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METHODS OF Alxb byh#8bs NG NEUROPATHI C PAI N USI NG PCT/US97/04143
PROSAPCS| N- DERI VED PEPTI DES BACKGROUND COF THE
| NVENTI ON METHODS OF ALLEVIATINGNEuRofitut&VEATHMsiRG

This invention relates generally to the field of pain therapy
and nore specifically to the uBROSAPOSIN-DERIVED RERPERES- deri ved pepti des
for the treatnent of neur opat hi ¢ pai n.

BACKGROUND | NFORVATI ON 10 hburopathlc pain results from
injury to a nerve. phpreRoiis of O ppeH glre pai n caused by
tissue injury, neuropathic pain can deve op oays or ' nont hs after

a traumatic injury. Furthernore, RIELE QB THE INVENTIONcaused by tissue

injury is usually limted . in duratiop to 1? t he period of tissue
repair, neuropathic pain PHRUENYEYtion relates B§nle6ﬁd~llya§tq rfg}‘%rfml@m c.
Mor eover, neur gpa a ofP 10 e a
result of sti BP %thlEﬂé}apy andﬁg?r%ogﬁaﬁﬁyaféaggl%%é%h e SF

The clinical cpresapesitsuieamatdd cpept Hdasefdd the treawmé@z%or&@d and

i nclude both trauma and di sease. For exanpl e, traumatic nerve
conpr essi on or REpyeRagidc pain. traumatic injury to the brain or spina
cord are common causes -of neuropathic pain. Furthernore, nost
traumatic nerve injuries also cause the formation of neuronas,
in 25 whi ch pain occurs agce P

regeneration. In addition, cancer-related neuropa pain is
cadded when tunor growt hl‘{%arrﬁnﬁtilyl@mxewesults from injadjyadenta nerves,

brain or spinal _cord. eur 0 thic pain
Pl Na e 296 J%%rastrio the immediate pain caused by

tissue injury, neuropathic pain can develop days or
months after a traumatic injury. Furthermore, while pain
caused by tissue injury is usually limited in duration to

is5 the period of tissue repair, neuropathic pain frequently
is long-lasting or chronic. Moreover, neuropathic pain
can occur spontaneously or as a result of stimulation

that normally is not painful.

The clinical causes of neuropathic pain are
20 widespread and include both trauma and disease. For
example, traumatic nerve compression or crush and
traumatic injury to the brain or spinal cord are common
causes of neuropathic pain. Furthermore, most traumatic
nerve injuries also cause the formation of neuromas, in
25 which pain occurs as a result of aberrant nerve

regeneration. In addition, cancer-related neuropathic
pain is caused when tumor growth painfully compresses

adjacent nerves, brain or spinal cord. Neuropathic pain
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2 al so is associated with di seases such as di abet -

al cohol i sYHO 97/32895 Unf ortunat el y, neuropat hﬁ’c&ggggm‘“
frequently is resistant to avail able drug therapies. In
addition, 5 current therapi es haVe serious side-effects including,
for exanple, g¢ognitive changes, sedation, nausea and, i.n t he
case of narcdt? HFu&?FQQiﬁiﬁq(ﬂﬁéHW§ﬁF$ﬁﬁ?§nfgcg as diabeteg,%rjng from
neur opat hi c %fg hd | derly or have ot her medi cal conditions
that particu ar?y F?ﬁ?& their 10 tol erance of the side-effects
associ ated with avail abl e drug therapy. The inadequacy of
current therapy in relieving neuropathic pain w thout producing
i nt ol erabl e Unfertamataly £ mapeerathis rainf éxequently is

d [ . i.Gi_dal [ l.n.suff .
Vet hods of T EVPERRRG SR AN ARAe (B e finfebt™ SP RS TS

qeal ity of |léheréAt FReYaRAY hfrd (sdiidus side-effebtsmipailmddery,to
trauma or di sease. However, there . currently are no effective

drugs that r&reexamplespsognitive changesggipedathon: nauseear amde in
si de-effects _,such as s%dation addi cti on Thus, ,there is a

20 an
need for met HeQsCBFe © ?arcogﬂqgﬁﬁ%ﬁﬁ?ﬂféﬁ&ﬁ%@@?hicMﬁﬁyn?ﬁﬁﬂﬁﬁﬁ§
pr oduci ng gufferin§n§§%hf%@ﬁ%&ﬁéﬁhiﬁf ﬁ-agbeeP&8§§9tok”E%Q@‘Qﬁqer
satisfies this need and provides rel ated advant ages as wel T
PCT/ US97/ 04Irde&dical coBi®i/c3izBThat particularly limit their 3
10 tolerance of the side-effects associated with available
drug therapy. The inadegquacy of current therapy in
relieving neuropathic pain without producing intolerable
side-effects frequently is manifest in the depression and

suicidal tendency of chronic pain sufferers.

15 Methods of alleviating neuropathic pain would
improve the quality of life for many people suffering
from pain due to trauma or disease. However, there
currently are no effective drugs that relieve neuropathic
pain without undesirable side-effects such as sedation

20 and addiction. Thus, there is a need for methods of
alleviating neuropathic pain without producing
undesirable side-effects. The present invention
satisfies this need and provides related advantages as

well.



SUMVARY OF THE | NVENTI ON The present invention

‘provi des avﬂf&ﬁ%ﬁh§ﬁ al | evi ati ng neuropat hi ¢ pai n parreseEndai4ct
by - mnistering an effective anount of an active fragnent 5

of prosaposin to the subject. For exanpleg the invention

provi des a nmethod of alleviating neuropathic pain resulting from

a di sorder of peripheral nervewm_xmﬁ%ﬁangl I a, spinal cord,
brai nstem thal anus or cortex I'n a subject by adm ni stering an
effective ambunt of an Th@ presentadiiventiagnpnovblesr asmpbhiod kefvi ng t he

am no acid _sequence . o _
Cys- G u- Phe- Leblwnasygg@x@w&@nmlq_gam&mé subject by

Asp- Asn- Asn- L Thr-d u-L
Thr - DRI a- Ee%‘?’l“éngﬁe}%&ﬁé@ E]flf eﬁ#i% (a%gg‘ullﬁ e- Laﬁ) ?8{:1\78 fragment ( SEQ
IDNO 2). | nopddibkapostie tio¢d isibjudyi depos eﬁEmple, theetihveémiion

preventing neuropathiC pain in a subject by adm ni stering an
effective anupnbvﬁﬂesnaamﬁth@dHQQyniﬁeV1atlng ne@topﬁébQSOPBﬁnto t he
subj ect. The present |nvent|on VIdES rosap ﬁgﬁrlved
pepti des and ¥RgudEdngr fFreds @ dlstraer ?ﬁxﬁ?ﬁ ?5? FﬁFat rite

out growt h, Inﬁwtt _Lgaagﬁg, spmalnedgﬁi astd i H88Lh, enambhagom/@dxr@x on

and i nhi bi ti ural denyellnatlon In addition, there is
provi ded a 1n a subjnbho%yohdmﬂnﬂauer@pgeasoeﬁfectmveoamnsnmopdihylby

contacting neuronal cells with a c 0Si t an
ef¥®ctive i nhRBFEVRgE gmtopfa@%é%w#% ﬂBgoph ogmino acig oqanosin.

BRI EF DESCRI P%Lgf\ll ?é TH@SD%&W_ (R/ -Val-L e¥s -Glu-val- g,gg%gslhg@g\ﬁéhe

t hreshol d of nia betore (tine O at various
times after Asp-Asn-Ab@J—wsmlﬁciGmmsmmapbel-neder(smed ID2NCer e de
(SEQ 30 Th:lrE)Dl:Igla{)Le.iun- IICLheu-r}Pspn-DAjserlx-Prxg}x-sAla—Thr-Glu—Glu- Ile-Leu-Tyx
(SEQ ID NO: 2). 1In addition, the invention provides a
15 method of preventing neuropathic pain in a subject by
administering an effective amount of an active fragment
of prosaposin to the subject. The present invention also
provides prosaposin-derived peptides and the use of these
peptides for stimulating neurite outgrowth, inhibiting
20 neural cell death, promoting myelination and inhibiting
neural demyelination. In addition, there is provided a
method of inhibiting sensory or motor neuropathy by
contacting neuronal cells with a composition comprising
an effective inhibiting amount of an active fragment of

25 prosaposin.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the threshold of tactile

allodynia before (time 0) and at various times after
bolus injection of prosaposin-derived 22-mer peptide (SEQ

30 ID NO: 1) in Chung model rats.
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4 Figure 2 shows the threshold of tactj :

al I.odyni a Sgpg?gw(tine 0) ‘and at various tinmes after &b&&mggPﬁg3
injection of prosaposin-derived 14-ner pgptide (SEQ ID NGO 2)

i n Chung nodel rats. 5 Fi gure 3 shows the sum flinches

in response to 5% I r t.r |to
adm ni stration of Flgué% z/%géggoggﬁ gh§33h§1 wer E% e (SEQ I D NO

2) or allody:rsid iefbre d(ebgéi 0)rahd. at various tlmes after DETAILED
DESCRI PTI ON OF THE | NVENTI ON 10 The present invention
provi des a ipstlvesy igfjection of pubpkappainndemdwedpihimeppeptiide 8BPect
by dm ni ster an ef.fective anount of an active fragnent

of prosaposﬁpiﬁa I#; ¢Qﬁ59A@°9FSCF8§§d herein, the net hod of
t he invention can aIIeV|ate neuropathic pain in 15 a subject wthin
30 m nutes of adm nistration. Such a met hod is useful for

a8 | eviati ng neuropat hikiguare 3 shows ther enml filngchesmin diespaiese ofo

peri pheral nerve, dorsal root g glla spi nal cord brai nstem
t hal amus or %c§% £ermalin after intraperito tion (9

nvent i on | §udgintiftPieriyed 14LARKPEERRRGE! Qgs\g’"'x‘ﬂ‘ﬁé 3P amino acid

protein as th recursor

sphi ngol i pi @a&qtne/alxprdﬁMﬁ@Srﬂﬁsshl nmoto et al., J. Ll pi d
Res., 33:1255-1267 (1992)). Four adjacent tanden1 domains in
prosap03|n are proteolytlcally processed in 25 l'ysosones to

generate saposins A, hydr ol.ysi s of

gl ycospi ngol i pi ds by | AL R
¥eshimoto, FASEB J. @K@]pﬁé’ﬁent 1nventloﬁ199$)uhes a method of

alleviating neurcpathic pain in a subject by
administering an effective amount of an active fragment
of prosaposin to the subject. As disclosed herein, the
method of the invention can alleviate neuropathic pain in
15 a subject within 30 minutes of administration. Such a
method is useful for alleviating neuropathic pain
resulting from a disorder of peripheral nerve, dorsal

root ganglia, spinal cord, brainstem, thalamus or cortex.

A peptide useful in the invention is derived

10 from prosaposin, which is a 517 amino acid protein
originally identified as the precursor of four
sphingolipid activator proteins (Kishimoto et al., J.
Lipid Res., 33:1255-1267 (1992)). Four adjacent tandem
domains in prosaposin are proteolytically processed in

5 lysosomes to generate saposins A, B, C, and D, which
activate hydrolysis of glycospingolipids by lysosomal
hydrolases (O'Brien and Kishimoto, FASEB J., 5:301-308
(1991)).
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‘The unproc%gﬁggl #g%m of prosaposin is found in hi gerus9T/04143
concentrati P uman and rat brain, where it is | ocal i zed
wi thin neuronal surface nenbranes. During g enbryoni ¢ devel opnent,
prosaposin nRNA is abundant in 5 brain and dorsal root ganglia.

Furt her mor e, prosapOSimﬁﬁiug?proce§gggsf$kﬁho?'ggoé %U@ﬂﬁ/fé) ound in

gangl i osi des, which sti neurite outgro pronot es
transfer of gaRgh @ondRmtrations 1nfh@man1aaﬂleattbra&mbrah&re it is

The neurotrophic activity of prosaposin is consistent with its
| ocal i zati on Aecadizeshwiddiin neuronal SB6§EF3t meRbrapes-i ePWHing . Proc.

Natl. Acad. Sci USA 91: 95 1 a t |ochem
Bi ophys. Res, €mbryonic dﬁﬁﬁﬁﬂﬁwenﬁﬂ4pg§ﬁ§§§gﬁg %gé%)fé F%?E%%%fﬁp
stigul ates prain and K s Urddte SAHGLOHM h Pﬁrthb&ﬁo&@ﬂ iprodagosinl 15

|ncreases chol i ne acetyltransferase activity, which is a mar ker
of neuronal db&hdseMmun|hmghlafﬁmmntyoh° gangllosldepnoy@p@hlsqﬂmmﬁﬁn%

cell death in neurobl astona c et upra, . 1994;
O Brien el al ROURASER Htarowth, ‘and propgtegyrarsesy) of ssnoliosiads
The neurotrop 1% degﬁgggﬁg S Iocallzed to saposin
C, a domain o?&ggpgﬁfﬁ% 5?? s 22-mer peptide correspondi ng
to amno acids 8 to 29 of t he saposin C domain (SEQ ID NO 1)
stinmulates neurite outgrowt h and choline acetyltransferase

act ivity and 25 ﬁ@mxgrww%at ACEAVhEYr 6 R¥OSFROEAN 450 Brien

h
pr%gap03|n deFl§g&%£?4%3€¥¥a)lts 1°cal%za%l?gEtPIBeﬁﬁpgf§ g?!gxggpfee
can nodul ate gepRlations (O’Brien et al., Proc, Natl, Acad, Sci., USA

91:9593-9596 (1994); Sano et al., Biochem. Biophys. Res.
Commun., 204:994-1000 (1994)). Prosaposin stimulates
motor neurite outgrowth in vitro and in vivo and

is " increases choline acetyltransferase activity, which is a
marker of neuronal differentiation. 1In addition,
prosaposin prevents cell death in neuroblastoma cells
(0’Brien et al., supra, 1994; O’Brien et al., FASEB J. 9:
681-685 {(1995)).

20 The neurotrophic aétivity of prosaposin is
localized to saposin C, a domain of 80 amino acids. A
22-mer peptide corresponding to amino acids 8 to 29 of
the saposin C domain (SEQ ID NO: 1) stimulates neurite
outgrowth and choline acetyltransferase activity and

25 prevents cell death in neuroblastoma cells (0O’Brien et

al., supra, 1995).

Prosaposin or the prosaposin-derived 22-mer

peptide (SEQ ID NO: 1), for example, can modulate motor
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‘neur on functlon g pronoting neurite outgrowmh. Prior to - i e
present i Y however, it was not known whet her Pcnm§$%§ osi n
or a peptlde fragnent of prosaposin could af fect sensory neuron

function. Moreover, the 5 neurotﬁ%phic activity of prosaposin or a

pr osaposi n-deri ved eg ide in stlnulatlng not or, neurite .
out growt h i s HEH%RINt &#ﬁ?‘%?t?? BrREPE Yo ReRFite pyutgrowth.  PRip¥ stesee,

for exanpl e, ,§Br. ivity
of prosaposi ngﬁéﬂ;ﬁ%g%a%%vﬁaeggﬁ' ﬂlgaéiNsaérllve ap |derﬁ§‘£ % %%%
denonst r at ed gr@eg3in oA a peptide frabmeheroﬁe@nﬁkaﬁbémdﬁbould

In contrast, the present invention grovides a met hod of

al l eviating ﬁéﬁQﬁﬁuﬁﬁQS%§Yn?eﬂﬁPﬂh PRGEAPBs Moreover, Wdieh sensory and

NoL Or neuron n .  Fur r ... the nmethod of the
|n%ent|on |S%§ﬂy%§£§£ﬁ%c é&# ig?'ﬁf &?esap091n Oﬁé@ropathlc pain in a
matter of m AR @éﬂ?—fdéf‘ﬁﬁe&hﬁeptlde in sthAMNStAnhgdaetdy Sid okt &

denonstrated to be required for the neurotrophic activity of

pr osaposi n opué;gg:m)@a‘pom nevident only déteved pemllode of 220 to 48

The effectiv ess t he thod of i,bnvention in alleviating
neur opat hi c ee, for examﬁ%ﬁvn?t?ﬁ?@ﬂ G§|ﬁ& -t hSURHR - etMbhi zed
Chung rat ”Dﬁ%bfairophlc actlvpﬁﬁ'BfeﬁﬁbsQ BEQBaEan ?@ ‘3& g rat
nodel , spi nal nerve parti al Ilga I on of spl nerves L-5
anhdl L-6 25 derivedrpmEpicihde ah&sngetabéengdbmpassmad Hot )odcmﬁlghta
pressure on the affected | eft fopt. The hypersensitivity .is
simlar to tﬁ?ﬂ&EQ¥(3&%&9§H%%dtﬁ@ehunans with the neur opat hi c
condition of causalgia as described in Kim and Chung, Pain

50: 355- 363 (1992).
In contrast, the present invention provides a

method of alleviating neuropathic pain, which involves
both senscory and motor neuron components. Furthermore,
15 the method of the invention is effective in alleviating
neuropathic pain in a matter of minutes rather than the
hours or days previously demonstrated to be required for
the neurotrophic activity of prosaposin or a prosaposin-

derived peptide.

20 The effectiveness of the method of the
invention in alleviating neuropathic pain was
demonstrated using the well-recognized Chung rat model of
peripheral neuropathy. In the Chung rat model, spinal
nexve partial ligation of left spinal nerves L-5 and L-6

25 produces a long-lasting hypersensitivity to light
pressure on the affected left foot. The hypersensitivity
is similar to the pain experienced by humans with the
neuropathic condition of causalgia as described in Kim

and Chung, Pain 50:355-363 (1992).
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7 _ WO 97/32895 Prior to admnistration of an active PCRIS8TI04143

of {Pprosaposin, Chung nodel rats had a threshold of 3.0 to 4.0 g
before the affected foot was wi thdrawn i n response to pressure
(Von Frey hairs) (see Figure 1). After 5 adm ni stration of an

active fragment of prosagdr to administt@EO6APOSI andactiee ZFadientSEQ | D
NO 1), neuropathic _ pain was alleviated, as evidenced by a
greater tol ereficprosaposin, Chungmede) eraesohadt Rethresbodd afot3 vfhsto

wi t hdrawn. The effect_of th ctive fra t _of prosaposin
occurred 10 %-0 9 BgfAfe, the ﬁ%%%ecgngoﬂgsvgﬁsyggﬁgaam 3 RSERCRSE
following  to pressi®d W 3P Wi SIPWst8 Figure 1) .Thiageeapid relief
of neuropathic painis in stark contrast to the delayed

neus ot r ophi ¢ atifndetistpamdicousify are@Ertiode f bragmestpofi prosaposin  and

pepti des derived from prosaposin, 15 An active fragnent
of prosaposi n (PEeRaResimrderived 22-mg%sH%Qi FPJBP véd - pBFHTEPSHIG D NO

2 also all evi . inJjn a 0 ' i '
neur opat hy. Ag&ﬁﬁ was alle egerT edA éﬂn@ggérrrﬁggaleﬁ’ Lpggté ?gg&sgaﬁ]tég%e 2
reduced to presaulred\ifiore tind safifédtedofbot ewtsi withdrases. cimig 20

di abet-es induced by the selective [err] cell toxin, .
st rept ozot oci 8ffests ofathec dard vie fragnent of oerpeapasin occurredyr g

prosaposi n-deriyed _peptide of the invention e to

B fEi ate o v BT IR miSelen e MR e filisd cor 3 nours, Fllqine

mechani cal pahBmid3s@%QMRldd Rf dhovdeiPIgueé 1. This' shpiedelel s

nmet abolic pain, as exenplified by the use of these peptides in

reduci ng pai nofnnéuabpaithicapsin is in stark contrast ho Gheddediagied the

term "neuropat hi c eain". . .
neurotrophic effects previously reported for prosaposin

and peptides derived from prosaposin.

15 An active fragment of prosaposin such as the
prosaposin-derived peptide SEQ ID NO: 2 also alleviated
pain in a rat model of painful diabetic neuropathy. As
described in Example III, peptide SEQ ID NO: 2 reduced
allodynia in rats with short-term insulin-deficient

20 diabetes induced by the selective P cell toxin,
streptozotocin. Thus, an active fragment of prosaposin
or a prosaposin-derived peptide of the invention can be
used to alleviate a variety of types of neuropathic pain
including mechanical pain, as exemplified by the Chung

25 rat model, and metabolic pain, as exemplified by the use

of these peptides in reducing pain in diabetic rats.

As used herein, the term “neuropathic pain*
means pain resulting from injury to a nerve. Neuropathic

pain is distinguished from nociceptive pain, which is the



means pain resulting frominjury to a nerve. Neuropathic pain is

di stingui shed from noci ceptive pain, which is the . 32895
caused by acute tissue injury involving sgall cut aneous nerves
or small nerves in nuscle or connective tissue. Pain involving a
noci ceptive nechanisn1as§allg tissu Js limted in.duratigg to the
period of tiR3YR TRPEPF R¥gaCuke tissue Jnry | AAVIVARE\SBFLY by

avai | abl e ana}©£5:6u8988L9e?’ or small nerRRILI 45 MBsEES Chi-b8EnHhB M SesS.
Regi onal Anest hesi a 20:173-184 (1995).

Neur opat hi ¢ tpbssuéypi Paihy invollynigg astnowiaeptive mechanismonsualdidyg of t en
devel ops days oy, npnths following an 10 ., Initial acute tissue
injury. Ned®pthitegain ggﬁat:.%n to the im% ‘#er%’r%?‘é?nt?egﬁéﬁt ghcous

Pgin as el lgfterally is a13bbAdelf oy hivill iabit pﬁiéﬂ%%%%ﬁsgggﬁﬁste

a
stinmulus th 'y I's not paln I cTpaln al'so can

be opidbdacaer deedripeldly ey Mygas,a Ragnofu L IAnidetiRes$aan 15
accentuated response to a painful stimulus that usually S
trivial, sucdPuk73-bB#h PRPER) -Unli ke nociceptive pai n

neur opathic pain generally is resistant to opioid t her apy
(Myers, supra, 1995). The nethod of the invention is
useful in 20 alveAybpht g cN AP lypicalaiy 1€ SbhdDadt QAFacE sor der
of peri pheral nerve, dorsal root ganglia, spinal cord,

brai nstem tchremic andcoftenr. deyedops KWays ©r manthg following an

"di sorder” neans, any_trauma, injury. disease or cqndition .

