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DENDRIMER COMPOSITIONS AND USE IN TREATMENT
OF NEUROLOGICAL AND CNS DISORDERS

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Provisional Patent
Applications No. 62/036,675, filed August 13, 2014 and 62/036,839, filed
August 13, 2014.
BACKGROUND OF THE INVENTION
Drug delivery to the brain and to the central nervous system (CNS) is

difficult, especially when targeted delivery to specific cells in the CNS are
desirable. The drugs and the delivery vehicles have to overcome the blood-
brain barrier (BBB), move in the brain tissue, and localize in the target cells.
Patients with neurological diseases, including Parkinson’s disease,
Alzheimer’s disease, brain tumors, and most neurogenetic disorders, suffer
from severe debilitating symptoms and lack of therapeutic options that
provide curative treatment. Various strategies have been developed to
manipulate or bypass the blood-brain barrier (BBB) [Jain, Nanomedicine
(Lond), 2012. 7(8): 1225-33; Wohlfart, et al., J Control Release, 2012.
161(2): 264-273.], which is the primary barrier to systemic delivery to the
brain. These approaches include local administration to the CNS [Patel, et
al., Advanced Drug Delivery Reviews, 2012. 64(7):701-705] and reversible
disruption of the BBB via focused ultrasound [Marquet et al PLoS One.
2011;6(7):€22598; Downs et al PLoS One. 2015 May 6;10(5):e0125911] or
chemical reagents [Kroll, et al., Neurosurgery, 1998. 42(5): 1083-1099;
discussion 1099-100.]. However, once beyond the BBB, the anisotropic and
electrostatically charged extracellular matrix (ECM) found between brain
cells has been widely recognized as another critical barrier [Thorne, et al.
Proc Natl Acad Sci U S 4. 2006 Apr 4;103(14):5567-72; Nance, et al., Sci
Transl Med, 2012. 4(149): 149ra119; Sykova, et al., Physiol Rev, 2008.
88(4): 1277-1340; Zamecnik, J., Acta Neuropathol, 2005. 110(5):435-442].
This ‘brain tissue barrier’, regardless of administration method, hampers

widespread distribution of macromolecules and nanoparticles in the brain,
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In the preferred embodiment, the dendrimers are in the form of
dendrimer nanoparticles comprising poly(amidoamine) (PAMAM) hydroxyl-
terminated dendrimers covalently linked to at least one therapeutic,
prophyvlactic or diagnostic agent. In a particularly preferred embodiment for

5  treating RTT or autism spectrum disorders, dendrimer nanoparticles include
one or more ethylene diamine-core PAMAM hydroxy!-terminated
generation-4-10 (>G4-OH) dendrimers covalently linked to a biologically
active agent, in an amount effective to treat one or more symptoms of Rett
syndrome or autism spectrum disorders in the subject. Excitotoxicity

10 disorders may also be treated, using the same compositions.

Results demonstrate that significantly enhanced uptake by damaged
or diseased brain is observed with generation-6 dendrimers as compared to
generation~4 dendrimers. As described in the Examples, the generation-6
dendrimer is shown to have a highly desirable cerebrospinal fluid (CSF) to

15 serum level in a large animal model of brain injury, indicating that these
compositions are superior for delivering CNS drugs to the injured brain
selectively. The positive results in a clinically-relevant large animal model
(resembling humans in many aspects), underscores the importance of the
findings. This provides a means for diagnosis as well as treatment. Another

20  benefit of the dendrimers is that two or more different agents can be
delivered using the same dendrimers. This may be two different therapeutic
agents, or a combination of a therapeutic and one or more diagnostic or
prophylactic agents.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Figure 1A is a Kaplan-Meier survival curve following NAC and D-
NAC therapy in MeCP2-nult mice. Survival was assessed following twice
weekly NAC or D-NAC therapy in MeCP2-null pups. D-NAC does not
improve survival compared to non-treated animals (PBS). D-NAC does
improve safety of NAC, D-NAC and PBS treated MeCP2-null pups had a

30 signi,ﬁcantly better 50% survival compared to NAC treated pups (p= 0.014),
indicating the potential toxicity of NAC when given as a free formulation.

Figure 1B is a line graph of neurobehavioral outcomes following D-NAC

6

RECTIFIED SHEET (RULE 91) ISA/EP
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therapy in MeCP2-null mice. MeCP2-null mice were treated with saline
(PBS), 10mgkg NAC, or 10mgkg (on a NAC basis} D-NAC starting at 3
weeks of age (PND21). Pups were treated twice weekly. Behavior tests were
performed at PND10 and PND1 to determine a baseline, and performed

5  prior to treatment on each treatment day starting at PND21. itter matched
T pups were used as both weight and behavioral controls. D-NAC therapy
significantly improved behavioral outcome compared to NAC and PBS
treatments. D-NAC improved overall appearance of MeCP2-null mice
compared to non-treated pups. Non-treated pups were emaciated, had

10 multiple clenched paws, hunched posture, and poor eye condition.

Figures 2A-2F are graphs of the expression of Pro- and anti-
inflammatory mRNA expression fevels in T (open bars) and MeCP2-nul}
(shaded bars) mice. Figure 2A, TNF-o. Figure 2B, I-6 Figure 2C, I-1f
Figure 2D, TGF-f Figure 2L, 1-10 and Figure 2F, 1-4.

15 Figures 3A-C are graphs of the inflammatory profile in the brains of
T and pre-symptomatic and symptomatic MeCP2-null mice. mRNA levels
of pro and anti-inflammatory cytokines were measured at ages 1, 2.3, 5, and

weeks old in the brains of T (open) and MeCP2-null (shaded) pups.
Median 2AACT values are presented, and error bars are represented by the

20  upper and lower interuartile range, (Figure 3A) Changes in the
inflammatory profile over time are presented as a ratio of a composite pro-
inflammatory score, including TNFu, 1-6, and i-1p, to a composite anti-

inflammatory score, including TGF-B, I-10, and 1-4. The composite score

was generacd Uy WRIN e medidn OfF ¢t PI'U-“)!‘l'cll'lll"'dl()l'y LZONOC T Values
25 or all anti-inflammatory 2AACT values at each age for all pups at that age in
a given genotype. (Figure 3B) The pro-inflammatory profile in MeCP2-nui}
mice trends towards an increase in pro-inflammatory markers at 2 weeks and
weeks. However, the anti-inflammatory mRNA expression (Figure 3C)
shows a significant decrease in MeCP2-null mice compared to age- and

30 itter-matched T mice at 2 weeks, 5 weeks, and weeks of age. This
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pharmacsutivatly iix;fs‘.ﬁs?:p’i‘:&ib}{% pudenaly, compostions ar vebivles, such as a
figaid or solid Bller, dileat, solvent or sncapsulating material involved in
carrving or transporting any subjost conynstiion, from one trgan, of povhion
of the hady, to wother organ, or partion of the body. Bach earrier muost be

we of being s':tetism;_}aiﬁ fo with the other mgredionts of g
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nddriimera {o.g, the fiest

simitdar or different chemical natore than the other ¢
dendrimer may melnde & PAMAM dendrmer, while the seeensd dendeimer

may comprise g POPAM dondoimer). In somw cobodivaents, the fvstew

seeond dendrimer may farther inelude s additional agent. The raulttarm

ped
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disclosed horein are bt Hmited o this olass and PHG polymsrs bearing other
termyinal groups such as suceinimidyl o madeimdde terminations can be wsed.
& kDa o 80 ks oo be wsed
10 A dendrimer compl s vndtipls dendeimera, For example, the
dendrimer complex can fnelude & thisd dendrimer; wherehy the third~
dendrimer 1s comploxed with it least one other dendrumer. Parther, o third
agent van be compleged with the thivd dondvinr, In another srabodiment,
the first and second dendrimers are sach complexed to i thind dendrimer,
15 whersin the st and sscond dendvimens are PAMAM dendvimers and the

thivd demsdrinmey ixa POPAM dendrimer. Additional dendrirpers can b

torporated without departing from the spirit of the nventien, Whe

moliple dendrimers sre utibived, ruitiple sgents can also be tocorporated.
This ix not Hited Yy the manber of dendrimery somypdexed te one another,

i CPAMAM densdrimes™ wmesns
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T socordance with some sobodiments, the FAMAM dendrimars
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Indially, valprole scid B Smetonatized with a trobreantive group. &

