DESCRI PTFON MODI FI ED ERYTHROPO ETIN TO WHI CH WATER- SOLUBLE LONG- CHAI N :
MOLECULE |'S ADDED 5 TECHNI CAL FI ELD [ 0001] The invention relates to
a pharmaceutical conposition containing erythropoietin to which a

wat er - sol ubl e 1 ong- 10 chain nol ecule is added. BACKGROUND ART [0002] To
alleviate anem a, erythropoietin (sonetinmes 15 abbreviated as "EPO'), a
hor none whi ch i ncreases hematopoiesis, is produced by genetic

reconbi nati on techni ques and is achieving good results as a pharnmaceuti cal
product in the treatnent of anewiaDé§C§5§%%ﬁ@n denonstrated that adding a
pol yet hyl ene gl ycol 20(sonetines abbreviated as "PEG'), which is a

wat er - sol ubl e | ong-chain nol ecule, to human-derived EPO i nhibits the

met abol i sm eforER@AD Hve HEotyrETe ending diherdtdetdoe @fe ERRJ e bl ood

(Patent Docunent 1). Due to this blood resjdence tine-extending effect,
the drug effects |ast 25 IongerMQ%QQ§Hquf%iﬁ?mﬁ%quency of adm nistration
to be decreased. This advantage has attracted attention to PEG nodified
protein drugs as well as to thos 1h§?%glg%ﬁ §}-generation phar maceut i cal
products. |Indeed, sone are already being put to practical use. 30[0003]
When PEG mddidflildation is carried out on a protein, the protein has a

t endency to be if eyl balj ze i L tLhe ilar

wei ght of the ngﬁgdgggggﬁqtoﬁe%grlgg%gr (Etohé ﬁﬁ%%%‘?cgp%ﬁﬁ lnﬁﬁ@@ﬁ’%glgﬁé’&ded.
35 Ther ef oF@RLRL NI LaditErEPALRAL na Tor GG o Watrieatr 58 Lukige Lomdmber of

hi gh- nph ecyhar nwelcglkt-REGimDlgeldes are added, when adm nistered in vivo,
w Il have a greater longevity in the blood (Non-Patent Docunent 1). On the

ot her hand, in the case of proteins such as EPO which manifest a
BACKGROUND ART

{0002]
To alleviate anemia, erythropoietin (sometimes

15 abbreviated as “EP0O”), a hormone which increases
hematopoiesis, is produced by genetic reccombination
techniques and is achieving good results as a
pharmaceutical product in the treatment of anemia. It has
been demonstrated that adding a polyethyleﬁe glycel

20 {(sometimes abbreviated as “PEG”), which is a wataer-soluble
long-chain molecule, to human-derived EPQ inhibits the
metabolism of EPC in the liver, extending the lifetime of
EPO in the blood (Patent Decument 1). Due to this blood
residence time-extending effect, the drug effects last

25 longer, allowing the frequency of administration to be
decreased. This advantage has attracted attention to PEG-
modified protein drugs as well as to those of EPO as next-
generation pharmaceutical products. Indeed, some are
already being put to practical use.

30 [0003]

When PEG modification is carried out on a protein,
the protein has a tendency toc be more difficult to
metabolize the higher the molecular weight of the PEG added
or the greater the number of PEG molecules added.

35 Therefore, it is predicted that a protein to which a large



5 ﬂbhysi ol ogical activity by binding wwth a receptor, as the nol ecul ar

“ wei ght of the water-soluble | ong-chain nol ecul es added becones hi gher and

t he nunber of such nol ecul es added becones greater, the physi ol ogical
activity in vitro decreases. 10[0004] In a case where the above-nentioned
EPO havi ng a human-deri ved sequence (sonetinmes abbreviated as "human EPO")
was nodified with PEG a PEG nodified EPO in which one nolecule of PEGis
added to the lysine at position 52 15 (sonetines abbrevi ated as

" mono- PEGy| af 6d. f of {"9' ié—rﬁoelpeoéﬁfa%—%?eih@@ I?Efb %f‘ocfe' LNt henmt opol eti
activity (as 1ndica ed y ‘an increase 1n reticu ocy(fes ptol ongl hg ef fect
when adni nivsteey edfinim s syl elrdoserao whatk haee thegusaiad Meigey(iRat et
Docunent 1)o, 2Q{0905] (Non-patdMiTBILERR P ePar atd,pns,d NG r ent, ise; ar e

adm ni stered by intravenous, K subcutaneous, 1 ntranuscular and other routes.
Addi ti onal %1 5id%® & RRRIDPIhG UG braexaipI e i st sratineHasal |y absor bed
|O(r]I epar abi O@ngdﬁmlzﬁgﬁdﬁdfaﬁmi@ﬁwl terd)a r@tﬁél ﬂﬂtltﬂ,a\%slcﬂﬂear
adm ni stratian of. human epar ati.ons c neral applicability.
Hence, thef‘@qﬁﬁ‘%ltasr é“’ecfegsl-:ﬁtred%o eElf’@tper]é_p%c?Ja‘{ﬁ?SJO% SR ¢ aEfTrb Hi't%er ed
by a sinpl eddwet hedsonplsadel dhidr landstiries mutbdhesPatudntmo Isieall s dcdek=i pai n
fol L owi ng icegld oy A% 30 JTRY GANEL 1AV Al and-{ Asty ng, drug ef fi cacy.

[ 0006] nem-a synptons triggere y causes su as chroni ¢ renal
failure, amg¢cteEaRsher apy and surgery, which are reported to occur in

humans; gar g p@lgyq observed in animal 35 pets such as dogs and cats, and are
often the causes of death in such animls. For exanple, anbng cats

(Wi thin Japan), tife3d FGSGeiterSt O RV T ERAIt RA9urE S ¢ 17&r Redl y from
Oi 64%t 0 3.h&59%ﬂmaﬁwd@mmndmerdmesﬂmdd R HreviAHed &d mMyiungf rom )28t h
pl ace to 4 ace in 5.the rankin i es (.Non- nt, Docunent 2).
Human EPO E:}gga{r A% NE are iwr%ht ﬂ?ggap@uf%%i%q ﬁ%@df%t@o ltnowg-‘rlg:g‘t anen a
i n ani mal scrndowaMercullre cdusEPhysisaldegl cal [bhheadtvisderepradt giosd tsueh 5&s EPO
have speci es- i.fi.c i .aGli q 5, -der.i. ved EPO

pr epargfgi oﬁ%iogg%gmaegma%@# grrlgd e?i osa%n%%?o%%ﬁ%%g% Eurraﬁs,lst here is a

ri sk that rep@nted fgud@vich@regpcessicnt dfemaitrcERY iantididdildy. (AS a

resul t, inyesti-gationsy ane jcirenld Y Peidig saldded Qut,ta Hemel.op EPO
preparations for the treatnent in cats or dogs, each of which has an am no

aci d sequef&ésCathicd pSMdBEStRTEd 31 Re STVt i Hioae $Fedidds. VIGOGTE Pat ent
Docurent 1:-aWB202A32957 Patent Document 1).

20 [0C05]

Human EPO preparations in current use are
administered by intravenous, subcutaneous, intramuscular
and other routes. Additional efforts at developing, for
example, oral and nasally absorbed preparations have been

25 made (Patent Document 2). The intravascular administration
of human EPO preparations lacks general applicability.
Hence, there exists a desire for EPO preparations which are
administered by a simpler method, place little strain on
the patient, such as less pain following injection, and

30 moreover have a long-lasting drug efficacy.

[0006]

Anemia symptoms triggered by causes such as chronic
renal failure, and chemotherapy and surgery, which are
reported to cccur in humans, are also observed in animal

35 pets such as dogs and cats, and are often the causes of



Patent Document 2: JP-A 562- 89627 [ 0008] 20Non- Pat ent Docunent 1:

“ "pol yet hyl ene gl ycol - conj ugat ed pharnmaceutical proteins," PSTT, Vol. 1,

No. 8, 352-356 (1998). Non- Pat ent Docunent 2: Tama Jul Rinshb
Kenkyakai Chosa H5koku (2006 Nendo) [2006 Report on Survey of Tanma 25
Veterinary Cinics Association]. SUVWARY OF THE | NVENTI ON [ 0009] An obj ect
of the invention is to provide a 30 pharnaceutical conposition that
contains EPO as the active ingredient; has a high safety in vivo although

having a high,physi ol.gi caliactd vi ty, angd. has. a i&&%#f@aﬁ%i@ﬁi when
adm ni stered in humans and/or aninals, a hematopolietic effect t at |asts
for not |esERHAN sEVen HaYENE5[PD19)ronic renal Thal lyrem s have

conduct ed Qﬁﬂfwl%’wﬁﬁ icg,a%i%)rtis]o om, %m ﬁﬂﬂemega&ém%ﬂ G 4 o ﬁf EPSbWi t hf
PEG as a result. of whigc ey. have found that, dependi ng on the nunber o
PEG nol ecul 6§ Adtied Ja{hdlﬁée' F‘}éé[ﬂ%}ré% 'Té?mmg?ﬁhtg]ﬁpc% 9 rUdt -] hgt

hemat opbi ettifee efdréctng ast siforagwet | Mess- Pdiaen s evanuaays. 2 ) Thusidey £p0

i nvention | V. . . rdi ngly, the invention
rel ates to}%grseﬁﬁlar n}af(;geraét liag% a%eolnr%)iy gl%arPec%trrjﬁfl aﬁgusaencgea?/lyst%r ohaiEtih to 10
whi ch two c&fre Matarisol bl éldwsigrohaer s e wsi g ladded; adienei n an
amount of sl ard oppifl idbd S QL dgssi dhan,Q0%0f 4ptdl seig

erythropoi etin. [0012] The invention further relates to a pharnaceuti cal

15 conposi A EHRS MhFS & \imEpoietited ERhikieReiatiarn s& ubl e
| ong- chai n awliecid e desl addedhimier eithdhe- et ermsolubledreng-chain s«

roleoule s, T seuler yeLA of 201, 557 0 S0 KR L9913, 20T
As a result, investigations are currently being carried out
to develop EPO preparations for the treatment in cats or
dogs, each of which has an amino acid seguence that is

15 specific to the particular species.

[0007]
Patent Document 1: WO 02/32857
Patent Document 2: JP-A S562-89627
[0008]

23 Non-Patent Document 1: “Polyethylene glycol-
conjugated pharmaceutical proteins,” PSTT, Vol. 1, No. 8,
352-356 (1998).

Non-Patent Document 2Z: Tama Jai Rinshé Kenkyikai
Chdésa Hékoku {2006 Nendo) [2006 Report on Survey of Tama

25 Veterinary Clinics Asscociation].

SUMMARY OF THE INVENTION
(0009}
An object of the invention is to provide a

30 pharmaceutical composition that contains EPO as the active
ingredient; has a high safety in vivo although having a
high physiological activity; and has a feature that has,
when administered in humans and/or animals, a hematopoietic
effect that lasts for not less than seven days.

35 [0C10]



-

pharmaceutical conposition containing erythropoietin to which a

“ wat er - sol ubl e 1 ong-chain nolecule is added, wherein the water-sol uble

| ong-chai n nol ecul e has a branched chain. [0014] 25The wat er-sol ubl e

| ong-chain nolecule is preferably not | ess than one conpound sel ected from
the group consisting of polyethylene glycol, polyam no acids and

pol ypropyl ene glycol. [0015] 30The pharmaceutical conposition preferably
has a hemat opoietic effect in humans and/or animals which lasts for not

| ess than seven - iyl f all . of the famly
Fel i dae and/ or tﬂ%ﬁféﬁfﬁg”%gﬁiggtg?égfg%%ﬁ%&ﬁﬁ%&%gﬁébﬁg?ﬂ%%§§détlJ%S

phar maceut i ¥al tlebrigosiigaon nad i s titeorebrEfelWitthdHol @l on aswyel

having a pHofyatn less, than £damq ngzaﬁrprc?egsé}?dm% 400k mEgeherably,
the solution is fornulated to have substantially the same osnotic pressure
and pH as tHdserore Gfinfaddsth Futi e 113 d'YeEdE ao HAE @ pai n when
adm ni sger etk {018, HhEhereeraidyipad et 14 fref araddy fms rmthumy cieat - or
dog-derived, am no, acid sgquenge. [ 00194iczlhhenaesr)g hr opoi et i n, iasC preferably

t he folhmm%ﬁf %”d%¥§. € Inven een arrive
[0011]
. Accordingly, the invention relates to a
pharmaceutical composition comprising an erythropoietin to

10 which two or more water-soluble long-chain molecules are
added, wherein an amount of said erythropoietin is not less
than 50% of total erythrecpeoietin.

00127
The invention further relates to a pharmaceutical

15 compeosition containing erythropoietin to which a water-
soluble long-chain molecuie is added, wherein the water-
soluble long-chain molecule has a molecular weight of not
less than 30 kDa.

[0013]

20 The inventicn still further relates to a
pharmaceutical composition containing erythropoietin to
which a water-soluble long-chain molecule is added, wherein
the water-scluble long-chain molecule has a branched chain.
[0014]

25 The water-soluble long-chain molecule is preferably
nct less than one compound selected from the group
consisting of poliyethylene glycol, polyamino acids and
polypropylene glycol.

[0015]

30 The pharmaceutical composition preferably has a
hematopecietic effect in humans and/or animals which lasts
for not less than seven days, and the animals are
preferably animals of the family Felidae and/or the family
Canidae.