_E‘gsult@_ ng it AZEs a?ﬁvﬁeggﬁﬁ?u’e %é‘j“ry_' i’eeumpao"ﬂnc PR hetBd of the

invention isjueefed pbBrsistent, spehlt@Hedd\ bGP 2 n regardl ess

of the etiol ogy of the pain. For éxanple, a nethod of the

i nvention callodynia, which is a painful response to a stimulus that
normally is not painful. Neuropathic pain also can be
characterized by hyperalgesia, in which there is an

15 accentuated response to a painful stimulus that usually
is trivial, such as a pin prick. Unlike nociceptive
pain, neuropathic pain generally is resistant to opioid

therapy (Myers, supra, 1995).

The method of the invention is useful in

20 alleviating neuropathic pain resulting from a disorder of
peripheral nerve, dorsal root ganglia, spinal cord,

brainstem, thalamus or cortex. As used herein, the term

*disorder” means any trauma, injury, disease or condition

resulting in neuropathic pain.

35 The method of the invention is useful in
alleviating neuropathic pain regardless of the etiology
of the pain. For example, a method of the invention can

be used to alleviate neuropathic pain resulting from a



be used to alleviate neuropathic pain resulting froma WO
97/ 3_2895 WO 9,,3289% . PCT/ US97/ 04143 pCTNUS97/04143

9 - peri pheral nerve disorder such as neuromm; nerve
conpression; nerve crush, nerve stretch or pnconplete nerve
transsecti on; nononeuropat hy or pol yneuropathy. A met hod of the

I nvention al SOpead herietervedlditrier such as nelifghapahbiréepai n
resulting fronta ?sorder such as dorsal root ganglion

conpr essi on; i abhppreekion ;ohexve spiustt, nerve stretchrdy docoogilete t unor
or hem section of the spinal cord,; tunors of .the brainstem

thal amus or coREEXE SXapEgEGEiQE; mononeuropahy, of nReLyPepxop or A

cortex (see, f 1 tion 98& ddn be used to alleviate €
met hod of the @%SQ??F%EGEES %gWﬁﬁﬁﬁﬁ? %%% exanpl e, tg'alleviate

neurmpat hi ¢ pahaukrepathieg paiemresulting fromeardimordbicbuchn ade\ddryal
readily after traumatic _injury X to_nerve, ,especially when a whole
nerve i s sever&pgtiganglion compnassinn: ripkkampagion| gfatheyspinalk he

neurite out arowt.h _that nornmally re €esea ripheral nerye
i s _ Sﬂggﬁaﬁfgﬁpﬁﬁo lﬁ%ﬁﬁ?%ﬁ%& 4%?1%§§§%§%,8Fot§ p %%%@% cord;
obstruction suglimdesSed theS PrainEtém, THLLANES abkNBortex; or trRie to
fiber is entangled in an environnment in which 20 mechani cal and

physi cal factotbepbraipisteme dhadamis or cortex ¢seetr fphyexarpdies

actjvity and pai rs, supra, 1995). An anputation neurong,
forl%xanple, ciﬁgégzgg‘ phant om pai n or can cause pain triggered

by the use of a | inb prosthesis. As disclosed herein, such
neur opat hi ¢ 25 pain can be alleviated by adm nistration of an active
fragment of prosaposin aTher tiethdd of eidotneénthen can be usefmigntfican.
Nerve conpression also results in neuré)pat hainghic ain re B&itg.nth t;rocana be
treated using EX8"ReEmodLRLYEYIate neurop p res g ™
neuroma, which can develop readily after traumatic injury
to nerve, especially when a whole nerve is severely
15 crushed or transsected. In a neuroma, the neurite
outgrowth that normally regenerates a peripheral nerve is
aberrant or misguided due, for example, to a physical
obstruction such as scar tissue. Thus, a regenerating
nerve fiber is entangled in an environment in which
20 mechanical and physical factors precipitate abnormal
electrophysioclogic activity and pain (Myers, supra,
1995). An amputation neuroma, for example, can cause
phantom pain or can cause pain triggered by the use of a
limb prosthesis. As disclosed herein, such neuropathic
25 pain can be alleviated by administration of an active
fragment of prosaposin according to a method of the

invention.

Nerve compression also results in neuropathic

pain that can be treated using the method of the
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Neur oma (anp ?x?lon nerve transsection)
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Ner ve 5%#%&%2@?8%

Table 1

—

(ent rapnent neuropathies, tunmors) 5 Nerve crush, stretch or
I nconpl ete transsection (traunma) Mononeur opat hy
Di abet es neH—+tus iR lschema 10
Vasculiti g Polyneuropathy Table 1 Post - pol i 0 syndrone
D abet es nett+Ttus Acotrot—15 AFry—o-cl
Toxi ¢ Nerve H vV Hypot hyr oi di sm Ureni a
20 Netixoma n(amputationesnerve transsectGampt her apy (vincristine
ci spl atinym mpewevé t @zmbression (entrapméth€ (EAlrSg=NIES, tumors)
Fapry's dilseag®rve crush, EE&ééEhVBQI19%@%ﬁ1@téﬁiranssectf3ﬂpff?%FQQ)
(di sk, turnor mScietiSSaEhy Root “avul si on anmmatio
(postherpdtic n mellltus Spi nal cord Cont usi on 30
Tunor SEC{10 Brai nstem thal anus, cortex
Infarctiod, tumppera +%ﬁﬁ8ﬁ - invention. Nerve conpression can
be abrupt,| as i L §Fhenia case of traumatic nerve crush, or can be
ptdl onged Jand Vasculitis
Polyneuropathy
Post-polic syndrome
Diabetes mellitus
Alcohol
15 Amyloid
Toxic
HIV
Hypothyroidism
Uremia
20 Vitamin deficiencies
Chemotherapy {vincristine, cisplatinum, paclitaxel)
. ddC (zalcitabine)
Fabry’s disease
Dorsal root ganglion
25 Compression (disk, tumor, scar tissue)
Root avulsion '
Inflammation (postherpetic neuralgia)
Spinal cord
Contusion
30 Tumor
Hemisection
Brainstem, thalamus, cortex
Infarction, tumors, trauma
invention. Nerve compression can be abrupt, as in the
35 case of traumatic nerve crush, or can be prolonged and

moderate, secondary to tumor growth or scar formation in
the proximity of a major nerve bundle. Compression

neuropathy can occur as a result of changes in blood flow




noderate, secondary to tunmor growh or scar formation in t he

proximty q&ogv ol nerve bundl e. Conpression neur peRitRy7/6843
occur as a resu of changes in blood flow WO 97/ 32895

PCT/ US97/ 04143 11 11 to a
nerve, causing severe ischem a and consequent nerve I njury
(Myers, supra,¢d995herve, causing severe iscH¥Wid &hdatbABeglieal FHelrwe
fragnent of prosaposi n according to the nmethod of the invention
also 5 indorgl (Myease segrapatl¥idS)pain resulting froma
nononeur opat hy or pol yneuropathy. As used herein, a neur opat hy
Is a functional disturbance or pathol ogi cal change in the

peri pheral nervous SySte§BﬁEﬂiE§ration of arf é{ﬁﬁ;f%%gmg££nggally by

sensory or notor neuron abnormalities. m nononeur opat hy
i ndi cat es thatpgosaposin accéirighg e itheematinel vef | shaf igeeadionhidled he
term poIXneu[opathy i ndi cates that several peripheral nerves
are fffected. can alleviate neuropathiige Raimn | xR bEiRG nEXPBpat hy can be

known or 15 kno see, _f X, er 5 @ler,
Neur ol ogy 45(sﬁ%ﬁ?n§§F§R%g§%58%1§@§§?ﬁ%ie éﬁgn%%d'%%ﬁéggéahe%ggn‘ a

Pat hol ogy, Ti r@éu%?é@hy' iseangunetdlondubldisteinshdhde t&H, pathologicailondon
(1995).). Known etiologies include conplications of a glsease or
toxi c state; fohargenphethdi pbripberalt merdus systemsandoikson netabolic
di sorder causi neurogﬁ%gé. nmet hod of the invention

The
al l evi at es t he*REAEbE pﬁ}ﬁnlcally ?y %ﬁnﬁgﬁ%ﬁﬁﬁéﬂ?ﬁﬁﬁtﬂ?“F@?ultipgz
f ory exanpl e, féﬂﬁ:gat’mﬁu?i?ﬁé dirphetedm orRiditathy GaPbsVRagY! il is.

The 0 i nvention also alleviatés the neuropathic 25
pain of a pol ysimgbeapayipherhili ngrveoisexfiffdateds ovhile the termost-polio
syndrone, diabetes, al coho], anyloid, toxins, )

polyneurcpathy indicates that several peripheral nerves

are affected.

The etiology of a neuropathy can be known or
15 unknown {see, for example, Myers, supra, 1995; Galer,
Neuxology 45{(suppl 9):817-S25 (1995}; Stevens and Lowe,
Pathology, Times Mirror International Publishers Limited,
London (1995)}). Known etiologies include complications
of a disease or toxic state; for example, diabetes is the
20 most common metabolic disorder causing neuropathy. The
method of the invention alleviates the neuropathic pain
of a mononeuropathy resulting, for example, from
diabetes, irradiation, ischemia or wvasculitis. The
method of the invention also alleviates the neuropathic
25 pain of a polyneuropathy resulting, for example, from
post-polio syndrome, diabetes, alcohol, amyloid, toxins,
HIV, hypothyroidism, uremia, vitamin deficiencies,
chemotherapy, ddC or Fabry’s disease (see Table 1). The

method of the invention particularly is useful in



H V, hypothyroidism urenia, vitanin deficiencies, chenot her apy,

*ddC or ease (see Table 1). The nmet hod qf | ntion
par.ti cul aW‘i’ﬁi‘gﬁéef ul in WO 97/ 32895 Qcﬁ‘l}fg—;}om’ﬁ

PCT/ US97/ 04143 12

al l eviating post-polio nyalgia. The nethodzof t he I nvention al so
can al |l evi at e geur.0 athlc I ol o

As di scl osed 3éFYAR cqpﬁqilepﬁ’a%n%#g?‘a 5 The methapoggp%en al so can
be usef ul 'nlﬁbEﬂﬂfﬂﬂ'Klé&*&éﬁmﬁiléV1ate neuroFEﬁhﬂcoﬁa&B e BH WY
neurite outgrowth, inhibiting neural cell death, pronoting
nyel i nati on etiodldyi.ti ng denyelination or in |nh|b|t|ng
sensory neuropathy. The term "active fragnent of prosaposin," as
used herein, 10 neans a peptide that has an am no acid sequence
correspond 1o, Lo an AT G SR NCFeoh, PLASEBPIVE #idgment of LNl
has activity in alleviating neuropat stinul ati ng

nesiri t e out gpeoshposi mﬂsdubaﬁﬂbéﬂuséfﬁl in allev1ad¢ﬁ§hnenwwﬁiﬁﬂﬂb
nyel i nati on or |nh|b|t|n% elination 15 or in inhibiting sensory
or notor neuPdplt B, in stimulating neurite %Bt9§98theréphlbéMh§Eeulng

neur 0pat i c Baal cely deadiPAlSdRIIEEUN P SEYEELL L O AHONALI ¢

pain. In a uman subjec Fagne

reduces demyelih@¢ i%8V &Y tih Oifnmﬂbt{@m? héénBét ﬁaabobae&zyt he mebJ ect's
20 suffering is dimnished and quality of fe is inproved

An active fragnrmnt“a@ﬂ:qyleos"aqmemalcsb mmsapmmat'eas used hereneurOpat hi c
tn in any one of a -establlshed ani mal nodel s of

ropat hi c P&BRSa& Pept{gé(%hﬂﬁﬁﬂﬁﬁtﬁﬂi?T&?ﬂe?cb | BRALEPSE see Bennett,
Miscl e & Ner léér%éspondlng S MY QGrdiS ééﬁ??%équeﬁéeUé?ﬁp?@éﬁ%@»si&xh%ﬁdar m

"active fragiment of prosaposin” Is synonynmous w
" prosaposi n- thaktvbdspagttiiodty in alleviating neuropathic pain or in

stimulating neurite outgrowth, inhibiting neural cell
death, promoting myelination or inhibiting demyelination

15 or in inhibiting sensory or motor neuropathy.

As used herein, alleviating neuropathic pain

means reducing the severity of neuropathic pain. 1In a
human subject, an active fragment of prosaposin reduces
the severity of nheuropathic pain such that the subject's

20 suffering is diminished and quality of life is improved.
An active fragment of prosaposin also can alleviate
neuropathic pain in any one of a number of
well-established animal models of neuropathic pain as
described further below (also see Bennett, Muscle & Nerve

25 16:1040-1048 (1993)). As used herein, the term "active
fragment of prosaposin” is synonymous with

“prosaposin-derived peptide”.
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"13 The active fragnment of prosaposin pr gicaingsd7nbii43
contains t NP YABY aci d sequence Leu-1|e-Asp-Asn-Asn-Lys-

Thr-A u-Lys-Au-Ile-Leu (SEQ ID NGO 3), whisch corresponds to
amno acids 18 to 29 of saposin C. Mire preferably, 5 an active

Oyo G - Phe- Lew-val - Lys 1, S05VR, Hdifidhe, of prosadBBYANELeferably
Asp- Asn- Asn- LysathinS Whey am@nd ldedid etedif#i@d L&D I1¢ - Asp-Asn-Asn-liysh

corresponds to amno acids 8 to 29 of saposin C, or \ t he am no
aci d sequenceThinrGhuALysEElu-IdeAdeUAS mD N@: 3), which corresponds

Ala-Thr-A u-G u-11 e-Leu-Tyr EQ | e 2 i ch nds to
ani no aci ds 16%t 6‘“2§°0P°§'51§0é1%n(€€ &é\l%f Qapé’@ir? Ghi cﬂoﬁgspggg%gﬁgg‘%i ed by
a Qralanine for Lugi8 fragment of PHiddgoli®maé €REi aneRo2acdd al ani ne

forTlysine subStitution at position 8; a deletion of |ysine at
15 poskégoenté Qys-Gla-Rhei-then Wl L) 1@turVal -Throdlyse Leu-Ile-
resi due (see Table 2). Such nodifications n ef ul f.or

i ncreasi ng pebPPdéSE‘t‘éSPI’HYF’Gg"’ij‘ﬁ%é‘k‘é‘yé%'r@:‘é' fﬁ%yﬁe“ (SEQ ID,N@5q-rai n
barrier as deggtibe Law. idbid to 29 Orakapibls £an
represent ed bVﬁEfgl gogr%e%\.ﬁmé%o%%e%&E{& dbids 8 Acl’)l act%e ??’agmant 'o?ﬁ
prosaposi n caghBauRiabodlcid sequence hrD+il @cles- I beahspt At -ANMO

acids, which is the full-length of Eg]gosi n C. Preferably, an
aciPve fragneAta-Thr-Glu-Glyr- Iderd@bFyr htSEQLBRtN®» 2k nWhdShds to about

40 am N0 coryespBAES fAN bmi T QA EH HEN Y 2588 sdfoBEhe Bl 1O
which has been modified by a D-alanine for lysine
substitution at position 2; an alanine for lysine
substitution at position 8; a deletion of lysine at

15 position 11 and the addition of a C-terminal tyrosine
residue (see Table 2). Such modifications can be useful
for increasing peptide stability or uptake across the

blood-brain barrier as described below. As used herein,

D-alanine can be represented by D-Ala or X.

20 An active fragment of prosaposin can have about
12 amino acids to about 80 amino acids, which is the
full-length of saposin C. Preferably, an active fragment
of prosaposin has about 12 amino acids to about 40 amino
acids and, more preferably, about 14 amino acids to about

25 22 amino acids.
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14 Table 2 PER .
SEQUENCE WO97/32895 o | p NO Prosaposi n-deri ved 22 TgfUs /04143
CEFLVKEVTKLI DNNKTEKEI L 1 arosaposin derived 14-ner

TXLI DNNATEEI LY 2 5 Pr osaposi n- derlved 12- mer

L1 DNNKTEKEL] ] wh

For use ijn aIIeV|at|ng neur opat hi ¢ paiTable & human subj ect, an
active frfe lrL —of—htren ProsapostiT; Strel—as SEQ } -Ne—t—e+—Sk
ID NO 2, Rﬁ?ﬂl&ﬁerred 10 Hohever, arSRRUENGE( agnent| 8EQ J& NG:ofn
anot her Teran prosa 05 SO Lo userul 11T arrepratt™™n

neur opat HiEXQEARP SR Inuéﬁ?hﬁeﬁo £rBeke H§E£XKEWW§LIDNNKTEKEIPnventi . Thus,
f |

pr 0sapos |- RTRERL By 3¢ bi Beap R rReTs dRLIED ’*@ﬁ%%sfﬁt Sich_as
SEBQ ID N(@rodsgiélgé)ﬂghdgrﬂréﬁ 12- mer can be i%?fxdﬁm‘dkﬁ epiatl %gm ani

7

neur opat Ric_pal ubj ect N0
acid seqLence(ﬁhégbaxtivg alagﬂggt - of hunan prosap03|n (SEQ | D
NO 1), Wk R e , |
wel | conserved anDng other speci es, as shomn I n Table 3. In

particul ar, Fagi %@ntmasqarea&ar&xmné@ﬁémlerﬁafﬁn§ﬁr yed among
human, nouse, rat, guinea pig and bovi ne prosaposins.

addi tion, a.humehnsubnpctesa@uaquivmommagmnhﬁs¢f)MMﬁEh prosapcsSndues

toward the N-term nus_of _the twy as ara i_ne resi dues and one or
mor e char gedSt iﬂﬁegggagpayp‘c L& ID NO: 3p)is|peetery¥®y; gl utanic
9D or mbdcpeRs 6B heRli%e fragment WRRIAEdoh ot dues tovard

mammalian prosaposin also is useful in alleviating
neuropathic pain according to the method of the
invention. Thus, for example, an active fragment of
mouse prosaposin, rat prosaposin, guinea pig prosaposin

15 or bovine prosaposin such as SEQ ID NOS: 4 through 7 also
can be useful in alleviating neuropathic pain in a

subject.

The amino acid sequence of an active fragment

of human prosaposin (SEQ ID NO: 1), which corresponds to

20 amino acids 8 to 29 of saposin C, is well conserved among
other species, as shown in Table 3. 1In particular,
adjacent asparagine (N) residues are conserved among
human, mouse, rat, guinea pig and bovine prosaposins. In
addition, a leucine (L) residue is conserved 3 to 4

15 residues toward the N-terminus of the two asparagine
residues and one or more charged residues (aspartic acid
(D), lysine (K}, glutamic acid (E) or arginine (R}) are

conserved 2 to B residues toward the C-terminus of the
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residues is
Tabl e 3

NO. 5
Mouse

CCLVNRKLSELIINNAT

PCT/ US97/ 04143
asparagine resi dues. Each of these well -copggrseros143
unde |ned in Table 3.

SPECI ES 15 SEQUENCE
Human CEFLVKEVTKLI DNNKTEKEI L
QQ?%NM@FSELH@Q&&U%%JJKEach of thesé well-conserV&d
EE Qui nea Pig

SEQ I D
1

CEYVVKKVM_L| DieiRiEEEls is underlined in Table 3. Bovine
CEFVWKEVAKLI| DNNRTEEEI L 7 10 The
wel | - conserved adjacent asparaglne residues Ieucine residue and
char ged I es petes—aeser+bed above-tamrbe IIIpUI tamt—for—tire
activity oflan active fragmefAb® Prosaposin in alleviating
neur opat hi c{parTT_ 01 TSt peurtte ourgrp
i nhi bi ting heur SPEIHS 15 deagﬁhgbﬁﬁl ng myel i natj ﬁp@rm NO.
i nhpbiting fgepyeli nation : ﬂ@gg or notofy neurqpathy.
Forgexarrpl eF?Klg\an EF&%@'\H&% ’I‘#QL (SEQHI D NO 1) or
t he MoulRk0Saposi nider i Ny 2) is pn actige
fragnment of | jjch reduces the parnf it 20 allodynia seg¢n
in the Chunf gat nodel of peri pAIVNRKLSELIINNATERBULOPaAthy,| as di scl osed
i n Exarrp| e fvcnn i gur as - :
22-ner (SEQ | buliRea8Pig CEYVMHKVMULIPRNRTEEKHISEQ | D NO 1 ien havi g
an aspartic
P Bovine CEFVVKEVAKLIDNNRTEEEIL 7
10 The well-conserved adjacent asparagine
residues, leucine residue and charged residues described
above can be important for the activity of an active
fragment of prosaposin in alleviating neuropathic pain or
in stimulating neurite outgrowth, inhibiting neural cell
15 death, promoting myelination or inhibiting demyelination
or in inhibiting or motor neuropathy. For example, the
prosaposin-derived 22-mexr (SEQ ID NO: 1) or the
prosaposin-derived 14-mer (SEQ ID NO: 2) is an active
fragment of prosaposin, which reduces the painful
20 allodynia seen in the Chung rat model of peripheral
neuropathy, as disclosed in Example I (see Figures 1
and 2). In contrast, a mutant 22-mer {(SEQ ID NO: 8),
which differs from SEQ ID NO: 1 in having an aspartic
acid residue (D) in place of the first conserved
asparagine (see Table 4), lacks activity in alleviating

25

neuropathic pain as assayed using Chung rats (see

Example I).



acid residue (D) in place of the first conserved 25 aspar agi ne (see

‘Tabl e 4), ‘#’ﬁ cks activity in alleviating neur opat hi ¢ pai-n as
assayed usVRg’€Mlg rats (see Exanple |). PCT/USIT/04}¢3
97/ 32895 PCT/ US97/ 04143

16 The activity of Jaspeptldeln al l eviating
neuropat hic pain also can correlate with neurotrophic activity.
For exanple, the prosa§§§|?9£%qﬁkii%§ #epeptide in aliepdatpngD 1) and

the pr osaposhgu%gl ‘?ﬂ. é al(l%%QcLQ'x Sorrelate Wrkh2helkh \:/:'o%

neur opat hi ¢ pain neurotro
Table 4 activity. For I%E:Eﬁiﬂlé the prosaposin-&EQERBGE22 -mer SEQ ID
NO. Pr osaposi n- der| ved 22-mer CEFLVKEVTKLI DNNKTEKEI L
Mit ant 22- nedSEQ ID NO: 1) and W piesmesixeierived 14- msr ASEQ ID
Prsaposi n- dgai, v MT Mut ant
1 45? or M1 /6 55’ M‘.].W:Late]_m 1’5 ghave neurf?/ﬁtré’ﬁ’th if1- ner
M 2 TKSI DNNKTEKEI L where X =
D- al ani ne act|V|ty In- addltlon the nutant 22-mer (SEQ I D
NG 8) 15 is inactive in alley |€pg4 neuropathi ¢ parn as descripe
above and-lacks neuragtrophic actiyi TV Urther jndicating t hat
activity lin allevi apgpgrpguropat hi c pain can ggourNcE corre | I[%B
neur ot r o f-e—aet-i-vitoythe—hui-ant—1l4tnns peptide NO:
9), whi cl| Preosapssintdénived PE-mer | CEFLVKEVTKLIDNNKTEKEIL 1

Mutant 22-mer CEFLVKEVTKLIDDNKTEKEIL 8
10 Prosaposin-derived 14-mer TXLIDNNATEEILY 2

Mutant l4-mer M-1 TKLIDNDKTEKEIL 9

Mutant 14-mer M-2 TKSIDNNKTEKEIL 10

where X = D-alanine

activity. 1In addition, the mutant 22-mer (SEQ ID NO: 8)

15 is inactive in alleviating neuropathic pain as described
above and lacks neurotrophic activity, further indicating
that activity in alleviating neuropathic pain can
correlate with neurotrophic activity. The mutant 14-mer
peptide M—; (SEQ ID NO: 9), which has a substitution of

20 the second conserved asparagine residue, lacks
neurotrophic activity, indicating that peptide SEQ ID NO:
9 also is inactive in alleviating neuropathic pain. The
mutant l4-mer peptide M-2 (SEQ ID NO: 10), which has a
substitution of the conserved leucine residue, lacks

25 neurotrophic activity, indicating that peptide SEQ ID NO:
10 is inactive in alleviating neuropathic pain. 1In

contrast, the prosaposin-derived 12-mer peptide (SEQ ID



20 t he second conserved asparagi ne residue, |acks

neur ot r ophi & 2¥dst Y, indicating that peptide SEQ ID NO PCTAUSITR4BBSO
is iFnactive in alleviating neuropathic pain. The nmut ant 14- er
peptide M2 (SEQ ID NGO 10), which has a 17 substitution of the
conserved | euci ne residue, |acks 25 neurotrophic activity,

i ndi cating thgjo.pept i dehiB ndl Nohe conserved dQjatdntiGdpradinaekevi ating
neuropathic pain. In contrast, the prosaposin-derived 12-ner
peptide (SEQ NRucine and chargwloregpdogs described above, is active

PCT/ US97/ 04143 . 17 . . i
3), which has 3% TFEIEARPRLS £2RtORspafdfneshe prosaposin derixed,
charged resi dues. '#g;h b ' ti ] rotrophic
factor. Thus, qﬁe"?e%fgsé po&%- %@?vgﬁd NOL'¥F also ff—nrrearﬂ;ee‘gjﬁ%lé (SEQ I D NO.

