAGaTGaccaTcccaccaTaTcriTatcrT | 52 
| 9 | cd3e | 5 ‘| GctGTAGGAAAGGGcTTAGcTATCTTTATCIT. | 53 
| 9 | case | 6 | GGGTCCAcAGAAGGcGaTeTaTcrTTarcTT — | 54 

| wo | cdza7_ | 4 | G@caaecrcrtaacccaactatcerratcrt | 58 

| to | cdza7_ | 6 ‘| ACCCTGGTAAAGGCCATCETeCcCTATCGTIATCTT | 60 

| 11 | Ragi | 6 ~_—(| AGAGGGACTCTGGACACTcTTATCcTTATCTT. — | 66 

| 12 | Rag2 | 2 ~—[ AccaceTcaaTGGaaTeectarcaTtarcrt | 68 
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| 12 | Rae2 | 3 | GGAAGGATTTCTTGGCAGGAGTATCATTATCIT. | 69 

| 12 | Raga | 6 | AGACAGAGATTCCTCCTGGcAAGATATCATTATCIT | 72 

| 13 | Hest | 6 __—i| CGCCACGGTCTCCACATGGAGTATATITATCIT. | 78 

| 4 | tet7 =| 2 | GTGGactactcaaaterrcetatactratcrr | 80 

| a4 | tcf? | = 6 | GatGcacactecerrtacctatacriarcrr | 84 

| 15 | Gatas_ | = 2 caGaTGcatccccetcactratacttatcrr | 86 

| 15 | Gatas_ | 5 AAAACACAGATCTGTCGcTTrATactTaTcrT. | 89 
| 15 | Gatas | 6 | ccc@GTcAGaTTGceTaGcTATAcTraTcIT. — | 90 

| 6 | Bcttb | 4 | GtTGaaGcecrectrccarmaraaTraTcrr | 4 

| 16 | scat | 6 (| TcccTcTacGTcacTTcceTaTaaTTaTcrT | 6 

| a7 | etst =| = 2 (| AGGGacAGGacTTcrrcccatactrTratcrr | 98 
| 17 | etst =| 3 | GcaTectceataccetacctactrmarcrt | 99 

| a7 | etst | 6 | AAAGAGCATCAATGCAGCAATAGTITTATCIT. | 102, 
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| as | ty | 6 | GccaacTccacctcactataccrtetacrertarcrt | 108 

| 19 | Hhex | 4 || AGGCAGCAATGTAAGATGCTAGTCTTATCIT | 112 

| a9 | Hhex | 6 _~_—i| GTGcGTGTAGTCGTTCACceTccTAGTcTTATcTT. | 114 

| 20 | Betta | 6 | AGCTTCCATCCGAAAACTGCCATAGTATTATCIT. | 120 

| 21 | Hoxad | 6 (| TcTGcAcAcaceTATAGcTTAGeTTTATcTT | 126 

| 22 | ~Mefac | 6 ‘| aGTTcccaaaTcccTecaTrcTAGeertaTcrT | 132 

| 23 | ~~ tmoz | 6 __—| TGGcTTTCAGGAAGTAGCGGTTAGGCTTATCTI. | 138 

| 24 | Meist | 6 (| cGGaerrccrcctcaaccataccarrarcrr | 144 
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| 25 | tef8 | 4 | Gcrtretirccacticreetraccrmarcrt | 148 

| 25 | tes | 6 areccacccecccacteactaccrrtatcrr | 150 

| 26 | ket ~~ | ~~ 4 S| ATGTGAATGGTATACATGACTAGCETTATCIT. | 154 

| 26 | ikea =| 6 | ACCTGGGAAGACAGTTAGGTrAGcGTTATCIT | 156 

| 27 | Runa | 6 acicacccrrtaceccrcataccctrarcrt | 162 

| 28 | tefi2 | 4 | ACTGGTGTTGATGGGTITGATAGCATTATCIT. | 166 

| 28 | tefiz_ | 6 | GGCTCATCCCATTCGATGAACTTAGCATTATCTT | 168 

| 29 | aft | = 4 | @@ctcrcccatacctaccacatacariatcrt | 172 

| 29 | Gfa_ | 6 ‘(| ccccTacaccaaterireetacatrarcrt | 174 

| 30 | cd4 | 6 __—| AGTCCATCTTGACCTTATCACCTAGAGTTATCIT —_|_—180_ | 
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| 31 | Foxp3 | 6 _—| ACACAGGCACTATCATGAGGGATAGACTTATCTT. | 186 

| 32 | ing | 6 __—| GCAAAGCCAAGATGCAGTGTTAGAATTATCTT. | 192_ 
| 33 | 4 | 1 creteeterrcrrcetrectetractrmarcrr | 193 
| 33 | 4 | 2 atatGcGaaccacctiacaatactiitarcrr | 194 
| 33 | 4 | 3 | GGTGcaGcrtatcGatGaatccatacttiTaTcTr | 195 
| 33 | 4 | 4 | GaarTTeaGacccatcaatacctcrracttratcrt | 196 
| 33 | 4 | 5 | t@GTG@Gcrcactactaceatactrmmatcrt | 197 
| 33 | 4 | 6 tGcaGcrccaTGaGaacactacrrrarcrtT | 198 

| 34 | za | ~~ ctcT@cTGGaTGAGaacacatacteTratcrT | 204 

| 35 | Tbxz1 | 4 tccrccrectcrtacrercrcctactcrratcrr | 208 

| 35 | Tbxz1 | 6 | ccTIcGccTeGTGAaATGTeTactcTraTcTY | 210 

| 36 | cor? | 6 | AGCAGAACATGAGGAAAGGTATTACTATIATCIT. | 216 
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| 37 | sel | 6 | aGGGGaaatTAGGaGcaccraceTirarcrt | 222 

| 38 | Adgret | 4 ‘(| trcatcccetaccreacectacestrarcrr | 226 

| 38 | Adgret | 6 =| AGCAAGAAAGGATGTTAACCCTACGGTTATCIT. | 228 

| 39 | cds | 6 __—*| GGTGGTGGCAGGGTTATGAGTGACTACGCTTATCTT | 234 
| 40 |  csftr | 1 —*| tccGaGGGaactcccacrrTaccatratcit | 235 
| 40 |  csfir | = 2 ~——([ GGaccTAGeTaGeTccactretraccatraTcrT | 236 
| 40 |  csftr | = 3 ~—| ccaTGGecrcrtcaaccrctaceatratcrT. | 237 
| 40 | csftr | = 4 (| TaGTcTTGcacaceTaceTaTTeTaccaTTATCTT | 238 
| 40 |  csfir | 5 | ATGGCGAGAAGAAGTAGACCTACGATTATCIT. | 239 
| 40 | csftr | 6 | TGAGAGACTTAGGAAACCACCTACGATTATCIT. —|_—240 

| 42 | itgax | 4 | TGTGTGATAGCCACATTTGTAGATACCGTTATCIT. | 246 

| 42 | ttgax | 6 | arcrttetetcctaccccaattraccertatctt | 248 

| 43 | ttgam | 6 | ACCATGAGAAGTCTTGATGTACTACccTTATCIT | 254 
| 44 | fs | 1 AGGCTTGAGAGAAGATCCACGTGTACCATTATCTT | 255 
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| 44 | ets | 6 AGG TGAAcATTTTGGTGAACTACcaTTATCTT | 260 

| 45 | Sirpa | 4 | T@TCccCTCAATGTGGAATGTACATITATCIT | 264 

| 45 | Sirpa | 6s tarcrcttctttetaccacetacatitatcrt | 266 
| 46 | cata | | TCCTCGGAGACAATAATAGGTTACAGTTATCIT | 267 
| 46 | cdi9 | 2 CTCCAGTATCCTGGACTTGAATTACAGTTATCIT. | 268 
| 46 | cdi9 | 3 ATGTAGGAAGGGAGAGCACATACAGTTATCTT. —_|_—269_—_ 
| 46 | caso | 4 | Garccrecccaacctrccatacactratcrt | 270 
| 46 | cag | 5 | cGacrGGacatattrecatcatacactratctr | 271 
| 46 | cdia | 6 =| caccacT@GGactatccatcracacrrarctt | 272 

| 47 | cd79a_ | 6s AGGGccTAGGGACTGGaTTGcTAcACTTATCTT | 278 
| 4g | Ms4aa_ | 1 ccccaaacccrreattcccrracaatrarcrt | 279 
| 48 | Msdai_ | 2 | AGGAGCGATCTCATTTTCCACTTACAATTATCIT | 280 
| 48 | Msda1__| 3 | AAGGCAGAGATCAGCATCGTACAATTATCTT. | 281 
| 48 | Ms4ai_ | 4 si AGGTTGCATGGCGAGGGGATACAATTATCIT. | 282_ 

ee ee ae 
| 48 | Ms4a1__| 6 __| ACACACATCCAAGGAAAAGGTTACAATTATCIT. —_|_—284 
| 49 | cdz2 | 1 GatGacetcTecatrectetaarmatcrr | 285 
| a9 | cd22_ | 2 | AGAGGATGTCATACCCAAAGCTAATTITATCTIT. — | 286 
| 49 | cdaz_ | 3 aGGaGTGcrGGacTTaGcactaattTratcrr | 287 
| 49 | cd2z2_ | 4 | AGCGCAAGATGGCATAACTAATAATTTTATCIT. | 288_ 
| a9 | caz2 | 5 | GcGcacarctcrcatecectaaTrrrarcrr | 289 
| a9 | cd2z2_ | 6 | AaGGTTGGaacceTircrcraatmatcrT, | 290 
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| so | sca | 6 =| CGGGACGACCTAGGAAGTTATAATGTIATCIT. | 296 

| st | vr | ~~ @GaGatracrratacacaccataarcrTatcrt | 302 

| 52 | Pdeda | 6 | GGCCATTCAAAGCAGGCTGTAATATTATCIT. | 308 

| 53 | xerl_ =| 6 | aGTCcATGTCAGGGTITCAAGTAAGTITATCIT | 314 

| 54 | is | ~~ TrTccccaGaGcaacacrcaTaaceTratcrr | 320 

| 55 | fa | 6 | AGCAGCAATTAGCAAGGACTAAGTAAGCTIATCIT | 326 

| s6 | H2aa | 4 | AGGTGCCACCTGATCGCAGTAAGATTATCIT. | 330 
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| 57 | cdao | 6 ‘| actacectGaGaatrcacctraacrttatcrr | 337 

| ss |  cds3_— | ~~ AGAAGCGGTGATACTCCATGTAACGTTATCIT | 343 

| 59 | case | 6 CL ATGAGCTGAAAGAGTCCTAGCTAACCTTATcIT—|_—349_ 
| so | H2K1 | 1 (| GTGCACGGTACCATCGCAccTTAACATTATCTT —|_——350_— 
| 60 | HK | 2 ‘| TTTACAATCTGGGAGAGACATAACATTATCIT. | 351 
| eo | H2K1 | 3 ‘| CGATGTAATCGCAGCCGTCGTAACATTATCTT, | 352 
| 60 | HK | 4 ‘| TGACAGGCTACAGATGTCCTAACATTATCIT. | 353 

| 62 | cel22_ | 6 | GGGGCAGAGAAAGTAAAAGACCCTAAAGTIATCIT | 364 

| 63 | cera | 4 aTTTcTCCCCGAGAAAGAAGTAAACTTATCIT. | 368 

| 63 | cra | 6 | aGGTGaGTACCeTCATGccTAAAcTTATcIT. | 370 
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| 64 | colts | S| GGGAGGGCCTTTAGCGCAGTAAAATTATCIT. | 375__ 
| 64 | clas | 6 i tctcarcacccrcricacataaaatrarcrt | 376 
3) STARmap padlock probes 

