- 1 - SPECI FI CATI ON PROPHYLACTI C AND/ 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 treating peripheral

neur opat hy caused by m crotubul e inhibition, which conprises erythropoietin
as an activeingredi ent. BACKGROUND ART [0002] Cisplatin and derivatives
thereof, as well as taxan- based anticancer agents have excell ent
therapeutic effects and are widely usedqjn clinical practice. However,

t hese agents also cause serious side effects, i.e., anem a and peri pheral
neur opat hy. Peripheral neuropathy is dlsease Wi th synptons of pain, which
causes degeneration of nerve axons %ﬁﬁﬂ%ﬁICAﬂRQNI1 disruption. It is well
known t hat peri pheral neuro athy is _not_on caused by treatnment with
anticancer agents, buPRQFPEY BEEiFsAEQ/QRCE RABEVTAR BFENTY i nfection or

di abetes. [0003] On the other_hand er throp0|et|n EPO has been regarded

as a hemat opoi etic cytokine. ﬁgﬁéﬁi Ls NEHROPA cated that EPO is al so
produced in the central nervous systen1(Nhsuda et al., 1994), is involved
in the devel opnent of the nervous system (Liu et al., 1994; Juul et al.,
1998; 192@%H§£§§ﬁ§;ﬂ&hﬂ% 2000) and shows a wi de neuroprotective effect in
di seases tschem a (Sakanaka et al., 1998; Briness et al.

2000) , Sp'f&ﬂof%”(jlfﬂ rﬁ%ésen Oiﬁ&eﬁ'ién relates to a novel

pharmaceutical 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, erythropoietin (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 (Gorio et al.,



-2- 2002), encephalitis (Agnello et al., 2002), etc. [0004] Moreover, the
presence of EPO and EPO receptors in the peripheral nervous system has al so
been reported in rats (Canpana & Myers, 2001) and hunman tissue (Hassan et
al., 2004). This suggests that EPO al so plays a physiological role in the
peri pher'al nérvous system [0005] As supporting evidence for physiol ogical
functions of EPO in the peripheral nervous system the group of Canpana et
al. has reported that when sciatic nervweg of rats are injured or crushed by
chroni c conpression, EPO expression is increased in glia cells (Schwann
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I n denyelinating di sease of the
of EPO in the peripheral nervous system, the group of Campana
et al. has reported that when sciatic nerves of rats are
injured or crushed by chronic compression, EPO expression is
increased in glia cells (Schwann cells) near the injury site
(Li et al., 2005). When injured, the sciatic nerves undergo
Wallerian degeneration (axonal degeneration) on the distal
side, while the nerve segment proximal to the injury site
serves as a locus for neurite sprouting (Ide, 1996; Cheng &
Zochodne, 2002). As a role of Schwann cells in peripheral
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 scaffold for sprouting of new neurites or
regenerated axons (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
involved in oligodendrocyte maturation and myelination, and
may stimulate remyelination in demyelinating disease of the

central nervous system (Sugawa et al., 2002; International



central nervous system (Sugawa et al., 2002; International 3 Patent
Publ i cati on No. WO02/02135 Al). These findi ngs suggest that EPO acts not
only on nerve cells in the central nervous system but also on Schwann
cells, and may be involved in nerve protection and/or nerve regeneration
and repair during peripheral neuropathy. [0006] As to the effects of
exogenous EPO on neuropathy, there are reports show ng that EPO prevents
cell loss in DRG (dorsal root ganglia) @aused by addition of H'V envel op
gl ycoprotein gpl20, which is a nodel of HI V-associated sensory neuropathy
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due to ra |cale g)g%er atqi%n,\ég{ndc{ﬁ §1|qﬁls céo#p% etely ulﬁlown %1%% Eer&%g]g%as a
prophyl actjeg-;! 5égquﬂg&gﬁ%gg§ﬁct on other types of peripheral neuropathy
with différent onset nechanisns. In particular, there is no report about
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i nhibitor, when adm ni stered as an anticancer agent, which kills cancer

cel I's by shQRRi RGe! RO BHIwing that EPO prevents cell loss in DRG
(dorsal root ganglia) caused by addition of HIV envelop
glycoprotein gpl20, which is a model of HIV-associated sensory
neuropathy (HIV-SN), a troublesome neurological symptom most
commonly caused by HIV infection (Keswanai et al., 2004), and
showing that EPO improves reduced nerve conduction velocity
and pain in streptozotocin-induced diabetes model rats
(Bianchi et al., 2004).
[0007] Moreover, 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 to radical generation, and it is completely unknown
whether EPO 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.



chronmosomal m crotubul es having an inportant contribution to cell division.
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Neur osci Res. 2002 Dec; 44(4):391-403. DI SCLOSURE OF THE | NVENTI ON PROBLEMS
TO BE SCLVED BY THE I NVENTION 7 [0009] The object of the present invention
is to providé a pharmaceutical conposition for preventing and/or treating

peri pheral neuropathy, nore particularly a pharmaceutical conposition for

preventing and/or treating peripheral -nguropathy caused by m crotubul e

i nhibition. MEANS FOR SCLVING THE PROBLEMS [ 0010] The inventors of the
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adm ni strati on” of | east one nmenber sel ecte om vi nca al kal oi ds or
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[0010] The inventors of the present invention have found
that erythropoietin has a significant therapeutic effect on
peripheral neuropathy caused by a microtubule inhibitor (e.g.,
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 caused 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



wherein a menber of the taxans is paclitaxel or taxotere. (4) Use of an
eryt hropoi eti n-cont ai ni ng pharnmaceutical conposition for the purpose of
cancer therapy, wherein the pharmaceutical conposition is used in

conmbi nation with an anticancer agent having an inhibitory effect on

m crotubules.” (5 A nethod for preventing or treating peripheral neuropathy
8 caused by mcrotubule inhibition, which conprises admnistering a
pharmaceutical conposition containing a gprophylactically or therapeutically
effective amount of erythropoietin to a patient in need of such prevention
or treatnent. A met hod for pﬁnpef t herapy, which conprises
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forml ati Q.o M conprises a pharmaceutical conposition containing
erythropoi ét1n 1 n an anount effective for preventing or treating peripheral
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administering to a patient a pharmaceutical composition
containing erythropoietin in an amount effective for
preventing or treating peripheral neuropathy caused by
microtubule inhibition, wherein the pharmaceutical composition
is administered in combination with an anticancer agent having
an inhibjitory effect on microtubules.