3). 8l so can aldeaiddisthic pain acoerdingt bocthai mexteel difhgle® t he net hod
of the . i nventi on. Prosaposi n-deri ved
pepti des, and ¥FMARRIBPhi c anal ogs thereof, possess significant
t her apeutic applications in pronoting functional recovery after
10 toxic, traumatic, ischem c, degenerative or inherited

I esions to the peripher Profapesinadefevedupepyided, lahd neurotrophic
addition, these peptides can pronmote nyelination or . inhibit
denyel i nat i on anaiegsh\chaxenfs pospgssheignificent therapeutgic

denyel i nati ng _di seases,.. Furthernore,,suc eptides 15 siinulate the
outorowt h of  ARRECIRRT i R b ipdnmeRee 1ohal Feeoygry Staqd N ®
negponal i sseses o Ne AGlndi6i & U SERORDES degeneratived ¥t M POEEQPNI C
pepti des of the invention have between about 12 or 14 and about

50 am no aci ddemiconm dfertdid yperipheral ornceuntizatth@menyoumtaysteny. In

occurring. prosaposin seqyence 20  , shown in SEQ I.D NO, 2. For
exanpl e, the qaﬁ§on,(¥hese Eﬁ?f?oﬁﬁ?cpﬁﬂﬂoﬁféﬁg i Rt i des of

the inventioninhipie demfllVhdidEcncRdraby aBanteddANNY Od Brpdles
i ncl ude the non-naturally occurring prosaposi n~sequence shown in
SEQ ofl [deMyellinating diseases. Furthermore, such peptides
15 stimulate the outgrowth of neurons and inhibit programmed
cell death in neuronal tissues. The active neurotrophic
and myelinotrophic peptides of the invention have between
about 12 or 14 and about 50 amino acids and preferably
include the non-naturally occurring prosaposin sequence
20 shown in SEQ ID NO: 2. For example, the active
neurotrophic and myelinotrophic peptides of the invention
have between 14 and about 50 amino acids and include the

non-naturally occurring prosaposin sequence shown in SEQ
ID NO: 2.

25 In another embodiment of the present invention,
there is provided a method of stimulating neurite
outgrowth, inhibiting neural cell death, promoting
myelination or inhibiting demyelination in differentiated

or undifferentiated neuronal cells by administering to



25~ I n anot her enbodi nent of the present invention,

-there is provided a nethod of stimulating neurite i
inhibitin OMBAF cell deat h, pronoting nyel i nati 5’?{*6%93%{]4& ting

denyelination in differentiated r undi fferentiated neuronal
cells by adm nistering to 97/ 32895

PCT/ US97/ 04143 X 18 ) t he
neuronal cel FReaReBFPEAY el ARt offertiyei amount of a neymigigwt h or
nyelin-facilifatl e G5 18\ e Let ey 3 ,ﬁgg bout
50 am no aci%ls gngqgge%erg@ly g |nI(1: uﬁ?ﬁglgﬁeh%(ggﬁgdges OV\%I?i n SEQ
ID NO 2. |nabset 32 and aboutt sdsamind hecidseathdoprederabilgul ating
neurite outgrowt h, inhihiting, neural cell death, pronoting

nyel i nati on HREIRALBE: the RSRFddeABIM h SFReLP ¥8: 2. In theynpunt of

ageptide h of. g€ |4 . 4 . t 50 am no
acalods and |ﬁ%{%gg?ﬁ% %’ﬁe)ﬁgl?;tl?'a'eeq‘ S %%n?rkl%r 1%@9mulat1ngE6er1%li%é 2 can be
used. outgrowth, inhibiHimiahidutal cdeBDydeHeR, PpRbdR il Stimul ate
neurite outgrowth, inhibit neural celd death, pronote

myel i nat i on myelihabiendery dnhidtitdng cdanyglinatben, an effectdsteer ni ned
by one skilled in th% art _u ii%t’%g procedures 15 1 described in
Exanpl es |V TEOWRT. OX VBt RER r BAVERG nfOr example, hetwgen 14aNf t hese

pepti des to PbOARt SoNkMinAHAREs and inclu&%éﬁhé”ﬁéﬁhid@e%@u}rﬁ%ﬂ on are

set forth in Exanples Vi and VI |

e present SEQeRPi N@:aRscamr de dwed net hod of 20 i nhi biting
sensory neuropathy by contacting neuronal cells with a
conposition conprising an effective i nhi biting anmount of an
active fragment of progfRO$ility of sheni Pk QN Br QYL AeS .o JOT
exanpl e, a nethod of * YI r?hi tﬁl}yl ng senlg%éy neurgpgéé%gﬁ%?ée

contacti ng neemvité outgrowth, inhibit neural cell death, promote
myelination or inhibit demyelination readily can be
determined by one skilled in the art using the procedures

1s described in Examples IV to VII. Methods for assaying
the abilitjies of these peptides to promote myelination
and to inhibit demyelination are set forth in Examples VI

and VII below.

The present invention also provides a method of

20 inhibiting sensory neuropathy by contacting neuronal
cells with a composition cémprising an effective
inhibiting amount of an active fragment of prosaposin.
The invention provides, for example, a method of
inkibiting sensory neuropathy by contacting neuronal

25 cells with a composition comprising an effective
inhibiting amount of a peptide having the sequence shown
as SEQ ID NO: 1 or SEQ ID NO: 2.




25 cells with a conposition conprising an effective

I nhi biting eoemszsed a peptide having the sequence shown PCT/US9783143EQ -
IDNO 1 or SEQID NO 2. WD 97/ 32895

PCT/ US97/ 04143 19 19

As described herein in Exanple X a prosaposi n-deri ved peptide
can be useful in inhibitAsgiescribed heretnsdnyEramplealy.a ln a nmouse

model in which sensory neuropathy is induced by taxo

adni ni strat i oPrapapesinfdenived peptideraap benugefsd iin ﬁémahnyus@en

However, in eat % er of tide
SEQ I D sens°%ne1“a‘%ih;‘”%ss %? %n h‘g‘?“g{“ §8ae’ |E‘ ‘\#& ?ﬁﬁ %8,
These resul t s piehdidgat pré IHREED By - @l@k@yeddﬂsatﬂs@ﬁcmn, a lossCap be
a neurotrophic factor bot h sensory and not or neur ons.

A p8ptide usethlermalt menssthicds iof ndmmally seen. |HmwBWEan dlrso can be,
for exanple,

I.D 9 T F
exanpl e, sequgﬁg@l trdaced mice |%)‘n‘ff°éht1é)$ HZQErSQBgE’Fﬁ%&eﬁ%dTQSr mer
peptide SEQ I Rok51, the Mds Jeﬁ’\"éﬁbﬂ(é}?kéé‘ﬁéaéﬂgn%%‘ R rhdgi¥ey | Ndi cat es

sequence sinmilarity to a nunber of human (h) cytokines I ncl udi ng
hCNTF, hl L- 6, Thielse? resulty imdikate that prosapo;ﬁhFdaQquﬁhp@@ﬂ%&eshunan
| eukocyte inhibitory factor LIF), the hlL-1 [err] chain and
oncostatin-M Fﬁ@&%ﬁw? Q9B5QH?°Ph1C fa???*&f9r1§°Fhr8§§ﬁ°I¥ and aater
acipve fragmepl,Qbns. prosaposin SEQ ID NO 1, contain two

aspar agi ne resi dues that are adjacent or separated by one am no
acid. In addition, the cytokine-derived peptide sequences can

contain a |l eucine (L) or i sol euci ne (1), residue three to
A peptide useful in the methods of the

invention also can be, for example, SEQ ID NOS: 11.
through 19 (see Table 5). For example, seguence
alignment of the prosaposin-derived 22-mer peptide SEQ ID

15 NO: 1 with cytokines and growth factors indicates
sequence similarity to a number of human (h) cytokines
including hCNTF, hIL-6, hIL-2, hIL-3, hILi-vy,
erythropoietin (hEPO), human leukocyte inhibitory factor
(hLIF), the hIL-1 B chain and oncostatin-M (hONC-M). SEQ

20 ID NOS: 11 through 19, like the active fragment of
prosaposin SEQ ID NO: 1, contain two asparagine residues
that are adjacent or separated by one amino acid. 1In
addition, the cytokine-derived peptide sequences can
contain a leucine (L) or isoleucine (I) residue three to

25 four residues toward the N-terminus of the two asparagine
residues and one or more charged residues (aspartic acid
(D), lysine (K), glutamic acid (E), or arginine {R)) two
to eight residues toward the C-terminus of the two

asparagine residues, as is seen in the active fragment of



f our residues toward the N-term nus of the two asparagi ne

si dues 9?9@ more charged residues (aspartic acid PCT/USY704143D0) » -
tamc acid (E), or arginine (R)) two to el ght

fesi dues tomard the C-term nus of the tweg aspar agi ne residues,

s is seen in the active fragnent of WO 97/ 32895

fPCT/US97/ 041430 5a008in (22 -mer; SEQ ID NO: 1). Each of2fbhese ,

* prosaposin (22- ne? SEQID NO ‘1). ~ Each of these residues is

underlined i peddliles5is underlined in Table 5 Mdel s of cytoki ne-receptor

bi ndi ng (Sprang and Bazan, Curr. Opin. Struct. Biol., 3:816

(1993)) have 5 highlighted the evolutionary conservation of a

f -hel i cal bundl t h of
Lhe cytokine of or vt hYPaste Loatenkid A e B o Biflaing (pprapg aHE" ©

prosaposi n- deazand sagpenoeiEOStRUNG, Bicl,, 3:816 (19$3rnt Rdvbet ween

helices A and B iAB | oop) or within 10 heli x C of the cytokine.
Téble 5 highl gghrbriNEhe evoluSgopENpE conservation of | CATI ON SEQ | D
NO Pr 0S | DNNKTEKEI L ----

NONTE PR LR RS BerB T e\ glamion. o many Cyfgkines .py | g

EALAENNLNLM@%%% of thB E?Qﬁklne or H¥rowth-factor seguences related
to the prosaposin-derived sequence SEQ ID NO: 1 is

located between helices A and B (AB loop) or within

10 helix C of the cytokine.
Table S
CYTOKINE SEQUENCE LOCATION SEQ ID NO:
Prosaposgin | CEFLVKEVTKLIDNNKTEKEIL “——- 1
hCNTF YVKHQGLNKNINLDSVDGVP AB loop 11
15 hiL-6 EALAENNLNLPKMAG AB loop 12
hIL-2 LOMILNGINNYRNPKLT AB loop 13
hIL-3 ILMENNLRRPNL AB loop 14
hILl-vy FYLRNNQLVAGTL AB loop 15
hEPO AEHCSLNENITVPDTKV AB loop 16
20 hLIF YTAQGEPFPNNVEKLCAP AB loop 17
hIL-18 FNKIEINNKLEFESA Helix C 18
hONC-M RPNIGLRNNTYCMAQLL Helix C 19

The structurally related cytokine and growth
factor-derived peptides SEQ ID NOS: 11 through 19 also

25 can be useful in methods of alleviatihg neuropathic pain.
Peptides SEQ ID NOS: 11 through 19 can be assayed for

activity in alleviating neuropathic pain using, for




hi L-2 LM LNG NNYKNPKLT AB | oop 13 hlL-3

I"L MENNL RRPNL AB | 0op 14 hiL1l-y PCT/USS 704143
FYLRANQLVAGHYO 2732895 pg | oop 15 hEPO

AEHCSLNENI TVPDTKV AB | 0op 16 20, hLI F

YTAQGEPFPNNVEKL CAP AB | oop 17 hiL-1[err]

a

FNKI'El NNKLEFESA Hﬁé%?gﬁgng ratzmﬁgel descr{¥D¥ M Exampl

RPNI GLRNNI YCVRRF P e rid

structural |y rgbatedogytekbeeianthedirotdthy as describedt on- Beampdd III
peptides SEQ I D NOS: 11 through 19 also 25 . can be useful in
met hods of al | assaysndescuibed: biyc Wadilnet al., RainpépifdedlBedlPINCS: 11

t hrough 19 can_be assaye Qr , ) tiyi L h, al] eviating
neur opat hi ¢ pa?ﬁnﬁgFﬁggngo%le' Eain 33‘8f§ﬁ§%7§%%%€%' 18kad' e8%a1.,

PCT@pSQ?/0414gﬁgg‘_n§¥xgﬁg;r_§h§;;;b18;287 (1992) or palacek et al.
exanpl e, the ung rat node escribed in Exanple I; a nodel of
di abeti c neur opatchyNesxrdesdrsi Bbdtin BE8aR8% (1992} ; or otherassspys for

descri bed by Wall et agﬁ, Pai.n 7:103-113 (1979); Bennett and
Xi e, Pain 33: 87e459PRE888) PakBkan et al., 5 Soc. Neurosci. Abstr.
18: 287 (1992) or Pal acek et al., Soc. Neurosci. Abstr. 18:287
(1992); or other assays for neur opat hi ¢ pain

The cytokine and growt h fhet eytekinecadnd pircdth factor-deri®ef pEphddesll
t hrough 19 al so can be useful in nmethods 10 of stinulating neurite

out growt h, i nhPBRt TRgNREar &k &brpPugh 18 also gan e wapbul ngnnpekbeds on
or jhhibiting L | | . r..l t . i nhi PLi ] ory
or A8tor neus opEr KELhIEatIRg neugite au¥iondudtt "OMRLRLe 1D RELERS BRAI0TY
50 ami no death, promoting myelination or inhibiting demyelination

or in methods of inhibiting sensory or motor neuropathy.
A peptide having between about 14 and about §0 amino
acids and including the active neurotrophic region

15 contained within one of sequences SEQ ID NOS: 11 through
19 can be assayed for the ability to stimulate neurite
outgrowth as described in Example IV; or assayed for the
ability to inhibit neural cell death as described in
Example V; or for the ability to promote myelination as

20 described in Example VI; or for the ability to inhibit
demyelination as described in Example VII; or for the
ability to inhibit sensory neuropathy as described in

Example X.

An active fragment of prosaposin or a peptide
25 useful in alleviating neuropathic pain can be identified

by screening a large collection, or library, of random
peptides or peptides of interest using, for example, one

of a number of animal models of neuropathic pain. Such

peptides of interest can be, for example, the cytokine



aci ds and including the active neurotrophic region 15 cont ai ned

“Within o 0 uences SEQ I D NCS: 11 through 18c§ﬁ% say-ed
for the an&qs{?@&?’o stinulate neurite outgrowt h as esgmg?j in

Exanpl e 1V, or assayed for the 2 ability to inhibit neural cel
death as described in Exampl € V; or for the ability to pronote

nmyel i nati on_as, 20 desctibed | | e : r, t ility to
‘hhibit o a8d 9’°W§$hﬁt‘f%°aﬁ%%r’a‘§e%2%%§$g‘gﬁs@ %/hgng?p&g’s\n 13 Fhacidh e
ability to hehi Kiri Ny RO 86qilescesPed1kbed to an actBR@ml e X
An active fragnment of prosaposin or a peptide 25 useful in

al | evi at i ngfragmepdt kit posapesime($BRnIPfNed 1) . Peptides ot eening a

| arge collegtion, or library, of random eptides or_peptides of
i nterest ustRYEYEST é?asrﬂ)l"é%,/n iy for example, aanBﬂgBEaGP°§ni%“al nodel s of

ngur opat hi c ' . [ (o) Ny St AC b . exanpl e,
t%e cyt oki ng@%‘t’lﬂe@"%lated\w ga}?glg% ggéfd ée&&éﬁ&g to aBo"%p fbﬂf &
PCT/ US97/ 0Ab43having the conserved asparagine residues?? and
growt h factor-derived peptides SEQ | D NOS; 11 through 19, which

have anmino aePgifefisiancinarasiduamndippe or more chagggghent of
anm o n peBaAugd e Phe BILEESnS corvesponaiplits] B Potleithalc, (00

exanpl e, a popualation o ep

to SEQ I D N9n %hich these Fasiiedtatdefs@ndciNedrgspar 8gi:ne Rl dues,
| euci ne/ i sol euci ne resi due and one or nore charged resi dues at

10e positi opdscohaadinehding) an more pawine opeids that differwiirom thhese
resi dues are found i.n, SEQ I ut_ 10 al so having one er nore
am no aci ds*M™&P C'ﬁcﬁ%esr c&r 0#‘!4\&? wota amino acids of SEQ ID NO 1.
Peptide libraries include, for exanple, tagged chem ca

| i braries conprising peptides and peptidom netic nol ecul es.

Peptide libraries al s®ephigie seibfarsked Sinclude, forneeaawpley plaggedli spl ay
t echnol ogy. . Phage

pepti de noi gbepaval’ 11b:Rrieq, ponprindid kps SiragandsbREF SR BarE
et Eogﬁleogiﬁalb,&ules. Pept 14l AL BrdF PE&1 AN bb I8BMpLEsL" thBREPE associ ated
15 generated by phage display technology. Phage display
technology includes the expression of peptide molecules
on the surface of phage as well as other methodologies by
which a protein ligand is or can be associated with the
nucleic acid which encodes it. Methods for the
20 production of phage display libraries, including vectors
and methods of diversifying the population of peptides
which are expressed, are well known in the art (see, for
example, Smith and Scott, Methods Enzymol., 217:228-257
{1993); Scott and Smith, Science 249:386-390 (1990); and
15 Huse, WO 91/07141 and WO 91/07149). These or other well
known methods can be used to produce a phage display
library, from which the displayed peptides can be cleaved
and assayed for activity in alleviating neuropathic pain
or other neurotrophic or myelinotrophic activity as

0 described herein. If desired, a population of peptides



nucl ei ¢ acid which encodes it. Methods for the 20 producti on of

phage di spl g0 by/ksa€i es, including vectors and nmet ha@f8é7/04143

di versi fying the popul ati on of peptides whi ch are expressed, are
wel |l known in the art (see, for 2gxanple, Smith and Scott,

Met hods Enzynol . 217:228-257 (1993); Scott and Smth, Science

249: 386- 390 (%@)%e agdsadyed for acEdtyOa3d 03&%@%%%%&8%%9) ‘c nage

These or ot her wel known mnet hods can be used t© oduce a p

di spl ay be subdivadgd é&ndnthii alsshlye mipasty@ddipeptdeestoaisbiate

cl eaved and assaged fgr activity in al]eviating neuropathic pain

or other neur A% odFFEVerPRPELAROEFEFhEREeaPOPRkEF kN 30 Other methedshder

herein. |If degj s Lan pt.i.d : . . 97/ 32895

herein.  Lf 5¥8&8kiAgPROPL 86b8MuBbERIPYI%he invention inciad]/ $232°

be, @ssayed forexeiple | yratbénal debliye podUmMiitayertédis based on the

subdi vi ded and the assgg repeated in order to isolate an active

pepti de from t3RRRELE | BeqUEREEs AEt AS§d VERoLragments of prosapoagn

pepti des usef ' eqdhAventiQn incl udé., fqr ) exanpl e, rational
lguéﬂ]éé]S%Qs%@ %ﬁ‘t%egnﬁ SEQ' 1D Nim%vo &% £ fices of

desi gn and mutagenesri s

active fragnents of prosaposin such as SEQID NO 1 and SEQ ID
NGO 2, for exanple. As di scl osed herein, an active
fragment of A2 0dapotoaecdr herpdpli da wsHfinte i fragrment abfng

neur opat hi c 1Q ai n_can_be lgentifieq 5¥hit activity in alleviating
neur opat hi c pzﬂl??sl??ﬁ{}‘ oft a? RABEL 961 UREEPLe P R I§Rting neuropathigy|
model s of neurpi Nbdn NG NidEREDELEa BYPiRs 28 vity in a%lev'&%&n xanpl e
an active fragnent of prosaposin can be |dént| i Bd-UsTng an
experi ment al meistopsHtlpbe iphbn ainlany of a nembepatdfy waldduastchibyi spgaent al
spi nal nerve Ikgﬁtion iél . .
anmimal models of neuropathic pain (Bennett, supra, 1993).
For example, an active fragment of prosaposin can be
identified using an experimental model of peripheral
15 neuropathy produced by segmental spinal nerve ligation in
the rat. The Chung rat model duplicates the symptoms of
human patients with causalgia, or burning pain due to
injury of a peripheral nerve (Kim and Chung, supra,
1992). The surgical procedure of Kim and Chung produces
20 a long-lasting hyperalgesia to noxious heat and
wmechanical allodynia of the affected foot. As described
in Example I, rats with spinal nerve ligation according
to the procedure developed by Chung and Kim are useful
for identifying an active fragment of prosaposin for use

25 in slleviating neuropathic pain.

