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Thepr倒叫 inventíon refi扭扭曲恥扭臨 of叮啦。伊ie血 wi血扭曲lyleneglycol) comprising an 叮曲ropoie'恤 glycoprotein
having 也e in vivo biologic叫 activity of causing bone m缸TOW cells ωmcre阻e the production of ret，叫locytes 曲d the red 
blo吋 cells and selected :from the gro呻 cill回到ing of human ery也ropoietrn 血d analogs th缸'eof which have s叫U聞自 of
hum帥叮也ropoiet旭 modified by tbe addition from 1-6 glyωsylations胸前師問甜甜.gement of at le醋。ne 跡恥.ylation
"誨，阻d glyc呵呵t曲 being cova1ently línked 妞 "n" poly ( ethylene glycol ) groups of formula~ -CO-{CH2) X ( 
OCH2CH2)M -OR WlTH THE CARBONAYLOF EACH POLY(ETHYLENEOL YCOL )group formi且皂扭曲lide bond with 
oneof齡組d amino grou肝; wherein R îs a lower alkyl ; X is 2 or 3; M四曲out 450 to about 9咽 ;nisfrom 1-3 訟ld n&m are 
chosen 曲曲at the molecu1ar weight of the conjugate minus the er持rropoeitin glycoprotein is from 20 ki吋到ωns 10 100 
kilodalt，叩S



CHEMICALLY MODIFIED NOVEL ERYTHROPOIET工N STlMULAT工NG

PROTEIN COMPOSITIONS AND METHOD8 

R~rT(m:mTTNn 0 '14' ''1'HR TN\rF.ro'T'TOro 

Novel erythropoietin stimulat斗ng protein 

(NE8P) is a hyperglycosylated erythropoietin analog 

having five changes in the amino acid sequence of rHuEPO 

which provide for two additional carbohydrate chains. 

10 More specifical1y , NESP contains two additional N-linked 

carbohydf'ate chains at amino acid residues 3日間d 88 

(numbering corresponding to the sequence of hUI祖a

EPO) (see PCT Application Nl。因 U894/02957 ， herein 

incorporated by reference in its entirety). NESP is 

15 biochemically distinct from EPO , having a longer serum 

half-life and higher in v，斗vo biological activitYi Egrie 

et al. , ASH 97 , Blood, 且且: 56a (1997). NESP has been 

ShOWIl to have -3 fo1d increase in serum half-life in 

rnice , rats , dogs and mani Id. In rnice，七he longer serum 

2日 half-life and higher in vivo act主vity allow for less 

frequent dosing (once weekly or once every other week) 

compared to rHuEPO to obtain the same biological 

response; Id 

A pharmacokine七ic study demonstrated 七hat ，

25 consistent with the animal studies , NESP has a 

significantly longer ser四n half-life than rHuEPO in 

chronic renal failure patients , suggesting that a less 

frequent dosing schedule may also be employed in humans; 

MacDougall , et a l., J American Society of Nep1Jrology, 
30 且 :268A (1997). A less frequent dosing schedule would be 

more conv自lient to both physicians and pati自lts ， and 

would be particularly helpful to thβse patients involved 

in sel主-a曲ninistration. Other advantages to less 



fre申leot二 dosing may include less drug being introduced 

into patients , a reduction io 七.he nature or severi ty of 

the few side-effects seen with rHuEPO administration , 
and increase直 complia且ce.

Although the extended hàlf-life of NESP offers 

the advantage of 1eSB frequent doeing relative to EPO , 
七here are still potential indication皂 I such as 

chemotherapy , which may require an even longer 

therapeutic half-life than NESP currently den田nstrates

1日 A common approach often used to extend the 

half-lives of proteins in vivo i8 the chemical 

。onjugation of a water soluble polymer , such as 

polyethylene glycol (.PEG) ，七。 the protein of interest. 

G閣erally I polye七hylene glycol I自由lecules are connected 

15 to the protein via a reacti ve graup found on 七he

protein. Amino groups , s 1.1ch as those on lysine residues 

。r at the N> terminus , are conv自1i目lt for such 

attachment. 