10 g reastesd with

short PE

SH having three repeating unis of (€

et ag shown w Schemwe 3, The

3 DO ag conpling v

do PREG-VPA obtained (s purified by oolumn elvomatography and
IR spe

boring o T growp o PEG w0 425 ppm

o

s, there was adosrsshift

sharacterized by proton WMERL Inthe

37

&

of the peak of UH; protons ne
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thinl growg also may be sasceptible to reacting with acld functienslity, the
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Fven though this is an e sife souction provess, the stracurs was

i b

extabliched by TH MNMERL In the speciram, new peaks betwern 6.7 and 7
ppim e sromsie pravions of pyridy] grovps sondrmed the fovation of the

o~ ety

produet, The v ni v of pyeidyl groups and mumber o GABA Uakers were

L3

fied to be the smne, which indicates that most of the amine groups

reacted with the SPDP, Since thiv is & key siey he comugation of the

drug w0 the dendrivoer, the use of mals e s of SPDP per sine group

y, the PFEG-VEA I
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b
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e
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e

ancd Bros wequaived oy the reaction was vali

rexoted with the PUPSimctonalized deadvimer fo alie o got depdiimer-

e

1 valprole actd (D-VEAY The formation of the flual conjugate and loading of

VEA wess conlirmed by TH NME, and the purity of the conjug

Wik

aluatad by reverse-phase HELC, Tn the KME speetrurn, mudiiplets butween

»
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0,85 and .67 pyan for aliphat

3,66 ppm for OHs protons of PEG, and absencs of pyridyl sromatio protons
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uin) The percergage of VEA loading to the dendrimer 18

- 1295 wiw and validates the wethod for nadiing gram gnantities in duee

ditferomt bajche

" Couphing Agents and Npacers

an be forned of turapeutivally adtive agents

25 or gormpounds Gwersinafioy Tagont”} conjugated or attached to a dendiimay of
snltianm PR The attachment can ouons vig an apaopiste spacer thet
mrovices a disalfide bridee between the sgent and the dendyimaer. The
Aerivhmer corydexes are capable of wmpid reloase of the g viviy by
thint exchengs reactiony, under the reduced conchitions fud in body,

30 The torm "spacers” as used hereln iy tntended to dnchude cotpositions

usesd for Hoking a therapentically active agent o the dendrimer. The spacer

can be siiher a single shemteal entity or twoe or moge chemival entities inked

16
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fogethur 1o bridge the polymer and the therapeutio

o

The spavers can inchude aoy small chenncal ennity, pe;

Baving eutthydeyl, thiopyridine, snecininudyl, s

sarbomate terminatinns.

spaosr can by chosen sz ol coropousls

ferminating in sulfhedrel, tRiopyriding, susemnidyvl, maleimids,
vinvisatfone and carbouate groop. The spacer can congiise thiopyridine

b3

as dithiodipyridine, N-Sueoimimided 3+

pvridyidiihiopropionaty (KPR, Sacoinintidyl 6(3-{2-

deidithiol-

prepionamido thexanoaty LO-SPOP or Salfo-LO-SPDP, The spacer vanalse

¥

s are Husar or eyciis gasentially having

Srg-Gly-Asp-d-Bhe-{

,:p«?{.‘}»fi.‘}frw(fj@‘s}, syekof Avge %i&v&s;wa\ =Ty

fit
EX )

pacer can be a mercapte aeid deovy

ative sush ag 3 mercapto

proplovie acid, rercapto seotie auid, 4 mereapty butvrio soid, thinher-2-one,

& merzaptoheranode aoid, § morcapto vabaio acld and ofhey mercaio
dertvatives such as D morcaptocthann! and 3 mercaptosthylamine. The spager
an be tuosalioviic acid and My devbvaiives, ($-suscinimidyloxyearbonyt-

0 wethylw-Zpyvadyithioiohaene, 3

spaeer can have maleimide terminations whex

polvmer or small chomion! entity such as Bandeimide disthy

and bis-maleinde friethyvlens ghveol, Biss

Rachi®

inidesthane,
tasundeimidohexane, The spacer can comprise vinyisulfore suehas 16

26 Hexane-bissvinyisulfons, The ypacer can comprise thioglyeosides such as

I3

- spacer can be reduced profeiny ek as bovins senmy

3

athumin and hamu senan albumin, my hind terainated compound capable

=3

Healide

of fon bowds The spacer can inclade polyethyleons glveal

having wmaleimide, socciniaidyl and thio! omnations
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mjection, can woforentially oross the Moeod bratu basrisr (B
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Siveased vonditicn s vt ander normal eonditions, The dendrinuy

R are also be aseid for trgeied delivery of the therpeulios in

v ONS

thig Privues.

sther covalently attached or §n't§*a»mat»ﬁiecuia;z‘iy

dendriroes up o goncration 18, having cartoxyvhie, T

3 b ook evia ety s §
tenminations, The PEG polyimey ix @ star shaped

sroveand s malecudar we

suifliydryd, thiopyndine, succinimidyl, or maleimide fenainations, The

dendrimaer s Haked {o the agentovia g spavey endiy

Ropreseniative thevapeutic Onoluding peodragsy, prophyiaciic or

gnostic agents can be poptides, protoins, carbohydeates, vacleotides oy

&

sl molecules, or combingbions thereat,

oligonuelentides

o

therapoutic agents Tnclode ant-inflammatory drags, antiproliferatives,

gt

shemotherapeutios, vasodilers, and anti-infoctive sgents. Antibiotios

nclude B-laciams such sy porieilBn and sspreilling copdedospsins suck as

1,

cefuracime, cofhoke, cepbalexin, cophvdroxd,

shoxine sud proxetil

setracyveline antibiotios such as doxyoyeling and minooycling, microlide

Hhrosyyols, ¢

vois, rapanvein and

clarithromyein, ﬂ.u-:ifz‘f.ss;_gu:iﬁs;kis;n‘:z‘f& such as ciprofioxacty, swalle

offoxaciy, patifloxachy, levotonacin and novBloxaein, tubramyetn, colisting or
arbveonam as woll as autibintios widch wre knows 1o possoss sndi-

intlanuratory achivity, such ag evvthromyein, azitheormyeln, or
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clarithramyein, A proforred wsti-Infavanaiory is an antloxkiant drug

2

tude melenamie and,

eludin

AR, E}iﬁtmisai\ Salsalate, Thuprofen, Naprosss, Feaopeo
£

5 Rulindae, Brodolas, |

acketoprofen, Flurbdproton, Oxapresin, Loxoprofen, Indomethaci,

Drclofonac, Mabumetons, Plroxicam,

Mlaloxdosin, 'ﬁi‘em}xis:-m‘i}, Proxicany, L any, Igencsonnm, Meclofermamy

YT Y 0N PG TNPUGUN S SO 3, JORIE S SQRNIG: S JF S0 I SEQVRINPIIS L
waie ackd, elecoih, Ro 3 N alleooi,

vl Laand ﬂxiﬂ Etoroaxib, Firocexih, Saiphonamilides,
aneaeliche, Nifhunue acid, and LicoRione.