Table 3 

ATTACAAAACATACACTAAAGATA 

ATTACAAAACATACACTAAAGATA 

TACAAAACATACACTAAAGATA 

ee TACAAAACATACACTAAAGATA 

ATTACAAAACATACACTAAAGATA 

ee ee TTATTACAAAACATACACTAAAGATA 

TTACACAACATACACTAAAGATA 

AATTATTACACAACATACACTAAAGATA 

TTACACAACATACACTAAAGATA 

p22 | oma | * [tncncsaearaceranscsta | 38 ATTACACAACATACACTAAAGATA 

TTATTACACAACATACACTAAAGATA 

ee ee TTACACAACATACACTAAAGATA 

ATTATTACAGAACATACACTAAAGATA 

ATTACAGAACATACACTAAAGATA 

ATTATTACAGAACATACACTAAAGATA 
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Target . 

3 fe | [inrracsennenacncnancara ns | 32 TTATTACAGAACATACACTAAAGATA 

TTACAGAACATACACTAAAGATA 

pa fe [8 | iiachcascaracecraaacnia | 284 TTACAGAACATACACTAAAGATA 

pa | cme | t |iacarancaracncranenta ss | 385 TTACATAACATACACTAAAGATA 

pa | cw [2 | iacarearacncramonta ns | 398 TTACATAACATACACTAAAGATA 

pa | cue [3 |fektaccnracacraagnty nn | 37 TACATAACATACACTAAAGATA 

ee ee TATTACATAACATACACTAAAGATA 

ATTACATAACATACACTAAAGATA 

pt | cme [5 |iiaracmenracnctaascara | 02 AATTATTACATAACATACACTAAAGATA 

ATTACAACACATACACTAAAGATA 

AATTATTACAACACATACACTAAAGATA 

TTACAACACATACACTAAAGATA 

ps fms [4 |frekacncaracneraanonmg | 8 TACAACACATACACTAAAGATA 

AAATTATTACAACACATACACTAAAGATA 

ps [me [8 |frekitncanscscraasonra | 08 TACAACACATACACTAAAGATA 

a TACACCACATACACTAAAGATA 

pe fm |e |iatmencencwrccmacara | 08 ATTATTACACCACATACACTAAAGATA 

pe fm | s|iiarmenccncrcnctansgara | 8 ATTATTACACCACATACACTAAAGATA 

ps fm [4 |iitctceacaracactamonrs | 28 ATTACACCACATACACTAAAGATA 

pe fm [sd iiacadcncemencrameara nS | an TTACACCACATACACTAAAGATA 

sf [8  |fcketienracacrmacnty | 2 TACACCACATACACTAAAGATA 

TATTACAGCACATACACTAAAGATA 
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Target . 

GAATTATTACAGCACATACACTAAAGATA 

ATTACAGCACATACACTAAAGATA 

7 | cme [4 |iitctcencanscacrasscnra |S ATTACAGCACATACACTAAAGATA 

TTACAGCACATACACTAAAGATA 

7 | ewe | 5 | Citmarracaceacaracacraascaa | 8 GAATTATTACAGCACATACACTAAAGATA 

pe | cme | ot |imarmewesearacacranscnma | 8 ATTATTACATCACATACACTAAAGATA 

ps | cee | 2 |feradtrencnacnermaonra nn | 20 TATTACATCACATACACTAAAGATA 

ps | cee | 3 |fektencarencrwmonta nn | TACATCACATACACTAAAGATA 

ps | cee | 4 |iiacerencaraencracatan nn | 2 ATTACATCACATACACTAAAGATA 

pe | ce | 8 |faradtrencwmcscraagara | 8 TATTACATCACATACACTAAAGATA 

ps | ce [5 | iatarencmmencaancara ns | TTACATCACATACACTAAAGATA 

3 | ce [1 |fiarcmoscarscacraasoara | 2S AATTATTACAAGACATACACTAAAGATA 

2 | cee [2 |iirrarmemoncarscscrassenra | 25 AATTATTACAAGACATACACTAAAGATA 

3 | cme [3 | iaceacnenracactaancntn | 7 TTACAAGACATACACTAAAGATA 

3 | cee [+ |imarmenoscaracacracara | 8 ATTATTACAAGACATACACTAAAGATA 

2 | cme | 8 |faradtencarsescrassona | 8 TATTACAAGACATACACTAAAGATA 

3 | cee | 8 |iiacascncarscacraaacaia | 8 ATTACAAGACATACACTAAAGATA 

/5Phos/ACGATACATTGTAGAGCTGGTTGGGGTAAT 

/5Phos/ACGATAGATGAAGAGGATTCCATCTAGCAA 

/5Phos/ACGATAGCATGAAAGAAATT GGAACATCA 

| ce | 4 |Marmenceacaracncramenra | 4 TTATTACACGACATACACTAAAGATA 

/5Phos/ACGATACAGACCAAAGCTCTGTGCCTAATT 
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/5Phos/ACGATATGCCTCTCCGCCTCTCGCCTAATTA 

10 Cd247 p68 | TTACACGACATACACTAAAGATA 436 

1 Ragl 1 /5Phos/AGGATATTGGGTCATAAGCTTCCGGGAATT 437 

ATTACAGGACATACACTAAAGATA 

1 Ral 5 /5Phos/AGGATATTGAAACTGTACTGACAGAGGGA 438 

8 CTAATTATTACAGGACATACACTAAAGATA 

1 Rael 3 /5Phos/AGGATATTCAATAATI TCAGGGACATGTAA 439 

8 TTATTACAGGACATACACTAAAGATA 

1 Rael /5Phos/AGGATAGTCTAAACAGCTTGTTACCCGAAT AAO 

8 TATTACAGGACATACACTAAAGATA 

1 Rael 5 /5Phos/AGGATATGAAAGGTT TGGCAGAGACCCAA At 

& TTATTACAGGACATACACTAAAGATA 

1 Rael /5Phos/AGGATATAGCGGGACATGAAGAGCGCAAT AA? 

§ TATTACAGGACATACACTAAAGATA 

D2 Rag? 1 /5Phos/ATGATACCCCTAGAGAGACAAGGCTAATIA a3 

TTACATGACATACACTAAAGATA 

2 Rag? , /5Phos/ATGATATATCTGGGTTCAGGGACATCTAAT AAA 

TATTACATGACATACACTAAAGATA 

P Rag? 3 /5Phos/ATGATACAAGACTI TCCCAGAGCCTAATTAT 4A5 

TACATGACATACACTAAAGATA 

D2 Rag? /5Phos/ATGATACTCCTAGCTCATGGCATCTAATIAT AAG 

8 TACATGACATACACTAAAGATA 

2 Rag? 5 /5Phos/ATGATATTGAATAGAACGGAACCCAGGTAA AAT 

TTATTACATGACATACACTAAAGATA 

2 Rag? /5Phos/ATGATAGTGCAATTCACTGCTGGGGTAATT AAR 

g ATTACATGACATACACTAAAGATA 

13 Hest 1 /5Phos/AATATATGTCGTGTITGACACTGGCTGGAAT 

TATTACAATACATACACTAAAGATA 

13 Hest , /5Phos/AATATATGATGACTTICTGTGCTCAGAATTA 450 

TTACAATACATACACTAAAGATA 

13 Hest 3 /5Phos/AATATAGCACTATICCAGGACCAAGGAATT 451 

ATTACAATACATACACTAAAGATA 

13 Hes /5Phos/AATATACATCCAAAATCAGTGTITICAGTAA 452 

TTATTACAATACATACACTAAAGATA 

13 Hest 5 /5Phos/AATATATGAGCGAAGGCCCCGTTGGGGAT 453 

AATTATTACAATACATACACTAAAGATA 

13 Hest /5Phos/AATATACGAAGTGAGCGAGGAGCCACTGG ASA 

AATTATTACAATACATACACTAAAGATA 

14 Tef7 1 /5Phos/ACTATACTATCATATGGCTGCAGCTCAATTA A55 

TTACACTACATACACTAAAGATA 

14 Tcf7 5 /5Phos/ACTATAAGAGTGGAGAAAGCTGGGGAATT A56 

ATTACACTACATACACTAAAGATA 

14 Tct7 3 /5Phos/ACTATAAACGCATTGAGGGGTTTCTAATTA 457 

TTACACTACATACACTAAAGATA 
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4 Tet /5Phos/ACTATAAACCAGGTATTCTTGGTCCAAATTA ass 
TTACACTACATACACTAAAGATA 

