wo 2018/049284 A1 NI 0E 000 0 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intell 1P 3
(o mer Orlg':ﬁ,;ft‘:fn roperty > 0 O T O OO
International Bureau —/) (10) International Publication Number
(43) International Publication Date ——/ WO 2018/049284 A1

15 March 2018 (15.03.2018) WIPOI|PCT

(51) International Patent Classification: Declarations under Rule 4.17:

CI2N 15/11 (2006.01) CI2N 15/00 (2006.01) ) . .
AGIK 48/00 (2006.01) CO7H 21/04 (2006.01) of inventorship (Rule 4.17(iv))
AG1K 38/00 (2015.01) Published:

(21) International Application Number: —  with international search report (Art. 21(3))
PCT/US2017/050854 before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
(22) International Filing Date: amendments (Rule 48.2(h))
09 September 2017 (09.09.2017)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
62/385,711 09 September 2016 (09.09.2016) US

(71) Applicant: CORNELL UNIVERSITY [US/US]; Center
for Technology Licensing at Cornell University (CTL), 395
Pine Tree Road, Suite 310, Ithaca, NY 14850 (US).

(72) Inventors: PENA, John, TG; 1330 Ist Ave., Apt. 220,
New York, NY 10021 (US). GUPTA, Mrinali, Patel; 420
E. 64th Street, Apt. W5FG, New York, NY 10065 (US).
D'AMICO, Donald, J.; 212 Warren Street, Apt. 121, New
York, NY 10282-0015 (US).

(74) Agent: CHILDS, Carissa, R. et al; LeClairRyan, A
Professional Corporation, 70 Linden Oaks, Suite 210,
Rochester, NY 14625 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: DELIVERY OF NUCLEIC ACIDS, PROTEINS AND SMALL MOLECULES IN VITREOUS VESICULAR BODIES

(57) Abstract: The present invention relates to compositions ot aqueous humor and/or vitreous humor derived extracellular vesicles
and their use for the delivery of therapeutic agents to ocular tissues for the treatment of ophthalmic diseases. Further disclosed are
methods of making the compositions. Methods of treating and diagnosing an ocular condition are also disclosed.



10

15

20

25

30

WO 2018/049284 PCT/US2017/050854

DELIVERY OF NUCLEIC ACIDS, PROTEINS, AND SMALL MOLECULES IN
VITREOUS VESICULAR BODIES
[0001] This application claims the benefit of U.S. Provisional Patent Application Serial No.
62/385,711 filed September 9, 2016, which is hereby incorporated by reference in its entirety.
[0002] This invention was made with government support under grant number UL1
TR000457-06 from the National Institutes of Health. The government has certain rights in this

invention.
FIELD OF THE INVENTION

[0003] The present invention relates to methods and compositions for delivery of

therapeutic agents to ocular tissues for the treatment of ophthalmic diseases.

BACKGROUND OF THE INVENTION

[0004] Therapies involving the delivery of nucleic acids (such as genes, mMRNA, DNA,
siRNA, miRNA, or other noncoding RNA), proteins, and/or small molecules to the intraocular
structures have tremendous therapeutic potential in disease, including ocular disease. However,
the inability to deliver biologically active molecules directly to their target site is a major
limitation in treatment of eye disease. The blood-retinal barrier prevents penetration of most
molecules into the retina. Similar limitations exist for other ocular tissues.

[0005] For example, a number of retinal degenerative conditions are due to single gene
mutations. Delivery of a normal copy of the mutated gene or the protein encoded by the gene,
has the potential to prevent progression of such diseases. Direct delivery of these genes is
limited by a number of factors including instability of free genetic material in the extracellular
milieu. Direct delivery of proteins can likewise be limited by instability in the extracellular
tissues, as well limitations to penetration of the blood-retinal and other natural barriers.
Development of a process to bring nucleic acids, proteins or small molecules into cells could
transform ocular therapeutics.

[0006] Similarly, a number of retinal diseases such as wet age-related macular degeneration
diabetic retinopathy, macular edema from a number of causes, and others have been linked to
elevated vascular endothelial growth factor (VEGF) levels. Intravitreal injection of antibodies or
small molecules that inhibit VEGF is an effective therapy for these diseases; however, frequent
injections are often required. A number of approaches have been attempted to reduce VEGF
through alternative approaches, such as gene therapy using genes encoding naturally occurring

anti-VEGF proteins such as sSFLT-1. These gene therapy approaches have historically used viral
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vectors such as adenoviral vectors (or adeno-associated viral (AAV) vectors) for gene delivery.
AAV vector-based delivery of genes for retinal disease is limited due to the potential toxicity or
immunogenicity of the viral vector itself. Moreover, recent clinical trial attempted to utilize this
technology and the trials were stopped due to failure.

[0007] The present invention is directed at overcoming this and other deficiencies of the art.
SUMMARY OF THE INVENTION

[0008] A first aspect of the present invention is directed to a composition comprising one or
more aqueous humor and/or vitreous humor extracellular vesicular bodies. The aqueous humor
and vitreous vesicular bodies of the composition are modified to contain one or more exogenous
agents.

[0009] Another aspect of the present invention is directed to a method of delivering a
therapeutic agent to select cells or tissue of a subject. This method involves providing a
composition comprising one or more aqueous humor and/or vitreous humor vesicular bodies,
where the vesicular bodies of the composition are modified to contain one or more therapeutic
agenst. The method further involves administering the composition to the subject under
conditions effective to deliver the composition comprising the one or more aqueous humor
and/or vitreous humor extracellular vesicular bodies modified to contain the therapeutic agent(s)
to the select cells or tissue of the subject.

[0010] Another aspect of the present invention is directed to a method of making a
composition comprising one or more aqueous humor and/or vitreous humor vesicular bodies,
where the vesicular bodies of the composition are modified to contain one or more exogenous
agents. This method involves providing a mammalian ocular fluid sample comprising vitreous
and/or aqueous humor fluids, and isolating vesicular bodies from said ocular fluid sample. The
method further involves inserting the one or more exogenous agents into the isolated vesicular
bodies.

[0011] Described here in are compositions and methods of using vesicular bodies present in
the vitreous humor and/or aqueous humor of the eye to deliver genes, proteins, or small
molecules for therapeutic purposes. These vesicular bodies can be safely collected from the eye,
emptied of their natural contents, and then filled with therapeutic substance (nucleic acid,
protein, or small molecule). They can then be administered to the patient through a number of
routes including intravenously or through intraocular injection. The vesicular bodies are taken
up by the target cell, and the payload is released in a form suitable to exert therapeutic effects.
Targeting molecules on the cell surface of the vesicular bodies can be modified to allow

targeting of the vesicular body directly to the site of disease, thereby reducing toxicity to
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bystander tissues. Most importantly, because these vesicular bodies are endogenous, physiologic
bodies that are already present in the vitreous, their harvesting, loading, and re-administration for
therapeutic purposes can be performed with little toxicity or immunogenicity to the delicate

neural structures of the eye.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIGs. 1A-1G show extracellular vesicles (EV) escape from formalin-fixed bovine
vitreous tissues and are retained with 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC)-
formalin fixation. FIG. 1A is a schematic diagram showing formalin-fixed vitreous (Vit) tissue
immersed in wash buffer (supernatant) and heated to 37°C results in escape of EVs (arrowhead)
and vitreous collagen (C, closed arrow) into the supernatant. FIGs. 1B-1C are representative
transmission electron microscopy (TEM) photomicrographs of supernatant collected from
formalin-fixed bovine vitreous tissue after incubation at 37°C and uranyl acetate (UA) and lead
citrate staining show evidence of collagen strands (C, closed arrow) and numerous EVs
(arrowhead) that are lost to the wash buffer. FIG. 1D is a schematic diagram showing EDC-
formalin-fixed vitreous tissue immersed in wash buffer and heated to 37°C resulted in retention
of EVs in the tissue, with no loss of EVs and minimal loss of vitreous collagen strands into the
supernatant. FIG. 1E shows representative TEM photomicrographs of supernatant from EDC-
formalin-fixed vitreous tissue after incubation at 37°C and UA and lead citrate staining showing
few collagen strands (C, closed arrow) and no EVs in the supernatant. FIG. 1F shows
representative TEM photographs of specificity control, PBS alone, which shows no collagen
fibers nor EVs in the supernatant, but does show non-specific punctate staining of electron dense
foci measuring less than 20 nm (NS, open arrow). FIG. 1G shows a western blot detecting
exosome marker TSG-101 in supernatant (wash buffer) of formalin-fixed vitreous tissue (left
lane) and vitreous sample (right lane). Scale bars are (FIG. 1B) 2.5 um, (FIG. 1C), 500 nm,
(FIG. 1E-1F), and 200 nm.

[0013] FIGs. 2A-2F show EDC-formalin fixation of bovine vitreous retains EVs imaged by
multifocal microscopy (MPM), when compared to formalin fixation alone. FIG. 2A is a gross
image of bovine vitreous placed on a vision testing card that demonstrates the highly transparent,
gel-like structure. FIG. 2B shows representative MPM photomicrographs of whole mount
bovine vitreous specimens fixed with formalin alone and stained with CFSE to mark protein
(orange) and Hoechst to mark nuclei (purple). CFSE signal is observed surrounding the nuclei
(FIG. 2B, left panel, open arrow), but not in the extracellular space. Nuclei staining shows no
extracellular signal (FIG. 2B, left panel, purple, open arrow). FIG. 2C shows representative
MPM photomicrographs of EDC-formalin-fixed vitreous stained with CFSE (orange) and



10

15

20

25

30

-
WO 2018/049284 PCT/US2017/050854

Hoechst (purple). Overlay of image shows positive signal consistent with cell bodies (denoted
with open arrow) and foci of extracellular protein signal (arrowheads) consistent in size and
shape with EVs. FIG. 2D is an inset of FIG. 2C (white box), which shows multiple round
intracellular foci (FIG. 2D, left panel, open arrowhead, orange) surrounding the area of nuclear
stains (FIG. 2D, right panel, open arrowhead, purple). Numerous focal extracellular protein
signals are observed (FIG. 2D, left panel, closed arrowheads, orange), consistent in size and
shape with EVs, and no extracellular DNA is observed. FIG. 2E is a graph representing the
mean + standard deviation number of EVs per vitreous cell and shows that EDC-formalin-fixed
vitreous exhibit significantly more EVs than formalin-fixed vitreous. FIG. 2F is a graphical
representation of frequency distribution of bovine vitreous EV diameter imaged by MPM. EV
sizes was measured for 4,000 EVs and the frequency of EVs were plotted against the diameter of
the EV. The lower limit of multiphoton microscopy is 200 nm and EVs up to 6000 nm were
measured. EVs were distinguished from cells and defined as containing extracellular protein or
RNA without extracellular DNA. p-values are < 0.05. Scale bars are (FIG. 2A) 1 cm, (FIG. 2B)
40 pm, (FIG. 2C) 50 um and (FIG. 2D) 10 pm.

[0014] FIGs. 3A-3C show fixation of bovine vitreous with EDC-formalin retains EVs and
extracellular RNA in situ. F1Gs. 3A-3C shows representative confocal fluorescent
photomicrographs of whole mount bovine vitreous specimens crosslinked with EDC-formalin
(FIGs. 3A and 3B) or formalin alone (FIG. 3C), stained with propidium iodide (P, red) to mark
DNA and RNA, Hoechst (blue) to visualize DNA and nuclei, and carboxyfluorescein
succinimidyl ester (CFSE, green) to stain for protein. FIG. 3A is an overlay of images from
EDC-formalin-fixed bovine vitreous and shows positive signal consistent with cell bodies (FIG.
3A, denoted with open arrow) and foci of extracellular RNA (closed arrowhead) and
extracellular protein (closed arrowhead) consistent in size and shape with EVs. FIG. 3B shows
representative confocal fluorescent photomicrographs of EDC-formalin-fixed vitreous and shows
multiple round cellular foci (FIG. 3B, all panels, open arrowhead) and numerous focal signals of
extracellular RNA (FIG. 3B, left panel, PI stain, red) and extracellular protein (FIG. 3B, right
panel, CFSE stain, green) between the cells. FIG. 3C shows representative photomicrographs of
whole mount bovine vitreous fixed with formalin alone and shows signal for RNA (FIG. 3C, left
panel, PI, red) in the nucleus, similar to nuclei staining (FIG. 3C, middle panel, Hoechst, blue).
Formalin-only fixed vitreous show no foci of extracellular RNA signal (FIG. 3C, left panel).
CFSE stain shows cellular signal (open arrow), but no EV-shaped extracellular protein signal
(FIG. 3C, right panel, green, no punctate staining observed between open arrows). The cell size

appears smaller in the formalin only fixation, presumably due to EDC-formalin retaining more
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cytoplasmic RNAs and protein as compared to formalin alone. Scale bars are (FIG. 3A) 25 pm

and (FIGs. 3B-3C) 50 pm.

[0015] FIGs. 4A-4C show RNAse treatment of EDC-formalin-fixed bovine vitreous stained
with PI show reduced extracellular signal. FIG. 4A shows low-power wide-field fluorescent
photomicrographs of whole mount bovine vitreous specimens crosslinked with EDC-formalin
and stained with PI (FIG. 4A, top panel, red) and shows signal in the extracellular environment
of vitreous tissue (denoted with closed arrowhead, inset), nuclei labeled (FIG. 4A, middle panel,
Hoechst, blue) and merged images are shown (FIG. 4A, bottom panel). Vitreous cell nuclei stain
positive with PI and Hoechst; colocalized signals are shown in green (FIG. 4A, bottom panel,
inset). Cells are denoted with an open arrow and foci of extracellular PI signal are marked with a
closed arrowhead (FIG. 4A, top and middle panel, inset). Nuclei were stained, and no
extracellular DNA signal is observed (FIG. 4A, bottom panel). FIG. 4B shows
photomicrographs of whole mount bovine vitreous fixed with EDC-formalin and treated with
RNAse A. Samples stained with PI (FIG. 4B, top panel, red), Hoechst (FIG. 4B, middle panel),
and merged images are shown (FIG. 4B, bottom panel). RNAse A treated samples show no
evidence of extracellular RNAs as demonstrated by the lack of signal between the cell bodies
(FIG. 4B, top and middle panel) and show no signal between two cell nuclei (open arrows). The
PI signal for cytoplasmic RNA in RNAse A treated samples (FIG. 4B, top panel) appear smaller
than pre-RNAse treated samples (FIG. 4A, top panel), presumably due to EDC-formalin
retaining more cytoplasmic RNA. FIG. 4C is a graphical representation of mean + standard
deviation foci of extracellular signal for EDC-formalin fixed tissues stained with PI pre-RNAase
treatment and after RN Ase treatment show significantly fewer EVs after RNAse treatment.
Mean +/- standard error for EVs per cell were 60.7 +/- 35.1 pre-RNAse treatment and 0.03 +/-
0.04 post RNAse treatment, with significantly more EVs per cell noted pre-RNAse treatment
(p<0.001) (FIGs. 4C). Scale bars are (FIGs. 4A-4B) 50 um and (4A inset, 4B inset) 20 pm.
[0016] FIGs. SA-5B show EDC-formalin fixation of bovine vitreous retains EVs imaged
with photomicroscopy. FIGs. SA-5B show low-power wide field fluorescent photomicrographs
of whole mount bovine vitreous specimens crosslinked with EDC-formalin (FIG. SA) or
formalin alone (FIG. 5B). FIG. 5A shows representative photomicrographs of bovine vitreous
fixed with EDC-formalin and stained with CFSE to label protein (FIG. SA, top and middle panel,
white) and Hoechst to label nuclei (FIG. SA, bottom panel, blue) and shows multiple round
cellular foci (FIG. 5A, all panels, open arrowhead) with numerous extracellular protein signals
(top and middle panels, CSFE, white) consistent with EVs. FIG. 5B shows photomicrographs of
whole mount bovine vitreous fixed with formalin only show nuclear stain (FIG. 5B, middle and

bottom panels, Hoechst, blue) co-localizing with CFSE (FIG. 5B, top and middle panel, white),
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consistent with cellular DNA and nucleic acid, respectively. There is no evidence of
extracellular protein signal (FIG. 5B, top and middle panel, CSFE, white). The CFSE stained
cell size appears smaller in the formalin only fixation (FIG. 5B, middle panel) as compared to
EDC-formalin fixation (FIG. 5A, middle panel), presumably due to EDC-formalin retaining
more small protein as compared to formalin fixation alone. Scale bars are (FIGs. SA-5B) 100
um.

[0017] FIGs. 6A-61 show bovine and human vitreous humor contains EVs. FIG. 6A shows
representative transmission electron microscopy (TEM) photomicrographs of bovine vitreous
tissue sections stained with uranyl acetate (UA) and lead citrate and shows a substantial number
of EVs that are pleomorphic in size (arrowheads) and that contact collagen strands (marked with
a “C” and arrow). The inset (upper right corner) is an enlargement of the area-enclosed box in
the lower right corner and shows an EV associated with a collagen strand. FIG. 6B shows
representative TEM photomicrograph of EVs isolated from bovine vitreous and stained with the
electron dense protein stain, CSFE, which depict EV morphology and show numerous EVs
pleomorphic in size (smaller EV marked with arrowhead, larger EV with double arrowhead).
FIG. 6C shows representative TEM photomicrograph of EVs isolated from bovine vitreous and
electron dense nucleic acid stain acridine orange (AO) staining and shows large EVs (double
arrowhead) positive nucleic acid signal. FIG. 6D shows multiple EVs (arrowheads) in a network
of collagen within whole mounted bovine vitreous stained with ethidium bromide (EtBr), an
electron dense and nucleic acid stain. FIG. 6E shows a graphical representation of the mean
(black line) = standard error (red bars) concentration EVs according to EV diameter, based on
nanoparticle tracking analysis of EVs isolated from bovine vitreous. FIG. 6F shows
representative TEM photomicrographs of postmortem human eye sections stained with UA and
lead citrate show a substantial number of EVs at the vitreous base (Vit), adjacent to the non-
pigmented epithelium (NPE) of the ciliary body (smaller EVs marked with arrowhead, larger
EVs with double arrowhead). The EVs (FIGs. 6F-6G, arrowheads) contact with collagen strands
(arrows). FIG. 6H shows representative TEM photomicrographs of EVs isolated from human
vitreous and stained with AO show EVs (arrowhead) with positive nucleic acid signal. FIG. 611s
a graphical representation of frequency distribution of human vitreous EV diameter. Scale bars
are (FIG. 6A, FIG. 6G) 100 nm, (FIG. 6B) 50 nm, (FIG. 6C-6D, FIG. 6H) 200 nm, and (FIG. 6F)
2 um.

[0018] FIGs. 7A-7D show immunohistochemistry staining of EV-specific protein TGS-101
in normal bovine vitreous. FIG. 7A shows representative wide-field fluorescent
photomicrographs of whole mount bovine vitreous specimens fixed with formalin and processed

at cold temperatures and demonstrates immunohistochemical stain for the EV-associated protein,
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TGS-101, in the extracellular space (FIG. 7A, top and middle panels, arrowhead, Alexa 488,

Green). The inset (FIG 7A, all panels, top right) is a higher magnification image of the box in
the middle (FIG. 7A, all panels). Nuclei are marked with Hoechst counterstain (FIG. 7A, top
and bottom, blue, open arrow). Hundreds of punctate extracellular signals were observed (FIG.
7A, top and middle). No evidence of extracellular DNA was observed (FIG. 7A, bottom). FIG.
7B shows representative photomicrographs from specificity controls for TSG-101
immunohistochemistry: whole mount normal bovine vitreous labeled with non-specific IgG
antibody (green). The inset (FIG. 7B, all panels, top right) is a higher magnification image of the
box in the middle (FIG. 7B, all panels). Signal was observed surrounding the nuclei (FIG. 7B,
top and middle, Alexa 488, green). Images show no evidence of extracellular signal (FIG. 7B,
top and bottom, Hoechst, blue). FIG. 7C is a graphical representation of mean +/- standard error
for TSG-101 signal in extracellular and intracellular spaces, *p<0.05 by Student’s unpaired t-
tests. FIG. 7D shows positive signal for TSG-101 is observed in the extracellular space of the
formalin-fixed vitreous (FIG. 7D, left, green). Nuclei are labeled with Hoechst (FIG. 7D, left,
blue) and PI (FIG. 7D, right, red). There is no evidence of extracellular RNA in formalin-fixed
samples (FIG. 7D, right, red). Scale bars are (FIGs. 7A-7B) 40 um and (FIG. 7A inset, FIG. 7B
inset and FIG. 7D) 10 um.

[0019] FIGs. 8A-8B show bovine vitreous is free of cells after low-speed centrifugation.
FIG. 8A shows representative low power light microscopy photomicrographs of whole mount
bovine vitreous after low-speed centrifugation followed by hematoxylin and eosin staining.
These images show eosinophilic signal consistent with vitreous collagen (pink, arrow) without
evidence of hematoxylin stained cellular nuclei. FIG. 8B shows images of whole mount vitreous
prior to centrifugation. These images show eosinophilic signal consistent with vitreous collagen
(pink, arrow) with evidence of hematoxylin stained cellular nuclei (purple, open arrow). Scale
bars are (FIGs. 8A-8B) 50 um.

[0020] FIGs. 9A-91 show human and bovine vitreous EV transfer endogenous RNA into
cultured cells. FIGs. 9A-9C show representative confocal photomicrograph images of a human
retinal pigment epithelial cells (ARPE-19) after 24 h treatment with a bolus of bovine vitreous
EVs that were pre-labeled with the nucleic acid stain acridine orange (AO). Images show uptake
of EV-labeled RNA in ARPE-19 cells (FIG. 9A, green). Nuclei are labeled (FIG. 9B, Hoechst,
purple) and a merged image (FIG. 9C) shows transfection of ARPE-19 cells, with AO signal in
the cytoplasm. FIG. 9D is a graphical representation of transfection efficiency (% of cells
transfected) for ARPE-19 cells treated with bovine vitreous EVs (error bars represent standard
deviation, n = 3, p<0.05). FIGs. 9E-9F show representative confocal photomicrographs of

human embryonic kidney (HEK) cells treated with a 24 h bolus of bovine EVs bodies pre-
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labeled with AO and show staining in the cytoplasm (FIG. 9E). Nuclei were labeled and a

merged image is shown (FIG. 9F). FIGs. 9G and 9H are representative low-power fluorescent
photomicrograph images of ARPE-19 cells treated for 3 h with a bolus of EVs that were isolated
from post-mortem human vitreous and pre-labeled with AO. The image of FIG. 9G shows
transfection of cells (FIG. 9G, AO, green). Nuclei were marked (FIG. 9H, Hoechst, blue). FIG.
Olis a graphical representation of transfection efficiency (% of cells transfected) for ARPE-19
cells treated with human vitreous EVs (error bars represent standard deviation, n = 3, p<0.05).
Scale bars are (FIGs. 9A-9C) 50 pm, (FIGs. 9E-9F) 15 um, and (FIGs. 9G-9H) 100 pm.

[0021] FIGs. 10A-10F show delivery of recombinant bovine serum albumin (BSA) protein
and recombinant green fluorescent protein (GFP) by bovine vitreous extracellular vesicles (EV)
to cultured human retinal pigment epithelial (ARPE-19) cells. FIG. 10A are representative
photomicrographs of ARPE-19 cells treated with a bolus of bovine vitreous EVs that had been
pre-loaded with 1 pg BSA conjugated to fluorescein by electroporation at 300 V. The left image
of FIG. 10A shows fluorescein staining (yellow) in the cytoplasm. FIG 10A, middle image
shows nuclei labelled with Hoechst stain (blue), and a merged image (FIG. 10A, right) shows
substantial number of cells transfected. FIG. 10B are representative photomicrographs of
ARPE-109 cells treated with a bolus of bovine vitreous EVs that had been mixed with BSA-
fluorescein without electroporation (0 V, control). FIG. 10B, left image show no fluorescein
staining, while FIG. 10B, right image shows nuclei labeling with Hoechst stain (blue). FIG. 10C
is a graphical representation of mean + standard deviation transfection efficiency (% of cells
transfected) of ARPE-19 cells treated with vitreous EVs loaded with 3 pg, 1 ug, or 0.5 ung BSA-
fluorescein by electroporation at 300 V, with EVs loaded with 0.5 ng BSA-fluorescein without
electroporation (0 V, control), or with PBS alone without electroporation (0 V, control). p <
0.001 for all BSA-fluorescein dosages loaded at 300 V vs. controls at 0 V. FIG. 10D shows
representative photomicrographs of ARPE-19 cells after application of a bolus of bovine vitreous
EVs that had been pre-loaded with 1 pg of recombinant GFP by electroporation at 300 V. FIG.
10D, left image, shows positive GFP staining (green) in the cytoplasm. FIG. 10D, middle image,
shows nuclei labelled with Hoechst stain (blue), and a merged image (FIG. 10D, right) shows
substantial number of cells transfected. FIG. 10E, right image, shows no fluorescein staining in
a representative photomicrograph of ARPE-19 cells after application of a bolus of bovine
vitreous EVs that had been mixed with GFP without electroporation (0 V, control). Nuclei
labeling with Hoechst stain (blue) in the control sample is shown FIG. 10E, right image. FIG.
10F is a graphical representation of mean + standard deviation transfection efficiency (% cells

transfected) of ARPE-19 cells after application of EVs loaded with 1 pg, 0.5 pg, or 0.25 ug GFP
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by electroporation at 300 V or 1 ug GFP without electroporation (0 V, control). p <0.05 for all

GFP dosages loaded at 300 V vs. control at 0 V. Scale bars (FIGs. 10A-10E) 50 um.

[0022] FIGs. 11A-11D show bovine vitreous EVs target the retina and deliver recombinant
protein in vivo. FIG. 11A are representative wide-field fluorescent photomicrographs of mouse
retina tissue sections after injection of a dilute amount of bovine EVs loaded with recombinant
bovine serum albumin (BSA) conjugated to fluorescein on day 3 post injection. FIG. 11A, left
image shows BSA fluorescein only, FIG. 11A, middle image, shows nuclei staining with
Hoeschst only, and FIG 11A, right image, shows a merged image. The images of FIG. 11A
show signal in vitreous that does not penetrate the inner limiting membrane (ILM). FIG. 11B are
representative confocal photomicrographs of mouse retina tissues section 3 weeks after injection
of BSA-fluorescein showing expression in the retinal outer plexiform layer (OPL) and inner
plexiform layer (IPL, arrow). FIG. 11B, left image, shows BSA fluorescein only, FIG. 11B,
middle image, shows nuclei staining only, and FIG 11B, right image, shows a merged image.
FIG. 11C are images showing signal in cells traversing the IPL and OPL, as well as, ganglion
cells (marked with inset box). The inset box from (FIG. 11C) is shown in higher power in (FIG.
11D) demonstrating positive stain in a cluster of cells in ganglion cell layer (GCL) and retinal
nerve fiber layer. FIGs. 11C-D, left image, shows BSA fluorescein only, FIGs. 11C-D, middle,
image, show nuclei staining only, and FIGs. 11C-D, right images, show a merged view. Scale
bars are 30 um (FIG. 11A), 50 pm (FIGs. 11B-11C) and 25 pm (FIG. 11D). Photoreceptor
segments (ph segments), outer nuclear layer (ONL), inner nuclear layer (ONL).