An active fragment of prosaposin or a peptide
useful in alleviating neuropathic.pain also can be
identified by its activity in alleviating neuropathic

pain in a rat model of painful diabetic neuropathy.



the rat. The Chung rat nodel duplicates the synptons of human

"patients with causalgia, or burning pain due to

per.i pher al %‘Wé’% Ki m and Chung, supra, 1992). ﬁ“?’%%’“r@?%‘&
procedure of Kim and Chung produces 20 a long-lasting hyperal gesi a
t o noxi ous heat and nmechani cal” al | odyni a of the affected foot.
As descri be , e.l, ra nerve. | i atlon

accor di ng qHyperalges%S FR §n§8@&ur§%§§ﬁﬁ ?éki%%ﬁkfﬁﬁwﬁ%iﬁ HHE

usef ul stimulif 81 sbdRAkI bEeRO raportidd/ e IBHBEE i Of rESSAPERI N for use
25 in alleviating neuropathicC pain.

active fragnendroftermsapssilineded igdentdeliabetes indiseéd| byn aIIeV|at|ng

neur opat hi c i n al so ¢an 9? . identified by its ac? tty in

aIIeviating ShiYRi € ce t°XInsp§Pﬁhr?%a%%ﬁeﬂﬁﬁg§t?ﬁl$a Gr4FUBEabeti ¢
r opat hy. : L 9

P /U897/0414 al., Pain 680295343 51996). Such a raadmodel is

Hyper al gesi aréprésenvat iveeebhatheapadnd esficidreadd nirxidikbetic humans,
stimuli also has been reported in diabetic rats with . short-term
i nsul i n- def i €h@fPaylj asbibiti aduardesy of aberrantgengationerr] cel |

Loxins such AlePlAPRLORELAELACOM! BUSh, Bhin evored'ndl1eofEl foyOf 293-299

(1996). Suc ara represent a

evi denced i nafld ahpbegallgaBia. Rats treaﬂda)ﬂﬂﬁhfﬁﬂﬁéﬁﬁoﬁbﬂ@éiﬁtMrOf
aberrant sensations i ncl udi ng spontaneous pain, pain evoked by

|IiQht t ouch another selenatiwWepBr gkeddsit@ximataan ettt atied ‘sitbpaozot ocin
or fragment or peptide of interest; subsequently, the
response to a noxious stimulus such as 0.5% formalin is
measured. A reduced response can be used to identify an
active fragment of prosaposin or a peptide useful in

15 alleviating neuropathic pain.

An active fragment of prosaposin or a peptide
useful in alleviating neuropathic pain also can be
identified using the neuroma model of Wall et al. This
well-recognized model of neuropathic pain reproduces the

20 human symptoms seen following amputation or nerve
transection in an intact limb (Wall et al., supra, 1979).
As discussed above, a neuroma forms readily after nerve
transection due to the frustrated growth of neurite

sprouts.

25 A model of chronic constriction injury also can
be used to identify an active fragment of prosaposin or a
peptide useful in alleviating neuropathic pain. The
chronic constriction injury model of Bennett and Xie,

supra, 1988, is a rat model of peripheral neuropathy that



10 anot her selective [err] cell toxin can be treated with a

fragment orgResidages of interest; subsequently, the PCISUSITNG1430 a’
noxtous stinmulus such as 0.5%formalin is nmeasured. A reduced
response can be used to identify an 25 active fragnment of

prosaposin or a peptide useful in 15 _ al I evi ati ng neuropathi c pain.
An active fra?‘i"é@u@és%9§ﬁp&§b8r€ér§ DEREl @Rose seen inUsghUl TR the

al I eviati ng neuropathic pain also can be i dentified using the

neur oma nodel Bénneétt model, fikkve injury is waidatesdt domi kedseadpekydhg

neur opat hi ¢ pain reproduces_the, 20 n _synpt ons, seen _fol |l ow ng
anput ati on or $RRgErictive 11gaFP§ﬁ§e8FPHH%H¥H%1q#%zﬁﬁl??ﬁﬁ PREVEret al .,
supra, 1979).

causin de?eﬁérgt%ﬂsaedn@meaﬁ;muremcﬁ&resnéeégbuoa{.t er
nerve transection due to the frustrated growth of neurite
Spreut s. 25 Allodynia and hypefailgésliaohrehpamdussdsbyicheon injury al so
can be used to identify an active fragnent of prosaposin or a
pepti de usefulcomstrietian 483 HEYr dBaPRAL LIS LoTIfiPontaneous pajpon;| ¢
constriction injury nmodel of Bennett and Xi e, supra, 1988, is a
rat nodel of peripheral neuropathy that WO 97/ 32895
PCT/ US97/ 04143 Primate models of neuropathic p#in also are
produces pain disorders |like those seen in man. In the Bennet t

nmodel , nerve ivsefyl i foxridentiifyingoasl pctiivieg fragment of cprigsapesiine
| igatures around the rat .sci egener at,i on of

_ ( atgclngrvglleviat. caqgin%hd
nerve di stal t%rt$§%5§??|B?F H+ *B Aﬂ%&ﬁﬁ% B3 ‘h? ?épgé&eg'are
proguced by thEor example, £ER&HMEE! BAN,I Hup2a, oyl tpPNaExSEENEANEOUS

pai n. Primate nodel s"of neuropathic pain also are
useful for idesupfyi ny99R) active fragnment of prosaposin . or a
peptide useful in alleviating neuropathic pain (see, 10 for
exanpl e, Lekan et al., supra, 1992; Pal acek et al.,

As used herein, the term “"peptide,” as used in

reference to an active fragment of prosaposin, a
prosaposin-derived peptide or a peptide useful in the

15 methods of the invention, means a compound containing
naturally occurring amino acids, non-naturally occurring
amino acids or chemically modified amino acids, provided
that the compound retains activity in alleviating
neuropathic pain or other neurotrophic or myelinotrophic

20 activity as described herein. A prosaposin-derived
peptide also can be a peptide mimetic, which is a
non-amino acid chemical structure that mimics the
structure of a prosaposin-derived peptide and retains
activity. Such a mimetic generally is characterized as

25 exhibiting similar physical characteristics such as size,
charge or hydrophobicity in the same spatial arrangement
found in the prosaposin-derived peptide counterpart. A
specific example of a peptide mimetic is a compound in

which the amide bond between one or more of the amino



subra, 1992). As used herein, the term"peptide," as:

-used in reference to an active fragnent of prosagosin, a _
pr gsaposi WHBR288d peptide or a peptide useful in the 15 CT/USYUPH8Ys of
t he invention, neans a conpound containigg natural |y occurring

am no aci ds, non-naturally occurring am no acids or chemcally

nodi fi ed am no, aci ds, provi ded that the c ound retajns

activityilwﬁﬂ*éﬁi%ﬁiﬁ%pfaceg' fér_ﬁ§6m&& 'mgyriﬂ9Fégg%ﬁ?Eﬁbﬂ%u 8RFophi ¢

or nyel i not [APMEhEP pona welRCkhBlbY 185 IR UdDeLdi! Sl ofamp
erive _ ~ peptide al m

prosaposi n- so can be a peptide %Fé, whi ch

Is a Sawy &) - Py jecRdsel gl Deigriegi uzecs hatashivgsohhe

structure of a prosaposin-derived peptide and retains activity.
Such a minett¥d%Yenkerally is characterized as 25 exhibiting simlar
physi cal characteristics such as size, charge or hydrophobicity
I n the sane spatial arrangenent found in the prosaposin-derived
peptide counterpart. As used hereififethll ¢emMiny FcREPLideePEMebIC S
a conpound in whi ch the am de bond between one or nore of the

am no one of thly PyerEPpoBaturally occurring amino acids,

PCT/ US97/ 04143 26 aci ds

i s repl aced IO LRF | Br18§8 2 SEAFEE OLREFY  85gnd -amino acidg ag@her pond

wel | known i r e, 3 s pti de Based
Drug Desi gn,ﬂLA , %és :ﬁgfon’fﬂé Eé%ﬁphﬁl?fggg)l)q also5§3é’yé‘fs £ e

used her ei n,cdnpouradsn $achnasachdthicefldysmodified amino cneidé the twenty

natural ly occurripg am np acids, i ncl ydi ng, unl ess stated
orwi se, LIFHAING | MWIBRAGACIA analogsp BRLHFHANSCHMEF 1a9 rREARRO aci d

al so refers &g that_argc’ﬂaguagafggghia%oﬁggpa@d el Sl AL N0 act ds

10 i nc ué?ng am no acld ana nat 'y occurring am no
such as norleucine, and chemically synthesized compounds

having properties known in the art to be characteristic
. of-an amino acid, provided that the compound can be
15 substituted within a peptide such that it retains its
- biological activity. For example, glutamine can be an
amino acid analog of asparagine, provided that it can be
substituted within an active fragment of prosaposin that
retains its activity in alleviating neuropathic pain or
20 . other neurotrophic or myelinotrophic activity as
described herein. Other examples of amino acids and
amino acids analogs are listed in Gross and Meienhofer,
The Peptides: Analysis. Synthesis. Biology, Academic
Press, Inc., New York (1983). An amino acid also can be
25 an amino acid mimetic, which is a structure that exhibits
substantially the same spatial arrangement of functional
groups as an amino acid but does not necessarily have
both the a-amino and a-carboxyl groups characteristic of

an amino acid.



acids that are not usually incorporated into proteins such as

.norleup!nevwgg +fgg§m cal 'y synthesized conpounds happ@iser/04143
properties kndOwn ITh the art to be characteristic of an am no
acid, provided that the conpound can be 157 substituted within a
peptide such that it retains its bi ol ogi cal activity. For

exanple, gl utamne can B dBrive fragmerftJE BFOLaBEBLAJCY AN,
supst

provided that it can be Ituted Wwthi'n an active™fragnent of
prosaposi n thaseful in ther dénaent iicrs cant ibe tisohatetievrabynt hesiragdt hi C
pain or 20 ot her neurotrophic or, myelinotrophic activity as

descri bed heresingOngthodgamgilds kaowaniifh e Rrand Such methogs no acids

| | i sted.in_Gross. i anhof he.Pept i des:.
e 008 ™ & etk "s PR AR T Hoas ana cpenlBRITBINRY S,
(1983). An anheensgkdfakSproadncRdotd of a peftidd@l NORAELALTNERL GretHBEd i S

a structure that exhibits i substantially the sane spatia
arrangenent offfppeduohng a peptide tihmaysh expression afi ¢ bamcledas not

necessarily have bot h,the [érr]-am no and_a-carb | .groups
charact eri sti2ctf sequence en&ﬁgéﬁﬁh&%ﬁﬂdfﬁggég in a SU1E9%ﬁé7 5

PCT/ US97/ 04143511 ar? well known in the art and are deféribe ., for
An active fragnment of prosaposin or a peptide usetul in the

i nventi on canexamp¥e| aiadSambspokheti 2ad , Molecular Okongnaet pods wel |
known in the art. Such nethod I ncl ude reconbi_nant DNA net hods
arfi® cheni cal W* 2pe: s hS pt oeRic? 1 0RO EPFERS de.
Reconbi nant reibods 5, £ R0 dYRi NG, epd i t hr ough expressi on of
a nucleic a%SFS ggauencesﬁnco&?ndé?ﬁep%%gﬁ?de in a suitable host
cell are well known in the art and are described, for exanpl e,
in Sanbrook et al., Mlecular Coning: A
An active fragment of prosaposin or a peptide
useful in the invention also can be produced by chemical
synthesis, for example, by the solid phase peptide
15 synthesis method of Merrifield et al., J, Am. Chem. Soc.
85:2149 (1964). Standard solution methods well known in
the art also can be used to synthesize a peptide useful
in the invention (see, for example, Bodanszky, Principles
of Peptide Synthesis, Springer-Verlag, Berlin (1984) and
20 Bodanszky, Peptide Chemistry, Springer-verlag, Berlin
(1993)). A newly synthesized peptide can be purified,
for example, by high performance liquid chromatography
(HPLC), and can be characterized using, for example, mass

spectrometry or amino acid sequence analysis.

25 It is understood that limited modifications can
be made to an active fragment of prosaposin without
destroying its biological function. Thus, a modification
of an active fragment of prosaposin that does not destroy

its ability to alleviate neuropathic pain is within the



10" Laboratory Manual, 2nd Ed, Vols 1 to 3, Cold Spring

-Har bor Laboratory Press, New York (1989). tive
f ragnent 8%’%¢§§%bosin or a peptide useful in tﬁE‘Fﬁ%@ﬁ# gn

al so can be produced by chemn cal synt hesis, for exanple, by the
solid phase peptide 15 synt hesi s ﬁgthod of Merrifield et al., J. Am
Chem  Soc.

. H%§5:2149 élQG%%. St andard sol uti on, net hods wel |
known in  definitionpf an active,fragmeity o REARIRAT TR a Pepti de
usef ul i £1d LayephiPRabSeeor! @k ol ﬂﬁgﬁ , Principles
of Peptide g\fndt%fels%%i%gr?%e%%erl ag, Ber I 3%984%%% £,

Bodanszky, ReitetdisorChesa séulyst Sput hgar o¥enmdgo Berid residues; a (1993)).

A newl y synthesized peptide can be purified, ., for, exanple, by
hi gh perf or FREEIGukAen Bf orefoPPEBRRE that mimics gmige agidcan be

characteriz ' f . t e sRectronetry. of . am no
B ARG TSF P@QP&&;, "8R8 addition of c%eﬁﬁ&e?éfo%%l?g%s

apl d sequenpe. ana. YSI S. t1s u.
limted modiidiatdEni@d® or acetyl gkoupsde MhednctGivivey fdgagent of

prosaposi n w t hout destroying its biological function. Thus, a
nmodi fi cati omodified pephidenincalieviatinennesropedduspPain heandoes not
destroy Ats ability to | evi.at e %eurogathi pain js mﬁthhn t he
WO 97/ 32895 28sayed Using an’anima model of neu S /Ry Suc

28  as tiRfddliddSErDbedNaBsieVeyf ERAGTBREAY SNATOSIdE Fhn

nodi fication can include, for exanple, an addition,

10 Example I.

A particularly useful modification of an active
fragment of prosaposin is one that confers, for example,
increased stability. For example, incorporation of one
or more D-amino acids or substitution or deletion of

15 lysine can increase the stability of an active fragment
of prosaposin by protecting against peptide degradation.
For example, as disclosed herein, the prosaposin-derived
l4-mexr SEQ ID NO: 2 has an amino acid sequence derived
from amino acids 16 to 29 of saposin C but which has been

10 modified by substitution or deletion of each of the three
naturally occurring lysines and the addition of a
C-terminal tyrosine residue. In particular, the
prosaposin-derived 14-mer SEQ ID NO: 2 has a D-alanine
for lysine substitution at position 2; an alanine for

'S lysine substitution at position 8 and a deletion of
lysine at position 11. The D-alanine substitution at
position 2 confers increased stability by protecting the
peptide from endoprotease degradation, as is well known

in the art (see, for example, page 247 of Partridge,

0 Peptide Drug Delivery to the Brain, Raven Press, New York




del etion, or substitution of am no acid residues; a

'subst it uti anyefera2genpound that mimics ami no acid 5 SEHOENRLIY
funetion; and addition of chem cal noieties ' such as am no or
acetyl groups. The activity of a 29n0di fied peptide in

al I evi ati ng neuropathic pain can be assayed using an ani mal

model of neur opaloyiag pai NheUskbstitution ordGchMstfeseribegsahgve or the
assay exenplified in 10 Exanmple 1. A
particul arly ugesilduepdidrifenrs ohnofeasedcresdstance to trypainebikef

prosaposin is one .that confers, for.exanple, I ncreased
stability. For PERARRSES | RDr r%?i%nﬁﬁgBBnén the art (Partyidgen swoaa.
acids or substi iyon | : ' L840y ' e t
stability of a%bgggVveq?¥%§%:§%ﬁgtf%ué§ons 18F1%¥%§£§%5|n %gg%ro Ctgﬁﬁs’
agai Bst pepti dbideyaddabidnity of peptideFSEQeIdnmNoe, s wWliscdesgdeherein,
" the prosaposin-derived = . l1l4-mer SEQID NO 2 has an am no acid
sequence deriva§fect activity  imnakieviating neurepashifc pabrsin C but
whi ch has been 20 nodi fied by substitution or deletion of each of
the three naturally occurring |lysines and the addition of a

C-termnal tyrosine resi dlaisdfuPaiddLfioatibf€also can be one that .
prosaposi n-derived 14-ner S%gel D NO 2 has a D-al anine or lysine
substituti on aPYrpEStesopept Haghagefarro8s the bllogsi-trsimsbarniepn at

position 8 and_a_del etion of. .. X ysine at position 11. The
D- al ani ne subs?PthPSnaaPaaiflcatlon 5@§Lt?5ﬁr?a§8ﬁf Rk kakkly or
stapglity by pagteshsed hR&irogen bondindePtFd E&QE@?@QOQ’ $ine
degradation, as is well known in the art (see, for exanple,
page 247 of Paresidye, added to theéPaptitierminug BEl ther pyriomdgs HiaderiFeden
P New Yor k R .
ress, w Orpeptlde (SEQ ID NO: 2) increases hydrophobicity and
permeability to the blood-brain barrier (see, for
example, Banks et al., Peptides 13:1289-1294 (1992) and
15 Pardridge, supra, 1991). A chimeric
peptide-pharmaceutical that has increased biological
stability or increased permeability to the blood-brain
barrier, for example, also can be useful in the method of

the invention.

20 One skilled in the art can readily assay the
ability of an active fragment of prosaposin to cross the
blood-brain barrier in vivo, for example, as disclosed in
Example II. 1In addition, an active fragment of
pPrcsaposin can be tested for its ability to cross the

25 blood-brain barrier using an in vitro model of the
blood-brain barrier based on a brain microvessel

endothelial cell culture system, for example as described
in Bowman et al., Ann., Neurol. 14:396-402 (1983) or
Takahura et al., Adv. Pharmacol. 22:137-165 (1992).
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29 w0 97328051991) ) . The substitution or deletion of a i’&hﬁg‘m‘uu
resrdue confers I ncreased resistance to trypsin-like ot eases,
as is well known in the art (Partridge, $gpra, 1991) These
substitutions increase stability and, thus, 5 bi oavail ability of
peptide SEQ ID NO 2, but do not affect activity in alleviating
neur opat hi ¢ pai n. A useful nodification also can be
one that pPRAeises] anidile, Pelie agerncregFedtavidl eanlid n
barrier, such as a nodification that increases |lipophilicity or
10 wearsatbe ROt P art ivecfragmapte ofa prpsariqain

d dd t.
oot de ( seonp BBy ATV R ANGAEOPRPASE AL ¥or preventing; 1,
to the bl oodelifap achabr in(.Sean fffective amouf¥akBl e ﬁ@ﬁl&%ieét% A

Peptides 13: 1289 1294 (1992) and 15 Par dri dge, supra, 199

chineric SYStemlcaléwppmdewdaﬂﬁﬁuhaﬁl@adephadshan ther dasiyd wainyingi cal

stability or EgreaSEd per me blgeﬁy to the bI d- brain barrier,
for exanpl e2faFR6 EHRIGStuse qn%ynﬁﬁﬂoﬂ gctive amount; k© ibgenti on.
20 a t s@é&a&ﬁ tg r y ;@S the

ability of 3hmﬁg%fv§r%?ag nt (;Ld1ﬁ8é2%%§§n to rggg&% 18°3Bbut

bl ood- br ai no bar ggékgi toviaboutf Qo ugiley. aSMdrecbﬁeedrably, an
Exanple Il. |n addition, an active fragnent of Erosaposin can be
tested for ftteghive: ?“‘PHn&rG%%édZ@-nlstere@I SY¥E-BRArAllar @re@ usi ng an

B Y ovessel SAA1P bhBEs 1o aboue 17 W‘%‘faa‘%ﬁr%"@é{y*%teéﬁnga?§?k§2aﬁa%a;2

descri bed effective amount of a peptide for alleviating or
preventing pain can be determined empirically using
methods well known to those in the art, including, for
example, the assay described in Example I or those

1s disclosed above, including assays in primates {(Lekan et

al., supra, 1992, and Palacek et al., supra, 1992).

A typical minimum amount of the peptides of the
invention for neurotrophic or myelinotrophic activity in
cell growth medium is at least about 5 ng/ml. This

20 amount or more of a peptide of the invention can be used
for in vitro use. Typically, concentrations in the range
of 0.1 pug/ml to about 10 pg/ml of a peptide of the
invention can be used. An effective amount for treatment
of a particular tissue can be determined as set forth in

25 - Examples IV and VI.

