wo 2013/138368 A 1[I 00RO 0 O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/138368 Al

19 September 2013 (19.09.2013) WIPO I PCT
(51) International Patent Classification: [US/US]; Apt. B, 25024 Prospect Avenue, Loma Linda,
A61K 39/395 (2006.01) CA 92350 (US).
(21) International Application Number: (74) Agent: DELANEY, Karoline, A.; Knobbe Martens Olson
PCT/US2013/030582 & Bear, LLP, 2040 Main Street, 14th Floor, Irvine, CA
(22) International Filing Date: 92614 (US).
12 March 2013 (12.03.2013) (81) Designated States (unless otherwise indicated, for every
- . kind of national protection available). AE, AG, AL, AM,
(25) Filing Language: English AO, /{T, AU, AZ. BA. BB, BG. BH), BN, BR, BW, BY,
(26) Publication Language: English BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(30) Priority Data: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
61/609,816 12 March 2012 (12.03.2012) us KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(71) Applicant: LOMA LINDA UNIVERSITY MEDICAL ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
CENTER [US/US]; 11234 Anderson Street, Loma Linda, NO, Nz, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
CA 92354 (US). RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
(72) Inventors; and M, ZW.
(71) Applicants : KIRSCH, Wolff, M. [US/US]; 1360 Pro- ) S
spect Drive, Redlands, CA 92373 (US). CROFTON, An- (84) D.e51gnated. States (unle.ss othef"wzse indicated, for every
drew [US/US]; 11395 Ramona Road, Loma Linda, CA kind of regional protection available). ARIPO (BW, GH,
92354 (US). FREEMAN, Tanya [US/US]; 25142 Daisy GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
Avenue, Loma Linda, CA 92354 (US). GLABE, Charles UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, T,
[US/US; MC: 3900, University of California, 3228 TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
McGaugh Hall, Trvine, CA 92697 (US). HUDSON, E/{Ec’ El\iKF IMFTR’NGLB’I\IGOR’PliRﬁUﬁéE’RIS’ grE L; sLII<J él\\/i
Samuel, M. [US/US]; 5301 Blue Sage Drive, Raleigh, NC TR), OAI,’I (B’F B} CF, Cé Ci Cl\;[ G’A éN ,GQ ,GW,
27606 (US). SCHRAG, Matthew [US/US]; Neurosurgery ML MR, NE.SN.TD. TGy, oo
Center For Research, Training and Education, 1525 Syca- ? T T ’
more Lane, San Bernardino, CA 92408 (US). VINTERS, Published:

Harry [US/US]; David Getfen School of Medicine, Room
18-170, NPI MC: 17326, 10833 Le Conte Avenue, Los
Angeles, CA 90005-1732 (US). ZABEL, Matthew

with international search report (Art. 21(3))

[Continued on next page]

(54) Title: SUBSTANCES AND METHODS FOR THE TREATMENT OF CEREBRAL AMYLOID ANGIOPATHY RELATED
CONDITIONS OR DISEASES

FIG. 5

(57) Abstract: A substance for treating a cerebral amyloid angiopathy related condition or disease affecting cerebrovasculature in a
patient, comprising an inhibitor that causes inhibition of the formation of membrane attack complex of the complement system; and
a vehicle for transporting the inhibitor into the cerebrovasculature; where the inhibition by the inhibitor is sufficient to decrease the
incidence of or to prevent the incidence of cytolysis of the smooth muscle cells. A method for treating a cerebral amyloid angiopathy
related condition or disease affecting cerebrovasculature in a patient, comprising: a) identifying a patient with a cerebral amyloid an -
giopathy related condition or disease; b) providing one or more than one substance that comprises an inhibitor that causes inhibition
of the formation of membrane attack complex of the complement system, ¢) administering one or more than one dose of the one or
more than one substance to the patient.



WO 2013/138368 A1 |IIIWAIL 00TV VAT V0 AN 0 0O

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))




10

15

20

25

WO 2013/138368 PCT/US2013/030582

SUBSTANCES AND METHODS FOR THE TREATMENT OF
CEREBRAL AMYLOID ANGIOPATHY RELATED CONDITIONS OR DISEASES

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT
[0001] This invention was made with United States Government support under Grant No.5
RO1 AGO020948, awarded by the National Institutes of Health/National Institute on Aging.
The United States Government has certain rights in this invention.
CROSS-REFERENCE TO RELATED APPLICATIONS
[0002] The present Application claims the benefit of United States Provisional Patent
Application 61/609,816, titled “Method and Substance for the Treatment of Cerebral
Amyloid Angiopathy,” tiled March 12, 2012, the contents of which are incorporated in this
disclosure by reference in their entirety.
BACKGROUND
[0003] Cerebral amyloid angiopathy (CAA) is a nonspecific disease entity that has been
associated with a number of neuropathologic conditions, including a 70-90% prevalence in
patients diagnosed with Alzheimer’s disease (AD). Cerebral amyloid angiopathy is
characterized by the pathologic accumulation of beta-amyloid (amyloid 83, AB) plaques in the
tunica media and tunica adventitia of small and mid-sized arteries (and less frequently of
veins) of the cerebral cortex and the leptomeninges resulting in vascular fragility, intracranial
bleeding (lobar intracerebral hemorrhage) and in some cases dementia.
[0004] Currently, there is no known effective treatment to decrease or prevent the underlying
deposition of beta-amyloid that characterizes cerebral amyloid angiopathy. Though
beta-amyloid immunotherapy rapidly clears amyloid plaques, cerebral amyloid angiopathy is
worsened with increased brain inflammation and increased brain microbleeds. Therefore, the
current goal of treatment is symptomatic, and includes physical rehabilitation and
amelioration of seizures when present.
[0005] Therefore, there is a need for a method for treating cerebral amyloid angiopathy.
SUMMARY
[0006] According to one embodiment of the present invention, there is provided a substance

for treating a cerebral amyloid angiopathy related condition or disease atfecting
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cerebrovasculature in a patient, where the cerebrovasculature comprises tunica intima
comprising endothelial cells, tunica media comprising smooth muscle cells, and tunica
adventitia, where the condition or disease is associated with an incidence of cytolysis of the
smooth muscle cells from beta-amyloid deposition in the cerebrovasculature that leads to
formation of membrane attack complex of the complement system in the smooth muscle cells.
The substance comprises one or more than one inhibitor that causes inhibition of the
formation of membrane attack complex of the complement system, and one or more than one
vehicle for transporting the one or more than one inhibitor into the cerebrovasculature, where
the inhibition by the inhibitor is sufficient to decrease the incidence of or to prevent the
incidence of cytolysis of the smooth muscle cells. In one embodiment, the substance crosses
the tunica intima and enters the tunica media. In one embodiment, the patient has a blood
brain barrier comprising the tunica intima, the tunica media and the tunica adventitia, and
where the substance crosses the blood brain barrier. In one embodiment, the one or more
than one inhibitor is a plurality of inhibitors. In another embodiment, the plurality of
inhibitors is two inhibitors. In another embodiment, the plurality of inhibitors is three
inhibitors. In another embodiment, the plurality of inhibitors is four inhibitors. In one
embodiment, the cerebral amyloid angiopathy related condition or disease is selected from the
group consisting of one or more than one of Alzheimer’s disease, a brain microbleed,
cerebral amyloidosis of the parenchyma, mild cognitive impairment with amyloid plaques in
the brain and a combination of the preceding. In one embodiment, the one or more than one
inhibitor specifically causes inhibition of the formation of membrane attack complex of the
complement system in the tunica intima of the cerebrovasculature, tunica media of the
cerebrovasculature, or both the tunica intima of the cerebrovasculature and tunica media of
the cerebrovasculature. In one embodiment, one or more than one of the one or more than
one inhibitor that causes inhibition of the formation of membrane attack complex of the
complement system upregulates CD59 glycoprotein levels in the cerebrovasculature of the
patient. In one embodiment, one or more than one of the one or more than one inhibitor that
causes inhibition of the formation of membrane attack complex of the complement system is
selected from the group consisting of one or more than one of alphaGal lectin, anti-C5 Mab,
C1-Inhibitor, factor H, human CD59 cDNA, and a combination of the preceding. In one

embodiment, one of the one or more than one inhibitor that causes inhibition of the formation



