ND2 PEPTI DES AND METHODS OF TREATI NG NEUROLOGQ CAL DI SEASE CROSS- REFERENCE
TO RELATED APPLI CATI ONS [ 0001] The present application is a non-provisional
and cl ai rnwotzhe/dseazef it of 61/ 387,439, which is incorporaceaskyiines’es ence in
its entirety for all purposes. BACKGROUND [ 0002] The N-nethyl D-aspartic
acid receptor (NVDAR) conplex includes nore than 60 proteins [4]. The NVDAR
conpl ex has been reported to be associated with several neurol ogi cal

di seases and di sorders, including stroke, neurotraunma, neurodegenerative

di seases, nenory and |long term potentiation, optical and aural

neur opat hi es, pain, and nore. However, several attenpts to inhibit the
NVDAR conpl ex directly have failed in the clinic because of excessive side
ef fects. [0003] Post-synaptic Density protein 95 kD (P5D95) binds directly
to the Gtermnal NR2 subunits of the NVDAR [11] via its first two PDZ
domai ns, PDZ1 and PDZ2 [12]. It has been reported that that disrupting the
interaction betweeg,RelinksaRe MNYINRoF Ak APNE NeGHoLBBICRBbSEAsE OM t he damagi ng
effects of stroke w thout blocking the electrical and cal ci um fl ux
activities of the NVDAR] 13]. [0004] NADH dehydr ogenase subunit 2 (ND2) has
been reported to associ at €ROJ-RHERENE: TORFRSFEPPEATER8 Src (see Fig. 1A). Src
is one of severaloofn c ThafmsehtypphchtinES@G-ploSBokdBnd dlatns thdveneMiviDVSRY, 8ONMPl ex (i.e. Src,
Fyn, Lyn and Yes)whfbs idchrpora v refeiSned id M erlivigick ol fapdsde control of many functi ons,
including cell adhesion, growth, novenent and differentiation. Src is

w dely expressed in many cell type§ACK§,{tQN5an have different |ocations

within acell. | t gzﬁ)pel%gﬁmgth.hl% -ag| artlc aci receé)tor%lLMI#\R?co e)ﬁgc?%els I(Rorr]e tlpaz GOSr ¢ can affect

its function. Src. can aTsI\%D W Il ¢ e ITOr , such as the plasm
menbrane, the perfiictear ey ane asgeﬁndepf'ﬁ * BRGSO Nenbr ane. At the

pl asma nmenbr ane, “SV"&’g‘%’%iiﬁeasf’sra“a‘iﬁ“é‘lﬂﬁré BIEPHANT EUPPER Y OYEITEf y of receptors to
i nt ernal si gnal | i ¥gscpaampne{/'ane fefraptentapmpriigel adyerg @ewgialyipseppis anfl gorg he nucl eus,

cyt oskel et on and Wvdiesevapbdimyt @ phigdrPoPrenenplex degly hexflgt e clinSr ¢ can act

t hrough t he gr owtbtkakackesivesigespt ors to affect cell growth and
proliferation. [Q®@ap] Aofpiysdd vREly ek Cidl@hospuintsainge pant-«axaiiween NVDARs, Src
and ND2 has been yab &68RbRENIBARIT1| elitblirBilvo Yz domeillPbzIMRGDZPRB: 1N which Src is
assuned to interagh.., &dmpu\{ tﬁem'éll?%on"t\/%e&f}sﬁgmmﬁmw adapt er protein.

ND2 anchors Src tp.(r%tect a.mmal'\ll-g agmg effects B’aﬁ'oke MWI\LI\IPAE electrl %%Bt or COITp| ex in
pOSt synapt i ¢ densi t § ate IgeC

cal cmm ﬂux a l1v1lles of’

[0004] NADH dehydrogenase subunit 2 (ND2) has been reported to associate with the
tyrosine kinase Src (see Fig. 1A). Src is one of several Src family kinases (SFKs) in the
NMDAR complex (i.e. Src, Fyn, Lyn and Yes) [5-7]. Src is involved in the control of many
functions, including cell adhesion, growth, movement and differentiation. Src is widely
expressed in many cell types, and can have different locations within a cell. It appears that
the subcellular location of Src can affect its function. Src can associate with cellular
membranes, such as the plasma membrane, the perinuclear membrane and the endosomal
membrane. At the plasma membrane, Src can transduce signals from a variety of receptors to
internal signalling pathways that convey these signals to the nucleus, cytoskeleton and other
cellular components. For example, Src can act through the growth factor receptors to affect
cell growth and proliferation.

[0005] A presumed molecular arrangement between NMDARs, Src and ND2 has been
presented in of Liu ef al., Nat Med 2008, in which Src is assumed to interact with NMDARs
via ND2 which acts as an adapter protein. ND2 anchors Src to the N-methyl-d-aspartate
(NMDA) receptor complex in postsynaptic densities (PSDs) to regulate NMDA receptor



activity. It has been reported a fragnent of Src ternmed Src 40-49-Tat can
inhibit interactions between Src and ND2 at excitatory synapses in the

brai n, reasocorgspresphoryl ati on of NR2B subunits and nodGiraiSeeng/opsves [ 1, 2,
3] . SUWMMARY OF THE CLAI MED | NVENTI ON [ 0006] The i nvention provi des an ND2
pepti de having an am no acid sequence consisting of amno acids 310 to 321
of SEQ ID NGO 60 provided that up to six am no acids can be del eted,
inserted or conservatively substituted. An ND2 peptide including any of the
pepti des nenti oned above can have an ami no acid sequence consisting of 4-12
contiguous residues between am no acids 310-321 of SEQ I D NG 60.

Optionally, the ND2 peptide has an am no aci d sequence consisting of 4-10
contiguous residues between am no acids 310-321 of SEQ I D NG 60.

Optionally, the ND2 peptide consists of am no acids 310-321. Any of these
ND2 peptides can be |ipidated, for exanple, by being linked to a fatty

acid. Preferabl y aﬁﬂltym% b@%t)&egﬁraérént ST &&Ld@% Lt@!tt) @Qcan lm}{ 1n9rt1ct1JnJﬁ| ese ND2 pept I des

can be |inked to n ter us or C-term nus
of the ND2 pepti %‘::mi}ﬁ?g?t&%%gz s apseggglgl%mbnedgﬁﬁn%%hgﬁﬁ%ng%é@%t ernalization

peptide can inclu east inine or lysine residues and has a total

| ength of up to 15 am no aCéLQmARJQ@T}fEQ]EA%W%%B&OH peptide can be a Tat

peptide. [0007]T nv. enl}[w'm n pr.ovi LB rrearmlmg):ac tide up to 50 ami no
acids in Iength. h@ﬁt et pP s g&ssp?dg e conprising at |east 3

conti guous ani no C&(%‘S“&Jsz’faﬁﬂ"aéf'éﬁ?“{}gt \/\/58?1\106095"“‘1‘?561““ t“ﬁ‘é’@m‘”ﬁ 321 of SEQ ID
NG 60. The N1)2 AP delee 18t of HRBAVEGUH e AF B RErd 2Aror Béepu de and/or the
ND2 peptide is | ippidsntegigned oyt praeratfayine agdfevephiorsiog &+ pepitdde is up to 25

am no aci ds in | engtedberw@rmingadds|3|0y-321 pYEQ IRDR:6( Opibrialttahe yBZrergify ham no aci d
sequence consi St iangimfcidequddde GEifihe ofHLII0 LiBtigodsShidhitidSweli@hivaen3lamino aci ds 289 and
321 of SEQ | D NO. 6§k mat:do.aopadndiy the o gepiiRnsipeipinind @idd3@S2 8 ANy@IM N0 aci d sequence
consi sting of 4- L BIVeli@Uaibs RS il UG1c REEMBRRL AR Qi aGielRy 310- 321 of SEQ

I' D NG 60. QDtI Onaal)kﬂ1 eLcQ@m aneRﬁ ogﬁseg € !lls IILQB @gd d sequence consi st ng
of 4-10 contiguou o of yl ﬁﬁ;ﬁ} 270 1 of SEQ I D NO 60.

32
% énahza%on tpepl? e at Reels termlnus or% t_\rrmlnus oq 8e Igﬁ (p;elptl g, fOéeia pl§aizi of SE Q | D NO 60

Optional ly, theN Ists of am no
fusion proteln. The 1nternahzat10np tide can 1nclyde at le, stFar nine or lysing residues
provi ded that up t0 SI'X anm no dsCCan”be" der et'Ed] "TiSerted or

substituted. Opti®BHZP Y eoghpber Nﬁf‘“ﬁ%aﬁ‘f“l H“é‘“?f%f‘%za‘%iﬁp"‘é‘f‘ﬁﬁ’i&}e dei d sequence

consi sting of aniPdeaci ds 310 to 321 of SEQ ID NO 60. Optionally, the
internalization P&l déeipvsntigniprafidesd chtingrictpipede p-tef 58 pomvo pridsin igfeth NB2  pept i de.
Optional ly, the imati@rmadlsés maDp Bnidpeptisngeledsts cduigmsadindagdstoied C-t er m nus of t he
ND2 pepti de_ Opt ivanal amyig acitsh® aidnti ersp@ipinpat renopeptdisdacand ND2 pepti de are
l'inked as a fusi QRerR8RbptEe anfhtnk ORBdphidyis 1isldh@. DB, BBdingRbeb@n pept i de
includes at | easti 33§ QiU 1. bYiSaGne NESIAMES AR LS A

consisting of 4-20 contiguous residues between amino acids 289 and 321 of SEQ ID NO:60.

Optionally, the ND2 peptide has an amino acid sequence consisting of 4-12 contiguous
residues between amino acids 310—321 of SEQ ID NO:60. Optionally, the ND2 peptide has
an amino acid sequence consisting of 4-10 contiguous residues between amino acids 310-321
of SEQ ID NO:60. Optionally, the ND2 peptide consists of amino acids 310-321 of SEQ ID
NO:60 provided that up to six amino acids can be deleted, inserted or substituted. Optionally,
the ND2 peptide has an amino acid sequence consisting of amino acids 310 to 321 of SEQ ID
NO:60. Optionally, the internalization peptide is linked to the N-terminus of ND2 peptide.
Optionally, the internalization peptide is linked to the C-terminus of the ND2 peptide.
Optionally, the internalization peptide and ND2 peptide are linked as a fusion peptide.

Optionally, the internalization peptide includes at least 5 arginine or lysine residues and has a



total length of up to 15 amno acids. Optionally, the internalization
peptide is a Tat peptide. The invention further provides an ND2 peptide
havi ng 4-WO0 20e#is002¢s i dentical to residues of SEQ | D NOPEU/USROMIOBITh4 at

| east 4 of the residues are contiguous residues between am no aci ds 289-321
of SEQ I D NO 60. [0008] The invention further provides a peptidomnetic of a
chinmeric peptide or an ND2 peptide as described above. Optionally, the
peptidomnetic is a retro-inverso peptidom nmetic. [0009] The invention
further provides a nethod of treating or effecting prophylaxis of a
neur ol ogi cal di sease or disorder, conprising adm nistering an effective
regime of a chineric peptide, ND2 peptide or peptidom netic of any
preceding claimto a patient having or at risk of devel opi ng a neurol ogi cal
di sorder. Optionally, the neurol ogical disease or disorder is stroke,
traumatic injury to the CNS, epilepsy, anxiety, or a neurodegenerative

di sease. [ 0010] Th&al feﬂ@t\(&%t& l(g[c-\lmlfolflgtﬂ hﬁt}l’onal%r t@e\éllt&§§atlﬁip%1éhpﬂtp%tldet reati ng or
effecting prophylgxj fm& mﬁ%;oades & QPR lud%&mlgg4q9mdue'51§esﬁ%mo@9dug effective regime

of a chimeric pepf tic as described above
tO a patl ent haVI n% ?\10 69QW}IIG atll(ePSt4fO¥tf(lfl‘eSIdufS al’eCOBI ousresugles ea) namlnoal | y, the pal n | S

neur opat hi ¢ or |ﬁF55ﬁﬁﬁf§F i paih. [0011 The |nvent|on further provides a
met hod of treatld@m%r'@FP@EPﬁﬁ@IﬁYlb%VW Rieic o chigris egtde o dpri si ng

adm ni st eri ng an refideescitsiriped abpve (fiptippally e perififorpete B 2 peprisde. ND2 pepti de or
pepti dom neti c ased@sioricbed above to a patient having or at risk of
devel opi ng cancerpood 00b2}vida@ firtRv@Riles ORthdddlibaaue br ek t@MiopigBisafanet hod of

i denti fyl ng an agﬁﬂ)ﬁog&mse Brﬂlmdgj cBIﬁ)nJM%lm&nﬁ‘gaidﬁic% ﬁglﬁeiommeﬁé)npri Si ng
contacting a Src BeRNDE RN PilakyG€eedMs Lifin @NpRU 8Nz or AR det er mi ni ng

bi ndi ng_bet ween {ig, kg leﬁmgfcaggm@eo% 1N, RSl IS L8101 educed bi nding in

the presence of t " | ny ccg}_r;troeeneale N acklng t he agent
i ndi cates the agen %em&ma w”“ﬁg k¥§lp5fm RID2“Y f@?éc 9. on; wherein the

agent is a chi mer?” orﬂ$ﬁﬁmﬁéﬁ?ﬂﬁﬁ“8W@¥%ﬁ%W%&%W?W@FF?m?ﬁereof as defi ned
above or anywher @ h&FEIPE IPTOTSITHEY et MY PEIE HEP P8 des a met hod of
identif y in g an ag)gﬂ({omlgnhlats dgsoribyil 4h¢ve tg 2 PRYfert having or at risk of developing pain.

Optionally, the pain is neuropathic or inflammatory pain.

[0011] The invention further provides a method of treating or effecting prophylaxis of
cancer, comprising administering an effective regime of chimeric peptide, ND2 peptide or
peptidomimetic as described above to a patient having or at risk of developing cancer.

[0012] The invention further provides a method of identifying an agent that inhibits ND2-
Src interaction, comprising contacting a Src peptide and ND2 peptide with an agent; and
determining binding between the Src peptide and ND2 peptide, wherein reduced binding in
the presence of the agent relative to a control assay lacking the agent indicates the agent is an
inhibitor of Src-ND2 interaction; wherein the agent is a chimeric or ND2 peptide or a
peptidomimetic thereof as defined above or anywhere herein.

[0013] The invention further provides a method of identifying an agent that inhibits Src-
ND2 interaction, comprising contacting a Src peptide and an ND2 peptide as defined above
with an agent; and determining binding between the Src peptide and ND2 peptide, wherein
reduced binding in the presence of the agent relative to a control assay lacking the agent
indicates the agent is an inhibitor of Src-ND2 interaction. Such a method can also include
testing the agent for pharmacological activity against a neurological disease, pain or cancer in

an animal model of one of neurological disease, pain or cancer.



ND2 interaction, conprising contacting a Src peptide and an ND2 peptide as
def mred above with an agent; and determ ni ng bi ndi ng between the Src peptide
and ND2 peptit#sosher ei n reduced binding in the presenc®CofUseiig/oszyent
relative to a control assay |acking the agent indicates the agent is an

i nhibitor of Src-ND2 interaction. Such a nethod can al so include testing
the agent for pharmacol ogical activity against a neurological disease, pain
or cancer in an ani mal nodel of one of neurol ogical disease, pain or

cancer. BRI EF DESCRI PTION OF THE FI GURES [ 0014] Figures 1A, B, C. ND2
interacts with Src. A Cartoon depicting the interactions in the

Src- ND2- NMDAR Conpl ex. B. Structure of different ND2 sequences design to
identify the Src-interacting donmain. C. Dot blot denonstrating that the
Src-interacting sequences of ND2 reside between am no acids 239 and 321.

[ 0015] Figures 2A, B, C A Structure of ND2 fragnents used in the

experinment, with nunbers I ePERSFSRck BRI MR r@GhdS relative to full length

ND2. B. Dot bl ot but t th
scranbl ed SSRCO4 nl§gur£se} Brtg Nﬁp%;,ract w18grc IC%EO%%I)I(%QQ eé})gracglg%et ;‘ler n'?han e

ND2. 1.3. C. ELISA]1t kNggwmm?%mneNB Hmﬁb ﬂmt ZNﬁﬁmieﬁmcan all bind

bi oti nyl at ed Src‘%@‘§§r°FﬂﬁTBFPP ﬁﬂ@?b§ﬂm€mm%ﬂm§§aﬁ@ﬁ88¥of ND2 constructs
assessed for b|ndWﬁ&“P@“%F@kHﬂWQSm“B““E%?“%}ot showi ng bi ndi ng of ND2
sequences to Src [ 5gisures2A.B| §: SASweltrra e fragndntpiged byita ekpeipeniofitht ND2 constructs to
Src 40-58 but notouhbes epregaingendnd aidh readva o ffuh length NOD B.7DoRilogrdamewatidA,  B: Dot bl ots of
ND2 fragnments demaistdiaddisiagp-sibuatht thrgerantled SIRC 4040~ 8ind wrzhvost wong bi ndi ng from
ND2 310-321, ND2 \3014 &dBinan &0 sNDELSA @mdd@inBuzNoSAnMIONGT 1at | ng bi ndi ng of
ND2 constructs t Qi.dh&inyfrsre-ss| 0018] Fi gures 5A-E: A Dot bl ot denonstrating

biotinylated ND2 310- 33.1.GRe Ab'se!Z}lanéo‘?N1§ &shﬂ'@sasg'e?sedqg?g d‘£$t£ §lQ9s of Src 40-49
with Tat at the aIJT%otl(Rot 8?wmg%ndmg E%DZg?guenc toaSE (F% C. E Emoné’eﬁ\mgdemns'[ rating the
1 n assay

same i ncl udi ng bi

inding of ND2 constructs to Src 40-58 but not to a scrambled control.
[0017] Figures 4A, B: Dot blots of ND2 fragments demonstrating binding to Src 40-58,
with strong binding from ND2 310-321, ND2 307-318, and ND2 310-318. B. ELISA
demonstrating binding of ND2 constructs to Src 40-58.
[0018] Figures 5A-E: A. Dot blot demonstrating biotinylated ND2 310-321 can bind to
Src 40-49 and versions of Src 40-49 with Tat at the amino or carboxy terminal end. B.
ELISA demonstrating the same including binding to Src 40-58. C. ELISA assay
demonstrating Src 40-49 can bind Tat-ND2 310-321. D-E. ELISA assays demonstrating Src
40-49 and Tat Src 40-49 can compete for binding to ND2 310-321 or Tat ND2 310-321.
[0019] Figure 6: ELISA assay demonstrating Src 40-58 is able to bind Tat-ND2 310-321
more strongly than ND2 310-321.
[0020] Figure 7: ELISA demonstrating Tat-ND2 310-321 is able to compete for binding
against Src 40-49 bound to ND2 310-321.
[0021] Figures 8A, B: Quantification of the co-localization of ND2 with Src in 14DIV
hippocampal neurons with and without treatment with Tat-ND2 310-321 or Src 40-49-Tat.
[0022] Figures 9A-F: Quantification of the co-localization of proteins in the NMDAR
complex in 14DIV hippocampal neurons with and without treatment with Tat-ND2 310-321
or Src 40-49-Tat. A. ND2 with NR2B. B. NR2B with ND2. C. ND2 with PSD95. D.
PSD95 with ND2. E. NR2B with PSD95. F. PSD95 with NR2B.
[0023] Figure 10: Quantification of the co-localization of Src and NMDAR 2B in 14DIV
hippocampal neurons with and without treatment with Tat-ND2 310-321 or Src 40-49-Tat.



[0024] Figure 11: Quantification of the co-localization of Src and PSD95 in 14DIV
hippocampal neurons with and without treatment with Tat-ND2 310-321 or Src 40-49-Tat.
[0025] Figures 12A-E. Immunoprecipitation experiments from rat brain lysates showing
that antibodies against ND2, Src, PSD95, NR2B and NR1 can all immunoprecipitate a
complex containing the other proteins.

[0026] Figures 13A-D. A. Immunoprecipitation using anti-NR2B antibody from 14DIV
hippocampal neurons that have been treated with control, Tat-ND2 310-321 or Src 40-49-Tat
at 1 uM for 1 hour. B. Same, treated with 3 uM for 2 hours. C. Repeat of A using the
indicated antibody for IP. D. Similar to A, using anti-PSD95 as the immunoprecipitation
antibody.

[0027] Figures 14A, B: ND2 310-321 inhibits PACAP-enhanced NMDA-evoked currents
but Src 40-49 does not.

[0028] Figure 15: Co-immunoprecipitation using anti-NR2B antibodies from rat brains
subjected to 3PVO or 3PVO and treatment with 3 uM Tat-ND2 310-321. C — contralateral
brain extract; I — ipsilateral brain extract. Labels indicate the detection antibody used, and P-
Tys indicates an antibody against phosphorylated tyrosine 100 of Src.

[0029] Figures 16A, B: Co-immunoprecipitations using either anti PSD95 or anti NR2B
antibodies, demonstrating the status of proteins with the NR2B complex in the presence or
absence of Src-Tat or Tat-ND2.

[0030] Figure 17: Treatment with Tat-ND2 310-321 reduces pain hypersensitivity in a
model of CFA-induced pain.

[0031] Figure 18: Infarct sizes of rats subjected to 3PVO in the presence of Tat-NR2B9c,
src40-49-Tat, or Tat-ND2 310-321.

[0032] Figure 19: Sequence of ND2, with predicted membrane topology. The location of
310-321 is highlighted and predicted to be intracellular.

[0033] Figure 20: Effect of Tat-ND2, myristoylated ND2 and NA-1(also known as Tat-
NR2B9c¢) on blood pressure when injected intravenously into rats at high concentrations.
[0034] Figure 21: Graph depicting the minimum blood pressure (maximum blood
pressure drop) observed following intravenous injection of NA-1, Tat-ND2 or myr2-ND2.
[0035] Figure 22: Graph demonstrating the effect of Tat-ND2, myr-ND2 and myr2-ND2
in protecting the rat brain against stroke as induced in the 3PVO model when given

intravenously 1 hour after the onset of the stroke.



hi ppocanpal neurons wth and without treatnment with Tat-ND2 310-321 or Src
40-49-Tat. [0025] Figures 12A-E. | mrunoprecipitation experinents fromrat
brai n | yswoes12gisomiing t hat anti bodi es agai nst ND2, Src, PRPEDS2011MFRZB+ and NR1
can all imunoprecipitate a conplex containing the other proteins.

[ 0026] Fi gures 13A-D. A. I mrunoprecipitation using anti-NR2B anti body from
14Dl V hi ppocanpal neurons that have been treated with control, Tat-ND2
310-321 or Src 40-49-Tat at 1 uMfor 1 hour. B. Sane, treated with 3 uMfor
2 hours. C. Repeat of A using the indicated antibody for IP. D. Simlar to
A, using anti-PSDO5 as the inmmunoprecipitation antibody. [0027] Fi gures 14A,
B: ND2 310-321 inhibits PACAP-enhanced NVDA-evoked currents but Src 40-49
does not. [0028] Figure 15: Co-i munoprecipitation using anti-NR2B

anti bodies fromrat brains subjected to 3PVO or 3PVO and treatnment with 3
uM Tat - ND2 310-321. C - contralateral brain extract; | - ipsilateral brain
extract. Labels '[51)99] Caftiggre53!'@apﬂ!§etm§t§t;ajin9!ﬂat@Q&i&egggyceﬂﬁgmgofmﬁ-&gz PTyS i ndi cates an

anti body agai nst pROSPNOL Y AL&H .4 MRl Gk BPu A witdbua blQg3] Fi gures 16A, B
Co- i mmunopr eci pi tanl onlsgrg s%lynémgli tKy.e.r a%t 1|1 ’%%685 or aﬁt? NR2B anti bodi es,
f

denonstrating t hé"SP3PEE 8P PO ¥ with the NR2B conplex in the presence
or absence of Src-Tat or Tat-ND2. [0030] Figure 17: Treatnent w th Tat-ND2
310- 321 reduces pain hypersensiti vidEYNTRNa nodel of CFA-induced pain.
[ 0031] Fi gure 18: %A ar/ihingiicpepsdegfeany sgptpdde Jajhy vestreedent RPiSP90 i n t he presence of
Tat - NR2B9c , naturally associated with one another joined to one another as a fusion protein or by chemical

linkage.

[0038] A “fusion" protein or polypeptide refers to a composite polypeptide, i.e., a single

contiguous amino acid sequence, made up of sequences from two (or more) distinct,

heterologous polypeptides which are not normally fused together in a single polypeptide

sequence.

[0039] Agents are usually provided in isolated form. Isolated means that an object

species (e.g., a peptide) has been at least partially separated from contaminants with which it

is naturally associated or which are used in its manufacture but does not necessarily exclude

the presence of other components intended to act in combination with an isolated species,

such as an internalization peptide or pharmaceutical excipient. Preferably an agent is the

predominant macromolecular (e.g., polypeptide) species present in a sample (i.e., on a molar

basis in a composition and typically comprises at least about 50 percent (on a molar basis) of

all macromolecular species present. Generally, an isolated pharmacologic agent comprises

more than 80 to 90 percent of all macromolecular species present in a composition. Most

preferably, a pharmacological agent is purified to essential homogeneity (i.e., contaminant

species cannot be detected in a composition by conventional detection methods), such that the

composition consists essentially of a single macromolecular species.

[0040] The term “specific binding” refers to binding between two molecules, for

example, a ligand and a receptor, characterized by the ability of a molecule (ligand) to

associate with another specific molecule (receptor) even in the presence of many other

diverse molecules, i.e., to show preferential binding of one molecule for another in a

heterogeneous mixture of molecules. Specific binding of a ligand to a receptor is also

evidenced by reduced binding of a detectably labeled ligand to the receptor in the presence of

excess unlabeled ligand (i.e., a binding competition assay). Specific binding can be the

result of formation of bonds between particular functional groups or particular spatial fit (e.g.,

lock and key type) whereas nonspecific binding is usually the result of van der Waals forces.



Ssrc40-49-Tat, or Tat-ND2 310-321. [0032]Figure 19: Sequence of ND2, with
predi ct ed nenbrane topol ogy. The | ocation of 310-321 is highlighted and
predi ct edwOao2sp92tr acel | ul ar. [0033] Fi gure 20: Effect ®CT®RoINO23764
nyristoylated ND2 and NA-1(al so known as Tat- NR2B9c) on bl ood pressure
when injected intravenously into rats at high concentrations. [0034] Figure
21: Graph depicting the m ni num bl ood pressure (maxi num bl ood pressure
drop) observed follow ng intravenous injection of NA-1, Tat-ND2 or nyr-ND2.
[ 0035] Fi gure 22: Graph denonstrating the effect of Tat-ND2, nyr-ND2 and
nyr2-ND2 in protecting the rat brain against stroke as induced in the 3PVO
nodel when given intravenously 1 hour after the onset of the stroke. WO
2012/ 050921PCT/ US2011/ 053764 [ 0036] Fi gure 23: Graphs denonstrating that two
different concentrations of myr-ND2 are able to significantly reduce pain
by neasuring all odynia by paw wi thdrawal threshold in aninmals subjected to
per [ p heral nerve [j)OElli] u rEXcitotQE’t:ylis’}lue &lh%l process by which neurons are damaged and

killed by the overactivation of glutamate receptors, such as NMDA receptors.

[0042] The term “patient” or “subject” includes humans and other mammals, particularly,

rodents, cats, dogs, ungulates, porcines and nonhuman primates.

[0043] The term "agent” includes any element, compound, or entity that has or may have

pharmacologic activity. Agents can be biologics (e.g., peptides, peptidomimetics, or

antibodies) or organic small molecules (usually less than 500 Da) among others. Agents can

be products of nature or synthetic compound. Agents include compounds that are known

(i.e., approved by FDA or similar body in other countries) drugs, compounds for which

pharmacological activity has been identified but which are undergoing further evaluation, or

compounds that being screened for a pharmacologic activity.

[0044] An agent can be described as having pharmacological activity if it exhibits an

activity in a screening system that indicates that the active agent is or may be useful in the

prophylaxis or treatment of a disease. The screening system can be in vitro, cellular, animal

or human. Agents can be described as having pharmacological activity notwithstanding that

further testing may be required to establish actual prophylactic or therapeutic utility in

treatment of a disease.

[0045] Unless otherwise apparent from the context, reference to an agent means the agent

or pharmacological agent either alone or linked to an internalization peptide.

[0046] A Tat (or TAT or tat) peptide means a peptide comprising or consisting of

GRKKRRQRRR (SEQ ID NO:60), in which no more than 5 residues are deleted, substituted

or inserted within the sequence, which retains the capacity to facilitate uptake of a linked

peptide or other agent into cells. Preferably any amino acid changes are conservative

substitutions. Preferably, any substitutions, deletions or internal insertions in the aggregate

leave the peptide with a net cationic charge, preferably similar to that of the above sequence.

The amino acids of a Tat peptide can be derivatized with biotin or similar molecule to reduce

an inflammatory response.

[0047] Statistically significant refers to a p-value that is < 0.05, preferably < 0.01 and

most preferably < 0.001.

[0048] When a peptide or amino acid sequence is said to occur within a range or amino

acids, the peptide can include the beginning and end point defining the range as well as

amino acids in between.