[0023] FIGs. 12A-12E show bovine vitreous EVs target the cornea, ciliary body, and retina
to deliver recombinant protein in vivo. FIG. 12A are representative confocal fluorescent
photomicrographs of mouse eye tissue sections after injection of bovine EVs loaded by
electroporation (300 V) with recombinant bovine serum albumin (BSA) conjugated to
fluorescein (BSA-fluorescein) at 3-weeks post injection showing signal in cornea from
endothelial cells and corneal keratocytes (FIG. 12A, left image shows BSA fluorescein only,
FIG. 12A, middle image, shows nuclei staining with Hoeschst only, and FIG 12A, right image,
shows a merged image). FIG. 12B are images from control group of bovine EV mixed with
BSA-fluorescein without electroporation (0 V) after 3-week injection showin no expression in
endothelial cells nor corneal keratocytes, but does show non-specific staining of the corneal
epithelium (FIG. 12B, left image shows BSA fluorescein only, FIG. 12B, middle image, shows
nuclei staining with Hoeschst only, and FIG 12B, right image, shows a merged image). FIG.
12C are representative confocal fluorescent photomicrographs from mouse eyes at 3-week post
injection of EVs loaded by electroporation (300 V) with BSA-fluorescein that show signal in
non-pigmented ciliary epithelial cells (FIG. 12A, left image shows BSA fluorescein only, FIG.
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12C, middle image, shows nuclei staining with Hoeschst only, and FIG 12C, right image, shows

a merged image). FIG. 12D are images showing robust expression of BSA-Fluorescein in the
photoreceptors, inner plexiform layer (IPL), retinal pigment epithelial (RPE) cells, and choroid
(FIG. 12D, left image shows BSA fluorescein only, FIG. 12D, middle image, shows nuclei
staining with Hoeschst only, and FIG 12D, right image, shows a merged image). FIG. 12E are
images of the mouse retina photoreceptors and retinal pigment epithelium (RPE) that are
transfected with recombinant BSA protein that was delivered by EVs. Scale bars are 25 um
(FIGs. 12A-12E). Corneal epithelium (Epi), corneal endothelium (endo), outer plexiform layer
(OPL), outer nuclear layer (ONL), inner plexiform layer (ONL).

[0024] FIGs. 13A-131 show bovine vitreous vesicular bodies loaded with fluorescent
labeled siRNAs transfects into human retinal pigment epithelial cells with high efficiency. FIGs.
13A-13C are low-power fluorescent photomicrographs of human retinal pigment epithelial
(ARPE-19) cells that show transfection of anti-GAPDH siRNA conjugated to cyanine 3 dye
(sitRNA-Cy3) after electroporation with bovine vesicular bodies at 350 V (FIG. 13A, yellow,
Cy3), nuclei marked with Hoechst dye (FIG. 13B, blue), and merge image of FIG. 13A and FIG.
13B shows substantial number of cells transfected (FIG. 13C). FIGs. 13D-13F are low-power
photomicrographs of ARPE-19 cells treated with bovine vitreous vesicular bodies containing
siRNA-Cy3 after electroporation at 200 V. FIG. 13D shows siRNA-Cy3 staining in the
cytoplasm (yellow). Nuclei were labeled with Hoescht stain (FIG. 13E, blue), and the merged
image of FIG. 13F show staining in the cytoplasm with reduced cell staining when compared to
350 V. FIGs. 13G-13H are images showing ARPE-19 cells treated with a bolus of bovine
vesicular bodies and anti-GAPDH siRNA-Cy3 without electroporation (0 V). FIG. 13G shows
no siRNA-Cy3 staining in ARPE-19 cells, and FIG. 13H shows nuclei marked with Hoechst
stain (blue). The graph of 131 shows the percent of cells transfected with siRNA-GAPDH-Cy3
by electroporation voltage. Scale bars are 50 um (FIGs. 13A-13H).

[0025] FIGs. 14A-14F show the bovine ciliary body non-pigmented epithelium produces
abundant vesicular bodies and that are released into intracellular spaces. FIGs. 14A-14C are
TEM photomicrograph images from bovine sections of ciliary body nonpigmented epithelium
(NPE) stained with uranyl acetate showing multiple vesicular bodies (FIG. 14A, arrowheads)
within the lumen of enlarged intercellular spaces (ISP) and budding from the NPE surface (FIG.
14A, asterisk). The orientation of the image is such that the base of the NPE and vitreous base
marked (VIT) and internal limiting membrane (ILM) are shown. FIG. 14B is the inset from FIG.
14A, upper box, and shows vesicular bodies within ISP. FIG. 14C shows the lower inset from
FIG. 14A and shows a NPE cell with a vesicular body budding into the lumen of the ISP (FIG.
14C, asterisk). FIG. 14D is a TEM photomicrograph of NPE showing electron dense bodies
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within the cell (FIG. 14D, wedge) and in vesicular bodies in the ISP lumen (FIG. 14D,

arrowheads). FIG. 14E is a TEM photomicrograph of ciliary body pigmented epithelium (PE)
showing no evidence of budding vesicles. FIG. 14F is a TEM image of bovine vitreous base
attached to the ciliary body showing collagen fibers with several vitreous bodies (FIG. 14F,
arrow-heads) within the collagen matrix (FIG. 14F, arrows). Scale bars are 1 um (FIG. 14A),
200 nm (FIG. 14B and FIG. 14F), 250 nm (FIG. 14C), and 500 um (FIGs. 14D-14E).

[0026] FIGs. 15A-151 show vitreous vesicular bodies loaded with exogenous protein
transfects with high efficiency into human retinal pigment epithelial cells. FIGs. 15A-15C are
low-power fluorescent photomicrographs of human retinal pigment epithelial (ARPE-19) cells
showing uptake of exogenous bovine serum albumin. Bovine vitreous humor vesicular bodies
were electroporated at 350 V with BSA-fluorescein and then a bolus given to ARPE-19 cells
which showed substantial staining in the cytoplasm (FIG. 15A, yellow). Nuclei were labeled
with Hoechst stain (FIG. 15B, blue), and a merged image of FIG. 15A and FIG. 15B shows a
substantial number of ARPE-19 cells stain for fluorescein (FIG. 15C). ARPE-19 cells treated
with bovine vitreous vesicular bodies containing BSA-fluorescein (electroporated at 200 V) also
show staining in the cytoplasm (FIG. 15D). Nuclei of these cells were labeled with Hoechst
stain (FIG. 15E, blue), and the merged images (FIG. 15F) shows a decrease in cytoplasm
cytoplasmic staining, which means fewer transfected cells as compared to cells exposed to EV
electoporated with 300 V. FIGs. 15G-15H are photomicrographs showing ARPE-19 cells
treated with bovine vesicular bodies and BSA-fluorescein without electroporation. No BSA-
fluorescein staining in ARPE-19 cells was observed as shown in FIG. 15G). Nuclei were
marked with Hoechst stain (FIG. 15H, blue). FIG. 1511s a graph showing protein transfection
efficiency (error bars standard deviation of measurements, n = 3). Scale bars are 50 um (FIGs.
15A-15H).

[0027] FIGs. 16A-16E show aqueous humor contains abundant vesicular bodies. FIG. 16A
are TEM photomicrographs of whole mount bovine aqueous labeled with acridine orange
showing multiple vesicular shaped bodies of various sizes (FIG. 16A, single arrowheads, double
arrowheads, and arrow marks small, medium and large vesicle, respectively). FIG. 16B isa
TEM photomicrograph depicting vesicular bodies stained with CFSE (FIG. 16B, arrowheads)
associated with a collagen stand (FIG. 16B, arrow). FIGs. 16C-16D are TEM photomicrographs
of bovine anterior chamber exosomes after isolation by differential ultracentrifugation stained
with uranyl acetate (FIG. 16C) and acridine orange (FIG. 16D) showing a cluster of vesicular
bodies of various sizes (FIG. 16C). FIG. 16E is an averaged Finite Track Length Adjustment
Size/Concentration graph from nanoparticle tracking analysis of ultracentrifuge-isolated

exosomes (error bars indicating +/- 1 standard error of the mean). The data had a concentration
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of 1.10 e 8, a mean of 140.8 nm, a standard deviation of 127.9 nm, and peaks at 15 nm, 35 nm,
65 nm, 115 nm, 185 nm, 205 nm, 225 nm, 275 nm, 415 nm, 505 nm, and 615 nm (FIG. 16E).
Scale bars, 200 nm (FIG. 16A, FIGs. 16C-16D) 500 nm (FIG. 16B).

[0028] FIGs. 17A-17R show that isolated bovine EVs can transfect human skin cells.
Isolated bovine EVs were labeled for endogenous proteins (CFSE) and RNA (acridine orange)
and then human skin cells (PAM-212) were transfected in culture. FIGs. 17A-17C are low
power wide-field photomicrographs of human skin cells PAM-212 that were transfected with
bovine vitreous RNA that was labeled with acridine orange (AQ) after 3 h of transfection. FIGs.
17D-17F show PAM-212 cells transfected with AO labeled EVs 24 hours after transfection.
Images show a robust transfer of bovine EV RNA to human skin cells. The images of FIGs.
17G-171 show PAM-212 cells transfected bovine vitreous EVs that were previously labeled for
all protein using CFSE, EVs were isolated again and then exposed to a bolus of EV-labeled
protein to PAM 212 cells. After transfection of 3 h (FIGs. 17G-171) and 24 hours (FIGs. 17]J-
17L) cells show robust uptake of bovine EV protein. Negative controls show no transfection at

3h (FIGs. 17M-170) and 24 h (FIGs. 17P-17Q). Scale bar is 100um for all images.
DETAILED DESCRIPTION OF THE INVENTION

[0029] The present invention is based on the unexpected discovery of a vesicular network in
the vitreous and aqueous humor of the healthy human and bovine eyes. The vesicles of this
network are loaded with a cargo of diverse proteins and coding and non-coding RNAs that they
transport short and long distances to other ocular tissues. As described and demonstrated herein,
these vesicle bodies can be safely isolated from ocular fluids of healthy individuals and modified
to serve as therapeutic delivery vehicles.

[0030] Accordingly, a first aspect of the present invention is directed to a composition
comprising one or more aqueous humor and/or vitreous humor extracellular vesicle bodies. The
aqueous humor and/or vitreous extracellular vesicle bodies of the composition are modified to
contain one or more exogenous agents.

[0031] The term “extracellular vesicle” as used herein refers to a nanosized membranous
particle secreted by a cell. Extracellular vesicles, which are also referred to as EVs,
multivesicular bodies, and ectosomes, are natural transport nanovesicles that have been
implicated in intercellular communication via transfer of biomolecules such as proteins, lipids,
and RNA from one cell to another. Extracellular vesicles differ from other secreted vesicles,
e.g., exosomes and apoptotic bodies, based on their size, i.e., exosomes are typically about 40-
100 nm in diameter, extracellular vesicles are typically 100-1000 nm in size, and apoptotic

bodies are typically 1-5 um in size.
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[0032] In accordance with the present disclosure, the extracellular vesicles of the vitreous
and aqueous humor are characterized by their size, i.e., their diameter. The term “diameter”
refers to the maximum dimension of the vesicle, it being understood that the vesicle is not
necessarily spherical. Vesicle diameter can be measured using conventional techniques for
measuring nanoparticle size, such as microscopy techniques (e.g., transmission electron
microscopy or light scattering techniques). In another embodiment, the vesicle diameter is
measured using Nanoparticle Tracking Analysis (see W0O03/093801 to Carr and Geddess, which
is hereby incorporated by reference in its entirety).

[0033] The vesicular bodies of the vitreous humor are heterogenous in size, having a
diameter ranging from 100 nm to 6000 nm. In one embodiment, the extracellular vesicles of the
composition derived from the vitreous humor have a diameter ranging from 100 nm to 1000 nm.
In another embodiment, the extracellular vesicles of the composition derived from the vitreous
humor have a diameter of about 150 to 500 nm. In another embodiment, the extracellular
vesicles of the composition derived from the vitreous humor have a diameter of about 150 to 300
nm.

[0034] The vesicular bodies of the aqueous humor are also heterogenous in size and
generally smaller than the vitreous vesicular bodies. In one embodiment, the extracellular
vesicles of the composition derived from the aqueous humor have a diameter ranging from 50
nm to 600 nm. In another embodiment, the extracellular vesicles of the composition derived
from the aqueous humor have a diameter of about 50-400 nm. In another embodiment, the
extracellular vesicles of the composition derived from the aqueous humor have a diameter of
about 50-200 nm.

[0035] In one embodiment, the composition comprising aqueous humor and/or vitreous
humor extracellular vesicle bodies comprises a population of vesicle bodies. A “population” of
vesicles refers to a set of at least 2 vesicle bodies, at least 5 vesicle bodies, at least 10 vesicle
bodies, at least 50 vesicle bodies, at least 100 vesicle bodies, at least 500 vesicle bodies, at least
1000 vesicle bodies, at least 10000 vesicle bodies, at least 100,000 vesicle bodies, at least
1,000,000 vesicle bodies, or more.

[0036] In another embodiment, the vesicle bodies of the vitreous and aqueous humor are
characterized by their proteomic signature. For example, the vesicles of the vitreous humor
express several known exosome markers, including CD-9, Hsp-908, annexin-II, and TSG-101
proteins. The full list of exosome marker proteins present and enriched in vitreous extracellular
vesicles is provided in Table 1 infra. In one embodiment, the composition comprises a
population of vitreous humor extracellular vesicles expressing one or more exosome markers

listed in Table 1. In another embodiment, the composition comprises a population of vitreous
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humor extracellular vesicles expressing two, three, four, five, six, seven, eight, nine, or all ten of
the exosome markers listed in Table 1.

[0037] The vitreous humor vesicles of the composition of the present disclosure also
possess a diverse proteomic signature of eye specific proteins as described in the Examples
herein, see Table 2 infra. In one embodiment, the composition comprises a population of
vitreous humor extracellular vesicles expressing one or more of the eye specific proteins listed in
Table 2. In another embodiment, the composition comprises a population of vitreous humor
extracellular vesicles expressing two, three, four, five, six, seven, eight, nine, ten or all eleven of
the eye specific proteins listed in Table 2.

[0038] The entire protein signature of the vitreous extracellular vesicles is provided in Table
3 infra. Table 3 indicates the differential expression of the listed protein between the
extracellular vesicle fraction of the vitreous humor and the cell free fraction of the vitreous
humor. Accordingly, in one embodiment, the composition described herein comprises a
population of extracellular vesicles expressing one or more of the proteins listed in Table 3. IN
another embodiment, the composition described herein comprises a population of extracellular
vesicles expressing one or more of the proteins enriched for in the extracellular fraction of the
vitreous fraction. In another embodiment, the composition described herein comprises a
population of extracellular vesicles expressing one or more of the proteins identified in Table 3
as being expressed only in the extracellular vesicle fraction. The population of extracellular
vesicles described herein can be defined by the expression of any combination of proteins
identified as being differentially expressed in only the extracellular vesicle fraction.

[0039] In one embodiment, the aqueous humor and/or vitreous humor vesicular bodies of
the composition are isolated vesicular bodies. As used herein, the term “isolated” refers to
vesicular bodies that have been removed from a human or animal body, i.e., from ocular fluids of
the animal or human, and substantially separated from cell or cellular debris with which they are
normally associated iz vivo. In one embodiment, the composition comprising the extracellular
vesicles is >75%, >80%, >85%, >90%, >95% free of cell or cellular debris normally associated
with said vesicle bodies in vivo.

[0040] The extracellular vesicles of the composition may be isolated and/or purified using
several techniques. These include filtration, centrifugation, ion-chromatography, or
concentration, either alone or in combinations. An exemplary isolation method is described
herein and involves a series of low-speed centrifugations. Other exemplary methods of isolating
or purifying extracellular vesicles that are known in the art and suitable for use in accordance
with the present invention include, without limitation, those disclosed by, e.g., van der Pol et al,

“Recent Developments in the Nomenclature, Presence, Isolation, Detection and Clinical Impact
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of Extracellular Vesicles,” J Thromb Haemost 14:48-56 (2016), U.S. Patent Application

Publication No. 2016/0216253 to Balaj, W0O2015/143113 to Cohen, W02000/44389 to Dhellin,
and W02001/82958 to Lamparski, which are hereby incorporated by reference in their entirety.
[0041] In one embodiment, the composition as disclosed herein comprises extracellular
bodies from the vitreous humor. The vitreous humor or vitreous body is located between the
lens and the retina. It is an optically clear, mostly acellular, and gel-like structure with little
known biological function. In one embodiment, the extracellular vesicles are obtained from a
healthy, normal vitreous body, i.e., from a healthy subject. In another embodiment, the
extracellular vesicles are obtained from a vitreous of a subject having an ocular disease. In
another embodiment, the composition comprises extracellular bodies from the aqueous humor.
The aqueous humor is the clear liquid filling the anterior chamber of the eye, located between the
lens and the cornea. In one embodiment, the extracellular vesicles are obtained from a healthy,
normal aqueous humor, i.e., from a healthy subject. In another embodiment, the extracellular
vesicles are obtained from an aqueous humor of a subject having an ocular disease. In another
embodiment, the composition comprises a mixture of extracellular bodies obtained from the
aqueous humor and the vitreous humor.

[0042] In one embodiment, the extracellular vesicles as described herein are secreted by the
ciliary body, e.g., the ciliary epithelium. In another embodiment, the extracellular vesicles as
described herein are secreted by the pigmented ciliary epithelium, non-pigmented ciliary
epithelium, ciliary processes. In another embodiment, the extracellular vesicles as described
herein are secreted by retinal cells including Miiller cells, ganglion cells, amacrine cells,
horizontal cells, photoreceptors (rods and cones) bipolar cells, retinal pigment epithelium or
retinal endothelial cells. In another embodiment, the extracellular vesicles as described herein are
secreted by cells of cornea including corneal epithelium, corneal stroma (keratocytes), corneal
endothelium, or limbal stem cells. In another embodiment, the extracellular vesicles as described
herein are secreted by cells of iris including pigmented or non-pigmented cells, spindle shaped
fibroblasts, macrophages (clump cells of Koganei), smooth muscle of the sphincter muscle, or
posterior epithelium. In another embodiment, the extracellular vesicles as described herein are
secreted by the trabecular meshwork cells including trabecular meshwork cells or endothelial
cell lining of Schlemm's canal. In another embodiment, the extracellular vesicles as described
herein are secreted by cells of the lens including lens epithelium, lens fibers, or lens capsule. In
another embodiment, the extracellular vesicles as described herein are secreted by cells of
choroid including cuboidal epithelial cells, ependymal cell layer, choroid plexus epithelial cells,
or choroidal endothelial cells. In another embodiment, the extracellular vesicles as described

herein are secreted by cells of the optic nerve including oligodendrocytes, retinal ganglion
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cell axons, or glial cells. In another embodiment, the extracellular vesicles as described herein
are secreted by stem and progenitor cells including mesenchymal stem cells, limbal stem cells,
retina stem cells.

[0043] The vitreous and/or aqueous humor extracellular vesicles of the composition as
described herein can be any mammalian vitreous or aqueous humor extracellular vesicles. In one
embodiment, the composition comprises bovine vitreous and/or aqueous humor extracellular
vesicles. In another embodiment, the composition comprises human vitreous and/or aqueous
humor extracellular vesicles. In another embodiment, the composition comprises vitreous and/or
aqueous humor extracellular vesicles derived from non-human primates, dogs, cats, rodents (e.g.,
mouse, rat, and guinea pig), horses, cervids, sheep, or pigs.

[0044] As demonstrated herein, the extracellular vesicles of the vitreous and aqueous humor
can be isolated, modified to contain one or more exogenous agents, and utilized as a delivery
vehicle to delivery the one or more exogenous agents to a target tissue or cell. The exogenous
agent can be a therapeutic agent or a diagnostic agent. Suitable therapeutic and diagnostic agents
include, without limitation, nucleic acid molecules, proteins and polypeptides, small molecules,
hormones, and any combination thereof.

[0045] In one embodiment, the exogenous agent is a therapeutic nucleic acid molecule. The
nucleic acid molecule can be single-stranded or double-stranded nucleic acid. Single-stranded
nucleic acids include those with phosphodiester, 2'0-methyl, 2' methoxy-ethyl,
phosphoramidate, methylphosphonate, and/or phosphorothioate backbone chemistry. In one
embodiment, the nucleic acid molecule is a therapeutic nucleic acid molecule selected from a
ribonucleic acid molecule (RNA), a deoxyribonucleic acid molecule (DNA), an RNA-DNA
hybrid, a modified RNA molecule, modified DNA molecule, or a modified RNA/DNA molecule
thereof.

[0046] In one embodiment, the therapeutic nucleic acid molecule is an RNA molecule, such
as a small RNA molecule, complementary RNA, a non-coding RNA molecule, siRNA, a pi-
RNA molecule, a micro-RNA molecule, a sno-RNA molecule, long non-coding RNA molecule,
messenger RNA molecule, ribosomal RNA molecule, an antisense nucleic acid molecule,
Locked Nucleic Acid (LNA), antagomir, RNA aptamer, miRNA mimic, miR sponges,
CRISPR/Cas gene editing RNA, trans-activating crRNA (tractrRNA), short synthetic RNA
composed of a “scaffold” sequence (gRNA), Small Cajal body-specific RNAs (scaRNA), natural
cis-antisense siRNAs (cis-nat-siRNAs), trans-acting siRNA (tasiRNA), repeat associated small
interfering RNA (rasiRNA), 7SK, transfer-messenger RNA (tmRNA), transfer RNA (tRNA),
7SL RNA, signal recognition particle RNA (SRP), and any combination thereof.
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[0047] In one embodiment, the extracellular vesicles are modified to contain a therapeutic
RNA that is suitable for the treatment of an ocular disease or condition. Therapeutic RNAs
suitable for the treatment of an ocular disease include, without limitation, siRNA targeting the
2- adrenoreceptor (SYL040012) for the treatment of glaucoma (Pafieda et al., “Development of
SYL040012, a siRNA for treating increased intraocular pressure associated to glaucoma,” AOPT
2013 Scientific Meeting 1:96 (2013), which is hereby incorporated by reference in its entirety),
siRNA targeting VEGF (bevasiranib) for the treatment of age related macular degeneration
(AMD), siRNA targeting VEGF receptor (siRNA-027) for the treatment of AMD (Kaiser et al.,
“RNAi-based treatment for neovascular age-related macular degeneration by SiRNA-027,” Am J
Ophthalmol. 150:33-39 (2010), which is hereby incorporated by reference in its entirety), and
siRNA targeting RTP801 (PF-655) for the treatment of AMD and diabetic retinopathy (Nguyen
et al., “Phase 1 dose-escalation study of a siRNA targeting the RTP801 gene in age-related
macular degeneration patients,” Eye (Lond) 26:1099-1105(2012) and Nguyen et al., “Dose-
ranging evaluation of intravitreal siRNA PF-04523655 for diabetic macular edema (the DEGAS
Study),” Invest Ophthalmol Vis Sci. 53:7666—7674 (2012), which are hereby incorporated by
reference in their entirety). Other therapeutic RNA molecules suitable for the treatment of ocular
diseases that can be introduced to the extracellular vesicles of the composition described herein
are described in Guzman-Aranguez et al., “Small-interfering RNAs (siRNAs) as a Promising
Tool for Ocular Therapy,” Br. J. Pharmacol. 170(4): 730-747 (2013), which is hereby
incorporated by reference in its entirety).

[0048] In another embodiment, the isolated extracellular vesicles of the vitreous and/or
aqueous humor obtained using the methods described herein, are modified to express or
incorporate an mRNA. The mRNA may encode a therapeutic agent that inhibits, down-
regulates, reduces a protein expression and/or activity, the excess level of which is associated
with an ocular disease, disorder or condition. Such a therapeutic agent may be a peptide, an
antibody or other polypeptides or proteins, including any of those described herein. In one
embodiment, the mRNA encodes an antibody, a soluble receptor or other binding protein.
Typically, a suitable mRNA encodes an antibody that inhibits, down-regulates, or reduces a
protein that is present in excess in amount and/or activity in an ocular disease, disorder or
condition. In some embodiments, a suitable mRNA encodes an antibody that activates, up-
regulates or increases a protein activity that is deficient in an ocular disease, disorder or
condition. Exemplary antibodies encoded by mRNAs that can be introduced into the
extracellular vesicles of the vitreous and/or aqueous humor as described herein include, but are
not limited to, antibodies against VEGF, TNFa, IL-6, ICAM-1, VCAM-1, or soluble receptors
such asVEGF receptors (e.g., VEGFR1).
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[0049] Other mRNA molecules that are suitable for the treatment of an ocular disease or
condition using the extracellular vesicles as described herein, include for example, and without
limitation, mRNA molecules encoding the protein or biologically active fragments of endostatin,
angiostatin, tissue inhibitor of metalloproteinase 3 (TIMP3), pigment epithelium derived factor
(PEDF), or soluble vascular endothelial growth factor receptor (sFlt-1) for the reduction of
neovascularization, mRNA molecules encoding the protein or biologically active fragments of
Prph2, Rho, cGMP phosphodiesterase B-subunit (BPDE), Bcl2, PEDF, fibroblast growth factor
(FGF-2), ciliary neurotrophic factor (CNTF), and c-mer proto-oncogene tyrosine kinase (Mertk)
for the treatment of retinitis pigmentosa; mRNA molecules encoding the protein or biologically
active fragments of brain-derived neurotrophic factor (BDNF), CNTF, and GDNF for the
treatment of glaucoma; mRNA molecules encoding the protein or biologically active fragments
of IL-10 and interleukin-1 receptor agonist (IL-1Ra) for the treatment of uveitis; and mRNA
molecules encoding the protein or biologically active fragments of IFN-f3 and thymidine kinase
(TK) for the treatment of retinoblastoma.

[0050] In one embodiment, the extracellular vesicles as described herein are modified to
carry one or more of the following mRNA therapeutics, mMRNA-1440, mRNA-1851, mRNA
MRK-1777, mRNA-1388, mRNA-1325, mRNA-1706, mRNA-1647, mRNA-1653, mRNA-
4157, mMRNA-2416, mnRNA-2905, mRNA AZD-8601, MRG-106, MIR-155, MRG-201, MRG-
107, and MRG-110.

[0051] In another embodiment, the mRNA molecule loaded into the extracellular vesicles as
described herein encodes a vaccine antigen. The mRNA directs the cells to produce and express
the antigenic proteins, either secreted or on the cell surface, much like a native infection would
do but without the ability to cause disease or spread. For therapeutic vaccines, using the
extracellular vesicles described herein to deliver mRNA-based personalized cancer vaccines to
prime the immune system to recognize cancer cells and mount a strong, tailored response to each
individual patient’s cancer. The extracellular vesicle includes a mRNA that encodes a patient’s
specific neoantigens, or unique mutations present in that specific patient’s tumor.

[0052] In another embodiment, the RNA molecule is catalytic RNA. Ribozymes are
catalytic RNAs that function as enzymes and do not require proteins for catalysis. Most known
natural ribozymes are self-processing RNAs that catalyze RNA cleavage and ligation reactions.
Suitable ribozymes therapeutics that can be delivered using the extracellular vesicles as
described herein include, but are not limited to angiozyme, Heptazyme, MY-2, RRz1, OZ1
(RRz1), CCRS ribozyme, L-TR/Tatneo.