10

15

20

25

30

WO 2013/138368 PCT/US2013/030582

of membrane attack complex of the complement system is a plasmid comprising human CD59
cDNA. In one embodiment, one of the one or more than one inhibitor comprises human
CD59 cDNA in the pCMV6-AC plasmid, or human CD59 cDNA in the pCMV6-XL5
plasmid. In one embodiment, the one or more than one vehicle is a plurality of vehicles. In
another embodiment, the plurality of vehicles is two vehicles. In another embodiment, the
plurality of vehicles is three vehicles. In another embodiment, the plurality of vehicles is
four vehicles. In one embodiment, one or more than one of the one or more than one vehicle
is selected from the group consisting of chitosan nanoparticles, colloidal metallic
nanoparticles, polymer nanoparticles and viral particles. In one embodiment, at least one of
the one or more than one vehicle comprises chitosan nanoparticles. In one embodiment, the
substance comprises one vehicle and a plurality of inhibitors. In another embodiment, the
substance comprises one vehicle and two inhibitors. In one embodiment, the substance
turther comprises one or more than one targeting agent that recognizes the beta-amyloid
deposited in the cerebrovasculature, where one or more than one targeting agent forms at
least part of the surface of the substance when one or more than one targeting agent is
combined with the inhibitor and the vehicle, thereby directing the substance to the beta-
amyloid deposited in the cerebrovasculature when the substance is administered to the patient.
In one embodiment, the targeting agent recognizes and attaches to a subset of
conformationally unique beta-amyloid deposited in the cerebrovasculature, where the
conformationally unique beta-amyloid deposited in the cerebrovasculature is specific for
cerebral amyloid angiopathy. In one embodiment, when combined with the inhibitor and the
vehicle, the targeting agent directs the substance to the beta-amyloid deposited in the
cerebrovascular smooth muscle cells when the substance is administered to the patient. In
one embodiment, at least one of the one or more than one targeting agent is a monoclonal
antibody or is a fragment of a monoclonal antibody. In one embodiment, at least one of the
one or more than one targeting agent is selected from the group consisting ot amyloid
antibody (M31) Fab fragments, 6E10 beta amyloid monoclonal antibody and a combination of
the preceding. In one embodiment, the one or more than one targeting agent is a plurality of
targeting agents. In another embodiment, the plurality of targeting agents is two targeting
agents. In another embodiment, the plurality of targeting agents is three targeting agents. In

another embodiment, the plurality of targeting agents is four targeting agents. In one
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embodiment, the substance further comprises one or more than one additional chemical that
enables determination of plasmid transfection efficacy where the inhibitor is a plasmid, or
enables tracking of the substance. In one embodiment, at least one of the one or more than
one additional chemical is selected from the group consisting of hydroxycoumarin and green
tfluorescent protein.

[0007] According to another embodiment of the present invention, there is provided a
pharmaceutical for treating a cerebral amyloid angiopathy related condition or disease. The
pharmaceutical comprises one or more than one substance according to the present invention,
and further comprises one or more than one of a binder, a buffer, a coloring chemical, a
tlavoring chemical and a preservative.

[0008] According to another embodiment of the present invention, there is provided a method
for treating a cerebral amyloid angiopathy related condition or disease atfecting
cerebrovasculature in a patient, where the cerebrovasculature comprises tunica intima
comprising endothelial cells, tunica media comprising smooth muscle cells, and tunica
adventitia, where the condition or disease is associated with an incidence of cytolysis of the
smooth muscle cells from beta-amyloid deposition in the cerebrovasculature that leads to
formation of membrane attack complex of the complement system in the smooth muscle cells.
The method comprises a) identifying a patient with a cerebral amyloid angiopathy related
condition or disease suitable for treatment; b) providing one or more than one substance that
comprises an inhibitor that causes inhibition of the formation of membrane attack complex of
the complement system, or comprises providing one or more than one pharmaceutical
comprising one or more than one substance that comprises an inhibitor that causes inhibition
of the formation of membrane attack complex of the complement system, or comprises
providing both one or more than one substance that comprises an inhibitor that causes
inhibition of the formation of membrane attack complex of the complement system and one or
more than one pharmaceutical comprising one or more than one substance that comprises an
inhibitor that causes inhibition of the formation of membrane attack complex of the
complement system, where the inhibition by the inhibitor is sufficient to decrease the
incidence of or to prevent the incidence of cytolysis of the smooth muscle cells; and ¢)
administering one or more than one dose of the one or more than one substance or

administering one or more than one dose of the one or more than one pharmaceutical to the
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patient by a route. In one embodiment, the patient is a human. In another embodiment, the
cerebral amyloid angiopathy related condition or disease is selected from the group consisting
of one or more than one of Alzheimer’s disease, a brain microbleed, cerebral amyloidosis of
the parenchyma, mild cognitive impairment with amyloid plaques in the brain and a
combination of the preceding. In one embodiment, identifying the patient comprises
consulting patient records to determine if the patient has a cerebral amyloid angiopathy
related condition or disease suitable for treatment. In one embodiment, identifying the
patient comprises diagnosing the patient with a cerebral amyloid angiopathy related condition
or disease suitable for treatment. In a preferred embodiment, diagnosing the patient
comprises performing one or more than one of action selected from the group consisting of
identifying one or more than one marker for cerebral amyloid angiopathy in blood or another
body fluid of the patient, performing cognitive testing, performing an invasive procedure,
performing a non-invasive imaging procedure, and performing a physical examination. In
one embodiment, one or more than one of the one or more than one substance is a substance
according to the present invention. In one embodiment, one or more than one of the one or
more than one pharmaceutical is a pharmaceutical according to the present invention. In one
embodiment, the one or more than one substance is a plurality of substances. In another
embodiment, the one or more than one substance is two substances. In one embodiment, the
one or more than one pharmaceutical is a plurality of pharmaceuticals. In another
embodiment, the one or more than one pharmaceutical is two pharmaceuticals. In one
embodiment, the one or more than one dose is one dose. In another embodiment, the one or
more than one dose is a plurality of doses. In another embodiment, the plurality of doses is
two doses. In another embodiment, the plurality of doses is three doses. In another
embodiment, the plurality of doses is four doses. In another embodiment, the plurality of
doses is more than four doses. In one embodiment, the one or more than one dose is
administered daily for a predetermined amount of time. In another embodiment, the one or
more than one dose is administered twice daily for a predetermined amount of time. In
another embodiment, the one or more than one dose is administered weekly for a
predetermined amount of time. In another embodiment, the one or more than one dose is
administered monthly for a predetermined amount of time. In another embodiment, the one

or more than one dose is administered between once a day and once a week for a
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predetermined amount of time. In another embodiment, the one or more than one dose is
administered between once a day and once a month for a predetermined amount of time. In
another embodiment, the dose is between 0.000001 mg/m? body surface area and 100 g/m?
body surface area. In another embodiment, the dose is between 0.0001 mg/m?* body surface
area and 10 g/m? body surface area. In another embodiment, the dose is between 1 mg/m?
body surface area and 1 g/m* body surface area. In one embodiment, the route is selected
from the group consisting of intraarterial injection, intramuscular injection, intranasal spray
and intravenous injection. In one embodiment, the method further comprises determining the
effect of treatment on the patient. In one embodiment, determining the effect of treatment on
the patient comprises performing one or more than one of action selected from the group
consisting of identifying one or more than one marker for cerebral amyloid angiopathy in
blood or another body fluid of the patient, performing cognitive testing, performing an
invasive procedure, performing a non-invasive imaging procedure, and performing a physical
examination. In one embodiment, the method further comprises adjusting treatment. In
another embodiment, adjusting treatment comprises administering to the patient one or more
than one additional dose of the one or more than one substance or administering one or more
than one additional dose of the one or more than one pharmaceutical to the patient. In one
embodiment, the substance further comprises one or more than one vehicle for transporting
the one or more than one inhibitor into the cerebrovasculature. In one embodiment, the
substance crosses the tunica intima and enters the tunica media. In one embodiment, the
patient has a blood brain barrier comprising the tunica intima, the tunica media and the tunica
adventitia, and where the substance crosses the blood brain barrier. In one embodiment, the
one or more than one inhibitor is a plurality of inhibitors. In another embodiment, the
plurality of inhibitors is two inhibitors. In another embodiment, the plurality of inhibitors is
three inhibitors. In another embodiment, the plurality of inhibitors is four inhibitors. In one
embodiment, the one or more than one inhibitor specifically causes inhibition of the
formation of membrane attack complex of the complement system in the tunica intima of the
cerebrovasculature, tunica media of the cerebrovasculature, or both the tunica intima of the
cerebrovasculature and tunica media of the cerebrovasculature. In one embodiment, one or
more than one of the one or more than one inhibitor that causes inhibition of the formation of