(7) Use of erythropoietin in the manufacture of a
pharmaceutical composition for preventing or treating
peripheral neuropathy caused by microtubule inhibition.

(8) 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.

ADVANTAGES OF THE INVENTION

[0012] As shown in the Example section described later, in
taxotere-induced peripheral neuropathy model mice, EPO was
observed to alleviate peripheral neuropathy both in evaluation
of neurological symptoms and in histopathological evaluation
of sciatic nerves.

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

the present invention are useful for peripheral neuropathy and



[0012] As shown in the Exanple section described |ater, in taxotere-induced
peri pheral neuropathy nodel mce, EPO was observed to alleviate peripheral
neuropat hy both in evaluation of neurol ogical synptons and in
hi st opat hol ogi cal evaluation of sciatic nerves. [0013] Thus, the
prophyl actic 'and/or therapeutic agents of the present invention are useful
for peripheral neuropathy and 9 particularly useful for reducing side
ef fects of peripheral neuropathy in patBents receiving a m crotubul e
inhibitor as an anticancer agent. As a result, the agents of the present
I nvention_not .onl L] evi ILh inth at.ient | JIr QVes hei r ), but
al so enabpg%}tﬁ‘%}%égg‘g gse%g, I%Ep?):"rroIréanragf;l(acd‘(?"[?fa)rsllcgl‘@af e%r‘]%cl r?croefgspeecftjf&éeq{iae cy for
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showi ng NgurRNeYIuHaNn o tS YHILCHIARAAGRS ipAYCad Rhd FHIRIH J FeRigEN et 90
ng/ kg ip a?% t he effoect of EPO adm ni sp{yrlation _thereonl. [égﬁ%‘e B-ﬁ Figure
3-1 preserh2iRN@0Rgrapt FNAY RGablics HRHIHY RO dRa JaNHRS ddy e Frverad | on
of sciatic nerve axons and the effect of EPO adm nistration thereon in the
group not ah@CQn¢ired sedX FHrdighieney \Wor amnaRalstaet ivh tof WHE Nthtddifcer
staining. [Figure 3-2] Figure 3-2 presents photographs show ng

agent, which were never before achieved. The agents also

enable prolongation of life.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] [Figure 1] Figure 1 is a graph showing neurological
symptom changes induced by taxotere treatment.

[Figure 2] Figure 2 is a graph showing neurological
symptom changes induced by taxotere treatment at 90 mg/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/kg 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



hi st opat hol ogi cal changes in degeneration of sciatic nerve axons and the
effect of EPO adm nistration thereon in the group receiving taxotere (90
ng/ kg i p), as analyzed by toluidine blue staining. BEST MODE FOR CARRYI NG
OUT THE | NVENTI ON [0015] Erythropoietin The erythropoietin used in the
present invention can be any EPO, but preferably highly purified EPO nore
specifically 10 mammualian EPO especially having biological activity
substantially identical to that of humani@&PO. [0016] The erythropoietin used
in the present invention can be those prepared by any process, including,

e.g., nhatural uma PO purifi from.human-derived extracts (JPB HEl 1-
38800, et é“a}m“adﬂaﬁ’u%gﬁE B 'Ynaﬂﬁ“fvgg%dﬂlco&fq FCHItY yeast cells,
Chi nese hanster. _qvary cells .(; el | C cell COS cells, nyel oma
cells, BHI?r‘T%gI o8 Jiar}égctl e&q(lschgr Ct°[ h@aﬁ I?g aé&tEfpa%t ed and

| sol at ed/ puri,fi.ed by, var] t.h . The, erythropoietin used in, the
present i \l%)r%tq]on i?hepreé:&a{rﬁlgbqgoﬁeeg%‘ansr?:dnﬁryy tB}ee alf%%‘?n%rjzrf‘é‘?%ﬁ'gp b‘ffarhsi ng
manmal i an;cel.l e ' I O 4 M - 44317 eth
Jacobs et ba .t,h%lﬁz(:”t 3’%%%6?16? 8@6%%% ﬂ(élgfé%fs ejtnc%lfaﬂf%bie/]gRec%%ﬁﬁﬁ%Tnt ly

obt ai ned ERQ AR pORR AT W G ihmaSLHENGRd A8 £&L s t ddai £ nat ural Iy
derived EPO or may “contalin a deletion, substitution, addition or other

modi ficatizpgodf, IR, VY i ERS | ednib it &A1Y Prédidea SEAUENCE B far

as it has simlar biological activity to that of naturally derived EPO.

A no aci edgiteldedn s ,SWisiiddd ifihster ovary cells (CHO cells), C127
cells, COS cells, myeloma cells, BHK cells, insect cells or
the like and extracted and isolated/purified by various
methods. The erythropoietin used in the 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 biological 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 introducing 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)



addition or other nodification can be performed by nethods known to those
skilled in the art. For exanple, a polypeptide functionally conparable to
EPO can be prepared by those skilled in the art by introducing an am no
acid variation into EPO as appropriate via site-directed nutagenesis
(Gotoh, T. et al. (1995) Gene 152, 271-275; Zoller, MJ. and Smth, M
(1983) Met hods Enzynol. 100, 468-500; Kranmer, W et al. (1984) Nucleic
Acids Res. 12, 9441-9456; Kramer, W andiFritz, HJ. (1987) Methods
Enzynol . 154, 350 367; Kunkel, T.A (1985) - 11 Proc. Natl. Acad. Sci. USA.
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ani no aci avin ainin anlno aci ds
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aromatic-containing sid alns exanpl es shown by one-letter

ami no aCbHaEHgeinﬁhhﬁb”h?é&%ﬁh@%i%shmlhb hasqkeqn a&re@dyMkn@wnp 1t
pol ypepti des having an am no aci d sequence nodified b del eting, ‘addi ng

and/ or suistiyut hperepRi®hicMamenda@a4daci(#, b, N, C, E, Q, G, H, K, S,

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



residues retain their biological activity (Mark, D.F. et al., Proc. Natl.
Acad. Sci. USA (1984) 81, 5662-5666; Zoller, MJ. & Smth, M Nucleic Acids
Research (1982) 10, 6487-6500; Wang, A. et al., Science 224, 1431-1433;