[0049] For purposes of classifying amino acid substitutions as conservative or

nonconservative, amino acids may be grouped as follows: Group I (hydrophobic side chains);



[ 0037] A "chineric peptide" neans a peptide having two conponent peptides
not naturally associated with one another joined to one another as a fusion
protei n ovolzg1aisesziical | i nkage. [0038] A "fusion” protei RCOUSP@ILPPITHL | de
refers to a conposite polypeptide, i.e., a single contiguous am no acid
sequence, nmade up of sequences fromtwo (or nore) distinct, heterol ogous
pol ypepti des which are not normally fused together in a single polypeptide
sequence. [0039] Agents are usually provided in isolated form 1sol ated
means that an object species (e.g., a peptide) has been at |east partially
separated fromcontam nants with which it is naturally associated or which
are used in its manufacture but does not necessarily exclude the presence
of other conponents intended to act in conbination with an isol ated
species, such as an internalization peptide or pharmaceutical excipient.
Preferably an agent is the predom nant nacronol ecular (e.g., polypeptide)

speC| es present Inrllt ﬁa v%laigmﬂe%ro(lﬂll'(t%ntmlh Bphﬁlcsrﬁplhg'l{s) @élltﬁ' erﬂTlﬁ(agtprrpOSI tion and
typl cal | y COI’Tp” Ss%ésc.ha%g) aLp g? rou? (ab c51 e haf? sg%IthS yQQf grou (rgsdue asl S) of all

macr onol ecul ar Spegelne cthcmg ation); pr an? rouév (aromatlcsugchal S (Pr r macol Ogl ¢ agent
conprises nore t HaH 0 per Tehnt roradurdre speci es present

in a conposition. °ﬁ6§‘eﬁ?ﬁ?@?%ﬁTVﬁmﬁ“ ﬂﬁWﬁﬁEﬁVﬂﬁf@ﬁﬁm%ﬁ@ht is purified to
essenti al honmogenEr-{egrengtive subsEyipps QpieiThar% RBIREC 824 pf HiEst S Cfet ect ed in a
conposi tion by cowverfighyal detection nethods), such that the conposition
consi sts essent i dboboy Of peidegsimadrhatly aligped WD fe@GLb@ance gigeitd ngerof 0040] The term
"speci fic bindi nGkactimaéhebsreintre Rhidtihaig ehet-ve@nce t wainival sgulase for exanple, a
| i gand and a r eceapbofkdby &ha@AGIvEY, Solee oyérdi@ BBASIT hobibsdt is@folicd nol ecul e (11 gand)
to associ ate W t h,aRRLBEK hARERI ol RSk EniddBmEPL Or ) even in the presence
of many ot her di V%%M'n%n%g&lﬁ’Typ&cé\ll?defaultpt‘ogrméﬁglxgtelpgalegegslétppnI al bindi ng of one

nol ecul e for another LN het ﬁgggeneo rgg geul es Specific
aml 0 c1d se uences t e program es as de au ts a ordlen of
bi nding of a ligan gﬁ%géﬁreduced bi ndi ng of a

detectably | abel (‘feﬂtal“ 9§ﬁ?§ 10t *’Bd tF t‘?@os%?:zé‘iﬁ't‘“é?’a“?x r‘feetHﬁ‘émffﬁ 53 of excess

unl abel ed |i gand A8 5 BSGP-A°M§*Bonpet i ti on assay). Specific binding can
be the result of P84 mekieryte oefrring Wi & sphsid tduvese pf apiepretids esphcdpde 2Pde t | onal groups or
parti cul ar spat i akelufiigtithgt e bagh amingd agids Kefigmyche kogtyof therpee)s withe p @aide nonspeci fi ¢

bi ndi ng i s usual liyudilgenlyra@isdatids inGfiweshatRantle icidVi@nsthefrdgeces. WO

2012/ 050921PCT/ US2011/ 053764

DETAILED DESCRIPTION
L GENERAL

[0052] The invention is based in part on identifying a core region of ND2 responsible for
interacting with Src to within residues 289-321 of ND2 and more particularly residues 310-
321 of ND2. Peptides including, overlapping or from within this region can be used to inhibit
ND?2 interaction with Src. Inhibition of this interaction is useful for treatment or prophylaxis

of neurological diseases and disorders, pain and cancer.
II. PROTEINS

[0053] Unless otherwise apparent from the context, ND2 protein refers to a natural
human form of ND2, for which an exemplary sequence is assigned Swiss Prot P03891 and
reproduced below and in Fig. 19. The initial M residue can be cleaved off. About 20 single

amino acid natural variants of the sequence are listed in the Swiss-Prot database.

10 20 30 10 50 60
MNPLAQPVIY STIFAGTLIT ALSSHWFFTW VGLEMNMLAF IPVLTKKMNP RSTEAAIKYF



[0041] Excitotoxicity is the pathol ogical process by which neurons are
damaged and killed by the overactivation of glutamate receptors, such as
NVDA r ecep0ane/05pR042] The term "patient” or "subject" i RCTOes 1063mahs and
ot her mammal s, particularly, rodents, cats, dogs, ungul ates, porcines and
nonhuman primates. [0043] The term "agent” includes any el enent, conpound,
or entity that has or nay have pharnmacol ogic activity. Agents can be

bi ol ogics (e.g., peptides, peptidom netics, or antibodies) or organic snall
nol ecul es (usually | ess than 500 Da) anong ot hers. Agents can be products
of nature or synthetic conpound. Agents include conpounds that are known
(i.e., approved by FDA or simlar body in other countries) drugs, conpounds
for which pharmacol ogi cal activity has been identified but which are

under goi ng further evaluation, or conmpounds that being screened for a
phannacol ogi ¢ activity. [0044] An agent can be descri bed as having

phar macol ogi cal activity if it exhibits an activity in a screening system
that indicates that the actitve ageat isi@r nmayithe useful in the prophyl axis
or treatnent of aT™di*¥€adEL™TFheErSET @AY SPETEm Eari= e in vitro, cellular,
ani mal or human. Agents can'‘be deS€ri bedas hatti ng pfarmacol ogical activity
not wi t hst andi ng ﬁﬂ%F“FU?Wﬁé?SF%§FFﬂd“ Smﬁ@“?@ﬁﬁ??@ﬂ“ﬁo establish actual
prophyl actic or theraQeutl utilify in treatnéit of & di sease. [0045] Unl ess

YNPNM TILNLTIYI LTTTAF LN LNSSTTTLLL SRTWNKLT!

otherwi se apparent fromthe, contexf, ret rencg 0 an,agent means the agent

or pharnacol ogi C%LI@&§Q£GGL§JLJG Bhuatt Q%NSQHPT 1 fi £Qx 20 i nternalization
peptide. [0046] A Tat (por TAL,or tat) pepglde nmeans a peptide conprising or

consi sting of GRIECKRIAQRRR:SEQrR: NGOG0k prbui. Wi, Ghvd, MOre than 5 residues
are deleted, substituted or inserted within the sequence, which retains the
capacity to faci [Pt elikapt afee ottpfwisgindichirilGecheqpapitiratiemap pequgedvétre. agent i nt o
cel |l s. Preferabl yuany padvoswasca PObR Resvitwide GONsetdat i ve substitutions.

Preferably, any spbst{ititions, deletions or internal insertions in the
aggregat e | eave rgé_bébT%de mnth a net cationic charge, preferably simlar

to that of the ab®¥e SequeitcaventifhelhghPirrtigticiigneofelgrifabsiyept | de can be
derivati zed W t h dobredtiinesidues 265301, dndyefery)y @Dl RvetlPrinz @ chtio@ o withiaf | ammat ory
response. [ 0047] Sksided 35t Cotuhd N2 FrbiGsEINER0D). Ao pepridt Guai® hpartedl ue that 1s <
0.05, preferably ifecnfddbouaRithesWisresilebot @bl £ NB2 Qe preferably binds

to a Src protein within the unique domain at a site approximately including or within amino

acids 40-49 of Src and competitively inhibits interactions with ND2 protein and Src protein.

ND2 peptides typically have up to 10, 11, 12, 15, 20, 30 or 40 residues of SEQ ID NO:60

meaning that the designated number of residues in the ND2 peptide are identical to

corresponding residues in the full length ND2 sequence when maximally aligned with it.

Preferably at least 3, 4, 5, 6,7, 8, 9, 10, 11 or 12 of these residues are contiguous residues

within residues 289-321, and preferably within residues 310-321 of ND2. Preferably

peptides have 4-20 amino acids identical to corresponding residues from the ND2 sequence

when maximally aligned with it, and more preferably 4-12 or 5-10 such residues. Some ND2

peptides have an amino acid sequence consisting of 4-20 contiguous residues between amino

acids 289 and 321 of SEQ ID NO:60. Some ND?2 peptides have an amino acid sequence

consisting of 3-12 contiguous residues between amino acids 310—321 of SEQ ID NQ:60.

Some ND2 peptide have an amino acid sequence consisting of at least 3, 4,5, 6,7, 8, 9, 10,

11 residues with amino acids 310-321 of SEQ ID NO:60. Some ND2 peptides consist of

residues 310-321 of SEQ ID NO:60.



[ 0048] When a peptide or ami no acid sequence is said to occur within a range
or am no acids, the peptide can include the beginning and end poi nt
def i ni ng wheor2zamsgelas well as am no acids in between. [ ©®0Z9]JSEan/opireposes of
classifying am no acid substitutions as conservative or nonconservative,
am no acids may be grouped as follows: Goup |I (hydrophobic side chains);
net, ala, val, leu, ile; Goup Il (neutral hydrophilic side chains)- cys,
ser, thr; Goup Ill (acid side chains): asp, glu; Goup W(basic side
chains): asn, gin, his, lys, arg; Goup V (residues influencing chain
conformation): gly, pro; and G oup VI (aromatic side chains): trp, tyr,
phe. Conservative substitutions involve substitutions between am no acids
in the sane group. Non-conservative substitutions constitute exchanging a
menber of one of these groups for a menber of another. [0050] A peptide is
maxi mal ly aligned with a reference sequence when the nunber of exact
mat ches between thg, D%Lﬂmgﬁmﬁ&ﬁs&:@ﬁm%@ﬁ&b%;@&&ﬁ%@n@&%mkS maxi m zed.
Aligned can be PELLQTRERYmEXRyafth b0 N, WLVRLELL O pErTor i ng
blicly” i Chrough. t he

BLAST anal yses iscro ]y Scan;:;/ ac}(al i.onal Center for
Bi ot echnol ogy | nf'ornati’oh (hit

_ S TSP TRIACR RIBIOR  Typi cal ly,
defaul t program paFueter & e fEhsay e 5 4t 1o 48 °g itfiences, the
BLASTP progr am us¥é3Petse 4EfoaiamsSEQ R Mgt & rehyt Proayy e sthrtivgon ey expect at i on ( E)
of 10, and the BLOSBYNWERndnreesriqupgSERER ¥G:R- ND§ paplidsivpiipdecdfafenciiliffemgj kof f, Proc.
Nat|. Acad. Sci. fd8ABONO:QOLIbuding @8B%d)lankih3@EAs orefalitvdem@ecurring wthin a
speci fi ed range afan@nk,B0 ord@dleldss, B@riond NGl s ralatiPeqEo dbevaismebudi ng ei t her or
bot h am no aci ds ydRded pricRgy thBR rolk MnbiG300h, 1, e mANGR MASaMe] | as a peptide
including only amAghe@kda@Enaiihs LELMEEA 2liBer@MhiBQeak) ds defining the range.
DETAI LED DESCRI P-%Og]\l I Agen%%ion also include peptidomimetics of ND2 peptides. A

peptidomimetic is a synthetic chemical compound which has substantially the same structural
and/or functional characteristics of as an ND2 peptide consisting of natural amino acids but
has at least one non-peptide bond or at least one non-natural amino acid.

[0058] The peptidomimetic can contain entirely synthetic, non-natural analogues of
amino acids, or can be a chimeric molecule of partly natural peptide amino acids and partly
non-natural analogs of amino acids. A peptidomimetic can also incorporate any amount of
natural amino acid conservative substitutions as long as such substitutions also do not
substantially alter the mimetic’s structure and/or inhibitory or binding activity. Ina
peptidomimetic of a chimeric peptide comprising an ND2 peptide and an internalization
peptide, either the active moiety or the internalization moiety or both can be a
peptidomimetic.

[0059] Peptides and peptidomimetics of the invention can contain modified amino acid
residues for example, residues that are N-alkylated. N-terminal alkyl modifications can
include e.g., N-Methyl, N-Ethyl, N-Propyl, N-Butyl, N-Cyclohexylmethyl, N-
Cyclyhexylethyl, N-Benzyl, N-Phenylethyl, N-phenylpropyl, N-(3, 4-Dichlorophenyl)propyl,
N-(3,4-Difluorophenyl)propyl, and N-(Naphthalene-2-yl)ethyl). Peptides or peptidomimetics
can also be acetylated, phosphorylated and/or glycosylated.

[0060] In some peptidomimetics, any amino acid naturally occurring in the L-
configuration (which can also be referred to as the R or S, depending upon the structure of the
chemical entity) can be replaced with the amino acid of the same chemical structural type or a
peptidomimetic, but of the opposite chirality, generally referred to as the D-amino acid, but

which can additionally be referred to as the R- or S-form. Thus, a peptidomimetic may



[ 0052] The invention is based in part on identifying a core region of ND2
responsible for interacting with Src to within residues 289-321 of ND2 and
nore partwoubrvdsyoznesi dues 310- 321 of ND2. Peptides i neCudiSagl/0837e4 | appi ng
or fromwithin this region can be used to inhibit ND2 interaction with Src.
Inhibition of this interaction is useful for treatnent or prophylaxis of
neur ol ogi cal di seases and di sorders, pain and cancer. |l. PROTEINS

[ 0053] Unl ess ot herwi se apparent fromthe context, ND2 protein refers to a
nat ural human form of ND2, for which an exenplary sequence is assigned

Sw ss Prot P03891 and reproduced below and in Fig. 19. The initial M

resi due can be cleaved off. About 20 single amno acid natural variants of
the sequence are listed in the Sw ss-Prot database. 102030405060 MNPLAQPVI Y
STI FAGTLI T ALSSHWFFTW VGALEMNMLAF | PVLTKKMNP RSTEAAI KYF 708090100110120
LTQATASM L LMAI LEFNNML SGQWMMINTT NQYSSLM MM AMAMKLGVAP FHFW/PEVTQ
130140150160170180;, STRLTSC s sk THEKLARL S0 MO SRS M LILSI L S| NAGSWERL

NQTQLRKILA some%r&352%%9%%%%9%%a Siled A MAVLPYNPNM TILNLTI Y1 |
LTTTAFLLLN LNSSTT]

[0061] Pep‘ﬁ];mlmetlcs also include retro peptides. A retro peptide has a reverse amino
acid sequence. Peptidomimetics also include retro inverso peptides in which the order of
amino acids is reversed from so the originally C-terminal amino acid appears at the N-
terminus and D-amino acids are used in place of L-amino acids.

[0062] Individual peptidomimetic residues can be joined by peptide bonds, other
chemical bonds or coupling means, such as, e.g., glutaraldehyde, N-hydroxysuccinimide
esters, bifunctional maleimides, N,N-dicyclohexylcarbodiimide (DCC) or N,N-
diisopropylcarbodiimide (DIC). Linking groups that can be an alternative to the traditional
amide bond ("peptide bond") linkages include, e.g., ketomethylene (e.g., -C(=0)-CH2- for -
C(=0)-NH-), aminomethylene (CH2-NH), ethylene, olefin (CH=CH), ether (CH2-0),
thioether (CH2-S), tetrazole (CN4--), thiazole, retroamide, thioamide, or ester (see, e.g.,
Spatola (1983) in Chemistry and Biochemistry of Amino Acids, Peptides and Proteins, Vol.
7, pp 267-357, A Peptide Backbone Modifications, Marcell Dekker, NY).

[0063]  Mimetics of aromatic amino acids can be generated by replacing with e.g., D- or
L-naphylalanine; D- or L-phenylglycine; D- or L-2 thieneylalanine; D- or L-1, -2,3-, or 4-
pyreneylalanine; D- or L-3 thieneylalanine; D- or L-(2-pyridinyl)-alanine; D- or L-(3-
pyridinyl)-alanine; D- or L-(2-pyrazinyl)-alanine; D- or L-(4-isopropyl)-phenylglycine; D-
(trifluoromethyl)-phenylglycine; D-(trifluoromethyl)-phenylalanine; D-p-
fluorophenylalanine; D- or L-p-biphenylphenylalanine; K- or L-p-
methoxybiphenylphenylalanine; D- or L-2-indole(alkyl)alanines; and, D- or L-alkylainines,
where alkyl can be substituted or unsubstituted methyl, ethyl, propyl, hexyl, butyl, pentyl,
isopropyl, iso-butyl, sec-isotyl, iso-pentyl, or a non-acidic amino acids. Aromatic rings of a
nonnatural amino acid include, e.g., thiazolyl, thiophenyl, pyrazolyl, benzimidazolyl,
naphthyl, furanyl, pyrrolyl, and pyridyl aromatic rings.

[0064] Mimetics of acidic amino acids can be generated by substitution by, e.g., non-
carboxylate amino acids while maintaining a negative charge; (phosphono)alanine; sulfated
threonine. Carboxyl side groups (e.g., aspartyl or glutamyl) can also be selectively modified
by reaction with carbodiimides (R-N-C-N-R=) such as, e.g., 1-cyclohexyl-3(2-morpholinyl-
(4-ethyl) carbodiimide or 1-ethyl-3(4-azonia-4,4-dimetholpentyl) carbodiimide. Aspartyl or
glutamy] can also be converted to asparaginyl and glutaminyl residues by reaction with

ammonium ions.



250260270280290300 TPLI PSTLLS LGALPPLTGF LPKWAI | EEF TKNNSLI | PT | MATI TLLNL
YFYLRLI YST 310320330340 SI TLLPMSNN VYMKAMWQFEHT KPTPFLPTLI ALTTLLLPI' S PFMLM L
(SEQ | D NU0&0)2/(50254] Li kewi se unl ess ot herw se i ndi cat e@CTHISCO1THEITS4 a

nat ural human sequence of Src, such as is provided by Sw ss-Prot. P12931
with or wiwthout the first Met residue. 111 AGENTS [ 0055] Agents of the

i nvention include ND2 peptides including, overlapping, consisting of, or

Wi thin residues 289-321, and preferably including, overlapping, consisting
of, or within residues 310-321 of the ND2 protein (SEQ ID NO 60). An ND2
peptide usually has at |east three contiguous residues within residues

289- 321 of ND2. An ND2 peptide preferably binds to a Src protein within the
uni que donain at a site approxinmately including or within am no acids 40-49
of Src and conpetitively inhibits interactions with ND2 protein and Src
protein. ND2 peptides typically have up to 10, 11, 12, 15, 20, 30 or 40

residues of SEQ I[53641\10&Qenaea,mca,gmfacn@cranb@Qﬁemgoe@;uan%ﬁam punper of residues in
t he ND2 peptl de aard%orlt ysﬁ ag () nn%gea%%g c&s%ﬁ%ﬂ thrr.tllgme ? %acellcn the full | engt h

EID2 7 S egu egc e 1\8’h e 2 Tgrg'?gua%%n yl+ Cﬁtlc %Q’ ermkﬁ 18 deﬁned above gltl‘l e derlvatny at | east 3 4 5

i guous” resi dues mnthln
resi dues 289- 321, %HEe s Icgfnélft’ﬁblflv °§\‘HOH1 °besét§?“6eﬁ@'s“p§"f@e “332‘1‘““8‘? ND2. Preferably
pepti des have 4- 2%“@%?%@g%%?ﬂ%“@ﬁ%ﬁ??@&P”ﬁ@ﬂEﬁF%@@ﬁ%ﬁﬁPﬁ@ resi dues fromthe
ND2 sequence wherebpmkiesdesh-l y aligned with it, and nore preferably 4-12 or
5-10 such residua@ﬁﬂSonnmﬁmmhp@@w¢de@gh@#@wawmamﬁnbmaekQMSequence

consi sting of 4- 2drecoOwnitibg)uadSs, ifcBGigGg aBenddbresnuasion0 2aci ds 289 and 321 of
SEQ I D NO 60. SorgioNkRedp pinintl@s, phams wiie 1k faidsi d sequence consi sting of
3-12 contiguous ri@eh dUSSidREMEER:ADE R Gndfeh ) Raciik Qrodtdn, 0f, SEQ 1 D NG 60. Somre

ND2 pe pt i de have aﬁsﬁan@(mzdﬂﬁm gﬁﬂogds%g&%%eﬁang 9 qg%lﬁ‘ﬁdlz(ﬂ gld Qtf'amt?o;neﬂlal%as t 3 4 5 6
7, 8, 9, 10, 11 re%mmgo% SEQ I'D NO 60. Sone ND2

peptides consist Of . resi du %acet‘fal’t_’frﬁsylﬁciem? @E%HTZI B ENEFS 815
2012/ 050921PCT/ ué%’é"i1/‘é%°§‘7%%“1“ﬂﬁ%% TR SARIEHY %P AEETde "thr el ated to SEQ ID
NO 60 can be |i HWédalpPadlalﬁlFftaﬁ as 2-chloroacetic acid or chloroacetamide and corresponding

amines; to give carboxymethyl or carboxyamidomethyl derivatives. Cysteine residue
mimetics can also be generated by reacting cysteinyl residues with, e.g., bromo-
trifluoroacetone, alpha-bromo-beta-(5-imidozoyl) propionic acid; chloroacetyl phosphate, N
alkylmaleimides, 3-nitro-2-pyridyl disulfide; methyl 2-pyridyl disulfide; p-
chloromercuribenzoate; 2-chloromercuri-4 nitrophenol; or, chloro-7-nitrobenzo-oxa-1,3-
diazole.

[0069] Lysine mimetics can be generated (and amino terminal residues can be altered) by
reacting lysinyl with, e.g., succinic or other carboxylic acid anhydrides. Lysine and other
alpha-amino-containing residue mimetics can also be generated by reaction with imidoesters,
such as methyl picolinimidate, pyridoxal phosphate, pyridoxal, chloroborohydride,
trinitrobenzenesulfonic acid, O-methylisourea, 2.4, pentanedione, and transamidase-catalyzed
reactions with glyoxylate.

[0070] Mimetics of methionine can be generated by reaction with, e.g., methionine
sulfoxide. Mimetics of proline include, e.g., pipecolic acid, thiazolidine carboxylic acid, 3- or
4-hydroxy proline, dehydroproline, 3- or 4-methylproline, or 3,3,-dimethylproline. Histidine
residue mimetics can be generated by reacting histidyl with, e.g., diethylprocarbonate or para-
bromophenacyl bromide.

[0071] Other mimetics include, e.g., those generated by hydroxylation of proline and
lysine; phosphorylation of the hydroxyl groups of seryl or threonyl residues; methylation of

the alpha-amino groups of lysine, arginine and histidine; acetylation of the N-terminal amine;
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peptide, for exanples, an internalization peptide, as discussed below, to
facility nmenbrane crossing, as can a tag, such as biotin or GST, to assist
in purifiwetowmmsod2dentificati on or screening. Except forCuisediansifesd | anki ng
sequence of am no acids, any am no acids within an ND2 peptide differing
fromSEQ ID NO 60, is preferably a conservative substitution relative to
the corresponding residue in SEQ I D NO 60. ND2 peptides having a seguence
differing from SEQ ID NGO 60 (not including unrelated fl anki ng sequences)
preferably have no nore than 6, 5, 4, 3, 2 or 1 deletions, insertions or
substitutions relative to SEQ I D NO 60. ND2 peptides preferably have no
nore than 40, 30, 20, 15, or 12 amno acids in total (not including

unrel ated fl anki ng sequences, such as an internalization peptide).

[ 0057] Agents of the invention also include peptidom nmetics of ND2 peptides.
A peptidomnetic is a synthetic chem cal conpound which has substantially

the sane StrUCtUrrélhylﬁ&q{n%ch&&'ﬁ.ﬁtﬂes%%@clrsuf?shﬁl&?v&ﬂﬁﬁlét@ffah&o%a&!for as an N1)2 peptide
consi sting of nata;igda@I ?cf%@&lc%oxy grougut has at | east one non-peptide bond or

at | east one non-n %[ tidom nmetic can contain
entirel y synt hetl C% Aahnker f%] %)ryetgfeneFlnggger an usedgggenzea I\BDS, or can be a

chineric nol ecul &% °rf)‘*8fld‘f1?“§'f“°ﬁ15‘f‘i§?°8‘lh‘m?3 ffll“éié‘d W“ﬂ%t°‘3@f%‘s and partly

non- nat ural anal d¥% % Lahi-Herrigei*dse ke pepirieeht Mgt ¢ can al so i ncorporate
any anount of nat/®fAl ‘eprrrds Peeetiaadlogic pesaly of peptidgpe@erddabystifsenstrireprs as | ong as such
substi tutions al serbgonfined if &eilty shaviredphibiyon efiSt-8P2 ittdmetionrinedorighns st ruct ur e

and/ or i nhi bi t or yani@4 mdaé BEésditpd ROE.1 Ugdd Peptideb d pepridp@ftics Ghaxaly redicse of a chineric
peptide conpri si NgueddnieNi2 sQeP L uehero A1 @or bNL@ERAN 4 G, ipRIBepEPt | de, ei t her
the active noi et x)ep%s oy lafoBE DRk Bkl 0 00T b mQ preRATD 0S8N b @

peptidom metic. [0QRRLPgptides and peptidom metics of the invention can
contain nodified am no aci d reS| dues for exarrpl e, residues that are
N-al kyl at ed. Nt ¥m-Ad! A it ciotant ¥an i nclude e.g., N Mthyl,

N- Et hyl N- Pr Opyl [0074‘]\" BH:&HM]LZMIONED%&AIS@QIJ clnyalletram gnlpéf)hﬁs)syl et hyl N- Ben2y| ’
N- Phe nyI et hyl, cgﬂ%éééng’;(e&l?ey Lre a v&h fiden o5 Heﬁrmlﬁﬁog [%Qesn% by By 0943139

I\I-(3 4 D fl uor Ophen acuis) pe at a. OWIII CE. aror 1T roeln 0 avere 2111 teI;]y ' Peptl deS Or
pepti dom netics ca . %spp%gy Ll mfy b Qaﬁ GmI At or glycosyl ated.

[ 0060] I n sone peﬁ’f"“‘iﬁst%?i“?%?*‘f"é%"“°mé¥|‘§jg"é?ﬁaﬁi’) & “‘?‘i %{“d‘f“‘ﬁ (T t‘V"&’ccur ring in the L-
configuration (WHIEH TERH SYHRIY BFErTEaTt b as e ® BF S, dependi ng upon
the structure of PEPRE 2EIEHPRAT Sepftsich Rppfidegphays alfyest ¥ @pt b T h t he ami no acid
of the same chemilpidresgtey Feanples aitludg Yepengpedigprogio (Fifado fingyees B, but of t he

opposi te chiral i tiy2-6gemeemalaiyis habip me Baotigotagatihenddigatynios.aci d, but which
can additional | y joenkeb @k st d @ (AS ginbl@helges siiflex Brof 1k NPenekdlitlS, a pepti dom netic
may include 1, ZynpBand #rrandora@hmdniBidilepsD Ypoify, B4 bverldpidblihd b€ d resi des. A
pepti dom netic C%tegtoﬁasqghémbrg O@Lcln dlamreﬁ%ldus@am aﬁmmnes referred to

an "inverso” pept aglq)lletlxms an(:ll'llseuggonas aerugln exo oxmAé’l‘A%cbth rexamp egge r etro pept i des. A
retro peptide has e amn m metics al so

descrlbed n the go? ma%references (%Lamzﬁu ?r%lil)lscovea/ Toda 23) 1919 1019,

include retro i nvérso m no acids is

reversed from so ZP%é)eS‘f”?a ﬁ‘u"é}le‘f‘ir3%4?7&8&0036??2‘1%‘}‘1]6%‘&%”6! afffears at the
N-t ermi nus and D-'&W%4 Zate Mersing ResearchRedrwi A D11 eoes Brshaxes. Eilaried aci ds.
[ 0062] I ndi vi dual Yréephildoiremeeil 89-t9e28isdulesomeart biyeleringgl ned by pepti de bonds,

ot her [0075] A preferred internalization peptide is Tat from the HIV virus. A Tat peptide

reported in previous work comprises or consists of the standard amino acid sequence
YGRKKRRQRRR (SEQ ID NO:2) found in HIV Tat protein. SEQ ID NO:2 is designated as
the standard Tat peptide. If additional residues flanking such a Tat motif are present (beside

the pharmacological agent) the residues can be for example natural amino acids flanking this



chem cal bonds or coupling nmeans, such as, e.g., glutaral dehyde,

N- hydr oxysucci ni m de esters, bifunctional nal ei m des,

N, N- di cycwonhewryisexnbodi i m de (DCC) or N, Ndi t sopropyl car poditsee1das37pl C) .

Li nki ng groups that can be an alternative to the traditional am de bond
("peptide bond") linkages include, e.g., ketonethylene (e.g., -C(=0)-CHz-
for - C(=0)-NH), am nonethylene (CH2-NH), ethylene, olefin (CH=CH), ether
(CH2-0), thioether (CH2-S), tetrazole (CN4--), thiazole, retroam de,

t hi oam de, or ester (see, e.g., Spatola (1983) in Chem stry and

Bi ochem stry of Am no Acids, Peptides and Proteins, Vol. 7, pp 267-357, A
Pepti de Backbone Modifications, Marcell Dekker, NY). [0063]M netics of
aromati c am no acids can be generated by replacing with e.g., D or

L- naphyl al ani ne; D- or L-phenylglycine; D or L-2 thieneylalanine; D or
L-1, -2,3-, or 4- pyreneylalanine; D or L-3 thieneylalanine; D or

L- (2 pyrl dl nyl) angﬁQll A3 aTaR'roteQrspaLero(I%Rer EoNAS Ac@o%&tyﬁh@&édﬁlﬁomt@' or

Lo (2-pyrazi nyd) - L ailil, %glyQJer)4lc3Eg t;gﬁ(}gav( i) ﬂl ghne:

e th ﬁ | al D- p-
]P|( uglr Opﬁgaglngl aﬁl EQQD%S_%) ng{ch{D %{Psﬁ% 4ﬂgee 2 ]ia%e,ayl 96)& ep)r/ a anl ne; p

met hoxybi pheny! pHER TR SR 1988 Hepgeckeger E¥9§) o} Tgelg PRy °raﬂ’n£ﬁ‘1“¥1es and D or
L- al kyl ai ni nes, WHEFBEZHR YT e He @ty HHE P st eb?tak&ﬁglﬁ‘[ﬁrg‘f‘l tuted met hyl ,

et hyl, propyl, hexdpptthe fppiting fesidugy @yqfergply; thejnugnbgn el Gnkpc amijogeds phqtthppan sec- i sot yl ,

i So-pentyl, or a aorrerad dalnot e@erd tron Eigt sgsof YPRKSRRRE(SEA INYS2D0Pre a Nnonnat ur aI
am no aci d i ncl udeablegat@eptide dotirignig @diidng! antid he@ phi@ & Ynking Py ¢-amabsyt , benzi m dazol yl ,
napht hyl, furanylycrRsroRRY$EQ mawish) PYEHKE N QRAKPQIERY IDNOK4k) NGSiever] 0064] M et i cs of
aci dic am no aci q,gfegmolgghgmra@&ggmw substitution by, e.g., non-

car boxyl at e am nQugi A hirh e Bl gau&ged@ed@aﬁag@no o ChAr 0,

( phOSphOﬂO) al ani nqén@. ls are%Tsaned %%%(1%09 ucPvarlath can c_f)mpnsag'lécgslilsps

aspartyl or gluta e se é/amr eact i on W th

car bodi i mi des 11N_acFé_s quegc&)é(ﬁ?lﬁg%R R%R(&E I Ve }/9) in which X is an amin

1- cycl ohexy1- 3( 2 - PRSP Tofg8 (p B papnPiiop e AT BRI TS FHE I & Preffmed Tat
1- et hy1- 3( 4- azonirapidt hag hly-terpindh Hiegloavebgrled o F- [Forsd i latpiodide compisipeer t vl or gl ut anyl
can al so be conveptigig: of FRERBARRRGIEA Y NOgghielprefpiredt anathenpydiergdegiindases by reacti on
Wi t h ammoni um i onsptide cd¥ts 2GRR{RBBGIR2ERTCINAISAB:E di/pHBiS Aidan bOEH5] M net i cs of
basi ¢ am no aci dSncc&BROGROGERREF @IOINEY a8 URSRRORP @) NGF). €. 9., (In

Other Tat peptides comprise at least eight contiguous amino acids of the sequence

GRKKRRQRRR. Other tat peptides that facilitate uptake of an agent without inhibiting N-

type calcium channels include those presented above. Another preferred Tat peptide is

referred to as rv-Tat or RRRQRRKKRGY (SEQ ID NO:58).