35 [0C1ls6]



(c): 15 (a) a pol ypeptide having an am no acid sequence set forth in SEQ
ID NO1; (b) a polypeptide that has an am no acid sequence of not |ess
than 70% sequence identity to the am no acid sequence set forth in SEQ ID
NGO 1, and has an erythropoietin 20 activity in a cell proliferation assay
usi ng BaF/ EPOR cells; or (c) a polypeptide that has one or a plurality of
am no acid substitutions, deletions, insertions and/or additions with
respect to the ami no acid sequence set forth in SEQ ID NO 1, 25 and has an

eryt hropoi etin agtiH R, a |+ Rr Q. i n&m-sﬂ g :BaE/ EPOR
cells. [0020] .%e\fe%)régflgr’aglq%l, p#%trﬁéeie?rt?tﬁgg one _poll;&etoﬁ Ilgnéa/ | ycol
addi ti on sisttd4tsoq |9sigee- 78 Neesicdud 1 B0[C0ZEL havinggep n eatedly

adm ni st er adys st kg phar meewdic o compesi td on preferably does not trigger
t he producti ?Oﬁﬁﬁf an antibody to erythropoietin. [0022] The
r

i nvention fl{l relates to a drug for treating anema and a
hemat op®i eti c dr Pgefeachlef, whieclkdlndtlivded st He rinrl egeidng opharmaceut i cal

conposi tion, ] 1 nj_steri t.he r eutical it of
Cher i mvent LSRR o b SO S TS Bite ot Hhe MeLEtepareti c
ef fect to lasemierl iget Hoekis w Hamisk\ven adays. dive pleamn@dcewtiesal

conposi tion 4of; ke Jyavention, when the preparation is adm nistered, places
little strain on the 10 patient, such as |less pain follow ng injection,
and noreovéPCH&d a long-lasting drug efficacy. BRI EF DESCRI PTI ON OF THE

DRAW NG5 The erythropoietin preferably has a human-, cat- or
dog-derived amino acid segquence.
[0019]

The erythropoietin is preferably the fcllowing (a) to
(c):

15 {a) a polypeptide having an aminc acid segquence set forth
in SEQ ID NO:1;
(b) & polypeptide that has an amino acid sequence of not
less than 70% sequence identity to the amino acid sequence
set forth in SEQ ID NO:1, and has an erythropoietin

20 activity in a cell proliferation assay using BaF/EPOR
cells; or
(c) a pelypeptide that has one or a plurality cof amino acid
substitutions, deletions, insertions and/or additions with
respect to the amino acid seguence set forth in SEQ ID NO:1,

25 and has an erythropoietin activity in a cell proliferation
assay using BaF/EPOR cells.
[0020]

Preferably, not less than one polyethylene glycol
addition site is 2 lysine-78 residue.

30 [0021]

Even when repeatedly administered, the pharmaceutical
compoesition preferably does not trigger the production of
an antibody to erythropoietin.

[oo2z]



[0‘024] 15FI G 1 conpares the hematopoietic effects caused when rats were

“ adm ni stered PEG nodified cat EPGCs i n whi ch had been added vari ous nunbers

of nol ecul es of straight-chain PEG having a nol ecul ar wei ght of 20, 000.
FIG 2 conpares the hematopoietic effects caused when 20 rats were

adm ni stered PEG nodi fied cat EPCs in which had been added various nunbers
of nol ecul es of straight-chain PEG having a nol ecul ar wei ght of 5,000 (the
control was a nono-PEGyl ated cat EPO in which had been added one nol ecul e

of straight-chai %h%Egn%\ﬁitq_ a t%ce"y %red_ .&httoOfa %B:’u%ogf)d ?t%.'éla%in
conpares the hematopoietic effects cause en rats were aﬁm nistered
PEG nodi f i edvegita EPGs & rhewt totp chisd- e et veid ek @ e forwhtid riglcdogless tofe

strai ght - c@&&@%d&gﬂ&gﬂ&mi%ﬂ aforyeight; pf. 40,000 (the control was a
nono- PEGy| at ed "cat O 1n which had been added one nol ecul e 30 of

strai ght - cH&% 3PEG havi ng a nol ecul ar wei ght of 20, 000). FIG 4
conpar es the hemghopeinatiictefifieet seagsedmshentialay Wehe diirins ber ed
PEG nodi fi E% cat EPQGs in which had been added one .or two ., le%ﬁléesc of
branched PEGhai%ig & bl et i Wi Ght? 626 1000 (thé s “2%ono-
PEGy| at ed cdatmaERQd e til af frradt bere il seedd €th ome tholescultha0f sstveanl glaty-schai n

PEG havi ng I i_ght . . r[\]/[pﬁ | NG THE
| NVENTI ON gﬁﬁg%ﬁ%%ﬁa%hu\ﬁ%@el n%méﬁo%rle atnesﬁ'ltz?;}t ree {I}?agro%iéseﬁglteimc é:lggT
conposi t i oprepAmitisn dspecnigfl stsradw entdans ridltEbtles storad mplvar rdiceut i cal

conposh i on,GanRkA NiNGL ik ak AL e@ialowkd aNAcdiess thrn 50% of the
total erythropoietin, erythropaqiéetin (sonetinegs abbreviated as "EPO') to

whi ch two SPLATE SWdPeT 55 s & AT T HYY RAPGA%Ss are added. [0026] In
the first aspect of the invention, the nunber of 15 water-soluble

| ong-chai n nol ecul es ad ] Y nmol ecul es bei ng
preferred. EPO to whi ch%m%%@ﬁmﬁe%{%ﬁg{i@ﬂ#ﬁ%{%@ul e i s added may
addi tional Ip02d Jcont ai ned. However, fromthe standpoint of the durability
of the%ﬁ.e”at opoi gt &f fc%?néd&e RO&Q ‘g&n%%}p‘@ae%cz%f%rc% naterzsoluble

| ong-chain nol ecul'es are a i's preferabl mal n_conponent, nore
pr ef er abl y radcowstrs fooinimots Hegwsl tHydTIB0E s cave b RSy 6 Mprdfiehiablayg

accounts f @chotydess Wharu%unfetdhe # alAle EAQs of straight-chain
PEG having a molecular weight of 20, 000.
FIG. 2 compares the hematopoietic effects caused when
20 rats were administered PEG-modified cat EPOs in which had
been added wvaricus numbers of molecules of straight-chain
PEG having a molecular weight of 5,000 (the control was a
mono-PEGylated cat EPO in which had been added cone molecule
of straight-chain PEG having a molecular weight of 20,000).
25 FIG. 3 compares the hematopoietic effects caused when
rats were administered PEG-modified cat EPOs in which had
been added one or twe molecules of straight-chain PEG
having a molecular weight of 40,000 (the control was a
monc-PEGylated cat EPO in which had been added one molecule
30 of straight-chain PEG having a meclecular weight of 20,000C).
FIG. 4 compares the hematcpoietic effects caused when
rats were administered PEG-mocdified cat EPOs in which had
been added one or two molecules of branched PEG having a

molecular weight of 20,000 (the control was a mcno-



Here, the content of EPO to which two or nore water- 25 sol uble |ong-chain
nol ecul es are added, based on the total EPO is calculated by neasuring
the fluorescent intensity of the bands obtained by fluorescence staining
followi ng fractionation by SDS-PACGE. [0027] 30For EPO to which two or nore
wat er - sol ubl e | ong-chain nol ecul es are added, to be a main conponent in
the total EPO neans that EPO to which two or nore water-soluble | ong-chain
nol ecul es are added exhibits the nbst intense band in SDS-PACGE. Here, the

phrase "exhihits the most_ intense band 35 .in SDS;: PAGE" neans that en
Dot o1 s cORtH TRES TaF Ghipl £ CuyTockih 1o b BT b et dor by s pAce
are det ect ed:#nd FHtvartesicerities dtarining ustgyulfaor vexiaripl ey SYBRO Ruby or
the like, the intensity of the signal fromEPO to which two or nore

wat er - sol ubl e |1 ong-chain nol ecul es are added is higher 5 than the
intensity of other sPBHRal ¥ODE FOR CHRREINGYCHIsdHBe INFEYTEONdet er mi ne

whet her sEPQdg» 3yhi ch two or nore water-sol ubl e | ong-chain nolecules are

added is a _main conponent in the total EPO For exanple, a sanple passing
through a col Uif ofIVeRg.on iE Bk 1 R ERAFS S ¥ rom YMC Co.
Ltd.) is deieged dierahsor bance neasurement, and the intensity of the

signal from EPO to i ch _two qr r.e water-sal ubl e .l Qng- chai_n nol ecul es
are added can be}&dg‘j\%"S r?eséjeicgc boreEDkF%g%elrmzt nar%c}%er%lnocee%si C}y “of ot her
signal s. 153M028ceutical Framddie isiramdpdiainiofg,t her dur asidurtty egfualhe
hemat opgi etd ¢ X r= el Pfs .t £rs1S9] ubl e 1 ong-chain
nol echg iseoprngﬂt;?'a _Sytgr%jgdtmltge(?s:%ﬁatn 10@12%@, .ear%&ehm) e per?f €rably not |ess
t han 20 kDeeryAthnaupsiegn WP kimes e trsheatcoiadt i ¢ B fledto tBHd not to

last long. {iRP2ZH more wahecdiasPecinPfciig inentiny relatesdo a
pharmaceuti cal_conposition containing EPO to which a water- sol uble

| ong-chai n % dul e i s added, wherein the water- 25 soluble | ong-chain
nol ecul e has a nulreaweart iweitghisefctnaif [@ss trlvamt3i®rkDahd Q3Med mt he
Secondlgspewca;[teog—stOQ%bil%veirgnigo—ndha;[ihne e rrebc:eurleosf added to EPO is two or
more, with two molecules being preferred. EPO fo which one
water-soluble leng-chain molecule is added may additicnally
be contained. However, from the standpoint of the
durability of the hematopoietic effect, EPO to which two or
20 more water-soluble long-chain melecules are added is
preferably a main component, more preferably accounts for
not less than 50%, and even mcre preferably accounts for
not less than 70%, of the tTotal EPO.
Here, the content of EPO to which two or more water-
25 soluble Icng-chain molecules are added, based on the total
EPO, is calculated by measuring the fluorescent intensity
of the bands obtained by flucrescence staining following
fractionation by SDS-PAGE.
[0027]
30 For EPO to which two or more water-soluble long-chain
melecules are added, to be a main component in the teotal
EPO means that EPO to which two or more water-soluble long-
chain molecules are added exhibits the most intense band in
SDS-PAGE. Here, the phrase “exhibits the most intense band

35 in SDS-PAGE” means that when proteins contained in a sample



wat er - sol ubl e |1 ong-chai n nol ecul es added to EPO is not 30 subject to any
particular limtation, and nmay be one nolecule or may be two or nore

nol ecul es. [ 0031] From the standpoint of the durability of the
hemat opoi etic effect, the nol ecul ar weight of the water-35 soluble

| ong-chain nolecule is preferably not less than 30 kDa, and nore
preferably not | ess than 40 kDa. At |ess than 20 kDa, the henatopoietic
effect tends not to | ast |ong. [0032] A third aspect of the

invention r it ant ai P whi ch
a water- soﬁq‘{u Ieﬁ%gggtaocﬁeg%\é@r‘po ecu e |sqglg)35%d§ eﬁfeal - Cgee Watt%CLO s‘gl ubl e
| ong- chai n nplce@i eerivss s vreimchatb iohad rEoByexaniel evatBrERD IRl e doidiechai n

nol ecul e has; ;@ br@{@&%é&%ﬂy "ofloc}y@aélgrﬁdlrre@rgm igpd hat Jhghunher,of

branches is two or nore, Wth the number of branch poi nts bei ng one or

more. [0033|Cre wateniplgddle V\%féwe e dt ekt Sol bl %S Giffischdish sihsdul e
i's a branchedirchaian iddegiunpers aftiwat eriggolubl e | ong- chai n 15 nol ecul es

added to EPO is bect to.,an ticu limtati |n cases
wher e the nunber ?%# r- 2155 éﬁo5{1 ﬁjaﬁatr?%n@cdﬂ h§de § one

nol ecul e, tvie dhertatoopai etdme: e\fafteaoi—a:ﬂuﬁ:élcé vilvery -{dies ipharateeetitdsc alre
conpositio t.q | es even
days. A ne[éﬁi%aag ?[%SL %énﬁ;ao\?feﬁ% a rtg%:h%o gltltPr(lj i s%ﬁc%&sﬁ neaJ P-T
1- 19- 50429%and@34assing thppaigkatee reodaimiblas | @n@t -chaiM¢ rsicde Wil #dthod
and effect Qfy-3dEisSthad onc ¢Nt aitngf,y and q“éﬂédﬁélp%ftdﬂkdr%a%@et he

f or egoi ng phar maceut i cal corrp05| tions are descri bed bel ow.
measurement, and the intensity of the signal from EPO to
which two or more water-soluble long~chain molecules are
added can be determined to be higher than the intensity of
other signals.

15 [ccz28]

From the standpoint of the durability of the
hematopoietic effect, the molecular weight of the water-
soluble long-chain molecule is preferably not less than 10
kDa, and more preferably not less than 20 kDa. At less

20 than 5 kDa, the hematopoietic effect tends not to last long.
[0029]

A seccnd aspect of the invention relates to a
pharmaceutical composition containing EPO to which a water-
soluble long-chain molecule is added, wherein the water-

25 soluble long-chain molecule has a molecular weight of not
less than 30 kDa.
[0030]

In the second aspect of the inventicn, the number of

water-soluble long-chain molecules added to EPO is not
30 subject to any particular iimitation, and may be one

molecule or may be two or more molecules.