Neural cells can be treated in vitro or ex vivo
by directly administering a peptide of the invention to

the cells. This can be done, for example, by culturing




in Bowmran et al., Ann. Neurol. 14:396-402 (1983) or Takahura et

al., Adv. P 22:137-165 (1992). WO 97/ 328881s97/04143
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As used herein, the term"effective anount"31 nmeans the anmount of
an active fragnent of prosaposin useful for alleviating

neur opat hi c pak;?‘eorc Ws S{r?%‘b@ﬂ medium suita®8W WA Y %é’fﬁ{‘cu r cell
ef fective amount to Be adnm nT stered % systemcally on a daily
basi s depends eypehe fluidiowed dby addition of plepitiicies Uy ache wediemabl y, an
effective anount to be adm ni stered systemcally on a daily
basis i s about When the neyral [eellg kg P8 EEEALEHRYY R |GEXY: More

preferably, an . ._effecti un I_Ni SysS L¢ally
on a 10 eypiaa) oncin T TEbERrARe, chrpl eta Y S AT pEEkiRe
An g off ke iMBrePLEY @dn db@caBindnibterdld 4 BrdbPHseveral
preventing pain can be determ ned enpirically using nmet hods wel |

known t o thoseteshnligiues as$ ni¢sciblpedfbelow. exanpl e, the assay
described in Exanple | or those 15 - discl osed above, including
assays in primtes (Lekan et al ., supra, 1992, and Pal acek et

al ., supra, 1992). As used herein, thel ¥Brad!=dliHydBEW paunL 2f the
pepti des of the i nvention for neurotrophic or nyelinotrophic

activity in vertebrateelprefevalblyrs namnalandsasin geattidulap-pia This
20 annugé or nore of a peptide of the invention can be used

for in vitro uS®#™@RPypjcally, concentrations in the range of 0.1
[err]g/mM to about 10 [err]g/m of a peptide of the

10 The present invention provides methods of
alleviating pain, stimulating neurite outgrowth,
inhibiting neural cell death, promoting myelination and
inhibiting demyelination and methods of inhibiting
sensory or motor neuropathy by administering an effective

15 amount of an active fragment of prosaposin intravenously,
intramuscularly, intradermally, subcutaneously,
intracranially, intracerebrospinally, topically, orally
transdermally, transmucosally or intranasally. A
pPharmaceutically acceptable carrier of well known type

20 can be administered with an active fragment of
prosaposin. Such carriers include, for example,

phosphate buffered saline (PBS).

Preferably, an effective amount of an active
fragment of prosaposin is injected directly into the
25 bloodstream of the subject. For example, intravenous
injection of an active fragment of prosaposin can be used
to administer the active fragment to the peripheral or

central nervous system, since an iodinated



inVéntion can be used. An effective anount for treatnent of a

‘particular tissue can be determ ned as set forth in 25 I Y/
and-Vv| . WO97/32895 Neural cells can be treated i ﬁﬁ%g}gﬁ 4§ex
Vi vo by directly adninisteringza peptide of the invention to
the cells. This can be done, for exanpley by culturing WO
97/ 32895 , , PCT/ USQ7/ 04143

31 Pr°$@ﬁ€$&é}1d_seﬁ”n"“g4Mﬁ?ﬁﬁd?ﬁﬁ‘%ﬁﬁ%ﬁggﬂ “TnAdYFehifdr cel |
type, foll Oﬂ@-Q%ga%@rpz&l(i—x-%yé’@?ﬁi:d@lh%&@edi%d'ﬁ@-mu {$EQ. ID Mhen the
neural cells to treated are in vivo, typtcally in a
vertebrat e, 2p)ef ecndistd mprotl aminpeptide 125to 29 of of the invention can
be adm ni stered by one of several t echni ques as descri bed

bel ow. prosaposin-derived &2 @ey fEReIR, NOte % &R Aibj ect” neans a

\{%rtebrate, sggg@g&ﬁl&l%]rg %%?me }_?rp@gﬁ_iiggl - aqnjt o acid 12 Riyan.

I nventi on proviaes ne

al l evi at i ng=paiono)sicrBdsiid Nthe B ob&-BrhihoBaltrier and entédPEEbEhENT
neural cell death, pronoting nyelination and i nhibiting
denyel i nat i osn&ralmperopusisysten asngescribed in Exawmpke) L. noThbe

neur opat hy by, adm ni steri an effective 15 unt, of. ap acgtive
f ragment ofuéF3g§p§¥ #3%&E%R&ﬁmﬂﬁ?y?ppr°x}matelﬂI&WD sdfighyis in

i ntrader mal tRe a4BGANYEYS Values for peptRleaCoNitddty approximate

I ntracerebrospinally, topically, orally transdermal |y,

19 ansnucosakligeothatt mddds aitges Ahe blobd-brayihahaa:o:e'lﬁ:i ctBanksaceept abl e

carrier of Il known type
ﬁ., supra, ¥Lp992) .

Oral administration often can be desirable,
provided the active fragment of prosaposin is modified so
as to be stable to gastrointestinal degradation and

L5 readily absorbable. The substitution, for example, of
one or more D-amino acids can confer increased stability

to a prosaposin-derived peptide useful in the invention.

Direct intracranial injection or injection into
the cerebrospinal fluid also can be used to introduce an

10 effective amount of an active fragment of prosaposin into
the central nervous system of a subject. In addition, an
active fragment of prosaposin can be administered to
peripheral neural tissue by direct injection or local
topical application or by systemic administration.

'5 Various conventional modes of administration also are
contemplated, including intravenous, intramuscular,
intradermal, subcutaneous, intracranial, epidural,
topical, oral, transdermal, transmucosal and intranasal

administration.



20 can be adm nistered wwth an active fragnent of

prosaposi n.wigazses ri ers include, for exanple, phPEPIISHT04143
buf fered saline (PBS). Preferably, an effective
anount of an active : fragnent of 3@ osaposin is injected directly
into the 25 bl oodstream of the subject. For exanple, intravenous

i njection of an active fpagaestivef ﬁraymanmi&ECpmobapdseﬂ also can bdo
adm ni ster the active fragnment to the perijphera central

nervous syst erddBimistgrefodpna: &pstained releasmgmszsg‘@e sustained

PCT/ US97/ 04143
pr.osaposi n- der’ Ve 18- ﬁnra?ngfﬁquQfaﬁﬁeﬁﬁlO{y%rfsapogln has the

| | e- Asp- Asn- Agadastdgé - @fuahlév@altﬂﬂf'd&tépqﬁgxi@ P¥in over an 20),

consisting of amno acids 12 to pr osaposi n-derived 22-mer
SEQSI D NO. 1 wixterded penod O§ut§91met mmﬁmt& the oseed for vapeatead amni no
acid 12 (MV r ssed the blood-brain barrier and entered

t he aqﬂﬁﬂ¥%FrﬂEFQBﬁ %ﬁ?%ﬁ% THBeRK- Exanpl e 11. The

upt ake by the brain was apprOX|nater 0.03% which is in t he

m drange of values for peptides of that approximte 10 si ze that

wi Il cross the bl ood- br aSusbainedr reBamie® atan be achieved,. fosURbRMPIN?2) .
Oral adm nistratioon often can _be desirable rOV|ded t he active
fragnent of pﬂGéébd%l%P?EaﬁﬁﬁﬁfFé egse materlalegpgg %é 3t wpferyoan

gastrointestl tign

substitution, exégg? 2 ?ﬁegoﬁﬁmp or(?Egégﬂwé#%fgégn?ﬁ%kagfg
comber i ncream sd@bufd;lyed slow relea®ed dff QgaPOstNiver FYagmBaR! lo(ie
useful in the invention. Direct intracranial

injection or RHARARMLR nt oSuch controdied qredpangimateriald arsowedd be
used to 'ntr095§§u9Qn.the art and available from commercial sources

(Alza Corp., Palo Altoc CA; Depotech, La Jolla CA; see,
also, Pardoll, Ann. Rev, Immunol. 13:399-415 (1995). 1In
15 addition, a bioercdible or biodegradable material that
can be formulated with an active fragment of prosaposin,
such as polylactic acid, polygalactic acid, regenerated
collagen, multilamellar liposomes or other conventional
depot formulations, can be implanted to slowly release
20 the active fragment of prosaposin. The use of infusion
pumps, matrix entrapment systems, and transdermal
delivery devices also are contemplated in the present

invention.

An active fragment of prosaposin also can be
.25 advantageously enclosed in micelles or liposomes.
Liposome encapsulation techhology is well known.

Liposomes can be targeted to a specific tissue, such as

neural tissue, through the use of receptors, ligands or

antibodies capable of binding the targeted tissue. The



20 effective anount of an active fragnent of prosaposin into

“the cent i) onpRyEUs system of a subject. In addition, an  pcrapserosrfactive
fragnent of prosaposin can be adm nistered to peri pheral neura
tissue by direct injection or |ocal 34 topi cal application or by
system ¢ adm ni stration. Vari ous conventional nodes of

adni ni st r atd 401 3 Cof these fora@llRMUM efls AL URhBERI BRI @yRNOUS,

i ntranuscul ar, i ntradermal, subcutaneous, intracranial

epi dural, art (see, fopiezampdeal Pamdarisie medupraantfBtosahdaRadin

i nt ranasal adm njpstration. 97/ 32895
PCT/ US97/ 023 Metz, Mggﬂl.ﬁnzzmgi* 98:613~618 (198§¥%.33

An active fragment of prosaposin also can be adm nistered in a
sustai ned rel ease form The sustai ned rel ease of an active
fragment of prosaposik pestilie composition offiviané abevent dbhevhaat bag

neur opat hi ¢ pain over an S extended period of tine wthout the need
Bor repeat &@ckaged and adpipifteres; dendit (drsagei f@rmy agrsht as an

Sust ai ned gﬂfgﬁ%%ﬁf%‘é@%ﬁ&giﬁﬁgﬂ’o&bﬁqaginﬂg?paratiOD in amﬁ%%ﬁ%ﬁead, a

sust ai ned release natefrar such as a wafer [
M cropunp @imcirtered@iwaléhtt B8t tBe0Waday dodhge adminigteseat kgl hed slow
rel ease of the active fragnent of prosaposin. Such controlled

rel ease mam@tiignt arandelf desired can bseowrdpared fmtaapdntivallled e from

commerci al _saqur.ces . a rp.., Palo Alto : otech, La
Jolla G &&dease f°rmula‘_‘%1?20,(Ab§F&gﬁP%é .a"lm.?ﬂr%%m[?g{s: 399- 415
161995) . Inexbmple, a séffithi 88a18aPvaaN0ddH o 1 kY 0l egs feigbhgsaaker i al

t hat can be fornmulated with an active Tragnent” of prosaposin
such as poltheacdtiee i composygabacoifc thei dnvesgeime aimdPBS or in

col | agen, | tilanmellar_liposones or other con entionfL . depot
fornul ati ond® %ﬁ?éﬂﬁﬁ%ﬁtedF?B SrsREreny deyppl diseasefe 38 ve

fragment ofy PROSAMANA- aaiif H9Et8hik"bd¥ades of a peptide of the
‘invention is based on the body weight of the vertebrate

15 and is in the range of from about 10 to about 100 ug/kg,
although dosages from about 0.1 to about 1,000 ug/kg are
also contemplated. Thus, for the typical 70 kg human, a
systemic dosage can be between about 7 and about 70,000
ug daily and preferably between about 700 and about 7,000

20 pg daily. A daily dosage of locally administered
material will be about an order of magnitude less than
the systemic dosage. Oral administration is also

contemplated.

The invention also provides a method of
5 alleviating neuropathic pain in a subject by
transplanting into the subject a cell genetically
modified to express and secrete an active fragment of
prosaposin. Transplantation can provide a continuous

source of an active fragment of prosaposin and, thus,




punps, matrix entrapnent systens, and transder nmal delivery
“devi ces al.sgpat@syentenpl ated in the present i nveRCTAS97/04143
An.-active fragment of prosaposin also can be 25 advant ageousl y
enclosed in mcelles or |iposones. 35 Li posone encapsul ation
technol ogy is well known. Li posones can be targeted to a
specific tissggstaiifbdaalleviation ofiemeatopathie, palinougFdrhea uwmebipdct
receptors, |igands or anti bodi es capabl e of binding the
targeted tissseffgnéng from prolonged@yogbronic neuropathic pain,

PCT/ US97/ 04143 . ;
prepar ati on o?u?hegemF5Hﬂﬂzﬂﬁ%nﬁ??s?%%ﬁ?t?%%mﬁfiﬁbyﬁgtiﬁg or red%ﬁ%n%see,

for exanple, FRedhbdge foiliRebeat®U adifnf8€ration of an agftdviéetz, Meth.

Enzynol . 98:613-618 (1983)). A peptide conposition
of g he i nventfoagmentbef Pprosaposimpackaged and administered in unit dosage
form such as an I njectabl e conposition or |ocal preparation in
a dosage anmount equivalent to the daily dosage admi nistered to
a patient, apdsify QRiH&e GAsl PeKRbERAIACEhE 3xE0NL dlded

rel ease fornul ation. Un?%lg%gagelﬁﬁg%1can be, ?gr 10 exanﬂle, a

sept um seal edrgadhilponta hengxrankfdgtedseivh an expressibine vaeitiore
conposition of the invention in PBS or i gphi li zed form _For

in . I
treatnent of fRRFaLndngedsayiclaic acid encodipgoppi actiysi Eyagmandnif

dosages of a | t Simiﬁéﬁpégﬁ%'?ﬁikﬁﬁﬂas b
wei ght of t heggcg%%ggrsa%’e (%ang, e%gFO%mrte%%dbou 40 to
abqut 100 [erg3@bk0(1995)). Foldldwinghtfanspeantaeivabantolthd b

1,000 [err]g/kg are al so contenplated. Thus, for the typical 70
kg human, a for exampleysithe &xrnrfircted eelbeewbrassesuand SeExnaing

70, 000 err]g.daily . an e ably_betwee bout ,700 .and about
7,000 20 2B ?8{‘%]"8 Fragpent, °gfa%]§/$€£o%§3£no?nﬁgcgpﬁf'aa%iﬁvslt%eq:reesd
material wlIpdgrapathidn paide GudRodiheRoesant Banuseful to
alleviate neuropathic pain as described for the
15 transplantation of cells that secrete substances with

analgesic properties (see, for example, Czech and Sagen,
Prog. Neurobiol., 46:507-529 (1995)}.

The cell can be any cell that can survive when
transplanted and that can be modified to express and
20 secrete an active fragment of prosaposin. In practice,
the cell should be immunologically compatible with the
subject. For example, a particularly useful cell is a
cell isolated from the subject to be treated, since such

a cell is immunologically compatible with the subject.

25 A cell derived from a source other than the
subject to be treated also can be useful if protected
from immune rejection using, for example,

microencapsulation or immunosuppression. Useful
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the systemc dosage Oral administration is al so contenplated

The i nvenwcgg, ?é) provi des a nethod of 25 al | evi atl ﬁ??; hi ¢
painrin a su transplanting into the sum

genetically nodi fied to expresg and secrete an active fragnent
of prosaposin. Transpl antation can provide a continuous

source of a ' b f i .Y u X WO
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35 poly+ist Bysibtle ahlgihatieoand atpircpat e pafbr EQampISUb] ect
suffering from prol onged or chronlc neuropathlc pai n, such a

met hod has t3RC%RNanidRRaBENEALEaRindndmadle

repeat ed ad tration, of ap Active fra t of rosap05|n
gpeat od ady bl ALONSL Bef°bhlGe S pnca acdd BB 2eRs S
tsansfect ed st h BRSO eS$L PH6YEGHOB3) ; Liu et gpntqgﬁm*_gégggikg%5620|d
encodi ng an active fragnent of prosaposi n (Chang, Soma ne
Ther apy, CR@:¥ss{1Bbth; and TanlguRé:norat( 3995) )Iramsplamt ndProc, 24:

transplanta e br for exanple, the transfected
cel |l expres r&#égé)etesgbr example, , pajn RRAYS PR NBAST PREBsaposi n

and, thus, @él’ﬁ‘é\ﬁé@%ﬁ s polymergHk Hiat P! db1 SC“%%%E{L FQF an be

useful to i‘at € neuropathic paln as e 15
transpl ant atimo afhe etdts $pitalesubheachnolianetmod t tWang et al. e3|q

properties (see, for exanple, Czech and Sagen, Pr og. Ne robi o
46: 507- 529 &QM%%%QI*—AhEL:* 17:235 (1991)JFhe cell can be any cel | that
can survive when transpl anted and that can be nodified to

express and 20 secrete an active fragnent of prosaposin. In
practi ce, tRur agtéathent doliea Wimagl Qaiopddty, con@atéblecyht h the

be a human cell, although a non-human mammalian cell also
can be useful. In particular, a human fibroblast, muscle
cell, glial cell, neuronal precursor cell or neuron can
15 be transfected with an expression vector to express and
secrete an active fragment of prosaposin such as SEQ ID
NO: 1. A primary fibroblast can be obtained, for
example, from a skin biopsy of the subject to be treated
and maintained under standard tissue culture conditions.
20 A primary muscle cell also can be useful for
transplantation. Considerations for neural
transplantation are described, for example, in Chang,

supra, 1995.

A cell derived from the central nervous system
25 can be particularly useful for transplantation to the
central nervous system since the survival of such a cell
is enhanced within its natural environment. A neuronal
pPrecursor cell is particularly useful in the method of

the invention since a neuronal precursor cell can be
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36 and; 1PEEREYGEH dRteh IR RdhEidats i WPETPNAFUAE al gi nat e-
pol y-L-lysin a2nd130ANeRA 1568 SO nEAPBRAE precursor celdaPseN,
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transpl ant ed P Cell 66 7 o t'he r61§¥%xnmu subarachnoi d space (Wang et

al., Soc. 10 hburOSC|. Abstr. 17:235 (1991)).

For treatnent of a human subject, the cell can be a human cell
al t hough a non- human meMethoss off [transfecting cellscex Wdveseme well
parti cul ar, hunan fiprobl ast scl.e cell | i,al,_cel

neuronal pre ?ﬁﬁ %3|PB %%u# lﬁﬁ}ﬁ%

expression v , W.H. Freem&ECEet8. annagt vyvexf ragnent of
prosaposin suc as [ NGO 1. A primary fibroblast can be

oBwai ned, for{1990)). For the transfection of a cell that continues
to divide such as a fibroblast, muscle cell, glial cell
or neuronal precursor cell, a retroviral vector is
preferred. For the transfection of an expression vector
into a postmitotic cell éuch as a neuron, a
15 replication-defective herpes simplex virus type 1 {HSV-1)
vector is useful {(During et al., Soc. Neurosci. Abstr.

17:140 (1991); Sable et al., Soc. Neurosci. Abstyr. 17:570
(1991}).

A nucleic acid encoding an active fragment of
20 prosaposin can be expressed under the control of one of a
variety of promoters well known in the art, including a
constitutive promoter or inducible promoter. See, for
example, Chang, supra, 1995. A particularly useful
constitutive promoter for high level expression is the
25 Moloney murine leukemia virus long-terminal repeat
{MLV-LTR), the cytomegalovirus immediate-early (CMV-IE)

or the simian virus 40 early region {(Sv40).

¢ mempme s e T e e manSTTCETETASVRGSERL -



exahple, froma skin biopsy of the subject to be treated and

mai nt ai negowIAggesst andard ti ssue culture conditions. 20 PCT/USSIIO4II3I Y
nusel e cell also can be useful for transpl antati on.

Consi derations for neural trangpl antati on are described, for
exanpl e, in Chang, supra, 1995. A cel
derived fromthe centrglniel¥pdSagy¥8t 88g@ence encodily benpactieul arly
useful for transplantation to the central nervous system since

t he survivalfregmemth of @tesaposin is dipslosethdwirein hi nForsexampilel,
environment. A n precu cularly useful in

the met hod 8f nuca%ri%na;‘:iq HECANTBRE Sﬁcglgiﬁ.g{g ﬁ#ﬂﬁ%ﬁg‘?r tp* et8rsor cell can

be + - TR RASRGG
TG TGAAGGAGGTGACCAAGCTGATTGACAACAACAAGACTGAG
PCT/ US97/ 04143 e 37 gr own

i® cul ture, AnABARRaRETCVE t N{(SBQEXPr Nosi Al IU@woyi et al., Presd Natfqduced
into an individual, where it is i ntegrated. The isolation of
neuronal pr8&adeoSCel (USA 84:8652-86Rfi (R 987 Jcapabit o¥AeHrbPi déFacktng and
differentiat,i | n (0] d gli e | s desgribed in
Renfranz et 560¢etion Ofalp?ﬂngﬁg? gg&??? ?99 ?’1’9?1‘31C ééaﬂpié’ 8 ﬁucgglc

Met hods of tedd@sleeriddihged | SignaVi geqgaences! lsuch as the &0gME1in the art
(Kriegler, Gene Transfer and Expression: A Labor at ory Manual

W H. Freennfeguence \fy Brokactawase, can peggperablprliniedraasPBQt Bn of

cell that_ contjnues . . t.divi such %g ﬁifjgrﬁbliSt’ muscl e
ggll, inaIN@blkl as descrl%?dn%ﬁrgﬁg npg cdrsdr . viral vector
i's

104P19fedy rexbgfpr the transfection of an expression vector
into a postmtotic cell such as a neuron, a 15
replication-defective herpes sinplex virus type 1 (HSV-1) vect or
I's useful (During et ., 0C. urosci . Abstr. . L 17:140 (1991);
Sable et al., Soc. Ne c*?v?®€§?9 %V_%?ﬁr provides 3z maiRec o

preventing neuropathic pain in a subject by administering
an effective amount of an active fragment of prosaposin
i5 to the subject. The method of preventing neuropathic
pain is useful when applied prior to a painful event, for
example, prior to chemotherapy or surgery that is known

to result in neuropathic pain.

The following examples are intended to

20 illustrate but not limit the present invention.

EXAMPLE I
E]] » I. E :]i L3 » :] i ] !

