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TARGETING THE INNATE IMMUNE SYSTEM TO INDUCE LONG-TERM
TOLERANCE AND TO RESOLVE MACROPHAGE ACCUMULATION IN
ATHEROSCLEROSIS

3
CROSS-REFERENCE TO RELATED APPLICATIONS
10 This present application claims prionity & U5, Provisional Patent Application Ser.
No. 627329070 tiled April 29, 2016, which is incorporated herein by reference in its entirety.
GOVERNMENT SUPPORT
This invention was made with government support under grants ROT HL 11844, R
i3 HLIZ5703, ROL CA155432, ROL EBOOB6O3E, K25 EBO16GT3, and P30 CAOO8748 awarded

by the National Institutes of Health, The government has certain rights m the invention,
FIELD OF THE INVENTION
Methods and compositions for inducing long-term tolerance by hyhrid nanoparticles
are provided. Compositions and formulations comprising hybrid nanoparticles with inherent
20 affinity for inmate tmmuse cells are provided.
BACKGROUND
Indefinite allograft survival revoaing an elusive goal in organ tramsplantation.
Trunsplantation requires suppression of the mmmune sysiem o prevent organ rejection,
Patients undergoing organ transplantation usually receive ap imvnunosuppressive drug
25 muxture that inclodes, but is not lmited o, cortivostermds, tacrolimus, cyclosporine and
sirolimus {rapamycind’™. Such immunosuppressive therapy has dramatically improved the
short-term results of organ wansplantation. However, all immunosuppressive agends have
serious adverse effects, sach as infections, and considerable metabolic tf}xicit'y*‘. There is,
conseguently, an ongoing need to reduce toxicHy dentved from chronic inwnunosuppressive
30 treatment and, by extension, to tmprove long-ferm survival, Despite efforts to use currently
available tmamnosuppressive agents in less toxic ways, no alterpative regimen has seriously
challenged these drugs’ almost aniversal use,
Historically, wransplant immenologists have attempted to develop sovel wlerogenic

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

7S]
]

on the observation that T cells are hoth necessary and sufficiend to induvce allograft rejection.
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However. the induction of transplantation tolerance achieved in murine models cannot be
fully explained by mechanisos that target only the adaptive immunity, such as deletion of

37

activated T cells 7. Recent advances in owr understanding of how numerous non-specific

responses influence inwnune sctivity have revealed how the innale immume system (@) reacts

3 to organ transplantation and (b} eritdcally influences the adaptive immune response toward

inducing allogvaft tolerance S However, the innate immune system s a potential i vive
therapeutic target that has not been successfully explored in organ transplantation,

Rapamycin is one of the most widely uvsed inununosuppressive drugs in

transplantation. This drag blocks T and B lymphocyie activation via mTOR inhibition and

10 efficiently inhibits T cell proliferation ¥ However, use of this drug i3 associated with severe

4

side effects 7, including increased infection susceptibility.

In present treatments, allograft survival requires a cocktail of immwnosuppressive

drugs. Experimental antibodies twgeting the imnate inupune systermn have been shown to

induce long-term tolerance, with severe side effects,

et
4

Thus, there is a need for therapeutics which can medulate the innate inunune system
angd induce Jong-term tolerance with fow side effects.

Atherosclerosis 1s one of the leading causes of death and disability m the world,
Atherosclerosis involves the deposition of fatty plaques on the luminal surface of arteries,
which in turn causes stenosis, Le., narrowing of the artery. Ultinmately, this deposition blocks
20 blood flow distal to the lesion causing ischentic damage.

There is still a need to develop more effective therapestics for atherosclerosis and
novel ones which target plague inflammation.

DESCRIPTION OF THE DRAWINGS

Figures 1A-G  are diagrams  showing an  overview  of mTOR-HDL

25 nanotmmwnotherapy, allograft model, hiodistribution and immune cell tarpeting. Figure 1A is
a diagram showing that mTOR-HDL nanoparticles, synthesized from phospholipids, human
APDAL and rapamyein, had a discoidal shape ay evaduaied by wansmission electron
microscopy (TEM) and that they can be radiolabeled with iy, Figure 1B is a schematic
showing BALB/ donor hearts {H2d} transplanted into fully allogensic CSTBL/G recipients

30 (H2b) recetving mTOR nmanotmmunotherapy, which are cither radiolabeled for PET imaging
and biodistribution, or fuorescently labeled for distribution amwng cell subsets of the mnate

and adaptive imnune system. Figare 10 are representative micro-PET/CT 312 fusion images

of mice 24 hours after intravenous administration of mTOR-HDL radiolabeled with Y7t
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{2 TOR-HDL). The CT image was used as anatomical reference to creale regions of
mterest {0 determine radioactivity concentration in the transplanted hewrt (GD-movie i
provided as S2 A} Figure 1D is a graph of radicactivity counting showing biodistribution of
M7 TOR-HDL in tissues of interest {kidney, hver, spleen, blood, bone, skin, and muscle)
3 24 hours post injection. The radiosctivity content was expressed as percentage of injected
dose per gram of tssue (SID/). Frror bars ave standard evvor of the mean (SEM), p=3.
Figure IE 15 autonadiography determiined radictracer distribution in native (N} ws.
transplanted heart 1) at 24 h post- intravenous administration of B 7e- mTOR-HDL in the
same reciptent. Quantification was carried out using Image T software. Error bars are standared
10 deviations (SD}, n=3. Figure IF are graphical represemtations of flow cyvtometry gating
strategy fo distinguish myeloid cells in blood, spleen and the transplapted heart. Grey
histograms show immune cell disiribution in the mice injected with DiO-labeled mTOR-HDL
compared to control (black histogram). Figure 1G are graphs showing mean fluorescence

tntensity  (MFD) of  neswophils,  monccvies/macrophages,  Ly-6C°  wnd  Ly-6CH

et
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monocytes/macrophages, dendritic cells and T cells in the blood, spleen and the transplanted
heart 18 shown, Error bars are standard ervor of the mean (SEM). n= 4 ANOVA #P< .05,

Figure 2A-C are images and graphs showing that mTOR-HDL nanoioumunotherapy

rebalances the innate bnpnwe system. Figure 24 are graphs showing otal numbers of graft

20 infilirating leukocytes, neutrophils, macrophazes and dendsitic cells. Flow eytometric
analysis of different cell subseis in the ransplanted heart of placebo, Oral-Ra and mTOR-
HIML-treated recipients at day & post-transplantation is shown (ANGOVA ¥P< 0.05; P <
(.01}, Figure 2B are graphical representations showing frequency of Ly-6C" vs, Ly-6C"
macrophages in the frapsplanted heart from placebo, Oral-Ra and @ TOR-HD.-treated

25 recipients are shown. Data represents mean & SEM: n=d per group; ANOVA *P<0.05; %P &
0.01. Figure 2C displays images of GSEA gene array analysis. Resalis indicate that the
mTOR pathway s down-regulated in Lyn—ﬁC'E” intra-graft macrophages from mTOR-HDL
treated recipients. Heatmaps derived from the GSEA data of selected genes that achieve p
<0105 in Ly-6C™ macrophages from the alfografts of mTOR-HDL treated recipients at day 6

30 post-transplantation are shown {(mweans of n=3 per group).

Figure 3A-G we diagrams and graphs showing that HDL nanoimmunotherapy
induces accunndlation of regulatory macrophages and promotes graft acceptance. Figure 3A

are images showing functional characterization of graft-infiltrating Ly-6C™ and Ly-6C" M@
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and Ly-6G peutrophils from placebo and mTOR-HDL treated mice 6 days post-
transplantation. Representative and guantitative flow cytometry resulis for Ly-6C and Ly-6G
expression in CDESCDITL” allogralis, myeloid cell subsets from the placebo and mTOR-

HOL-areated allograft reciptents (top). In vitro suppressive capacity of grafi-infiltrating Ly~

1o 11

60" MO from placebo and mTOR-HDL-treated mice was measured. Quantitative flow
cvtometry results for CFSE CDRY T cells, with cell proliferation percentage measured by
CSFE dilution after 72 hours are shown (siddle, In vitro T-reg expansion capacity of graft-
infiltrating Ly-6Clo M@ from placebo and mTOR-HD -treated nrice was evaluated. Flow
cylometric analysis indicates percentage of Foxp3 expression on UDd+ T cells after co-
10 caltore for 72 hows (bottom). Data ave shown as mean 2 SEM; n =4 per group; t-lest ¥ <
.01, Figure 3B are images showing percentage of graft-infiltrating CDETCDIS" v,
CH4CDIS T-cells from placebo and mTOR-HDL-treated allograft recipients. Data are
shown as mwean & SEM; n=4 per group; ttest **P < (.01, Figure 3C are scatter plots and

araphs showing phenotypic characterization of graft- infilirsing Ly-6C" and Ly-6C™ M@

et
4

aad Ly-00 neuwrophils, at day 6 post-ransplantation, from mTOR-HDL-treated mice
following Ly-0Clo M@ depletion. Representative and quantitative flow eyvtometry resulis of
graft-infiltrating CD45°CDUD" myeloid cell subsets of mTOR-HDLreated CDI62-DTR
recipients receiving DT for Ly-6Clo M® depletion. Data are shown as mean + SEM, a=d per
group; tlest P < 0.01. Figure 3D is a Kaplan-Meider carve showing graft sarvival following
W0 Ly-6Cw macrophage depletion in mTOR-HDL treated recipients. Results indicate that
adoptive transfer of wild type monocyies restore tolerance in mTOR-HDL  (reated
macrophage depleted reciplents (n= 4 mice in each group; Kaplan-Meier %P2 L01). Figwre
3E s a box-plot of the gene amay for the expression of CDHO in Ly-6C, macrophsa

ges

obtained from the allografts of placebo versus mTOR-HDL reated recipients {means of =3

o2
=21

per group; t-test ¥FP< 001, Figure 3F is a Kaplan-Meier curve showing graft survival of
mTOR-HDL recipients recetving agoniste stimulatory TD40 mAD in vivo with or without
TRAFOHFHDL nanonwnunotherapy (=5 nuce in each group: Kaplan-Meier #9P< (101},
Figure 3G s a Kaplan-Meier curve showing graft survival curves of placebo, Oral-Ra,
mTOR-HDL and mTOR-HDL/TRAFSI-HDL comnhination therapy {n=8 mice in each group,
30 Kaplan-Meier survival analysis: P< 0,001 placebo vs. mTOR-HDL, P<0.01 Oral-Ra vs.
mTOR-HDL, P< 0.01 TRAFSI-HDL vs. mTOR-HDL/TRAF6-HDL, P< .01 mTOR-HDL
vs. mTOR-HDL/TRAF6I-HDL).

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

mTOR-HDL.
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Figures 3A-C arc zmraphs and images showing physiological biodistribution and
mTOR-HDL targeting in CIFBI6 wild tvpe mice. Fig. SA shows representative near infraved
fluovescence himages (NIRE} of organs injected with either PBS conuol (first row of organs)

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

1o 11

spleen, lung, kidney, heart and muscle. The right panel is a graph with bars representing the
control to mTOR-HDE-DIR accumulation ratio in each organ, calculated by dividing the total
signal of each organ in the control and mTOR-HDL-DMR groups. Brror bars are standard error
of the means {SEM.), n=d; *P< 0.05; ¥¥P < 001, ##4%P < 0.001. Fig. 3B is a graph showing
myeloid cell distribution in blood and spleen. Grey histograms {right) show distribution in
10 mice iygected with DiO-labeled mTOR-HDL. compared to distribution in control animals
(Mack bistogram). Fiz. 5C are graphs showing mwan fhiorescence intensity (MFD) of
nentrophils, monneyte/macrophage pool, Ly-6Ch £ Ly-6Chi monocyies and dendritic cells in
blood and spleen. Ervor bars are standard error of the means (SEML), n= 4 P 0.05; #%P <

0.01.

et
4

Figure 6 is a graph showing PET-quantified upiake values according to the mwan %
/g in vansplanted heart, Kidney, liver and spleen, n = 3.

Figures 7A-B we graphs and flow coviometry images showing mTOR-HDL
nanoimmunotherapy does not target T {ymphocytes. Fig. 7A ix scatter plot showing flow
cvtometry gating strategy o distinguish T cells in blood and the transplanted heart. Grey
20 histograms (right) show the T cell distibution in mice injected with IhO-labeled mTOR-
HDL compared to distribsiion in control animals (Mack histogram). Fig. 7B are graphs
showiny mean fluorescence intensity (MFI) of monocyvies/macrophages, CD3™ T, CD4™ T
amd CDR™ T-cells in blood and the transplanied heart. Brror bars are standard ervor of the

mean (SEM. Y, n= 4; #¥P< 0,01, %P £ 0,001,

o2
=21

Figure 8 ix zraphs showing flow cytometric analysiz of coll suspensions reirieved
from blood and spleen of placebo, Oral-Ra and mTOR-HD -treated allograft recipients at
day 6 post transplangation. Data ave shown as mean + SEM: n=4 per group; *P= 0.05; P <
0.01.

Figures 9A-B are diagrams and graphs relating (o the frequency of Ly-6C" vs. Ly-
30 60 monocvies in the blood and spleen from placebo, Oval-Ra and mTOR-HDL-treated
allograft recipients. Figare 9B are graphs showing a ratie of Ly-6C" (o Ly-6C™ monocyies in
the blood, spleen and transplanted hearts of placebo, Oral-Ra and mTOR-HDL-treated

allograft recipients, Data ave shovn as mean + SEM: n=4 per group: ¥P< 0.05; 3P <0.01,
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Figure 1} is a graph showing TNF-u secretion 6 dayvs post-transplantation in sera
from placeho, Oral-Ra and sd TOR-HDLtreated allograft recipients, as analyzed by ELISA.
Figures HA-B we tansoussion electron micvographs showing the discoidal

morphology of TRAF6i-HDL. The sanoparticles had a mean hvdrodynamic radius of 192 £

1o 11

3.1 mm and & drog incorporation efficiency of 84,6 & 8.6%, as determined by DLS and HPLC
respectively.  Fig. 11B shows that the disc shape of the TRAFG-HDL particles can be
apprecigted when panticles are in stacked formation, while the stze of the nanoparticles can be
evaluated when observing particles from a top down perspective.

Figures 12A-B are images and a Koaplan-Meter curve showing that mTOR-HDL
10 panoiwmenotherapy draomatically prolongs skin alfograft servival, Figiee 12A are himages
showing skin allograft rejection in control and mTOR-HDL-treated mice at different time
points post-transplantation, as docomented by g nricroscope with a digital camera. Figure 12B
is a Kaplan-Meier curve of skin allografts (n= 4 mice in each group, P<O.01 between Placebo

and mTOR-HDL).

et
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Figures 13A-B are graphs showing kidney and Hver images (Fig. 134A) and heart
immunohistochemistry (THCY (Fig, 138) for toxicity evalaation. The kidney and fiver
reprasemative images of THC for hematornyvlinfeosin (H&E), Periodic acid-Schiff (PAS) and
Masson's Trichrome {(Massond show no sigas of foxicily. Kidney and liver from
mTor/TRAFG-HDL treated recipients were collected at day 100 after transplantation (o=,
2y magnification X200), In Fig. 138 the represemative images of THC for H&E and Sivies Red
show no signs of chronic allograph vasculopathy (CAV), Heart allografis from mTer-
HDL/TRAF-HDL treated recipients were collected af dat 100 after transplantation {n=d;
magnification X200). For Fig. 13B, the chronic allograll vasculopathy analysis, the sections

show mild cicumferential inflammation without arteritis and ne signs of intimad hvperplasia,

o2
=21

Muouse aortic scgments did not exhibit any histological alteratior with no intimal thickening.
and no signs of CAV.

Figares 14A-G are images, schematics and graphs showingTRAVF6Gi-HDIL.
nanoparticle biodistribution and uptake. Eight week old Apoe-/- mice were fed a high-
cholesterod diet for 12 weeks and then received an 1V injection with either 897r-, DiR- or
30 IhO-labeled TRAFO-HDL napoparticles. Twenty-four hours later, mice were used for
PETACT tmaging or sacrificed for ex vive NIRF imaging or flow oviometry analysis. Fig,
{44 i a schematic representation of TRAFGI-HDL, which was created by combining human
apoA-L lipids (IDMPC and MHPC) and & soall molecole inhibitor of the CD4OXTRAFG

interaction. Fig. 14B is a study overview showing the subsequent steps that were taken to
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investigate TRAFOI-HDL. Fig. 14 is a graph showing pharmacokinetics of Wze-tabeled
TRAF6-HDL in Apoe-\- mice, showing the blond decay curve {left panel) and whole hody
3Drendered PET/CT fusion image at 24 hours post administration (right panel) showing the
highest uplake in the Biver, spleen and kidneys, Fig, 14D is a graph of gamma counting of the
5 distribution of “Zr-labeled TRAF6I-HDL at 24 howrs 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-fabeled TRAF6I-HDL distribution in mouse aorta (n=2), and
corresponding graphs showing accunmulation of TRAFGI-HDL in the aortic root wea. Fig
10 4F are flow eytometry data of whole mouse aortas (n=8} with DiO-labeled TRAFGI-HDL,
showing high targeting efficiency of macrophages and L.},-"GCE‘i monocytes, while hineage
positive CD11h negative cells did not take op nanoparticles. %% p < 0.001 Fig. 140 are
images of fow cylometry apalysis of bone marrow, Mood, spleen and sorta cells, showing
that Ly6C™ monocytes and macrophages took up DIO lubeled TRAF6I-HDL. Neatrophils,

Ly6C" monocvtes and dendritic cells abso took up DIO-TRAF6-HDL, while lincage positive

et
4

cells (all pon~-myveloid cells) did not. Bars represent the standard ervor of the mean.

Figures 15A-B are fmagey and graphs fllustrating that TRAFG-HDL therapy
decreased plague macrophage content as assessed by histology. Hight week old Apoe-/- mice
were fed a high-cholesternd diet for 12 weeks and subseguently received treatorent with four

20 1v. injections of either PBS (u=10), rHDL (n={0} or TRAFG-HDL (n=10), over the course
of seven days, Twenty-four howrs after the last injection, aortic roots were sectioned (4 uM}
and stained with timmunohistochemistry methods, Fig, 153A are tmages sand graphs of aortic
roots showing no difference in plaque size (H&E), collagen content (Sivius Red), or number

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

o2
=21

zraphs showing Mac3 staining of acrfic ronts iHustrating a marked decreass in macrophage
positive arca and a lower macrophage 1o collagen ratio. *% p <001, and ¥%* p < 0.001.
Figures 16A-F are images and graphs showing that TRAF6I-HDL. decreases plague
inflammation due to impaired Ly6C™ monocyvte recruitment, Bight week old Apoe-/- mice on
a high-cholesterol diet for 12 weeks and were freated with four v, ingections of either
30 placebo (PBS), tHDL or TRAFS-HDL within a single week. Fig. 16A are images aud a
graph of FMT/CT imaging showing markedly decreased protease activity in the gortic root in
the TRAFGI-HDL {(p=7) as compared to the placebo (n=R} treated group. Fig. 168 wre images
of flow cytometry analysis of whole aortas shows a sigaificant reduction in the number of

macrophages 1 the TRAFSI-HDL (n=27) treated group, compared to placebo {(n=27) and
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rHDL (a=26}. The fact that Ly6Chi monocyies are alse markedly reduced in the TRAFGI-
HDL group indicates impairment of Ly&Chi monocyie recruitment. Fig, 16C are images and
graphs of flow oviometry analysis of bone marrow, blood and spleen showed that the
decrease in plague Ly6C™ monocyte content could not be atributed to systemic decreases in
3 Ly(ﬁ(_‘:i"j monocytes. (Fig, 161 are images of {1 vive BrdU incorporation experiments showing
no effect of TRAF6I-HDL. on plague macrophage profiferation. Fig. 16E are graphs from in
vitro experiments (=3} of Brdl incorporation in RAW 264.7 macrophages treated for 24
hours, with either placebo, fHDL, TRAFGI-HDL, bare CDA0-TRAFS small mwlecule
inhibitor or a combination of tHDL + bare CD4O-TRAFS small molecule inhibitor, showed

*p < 0.001.

10 noeffect on mracrophage proliferation. ** p < 0.01, and #¥
Figures 17A-D are graphs and diagrams reflecting data from whole transcriptome

analvsis of plague monocytes/macrophages illustrating the effect of TRAFSI treatment on cell
migration, among other affected processes.  Eight week old ApoB-/- mice weve fed a high-

cholesterol diet for 12 weeks and were then treated with four Lv. imections of either placebo

et
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in=1Q) or TRAFG6I-HDL {(n=1(} over seven days. Twenty-four hours after the last injection,
mice were sacrificed and frozen sections of aortic roots were ased for the isolation of plague
macrophages by laser capture microdissection, followed by RNA isolation and sequencing,
Fig. 17A is a Voleane plot, showing the distribution of differcntially expressed (DE) genes in
plague monocyites ¢ macrophages. Fig. 17B i a graph showing the fotal namber of
AW sigaificantly up- and down-regulated genes, according to cut-off values of an FDR threshold
of 0.2. The FDR < 0.2 corresponds to a p-value < 0009, (Fig. 17C shows the gene
enrichment analysis of the DE gene set within the gene ontology (GO databuse, showing 15

GO eros that are significantly enriched with DE genes 6 -3y Fig. 17D s

a schematic representation of a macrophage showing two significantly altered pathways

o2
=21

{focal adhesion and endeocytosis) identified by mapping the 416 DE genes with the Kyoto
Encyclopedia of Genes and Genomes (KBGG) pathway tool. Also depicted are the 8 most
significant DE genes with FOR < 005 and thetr location jnside the cell {davker black genes
are up-regulated, lighter zray genes are down-regulated, the genes are listing in Figs. 23-24).
Figures I8A-C are graphs and bmages iHustrating that TRAFG-HDLU therapy shows
30 po woxic effects in pon-lownan primates.  Six son-human primates were infused with either
placebo {n=3) or 1.25 mg/ky TRAF6-HDL {n=3). Blood was collected at multiple time
points and the animals were sacrificed 72 hours after infusion. Figo 18 A are graphs of
complete blood counts showing no effects of TRAFGI-HDL. therapy on lymphocytes,

ervthrocytes and platelets. Fig. 18B are graphs of extensive blood chemistry analysis showing
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no toxic effects of TRAFGH-HDL infusion on hepatic, renal, pancreatic or muscie cell

biomarkers, Lipids, glocose, protein (albumin and globulin) and clectrolvtes were also

unaffected. Fig. 18C are images of spectmens from Hver, Kidveys and splesn that were
sectioned and stained (H&E) for histological analysis and evaluated by a pathologist. No

5 signs of tissue damage or disturbances in tissue architeciore were found in any of the tissues.
Figures 19A-D are images and graphs showing TRAFR6I-HDL biodistribution in non-
human primates, Six nonhuman primates were infused with either ¥Zr-labeled TRAF6I-
HDL (1.25 mgfke). Dynamic PET images were acquired within 68 minutes after infusion.
Static PET/MRI scans were performed at 24, 48 and 72 hours. NHP were sacrificed after 72
10 bours. Organs were collected for ex vivo analysis. Fig. 19A are dyvnamic PET images at 1. 5,
15, 30 and 60 minutes. Images are split up to visualize Hver and other organs separately. The
graph shows the quaniified optake in the represented organs @ the different time points. The
rotating inage on the right shows a 30 representation of the distribation at 60 min. Fig. 19B

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

i3 accumulation of TRAFG-HDL. The graph shows the quantified uptake in the represented
organs at the different fime points. Fig. 19C incloades graphs and tmages reflecting gamma
counting distribution in NHPs at 24 and 72 hours post administration of > Zr-TRAF6i-HDL,
Fig. 19D ix a praph showing blood time-activity curve for B2 TRAF6-HDL in NHPs.
Figare 20 iz a table showing complete hlood count values of placebo, HDL and
20 TRAFGI-HDL treated Apoe-/~ muce. P-values were calcalated with Kraskal Wallis tests.
Figure 21 iz a table showing blood chemistry values of placebo and TRAFGH-HDL
treated Apoe-~- mice. P-values were caleulated by Mann Whitney U tests. No significant
differences between any of the groups were observed, except for a minor increase in alkaling
phosphatase.
25 Figure 22 is a wable showing differential expression of genes in Gene Ontology ferms,

CD6E positive cells from aortic sinus plaques of Apoe-/- mice were isolated by laser caphure
microdissection. 15 GO erms showed enrichment with differential expressed genes. P-values

are shown as adjusted p-values.
Figure 23 is a fuble showing differential expression of genes in fwo main identified
30 KBGO pathways. CD6R positive cells from aortic sinus plagques of Apoe-/- mice were
tsolated by laser caplure microdissection. Differential expression of genes in two significant
KEGG pathways, Focal adhesion and Endocyiosis, between placebo and TRAFG-HDL

treated Apoe-/- ouice. P-values are shown as upadjusted p-values.
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Figure 24 is a table showing differential expression of zenes with FDR < §.05. D68
positive cells from aortic sinos plagues of Apoe-/~ mice were isolated by laser capture
microdissection. Differential expression of genes between placebo and TRAF61-HDL treated

Apoe~f~ mice are shown, Pevalyes are shown as adjusted p-values.