¢ Representative small moleonles inchude storndds such ag methyl

e, dexarethusone, noresteridal antt-inflanunatory agenty,

nelading COX-2 inhibitors, corticosternid anti-inflanunaton

cownpoand antianilamy s, rmmumosappressive, anti-iuflammatery

VRO witi-exoiiotni gents such ws valpreio achd, I

arud anti-angd

1% aminophosphonovalerate, D-ammophosphonoheptanoais, inhibiog of

glutamate formation/release, baclofon, NMDA receptor antagonisty,

salieyvlaie snti-nflanmatory ageats, manibtzuroab, anbi-VEGY agents,

wmehding aflibercept, and rapamyein, Other anti-intlametory drugs nelude

nensternidal drag soch a8 indomethachy, aspiviy, acetamingphen, diclofenas

-

30 sodiue and thuprofen. The corticostersidy can b Huocincdone avetonide

amd wethylp ne. The peptide drug oan e streptidolnase.

rends, the reolecules o inchade wntibodies,

s dachzamab, bovacizumab {avasiin®h), raubiannadb

F‘;"
i

aeertis®), basiliximab, raniblzomah, sod pogaptadd sodiun ov peptides

AL, and antagonisty of NF.

I
w

preseniative algonucleotiies nclade sIRNAS, niicroRNAY, TIA,

and BRNA. The therapeutic agent cam be a PAMAM dendrimer with andn of

hydroxy ferminations.

Exemyplary diagnostic sgenis melnde paramagmstic moleoules,

1

X

By ent componds, magnetie molestdes, and radiosuetides, xvay

roaning speads, wid contoast wedi, These may alag

or antibodies
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shiehs are lnbehed withuhe

foregning or bind o fabelled ligands or

antibodics which are detectable by methods known fo those skilted in the .

Exemplary dingnostie e, fnorescent dyes, Moy

fofvaered dyes, SPECT &

racdioisolopes.

(%3

'

oxacarbocvanine, thiticarhocvaning and merocvaning, poi»m etang,

x

i, bhoreg

cowmmaning, rhodaming, xathene, Huores dipyrromethans

(BODPYY, Crf GRS, OvT Vive Tag-088, ViveTag-8680, VivaTag-5750,

AdexaFhuordl, AlexaFluordi, &l uor 7O, AdexaFlnor T3,

10 AlexeFlooe?H0, Dy677, Ded76, T8, w751,
Dlightdd?, Hibvte Floor 647, Hiliyte Floor 680, Hilyle Floor 73
ROGOW, IR Dryve SROREK, IR Dve 70018X, ADSTROWS, ADSEIOWS, and

ADSRITWS,

y

as di-pthylene ranmue pupta-acetin and (DTEA), L4

s
e

aracvelododecans-1 4.7, gtracotie acid (DUFFAY, di-amine dithiads,

Foins

activated mercaploacetyl-gl vi-gylene (MAGS ), and

st

hydrasidomnotinamids (HYNIU
R{:pms&m'iai‘.i've ism{mes melude To-Sdm, Tem, -1 1] Ga-o7, Ga-

3 68, Ga't, Y86, Y90 Eue177, Re-186, Re-1HE, Co-84, G867, To-33, Co-
F7.F-18, Se-d7 A

=153, Mo 166, and De-

168,

Tavgs sl folie weid, RGD peptades exther lneav or

cyelie, TAT ::mnis:ffg LHRH and BHA

Pl
L7t

in one embodiment for freating BT and antisin speotram disorders

25 arg formed of PAMAM lodroybtommuatad

W

the dendrimer navopatic

dendrimers covalently linked to at least ome biologicadly setive agent, v an

fos

amount effective o teal Rott svadeoe sl autise spectnm disovders in the
subieot.

364 The deadrimer complioes Unked to o bloastive compoand or

33 L dendarner Lv\}i:}}r XS HREEG 10§ DIV LOIOPIRHEE 8

e nsed 1o porform severad funolions

therapeutically active agentean

including s

3 disewsed site, releasing the drag, and
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imaging purposes, The dendrimer complexes can be tagged with or withowt

i

sting molsties such that a disulfide bond beteeson the dendrimer and the

sgent o iaging agent is formed viaa spacer of finker nelecule.

£l

3 5 Bevives and Formulations

) The dendrimors can he admmig

ntravencus, infra-amniolie, ntraperitoneal, or subcutaneons

% or dituents used horain may be solid cavdery o diluents

1 fonmulsti NS,
suixiures thereod

sarulaiions, pi‘:ﬁ},‘ﬁ’xamtitig:aaii acceptable comiors miay be,

o
)
St}

10 Feor figud Fo

for example, AQUCOUS OF NOR-BQUEOUS SOIEHIONS, SUSPORLIONS, SINUSIONs &

oifs, Paventeral vehicles {for subcutaneons, infravenous, intrasrienial, or

infravmusondae idection) mohude, for example, sodium eldonide solution,

Ringer's dextrose, dextrose and sodiem chiloride, lataied Ringer's snd fved

ron-aquenits solvents are propyiene glyool, polyethvlene

and injectable orpande esters such sy ethyl nleate. Agueous carriers

oo sohutions, oy

aple, wates, alouhoeliv/as

200 ol Examples of oifs are those of petralws, smmal, ve

origin, for exsmgle, pe

oil, fshediver oil, sesame ], cottonse ohve, petrolatom, and

mineval, Suit

aoids for wse i parenteral Ronndations inchude, for

¥

miple, oleie sad, steavie aeid, and ksostearic acid. Bihyl oleate and

25 isopropyl myristale sre exanples of suitable fatty acid esters,

Formslations suitadde Tor prraderal admings

actertostats, and sohiges that rend

oot

3
L35

antiosiduts, bullers, ey the formudation

isetonie with the tlood of the fiten tent, minl agueocus aad

ron-pguenus siorile suspensions thet can include suspending apents,

ravenous

sohuldlizers alniizers, aned proserns

=3
o

w, thickening agents, st

vehicles can inchude flnid and nutrtent replendshers, olectrolyte replenishers

auch ¢

s those hased on Ringer's dextrosy.  In goneral, watsr, saling, aguoous
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devtrose and relag

ar pobvethylene glye

Injectable phavmacstiond carriers for injectable compositions we

W

X
A

well-uswn 1o thos wihe ard {see, o.g., Pharmacentios

Pharmacy Practics, LB, ippocott Company, Philadelphis, PA, Banker and

s ASHP Handbook on Injeeiable

10 solutions of tow molscuday weight sales

HI, Methods of Treatmant

& Belivery o the Brajo and UN%

The dendrimey

proforably at keast & fiy

s
a1

sratiom dendrimer, Huked W & therapeutic, prophylactic ot

shy fargel microghia and astroovioy, whick play

B

surodegenerative dis

roting these cells, the dendrimers deliver

27 has been svtonsively investigated and

sttt el for negre-mnfhanmation assoviasted in naternal

fotal infectons. Howsver, NAL

has by ligh

phasma protein binsding. The deadrimer compley eompositions overcon the

plasme profein binding without affecting the activity of NAC,

FANCHAC can beien 16 a fomdred s s efficacicus i

wive than the fres drug NAC by single 1y, adueniwstration. The free dmyg

WAL exhibits very Kgh plasms protein binding resuding Yo veduced

hinavailabiliy, One of the nwgor advantages of this

the hi

dendeimer comples §

,,,

by

ity by restrictis

>

e wnvanded drsg plasma

30 poedein infersctions and sele s the deug

wtracettalioly 10 exhitat the
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£ the G4 PAMAM-KNALC roquires