[0031]

From the standpoint of the durability of the
hematopoietic effect, the molecular weight of the water-

35 soluble long-chain molecule is preferably not less than 30



[ 0035] 2. Water-sol uble | ong-chain nolecule A water-soluble |ong-chain

nol ecul e i s added to EPO 30 for the purpose of inhibiting netabolism and
prol ongi ng the bl ood kinetics. The water-soluble | ong-chain nolecule is
not subject to any particular limtation, and exanpl es thereof include

pol yet hyl ene gl ycol (PEG, polyam no acids and pol ypropyl ene glycol. The
use of such a nolecule may 35 involve preparing a reaction precursor,
followed by addition to a protein by vvay of a synthesis reaction. Genetic

hese ol eciss Tavd bear T 6 (he shove bl CLuss, s 1Ste

ant i geni ci tihand G skiron-tise t@@@tomtmr@f&@t i seedd evat vieo alaswt f or

| owering the,antigenicity of the nodified protein and suppressing the
expression of anti-EPO anti bodies as a side effect. [0036] Methods for
covalently [IqC?ﬁ@]ng PEGto a protein 10 generally involve a chem cal
reactiop vm'th a p»rﬁ;treﬂxraa} acgpe/&hﬂ ib@rtmildaiérg;lru@ptﬂé@% &d ténCLi Oni'il groug
on a sugar chain thereof, such as a act ar boxylic aci
of car bokyl8 T AT T n TR0 Srierl dr e o bt R L e e

sul f onat e estlerblactliorat-edh goiol ymre]recmlmm:asacaie’kﬁ, s,uiefmat &mttha&tl vat ed
PEG In the, ¢ 0 i t I 0 such thads is
possi bl e. %@dg;ﬁei?é@?]%gtéﬂoaﬁﬁr engo%%:%%nfe;r%%ur sobfﬁgaq{v%ﬂeﬁ Ct}}/a uE!s\r’gdhﬁl%ncl ude
| ong- chai n Wislest s altatl drsgecipelan mastdroxdyd dras aatbmzcdmi @idam o

addi tiop, these whiehare estiend fird Widdea suasi Didadyl: £ atly acig.al the

ot her unnet hoxyl ated end of PEG have been devel| oped; of these, ones in

whi ch the fEtY W& PRI 1Y fropiShiRe 4w }Qﬂﬂtﬁjt‘wﬁ CTadIF ar e preferred
fromthe st@udzgi nt of reactivity. When succininidyl 25 propionic acid
ester of methoxy PEG (abbrevi at as_" SPA- Iia’tb? reacted Wltq n EPO
addition is knowt't &§%ake S-lefcee F&GSFeISP A Oﬁ’@" g0 B&ciuse a
plurality adfs laydimseratesi diesirar e:l}@” esaﬁiemmﬂil%@teas—sidﬂmhrl@adidr@%cmadﬁeeds
t he nupber _of Jol I sI in A mxture of
|som&*rgg)ha\I/I?)r‘;L cﬁcifferag?téaﬁu ers oﬁ§%§§a§%lee%%ultgos% S%BF] By It
has been réﬁ@ﬂ{t@(ﬁt@h?at Evient He! rassifl s vhepteai ied rfm@ﬂnhéf atdrfienri-strat i on of

a singl e desq . ©) HumRRy-ERQ:IN 30 dahis &/ iidde scavdal eidbuid, the

nono- PEG)/I%ted formin which a
ematopoletic effect caused when the pharmaceutical

composition is administered is seen to last for not less
20 than seven days. A method of adding PEG having a branched
chain is described in JP-T H9-504299.
[00343
The water~soluble long-chain molecule, method and
effect of administration, container, and erythropoietin in
25 the foregoing pharmaceutical compositions are described
below.
[0035]
2. Water-soliuble long-chain molecule
A water-soluble long-chain molecule is added to EPO
30 for the purpose of inhibiting metabolism and preolonging the
blood kinetics. The water-soluble long-chain molecule is
not subject to any particular limitation, and examples
thereocf include polyethylene glycol (PEG), polyamino acids
and polypropylene glycol. The use of such a molecule may

35 involve preparing a reaction precursor, followed by



single PEG (20 kDa) was added at |ysine 52 had the | ongest |asting

hemat opoi eti c effect; however, optinmal isoners or mxture ratio thereof
depends on the animal species fromwhich EPOis derived and the route of
adm nistration. PEG 5 nodified EPO in which the nunber of added PEG

nmol ecul es is one and PEG nodi fi ed EPO in which the nunber of added PEG

nol ecules is two or nore may each be adm ni stered al one or may be

adm ni st ered in adm xture. [0039] 10The site where PEG is added to the EPO
protein wll obably depend on the species fromwhich EPOis derived and
t he node of2 j#—“irbﬁ‘—o Boweiidre 1 reveh WY Qs s SWReT & 5 IR of PEG

nol ecul es @a@x@ﬁd;ed:eddmbﬁua}rﬁifrermmﬂ@fem@iay essd han wonel place of
addition to be a |ysi residue 150rres i?cglt()thel si ne .52 .on, hurman
C

EPO. For eddpiuse el Lrgpd hathi g t It o1 P9 SEGHTS No 1,
addi tion atofl wHeneabf8red sucdreafielrased. PE[CDOLZEO:]kSB arEitdwod. caind/ eafrfdaczts afon-

adm ni strati on 20The, EP t %}gg E@ge I < the
|nvent|%’)n tHUs Has (9 Eehrcr%rte%o]{%eﬁ%%e Léhuﬁnfsoqtgn Jor s whi ch
| asts for mottigessi difan ofevidre dagdt £ D4 owitrh a@baﬁlﬁpm@&wg the

hemat opoi etd.q, &80t Jhe [alimp@fads &l LUl0cH as deramdyacyt e
precursors) to erythrocyt es can be quantitatively determ ned and used as

an indi cat diP%¥¢lt he hemat opoi etic activity when the inventive

phar maceutical coRROSIS %m&fom%ht@.@ﬂlrﬂlﬂil@lrge@EGT% raEtprQ:ttldi@yt e count
can be asured y. a srre r test u5|n a 30 or taln

y an
aut omatPc & i lo& “1‘1 rh éadrﬁ StrHtion of the
phar maceut |majh mtemaiatmmnsaataﬁvaslﬁbjmtfur@tarwlqia@nmﬂ am lé raussy on;

adm ni strat |hoapbnn%¥1e%% sar ré‘_ﬁglmo%gat SDn 4y ns ahd Al soan{ 'he35 rrat{@ otlhe:]er

t han humans articul’ar i nposed ‘on the 'ani
t han humansicial tdibli@tibemimfs ofid e rigmtiyerel iTdwe sarrdyeora ksfe mefiadp

Cani dae_ar g;praf e/dLa s/ﬁslﬁ/eédalté)%s%w@;éaédimryn@ﬂ awhen & a

cat-derived EPO is used, in anjnal he fam |y Fel i dae an 5 the famly

Cani da&? t Halldeusts ﬁStt;eqmtlﬂf?et@éb@%n Hpthe case of acdition to

EPO as well, additien by such methods is pcssible.
[0037]
PEGylaticn reaction precursors which may be used
include long-chain molecules that have been methoxylated at
20 one end. In additicn, those which are esterified with a
succinimidyl fatty acid at the other unmethoxylated end of
PEG have been developed; of these, ones in which the fatty
acid part is propionic acid or butyric acid are preferred
from the standpoint of reactivity. When succinimidyl
25 propicnic acid ester of methoxy PEG (abbreviated as “SPA-
PEG”) is reacted with human ZP0O, addition is known to take
place selectively at lysine residues. Because a plurality
of lysine residues are present on EPO, as the reaction
proceeds, the number of PEG moleéules added increases,
30 resulting in a mixture of isomers having different numbers
of added molecules.
[0038]
It has been reported that, in the results obtained
from the administration of a single dose of human EPO in

35 rats via the caudal veln, a mono-PREGylated form in which a

10



as an antigen is low, making it possible to avoid the occurrence of side
effects. [0043] Methods of adm nistering the pharmaceutical 10 conposition
i ncl ude, but are not particularly limted to, intravenous, subcutaneous,
oral, intranuscul ar, percutaneous and nasal adm nistrations. [0044] The
PEG nodi fied EPO in the invention may be used 15 with an agent sel ected
from anong pharmacol ogi cal |y accept abl e exci pients, disintegrants and

bi nders. [0045] Exanpl es of excipients include starch, agar, sucrose, I

| act ose, gl trin, rhit ol rahic, ¢ ta 0 _manni t ol ,
crystalli nesggléﬂ%ul%?é, (r%d;ckl[faﬂi mésgaﬁ%%égag%gls(p%a eeoéég}accg&g?euf%osnﬁ%sa e.
Use may al sl¢did nndermsft qevdratace i ety faveeptablapteixe piiermirss 1ot er  t han

these. [0046];Examlgs ofc i side egrantss include staroh, Ui 25 &gl i um
citrate, calcium_carbonate, sodiumhydrogen carbonate, dextrin,

crystal | i ne"dély difsse,s Sahoeat |t 11 Yse dhddtayadamthioruse B al so
be madesof rphermreewrHcald Wwhacoepirablreundist Hred@ns oid el than dhese.

30[ 0047] anpl es af_.bi s .include starch and starch, derivatives,
ool Pl ose SR GBI oS B0M0 TV LTS LDV nir e o ath e e
sugars, et hanieicudrd pol ywionydr alcocholay Wsehniye aldsd rhiestreadel eflone or
phar maceut Lea) Iy 3-AGAERLARIE ) ndarSqther than these. |
[0039]
10 The site where PEG is added to the EPC protein will

probably depend on the species from which EPO is derived

!

and the mode of reaction. However, even In cases where a
plurality of PEG molecules are added, it is preferable for
not less than one place of addition to be a lysine residue
15 corresponding to the lysine 52 on human EPO. For example,
in cat EPC having the sequence set forth in SEQ ID NO:1,
addition at lysine 78 is preferred.
[0040]
3. Method and effect of administration
20 The EPO-containing pharmaceutical composition of the
invention thus has a hematopoietic effect in humans and/or
animals which lasts for not less than seven days.
[CC41]
With regard to the hematopoietic effect, the ratio of
25 reticulocytes (erythrocyte precursors) to erythrocytes can
be quantitatively determined and used as an indicator of
the hematopoietic activity when the inventive
pharmaceutical composition has been administered. The
reticulccyte count can be measured by a smear test using a
3C dye or stain, or by an automatic blood cell counter.
[0042]
The subject for administration of the pharmaceutical
preparatiocn is not subject to any particular limitation;
administration may be carried out in humans and also in

35 animals other than humans. No particular limitation is

11



[0048] The PEG nodified EPOin the invention may be used with an agent

sel ected from anong stabilizers, pH nodifiers, osnotic pressure nodifiers
and surfactants. 5[0049] Exanpl es of stabilizers include am no
acids. Here, amino acids used as stabilizers may be in the form of
crystals or may be anorphous. Alternatively, use nmay be nade of those

whi ch include inpurities, such as plant or 10 ani mal ingredients
containing a high ratio of such am no acids. The crystals used may be in
the L form the D for or as a mxture of L_and D forns. [0050], Exanples
of pH nodi fICsstheruddehartar lsy e 1815deeE1ed 1 Porh e yPdumal

consi sting of racetiéiag d-acei=at endyd aracifimmhate.niddy iaacacid/citrate,
tartaric acid/tartrate, |acti.c aC|d/Iactat gﬁgcggpho%;c aC|d/ hosphat e,

gl yci ne/ gl PEEfEteeorri &5 §irdrami SEREHh &&adi tﬂlr% c&r b6rat e,

and ot her bmtﬁaﬁdeEﬁysBemmedThejiGmemndhandf|ﬁmdlﬂamMﬂyﬂFaiuyae emd
sol uti O@ C%nt ai in%ia%r ef %r a%oyss oK riq]_t{ thedftert@l%I ﬁP{b gvllqn%cetven

nore preferably he upper’llnlt is preferab nor e
pref erabl y aB. &Bn and igesn igorlevpr @Taé?létg V7 p@@[l@dﬁl]tOEﬁéfr@ﬁJde§f@f osnotic

pressure m@ydgfygidéuaﬂﬂyadgngffggtg|n1ted to, salts, sugars, alcohols
and am no aci ds. particul ar, suitable use nay be nade of sodi um

chl ori de, d@pﬁﬁﬂdrlc al cohol' s, nonohydric al cohols, nonosaccharides, 30
di sacchari des, OMegﬁ&a@cmr |adﬂ&rﬁl’$¢e&fﬂn@0 e @slara&daaltlmaa derivatives

?2§[53L0t£9052P55§§E%Lﬁ%F lXﬁ d%#%%z# Oh0| &g%y UE1coh5’|s such
as arabitoﬁntxwhem@msanduhmmuanﬁqu&yubral, lntramuscular,

percutanecus and nasal administratiocns.

[CC44]

The PEG-mcodified EPO in the iInvention may be used

15 with an agent selected from among pharmacologically
acceptable excipients, disintegrants and binders.

[C045]

Examples of excipients include starch, agar, sucrose,
lactose, glucose, dextrin, sorbitol, gum arabic, cornstarch,

20 mannitol, crystalline cellulose, lecithin,rcalcium
phosphate and calcium sulfate. Use may also be made of
pharmaceutically acceptable excipients other than these.
[C046]

Examples of disintegrants include starch, agar,

25 calcium citrate, calcium carbonate, sodium hydrogen
carbonate, dextrin, crystalline cellulose,
carboxymethylcellulose and tragacanth. Use may also be
made of pharmaceutically acceptable disintegrants other
than these.

30 [0047]

Examples of binders include starch and starch
derivatives, cellulose and cellulose derivatives, gum
arabic, tragacanth, gelatin, sugars, ethanol and polyvinyl
alcohol. Use may also be made of pharmaceutically

35 acceptable binders other than these.

12



hexahydri c al cohols such as mannitol, sorbitol and dulcitol. O these,
hexahydri c al cohols are preferred, and mannitol is especially suitably
used. [0053] 5Exanpl es of the nonohydric al cohols include nethanol,

et hanol and isopropyl alcohol. O these, ethanol is preferred. [0054]
Exanpl es of the nonosaccharides that may be used 10 include five-carbon
sugars (pentoses) such as arabi nose, xylose, ribose and 2-deoxyribose; and
si x-carbon sugars (hexoses) such as glucose, fructose, galactose, nannose,
sor bose, rhammose and fucose. O these, six-carbon sugars are preferred.
15[ 0055] [0048]Exanpl es of the oligosaccharides that may be used include

trisaccharides sm asdRldatries e mnd f afifd nesentant tety asacchar i des

such as stachyose. t hese, trisaccharides are referred

Dl o5 of A TR AREE G IS dre e et ] Qe S
ol i gosacchaydnties d hate smyr D endrsiett & el arde sginﬁ:amntme gal act osam ne,

gl ucoro |c ﬁgyﬂﬁand gal acturonic acid. 25[0057] In addition, a
sur f act e contained with the PEG nodified EPO in the invention
Exenpl ary surfactmhamIQE@TaﬁidrﬁZﬁrﬁjrﬁm@ﬂ amnigeniaghids -sutfeg@t-ant s,
anphot eri ¢ surfactani.s and oA 'soffgalsl%@tn{w be alid haughe 30, the

possibilities are not |limt to these. ry anionic surfactants
i ncl ude aniGHsEaslur fode it P DA BIP ¥t t yA]d%ﬁrdéatlé’rﬁ]dhl SKMEAC %t s

based on |ipesr & kdhenzenes, amomse swdactiay,s éaﬁsechsarplrarghezrr
al cohol s, ani.oni.c surfactants based on a-olefi.ns nd aqi

sur f act Ant $THASId IGW ISR HAT TS DR W it HQrﬁ

acids. The crystals used may be in the L form, the D form,

amlno

or as a mixture of L and D forms.
[0050] _
Examples of pH modifiers include buffer systems
15 selected from the group consisting of acetic acid/acetate,
malic acid/malate, citric acid/citrate, tartaric
acid/tartrate, lactic acid/lactate, phosphoric
acid/phosphate, glycine/glycinate, Tris, glutamic
acid/glutamate, and sodium carbonate, and other buffer
20 systems. The lower limit in the pH of a gel or solution
containing EPC i1s preferably 4, more preferably 4.5, and
even more preferably 5. The upper limit in the pH 1is
preferably 8, more preferably 7.5, and even more preferably
7.
25 [0051]
Examples of osmotic pressure modifiers include, but
not limited to, salts, sugars, alcochols and amino acids.
In particular, suitable use may be made of sodium chloride,
polyhydric alccheols, monchydric alcohols, monosaccharides,
30 disaccharides, oligesaccharides and amine acids, as well as
derivatives thereof.
[0052]
Examples of polyhydric alcchols that may be used
include trihydric alcchols such as glycerol; pentahydric