X-FGRKKRRQRRR (F-Tat) (SEQ IDNO:3)
X-GKKKKKQKKK (SEQ ID NO:34)
X-RKKRRQRRR (SEQ ID NO:35)
X-GAKKRRQRRR (SEQ ID NO:36)
X-AKKRRQRRR (SEQ ID NO:37)
X-GRKARRQRRR (SEQ ID NO:38)
X-RKARRQRRR (SEQ ID NO:39)
X-GRKKARQRRR (SEQ ID NO:40)
X-RKKARQRRR (SEQ ID NO:41)
X-GRKKRRQARR (SEQ ID NO:42)
X-RKKRRQARR (SEQ ID NO:43)
X-GRKKRRQRAR (SEQ ID NO:50)
X-RKKRRQRAR (SEQ ID NO:51)
X-RRPRRPRRPRR (SEQ ID NO:52)
X-RRARRARRARR (SEQ ID NO:53)




addition to lysine and arginine) the amno acids omthine, citrulline, or
(guani di no) -acetic acid, or (guanidino)alkyl-acetic acid, where alkyl is
defined awowe12/ashe2ni| e derivative (e.g., containing thePCRUISRIGNF3ToH pl ace
of COOH) can be substituted for asparagi ne or glutam ne. Asparaginyl and
gl utam nyl residues can be deam nated to the correspondi ng aspartyl or

gl utanyl residues. [0066] Argi nine residue mnetics can be generated by
reacting arginyl with, e.g., one or nore conventional reagents, including,
e.g., phenylglyoxal, 2, 3-butanedione, 1,2- cyclohexanedi one, or ninhydrin,
preferably under al kaline conditions. [0067] Tyrosine residue mnetics can
be generated by reacting tyrosyl with, e.g., aromatic di azoni um conpounds
or tetranitronmethane. N-acetylimdizol and tetranitromethane can be used to
form O-acetyl tyrosyl species and 3-nitro derivatives, respectively.

[ 0068] Cyst ei ne re5| due m rretl cs can be gener at ed by reactl ng cysteinyl
residues with, ef 2 etic acid or

chl or oacet ani de apg;Re@MRes(@gmdbg) am nes; to gi ve car boxynet hyl or

car boxyam domnet hyd-raeirry 8EQ Wee.56) Cyst el ne resi due m netics |can al so be
generated by rea RMWARRI@E@EDINOﬁDI’ esidues with_ e g . bronotrifl uoroacetone,
al pha- br ono- bet a- 35 i m dozoyl) propi oni ¢ aci d chl oroacetyl phosphate,

Nal kyl mal ei mi des, %3] n|’f%“'d-P?SeTﬁgl‘?‘eF"Hy‘P‘“H'I“%Stj’f““‘ﬂ”&f@am‘??é%“hwaC"ZJ“gﬁ‘ﬁf‘r| dyl disul fide;
p- chl oronercuri Iyesitty drtrnalization pesesstodrest i dpyefse o regpiof ipvessrEney Wby |

chl or o- 7- ni t r obendipudx fpkell pegiide qpepigaingtic bgr@ @6 ftry.si ne m nmeti cs can be
generated (and amomp ez pepi@Shrlhek@S8heC@iend 8y cahdn@fiatkhoddyorr eact i ng | ysi nyl
wWith, e.g., SUCCIcRinfle, BFagdait dAE% jofladd bold@Xikalids pe@ds O cRARY HkkLH@S. Lysi ne and ot her
al pha- am no- cont aisRicd\d a bofideGUGuPlidgBikrh GSmefoRRucPeSQar P GRAST at ed by reaction
with imdoester S’avaﬁe!ﬂlggd a@e%ev%h RfWongmhgrgs o@f’rmm%lljugdtlon%%}ogg phosphat €,

pyl’l dOX8.| chlorq 8£r0h¥9g{ gme’ex )les Eycrosspn G rezaeensmclll'llcl ..flsuccmlmld}%?g
0- nethyllsourea Iyzed reactions

with gl yoxyl ate. Wﬁ%’ )Rff’pr‘?éafe (S(Y%P) 81NNn‘e% ‘f]i‘fnd?’i‘f)ﬁ%“a@ﬁﬂe PEG&HSrat ed by reaction
with, e.g., methiGHIHEE PSR @ B pRs L bt rUEEBPEE el ude, e.g.,

pi pecol ic acid, trHtslekdigiorrdhenielyeRiphd!E-difueiods-dimiobepzene ghithjripsoxy prol i ne,
dehydr oprol i ne, 3Jwevepible kg tviiyuhippragl]tirosi@ grogy). OBer oss-dhkirppdayslingrde| | ne. Hi sti di ne
residue m nmetics r@aiudien, gengsiatcatul iy whigdabsirgrsbit isligides wb t h, e. g.

di et hyl pr ocar bonaitnfo £d phdaddit @dassDGRAN epatyt (whidh @ Bedilie for an@Oehodd X her m neti cs
include, e.g., thase genehatee ¢ Byedrl atkak 0fypr ol i ne and

hexamethylenediisocyanate or diisothiocyanate, or azophenyl-p-diisocyanate (which reacts

principally with amino groups); glutaraldehyde (which reacts with several different side
chains) and disdiazobenzidine (which reacts primarily with tyrosine and histidine).

[0079] For agents that are peptides attachment to an internalization peptide can be
achieved by generating a fusion protein comprising the peptide sequence fused, preferably at
its N-terminus, to an internalization peptide.

[0080] Peptides, optionally fused to Tat peptides, can be synthesized by solid phase
synthesis or recombinant methods. Peptidomimetics can be synthesized using a variety of
procedures and methodologies described in the scientific and patent literature, e.g., Organic
Syntheses Collective Volumes, Gilman ef al. (Eds.) John Wiley & Sons, Inc., NY, al-Obeidi
(1998) Mol. Biotechnol. 9:205-223; Hruby (1997) Curr. Opin. Chem. Biol. 1:114-119;
Ostergaard (1997) Mol. Divers. 3:17-27; Ostresh (1996) Methods Enzymol. 267:220-234.
Peptides or peptidomimetics linked to internalization peptides as fusion peptides or otherwise
preferable include no more than 50 amino acids total, and more preferably no more than 25 or

20 amino acids.



| ysi ne; phosphoryl ation of the hydroxyl groups of seryl or threonyl

resi dues; nethylation of the al pha-am no groups of |ysine, arginine and

hi sti di newoaeetoshetti on of the N-term nal am ne; nethyl &Cirams2@fi/ofdmeh chain
am de residues or substitution with N-nethyl am no acids; or am dation of
C-term nal carboxyl groups. [0072]A linker, e.g., a polyethylene glycol

| i nker, can be used to dinerize an ND2 peptde or peptidomnetic thereof to
enhance its affinity and selectivity towards Src. Optionally, about 2-10
copies of a PEG can be joined in tandemas a |inker. [0073] Appropriate
phar macol ogi cal activity of peptides, peptidom netics or other agent can be
confirnmed, if desired, by showing inhibition of Src-ND2 interaction in
vitro or in an ani mal nodel as described bel ow. Useful peptides or
pepti domi netics typically have |1 C50 val ues of |ess than 5011M 2511M
1011M O.1RMor 0.01 jiMin such an assay. Preferred peptides typically

have an | C50 val YeR! RELWERD.H.00; & 8N @A, NOLE.Y; m%rmabl y 0.05-0.5 or
0.05 to 0.1 RM eJE‘TEa '%Anﬂd‘a\!daﬁ FOILCPEQAI}JBI | Bl FQ

[0074]|nternallzat ane transducti on
peptl des or cell laélvetot 5e?t1deaoneaﬁdt rebﬁgcﬂltategassege(?f%leh eIdN]%Zﬁ)d) acro ass of relativel y

short (e.g., b5- SGeB?mW”?6W8Fm§mi%“&ﬁ?ﬁdmﬂ@?ﬂ?fmﬁgﬁ?@ﬁg§mFﬁht al | ow nany

cel lular or V|raP“ﬁWBT%Pﬁ@”Pﬁ“ﬁﬂéﬁ@?%%“ﬁ%%ﬁﬂéﬁ@%““gﬂéﬁkpept|des typically
have a cati oni c ofratedbe afseeipivp aritamhdd D2 neprdpdgr Srepsapy ebsdymgt fon (rel ative to
proteins in genersgh) Ligds amgrgriqnoh@lesanad fopyle it gpgritharevaereg inchdefstybdiiat i1 s bel i eved to
facilitate their gpassagsesdc/ sasis: Mushlpiane suiSemiysidc hinpgpichdes have at | east
5, 6, 7 or 8 ar giidHen ALK aclaySeleifly iRSch U8 of XA MG ismel-ude t he

antenn ape dia pr Ota@& 4 s(eﬁgzgtl aﬂ&eil as ge%ﬂ&;ﬁ ngraBﬁ‘g%anylﬁlZn ancil-léiégxylﬁion( 199 7) ) ( and

vari ants ther eof )L’lpldIitlhng ofI@]ge 0091[1191 gl)ogtragsfatloQmacadommglqgielhsg}e ency v iru s, t he

protein VP22, the r G Jl Vl4 _gen qone | ex virus type 1,
Penetratin, SynBl a Q‘%qfdmﬁW NEPY 9 oo O(ﬁmmne(’Lpgwl%fﬁES pol yArg, and

several plant ande5£?@$?%F“ Pg &ﬁﬁe¥?ﬁfﬁﬁ?pe§ﬁﬁﬁm§?‘VF&VH abrin, nodeccin,

di pht heri a tOXInImﬁﬁﬁ@@?ﬁ“?@%?ﬁmmﬁﬁﬁﬁwﬁydPﬁ?@ﬁm“W@QWMVQBWT% t oxi ns, and
Pseudononas aer ug¥ Hosarabsestserribnehstpicyl Eaking @eherical desivatiriish ede ar e descri bed in
t he foll ow ng r efretientes afdeadiBd hrenviistoyDpnagl ofir glowdficajorSaday, 9(23):1012-1019,
2004; De Coupade,cofBiepiahemak. , 390: 407- 418, 2005; Saal i k Bi oconj ugate Chem
15: 1246- 1253, 2606x; 140 preldRsh silitha lpasdRR 5:@ Bk RDIReMd - @S a?@‘ﬁ-( 1) :1-12, 2004;
Deshayes, Cel | Ul afen@ehnd¥PhRGMIAR bakibriv oGl BNGESenbudd 33d9, 2005) (al
i ncor por at ed by rp%tsﬁ! a@lﬁ&@% foun[i QIQ,J sla&arﬁ)faﬁjepgﬁe 1sqg'unils@£dq{ h@ﬁ(logage?et I on pe pt ide is
Tat fromthe HV al olr &éé'n%r than% mg/% E intq«p tt mg Smaller reduction that than the same ND2 peptide

linked to a standard Tat peptide.

[0083] If a transient reduction of blood pressure occurs when administering an ND2

peptide (e.g., when linked to a standard Tat peptide and administered at high dosage), it can

mitigated by co-administration of an anti-inflammatory, preferably a mast cell degranulation

inhibitor (see, e.g., WO/2009/07610)).

V. PATIENTS AMENABLE TO TREATMENT OR PROPHYLAXIS

[0084] Agents of the present invention are useful in treating or effecting prophylaxis of
neurological disease or disorders, pain and cancer. These classes are not of course mutually
exclusive. For example, a brain cancer could fall under all three classes.

[0085] A variety of neurological diseases and disorders are amenable to treatment or
prophylaxis. Such diseases and disorders include anxiety, epilepsy, optical or retinal

neuropathies, stroke (e.g., spontaneous, acute ischemic, hemorrhagic, procedurally induced),



reported in previous work conprises or consists of the standard am no acid
sequence YGRKKRRQRRR (SEQ ID NGO 2) found in HI'V Tat protein. SEQID NO 2 is
desi gnat edoas12dsa92¢t andard Tat peptide. |If additional re@sirdisesi1fobeki ng
such a Tat notif are present (beside the pharnacol ogi cal agent) the

resi dues can be for exanple natural am no acids flanking this segnent from
a Tat protein, spacer or linker amno acids of a kind typically used to
join two peptide domains, e.g., gly (ser)4 (SEQ ID NO 44), TGEKP (SEQ ID
NO 45), GCRRGGGS (SEQ ID NGO 46), or LRQRDGERP (SEQ ID NO 47) (see, e.g.,
Tang et al. (1996), J. Biol. Chem 271, 15682-15686; Hennecke et al.
(1998), Protein Eng. 11, 405-410)), or can be any other am no acids that do
not significantly reduce capacity to confer uptake of the variant wthout
the flanking residues. Preferably, the nunber of flanking am no acids other
than an active peptide does not exceed ten on either side of YGRKKRRQRRR

EgEIQdLESNfOl ga}kl ?Lﬁlelﬁyﬁyﬁcoﬁ%phﬁmﬁ' %Juﬁﬁtfédgﬁé%?%&ﬁpwéﬂu?%sg%%f' ti onal :’ifsn no acid
YGRKKRRQRRRPQ (Sglell;ro au:aNgim%;)s am}ﬂm%%\ﬁsé” i boﬁllj’%?% i Sé Afz nanfq ng am no aci ds
ase, other dementl. as%pmafe W] ?))VB odales. lllttln on S(%/S S Fia

are present. [00 n Vi'ng reduced
capacity to bind 5f°6g‘fﬁlf\°/?f’é °p6t5YI’ CTER{ R ATET SVl eﬂiéssSBlP“f Bed by

WO 2008/ 109010. SEEHParPEAtd? E4h T onp fiese bFrsBEsis e Bf an ami no aci d
sequence XCRKKRRCGRRRlopBFSuch oy aldgiclude patienipppiegpingurery thy plegsieimy  aci d ot her t han
Y or nothing (in afhiagdsel¢asiesuksviir @rotid pr@e) sidpltigomimadds bigogg prdfere) . A preferred
Tat peptide has tiRenilpdtelaig pagds uberfo@Siedis@ees WloSE inlouboaiat skt F. Thus, a tat
peptide conpri si NghaiQh &Rk &dolaRPar fperCRIKKIRRIIIBRyif Ok sl M 3) is preferred.
Anot her pr ef er r ede\ar k@t sudh Abair REREALQ (CQRBIE §lnSri 2 (ERKRREIRRR (SEQ | D NO

1) Qt her tat peg)qol)({\iigél s&bEﬁo&; thga%&lry&eNeH§%gal !hsre]agels MQ&SOI%L%WQ (SEQ I'D NO 4)

and GRKKRRORRRP ( es rise at |east eight
conti guous ami no “épélf dtIheXCI ’imﬁya)egaét%g m@énabwﬁ%&%ﬁ %gr tat peptides that

facilitate uptakéd™8fan agent without inhibiting t ype cal ci um channel s

i ncl ude those prd¥&ht e‘bls“%b‘bifé“dm%ffﬁ%“i‘ﬁéff’m‘BP%%“@F"FE‘U“’F’&F %égﬁfl?s“de is referred to
as rv-Tat or RRRORRIKREYal(SE@clpdeentiling Binorhige, Inm@RiCKRRERRA(F- T at ) (SEQ I D

NO 3) X- GKKKKKQKkg¢ny SE@r infediely B drpsulds impAGRRORRR(MSEE)s FePsN@r 35) X- GAKKRRORRR
(SEQ | D NO 36) X-corMiRRORRR(uBE Quibrite, NG 2ivaidIRIOMRRGRRRNGSEQ | D NO. 38)

raise intracellular calcium levels, and intracellular enzyme levels leading to further neuronal

cell death (the excitotoxicity cascade). The death of tissue from lack of oxygen is referred to
as infarction. Infarction Volume (i.e., the volume of dead neuronal cells resulting from stroke
in the brain) can be used as an indicator of the extent of pathological damage resulting from
stroke. The symptomatic effect depends both on the volume of an infarction and where in the
brain it is located. Disability index can be used as a measure of symptomatic damage, such
as the Rankin Stroke Outcome Scale (Rankin, Scott Med J;2:200-15 (1957)), the NIH stroke
scale and the Barthel Index. The Rankin Scale is based on assessing directly the global
conditions of a patient as follows.

0 No symptoms at all

No significant disability despite symptoms; able to carry out all usual duties and
activities.

Slight disability; unable to carry out all previous activities but able to look after own
affairs without assistance.

3 Moderate disability requiring some help, but able to walk without assistance

Moderate to severe disability; unable to walk without assistance and unable to attend to
own bodily needs without assistance.

Severe disability; bedridden, incontinent, and requiring constant nursing care and
attention.



X- RKARRQRRR (SEQ I D NG 39) X- GRKKARQRRR (SEQ I D NO 40) X- RKKARQRRR ( SEQ
| D NO 41) X- GRKKRRQARR (SEQ I D NG 42) X- RKKRRQARR (SEQ I D NG 43) X-
GRKKRROQRARO(28E2O5IPR1NO. 50) x- RKKRRQRAR (SEQ | D NO 51) X- PRRRRERRBR7TRR ( SEQ
| D NO 52) X- RRARRARRARR (SEQ I D NG 53) X- RRRARRRARR ( SEQ | D NO 54)

X- RRRPRRRPRR ( SEQ I D NGO 55) X- RRPRRPRR (SEQ I D NG 56) X- RRARRARR (SEQ I D
NG 57) [0077] X can represent a free amno term nus, one or nore am no
acids, or a conjugated noiety. Internalization peptides can be used in

i nverso or retro or inverso retro formwth or without the |inked peptide
or peptidom netic being in such form

[0087] The Barthel Index is based on a series of questions about the patient's ability to
carry out 10 basic activities of daily living resulting in a score between 0 and 100, a lower
score indicating more disability (Mahoney ef ai., Maryland State Medical Journal 14:56-61
(1965)).

[0088] Altematively stroke severity/outcomes can be measured using the NIH stroke
scale, available at world wide web ninds.nih.gov/doctors/NIH_Stroke Scale Booklet.pdf.
[0089] The scale is based on the ability of a patient to carry out 11 groups of functions
that include assessments of the patient’s level of consciousness, motor, sensory and language
functions.

[0090] An ischemic stroke refers more specifically to a type of stroke that caused by
blockage of blood flow to the brain. The underlying condition for this type of blockage is
most commonly the development of fatty deposits lining the vessel walls. This condition is
called atherosclerosis. These fatty deposits can cause two types of obstruction. Cerebral
thrombosis refers to a thrombus (blood clot) that develops at the clogged part of the vessel
“Cerebral embolism” refers generally to a blood clot that forms at another location in the
circulatory system, usually the heart and large arteries of the upper chest and neck. A portion
of the blood clot then breaks loose, enters the bloodstream and travels through the brain’s
blood vessels until it reaches vessels too small to let it pass. A second important cause of
embolism is an irregular heartbeat, known as arterial fibrillation. It creates conditions in
which clots can form in the heart, dislodge and travel to the brain. Additional potential causes
of ischemic stroke are hemorrhage, thrombosis, dissection of an artery or vein, a cardiac
arrest, shock of any cause including hemorrhage, and iatrogenic causes such as direct surgical
injury to brain blood vessels or vessels leading to the brain or cardiac or pulmonary surgery.
Ischemic stroke accounts for about 83 percent of all cases of stroke.

[0091] Transient ischemic attacks (TLAs) are minor or warning strokes. In a TIA,
conditions indicative of an ischemic stroke are present and the typical stroke warning signs
develop. However, the obstruction (blood clot) occurs for a short time and tends to resolve
itself through normal mechanisms. Patients undergoing heart, pulmonary or neuro-surgery
are at particular risk of transient cerebral ischemic attack.

[0092] Hemorrhagic stroke accounts for about 17 percent of stroke cases. It results from
a weakened vessel that ruptures and bleeds into the surrounding brain. The blood
accumulates and compresses the surrounding brain tissue. The two general types of
hemorrhagic strokes are intracerebral hemorrhage and subarachnoid hemorrhage.

Hemorrhagic stroke result from rupture of a weakened blood vessel. Potential causes of
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[0078] Internalization peptides can be attached to agents by conventi onal

nmet hods. For exanple, the agents can be joined to internalization peptides
by chem cab 2biziisege, for instance via a coupling or conpPa@AatSeelg/oaigent .

Nunmer ous such agents are commercially avail able and are revi ewed by Wng,
Chem stry of Protein Conjugation and Cross-Linking, CRC Press (1991). Sone
exanpl es of cross-linking reagents include J-succinimdyl 3-(2-

pyridyl dithio) propionate (SPDP) or N,N -(1, 3-phenyl ene) bisnal ei m de;

N, N - et hyl ene- bi s(i odoacet am de) or other such reagent having 6 to 11
carbon met hyl ene bridges (which relatively specific for sulfhydryl groups);
and 1,5-difluoro-2,4-dinitrobenzene (which fornms irreversible |inkages with
am no and tyrosine groups). Qher cross-linking reagents include

m - di ni trodi phenyl sul fone (which fornms irreversible cross-linkages with

am no and phenolic groups); dinethyl adipimdate (which is specific for

ani no groups); ph&ﬁghmkmé&gaﬁﬂh&QQ%&Q&&Q&%@%m&%@&&kaﬁﬁﬁ$S principally wth

am no groups); h%m%}s@e\’cl D%u L,Jh§f%%§‘v’l§s'&%a8{hermdér gcuée%a% ate, or
azophenyl - p-di i s\?&ﬁyana r am no groups);

g| ut ar al dehy de ( Vﬁsels such starupturedbﬁm vascularmerf;rmzalonfuglu 1néYIiram ane smChal ns) and
dlsdlazoben2|d|némfﬁﬁfﬁﬁ”?838¥§wﬁf Y R h Y 6%Fﬁ§“ﬁhd hi sti di ne).

[ 0079] For agent s HaE T4 dEptareaE At oLt AR trote g dnckrtieP'etdl i zati on pepti de
can be achi eved byscyteriattiorrdemmpy Smprmayroreaiafe mgrip bt SISMYt he pepti de
sequence fused, prehengipliywegibloddteseli\Hdmerrhmgic sngs can bl arggfrom atogeninal | zat i on

pepti de. [0080] Pejpies Gl ss diredpiidicd Mgy loy brit®at esteD Adadurypebduch@se,of can be

synt hesi zed by salvkdlnfaRaserSYALRIQSIr Bi vFeards e EBENBREuesBLMAAAS .

Pepti domi netics GaliRfuS¥iidesh 8 Ul oo Adirhhidh Lh BE QGgdur es and

met hodol ogi es des ?Jbﬁo%@ fofnidd Juo@%eéeﬁ' EJQ&&J@ n%lfo%mo R &M bl Ur e, e.g.,
Organi ¢ Synt heses John Wley &

Sons, Inc., NY, afw@ﬁagﬁma 19 3§aﬁgﬁwﬁmo 33%n Wmméhﬁégwﬁ . Hruby (1997)
Curr. Qpi n. Chem™BaF e Yigresiche bpiy HEPERESIP TS5 WBL Di vers. 3:17-27;
OCstresh (1996) N@?ﬁﬁﬂ@mEﬁ??%ﬁﬁw?@7“2?6“?’&WmP@ §YELmHi B Bpt | domi netics
| i nked t o i nter nahdhgrgropss prorfags pidlogddos inghg hefnppisioiroksept | des or ot herwi se
preferabl e incl ud®ho Troreenthdsgnre BQ vaftineargeeiodriylodsalpain. &srdsamor e pref erabl y
no nore than 25 OkpeRfdial@doN@onataiisHiBiectiVAD i Qd2hDERB2MPCIN IBR6it/ 053764

by the individual's mental state, including environment and cultural background. "Physical"

pain can sometimes be linked to a stimulus perceivable to a third party that is causative of

actual or potential tissue damage. In this sense, pain can be regarded as a "sensory and

emotional experience associated with actual or potential tissue damage, or described in terms

of such damage," according to the International Association for the Study of Pain (IASP).

However, some instances of pain have no perceivable cause. For example, psychogenic pain,

including exacerbation of a pre-existing physical pain by psychogenic factors or syndromes

of a sometimes persistent, perceived pain in persons with psychological disorders without any

evidence of a perceivable cause of pain.

[0094] Pain is generally divided into three main categories; physiological, inflammatory

and neuropathic. However, multiple mechanisms contribute to each of these, with some

overlap, as each is subject to or an expression of neural plasticity. Neural plasticity is

generally divided into activation, modulation and modification, and each can contribute to a

change in the threshold of sensitivity such that hypersensitivity to pain stimuli results. Pain is

not a passive consequence of transfer of a defined peripheral input into a pain center in the

cortex, but rather an active process generated partly in the periphery and partly in the central

nervous system by changes in plasticity.



[0081] Instead of or as well as linking an ND2 peptide to an internalization
peptide, an ND2 peptide can be linked to a |lipid (lipidation) to increase
hydr opholbwoi2012/65092the conj ugate relative to the pepti dePpararseoanss7sher eby
facilitate passage of the |linked ND2 peptide across cell nenbranes and/or
across the brain barrier. Lipidation is preferably perfornmed on the
N-termnal or CGtermnal amno acid but can al so be perfornmed on internal
am no acids, provided the association constant of the ND2 peptide for Src
is not reduced by nore than 50% Lipids are organic nol ecul es nore sol uble
in ether than water and include fatty acids, glycerides and sterols.
Suitable fornms of |ipidation include nyristoylation, palmtoylation or
attachnment of other fatty acids preferably with a chain | ength of 10-20
carbons, such as lauric acid and stearic acid, as well as geranylation,
geranyl geranyl ation, and isoprenylation. Lipidations of a type occurring in

pOSt transl ational [009§])d| Jh}sﬁl@ggc!tl 9&@1 1sq;f1t1atgll§sta%<ﬁ$n togng)Lsgtlnng(negﬁe%ncpr eferred.
Lipidation with g,f %E}Jm%]c! Qemlc'a@ mﬂ%%ﬁn%y ﬂaﬁ?le‘BJtea Q‘yr?lfs%m bond to the

al pha-am no group Lhe N-termn m no_aci Et}p P& Qtldels al so
pr ef er r ed LI pl dadfimag,m ammal mban rburopa 106%111 &nervoussaieﬁl esmns ac ISﬁ ra ng a pr el | pl dat ed
am no acid, be pé&¥ ’FyBefSFPﬁ‘HIWéIH?’)?P‘r&fﬁe feimper 4 "r‘?""‘\?‘l“ﬁ"?“él “?3?’“ BV“‘”F ®Eonbi nant

expressi on, by cHE BAPUEPHYSE] ARPT Broge = Clrefp edroxgermyati™z at i on of the
peptide. Am no acPiets herpdiirfcplerpkdgyeatqnpd posetrripeairingiyreglsdiaonfrerpaolyi pi d

nodi fications ar esdphsvieicatiam hypesensiiva serarily @turn{ QOB pricd tip dighat ircoess pr ef er abl y
facilitates passag@hdby raurdsiondtd NNDZNP eptvilgdesisatd 0S8taae &alths Menbr ane and/ or
the bl ood brain b@neadnﬁsarwdltmnaﬂ&nalmuﬁiy%ﬁacusnslatﬁbsdmem&actroﬂdmti on of bl ood
pressure as has hggn.found when a standard Tat peptide is adm nistered at
hi gh dosage (e g. [0096?t I(a)ll; cagzl’lsgﬁne%ﬁedtous%&tegr clgg/ k&)tédjalglgas% pimqgg; with smaller

reduction that than1 nt“rl]% rse e t1 de 0n§<c d.to a m%tse%ndlard Tat peptide.
[00235]2” o tcrjanSI ansir:‘“s\fgae??gjf gﬁ%gﬁfﬁ%ﬁ%k rc%&%&"d e‘;‘g{g C‘plé ?faﬁltén agm nstering
ggm ni slto grpte:j St ( Hf‘°gﬁf°a‘%ﬁ’§‘é‘§‘é‘§“nleﬁnfn Not:lavida g“élﬂé’ﬂf"lﬁ%?d E?E"épg‘?ﬁemes? P ation of an
anti - i nfl ammat or yensyptiesfedeln(pingysctichmd ll neiaaic o geddnul at i on i nhi bitor (see,
e.g., WO 2009/ 07a%9) ) . PaiyinclidAotifepiTeBair vEMNABHaIcF@VFREATVENT OR PROPHYLAXI S
[ 0084] Agent s of trh@pqdices@gatic phif(d@ddai@Pre@lrGndutsiahiihmaion, idfett@@t | Nng or ef fecti ng
prophyl axi s of neied @gis6l). Sis@aseinBhmtS0 Clems panR@ipdh and cancer. These
cl asses are not GfeafhRhsh SR, afbbhibl &pdraYees@hGobrblBids¥ Bysesthe@. paR6&AP! €, a brain cancer
bih SR, aibibh 2 Bys p ap

could fall under h%enjpathta Qﬁaﬁ[ﬁn lﬁl’b ga%%%bgelllc%grg ms@\m\! Q)[o!o& tné{]ralgiz nmy rolo g i cal
di seases and di sor nglaX|s Such

p%antgam ani:nfaﬁdn an@or 1d10pa1:hlc paln and. Ci ex rylona%)al

Sy1H

di seases and di sord e anxiety, ep £TC ca or retinal
II complex regional pain syndrome IL These etms are de d y the Int atlona

neur opat hi es, stroRe& { gpont anéous, “acute émc, henorrhagic,

procedural ly i nduftgeon for EsSjupya él‘)‘/a“d*l‘ﬁ?ﬁﬁlﬂaﬁye"%“?véunatl c injury to the CNS not
associ ated with s0P&hkeNogigiire pais's nifeisd B epecielirefiysor poeiggpioreit fe@eBeEli n i nj ury and
spi nal cord i nj urmgyes ifepqeiomeotsstingl, gevdisaoxioPsimkl Mgt wtentilssease, ot her
denmenti as associ ato@dptond sedarally @16 alpi@dib@sye frbdudnde bntigs Gantersinghijis@ase, ALS, bovi ne
spongi f or m encephmli@p@idayss, joiki, @t Edekoets. Thladt@lbodingieas®s) neitts t | pl € scl erosi s,
spi nal cord degengialki@h comSiicRHGakERR bdigher A @idsihal cf@¥reSBGRAS di sease, and
transm ssible 5p%&ksid%o@hﬁ%.ﬁa%ﬁlo%%nt%anﬁldﬁxlilcsqe!s&QEan@(o%]ea' so include

pat I ents under go'cgrgralscor{ ehrer¥1t &5191 yt(butaﬂ.[)tgle%f}) %mltsasen@% ofapam %ocm e})/aessel ( €.g.
jugul ar vein or car ot I su Ev r% Bd to or fromthe

n result i)m a \mdf, var1 rmaj blO (I)glca ? 1nﬂamm to

brain, particul arfy pa §d& eploal_nc dch as endovascul ar
surgery to repai rmeﬁﬁ“"%\f‘i’g’ﬁf“%"fﬁ“&p"”“" 'a“’d'\?ct§?fﬁ?1m%tgfb°§yd’fsbee‘ﬂ9hafeo a bl ood vessel
suppl yi ng a | i nb,zspp pae * €& ginimplgpephpider BiEnsii fegriivd §p cAuSprepPiy iy can be

ef fected for exanplesty i nserting a stent or coil into the bl ood vessel

subj ect to the aneurysm Neurol ogi cal di seases and di sorders associ ated at

|l east in part with excitotoxicity are®particularly amenable to treatnent by
the nmethod of the invention. [0086] A stroke is a condition resulting from
inmpaired blood flow in the CNS regardl ess

D =




of cause. Potential causes include enbolism henorrhage, thronbosis and
surgery. Sone neuronal cells die imediately as a result of inpaired bl ood
flow. These0eldsai2znel ease their conponent nol ecul es i nclPadiusgoiglosd7asat e,
which in turn activates NVDA receptors, which raise intracellular calcium

| evel s, and intracellular enzyne levels leading to further neuronal cel
death (the excitotoxicity cascade). The death of tissue fromlack of oxygen
is referred to as infarction. Infarction Volume (i.e., the volunme of dead
neuronal cells resulting fromstroke in the brain) can be used as an

i ndi cator of the extent of pathol ogical damage resulting from stroke. The
synptomati c effect depends both on the volunme of an infarction and where in
the brain it is located. Disability index can be used as a neasure of
synptomati ¢ danage, such as the Rankin Stroke Qutcome Scal e (Rankin Scott
Med J; 2: 200-15 (1957)), the NIH stroke scale and the Barthel |ndex. The
Rankin Scale is Qﬁﬁﬁd ﬂﬂmﬁ&§ﬁ&§mﬂ%pgh&§££imm&ﬂﬁmﬁ&QQ@LmﬁﬂﬂQ't'OnS of a

patl ent as foll Ov}gmune N%ns?éfm%g% to%%ecu% 1\htatg6!1\Qd/o§!nj glInﬂAn%&pl}-ls .dl sabi | i ty despl te

3?/ gg[’)lo lIT:S t y: ab {J ﬁ a[')loc a?a?&lEeXlar re'i;[ess ?we 111'1gaalnc1J armth kl i)am causméstl uh% g’ tella e\\{(! :Es | es. 2Sli g ht

LVIties but able to | ook
after own affalr§“@TV%%ﬁ?m§§E@§F5ﬁ%@mwﬁwﬁﬁ8?3?@°@F%ab|I|ty requi ring sone

hel p, but abl e t d*¥¥l KNrPriHODEE s HEEH&F St PNBId T geee P §e R Et e di sability;
unabl e to wal k wiodeseireras syt grfreee aprophaphe brhtel ntugpaghtc premeeetiery4 own bodi |y
needs w t hout asSNestalinpenis Savdedy e ighmgaii Assodiayon foby@mdyditbamas painncont i nent, and
requ irin g const aniitiatadbf ﬁdsdﬂgy a@Bia® le@dA 6k dysfunction in the nervous system. Neuropathic

pain often involves actual damage to the nervous system, especially in chronic cases.