3 Figare 25 ix a tuble showing differential expression of genes involved in
prolifention, apoptosis and migratory egress. CIOY positive cells from aortic sinus plagues
of Apoe-/~ mice were isclated by laser capture microdissection, Differentiad expression of
genes hetween placebo and TRAFG-HDL treated Apoe-/- mice are shown. Unadjusted p
values are shown.

10
SUMMARY

Encompassed by the present disclosure is a method for prolonging allograft survival
in a patient, the method comprising administering an effective amount of the present
composition to # patient in need thereof,

15 The present disclosure provides Tor a method for decreasing dendritie cell stimulatory

capacily ip a patient, comprising administering ap effective amount of the present
composition o a patient in need thereod.

The presest disclosare provides for a wethod for promoting the development of
regulatory macrophages in a patient, comprising administering an effective amouant of the

2 present composition fo 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 10 a patient
in need thereofl

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

15 comprising administering an effective mpount of the present composition to a patient in need
thereof, wherein the mTOR-HDL reduces Mo/MQ mumbers in the circulation of the patient,

In certain embodiments, the preseat composition specifically targets myeloid cells,

in certain embodiments, the patient has undergone a wansplant and the ransplanted
tissue 13 lung tssae, heart fissue, kidney tissue, Hver tssue, retinal dssue, corneal tissue, skin

30 tissue, pancreatic tissue, intestinal tissue, genital tissue, ovary tissue, bone tissue, tendon
tissue, bone marrow, or vascolar gssue. In certain embodiments, the transplanted tissue s an

intact organ.

10
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In certain embodiments, the patient has received an allogeneic tissue or ovgan
transplant. In certain embodiments, the present method is performed prior to performance of
an alfogeneic Ussue or organ transplast. B certain embodiments, the method s performed in
conjunction with an allogeneic tsyue or organ iransplant. In certain embodiments, the

3 method ix performed within st Teast two weeks after an allogeneic tissue or organ transplant.

In cevtain embodiments, the subject or patient is hurnan.

In certain embodiments, the composition is administered intravenously or intra-
arterially.

In certain cobodiments, the present prethod further comprises administering o the

10 patient one o more inumunosuppressant agents, such as ovelosporine A or FR506.
The present disclosure provides for a method of inducing tmmune tolerance
comprising adminisfering to a patient an effective amount of (1) a composition comprising a
high~-density lipoprotein-derived panoparticle (HDL)Y which comprises an mTOR. inhibitor,

and optionally {41} # composition comprising i high-density lipoprotein-derived nanoparticle

et
4

{HDL) which comprises a CDH0-TRAFG inhibitor.  In cettain embediments, the mTOR
inhibitor is raparmycin or a pharmaceutically acceptable salt, solvate, poly-morph, tastomer or
prodrug  thereof, formulated  as  rapamyein  manoparticle  (mTOR-HDL) In certain
embodiments, the CMO-TRAFG inhibitor is 6877002 or a pharmaceutically acceptable salt.
solvate, poly-morph, tautomer or prodrag thereof, formulated ax TRAFS-HDL nanopurticle.
20 In certain embodiments, the administration promotes Ly-6C7 Mo/M® development.
In certain embodiments, the patient has an auloimmune condition selected from the
group consisting of coeliac disease, type [ diabetes, mwitiple sclerosis, thyroiditis, Grave's
disease, systemic lupus erythematosus, sclevoderma, psoriasis, arthritis, theumatoid arthritis,

alopecta greats, ankylosing spondylitts, Churg-Strauss Syndrome, awtotmmune hemolytic

o2
=21

apemia, autoimmune  hepatitis, Beheet's discase, Urohn's  disease, dermatomyositis,

glomerulonepheitls, Guillain-Barre syndrome, irritable bowel disease (IBD), lupus pephritis,
myasthenia gravis, myocarditis, pemphigus/pemphigoid, pernicious apomia, polyarieritis
nodosa, polymyositis, primary billary cirvhosis, rhewmatic fever, sarcoidosis, Sjogren's
syndrome, wleerative colitis, wveilis, vitligo, and Wegener's granulomaiosis.

30 In certain embodiments, the patient is susceptible o or has an atherosclerotic

condition  including:  coronary  atherosclerosis, disbetic  atherosclorosis, @ sequela of

atherosclerosis, such as acute coromuy syadrome, myocandial infarction, anging pectoris,

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

fatlure and combinations thereod,

11
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The present disclosure provides for a method of treating atherosclerosis, the method
comprising administering to a patient an effective amount of g composition comprising a
high-density lipoprotein-derived nanoparticle (HDL) which comprises a CDE0-TRAFS
inhihitor, in cenlain embodiments, the CD40-TRAFS minbitor s 6377002 or a

5 pharmacentically acceptable sali, solvate, poly-morph, tadtomer or prodrag  thereof,
formulated as TRAFRGI-HDL nanoparticle.

In certin embodiments, the present method ferther comprises administering o the
patient an cffective amount of a romposition comprising a high-density lipoprotein-derived
nanoparticle (HDLy which comprises an siTOR inhibilor. In certain embodiments, the mTOR

10 inhibitor is rapamoyein ot a pharmaceatically acceptable salt, solvate, poly-morph, tastomer or
prodrug  thereot, foroulated ax rapamycin panoparticle (mTOR-HDL).  In certain
embodiments, the HDL comprises,2-dimyristoyl-sn-glveero-3-phosphatidyicholine (DMPC)
and  bomyristoyl-2-hydroxy-sn-ghveero-phosphocholine (MHPC) and  further comprises

ApoA-1,

et
4

In certain embodiments, atherosclerosis includes: coronary atherosclerosis, diabetic
atherosclerosis, a sequela of atherosclerosis, such as acude coronary syndrome, myocardial
infarction, anging pectoris, peripheral vascular disease, fntermiftent claudication, myocardal
tschemda, stroke, heart failure and combinations thereof.

The present disclosure provides for a method of targeting macrophages and/for
A monocyvtes in a plague or a vascular inflavmatory site, the method comprising admimistering
to a pationt an effective amount of 3 composttion comprising a high-density Bpoprotein-
derived nanoparticle {HDL} which comprises a CD40-TRAFG inhibitor. In centain
embodirents, the CDHO-TRAFS inhibitor is 6877002 or a pharmaceatically acceptable salt,

sobvate, pody-orph, tautomer or prodrug thereof, formulated ax TRAFG-HDL nanopasticle,

o2
=21

In certain embodiments, the present method further comprises administering to the
patient an effective amownt of & composition comprising a high-density lipoprotein-derived
nanoparticle {HIDLY which comprises an mTCOR. inhibitor. In certain embodiments, the mTOR
irzhibifor is rapamycin or a pharmacentically acceptable salt, solvate, poly-morph, tautomer or
prodrvg  thereof, formwmlated s rapamycin naneparticle (mTOR-HDL). In certain
30 embodiments, the HDL comprises L.2-dbnyristovl-sn-glyeero-3-phosphatidyvicholine (DMPC)
and  Dmyristoyb2-hyvdroxy-sn-glveero-phosphocholine (MHPCY and  further  comprises
ApoA-t.

The presest disclosare 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 bigh-density lpoprotein-derived nanoparticle
{HDL) which comprises an mTOR inhibitor. In certain embodiments, the mTOR inhihifor is
rapamyein or a pharmaceutically acceptable salt, solvate, poly-morph, tattomer or prodrug
thereof, formulated as rapamyein manoparticle (nTOR-HDL)Y.  In certain embodiments, the
3 HDL comprisesi, 2-dinmyristovi-sn-glycero-3-phosphatidylcholine (DMPC) and  P-miyristovl-
2-hydroxy-sn-glycero-phosphocholine (MHPC) and further coraprises ApoA-1.

In certain embodiments, the patient hay undergone an organ or Ussue traasplant and
the transplanted tssoe is lung tissue, heart tUssue, kidney fissue, Hver tissue, refinal tissue,
corneal tissue, skin tissue, pancreatic tissue, intestingl tissue, genital tissue, ovary tissue, bone

10 tissee, tendon tssue, bone marrow, or vascular tissue.
In certain embodiments, the composition is administered infravenously or intra-
arterially.
In certain embodinents, the present wethod further comprises adminstering to the

patient ONE OF OIS INMUnosuPpressant agents,

et
4

Also encompassed by the present disclosure is a methed for slowing the progression
of atherosclerosis, the method comprising the step of administering 1o a patient in peed
thereof an effective mnount of & composition conprising a high-density Hpoprotein-derived
nanoparticle (HDL) which comprises a CD4A0-TRAFG inhibitor. In certain embodiments, the
CDE40-TRAFG iphibitor is 6R77002 or a pharmaceutically scceptable salt, solvate, poly-
2y morph, tastomer ov prodrug theveof, formmlated as TRAF6I-HDIL nanoparticle. In certain
gmbodiments, the HDL comprisest 2-dimyristoylsn-glyecero-3-phosphatndyicholine (DMPC)
and  -myristovi-2-hydroxy-sn-glycern-phosphocholine (MHPC) and  further  comprises
Apod-i.

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

o2
=21

Hipoprotein-derived panoparticle (HDL) which comprises an m-TOR inhibitor.  In certain
embodiments, the HDL comprises1 2-dinyvistoyl-sp-glyveero-3-phosphatidyicholine (DMPC)
and  bomyristoyl-2-hydroxy-sn-ghveero-phosphocholine (MHPC) and  further comprises
ApoA-1. In centain embadiments, the weight ratio of DMPC to MHPC is about 3:1. In certain
cmbodiments, the mTOR inhibifor i1s rapamycin or a pharmacentically acceptable salt,
30 solvate, poly-morph, tautomer or prodeug thereof, foroulated as rapamycin navoparticle
(mTOR-HDL or rapimyein-HDL).

In certain embodiments, the pharnraceutical composition forther comprises one oy
more impumosuppressive agents or anti-inflapymatory agent. In certain embodiments, the

fimmuynosuppressant agent is oyclosporine A or FKS06.

13
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Also encompassed by the present disclosure is a composition compyising a high-
density hipoprotein-derived nanoparticle (HDL) which comprises a CD4G-TRAF6 inhibitor.
In certain embodiments, the HDL comprises|.2-dimyristoyl-sn-glyeero-3-
phosphatidylchodine  (DMPCy  and  Fanyristovl-2-hvdroxv-sn-glyeero-phosphaocholing
3 (MHPC} and further comprises ApoA-1. In certain embodiments, the weight ratio of DMPC
to MHPC ranges from about 8:1 to about &1, In certain embodiments, the CD40-TRAFG
inhibrior is 6877002, or a pharmaceuatically acceptable salt, solvate, poly-morph. tautomer or
prodrug thereof, formulated as TRAF6I-HDL nanoparticle.
Thi present disclosure also provides for a pharmaceutical composition comprising a)
10 pharmacentically effective amount of the present composition, and b) a pharmaceutically
acreptable carrier, diluent, excipient and/or adjuvant.
The present disclosore provides for a pharmaceutical composition comprising a) 2
composition  comprising a high-density lipoprotein-derived nanoparticle (HDL} which

comprises @ m-TOR inhibitor, and by a composition comprising a high-density lipoprotein-

{5 derived manoparticle (HBL) which comprises a CD4G-TRAFD inhibitor.

The present discloswre provides for a kit comprising the present composition. In
certain embodiments, the m-TOR inhibitor 18 rapamyein. In certain embodiments, the kit
further comprises one or more immunosuppressive agents, such as cyclosporine &, FR306 or
rapamyein. In certain embodiments, the CDA0-TRAFG inhibitor is 6R77002.

20 The present disclosure provides for use of a high-density lipoprotein-derived
nunoparticle (HDL} which comprises an mTOR inhibitor, and optionally (313 a high-densiiy
lipoprotetn-derived nancparticle {HDL) which comprises a CDAO-TRAFS mhibitor, in the
preparation of a composition for inducing impume toleranee.

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

23 nanopagticle (HDL) which comprises a CDO-TRAFG inbibitor, in the preparation of a

composition for treating atherosclerosis.

The present disclosure provides for use of a high-density lipoprotein-derived
napoparticle (HDL) which comprizes a CD40-TRAFG inhibitor. in the preparation of a
composition for targeting macrophages and/or monocytes in & 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 ssue rejection.

14
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The present disclosure provides for use of a high-density Hpoprotein-derived
nanoparticle (HDL) which comprises a CDHO-TRAFG inhibitor, in the preparation of a
composition for slowing the progression of atherosclerosis.

The present disclosere provides for yse of the present nmanoparticles in the preparsation

3 of acompnsition for prolonging allograft survival in a patient in need thereof.

The present disclosiwe provides for ase of the present panoparticles in the preparation
of a composttion for decreasing dendritic cell stimulatory capacity In & patient in need
thereof.

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

10 of a composition for promofing 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 trapsplant tolerance in a patient in beed thereof.

The present disclosure provides for use of the present nanoparticles in the preparation
15 of a composition for targeting myeloid cells i3 a patient in seed thereof. In certain

embodiments, the mTOR-HDL reduces Mo/M®P numbers in the circulation of the patient.

DETAILED DESCRIPTION
A high-density Hpoprotein-derived nanoparticle (HDL) has been developed to deliver
20 rapapryein to innate vooune cells. A hybnd HDL nanoparticle, mamed Rapamycin-HIL (an
exernplary mTOR-HDL), which encapsulates rapanyein in a corona of natural phospholipids
and apolipoprotein A~ {(APOAL was developed o prolong allograft survival, HDL-
nanoparticles comtain APOAL, which efficiently bind 10 macrophages cells through the
scavenger receplor tvpe B-1 (se-b1) and adenosine triphosphate-binding casselte transporter

2 a2

ATTABCAD 77, As a result, mTOR-HBL nanoparticles specifically deliver rapamyein to

it
s

mnate immune cells i vive, mTOR-HDL nanoparticles, ~15 nm in dimmeter, had a high

rapamycin encapsulation efficiency of ~63%. Radiolabeled mTOR-HDL. was observed 1o

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

cells. The results demonstrate a significant reduction of Ly-6C" £ Ly-6CYY as well as CD257

30 CD25% cells in the transplanted heart. This treatment also resulted in o drumatic enhancement
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 TRAFG

15
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{referred to hercafter as TRAFGE-HDL). The 6877002 inhibitor was used for the development
of this TRAFG-HDL {the 6877002 inhibitor is described in Chatzigeorgion ef gl 2014, and
also ULS. Patent No. 9,408,829, as well as other inhibitors). The TRAFG-HDL nanopartcles
had a mean hydrodynamic radios of 192 £ 3.1 nm and a drug incorporation efficiency of

3 R46 £ B.o%

. The TRAF6I-HDL nanoparticles can be used alone ov in combination with the
mTOR-HDL nanopraticles deseribed hevein.
In alternative embodiments, other CD4OV-TRARS inhibitors such as SMI 6560766
{described in Van der Berg ¢ of. 2015} can be used to Torm alternative TRAFOI-HDLs. These
mthibitors can he used alone or in combingtion with any of the other nanobiologics ag
10 described herein. Additional suitable compounds for blocking the CR4O-TRAFS interaction
are described in U8, Patent No. 9,408,829,
Using an experimental heart fransplantation model in combination with molecular
imaging and bnowmological technigues, the present data demonstrate that mTOR-HDL

restricts dendritic cells” potent stimulatory capacity. promotes the development of regulatory

et
4

macraphazes, and prolongs heart allograft survival indefinitely. The regimen comprised only
three intravenous ta vein injections of 5 mgfkg equivalent rapamycin during the first week
after gransplantation. Using a combination of i wve positron emissdon tmography with
computed fomography (PET-CT) imaging and as array of immuneological assays, we
evaluated hewt allograft targeting and cellular specificity. We subsequently and extensively
20 swdied innate immune vesponse, allograft survival and therapeutic mwechanisms. Our data
demonstrate that mTOR-HDL nanoparticle treatment promotes indefinite heant allografl
survival. Additionally, the inventors were able fo extend these results in a skin transplant
model. These resulis provide critical information about how 1o manipulate the munune

response toward inducing domorspecific non-response in the colinie and identify new

28 therapeutic targets that nay prevent allograft rejection i humans,

Furthermore, the present data demonstrate that a shovt-term therapeutic treatment with
mTOR-HDL in combination with an inhibitory CIMO-TRAFG specific nanoinwnunotherapy
{TRAFOE-HDL) svnergistically promote organ transplant acceplance leading to indefinite
allograft survival.

30 Together, the results demonstrate that HDL-based nanotherapy vepresents an effective

treatment paradigm for the induction of tansplastation tolerance. This study provides the
foundation for developing novel therspeutic nanomedicinal compounds and treatments that

geperate tolerance-tnducing immune regulatory macrophages. Additionally, the TRAFGI-
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HDL treatment has been shown to resolve macrophage accumulation in atherosclerosis and to
exhibit a desirable safety and efficacy profile in non-human privoates.

Definitions and Methods

In centain embodiments, compositions of the present invention fnclude a high-density
3 hpoprotein-derived nanoparticle (HDL) which comprises an n-TOR inhibitor (indicated as
mTOR-inhibitor-HDL), wherein an example of such as m-TOR inhibitor s rapanivein or a
pharmaceuticadly  acceptable salt, solvate, poly-mwrph, tamtomer or prodrag  thereot,
formulated as rapamycin nanoparticle {an exemplary mTOR-HDL). In  alternative
cmbodiments, the composition may comprise one or more rapamycin derivatives and

10 potential targets of the rapamycin signaling cascade (S6K ).
in rertain embodiments, the composition may further comprize a pharmaceutically

acceptable carrier, diluend, excipient and/or adjuvant.

In certain embodiments, the HDL composition can be adounistered in combination
with one or more additiondd immunosuppressive agents such as oyvclosporine A, FKS06, or
azathioprine, mycophenolate mofetil, and any analogues thereof (e 5., everolimus, ABT-378,

CCI779, and AP23573).

et
4

In an embodiment, “patiert” or “subject™ refers (o mammals and includes human and
veterinary subjects. In an embeodiment, the subject 1s mammalian.
In an embodiment, the compound is administered in a composiion compeising i
W pharmaceutically acceptable carrier.
In certain embodiments, the invention relates to 3 method of the treatment or
prophylaxis of u disorder or disease mediated by allografl rejection, comprising adninistering
to & patient in nced thereof a therapeutically effective amount of a high-density Hpoprotein-

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

o2
=21

inhibitor is rapanyycin or a pharmacestically acceptable salt, solvate, poly-monph, tastomer or
prodiug thereof, Tormulated as rapamyein panoparticle {(mTOR-HDL), or the pharmaceutical
composition thereof. In an embodiment, the subject is at visk for allograft rejection and the
methad is for preventing {i.e., prophylaxis) or inhibiting allograft rejection.

Additionally, since any tansplant is at rsk of rejection, embodiments inclade
30 adjwvant therapy using any of the methods or compositions deseribed herein to prevent any
transplant rejfection.

Diseases mediated by allograft rejection include, but are not lunited to heart
ransplant, skin transplant, Hver transplant, lang transplant, broachiolitis-obliterns syndrome

{BOSy, kidoey mamsplant, pancreas transplant, pancreatic islets wansplant, fntestinal
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transplant, bone transplant, retinal transplant, bone marrow transplant, isdet transplantation

and vorneal wansplant. In certain embodiments, freatmenis are facilitated by administering

wTOR-HDL, In other ewbodiments, treatments are facilitasted by  administering a

combimation of mTOR-HDL and TRAFG-HDL, either in a single HDL or in two separaie
3 HDL compositions.

In cenain embodiments, the jovention relates 1o a method of the teatment or
prophviaxis of a disorder or disease mediated by allogradi rejection, comprising administering
to a patient in need thereof a therapeutically effective amount of a (13 high-density
lipoprotein-derived nanoparticle (HDL} which comprises an m-TOR inhibitor, wherein the

10 m-TOR inhibitor 15 rapamycin or a pharmacewtically acceptable salt, solvate, poly-morph,
taniomer or prodrug thereof, formulated ax rapamycin nanoparticle {(mTOR-HDL), or the
pharmacentival composition thereof and optionally (1) TRAF-HDL nanoparticles which
comprise 8 CD40-TRAFO inhibitor, wherein the CD4G-TRAFS inhibitor 15 6877002, or a

pharmaceuticadly  acceptable salt, solvate, poly-mwrph, tamtomer or prodrag  thereot,

et
4

formulated as an HDL nanoparticle (TRAF-HDL), or the pharmaceutical composition
theveof.  In certain embodiments, the miTOR-HDL and TRAF-HDL nanoparticles are
administered in combination, or in sequence o a patient in need thereof,  In an embodiment,
the subject is at risk for allograft rejection and the method ix for preventing (.., prophylaxis)
ar inhibiting allograft rejection. Diseases mediated by allograft rejection include, but are not
20 lionited to heart transplant. skin transplant, bver vansplant, Tung travsplant, bronchiolifis-
obliterins  svndrome (BOS), kidney itransplanl. pancress transplast, pancreatic  islets
transplant, intestinal transplant, bone wansplant, retinal fransplant, and cormeal transplant.

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

prophylaxis of an avtoimmune discase. Bxamples of avtoinupune disesse include coeliac

o2
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disease, type I diabetes, multiple sclerosis, thyroiditis, (Grave's disease, systomic lupus
crvthematosus, scleroderma, pvoriasis, arthritis, rheuoratoid  anthritis, alopecia greata,
ankylosing  spondylitis,  Churg-Strauss  Syndrome,  actoimowme  hemolyvtic  apemia,
autotmmune  hepatits,  Beheet's  disease,  Crohn's  disease,  dermatomyositis,
glmmerslonephritis, Guillain-Barre syndrome, IBD, lupus nephritis, orvasthenia gravis,
30 myocardits, pemphigas/pemphigoid, permicious anomia, polyartenitis nodosa, polymyositis,
primary biligry cierhosis, rheumatic fever, sarcoidosis, Sjogren's syndrome, uloerative colitis,
uveitis, vitiligo, and Wegener's granulomatosis.
Conditions that may also be weated osing the present compositions and methods

molude diseases which are associated with increased inflammation. Schwarz et al.,
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Identification of differentially expressed genes induced by transient ischemic stroke, Brain
Res Mot Brain Res, 2002, 181(1-2%12-22.

The present compositions and owethods way be wssed to ueat or prevent a

cardiovascolar disease, such as astherosclerosis, stenosis, restesosis, hyvpertension, heast

5 failure, left ventricular hvpertrophy (LVH}, mvocardial infarction, scute coronary syndrome,

stroke, trapsient ischemic attack, wopaired chrcudation, heart disease, cholesterol and plague

formation, ischemia, ixchenda reperfusion injury, peripherad vascular disease, myoeardial

infection, cardiac disease {e.g, risk stratification of chest pain and inferventional procedures),

cardiopulmonary resuscilation, kidney failure, thromhosis {e.g., venous thrombosis, deep vein

10 thrombosis, portal vein thrombosis, renal vein thrombosis, jugular vein thrombosis, cercbral

venous sings thrombosis, arterial thrombosis, ete.), thrombus formation, thrombotic event or

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

coropary atery disease, need for coronary revasowlarization, peripheral artery disease, a

pulmonary circulstory disease, pulmonary embodism, a cerebrovascular disease, cellular

et
4

proliferation and endothelial dysfunction, graft occlusior or failure, need for or an adverse
clinical owtcome after peripherad bypass graft sorgery, need for or an adverse clinical
outcome after coronary artery bypass (CABG) surgery, fatlwre or adverse oulcome afier
angioplasty. internal mammary artery graft failure. vein graft failure, autologous vein grafis,
vein graft occlusion, ischemic diseases, infravasculy coagulation, cerebrovascular disease, or
20 any other cardiovascular disease wlated to obesity or an overweight condition.

Anv iype of atheroselerotic lesion may be treated, such as coronary atherosclerosis,

diabetic stherosclerosis, atherosclerosis and its sequelae {e.g., acute coromwy syndromae,

myocardial infarction, angina pectors, peripheral vascular disease, intermittent claudication,

myocardial ischemia, stroke, heart fatlere, et}

o2
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In certain embodiments, hydrophobicity of a compoand {e.g., rapamyein, or any
compound described herein} can be modified by adding a long alkyl chain to the molecule.