35 alcohols such as arabiteol, xylitol and adenitol; and

13



to these. Exenplary nonionic surfactants include nonionic surfactants
based on fatty acids, nonionic surfactants based on hi gher al cohols and
noni oni ¢ surfactants based on al kyl phenols, but are not limted to these.
Illustrative, 5 non-limting, exanples of nonionic surfactants include

pol ysor bat e and/ or pol yoxyet hyl ene gl ycol sorbitan alkyl esters. Exenplary
anphoteric surfactants i ncl ude anphoteric surfactants based on am no

aci ds, betai nes, am ne oxi des, but are not limted to these. Exenplary

10 cati oni surf tant cl.ude cationic surf ct ant based 0 at ernary
anmoni um sgﬂet}sah 839?31 3§ 1Yl 3D THEsE:° récg citoL.
exci pi ents Oﬁl@aﬁee,grm&ydmzrtdeﬂscombdmdreqmsefem-term,dléncermnrmstrml| C

pressure ; - may be freely conmbined. In addition,
f@é%?é%ﬁéﬁﬁ%‘%@ﬁ% R
[

phar maceut i cal iVves ot her than exci pi ents,
di si nt egrant®>3)i nders, stabilizers, pH nodifiers, osnotic pressure

nodi fi e5S and SUrd,aGtARLS SR 1Re it  BXanpl & TRl Ji e, ano1 |

| ubricants, coating agents, col orants 20 di spersing agents, absorption
promot ers, SS1ARAY ihg SeguRy L et P ¥ ood et sl £ERATIarys suppl ement
mat eri al s, pHdAgAme]. fragrances, sweeteners, antiseptics, preservatives
and anti oxi . [0059] 25To obt ain the phar maceuti cal preparation, the

i ngredi ents be processed as a solution, gel or powder, and

subsequent | y renderaaghliont @ fa t3a mtdmatqqimrpirdgmn:aﬁtomayableymm@id i zed

pr eparai on, £efdl] e 8ASE \PrENA[ t

subcut%eoggﬂ‘ﬁ anftlzijltei g:r?%ﬂdlg%%rﬁ SIOV\té{eglr epafsau on, aaé Oﬁr}aﬁggﬁasredu on, or

a | iposone wl@@eﬁratnm@sreorar&a?rmi@xx{@ma NFaTE a-’ri?E‘I@@Ithﬂﬂ autany
phar maceut i Galx LRMOSIdon d Sy usedas B &alddd Oz tidedosd, M. for the

solution to be 35 fornul ated to have substantla y the same osmotic
pressure &rF9HSas TRILESS 2GR SSm |J‘5Ik§F5fqu|S&X(‘§§rﬁ§>(qrb PESSur e:
280 nsn KguleQ;;re&HﬁrrédA;) so as to give no pain at the tinme of
subcut :ﬁl %%31 ni stration. When the EPO contai ni ng pharnmaceuti cal

S

conposi ed as a sol ution,
Examples of the cligosaccharides that may be used

include trisaccharides such as maltotriose and raffinose,
and tetrasaccharides such as stachyose. Of these,
trisaccharides are preferred.

20 [C056]

Examples of derivatives of these monosaccharides,
disaccharides and ocligcsaccharides that may be used include
glucosamine, galactosamine, gluccronic acid and
galacturonic acid.

25 [0057]

In addition, a surfactant may be contained with the
PEG-modified EPO in the invention. Exemplary surfactants
include anionic surfactants, nonionic surfactants,
amphoteric surfactants and cationic surfactants, although

30 the possibilities are not limited to these. Exemplary
anionic surfactants include anicnic surfactants based on
fatty acids, anionic surfactants based on linear
alkylbenzenes, anionic surfactants based on higher alcochols,

aniconic surfactants based on o-clefins and anionic
35 surfactants based on normal paraffins, but are not limited
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5 those having an osnotic pressure of not nore than 400 nOsm Kg 1120 can
be suitably used in the invention. Al so, those having an osnotic pressure
of not less than 200 nOsm Kg H20 can be suitably used. [0061] 10 4.

Cont ai ner Because EPO is effective in vivo, even when adni ni stered
in a small dose, |osses from adsorption of the preparation to the
container wall exert a large influence on the effective activity when

adm nistered in vivo. The 15 container for this preparation is thus
preferably a resin product to which little protein adsorbs. Accordingly,

it is desicabkbcte.seEsempaasonpanaenigateritactsath tR&E UEPOEH4EFPE on to

the contaig Efb&t@@‘as”ﬁ%@eﬁh% Fucef, thhedkot abnaaubt saf fEROahast he
cont ai ner. I's advant ageous 20 to sel ect a naterlzécsuch t uch

adsorptlonbﬁ§e§r@ﬂeb&ﬁh?rnéﬂcﬁﬁpéstﬁ&ﬁ 879 dfd SHE FEFErEBF? nGt* rmor e
than 0.5% ,}@Q623LheNe1par bwulaare hiori uatmla@d $oi mh@sed oflthetresine25
naterlals whi ch are known t gave | ow. protelur% BElancgﬁﬁgples

t her eof?® |n€PBdél@65989neFXﬁHP FlaP FOPITRGICC AP 0SS “SUch A58 polyet hyl ene
(PE), polypbagybebetéPBhﬁ/pmlpeﬂhpkgﬂehwéeaﬁhghah@ﬂeS@PEIFanp@ﬂywérbonate

and pol yet Iyl gt hacyl abe. PLELCLed exauplzes«of.chesceatn SO material s

that are k “£6 hav tein a sorption include resins which are
pol ymer s obtnghnée riy Bmméa@ﬁéﬁﬁﬁgb9§ﬁﬁnﬁﬁl@Wﬁ@oaa€9@ﬁooP€F?ﬁn§ﬁchOés

norborneneam&%%r%%ig.%dog%%e%%eoﬁo% derdiald ve theseof , rapdplary
hydr ogenat es of these polymers; .and copol yners i cl opentyl

reS|ddH3orC§GB§P@FU§@&fé&@@@ﬁénﬂ?FlP€§i&ﬁ§1W§§C E@W%acﬁggF?eB dt

mol ecul ar ghaicR Ay RO kyreniZinngad tey Clbual efden nstch iad trdr bor neeree -
tetracycloi%gg gne or a derivative thereof with ethyl ene or propylene.
Cycl ool efi é |l ymers (COC), which are copolyners obtained fromb5
tetracyclododeceneeaadaanvele&cnps&@hsasd@&h@t@@éaa§sbhél§ﬁ§¢§png

materials, ar S0 L8 AL 400G e Dae A hanadsenationn n

addi tion, Cyc oole are polymers obtained by the

ring- ob@nlﬁ@xﬁﬁmﬁm@ﬁﬁza@ﬁo@eoﬁfﬁ§ﬂbbﬁﬁ@ﬁﬁlﬁﬁb t Hén SRyidicdG8mat i on, are 10
simlarly pieheried (sae UPAH30093%0r Reh HErdk74bth $00GIkrts,

Am no aci d sequence of The am no aci.d sequence o °0_may a.

sequence d@ﬁﬁ@@&egﬁ@ﬁﬁényb&F@Eﬁﬁsnﬁ E$¥ﬁﬁqe ﬁ%hﬁwg ﬁéSCDﬁEmo e
pressure modifiers and surfactants may be added. Examples
thereof include lubricants, coating agents, colcorants,

20 dispersing agents, absorption promoters, sclubilizing
agents, health food materials, dietary supplement materials,
vitamins, fragrances, sweeteners, antiseptics,
preservatives and antioxidants.

[0C59]

25 To obtain the pharmaceutical preparation, the
ingredients may be processed as a solution, gel or powder,
and subsequently rendered into a solution-type preparatioen,
a lyophilized preparation, a prefilled syringe, slow-
release preparation for subcutaneous implantation, a

30 micelle preparation, a gel preparation, or a liposome
preparatibn for example.

[0060]
When an FPO-containing pharmaceutical composition is
used as a solution, it is important for the sclutiecn to be

35 formulated to have substantially the same osmotic pressure
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15 cloning of EPO has been carried out in, for exanple, mce, rats, dogs
and cats (Wen et al.: Blood 82, 1507 (1993)), and the am no acid sequences
coding for these EPCs have been elucidated. In the invention, it is
possible to use not only human EPO but al so EPCs having am no acid 20
sequences specific to species other than humans. [0064] The am no
acid sequence of EPOin the invention is preferably a human-derived am no
aci d sequence or an am no acid sequence derived froman animal of the
order Carnivora. 25 Wthin the order Carnivora, the famly Felidae and the
fam |y Canidadepélr esprébeer ed, awimemreRe aramddi Ivelfilgas BEISHG ST e

preferred. | . 1, 5PO-1i$ knewnghoshave §3v4% seguence
identity tgrgggﬁ%r?ﬁn ZlgngmoAslms/g,gacét O expr,zﬁs]geda,i n CH% -

cells h a
hermat opoi egitc thet tiiey ofn SPRCHEEAROUF, AW N IREL 2 TEAT - 1485577 15%623%?)‘) .
[0066] Causes rof: nangMoh a2 dei@wratlo dorglaide imas sisves3fhl henar rhdgitrign,
vitam n_insufficiency, autoi mune di seases, frr%loitgn%r%te tymor %,Oochroni C
i nfl ammat i ERCSENFETE T ERalC ST (T €Wy Si's "and "émat opoi eti ¢
abnor mal i t ywosAYeR &,br oant beseudcaabés oeedr $nndheonhyenhihurandlsput al so
in pets such as dogs and cat [y R Y t| or ses,
sheep, goat%gogr‘?d gfdg‘,g aalrrfd%g’\%dgr#ﬁ%n ﬂéﬁ%ﬁ% s sou%éﬁbgz%e%%;;h%ﬂ ggps,
kangar oos, méisepantis® ganabkesiizebiasusreal as and pandas which are raised
and publiclyexhibited for ecological study in zoos and the like. Such
cases of ar{em' a‘can be treated with the EPO used in the invention. 10 Cat
EPO mayYbe 4usé@dnt@ifedat anemia in animals of the family Felidae, such as

cats, lions and ty-genSe MMEOVElFfealt iIFRO itas iard)i giveseqience i dentity to
dog EPO, and is also effective i.n dogs and ot her. ani f..the fam
Cani dae, WRERHBSGTE dﬁbﬁorﬁ”@&m qu%oe’ & Ot erfr(?gr{r %v%or .J'Cl E’[(%g%ﬂg
Unl i ke humanspdiecause dherte icommibleondiadanlesyst emlfagrge radsfagsicen in
the aforenentioned ani nal | 4 s i ff GH g4, sadapte P10 i Usiten
measures f &t ﬁl%oeoc?ﬁoéscrsﬁdiee gt%tléﬁl cg{.cfcentr:t. or duri nge sulr erly for exanple.
Howevet5 2@ariieiERG piepditeitd arrwfanatel dmhviehtiiors \Hﬁ%ﬁ?q?gé_lyaal ghg-itast i ng
hermat opoi et] g, £{feGl, AN be USed d e nidEd % s e thefoddiny1age iaf
transfusion or at the tinme of drip infusion. |f anjga:}tlnal H‘ecﬁllschglagon
during admiif stastgase t19 SHEFhih N S TH RFERTSh aid? N tthe case of
large adsorption to the container is not more than 1% of the

total amount of EPC in the container. It is advantageous

20 to seléct a material such that such adsorption is
preferably not more than 0.7%, and more preferably not more
than 0.5%.

[0062]
No particular limitation is imposed on the resin
25 materials which are known to have a low protein adsorption.
Examples thereof include container materials for medical
use such as polyethylene (PE), polypropylene (PP),
polyethylene terephthalate (PET), polycarbonate and
polyethyl methacrylate. Preferred examples of the resin
30 materials that are known to have a low protein adsorption
include resins which are poclymers cobtained by ring~opening
polymerizing a cycloolefin such as norbornene,
tetracyclododecene or a derivative thereoct, and
hydrogenates of these polymers; and copolymers in which a

35 cyclopentyl residue or substituted cyclopentyl residue has
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25 animals, may even pose a danger to the veterinarian. However, pain can
be m nim zed by adjusting the osnotic pressure and pH to values close to
those in the bodily fluid of the subject animal. [0068] 30The ami no acid
sequence of EPO derived fromanimals of the famly Felidae is preferably
an am no acid sequence set forth in SEQID NOI. [0069]

pol ypepti de having an am no acid sequence of not 35 | ess than 70% sequence
identity to the ami no acid sequence making up the EPO as shown in SEQ ID
NO 1 is also included in the inventive EPO._ [0070] The sequence identity
of the EPORssirypemsded dnt Hdrss mafard laci ¢reeiduent & Hefsord 9 # SEQ I D

NO 1 is prefernalliemol dess dhanridondid e uefenahloddiicdres s ban 80%
even nore preferably not | ess t.han 83% still nore refera% not
I

than 90% &fd el V5T ettty 155n Gs9%" 'Fﬂ 10K e A |ver1 Y,
the EPO nmay-dpe la/meadsy peid) ole Wi ashizote angparyreeqy wieldinedffam no aci ds

Reat opol el AT I e THE TONBR b SaCh eRangos (T

henmat op 1S 6t nunber of suc i ntroduced
i s pref er aldtamotmgreres erhigni 50,2 meo e 1 f e Zab 15 ifotthadr & MaE %even

more preferap) v, £ than, %Qidl%llérl ru;;@lmeefﬁr@ I ARt Hhan 20,
and nost prefera y not nore than 10. Wth regard to the net 'hod of

produci ng EPQCH X0 Reddi€oh ‘-‘th?arjé’tﬁﬁrﬁ?ihaqﬂe PG GRFTERE which i s
produced wg&ﬁ@mﬂmw@ﬁ ableanidml oel lsde. k@drdﬁd@at@drs,) are

D oKy SIS, S el 3 25 Ui {81 pa0, s, e e of) £PO
reconbi nant;erdé3mal s, al though 25 the possibilities are not limted to
i el 5. whi‘eh TONUCE EPOCERERE he st Tied product o product in an
unpurified state Te aocest alslia Saﬂqqﬁ;m dh&EFumay & fr SREEISE preferred
fromthe standpai ntsQf, 30 Auplddys GPNE IO .well as humans, the cDNA
15 cloning cf EPC has been carried out in, for example, mice,
rats, dogs and cats (Wen et al.: Blood 82, 1507 (19393)),
and the aminoc acid sequences coding for these EPOs have
been elucidated. In the invention, it is possible to use
not only human EPO, but also EPOs having amino acid
20 sequences specific to species other than humans.
[0064]

The amino acid sequence of EPO in the invention is
preferably a human-derived amino acid seguence or an amino
acid sequence derived from an animal of the order Carnivora.