membrane attack complex of the complement system upregulates CD59 glycoprotein levels in
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the cerebrovasculature of the patient. In one embodiment, one or more than one of the one or
more than one inhibitor that causes inhibition of the formation of membrane attack complex
of the complement system is selected from the group consisting of one or more than one of
alphaGal lectin, anti-C5 Mab, C1-Inhibitor, factor H, human CD59 cDNA, and a
combination of the preceding. In one embodiment, one of the one or more than one inhibitor
that causes inhibition of the formation of membrane attack complex of the complement
system is a plasmid comprising human CD59 cDNA. In one embodiment, one of the one or
more than one inhibitor comprises human CD59 cDNA in the pCMV6-AC plasmid, or
human CD59 cDNA in the pCMV6-XL5 plasmid. In one embodiment, the one or more than
one vehicle is a plurality of vehicles. In another embodiment, the plurality of vehicles is two
vehicles. In another embodiment, the plurality of vehicles is three vehicles. In another
embodiment, the plurality of vehicles is four vehicles. In one embodiment, the one or more
than one vehicle crosses the tunica intima and enters the tunica media. In another
embodiment, the patient has a blood brain barrier comprising the tunica intima, the tunica
media and the tunica adventitia, and the one or more than one vehicle crosses the blood brain
barrier. In one embodiment, one or more than one of the one or more than one vehicle is
selected from the group consisting of chitosan nanoparticles, colloidal metallic nanoparticles,
polymer nanoparticles and viral particles. In another embodiment, at least one of the one or
more than one vehicle comprises chitosan nanoparticles. In another embodiment, the
substance comprises one vehicle and a plurality of inhibitors. In another embodiment, the
substance comprises one vehicle and two inhibitors. In another embodiment, the method
turther comprises one or more than one targeting agent that recognizes the beta-amyloid
deposited in the cerebrovasculature, where one or more than one targeting agent forms at
least part of the surface of the substance when one or more than one targeting agent is
combined with the inhibitor and the vehicle, thereby directing the substance to the beta-
amyloid deposited in the cerebrovasculature when the substance is administered to the patient.
In one embodiment, the targeting agent recognizes and attaches to a subset of
conformationally unique beta-amyloid deposited in the cerebrovasculature, where the
conformationally unique beta-amyloid deposited in the cerebrovasculature is specific for
cerebral amyloid angiopathy. In one embodiment, when combined with the inhibitor and the

vehicle, the targeting agent directs the substance to the beta-amyloid deposited in the
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cerebrovascular smooth muscle cells when the substance is administered to the patient. In
one embodiment, at least one of the one or more than one targeting agent is a monoclonal
antibody or is a fragment of a monoclonal antibody. In one embodiment, at least one of the
one or more than one targeting agent is selected from the group consisting of amyloid
antibody (M31) Fab fragments, 6E10 beta amyloid monoclonal antibody and a combination of
the preceding. In one embodiment, the one or more than one targeting agent is a plurality of
targeting agents. In another embodiment, the plurality of targeting agents is two targeting
agents. In another embodiment, the plurality of targeting agents is three targeting agents. In
another embodiment, the plurality of targeting agents is four targeting agents. In one
embodiment, the substance further comprises one or more than one additional chemical that
enables determination of plasmid transfection efficacy where the inhibitor is a plasmid, or
enables tracking of the substance. In one embodiment, at least one of the one or more than
one additional chemical is selected from the group consisting of hydroxycoumarin and green
tfluorescent protein. In one embodiment, the pharmaceutical further comprises one or more
than one of a binder, a buffer, a coloring chemical, a flavoring chemical and a preservative.
DRAWINGS
[0009] These and other features, aspects and advantages of the present invention will become
better understood with regard to the following description, appended claims, and
accompanying drawings where:
[0010] Figure 1 is a schematic depiction of one embodiment of the human CD59 cDNA in
the pCMV6-AC useful in the present invention;
[0011] Figure 2 shows western blots showing the accumulation of C6 and beta-actin (a
protein expressed in all cells and used as a loading control to normalize C6 values) in blood
vessel walls from control brain tissue (left), in blood vessel walls from brain tissue from
patients diagnosed with Alzheimer’s disease (AD, center), and in blood vessel walls from
brain tissue from patients diagnosed with Alzheimer’s disease concurrent with cerebral
amyloid angiopathy (AD/CAA, right);
[0012] Figure 3 is a histogram showing the average concentration of C6 from multiple
western blots (n= 4) in blood vessel walls from control brain tissue, in blood vessel walls
trom brain tissue from patients diagnosed with Alzheimer’s disease (AD), and in blood vessel

walls from brain tissue from patients diagnosed with Alzheimer’s disease concurrent with
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cerebral amyloid angiopathy (AD/CAA);
[0013] Figure 4 are photomicrographs showing C6 localization in the walls of blood vessels
trom control brain tissue (left), in the walls of blood vessels from brain tissue from patients
diagnosed with Alzheimer’s disease (AD, center), and in the walls of blood vessels from
brain tissue from patients diagnosed with Alzheimer’s disease concurrent with cerebral
amyloid angiopathy (AD/CAA, right) by immunohisto-chemistry with DAB-staining; and
[0014] Figure 5 are confocal micrographs of microglia walls from control brain tissue (A,
left), blood vessel walls from brain tissue from patients diagnosed with Alzheimer’s disease
(B, center), and blood vessel walls from brain tissue from patients diagnosed with
Alzheimer’s disease concurrent with cerebral amyloid angiopathy (C, right), where the brain
tissue was stained for alpha2-macroglobulin and beta-amyloid (A, B), and for beta-amyloid
and CD11b (C).

DESCRIPTION
[0015] According to one embodiment of the present invention, there is provided a substance
for treating a cerebral amyloid angiopathy related condition or disease atfecting
cerebrovasculature in a patient, where the cerebrovasculature comprises tunica intima
comprising endothelial cells, tunica media comprising smooth muscle cells, and tunica
adventitia, where the condition or disease is associated with an incidence of cytolysis of the
smooth muscle cells from beta-amyloid deposition in the cerebrovasculature that leads to
formation of membrane attack complex of the complement system in the smooth muscle cells,
where the substance comprises one or more than one inhibitor that causes inhibition of the
formation of membrane attack complex of the complement system, and where the one or
more than one inhibition by the inhibitor is sufficient to decrease the incidence of or to
prevent the incidence of cytolysis of the smooth muscle cells. In one embodiment, the
substance further comprises a vehicle and a targeting agent. According to another
embodiment of the present invention, there is provided a pharmaceutical for treating a
cerebral amyloid angiopathy related condition or disease. The pharmaceutical comprises a
substance according to the present invention. According to another embodiment of the
present invention, there is provided a method for treating a cerebral amyloid angiopathy
related condition or disease affecting cerebrovasculature in a patient, where the

cerebrovasculature comprises tunica intima comprising endothelial cells, tunica media
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comprising smooth muscle cells, and tunica adventitia, where the condition or disease is
associated with an incidence of cytolysis of the smooth muscle cells from beta-amyloid
deposition in the cerebrovasculature that leads to formation of membrane attack complex of
the complement system in the smooth muscle cells. The method comprises providing one or
more than one substance that comprises an inhibitor that causes inhibition of the formation of
membrane attack complex of the complement system, or comprises providing one or more
than one pharmaceutical comprising one or more than one substance that comprises an
inhibitor that causes inhibition of the formation of membrane attack complex of the
complement system, or comprises providing both one or more than one substance that
comprises an inhibitor that causes inhibition of the formation of membrane attack complex of
the complement system and one or more than one pharmaceutical comprising one or more
than one substance that comprises an inhibitor that causes inhibition of the formation of
membrane attack complex of the complement system, where the inhibition by the inhibitor is
sufficient to decrease the incidence of or to prevent the incidence of cytolysis of the smooth
muscle cells, and administering one or more than one dose of one or more than one substance
or of the one or more than one pharmaceutical to the patient by a route. In one embodiment,
one or more than one of the one or more than one substance is a substance according to the
present invention. In another embodiment, one or more than one of the one or more than one
pharmaceutical is a pharmaceutical according to the present invention. In one embodiment,
the cerebral amyloid angiopathy related condition or disease is selected from the group
consisting of one or more than one of Alzheimer’s disease, a brain microbleed, cerebral
amyloidosis of the parenchyma, mild cognitive impairment with amyloid plaques in the brain
and a combination of the preceding. The substances, methods and pharmaceuticals will now
be disclosed in detail.

[0016] As used in this disclosure, except where the context requires otherwise, the term

”» &

“comprise” and variations of the term, such as “comprising,” “comprises” and “comprised”
are not intended to exclude other additives, components, integers or steps.

[0017] As used in this disclosure, except where the context requires otherwise, the method
steps disclosed are not intended to be limiting nor are they intended to indicate that each step
is essential to the method or that each step must occur in the order disclosed.

[0018] As used in this disclosure, except where the context requires otherwise, the term
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“cerebrovasculature” and related terms refer to both cerebral vasculature and leptomeningeal
vasculature.