The compounds used in the methods of the present invention include all hydrates,
solvates, and complexes of the compounds used by this tnvention. If a chiral cenfer or another
form of an isomeric center is present i a compound of the present invention, all forms of
30 such isomer ov isomers, including enantiomers and diastercomers, are intended w be covered
herein, Compounds containing a chiral center say be used as a racomic mixture, an
enantiomerically enriched mixtuwre, or the racemic mixiture may be separated osing well-
known fechnigques and an individual enantiomer may be wsed alone. The compounds

described in the present invention are in racemic form or as ndividual enantiomers. The
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cnantiomers can be separvated using known techniques, such as those deseribed in Pure and
Applied Chemistry 69, 1460-1474, (1997) TUPAC. In cases in which compounds have
unsatated carbon-carbon double bonds, both the ais (73 and trans () isomers are within the
scope of this invention. In cases wherein compounds may exist in tautomeric forms, such as

3 Keto-enol tavtomers, each lastomeric form is contemplated as being included within this
invention whether existing in equilibrivm or predominantly in one form,

When the structure of the compounds ysed in this invention neludes an asymmetric
carbon atom such compeound can occur as racemates, racemic mixiures, and isolated siagle
crnantiomers. All such isomeric forms of these vompounds are expressly included in ghis

10 invendon. Each stereogenic carbon may be of the R or S configuration. 1t1s to be anderstood
accordingly that the isomers arising from such asymunetry (e.g, all epantiomers and
diastereomers) are included within the scope of this invention, unless indicated otherwise.
Such isomers can be obtained in substantally pure form by classical separation techniques

and by stercochemically controlled svnthesis, such as those described in "Enogntiomers.
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Racemates ared Resobaions” by L Jacgues, A, Collet and 8. Wilen, Pub. John Wiley & Souos,
NY, 1981, For exsrople, the resolution siay be carried out by preparative chrowatograpby on
a chiral column,

The subject invention is also intended to mnclude use of all isotopes of atonms occurring
an the compounds disclosed herein. Isotopes include those atoms having the same atomic
20 number bat different mass pumbers. By way of geneval example and without Bmitation,
isotopes of hydrogen include tritium and deuterium, Isotopes of carbon include carbon-13
and carbon-14,

it will be noted that any notation of a carbon in structures throughout this application,
when used withoot Fusther notation, are imtended to represent @l isotopes of carbon, such as

120 13~ P o . 13 L e .
7€, o T Fuarthermare, any compounds containing *7C or TC may specifically have the

o2
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structure of any of the compounds disclosed herein.

It will also be noted that any votation of a hydrogen in structures twoughout this
apphication, when used without further aotation, are intended to represent all isotopes of
hydrogen, such as 'H, H, or 'H. Funthermore, any compounds containing Hoor H may

30 specifically bave the structure of any of the compounds disclosed hevein.

Isotopically-labeled compounds can generally be prepared by conventional techniques
known to those skilled in the art or by processes analogous to those described in the
Examples disclosed hergin using an appropriate isotopicaliy-labeled reagents in place of the

non-fabeled reagents emploved.
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The compounds of the iastant invention may be in a salt form. As used herein, a "salt”
is salt of the instant compounds which has been modified by making acid or base, salis of the
compounds, In the case of compounds used for wveatment of capcer, the salt i3
pharmaceutically acceptable. Examples of pharmaceuticadly acceptable salts include. but are

3 not limited to, mineral or organic acid salts of basic residues such ax amines; alkali or orgaune
salts of acidic vesidues such as phenols. The salts can be made using sy organic ov inovgamc
acid, Such aeid salts we chlorides, bromides, sulfates. mitrates, phosphates, sulfonates,
formates, tartrates, malcates, malates, citrates, benzoaies, salicvlates, ascorbates, and the Bke.
Phenolate salis are the alkaline earth metal sults, sodium, potassiom or Hthinm. The term

10 "pharmacentically acceptable salt” in this respect, refers to the relatively non-toxic, inorganic
and organic acid or base addition salts of compounds of the present investion. These salts can
he prepared in sitn doring the final isolaton and puwrification of the compounds of the
invention, or by separately treating a parified compound of the invention in its free base or

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

{5  formed. Represcntative salts include the hydrobromide, hyvdrochioride, sulfate, bisulfate,
phosphate, nitrate, acetate, valevate, oleate, paloutate, stearate, laurate, benwomte, lactate,
phosphage, tosylale, citrate, maleate, fumarate, succinate, tartrate, napthylate, mesylate,
zlucoheptonate, lactobionate, and lawrvisulphonate salis and the fike. {See, .z, Berge et al
(1977 "Pharmaceutical Salts”, J. Pharm. Sci . 66:1-19),

20 As used herein, "alkyl” includes both branched and straight-chain satorated aliphate
hydrocarbon groups having the specified momber of carbon atosws and may be wnsubstitated
or substituted. The Alkyls are CU-CIO alkyls, or a sohset or individual thereof. In a non-
limiting example, where the alkyl is C1-C5 as in "CLIC5 alkyl”, it 1s defined to include
groups having 1, 2, 3, 4 or 5 carbons in a linear or branched arrangement and specifically

23 ipcludes methyl, ethyl, n- propyl, bopropyl, n-butyl, tbutyl, and pestyl. Alkyl may

optionally be sabstituted with phenyl or substituted phenvl to provide substituted or
unsubstitited benzyl,
Heterocyelyl means a saturated or partially unsaturated monocyclic radical containing
3ty § ring atoms and preferably & to 6 ring atoms selected from carbon or nitrogen hut not
30 lnmited o pyveoliding.
As used herein the term "aryl” refers to aromatic monocyclic or multieychic groups
containing fron 3 to 13 carbon atoms. Aryl groups include, but are not limited to groups such
as unsabstituted or substituted phenvl. When referring 1o said aryl being substinated, said

substitation niay be at any position on the ring, other than the point of atlachment to the other
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ring system of a compound of the invention. Therefore, any hydrogen atom on the arvl ring
may be substituted with a substituent defined by the invention. In embodiments where the
aryl is a phenyl ring, said substitution may be ot the meta- and/or ortho- andfor para- position
relative to the point of attachment. Aryl may optionally be substitiied with 3 heterocyelyl
C{O)- moiety which includes g pyrrolidinyl-C(O)- motety.

The term "heteroary!” as used herein, represents a stable monocyclic, bicyelic or
polveyche ring of up to 10 atoms in exch ring, wherein at least one nag is aromatic and
containg from § fo 4 heteroatoms or particularly 1 to 2 heteroatoms selected from the group
consisting of O, N and 5. Bicyolic aromatic hetercaryl groups inclode phenyl, pyridine,
pyrimidine or pyridazine rings that are (@) fused to a 6-membered aromatic (unsaturated)
heterocyelic ring having one nitroger atomy; (b} fused fo a 53- or 6-membered aromatic
(unsaturated) heterocyelic ring having two nitrogen atoms: {¢) fused to 8 S-membered
aromatic {onsaturated) beterocyclic ring having one nitrogen atom together with either one
oxygen or one sulfur atom; or () fused to & S-membered aromatic {unsaturated) heteracycho
ring having one heteroatom. selected from Q, N or S, Heteroary! groups within the scope of
this definition inchide but are not limited 100 benzoimidazolvl, benzoforanyl, benzofurazanyi,
henzopyrazolvl, benzotriszolyl, benzothiophenyl | benzoxarolvl, carbarolvl, carbolingd.
cinnolinyl, furanvl, indolinyd, indolyi, indolazinvl, indazolyl, ischepzofuranyl, isoindolvi,
isoquinolvl, isothiazelyl, isoxazolyl, naphthpyridinyl , oxadiazolyl, oxazolyl, oxazoline,
isoxazoline, oxetanyl, pyranyl, pyrazinyl, pyrazolyl, pyridazinyl,  pyridopyridingl
pyridazinyl, pyridyl, pyrimidyl, pyrrolyl, quinseolingl, quinolyl, quinoxalinyl, tewarolyl,
tetrarotopyridyl, thindiazolyl, thinzolyl, thienyl, triazolyl, azetidinyl, aziridinyd, 1.4- dioxanyl,

hexahydroazepinyl, dihvdrobenzoimidazolyl, dihydrobenzofuranyl, dibvdrobenzothiophenyl,

dihvdrobenzoxazolyl, dibydrofuranyl, dihvdroimidazolyl, dihydreindolvl,
dihydroisooxazolyl, dihydroisnthiazolyl, dibydrooxadiazolyt, dihydrooxazolyl

dibydropyrazinyl. dibydropyrazolyl, dibydropyridinyl, dihvdropyriimdinyd, dihydvopyrrolyl.
dibydroguinolinyl, dihvdrotetrazolyl, dibvdrothiadiazolyl, dibydrothiazolyl, dibhwdrothienyl.
dibydrotriazolyl,  dihwdroazetidinyl,  mwethylenedioxybenzoyl | tetrahvdrofuranyl,
tetrahvdrothienyl, acridinyd, carbazolyl, cinnolinyl, gquinoxalinyl, pyreazelyl,  indolyl
benzotiazolyl, benzothiarzolyl, benzoxazolyl, isoxazolvl, isothiazolyl, fuvanyl, thienvl,
henzothionyl, benzofuranyl, guinolinyl, isoguinolinyl, oxazolyl, isoxazolyl, indolyl
pyrazinyl, pyridazinyl, pyridingd, pyrimidinyl, pyrrolyl, tetra-hydroguinoline. In cases where
the heteroaryl substituent is Meyelic and ove ring s non~-aromatic or contains no heteroatoms

. 1 is understood that aftachment i via the aromatic ring or via the heterogtom containing
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ving, respectively. If the heteroary! contains nitmogen atoms, it ks undersiood that the
corresponding N-oxides thereof are also encompassed by this definition.

in the compounds of the present invention, the alkyl, aryl, or heteroaryl groups can be
turther substituled by replacing one or more hydrogen atoms be alternative non-hydrogen

3 groups. These include, but are not limited to, -4 groups selected from alkyl, alkoxy, halo,
hydroxy, mercapto, amino, carboxy, cyano and carbamoyl.

The term "sebstituged” refers to # functionad group as described ahove 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 and that the substitution

10 resulis in a stable compound. Substituted groups also ipclude groups in which one or more
bonds to a carboa (33 or hvdrogen (s) atomy are replaced by one or more bonds, including
double or triple bonds, to & heteroatont. Examples of substituent groups include the functional
groups described above, and, in particular, balogens (.e., F, O, Br, and 1y alkyl groups, such

as methyl, ethyl, nepropyl, isopropryl, a-butyl | tert-butyl, and trifleoromethyl; hvdroxyl;

et
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alkoxy zroups, such as methoxy, ethoxy, n- propoxy, and isopropoxy; arvioxy zroups, such
as  phenoxy;  arvlalkyloxy,  such  as benzyloxy  {phenylmethoxy)  and  p-
tritleoromethylbeneyloxy d-ariflyoromethylphenylimethoxy); heterosryloxy groups; sulfonyl
zroups, such as trifluoromethapesuifonyl, methapesolfonyl, and p- toluenesulfonyl: eitro,
nitrosyl mercapto; sulfanyl groups, such as methylisulfunyl, ethykulfanyl and propylsaifanyl;
200 eyano;  hetercovelyl-C(ON-motety: amino groups.  suwch as  amino,  methvlamino,
dimethylamino, ethylaming, and dicthyvhanine; and carboxyl, Where multiple subsiituent
moteties are disclosed or claimed, the substituted compound can be independently substituted
by one or more of the disclosed or claimed substituent moieties, singly or plurally. By
tndependently substitited, 1t s meant that the (two or more) substityents can be the same or

different.

o2
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It is understood that substituents and substiiution patterns on the compounds of the
instant invention can be selected by one of ordinary skill in the art to provide compouands that
are chemically stable and that can be readily synthesized by fechnigues known in the art, as
well as those methods set forth below, from readily available starting materials, If a

30 substituent is dsel! substitied with more than one group, it is understood that these multiple
groups may be on the same cabon or on different carbons, so long as a stable strocture
results.

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

will recognize that the various substituents, e, Ry, Ry, ete. are 1o be chosen in conformity
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with weli-knowa principles of chemical structure comaectivity. Moreover, where hydrogens

are not shown in the carhon-hased structures herein, implict hydrogens are understoad to
complete valences as required.

The compounds of the iastant inveation may be in g salt form, As used herein, a "salt”

3 15 salt of the instant compounds which hag been modified by making acid or base, salts of the

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

pharmaceutically acceplable. Examples of pharmaceutically acceptable salts include, bt e

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

salts of acidic residues such ax phenols. The salts can be made using an orgasic or inorganic

10 acid, Such acid salts are chlorides, bromides, sulfates, nitrates, phosphates, salfonutes,

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

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

“pharmacentically acceptable salt” in this respect, refers o the relatively non-toxic, inorgamic

and organte acid or base addition salts of compounds of the present mvention. These salts can

et
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be prepared in site duwring the final solation and purification of the compounds of the
inventon, or by separately reacting 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
formed. Representative salts include the hydrobromide |, hydrochloride. sulfate, bisuliate,
phosphate, nitrate, acctate, valerate, oleate, palmitate, stearate, laurate, benzoate, lactate,
200 phosphate, tosvlate, citvate, maleate, fumarate, succinate, twirate, vapthylate, mesylate,
gluccheptomate, luctobionate, and lauryisulphonate salts and the like. (See, e.g., Berge et al.
{1977} “Pharmaceutical Salts™, 1. Pharm. Sci . 66:1-19).

Where a numerical range is provided herein for any pavameter, it is wnderstood that all

numerical subsets of that numerical range, and all the individual iteger valaey contained

o2
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therein, are provided as pagt of the inveation. Thus, C1-CHO alkyl includes the subset of
alkyls which are 1-3 carbon atoms, the subset of alkyls which are 2-3 carbon atoms efe. as
well as an alkyl which has | carbon atom, an alkyl which has 3 carbon stoms, an alky! which
has 10 carbon atom, ete.

In an embodiment, the purines discussed herein are one or more of adenosing, nosine,
30 bypoxanthine, or adenine. In an embodiment, “determining” as used herein means
exparimentally determining,

The term “compuosition”, as in phammaceutical compuosition, 18 intended o encompass
a product comprising the active ingredieni(s), and the inet ingredient(s) {(pharmaceutically

acceptable excipients} that make up the carrier, as well as any product shich reselts, direatly
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or indirectly, from combipation, complexation or aggregation of any two or more of the

mgredients, or from dissociation of one or move of the ingredients, or from other types of
reactions or interactions of one or mwore of the mmgredients. Accordingly, the pharmaceutical

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

3 compound of a high-density Hpoprotein-derived nanoparticle (HDLY compound which

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

pharmaceuticadly  acceptable salt, solvate, poly-mwrph, tamtomer or prodrag  thereot,

formuiated as rapamycin nanoparticle (MTOR-HDL), and pharmaceutically  acceptable

CXCipients.

10 As used herein, the wra “optionally” means that the subsequently described event(s)
may or may not oceur, ard includes both eveat(s), which occur, and events that do not oceur.

As used herein, the term “substituted with one or more groups”™ refers to substtution

with the named substituent or sabstituents, onidtiple degrees of substitution, up o replacing

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

et
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of substituents is explicitly stated. Where the nomber of substituents is aot explicitly stated,
one or more is intended.

As ysed herein, “a compourd of the Invention™ means a compound of formela §, wra
salt, sobvate or physialogically functional derivative thereofl

Asx used herein, the term “solvate”™ refers o a complex of variable stoichiometry
2y formed by a solute (e.g. a compound of fornutdn L or a salt theveo!) and a solvent. Such
solvents for the purpose of the Invention may not interfere with the binlogical activity of the
solute. Examples of suitable solvents include, hat are not limited o, water, acetone,
methanol, ethanol and acetic acid. Preferably the solvent wsed 8 a pharmaceutically

acceptable solvent, Examples of suitable pharmaceutically acceptable solvenis inclode water,

o2
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ethanol and acetic acid. Muost preferably the selvent is water.

In certain embodiments, the term “physiologically functional derivative” vefers to a
compound {e.g, a drug precursor) that is transformed in vive to vield a compound of a high-
density lipoprotein-derived nanoparticke {HDL) which comprises an m-TOR  inhibitor,
whergin the m-TOR inhibitor is rapamycin or a pharmaceutically acceptable salt, solvate,
30 poly-morph, tautomer or prodrug thereof, formalated as rapamycin nanoparticle {mTOR-
HDL), or a pharmaceutically acceptable salt. hydrate or solvate of the compound. The
transformation may oceur by various mechanisas {e.g., by metabolic or chemical provesses),
such as, for example, through hydrolysis in blood. Prodmugs are such devivatives, and a

discussion of the use of prodrugs 15 provided by T. Higuchi and W, Stella, “Pro-drugs as
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Novel Delivery Systems,” Veol. 14 of the ACS. Symposium Series, and in Bioreversible
Carriers in Drug Design, ed. Edward B, Roche, American Pharmaceuotical Association and
Pergamon Press, 1987, Additionally, the term may encompass a compound {e.g. a drng

precursor)y that is transformed i vive to vield a compound of HDL which encompasses ¢

5 CH4HE-TRAFG inhibitor, ez TRAFOI-HDL.,

Al combinations of the various clements described herein are within the scope of the
invention unless otherwise indicated herein or otherwise clearly contradicted by context.
Whilst the embodiments for cach variable have gencrally been listed above separately for
cach 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 inhibifor, wherein the m-TOR inhibitor is rapamyecin or a
pharmacentically  acceptable salt, solvate, polyv-morph, tantomer or prodrog  thereof,
formulated as rapamycin nanoparticle (mTOR-HDL), selected from each of the embodiments
fisted above. Therefore, this invention I8 intended o mclude al combinations of

embodiments for each variable,

et
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In cortain embodiments, the present invention also includes compounds which further
comprise 8 TRAFG-HDL (also called CD40-TRAFS inhibitor), wherein the inhibilor is
877002 {described in Zarzyeka, T. et al. J. Ches Inff Model 35:294-307 (2015) or a
pharmacentically  acceptable salt, solvate, polyv-morph, tantomer or prodrog  thereof,

2y formoelated s TRAFG6I-HDL nanoparticle (TRAF6I-HDL), selected from any of the
gmbodiments listed above. Theretore, all combinations of embodiments for each variable are
contermplated herein.

The high-density lipoprotein-devived nanoparticle {HDL) compound which comprises

an nTOR inhibitor, wherein the m-TOR inhibitor is rapimycin or a pharmaceutically

o2
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acceptable salt, solvate, poby-morph, tautomer or prodrug thereof, formulated as rapamyein
nanoparticle (MTOR-HDL), and salts, solvates and physiologically functional derivatives
thercol are believed to be useful for teating a sebject at risk for allograft rejection and the
methad i3 for proventing (Le., prophylaxis} or inhibiting allograft sejection. It is noted that
any transpland 18 at risk for allograft rejection, and thus the compositions and methods
30 described hersin ae contemplated for therapeutic use for any transplant condition,
Furthermore, combming TRAF61-HDL composition with the mTOR-HDL treatment regimen
provides synergistic effects in preventing {L.e., prophylaxis) or inhibiting allograit rejection,
In a further embodiment, the present invention provides for the use of a compound of

& high-density lipoproteii-derived nanoparticle {(HDL) which contprises an m-TOR inhibitor,
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wherein the m-TOR inhibitor is rapamycin or a pharmaceutically acceptable salt, solvate,
poly-morph, tautomer or prodrug thereof, formuolated as rapamycin nanoparticle {mTOR-
HIL), or a pharmaceutically acceptable sali or solvate thereof, or a physiclogically
functional derivative thereod, in the preparation of a medicament for the wreatment of a

5 disorder mediated by cortain levels of Inwnune reactants that indicate a hikelihood of immune
intolerance.

Accordingly, the invention farther provides a pharmaceutical composition, which
comprises a compound of a high-density lipoprotein-derived panoparticle (HIDL) which
comprises an m-TOR  inhibitor, wherein the m-TOR inhibitor ix rapamycin or a

10 pharmacentically acceptable salt, solvate, poly-morph. tatomer or prodrag  therveof,
formudated as wapamycin nanoparticle (mTOR-HDL), and salis, solvates and physiological
functional derivatives thereof, and one or more pharmaceutically acceptable carriers, diluents,
or excipients. The compounds of & high-density hipoprotein-derived nanoparticle (HDL)

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

et
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pharmaceutically  acceptable salt, solvate, polv-mworph. tautomer or prodiug thereof|
fornmdated as rapamycin panoparticle (mTOR-HIDL), and salis, solvates and physiological
functional derivatives thereof, are as described above. The carrer(s), diluent(s) ov
excipient{s) musi be acceptable in the sease of being compatible with the other ingredientx of
the formulaiion and not deleterious to the recipient thereof. In sceordance with another aspect
2y of the invention there i also provided a process for the preparation of a pharmaceutical
composition  including  admixing a compound of a high-density  lpoprotein-derived
nanoparticle (HDL) which comprises an o= TOR inhibitor, wherein the m-TOR inhibitor is
rapamyein or a pharmaceutically acceptable salt, solvate, poly-morph, tattomer or prodrug

thereof, foramlated as rapamycin nasoparticle (wmTOR-HDLY, or salix, solvates and

o2
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physiclogical functional derivatives therent, with one or more pharmaceutically acceptable
carriers, diluents or excipients.

The nvention lurther provides a pharmaceuntical composition, which comprises a
compound of a high-density hipoprotein-derived nasoparticle (HDL) which comprises an
CD40-TRAFS  inhibitor, wherein the CD40-TRAF6  inhibitor 15 ORTHMZ, or a
30 pharmacewtically acceptable salt, solvate, poly-morph, tautomer or prodrag  thereof,
formudated as CD40-TRAF6  aanoparticle  (TRAF61-HDL3, and  salts, sobvates  and
physiclogical functionad derivatives thereof, and one or more pharmaceutically acceptable
carriers, diluents, or excipients. The compounds of a high-density lipoprotein-derived

nunoparticle (HDL) which comprises a CD4OVTRAFG inhibrtor, wherein the CD40-TRAFS
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inhibitor is 6877002 or a pharmaceutically accepiable salt, solvate, polv-morph, tastomer or
prodrug  thereof, formulated ax CD40-TRAFG nanoparticle (TRAF6I-HDL), and salts,
solvates and physiclogical functional derivatives thereof, are as desertbed asbove. The
carrier(s), diluent(s) or excipient(s) must be acceptable in the sense of being compatible with
5 the other ingredients of the formulation and pot deleterious o the recipient thereof. In
accordance with another aspect of the inventon there is also provided a process for the
preparation of a pharmaceutical composition including admixing a compound of 3 high-
densily lipoprotein-derived nanoparticle {HDL) which comprises a CD40-TRAF inhibitor,
whergin the CD40-TRAFS inhibitor s 6877002 or a pharmaceutivally acceptable salt
10 solvate, poly-morph, tagtomer or prodinug thereof, formudated as CDI-TRAFS nanoparticle
{TRAF6I-HDLY, or salts, solvates and physielogical functional derivatives thereof, with one

ar more pharmaceutically scceptable carviers, diluents or excipients.
Additionally, in certain embodiments, & combination composition comprising both the

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

et
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formuiation is contemplated. In such a combination composition, the active agen¥/compound
can be as deseribed above, but any suitably charged CDMOSTRAFS inhibitor or m-TOR
tnhihitor can be formulated as a combined HDL nanoparticle formulation.

Pharmaceutical compositions of the present invention may be presented in unit dose
forms containing a predeternsined amount of active ingredient per unit dose. Such a unit may
W contain, for example, 5 pug to 1 g preferably 1 mg 1o 700 mg, move preferably 3 mgio 100
my of a compound of a high-density lipoprotein-derived nanopanticle (HDL) which
comprises an m-TOR  inhibitor, wherein the m-TOR inhibitor ix rapamycin or a
pharmacentically acceplable salt, solvate, poly-morph. lautomer or prodrug  thereof,

formudated as rapamycin nanoparticle (mTOR-HDL), depending on the condition beiny

o2
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ireated, the route of administration and the age, weight and condition of the patient. Such unit
doses wmay therefore be adpuwpistered move than onee 3 day, Preferred unit dosage
compositions are those containing 8 daily dose or seb-dove {for administration more than
once a day). as hercin above reecited, or an appropriate fraction thereof, of am active
ingredient. Furthermore, such pharmaceutival compositions may be prepared by any of the
30 moethods well known in the pharmacy art. Exemplary dosage includes 5 mg/kg in mice.
Pharmaceuticadl  compositions of the present invemtion may be adapted for
administration by any appropriate route, for example by the oral {ncluding huccal or

sublingual), inhaled. nasal, ocular, ov parenteral Gocluding intravenous and intramuscalar)
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route. Such compositions may be prepared by any method known in the art of pharmacy, for
example by bringing hifo association the active ingredient with the carrier{s} or excipient{s).

