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TARGETING THE INNATE IMMUNE SYSTEM TO INDUCE LONG-TERM 

TOLERANCE AND TO RESOLVE MACROPHAGE ACCUMULATION IN 

ATHEROSCLEROSIS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

10 This present application claims priority to U.S. Provisional Patent Application Se 

No. 62/329,676 filed April 29,2016. which is incorporatedherein by reference in its entirety.  

GOVERNMENT SUPPORT 

This invention was made with government support under grants Rol L118440, R01 

15 HL125703. R01 CAt155432, R01 EB009638, K25 EB016673.and P30 CA008748 awarded 

by the National Institutes of H-ealth. The government has certain rights in the invention, 

FIELD OF THE INVENTION 

Methods and compositions for inducing long-term tolerance by hybrid nanoparticles 

are provided. Compositionsandformulationscomprisiw hybrid nanoparticles With inherent 

20 affinity for innate inunune cells are provided, 

BACKGROUND 

Indefinite allograft survival remains an elusive goal. in organ transplantation.  

Transplantation requires suppression of the immune system to prevent organ rejection.  

Patients undergoing organ transplantation usually receive an immunosuppressive drug 

25 mixture that includes, but is not limited to orticosteroidstacrolinmus, cyclosporine and 

sirolimus (rapamycinf) Such iunosuppressietherapy has draminatically improved he 

short-term resultsof organ transplantation Howeverall immunosuppressive agets have 

serious adverse effects, such asinfections, and considerable metabolictxiiy Thereis, 

consequently, an ongoing need toreduce toxicity dervedfrom chroMiC immunosppressive 

30 treatment and, by extension, to improve long-term survivaL Despite efforts to use currently 

availabletimmnosuppressive agents in less toxic ways, noalternative regimen has seriously 

challenged these drugs' almost universal use.  

historically, transplant imnunologists have attempted to develop novel tolerogenic 

protocols by targeting the adaptive immune response mechanism. Such work has been based 

35 on the observation that T cells are both necessaryandsuficienttoinduceallograftrejection.  
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However, the induction of transplantation tolerance achieved in marine models cannot be 

fully explained by mechanisms that target only the adaptive immunity, such as deletion of 

activated T cells Recent advances in our understanding of how numerous non-specific 

responses influence immune activity have revealed how the innate immune system (a) reacts 

5 to organ transplantation and (b) critically influences the adaptive immune response toward 

inducing allograft tolerance However, the innate immune system is a potential in 1ivo 

therapeutic target that has not been successfully explored in organ transplantation.  

Rapamycin is one of the most widely used immunosuppressive drugs in 

transplantation. This drug blocks T and B lymphocyte activation via mTOR inhibition and 

10 efficiently inhibits T cell proliferation Ilowever, use of this drugis associated with severe 

side effects including increased infection susceptibility.  

In present treatments, alograft survival requires a cocktail ofimunosppressie 

drugs, Experimental antibodies targeting the innate inmune system have been shown to 

induce ong-tenn tolerance, with severe side effects, 

15 Thus, there is a need for therapeutics which can modulate the innate immune system 

and induce long-term tolerance with few side effects, 

Atherosclerosis is one of the leading causes of death and disability in the world.  

Atherosclerosis involves the deposition of fatty plaques on the luminal surface of arteries, 

which in turn causesstenosis, i.e, narrowing of the artery. Ultimately, this deposition blocks 

20 blood flow distal to the lesion causingischemic damage.  

There is still a need to develop more effective therapeutics for atherosclerosis and 

novel ones which target plaque inflammation.  

DESCRIPTION OF THE DRAWINGS 

Figures IA-G are diagrams showing an overview of mTOR-HDL 

25 nanoimmunotherapy, allograft model, biodistribution and immune cell targeting. Figure A is 

adiagram showing that nTOR-1-IDL nanoparticles, synthesized from phospholipids, human 

APOA and rapamcin, had a discoidal shape as evaluated by transmission electron 

mimroscopy (TEM) and that they can be radiolabeled with "Zr. Figure 11 is a schematic 

showing BALB/c donor hearts (H.2d) transplanted into fully alogencic C57BL/6 recipients 

30 (12b) receiving mTOR nanoinnunotherapy, which are either radiolabeled for PET imaging 

and biodistribution, or fluorescently labeled for distribution among cell subsets of the innate 

and adaptive immune system, Figure IC are representative micro-P/C31) fusion images 

of mice 24 hours after intravenous administration ofm nTOR-1-IDL radiolabeled with $Zr 
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(Zr-iTOR-HDL), The CT image was used as anatomical reference to create regions of 

interest to determine radioactivity concentration in the transplanted heart (3D-movie is 

provided as S2 A). Figure ID is a graph of radioactivity counting showing biodistribution of 

`Zr-n'TOR-DL in tissues of interest (kidney, liver, spleen. blood, bone, skin, and muscle) 

5 24 hours post injection. The radioactivity content was expressed as percentage of injected 

dose per gram of tissue (%iD/),Error bars are standard error of the mean (SENI), n=3, 

Figure iE is autoradiography determined radiotracer distribution in native (N) vs.  

transplanted heart (Tx) at 24 h post- intravenous administration of Zr- mTOR-HDL in the 

same recipient. Quantification was varied out using imageJsoftware.Errorbarsaestadard 

10 deviations (SD), n=3, Figure IF are graphical representations of flow cytometry gating 

strategy to distinguish nyeloid cells in blood, spleen and the transplanted heart Grey 

histogranmsshow immune cell distribution in the mice injected with Di-labeled.mTOR-.HDL 

compared to control (black histogram Figure 1G are graphs showing mean fluorescence 

intensity (MFI) of neutrophils, monocyteshnacrophages, Ly-6C' and Ly-6CU 

15 monocytesmacrophages,dendritic cells and T cells in the blood, spleen and the transplanted 

heart is shown, Error bars are standard error of the mean (SEM), n= 4; ANOVA *Ps 0,05; 

*P --0-, 0 L 

Figure 2A-C are images and graphs showing that nTORH-DL nanoimmunotherapy 

rebalances the innate in-mne system Figure 2A are graphs showing total numbers of graft

20 infiltrating leukocytes, neutrophils, iacrophages and dendriti cells. Flow cytometric 

analysis of different cell subsets in the transplanted heart of placebo, Oral-Ra and mTOR

HIDLtreated recipients at day 6 post-transplantation is shown (ANOVA *P< 0.05. **P 

(101), Figure 2B are graphical representations showing frequency of Ly-6C vs, Ly-6C' 

macrophages in the transplanted heart from placebo, Oral-Ra and mTOR-HDL-treated 

25 recipients are shown. Data represents mean +SEMn=4 per group; ANOVA *P0.05; **P$, 

0,01 Figure 2C displays images of GSEA gene array analysis, Results indicate that the 

n1TOR pathway is down-regulated in Ly-6C intra-graft macrophages from mTOR-HDL 

treated recipients Heatmaps derived from the GSEA data of selected genes that achieve p 

<0,05 in Ly-6(' macrophages from the allografts ofmTOR--DL treated recipients at day 6 

30 post-transplantation areshown (means of n=3 per group) 

Figure 3A-G are diagrans and graphs showing that -IDL nanoimmunotherapy 

induces accuiulation of regulatory macrophages and promotes graft acceptance. Figure 3A 

are inaes showing functional.characterization of graft-infiltrating Ly-6C and Ly-6CJ MD 
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and Ly-6G neutrophils from placebo and mTOR-IDL treated mice 6 days post

transplantation. Representative andquantitative flow cytometry resultsfor Ly-6C and Ly-6G 

expression in CD45CDlb" allografts, myeloid cell subsets from the placebo and mTOR

HDL-treated allograft recipients (top). In vitro suppressive capacity of graft-infiltrating Ly

5 6C' MO from placebo and mTOR-HDL-treated mice was measured. Quantitative flow 

cytometry results for CFSE CD8" T cells, with cell proliferation percentage measured by 

CSFE dilution after 72 hours are shown (middle) In vitro T-reg expansion capacity of graft

infiltrating Ly-6Clo MD from placebo and mTOR-HDL-treated mice was evaluated. Flow 

cytometric analysis indicates percentage of Foxp3 expression on CD4+ T cells after co

10 culture for 72 hours (bottom), Data are shown as mean SEM; n =4 per group; t-test "P 

0.01 Figure 3B are images showing percentage of graft-infiltrating CD4)CD25V vs.  

CD4*CD25 T-cells from placebo and mTOR-HDL-treated allograft recipients. Data are 

shown as mean SEM; n=4 per group t-test **P < 0.01 Figure 3C are scatter plots and 

graphsshowing phenotypic characterization of graft- infiltrating Ls-6C and Ly-6CI MO 

15 and Ly-6G neutrophils, at day 6post-transpltaon, from mTOR-HDL-treated mice 

following Ly-6Clo M depletion. Representative and quantitativeflow cytoietry results of 

graft-infiltrating CD45*CDlb myeloid cell subsets of mTOR-HDLtreated CD169-DTR 

recipients receiving DT for Ly-6Clo MD depletion. Data are shown as mean SEM;n=4 per 

group; t-test **P-' 0.01. Figure 3D is a Kaplan-Meier curveshowinggraft survival following 

20 Ly-6C' acrophage depletion in iTOR-HDL treated recipients, Results indicate that 

adoptive transfer of wild type monocytes restore tolerance in rnTOR-HDL treated 

macrophage depletedrecipients (n= 4 mice in each group; Kaplan-Meier *P 001). Figure 

3E is a box-plot of the gene array for the expression of CD40 in Ly-6C, macrophages 

obtained frorn the allografts of placebo versus mTOR-HDL treated recipients (rneans of n=3 

25 per grup; t-test **PS 001), Figure 3F is a Kaplan-Meier curve showing gtaft survival of 

mTOR-HDL recipients reeiving agonistic stiniulatory CD40 mAb in vivo with. or without 

TRAF6i-HDL nanoimmunotherapy (n=5 mice in each group; Kaplan-Meier **Ps001.  

Figure 3G is a Kaplan--Meier curve showing graft survival curves of placebo, Oral-Ra, 

mTOR-HDLand mTOR-HDL/TRAF6iHDL combination therapy (n=8 mice in each group, 

30 Kaplan-Meier survival analysis: P- 0.001 placebo vs. niTOR-IDL, PO,01 Oral-Ra vs.  

mTOR-HDL P 001 TRAF6i-HDL vs. mTOR-HDL/TRAF6i-HDL P: 0,01 inTOR-HDL 

vs. mTOR-HDL/TRAF6i-HDL).  

Figure 4 is a transmission electron micrograph showing the discoidal morphology of 

miTOR-1-IDL 
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Figures SA-C are graphs and images showing physiological biodistribution and 

mTOR-HDL targetingin C57/1316 wildtypemice. Fig, Ahowsrepresentatvenear infrared 

fLuorescence images (NIRF) of organs injected with either PBS control (first row of organs) 

or DiR-hbeled mTOR-HDL 24 hours before transplantation show accumulation in liver, 

5 spleen lung, kidney, heart and muscle. The right panel is a graph with bars representing the 

control to mTORDL-DiR accumulation ration each oran, calculated by dividing the total 

signal of each organ in the control and mTOR-IDL-DiR groups. Error bars are standard error 

of the means (SEM.), n=4;P 005; **P < O. ** < 0.001. Fig, 5B is a graph showing 

mveloid cell distribution in blood and spleen. Grey histograms (right) show distribution in 

10 nice injected with DiO-labeled mTOR-HDL compared to distribution in control animals 

(black histogram). Fig. 5C are graphs showing mean fluorescence intensity (MFI) of 

neutophiksmoyt/marophag pool Ly-6Clo / Ly-6Chimonocytes and dendritic cellsin 

blood and spleen, Error bars are standard error of the means (SEM.), n= 4; *P 005;**P 

0,01, 

15 Figure 6 is a graph showing PET-quantified uptake values according to the mean % 

ID/gin transplanted heart kidney, liverand spleen, n = 3.  

Figures 7A-B are graphs and flow cytometry images showing mTOR-HDL 

nanomunotherapydoes not target T lymphocytes, ig. 7A is scatter plot showing flow 

cyomnetry gating strategy to disingh T cells in blood and the transplanted heart. Grey 

20 histograms (right) show the T cell distribution in mice injected with DiO-labeled iTOR

HDL compared to distribution in control animals (black histogram), Fig. 7B are graphs 

showin mean fluorescence intensity (MF) of monocytes/macrophages, CD3 T,C)4 T 

and CD8' T-cells in blood and the transplanted heart, Error bars are standard error of the 

mean (SEM.), n= 4;*S 0,01 ***P 0,001 

25 Figure 8 is graphs showing flow cytometric analysis of cell suspensions retieved 

from blood and spleen of placebo, Oral-Ra and mTOR-HDL-treated allograft recipients at 

day 6 post transplintafton. Data are shown as mean ±SEM; n=4 per group;1*P 0.05; **P < 

0.  

Figures 9A-B are diagrams and graphs relating to the frequency of Ly-6Ch'vs.Ly

30 6C' monocytes in the blood and spleen from placebo, Oral-Ra and mTORTDL-treated 

allograft recipients, Figure 9B are graphs Showing a ratio of Ly-CN to Ly-6C'monocytes in 

the blood, spleen and transplanted hearts of placebo, OralRa and nTOR-HDL-treated 

allograft recipients. Data are shown as mean SEM; n=4 per group, *Ps 0.05; *- < 0. L 
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Figure 10 is a graph showing TNF-a secretion 6 days post-transpantation in sera 

from placebo, Oral-Ra and mTO.RIHDL-treated allograrecpientsas analyzed by ELISA.  

Figures 11A-B are transmission electron micrographs showing the discoidal 

morphology of TRAF6i-HDL. The nanoparticles had a nean hydrodyiamic radius of 19.2 

5 3.1 am anda drugincorporation efficiency of 84.6&6%, as determined by DLS and.HPLC 

respectively. Fig. iB shows that the disc shape of the TRAF6i-HDL particles can be 

appreciated when particles ire in stacked formation, while the size of the nainoparticles can be 

evaluated when observing particles from a top down perspective.  

Figures 12A-.B are irnages and a Kapla-Meier curve showing that TORT-HDL 

10 nanoimmunotherapy dramatically prolongs skin allograIft surival Fiure 12A are images 

showinskinaillograft rejection in control and mT'OR-HDL-treated mice at different time 

points otransplantationas documented bya microscope with a digital camera. Figure 12B 

isa Kaplan-Meier curve of skin allografts (n= 4 mice in eachgroup, P 0.01 between Placebo 

and nTOR-IDL).  

15 Figures 13AB 4are graphs showing kidney and liver images (Fig 13A) and heart 

immunoh(stochemistry (-IC) (Fig, 1313) for toxicity evaluation, The kidney and liver 

representative images of 11C for heinatoxylineosin (I&E), Periodic acid-Schiff (PAS) and 

Massons Trichrome (Masson) show no signs of toxicity. Kidney and liver from 

mTor/TRAF6i-HDL treated recipients werecollected at day 100 after transplantation (n=4: 

20 magnification X200), In Fig. 13B the representative images of HIC for H&E and Siius Red 

show no signs of chronic allograph vasculopathy (CAV), Heart ilografts from mTor

HDL/TRAFi-HDL treated recipients were collected at dat 100 after transplantation (n=4; 

magnification X200). For Fig. 13B, the chronic allograft vasculopathy analysis, the sections 

show mild ciculmferential inflammation without arteries and no igns of initial hyperplasia, 

25 Nouse aoric segments did not exhibit any histological alteration with no intimal thickening, 

and no signs ofCAV.  

Figures 14A-G are images, schematics and graphs showingTRAF6i-HDL 

nanoparticle biodistribution and uptake. Eight week old Apoe-/- nice were fed a high

cholesterol dietfor 12 weeks and then received an IV injection with either 89Zr. DiR- or 

30 DiO-labeled TRAF6i-HDL nanoparticles, Twenty-four hours later, mice were used for 

PET/CT imaging or sacrificed for ex vivo NIRF imaging or flow cytoetry analysis. Fig.  

14A is a schematic representation of TRAF6PiHDL which was created by combininghuman 

apoA-L lipids (DMPC and MHPC) and small mocle inhibitor of the CD40-TRAF6 

interaction, Fig, 14B is a study overview showing the subsequent steps that were taken to 

6
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investigate TRAF6i-IDL Fig. 14C is a graph showing pharmacokineisof "Zr-labeled 

TRAF6iH.DL in Apoc\ mice, showing the blood decay curve (left panel) and whole body 

3D-rendered PET/CTfusion image at 24 hours post administration (right panel)showing the 

highest uptake in the live spleen and kidneys, Fig, 14D is a graph of ganma counting of the 

5 distribution of Zr-labeled TRAF6i-HDL at 24 hours post administration. Autoradiography 

of the aorta shows visible TRAF6i-HDL accumulation in the aortic root, which is the 

preferential location of atherosclerosis development in the mouse model. Fig, 14E shows 

NIRF imaging of DiR-abeled TRAF6i-HDL distribution in mouse aorta (n=2), and 

corresponding graphs showing accumulation of TRAF6iHDL in the aortic root area. Fig.  

10 14F are flow ctometry data of whole mouse aortas (n=8)with DiO-abeled TRAFN-IDL, 

showing high targeting efficiency of macrophages and Ly6C monocytes, while lineage 

positive CD)lb negative cells did not take up nanoparticles. *** p < 0.001. Fig. 140 are 

images of flow cytometry analysis of bone marrow, blood, spleen and aorta cells, showing 

that Ly6C1 monocytes and macrophages took up DiO labeled TRAF6i-HDL. Neutrophils, 

15 Lv6C' monocytes and dendritic cells also took up DiO-TRAF6i-HDL, while lineage positive 

cells (all non-myeloid cells) did not. Bars represent the standard error of the mean.  

Figures 15A-B are images and graphs illustrating that TRAF6i--IDL therapy 

decreased plaque macrophage content as assessed by histology. Eight week old Apoe-! mice 

were fed a high-choleserol diet for 12 weeks andsubsequently received treatment withfour 

20 i-v. injections of either PBS (n= rDL (n=10) orTRAF6i-HDL (n=1.0), over the course 

of seven days, Twenty-four hours after the last.injection, aortic roots were sectioned (4 pM) 

and stained with immunohistohemistrymethods. Fig.15A are images and graphs of aortic 

roots showing no difference in plaque size (-&E), collagen content (Sirius Red), or number 

of proliferating cells (Ki67 staining) between the treatment groups. Fig. 15B are images and 

25 graphs showing Ma3 staining of aortiots illustrating a marked decrease in macrophage 

positive area and alower macrophage to colagen ratio. ** p <0.01, and *** p <0,00.  

Figures 16A- are images and graphs showing that TRAFi-HDL decreases plaque 

inflammation due to impaired Ly6Cm monocyte recruitment. Eighteek old Apoe-/ mice on 

a high-cholesterol diet for 12 weeks and were treated with four iv. injections of either 

30 placebo (PBS), r1D or TRAF6i-HDL within a single week. Fig. 16A are images and a 

graph of FMT/CT imaging showing markedly decreased protease activity in the aortic root in 

the TRAF6i-HDL (n=7) as compared to the placebo (in=) treated group. Fig 16B are images 

of flow cytometry analysis of whole aortas shows a significant reduction in the number of 

macrophages in the TRAF6i-HDL (n=27) treated group, compared to placebo (n=27) and 

7
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rHDL (n=26). The fact that Ly6Chi ionocytes are also markedly reduced in the TRAF6i

HDL group indicates impairment of Ly6Chi monOcyte recruitment. Fig. 16C are images and 

graphs of flow cytometry analysis of bone mamow. blood and spleen showed that the 

decrease in plaque Ly6C' monocyte content could not be attributed to systemic decreases in 

5 Ly6Ct monocytes. (Fig. 16D are images of in vivo .BrdU incorporation experiments showing 

no effect of TRAF6i-HDL on plaque macrophage proliferation, Fig. 16E are graphsfrom in 

vitro experiments (n=3) of BrdU incorporation in RAW 2647 macrophages treated for 24 

hours, with either placebo, rHDL, TRAF6i-HDL, hare CD40-TRAF6 small molecule 

inhibitor or a combination of r.HDL + hare CD40-TRAF6 small molecule inhibitor, showed 

10 no effect on macrophage proliferation. ** p < 0.01, and .*p <0.00 L 

Figures 17A-D are graphs and diagrams reflecting data from whole transcriptome 

Of Plaque monocytes/macrophages illustrating the effect of TRAF6i treatment on cell 

Migration, among other affected processes. Eight week old ApoE-/- mice were fed a high

cholesterol diet for 12 weeks and were then treated with four i.v. injections of either placebo 

15 (n=10) or TRAF6i-HDL (n=10) over seven days. Twenty-four hours after the last injection, 

mice were sacrificed and frozen sections of aortic roots were usedfor tieisolation of plaque 

rnacrophaes by laser capture microdissection, followed by RNA isolation and sequencing, 

Fig. 17A is a Volcano plot, showing the distribution of differentially expressed (DE) genes in 

plaqueronocytes/macrophages. Fig. 17.B is a graph showing the total number of 

20 significantly up- and down-regulated genes, according to cut-off values of ain FDR threshold 

of 0.2. The FDR < 0,2 corresponds to a p-value < 0,009 (Fig, 17C shows the gene 

enrichmentanalysis of the DE gene set within the gene ontologi (GO database, showing 15 

GO terms that are sinificantlv enriched with DE genes (Spplemenar Tale3).Fig. 17D is 

a schematic representation of a macrophage showing two significantly altered pathways 

25 (focal adhesion and endocytosis) identified by mapping the 416 DE genes with the Kyoto 

Encyclopedia of Genes and Genomes (KEGG) pathway tool. Also depicted are the 8 most 

significant DE genes with FDR < 0.05 and their location inside the cell (darker black genes 

are up-regulated, lighter gray genes are down-regulated, the genes ar living in Figs. 23-24).  

Figures.18A-C are graphs and images illustrating thatTRAF6i-HDL therapy shows 

30 no toxic effects in non-human pri.ates. Six non-hunan primates wereinfused with either 

placebo (n=3) or 1.25 mg/kg TRAF6i-HDL (n=3), Blood was collected at multiple time 

points and the animals were sacrificed 72 hours after infusion. Fig. 18 A are graphs of 

complete blood counts showing no effects of RA6i-HDL therapy on lymphocytes, 

erythrocytes and. platelets, Fig. 18B are graphs of extensive blood chemistry analysis showing 

8
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no toxic effects of T'RAF6i-DL infusion on hepatic, renal, pancreatic or muscle cell 

biomarkers. Lipids. glucose, protein (albumin and globulin) and electrolytes werealso 

unaffected, Fig, 18C are images of specimens from liver, kidneys and spleen that were 

sectioned and stained (-&E) for histological analysis and evaluated by a pathologist, No 

5 signsotf tissue damage or disturbances in tissuearchitecturewerefoundin any of the tissues.  

Figures 19A-D are images and graphs showing TRAF6i-IDL biodistribution in non

human primates. Six nonhuman primates were infused with either 9 Zrdlabeled TRAF6i

HDL (1.25 ngkg),. Dynamic PET images were acquired within 60 minutes afterinfusion 

Static PET/MRI scans were performed at 24, 48 d72 hours. NHP were sacrificed after 72 

10 hours. Organs were collectedfor ex vivo analysis. Fig, 19A are dynamic PET'images at 1, 5, 

15, 30 and 60 minutes, images are split up to visualize liver and other organs separately. The 

graph shows the quantified uptake in the represented organs at the different time points. The 

rotating mage on the right shows a 31) representation of the distribution at 60 min, Fig. 19B 

are additional static PET/MR images at 24, 48 and 72 hours show the distribution and 

15 accumulation of TRAF6i-HDL. The graph shows the quantified uptake in the represented 

organs at the different time points. Fig. 19C includes graphs and images reflecting gamma 

counting distribution in NHPs at 24 and 72 hours post administration of: 'Zr-TRAF6i-HDL, 

Fig. 19D is a graph showing blood time-activity curve for "Zr-TRAF6i-HDL in NHPs.  

Figure 24 is a table showing complete blood count values of placebo, .H.DL and 

20 TRAF6i-HDL treated Apoe-/-aice, P-values were calculated with Kruskal Wallis tests, 

Figure 21 is a table showing blood chemistr values of placebo and TRAF6i-HDL 

treated Apoe-/- mice. P-values were calculated by Mann Whitney U tests.Nosignificant 

differences betweenany of the groups were observed, except for a minor increase in alkaline 

phosphatase, 

25 Figure 22 is a table showing diffetntial expression of genes in Gene Ontology terms.  

CD68 positive cellsfrom aortic sinus plaques of Apoe-/- mice were isolated by laser capture 

nicrodissection. 15 GO terms showed enrichment with differential expressed genes. P-values 

are shown as adjusted p-values.  

Figure 23 is a table showing differential expression of genes in two main identified 

30 KEGG pathways. CD68 positive cells from aortic sinus plaques of Apoe-/~ mice were 

isolated by laser capture iicrodissection. Differential expression of genes in two significant 

KEGG pathways, Focal adhesion and Endocytosis. between placebo and TRAF6i-HDL 

treated Apoe-/- mice. P-values are shown as unadjusted p-values.  

9
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Figure 24 is a table showing differential expression of genes with FDR < 0,05. CD68 

positive cells from aortic sinus plaques of Apoe-/- mice were isolated by laser capture 

microdissection. Differential expression of genes between placebo and TRAF6iTDL treated 

Apoe-/- mice areshown. P-values are shown as adjusted p-values.  

5 Figure 25 is a table showing differential expression of genes involved in 

proliferaion, apoptosis and migratory egress, CD68 positive cells from aortic sinus plaques 

of Apoe/ mice were isolated bylaser capture microdissection. Differential expression of 

genes between placebo and TRAF6i-HDL treated Apoe-/- mice are shown. Unadjusted p 

Values are shown.  

1.0 

SUMMARY 

Encompassed by the present disclosure is a method for prolonging allograft survival 

in a patient, the method comprising administering effective amount of the present 

composition to a patient in need thereof.  

15 The present disclosure providesfor a methodfor decreasing dendritic cell stimulatory 

capacity in a patient, comprising administering an effective amount of the present 

composition to a patient inneed thereof.  

The present disclosure provides for a method for promoting the development of 

regulatory macrophages in a patient comprising administering an effective amount of the 

20 present composition to a patient in need thereof.  

The present disclosure provides for a method of inducing transplant tolerance ina 

patient comprising administering an effective amount of the present composition to a patient 

in need thereof.  

The present disclosure provides for a method of targeting myeloid cells in a patient 

25 comprising administerinaneffective amount of the present composition to a patient in need 

thereof wherein the mTOR-HDL reduces Mo/Mfl numbers in the circulation of the patient.  

in certain embodiments, the present composition specifically targets myeloid cells.  

In certain embodiments, the patient has undergone a transplant and the transplanted 

tissue is lung tissue, heart tissue, kidney tissue, liver tissue., retinal tissue, corneal tissue, skin 

30 tissue, pancreatic tissue, intestinal tissue, genital tissue, ovary tissue, bone tissue, tendon 

tissue, bone marrow, or vascular tissue. In certain embodiments, the transplanted tissue is an 

intact organ.  