The high w

o

very small quantities ¢ r, PAMAM dendrimer, and

eosiirast, free WS

& Jdoses in animad reodels. A deoreased grantity of sgeut hoila the sids

associated with the agent. Sinee the Dloavailability of the sgent

not fowered despite the admmiatration of

Fa NV TR oy
T PORIVY SO

3 R

s quantities of agent. The dendrimer covaplexes inphuding the

sinail

dendvimer-diug conjugates, restrics its biodistribution to Heseey sud organ

10 and preferentially deliver the drag atthe

nndesived shile offiu

Drendrimer a:{)';_ufﬂ axes effertively

fads
L1

’

fagates

ointiarmmatory disorders:
gacy of GHPAMAM-S-A-NAC dendrimer

of animad freatmeng with

P

20 inthe developang rabbit bratn (an avimal s

seloctively deliversd from the G4-PAMARM-%-8

-5 MRNAS,

sobpmeed G8H ovel The G4 PAMANMS-RNAC wad Hhund b tendo g

2% hondeed Himes wewe efficacious covoparedt with $ree MAC Thia supnorts a
. i
conclnyion that the QEPAMAM-SLE-KALD waversed aoroas the BBB. The

o dendrivaer complex to aciived microglial

colls improved the mefor ¢

wrducsd brain i;:jm::; in o neonatal vahbit movdel of cevebral palsy,

48
(o8

at rednction i prondiamanatory eviokines (ENFag, -6

o RMNAY was observed on administration of G4-PAMARNMS

dendsimer complexes. The kit trosted with NAC and O

s
ek
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L

_,,,.
9

e
U1

MAL showed a decrsase in fetal inflavmrnaiion respovse with iprovement of

3 3

oo deficiis when comprered to the kits tha were treated with suline. The

kity that wers freated with GAPA f-Ree WAL confngses had losy

H

bebavioral chamgss and lower nvrosiial sctivation i the bemin when

vonpared o the kits that recetved NAL alone due to the suslained delivery
of MAC from GA-PAMAMS--N

4 FAMAM-S-8NAL sonjug

WAL cow

pate, The resully tivated that

<

of than NAD slone

ps

ainge it s preforeniially akew up by activatd suerophages and wicroglhisd

velly, reducing the infhawunaiory and oxidative and witvosative aifects,

Treatment with GA-PAMARMSR--

%

S-NAC dendrimre comply

reduced white matter Injury and mivropiia activation, A significant reduction
in dose of NAD was observed when adminisiersd an GA-PAMAMR-EB
AL to gt the sinilar reaponse a8 thet ohserved for free NAL Bothi fiee

AMLSCRNAL &

NAC at concentration 100 medkg and GAPAM

concentration 10 mgdka, 10 my alicit identival responses, demonstrating that

on conjngating 1o dendrimer a redoction In dose Is aohteved. GRPAMAMS.

AU ap lewer concentrations than fros NAC shows significant protective

LPS-induced brajr infuries, suppression of TNF-oand down-

This act s ofthe dendrimes-NAL cong

wery be attributed to its ability (0 1y inflanunatory

e

an factor N

rosporses by blocking or modi

{

~medhilating collulay activation.

Kappa B and niteotyosine, thered

%

The dowa-regulation of TNF-o aud -6 W the bippocsropus, I8

sotial Modisivtbution of dendrimer

{v to be attributed to the prefi

complexes with specific cell uptake by microghia coll in the brain, The

dendrimer- MAC complexes can be used for trostment of progasat whmen

developing elinival symplomys axsosiated with msternal wnleeion, with
norsased visk of developing PV L and CF wintants, The results show that
inhidition ol wicroglial celly, astroovtes with Dendeimer-NAC devreased the
white vratter ingury B the newhorn raldit brain. Furthey, the dendrimers

e effectivenesy
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comugatoy were move effectiy AL alons. The dendrimer- WAL

corjugates seerm to offor mors wdvantages neluding gt
recdugtion, enbanced bisavailability, and

& and § an

[

mi

corcenteation range of batyeean HHE-

25

ik

fad podls. A an squimaolsr conoen

10 the e

L5 vabd) the

S PRGSO NAD and Baarm-PREGS AL were wmove officient in

inhibition of GRH depletion than the free NAC Roth & sl 8-avm-PE

10 WAC corjugates, sach af 05 mdd and 5 M conwentration showed

sigaificant Inhibitton in RO production when comparesd o free ]

sqpdmotay concentrations. The studies demonsivate thad the conjugdes ave

w inhibinor of the NO production as compared to the |

axt compeenteaion (8 mdd), the fee deng seduesd the HaGy by

15 5 by 30-40%, whevgas the conjugates redued the HhQy and witrlie

H confagates are ahie fo tralh

fovels by more than 70%. Thus

the drog frside the celly, and relesse the deug in the free form aad are
ipnifivanly niors offivacious than the fee drug. At 5 ol concentration §-

Arm-PECGRSRNAC comfugsate (1) showed sgnifivant tulabition {7000 of

stration of Nad

A0 TNV production when © 1o e{gts;i’vaE.a-':mi Lomes

enlvimer

o

commplins with viitity for the phamuseutical industry, as PEGs ave approved

5 for hurean nse and this deviee addresaes nitations of MAC and provides
greater effcany,

As demonstrated in the sxanpley, six generation dendrimers provide
gyven greater dudivery, expecially to duanaged bratn tesue. The deses
deterniined with for goneration dendeimess e adiusted accordingly o

30 compeusate for the fnereased delivery, One skilled in the art s able to

determine the relative dosing without undue exporimentstion.

‘

2
43
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Typeally, an attending physiclan will decide the doss

composition with which to treat pach individusl subjeny, tukix

f T
i
]
=,
gt
)
7
Sornsts
ooy
fns
g

h

comsideration a vanety of factors, such as syge, body welight, geug

ed, rowte of administranion, and the

et

coanposand fo b adming

severity of the condition being trested. The dose of the composiions ean be

etuht of the

&<

about LGN w

=

frovm about 001 s

ahont 10w

A

to balance the efficacy of & given treatment wy diagnost

aigde-sffoets of the given delivery systom. Exemplary dosing fregoenc

clude cortinuous infusion, single snd maltiple adminkdrations sueh g

&

iy, weekly, numthly or vearly doestag.

ewill be anderstood by thoss of srdinaey skili €

nveniive methods can e any lengih o

= andfor related autism spectram disow

” as weed hereln, mewas that the lengih of tme ol the dusage

-;

regimen can be hoors, davs, weeks, months, or poasibly vaass.

be

1,

The sdendrimer complexes can be admimstered i combination with one @

waore additiona! therapeutioally aotive sgeuts, which are buown to be capable

of irpating conditiors ov diseases dacussed above.