Inflammatory nociceptive pain is generally a result of tissue damage and the resulting

inflammatory process. Neuropathic pain can persist well after (e.g., months or years) beyond

the apparent healing of any observable damage to tissues.

[00101] In neuropathic pain, sensory processing from an affected region can become

abnormal and innocuous stimuli (e.g., thermal, touch/pressure) that would normally not cause

pain may do so (i.e., allodynia) or noxious stimuli may elicit exaggerated perceptions of pain

(i.e., hyperalgesia) in response to a normally painful stimulus. In addition, sensations similar

to electric tingling or shocks or "pins and needles" (i.e., paresthesias) and/or sensations

having unpleasant qualities (i.e., dysesthesias) may be elicited by normal stimuli.

Breakthrough pain is an aggravation of pre-existing chronic pain. Hyperpathia is a painful

syndrome resulting from an abnormally painful reaction to a stimulus. The stimulus in most

of the cases is repetitive with an increased pain threshold, which can be regarded as the least

experience of pain which a patient can recognize as pain.

[00102] Examples of neuropathic pain include tactile allodynia (e.g., induced after nerve

injury) neuralgia (e.g., post herpetic (or post-shingles) neuralgia, trigeminal neuralgia), reflex

sympathetic dystrophy/causalgia (nerve trauma), components of cancer pain (e.g., pain due to

the cancer itself or associated conditions such as inflammation, or due to treatment such as

chemotherapy, surgery or radiotherapy), phantom limb pain, entrapment neuropathy (e.g.,

carpal tunnel syndrome), and neuropathies such as peripheral neuropathy (e.g., due to

diabetes, HIV, chronic alcohol use, exposure to other toxins (including many

chemotherapies), vitamin deficiencies, and a large variety of other medical conditions).

Neuropathic pain includes pain induced by expression of pathological operation of the

nervous system following nerve injury due to various causes, for example, surgical operation,

wound, shingles, diabetic neuropathy, amputation of legs or arms, cancer, and the like.
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5 attention. WO 2012/ 050921PCT/ US2011/ 053764 [0087] The Barthel Index is
based on a series of questions about the patient's ability to carry out 10
basi ¢ actwoizpi2asoefi daily living resulting in a score beCRasp010/0537d4 100, a
| ower score indicating nore disability (Mahoney et al., Maryland State

Medi cal Journal 14:56-61 (1965)). [0088] Alternatively stroke
severity/outcones can be neasured using the Nil stroke scale, available at
worl d wi de web ninds. ni h. gov/doctors/ Nl H Stroke_Scal e Bookl et . pdf.

[ 0089] The scale is based on the ability of a patient to carry out 11 groups
of functions that include assessnents of the patient's |evel of

consci ousness, notor, sensory and | anguage functions. [0090] An i schem c
stroke refers nore specifically to a type of stroke that caused by bl ockage
of blood flowto the brain. The underlying condition for this type of

bl ockage is nmbst commonly the devel opnent of fatty deposits |lining the

vessel walls. ThigGRRMih! QRikSiCRELHE AL REIAR6LEL0SHS, swhbiese fatty

depﬁSI ET?) Canblcaudgﬂn%le r051YEy§n om lha %Qﬁgordl‘ilncf\ul’yl aQ Ancer. | rebral thr OH?OSIhS refer |S to
? t hr ombus ( 00 ﬂ‘? ;\some condmonse Séu% p £rst baetcause eac% (l)egﬁlx re art of the vesse
Cerebral embolis affy° 1o ot“that forms at another

| ocation in the d’i“?cﬁ’ﬂ‘le%l‘tiE’ﬂ“ﬁ}’a‘@%f%”t‘“é”rﬁ"reﬁ?ﬁeaﬂhrf’vpi“}fge‘lﬁ"éﬁrﬁs and large arteries of
t he upper chest dHEME¥RCCHYITHT T PeEPPaliTrait o oY Bric AUtk Pets br eaks | oose,

ent ers the bl oodststerdyphmeiartr 1iprgnas frigsertita pegsel gylqest ohigflabypaggiy predgtoping od  vessel s unti
it reaches vesselsgsereonegepalid inflingnatiog For pximplo.ariegine Wdgleeondresenmpor t ant cause of
enbolismis an i ra@gulifopdheaid hdiieatys paik ROWRAyoSialafid iQFobadll sefoddBy b | | ati on. |t
creates conditi OnScickplive Wl R hEhBies bubi@Abnbrad Misdiddcitil) BayBeRidu odi S| 0dge and
travel to the brakhpandbidisonal potential causes of ischemc stroke are

hemor rhage, ¢ r ONRAS Syl S3RGL00Hf, ARl SEY o OL Yl Cardi aC arrest.
shock of any causensl0 amd?scem gtoaglm e, dbemmfeggg n.c causes such as
di rect surgical Wdt]P ar rain fﬂnood vessefs or vessel's feading to the

brain or cardiac °“tﬁ%;faﬁeﬁtﬁ%ﬂg VA fﬁs‘g‘ét? ' SY‘?@Wé’ﬁ‘i“&“‘é‘P“}“&eﬁé“p%{léeé unts for about
83 percent of al Ipa‘&é%é’éheé?fm"é"tthO Cha[‘%@gei‘]’laﬁr%i??gsFSé’r?fm?‘g’éfH‘@m c attacks (TIAs)
are mnor or war rifegusgtolde el painfupptippluyp potectyiypseppst lepeed toprpfehl teeditdy ve of an

i schem ¢ stroke aredprietertt raahidinuherepopsey igeaded ishinigkegaingadrriniy si gns devel op.
However, the obsthkaligicindiniddoh @E6), &l pBtiJlogieCesphnss. E@imuaisdi@fotsestame and tends to
resol ve itself thiekgRainehdtBlin FecdaRdnSIiEial RaksioRd bosiurd) P&IgAI NG heart,

pul monary or neurQposthgalie r@fofesbdiald hé &ibloRE nekdusilseRfr edadcRsi ent  cer ebr al
i schem c attack.

system. e.g., enhanced release of adrenalin and noradrenalin, increased output of glucagon
and/or hormones and/or corticosteroids. Physiological changes that can be monitored include
locomotor effects such as twitching, convulsions, paralysis, dilated pupils, shivering,
hyperesthesia and/or altered reflexes. Physiological cardiovascular responses to pain can
include changes in blood pressure, alterations in pulse rate and quality, decreased peripheral
circulation, cyanosis and congestion. Increased muscle tension (tone) is also symptomatic of
pain. Changes in brain function in response to pain can be monitored by various techniques
such as electroencephalography (EEG), frontal electromyography (FEMG) or positron
emission tomography (PET).

[00105]  Another symptom of pain can be referred pain, which is a perception of pain as
being localized at a site adjacent to or at a distance from the actual site of the pain-causing
stimulus. Often referred pain arises when a nerve is compressed or damaged at or near its
origin. In this circumstance, the sensation of pain will generally be felt in the territory that the
nerve serves, even though the damage originates elsewhere. A common example occurs in

intervertebral disc hemiation, in which a nerve root arising from the spinal cord is
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[ 0092] Henorr hagi ¢ stroke accounts for about 17 percent of stroke cases. It
results froma weakened vessel that ruptures and bleeds into the

sur roundiwg 2br2&ism21The bl ood accumrul ates and conpr esses PCHAISsun083764li ng
brain tissue. The two general types of henorrhagi c strokes are

i ntracerebral henorrhage and subarachnoi d henorrhage. Henorrhagi c stroke
result fromrupture of a weakened bl ood vessel. Potential causes of
rupture froma weakened bl ood vessel include a hypertensive henorrhage, in
whi ch hi gh bl ood pressure causes a rupture of a blood vessel, or another
under | yi ng cause of weakened bl ood vessels such as a ruptured brain
vascul ar mal formation including a brain aneurysm arteriovenous

mal formati on (AVM or cavernous mal formati on. Henorrhagi c strokes can al so
arise froma henorrhagi c transformati on of an ischem c stroke whi ch weakens
the bl ood vessels in the infarct, or a henorrhage fromprimary or

metastatic tunor scoalprgssgdb}eddjgm&lsmke&hAmglpaaI&yﬁmmdemeedm@@s&f bl ood vessel s.
Hemorrhagi c stroke can, al:sQ, h?lreélg?ervld Qtﬁ‘c&%&s’;eﬁ?%rev@('fo&xa%%yﬁ&ﬁlgSUCh as direct

surgical injury to a.b rai n vessel. An aneurysmis a ballooning of a
weakened region of . a Blood vessel. If |eft untreated, the aneurysm
continues to weak®Hem¥oPiPiyPeippise oPE oHAYPRY BBGRFHF G Ve Brai n. An
arteriovenous mnal'f e RECEPCCAVRY TP MY {p8Y Wyl AR S TPy f or med bl ood
vessel s. A caver rrbugromgiespateyrest §s epffordigphegesiyy irmpsda. ypoisesiemml i ty t hat can cause a
henor r hage from viestkeded nvwerodfgntist r uct ures. Any one of these vessels can
rupture, also causimyg L€ mgnvdiinere iid @edld Foriedling oHERDE FbdBGLG St r oke can al so
result from physicgad. stksalbiBgene HREROE hdhaghh SodyShd HRKRanteR rOBGRANE Of the brain
can |l ead to i scheglGefldiRkBudolbr RAR REE indl O ORSRRLbRYCQf bl 0od [ ost in
the hemorrhagic sif p.Jés@,fe ph0ORILI B ESE s AUEDLE B Euthiafy usel ul T or

treatnent or prop ntlal phenonenon t hat
is subjectlve to I's influenced by the

i ndi vidual s nenﬂgwugvﬁﬁgcw?%%Vﬁﬂw @wmﬁ@%WﬁgﬁEﬁ?mgﬁﬂmgﬂW?ﬁraI backgr ound.
"Physi cal " pain CAFCEEHEET HEetsers ARt Se rES S ERrE BB cei vabl e to a
third party that fssempighabraicingeiaus gfuesarihespmb pagspt. Ippyperrtedabresiiegglifs danage. In this
sense, pain can be cregahded orawallgin tegmngority exgreydbn eflatisbur Garded  experi ence

associ ated w th aeddd@lous @fplqIoh @bheadtient HSGHEhel EIEEE &pres@ih ledBsor | bed in terns of
such damage, " acGQli@d Deckud adili@orkotiQl RabdianA ccASEAC &aivoRa f Or the Study of
Pain (I ASP). HoweN& machsHBandeBs LARGESI BlvidDA nflcaldANLN0 is RRFGEL Vabl e cause. For
exanpl e, psychogqllaan&mgﬁ,uﬂametﬂomﬂtﬁameﬁl& FAGEL Ao @ Bt 101 e R €- €XI St ng

phySI Cal pal n by QSeYC 1 cr%mw!ieanat%%ﬁv?oﬁa d1t10na_11 cglonthatacan erq;ramenab 9rrEt| mes
persistent, percelve In in pers ol °di sorders wit hout

W Gal
any evi dence of a PP ceTvasre T ememmmﬁrelﬁ @ﬂ %%ln "t's generally
di vided into thré@mﬁﬁwﬁmbﬁﬁﬁﬁﬁfF@%W“Hﬁ?@ﬂ@F@ﬁ?%Hﬂm”Pﬁ?Pﬁﬁﬁhtory and
neur opat hi c. HowePeeyossqs echngpee PREEHARIEMED EOftcRPOt @cogpcitach of these, with
sone overl ap, as aseehdijagr a pdyjisgrestablebpmetods gfithe myepipressi on of neural plasticity.
Neural plasticityyl SyagRssa kYNl Aedi oo activation, nodul ation and
nodi fication, and each can contribute to a

a) Methods of treatment
[00108]  Agents optionally attached to internalization peptides are administered to a patient

ue to nauatlons o] Tr protelns %at re%llate it. a'll?le pretseEt metho

having sign(s) and/or symptom(s) of a disease or disorder described above in a
therapeutically effective regime. Such a regime means an amount, frequency and route of
administration effective to cure, reduce or inhibit further deterioration of at least one sign or
symptom of a disease in a population of patients (or animal models) suffering from the

disease or condition being treated relative to a control population of patients (or animal
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change in the threshold of sensitivity such that hypersensitivity to pain
stinmuli results. Pain is not a passive consequence of transfer of a defined
peri pher avoizapuso92mt o a pain center in the cortex, but PaThESROIAMNSIG6L | ve
process generated partly in the periphery and partly in the central nervous
system by changes in plasticity. WO 2012/ 050921PCT/ US2011/ 053764

[ 0095] Physi ol ogical pain is initiated as a reaction to noxious stinuli
(needl e prick, tenperature extrenmes, chem cals), inflammtory pain is
initiated by tissue damage/inflamrati on and neuropat hic pain by nervous
system | esions. Each is characterized by hypersensitivity at the site of
the damage and in adjacent normal tissues. In such cases, stimuli that
woul d not nornmally produce pain do so (allodynia) and noxious stimuli
(sharp objects, heat, chem cal) evoke greater and nore prol onged pain
(hyperal gesia). Inflammatory and physi ol ogi cal pain hypersensitivity
general |y retUrnﬁm&ﬂhﬁ@hﬁﬁh&&Q&%e&Qﬁmﬂh&@ﬁﬁﬁuQéQ&ﬁé%WQ&mpath0|Ogy returns
to normal . Neuro pﬁiEnE(i CThp 1 \‘!Mso C(lnsmfgr@dr tl%llap%&ucagy eﬁe@t{ve 11’ an g?lvn{ul &‘eLtﬁ%t Ing eve nt has

healed and is a r‘e%tac 1evesan0ut nor Lant%yrﬁeansoxcom nacontrl ou1a90n§ rather than a
reaction to the pa V. OU8E] P S B P8 BPYe8°t o as acute or

chronic. Acute paff"ﬁ’ari‘b@p SIS EYéfie‘h°dst°ﬁt5eth‘i“%°“ Tfhed‘f‘f%bi“éﬂ’fses d?‘ie“f'fat ure, such as

t hat caused by a PhHiprPERCHESHPE FPHI T PEdpRINS Flsattesensi tivity that
persists for a | ongei ngereixge cugreitat Pippsge sgadospip ofleppyisient Ristferit nodel s of

chroni c pai n can eifglo{dgdesefforchrec bonditfop.giclpa deviogapeadrt diseses. oGeamplk.et e Freund' s

Adj uvant f oot pad Aifgir@ecdot FaRinsodLdalt@, oIS hdin, Gtbloddse D d@hesmes BPpbriaal / sci atic), and
all neuropat hi ¢ paidinweg@ha. [0097] Pain includes nociceptive pain
(including somat i G183 deoMlpRiGElibink fron MM PRREDHA! HRYEOGE BlLamPai n
(degenerative, prageﬁﬁsld&m%ls!er@dq}&@e%@le cotln]piz ng&%}{m Lnﬁ‘Ioﬁe »t 1 0n-induced, anmong

ot her S) synpat hi gm tlon }fectlve tc?'rI;:Euce e Eal’fecté ofs eorot er i5c] Peﬁuc cogdltl%pd pal n
br eakt hr ough pain al'lo % perar eS| a, g res sta, dysesthesi a,

par est hesi a, hyp e%’é{lieﬁ‘i“%\‘}‘/’“ BHERBET T ‘é‘i“‘ﬁm‘*% % &

HEYEY ¢ pain, anesthesia
dol orosa, neur al gi&etonsAHF o iallity gy ﬁ‘l‘baﬁ‘ﬁﬁf is G9usidgpd ey Fffe‘iﬂ‘é and/ or

i di opat hi ¢ pai n, andvideabirepdd eaienyskoyi agihility ¢ stic pr lessymitkReplpssalejand 7§ ¢r corrpl ex regional
pai n syndrone | | .moFlekdarheycaipser iy repuidief ¢f matel piygnisthve a biifierinat | onal Associ ati on
for the Study of ikaive Ganes dabi@ty)aetibudvhids tters brya deXiG Wi thaer.conpODO8] Noci cepti ve
pain i s initiatednlyedp@EdnaleiLzeel SRS OV 2006364: BLPE. Akiseleldie e per i pher al
nerves in responsgndQnhQXLiQUS r@iinBdlie. €Ncodi Ng noxi ous stinuli into action
potentials. Noci C[ﬁy%]orl%emsgf%l@{%&eﬁhla)’eals%ﬁlseﬁ t(gxten@tpegfﬁgcyfol D& SR free nerve

endl ngs that term er%smn oxllm rovet%:safepo %oﬁe englonata 1\J/[ent1|;]n(c;.i '§i§ J oI nt S, and in bOdy
organs. The dorsal r ga - neurons®provi de a site of

communi cati on be tevP/ec‘arY“feﬁl IIee“%m’m"h5<°ah TR PHE LR N The signal is
processed t hr ough™th&E"Ehi ?‘i‘ﬁ‘las t’c‘,sberpasmﬁnf‘?e“taﬁléa“’b}“ﬁ‘ie R%‘t‘eé?ﬁ“%i’ﬁ‘ﬁf"rt hal ami ¢ sites and
finally to the cefaBFap OB ¢eovspliyete dofetie ipgnizeetsyn foyerey chot al ways) elicits a
sensation of pai remoNegq egeetptith jree. Apeni ofithedrgpntion erg eladminfstergig igprapg dibe vari ety of a
chem cal , ther malspfenahddk @gico@ddsents @hig) brpak dof dod avmabdr y) or nechani cal events

t hat have the pot@mni absally®erhed 1iaki@tides O6n sl BrOGRNRQAY vhica&tiay Whi ch are
generally above anok@dd ah R ¢itth Nin BB cak R ERSROLaGaiRbindolll RBS] ley oh&UI r€d to cause
nocl Cept Ive actl Vv!'egkxnolnlﬂy Opé?&ﬁlé:o%ggnglr\/& depending, e.g. on the half-life of the agent for 1

week, 2 weeks, 4 weeks, 8 weeks, 3-6 months or longer. Repeated courses of treatment are

(Tther a%ent that

also possible, as is chronic administration.
[00112] Treatment of a cancer with an agent can be combined with conventional
treatments, for example Taxol (paclitaxel) or its derivatives, platinum compounds such as

carboplatin or cisplatin, anthrocyclines such as doxorubicin, alkylating agents such as

24-



WO 2012/ 050921PCT/ US2011/ 053764 [0099] Infl anmatory pain refers to pain
associated with inflammation Inflammuation is an i mune response of an

or gani smwo 20rfeseq2ion, irritation and/ or injury. |nflanPaTiusRo11®53764
characterized by redness, swelling, and warnth. A pain-causing stinulus
often evokes an inflammtory response which itself can contribute to an
experience of pain. 1001001 Neuropathic pain is generally the result of
abnormal functioning in the peripheral or central nervous system giving
rise to peripheral or central neuropathic pain, respectively. Neuropathic
pain is defined by the International Association for the Study of Pain as
pain initiated or caused by a primary |esion or dysfunction in the nervous
system Neuropathic pain often involves actual danmage to the nervous
system especially in chronic cases. Inflammtory nociceptive pain is
generally a result of tissue damage and the resulting inflamratory process.

Neur o pat hi c p al n c?cﬂ)&ospcg&i&i aﬁI—me%lith su@i]c ag ﬁ[{uor((ugcilgx etopc!g{@en tAE' %en% ey €ar s ) b eyon d the
ap par ent h eal In g igzgntio% @a}{ beqpn%%{érydelltpclol&ingl nm?tgtgvo, Ehge oq' 0 eSoHEe§e' eI;lfSQIp a_l 011 In

neur opat hi ¢ pain, sensor rocessin om a ect reqgion can becone
abnor Ml and’ | nnGEUAUITEIPIRIF [P pchmob e S Sopn e by weTHL L )t hat woul d
normal |y not caus¥ Ba&TH- HEYed6 L rronr e BrirestiE 1Y noxi ous stinuli may
elicit exagger at €ei5Ey BRHegrRIN G feaipHpedERF2tgen. Avppiasniat €&a) in response to
a nornal |y pai nf uhtibaliey iqype|EGEreceptop asgyeldt spopllgnleculsinapeitestns rsGEerif ar t o el ectric
tingling or shocksageistdugi ingidigm.deenaedt wg togethir wigh radigtiogRraestshesi as) and/ or
sensat i ons havi ngounp| Basantih g bglt btthk @ntifnican@crease thy S@atphesicasy nNMay be elicited
by normal stimul isurviBreddd MM g oaied wios: cat: 1 @ Ghsavwad koituof pre-exi sting
chronic pain. HypgkRatshh, dwdSroRo Rl 1004t 108y BRI al B GMle tduPiinif F OM an

abnormel I'y pai nf yl,; . GAGHILQR ab® i@hadibol THLHRery, ;I'-Jgtﬁen&%lu{nglthyd%eninﬂ most of the

cases is repetitive vgjth n 1 ncreased pain thresho whi ch can be regar ded
increase the complete response rate, partial response rate, or objective responsé rate . .
as the | east experlence Of paln h t§ &Nt can. recogni ze as pain.

Ich™a pa nr

1001021 Exanpl es ‘8Fpl‘iinee+ﬁ?f‘81b‘3£t’)aﬂiméw‘ é?"?ferfsﬁeé‘ﬁ‘wl@“ TRE TG PBdynia (e.g.,

i nduced after ner's&3%5j40 SPyPefaiir ar §1de Pe o gren BT H@i5emt ¢ (or

post - shi ngl es) netsimapigpugthe sypoivg Britpraliy] reappany paprntapit yipor srpvdlf inasion.sy npat het i ¢

dyst rophy/ causal greasiafisvemsiogengsis.aume) , conponents of cancer pain (e.g., pain
due to the cancerooiis elyficalgrin RBS0 Gkl @leebhs0ndisd 0 Rshagunhnas i nf | anmmati on, or
due to treat ment iSHEHnaASLIRRRREIES s@PMLandBUERRE He Dihe R vafel@bhapy), phant om
linb pain, entrapi@hfeat)SaPRALNe id&eicFrelatve GRS arbubldt dus SYRLYr OMe) , and

neur opat hi es such,a8nRE kbR REFBucd§ ML AR WnidSe Dnep -AHE: Qi abetes, HV,
chroni c al cohol ul%ee cbm Eé Ql((?sl%rl%s :[)n(s)e ra%g arr]eeclgterntlir%()i(l!y@b?e t1(7<!, cgtg'r!a lélognlmg}l usch’ny

chenot her api es), vi.tamn deficie cles, a dhaNfar1 e vari ety of other nedi cal
condi ti ons). Neurbdpatfi‘e varhfAciugdas®iar i° 1"Hauced BY “éXpr essi on of

pat hol ogi cal operfatFYR ot PF@her vous system fol | owi ng nerve injury due to
vari ous causes, fl¥i1Slex@miice of aasiipogyiai i humens ep bevleed vsigsuitiely oL $#i ngl es, di abetic
neur opat hy, anputMngroypainfuesfopgiss agtscalgyhprg beendaipnedy evalainabatetigraib.i ke. Medi cal
condi ti ons associvaig@iderai ntchod B @ PEd -dbig! a@ihdl meang (urchety dnlypourdd | ¢ nerve i njury,
stroke, multipl e ssahQEQSI (Siratios Yl inkhg QPR pan scPihdud heG@EChnkiddj Ur'y, and cancer
1001031 I n sone cendiddiPRSquesRiakt, IR BRESor DRt CAUSEMrIMad sCONPl ex m xture

of nociceptive ang ReURARAEMCMEAL I soun FON27R% RN, 10 QNI C pain of ten
conpri ses inflamygt,qry nociceptive pain or neuropathi ¢ pain, or a mxture

of both. An init iAaIJatie r;l'es[:’,n\s/it(l)vlfl Sto Sal}{ ?pginet eslg) d)ScInléllI;!)(i)grin %Dred%n iacg)‘iorlfl re?ér s%y tri g-ger the
neural rel ease of FRITaMEL OFY PHEGT AL OF'S “and subsegueHt " né&lr opat hi ¢

i nfl amation. For®™ EXEMIEe" e He  HARIEEHEE " EHN P e ELEHt a mi xture of
neur opat hi ¢ and e EEpHGSg@eepSpspline Aigoranster pp Sty epaa BFaFTsi s probabl y
secondary to nociaseptirybichmyyes sefsiam! thirsin aepgof g alepyiprtter v abnor mal nmuscl e
activity may be the result of neuropathic conditions. 1001041 Synptons of
pai n experienced by a patient may or-ray not be acconpani ed by signs of
pain di scenable to a clinician. Conversely, pain can be manifested by
clinical signs without the patient being aware of synptons. Synptons of
pain can include a response to pain, e.g., in the formof a behavioral
change. Exenplary responses to pain can include conscious avoi dance of a
pai nful stinmulus, a protective response intended to protect the body or
body parts fromthe painful stinulus, responses intended to mninmze pain
and pronote



heal i ng, conmuni cati on of pain, and physiol ogi cal responses. Communi cative
responses can involve vocalizations of pain or nodifications of facial

expr essi onoan1p5892ur e.  Physi ol ogi cal responses are i ncl RG@/Usespofyes

medi ated by the autonom ¢ nervous system or endocrine system e.g.,
enhanced rel ease of adrenalin and noradrenalin, increased output of

gl ucagon and/ or hornones and/or corticosteroids. Physiol ogical changes that
can be nmonitored include | oconotor effects such as tw tching, convul sions,
paral ysis, dilated pupils, shivering, hyperesthesia and/or altered

refl exes. Physiol ogi cal cardiovascul ar responses to pain can include
changes in blood pressure, alterations in pulse rate and quality, decreased
peri pheral circulation, cyanosis and congestion. Increased nuscle tension
(tone) is also synptomatic of pain. Changes in brain function in response
to pain can be nonitored by various techni ques such as

el ectr Oencephal Ogﬂe%@@%nsﬁlﬁt?@lmhei YQMExaQAIeQ&MgQMMe&QMmSQFﬁW) or pOSI tron
em ssi on tonogr aﬂménen(tE@Tr)mc1u&]e9$£§5éox%‘}9&t @Em?é’{mtmﬁ%%&l B%k“ can be referred

pain, which is a per 1 on a site adjacent
to or at a dist anc%rfc?p[?)r ant%gP]msts nem[p lﬁ)tu]‘ agents f;ploeds %Igc€t¥%8qlne rec?%tor aﬁ)m si ng s timul us.