10
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In certain embodiments, the patient has received an allogeneic tissue or organ 

transplant. In certain embodiments, the present method is performed prior to performance of 

an alloflecietissue or organ transplant. In certain eibodiments, the method is performed in 

Cofjjunctio with an allogeneic tissue or organ transplant In certain embodiments., the 

5 method is performed within at least two weeks after an allogeneictissueororgantransplat 

In certain embodiments, the subject or patient ishuman.  

In certain embodiments, the composition is administered intravenously or intra

arterially.  

In certain embodiments. the present method further comprises administering to tie 

10 patient one ornmore immunosuppressantagents, such as cyclosporine A or FK506, 

The present disclosure provides for a method of inducing immune tolerance 

comprising adminiserinto patient an effective amount of (i) a composition comprising 

hig-density lipoprotein-derived nanoparticle HD which comprises an mTOR inhibitor, 

and optionally (ii) a composition comprising a high-density lipoprotein-derived nanopardcle 

15 (HDL) which cmpisesa CD40-TRAF6 inhibitor. In certain embodiments, the ITOR 

inhibitor is rapamycin or a pharmaceutically acceptable salt, solvate, poly-morph, tautomier or 

prodrug thereof, formulated as rapainycin nanoparticle (mTOR-HDL). In certain 

embodiments, the CD40-TRAF6 inhibitor is 6877002 or a pharmacetically acceptablesalt, 

solvate, poly-iorph, taultomer or prodrug tereoformuatedasTRAF6iHDL nanoparticle.  

20 uncertain embodiments, the administration promotes Ly-6 C' Mo/M development, 

In certain embodiments, the patient has an autoimmune condition selected from the 

group consistngof coeliac disease, type I diabetes, multiple sclerosis, troidisGrave's 

disease, systemic lupus erythenatosus, scleroderma, psoriasis, arthritis, rheumatoid arthritis, 

alopecia greata, ankylosing spondylitis. Chur-Strauss Syndromne, autoinmimne heolytic 

25 anemia, autoimmune hepatitis, Beheet's disease, Crohn's disease, dermatonyositis.  

glomeruionephritis, Guillain-Barre syndrome, irritable bowel disease (iBD), upus nephriis, 

myasthenia gravis, myocarditis, pemphigus/pemphgod,pernicious anemia, polyarteritis 

nodosa, polymyositis, primary biliary cirrhosis, rheumatic fever, sarcoidosis. Sjogren's 

syndron, ulcrivcolUisuveitis, vitiligo, and Wegener's granulomatosis.  

30 In certain e.mbodnints, the patient is susceptible to or has an atherosclerotic 

condition including: coronary atherosclerosis, diabetic atherosclerosis, a sequela of 

atherosclerosis, such as acute coronary syndrorne, myocardial ifarction, angina pectoris, 

peripheral vascular disease, intermittent claudication, nyocardial ischemia, stroke, heart 

failure and combinations thereof.  

11
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The present disclosure provides for a method of treating atherosclerosis, the method 

comprising administering to a parent an effective amount of a composition comprising a 

high-density lipoprotein-derived nanoparticle (HDL) which comprises a CD40-TRAF6 

inhibitor. In certain embodiments. the CD40-TRAF6 inhibitor is 6877002 or a 

5 phannaceutically acceptable salt, solvate, poly-morph, tautomer or prodrug thereof.  

formulated as TRA F6i-HDL nanoparticle.  

In certain embodiments, the present method further comprises administering to the 

patient an effective amount of a composition comprising a high-density Iipoprotein-derived 

nanoparticle (HDL)which comprises an mTOR inhibitor. In certain embodiments, the mTOR 

10 inhibitor is rapamycin or a pharmaceutically acceptable salt, solvate, poly-morph, tautomer or 

prodrug thereof, formulated as rapamycin nanoparticle miTOR-HDL). In certain 

embodiments, the.H.DL comprses,-dimyristoyl-sn-glycerophosphatidylcholine(DMPC) 

and 1-myrisoy-2~hydroxy-sn-glycero-phosphochoiine MHPC) and further comprises 

ApoA-1.  

15 in certain embodiments, atherosclerosis includes: coronary atherosclerosis, diabetic 

atherosclerosis, a sequela of atherosclerosis, such as acute coronary syndrome, myocardial 

infarction, angina pectoris, peripheral vascular disease, intermittent claudication. invocardial 

ischemia, stroke, heart failure and combinations thereof.  

The present disclosure provides for a method of targeting macrophages and/or 

20 monocytes in a plaque or a vascular inflammatory site, themethod comprising administering 

to a patient an effective amount of a composition comprising a high-density lipoprotein

derived nanoparticle (HDL) which comprises a CD40-TRAF6 inhibitor. In certain 

emhodiments, the CD40-TRAF6 inhibitor is 6877002 ora pharmaceutically acceptable salt, 

solvate, poly-morph, tautomer or prodrug thereof, formulated as TRAF6i--IDL nanoparticle, 

25 In certain embodiments, the present method further comprises administering to the 

patient an effective amount of a composition comprising a highdensity lipoprotein-derived 

nanoparticle (IHDL) Which comprises an, TOR. inhibitor. In certain embodiments, the n'OR 

inhibitor is rapamycin or a pharmacutically acceptable salt, solvate, poly-morph, tautomer or 

prodrug thereof formulated as rapamycin nanoparticle (mTO.R-HDL). In certain 

30 embodiments, the HDL comprisesI2-dimyri.stoyl-sn-glycero-3-phosphatidylcholine (DMPC) 

and 1-myristoyl-2-hydroxy-sn-glycero-phosphocholine (MI-IPC) and further comprises 

ApoA-l.  

The present disclosure provides for a method for prophylaxis of organ or tissue 

rejection, the method comprising the step of administering to a patient in need thereof an 

12
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effective amount of a composition comprising a high-density lipoprotein-derived nanoparticle 

(.H.DL) which comprises an mTOR. inhibitor. In certain embodiments, the mTOR. inhibitor is 

.rapamycn or a pharmaceutically acceptable salt, solvate, poly-morph, tautomer or prodrug 

thereof, formulated as rapamycin nanoparticle (mTOR-HDL). In certain embodiments, the 

5 HDL comprises,2-dimyristoyt-sn-glycero-3phosphtidylcholine(DMPC) and i-myxristoyl

2-hydroxv-sn-glycero-phosphocholine(MI IPC) and further comprises ApoA-L 

In certain embodiments, the patient has undergone an organ or ussue transplant and 

the transplanted tissue is lung tissue, heart tissue, kidney tissue, liver tissue, reinal tissue, 

cornea tissue, skin tissue, pancreatic tissue, intestinal tissue, Cenital tissue, ovary tissue, bone 

10 tissue, tendon tissue, one marrow, or vascular tissue.  

In certain embodiments, the composition is administered intravenously or intra

arterially.  

In certain embodiments, the present method further comprises administeringto the 

patient one or more imnnunosuppressant ages, 

15 Also encompassed by the present disclosure is a method for slowing the progression 

of atherosclerosis, the method comprising the step of administering to a patient 4n need 

thereof an effective amount of a composition comprising a high-density lipoprotein-derived 

naioparticle (HDL) which comprises a CD40-TRAF6 inhibitor. In certain embodiments, the 

CD40-TRAF6 inhibitor is 6877002 or a phamiaceuticaily acceptable salt, solvate, poly

20 morph, tautomer or prodrug thereof, formulated as TRAF6i-HDL nanoparticle. In certain 

embodiments, the HDL comprises]2diyistoysn-lycero-3-posphatidycholine(DMPC) 

and i-myRristoy2-hydroxy-sn-glycero-phosphocholine (MHPC) and further comprises 

ApoA- L 

The present disclosure provides for a composition comprising a high-density 

25 lipoprotein-derived nanoparticle (HDL) which comprises an m-TOR inhibitor. In certain 

embodimentsthe DL comprisesdimrisoylsngycero-3-phosphatidylcholine (DMPC) 

and 1-myioyl-2~hydroxy-sn-glycerophosphochoine (MHPC) and further comprises 

ApoA-LIn crtamn mbodimentsthexwhtratioofDMPCto NMHPC isiabout 3:1. Incertain 

embodiments, the mTOR inhibitor is rapamycin or a pharmaceuticals acceptable salt, 

30 solvate, poly-morph, tantomer or prodrug thereof, formulated as rapamycin nanoparticle 

(mTOR-HDL or rapamycin-HDL).  

In certain embodiments. the pharmaceutical composition further comprises one or 

more immunosuppressive agents or anti-inflammatoryagent, In certain embodiments, the 

iunmunosuppressant agent is cyclosporine A or FK506 

13
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Also encompassed by the present disclosure is a composition comprising a high

density lipoprotein-derived nanoparticle (HDL) which comprises a CD40-TRAF6 inhibitor.  

In certain embodiments, the HDL comprisidimyristoy-sn-giycero-3 

phosphatidyicholine (DMPC) and I-riy2-drxsn-gycerphosphocholine 

5 (MHPC) and further comprises ApoA-1. In certain embodiment, the weight ratio of DMPC 

to MHPC ranges from about 8:1 to about 91 In certain embodiments, the CD40ATRAF6 

inhibitor is 6877002, or a pharmaceutically acceptable salt, solvate, poly-morph, tautormer or 

prodrug thereof, formulated as TRAF6i-HDL nanoparticle.  

The present disclosure also provides for a pharmaceutical composition comprising a) 

10 pharmaceutically effective amount of the present composition, and b) a pharmaceutically 

acceptable carrier, diluent,excipentand/orauvant.  

The present disclosure provides for a pharmaceutical composition comprisingaa) a 

colpositlion comprising a high-density lipoprotein-derived nanoparticle (-IDL) which 

comprises an m-TOR inhibitor, and b) a composition comprising a high-density lipoprotein

15 derived nanoparticle (H DL) which comprises a CD40-TRAF6 inhibitor.  

The present disclosure provides for a kit comprising the present composition. in 

certain eibodirnents, the rm-TOR inhibitor is rapainycin. In certain embodiments, the kit 

further comprises one or more immunosuppressive agentssuch as cyclosporine A, FK506 or 

rapamycin. In certain embodiments, the CD40-TRAF6 inhibitor is 6877002.  

20 The present disclosure provides for use of a high-density lipoprotein-derived 

nanoparticle (HDL) which comprises an rTOR inhibitor, and optionally (ii) a high-density 

lipoprotein-derived nanoparticle (HDL) which comprises a CD40-TR.AF6 inhibitor, in the 

preparation of a composition for inducing inmune tolerance, 

The present disclosure provides for use of a high-density lipoprotein-derived 

25 nanoparticle (DI) which comprises a CD40-TRAF6 inhibitr, in the preparation of a 

conposition for treating atherosclerosis, 

The present disclosure provides for use of a high-density lipoprotein-derived 

nanoparticle (HDL) which comprises a CD40-TRAF6 inhibitor, in the preparation of a 

composition for targeting macrophages and/or monocytes in a plaque or a vascular 

30 inflammatory site.  

The present disclosure provides for use of a high-density lipoprotein-derived 

nanoparticle (HDL) which comprises an mTOR inhibitor, in the preparation of a composition 

for prophylaxis of organ or tssue rejection.  

14



WO 2017/190145 PCT/US2017/030444 

The present disclosure provides for use of a high-density lipoprotein-derived 

nanoparticle (HDL) which comprises a CD40-TRAF6 inhibitor, in the preparation of a 

compositionfor slowing the progression of atherosclerosis, 

The present disclosure provides for use of the present nanoparticles in the preparation 

5 of a composition for prolonging allograft survival in a patient in need thereof.  

The present disclosure provides foruse of the present nanoparticles in the preparation 

of a composition for decreasing dendritic cell stimulatory capacity in a patient in need 

thereof.  

The present disclosure provides for use of the present nanoparticles in the preparation 

10 of a composition for promoting the development of regulatory macrophages in a patient in 

need thereof.  

The present disclosure provides for use of the present nanoparticles in the preparation 

of a composition for inducing transplant tolerance in a patient inneed thereof.  

The present disclosure provides for use of the present nanoparticles in the preparation 

15 of a composition for targeting myeloid cells in a patient in need thereof. In certain 

embodiments, the mTOR--IDL reduces Mo/MG numbers in the circulation of the patient.  

DETAILED DESCRIPTION 

A high-density lipoprotein-derived. nanoparticle (HDL) has been developed to deliver 

20 rapamycin to innate immune cells. A hybrid HDL nanoparticle, namedRapamycin-HDL(an 

exemplary mTOR-HDL), which encapsulates ripamycin in a corona of natural phospholipids 

and apolipoprotein A-1 (APOAI) was developed to prolong allograft survival. .HDL

nanoparticles contain APOA1, which efficiently bind to .macrophages cells through the 

scavenger receptor type B-1 (sr-bI) and adenosine triphosphate-binding cassette transporter 

25 Al (ABCA) EAs a result. mTOR-HDL nanoparticles specifically deliver rapamycin to 

innate immune cells in vivo. mTORHDL nanoparticles,- 15 in in diameter, had a high 

rapamycn encapsulation efficiency of -65%, Radiolabeled m'TOR-HDL was observed to 

specifically accumulate in the transplanted heart and to be mainly associated with myeloid 

cells. The results demonstrate a significant reduction of Ly-6C/ Ly-6C'" swell as CD25 

30 CD25" cells in the transplanted heart This treatment also resulted in a dramaticenhancement 

of allograft survival, 

Additionally, the inventors developed an HDL nanobiologic that incorporates a small 

molecule inhibitor (TRAF-STOP) directed against the binding domain of CD40 on TRAF6 
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(referred to hereafter as TRAF6I-HDL). The 6877002 inhibitor was used for the development 

of this TRAF6iHDL (the 6877002 inhibitor is described-in Chatzigeorgiou et2014,and 

also U,S, Patent No. 9,408,829, as well as other inhibitors). TheTRAF6iH)DL naoparticies 

had a mean hydrodynamic radius of 19.2 3.1 nm and a drg incorporation efficiency of 

5 84.6 8.6%.The TRAF6i-HDL nanoparticles can be used alone orin combination with the 

m'TOR-HDL nanopraticles described herein, 

i alternative einbodiments, other CD4(-TRAF6 inhibitors such as SMI 6860766 

(described in Van der Berg e! aL 2015) can be used to form alternative TRAF6iH-IDL. These 

inhibitors can be used alone or in combination.with any of the other naobiologics as 

10 described herein, Additional suitable compounds for blocking the CD40-TRAF6 interaction 

are described in U.S. Patent NO, 9,408,829.  

Using an. experimental heart transplantation model in combination with molecular 

imaging and immunological techniques, the present data demonstrate that mTOR-HDL 

restricts dendritic cells' potent stimulatory capait., promotes tie development of regulatory 

15 macrphaes,and prolongs heart allograft survival indefinitely. The regimen comprised only 

three intravenous tail.vein injectons of 5 mg/kg equivalent rapamycin during the first week 

after transplantation, Uing a combination of in vivo positron emission tomography with 

computed tomography (PET-CT) imaging and an array of immunological assays, we 

evaluated heart alogaft targeting and cellular specificity. We subsequently and extensively 

20 studied innate immune response, allograft survival and therapeutic mechanisms. Our data 

demonstrate that inTOR-IDL nanoparticle treatment promotes indefinite heart allograft 

survival Additionally, the inventors were able to extend these results in a skin transplant 

model These results provide critical information about how to mantipulate the immune 

response toward Inducing donor-specific non-response in the clinic and identify new 

25 therapeutic targets that may prevent allograft rejection in humans.  

Furthermore, the present data demonstrate that a short-term therapeutic treatment with 

mTOR-HDL in combination with an inhibitory CD40-TRAF6 specific nanoiimunotherapy 

(TRAFi6i-HL) synergistically promote organ transplant acceptance leading to indefinite 

allograft survival.  

30 Together, the results demonstrate that IDL-based nanotherapy represents an effective 

treatment paradigm for the induction of transplantation tolerance. This study provides the 

foundation for developing novel therapeutic nanomedicinl compounds and treatments that 

generate tolerance-inducing immune regulatory macrophages, Additionally, the TRAF6I
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HDL treatment has been shown to resolve macrophage accumulation in atherosclerosis andto 

exhibita desirable safety and efficacy profile in nonhuman primates.  

Definitions and Methods 

In certain embodiments, compositions of the present invention include a high-density 

5 lipoprotein-derived nanoparticle (HDL) which comprises an m-TOR inhibitor (indicated as 

mTOR-inhibitor-D), wherein an example of such as m-TOR inhibitor is rapamycin or a 

pharmaceutically acceptable salt, solvate, poly-morph, tautomer or prodrug thereof, 

formulated as rapamycin nanoparticle (an exemplary mTOR-FIDL). In alternative 

embodiments. the composition may comprise one or more rapamycin derivatives and 

10 potential targets of the rapamycin signaling cascade (S6K).  

In certain embodiments, the composition may further comprise apharmaceeuically 

acceptable carrier, diluent, excipient and/oradjuvant 

In certain embodiments, the HDL composition canh e administered in combination 

with one or more additional immunosuppressive agents such as cyclosporine A, FK506, or 

15 azathioprine, mycophenolate mofetil, and any analogues thereof (e.g. everolimus, ABT-578, 

CCI-779, and AP23573), 

In an embodiment, "patient" or "subject" refers to mammals and includes human and 

veterinary subjects, in an embodiment. the subject is nanm ian.  

In an embodiment, the compound is administered in a composition comprising a 

20 pharmaceutically acceptable carrier.  

In certain embodiments, the invention relates to a method of the treatment or 

prophylaxis of a disorder or disease mediated. by allograft rejection,comprisingadministering 

to a patient in need thereof a therapeutically effective amount of a high-density lipoprotein

derived nanoparticle (HDL) which comprises an mn-TOR inhibitor, wherein the mn-TOR 

25 inhibitor is rapamycin or a pharmaceutically acceptable salt, sovate, poly-morph, tautomeror 

prodrug thereof, formulated asrapamycinnanoparticle(mTOR-JDL), or the pharmaceutical 

composition thereof. In an embodiment, the subject is at risk for allograft rejection and the 

method is for preventing (i.e., prophylaxis) or inhibiting allograft rejection.  

Additionally, since any transplant is at risk of rejection, embodiments include 

30 adjuvant therapy using any of the methods or compositions described herein to prevent any 

transplant rejection, 

Diseases mediated by allograft rejection include, but are not limited to heart 

transplant, skin transplant, liver transplant, lung transplant, bronchiolitis-obliteranssyndrome 

(BOS), kidney transplant, pancreas transplant, pancreatic islets transplant, intestinal 
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transplant, bone transplant, retinal transplant, bone marrow transplant, islet transplantation 

and corneal transplant. In certain embodiments, treatments are facilitated by administering 

mTORI-IDL in other embodiments, treatments are facilitated by administering a 

combination of mTOR-HDL and TRAF6i-4DL, either in a single HDL or in two separate 

5 HDL compositions.  

In certain embodiments, the invention relates to a method of the treatment or 

prophylaxis of a disorder or disease mediated by allograft rejection, comprising administering 

to a patient in need thereof a therapeutically effective amount of a (i) high-density 

lipoprotein-derived nanoparticle (HDL) which comprises an m-TOR inhibitor, wherein the 

10 m-TOR inhibitor is rapamycin or a pharmaceutically acceptable salt, solvate, poy-morph, 

tautomer or prodrug thereof, formulated as rapamycin nanoparticle (mTOR-HDL), or the 

pharmaceutical composition thereof and optionally (ii) T.RAFi-HDL nanoparticles which 

comprise a CD40-TRAF6 inhibitor, wherein the CD40-TRAF6 inhibitor is 6877002, or a 

pharmaceutically acceptable salt, solvate, poly-morph, tautomer or prodrug thereof, 

15 formulated as an HDL nanoparticle (TRAFi-DL), or the pharmaceutical composition 

thereof. In certain embodiments, the mTOR-HDL and TRAi1-HDL nanoparticles are 

administered in combination, or in sequence to a patient in need thereof, In an embodiment, 

the subject is at risk forallograft reaction and the method is for preventing (i.e., prophylaxis) 

or inhibiting allograft rejection. Diseases mediated by allograft rejection include, but are not 

20 limited to heart transplant, skin transplant, liver transplant, iung transplant, bronchiolitis

obliterans syndrome (BOS). kidney transplant, pancreas transplant, pancreatic islets 

transplant, intestinal transplant, bone transplant, retinal transplant, and corneal transplant, 

In additional embodiments, the invention relates to a method of treatment or 

prophylaxis of an autoimmune disease. Examples of autoimmune disease include coeliac 

25 disease, type I diabetes, multiple sclerosis., thyroiditis, Grave's disease, systemic lupus 

erthematosus. scleroderma, psoriasis, arthritis, rheumatoid arthritis, alopecia greata, 

ankylosing spondylitis, Churg-Strauss Syndrome, autoimmune hemolytic anemia, 

autoimmune hepatitis. Beheet's disease, Crohn's disease, dermatomyositis 

glomerulonephritis, Guillain-Barre syndrome, 1BD, ipus nephritis, myasthenia gravis, 

30 niyocarditis, pemphigus/puphigod,pernicious anemia,.poVarteritis nodosa, polymositis, 

primary biliary cirrhosis, heumatic fever, sarcoidosis, Sjogren's syndrome, ulcerative colitis, 

uveitis, vitiligo, and Wegener granulomatosis.  

Conditions that may also be treated using the present compositionsand methods 

include diseases which are associated with increased inflammation. Schwarz et al, 
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Identification of differenfially expressed genes induced by transient ischemic stroke, Brain 

Res Mol Brain Res. 2002; 101(1-2):12 22 

The present compositions and methods may be used to treat or prevent a 

cardiovascular disease, such as atherosclerosis. stenosis, restenosis, hypertension, heart 

5 failure, left ventricular hypertrophy (LVH), myocardial infraction, acute coronary syndrome.  

stroke, transient ischemic attack, impaired circulation, heart disease, cholesterol and plaque 

formation, ischemia. ischemia reperfusion injury, peripheral vascular disease, myocardial 

infection, cardiac disease (ecg, risk stratification of chest pain and interventional procedures), 

cardiopulmonary resuscitation, kidney failure, thrombosis (e.g. venous thrombosi,. deep vein 

10 thromnbosis, portal. vein thrombosis, renal vein thrombosis, jugular vein thrombosis, cerebral 

venous sinus thrombosis, arterial thrombosis, etc.), thrombus formation, thrombotic event or 

complication, Budd-Chiari syndrome. Paget-Schroetter disease, coronary heart disease, 

coronary artery disease, need for coronary revascularization, peripheral artery disease, a 

pulmonary circulatory disease, pulmonary embolism, a cerebrovascular disease, cellular 

15 proliferation and endothelial dysfunction, graft occlusion or failure, need fror an adverse 

clinical outcome after peripheral bypass graft surgery, need for or an adverse clinical 

outcome after coronary artery hypass (CABG) surgery, failure or adverse outcome after 

angioplasty, internal mammary artery graft failure, vein graft failure, autologous vein grafts, 

vein graft occlusion, ischemic diseases. intravascuLihcoagulation, cerebrovascular diseaseor 

20 any other cardiovascular disease related to obesity or an overweight condition.  

Any tspe of atherosclerotic lesion mas be treated, such as coronary atherosclerosis, 

diabetic atheroslerosis, atherosclerosis and itssequelae (e.g., acute coronary syndrome, 

iyocardial infarction, angina pectoris, peripheral vascular disease, intermiittent claudication, 

myocardial ischemia, stroke, heart failure, etc).  

25 In certain embodiments, hydrophobicity of a compound (e.g., rapamycin, or any 

compound described herein) can be modified by adding a long alkyl chain to the molecule 

The compounds used in themethods of the present invention include all hydrates, 

solvates, and complexes of the compounds used by this invention If a chiral center or another 

form of an isomeric center is present in a compound of the present invention, all forms of 

30 such isomer or isomers, including enantiomers and diastereomers, are intended to be covered 

herein. Compounds containing a chiral center may be used as a racemic mixture, an 

enantiomericalienriched mixture, or the racemic mixture may be separated using well

known techniques and an individual. enantiomer may be used alone. The compounds 

described in the present invention are in racemnic form or as individual enantiomers. The 
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enantiomers can be separated using known techniques, such as those described in Pure and 

Applied Chemistry 69, 1469-474 (1997) IUPAC. In cases in which compounds have 

unsaturated carbon-carbon double bonds, both the cis (Z) and trans (E) isomers are within the 

scope of this invention. In cases wherein compounds may exist in tautomeric forms, such as 

5 keto-enol tautomers, each tautomeric form is contemphated as being included within this 

invention whether existingin equilibriuni or predominantly in one form.  

When the structure of the compounds used in this invention includes an asymmetric 

carbon atom such compound can occur as racemates, racemic mixtums, and isolated single 

enantiomers,. All such isomeric forms of these compounds are expressly included in this 

10 invenionEach stereogenic carbon may be of the R or S configuration, It is to be understood 

accordingly that the isomers arising from such asymmetry (e.g, all enantiomers and 

diastereomers) are included within the scope of this invention, unless indicated otherwise 

Such isomers can be obtained in substantially pure form by classical separation techniques 

and by stereochemnically controlled synthesis, such as those described in "Enantiomers.  

15 Racemates and Resolutons" by J. Jacques, A. Collet and S. Wilen, Pub. John Wiley & Sons, 

NY 1981..For example, the resolution may be carried out by preparative chromatography on 

achiral column.  

The subject invention is also intended to include use ofall isotopes of atoms occurring 

on the compounds disclosed herein. Isotopes include those atoms having the same atomic 

20 number but different mass numbers. By way of general example and without limitation., 

isotopes of hydrogen include tritium and deuterium. Isotopes of carbon include carbon-13 

and carbon-14.  

It will. be noted that anynotation of a carbon in structures throughout this application, 

when used without further notation, are intended to represent all isotopes of carbon, such as 

25 2C, C, or 'C. Furthermore, any compounds containing 3C or1 C may specifically have the 

structure of any of the compounds disclosedherein.  

It will also be noted that any notation of a hydrogen in structures throughout this 

application, when used without further notation, are intended to represent all isotopes of 

hydroen, such as "H, -H or -H. Furthermore any compounds containing 'H or H may 

30 specifically have the structure of any of the compounds disclosed herein, 

Lsotopically-labeled compounds can generally be prepaid by conventional techniques 

known to those skilled in the art or by processes analogous to those described in the 

Examples disclosed herein using an appropriate isotopically-labeled reagents in place of the 

non-labeled reagents employed, 
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The compounds of the instant invention may be in a salt form. As used herein, a "salt" 

is salt of the instant compounds whichhas been modified by making acid or base, salts of the 

compounds. In the case of compounds used for treatment of cancer, the salt is 

pharinaceutically acceptable. Examples of pharmaceutically acceptable salts include, but are 

5 not limited to, mineral or organic acid salts of basic residues such as amines: alkali or organic 

salts of acidic residues such as phenols, The salts can be made using an organic orinorganic 

acid, Such acid sats are chlorides, bromides, sulfates, nItrates, phosphates, sulfonates, 

formates, tartrates, maleates, malates. citrates, benzoates, salicylates, ascorbates, and the like.  