25 Within the order Carnivora, the family Felidae and the
family Canidae are preferred, with the family Felidae being
more preferred.

[0065]

Cat EPO is known to have 83.4% seqguence identity to

30 human EBO. Also, cat EPO expressed in CHO cells has a
hematopoietic activity in cats (Am. J. Vet. Res. 64, 1465-
71 (2003)}.

[0C66]
Causes of anemia are known to include massive

35 hemorrhaging, vitamin insufficiency, autoimmune diseases,
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[ 0073] Purification of EPO may be carried out using common protein
recovery techni ques such as salting out, adsorption colum chronmat ography,
i on exchange col um chr omat ography, 35 gel filtration colum
chromat ogr aphy and anti body columm nethods, either alone or in

conbi nati on, although the possibilities are not limted only to these.
Exanpl es of adsorption columm chromat ography i ncl ude bl ue sepharose
chromat ogr aphy and hepari n chromat ogr aphy. Exanpl es of ion 5 exchange

col um chr t.ogr.aphy i nclude cati.on .exch .chr onmt.ogr.aph d anion
exchange p%{rggl c?glrpcap u;l;ﬂ. %&Aﬁﬁﬁ%él][codf;ﬁ]ﬁ%%ﬁ%qnﬁvé:n riogﬁ%lnsr_ye gérslcrilbed_i n
more det ai Ifahyunsy dfemche stial laowl Aerexans les 1 calaitouyls tile .i nermien i s

not |imted.ta these ewmRlLesdutrLarss WS 84 HRfe RaMes arne Jentd oned,

unl ess noted otherwise, the instructions 1n the acconpanyi ng user's mnanual

were fol | oREdS P5THe 28y RIOREs 199 0 fCaddt-- déY iWeTF SO ioisdi et fawds coarri ed
out by §he rpireeess scﬂa%%@[;l :@Qﬁitlsn alﬁ]/pizg%w-ﬁ%?e&enm@l satr@ﬂﬁal:sn st r ocess
are reciteg{once ain below. [0075 Prepar at i Exanpl e 1:
W or o1 nf ectilgRSot TREEToVT MR 0BER0 S0 SRS B FRF AR £ ci al
Hat chi ng Akcetlaeviaral peecier wihdrchexpre ssiingd andderuibidd 1er yphdriogdaieet i N was
i or of nj ected it B,ehhoken gy, dhereby pradyel ng 4T ansgenic
chi cken which expresses cat- derived €erythropoi étin.” Mcroinjéction and
artificial a25That chinnfenereacad ived hotheukdér ugsehtiine tbendinvieors.on .
Fertiligedcghi eipen 8gosc( avald abl & JL.0mShifiayanm -hukeid Q) were
disinfected on the oqutside with a disinfectant (available from Showa
Furanki) an@ etHadGllidAs i feiBater Crrsdel! 1PAG08C8) F18¢&S-abMe TEOGRTShowa
Furanki) wastadjrosted¢ 30htighareeméricenierintaf38C ard SP0H0%nbunisdi ty and,
with the |n3ubat%%nc tarting time 0 h% rs belg%ﬁthg %bgeéat,%?lch t he
pover was faried OfCrHEUBAL CET S WEE T & Ed 20w atPAg the eggs 90
every 15 niCautiesect hehéaht elong0Z6lkonomically to the order Carnivora.
15 [0067]
Unlike humans, because there is no blood bank system
for transfusion in the aforementioned animals, it is
difficult to adept blood infusion measures for blood loss
due to an accident or during surgery for example. However,
20 the EPO preparation of the invention which has a long-
lasting hematopoietic effect can be used in such animals,
either in place of transfusion or at the time of drip
infusicen. If an animal feels pain during administration,
this may hinder administration and, in the case of large
25 animals, may even pose a danger to the veterinarian.
However, pain can be minimized by adjusting the csmotic
pressure and pE te values close to those in the bodily
fluid of the subject animal.
[0068]
30 The amino acid seguence of EPO derived from animals
of the family Felidae is preferably an aminc acid sequence
set forth in SEQ ID NO:1.
[CCo9]
A polypeptide having an amino acid seguence of not

35 less than 70% seguence identity to the amino acid sequence
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When about 55 hours had el apsed fromthe start of incubation, the eggs
were renoved fromthe incubator, the pointed ends were cut away in the
formof a circle of 3.5 cmdianeter with a mni-router (available from
Proxxon) 5 fitted wi.th a dianond edge (edge dianeter, 20 nm shaft
dianeter, 2.35 m). The contents of the fertilized eggs were transferred
to egg shells prepared by cutting away the pointed ends of doubl e-yol ked
chi cken eggs (avail abl e from Shiroyana Shukeijo) to a dianmeter of 4.5 cm

and di scarding 19 the conigitss and.t he, esls yas were moveddipuwarddh a
syringe plunger.” Aviral solution was poured into Fentotips Il (available

f r om Eppendgdr fohquindererst iSterfdd cr oscope syst em (SZX12, avail able from
A ynpus Corparagi on) and about 2 pL of the solution containing a 15

retroviral vector_ for expressi.ng cat-derived hr opoi et.i.n, a nti oned
in JP-A 2007- 89578 e HCHTi rﬁ%&te]d:yus‘?#gtekhe % FRetYRERAEI%51% F1om
Eppendobf) .arfi00¥y cidsigmgneggavidie srtihei gl 3 Badloof itheseBperhlngs 20
was seal ed w =T Sar wWr i fr Aﬁmﬁm 1S ei

Cor porat i oﬁ}vég%tr}teast% tglag-i gifeo df ‘a oeut&gek%@%%i,?%ﬁ olvé)gngg I ché%ﬁ{e eevgeg]ns wer e
returned toatte drrcidatory amt iubathian s cdntinued:e Bygreotadtlion in
the incubatpyy wassChangeddo 30, everyr 30-didules, At days LA Hdpmgshe 25

start of incubation, about 20 holes were made in the Saran wrap with a 20G
syringe nedd® land i ncubation was then carried out while supplying 60
cc/ mi n1of oxygen AladhetiiRaIbat ahe @EE e whiLksliypdhia RYgS: begam

pi ppi ng, the shells re .broke al.l ow ng. the chicks to atQ,I’{_S.P The 30

hF Bk i et eatyd MG e TGt AT | DEE (5 G oS0 S ey

Neo- Saf et y dd dfterd,y dureg ictddt kesnq/amid ddd e, foomw ik hashihdeestbivildtsi«Co.
Ltd.) were as, t.he feed. e eﬁ-&rerﬁﬁig? : i rythropoietin
in the bl oé’f‘?%ﬂrdl ggl?o Oect (rjlaons-s@g}eni c chic e%soé\/\ffag&%:coﬁﬁﬂraﬁg%%y t he
subsequent |yptgustrdased calne @b nermt or s sdirusithg REE ERCH e a078]

Prepar ati on, FxXaml € tharPWd fiGal] oo fatrdard Medhior Eopdrongi efg,n from
Egg Wite , The eggs_ of individual chickens for which cat-derived
eryt hr opoi éthiiitladiqsA Rf Hsd deeh WnfiGTRed hal tie &gy Wite Rigierably

col l ected. ndsi ngpdhersubseguent |y descri bed col umms, cat-derived
eryt hr opoi e[toionuvyas collected fromthe egg white 10 and purified.
With regard to the method of producing EPO, in
20 addition to recombinant-produced EPC which is prcduced with
commenly available animal cells (e.g., CHO cells),
prokaryotic organisms or yeasts as the host, use can also
be made of FEPC such as these collected from a natural
source and those produced in recombinant animals, although
25  the possibilities are not limited to these. It is alsc
possible to utilize transgenic birds as the recombinant
animals which produce EPO. Either the purified product or
product in an unpurified state is acceptable, although the
purified product is preferred from the standpoint of
30 quality control.
[0073]
Purification of EPO may be carried out using commen
protein recovery technigues such as salting out, adsorption
column chromatography, ion exchange column chromatography,

35 gel filtration column chromatography and antibedy column
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[0079] The sanples to be applied to a colum were all syringe filtered,
just prior to use, with a-MIlex-HV having a pore size of 0.45 Rm

(avail able from Nihon 15 MI1lipore). Wen filtration was difficult,
pre-filtration was carried out wth a Puradisc 25 having a pore size of 2
Rm (avail able from Watman Ltd.), following which filtration with the
MIlex was carried out. [0080] 20Measurenent of the cat-derived
erythropoietin content in the process of purification was carried out with
a Biacore 3000 system (avail able from GE Heal t hcare Japan, Bl ACORE).

Ant i - humanmer-gibhisopeiiehien mdnoel omalnarerbédiess opav aill-aprahf £6fm R&D

Syst ems) WEBS §59n§9%2g L0 NHS 25 s b bina: E%nt@@s%eseﬁkﬁﬁpgé@dafCNB
Sensor aval from G Heal thcare J FACCRE S|ngFan am ne

coupl i ng kaﬁseavaﬂpabpélﬁ@@nﬁéﬁ@ﬁééPﬁﬁ@&P&'}§ HdeB ABBREFPEGTPGPm chi ps
for measur egeBhatafdabhe é@@cﬁ@bb@thQhW@&a&b@ma@BgsurEdawpﬂhsEpﬁgunnas

t he standard 30 subst nce and us n assa rogramon t tem
[0081] @ exch FﬁgSrGQ gﬁP?aFﬁ r@&éyWﬁFte % %ﬁelgglu ta%a%?‘%treatnent

to | onwer thervinacogirkphwasncamnied ewchafige @@gowhﬁ@urhahybeen

refrigerated was returned to room 35 tenperature, and cracked open, and
the egg yellow and egg white were separated using the egg shell or the
like, follow ng which only the egg WWA¥"Wa8 col | ected and wei ghed. The
egg white Was 7 xed with a stirrer, thereby | oosening up the viscous egg

white, after mhlch a five-fold,5 antlky of uItr%Wﬁ ? mgt r was added and
furt he¥0 ni xi ng whSecaFVEBE 60t 1STRESFHIORCS HE BggewArtar 8o 8 this

tinme was a@ﬁ@tfgiﬂthn% %xaﬁp&@@tabﬂeh@m@MWUﬁﬁ:iNeH@idwassammmito adj ust
Lhe pH Lo 2,0.nd sUirring vas eaui ed pul o1, gl Less than ag moutes,

foll ow ng separatlon Was carried out
9,500 G anehe4Ciolext,, utMeNaOHwas! addedwic e, héhsupostauant onshanebye

adj usting th%P%E &1%9 gﬁ%Qd t?h%u%w'wéf% bufifief,e@PH 7. 0) was added to a

final concént e maxi nrum recovery of cat-derived
eryt hrbpoi eti n i Ahehisynstepsirvasfoswt ~gs5rdoey] erythropoietin was

carried out by the process described in JP-A 2007-89578.
The steps in that process are recited once again below.
[0075]
Preparation Example 1: Microinjection of Retroviral Vector
20 in Chicken Embryo and Artificial Hatching
A retroviral vector for expressing cat-derived
erythropoietin was microinjected into a chicken embryo,
thereby producing a transgenic chicken which expresses cat-
derived erythropoietin. Microinjection and artificial
25 hatching were carried out under aseptic conditions.
Fertilized chicken eggs (available from Shiroyama Shukeijo)
were disinfected on the outside with a disinfectant
(available from Showa Furanki) and ethanol. An incubator
(model P-008(B), available from Showa Furanki) was adjusted
30 +to an environment of 38°C and 50-60% humidity and, with the
incubation starting time (0 hours) being the time at which
the power was turned on, incubation was carried out while
rotating the eggs 90° every 15 minutes thereafter.
[C076]
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Next, bl ue sepharose chromatography was carried out. An anount of 500 m
of the pre-treated egg white solution (equivalent to 2 to 3 egg whites)
was applied to a 50 nL Bl ue Sepharose 6 Fast Flow colum (available from
GE 20 Heal thcare Japan, Anershanm) that had been equilibrated with 50 niv
Tris (pH 7.0). The colum was thoroughly washed with 50 MM Tris (pH 7.0),
and then eluted with 200 nL of 1M NaCl and 50 MM Tris (pH 7.0). The el uted
fractions were dialyzed overnight by a standard nethod with 20 nM MES (pH
25 6.2) in a lowtenperature chanber at 4C, thereby carrying out buffer
exchange. The me¥PRBEPESsy ey DeHISatedeFilv@der ¢ERMopOetith fitn Ofhi s st ep

was 98% [Q@983LaNexh, heparigychiarmtegiaphy frvas eakr iedubuitorThenhd0 bl ue
sepharose-el uted fraction q_‘g: |, owi ng di aI SI ) vas, pp|cl e% int |vi ded
portions t&°&"Pr &5 F6/'tE r i 2R Col i TPAT: all B & dm & althcare
Japan, Anersharipmrehatr Iwaﬂthb@emleqmriaumat e(@vw:LtlIabZ@ rﬂmowEgr(OchO@ 2) and

the CO'ymf%%etdh%g%gm ¥ %@M totaofr'@% %&e%%rmwzwﬁm PHL3 g@ 2),

foll owi ng which gradient elution u condentration o v was
carri ed outliamesesol @m3 was r-egdhier arad cdeh ofi rRewifer tL IMZRACES88d 0.1 M

NaCH. Thosgchtacti0nRs - awhiteh dhe Sasenee ok reat wdeichired rer WiRopeicet i n
was confirmed by the Biacore systemwere 5 collecte The rﬂ%m erP recovery

of cat - der PPéd &Ry ERESp Site o ile v est &5 ngGHI S| JGTA BGf er

exchange was icafmied ok ewtd) aod@saillramg;eo:olowrrm 5Then hiel[dal‘dllﬂacardlﬂg

sepharﬁ@e %{hut ed fra t| ons 1 ncentrat ed to a total wgl of about
Wi

30- 40 fr goﬁt\? Sirn 226" HES FSheSErTSH §€ I@eéjhat ron| cs Japan)
havi ng a nslyedulcar pleingtetr . cuwoﬁrflr@ﬂ 500001 cappleisegpol@ed igttca tine to a

i Prep 26/ 10,8830t g GAUT] AAKAlaR & e%@o@% H%' alehcar e Japan,

Anmer sham equili b te W|th eluted with the
same buf f estargoriergserSien-SYed T rﬁzﬁﬁézfrré’éftalléﬁ fﬁf@éb\%ﬁ@@usThe pH was

adj usted t it cadgi 0 h shhe.shegt iy
Conduct L vi L BRE SL iRt S o 3D Co'g 5 e L MR The &