[0053] Other RNA therapeutic molecules that are suitable for the treatment of a disease or

condition using the extracellular vesicles as described herein, include for example, and without
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limitation SPC3649 (LNA), Bevasiranib, AGN-745, PF-655, QPI- 1007, TD101, SYL040012,

SYL1001, ExcellairTM, ALN-RSV01, CEQ508, siG12D LODER, TKM-ApoB, TKM-PLK 1,
ALN-VSP02, ALN-TTRO1, Ber-Abl siRNA, Atu027, ISNP, CALAA-01, FANG vaccine,
iPsiRNA, Tat/Rev shRNA, siRNA-EphA2-DOPC, TD101, Atu027, ND-L02-s0201, DCR-PH1,
STP705, ALN-GO1, Fitusiran (ALN-AT3SC), ALN-CCS, ALN-AS1, DCR-MYC, TKM
080301, siG12D-LODER, Inclisiran (ALN-PCSSC), PF-655, SYL1001, Bamosiran
(SYL040012), QPI-1007, QPI-1002, Patisiran (ALN-TTR02), ISTH0036, EZN-2968
(RO7070179), LErafAON-ETU, AKCEA-APOCIII-LRx, BIIB067 (IONIS-SOD1Rx),
AZD5312, Cenersen, IONIS-HTT Rx, IONIS ANGPTL3-LRx, AZD9150, QR-010, SB012,
AEG35156, DS-5141b, AKCEA-APO(a)-LRx, Apatorsen (OGX-427), IONIS-HBV Rx, IONIS-
GCGR Rx, ASM8, SB010, SB011, G4460, Prexigebersen (BP1001), IONIS-FXI Rx, Aganirsen
(GS-101), Eteplirsen (AVI-4658), Alicaforsen, Volanesorsen, [IONIS-TTRRx, Custirsen (OGX-
011), Lipo-MERIT, IVAC mutanome/warehouse, TNBC-MERIT, CV7201, CV8102, mRNA-
1851, mMRNA-1440, mRNA MRK-1777, mRNA AZD-8601, mRNA-1325, CV9103, AGS-004,
AGS-003-LNG, iHIVARNA-01, AGS-003.

[0054] In one embodiment, isolated extracellular vesicles of the vitreous and/or aqueous
humor obtained using the methods described herein, are modified to express or incorporate a
nuclease genome editing system useful to edit the genome. Genome editing as described herein
may include gene insertions, deletions, modifications (e.g. nucleotide transitions, transversions,
insertions or deletions of one or more nucleotides or duplications of any nucleotide sequence),
gene activation and gene silencing. As will be appreciated by one of skill in the art, genome
editing may be for the purpose of correcting an undesirable gene mutation, introducing a gene
mutation, altering a gene sequence (e.g. to improve, enhance or inhibit gene function), inserting a
gene sequence (e.g. to activate or inhibit gene expression), and the like. Examples of nuclease
genome editing systems include, but are not limited to, Clustered Regularly Interspaced Short
Palindromic Repeats (CRISPR) nuclease system, e.g. including a targeting gRNA and a
CRISPR-associated (Cas) gene, such as CRISPR-Cas9, Transcription Activator-Like Effector
Nucleases (TALEN) and mito-TALEN, Zinc-Finger Nucleases (ZFN), and other therapeutic
nucleic acids, e.g. small interfering RNA, micro RNA, anti-microRNA, antagonist, small hairpin
RNA, and aptamers (RNA, DNA or peptide based (including affimers)).

[0055] In one embodiment, the extracellular vesicles of the composition described herein
are genetically modified to express or incorporate a CRISPR nuclease system, such as a
CRISPR/Cas9 Type II genome editing system, including a Cas nuclease, and a guide RNA
(gRNA), which comprises a fusion of trans- activating RNA (tracrRNA) and CRISPR RNA
(crRNA). CRISPR RNA includes a targeting RNA sequence and a distinctive array of non-
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coding direct RNA repeats. The crRNA and tracrRNA are related to the selected Cas nuclease.

As one of skill in the art will appreciate, the crRNA and tracrRNA (components of the gRNA)
and the Cas nuclease are indicated to be "related" which means that the crRNA and tracrRNA are
specific for and recognized by one or more particular Cas nucleases.

[0056] In one embodiment, the CRISPR nuclease system is designed to edit one or more
gene defects associated with an ocular condition. For example, and without limitation, the
CRISPR nuclease system may be designed to edit the VEGF gene that is overexpressed in age-
related macular degeneration as described in Kim et al., “Genome Surgery Using Cas9
Ribonucleoproteins for the Treatment of Age-Related Macular Degeneration,” Genome Research
27:419-426 (2017), which is hereby incorporated by reference in its entirety. In another
embodiment, the CRISPR nuclease system may be designed to inactivate the Nr/ or NR2e3 genes
for the purpose of preventing degeneration associated with retinitis pigmentosa as described by
Zhu et al., “Gene and Mutation Independent Therapy via CRISPR-Cas9 Mediated Cellular
Reprogramming in Rod Photoreceptors,” Cell Res. 27:830-833 (2017), which is hereby
incorporated by reference in its entirety.

[0057] In another embodiment, the nucleic acid molecule is a DNA molecule. Suitable
DNA molecules include, without limitation, a small DNA molecule, a cDNA molecule, an
oligonucleotide, a locked Nucleic Acid (LNA), a deoxyribonucleic acid aptamer, a
deoxyribonucleic acidzyme (DNAzymes), and any combination thereof.

[0058] In one embodiment, the therapeutic nucleic acid includes genomic sequences, e.g.,
cDNA sequences and smaller engineered gene segments that express, or may be adapted to
express, proteins, polypeptides, fusion proteins, antibodies, and protein/peptide variants. The
nucleic acid may comprise a contiguous nucleic acid sequence of about 5 to about 12000 or more
nucleotides, nucleosides, or base pairs. Therapeutic nucleic acid molecules in accordance with
this aspect of the invention may encode cytokines, enzymes, hormones, natural agonists and
antagonists of proteins involved in disease, etc. Therapeutic nucleic acid molecules also include
biologically functional equivalents of a therapeutic nucleic acid proven to benefit in the
treatment or prevention of a disease or health-related condition. Accordingly, sequences that
have about 70% to about 99% sequence identity to a known nucleic acid molecule are suitable
therapeutic nucleic acid molecules in accordance with this aspect of the present invention.

[0059] In one embodiment, the extracellular vesicles are modified to contain a therapeutic
DNA molecule that is suitable for the treatment of an ocular disease or condition. Suitable
therapeutic DNA molecules include for example, and without limitation, DNA molecules
encoding the protein or biologically active fragments of endostatin, angiostatin, tissue inhibitor

of metalloproteinase 3 (TIMP3), pigment epithelium derived factor (PEDF), or soluble vascular
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endothelial growth factor receptor (sFlt-1) for the reduction of neovascularization; DNA
molecules encoding the protein or biologically active fragments of Prph2, Rho, cGMP
phosphodiesterase B-subunit (BPDE), Bcl2, PEDF, fibroblast growth factor (FGF-2), ciliary
neurotrophic factor (CNTF), and c-mer proto-oncogene tyrosine kinase (Mertk) for the treatment
of retinitis pigmentosa, DNA molecules encoding the protein or biologically active fragments of
brain-derived neurotrophic factor (BDNF), CNTF, and GDNF for the treatment of glaucoma;
DNA molecules encoding the protein or biologically active fragments of IL-10 and interleukin-1
receptor agonist (IL-1Ra) for the treatment of uveitis; and DNA molecules encoding the protein
or biologically active fragments of IFN-f and thymidine kinase (TK) for the treatment of
retinoblastoma. Other suitable DNA therapeutics that can be introduced into the extracellular
vesicles of the composition as described herein are known in the art, see Liu et al., “Gene
Therapy for Ocular Diseases,” Postgrad. Med. J. 87(1029): 487-95 (2011), which is hereby
incorporated by reference in its entirety.

[0060] In another embodiment the therapeutic DNA molecule suitable for treatment of an
ocular disease which is loaded into the extracellular vesicles of the composition described herein
is an aptamer. Suitable aptamers include, for example and without limitation, Macugen/
pegaptanib (NX1838) targeting the activity of VEGF for the treatment of ocular neovascular
diseases, Fovista/pegpleranib (NX1975) targeting the activity of PDGF B-chain for the treatment
of age-related macular degeneration, and Zimura/ARC1905 targeting the activity of complement
component 5 (C5) for the treatment of age-related macular degeneration (see Drolet et al., “Fit
for the Eye: Aptamers in Ocular Disorders,” Nucleic Acid Ther. 26(3):127-146 (2016), which is
hereby incorporated by reference in its entirety). Other suitable aptamers include RNA aptamer
(RB006 or pegnivacogin), ARC19499(BAX499), REG1 (RB006 & RB007), ARC1905, TAR
decoy, RRE decoy.

[0061] In one embodiment, a combination of therapeutic RNA and DNA molecules are
introduced into the extracellular vesicles of the composition described herein. In one
embodiment, the combination of therapeutic RNA and DNA molecules work in concert for the
treatment of an ocular disease. For example, and without limitation, siRNA molecules capable
of silencing the expression of mutant rhodopsin expression can be administered in combination
with a DNA molecule encoding the wildtype rhodopsin gene for the treatment of retinitis
pigmentosa (O'Reilly et al., “RNA interference-mediated suppression and replacement of human
thodopsin in vivo,” Am J Hum Genet. 81:127-135 (2007), which is hereby incorporated by
reference in its entirety).

[0062] In another embodiment, the nucleic acid is a diagnostic nucleic acid. A diagnostic

nucleic acid is a nucleic acid that can be applied in the diagnosis of a disease or health-related
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condition. A diagnostic nucleic acid sequence that encodes one or more reporter proteins. A
“reporter protein” refers to an amino acid sequence that, when present in a cell or tissue, is
detectable and distinguishable from other genetic sequences or encoded polypeptides present in
cells. In some embodiments, a therapeutic nucleic acid molecule may be fused to the diagnostic
nucleic acid encoding a reporter protein. For example, the two nucleic acid molecules may be
linked to the same promoter by, for example, an internal ribosome entry site, or a bi-directional
promoter. Using such techniques, expression of the therapeutic nucleic acid and diagnostic
nucleic acid correlate. Thus, when the composition is used in the methods as described herein,
one may gauge the location, amount, and duration of expression of a therapeutic nucleic acid.
[0063] Preferably, a reporter sequence encodes a protein that is readily detectable either by
its presence, its association with a detectable moiety, or by its activity that results in the
generation of a detectable signal. In certain aspects, a detectable moiety may include a
radionuclide, a fluorophore, a luminophore, a microparticle, a microsphere, an enzyme, an
enzyme substrate, a polypeptide, a polynucleotide, a nanoparticle, and/or a nanosphere, all of
which may be coupled to an antibody or a ligand that recognizes and/or interacts with a reporter.
Exemplary diagnostic nucleic acid molecules include, without limitation, nucleic acid molecules
encoding B-lactamase, B-galactosidase (LacZ), alkaline phosphatase, thymidine kinase, green
fluorescent protein (GFP), chloramphenicol acetyltransferase (CAT), luciferase, membrane
bound proteins including, for example, G-protein coupled receptors (GPCRs), somatostatin
receptors, CD2, CD4, CDB8, the influenza hemagglutinin protein, symporters (such as NIS) and
others well known in the art.

[0064] In one embodiment, the extracellular vesicles of the composition described herein
are modified to include a naked nucleic acid molecule, e.g. naked DNA or naked RNA. In
another embodiment, the nucleic acid is packaged in an expression vector suitable for expression
in prokaryotes or eukaryotes or both, preferably for expression in mammalian cells. Suitable
expression vectors include viral vectors (e.g., adenoviral vector, adeno-associated viral vector,
lentiviral vector, vaccina viral vector, retroviral vector, herpes viral vector), bacterial vectors,
plasmid vectors, artificial chromosomes, bacteriophages, or any combination thereof.
Expression vectors generally contain regulatory sequences and other necessary elements for the
translation and/or transcription of the inserted coding sequence. For example, the coding
sequence is preferably operably linked to a promoter and/or enhancer to help control the
expression of the desired gene product. Promoters used in biotechnology are of different types
according to the intended type of control of gene expression. They can be generally divided into
constitutive promoters, tissue-specific or development- stage-specific promoters, inducible

promoters, and synthetic promoters. Depending on the vector system and host utilized, any
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number of suitable transcription and translation elements may be used. In mammalian cell
systems, promoters from mammalian genes or from mammalian viruses are preferably used.
[0065] Methods of constructing expression vectors containing the desired nucleic acid
molecules and appropriate transcriptional and translational control elements are well known in
the art. These methods include in vitro recombinant DNA techniques, synthetic techniques, and
in vivo genetic recombination. Such techniques are described in Sambrook et al., Molecular
Cloning, A Laboratory Manual (Cold Spring Harbor Press, Plainview, N.Y ., 1989), and Ausubel
et al, Current Protocols in Molecular Biology (John Wiley & Sons, New York, N.Y., 1989),
which are hereby incorporated by reference in their entirety.

[0066] The extracellular vesicles can be loaded with the nucleic acid or nucleic acids of
interest using techniques known in the art, such as, for example, electroporation. Electroporation
involves introducing pores into the vesicles using a pulse of electricity (e.g., 100-400 V/cm),
where the nucleic acid(s) enter the vesicles through the pores. The extracellular vesicles can
alternatively be loaded with nucleic acid(s) of interest using microinjection or particle
bombardment. Alternatively, the extracellular vesicles can be loaded using lipofection or
transfection using commercially available kits and reagent, or by transformation using heat
shock.

[0067] In another embodiment, the vitreous and/or aqueous humor vesicles are loaded with
a therapeutic protein and/or peptide for delivery. In one embodiment, the therapeutic protein is
an exogenous protein or peptide. Exogenous refers to a protein or peptide with which the
vesicle is not normally associated.

[0068] The protein and/or peptide to be loaded into the vesicles is chosen based the desired
effect of that protein and/or peptide on the target cell. A single protein or peptide may be
incorporated into the vesicles. Alternatively, more than one protein and/or peptide may be
incorporated into the vesicles. The more than one protein and/or peptide may act on the same or
different targets to bring about the desired therapeutic and/or preventative effect.

[0069] In one embodiment, the protein and/or peptide to be loaded into the vesicles is an
antibody or antibody fragment. The term "antibody" as referred to herein includes whole
antibodies (i.e., two heavy chains and two light chains), antibody binding fragments thereof, e.g.,
single chain antibodies (scFv), single domain antibodies (e.g., nanobodies or Fv), Fab, Fab’,
F(ab’),, and, variants thereof, e.g., tandem scFv, Fd fragments, diabodies, triabodies. These
antibody fragments may be obtained using conventional techniques known to those of skill in the
art, and the fragments may be screened for utility in the same manner as intact antibodies

[0070] Antibody and antibody fragments disclosed herein can be mono-valent, bi-valent,

or tri-valent with regard to binding domains, and the binding domains may be mono-specific, bi-



10

15

20

25

30

35

-24-
WO 2018/049284 PCT/US2017/050854

specific, or tri-specific in binding specificity by design. Suitable antibodies include monoclonal
antibodies or a polyclonal antibody mixture. The antibody may be a chimeric antibody, a CDR-
grafted antibody, a humanized antibody or an antigen binding portion of any of the foregoing
thereof. Therapeutic antibodies may be derived from a variety of species, including, without
limitation, mouse, human, camel, llama, goat, rabbit, bovine, and cartilaginous fish.

[0071] In one embodiment, the antibody or antigen binding fragment thereof is one that is
suitable for the treatment of an ocular disease or condition. Suitable antibodies or antigen
binding fragments thereof include, without limitation, those that bind to and preferentially block
or reduce the activity of integrins associated with disease, such as an anti-a,[3; integrin antibody
and an anti-o4f; integrin antibody. Other suitable antibodies that can be introduced into the
extracellular vesicles of the compositions described herein include, for example and without
limitation, an anti-epidermal growth factor receptor antibody, anti-vascular endothelial growth
factor (VEGF) receptor antibody, anti-VEGF antibodies, e.g., bevacizumab, ranibizumab, anti-
TNFa antibodies, e.g., infliximab and adalimumab, an anti-fibroblast growth factor antibody, an
anti-epidermal growth factor antibody, an anti-CD20 antibody, an anti-CD52 antibody, an anti-
CDl11a antibody, and anti-IL-2 antibody.

[0072] Other suitable antibodies that can be introduced into the extracellular vesicles of the
compositions described herein include, for example and without limitation, abciximab (Reopro),
adalimumab (Humira, Amjevita), alefacept (Amevive), alemtuzumab (Campath), basiliximab
(Simulect), belimumab (Benlysta), bezlotoxumab (Zinplava), canakinumab (Ilaris), certolizumab
pegol (Cimzia), cetuximab (Erbitux), daclizumab (Zenapax, Zinbryta), denosumab (Prolia,
Xgeva), efalizumab (Raptiva), golimumab (Simponi, Simponi Aria), inflectra (Remicade),
ipilimumab (Yervoy), ixekizumab (Taltz), natalizumab (Tysabri), nivolumab (Opdivo),
olaratumab (Lartruvo), omalizumab (Xolair), palivizumab (Synagis), panitumumab (Vectibix),
pembrolizumab (Keytruda), rituximab (Rituxan), tocilizumab (Actemra), trastuzumab
(Herceptin), secukinumab (Cosentyx), ustekinumab (Stelara). Additional anti-angiogenesis
protein/peptide therapeutics include, without limitation, ramucirumab, axitinib, axitinib,
MGCDS516, cediranib, olaparib, lestaurtinib, olaparib, cediranib, pazopanib, docetaxel,
pazopanib hydrochloride, TRC105, pazopanib, X4p-001, nivolumab, eribulin mesylate,
ketoconazole, therapeutic hydrocortisone, antibody J591, docetaxel, plinabulin, SF1126,
carfilzomib, hydroxychloroquine, aldesleukin, bevacizumab, erlotinib, sorafenib, vandetanib,
durvalumab, olaparib, cediranib, ,sapanisertib, ziv-aflibercept, bevacizumab, LY2157299
monohydrate (LY2157299), temozolomide, SGT-53, cediranib maleate, olaparib,
bevacizumabosimertinib, regorafenib, itraconazole.

[0073] In another embodiment, the therapeutic protein is an antibody mimetic.
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An “antibody mimetic” encompasses any organic compound, e.g., a peptide or polypeptide, that
can specifically bind an antigen like an antibody and is about 3-20kDa. In one embodiment, the
antibody mimetic comprises a scaffold which binds its target antigen via amino acids in exposed
loops similar to the CDR loops of an antibody. These antibody mimetics include, without
limitation, adnectins, lipocalins, Kunitz domain-based binders, avimers, knottins, fynomers,
atrimers, and cytotoxic T-lymphocyte associated protein-4 (CTLA4)-based binders (reviewed in
Weidle et al., “The Emerging Role of New Protein Scaffold-based Agents for the Treatment of
Cancer,” Cancer Genomics & Proteomics 10:155-168 (2013), which is hereby incorporated by
reference in its entirety).
[0074] In another embodiment, the therapeutic protein is a protein or peptide inhibitor.
Protein or peptide inhibitors can be full-length proteins or biologically active peptide fragments
thereof which naturally antagonize or inhibit the action or activity of one or more receptors,
enzymes, hormones, proteases, kinases, growth factors, signal transduction pathways,
transcription factors, etc. that are associated with a disease or condition to be treated. The
protein or peptide inhibitor may act as a dominant negative receptor or ligand, or a decoy
receptor or ligand.
[0075] In one embodiment, the extracellular vesicles of the composition as described herein
are modified to contain a protein or peptide inhibitor that is suitable for the treatment of an
ocular disease. For example, the protein or peptide inhibitor may be an inhibitor of
angiogenesis. Suitable protein/peptide inhibitors of angiogenesis include, without limitation,
angiostatin, including full-length angiostatin and biologically active fragments and analogs
thereof, and endostatin, including full-length endostatin and biologically active fragments and
analogs thereof, other collagen derived peptides, such as tumstatin peptide, tumstatin fragment,
and pentastatin, RGD containing peptides, such as Cilengitide, and other fibronectin derived
peptides; and peptides derived from laminin, such as C16Y and C16S (see Rosca et al., “Anti-
angiogenic Peptides for Cancer Therapeutics,” Curr. Pharm. Biotechol. 12(8): 1101-1116
(2011), which is hereby incorporated by reference in its entirety).
[0076] Other suitable protein or peptide inhibitors that can be loaded into the extracellular
vesicles include, without limitation, integrin antagonists, e.g., LFA-1, VLA-4, Mac-1, ICAM-1,
ICAM-2, VCAM antagonists, chemokine antagonists, e.g., MCP-1, MCP-5, MCP-3, MIP1q,
CCRS, RANTES antagonists, and selectin antagonists, e.g., E-selectin, P-selectin, and L-selectin
antagonists.
[0077] Other suitable protein or peptide inhibitors that can be loaded into the extracellular
vesicles include, without limitation, anti-VEGF agents, Ranibizumab (Lucentis, Genentech,

South San Francisco), aflibercept (Eylea, Regeneron Pharmaceuticals, Tarrytown, N.Y.),
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Lucentis, Bevacizumab (Avastin, Genentech), Corticosteroids, Intravitreal steroids, sustained-
release biodegradable dexamethasone implant, Ozurdex (Allergan, Irvine, Calif), Vitreolytics
including Ocriplasmin (Jetrea, ThromboGenics, Leuven, Belgium), anti-PDGF therapies,
RTH258, a small, humanized anti-VEGF antibody fragment that inhibits all isoforms of VEGF-
A, anti-VEGF DARPIn (abicipar pegol), the anti-PDGF agent Fovista (Ophthotech, New York),
and Iluvien, a non- biodegradable implant indicated for DME that elutes the steroid fluocinolone
acetonide.

[0078] The exogenous protein and/or peptide can be introduced into the vesicles by a
number of different techniques. In one embodiment, the vesicles are loaded by electroporation
or the use of a transfection reagent. Electroporation conditions may vary depending on the
charge and size of the therapeutic cargo. Typical voltages are in the range of 20 V/cm to 1000
V/em, such as 20 V/em to 100 V/em with capacitance typically between 25 uT and 250 uT, such
as between 25 uT and 125 uT. A voltage in the range of 150 mV to 250 mV, particularly a
voltage of 200 mV is preferred for loading vesicles with an antibody.

[0079] Alternatively, the vesicles may be loaded with exogenous protein and/or peptide
using a transfection reagent. Despite the small size of the vesicles, conventional transfection
agents may be used for transfection of vesicles with protein and/or peptide. Preferred
transfection reagents for use in accordance with the present invention include cationic liposomes.
[0080] In another embodiment, extracellular vesicles may also be loaded by transforming or
transfecting a host cell with a nucleic acid construct which expresses therapeutic protein or
peptide of interest, such that the therapeutic protein or peptide is taken up into the extracellular
vesicles as the vesicles are produced from the cell.

[0081] In another embodiment, the vitreous and/or aqueous humor vesicles are loaded with
a therapeutic small molecule for delivery. In one embodiment, the small molecule is a small
molecule used to treat ocular disease. Suitable ophthalmic therapeutic agents that can be loaded
into the vitreous and/or aqueous humor extracellular vesicles included, without limitation, a
carbonic anhydrase inhibitor, e.g., brinzolamide; a  adrenergic blocker, such as betaxolol,
carteolol, levobunolol, metipranolol, timolol maleate, and timolol hemihydrate; an a2 adrenergic
agonists, such as Apraclonidine, Lopindine, Brimonidine, and Alphagan; a prostaglandin, such
as bimatoprost, loteprednol, and bromfenac; anti-infective agents such as antibiotics, anti-fungal
agents, and anti-viral agents; T-cell immune suppression agents like cyclosporine, lipophilic
steroids, and antibiotic and steroid combinations; small molecule tyrosine kinase inhibitors (TKI)
such as sunitinib and sorafenib.

[0082] Additional therapeutics that can be loaded into the extracellular vitreous and/or

aqueous humor vesicles for delivery to ocular tissues as described herein include, without
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limitation, Iquix (generic name: levofloxacin), natacyn (generic name: natamycin), tobrex
(generic name: tobramycin), polytrim (generic name: polymyxin b/trimethoprim), ciloxan
(generic name: ciprofloxacin), viroptic (generic name: trifluridine), moxeza (generic name:
oxifloxacin), zymar (generic name: gatifloxacin), besivance (generic name: besifloxacin),
vigamox (generic name: moxifloxacin), zirgan (generic name: ganciclovir), azasite (generic
name: azithromycin), ak-chlor (generic name: chloramphenicol), ak-poly-bac (generic name:
bacitracin/polymyxin b), ak-tob (generic name: tobramycin), betadine ophthalmic solution
(generic name: povidone iodine), bleph-10 (generic name: sulfacetamide sodium), chloromycetin
ophthalmic (generic name: chloramphenicol), chloroptic (generic name: chloramphenicol),
dendrid (generic name: idoxuridine), eyemycin (generic name: erythromycin), garamycin
ophthalmic (generic name: gentamicin), genoptic (generic name: gentamicin), gentacidin
(generic name: gentamicin), gentak (generic name: gentamicin), gentasol (generic name:
gentamicin), ilotycin (generic name: erythromycin), isopto cetamide (generic name:
sulfacetamide sodium), neo-polycin (generic name: bacitracin/neomycin/polymyxin b), neocidin
(generic name: acitracin/neomycin/polymyxin b), neocidin ophthalmic solution (generic name:
gramicidin/neomycin/polymyxin b), neosporin ophthalmic (generic name:
gramicidin/neomycin/polymyxin b), ocu-chlor (generic name: chloramphenicol), ocu-mycin
(generic name: gentamicin), ocu-spore-b (generic name: bacitracin/neomycin/polymyxin), ocu-
spore-g (generic name: gramicidin/neomycin/polymyxin b), ocu-tracin (generic name:
bacitracin), ocuflox (generic name: ofloxacin), polycin-b (generic name: bacitracin/polymyxin
b), quixin (generic name: levofloxacin), roymicin (generic name: erythromycin), sulf-10 (generic
name: sulfacetamide sodium), terramycin with polymyxin b sulfate (generic name:
oxytetracycline/polymyxin b), tobrasol (generic name: tobramycin), tomycine (generic name:
tobramycin), vira-a (generic name: vidarabine), vitrasert (generic name: ganciclovir), zymaxin,
atropine, azopt, bacitracin, betadine, betaxolol, betoptic, brinzolamide, bss (balanced salt
solution), carbachol, cefazolin, celluvisc, chloramphenicol, ciloxan, ciprofloxacin, cosopt,
demecarium, dexamethasone, dipivefrin, dorzolamide, epinephrine, fluorescein, flurbiprofen,
physostimine, gentamicin, pilocarpine, goniosol, polymyxin b, gramicidin, prednisolone,
humorsol, proparacaine, hylartin, propine, hypertonic nacl, puralube, indocycanine green, rose
bengal, itraconazole, sodium hyaluronate, latanoprost, suprofen, mannitol, terramycin,
methazolamide, timolol, miconazole, tobramycin, miostat, triamcinolone, muro 128, trifluridine,
neomycin, tropicamide, neptazane trusopt, ocuflox, vidarabine, ofloxacin, vira-a,
oxytetracycline, viroptic, phenylephrine, xalatan, NVC-422, FST-100, Luveniq, ESBA105,
Mapracorat (ZK 245186/BOL-303242-X), Nepafenac 0.3%, DexaSite (or ISV-305), AzaSite
Plus (or ISV-502), CF101, and Lifitegrast (SAR 1118).
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[0083] Additional therapeutics that can be loaded into the extracellular vitreous and/or
aqueous humor vesicles for delivery to ocular tissues for the treatment of glaucome as described
herein include, without limitation, prostaglandin analogs include xalatan® (latanoprost),
lumigan® (bimatoprost), travatan z® (travoprost), and zioptan™ (tafluprost), beta blockers such
as timolol, alpha agonists [alphagan®p (brimonidine), iopidine®], carbonic anhydrase inhibitors
inculding [trusopt® (dorzolamide), azopt® (brinzolamide)] as well as diamox (acetazolamide)
and neptazane® (methazolamide) and brinzolamide, combined medications including cosopt®,
and also as a preservative-free formulation (cosopt® pf), combigan, simbrinza®, iopidine®,
apraclonidine hydrochloride 0.5%, 1%, alphagan® , brimonidine tartrate 0.1%, 0.15%, timolol
maleate usp, timolol maleate 0.5%, betoptic® , betaxolol hydrochloride 0.25%, 0.5%, betagan®,
levobunolol hydrochloride ophthalmic solution, usp 0.25%, 0.5%, optipranolol®, metipranolol
0.3% istalol® timolol maleate ophthalmic solution 0.5%, timoptic-xe®, timolol maleate
ophthalmic gel forming solution 0.25%, 0.5%, betimol®, timolol hemihydrate 0.25%, 0.5%,
azopt®, brinzolamide ophthalmic suspension 1%, neptazane®, methazolamide, trusopt®,
dorzolamide hydrochloride 2%, diamox® sequels®, acetazolamide, isopto® carpine, pilocarpine
hydrochloride 1%, 2%, 4%, isopto® carbachol, 0.75%, 1.5%, 3%, pilopine HS® hydrochloride
gel 4%, pilocarpine hydrochloride ophthalmic solution usp, pilocarpine hydrochloride 1%, 2%,
4%, combigan™, brimonidine tartrate & timolol maleate, cosopt®, dorzolamide hydrochloride
& timolol maleate, simbrinza® suspension, brinzolamide/brimonidine tartrate ophthalmic
suspension 1%/0.2%, Travatan z®, travaprost 0.004%, lumigan®, bimatoprost 0.01%, 0.03%,
zioptan™, tafluprost ophthalmic solution 0.0015%, xalatan®, latanoprost 0.005%, ROCK
inhibitor, Y-27632, ATS907, ATS8535, AR-12286,AR-13324, AMA0076, BOL-303259-X.
[0084] Additional therapeutics that can be loaded into the extracellular vitreous and/or
aqueous humor vesicles for delivery to ocular tissues for the treatment of dry eye include,
without limitation, restasis ophthalmic, lacrisert ophthalmic, systane ultra ophthalmic,
carboxymethylcellulose sodium ophthalmic, soothe xp ophthalmic, systane (propylene glycol)
ophthalmic, freshkote ophthalmic, refresh optive advanced ophthalmic, genteal gel ophthalmic,
retaine MGD (pf) ophthalmic, clear eyes itchy eye relief, systane balance ophthalmic, refresh
tears, refresh liquigel ophthalmic, hypotears, clear eyes redness relief, bion tears (pf), peg 400-
propylene glycol ophthalmic, refresh optive sensitive (pf) ophthalmicm, refresh plus ophthalmic,
tears naturale free (pf), liquitears, cyclosporine ophthalmic, genteal pm ophthalmic, systane
nighttime ophthalmic, genteal severe ophthalmic, systane gel ophthalmic, refresh lacri-lube
ophthalmic, refresh p.m. ophthalmic, eye drops, isopto tears, puralube ophthalmic, theratears,
polyvinyl alcohol ophthalmic, polyethylene glycol-polyvinyl alcohol eye, tears naturale pm, tears