Phenolate salts are the alkaline earth metal salts, sodium, potassium or lithium. The term 

10 "pharmaceutically acceptable salt"in this respect, refers to the relatively nontoxic, inorganic 

and organic acid or base addition salts of compounds of the present invention. These salts can 

be prepared in situ during the final isolation and purification of the compounds of the 

invention, or by separately treating a purified compound of the invention in its free base or 

free acid form with a suitable organic or inorganic acid or base, and isolating the salt thus 

15 formed. Representative salts include the hydrobromide, hydrochloride, sulfate, bisulfate, 

phosphate, nitrate, acetate, valerate, oleate, panitate, stearate, laurate, benzoate, lactate, 

phosphate, tosylate, citrate, maleate, funarate, succinate, tarrate, napthylate, resylate, 

glucoheptonate, lactobionate, and laurylsulphonate salts and the like. (See, e.g- Berge et a 

(1977) "Pharmaceutical Salts", / Pharm. Sci . 66:1-19).  

20 As used herein, "alkyl` includes both branched and straight-chain saturated aliphatic 

hydrocarbon groups having the specified number of carbon atoms and may be unsubstituted 

or substituted. The Alkyls are Cl-C10I alkyls. or a subset or individual thereof. In a non

lirniting example, where the alkyl is Cl-C5 as in "Cl-C5 alkyl". it is defined to include 

groups having 1, 2, 3 4 or 5 carbons in a linear or branched arrangement and specifially 

25 includes methyl, ethyl, n- propyl, isopropyl, n-butyl, t-buty, and pentyl. Alkyl may 

optionally be substituted with phenvi or substituted phenyl to provide substituted or 

uIsubstituted benzyl 

Heterocyclyl means a. saturated or partially unsaturated monocyclic radical containing 

3 to 8 ring atoms and preferable 5 to 6 ring atoms selected from carbon or nitrogen but not 

30 limited to pyrrolidine, 

As used herein the term "aryl" refers to aromatic monocyclic or multicyclie groups 

containing from 5 to 15 carbon atoms. Aryl groups include, but are not limited to groups such 

as unsubstituted or substituted phenyl When referring to said aryl being substituted,said 

substitution may be at any position on the ring, other than the point of attachment to the other 
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ring system of a compound of the invention. Therefore, any hydrogen atom on the aryl ring 

may be substituted with a substituent defined by the invention. In embodiments where the 

ary is phenylring, said substitution may be at the meta- and/or ortho- and/or para- position 

relative to the point of attachment, Aryl may optionally be substituted with a heterocyclyl

5 C(0)- moiety which includes a pyrrolidinyl-C(O)- moiety.  

The term "heteroary" as used herein, represents a stable monocyclic, bxcycic or 

polycyclic ring of ip to 10 atoms in each ring, wherein at least one ring is aromatic and 

contains from I to 4 heteroatoms or particularly I to 2 heteroatoms selected frm the group 

consisting of 0, N and S. Bicyclic aromatic heteroarl groups include phenVi pyridine, 

10 pyrimidine or pyridazine rings that are (a) fused to a 6-membered aromatic (unsaturated) 

heterocyclic ring having one nitrogen atom; (b) fused to a 5- or 6-membered aromatic 

(unsaturated)heterocyclicrinhaving twonitrogen atoms;(c) fused to a 5-membered 

aromatic (unsaturated) heterocyclic ring having one itrogen atom together with either one 

oxygen or one sulfur atom; or (d) fused to a 5-inembered aromatic (iunsaturated) heterocyclic 

15 ring having one heteroatom. selected from 0, N or S. Heteroaryl groups within the scope of 

this definition include but are not limited to: benzoimidazolyt.benzofuranyl, benzofurazanyl, 

benzopyrazolyl, benzotriazolyl, benzothiophenyl , benzoxazolyl carbazoly, carbolinyl, 

cinnolinyl furanyl, indolinyl, indolyl indolazinyl indazolyl, isobenofuranyl isoindolyl 

isoquinolyL isothiazolyl isoxazoly naphthpyridinyl , oxadiazolyl, oxazolyl.,oxazoline.  

20 isoxazoline, oxetant pyranyl. pyrazinyl, pyrazolyl, pyridazinyl, pyridopyridinyl 

pyridazinyl, pyridyl, pyrimidyl, pyrrolyl, quinazolinyl, quinolyl, quinoxalinyv, tetrazoly 

tetrazolopyridyl thiadiazolyl, thiazoly thienyl. triazoly .azetidinyl, aziridinyl 1.4- dioxanyl 

hexabydroazepinxtdihydrobenzoimidazoIlydihydrobenzofurany. dihydrobenzothiophenyl, 

dihydrobenrzoxazolyl, dihydrouxranyl, dihydroinmidazolyl, dlihydroindolyl, 

25 dihydroisooxazolyl, dihdroisothiazolyI, dihydrooxadiazolyl, dihydrooxazolyl, 

dilhydropyraziny' dihydropyrazolyldihydropyridinyldihydropyriinidinyldihydropyrrolyl, 

dihydroquinoliny dihydrotetrazolyl, dihydrothiadiazolyi dihydrothiazoly dihydrothienvy 

dihydrotriazolyL dihydroazetidinyl. methylenedioxybenzoyl, tetrahydrofuranyl, 

tetrahydrothienyl, acridinyl, carbazolyi cinnoliny, quinoxalinyl pyrrazolyl, indolyl 

30 benzotriazolyl, benzothiazolyl benzoxazoly isoxazolyl, isothiazoly, furanyl, thienyt 

benzothieny, b uranyl quinoliny isoquinolinyl, oxazolyl, isoxazolyl, indolyl, 

pyrazinyl pyridazinyl pyridinyt pyrimidinyl, pyrrolyl, tethdroquinoline. Incases where 

the heteroarvl substituent is bicyclic and one ring is non-aromatic or contains no heteroatoms 

it is understood that attachment is via the aromatic ring or via the heteroatom comaining 
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ring, respectively, if the heteroaryl contains nitrogen atoms, it is understood that the 

corresponding N-oxides thereof are also encompassed by this definition.  

il the compounds of the present invention, the alkyl, arVl, or heteroaryl groups can be 

further substituted by replacing one or more hydrogen atoms be alternative non-hydrogen 

5 groups. These include, but are not limited to, 1-4 groups selected from alkyl, alkoxy, halo, 

hydroxy, mercapto, amino, carboxy, cyano and carbamoyl.  

The term "substituted" refers to a functional group as described above in which one or 

more bonds to a. hydrogen atom contained therein are replaced by a bond to non- hydrogen or 

non-carbon atoms, provided that normal valencies are maintained andthat the substitution 

10 results in a stable compound. Substituted groups also include groups in which one or more 

bonds to a carbon (s) or hydrogen (s) atom are replaced by one or more bonds, including 

double or triple bonds, to a heteroatom. Examples of substituent groups include the functional 

groups described above, and in particularhalogensie., F. Cl, Br, and I); alkyl groups, such 

as methyl, ethyl, i-propyl, isopropryl, n-butyl , tertvbutyl, and triluoromethvl; hydroxyl; 

15 alkoxy groups, such as methoxy, ethoxy, n- propoxy, and isopropoxy: aryoxy groups, such 

as phenoxy arylalkyloxy, such. as benzyloxy (phenylmethoxy) and p

trifluoromethslbenzyloxy(4-trifluoromethylphenylmethoxv);heteroaryloxy groups;sulfoyl 

groups, such as trifluoromethanesulfonyl, methanesulfonyl, and p- toluenesulfonyl; nitro, 

nitrosyl; mercapto; sulfanyl groups, such as methylsulfanyl, ethylsUlfanyl andpropySulfanl; 

20 cyano; heterocyclyl-C(O)-.ioiety; amino groups, such as amino, metylamino, 

dimethylamino, ethylamino, and diethylamino; and. carboxyL Where multiple substituent 

moieties are disclosed orclaimed, the substituted compound can be independently substituted 

by one or iore of the disclosed or claimed substituent moieties, singly or plurally, By 

independently substituted, it is meant that the (two or more) substituents can be the same or 

25 different.  

It is understood that substituents and substitution pattems on the compounds of the 

instant invention carl be selected by one of ordinary skill in the art to provide compounds that 

are chemically stable and that can be readily synthesized by techniques known in the art, as 

well as those methods set forth below, from readily available starting materials. If a 

30 substituent is itself substituted with more than one group, it is understood that these muhliple 

groups may be on the sane carbon or on different carbons, so long as a stable structure 

results.  

In choosing the compounds of the present invention, one of ordinary skill in the art 

will recognize that the various substituents, i.e, R;, R!, etc, are to be chosen in conformity 
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with well-known principles of chemical structure connectivity. Moreover, where hydrogens 

are not shown in the carbon-based structures herein, implicit hydrogen are understood to 

complete valences as required.  

The compounds of the instant invention may be in a salt form, As used herein, a "salt" 

5 is salt of the instant compounds which has beenmodified by making acid or base, salts of the 

compounds, In the case of compounds used for treatment of cancer, the salt is 

pharnaceutically acceptable. Examples of phannaceutically acceptable salts include, but are 

not limited to. mineral or organic acid salts of basic residuessuch as amines; alkali or oanic 

satof acidic residues such as phenols. Thesalscan bemade using an organcor iorganic 

10 acid. Such acid salts are chlorides, bromides, sulfates, nitrates, phosphates, sulfonates, 

formats, tartrates, maleates. malates, citrates. becnzoates, salicylates, ascorbates, and the like.  

Phenolate salts are the alkaline earth metal salts, sodiUn., potassium or lithium. The term 

"pharmaceutically acceptable salt" in this respect, refers to the relatively non-toxic, organic 

and organic acid or base addition salts of compounds of the present invention. These salts can 

15 be prepared in situ during the final isolation and purification of the compounds of the 

invention, or by separately reacting a purified compound of the invention in its free base or 

free acid fonr with a suitable organic or inorganic acid or base, and isolating the salt thus 

formed. Representative salts include the hydrobronide , hydrochloride, sulfate, bisulfate.  

phosphate, nitrate, acetate, valerate, oleate, palmitate, stearate, laurate, benzoate, lactate.  

20 phosphate, tosylate, citrate, maleate, fumarate, succinate, tartrate, napthylate, .mesylate, 

glucoheptona l bionatand laurylsulphonate sats and the like, (See, e,g., Berge et al.  

(1977) Pharmaeuti alts" J Pharm. Sci . 66:19-)).  

Where a numerical range is provided herein for any parameter, it is understood that all 

numerical subsets of that numerical range, and all the individual integer values contained 

25 therein, are provided as part of the invention. Thus, C-CI0 alkyl includes the subset of 

alkyls which are 1-3 carbon atoms, the subset of akyls which are 2-5 carbon atoms etc. as 

well as an alkvl which has I carbon atom, an alkl which has 3 carbon atoms, an alkyl which 

has 10 carbon atom, etc.  

In an embodiment, the purines discussedherein are one ormore ofadenosine, inosine, 

30 hypoxanthine, or adenine. In an embodiment., "determinning" as used herein means 

experimentally determining.  

The term "composition", as in pharmaceutical composition, isintended to encompass 

a product comprising the active ingredient(s),and the inert ingredients) (pharmaceutically 

acceptable excipients) that make up the carrier, as well as any product which results, directly 
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or indirectly, from combination, complexation or aggregatio of any two or more of the 

ingredients, orfrom dissociation of one ormore of the ingredients, or from other types of 

reactions or interactions of one or more of the ingredients, Accordily, the pharmaceutical 

compositions of the present invention encompass any composition made by admixing a 

5 compound of a high-density lipoprotein-derived nanoparticle (HDL) compound which 

comprises an m-TOR inhibitor, wherein the n-TOlR. inhibitor is rapamycin or a 

pharmaceutically acceptable salt solvate, poly-morph, tautomer or prodrug thereof, 

formulated as rapamycin nanoparticle (mTOR-HDL), and pharmaceutically acceptable 

excipients.  

10 As used herein, the term "optionally" means that the subsequently described events) 

may or may not occur, and includes both event(s), which occur, and events that do not occur.  

As used herein, the term "substituted with one or more groups" refers to substitution 

with the named substituent or substituents, multiple degrees of substitution, up to replacing 

all hydrogen atoms with the same or different substituents, being allowed unless the number 

15 of substituents is explicitly stated. Where the number of substituents is not explicitly stated, 

one or more is intended, 

As used herein, "a compound of the invention" means acompound of fomnula L or a 

salt,solvate or physiologically functional derivative thereof.  

As used herein, the term "solvate" refers to a complex of variable stoichiometry 

20 formed by a solute (e.,a compound of formula 1 or a salt thereof) and a solvent. Such 

solvents for the purpose of the invention may not interfere with the biological activity of the 

solute. Examples of suitable solvents include but are not limited to, water, acetone, 

methanol, ethanol and acetic acid, Preferably the solvent used is a pharnmaceutically 

acceptable solvent. Examples of suitable pharmaceutically acceptable solvents include water, 

25 ethanol and acetic acid. Most preferably the solvent is water.  

In certain embodiments, the term "physiologically functional derivative" refers to a 

compound (e,g, a drug precursor) that is transformed in vivo to yield a compound of a hih

density lipoprotein-derived nanoparticle (IL) which comprises an n-TOR inhibitor, 

wherein the m-TOR inhibitor is rapamycin or a pharmaceutically acceptable salt, solvate, 

30 poly-morph, tautomer or prodrug thereof, formulated as rapamycin nanoparicle (ITOR

HDL), or a pharmaceutically acceptable salt, hydrate or solvate of the compound. The 

transformation may occur by various mechanisms (.,by metabolic or chemical processes), 

such as, for example, through hydrolysis in blood. Prodrugs are such. derivatives, and a 

discussion of the use of prodrugs is provided by T, Higuchi and W. Stella., "Pro-drugs as 
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Novel Delivery Systems," VoL 14 of the AC.S. Syposium Series, and in Bioreversible 

Carriers in Drug Desigi, ed. Edward B. Roche, American Phannaceutical Association and 

Pergamon Press, 1987. Additionally, the term may encompass a compound (e.a drug 

precursor) that is transformed in viva to yield a compound of HDL which encompasses a 

5 CD40-TRAF6 inhibitor, e.g. TRAF6i-HDL.  

All combinations of the various elements described herein are within the scope of the 

invention unless otherwise indicated herein or otherwise clearly contradicted by context.  

Whilst the embodiments for each variable have generally been listed above separately for 

each variable, this invention also includes those compounds in which several or each 

10 embodiment for compounds of a high-density lipoprotein-derived nanoparticle (HDL) which 

comprises an m-TOR inhibitor, wherein the n-TOR inhibitor is rapamycin or a 

phamaceutically acceptable salt, solvate, poly-morph, tautomer or prodrug thereof.  

formulated as rapamycin nanoparticle (mTOR-HDL), selected from each of the embodiments 

listed above. Therefore, this invention is intended to include all combinations of 

15 embodiments for each variable, 

In certain embodiments, the present invention also includes compounds which further 

comprise a TRAF6i-HDL (also called CD4O-TRAF6 inhibitor), wherein the inhibitor is 

6877002 (described in Zarzycka, T. et al. J. Cheminfi Model. 55:294-307 (2015) or a 

phamaceutically acceptable salt, solvate, poly-morph, tautomer or prodrug thereof.  

20 formulated as TRAF6i-HDL nanoparticle (TRAF6i-HDL). selected from any of the 

embodiments listed above. Therefore, all combinations of embodiments for each variable am 

contemplated herein.  

The highdensiyipoprotei-derivednanoparticle (HDL)compound which comprises 

an n-TOR inhibitor, wherein the m-TOR inhibitor is rapamycin or a pharmaceutically 

25 acceptable salt, solvate, poly-morph, tautomer or prodnig thereof, formulated as rapamycin 

nanoparticle (mTOR-HDL), and salts, solvates and physiologically functional derivatives 

thereof are believed to be useful for treating a subjectatriskforallograft ejectionandthe 

method is for preventing (i.e., prophylaxis) or inhibiting allograft rejection, It is noted that 

any transplant is at risk for allograft rejection, andthus the compositions and methods 

30 described herein air conteiplated for therapeutic use for any transplant condition.  

Furthermore, combining TRAF6i-HDL composition with the mTOR-HDL treatment regimen 

provides synergistic effects in preventing (i.e, prophylaxis) or inhibiting allograft rejection.  

In a further embodiment, the present invention provides for the use of a compound of 

a high-density lipoprotein-derived nanoparticle IHDL) which comprises an m-TOR inhibitor, 
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wherein the m-TOR inhibitor is rapamycin or a pharmaceutically acceptable salt, solvate, 

poly-morpih. tautomer or prodrug thereof, formulated as rapamycin nanoparticle (mTOR

H.DL). or a pharmaceutically acceptable salt or solvate thereof, or a physiologically 

functional derivative thereof, in the preparation of a medicarent for the treatment of a 

5 disordermediated by certain levels of immune reactants that indicate likelihood of immune 

intolerance, 

Accordingly, the invention further provides a pharmaceutical composition, which 

comprises a compound of a high-density lipoprotein-derived nanoparticle (HDL) which 

comprises an m-TOR inhibitor, wherein the m-TOR inhibitor is rapamycin or a 

10 pharmaceutically acceptable salt, solvate, poly-morph, tautomer or prodrug thereof, 

formulated as rapamycin nanoparticle (mTOR-HDL), and salts, solvates and physiological 

functional derivatives thereof, and one or more phanaceutically acceptable carers, diluents.  

or excipients. The compounds of a high-density lipoprotein-derived nanoparticle (-IDL) 

which comprises an m-TOR inhibitor, wherein the m-TOR inhibitor is rapamycin or a 

15 pharmaceutically acceptable salt, solvate, poly-morph. tautomer or prodrug thereof, 

formulated as rapamycin nanoparticle (mTOR-H.DL), and salts, solvates and physiological 

functional derivatives thereof, are as described above. The carrier(s), dihuent(s) or 

excipient(s) must be acceptable in thesense of being compatible with the other ingredients of 

the fonulation and not deleterious to thexcipient thereof. In accordance with another aspect 

20 of the invention there is also provided a process for the preparation of a pharmaceutical 

composition including admixing a compound of a high-density lipoprotein-derived 

nanoparticle (HDL) which comprises an m-TOR inhibitor, wherein the m-TOR inhibitor is 

rapanycin or a pharmaceutcally acceptable salt, solvate, poly-morph, tautomer or prodrug 

thereof, formulated as rapamycin nanoparticle (mTOR--DL), or salts., solvates and 

25 physiological functional derivatives thereof, with one or more pharmaceutically acceptable 

Carriers, diluents or excipients.  

The invention further provides a pharmaceutical composition, which comprises a 

compound of a high-density lipoprotein-derived nanoparticle (HL) which comprises an 

CD40-TRAF6 inhibitor, wherein the CD40-TRAF6 inhibitor is 6877002, or a 

30 pharmaceutically acceptable salt, solvate, poly-morph, tautomer or prodrug thereof, 

formulated as CD40-TRAF6 nanoparticle (TRAF6i-H4IDL), and salts, solvates and 

physiological functional derivatives thereof, and one or more phamaceutically acceptable 

carriers, diluents, or excipients. The compounds of a high-density lipoprotein-derived 

nanoparticle (HDL) which comprises a CD40-TRAF6 inhibitor, wherein the CD40-TRAF6 
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inhibitor is 6877002 or a pharmaceutically acceptable salt, solvate, poly-morph, tautomer or 

prodrug thereof, formulated as CD40-TRAF6 nanoparticle (T.RAF6PiHDL), and salts, 

solvates and physiological functional derivatives thereof, are as described above. The 

carriers) diluent(s)or excipient(s) must be acceptable in the sense of being compatible with 

5 the other ingredients of the formulation and not deleterious to the recipient thereof. In 

accordance with another aspect of the invention there is also provided a process for the 

preparation of a pharmaceutical composition including admixing a compound of a high

density lipoprotein-derived nanoparticle (HDL) which comprises a CD40-TRAF inhibitor, 

wherein the CD40-TRAF6 inhibitor is 6877002 or a pharmacutically acceptable salt., 

10 solvate, poly-morph, tautomer or prodrug thereof, fornmulatedas CD40-TRAF6 nanoparticle 

(TRAF6i-HD) or salts, solvates and physiological functional derivatives thereof, with one 

or more pharmaceutically acceptable carriers, diluents or excipients.  

Additionall, in certain e.mbodiments, a combination composition comprising both the 

CD40-TRAF6 inhibitor and m-TOR inhibitor formulated as a combined HDL nanoparticle 

15 formulation is contemplated. In such a combination composition, the active agent/compound 

can be as described above, but any suitably charged CD40-TRAF6 inhibitor or m-TOR 

inhibitor can be formulated as a combined HDL nanoparticle formulation.  

Pharmaceutical compositions of the present invention may be presented in unit dose 

forms containing a predetermined amount of active ingredient per unit dose. Such a unit may 

20 contain, for example, 5 pg to 1 g, preferably 1 mg to 700 mg, more preferably 5 mg to 100 

mg of a compound of a high-density lipoprotein-derived nanoparticle (HDL) which 

comprises an ma-TOR inhibitor, wherein the m-TOR inhibitor is rapamycin or a 

pharmaceutically acceptable salt, solvate, poly-morph, tautomer or prodrug thereof, 

formulated as rapamycin nanoparticle (mTOR-HDL), depending on the condition being 

25 treated, the route of administration and the age, weight and condition of the patient Such unit 

doses may therefore be administered more than once a day. Preferred unit dosage 

compositions are those containing a daily dose or sub-dose (for administration more than 

once a day), as herein above recited, or an appropriate fraction thereof, of an active 

ingredient. Furthermore, such pharmaceutical compositions may be prepared by any of the 

30 methods well known in the pharmacy art. Exemplary dosage includes 5 mgikg inmice.  

Pharmaceutical compositions of the present invention may be adapted for 

administration by any appropriate route, for example by the oral (includingbuccal or 

sublinual), .inhaled, nasal, ocular, or parenteral (including intravenous and intraniuscular) 
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route. Such compositions may be prepared by any method known in the art of pharmacy, for 

example by bringing into association tie active ingredient with the carrier(s) or excipient(s).  

A therapeutically effective amount of a compound of the present invention will 

depend upon a number of factors including, for example, the age and weight of the animal, 

5 the precise conditionrequiring treatment and its severity, the nature of tie formulation, and 

the route of administration, and will ultimately be at the discretion of the attendant physician 

or veterinarian However, an effective amount of a compound of a high-density lipoprotein

derived nanoparticle (HDL) which comprises an m-TOR inhibitor, wherein the mTOR 

inhibitor is rapamycin ora pharmaceutically acceptable salt, solvate, poly-iorph, tautomeror 

10 prodrug thereof, formulated as rapamycin nanoparticle (mTORA-HDL) for the treatment of 

diseasesor conditions associated with allograft rejection-including heart transplant, skin 

transplant, liver transplant, lung transplant, bronchiolitisobliteranssyndrome (BOS), kidney 

transplant, pancreas transplant, pancreatic islets transplant, intestinal transplant, bone 

transplant retinal transplant, and corneal transplant willgenerally be in the range of 5 to 

15 100 mg/kg body weight of recipient (mammal) per day and more usually in the range of 5p 

to 10 mg/kg body weight perday, Thisamountmay be given in single dose per day or more 

usually in a number (such as two, three, four, five or six) of sub-doses per day such that the 

total daily dose is the same. An effective amount of a salt or solvate, thetof, may be 

determined as a proportion of the effective amount of the compound of a high-density 

20 lipoprotein-derived nanoparticle (HDI,) which comprises an m-TOR inhibitor, wherein the 

miTOR inhibitor is rapamycin or a phanaceutically acceptable salt, solvate, poly-morph, 

tautomer or prodrug thereof, formulated as rapamycin nanoparticle (mTOR-HDL), per se.  

Compounds of the present invention, and their salts and solvates, and physiologically 

functional derivatives thereof, may be employed alone or in combination with other 

25 therapeutic agents for the treatment of diseases and conditions related to allograft rejection

including heart transplant, skin transplant, liver transplant, lung transplant, bronchiolitis

obliterans syndrome (BOS), kidney transplant, pancreas transplant, pancreatic islets 

transplant, intestinal transplant, bone transplant, tinal ransplan, and corneal transplant.  

Combination therapies according to the present invention thus comprise the 

30 administration of at least one compound of a high-density ipoprotein-derived nanoparticle 

(HDL) which comprises an m-TOR inhibitor, wherein the iTOR inhibitor is rapamycin or a 

phanmaceutically acceptable sal, solvate, poly-morph, tautomer or prodrug thereof, 

formulated as rapamycin nanoparticle (nIOR DL),or a pharmaceutically acceptable salt or 

solvate thereof, ora physiologically functional derivative thereof, and the use of at least one 
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other pharmaceutically active agent. The compounds) of compound of a high-density 

lipoprotei-derived nanoparticle (HDL) which comprises an m-TOR inhibitor, wherein tie 

m-TOR inhibitor is rapamycin or a pharmaceutically acceptable salt, solvate, poly-morph, 

tautomer or prodrug thereof, formulated as rapamycin nanoparticle (nTOR-HDL) and the 

5 other pharmaceutically active agent(s) imay be administered together or separately and. when 

administered separately this may occur siRultaneously or sequentially in any order. The 

amounts of the compounds) of a high-density lipoprotein-derived ianoparticle (HDL) which 

comprises an m-TOR inhibitor, wherein the m-TOR inhibitor is rapamycin or a 

pharmaceutically acceptable salt, solvate, poly-morph, tautomer or prodrug thereof, 

10 formulated as rapamycin nanoparticle (mTOR-HDL) and the other pharmaceutically active 

agent(s) and the relative timings of administration willbe selected in order to achieve the 

desired combined therapeutic effect.  

In certain embotmentscombination therapies according to the presentinvention thus 

comprise the administration of (i) high-density lipoprotein-derived nanoparticle (HDL) which 

15 comprises an mTOR inhibitor, wherein the m-TOR inhibitor is rapamycin or a 

pharmaceutically acceptable salt, solvate, poly-morph, tautomer or prodrug thereof.  

formulated as rapamycin nanoparticle (mTOR-HDL), or the pharmaceutical composition 

thereof and (ii) TRAF6i-HDL nanoparticles which comprises CD40-TRAF6 inhibitor, 

wherein the CD40-TRAF6 inhibitor is 6877002, or a pharmIaceuLtically acceptablesalt, 

20 solvate, poly-morph, tautoer or prodrug thereof, formulated as TRAF6i-HDL nanoparticle 

(also referred togenerally as CD40(HDL), or the pharmaceutical composition thereof, 

It will b- clear to a person skilled in the art that, where appropriate, the other 

therapeutic ingredient(s) may be used in the form of salts, for example as alkali metal or 

amine salts or as acid addition salts, or prodrugs, or as esters, for example lower alkyl esters, 

25 or as solvates, for example hydrates, to optimize the activity and/orstability andor physical 

characteristics, such as solubility, of the therapeutic ingredient. It will be clear also that, 

where appropriate, the therapeutic inredientsmaybe usedin optically pure form.  