The Xi mum
cat - de*?ve&e§F?FHF8ﬂoW€F$ﬁrfé@&vgﬁf eﬁsgﬁﬁécat derived erythrop01n%

as mentiocned in JP-A 2007-89578 was micrcinjected using a
FemtoJet (availlable from Eppendorf).
[0C77]
Using egg white as the glue, each of these openings

20 was sealed with a piece of Saran wrap (available from Asahi
Kasei Corporation) cut to a size of about 8x8 cm?,
following which the eggs were returned to the incubator and
incubation was continued. Egg rotation in the incubator
was changed to 30° every 30 minutes. On day 20 from the

25 start of incubation, about 20 holes were made in the Saran
wrap with a 20G syringe needle and incubation was then
carried out while supplying 60 cc/min of oxygen to the
incubator. Once the chicks in the eggs began pipping, the
shells were broken, allowing the chicks to hatch. The

30 chicks that emerged were ralsed and allowed to grow. SX
Safety and Neo-Safety 17 for young chicks (available from
Toyohashi Feed Mills Co., Ltd.) were used as the feed. The
expression of cat-derived erythropoietin in the blcod and

eggs of transgenic chickens was confirmed by the
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- 26step was 95% [0085] Next, ani oni ¢ exchange col utm chr omat ogr aphy

was carried out. The sanple follow ng buffer exchange was applied in two
di vided portions to a 5 nL H Trap DEAE FF 25 columm (avail able from CGE
Heal t hcare Japan, Amersham that had been equilibrated with 25 mM Tris (pH
9.0) and at an electrical conductivity of 3.0 to 3.2 nS/cm and a fraction
of each portion that passed through the colum w thout adsorption was

col |l ected. The colum was regenerated each 30 time with 1 M NaCl . The
fractions were concentrafed tqQ a total volune of .about 2-3 nL with a

Vi vaspi n 20 AT B ol i A Shel GHE GOt S 5. 000> b Hesiemum
cat - deri ve®agtARHNRopoi etin recovery in this step was 92% [0086]

Next, gel f[iolot—j-rSe}ti on chromat ography was carried out. The concentrated
sanpl e was appli'ed to a Superdex 200 10/300 G. columm (avail able from GE
Heal t hcar e Rr@payatArer shamp ey || iitidranian @ 5Eaavissriates buf fer (pH

9.0) 5 or angthelopiidiall e dud fRyy endavas eluted with the same buffer.
Those fractions in which the presence of cat-derived r,ytqk:lropoi etin S

confirmed by the 1BaE08 §Yst&fiWerdiadolTectiEds 4f GRCERErAtEd to a
total vol ure yah raheute tin? adt iwitdy anad waspil edafiaviat) in radlee @dlgarhigicght
10 cutoff of 5,000., The xijmum cat. - deri.ved erythropoi et.i.n recavery in
this step W/gg%%qﬁgﬁa d&‘ng %& ﬁﬁf@f’e usen\étalryr idg?cfcé:ujtb%{l Oﬁémf])r/sacti ons
recover ed icatdeqpwed iegattitorerstiepgsin Wees saniplaas agerfgroib tdilee etguopthartesced
under ?@nataglrda?u%ﬂ%rgpi tions using a 12.5% e- PAGEL, and detected with a

Bi o-Safe Coomassie Stain (available fromBi o-Rad Laboratories). [0088] A
Baf / EPOR cél0C7%lol i feration assay was carried out 20 by the subsequently

descri bed net hodter tshepdals def ibheed it eROILtHI upi hidred afinom egg
white. As a result,_.the speci

[ 0089] syringe T3gdGergedif ijgllﬁcft Sriar tc%imulg%r} 3«3&%%%@4—8&&%?@’ 25
carried ash@lih@Ws. pore size of 0.45 um (available from Nihon

15 Millipore). When filtration was difficult, pre-filtration
was carried out with a Puradisc 25 having a pore size of 2
pm (available from Whatman ILtd.), following which
filtration with the Millex was carried out.

[0080]

20 Measurement of the cat-derived erythrepoietin ceontent
in the process of purification was carried out with a
Biacore 3000 system (available from GE Healthcare Japan,
BIACORE). Anti-human erythropoietin monoclonal antibodizs
(available from R&D Systems) were subjected to NHS

25 1immobilizaticn on research-grade CM5 Sensor Chips
(available from GE Healthcare Japan, BIACORE) using an
amine coupling kit (available from GE Healthcare Japan,
BIACORE) to form chips for measurement, and the
concentration was Then measured with Epogin as the standard

30 substance and using the assay program on the system.

[0081]

In crder to apply the egg white to the column, pre-
treatment to lower the visceosity was carried out. The egg
which had been refrigerated was returned to room

35 temperature, and cracked open, and the egg yellow and egg
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Exanpl e 1: Reaction for Synthesizing Cat-Derived Erythropoietin to Which
PEG i s added (PEGyl ated Cat EPO Using the purified cat EPO
solution (20 mM phosphate buffer, pH = 7.0), the follow ng PEG reagents
wer e added. 30 Straight-chain PEG having a nol ecul ar wei ght of 5,000
(avai |l abl e from NOF Cor poration; Me-050HS) Straight-chain PEG having a
nol ecul ar wei ght of 20,000 (avail able from NOF Corporation; Me-200HS)
Strai ght-chai n PEG having a nol ecul ar wei ght of 40,000 35(avail able from
NOF Cor poration; Me-400HS) Branched PEG having a nol ecul ar wei ght of

20, 000 (avazhllalml erefrreo meNGE a@erd orsiti pri;neGsBR GIGS2; afuriher 6f<cbr anch

poi nts: %;q ﬁﬁtn[gEla,g sand PR ?’ ﬁ%@{) g Weli& dnixed dogeihers lamma 5 mol ar

rati o of 1: hen reacte eing intimately m xed at @&f’ Because

Wi th PEG addiitdhed- filhst egImoRoPEGHa é@&e&r i theset Satﬂd%r%‘ﬁzq}a % orm

then an ol i;goREG:I A %% folam-are-genesai e&hlttehe gener ariiem of fihe-fold
respectl ve PEGyl ated fo

rnms was nonitored Cg:’ (av Iat%e 10frnom
Shi madze CEseatiYoRE WHnd IS é‘%?cq‘?zbﬂ"e{ﬁasa 6§ % St'age “wher e
suf fici ent \aowiis ikad heen abitsipedf kh%g%ﬁmzmeojscz@ﬁl(mrarmltmmase
system avai,lable fr ) | g [
15When suf 5%t r?%ﬁﬁtxg/%o&ﬁdébﬁ d'jt ed\Q?or rrs%%%sbaéﬂéﬁmgagner ate aQJ1/ 10t h
anount of a&dB@ M gidjciste Wot Wi dre s addbd s T ne At SR Istigsherit o
stop the reacliofn Wilde (anl vt Qilcdl IR M ith &ln 4G Tk diowrs

I'c

fol |l ow ng e reaction mxture was subj ected to d| aI y5| s 20 agal nst
a 50 nMace:tarmIadtwadufoeeqarqﬂ—lGﬂ HNB) .cq Ceat EPO

Separ at i on yand- Pund fiigat hens e RRG Reaatd augd x)ﬂatﬂ@tPurﬁh‘aﬁmiy on In order
to separate and col l ect the mono- E t
ol i go- PEGy 13t X8tF Fdtre- Ne it at?d @ %’é? tghé& 2@% ransd%/unéait unr tec? PEG and
unreact ed ERQ skpar atd en fainth purdrddaatdaon. averet & mided dite \matmrralm
CatiOn-excqgﬂgfegglu%ncat derived erythropoietin in this step was 95%.
15 [0082]
Next, blue sepharose chromatography was carried out.
An amount of 500 mL of the pre~treéted egg white scolution
(equivalent to 2 to 3 egg whites) was applied to a 50 mL
Blue Sepharose 6 Fast Flow column (available from GE
20 Healthcare Japan, Amersham) that had been eguilibrated with
50 mM Tris (pH 7.0). The column was thoroughly washed with
50 mM Tris (pH 7.0), and then eluted with 200 mL of 1M NaCl
- and 50 mM Tris (pH 7.0). The eluted fractions were
dialyzed overnight by a standard method with 20 mM MES (pH
25 6.2) in a low-temperature chamber at 4°C, thereby carrying
out buffer exchange. The maximum recovery of cat-derived
erythropoietin in this step was 98%.
[0083] |
Next, heparin chromatography was carried out. The
30 blue sepharose-eluted fraction (following dialysis) was
applied in two divided portions to a HiPrep 16/10 Heparin
FF column (available from GE Healthcare Japan, Amersham)
that had been eguilibrated with 20 mM MES (pHd 6.2} and the
column was thoroughly washed each time with 20 mM MES (pH
35 6.2), following which gradient elution up to an NaCl
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[ 0092] 30The reaction m xture was subjected to separation and purification
(bonding: 50 nmM acetic acid buffer (pH = 4.5); elution: 1 M NaCd gradient)
usi ng a cation-exchange colum (MacroCap SP, available from CGE Heal t hcare
Japan). The peaks of those eluted and isolated with salt concentrations 35
in the order of oligo-PEGyl ated, di-PEGyl ated and nono- PEGyl ated forns
were separately collected, and each was dialyzed (agai nst 20 mM phosphat e
buffer (pH - 7.5), 150 mM NaCl). Thereto was added 0.05% (v/v) of

Pol ysorbate 80 (available from Wako Pure Chem cal Industries, Ltd.) as a 5
di sper sant SHREEERGIOR RF & SaRDI"E T SR EdFENiCStat iToF. TU6FI “BFal uati on
1: Measur erenfeneiraCald EBOrand nREGyiltat ad MCata(BP@QrACtii.Mi t @®OH. Those  The
invitro activities aof the various PEGyl ated cat 10 EPQGs, synthesi zed in

Exanpl e 2 Wer& hEasurdd "I ch the I SN C o thE SEa PO acti viti es was
carri ed outerwthaopeliletgmomiafsercatifnmassay ((he- A1d0re4393)t arsiwveg eBaF/ EPOR

cells ( heggaq%g-t%%r.o-mr S '3%%%%@3; st tute (Kaket suken) ), which
epen

is an O ent cell 1 ine. I'n the cell proliferation assay, a
wor ki ng cuee tdfropogleitiiar afi ¢l ikas t@reateéd 8¥Si-ng Epogi n (avail able from
Chugai Pharpmaeaytical Co., Ltd.) as the standard erythropoietin, and the
EPO activities of unknown sanples were neasured based on the working

curve. An RPM 18&Ft20°Pi§Gd SREFRAME( ¥7&i ICABFd &Fr GMENPESE 2Phar maceut i cal
Co., Ltd.) deertlaiimigngcd%rhet alTHeo\Hare rSer wephBBSk card 1B Afitas/tion s
penicillin_and streptonycin was used.as the nedi umfor -BaF/ FPCR cells.
B | ng € he "0 FRF ORIV B0 o o TR R B PSSR0 ookl Aed Foa
final concéitvestion 225 (efval ldoHe {Ceid Santories dgahiathmng cggr ewpidrphase
were used i : el |.;praokiferat-i . 4 qlain Qrder: F ut a
cell proli gr‘gﬂﬁo% gg&%fgv]ﬁatrﬁ “%5 EP%%Q&?&#I [g,qogji’]rogto't %g%%plgtd?r}%\?\h iacr% t he
nedi um was 230 irentred. HERE SpulbU el DBarLEPoR @@|lw§1mvéraéfaéé@g>rhef dgam y

separat ed {@f yaapehicedeoliadaM, NWRS Bfamd, QRRINAWraTha SURer nat aM ™AS
removed, and 1 i n-free nedi um was %%%%d to the precipitate,

whi ch %%S §§@p§n§§d0%ﬁgfggﬁﬁed with the same er and the protein-

containing fraction was recovered. The pH was adjusted to
9.0 with 1 M NaOH, in addition to which the electric
conductivity was adijusted to 3.0 to 3.2 mS/cm with 1 M NaCl.
The maximum cat-derived erythropoilietin recovery in this

20 step was 95%.
[0085]

Next, anicnic exchange column chromatography was
carried out. The sample following buffer exchange was
applied in two divided portions to a 5 mL HiTrap DEAE FF

25 ceclumn (available from GE Healthcare Japan, Amersham) that
had been eguilibrated with 25 mM Tris (pH 2.0) and at an
electrical conductivity of 3.0 to 3.2 mS/cm, and a fraction
of each portion that passed through the ceclumn without
adsorption was cecllected. The column was regenerated each

30 time with 1 M NaCl. The fractions were concentrated to a
total volume of about 2-3 mL with a Vivaspin 20 having a
molecular weight cutoff of 5,000. The maximum cat-derived
erythropoietin recovery in this step was 92%.

