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- 1 - SPECI FI CATI ON PROPHYLACTI C ANDY OR THERAPEUTI C AGENTS FOR
PERI PHERAL NEUROPATHY TECHNI CAL FI ELD [0001] The present invention
relates to a novel pharmaceutical conposition for preventing and/ or
treati ng peripheral neuropathy caused by m crotubul e i nhibition,
whi ch conprises erythropoietin as an active ingredi ent. BACKGROUND
ART [0002]C splatin and derivatives thereof, as well as taxan- based
anti cancer agents have excellent therapeutic effects and are w dely
used in clinical practice. However, t hesé dgents al so cause serious
side effects, i.e., anem a and peripheral neuropathy. Peripheral
neuropathy is a disease with synpt @peEczfFIgarnoNwhi ch causes
degenerati on of nerve axons and/or nyelin disruption. It is well
known that peripheral RPROPEFAABYICSAND!OR MHERARESIICOAGENEEL ment with
anti cancer agents, but also occurs as a conplication of HV infection
or di abetes. [0003] On t he ot HQGR RERIPHERMLNINBBRPBATHY (EPO) has been
regarded as a hemat opoi etic cytokine. Recent reports have indicated
that EPO is al so produced in the central nervous system (Masuda et
al ., 1994), b J 8' ¢ Bn t he devel opnent of the nervous system (Liu
et al., 1994 =, 1998; 1999; Chin et al., 2000) and shows a
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(Corio et gharmaceutical composition for preventing and/or treating
peripheral neuropathy caused by microtubule inhibition, which
comprises erythropoietin as an active ingredient.

BACKGROUND ART

[0002] Cisplatin and derivatives thereof, as well as taxan-
based anticancer agents have excellent therapeutic effects and
are widely used in clinical practice. However, these agents
also cause serious side effects, i.e., anemia and peripheral
neuropathy. Peripheral neuropathy is a disease with symptoms
of pain, which causes degeneration of nerve axons and/or
myelin disruption. It is well known that peripheral
neuropathy is not only caused by treatment with anticancer
agents, but also occurs as a complication of HIV infection or
diabetes.

[0003] On the other hand, erythropecietin (EPO)} has been
regarded as a hematopoietic cytokine. Recent reports have
indicated that EPO is also produced in the central nervous
system (Masuda et al., 1994), is involved in the development
of the nervous system {(Liu et al., 1994; Juul et al., 1998;
1999; Chin et al., 2000) and shows a wide neuroprotective
effect in diseases such as brain ischemia (Sakanaka et al.,

1998: Briness et al., 2000}, spinal cord injury (Georio et al.,
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- 2 - 2002), encephalitis (Agnello et al., 2002), etc.
[ 0004] Mor eover, the presence of EPO and EPO receptors in the
peri pheral nervous system has al so been reported in rats (Canpana &
Myers, 2001) and human tissue (Hassan et al., 2004). This suggests
that EPO.al so.plays a physiological role in the peripheral nervous
system [0005] As supporting evidence for physiological functions of
EPO in the peripheral nervous system thg group of Canpana et al. has
reported that when sciatic nerves of rat§ are injured or crushed by
chroni c conpression, EPO expression is increased in glia cells
(Schwann ce1002)) .neacephalihiar (Agnellq leit @fl.al 20020058 tcWhen i nj ur ed,
the sciatic nerves undergo Wal | eri an degenerati on (axonal
degener at i diP004 t heMarePEers tlee R¥fdImachefnEPPeaBdgiRPtrerendans ino
the injury site serves as a locus for neurite sprouting (lde, 1996;
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| de, 1996; iy t@fe plripREPA) . nSFRYRNNsRldS are glia cells responsible

for nyelin formation i n peripheral nerves and hence correspond to

ol i godendr qoydosy i N hkesappbr blndeswiiish ey Foemph¥heol 8y £6d Drudt iidhe
present invention have reported that EPOis a nol ecule involved in
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renyelination in demyelinating di sease of the central nervous system
(Sugawa et &l al.2bp9z; rppeEEadt thailwhen FciapicenerPesd| ¢Eardtoh axe
W02/ 02135 Al). These findings suggest that EPO acts not only on
nerve cel | stfipterde Ofe AEREPCH ePY otRE WG SHMPEGESIPRe BRO SFRERTF IR 11§,
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commonl y calisred kynillkVihef geivoOnsddiammandiox@imadl to 2RO4injwnd s ng
t hat EPO i nproves reduced nerve conduction velocity and pain in
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[ 0007] Moreover, it has been clinically reported that the neurol ogical
synpt om scdrashoginesi 28030 i n-As éntted-ec afic Erhparp epe blseke Peripheral

significantly inproved in the EPOtreated group &Nangi ameli et al.,
2002) . neuropathy, it is known that Schwann cells are

redifferentiated and/or proliferated, and further migrate in
the injury site and its distal side, thereby playing an
essential role as a scaffeold for sprouting of new neurites or
regenerated axcens (Hall & Gregson, 1974; Ide, 1996; Li et al.,
2005). Schwann cells are glia cells reSponsible for myelin
formation in peripheral nerves and hence correspond to
oligodendrocytes in the central nervous system. The inventors
of the present invention have reported that EPO is a molecule
inveolved in oligodendrocyte maturation and myelination, and
may stimulate remyelination in demyelinating disease of the

central nervous system (Sugawa et al., 2002; International
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[ 0008] However, cisplatin-induced peripheral neuropathy is due to
radi cal generation, and it is conpletely unknown whet her EPO has a
prophyl actic or therapeutic effect on other types of peripheral
neuropathy with different onset mechanisns. In particular, there is
no report. about the effects of EPO on peripheral neuropathy induced
by a m crotubule inhibitor, when adm nistered as an anticancer agent,
which kills cancer cells by st oppi ng the,action of chronosonal
m crot ubul es having an inportant contribiition to cell division. - 4
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[0007] Morecover, it has been clinically reported that the
neurological symptom scores of cisplatin-treated cancer
patients were significantly improved in the EPO-treated group
(Mangiameli et al., 2002)}.
[0008] However, cisplatin-induced peripheral neuropathy is
due teo radical generation, and it is completely unknown
whether EPQO has a prophylactic or therapeutic effect on other
types of peripheral neuropathy with different onset
mechanisms. In particular, there is no report about the
effects of EPO on peripheral neuropathy induced by a
microtubule inhibitor, when administered as an anticancer
agent, which kills cancer cells by stopping the action of

chromosomal microtubules having an important contribution to

cell division.
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(1) A pharmaceutical conposition for preventing'and/or treating

peri pheral neuropathy caused by m crotubul e inhibition, which
conprises erythropoietin as an active ingredient. (2) The
pharmaceutical conposition according to (1) above, wherein the

peri pheral neuropathy caused by mcrotubule inhibition is that caused
by adm nistration of at | east one nenber selected fromvinca

al kal oi ds or taxans. (3) The pharnaceqt%cgl conposition according to
(2) above, wherein a nenber of the taxanS Is paclitaxel or taxotere.
(4) Use of an erythropoietin-containing pharnmaceutical conposition
for the purfiyddrepodanidar isheeapgprofivartdive tthempfatsnefiT€asensory
conposition is used in _conbination with an anticancer agent having an
i nhi bi t or y REUEOPAtEY - nNerEPath| et t. (2D04aANsNt R3a37bF2pP bvkiR ity or
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conprises admnistering to a patient a pharnmaceutical conposition

cont ai ni ng gyrytshropoi etin in an anount effective for preventing or
treati ng peripheral neuropathy caused by m crotubul e i nhibition,
wherei n the phatoacpatensl Docapest ticn Lin gdni chshekKedNoguatariimata on
wi th an anticancer agent having an inhibitory effect on m crotubules.
(7) Use of mimimadopytepilashkct siebdemairaofutbeobrathhapebetin inggeptor
conposition for preventing or treating peripheral neuropathy caused

by ni crot uttfdd-ateFi BE¥LBROLA (@Yd AeInYOsYTdEnteali 8avelppregpt . Blood.
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DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION




] .
t axot ere-i nduced peri pheral neuropathy nodel mce, EPO was observed
to alleviate peripheral neuropathy both in evaluation of neurol ogical
synptons and in histopathol ogi cal eval uation of sciatic nerves.
[ 0013] Thus, the prophylactic and/or therapeutic agents of the present
i nvention are.useful for peripheral neuropathy and - 9 -
particularly useful for reducing side effects of peripheral
neuropathy in patients receiving a mcrotubule inhibitor as an
anticancer agent. As a result, the agent§ of the present invention
not only alleviate pain in the patients (inproves their QO), but
al so enabl é0PABE easeBhelozipst mivltivegpdtepent otnvwerndt i riesnded provide a
frequency for adm nistration of the anticancer agent, which were
never bef oPBaEBRAFRVEHCATHROMRANISOR §8TcRABY RN BT FHYhtd ETsRtinge.
BRI EF DESCRI PTI ON OF THE DRAW NGS 0014£ Figure 1] Figure 1.is a
graph showPRGVRBEFOF oF LIPSt RAGEICTRREER P BPG cal
treat ment. [Figure 2]_Figur.e 2_is,a_graph show n eur gl ogi ca
Syrpt om chRIBESH RHUE b RN eng ePR4ProRt et 0 BRI land « he
ef fect of 11N, S i r ; i 3-1] Figure 3-1
presents pﬁgt%g?g%ﬁ% %%‘ggvé‘ﬁ;b}}h@%&Pﬁgﬁgg%gg{%%ﬁb@s in
degener at i gapARE B6RatbLVNEE VI rROBL.ERE t he ef fect of EPO
adm ni stration thereon in the group not receiving taxotere (0 iv), as
anal yzed byobebui di nehél ieveitaind RF the prefényuinmyéhti]on-ingives £3uid
presents phot ographs show ng hi stopat hol ogi cal changes in
degener at | thadf esgthropoistive hipeogs saguifheapt f drdrageBEC effect on
adm ni stration thereon in the group receiving taxotere (90 ng/kg ip),
as anal yze@ebjrheral dpelr epaid s tousiety bYBESTH g daphinero(e.g- .

THE | NVENTI ON . ] .
taxotere) when administered as an anticancer agent. This

finding led to the completion of the present invention.
[0011] Namely, the present invention provides the
following.

(1) A pharmaceutical composition for preventing and/or
treating peripheral neuropathy caused by microtubule
inhibition, which comprises erythropoietin as an active
ingredient.

(2) The pharmaceutical composition according to (1) above,
wherein the peripheral neuropathy cauvsed by microtubule
inhibition is that caused by administration of at least one
member selected from vinca alkaloids or taxans.

(3) The pharmaceutical composition according to {(2) above,
wherein a member of the taxans is paclitaxel or taxotere.
(4) Use of an erythropoietin-containing pharmaceutical
composition for the purpose of cancer therapy, wherein the.
pharmaceutical composition is used in combination with an
anticancer agent having an inhibitory effect on microtubules.

(5) A method for preventing or treating peripheral neuropathy



[ 0015] Eryt hr opoi etin The erythropoietin used in the present

i nvention can be any EPO, but preferably highly purified EPO, nore
specifically - 10 - mammal i an EPO, especially having bi ol ogi cal
activity substantially identical to that of human EPO. [0016] The
erythropoi etin used in the present invention can be those prepared by
any process, including, e.g., natural human EPO purified from

human- deri ved extracts (JPB HEI 138800. etc.), or human EPO

reconbi nantly produced in E. coil, yeaétscélls, Chi nese hanster ovary
cells (CHO cells), C127 cells, COS cells, nmyelonma cells, BHK cells,

i nsect cel lcausedt hg hikeobububxtimcitdd iand whbtht ecnprisds ed by
various nethods. The erythropoietin used in the present invention is
pr ef er abl y adgdadsitaaARDya pphprmacpugcale capPysbyieni eoptrdniud &n
cells (especially CHO cells) (e.qg., JPB HEl 1-44317, Kenneth Jacobs
et al., NatQfo®hy égtéﬁélélomf 1@8%’3@%{%‘3311[1’09{??%%\6%@% ;P
obt ai ned EPQ haye,an am no_aci d ,sequenc entical to that of
naturarly GouiptasebetiR FlyA Riidne 3RaPED oh itk retanigen o
addi tion or. Qther gndlflcatlon of one or nore amno acids in the

am no acid sequence so far as it has simlar biological activity to

that of natygnal hymdehbdedoERCAnAte %e%‘&'p@ dgh@bh OBomSkiisdd t uti on,
addi tion or other modi fi cation can be péfformed by nethods known to

t hose skil lahinistBeingt to FOrpebany & phapRfh¥pepicse &onsdd 0N y
conparable to EPO can be prepared by those skilled in the art by

i ntroduci ngoatadning ecythvepekdtiion inntan BROuAS effeopivatfowi a
site-directed nutagenesis (Gotoh, T. et al. (1995) Gene 152, 271-275;
Zol l er, M DPrexgputipgtAr WeaiimgpIemmphiesdd Bauyapathy 0vrUSEEB-1500;
Kramer, W et al. §1984 Nucl eic Acids Res., 12, 9441-9456; Kraner, W
and Frltz “HCEOtP? é?)lNE%th%°¥h29WﬂP1n15He Bé@r@%9eu¥&ﬁﬂ&ﬂ°°mP951tl°n
(1985) Praqc. Aca SA 82, 488:492 nkel (1988

et hots Endpnatnenss828a 55 comtitagicn, WiEhn AR ahbicoer, Sty having
vari ations %!EBhRBEEB ”eﬁﬁéH%QM1§ﬁQE%ﬁhb¥18§” amno acid residue is

preferably su stltute by ‘anof her am no acid residue in which the

property of(shyheyagi 88 agyehsbseistiai N %h@ofﬁﬁﬁfﬁétuf@roie)@mp' e, the
properties of am no acid side chains include hydrophobic am no acids
(A I, L, MhatmaPBeu¥ic¥l Mmpdyitriaghiforc paeivantangdsr (edkidy C, E
Q G H K S T), amno acids having aliphatic side chains (G A V.
L, I, P), @einipheralisnhavopytiy ragdd dontdcabhgbeleelmntbiisianS, T,
Y), am no acids having sulfur-containing side chains (C, M, amno
aci ds havi i@ )caPbegypared BeEM A Hbo FhlﬁgmBrﬁée%h%JEhﬁngcqutlEal
Q, amno acids haying base-containing side chains

ani no aC|d§mW§9Fﬁ618PoﬁﬁPF%lEiﬁﬁeﬁ?ﬂqﬁ}9§P&§t&HaFﬂs FPm?pnt{eﬁﬁeCtive

I d.¢ h h
[t has beet o8 PEA %\ng%ha-?eaﬂo#‘nﬁp HirpBEERT Mg PR B RIS
sequence m?rfl'cf.c‘ogﬁbﬁied%ﬁib ioft d‘%na%/t EaftRst LY éjl? Wg?(@i}%%r nor e
y

am no acid residues retain their biol og|ca activit

al ., Proc. iMtibitbegderBebt MSAnldHidhbudds.5662-5666; Zoller, MJ. &
Smth, M Nucleic Acids Research (1982) 10, 6487-6500; Wang, A et
al ., Scieng®VvARTAGES30F1988; TDENEEON- McFarl and, G et al., Proc.

Nat|. Acad. Sci. USA (1982) 79, 6409-6413). [0018]For t he purpose of
t he presentl00dednt i oAs $hewpnin the Example section described later, in

taxotere-induced peripheral neurcopathy model mice, EPO was
observed to alleviate peripheral neuropathy both in evaluation
of neurological symptoms and in histopathologicél evaluation
of sciatic nerves.