uu ref : /5Phos/ACTATATTTGTACATGCCACTGGCAAATTAT As 
TACACTACATACACTAAAGATA 

iu ref /5Phos/ACTATACAACTATATTGACTAGTTGTAATTA 
TTACACTACATACACTAAAGATA 
/5Phos/AGTATAGGTTGCCTTGACCATCGATGTAAT 

15 Gata3 1 TATTACAGTACATACACTAAAGATA 461 
/5Phos/AGTATATGGTCAGCATGTGGCTGGAGTAAT 

15 Gata3 2 TATTACAGTACATACACTAAAGATA 462 
/5Phos/AGTATACGCGCAGGATGTCCCTGCTAATIA 

15 Gata3 3 TTACAGTACATACACTAAAGATA 463 
5 Gata /5Phos/AGTATAGAGIAGCAAGGAGCGTAGAGGAA 164 

TTATTACAGTACATACACTAAAGATA 
/5Phos/AGTATACGGGCTTCATGATACTGCTAATTAT 

15 Gata3 > TACAGTACATACACTAAAGATA 465 
5 Gataa /5Phos/AGTATATCTATGTCTCGCTCTCTCAGTAATT 466 

ATTACAGTACATACACTAAAGATA 
/5Phos/ATTATATGATGAGTTCCCTCTGGGAAATTAT 16 Bel11b 1 AG7 

c TACATTACATACACTAAAGATA 
/5Phos/ATTATAGTCAGCAAGTGTTCACCGTAATTAT 

16 Bcl11b 2 TACATTACATACACTAAAGATA 468 
/5Phos/ATTATATTCTCAGATGGGATGAGGGCGAAT 

16 Bel1 1b 3 TATTACATTACATACACTAAAGATA 469 
6 Bcd /5Phos/ATTATATTGTGCAAATGTAGCTGGAAGAAT 470 

TATTACATTACATACACTAAAGATA 
/5Phos/ATTATATTTCCATAGGACTTCGCAGAAATIA 

16 Bel1 1b 5 TTACATTACATACACTAAAGATA 471 
6 Bd Lb /5Phos/ATTATATCATTGCTCAGACTACTACTGGGTA i 

ATTATTACATTACATACACTAAAGATA 
0 cts jl /5Phos/AAACTATTGGGACATCATTTCTTTGCTAATT 473 

ATTACAAACCATACACTAAAGATA 
0 cts ; /5Phos/AAACTATGATAGGATGCAGCGTCTGATAGG a4 

AATTATTACAAACCATACACTAAAGATA 
0 cts 3 /5Phos/AAACTAATGAAGTAATCCGAGGTGTAACAG ays 

GAATTATTACAAACCATACACTAAAGATA 
0 rts /5Phos/AAACTAGTCTIGTCTGCAAGGTGTCTGTAAT 46 

TATTACAAACCATACACTAAAGATA 
0 cts : /5Phos/AAACTACAGCGGGACATCTGCACATAATTA 7 

TTACAAACCATACACTAAAGATA 
0 cts /5Phos/AAACTAGCIGCTACATTTCCAGTGTAATTAT 48 

TACAAACCATACACTAAAGATA 
1g vil j /5Phos/ACACTATTCTCAGTCATGGCGGAACCAATT 479 

y ATTACACACCATACACTAAAGATA 
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1g vil ; /5Phos/ACACTAACCAGITGGGCITCATGGGAATTIA 480 
Y TTACACACCATACACTAAAGATA 

2 vil 3 /5Phos/ACACTAAACCCTGTAGCAGTTTCCACAGAA 121 
Y TTATTACACACCATACACTAAAGATA 

2 wil /5Phos/ACACTAGTCGCGGTTAACAGGATCAAATIA 429 
Y TTACACACCATACACTAAAGATA 

2 wil ; /5Phos/ACACTAGGGCCGAAAGGCACTGAGCTAATT 483 
Y ATTACACACCATACACTAAAGATA 

3 wil /5Phos/ACACTACTGCGCTTCAGCCGGCTGTAATTAT aes 
Y TACACACCATACACTAAAGATA 

9 hex j /5Phos/AGACTAACGCTTTCTCICGGGTGGGAATTA 48s 
TTACAGACCATACACTAAAGATA 

9 hex ; /5Phos/AGACTATGITTGTTAATTAGCCAGTGCAAA 486 
TTATTACAGACCATACACTAAAGATA 

3 hex 3 /5Phos/AGACTAGAATAGCTACAGACTIAGGAAAGT 4g) 
AATTATTACAGACCATACACTAAAGATA 

9 hex /5Phos/AGACTATGIAAAAGTIGGGTATACCCTAAT age 
TATTACAGACCATACACTAAAGATA 

9 hex ; /5Phos/AGACTATGGAGAACCTCACTTGACCGCCTA 429 
ATTATTACAGACCATACACTAAAGATA 

9 hex /5Phos/AGACTAGGGAACGGGTACAGAGGGCCTAA 490 
TTATTACAGACCATACACTAAAGATA 
/5Phos/ATACTACGTIGATAAACAATCGTCATCCTAA 

20 Bel11a 1 TTATTACATACCATACACTAAAGATA 491 
/5Phos/ATACTAATCTGCTATGTGTTICCIGTTAATTA 

20 Bel11a 2 TTACATACCATACACTAAAGATA 492 
/5Phos/ATACTACGGGTAATIAGGTTGGCTGGTAAT 

20 Bel11a 3 TATTACATACCATACACTAAAGATA 493 
70 Bcltto /5Phos/ATACTACGGAGCACGTTGACGTCGGAATTA 494 

TTACATACCATACACTAAAGATA 
/5Phos/ATACTACACTTTCTAAGTAGATICTTAATTA 

20 Bella > TTACATACCATACACTAAAGATA 495 
/5Phos/ATACTACATCTTGAGCTCGCGGGGTAATTA 

20 Bella 6 TTACATACCATACACTAAAGATA 496 
/5Phos/AACCTAGAAGTCGGGGTGTTCGGCCAATTA 

21 Hoxas 1 TTACAACCCATACACTAAAGATA 497 
/5Phos/AACCTAAAGCGTGGGACAGTCACCCAATTA 

21 HoxaS 2 TTACAACCCATACACTAAAGATA 498 
/5Phos/AACCTACCAAGAGCAGTTICATGGTAATTIA 

21 Hoxas 3 TTACAACCCATACACTAAAGATA 499 
/5Phos/AACCTACAGATICGTTTGCCTCGCTGAATTA 

21 Hoxas pa TTACAACCCATACACTAAAGATA 300 
/5Phos/AACCTAAATGCCCTCCCTTGTGTGTAATTAT 

21 Hoxas 5 TACAACCCATACACTAAAGATA 301 
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1 Homa /5Phos/AACCTACGAATITCCTCACTICTCCTAATTAT 509 
TACAACCCATACACTAAAGATA 
/5Phos/ACCCTATGTTATGGCIGGACACTGGAATTIA 

22 Mef2c 1 TTACACCCCATACACTAAAGATA 303 
/5Phos/ACCCTATGGAGGTCTATGIGTTACACCAGG 22 Mef2 2 504 

eree AATTATTACACCCCATACACTAAAGATA 
/5Phos/ACCCTACTCCCATTCCTTGTCCTGGAATTAT 

22 Mef2c 3 TACACCCCATACACTAAAGATA 305 
/5Phos/ACCCTAGTTGCTACGGAAACCACCGAATTA 

22 Mef2c pa TTACACCCCATACACTAAAGATA 306 
/5Phos/ACCCTAGCCATGTTTAGGCAACAGCCTAAT 

22 Mef2c > TATTACACCCCATACACTAAAGATA 307 
/5Phos/ACCCTATTCGCGTAAAAGCCACGATAATTA 

22 Mef2c 8 TTACACCCCATACACTAAAGATA 308 
3 imo? j /5Phos/AGCCTATGTTCACACACTATGTCGGAGTAA 509 

TTATTACAGCCCATACACTAAAGATA 
/5Phos/AGCCTATCACCTACACAGAAATGCTAATTAT 

23 Lmo2 2 TACAGCCCATACACTAAAGATA >10 
/5Phos/AGCCTACATCGTCATCTCATAGGCAAATTAT 23 Lmo2 3 511 

mo TACAGCCCATACACTAAAGATA 
73 mo? /5Phos/AGCCTAATCGATAGTTACCTGGGGAAGCAA sb 

TTATTACAGCCCATACACTAAAGATA 
/5Phos/AGCCTAACTGTGACTAGAACAGGGTAATIA 

23 Lmo2 ° TTACAGCCCATACACTAAAGATA 313 
73 mo? /5Phos/AGCCTACCTATGTICTGCTGGCAGCCAATTA S14 

TTACAGCCCATACACTAAAGATA 
/5Phos/ATCCTATGAATGACTCTGACGAGCAGAAAT 

24 Meis1 1 TATTACATCCCATACACTAAAGATA 315 
/5Phos/ATCCTAGACCGAGGAACCCATGCTGAATIA 

24 Meis1 2 TTACATCCCATACACTAAAGATA 316 
/5Phos/ATCCTATATATGCATGCCACCTTIGCAAATTA 

24 Meis1 3 TTACATCCCATACACTAAAGATA 517 
v4 Meist /5Phos/ATCCTATCCTIGTGTTAAGAACCGAGGGGAA - 

TTATTACATCCCATACACTAAAGATA 
oA Meist 5 /5Phos/ATCCTAAATGAATGATCGTCCGTTCTGTCTA - 

ATTATTACATCCCATACACTAAAGATA 
oA Meist /5Phos/ATCCTAGGATGCCGTGTICATCATGGICTAA 590 

TTATTACATCCCATACACTAAAGATA 
os ref Fj /5Phos/AAGCIAAGAACIGTTCIGGTCACTGCTAAT 51 

TATTACAAGCCATACACTAAAGATA 
35 Teta ; /5Phos/AAGCTAATTATTGCTGGAGTGATCCGGAAT 599 

TATTACAAGCCATACACTAAAGATA 
35 refs 3 /5Phos/AAGCTAGAATACCCAGGTCATGGCCTGTAA 504 

TTATTACAAGCCATACACTAAAGATA 
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os | we | 4 [amscacccarencramenth |S ATTACAAGCCATACACTAAAGATA 

ATTACAAGCCATACACTAAAGATA 

ps | we [5 |Mamomccearacncraeata nn | SS TTATTACAAGCCATACACTAAAGATA 

TTACACGCCATACACTAAAGATA 

ATTACACGCCATACACTAAAGATA 

TTACACGCCATACACTAAAGATA 

ps | mn | + | iacacccenracacranacnte | S80 TTACACGCCATACACTAAAGATA 

TTACACGCCATACACTAAAGATA 

ps | wn | 5  |iacacccearscacrassoat nn |S ATTACACGCCATACACTAAAGATA 

ATTATTACAGGCCATACACTAAAGATA 

p27 | mma | 2 |faarraracacccearacacrammonta |S 27 Runx1 2 534 
TAATTATTACAGGCCATACACTAAAGATA 