[0019] As used in this disclosure, except where the context requires otherwise, “cerebral
amyloid angiopathy related condition or disease” means “cerebral amyloid angiopathy” and
any condition or disease that includes “cerebral amyloid angiopathy” as a component of the
condition or disease, such as for example Alzheimer’s disease, a brain microbleed, cerebral
amyloidosis of the parenchyma, mild cognitive impairment with amyloid plaques in the brain.
Further, “cerebral amyloid angiopathy related condition or disease” means “one or more than
one cerebral amyloid angiopathy related condition, one or more than one cerebral amyloid
angiopathy related disease, or both one or more than one cerebral amyloid angiopathy related
condition and one or more than one cerebral amyloid angiopathy related disease.”

[0020] According to one embodiment of the present invention, there is provided a substance
for treating a cerebral amyloid angiopathy related condition or disease atfecting
cerebrovasculature in a patient, where the cerebrovasculature comprises tunica intima
comprising endothelial cells, tunica media comprising smooth muscle cells, and tunica
adventitia, where the condition or disease is associated with an incidence of cytolysis of the
smooth muscle cells from beta-amyloid deposition in the cerebrovasculature that leads to
formation of membrane attack complex of the complement system in the smooth muscle cells,
where the substance comprises one or more than one inhibitor that causes inhibition of the
formation of membrane attack complex of the complement system, and where the inhibition
by the one or more than one inhibitor is sufficient to decrease the incidence of or to prevent
the incidence of cytolysis of the smooth muscle cells. In one embodiment, the substance
crosses the tunica intima and enters the tunica media. In another embodiment, the patient has
a blood brain barrier comprising the tunica intima, the tunica media and the tunica adventitia,
and the substance crosses the blood brain barrier.

[0021] In one embodiment, the one or more than one inhibitor is a plurality of inhibitors,
such as for example both alphaGal lectin and human CD59 cDNA. In another embodiment,
the plurality of inhibitors is two inhibitors. In another embodiment, the plurality of inhibitors
is three inhibitors. In another embodiment, the plurality of inhibitors is four inhibitors. In
one embodiment, the cerebral amyloid angiopathy related condition or disease is selected

from the group consisting of one or more than one of Alzheimer’s disease, a brain
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microbleed, cerebral amyloidosis of the parenchyma, mild cognitive impairment with amyloid
plaques in the brain and a combination of the preceding. In a preferred embodiment, the one
or more than one inhibitor specifically causes inhibition of the formation of membrane attack
complex of the complement system in the tunica intima of the cerebrovasculature, tunica
media of the cerebrovasculature, or both the tunica intima of the cerebrovasculature and
tunica media of the cerebrovasculature, where specific inhibition of membrane attack
complex is determined by a decrease of cell lysis after applying a predetermined amount of
activated complement and the inhibitor as compared to amount of cell lysis with the same
amount of activated complement without the inhibition. As will be understood by those with
skill in the art with respect to this disclosure, specific inhibition can be measured either
directly by increased light absorbance when the cells tested are erythrocytes or indirectly by
increased light absorbance in proportion to overall metabolic activity in an MTT assay, or by
any other suitable method according to techniques known to those with skill in the art.

[0022] In one embodiment, one or more than one of the one or more than one inhibitor that
causes inhibition of the formation of membrane attack complex of the complement system
upregulates CD359 glycoprotein levels in the cerebrovasculature of the patient. In one
embodiment, one or more than one of the one or more than one inhibitor that causes
inhibition of the formation of membrane attack complex of the complement system is selected
trom the group consisting of one or more than one of alphaGal lectin (a lectin that binds to
terminal Gal-alpha(1-3)Gal residues) which increases CD59 glycoprotein levels by induced
ligation), anti-C5 Mab (binds component 5 of the complement system thereby blocking
component 5 from potentiating downstream complement molecules), C1-Inhibitor (prevents
initiation of the complement cascade), factor H (accelerates decay of the C3 convertase),
human CD59 cDNA (interrupts formation of the transmembrane pore in membrane attack
complex), and a combination of the preceding. In a preferred embodiment, one of the one or
more than one inhibitor that causes inhibition of the formation of membrane attack complex
of the complement system is a plasmid comprising human CD59 cDNA. In a particularly
preferred embodiment, one of the one or more than one inhibitor comprises human CD59
cDNA in the pPCMV6-AC. Referring now to Figure 1, there is shown a schematic depiction
of one embodiment of the human CD59 cDNA in the pPCMV6-AC that can be used as an

inhibitor according to the present invention. As can be seen, without the CD59 cDNA, the
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pCMV6-AC plasmid is 5.8 kb. With the CD59 open reading frame (OriGene RC218343) the
entire construct is 6.1 kb. The pCMV6-AC has the following key features for mammalian
expression: cytomegalovirus (CMV) promoter (strong, constitutive, ubiquitous expression),
and human growth hormone polyA (hGH polyA) signal sequence (leads to polyadenylation of
the transcribed mRNA which is essential for mRNA stability in cells). The pCMV6-AC also
comprises a modified bacterial origin of replication (allows for enhanced replication in E. coli
to produce more plasmids), and a Neomycin phosphotransferase locus (confers Neomycin
resistance and allows for selection of plasmid-containing bacteria or mammalian cells). As
will be understood by those with skill in the art with respect to this disclosure, though the
plasmid disclosed above and shown in Figure 1 is suitable for the inhibitor according to the
present invention, other plasmids comprising human CD359 gene that function as intended in
the substance can also be used, such as for example the pCMV6-XL5 entry vector which is
4.7 kb that is identical to pPCMV6-AC except that it lacks the Neomycin phosphotransterse
locus and includes a T7 promoter for cell-free in vitro replication systems. As will be
understood by those with skill in the art with respect to this disclosure, there are several
commercially suitable splice variants of CD359 in plasmids suitable for use in the present
invention.

[0023] In one embodiment, the substance for treating a cerebral amyloid angiopathy related
condition or disease affecting cerebrovasculature in a patient further comprises one or more
than one vehicle for transporting the one or more than one inhibitor that causes inhibition of
the formation of membrane attack complex of the complement system into the
cerebrovasculature. In one embodiment, one or more than one of the one or more than one
vehicle is selected from the group consisting of chitosan nanoparticles, colloidal metallic
nanoparticles, polymer nanoparticles and viral particles. In one embodiment, the one or
more than one vehicle is a plurality of vehicles. In a preferred embodiment, the plurality of
vehicles are chitosan nanoparticles having a maximum diameter of between 50-100 nm, and
chitosan nanoparticles having a maximum diameter of between 200-400 nm. In a preferred
embodiment, the plurality of vehicles are chitosan nanoparticles having a maximum diameter
of between 50-100 nm, and chitosan nanoparticles having a maximum diameter of between
400-600 nm. In a preferred embodiment, the plurality of vehicles are chitosan nanoparticles

having a maximum diameter of between 200-400 nm, and chitosan nanoparticles having a
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maximum diameter of between 400-600 nm. In a preferred embodiment, the plurality of
vehicles are chitosan nanoparticles having a maximum diameter of between 50-100 nm,
chitosan nanoparticles having a maximum diameter of between 200-400 nm, and chitosan
nanoparticles having a maximum diameter of between 400-600 nm. In another embodiment,
the plurality of vehicles is two vehicles. In another embodiment, the plurality of vehicles is
three vehicles. In another embodiment, the plurality of vehicles is four vehicles. In a
preferred embodiment, the one or more than one vehicle crosses the tunica intima and enters
the tunica media. In another embodiment, the patient has a blood brain barrier comprising
the tunica intima, the tunica media and the tunica adventitia, and the one or more than one
vehicle crosses the blood brain barrier. In a preferred embodiment, at least one of the one or
more than one vehicle comprises chitosan nanoparticles. Chitosan is a deacetylated product
of chitin, a polysaccharide found in the internal structures and outer skeleton of some
invertebrates including crabs, insects, lobsters and shrimps. Chitin is composed of 3(1-4)
linked units of the amino sugar N-acetyl-glucosamine linked, and is the main source for the
production of chitosan. Medical grade chitosan (low protein, medium-high molecular weight)
suitable for the present invention can be obtained from Scion Cardio-Vascular, Inc. Miami,
FL US, though any suitable source can be used, as will be understood by those with skill in
the art with respect to this disclosure. Chitosan nanoparticles are particularly suited as a
vehicle according to the present invention as chitosan is a biologically well-tolerated and
biodegradable, and the molecular properties of chitosan allow for easy encapsulation of the
inhibitor by chitosan by readily available encapsulation techniques. Further chitosan
nanoparticles have positive surface charges that allow for easy surface incorporation of the
targeting agent for delivery of the substance to the cerebrovasculature, such as for example
by using biotin/avidin conjugation methods, as will be understood by those with skill in the
art with respect to this disclosure. Further, chitosan nanoparticles pass through the blood
brain barrier due to the positive charges on the chitosan surtace, thereby serving as an
appropriate vehicle for delivery of the inhibitor to the cerebrovasculature according to the
present invention. Additionally, chitosan nanoparticles without targeting agents are eliminated
trom the systemic circulation on the basis of particle size by either the kidney glomerular
basement membrane for small nanoparticles or by degradation of larger nanoparticles in the

liver and reticulo-endothelial system. Further, since chitosan has a structural similarity to
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sugars, chitosan acts as a cryo-protectant for proteins conjugated to the surface during
lyophilization. Additionally, chitosan as the vehicle improves transfection efficiency when
the inhibitor comprises a gene, such as for example transfection efficiency when the inhibitor
is human CD59 cDNA. As will be understood by those with skill in the art with respect to
this disclosure, though chitosan nanoparticles disclosed above are suitable for the vehicle
according to the present invention, other vehicles that function as intended in the substance
can also be used.