[0013] Thus, the prophylactic and/or therapeutic agents of

the present invention are useful for peripheral neuropathy and



. B | —— .
protei ns of EPO and another protein can also be used. Fusion proteins

can be prepared by, e.g., ligating the DNA encoding EPO in-frame with
t he DNA encodi ng another protein, inserting the ligation product into
an expression vector and expressing - 12 - it in a host. The second

protein to be.fused to EPOin the present invention is not
specifically limted. [0019] For the purpose of the present invention,
chem cally nodified EPO can al so be used, Exanples of chemcally

nodi fied EPO i ncl ude, for exanple, EPC)c%enicaIIy nodi fied with

pol yethyl ene glycol or the like (e.q., W90/12874), carbohydrate-free
EPO cheni cRRPEF1AB4RFIEAUSEE N FOITy deRycdRe glye pffmchihof pexirherad| |
as EPO conjugated to a conpound such . as an inorganic or organic
conpound, 898??99F93n?% Bavlenis. TecayarinR B Ot ¢ HahIbi59ge a8 an
t he present invention, EPO derivatives,c al so _he used, As_used

her el n. - EPGPAAFROSETVATTAT or 85§ EPOILbn 1 AP ol FPEABERFROL aci d

in the EPOiHQEﬁ‘E%ﬁ 26t Ln C&ﬁ%@%&?} Pgiﬁ. md&ﬁ«% %a%rﬁ%g?/(g%n?r%ves

chain in the EPO nol ecul e. 7002 cations o ( chal ns

in EPO nol egdliesqbn§! uget a4itid iciableubatirbdst@naostedet g%

! : o139 ¢edNBeriod
| i ke of carbohydrate chains. Preferred carbohydrate nodifications in

t he presentandnifastéeased nttregleemsl doroadainssttati@cials the BR®@icancer
nol ecul es. [0022] Nornmal Iy, both of EPO produced by reconbi nant ani nal
cell s and BBénder whichfweme nevesr hedoubt acheteved. EPBecegputsst abss
cont ai ni ng various EPO nol ecul es having di fferent carbohydrate

st ruct ur es enfihdenprpLengrtiom|qf; lddieds attached to the EPO nol ecul es

in the EPO conBosEtions Pe ends onDthe speci fi c EPO nol ecul es, but

nor mal |y 1E3EE_;B_§E§l§£iﬂiﬂﬂiigﬂ%_§ﬁﬂéﬂgéd to one EPO nol ecule.

Desi al yl at qdoZR0 (ast pl GERO) £} P&P1RE" &5 P SR Y 1H15382353LLE
symptom changes induced by taxotere treatment.

[Figure 2] Figure 2 is a graph showing neurological
symptom changes induced by taxotere treatment at 90 ma/kg ip
and the effect of EPO administration thereon.

[Figure 3-1] Figure 3-1 presents photographs showing
histopathological changes in degeneration of sciatic nerve
axons and the effect of EPO administration thereon in the
group not receiving taxotere (0 iv), as analyzed by toluidine
blue staining.

[Figure 3-2] Figure 3-2 presents photographs showing
histopathological changes in degeneration of sciatic nerve
axons and the effect of EPO administration thereon in the
group receiving taxotere (90 mg/kyg ip), as analyzed by

toluidine blue staining.

BEST MODE FOR CARRYING OUT THE INVENTION

[0015] Erythropoietin

The erythropoietin used in the present invention can be

any EPO, but preferably highly purified EPO, more specifically



- 13 - sialic acids renoved by desialylation is not specifically
limted, and all sialic acids may be renoved, or 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 11, 12, 13 or 14 sialic acids may be renoved. Preferred
asial oEPO in the present invention has 10 or |ess, nore preferably 5
or |ess, nost :preferably 2 or less sialic acids attached to the EPO
nol ecule. It should be noted that the nunber of sialic acids used in
the present invention is the average nunher in EPO nol ecul es
cont ai ned in EPO conpositions. The avé?ggh'nunber of sialic acids per
nol ecul e can be determ ned by nmethods known to those skilled in the
art (EPO428@6maldan. FPO| 08933 Eosl gt Ylavtind BROL¢adcal okFvican be
prepared by nmethods known to those skilled in the art, e.g., by
treating EP@bﬁﬁﬁﬁtaﬁlbﬁz¥®%n%%%ﬁLd%’§h&¢|§ﬁsbum§ma$?@ases ar e
commerci al l.y avail able (JPA 2005-507426, Nobuo Inmai et al., Eur. J.

Bi ochem 19#01 337 4650¢ 1950hrepqistin usedNBPeB@%rpr??ﬁPt invention can

cal bonydr at® CRATR, DFRERLEA Ny L%ae”%'g‘%gaga&ﬁgg%@%% St SR | s
Protel i drCRFCER] R GDBArS2BTe" "BBTT OBLr e VDBE) SEibe R ¢RY i ch

has sialic 388 abtaghedoalnidien m-mrz@baabiﬁaﬂtp;( FPQiuced in E. coli,
[0024]Nbd|f|cat|ons of am no acids in EPO nol ecul es include

car banyl at yeastbrcellsyl ehimese amntiteat ooaryacelys a{Com,cells), C127
guani dinyl ation, etc., but a preferred am no acid nodification in the
present i nwedtlsonCPE caibsmmysliamm cepQGZSPHN1qelhsidinsﬁdﬁnﬂails or
nodified are not limted, including, e.g., lysine, arginine, glutamc
aci d, trypﬂ@ﬁh&ﬁke an§433t¥ﬂQ¢edtﬂﬂﬂ'é5B ated/BUTEFi o BitivATHOMST | ed

in the presen nventlon IS S|ne 0026 Thus an especially )
preferred gﬁﬁ Bpﬁent Qﬁ qﬁﬂﬁh opoieti used in e present invention is

preferably recombinantly prepared, preferably by using

mammalian cells (especially CHO cells) (e.g., JPB HEI 1-44317,
Kenneth Jacobs et al., Nature, 313 806-810 (1985), etc.).
[0017] Recombinantly obtained EPO may have an amino acid
sequence identical to that of naturally derived EPO or may
contain a deletion, substitution, addition or other
modification of one or more amino acids in the amino acid
sequence so far as it has similar bioclogical activity to that
of naturally derived EPO. Amino acid deletion, substitution,
addition or other modification can be performed by methods
known to those skilled in the art. For example, a polypeptide
functionally comparable to EPO can be prepared by those
skilled in the art by intreducing an amino acid variation into
EPO as appropriate via site-directed mutagenesis {Gotoh, T. et
al. (1995) Gene 152, 271-275; Zoller, M.J. and Smith, M.
{1983) Methods Enzymol. 100, 468-500; Kramer, W. et al. (1984)
Nucleic Acids Res. 12, 9441-9456; Kramer, W. and Fritz, H.J.

(1987) Methods Enzymol. 154, 350-367; Kunkel, T.A. {(1985)



| i

containing a nodified am no acid is EPO containi ng carbanyl at ed

| ysine (Marcel L et al. Derivatives of erythropoietin that are tissue
protective but not erythropoietic. Science, 2004; 305: 239,
Fiordaliso E et al. A nonerythropoietic derivative of erythropoietin
protects .the myocardium fromischem a-reperfusion injury. PNAS, 2005;
102: 2046, etc.). Carbanylations of EPO include carbanyl ation

nedi ated by reaction with cyanate ions Qr the |ike; alkyl
carbanyl ati on nedi ated by reaction mﬁfhlélkyl I socyanates or the

| i ke; aryl carbanyl ation nediated by reaction with aryl isocyanates
or the |ikero®r apanyl adtdad .asdior USher ape ud 8 8- Foor;miuakiedng 1988) Mdtiods
prophyl actic and/or therapeutic agents of the present invention can
cont ai n suBpzymithg &Hgerd7H3-2d1660i Przethker stediiniiquess, Ambrenigidg
agents, preservatives, adsorption inhibitors, surfactants, diluents,
exci pi ent sY2BH AT iBSe oSG9FhilRgRaEBRe s, GeBLPFaLy s f ¥rireomeici ng

of dSELBEnE?%i%%ﬁ“%iq%? Sl ehpe PR O e paacoscd.
chr boymet YRRy e S i e UL L PR R RS BB e 1o