A variety of approaches have been used t。

2日 attach the polyethylene glyc01 molecules to the protein 

(PEGylationJ. For examp1e , Royer (U. S. Patent 

No. 4 , 002 , 531) states that reductive alkylation was used 

for attachment of p01yethyle:也e glycol molecules to an 

enzyme. Davis et a l. (甘 S. Patent No. 4 , 179 , 337) 

25 disc10se PBG:protein conjugates inv01ving，主。r example, 
自lzymes and insulin. Shaw (U.8. Pat自1t No. 4 , 904 , 584) 

disclose the modifica七ion of the 0'山nber of 1ysine 

residues in proteins for the ~ttachment of polyethylene 

glycol molecules via reacti ve amine groups. Hakimi e匕

30 a l. (U.S. Pat自lt No. 5 , 834 , 594) disclose substantially 

non-1立即unogenic water s01OO1e PEG:protein conjugates , 
invol、ring for example , the proteins 工L-2 ， in七erferon

alpha , and IL-1ra. The methods of Hakimi et al. involve 

the utilization of unique linkers to connect the various 



free amìno groups in the protein to PEG. Kinstler et 

a1. (U.S. Patent Nos. 5 , 824 , 784 and 5 , 985 , 265) teach 

methods allowing for selectively N-terminally 

ch宙nically mωdified proteins and analogs thereof , 
5 including G-CSF and consensus interferon. Importantly I 

these modified proteins have advantages as relates t。

protein stabili ty , as well as providing for processing 

advantages. 

PEGylation approaches such as those described 

10 above are traditional1y applied to n。也-glycosylated

proteins derived from bacterial 目中ression systems in 

。rder to r自lder improvements in s01OOi11 ty and 斗n viva 

circu1ating half-lives (such properties are typica11y 

conferred to glycosylated proteins (glycoproteins) 

15 through the carbohydrate moieties added in the caurse of 

eukaryotic expression). The effects of PEGy1ation on 

the in vivo half-lives of non-glycosylated proteins is 

generally thought to derive from the physicochemical and 

吐.ynamic properties of PEG conferring a 1arge玄

20 hydrodynamic volume and total m自ss to the conjugate , 
thus reducing the rate of renal clearance. Addi tional 

benefits typical1y include increased solubility and 

decreased immunog聞主city for the c.onjugate. However , 
not a11 proteins respond equa11y to PE由于lation and there 

25 is no guarantee of ir甲roved performance. 

The present invention is based upon the 

surprising finding that a highly glyeosylated pr。七eio ，

e.g. , NESP , can be PEGylated to provide a phar刮風ceutical

composi tion wi th a且 even more drama七ic sustained 

30 duration profi1e than NESP , allowing. for a once every 4-

6 week dosing for raising hematocrit and treating 

anemia , and thus providing tremendous therapeutic 

advantage. 



SU世血直ARY OF 小'R"F. T1I.TITRl\I'叩T01\T

The present inv自ltion relates to a 

5 substantial1y homogenous preparation 0主 chemically

modified NESP (or analog there。主) and rela七ed methods 

The presen t inv自ltion further relates to a 

substantially homogenous preparation of N-terminal1y 

chemical1y modified NESP (or analog thereof) 

10 甘19 pres自lt invention further relates to a 

preparation of ch自民主cal1y modified NESP represent二ed as a 

mixed population of either 11田nosubstitu七ed posi tional 

is。主。rms or polysubsti tuted forms. 

15 II.RTF.F nR~r.RτPT主ON OF THE FI凡URES

Figure 1 depicts the design strategy 主。r NESP 

PEGylation: (刮目G polymer size i8 varied from 51曲，

20kD and 3 日kD; (B) PEG polymer conforr阻tion can be 

20 either linear or branched with total molecular weights 

。f 10)曲， 20kD or 4日回凹的 and (C). preparations of 

25 

PEG:NESP with different degrees of substitu七ion can be 

isolated to include: mono-PBG , di-PEG or , in some cases , 
tri-PEG NESP. 

Figure 2 depic.ts the various reaction 

ch目吐stries for PEGylation of NESP: (J、) reductive 

alkylation of NESP with PEG-aldehyde; (B) acylation of 

NESP with N-succinimidyl ester of PEG; and 

3日 (C) PEGylation of the NESP polysaccharide side chains by 

limited per斗。date oxidation of the carbohydrate with the 

resultant aldehyde reacted with PEG-hydrazide t。正。rrn a 

hydrazone linkage followed by subsequent reduction with 

sodium cyanol:泊rohydride to stabilize the linkage 



Figure 3 is a graph depicting in vivo activity 

data of various 5kD poly-PEG:NESP conjugates vs. 

unmodified NESP (圖). s缸nples -.Ä.-, -"f'-,.- and-.-

5 are mixtures 。主 5kD poly-PEG:NESP with progressively 

lower degrees of substi tution 月k iron uptake is plotted 

vs. ng/mL administered. 

Figure 4 i6 a graph depicting prolongation of 

10 elevated hemoglobin (HGB) level周 in response t。

treatment with various PEG:NESP conjugates relative to 

urunodified NESP. S工ng1e bolus inj ection 。主 1日0μg/kg

NESP (.), 2日kD linear 閉目no-PEG:NESP conjugate derived 

fr。明 NHS-ester activated methoxy-PEG (.), 20kD linear 

15 (-8日電 mono-PEG: NESP 血.d 20稽 di-PEG:NESP) conjugate 

derived by reductive alkylation from aldehyde acti.vated 

PEG ("')，目ld a saline control (.). HGB (g/dL) is 

plotted vs. :fI: days post-treatment. 