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

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

3 the precise condition requiring treatment and s severity, the nature of the formulation, and

the route of administration, and will oltimately be at the discretion of the attendamt physician

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

derived pancparticle {HDL} which comprizes an m-TOR inhibitor, wherein the m-TOR

ithibitor is rapwnycin or a pharmaceutically acceptable salt, sodvate, poly-morph, tastomer or

10 prodrug thereof, formulated as rapamycin navopaticle (mTOR-HDL) for the freatment of

diseases or conditions associated with allografl rejection—including heart transplant, kin

transplant, Hiver ransplant, lung transplant, bronchioliis-ohliteruns syndrome (BOS), kidney

transplant, pancreas transplant, pancreatic islets transplant, intestinal transplant. bove

transplant, retinal transplant, and corneal transplant will geserally be & the range of 3 pg to
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100 mg/kg body weight of recipient {mammal) per day and more usually in the range of 5 pg
to 10 mafke body weight per day. This amount may be given in a single dose per day or more
usually 1n & number {such as two, tuee, four, five or six) of sub-doses per day such that the
total datly dose is the same. An effective amount of a salt or solvate, thercof, may be
determined as a proportion of the effective amount of the compound of a high-density
20 lipoprotein-derived nanoparticle (HDL} which comprises an s-TOR inhibitor, wherein the
a1 TOR inhibitor is rapamyein or a pharmaceuatically aceeptable salt, solvate, poly-morph,
tautomer or prodrug thereof, formulated as rapamycein nanoparticle (mTOR-HDL), per se
Compounds of the present invention, and their salts and sobvates, and physiologically

functional derivatives thereof, may be emploved alone or in combination with other

o2
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therapeutic agents for the treatment of discases and conditions related to allogralt vejection—
including heart transplant, skin transplant, bver transplant, lung vansplant, bronchioliis-
obliterans  syndrome (BOS), kidney wansplant, pancreas transplant, pancreatic  islels
transplant, intestinal transplant, bone transplant, retinal transplant, and corueal transplant.
Combination thempies according to the present invention thus comprise the
30 admistration of at least one compound of a high-density lipoprotein-derived navoparticle
(HDL} which comprises an m-TOR fnhibitor, wherein the m-TOR inhibitor Is rapamycin or a
pharmacentically  acceptable salt, solvate, polyv-morph, tantomer or prodrog  thereof,
formulated as rapamycin nanoparticle (mTOR-HDL), or & pharmuaceutically acceptable salt or

solvate thereof, or a physiologically functional dertvative thereof, and the wse of at least one
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other pharmaccutically active agent. The compound(sy of compound of a high-density

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

m-TOR inhibilor is rapamycin or a pharmaceutically acceptable salt, solvate, poly-morph,

tautoner of prodruy thereof, formulated ay rapasyyein nanopatticle (mTOR-HDL)Y and the

5 other pharmaceutically active agent{s) may be administered together or separately and, when

administered sepavately this may occwr simultaneocusly or sequentially in any ovder. The

amouns of the compound(x} of & high-density lipoprotein-derived nanoparticle (HDL) which

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

pharmacewtically  scceptable salt, solvate, poly-morph, tagtomner or prodrug  thereod]

10 foroudated as rapumycin napoparticle (mTOR-HDL) and the other pharmaceutically active

ageat(s) and the relative timings of administration will be selected in order to achieve the
desired conmbined therapeutic effect.

In certatn embodiments, combination therapies according 1o the present invention thus

comprise the administration of (1} kgh-density lipoprotein-derived nanoparticle (HDLY which

et
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comprises an m-TOR  inhibitor, wherein the m-TOR  inhibitor ix rapamycin or a
pharmacentically acceplable salt, solvate, poly-morph. lautomer or prodrug  thereof,
formudated as rapamyem panoparticle (mTOR-HDL), or the pharmacemical composition
thereof and (i) TRAFGI-HDL panoparticles which comprises CD40-TRAFSG inhibifor,
wherein the CD40-TRAFS inhibitor is 0877002, or a pharmaceuatically acceptable salt,
20 solvate, poly-morph, tautomer or prodrag thereof, formulated as TRAFS1-HDL nanopartcle
{also referred o generally as CDAO0-HDL), or the pharmaceutical compuosition thercof,

It will be clear to a person skilled in the art that, where appropriate, the other
thevapeutic ingredient(s) may be used in the form of salts, for example as alkall metal or

aniae salts or as acid addition salts, or prodrogs, or as esters, for example lower adkyl esters,

o2
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ar ax solvates, for example hydrates, fo optiniize the activity and/or stability andfor physical
characteristics, such as sohsbility, of the themapeutic ingredient. It will be clear also that,
where appropriate, the thevapeutic ingredients may be used in optically pure form.

The combinations referred to above may conveniently be presented for use in the
formt f a pharmaceuiicad composition and thus pharmaceutical composifions comprising a
30 combinaton as defined above together with a pharmaceuntically acceplable diluent or carrier
represent a further aspect of the invention,

The individeal compounds of such combinations may bhe administered either
sequentially or stmultancously in separate or combined pharmaceutical compositions.

Preferably, the individual compounds will be administered stmultaneously in a combined
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pharmaceutical composition. Appropriate doses of knows therapeutic agents will be readily
appreciated by those skilled in the art.

The compounds of this invention may be made by a variety of wmethods, including

standard chemistry, Any previously defined variable will continue to have the previously

5 defined meaning unless otherwise indicated. IHustrative general synthetic methods are set out
below and then specific compounds of the invention are prepared in the Working Examples.

Compounds of the present invention may be prepared by methods knoawn i the ant of

organic synthesis as set forth in part by the following synthesis schemes. In all of the schemes

deseribed below, it is well understood that profecting groups for sensitive or reactive groups

10 are emploved where necessary in accordance with general principles of chemustry. Protecting

zroups are maripulated according to sfandard wethods of organic synthesis {T. W. Green and

PGl M Wats (1991 Protecting Groups in Organie Syathesis, John Wiley & Sons). These

groups are removed at a convenient stage of the compound synthesis using methods that are

readity apparent (o those skilled in the art. The selection of protecting groups as well as the

et
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reaction conditions and order of reaction steps shall be consistent with the preparation of
compounds of the present invention. Those skilled in the ant will recogaize it a stercocenter
exists in compounds of the present invention. Accordingly, the present invention includes all
possible sterenisomers and includes not only mixtures of stereoisomers {such as racemic
compounds) but the individual sterecisomers as welll When a compound is desired as » single
2y enamtiomer, it may be obtained by stercospecific synthesis or by resohttion of the final
product or any convenient itermediste. Resohstion of the final product, an intermediate, or a
starting material may be effected by any suitable method known in the et See, for example,
Stereochemistry of Orzanic Compounds by E. L. Eliel, 8. H Wilen, and L. N. Mander

{(Wiley-Interseience, 1994},

o2
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A "transplantable graft® refers fo a biological maferial, such as cells, Gssues and

organs (in whole or in pant) that can be administered to a subject. Transplantable grafts may
be autografts, allografis, or xenografts of, for example, a biological material such as an organ,
tissue, skin, bone, nerves, tendon, newrons, Blood vessels, fatf, comea, phuipotent cells,
differentiated cells (obtained or dentved in vivo or in vitro), ete. In some embodiments, a
30 transplantable graft is formed, for example, from cartilage, bone, exiracellular matrix, or
collagen matrices. Transplantable grafts may also be single cells, suspensions of cells and
cells in tissues and organs that can be tansplanted. Transplantable cells typically have a
therapeutic function, for example, a function that is lacking or diminished n a recipient

subject. Somwe noa-limiting examples of transplantable cells are islet cells, beta -cells,
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hepatocyies, hematopoictic stem cells, ncuwronal stem cells, neuwrons, glial cells, or

miyelinating cells. Transplantable cells can he cells that are unmodified, for example, cells

obtained from a donor subject and usable in transplantation without any genete or epigenetic

modifications, In other embodiments, transplantable cells can be modified cells, for example,

3 cells obtained from a subject having a genetic defect, in which the genetic defect hus heen

corrected, or cells that are dertved from reprogrammed cells, for example, differentiated colls

derived from cells obtained from a subject.

“Transplantation” refers to the process of transferring {moving) a transplantable graft

o a recipient subject (e, fronn a donor subject, from an in vitro source {e.g., differentiated

10 astologous or heterologous native or induced pluripotent cells)) andfor from one bodily
{ocation to another bodily location in the same subject.

"Undesired tmmune response” refers to any andesired mmune response that resulis

from exposwre 1o ap anugen, promotes or exacerbates a disease, disorder or condition

provided herein {or & symiptom thereof}, or ix symploratic of a disease, disorder or condition

et
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provided herein. Such immune responses generally have a negative impact on a subjects

health or is symptomate of a pegative tmpact on a subject's health.
I an embodiment, the transplanted Hssue is tung tissue, heart tissue, kidney tssue,

Hiver tissue, rotinal tissue. corneal fGissue, skin tissue. pancrcafic tissue, infostinal tissue,
genital tissue, ovary tissue, bone tissoe, fendon fissae, or vascular tissue.
20 1n an embodinrent, the transplanted tssue is ransplanted as an intact organ.

As wsed herein a "recipient subject” is a subject who is to recerve, or who has

recetved, a transplanted cell, tissue or organ from another subject.
As used herein a "donor subject” s a subject from whom a cell, tissue or organ to be

transplanted iy removed before tramsplantation of that cell, tissue or organ W a recipient

o2
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subject.

In an embodiment the donor subject is a primate. In a further embodiment the donor
subject i3 o buman. In an embodiment the recipient subject is a primate. In an embodiment
the recipient suljeet is & human. In an embodiment hoth the donor and recipient subjects are
hunan. Accordingty, the subject invention includes the emmbodiment of xenotransplantation.
30 As used herein "rejection by an immume system” describes the event of hyperacute,
acute andfor chronic response of a recipient subject’s immune system recognizing g
transplanted cell, dssue or organ from a donor ax non-self and the consequent imowne

FERPODNSE.
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The term “allogencic™ refers to any material derived from a different animal of the
same species as the individual to whon the matenial is introduced. Two or move individuals
are sitid to be allogeneic w one another when the genes at one or move foet are not identical.

The term “sutologous” refers to any material derived from the same individual to

5 whom it is later to be re-indroduced into the same individual.

As used herein ap "tonwmosuppressant pharmaceutical” s a pharmacentically-
acceptable drug uwsed o suppress a recipient subject’s immune response. Non-ligtiting
cxamples inclade cyclosporine A, FK306 and rapamycin,

As osed herein, 3 “prophyviactically effective” amount is an anmount of a suhstance

10 effective to prevest or to delay the onset of a given pathological condition in a subject 1o
which the substance is to be administered. A prophvlactically effective amount refers to an
amowntt effective, at dosages and for periods of time necessary, to achieve the desived
prophyvlactic result. Typically, since & prophylactic dose is used in subjects priov to or at an

carlier stage of disease, the prophviactically effective amount will be less than the

et
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thecapeutically effective amount.

v

As used hercin, a "therapeutically effective” amount 13 an amount of a substance
effective to treat, wneliorate or lessen a symptom or cause of & given pathologicat condition
in a subject suffering therefrom to which the substance ix to be administered.

In one embodiment, the therapeutically or prophylactically effective amount is from

20 asbout | mg of agentkg subject w shout 1 g of asgeatke subject per dosing. In another
embodiment, the therapestically or prophylactically effective amount is from about 10 myg of
agent/kg subject to 300 my of agent/subject. In a further embodiment, the therapeutionlly or
prophylactically effective amount is from about 50 mg of agent/kg subject 10 20X mg of

agentky subject. In a further embodiment, the therapeutically or prophylactically effective

23 amount is aboui 100 myg of agenifkg subject. In still a further embodiment, the therapeutically
or prophylactically effective amount is selected from 50 mg of agent/kg subject, 100 mg of
agent/kg subject, 1530 mg of agent/Kg subject, 200 mg of agent/Kg subject, 250 mg of agent/ke
subject, 300 mg of agent/kg subject, 400 myg of agent/kg subject and 5} myg of agentkg
subject.

30 “Treating” or “teatment” of 4 state, disorder or condition includes:

{1} preventing or delaying the appearance of clinical symptoms of the state, disorder,
or condition developing in a person who may be afflicted with or predisposed to the
state, disorder or condition but does not vet experience ov display clinical symptoms

of the state, disorder or condition; or
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{23 inhibiting the state, disorder or condifion, te., arresting, reducing or delaying the
development of the disease or a relupse thereol (in case of maintenance treatment) or
at least one chnical symptom, sign, or test, thereof, or
{3} relieving the disease, e, causing regression of the state, disorder or condition or
3 at least one of s clinical or sub-clinical symptoms or signs.
The benefit to a subject to be treated is either statisteally sigmficant or at least
perceptible to the patient or Lo the physician.
A “prophylactically effective amount™ refers o an amount effective, at dosages and
for periods of time necessary, to achieve the desired prophylactic resalt, Typically, since a
10 prophylactic dose is wused in subjects prior to or at an ecarlier stage of disease, the
prophvlactically effective amount will be less than the therapeutically effective amount.
Acceptable excipients, diluents, and cariers for therapeuntic use are well known in the
pharmacentical art, and ave described, for example, in Remington: The Science and Practice

of Pharmacy. Lippincott Williams & Wilkins (A, R, Gennare edit. 20035, The cheive of

et
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pharmaceutical excipient, diluent, and camrier can be selected with regard to the infended
route of adounistration and standard pharmaceatical practice.

As used herein, the phrase “pharmaceutically acceptable™ refers to molecular entities
and compositions that are “gencrally regarded as safe”™, e.g., 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 o hwman. Preferably, as used herein, the tovm
“pharmaceutically acceptable™ means approved by a regulatory agency of the Federal or a
state government or listed in the U.8. Pharmacopoeia or other generally recognized
pharmacopeias for use in animals, and more particularly in bamans,

“Pattent™ or “subject” refers to mammals and includes huwman and veterinary subjects,

23 Certain veferinary subjeets may include avian species.
This inventon will be better understood from the Expertimental Details, which follow,
However, one skilled in the art will readily appreciate that the speeific methods and results
discussed are merely illustrative of the invention as described more fully in the claims that
follow thereafter.
30 GENERAL METHODS

Standard methods in molecular biology are described Sambrook, Fritsch and Maniatis
{1982 & 1989 2% Bdition, 2001 3 Bdition) Molecular Cloning, A Laboratory Mamud, Cold

Spring Harbor Laboratory Press, Cold Spring Harbor, NY: Swmbrook and Russell {2001)
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Molecudar Cloning, 37 ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY;
Wu (1993) Recombinast DNA, Vol 217, Academic Press, San Diego, CA). Standard
methods also appear in Ausbel, er gl (2001) Cureend Protocols in Molecudar Biology, Yols. -
4, John Wiley and Sons, Inc. New York, NY. which describes cloning in bacteriad cells and
5 DNA mutagenesis {Vol. 1), cloning in paowsalian cells and veast (Vol. 2}, glycoconjugates

and protein expression {Vaol. 3}, and bioinformatcs (Vol. 4).

Metheds for protein purification including immunoprecipitation, chromatography,
electrophoresis, centrifugation, and crvstallization are described (Coligan, e all {2000)
Curvent Profocols in Protein Science, Vol ], John Wiley and Sons, Inc., New York)

1 Chemical apalysis, chemical modification, post-translational modification, production of
fusion proteins, glyeosyvlation of proteins are deseribed (see, eg., Coligan, er al. {2000)
Current Protocels in Protein Science, Vel. 2, John Wiley and Sons, Inc., New York: Ausubel,
er gl (2000Y Carrent Projocols in Molecular Biclogy, Vel 3, John Wiley and Sons, Ine,, NY,

NY, pp. 160.3-16.22.17: Sigma-Addrich, Co. (2001) Producis for Life Science Research, St

s
]

Louis, MO: pp. 45-89; Anersham Pharmacia Biotech (2001 Bioldrectory, Piscataway, N1,
pp. 384391 Production, purification, and fragmentation of polvclonal and monoclonal
antibodiex are described {Colizan, e al. (2000) Current Protocols in Impuaology, Vol [,
John Wiley and Sons, Inc., New York; Harlow and Lane (1999} Using Amtibodies, Cold
Spring Harbor Labovatory Press, Cold Spring Harbor, NY: Harlow and Lape, sapra).
20 Standard techniques for characterizing ligapd/receptor interactiops are available {see, e.g.,
Coligan, i al (2001} Gurrent Protocols In mmunology, Vol 4, John Wiley, Inc., New
York).
Rapamycin is a known macrolide antibiotic produced by Sireptomyees hvgroscopicus.
Saitable  derivatives  of  rapamyvein  include e compounds  of  forowla |
25 wherein Rsub @ s CHisub3 or Csub 3-6atkynyl Rsub2 s H or - CHsub. 2--CH.sub 2
OH, and X is dbd.Q. {HH) or {H,OH) provided that R.sub.2 is other thas H when X is

Adbd. O and Rosub.l is CHosub 3. The structwre of rapamyein is shown below:
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Formula

Compounds of formula 1 are disclosed e.g. in U8, Pat. Nos. 5,663,772; 6,440,990,

5,985,890, and 6,200,983, which are incorporated herein by reference. They may be prepared

as disclosed or by analogy o the procedures described in these references.

=21

Preferved conpmmds are 32-deoxorapamycin, {6-pent-2-ynyloxy-32-

deoxorapambyein, 16-pept-Z-ypyloxy-32S)-dihydro-rapamyein, 16-pent-Z-ynyloxy-32(8)-
dibydro-40-0-2-hydroxyethyl-rapamyvein and, wore  preferably, 40-0-(2-hydroxyethyl)-
rapamyein (referred thereafier as Compound A), disclosed as Example 8 in U5, Pat Nos.
5,663,772 and 6,440,990,
0 Compounds of formula 1 have, on the basis of observed activity, e.g. binding to
macrophilin-12 {also known as FK-306 binding protein or FKBP-12), e.g. as deseribed in
WO 94/0001G, WO 9516691 or WO 96/41807, been found o be useful eg. as
immunoseppressant, e.g. in the freatiment of acude allograft rejection.

Embodiorents also include panoparticles comprising rapamyein derivatives with

m
h

improved hydrophobicity andfor miscibility.  For example, rapamyein may be conjugated
with an alkyl chain as described in Zhao et al, Augmenting drog-camrier compatibifity
improves tumowr nanotherapy efficacy, Nawre Convnenications 7, Article muomber: 11221
(20163 don 10,1038 meomms 1 1221,

In certain embodiments, the addition of cholesterol hay stabilized the formulation as
20 well as improved entrapment efficiency. In certain embodiments, the weight percentage of
cholesterol ranges frovn about % to aboul 1% {fwiw), from about 155 {whw) to about 105
{wiw), from about 2% (w/w) to about 10% {wiw), from about 3% Ow/w) to sbout 1% (whw),

from about 4% {w/w) fo about T8 fwiw), From about 5% (wiw} o aboat 10% (w/w), from

about 6% (wihw to about 1% (wiw), from about 7% (wiw) to about 10% {whwi, from about

28]
Lo

8% {w/w) to about 1% {(wiw), from ghout 19 {wiw) o gbouwt 9% (wiw), from about 1%
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{wiw) {0 about 8% {(w/w), from abmil 1% (w/w) to about 7% {wiw}, or from about 1% (w/fw)

o ahout 65 (wiw), of the nanoparticle, of the Hpids, or of the composition.
Delivery vehicles such as liposomes, panocapsudes, microparticles, mycrospheres,
tipid particles, vesicles, and the like, may be used for the introduction of the compositions of
5 the present invention targeting the innafe imnnme system, e.g. targeting macrophages to
induce transplantation tolerance. In addition to being formulated as a nanotherapy as mTOR-
HDL. the compounds targeting macrophages miay be formulated for delivery in a number of
ditfercnt forms and methods iacluding either epcapsulated in a lipid particle, a liposome. a

vesicle, # nanosphere, or u nanoparticle or the like.

10 The formation and use of liposomes is generally known to those of skill in the art,
Recently, Hposomes were developed with improved serum stability and circulation half-times
(1.8, Pai. No. 35,741,516}, Further, various methods of liposome and liposome like
preparatons as potenual drog camders have been desertbed (LIS Pat. Nos. 3567434

S32.157: 5,565,213 5,738,808 and 3,795 387).

L
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Lipozomes have been used successfully with a nuntber of celf types that are normally
resistant to wransfection by other procedures. In addition, liposomes are free of the DNA
fength constraints that are typical of viral-based delivery systems. Liposomes have heen used
effectively to introduce genes, drugs, radiotherapentic agents, virtuses, transcription factors
and ailosteric effectors into a variety of culiured cell lines and animals. In addition, several
2 successful clinical trials examining the effectiveness of liposome-mediated drug delivery
have been completed.

Liposomes are fornred fromn phospholipids that are dispersed in an aquesus mediam
and spontancousty form multilamellar concentric hilayer vesicles {also termed molttlameliar

vesicles (MLVs), MLVs generally have dimmeters of from 23 mm 1o 4 ym. Sonication of

o2
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MEVs results in the formation of small anilamellar vesicles (SUVs) with diameters in the
sange of 200 to 3004, containing an agueous solution in the core,

Abternatively, nanocapsule fornulations of the compositions of the present invention
targeting the innate immune systemy may be used. Nanocapsules can generally entrap
substances in a stable snd reproducible way. To avowd side effects due o invacellular
30 polymeric overloading, such ulualine particles {sized around .1pm} should be designed
using polymers able 1o be degraded i vive, Biodegradable polyaliov-cyanoacrylate
nanoparticles that meet these requiremends are contemplated for use.

"Synthetic nanocarmer(s)” means a discrete object that is not found in nature, and that

possesses al least one dimemsion that i less thim or equal W 5 siorons in size.
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Albumin nanoparticles are generally included ax synthetic panoccarriers, however in certain

cmbodiments the synthetic nanocarriers do not comprise albunin nanoparticles. In centain

emibodiments, synthetic panocarriers do not comprise chitosan. In other embodiments,

tnvenilive synthetic nanocarriers are not lipid-based nanoparticles. In fugther embodiments,
3 synthetic nanccarriers do not comprise a phospholipid.

A synthetic panocirrier can be, but is not Hmited to, one or a plurality of Hpid-based
nanoparticles (also refered to herein s lipid nanoparticles, fe., nanoparticles where the
majority of the material that makes up their structure are lipids), polymeric nanopasticles,
mefallic nanopanticles, surfactant-based emulsions, deadrimers, buckyballs, nanowires, virus-

10 like particles {i.e., particles that are primarily made up of viral structural proieins but that are
not infections or have low infectivity), peptide or protein-based particles {also referred to
herein as protein particles, Le., particles where the majority of the material that makes up
their structure are peptides or proteins) (such as albunin nanoparticles) and/or nanoparticles

that are developed using a combinagtion of aanomalerials such as hipid-polymer nanoparticles.

et
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Syathetic nanccarricrs sy be a variety of different shapes, including but not limited to
spheroidal, cuboidal, pyramidal, oblong, cvlindrical, toroidal, and the hke. Synthetic
nanocarriers according to the mvention comprise one or more surfaces, Exemplary synthetic
nanocarriers that can be adapted for use in the practice of the present invention comyprise: {1}
the hodegradable nanoparticles disclosed in ULS. Pat. No. 5,343,158 to Gref et al., (2) the
A polymeric nanoparticles of Pablished US Patent Application 20064002852 to Salizman et al.,
{3) the hthographically constructed nanoparticles of Published US Patent Application
20090028910 1o DeSimone et al., {4y the disclosure of WO 200943531837 to von Andrian et
al., €5) the nanoparticles disclosed in Published US Patent Application 2008/0145441 1o

Penades et al., (6} the protein nanoparticles disclosed in Pyblished US Patent Apphication

o2
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20090226523 to de lox Rios et al, (7) the virus-like particles disclosed in published US
Patent Application 20060222652 to Sebbel et al., {8) the nucleic acid coupled vivus-like
particles disclosed W published US Patent Application 200602531677 1o Bachmann et al., {9)
the virus-fike particles disclosed in WO20H0047839A1 or WO2009106999A2, (10} the
nanoprecipitsted nanoparticles disclosed in P Paolicelli et al., "Swface-modified PLGA-
30 based Nanopartivles that can Efficiently Associate and Deliver Virus-like Particles”
Nanomedicine, 3{61843-833 (20103, or (11) apoplotic cells, apoptotic bodies or the synthetic
or semisynthetic mimics disclosed in USRS, Poblication 2002/0086049. In embodimends,
syrthelic nanocarriers may possess an aspect ratio greater than L 112, LS, 12, B3 LS

1:7, or greater than 1:16.

38



N

et
4

20

o2
=21

30

WO 2017/190145 PCT/US2017/030444

Sypthetic panpcarricrs may have a minimum dimension of equal to or less than abowt
G0 am, preferably equal to or less than 100 nm, do not comprise s surface with hvdroxyl
groups that activate complement or allernatively comprise a swrface that consists essentially
of moteties that are not hydvoxyl groups that activate complement. In certain embodiments,
synthetic nanocarriers may have a minimuom dimension of eqaal to or less than abouat 1060 nm,
preferably equal o or less than 100 nm. do not comprise a surface that substantially activates
complement or alternatively comprise a surface that consists essentiadly of moteties that do
not substantially activate complement. Synthetic ranocarricrs in some embodiments have a
minimum dimension of equal to or less than abowt 100 mm, preferably equal 1o or less than
100 om, do not comprise a surface that activates complement or altermatively comprise a
surface that consists essentially of moicties that do not activate complement. In embodiments,

synthetic nanocarriers exclude viros-like particles. In embodiments, synthetic nanocarriers
may possess an aspect rado greater than I, 1L2, LIS, B2, 13, L5, 87, or greater than
1160

In certain embodiments, the present composition conyprises (consists essentially of, or
consists ofy ong or more types of phospholipids.

Examples of saitable phosphodipids inclade, withouot Hmitation, phosphatidvicholines,
phosphatidyicthanolamines, phosphatidylinositol, phosphatidylserines, sphingomyvelin or
other cersmides, #s well as phospholiptid-containing oils such as lecitlin oils. Combinations
of phospholipids. or mixuwes of & phospholipicdi{s} and other substance(s). may be used.