[0024] In one embodiment, the substance comprises one vehicle and a plurality of inhibitors,
such as for example a substance comprising chitosan nanoparticles having a maximum
diameter of between 200-400 nm as the vehicle and two or more than two inhibitors selected
trom the group consisting of alphaGal lectin, anti-C5 Mab, C1-Inhibitor, factor H and human
CD59 cDNA within the chitosan nanoparticles. In one embodiment, the substance comprises
one vehicle and two inhibitors, such as for example a substance comprising chitosan
nanoparticles having a maximum diameter of between 200-400 nm as the vehicle and
alphaGal lectin and human CD59 cDNA as the inhibitors within the chitosan nanoparticles.
[0025] Chitosan nanoparticles as a vehicle according to the present invention can be made by
any suitable method, as will be understood by those with skill in the art with respect to this
disclosure. By way of example, in one embodiment, the vehicle is chitosan nanoparticles and
the substance is produced as follows. Chitosan of a known molecular weight is dissolved
(0.1%w/v) in 4.6 mM HCL and syringe filtered through 0.22 um to remove undissolved
residues. After filtration, the pH of the chitosan solution is adjusted to pH 5 with 1 N
NaOH. Tripolyphosphate (TPP) solution is prepared in ultra pure water and the pH corrected
to pH 5. pCMV6 plasmids containing the human CD59 cDNA, alphaGal lectin, or any other
inhibitor according to the present invention is added to the TPP solution at an appropriate
concentration prior to mixing with the chitosan solution. While under magnetic stirring at
300 rpm, 2 ml of TPP solution is added to 14 ml of the chitosan solution. Nucleation of
chitosan particles is spontaneous under these conditions. Stirring is continued for 45
minutes, after which the reaction is left undisturbed for 16 hours at room temperature. The
resultant chitosan nanoparticles are 1000 nm (1 micron) or less in maximum diameter. The
chitosan nanoparticles formed were 85% deacetylated and depyrogenated.

[0026] In one embodiment, the substance further comprises one or more than one targeting
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agent that recognizes the beta-amyloid deposited in the cerebrovasculature, where one or
more than one targeting agent forms at least part of the surface of the substance when one or
more than one targeting agent is combined with the inhibitor and the vehicle, thereby
directing the substance to the beta-amyloid deposited in the cerebrovasculature when the
substance is administered to the patient. In one embodiment, the targeting agent recognizes
and attaches to a subset of conformationally unique beta-amyloid deposited between the
cerebrovasculature, where the conformationally unique beta-amyloid deposited in the
cerebrovasculature is specific for cerebral amyloid angiopathy. In another embodiment,
when combined with the inhibitor and the vehicle, the targeting agent directs the substance to
the beta-amyloid deposited in the cerebrovascular smooth muscle cells when the substance is
administered to the patient. In one embodiment, at least one of the one or more than one
targeting agent is a monoclonal antibody or is a fragment of a monoclonal antibody. In one
embodiment, the targeting agent is selected from the group consisting of amyloid antibody
(M31) Fab fragments (M31 monoclonal antibody is also known as rat anti M31/HP1;
heterochromatin protein 1 homolog beta) (catalog number MBS214105, MyBioSource, Inc.,
San Diego, CA, US), 6E10 beta amyloid monoclonal antibody (also known as Alzheimer
disease amyloid protein; amyloid beta A protein; beta-amyloid peptide; cerebral vascular
amyloid peptide peptidase; nexin-1I; preA4; and protease nexin-II) (catalog number
SIG-39300, Covance, Inc., San Diego, CA, US), and a combination of the preceding,
however, any targeting agent suitable for the purpose intended can be used as will be
understood by those with skill in the art with respect to this disclosure. Amyloid antibody
(M31) Fab fragments are rabbit monoclonal IgG specific for the subset of human and murine
vascular amyloid beta assemblies that characterize cerebral amyloid angiopathy. In one
embodiment, the one or more than one targeting agent is a plurality of targeting agents, such
as for example both amyloid antibody (M31) Fab fragment and an antibody that recognized
smooth muscle cells in the cerebrovasculature. In another embodiment, the plurality of
targeting agents is two targeting agents. In another embodiment, the plurality of targeting
agents is three targeting agents. In another embodiment, the plurality of targeting agents is
four targeting agents.

[0027] The one or more than one targeting agent can be added to the one or more than one

vehicle by any suitable method, as will be understood by those with skill in the art with
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respect to this disclosure. In one embodiment, the substance comprises an inhibitor, a
vehicle and a targeting agent, and making the substance comprises producing the combination
of the inhibitor and vehicle, and then adding the targeting agent to the combination by
conjugation using a biotin-streptavidin interaction. For example, streptavidin conjugation to
amyloid antibody (M31) Fab fragments is accomplished by labeling with the EasyLink
Streptavidin Conjugation Kit (Abcam, Cambridge, MA, US) according to the manufacturers
instructions. Purified Fab fragments are incubated with the modifier and conjugate solution
tfor 3 hours. After quenching the reaction for 30 minutes, the Fab fragments conjugated to
avidin are mixed with biotinylated chitosan nanoparticles. Biotinylation of chitosan is
accomplished prior to precipitation of chitosan nanoparticles. SulfoNHS-LC-Biotin (Thermo
Fisher Scientific Inc., Rockford, IL, US) is dissolved in PBS and incubated with chitosan
tlake (0.1% w/v) at room temperature for 3 hours. Free SulfoNHS-LC-Biotin is removed by
dialysis. The degree of biotinylation is determined by 2-(4-hydroxyazobenzene) benzoic acid
(HABA) assay, with decreases in absorption recorded at 500 nm. However, making the
substance comprising the targeting agents can comprise any suitable method, as will be
understood by those with skill in the art with respect to this disclosure.

[0028] In one embodiment, the substance further comprises one or more than one additional
chemical that enables determination of plasmid transfection efficacy where the inhibitor is a
plasmid, or enables tracking of the substance. In one embodiment, at least one of the one or
more than one additional chemical is selected from the group consisting of hydroxycoumarin
and green fluorescent protein. As will be understood by those with skill in the art with
respect to this disclosure, hydroxycoumarin and green fluorescent protein can be added to the
substance according to techniques known to those with skill in the art, such as adding
hydroxycoumarin during precipitation of the chitosan nanoparticles which incorporates the
hydroxycoumarin into the structure of the nanoparticles, and chemically modifying green
fluorescent protein to link it with streptavidin, which is then introduced to biotinylated
nanoparticles formation of the biotinylated nanoparticles.

[0029] According to another embodiment of the present invention, there is provided a
pharmaceutical for treating a cerebral amyloid angiopathy related condition or disease. The
pharmaceutical comprises one or more than one substance according to the present invention.

In one embodiment, the pharmaceutical further comprises one or more than one of a binder, a
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bufter, a coloring chemical, a flavoring chemical and a preservative, as will be understood by
those with skill in the art with respect to this disclosure.

[0030] According to another embodiment of the present invention, there is provided a method
for treating a cerebral amyloid angiopathy related condition or disease atfecting
cerebrovasculature in a patient, where the cerebrovasculature comprises tunica intima
comprising endothelial cells, tunica media comprising smooth muscle cells, and tunica
adventitia, where the condition or disease is associated with an incidence of cytolysis of the
smooth muscle cells from beta-amyloid deposition in the cerebrovasculature that leads to
formation of membrane attack complex of the complement system in the smooth muscle cells.
The method comprises, first, identifying a patient with a cerebral amyloid angiopathy related
condition or disease suitable for treatment by the present method. In a preferred
embodiment, the patient is a human. In one embodiment, the cerebral amyloid angiopathy
related condition or disease is selected from the group consisting of one or more than one of
Alzheimer’s disease, a brain microbleed, cerebral amyloidosis of the parenchyma, mild
cognitive impairment with amyloid plaques in the brain and a combination of the preceding.
In another embodiment, identifying the patient comprises consulting patient records to
determine if the patient has a cerebral amyloid angiopathy related condition or disease
suitable for treatment by the present method. In another embodiment, identifying the patient
comprises diagnosing the patient with a cerebral amyloid angiopathy related condition or
disease suitable for treatment by the present method. In one embodiment, diagnosing the
patient comprises performing one or more than one of action selected from the group
consisting of identifying one or more than one marker for cerebral amyloid angiopathy in
blood or another body fluid of the patient, performing cognitive testing, performing an
invasive procedure (such as for example biopsying brain tissue of the patient), performing a
non-invasive imaging procedure (such as for example computerized tomography, magnetic
resonance imaging or ultrasound), and performing a physical examination.