The combinations referred to above may conveniently he presented for use in the 

form of a pharmaceutical composition and thus pharmaceutical compositions comprising a 

30 combination as defined above together with a phannaceutically acceptable diluent or carrier 

represent t further aspect of the invention.  

The individual compounds of such combinations may be administered either 

sequentially or simultaneously in separate or combined pharmaceutical compositions, 

Preferably, the individual compounds will be administered simultaneously in a combined 
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pharmaceutical composition. Appropriate doses of known therapeutic agents will be readily 

appreciated by those skilled in the art.  

The compounds of this invention may be made by a variety of methods, including 

standard chemistry. Any previously defined variable will continue to have the previously 

5 defined meaning unless otherwise indicatedillustrativegeneral synthetic methodsare set out 

below and then specific compounds of the invention are prepared in the Working Examples.  

Compounds of the present invemion may be prepared by methods known in the art of 

organic synthesis asset forth in part by the following synthesis schemes. In all of the schemes 

described below. itis well understood that protecting groups for sensitive or reactive groups 

10 are employed where necessary in accordance vith general principles of chemistry. Protecting 

groups are manipulated according to standard methods of organic synthesis (T. W. Green and 

P. . .Wts (1991) Protecting Groups in Organic Synthesis, John Wiley & Sons). These 

groups are removed at a convenient stage of thle compound synthesis usingnethods that are 

readily apparent to those skilled in the art The selection of protecting groups as well as the 

15 reaction conditions and order of reaction steps' sill be consistent with the preparation of 

compounds of the present invention. Those skilled in the art will recognize if astereocenter 

exists in compounds of the present invention. Accordingly, the present invention includes all 

possible stereoisomers and includes not only mixtures ofsteroisomers (such as racemic 

compounds) but the individual stereoisomers as well. When a compound is desired as a single 

20 enantiomer, it may be obtained by stereospecific synthesis or by resolution of thefinal 

product or any convenient intermediate, Resolution of the final product, an intermediate, or a 

starting material may be effected by any suitable method known intheart.Serexample, 

Stereochemistry of Organic Compounds by E. L Eiel S, Wilen, and L. N, Mander 

(Wileynterscience, 1994).  

25 A "transplantable graft" refers to a biological material, such as cells, tissues and 

organs(in whole orin part) that can be administered to a subject. Transplantable grafts may 

be antografts, allografts, or.xenografts of, for example, a biological material such as an organ., 

tissue, skin, bone, nerves, tendon, neurons, blood vessels, fat, cornea, pluripotent cells, 

differentiated cells (obtained or derived in vivo or i vitro)L etc. in some embodiments, a 

30 transplantable graft is formed, for example, from cartilage, bone, extracellular matrix, or 

collagen matrices, Transplantable grafts may also be single cells, suspensions of cells and 

cells in tissues and organs that can be transplanted. Transplantable cells typically have a 

therapeutic function, for example, a function that is lacking or diminished in a recipient 

subject. Some nondimiing examples of transplantable cells are islet cells, betacells, 
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hepatocytes, hematopoictic stem cells, neuronal stem cells, neurons. glial cells, or 

myelinating cells. Transplantable cells can e cells that are unmodified, for example, cells 

obtained from a donor subject and usable i transplantation without any geneticor epenetic 

modifications, In other embodiments, transplantable cells can be modified cells, for example, 

5 cells obtained from a subject having a genetic defect, in which the genetic defect has been 

coirected, or cells that are derived from reprogrammed cellsfor example, differentiated cells 

derived from cells obtained from a subject 

"Transplantation" refers to the process of transferring (moving) a transplantable graft 

into a recipient subject (e.g. from a donor subject, from an in vitro source (e.gdifferentiated 

10 autoloous or heterologous native or induced pluripotent cells)) and/or from one bodily 

location to another bodily locain in the samesubject.  

"Undesired immune response" refers to any undesired immune response that results 

from exposure to anantigen promotes or exacerbates a disease, disorder or condition 

provided herein (or a symptom thereof), or is symptomatic of a disease, disorder or condition 

15 provided herein. Such immune responses generally have a negative impact on a subje's 

health. or is symptomatic of a negative impact on a subject's health, 

In an embodiment, the transplanted tissue is lune tissue, heart tissue, kidney tissue, 

liver tissue, retinal tissue. corneal issue, skin tissue. panceatic tissue, intestinal tissue.  

genital tissue, ovary tissue, bone tissue, teadon tissue, or vascular tissue.  

20 inan embodiment, the transplanted tissue is transplanted as an intact organ, 

As used herein a "recipient subject" is a subject who is to receive, or who has 

received, a transplanted cell, tissue or organ from anothersubject.  

As used herein a "donor subject" is a subject from whom a cell, tissue or organ to be 

transplanted is removed before transplantation of that cell, tissue or organ to a recipient 

25 subject 

In an embodiment the donor subject is a primate. In a further embodiment the donor 

subject is a human, In anembodiment the recipient subject is a Primate. In an embodiment 

the recipient subject is a human. In an embodiment both the donor and recipient subjects are 

human. Accordingly, the subject invention includes the embodiment of xenotransplantation.  

30 AS used herein "rejection by an immune system" describes the event of hyperacute, 

acute andlor chronic response of a recipient subjects immune system recognizing a 

transplanted cell, tissue or organ from a donor as non-self and the consequent immune 

response.  
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The term "aloeneic" refers to any material derived from a different animal of the 

same speciesastheindividual to whom the material is introduced. Two ormore individuals 

are said to be allogeneic to one another when the genes at one ormore loci are not identical.  

The term "autologous" refers to any material derived from the same individual to 

5 whom itis later to be re-introduced into the same individual.  

As used herein an "immunosuppressant pharmaceutical is a pharmaceutically

acceptable drug used to suppress a recipient subjects immune response. Non-limiting 

examples include eyelosporine A, FK506 and rpamycin.  

As used herein, a prophylacticallyy effective" amount is an amount of a substance 

10 effective to prevent or to delay the onset of a given pathological condition in a subject to 

which the substances to be administered. A prophylactically effective amount refers to an 

amount effective, at dosages and for periods of time necessary, to achieve the desired 

prophylactic result. Typically, since a prophylactic dose is used in subjects prior to or at an 

earlier stage of disease, the prophylactically effectiveamot will be less than the 

15 therapeutically effective amount.  

As used herein, a "therapeutically effective" amount is an amount of a substance 

effective to treat, ameliorate or lessen a symptom or cause of a given pathological condition 

in a subject suffering themvfrom to which the substance is to be administered.  

In one embodiment, the therapeutically or prophylacticatly effective amount is from 

20 about I mg of agent/kg subject to about Ig of agent/kg subject per dosing. Inanother 

embodiment, the therapeutically or prophylactically effective amount is from about 10 mg of 

agent/kg subject to 500 mg of agent/subject.in a further embodiment, the therapeutically or 

prophylactically effective amount is from about 50 mg of agentikg subject to 200 mg of 

agent/kg subject In a further embodiment, the therapeutically or prophylactically effective 

25 amount is about 100 mg of agent/kg subject. In still a. further embodiment, the therapetically 

or prophylactically effective amount is seccted from 50g1 of gentkg sub ject, 100 mg of 

agentkg subject, 150 mg of agent/kg subject,200mg of agent/kg subject, 250 mg of agent/kg 

subject, 300 mg of agent/kg subject, 400 mg of agent/kg subject and 500 mg of agent/kg 

subject.  

30 "Treating" or "treatment" of a state, disorder or condition includes: 

(1) preventing or delaying the appearance of clinical symptoms of the state, disorder, 

or condition developing ina person who may be afflicted with or predisposed to the 

state, disorder or condition but does not yet experience or display clinical. symptoms 

of the state, disorder or condition; or 
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(2) inhibiting the state, disorder or condition, iae., arresting, reducing or delaying the 

development of tie disease or a relapse thereof (in case of maintenance treatment) or 

atleast one clinical symptom, sign, or test, thereof; or 

(3)relievingtheidiseaseie causing regression of the state, disorder or condition or 

5) at least one of its clinical orsub-clinical symptoms orsigns.  

The benefit to a subject to be treated is either statistically significant or at least 

perceptible to the patient or to the physician, 

A "prophylactically effective amount" refers to an amount effective, at dosages and 

for periods of time necessary, to achieve the desired prophylactic rest. Typically, since a 

10 prophylactic dose is used in subjects prior to or at an earlier stage of disease, the 

prophylactically effective amount will be less than the therapeutically effective amount 

Acceptable excipients, diluents, and carriers for therapeutic use are well known in the 

pharmaceutical art, and are described, for example, in Remington: The Science and Practice 

of Phannacy. Lippincott. Williams & Wilkins (A, R. Gennaro edit. 2005). The choice of 

15 pharmaceutical excipient, diluent, and carrier can be selected with regard to the intended 

route of administration standard pharmaceutical practice 

As used herein, the phrase "phannaceutically acceptable" refers to molecular entities 

and compositions that are "generally regarded as safe".eg, that are physiologically tolerable 

and do not typically produce an allergic or similar untoward.reaction, such as gastric upset, 

20 dizziness and the like, when administered to a human. Preferably, as used herein, the term 

"pharaceutically acceptable" means approved by a regulatory agency of the Federal or a 

state government or listed in the U.S. Phannacopoeia or other generally recognized 

pharmuacopeias for use in animals, and more particularly in humans.  

"Patient" or "subject" refers to mammals and includes human and veterinary subjects 

25 Certain veterinary subjects may include avian species.  

This invention will be better understood from the Experimental Details, which follow, 

However, one skilled in the art will readily appreciate that the specific methods and results 

discussed are merely illustrative of the invention as described more fully in the aimsthat 

follow thereafter.  

30 GENERAL METHODS 

Standard methods in molecular biology are described Sambrook, Fritsch and Maniatis 

1982 & 1989 2" Edition, 2001 3' Edition) Molecular Cloning. A Laboratory Manual, Cold 

Spring Harbor Laboratory Press, Cold Spring Harbor, NY; Sambrook and Russell(2001) 
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Molecular Cloning, 3 dColdSpringHarborLaboratory Press, Cold Spring Harbor, NY; 

Wu (1993) Recombinant DA Vol. 217, Academic Press, San Diego, CA). Standard 

methods alsoappear in Ausbel, et al (2001) Current Protocols inMolecular Biology. Vols

4, John Wiley and Sons, Inc. New York, NY, which describes lonin in bacterial cells and 

5 DNA mutagenesis (Vol 1), cloning in mammaliancells and yeast (Vol 2), glvcoconjugates 

and protein expression (Vol 3). and bioinformatics (Vol 4), 

Methods for protein purification including immunoprecipitation., chromatography, 

electrophoresis, centrifugation, and crystallization are described (Coligan, et a, (2000) 

Current Protocols in Protein Science. VbL 1, John Wiley and Sons, Inc., New York.  

10 Chemical analysis, chemical modification, post-translational modification, production of 

fusion proteins gIycosylation of proteins ar described (see, e.g., Coligan, et a (2000) 

Current Protocols in ProteinSienc.Vol 2, John Wiley and Sons, Inc. New York; Ausubel, 

et a. (2001) Current Protocols in Molecular Biology., Vol 3, John Wiley and Sons, Inc,, NY, 

NY, pp. 16.0.5-16.22.17 Sigma-Aldrich, Co. (2001) Products for Life Science Research, St.  

15 Louis, MO; pp. 45-89; Amersham Pharmacia Biotech (2001) BioDirectory, Piscataway, N.J., 

pp. 384-391). Production, purification, and frminentation of polyclonal and monoclonal 

antibodies are described (Colian, et al. (2001) Current Protocols in hlunmology, Vol.1, 

John Wiley and Sons, Inc., New York: Harlow and Lane (1999) (sing Antibodies, Cold 

Spring Harbor Laboratory Press, Cold Spring harbor, NY; Harlow and Lane, supra), 

20 Standad techniques for characterizing ligand/receptor interaction ae available (Se, 

Coligan, etl .(2001) Current Proocols in inmunolog, Vol 4, John Wiley, Inc., New 

York).  

Rapamycin is a known macroide antibiotic produced byStreptonyces hygroscopicus.  

Suitable derivatives of rapamycin include e.g. compounds of formula I 

25 wherein R.subl is CHsub.3 or C.sub,36alknvl. Rsub2 is H or -C-sub.2-CH.sub.2-

OH, and X is ,dbd.O. (H,H) or (,-O) provided that R.sub.2 is other thanH1-when X is 

dbd&O and R.sub Iis CH.sub.3. The structure of rapamycin is shown below: 
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Formula I 

Compoundsottf rmu I 1are disclosed e.g. in US, Pat. Nos. 5,665,772; 6,440,990; 

5,985.890: and 6.200.985, which are incorporated herein by reference. They may be prepared 

as disclosed or by analogy to the procedures describedin these references.  

5 Preferred compounds are 32-deoxorapamycin, 16-pent-2-ynyloxy-32

deoxoraparmbycin, 1-pent-2-ynyloxy-32(Si-dihydro-rapamycin, 6-pent-2-ynyloxy-32(S)

dihydro-40-042-hydroxyehyl)rapamycin and, more preferably, 40-O-(2-hydroxyethy)

rapamycin (referred thereafter as Compound A), disclosed as Example 8 in LS. Pat Nos, 

5,665,772 and 6,440,990 

1.0 Compounds of formula I have, on the basis of observed activity, e.g. binding to 

macrophilin-12 (also known as FK-506 binding protein or FKBP-12), e,g. as described in 

WO 94/09010, WO 95/16691 or WO 96/41807, been found to be useful e.g. as 

immunosuppressant,e.g. in the treatment of acute allograft rejection.  

Embodiments also include nanoparticles comprising rapamycin derivatives with 

IS irnproved hydrophobicity and/or miscibility. For example, rapaiycin may be conjugated 

with an alkyl chain as described in Zhao et al., Augmenting drug carrier comatibility 

improves tumour nanotherapy efficacy, Nature Communications 7, Article number: 11221 

(2016) doi:10.1038/nconmsl 1221 

In certain embodiments, the addition of cholesterol has stabilized the formulation as 

20 well as improved entrapment efficiency. In certain embodiments, the weight percentage of 

cholesterol ranges from about 0% to about 10% (w/w), frorn about 1% Iw/w) to about 10% 

(w/w), from about 2% (w/w) to about 10% (w/w), from about 3% (w/w) to atout 10% (w/w) 

from about 4% (w/w) to about 10% (w/w),from about 5% (w/w) to about 10% (w/w),from 

about 6% (w/wto about 10% (w/w), from about 7% (w/w) to about 10% (w/w), from about 

25 8% (w/w) about 10% w/w),from about 1% (w/w) to about 9% (w/w)., from about 1% 

36



WO 2017/190145 PCT/US2017/030444 

(w/w) to about 8% (w/w), fromabout 1% (wlw) to about 7% (wwor from about 1% (w/w) 

toabout 6% (w/w), of the nanopartiele, of the lipids, or of the composition.  

DelivervVehicles such as liposomes, nanocapsules, microparicles, microspheres, 

lipid particles, vesicles, and the like, may be used for the introduction of the compositions of 

5 the present invention targeting the tinate immune system, e.g. targeting macrophages to 

induce transplantation tolerance, In addition to being formulatedas a nanotherapy as TTOR

HDL, the compounds targeting inacrophages may be formulated for delivery in a number of 

different forms and methods including either encapsulated in a lipid particle, a liposome, a 

vesicle, ananosphere, or a nanoparticle or the like.  

10 The formation and use of liposoies is generally known to those of skill in the art.  

Recently, liposomes were developed with improved serum stability and circulation half-times 

(U.S. Pat. No. 5,741,516), Further.various methods of liposome and liposome like 

preparations as potential drug carriers have been described (US, Pat. Nos. 5,67,434; 

5,552,157; 5,565,213; 5;738,868 and 5;795,587), 

15 Liposomes have been used successfully with a number of cell types that are normally 

resistant to transfection by other procedures. In addition, liposomes are free of the DNA 

length constraints that are typical of viral-based delivery systems Liposomes have been used 

effectively to introduce genes. drugs, radiotherapeutic agents, viruses, transcription factors 

and allosteric effectors into a variety of cultured cell lines and animals. In addition, several 

20 successful clinical trials examining the effectiveness of liposome-.mediated drug delivery 

have been completed.  

Liposomeare formed from phospholipids that are dispersed in an aqueous medium 

and spontaneously form muhlameilarconcentric bilaver vesicles (also termed multilamellar 

vesicles (MLVs), MLVs generally have diameters of from 25 nrm to 4 prn. Sonication of 

25 NLV[s results in the formation of small unilamellar vesicles (SUVs) with diameters inthe 

range of 200 to 500A, containging aqueous soLIfonin e r 

Alternatively, nanocapsule formulations of the compositions of the present invention 

targeting the innate immune system may be used. Nanocap'ules can generally entrap 

substances in a Stable and reproducible way. Toavoidifectsduetintracellar 

30 polymeric ovrloading, such utrafine particles (sized around ,1pmi) should be designed 

usingpolymers able to degraded in vivo, Biodegradable polyalky-cyanoacrylate 

nanoparticles that meet these requirements are contemplated for use.  

"Synthetic nanocarrier(s)" means a discrete object tat is not found in nature, and that 

possesses at least one dimension that is less than or equal to 5 microns in size, 
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Albumin nanoparticles are generally included as synthetic nanocarriers, however in certain 

embodiments the synthetic nanocarriers do not comprise albumin nanoparticles. in certain 

embodiments, synthetic nanocamriers do not comprise chitosan, In other embodiments, 

inventive synthetic nnocarriers are not lipid-based nanoparicles, In further embodiments, 

5 synthetic nanocarriers do not comprise a phospholipid.  

A synthetic nanocarrier can be, but is not limited to, one or a plurality of ipid-based 

nanoparticles (also referred to herein as lipid nanopanicles, ie. nanoparticles where the 

majority of the material that makes up their structure are lipids), polymeric naoparticles, 

metallic nanoparicles, surfactant-asedemuions, dendrimers, buckyballs, nanowires, virus

10 like particles (i.eparicles that are primarily made up of viral structural proteins but that are 

not infectious or have low infectivity), peptide or protein-based particles (also referred to 

herein as protein particles. i.e., particles where the majority of the material that makes up 

their structure are peptides or proteins) (such as albumin nanopartices) and/ornanoparticles 

that are developed using a combination of nanomaterials such as ipid-polymer nanoparticles, 

15 Synthetic nanocarriers may be a variety of diffemrnt shapes, including but not limited to 

spheroidal, cuboidal, pyramidal, oblong, cylindrical, toroidal, and the like, Synthetic 

nanocarriers according to the invention comprise one or more surfaces Exemplary synthetic 

nanocarers that can be adapted for use in the practice of the present invention comprise: (1) 

the biodegradable nanoparticles disclosed in US. Pat. No. 5543,158 to Gref et al (2) the 

20 polymeric nanoparticles of Published US Patent Application 20060002852 to Saltzman et aL, 

(3) the lithographically constructed nanoparticles of Published US Patent Application 

20090028910 to DeSimone et al, (4) the disclosure of WO 2009/051837 to von Andrian et 

al, () the nanoparticles disclosed in Published US Patent Application 2008/0145441 to 

Penades et al., (6) the protein nanoparticles disclosed in Published US Patent Application 

25 20090226525 to de los Rios et al., (7) the virus-like particles disclosed in published US 

Patent Application 2000222652 to Sebbel et al., (8) the nucleic acd coupled virus-like 

particles disclosed in published US Patent Application 20060251677 to Bachmann et aL, () 

the virus-like particles disclosed in WO2010047839Al or WO2009106999A2, (10) the 

nanoprecipitated nanoparticles disclosed in P. Paolicelli et a., "SuIfa-modified PLGA

30 based Nanoparticles that can Efficiently Associate and Deliver Virus-like Paricles" 

Nanomedicine, 5(6):843-853 (2010), or (1) apoptotic cells, apoptotc bodies or the synthetic 

or semisvnthetic mimics disclosed in U.S. Publication 2002!0086049. In embodiments, 

syntheticnanocarriersmay possess an aspect radio greater than 1:1, 1:12, 1:1.5, 1:2, 1:3, 1:5, 

1:7, orgreater than 1:10.  
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Synthetic nanocarriers may have a minimum dimension of equal to or less than about 

100 nm, preferably equal to or less than 100 nm, do not comprise a surface with hydroxyl 

groups that activate complement or alternatively comprise a surface that consists essentially 

of moieties that are not hydroxyl groups that activate complement. In certain embodiments, 

5 syntheticnanocarriers may have a minimum dimenion of equal to or less than about 100nm, 

preferably equal to or less than 100 unm, do not comprise a surface that substantially activates 

complement or alternatively comprise a surface that consists essentially of moieties that do 

not substantially activate complement. Synthetic nanocarriers in some embodiments have a 

minimum dimension of equal to or less than about 100 am, preferably equal to or less than 

10 100 na, do not comprise a surface that activates complement or alteratively comprise a 

surface that consists essentially of moieties that do not activate complement. In emboiments., 

synthetic nanocarriers exclude islikeparticles. In embodiments, synthetic nanocarriers 

may possess an aspect ratio greater than 1:1, 1:.2, 1: L5, 1:2, 1:3, 1:5, 1:7, or greater than 

1:10.  

15 In certain embodiments, the present composition comprises (consists essentially of, or 

consists of) one or more types of phospholipids.  

Examples of suitable phospholipids include, without limitation, phosphatidylcholines, 

phosphatidylethanolamines,phosphatidylinositol,phosphatidylserines, sphingomyelin or 

other ceramides. as well as phospholipid-containing oils such as lecithin oils. Combinations 

20 of phospholipids, ornmixtures of a phospholipid(s)and other substancess, may be used.  

Non-limiting examples of the phospholipids that may be used in the present 

composition include, i.myristoylphosphaidycholine (DMPC),soy lecithin, 

dipaultoyiphosphatychoine(DPPC), distearoylphosphatidychohine (DSPC), 

dilaurylolyphosphatidylholine (DLPC), dioleoylphosphatidylcholine (DOPC), 

25 diliatryloylphosphatidylglycerol (DLPG), dimyristoylphosphatidylgiyceral (DMPG), 

dipaimioylphophtiytlceroi(DPPG), distearoylphosphatidyIglycerol (DSPG), 

dioleoylphosphatidylgvceroI (DOPG), dinyrstoyl phosphatidic acid (DMPA), dimyristoyl 

phosphaidic acid (DMPA), dipalmitoyl phosphatidic acid (DPPTA), dipahnitoyl phosphatidic 

acid (DPPA), dimyristoy phosphatidylethanolamine (DMPE), dipanitoy1 

30 phosphatidylethanolatine (DPPE), dimyristoyl phosphatidylserine (DMPS), dipalnitoyl 

phosphatidylserine (DPPS), dipahnitoyl sphingomyelin (DPSP), distearoyI sphingomyelin 

(DSSP), and mixtures thereof.  

In certain embodimenhenthe present composition comprises (consists essentially 

of, or consists of) two or more types of phospholipids, the weight ratio of two types of 
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phospholipids may range from about 1:10 to about 10:1, from about"2:1 to about 4:1, from 

about 1:1 to about 5:1, from about 2:1 toabout 5:1, from about 6:1 to about 10:1, from about 

7:1 to about 10:1, from about 8:1 to about 10:1, fromabout 7:1 to about 9:1, orfrom about 

8:1 to about 9:1 For example, the weight ratio of two types of phospholipids may be about 

5 1:10, about 1:9, about 1:8, about 1:7, about 1:6, about 1:5. about 1:4, about 1:3, about 1:2, 

about 1:1, about2:1, about 3:1, about 4:1, about 5:1, about 6:1, about 7:1, about 8:1, about 

9:1, or about 10:1, 

In one embodiment, the present high-density lipoprotein (HDL)-derived nanoparticle 

comprises (consists essentially of, or consists of)1,2-dimyristoy-sn-glcero-3

10 phosphatidycholine (DMPC) and - t yro-phosphochoine 

(MFPC). The weight ratio of DMPC to MHPC may range from about 1:10 to about 10:1, 

from about 2:1 to about 4:1, from about 1:1 to about 5:1, from about 2:1. to about 5:1, from 

about 6:1 to about 10:1, fro about 7:1 to about 10:1,from about 8:1 to about 10:1, from 

about 7:1 to about 9:1, or from about 8:1 to about 9:1, The weight ratio of DMPC to MHPC 

15 may be about 1:10, about 1:9, about 1:8, about 1:7, about 1:6, about 1:5, about 1:4, about 1:3, 

about 12, about 1:1, about 2:1, about 3:1, about 4:1, about 5:1, about 6:1, about 7:1, about 

8:1, atout 9:1, or about 10:1.  

mTor inhibitors and combinations with other pharmaceutically active components 

20 Examples of mTOR inhibitors include rapamycin and analocgs thereof (e.g., CCL-779, 

RADO01, AP23573, C20-methallylrapamycin (C20-Marap), C16-(S)

butysulfonamidorapamycin (016-BSap), C16-(S)-3-mettlindolerapamycin (C16-iRap) 

(Bayle et at Chemistry & Biology 2006, 13:99-107)), AZD8055, BEZ235 (NVP-BEZ235), 

chrysophanic acid (chrysophanol), deforolimus (MK-8669), evero1imus (RADOD), KU

25 0063794, P1-103, PP242, temsirolinius, and WYE-354 (available from Selleck, Houston, 

Tex., USA).  

In certain embodiments. one or more additional or alternative activeinredients 

targeting PIRb+ macrophages and promoting allograft survival may be utilized in 

combination. Any one or more of these active ingredients may be formulated in one dosage 

30 unit, or in a combination of forms such as an mTOR-HDL nanoparticle could be administered 

in combination with alipid particle, a liposome, a vesicle, ananosphere comprisinga second 

or third active ingredient. Other suitable active agents include one or more 

iimmunosuppressiveagents.  
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Treatment regimens/options 

The mTOR-HDL can be used in combination with other induction therapies that 

target the adaptive immune response such as T and B cell depletion., For example, for kidney 

living donors, transplant recipients can be treated before and shortly after transplantation, 

5 Patients under current immunosuppressive therapy can be switched to the niTORRHDL 

therapy, or combination nTOR-HDL/ TRAF6iIHDL therapy, In additional scenarios, 

niTOR-HIDL treatment is administered to the patient prior to and shortly after transplantation, 

which can be repeated every 6 or 12 months, with the goal to eliminate or strongly reduce 

immunosuppressive therapy. In additional scenarios, patients are administered the mTOR

10 HDL therapy, or combination mTOR-HDL/ TRAF6i-HDL therapy without any additional 

immunosuppressive therapy.  