Non-lniting examples of the phospholipids that may be used in the present
composition include, dimyristoyiphosphatidyicholine (DMPC), soy lecithin,
dipalmitoviphosphatidylcholine (DPPC), distearoyiphosphatidylcholine (DSPCO),
dilaurylolyphosphatidyicholine (DLPC), dicleoylphosphatidylcholine (DOPC},
glycernd (DMPG),

fa

dilaurylolylphosphatidylziveerol (DLPG), dimyristoylphosphatidyl
dipalmitoyiphosphatdvliglyveerol (DPPG), distewroviphosphatidylglyveerol (DSPG),
dioleoylphospbatidylgiveeral (DOPG), dimyristovl phosphatidic acid (DMPA), dimyristoyl
phosphatidic acid (DMPA), dipalmitoy! phosphatidic acid {DPPA), dipalmitoy] phosphatidic
acid (DPPA), dimvristovl phosphatidviethanolamine {DMPE), dipalmitovl
phosphatidylethanolamine (DPPE}, dimynstoy] phosphatidylserine {DMPS), dipabnitovl
phosphatidylserine {DPPS), dipalmitond sphingomyelin (DPSP), distearoy! sphingomyelin
{DDSSPY, and mixtures thereof,

In cevtain embodiments, when the present composition comprises (consists essentially

of, or consists ofy two or more types of phospholipids, the weight ratio of two types of
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phospholipids may range from about 1: 10 {o about 10:1, from about 2:1 1o about 4:1, from
about 111 to gbout 5:1. from about 2:1 to about 504, from about 6:1 to about 11, from ahout
721w about 1001, from aboat 8:4 fo abouwt K1, from about 7:1 10 about 911, or from about

8:1 to about 911, For example, the weight ratio of two types of phospholipids may be about

N

1:16), about 1:9, about 1R, about 1.7, about 1:6, gbout 1:5, about 14, about 1:3, about 1:2,
about 1:1, about 2:1, about 3:1, about 4: 1, about 5:1, about 6:1, about 7:1, about 81, about
9:1, or about 1],

In one embodiment, the present high-density lipoprotein (HDL)-derived nanoparticle
comprises (consists essentially of, or consists of) 1,2-dimyristovl-sn-glyeero-3-
10 phosphatidyicholine (DMPC), and -myristoyi-2-hydroxy-sn~-glveero-phosphocholine
{MHPC). The weight ratio of DMPC to MHPC may range from about 1:18 to about 1(:1,
fronn about 201 to aboeut 4:3, from sbout 11 to about 5:4, froan abowt 201 to about 5:1, from
about 6:1 10 about HX 1, from about 721 w about 1001, from abowt 8:1 to about 11, from

about 71 1o about @1, or from about 8:1 to about 901, The weight ratic of DMPC 1o MHPC

i5 oy be about 110, about 119, about 1:8, about 1.7, about 1:6, about 15, about 1:4, about 1:3,
about 1:2, about 1/, about 2:1, about 3:1, about 4+1, abost 3.1, about 6:1, abowut 7:1, abowt
§:1, about 1, or about 10:1.
miTor inkibitors and combinatious with other pharmaceuatically active componemts

20 Examples of mTOR inhibitors include rapamycin and analogs thereof {o.g., CCL-T79,
RADODE, AP23573, C20-methallylrapamycin (C2-Marap), CI6-8)-

hutylsulfonamidorapamyein  (C16-BSrap),  C16-(5)-3F-methvlindolerapiomyein  (C16-1Rap)
{Bayle et al. Chemistry & Biology 2006, 13:99-107)), AZDE0SS, BEZ233 (NVP-BEZ235),
chrysephanic acid (cluysophanol), deforolinns (MK-8609), everolimus (RADOOT), KU-

25 0063794, P1-103, PP242, temsirolimus, and WYE-354 (available from Selleck, Houston,
Tex,, USA)

In certain embodiments, one or more additional or alternative active ingredicats
targeting PIRb+ macrophages and promoting  allogralt survival may be utiived in
combination. Any one or more of these active mgredients may be formulated in one dosage

30 unit, or in a combination of forms such as an mMTOR-HDL nanoparticle could be administered
in combinution with o lpid pariicle, a liposome, a vesicle, a nanosphere comprising a second
or third active ingredient.  Other suitable asctive agents include one or more

HNNMUBOSUPPIESIIVE agents.
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Treatment regimens/options
The mTOR-HDL can he used in combinaton with other induction therapies that
target the adaptive immune response such as T and B cell depletion. For example, {or kidney

living donors, transplant recipients can be ireated before and shortly after transplantation,

N

Patients under current immunosuppressive therapy can be swiiched to the mTOR-HDL
therapy. or combination mTOR-HDL/ TRAFGI-HDL therapy.  In additional sceparos,
mTOR-HDL treatment is administered to the patient prior to and shortly after transplamtation,
which can be repeated every 6 or 12 months, with the zoal to eliminate or strongly reduce
munesuppressive therapy.  In additional scenarios, patients are administered the mTOR-
10 HDL thevapy, or combination mTOR-HDL/ TRAFG-HDL therapy withouwt any additional

tnunosuppressive therapy.

Exemplary §

et
4

20

o2
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30

The mTOR-HDL nanotherapy was fested in an allogeneic heart transplantation mouse

model. The regimen comprised ondy three intravenous tail vein injections of 5 mgkg

equivalent rapamycin during the first week after transplantation. Using a combination of in
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vive positron emission tomography with computed fomography (PET-CT) imagzing and an
array of imaumological assays, the heart allografl wargeting and cellular specificity were
evatuated. Subsequently, the inpate impume response was analyred along with allograft
survivid  and  therapewtic  mechanisis.  These results  demonstrate  that mTORHDL
3 nanoparticle treatment prowootes indefinite heart allograft survival, Addiionally, similar
results were also observed for a skin tansplant model. These resulis demonstrate how o
manipulate the immune response oward indueing donor-specific non-response i the chinie
and idenfify new therapeutic targets that may prevent allograft rejection in humans,
EXAMPLES
0 Example 1
Development of mTOR-HDL napoparticles
mTOR-HDL nanoparticles (see FIG.IA)Y were synthesized by hyvdrating a Hpid film,
containing rapamyein and phospholipids, with APOAL in PBS. Sobhsequently, and afier
vigorous homogenization, the sample was sopicated to generate mTOR-HDL nanoparticles
15 with 62 & 11% rapamycin encapsalation efficiency and a mean hyvdrodynasue diameter of
12.7 £ 4.4 s, as determined by high performance liquid chromatography and dynamic hight
scattering, respectively. The size of the nanoparticles can vary, but will typically be from
about 1{ne to about 2530nm.
As revealed by fransmission electron microscopy (FIG, &), the mTOR-HDL had the
20 discoidal structure that is typical of HDI-based nanoparticles * The biodistribution and
cellular  specificity  of  1,1%-Dioctadecyl-3.3.3 3 Tevamethylindotricarbocyanine  Jodide
{DiR)-labeled mTOR-HDLs were evaluated in CSTBES wild type mice using ex vivo near
infrared fluorescence (NIRF) imaging and flow cytometry. miTOR-HDL was shown to
accumulate primarily in the liver, spleen and kidneys (FIG. SA) while displaving a higher
25 affinity for monocytes than either dendritic cells (DO or nentrophils in the blood and spleen
(FIG. 5 B, C) {respectively, PL0.001, P< 0] and P O01, PLGOT
mTOR-HDL treatment was atilized in a hewt trunsplant mouse model (FIG. 1B}
mTOR-HDL s biodistribution, allograft targeting, and cellolar specificity were determined
using i vive PET-CT tmaging (FlHG, 1B} and ev vivo techniques. Subsequently, an array of
30 immunelogical readouts, including flow cvtometry, enzyme-linked immunosorbent assay and
mixed hymphooyte reaction were utilized, 1o evaluate the effects of a short-term mTOR-HDL
nanothevapy regimen (FIG. 1B).

mTOR-HDL nanotherapy targets the innate immune svstem
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To quantitatively sindy tisspe targeting and specificity, mTOR-HDL nanoparticies
: g B9 R0 . . s . _ .
were radiolabeled with “* (¥ Zr-mTOR-HDL). Six days after having hearts transplanted into
. . . Ufhe g . . gt i soa
their abdomens. mice received " Zr-mTOR-HDL. intravenously. The nanoparticles were

allowed o circulate and distnbule for 24 howrs before nice underwent in vive PETCT

imaging. Marked ¥Ze-mTOR-HDL presence was observed in the heart allografts (F1G. 10).

N

After imaging. ouce were sacrificed, and the ovgans were collected for e mTOR-HDL,

quantification by ex vive autoradiography. Allograft heart (Tx) activity (25.2 & 2.4 x 107

counisfunit area) was determined to be 2.3 fold higher than in aative bearts (N (111 219 x

1 countiumit arca) (FIG. 1F). Gamma counting  assessed #7e.mTOR-HDL's  full

10 biodistibuton, The ex vive auwtoradiograpby indicates that “Zr-mTOR-HDL target many

tissues (FIG. 1D, suggesting a systemic bio-distribution of the drug, consistent with the
tvpical pattern of distribation for drug-loaded HDL nanoparticles v,

The favorvable organ distribution pattern and heast allografl uptake, lead the inventors

to evittuage mTOR-HDL wargeting and specificity ot the cellolar level in the heart allografy,

et
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blaod, spleen and bone marrow, mTOR-HDL nanoparticles were labeled with the fluorescent
dve 3. 3-Dioctadecyloxacarbocyvanine Perchlovate (INO), intravenousty admimistered and
allowed to circulite for 24 hours. Drawing on several Ussue tvpes, myeloid cells were
extracted, including nevtrophils; the monocyie/macrophage (Mo/M®} pool, inchading Ly-
6C and Ly-6C" monocytes, DCs, and T celfs for analysis by flow eytometry,

20 Myeloid cell targeting was observed in the heart allografl, blood and spleen (FIG. IF
and 1G). Importantly, the inventors observed cellular specificity towards the Mo/M® pool
and newtrophils, with significantly higher mTOR-HDL uptake by the Mo/M® pool than
either 13C or peutrophils 1 the heart, blood and spleen (respectively: P< .01, P< 001, P<

(105 and P< 001, P< 001, P2 0003). In contrast, the DHO-labeled mTOR-HDL aptake by T

o2
=21

cells was virteally abseat (FIG, 1F, 1G), indicative for the nanotherapy’s innate immuse cell
specificity. Overall, the data demonsirate that mTOR-HDIL exhibits high specificity for
inflamed sites, such as the heant allograft, and is avidly taken up by myeloid cells including
monocyies, DC and neutrophils.

mTOR-HDL significantly decreases the myeloid cell compartment

30 The leukocyie population was profiled and, mwore extensively, the nmyeloid cell
compartment, inchuding newtrophils, Mo/M®@ and DC, 1n the blood, spleens and allografts of
mice recetving placebo, oral rapamyein {Oral-Ra) snd mTOR-HDL reatments, where the
treatmient regimen involved three mtravenous mTOR-HDL injections, on the day of, as well

as at two and five days post transplantation, In hine with the targeting data, stigmificantly
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decreased total feukocytes were observed in the blond, spleens and allografts (F1G. 2A and
FIG. 8) of mTOR-HDL-treated revipients as compared to either placebo (P 8.05 and P<
(101} or Oral-Ru-treated recipients. Additionally, these data show that mTOR-HDL treatment

lowered neutrophil levels in the blood, spleen and allograft, as compared to both placebo (P<

N

(.05, P< 0.05 and P< (1.05) and Oral-Ra-treated recipients (P2 (1033 In addition, mTOR-
HDL westment dramatically veduced Mo/M& mumbers in the cireulation, spleen and heant
allografis, as compared o placebo (P 005, P D01 and PL (.05) or Oral-Raqreated
reciptents (P< 0.05) Fipally, mTOR-HDL weatment dramatically decreased DU in the
ctreulation, spleen and allograft, as compared to placebo (P< 005, P 001 and P 005 or
10 Oval-Ra-treated recipients (P<0.058). Al together, these results demonstrate that mTOR-HDL
ireatment limits the allorcactive immune response by interfering with myeloid cell
accunvulation in the transplanted allograft.

Following these myveloid cell investigations, the effects of mTOR-HDL nanotherapy
on Mo/M® tissge distribution were evaluated, Mo/MD comprise two different subsets (L

it - poados : ¢ gat - s 23 Y » M
6CY and Ly-6C™) with district migratory properties™. Six days after transplantation,

et
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untrested and Oral-Ra-treated mice had increased numbers of acowmulated myeloid cells in
their blood, spleen and beant allografis (FIG. 2B and FIG. %A} Funther, the elevated
Mo/M® populations contained high percentages of inflammatory Ly-6C" monocytes (FIG.
9A and 2B). By contrast, mTOR-HDL recipients accumulated significantly more Ly-6C"
20 monocytes than placebo and Oral-Ra-treated animals in blood (606 vs. 13% and 13%).
spleen (539 vs. 299 and 44%) and heart allogralts (56% vs. 205 and 18%) (FIG. 2B, FIG.
YA). Accordingly, notably fewer circulating Ly-6C" monocyvites were wdentified in the
mTOR-HDL-treated group than in cither the placebo or the Oral-Ra-treated recipients (P<

(LG5 and P 005, respectively). The Mo/M@ subsel proportions i the spleen and

o2
=21

transplanted organs reflected the levels in peripheral blood (FIG. 1K), The data indicate that
while Ly-6C™ monocevies dominate the myeloid response in transplant rejection, Ly-6C"
monocytes dominate the myeloid response diwing tolermnee. This suggests mTOR-HDL
treatment promotes the accumulation of regulatory Ly-éCk” M®d, and can rchalance the
myeloid compartment in favoer of homeostasis.
30 mTOR pathway is negatively regulated by mTOR-HDL

Muodecalar pathwitys targeted by mTOR-HDL nanoimenmunothesapy were studied
using Giene Set BEnrichunent Anabysis (GSEA) of mRNA isolated from flow sorted MD from
the allografts of either placebo or mTOR-HIIL treated vrecipients. Gene arvay results indicated

that the mTOR (FIG, 2C) pathway is negatively regulted by miTOR-HDL.
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mTOR-HDE treatraent favor the induction of transpiantation telerance by promoting
the development of regulatory Ly-6C" M®
Neat, the sappressive function of grafe-infiltrating Ly-6C" MoMD allografts were

evaluated in vitro. Ly-6CY MdA's regulatory suppressive function was assessed by the

N

capacity to nhibit in vitro proliferation of carboxyfluorescein diacetate succininidyl ester
(CFSEMabeled CD&+ T cells. The results of the present invention indicate that regulatory
Ly-6C" M oblained from the allografts of mTOR-HDL weated recipient mice prevent T cell
profiferation in vitro {FIG. 3A). The iventors alse observed that, unlike Ly‘(iCi“ M@
obtained from the allografis of placebo recipient mice, Ly-6C" M@ obtained from the
10 allografts of mTOR-HDL eated recipients expand ionunosuppressive Foap3-exprossing T-
regs {(FHi. 3A). In agreement with these daia, the inventors observed a significant increase in
the number of allograft CDECD2ST T-cells (FIG. 3B: FIG. 10). This suggests that mTOR-
HDL treatment mway favor the induction of transplantation 1tolerance by promoting the
development of regulatory Ly-6C" M,
15 mTOR-HDL nanotherapy prevems pofent T cell stimulation by dendritic cells
Since dendritic cells (DC) take ap mTOR-HDL nanopartcles (FIGS. 1F-G). the
effects of mTOR-HDL on tmmune cell activation, antigen presentation and DC-mediated T
cell stinwilation were investigated. First, enzvme-linked tmowmosorbent assay (ELISA) were
utilized to assess the expression of twnor necrosis fuctor wipha (TNF-n). These data indicate
2y that mTOR-HDL treatmemt significantly reduces the serum TNF-a levels, as compared fo
placebo and Oral-Ra (FHG. B P 0,05 and P2 0.0 Next, the expression of co-stimulatory

*® were examined. Flow

N e . - s
and adhesion molecules that are vpregulated dunng acute rejection =
cytometry indicates that both CI40 and CD34 molecules are significantly reduced in

feukoeytes from mTOR-HDL treated recipionts compared o the placebo and Oral-Ra-trested

o2
=21

recipieats (Figure 1), Using the Y-Ae monoclonal antibody (mAb), which recognizes a
donor-devived 1-EY peptide presented by recipient MHC class 11 A" molecules, mTOR-
HDL s effects on antigen presentation were evaluated. Significantly fewer antigen-presenting
Y-Ac” vells were observed in the para-aortic lymph nodes and spleens of mTOR-HDL-
treated recipients than those from either placebo or Oral-Ra. Next, the capacity of DC
30 obtained from sTOR-HDL vecipionts was evaluated to stiondate antigen-specific T cells in
vitre. CDHc"MHCHTT DC extracted from the spleens of placebo and mTOR-HDL-treated
mive were wsed as initiators o stimudate a muxed lymphocyie reaction (MLRY in vigro.
Antigenspecific TBa CDA™ T cells were isolated as responders, as these T calls recognize the

same FEGLAY complex of peptide and MHC as do Y-Ae mAb, lubeled the cells with
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carboxyfluoroscein succinimidy! ester {CFSE) and cuftured with CD1Ic"™MHCT splenic
DO as previousty deseribed . The stimulatory properties of CD1Ie™MHC-IT splenic DC
were tested by measuring CFSE dilution in T cells by {low cytometry. These data indicate

that DC from mTOR-HDL recipiests are significantdy less capable of stirnulating naive T cell

N

proliferation iz virro than DO obtained from control mice. Nexd, the proliferative capabilities
of T cells obtained from transplanted mice were tested. These dauta indicate that T cells from
mTOR-HDL recipients are able to mouat in wine inwnune responses similar to T cells
obtained from placebo rejecting wice. Overall, these results illustrate that mTOR-HBL
nanoparticle treatment prevents DC-mediated graft-reactive T cell immune responses.
0 mTOR-HDL nanotherapy promotes the development of sappressive macrophages
Having deternuined that mTOR-HEL nanoparticles target Mo/M® (FEGS. 1F and 14)
and affect their tissue diswibution), the fusctional properties of Ly-6C" MorM® that
accumulate in the allograft during tolerance induction, were tested. Donor beart allografis

were harvested six days after transplantation and the myeloid compartment was analyzed by

et
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flow cytometry. By focusing on live CD4STCD L' recipient graft-infilirating myeloid cells,
we discerned three major populations based on differential expression patterns of Ly-6C™
Mo/M®, Ly-6C" Mo/M® and Ly-6G neutrophils (FIG, 1D). Flow cytometric analysis
confirmed the presence of more Ly-60" than Ly-6C" Mo/M® in the allografts of mTOR-
HDL~treated mice as compared o placebo recipients (FIG, 1D). There were no differences in
20 Lv-60 neotvophil frequency between the groups.

Gene array characterization of Ly-6C" macrophages that accusulate in the allografts
of mTOR-HDL treated recipients revealed that the mTORC] pathway is negatively regulated
in these wmice. This confirms that mTOR-HDL weatment targets  graft-infiltrating

macrophages,

o2
=21

A comprehensive sualysis of the costimulaiory molecules that provent successful
organ transplantaiion revealed that wTOR-HDL treatment increased CD40 expression. In line
with this observation, the imventors found agonistc D40 mADb treatorent to abrogate the
profonged alfograft survival in mTOR-HDL treated recipients FIG. 3F). This saggests that
CD40L expressing T cells may stimulate CD40 ignaling in recipient M®, resulting in
30 eventual graft Joss. To suppress detrimental CDA0 sigoaling, the inventors developed a
second manoimmunotherapy  treatment consisting of a CD40-TRAFG  inhibitory HDL
{referved to as CD4G-HDL or TRAF6I-HDL: FIG, 11A-B). The small molecule inhibitor
CD4O-TRAFG 1s directed against the binding domain of CD40 on TRAPS and blocks CD40
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signaling, resulting in Lyﬁ(‘,}‘j inflammatory  macrophage polarization towards an anti-
mflammatory phenotype.
mTOR-HDL. prolongs sllograft survival indefinitely

Lastly, nanoimmunctherapy treatment’s capacily to prevent organ rejection and

profong  allograft survival was evaluated. Balb/c (H2%) donor cardiae allografts were

N

wansplanted into fully allogeneic CSTBUG (H2") recipients treated with: (1) placebo, {2) Oral-
Ry, 3y mTOR-HDL, (4) TRAF6I-HDL, or (4) mTOR-HDL + TRAF6-HDL. TFo assess gradt
survival, recipienty underwent abdominal palpation ontil cardiac contractions completely
ceased. The present data indicate that mTOR-HDL nanotherapy dramatically prolongs graft

10 survival with more thay 85% allograft survival over a 30-day period (FIG.3G) By contrast,
the oral rapamycin freatment only prolonged allograft survival by 35% during the same
period (P< .01, P< 0013 This is a remarkable resolt, especially considering the regimen
involved only three doses during the first week post-transplantation.

As a secondary endpoint, we evalaated the histology of the allografts [} diys after

et
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combined treatment {Figs, {3A-B). Figure 138 shows mild circumferential inflamimation
without arteritis and po signs of intimal hyperplasia. Mouse aortic segments did not exhibit
any histological alteration with no iatimal thickening and no signs of chlronic allograft
vascufopathy {CAV), Furthermore, the invertory evaluated a combined treatment reghmen
involving three injectons of hoth mTOR-HDL and TRAFOI-HDL within the first five days
2 postansplantation using the heart allograft model. As shown i FIG. 3G, combined mTOR-
HDL/TRAFGI-HDL treatment promotes organ transplant syoergistically, resulting in a more
than 70% sarvival over 100 days post-transplantation, significantly ostperforming mTOR-
HIIL and TRAFGI-HDL monotherapies.

The tining of treatment can vary and can commence either before the transplantation,

o
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concomitant with the transplantation, or following transplantation. In one embodiment, the
mTOR-HDL or combined mTOR-HDL/TRAFG-HDL geatment is initiated 1-2 days before
organ transplantation.

To test whether in vitro suppressive Ly-6C" Mo/M® mediate prolonged graft survival
in mTOR-HDL-treated recipients, the inventors depleted Ly-6C" Mo/M® i1 vive, as recently
30 described ©. Brief] v, Balb/c (H'Ed) donor cardiac allografts were transplanted into fully
allogeneic CD16Y diphtheria toxin (DT) receptor (DTR) (H2") recipient mice on the day of
transplantation to deplete recipient Ly-6CY macrophages. Graft-intiltrating levkocytes were
examined by flow cytometry six days after transplantation to confinm the specific depletion

of Ly-6CY i wime suppressive mmcrophages (FIG. 3B). Subsequent graft survival

47



WO 2017/190145 PCT/US2017/030444

experiments showed that Ly—ﬁ(‘,’s” Mo/M® depletion resulied in graft rejection by day 15
{12.3 = 1.8) despite mTOR-HDL treatment (FIG, 3D). Adoptive transfer of wild-type

monocyles restored allograft survival, demonstrating that the navoimoumotherapy exerts its

o

flects through regulatory M@, These oxperiments soggest that stTOR-HDL trestsent

-~

5 stimulates i wive development of regulatory Ly-6C" macrophages that prevent T cell-
mediated ynnnme responses and thereby promotes prolonged allograft survival

To further investigate the general therapeutic applicability of mTOR-HDL, miTOR-

HDL nanotherapy desceibed here was applied to a folly allogeneic skin transplant model in

which rejection was mucroscopically 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 753% survival at day 30; the placebo group, on the other hand, had a 100%

rejection rate (P 0.013 (10.5 £ 2.9 days). Overall, these experiments and results show that

arTOR-HDL sanotherapy prevents DCemediated T eell stimalation, promotes Ly-6C™

et
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Mo/ME development and dramatically profongs allograft survival.

Figures 13A-B are graphs showing toxicity associated with Oral-Ra compared with
mTOR-HD treatment.  Recipient mice either received the mTORVHDL trestment regimen or
were given an Oral-Ra treatmient for which the dose was increased to achieve the same
therapeutic ovtcome {n=4, grey} or {n=4, black). mTOR-HDL has no significant effects on
20 blood wen nitvogen (BUN, shown in Fig. 134} or serum creatinive {shown in Fig. 13B), bwt
kidney toxicity parameters show statistical differences between Oral-Ra and mTOR-HDL,
while no differences between syngeneic and mTOR-HDL recipienis 30 days after infusion
were observed {ANOVA AP=0.05,%¥P<.01,

Histology sections from kidneys, stained by H&E, PAS and Masson Trichrome and

o2
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examined by a renal pathologist show no significant changes in the three compartments of
Kidney parenchyma (Figure 13A). There is normal appearing glomeruli, with no evidence of
glomeralosclerosis. The tbules show no significant atrophy or any evidence of epithelial cell

injury including vacuolization, loss of brush border or mitosis. Arferies and arteriofes show

no evidence of intimal fibrosis or arteriolar hyalinosis, respectively. Liver sections stained by
30 H&E, PAS and Masson Trichrome and examined by a liver pathologist demonstrate normal
acinar and lobular architecture. There 1s ne evidence of inflammation or fibrosis in the portal
tract and hepatic parenchyma. Hepatooytes 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 imtimal hyperplasia. Mouse aortic segments did
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not exhibit any histological alieration with no intimal thickening, and no signs of chronic
allograft vasculopathy (CAV).