Oten referred éﬁﬁ“ﬁ%?@ﬁ%”ﬂﬁ@ﬁ“gmﬁ@?V§s?gﬁﬁ%ﬁ%?@¥§%ﬁmﬁﬁmﬂanaged at or near
its origin. |n tH¥dePECpRtcaitacloov s RSB EPPEPI™Wi | | general |y be
felt in the terri€yHPRs Ohepainrdigingtpesinaludg eodeipe Gcodippamhing Peyerbh t he danage

ori gi nates el sewreroet. Dovogeinnre exanpkd Ssoteurs in intervertebral disc
herniation, in which a nerve root arising fronlthe spinal cord is
conpressed by adj®fceMethefs eiPrephylesis g | AIthou ain may arise fromthe
damaged di sc i tse[?"f‘“] paf e el prgYidergnetids “f“b’f’“fp" ‘Eg HePPeagiioHe served by the
conpr essed nerve‘Fﬂﬁwm@%ﬁﬁﬁPﬁdﬂﬂﬁ@mﬁwﬁyﬁwmkﬁ@@ﬁmﬁ@“ﬁﬁﬁﬁwk“100106l

Noci cepti ve act i vieelping e dgordsy(ng b @miitiof illng difople pidisere rptre 2 coNoici cept i ve
activity, even i mofulien aips@nCepudfon GORSEd cOUSTpyte peX B& neighalpai N, may tri gger

wi t hdrawal refl exeseanadon iiahd gatry pdpflatid e OR@R & ade@SPORAGRA/SUCh as pal | or,

di aphoresis, bradygay)dhdave RIROLSRRE O Ry lhGRLBERACHRES Ssupausea and _
fainti ng. 100107]\:an-[)bc%nsﬁ&§91:15§ fopafdlernggfaanﬂ\iégQLsLogﬂd @Jh%at@lLoﬁig 1slfl)§rﬁtol'” f _Or treating

or effectin g pro q)h ¥soc1ated with 91at sugjecp % Jisk facto can lncl %e any acthlrI (%ralgeven?or ;Qopgts ent in th e human
body, and many cancer ﬁ ession, nutation or

. ass0C atedS it a§1an%1(§or Cflor exam throu&hﬁtatlstlci %epldemuf og1 a stu ies

activity. Those inclu on, Iung

prostat e, pancreéTP@mmﬁﬁﬁﬂmﬁﬁd“%%ﬁﬁmmﬁﬁﬁﬁ mﬂ?ﬁ%ﬁ§““§%%m%ﬁh al so become
abnormal |y acti vevat@desgenipatenrgngrst ehetro gyt & s prdedl equl ate it. The
present mnethods dicexapes sibee brdardoiye hepd efeery is 4 1wk of gl beeapse by fy@apcyaSsoci at ed with

el evat ed expr essitnienpkretit igheai atthck @ ingdePdin oppulpiorot Sbjsas vhewel , and particul arly
cancers i n whi ch vl buE$is @hpateSio Slo@M@h @bt viatdvame. t 0 ti ssue- mat ched
noncancerous ti SSues| i dhelchi@noSRNRRAE dr@fihcludclafd, tSAMRCNRGLROES: expression of
Src in a cancer 1§1d&agﬁ%€ednansgrp£&u9ﬁ§tjra(!k¥r hl:agattgcpmﬁ)rol)d%gﬂne%gkng eXpr ession of a
ti ssue matched nodqgegﬁg:%gd%aeramiege S LD EANR LA L8 Mgy HOWEVET, _ Checki ng

the ex Press ion | ed\l{c.efease c}'\eart faIFH‘e dlla{e? gr'?flonlly d)tathy heart vzgve Blseatse andé)il cor;[g%,trn\éal he, of Src kl nase and

particularly elev ed noncancer ous
control sanple pro&frsdE” 4 °l‘°ﬂ‘fﬂ"l‘°&%{“tiii‘%*rlilglt‘ﬁsétt“a“@&h?iaéﬁfat ?”éh"l%ﬁ?ﬁlnabl e to treatnent
wi th the met hods 18k sk frrrpdmeapce ipcldp seecaasribiivep s ntirbeto '8¢ the Src gene in
a cancer cell carmdyemssnrdare gercmeng pagest spoh & radirtionspfering. prdpegehts ¥hadi cati on that a
cancer i s amenablhevengersbre gevtomrgaatnent hroresasee igofrumgrber can be det ect ed
usi ng for exanpl gpo1Soutidh e&ds [ddba@ inttidagdersQpuigent dxfodte loV@bdPChyer fudgtlOr escence i n
situ hybridi zat i Rsuffing MR APRASEIGIWiIDERS 6N R &RLS diabaddshd Ot her cyt ogeneti c
techni ques. Presepge of nutations in Src associated with oncogenicity is
al so an indicator a cancer is treatable by nethods of the invention. IX
METHODS OF TREATMENT/ PROPHYLAXI S a) Met hods of treat nent
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1001081 Agents optionally attached to internalization peptides are

adm nistered to a patient having sign(s) and/or synpton(s) of a disease or
di sorder wWe=erydiset1above in a therapeutically effectivePCEFiSa®L1/0ST6H a
regi me neans an anount, frequency and route of admi nistration effective to
cure, reduce or inhibit further deterioration of at |east one sign or
synptom of a disease in a population of patients (or ani mal nodel s)
suffering fromthe di sease or condition being treated relative to a control
popul ati on of patients (or aninmal nodels) suffering fromthat disease or
condition who are not treated with an agent of the invention. The regine is
al so considered therapeutically effective if an individual treated patient
achi eves an outcone nore favorable than the nean outcome in a control

popul ati on of conparable patients not treated by nethods of the invention.
The nunber of doses depends on the disease or disorder being treated. For

acute or e pl sodi C[00929]n dAgLn&s anémny R Q alﬁ§err§l¥zz[t191 %ude Lrg Mkh & pallegtl; ury, anx i et Y,
acute pain, or epjlg o?%Ysea% bd% b0\l eaﬁease Ra ;9 ﬁyﬁiﬁcaﬁy‘é&e@lw rkg%”t at |east per

epl sode of di Seasn%ann an hr OI.IIlIIICCan routesuf c tto révent yeﬁyorl%nbltgeve"ll gener ative
di seases, for exarrpl% “n}ﬂ]mzﬁeé Parki'n 7 or chronic pain,

mul tipl e doses, anti“SSHEFPCHEROP Fffhédlieaéeﬁ‘d‘p?p?ﬂ@‘éf’t"ﬁpé‘fﬁts (%{Fné“"'i“f"i’?ﬂ cated. 1001091
For a patient sufaflélf‘ifﬁtjlls‘la%ef‘iﬁ‘lvg‘fe?“‘ék’é‘%Fge”b(t‘“ﬁ‘éffdt‘f@@H‘é?ﬁ’“ﬂf‘“"ébfndl tion of the CNS,
an agent is adm reeistiser eghalimadely atrigkgf tpdisepseneyyeded iy gychiperic sedeit  f r equency and
route of adm ni StisvertidnGhhe abrigsahd cyneidetedpraplgktio® effebice ihandagibangatdf f ect s of stroke
or ot her ischem @ak@ntkvis r@ncomdNbe Mmvdhehs @A tkintolt@iie if B6hHd pobulGon b €at ment 1 s
stroke, the outcafmube Puid@nottRle@byHeRRCbs RYnvinith. 3l wobiy@ical ot or di sability
index, and a dosagg. lm%lvgama'am@atmf;ﬁ%@e%utefte&@éd&ym eflegtiive if an

I ndl VI dual tr eat qglteQﬁmln%,pa%on%JQQMacﬁeVgﬁe%@ lsdplnso}é IQ) pI‘OE)I}QQXISQFSH‘O 0§S On the Rankl n

scale and 75 or aa de cale, or go uI atl on of treated
er acute et dlsea e and disorders 1na atient t.’immment ns (e.
patients shows a ‘S| icant | 5,‘ § dl sabi lity)

di stribution of s“&d(‘i%é‘éhe?iﬁm%ryﬁ%@‘?%{%%e?ffvgegt éﬁ“%lyi“ﬁﬁeﬂt £ REMAr abl e untreat ed
popul ati on, see L'E&EECBE%(es, s @y PloynaRRE T HOBILBUTIBELEHNE ™A si ngl e dose of
an agent is ofterbesdpfd ci ent for treatnment of stroke. 1001101 Agents of the
invention are al sp usekiMhchi@cRXdiRReiite, wkide acy rOiTesa €ty w ndows of
reperfusion, or ijpRpouethie safety or efficacy of reperfusion at a given
time. This is especially useful in treatnment of ischemc stroke in

conj unction wi th (&l hidt2eage it meriat orisplvaRe igmiaPperédes@tth as ti ssue

pl asm nogen act i \adptigyered ipheedrio ofp bhermageyechl empapiiion cRbamafegsical @udrviitiaisgt rat i on is only
0-4.5 hours aft eryptchiensdfa@iiended GBP toglitiens Pham@te@igsempodiions ta@guency of henorrhagi c
events Wi th tine.poAgentnidbagd i@ (. b [ @Rkl (@ NsingladamiR@aiadl MhamaGiier ed t o | nprove the
saf ety and/or ef fhaaahs &f b AGERLSd DG br BT ABKI nBMisO iR LzBnuladhe t hE DI ai n.
1001111 Usual 'y hgtwegn, ulwgatmgenﬁls@%gapsgxungaenm@ggmyopﬁﬁzgg@&!@glesnI stered to treat

Cancer bUt rmr e Pgr examp%e lyo%hq Qagelgs can%e used in @e lﬁrﬁ(?atlons anc?‘compom 1015 geSCI’l n(l St er ed dal l y’
bi weekly, Weekly,b every ot her*week, mont y or at sone ot i nterval,

dependi ng, e.qg. A% he hal f-1ife of the agent for 1 week, 2 weeks, 4 weeks
8 weeks, 3-6 nont[?{’én]orph?lff‘ﬁb‘éarl compepitions P e PR G B R enppal PRHERSKE  are al SO
pOSSi bl e, as is d)ﬁrpm}lyeol(g)ehlﬁ aﬁfp%at)l?carflqrsdiﬁuents excipients or auxiliaries that facilitate

processing of chimeric agents into preparations which can be used pharmaceutically. Proper

formulation is dependent on the route of administration chosen.
[00123] Administration can be parenteral, intravenous, oral, subcutaneous, intra-arterial,
intracranial, intrathecal, intraperitoneal, topical, intranasal, by inhalation, transdermal, e.g.,

via a patch, or intramuscular. Intravenous administration is preferred.
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1001121 Treatnent of a cancer with an agent can be conbined with
conventional treatnents, for exanple Taxol (paclitaxel) or its derivatives,
pl at i numworprumeeisuch as carboplatin or cisplatin, anPiTasgaliosss4 such as
doxorubi ci n, al kylating agents such as cycl ophospham de, anti-netabolites
such as 5-fluorouracil, or etoposide. An agent of the invention can be
adm ni stered in conbination with two, three or nore of these agents in a
standard chenot herapeutic regi nen, for exanple, taxol and carboplatin, e.g.
for breast and ovarian cancer. O her agents for conbination include

bi ol ogi cs such as nonocl onal antibodi es, including HerceptinTm agai nst the
HER2 antigen, AvastinTh agai nst VEG-, or antibodies to the EG- receptor, as
wel | as small nol ecul e anti-angi ogenic or EGF receptor antagoni st drugs. In
addition, agents can be used together with radiation therapy or surgery.
1001131 Treatnent with an agent of the invention can increase the nedian

progr ession-free &)‘112.':1\“ ﬁﬂﬁilmcegtrcal &M}%gltfyﬂslfor élgrrte\él aytﬁzllstr;n!)nrm rgirablpgernfeent swtha
g?nfgL92¥ aEOLSZS fil%ga Aaf’ lsomn‘?c %opl%rlémo? NI J&QL%I;I?Q%@ %Q%u o 73\;%; ﬁgutevteﬂeloo%
d)re erab y 1131%{51010;;1(::1 flcompe?b?e bu(fszrgB 'l?%s?la f SOluthIg Fll‘l ar s soH1 (in

agent. In additi he agent may

i ncrease the conpl @’f“él"%‘c@é‘"’fj’ﬁf’f?ém‘?béﬁfeé“" r“ﬂ‘ﬁerdfsf"ﬁﬁ"”"’t“éessffdﬂﬁeé“"?)ajfhé or objective
response rate (cdﬂﬁﬁéﬁé”wnﬁ%?@?ﬁ@?m%@“ﬁﬁ?ﬂ@%ﬁﬁmﬁFPﬁmgwéﬁﬁcer especial ly
when rel apsed or #efractory by at |east 30% or 40% but preferably 50% 60%
to 70% or even 10®%sic oxparielgagtnd cab brén pevalmmy fer gringmediopwit houble t he synbody.
Optional |y, treatventegCaiile dybdai-Bb tatel @@ Lise. gr owt h, i nvasi on, netastasis or
angi ogenesi s.  10Qdod241 TAxbbis Gt Indention cbh aBo b6 dainihitdGed In cdnjlrker@h with Bhehgans @ phase 11,
phase 111111 or PRASEsd phsbagelofhe@eisor deliSentol oS BSHRS blaB vBALAR Progression-free
survival and/ or ngQRQQQ%mmghgoof the patients treated w th chenotherapy
pl us an agent of i relative to the cantrol group of patients
recei Vi ng chenot h[et&g (}ll!grt smucosa adrmmstri%onspeneirants ag%o ate to%n Eafngttoibg ticall y
significant, at tpﬁBeag =i "O‘%e 9 “laﬁ’non‘i’é‘{}eé’fad““"ﬁ‘f o Cﬁr‘ﬁﬂ“@f"é"' S parti al
response rat es ar@reHat B el YO BireeeETER t eri a commonly used in
clinical trials fl#f28icfigrefadmigsirgon agepiseay e Hrmplejedyith rppmpesyitald by t he Nati ona
Cancer | nstitut e asrdblopridsgodiearits. dBeeesgapAiiniamifissely. atupsolaries 1001151 The effects
of agents on pai NushemioRuTRAISe, ! inesia@ vaulpaiat g rtisd. Rgor@sovar i ety of tests.
Nunmer ous pai N quESsHhl@dAkah 588 @it pSiad, asudavevheamn.desingnaéd. t 0 eval uate a
patient's pain, Usingsdiife6eRhadBii0Smiak Ruiihe eual.dat ed as a single
measur € (Intens'%&hgﬁk¥hmﬁ h&é&@gmé§%§&é$gﬂﬁgéﬁﬁgﬁt dunakien and

intensity). Usefu | SC¢ ALY e visual. A al og Scale, MGII
Pai n Cpestlonnalrémp h@ yﬁgwﬁeg it 8 F m”%?“a gcale (see J.

il
Rheumatol . 9 (5): p“’%‘gpy@"h BD" %T%aﬂ%?%‘i““ '11“"13?&%““ %@7 ) Pain 1(3): 277-99,
Gracely (1988), Piipisagengyan boyde. %%j“heﬂ’ssdﬁlfe‘i'@ﬁ‘t‘“yléy"@é‘ﬁ%?gfr “Vity to pain (pain
t hreshol d) can alaB’c#58 oresth dueleh 4 witiyrplenatc 8 fegred widdestee bayeteas a sonic

pal poneter, a presguredcoricrotd g sypdddiromaese For orfl Epgidmepdptigesd Dol or i net er

Anal gesi a neter (ab foldgmblt, fugpenS@i, @iRIG @8 JojutioBagiatld cin@rs Akcgiatsiondieesr  ( Kom Kar e
Conpany), Bj or nstikcQd¥wSer, alge Siis, Ash@I Addding NavéBpgdks, R&era@®ASbibiny/i ty of the skin
to pain, or Boas',dalgesieiel.aii ch neasures sensitivity over the

epi gastrium Exanphss pfiugh HESudial: £aRhess; Adldistated for treatnent of

pal n include NSA [r)smdlateglg g<dep20t prepara!loll?l guc%'l’ong acting (?Smu%tlolnsrlebn beb aldragnr(lj srte§e lﬁl- NGS i nhi bi tors,
acetyl chol i ne

PAR2 recept or anta
rece pt or a g on | st g (Qantimon (for examlée sLLcutanem.P 1§ gEr 1ntramgscuﬁr (fr dramuscu ar injection.

3 ep?or ant agoni st s,
neur oki ni n ant ago T?MWEWEWPWWlH”@?ﬁ@m?ﬂwﬁﬁﬁﬂkﬁﬁﬁ?¥ﬂ@mgﬁ@ﬁgonlsts and

cycl ooxygenase ( CORL {[Rpsle esiahguiyin i@ 2ceriRs e oG e ('@ NOD) s. Ot her pain
relieving drugs isrelelepiblodotdiven &r exapplg esd speringlyrgybpbritne, Demer ol , percocet,
Darvon and Darvocet conotoxins and Sym in b)Methods of Prophylaxis 1001161
The invention al so provides nethods &hd conpositions for the prophyl axis of
a disorder in a subject at risk of that disorder. Usually such a subject
has an increased risk of developing the disorder (e.g. , a condition,
illness, disorder or disease) relative to a control popul ation. The control
popul ation for instance can conprise one or nore individuals selected at
random from the general population (e.g., matched by age, gender, race
and/or ethnicity) who have not been di agnosed or have a famly history of
the disorder. A subject can be considered at risk for a disorder if a risk
factor associated with that disorder is found to be associated with that
subject. Arisk factor can include any activity, trait, event or property
associated with a given disorder, for exanple, through statistical or

epi dem ol ogi cal studies on a popul ation of subjects. A subject can thus be
classified as being at risk for a disorder



even if studies identifying the underlying risk factors did not include the
subj ect specifically. For exanple, a subject undergoing heart surgery is at
ri sk of swocke/dserause the frequency of transient cerebrall/ussah®sizes att ack
is increased in a popul ation of subjects who have undergone heart surgery
as conpared to a popul ati on of subjects who have not. 1001171 O her comon
risk factors for stroke include age, famly history, gender, prior

i nci dence of stroke, transient ischemc attack or heart attack, high bl ood
pressure, snoking, diabetes, carotid or other artery disease, atrial
fibrillation, other heart diseases such as heart disease, heart failure,

di | at ed cardi onyopat hy, heart val ve di sease and/ or congenital heart
defects; high blood cholesterol, and diets high in saturated fat, trans fat
or cholesterol. 1001181 Ri sk factors for cancer include genetic
susceptibility to cancer, patients who have undergone exposure to

car ci nogeni ¢ agenfisso S ot QR ey L% Ao ARG Pat i ents who have

undergone previoyg treal MeOL, §.00 . GRAIGRE crBlHaells Sedln okl Qf T ECUT T ENcCe.
1001191 Ri sk factl(l)p[;sg ?o i eluge : j0 F lextposure t o conbat

for pain in er go sur ger

or other danger, ‘6r° éhﬁ?ﬂfléuﬁ?xﬁiegals? Cra‘rgbfﬁmﬁll"yéfgaats"é%.gsﬁa,é}%aé%eg(’as.%%e “With severe or
chronic pain, sucH<4s*UHEBe{"eE™aRY CaTERTI " UH1FdT“Agelts optional |y
linked to an i nt SFARFTPETTFE M ety eehare ang Filstey e t o patients at risk
of a disease but &l Satainkiaspspegpstidsen. dipayding geheir henpral ppgsgtipe et i cal |y ef fecti ve
regi me, nmeani ng ahingippensfora fifvweskpsen oy 1@Mds. Pepertlies ostfcfiemil @k ani 0 prevent, del ay
or inhibit devel opm®biica @bili@bs ik BRBditic @Rnen, Silighl GiegSyMPl@Ma@iaiinhe di sease in a
popul ati on of patd®idapokdr ani mal nodels) at risk of the disease relative

treated wth the @ggnts.CRORALLD: b @ik QNLEA mRARM AL LBn@f patients (or
ani mal nodel s ) atthelj’ Jalﬁ)lé ingjdedgnulgr oglle §o§x%—§e§crﬂ§l9 gormIﬂ;{tlgl@;s ﬁgﬁemcihsur bQSes%h Imeric ag ent of

the invention. The anpbunt 1S zgll so consi der ed ropt}l%actl cal|ly effective if
h ceuticglly acceptable salfs. Pharmaceutically acceptdble salfs ose salts whic
patient. ac avorabl e than the

a
an individual treated patient achieves an’ out cone Rore
mean outcone in a eBHTE" BEEEE KR OF EEHI P BT BPPLLY EHES not treated by
met hods of the i MURRTEEICS Arspespig P erdiaaryafoide raErrEyd o®egi me i nvol ves the
adm ni strati on ofpoge spersyitandredhe torerpdnyrepifafe psi ve dose at a frequency and

rout e of admi ni stipoa®li Orhe amereidEebnitiahe Bwinsiaed Epehdaen tie prtieerhae deaplihpose. For

prophyl axi s of Stdis@ier dafderOihki@r the B@1chin€is BeRBEE orgiodeas@sanadd i sorders in a
patient at i mm nembnrt weil, e @vefiy of thdaftadal 1@ BlnndldtchRhgRiNGd AeAktn SUTr gery) , a
singl e dose of an:@&gRRkbink shysdisade kdfimStthol GledMhembly WRRLWAHLS at | onger term

ri S_k! €.g., ri Sk d_g[Ictalgfe%QGeqc‘lheE tg Lrgl\é@dggtab%xﬂgt%%e%t cz'nge gowﬁ:e@'gl(gié cplg gen, mul ti pl €
dosing may be indjcated. X  PHARMACEUTI CAL COVPOSI TI ONS DOSAGES AND ROUTES

OF ADM NI STRATI ON1B8121 T ThE agents of the invention, optionally Iinked
to internalizatidh pe %;?c.tve dose ?%tléeﬁgsﬁnéageélaﬁ@l“%?Vg?bénfgﬁlgf’“hca"ts‘% formof a

phar maceut i cal ccoHIEE P Toxpp AR 6P Pt pBLiirige dr e typical ly

manuf act ur ed underocedirgPr echrriies ¢ erprameniPpraiokrg & dudeeears kedhP6%iled ons can be
provided in unit !delsetfecthoroprafon oghe LD e ddw sdpde 10p°0f thepemrafeg] e

adm ni stration). TRYesABRO@UtGaInd CONPOSct s onBraeaninke axanufact ured by neans
of conventional reepidedtgpeptitimSiHiRs, MhithGg hid haplicadiiange pre@kcage ez Mmaki Ng, | evi gati ng,
enul si fying, encapsubals AQriaBRbisRPRs\Grpakid@Rhp )i zi ng processes. For
exarrpl _e, . l yOphI l I[ZO_?:Q] g6l p§ge[%%plgﬁgau§§tgaliiat§$n[‘eﬁi@eliﬁk@Jt%Lg@ﬂﬁéa&@s and

conposi tions descrjbed bel ow.

ne Or lower dosage on a molar basis as the agent alone, and can be administered

by the same route as the pharmacologic agent alone, and for treatment of the same disease(s)
as the pharmacologic agent alone.

[00136] Suitable dosages for agents optionally linked to an internalization peptide are
usually less than 25 mg/kg. Dosages sometimes range from 10-4 mg/kg to 25 mg/kg, for
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1001221 Pharnmaceutical conpositions can be fornulated in conventi onal

manner using one or nore physiologically acceptable carriers, diluents,

exci pi entwoap12203892ti ari es that facilitate processing of PChiUuseeliL®s3gent s
into preparations which can be used pharnaceutically. Proper fornulation is
dependent on the route of adm nistration chosen. 1001231 Adm nistration can
be parenteral, intravenous, oral, subcutaneous, intra-arterial,
intracranial, intrathecal, intraperitoneal, topical, intranasal, by

i nhal ation, transdennal, e.g., via a patch, or intranuscular. Intravenous
admnistration is preferred. 1001241 Pharmaceuti cal conpositions for
parenteral adm nistration are preferably sterile and substantially
isotonic. For injection, agents can be fornulated i n agqueous sol utions,
preferably in physiologically conpatible buffers such as Hank's sol ution,

Ri nger's solution, or physiological saline or acetate buffer (to reduce

di sconfort at the,sit & @4 s ol §6tdoP0here TS SQLYLLOR SANGARE @i N for mul at ory
agents such as_sYsREd Ak ARk LA OLeoll, BPELRLAG B0CNL s, 1001251

Alternatively age tion with a suitable
vehi cl e, e.g., Stoet%’li) e?ora75Pgé)atlentcanPbecac&atedliymultrlglybé%leabovertli(l)'lsesséy '311001261 Agent s of

the invention ca sstered in conjunction with other agents

that increase passqggﬁgnd£ggmggents of the invention across the blood brain

barri er, such as 1£ sk:annm bescreenedm[e!\ﬂ/’sprad 51re912chzlor1|rth)r { ransnucosal

adni ni stration, penetrant i er o be perneated are

used in the formif&t ™ cai*Filfl‘g‘ 6ﬁ‘i"‘é“‘“c%‘fpe"&‘ﬁﬁ‘f“ﬁ‘“élf“r“’é? i’ef)ﬂbe"caa"ﬁe be used to

del i ver the conpdW¥fitis btsgeetehd” ¥ials sianeddor wiraleppest g s tib P Hgual  admi ni strati on.

1001281 For oral rdcheesinstaleatlnsunsiggontigariesaitymeic feeifentiPthet ed wit h

pharmaceuti cal | y comeedt@blieorgidibiresgmse ngpducdd Siyhagttges ofgenipdugds hadeaggees, capsul es,

| i quids, gels, SykypiBsized] adkrty-8S fashHbl SPRRBoGASHclada pblybehr@es|bide@n f or or al

i ngestion by a palihe@olfschdd®:s, bHosplip@ homfboi, prédkghding Qrdidd abdidTul at i ons such as,

for exa mp l e p O"‘d:@ﬁp&mds qn@eﬂrs}le'llc %pcﬁlﬂdbegzaﬂkeﬁlte§ mllgélmc t\@@!ﬂ@teﬁ?&&ieﬁp ients include

‘;;: : 5{ Z . Z Ug ?egz . %H&ﬁg%é@@&!ﬁﬂrg?c%blnﬁ&h%a%es of i %&Eﬁs canmugtﬁlb ?Pges g[ 2 Ir E:ﬁ'
aﬂ%e elico d syntlffe(f-:w 1brar1es (E&S me%%d%es Leg in ﬁs Y'Imaxe\g(% ?Sﬁ%6§8r

potato starch, gel a 095735503
VIBERYTESA 1ose and/ or

hydroxypropylmsthyﬁ’“naéévO %b ngg%Hm 5?%“0
ponV|nyIpyrrol|dﬂH%WT¢W¥§m”ﬁF%%ﬁWQ?Pﬁ&mﬁﬁﬁhW?“mﬁ HmBW%%Wn agents. |f
desired, d|S|ntedﬁ&#ﬁhﬁ“&ﬁéﬁ?@mﬁﬁﬁbb@@aﬁﬂﬁﬂﬁm§u%he%§m@%%Wcross-Iinked
ponvinyIpyrroIi@Wﬁ@?-agar, or alginic acid or a salt thereof such as
sodium al ginate. If, desiregd, solid dosage fornms can be sugar-coated or
enteri c-coat ed usig SLATRL SNLANE R0l AL ol daHl . preparations such
as, for exanple, Su 4 iuj&cAm mm1§“'tab|e carriers,
exci pi ents or dil'Ue 1S, al cohol s

Addi tionally, é@%?*ﬁﬁmﬁﬁﬁﬂPgw“ﬁ?@gﬁPV§PPW8§“IgEPGPPﬂ’“ﬁ@bnts and the like
can be added. 100TZQT”Pﬁ“ﬁdﬁﬁ?%ﬁﬁmﬁéﬁﬁﬁﬁmﬁH?ﬁﬂﬂ%ﬁ@ﬁﬁ@wﬂégﬁ?|bed previously,
the agents can alSxoripetid prudd raitedo-or GSdepdt Bydnespdr ssesedly.  Such | ong acti ng
formul ati ons can BheAatndsaicablered, opyestrmd: @tz ather @ahod. f i@ fomeamp| e

subcut aneousl y Orond chipbraiias Si@ild bigdink Ay iGfmdBYized. REvErARIIECHbAsblel] €ct i on. Thus, for
exanpl e, the conmeuBds e BRAmIRE TheabilHLbk A tdeHtho WAdlsi and/bHinhiSdIn@ng @Dy Meri ¢ or

hydr ophobi ¢ mat erd gl %2 6HQE 10 SXAMRG RS 2 nE P fhiQR LA ARAGCEpt abl e oil) or

i on exchange resmaﬁﬂgnsarolog% A RRAL lloYr SOhURI o HR sﬁéeaem wrich O €xanple, as a

sparingly soluble s ternatively, armaceuti ca

ammal odels as 1 closed ul her elo
del i very systens can sones and enuI5|ons can be used to

del i ver chimeric ' @nﬁ?mmﬁﬁﬁ?éfﬁ%%?q§WF3W§8WV%ﬂ?§m§ﬁ%Hﬁ%§rdlnethylsquOX|de
al so can be enpl d¥&E"e &"FHBBH ULt Y&l ThE sttty eater toxicity.

Addi tionally, the conpounds can be delivered using a sustained-rel ease
system such as sem perneable matrices of solid polyners containing the

t herapeutic agent. 1001311 Sustai ned-rel ease capsul es can, dependi ng on
their chem cal nature, release the chinmeric agents for a few weeks up to
over 100 days. Dependi ng on the chem cal nature and the biol ogical
stability of the therapeutic reagent, additional strategies for protein
stabilization can be enpl oyed.

thmQ§rc orlrérc aegtlde 1n(ilud1ng remgvles



1001321 Because the agents of the invention can contain charged side chains
or termni, they can be included in any of the above-described formnul ations
as the frweacide92er bases or as pharmaceuti cal |y acceprablis2¢1alo53764
Pharmaceutically acceptable salts are those salts which substantially
retain the biologic activity of the free bases and which are prepared by
reaction with inorganic acids. Pharmaceutical salts tend to be nore sol uble
i n agueous and ot her protic solvents than are the correspondi ng free base
forms. 1001331 The anount of agent to be adm ni stered depends on the
patient being treated, the disease or disorder, whether the treatnent is

t herapeutic or prophylactic in nature, on the patient's weight, the
severity of the affliction, the manner of adm nistration and the judgnent
of the prescribing physician. The treatnment can be repeated intermttently
whi |l e synptons detectable or even when they are not detectable. The

reatment can be 0f.Qulisied .ALARR ke knBORDLARLIOBaE DOt her drugs. 1001341
Eff ective dose of &Q&ﬁ&%ﬁ%&h{%& eﬂﬁcﬁofﬁ*?p”anﬁén%’duf?e? 1%% 3£ L[{ W thout causing

;Eg? J;rggfalu?: Cta|OX Ip:_: Ih o lateg%eptlge wh¥:h IF 1Ind1cat1veI {kmgse actlv(lzt)y canabe detected us%%:t%ralrn gﬁ? rrg?/s st anaf d

by determining t Wé“b?fbgﬁlﬁiffrﬁéphﬁ%@atidé"!’tl"?%tls“c?‘8"58’6’6/8%‘1”’“‘9?18“" ¥optl ati on) or the
LD100 (the dose I&t*hietre otbrer00%s B FHie ppisrett Gr)ortopher #6¥e rati o bet ween
toxi ¢ and t herapentijagn@ffeitt is the therapeutic index. Agents, e.g.,

pepti des or peptidamiBihdSorsgdhi biting high therapeutic indices are
preferred (Seeche[oogmr A& LnBQaLbe‘?Eted%kannus Il oG sl e RGQLo i ical  Basis of

Therapeutl CS 5 t nprl sing an
internalization papfi eydgsSlgsjecgmogaemmmldﬁgcergbbalsmgsf’cc "4t the same or | ower

dosage on a nol ar™paefs” ‘§“tef He Bgunp! Sﬁt?rﬁlﬁeé?"d AREE TR e 4 M ni st ered by the
same route as t he"§SFafhEwEr BFe € Bgei: ALY Y ardesp 5 fier B8%tHent of the sane
di sease(s) as t hempbhubaedmerhaigpboengigfedrrpd raitlay @ith rgO1BEomSe(P¢ abl e dosages for
agents optional | ymefks fikeedy nperagury isimpittgredradss-Zatd. oha peptlande are usual |y | ess
than 25 ng/ kg. Dosiaggse SHRB hniheRSoral mged vhik @tedQeodlinudglh kgrabiwd 25 ng/ kg, for
exanple, 0.1 or QueBurdWH sghpleBlood for 2Qnd@H meh&reBB. Kghsienth@irdls 1 EHiOSAGES per pati ent
can be cal cul at ed by vy WbdudinR piy-DGsite MO SBnoRent KiBn DRV MRI ght by the

pat I ent S V\el ght Ap&ra&@mto gpc[rcle%mma%e 1ntrert!1?cart)t9 eﬁg§e%’0ICB lngﬁe 75 kg pat I ent Can
be Cal CU| at ed by mn}(iecerelpal Xte 8lbt ?esa eYenswelr(l}ar(gon encympassmglh cereb) SCREENI NG METHODS

1. Agents to be screeneq gents can |niti e screened in vitro
for a desired bi ndi'hg asa gan%ﬁA’Bm B VRt Ve Ay &Rt e 8 artl“'el"ncl ude ND2

pepti des or pept |pdsﬁ‘fﬁ°ﬂ’§‘t‘|T63§met“‘l‘i%‘|b“e36bt“b§§e°d'@é°é’?ehﬁbaﬁer%‘8ﬂﬁé‘?h"%*’gént s to be
screened can al sgefee elielar pretdicr rioptirratriy @t be dolirEe¥ereideh as, e.g., marine
m cr oor gani sns, AGERROPAREAISESDV(RRQGR NO:@ prevfiopstyshot e glfejtiesAlef  synt heti ¢

pepti des or ot heradogepeengs .o Kedmis.igtcon e odddaiiiyvegec@an be produced for
many types of competindSnitdiatontaiare Basyahiiesinzatreimndu & @p- by- st ep fashi on.
Such conpounds i NEdnkaleac PRk WRERE ds LIS or 6B Aidhdibyadl kA BlnoiSied o201 YSACChar i des,
phosphol i pi ds, hQﬂnHPQ%t%,hrst[a{%ﬁLeﬁQLﬁ%‘u&&m%@Jepﬁé%ﬁemoﬁh( J?fﬁt' c conpounds,

het er OCyC| ic COI’TﬂI e1(1:! Agengs owmg ta%s%lceaﬁ)ys hSc nt r ucL(gmmFarc 10nvoume (pStl tuted gl yCI nes
and ol i gocar bamat lsilh Lar ge e aﬁﬂ conmpounds can be

GO, a9 d withn L fied
constructed by tg}gﬁgf Cfﬁ’l?e lvf ocoihaiﬁnjls?cltre tertglrl 23 en{sggﬂejnle SR occribed in
Af f ymax, WO 95/1 useful for practicing the methods of the invention

[00141] Similar experiments can be performed in animal subject to permanent ischemia.