naturale forte, dextran 70-hypromellose ophthalmic, lubrifresh pm ophthalmic, lubricant eye
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drops, refresh celluvisc ophthalmic, carboxymethylcellulose-glycerin(pf) ophthalmic, lubricant
eye (pg-peg 400), systane liquid gel ophthalmic, soothe hydration ophthalmic, refresh classic (pf)
ophthalmic, refresh optive ophthalmic, systane ultra (pf) ophthalmic, systane (pf) ophthalmic,
soothe lubricant ophthalmic, clear eyes complete ophthalmic, retaine pm ophthalmic, eye drops
(with povidone), artificial tears (polyvinyl alcohol), visine totality ophthalmic, opti-clear
ophthalmic, tetrahydrozoline-peg ophthalmic, moisture drops ophthalmic, tears again, tears pure,
goniosoft ophthalmic, gonak ophthalmic, lubricating drops ophthalmic, polyvinyl alcohol-
povidone ophthalmic, white petrolatum-mineral oil ophthalmic, artificial tears (hypromellose),
genteal mild ophthalmic, goniotaire ophthalmic, tearfair for the eye, nature's tears, sterile eye
drops, ultra fresh ophthalmic, ultra fresh pm ophthalmic, peg 400-hypromellose-glycerin
ophthalmic, naphazoline-peg 300 ophthalmic, naphazoline-hypromellose ophthalmic, propylene
glycol ophthalmic, all clear AR ophthalmic, propylene glycol-glycerin ophthalmic, pure and
gentle eye, for sty relief ophthalmic, artificial tears (dextran-hypromellose-glycerin), sterile
lubricant ophthalmic, hydroxypropyl cellulose ophthalmic, eye drops advanced relief, lubricant
eye, light mineral oil-mineral oil ophthalmic, dry eye relief, redness relief ophthalmic,
tetrahydralazine-dextran70-peg400-povdn ophthalmic, artificial tears with lanolin, eye lubricant
combination no.1, carboxymethylcellulose sod-hypromell ophthalmic, advanced eye relief,
naphazoline-glycerin ophthalmic, genteal mild to moderate ophthalmic, artificial tears
(hypromellose) (pf), carboxymethylcellulose-glycerin ophthalmic, lubricant redness reliever
ophthalmic, artificial tears (glycerin/propylene glycol), naphazoline-zinc sulfate-glycerin
ophthalmic, lubricant eye drops (glycerin-propylene glycol), redness reliever lubricant
ophthalmic, goniovisc ophthalmic, advanced eye relief (mo-wpet) ophthalmic, refresh contacts
ophthalmic, dextran 70-hypromellose (pf) ophthalmic, artificial tears (pf), natural tears (pf),
tetrahydrozoline-peg 400-hyprom-glyc ophthalmic, lubricant eye (dextran 70/hypromellose),
artificial tears (petrolatum/mineral oil), eye drop tears, povidone ophthalmic, peg 400-propylene
glycol (pf) ophthalmic, polyvinyl alcohol-povidone (pf) ophthalmic, advanced formula eye
drops, retaine cmc ophthalmic, light mineral oil-mineral oil (pf) ophthalmic,
carboxymethylcellulose-glycerin-polysorb 80 ophthalmic, maximum redness relief ophthalmic,
lubricant dry eye relief, eq gentle ophthalmic, carboxymethyl-glycerin-polysorb 80-pf
ophthalmic, ultra lubricant eye, moisturizing lubricant ophthalmic, lubricating plus ophthalmic,
revive plus ophthalmic, naphazo hcl-hyprome-ps 80-zn sulf ophthalmic, akwa tears (polyvinyl
alcohol) ophthalmic, visine tears, visine tired eye relief, visine max redness relief, visine
advanced redness relief, refresh optive advanced (pf) ophthalmic, tetrahydrozoline-zinc-peg 400-
hypromello-glycerin ophthalmic, retaine hpme ophthalmic, lubricant eye (propylene glycol)

ophthalmic, lubricant eye (carboxymethylcellulose-glycerin) ophthalmic, lubricant eye (cmc-
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glycerin) (pf) ophthalmic, lubricant eye (pg-peg 400) (pf) ophthalmic, lubricating relief

ophthalmic, lubricant gel ophthalmic, restore tears ophthalmic, lubricant plus ophthalmic, natural
balance tears ophthalmic, clear eyes cooling comfort ophthalmic, clear eyes maximum redness
relief ophthalmic, genteal tears ophthalmic, tears again (pva) ophthalmic, artificial tears (dextran
70-hypromellose) ophthalmic, artificial tears (polyvinyl alcohol/povidone) ophthalmic, artificial
tears (pg400-hypromellose-glycerin) ophthalmic, genteal tears (dxtrn-hpm-gly) ophthalmic and
Xiidra® (lifitegrast ophthalmic solution) 5% or any other percentage or combination.

[0085] In one embodiment, the vitreous and/or aqueous humor extracellular vesicles of the
composition are further modified to express or display a eukaryotic cell-specific targeting
molecule or moiety on the outer surface of the vesicular body. In one embodiment, the targeting
moiety is a peptide which is expressed as a fusion protein with a transmembrane protein typically
expressed on the surface of the extracellular vesicle. Suitable peptides are those which bind to
cell surface moieties such as receptors or their ligands found on the cell surface of the cell to be
targeted. Examples of suitable targeting moieties are short peptides (typically less than 100
amino acids in length, for example less than 50 amino acids in length, less than 30 amino acids
in length, to a minimum length of 10, 5, 3, 2, or 1 amino acid(s)), full-length proteins, antibodies
or antigen binding fragments and derivatives thereof (e.g., Fab, Fab’, F(ab’),, scFv, Fv, etc.), and
complete proteins, so long as the targeting moiety can be expressed on the surface of the
extracellular vesicle and does not interfere with insertion of the membrane protein into

the extracellular vesicle. Typically the targeting peptide is heterologous to the transmembrane
extracellular vesicle protein.

[0086] Targeting moieties can be selected to target the extracellular vesicle to a particular
tissue type such as, for example, ocular, muscle, brain, liver, pancreas, lung, etc., or to target a
diseased tissue such as a tumour. In a one embodiment of the present invention, the extracellular
vesicles are targeted to ocular tissue.

[0087] In one embodiment, extracellular vesicles can be targeted to ocular tissues by
expressing moieties or ligands recognized by ocular tissue influx transporters on the outer body
surface of the extracellular vesicles. Several amino acid and peptide transporters are expressed
on ocular tissue and cells. For example, the amino acid transporter ASCT1 (SLC1A4) is
expressed in the cornea and primary corneal epithelial cells, and the amino acid transporter
ASCT2 (SLC1A5) is expressed on retinal Muller cells. B*" (SLC6A14) is a neutral and cationic
amino acid transporter with broad substrate specificity expressed in corneal epithelium. Latl
(SLC7AS5) is expressed in human cornea, and LAT2 (SLC7AS8) is expressed in retinal pigment
epithelial cells. The peptide transporters, PEPT1 and PEPT2 are expressed in corneal epithelium

and retinal Muller cells. Other than amino acid and peptide transporters, organic cation/anion
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(SLC22), monocarboxylate (SLC16), and nucleoside transporters (SLC 28 and 29) have also

been identified on various ocular tissues. Accordingly, extracellular vesicles can be decorated
with transporter-specific targeting moieties to direct delivery of the therapeutic cargo carried by
the extracellular vesicle. Suitable targeting moieties include, without limitation, L-aspartate,
gamma-glutamate, and phenylalanine to direct delivery via the B(*") amino acid transporter (see
e.g., Majumdar et al., “Transcorneal Permeation of L- and D-aspartate Ester Prodrugs of
Acyclovir: Delineation of Passive Diffusion Versus Transporter involvement,” Pharm

Res. 26(5):1261-9 (2009), Anand et al., “Amino Acid Prodrugs of Acyclovir as Possible
Antiviral Agents against Ocular HSV-1 Infections: Interactions with the Neutral and Cationic
Amino Acid Transporter on the Corneal Epithelium,” Curr Eye Res. 29(2-3):153—-66 (2004), and
Dun et al,, “Functional and Molecular Analysis of D-serine Transport in Retinal Muller

Cells,” Exp Eye Res. 84(1):191-9 (2007), which are hereby incorporated by reference in their
entirety); L-valine, Glycine-Valine, Valine-Valine, Tyrosine-Valine moieties to target delivery
via oligopeptide transporters on the retina and cornea (see e.g., Anand and Mitra, “Mechanism of
Corneal Permeation of L-valyl Ester of Acyclovir: Targeting the Oligopeptide Transporter on the
Rabbit Cornea,” Pharm Res. 19(8):1194-202 (2002), Gunda et al., “Corneal Absorption and
Anterior Chamber Pharmacokinetics of Dipeptide Monoester Prodrugs of Ganciclovir (GCV): In
vivo Comparative Evaluation of these Prodrugs with Val-GCV and GCV in Rabbits,” J Ocul
Pharmacol Ther. 22(6):465-76 (2006), Majumdar et al. “Dipeptide Monoester Ganciclovir
Prodrugs for Treating HSV-1-induced Corneal Epithelial and Stromal Keratitis: In vitro and In
vivo Evaluations,” J Ocul Pharmacol Ther. 21(6):463—74 (2005), Katragadda et al., “Modulation
of P-glycoprotein-mediated Efflux by Prodrug Derivatization: an Approach Involving Peptide
Transporter-mediated Influx across Rabbit Cornea,” J Ocul Pharmacol Ther. 22(2):110-20
(2000), Kansara et al., “Dipeptide Monoester Ganciclovir Prodrugs for Transscleral Drug
Delivery: Targeting the Oligopeptide Transporter on Rabbit Retina,” J Ocul Pharmacol

Ther. 23(4):321-34 (2007), which are hereby incorporated by reference in their entirety), biotin
to target delivery via the sodium-dependent multiple vitamin transporter on the retina (see e.g.,
Janoria et al., “Vitreal Pharmacokinetics of Biotinylated Ganciclovir: Role of Sodium-dependent
Multivitamin Transporter Expressed on Retina,” J Ocul Pharmacol Ther. 25(1):39-49 (2009),
which is hereby incorporated by reference in its entirety) and glucose to target delivery to
GLUT]1 receptor on retinal pigment epithelial cells (see e.g., Dalpiaz et al., “Molecular
Mechanism Involved in the Transport of a Prodrug Dopamine Glycosyl Conjugate,” Int J
Pharm. 336(1):133-9 (2007), which is hereby incorporated by reference in its entirety).

[0088] The peptide targeting moiety is expressed on the surface of the extracellular

vesicles by expressing it as a fusion protein with an extracellular vesicle transmembrane protein.
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A number of proteins are known to be associated with extracellular vesicles; that is they are
incorporated into the extracellular vesicle as it is formed. The preferred proteins for use in
targeting the extracellular vesicles of the present invention are those which are transmembrane
proteins. Examples include but are not limited to Lamp-1, flotillin, Syntaxin-3, CD9, CD63,
CD81, HLA-DM (MHC II), immunoglobulins, MHC-I or MHC-II components, and tetraspanins.
[0089] In other embodiments, a specific targeting moiety does not need to be included in
the extracellular vesicle. For example, extracellular vesicles may be administered directly to the
site where therapy is required. Alternatively, delivery by, for example, periocular or intraocular
administration may be sufficient to generate the desired response.

[0090] In some embodiments, particularly, where the extracellular vesicles of the
composition are modified to contain an exogenous therapeutic agent, the composition further
comprises a pharmaceutically acceptable carrier. A "pharmaceutically acceptable carrier"
(excipient) is a pharmaceutically acceptable solvent, suspending agent or any other
pharmacologically inert vehicle for delivering the extracellular vesicles of the composition to a
subject. Typical pharmaceutically acceptable carriers include, but are not limited to, binding
agents (e.g., pregelatinised maize starch, polyvinylpyrrolidone or hydroxypropyl
methylcellulose, etc); fillers (e.g., lactose and other sugars, microcrystalline cellulose, pectin,
gelatin, calcium sulfate, ethyl cellulose, polyacrylates or calcium hydrogen phosphate, etc),
lubricants (e.g., magnesium stearate, talc, silica, colloidal silicon dioxide, stearic acid, metallic
stearates, hydrogenated vegetable oils, corn starch, polyethylene glycols, sodium benzoate,
sodium acetate, etc); disintegrates (e.g., starch, sodium starch glycolate, etc); or wetting agents
(e.g., sodium lauryl sulphate, etc).

[0091] The compositions provided herein may additionally contain other adjunct
components conventionally found in pharmaceutical compositions. Thus, for example, the
compositions may contain additional compatible pharmaceutically-active materials or may
contain additional materials useful in physically formulating various dosage forms of the
composition of present invention, such as dyes, flavouring agents, preservatives, antioxidants,
thickening agents and stabilizers. However, such materials, when added, should not unduly
interfere with the biological activities of the components of the compositions provided herein.
[0092] In one embodiment, the composition of vitreous and/or aqueous humor extracellular
vesicles is formulated in a slow or sustained release material. For example, in one embodiment,
the composition can be formulated to include a thin film coating that slowly releases the
extracellular vesicles of the composition to the target area or target tissue. The methods and
materials that can be used to prepare coatings suitable for slow or sustained release coatings are

well known to those skilled in the art. Suitable coatings should be both biocompatible
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and compatible with the extracellular vesicular composition. In one embodiment, the thin film is
composed of bioabsorbable polymer(s). Examples of suitable bioabsorbable elastomers are
described in U.S. Pat. Nos. 5,468,253 to Bezwada and 6,627,246 to Mehta. Useful polymers
include mixtures of L-lactide, D-lactide, epsilon-caprolactone, and glycolide. The relative
composition of these mixtures can be used to control the rate of coating hydrolysis and
adsorption, the rate of extracellular vesicle release, and the strength of the film. Other polymeric
materials that can be used to prepare thin films suitable for slow release include (but are not
limited to) polyamides, polyalkylenes oxalates, poly(amino acids), copoly(ether-esters),
poly(iminocarbonates), polyorthoesters, poly(anhydrides), and blends thereof. Naturally
occurring polymers that can be degraded in the eye for slow release ocular compositions include
hyaluronic acid, absorbable biocompatible polysaccharides such as chitosan or starch, fibrin,
elastin, fibrinogen, collagen, and fatty acids (and esters thereof). In one embodiment, polymers
containing the composition of extracellular vesicles can be applied to, for example, an implant,
by spraying solutions containing dissolved polymer containing the composition of extracellular
vesicles, to the surface to be coated or by dipping a portion of the implant in these solutions.
Thin films typically provide sustained delivery for a few weeks until the therapeutic in the film is
exhausted. The thickness will depend on how long delivery is desired and the concentration of
extracellular vesicle loading. Typically, the thickness is 5-30 microns or less, though other
thicknesses are allowed.

[0093] Another aspect of the present disclosure is directed to a method of delivering a
therapeutic agent to select cells or tissue of a subject. This method involves providing the
composition of vitreous humor extracellular vesicles and/or aqueous humor extracellular vesicles
modified to contain a therapeutic agent, and administering the composition to the subject under
conditions effective to deliver the composition comprising the vitreous and/or aqueous humor
extracellular vesicles modified to contain the therapeutic agent to the select cells or tissue of the
subject.

[0094] In accordance with this aspect of the present invention, suitable subjects include any
mammalian subject. Typically, the subject is human, however, non-human mammals amenable
to receiving the composition of extracellular vesicles as described herein include non-human
primates, dogs, cats, rodents (e.g., mouse, rat, guinea pig), horses, cervids, cattle and cows,
sheep, and pigs.

[0095] In one embodiment, the composition of extracellular vesicles is an autologous
composition, 7.e., the extracellular vesicles of the composition were isolated from ocular fluids,
i.e., vitreous humor and/or aqueous humor of the same subject being administered the

composition. In another embodiment, the composition is an allogenic composition where the
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donor subject that provided the ocular fluids containing the extracellular vesicles and the
recipient subject to be treated are the same species but different individuals. In an alternative
embodiment, the composition may be xenogenic. In this embodiment, the vitreous and/or
aqueous humor vesicles are obtained from a donor subject that is a different species then the
recipient species. For example, bovine extracellular vesicles may be isolated and modified to
produce a composition suitable for treating a human subject.

[0096] In one embodiment, the subject being administered the composition of extracellular
vesicles described herein is a subject having an ocular disease, and the administration of the
composition delivers the therapeutic agent to the subject’s ocular cells or tissue as a treatment for
the ocular disease.

[0097] Ocular diseases that can be treated via administration of the compositions described
herein include, without limitation, ocular degenerative diseases, such as dry macular
degeneration, macular edema secondary to vascular disorders, retinitis pigmentosa, and wet
macular degeneration; all forms of glaucoma, open-angle glaucoma (e.g., low tension and
normal tension glaucoma), angle-closure glaucoma, congenital glaucoma, secondary glaucoma,
neovascular glaucoma, pigmentary glaucoma, primary juvenile glaucoma, pseudoexfoliation
glaucoma, irido corneal endothelial syndrome, and glaucoma of miscellaneous origin (e.g.,
glaucoma associated with intraocular tumors, retinal detachments, chemical burns, iris atrophy,
and toxic glaucoma); inflammatory diseases, such as birdshot retinopathy, diabetic retinopathy,
Harada’s and Vogt-Koyanagi-Harada syndrome, iritis, multifocal choroiditis and panuveitis, pars
planitis, posterior scleritis, sarcoidosis, retinitis due to systemic lupus, erythematosus,
sympathetic ophthalmia, subretinal fibrosis, uveitis syndrome, white dot syndrome; ocular
disorders associated with neovascularization, including age-related macular degeneration,
angioid streaks, branch retinal vein occlusion, choroiditis, corneal trauma-related disorders,
diabetes-related iris neovascularization, diabetic retinopathy, idiopathic choroidal
neovascularization, pathologic myopia, retinal detachment, retinal tumors, retinopathy of
prematurity, and sickle cell retinopathy; ocular infections associated with the choroids, retina, or
cornea, such as, cytomegalovirus retinitis, histoplasma, retinochoroiditis, toxoplasma,
retinochoroiditis, and tuberculous choroiditis; neoplastic diseases such as abnormal tissue growth
in the retina, choroid, uvea, vitreous or cornea, choroidal melanoma, intraocular lymphoma of
the choroids, vitreous, or retina, metastatic lesions, retinoblastoma, and vitreous seeding from
retinoblastoma; and trauma, such as trauma resulting from injury or surgery or retinal damage
resulting from exposure to laser or intense light.

[0098] Particular disorders of the corneal that are suitable for treatment using the methods

and compositions described herein include corneal abrasion, corneal dystrophy, corneal ulcer,
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corneal neovascularization, fuchs' dystrophy, keratitis, keratoconus, allergic conjunctivitis, dry
eye syndrome, dry eye, rheumatoid arthritis, sjogren's syndrome, problems following
keratoplasty, corneal injury, allergies, bacterial keratitis, viral keratitis, herpes simplex virus
(hsv) infections, and the varicella-zoster virus (vzv) causing herpes zoster, ophthalmicus, fungal
keratitis (keratomycosis), protozoal keratitis, acanthamoeba, megalocornea, microcornea, cornea
plana, keratoglobus, corneal opacities, marginal keratitis, rosacea, keratitis, ulcerative keratitis,
pterygium, mooren's ulcer, dellen, phlyctenulosis, terrien's marginal degeneration, arcus senilis,
vogt's limbal girdle, cornea guttata, lipid keratopathy, band keratopathy, spheroidal degeneration,
salzmann's nodular degeneration, crocodile shagreen, fuchs' endothelial dystrophy, lattice
dystrophy, map-dot-fingerprint dystrophy, pellucid marginal degeneration, keratoglobus,
iridocorneal endothelial (ice) syndrome, exposure keratopathy, astigmatism, drug-induced
keratopathies, thygeson's superficial punctate keratopathy, cystinosis, immunoprotein deposits,
mucopolysaccharidoses, and wilson's disease.

[0099] Disorders of the conjunctiva that are suitable for treatment using the methods and
compositions described herein include, but are not limited, to acute conjunctivitis, acute atopic
conjunctivitis, acute chemical conjunctivitis, chronic allergic conjunctivitis, other chronic
allergic conjunctivitis, adenoviral conjunctivitis, viral conjunctivitis, conjunctivochalasis,
conjunctival hemorrhage, pingueculum, pingueculitis, serous conjunctivitis.

[0100] Corneal dystrophies that are suitable for treatment using the methods and
compositions described herein include, but are not limited, endothelial (fuchs), granular, lattice,
macular, other hereditary corneal dystrophies such as anterior basement membrane dystrophy
and posterior polymorphous corneal dystrophy, avellino corneal dystrophy, macular corneal
dystrophy, gelatinous drop-like dystrophy, schnyder corneal dystrophy, francois-neetans fleck
dystrophy, congenital hereditary stromal dystrophy. Also included is corneal edema/ opacity/
degeneration, bullous keratopathy, corneal edema secondary to contact lens, diopathic corneal
edema, secondary corneal edema, rupture in descemet’s membrane, central corneal opacity,
peripheral corneal opacity, other corneal scars and opacities, minor corneal opacity, arcus senilis,
band keratopathy, keratomalacia, nodular corneal degeneration, peripheral corneal degeneration,
keratoconus stable, keratoconus unstable, corneal ectasia, descemetocele, corneal transplant,
corneal transplant rejection, corneal transplant failure, corneal transplant infection, other
complications of corneal transplant. Also suitable for treatment using the methods and
compositions described herein include, corneal foreign body/injury/ laceration, corneal foreign
body, conjunctival foreign body, burn of cornea and conjunctival sac, injury of conjunctiva and
corneal abrasion without foreign body, ocular laceration and rupture with prolapse or loss of

intraocular tissue, ocular laceration and rupture without prolapse or loss of intraocular tissue,
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contusion of eyeball and periocular tissues (e.g. traumatic hyphema), herpes simplex, herpes
viral keratitis, herpes viral conjunctivitis, other herpes viral diseases, herpes zoster, zoster
conjunctivitis, zoster keratitis, zoster scleritis, other herpes zoster, keratitis, central corneal ulcer,
ring corneal ulcer, corneal ulcer with hypopyon, marginal corneal ulcer, mooren’s corneal ulcer,
mycotic corneal ulcer, perforated corneal ulcer, corneal abscess, filamentary, photokeratitis,
punctate exposure keratoconjunctivitis keratoconjunctivitis, keratoconjunctivitis sicca,
neurotrophic keratoconjunctivitis, sicca syndrome with keratoconjunctivitis, phlyctenular
keratoconjunctivitis, interstitial keratitis (e.g. cogan syndrome), localized vascularization of
cornea, dry eye, recurrent erosion of cornea, corneal disorder due to contact lens, sjogren’s
syndrome, sicca syndrome, pterygium, peripheral pterygium, stationary pterygium, progressive
pterygium, recurrent pterygium.

[0101] Disorders of the lens including cataracts can also be treated with the methods and
compositions described herein.

[0102] Neuro-ophthalmic conditions that can be treated with the methods and
compositions described herein include, without limitation, blepharospasm, cranial nerve palsy,
facial dystonias, giant cell / temporal arteritis, intracranial hypertension, ischemic optic
neuropathy, multiple sclerosis, optic nerve tumors, optic neuritis. optic neuropathy, visual field
defects and non-arteritic anterior ischemic optic neuropathy(naion).

[0103] Retinal diseases that can be treated with the methods and compositions described
herein include, but are not limited to branch retinal vein occlusion, central retinal vein occlusion,
central serous chorioretinopathy, choroidal detachment, complex retinal detachment, congenital
x-linked retinoschisis, epiretinal membranes, familial exudative vitreoretinopathy, idiopathic
juxtafoveal telangiectasis, infectious retinitis, intraocular lens dislocation, macular edema,
macular hole, persistent fetal vasculature, polypoidal choroidal vasculopathy, posterior vitreous
detachment, presumed ocular histoplasmosis syndrome, retained lens fragments, retinal artery
occlusion, retinitis pigmentosa and retinal prosthesis, retinopathy of prematurity, river
blindness/onchocerciasis, vitreomacular traction syndrome, retinoblastoma, macular pucker,
macular hole, floaters, bietti’s crystalline dystrophy, histoplasmosis, retinoblastoma, usher’s
syndrome.