Exemplarv inunosuppressants includebut irenotlimitedts in nTOR 

Wnhisbo, uh asrapaniycmnor a rapaniixnlaw be sizgnanagnt10.bta 

15 mrfmwnit osn,s uch as menme P$8 uhtbkor NItkapprAmhe inhibiters; 

adenosnerceptor agonisi-s' prosidauon E2 agoistshshdiseae nlnrsu;-ch a 

2p h p d u n4mhi tor;p nk e rs p ei pd 

r TmptorTao RHist naiincopedr pt ted a alstgiochartitS:rantatind Nous 

inhibitos;cydkinerieceptor nhiors cyokne receptoratvtor-eoxsm poicrtr 

20 acthaed regitorn omrispeoxison e iprolatouraiil vedr ecptoan oshisme 

dealednamy cicineunfinstoe aft spa nhibittor, inan oXidiedi oP.  

Inmunosupp sAtsanclude11)0CvIanin)3, Llosporne A.uvl hyrocabon 

receptor irhihiars, ren\ta3ol azathtopuiKn 6niereaYcptopurmecaspir6n, ndi~uiicacid, 

estniol' tipl'<ide imueukns egIL-IL-0ccoprnAiN trgitcykns 

25 orcyoknreceptxs ash iki htlmrmlesft.uicudek tovsai(JIPJT0RWPM 

TORVAStRTM cerivastin Plumati (LISSCOLRTM.. LFSCOLRT"N. XL1.  

lovasta.-in (MVIWACORtRTNL LOOtRN.ATPRVtMV nivsa 

(PRAVACH0LRTNL SELFATINFRIA1. LIPO-1STATRTM.}, 'os'Uvastatin1 

30 (CRES101C1TMUadsimvstain(0(5 I WI PFXRTM.  

The mTOR-HDL nanotherapywastestedin anallogzeneicheart transplantation mouse 

m~odel. The regiinencomprised only three'intravenous tail Neininjections of 5m/kg 

eqtivaent raparnyc inginthefirst ?eekaftertansplantation.Using acombination ofiQ 
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ivo positron emission tomography with computed toniography (PET-CT) imaging and an 

array of immunological assays, teheart allograft targeting and cellular specificity were 

evaluated, Subsequently, the innate inmune response was analyzed along with allograft 

survival and therapeutic inechanisns. These results demonstrate that mnTOR-HDL 

5 nanoparticle treatment promotes indefinite heart allograft survival Additionally, similar 

results were also observed for a skin transplant model, These results demonstrate how to 

manipulate the immune response toward inducing donor-specific non-response in the clinic 

and identify new therapeutic targets that may prevent allograft rejection in humans.  

EXAMPLES 

10 Example 1 

Development of mTOR-HIDL nanoparticles 

mTOR-HDL nanoparticles (see FIG.lA) were synthesized by hydrating a lipid film, 

comtaining rapamycin and phospholipids, with APOA Iin PBS. Subsequently, and after 

vigorous homogenization, the sarnple was sonicated to generate mTOR-HDL nanoparticles 

15 with62± 11% rapamycin encapsulation efficiency and a mean hydrodynamic diameter of 

127 4.4 n, as determined by high performance liquid chromatography and dynamic light 

scattering, respectively. The size of the nanoparticles can vary, but will typically be from 

about m to about 250nm.  

As revealed by transmission electron microscopy (FIG.4), the mTOR-HDL had the 

20 discoidal structure that is typical of HDL-based nanoparticles The biodistribution and 

cellular specificity of 1,l'Dioctadecyl-3,3,33Tetramethylindotricarbocyanine iodide 

(DiR)-labeled nTOR-HDLs were evaluated in C57B/6 wild type mice using ex vivo near 

infrared fluorescence (NIRF) imaging and flow cytometry, mTOR-HDL was shown to 

accumulate primarily in the liver, spleen and kidneys (FIG. 5A) while displaying a higher 

25 affinity formonocytes than either dendritic cells (DC) or neutrophils in the blood and spleen 

(FIG. 5 B, C) (respectively, PS 0.001, P 0.01 and PS 0.01, PSl0,01), 

mTOR-HDL treatment was utilized in a healt transplant mouse model (FIG. 1.  

mTOR-HDL's biodistribution, allograft targetig, and cellular specificity were determined 

using in vivo PET-CT imaging (FIG. 1B) and ex vivo techniques. Subsequently, an array of 

30 immunological readouts, including flow cytometry. enzyme-linked immunosorbent assay and 

mixed lymphocyte reaction were utilized, to evaluate the effects of a short-termrn TOR-HDL 

nanotherapy regiment (FIG, 1B).  

mTOR-HUL nanotherapy targets the innate immune system 
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To quantitatively study tissue targeting and specificity, mTOR-HDL nanparticles 

wereradiolabeled with 89z1 t 9Zr-mTORH.DL). Six days after havinghearts transplanted into 

their abdomens, .mice received "Zr-mfOR-H-DL intravenously. The nanoparicles were 

allowed to circulate and distribute for 24 hours before mice underwent in vivo PET-CT 

5 imagim. Marked "Zr-mTOR-HDL presence was observed ini the heartallografts(FIGIC).  

After imagine. mice were sacrificed, and the organs were collected for VZr-mTOR-HDL 

quantification by ex vivo autoradiography. Allograft heart (Tx) activity (25.2± 24 x 10 

counts/unit area) was determined to be 2.3 fold higher than in native hearts (N) (11 1 1 9 x 

10; count/unit area) (FIG. 1F) Gamm a counting assessed 8 Zr-mYTOR-HDL's full 

10 biodistribution. The vivo autoradiography indicates that Zr-mTOR-1DL target many 

tissues (FIG. ID),suggesting a systemic bio-dstribuion of the drug, consistent with the 

typical pattern of distribution for drug-loaded.H.DL nanoparticles 

The favorable organ distribution pattern and heart allograft uptake, lead the inventors 

to evaluate rnTOR-LDL targeting and specificity at the cellular level in the heart allograft, 

15 blood, spleen and bone marrow, mTOR-HDL nanoparticles were labeled with the florescent 

dye 3,3Dioctadecyloxacarbocyanine Perchlorate (DO), intravenously administered and 

allowed to circulate for 24 hours. Drawing on several issue types., mveloid cells were 

extracted, including neutrophis;the monocyte/macrophag(M /MW)pool including Ly

6C' and Ly-6C monocytes, DCs, and T cells for analysis byflow cytometr.  

20 Mveloid cell targeting was observed in the heartallograft, bloodand spleen (FIG. IF 

and IG), Importantly, the inventors observed cellular specificity towards the M&M pool 

and neutrophils, with significant higher rnTOR-HDL uptake by the Mo/M() pool than 

eiter DC orneutrophils in the heart, blood and spleen (respectively: Ps 0,01, P 0,01 P< 

0,05 and PS 0,01, PS 0,01, P: 0,05), In contrast the DiG-labeled. inTOR-IDL uptake by T 

25 cells was virtually absent (FG. IF, 1G), indicative for the nanotherapy's innate immune cell 

specificity. Overall, the data demonstrate that mTOR-HD)L exhibits high specificity for 

inflamed sites, such as theheart allograft, andis avidly taken up by myeloid cells including 

monocvtes. DCand neutrophils,.  

mTOR4IDL significantly decreases the myeloid cell compartment 

30 The leukocyte population was profiled and, more extensively, the myeloid cell 

compartment, including neutrophils, Mo/M© and DC, in the blood, spleens and allografts of 

mice receiving placebo, oral rapamycin (Oral-Ra) and rnTOR-HDL treatments, where the 

treatment regimen involved three intravenous ORI injectis, on the day of, as well 

as at two and five days post transplantation, In line with the targeting data, significantly 
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decreased total leukoytes were observed in the blood, spleens and allografts (FIG. 2A and 

FIG. 8) of mTOR-HDL-treated recipients as compared to either placebo (P 005 and P< 

0,01) or Oral-Ra-treated recipients. Additionally, these data show that mTORI1DLtreatment 

lowered neutrophil levels in the blood, spleen and allograft. as compared to both placebo (PS 

5 0.05, P0.05 and P 0.05) and Oral-Ra-treated recipients (PS 0.05). In addition, niTOR

HDL treatment dramatically reduced Mo/Mh numbers in the circulation, spleen and heart 

allografts, as compared to placebo (Ps 0.05, PS 0.01 and P1 0.05) or Oral-Ra-treated 

recipients (PS 0.05). Finally, mOR-HDL treatment dramatically decreased DC in the 

circulation, spleen and allograft. as compared to placebo 0.05, PS 0.01 and P< 0.05) or 

10 Oral-Ra-treated recipients (Ps 0.05). All together, these results demonstrate that mTOR-HiDL 

treatment limits the alloreactive immune response by interfering with myeloid cell 

accumulation in thetransplanted allograft.  

Following these myeloid cell investigations, the effects of niTORHDL nanotherapy 

on Mo/MCd tissue distribution were evaluated, Mo/MD comprise two different subsets (Ly

15 6C and Ly-6C ) with district migratory properties .Six days after transplantation, 

untreated and Oral-Ra-treated mice had increased numbers of accumulated mveloid cells in 

their blood, spleen and heart allografts (FIG. 2B and FIG. 9A), Further, the elevated 

Mo/MG populations contained high percentages of inflammatory Ly-6C' mnocytes (FIG.  

9A and 2B). By contrast, .mTORHDL recipients accumulated significantly more Ly-6Ct 

20 nonocytes than placebo and Oral-Ra-treated animals in blood (60% vs. 12% and 13%), 

spleen (55% vs. 29%and 44%) and heart allografts (56% vs. 20% and (FIG. 2B, FIG.  

9A). Accordingly, notably fwer circulating Ly-6Cn monocytes were identified in the 

nTOR-HDL-treated group than in either the placebo or the Oral-Ra-treated recipients (P< 

0.05 and P 0.05, respectively). The Mo/M© subset proportions in the spleen arid 

25 transplanted organs reflected the levels in peripheral blood (FIG. IE). The data indicate that 

while Ly-6C monocytes dominate the myeloid response in transplant rejection, Ly6C" 

nonocytes dominate the nyeloid response during tolerance, This suggests mTORHDL 

treatment promotes the accumulation of regulatory Ly-6C'" MOD, and can rebalance the 

myeloid compartment in favor of homeostasis.  

30 mTOR pathway is negatively regulated by mTORHL)L 

Molecular pathways targeted by mTOR-HDL nanoimmmunotherapywere studied 

using Gene Set Enrichment Analysis (GSEA) of mRNA isolated. from flow sorted. MD from 

the allografts of either placebo or nTOR-HDL treated recipients. Genearray results indicated 

that the mTOR (FIG. 2C) pathway is negatively regulated by mTOR-HDL 

44



WO 2017/190145 PCT/US2017/030444 

mTOR-HDL treatment favor the induction of transplantation tolerance by promoting 

the development ofregulatory Ly-6C' M4D 

Nex the suppressive function of graft-infiltrating Ly-6C` Mo/N allografts were 

evaluated in vitro. Ly-6C' MDs regulator suppressive function was assessed by the 

5 capacity to inhibit in vitro proliferation of carboxyfluorescein diacetate succiimidyl ester 

(CFSE)4abeled CD8+ T cells, The results of the present invention indicate that regulatory 

Lv-6C°McD obtained from the allorafts of mTOR-HDL treated recipient mice prevent Tcell 

proliferation in vitro (FIG. 3A). The invenors also observed that, unlike Ly-6Cb M(D 

obtaied from the allografts of placebo recipient mice, Ly-C M(I obtained from the 

10 allografts of mTORHDL treated recipients epand immunosuppressive Fo.xp3-expressing T

regs (FIG. 3A), in agreement with these data, the invem ors observed a significant increase in 

the number of allograft CD4 tCD25' T-cells (FIG. 31; FIG. 10). This suggests that mTOR

HDL treatment may favor the induction of imspintationm tolerance by promoting the 

developinem of regulatory Ly-6C' MO, 

I5 mTORIDL nanotherapy prevents potent T cell stimulation by dendritic cells 

Since dendritic cells (DC) take up anTORTIDL naopaticles (FIGS. 1F-G), the 

effects of mTOR--HDL on immn cell activation, antigen presentation and DC-mnediated. T 

cell stimulation were investigated, First, enzymedoked immunosorbent ssay (EISA) were 

utilized to assess the expression of tumor necrosisfactor alpha (TNF-a). These data indicate 

20 that mTOR-HDL treatment significantly reduces the serumTNFc- leveLs, as compared to 

placebo and Oral-Ra (FIG. 10; P> 0,05 and PS 0.01). Next, the expression of co-stimulatory 

and adhesionmolecules that are upreguilated during acute rejection were examined. Flow 

cytometry indicates that both. CD40 and CD54 molecules are significantly reduced in 

leukocytes from mTOR-HDL treated recipient compared to the placebo and Oral-Ra-treated 

25 recipients (Figure 10), Using the Y-Ae nooclonal antibody (mAb), which recognizes a 

donor-derived I-E peptide presented by recipient MHC class II -A molecules, iTOR

HDL's effects on antigen presentation were evaluated. Significamly fewer antigen-presenting 

Y-Ae" cells were observed in the para-aortic lymph nodes and spleens of mTORHDL

treated recipients than those from either placebo or Oral-Ra. Next, the capacity of DC 

30 obtained from mTOR-HDL recipiens was evaluated to stimulate antigen-specific T cells in 

vitro. CDIceMHC-H* DC extracted from the spleens of placebo and mTOR-HDL-treated 

mice were used as initiators to stimuLate a mixed lymphocyte reaction(MLR) in vitro.  

Antigen-specificT'Ea CD4T cells were isolated as responders, as these T cells recognize the 

same 1-El-A( complex of peptide and. MHC as do Y-Ae mAb, labeled the cells with 
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carboxyfluorosein succinimidyl ester (CFSE) and cultured with CDIl eMIC-1 splenic 

DC as previously described The stimulatory properties of CDlecMHC- splenic DC 

were tested by measuring CFSE diludon in T cells by flow cytonietry, These dataindicate 

that DC from rnTOR-HDL recipients are significantly less capable of stimulating naive T cell 

5 proliferation in Vito than DC obtainedfrom control mice. Next, the proliferative capabilities 

of'T cells obtainedfrom transplanted mice were tested. These dataindicate thatT cells from 

mTOR-DL recipients are able to mount in vra immune responses similar to T cells 

obtained from placebo rejecting mice. Overall, these results illustrate that mTOR-HDL 

nanoparticle treatment prevents DC-mediated raft-reactiye Tcell immune responses.  

1t0 mTOR-HDL nanotherapy promotes the development of suppressive macrophages 

Having determined that mTOR-HDL nanoparticles target Mo/MI (FIGS.IF and iG) 

and affect their tissue distribution), the functional properties of Ly-6C' Mo/M() that 

accumulate in the allogvraft during tolerance induction, Were tested. Donor heart allografts 

were harvested six days after transplantation and the myeloid compartment was analyzed by 

15 flow cytometry, By focuing on live CD45SCDIlb t recipient graft-infiltrating myeloid cells, 

we discerned three major populations based on differential expression patterns of Ly-6C' 

Mo/M4, Ly-6C Mo/M and Ly-6G neutrophils (FIG. 1D), Flow cvtometic analysis 

confirmed the presence of more Ly-6Cif than Ly-6C'Mo/MIin the alorafts of mTOR

HDL-treated mice as compared to placebo recipients (FIG. i. There were no differences in 

20 Ly-6G neutrophil frequency between the groups.  

Gene array characterization of Ly-6C' macrophages that accumulate in the allografts 

of mTOR-HDL treated. recipients revealed that themTO.RC Ipathway is negatively regulated 

in these mice, This confirms that mTOR--DL treatment targets graft-infiltrating 

macrophages.  

25 A comprehensive analysis of the costimulatory molecules that prevent successful 

organ transplantation revealed that mTOR-HDL treatment increased CD40 expression. In line 

with this observation, the inventors found aonistic CD40 mAb treatment to abrogate the 

prolonged allograft survival in rnTOR-DL treated recipients FIG. 3F). This suggessthat 

CD40L expressing T cells may stimulate CD40 signaling in recipient M, resulting in 

30 eventual graft loss. To suppress detrimental CD40 signaling, the inventors developed a 

second nanoiremnunotherapy treatment consisting of a CD40-TRAF6 inhibitory HDL 

(referred to as CD40-HDL or TRAF6i-HDL; FIG. 1lA-). The small molecule inhibitor 

CD40-TRAF6 is directed against the binding domain of CD40 onTRAF6 and blocks CD40 
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signaling rest inLy6C inflammatory macrophage polarization towards an anti

inflammatory phenotype.  

mTOR-1DL prolongs allograft survival indefinitely 

Lastly, nanoimunotherapytreatmens capacity to prevent organ rejection and 

5 prolong allograft survival was evaluated. Balb/c (H2) donor cardiac allografts were 

transplantedinto fully allogenei C57B1/6 (H2") recipients treated with: (1) placebo, (2) Oral

Ra, (3) rnTOR-HDL, (4) TRAF6iJHDL, or (4) mTOR-HDL + TRAF6i-1DL To assess graft 

survival, recipients underwent abdominal palpatfionuntil cardiac Contractions completely 

ceased. The present data indicate that mTOR-HDL nanotherapy dramatically prolongs graft 

10 survival with more than 85% allograft survival ver a 50-day period (FIG.3G) By contrast, 

the oral rapamycin treatment only prolonged allograft survivwl by 35% during the same 

period (PS0,01, P 0.0.1) This is a remarkable result, especially considering the regimen 

involved only three doses during the first week post-transplantation.  

As a secoidary endpoint, we evaluated the histology of the allografts 100 days after 

15 combined treatment (Figs, 13A-B). Figure 13B shows mild circumferential inflammation 

without arteritis and no sins of minimal hyperplasia. Mouse aortic segments didnot exhibit 

any histological alteration with no imimal thickening and no signs of chronic allograft 

vasculopathy (CAV), Furthermore, the inventors evaluated a combined treatment regimen 

involving three injections of both mTOR>HDL and TRAF6iHDL within the first five days 

20 post transplantation using the heart allograft model. As shown in FIG. 3G, combined nTOR

HDL/TRAF6i-HDL treatment promotes organ transplant. synergistically, resulting in a more 

than 70% survival over 100 days pos-transplantation,significantly outperforming mTOR

HDL and TRAF6i-HDL monotherapies.  

The timing of treatment can vary and can commence either before the transplantation, 

25 concomitant with the tansplantation, or following ranspiantaon. Inone embodiment, the 

mTOR-HDL or combined mTORTHDLITRAF6i-HDLtreatment is initiated 1-2 days before 

organ transpantation, 

To test whether in vitro suppressive Ly-6C' Mo/M- Pmediate prolonged graft survival 

in mTOR.HDL-treated recipients, the inventors depleted.Ly-6C Mo/Mt in vio, as recently 

30 described Briefly, Balb/c (H2) donor cardiac allografts were transplanted into fully 

allogeneic CD169 diphtheria toxin (DT) receptor (DTR) (2) recipient mice on the day of 

transplantation to deplete recipient Ly-6C' macrophages. Graft-infiltrating Ieukocytes were 

examined by flow cytometry six days after transplantation to confirm the specific depletion 

of Ly-6C in vitro suppressive macrophages (FIG. 3B.), Subsequent graft survival 
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experiments showed that Ly-6C kMo/Ml depletion resulted in graft rejection by day 15 

(12-3 1.8) despite mTOR-HDL treatment (FIG. 3D). Adoptive transfer of wild-type 

monocytes restored allograft survival, demonstrating that the nanoinmmnotherapy exerts its 

effects through regulatory M1) These experiments suggest that mTOR-HDL treatment 

5 stimulates in vivo development of regulatory Ly-6C" macrophagesthat prevent T cell

mediated immunesponsesandthereby promotes prolonged allograft survival 

To further investigate thegeneral therapeutic applicahility of inTOR-HDL, mTOR

HDL nanothrapy described here was applied to a fully allogeneic skin transplant model in 

which rejection was macroscopically monitored (FIGS. 12A AND 12B). Using the same 

10 three-dose regimen, the mTOR-HDL nanomedicine treatment dramatically enhanced graft 

survival. The mean survival time significantly increased in mTOR-HDL-treated recipients, 

with more than 75% survival at day 50; the placebo group, on the other hand, had a 100% 

rejection rate (P 0,01) (10.5 ±2.9 days). Overall, these experiments and results show that 

nmTOR-1-IDL nanotherapy prevents DC-mediated T cell stimulation, promotes Ly-6C 

15 Mo/MD development and dramatically plongs allograft survival, 

Figures 13A-B are graphs showing toxicity associated with Oral-Ra compared with 

mTOR-HD treatment, Recipient mice either received the inTOR-HDL treatment regimen or 

were given an Oral-Ra treatment fio which the dose was increased to achieve the same 

outcome =, gy) or (n=4, black). mTOR-.H.DL has no significant effects on 

20 blood ureanitrogen (BUN, shown in Fig, 13A) or serum creatinine (shown in.Fig. 131), but 

kidney toxicity parameters show statistical differences between Oral-Ra and inTOR-HDL, 

while no differences between syneneic and mTOR-HDL recipients 30 days after infusion 

were observed(ANOVA*P<0,05,*P-G,1) 

Histology sections from kidneys, stained by H&E, PAS and Masson Trichrome and 

25 examined by a renal pathologist show no significant Changes in the three compartments of 

kidney parenchyma (Figure 13A) 1htereis normal appearing glomeruli, with no evidence of 

glomeruloscierosis. The tubules show no significant atrophy or any evidence of epithelial cell 

injury including vacuolizationloss of brush border or mitosis. Arteries and arterioles show 

no evidence of intimal fibrosis orarterioar hyalinosisrespectively.Liver sections stained by 

30 H.&E, PAS and Masson Trichrome and examined by a liver pathologist demonstrate normal 

acinar and lobular architecture. There is no evidence of inflammation or fibrosis in the portal 

tract and hepatic parenchyma. Hepatocytes are normal with no evidence of cholestasis.  

inclusions or apoptosis (Fig. 13A). In Fig. 13B the section shows mild circumferential 

inflammation without arteritis and no signs of intimal hyperplasia, Mouse aortic seeients did 
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not exhibit any histological alteration with no initial thickening, and no signs of chronic 

allograft vasctlopathy (CAV).  

DISCUSSION 

'Transplant patients are treated with immunosuppressive drugs to avoid organ 

5 rejetion Immunosuppressants target the adaptive immune system and have serious side 

effects Current transplant inmunology research seeks to develop novel tolerogem 

protocols using different experimental transplantation models. Combining basic immunology 

withinovative nanoneicdine is a promising new approach to encourage immune tolerance.  

The use of animal models plays an essential role in this research, Unfortunately, while some 

10 experimental tolerogenic protocols can induce indefinite allograft survival in mice and 

primates ,thromboemboiJc complicalons have prevented these methodsfrom being 

translated into clinical treatments IConsequently, there is an ongoing need for alternative 

approaches to immune regulation, such as targeting the innate immune system, to prevent 

transplant rejection I42 

15 In the current study, the data demonstrate that conservatively-dosed HDL

encapsulated rapamycin prolongs graft survival. This indicates that only encapsulated 

rapamycin - ixe not the free form - may be used to induce immunological tolerance, as 

recently described The data also mechanistically show that mTOR-HDI decreases 

leukocytes in the blood., spleen and alograft. Reduced leukocyte adhesion and migration is 

20 associated with better graft survival, in agreement with previous studies "" More 

specifically, significantly lower Mo/M and neutrophil counts accompanied by less myeloid 

cell infiltration in allografts were observed.In contrast to the present mTOR-HDL 

nanotherapy approach which targets the myeloid compartment, 95% of absorbed oral 

raparnycin binds to erythrocytes KTherefore, the present nanotherapy delivery strategy 

25 presents an innovative way to dramatically increase the drug's bioavailability.  

In association With its capacity to decrease cellular infiltration in thetransplanted 

organ, in ivo rmTOR-HDL administration markedly reduces production of pro-inflammatory 

molecules and diminishes the ability of DC to induce T cell proliferation. These results 

accord with a previous report showing that DC conditioned in vitro withrapamycin reduce 

30 pro-inflammatory mediators and prolong allograft survivalt Additionally, these data indicate 

that mTOR-HDL nanotherapy further affects DC by inhibiting their stimulator function, 

thereby suggesting alloantigen-specific T cell activation can be therapeutically modulated.  

The present data also demonstrate that n'OR-JDL treatment reduces alloantigen 
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presentation to CD4' T cells. These immune regulatory effects are of pivotal importance 

during transplantation, in which antigen-presenting cells mediate the specific alloreactivity 

against the transplanted organ 

The present dat illustrate that mTOR-HDL treatment mediates the accumulation of 

5 suppressive macrophages tlat inhibit cytotoxic T cell responses. In addition, Ly-6C 

macrophages from HDIL-treated recipients expand Foxp3reg in vitro and correlate with 

intra-graft Foxp3*Treg accumulation in vivo. Regulatory Ly-6C` macrophage accumulation 

in the transplanted organ appears to be critical to prolonged allograft survival as mediated by 

TOR-HDL since depleting Ly-6C macrophages prevents tolerance induction despite 

10 nTOR-HIDL treatment. ThMse results are consistent with studies showing that tv-6C 

macrophages inhibit cytotxie T cell proliferation, mediate Treg expansion and promote 

transplantation tolerance T1he results demonstrate that .HDL-based nanoparticles represent 

novel a therapeutic approach to develop drug delivery systems that target macrophages in 

15 Collectively, these data show that HDL nanoparticle technology effectively delivers 

irmnuinosuppressive drugs to the innate immune system.,mTOR--DL prevents DC activation, 

promotes the regulatory macrophage development and induces indefinite allograft survival, 

The mTOR-HDL technology is an innovative, effective, and a potentially translational 

therapeutic approach that targets innate immune cells toinduce long-term allograft survival.  

20 Clinical testing and implementation of an optimized GMP protocol will confirm longer 

safety and efficacy, As mTOR-IDL combines existing FDA approved agents, hs 

development - or the development of HDL nanoparticles systems that release other FDA

approved immunosuppressive agents - may have an immediate path to translation.  

MATERIALS AND METHODS 

25 Nanoparticle synthesis 

The present targeted approach delivers the drug rapamycin using a novel synthetic 

high-density lipoprotein nanoparticle platform. mTOR-HDL nanoparticles were synthesized 

using a modified lipid film hydration method, Briefly, 2-dimyristoyl-sn-glycero-3

phosphatidylcholine (DMPC), 1nristoyI2-hvdroxysn-lcero-phosphocholine(MHPC) 

30 (bothpurchased from Avanti Polar pids) and rapamycin (Selleckchem) were dissolved in a 

chloroform/methanol (10:1 v/v) mixture at a 3:1:0.5 weight ratio. After evaporating the 

solvents, human APOAI in PBS was added to hydrate the lipid filn, in a phospholipid to 

APOAl 5:1 weight ratio and left to incubate for 20 minutes in an ice-bath The resulting 
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mixture was homogenized using a probe sonicator in an ice-bath for 15 minutes to yield 

mTOR-HDL nanoparticles, mFORHDL was washed and concentrated by centrifugal 

filtration usng 10 kDa molecular weigtcutoff (MWCO) filter tubes, Aggregates were 

removed using centrifugation and filtration (0,22 n), Oral raparnycin solution (Oral-Ra) 

5 consisted of 4% ethanol, 5% PEG300 and 5% TWEEN80 in PBS, while intravenous 

raparycin solution (i.v-Ra)included 4% ethanol and 5% TWEENSO in PBS. The animals 

received oral doses or intravenous tail injections (for mTOR-1-IDL or i.vRa) at a raparnycin 

dose of 5 mg/k- on the day o pf tranplantation as well as days two and five 

posttransplantation.  