/5Phos/AGGCTACGTTGAATCTCGCTACCTGGTAAT 

p27 | mma | 4 | Marmenccceatacacrmenni | S88 TTATTACAGGCCATACACTAAAGATA 

/5Phos/AGGCTAATCTGAACCGTAGCCATGGAATTA 

pr | mma | 8 |imacaccecrmescansoata | S88 2/7 Runx1 538 
ATTACAGGCCATACACTAAAGATA 

/5Phos/ATGCTAGACATGTGGGATGTGGAGGTCAA 

/5Phos/ATGCTAAGGTGAAGGAGATCCCACTAATTA 

/5Phos/ATGCTACGACCATCGAAGCTGATCGAAATT 

ps | ree [4 |faradareccnmencrneata |S TATTACATGCCATACACTAAAGATA 

/5Phos/ATGCTAGGAGGAGTATGTGAGGCGGAATT 

ps | re [6 |imarmemacencnerancata |S ATTATTACATGCCATACACTAAAGATA 

TTATTACAATCCATACACTAAAGATA 
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TTACAATCCATACACTAAAGATA 

TTACAATCCATACACTAAAGATA 

p= | [4 ammounceanscacrasscnre | S88 TTATTACAATCCATACACTAAAGATA 

TTACAATCCATACACTAAAGATA 

p= | [6 | armeuncesrscacrassenta | S50 TTATTACAATCCATACACTAAAGATA 

TTATTACACTCCATACACTAAAGATA 

AATTATTACACTCCATACACTAAAGATA 

ATTACACTCCATACACTAAAGATA 

| ce | 4 |iatmencrcarscscrassonig | SS ATTATTACACTCCATACACTAAAGATA 

TTACACTCCATACACTAAAGATA 

| cm | 5 |fncscrecaracncrnncata | SS TACACTCCATACACTAAAGATA 

/5Phos/AGTCTATGTGGTCTGTCCTGGAGAAGGAAT 

/5Phos/AGTCTACAAATTCATCTACGGTCCACACTAA 

/5Phos/AGTCTAGGTGGCTACGATGCAGCAAGAATT 

pa | tows [4 |imacnereearacactamonra | 580 ATTACAGTCCATACACTAAAGATA 

/5Phos/AGTCTAGATCCCCTTTGTCTTATCAGGAATT 

pt | fos | 8 | Marmcnrecascacramsontn |S TTATTACAGTCCATACACTAAAGATA 

TTACATTCCATACACTAAAGATA 

TATTACATTCCATACACTAAAGATA 

TATTACATTCCATACACTAAAGATA 

p22 | te | 4 |fektrecnaeneraasarn | S58 TACATTCCATACACTAAAGATA 

TACATTCCATACACTAAAGATA 
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32 fn /5Phos/ATTCTAAGCGTTCATTGTCTCAGAGCTAATT 568 

8 ATTACATTCCATACACTAAAGATA 

33 1 /5Phos/AAAGTAGGACGTTI GGCACATCCATCTAAT 569 

TATTACAAAGCATACACTAAAGATA 

33 5 /5Phos/AAAGTACCTACAGACGAGCTCACTCTAATT 570 

ATTACAAAGCATACACTAAAGATA 

33 3 /5Phos/AAAGTACATCGAAAAGCCCGAAAGAGTAA 571 

TTATTACAAAGCATACACTAAAGATA 

33 /5Phos/AAAGTAGCCGTCAGTGACGAGAGACAAAT 572 

TATTACAAAGCATACACTAAAGATA 

33 5 /5Phos/AAAGTAAATCCATTTGCATGATGCTCTTAAT 573 

TATTACAAAGCATACACTAAAGATA 

33 /5Phos/AAAGTAGAGTTCTTCTTCAAGCATGGAGTA 574 

ATTATTACAAAGCATACACTAAAGATA 

34 17a 1 /5Phos/ACAGTAGGTAGTCTGAGGGCCTICTGAATT 575 

ATTACACAGCATACACTAAAGATA 

34 17a , /5Phos/ACAGTATTGAGGTIGACCTTCACATTAATIA 576 

TTACACAGCATACACTAAAGATA 

34 17a 3 /5Phos/ACAGTAAGTGAAGGGGCAGCTCTCAAATTA 577 

TTACACAGCATACACTAAAGATA 

34 17a /5Phos/ACAGTATTACACCTICTTITICATTGTGGAAT 578 

TATTACACAGCATACACTAAAGATA 

34 17a 5 /5Phos/ACAGTATCTATCAGGGTCTTCATTGCGGTA 579 

ATTATTACACAGCATACACTAAAGATA 

34 17a /5Phos/ACAGTATTCATGTGGTGGTCCAGCTAATIA 580 

TTACACAGCATACACTAAAGATA 

/5Phos/AGAGTATACATGGACTCAAAGTTCTCCCAA 

35 Tbx21 1 TTATTACAGAGCATACACTAAAGATA 381 

/5Phos/AGAGTAAATGAAACTTCCTGGCGCATAATT 

35 Thx21 2 ATTACAGAGCATACACTAAAGATA 382 

/5Phos/AGAGTAGTGTTAGAAGCACTGCAGGAATT 

35 Thx21 3 ATTACAGAGCATACACTAAAGATA 383 

/5Phos/AGAGTACGCCTAGTCCTGAGTCGCTAATIA 

35 Thx21 pa TTACAGAGCATACACTAAAGATA 384 

/5Phos/AGAGTAATAACTGTGTTCCCGAGGTGTAAT 

35 Thx21 ° TATTACAGAGCATACACTAAAGATA 385 

35 Tbx21 /5Phos/AGAGTAACCCTTCAAACCCTICCTCTAATIA 586 

TTACAGAGCATACACTAAAGATA 

36 Cer? 1 /5Phos/ATAGTACCAAAGATCCAGGACTTGGCAATT 587 

ATTACATAGCATACACTAAAGATA 

36 Cer? 5 /5Phos/ATAGTACATCTTGGCAGAAGCACACCTAAT 588 

TATTACATAGCATACACTAAAGATA 

36 Cer? 3 /5Phos/ATAGTAGGTAGCAGAAACTCATAGCCAGAA 589 

TTATTACATAGCATACACTAAAGATA 
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| cr | [aracirscenmencanneata | S80 ATTACATAGCATACACTAAAGATA 

CGAATTATTACATAGCATACACTAAAGATA 

| cr | 5  |fnracnaccaracscrameata | 52 TATTACATAGCATACACTAAAGATA 

TTACAACGCATACACTAAAGATA 

GAATTATTACAACGCATACACTAAAGATA 

TACAACGCATACACTAAAGATA 

pa | set [+ | iraceaccenrncscraasona | S88 TTACAACGCATACACTAAAGATA 

TTACAACGCATACACTAAAGATA 

pa | st | 5 |iiiacaeccearscacrasacntae | S88 ATTACAACGCATACACTAAAGATA 

/5Phos/ACCGTAGCACTCTGTAAGGACACTGGGAAT 

ps | swe | 2 |armenceceumencraaacaras | 2 TTATTACACCGCATACACTAAAGATA 

/5Phos/ACCGTACTCAGACTTCTGCTTTGGCTAATTA 

/5Phos/ACCGTATGAGCAGACAGTGAATGAGGAAT | wer [4 [fnradnccccaracncrnenta nn |S 
/5Phos/ACCGTACTTCCGAGAGTGTTGTGGCAATTA 

/5Phos/ACCGTATCTTGGAAGTGGATGGCATAATTA 8 | swes [8 [racacecearacacramaonta ns | 98 
ATTACAGCGCATACACTAAAGATA 

p= | ce [2 |faracaccccarscacrasscary on | 68 TATTACAGCGCATACACTAAAGATA 

/5Phos/AGCGTATTCTGCGCCATGAATGTCCAATTAT 

ee ce TACAGCGCATACACTAAAGATA 

p= | ce [os | Macacecesracacrasacnra | 88 TTACAGCGCATACACTAAAGATA 

p= | cise [8 | iacacecearacacraancnin | SO TTACAGCGCATACACTAAAGATA 

po | cor | ot |iniarenresercneraacata |S AATTATTACATCGCATACACTAAAGATA 
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po | cu | 2 |irarmcreccumescraasesta nn | TTATTACATCGCATACACTAAAGATA 

po | ete | 3 [aracareceanacactaaacare | 88 ATTACATCGCATACACTAAAGATA 

po | cae | [tariatareccaracacraancnta | TATTACATCGCATACACTAAAGATA 

po | ea | s [tpeweccwaencaancata | SS TACATCGCATACACTAAAGATA 

0 | cae | 6 [ararmscateccarscactasscna ns | SS ATTATTACATCGCATACACTAAAGATA 

ATTACAAGGCATACACTAAAGATA 

ATTACAAGGCATACACTAAAGATA 

AATTATTACACGGCATACACTAAAGATA 

TATTACACGGCATACACTAAAGATA 

AATTATTACACGGCATACACTAAAGATA 

2 | tem | [arachccccaracacramscata |S ATTACACGGCATACACTAAAGATA 

TTACACGGCATACACTAAAGATA 

2 | tem | s [tirmatacccearaencrammenta nn | 8% TATTACACGGCATACACTAAAGATA 

3 | tem | 2 [tinrracasccearacacramacargn | 8 43 Itgam 1 625 
TTATTACAGGGCATACACTAAAGATA 

/5Phos/AGGGTAACAGGATCTCAGTGCTGCTAATTA 

/5Phos/AGGGTAGGATATCTCCTICGCGCAGAATTA 

| tem | [aracaccccaracacrasacara | 828 43 Itgam 628 
ATTACAGGGCATACACTAAAGATA 

/5Phos/AGGGTACCTCAAGATGACTGCAGAAGCAAT 

3 | tem | [armcaccccanacacrassgata nn | S82 43 Itgam 630 
ATTACAGGGCATACACTAAAGATA 

TTACATGGCATACACTAAAGATA 

AATTATTACATGGCATACACTAAAGATA 

ATTACATGGCATACACTAAAGATA 
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AA FIt3 /5Phos/ATGGTACAGCATT TGACCAGAAGCCCTAAT 634 