[0104] Retinal disorders that can be treated with the methods and compositions described
herein include, without limitation, diabetic retinopathy from diabetes mellitus type 1 with or
without the following complications; without mention of complication, with mild non-
proliferative retinopathy, with macular edema, with mild non-proliferative retinopathy, without
macular edema, with moderate non-proliferative retinopathy, with macular edema, with

moderate non-proliferative retinopathy, without macular edema, with severe non-proliferative
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retinopathy, with macular edema; with severe non-proliferative retinopathy, without macular
edema, with proliferative retinopathy, with macular edema; with proliferative retinopathy,
without macular edema. Diabetic retinopathy from diabetes mellitus type 2; without mention of
complication, with mild non-proliferative retinopathy, with macular edema, with mild non-
proliferative retinopathy, without macular edema, with moderate non-proliferative retinopathy,
with macular edema, with moderate non-proliferative retinopathy, without macular edema, with
severe non-proliferative retinopathy, with macular edema, with severe non-proliferative
retinopathy, without macular edema, with proliferative retinopathy, with macular edema, with
proliferative retinopathy, without macular edema. Other disorders of the retina include
degeneration of macula and posterior pole type, nonexudative macular degeneration (dry),
exudative macular degeneration (wet) macular cyst, hole, or pseudohole, central serous
chorioretinopathy, cystoid macular degeneration (cme), puckering of macula (erm), drusen
(degenerative) of macula, vitreomacular traction, cystoid macular edema following cataract
surgery, degeneration of vitreous body type including vitreous hemorrhage, vitreous
degeneration (e.g., pvd) vitreomacular adhesion (vmt), crystalline deposits in vitreous body,
other vitreous opacities (e.g., vitreous oaters), other disorders of vitreous body, disorders of optic
nerve type including, coloboma of optic disc, drusen of optic disc, ischemic optic neuropathy,
optic papillitis, other optic atrophy, papilledema associated with increased intracranial pressure,
primary optic atrophy, retrobulbar neuritis, endophthalmitis, other endophthalmitis,
panophthalmitis (acute), panuveitis, purulent endophthalmitis, sympathetic uveitis. Hereditary
retinal dystrophies, dystrophies primarily involving the retinal pigment epithelium, other
dystrophies primarily involving the sensory retina (e.g., staargardt’s disease), pigmentary (e.g.,
retinitis pigmentosa) dystrophies, vitreoretinal dystrophy, iridocyclitis, chronic iridocyclitis, lens
induced iridocyclitis, primary iridocyclitis, recurrent acute iridocyclitis, secondary infectious
iridocyclitis, secondary noninfectious iridocyclitis, amaurosis fugax, atrophy of globe (e.g.,
phthisis bulbi), cataract (lens) fragments in eye following cataract surgery degenerative myopia
(e.g. malignant), diplopia (double vision), migraine with aura, not intractable; with status
migrainosus migraine with aura, not intractable; without status migrainosus migraine with aura,
intractable; with status migrainosus migraine with aura, intractable; without status migrainosus,
ocular pain, ophthalmoplegic migraine, not intractable, ophthalmoplegic migraine, intractable,
other abnormal glucose (e.g., prediabetes) other migraine, not intractable; with status
migrainosus, other migraine, not intractable; without status migrainosus other migraine,
intractable; with status migrainosus, other migraine, intractable; without status migrainosus,
other long term (current) drug therapy, other visual disturbance (blurred vision), other subjective

visual disturbances (e.g., visual halos) rheumatoid arthritis, sudden visual loss, transient visual
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loss, lupus erythematosus. macula scars of posterior pole (postin ammatory) (post-traumatic),
solar retinopathy, chorioretinal inflammation, choroidal hemorrhage, choroidal rupture, benign
neoplasm of choroid, chorioretinal scars after surgery for detachment, serous choroidal
detachment, hemorrhagic choroidal detachment, hypertensive retinopathy, exudative retinopathy,
retinal micro-aneurysms, unspecified retinal neovascularization, unspecified other non-diabetic
proliferative retinopathy retinal hemorrhage, retinal edema (e.g., cotton wool spots) retinal
ischemia, peripheral retinal degeneration type, lattice degeneration of retina, microcystoid
degeneration of retina pavingstone, degeneration of retina, age-related reticular degeneration of
retina, secondary vitreoretinal degeneration, retinal detachments, retinal detachment with single
break, retinal detachment with multiple breaks, retinal detachment with giant retinal tear, retinal
detachment with retinal dialysis, total retinal detachment, other retinal detachments, traction
detachment of retina (e.g., PVR w/ retinal detachment) unspecified, retinoschisis, other
retinoschisis and retinal cysts, serous retinal detachment, serous retinal detachment, retinal tear
type, retinal break, horseshoe tear of retina without detachment, round hole of retina without
detachment, multiple defects of retina without detachment.

[0105] All types of retinal vascular occlusions can also be treated with the methods and
compositions described herein, including central retinal artery occlusion (crao), retinal artery
branch occulusion (brao), central retinal vein occlusion (crvo), tributary (branch) retinal vein
occulusion (brvo), retinopathy of prematurity (ROP) type retinopathy of prematurity, ROP stage
0, retinopathy of prematurity, stage 1, retinopathy of prematurity stage 2, retinopathy of
prematurity stage 3, retinopathy of prematurity stage 4, retinopathy of prematurity stage 5.
Separation of retinal layers, including central serous chorioretinopathy (csr), serous detachment
of retinal pigment epithelium, and hemorrhagic detachment of retinal pigment epithelium can
also be treated in accordance with the methods and compositions described herein.

[0106] Disorders of choroid and retina that can be treated with the methods and EV
compositions described herein include, without limitation, chorioretinal inflammation, focal
chorioretinal inflammation, focal chorioretinitis, choroiditis, retinitis, retinochoroiditis,
disseminated chorioretinal inflammation disseminated: chorioretinitis, choroiditis, retinitis,
retinochoroiditis, exudative retinopathy, posterior cyclitis, pars planitis, other chorioretinal
inflammations, harada's disease, chorioretinal inflammation, unspecified; chorioretinitis,
choroiditis, retinitis, retinochoroiditis, chorioretinal scars, macula scars of posterior pole
(postinflammatory) (post-traumatic), solar retinopathy, choroidal degeneration, chorodial
atrophy, chorodial sclerosis, angioid streaks, hereditary choroidal dystrophy, choroideremia,
dystrophy, choroidal (central areolar) (generalized) (peripapillary), gyrate atrophy, choroid

ornithinaemia, choroidal haemorrhage and rupture, choroidal haemorrhage not otherwise
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specified, expulsive choroidal detachment, other specified disorders of choroid, chorioretinal
disorders in diseases classified elsewhere, chorioretinal disorders in diseases classified
elsewhere, chorioretinal inflammation in infectious and parasitic diseases classified elsewhere,
chorioretinitis:syphilitic, late, toxoplasma, tuberculous, other chorioretinal disorders in diseases
classified elsewhere, retinal detachments and breaks, retinal detachment, retinoschisis (including
x-linked retinoschisis), retinal artery occlusion, retinal vein occlusion, hypertensive retinopathy,
age-related macular degeneration, macular degeneration, epiretinal membrane, peripheral retinal
degeneration, hereditary retinal dystrophy, retinitis pigmentosa, central serous retinopathy,
retinal detachment, detachment of retinal pigment epithelium, other specified retinal disorders,
macular edema, retinal disorder, unspecified, retinal disorders in diseases classified elsewhere.
[0107] Disorders of eyelid and lacrimal system and orbit that can also be treated with the
methods and compositions as described herein include, without limitation, ectropion,
lagophthalmos, blepharochalasis, ptosis, chalazion, hordioloum, xanthelasma of eyelid, parasitic
infestation of eyelid in diseases classified elsewhere, dermatitis of eyelid due to demodex
species, parasitic infestation of eyelid including, leishmaniasis, loiasis, onchocerciasis,
phthiriasis, involvement of eyelid in other infectious diseases classified elsewhere. Involvement
of eyelid in herpesviral (herpes simplex) infection, leprosy, molluscum contagiosum,
tuberculosis, herpes zoster, involvement of eyelid in other diseases classified elsewhere,
involvement of eyelid in impetigo, acryoadenitis, epiphora, dysthyroid exophthalmos, thyroid
eye disease,

[0108] Glaucoma disorders that can be treated with the methods and compositions as
described herein include, but are not limited to, preglaucoma open angle with borderline
findings, open angle, low risk, anatomical narrow angle primary angle closure suspect, steroid
responder, ocular hypertension, primary angle closure without glaucoma damage (pas or high iop
with no optic nerve or visual field loss), unspecified open-angle glaucoma, primary open-angle
glaucoma, chronic simple glaucoma, low-tension glaucoma, pigmentary glaucoma, capsular
glaucoma with pseudo-exfoliation of lens, residual stage of open-angle glaucoma, unspecified
primary angle-closure glaucoma, acute angle-closure glaucoma attack, chronic angle-closure
glaucoma, intermittent angle-closure glaucoma, residual stage of angle-closure glaucoma,
glaucoma secondary to eye trauma, glaucoma secondary to eye inflammation, glaucoma
secondary to other eye disorders including, retinal vascular occlusions, diabetes type 1
complicated, diabetes type 2 complicated, disorders of lens, disorders of intraocular lens,
disorders after other ocular symptoms, neoplasms, benign neoplasms, or malignant. Also
included is glaucoma secondary to drugs, glaucoma with increased episcleral venous pressure,

hypersecretion glaucoma, aqueous misdirection malignant glaucoma, glaucoma in diseases
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classified elsewhere, congenital glaucoma, axenfeld’s anomaly, buphthalmos, glaucoma of
childhood, glaucoma of newborn, hydrophthalmos, keratoglobus, congenital glaucoma
macrocornea with glaucoma, macrophthalmos in congenital glaucoma, megalocornea with
glaucoma, absolute glaucoma. Also included are adverse effect of ophthalmological drugs and
preparations, acute follicular conjunctivitis, adverse effect of carbonic anhydrase inhibitors, and
adverse effect of under dosing of ophthalmological drugs and preparations.

[0109] Disorders of optic nerve that can be treated with the methods and compositions as
described herein include, but are not limited to, glaucomatous optic atrophy, optic papillitis,
retrobulbar neuritis, unspecified optic atrophy, primary optic atrophy, unspecified optic neuritis,
other optic neuritis, pseudopapilledema of optic disc, unspecified papilledema, papilledema,
ischemic optic neuropathy, disorders of optic chiasm, disorders of optic chiasm associated with
other neoplasms, disorders of optic chiasm associated with vascular disorders, disorders of optic
chiasm associated with inflammatory disorders, other disorders of optic nerve, compression of
optic nerve, toxic optic neuropathy, nutritional optic neuropathy, hereditary optic atrophy,
cortical blindness, granuloma of orbit (e.g. pseudotumor (inflammatory) of orbit), tonic pupil,
benign neoplasm of pituitary gland, benign neoplasm of unspecified site of orbit, anisocoria,
conversion disorder with sensory symptom, benign neoplasm of cerebral meninges, ocular pain,
thyrotoxicosis with diffuse goiter with thyrotoxic crisis or storm (e.g. graves’ disease,
exophthalmic or toxic goiter not otherwise specified), thyrotoxicosis with diffuse goiter without
thyrotoxic crisis or storm (e.g. graves’ disease, exophthalmic or toxic goiter not otherwise
specified), mydriasis, anisocoria, other specified disorders of binocular movement (e.g. skew
deviation), convergence insufficiency internuclear ophthalmoplegia, other giant cell arteritis,
tonic pupil, other subjective visual disturbances (e.g. visual halos), elevated erythrocyte
sedimentation rate, cerebral infarction, (e.g. stroke) transient cerebral ischemic attack, malignant
neoplasm of orbit, progressive external ophthalmoplegia, focal chorioretinal inflammation,
juxtapapillary, acquired color vision deficiency, scotoma of blind spot, partial retinal artery
occlusion (e.g. hollenhorst’s), palsy (spasm) of conjugate gaze, diplopia (double vision) other
strabismus type, esophoria, exophoria, vertical strabismus (e.g. hypertropia), palsies type, third
ocular motor nerve, fourth ocular motor nerve, sixth ocular motor nerve, ptosis, congenital
ptosis, mechanical ptosis, myogenic ptosis, paralytic ptosis, visual field disturbances, transient
visual loss (e.g. scintillating scotoma), homonymous bilateral visual field defects, heteronymous
bilateral field defects.

[0110] Disorders of the nervous system that can be treated with the methods and
compositions as described herein include, but are not limited to, amaurosis fugax, horner’s

syndrome, blepharospasm, multiple sclerosis, transient cerebral ischemic attack, benign
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intracranial hypertension, ophthalmoplegic migraine, not intractable, ophthalmoplegic migraine,
intractable, myasthenia gravis without (acute) exacerbation, myasthenia gravis with (acute)
exacerbation, clonic hemifacial spasm.

[0111] Other conditions amenable to treatment with the composition of vitreous and/or
aqueous humor extracellular vesicles modified to contain a therapeutic agent include as
described herein, without limitation, hematological malignancies, cutaneous T-cell lymphoma,
adult T-cell lymphoma/leukemia, pathologic fibrosis, cutaneous fibrosis, idiopathic pulmonary
fibrosis, other fibrotic indications, neurodegeneration, ischemia, acute intermittent porphyria,
solid cancer, liver cancer, adrenocortical carcinoma, pancreatic cancer, hypercholesterolemia,
diabetic macular edema, acute nonarteritic anterior ischemic optic neuropathy, prevention of
acute kidney injury, delayed graft function in kidney transplant recipients, familial amyloid
polyneuropathy, advanced cancer, elevated triglycerides, amyotrophic lateral sclerosis, prostate
cancer, myelodysplastic syndrome, Huntington's disease, elevated triglycerides/familial
hypercholesterolemia, solid cancer, cystic fibrosis, ulcerative colitis, solid cancer, duchenne
muscular dystrophy, hyperlipoproteinemia(a), hepatitis B infection, type 2 diabetes, allergen-
induced asthma, asthma, atopic dermatitis, liquid cancer, myeloid leukemia, clotting disorders,
pouchitis, familial chylomicronemia syndrome, familial partial lipodystrophy, familial amyloid
polyneuropathy, prostate cancer, non small cell lung cancer, melanoma, triple negative breast
cancer, rabies, RSV, HIV, influenza A, cardiovascular disease, zika, prostate cancer, multiple
myeloma, acute myeloid leukemia, non-small cell lung cancer, renal cell carcinoma, solid
cancer, Pachyonychia congenita, liver fibrosis, Primary hyperoxaluria type 1, hypertrophic
scarring, severe hemophilia A or B, paroxysmal nocturnal hemoglobinuria, liver and lung
disease, hemophilia and rare bleeding disorders, hypercholesterolemia, acutes hepatic
porphyrias, complement mediated diseases, primary hyperoxaluria type 1, hereditary ATTR
amyloidosis, hepatitis B and C virus infection, HCV, AMD/DME, AMD, NAION, Pachyonychia
Congenita, FAP/ colon cancer, PDAC, CML, AKI and DGF.

[0112] In accordance with this embodiment of the present disclosure, the extracellular
vesicles of the composition are modified to contain one or more therapeutic agents that are
suitable for treating the ocular disease. Suitable therapeutic agents, i.e., nucleic acid molecules
(therapeutic RNAs and DNAs), protein and peptide therapeutics, and small molecule
therapeutics are described supra. The selection of a suitable therapeutic for a particular ocular
disease is well within the level of skill of a person of skill in the field of ophthalmology.
[0113] In accordance with this aspect of the present disclosure, the composition
containing the vitreous and/or aqueous humor extracellular vesicles can be administered to a

subject in need thereof using topical administration, systemic administration, periocular
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administration, or intraocular administration. The particular route of administration selected is
dependent on the condition being treated and formulation of the composition.

[0114] In one embodiment, the composition is administered systemically. Systemic
administration can be achieved via intravenous administration, oral administration, intraarterial
administration, inhalation, intranasal administration, intra-peritoneal administration, intra-
abdominal administration, subcutaneous administration, intra-articular administration, intrathecal
administration, transdural administration, transdermal administration, submucosal
administration, sublingual administration, enteral administration, parenteral administration,
percutaneous administration, periarticular administration, or intraventricular administration.
[0115] In another embodiment, the composition is administered locally. In one
embodiment, the composition is administered locally to ocular tissue. As referred to herein,
ocular tissue refers to the eye, including tissues within the sclera (e.g., the retina) and outside the
sclera (e.g., ocular muscles within the orbit). Ocular tissue also includes tissues neurologically
connected to (but distinct from) the eye, such as the optic nerve, the geniculate nucleus and the
visual cortex. Local administration to ocular tissue can be achieved via intraocular
administration. In accordance with this embodiment, intraocular administration can be carried
out via intracameral administration, intravitreal administration, or subretinal administration.
[0116] In another embodiment, local administration to ocular tissue can be achieved via
periocular administration. Periocular administration can be carried out via sub-conjunctival
injection, sub-Tenon’s injection, direct periocular injection, or depot periocular injection.

[0117] The target cells and/or tissue of the extracellular vesicles can include any desired
cell and/or tissue type. In one embodiment, the target cells are ocular cells. Suitable ocular cells
for delivery of the therapeutic agent via the extracellular vesicles as described herein include,
without limitation, ciliary epithelium, pigmented ciliary epithelium, non-pigmented ciliary
epithelium, ciliary processes, retinal cells including Miiller cells, ganglion cells, amacrine cells,
horizontal cells, photoreceptors (rods and cones) bipolar cells, retinal pigment epithelium or
retinal endothelial cells, cells of the cornea including corneal epithelium, corneal stroma
(keratocytes), corneal endothelium, or limbal stem cells, cells of iris including pigmented or non-
pigmented cells, spindle shaped fibroblasts, macrophages (clump cells of Koganei), smooth
muscle of the sphincter muscle, or posterior epithelium, trabecular meshwork cells including
trabecular meshwork cells or endothelial cell lining of Schlemm's canal, cells of the lens
including lens epithelium, anterior lens epithelial cell, crystallin-containing lens fiber cell, lens
fibers, or lens capsule, cells of choroid including cuboidal epithelial cells, ependymal cell layer,

choroid plexus epithelial cells, or choroidal endothelial cells, cells of the optic nerve including
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oligodendrocytes, retinal ganglion cell axons, or glial cells, stem and progenitor cells including
mesenchymal stem cells, limbal stem cells, retina stem cells.

[0118] In another embodiment, the target cells and/or tissue of the extracellular vesicles
carrying a therapeutic agent include non-ocular cells. Non-ocular target cells and tissue for
therapeutic delivery using the extracellular vesicles as described herein include, without
limitation, exocrine secretory cells and tissue including but not limited to, epithelial cells,
salivary gland mucous cell (polysaccharide-rich secretion), salivary gland number 1
(glycoprotein enzyme-rich secretion), von ebner's gland cell in tongue (washes taste buds),
mammary gland cell (milk secretion), lacrimal gland cell (tear secretion), ceruminous gland cell
in ear (earwax secretion), eccrine sweat glandering dark cell (glycoprotein secretion), eccrine
sweat gland clear cell (small molecule secretion), apocrine sweat gland cell (odoriferous
secretion, sex-hormone sensitive), gland of moll cell in eyelid (specialized sweat gland),
sebaceous gland cell (lipid-rich sebum secretion), bowman's gland cell in nose (washes olfactory
epithelium), brunner's gland cell in duodenum (enzymes and alkaline mucus), seminal vesicle
cell (secretes seminal fluid components, including fructose for swimming sperm), prostate gland
cell (secretes seminal fluid components), bulbourethral gland cell (mucus secretion), bartholin's
gland cell (vaginal lubricant secretion), gland of littre cell (mucus secretion), uterus
endometrium cell (carbohydrate secretion), insolated goblet cell of respiratory and digestive
tracts (mucus secretion), stomach lining mucous cell (mucus secretion), gastric gland zymogenic
cell (pepsinogen secretion), gastric gland oxyntic cell (hydrochloric acid secretion), pancreatic
acinar cell (bicarbonate and digestive enzyme secretion, paneth cell of small intestine (lysozyme
secretion), type ii pneumocyte of lung (surfactant secretion), club cell of lung,

[0119] In another embodiment, the target cells and/or tissue of the extracellular vesicles
carrying a therapeutic agent include hormone-secreting cells including but not limited to, anterior
pituitary cells, somatotropes, lactotropes, thyrotropes, gonadotropes, corticotropes, intermediate
pituitary cell, secreting melanocyte-stimulating hormone, magnocellular neurosecretory cells,
nonsecreting oxytocin, secreting vasopressin, gut and respiratory tract cells, secreting serotonin,
secreting endorphin, secreting somatostatin, secreting gastrin, secreting secretin, nonsecreting
cholecystokinin, secreting insulin, secreting glucagon, nonsecreting bombesin, thyroid gland
cells, thyroid epithelial cell, parafollicular cell, parathyroid gland cells, parathyroid chief cell,
oxyphil cell, adrenal gland cells, chromaffin cells, secreting steroid hormones
(mineralocorticoids and gluco corticoids), leydig cell of testes secreting testosterone, theca
interna cell of ovarian follicle secreting estrogen, corpus luteum cell of ruptured ovarian follicle
secreting progesterone, granulosa lutein cells, theca lutein cells, juxtaglomerular cell (renin

secretion), macula densa cell of kidney, peripolar cell of kidney, mesangial cell of kidney,
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pancreatic islets (islets of langerhans), alpha cells (secreting glucagon), beta cells (secreting
insulin and amylin), delta cells (secreting somatostatin), pp cells (gamma cells) (secreting
pancreatic polypeptide), epsilon cells (secreting ghrelin).

[0120] In another embodiment, the target cells and/or tissue of the extracellular vesicles
carrying a therapeutic agent include cells derived primarily from ectoderm including cells from
the integumentary system, keratinizing epithelial cells, epidermal keratinocyte (differentiating
epidermal cell), epidermal basal cell (stem cell), keratinocyte of fingernails and toenails, nail bed
basal cell (stem cell), medullary hair shaft cell, cortical hair shaft cell, cuticular hair shaft cell,
cuticular hair root sheath cell, hair root sheath cell of huxley's layer, hair root sheath cell of
henle's layer, external hair root sheath cell, hair matrix cell (stem cell), wet stratified barrier
epithelial cells, surface epithelial cell of stratified squamous epithelium of cornea, tongue, oral
cavity, esophagus, anal canal, distal urethra and vagina, basal cell (stem cell) of epithelia of
cornea, tongue, oral cavity, esophagus, anal canal, distal urethra and vagina, urinary epithelium
cell (lining urinary bladder and urinary ducts).

[0121] In another embodiment, the target cells and/or tissue of the extracellular vesicles
carrying a therapeutic agent include nervous system cells including but not limited to sensory
transducer cells, auditory inner hair cell of organ of corti, auditory inner hair cell of organ of
corti, auditory outer hair cell of organ of corti, basal cell of olfactory epithelium (stem cell for
olfactory neurons), cold-sensitive primary sensory neurons, heat-sensitive primary sensory
neurons, merkel cell of epidermis (touch sensor), olfactory receptor neuron, pain-sensitive
primary sensory neurons (various types), photoreceptor cells of retina in eye:, photoreceptor rod
cells, photoreceptor blue-sensitive cone cell of eye, photoreceptor green-sensitive cone cell of
eye, photoreceptor red-sensitive cone cell of eye, proprioceptive primary sensory neurons
(various types), touch-sensitive primary sensory neurons (various types), type 1 carotid body cell
(blood ph sensor), type ii carotid body cell (blood ph sensor), type 1 hair cell of vestibular system
of ear (acceleration and gravity), type ii hair cell of vestibular system of ear (acceleration and
gravity), type 1 taste bud cell, autonomic neuron cells, cholinergic neural cell (various types),
adrenergic neural cell (various types), peptidergic neural cell (various types), sense organ and
peripheral neuron supporting cells, inner pillar cell of organ of corti, outer pillar cell of organ of
corti, inner phalangeal cell of organ of corti, outer phalangeal cell of organ of corti, border cell of
organ of corti, hensen cell of organ of corti, vestibular apparatus supporting cell, taste bud
supporting cell, olfactory epithelium supporting cell, schwann cell, satellite glial cell
(encapsulating peripheral nerve cell bodies), enteric glial cell, central nervous system neurons
and glial cells, neuron cells (large variety of types, still poorly classified), interneurons, basket

cells, cartwheel cells, stellate cells, golgi cells, granule cells, lugaro cells, unipolar brush cells,
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martinotti cells, chandelier cells, medium spiny neurons, cajal—retzius cells, double-bouquet
cells, neurogliaform cells, spinal interneuron, renshaw cells, principal cells, spindle neuron,
pyramidal cells, place cells, grid cells, speed cells, head direction cells, betz cells, stellate cells,
boundary cells, astrocyte (various types), oligodendrocyte, ependymal cells, and tanycytes.
[0122] In another embodiment, the target cells and/or tissue of the extracellular vesicles
carrying a therapeutic agent include cells derived primarily from mesoderm including but not
limited to metabolism and storage cells, adipocytes:, white fat cell, brown fat cell, liver lipocyte,
barrier function cells (lung, gut, exocrine glands and urogenital tract), kidney, kidney parietal
cell, kidney glomerulus podocyte, kidney proximal tubule brush border cell, loop of henle thin
segment cell, kidney distal tubule cell, kidney collecting duct cell, principal cells, intercalated
cells, other, type 1 pneumocyte (lining air space of lung cell), pancreatic duct cell (centroacinar
cell), nonstriated duct cell (of sweat gland, salivary gland, mammary gland, etc.), principal cell,
intercalated cell, duct cell (of seminal vesicle, prostate gland, etc.), intestinal brush border cell
(with microvilli), exocrine gland striated duct cell, gall bladder epithelial cell, ductulus efferens
nonciliated cell, epididymal principal cell, epididymal basal cell, endothelial cells.

[0123] In another embodiment, the target cells and/or tissue of the extracellular vesicles
carrying a therapeutic agent include extracellular matrix cells including but not limited to
ameloblast epithelial cell (tooth enamel secretion), planum semilunatum epithelial cell of
vestibular system of ear (proteoglycan secretion), organ of corti interdental epithelial cell
(secreting tectorial membrane covering hair cells), loose connective tissue fibroblasts, corneal
fibroblasts (corneal keratocytes), tendon fibroblasts, bone marrow reticular tissue fibroblasts,
other nonepithelial fibroblasts, pericyte, nucleus pulposus cell of intervertebral disc,
cementoblast/cementocyte (tooth root bonelike ewan cell secretion), odontoblast/odontocyte
(tooth dentin secretion), hyaline cartilage chondrocyte, fibrocartilage chondrocyte, elastic
cartilage chondrocyte, osteoblast/osteocyte, osteoprogenitor cell (stem cell of osteoblasts),
hyalocyte of vitreous body of eye, stellate cell of perilymphatic space of ear, hepatic stellate cell
(ito cell), pancreatic stelle cell.

[0124] In another embodiment, the target cells and/or tissue of the extracellular vesicles
carrying a therapeutic agent include contractile cells including but not limited to skeletal muscle
cell, red skeletal muscle cell (slow), white skeletal muscle cell (fast), intermediate skeletal
muscle cell, nuclear bag cell of muscle spindle, nuclear chain cell of muscle spindle, satellite cell
(stem cell), heart muscle cells, ordinary heart muscle cell, nodal heart muscle cell, purkinje fiber
cell, smooth muscle cell (various types), myoepithelial cell of iris, myoepithelial cell of exocrine

glands.
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[0125] In another embodiment, the target cells and/or tissue of the extracellular vesicles
carrying a therapeutic agent include blood and immune system cells including but not limited to
erythrocyte (red blood cell), megakaryocyte (platelet precursor), monocyte (white blood cell ),
connective tissue macrophage (various types), epidermal langerhans cell, osteoclast (in bone),
dendritic cell (in lymphoid tissues), microglial cell (in central nervous system), neutrophil
granulocyte, eosinophil granulocyte, basophil granulocyte, hybridoma cell, mast cell, helper T
cell, suppressor T cell, cytotoxic T cell, natural killer T-cell, B-cell, natural killer cell,
reticulocyte, stem cells and committed progenitors for the blood and immune system (various
types), germ cells including but not limited to oogonium/oocyte, spermatid, spermatocyte,
spermatogonium cell (stem cell for spermatocyte), spermatozoon, nurse cells including but not
limited to ovarian follicle cell, sertoli cell (in testis), thymus epithelial cell, and interstitial cells
including interstitial kidney cells.