10 CD40-HDL nanoparticles were synthesized according to a similar procedure as 

described above. DMPC, MHPC and the TRAF6-inhibitor (2E)-1-phenyl-3-(2,5

dimethylaniino-propen-lonel were dissolved in a chloroforilmethanol mixture (10:1 

v/v) at a 8.7:1:06 weight ratio, and then dried under vacunm to create a thin lipid filmPBS 

containing APOAl was added to the lipid film, in a phospholipid to APOAl 9.5:1 weight 

15 ratio, and left to incubate on ice for 3 hours until the fin was hydrated and a homnogenous 

solution was formed, The solution was then sonicated for 1 hour to form CD40-HDL 

nanoparticles. Subsequently, the solution was purified by multiple centrifugation and 

filtration steps.  

Mice 

20 Female C57BU6J (B6WT -2), bBALB/c (H-2dmice were purchased from the 

Taconic Laboratory. 8 week old C57BU6J (Foxp3un1Flv/J) mice were purchased froa The 

Jackson Laboratory. The C57BL/6J CD169) mice werefrom MasatoTanaka (Kawaguchi, 

Japan), C57BU/6J CD4" transgenic TEa mice that recognize a peptide representing residues 

52 to 68 of the I-E chain (Ea peptide) bound to class 11 -A" molecules were from Alexander 

25 Ruidensky (New York, USA). Animals were enrolled at 8 to 10 weeks of age (body weight.  

20-25 g), All experiments were performed with 8 to 12 week old female matched mice in 

accordance with protocols approved by the Institutional Animal Care and Utilization 

Committee, 

Vascularized heart transplantation 

30 BALB/c hearts were transplanted as fully vascularized heterotopic grafts into 

C57BU6 mice as previously described Hearts were transplanted into recipients' peritoneal 

cavities by establishing end-to-side anastomosis between the donor and recipient aortae and 

end-to-side anastomosis between the donor pulmonary trunk and the recipient inferior vena 

cava, Cardiac allograftsurvival was subsequently assessed through daily palpation. Rejection 
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was defined as the complete cessation of cardiac contraction and was confirmed by direct 

visualization at laparotomy. Graft survival was compared amonggroups using .Kaplan-Mier 

survival analysis.  

Micro-PET/CT imaging and biodistribution studies 

5 Mice (n = 6: 3 with heart transplants and 3 with skin grafts) {weight: I8. t L_ gJ) 

were injected with "Zr-mTOR-HDL (0.17 ±0.1 mCi, ~0,25 mg APOA.) in 0,2 mL PBS 

solution via their lateral tail vein, At 24 h, animals were anesthetized with isoflurane (Baxter 

Healthcare, Deerfield, 1L, USAoxygen gas mixture (2%for induction, 1% for maintenancee) 

and a scan was then performed using an Inveon PET/CT scanner (Siemens Healthcare 

10 Global, Erlangen, Germany). Whole body PET static scans, recording a minimum of 30 

million coincident events, wem performed for 15 min. The energy and coincidence tmling 

windows were 350-700 keV and 6 ns, respectively. The image data werenormized t 

Correct for PE*T response non-uniformity, dead-tim count losses, positron branching ratio 

and physical decay to the time of injection, but no attenuation, scatter or partial-volume 

15 averaging correction was applied. The counting rates in the reconstructed images were 

converted to activity concentrations (percentage injected dose [%ID] per gram of tissue) 

using a system calibration factor derived from imaging a-ouse-sized water-equivalent 

phantom containing Zr, Images were analyzed using ASIPro VMTM software (Concorde 

Microsystems, Knoxville, TN, USA). Whole body standard low magnification CT scans were 

20 performed with the X-ray tube setup at a voltage of 80 kV and current of 500 pA, The CT 

scan was acquired using 120 rotational steps for a total of 220 degrees yielding an estimated 

scan tine of 1.20 s with an exposure of 1.45 ms perfname. Immediately after the PET/CT 

scan, animalsweresacrificedand tissues of interest -kidney, heart, liver, spleen, blood, bone, 

skin, and muscle- were collected, weighed and counted on a Wizard2 '480 automatic amrma 

25 counter (Perkin Elmer, Waltham, MA) to determine radioactivity content, The values were 

decay-corrected and converted to percentage of injected dose per gram (%ID/g), To 

determine radioactivity distribution within the transplanted hearts, the native and grafted 

specimens were placed in a film cassette against a phosphorimaging plate (BASMS-2325, 

FujifilIm, Valhala, NY) for 4 hours at -20 'C. The plate wasread at a pixel resolution of 25 

30 pmwith a Typhoon 7000IP plate reader (CE Healthcare, Pittsburgh, PA), The images were 

aayzed using ImageJ software, 

Isolating graft-infiltrating leukocytes 
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Mouse hearts were rinsed in siu with HBSS with I% heparin. Explanted hearts were 

cutinosmallpiecesanddigested for 40 minutes at 37°C with 40 U/mil collagenase IV 

(Sigma-Aldrich), 10 mM HEPES (Celgro) and 0,01% DNase 1. (MP Biomedicals) in HBSS 

(Cellgro), Digested suspensions were passed through a nylon mesh and centrifuged, and the 

5 cell pellet wasre-suspended in complete HBSS, stained and analyzed byflow cytoietry (BD 

LSR-I; BD Biosciences).  

Flow cytometry and cell sorting 

For mycloid cell staining, fluorochrome-conjugatedmAbs specific to mouse CD45 

(clone 30-F11) CD1lb (clone M 1/70), CD1.e (clone N41), F-4/0 (clone C.:A31), Ly-6C 

10 (clone HKI4) and corresponding isotope controls were purchased from eioscience. Ly-6G 

(clone IA8) mAb was purchased from Bikegend. 4/80 (clone C:A31A ) was purchased from 

AD Serotec. For T cell sainiang antibodies against CD45 (clone 30-F11), CD3 (clone 

2C11), CD4 clonee GK15), CD8 (clone 53-6;7), CD25 (clone PC65), CD40 (clone IC10) 

and CD54 clone YN1/1:7.4) were purchased from eBioscience. The absolute cell counting 

15 was performed using countbright beads (invitrogen). To detect andgen presentation, the Y

Ae nAb was purchased from efioscience. Flow cytometric analysis was performed on LSR 

H (BD Biosciences) and analyzed with FlowJo software (Tree Star Inc,). Results are 

expressed as percentage of cells staining or cells counting (cells per milliliter) abovc 

background. mANb were titered at regular intervals during the course of these studies to 

20 ensure the use of saturating concentrations To purify myeloid cells, donor 

heart single Cell suspension were sorted with an InFlux cell sorter (BD) to achieve >96% 

purity at the Flow Cytometry Shared Resource Facility at Icahn School of Medicine at Mount 

Sinai.  

Mixed lymphocyte reaction 

25 Spleens of antigen-specific TEa (1-21) mice were gently dissociated into single-cell 

suspensions, and red blood cells were removed using hypotonic ACK lysis buffer, 

Splenocytes were labeled with CFSE cell proliferation marker at 5M concentration 

(molecular probes from Invitrogen) followed by staing with anti-CD4 mAb for 30 minutes 

on ice. Responder CFSECD4r T cells were sorted using FACS Aria II sorter (BD 

30 Biosciences) with a purity of >98%, Splenocytes from mTOR--DL- and placebo-treated 

recipients were enriched for CDIIc' cells using the EasySep Mouse CD I Icpositive selection 

Kit (SteiCel). Enriched CDl. kSplenocytes were stained with anti-mouse CD.I.e nAbfor 

30 minutes on ice, CTA Ic' cells were sorted using FACS Aria 1. sorter (BD Biosciences) and 

then used to stimulate responder CFSE*CD4' T cells, Cells were cultured for 4 days at 37°C 
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in a 5% CO2 incubator, and CFSECD4* T cells proliferation was measured by flow 

cvtometric analysis of CFSE dilution on CD4- T cells.  

In vitro suppression assay 

Spleens of C57BU6 (H-2) mice were gemly dissociated into single-cell suspensions, 

5 and red blood cells were removed using hypotonic ACK lysisbuffer. Splenocytes were 

labeled with CFSE at 5M.concentration (molecular probes from lnvitrogen) followed by 

staining with anti-CD8 mAb for 30 minutes on ice. Responder CFSE*CD8* T cells were 

sorted using FACS Aria 11 (BD Biosciences) with >98% purity. CFSE*CD8 T cells were 

used together with anti-CD3/CD28 nicrobeads as stimulators. Stimulated CFSE*CD8 T 

10 cells were cultured with graft-infiltrating L-6CmacrophagesmTOR-HDL or placebo for 

72 hours at 37C in a 5% CO incubator. T cell proliferation was measured by flow 

cytometricanalysis of CFSE diction on CD8' T cells.  

Treg expansion assay 

Spleens of C57BU6-Foxp3tmFlv/J (H2) mice were gently dissociated into single

15 cell suspensions, and red blood cells were removed using hypotonic ACK lysis buffer.  

Splenocytes were stained with anti-C4 mAb for 30 minutes on ice. Responder CD4' were 

sorted using FACS Aria 1 (BD Biosciences) with a purity of >98%. CD4' T cells were used 

together with anti-CD3/CD28 microbeadsa stimulators. Stimulated CD4' T cells were 

cultured with graft-infiltrating Ly-6C macrophages, mTOR-HDL or placebo for 72hours at 

20 37'C in a 5% C02 incubator, Treg expansion was measured by flow cytometric analysis of 

Foxp3-RFP on CD4* T cells.  

Microarray.  

Graft infiltrating recipient Ly-6C1 macrophages were sorted from mTOR-HDL 

treated and placebo rejecting recipients at day 6 after transplantation. Cells were sorted twice 

25 with a FACS Aria I sorter (ED Biosciences) to achieve >98% purity. Microarray analysis of 

sorted cells was performed with a total of 6 Affvmetrix Mouse Eon GeneChip 2,0 arrays 

were run in triplicate with the samples of interest. Raw CEL file data from Affymetrix 

Expression Console were background corrected, normalized, and summarized using RMA.  

The summary expression scores were computed at the transcript metaprobeset levelusing 

30 annotation files supplied by the manufacturer. Gene expression was filtered based on IQR 

(0.215) filter using gene filter package, The log2 normalized and filtered data (adjusted P 

<0.05) was used forfurther analysis. Gne signature comparisons were performed between 

intra-raft Ly6C' macrophages from nTOR-HDL and placebo treated recipients, GSEA. was 

performed using GSEA version 17 fron Gene pattern version 3.9.6, Parameters used for the 
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analysis were as follows. Gene sets c2.cp.biocara.v5.iLsymbols.gmt; 

c2.cp.kegg.v5JI.symbols.gmt; c2.cp-reactome.v5.I.symbols.gmt; c6.allx.v symbols.gmt 

(Oncogenic Signatures), c7allvSit.symbols'gut (immunologic signatures); and 

h~alLv5,Lsymbols.gn(Hallmarks) were used for running GSEA and 1000 permutations 

5 were used to calculate value and permutation type was set to gene set Each gene set was 

run separately. All basic and advanced fields were set to default.To select the sinificant 

pathways from each gene set result, fdr q-value of 0,25 was set as cutoff. Only genes that 

contributed to core enrichmentwereconsidered.  

fi vivo macrophage depletion 

10 To deplete CD169-expressing Ly-6C' macrophages. heterozygous CD69-DTR 

recipients were directed intraperitoneally with 10 ng/g body weight of DT (Sigma-Aldrich) 

24, 48 and 72 hours after transplantationt 

Statistical analyses 

Results are expressed as mean ±SEM, Statistical comparisons between 2 groups were 

15 evaluated using the Mann Whitney tests. Kaplan-Meier survival graphs were performed, and 

a log-rank comparison of the groups calculated P values. A value of P < 0,05 was considered 

statistically significant. IBM SPSS statistics22 were utilized for statistical analysis.  

Near infrared fluorescence imaging 

C57/6 wild tipetn mice received a single intravenous injection of 5 mg/kg mTOR

20 HDL labeled with either DiR dye or phosphate-buffered saline (PBS). After 24 hours, the 

mice were sacrificed and perfused with PBS. Liver, spleen, lung, kidney, heart and muscle 

tissues were collected for NIRF imaging. Fluorescent images were acquired with the IVIS 

200 system (Xenogen) with a 2 second exposure time using a 745 nm excitation filter anda 

820 nm emission filter. Both the average radiant efficiency within each tissue and the ratio to 

25 control have been quatified.  

Radiolabeling mTOR-HDL nanoparticles 

"9Zr-mTOR-HDL was prepared according to previously described procedures [151.  

Briefly, ready-to-label mTOR-HDL was obtained by adding mol %of the phospholipid 

chelator 12Diroyisn-lceo-3pophoethanoamine,8Diazaluoren-9-one (DSPE

30 DFO) [44] at the expense of 12dimrtoy-sn-gyce -phosphocholine (DMPC) in the 

initial formulaion. Radiolabeling with AZr was achieved by reacting the DFO-bearing 

nanoparticles with "Zr-oxalate in PHS (pH = 7.1) at 37 °C for I h. "Zr-mTOR4HDL was 
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isolated by centrifugal filtration using 10 kDa molecular weight cut-off tubes. The 

radiochemical yieldwas 75 ± 2 % (n =2).  

Biodistribution of 3"Zr-mTOR-IDL 

Immediately after the PET/CT scan. mice were sacrificed and tissues of interest 

5 (blood, heart, kidneys, lungs, liver, spleen, hone, skin, muscle and graft) harvested, blotted 

and weighed before radioactivity counting on a Wizard2 2480 automatic gamima counter 

(Perkin Elmer, Waltham, MA, USA), The radioactivity content was then converted to 

radioactivity concentration and expressed as percentage of injected dose per gram of tissue 

(%]D/g).  

10 Enzyme-linked inmunosorbent assay (ELISA) 

Blood was harvested at day 6 post-transplantation, and sera were purified using I 1 ml 

Z-Gel microtubes (Sarsted) after incubation at room temperatureand a brief centrifugation.  

TNF-a secretion in sua was assessed by ELISA (eBiosciences) accordingv to the 

manufacturer protocol (n=4 in each group), Allograft cytokine production was determined in 

15 supernatants using commercial ELISA kits for [L-6 and TNFa according to the manufacturer 

guidelines (R&D systems) 

Ultrasound imaging 

Cardiac allograft transplant rate (beats per minute, BPN) was monitored using a short 

axis cross sectional B-Mode image of the transplanted heart, with M-mode cursor line 

20 through its largest dimension and tracing of the left ventricular wall.  

Skin transplantation 

Full-thickness trunk skin allografts were placed as previously described [421 Skin 

was harvested from BALB/C, cut into 0.5-cm pieces and placed in C57B116 recipients. The 

skin alograft was placed n a slightly larger graft bed prepared over the chest of the recipient 

25 and secured using Vaseline, gauze and a bandage. The grafts were visually scored daily for 

evidence of rejection. Skin allograft rejection was monitored by digital microscope 

photography and was considered fully rejected when it was >90% necrofic, Graft survival 

was compared among groups using Kaplan-Meiersurvival analysis.  

56



WO 2017/190145 PCT/US2017/030444 

REFERENCES 

1. Demirkiran. A, et at Conversion from calcineurin inhibitor to mycophenolate 

nofetil-based immunosuppression changes the frequency awd phenotype of 

CD4+FO.X.P3+ regulatory Tefl, Transplantation 87, 1062-1068 (2009).  

5 2. Gardiner, K.M, Tett, SE & Staa, CE, Multinational Evaluation of Myophenolic 

Acid, Tacrolirnus, Cyclosporin, Sirolimus, and Everolimus Utilization. Annals of 

transplantation 21, 1-11 (2016).  

3, Lien, YJL.Top 10 things primary care physicians should know aboutmainnance 

mnunnosuppression for transplant recipients. The American journal ofmedicine 

10 (2015).  

4. Naesens,M. Kuypers, D.R. & Sarwal, M., Calcineurininhibitor nephrotoxicitv. ClinJ 

Am Soc Nephrol 4, 481-508 (2009), 

5. Wells, A.D el al. Requirement for T-cell apoptosis in the induction of peripheral 

transplantaion tolerance. Vature neicin 5, 1303-1.307 (1999), 

15 6, WI, Z, er t.1omicostatic proliferation is a barrier to transplantation tolerance.  

Nature medicine 10, 87-92 (2004), 

7. Auchincloss, H. No tolerance for depletion.Nature medicine 10, 21-23 (20(4).  

8. LaRosa, DF., RahmanAHl & Turka, LAThe innate immune sstem in allograft 

rejection and tolerance. Inmuino 178, 7503-7509 (2007), 

20 9. Conde, P., e! aL DC-SIGN(+) Macrophages Control the Induction of Transplantation 

Tolerance. Immunity 42, i 1431- i 58 (2015).  

10. Zecher D, van Rooijen, N, Rothstein, D.M., Shlomehik, W.D. & Lakkis, FG, An 

innate response to allogeneic nonself mediated by monocytes. J hnmunol 183, 7810

7816 (2009), 

25 11. Oberbarnscheidt, M.H e al, Non-self recognition by monocytes initiates alograft 

rejection. The Journal of clnical investigation 124, 3579-3589 (20 11).  

12. Obeirrnischeidt. M.H & Lakkis, FG. Innate allorecognition. hnmanol Rev 258, 145

149 (2014).  

13. Liu, W., X ao, X, Demirci, G. Madsen, J, & Li XC. Innate NK cells and 

30 macrophages recognize and reject allogeneic nonself in vivo via different 

mechanisms. J Immunol 188,12703-2711 (2012).  

57



WO 2017/190145 PCT/US2017/030444 

14. Sporri, R. & Reis e Sousa, C. Inflammatory mediators are insufficient for full 

dendritic cell activation and promote expansion of CD4+ T cell populations lacking 

helper function, Nature immunology, 163-170 (2005), 

15. Perez-Medina, C, et al PET Imaging of Tumor-Associated Macrophages with` Zr

5 Labeled High-Density Lipoprotein Nanopardiles. INxuc Med 56, 1272-1277 (2015).  

16. Duivenvoorden, R., al, A statinoaded reconstituted high-density lipoprotein 

nanoparticle inhibits atheroscierotic plaquei flamnmaton.N Commun 5, 3065 

(2014).  

17. Tang,1JridInhibitingmacrophageprolifbrationsuppressesateroseerotic plaque 

10 inflammation, SciAde 1(2015), 

18. Fantus. D. & Thomson, A.W. The Ups and Downs of TORKinibs in Transplantation.  

Transplantation 99,. e .7-118 (2015), 

19. Pritchard, DJ Sourcing a chemical succession for cyclosporinfrom parasitesand 

human pathogens. Drug Discov Today 10, 688-691 (2005).  

15 20. Shuchman, M. Trading restelnois for thrombosis? New questions about drug-eluting 

stents, N Engld JMed 355, 1949-1952 (2006).  

21. Chainbeinot, - et aL Specific docking ofapolipoprotein A-1 at the cell surface 

requires a functional ABCA I transporter. The Journal ofbiologica chemistry 276, 

9955-9960 (2001).  

20 22. Yang, X,P,, et al Scavenger receptor-BI is a receptor for poprotein(a).Journalof 

lipid research 54,24502457 (2013) 

23. Geiss.mann, F, Jung S. & Litman DR.Bloodmonoctesconsist of two princip 

subsets with distinct migriatory properties. Immunity 1.9, 71-82 (2003.), 

24. Maury, C,P. & Teppo, AMN Raised serum levels of cachectin/tunor necrosis factor 

25 alpha in renal allograft rejection. The Journal ofexperimenal medicine 166, 1132

1137 (1987) 

25. Shimizu, K- Schonbeck, U, Mach, F. Libby, P. & Mitchell, RN. Host CD40 ligand 

deficiency induces long-term alfograft survival and donor-specific tolerance in mouse 

cardiac transplantation but does not prevent graft arterioslerosis..1mmunoi165, 

30 3506-3518 (2000) 

26. Haug, CE, et aL A phase I trial of immunosuppression with anti-ICAM-1 (CD54) 

nAb in renal allograftrecipients. Transpuntation 55, 766-772; discussion 77-763 

(1993), 

58



WO 2017/190145 PCT/US2017/030444 

27. Ochando, J.C. et Alloantigen-presentig pasmacytoid dendritic cells mediate 

tolerance to vascularized rafts. Nature inumology 7, 652-662 (2006).  

28. Endo, S., Sakamoto, Y., Kobayashi, ENakamua A&Tka TRguationof 

cytotoxic T lyrnphocyte triggering by PIR-B on denditic cells. Proceedings ofthe 

5) NVational Academy" <f Sciences f the United States of Annrica 105, 14515-14520 

(2008), 

29. Liu, J, e at Rat CD8+ FOXP3+ T suppressor cells mediate tolerance to allogeneic 

heart transplants, inducing PIR-B in APC and rendering the graft invulnerable to 

rejection. Transplant inmmology 13, 239-247 (2004).  

10 30. Thomson, A.W.,.Turnquist, HR & Rainiondi, G. Immunoregulatoryfunctionsof 

mTOR inhibition.Natureviews 9, 324-337 (2009).  

31. Dernir,T, et aL Cancer Screening of Renal Transpant Patients Undergoing Long

Term ImmunosuppressiveTirapy, Transplantation proceedings 47, 1413-1417 

(2015), 

15 32. Kupeli, E., e atLong-term risk of pulmonary embolism in solid-organ transplant 

recipients.Ep Cihn Transplant 1.3 Supp 1 223-227 (2015), 

33. Hancock, W.W., et a Costimulatory function and expression of CD40 ligand, CD80, 

and CD86 in vascularized marine cardiac allograft rejection. Proceedings athe 

tional Aademy of Sciences f the United States of America 93 13967-1 

20 (1996), 

34. Kirk A,D, e at. Treatment with humanized monoclonal antibody againstCD154 

prevents acute renalallograft rejection in nonhuman primates.hNature medicine 5.  

686-693 (1999), 

35. Kawai, T., Andrews, D., Colvin, RB, Sachs, D.H, & Cosmi, A.B. Thromboembolic 

25 complications after treatment with monoclonal antibody against CD40 ligand. Nature 

medicine 6, 114 (2000), 

36. Nakamura, T., Nakao,4T Yoshimura, N, & Ashihara, E Rapamycin Prolongs 

Cardiac Allograft Survival in a Mouse Model by Inducing Mveloid-Derived 

Suppressor Cells. AniloTransplant 15,2364-2377 (2015).  

30 37. Maldonado, R.,A, et al. Polymeric synthetic nanoparticles for theinduction of 

antigen-speci fic immunological tolerance. Proceedings othe NationalAcademy of 

Sciences af the United States ofAmerica 1.12, E1,56-165 (2015).  

59



WO 2017/190145 PCT/US2017/030444 

38. Swirski, F.K., et aL Myeloperoxidase-rich Ly-6C+ myeloid cells infiltrate allografts 

and contribute to an iagingsnatureof organ rejection inmice.TheJournalao 

clinical investigation 120, 2627-2634 (2010).  

39. Garcia, MR, et a. Monocytic suppressive cells mediate cardiovascular 

transplantation tolerance in mice. The Jorunl of clinical investigation 120, 2486

2496 (2010).  

40. Nahrendorf, M, et at The healing myocardium sequentially mobilizes two monocyte 

subsets with divergent and complementary functions. The Jounal of experimental 

medicine 204, 3037-3047 (2,07).  

10 41 Shi, C. & Pamer, RG, Monocyte recruitment during infection and inflaunation.  

Natuerekviews7It'62-774 (2011).  

42. Garrod.K. R. & Cahalan.1 D. Marine skin transplantation. J VisEx, 

doi:10.3791/634 (008), 

43. Hackstein.H, et al Rapamycin inhibits IL-4--induced dendritic cell maturation in 

15 vitro and dendritic cell mobilization and function in vivo. Blood 10L 4457-4463 

(2003).  

44. Herrera, O.B., et ci A novel pathway of alloantigen presentation by dendritic cells, J 

hnmunol 173, 4828-4837 (2004).  

45. Corry.R.J., Winn, HJ. & Russell,' P.S. Prinmarily vascularized allografts of hearts in 

20 mice. The role of H-2D, 1-2K, and non-H-2 antigensin rejection, TrmsplIntmtion 16, 

343-350 (1973), 

46. Mivake, Y, et aL Critical role ofmacrophages in the marginal zone in the suppression 

of immune responses to apoptotic cell-associated antigens. The Journa/ /cinicad 

investigation 117, 22682278 (2007), 

25 47. Zarzycka, T. et al. Discovery of small noleculce CD40-TRAF6 inhibitors. I. Chem.  

if Mdet. 55:294-307 (2015).  

48. Chatzieorgiou etal,2014; Blocking CD40-TR AF6 signaling is a therapeutic target in 

obesity associated insulin resistance. ProcNailAcadSc USA.2014 Feb.  

18111 (7):2686-9 1.  

30 49. Van der Berg et al., 2015; Blocking CD40-TRAF6 interactions by smalli-molecule 

inhibitor 6860766 ameliorates the complications of diet-induced obesity in mice. Int J 

Obes (Lond). 2015 May;39(5):782-90.  

60



WO 2017/190145 PCT/US2017/030444 

EXAMPLE 2 

Targeted CD4-TIRAF6 inhibition resolves nacroplhge accumulation in 

atherosclerosis.  