[0031] Next, the method comprises providing one or more than one substance that comprises
an inhibitor that causes inhibition of the formation of membrane attack complex of the
complement system, or comprises providing one or more than one pharmaceutical comprising
one or more than one substance that comprises an inhibitor that causes inhibition of the
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both one or more than one substance that comprises an inhibitor that causes inhibition of the
formation of membrane attack complex of the complement system and one or more than one
pharmaceutical comprising one or more than one substance that comprises an inhibitor that
causes inhibition of the formation of membrane attack complex of the complement system,
where the inhibition by the inhibitor is sufficient to decrease the incidence of or to prevent the
incidence of cytolysis of the smooth muscle cells. In one embodiment, one or more than one
of the one or more than one substance is a substance according to the present invention. In
another embodiment, one or more than one of the one or more than one pharmaceutical is a
pharmaceutical according to the present invention. In one embodiment, the one or more than
one substance is a plurality of substances. In one embodiment, the one or more than one
substance is two substances, such as for example chitosan nanoparticles as a vehicle
comprising alphaGal lectin as an inhibitor, and chitosan nanoparticles as a vehicle comprising
human CD59 cDNA as an inhibitor. In one embodiment, the one or more than one
pharmaceutical is a plurality of pharmaceuticals. In one embodiment, the one or more than
one pharmaceutical is two pharmaceuticals.

[0032] Then, the method comprises administering one or more than one dose of the one or
more than one substance or administering one or more than one dose of the one or more than
one pharmaceutical to the patient by a route. In one embodiment, the one or more than one
dose is one dose. In another embodiment, the one or more than one dose is a plurality of
doses. In one embodiment, the plurality of doses is two doses. In another embodiment, the
plurality of doses is three doses. In another embodiment, the plurality of doses is four doses.
In another embodiment, the plurality of doses is more than four doses. In one embodiment,
the one or more than one dose is administered daily for a predetermined amount of time. In
another embodiment, the one or more than one dose is administered twice daily for a
predetermined amount of time. In another embodiment, the one or more than one dose is
administered weekly for a predetermined amount of time. In another embodiment, the one or
more than one dose is administered monthly for a predetermined amount of time. In another
embodiment, the one or more than one dose is administered between once a day and once a
week for a predetermined amount of time. In another embodiment, the one or more than one
dose is administered between once a day and once a month for a predetermined amount of

time. In one embodiment, the dose is between 0.000001 mg/m?* body surface area and 100



10

15

20

25

30

WO 2013/138368 PCT/US2013/030582

20

g/m* body surface area. In another embodiment, the dose is between 0.0001 mg/m* body
surface area and 10 g/m* body surface area. In another embodiment, the dose is between 1
mg/m’* body surface area and 1 g/m* body surface area. In one embodiment, the route is
selected from the group consisting of intraarterial injection, intramuscular injection,
intranasal spray and intravenous injection.
[0033] In one embodiment, the method further comprises determining the effect of treatment
on the patient. In one embodiment, determining the effect of treatment on the patient
comprises performing one or more than one of action selected from the group consisting of
identifying one or more than one marker for cerebral amyloid angiopathy in blood or another
body fluid of the patient, performing cognitive testing, performing an invasive procedure
(such as for example biopsying brain tissue of the patient), performing a non-invasive
imaging procedure (such as for example computerized tomography, magnetic resonance
imaging or ultrasound), and performing a physical examination. In another embodiment, the
method further comprises adjusting treatment. In one embodiment, adjusting treatment
comprising administering to the patient one or more than one additional dose of the one or
more than one substance or administering one or more than one additional dose of the one or
more than one pharmaceutical to the patient.
EXAMPLE I
DETERMINATION OF THE MECHANISM OF DAMAGE IN CEREBRAL AMYLOID
ANGIOPATHY

[0034] To determine the mechanism of damage in cerebral amyloid angiopathy, a series of
studies was performed on blood vessels from frozen postmortem occipital lobe sections that
were sonicated on ice, and then probed with antibodies. Referring now to Figure 2, Figure
3, Figure 4 and Figure 5, there are shown, respectively, western blots showing the
accumulation of C6 (upper) and beta-actin (a protein expressed in all cells and used as a
loading control to normalize C6 values) (lower) in blood vessel walls from control brain
tissue (left), in blood vessel walls from brain tissue from patients diagnosed with Alzheimer’s
disease (AD, center), and in blood vessel walls from brain tissue from patients diagnosed
with Alzheimer’s disease concurrent with cerebral amyloid angiopathy (AD/CAA, right)
(Figure 2); a histogram showing the average concentration of C6 from multiple western blots

(n=4) in blood vessel walls from control brain tissue, in blood vessel walls from brain tissue
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trom patients diagnosed with Alzheimer’s disease (AD), and in blood vessel walls from brain
tissue from patients diagnosed with Alzheimer’s disease concurrent with cerebral amyloid
angiopathy (AD/CAA) (Figure 3); photomicrographs showing C6 localization in the walls of
blood vessels from control brain tissue (left), in the walls of blood vessels from brain tissue
trom patients diagnosed with Alzheimer’s disease (AD, center), and in the walls of blood
vessels from brain tissue from patients diagnosed with Alzheimer’s disease concurrent with
cerebral amyloid angiopathy (AD/CAA, right) by immunohisto-chemistry with DAB-staining
(Figure 4); and confocal micrographs of microglia from control brain tissue (A, left),
microglia from brain tissue from patients diagnosed with Alzheimer’s disease (B, center), and
microglia from brain tissue from patients diagnosed with Alzheimer’s disease concurrent with
cerebral amyloid angiopathy (C, right), where the brain tissue was stained for
alpha2-macroglobulin (a2M) and beta-amyloid (A, B), and for beta-amyloid and CD11b (C)
(Figure 5). As can be seen in Figure 2 and Figure 3, C6 accumulated more extensively in
blood vessel walls of brain tissue from patients diagnosed with Alzheimer’s disease
concurrent with cerebral amyloid angiopathy than in blood vessel walls of control brain tissue
or brain tissue from patients diagnosed with Alzheimer’s disease alone. No such pattern was
detected for the localization of CD11b. Further, CD11b with beta-amyloid show punctate
colocalization at the plasma membrane of microglia from brain tissue from patients diagnosed
with Alzheimer’s disease concurrent with cerebral amyloid angiopathy as indicated by the
arrows (Figure 5, right), rather than the internalized phagocytic vesicles seen in normal
beta-amyloid trafficking of brain tissue from patients diagnosed with Alzheimer’s disease
alone (Figure 5, center), where control brain tissue show only slight colocalization for
CD11b and beta-amyloid (Figure 5, left), thereby demonstrating that beta-amyloid is taken
up normally via the alpha2-macroglobulin receptor in patients diagnosed with Alzheimer’s
disease without concurrent cerebral amyloid angiopathy, but is associated with the cell
surface receptor CD11b in the brains of patients diagnosed with Alzheimer’s disease
concurrent with cerebral amyloid angiopathy. CD11b is known to bind C3b, the molecule at
the crossroads of the complement cascade.