. Brinordery or PHseases fo b Treated

wnmiation io the brain plave 2 key role i the pathogenests and

i

I

worsening of symptoms in children with BT and sutisn specinm:

disordirs, As used hersin, the teom Snflammatory dis e of the bran™

ion a:)f*-:h: mivrogiia o

aans diseazey of the bran sesociated with got

the brain, fnchading, for exampls RTT and autism speeinen

R
disorders as clasyifiod in the Diagmosiic and Statistics] Manwd V olthe

Assevican Provchistrie Asseciniion

-

N
Kot Kydrowme

3,

Rett syndvrome (RTT 15 ong oxangde of a debililating

3

netrodeveloprwntal disorder, with many sapects common o autism

26

PCT/US2015/045112
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d

ih

spreotrmn diserders, RTT affects gude by slowimg devedoproent fidlowsd by
swlden regrossion tn fanction, 1 childeen who tatially sppesy noval.
Tnflanmmustion o the brain, gicg;\;,&: a key role i the pathogsnesia amd wonening
of syvmpteans In cldidren with BTT sud autism. There 18 no cure available for
5 these disorders

ticehike hohaviors W

Chilchen with Rett

cendronne oiten edhilat autis

The sachest symptoms of Rett syndrome, emerging around

& much like ay : The children withadraw from

s aried develop repetiive

0 movemers such as hand-wringing, Inoroased ghatwmne 18 soen i OSF of
pativrds with Q\'ii Svrdrome snd moreased microghal acivation 18 seeu In

autopay specimens of pationty with satism

The srdmal model of Reft has the most commion genetic abnonmality

asaoctated with Kot which fo MeCPE2 do

characteristio paw seringing

£

sl clasping movernents a3 seein pationis with

ot
i

o

ot and audism, o thie moded the anid oge

g

svmproms at 3 woeks to death by shomt 7 weeks ol age.

Treatment with a Deadvimeranti-inflammatory ag

) onee 8 weok st

A0 idimyproverneat i syngpioms, faymplovg onset and/or mone

gresston of sviptoans comparad o antmals that are not treated, but thas is

ant worsase i survival The dendoimenNAC

troatment resuited W an inorease moweight gatn i the reated animals, Thers

ey

i also an i‘"}i'{“\"\ et n mic SEATLES

al morphology snd phenptvpe nthe

35 irsaied animads

I humens, inproving svapioms wonld be o slgpificayt advanee. In g

prefocred embodiment, the dendrimes complox would be used o deliver a

wb-infammatery agent -NAC snd anti-exetie

wicand Deandegluiamats

eod candidates are MERO, Memaniine, Ketwrnine, 1-MT,

ed GOPH inhibbows such g 2P

and T-PMEAL

¥
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TS RS o S SRR NPT LA
Sutiom Specirum BHeordery

Autign spectnen dizorder (ASEY 13 vharac

Prpatstent defiolls in voola! vompmupostion and souial mferachion

acress wmitiple condexts;

cpions canse odir

oogupational, or uther important areas ol curr

16 The term “spectriay” refers to the wide range of svmptoras, skills,

and levels of Dupainment or disability that children with ASLY can have,

Some childeon we mildly fmpaired by thadr symptoms, while others ave

;-»4

severely dinabled, annosiic and Stainioa! Manus

of AMmnal Diisorders
15 although the

§‘§0x(‘§ RN LIV N

%
¥

In some casey, hableywith ASE

ey seent different very say
their development. Bven before thelr fret bisthday, scrve babies bovome
overty foeused on certain obdects, rarely make eve vovdact, snd Bl fo engage

a1 o typleal back-aud-fovtl play and babbling with thelr parenis. Ober children

saay develop normally uniil the secomd vy even th

XS - : :.- B TS < 3 o \ !
start fo foss Inferest in others and become siie
social sigmals. Loss avreversal of normal development ig

.
SN

and poours i soane childven with

28 Antism spectrrm disorder (AR dingnosts 19 oilen 3 twos

provess. nvelves general developmental soresning during

seedlhibd checkups with g pefisteician or an early childhood health vare

preevider on who show some developmontsl problems ave reforred fo

1

additional cvaluation, The seonnd stage involves a thorough evaluation by a

stonals with s owide range of

i)

v, & child reay be diagnosed ashaving &N

30 wamoald

dors s othor health prof

¥ or anothey
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A this tme, the only medications approved by the POA o teat

aspocts of ARD are 2 (Risperdal) and

aripripavele LABIREVY. These mpedicaticns can help reduce treitability-

meaning agg s, soliChaming soly, or tanper lantrams i ohilden agex

L8

S medications that may e preseribod off-label for childsmowith
ASD inwlude the follewing:
Al

tie modizations are more comaonly used o beal serious

i
niental Hinesses such as soldzophrentn, These medivines vay holp reduse

vession and other sevions bohaviersl problems 1o chibdven, im:imfiimg;

& childven with ASDL. They roay adso help reduce vep
Feperactivity, and attestion protdems.

Antidepressat medications, sach as Huoxetine o sortraling, are

cually proseboed tofreat de {‘:‘ﬁ:‘xSiGR and anxioly but are soreciimnes
preseribod fo reduce ropetitive behaviors. Bome antidepressants may also

sion and anxioty i children with ASD.

Redrovalot modication, s « safe

s methyiphe

o i freating people with atisation deficit hypevactivity disarder

{ADHDY !

“in childeen with ASTE as well Rat not as rany children with AN respond to

20 dreatmsnt and those who do have shows more side offes y ednddren wigh

s\i}ﬁ A 33\‘% nnt 3&\‘{\}

The dendrivasr conjupates deseribed herein should have efficacy for
rreatment and Hagrosds of such individuals, particudardy I view of recent
studies showing that patients with autism have ovidenee of

2% pesroinflammation as seen iy sz\rw“eig\s‘“» we of sotivated sderogiie and

fevels of oytokines,

astovyies In post-morian bain specimens and i

i

Vargax, ef al., Ann Kenrol 20035 Ja 8710781, Drvatom e Aon Meyred,

203 Pebi§7023:304

30 ity dg a process through which nevve vells become

+f conditicns sve Haked

"t >»;-\\.v\ T »
darnaged beoanse

<, traematic brain iguey, oualtipls
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solerosis, Aldhoimer's discase, and sl
mfuries. Damage to the nerve cells resudis i correeponding neweadogieal

symptoms which can viwy depending oo which colls are damaped and how

tve the damage s Onee damaged, nerve celly cannot be repatred and

5 the putient cantexperknee peomanent gpaiments.

The process theough which excitotorienty ocours starts with an

sdevaiion of

alulmnaie. Ghutamate i an oxcilatory novrottansiailter whach

ants to Gwilitate olectrioal signaling betwean nerve cells,

s o much, bowever, they sesentially jam @ nowon ity the open
1 posidion, allowing calclum to flow ‘t\\x iy the eedl The calolom damages
he steugtore and DNA of the cell, and ereatey w casoading reaction aa eells

dig and release ghitantste which Hoods ;mrig;jiﬁtmrit ; ansing the

Jans R o spe ol

Several recopies on natve colls are sonsitized 1o glutamate, in

15 the AMPA and NDMA recept

fteraction belwesy fourons may by

@,

sither exciiatey or inhibitory. The major exclatory amine aoid
deurotransnitizrs ave glutamate and gapariare, while GABA {y-aminabudytic
ackdl, alveine {amincacetie ackd), wud tawrine ave inhubitory,