This example describes the effects of bolus
intrathecal injection of an active fragment of prosaposin
25 in the Chung experimental model of peripheral neuropathic

pain.
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A nucleic acid encoding an active fragnment of 20 prosaposi n can be
expresswo 9yndsys t he control of one of a vari et yorfussrosaser s-
wel |- known in the art, including a constitutive pronoter or

i nduci bl e pronoter. See, for 39 exanple, Chang, supra, 1995. A
particul arly useful constitutive pronoter for high |eve
expression is the 25ach of thel ehegenpeiptd detilkaite obtabné@ngnt er m nal

r epeat (M.V-LTR), the cytonegal ovirus imediate-early (CW-IE)
or the si B Houm by ehenicabgPyhthegis). dissolved in stgrpye3PBES

PCT/ US97/ Q4 38
A nucIeicaﬁ%ﬁgnggaﬂgﬁ%et%ﬁ%dﬁ?ﬁﬁrﬁﬁ ggrive fragnment of
prosaposin is disclosed herein. For exanple, a nucleic acid

sequence encoding SEQID NO 1 is
5' - TGTGAATTCCT GGT GAARIEAGEIGABGAN (BT GLelGEREARTRACABATT @escr bed by

AAAGAAAT C 3 ID NO 21 i et al., Proc._ Natl. Acad.
5sci . USA &.“'8@5"2{ gg&%é”?'lg%lﬁf‘.az I(?I?Sg%de?’aiso_p&r ed on male secretion of
pepti de SERrbuMOpalyl dyw rLX8NPL £ 11?1‘218“&59' o 150 gramfEd § zf ﬁgl ng a

gha s&quéh err]-

si gnal sequenCe, such ds the si ce of Act amase,

can be opanakllyddyrides gtatSEQ |BYriéfly, theNDatzl watredesfddthast { a$i NON et
al., J. Cell Biol 104: 1165 (1987). The

i nvent i onwi&ht Redothaner Subseapently, the left IySeand ilng remimpht hic
pain in L&C 13 ri : ap _effective ampunt of an
active f?ES#Q%? % prggg%%gﬁﬁffgﬂ?acent t?otPﬁe%Eﬁﬁéﬁﬁal TtIRA of

0 preventi njigatedpatftlc 6.0 silk supairé disuaef b When @dIeddud or. to a
pai nful event, for exanpl e, prior to chenotherapy or surgery
that is k@BRElion. Aftex a rtem|%o|fowsteepadalc pesitn operative

The [0l | CPLBEVELITRES B ° d USIMES {QcRlter was smErSRIEL PPyt 1!
days following the second surgery, intrathecal drug
administration was accomplished using a gear driven

5 micro-injection syringe connected to a spinal catheter
inserted through the foramen magnum. Prior to testing,
the rats were placed in clear plastic wire meshed cages

and allowed to acclimate.

To assess the 50% mechanical threshold for paw

0 withdrawal, a von Frey hair was applied to the hind foot
avoiding the foot pad. Each of the von Frey hairs, which
are calibrated to bend at increasing log forces, were
pressed perpendicularly to the foot with sufficient force
to cause slight bending for a duration of approximately

5 six to eight seconds. A positive response was noted if
the foot was sharply withdrawn. Six data points were
collected for each point with the maximum and minimum
stimulus noted for each time point. The resulting

pattern of the responses was tabulated, and the 50%




EXAMPLE | Al'l eviation of neuropathic pain in Chung nodel rats

This exyipbRs@escri bes the effects of bol us | NntpEtHeRli14s

i njection of an active fragnent of prosaposin 25 in the Chung
experinmental nodel of peripheral neuropgghic pai n

WD 97/ 32895 PCT/ US97/ 04143

39 re threshdA?¥ Wl ddipitege PeRE! t@ieed in
pure forn1bysgﬁgﬁ$calrgynthesis, dfgg%lved in steg??gwggzvgg T and

buf f ered tvesposser &b pHe indicated dosage of pephédeugdiveal apr ecedure
previously described b 5 Ki m and, Chung, . supra, /1992, was
per f or med Bh™ ﬁelntréihecal bglug AITIRGFEOD T at ShReXgRXA§ IPGICRLESD gr ans
to induce ¢he tj ££33 MOy & €at Bp Yok S were
anesthetizede tme a %Mi:e ha éﬁﬁgae; QhE@%ﬁ%%n??%?gtﬁg left L-5 and L-6
Sspi nal hypersensétied tyets ipradsherk ash acleat fbott padveakebral col um and

10 ligated with 6.0 silk suture distal to the dorsal root
gangl i on. P¢a8Er8dten to fourteen day post operative recovery
period, a spinal catheter was introduced. Five days foll ow ng
t he second surgery, intrathecal drug adm ni strati on was
acconpl i shed using aageaeuthgivail1dp lesioned £4€si BheFERORaSYSRRIE
connected to a spinal catheter i nserted through the foranen

magnum Prablogyniasprigr to injectiamevith sameaetpiecEdagmenteaf pl astic
wi re neshed caggs [

. d_all dt | te.
To assess FH2°%B95#Be haﬁ‘chlho?“E‘r gghoqo%“e? o?g]bg\‘f\fnl Figire 1, the

10 measured threshold was less than 3.0 to 4.0 g in the
absence of peptide. Intrathecal injection of 0.7 or 0.07
#g of the prosaposin-derived 22-mer peptide (SEQ ID NO:
1) suppressed allodynia in a dose-dependent fashion. The
reduction of allodynia is manifest by the increase in the
15 force threshold as the rats withstand an increasing force

before withdrawing the affected foot.

A significant effect was observed by 15 minutes
after the injection. The maximum effect was seen 120
minutes post-injection. Rats injected with the highest
20 dose of the prosaposin-derived 22-mer peptide (SEQ ID NO:
1) continued to demonstrate significantly reduced
allodynia at the latest time point assayed (180 minutes).
Rats that were injected with 0.007 ug prosaposin-derived
22-mer peptide (SEQ ID NO: 1) showed no significant
25 reduction in allodynia. No significant side effects such

as sedation were observed at any concentration.

The ability of the prosaposin-derived 14-mer
peptide (SEQ ID NO: 2; see Table 1) to relieve allodynia




20'_ w thdrawal , a von Frey hair was applied to the hind foot

-avoi di ng t hgyd ogs2sead. Each of the von Frey hairs, which PCT/US97/04143
calibrated to bend at increasing | og forces, were pressed
perpendicularly to the foot with sufficient4¥orce to cause

. slight bending for a duration of approximtely 25 six to eight

seconds. A posht Chenge spdede naxs radise wds examined. Rheshowsmn vias sharply
wi t hdrawn. Six data points were , ected for, it wth

|
the maxi num an8igkEengm the aCtlvesﬁﬁﬁﬁW%%gﬁ% ear?8?98§&ﬁaﬁgﬁ Oéﬁ ’* The

LE?S;}EQ%QS 2) was R¥FIY fﬂ“&é&ﬁﬁ&ﬁ?Qélf@3¥%$?agg%ﬁghf%%§1é¥¥ég96

40 ofeshan g deaRFitl -dermbred npriner geptydeplsgovad Noe 2)
response to the indicated dosage of peptide given as a L. single

i nt rat hecal bowas Phiseamesh 15THe RAmInyEee chpiiowing the inggetdior and er
the injection Skelllheh RY Uad Mo Snsection VRELESBY' bbVhikut " GRYIS O
surgically | esppnedypales deh@¥Fedtastvdte observed a8l &9Hudira prior to
injection with an active fragnment of prosaposi n. As shown at
time zero in Fegorentratienl®f prosaposintdedivedeifondrwpeptdde tI8EQ 3.0
to 4.0 g in the absence of peptide. Intrathecal injection of
0.7 or 0.07 ID NO: 2) Lestedyi (he prosaposin-derived 22-ner peptide (SEQ
I D NO 1) suppressed allodynia in a dose-dependent fashion. The
reduction of allodynia is manifest by the increase in the 15 force
threshold as the rats w hstureschtare2 ymeegsepgider ¢S8EQ ID NO: 8)befhate

wi t hdrawi ng the affected foot. . , A signichant ef f ect
was observed b§iffexendxrem the prosapoginrderived; 22rPer. PeRE1ddeyi
ef fect was seepnl120 . ) : SI g2y | QR4 ‘] 'eq&gg: 14 h
t he hi ghest 20ED %0 1)d(1)3§’e c(?fnetgf%}%ﬁs%goés? %gg%vgglgg?gn%%aggptl eé(lgéEQ
| D NO of ah) aepalragic’ t(BeteTalsle a4 algoi Wasabebyededioned

al lodynia at the |atest time _point assayed (180 m nutes).
activity in relieving allodynia in Chung model rats. No

15 change in the allodynic response of the Chung rats was
observed following injection of 17.5 ug mutant 22-mer

peptide (SEQ ID NO: 8).

Norxrmal rats, which do not experience pain as a

result of surgical lesion introduced according to the

20 Chung model, also were injected with an active fragment
of prosaposin (SEQ ID NO: 1) and tested for their
response to a heat stimulus according to the procedure
developed by Bennett and Xie, supra, 1988. Briefly, the
period of time before the rat withdraws the affected foot

25 from a source of heat is defined as the hot plate latency
and is a measure of tolerance to pain caused by a heat

stimulus.




Rats that were injected with 0.007 [err]g prosaposin-derived

22-mer pegid QID NO 1) showed no significant 25 Lon in
Pad s ! : as PSPPSR

al | adyni a. significant side effects such

observed at any concentration. 4 The ability of the
prosaposi n-deri ved 14-ner peptige (SEQ ID NO 2; see Table 1) to
relieve allodynia : / .

PCT/ USO7/ 04143 An 1ntratﬁ£%%1 %%%%@ter was plaaﬁg into normalin

Chung nodel m=le SppaguesDawdeynedtsAs FiRW ddys after thidl Siitgedy,the
active fragnent of prosaposin (SEQ | D NO i 2) was efféctive in
reduci ng al ’&miverahinpeakeds igtrathecally widgth tare actbepofiragnentved
14- mer pepti NO: ] wa bserved 15 tp 30 m nutes

fol | owi ng tt?%eiéﬁs‘g%é‘gﬁlﬁnéghl In No: Yatu t"be"f%ee’ﬁ‘&m?n‘j?e‘e{li BReval ue
bg 60 m nut ot FPXBEE (52.5°C); hot) plAPeStdepehisert d at

ei t her B concentrati {)n o? plr)osagosi n?dfgrs%\clel?t\gﬁ%eeﬁg);gép%?de ( SEQ
ID NO 2) tasmastired jPrior to injection aAdmattanmtadbuert pwptpeent SEQp! D
NO 8) thatt 1 . diffe£s froglthe,prosaposin-derjveﬁ 22-nmer peptide
( SEQ © 184 mypuass,3LEsh: LhAi ARIERtASHar t N &hignikicame i nst ead
of an aspar RS 4ol S fqr. activity in
relieving allodynia |HJ%£%ﬁ3 %%ge?gﬁggsrhﬁéhﬁ%f qatency(ﬂ%ﬁmﬁp??FYﬁ :

al | odyni c r @penselnd phesibosgnrdesived peptide SE@hIenied 1 ahdeyi ng

i nj ection of 17.%55(%err]nr&rrutant 22-mer . peptide (SEQ ID NO 8).
rmal rat sBOkhiedferF foke cRpEFeRREienpafnPadngin normal amigwmils. of
surgical lesion introduced according to the 20 Chung nodel ,. al so
were injected with an active fragnent of prosaposin (SEQ I D NO
1) and tested for their rEXRRMPEE k® a heat stinulus according to
t he procedure .
by the central nervous gvstem

The results described in this example indicate
15 that prosaposin-derived peptides cross the blood-brain

barrier.

An 18-mer peptide (SEQ ID NO: 20) consisting of
amino acids 12-29 of saposin C with a tyrosine
substituted for valine at position 12 was chemically

20 synthesized on an Applied Biosystems Model 430 peptide
synthesizer. The peptide was then radiciodinated by the
lactoperoxidase method; 20 x 10° cpm radiolabeled peptide
were injected into the auricles of rats. The animals
were sacrificed after one hour and 24 hours, and the

25 hearts were perfused with isotonic saline in order to

remove the blood from the brain.




devel oped by Bennett and Xie, supra, 1988. Briefly, the peri od

of time befwesvhmosat withdraws the affected foot 25 PCOUST/GIA48 Ce
of heat is defined as the hot plate |atency and is a nmeasure of
tol erance to pain caused by a heat 43 stimulus. WO

97/ 32895 PCT/ US97/ 04143

42 LAn ondlera ttive cld t exatired etheapeptanedgenivd paptide
mal e Sprague Dawl ey rats. Five days after this surgery, rats

ver e injected PREREEneLR® ?%Hf’h‘éﬁ dhen Cunlpdnin 8 gamma cogpter.

prosaposin (SER.| Do 1)y BALS e, G SOl 1 JEa Snd fraceiMlddld! @

e
(52.5[err] Q) ; hot plrate résponse Parencies Wer

to injection apdtat avaapdldaryneiR®l Fradthion (pellet)!&nd8l ?"a%h%ﬁéler
the injection. No significant el evation of the hot plate
response | at eneyahnsIoBstipad.(supernatant)Taftex hdeptvanpoenhrdéugaddon

peptide SEQ | D(%‘xoig%eggesétlgl., I. N not ﬁffec,t éb?lg%(%ﬁgﬁiﬁohggoﬁd-n I n

normal ani nal s.

I'n vivo uptakerpi sPhetfBaskn1es e I%?R-;t if@forimination between . by
the central nervous system T%e resu?ts G8scribed in

this exanpl e i nadialabéled peptidehatitjrioslowd -vdessas andt tHas @ieySd he
bl ood- brai n , barrier. An_18-ner peptide
(SEQ I D N 205R€oRERIP: ngAGFer 24 hoursy ;G,P17% Rf theginjeghpdsin C with
a tyy osi ne i deS | et Re.f 9y Vg ht] hem call y
20 syntPERF 5" {BE0, TR 8. 20y Wl At o1 | 10 pHELE PR R 52
synt hesi zer. Tdf phet ldbedawashén the pardnuiyashbyf#detion and 25% was

| act oper oxi dase net hod; 20_x 10[err] ,cpm radi ol abel ed peptide
wer e injected ¥htEheneanillarysfzpction. TRE dnikeux, 0.03% of thee

porfused with Taieoced daplndag o fHehr, U Vil brasn,  TEANTS NETE
The prosaposin-derived peptide SEQ ID NO: 2
is also was assayed for ability to cross the blocod-brain
barrier as follows. A female Sprague-Dawley rat was
anesthesized with methoxyflurane, and approximately 20 ug
peptide SEQ ID NO: 2 (3.2 x 10® cpm) was injected into the
tail vein. After 40 minutes, the rat was sacrificed by
20 ether anesthesia and perfused with about 250 ml DPBS
through the heart. The total amount of peptide in brain,
liver and blood was calculated as a percentage of the
injected material as shown in Table 6. In order to
determine the localization in brain, the capillary
25 depletion method of Triguero, J. Neurochem, 54:1882
(1990) was used to separate brain tissue into a
parenchyma fraction and a brain capillary fraction. The
fractionation results showed that 87% of the SEQ ID NO: 2
peptide present in brain was localized to brain

30 parenchyma while 13% was found in brain capillary.




reﬁﬁve the blood fromthe brain. WO 97/ 32895

'PCT/USQ?/?A;{?% 43

2895 | ) PCT/US97/04143

In .order to etg§n1ne t he percentage of peptide upt ake, the
brain was then counted in a ganma count efa In addition, the
brai n was honpgeni zed and fracti onat ed into a capillary rich

fraction (p ety a5 brarm—freactronr—(supermatant )
~after dextrgn centrifugation Tab%ﬂ?ﬁguero et al., J. Neurochemj,
54:1882-188 199 . I T nod 0 ne

GF S een| WETGHT | TOTA O T e

de WFFFFNTBP@O@F

di scri m nat en

vessel s andlthat withih the brain. After 24 h&NETIAD GPMy of
the injectefg IO E T1 de (bt # ZU) Was det ec 50 gn Whor e oratn;
75% Braigy ¢ pelfa i (16re 9% enchymal frack?of58nd 25% was

in the capi 3L%,J ract P 1 hOJg,ZoxpiégOT’tﬁé" I nj ected
s .

dose was prgsent i n_wh Thab25
pg osaposi n- ignb\bad pep L-.quEEQz!u@ N, 04 45100 _al so wpgyagsayed for

ability to toss—t VeV BT AT Bafita—as-tollows. A fonnl g
Spr ague- Dawl ey rat was anest hesi zed w th net hoxyfl urane, and
approximately 20 [err]g peptide . SEQID NO 2 (3.2 x 10[err] cpm
was injected into the tail vein. After 40 m nutes, the rat was
sacrificed by 20 In atdimikaesékpsriment par whied whmhiﬁané 250 ni
PBS t hrough the heart. The total anount of %}lde I n brain,
liver and bls@ﬁ#ﬁa'scqgléfﬂ%‘f dehxre haRre chragEmentt Wéth SEQ ID NGnj2ct ed

ngg{:gatﬁgnspﬁﬁ%ralnﬂﬁfﬁﬁﬂgapl Iéﬁ%eégigent in 8§Sﬁefion %@%ﬁ%ﬁto
Triguero, JwaeWrnaiMpdréeriditynma. These results demonstrate that at
10 least some of the prosaposin-derived peptide SEQ ID NO: 2
crossed the blood brain barrier and was concentrated in
the brain parenchyma rather than the vascular endothelium
{(blood vessels). The percentage of peptide which crossed
the blood brain barrier is in the midrange of peptides
15 which cross the barrier as set forth in Banks, supra,

1992.

In order to determine the percentage of intact
material in the brain, liver and blood, radiclabelled
material (SEQ ID NO: 2) isolated from the tissues was

20 analyzed by high pressure liquid chromatography. To
normalize for degradation during processing of tissue
hompgenates, peptide SEQ ID NO: 2 was added to tissue
homogenates. The extent of degradation cbserved with the
added peptide material was used to normalize for

15 degradation during tissue processing. After
normalization, the results were as follows: SEQ ID NO: 2

was about 60% intact in brain; about 80% intact in liver




(1990) was used to separate brain tissue into a par ench
fraction anwwoeimees capillary fraction. The fract |P6ﬁ'z£9¥ﬂ?f?““3
resdlts showed that 87% of the SEQ ID NO 2 pepti de present in
brain was |ocalized to brain 30 padénchynma whil e 13% was found in
brain capillary. WO 97/ 32895

PCT/ US97/ 04143and about 40% intact in blood In a second experiment,

Table 6 TI SSUE WEI|_GHT é%, hLTlS E_ .PERCENTAGE
OF peptide SEQ ID NO: 2 was about % 1ntac RE+PAL CPM

Brain 0 .V
8.8 gm 'gﬁés?[ofegﬁ% 8 gndlcate62t.5hat tik Gt ide SE% ID Nglﬁog
22[err]1 1. Olcﬁoégéérthe bl3bdb brain barrier and is 1arge1y angiagt dm
experinment in which rats were sacrificed after three hours
treadinent withbB&ID NO 2, 0. 06% of the peptide was evident
I n brain, of which 85% was in the parenchyma. These results
denonstrate that at 10 | east some of the prosaposin-derived
peptide SEQ ID NO 2 cr ossgglapbeebffawd brain barrier and was
concentrated in the braln parenchyna rather than the vascular
endot hel i um : : D SO IR Qo Il ADGK Hals
crossed t he bl ood braln barrler is in the nldrange of peptldes
15 whi ch cross the barrier as set forth in Banks, supra,

1992. This example describes the effects of

'intraperitoneal administration of a peptide having the

10 sequence of SEQ ID NO: 2 in a rat model of diabetic

neuropathy.

Rats were made diabetic by a single
intraperitoneal injection of streptozotocin (50mg/kg body
weight, freshly dissolved in 0.9% sterile saline) to

15 ablate pancreatic B cells and induce insulin deficiency
as described in Calcutt et al., Pain 68:293-299 (1996).
Two days later, diabetes was confirmed in
streptozotocin-injected rats by measuring blood glucose
levels. Streptozotocin-injected animals with a blood

20 glucose concentration below 15 mmecl/l were excluded from
subsequent studies, according to the commonly accepted
definition of non-fasting hyperglycemia in studies of

diabetes in rats.

Both diabetic and control rats were studied at
25 8 weeks by analyzing the behavioral response to the
noxious chemical formalin as an indicator of allodynia

(Calcutt et al. supra, 1996). Briefly, rats received a




In order to determ ne the percentage of intact material in the
brain, |iywige ! ood, radiol abelled mat eri al @gg@g,&}oﬂqj 2):

isotated fromthe tissues was 20 anal yzed by high pressure liquid
chromat ography. To normal i zggf or degradati on during processing
of tissue honogenat es, peptide SEQ ID NO 2 was added to tissue

honogenat es. g & £xh88hs 0 ngeat 26a! b@nf%%%ﬁ%‘i:f@ﬁa{}é&‘a%e rmalin (5 3uadded

peptide material was used t0 normalize f ring
ti ssue procgskiof). 0.3%teolution in stemdimahaimmemﬁlnﬁmatESLdbﬁsaEre as
follows: SEQ ID NO 2 was .about 60%.i ntact in brain; about 80%
i nt act |n||qﬂﬁface of the rlgpt)gypgzggg This concentration of

PCT/ US97/ 04143, - . and
about 40%nrneuﬁa}}9b% Ogge?nsgbsgggﬁ a%ngPaqu?al re’ég;onsesper|cl)tide SEQ

B NGO 2 wascabordl 684t &nandt albowsatetection of hypdieskydssal {8 indicate
that the peptjide SEQ ID NO, 2 crosses the blood brain barrier
and is | argeliabefbetraws during phagegi R and 2 (Calcutt et al., Euxr.

SMPLE 11T 3 prarmacal. 208 KEELILOT:8ha3 ) BRRHAE DR 0P

intraperi torﬁaéngft&fé&tfataﬁnoséeﬁvae&bhdaham&g é&fsté&ted to Sequence

of SEQIDNG 2 in a rat nodel of diabetic
allow continuous visualization of the paws. The number

10 of flinches during one minute periods were counted at 5
minute intervals for the next 60 minutes by an observer
who was unaware of the treatment group of each animal.
Phase 1 was defined as the initial measurement of
flinching (1-2 and 5-6 minutes post injection); the Q

15 (quiescent) phase as the measurements made at 10-11, 15-
16 and 20-21 minutes; and Phase 2 as all subsequent
measurements post injection, as previously defined for
studies of diabetic rats (see, for example, Malmberg et
al., Neurosci. Lett, 161:45-48 (1993)). Comparisons of

20 activity during each phase were made by summing the
flinches at measurement points within the phase.
Diabetic rats gave an abnormal flinch response, as has

been reported previously.