[0035] These studies demonstrated that the mechanism by which aging microglia in cerebral
amyloid angiopathy-damaged brains remove beta-amyloid from cerebral tissues changes from

the established alpha2-macroglobulin/LRP-mediated clearance of beta-amyloid
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(endophagocytosis) to CD11b/C3b receptor-mediated shuttling on the microglial surface
(opsonization). The CD11b/C3b receptor/beta-amyloid complex is delivered by microglia to
the abluminal vascular wall for disposal of beta-amyloid into the circulatory system. This
perpetuates cerebrovascular injury because C3b initiates the complement cascade leading to
formation of the membrane attack complex (MAC, C5b-C9), the transmembrane pore part of
the innate immune reaction that is the terminal lytic component of the cascade. Membrane
attack complex weakens the vessel by destroying cerebrovascular smooth muscle cells (SMC)
resulting in vessel fragility, disruption of the blood-brain barrier (BLOOD BRAIN
BARRIER) and increasing the probability of brain microbleeds (BMB).
[0036] Therefore, these studies identified a treatable pathogenic mechanism for cerebral
amyloid angiopathy, namely, inhibiting the formation of membrane attack complex in the
cerebrovasculature. In one embodiment, inhibiting the formation of membrane attack
complex in the cerebrovasculature, and thus inhibiting induced cytotoxicity in
cerebrovascular smooth muscle cells, is accomplished by upregulating levels of CD59
glycoprotein.
EXAMPLE 11

METHOD FOR TREATING A CEREBRAL AMYLOID ANGIOPATHY IN A PATIENT
[0037] According to one embodiment of the present invention, a patient with cerebral
amyloid angiopathy is treated as follows. First, a patient is identified with Alzheimer’s
disease associated with cerebral amyloid angiopathy by cognitive analysis followed by brain
biopsy. Next, a substance according to the present invention is provided that comprises
human CD59 cDNA in the pCMV6-AC as the inhibitor, chitosan nanoparticles as the vehicle
and amyloid antibody (M31) Fab fragments as the targeting agent. Then, the substance is
administered to the patient once per week for five weeks at a dose of 1 mg/m?2 body surface
area, and the once a month thereafter.
[0038] The substance binds to the beta-amyloid deposition in the cerebrovasculature. The
substance is then endocytosed by cerebrovascular smooth muscle cells and transported by the
endosomal/lysosomal pathway to liberate the CD59 cDNA. The CD59 cDNA is processed
into mRNA, and the mRNA is transcribed, upregulating CD59 glycoprotein levels. The
CD59 blocks the addition of complement component C9 to C5b-8, effectively inhibiting

formation of membrane attack complex and decreasing or preventing cytolysis of the smooth
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muscle cells, and thereby treating the cerebral amyloid angiopathy.

[0039] Although the present invention has been discussed in considerable detail with
reference to certain preferred embodiments, other embodiments are possible. Therefore, the
scope of the appended claims should not be limited to the description of preferred

embodiments contained in this disclosure.
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WHAT IS CLAIMED IS:

1. A substance for treating a cerebral amyloid angiopathy related condition or disease
affecting cerebrovasculature in a patient, where the cerebrovasculature comprises tunica
intima comprising endothelial cells, tunica media comprising smooth muscle cells, and tunica
adventitia, where the condition or disease is associated with an incidence of cytolysis of the
smooth muscle cells from beta-amyloid deposition in the cerebrovasculature that leads to
formation of membrane attack complex of the complement system in the smooth muscle cells,
the substance comprising:

one or more than one inhibitor that causes inhibition of the formation of membrane attack
complex of the complement system; and

one or more than one vehicle for transporting the one or more than one inhibitor into the
cerebrovasculature;

where the inhibition by the inhibitor is sufticient to decrease the incidence of or to
prevent the incidence of cytolysis of the smooth muscle cells.

2. The substance of claim 1, where the substance crosses the tunica intima and enters the
tunica media.

3. The substance of claim 1, where the patient has a blood brain barrier comprising the
tunica intima, the tunica media and the tunica adventitia, and where the substance crosses the
blood brain barrier.

4. The substance of claim 1, where the one or more than one inhibitor is a plurality of
inhibitors.

5. The substance of claim 4, where the plurality of inhibitors is two inhibitors.

6. The substance of claim 4, where the plurality of inhibitors is three inhibitors.

7. The substance of claim 4, where the plurality of inhibitors is four inhibitors.

8. The substance of claim 1, where the cerebral amyloid angiopathy related condition or
disease is selected from the group consisting of one or more than one of Alzheimer’s disease,
a brain microbleed, cerebral amyloidosis of the parenchyma, mild cognitive impairment with
amyloid plaques in the brain and a combination of the preceding.

9. The substance of claim 1, where the one or more than one inhibitor specifically
causes inhibition of the formation of membrane attack complex of the complement system in

the tunica intima of the cerebrovasculature, tunica media of the cerebrovasculature, or both
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the tunica intima of the cerebrovasculature and tunica media of the cerebrovasculature.

10. The substance of claim 1, where one or more than one of the one or more than one
inhibitor that causes inhibition of the formation of membrane attack complex of the
complement system upregulates CD59 glycoprotein levels in the cerebrovasculature of the
patient.

11. The substance of claim 1, where one or more than one of the one or more than one
inhibitor that causes inhibition of the formation of membrane attack complex of the
complement system is selected from the group consisting of one or more than one of alphaGal
lectin, anti-C5 Mab, C1-Inhibitor, factor H, human CD59 cDNA, and a combination of the
preceding.

12. The substance of claim 1, where one of the one or more than one inhibitor that
causes inhibition of the formation of membrane attack complex of the complement system is a
plasmid comprising human CD59 cDNA.

13. The substance of claim 12, where one of the one or more than one inhibitor
comprises human CD59 cDNA in the pPCMV6-AC plasmid, or human CD59 cDNA in the
pCMV6-XL5 plasmid.

14. The substance of claim 1, where the one or more than one vehicle is a plurality of
vehicles.

15. The substance of claim 14, where the plurality of vehicles is two vehicles.

16. The substance of claim 14, where the plurality of vehicles is three vehicles.

17. The substance of claim 14, where the plurality of vehicles is four vehicles.

18. The substance of claim 1, where one or more than one of the one or more than one
vehicle is selected from the group consisting of chitosan nanoparticles, colloidal metallic
nanoparticles, polymer nanoparticles and viral particles.

19. The substance of claim 1, where at least one of the one or more than one vehicle
comprises chitosan nanoparticles.

20. The substance of claim 1, where the substance comprises one vehicle and a plurality
of inhibitors.

21. The substance of claim 1, where the substance comprises one vehicle and two
inhibitors.

22. The substance of claim 1, further comprising one or more than one targeting agent
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that recognizes the beta-amyloid deposited in the cerebrovasculature, where one or more than
one targeting agent forms at least part of the surface of the substance when one or more than
one targeting agent is combined with the inhibitor and the vehicle, thereby directing the
substance to the beta-amyloid deposited in the cerebrovasculature when the substance is
administered to the patient.

23. The substance of claim 22, where the targeting agent recognizes and attaches to a
subset of conformationally unique beta-amyloid deposited in the cerebrovasculature, where
the conformationally unique beta-amyloid deposited in the cerebrovasculature is specific for
cerebral amyloid angiopathy.

24. The substance of claim 22, where when combined with the inhibitor and the vehicle,
the targeting agent directs the substance to the beta-amyloid deposited in the cerebrovascular
smooth muscle cells when the substance is administered to the patient.

25. The substance of claim 22, where at least one of the one or more than one targeting
agent is a monoclonal antibody or is a fragment of a monoclonal antibody.

26. The substance of claim 22, where at least one of the one or more than one targeting
agent is selected from the group consisting of amyloid antibody (M31) Fab fragments, 6E10
beta amyloid monoclonal antibody and a combination of the preceding.

27. The substance of claim 22, where the one or more than one targeting agent is a
plurality of targeting agents.

28. The substance of claim 27, where the plurality of targeting agents is two targeting
agents.

29. The substance of claim 27, where the plurality of targeting agents is three targeting
agents.

30. The substance of claim 27, where the plurality of targeting agents is four targeting
agents.

31. The substance of claim 1, where the substance further comprises one or more than
one additional chemical that enables determination ot plasmid transtection efficacy where the
inhibitor is a plasmid, or enables tracking of the substance.

32. The substance of claim 31, where at least one of the one or more than one additional
chemical is selected from the group consisting of hydroxycoumarin and green fluorescent
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33. A pharmaceutical for treating a cerebral amyloid angiopathy related condition or
disease, the pharmaceutical comprising one or more than one substance according to any of
claims 1-31, and further comprising one or more than one of a binder, a buffer, a coloring
chemical, a flavoring chemical and a preservative.

34. A method for treating a cerebral amyloid angiopathy related condition or disease
affecting cerebrovasculature in a patient, where the cerebrovasculature comprises tunica
intima comprising endothelial cells, tunica media comprising smooth muscle cells, and tunica
adventitia, where the condition or disease is associated with an incidence of cytolysis of the
smooth muscle cells from beta-amyloid deposition in the cerebrovasculature that leads to
formation of membrane attack complex of the complement system in the smooth muscle cells,
the method comprising:

a) identifying a patient with a cerebral amyloid angiopathy related condition or disease
suitable for treatment;

b) providing one or more than one substance that comprises an inhibitor that causes
inhibition of the formation of membrane attack complex of the complement system, or
comprises providing one or more than one pharmaceutical comprising one or more than one
substance that comprises an inhibitor that causes inhibition of the formation of membrane
attack complex of the complement system, or comprises providing both one or more than one
substance that comprises an inhibitor that causes inhibition of the formation of membrane
attack complex of the complement system and one or more than one pharmaceutical
comprising one or more than one substance that comprises an inhibitor that causes inhibition
of the formation of membrane attack complex of the complement system, where the inhibition
by the inhibitor is sufficient to decrease the incidence of or to prevent the incidence of
cytolysis of the smooth muscle cells; and

¢) administering one or more than one dose of the one or more than one substance or
administering one or more than one dose of the one or more than one pharmaceutical to the
patient by a route.