Permanent ischemia of the middle cerebral artery pial vessel can be carried out as described
by Forder et al., Am J Physiol Heart Circ Physiol 288:H1989-H1996 (2005). In brief, the
right ECA is cannulated with PE 10 polyethylene tubing. The skull is exposed via a midline
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Af fymax, WO 93/06121, Col unbia University, WO 94/08051, Pharmacopeia, WO
95/ 35503 and Scri pps, WD 95/30642 (each of which is incorporated by

r ef er encewbap124Ish92pur poses). Peptide |libraries can al sopPb@/usenansized by
phage display nethods. See, e.g., Devlin, WD 91/18980. 2. In vitro screens
1001381 Agents can initially be screened for a desired binding activity,
for exanple, an ability to bind Src, or Src peptide including residues
40-49 of Src. Alternatively or additionally, an agent can be screened for
ability to conpete with ND2 or a ND2 peptide as described above (e.g., a
pepti de consisting of residues 310-321 of ND2) for ability to bind to Src
or a peptide including residues 40-49 or 40-58 thereof. Binding can be
assessed by ELI SA, Fl uorescence pol arization, or Western bl ot anong ot her
met hods. In sonme formats, one conponent of such a binding assay is

i mobi li zed. Several formats are possible as described in the Exanples. The
abi | I ty of an a_gqggsion! e.Qd aQ! tmgégr&ia%q{w%rmadem&lghéht s%t@s@s&gor{gj @2 ND2 or and ND2
pepti de to Src i sy Allu O GALPGNS RYENh-0a RIANIREGLOG)Cal activity

useful in treati neur I cal di sease In or. cancer. Agents can then be
further screenedQ%W“Eﬂfg%ﬁe?em%fw%ﬁ?%ﬁfaﬁﬁge A& YT CLF'SESd further bel ow
1001391 Agents cdﬁﬁ?ﬁgﬁ15@“?%?%@H@ﬁ9?%?5?ﬁﬁ?8??ﬁ?@wﬁﬂT?ﬁFTy agai nst Src

ki nase Kits for peYPEPHPAT% RPTHEde narariar! dop @ s feerdrdiysavai | abl e. Src,
typical ly in recdirtichiemttheyrclosedspphiheanimahrurfiede iy cag agd Hgwrddige agest thiod pept i de beari ng
a phosphor yl at ablaed waersihd peenagent dichemidngdy! ppucant Highly rgedicivirrplyl ihfirgi@t i on 1 n t he
presence of ATP, iandwoki ass addydsihedwaguaddhemaipuntieof phosphoryl at ed pepti de,

which is indicativeg of kinase activity, can be detected using an antibody
specific for the pho ry d peptide. Such an assay is performed in the
presence and abséﬁ%@]dmm%&%ﬁﬂﬁﬁTﬁﬁﬁﬁ%%“?@?P”WBmﬂ@?@PW%ﬁg’if the agent
reduces phosphor yPESH A ey $IrhPst ARGt SME: JdeT 1%t B9 ™3,  Ani mal Model s
of Stroke 100140% "AGetthe-rears heraddistldelest frigar p'dlis). &p fraf® nodel s of stroke.
I n one such nodelBiol. M. 1dd 6p6-538) vl e iSpciagu SuiDamtaety uspdat esavguly) ect ed t o transi ent
m ddl e cerebral abdiceriy thOBSd tekBie@inkinds of noxious stimuli such as threshold to heat (the tail-

flick test, the hot-plate test, the Hargreaves' test of paw withdrawal, and by brief immersion

of the tail or hindpaw into hot water); or tactile threshold to punctuate stimuli e.g., by the Von

Frey test for allodynia test, J Neurosci Methods. 1999 Mar 1;87(2):185-93. Dynamic

allodynia can be assessed by lightly stroking the planter surface of the hind paw with a cotton

bud, where dynamic allodynia is considered to be present if animals respond to the cotton

stimulus within 8 sec of commencing stroking. Pain response to noxious chemical agents can

be measured e.g., by monitoring abdominal writhing after intraperitoneal injection of dilute

acetic acid, and the aversive drinking test by adding capsaicin to drinking water (which can

be used to evaluate trigeminal nociception).

[00143] Tests for inflammatory pain and hypersensitivity include the formalin paw test

(Tjolsen et al. (1992), Pain 51: 5-17), the complete Freund’s Adjuvant paw test (CFA), the

test for formalin-induced facial pain (Clavelou ez al. (1989), Neurosci. Lett. 103: 349-353),

and paw tests upon administration of substances such as carageenan, capsaicin or bradykinin.

Arthritic conditions can be simulated by various models, including injection of agents such as

carageenan, uric acid or mustard oil or adjuvant into various joints. Visceral pain can be

modeled by intraperitoneal injection of substances such as bradykinin, acetylcholine, acetic

acid or phenylquinone. The streptozocin (STZ)-induced diabetes neuropathy model induces a

reproducible mechanical allodynia within 3 weeks (Chen and Pan, J Neurophysiol 87: 2726-

2733, 2002).
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(MCAO for 90 mnutes by the intralum nal suture nethod. Aninmals are fasted
overnight and injected with atropine sulfate (0.5 ng/kg IP). After 10

m nut es awmextsIN1i s i nduced. Rats are orally intubat e®CTrESeHa0ITad | y
ventil ated, and paral yzed with pancuronium brom de (0.6 ng/kg |IV). Body
tenperature is maintained at 36.5-37.5C, with a heating | anp. Pol yethyl ene
catheters in the fenoral artery and vein are used to continuously record

bl ood pressure and to sanple blood for gas and pH nmeasurenents. Transient
MCAO i s achieved for 90 nm by introducing a poly-L-lysine-coated 3-0
nonofil ament nylon suture (Harvard Apparatus) into the circle of WIllis via
the internal carotid artery, effectively occluding the mddle cerebral
artery. This produces an extensive infarction enconpassing the cerebral
cortex and basal ganglia. Animals are treated with either an agent under
test or a negative or positive control. Treatnment can be either before or

up to one hour afsy lqradsmem‘q,amgb@m fronfder PRGN MRy GANL &Gk CaN be vehicl e,

A positive cont r°|n|srﬁc%l urey(etghlgen gtgmgcnpwel go,n Pm?ﬁ] RRQARRRKL SS1ESDV ( SEQ

I D NO 6), previous n| Steri ng an agent to
t he ani mal S, i nf d)artl nerveF]lgauonl(Steltzer etal F 51c C?n PhgsmbPhrrm;ico 199? r;a(l ngsll_ee det er mi ned.

Infarction vol uné@nsaé'?"é"rl‘fétﬂ%t(luf"ﬁ?a“&é“( é’f‘l‘?’ﬁ‘(’ﬁ(”eﬁd“iﬂtKﬁlr %‘81%11"’“1 reat ment but can be
determined at a |'&P&FSTPhEogHbms @Ee 3a7Papd hp-980 sty e st ¥abi | ity i ndex can
be nonitored over®ipyrpe. Pan. [I8:76:4t59)2A ¢emman fys ts the edepledmptest ((Palangt post  t r eat nent,
one week and one #10fh Npogi Mity. 82585410 kxol indgendugragihintdegoteengit @t | stical ly

signi ficant redudGifktdy Bmporshiareitld t@re wedifd e er@if Gfibdral chirgatd | i ty | ndex rel ative
to control ani rTB.lc&dﬁ(@imcih(l‘e@ﬁﬁaﬂﬂdel@ioﬂftrﬁenﬁnklQer\@.@ﬁﬂgla?(V(ﬁirn@Micg\QﬂtJi fied as havi ng
activity useful fQLRiBEkbRLAYdlthnciBll) QoS o kel M¥LBIAOH. 1001411
Simlar experinents. can. nQI%pﬁWAfe% murés{‘em@'?égmlzsg%&»]bhg%&om‘s RoaREr manent

i schem a. Per mane artery pi al vessel can
be carried out as& leetsa(?:(rﬁ? %Btguﬁohfé eth] Ofnpamre t?tmgtlmﬁhym ol Heart Circ

Physi ol 288: HL989" %86 (2005) In bri ef the right ECA is cannulated with
PE 10 pol yet hyl eri@l?]ub’?nﬁglm°dflh‘§p"§‘lt“t§l1"‘f’gfi°’§Sp@i%ﬁ?fﬁ‘s“é‘ﬁ inglpdg cod 'iPS ne i nci si on, and
a 6- to 8- nm cr aniegd rappie G Ssherih Bie- 193¢t 129 e rpdykpn-ndigddberensory cortex (2
mm caudal and 5 mwid Etoemilieurbsg Lyriesg friey:105-Thae exgioglic nadetvensingspimlr e vi sual i zed by
injecting small bodciss@ quis@ul@=(Y2Rrsidk parkOfeurbsh €euvib als710lyeo)pat ent bl ue viol et (10
mvbl /L; Sigma) i rboﬂalacrnrmdel(WHietlaeNeujomo@1¢9&1@12E@A The sane three pial
arteriolar MCA br anches“&ir? ﬁ: ect rically cauterized and dye injections are
repeated to ensure’t R ItEr on of flow through the cauterized

arteriol es. The ilfftlsibrdreby Pféﬁ‘l“ab“r"@’séfdlffﬁ‘?‘i*cfp“fﬁ‘i‘e“’”d'g‘inﬁ‘éflwe”r eturned to its cage
and al | owed free HEeEsd Seeg-2f Btk oaisropat ierersy Fhi$inpernBAE A% scheni a nodel
produces a hi ghl yi2-p8p¢ 6 Hesgir bot-8008 mrepkpbratdd bf refyrende in@yeotietynite @ghalt @ t he cort ex

under | yi ng the coagtindiedilieringe ahipigidpsyabbel bbesina dicyAwayyal Model s of Pain
1001421 Noci cept iivrdits @SitnSnisirdlon¥BeREBAIS: sritic Gresning xA@¢Mets)haf Or pai n 1 ncl ude t he
tail-flick (a Spisﬂﬁtlml%oys'lymmp@etz@g an@/@@ﬂll@@mximyles of aﬁilzll ﬁa@éls ide R (D Amour etal .

( 1941) J. Phar g ljtherml%cglced s-!e- Qfeg in ratzgat mlzés fezgc) selzuj:eblgougglatanpluglgse test, the

Randal | N Sel I t t 0 ttO erer Slg.l' azer ptﬁa %IC an(f's Ow‘i< €] 1epsy](gWE) mlcthats ar%c aracteras?(cp BI Ol '\/Ed 137

536- 538) and the 1 mq anab ence, lep51es uc asbne eav1 ralanest stann 9 azmt-o eval uate the
noci ceptive thresh ai Trerent ACX]" PGt such as

threshol d to heat [°°C"t7]hew"t“é]1arl"1°‘e’f‘zie‘1 aP;“Ral ’P‘@%Sthave ”tlsﬁ'éeenﬁﬁ?jb“f)f"%ff“é’le’f B4t the Hargreaves'
test of paM/mnthd@ﬁ%éwﬂwéﬂﬂm%?mﬁPP@*“@ﬁ%%W%@%%T%F“¥*%F@%lI or hindpaw into
hot water); or tagriiinePLArseminides ateprofilpte teserpramogy sudipdlchemial-g. . by t he Von Frey
test for all odyniigiudiesina mydeNOUILD Joilind/eihivoden wik@S Spelfae, fodkt 87( 2) . 185- 93.
Dynam ¢ al | odyni a can be assessed by lightly stroking the planter surface
of the hind paw with a cotton bud, where dynam c allodynia is considered to
be present if aninmals respond to the cotton stinulus within 8 sec of
commenci ng stroking. Pain response ta@*noxi ous chem cal agents can be
neasured e.g., by nonitoring abdom nal withing after intraperitoneal
injection of dilute acetic acid, and the aversive drinking test by adding
capsaicin to drinking water (which can be used to evaluate trigem na

noci ception). 1001431 Tests for inflammtory pain and hypersensitivity
include the formalin paw test (Tjolsen etal. (1992), Pain 51. 5-17), the
conpl ete Freund' s Adjuvant paw test (CFA), the test for formalin-induced
facial pain (Cavelou etal. (1989), Neurosci. Lett. 103: 349-353), and paw
tests upon adm ni stration of substances such as carageenan, capsaicin or
bradykinin. Arthritic conditions can be simulated by various nodel s,

i ncluding injection of agents such as carageenan, uric acid or nustard oi

or adjuvant into various joints. Visceral pain can be nodel ed by
|ntraper|toneal |nject|on of substances such as bradyklnln acetyl chol i ne,

_____ LR 1 o [T o —— T [ N———\ I D 1 N L




1001441 Tests for neuropathic pain resulting from peripheral nerve injury

i nclude chronic constriction injury (e.g., Bennet and Xi e nodel of sciatic
nerve | i gaoi2ore/ospriin 33: 87-107); partial nerve |igati oRCTEske1aos37¢¢ al ., J
Basic din. Physiol. Pharmacol. 1991), spinal nerve transaction or ligation
(Lonbard et al., Pain. 1979 6:163-74; Kim & Chung, Pain. 1992; 50: 355-63),
cryoneurolysis (Deleo et al., Pain. 1994;56:9-16) sciatic nerve ischema
(Kupers et al., Pain. 1998;76:45-59). A commpn test is the tactile

al l odynia test (Chaplan et al. (1994) J. Neurosci. Meth. 53: 55-63). Taxol

i nduced neuropathic pain does not contain an inflanmuatory conponent. Mbdels
that are specific for certain peripheral neuropathic conditions include

ani mal nodels of trigem nal nerve neural gia (Vos and Maciew cz, J Neurosci.
1994; 14: 2708- 23), di abetic neuropathy (Burchiel et al., Diabetes. 1985;
34:1210-3), and vincristine neuropathy (Aley et al., Neuroscience. 1996;

73:259-6 5) . The rLﬂMJatQ)Hﬁ inmggﬂycon(zuys\ﬁé electr%ill stiﬁlllation ul%i)ﬁzite@_'resu;]tgr?igen e&ti-al7 1103-1 1) can

reflect phantom %%g&er&i%%ww%iQgem‘;r!sgmin'uésﬂ?eaéu%éﬂ il @ 001451 Ani mal model s
of pain resulting from | d “transaction or

splnal cor njpury 1 nclude caqr
bart i al transact S LBOREE el oy Phpgie PReETE YOI ) an
i rradiation-i ndud®d PEEHE A eRBEEI e BAY e e @ JAT kBt t . 1991 8;
128:105-8.), an eXEPrBIRXIRY FroteH™ BEraGER A dgyskerale siffct i on of
qui squal at e ( Yezebiersskope &GPy d DNEeosci Lett. 1993 9;1571): 115-9) and a
cont usi on nodel (18t4did a4 Yarieg bf n@thods are Neilahigier @yoncteenerdi@@®ricGelchiz41- 4) . 5. Ani nal
Model s of Epi | epSisence s InhBhals/hs 4 sGhe gl Epid i m@ibls it itedmdr nigipekelrs of di f f er ent
epi I eptic condi t igaSr @l Gondbis seGdta M Glidink Q0w w306 mBho@oselidvdel s of Sei zures
and Epil epsy (ed.gRitkapen et al., 1SBN. 978-0- 12-088554-1; Elsevier Inc.,

2006) incor por at GghidgY doRlGE SIS oty ERbSD YeensdiERRINE S can vary from
drosophi | a to priales, .0 Whlch Sp!LeRsY. 1.5, PLOUGNL, aoout in a variety of
ways includi ng by adm nistration of . chem cals of genetic screening for
speci nens that sgOHFARESGSI Y HEvRISH s B YUFEE ™ 8hd/ or epi | epsy Exanpl es of
ani mal nodel s i ndPidle TRAETHEF TR Sl e “Ley wapedcth rats that mnics
febril e seizures,drptsseonyiem rRersated PiechongpSPTE g begivan po prodyteapryalzer, | et hargi c, and
sl ow wave epi | epsyemicEE)ng it gemtieheetiicd higdie AchalasPerGssthi cs simlar to human
absence epil epsi esniguehu@sndsl @inudd@hay te@blatodad oBS tlonlckan@isipns 8t ar i ng or
gazing); 1001471 Ml hiceadd @t asd eicttiz@dheaid il seixdalsiviarmesahi& 0 been descri bed
for conpl ex parti@lwy &l &ih§SnRRS 8o 8ks, bk RALILEMI B ek dodncligirpor al | obe

epi l epsy (TLE). Ths.Kkainic acide and pilocarpine (PILO seizure nodels are

probably the mostcmmnly SLided GHETLEALLIINEL b kg, ani mal models for
TLE. Kindling, a enomenon ereby repetitlve foca g P|,I cation of
initially subcon\/r%ff’sflfll\’/eec°“é .Sé“(":ste‘?r“fe@agr‘yl%ﬁf e 48 TSRt rﬁf"f‘l‘“ﬁ""ae%gﬂ "results in
ot vt o b7 L DO ST e Wevera gency ol 1y

i nformati ve node mitpflyrause Aggresfiqo reEpric ns.geneti ca

epi | epsy- prone spf@ély,eéerhm@ntbe@nlnéés@ra’erbrédedabseneanizmmhclun@dgtis for stﬁdyi ng
phot osensi ti ve anduatdisegedn@iln @hhgxioepia epsmagsyaciisese GHAC| ude t he baboon
Papi ;)_ paloi o, t_hle aﬁﬁ%&&moveﬁﬂhllr?ﬂteiﬁw(llEﬁBEEbéiH%e@dﬁMo&ﬂshﬁd&iﬁﬁﬁiﬁg ) :[A\ he : f
genetically epl ap@mmii@%mrc@( targélz@—:tg %tEi)na CDBA‘V ee!ﬂﬁeﬁs@mice, - variety o
met hods are avai Iag:&[ngy)jlrgdgydgsggaci ng ge%ler alized tonic- clonic or absence

Sel zures I n ani nB[l)O?SB] a1§nj %rm§del§s(?1££§s ﬂ%s%@e?c%lieg aboavg LO%|WVOI'£9£€|,”%, tve ae‘tn ar e either

hi ghly sei zure-prone or have sponfaneous sel zures, ] eh?o T owi ng are a few
traditional met hod% of "&Fiers f‘sﬁgfsaﬁsé‘ﬁ" EEPUFE Y PEL 4001501 Convul si ve
sei zures, char act®8P{"Z8H BY“LEHPE KT KT 1y "IN ET ol TIreXiBh fol | oned by
clonic activity, feviréRilal GOV mermersd DU rraRiyrarYel ect roshock which
continues to be a popular nmethod for the rapid screening of new

anti convul sant drugs. 1001511 Pentyl enetetrazol (PTZ) is probably the nost
wi dely used system cally adm ni stered*convul sant. Repeated injections of
PTZ can be given to produce a type of chem cal kindling that resenbles

el ectrical kindling. At high doses, PTZ (usually




adm ni stered subcut aneously or intravenously) reliably produces tonic-
clonic convulsions inrats or mce and is a rapid and efficient neasure of
bot h sei Mpeosunseepti bility and screeni ng of new drugs. PGIisR013psi7edn cal | y
at | ow doses, PTZ can also be used to elicit absence-like seizures. 1001521
Flurothyl, a hexafluorinated ether, is a chem cal inhalant used to induce a
reproduci bl e convul sive seizure pattern in rodents. In this nethod, rats or
mce are placed in an airtight chanber into which centrally adm ni stered
flurothyl diffuses; after 10-20 min flurothyl initially causes nyoclonic
jerks followed by severe clonic-tonic convul sions. Finally, other
experinmental animal nodels for generalized absence sei zures include

thal amic stinulation, systemc penicillin admnistration in cat,

g- hydroxybutyrate treatnent (GHB), and intracerebroventricul ar opi ates, as
wel | as the nunber of genetic nodels in rats (GAERS, WAG Rij, SER) and m ce

(stargazer, totterign@uml@khafal sl ow-wave epilepsy mce, nocha, and
ducky) al ready dﬁ&%ﬁlﬁ QMw%QQ%%%%yﬁ%%%B%gggﬁﬁkﬁmﬁE%nm%ﬁmthose descri bed

above, both in vivo aﬁﬁmip vitro, n, val uagl e 1 n understandi ng basic
mechani sns of parti &l ol GEREr 5T &d CES UL Fe1°at 8d PRdhonena and are
standard techni quUE%? %6t FETATREAT WG FEW T e EPETE ¢ €S8P 1 si an, Epil epsy &
Behavi or 2, 201- 216200 1)1 9 FREEE SaTox BEHOBY PEFeRbTEE T ¥ its entirety. 6.
Ani mal Model s of gAdine @trgfucdod® rSgnbs iblysds sduged gty Rets cinpldbcesel iy pl aci ng an

ani mal , such as anaregtassesqanxie/pmotinndia iwirals] Aguitallqmateh hamsito @mdwobser vi ng a
response (e.g., Glh@8 3% chgid@angoichlle@i) ekinfi@ FonOrcenBLIBGh inMgev@pesm or cl osed

t ubes). For exanp e fodrSis £edReceDLihd @G 001k nafd and PveDREMoid o@heEhn@l €Na t 0 det er m ne
both state of ar Od.l‘llIS @Lrati%g de@nh Js .hatliYg hga@an@i@rtbia\;s Hﬁ& &in. tTQle @ennpé{tﬁl the€NV i ronment and

assessed fromcr QJ e% i)rrc]lgse(glqr!s gleéoﬂ&%ﬁd scéedrfrglg\;'lltg(} rLcQ‘ﬂng.j, andegil;ngét%(iuQ}g“%m i ndi cat es

reduced anxiety. ts can alsqg be tested In a nmaze to. _assess
anxiety/enDtionaﬂf%ﬁm?ﬁ%?g¥§?gfn§ﬂ#t%%f%“ﬁ%?g“ﬁggmfmgPﬁ%w?tmo open, two
closed: 15 cm wi dEF*SHEY BEEHE PERGENTEXEHIPAY“Fr om a central pl atform and
el evated 1.5m fromt hemfNicamhfcaldat s are placed in the centre of the naze and
gi ven free choi cqolisd et Lifviyadrhyenddodikt Qa4 seN@inhyodeteibnk M@ as havi ng head
and forepaws in am uafihied Wil mad REAL Exbilicr ihi@bcelciRsn@REhicOfa &l 0S€d arns is
recorded and scorged. £t om.vi 489 HhEGRL ANIS LIRSS ML baRgeus! y from two

directions (over gad, and, fotl £o0tablo |, 0Ghsased. LLIR RREDL, N the open arms

i ndi cates reducelganxlg%y ecause ratg qgtura ency 1s to avoi d open
spaces. 7. Ani mal fRbHE S G CITEET * Fou IS TRE™FCETITEY" Bf agents agai nst
cancer can be t estEEIPY S ] AotFBtPEitE A0 2hi'ea" B Fape-beatdbl ant ed with
human tunors. ExafppleeSMaf dipmiriaeds PededmtBet Faprngmyideisites-t hat can be used
are nude m ce suchyragudpcel4-rrkeked) ardNuetpdy ¢ WBatrilcox e n A | 1| (NI H- bg- nu-xi d
BR); scid mce Su®ssiage dm@reShuiseh-S@biDz(@hds0lido nsElic sfe@xwdhase out bred SCl D
and SCI D Bei ge; nin@Gilya fppi6ri@dtgimk 6T aFRAM0is@dAzn410e;in paSlel W alcon@Sregitéde rat s.
Experiments are Gkifpkn€end thinodSes HELEHhd §Fkald Vi€ a Gek by dhstinh watl ., Nature

362: 841 (1992). HyRD. hRY) a6 Sl &)1 r¥RF Sitheidka A5 QWo-din 1 GONRA €t € DVEM nedi um

are typically haryested 1 n HBSS Fegsle inmunodefielent.  e.g., athym c nude
mce (4-6 wks ol Ov:é)regeiasmean ed S Wi th typleally 5x108 cells in 0.2 n

nj ect e . C, th typically 5x
of HBSS in the dorear ia i oo s il Lhoice slbgBRdioe” 100 s, he
m ce are grouped ¥ SAFSH Y HHE GPPPORF Ll Sk rE s sFvah  9Yent i s
admi ni stered in pErR 8PP g £ 0HET 01 egi ne | acki ng the agent. Tunor
si zes are determ nedmbk¥iRi.fembidest W C€ @ Week by neasuring in two di mensions

[length (&) and Wekeh A Rheor ohbliRH: caV QMR ihinalbRbHIRLRLAGEAr di ng tO V =
ab2/2 and ex pres Sa%gal.alﬁe Oa%%ﬁt?sﬁch 'a-sl%il ?;pll’eptiyeQJal%‘Jtﬂgﬁamp§%MbeI;ﬁ a % in]%Ite.[i Stg Sn of an agent can

be neasured by growth e tunor w I'me, prolongation of the surviva
of the mce, or increase in percent of the mce surviving at a given tine
or indefinitely. Statistical analysis*relative to a control group may be
performed using, e.g., Student's t test. 8. Internalization Peptides
1001561 A peptide or other agent can be tested for internalization or
transport activity in an aninmal. The agent (such as a Tat peptide) can for
exanpl e be | abeled and injected into an animal, such as a nouse.
Intraperitoneal or intravenous injection is suitable, for exanple. About an
hour after injection, the mce are sacrificed, perfused with fixative

sol ution (3% par af or mal dehyde, 0.25% gl ut ar al dehyde, 10% sucrose, 10 U nL
heparin in saline). Brains are then renoved, frozen and sectioned. Sections
are anal yzed for fluorescence using a confocal mcroscope. Internalization
activity is determned fromfluorescence, optionally




relative to positive and negative controls. A suitable positive control is
an agent conprising a standard Tat peptide. A suitable negative control is
fl uor escawblzg1d@ielied active agent |acking Tat. Unl abel IP€d/Gsediinobze£an al so
be used as a negative control. 1001571 Simlar experinments can be perforned
incell culture to test internalization peptides or other agents (see
US20030050243). A variant fluorescently | abeled Tat peptide, optionally
linked to an active peptide is applied to a cortical neuronal culture.

Upt ake is determ ned using fluorescence m croscopy over several m nutes
after application. Increased uptake can be determned relative to positive
and negative controls as described for the experinments on uptake in an

ani mal . EXAVPLES Exanpl e #1 : | DENTI FI CATI ON OF ND2 SEQUENCES RESPONSI BLE
FOR BI NDI NG TO Src Kinase 1001581 GST-fusion proteins were designed using
different fragnents of ND2 and expressed and purified using standard

prot ocol 5. These i ki &bt Ghh /15 A8 s SRALLGA L0 IRARI anes for - pr obi ng
wi th biotinylated b§(a%homgﬁe§§e09?%!mge%re%nﬁ?ed pnls@ ﬁxaqve‘éo%%%ﬂ?' peptide (sSrc

40-58). In genera \ d rotein was spotted
onto nitrocell ul d)aréformaldéw(ﬁ 095A1 utalglgepyde loﬁfucrosmoﬁ%q‘ e ar1n1n satlme;3 B]bllnocked with 5%

mlk for |h at r oaf‘fl’ﬁe“t“gﬁﬁ‘é?"é?ﬁ‘?(‘-f°“°"te‘h5?‘i“°l‘sﬁréﬁﬂ-‘ﬁ‘fdé°ﬂﬂ“\?\rfsfe?fe‘B‘i“%’t| nyl at ed pepti des
(-15 ug/ M) for ZPERETERE WaEh@e Hetrgestuheayerastrsulf ers. Bound probe
was det ect ed usi rgetie oppstrend pegetivelatols ofrsuighle dasitsg cpoagd s eppgen] Fovprsierntj ugat ed to

hor ser adi sh per oxidas®t pfrSia- ARIM)le ngeprile gtirel R d@redenti b dciivomenriglagent s,

predom nant |y chemi Uikpdidd @siciedat:Bo te istdSs a nfehtigiétngol. 1B shows the first set of
constructs, and Foogl €sindife edpSiméhes Qe pdbRld itcénbutleBDRSLE-abes that full |ength
ND2 can bind Src 40sedBomeARls dedboooss My, 4 ub ARRLend, B MR, 1 (AA239- 321)
can al so bind Src 40538 tEHECBJE!SeEudQQ phSaQJA%Mca‘ﬂl%Er&aﬂA{%ﬁe ufiRde to narrow the

core Src binding Legal t de with these
cons t r UCt s an d t es%ﬂ% Cf sm%_f(u?rfhcgnce mlcrcho y.over sevgral mlmge e?ter apgllc%lonnﬁcreﬁlsﬁ a t e d Sr c 4 0 5 8

(Figure 2B). ND2."$%q°0AKDEE 351 RES a‘%(ﬁeéa“%"ﬁmlsé“'fi?%ﬁef‘f"'i}llﬁ sub fragnment for
bi ndi ng Src 40- 5P RPHERE BPt he fragnents tested bound the scranbl ed
negative control (B-sSRC 40-58), de®WeWstsating specificity of the

interactions. 1001331, AS ine@RANORBE AREo ks hedfoh@MEs W € performed to
denonstrate this binding in a didsfmrerdsrassay format. GST-ND2, GST-N1I2.1

or GST- ND2 1.4 WeHoessIC Q@ﬁ'—@]ﬁloﬂ%&ﬂ wEﬁLdes.%Ad Myﬁé difﬁrerbﬂagheﬁ\ﬁiﬂmtaﬂdng at t he i ndi Cat ed

concentration Un@%ess&tmﬁlaﬂlﬁerd inc Qe £rd RS The b SprdBE RreBoREKEd USIi Ng 5% mi | K,

and either bioti nneﬂra(&esﬁppro§§ vﬂtﬁjlogﬁg'ratgi S%(;O §8969t)de theQﬁbQ&Jod&m%eﬁfdQ 40- 58 ( bot t OTT)

wer e i ncubat ed at( 0 4(%/)1 mséﬁ‘erlﬁ'ﬁ%ugé}ﬁeg?ae mm}gbmmﬁgemwass 00, g eagent s denonstrat ed
ig f

that Src 40-58 can b nd N ISTLUCTS |

concentrati on- dep “ﬁcﬁlélﬁiea“ “ﬁc}%em‘gtl%eﬁli%‘ffferﬁffk[e% % ?\""f’r ucts were nade to
identify the ani rf‘iﬁ“p“éa&‘fedhe'é‘@d‘ﬁ‘é’ﬁ”df‘é%““‘iyﬁ‘edl‘@?‘{esiflﬁ“g?“@?b%?‘@ fhb‘f’aé‘edf or binding to Src
40-58 (Fi gure 3A)usinsapdfsiag brfftrh Bured pske rerdeireielasiog p wortieitiepei y r esponsi bl e for

bi ndi ng, sequenceseredinreispeithorrgdih gerohiBR (HBBendsediddrrciesreggs,wel | as t hose

f | anki ng t hem coukeghmbtyuBetnfedencd i Fibietl B O6ws 0f fird Jaef S6t0etNDR | Nt er acti on. Dot
bl ot usi ng these Ka®dicps.ad: Rét 15 deRshShaiR i i1 RGh AOEhbin¥drd 405 BinOkal N- Sr ¢ 40- 58
showed ND2 310- 3%l sRimbieidQl N4 it Rasky. 81 cah Rb Bdais¥ ®-sR bR GENeonschull @ddi ti on,

bi ndi ng was seen Mekiaetmzowtﬂ\@%s%ﬁ%;négg%ns(ﬁg‘aﬁzlx’yl&tblo%%é&’elmh and 307-321
(Figure 3B). As b for@n,'lctsandl es% rﬁgments wer e

confirnmed in an a )géS Qhelrgﬂtyg e w%aated%m‘& % nl?ers wer e ND2

310- 321, ND2 289“?&3 Aﬁﬁé% “13%85“" %fﬁ?“e’s‘ﬁ’i"‘“g“ﬁ?&“ W engt h ND2. These
four fragments al™™ bffhé%g‘ffétﬁ‘es@‘h“ﬁ‘@?‘fed?amﬂfdﬁﬁ?“ﬁeg"“f‘%(BS?R(? 4‘21{5) 58 than the full

| ength ND2. All feepdmerciicestiedwdrme able to bind Src40-58 nore strongly
than the negative control peptide sSrc 40-58. 1001611 W next exani ned the
ability of the ND2 constructs to bind to a shorter version of the Src

bi ndi ng domain - Src 40-49 (Figures 44 B). ND2 310-321, ND2 307-318, and
ND2 310-318 were the top binders of Src 40-49 by dot blot analysis (Figure
4A). These interactions were confirnmed by ELISA, ND2 310-321 show ng
strongest binding. 1001621 Next, we confirmed the interactions between ND2
310-321 and Src 40-49 in different assay formats with different constructs.
Fi gure 5A shows a dot blot in which the indicated Src fragnents were probed
with biotinylated ND2 310-321 (Bi o-ND2 310-321) or scranbled biotinylated
ND2 310-321 (Bio-5ND2 310-321). Src40-49-Tat indicate a fusion



peptide in which the human H V-1 tat protein transduction donain

[ YGRKKRRQRRR] was fused to the C-term nus of the Src40-49 sequence to
result inwea?zpepsite with a sequence KPASADGHRGYGRKKRRORRRT/USEI B8 64