Dal badi e-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-epzoding EPO in-frame with the DNA
encodi ng another protein, inserting the ligation product into an expression

vector and.expressing 12_.it in a_host. The_second pratein he fysed to
EP0 1 that APeumoN e fPeoReRo R0 PSSR EaPRy THARt: &8 BEGb16) Wi t he
pur pose of_ .t j.nvent i chem cal | i fied. EPO can al so be used.
Exanpl es c?frec%é% ?%%&Elr?ondiryf% g{c}thP%’ iFe lucaa/el,l orlrlte%(%er%1 e, EPO chem cally

car bonydr A0CTPIEG. ERGTEN AR 3s 1 df by TavsHERer” diinteatiy
[1ke, as Wl %R AU A& dd @sé@ﬂp@*?ghg%%%c%fa%h%ﬂaag&gﬁni c or
etc. ) (0]

organi ¢ conpound, e.g., vitamn Bl2, Mor eover t he purpose

of the presRAiteilddy &g L, 'mﬁ¥éc 'éﬂbﬁﬁb . . her ei n,
EPO derivati %ééra\éf er sc%mQClEDlﬁ%Qcﬁfa!%ang a 'rmaE(r:Ipic?i ed am éjn%fgcr?ég&}flnfé?he EPO
ol ecul e Q\fittrpf]@i?/bd_ 1 e Ao 18tk CRIRONYEr st & wEe, ilzs-mf,he EPO

|

nol ecul e. [ 002 i cations of carbohydrate chains in EPO nol ecul es
i ncl ude aqddiryodrdrathsifitdd iEpo dlfdidm pitbdi®ied with polyethylene

glycol or the like, as well as EPO conjugated to a compound
such as an inorganic or organic compound, e.g., vitamin Bl2,
etc.

[0020] Moreover, for the purpose of the present invention,
EPO derivatives can also be used. As used herein, EPO
derivative refers to EPO containing a modified amino acid in
the EPO molecule or to EPO containing a modified carbohydrate
chain in the EPO molecule.

[0021] Modifications of carbohydrate chains in EPO
molecules include addition, substitution, deletion and the
like of carbohydrate chains. Preferred carbohydrate
modifications in the present invention include deletion of
sialic 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, but normally 11 to 15 sialic acids are
attached to one EPO molecule. Desialylated EPO (asialoEPO)

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



| i ke of carbohydrate chains. Preferred carbohydrate nodifications in the
present invention include deletion of sialic acids in EPO nol ecul es. [0022]
Normal |y, both of EPO produced by reconbi nant animal cells and EPO derived
fromurine are obtained as EPO conpositions containing various EPO

mol ecul és having different carbohydrate structures. The nunber of sialic
acids attached to the EPO nol ecules in the EPO conpositions depends on the
speci fic EPO nol ecul es, but normally 14 13 -15 sialic acids are attached to

one EPO nol ecul e. Desi al yl ated EPO (asi al oEPO can be prepared by renoving
t hese srall The _nu r.of 13 Lalic aci.ds aned. . desi.al yl ation
I S not spgc %§§ag%ldslfﬁppg% gﬁddgﬁﬁaéﬁgﬁFéogcﬁ S ﬁ&? Yor 1, 2

3 4 S Gntec® e 100 112 3l bt a8 Gy D, remyed

Preferred asi a presen I nven es§ forée

preferabl g 5gor 4l egs, gmogly prgfenabl yf 32 Qr 4 Meﬁialibm'd%dﬂ”ﬂ#§ 3jd ached to
si ali

t he EPO nol'ecul e It should be 'notéd "that "t he nunber c aC|ds used

in the pregmBlelNVeptsflrred SEfai‘Mﬁi‘-'@gfn“HH@%réEeEE’OéH%HE%EShSQ”&@' ned
in EPO conpositions. The average nunber of sialic acids per nolecule can

be deternppedely, nﬁbbed?rme%btw Bhese 1865, | g sitn ptrl&%eeratbly( BPRI28266
etc.). [0023] Desialylated EPO (asial oEPO can be prepared by nethods known

to those gkihliedathdkhatdbbhed &o thé EPSAMONScuERO WrthsBBu®AZYBENSHER aS
sialidase. Sialidases are comercially available (JPA 2005-507426, Nobuo
| mai et alkhat EHE. ndmbBirooke®ialid¢ a¢34s404e@1990)khetlpie)sent invention
is the average number in EPO molecules contained in EPO
compositions. The average number of sialic acids per molecule
can be determined by methods known to those skilled in the art
(EP0428267, etc.).
[0023] Desialylated EPO (asialoEPO) 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, WO91/05867, W095/05465, etc.) which has sialic
acid attached at the N-terminal end of EPO.