TATTACATGGCATACACTAAAGATA 

Fit3 5 /5Phos/ATGGTATCTCTCTCGGGAACTCCCAAATTAT 635 

TACATGGCATACACTAAAGATA 

Fit3 /5Phos/ATGGTAGGGCGTCATCATITICTGCAATTAT 636 

TACATGGCATACACTAAAGATA 

AS Sirpa 1 /5Phos/AATGTATACAGAAACAGGACGCGGAAATT 637 

ATTACAATGCATACACTAAAGATA 

45 Sirpa 5 /5Phos/AATGTAGAAAGATGGCTCAGGCTTGAATIA 638 

TTACAATGCATACACTAAAGATA 

45 Siroa 3 /5Phos/AATGTACGCACCTACAGAAATAGGCAGGTA 639 

P ATTATTACAATGCATACACTAAAGATA 

45 Siroa /5Phos/AATGTACAACATTAGGTCAGCATTGGGTAA 

P TTATTACAATGCATACACTAAAGATA 

As Sirpa 5 /5Phos/AATGTAGCTGGAATCAGGAATCCCCAATTA 641 

TTACAATGCATACACTAAAGATA 

45 Sirpa /5Phos/AATGTATICCATAGGCTT GGGAGCCAATTA 642 

P TTACAATGCATACACTAAAGATA 

cd19 1 /5Phos/ACTGTACTTCATCTAAAGCTGTGGCTAATIA 643 

TTACACTGCATACACTAAAGATA 

cd19 5 /5Phos/ACTGTAGTGGATT ICCATAGGACCCAATTA GAA 

TTACACTGCATACACTAAAGATA 

cd19 3 /5Phos/ACTGTATCCCGTACTGGTICTGGGTAATTAT 645 

TACACTGCATACACTAAAGATA 

cdi9 /5Phos/ACTGTACGTTCTCATAGAATTCAGAGCCCTA 

ATTATTACACTGCATACACTAAAGATA 

cdi9 5 /5Phos/ACTGTAGGATGTTAGGTGGCTAAATGCCAA 6A7 

TTATTACACTGCATACACTAAAGATA 

cdg /5Phos/ACTGTAACCAGTTCTCAACAGCCAGAATTA 648 

TTACACTGCATACACTAAAGATA 

/5Phos/AGTGTAAGATGATCCCTTICTGCTGTGATGA 

a7 Cd79a 1 ATTATTACAGTGCATACACTAAAGATA 649 

/5Phos/AGTGTATGACAAGAAGAGGAGGAGAGGA 

47 Cd79a 2 ATTATTACAGTGCATACACTAAAGATA 650 

/5Phos/AGTGTACACTAGAGAGGGAGCTGGAAATT 
47 Cd79 3 651 

a ATTACAGTGCATACACTAAAGATA 

a7 Cd79a /5Phos/AGTGTAGGTGGGAGAATAGGGTGGGAATT 652 

ATTACAGTGCATACACTAAAGATA 

/5Phos/AGTGTATCCTCGCCCAAGTTCACCGTAATTIA 

47 Cd79a ° TTACAGTGCATACACTAAAGATA 653 

a7 Cd79a /5Phos/AGTGTAACGCGGAGGTAAGTACCACAGGA 654 

ATTATTACAGTGCATACACTAAAGATA 

Ms4al 1 /5Phos/ATTGTATGAAGAAGCTTTGTGTGGGGCAAT 655 

TATTACATTGCATACACTAAAGATA 

166



WO 2025/030082 PCT/US2024/040682 

Target . 

ae [men | 2 [armcarrccaracacrasacata | SS ATTACATTGCATACACTAAAGATA 

as | mess [3 |Aacarrccaracncranneata | 657 ATTACATTGCATACACTAAAGATA 

as | met [4 [fiavrarmearrocarscacrasscara | SS TAATTATTACATTGCATACACTAAAGATA 

pss | me [os | iacamecnmenerasscara | TTACATTGCATACACTAAAGATA 

pss | me [os |imarmenrecaracacraaaonra | S52 ATTATTACATTGCATACACTAAAGATA 

pe | cee [1 |feradnarenacncnancata | 8 TATTACAAATCATACACTAAAGATA 

pe | cme | 2 |imarmewarenacacramonra | 8 ATTATTACAAATCATACACTAAAGATA 

9 | cma [3 |Atmacaanrearacacramonra nn | 85 ATTACAAATCATACACTAAAGATA 

pe | cee | 4 |fnctanrearacacranaoag nn | 8 TACAAATCATACACTAAAGATA 

po | cme [8 |imarmewarenmcsctaasonra |S ATTATTACAAATCATACACTAAAGATA 

pe | cme [5 |faradnaremmencnaneatas |S TATTACAAATCATACACTAAAGATA 

TATTACACATCATACACTAAAGATA 

TTACACATCATACACTAAAGATA 

ps | ee | 3 | acacarenaencinncata | 868 TTACACATCATACACTAAAGATA 

pe | ee | + |imacneatentncncraneata | 870 ATTACACATCATACACTAAAGATA 

ATTACACATCATACACTAAAGATA 

pf me | 8 |fnckcarcaracncramear | 82 TACACATCATACACTAAAGATA 

ATTACAGATCATACACTAAAGATA 

TACAGATCATACACTAAAGATA 

TATTACAGATCATACACTAAAGATA 

ps fm [4 |itctenrearscncraascatg nn | 87S ATTACAGATCATACACTAAAGATA 

TTACAGATCATACACTAAAGATA 
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Target . 

fm | 8 [amariscscarearacacranagara | 78 ATTATTACAGATCATACACTAAAGATA 

/5Phos/ATATTAGAAGACAGCTAGGGCCCAGAATTA 

/5Phos/ATATTACCAGTTGGACAAGCTGCAGAATTA 

/5Phos/ATATTAGCTACCCTGACTGTCTGAAGAATTA 

se | rican | 4 | Mataraenracneraascara |S TTACATATCATACACTAAAGATA 

/5Phos/ATATTAAACCATTACAGAAGGCGGCCAATT 

se | vaca [| 8 |iacararenrcncrmaacara |S ATTACATATCATACACTAAAGATA 

TTATTACAACTCATACACTAAAGATA 

TTACAACTCATACACTAAAGATA 

TTATTACAACTCATACACTAAAGATA 

ps | vt [4 |imacaccreamcncreata | 688 ATTACAACTCATACACTAAAGATA 

TATTACAACTCATACACTAAAGATA 

ps | vt | 8 |frckacrearenctamenra | 80 TACAACTCATACACTAAAGATA 

TTATTACACCTCATACACTAAAGATA 

TACACCTCATACACTAAAGATA 

ATTACACCTCATACACTAAAGATA 

ps | we | 4 |Miarmtccrearacactamaoag ns | TTATTACACCT CATACACTAAAGATA 

TACACCTCATACACTAAAGATA 

ps | ws [os |fncserrearnencrneata | SS TACACCTCATACACTAAAGATA 

ATTACAGCTCATACACTAAAGATA 

ATTATTACAGCTCATACACTAAAGATA 

ps fm | |fnmdsccranacncnancara | TATTACAGCTCATACACTAAAGATA 
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Target . 
no Gene Symbol | Probe index Probe sequence SEQ ID NO: 

55 If /5Phos/AGCTTACTGTGATGAGCTTCCTCTGTAATTA 700 

TTACAGCTCATACACTAAAGATA 

55 rf 5 /5Phos/AGCTTACATTGATATGGGATTICTGGGAAT 701 

TATTACAGCTCATACACTAAAGATA 

55 rf /5Phos/AGCTTAAGTT TCACTTACGGTGCAGGAATT 702 

ATTACAGCTCATACACTAAAGATA 

/5Phos/ATCTTACAAGACTCCCAAGTTGTGTAATTAT 

36 H2-Aa 1 TACATCTCATACACTAAAGATA 703 

/5Phos/ATCTTAAGCTGGTCTCATAAACACCGTAATT 

36 H2-Aa 2 ATTACATCTCATACACTAAAGATA 704 

/5Phos/ATCTTACCATAGGTGCCTACGTGGTAATTAT 

36 H2-Aa 3 TACATCTCATACACTAAAGATA 705 

56 H2-Aa /5Phos/ATCTTACTTGAATGATGAAGATGGTGCCCA 706 

AATTATTACATCTCATACACTAAAGATA 

/5Phos/ATCTTAAAAGGCCCTGGGTGTCTGGAATTA 

36 H2-Aa > TTACATCTCATACACTAAAGATA 707 

57 cd40 1 /5Phos/AAGTTATGACTGATTGGAGAAGAAGCAATT 708 

ATTACAAGTCATACACTAAAGATA 

57 cd4o 5 /5Phos/AAGTTACACACTGCCCTAGATGGACCGAAT 709 

TATTACAAGTCATACACTAAAGATA 

57 cd40 3 /5Phos/AAGTTAACAGTGTCTGATTCTGCGGTAATT 710 

ATTACAAGTCATACACTAAAGATA 

57 cd40 /5Phos/AAGTTACCAAGTTICTTATCCTCACAGCTAAT 711 

TATTACAAGTCATACACTAAAGATA 

57 cd40 5 /5Phos/AAGTTACTGAGCACATGCCTCGCAATCCTA 712 

ATTATTACAAGTCATACACTAAAGATA 

57 cd4o0 /5Phos/AAGTTAGTCACATGGGTGGCATTGGGAATT 713 

ATTACAAGTCATACACTAAAGATA 

58 Cd83 1 /5Phos/ACGTTATTCCGTACCAGGTT TAGAAATAATT. 714 

ATTACACGTCATACACTAAAGATA 

/5Phos/ACGTTAACTCTGTAGCTTCCTTGGGAATTAT 

38 cd83 TACACGTCATACACTAAAGATA 715 

/5Phos/ACGTTAGGGAATAGGCCCTTCTCCTAATTAT 

38 Cd83 3 TACACGTCATACACTAAAGATA 716 

58 Cdg3 /5Phos/ACGTTACTCAGTCCATTGTCTGCCCTAATTA 717 

TTACACGTCATACACTAAAGATA 

58 Cd83 5 /5Phos/ACGTTAGACCAGATAGCCACATGAAACATA 718 

ATTATTACACGTCATACACTAAAGATA 

58 Cdg3 /5Phos/ACGTTATCGTGATCATATGATGGTGCTAATT 719 

ATTACACGTCATACACTAAAGATA 

/5Phos/AGGTTAGTCTCCACGGAAACAGCATAATIA 

39 Cd86 1 TTACAGGTCATACACTAAAGATA 720 

59 cds6 , /5Phos/AGGTTAAACCAACTTTTGCTGGTCCTAATTA 771 

TTACAGGTCATACACTAAAGATA 
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Target . 