[0126] In accordance with this aspect of the present disclosure, a subject is administered
a therapeutically effective amount of the composition. A therapeutically effective amount is the
amount effective to alleviate, inhibit, lessen, delay, and/or prevent at least one symptom or other
aspect of the condition being treated. In another embodiment, a therapeutically effective amount
is the amount effective to ameliorate the ocular condition being treated. The dose may be
determined according to various parameters, especially according to the severity of the
condition, age, and weight of the patient to be treated; the route of administration; and the
required regimen. A physician will be able to determine the required route of administration and
dosage for any particular patient. Optimum dosages may vary depending on the relative potency
of the composition being administered, and can generally be estimated based on the half
maximal effective concentration (EC50) found to be effective in in vitro and in vivo models. In
general, dosage is from 0.01 mg/kg to 100 mg per kg of body weight. A typical daily dose is
from about 0.1 to 50 mg per kg, preferably from about 0.1 mg/kg to 10 mg/kg of body weight,
according to the potency of the specific construct, the age, weight and condition of the subject to
be treated, the severity of the disease and the frequency and route of administration. Different
dosages of the construct may be administered depending on whether administration is by
systemic administration or local administration.

[0127] Due to therapeutic agent clearance (and breakdown of any targeted therapeutic
molecule), the subject may have to be treated repeatedly, for example once or more daily,
weekly, monthly or yearly. Persons of ordinary skill in the art can easily estimate repetition rates
for dosing based on measured residence times and concentrations of the construct in bodily

fluids or tissues. Following successful treatment, it may be desirable to have the patient undergo
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maintenance therapy, wherein the construct is administered in maintenance doses, ranging from
0.01 mg/kg to 100 mg per kg of body weight, once or more daily, monthly, yearly, etc.

[0128] Another aspect of the present disclosure is directed methods of making the
composition comprising vitreous and/or aqueous humor extracellular vesicles as described
herein. An exemplary method involves providing a mammalian ocular fluid sample comprising
vitreous and/or aqueous humor fluids, and isolating vesicular bodies from the ocular fluid
sample. The method further involves inserting the one or more exogenous therapeutic agents
into the isolated vesicular bodies.

[0129] In one embodiment, the ocular fluid sample is a human ocular fluid sample. In
another embodiment, the ocular fluid sample is a bovine ocular fluid sample. In another
embodiment the ocular fluid sample is non-human mammalian ocular fluid sample, such as an
ocular fluid sample obtained from a non-human primate, dog, cat, rodent, deer, sheep, pig, etc.
[0130] In one embodiment, the ocular fluid sample is a healthy, normal ocular fluid
sample. In another embodiment, the ocular fluid sample is a diseased ocular fluid sample, or
obtained from a subject having an ocular disease or condition. Ocular fluid samples can be
obtained using methods known in the art and described herein. In one embodiment, the ocular
fluid sample is obtained via vitreous biopsy or an aqueous humor biopsy or aspiration.

[0131] Suitable methods of isolating extracellular vesicles from ocular fluids are
described herein. In one embodiment, the method of isolating extracellular vesicles involves a
series of centrifugation steps. As referred to herein, “ocular fluid” includes, without limitation,
fluid from the vitreous humor, fluid from the aqueous humor, or any ocular fluid sample
comprising the vitreous and/or aqueous humor fluid.

[0132] As described herein, the extracellular vesicles isolated from the aqueous humor
and/or vitreous humor are modified to contain one or more exogenous agents. Methods of
inserting the exogenous agent(s) into the extracellular vesicles can be achieved as described
herein using methods and techniques readily known and practiced in the art, including, without
limitation, electroporation, transfection, viral-vector delivery, or any combination thereof.
[0133] In one embodiment, the endogenous contents of the isolated extracellular vesicles
are removed prior to inserting the one or more exogenous agents. Methods of removing the
endogenous contents of the extracellular vesicles can be achieved using ultraviolet radiation.
Other methods known in the art for emptying the contents of vesicular bodies are also suitable
for use in accordance with this aspect of the present disclosure.

[0134] Another aspect of the present disclosure is directed to a method of identifying,
detecting, diagnosing, monitoring, or prognosing an ocular disease in a subject. This method

involves providing an ocular fluid sample that comprises vitreous and/or aqueous humor fluids
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from the subject, and isolating extracellular vesicles from the ocular fluid sample. This method
further involves analyzing at least one molecular or physical property of the isolated extracellular
vesicles, and comparing the at least one analyzed molecular or physical property of the isolated
vesicular bodies to the molecular or physical property in isolated vesicular bodies obtained from
a reference sample. The presence or absence of an ocular disease is identified, detected, or
diagnosed based on that comparison. Alternatively, the comparison provides information
regarding the progression or prognosis of the ocular disease or condition. A comprehensive list
of ocular conditions that can be detected, diagnosed, and monitored based on the molecular
and/or physical properties of the vitreous and/or aqueous humor extracellular vesicles is
provided supra.

[0135] Described herein is the discovery of an extensive extracellular vesicle network in
the normal, healthy vitreous humor and aqueous humor. A comprehensive proteomic analysis
has been conducted to characterize the normal, healthy proteome of this extracellular vesicular
network. Changes in this proteomic signature can be utilized as a means to identify, detect,
diagnose, prognose, and/or monitor changes in ocular health in an individual. Similarly, other
molecular properties of the isolated extracellular vesicles, such as, gene expression and lipid
content of the extracellular vesicles in the sample obtained from normal, healthy ocular fluid can
also be obtained, and utilized as reference values to track changes in ocular health of an
individual overtime. Changes in gene expression and/or lipid content of the extracellular
vesicles can be used to identify, detect, diagnose, prognose, and/or monitor changes in ocular
health in an individual.

[0136] Accordingly, in one embodiment, an ocular fluid sample comprising aqueous
and/or vitreous humor fluid is obtained from a healthy subject and the extracellular vesicles
contained therein are isolated or purified. A proteomic, genomic, or lipid analysis is carried out
to determine the subject’s baseline or reference protein or gene expression signature or lipid
content. Subsequently, a second ocular fluid sample comprising the aqueous and/or vitreous
humor fluid is obtained, the extracellular vesicles of the aqueous humor and/or vitreous humor
are isolated, and a protein expression, gene expression, and/or lipid content profile of the
extracellular vesicles is determined. The second ocular fluid sample can be collected from the
subject at any time after the first sample was collected. In one embodiment, the second sample is
collected at or about the time the subject is experiencing one or more symptoms of an ocular
condition. In other embodiment, the second sample is collected at a time that the subject has not
yet experienced or exhibited any change in ocular health. The protein expression, gene
expression, and/or lipid content of the first collected sample is compared to the protein

expression, gene expression and/or lipid content of the second collected sample, respectively, to



10

15

20

25

30

35

-49.
WO 2018/049284 PCT/US2017/050854

detect changes to one or more factors, i.e., protein expression, gene expression, and/or lipid
content. Any changes in protein expression, gene expression, or lipid content are correlated to
known changes in one or more ocular conditions to identify, detect, diagnose, and/or prognose
the ocular health for the individual.

[0137] In another embodiment, changes in protein expression, gene expression, and/or
lipid content are monitored in extracellular vesicle samples obtained from the aqueous and/or
vitreous humor of a subject over time as a means of tracking progression (or lack of progression)
of an ocular condition. In another embodiment, changes in protein expression, gene expression,
and/or lipid content are monitored in extracellular vesicle samples obtained from the aqueous
and/or vitreous humor of a subject over time as a means of tracking or monitoring the
effectiveness of a therapeutic intervention. Changes in protein or gene expression or lipid
content overtime may indicate the effectiveness of the therapeutic intervention. Likewise, little
or no change in protein or gene expression or lipid content over time may serve as an early
indicator that the selected therapeutic intervention is ineffective in the monitored individual.
Such a finding may warrant a modification to the therapeutic intervention to improve
effectiveness and treatment.

[0138] In addition to tracking and/or monitoring changes in one or more molecular
properties, such as protein expression, gene expression, and/or lipid content for diagnostic,
prognostic, or related purposes, one or more physical properties of the extracellular vesicles
derived from the vitreous and/or aqueous humor can be monitored in conjunction with or as an
alternative to the one or more molecular properties. Suitable physical properties of the
extracellular vesicles that can be measured and monitored include, without limitation,
extracellular vesicle size, quantity, shape, and morphology. Methods of measuring such physical
properties of extracellular vesicles derived from the vitreous and/or aqueous humor sample are
described herein.

[0139] The time between obtaining a first ocular extracellular vesicle sample and a
second, or any additional subsequent ocular extracellular vesicle samples can be any desired
period of time, for example, weeks, months, years, as determined is suitable by a physician and
based on the characteristics of the ocular condition. In one embodiment, the first sample is
obtained before treatment and the second sample is obtained after treatment. Alternatively, both
samples can be obtained after one or more therapeutic treatments; the second sample being

obtained at some point in time later than the first sample.
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EXAMPLES

[0140] The examples below are intended to exemplify the practice of the present

invention but are by no means intended to limit the scope thereof.
Materials and Methods for Examples

[0141] Tissue preparation and processing from post mortem samples. Post-mortem
human eyes without disease were obtained (The Eye-Bank for Sight Restoration, New York,
NY). Bovine eyes were acquired from a local butcher shop (Green Village Packing, Green
Village, New Jersey). For dissection procedures, eyes were placed in a 100 mm plastic petri dish
on ice to prevent RNA and protein degradation. Using a SZX-16 stereo dissecting microscope
(Olympus) orbital fat and extraocular muscles attached to the globe were removed. The globe
was rinsed with 5 ml of ice-cold Tris Buffered Saline (TBS) containing 50 mM Tris-HCI, 150
mM NaCl and the pH adjusted to 8.0 for 1 minute at 4°C. Vitreous was dissected by making an
sclerotomy incision 4 mm or 8 mm posterior to the limbus (human and bovine eye, respectively)
using a 16g needle and then making a circumferential sagittal incision with scissors to separate
the globe into an anterior and posterior cup. Scissors were used to cut and remove the formed
vitreous and to sever adhesions between vitreous and ocular structures. Care was taken to avoid
vitreous contamination of choroid melanocytes and the neural retina. Other ocular tissues
including choroid, retina, ciliary body, lens and cornea were identified and dissected. Tissue
samples were rinsed with TBS (pH 8.0) for 1 min at 4°C. Specimens collected for electron
microscopy and EV isolation were processed immediately without fixation as described below.
Samples used for immunohistochemistry, western blot, or EDC-formalin fixation were placed in
15 ml centrifuge tubes and immersed in 10 ml of 4% formalin (also known as formaldehyde,
paraformaldehyde, or PFA) diluted in TBS (pH 8.0) for at least 24 h at 4°C. Tissues that were
“formalin only,” were washed three times in TBS (pH 8.0) for 5 min at 4°C and not further
processed or fixed with EDC. Formalin only tissues were used for immunohistochemistry,
western blot or nucleic acid, and protein imaging. EDC-formalin fixed specimens were
processed further as described below.

[0142] Human subject surgical vitreous specimen collection. Institutional Review
Board (IRB) approval was obtained from Weill Cornell Medicine, and protocols were in
accordance with NIH guidelines, the Healthcare Insurance Portability and Accountability Act,
and the tenets put forth by the Declaration of Helsinki. Informed consent was obtained from all
subjects. Subjects were patients who were undergoing vitrectomy for an existing medical
condition. Methods for vitreous biopsy were previously described (Malecaze et al., “Detection

of Vascular Endothelial Growth Factor Messenger RNA and Vascular Endothelial Growth
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Factor-like Activity in Proliferative Diabetic Retinopathy,” Arch Ophthalmol 112:1476-1482

(1994), which is hereby incorporated by reference in its entirety). Briefly, at the beginning of
pars plana vitrectomy, 0.5-1 ml of un-dilute vitreous (which is removed during vitrectomy
surgery for medical purposes) was collected using the vitrectomy probe connected to a sterile 3-
mL syringe for aspiration. All samples were de-identified and coded. The vitreous specimen
was immediately placed on ice and transferred to the laboratory for TEM or vitreous vesicle
isolation as described below.

[0143] EDC-formalin tissue fixation. Methods for EDC-formalin fixation were adapted
from previous reports (Valadi et al., “Exosome-mediated Transfer of mRNAs and MicroRNAs is
a Novel Mechanism of Genetic Exchange Between Cells,” Nat Cell Biol 9:654-659 (2007);
Suzuki et al., “DNA Staining for Fluorescence and Laser Confocal Microscopy,” J Histochem
Cytochem 45:49-53 (1997), which are hereby incorporated by reference in their entirety). A
piece of vitreous (1 cm x 1 cm) was isolated as described and examined under the microscope to
ensure the sample was free of contaminating tissues like retina or choroid. The tissue was placed
into a 100 mm plastic petri dish and washed two times in 5 ml of TBS (pH 8.0) for 5 min at 4°C.
The sample was immersed in 5 ml of 4% formalin diluted in TBS (pH 8.0) for 24 h and stored in
a humidified chamber at 4°C. The samples were washed three times in ice-cold TBS (pH 8.0)
for 5 min at 4°C. To remove residual phosphate from the tissue, the sample was incubated in 10
ml of a freshly prepared 0.1 M 1-Methylimidazole buffer solution (0.1 M 1-methylimidazole,
300 mM NacCl, with an adjusted pH to 8.0 with 12 N NaOH) for 30 min at 4°C. Next, the EDC
fixation solution was prepared. First, 9.6 ml of 0.1 M 1-Methylimidazole buffer solution was
made and 130 mg of 5-(Ethylthio)-1H-tetrazole (ETT, Sigma Aldrich, final concentration was
0.1 M) was added. The pH was adjusted to 8.0 with 12 N NaOH. Next, 192 mg of 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide (EDC) (Sigma Aldrich, final concentration 0.10 M) was
added to the 1-Methylimidazole-ETT solution. The pH of the solution was readjusted as needed
by addition of 12 M HCl to pH 8.0. The piece of vitreous tissue (1 cm x 1 cm) was then
transferred to a 35 mm plastic petri dish and 2 ml of EDC fixation solution was added. The
samples were then placed in a humidified chamber and specimens were incubated for 3 h at
37°C. After incubation, the EDC-ETT solution was removed and specimens were washed in 5
ml of 0.2% (w/v) glycine diluted in TBS (pH 7.4). The samples were washed twice in TBS (pH
7.4). Finally, the samples were stained for DNA, RNA, and protein as described below.

[0144] Staining for DNA, RNA and protein. Vitreous tissues fixed with 4% formalin
only or EDC-formalin as described above were stained. Tissues were then immersed with
various dyes to label DNA, RNA or proteins. To mark DNA, a dissected piece of vitreous (1 cm

x 1 cm) was placed in a 35 mm petri dish and immersed with 1 ml of 0.5 pg/ml of Hoechst
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33342 Stain Solution (Sigma Aldrich). Samples were incubated at 37°C for 15 min at room

temperature and then tissues were washed with 5 ml of 1 x TBS (pH 7.4) for 3 min at room
temperature. Wash steps were repeated twice. Samples were stained with secondary marker or
mounted for imaging. To label both DNA and RNA with a single dye, propidium iodide (PI,
Sigma Aldrich) was used, which intercalates between DNA bases and also binds to RNA, with
less affinity (Le Goff and Bishop, “Adult Vitreous Structure and Postnatal Changes,” Eye (Lond)
22:1214-1222 (2008), which is hereby incorporated by reference in its entirety). It was found
that a solution of 50 pug/ml of PI diluted in TBS (pH 7.4) was the optimal concentration of PI for
co-staining DNA and RNA in whole mounted vitreous samples. Therefore, tissues were placed
in a 35 mm petri dish and then immersed in 1 ml solution 50 pg/ml of PI (diluted in TBS) for 24
h at 37°C in a humidified chamber. Samples were washed with TBS (pH 7.4) three times.
Samples were stained with another marker or mounted for imaging. To differentiate between
DNA and RNA, all tissues were co-stained with Hoechst 33342 Stain Solution. Hoechst has a
strong aftinity for DNA and does not label RNA. For Hoechst and PI stained samples, the RNA
signal was determined by excluding the Hoechst signal. To label cellular and extracellular
proteins in whole mount vitreous, the cell permeable and electron dense stain carboxyfluorescein
succinimidyl ester (CFSE, Sigma Aldrich) was used, which covalently links to intracellular
amines (Ikeda et al., “Extraction and Analysis of Diagnostically Useful Proteins From Formalin-
fixed, Paraffin-embedded Tissue Sections,” J Histochem Cytochem 46:397-403 (1998), and
Tkach and Thery, “Communication by Extracellular Vesicles: Where We Are and Where We
Need to Go.” Cell 164:1226-1232 (2016), which are hereby incorporated by reference in their
entirety). Vitreous tissues were placed in a 35 mm plastic petri dish and then tissues were
immersed in 1 ml of 500 uM CFSE diluted in TBS (pH 7.4) and samples were incubated at 37°C
for 24 h in a humidified chamber. After incubation, the CFSE solution was removed and the
tissues were placed in a 100 mm plastic petri dish. The tissues were washed in 5 ml of 0.2%
(w/v) glycine diluted in TBS (pH 7.4) for 30 min at room temperature. Next, tissues were
washed in 10 ml of TBS (pH 7.4) for 5 min at room temperature and wash steps were repeated
twice. Finally, samples were counterstained with Hoescht and or PI as described. After staining
with the respective dye(s), the samples were then mounted in custom chambers for imaging on
the multiphoton, confocal or wide-field fluorescent microscope as described below.

[0145] RNAse digestion of extracellular RNA in situ. Vitreous tissues were fixed with
EDC-formalin and immersed with 2 ml of RNAse buffer (consisting of S0 mM Tris-Cl, pH 8.0,
10 mM EDTA) containing 100 ng / mL RNase A (Sigma Aldrich), and then incubated at 42°C
for 16 hr. Next, the RNAse solution was removed, samples washed, and stained with PI

(described above), and imaged with wide-field fluorescent microscopy.
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[0146] Light microscopy, confocal microscopy, and image processing. Color bright
field images were captured on a Nikon eclipse an upright e600 microscope (Nikon) equipped
with an Axiocam 105 color camera (Zeiss), and images were processed with Zen software
(Zeiss, version 4.3). Tissues were mounted on a 60 mm glass bottom dish (20 mm viewing area,
MatTek) for fluorescent imaging studies. An Axio Observer Z1 inverted microscope (Zeiss) was
used with the following filter sets: Ziess filter set 49 (Ziess) for Hoechst; Ziess filter set 38
(Ziess) for Alexa 488, green fluorescent protein (GFP), and fluorescein; and Ziess filter set 45
(Ziess) for P1. Confocal imaging was conducted with Zeiss LSM880 microscope using the
25x%/0.8 NA lens. Images were captured and processed using imageJ software.

[0147] Multiphoton imaging. Bovine eyes were dissected as described above and
vitreous was cut into sections that were approximately 1 cm x 1 cm. Tissues were fixed with
EDC-formalin or formalin only as described. DNA, RNA, and/or protein were labeled with
Hoechst, PI and/or CSFE as described above. Whole mount vitreous tissue was mounted on a
specialized chamber made of silicone and a glass coverslip, and was placed on top of the
chamber. The coverslip was immersed in 1 ml of 1 x TBS and then imaged using MPM
(Olympus FV1000MPE, using a specialized 25x/1.05 NA water immersion objective, Weill-
Cornell Medicine Imaging Core Facility). The vitreous was then imaged in sectors. The images
were captured, z-stacks were assembled, and a 2-dimensional reconstruction was constructed
(Fiji software (Schneider et al., “NIH Image to ImagelJ: 25 years of image analysis,” Nat
Methods 9:671-675 (2012), which is hereby incorporated by reference in its entirety) and Imaris
software (Bitplane), 6-regions imaged per vitreous, n = 3). The data was analyzed for staining of
extracellular protein. EVs and vitreous cells were measured and counted.

[0148] Defining vitreous cells and extracellular vessels. The goal was to identify
extracellular vesicles (EV) and extracellular RNA in the vitreous tissue. To do this, vitreous
cells (presumed hyalocytes) and EVs were differentiated by the following method. Multiphoton
or confocal images of EDC-formalin fixed bovine vitreous co-stained with Hoechst and CFSE
were obtained as described above. Using these images, vitreous cells were identified by
identifying the nuclei using the Hoechst signal and then the cell bodies were identified by using
the CFSE signal. The diameter of the cell bodies was then measured from over 100 cell
diameters (n = 3 biological samples, 6 image frames per sample) using ImagelJ software
(Schneider et al., “NIH Image to ImagelJ: 25 years of image analysis,” Nat Methods 9:671-675
(2012), which is hereby incorporated by reference in its entirety). The average vitreous cell body
diameter and standard deviation (SD) was calculated and the data was presented graphically. It
was found that the average vitreous cell size was 10.5 um + 1.77 um and normally distributed.

Thus, an upper limit diameter of 2 SD above the mean (14 um) would encompass approximately
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97.5% of cells. Therefore, in ImagelJ software, a 14 um circle centered on the nuclei was drawn,
and considered positive signal within this circle as intracellular protein. Signal outside this 14
um circle was considered to be extracellular. Two independent and blinded research assistants
were used to count EVs. The criteria for counting EVs included round shape, location outside of
the cell radius, and size larger than 100 nm and smaller than cells. The data was normalized by
dividing the number of EVs counted per frame, by the number of cells in the frame. The data is
represented graphically. The size of bovine vitreous EVs was also measured using similar
techniques (n = 4, and 3 biological replicates).

[0149] Electron microscopy of vitreous humor, aqueous human, and ocular tissues.
Human or bovine vitreous tissue was obtained as above. Samples were cleared of cells with low
speed centrifugation and whole mount specimens tested with H and E staining and imaging as
described below. For vitreous, 2 uL. was pipetted onto a block and fixed in a solution of 2.5%
glutaraldehyde, 4% paraformaldehyde, 0.02% picric acid in 0.1M sodium cacodylate buffer and
incubated at room temperature for 60 min (Raposo et al., “B Lymphocytes Secrete Antigen-
presenting Vesicles,” J Exp Med 183:1161-1172 (1996), which is hereby incorporated by
reference in its entirety). Specimens were washed with excess volume of buffer (pH 7.3) for 5
minutes each at room temperature. Samples were post-fixed with 1% OsO4-1.5% K-ferricyanide
(aqueous) for 60 min at room temperature (Griffith and Hay, “Epithelial-mesenchymal
Transformation During Palatal Fusion: Carboxyfluorescein Traces Cells at Light and Electron
Microscopic Levels,” Development 116:1087-1099 (1992), which is hereby incorporated by
reference in its entirety). Samples were washed with buffer 3 times for 5 min each at room
temperature. Samples were set en bloc and stained with 1.5% uranyl acetate for 60 min at room
temperature. Samples were dehydrated through graded ethanol series and transitioned through
acetonitrile. Specimens were infiltrated and embedded in Embed 812 resin (Electron
Microscopy Sciences). Tissue sections cut at 60-65 nm using a Diatome diamond knife
(Diatome) on Leica Ultracut T ultramicrotome (Leica Microsystems). Sections were contrasted
with lead citrate (Dragovic et al., “Sizing and Phenotyping of Cellular Vesicles Using
Nanoparticle Tracking Analysis,” Nanomedicine 7:780-788 (2011), which is hereby incorporated
by reference in its entirety) and viewed on a JEM 1400 electron microscope (JEOL, USA, Inc)
operated at 100kV. Digital images were captured on a Veleta 2K x 2K CCD camera (Olympus-
SIS). Electron microscopy images were recorded and analyzed for size and frequency using
ImageJ software.

[0150] For TEM visualization of whole mounts of extracellular vesicles from human or
bovine vitreous were obtained after ultracentrifugation, re-suspended in formaldehyde, loaded on

Formwar/carbon-coated EM grids, postfixed in 1% glutaraldehyde, and contrasted successively
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in 2% uranyl acetate, pH 7, and 2% methylcellulose/0.4% uranyl acetate, pH 4, or acridine

orange or CFSE.

[0151] Extracellular vesicle isolation and purification. Methods for isolating
extracellular vesicles from fluids (van der Pol et al., “Recent Developments in the Nomenclature,
Presence, Isolation, Detection and Clinical Impact of Extracellular Vesicles,”. J Thromb
Haemost 14:48-56 (2016), which is hereby incorporated by reference in its entirety) were
adapted. For this study, the goal was to have vitreous specimens free of cells. The vitreous was
therefore cleared with a series of low-speed centrifugations. Approximately 8 ml of vitreous was
placed in 15 ml tubes and centrifuged in Sorvall legend RT Swinging bucket (Sorvall) at 2,000 g
(2500 rpm) at 4°C for 30 minutes. The supernatant was then transferred to a new 15 ml tube.
Then the centrifugation step was repeated. The supernatant was then transferred to new tube and
centrifuged at 10,000 g in a Sorvall RC-58 centrifuge (Sorvall) using an SS-34 rotor (DuPont)
for 30 min at 4°C. For each aliquot of vitreous or aqueous humor, whole mount hematoxylin and
eosin staining (H and E) was conducted to survey for cells as described below (FIG. 11). Whole
mount slides were then imaged and all cell free samples were further processed. The supernatant
was then transferred and the step was repeated. The sample was transferred to an ultracentrifuge
tube (Beckman) and in a swinging bucket rotor (SW-41, Beckman) and centrifuged at 100,000 g
in an L7-55 ultracentrifuge (Beckman) at 4°C for 1 hour. The supernatant was transferred to a
new tube. The step was repeated. Samples were resuspended in 50 pl of sterile phosphate
buftfered saline (PBS, pH 7.5) and placed in a siliconized tube. Samples for imaging were
immediately processed, and remaining sample was frozen at -80 °C.

[0152] Vitreous histochemical staining to confirm acellularity of samples. To
optimize vitreous EV isolation techniques, histochemical stains were applied after low-speed
centrifugation to exclude vitreous samples contaminated by cells. Vitreous samples were
dissected and collected as above. Acellularity was confirmed by whole mounting centrifuged
vitreous onto glass slides and then subjecting the specimen to histochemical staining with
hematoxylin and eosin (H and E). Approximately 1 ml of vitreous supernatant was placed on
SuperFrost Plus glass slides (Thermo Fisher Scientific) and then dried in a chamber for 16 hours
at 4 °C. The dried slides were rinsed with 5 mls of 1 x TBS for 3 min at room temperature, and
then washed again. The slides were then stained with H and E using standard procedures. Slides
were preserved by mounting glass coverslips and then sealed. Samples were analyzed with light
microscopy as described below. Specimens with hematoxylin-stained cells were subjected to
repeat centrifugation or discarded. Therefore, all extracellular fractions used for further

experiments were free from contaminating vitreous cells.
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[0153] Nanoparticle tracking analysis. The NanoSight NS300 system (Malvern) was

used to perform nanoparticle tracking analysis to characterize particles from 30 — 800 nm in
solution. Extracellular vesicles isolated from bovine vitreous were resuspended in 100 pl of
phosphate buffered saline (PBS, pH 7.0) at a concentration of approximately 2.5 pg of protein
per ml, and then the sample was diluted to a final volume of 2 ml in PBS for analysis. Particles
were loaded, the camera was focused, and 5 videos were captured for 60 sec each. Videos were
recorded and then analyzed using NanoSight software (Version 3.0) to determine the size
distribution and particle concentration of EVs. Graphs were created. The Brownian motion of
each particle is tracked between frames, ultimately allowing calculation of the size through
application of the Stokes- Einstein equation.