[ 0028] Sol uRjhiZefesa | n%Edexgﬁﬁ,ye%ygfé@ﬂﬁ{ﬁ%ﬁmgosgné&fﬂoC 1@ Qe -

Pol ysorbate 80, nicotinic acid am pol’'yoxyet hyl ene sorbitan
nonol aur at ghaifae r adlliie $3REOHhEbEc amifo -adid W aacitd et hul, estersy,

etc. [0029] Stabilizers include dextran 40, nethylcellul ose, gelatin,

sodi um sul ¥j t'e), sodirophiatizs amfinbeaceds. (R 0QB0NCert,aEn ani 60 HCiKls s,

can al so be included as
T), amino acids having aliphatic side chains (G, A, V, L, I,
P), amino acids having hydroxyl-containing side chains (S, T,
Y), amino acids having sulfur-containing side chains (C, M),
amino acids having carboxylate- and amide-containing side
chains (D, N, E, Q), amino acids having base-containing side
chains (R, K, H), and amino acids having aromatic-containing
side chains (H, F, Y, W) (examples shown by one-letter amino
acid codes within parentheses). It has been already known
that polypeptides having an amino acid sequence modified by
deleting, adding and/or substituting one or more amino acid
residues retain their biological activity (Mark, D.F. et al.,
Proc. Natl. Acad. Sci. USA (1984) 81, 5662-5666; Zoller, M.J.
& Smith, M. Nucleic Acids Research (1982) 10, 6487-6500;: Wang,
A. et al., Science 224, 1431-1433; Dalbadie-McFarland, G. et
al., Proc. Natl. Acad. Sci. USA (1982) 79, 6409-6413).
[0018] For the purpose of the present invention, fusion
proteins of EPO and another protein can also be used. Fusion
proteins can be prepared by, e.g., ligating the DNA encoding

EPO in-frame with the DNA encoding another protein, inserting

the ligation product into an expression vector and expressing
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stabilizers (e.g., JPA HEl 10-182481, etc.). Am no acids added as
stabilizers include free amno acids and salts thereof such as sodi um
salts, potassiumsalts, hydrochlorides, etc. Am no acids can be added
al one or as a conbination of two or nore. Am no aci ds added as
stabilizers are not specifically limted, but preferred am no acids
i ncl ude | eucine, tryptophan, serine, glutam c acid, arginine,
hi stidine and |ysine. [0031] I sotonizing ents include, e.g.,
D-mannitol, sorbitol, etc. [0032] Preservatives include, e.g., methyl
par aoxybenzoat e, ethyl paraoxybenzoate, sorbic acid, phenol, cresol,
chl or ocr esdlt, 18t 8. hpeb33]|Thus Gegondnprahebin t b e falasde toe E§O, ihubhe
serum al bum n, lecithin, dextran, ethylene oxide/propyl ene oxide
copol yner s PTRFEPEx BV B8R eR| 15 Wil SReSHAILaLLY ({HBEEed0| yoxyet hyl ene

nydrogenal edogast o L pAg! NELIASTS YpteBlc e O TYP Glcarsy
sorbitan fafiyeaghUefs! €43 SHEN 5 AU {ARIPNOC Y WhdheagQubi tan

nonol aurate, sorbitan nonopal mtate; glyceri atty aci es s such

as glyceri modRE9eaPEPOAL fc1 @y Cod HRNPAY!, | BPS! Enek JLLIY Modified
nonost earate; polyglycerin fatty acid eSters such as decagl yceryl -

16 - nonostwaahabelyderaueye efcdll reahat @ikdecagyyceyodo/12874),
nonol i nol eat e; pol yoxyet hyl ene sorbitan fatty acid esters such as
pol yoxyet hylaghehgdrat & afira® kG urtedm capdlyy mxgl £ hyd ewnietIs diisteethylene
nmonool eat e, pol yoxyet hyl ene sorbitan nonostearate, polyoxyethylene
sor bi t an nsdagalnPrathe pbkgoxdetpllleds E8Pbreaiugated ctn @ compound
pol yoxyet hyl ene sorbitan tristearate; pol yoxyethylene sorbitol fatty
aci d est er $USHcASa8R pdP9BERTRE I FIFLGi £EMPPRRE ast ehir atEltamin B12,
pol yoxyet hyl. ene sorbitol tetraol eate; pol yoxyethylene glycerin fatty
acid esters Such as pol yoxyet hyl ene gl yceryl nonostearate;

pol yet hyl engqghycol ﬁﬁ%{eé’vé‘fj ﬁiﬁt@{eﬁg%%gsésoﬁoiﬂgté%%(yet )g.ll]ln\e(:%glltion,

di st earat e; pol yoxyet ene a rs-such as pol

lauryl ethefpp RekYOXYeLEY! i P0iy ey RIsRRY | eAle de nealher,sepbch as
pol yoxyet hyl ene pol yoxypropyl ene gl ycol ether, pol yoxyethyl ene

pol yoxypr opelrepeatprrepyeretdeto R ywwntatihyhgne podioxydramde e igetiyl
et her; pol yoxyet hyl ene al kyl phenyl ethers such as pol yoxyet hyl ene
nonyl phenythecERer mopetydayer yd HRP lramdenedngastordiofied steotpahydrate
pol yoxyet hyl ene castor oil, polyoxyethyl ene hardened castor oi

( pol yoxyet [¥edRe iny BhegBRAtRele@s%®r oil); pol yoxyet hyl ene beeswax

derivatives su as polyoxyet hyl ene sorbitol beeswax; pol yoxyethyl ene
ool in deritpiitvas BeEt L e CRTPEHROraRS) S AR hyl ene

|20 20 Al e B LUV A LSRG ST, HLL e S ash o

:gg{ﬁ;ﬁfanﬁ.. go? gggb&ﬁ%gfgyé fﬂé#ﬂ%.Sufpeférfééﬁéggﬂaﬂ¥Qra§glfate’

yl "sul fate, sodiumoleyl sulfate; polyoxyethylene alkyl

et her modifications in the present invention include deletion of
slalic acids in EPO molecules.
[0022] Normally, both of EPO produced by recombinant animal
cells and EPO derived from urine are obtained as EPO
compositions containing various EPO molecules having different
carbohydrate structures. The number of sialic acids attached
to the EPO molecules in the EPO compositions depends on the
specific EPO molecules, buft normally 11 te 15 sialic acids are
attached to one EPO molecule. Desialylated EPO {(asialoEPO)

can be prepared by removing these sialic acids. The number of



- 17 - sulfates having an average EO nol e nunber of 2-4 and a C10-18
al kyl group such as sodi um pol yoxyet hyl ene | auryl sul fate; alkyl

sul fosuccinic acid ester salts having a C8-18 al kyl group such as
sodi um | auryl sul f osucci nate; and natural surfactants, e.g.,

| eci t hi n;. gl ycerophosphol i pi ds; sphi ngophospholi pids such as

sphi ngomyel i n; sucrose fatty acid esters of Cl2-18 fatty acids.
Formul ati ons of the present invention c contain one or nore of

t hese surfactants in comnbination. Prereigea surfactants are

pol yoxyet hyl ene sorbitan fatty acid esters such as Pol ysorbate 20,
40, 60 or 8&0aléspacids |semRoleds bybdesialplantbBOls Pty sppetififtenhdy
pol yoxypropyl ene_gl ycol s such _as pol oxanmers (e.g., Pluronic F-68(r))
are al so pRéPéF?‘éd.a‘[%(ﬁB@i Sdlde- a6hLaI RAIPS SRRAVied -a§&nls PracBudé,

. 9., | fhydryl - | ni d h N- |, i ne.
Nacet yi omBeyEt ef neb- o ot d aoid. L B b yEALLG HESERBRE| B ne,
t hi ogl i [ t hj i i_d I f
Sodi um t i SenPTate: rkeeErpa ARt i AR pBReRR, dinadfl G mas, 1p

carbon atogg. 10036 AN ifpddanbiy Bcbfdf?s& gnos@%%%&?bigaﬁi gﬁ less

di but yl hydr oxyt ol uene, butyl hydr Ooxyani sole, a-toc ero ocophero

acetate, lgiascordtLdadthahéasabt $nkheb@aholddAneor byt Pebiid aeé noted
L-ascorbyl stearate, sodiumbisulfite, sodiumsulfite, trianyl

gal | ate, pthayl tigal naitemroi kdlaatcngesgenised uah tag: @reedhtiminvention
et hyl enedi am ne tetraacetate (EDTA), sodium pyrophosphate and sodi um
met aphosphaseth¢ (Y87 a@charunberpdneBPE Bohemnles anodadimeyd ahsBPDe
contained, e.g., inorganic salts such as sodiumchloride, - 18 -
pot assi um ERAMBPFHELORS cThf BREERIYNURRST @ §AddpHaneldpRes JRkrcule

phosphat e and sodium bi carponate; and organic salts such_.as sodium
citrate, pSFﬂsé?u EﬁﬁW%ﬂ95P§ﬁ6m§3BPaﬁ155 t those skil1éd In the art

(EP0428267, etc.).