DISCUSSION

Transplant patients are treated with inwnunosappressive drags 1o avoud organ

, .3 ) N . N X
5 rejection’™, Immunosuppressants target the adaptive immune system and have serious side

3

effects ", Current transplant immunology research seeks to develop novel tolerngenic

protocols using different experimental transplantation models. Combining basic immunology
with innovative nanomedicing 15 a promising new approach 1o eucourage inmune tolerance.
The ase of animal models plays an essentiad role in this research. Unfortunately, while some
1 experimental tolerogenic protocols can induce indefinite allograft survival in mice and

4
L)

primates ., thromboembolic complications have prevented these methods from beiag

iR

wanslated into climead treatmenty 7. Consequently, there is an ongoing need for alternative
approaches to immupe regolation, such as targeting the innake inunune system, (o prevent

ELAL36

transplant rejection

e
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In the cumrent study, the data demonstrate that conservatively-dosed HDL-
encapsulated rapamyein prolongs graft sarvival, This indicates that only encapsulated
rapamycin -« Le. not the free form - may be used (o induce impwmelogical tolerance, as
recently  deseribed T The data also mechaniztically show that mTOR-HDL decreases
leukovyies in the blood, spleen and allograft. Reduced leukoeyie adhesion and migration is

Ry .
. Mo

20 associated with better graft survival, in agreement with previous studies
specifically, significantly lower Mo/M@®@ and neutrophil counts accompioried by leas myeloid
cell infilration in allografis were observed. In contrast 1o the present mTOR-HDL
nanotherapy  approach which targets the myeloid compartment, 95% of absorbed oral

. . 4 . ) .
rapamycin binds 0 erythrocyies ™. Therefore, the present nanotherapy delivery strategy

it
s

presents an lnovative way fo dramatically increase the drug's bicavailability.

In associatdon with its capacity to decrease cellolar infiltration in the transplanted
organ, in vive mTOR-HDL adoupistration markedly redoces production of pro-inflammatory
molecules and diminishes the ability of DC 1o induce T cell proliferation. These resulis
accord with a previous report showing that DC conditioned in vitro with rapamycin reduce
30 pro-inflammatory mediators and prolong atlograft survival™, Additonall v, these data indicate
that mTOR-HDL nanotherapy further affects DC by inhibiting their stmudatory function,
thereby suggesting alloantigen-specific T cell activation can be therapeutically modulated.

The present data also demonstrate thet sTOR-HDL peatment reduces alloantigen
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presentation 10 D47 T cells. These immune regulatory effects are of pivotal importance

during fransplantation, in which antigen-presenting cells mediste the specific allorenctivity
aganst the transplanted organ ¥,

The present data Hlogirate that mTOR-HDL freatment mediates the acanmsdation of

5 suppressive macrophages that inhibit ovtotoxic T cell responses. In additon, L},-uﬁ(}i"’

sacrophages from HIM.-treated recipients expand Foap3™Treg in vitro and correlate with

intra-graft Foxp3 Treg accumulation in vive, Regulatory Ly-6C" macrophage accumalation

in the ransplanied organ appears to be critical to prelonged allograft survival as mediated by

TOR-HDL, since depleting Ly-6C" macrophages prevents tolerance induction despite

10 mTOR-HDL weatment. These results are consistent with stodies showing that Ly-6C"

macrophages inhibit eyiotoxic T cell proliferation. mediate Treg expansion and promoie

&

Q

transplantation tolerance’. The results demonstrate that HDL-based nanoparticles represent
novel a therapeutic approach to develop dvug delivery systems that target macvophages i

viven,

et
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Collectively, these data show that HDL nanoparticle techueology effectively delivers
immunesuppressive drugs o the innate immune system. mTOR-HDL prevents DO activation,
promicies the regulatory macrophage development and induces indefinite alograft survival,
The mTOR-HDL technology is an innovative, cffective, and a potentially trapslational
therapewtic approach that targets innate imnune cells to induce long-term allograft survival.
2y Clinjcal westing and implementation of an optimized GMP protocol will confum long-lerm
safety and efficacy, As mTDR-HDL combines existing FDA approved agests, s
development ~ or the development of HDL nanoparticles systems that release other FDA-
approved imoumosuppressive agents - way have an immediate path to ranslation.

MATERIALS AND METHODS

25 Nanoparticle synthesis
The present targeted approach delivers the drug rapamycin using a novel synthetic
hizgh-density Hpoprotein nanoparticle platform. mPOR-HDL nanoparticles were synthesized
using a mwodified lipid filor hydration method. Boefly, 2-dboyristoyl-sn-glyeero-3-
phosphatidylcholine (DMPC), Lmyristoyb-2-hydroxy-sn-glycero-phosphocholine (MHPC)
30 (both purchased from Avanti Polar Lipids} and rapamyvin {Selfeckchem} were dissolved in a
chioroform/methanol (1011 w/v) mixture at a 30805 weight ratio. After evaporating the
solvents, human APOAL in PBS was added to hydrate the lipid film, in a phospholipid to

APOGAL 301 weight ratio and feft to incubate for 20 miinutes in an ice-bath. The resulting
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mixture was homogenized using a probe sonicator tn an ive-hath for 13 minutes fo vield
mTOR-HDL nanoparticles. mTOR-HDL was washed and concentrated by centrifugsl
filtration using 10 kDa molecwlar weight cat-off (MWCO) filter tubes, Aggregates were
removed using centrifugation and f{iltration (0.22 pm). Oral mapamycin solution (Oral-Ra)

consisted of 4% ethanol, 3% PEG33D and 5% TWEENSO in PBS, while infravencus

N

rapamycin solution {Lv.-Ra} included 4% ethanol and 5% TWEENSG in PBS. The amimals
received oral doses or intravenous tail injections {for mTOR-HDL or L.v.-Ra) al 3 rapamycin
dose of 5 mg/kg oo the day of tansplaptation as well ax days ftwo and five
postiransplantation.

10 CHA0-HDL nanoparticles were synthesized according to s similar proceduwre as
described  above. DBMPC, MHPC and the TRAFG-inhibitor (2E)-1-phenyl-3-(2.5-
dimethylaniline)-2-propen-lonel were dissolved in a chloroform/methanol mixture (1001
wiviata 8.7:1:0.6 weight ratio, and then dried under vacuun to create a tun lipid 8l PBS

containing APOAT wias added to the lipid {ilm, in a phospholipid to APOAL 9.5:1 weight
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ratio, and leftf fo incubate on ice for 3 hours until the film was bydrated and a homogenous
solution was formed. The solution was then sonicated for 1 hour fo form CD40-HDL
nanoparticles. Subseguently, the solution was purified by muoltiple centnfugation and
filiration steps.

Mice

20 Female CSTBL/GT (B6 WT, H-2b), BALB/c (H-2d) mice were purchased from the
Taconic Laboratory, 8 week old CS7BL/GT (FoxplmiFlv/l) mice were purchased from The
Jackson Laboratory. The CSTBL/GI CD169™ mice were from Masato Tanaka (Kawaguochi,
Japan). CSTBLAT CD4” wwansgenic TEa mice that recognize a pephide representing residues

52 to 68 of the I-Eg chain (B peptide) bound to class I FA” molecules were from Alexander

o2
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Rudensky {New York, USA}). Animals were cnrolled at 8 to 10 weeks of age {body weight.
20-25 ) All experiments were performed with 8 to 12 week old female matched mice in
accordance with protocols approved by the Instifutonal Animal Care and Udlization
Committee.

Vascularized heart transplantation

30 BALB/c bearts were wansplapted as folly vascularized hetevotopic grafis into
CSTBLI6 mice as previously deseribed *. Hearts were transphanted into recipients’ peritoneal
cavities by establishing end-to-side anastomasis between the donor and recipient aortae and
end-to-side anastomosis between the donor pulmonary frunk and the recipient inferior vena

cavi. Cardiae alogratt survival was subsequently assessed through daily palpation. Rejection
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was defined as the complete cessation of cardiac contys

ction and wax confirmed by direct
visualization at laparotomy. Graft survival was compared among groups using Kaplan-Meier
survival analysis,
Micro-PET/CT imaging and biedistribution studies

3 Mice {n = 6; 3 with heart trapsplants and 3 with skin grafts) fweight: 188 £ L0 gh
were injected with M 2r-m TOR-HDL {017 + 001 mCi, ~0.25 mg APOAL) in 0.2 ml. PBS
sobution via their lateral tail vein, At 24 h, animals were anesthetived with woflurans (Baxter
Healthcare, Deerfield, 1L, USA¥oxygen gas mixiure (2% for induction, 1% for maintenance),
and a scan was then performed using an Inveon PET/CT scanner (Siemens Healtheare

10 Global, BEvlangen, Germany). Whole body PET static scans, recording & munimum of 30
million coincident eveats, were performed for 15 min. The encrgy and coincidence timing
windows were 3530-700 keV and 6 ns, respectively. The mmage data were normalized to
cotrect for PET response non-uniformity, dead-ime count losses, positron branching ratio

and physical decay 10 the time of mjection, but no attenuation, scatier or partial-volume

et
4

averaging correction was applied. The counting rates in the reconstructed images were
converted to activity concentrations (percentage injected dose [%ID] per gram of tissoe)
using & systern calibration factor derived from imaging # mouse-sized water-equivalent
phantom contaiming e, Immages were anabyzed using ASIPro VMTM sofiware {Concorde
Microsystems, Knoxvitle, TN, USA}Y. Whoele body standard low magnification CT scans were
2y performed with the Xeray tube setup at & voltage of 80 ¥V and current of 300 gA. The CT
scan was acguired using 120 rotational steps for a total of 220 degrees vielding an estimated
scan time of 120 s with an exposure of 145 my per frame. Immediately after the PET/CT
sean, animals were sacniliced aud tissues of interest ~kidoey, heart, liver, spleen, blood, bone,

skin, and mascle~ were collected, weighed and coumed on 3 Wizard2 2480 astomatic gasuna

o2
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counter (Perkin Elmer, Waltham, MA)} to determine radioactivity confent. The values were
decay-corrected and converted 1o percentage of injected dose per gram (%lD/g). To
determine vadioactivity distribution within the wansplanted hewmrts, the native and grafied
specisiens were placed in a {ilm cassetie against a phosphorimaging plate (BASMS-2325,
Fujifilm, Valhalla, NY} for 4 hours at -20 *C. The plate was read ot a pixel resolution of 25
30 wm with a Typhoon 7000IP plate reader (GE Healtheare, Pittsburgh, PA). The timages were

anadvred using Tmagel software,

Esolating graft-infiltrating leukocytes
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Mouse hearts were rvinsed in sif with HBSS with 1% heparin. Explanted hearts were
cul into snall pleces and digested for 40 minutes wt 37°C with 400 Ul collagenase IV
{Stgma-Aldeich), 10 mM HEPES {Cellgro} and (.01% DNase | (MP Biomedicals) in HBSS

(Cellgro). Digested sospensions swere passed through a nylon mesh and centrifoged, and the

N

cell pellet was re-suspended in complete HBSS, stained and analvzed by flow oyvtometry (BD
L3RI BD Biosciences).
Flow ¢ytometry and cell sorting

For myeloid cell staining. fluorochrome-copjugated mabs specific to mouse D45
{clone 30-Fi1), CDH1b {clone MI/70), CD e (vlone N4iR), F4/R0 {clone CL:AZ 1) Ly-dC
10 (clove HK1.4) and corresponding isotype coutrols were purchased from eBioscience. Ly-60
{clone TAK) mAD was purchased from Biolegend. F4/RO (clone UEAZ ) was purchased from
AbD Serotec. For T cell staining, antibodies against CD43 {clone 30-F11), CD3 {clone
2CHD O felone GRS, CDS (clone 53-6.7), CD23 (clone PCHL.5), CD4D (clone 1C10)

angd UD34 (clone YNI/7.4) were purchased from eBioscience. The absolte cell counting

et
4

was performed using countbright beads (Invitrogen). To detect antigen presentation, the Y-
Ae mAb was purchased from eBioscience. Flow cyviometric analysis was performed on LSR
H (BD Biosciences) and analyzed with FlowJo software (Tree Sgar, Inc.). Resulis are
expressed as pereentage of cells staining or cells counting (cells per millifiter) abowve
hackground. mAbs were tiered it regular intervals during the course of these studies o
2y ensure the use of sanwating concentrations. To purtfy grafi-infilivating myveloid cells, donor
heart single cell sospensions were sorted with an InFlux cell sorter (BD) to achieve »96%
puority at the Flow Cytometry Shared Resource Factlity at Teahin School of Medicine at Mount
Sinai.

Mixed lymphocyte reaction

o2
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Spleens of antigen-speeific TRa (H-2%) mice were gently dissociated into single-cell
suspensions, and red blood cells were removed asing hypotonic ACK lysis buffer
Splenocyies were labeled with CFSE cell proliferation muarker &t 3pM concentration
{molecular probes from Invitrogen) followed by staiping with ant-CD4d mAb for 38 minutes
on ice. Responder CFSE'CD4™ T cells were sorted using FACS Aria 1 sorter (BD
30 Biosciences) with a purity of >98%. Splepocyies from mTOR-HIDL- and placebo-treated
recipients were enriched for CD1 ™ cells using the EasySep Mouse CD1 e positive selection
Kit (StemCell). Eariched CD11e” splenocytes were stained with anti-mouse CD1le mAb for
30 mingtes on jce. CD1icT cells were sorted using FACS Aria 1 sorter (BD Biosciences) and

then ysed to stimdate responder CFSETCD4™ T cells. Cells were cultured for 4 days at 37°C
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moa 5% CO; incebator, and CESE™CD4" T cells profiferation was measured by flow
cytometric analysis of CFSE difution on CDT T cells.
1a vitro suppression assay
Spleens of CSTRLG (H-2") mice were gently dissociated into single-cell suspensions,
3 and red blood cells were removed wsing hypotonie ACK bvais baffer. Splenocyies were
fabeled with CFSE at 5uM concentration (molecular probes from Iovitrogen) followed by
staining with anti-CD8 mAb for 30 minutes on ice. Responder CFSE'CDE™ T cells were
sorted using FACS Aria I (BD Biosciences) with >98% purity. CFSE™CDE™ T cells were
psed together with ant-CDYCD2E microbeads as stimulators, Stimulated CFSE'CDS™ T
10 cells were cultured with graft-infilirating Ly-6C" macrophages, mTOR-HDL or placebo for
T2 hours at 37°C in oa 3% €Oy incubator. T eell proliferation was measured by flow
cvtometric analysis of CFSE dilution on CD8™ T cells.
Treg expansion assay

Spleens of CSTBLA-Foxp3tmiFIvI (H-2%) mice were gently dissociated into single-

et
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cell suspensions, and red blood cells were removed ssing hypotonic ACK lysis buffer.
Splenocytes were stained with ant-CD4 mAb for 30 minutes on ice. Responder CD4™ were
sorted using FACS Aria 11 (BD Biosciences) with a purity of >98%. D47 T cells were used
together with anti-CD3/CD28 microboads as stimulators. Stmulated CDEY T cells were
cultured with graft-infiltrating Ly-6C" macrophages, mTOR-HDL or placeho for 72 hours at
A 37°C in a 5% CO: incubator, Treg expansion was measured by flow cytometric analysis of
Foxp3-RFP on CD4™ T cells.
Microarray.

Graft infiltrating recipient Ly-6C"° macrophages were sorted from mTOR-HDL

treated and placebo rejecting recipients at day 6 after wransplantation. Cells were sonted twiee
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with a FACS Aria H sorter {BD Blosciences} to achieve »98% purity. Microarray analysis of
sorted cells was performed with a fotal of 6 Affymetrix Mouse Exon GeneChip 2.0 arvays
were mun in uiplicate with the samples of interest. Raw CEL file data from Affvmetrix
Expression Console were background corrected, normalized, and summarized osing RMAL
The swmmary expression scores were computed af the transeript meta-probeset level using
30 annotation files supplied by the manufactarer, Gene expression was filiered based on QR
(025 filler ysing gene filter package. The log? normadized and filtered data (adjusted P
<{1L0OS) was used for further anabysis. Gene signature comparisons were performed between
intra-graft Ly6C™ macrophages from mTOR-HDL and placebo ented recipients. GSEA was

performed using GSEA version 17 from Gene patiern version 3.9.6, Parameters used for the
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analysis Were as follows. Gene selx cZ.cp.biocarta. v3. Laymbels.gmt;
c2opkegevs lsymbols.gmt;  c2opreactomevi d symbols.gmt;  challvilsymbols.gn
{Opcogenic  Signatures),  ¢7.alleS Lsyvmbolspomt (ownunologic  signatures);  and
hadlvd, Lsymbols.gmt (Hallmarks) were ysed for renning GSEA and 1600 permutations
5 were used to caloulaie povalue and perowutation type was set to gene seb. Bach gene set was
nm separately, AH basic and advapced fields were set to defanlt. To select the significant
pathways from ecach gene set wesult, fdr govalue of 0.25 was set as cutoff. Only genes that
contributed 1o core earichment were considered.
{n vive macraphage depletion
10 To deplete CD16D-expressing E.y»ﬁff“’ macrophages, heterozygous CDI6O-DTR
recipients were injected bntraperitoneally with 10 ng/g body weight of DT (Sigma-Aldrich}
24, 48 and 72 hours after transplantiation ¥
Statistical analyses

Results are expressed as mean = SEM. Statistical comparisons between 2 groups were

et
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evaluated using the Mann Whitney tests, Kaplan-Meier survival graphs were performed, and
a log-rank comparison of the groops caleulsted £ values. A value of P <0.05 was considered
statistically significant. IBM SPSS statistics 22 were etilized for statistical analysis.

Near infrared fluorescence imaging

C57/B6 wild tvpe mice received a single intravenous injection of 5 mgikg mTOR-

20 HDL labeled with cither DiR dve or phosphate-buffered sadine (PBS). After 24 hours, the
mice were sacrificed and perfused with PBS. Liver, spleen, lung, kidoey, heart and muscle
tissues were collected for NIRF imaging. Fluorescent images were acquired with the VIS

200 system {Xenogen) with & 2 second exposure Gme using a 745 i excitation filier and a

828 nm emission filter. Both the average radiant cificiency within each tissue and the ratio to

&

it
s

control have been guantified.
Radiolabeling mTOR-HDL nanoparticles

MZr-mTOR-HDL was prepared sccording to previously described procedures [151.

Briefly, ready-to-label mTOR-HDL was obtained by adding 1 meol % of the phosphoiipid
chelator  1.2-Dhstearoyl-sn-glyeero-3-phosphocthanclamine- 1, 8-Digzaftuoren-9-one  (DSPE-

30 DFO) [44] at the expense of . 2-dimyristoyl-sa-glycero-3-phosphocholine (DMPC) in the
inifial formulation. Radiolabeling with #2e was achisved by reacting the DFO-bearing

nanoparticles with “Zr-oxalate in PBS (pH = 7.1) at 37 °C for 1 h. ¥Zr-mTOR-HDL was
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isolated by centrifugal filtration using 10 kDa molecular weight cut-off tubes. The

radiochenmtical vield was 73 £ 2 % {n =2}
Biodistribution of *Zr-mTOR-HDL

Inmnediately afier the PET/CT scan, mice were sacrificed and iissues of interest

4

{blood. heart. kidnevs, lungs, fiver, spleen, bone, skin, muscie and graf) harvested, blotted
and weighed before radionctivity counting on a Wizard2 2480 astomatic ganwna counter
(Perkin Hlmer, Waltham, M4, USA) The radicactivity content was then converted 1o
radinactivity concenfration and expressed as percertage of injected dose per gram of tswe

(GID/g).
i} Enzyme-linked immunosorbent assay (ELISA)

Blood was harvested at day 6 post-transplantation, and sera were purified vddng 1.1 wl
Z-Gel microtubes (Sarstedt) after incubation al room fomperature and a brief centrifugation.
TNF-g secretion in sera was assessed by EBELISA (eBlosciences) acvording to e

manufacturer protocol {n=4 in cach group). Allograft oytokine production was determined in

et
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supernatants using commercial ELISA kits for IL-6 and TNFa according to the manufacturer

guidelines (R&D systems).
Ultrasound imaging

Cardize allograft transplant rate (beats per minute, BPM) was monitored using a short
axis crosy sectional B-Mode image of the vansplanted heart, with M-mode carsor line

20 through its largest dimension and tracing of the left venticular wall,
Skin transplantation

Full-thickness trunk skin allografix were placed ax previoudy deseribed {42]. Skin
was harvested from BALB/C, cut into 0.5-cm pieces and placed in CSTBLYG recipients. The

skin allograft was placed in a slightly larger graft bed prepared over the chest of the recipient

o2
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and secared uxing Vaseling, gavze and a bandage. The grafts were visually scored daily for
evidence of rejection. Skin allograft rejection was monitored by digital sscroscope
photography and was considered fidly rejected when iU was >90% necrotic. Graft survival

was compared among groups using Kaplan-Meter survivad analysis,
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ENAMPLE 2
Targeted CD40-TRAF6 inhibition resolves macrophage accamulation in

atherosclerosis.

3 In atherosclerosis, macrophage accumulation iy divectly Hnked to destabilization and
mipture of plaque. caosing acute atherothrombotic events. Circalating monocytes enter the
plague and differentiate info wacrophages, where they are activated by CD4+ T lymphocytes
through CDA-CD40 Heand signaling. Here we show that interruption of this signaling
pathway in monocyies / macrophages exerts rapid amti-inflasunatory effects in an ApoR”

10 mouse model of atherosclerosis. For this purpose we developed an infusible reconstituted

high-density lipoprotein nanoparticle carrying a small molecule inhibitor of the interacion of

CH40 and wwmor necrosis facior receptor-associated  factor 6. We show  monocvie/

macraphage specific targeting of our nanoimmanotherapy, which impairs their migratory

capacity. Rapid reduction of plague intlannmation by this therapy represents a novel strategy

s
]

in the treatment of atherosclerosis, with high potential for clinical translation, as illustrated by
the favorable toxicity profile in pon-luaman primates.

The recraitment of circulating monocyies that differentiaie into macrophages is i key
contributing process in aggravating atherosclerotic plague inflavvnation [1]. This dynamic
macrophage accumulaton in plague s directly Hoked to the development of atherothrombotic
20 evests {1}

As early as in the 1990s it was recognized that the activation of plague wacrophages
by CDd+ T-lymphoeeytes vig CDE0-CDAG Hgand (CD40-CD40OLY signaling plays @ contral
role in abetting plague inflammation {2]. Genetic disruption of CD40L. 1o apolipoprotein &
knockout {Apoe™) mice drastieally decreases atherosclerotic lesion development and

25 dimnishes plague T-lvmphocyte and macrophage content {3]. Trestment of low density
lipoprotein receptor knockout (LDLr) mice and Apoe” with an asti-mouse CDH0L antibody
hagd similar atheroprotective effects {4-6], Further studies revealed that tumor secrosis factor
receptor-associated factor & (TRAF6G) is of specific importance in propelling CD4AQs
signaling cascade inside macrophages [7]. TRAFs are adaptor proteins that can bind the

30 evtoplasmic domain of CD40 and couple the receptor complex o several different sdgnal

transduction pathways [8] In fact, deficiency of CDE0-TRAFG interactions in myeloid cells
has been shown to decrease monocyie recruitment to plagaes and abolish atherosclerotic

plague formation in Apoe”™ mice {71
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Although the CD40-TRAFG interaction provides a promising therapeuotic target. major
limitations are associated with s inhibition. In addition to CD40-TRAFG interaction’s role in
mycloid cells, it partly controls the maturation of B-hvmphocytes and generation of fong-fived

plasma cells [81 Therefore, loag-term ihibition of the CD40-TRAFS interaction will likely

N

caase  tmmune  deficiencies, rwendering i an  unfeasible  therapeatic  approach  fiw
atherosclerosis.

To address thix issue we developed a targeted immunotherapy with the ability 1o
black the CDAI-TRAFG interaction specifically in monocyies/macrophages. For this purpose,
we incorporated a recently developed small molecale inhibitor of the CDE0-TRAFS
10 interaction in reconstituted high density lipoprotein (TRAFS-HIDL) (1), 1] We show in an
é&pitti;‘.""' mouse model of atherosclerosis that TRAF6I-HDL, fargets monocytes/macrophages,
while lymiphocytes do not fake up nanopariicles. Affer a single week of TRAFG-HDL
immunotherapy a rapid decrease in plaque inflammmation and decreased monocyle recruiiment

was observed, In line with these findings, whole transeriptome analyvsis indicated that cell

i3 migration was among the affected cellular processes. Fipally, to assess s translational
potental, we evaluated TRAFG-HDL s pharmacokinetics, biodistribution and safety in non-
human primates {(NHPs),

RESULTS
TRAFG6i-HDL charvacteristics.

20 The aim of the study was to decrease plaque inflammation by specifically inhibiting
the CD4G-TRAFG interaciion in monoc vies/macrophages via targeted nanoimmanotherapy
{TRAFGI-HDL). The TRAFSI-HDL nanoparticle was constructed from human apolipoprotein
A-1 {apoA-ly, and the phospholipids  T-myristoyl-2-hydroxy-sn-glyveero-phosphocholine
(MHPC) and 1.2- dimyristovisa-glyveero-3-phosphatidylcholine (DMPC), in which a

2% lipophilic small molecule inhibitor of CDIB-TRAFG interaction (SMI 6877002) was

encapsulated {8, 1], Becmuse apoA-l can have modelatovy  effects by uself, the
nanoimormotherapy was designed with a low apoA-T to drug ratio. The resudtng TRAFGI-
HDL nanoparticle, schematically shown in Fig. 14A, measured 22.6 +/- 12 am in diameter
{FDI= 0.3), as determined by dynantic lght-scatiering and transmission electron microscopy
30 (TEM) TRAFG-HDL vanants, incorporating flaorescent dyes (D10 or IR or Zirconiune-89
(®Zr) radiolabeled phospholipids, were synthesized to allow detection by fluorescence

technigues, positron emission womography (PET), gamma counting and swtoradiography.