Tat- Src40-49 indicates a fusion peptide in which the Tat domain was fused
to the NNtermnus of Src 40-49 to create a peptide having the sequence
YGRKKRRQRRRKPASADGHRG. The dot bl ot indicates that both Tat fusion Src40-49
pepti des bound ND2 310-321, as did the Src40-49 peptide itself. Binding of
biotinyl ated ND2 310-321 to the indicated plated Src peptides was al so
eval uated in an ELI SA assay, and each of the 4 Src constructs was able to
capture biotin-ND2 310-321 (Figure 5B). The peptides were plated at a
concentration of -5uM Simlarly, when an ELI SA plate was coated with
Tat - ND2 310- 321 under standard conditions, bio-Src 40-49 was able to bind
in a concentration dependent nmanner whereas no binding was seen wth the

bi ot nyl ated scr a[M]edAsgg&Maan Eplgzp;séa)g@ere(pg l’olglgﬁ(ederﬁ)gtrateﬁhs(%m&éfng 40- 49) 1001631
Conpet i tion EL| S%fe?@%sgyf é%sﬂ%fz QR oré:s'r%{ﬁw?r coéeE'QYRL , conpeti tion ELISA

assay testing the i ndi ng of
bi otinyl ated Sr 04“6 ety tg'iaff @f?mm’i"mde”tanqu“i“ “ms ‘(%el cate that the binding

of biotinylated SICHO%§*PY NSP31E- Srcé(?sf(FiﬁH%ZCt"PPH’ibBF‘tS@rﬂ“OB@ tat Src 40-49
peptide. Figure SEUGRMFISTIAeE SHEREH siidtq etestion Spep rmgrg@edTat to inhibit the
bi ndi ng of bi ot i ripSetelt cBpipdAGh oA Gest N2 PppprucPRcoB i@ Apendepifrirady was pr e- coat ed
on ELI SA pl at es. (W@l riegherGEBeodstrucli ve@ tn@e b idadfy thelpeinddtidrelbangs iof  bi ot i nyl at ed
Src40-49 to Tat - ND21.8dsPonsdR Jor WS 1 IdI-Bitige 3 yanfongd dOsedheeIad peptide. In a
simlar manner, NX2m.GQR®kshkGl5dRAaIhaGonaBind bt Ghesaauancas fromthe
300-321 r egl on ara@th(@eblla&ngtt@maﬁﬁbeas%df&rmtltgh(tf9g§cI\Q;the&@oni 1ok ek action between ND2
and Src, 1001641 utE%ggﬁsr es@m%%%ldgmb%g%y}@mma& SrI?otSBJ\I%NI%;Qm%lI ] : able to bind
%&re]gliﬁfﬁ E aligidltlon 1ndr§‘1r1ﬁwats seen Qh% NB §%§

concentrations of RRE | ndi ng of

Bi 0- Src40-49 to Ci a%tle%i’2 Rb2 376 oy é RCL “1“"H°“%{“%18;}%é‘?‘1f?%“’8ﬁ ELI SA. 1001651
Taken toget her, t“ﬁ@c"&ftﬁ‘}’eéml‘\‘ﬁ?mé@ﬂﬂé‘ﬁ‘@é - apddle opRgirateE Mef *HiAfittg bet ween ND2
and Src are |ikel¥-BeVReEF1SAR2AG 3 eid 84 le3th 0% Algse B fragmfnis NID2,  and am no aci d
sequences from 28@vifedhsuBdg birgingso $rq 468 tyn theciull GrehNP?. B framdniptesgd wegf f ect  bi ndi ng of
ND2 and Src. ExangtebifdZre4o-54 idtdkibBhell GRS GativE kimroGiGdeMn20-5sNTERACTI ON REDUCE CO-
LOCALI ZATI ON OF S88es1NDEe nkxiNxaMiindd@e BRI o NOTDNERruANRinNYDAR 10D 661 A series of
experinents was PRk ARREHmiQ sR %2 TrRGes 18 hoGalbizalhaRisahaND2, Src, NVDAR
subunits, and PSQ@@léJJ&eRL %RQ&@GE@@L@4B%Et9151§na1?s¥gﬁgm%§'%e¥t ochem stry in the

presence of Tat, me%c]ns ereconlrme , Ak nml‘l efly, hippocanpal
t ta ]yv FELISA,%Z%O%ZI%‘TAF gﬁ. di

neur ons were |sol ate rome yoni c % star rats, and cul tured
00162]  Next, we confirmed elnteractlo S eenND%ShO ?%ba? Src 4 111 ut anax. CeI | s were

i n neurobasal nedl & contar NG Covers

then treated for dfferﬁ’f”WfT"FFtsP”Wffﬁé’fft"IStﬂés %@F&Sémﬂdﬁtb]ﬁtg“"ﬁ?“?t andard net hods.
Prot ei ns were vi sulisii Fefhensy v rrepetd fqilagdiOr Hoth So-"Rhd¥8¢ondary anti bodi es
coupl ed to fl uor esetktbicfnphiddDl 8&321 @otNPe dP-P2atrvot-Tohdikt Ysrescence was

cal cul at ed by nerpgiidg whikhehe hunBngBs!1 tit prodRvat@Sibhapnaa MGRCERIRORARALS Ng t he %

col ocal i zed bet weR& iR CfictnindSof thel3R40140% @dnce sl a b § dedu@tcescence cl usters

di vi ded by the t abaanalitRerK@RGR USERI 1S shoB-4ndicadd &Rh RFAlA zed ND2 with Src =
(tOt al colocali qu)cl{tﬂetTQho%meMggsetﬁ(lth!}%tt%&) ofSrc/Qqutl) Qegt@*cldlg_&(%%w e W th ND2 =

(total colocali zedq%1 b \’El.mdmélf Ll ELgyres 8A and 8B show
t hat incubation Wt e| ng e§ &i

rc 49 desbo dND2 310 321 as rc40-49 pej 1d 1 Bin o46 Tat are able to
I

reduce the amount™3f EBIGEAN ?181’ V\?’? reas the control

blotlnylated NDZ 3 10- 321 to the 1ndlcated plated Src peptldes was also evaluated in an

ELISA assay, and each of the 4 Src constructs was able to capture biotin-ND2 310-321

(Figure 5B). The peptides were plated at a concentration of ~SuM. Similarly, when an
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Tat transporter does not. Thus, these peptides are able to cross cellular
menbr anes and di srupt the conpl exes that are pre-fornmed inside cells and
can be usw020r/aShenrapeutics. 1001681 Next, the | ocal i zaPConsed11/ERZem t h
NVDA Receptor subunit 2B (NR2B) and PSD95 in the presence of these

i nhi bitors was exam ned. Both Tat-ND2 310-321 and Src 40- 49-Tat do not
significantly affect the association between ND2 and NR2B in spite of

di srupting the interaction between ND2 and Src (Figures 9A, B conpared to
Figures 8A, B). Surprisingly, disruption of the interaction between Src and
ND2 reduces the colocalization of ND2 with PSDO5(Figures 9C, D). As PSD95
is known to associate with the NR2B though an interaction between the
C-terminus of NR2B and the first two PDZ domai ns of PSDO5 (Aarts et al,

Sci ence, 2002), these drugs provide alternate conpositions for and nethods
of achieving the benefits of disrupting the NVDAR-PSDO5 interaction. Those

i nclude the treatiRRb s ool O Sl 505 ARk S AR QGHAL Bk bh.exci t ot oxi ci ty,
pai n, ”eurOdege“e&%émd%aﬁonc%ﬁr&lgnde %den%ﬁéérwﬁe}émpo%ﬁgﬁgw% 1wi@Rd | €@l neuropat hi es,

and nore. Consi stent & colocalization of PSD95,
Fi gures 9E and Fbls"hnéilatwwf\am?ledf%mlpc"“?6Fclfg8'f5CB i on petween PSD95 and NR2B i s

similarly di srupt@f | e HSrar HaAHEP: feae Ny <9821 and Src 40-
49-Tat are able tFéISf‘é‘ﬂb‘ffépgfhh"é‘h‘étﬂaﬁ%ﬂf‘?t%‘éll"bi“&ﬁb"ﬁ‘égt"\f/\‘;é’éﬂ‘a‘ﬁ}ﬁ?ﬁ “and Src (Figure
10) and PSD95 ande!&R2EI03H| Thursets idicyte hal@BOHE 4 bifmylted Srettyfppolizdy- t hat contai n ND2
sequences i nhi bi t3Rinvgs ithivied byitanski 4¢P pivede Wizes tE Smenstatrsche MR ofSan-4srodul at e t he NVDA
Recept or conpl ex, Ta@spsdiChalnding ofblagryl s SOIC-had TaoNDg 3106t weien 2B and Src and NR2B
and PSD95. Anti bagies ELOléd The Tehi@s ifaodel ol BiQingt bidiBaia sat4b lodi es were used in
t hi S st Udy: Nbusel’at%@?»lt)-@l muéd%&a@ Tgtgézdg)mamm%errm to PSDO5 (Cl one

7E3- 188’ Cat k ab]b@%l%@s)be g'nlrlygclr!ée%ue%lgnn;t% 3§r391(re%|019a[:l§b1e30%3tas 1n%[;o1l§ ab16885) wer e
from Abcam (Canbro:ﬁgegn bl o] |-NRZB Catk 06-600) was from

M I lipore (Temecula, J SR A1 rc Catk sc- 20496) and Rabbi t
anti-GST (z-5, cdti®sc ‘%S@‘)g"“\ﬁﬁ’f”séhaﬂr“&% =t 5ab@°ﬂ’2d%|4%?88‘5‘ﬁﬁ8’1 ogy (Santa Cruz,
CA); Phospho- Tyr d&TH&* RBtrd &ovar merpsinpyqneeniergns o E4NR2 3% o c"“I‘Bl’f?)spho NR2B

(Tyr 1472, Catk 4208 bindingb RaBit-1° ared NOPSD3D Berfdpipapripgtition®5i84  3450) were from
Cel | Signaling Td#iol Gigyiddeen hees ND2Wa)ences T Gdiziibdbindipg bergpfn NDh®@d secondar y

ant i bodi es used st ai fikelgbesitenl ghino WS 320 shd30Isr NERCHIS G atideaeies sar ch Labor at ory
(V\éat G ove, PA) -to ﬁ%&&ly&&ﬂl%%&ﬁec@ﬂﬁjﬂgb%bﬂh §rc. ( 711-075- 152) Texa

Red- Donkey anti -I\/buse§ﬂ711 OI7§T 150)1;f Te>éa Regﬁ Donke&antl - Goat (705-075-
003), FITC Donkey antP<Rabbit YoB¥<1s PEreY %anti - Mouse

(715- 095- 150) , FI TC- MBS TIONOF SREIPR I\ FHRBITNOTABRIND WA | dase Goat

anti - Mouse (115- Q@s610 06tries dPRpefehidASRriofad@b exaditt ihe BRI b N 4d,- 036- 047) and
Per oxi dase Rabbi taaak buse akd r{s3OR i Bimph ddns byRdRQEMtRENem st ry 1001721

Hi ppocanpal neurqgas%ncgwran YI RSh ;2 COYELoSY. +ap§new@£1@ocsnrp§§emgwym th 1 uMof Src
40-49- Tat, Tat- 15[0)%ted? andcm“uedmtnpmbasag L4. Then neurons were

i ncubated in 4% par aj rE))I][rlem rly(ﬁlcﬁglza;—flgwatarrtf/lsucrll e | hat e- buf f er ed
saline (PBS) for “TH"M At &St 6 "ot S “i enmfate ‘%8‘% hanol at room
tenperature (RT) PREPIE f%rbémﬁjé‘?‘ﬁe&‘&%lPf"%/?sé”d‘e\"/ﬁ“"thﬁd‘ﬁl?gzi’f@f PG X- 100 i n PBS
for 5 mnutes and™ds§rorfrenbrresstriiotresos erike folstrirh HePBS f or 30 mi nutes
at RT. The cul t uresaiwbedy ngpng fened nRwhotfhorgnd el tipgrtie %gflocdigg  pri mary

ant i bodi es, rai Seewderpaiy sithe QlSol@PHRECTu@Sence diustés. dRBH Gy e kotalpmmbef1 00 PBS for 2
hours at RT, washegys@nd cdotacidrat e sk o totlcoltaidy @b NBlcudrsf; B a m xt ure of
speci es-speci fi ¢ 5QaAcHEIN N ol QibtB880/@hal sdcRécifd | N donkey and conj ugat ed
to either Texas R@ghn Ofiguklsd s MQHQRAOKESinleierd QR 14 44t dr §Buol N 0. 25% Tri t on

X- 100 PBS) The ¢ 9‘1‘2\? %{re a%lé tp r%du(y\%g a%io&ﬁ@f chlgcglza}%n o&rc%%Déiwlg %gé'{:rl]ttrg d usin g9 ProLon 9

Gol d antifade reagent (Invitrogen I mages were coll ected usi ng a 60x

pan-fl uor
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objective on a N kon Eclipse TE 200 m croscope. The inmages were anal yzed
wi th Phot oShop 7 (Adobe, San Jose, CA). Brightness and contrast were

adj ust ed,weharpsoed usi ng t he unsharpen nmask tool, and Po@E/USPEGASITeET €
merged for col or colocalization. 1001731 For quantification of the

col ocalization, the maxinumintensities of the fluorophore channels were
normal i zed and t he background fl uorescence of each channel seen in the
dendrites was subtracted, the color imges were nerged. Two clusters in two
di fferent channels were considered col ocalizing when at | east 66% of the
surface of one clusters in one of the two channels overl apped with a
clusters in the other channel. For each conbi nation of antibodies, three

i ndependent i munof | uorescence experinments were done. Each measurenent was
taken froma 50- mlong dendritic segnent (with an average width of 2 m.
Col ocal i zati on was expressed as the percent of the total clusters analyzed.

Exanpl e #3 : | NHIBL IR &Fnod iz, NZ5conRGre lNIERACH N AHEEEGT THE COVPCSI TI ON
OF THE NVDA RECE%%&%%E%& 20, }ms‘&&eﬂs I?é%%ea&hepabemﬁ“ on experi ment s

were used to exaﬁ]ml&].r Next the&ocaﬁzatlon o?NDZ w1th A?{ Enpr Ol;[ EI n RZBE he NVDA Recept or
conpl ex i n neurons re thh al neurons and in

rat brains subjected mfh&preé?‘i"‘ gitese ﬂ'gﬁltﬂﬁ”aief‘f’é““?? P Af- N97e3p agectusi on nodel
(3PV0), and in tH&THrad endEniptiegraatiaan ‘tﬁ‘f’“e"?l‘ﬁml"”dﬁf‘%?r“‘s“"‘éff t he Src-ND2

i nteraction. Fi guiegngl?aemiedensmd’Ptat esFiguadsdeenrud odfewres HeBNVDAR i n Day 14
hi ppocanpal neur GasrisinglyAlistuptiroditheaigeragligrebet et SrIIAD2 1Gings the R\EERBBHon MR2B and |1 gG

al one wer e added Npowihys@abtEgreas, 0l €S eIvbHecbwvbe hsavisantheugsdnoigpangener at e cl ean
i Munopr eci pi t at aSerk @i YedvROEH CQSmihul & K1 arld Ale Do Bz adnhid ks Ot &)s Each bl ot is

t hen _pr obed with ofhl, %Lc@g&ﬂ)%e mgﬂr(p@eqyemuus&rﬁb%m% ﬁmelgodMSt ern bl ot

techni ques, usi ngufhe m@lasehtpgsi;zupttngfﬁ b\ REL oM EARD rhlQkng i s Figur e

denonstr at es thattree%%%ofs e 1sor§ersasn%e 0 excmto u% anti.bodies is able to
pul | down a conpl €X ‘con ining N N RYE. 1001751 W next

exani ned t he ef f €&f" B@F‘X‘T‘éfpﬂwptﬁ'ﬁm%"ﬂ“éfﬂ&“’%rc?:“ﬂﬁembfvéhtbf“ﬁm%ﬂ‘ t he associ ation
of proteins in tHEMNNIHRIGPIGEED Fifteys Eathbriexha te cetieife B8Ri ppocanpal neurons
at 14Dl V. Neur ons’Sie ma NR2P & sivigaty digrtichy IMgpimilym@ne3TaNIZ AP35 and §e ¢040- 49 at | uM f or
1 hour (Figure 13Ayatggablgp reqee thfolpalizatith bfreren™NS2K afq Sp(ffigere WEBIPSDTSe| | | ysat es were
purified and i munoprmee:p).tated with anti-NR2B (left) and then stained with
anti NR2B, anti - R85, thabokpounddihs cordNDa RiukrecdNBibitad e bik@@beBSen sdhese st udi es
illustrate that tahaambhlRgadiddehe RO IQRS Wb, HRLR nl BlciR&Meldes reduces the
associ ation of NRB; Wi $huaRk% mddtbpss he concentrations and exposure tines
used, there appears to be a slight reduction in the association PSD95 and
NR2B when pre-treatiadesw t h Tat-ND2 310-321. This experinent was repeated,
and cl early showgghiohadne didbingMikary arifdaid 2de bl Rl HRN MaSIndBl NR@ant | y decr eased
the amount of PSr25, ARG, mEEmdth ke VRARCAML 8% Wi RN Gappared to Src

40-49-Tat after ijmun ra X £ om""'ca}[n L 85,6 st NR2B (Figure
13C left). Vhen éE'E;P ORI GE LiflsbsR e% M *‘baﬁ}ig mgk%bt %&%&Bged for

066(%0)[1was fF()) BIHIIB% ecula EL, Gozay 2(1[\4 lg\@ #; sc- 0496{M th Tat ND2

i nmmunopr eci pl tati on W

310- 321 si gni fi cdft¥y" ar“‘éﬁﬂézesdcaf#ﬁé“?l’?‘ﬁﬁfﬁf“ SBf CWB&P‘PB?Y@JI‘“I Y**associ ated with
PSD95. Further, i%:8iggtoHapsingdase gid P-REIROHT e PrortNRFHDERBer i ment s usi ng
anti - PSD95 ant i bgdiexs) e RpepriPdReBH2EaL et Wi0ppoéantpliisnieur on | ysat es,
Tat - ND2 310- 321 wagnokpiDawvdsovmear |y abolish the associ ation

[00171]  All of the secondary antibodies used in this study were from Jackson

ImmunoResearch Laboratory (Weat Grove, PA): Texas Red-Donkey anti-Rabbit (711-075-

152), Texa Red-Donkey anti-Mouse(711-075-150), Texa Red-Donkey anti-Goat (705-075-

003), FITC-Donkey anti-Rabbit (711-095-152), FITC-Donkey anti-Mouse (715-095-150),
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bet ween NR2B and PSD-95, and reduce the anmpbunt of phosphoryl ated NR2B
associ ated with PSDO5 (Figure 13D). 1001761 The status of these proteins
was next weaniasm2in rat brains that had been subject ed PCO/US2GRPVB784 r oke.
After 3PVO ischem a, rodents were given either Tat-ND2 310- 321 or saline
via tail vein injection. At one hour post surgery, the brains were quickly
harvested and | ysed. Followng IP with anti NR2B anti bodi es, the nenbranes
were incubated with anti phosphotyrosi ne anti bodi es, devel oped, and
subsequently probed with anti Src, phosphorylated Src (pTys) and anti PSD95
antibodies. As an internal control, both the ipsilateral and contral ateral
hem spheres (I and C, respectively) were prepared. Figure 15 shows that in
the Tat-ND2 310-321 treated aninmals, far |ess PSD95 is inmrunoprecipitated
along with the NR2B subunit, and the anbunt of Src is reduced as well. This
change in the NR2B conposition appears to occur only in the stroke

heni sphere, as Pﬁa%%ongnmaéamgsro@mnlm@og%n%mu%&bOGB\IRZB in the
hem sphere not SLLQ%X%R%@O abi Qv (51%3‘2047) apJP§rox5d§sT(1§a!>ngllﬂ EAaF(é%E'Baa oRecause the

reducti on of PSD9 B assocliation 1n tissues Is protective, but
t he NVDAR conpl eXimhsod@dstisk-gd for other tissue functions such as neuronal

signaling and Iormnizler}mp&%ﬁnntnazuitnﬁlmm;ﬂéWerJ@&eaNQZu@Jf@m 243 shows the

potential to sel eg fam)hympzrl9&%&htatr&@'dapI@fhg@.&mmg&m@um stroke wi thout
di srupting the co %{&Jeadl ng to reduced side

yn re
effects when conﬁmonaaldtehép 4/asucr°se“]p|§°zs% ﬁ%’fﬁg YRR tor. 1001771 A
second set of ex p%ﬁ‘“f%@ﬁf“%‘“ﬁg)é gl aé’i"?‘f‘bﬁ“p%ﬁ’i“egﬁ? g rgtieEt ed to 3PVO,

nodi fi ed such tha“t‘“‘?ﬂé“g‘ﬁlxll??é‘ Ypre mippyes 9Dy EpmeRy PO TA LRI B 0- 321 was

admi ni st ered by tFa$ for 30aipwes 4t 1 Be tuivgshver nprdated vih @ giktursqi sy and t he brai ns were
harvest ed and | yseted?s hgdin griqosstics snrgyeinpn X-Fp BR$rfesodGR T, Bshelhow t he resul ts
of i mmunopr eci pi taatiic@dng fof riom: Rhes emibirait RSieuBtiRGecddaty ABYodié?B095 as the | P

anti body (Fi gure ri&iy dokkéy aldi2iReatkdrd cgidl 1€xasTREd3)r FITL Buorphoreds @t2600MMRNAn 310- 321
significantly redueptichen sk ki NREBasnd DRSRNA Wl-al 86, NR2B and Src

associ ated wi th PP%%?Goldg%ﬁyegegggn? nYitro enggnﬁgeg\% lco(ﬁyc\@eﬂ]gngla mlﬂglg{ eci pl tation with
anti-NR2B anti bodj, f“fﬁféma% ¥‘§°h§ S associ t he conpl ex, and

l ess Src and Phos, pSr ‘Construct was not
nearly as effecti Ve rn"dfcsup ‘%hﬁeé”ﬂéﬁ@”%w&ﬁaﬁl“%? SPBEE e NVDA Recept or .

Co- i munopr eci pi t“ésf‘ai‘pﬁi’rinaw&’flﬁﬂi‘dfﬁ‘“T@WB%WWW"QW&“‘P% s associ ated proteins
wer e prepared frdf@ulfeisreticarie pjeeana tapymyréirrdnsi®r rat brains. For in
vitro conpeti ti onflu@oriye chaprgdyiers torplizey andgheteckisRndileqrscenrst opge phematode| ect ed after
treat ment w th Srigcthedi@ddeQwal @bitracted art colDRgeSdB-m3 2. TOr clusfemtin vppeifdtrendes for 1 h at

| UM concent r at i OnhaMels FeconsddedtiRbldcBizink tvhed ki MsGONE ANdrabi oRudcR @ldnecel | S wer e

qui ckl'y harvest ed:@ne RABDGERLA Rtk QL in ndbinM kMR 8% PEIbPRMES: one hour after

3PVO i schem a, rafg,dehg HJdA;unemneQmmmLsamg Qg&hm;veg dn@nw des or saline by
i ntravenous tail vein,. one re,after

measurement V-&I’-aS e roma m ong%endn‘?c S€ enr (xlth n avera ew1dﬁn
adm ni stration of omou cortex o e brain was quickly
Colo 1zat10 fle ercento e total clusters anal
@’ es wer e 1'ncubated with Dynabeads

2%0 mlcrolscrpe T. 1mageéwere an, (? vgth lyl}:notfsg

har vest ed and honﬂgenl ze(fwasfﬁ’ﬁsi
protein G (Invit rogm)rle&nwwmpemmsmdmemeAmcmmt es at room
tenperature. Isolated i mmpnmbmimMsRmmetmed usi ng SDS- PAGE and

transferred to nif rglceé ose. nmenbranes. ranes re probed with

t I§ SE th tatu
sel ected detectiadn antit lmmdmogempl PR eRTSTT I i ed” aRd  reprobed with ot her
det ection anti bo d)fo&ugs in the NMDA Receptor complex in neurons hese were exammed in both

hippocampal neurons and in rat brains subjected to stroke using the 3 PIAL vessel occlusion
model (3PVO), and in the presence or absence of inhibitors of the Src-ND2 interaction.
Figures 12A-E demonstrates the status of the NMDAR in Day 14 hippocampal neurons.
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Exanpl e #4: ND2 | NH BI TORS | NHI BI T PACAP- ENHANCED NVDA- EVOKED CURRENTS | N
CA! NEURONS. 1001801 Pituitary Adenyl ate Cycl ase-activating

Pol ypept iwo2PROAP21sel ectively increases NVDA receptor ReERils2@d/os3sponses
inrat neurons, and it is thought that this peptide is involved in the
regul ation of synaptic plasticity as well as both long term potentiation
and depression. To exam ne the effect of ND2 310-321 and Src 40-49 on
PACAP- enhanced NVDA- evoked currents, isolated CAL neurons were subjected to
a series of patch clanp experinments in the presence or absence of these
pepti des. Figure 14A shows the normalized peak current with PACAP (1nM in
the patch pipette or PACAP + ND2 310-321(6 mM). ND2 310-321 can prevent
PACAP- i nduced potentiation. Simlar experinents were also perforned using
the Src-selective inhibitory peptide, Src(40-58) (14 mM , or the truncated
peptide, Src(40-49) (6 mM). The responses prior to application of PACAP
were nor mal i zed tpﬂ@oodie?a%%%%?&c @ém?r’@mb%dé@al&m&cﬁe%t }QaltLaQW ng application of
PACAP. The bar grd@sprmedlb&wan%asg(ﬁogeneagc%g ngr(u%'\?/% 1ta9*, (an(lb%(?eg{ls oq §offrom neurons and

i ndi cated the rel %ﬁjbéz""f&‘ lgls%enﬁm&d%%a%m%gm Odﬁﬁngﬁw ar un er the three

condi tions. ND2 B enhanced
NVDA- evoked cur r effiiues: $jig e antipqéisteg priow-gasiy blof Tpis fjgige dﬁ‘%"ésﬂ‘“ef ‘8‘“ Bih8ck PACAP enhanced

NVDA- evoked si gnatei “P?@“%?‘itﬂ“%‘:“ﬁﬁ‘“‘i"‘?‘f’é’l‘ PROPE I8 * (98 “PH R Sheur ol ogi cal

di seases and di sdfemdNgEsoci ated with inpaired with long term potentiation
(e.g., aging, Al Zbweisimewe e examinesinto efeqe fieNo3iosel adi sseagesongnd neur onal

di sorders affect m@Rlhyproteidio SEOVIRRA BalinNIDRplek AEdkuB TifpRopREDUCE PAI N

HYPERSENSI TI VI TY ihbv. REEENESrA Q0181 hod Qo- e sroas hid ot fof hadk rifidd - ND2 310- 321 is
effective in redugi b RAkMN HYRELS SBSE iyMedwre pudddd AR Gre@fiacdat  ND2 310- 321
or scranbl ed ND2 Vs?tﬁ an§1(IleBH&ga%tﬂeh/s%mgﬁ%al;th\!RﬂpglFi)E’ngﬁﬁu %@Mwﬁ@}‘ nistered via

tail vein injectio tm§IV}iisttT LF#(} Iammtlonlnthelr
tbo es Theses es.1 ate at.treatmg neur sw1 at-] tldes redyces
hi nd paws from subcut aneous. i nJ ete Freund s adjuvant (CFA).

Measur ement of pai A=Ky SeRy ff\?ft?eﬁ°"ﬁ?ﬁf§“°ﬁé‘}dfx8‘?‘ﬁe€ﬂesﬂs'§‘itﬂ filaments of
different sti ffné%pé"“é"é’eﬁé%té‘i"'fcfféﬂthﬂsf°°ﬂaPPépsrP§5[ OGS BrPKRER ™ hour or 2 hours
fol | owi ng i nj ect iT8ADSFL0-P2h hipgpstiniep} eva repepipy; apepeleasly thowadibaEld-NRE $132Tat - ND2 310- 321
wer e signi fi cant |uyarfes sgifigein deertapedibe angnt pAPIROS brid min ArNTFENR Somplpxeat ed Wit h
scranbl ed cont r ol whpeqipird @ Stc 40FHBT4 e ImmupePhiae sihaortiabahsmgt he ND2 310- 321
regi on such as t atighD2, 134 Qvnd 2l oM@ Ueasd 1G4S dreG BN iynuldGtclp@biont han

Src40- 49-Tat | n thesersB¥ARbdiRBR ks willthSot {6506, Was: @r eat er _at 1 hour
post dosing than gt MR d1QH0S X0 kinbiss e Rdihi QR (Figure 17).

immunoprecipitation experiments using anti-PSD95 antibodies on peptide-treated
hippocampal neuron lysates, Tat-ND2 310-321 was able to nearly abolish the association
between NR2B and PSD-95, and reduce the amount of phosphorylated NR2B associated with
PSD95 (Figure 13D).