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

[0025] Amino acid residues modified are not limited,

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



Mor eover, the erythropoietin of the present invention may be EPOw th a
nodi fi ed carbohydrate chain, including EPO anal ogs whose carbohydrate chain
is nmodified, as exenplified by NESP (Novel Erythropoietin Stinulating
Protein; disclosed in W85/02610, W91/05867, W95/ 05465, etc.) which has
sialic acid attached at the Nterm nal end of EPO [0024] Modifications of
am no acids in EPO nol ecul es include carbanylation, biotinylation,

am di nation, acetylation, guanidinylatibh,-etc., but a preferred am no acid
nodi fication in the present invention is carbanylation. [0025] Am no acid
resi dues I fi are I | I ne,
glutam c amgd t%gl;?p to %%tferjf?dt %q'lnd b%&!tll&; “&%J’fﬁrredﬂayn?{né;epalél d&{ﬁgdl fied in
t he prese ti;@n l\Si ne. [0026] Thus, an especially preferred
enbodlnenghg %ﬁ c%n%g%ﬁpﬁz a nodified amno acid is EPO contai ni ng

car banyl at{@dszSI ne rhMar,Celn lesple Alal 19R IR &Y Ymb o MidHIORD eépdl that are
tissue protectlve but not erythropoiétic. Science, 2004; 305: 23

Fiordal i seoRt@indhg A mdARFNENBRNEHG Hald WO \Wrifadddr opoi etl n
protects the nyocardiumfromischem a-reperfusion injury. PNAS, 2005; 102:

2046, et cchrpveaflaredatlliyeineof(Ma@dInal wie aaar univadtires gxli at ed by
reaction with cyanate ions or the like; alkyl carbanylation nediated by

reacti on irylthabloyli eitinc thiadt ereortidsire Ipdotedtiivle qarthava ati on nedi at ed by
reaction with aryl isocyanates or the like. Prophylactic and/or therapeutic
formul ati erythropoietic. Science, 2004; 305: 239, Fiordaliso E et al. A
nonerythropoietic derivative of erythropoietin protects the
myocardium from ischemia-reperfusion injury. PNAS, 2005; 102:
2046, etc.). Carbamylations of EPO include carbamylation
mediated by reaction with cyanate ions or the like; alkyl
carbamylation mediated by reaction with alkyl isocyanates or
the like; aryl carbamylation mediated by reaction with aryl

isocyanates or the 1like.

Prophylactic and/or therapeutic formulations

The prophylactic and/or therapeutic agents of the present
invention can contain suspending agents, solubilizers,
stabilizers, isotonizing agents, preservatives, adsorption
inhibitors, surfactants, diluents, excipients, pH modifiers,
soothing agents, buffers, sulfur-containing reducing agents,
antioxidants, etc., as appropriate.

{0027] Examples of suspending agents include
methylcellulose, Polysorbate 80, hydroxyethylcellulose, gum
acacia, gum tragacanth powder, sodium carboxymethylcellulose,
polyoxyethylene sorbitan monolaurate, etc.

{0028] Solubilizers include polyoxyethylene hydrogenated
castor oil, Polysorbate 80, nicotinic acid amide,

polyoxyethylene sorbitan monolaurate, Macrogols, castor oil



The prophylactic and/ or therapeutic agents of the present invention can
contai n suspendi ng agents, solubilizers, stabilizers, isotonizing agents,
preservatives, adsorption inhibitors, surfactants, diluents, excipients, pH
nodi fiers, soothing agents, buffers, sulfur-containing reducing agents,
antioxi dants,” etc., as appropriate. [0027] Exanpl es of suspending agents
i nclude nethylcellul ose, Polysorbate 80, hydroxyethylcellul ose, gum
acacia, gumtragacanth powder, sodiumcaypoxynet hyl cell ul ose,
pol yoxyet hyl ene sorbitan nonol aurate, etc. [0028] Sol ubilizers include
pol yoxyet hyl ene hydrogenated castor oil, Polysorbate 80, nicotinic acid
ani de, pdPF&XyBCRAY e YdoEsteHF Gt -aur ate, Macrogol s, castor oil 15 -
fatty aci? ethél esteéir etc. [Q02 St abi | i zers i nclude dextran 40,
met hyl cel 19P8Sd, g@taPidiz&sd dRdNds Gextad $f mtefdkqeldulase. [ 0030]
Certain ami no_ acids can als included as, stabjlizers (e.g., JPA HEl
10- 182481 9%&AL 1. f\ﬁl%ﬁblmacﬁ ﬁzfdd&? s e asWd AL G nQhftte free amino aci ds
and salts ég r,eof uc& as sodiumsalts, potassiuym salts..hydrochlorides,
etc. Amnd® :Bds carr “bé 24t &A% AE fénaagﬁr?o:ﬁr?atlir{ﬁ%‘{)qea/t% or nore.
Am no aci g ta‘téili S ot cifically :Aiﬁlm'ted,.ut
preferredsgﬁ$%g§%8? sifﬁ 'Udéﬁﬁﬁéﬁgf&@,H§ %ﬁdpﬁgﬁ?)§er Pogﬁﬁﬁ fic acid,
argini ne, e ladi 8¢ 19 o3 Gnd 10 leROLONIA W 208U dlgIee, €9
D-manni tol,  "sorbitol, étc.
thereof such as sodium salts, potassium salts, hydrochlorides,
etc. Amino acids can be added alone or as a combination of
two or more. Amino acids added as stabilizers are not
specifically limited, but preferred amino acids include
leucine, tryptophan, serine, glutamic acid, arginine,
histidine and lysine.
[0031] Isotonizing agents include, e.g., D-mannitol,
sorbitol, etc.
[0032] Preservatives include, e.g., methyl paraoxybenzoate,
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, e.g., sorbitan fatty acid esters
such as sorbitan monocaprylate, sorbitan monolaurate, sorbitan
monopalmitate; glycerin fatty acid esters such as glycerin
monocaprylate, glycerin monomyristate, glycerin monostearate;

polyglycerin fatty acid esters such as decaglyceryl



[ 0032] Preservatives include, e.g., nethyl paraoxybenzoate, ethyl
par aoxybenzoate, sorbic acid, phenol, cresol, chlorocresol, etc.
Adsorption inhibitors include, e.g., human serum al bumn, |ecithin,
dextran, ethylene oxide/propylene oxide copolyners, hydroxypropylcellul ose,
met hyl cel | ul ose, pol yoxyet hyl ene hydrogenated castor oil, polyethyl ene
glycol, etc. [0034] Typical exanples of surfactants include: nonionic

surfactants, e.g., sorbitan fatty acid dfters such as sorbitan

[ 0033]