A challenging dverstty of neuradogic disorders, Including stroke,

poi

30 drma, sptiepsy, and even nowrodegenerative conditiimy, such as Huntington
digpase, MDY domentia eoppler, and amyotrophic lateral sclorosis, but this

speetrury of disease 1§ not wsnally thought of we sharing

of pewrenal indury and death, Trawma s a bluet mseld

elovates the exiracelivlay gholarsaie bevels, Normal extageliniar glntamats
35 oncentration 1 about §08 pmel/L. Substantial newronal oxd S Aninry
geours with glotaoate concentetions of 2 w0 3 okl
Trawmatic ury 1 nourons can produss disastrous vesuhis with the
exposare of the noomal inbrgceliular glutwoate conventrations of about 10
wmolL to the exdracellular space. Mechanimal iy o @ singly nowron,
30 thorelore, puts all of the neighboring nourang al sisk. Signifieant collatoral

iype of ghafamats reloase

tody troat persons wi

'\, e « ¥

3G
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sers fo minnee

tor the head or spinal ool with gix&tz’u‘nam recagior bio

the spread of penronal desd

eral mechanisms of exeoss glut

nate acourntation probably

S come into play s achemia, Abvormal release of glutamate from s stomge

stigs 1o nouronal vestelos is af loast one facter, A Tredback loop is gonerated

1

ax this relepsad ghutamate stimadates additional ghifamate release. Ischenua

cnery fatlore that bapates the souptake

trapsporiors, These tansporiory belwes ax symports

Aot aovess el membranes tomoy

maimained by svengrgy-depenstent pux

ot ondy alfeots ghvlamade transport oud of the syaaplic

the transpariers o run backward, beotaning a seurce of extraveihday

15 plutamate rather srong deprives the newrons ol oxygen

-

Tahues eelfin vt

and ghudos e hewevar, on

fee

e roewrons. Newval tosiclly oocurs with the resultan

Cwhatanate seveplor-dopendent muchaniy

3
M

ors an bl by appropriale sulagonists, thy nourons tan

2 swrvive g period of deprivation of oxtygen and nstabolic substeaie, This s the

rafionad

sle for the recent development and trial of glutamats recepior bockers

o froat soute schemic svers, While an infaccted zone canneot be sabvamed,

&

the hope Is o provent surennnding o sk adiacent penumbra,

sal e the developiog arens

5 of imerventional and phammeologioally velated attompia to resstablish

weinie areas of the bran, Tissue roperfusion and

perfusion o acely is

aivationato schemis msas without conowrest

halting of the exgitotoxic cascade either st il receptor or intrscellulay lovels

may norsase vather than decrsase negronal dasmags by providing sdditionad

3G free radicals o the form ol superoxide anfons as w ¢ the
ttracetindar ovtosol cadeium lovels by stinalatiog the relesse of

ftochondriad caloium stoves

Ly
S
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A& number of drugs have teen doveloped and ased tn an ettempt i
iterrapd, nflnence, or lemponnrily halt the glutamate excliotosic cascads

toward newronal infury, Onestradsey I8 S Mupstream”

b

ghutnate release, This eategiwy of drugs inchindes vilax

S Lifwrivine, which ave sodium chavvel blockers, The cosmanonly psed

simodipine 18 a voltage-dependent channst (L-tyvp} blocker. Aterapis have

beon made 1o affogd the various sile

e glutanude receptor

Haclt Some of these drogs include felbamate, Honprodil, magnesiun,

g

menuine, and nitreglvoesin, These “downgiream™ drags attempt o

10 oflucoce such miracselinlar evente s free radicsl formation, nitnig

fvoation, pi

fycondomuclease pothvity cand KRBk

formation {an hoporiant covpone in e process les
cotl deatht, ar apoplosis).
The present Bvention will by further understod by relorenne to the

15 following non-lmiting

Example 1 Systende sdodmisteation of Dondrbuer-dreg conjugates (o

micesviih RYT.

Maderisls and ¥

Dretuabed materialy and methods nsed in

s
f)
o

g

3
g
ey
ﬁ
P
iz
-t
ey
/”

%
r‘.—’/
i
7
¥

3
RTT mice were

Laboraiory.
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compared among the groups, with lower scores indicate worsening behavior.
Scores were averaged across all mice in the study that demonstrated similar
survival (66 days old, or 6 weeks of treatment).

Brain uptake and cellular localiation in T and MeCP2-null mice

5  was determined and compared. In the pre-symptomatic period (1 week of
age}, dendrimer (D-CyS, red) localiation is primarily in the supraventricular
region in microglia (Iba) and not in astrocytes (GFAP). By weeks of age,
well into the symptomatic period, D-Cy3 is localied in microglia in the
cortex and in astrocytes in the supraventricular region. D-CyS remained

10 focalied in blood vessels in T mice at both ages.

Microglia morphology was assessed in T and MeCP2-null mice. In
MeCP2-null mice (KO), microglia (Iba) are amoevoid at 1 week of age in
the regions around the ventricle. Microglia in KO mice at 2 weeks and 5
weeks of age have fewer and thinner processes, and at weeks of age have

15 more processes, but are less connected compared to T microghia at
weeks.

The inflammatory profile in the brains of 1" and pre-symptomatic
and symptomatic MeCP2-null mice was measured (Figures 2A-2F). mRNA
levels of pro and anti-inflammatory cytokines were measured at ages 1, 2, 3,

20 5, and weeks old in the brains of T and MeCP2-null pups.

Median 2AACT values are presented, and error bars are represented
by the upper and lower interuvartile range. (Figure 3A) Changes in the
inflammatory profile over time are presented as a ratio of a composite pro-
inflammatory score, including TNFa, 1-6, and I-1P, to a composite anti-

25  inflammatory score, including TGF-8, I-10, and 1-4. The composite score
was generated by taking the median of all pro-inflammatory 2AACT values
or all anti-inflammatory 2AACT values at cach age for all pups at that age in
a given genotype. (Figure 3B) The pro-mflammatory profile in MeCP2-nuli
mice trends towards an increase in pro-inflammatory markers at 2 weeks and

30 wecks. However, the anti-inflammatory mRNA expression (Figure 3C)
shows a significant decrease in MeCP2-null mice compared to age- and

fitter-matched T mice at 2 weeks, 5 weeks, and weeks of age. This

36
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injured brain is a key new feature. Accumulation of dendrimers is dependent
of the extent of injury (see Figure 4), based on studies showing G6
dendrimers are internalized by activated microglia and injured neurons (ACS
Nano. 2014 Mar 25;8(3):2134-47.)

As shown in Figure 5, G6 dendrimers have a high partition in
Cerebrospinal Fluid (CSF), with CSF/Serum ratio higher than 10% for Dog
592 and 593 until 24 hours and ~4-5% at 72 hours. During and shortly after
the infusion time, the ratio can go as high as 40% depending on the extent of
injury.

As shown in Figure 6, the brain accumulation of G6 dendrimers is
region dependent, with highest accumulation in hippocampus, following with
cerebellum and cortex, consistent with the pattern of injury.

At 48 hours post dendrimer administration, G6 dendrimers showed
significant higher brain accumulation than G4 dendrimer (below detection
limit) across all regions in the brain. See Figure 6 and Table 1. The levels of
G6 dendrimer in the injured regions, even at 48 hours after administration, is
many fold higher than that of the G4 dendrimers at early time of 6 hours.

In the hippocampus, G6 dendrimers showed higher accumulation in
dentate gyrus than CA1 and CA3 region. In the hippocampus, G6
dendrimers show different types of cellular localization, with uptake mainly
by activated microglia and injured neurons

As shown by Figure 7 and Table 2, G6 dendrimer mainly
accumulated in kidney cortex and liver at 48 hours post 2nd bolus dose,
suggesting renal and hepatic clearance are both important for the dendrimer
removal from circulation.

Compared to G4 dendrimers, G6 dendrimers show lower kidney levels,
consistent with higher serum levels.

The results demonstrate that neither G4 nor G6 dendrimer is toxic at
500 fold higher doses, and is cleared intact via the kidney.