[0154] Extracellular vesicle isolation from formalin-fixed tissue. Whole bovine
vitreous microdissected as described above was placed in a 50 ml conical tube and then
submerged in 10 ml of 4 % formalin diluted in TBS (pH 7.4) and incubated for 24 h at 4°C.
After fixation, tissues were dissected on ice into approximately 1 cm x 1 cm sections and the
weight of vitreous section was recorded. The tissues were then placed in 15 ml centrifuge tubes.
The tissues were immersed in 250 pl of TBS and the sample and overlying wash buffer (or
supernatant) was incubated at 37°C for 30 min, 1 hr, 3 hr, 6 hr and 24 hr (n = 3). The vitreous
tissue and supernatant were collected and placed in separate 1.5 ml tubes for further protein
studies. For the formalin fixed vitreous tissue, the specimen was homogenized at 4°C and then
lysed in equal volume of NP-40 lysis buffer. The lysate was transferred to a 1.5 ml tube and
centrifuged for 15 min at 12,000g at 4°C. The aqueous phase was transferred to a new tube
without the white pellet. The protein pellet was collected by centrifugation for 15 min at 4°C at
12,000g and the supernatant removed. The pellet was then dissolved in 30 ul water and used for
Western blotting. For the supernatant, the samples were cleared of cellular debris by
centrifugation at 12,000g for 15 min at 4°C. The protein supernatant was collected lysed with
equal volume of NP-40 lysis buffer. The lysate was used for Western blotting.

[0155] Western blotting. Vitreous tissue or vitreous supernatant (250 pl) was collected
after incubation at designated times and temperatures. Vitreous supernatant was pre-cleared with
centrifugation at 12,000g for 30 min at 4°C and then lysed in buffer (50mM Tris pH 8.0, 250
mM NacCl, 0.5% NP-40, protease inhibitors, Sigma Aldrich). An equal amount of protein
(determined by BIO-RAD protein assay) from each sample was separated on SDS-PAGE gels,
transferred to protein blotting membrane (Hybond, Amersham GE Healthcare), and blotted
following standard procedures. The primary antibodies used included: rabbit monoclonal anti-

TSG101 (Systems Bioscience). The monoclonal antibodies were blotted with a secondary
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antibody, IRDye 680LT Goat anti-Rabbit (LI-COR Inc.), followed by detection with fluorescent

imaging system (Odyssey CLx, Li-Cor) according to manufacturers’ recommendations.

[0156] Immunohistochemistry of exosome marker proteins in vitreous.
Immunohistochemistry was performed on whole mounted 4% formalin-fixed bovine vitreous.
To prevent formalin crosslinks from reverting and thus reduce the rate of EV loss, all were
conducted at 4°C for the duration of the experiment, except for microscopic imaging. The
bovine vitreous humor was cut into approximately 1 cm x 1 cm pieces and then the specimen
was rinsed in 5 ml of ice-cold TBS (pH 7.4) for 3 minutes at 4°C. Wash steps were repeated
twice. Specimens were then examined with a dissecting microscope (SZX-16 Olympus) to
remove potentially contaminating tissues. Samples were then immersed in 500 ul of blocking
buffer (10% goat serum diluted in TBS) for 1 h at 4°C. The samples were briefly washed in 5 ml
of TBS for 3 min at 4°C. The antibody to TSG-101 (System Biosciences, diluted 1:500) was
used to immunostain the bovine vitreous overnight at 4°C. The samples were washed in 5 ml of
TBS for 3 min at 4°C. Wash steps were repeated twice. IHC staining was visualized using a
secondary antibody, goat anti-rabbit IgG conjugated to Alexa Fluor 488 (Abcam). Samples were
washed three times. Bovine vitreous was counterstained with Hoechst stain (as described above)
to mark nuclei and then washed twice in 5 ml of TBS for 5 min at 4°C. The vitreous was then
immediately imaged and photomicrographs were recorded. For negative controls, normal goat
serum (1:1000 dilution) was substituted for the primary antibody (secondary antibody only).
Antibodies were verified to be specific for TSG101 using western blotting and the expected 45
kD protein band was observed.

[0157] Vitreous proteome analysis. Bovine vitreous samples were cleared of cells
using the above protocol and whole mount samples were determined to be cell free by whole
mount H and E staining and subsequent imaging as described above. Samples free of cells were
then selected for proteomic analysis. Protein from extracellular vesicle fraction or cell free
vitreous fraction was denatured in 8M urea, and cysteines were reduced with dithiothreitol
(Sigma Aldrich) prior to alkylation with iodoacetamide (Sigma Aldrich). Proteins were digested
with LysC (Wako Chemicals) followed by trypsin (Promega) and desalted with Empore C18
STaGETips (3M) (Skog et al., “Glioblastoma Microvesicles Transport RNA and Proteins That
Promote Tumour Growth and Provide Diagnostic Biomarkers” Nat Cell Biol 10:1470-1476
(2008), which is hereby incorporated by reference in its entirety). One pg of total protein was
injected for nano-LC-MS/MS analysis (Q-Exactive Plus, Thermo Scientific). Peptides were
separated using a 12 cm x 75 um C18 column (Nikkyo Technos Co., Ltd. Japan) at a flow rate of
200 nL / min, with a 5-40% gradient over 160 minutes (buffer A 0.1% formic acid, buffer B

0.1% formic acid in acetonitrile). The Q-Exactive Plus was operated in data-dependent mode,
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with a top 20 method. Nano-LC-MS/MS data were analyzed using MaxQuant (version 1.5) and

Perseus software (version 1.4) (Tyanova et al., “The Perseus Computational Platform for
Comprehensive Analysis of (Prote)omics Data,” Nat Methods 13(9):731-740 (2016), which is
hereby incorporated by reference in its entirety), searching against a Uniprot Bos faurus database
(downloaded July 14), allowing oxidation of methionine and protein N-terminal acetylation, and
filtering at a 1% false discovery rate at the peptide and protein level. Proteins were quantified
using iBAQ values. Protein enrichment was compared between vitreous extracellular vesicle
fraction and cell free vitreous fraction.

[0158] Cell culture. Human retinal pigmented epithelial cells, ARPE-19 (ATCC) were
cultured in DMEM:F12 medium (ThermoFisher Scientific) supplemented with 10% fetal bovine
serum, penicillin, and streptomycin. All cells were incubated at 37 °C in 95% air and 5% CO;
and maintained using standard sterile techniques.

[0159] Loading recombinant proteins into EVs. Bovine vitreous EVs were obtained
as described above and the total protein concentration was measured (Pierce™ BCA Protein
Assay Kit, Thermo Fisher Scientific). 4 pg of vitreous EVs was used for in vifro treatments and
0.025 pg of bovine vitreous EVs was used for in vivo injections along with the following
concentrations of BSA-fluorescein (3 ug, 1 ug, and 0.5 ug) or GFP (0.25 pg, 0.5 pug, and 1 pg).
Recombinant protein and EVs were mixed in 300 pl of electroporation buffer (BioRad) and
electroporated in a 4 mm cuvette. Electroporation was performed on the EVs using a square
wave program under the following conditions; voltage at 300 V, pulse length time of 35 ms, with
the number of pulses at 2, and pulse interval of 0.1 sec. For in vifro experiments, 100 ul of the
electroporated solution was added to 300 ul of warm media, and the solution was transferred into
each well of a 12-well plate (n = 3) with APRE-19 cells plated at 70% confluence. Cultures
were incubated for 24 h and the media was then replaced with complete media. Cells were fixed
with 4% paraformaldehyde and imaged at 48 h after treatment. For in vivo studies,
electroporation was performed in 300 ul of electroporation buffer (BioRad) and electroporated in
a4 mm cuvette at 300 V. Samples were desalted after resuspension in balanced salt solution 5
volumes and then concentrated with centrifugal size exclusion filters (Amicon, Millipore Sigma).
The re-suspension volume in balanced salt solution (BSS) was 75 ul and 0.5 ul was used per
injection.

[0160] In vitro application of EVs to cultured cells. Bovine or post-mortem human
vitreous EVs were isolated and loaded with recombinant protein via electroporation as described
above. ARPE-19 cells were cultured on a 12-well plate and approximately 70% confluent at the
time of EV treatment. Then, 100 pl of the electroporated EV solution was added to 1 ml of

complete media. The cells were incubated for 16 h under standard culture conditions and then



10

15

20

25

30

35

-50.
WO 2018/049284 PCT/US2017/050854

the media was removed and replaced with complete media. At 48 h post-treatment, cell media
was removed and cultures immersed with 1 ml of Hoechst stain and incubated for 15 min at
37°C. The stain was removed and cells were washed with 2 ml of phosphate buffered saline and
fixed with 2 mls of 4% formalin diluted in PBS for 10 min at room temperature. Cells were
washed with 2 ml of PBS for 5 min. The wash was repeated twice. Cells were evaluated for
transfection efficiency with using wide-field fluorescent microscopy.

[0161] In vivo injection of vitreous EVs. All procedures were performed in accordance
with NIH guidelines and approved by Weill Cornell Medicine’s Institutional Animal Care and
Use Committee (IACUC). Male, 6-week-old C5S7BL/6J mice (Jackson Labs) were maintained
on a 12-h light/dark cycle at Weill Cornell Medical College’s Research Animal Resource Center
(RARC). Intravitreal injections of mouse eyes occurred at 8 weeks of age in all experimental
variables (n > 3). Animals were sedated with a ketamine and xylazine cocktail in accordance
with NIH Animal Welfare guidelines. Pupils were dilated with 1 drop of 2.5% phenylephrine, 1
drop of 1% tropicamide, and then a lubricating ophthalmic ointment was applied. After 15 min,
animals were prepared for injection. Ophthalmic ointment was removed using a cotton swab and
eyes were rinsed with 10 drops of 1X TBS. Under a dissecting stereo microscope (Olympus
SZX50), a guide track was made in the eye by positioning a 32-gauge needle at the limbus and
then traversing from the sclera and into the posterior chamber. Care was taken to avoid
disrupting the crystalline lens. Next, the guide needle was withdrawn and the micro-injector
(Pneumatic picopump, PV830, World Precision Instruments) was positioned into the guide
needle track and the glass pipette tip was inserted into the posterior chamber avoiding the retina.
500 nl of EV solution or control solutions was injected. After completion of the injection, a 10
sec interval was maintained before removing the glass pipette. The glass pipette was removed
and ophthalmic antibiotic ointment applied to the injected eye immediately after the intravitreal
injection procedure. The animals were then monitored for recovery from anesthesia and then
returned to the Weill Cornell Medicine’s RARC Facility.

[0162] Evaluation of bio-distribution of intravitreally injected EVs or controls in
rodent eyes. The bio-distribution of EV intravitreal injection was analyzed at post injection day
3, week 1, and weeks 2 (n > 3). Animals were sedated and euthanized in accordance with NIH
Animal Welfare guidelines. The eyes were enucleated and placed in 5 ml of 4% formalin in 1X
TBS for 16-hr at 4°C and then immersed in 5 ml of 0.5 M sucrose diluted in TBS for 12 h at 4°C.
The tissues were mounted in OCT Compound (Tissue-Tek), frozen in a dry-ice/ethanol bath in a
Cryomold (Tissue-Tek), immediately serial sectioned from 5 to 40 pm with a cryostat (Leica
3050 S, Leica) and mounted on SuperFrost Plus glass slides (Thermo Fisher Scientific).

Specimens were counterstained with 1 ml of Hoechst stain for 15 min at room temperature. The



10

15

20

25

30

35

-60-
WO 2018/049284 PCT/US2017/050854

slides were rinsed in 5 ml of TBS (pH 7.4) for 5 min at room temperature. Wash steps were
repeated twice. 300 pl of mounting media was then added and a cover-slip (VWR International
LLC) was placed. Slides were imaged with wide field fluorescent microscopy for BSA-
fluorescein or bright-field microscopy for H and E stained samples. Unprocessed specimen or
mounted slides were stored at -80°C.

[0163] Aqueous EV isolation. Aqueous humor was collected by paracentesis. Briefly,
an 18-gauge needle was inserted in the cornea approximately 2 mm anterior to the limbus and
then 250 pL of fluid was removed into a 1 ml syringe. The fluid was immediately transferred to
a 1.5 ml siliconized microfuge tube and samples placed on ice. EVs were isolated as described
for vitreous EVs.

[0164] Statistical analyses. Graph visualization, calculations were performed using
Excel (version 2011, Microsoft). All experiments, unless otherwise stated, were performed with
n of > 3. For nanoparticle tracking analysis particle size, concentration, and distribution was
calculated using Stokes- Einstein equation. All error bars are standard deviation and p values <

0.05 for all studies.

Example 1 - Extracellular Vesicles (EV) Escape From Formalin-fixed Bovine Vitreous
Tissues and are Retained with 1-ethyl-3-(3-dimethylaminopropyl)
Carbodiimide (EDC)-formalin Fixation

[0165] The studies described herein focused on optimizing tissue fixation to retain EVs
in the extracellular space. To preserve the histological and morphological structures of tissues,
conventional fixation methods employ 10% formalin to create protein-protein crosslinks. The
fixation process generally involves processing steps or incubations at or above room
temperature; however, elevated temperatures are known to revert formalin protein-protein
crosslinks (Shi et al., “Antigen Retrieval in Formalin-fixed, Paraffin-embedded Tissues: An
Enhancement Method for Immunohistochemical Staining Based on Microwave Oven Heating of
Tissue Sections,” J Histochem Cytochem 39:741-748 (1991); Ikeda et al., “Extraction and
Analysis of Diagnostically Useful Proteins From Formalin-fixed, Paraffin-embedded Tissue
Sections,” J Histochem Cytochem 46:397-403 (1998), which are hereby incorporated by
reference in their entirety) and RNA-protein crosslinks (Pena et al., “miRNA In Situ
Hybridization in Formaldehyde and EDC-fixed Tissues,” Nat Methods 6:139-141 (2009), which
is hereby incorporated by reference in its entirety). It was hypothesized that the nanometer-sized
EVs are lost from formalin-fixed tissue specimens during wash steps at or above room
temperature, as shown in a schematic diagram in FIG. 1A. To examine the extent of EV loss
from formalin-fixed tissues, formalin-fixed bovine vitreous tissue was immersed in wash buffer

at 37°C for various time points and then the supernatant was collected. The ultrastructural



10

15

20

25

30

-61-
WO 2018/049284 PCT/US2017/050854

content of the supernatant was imaged using transmission electron microscopy (TEM) and it was
found that a substantial number of EVs were present in the wash buffer and had leaked from the
formalin-fixed tissue (FIGs. 1B-1C), as early as 30 minutes. Exposure to temperatures above
4°C also resulted in RNA escape (Pena et al., “miRNA In Situ Hybridization in Formaldehyde
and EDC-fixed Tissues,” Nat Methods 6:139-141 (2009), which is hereby incorporated by
reference in its entirety), and likely protein escape. To permanently retain these nanometer-sized
EVs within the tissue and surrounding extracellular space, an additional fixation step was added,
in which the water-soluble carbodimide, EDC, creates a non-reversible crosslink between
positively charged amino group side chains and carboxyl groups of EV proteins. Thus, two-step
fixation was conducted that involves first fixing samples in formalin and then subsequent cross-
linking with EDC. After EDC-formalin fixation, vitreous tissues were placed in wash buffer at
various temperatures and the supernatant was imaged with TEM (FIG. 1D). EVs were not
detected in the supernatant (FIG. 1E). Particulate matter was observed in the EDC-formalin
supernatant, as well as the wash buffer control (FIG. 1F); hence EVs did not escape the EDC-
formalin-fixed tissue. To quantitate EV loss from vitreous tissue, Western blotting was used to
detect a known exosome marker TSG-101. The supernatant of formalin-fixed vitreous showed
significant amount of TSG-101 signal in the supernatant (FIG. 1G). These data suggest that

formalin fixed tissues lose a substantial amount of EVs to the wash buffer.

Example 2 - EDC-formalin Fixation of Bovine Vitreous Retains EVs Imaged by
Multifocal Microscopy (MPM), When Compared to Formalin Fixation Alone

[0166] The goal was to visualize the structural relationship of EVs in the extracellular
space of normal vitreous tissue (FIG. 2A), therefore conventional fixation of bovine vitreous
(formalin alone) was compared to EDC-formalin, and then an attempt was made to visualize EVs
in situ. EVs are known to contain proteins; thus, total protein was labeled in whole mounted
samples and then imaged with multiphoton microscopy (FIGs. 2B-2D). To label proteins, a cell
permeable fluorescent dye, carboxyfluorescein succinimidyl ester (CFSE) (Bronner-Fraser, M.,
“Alterations in Neural Crest Migration by a Monoclonal Antibody That Affects Cell Adhesion,”
J Cell Biol 101:610-617 (1985), which is hereby incorporated by reference in its entirety), was
used which covalently links to amines. It was found that formalin-fixed tissues showed positive
protein signal near or within the vitreous cells but showed no evidence of extracellular protein
signal (FIGs. 2A-2B, n = 4). These data suggested that EVs were either not present in vitreous
tissue or were lost during processing of formalin-fixed vitreous specimen. In contrast, EDC-
formalin fixed samples showed robust signals for protein in the extracellular matrix consistent in

size and shape with EVs (FIGs. 2C-2D). Moreover, EDC-formalin fixed tissues stained with
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CFSE consistently illuminated significantly more EVs (120 fold), when compared to formalin
alone (FIG. 2E, p<0.05).

[0167] Bovine EVs imaged by MPM were pleomorphic in size, ranging from
approximately 200 to 6000 nm in size, with mean diameter 1513.0 nm (standard error 708.8 nm),
and modal size of 800-1400 nm (FIG. 2F). The lower limit of resolution of the multiphoton

microscope limited ability to resolve EVs smaller than 200 nm.

Example 3 - Fixation of Bovine Vitreous With EDC-formalin Retains EVs and
Extracellular RNA in situ

[0168] EVs are also known to contain extracellular RNA (Valadi et al., “Exosome-
mediated Transfer of mRNAs and MicroRNAs is a Novel Mechanism of Genetic Exchange
Between Cells,” Nat Cell Biol 9:654-659 (2007), which is hereby incorporated by reference in its
entirety), therefore, it was sought to visualize extracellular RNA in vitreous tissues. Bovine
vitreous nucleic acids were labeled with propidium iodide (PI), which stains DNA as well as
RNA (Suzuki et al., “DNA Staining for Fluorescence and Laser Confocal Microscopy,” J
Histochem Cytochem 45:49-53 (1997), which is hereby incorporated by reference in its entirety),
albeit with a lower affinity. Imaging EDC-formalin fixed tissues with confocal microscopy
showed signals positive for extracellular RNA and extracellular protein, however no
extracellular DNA was detected (FIGs. 3A-3B). Signals for extracellular RNA were found to
co-localize within the EV protein signal (FIG. 3A), suggesting that extracellular RNA is within
the vesicle. In contrast, fixation with formalin alone resulted in substantially less extracellular
RNA and protein signal (FIG. 3C). It was also noted that substantially more RNA was retained
within the cytoplasm of vitreous cells in EDC-formalin fixed tissues when compared to
conventional fixation. To verify that extracellular PI signal was indeed RNA, EDC-formalin
fixed samples were treated with RNAse and a significant reduction in extracellular signal was
noted (FIGs. 4A-4B). To determine if improvements in EV signals could be observed using a
standard fluorescent microscope, images from formalin and EDC-formalin-fixed vitreous
samples that were stained with CFSE and PI and then captured with a wide-field fluorescent
microscope were compared. The data show EDC-formalin fixed samples demonstrated a strong
signal for extracellular protein and RNA, while formalin-fixed specimens failed to show
extracellular protein signal (FIGs. SA-5B). Taken together, these data suggest that EDC-
formalin fixation is superior to formalin fixation alone for retaining EV proteins and extracellular
RNAs in tissues. Moreover, this technique allows one to determine the spatial relationship of

EVs within the vitreous tissue in situ.
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Example 4 - Bovine and Human Vitreous Humor Contains EVs

[0169] To correlate the findings observed in the micrographs from EDC-formalin fixed
tissues with other methods used to visualize EVs, the ultrastructure of vitreous EVs was studied
with TEM (Raposo et al., “B Lymphocytes Secrete Antigen-presenting Vesicles,” J Exp Med
183:1161-1172 (1996), which is hereby incorporated by reference in its entirety). Bovine
vitreous specimens were negatively stained with uranyl acetate and lead citrate, and the images
showed a substantial amount of EVs that were pleomorphic in size (FIG. 6A). Next, EVs
isolated from bovine vitreous were labeled with CFSE, an electron dense dye that covalently
links to protein amines (Raposo et al., “B Lymphocytes Secrete Antigen-presenting Vesicles,” J
LExp Med 183:1161-1172 (1996), which is hereby incorporated by reference in its entirety), and
images showed an abundance of EVs with dense intra-vesicular staining (FIG. 6B). Since EVs
are known to contain RNAs (Valadi et al., “Exosome-mediated Transfer of mRNAs and
MicroRNAs is a Novel Mechanism of Genetic Exchange Between Cells,” Nat Cell Biol 9:654-
659 (2007), which is hereby incorporated by reference in its entirety), EVs isolated from bovine
vitreous were imaged after staining with an electron dense and nucleic acid selective dye,
acridine orange (AQ), that showed positive signal within the EVs (FIG. 6C). Staining whole
mount bovine vitreous with ethidium bromide, another electron dense nucleic acid stain, also
showed positive signal within the EVs (FIG. 6D). To determine the concentration and size
distribution of bovine vitreous EVs, nanoparticle-tracking analysis (NTA) (Dragovic et al.,
“Sizing and Phenotyping of Cellular Vesicles Using Nanoparticle Tracking Analysis,”
Nanomedicine 7:780-788 (2011), which is hereby incorporated by reference in its entirety) was
used, and it was found that the concentration of extracellular vesicles was at least 2.98 x 10’
particles per ml (s.e.m % 8.98 x 10° particles per ml), corresponding to over 2 billion EVs per
bovine eye (FIG. 6E). The data show a heterogeneous extracellular vesicle size, with a mean of
212 nm (s.e.m = 10 nm), mode of 143 nm (s.e.m + 20.4 nm), peaks at 125 nm and 215 nm, and
some extracellular vesicles measuring up to 550 nm (FIG. 6E). EV size measured by NTA
differed from EV size observed by multiphoton microscopy, which is likely the result of
ultracentrifugation-based isolation methods that removed larger EVs (van der Pol et al., “Recent
Developments in the Nomenclature, Presence, Isolation, Detection and Clinical Impact of
Extracellular Vesicles,”. J Thromb Haemost 14:48-56 (2016), which is hereby incorporated by
reference in its entirety). To determine the distribution of vitreous EVs in the whole eye, TEM
was performed on post-mortem human eyes and demonstrated numerous vitreous EVs in high
concentrations near the vitreous base and ciliary body (FIG. 6F-6G). EVs purified from post-
mortem human vitreous specimens and stained with AO also revealed size and shape consistent

with EVs (FIG. 6H-6I). These data show that the vitreous EVs are indeed present, are abundant
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in number and heterogeneous in size, and positively stain with CFSE and nucleic acid selective

dyes.

Example S - Immunohistochemistry Staining of EV-specific Protein TGS-101 in Normal
Bovine Vitreous

[0170] To determine if vitreous EVs expressed EV-associated proteins, proteomic

analysis was conducted using liquid chromatography mass spectrometry (LC-MS) and bovine
vitreous (cleared of cells with low-speed centrifugation) was compared with the EV isolated
fraction (n = 6 of bovine vitreous, samples were pooled). The vitreous and EV isolated fraction
showed a total of 1686 protein in the combined proteomic inventory, with 682 and 464 proteins
enriched in whole vitreous fraction or EV fraction, respectively, and 540 proteins that were
similar in abundance for both. A comprehensive listing of the 1779 proteins detected in the EV
and whole vitreous fraction is provided in Table 3, infra. The listing of Table 3 identifies the
proteins by their protein name (column 1) and protein identifier, which includes their UniProtKB
Accession number and name. For each protein listed in Table 3, the log, difference in protein
amount in the EV fraction compared to cell-free vitreous fraction is listed in column 5, which is
based on the amount of protein quantified by label free quantification (LFQ) intensity in the EV-
enriched fraction (column 3) and in the cell-free vitreous fraction (column 4). Proteins with
enrichment in the EV-fraction are denoted as “EV fraction only” (column 5). The proteins total
intensity is represented by the iBAQ value (column 6).

[0171] Further analysis of the proteome data showed that several known EV-associated
proteins are enriched in the EV fraction, including TSG-101 (iBAQ value, which represents
protein abundance was 2.30 E+05), CD-9 (iBAQ value, 2.80 E+06), HSP 90- (iBAQ value,
3.00E+08), and annexin II protein (iBAQ value, 9.40 E+05), as shown in Table 1.

Table 1. Exosome marker proteins present and enriched in bovine vitreous EVs when
compared to cell-free vitreous.

Vesicular body iBAQ

fraction compared to iBAQ vesicular | **Refs.
Protein Name vitreous Log2 ratio Vitreous body
CDO antigen Vesicular body fraction | 2.80E+06 2.80E+06 1-5
Annexin II Vesicular body fraction 9 40E+05 9 40E+05 2,3,5
*TSG101 protein Vesicular body fraction | 2.30E+05 2.30E+05 3,5
"HSP 90-beta 1.755888 3.00E+08 3.00E+08 3,5
"HSP 90-alpha 0.7320843 1.20E+09 1.20E+09 3,5
Pyruvate kinase 0.8703709 1.30E+09 1.30E+09 5
L-lactate 5
dehydrogenase A
chain 1.020498 1.20E+09 1.20E+09
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Elongation factor 1- 2,5
alpha 1 2292728 7.20E+07 7.20E+07
Clathrin heavy chain 1 3.026251 8.60E+06 8.60E+06 5
Alpha-enolase 0.4244232 5.20E+09 5.20E+09 S5

*TSG101 = Tumor Susceptibility Gene 101; "HSP = Heat shock protein

**References for Table 1 which are hereby incorporated by reference in their entirety:

1. Conde-Vancells, J. et al. J Proteome Res 7, 5157-5166 (2008).
5 2. Thery, C. et al. J Cell Biol 147, 599-610 (1999).
3. Vlassov, A. et al.. Biochim Biophys Acta 1820, 940-948 (2012).
4. Higashiyama, S. et al. J Cell Biol 128, 929-938 (1995).
5. Keerthikumar, S. et al. J Mol Biol 428, 688-692 (2016).
10 [0172] The analysis also showed that several eye specific proteins are also enriched in
EV as compared to the cell free vitreous fraction. These eye specific proteins are listed in Table
2 below.
Table 2: Eye specific proteins enriched in bovine vitreous EVs
Vesicular body
fraction compared LFQ intensity
Protein Name to vitreous vitreous/exosome iBaQ References
Retinaldehyde- 1-3
binding protein 1 2.08453 32.20889 1.50E+09
Fibrillin-1 2.192545 32.26072 1.20E+08 4-6
2.649029 31.54315 1.10E+09 7-8
Opticin
2.369839 26.13197 1.40E+07 9
Arrestin-C
Retinol-binding 10-11
protein 3 2.399818 36.24624 5.40E+09
Vesicular body 22.0284 1.60E+05 12-13
Phakinin fraction only
11-cis retinol Vesicular body 2473975 1.60E+06 14-15
dehydrogenase fraction only
Vesicular body 25.49948 5.00E+06 16
Fibulin 5 fraction only
RPE-retinal G- 17-18
protein coupled Vesicular body
receptor fraction only 26.91809 1.80E+07
Retinoid 19-20
isomerohydrolase Vesicular body
(RPE65) fraction only 23.69232 6.20E+05
Vesicular body 21-23
Rhodopsin fraction only 23.91497 2.30E+06

15

References for Table 2, which are hereby incorporated by reference in their entirety

1. Saari JC, Bredberg DL. J Biol Chem 262, 7618-7622 (1987).
2. Crabb et al., Protein Sci 7. 746-757 (1998).
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3. Maw et al., Nat Genet 17, 198-200 (1997).

4. Wheatley et al., Arch Ophthalmol 113, 103-109 (1996).

5. Faivre et al., J Med Genet 40, 34-36 (2003).

6. Hubmacher et al., Invest Ophthalmol Vis Sci §5, 7934-7944 (2014).
7. Friedman et al., Hum Mol Genet 11, 1333-1342 (2002).