[0C86]
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The sane operation was carried out three tines, thereby 35 renoving the
Epogin within the nedium The cells were counted, and diluted with

Epogi n-free nediumto a concentration of 55,555 cells/nL. The dil uted
suspensi on was sown in an anmount of 90 [IL per well onto a 96-wel |
mcrotiter plate. Thereto was added Epogin diluted to 5concentrations of
25, 16, 10, 6.4, 4.0, 2.5, 1.6 and 1.0 UnL in nediumin anounts of 10 tilL
per well, and the cells were uniformy suspended therein (the final EPO
concentrations were 2. 5 1.6, 1.0, 0.64, 0.4, 0.25, 0.16 and 0.1 U n,
respectively). 10p8095Fel Iiltrphdosamhireaiosdarhyt NeSassayiRer 8Useri al Iy

diluted abeyt %ontc%nﬁirfa@e@ RempSteRial thpedidumct @ fsalde naethizmot he

measur enent ran%\ilg'(ie t he vvorkl ng .cyrve,_ and ﬁhglna#g portians of each

sanpl e di | ¢/ CRdyBEd t'&% Home & ﬂc&ﬁenén SWT¢h the cells

wer eduni f OMe)ts&la&pe@@adllﬁﬂapﬂa&an&mm enlve los- aweyr & uFesfror( mﬂd 9.0 each

standard sa unknao a Cultur ryi 0 r..two days
6&p négpﬁrcsgaﬁ%ﬁi'nﬁﬁif m%ﬁu%% w%%h W %Fm

and 10 SOl l?tl on avai rom
Labor at or| é&s))f fimars tI‘Téuwsadcfe:@dtaOZ@ dachvhigll thg eglegencsacti gitwas carri ed

out for 1 kﬁﬁévggpr Etﬁglb 9 ILh dhe ;! f%%@tb@ntW§§E§kﬁﬁﬁ%ﬂs@%t%ﬁﬂ'ng

10 1. 11, Ior| c acid, and he 450 nm absor bance was

measur ed usiedg éioriql@lcéﬁldat @f}deéd@ C/@rﬁl%lﬁrré‘%eﬁattlooﬁ ol FUEESdéti ved

fromthe neasurenent 25 whiesuld s7ifisgife mmqalrgd s ailees: 1oy ardie@arithmic
approxi mati on. The acti

vity of each sanpl e cal cul af & based.an the
appr oxi Prat i oy ] (thtoal ned:e ﬁﬁ&ﬁ@%ﬁ” Uiy i\réj PXHSR™ n Tabl e
1. [0096] 3Qctadre L thisvidtee mlq}oc activity (1.U/ng) PEG Reagent

[0087]
SDS-PAGE was carried out on the fractions recovered
in the purification steps. The samples were
15 electrophoresced under denaturation conditions using a
12.5% e-PAGEL, and detected with a Bio-Safe Coomassie Stain
(available from Bio-Rad Laboratories).
[oogg]
A Baf/EPCR cell proliferation assay was carried out
20 by the subseguently described method on the cat-derived
erythropoietin purified from egg white. As a result, the
specific activity was 160,000 to 290,000 IU/mg.
[0089]
PEG addition to the cat-derived erythropoietin was
25 carried as follows.
Example 1: Reaction for Synthesizing Cat-Derived
Erythropoietin to Which PEG is added (PEGylated Cat EPO)
Using the purified cat EPO solution (20 mM phosphate
buffer, pH = 7.0), the following PEG reagents were added.
30 Straight-chain PEG having a molecular weight of 5,000
(available from NOF Corporation; ME-050HS)
Straight-chain PEG having a molecular weight of 20,000
{available from NOF Corporation; ME-200HS)
Straight-chain PEG having a molecular weight of 40,000
35 favailable from NOF Corporation; ME-400HS)
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Tylpe of PEGyl ated cat EPO fornmed Structure Ml ecul ar wei ght nono DI oligo
= Straight chain 5K 53,866 8,443 814 Straight chain 20K 24,320 1,670 NDD: O
Strai ght chain 40K 7,268 289 NDO SE)

10

15

20

25

30

35

Branched PEG having & molecular weight of 20,000 {(available
from NOF Corporation; GLZ-200GSZ; number of branch
points: 1)

The cat EPC and PEG reagent were mixed together in a
molar ratic of 1:5, and then reacted while being intimately
mixed at 4°C. Because with PEG addition, first a mono-
PEGylated form, next a di-PEGylated form, then an oligo-
PEGylated form are generated, the generation of the
respective PEGylated forms was monitored by HPLC ({(available
from Shimadzu Corporation), and the reaction was stopped at
a stage where sufficient amounts had been obtained. A YMC
Pack Diol-200 (normal phase system; available from YMC Co.,
Ltd.) was used as the column.

{00901

When sufficient amounts of PEGylated forms had heen
generated, a 1/10th amount of a 100 mM glycine solution was
added as a reacticon stopper to stop the reaction while
carrying cut intimate mixing at 4°C for 1 hour, following
which the reaction mixture was subjected to dialysis
(against a 50 mM acetic acid buffer, pH = 4.5).

[0091]

Example 2: PEGylated Cat EPC Separation and Purification by

PEG Reaction Mixture Purification

In crder to separate and collect the mono-PEGylated,
di-PEGylated and oligo-PEGylated forms generated by PEG
reacticns and the unreacted PEG and unreacted EFO,
separation and purification were carried out with a cation-
exchange column.

[0052]

The reacticn mixture was subjected to separaticn and
purification (bonding: 50 mM acetic acid buffer (pH = 4.5);
eluticn:. 1 M NaCl gradient) using a cation-exchange column
(MacreCap SP, available from GE Healthcare Japan). The
peaks of those eluted and isclated with salt concentrations

in the order of oligo-PEGylated, di-PEGylated and mono-
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Twobr nches 20K 6, 392 546 ND( ..0 Epogin 200,000(."4) KND=not detected
Data frominterview form[0097] Evaluation 2: Subcutaneous Adm nistration
Test in Rats The sanpl es prepared in Exanple 2 were

subcut aneously 5 adm nistered in rats. The sanpl e sol ution was
subcut aneously adm nistered in a single dose of 303 jig/kg in male rats
(avai l able from Charles R ver Japan, SPF, 7 week old). The experi nental
groups and the sanples for admnistration are shown in 10 Table 2. [0098]

[Tabl'e 2] pé§¥ﬂ§€%5‘¥bf%¥“d¥£¥’§§ﬁ£¥éte1y collected, and each was
dialyzed (against 20 mM phosphate buffer (pH = 7.5), 150 mM
NaCl}. Theretc was added 0.05% (v/v) of Polysorbate 80
{available from Wakc Pure Chemical Industries, Ltd.) as a

5 dispersant, thereby giving a sample for administration.
[0093] _
Evaluation 1: Measurement of Cat EPO and PEGylated Cat EPO
Activities

The in vitro abtivities of the wvarious PEGylated cat

10 EPOs synthesized in Example 2 were measured.

Measurement of the cat EPO activities was carried out
by a cell proliferation assay (JP-A H10~-%4383) using
BaF/EPOR cells (The Chemoc-Sero-Therapeutic Research
Institute (Kaketsuken)), which is an EPC-dependent cell

15 1ine. In the cell proliferation assay, a working curve of
proliferation was created using Epogin (available from
Chugai Pharmaceutical Co., Ltd.) as the standard
erythropoietin, and the EPO activities of unknown samples
were measured based on the working curve. An RPMI 1640

20 liguid medium (available from Nissui Pharmaceutical Co.,
Ltd.) containing 5% fetal bovine serum (FBS) and 50
units/mi peniciilin and streptomycin was used as the medium
for BaF/EPCR cells. During the ncormal cultivation of
BaF/EPOR cells, Epogin was added to a final concentration

25 of 1 U/mlL. Cells in the logarithmic growth phase were used
in the cell proliferation assay.

[0094]

In order to carry cout a cell proliferation - -assay with
BaF/EPCR cells, first the Epogin within the medium was

30 removed. The cultured BaF/EPOR cells were centrifugally
separated for a period of 5 minutes at 1,000 rpm. The
supernatant was removed, and 10 mi of Epcgin-free medium
was added to the precipitate, which was suspended therein.
The same operation was carried cut three tTimes, thereby

35 removing the Fpogin within the medium. The cells were
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Dose (Il g/kg) o (nunber) Adm nistration route Mol ecular weight and
“ structure of added PEG nol ecul e(s) Nunber of added PEG nol ecul es G oup
1 20kDa, Straight-chain , Mono 303 3 Subcutaneous Group 2 D

counted, and diluted with Epogin-free medium to a
concentration of 55,555 cells/mL. The diluted suspension
was sown in an amount of 90 plL per well onto a 96-well
microtiter plate. Thereto was added Epogin diluted to

5 concentrations of 25, 16, 10, 6.4, 4.0, 2.5, 1.6 and 1.0
U/mL in medium in amounts cof 10 uL per well, and the cells
were uniformly suspended therein {(the final EPO
concentrations were 2.5, 1.6, 1.0, 0.64, 0.4, C.25, 0.16
and 0.1 U/mi, respectively}.

10 [C095]

The samples used in the assay were serially diluted
about 2- to 4-fold per step with medium to fall within the
measurement range of the working curve, and then 10 uL
portions cof each sample dilution were added tc¢ the sown

15 cells, following which the cells were uniformly suspended.
Triplicate measurements were performed for each standard
sample or unknown sample. Culturing was carried out for
twe days and 10 ul of a Cell Counting Kit-8 solution
(available from Dciindc Laboratories) was then added to

20 each well. A color reaction was carried out for 1 to 4
hours, following which the reaction was stopped by adding
10 pL of 0.1 mol/L hydrochloric acid, and the 450 nm
absorbance was measured using a microplate reader. An
approximation formula was derived from the measurement

25 results for the standard samples by a logarithmic
approximation. The activity of each sample was calculated
based on the approximation formula obtained.

The measurement results are shown in Takle 1.

[00%96]
30 [Table 1]
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303 3 Subcutaneous Group 3 digo 303 3 Subcutaneous G oup 4 5kDa,
Strai ght-chain Mono 303 3 Subcutaneous Goup 5 D 303 3 Subcutaneous

10

In vitro specific activity (LU./mg)

PEG Reagent Type of PEGylated cat EPO formed
Structure Melectlar welght mono Di oligo
Straight chain 5K 53,866 8,443 814
Straight chain 20K 24,320 1,670 ND (3%)
Straight chain 40K 7,268 289 ND (%)
Two branches 20K 6,392 546 ND (3%)
Epogin 200,000(3% %)

FND=not detected

363 Data from interview form

[0097] _
Evaluation 2: Subcutanecus Administration Test in Rats

The samples prepared in Example 2 were subcutaneously
administered in rats.

The sample solution was subcutanecusly administered
in a single dose of 303 ug/kg in male rats
SPF, 7 week old).
groups and the samples for administraticn are shown in
Table Z.

{available from

Charles River Japan, The experimental

[0098]
[Table 2]
Sample for adminfstration Dose
n Administrati
Molecular weight and Number of m:m;s ration
struciure of added PEG added PEG | (4 g/kg) |(rumber) route
motecule(s) molecules
Group 1 Mono 303 3 Subcutangous
Group 2 20kDa, Straight-chain | Di 303 3 | Subcutanzous
Group 3 Oligo 303 3 Subcutaneous
Group 4 Mono 303 3 Subcutaneous
Group 5 SkDa, Straight-chain | 303 3 | Subcuianeocus
Group 6 Oligo 303 3 Subsutaneous
Group 7 . Mono 303 3 Subcutaneous
e 40kDa, Straight-chain ' :
Group 8 Di 303 3 Subcutaneous
Group 9  Mone 303 3 | Subcutaneous
20kDa, Branched
Group 10 Di 303 3 Subcutaneous

Al PEGS used are available from NCF Corporation.
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Gr'\‘oup 6 digo 303 3 Subcutaneous G oup 7 40kDa, Straight-chain Mono 303 3
* Subcutaneous Goup 8 D 303 3 Subcutaneous G oup 9 20kDa, Branched Mono

[0099]
Fvaluaticn 3: Measurement of Rat Reticulocyte Count
Letting the time just prior to subcutaneous
administration be Day 0, blood was sampled from the
5 cervical vein serially on Days 4, 7, 10 and 14 fellowing
subcutaneous administration. Using the sampled whole blood,
the reticulocyte count in peripheral blood was measured
(Methylene Blue staining method: Laboratory-Network-Systems
Inc.). Changes in the reticulocyte count are shown in Figs.
10 1 to 4. |
[0100]
Evaluation 4: Method of Measuring Content of Erythropoietin
to which Water-Soluble Long-Chain Molecule(s) are Added
A solution of erythropoiletin to which water-scluble
15 long-chain molecule(s) are added i1s dialyzed against a 20
mM phosphate buffer (pH = 7.5). Using a spectrophotometer
(Gene Quant pro; avallable from GE Healthcare Japan,
Amersham; code 80-2114-98) and UV cells, and emplcying a 20
mM phosphate buffer (pH = 7.5) as the blank, the sclutiocn
20 is adjusted with the phosphate buffer so that the
absorbance at a wavelength of 280 nm becomes 0.1.
[0101] _ ‘
To the solution is added an egquivalent amount of
Laemmli sample buffer (available from Bio-Rad Laboratories,
25 code 161-0737; to which DTT has been added to a final
concentration of 250 mM), and heat denaturaticn at 95°C is
carried out for 5 minutes, following which the resulting
solution is rapidly cooled on ice to give a sample, of
which 2 pL is electrophoresced. Electrophoresis is carried
30 out for 80 minutes using an e-PAGEL gel (E-R1Z.5L,
available from Atto Corporation), using a pageRUN
electrophoresis system (Model AE-6531, available from Atto
Corporation), and after setting the current to 20 mA per
slab gel. When electrophoresis has ended, the gel is