[0023] Desialylated EPO (asialoEPQO) can be prepared by
methods known to those skilled in the art, e.g., by treating
EPO with an enzyme such as sialidase. Sialidases are
commercially available (JPA 2005-507426, Nobuo Imai et al.,
Eur. J. Biochem, 194, 457-462 (1990), etc.).

Moreover, the erythropoietin of the present invention may
be EPO with a modified carbohydrate chain, including EPO
analogs whose carbohydrate chain is modified, as exemplified
by NESP (Novel Erythropoietin Stimulating Protein; disclosed
in WO85/02610, W091/05867, W095/05465, etc.) which has sialic
acid attached at the N-terminal end of EPO.

[0024] Modifications of amino acids in EPO molecules
jnclude carbamylation, biotinylation, amidination,
acetylation, guanidinylation, etc., but a preferred aminoc acid
modification in the present invention is carbamylation.

[0025] Amino acid residues modified are not limited,

including, e.g., lysine, arginine, glutamic acid, tryptophan,



[0038] I n the prophylactic and/or therapeutic agents of the present
invention, the effective dosage of erythropoietin is determ ned by
physi cians in consideration of the disease to be treated and its
condition, the age and body weight of a patient, the route of

adm nistration, etc. In general, EPOis admnistered at a dose of 0.1
to 5000 gg, preferably 5 to 1000 g per adult. [0039] Al t hough the
prophyl actic and/or therapeutic agents qf, the present invention are
generally adm nistered by the parenteral route, for exanple, in the
formof injections (e.g., subcutaneous, intravenous or intranuscul ar
i nj ecti onspter - bhuthe PEREIXEAARENC pEASNTedLEled timiditadaesent

t ranspul nonar rgute. oral,  admnistration is also possible. D seases
The prophyF&KgPE ARAdHBri¥FSpeuti c agents of the present invention
are useful eri ral neur [ Q040] Per i pher al. neyr opa
refers to ébg?ggrdePP§ gfrébrﬁf f%ﬁ%&% s?gﬁgéﬁféérﬁﬁﬁéﬁﬁﬂf“&h@gb%g¥n

and spi nal ooQkgs Mk € SREE1 £ Pldind bt 8f S5 SEd® duPalidier al nerve

di sease that involves disruption of nyelin surroundi ng nerve axons

and event U@braaﬂg%té@gﬁfvﬂ@é | MarcEhendes0aterpdsiRds8fae G enot only

in nerve cells, but also in nyelin-form ng Schwann cells. Peripheral
neur opat hy ergthsspoiat bl thdih SepticsaesSpebtast benIarty mbitst ur bance,
nunbness, hypoesthesia, ache, urtication, pain, dysesthesia,

anest hesi agriybkopesétic asidimnice . 28045 y3P8: 2399 Fiquiaidlset & kbsalofA
movenent), etc. [0041] The prophylactic and/or therapeutic agents of

t he presenfloPATERRTRCHE €l dayiviativey ofseryithrepoiririnpmaodiects the
-neuropat hy which_occurs when_a mcrotubul e inhjbitor is _admnistered

as an anti BXAEEFALEEFEOR 1RSI ASEERSTRHF LR i LY nilcel R4PEF 102

structure, ,i,§.CO sed | ¢ bul i (spal rized tubulins). A
“tubulin di %E?Gangpcg' ﬁ1 c(ra{) ?gﬁ&g‘ggrﬁgﬁgnc’%a é}g)yr%é]nql%rageqﬁﬂ-sgwygﬁ#i%’? ate

t hrough po LZaty Q4o . i Lon: heh di rbs
this equilhé??é%%gtg grand'gﬁg?g%§pgyé?%ggaﬁ°§%t€%:ﬂ%%?hg%Feggiggrves
as a m crogHbyhRyl 8Pl b tidiathes dyKRewa t 86n My LRt A} 1€ HigdivBinb@es or
i nclude: 1) vinca al kal oi ds (which have an inhibitory effect on

m cr ot ubul ¢h&olikéi oaryhraaxiartyleitsioni ndingtéd by htdddisidno wiahsaryl
bi ndi ng between tubulins), as exenplified by vincristine,

vi nbl ast i négogyadatemnecmnthesilnidiesl bi ne; as well as 2) taxans (which

stinmulate tubulin polynerization to stabilize m crotubules, unlike
vinca al kaBspBRYlagtic grd/qr therapeubdcofermptatififti on and/ or

R
whi ch | eads g, poANL LG ANGRLa 6l (RiipbnaiAY SXEHPL! FSHnibn AL axel

(taxol), taxofere and docetaxel.
stabilizers, isotonizing agents, preservatives. adsorption

inhibitors, surfactants, diluents, excipients., pH modifiers,
soothing agents, buffers, sulfur-containing reducing agents,
antioxidants, etc., as appropriate.

fo027] Examples of suspending agents include
methylcellulose, Polysorbate 80, hydroxyethylcellulose, gum
acacia, gum tragacanth powder, sodium carboxymethylcellulose,
polyoxyethylene sorbitan monolaurate, etc.

fo028] Solubilizers include polyoxyethylene hydrogenated
castor oil, Polysorbate 80, nicotinic acid amide,

polyoxyethylene sorbitan monolaurate, Macrogols, castor oil
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[ 0042] The prophyl actic and/or therapeutic agents of the present
invention can _attain an excellent effect, particularly when used in
conbi nation with an anticancer drug, such as paclitaxel or taxotere,
whi ch has a strong anticancer effect and often causes neuropat hy
(e.g., nunbness in hands and feet) due to strong inhibition of
m crotubul e action. - 20 - [0043] The present invention further
provi des the use of an erythropoietin-containing pharmaceuti cal
conposition for the purpose of cancer tHérapy, wherein the
phar maceuti cal conposition is used in conmbination with an anti cancer
agent havi mgteg aebdbétioyy effeand, e@rcni crotubul es. Such anticancer
agents having an inhibitory effect on mcrotubul es are preferably
vi nca al kall[ob@8]and $txteihbizesrsremicilodeddebtwan 4br engirhgfleralinyose,
taxans. Particularly preferred are paclitaxel and taxotere. The
timng at @eLeRL1RheSediMm ryplfiidis .nsediuni nehysphaktmcehd.cal
conposition of the present invention_is conbined with the above

anti cancer [8§8Rd i s CRTERHR AEHNSY a5HCS ERRNLSR RO NNFERG 6§ of the
ffect of h iet] | i to b ted dit
cTiect of gugbiopeielly ge vell @ Uhe,gigfese,io pe bueslod g 1
adn1n|stra%hﬁgd %EPsté 11 RYe Al Q%ﬁébggggeoém%ﬁgcﬁé&dé“éﬂﬁ aqgQusly