5 In atherosclerosis, macrophage accumulation is directly linked to destablization and 

rupture of plaque, causing acute atheroffromboic events. rciIlating onocytes enter the 

plaque and differentiate into macrophages, where they are activated by CD4+ T lymphocytes 

through CD40-CD40 ligand signaling. Here we show that interruption of this signaling 

pathway in monocytes /macrophages exerts rapid anti-inflammatory effects in an ApoE-

10 mouse model of atherosclerosis, For this purpose we developed an infusible reonstituted 

high-density lipoprotein nanoparticle carrying a small molecule inhibitor of the interaction of 

CD40 and tumor necrosis factor receptor-associated factor 6. We show monocyte/ 

macrophage specific targeing of our nanoimmunotheap, which impairs their migratory 

capacity. Rapid reduction of plaque inflammation by this therapy represents a novel strategy 

15 in the treatment of atherosclerosis, with high potential for clinical translation, asillustrated by 

the favorable toxicity profile non-humanprimates, 

The recruitment of circulating monocytes that differentiate into racrophages is a key 

contributing process in aggravating atherosclerotic plaque inflammation [1], This dynamic 

macrophage accumulation in plaque is directly linked to the development of atherobrombotic 

20 events [I], 

As early as in the 1990s it was recognized that the activation of plaque macrophages 

by CD4+ T-lymphocytes via CD40-CD40 ligand (CD40-CD4OL) signaling plays a central 

role in abetting plaque inflammationt [2] Genetic disruption of CD40L in apolipoprotein e 

knockout (Apoe-) mice drastically decreases atherosclerotic lesion development and 

25 diminishes plaque T-lymphocyte and macrophage content 13]. Treatment of low density 

lipoprotein receptor knockout (LDLr ) mice and Apoe- with an anti-mouse CD40L antibody 

had similar atheroprotective effects [4-6], Furtherstudies revealed that tumor necrosis factor 

receptor-associated factor 6 (TRAF6) is of specific importance in propelling CD40's 

signaing cascade insidemacrophages [7]. TRAIs are adaptor proteins that can bind tie 

30 cytoplasic domain of CD40 and couple the receptor complex to several different signal 

transduction pathways [8], In fact, deficiency of CDt40tTRAF6 interactions in myeloid cells 

has been shown to decrease monocyte recruitment to plaques and abolish atherosclerotic 

plaque formation in Apoe" mice [7].  
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Although the CD40-TRAF6 interaction provides a promising therapeutic target, major 

limitations are associated with itsinhibition. In addition to CD40-TRAF6 interactionsrolein 

mveloid cells, it parly controls the maturation of B-lymphocytes and generation of long-lived 

plasma cells [91, Therefore, long-tenn inhibition of the CD40-TRAF6 interaction will likely 

5 cause immune deficiencies, rendering it an unfeasible therapeutic approach for 

atherosclerosis.  

To address this issue we developed a targeted immunotherapy with the ability to 

block the CD40-TRAF6 interactionspecifically in monocyteslmacrophages. For this purpose, 

we incorporated a recently developed small molecule inhibitor of the CD40-T.RAF6 

1t0 interaction in reconstituted high density lipoprotein (TRAF6-l1DL) [10, .11]. We show in an 

Apoe mouse model of atherosclerosis that TRAF6iHDL targetsmonocytes/macrophages 

while lymphocytes do not take up nanoparticles. After a single week of TRAF6i-HDL 

immunotherapy a rapid decrease in plaque inflammation and decreasedmonocterecrutmen 

was observed In line with these findings. whole transcriptome analysis indicated that cell 

15 migration was among the affected cellular processes. Finally, toassss its translational 

potential, we evaluated TRAF6i-D1's pharmacokinetics, biodistribution and safety in non

human primates (NHPs).  

RESULTS 

TRAF6i-HDL characteristics.  

20 The aim of the study was to decrease plaque inflaunation by specifically inhibiting 

the CD40-TRAF6 interaction in onoctes/macrophagesvia targeted nanoinununotherapy 

(TRAF6i-HDL). The 'FRAF6i-HDL nanoparticle was constructedfrom human apolipoprotein 

A-I (apoA-1), and the phospholipids 1-myristoy-2~hydroxy{sn-glycero-phosphocholine 

(MHPC) and 1,2- dimyristoyl-sn-glycero-3-phosphatidylcholine (DMPC), in which a 

25 lipophilic small molecule inhibitor of CD40-TRAF6 interaction (SMI 6877002.) was 

encapsulated [8, 11]. Because apoA-1 can have nodulatory effects by itself, the 

nanoimmunotherapy was designed with a low apoA- to drug ratio, The resulting TRAF6i

HDL nanoparticle, schematically shown in Fig. 14A, measured 22.6 +/- 12 n in diameter 

(PDI= 0.3)7 as determined by dynamic liht-scatteringand transmission Lectronmicroscopy 

30 (TEM), TRAF6i-HDL variants,ncorporatingfluorescent dyes (DiO or DiR) or Zirconium-89 

("Zr) radiolabeled phospholipids, were synthesized to allow detection by fluorescence 

techniques, positron emission tomography (PET), gammnacountingandautoradiography.  

Schematic Overview 
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A schematic overview of the study design is shown in Fig. 14B. The first part of the 

study was performed in mice witatherosclerosis (Apoe" mice on a high cholesterol diet). In 

these mice, we first studied TRAF6i-HDUs toxicity, pharmacokinetics, biodistribuion, and 

atherosclerotic plaque monocyteimacrophage targetiig efficiency. Subsequently, we assessed 

5 plaqueregression efficacy of a oneaveek T.RAFbiHDL1reininvolving four intravenous 

infusions. Next, we investigated the mechanism by which TRAF6i-HDL affects plaque 

monocytes / macrophages using whole transcriptome analysis. The second part of the study 

focused on the translatability of TRAF6i-HDL nanoimmunoterapy.For this purpose we 

investigatedTRAF6iIDis toxicity and pharmacokinetics, while in vivo positron emission 

10 tomography with magnetic resonance (PET/MRI) was performed to longitudinally study 

biodistribution and vessel walltargeting in non-human primates.  

Toxicity, pharmacokinetics, and biodistribution studies in Apoe-/~ mice.  

One week TRAF61-HDL treatment had no effect on erythrocytes, platelets or 

leucocyte levels (Fig. 20). The number of reticulocytes and lymphocytes was somewhat 

15 increased when compared to placebo. The numbers of T cells and B celLs in bone marrow 

blood and spleen were not affected byTRAF6i-H.DL therapy. No toxic effects were observed 

on kidney and hepatic function, although alkaline phosphatase was somewhat increased (Fig.  

21). Lipids, glucose. protein and electrolytes were unaffected.  

To investigate its pharmacokinetics and biodistribution, Apoe micereceived asimle 

20 infusion of Zr-radiolabeledTRAF ~iDL.Blood radioactivity clearance of "Zr- TRAF6i

HDL was measured over 24 hours and data were fitted using a two-phase decay nonlinear 

regression. The weighted blood half-life ('%) Was finally calculated to he 124.4 min based on 

a th-fast of 13,7 min and a th-slow of 195 min (Fig. 14C), Biodistribution was evaluated by 

in vivo PET/CT imaging (Fig. 14C) and validated b ex vivo gamma counting, the latter 

25 expressed as a percentage of injected dose per gram tissue (%fD/g; Fig. 14D). As expected, 

PET/CT imaging showed that TRAF6i-HDL primarily accumulated in the liver, spleen and 

kidney, o.gans known to take up and metabolize HDL Gamma counting data confirmed 

these results, showing nanoparticle uptake of 12.8 %ID/g in the liver, 8.9 %ID/g in the 

spleen, and 7.9 % in the kidneys. In comparison, the heart, a similar sized organ,only 

30 contained LI %ID)/ (Fig, 14D). Ex vivo near infrared fluorescence (NIRF) imaing 24 

hours after infusion, corroborated the PET/CT and gamma counting observations. showing 

that TRAF6i-HDL accumulates mostly in the liver, spleen and kidneys .  

Flow cytometry analysis revealed that .y6hi monocytes andnmacrophages in blood, 

bone muiarrow, and spleen took up DiO labeled TRAF6i-4DL Neutrophils, Ly6Clo 
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monocytes and denditic cellsao took up DiOTRAF6i-IDL, while lineage positive CDIIb 

negative cells (allnon-myeloid cells) did not (Fig. 14G)7 indicative of ryeloid cell 

specificity, 

TRAF6i-HDL accumulation in atherosclerotic lesions.  

5Ex vivogamma coUnti of whole the art-s showed that 1.3% ID/ of 89Zr-T.RAF6i

HDL had accumulated 24 hours after infusion (Fig 14D), Looking specificlly at TRAF6i

HDL nanoparticle distribution throughout the aorta, the uptake was highest in the aorticsinus 

aIrea which is the preferential site of plaque development in this mouse model. While only 

accounting or 6.4% of the total area, the aortisinus ageeratdapproximatly 9% of the 

10 signal, corresponding to 5.9 %ID/g (Fig Id). NIRF imaging showed similar preferential 

accumuation of DiR-labeled TRAF6i-HDL in the awrtic sinus area (Fig, 14E)V Cell 

specificity of DiO labeled TRAF6i-HDL uptake in aortic plaque was assessed by flow 

cytometry We found that 86% of macrophages and 81%of LOChi monocytes had taken up 

DiO-TRAF6i-LDL, while lineage positive cells (all non-mveloid cells) had taken up virtually 

15 none (Fig. 14F). Furthermore, the majority of neutrophils (64%) and dendritic cells (61%) in 

the aortic plaque were found to contain labeled nanoparicles (Fig. 14G),These results mirror 

our findings in blood, bone marrow and spleen, showing that cells of the rnyeloid lineage, and 

particular the Ly6Chi ionocyte subset and nacrophages.are preferentially targeted by 

TRAF6iIHDL nanoparticles.  

20 In vivo effects of TRAF6-HDL on plaque inflammation.  

To assess the therautic efficacy of TRAF6i--IDL, we used 20 week old Apoe

mice that hadbeen ona -highcholesterol diet for 12 weeks in order to developatheroslerotic 

lesions, While all mice remained on a high-cholesterol diet, they received fourintravenous 

infusions of placebo, control HDL nanoparticles without payload, or TRAF6i-HDL over a 

25 period of 7 days. The CD40-TRAF6 inhibitor (lose administered per infusion was5 rg/kg.  

To limit a dominant therapeutic effect of apoA4 itself, we used a low apoA-1 dose of 9 

mg/kg, All mice were sacrificed 24 hours after the finalinfusion.  

For the first experiment we performed qumntitative histologic analysis of plaquesin 

the aortic sinus area in mice eated with placebo, HDL or TRAF6i-.H.DL (an=10 per group).  

30 Cross-sections were stained with Hematoxylin and Eosin (H&E) and Sirius Red (collagen), 

and irmunostained for Mac3 (imacrophages) and Ki67 (proliferiting cells). No signicant 

difference in plaque size or collagen content was observed aCrOSS the groups (Fig 15A). The 

percentage of Mac3 positive area was however markedly decreased by 36% (p=0 001) and 

37% (p<0.001) as compared to the placebo and HDL groups, respectively (Fig. 15B) As a 
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result, also the Mac3 to collagen ratio in the plaque was favorably affected towards a more 

stable plaque phenotype intheRAF6i-HDL group, as the ratio was decreased by 31% 

(p<,0Ol) and 36% (p=O.0 04) compared to the placebo and HDL groups (Fig, 15B), The 

number of proliferating racrophages was similar in all groups (Fig.15A), indicating that the 

5 observed decrease in plaque macrophages was not caused by a decrease in local proliferation 

of macrophages, Previous studies showed that in addition to monocyte recruitment, local 

macrophage proliferation plays a pivotal role in fueling plaque inflammation [1-].  

Subsequently, we performed fluorescence molecular tomography fused with 

computed tomography (FMT/CT) imaging to visualize protease activity in the aortic sinus 

10 area. Placebo (n=S) and TRAF6i-HDL (=7 ) treated Apoe mice all received one injection of 

an activatable pan-cathepsin protease .snsor 24 hours before imaging. The protease sensor is 

taken tip by activated macrophages, followed by cleavageoftheproteasesnsor withinthe 

endolysosome, yielding fluorescence as a function of enzymeactivity, TRAF6i-HDL therapy 

decreased protease activity by 60% (p=0,002, Fig, 16A). Next, we focused on quantification 

15 of aorta macrophage content by flow eytometry of whole aortas, Again, 20 week old Apoe

on ahih. cholesterol diet were treated witheither placebo (n=27), HDL (n=27) orTRAF6i

HDL (n=27). Aorta macrophage content decreased markedly in the TRAF6i-HDL treated 

group, by 66% and 67% (p<0.001 for both comparisons), as compared to the placebo and 

HDL groups (Fig. 16B). These rests corroborate the observations made by histologic 

20 analysis and FMT-CT, Furthermore, in the TRAF6iHDL treated group aortaT lymphocyte 

content was decreased by65% and 49% when compared to placebo and DL respectively, 

Altogether these data indicate a potent anti-inflammatory effect of TRAF6iH.DL in 

atherosclerotc plaques after only a single week of therapy.  

Since we had already observed that the number of proliferating K67+ macrophages 

25 was not affected by therapy, we hypothesized that the decrease in plaque macrophages 

content and inflammation might be caused by decreased monocyte recruitment instead 

[13,14]. To further investigate this, wefirst quantified aortic Ly6Ct monocytes in the same 

flow-cytomdetr experiment as the one in which we measured macrophage content. We 

observed that the decrease in macrophages was paralleled by a 49% and 52% (p<0.001 for 

30 both comparisons) decrease in Ly6Ck monocytes in the aorta, as compared to the placebo and 

HDL groups respectively Fig. 16B), Interestingly, the reduction in aortic Ly6CN monocyte 

content could not be explained byasystemic decrease in Ly6C monocytes (Fig. 16C).  

Secondly, we performed an experiment in which the thymidineanalogue 5~ bromo-2

deoxyuridine (BrdU) was injected intraperitoneally 2 hours prior to sacrificing the mice, 
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BrdU incorporates into newly synthesized DNA, and therefore can be used as marker for 

proliferation. Fig. 16D shows that the percentage of plaque macrophages that had 

incorporated BrdU was not decreased by TRAF6i.1-DL therapy. This result is in line with the 

histology observation on Ki67 expression. In an in vitro experiment with RAW 264.7 cell 

5 line of nine rmacrophages, characterized by a high proliferationrate [15, incubation with 

the CD40-TRAF6 inhibiting compound or TR AF6i-HDL didnot affect the proliferation rate 

(Fig,16E), 

Takentogether, these data indicate that plaque macrophage content as well as 

protease activity was decreased by T.RAF6i-HDL therapy. The mechanism of action by 

10 which TRAF6i-HDL decreases plaque inflamnmation is likely mediated through the abatement 

of monocyte recruitment, while local macrophage proliferation is not affected.  

Comparative whole transcriptome analysis of plaque monocytes/macrophages.  

In order to aininsihinto the effects of TRAF6i-HIDL on gene expression of plaque 

monocytes/miacrophages,we isolated CD68 positive cells from aortic sinus plaques by laser 

15 capture microdissection of mice either treated with placebo or TRAF6i-IDL. Whole RNA of 

these cells was isolated for sequencing.  

We identified genes that were differentially expressed (DE) between placebo and 

TRAF6i-1DL treated mice. Correction for multiple testing was performed with a false 

discovery rate (FDR) <0.2 (Fig. 17A) A total of 416 DE genes were identified, of which 209 

20 venes were down-regulated and 207 up-regulated (Fig, 17B). Gene ontology (GO)-function 

was used to annotate the DE genes, and to find cellular components that significantly 

enriched with DE genes (Fi. 1,7C). i the 1.5 enriched GO terms thatsiniicantlyenriched 

with)E genes, "focal adhesion" is of most interest. Other enriched O. terms, suchas "cell

substrate adherent junction", "cell-substrate junction", "adherence junction", and "anchoring 

25 junction" are closely related to "focal adhesion" and the genes in these GO terms overlapped 

to a high degree (Fig, 22). Focal adhlesion is a dynamic process in which protein complexes 

Connect to the extracellular natrix, and plays a central role in monocyte / macrophage 

miration [16]. In a subsequent analysis, the same 416 DE genes were mapped with the 

Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway tool, by which we identified 

30 two significantly altered pathways, namely "focal adhesion" and "endocytosis" (Fig. 171), 

Fig. 23), 

The most significant DE genes. all with FDR < 0.05 (Fig. 17., Fig. 24) were Adey3.  

Lgals3bp, Plitp and Stabi (up-regulated) and impadl, Sept2, S1c4a7 and Sps2 (down

regulated). Among these genes, macrophage derived PLTP is known to exert 
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antiatherosclerotic effects [17] and Stabl (encodes for Stabilin-I) has functions in 

lymphocyte homing and cell adhesion and is associated. with an atheroprotective macrophage 

phenotype [18, 19], Sept2 (encoding for Septin2) is known to be abundantly expressed in 

miacrophages and is required for phagosoie formation [20]. Together, the transcriptome data 

5 analyses indicate that among various affected processes, focal adhesion is significantly 

affected by TRAF6i-HDL therapy, The fact that focal adhesion, a process involved in cell 

migration, is importantly affected is consistent with our aforementioned observation of 

decreased .y6C' monocyte recruitment in TRAF6i-HDL treated mice. We did not observe 

an effect on gene expression related to iacrophage proliferation, apoptosis or migratory 

10 egress (Fig. 25), 

TRAF6i-HDI toxicity, pharmacokinetics, and bodistribution studies in non-human 

primates, 

In order to assess the translatabilitv of TRAF6i-DL therapy, we performed 

comprehensive blood testing, histological analysis, and advanced pharmacokinetics and 

15 biodistribution studies in TRAF6i-DL treated non-human primates (NPf) Six NHPs were 

used for complete haematological analyses and post mortem histological analysis and another 

six for biodistribution imaging (PET/MRI) and blood chemistry analysis, The NHPs were 

injected with either placebo or a single dose of TRAFN-HDL (125 mig/kg) and either 

sacrificed after 72 hours or imaged at multiple time points and then sacrificed.  

20 Complete blood count data from 7 time points within 72hours after injection showed 

no differences between placebo and TRAF6i-HDL treated animals in white blood cells, 

monocytes, neutrophils, lymphocytes, red blood cells, platelets or any of the other indices.  

(Fig, 18A), Additionally, blood chemistry analysis showed nosignsofhepatic, renal 

pancreatic or muscle cell toxicity in the TRAF6i-HDL treated group as compared. to the 

25 placeho group (Fig. 18B). Furthermore, lipid, glucose, and protein (albumin and globulin) 

levels were equal in bot roips (Fig 18B) Electrolytes were also unaffected, Specimens 

from liver, kidneys and spleen were sectionedand stained (H&E) forhistology and evaluated 

by a pathologist. Nosigns of tissue damage or disturbances in tissue aritecturewerefound 

(Fig. I8C).  

30 To assess biodistribution, six NHPs were subjected to full body PET/MR imaging after 

intravenous administration of 89Zr-labeled TRAF6i-HDL The animals were dynamically 

imaged over the course of the first hour post administration., while subsequent static scans 

were performedat 1, 24, 48 and 72 hours. Dynamic PET imaging showed rapid radioactivity 

accumulation in the liver, spleen and kidneys, followed by a significant uptake in the bone 
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marrow (Fig. 19A) One hour post injection. PET images were dominated by the strong 

signal fromthekidneys, followed by the liver and spleen at the 1 hour time point (Fig. 1A).  

At 24, 48 and 72 hours, radioactivity accumulated mostly m the liver and spleen (Fig. 19B).  

After sacrificing the animals at the 72 hourine point, tissue gamma counting showed that 

5 the hirgest amount of the injected dose (%ID/g) could be raced back. to the liver and spleen, 

followed by the kidneys, which corroborates the findings of the PET/MRI imaging (Fig, 

19C), Blood was collected at different time points and the data were fitted using a two-phase 

decaynon-linearregression. The th-fast was 14.2 min and the th-slow was 513 min, 

resulting ina weighted blood half-life (t) of 272min (Fig. 19D).  

1.0 Discussion 

In the current study we describe the development of an HDL based 

nanoimmunotherapy targeted against the CD40-TRAF6 interaction in monocytes/ 

macrophages. Our data show thatTRAF6i-HDL accumulates in atherosclerotic lesions, and 

has a strong affinity for rnonocytes/macrophages. A single week of therapy rapidly reduces 

15 plaque macrophage content, which can in part be attributed to the inhibition of monocyte 

recruitment The fact that TRAF6i-HDL proved to be safe in non-human primates illustrates 

the translational potential of this therapy, 

The CD40-CD4L signaling axis has long been recognized to play an imperative role 

inelicitingimmne responses in atherosclerosis [2-5]. While its identification gave rise to 

20 high anticipation, therapeutic targeting of this costimulatory receptor-igand pair proved 

cumbersome. An anti-CD40L antibody was effective in diminishing atherosclerosis 

development in mice [3-5] but thromboembolic complications due to CD40 expressed on 

platelets prohibited its application in humans [21, 22], Furthermore, CD40 is expressed on B 

lyinphocytes, and prolonged blocking would impair their maturation causing 

25 immunodeficiency [91 In the currentstudy, we addressed these issues by targeting TRAF6's 

interaction with the cytoplasmic domain of CD40 specificlly in monocytemarophages, 

Thiswasaccomplished by using HDL as a nanoparticle carrier loaded with a small molle 

inhibitor of CD40-TRAF6 interaction. These data show that our HDL based nanoparticles 

exposed over 80% of monocytes and macrophages to its cargo, while lymphocytes did not 

30 take up any nanoparticles.  

In addition to restricting the delivery of CD40-TRAF6 inhibitor to the 

monocyte/macrophage population we also aimed to minimize systemic immunostippressive 

effects by using short duration of therapy of only a single week Previous therapeutic studies 

targeting the CD40-CD40L signaling axis used prolonged treatment times [3-5] The fact that 
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we found a 49% and 66% decrease in plaque Ly6Chi monocyte and macrophage content 

within one week indicates the high potency of TRAF6iHDL therapy. Of note, we proved the 

contribution of apoA-i to the therapeutic effect of TRAF6i-HDL to be minor. We used 4 

infusions of 9img/kgapoA-L which is relatively low compared to previously published 

5 studies [24], and we found no effects of empty HDL on plaque nonocyte/macrophage 

Content compared to placebo.  

The mechanism by which TRAF6i-4DL decreased plaque inflammation on such a 

short timescale can in part be explained by decreased monocyte re itment. In general, 

plaque imacrophage content is determined by a balance of nonocyterecruitment as well as 

10 macrophage proliferation, apoptosis and niigatory egress. The first two processes are 

considered the most important determinants ["25-28, Our data did not reveal an effect on 

macrophage proliferation, apoptosis ormigratory egress, while we did observe a decrease in 

plaque Ly6Chi monocyte content, suggestive of decreased onocterecrutmentMoreover, 

we did not find a decrease in blood monocytes that could account for the decreased number 

15 of monocytes in the plaque. Previous studiesshowed high kinetics of monocytes1 E13, 14, 26

28], and deceased recruitment was shown to cause over 70% reduction in plaque 

macrophage comment within 4 weeks [26], Vice versa, a sudden increase in monocyte 

recruitment, induced by myocardial infarction, caused a marked increase in plaque 

macrophage content within i3 weeks [2.7j. These observations are inie with ourfindings 

20 of decreased monocyte recruitment causing a 66% decrease of plaque macrophage cotent 

within one week.  

Our transcriptome analysis data support that ionocyte recruitment is affected. The 

analyses did not show a clear role for chemokine receptors or ligands. However, the 

GOfunction analysis showed that "focal adhesion", a pivotal process in cell migration, was 

25 significantly enriched with DE genes. The KEGG pathway analysis also showed enrichment 

for "focal adhesion" Genes in the "focal adhesion" pathway of specific interest are Rhoa, 

Raplb and Rapib, which play a central role In the regulation of monocyte migration by 

activating integrins [161. They were all significantly down regulated. This is in e with 

previous observationsin a knockout mouse model with defective CD40-T.RAF6 signaling, in 

30 which lurnal adhesion of circulating monocytes to carotid arteries wasimpaired in vivo as 

assessed by intravital microscopy [7], Also, the igratory capacity of macrophages was 

markedly affected [7].  

The effects of TRAF6i-IIDL are not limited to "focal adhesion", as attested by 

various other gene expressions that were shown to be affected. Together, the present data 
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indicate that TRAF6iH-IDL affects various biological processes in plaque 

monocytes/macrophages, including impairment of monocyte/macrophage migration. The 

extensive experiments on pharmacokinetics, biodistribution and safety in non-human 

primates (NHPs) illustrate the translatability of this treatment, The use of reconstituted HDL 

5 has previously proved to be safe in humans with apoA-I doses of 40mg/kg [24j. Since we 

used 9mg/kg apoA-, this poses no safety issues, The small molecule inhibitor of CD40

TRA6 interaction that was recently developed, has not been evaluated in humans to date.  

Biodistribution ofi Zr labeled TRAF6i-IDL was similar to previous observations withZr 

labeled .H.DL inmurine, rabbit, and porcine atherosclerosis models [29]. We observed the 

10 highest accumulation in the liver, spleen and kidneys, The liver and kidneys are the main 

sites of apoA-1 and HDL catabolism, and the spleen is the major secondary lymphoid organ 

Containing many myeloid cells that clear the nanoparticles from the circulation. There were 

no signs of toxic effects in the liver, kidney or spleen and all tissues showed normal tissue 

architecture on histological analysis. Furthermore, complete blood count did not show any 

15 effects on the numbers of platelets, lymphocytes'., onocytes, neutrophils or red blood cells.  

Safety data was assessed upuntil 72 post administration, Long term safety was iot assessed 

in the current study.  

Currently there are no specific therapies available that address plaquenlammation, 

although chronic therapy with ananti-interleukin-l antibody andlow close methotrexate is 

20 currently being investigated in large Phase 11.1. clinical trials [30-32}, The challenge with 

immunosuppression in a chronic disease such as atherosclerosis is balancing the risk against 

the benefit. In contrast to theaforementioned strategy of chronic immunosuppression, we 

conceive that a short terminduction nanotherapy with imurne modulating properties can be 

used to rapidly suppress plaque inflammation in patients at high risk of cardiovascular events, 

25 While targeted delivery enhances the local efficacy of the drug, its short term application 

minimizes the risks associated with prolonged immunosuppression. Patients admitted for an 

acute coronary syndrome may be an appropriate population for such induction therapy of 

inflammation since they have a markedly increased risk of recurrent myocardial infarction of 

up to 17.4% within the first year {33]. Recent studies have proposed that it is the initial 

30 myocardial infarction itself that evokes nonocyte recruitment to atherosclerotic plaques 

causing them to become inflamed and vulnerable for plaque rupture [27]. In this 

pathophysiological context, our concept of rapid suppression of monocyte recruitment in the 

vulnerable phase is expected to be relevant. This study provides an innovative therapeutic 

approach of a rapid induction therapy to treat inflammation in atherosclerosis, by targeting 
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CD40-TRAF6 signaling in monocytes/macrophages. The infusible TRAF6i-HDL 

nanoimmunotherapy has promising potential for translation as attested by the favorablesafety 

data in non-human primates, 

In view of these results, it is expected that the TRAF6i-HDL nanoparticles will also 

5 be useful in conditions associated with or related to obesity and insulin resistance. Such 

conditions and complications include: insulin resistance, type 2 diabetes mellitus and 

cardiovascular disease. t is expected that blocking the CD40-TRAF pathway will lead to a 

lack of insulin resistance and a reduction in both adipose tissue (AT) inflaimation and 

hepatosteatosis in diet-induced obesity, and similar conditions. It will further be expected that 

10 the TRAF6i-H.DLnanopartiles of the presentinvention will be able to protect against AT 

inflaimation and metabolic complications associated with obesity. Thus, administering the 

TRAF6i-HDL nanoparticles, alone or in combination with other standard of care treatments.  

may improve patient outcomes and prevent or reverse damage associated with these 

conditions, 

15 Methods 

Synthesis of rHDL based nanoparticles.  