nonocapryl ate, sorbitan nonol aurate, sorbitan nonopal mtate; glycerin fatty

acid est eﬁnénéHEQai‘étE',yﬁ%g%%#gg&ﬁﬁﬁ“&%‘}atg' yﬁ%rc:ia%%%c ristate,

gl yceri n nonostear at e, atty acid este

as decagl yceryl

16 monosheahdtifo148¢89! YoeybkyRitlaahatl SorBetad ¥aeiy adﬂa“gétﬁﬁ%§Q%§%Bitan

pol yoxyet hyl ene sorbitan " fafty acid esters such as pol yoxyethy

e

monol aur ahg, pBRLYRYEEHYY LARE 50D RahahoABIaRkaREe. pRalyhpaipilene sorbitan
nonost earate, pol yoxyet hyl ene sorbitan nonopal mtate, polyoxyethyl ene

sor bi tan Ebksheahemoﬁebleéléth?b@@%x@@&h&&%ﬁet%b%%&%%%tﬁbnd¥¥éﬁPﬁﬁgﬁy|ene

sorbitol fatty acid esters suc

as pol yoxyethylene sorbitol tetrastearate,

pol yoxyet Bgh¢Bryeshiyhenel sbebitdaneabaoppami@sre! NyoaRex3etdsilighd atty acid
esters such as pol yoxyet hyl ene gl yceryl nonostearate; polyethylene glycol
fatty aci doebliea suiblaatpql yelhykeeehydleneolsottbittaar alrd;s eanareet hyl ene
al kyl ethers such as pol yoxyethyl ene |auryl ether; pol yoxyethyl ene

pol yoxypr ppliyergethylene 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 polyoxypropylene 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

0oil (polyoxyethylene hydrogenated castor oil); polyoxyethylene

beeswax derivatives such as polyoxyethylene sorbitol beeswax;

polyoxyethylene lanolin derivatives such as polyoxyethylene

lanolin; 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 C10-18

alkyl group such as sodium cetyl sulfate, sodium lauryl

sulfate, sodium oleyl sulfate; polyoxyethylene alkyl ether



al kyl ethers such as pol yoxyet hyl ene pol yoxypropyl ene gl ycol ether,

pol yoxyet hyl ene pol yoxypropyl ene propyl ether, polyoxyethyl ene

pol yoxypropyl ene cetyl ether; polyoxyethylene alkyl phenyl ethers such as
pol yoxyet hyl ene nonyl phenyl ether; polyoxyethyl ene hardened castor oils
such as ~ pol yoxyet hyl ene castor oil, polyoxyethyl ene hardened castor oi
(pol yoxyet hyl ene hydrogenat ed castor oi l); pol yoxyet hyl ene beeswax
derivatives such as pol yoxyethylene sorbit1ol beeswax; pol yoxyethyl ene

| anol i n derivatives such as polyoxyethylene | anol i n; onoxyetherne fatty

" SRR e B B AL RSB LR
AR RN
ol e nunbﬁl{]ic?& %u‘lff%@%c% 9%1% Ja%lda"e‘%erg %‘i&s%%@ﬁsgs O%émﬂé’ozh@ﬁl’a hyl ene

| auryl 0sicelnic aci d ester “havi ng a 8 al kyl

group suc S QM W, f 'ﬂﬁﬁ urfactants, e.g.,
| eci t hin; @r%% cggop oéﬁhéx#%#ts Bhlngophosp rﬂﬁilds §ﬁch as

sphi ngonyel i n nAYGTase ddldab i e g s Aledihdnlf fatty acids.
Formul ati ons of the present i nvent’i on can contain one or nore of these

sur fact an?iyb@r%@ﬁ@s%fdl@ﬁld:s’f efstyrfﬁg;oﬁasfp’wﬁrﬁﬁi@rﬁldqpla/é)xyet hyl ene

sorbitan tty acid esters such ol'ysorbate 20, 40, 60 or 80, especially

Pol ysor balsghinddmyed i80. stQinswey edbthyenrrikplaesveny ayiene i sy such as
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.g.,
sulfhydryl-containing compounds such as N-acetylcysteine, N-
acetylhomocysteine, thioctic acid, thiodiglycol,
thioethanolamine, thioglycerol, thiosorbitol, thioglycolic
acid and salts thereof, sodium thiosulfate, glutathione, and
thioalkanoic acid having 1 to 7 carbon atoms.
[0036] Antioxidants include, e.g., erythorbic acid,
dibutylhydroxytoluene, butylhydroxyanisole, a-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,



pol oxanmers (e.g., Pluronic F-68(r)) are also preferred. [0035]

Sul fur-containing reducing agents include, e.g., sulfhydryl-containing
conmpounds such as N-acetyl cysteine, N acetyl honocysteine, thioctic acid,
t hi odi gl ycol , thioethanol am ne, thioglycerol, thiosorbitol, thioglycolic

acid and salts thereof, sodiumthiosulfate, glutathione, and thioal kanoic
acid having 1 to 7 carbon atons. [0036] Anti oxidants include, e.g.,
erythorbic acid, dibutyl hydroxytol uene,1&u yl hydr oxyani sol e, a-tocopherol,
t ocopherol acetate, L-ascorbic acid and salts thereof, L- ascorbyl

| m - b , : Csulfite. ..sodi ity _ |
gal I at o, “BPERTF-{8 Eha bl Sratiy S erdses S bRt Bathare S
t ! : .1 et T _ ) t | .
et AphospRay 8551 bEbBBRALE, SR by uRCEALEBUNAREST il SrtihaRd Yalts

contai nedgy@ndag EB%F%T‘S&&?E?‘: PUEA 539 uRO L Y PGR AnlgdG0 dlittim RRIATHUM

chloride, calcirumchlori odi'um phosphat e, ~potassi um phosphate and

sodi um bi at e; tan r ' lfﬁ&ﬁj- j
citrate aﬁgbgggiun1§ge§2?eg§6F%8%%%Eﬁﬁ ?ﬁgbg?igﬁgﬁgbticlgagﬁg?nﬁﬁgﬁiggﬁ¥}c

agents of prB8enp’ €HOBH thBNENitheN efirBe t@hkedbisuged@Fa8e vah Rpdiutarpiiatin is
determ ned by physicians in consideration of the disease to be treated and

its condi GeeBrmifedas9 phgshedunecighiconlidcpaltiiont oft Md @ilskadfe to be
adm nistration, etc. In general, EPOis admnistered at a dose of 0.1 to