With_, or after admnistration o € ove an can_cer age_nt_, )
particul ar lyhePe6t e @bh Yades i unP sadtBU! HaPLOYShy M 1tk ,asiﬁﬂa%%hﬁﬁﬁ@@s,

of the above anticancer agent. [0044] The present inventidon further
provi des aefet hadnifrer apri@éernnBeosddsé®adlidige RAY iaghar abmpenaDPSE e
caused by m crotubul e i nhibition, which conprises adm nistering a
phar maceut itwal oromposi t iAminoopcddai added proEbdbddtiizealds| prer not
therapeutically effective amount of erythropoietin to a patient in
need of suéfRepiéieatlvnlbiltedbathinPrefogued eine axdifts iipgdideon
further provides a nethod for cancer therapy, which conprises

adni ni st er 1R§CLBEa PR EIRNEP pIHEFTHRC uFLRERNED RO 1 1 351910dR i ni ng
erythropoietin.i.n_an_a nt, effective for preventing or treating
peripheral%&?@iglggn%%roﬁﬁ%ﬁvhcaused by m crotubul e inhibition,

wher ei n { 1§ oBBR MACCHLA Cals LOIPAYehie@N 1h81 8641 T O ¥l dhrGRgh! AL ON
wi th an antiicanCer agent having an inhibitory efflect on m crotubul es.
sorbitol, etc. '
[0032] Preservatives include, e.g., methyl paraoxybenzocate,
ethyl paraoxybenzoate, sorbic acid, phenol, cresol,
chlorocresol, etc.
[0033] Adsorption inhibitors include, e.g., human serum
albumin, lecithin, dextran, ethylene oxide/propylene oxide
copolymers, hydroxypropylcellulose, methylcellulose,
polyoxyethylene hydrogenated castor oil, polyethylene glycol,
etc.
[0034] Typical examples of surfactants include:
nonionic surfactants, eﬂg., sorbltan fatty acid esters
such as sorbitan monocaprylate, sorbitan monolaurate, sorbitan
monopalmitate; glycerin fatty acid esters such as glycerin

monocaprylate, glycerin monomyristate, glycerin monostearate;

polyalycerin fatty acid esters such as decaglyceryl



[ 0046] The present invention further provides the use of
erythropoietin in the manufacture of a pharnmaceutical conposition for
preventing or treating peripheral neuropathy caused by m crotubul e

i nhi bition. [0047] The present invention further provides a conbi ned

formul ati-on, which conprises a pharnmaceutical conposition containing

erythropoietin in an anount effective for preventing or treating

peri pheral neuropathy caused by nicroLu?FIQ I nhi bition and an

anti cancer agent having an inhibitory eftfect on m crotubules.
[0048] I n the present invention, an_enbodi nent where an

erythrop0|@9ﬂﬁs%ﬁﬁﬁ%ﬁQHlﬂfﬁﬂﬁ&ﬁﬁﬁ€§&tﬁééﬁe%%ﬁﬁﬁmnQQQQ$1W§656#1nlstered
"in conbination with" an a |cancg ent havi ng an .inhi bito ¥ ef f ect

on mi cr ot uBaPeLt QR%&QEF%ﬂHO LEIET Vl% e fﬁﬁ?ﬁ??ﬂuﬁﬁ?ﬁﬁé@F&Ft&ﬁ BFst fieh

anti cancer 289 %p%p%§k%i@%th ad nistratio

anti cancer 23 ?éyo % 3 n1n|sPra?n% P82 %e PR Oégﬁégylﬁﬂgnt
EXAMPLES Eg?ﬁgigﬁ“W§ﬂde@gﬂ%? %?i?ﬁgﬁgﬁﬁ§ﬂéﬂg” 4#ﬂff§5rﬁvﬁogqga959§ent

i nvention out owever € sane thereto

changes angoipskfd At 1aRS sebiRAnREBoPN1hIONE Slﬁo'l'y%@:y'eﬁlh%'ﬁ!@n@rt

and these changes and nodifications are al so includéd in e present
i nventi on. sbxpide theidfdaaet, @olEBoyethy bt er-vindinc edipeeaphesal -

22 - neuropat hy nodel

polyoxyethylene sorbitol fatty acid esters such as
polyoxyethylene sorbitol tetrastearate, polyoxyethylene
sorbitol tetraoleate; polyoxyethylene glycerin fatty acid
esters such as polyoxyethylene glyceryl monostearate;
polyethylene glycol fatty acid esters such as polyethylene
glycol distearate; polyoxyethylene alkyl ethers such as
polyoxyethylene lauryl ether; polyoxyethylene polyoxypropylene
alkyl ethers such as polyoxyethylene polycxypropylene glycol
ether, polyoxyethylene polyoxypropylene propyl ether,
polyoxyethylene polyoxypropylene cetyl ether; polyoxyethylene
alkyl phenyl ethers such as polyoxyethylene nonyl phenyl
ether; polyoxyethylene hardened castor oils such as
polyoxyethylene castor oil, polyoxyethylene hardened castor
0il (polyoxyethylene hydrogenated castor ¢1l1l); polyoxyethylene
beeswax derivatives such as polyoxyethylene sorbitol beeswax;
polyoxyethylene lancolin derivatives such as polyoxyethylene
lanclin; polyoxyethylene fatty acid amides such as
polyoxyethylene stearic acid amide, each of which has an HLB
of 6-18;

anionic surfactants, e.g., alkyl sulfates having a Cl10-18
alkyl group such as sodium cetyl sulfate, sodium lauryl

sulfate, sodium oleyl sulfate; polyoxyethylene alkyl ether



t axot ere-i nduced peri pheral neuropathy nodel (1-1) Aninmals | CR
mce (male) were purchased at 5 weeks of age and handled for 1 week
before use in the experinment. (1-2) Preparation and adm ni stration of
reagents . »As an anticancer agent, taxotere (Taxotere injection,
Aventis Pharma, 1V 80 ng 2nlL) was used. [0050] Using the attached

sol ution and physi ol ogi cal saline, taxo& re was adjusted to a vol une
of about 0.15 m per 10 g nouse body Wbighf (45 ng/ kg iv, 90 ny/kg

i p). The vehicle serving as a control (0 ng/kg) was prepared in the
same mannesudfghgs ThaeiR@RmAYVerage 8Doyptal neebémeoff r-4 wnd a Cl0-18
adm ni stration, [0051]On the other hand, reconbi nant human EPO under
the trade AAKELEPBORR FUHURS FoHHFaPeLYPERE tiopleng tlpuryia sadfahas

adj usted usipng.a solution (containing 135 nnol/L NaC, 0.125%
S i o AL Ea ot S o ag FLES RALES LAHIED i CF 8 ALKYLpH

6.0)) and I.ni stered ead/ Koo Jhe adm ni sfration
schedul e gg‘gg ?%’1%? 03\%%?%13(%? lefrate%r&gg\{l\gfg'?/ééﬁc%%n%%'r az{git ng/ kg iv (via
the tail vein) . ORCE a .3 weeks (3 tinmes in
total on days 0?55%%%0514 A%\%}ﬁ#gt %és\'/éh’?%%ﬂgﬂ{d' EPO (720 U head)
were each giyeBréfhesphdL{ giormlingegkoéaﬁ%pfﬁi& haiers sef ore

I Vi

taxotere treatnent. 0052] The m ce were ded into the following 6

groups, W sbhihgompebin; cfuaiselfatgyyvanidne posentdesa-18 fatty
acids. Formulations of the present invention can contain one
or more of these surfactants in combination. Preferred
surfactants are polyoxyethylene sorbitan fatty acid esters
such as Polysorbate 20, 40, 60 or 80, especially Polysorbates
20 and 80. Polyoxyethylene polyoxypropylene glycols such as
poloxamers (e.g., Pluronic F-68®) are also preferred.
[0035] Sulfur-containing reducing agents include, e.qg.,
sulfhydryl-containing compounds such as N-acetylcysteine, N-
acetylhomocysteine, thioctic acid, thiocdiglycol,
thiocethanolamine, thioglycerol, thiosorbitol, thioglycolic
acid and salts thereof, sodium thiosulfate, glutathione, and
thicalkanoic acid having 1 to 7 carbon atoms.
[0036] Antioxidants include, e.g., erythorbic acid,
dibutylhydroxytoluene, butylhydroxyanisole, o-tocopherol,
tocopherol acetate, L-ascorbic acid and salts thereof, L-
ascorbyl palmitate, L-ascorbyl stearate, sodium bisulfite,
sodium sulfite, triamyl gallate, propyl gallate or chelating
agents such as disodium ethylenediamine tetraacetate (EDTA),
sodium pyrophosphate and sodium metaphosphate.

[0037] Other components commonly added may also be

contained, e.g., inorganic salts such as sodium chloride,
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- 23 - [0053]1. Taxotere O iv + Vehicle (5) 2. Taxotere 0 iv + EPO
(5) 3. Taxotere 45 iv + Vehicle (8) 4. Taxotere 90 ip + Vehicle (8)
5. Taxotere 90 ip + EPO (8) (2) Evaluation of neurol ogical synptons
Conti nuous treatnent with taxotere will induce typical hind | eg
crossing-in mce when hanged by their tails. If the synptons reach an
advanced stage, the sanme crossing response will also occur in the
forel egs, thereby |eading to dysbasia._ §gch a synptom was used as an
indicator to evaluate the mce as follows: 0 = no synptom 0.5 =
abnormal novenent without clear flexion; 1 = flexion in one hind | eg;
2 = hind | pgtéseikumnrciokorbdesnciadeinmschhgrides, Zadomphosphibager; 3
= dysbasia. Scoring was acconplished by blind eval uati on of synptons.