Peptide SEQ ID NO: 2 was obtained in pure form
25 by chemical synthesis, dissolved in sterile PBS and
buffered to a neutral pH. Diabetic rats were divided in
two groups of four animals each, which were administered
saline or peptide SEQ ID NO: 2, respectively. Two hours
before treatment with 0.5% formalin, the diabetic rats

30 were treated with saline or 200 ug/kg peptide SEQ ID NO:




neufopathy. Rats were made di abetic by a single

I ntraperitomealo7szasscti on of streptozotocin (50ngy/ kg body PCT/US97/04143
wei ght, freshly dissolved in 0.9% sterile saline) to 15 abl ate
pancreatic [err] cells and induce insulin d&iciency as
described in Calcutt et al., Pain 68:293-299 (1996). Two days
| at er, di abet e3 wsingodhtraperiitoneal administrapionot odisnshawectiad rats
by neasuring bl ood gl ucose | evel s. Streptozotocin-injected

animals with aFheyseE 30 adminisfratden hc¥RriPi BR:bel sAmpdekedly | were
excl uded fro”]preventggfF%%”%%ﬂ@ﬁﬂgl5%#%§§$}F§%§§£géngntQhE@% qoroal y

accept ed tion of non- g ergl ycema rn studl es of

di abetes in rahfeliorated the response iBoPlasléapebic708d Copusgl rats
were studied at 25 8 weeks by anal yzing the behavioral response to
the 5 passnberadhedindaistaatdom peptidéec8EQr 10f Nok:| @dyni a

g%?ggggg et alaligeggteégggé'pEEE?QEer géﬁéfﬁg%%ﬁggspég§4én a rat

46 mSdbguban i | 3 B epared formalin (50
[err]] of 0.5% sgl Et i onﬁﬁlr%%sﬂugjr iaﬁtgwggllﬁ\eééi nt oé[t{ﬁ% dor sal

surface of the right hind paw. This concentration of formalin
i nduces sub-maxi mal behavi oral responses _in_5 control rats and
allows detection of hyperalgesia in EXAMPLE IV anetic rats during phases

Qand 2 (Calcutt et al grsfifyarjon of neurdte BAEHRGREN 38D IA%]97 (1995).

Ani mal s were

10 This example describes the use of a peptide
having the sequence of SEQ ID NO: 2 in stimulating

neurite outgrowth in vitro.

NS20Y neuroblastoma ce}ls are grown in DMEM

containing 10% fetal calf serum (FCS). Cells are removed

15 with trypsin and plated in 30 mm petri dishes onto glass
coverslips. After 20 to 24 hours, the medium is replaced
with 2 ml DMEM containing 0.5% fetal calf serum with O,
0.5, 1, 2, 4 or 8 ng/ml of a peptide having sequence SEQ
ID NO: 2 or a scrambled control peptide. Cells are

20 cultured for an additional 24 hours, washed with PBS and
fixed with Bouin’s solution (saturated aqueous picric
acid/formalin/acetic acid 15:5:1) for 30 minutes. After
fixative is removed with PBS, neurite outgrowth is scored
under a phase contrast microscope. Cells exhibiting one

25 or more clearly defined neurites equal to or longer than
one cell diameter are scored as positive for neurite
outgrowth. At least 200 cells are scored in different

positions of each dish to determine the percentage of




transferred to an observation chanber constructed to al | ow
-conti NnUOKSo¥He43k i zati on of the paws. The nunber 10 Péing@wm@hps
durd ng one mnute periods were counted at 5 m nute intervals
for the next 60 m nutes by an observer g4g who was unaware of the
treatment group of each animal. Phase 1 was defined as the

initial t wild nwies post

1 tH! iy p
i nj ection) aﬁé&ﬁf%glgggrlng ce('L Sl eécen%yéiﬂgéep%ls tﬂaeésn%é%rgﬁents made at
10-11, 15- duplicate. 16 and 20-21 m nutes; and Phase 2 as all subsequent

neasurenents post injection, as previously defined for studi es
of diabetic rats (see, for exanple, Ml nberg et , Neurosci

phase wer e nade by suffEngobRace shovl 12 g5q nc%esé‘éii%%m%%sﬁ%téifﬂt :

Wi thin the phéf€ases neurite obtaRekith ridl NI 1 PO WE Bbmphiradh to
response, as has been reported previously.

Bepti de SEQ | Scr@nbledagonbrailnpeptideuhavigantise same ambyochedisal
synt hesi s, disso buffered to,a neutral

t | PB
pH. Di abet|%nr3té¥§g?€e8§vg%§8%|n Inthlasea n?%ﬁfiﬁcﬁﬂﬁgiﬁw?Bquanlnals

each, whi C*'lex\“ﬁaénédﬁkﬂhét gselittle as 0.53dAR YePoft de SEQ 1D NG 2,
respectlvely Two hours bef or'e treatnent wth 0.5%formalin, the
di abetic rats 30 were treated with saline or 200 [err]g/kg peptlde
SEQ I D NO WD 97/ 32895

PCT/ US97/ 04143 . EXAMPLE V 47 2

usi ng intraperitOneE{??%ﬂ%E#3éL5fLﬁgnfﬂ#i:ﬁﬁﬂﬂﬁéﬂih_iqjﬁﬁﬁﬁ% Figure 3,
adm nistration of S ] conpletely P d the abnornma
flinch response in Phase 1 and

Lo This example describes the use of a peptide

having the sequence of SEQ ID NO: 2 in inhibiting neural

cell death in vitro.

NS20Y cells are plated as described in Example

IV and grown on glass coverslips in 0.5% fetal bovine

.5 serum for 2 days in the presence or absence of 8 ng/ml of
a peptide having the sequence shown as SEQ ID NO: 2 or a
scrambled control peptide. Media is removed and 0.2%
trypan blue in PBS is added to each well. Dead cells
stain blue with the trypan blue dye and are scored as a

0 percentage of the total on an inverted microscope,
counting 400 cells in four areas of each well. The
average error of duplicates is +5%. The peptide shown as
SEQ ID NO: 2 substantially reduces the number of trypan
blue-positive (dead) cells. This indicates that a

5 peptide having the sequence SEQ ID NO: 2 can inhibit

programmed cell death.

spaze N e g P s = T TR e T P T




amel i orated the response in Phase 2 by 70% Thus, 5 par ent er al

‘adm ni strat xiloRdgsept i de SEQ ID NO 2 al I evi at ed pdwUssEWed14) oM’
formalin injection in a rat _ nodel of painful diabetic

neur opat hy. 49 EXAMPLE |V

Stinmulation of neurite outgrowth in vitro 10 Thi s
exanpl e describes the use of a peptidegxampr.e vr having the sequence of
SEQID NO 2 in stinulating neurite outgrowth in vitro.

NS20Y neurobl astoma cel | s are diownive mggdination assayontai ning 10% f et al
calf serum (FCS). Cells are renoved 15 with trypsin and plated in 30
mm petri dishes onto gl ass coverslips. After 20 to 24 hours, the
medi um i s repl aced Thig eYah12 BedEMLONIRE Nhs0 BeSY be #li el f
serumw th O, 0.5 4 or 8 ng/m of a peptide having

sequence SEQ having thel Bedﬁbnéeonfa&ﬂa dhINQl: conimostpepladéngCel s are
20 cultured, for an additi onal hou washed with PBS and

fixéd with BoFPREite| aurgroyEh: G?‘at"éd’oaq'ﬂ%{)lj'sn ;ﬁ%?frl%tmg myelination.
acid/formalin/acetic acid 15:5:1) for 30 mnutes. After fixative
I's removed with PBS, neurite outgrowh is scored under a phase
contrast mcroscope. Cel NawBsfhbmbuge @erelellar explalibscateepieypaield ned
neurites equal to or |onger than one cell dianeter are scored as
positive for nmeeerding to SatomiygleRlhSRil hst2P003Tek189%8)e scored in

different  vewrsc8oSuLL2B%cR" a83° hyli¥ha A Pt L dc L he per cont gge of

iﬁpl Ccate. adgsr ihechepn8y afklingithie FRGA RERMhEle @ﬁéaﬂsdbban -mouse
10 cerebellum normally undergoes neuronal differentiation
and myelination begins. On the second day after
preparation of the explants, the peptide having the
segquence of SEQ ID NO: 2 is added to three explants at a
concentration of 10 pg/ml and a scrambled control peptide
15 is added to three explants at a concentration of 10
pg/ml. Neurite outgrowth and myelination in three -
control and three treated explants is assessed under a
bright field microscope with a video camera. On the
eighth day, cultures containing the peptides are thinner
20 and more spread out than control cultures. On day 15,
cultures treated with peptide SEQ ID NO: 2 contain many
cells with long projections at the periphery of the |
explant. Such projections are absent or less prominent
in control cultures. Cultures treated with peptide SEQ
25 ID NO: 2 contain significantly more myelinated axons in
the subcortical white matter at 22 days compared to
control explants. Thus, the peptide of the invention
induces myelination in differentiating cerebellum ex

vivo.



Theupeptide shown in SEQID NO 2 significantly I ncreases

neurite ow(ggﬁy&% I n NS20Y cell.s as conpared to 5 P Aiiad
cont.rol peptide having the same am no acids in a different
order. Increased neurite outgrowh is 50 evident using as little as
0.5 ng/ M pepti de. EXAMPLE V

I nhi bition of neural cell deathi|1\g$gﬁbnx I Thi s
exanpl e descri bes the use of a peptide AL havi ng t he sequence of
SEQID NO 2 in inhibiting it in vitro.

NS20Y cells are plated as described in Exanple |V and grown on
gl ass coverslips in 0.5%fetal bovine 15 serum for 2 days in the
presence or absence of o] pept.i,de, havin h equence
shown as SEQ ID NO 2 %ngQQQLn bt SChggpgmﬁﬁg}(é%%EQHl%e%?¥gﬁia§E§ia is

removed and wit®6inhibition bfyaéﬁgé'lﬂﬁaitﬁ.oBBS istHaRd &1 Pgchonelln Dead
cells stain blue with the trypan blue dye and are scored as a 20

p8r cent age Gintetensiveonyahinnsbheatt.m Fhesediddtion of the pepuitieng 400
cells in four, areas of_gach well, The average error of

dupl i cat es i%??%ﬁr}%@%E$h§Bp@§fiaet§h§ﬁﬂw§§n cells in BESYEe Nepdyces
subst ant| al |gcHypéliis Cgel 1°a84EACEACh BbKBIRependent marHdie-ROSI Loy (dead)

cells. This indicates that a pep ing t sequence SEQ I D
NO 2 can i miithta control scpauplednpdptéble.dedhus, a peptide ofV€he

97/ 32895 . , , PCT/ US97/ 04143

49 invention having the sequenge,pf| SEQ ID NO: 2 can inhibit

BB vivo nveldditd PInfS58H .

EXAMPLE VIII
I ! E ! ! * 3 ] L] cIIs ] »

Humans with traumatic lesions to the spinal

cord receive an intracerebrospinal injection or direct

Ls injection of about 100 pug/ml of the peptide shown in SEQ
ID NO: 2 in a sterile saline soclution or in depot form to
enable slow, continuous release of the peptide at the
lesion site. Improvement is assessed by gain of motor
nerve function such as increased limb movement.

20 Treatments are repeated until no further improvement

occurs.

EXAMPLE IX
I ! ! E i ] L] ! - 3 » 2

Patients diagnosed with early stage MS are
5 given a peptide having the sequence shown in SEQ ID NO: 2

by direct intravenous injection into the cerebrospinal




Thi s exanpl e descri bes the use of a peptide havi ng t he sequence

of SEQ | D NQwod7i3m89st i mul ati ng 5 neurite outgrowth expOTvOssINdI43N
pronroting nyelination. Newbor n nmouse cerebel | ar '
explants are prepared accordi ngstto Satom , Zool. Sci. 9:127-137
(1992). Neurite outgrow h and nyelination are observed over 22
days in cul tur 1l iwgihdper per satleWisset Ram@RMes N AOESEMp18 VITI.
cerebel lum normal | y undergoes neuronal differentiation and

myel i nati on bediogAde® are sepeabiedagaifyecr weekly andpimpueuementofint he
uence. of  SEQ | 21s

expl ants, the peptide havin he S D NO
aéged to three%é #%ﬁ“é?%%ngpﬁ, musculosgg&ggﬁitﬁ??ﬁgkﬁaﬁbo efPfg/ i and a
scranbl ed cont Wem&% 1Pas deterin$naddeqd MRIrEe &d@éﬁa at a

concentration of 10 [err]g/m . "Neurite outgro and
nyelination in three control and three treated explants is
assessed under a bright field m croscope with a video canera.
On tRe ei ght h day, culturesqﬁﬁﬂgﬁ$n§g t he peptides are thinner
20 and nore spread Oikgéé@%&ﬂ%§f¥§=ﬂ$%f$$ﬁ$§ﬁ952£ﬂﬁy 15,

cultures treated with peptide ] conta cells
with long projections at the periphery of the expl ant. Such
proj ections are absent or | ess prom nent in control cultures.

Cultures treated with peﬂ‘ﬁr% ngszgdministerpg. Nexal dentewrdexsigyni Lndusel y
corpared to ety 'dbgrongeny, | HHE BHREY-trledtn el Bette nvent | on
i nduces nyel i naldnimiistetidd xEntig/kgy 200eRg/kdMRX 1 mg/kg of VENE-

10 prosaposin-derived peptide SEQ ID NO: 2. The loss of
thermal sensation was measured using a Hargreaves sensory
testing apparatus as an indicator of sensory neuropathy.
Each of the three doses of peptide SEQ ID NO: 2
administered were effective in inhibiting loss of thermal

15 sensation in taxol-treated mice. The prosaposin-derived
22-mer peptide SEQ ID NO: 1 also was similarly assayed
and found to be effective in inhibiting less of thermal
sensation in the taxol-treated mice. These results show
that prosaposin-derived peptides such as SEQ ID NO: 1 and

20 SEQ ID NO: 2 can be used to effectively inhibit sensory

neuropathy.

Although the invention has been described with
reference to the examples above, it should be understood
that various modifications can be made without departing

25 from the spirit of the invention. Accordingly, the

invention is limited only by the following claims.



WD 97/ 32895 PCT/ US97/ 04143
50 EXAVPLE VI |

| nhi-bi ti OW%?mg'g%%/el i nation Reduct i orll,cg{nsgg \?vgr%n
cell death is correl ated wi th igi bition of denyelination.
Schwann cells contain 5 an extensive nyelin sheath. The addition
of the peptide shown isecBERrE RIBEXN® t 0 Schwann cells in

cul ture reduces Schwann cell death in a dose-dependent manner

not see Wridr@yeontrol scranbl ed peptide. Thus, a peptide of
t he ) GENE%VIgrftlon I%gili ng the sequence of SEQID NO 2 can inhibit 10

denyel i nati ofi.) APPLICANT: The Regents of the University ofEXANPEdrnikl |

i

i ntracerebrospinal infection or direct 1 . i njection of about 100
[err]g/m C¥LihBUNRER! PY SEQHENGES]: N2 ISEQ IDNO 2 in a sterile

sal i ne sol ut.j qn ' 0 enabl e sl ow, conti nuous
rel ease of {‘hvg ﬁ@gf‘lﬁ%ﬁ%%&h %&Eﬁéj_l and rFlofsion site. Inprovenent is
assessed by gai n(myf stREY: 4370 La Jollaneil@gé WhEepnsisdehz@s i ncreased |inb

novenent . (C) CITYrSengHiegoare repeated until no further inprovenent
occurs. (D) SoomeRy. vRr L8 EXANPLE | X |

Treat nent of denym) izBRS IsQIizﬂsIASOI‘ ders Pati ents

di agnosed with early stage M5 are gi ven a peptide having the
sequence shown f i x rgas: disk by direct intravenous injection
into the cerebr ok UTER: n'm",gpzzmp::ibh )

(C) OPERATING SYSTEM: PC-DOS/MS-DOS
{D) SOFTWARE: PatentIn Release #1.0, Version #1.2§

(Vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE: 0S-MAR-1997
(C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
(A} RAME: Campbell, cathryn a.
(B) REGISTRATION NUMBER: 31,815
{C} REFERENCE/DOCKET NUMBER: FP-UD 2474

(ix) TELECOMMUNICATION INFORMATION:
{A) TELEPHONE: (619) 535-8001
{B) TELEFAX: ({619) 535-8949

{2) INFORMATION FOR SEQ ID NO:l:

{i) SEQUENCE CBARACTERISTICS:
{A) LENGTH: 22 amino acids
{B) TYPE: amino acid
(D) TOPOLOGY: linear

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l:

gys Glu Phe Leu Val Lys Glu Val Thr Lys Leu Ile Asp Asn Asn Lys
5 : 10 15

Thr Glu Lys Glu Ile Leu
20

{2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 14 amino acids
(B) TYPE: amino acid
{D) TOPOLOGY: linear




WD 97/ 32895 PCT/ US97/ 04143

51 _ .wo 97/3kstisd using the sanme dose range as in Exanpl e \RUL/US7/04143
Dosages are repeated daily or weekly and inprovenent in nmuscl e
strength, nuscul oskel etal coordination and 53 “nyelination (as

det er m ned by(_l\/l)?l %B;T%Rgbser ved. 5

EXAMPLE X ix : . ., Jreatnent of sensory neuropathy

M ce were admi ni st ’e&%;iﬁep&r" &r to induce sensory

neur opat hy. The t axdl otriemiIRdorizarsoner Mmote= *Xaa is padhbaminst'er ed 100
[err]g/kg, 200 [err]g/kg or 1 ng/kg of the 10 : prosaposi n-deri ved
peptide SEQ IR NG %ENCI%ACQ§§T%: sEQ ID No:2:l NErmBI sensation was
measured usi ng~a P& greaves sensory testing apparatus as an

i ndi cator of smFSR&y LeeurlpabhyAsn Asn Ala Thr EHohelbf IlheLethmrge doses of
peptide SEQ1D3 NO 2 5 adm ni stered Mere effective in inhibiting
| 0ss of t sati@ana.ln taxol-treated mce. The

pr osaposi R?ggﬁr\?égumn ror 20 %N%e? peptide SEQ ID NGO 1 al so was
simlarly assaysUdsSEQUENCE CHARAGTERIs@UCS:E t 0 be effective in inhibiting |ess

Y

of thernal (A) LENGEHH 18 ot #ldsaxol -treated mce. These results
show tr’@; ﬁ%ﬁ%f‘g&gﬂl ved peptides such as SEQ ID NO 1 and
20 SEQ ID NO" 2 can be used to effectively inhibit sensory

neur opat hy. Al t hough the invention has been

descri bed wth. ERG .t | es above, it should be
under st ood n‘” smuz’t“ﬁgté!\gg?l&ous m)%é quatﬁléf)dr?g can be made w t hout
departing 25 Leu Ile fAspnadrth@sspiys Chofcluhsys rdlgntlemeu Accordi ngly,- t he

invention is I¥nited only by the follow ng cl¥ins. WO 97/ 32895
PCT/ US97/ 4 " e '
SEQUENCE B%Tﬁﬁ&m"m“ FOR SEQ ID NO:4:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 aminc acids
{B) TYPE: amino acid
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

€ys Gln Phe Val Met Asn Lys Phe Ser Glu Leu Ile Val Asn Asn Ala
1 5 10 15

Thr Glu Glu Leu Leu Tyr
20

{2) INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 21 amino acids
{(B) TYPE: amino acid
(D) TOPOLOGY: linear

{¥1i) SEQUENCE DESCRIPTION: SEQ ID NO:5:

;:ys Gln Leu Val Asn Arg Lys Leu Ser Glu Leu Ile Ile Asn Asn Ala
5 10 15

Thr Glu Glu Leu Leu
20

(2) INFORMATION FOR SEQ ID NO:6:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 22 amino acids
{B) TYPE: amino acid
{D) TOPOLOGY: linear



( 1)-- GENERAL | NFORMATI ON: (i) APPLICANT: The Regents of the University
of Cali fow%éaz?s (i) TITLE OF I NVENTI ON: Met hods of All gg:lslﬂjggla@?l‘g;_

Neur opat h Usi ng Prosaposin-Derived Pepti 1)
NUVBER OF SEQUENCES: 21 (i v) CORRESPONE¥NCE ADDRESS: (A
ADDRESSEE: Canpbel |l and Fl ores (B) STREET: 4370 La Jolla Village
Drive, Suit exif0SEQUENCE DESCREEYIOBI: T8¥EQ SAnN®diéego (D) STATE:
California ( RY. U E | P: 92122 (v)
COMPUTER REATYABEE® e %99'\,[@5 LYy AR Q@PT"ﬁ%ﬂ%lz‘}fﬁpQ“aigl? Arg

(B) COWUTER: | BM PC conpati bl e (© OPERATI NG SYSTEM

PC- DOS/ M5- DA8ir 6lu clu Lyg DReSOIETWARE: Patent |l n Rel ease #1.0, Version #1.25
(vi) CURRENT APPLI CATI 8N DATA: (A) APPLI CATI ON NUMBER:

B) FI LI NG BAtRmafon B 199710 No:7: C) CLASSI FI CATI ON:
,(A\Tzl'OQNE\’I/}“iGEI\I'I' | Ng%alvm %% TP No:7: ((A))NANE: Canpbel |, Cat hwlnI IA)

(5) REG STRAR)HOREQWMBERCHARACTERISTICS § (© REFERENCE/ DOCKET NUMBER:

FP- UD 2474 ¢ W@ﬁ%ﬁ | NFORMATI ON: (A
TELEPHONE: (619) ¢ v: linear (B) TELEFAX: (619) 535-8949  (2)
| NFORMATI ON FOR SEQ I D NO. 1: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 22 am no acids (B) TYPE: am no acid (D)
TOPOLOGY: | | n83keournce HES §§g,gl§ IQES@?{.I-,ETI ON:. SEQ ID NGO 1: Cys
G u Phe Leub%gl E?/s &Eu %?a?}uT r Lys Leu Il e Asp Asn Asn Lys
Cys Glu Phe val \sral Lys Glu val Ala '.;.:%s Leu Xle Asp Asn Asn Arg
1 15
Thr Glu Glu Glu Ile Leu *
20

{2) INFORMATION FOR SEQ ID NO:8:

{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 22 amino acids
{B) TYPE: amino acid
{D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:83:

Cys Glu Phe Leu Val Lys Glu val Thr Lys Leu Ile Asp Asp Asn Lys
1 5 10 15

Thr Glu Lys Glu Ile Leu
20

(2) INFORMATION FOR SEQ ID NO:9:
{i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 14 amino acids

{B) TYPE: amino acid
{D} TOPOLOGY: linear

{Xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

Thr Lys Leu Ile Asp Asn Asp Lys Thr Glu Lys Glu Ile Len
1 5 10

{2) INFORMATION FOR SEQ ID NO:10:

{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 14 amino acids
{B) TYPE: amino acid
(D) TOPOLOGY: linear




1 - 5 10 15 Thr G u Lys

G u Il e Legyo 932895 20 (2) | NFORVATI ON FOR SEQ | D NECRUS97/64143 (i )’
SEQUENCE CHARACTERI STI CS: (A) LENGTH 14 am no acids

(B) TYPE: amino acid (D) TOPOLOGY:5S i near WO 97/ 32895

PCT/ US97/ 04143 - 53 (i x)

FEATURE: (xi) SEQPBNCE\RREFRIEPION, SEREP NO:10: (B) LOCATIOW 2

(D) OTHER | NFeRMALLBEr /190t &p AXRaRdnSLE ANRNENE Lys clu 1l&i DexSEQUENCE
DESCRI PTION: SEQ ID NO 2: s Thr Xaa Leu Iie Asp Asn Asn Ala Thr Gu Qu

Ile Leu Té& 1 5 10 (2)

| NFORVATI BN ECFORIBET Y, FiQB, 85¢ ID NO:Mlf) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 12 préebomeds dfaracTerisTIcséB) TYPE:. amino acid (D)
TOPOLOGY: |inear (A) LENGIRE )20SEQUENGELI®ESCRI PTION: SEQ I D NO. 3: Leu

|| e Asp Asn Asn Ly );%g?ggégémgs:@gj lle Leu 1 5
10 (2) | NFORMATI P FOR SR 1 D RRY™4: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 22 am no acids

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1l:

Tyr Val Lys His Gln Gly Leu Asn Lys Asn Ile Asn Leu Asp Ser Val
1 5 10 15

Asp Gly val Pro
20

{2) INFORMATION FOR SEQ ID NO:12:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 15 amino acids

{B) TYPE: amino acid
{D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

;ilu Ala Len ala Glu Asn Asn Leu Asn Leu Pro Lys Met Ala Gly
5 10 15

{2) INFORMATION FOR SEQ ID NO:13:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 amino acids

(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

i.eu Gln Met Ile Leu Asn Gly Ile Asn aAsn Tyr Lys Asn Pro Lys Leu
5 10 15

Thr

{(2) INFORMATION FOR SEQ ID NO:14:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 12 amino acids
(B) TYPE: amino acid
(P) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:

ile Leu Met Glu Asn Asn Leu Arg Arg Pro Asn Leu
5 10




(By TYPE: anino acid (D) TOPOLOGY: |inear (xi) SEQUENCE

" DESCRI PTI Gh o7iagbd D NO 4: Cys G n Phe Val Met Asn Lys fwuSerostdau Leu
Ile Val Asn Asn Al a 1 5 10

15 Thr Gu Qu Leu Leu Tyr 56 20 (2) | NFORMVATI ON FOR
SEQ I D NO 5: (1) SEQUENCE CHARACTERI STI CS: (A) LENGTH 21
am no acﬁ"’ds1‘“"0‘“4”*'1'ION FOR) SERYPR: N3P Ho aci d (D) TOPOLOGY: |i near
(xi) SEQJEN ok SBhracheRidsrE; S: Cys @ n Leu vVal Asn Arg Lys
Leu Ser eu I( HENGTRS N 3AGRInd dcids 1 5

10 (B) TYPB: aminoTéwidG u G u Leu Leu 20 (2)
| NFORMATI ON FOR $PBD TOBOKR§Y5: inear () SEQUENCE CHARACTERI STI CS:

(A) LENGTH 22 am no acids (B) TYPE: am no acid (D)
TOPOLOGY: |i near WD 97/ 32895

PCT/ US97/ 041%{3 SEQUENCE DESCRIPTION: SEQ ID NO:15: 54 (xi)

SEQUENCE DE IPTI | D gy, Iyr Val Val Lys Lys Val Met
Leu Leu Ile q\lksgrgun ks@x %ln Leu va ﬁa glx‘_)y{hr éleu 10

15
(2} INFORMATION FOR SEQ ID NO:16:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 17 amino acids

{B) TYPE: amino acid
(D) TOPOLOGY: linear

{xXi) SEQUENCE DESCRIPTION: SEQ ID NO:16:

Ala Glu His Cys Ser Leu Asn Glu Asn Ile Thr Val Pro Asp Thr Lys
1 5 10

val

{2) INFORMATION FOR SEQ ID NO:17:
{1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 18 amino acids

(B) TYPE: amino acid
{D) TOPOLOGY: linear

{xi)} SEQUENCE DESCRIPTION: SEQ ID NO:17:

Tyr Thr Ala Gln Gly Glu Pro Phe Pro Asn Asn Val Glu Lys Leu Cys
h 5 10 15

Ala Pro

(2) INFORMATION FOR SEQ ID NO:18:

{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 15 amino acids
{B) TYPE: amino acid
{D) TOPOLOGY: linear

4
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:

Phe Asn Lys Ile Glu Ile Asn Asn Lys Leu Glu Phe Glu Ser Ala
1 5 10 15




Thr Gu Qu Lys Ilelle 20 (2) | NFORVATI ON FOR SEQ I D

NO 7: - wd 87732808 UENCE CHARACTERI STI CS: (A) LENGTECTARBIZ0$14d
aci ds (B) TYPE: am no acid (D) TOPOLOGY: |i near

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 7: 5%Tys A u Phe Val Vval Lys Gu
VaIAIaLsLeuIIeAs Asn Asn Ar 1 5

10 2) mrom'rzoqg'on SEQ FRrM4h7*G u Gu Ile Leu 20
(2) | NFORMATI g}_\; EeBuske badErBrrsrrcs: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 22 anmap mENGUR: 18 amino ac{® TYPE: amino acid (D)
TOPOLOGY: |inear (B} TYPEEXd &ENCE DESCRI PTION: SEQ | D NG 8: Cys
G u Phe Leu Val Ly&? G"t}’ ‘I'H'l’*“t?’s Leu Il e Asp Asp Asn Lys 1

5 15 Thr Gu Lys Gu lle Leu
20 (2) 1 NFORMATI ON FO? SEQ I D NG 9: (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 13i)SERVENGE BESCRIPTION: SEQRED WOPEY: ani no acid (D)

TOPOLOGY: | o nem ThXide | BT Oh 3
Lye Leu Il eI 2%?55?1 ?splglsﬁ ﬁ?rg% uQE%%QB fe‘?@euﬁﬁ%&?m g;. eln 'V

10
Leu Leu

{2) INFORMATION FOR SEQ ID NO:20:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 18 amino acids

{B) TYPE: amino acid
{D) TOPOLOGY: linear

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:

Tyz: Lys Glu val Thr Lys Leu Ile Asp Asn Asn Lys Thr Glu Lys Glu
S 1o 15

Ile Leu

(2) INFORMATION FOR SEQ ID NO:21l:

(1) SEQUENCE CBARACTERISTICS:
{A) LENGTH: 66 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:

TGTGAATTCC TGGTGAAGGA GGTGACCAAG CTGATTGACA ACAACAAGAC TGAGAAAGAA 60
ATACTC 66




(2) | NFORMATI ON FOR SE8 llﬂmﬂllmlll ”m "(I (i) SEQUENCE CHARACTERI STI CS:

-(A) LENGTH; Ll N0 a TYPE: am no acid

TOPOLOGY: aﬁ) %é%zr%g% WO 97/:32895% * reTUsy70dil)
PCT/ US97/ 04143 5 55 (xi)
SEQUENCE DESCRI PTI ON: SEQ ID NG 10: T%r Lys Ser Ile Asp Asn Asn Lys
Thr G u Lys %Q EE Leu 5 10 (2)

| NFORVATI ON %FID hK)ll (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 20 am no acids (B) TYPE: am no acid (D)
TOPOLOGY: | i near (xi) SEQUENCE DESCRI PTION. SEQ I D NO 11: Tyr
Val Lys Hs Gn Ay Led-AsnA prosapesindarivgdapeptadeydiaving 1from

5 Val Pro

20 (2) | NEERRYF GREFER B34 Fp Aiee aé?d?' ?néé%%gﬁ IAIERErER STI CS:

(A) LENGTH: d8qashee @%% 1n SsEQ 1D (W: T¥YPE: anino acid

(D

TOPOLOGY: | i near (xi) SEQUENCE DESCRI PTION: SEQ I D NO 12:

5 2. The peptide of Claim 1, wherein said

peptide has the sequence shown in SEQ ID NO:

3. A pharmaceutical composition

2.

for therapy

of neural or demyelination disorders in neural tissue’

comprising the peptide of Claim 1 or Claim 2 in a

10 pharmaceutically acceptable carrier.

4. The composition of Claim 3 in a controlled

release formulation.

5. The composition of Claim 3 in a liposomal

form.

1s 6. The compogition of Claim 3 in a

lyophilized form.

7. The composition of Claim 3 in a unit

dosage form.

8. A method of alleviating neuropathic pain in

20 a subject, comprising administering an effective amount

of an active fragment of prosaposin to the subject.




_GuNaLﬂJNaGuAm Pro Lys Met Ala Ay

3) : WO 97/32895 10 !{Iﬂ&lﬂm 15 (2) | NFORMATI oxrcmssmslm
NG 13: (i) SEQUENOE GHA (A) LENGTH: 17 ami no
aci ds (B) TYPE: anmino acid 59 (D) TOPOLOGY: i near

(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 13: Leu dn Met Ile Leu Asn Gy
e Asn Asn Tyr Lys AsnSProﬂthMEhhod ofl claim 8, where3n said active

10 Thr, 2 NFORMATI ON F SES%ED NO 14

(i) SEQUENCE %a:merrERPS?l @g amino aci %sq‘EERE#HS& R dhe

B) TYPE: am Bﬁ% r EQUENCE
(DESCRI PTI ON: %Dgﬁﬁsiftlng o(ﬁ:))SFLeu % %gla i‘sgg E(la)u rgzirg Pro Asn

Leu WD 97/ 32895

PCT/ US97/ 04143 56 (2)
| NFORMATI ON FOR SEQ | D M©-15The methqd %@Blm ErARheTERNSERAS

grA LEXN3$TH ﬁ%apolggtﬁgc paln resulté @I‘O-I;'ng pg:[]lgﬂe%%'l nerve (D)

disorder.

11. The method of claim 10, wherein said
peripheral nerve disorder is selected from the group
consisting of neuroma; nerve compressioﬁ; nerve crush,

10 nerve stretch and incomplete nerve transsection;

mononeuropathy and polyneuropathy.

12. The method of claim 8, wherein said
neuropathic pain results from a disorder selected from
the group consisting of a disorder of dorsal root

15 ganglia, spinal cord, brainstem, thalamus and cortex.

13. The method of claim 8, wherein said
administering is selected from the group comnsisting of:
intravenous, intramuscular, intradermal, subcutaneous,
intracranial, intracerebrospinal, topical, oral,

20 transdermal, transmucosal and transnasal.




(L )élu ) VEFQAJ\I;%IPCE DESﬁIr?I PTum“l mﬁﬂ“!ﬂlm(mm . Phe Tyr Leu Arg :;2 £4:£ ;) n'

| NFORMATI NO 46:t SEQUENCE CHARACTER! Si¢

(A) LENGTH: 17 anlno aCIdS (B TYPE: amino acid (D)
TOPOLOGY: | i near (xi) SEQUENCE DEXRI PTION: SEQ I D NO 16: Al a
GuH's s Ser Leu Ao Gupsnie Ty Vel Blpfsp Tl s e
SEQ ID NO 173 gups @ NG CHARAGTER. ST1 feoti ég%@gm 18
am no acids a subjec YPE: am no acid £§ an eftfc%égéf - 1 near
(xi) SEQUENGEE IESCRbEIiv@\Ifr’é@@«elrﬂi NE KrosaposiyrtIhthal suBiec8y G u Pro
Phe Pro Asn Asn Val G u Lys Leu Cys 1 5

10 Ala Pro  (2) | NFORMATI ON FOR SEQ I D NO 18:

(1) SEQUENCE CHARACTER Tl ;EN 0.a

(B) TYPE: am no acid E§ C%he Fﬁfhﬁﬂxiéég; negf %ﬁeggkg ﬁfS§EQUENCE

DESCRI PTI ON: a §EQ-&DeNg#@nt has an amino acid sequence selected from
the group consisting of SEQ ID NO: 1 and SEQ ID NO: 2.

16. A method of alleviating neuropathic pain
in a subject, comprising édministering to said subject an
effective amount of a peptide having up to about 50 amino

10 acids and including the active neurotrophic region
contained within one of the following sequences: SEQ ID
NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID
NO: 7, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ
ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17,
15 SEQ ID NO: 18 or SEQ ID NO: 19.

17. Use of a peptide having up to about 50
amino acids and including the active neurotrophic region
contained within one of the following sequences: SEQ ID
NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID
20 NO: 7, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ
ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17,
SEQ ID NO: 18 and SEQ ID NO: 19 for treatment of

neuropathic pain.

18. A method of stimulating neurite outgrowth,
25 inhibiting neural cell death, promoting myelination oxr
inhibiting demyelination, comprising the step of

contacting neuronal cells with a composition comprising



v v 0 NG ™ 557 S

PCT# US97/ OWIOI%7/32895

| NFORMATI ON FOR SEQ I D NO: 19: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 18 anino aci ds (B) ®RYPE: amino acid (D)
TOPOLOGY: |i near (xi)  SEQUENCE DESCRIPTION; SEQ I D NO 19: Ar g

Pro Asn |le Lam effeceivar gtABHlasing ominkiRifpng ppgonps of a g
> ;de Havi | NEGRVATI ON
FOR SEQ I D N@%;1de Rave.pj; gE&ﬁEﬁBE mg‘l%@%q‘l %gé:iul:ek'.o a&&}m %&%

LENGTH 18 amf9 8#8t¥#8ding the se ceRitiovd 9 8BQdID No: 2. (D)

TOPOLOGY: |inear (x1) SEQUENCE DESCRI PTI ON: SEQ I D NO 20: Tyr
Lys Gu Val Thr Lys Leu Ile Asp Asn Asn Lys Thr Gu Lys Qu 1
5 | NEOCRVATI ON

FOR SEQ I D NO 21: 0 18;) §é@mé@qﬁwé?ﬁﬁ%%ﬂ'r%§ whéreld saidn) | ENGTH:
66 base pair sgomposition( Bbmp¥XiEes e gt ffd thaving the 6&4ushBeNIHNIES:

doubl e
in SEQ ID NO: 2.

20. The method of Claim 18, wherein said

neurcnal cells are contacted in vitro.

21. The method of Claim 18, wherein said

10 neuronal cells are contacted in vivo.

22. Use of the peptide of Claim 1 or Claim 2
for treatment of neural or demyelination disorders of

neural tissue.

23. A method of inhibiting sensory or motor
is neuropathy, comprising the step of contacting neuronal
cells with a composition comprising an effective

inhibiting amount of an active fragment of prosaposin.

24. The method of claim 23, wherein said
active fragment of prosaposin is a peptide having between
20 about 14 and about 50 aminc acids and including the

sequence shown in SEQ ID NO: 2.

25. The method of Claim 24, wherein said
active fragment of prosaposin is a peptide having the

sequence shown in SEQ ID NO: 2.



(D5 TOPOLOGY: i near ixi i SEQUENCE DESCRI PTI ON: SEQ I D NO 21:
ATACTC WO 97/32895 H'ﬂl k
* [ L

"TGTGAATTCC TGGTGAAGGA l GACA ACAACAAGAC TGAGAAA%\A . 60
PCT/US904143 o
s *

WD 97/ 32895 €2 PCT/ US97/ 04143

58 W claim 1. A prosaposi n-derived
peptide having from about 14 to_ahout 50 am no, aci ds _and

i ncl udi ng t he 26. seTheneetipdurti F182@ 133 nyherein said

2. The peptl {m.1 i i3d 4 . pepti de has the
sequence sh%%%ﬁ%%%rygéﬁhgﬁga in vitro. 3. A pharnaceuti cal
conposition for therapy of neural or denyelination disorders in
neural tissue conprising the peptide of daiml or Jaim2 in a
10 phar maceut i 2%t | yT %c’@ﬁ?gﬁfieoéapﬁﬁéﬂ 23, wherein said 4.
The conposi tion of C ai ip.a e , rel ease formnul ati on.
5. The co%’?ﬁg ioﬁaolh C’g?ﬂ(g a‘%‘%escégﬁeéz’?%gogé’néﬁ”"' form 15

6. The conposition of Caim3 in a | yophilized form

7. The conposition of aim3 in a unit dosage form

5



8. A met hod of alleviating neuropathic pain in 20 a subj ect,

conpri sing Lhistering an effective anpunt of an i
fvﬁg %%%% . . p&FiUsYFloa143

fragment o sin to the subject.

9. The net hod, of cla|n18 wherein said active
fragnent has an am no acid sequence se1263ed fromthe gr oup
consisting of SEQID NO 1 and SEQ ID NO 2. 10. The
nmet hod of claim8, wherein said 5 neuropathic pain results froma
peri pheral nerve di sorder. 11. The met hod
of claim 10, wherein said peri pheral nerve disorder is selected
fromthe group consi sting of neurong; nerve conpressi on; nerve
crush, 10 nerve stretch and inconplete nervs ra
nononeur opat hy and pol yneur opat hy. rbs?e %ebtrr&'ﬁgd of
claim8, wherein said neur opat hi ¢ pai A—réstt ©, Df}b?ng d'niorde3
sélected from the group consisting of a dlsorder r oo
15 ganglia, spinal cord, brainstem t hal amrorsamer /ﬁ at n=
13. The method of claim8, wherein said adnlnlsterlng IS
selected fromthe group consisting of: i ntravenous,

i ntranuscul ar, intradermal, subcutaneous, i ntracrani al
i ntracerebrospinal, topical, oral, 20 transdermal, transnucosal and
transnasal. 15 - WD 97132895 T

PCT/ US97/ 04143

Threshold (grams)

0 . . — . : -
o 30 60 80 120 150 180
Minutes

FiG. |
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Pl

60 14. A nethod of preventing neuropathic pain in
a subject, conprising adm nistering an effective anount n
actiwve frag :%)ma”prosaposi n to the subject. PCTIUS91/6’111§?
The met hod of claim 14, wherein said 5 active fragnent has an

am no aci d sequence sel ected from 2/3 the group consisting of SEQ ID
NGO 1 and SEQ I D NO 2. 16. A nethod of alleviating
neur opat hi ¢ pain in a subject, conprising adm nistering to said
subj ect an effective anount of a peptide having up to about 50
am no 10 acids and including the active neurotrophic region
contained within one of the foll ow ng sequences: SEQ ID NO 3,
SEQID NO 4, SEQID NO 5, SEQID NO 6, SEQID NO 7, SEQID
NO 11, SEQ ID NGO 12, SEQ ID NO 13, SEQ ID NO 14, SEQ I D NO
15, SEQ ID NO 16, SEQ ID NO 17, 15 SEQ ID NO 18 or SEQ I D NG
19. 17. Use of a peptide having up to about 50

am no acids and including the active neurotrophic region

contained within one of the follow ng sequences: SEQ ID NO 3,
SEQID NO 4, SEQID NG 5, SEQID NO 6, SEQID 20 NO 7, SEQ ID
NO 11, SEQID NGO 12, SEQ ID NO 13, SEQ ID NO 14, SEQ ID NG
15, SEQ ID NO 16, SEQ ID NO 17, SEQ ID NO 18 and SEQ I D NO
19 for treatmeqg -4f - neur opat hi ¢ pai n.

18. A nethod of stji rrul?iti nah neurite outgrowth, 25 i nhi biting

neural cell death,] propotifg nyelination or

—{}— 14—mer 2.4ug n=2
—/\— 14—mer 24ug n=2

~ 10— T
o
E
5 /
=
© 1A
[e]
£
[
o
4 A A
| ] ] /\
! -+ [ ]
0 L ¥ LA T T 1
0 30 60 90 120 180 180
Minutes

FIG. 2

SUBSTITUTE SHEET (RULE 26)



I nhi biting denyelination, conprising the step of contacti ng

FIG. 3

neuronal cqlb97Mgbh a conposition conprising G S¥/usdfichian
PCT/-US97/ 04143 61 an
effective stinulating or inhibiting ag$22§ of a pepti de havi ng
bet ween about 14 and about 50 am no a and including the
sequence shown in SEQ ID NO 2. 19. The net hod of
Claim 18, wherein said 5 conposition conprises a peptide having
t he sequence shown in SEQ D NO 2. 20.
The met hod of Cl aim 18, wherein said neuronal cells are
contacted in vitro. 21. The nethod of [Caim 18,
wherein said 10 neuronal cells are contacted in vivo.
22. Use of the peptide of Claim1 or Claim?2 for tfpeatnent of
neural or denyelination disorders of eyral tissuel -
23. A nmethod of inhibiting sensory or notor 15 Onlat hy,
conprising the step of contacting neuronal ——— ith a
conposition conprising a | LRI | unt of an
active fragnment qf prosa met hod of
claim 23, wherein sai in*fs a
pepti de having between 2 aci ds and
i ncl udi ng the sequence shown in SEQ ID NOY 2.
25. The nmethod of Caim 24, wherein said tive frjagnent of
prosaposin is a peptide hgying the
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s,eaauence shown in SEQ I D NO 2.

26. The net hod
Vit rd.

Sal

23, wh Ll o
CATEREE AR W TIETE ARG,

8o LF65-¢
2 lPOS COpq

neur onal
cells
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(57) Abstract

The invention provides a method of alleviating or preventing neuropathic pain in a subject by administering an effective amount of
an active fragment of prosaposin to the subject. The invention also provides prosaposin-derived fragments and the use of these fragments
for stimulating neurite outgrowth, inhibiting neural cell death, promoting myelination and inhibiting demyelination. In addition, there is
provided a8 method of inhibiting sensory or motor neuropathy by contacting neuronal cells with a2 composition comprising an cffective

amount of an active fragment of prosaposin.