Schematic Overview
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A schematic overview of the study design 1s shown in Fig. 14B. The first part of the
study was performed in mice with atherosclerosis {Apoe™ mice on a high cholesterol diet). In
these nuce, we st studied TRAF6-HDL s toxicity, pharmacokinetics, biodistribution, and
atherosclerotic plague monocyvie/macrophage targeting efficiency. Sabsequently, we assessed

3 plague regression efficacy of a one-week TRAFSI-HDL regimen involving four intravenous
infusions, Next, we investigated the mechanism by which TRAF6I-HDL affects plague
monecyies f macrophages using whole trunseriptome analysis. The second part of the study
focused on the transiatability of TRAFG-HDL nanoimaunotherapy. For this purpose we
mvestigated TRAFHI-HDL s toxicity and pharmacokinetics, while in vive positron emission

10 tomography with magneuc resonance (PET/MRID was performied o longitudinally study

bodisteibution ard vessel wall targeting in non-human primates.
Toxicity, pharmacokinetics, and biodistribution studies in Apoe-/~ mice,
One week TRAF6-HDL weatment bad no effect on erythrocytes, platelets or

.

feucoeyte levels (Fig, 2. The number of reticulocyiles and Iymphocoyies was somewhal
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increased when compared to placebo. The numbers of T cells and B cells in bone marrow
blood and spleen were not affected by TRAFG-HDL therapy. No toxic effects were observed
on kidaey and hepatic function, adthough alkaline phosphatase was somewhat increased (Fig,
21). Lipids, glocose. protein and electrofyvtes were unaffected.

To investigate its pharmacokinetics and biodistribution, Apoe” mice received a single
20 jafusion of PZrradiolabeled TRAFG-HDL. Blood radicacti vity clearance of "2 TRARGi-
HDL was measured over 24 hours and data were fited using a two-phase decay non-linear
regression. The weighted blood half-life (t42) wax finally caloulued to be 1244 min based op
a ta-fast of 13.7 min and a B%-slow of 195 min (Fig. 14C). Biodistribution was evaluated by

ta vive PET/CT imaging (Fig, 4O} and validated by ex vive gamma counting, the latter

o2
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expressed as a percentage of injected dose per zram tissue (%ID/g; Fig. 14D). As expected,
PET/CT imaging showed that TRAFG-HDL prupandy accuonidated i the hiver, spleen and
kidney, organs known o take up and metabolize HDL. Gamma counting data confirmed
these resulis, showing panoparticle uptake of 12,8 %ID/z in the liver, 89 %y in the
spleen, and 7.9 %1Mg in the kidneys. In comparison, the heart, a similar sized organ, only
30 contained 1.1 %lDVg (Fig. D). Ex vive near infrared Huorescence (NIRF) imaging, 24
hours after infusion, corroborated the PET/CT and gamma counting obseryvations, showing
that TRAFOI-HDL sceumulates mostly in the liver, splecn and kidneys .

Flow cylometry analysis revealed that Ly6Chi monocytes and macrophages in blood,

bone marrow, and spleen took gop DO labeled TRATFGL-HDL, Neutrophils, Ly6Clo
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monocytes and dendritic cels also took up DIO-TRAFG-HDL, while lincage positive CDE1b
pegative cells (all non-myeloid cells) did not (Fig. G, indicative of myeloid cell
specilicity.

TRAF6G-HDL accumulation in atherosclerotic lesions,

N

Ex vivo gamma counting of whole the aortas showed that 1.3% /g of 897r-TRAF61-
HDL had accwmelated 24 hows alter infusion (Fig 14D). Looking specifically at TRAF6I-
HDL nanoparticle distribution throaghout the aorty, the uptake wias highest in the sortic sinus
ared, which i3 the preferential site of plaque development in this mouse model. While only
accounting or 6.4% of the wtal area, the aortic sinus area generated approximately 29%: of the
10 signal, corresponding to 5.9 %IHMg (Fig 1d), NIRF oraging showed similar prefevential
accunntation of DiR-labeled TRAFAI-HDL in the amtic snus area {Fig. 14E) Cell
specificity of DO labeled TRAFGI-HDL aptake in aortic plagoe was assessed by flow
cytometry. We found that 86% of mucrophages and 819% of Ly6Chi monocyies had taken up

DiQ-TRAF6I-HDL, while lineage posttive cells {all non-mveloid cells) had taken up vintually
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none {(Fig. 14F). Furthermore, the majority of neutrophils (649} and dendritic cells (619} in
the sortic plaque were found fo contain labeled nanoparticles (Fig. 14G). These results mirror
our findings in blood, hone marrow and spleen, showing that cells of the myelod lineage, and
in particular the Ly0Chi monocyte subset and macrophages. are preferentially targeted by
TRAFO-HDL nanopurticles.
20 In vivo effects of TRAF6I-HDL on plague inflammation.

To assess the therapeutic efficacy of TRAF6I-HDL, we used 20 week old Apoe™
mice that had been o # highcholesterol diet for 12 weeks in order to develop atherosclerotic
lesions, While all mice remained on @ high-cholesterol dhet, they vecetved four intravenous

infusions of placebo, control HDL nanoparticles without payvload, or TRAFG-HDL over a

o2
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period of 7 days. The CD40-TRAF6 inhibitor dose administered per infusion was 5 mgikg,
To limit o dominant therapeutic effect of apoA-l itself. we used a low apoA-] dose of §
mglke. All onice were sacrificed 24 howrs after the final infusion,

For the first experiment we performed quantitative histologic analysis of plagques i
the aortic sinus area in mice reated with placeba, HDL or TRAFSI-HDL {n=1{} per group).
30 Cross-sections were stained with Hematoxylin and Bosin (H&E) and Sinus Red {collagen),
and immunostained for Macd (macrophages) and Ki67 (proliferating cells). No significant
difference in plague size or collagen content was observed across the groups (Fig. 154A). The
percentage of Mae3d positive area was however markedly decreased by 36% {p=0.001) and

37% (p<0.001) ay compared to the placebo and HDL groups, respectively (Fig, 15B). As a
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vesult, also the Mac3 {o collagen ratio in the plague was favorably affected towards a more
stable plaque phenotype in the TRAFGI-HDL group, as the ratio was decreased by 31%
{(p<0.001y and 36% (p=0.004) compared o the placebo and HDL groups (Fig. 13B). The
munher of proliferating macrophages was similar in @l groups (Fig 1534), indicating that the
3 observed decrease in plague macrophages was not caused by a decrease in local prodiferation
of macrophages. Previous studies showed that in addition to monocyte recruiiment, local
macraphage profiferation playvs a pivetal role i fueling plague nflammation {121
Subsequently, we performed uorescence molecular tomography  fused  with
computed tomography (FMT/CTY imaging to visaalize profease sctivity in the aortic sinus
10 area. Placebo (0=8) and TRAFG6-HDL (0=7) treated Apme"’" mice all received one injection of
ap activatable pan-cathepsin protease sensor 24 hours before imaging. The protease sensor is
taken up by activated macrophages, followed by cleavage of the protease sensor within the
endolysosome, vielding fluorescence as a function of enzyme activity, TRAFGI-HDL thevapy
decreased protease activity by 60% (p=0.002, Fig. 16A). Next, we focused on quantification

of aorta macrophage content by flow cytometry of whole sortas. Again, 20 week old Apoe™
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on a high cholesterol diet were treated with either placebo (n=27), HDL. (n=27} ov TRAFG:-
HDL (n=27). Aotta macrophage content decreased markedly in the TRAFSI-HDL treated
zroup, by 66% and 67% {p<0.001 for both comparisons), as compared to the placebo and
HDL groups (Fig. 168} These resoalis corroborate the observations made by histologic

20 amalvsis and FMT-CT. Furthermore, in the TRAF6-HDL treated group aovta T lvmphocyte
content wits decreased by 653% and 49% when compared to placebo and HDL respectively.
Altogether these data indicate a potent ant-inflammatory  effect of TRAFG-HDL in
atherosclerotic plagues after only 4 single week of thevapy.

Since we had already observed that the number of proliferating Ki67+ macrophages

o2
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was not affected by therapy, we hypothesized that the decrease in plague macrophages
content and inflammadon ought be cawsed by decreased monocyle recraitment instead
{13.14]. To further investigate this, we first quantified aortic Ly6C™ monocytes in the same
flow-cytometry experimeni ax the one in which we measured macrophage contept. We
observed that the decrease in macrophages was paralieled by o 49% and 32% (p<0.001 for
30 both comparisons) decrease in Ly6C™ monocyies in the aovta, as compared to the placebo and
HDL groups respectively (Fig. 16B). Interestingly, the reduction in aortic Ly6C™ menocyte
content could pot be explained by a systemie decrease in Ly(&C“‘i monocytes (Fig 160
Secondly, we performed an experiment in which the thymidine analogue 5- bromo-2'-

deoxyvuridine (Brdll) was injected intraperitoneally 2 howrs privr to sacrificing the miee.
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Brdl incorporates into newly synthesized DNA, and therefore can be used as a marker for
proliferation. Fig. 16D shows that the percentage of plague macrophages that had
incorporated BrdU was pot decreased by TRAFGI-HDL therapy. This resalt is in line with the
histology observation on Ki67? expression. In an in vitro experiment with RAW 2647 cell
3 hine of murine macrophages, characterized by a high proliferstion rate {15], incubation with
the CD4O-TRAFG inhibiting compouand or TRAF6I-HDL did pot affect the proliferation rate
{Fig. 16E).
Taken together, these daia indicate that plague macrophage content as well as
protease activity was decreased by TRAFO-HDL therapy. The mechanism of action by
10 which TRAFOI-HDL. deereases plague inflamsnation is likely mediated through the abstement
of wmonocyie recruitment, while local macrophage proliferation is ot affected
Comparative whole transcriptome analysis of plague monocytes/macreophages.
In order 1o gain insight into the effects of TRAFG-HIDL on gene expression of plaque

monecyies/macrophages, we isolated CDES positive cells from aortic sinus plagques by laser
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capture microdissection of mice either treated with placebo or TRAFG-HDL. Whole RNA of
these cells was isolated for sequencing.

We identified genes that were differentially expressed (DE) between placebo and
TRAFGHHDL treated mice. Correction for multiple esting was performed with a false
discovery rate {FDR) < .2 (Fig. 17A) A total of 416 DE genes were identified, of which 209
2y genes were downeregalated and 207 up-regulated (Fig. 178). Gene ontology (GO)-fimction
was used 10 annotate the DE genes, and o find cellulr components that significantly
enriched with DE genes (Fig. 17C) i the 15 enriched GO terms that significantly enriched
with DE genes, “Tocal adhesion” is of most interest. Other enriched GO teros, such as “eell-

subsirate adberent junction”, “cell-substrate junction”™, “adherence junction”, and “anchoring

o2
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junction” are closely related to “focal adhesion”™ and the gepes in these GO terms overlapped
to a high degree (Fig. 22). Focal adhesion is a dynamic process in which protein complexes
connect o the exvacellular matrix, and plays a central role v mwovocyte / macrophage
pugration {16]. In a subscgquent analyss, the same 416 DE genes were mapped with the
Kyoto Encvelopedia of Genes and Genomes (KEGG) pathway tool, by which we identified
30 two significantly altered pathways, pamely “focal adhesion”™ and “endocytosis” {(Fig. 178,
Fig, 23},

The most significant DE genes, all with FDR < 0.03 (Fig. 17D, Fig. 24) were Adey3,
Lgals3bp, Pitp and Stabl (up-regolated) and Impadl, Sept, Sleda7 and Spes? (down-

regulated).  Among  these  gones, macrophage derived PLTP is known  to exert
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antiatherosclerotic effects {171 and Stabl (encodes for Stabilin-1) hax functions in
Iymphooyte homing and cell adhesion and is associated with an atheroprofective macrophage
phenotype [18, 19] Sept2 (encoding for Septin2) is known to be abundantly expressed in
macrophages and is required for phagosome formation [20]. Together, the transoriptome data
3 analvses indicate that wwong various affected processes, focal adbesion is sipnificantly
affected by TRAFGI-HDL therapy. The fact that focal adbesion, a process involved in cell
argration, s importntly affected & cosasistent with owr aforementioped observation of
decreased L}\ﬂ(iC‘i"'i' monocyte recruitnent in TRAFAGE-HDL treated mice. We did not observe
an effect on gene expression related o macrophage proliferation, apoptosis or migratory
10 egress (Fig, 25)
TRAF6I-HDL foxicity, pharmacokinetics, and biodistribution studies in non-human
primates,
In order to assess the tanslatability of TRAF6-HDL therapy. we peiformed

comprehensive blood testing, histological analvsis, and advanced phismacokinetics and

i35 bindistribotion studies in TRAFGi-HDL treated pon-human primates (NHP). Six NHPs were
used for complete haematological apalyses and post mortem histological analysis and another
six for blodistribution imaging (PET/MRI} and bleod chemistry analysis. The NHPsy were
injecied with either placebo or a single dose of TRAFG-HDL (1.23 mg/kg) and either
sacrificed after 72 hours or imaged st multiple time points and then sacrificed.

20 Complete blood count data from 7 tme points within 72 hours alter injection showed
no differences between placebo amd TRAP61-HDL treated anmimals i white blood cells,
monocytes, neutrophils, ymphocytes, red hlood cells, platelets or any of the other indices.
{(Fig. 18A) Additionally, blood chemistry analysis showed no signs of hepate, venal,
pancreatic or muscle cell toxictty in the TRAFG-HDL weated group as compared to the

23 placeho growp {Fig. 18B). Furthermore, lipid, glucose, and protein {atbumin and globudin)

levels were equal in both groups (Fig. 18B), Blectrolytes were also unaffected. Specimens
from liver, Kidoeys and spleen were sectioned and stained {H&E) for bistology and evaluated
by a pathologist. No signs of tissue damage or disturbances in tissue architecture were found
{Fig. 18,

30 To assess biodistribution, six NHPs were sabjected to full body PET/MR imaging afier
intravenous administration of 897r-labeled TRAFGI-HDL., The animaly were dymanvcally
imaged over the course of the first hour post administration, while subsequent static scans
were performed at 1, 34, 48 and 72 hours. Dynanue PET wnaging showed vapid radioactivity

accumulation i the hver, spleen and kidneys, followed by a significant uptake in the bone
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aragrow (Fig, 19A). One hour post injection, PET images were dominated by the strong
signal from the kidneys, followed by the liver and spleen at the 1 hour thime point (Fig. 194).
At 24, 48 and 72 howrs, radicactivity accumulated mostly in the biver and spleen (Fig. 198}
After sacrificing the antmals at the 72 hour time point, tissue ganune countding showed that
3 the hurgest amount of the injected dose {(56HYeY could be traced back to the liver and spleen,
followed by the kidneys, which comroborates the findings of the PETMRIY imaging (Fig.
19C). Blood was collected at different time points and the daty were fitted ssing a two-phase
decay non-linear regression. The the-fast was 14.2 min and the f-slow was 313 min,
resodting in a weighted blood half-life (8%) of 272 min (Fig. 19D,
i Discossion
In the current study we describe the developmest of an HDL based
nanotmmunotherapy  twrgeted  against  the CD40-TRAFS  interaction  in  monocyies/
macrophages. O data show that TRAF6I-HDL accumulates in atherosclerotic lesions, and

has o strong aftinity for monocyies/macrophages. A single week of therapy rapidly reduces
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plague macrophage content, which can in part be atiributed fo the inhibition of monoeyte
recvuitment. The fact that TRAFGI-HDL. proved to be safe in non-buman prismates iltustrates
the translational potential of this therapy,

The CDA0-CDAGL. signaling axis has loag been recognized to play an imperative role
in eliciting immune responses in atherosclerosis [2-31 While ity identification gave rise to
2y high anticipation, therapeutic targetng of this costimulatovy receptor-figand pair proved
cumbersome. An  anti-CD4OL  antibody  was  effective in diminishing  atheroselerosis
development in mice {3-3}, but thromboembolic complications due to CD48 expressed on
platelets prohibited Hs application in bumans {21, 22} Furthermore, D40 is expressed on B

iymphocytes, and  prolonged  blocking  would  mmpair  thetr  maturation  causing
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munodeficiency {91 In the current study, we addressed these issues by targeting TRAFS s
intevaction with the cvtoplasmic domain of CD4G specifically in monocytes/macrophages.
This was accomphished by using HDL as a nanoparticle carvier loaded with a small molecule
inhibitor of CD4G-TRAFG interaction. These data show that our HIDL based nanoparticies
exposed over 80% of monocvies and macrophages to s carge, while lymphocyies did not
30 take up any nanoparticies.
In addition to restricting the delivery of CD40-TRAFS inhibitr to the
monocvte/macrophage population, we also aimed 0 minimize SYSEMIC IMTMIDOSUPPIOSSIVE
effects by using short duration of thevapy of only a single week. Previous therapentic studies

targeting the CD40-CD40L signaling axis used profonged treatment times [3-3], The fact that
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we found a 49% and 60% decrease in plagque Ly6Cht monocyie and macrophage conlent
within one week indicates the high potency of TRAFOI-HDL therapy. Of note, we proved the
contribution of apoA-1 o the therapeutic effect of TRAFG-HIIL to be minor. We used 4
tnfusions of 9myg'kg apoA-L which i relatively low compared to previously published

3 studies {24, and we found no effects of empty HDL on plague monocyte/macrophage
content compared tw placebo.

The mechanism by which TRAF61-HDL deereased plaque inflammation on such a
short timescale can in part be explained by decreased monocyie recruitment. In general
plague macrophage content is determined by a balance of monocyte recruitment as well ag

10 muacrophage proliferation, apoplosis and migratory egress. The first two processes are
considered the most important determinants [23-28]. Our data did oot reveal an effect on
macrophage proliferation, apoplosis or migratory egress, while we did observe a decrease in

plague Ly6Chi monocyte content, suggestive of decreased mwonocyte recruitment. Moreover,

we did not find a decrease in blood monoovies that could account for the decreased number

et
4

of monocytes in the plague. Previous studies showed high kinetics of monneytes {13, 14, 26-
281, and decreased recruitment was shown o cause over 70% reduction in plague
macrophage content within 4 weeks {26] Vice versa, a sudden increase in monocyle
recruitiment.  duced by myeocardial infarction, cauwsed & marked increase in plague
macrophage content within 1-3 weeks [27]. These observations are in line with our findings
2y of decreased monocyle recruitment causing a 60% decrease of plague macrophage content
within one week.

Cur transcriptonie analysis data suppoit that monocyte recruitment is affected. The
analyses did not show a clear role for chemokine receptors or ligands. However, the

GOtunction analysis showed that “focal adhesion”™, a pivotal process in cell migration, was
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significantly enriched with DY genes. The KEGG pathway analysis alsoe showed enrichment
for “focal adbesion™, Genes in the “focal adhesion” pathway of specific interest are Rhoa,
Rapib and Raplb, which play a central role in the vegulation of monocyte migration by
activating integring (18] They were all sdgnificanty down regulated. Thix is in line with
previous observaiions in a knockout mouse model with defective CD40-TRAFG signaling, in
30 which luminal adhesion of circulating monocyles (o carotd arteries was tnpaired in vivo as
assessed by itravital microscopy |71 Also, the migrstory capacity of macrophages was
markedly affected |71

The effects of TRAF6i-HDL are not Hmited to “focal adbesion™, as auested by

various other gene expressions that were shown 1o be affected. Together, the present daa
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imdicate that  TRAFOI-HDL  affects  various  biological  processes  in plagque
monocyies/macrophages, inclading impairment of monocyte/macrophage migration. The
extensive experiments on pharmacokinetics, biodistribution and safety v non-hapay
primates {(NHPs) illustrate the translatability of this treatment, The use of reconstitated HDL
3 has previousty proved to be safe in humans with apoA-T doses of $0mg/ke [24]. Since we
used Gmghky apoA-l this poses no safety issues, The small molecude inhibitor of CD40-
TRAFS interaction that was recently developed, has not been evaluated in humans to date.
Biodistribation of *2r labeled TRAF6-HDL was simifar to previous observations with “r
labeled HDL in murine, rabbit, and porcine atherosclerosis models {291 We observed the
10 highest accwmulation in the Bver, spleen and kidnevs. The Bver and kidveys are the main

Hes o

haate]

o

apoA-1 and HDL catabolism, and the spleen is the major secondary ymphoid organ
containing many myeloid cells that clear the nanoparticles from the circulation. There were
no signs of wyic effects in the Hver, kidoey or spleen and all tissues showed normal tissue

architecture on histological analvsis. Farsthermore, complete blood count did not show any
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effects on the numbers of platelets, lymphoryies, monorytes, neutrophils or red blood cells.
Saflety data was assessed ap until 72 post administration. Loag feom safety was not assessed
i the current study,

Currently there are no specific therapies available that address plaque inflammation,
although chronic therapy with an anti-interleukin- 1§ antibody and low dose metholrexate is
A currently being imvestigated o large Phase HI climical fmals {30-32]. The challenge with
fmmuynosuppression in a chronic disease such as atherosclerosis iy balancing the risk against
the benefit. In contrast o the aforementioned strategy of chronic immunosappression, we
conceive that a short erm inducton nanotherapy with immaone modulating properties can be

used o rapidly suppress plague inflammation i patients at high risk of cardiovascular events,
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While targeted delivery enhances the local efficacy of the drug, its short term application
mininyzes the risks associated with prolonged inwnunosuppression. Patients admitted for an
gcute coronary syndrome may be apn appropriste population for sach indaction therapy of
iflammation since they have a markedly increased risk of recurrent pyvocardial infarction of
up to 17.4% within the first year [33]. Recent studies have proposed that it is the iiial
30 myocardial infarction iself that evokes mowvocyte vecvuitment to atherosclerotic plagues
causing them to become inflamed and volnerable for plague rupwure [27] In this
pathophysiological context, our concept of rapid suppression of monocyle recruitment in the
sulnerable phase s expected o be relevant. This study provides an innovaitve therapeute

approach of i rapid induction therapy 0 treal inflammation in atherosclerosis, by targeting
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CD4G-TRAFG  signaling  in monocvies/macrophages. The  infusible  TRAFG-HDL
nanoinununotherapy has promising potenital for translation as attested by the favorable safety
data in pon-hesman prioates.

In view of these results, it is expected that the TRAFOI-HDL nanoparticles will also

N

be useful in conditions associated with or related to obesity and insulin resistance. Such
conditions and complications include: insehin resistance, type 2 disbetes wellitus and
cardiovasoular disease, It is expected that blocking the CD4G-TRAF pathway will fead 1o a
lack of insulin resstance and a reduction in both adipose tissue (AT} mflammation and
hepatosteatosis in digt-induced obesity, and similar conditions. 1 will farther be expected that
10 the TRAF6-HDL nunoparticles of the present invention will be able 1o protect against AT
inflanymation and metabolic complications associated with obesity. Thus, administering the
TRAFOHHDL nanoparticles, alone or in combination with other standard of care treatments,
may improve patient outcomes and prevest or reverse damage associated with these
conditions,
{5 Methods
Syathexis of rHDL based nanoparticles.
The syathesis of TRAF6I-HDL was based on a previously published method {34, 23},
In short, the CDAG-TRAFG inhibitor 6877002 {10} was combined with l-myristoyl-2-
hydroxysa-glycero-phosphocholine  (MHPCY  and 1, Z-dimyestovl-sn-glycero-3-
2y phosphatidyicholine (DMPC) (Avanti Polar Lipids) in a chloroformAnethanol mixwre (911 by
volume) and then dried in a vacoum, yielding a thin lipid {fhm. A PBS solution of human
apolipoprotein Al {apoA-Iy was added to the lipid filn. The mixture was incubated on ice for
{ hour or until the film was hydeated and a homogenous sohition was formed. The solution

was then soniemied for 20 minutes to form TRAF6-HDL masoparticles. Subsequently, the

23 solution was purified by maultiple centrifugal filtration steps. For targeting, imaging and
biodistribation experiments, analogs of TRAF6I-HDL were prepaved thwough incorporation
of the fluorescent dyes IR or DO {Invitrogen). or the phospholipid chelator DSPE-DFO (1
mol % at the expense of DMPC), which allows radiolabeling with Moy F351
Animals and diet for the mouse studies,

30 Female Apoe™ mice (B6.120P2-Apoe™ ™, n=103) were used for this study, All

antmal care and procedures were based on an approved institutionad protocel from leahn
School of Medicine at Mount Sinai. Eight-week-old Apoe™ mice were purchased from The

Jackson Labovatory. Al mice were fed a high-cholesterol diet (HCD) (0.2% weight
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cholesternd; 13.29% keal protein, 42.7% keal carbohydrate, 42.0% keal far; Harlan TD. 88137
for 12 weeks.
The weatment protocol in each experiment was wdendeal: twenty-week-old Apoe™

mice were randomly assigned to either placebo (saline). emply rHDL or TRAF6I-HDL

N

(Smgfkg} groups. Mice were treated with 4 intravenous injections over 7 days, while kept on
a HOD during treatment. Antmals weve sacrificed 24 hours after the last injection.
Flow cytometry.