35. The method of claim 34, where the patient is a human.

36. The method of claim 34, where the cerebral amyloid angiopathy related condition or
disease is selected from the group consisting of one or more than one of Alzheimer’s disease,

a brain microbleed, cerebral amyloidosis of the parenchyma, mild cognitive impairment with
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amyloid plaques in the brain and a combination of the preceding.

37. The method of claim 34, where identifying the patient comprises consulting patient
records to determine if the patient has a cerebral amyloid angiopathy related condition or
disease suitable for treatment.

38. The method of claim 34, where identitying the patient comprises diagnosing the
patient with a cerebral amyloid angiopathy related condition or disease suitable for treatment.

39. The method of claim 38, where diagnosing the patient comprises performing one or
more than one of action selected from the group consisting of identifying one or more than
one marker for cerebral amyloid angiopathy in blood or another body fluid of the patient,
performing cognitive testing, performing an invasive procedure, performing a non-invasive
imaging procedure, and performing a physical examination.

40. The method of claim 34, where one or more than one of the one or more than one
substance is a substance according to any of claim 1-32.

41. The method of claim 34, where one or more than one of the one or more than one
pharmaceutical is a pharmaceutical according to claim 33.

42. The method of claim 34, where the one or more than one substance is a plurality of
substances.

43. The method of claim 34, where the one or more than one substance is two
substances.

44. The method of claim 34, where the one or more than one pharmaceutical is a
plurality of pharmaceuticals.

45. The method of claim 34, where the one or more than one pharmaceutical is two
pharmaceuticals.

46. The method of claim 34, where the one or more than one dose is one dose.

47. The method of claim 34, where the one or more than one dose is a plurality of
doses.

48. The method of claim 47, where the plurality of doses is two doses.

49. The method of claim 47, where the plurality of doses is three doses.

50. The method of claim 47, where the plurality of doses is four doses.

51. The method of claim 47, where the plurality of doses is more than four doses.

52. The method of claim 34, where the one or more than one dose is administered daily
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for a predetermined amount of time.

53. The method of claim 34, where the one or more than one dose is administered twice
daily for a predetermined amount of time.

54. The method of claim 34, where the one or more than one dose is administered
weekly for a predetermined amount of time.

55. The method of claim 34, where the one or more than one dose is administered
monthly for a predetermined amount of time.

56. The method of claim 34, where the one or more than one dose is administered
between once a day and once a week for a predetermined amount of time.

57. The method of claim 34, where the one or more than one dose is administered
between once a day and once a month for a predetermined amount of time.

58. The method of claim 34, where the dose is between 0.000001 mg/m?* body surface
area and 100 g/m* body surface area.

59. The method of claim 34, where the dose is between 0.0001 mg/m?* body surface area
and 10 g/m* body surface area.

60. The method of claim 34, where the dose is between 1 mg/m* body surface area and
1 g/m* body surface area.

61. The method of claim 34, where the route is selected from the group consisting of
intraarterial injection, intramuscular injection, intranasal spray and intravenous injection.

62. The method of claim 34, further comprising determining the effect of treatment on
the patient.

63. The method of claim 62, where determining the effect of treatment on the patient
comprises performing one or more than one of action selected from the group consisting of
identifying one or more than one marker for cerebral amyloid angiopathy in blood or another
body fluid of the patient, performing cognitive testing, performing an invasive procedure,
performing a non-invasive imaging procedure, and performing a physical examination.

64. The method of claim 62, further comprising adjusting treatment.

65. The method of claim 64, where adjusting treatment comprises administering to the
patient one or more than one additional dose of the one or more than one substance or
administering one or more than one additional dose of the one or more than one

pharmaceutical to the patient.
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66. The method of claim 34, where the substance further comprises one or more than
one vehicle for transporting the one or more than one inhibitor into the cerebrovasculature.

67. The method of claim 34, where the substance crosses the tunica intima and enters
the tunica media.

68. The method of claim 34, where the patient has a blood brain barrier comprising the
tunica intima, the tunica media and the tunica adventitia, and where the substance crosses the
blood brain barrier.

69. The method of claim 34, where the one or more than one inhibitor is a plurality of
inhibitors.

70. The method of claim 69, where the plurality of inhibitors is two inhibitors.

71. The method of claim 69, where the plurality of inhibitors is three inhibitors.

72. The method of claim 69, where the plurality of inhibitors is four inhibitors.

73. The method of claim 34, where the one or more than one inhibitor specifically
causes inhibition of the formation of membrane attack complex of the complement system in
the tunica intima of the cerebrovasculature, tunica media of the cerebrovasculature, or both
the tunica intima of the cerebrovasculature and tunica media of the cerebrovasculature.

74. The method of claim 34, where one or more than one of the one or more than one
inhibitor that causes inhibition of the formation of membrane attack complex of the
complement system upregulates CD59 glycoprotein levels in the cerebrovasculature of the
patient.

75. The method of claim 34, where one or more than one of the one or more than one
inhibitor that causes inhibition of the formation of membrane attack complex of the
complement system is selected from the group consisting of one or more than one of alphaGal
lectin, anti-C5 Mab, C1-Inhibitor, factor H, human CD59 cDNA, and a combination of the
preceding.

76. The method of claim 34, where one of the one or more than one inhibitor that causes
inhibition of the formation of membrane attack complex of the complement system is a
plasmid comprising human CD59 cDNA.

77. The method of claim 76, where one of the one or more than one inhibitor comprises
human CD59 cDNA in the pCMV6-AC plasmid, or human CD59 cDNA in the pCMV6-XL5

plasmid.
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78. The method of claim 66, where the one or more than one vehicle is a plurality of
vehicles.

79. The method of claim 78, where the plurality of vehicles is two vehicles.

80. The method of claim 78, where the plurality of vehicles is three vehicles.

81. The method of claim 78, where the plurality of vehicles is four vehicles.

82. The method of claim 66, where the one or more than one vehicle crosses the tunica
intima and enters the tunica media.

83. The method of claim 66, where the patient has a blood brain barrier comprising the
tunica intima, the tunica media and the tunica adventitia, and the one or more than one
vehicle crosses the blood brain barrier.

84. The method of claim 66, where one or more than one of the one or more than one
vehicle is selected from the group consisting of chitosan nanoparticles, colloidal metallic
nanoparticles, polymer nanoparticles and viral particles.

85. The method of claim 66, where at least one of the one or more than one vehicle
comprises chitosan nanoparticles.

86. The method of claim 66, where the substance comprises one vehicle and a plurality
of inhibitors.

87. The method of claim 66, where the substance comprises one vehicle and two
inhibitors.

88. The method of claim 66, further comprising one or more than one targeting agent
that recognizes the beta-amyloid deposited in the cerebrovasculature, where one or more than
one targeting agent forms at least part of the surface of the substance when one or more than
one targeting agent is combined with the inhibitor and the vehicle, thereby directing the
substance to the beta-amyloid deposited in the cerebrovasculature when the substance is
administered to the patient.

89. The method of claim 88, where the targeting agent recognizes and attaches to a
subset of conformationally unique beta-amyloid deposited in the cerebrovasculature, where
the conformationally unique beta-amyloid deposited in the cerebrovasculature is specific for
cerebral amyloid angiopathy.

90. The method of claim 88, where when combined with the inhibitor and the vehicle,

the targeting agent directs the substance to the beta-amyloid deposited in the cerebrovascular
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smooth muscle cells when the substance is administered to the patient.

91. The method of claim 88, where at least one of the one or more than one targeting
agent is a monoclonal antibody or is a fragment of a monoclonal antibody.

92. The method of claim 88, where at least one of the one or more than one targeting
agent is selected from the group consisting of amyloid antibody (M31) Fab fragments, 6E10
beta amyloid monoclonal antibody and a combination of the preceding.

93. The method of claim 88, where the one or more than one targeting agent is a
plurality of targeting agents.

94. The method of claim 93, where the plurality of targeting agents is two targeting
agents.

95. The method of claim 93, where the plurality of targeting agents is three targeting
agents.

96. The method of claim 93, where the plurality of targeting agents is four targeting
agents.

97. The method of claim 34, where the substance further comprises one or more than
one additional chemical that enables determination ot plasmid transtection efficacy where the
inhibitor is a plasmid, or enables tracking of the substance.

98. The method of claim 97, where at least one of the one or more than one additional
chemical is selected from the group consisting of hydroxycoumarin and green fluorescent
protein.

99. The method of claim 34, where the pharmaceutical further comprises one or more

than one of a binder, a buffer, a coloring chemical, a flavoring chemical and a preservative.
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