The synthesis of TRAF6i-IIDL was based on a previously published method [34, 23], 

in short, the CD40-TRAF6 inhibitor 6 87 7002 [10] was combined with I-myristoyl-2

hydroxysn-glycero-phosphocholine (MIiHP) and 1. 2-dimyristoyl-sn-glycero-3

20 phosphatidylcholine (DMPC) (Avanti Polar Lipids) in a chloroform/methanolmixture(9:1by 

volume) and then dried in a vacuum, yielding a thin lipid film, A PBS solution of human 

apolipoprotein Al (apoA-) was added to the lipid film. The mixture was incubated on ice for 

I hour or until the film was hydrated and a homogenous solution was formed. The solution 

was then sonicated for 20 minutes to forn TRAF6i-DL nanoprticles, Subsequently, the 

25 solution was purified by multiple centrifugal filtration steps. Fr targeting, imaging and 

biodistribution experiments, analogs of TRAF6i-IDL were prepared through incorporation 

of the fluorescent dyes DiR or DiO (Invitrogent) or the phospholipid chelator DSPE-DFO ( 

mol % at the expense of DMPC.), which allows radiolabeling with ' iZr [35] 

Animals and diet for the mouse studies.  

30 Female Apoe;- mice (6.129P2-Apoe" n=103) wre use for this study.All 

animal care and procedures were based on an approved institutional protocol from Icahn 

Schoolof Medicine at Mount Sinai. Eight-week-old Apoe mice were purchased from The 

Jackson Laboratory. All mice were fed a high-cholesterol diet (HCD) (0.2% weight 
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cholesterol; 15.2% kcal protein, 42.7% kcal carbohydrate, 42,0% kcal fat; Harlan TD. 88137) 

for 12 weeks.  

The treatment protocol in each experiment was identical: twenty-week-old Apoe'

mice were randomly assigned. to either placebo (saline), empty rHDL or TRAF6-HDL 

5 (5mg/kg) groups. Mice were treated with 4 intravenous injections over days, while kept on 

a HCD during treatment, Animals were sacrificed 24hours after thelast injection.  

Flow cytometry.  

Apoe- oce were euthanized and perfused with PBS, after which the aorta from the 

aortic root to the iliac bifurcationwas gently cleaned from fat and collected. Whole aortas 

10 were put in an enzymatic digestion solution containing iberase T-i (4 t/mL) (Roche), 

deoxyribonclease (DNase) I (40 U/ml) (Sigma-Aldrich) and hyaluronidase (60 U/mL) 

(Sigma-Adrich), minced and placed in a 37°C incubatorfor 60 min. Cells were run through a 

70 urn strainer, and twice spun down and resuspended in serum containing media, Spleens 

were weighed and pushed through a 70 um cell-strainer, spun down, resuspended in red cell 

15 iysis buffer for 4 minutes. and then inactivated using serum containing media, spun down and 

resuspended in 1000 pL serum containing media per 100 mg of spleen tissue. EDTA treated 

blood was spun down, resuspended in red cell lsisbuffer for 4 minutes, and then inactivated 

using serum containing media, spun down and resuspended in 100 i of serum containing 

media. Bone marrow was obtained from a single femur. The intact femurs were rinsed with 

20 70% ethanol followed by three subsequent washes in ice-cold sterile PBS. The epiphyses 

were cut off and the bone marrow was flushed out with PBS, Cells were run through a 70 lm 

strainer, spunl down and resuspended in red cell lvsis buffer for 30 seconds, and then 

inactivated using serum containing media, spun down and resuspended in 1000 pL of serum 

containing media, The following antibodies were used: F4/80-PE-Cy7 (clone BM8, 

25 BioLtegend); CD1lb-PcrCP/C5.5 (clone M1I70, BioLegend); CD11c-APC (clone N418.  

BioLegend)CD4-brilliantsiolt510 (clone 30-Fii, io~eend); Ly-6C-PE(clone AL-21, 

BD Biosciences); Ly6CFITC (clone AL-21) BD Biosciences); CD902-el-uor 450 (clone 

53-2.1, eBioscence.); CD90,2-PE (clone 53-2.1. BD Biosciences); Ter119-eFluor 450 (clone 

TER-.19, e.Bioscience); NK al-eFluor 450 (clone PK136, eBioscience); NKI.l.-PE (clone 

30 PK1L36, BD Biosciences); CD49b-eFluor 450 (clone DX5, efioscience); CD45R-eluor450 

(clone RA3-6B2, eBioscience); Ly-6G-Paific Blue (clone IA8, BioLegend): Lv-6G-PE 

(clone lA8, BD Biosciences) CD3-PE (clone 17A2; Biolegend); CD19-PE (clone ID3, BD 

Bioscience).  
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The antibody dilutions ranged from 1:200 to 1:100 Contribution of newly made cells 

to different populations was determined by in vivo labeling with bromodeoxyuridine (BrdU).  

Incorporation was measured using APC-conjugated a -rntbodies accord to the 

manufacturer's protocol (BD APC-BrdU Kit, 552598), Monocytes and macrophages were 

5 identified using a method similar to one described previously 28] Specifically, Ly6CJ 

nonocytes were identified as CD1.b( CD1 e". Lin  (with Lin defined as CD90 2+, 

CD45R+, CD49b+, NK1I.+, Ly-6G+, Ter19+ or CD90;2+, NKI1+, Ly-6G+, CD19+, 

CD3+) F4/80" that were also Ly6 Macrophages were identified as CD Ilb CDIle"' 

Lin"F4/8M CD11*E Data were acquired on an LSR flw cvtometer(BD1iosiences) 

10 and analyzed with FlowJo vIO,0,7 (Tree Star, Inc).  

Histology andmmunoistochemistry.  

Tissuesfor histological analysis were collected and fixed overnightin formalin and 

embedded in paraffinAortic roots were sectioned into 4 m slices, generating total. of 90 

100 cross-sections per root. Eight cross-sections were stained with hematoxylin and eosin 

15 (ME) and used for atherosclerotic plaque size measurement. Other sections were 

deparaffinized, blocked, incubated in 9 5°C antigen-retrieval solution (DAKO), and 

imnunolabeled with either MAC-3 rat monoclonal antibody (1:30; BD Biosciences) or anti

Ki67 rabbit polyclonal antibody (1:200, Abcam), Sirius redstaining was used for analysis of 

coflagen content. Antibody staining was visualized by either Immpact AMEC red 

20 (Vectorabs) or diaminobenzidine (DAB), Sections were analyzed using a Leica DM6000 

microscope (Leica Microsystems) or the VENTANA iScan HT slide scanner (Ventana).  

Laser capture microdissection and RNA sequencing.  

LCM was performed on 24aortic root sections (6 pm)as previously described (20). In 

short. frozen sections were dehydrated in graded ethanol solutions (70% twice, 95% twice, 

25 100% once), washed with DEPC treated water, stained with Mayer's hematoxylin, eosin and 

cleared in xylene. For every 8 sections, 1 section was used for CD68 staining (Abdserotec, 

1:250 dilution) which was used to guide theLCM, CD68 rich areas within the plaques were 

identified and cut out using the ArcturusXT LCM System. The collected CD68 positive cells 

were used for RNA isolation (PicoPure RNA Isolation Kit ArctIurus) and subsequent .RNA 

30 amplification and cDNA preparation according to the manufacturers protocols (OvationPico 

WTA System, NuGEN), Quality and concentration of the collected samples were measured 

with the Agilent 2100 Bioanalyzer 

RNA sequencing Pair-end libraries were prepared and validated. The purity, fragment 

size, yield and concentration were determined. During cluster generation, the library 
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molecules were hybridized onto an Illunina flow cell. Subsequently, the hybridized 

molecules wereamplified using bridgeamplification, aeterogeeous population 

of clusters. The data set was obtained usingan lilumina HiSeq'2500 sequencer.  

Differential Expression and Function Annotation Analysis.  

5 The pair-ended sequencing reads were aligned to human genome hg19 using tophat 

aligner (bowtie2)[36], Following read alignment, -TSeq [37] was used to quantify gene 

expression at the gene kelbased on GENCODE gene model release 22 [38], Gene 

expression raw read counts were normalized as counts per million using trimmed mean of M

values normaizaionmethod to adjust for sequencing library size difference among samples 

10 [39], Differential expressed genes between drug treatments and placebokwere identified Sing 

the Bioconductor package limma [40]. In order to correct the multiple testing problem. iuma 

was usCd to lcuLIatestatistics and p-values in random samples after a permutation of labels.  

This procedure was repeated 100 times to obtain null1-statistic and pvalue distributionfor 

estimaing the false discovery rate (FDR) of all genes. The differential expressed (DE)i 

15 genes were identified by a cutoff of corrected p-value less than 0,2. GO-function [411 was 

used to annotate the DE genes, and to find cellular components that significantly enriched 

with the DE genesDEgenes were also mapped to the Kyoto Encyopedia of Genes and 

Genomes (KEGG) pathway with KEGG Mapper[421.  

Fluorescence molecular tomography with CT.  

20 Female Apoe tmice fed a high-fat diet for 12 weeks, were treated with eitherfour 

TRAF6i- HDL infusions (5 mgkg, n=7)or saline (n=8) over 7 days, Five nanomoles of 

pancathepsin protease sensor (ProSense 680, PerkinEhner, Cat no. NEV10003) was 

itravenouslv administered 24 hours prior to imaging. For the FNIT/CT aging, animals 

were placed in a custom-built imaging cartridge, which was equipped for isoflurane 

25 administration during imaging. Animals were first scanned with high-resolution computed 

tomographv (CT; Inveon PETI'T, Siemens), with a continuous infusion of CT-contrast agent 

(isovue-370, Bracco Diagnotics) at a rate of 55 pImin through a tail vein catheter. Animals 

were subsequently scanned with an FMT scanner (PerkinElmer) in the same cartridge. The 

CT Xray source with an exposure time of 370-400 ms was operated at 8kVp and 500 mA.  

30 Contrast-enhanced high-resolution CT images were used to localize the aortic root, which 

was used to guide the placement of the volume of interest for the quantitative FMT protease 

activity map. Image fusion relied on fiducial markers. Inage fusion and analysis was 

performed with OsiriX v.6.5.2 (The Osirix Foundation, Geneva) 

Radiolabeling of HDL nanoparticles.  
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Ready-to-label HDL nanoparticles were prepared by including 1 mol % the 

phospholipidchelat or DSPE-DFO (35) in the formulation mix at the expense of D.MPC. The 

FO-containingnanoparticles were then labeled with Zircoium-89 (9Zr) as previously 

described (35). Briefly, the nanoparticles were reacted with 'Zr-oxalate in phosphate 

5 buffered. saline (PBS, pH 7.1) at 37°C for 1 hour. Purification was carried out by centrifugal 

filtration using 10 kDa molecular weight cut-offfilter tubes, and washing twice with fresh 

sterile PBS, The radiochemical yield was 90± 4 % (n=3) and radiochemical purity > 97 %, as 

determined by size exclusion chromatography.  

Pharmacokinetics, biodistribution and PET/CT imaging studies in mice.  

10 Female Apoc'mice fed a high-fat diet for 12 weeks (n=4, 25.5 2,6 g body weight) 

were injected with "Zr-TRAF6i-HDL nanoparticles (183 16 pCi, 5 mg TRAF6i-HDL/kg).  

At predetermined time points (2. 15 and 30 mi, and 1, 4, 8 and 24 hours blood samples 

ere taken, weighed and m easured for radioactivity content using a 2470 Wizard automatic 

gamina counter (Perkin Elter), Data were converted to percentage of injected dose per gram 

15 tissue %ID/go plotted in a time-activity cune and fitted using a non-linear two phase decay 

regression in Prism iGraphPad (GraphPad Software inc, USA), A weighted blood 

radioactivity half-life (0/2) was finally calculated, 

Twenty-four hours after injection, the animals were scanned onanir Inven PET/CT 

scanner (Siemens Healthcare Global) Lunderisofltrane/oxygen gas mixture aniethesia (2% for 

20 induction, 1. % for maintenance) he PT static scan recorded a minimum of 25 million 

coincident events and lasted 10 inn The energy and coincidence timing windows were 

350-700 keV and 6 ns, respectively. Iniage data were normalized to correct for 

nonuniformity of response of the PET, dead-time count losses, positron branching ratio, and 

physical decay to the time of injection, but no attenuation, scatter, or partial-volume 

25 averaging correction was applied. The counting rates in the reconstructed images were 

converted to activity concentrations (%ID/g) by use of a system calibration factor derived 

from the inaing of a mouse-sized water-equivalent phantom containing "Zr. Images were 

analyzed using ASPro VMTM (Concorde Microsystems) and Inveon Research software 

(Siemens.Healthcare Global). Quantification of activity concentration was done by averaging 

30 the maximum values in at least 5 ROIs drawn on adjacent slices of the tissue of interest.  

Whole body standard low magnification CT scans were performed with the X-ray tube setup 

at a voltage of 80 kV and current of 50 pA The CT scan was acquired using 120 rotational 

steps for a total of 220 degrees yielding and estimated scan time of 120 s with an exposure of 

145 ms per frame, hnmediately after the PET/CT scan, animals were sacrificed and perfused 
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with PBS, Tissues of interest (liver, kidneys, spleen, lungs, muscle, heart, aorta, bone and 

brain) were collected. blotted and weighed. Radioactivity was measured by ganmna counting 

and radioactivity concentration expressed as percentage of injected dose per gram [%ID/g].  

Autoradiography.  

5 Following radioactivity counting, aortas were placed in a film cassette against a 

phosphorimaging plate (BASMS-2325, Fujifilm, Valhalla, NY) for 24 hours at -20 °C in 

order to determine radioactivity distribution. The plates were read. at a pixel resolution of 25 

pm with a Typhoon 7000IP plate reader (GE Healthcare, Pittsburgh, PA) 

Lx vivo near infrared fluorescence imaging (NIRF).  

10 Female Apoe!' mice fed ahigh-fat diet for 12 weeks, received a single IV injection 

with DiR (0,5 mg/kg) labeled TRAF6i-HDL (5 mg/kg, n=2) or saline (n=1)Mice were 

sacrificed 24 hours after the injection and perfused with 60 mL PBS. Liver, spleenlung, 

kidnevs, heartand muscle tissue were collectedfor NIR.Fimaging. Fluorescent images were 

ackquid with the IVIS 2100 system (Xenogn), ith a 2 second exposure time, using a 745 

15 nm citation filter and a 820 nm emission filter. ROls were drawn on each tissue with 

software provided by the vendor, after which a quantitative analysis was done with the 

average radiant efficiency within these ROIs, 

Blood tests, 

inmice blood was collected by heart puncture at the time of sacrifice. Serum wassent 

20 to IDEXX laboratories (Totowa, New Jersey, .USA) and analyzed with an Olympus AU400 

chemistry analyzer, Whole blood was collected in EDTA containing tubes and analyzed with 

an IDEXX procyte DX hematology analyzer for complete blood count analysis. In non

human primates blood was collected at 0 and 15 minutes and 6, 12, 24, 28, 48 and 72 hours 

after infusion. Senun was analyzed with an Olmus AU400 chemistry analyzer, Whole blood 

25 samples wem also analyzed with an IDEXX prcyte DX hematology analyzer.  

Non-human primate studies 

Adult male cynomolgus monkeys (Macacafascicularis)were usedfor the non-hunman 

primate studies conducted at the University of Kentucky and eahn School of Medicine at 

Mount Sinai. Animals were on average 7.3 years of age, and their weight was 7 ± 198 kg 

30 (.mean+ S). All animal care, procedures and experiments were based on approved 

institutional protocols from Icahn School of Medicine at Mount Sinai and the University of 

Kentucky Institutional Animal Care and (se Commrittee Monkeys were pair-housed when 

possible in climate-controlled conditions with 12-hour light/dark cycles. Monkeys were 

provided water ad libituin and fed Teklad Global 20% Protein Primate Diet. For the 
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experiment at the University of Kentucky, the six male monkeys were used. After an 

overnight fast, monkeys were anesthetized with ketamine (5 mg/kg) and dexmedetomidine 

(0,0075-0.015 mg/kg), and blood was collected from the femoral vein. 'The monkeys were 

then injected IV via the saphaneous xein with either vehicle (PBS, USP grade) or TRAF6i

5 HDL such that the dose of CD40-TRAF6 inhibitor 6877002 as 125 mgj/ kg. Blood was 

collected 15 minutes, 6, 12, 24, and 48 hours post-injction, Following the blood draw 

anesthesia was reversed with atipamezole (0.075-0,15 ing/kg) 72 hours postinjection, fasted 

monkeys were anesthetized with ketamine (25 mg/kg), bed a final timw and euthanized by 

exsanluination with whole-body saline perfusion while anesthetized with isoflurae (3-5% 

10 induction,. 1-2% maintenance). Tissues were promnplyremoved and fixed in 10% neutral

buffered formalin. Blood was subjected to complete blood count (CBC) test (ANTECH 

Diagnostics).  

For the experiment at Icahn School of Medicine at Mount Sinai six female monkeys 

were used, For the Zr-PET/MRI imaging, animals were infused with 58.9± 17.9 MBq of 

15 bZr-labeled TRAF6i-HDL (1.25 mg/kg) and imaged by PET/MRI at different time points.  

TDynamicPET imagingwasperformed during the first 60 minutes after infusion. Additional 

PET/MRI scans were performed at 24, 48 and 72 hours, PET and MR images were acquired 

on a combined 3T PETN4RI system (Biograph mMR, Siemens elilthineers, Erlangen, 

Germany). On day 1, dynarnic PET imaging was performed for 60 minutes using one bed 

20 position covering the chest and abdomen, directly after injection with 9Zr-kabeled TRAF6i

HDL, Simnultaneously. anatomical vessel wall MR images were acquired using a proton 

density (PD) weighted Sanpling Perfection with Application optimized Contrasts using 

different flip angle Evolution (SPACE) sequence, MR imaging parameterswereacquisition 

plane, coronal; repetition time (TR), 1000 ms; echo time (TE), 79 ins; field of view (FOV), 

25 300 x 187 nmm; number of slices, 144; number of averages, 4; bandwidth, 601 Hz/pixel: 

turbofactor(H, 51; echotrains perslice, 4; echo train length, 192 ms; echo spacing, 3.7 s; 

acquisition duration, 33 minutes and 36 seconds, After dynamic P1T acquisition, static 

whole-body PET acquired from the cranium to the pelvis, using 3 consecutive 

bed positions, of 10 minutes each. Simultaneously with each bed, MR images were acquired 

30 as described above, except using only L4 signal average (acquisition duration, 11 min 44 

seconds per bed). Whole-body PET and MR imaging was also performed at 24, 48 and 72 

hours after injection, using 3 bed positions (PET duration per bed, 30 min; MR duration per 

bed, 33 min and 36 s.) Whole-body MR images from each bed were atoiatically collated 

together by the scanner, After acquisition, PET raw data from each bed were reconstructed 
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and collated together offline using the Siemens proprietary e7tools with an Ordered Subset 

Expectation Maximization (OSEM) algorithm with Point Spread Function (PSF) correction.  

A dual-compartnment (soft tissue and air) attenuation map was used for attenuation correction.  

Statistical analysis, 

5) Continuous variables are expressed as means standard deviation, unless otherwise 

stated, Sigmificance of differences was calculated by use of the nonparanetric Mann-Whitney 

U test and Kruskal-Walis test. Probability values of P).05 were considered significant, 

Statistical analyses were done using Statistical Package for the Social Sciences (SPSS) 

Version 22,0.0.0, 
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All references cited herein are incorporated by reference to the same extent as if each 

individual publication, database entry (e.g. Genbank sequences or GenelD entries), patent application, 
or patent, was specifically and individually indicated to be incorporated by reference. This statement 

of incorporation by reference is intended by Applicants, pursuant to 37 C.F.R. § 1. 57(b)(3). to relate 

to each and every individual, publication, database entry (e.g. Genbank sequences or GenelD entries), 
patent application, or patent, each of which is clearly identified in compliance with 37 C.F.R. § 

1.57(b)(2), even if such citation is not immediately adjacent to a dedicated statement of incorporation 

by reference. The inclusion of dedicated statements of incorporation by reference, if any, within the 

specification does not in any way weaken this general statement of incorporation by reference.  

Citation of the references herein is not intended as an admission that the reference is pertinent prior 

art, nor does it constitute any admission as to the contents or date of these publications or documents.  

The present invention is not to be limited in scope by the specific embodiments described 

herein. Indeed, various modifications of the invention in addition to those described herein will 

become apparent to those skilled in the art from the foregoing description and the accompanying 

figures. Such modifications are intended to fall within the scope of the appended claims.  

The foregoing written specification is considered to be sufficient to enable one skilled in. the 

art to practice the invention. Various modifications of the invention in addition to those shown and 

described herein will become apparent to those skilled in the art from the foregoing description and 

fall within the scope of the appended claims.  

In this specification, the terms "comprise", "comprises", "comprising" or similar terms are intended 

to mean a non-exclusive inclusion, such that a system, method or apparatus that comprises a list of 

elements does not include those elements solely, but may well include other elements not listed.  

The reference to any prior art in this specification is not, and should not be taken as, an 

acknowledgement or any form of suggestion that the prior art forms part of the common general 

knowledge in Australia.  
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CLAIMS 

1. A method for prophylaxis of organ or tissue rejection in a patient in need thereof, the 

method comprising administering to the patient an effective amount of a composition 

5 comprising a high-density lipoprotein (HDL)-derived nanoparticle which comprises a 

mTOR inhibitor chosen from rapamycin or a pharmaceutically acceptable salt, solvate, 

ester or prodrug thereof, 1,2-(dimyristoyl-sn-glycero-3-phosphocholine (DMPC), a 

lysophospholipid, and a apolipoprotein A-1 (apoA-1).  

0 2. The method of claim 1, wherein the HDL comprises 1-myristoyl-2-hydroxy-sn-glycero-3

phosphocholine (MHPC).  

3. The method of claim 1 or 2, wherein the mTOR inhibitor is rapamycin.  

5 4. The method of claim 1 or 2, wherein the mTOR inhibitor is a prodrug of rapamycin.  

5. The method of claim 1 or 2, wherein the mTOR inhibitor is an ester of rapamycin.  

6. The method of any one of claims 1-5, wherein the HDL-derived nanoparticle comprises 

0 cholesterol.  

7. The method of any one of claims 1-6, wherein the apoA-1 is human apoA-1.  

8. The method of any one of claims 1-7, wherein the weight ratio of DMPC to MHPC is about 

25 2:1 to about4:1.  

9. The method of claim 8, wherein the weight ratio of DMPC to MHPC is about 3:1.  

10. The method of any one of claims 1-9, wherein the HDL-derived nanoparticle is discoidal 

30 in shape and has a size from about 10 nm to about 250 nm.  

11. The method of any one of claims 1-10, wherein the HDL-derived nanoparticle has a mean 

hydrodynamic diameter between 8.3 nm and 17.1 nm.  
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12. The method of any of claims 1-11, wherein the patient has undergone an organ or tissue 

transplant and the transplanted tissue is lung tissue, heart tissue, kidney tissue, liver 

tissue, retinal tissue, corneal tissue, skin tissue, pancreatic tissue, intestinal tissue, genital 

tissue, ovary tissue, bone tissue, tendon tissue, bone marrow, or vascular tissue.  

5 

13. The method of any of claims 1-12, wherein the composition is administered intravenously 

or intra-arterially.  

14. The method of any of claims 1-13, further comprising administering to the patient one or 

0 more immunosuppressant agents.  

15. The method of claim 14, wherein the immunosuppressant agent is cyclosporine A or 

FK506.  

5 16. A composition comprising a high-density lipoprotein (HDL)-derived nanoparticle which 

comprises a mTOR inhibitor chosen from rapamycin or a pharmaceutically acceptable 

salt, solvate, ester or prodrug thereof, 1,2-(dimyristoyl-sn-glycero-3-phosphocholine 

(DMPC), a lysophospholipid, and a apolipoprotein A-1 (apoA-1).  

0 17. The composition of claim 16, wherein the HDL comprises 1-myristoyl-2-hydroxy-sn

glycero-3-phosphocholine (MHPC).  

18. The composition of claim 16 or 17, wherein the mTOR inhibitor is rapamycin.  

25 19. The composition of claim 16 or 17, wherein the mTOR inhibitor is a prodrug of rapamycin.  

20. The composition of claim 16 or 17, wherein the mTOR inhibitor is an ester of rapamycin.  

21. The composition of any one of claims 16-20, wherein the HDL-derived nanoparticle 

30 comprises cholesterol.  

22. The composition of any one of claims 16-21, wherein the apoA-1 is human apoA-1.  
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23. The composition of any one of claims 16-22, wherein the weight ratio of DMPC to MHPC 

is about 2:1 to about 4:1.  

24. The composition of claim 23, wherein the weight ratio of DMPC to MHPC is about 3:1.  

5 

25. The method of any one of claims 16-24, wherein the HDL-derived nanoparticle is discoidal 

in shape and has a size from about 10 nm to about 250 nm.  

26. The method of any one of claims 16-25, wherein the HDL-derived nanoparticle has a mean 

0 hydrodynamic diameter between 8.3 nm and 17.1 nm.  

27. A pharmaceutical composition comprising a) pharmaceutically effective amount of the 

composition of any one of claims 16-26 and b) a pharmaceutically acceptable carrier, 

diluent, excipient and/or adjuvant.  

5 

28. The pharmaceutical composition of claim 27, further comprising one or more 

immunosuppressive agents or anti-inflammatory agent.  

29. The pharmaceutical composition of claim 28, wherein the immunosuppressant agent is 

0 cyclosporine A or FK506.  

30. A method for prolonging allograft survival in a patient in need thereof, comprising 

administering an effective amount of the composition of any one of claims 16-26 to a 

patient in need thereof.  

25 

31. A method of inducing transplant tolerance in a patient comprising administering an 

effective amount of the composition of any one of claims 16-26 to a patient in need thereof.  

32. The method of claim 30 or 31, wherein the patient has undergone a transplant and the 

30 transplanted tissue is lung tissue, heart tissue, kidney tissue, liver tissue, retinal tissue, 

corneal tissue, skin tissue, pancreatic tissue, intestinal tissue, genital tissue, ovary tissue, 

bone tissue, tendon tissue, bone marrow, or vascular tissue.  

33. The method of claim 32, wherein the transplanted tissue is an intact organ.  
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34. The method of any one of claims 30-33, wherein the patient has received an allogeneic 

tissue or organ transplant.  

5 35. The method of claim 34, wherein the method is performed prior to performance of an 

allogeneic tissue or organ transplant.  

36. The method of claim 34, wherein the method is performed in conjunction, with an 

allogeneic tissue or organ transplant.  

0 

37. The method of any one of claim 34, wherein the method is performed within at least, two 

weeks after an allogeneic tissue or organ transplant.  

38. The method of any one of claims 30-37, wherein the subject is human.  

5 

39. The method of any one of claims 30-38, wherein the composition is administered 

intravenously or intra-arterially.  

40. The method of any one of claims 30-39, further comprising administering to patient one or 

0 more immunosuppressant pharmaceutical agents.  

41. The method of claim 40, wherein the immunosuppressant agent is cyclosporine A or 

FK506.  
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