8. Reardon et al., J Biol Chem 275, 2123-2129 (2000).

9. Sakuma et al., Gene 224, 87-95 (1998).

10. Li et al., J Biol Chem 288, 11395-11406 (2013).

11. den Hollander et al.,. Invest Ophthalmol Vis Sci 50, 1864-1872 (2009).
12. Merdes et al., J Cell Biol 123, 1507-1516 (1993).

13. Carter et al., Biochem Biophys Res Commun 270, 432-436 (2000).
14. Yamamoto et al., Nat Genet 22, 188-191 (1999).

15. Liden et al.,. J Biol Chem 276, 49251-49257 (2001).

16. Stone et al., N Engl J Med 351, 346-353 (2004).

17. Shen et al., Biochemistry 33, 13117-13125 (1994).

18. Morimura et al., Nat Genet 23, 393-394 (1999).

19. Nicoletti et al.,. Hum Mol Genetic 4, 641-649 (1995).

20. Moiseyev et al., Proc Natl Acad Sci 102, 12413-12418 (2005).
21. Wald et al,, Science 111, 179-181 (1950).

22. Dryjaet al., Nature 343, 354-366 (1990).

23. Dryjaet al.,. N Eng J Med 323, 1302-1307 (1990).

[0173] To confirm that protein signals observed in the EDC-formalin-fixed vitreous were
indeed EVs, immunohistochemistry (IHC) was conducted to visualize in sifu distribution of a
known exosome protein, TSG-101. EDC-formalin fixation of tissues was incompatible with
IHC staining. Moreover, TSG-101 signal was not reliably detectable in formalin-fixed tissues
when conducting experiments at room temperature, presumably because EVs were lost to the
wash buffer. However, reversal of formalin crosslinks are known to be temperature dependent
(Ikeda et al., “Extraction and Analysis of Diagnostically Useful Proteins From Formalin-fixed,
Paraffin-embedded Tissue Sections,” J Histochem Cytochem 46:397-403 (1998), which is hereby
incorporated by reference in its entirety) and reversion occurs at a slower rate at colder
temperatures. Therefore, IHC was performed on formalin-fixed bovine vitreous specimens at
4°C for all processing steps, except for imaging. IHC showed an abundant amount of punctate
TSG-101-positive signal in the extracellular space (FIG. 7A), consistent with the EV spatial
distribution in EDC-formalin-fixed tissues stained with CFSE (FIG. 2C). Specificity controls
showed no extracellular signal (FIG. 7B). It was found that TSG-101 was 136-fold more likely
to be found in the vitreous extracellular space than within vitreous cell bodies (FIG. 7C).
Formalin-fixed IHC samples were also co-stained for RNA using PI, but extracellular RNA was
unable to be detected (FIG. 7D), further suggesting that EDC-formalin fixation is necessary for
retaining EV-associated RNAs. These data demonstrate that vitreous EVs contain EV protein

markers and can be imaged with IHC under low temperature conditions.
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Example 6 - Vitreous EVs Transfer Endogenous RNA Recombinant Bovine Serum
Albumin (BSA), and Green Fluorescent Protein (GFP) into Cultured Cells

[0174] Whether vitreous EVs have biological activity similar to other EVs, which are
known to transfer their RNA and protein cargo into target cells, was investigated. Early studies
showed that EVs carry mRNAs and microRNAs into cells in2 vitro (Valadi et al., “Exosome-
mediated Transfer of mRNAs and MicroRNAs is a Novel Mechanism of Genetic Exchange
Between Cells,” Nat Cell Biol 9:654-659 (2007), Skog et al., “Glioblastoma Microvesicles
Transport RNA and Proteins That Promote Tumour Growth and Provide Diagnostic Biomarkers”
Nat Cell Biol 10:1470-1476 (2008), which are hereby incorporated by reference in its entirety).
Therefore, bovine and post-mortem human vitreous EVs’ capacity to transfer their endogenous
RNA into cultured cells was tested. Bovine or human vitreous EV RNA were labeled with AO
fluorescent dye, the EV fraction was purified (FIGs. 8A-8B), and retinal pigment epithelial cells
(ARPE-19) were exposed to a bolus of the labeled EVs. For bovine EV-RNA, transfection rate
of up to 96.2% +01.9% was observed at 48 hours in cultured ARPE-19 cells (FIGs. 9A-9C),
which was significantly more than controls. Human embryonic kidney cells were also
transfected successfully (FIG. 9D-9F). Isolated post-mortem human vitreous EVs were also
capable of transferring labelled EV-RNA at 96% +3.8% in ARPE-19 cells at 24 hours,
significantly more when compared to the controls (FIGs. 9G-91).

[0175] EVs are also known to be a vector capable of delivering recombinant protein to
target cells. Therefore, bovine serum albumin (BSA, 66 kD protein) conjugated to fluorophore
(fluorescein) was loaded into 3 pg of bovine vitreous EVs via electropermeabilization at 300 V,
the BSA-fluorescein-loaded EV's were repurified, and then cultured ARPE-19 cells were treated
with the vector. It was observed that cells were transfected at 97.6% +0.85%, 95.3% +2.428%,
and 88.9% +1.745% for concentrations of BSA-fluorescein of 3 pg, 1 pg, and 0.5 pg,
respectively. The controls, PBS alone or EVs mixed with BSA-fluorescein without
electroporation, did not result in transfection of ARPE-19 cells (FIGs. 10A-10C), and these
groups were statistically different than test groups (p<0.05, n =3). These control data
demonstrated that the EV vector was necessary for ARPE-19 cell uptake of BSA-fluorescein. To
evaluate whether vitreous EVs are capable of transfecting a functional protein, which must retain
its conformational state to fluoresce, recombinant green fluorescent protein (GFP) was loaded
into 3 ug vitreous EVs. The data showed that ARPE-19 cells were transfected at 88.3% +4.2%,
81.4% +4.8%, and 72.9% £3.9% for concentrations of GFP at 0.25 ug, 0.5 ug, and 1 pg,
respectively (FIGs. 10D-10F). The controls showed no signal, significantly less than the test
groups (p<0.05, n =3). These data show that vitreous EVs are capable of transferring their

endogenous RNA as well as exogenous, recombinant protein to cells in vitro.
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[0176] Bovine vitreous and aqueous EVs are capable of transferring their endogenous
protein and RNA into human cells other than ocular cells, such as skin cells. Bovine vitreous
EVs endogenous RNAs and endogenous proteins were labeled and transferred into human skin
cells at high efficiency as shown in FIGs. 17A-17L. No transfer was observed under control
conditions (FIGs. 17M-17R). These data suggest that vitreous EVs have a broad tropism, and
can be used as therapeutic delivery vehicles throughout the body for a broad variety of

conditions.

Example 7 - Bovine Vitreous EVs Target the Retina and Deliver Recombinant Protein /n
Vivo

[0177] An attempt was made to validate vitreous EV transfection efficiency in vivo and
determine the target cells in the eye. A dilute amount of EVs (0.025 pg) that were loaded with
0.5 ng of BSA-fluorescein via electroporation were administered to rodent eyes through
intravitreal injection, a common technique used for intraocular delivery. On day 3 post-
treatment, EVs show no evidence of crossing into the retina and do not penetrate the inner
limiting membrane (FIG. 11A). At three weeks post injection, transfection in cells of multiple
retinal cell layers was noted (FIG. 11B-11D). For specificity controls, no evidence of
transfection was observed with PBS alone or with EV samples mixed with BSA-fluorescein
without electropermeabilization. Together, these data show that the vitreous EVs are
biologically active and function as a vector to deliver recombinant proteins in vivo. Moreover,

vitreous EVs target retinal cells and maintain a sustained transfection for up to 3 weeks.

Example 8 - Bovine Vitreous EVs Target the Cornea, Ciliary Body, and Retina to Deliver
Recombinant Protein In Vivo

[0178] Bovine EVs loaded by electroporation (300 V) with recombinant bovine serum
albumin (BSA) conjugated to fluorescein (BSA-fluorescein) were injected into mice eyes. At 3-
week post injection mouse eye sections were examined for BSA-fluorescein delivery, and
delivery was obserbed in cornea from endothelial cells and corneal keratocytes as shown in the
photomicrographs of FIG. 12A. Images from the control group of bovine EV mixed with BSA-
fluorescein without electroporation (0 V) after 3-week injection show no expression in
endothelial cells nor corneal keratocytes, but does show non-specific staining of the corneal
epithelium (FIG. 12B). FIG. 12C are representative confocal fluorescent photomicrographs from
mouse eyes at 3-week post injection of EVs loaded by electroporation (300 V) with BSA-
fluorescein show signal in ciliary body, in the non-pigmented ciliary epithelial cells. The images
of FIG. 12D show robust expression of BSA-Fluorescein in the photoreceptors, inner plexiform

layer (IPL), retinal pigment epithelial (RPE) cells, and choroid. Nuclei in all tissue sections were
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stained with Hoechst blue, and these are shown in the middle panels of FIGS. 12A-12D. Merged

images are shown in the far left panels of FIGUS. 12A-12D. The images of FIG. 12E show

expression of BSA-fluorescein in the retinal pigment epithelial cells (RPE) and choroid.

Example 9 - Bovine Vitreous Vesicular Bodies Loaded with Fluorescent Labeled siRNAs
Transfects into Human Retinal Pigment Epithelial Cells with High Efficiency

[0179] To determine if vitreous vesicular bodies are capable of modification with
exogenous small interfering RNAs, an anti-GAPDH siRNA conjugated to cyanine 3 was
introduced into vesicular bodies using electroporation. ARPE-19 cells were exposed to anti-
GAPDH siRNA-Cy3 loaded into vesicular bodies at various electroporation voltages and it was
found that siRNA loaded vesicles transfected the cells at greater efficiency at higher voltages
(FIGs. 13A-13C) and less efficiency at lower voltages (FIGs. 13D-13F), and was undetectable
without electroporation (FIGs. 13G-13H). FIG. 131 is a graph showing the transfection

efficiency by electroporation voltage.

Example 10 - Bovine Ciliary Body Non-pigmented Epithelium Produces Abundant
Vesicular Bodies that are Released into Intracellular Spaces

[0180] It was next sought to identify the origin of the ocular fluid vesicular bodies. It
was hypothesized the vesicular bodies are produced in the ciliary body since; 1) the vitreous
humor collagen fibrils are highest in concentration near the vitreous base, which is behind the
lens and juxtaposed to the ciliary body and; 2) The ciliary body is known to have a high surface
area and produces the aqueous humor. Therefore, TEM was conducted on tissue sections of
bovine ciliary body stained with uranyl acetate and budding vesicles were found in the non-
pigmented epithelium into intercellular spaces (FIGs. 14A-14D). Vesicular body budding in the
pigmented epithelium was not observed (FIG. 14E). These data suggest that the ciliary body is

at least in part, a source of vesicular bodies in the eye.

Example 11 - Bovine Vitreous Vesicular Bodies Deliver Proteins in Human Retinal
Pigment Epithelial Cells with High Efficiency at Various Voltages

[0181] As discussed supra, bovine vesicular bodies contain a diverse proteome. It was
reasoned these vesicles could be loaded with exogenous proteins and used as a tool to deliver
proteins to target cells. Therefore, whether vitreous vesicular bodies are capable of modification
with exogenous proteins was examined. Bovine serum albumin conjugated to fluorescein (BSA-
fluorescein) was introduced into vesicular bodies using electroporation at various voltages and
ARPE-19 cells were exposed to the loaded BSA-fluorescein vesicles. It was found that BSA-
fluorescein loaded vesicles transfected ARPE-19 cells at a substantially higher efficiency when

loaded with protein using 350 V (FIGs. 15A-15C) as compared to when loaded with protein
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usingt 100 V (FIGs. 15D-15F). No transfection was observed in the absence of electroporation

(FIGs. 15G-15H).

Example 12 - Bovine Aqueous Humor Contains Abundant Vesicular Bodies

[0182] The high levels of vitreous vesicular bodies led to the hypothesis that vesicular
bodies were also likely located in the anterior chamber of the eye within the aqueous humor.
Therefore, the aqueous humor was examined with TEM imaging and a wide distribution of
vesicular bodies was found (FIGs. 16A-16C). The vesicular body fraction was isolated and
vesicular body size and concentration was determined with nanoparticle tracking analysis, which
showed a concentration of at least 1.10 x 10° particles per ml (FIG. 16E, s.e.m £ 9.25 x 10’
particles per ml, n=10), and a total of 2.7 x 10® particles per ml per eye (FIG. 16E, n=10), with a
mean size of 155 nm (s.e.m = 27.9 nm) and mode of 88.7 nm (s.e.m £+ 34.1) nm. Interestingly,
the vesicular body size distribution in the aqueous humor was substantially smaller than vitreous

vesicular bodies.
Discussion of Examples

[0183] In summary, conventional formalin fixation based techniques result in escape of a
substantial amount of EVs from mammalian tissues, which results in inconsistent or negative
visualization of EVs in situ. However, EDC-formalin fixation significantly improves retention
of EVs in tissues and allows for robust EV imaging in sifu. This method illuminated a
previously unidentified network of EVs in the normal vitreous humor of the eye, a tissue long
considered to have few biological functions. Moreover, the data presented herein demonstrates
that vitreous EVs can be manipulated as a vector to deliver recombinant proteins and nucleic
acids molecules in vitro and in vivo. In conclusion, this method opens up new possibilities for
studying the structure and function of EVs in normal or disease tissues specimens including a
wide range of diseases thought to be mediated by EVs such as ophthalmic diseases, neurological
disorders, and cancers.

[0184] Although preferred embodiments have been depicted and described in detail
herein, it will be apparent to those skilled in the relevant art that various modifications, additions,
substitutions, and the like can be made without departing from the spirit of the invention and
these are therefore considered to be within the scope of the invention as defined in the claims

which follow.
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WHAT IS CLAIMED IS:
1. A composition comprising:

one or more aqueous humor and/or vitreous humor extracellular vesicle bodies,

wherein said extracellular vesicle bodies are modified to contain one or more exogenous agents.

2. The composition of claim 1, wherein the one or more exogenous agents is
selected from the group consisting of a nucleic acid molecule, a protein or polypeptide, a small

molecule, a hormone, and any combination thereof.

3. The composition of claim 2, wherein the exogenous agent comprises a
nucleic acid molecule selected from the group consisting of a ribonucleic acid, small RNA
molecule, complementary RNA, a non-coding RNA molecule, siRNA, a pi-RNA molecule, a
micro-RNA molecule, a sno-RNA molecule, long non-coding RNA molecule, messenger RNA
molecule, ribosomal RNA molecule, an antisense nucleic acid molecule, Locked Nucleic Acid
(LNA), antagomir, CRISPR/Cas gene editing RNA, trans-activating crRNA (tractrRNA), short
synthetic RNA composed of a “scaffold” sequence (gRNA), Small Cajal body-specific RNAs
(scaRNA), natural cis-antisense siRNAs (cis-nat-siRNAs), trans-acting siRNA (tasiRNA), repeat
associated small interfering RNA (rasiRNA), 7SK, transfer-messenger RNA (tmRNA), transfer
RNA (tRNA), 7SL RNA, signal recognition particle RNA (SRP), and any combination thereof.

4. The composition of claim 2, wherein the exogenous agent comprises a
small deoxy-ribonucleic acid (DNA) molecule, a cDNA molecule, an oligonucleotide, a locked
Nucleic Acid (LNA), a deoxyribonucleic acid aptamer, a deoxyribonucleic acidzyme, and any

combination thereof.

5. The composition of any one of claims 1-4, wherein the exogenous agent is

carried in a viral vector, bacterial vector, plasmid vector, or any combination thereof.

6. The composition of claim 1, wherein the exogenous agent comprises a
protein or polypeptide.
7. The composition of claim 1, wherein the exogenous agent comprises a

small molecule.
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8. The composition of claim 1, wherein the one or more extracellular vesicle
bodies are isolated from ocular fluids containing the aqueous humor and/or the vitreous humor of

a mammalian subject.

0. The composition of the claim 8, wherein the mammalian subject is a

human subject or a bovine subject.

10.  The composition of claim 1, wherein the one or more extracellular vesicle
bodies are further modified to display a eukaryotic cell-specific targeting molecule on the

vesicular body outer surface.

11. The composition of claim 1, wherein the exogenous agent comprises a
therapeutic agent, said composition further comprising:

a pharmaceutically acceptable carrier.

12.  The composition of claim 1, wherein said composition is formulated in a

slow or sustained release material.

13. A method of delivering a therapeutic agent to select cells or tissue of a
subject, said method comprising:

providing the composition of any one of claims 1-12, wherein said exogenous
agent comprises a therapeutic agent and

administering said composition to the subject under conditions effective to deliver
the aqueous humor and/or vitreous humor extracellular vesicle bodies modified to contain a

therapeutic agent to the select cells or tissue of the subject.

14. The method of claim 13 further comprising:
selecting a subject having an ocular disease, wherein said administering is carried
out to deliver the therapeutic agent to the subject’s ocular cells or tissue as a treatment for said

ocular disease.

15. The method of claim 14, wherein said administration is selected from
topical administration, systemic administration, periocular administration, or intraocular

administration.
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16. The method of claim 15, wherein said intraocular administration is carried

out via intracameral administration, intravitreal administration, or subretinal administration.

17. The method of claim 15, wherein said periocular administration is carried
out via sub-conjunctival injection, sub-Tenon’s injection, direct periocular injection, or depot

periocular injection.

18. The method of claim 15, wherein said systemic administration is carried
out via intravenous administration, oral administration, intraarterial administration, inhalation,
intranasal administration, intra-peritoneal administration, intra-abdominal administration,
subcutaneous administration, intra-articular administration, intrathecal administration, transdural
administration, transdermal administration, submucosal administration, sublingual
administration, enteral administration, parenteral administration, percutaneous administration,

periarticular administration, or intraventricular administration.

19. A method of making the composition of claim 1:

providing a mammalian ocular fluid sample comprising vitreous and/or aqueous
humor fluids;

isolating extracellular vesicle bodies from said ocular fluid sample; and

inserting the one or more exogenous agents into the isolated extracellular vesicle

bodies.

20.  The method of claim 19, wherein said inserting is carried out using

electroporation, transfection, viral-vector delivery, or any combination thereof.

21. The method of claim 19 further comprising:
removing the endogenous contents of the isolated extracellular vesicle bodies

prior to said inserting.

22, The method of claim 21, wherein said removing is carried out using

ultraviolet radiation.
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 13-18

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. II  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international ap?lication, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Groups I+, Claims 1-12, directed to a composition comprising: one or more aqueous humor and/or vitreous humor extracellular vesicle
bodies, wherein said extracellular vesicle bodies are modified to contain one or more exogenous agents. The exogenous agent will be
searched to the extent that the exogenous agent encompasses wherein the exogenous agent comprising a nucleic acid molecule. Itis
believed that claims 1, 2(in part), 3-5, 8-12 encompass this first named invention, and thus these claims will be searched without fee to
the extent that they encompass wherein the exogenous agent comprising a nucleic acid molecule. Additional exogenous agent(s) will be
searched upon the payment of additional fees. Applicants must specify the claims that encompass any additionally elected exogenous
agent(s). Applicants must further indicate, if applicable, the claims which encompass the first named invention, if different than what was
indicated above for this group. Failure to clearly identify how any paid additional invention fees are to be applied to the "+" group(s) will
result in only the first claimed invention to be searched. An exemplary election would be wherein the exogenous agent comprises a
protein or polypeptide [claims (1), 2(in part), 6, (8-12)]. *****************Continued in the extra sheet

1. EI As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. EI As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1, 2(in part), 3-5, 8-12, limited to wherein the exogenous agent comprising a nucleic acid molecule

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:] The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:] No protest accompanied the payment of additional search fees.
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Continuation of:
Box No Ill (unity of invention is lacking)

Group I, claims 19-22, directed to a method of making the composition of claim 1.

The inventions listed as Groups I+ and Hl do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Feature
Groups !+ and | are related as a product (Groups I+), and a method of making the product (Group |l).

Group Il includes the special technical feature of providing a mammalian ocular fluid sample comprising vitreous and/or aqueous humor
fluids; isolating extracellular vesicle bodies from said ocular fluid sample; and inserting the one or more exogenous agents into the
isolated extracellular vesicle bodies, not required by Groups I+.

Among Groups I+, each of exogenous agents: a nucleic acid molecule (claims 2-5), a protein or polypeptide (claims 2, 6), and a small
molecule (claims 2, 7), is structurally and functionally different from all others, and vice versa.

Common Technical Features

The inventionis of Groups |+ and il share the technical feature of a composition comprising: one or more aqueous humor and/or vitreous
humor extracellular vesicle bodies, wherein said extracellular vesicle bodies are modified to contain one or more exogenous agents
(claim 1).

However, these shared technical features do not represent a contribution over prior art as being obvious over an article entitled
'Exogenous DNA Loading into Extracellular Vesicles via Electroporation is Size-Dependent and Enables Limited Gene Delivery' by
LAMICHHANE et al. (hereinafter ‘Lamichhane’; Mol Pharm. 2015, Vol. 12(10), p. 3650-7), in view of an article entitled ‘Human aqueous
humor exosomes' by DISMUKE et al. (hereinafter 'Dismuke’; Exp Eye Res. 2015, Vol. 132, p. 73-7), and further in view of US
2015/0050328 A1 to QUARK PHARMACEUTICALS, INC. (hereinafter '‘QUARK") as follows:

Lamichhane discloses a composition comprising: one or more extracellular vesicle bodies (Abstract - 'Extracellular vesicles (EVs)
...utilization as biotherapeutics and drug delivery vehicles', wherein 'drug delivery vehicles' are 'compositions’, wherein 'Extracellular
vesicles (EVs) are 'extracellular vesicle bodies’, and wherein 'Extraceliular vesicles (EVs) ...utilization as biotherapeutics and drug
delivery vehicles' comprising 'a composition comprising: one or more extracellular vesicle bodies'; Please see Specification or the
definition of extracellular vesicle bodies: para {0027] - ‘vesicular bodies. FIG. 16A ...showing multiple vesicular shaped bodies of various
sizes ... medium and large vesicle’; Abstract - 'composition of aqueous humor and/or vitreous humor derived extracellular vesicles and
their use for the delivery of therapeutic agents’),

--wherein said extracellular vesicle bodies are modified to contain one or more exogenous agents (Abstract - 'Extracellular vesicles
(EVs)... for gene therapy and RNA interference applications. .. small RNAs (siRNA and miRNA) have been successfully loaded into EVs
for a variety of delivery applications'; pg 3650, col 1, lower para - 'EV... for exogenous RNA delivery'; pg 3651, col 1, para 2 - 'nucleic
acids larger than siRNA or miRNA can be loaded into EVs via electroporation ...EVs loaded via electroporation can transfer exogenous
DNA to recipient cells').

Lamichhane further discloses wherein a subset of extracellular vesicles are in the size of 30-120 nM including the size range of
exosomes (pg 3650, co! 1, para 1 - 'Extracellular vesicles (EVs) are natural nanoscopic particles... EV subsets include exosomes
(typically 30-120 nm)'), and wherein the one or more exogenous agents comprising small interfering RNAs (siRNA) for drug delivery (pg
3656, col 1, para 1 - 'utility of EVs as drug delivery vehicles'; Abstract - 'Extracellular vesicles (EVs)... for gene therapy and RNA
interference applications... small RNAs (siRNA and miRNA) have been successfully loaded into EVs for a variety of delivery
applications’; pg 3650, col 1, lower para; pg 3651, col 1, para 2, All quotation as above), as well as using different cell types for
generating extracellular vesicles (pg 3653, co 1, para 1 - 'Numerous cell types have been employed for potentia! generation of EVs for
drug delivery applications'; Abstract).

Lamichhane does not specifically teach wherein 'one or more extracellular vesicle bodies' are 'one or more aqueous humor
extracellular vesicle bodies'. Dismuke discloses a method of isolating extracellular vesicles from aqueous humor (AH) collection from
human AH obtained during cataract surgery (Abstract - 'Aqueous humor (AH) ... extracellular nanovesicles called exosomes are a major
constituent of AH... We isolated exosomes from human AH collected during cataract surgery... majority of extracellular vesicles in the
AH were in the exosome size range', wherein ‘isolated exosomes from human AH' are 'extracellular vesicles from aqueous humor’ based
on the size, because 'Aqueous humor (AH) ... isolated exosomes from human AH... majority of extracellular vesicles in the AH were in
the exosome size range'), wherein the extracellular vesicles having a mean size of 121+/- 11 nm are the main components in the
aqueous humor (AH), and contain molecules including small RNAs (Abstract - ‘Aqueous humor (AH) ... extracellular nanovesicles
called exosomes are a major constituent of AH. Exosomes function in extracellular communication and contain proteins and small
RNA...a single population of vesicles having a mean size of 121 +/-11 nm in the unprocessed AH... majority of extracellular vesicles in
the AH were in the exosome size range... miRNAs housed within exosomes'; Please also see Specification for the definition of
extracellular vesicles by size; Specification: para [0031] - 'Extracellular vesicles, which are also referred to as EVs, multivesicular
bodies, and ectosomes ...Extracellular vesicles differ from other secreted vesicles... exosomes are typically about 40-100 nm in
diameter, extracellular vesicles are typically 100-1000 nm in size'), for studying the regulation of small RNAs from aqueous humor
extracellular vesicles for eye health (pg 76, col 1, top para - 'miRNAs we identified in exosomes from the human AH are reported to
affect cellular processes known to be important for proper outflow facility regulation’; Abstract - 'Aqueous humor (AH)... majority of
extracellular vesicles in the AH were in the exosome size range'; pg 76, col 1, last para - 'to understand the role of aqueous humor
derived miRNAs and exosomes in eye health’).

Continued in the next extra sheet
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Dismuke does not provide a motivation for using one or more aqueous humor extracellular vesicle bodies for producing a
composition for drug delivery. QUARK discloses a composition comprising a small interfering RNA (siRNA) (Abstract - ‘composition
comprising a therapeutically effective amount of at least one siRNA'"; para [0081] - 'topically administering oligoribonuclectides, in
particular small interfering RNAs (i.e., sSiRNAsY)') for treating an eye disorder (para [0003] - 'treating an eye disorder... topically
administering to the surface of the eye of the subject a pharmaceutical composition comprising a therapeutic oligonucleotide directed to
a target gene'; Abstract - 'inhibiting loss of a retinal ganglion cell in a subject, ... applying to the surface of the eye of the subject an
ophthalmic composition comprising a therapeutically effective amount of at least one siRNA') by delivering the composition to aqueous
humor and subsequenty to the lens in the eye (para [0373] - 'topical delivery of drugs to the lens ...to increased ocular absorption of a
drug through the cornea into the aqueous humor and subsequently the lens’; para [0081] - 'treatment of a subject suffering from an eye
disorder or disease...siRNA molecules or inhibitors of the target gene are used as drugs to treat various ocular pathologies').

It would have been obvious to one of ordinary skill in the art at the time the invention was made to combine the teachings of
Lamichhane, Dismuke, and QUARK, to obtain a composition comprising: one or more extracellular vesicle bodies, wherein said
extracellular vesicle bodies are modified to contain one or more exogenous agents, based on the teaching of Lamichhane, and further
wherein 'one or more extracellular vesicle bodies’ are 'one or more aqueous humor extracellular vesicle bodies', based on the
combination of Dismuke, QUARK, and Lamichhane, in order to combination methods, therapeutic agents, and extracellular vesicle
bodies available in the art for facilitating obtaining a composition for treating targeted disorders with a desired effect and without undue
experimentation.

Without a shared special technical feature, the inventions lack unity with one another.

Groups I+ and |l therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

Continuation of item 4: Claims 13-18 are not drafted in accordance with the second and third sentences of Rule 6.4 (a). These claims
are improper multiple dependent claims.
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