5000 g, prekatabdl ¥nd ties tonAigipar, ate hgel @RA9bodlyt gttt IF R ophyl acti c
and/ or therapeutic agents

patient, the route of administration, etc. In general, EPO is
administered at a dose of 0.1 to 5000 ug, preferably 5 to
1000 pg 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



of the present invention are generally adm nistered by the parenteral
route, for exanple, in the formof injections (e.g., subcutaneous,

i ntravenous or intranuscular injections) or by the percutaneous,
transmucosal , transnasal or transpulnonary route, oral admnistration is
al so possible. D seases The prophylactic and/or therapeutic agents of the
present invention are useful for peripheral neuropathy. [0040] Peri pheral
neuropathy refers to a disorder of the Yfervous system not including the
brain and spinal cord. More specifically, it refers to a peripheral nerve

di sease t@ggmp?QEQIyggsdbnggygagngpég%gb[n surroundi ng nerve axons and

eventual axona egeneration. The er is observed not only in nerve

cel I's, bUtoGME in #4el bRobRLTabE1eC AHANBrCehkapebeiicP Rgfedlt N ARl hy 1S
associated wth synptons such as sensory dlsturgance, nunbness,

hypoest hepiraseAthenvihtheatl a@e, paPdiikuldy3gstikesua, f@&ewﬁ?&radyski nesi a,
ast henia, paralysis 19 - (conplete |oss of novenent), etc. [0041] The

prophyl acheaGrapdtay wheeapedtugsagaehs aOhithe tupt@eeihnibiarid ag are
particularly useful for peripheral neuropathy which occurs when a

m cr ot ubuh@miiAlicbered as addantiichaced ageam.andi maocetubgeat. whAich is
m crotubul e, which is an intracellular structure, is conposed of nmultiple
tubul i ns afipahyracezddlawbsitros)tura,t dsulkcompdisedr ofnchud tiipdreottblansr e i n
a "dynam c equilibriunt state through polynerization and depolynerization.
An agent \Wpbdhmdrizedbsubhildnequi | Abtubuliistdirernnanfharmbgrexebtideaare
anticancer effect serves as a
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 inhibjitor. 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 alkaloids. As a result,
taxans affect the formation and/or functions of spindles
(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 in combination with an anticancer drug, such as
paclitaxel or taxotere, which has a strong anticancer effect

and often causes neuropathy (e.g., numbness in hands and feet)

due to strong inhibition of microtubule action.



m crot ubul e inhibitor. Those known as m crotubule inhibitors include: 1)
vinca al kal oids (which have an inhibitory effect on mcrotubule formation
through their binding to tubulins to cause binding between tubulins), as
exenplified by vincristine, vinblastine, vindesine and vinorel bine; as well
as 2) taxans (which stinulate tubulin polymerization to stabilize

m crotubul es, unlike vinca al kaloids. As a result, taxans affect the
formati on and/or functions of spindles Z0konposed of m crotubules) during
cell division (Mstage) to stop the cell division, thereby causing cel

damage, whphs)! cadentopadsat gﬁ?ggﬁ%?B;Eﬁ&)cher@r%ﬁﬁe'si bl J3e BaC 5! axel

(taxol), taxotere an cet axel . e prop actic an r therapeutic

agents of e{-PEhrfp6$ERLEnL BYARAI AN NG2BhALhaEBURA cBACEbERE 12fibRCtFor the
particularly when used in conbination wth an anticancer drug, such as

pacl i t axepuPpobaxeteeanceli efePapyd wheeBInahheCpaRaehatkl@dlcaiand often
causes neuropathy (e.g., nunbness in hands and feet) due to strong

i nhi bi ti oBomposieiehURY| Bsaat iANcomBinh@943] wikd Bhea@Rlh dame@R iagenftur t her
provi des the use of an erythropoietin-containing pharmaceutical conposition

for the pavpAgeanft ifinABetoreedPEctWoar AliBrbiabphasnaceuythcahti6a@npesi tion
I's used in conbination with an anticancer agent having an inhibitory effect

on m crot agehes. h&uthgaahi ¢ahdbh toageBESektvongmakriotibiiliesr uref f ect on
m crotubul es are preferably vinca al kal oi ds and taxans as nenti oned above,
nore prepeefibrgblaxahacaPalkadolids| wndr ¢heansd aar mepadloniedx @boxe] more
taxotere. The timng at which the erythropoietin-containing
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 erythropoietin as
well as the disease to be treated and its condition, the age
and body weight of a patient, the route of administration,
etc. It may be any timing of before, simultaneously with, or
after administration 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



pharmaceutical conposition of the present invention is conbined with the
above anticancer agent is determ ned by physicians in consideration of the
effect of erythropoietin as well as the disease to be treated and its
condition, the age and body wei ght of a patient, the route of

adm nistration, etc. It may be any timng of before, sinultaneously wth,
or after admnistration of the above anjj cancer agent, particularly
preferably before or sinultaneously with admnistration of the above

anti cancer agent. [0044) The present invention further provides a method for
prevent i nBeBFOPRERY FGUSEA PHeMdiCTOdbYI &t AphdRddd@rby Whakadd dhd e

I nhi bition, which conprises adm nistering a  pharmaceutical conposition
containithQrBP85H§FS€ﬂiEQWPVS&FlophéﬁaﬁgWﬂPééFFfe@fF@bﬁqﬂ?¥ﬂﬁﬁhﬂp<ﬂ1th

thropoietin, t tient d of .such, tJ treatment. [0045
The. proGoD PRYCARRGRET EERS MAYARCIED ATOBHEE ORI { hor apy, whi ch

conpri ses gdniniﬁt ring to a patient a pharmaceutical conposition
containinB 8F9FH BESFetin in an amount effective for preventing or treating

e 0 I T e R LR AL R
ot concetrFRRRRTLER, 10, B B b RUARe b, et R (000 The
b L e R
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