(3) " H st opRPHBFBHIE Ahespliafe Pef Spdiemablearhanate: and preapact sakike
led off t . ci at | . _Under_this stat
OT ot bl GoRYIR FF T OERET g o POFBRS BN | L TR Ak 800 1HBr BPEtake)
ral deflyd wol (st ! ;
minutes. t hEoR8T et T arh e, SEoRhyRREE 8T Rl Ror Al an WUt LBl O the

hour in a ghakeht cON&tidN and! Weakat debYVassddeXidid e3P tHbBBieThS is

sciatic nerves were then enbedded_ln a standard manner |nto aresin
for el ectr@ateififsd APy pHpsadiaaki 00. cdRbidshNa di W $hal Aedesset tONBe

were prepared and evaluated for the degree of axonal degeneration at

t hree | evetseahedear(d )itandoidit)icandthedegatand body weight- o€Rasul t s>
patient, the route of administration, etc. In general, EPO is
administered at a dose of 0.1 to 5000 nwg, preferably 5 to
1000 ug per adult.
[0039] Although the prophylactic and/or therapeutic agents
of the present invention are generally administered by the
parenteral route, for example, in the form of injections
(e.g., subcutaneous, intravenous or intramuscular injections)
or by the percutaneous, transmucosal, transnasal or
transpulmonary route, oral administration is also possible.
Diseases

The prophylactic and/or therapeutic agents of the present

invention are useful for peripheral neuropathy.
[0040] Peripheral neuropathy refers to a disorder of the
nervous system not including the brain and spinal cord. More
specifically, it refers to a peripheral nerve disease that
involves disruption of myelin surrounding nerve axons and
eventual axonal degeneration. The disorder is observed not
only in nerve cells, but also in myelin-forming Schwann cells.
Peripheral neuropathy is associated with symptoms such as
sensory disturbance, numbness, hypoesthesia, ache, urtication,

pain, dysesthesia, anesthesia, dyskinesia, asthenia, paralysis



(1) Neurol ogical synptom changes Upon taxotere treatnent,
neur ol ogi cal synptons devel oped around 8 days after the treatnment in
both cases of 45 ng/kg iv and 90 ng/ kg ip. Then, the synptons becane
further exacerbated day by day. Although the synptons tended to be
exacer bated faster in the 90 ng/kg ip group than in the 45 ng/kg iv
group on days 7 to 10, these groups showed al nost the sane course of
synptons and no significant difference ggyer the subsequent days
(Figure 1). In contrast, the group not receiving taxotere (naive)
showed no neurol ogi cal ton1(F| ure 1). Based on these results,

t axot er e tﬁ@ﬁ?ﬂ%@ﬁee&O%@ FW@EWSH s 858d for exanination of drug

S o S, BB A eSS o

Syt oms. aPFeretd A SR R bRk Aok ¥or GUTRREcaT
The resul tﬁeﬁ£o%&'§ﬁ€|vﬁ9ié}?lodac¥&@ RAELOA Mcfd%dﬁdi@%nﬂ'ﬂﬁ%t%&aie' ng
are shown In Ta and Figures 3-1 and 3-2. (0055] - 25 - [Table 1

] Table 1. adwonastélegenas aln ehtadanges a@eﬁ@xouaem@ci:beab@ﬂe&wﬁdm is

nerve specinmens and effect of EPO
an intracellular structure, is composed of multiple tubulins
(polymerized tubulins). A tubulin dimer and a microtubule are
in a "dynamic equilibrium” state through polymerization and
depolymerization. An agent which disturbs this equilibrium
state and thereby exerts an anticancer effect serves as a
microtubule inhibitor. Those known as microtubule inhibitors
include: 1) vinca alkaloids (which have an inhibitory effect
on microtubule formation through their binding to tubulins to
cause binding between tubulins), as exemplified by
vincristine, vinblastine, vindesine and vinorelbine; as well
as 2) taxans (which stimulate tubulin polymerization to
stabilize microtubules, unlike vinca alkaleoids. As a result,
taxans affect the formation and/or functions of spindiles
(composed of microtubules) during cell division (M stage) to
stop the cell division, thereby causing cell damage, which
leads to an anticancer effect] , as exemplified by paclitaxel
(taxol), taxotere and docetaxel.
[0042] The prophylactic and/or therapeutic agents of the
present invention can attain an excellent effect, particularly
when used iﬁ combination with an anticancer drug, such as
paclitaxel or taxotere, which has a strong anticancer effect
and often causes neurcpathy (e.g., numbness in hands and feet)

due to strong inhibition of microtubule action.
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[0043] The present invention further provides the use of an
erythropoietin-containing pharmaceutical composition for the
purpose of cancer therapy, wherein the pharmaceutical
composition is used in combination with an anticancer agent
having an inhibitory effect on microtubules. Such anticancer
agents having an inhibitory effect on microtubules are
preferably vinca alkaleoids and taxans as mentioned above, more
preferably taxans. Particularly preferred are paclitaxel and
taxotere. The timing at which the erythropoietin-containing
pharmaceutical composition of the present invention is
combined with the above anticancer agent is determined by
physicians in consideration of the effect of erythropoletin as
well as the disease to be treated and its condition, the age
and body weight of a patient, the route of administration,
ete. It may be any timing of before, simultaneously with, or
after administratiocn of the above anticancer agent,
particularly preferably before or simultaneously with
administration of the above anticancer agent.

[0044] The present invention further provides a method for
preventing or treating peripheral neuropathy caused by
microtubule inhibition, which comprises administering a
pharmaceutical composition containing a prophylactically or
therapeutically effective amount of erythropoietin to a
patient in need of such prevention or treatment.

[0045] The present invention further provides a method for
cancer therapy. which comprises administering to a patient a
pharmaceutical composition containing erythropoietin in an

amount effective for preventing or treating peripheral
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neuropathy caused by microtubule inhibition, wherein the
pharmaceutical composition is administered in combination with
an anticancer agent having an inhibitory effect on
microtubules.

[0046] The present invention further provides the use of
erythropoietin in the manufacture of a pharmaceutical
composition for preventing or treating peripheral neuropathy
caused by microtubule inhibition.

[0047] The present invention further provides a combined
formulation, which comprises a pharmaceutical composition
containing erythropoietin in an amount effective for
preventing or treating peripheral neuropathy caused by
microtubule inhibition and an anticancer agent having an
inhibitory effect on microtubules.

[0048] In the present invention, an embodiment where an
erythropoietin-containing pharmaceutical composition is
administered "in combination with" an anticancer agent having
an inhibitory effect on microtubules covers all cases, i.e.,
before administration of the anticancer agent, simultaneously
with administration of the anticancer agent, and after
administration of the anticancer agent.

EXAMPLES

[0049] The following examples further illustrate the
present invention without, however, limiting the same thereto.
Various changes and modifications can be made by those skilled
in the art, and these changes and modifications are also
included in the present invention.