[00176] The status of these proteins was next examined in rat brains that had been
subjected to a 3PVO stroke. After 3PVO ischemia, rodents were given either Tat-ND2 310-
321 or saline via tail vein injection. At one hour post surgery, the brains were quickly
harvested and lysed. Following IP with anti NR2B antibodies, the membranes were
incubated with anti phosphotyrosine antibodies, developed, and subsequently probed with
anti Src, phosphorylated Src (pTys) and anti PSD95 antibodies. As an internal control, both
the ipsilateral and contralateral hemispheres (I and C, respectively) were prepared. Figure 15
shows that in the Tat-ND2 310-321 treated animals, far less PSD95 is immmunoprecipitated
along with the NR2B subunit, and the amount of Src is reduced as well. This change in the

NR2B composition appears to occur only in the stroke hemisphere, as PSD95 appears to
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1001821 Src 40-49-Tat has been reported to disrupt the association of Src
and ND2 in neuronal |ysates (Liu, X-J et al., (2008) Nature Medicine,

ref er encew®)2012li50®1di srupti on al so reduced the associ at iPOR/UsSeeM®83T66r c and
NMDA R2 subunits, which in turn reduced NVDA currents and had a benefici al
effect on both inflamatory pain (Formalin and CFA nodel s) and neuropathic
pain (peripheral nerve constriction). The present results show that ND2
310- 321 has a superior ability to provide pain relief in the CFA nodel
(Figure 17), disrupt the association between Src and NVDA R2 subunits
better (Figure 13C - IP NR2B in the presence of Tat-ND2 or Src 40-49-Tat,
probing with anti-Src), and reduce NMDA currents (Figure 14B). W interpret
these results as evidence that ND2 conpounds containing the 310-321 region
of ND2 such as Tat-ND2 310-321 works better than Src 40-49-Tat in various
nodel s of animal pain (e.g., CFA, fonnalin and peripheral nerve

constrictio n) andrerrnigysgmgtem%th&Q;B%elheﬂn!isphgrgnotgﬁjegeﬁ Io IIeI Misis E@%Eaﬁpeu'[ ics for the

treatnent of inflammt Yiio pathi e a15511Sls eCV|u ain, and pain
associated with hb nmr%hsg” ﬁ?%p%y%ﬁo%%‘]‘glgﬁ Hgk el %Q'lr i bq§51831 Ani mal s:

Experiments were per D % “250-300 g) from
Charl es River LaB‘ES‘P%i’fe‘B‘F‘P‘égh“fng *C8nst Sl&ﬁimepﬁf@]ﬁ"éé “Wel"‘lfﬁ’é’ bbr e housed in

pl astic cages corﬁeﬁﬁfﬁf“ﬁ@’5‘1}“8”““"861154‘?‘“@6‘?)“0%6HPW&““&H&PS Reprdigrie a 12- hour

| i ght/dark cycl e.redicpieie offgaip whertrroppyelch aigmergad 15895 aiMBARadieaccess to food and

wat er ad |ibitumiousie Askcortdkeed epeamntie Sromadon primapg@rdede® W th t he

gui del i nes of t hendGanaditaihe Qo & #ol49-0nor ARKDTRl0-30akadaneeapar oved by t he

Ani mal Care Commi kit @Rl holr@ssQiRde an\BSHhBE Wire HASRIE dndllsed 2 3PJ841 | nduct i on of

I nf | amati on: Br i GfdyYriguCORDb G Endmb AL S oA ib%A R -l o5, g8 Cheni cal
Conpany, St. Louig) erpmashlmp%% Qplgﬁmgmﬁage#g@élxln 0k Quibgs Rl antar surface of
the hind paw (1004L, .20¥s, GG C S SRl WoENFy ANERLNGE ) AN mal <

were returned to anmat i on and
sensitization to a%ve(f"‘(‘i’f)“eyi"d?tf‘f B ml“’&‘?"?rm\‘?‘@i“’ﬁw?hﬁ’]“ggfﬁia?f‘ﬁq e78Y adni ni st er

pepti de i ntravendf§TyafruredrHaticmitictt Brrot PP SE At eeh Mani nal s were

pl aced in a transydt-€rfe gt elonhehedityer vaarine s rhat forded With a m xture
of 2.5% i sof | urameMakeemeygen until the animal is conpletely anestheti zed
(after approximately 1 mn A mask was then be placed over the animal'’

nose and nouth arfdFreEcrreEfiortee concentration | owered to 1.5-2. 0% for the
duration of the I[Wj”é]CtW.R a@é@ﬂ{sqcﬂ@ DPiRjejes were prepared from cultured hippocampal

(HP) neurons or rat brains. For in vifro competition experiments, two week HP neurons were

collected after treatment with Src 40-49-Tat, Tat-ND2 310-321 or Tat peptides for 1 h at luM

complex is re mred other tissue Octlo such as ne onan enaling an
f &TREd 8 Fague- Daw ey “vats. (hafe

concentration or for 2 hours at 3uM concentration then cells were quickly harvested and
homogenized. For in vivo experiments, one hour after 3PVO ischemia, rats were injected
with indicated peptides or saline by intravenous tail vein. Two hours after surgery (one hour
after administration of compounds), the selected cortex of the brain was quickly harvested
and homogenized.

[00179] Lysates were incubated with Dynabeads protein G (Invitrogen) and selected
antibodies for 30 minutes at room temperature. Isolated immunoprecipitates were resolved
using SDS-PAGE and transferred to nitrocellulose membranes. The membranes were probed

with selected detection antibodies, then stripped and reprobed with other detection antibodies.
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di ssolved in |luL/g of sterilized saline and injections were nmade with a
250/ 2 butterfly needle (Fisher Scientific). The animal was then returned to
its cage.woR0C1B6%1Measur enment of Paw Wt hdrawal ThresheCa/usBasoss7en t he
procedure described by Pitcher et al. (Journal of Neuroscience Methods,
1999), animals were placed on a platformcontaining holes 1.5 mmin
dianeter in a transparent plexiglass observation chanber (30x30x30 cn). An
ascending series of calibrated von Frey filanments (Stoelting, USA) (.008g -
15g) was applied to the plantar surface of a hind paw to determ ne the

m ni mum sti nul us needed to elicit paw wi thdrawal . Each filanment was applied
perpendi cularly for 2 seconds or until w thdrawal occurred. Each successive
filament was applied 5 tinmes at 5-second intervals. The threshold was
determ ned by the filanment that elicited 3 positive responses out of 5
applications. Filaments greater than 15g were not used to avoid tissue
damage. Paw wi t hdrawal threshold was neasured prior to CFA injection, 8
hours after CFA i r8®E 45D INHBHORS PHBIPACARKRHANCERIIDARNOKED o0t i on and 120
m nutes foll owi ng peptide inj RREWS NESAAPYRONE6 : ND2 | NHI BI TORS ARE
EFFECTI VE AT REDUGhIG MRA) Ned dAMYEHE.-&iClih O N SRRl 0484L The efficacy of
ND2 i nhibitors i NadAGcdibGadMBRbondfin b0 Gud WA BoufiX @i }8Hes1 Ng the three pial
vessel occlusion 1(§|\IJD yg)her%gﬁlof s?trapna;lagtlg l§§s welirblloﬁ loLgSernapoBl%gtlgment nodel of

stroke that creatges hours. 1001881 Male
Sprague Dawl ey rats” mﬁ‘ﬁamme&ee%“ﬁ%ﬁg& landgr? 42%1?&?%5 T\ %nﬂsubj ected to

per manent occl usi'Of ’f"k“fl?]ilgen%fsﬁa]wd%g%“é‘l‘s er”@ﬂ‘\eétedr‘i’c%ﬁff‘e P8t “Mr gery, ani mal s
were given an i ntFEETOUYS PRAFQEPTHTT e PBLPs ﬁ%“el‘*i“é‘t"WNRZB%Z Aarts et al,

Sci ence, 2002), Seakcn@LORATAR (Indyp in iepetchigpdte BRATABDND2F W2 141 1™wed t o furt her
recover in their Npages ca@devindPAC4AP-igicdpptengaigngmikr explyimguiswge Aper € har vest ed,

sl i ced and i ncubaktrethednbidglhe FFGecti@ nMbiteLigptizee(D-Fre(1an@as tofmdaef ar cti on. The

i nfarct vol ume ofperachuan tmly. Wasspaet @b Wapaelion A cABkd: n@sailhe aver age

vol unes for each grQetks @550 minfi G458 afpBeadN@WECAD N fabidaSue0f ONe such
experl ment. Tat- I\pg Q)frégrc]:mg%Qnm anmg eggtkpchaig%\gea?‘ﬁ/lﬂapr oxi mat el y 40%

decline in infar CCEITCI\l{SQII’l r three ¢ n(eh{lona%DZ% 0C321 Bug ot.%rc40 491 hll}ll\@ls nlpt statisticall y
effective in reducin arct v | S suggests that ND2

i nhi bitors of the & NNIBQZ"V? ﬁdf@?"ﬁ i[h“S ND“IOHH C“F3?“S°ND§°°§%A%21 in particular,
can be effective HYrEYIMPOFoediEnatng %‘%\‘l"’?f@ﬁf"ml’ft’“eﬁ'ﬁ PBXElL 881 | n a second
experiment, the efFisgiesisored Wi eyt lepe B ryaEY Al AN NL) 2 pepti des
wer e assessed r elngtodogerdtiq difges aBREonal Pipalersadestremees are provi ded fol l owing the
exanpl es. Both pept igdgs. Weks ribirokQ¥batadmihade@ingfvdenbond to the

al pha- am no group of the N-term nal .gmno acid of the peptide. Mr-ND2
provided equival ent or superior protection against damage fromthe stroke
in this nodel, an®i&hy r24dNperapfhs T4-ERS108¢ fisglrtiveierediqmgepar e 22) . Thus, both

Tat - ND2 and nyr - NRrseasitigty.af frelbf Tee DTN g Sor fe@nbletl Kep ot Sroaepbtivgmirol Of St r oke when
adm ni st er ed af t gkpiid@s vaite EddlBered Vigrihaivgiecth S @us vbpRdudshi@sa | nhi bitors effective
when admi ni st er ednspinkah in thr hdd Sl Bbcutahddfs BRcH oBbmpUR B8Rl s :§6&HI UST On nodel  of

i schem a (CFA). Measurement of pain hypersensitivity was performed using filaments of different

stiffness as described in the methods either 1 hour or 2 hours following injection of the
peptides. Animals treated with Tat-ND2 310-321 were significantly less sensitive to pain
than animals treated with scrambled control peptides. Further, peptides containing the ND2
310-321 region such as tat-ND2 310-321 worked significantly better than Src40-49-Tat in
these experiments. This difference was greater at 1 hour post dosing than at two hours under

these conditions (Figure 17).
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1001901 Mal e Sprague Dawl ey rats (n=10 in each group) weighing between 230
and 290 g were used for this study. Experinents were perforned on fasted
rats (Fr e®0oaueya3dgmt access to water but not food). For Pp&Erusaeigs37ohr ee

pi al vessel occlusion (3PV0O) was performed as described previously (Forder
J et al., 2005, supra). In brief, rats were anesthetized with a 0.5 m/kg

i ntramuscul ar injection of ketam ne (100 ng/kg), acepronazine (2 ng/kg),
and xylazine (5 ng/kg), supplenmented with one-third of the initial dose as
requi red. An anal tenperature probe was inserted, and the animal was pl aced
on a heating pad maintained at 37C. The skull was exposed via a mdline

i ncision and scraped free of tissue. Using a dissecting mcroscope and a
pneumatic dental drill, a 6- to 8-mmcranial wi ndow was nade over the right
somat osensory cortex (2 mmcaudal and 5 mmlateral to bregma) by drilling a
rectangl e through the skull and lifting off the piece of skull while

keepl ng t he dura [bolihtz]acstrcm Lh@t hgbeQJr@&rtetﬁ(rcisﬁlgt thJssﬁc'IaucHLt‘éQ Ln@N]gz%{ ebral arter y

branches around tf Oflall)las L Gh, >QP }/%os‘!‘ﬁ%&%@d‘%lne r%fterﬁ:gesﬁ‘%gsld%]up%&als' cal ly cauterized

thr OUgh the dura. déedthea soc1atloe between SrcandIZ\IﬁBAgZ lﬁ)umt Wi 1clflngr%reﬁlce\év%§lgAsu ured. Each rat
TSRV du t‘f' a heating. Ianp

was returned to i 0 mai ntain body
temperature unti IC“‘F‘HSémdrb?ft"bef’elJT‘ﬂl iffe°f°é8°8\}‘i§?’3’6‘°ry%g°rﬁ%‘ﬁ?d HrraFS3PV0 i scheni a,
rats were inject & P PAEEE R PGP HABETGFbPorddINhE by i ntravenous
tail vein. Food aAdesaerp abiityd rvigs pinirid in b mmodeLFigyg 7). Wit s af t er surgery,
the brai n was quissklajon Reveey shE@HDABR @A bettes (Fiswga 8C (2RI inwer € t aken t hr ough
the brai n and i noubat @t o 2640-1oiTR)P@RREH dhtEsz hrid MoK tvdl@s ( TTC) (Si gna) for
15 min at 37C | NBGRBYVEI: RieSG @B s (sGABRNNADR Odounafcsanipl @ #7 © ND2

| NHI Bl TORS REDUCE; 124 i YRR kANSh-tho Ml o051 wokd bEede N aMolbekn o NEUROPATHI C

PAIN 1001911 Ve r]l%%e‘s ottalgéaE p%q (eg Q%A ?Maﬁ'&xd pQ Lhergl-qz;'ve Ml;ggwt \‘%de I%?é:lihe versus the

control scranbl ed E % 5] tﬁ ?P on neuropathic
1a to e e ctlve therapeutlcs e treat nto ry neuro
?‘ % nerve injury

and |nflannatory aln avi or’s perip
(PNI) in rats and tH&"c8 T%i"“éa‘ef:?“%’ﬁ%“n%‘“v}&dj uvant rmdel (CFA), both
characteri zed by mme®ducti on of nechani cal paw w thdrawal threshold. The
effect of Tat- Nqusép 321 on mechanical w thdrawal threshold was assessed
8-15 d after PN ¥Sund that Tat - ND2 310-321, but not sTat-ND2 310- 321,
caused a S|gn|f|é£H?] i HEPR LSBT éﬁ?"m?ﬁﬁpgﬂayw?ﬂ?%%ﬁzﬁﬁm’pS|Iateral to
the nerve injury g\)/\ﬂ‘i’é‘r‘fhaﬁ“dﬁ’lveh?ag"fa@‘i‘eé -ORPEQUEROUS P oS iPRET  results were
observed in the CRE-croae /8P ghfeddingapd kept oy &rher fghyda Grier@¥8Ee i n paw wi t hdr awal
t hreshol d devel opewkdwidiandhadapres t foqdgitd waldsad fipitpy Ve of tenaimpleyasip st ed t hrough the 3
hour testing per iaggkdanct G 1O Ribelieliaf B¢ Carbdidn-CNDR or3hiphal 8R<lapd agprvekd Pt | des or
pepti dom netics combi@iitongitd kirGomb @gie@Ros@hl. ND2, can provide relief from

neur opat hi ¢ pai n. et haSiorlRdLddiokHHGN CEmpBE Erhdt GyREF ¥ §QASL i ction nodel :
Ani mal s: To produgg.Reb: leetr@&m)pa%vc@dJu@w@roaglyﬁ‘maam@mfzem pol yet hyl ene cuf f

Was sur gl Cal | y i rrlp!il%\gh&) 2?(5/O eegleungelglsé()ﬂwalnial%gtlllesc) Ilmmz\a.{swereIetmnegF ﬁle or m ce under

![?)OI leg,: ?23 anest nlgn?elcaagesforiﬂourstoaﬁowm ammatlonan(Psensmzatlontof%% matize for 7 days pl’l or

[00185] Tail vein injection: To administer peptide intravenously after the induction of
inflammation, animals were placed in a transparent induction chamber and anesthetized with
a mixture of 2.5% isoflurane in oxygen until the animal is completely anesthetized (after
approximately 1 min). A mask was then be placed over the animal’s nose and mouth and the
isoflurane concentration lowered to 1.5-2.0% for the duration of the injection. Peptide was
dissolved in 1uL/g of sterilized saline and injections were made with a 25G% butterfly needle

(Fisher Scientific). The animal was then returned to its cage.
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[00186] Measurement of Paw Withdrawal Threshold: Based on the procedure
described by Pitcher et al. (Journal of Neuroscience Methods, 1999), animals were placed on
a platform containing holes 1.5 mm in diameter in a transparent plexiglass observation
chamber (30x30x30 cm). An ascending series of calibrated von Frey filaments (Stoelting,
USA) (.008g — 15g) was applied to the plantar surface of a hind paw to determine the
minimum stimulus needed to elicit paw withdrawal. Each filament was applied
perpendicularly for 2 seconds or until withdrawal occurred. Each successive filament was
applied 5 times at 5-second intervals. The threshold was determined by the filament that
elicited 3 positive responses out of 5 applications. Filaments greater than 15g were not used
to avoid tissue damage. Paw withdrawal threshold was measured prior to CFA injection, 8
hours after CFA injection, 60 minutes following peptide injection and 120 minutes following

peptide injection.

Example #6 : ND2 INHIBITORS ARE EFFECTIVE AT REDUCING BRAIN
DAMAGE FOLLOWING STROKE

[00187] The efficacy of ND2 inhibitors in the treatment of stroke was examined using the
three pial vessel occlusion (3PVO) model of stroke. This is a permanent model of stroke that
creates small but consistent infarcts at 24 hours.

[00188] Male Sprague Dawley rats (n=10 in each group) were surgically subjected to
permanent occlusion of the pial vessels. One hour post surgery, animals were given an
intravenous injection of Saline, Tat-NR2B9c (Aarts et al, Science, 2002), Src 40-49-Tat or
Tat-ND2 310-321 and allowed to further recover in their cages. 24 hours after surgery,
brains were harvested, sliced and incubated with TTC to visualize the areas of infarction.
The infarct volume of each animal was determined, as well as the average volumes for each
group of ten. Figure 18 shows the results of one such experiment. Tat-ND2 310-321 and
Tat-NR2B9c¢ both show an approximately 40% decline in infarct volume, whereas Src 40-49-
Tat was not statistically effective in reducing infarct volumes in this model. This suggests
that ND2 inhibitors of the Src-ND2 interaction, and Tat-ND2 310-321 in particular, can be
effective drugs for the treatment of stroke.

[00189] In asecond experiment, the efficacy of myristoylated versions of two ND2
peptides were assessed relative to Tat-ND2. The sequences are provided following the
examples. Both peptides were myristoylated via an amide bond to the alpha-amino group of
the N-terminal amino acid of the peptide. Myr2-ND2 provided equivalent or superior

protection against damage from the stroke in this model, and myr-ND2 was less effective
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(Figure 22). Thus, both Tat-ND2 and myr2-ND2 are effective drugs for the treatment of
stroke when administered after a stroke. We have also found these inhibitors effective when

administered prior to a stroke.

Three pial vessel occlusion model of ischemia

[00190] Male Sprague Dawley rats (n=10 in each group) weighing between 230 and 290 g
were used for this study. Experiments were performed on fasted rats (Free overnight access to
water but not food). For permanent three pial vessel occlusion (3PVO) was performed as
described previously (Forder J et al., 2005, supra). In brief, rats were anesthetized with a 0.5
ml/kg intramuscular injection of ketamine (100 mg/kg), acepromazine (2 mg/kg), and
xylazine (5 mg/kg), supplemented with one-third of the initial dose as required. An anal
temperature probe was inserted, and the animal was placed on a heating pad maintained at
37°C. The skull was exposed via a midline incision and scraped free of tissue. Using a
dissecting microscope and a pneumatic dental drill, a 6- to 8-mm cranial window was made
over the right somatosensory cortex (2 mm caudal and 5 mm lateral to bregma) by drilling a
rectangle through the skull and lifting off the piece of skull while keeping the dura intact. The
3 pial arteriolar middle cerebral artery branches around the barrel cortex were selected and
electrically cauterized through the dura. After the cauterizations, the scalp was sutured. Each
rat was returned to its individual cage under a heating lamp to maintain body temperature
until the rat fully recovered. One hour after 3PVO ischemia, rats were injected with indicated
drug (3nmol/g) or saline by intravenous tail vein. Food and water was supplied. Twenty-four
hours after surgery, the brain was quickly harvested. Coronal slices (2mm) were taken
through the brain and incubated in 2% triphenyltetrazoliumchloride (TTC) (Sigma) for 15

min at 37°C. Images were scanned (Canon 4200F).

Example #7 : ND2 INHIBITORS REDUCE PAIN HYPERSENSITIVITY IN RODENT
MODELS OF NEUROPATHIC PAIN

[00191] We next tested the effect of Tat-ND2 310-321 versus the control scrambled ND2
negative control (sTat-ND2 310-321) on neuropathic and inflammatory pain behaviors using
a model of peripheral nerve injury (PNI) in rats and the Complete Freund’s Adjuvant model
(CFA), both characterized by a reduction of mechanical paw withdrawal threshold. The effect
of Tat-ND2 310-321 on mechanical withdrawal threshold was assessed 815 d after PNI. We
found that Tat-ND2 310-321, but not sTat-ND2 310-321, caused a significant increase in paw

withdrawal threshold ipsilateral to the nerve injury when administered intravenously. Similar
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containing holes 1.5 mm in diameter in a transparent plexiglass observation chamber
(30x30x30 cm). An ascending series of calibrated von Frey filaments (Stoelting, USA) (.008g
— 15g) was applied to the plantar surface of a hind paw to determine the minimum stimulus
needed to elicit paw withdrawal. Each filament was applied perpendicularly for 2 seconds or
until withdrawal occurred. Each successive filament was applied 5 times at 5-second
intervals. The threshold was determined by the filament that elicited 3 positive responses out
of 5 applications. Filaments greater than 15g were not used to avoid tissue damage. Paw
withdrawal threshold was measured prior to nerve constriction 7 days after sciatic nerve

constriction, and 45 min, 90 min, 135 min and 180 min post injection of peptides or controls.
Example #8 : ND2 INHIBITORS ARE EFFECTIVE AT REDUCING PAIN

[00196]  Peripheral nerve injury (PNI) via the chronic sciatic nerve constriction model was
induced in rodents by surgically implanting a polyethylene cuff (2 mm in length) around the
sciatic nerve of rats or mice under isoflurane anesthesia. We then measured mechanical paw
withdrawal threshold (PWT) with Von-Frey Filaments as described previously (Liu et al,
2008) both before surgery for the baseline and 8-14 days post surgery. We prepared myr-
ND2 (100micromol/L) in 20% acetic acid as stock solution and diluted the stock into

working concentration before testing. We injected either 10pmol or 100 pmol of myr-ND2
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and vehicle into the lumbar spinal cord and tested PWT 45min, 90min, 135min and 180min
post injection. Both concentrations of myr-ND2 tested demonstrated decreased sensitivity to
pain across all time points tested (Figure 23). Thus, ND2 peptides, including myr-ND2, are

effective inhibitors of pain.

Example #9 : MYRISTOYLATION MAINTAINS EFFICACY IN PAIN AND
STROKE MODELS WITHOUT REDUCING BLOOD PRESSURE AT HIGH
DOSAGE LEVELS

[00197] ND2 peptide have been shown herein to be effective at reducing both pain and
damage following stroke. Tat peptides have previously been shown to cause a reduction in
blood pressure when administered rapidly in high doses. We tested the effective of applying
a rapid bolus of high concentration myr2-ND2 peptide relative to Tat-ND2 and NA-1 (Tat-
NR2BO9c¢). Rats with surgically implanted devices to measure arterial pressure were dosed
with ~25 mg/kg of the respective peptides as a bolus injection into the tail vein at 10 minutes
post monitoring. Both of the peptides containing Tat sequences resulted in a drop of mean
arterial blood pressure to levels about one half of normal. These pressure drops resolved
themselves within about 10-15 minutes without intervention. The myr2-ND2 peptide,
however, showed no decreases in blood pressure at similar concentrations in any of the
animals tested (Figure 20). Figure 21 shows the lowest points in blood pressure, further
demonstrating that myr2-ND2 had no effect on blood pressure in this model. Thus, myr2-
ND2 can be administered at a higher dose level than Tat-ND2 without or with a lower

chance of observing blood pressure side effects in humans.
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[00198]  Although the invention has been described in detail for purposes of clarity of
understanding, certain modifications may be practiced within the scope of the appended
claims. All publications (including, e.g., journal articles, accession numbers, websites and
the like) and patent documents cited in this application are hereby incorporated by reference
in their entirety for all purposes to the same extent as if each were so individually denoted.
To the extent difference sequences might be associated with the same accession number at
different times, the sequence associated with the accession number at the effective filing date
is meant. The effective filing date means the earliest priority date at which the accession

number at issue is disclosed. Unless otherwise apparent from the context any element,
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VWHAT IS CLAI MED | S: 1. An ND2 peptide having 4-40 residues
identical to residues of SEQ ID NO 60 of which at |east 4 of the residues
are contiyoaor/oseridues bet ween am no aci ds 289- 321 of PEEQSRO1MEI760.

2. An ND2 peptide having an am no acid sequence consisting of am no acids
310 to 321 of SEQ ID NO 60 provided that up to six am no acids can be

del eted, inserted or conservatively substituted. 3. The ND2
peptide of claim1 or 2, wherein the ND2 peptide has an am no acid sequence
consisting of 4-12 contiguous residues between am no acids 310-321 of SEQ
| D NO 60. 4. The ND2 peptide of claim1 or 2, wherein the ND2
pepti de has an am no acid sequence consisting of 4-10 contiguous residues
bet ween am no acids 310-321 of SEQ | D NO 60. 5. The ND2
peptide of claim1 or 2, wherein the ND2 peptide consists of am no acids
310- 321. 6. The ND2 peptide of any preceding claim wherein
the ND2 pept | de Ie%bohi!n&!, sgeﬁtfeggq or aspect of the invention can.be7perfo;l;1!9cﬁn Matml de of C! aim 6,
wherein the ND2 peptide I's |lipidated by being linked to a fatty acid.

8. The ND2 peptiofe of claim?7, wherein the ND2 peptide is nyristoyl ated.
9. The ND2 peptide of claim8, wherein the ND2 peptide is nyristoylated at
its N-term nus. Listof Sequences 10. The ND2 peptide of any of clainms 1-5,
wherein the ND2 tide | i internalization peptide.

11. The ND2 pepti tp-@_f C é““l‘;%%f‘gs QQng&zn the internalization peptide is

i nked to the N ts&riponusGHfKRNDEH P@[ﬂ? Ve, WD 2012/ 050921PCT/ US2011/ 053764
Src40-58:  KPASADGHRG P SAAFVPAA SEQ ID NO:7
sSrc40-58:  AGSHAPFPSP A RAGVAPDA SEQ ID NO:8
Src40-49-Tat: KPASADGHRGYGRKKRRQRRR SEQ ID NO:9
Tat-Src40-49: YGRKKRRQRRRKPASADGHRG SEQ ID NO:10
sStc 40-49-Tat GAAKRPSGDHYGRKKRRQRRR SEQ ID NO:11
Src30-39:  GAFPASQTPS  SEQID NO:12
Src30-49:  GAFPASQTPSKPASADGHRG SEQ ID NO:13
Src35-49:  SQTPSKPASADGHRG SEQ ID NO:14
Src40-54.  PASADGHRGPSAAF SEQ ID NO:15

ND2 2.1.4: NLYFYLRLIYSTSITLLPMSNNVKMKWQFEHTK (289-321) SEQ ID NO:16

ND2 peptide sequences
ND2 289-309: NLYFYLRLIYSTSITLLPMSN SEQ ID NO:17

1.

2. ND2 291-303: YFYLRLIYSTSIT SEQ ID NO:18

3. Tat-ND2 291-303: YGRKKRRQRRR YFYLRLIYSTSIT SEQ ID NO:19
4. ND2299-318: STSITLLPMSNNVKMKWQFE SEQ ID NO:20

5. ND2302-321: ITLLPMSNNVKMKWQFEHTK SEQ ID NO:21

6. ND2307-321: MSNNVKMKWQFEHTK SEQ ID NO:22

7. ND2310-321: NVKMKWOQFEHTK SEQ ID NO:23

8. sND2 310-321: KWVQHTKFEMKN SEQ ID NO:24

9. ND2 314-321: KWQFEHTK SEQ ID NO:25

10. Tat-ND2 310-321 YGRKKRRQRRRNVKMKWQFEHTK SEQ ID NO:26
11. Scrambled Tat-ND2 310-321:YGRKKRRQRRRKWVQHTKFEMKN SEQ ID NO:27

12. ND2 307-318 MSNNVKMKWQFE SEQ ID NO:28

13. ND2 310-318 NVKMKWQFE SEQ ID NO:29

14. ND2 310-316 NVKMKWQ SEQ ID NO:30

15.ND2 310-314 NVKMK SEQ ID NO:31

16. Myr-ND2 myristoyl-NVKMKWQFEHTK SEQ ID NO:32

17. Myr2-ND2 myristoyl- MSNNVKMKWQFEHTK SEQ ID NO:33
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WHAT IS CLAIMED IS:

1. An ND2 peptide, the amino acid sequence of which consists of up to 20
residues of SEQ ID NO:60 including residues 310-321, the peptide inhibiting ND2
interaction with Src, wherein the peptide is lipidated or linked to an internalization

peptide.

2. The ND2 peptide of claim 1, wherein the ND2 peptide is linked to an

internalization peptide.

3. The ND2 peptide of claim 2, wherein the internalization peptide is linked to the

N-terminus of ND2 peptide.

4. The ND2 peptide of claim 2, wherein the internalization peptide is linked to the

C-terminus of the ND2 peptide.

5. The ND2 peptide of claim 2, wherein the internalization peptide and ND2

peptide are linked as a fusion peptide.

6. The ND2 peptide of claim 2, wherein the internalization peptide includes at

least 5 arginine or lysine residues and has a total length of up to 15 amino acids.

7. The ND2 peptide of claim 2, wherein the internalization peptide is a Tat peptide.

8. The ND2 peptide of claim 1, wherein the ND2 peptide consists of amino acids
307-321, of SEQ ID NO:60.

9. The ND2 peptide of claim 1, wherein the ND2 peptide is lipidated.

10. The ND2 peptide of claim 9, wherein the ND2 peptide is lipidated by being
linked to a fatty acid.

11. The ND2 peptide of claim 10, wherein the ND2 peptide is myristoylated.

12. The ND2 peptide of claim 11, wherein the ND2 peptide is myristoylated at its N-

terminus.
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13. A chimeric peptide up to 25 amino acids in length, comprising an ND2 peptide

as defined in claim 1, and an internalization peptide linked to the ND2 peptide.

14, The chimeric peptide of claim 13, wherein the internalization peptide is linked to

the N-terminus of ND2 peptide.

15. The chimeric peptide of claim 13, wherein the internalization peptide is linked to

the C-terminus of the ND2 peptide.

16. The chimeric peptide of claim 13, wherein the internalization peptide includes

at least 5 arginine or lysine residues and has a total length of up to 15 amino acids.

17. The chimeric peptide of claim 13, wherein the internalization peptide is a Tat

peptide.

18. The chimeric peptide of claim 13, wherein the ND2 peptide has an amino acid
sequence consisting of amino acids 307-321 or 310 to 321 of SEQ ID NO:60.

19. The chimeric peptide of claim 18, wherein the internalization peptide and ND2

peptide are linked as a fusion peptide.

52