[0047] The present invention further provides a conbined formulation, which
conpri ses a pharmaceutical conposition containing erythropoietin in an
anount effective for preventing or treating peripheral neuropathy caused by
m crotubul e 'nhibition and an anti cancer agent having an inhibitory effect
on mcrotubules. [0048] In the present invention, an enbodi nent where an
eryt hropoi eti n-cont ai ni ng pharnmaceuti cabacanposition is admnistered "in
conbination with" an anticancer agent having an inhibitory effect on

m cr ot ubul es covers aI% ases, i.e., before admnistration of the

anti cancePCHRPRLNE Rof®Aneously with administration of the anticancer

agent, after n of .the | cancer agent. EXAMPLES [0049]
The foIIogfﬁﬁe%&%ﬁﬁggln¥ﬁ£?ﬁé??FI?Bgtgﬁfg %ﬁé present invention wthout,
however , LN h t e ai ou hanges_and nDdlfl tions can
be nade bg ?1§r aé Ffe@ngf tg 8£§¥? Hc?ﬁeégr%ﬁﬁﬁﬁg Qﬁﬁrﬁgﬁlﬁycations
are al so m6 iuded in the present |nvent|on. Exanple 1: Effect of EPO in
t axot ere-1 nduced peripheral 22 - neuropathy nodel <Experinmental Materials

and thhoq flﬁn ﬁg?%%étion of taxotere-induced peripheral neuropathy
nodel ? nlna mce (male) were purchased at 5 weeks of age and

handled for 1 yeRknbelofRate§ WwBrEhBuBXREELAEAL - 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, 90 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 nmol/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.



(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 solution and physi ol ogi cal saline, taxotere was
adjusted to a volune of about 0.15 m per 10 g nouse body wei ght (45 ng/kg
v, 90 ng/kg ip). The vehicle serving as a control (0 ng/kg) was prepared
in the sanme manner using Tween-80 and physiol ogical saline for iv

adm ni stration. [0051] On the ot her han®3 reconbi nant human EPO under the
trade nane Epogi n (Chugai Pharnaceuti cal ., Ltd., Japan) was adjusted

Co
using a sehgthen (cent aLniLRrar:39 RROL/ & 5325% hi stidi ne-HC1 and
0.005@6ngen 88 in 10 nnDI/LIbhosphafe e@%%PgrQPéH 6.0)) and adm ni stered at
720 U head/ weels. Thgotadel @i 9& 3t p@p gghedul e was as fol l ows: taxotere was
given at 0 or 45 ng/kg iv (via the tail vein) or at 90 ng/kg ip, once a

week for 3 weeks faxbikeee 148 tiQt al vamidaws (@) 7 and 14), while the vehicle
and EPO (720 U head) were each given sc (into the dorsal neck region) 3

hours before taxotraketeireaboenp + ¥@hdlc1Eng gy ce were divided into the
following 6 groups, wth the nunber of animals given in parentheses. - 23 -

[0053] 1. Taxobker gafkotere ¥ehiipl & Epp 4.8)Taxotere 0 iv + EPO (5) 3. Taxotere

45 iv + Vehicle (8) 4. Taxotere 90 ip + Vehicle (8 5. Taxotere 90 ip +

EPO (8) (2»)EeRshlaaitdonobfnaenaodgigisals \sypiptans

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 =
dysbasia. Scoring was accomplished by blind evaluation of
symptoms.
(3) Histopathological evaluation of sciatic nerves
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 immerse all the
sciatic 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

(++).



Conti nuous treatnment with taxotere will induce typical hind leg crossing in
m ce when hanged by their tails. If the synptons reach an advanced st age,
the sane crossing response wll also occur in the forelegs, thereby |eading
to dysbasia. * Such a synptom was used as an indicator to evaluate the mce
as follows: 0 = no synptom 0.5 = abnormal novenent w thout clear flexion;
1 =flexion in one hind leg; 2 = hindJeg flexion or extension |lasting for
2 seconds or longer; 3 = dysbasia. Scoring was acconplished by blind
evaluation of synptons. (3) Histopathol ogical evaluation of sciatic nerves
Muscl e ti $BB8URESE>peel ed of f to expose sciatic nerves. Under this state, a
gl ut aral dehyde fixing solution (stored on ice imedi ately before use) was
added to Khiewgeraipgﬂﬁél SYMRLPR FBAREES After incubation for 10 m nutes,
the sciatic nerves were isolated and gently _shaken for 1 hour in _a shaker
contai ning a gPBP8r APHGRGAE EreATEeRs: uPFb‘ﬁ°l?Hé°§€1 SR toms wieyedoped; hen
enbedded in _a_st ard nner a reS|n fo ectron m_crQgsc

exami nat i 8hoY ?@ gl p¥E B G&rsgbln aea§@8P|oﬁ§ &8&5 GRSE5 &F é%d“@&gpu&t

for the dgﬁreg o;n 2 onal d,ﬁ?ener ion at,.thr evelg ﬁ - mld (+)
and roder 88 23 ™ gsﬂlPts> ?of%’ﬂ?%%’f‘ssyﬁ%%% R §8§ Upon t axot ere
treat nent C d o] y r.th

t r eat ment exg8§£Phgggs§s o%gpég%/ k‘gyﬁ‘/‘?@%dt %) %g‘ﬂ%gmqg ]s'ﬁ"ﬁdgs hesgynptoms

became fULLDgE p5¥8GCER3LEY 42V tRY 93Y mgkbIB9R 0 THIR! QFF dhgnded to be

45 mg/kg iv 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.