Apoe™ mice were cuthanized and perfused with PBS, after which the aorta from the
aortic root to the iliac bifurcation was gently cleaned from fat and collected. Whele aortas
10 were put in an enzymatic digestion solation containing liberase TH (4 U/ml) (Roche),

deoxyribonuelease (DNase) T {40 UWml) (Sigma-Aldrich) and hyaluronidase (60 U/l
(Sigma-Aldrich}, minced and placed in a 37°C incubator for 60 min. Cells were run through a
70w strainer, and twice spum down and vesuspended in serum containing media. Spleens

were weighed and pushed through a 70 um cellstrainer, spun down, resespended in red cell

i35 lvsis buffer for 4 minutes. and then inactivated psing serum containing media, spun down and
resuspended in 1000 gl senom containing medin per 100 mg of spleen tissue, EDTA treated
hlood was spun down, resuspended in red cell lysis butter for 4 minues, and then inactivated
using serum containing media, spur down and resuspended in 100 ul of serum containing
media. Bone marrow was obtained from & single femur. The intact femurs were rinsed with
A % ethavol followed by three subsequent washes in ice-cold sterile PBS. The epiphyses
were cut off and the bone maerow was flushed oat with PBS, Cells were run through a 70 yum
strainer, span down and resuspended i red cell fvsis buffer for 30 seconds, and then
inactivated using serom containing media, spun down and resuspended in 1000 pl, of serum
containing media, The following antibodies were used: PASQ-PE-Cy7 (clone BMS,
23 Biolegeady CD11b-PerCPACYES {clone MUTY, Biolegend), UDB11c-APC {clone N41E,

BioLegend), CD45-brilliant violet 310 (clone 30-F11, BioLegend): Ly-6C-PR (Clone AL-21,
BD Bioscieneces); LybCFITC (clone AL-21), BI? Biosciences) CDO0.2-eFluor 450 (clone
33-2.1, eBloscience); CDY0.2-PE {cloae 33-2.1, BD Biosciences); Tert19-eFluor 430 (clone
TER-119, eBioscience); NK1.1-eFluor 450 (clone PKI36, eBiosciencey; NKHI-PE (clone
30 PKI36, BD Blosciences); CD4Bb-eFtuor 450 (clone DX3, eBioscience); CDESR-eFloords0
{elome RAJ-6B2, eBioscience); Ly-6G-Pacific Blue {clone 1AK, Biolegend); Ly-6G-PE
(clone 1AR, B Biosciences): CD3-PE {clone 17A2; Biolegend); CDHB-PE {clone 1D3, BD

Bioscience).
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The antibody dilutions ranged from 1:200 to 11100, Contribution of newly made cells
o different populations was determined by in vivo labeling with bromodeoxyuridine (Brdl).
Incorporation was measured using APC-conjugated anti-BrdU antibodies according to the
manufacturer’s protocel (BD APC-BrdU Kit, 352598). Monooyvies and macrophages were
5 jdentified using a method similar to one deseribed previousty [28]. Specifically, LyoC
monocytes were identified as CDTIBY, CDE, Lin™™ {with Lin defined as CDY0.2+,
CD45R+, CD489b+, NK1 b+, Ly-6G+, Tert 19+ or €D90.2+, NK1 1+, Ly-6G+, CDi94,
CH3+) F4/80™ that were also Ly-6C", Macrophages were identified as CDIBY, CD11M,
Lin™, F4/80%, CD1E™Y. Data were acquired on an LSRIT flow cytometer (BD Biosciences)
10 and analyzed with Flowlo ¢ 10407 (Tree Star, Inc. )
Histology and immunchistochemistry.
Tissues for histologival analysis were collected and fixed overnight in formalin and
embedded in pavaffin. Aortic rools were sectioned into 4 pm slices, generating a total of 90 -

100 crosssections per root. Bight crosswsections were stamed with hematonvlin and eosin

et
4

{HE) and used for atherosclerotic plague size measurement. Other seciors were
deparaffinized. blocked, incubated in 93°C anfigen-retrieval solwtion (DAKQ), and
tmmunolabeled with either MAC-3 rat monocional astibody (1:30; BD Biosciences) or anti-
Ki67 rabbit polycional antibody {1:200, Abcam). Sivius red staining was used for apalysis of
collagen content. Antibody  staining was  vissalized by either Tounpact AMEBEC red
20 {Vectorlaby) or diamincbenzidine (DAR). Sections were analyzed using a Leica DM6000
sicroscope (Leica Microsystems or the VENTANA i8Scan HT shde scanner {Ventana),
Laser capture microdiszection and RNA sequeuncing.

LOM was performed on 24 aortic root sections (6 umj as previously described (203 In

short, froven sections were debydrated in graded ethanol solutions (7% twice, 953% twice,

o2
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HI% once), washed with DEPC treated water, stained with Mayer's hematoxylin, eosin and
cleared in xylene. For every § sections, | section was used for CDOE staining (Abdserotec,
1:230 dilunion) which was used 1o gaide the LOM. CD68 rich areas within the plagues were
identificd and cut out using the ArcturusXT LUM System. The collected CD6E positive eells
were used for RNA isolation (PicoPure RNA Isolation Kit, Arcturus) and subsequent RNA
30 amphification and cDNA preparation according to the mamufacturers protocols {Ovation Pico
WTA System, NuGENY Quality and concentration of the collecied samples were measused
with the Agilent 2100 Bioanalyzer.

KNA seguencing. Paiv-end libravies were prepared and validated. The purity, fragment

size, yield amd concentration were determined. During clester generation, the library
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molecules were hylwidized onte an Hlumina flow celll Subsequently, the hybridized
molecules were amplified asing bridge amplification, resulting in a heterngeneous population
of clusters, The data set was obtatned using an Hhomina HiSeq 2500 sequencer.

Differential Expression and Function Annotation Analysis.

3 The pair-ended sequencing reads were aligned o human genome hegl9 asing tophat
aligner (bowtie) [36]. Following read alignment, HTSeq {37] was used to guantify gene
expression al the gene level based on GENCODE gene model release 22 [38] Gene
cxpression raw read counts were normalized as couats per million uxing trimmed mean of M-
vitues normalization method to adjust for sequencing library size difference anmong smmples

10 139 Differential expressed genes batween drug treatments and plicebo were identified using

the Bioconductor package Hmma [40]. In order to correct the multiple festing problem, linuna
was used fo calculate statistics and p-values in random Samples after a permutation of labels.
This procedure was repeated 1,000 umes to obtain null t-statistic and p-value distibution for

extintating the false discovery rate (FDR) of all geses. The differentially expressed (D)

i35 genes were identified by a cutoft of corrected p-value less than (.2, GO-function [41] was
used 0 annotate the DE genes, and o find celhdar components that significantly enriched
with the DE genes, DE genes were also mapped to the Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway with KEGG Mapperf42].

Fluorescence molecular tomography with CT.

20 Female Apoe™ mice fed a bigh-fat diet for 12 weeks, were Usated with either four
TRAFGi- HDL infusions (5 mg/kg, n=7) or saline (n=8) over 7 duvs. Five nanomoles of
pancathepsin  protease sensor (ProSense 68, PerkinBlmer, Cat no. NEVIOO(3) wag
intravenously administered 24 hours prior to imaging. For the PMT/CT imaging, animals
were placed in oa custom-buill imaging cartridge, which was equipped for isoflurane

23 administration during imaging. Animals were first scanned with high-resolution computed

tomography (CT) Inveon PET-CT, Siemens). with a contingous infusion of CT-contrast agent
{isovue-370, Bracco Diagnostics) at a rate of 55 ul/nun through 4 il vein catheter. Animals
were subsequently scanped with an FMT scapner (PerkinElmer} in the same cartridge. The
CT Xeray source with an exposure time of 370-400 ms was operated at 83k Vp and 300 mA.

30 Contrast-enhanced high-resolution CT bmages weve used 1o Jocalize the sovtic voot, which
was used to guide the placement of the volume of interest for the quantitative FMT protease
activity nap. Image fasion relied on fidocial markers. Image fusion and analysis was
performed with OsinX ¢.6.3.2 (The Osirix Foundation, Geneva).

Radiolabeling of HDL nanoparticles.
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Ready-to-label HDL. navoparticles were prepared by itncluding 1 mol % the
phospholipidchelat or DSPE-DFO (35} in the formulation mix at the expense of DMPC. The
DFG-contatning nanoparticles were then labeled with Zirconham-89 (25 as previousiy
deseribed (35). Briefly, the nanopatticles were reacted with * Zr-oxalate in phosphate

3 huffered saline (PBS, pH 7.1) at 37°C for | howr. Purification was carried out by centrifugal
filtration using 10 kDa molecular weight cut-off filter tubes, and washing twice with fresh
sterile PBS. The radiochemical vield was 90 £ 4 % (n=3) wnd radiochemical purity > 97 %, ay
determined by size exclusion chromatography.

Pharmacokinetics, bindistribution and PET/CY imaging studies in mice.

10 Fenale Apoc™ mice fed a high-fat diet for 12 weeks (n=4, 23.5 + 2.6 g body weight)

were injected with B TRAFGI-HDL nanoparticles (183 x 16 pCi, § mg TRAFG-HDLA).
At predetermined tine points (2, 15 and 30 min, and 1, 4, 8 and 24 bhours) blood samples
were 1aken, weighed and measured for radioactivity content using & 2470 Wizard automatic

ganma counter (Perkin Elmer). Data were coavented to percentage of injected dose per grim

et
4

tissue {9510/g], plotted in a time-activity corve and fitted using a non-linear two phase decay
regression an Prisme GraphPad  (GraphFad  Software ine, USA)N A weighied blood
radioactivity halflife (1172 was finally cadoulated.

Twenty-four hours after injection, the animals were scanned on an Ipveon PET/CT
scanner (Sicmens Healtheare Global) under isoflurane/oxygen gas mixture anesthesia (2% for
20 induction, | 9% for maimensnce). The PET stage scan recorded & miminmon of 23 nulhion
coincident events and lasted HY min. The energy and coincidence timing windows were
350-T00 keV and 6 ns, respectively. Image data were normalized to comrect for
nonantformity of response of the PET, dead-time count losses, positron branching ratio, and

physical decay o the time of injection, but no altenuation, scalter, or partial-volume

o2
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averaging correction was applied. The counting rates in the recopstructed tmages were
converted to activity concentrations (5el/g) by use of a systenn calibration factor derived
from the imaging of a mouse-sized water-equivalent phagtom containing Rvis lorages were
analyzed using ASIPro VMTM (Concorde Microsystems) and Inveon Research software
{Siemens Healthcare Globaly, Quanitfication of sctivity concentration was doue by averaging
30 the maxionem values in at least 5 ROIs drawn on adjacent slices of the tissue of interest.
Whole hody standard low magnification UT scans were performed with the Neray tube setup
af a voltage of 80 kV and corrent of 500 pA. The CT scan was acquired using 120 rotational
steps for a total of 220 degrees vielding and estimated scan time of 120 s with an exposure of

143 ms per frame, Immediately after the PET/CT scan, smimals were sacrificed and perfused
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with PBS. Tissues of interest {liver, kidnews, spleen, lungs, muscle, heart, aorta, bone and
brain) were collected, blotted and weighed. Radioactivity was measured by gamma counting
and radicactivity concentration expressed as percentage of injected dose per gram {9%1D/g]

Autoradiography.

3 Following radioactivity counting, aortas were placed in a film cussette against a
phosphorimaging plate (BASMS-2325, Fyjifilm, Valhalla, NY) for 24 hours at -20 *C in
order to determine radioactivity distribution. The plates were read at a pixel resolation of 23
am with a Typhoon 7000IP plate reader {GE Healtheare, Pittsburgh, PA).

Ex vive near infrared fluorescence imaging (NIRF).

10 Female Apoe” mice fed a high-fat diet for 12 weeks, received a single IV injection
with DIR (3.5 mg/kg) labeled TRAF6I-HDL (53 mg/ks, n=2) or saline {n=1} Mice were
sacrificed 24 hours after the injection and perfused with 60 ml PBS. Liver, spleen, lung,
kidneys, heart and owscle tssue were collected for NIRF imaging. Floorescent images were
acquired with the IVIS 21K} system (Xenogen), with a 2 second exposure time, ysing a 743

am excitation filter and a 820 nm emission filter. ROk were deawn on each tissue with

et
4

software provided by the vepdor, after which a quantitative avalysis was dove with the
average radiamt efficiency within these R{Os.
Blood tests,
In mice blood was collecied by heart punctire at the time of sacrifice. Serum was sent
2 1o IDEXX laboratonies (Totowa, New Jersey, USA) and analyzed with an Olympus AUS00
chesstry analyzer. Whole blood was collected i EDTA containing tubes and analvred with
an IDEXX procyte DX hematology analyzer for complete blood count analysis. In non-
huntan primates blood was collected at O and 15 mimates and 6, 12, 24, 38, 48 and 72 howrs

after infusion. Serum was analyzed with an Olymus AU400 chemistey analyzer, Whole bload

o2
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samples were also apalyzed with an IDEXX procyte DX hematology analyzer.
Non-human primate studies

Adult male cynomolgues monkeys (Macacn fascicudaris) were used for the non-haman
primate studies conducted at the Upiversity of Kentucky and lcabn School of Medicine at
Mount Singi. Animals were on average 7.3 vears of age, and their weight was 7.3 £ 198 kg
30 (mean = SD) AN animal care, procedures and expeviments were based on approved
tastitutional protocols from Ieabn School of Medicine at Mount Sinat and the University of
Kentucky Institutional Animal Care and Use Commitice, Monkeys were pair-housed when
possible in climate-controlled conditions with 12-hour light/dark cycles. Monkeys were

provided water ad libitum and fed Teklad Global 209 Protein Primate Diet. For the
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cxperiment at the University of Kentacky, the six male monkeys were used. Adter an

overnight fast, monkeys were anesthetized with ketwnine (5 mg/ky) and dexmedetomidine

O.0075-0.015 mg/ke), and blood was collected from the femoral vein. The monkeys were

then injected TV via the saphanecus vein with either vehicle (PBS, USP grade) or TRAFG:

5 HDL such that the dose of CD40-TRAFG inhibitor O877U2 was 1.25 mg/ kg. Blood was

collected {3 minutes, 6, 12, 24, and 48 bours post-injection. Pollowing the bleood dwmw

anesthesia was reversed with atipamezole ((L075-0,15 myfke). 72 hours postinjection, fasted

monkeys were anesthetized with ketamine {25 mpgfkgl bled a final time, and cuthanized by

exsanguination with whole-body saline perfusion while anesthetized with isoffurane (3-5%

10 inducton, 1-2% maintenance). Tissues were prompily removed and fixed in 1% neutral-

miffered formalin, Blood was subjected to complete blood count (CBCY test (ANTECH
Diagnostics).

For the expertment at fcabn School of Medicine at Mownt Sinai six fomale monkeys

were gsed. For the W Ze-PET/MRI imaging, animals were infused with 389 + 17.9 MBq of

M2r-labeled TRAFGI-HDL (1.25 mg/kgy and imaged by PET/MRI at different time points.

B

et
4

Dypamic PET imaging was performed during the first 60 minutes after infusion. Additional
PET/MRI scans were performed at 24, 48 and 72 hours, PET and MR fimages were acquired
an a combined 3T PET/MRI system (Biograph miMR, Siemens Healthineers, EHrlangen.
Germany). On day 1, dvnamic PET imaging was performed for 60 minotes using one bed
2y position covering the chest and abdomen, divectly after injection with “Zr-tabeled TRAPGI-
HDL. Simehlanccusly, asatomical vessel wall MR images were acgeired using a proton
density (PD) weighted Swmpling Perfection with Application optimized Contrasts using
different flip angle Evolution (SPACE) sequence. MR imaging parameters were: acquisition

plane, coronal; repetition time (TR, 1600 ms: eche time (TE), 79 my; field of view (FOV),

o2
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300 x 187 mm2; number of slices, 144; number of averages, 4; bandwidth, 601 Ha/pixel;
turbo factor {TH), 51 echo trains per slice, 4 echo train length, 192 ws; echo spacing, 3.7 ms:
acguisition duvation, 33 mimutes and 36 seconds. After dynamic PET scquisition, static
whole-body PET imaging was acquired from the crapium to the pelvis, using 3 consecutive
bed posttions, of 1 minutes each. Simultaneously with each bed, MR images were acquired
30 as described above, except using only 1.4 signal average (acquisition duration, 11 min 44
seconds per bed). Whole-body PET and MR imaging was also performed at 24, 48 and 72
hourg after injection, using 3 bed posidons {(PET duraton per bed, 30 min; MR duration per
bed, 33 min and 36 5). Whole-body MR images from each bed were automatically collated

together by the scanner, Afler acquisition, PET raw data from each bed were reconstrycted
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and collated together offline using the Siemens proprietary e7tonls with an Ordered Subset
Expectation Maximization (OSEM} algorithm with Point Spread Function (PSF) correction.
A doal-compartiment (soft tssue and air) attenuation miap was gsed for attepuation correction,
Statistical analvsis.

Continuous variahles are expressed as means & standard deviation, unless otherwise
stated. Stgnificance of differences was calculated by use of the ponparametric Munn-Whitney
U test and Kruskad-Wallis test. Probability values of P<0.03 were considered significant.
Statistical apalyses were done usng Stafistical Package for the Social Scicnces (5PSS)
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.

7 “" n  u

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.

10.

11.

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
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-I (apoA-I).

The method of claim 1, wherein the HDL comprises 1-myristoyl-2-hydroxy-sn-glycero-3-
phosphocholine (MHPC).

The method of claim 1 or 2, wherein the mTOR inhibitor is rapamycin.

The method of claim 1 or 2, wherein the mTOR inhibitor is a prodrug of rapamycin.

The method of claim 1 or 2, wherein the mTOR inhibitor is an ester of rapamycin.

The method of any one of claims 1-5, wherein the HDL-derived nanoparticle comprises
cholesterol.

The method of any one of claims 1-6, wherein the apoA-I is human apoA-I.

The method of any one of claims 1-7, wherein the weight ratio of DMPC to MHPC is about
2:1 to about 4:1.

The method of claim 8, wherein the weight ratio of DMPC to MHPC is about 3:1.

The method of any one of claims 1-9, wherein the HDL-derived nanoparticle is discoidal
in shape and has a size from about 10 nm to about 250 nm.

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.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

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.

The method of any of claims 1-12, wherein the composition is administered intravenously

or intra-arterially.

The method of any of claims 1-13, further comprising administering to the patient one or

more immunosuppressant agents.

The method of claim 14, wherein the immunosuppressant agent is cyclosporine A or
FK506.

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-l (apoA-I).

The composition of claim 16, wherein the HDL comprises 1-myristoyl-2-hydroxy-sn-
glycero-3-phosphocholine (MHPC).

The composition of claim 16 or 17, wherein the mTOR inhibitor is rapamycin.

The composition of claim 16 or 17, wherein the mTOR inhibitor is a prodrug of rapamycin.

The composition of claim 16 or 17, wherein the mTOR inhibitor is an ester of rapamycin.

The composition of any one of claims 16-20, wherein the HDL-derived nanoparticle
comprises cholesterol.

The composition of any one of claims 16-21, wherein the apoA-Il is human apoA-I.
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23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

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.

The composition of claim 23, wherein the weight ratio of DMPC to MHPC is about 3:1.

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.

The method of any one of claims 16-25, wherein the HDL-derived nanoparticle has a mean
hydrodynamic diameter between 8.3 nm and 17.1 nm.

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.

The pharmaceutical composition of claim 27, further comprising one or more

immunosuppressive agents or anti-inflammatory agent.

The pharmaceutical composition of claim 28, wherein the immunosuppressant agent is
cyclosporine A or FK506.

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.

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.

The method of claim 30 or 31, wherein the patient has undergone a 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.

The method of claim 32, wherein the transplanted tissue is an intact organ.
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34.

35.

36.

37.

38.

39.

40.

41.

The method of any one of claims 30-33, wherein the patient has received an allogeneic

tissue or organ transplant.

The method of claim 34, wherein the method is performed prior to performance of an
allogeneic tissue or organ transplant.

The method of claim 34, wherein the method is performed in conjunction, with an
allogeneic tissue or organ transplant.

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.

The method of any one of claims 30-37, wherein the subject is human.

The method of any one of claims 30-38, wherein the composition is administered

intravenously or intra-arterially.

The method of any one of claims 30-39, further comprising administering to patient one or

more immunosuppressant pharmaceutical agents.

The method of claim 40, wherein the immunosuppressant agent is cyclosporine A or
FK506.
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Placebo HDL TRAFG6i-HDL  p-value
Red blood cells (M/ul) 9.03 +0.38 8.54 £0.20 8.84 +0.50 0.0632
Hemoglobin (g/dL) 13.13 +0.61 12.58 +0.36 13.01 £0.72 0.2450
Hematocryt (%) 50.77 £2.67 48.32 £1.93 48.31£2.43  0.0947
Reticulocytes (K/ul.) 34580 £+49.82  729.06 +186.0  675.00 £98.80 0.0005
Platelets (K/uL) 546.11 +138.2 807.00x167.6  576.13 +148.4 0.0256
White blood cells (K/uL) 0.62 +0.25 1.276 +0.63 0.92 +0.32 0.0343
Neutrophils (K/uL) 0.27 £0.09 0,506 +0.27 0.30 £0.13 0.0536
Lymphocytes (K/ul) 0.29 £0.16 0.53 £0.31 0.52 +0.17 0.0590
Monocytes (K/ulL) 0.044 +0.03 0.136 +0.06 0.089 +0.06  0.0156
Eosinophils (K/uL) 0.014 +0.007 0.088 +0.077 0.021£0.016  0.0055
Basophils (K/ul.) 0.009 +0.008 0.016 +0.005 0.003 £0.002  0.0113
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Placebo TRAF6i-HDL  p-value
Alkaline phosphatase (U/L) 56,77 £7.99 74,3 +17.16 0.02
Alanine aminotransferase (U/L) 348.8 +293.6 4343 £342.7 0.70
Aspartate aminotransferase (U/L) 784,3 £463 636,5 £260.2 0.66
Creatine kinase (U/L) 155,8 +138.4 121,3 +0.25 0.76
Blood urea nitrogen (mg/dL) 2477 £5.93 21 +2.31 0.12
Cholesterol (mg/dL) 1265,6 +403.9 1481,6 £251.8  0.32
Triglyceride (mg/dL) 121,55 £47.19 162,7 +43.03 0.11
Glucose (mg/dL) 232,11 £113.9 298 1745 0.33
Calcium (mg/dL) 8,89 +1.27 8,9 £1.10 0.93
Phosphorus (mg/dL) 12,44 +2.50 12,1 £1.10 0.61
Bicarbonate (mmol/L) 8 +2.06 8,8 +2.44 0.59
Total protein (g/dL) 4,89 +0.78 5,2 +t0.42 0.32

FIG.21
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Endocytosis

Genes logFC p-value Genes logFC p-value
Fit1 0.48 0.008 Csfir 0.36 0.004
Itgab 0.46 0.006 Dab2 0.37 0.007
ltgaV -0.39 0.001 Fit1 0.48 0.008
Pip5k1c 0.57 0.001 ftgab 0.46 0.006
Pxn 0.51 0.009 ltgaV -0.39 0.001
Tin1 0.50 0.001 PipSk1c 0.57 0.001
Vav2 1.15 0.003 Tgfbr2 0.35 0.009
Vwf 0.75 0.001 Mvb12b 0.68 0.001
RhoA -0.27 0.007 Dnm3 1.79 0.007
Cav2 -0.57 0.006 Arap3 0.61 0.007
Figf -1.33 0.007 Git1 0.70 0.004
Ppp1cb -0.51 0.0004 Agap1 0.44 0.004
Vega -0.74 0.002 Chmp7 0.69 0.009
Rap1ia -0.42 0.005 RhoA -0.27 0.007
Rap1b -0.36 0.008 Cav2 -0.57 0.006
Arfgap3 0.55 0.005
Capzaz2 0.38 0.005
Snx12 0.60 0.0002

FIG.23
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Genes logFC adj p-value
PLTP 1.04 0.007
Stab1 1.13 0.007
Impad1 -0.77 0.01

Adcy3 1.26 0.02

Sept2 -0.58 0.03
Lgals3bp 0.77 0.03
Slcd4a7 -0.80 0.03

Spcs2 -0.75 0.03

FIG.24
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Genes IogFC p-value
Cell proliferation
Cend 0.12 0.49
Cend2 -0.36 0.03
Ccnd3 0.78 0.02
Cdk4 -0.06 0.82
Cdk6 0.09 0.72
Migratory egress
Ntn1 0.20 0.30
Cer7 0.42 0.34
Apoptosis
Casp3 -0.43 0.19
Casp8 -0.16 0.36
Casp9 0.39 0.87
Bcl2 -0.06 0.79
Bad 0.36 0.39
Bax -0.18 0.29

FIG.25
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