ATTATTACAGGTCATACACTAAAGATA 

ps3 | ce [4 | rataccrearacacraaseat | 8 TTACAGGTCATACACTAAAGATA 

CAATTATTACAGGTCATACACTAAAGATA 

ps | cus [5 |faradaccrearacacramscary en | 7S TATTACAGGTCATACACTAAAGATA 

| vem | | armerrearscacrasscnrg |S TTATTACATGTCATACACTAAAGATA 

| wea [2 |iacarerenmenciaeata ns | 7 TTACATGTCATACACTAAAGATA 

| wea [3 |iacarorenncncasncara ns | 78 TTACATGTCATACACTAAAGATA 

| wea [4 |hmacerorearnencranoata nn | 728 ATTACATGTCATACACTAAAGATA 

/5Phos/AATTTACCTGATAGGAATGGCCCCTAATTAT 

ATTACAATTCATACACTAAAGATA 

ATTACAATTCATACACTAAAGATA 

pa | cur [4 |imactarrenmencasacara | 78 ATTACAATTCATACACTAAAGATA 

AATTATTACAATTCATACACTAAAGATA 

TTATTACACTTCATACACTAAAGATA 

TTACACTTCATACACTAAAGATA 

ATTACACTTCATACACTAAAGATA 

pe | com | 4 | iiatacrearacactasacnrg | 78 TTACACTTCATACACTAAAGATA 

ATTACACTTCATACACTAAAGATA 

pe | com [5 |imactereanscacramonma | 70 ATTACACTTCATACACTAAAGATA 

TTATTACAGTTCATACACTAAAGATA 

TACAGTTCATACACTAAAGATA 

TTACAGTTCATACACTAAAGATA 
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T t 

63 Cerda /5Phos/AGTTTAAAATGACGGGGTTAAGGCAAATTA FAA 

TTACAGTTCATACACTAAAGATA 

63 Ccrd 5 /5Phos/AGTTTAATCTCTACGCTTGTAACCAGGCTAA FA5 

TTATTACAGTTCATACACTAAAGATA 

63 Cer4 /5Phos/AGTTTAAACTGTTCTAACTTT TAATACAACT FAG 

AATTATTACAGTTCATACACTAAAGATA 

/5Phos/ATTTTACACAGCACGTAGGTTGCAGAATTA 

64 Ccl25 1 TTACATTTCATACACTAAAGATA 77 

/5Phos/ATTTTACCGGAGAACATTCCATTTGATAATT 

64 Ccl2s 2 ATTACATTTCATACACTAAAGATA 748 

/5Phos/ATTTTACAATAGCTCCTTGGTGAGTAATTAT 

64 Ccl25 3 TACATTTCATACACTAAAGATA 7g 

64 Ccl25 /5Phos/ATTTTATGCCTATGGGATCAGTGAACTAATT 750 

ATTACATTTCATACACTAAAGATA 

/5Phos/ATTTTAAGTTCCTTCCTCATACATGCTAATTA 

64 Ccl25 > TTACATTTCATACACTAAAGATA 71 

6A C125 /5Phos/ATTTTATCATGTCCTCTGGATTCCCAAATTA 759 

TTACATTTCATACACTAAAGATA 

4) STARmap data analysis 

[0478] STARmap data analysis was performed similarly to Wang and Shi (Wang et al., 

Science 361 (2018) and Shi et al Nature 622, 552-561 (2023)). Briefly, image deconvolution was 

achieved with Huygens Essential version 21.04 (Scientific Volume Imaging, The Netherlands, 

http://svi.nl), using the CMLE algorithm, with SNR:10 and 10 iterations. Image registration, spot 

calling, and barcode filtering were performed as previously described. 

a 3D Cell Segmentation: 

[0479] A synthetic image with improved contrast between cell nuclei was generated by 

multiplying the inverted Flamingo staining image and DAPI staining image after enhancing 

contrast using Fiji for each field of view (FOV). A StarDist 3D segmentation model was then 

trained using a manually labeled training dataset created from the synthetic data. Subsequently, 

the model was applied to predict segmentation for each FOV. 

b) Tissue region identification: 
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[0480] To isolate low-frequency (i.e. large length scale) transcriptional patterns over the tissue, 

Laplacian smoothing over a spatial Delaunay triangulation (i.e. a nearest neighbor mesh of cells) 

was performed. The specific low-pass filter used was a heat kernel with time t=10. PCA was then 

performed on the resulting low-pass filtered cell-by-gene matrix to identify region features, 

followed by clustering in PC space to produce categorical region labels. K-means was used for 

clustering to avoid smoothing-induced spatial autocorrelation artifacts. 

c) Quality control & Cell type classification: 

[0481] Cells with less than 2 reads and expressed fewer than 2 genes were excluded. Gene 

expression profiles were normalized and scaled using standard Scanpy procedures. A hierarchical 

clustering approach was then utilized to create a three-level celltype annotation. Initially, 24 

clusters were identified through k-means clustering of the preprocessed gene expression profile 

containing 19 genes, which were further categorized into four level 1 cell types (T cells, B cells, 

Macrophages, and Dendritic cells). Cells lacking expression of any of the selected 19 gene markers 

were removed from subsequent analysis. Each level 1 cell type underwent additional k-means 

clustering to establish level 2 annotations. Specifically, T cells were subdivided into ectopically 

generated T cells (Ccr7+), CD4+ T cells (Cd4+), and CD8+ T cells (Cd8a+). Macrophages were 

classified as Activated Macrophages (Cd68+) and Monocytes (Csflr+, Lyz2+), while Dendritic 

cells were differentiated into cDC1 (Irf8+) and cDC2 (Irf4+). 9 Level 2 CD4+/CD8+ T cells and 

Synthetic T cells then underwent a level-3 k-means clustering using a panel of 15 markers for 

further refinement in classification. 

d) Neighborhood enrichment analysis: 

[0482] A permutation-based approach from Squidpy was used to quantify localized cell 

neighborhoods in each tissue section. For each pair of cell types, the analysis calculates an 

enrichment score that reflects how often cells of these two types are found in close proximity 

compared to what would be expected by chance. This involves comparing the observed frequency 

of each cell type pair within neighborhoods against a null model that assumes a random distribution 

of cell types. The significance of the enrichment scores is assessed using permutation tests as the 

p-values shown in the corresponding heatmaps. 
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[0483] A panel of 64-gene probes were designed (Tables 2 and 3) to accurately subtype 

splenocytes, assess their activation levels, and detail any immature T cell states based on TF 

expression patterns (FIG. 17A). Cells in the white pulp were spatially organized (the lymphoid 

tissue component of the spleen) into distinct regions informed by the native spleen histology (such 

as B cell follicles and periarteriolar lymphoid sheath (PALS)) using SPZN and performed subtyping 

with k-means clustering. Furthermore, Applicants mapped out cell-cell interactions based on their 

proximity in 3D tissue reconstructions (FIG. 15SE, FIGs. 17A-17B). 

[0484] Based on the functionally defined splenic architecture, Applicants 3D-segmented and 

quantified immune cells in all captured PALS (FIG. 15F-15G; FIG. 17A). In Luc-treated athymic 

mice, Applicants found that the physiological PALS architecture and segregation into a 

periarteriolar T cell zone surrounded by B cells and other APCs (Macrophages, Mg) and DCs was 

disrupted by the severe reduction of T cells (FIG. 15F). DFI-treated mice, however, demonstrated 

a regeneration of this architecture that was driven by the addition of T cell clusters not found in 

Luc-treated athymic animals (FIG. 15F). Quantifying the cells in these regions showed that these 

additional T cells are largely immature, with some of them having progressed to naive single- 

positive CD4* and CD8* T cells (FIG. 15G, FIG. 17E). 

[0485] Applicants also observed a substantial increase in cDC1 cells in the STARmap data 

(FIG. 15G). Previous work has shown that Flt3L administration increased DC numbers in the 

spleen from Flt3-expressing progenitors. DFI administration led to a systemic increase in FIt3L 

levels (FIG. 3G). Applicants therefore hypothesized that the observed increase in splenic cDC1 

populations is an additional mechanism of theF/#3/ mRNA-containing DFI approach, which 

induces development of DCs from progenitors. In addition, Applicants observed enhanced 

activation of DC subtypes in the PALS (FIG. 15H). As neither treatment with F/#3/ mRNA alone 

or recombinant FIt3L protein was able to recapitulate the increase in vaccination-specific or naive 

T cells Applicants observed with full DFI-treatment in aged animals, Applicants reasoned that 

these two mechanisms of DFI treatment are likely complementary. 

[0486] T cells are guided into the spleen through a process involving chemokines and their 

receptors, directing them to areas within the spleen for effective interaction with antigen presenting 

cells (APCs). The CCR7 chemokine receptor is particularly important for T cell migration to 

secondary lymphoid organs like the spleen. This CCR7-dependent pathway is vital for correctly 
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positioning T cells, allowing them to efficiently encounter and respond to antigens. Applicants 

found that in addition to being present at higher numbers (FIG. 15F-G), immature T cells expressed 

high levels of Cer7, potentially explaining their homing to the spleen (FIG. 17B). 

[0487] Because T cell maturation depends on interaction with APCs, Applicants analyzed the 

cellular neighborhood of immature T cells using Sguidpy. For each pair of cell types, the analysis 

calculates an enrichment score that reflects how often cells of two types are found in close 

proximity compared to what would be expected by chance. Spatial profiling studies of mouse 

spleens have revealed a strong association between cells of the same phenotypic class, suggesting 

that similar cell types tend to cluster together, a principle referred to as homotypic association, 

which appears to be a key driver in the organization of immune tissue. Applicants found this 

pattern is consistent across major cell types in the white pulp of wild-type (Foxn/*’*) animals, 

including T and B cells, and extends to less common cells such as monocytes (FIG. 15]). Although 

cell-cell interactions were largely limited to the myeloid cell compartment in Luc-treated Foxn/-~ 

animals, mirroring their lack of T cells, in DFI-treated animals Applicants observed the re- 

emergence of cellular interactions among maturing T cells as well as between T cells and DCs in 

the PALS (FIG. 15I, FIG. 17F). 