Example 1: Effect of EPO in taxotere-induced peripheral
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neuropathy model
{Experimental Materials and Methods)>
(1) Preparation of taxotere-induced peripheral neuropathy
model
{1-1) Animals

ICR mice (male) were purchased at 5 weeks of age and
handled for 1! week before use in the experiment.
(1-2) Preparation and administration of reagents

As an anticancer agent, taxotere (Taxotere injection,
Aventis Pharma, 1V 80 mg 2mL) was used.
[0050] Using the attached solution and physiological
saline, taxotere was adjusted to a volume of about 0.15 ml per
10 g mouse body weight (45 mg/kg iv, 920 mg/kg ip)}. The
vehicle serving as a control (0 mg/kg) was prepared in the
same manner using Tween-80 and physiological saline for iv
administration.
[0051] On the other hand, recombinant human EPO under the
trade name Epogin (Chugai Pharmaceutical Co., Ltd., Japan) was
adjusted using a solution (containing 135 nmel/L NaCl, 0.125%
histidine-HCl and 0.005% Tween 80 in 10 mmol/L phosphate
buffer (pH 6.0)) and administered at 720 U/head/week. The
administration schedule was as follows: taxotere was given at
0 or 45 mg/kg iv (via the tail vein) or at 90 mg/kg ip, once a
week for 3 weeks (3 times in total on days 0, 7 and 14), while
the vehicle and EPO (720 U/head) were each given sc¢ {(into the
dorsal neck region) 3 hours before taxotere treatment.
[0052] The mice were divided into the following 6 groups,

with the number of animals given in parentheses.
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{0053] 1. Taxotere 0 iv + Vehicle (5)

2. Taxoctere 0 iv + EPO (5)

3. Taxotere 45 iv + Vehicle (8)

4. Taxotere 90 ip + Vehicle (8)

5. Taxotere 90 ip + EPO (8)
{2) Evaluation of neurological symptoms

Continuous treatment with taxotere will induce typical
hind leg crossing in mice when hanged by their tails. If the
symptoms reach an advanced stage, the same crossing response
will also occur in the forelegs, thereby leading to dysbasia.
Such a symptom was used as an indicator to evaluate the mice
as follows: 0 = no symptom; 0.5 = abnormal movement without
clear flexion; 1 = flexion in one hind leg; 2 = hind leg
flexion or extension lasting for 2 seconds or longer; 3 =
dyshbasia. Scoring was accomplished by blind evaluation of
symptoms.
(3) Histopathological evaluation of sciatic nerxrves

Muscle tissue was peeled off to expose sciatic nerves.
Under this state, a glutaraldehyde fixing solution (stored on
ice immediately before‘use) was added to lmmerse all the
gsciatic nerves. After incubation for 10 minutes, the sciatic
nerves were isolated and gently shaken for 1 hour in a shaker
containing a glutaraldehyde fixing solution. The sciatic
nerves were then embedded in a standard manner into a resin
for electron microscopic examination. Toluidine blue-stained
sections were prepared and evaluated for the degree of axonal
degeneration at three levels: none (-), mild (+) and moderate

{++4).



+/- + +/- + + +/- + +/- +1- [0056] The groups not receiving taxotere
(0 iv) showed no degeneration of sciatic nerve axons, whereas the
groups receiving taxotere showed di aneter reduction and deformation
of axons, which were indicative of clear axonal degeneration. The
degree of” axorial degeneration in the 90 ng/kg ip group was as
follows: t, n=3; mld (+), n =1; noderate (++), n = 3 (Figure 3-2,
Table 1). In contrast, the group recei-vi2ag-EPO showed t he
degeneration levels within the range of t to mld (+) |evels even
upon 90 ngQKgsﬁP iy eatment, and the nunber of aninmals eval uated as
the t | evel was Yarger than in the vehicle group, thus indicating a

tendency t@;§l k&Yt &ical symptom changes

Upon taxotere treatment, neurological symptoms developed
around 8 days after the treatment in both cases of 45 mg/kg iv
and 90 mg/kg ip. Then, the symptoms became further
exacerbated day by day. Although the symptoms tended to be
exacerbated faster in the 90 mg/kg ip group than in the
45 mg/kg i1v group on days 7 to 10, these groups showed almost
the same course of symptoms and no significant difference over
the subsequent days (Figure 1). In contrast, the group not
receiving taxotere (naive) showed no neurological symptom
{Figure 1). Based on these results, taxotere treatment at
90 mg/kg ip was used for examination of drug effects because
it allowed faster development of the symptoms.

[0054] In neuropathy induced by taxotere treatment at
90 mg/kg ip, EPO administration was found to reduce
significantly the neurological symptoms after 10 days
{Figure 2).

(2) Histological examination

The results of histological examination by toluidine blue
staining are shown in Table 1 and Figures 3-1 and 3-2.

[0055]



- 26 - neuropathy (Figure 3-2, Table 1). [0057] These results

i ndi cated that EPO adm nistration tended to suppress exacerbation of
neur ol ogi cal synptons and axonal degeneration of sciatic nerves in

t he peri pheral neuropathy nodel induced by taxotere, an anticancer
agent widely used in cancer therapy (Figure 1, Figure 2, Figure 3-1,
Figure 3-2, Table 1). | NDUSTRI AL APPLI CABI LI TY [ 0058] When a

phar maceuti cal conposition conprising_ekythropoietin as an active
ingredient is adm nistered to patients receiving a m crotubul e

i nhi bi tor ?ﬁ En aniicancer agent, such treatnent alleviates

peri pheral !né }6pﬁ hy in the patients and enabl es i ncreased dosage,

pr ol onged L.Qd i f da.ni i of t
bove anti hanieqy A8l d¥teRRRRn, shEAED el HersP REMBHL AR e odf s
phar maceut hralki#e@PEBG 1 on not only contributes to inprovement of QOL
in the patients, but also enables prolongation of life in the
patients. 27 Cains [1]Use of a therapeutically or prophylactically
ef fective anopnt—of —eryttroporeti i the manufacturer—of—=

medi canent fof theGriwgy apeuti c Tad0dv + Mehithy| acl i c tTaad ienEPD
peri pheral nefiropat hy causeg byjm cyotupul e[ T nhyBitjon.[ 2T Thel us
accordi ng to ¢l aiAmirhal Néver el n1t he2 per3 phet al meur®ppthy; i& si%el 10
effect caused| by adm nistrationfof at Teast|one| nenper felected frgm
vi nca al kal oi gdPegenesationsof

sciatic nerve - - - - - - - - , -

axons

Group Tax 90 iv + Vehicle Tax 90 iv + EPO

Animal No. 26127129 |30 |31[3233|34(35|36|37|38]|39

Degeneration of
sciatic nerve R T L I S B o B S [ N I A I S B S S S R R

axons

[0056] The groups not receiving taxotere (0 iv) showed no
degeneration of sciatic nerve axons, whereas the groups
receiving taxotere showed diameter reduction and deformation
of axons, which were indicative of clear axonal degeneration.
The degree of axonal degeneration in the 90 mg/kg ip group was
as follows: =, n = 3; mild (+), n = 1; moderate (++), n = 3
(Figure 3-2, Table 1). In contrast, the group receiving EFO
showed the degeneration levels within the range of + to mild
(+)} levels even upon 90 mg/kg ip treatment, and the number of
animals evaluated as the = level was larger than in the

vehicle group, thus indicating a tendency to alleviate



[3] The use according to claim?2, wherein the side effect is caused
by a menber of the taxans selected from paclitaxel or docetaxel. [4]
The use according to any one of clainms Ito 3, in conbination with an
anti cancer agent having an inhibitory effect on m crotubules.

- 26 -

neuropathy (Figure 3-2, Table 1).

f0057] These results indicated that EPO administration
tended to suppress exacerbation of neurological symptoms and
axonal degeneration of sciatic nerves in the peripheral
neuropathy model induced by taxotere, an anticancer agent
widely used in cancer therapy (Figure 1, Figure 2, Figure 3-1,
Figure 3-2, Table 1).

INDUSTRIAL APPLICABILITY

{0058] When a pharmaceutical composition comprising
erythropoietin as an active ingredient is administered to
patients receiving a microtubule inhibiteor as an anticancer
agent, such treatment alleviates peripheral neuropathy in the
patients and enables increased dosage, prolonged period and
increased frequency for administration of the above anticancer
agent, which were never before achieved. Thus., the
pharmaceutical composition not only contributes to improvement
of QOL in the patients, but also enables prolongation of life

in the patients.
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Claims

[1]  Use of a therapeutically or prophylactically effective amount of erythropoietin in
the manufacturer of a medicament for the therapeutic and/or prophylactic treatment of
peripheral neuropathy caunsed by microtubule inhibition.

[2]  Theuseaccording to claim 1, wherein the peripheral neuropathy is side effect
caused 1y administration of at least one member selected from vinca alkaloids or taxans.

[3]  Theuse according to claim 2, wherein the side effect is caused by a member of
the taxans selected from paclitaxel or docetaxel.

[4]  Theuse according to any one of claims 1 to 3, in combination with an anticancer
agent having an inhibitory effect on microtubules. '