Modifications and variations of the methods and materials described
herein will be apparent to those skilled in the art and are intended to be

encompassed by the claims.
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Table 1
{uniting/g)  hippocampus cerebefium cortex
G6 at 48h post 2us ;
bolus (392) 231 124 62
G6 at 46h post 2na X . .
Bolus (503) 219 181 64
G6 at 48h post 2w - | y
bolus (595) 328 s 324
G4 at6h postiv 30 60 16

Gd at4shpostiv  Belowdetection  Below detection  Below detection
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Table 2
oo Kidney Kidn brain brain ~ brain
(unit: uglg) Cortee; Medu?;_ Liver heart Jung pancreas hippocampus cerebellum _ cortex
GG at 48h#592 3068 072 324 024 026 042 0.2 01z 008
GG at 48h#593 2080 078 323 022 049 006 0.2 0.16 0.06-
G8atdBhB595 2172 114 363 NA NA 015 0.0 0.05 003
G4 at Bh post v 99.43 378 028 0398 175 0.03 0.06 001
Below Below  Below
B4 at4Bh post iv 812 112 125 22 09 defection  datection detection
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We claim:

1. A systemic use of a pharmaceutically acceptable composition for
treating and/or diagnosing one or more neurological, neurodegenerative, or
neurodevelopmental disorders in a subject in need thereof, wherein the
pharmaceutically acceptable composition comprises generation 6, generation 7,
generation 8, generation 9, or generation 10 PAMAM dendrimers conjugated to or
complexed with a therapeutic, prophylactic or diagnostic agent, wherein the
composition provides a ratio of concentration in cerebrospinal fluid (CSF) to
concentration in serum (CSF:Serum ratio) that is greater than CSF:Serum ratio when
using generation 4 PAMAM dendrimers conjugated to or complexed with the same

amount of the agents, for treatment and/or diagnosis of the one or more disorders.

2. The use of claim 1 wherein the PAMAM dendrimers are hydroxyl-
terminated PAMAM dendrimers.

3. The use of claim 1, wherein the PAMAM dendrimers are generation 6
PAMAM dendrimers.
4. The use of any one of claims 1-3 wherein the dendrimers conjugated to

or complexed with the therapeutic agent are in an amount effective to alleviate one or

more symptoms of Rett Syndrome and/or Autism spectrum disorders in the subject.

5. The use of any one of claims 1-3 wherein the dendrimers conjugated to
the therapeutic agent are in an amount effective to alleviate one or more symptoms of

an excttotoxicity disorder.

6. The use of any one of claims 1-5 wherein the therapeutic agent is an

anti-inflammatory or immunosuppressive agent.
7. The use of claim 6 wherein the anti-inflammatory agent is selected
from the group consisting of steroidal anti-inflammatory agents, non-steroidal anti-

inflammatory agents, and gold compound anti-inflammatory agents.
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8. The use of any one of claims 1-3 wherein the therapeutic agent is an

anti-excitotoxicity agent.

9. The use of claim 8 wherein the anti-excitotoxicity agent is selected
from the group consisting of inhibitors of glutamate formation/release, NMDA
receptor antagonists, glutamate-carboxy peptidase (GCP-II) inhibitors, and

glutaminase inhibitors.

10.  The use of any one of claims 1-9 wherein the dendrimer is conjugated
to two different agents, a first therapeutic agent and a second agent selected from the

group consisting of therapeutic agents, prophylactic agents, and diagnostic agents.

11.  The use of any one of claims 1-10 wherein the dendrimer is conjugated

to two therapeutic agents.

12.  The use of claim 11 wherein the dendrimer is conjugated to an anti-

inflammatory and to an anti-excitotoxicity agent.
13. The use of any one of claims 1-12, wherein the dendrimer is
complexed with a therapeutically active agent for localizing and targeting microglia

and astrocytes.

14.  The use of any one of claims 1-13 wherein the composition is for use

in a subject with Rett syndrome.

15.  The use of any one of claims 1-14, wherein the composition is

formulated in a suspension, emulsion, or solution.

16.  The use of any one of claims 1-13 and 15 wherein the composition is

for use in a subject with autism spectrum disorder.
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17.  The use of any one of claims 1-13 and 15 wherein the composition is

for use in a subject with an excitotoxicity disorder.

18.  The use of any one of claims 1-17, wherein the composition is for use
in the subject in a time period selected from the group consisting of: every other day,

every three days, every 4 days, weekly, biweekly, monthly, and bimonthly.

19. The use of any one of claims 1-3 and 14-18 for assessing the presence,
location or extent of brain injury comprising using the dendrimers conjugated or
complexed with one or more diagnostic agents and then detecting the location of the

conjugate in the brain.

20.  The use of any one of claims 1-19, wherein the composition is for use
in an amount effective to produce a ratio of concentration in cerebrospinal fluid (CSF)
versus concentration in serum (CSF/Serum ratio) that is greater than 1:10 within 24

hours after use.

21. The use of claim 9, wherein the anti-excitotoxicity agent is selected
from the group consisting of valproic acid, D-aminophosphonovalerate,
D-aminophosphonoheptanoate, baclofen, 1-methyl tryptophan,
2-(3-mercaptopropyl)pentanedioic acid (2-MPPA), 2-(phosphonomethyl)pentanedioic
acid (2-PMPA), N-(5-{2-[2-(5-amino-[1,3,4]-thiadiazol-2-yl)-ethylsulfanyl)-ethyl}-[ 1
,3,4]thiadiazol-2-yl)-2-phenylacetamide, (Bis-2-[(1,2,4-thiadiazol-2-y1)-5-

phenylacetamide]ethyl Sulfide), ranibizumab, minocycline, and rapamycin.

22, The use of any one of claims 1-21, wherein the composition is for use

in the subject intravenously.

23.  The use of any one of claims 1-22, wherein the composition is for use

in an amount effective to produce a concentration in hippocampus, cerebellum and
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cortex greater than the concentration achieved by an equivalent amount of generation

4 PAMAM dendrimer composition.

24. A systemic use of a pharmaceutically acceptable composition for
treating and/or diagnosing one or more neurological, neurodegenerative, or
neurodevelopmental disorders in a subject in need thereof, wherein the
pharmaceutically acceptable composition comprises generation 6, generation 7,
generation 8, generation 9, or generation 10 PAMAM dendrimers conjugated to or

complexed with a therapeutic, prophylactic or diagnostic agent.

25.  The use of claim 24 wherein the PAMAM dendrimers are hydroxyl-
terminated PAMAM dendrimers.

26. The use of claim 24, wherein the PAMAM dendrimers are generation 6
PAMAM dendrimers.

27. The use of any one of claims 24-26 wherein the dendrimers conjugated
to or complexed with the therapeutic agent are in an amount effective to alleviate one

or more symptoms of Rett Syndrome and/or Autism spectrum disorders in the subject.

28. The use of any one of claims 24-26 wherein the dendrimers conjugated
to the therapeutic agent are in an amount effective to alleviate one or more symptoms

of an excitotoxicity disorder.

29. The use of any one of claims 24-28 wherein the therapeutic agent is an

anti-inflammatory or immunosuppressive agent.
30. The use of claim 29 wherein the anti-inflammatory agent is selected

from the group consisting of steroidal anti-inflammatory agents, non-steroidal anti-

inflammatory agents, and gold compound anti-inflammatory agents.
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31.  The use of any one of claims 24-26 wherein the therapeutic agent is an

anti-excitotoxicity agent.

32.  The use of claim 31 wherein the anti-excitotoxicity agent is selected
from the group consisting of inhibitors of glutamate formation/release, NMDA
receptor antagonists, glutamate-carboxy peptidase (GCP-II) inhibitors, and

glutaminase inhibitors.

33.  The use of any one of claims 24-32 wherein the dendrimer is
conjugated to two different agents, a first therapeutic agent and a second agent
selected from the group consisting of therapeutic agents, prophylactic agents, and

diagnostic agents.

34. The use of any one of claims 24-33 wherein the dendrimer is

conjugated to two therapeutic agents.

35.  The use of claim 34 wherein the dendrimer is conjugated to an anti-

inflammatory and to an anti-excitotoxicity agent.
36. The use of any one of claims 24-35, wherein the dendrimer is
complexed with a therapeutically active agent for localizing and targeting microglia

and astrocytes.