[0488] To verify that the ectopically generated naive T cells generated by DFI treatment are 

functional, Applicants extracted all CD3* T cells from the spleens of Foxn/-~ animals treated for 

35 days with DFI and evaluated their functionality using three metrics: 1) capacity to produce two 

key T cell cytokines, IL-2 and IFN-y, upon activation, 2) ability to proliferate following 

engagement of the TCR, and 3) competence in promoting cellular cytotoxicity (FIG. 18A). 

[0489] Applicants found that ectopically in vivo-produced T cells produced IL-2 and IFN-y 

upon stimulation with PMA/ionomycin. However, stimulation with these compounds bypasses the 

TCR complex, so Applicants also tested if treatment with aCD3/CD28 antibodies, which engage 

the TCR complex, resulted in IL-2 and IFN-y production as well. Even with this assay, Applicants 

found that the T cells from DFI-treated animals produced similar levels to those produced by T 

cells isolated from wild-type mice (FIG. 18B-18D). Furthermore, DFlI-derived T cells 

demonstrated wild-type levels of proliferation activity in response to TCR activation by 

aCD3/CD28 engagement, which was further increased with the addition of 100 ng/ml IL-2 (FIG. 

18E). 
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[0490] To assess TCR-driven cytotoxicity, Applicants performed a one-sided mixed 

lymphocyte reaction (MLR), which is widely used to assess T cellular function, particularly in the 

context of allogeneic responses (FIG. 18F). Foxn/’- mice express the MHC class I H-2%? allele, 

while NSG mice, which lack T cells, are on the H-2* genetic background. This mismatch will in 

principle elicit alloreactivity. Applicants co-cultured sorted and Carboxyfluorescein succinimidyl 

ester (CFSE)-labeled DF I-derived T cells and splenocytes from NSG mice and then analyzed cells 

by flow cytometry (FIG. 18G). After 24 hours of co-culture, Applicants found a significant loss of 

NSG (CFSE ) splenocytes in the MLR setups with both DFI-derived and wild-type effector T cells 

relative to the non-MLR controls. This was accompanied by a significant proliferation of effector 

T cells, which Applicants were able to track by CFSE dilution (FIGs. 18H-18J). 

[0491] Together, these results show that DFI-treatment induces the accumulation of mature T 

cells and DCs in the spleens of athymic animals. Ectopically generated T cells exhibited 

comparable cellular functions relative to physiologically developed T cells from wild-type 

animals, underscoring the potential of these cells to contribute to adaptive immune responses. 

Importantly, themultifaceted assessments of T cell functionality revealed that mature T cells 

generated by DFI treatment did not exhibit unnaturally high levels of activity or abnormal 

proliferation. 

EXAMPLE 6: DFI FACTORS DEMONSTRATE FAVORABLE TOXICITY AND 

IMMUNOLOGICAL SAFETY 

Spontaneous type-1 model and clinical and molecular monitoring 

[0492] NOD/ShiLtJ (NOD) mice were treated with DFI mRNA or Luc mRNA encapsulated 

in SM-102 LNPs twice per week for 4 weeks followed by clinical and molecular monitoring for 

the development of type 1 (TID). NOD.Cg-Tg (TcraTcrbNY8.3)1Pesa/DvsJ (NY8.3) mice 

transgenic for the autoreactive TCR recognizing NRP-V7 included as positive control group. 

Experimental endpoint (Onset of T1D) was reached in animals with blood glucose levels 

>200mg/dL in two independent measurements or in animals developing glucosuria. 

[0493] The safety of DFI treatment was investigated. Applicants confirmed that DFI treatment 

as an LNP did not affect the weight of aged animals relative to treatment with Luc LNPs over the 

course of 35 days of bi-weekly treatments (FIGs. 13 A-13B). Applicants then assessed the relative 

safety of DFI mRNA (packaged in LNPs) treatment relative to systemic protein delivery. 

175



WO 2025/030082 PCT/US2024/040682 

Applicants observed no significant changes in liver function parameters such as AST, ALT, CK, 

or in hepatic steatosis indicators GGT and bilirubin in mice treated with DFI mRNA-LNPs 

compared to those receiving recombinant proteins or a saline control. However, Applicants saw 

an elevation in triglyceride levels, which could indicate the presence or breakdown of LNPs, but 

this did not lead to increased serum cholesterol or LDL levels (FIG. 13C). Furthermore, DFI 

mRNA did not induce a significant inflammatory response compared to the control group, except 

for a moderate increase in IL-6 levels, which aligns with previous preclinical evaluations of SM- 

102 LNP formulations (FIG. 13D). Conversely, mice treated with recombinant FLT-3L and IL-7 

exhibited significant elevations in GM-CSF, IL-10, IL-12, and IL-1B levels (FIG. 13D). 

[0494] A key question raised by these findings is whether DFI treatment leads to autoimmune 

disease via the generation of autoreactive T cells, which are typically eliminated in the thymus 

through the process of negative selection. To answer this, Applicants first turned to the T cell- 

driven non-obese diabetic (NOD) mouse model to assess if DFI treatment affects the susceptibility 

to Type | diabetes (TID). In NOD mice, T1D is brought on by autoreactive T cells, the main TCR 

clonotype (NRP-V7) of which is detectable in the bloodstream via peptide-H2" tetramer staining 

of its mimotope. 

[0495] To define a threshold for exacerbated T1D, Applicants used NOD mice genetically 

modified to express only the NRP-V7 TCR (NOD NY8.3). After establishing baseline levels of 

serum glucose, glycosuria, and autoreactive T cell levels, NOD mice were treated with Luc or DFI 

twice weekly for five weeks (FIG. 16A). In parallel, Applicants monitored the onset of T1D via 

blood and urine glucose testing. Applicants also performed weekly flow cytometry from peripheral 

blood of these animals to quantify the frequency of circulating autoreactive T cells carrying the 

TCRs that recognize the NRP-V7 mimotope KYNKANVEFL (SEQ ID NO: 758). Applicants found 

no significant difference in blood glucose levels (FIG. 16B, top) or diabetes incidence (FIG. 16C) 

between littermate mice treated with DFI or Luc LNPs throughout the 6-month observation period. 

By contrast, all NY8.3 mice developed TID by 8 weeks of age (FIG. 16C). Flow cytometry 

analysis revealed the presence of NRP-V7-specific TCRs in all tested animals as early as 5 weeks 

of age, with a progressive increase to about 28% NRP-V7-specific T cells (compared to nearly 

100% in NY8.3 mice). However, despite the rising variability among individuals over time — 

correlating with the emergence of clinically evident T1D — the difference in NRP-V7-specific T 
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cells between DFI- and Luc-treated mice did not reach statistical significance at any point of the 

study (FIG. 16B, bottom). 

[0496] Although Applicants were encouraged by the results in the NOD mice, central tolerance 

in these animals is compromised. Applicants therefore established a second model to test if DFI 

affects the maintenance of negative selection against a germline encoded antigen. Applicants used 

Act-mOVA mice, which possess a transgenic construct that drives the expression of chicken 

ovalbumin, along with elements from the H-2®° and the H-2”" alleles, under the regulation of a 

chicken beta actin promoter and the cytomegalovirus (CMV) immediate-early enhancer. This 

configuration ensures robust and widespread germline expression of the OVA 254-267-K> 

peptide: MHC complex, recognizable by OT-I TCRs, and the OVA 323-339-I-A> complex, 

recognizable by OT-II TCRs. In the Act-mOVA mice, OVA is constitutively expressed from an 

early developmental stage, in contrast to being introduced externally as performed in theprevious 

vaccination experiments. This internal expression subjects OVA to the organism’s mechanisms of 

central tolerance, leading to a physiological absence of T cells or immunoglobulins that recognize 

OVA. Applicants treated these mice with two doses of either Luc or DFILNPs, administered twice 

weekly over a five-week period. To assess whether central tolerance was disrupted, Applicants 

utilized OVA tetramer staining to detect autoreactive TCRs and an anti-OVA pan-IgG ELISA for 

autoreactive antibodies (FIG. 16D). Following a five-week DFI treatment, Applicants did not 

detect any T cells specific for OVA peptides 254-267 in CD8° T cells or 323-339 in CD4* T cells 

in the peripheral blood of these mice. Importantly, compared to wild-type mice, Act-mOVA mice 

showed near-zero levels of T cells binding to the OVA 254-267-K° peptide throughout the 

treatment, indicating a continuous negative selection against these TCRs (FIG. 16E-F). In addition, 

Applicants challenged these animals with an exogenous OVA vaccine (with the strong adjuvant 

CFA). In this challenge experiment, wild-type mice developed robust anti-OVA IgG serum levels, 

but neither DFI nor Luc treated Act-mOVA animals showed any significant antibody response 

(FIG. 16G). Finally, Applicants transferred genetically labeled CD45.2 pro-T cells into 

immunocompetent, but aged CD45.1 animals to better understand the fate of immature, but 

systemically circulating T cells in the presence of a thymus (FIGs. 13F-13H). Applicants detected 

the transferred cells in the thymus as early as 24 hours after i.v. injection (FIG. 13G). After 7 days, 

Applicants still detected immature CD45.2 T cells in the thymus of recipient animals. However, 
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the spleen of recipients only contained single-positive CD45.2 T cells, suggesting that further 

maturation and negative selection by the recipient’s thymus can in principle occur in this context 

(FIG. 13H). 

[0497] Together, Applicants results suggest that while DFI enhances immunity against foreign 

antigens in aged animals, it does not interfere with self-tolerance. This underscores the potential 

for DFI's safe application. Additionally, it avoids the potentially severe adverse effects and costs 

associated with recombinant cytokine treatments or cellular reprogramming approaches. 

wee 

[0498] Various modifications and variations of the described methods, pharmaceutical 

compositions, and kits of the disclosure will be apparent to those skilled in the art without departing 

from the scope and spirit of the disclosure. Although the disclosure has been described in 

connection with specific embodiments, it will be understood that it is capable of further 

modifications and that the disclosure as claimed should not be unduly limited to such specific 

embodiments. Indeed, various modifications of the described modes for carrying out the disclosure 

that are obvious to those skilled in the art are intended to be within the scope of the disclosure. 