35 peeled from the gel plate and immersed for 30 minutes in
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303 3 Subcut aneous G oup 10 D 303 3 Subcutaneous All PEGs used are
avai l abl e from NOF Corporation [0099] Evaluation 3: Masurenent of Rat
Reti cul ocyte Count Letting the time just prior to subcutaneous
adm ni stration be Day 0, blood was sanpled fromthe 5 cervical vein
serially on Days 4, 7, 10 and 14 foll ow ng subcutaneous adm ni stration.
Usi ng the sanpl ed whol e bl ood, the reticul ocyte count in peripheral bl ood
was neasured (Methyl ene Bl ue staining nethod: Laboratory- Network-Systens
Inc.). Changes in the reticulocyte count are shown in Figs. 101 to 4.
[0100] Evakuarromrs: wesehod Vol e urivig ledrterttoaf NEhprhropgditecitt it o
whi ch Vat egohbhie: %@ﬂg7§hﬁﬁﬂ.NDHQEUMQ&§hp%&% Added is removed and
the gel is fixed by 30 minutes of immersion in a fixing
sclution. The fixing solution is removed, and a staining
5 golution is added, then the gel is immersed therein for not
less than 3 hours but less than 6 hours. The staining
solution is removed, and the gel is then immersed in a
fixing solution and washed for 60 minutes while being
gently shaken, after which the fixing solution used for
10 washing is removed. A fresh fixing solution is then added,
and 60 minutes of washing is carried cut under gentle
shaking.
[0102]
After two washes, an image of the gel is captured
15 while carrying out ultravioclet irradiation with a ChemiDocc
XRS system (Bio-Rad Laborateries). Using the software
Quantity One, ver. 4.6 (Bio-Rad Laboratories), the
fluorescent intensity of the bands in the image is measured.
After defining lanes using the Frame Lanes command, the
20 content is computed from the ratio of the area intensity
displayed using the Lane Background command. In cases
where a plurality of bands are found to exist, the ratio of
the fluorescent intensity of the band having the target
molecular weight to the sum of the flucrescent intensities
25 of all the bands is defined as the content ratio.
[0103]
The 20 mM phosphate buffer (pH = 7.5), fixing
solution and staining solution used are shown below.
(1) 20 mM Phosphate Buffer {pH = 7.5)
30 Cbtained by dissolving the following reagents in 1 L
of ultrapure water:
0.59 g of sodium dihydrogen phosphate dihydrate (available
from Wako Pure Chemical Industries, Ltd.; 192-0825),
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A solution of erythropoietin to which water-soluble 15 | ong-chain

nol ecul e(s) are added is dialyzed against a 20 mM phosphate buffer (pH =
7.5). Using a spectrophotoneter (Gene Quant pro; available from GE
Heal t hcare Japan, Anersham code 80-2114-98) and UV cells, and enploying a
20 mM phosphate buffer (pH = 7.5) as the blank, the solution 20 is

adj usted with the phosphate buffer so that the absorbance at a wavel ength
of 280 nm becones 0.1. [0101] To the solution is added an equi val ent
amount of Laemm i sanple buffer (available from Bio-Rad Laboratories, 25
code 161-073% & @IMAIEPBIM Rasl et JdthaPad-a Fadfdalesticdft rati on of 350
mV), and heat (depatupati epcat wARE Pereatherdcout Thansbrakpyt 8sd.fol | ow ng
whi ch t he resEé%iBg g Lutiog is rapidly cooled on ice to give a sanple, of
which 2 p1l isliaPetef g orgSted. Electrophoresis is carried 30 out for 80
m nut es using ang exPAGH: wgelcHIkeRk2: 5lavanad labl fordir otaddtltzo. Gergapraat | on)
using a pageRPycel_e %598b8€>f5i s system (Model AE-6531, available fromAtto
Corpora?ion), and"after setting the current to 20 mA per slab gel. Wen

el ect r ophorigsi)s Has.rended,uttiver gel is 35 peeled fromthe gel plate and

i mrersed for 30 minutes dif it IR & Maled M ldQzAvai/iahl e from N hon
MIIlipore; MLLIPORE ZMXS/VOTL). The "ultrapure water is renoved and the
gel is fixEPHHRETE0 FRiARSe 3 TMT TSRS 3 $%5xi ng sol ution. The fixing
sol ution i g 0w emetbnANd &St Sos aldddon iTesidsd,1ddhen A el is

i mers g tgﬁg{]ein for not less than 3 hours but |ess than 6 hours. The
staini S i 'Y s renpved, and the gel is then imersed in a fixing

sol ution and washed faari B0 axanilitadst avhideen el arg ege mdsgushaker . ;afdt&r1ashi ch
the fixing 8%9' ution used for 10 washing is renoved. A fresh fixing
solution is then added, and 60 m nutes of washing is carried out under
gent | e shakiidg.) [EG2]1naf tSeriutdeowashes, an i nage of the gel is captured
15 while carryingyouly wihaw.0f&t:  dadiatdion wdhaa chen BRec X3S cyystem
(Bi o-Rad Laboratories). Using the software Quantity One, ver. 4.6 (Bio-Rad
Laborat®ries), the fluorescent intensity of the bands in the image is
nmeasured. After defining | anes using the Franme Lanes command, the
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20 content is conputed fromthe ratio of the area intensity displayed
usi ng the Lane Background conmand. In cases where a plurality of bands are
found to exist, the ratio of the fluorescent intensity of the band having
the target nol ecul ar weight to the sumof the fluorescent intensities 25
of all the bands is defined as the content ratio. [0103] The 20 mM
phosphate buffer (pH = 7.5), fixing solution and staining solution used
are shown below. (i) 20 mM Phosphate Buffer (pH = 7.5) 30Cbtai ned by

di ssolving the follow ng reagents in 1 L of ultrapure water: 0.59 g of
sodi um di hydr ogen phosphat e di hydr at eCLav#bl abl e from Wako Pure Chem cal

I ndustries, Ltd.; 192-0825), 5.8 g of disodium hydrogen phosphate
dodecahydrate (avail able from Wako Pure Chem cal |ndustries, Ltd.

196- 02835) 1-and 8. Teagrgicesddiogm cHimRcisdd 1Qdv &T8B11E %™ Nacal ai Tesque,

Inc.; 31320508 rdddiletiinXiddd «PAlH It or morAWAGUEQUS 1EAlUticayPr epar ed
at the follow ng concentrations using ultrapure water: 10% et hanol
(avai | abl e FEdM RECAE - SPeddife 29958, "R A9 SO %7 icét i ¢ aci d
(avai | abl e JryamMiacaleaiinTasue: |sg Q0L 288) (i itdtaSt aimyitrg cBaliuttiion
SYPRO Ruby Protein CGel Stain (Lonza; Cat. No. 50564) 15 CLAIMS 1. A
phar maceuti cal conposition conprising an erythropoietin to which two or
mor e wat er 2sol ublre phengraceutical composition comprising

erythropoietin to which a water-soluble long-chain molecule
10 is added, wherein the water-soluble long-chain molecule has

a molecular weicght of not less than 30 kDa.

3. A pharmaceutical composition comprising
erythropoietin to which a water-soluble long-chain molecule
15 is added, wherein the water—-soluble long-chain molecule has

a branched chain.

4. The pharmaceutical composition according to any one
of claims 1 to 3, wherein the water-soluble Jlong-chain

20 molecule is not less than one compound selected from the
group consisting of polyethylene glycol, polyamino acids

and polypropylene glycol.

5. The pharmaceutical composition according to any cne
25 of claims 1 to 4, which has a hematopoietic effect in
humans and/or animals which lasts for not less than seven

davys.

6. The pharmaceutical composition according to claim 5,
30 wherein the animals are animals of the family Felidae

and/or the family Canidae.
7. The pharmaceutical composition according to any one

of claims 1 to 6, which is a soluticn or gel, the solution

35 or gel having a pH of not less than 4 but not more than §.
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5 chain nol ecul es are added, wherein an anount of said erythropoietinis
not |ess than 50% of total erythropoietin. 2. A pharmaceuti cal
conposition conprising erythropoietin to which a water-sol uble

| ong-chain nol ecule 10 i s added, wherein the water-soluble |ong-chain

nol ecul e has a nol ecul ar weight of not |ess than 30 kDa. 3. A

phar maceuti cal conposition conprising erythropoietin to which a

wat er - sol ubl e 1 ong-chain nol ecule 15 is added, wherein the water-sol uble
| ong-chai n nol ecul e has a branched chain. 4. The pharnmaceuti cal
conposition according to any one of clains 1 to 3, wherein the

vvalt er- sgl ;Jlgl el ﬁnglecmiamm&&ejmlez@ql @oﬁt@dﬂﬂtﬂcﬁﬁ%ddﬁﬁ@l@l@e t@O%}J_@liﬁd"f g
sel ecte rom.t he onsi sti et yC no aci ds
2nd ol ypr SIS S yFogol Hia oty e A e Y S e o kot g to
any one 25 tak @Iammsmdtaﬂ,pnmmmmchmm apaiset iaf ef fraotnaln amunmans
and/or ani gales 10hisqh | ASLS JOT N0 eSS, (hAn SEUEN MBS ooy The

phar maceut 1 ca OI’TpOSI tion accor ing to alm er el n the ani mal s

are animals of the famly Felidae and/or the fam |y Canidae. 7. The
phar maceut igcal c@mowalr%c%%@_qrc@un@oh@o%%lw 2ol BinE t4 LR Oonwhich is
a solution or the solution 35 or gel having a pH of” not Iess than 4
but not nofé éﬁ“@ 1 gomRe pisttdce iicc 8T YESHPSIGIR déCordPHg o cl ai m

7, wher eica tt-he rs dlodt-iden ivedf eriulcated 4 ahaedceubst antially the sane
osnDtlf@ressure and pH as those of a manmalian 5 bodily fluid so as to
gi ve no pain when adm ni stered. 9. The pharmaceutical conposition according
to any oneiléf. cl &hesphatpa8sunheréi notipe sertylr epoicetiinghas anhuoae-, cat -

or dog-deri,yed amino4a |dgse%%%gggn é%el% }Q.r% armgeutical .conposi tion

according to any one o clé he erythrop0|et|n is the
fol | owi ng €alleyipe):(a = (a) a pol ypeptide having an ami no acid

sequence set 15 franth b81§5€?h@d@oh$V1ng an amiPb achel ¥pepthde that has
an am no aci d sequence of | ess than 70% sequence identity to the am no

aci d uenfé t8et7f 6h 'PnN8Ed/I D NO 1, and has an erythropoietin activity
in a cell prolifebat eopoaspaytisienghat has an amino acid sequence of

not less than 70% sequence identity to the aminc acid
sequence set forth in SEQ ID NO:1, and has an
erythrepoietin activity in a cell proliferation assay using
20 BaF/EPCR cells; or
(c) a polypeptide that has one or a plurality of
amino acid substitutions, deletions, insertions and/or
additions with respect to the amino acid sequence set forth
in SEQ ID NO:1, and has an erythropoietin activity in a
25 cell precliferation assay using Bal/EPOR cells.

11. The pharmaceutical composition according to claim 10,
wherein not less than one polyethylene glycel addition site

is a lysine-78 residue.

30
12. The pharmaceutical composition according to any one
of claims 1 to 11, wherein even when repeatedly
administered, the pharmaceutical composition does not
trigger the producticn of an antibody to erythropoietin.
35
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20 BaF/ EPOR cells; or (c) a polypeptide that has one or a
plurality of am no acid substitutions, deletions, insertions and/or
additions with respect to the am no acid sequence set forth in SEQ ID
NO 1, and has an erythropoietin activity in a 25 cell proliferation assay
usi ng BaF/ EPOR cel |l s. 11. The pharmaceuti cal conposition according to claim
10, wherein not |ess than one pol yethyl ene glycol addition site is a

| ysine-78 residue. 12. The pharmaceutical composition according to any one
of clains 1 to 11, wherein even when repeatedly adm nistered, the

phar maceut il&al canpmggtﬁ@m doesitiol eriegaén Pﬁ@@ﬁﬁ@d@@tﬁ@ﬁ of an ant i body
to erythro ﬂ'a%Ha%eut&%a& MG, JAr- 1L AlHRG BREMD, SQMRIISIHY d1R€ms 1

phar maceut i conposi tion according to any one of clains 1 to 12. 5 14. A
henatop0|e¢Pc1§rug conprising the pharnmaceutical conposition according to
any one of clains 1 to 12. 1/3 SEQUENCE LI STI NG <110> KANEKA CORPCORATI ON
<120> MODI FI ED ERYTHROPO ETI N, TO WHI CH MATER—SCLU%% 5%—CHAIN VOLECULE
|'S ADDED <130> BBoHSERNET 1EF4G> PR I F20L0/ 6655767 S1 81 TG 0¢°Ts <150>
JP 2009- 21328p0o<i5ien2GRec0%fitsy <16@»yl one of claims 1 to 1Z2.
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;<170> Patentln version 3.1 <210> 1 <211> 192 <212> PRT <213> Fel | s catus
<400> 1 Met Gy Ser Cys Qu Cys Pro Ala Leu Leu Leu Leu Leu Ser Leu Leu
151015 Leu Leu Pro Leu Ay Leu Pro Val ,Leu Ay Ala Pro Pro Arg Leu Ille
202530 2/3 Cys Asp Ser Arg Val Leu d Arg Tyr Ile Leu Gy Ala Arg Qu
Al a 354045 Ju Asn Val Thr Met Ay Cys Ala Qu Gy Cys Ser Phe Ser Qu Asn
505560 Ile Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Thr Trp Lys Arg Met
65707580 Asp Val Ay Gn Gn Ala Val Qu Val Trp Gn Gy Leu Ala Leu Leu
859095 Ser Au Ala Ile Leu ArgeGlBnNGE DI gYIAgLeu Leu Ala Asn Ser Ser G n
100105110 Pro Ser A u Thr Leu Gn Leu H's Val Asp Lys Ala Val Ser Ser Leu

<110> KANEKA CORPORATION

<120> MODIFIED ERYTHROPOIETIN TO WHICH WATER-SOLUBLE LONG-CHAIN MOLECULE
IS ADDED |

<130> B090354W001

<140> PCT/JP2010/065976
<141> 2010-09-15

<150> JP 2009-213205

<151> 2009-09-15

<160> 1

<170> Patentln version 3.1
210> 1

211> 192

<212> PRT

<213> Felis catus

<400> 1

Met.G!y Ser Cys Glu Cys Pro Ala Leu Leu Leu Leu Leu Ser lLeu Leu

1 5 10 15

Leu Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu lle
20 25 30



-115120125 Arg Ser Leu Thr Ser Leu Leu Arg Ala Leu Gy Ala Gn Lys Qu Ala
130135140 Thr Ser Leu Pro Qu Ala Thr Ser Ala Ala Pro Leu Arg Thr Phe Thr
145150155160 3/3 Ay Lys Leu Thr Leu Iyr Thr Ay Gu Ala Cys Arg Arg Gy

Asp Arg 180185190 2/

Cys Asp Ser Arg Val Leu Glu Arg Tyr lle
35 40

Glu Asn Val Thr Met Gly Cys Ala Glu Gly
50 55

Ile Thr Val Pro Asp Thr Lys Val Asn Phe
65 70

Asp Val Gly GIn Gin Ala Val Giu Val Trp
85 90

Ser Glu Ala lle Leu Arg Gly Gin Ala Leu
100 105

Pro Ser Glu Thr Leu GlIn Leu His Val Asp
115 120

Arg Ser Leu Thr Ser Leu Leu Arg Ala leu
130 135

Thr Ser Leu Pro Glu Ala Thr Ser Ala Ala
145 150

Val Asp Thr Leu Cys Lys Leu Phe Arg lle
165 i70

Leu Gly Ala Arg
45

Cys Ser Phe Ser
60

Tyr Thr Trp Lys
75

Gin Gly Leu Ala

Leu Ala Asn Ser
110

Lys Ala VYal Ser
125

Gly Ala GIn Lys
140

Pro Leu Arg Thr
155

Tyr Ser Asn Phe

Glu Ala

Glu Asn

Arg Met
80

Leu Leu
05

Ser Gin

Ser Leu

Glu Ala

Phe Thr
160

Leu Arg
175



3/3

Giy Lys Leu Thr Leu Tyr Thr Gly Glu Ala Cys Arg Arg Gly Asp Arg
180 185 180