37.  The use of any one of claims 24-36 wherein the composition is for use

in a subject with Rett syndrome.

38. The use of any one of claims 24-37, wherein the composition is

formulated in a suspension, emulsion, or solution.

39.  The use of any one of claims 24-36 and 38 wherein the composition is

for use in a subject with autism spectrum disorder.
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40.  The use of any one of claims 24-36 and 38 wherein the composition is

for use in a subject with an excitotoxicity disorder.

41.  The use of any one of claims 24-40, wherein the composition is for use
in the subject in a time period selected from the group consisting of: every other day,

every three days, every 4 days, weekly, biweekly, monthly, and bimonthly.

42. The use of any one of claims 24-26 and 37-41 for assessing the
presence, location or extent of brain injury comprising using the dendrimers
conjugated or complexed with one or more diagnostic agents and then detecting the

location of the conjugate in the brain.

43. The use of claim 32, wherein the anti-excitotoxicity agent is selected
from the group consisting of valproic acid, D-aminophosphonovalerate, D
aminophosphonoheptanoate, baclofen, 1-methyl tryptophan, 2 @3
mercaptopropyl)pentanedioic acid (2-MPPA), 2-(phosphonomethyl)pentanedioic acid
(2 PMPA), N (5 {2 [2 (5 amino [1,3,4] thiadiazol 2 yl) ethylsulfanyl) ethyl}
[1,3,4]thiadiazol 2 yl) 2 phenylacetamide, (Bis 2-[(1,2,4 thiadiazol 2 yl) 5-

phenylacetamide]ethyl Sulfide), ranibizumab, minocycline, and rapamycin.

44. The use of any one of claims 24-43, wherein the composition is for use

in the subject intravenously.

49

CA 2957940 2020-02-21



CA 02957940 2017-02-10

WO 2016/025745 PCT/US2015/045112
1/9
120 ¢
100
~-~ PBS
g ¢ --—- NAGC
— — DNAC
£
P
3= T Tp=0.014
40 § |
.
iy
20 !
: - |
G i i 1. 1 1 . ,:.l 3 . .‘
6 19 2 30 46 5 s 70 80
Postnatal Day
FIG. 1A

Average Composite Behavioral Score

20

10 |

Postnatal Day Age
FIG. 1B

RECTIFIED SHEET (RULE 91) ISA/EP



CA 02957940 2017-02-10

WO 2016/025745 PCT/US2015/045112
2/9
TNF&
14 ~
12+ 2’:2
3 7 g BT
8 5 % %
S ] &
ENI Z
= 4
RiZzalZn n
B § 2 3 ; 7
Age {weeks)
FIG. 2A
iL-6
;;,,
3.5
,- CIwt

Median 2AACT

ANERNENNRNERNRRNY

2z 3 T 5 7
Age (weeks)
FiG. 2B

RECTIFIED SHEET (RULE 91) ISA/EP



CA 02957940 2017-02-10

WO 2016/025745 PCT/US2015/045112
3/9
14
120
}-‘—1‘0@_“ 7
o j |
é 80 - % Ko
o (]
Tof P
| %
20 Al
b ﬁﬂ, n._o.
1 2 3 5. T
Age {weeks)
FIG. 2C
TGFA
o
4 ~
= I EAKo
o~ 3 CIwt
| =1
8
B 2
= |
1 H _
OQ'PB.'EH mmﬂ
i+ 2z 3 5 7
Age {weeks)
FIG. 2D

RECTIFIED SHEET (RULE 91) ISA/EP



CA 02957940 2017-02-10

WO 2016/025745

PCT/US2015/045112
4/9
1L-10
12y
- 1
@ I % _
g 0.8+ :,E KQ
Tost |l LWt
5 ¥
soadlld
02 1% 1
ezd HIE
s 34 :
0 ! '/ na T
* 3 2 * 3 ' 5
Age (weeks)
FIG. 2E
25- iL-4
v EAKO
5 7 / CIwT
= 2
©
= ? ;
:/‘3 ; .:':
i —1
2 3 5
Age (weeks)
FIG. 2F

RECTIFIED SHEET (RULE 91) ISA/EP



CA 02957940 2017-02-10

PCT/US2015/045112

WO 2016/025745

5/9

002

0

H

p:

N

. 28 T.\m

=

- SONNENSNSNRUANS
o Tl....la..

! I | i [

H
=<

b4

1
< - o = bond
m »o 5 4. 3 2. .4..

UY/0Id 1OV T VeIpo

&2

_T!,r//,,//////uz//m .

5

3
Age (weeks)

FIG. 3A

S m,ﬁmﬁ//%ﬁ/fy///éu

DN

gl

| L 3 - I N—

|
¥ - o 5 : -
= £ : w0 © <t o~

Ricjeuwwizyu-oid 19772 VeIpol

RECTIFIED SHEET (RULE 91) ISA/EP



WO 2016/025745

Median 2 AACT Anti-inflammatory

Lo
t .
3

)

b
o S
T TS

—
B

Amount of D-Cy5 in brain (pglg)

1.4 -

CA 02957940 2017-02-10

6/9

dwr
EAKO

124+

0.8

0.6+

Q.44

p.2d

p=0.09

i

0.01

AERIRRRNRRRNR ==

|
il ¥ ¥

[~

3 |
Age (weeks)
FiG. 3C

2

-

" Cp
» Control

PCT/US2015/045112

o1

ok

1t 5 20 25
Composite Behavioral Score

Y
36

.

More severe

FiG. 4

RECTIFIED SHEET (RULE 91) ISA/EP

More hea.ﬁ"hy



CA 02957940 2017-02-10

WO 2016/025745 PCT/US2015/045112
7/9
B9
‘E ——, i ) =
U |
QY et e A
e BB -
o BT i - 1. _
5 @ .
3 9 ,
-4 o o uy | _
3 S
; fra ]
a8 8 T o
— 8 =
e o
@ | E
O o
=
@R
£E
© N
L2
-
&
5
o
RS i
a L
= e

t £

= =2 ca P " =
wines u gAD-Q Jo UoHRIuUaIU0)
1480 ui §ho~g jo uohenusouoad

15! bolus dose
10%

RECTIFIED SHEET (RULE 91) ISA/EP



CA 2957940 2018-08-13

WO 2016/025745 PCT/US2015/045112
8/9

FiG. 6

Q
cerebelium

i)

>

g

] 8

N £

| &

5k

;‘
T 1 k I
o o - o
< [~ <@

(6/Brl) uohe|nwNaoe PWEPUS



CA 2957940 2018-08-13

WO 2016/025745 PCT/US2015/045112
9/9

ISP SIS IIED

3%
5—-—-{-,.\\\\\\\\\\\‘\\ ] <
1 1 1 f T T T 1

[ -]

2 8 8 ® ®» £ e

%,

( 6/6n ) uogejnwnIoe Jewjipusg



	Page 1 - COVER_PAGE
	Page 2 - COVER_PAGE
	Page 3 - ABSTRACT
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - DESCRIPTION
	Page 47 - CLAIMS
	Page 48 - CLAIMS
	Page 49 - CLAIMS
	Page 50 - CLAIMS
	Page 51 - CLAIMS
	Page 52 - CLAIMS
	Page 53 - DRAWINGS
	Page 54 - DRAWINGS
	Page 55 - DRAWINGS
	Page 56 - DRAWINGS
	Page 57 - DRAWINGS
	Page 58 - DRAWINGS
	Page 59 - DRAWINGS
	Page 60 - DRAWINGS
	Page 61 - DRAWINGS