This application is intended to cover any variations, uses, or adaptations of the disclosure 

following, in general, the principles of the disclosure and including such departures from the 

present disclosure come within known customary practice within the art to which the disclosure 

pertains and may be applied to the essential features herein before set forth. 
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CLAIMS 

What is claimed is: 

1. A composition comprising: 

(a) one or more polynucleotides encoding one or more activating proteins that 

induce T cell differentiation of T cell progenitor cells, and 

(b) a delivery vehicle configured to deliver the one or more polynucleotides to a 

target tissue where T cell progenitors differentiate. 

2. The composition of claim 1, wherein the one or more activating proteins is an agonist of a 

Notch signaling pathway or of a T cell receptor (TCR) signaling pathway. 

3. The composition of claim 2, wherein the agonist of the Notch signaling pathway comprises 

DLL1, DLL4, Jagged1, Jagged2, or a combination thereof. 

4, The composition of claim 2, wherein the agonist of the TCR signaling pathway is a major 

histocompatibility complex (MHC) class I or MHC class II ligand. 

5. The composition of claim 4, wherein the MHC class I ligand comprises HLA-A, HLA-B, 

HLA-C, or a homolog thereof. 

6. The composition of claim 4, wherein the MHC class II ligand comprises HLA-DP, HLA- 

DQ, HLA-DR, or a homolog thereof. 

7. The composition of claim 1, further comprising one or more cytokines, or one or more 

polynucleotides encoding said cytokines. 

8. The composition of claim 7, wherein the one or more cytokines comprise IL-7, FLT3L, 

KIT ligand, IL-2, IL-4, IL-15, CCL25, or a combination thereof. 

9. The composition of claim 7, wherein the one or more cytokines induce expression of the 

transcription factor RUNX3. 
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10. The composition of any one of claims 1 to 7, wherein the one or more polynucleotides 

comprise one or more plasmid DNAs encoding the one or more activating proteins and/or 

cytokines; one or more mRNA molecules encoding the one or more activating proteins 

and/or cytokines; or a combination thereof. 

11. The composition of claim 10, wherein the one or more mRNAs comprise one or more 

modifications that increase mRNA stability, reduce immunogenicity, and/or improve 

translation efficiency. 

12. The composition of claim 1, wherein the delivery vehicle comprises a lipid nanoparticle, 

an exosome, a microvesicle, a viral vector, an engineered retroelement vector, a 

polynucleotide-based nanostructure, or an extracellular contractile injection system. 

13. The composition of claim 12, wherein the viral vector comprises a retroviral, lentiviral, 

adenoviral, adeno-associated, or herpes simplex viral vector. 

14, The composition of claim 1, wherein the target tissue is the liver, spleen, small intestine, 

thymus, or a combination thereof. 

15. A method for inducing T cell progenitor differentiation comprising: 

delivering, to a target tissue where T cell progenitor differentiation occurs, one or 

more polynucleotides encoding one or more activating proteins that induce differentiation 

of T cell progenitor cells. 

16. |The method of claim 15, wherein the one or more polynucleotides are formulated such that 

the one or more polynucleotides are delivered to endothelial cells in the target tissue, and 

wherein the activating proteins are displayed on a surface of the endothelial cells. 

17. The method of claim 15 or 16, wherein the target tissue is the liver, spleen, small intestine, 

thymus, or a combination thereof. 
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18. | The method of any one of claims 15 to 17, wherein the one or more activating proteins 

induce differentiation of T cell progenitors to double positive (DP) T cells. 

19. The method of any one of claims 15 to 18, wherein the one or more activating proteins is 

an agonist of a Notch signaling pathway or of a T cell receptor (TCR) signaling pathway. 

20. The method of claim 19, wherein the agonist of the Notch signaling pathway comprises 

DLL1, DLL4, Jagged1, Jagged2, or a combination thereof. 

21. The method of claim 19, wherein the agonist of the TCR signaling pathway is a major 

histocompatibility complex (MHC) class I or MHC class II ligand. 

22. The method of claim 21, wherein the MHC class I ligand comprises HLA-A, HLA-B, 

HLA-C, or a homolog thereof. 

23. The method of claim 21, wherein the MHC class I] ligand comprises HLA-DP, HLA-DQ, 

HLA-DR, or a homolog thereof. 

24. The method of any one of claims 15 to 23, wherein the one or more polynucleotides 

comprise one or more plasmid DNAs encoding the one or more activating proteins; one or 

more mRNA molecules encoding the one or more activating proteins, or a combination 

thereof. 

25, The method of claim 24, wherein the one or more mRNAs comprise one or more 

modifications that increase mRNA stability, reduce immunogenicity, and/or improve 

translation efficiency. 

26. The method of any one of claims 15 to 25, wherein the one or more polynucleotides are 

delivered a lipid nanoparticle, an exosome, a microvesicle, a viral vector, an engineered 

retroelement vector, a polynucleotide-based nanostructure, or an extracellular contractile 

injection system. 
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27. The method of claim 26, wherein the viral vector comprises a retroviral, lentiviral, 

adenoviral, adeno-associated, or herpes simplex viral vector. 

28. The method of any one of claims 15 to 27, further comprising delivering one or more 

cytokines, or one or more polynucleotides encoding said cytokines. 

29. The method of claim 28, wherein the one or more cytokines comprise IL-7, FLT3L, KIT 

ligand, IL-2, IL-4, IL-15, CCL25, or a combination thereof. 

30. The method of claim 28, wherein the one or more cytokines induce expression of the 

transcription factor RUNX3. 

31. The method of any one of claims 28 to 30, wherein the one or more cytokines are co- 

delivered with the one or more polynucleotides encoding the one or more activating 

proteins. 

32. | The method of any one of claims 28 to 30, wherein the one or more cytokines are delivered 

separately, either temporally or spatially, from the one or more polynucleotides encoding 

the one or more activating proteins. 

33. The method of any one of claims 28 to 32, wherein the one or more cytokines induce 

differentiation of double positive (DP) T cells into single positive (SP) T cells. 

34, A method for identifying candidate activating proteins, or combinations of activating 

proteins, that induce T cell proliferation and differentiation, said method comprising: 

(a) delivering one or more polynucleotides encoding one or more candidate 

activating proteins that induce T cell differentiation of T cell progenitor cells to a 

population of cells derived from a tissue of interest, 

(b) selecting a sample of single clone cells expressing the candidate activating 

proteins from the population of cells derived from the tissue of interest, 
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(c) treating a population of T cell progenitors with the sample of single clone cells 

expressing the candidate activating proteins, 

(d) quantifying the percentage of T cells differentiated from the population of T cell 

progenitors, and 

(e) selecting the polynucleotides encoding the candidate activating proteins that 

resulted in T cell differentiation for evaluation im vivo, wherein the percentage of 

differentiated T cells is at or above 50% of the total cell population consisting of the 

differentiated T cells and T cell progenitors. 

35. The method of claim 34, wherein the tissue of interest is the liver, spleen, small intestine, 

thymus, or a combination thereof. 

36. The method of claim 35, wherein the sample of single clone cells is selected using flow 

cytometry. 
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«document which may throw doubts on priority claim(s) or which is “Y” document of particular relevance; the claimed invention cannot be 
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1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was 
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a. forming part of the international application as filed. 

b. [| furnished subsequent to the international filing date for the purposes of international search (Rule 13ter.1(a)), 
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application as filed. 
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Box No. HI Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

administered to a subject in need of treatment for Alagille syndrome (ALGS) is sufficient to improve heart, 

liver, kidney and/or spleen function; page 15, third paragraph). 

The inventions listed in Groups I-III therefore lack unity under Rule 13 because they do not share a same or 

corresponding special technical feature. 

1. [| As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

2. | As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment 

of additional fees. 

3. [| As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically claims Nos.: 

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted 

to the invention first mentioned in the claims; it is covered by claims Nos.: 1-14 

Remark on Protest [| The additional search fees were accompanied by the applicant’s protest and, where applicable, the 

payment of a protest fee. 

] The additional search fees were accompanied by the applicant’s protest but the applicable protest fee 

was not paid within the time limit specified in the invitation. 

[ ] No protest accompanied the payment of additional search fees. 
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Box No. IT Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

1. | Claims Nos:.: 

because they relate to subject matter not required to be searched by this Authority, namely: 

2. [| Claims Nos:.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 

extent that no meaningful international search can be carried out, specifically: 

3. Claims Nos.: 18-33 
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box No. HI Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

This application contains the following inventions or groups of inventions which are not so linked as to 

form a single general inventive concept under PCT Rule 13.1. In order for all inventions to be examined, the 

appropriate additional examination fees need to be paid. 

Group I: claims 1-14 are drawn to compositions. 

Group II: claims 15-17 are drawn to methods for inducing T cell progenitor differentiation. 

Group III: claims 34-36 are drawn to methods for identifying candidate activating proteins, or combinations of 

activating proteins, that induce T cell proliferation and differentiation. 

The inventions listed in Groups I-III do not relate to a single general inventive concept under PCT Rule 13.1, 

because under PCT Rule 13.2 they lack the same or corresponding special technical features for the following 

reasons: 

The special technical features of Group I, compositions, are not present in Groups II and IT; the special 

technical features of Group II, methods for inducing T cell progenitor differentiation, are not present in Groups 

I and III; the special technical features of Group II, methods for identifying candidate activating proteins, 

or combinations of activating proteins, that induce T cell proliferation and differentiation, are not present in 

Groups I and IT. 

Additionally, even if Groups I-III were considered to share the technical features of delivering one or more 

polynucleotides encoding one or more candidate activating proteins that induce T cell differentiation of T 

cell progenitor cells to a population of cells derived from a tissue of interest, and a target tissue where T cell 

progenitor differentiation occurs, these shared technical features do not represent a contribution over the prior 

art as disclosed by WO 2017/201342 Al to ModemaTX, Inc., (hereinafter, “ModernaTX’’). 

ModernaTX teaches delivering one or more polynucleotides encoding one or more candidate activating proteins 

that induce T cell differentiation of T cell progenitor cells to a target tissue (The invention relates to MRNA 

therapy for the treatment of Alagille syndrome (ALGS), mRNAs for use in the invention, when administered in 

vivo, encode JAGGED 1, abstract; wherein the composition when administered to a subject in need of treatment 

for Alagille syndrome (ALGS) is sufficient to improve heart, liver, kidney and/or spleen function; page 15, third 

paragraph), and a target tissue where T cell progenitor differentiation occurs (wherein the composition when 
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