f{0055]



exacerbated 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 over the subsequent days (Figure 1). In contrast,
the group not* receiving taxotere (naive) showed no neurol ogi cal synptom
(Figure 1). Based on these results, taxotere treatnment at 90 ng/ kg ip was
used for exam nation of drug effects be se it allowed faster devel opnent
of the synptons. [0054] I n neuropathy in uced by taxotere treatnment at 90
ng/ kg i p, EPO adm nistration was found to reduce significantly the

neur ol ogi ¢Eabdenpdons after 10 days (Figure 2). (2) Histol ogical

exam nation The results of histol ogi cal exam nation by toluidine blue

st ai ni ng &A@l eshmriahdwam%railoamangg%frbbaxgtexeémt@d sciatiggesye specimens( Tabl e
1] Table 1. Axonalég eneration changes in taxotere-treated sciatic nerve
specinensanﬁﬁﬂbE#Q § of EPO Group Tax 0 iv + Vehicle Tax 0 iv + EPO Anlmm
No. 1234567 89 10 Degeneration of sciatic nerve - - -

axons Goup Tax 90 iv + Vehicle Tax 90 iv + EPO Aninmal No. 26 27 29 ?0 31 32

33 34 35 36 7 3833 | Degeneration of . yeride Tax 0 iv + EPO
Animal No. 1 2 3 | 4 5 6 7 8 9 |10
Degeneration of
sciatic nerve - - - - - - - - - -
axons
Group Tax 90 iv + Vehicle Tax 90 iv + EPO

Animal No. 26 |27 |29 | 30131323334 |35|36|37 3839

Degeneration of
sciatic nerve I R S O B e S I S I S I N I R A AR

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 EPO
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 x level was larger than in the

vehicle group, thus indicating a tendency to alleviate



sciatic nerve ++ ++ +l- + +l- + + +l- + +/- +|l - axons [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

def ormat'i on ‘of axons, which were indicative of clear axonal degeneration.
The degree of axonal degeneration in the 90 ng/kg ip group was as follows:
, =3, mld (+), n =1, noderate (++),, 3 (Figure 3-2, Table 1). In
contrast, the group receiving EPO shome the degeneration levels within the
range of t to mld +) levels even upon 90 ng/kg ip treatnment, and the
nunber of neurnppatbye(BLlgured3ag.t Bableevwdl was larger than in the vehicle
group, thus indicating a tendency to alleviate 26 - neuropathy (Figure 3-2,
Tabl e 1).[P0B3Y] ThEbeseergrudtpndndicagedhihakpBPdadmiadsiriaddont ended to
suppress exacerbation of neurol ogi cal synptons and axonal degeneration of
sciatic nE?O@%dlﬁ°tﬁEPBEFFEhSFQFerHéﬁﬁSEapﬁynﬁHHQFOEH&GéeéYﬂP CBEoPBLe, an
anti cancer wi del giused i_n cancer therapy EFI ure 1, ure 2 Fi gure

3-1, F|ga¥8 3 2de$aBFE }°n|ﬂ5U§?RPAE°APPEVEﬁBF e[@@ﬁép

h t I th t t

Phor edi enbefitopanng, spardaLigtBeas b FEXF% a%??%beaw%%a?%sﬁ%g'epﬁh. bitor as
an antlcanc é :such trea%gent al V|ates peg Bhe%a ropat in the
patients ‘ﬁﬁgeé}ﬁa PEE thcFassed ?5683’ &PBH&e& I8 ar?rd H&F&a e&
frequencypggﬁrgdglgts&ggagog)gf t he above anticancer

INDUSTRIAL APPLICABILITY

[0058] When a pharmaceutical composition comprising
erythropoietin as an active ingredient is administered to
patients receiving a microtubule inhibitor 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.



agent, which were never before achieved. Thus, the pharnaceutical
conposition not only contributes to inprovenent of QOL in the patients, but
al so enabl es prolongation of Iife in the patients. 27 - CLAIMS [1] A
pharmaceutical conposition for preventing and/or treating peripheral

neur opat hy caused by m crotubule inhibition, which conprises erythropoietin
as an active ingredient. [2] The pharmageuti cal conposition according to
claim1l1l, wherein the peripheral neuropathy caused by m crotubul e

inhibition is that caused by adninist&@hgﬁg of at |east one nenber selected
fromvinca al kaloids or taxans. [3] T rmaceuti cal conposition according
to claim2, wherein a nenber of the taxans is paclitaxel or taxotere. [4]
Use of an erythropoietin-containing pharmaceutical conposition for the

pur pose of y gangety, Lhgaagy s WAET EbRpbhet 1 BAAEIRCEULIEAL 1BTRANYLEON | Used

I n conbi nation anti cancer agent having an I nhi ry fect on

i or ot ubut£gat145) pér IBhEPH. f AEuPENERY! BuBkal bPahiBGoRALRRET 8l neuropathy

caused by m crotubul e Tnhibition, which conprises admnistering a

phar maceui ik fbi €06ROSWhiER E6MpREBEBYepytRFOPHYLREHT 68l by gktliberapeutically
effective anmount of erythroporetin to a patient in need of such prevention
or treatiggtedai&htA nethod for cancer therapy, which conprises

adm nistering to a patient a pharmaceutical conposition

[2] The pharmaceutical composition according to claim 1,
wherein the peripheral neuropathy caused 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 claim 2,
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
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.

[6] 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 neuropathy caused by
microtubule inhibition, wherein the pharmaceutical composition

is administered in combination with an anticancer agent having



containing erythropoietin in an anount effective for preventing or treating
peri pheral neuropathy caused by mcrotubule inhibition, wherein the
pharmaceutical conposition is admnistered in conbination with an
anticancer agent having 28 - an inhibitory effect on mcrotubules. [7] Use
of erythropoietin in the manufacture of a pharnmaceutical conposition for
preventing or treating peripheral neuropathy caused by m crotubul e
inhibition. [8] A conbined formnul ati or, 28hi-ch conpri ses a pharnaceuti cal
conposition containing erythropoietin in an anount effective for preventing

or treatigg Pﬁﬁiﬂ%ﬁé?% ngég?ﬁﬁnymggygggPﬁyesqicrotubule i nhibition and an

anti cancer agent g an I'bitory effect on m crotubul es.
[7] Use of erythropoietin in the manufacture of a

pharmaceutical composition for preventing or treating
peripheral neuropathy caused by microtubule inhibition.

[8] 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.