20 Figure 5 is a graph depicting prolongation of 

elevated reticu10cyte levels in response to treatment 

with various PEG:NESP conjugates relative to w宙間dified

NESP. 8ing1e bolus inj ections 。主 100μg/kg NESP (0) , 
20kD linear mono-PEG:NESP (.), 5kD linear mono- PEG: NESP 

25 ("f') and 5kD linear di-PEG:NESP conjugates (.) derived 

by reductive alkylation from aldehyde activated meth∞q 

PEG , a 20kD branched mono-PEG: NESP (.). conjugate fr凹n

NHS-ester activated PEG , and a saline control (....). 

Absolute reticulocyte count i9 pl。七七ed vs. # days post-

30 treatment. 

Figure 6 i9 a graph depicting prolongation of 

elevated hemoglobin levels in response to treatment with 

various PEG:NESP conjugates relative to unrnodified NESP. 



Single bolus 主njections of 100 J.lg /kg NESP (0) , 2日kD

linear mono-PEG:NESP (.), 5kD linear mono-PEG:NESP ('Y) 

and 5kD linear di-PEG:NESP conjugates (.) derived by 

reductive alkylation from aldehyde activated methoxy-PEG 

5 anda2日回 branched mono-PEG:NESP conjugate (.) from 

NHS-ester activated PEG. HGB (g/dL) is plotted vs. :# 

days post-treatm自1七.

Figure 7 depicts a Q Sepharose HP column 

10 chroma七。gram of the 5kD poly-PEG:NESP co吋ugate. 叮祖

column was a HiTrap Q Sepharose HP colurnn which utilized 

a 50n由 NaCl to 200n甜 NaCl linear gradient 七。 elu乞e the 

produc七

15 Figure 8 depicts a Q Sepharose HP column 

20 

chr目臨出gr帥。f the 20)是D mono-PEG:悶SP conjugate. 也e

column was a HiTrap Q Sepharose HP colwnn which utilized 

a 501值d NaCl to 20QmM NaCl linear gradient to elute the 

product. 

Figure 9 depicts a Q Sepharose HP column 

chromatogram of the 3日kD mono-PEG: NESP conj uga te . The 

column was a HiTrap Q Sepharose HP column which utilized 

a 5甜甜 NaCl to 200n由 NaCl linear gradient to elute the 

25 product. 

Figure 10 is a graph depicting reticulocyte 

response of an目nic m工ce after 8ing1e bolus inj ections of 

3 陶/kg 3 日kD m昀no-阻G:NESP conjugate CT) , 3 個Ikg 20kD 

30 m.ono-PEG:NESP conjugate (固)， and 3μg /kg 5kD poly-

PEl曰 :N宮SP conjugate mixture (.). Absolute reticulocyte 

count is plotted vs. *' days post-treatment. 



Figure 11 is a graph depicting reticulocyte 

response of anemic mice after single bolus inj ections of 

1日 μg/kg 30kD mono-PEG:NESP conjugate (T) , 10μg/kg 20kD 

mono-PEG:NESP conjugate (.), and 10μg/kg 5kD poly-

5 PBG:NESP conjugate mixture (.). Absolute reticulocyte 

count i8 plotted vs. # d.ays post-trea tInent. 

Figure 12 i8 a graph depicting reticulocyte 

response of an國nic mice after single bolus injections of 

10 30 JLg /kg 30】也 mono-PEG:NESP conjugate (T) , 30 個/kg 201由

抽泣。-PEG:NESP conjugate (.), and 30 陶/kg 自由 poly-

15 

PBG:NESP conjugate mixture (.) V8. 30 J.Lg /kg unmodified 

NESP (0). Absolute reticulocyte count i8 plotted vs. # 

days post-treatment. 

Figure 13 is a graph depicting hemoglobin 

response of anemic mice after single bolus injections of 

3μg/kg 30kD mono-PEG:NESP conjugate (T) , 3μg/kg 2日kD

mono-PEG:NESP conjugate (團)， and 3μg/kg 5kD po1y-

20 PEG:NESP conjugate mixture (﹒)回 HGB (gl ðL) is p10tted 

VB. # days post-treatment 

Figure 14 is a graph depicting hernoglobin 

response of anemic mice a主ter single bolus injections of 

25 10μg/kg 30kD mono-PEG:NESP conjugate (T) , 10μ.g/kg 20kD 

mono-PEG:到BSP conjugate (.)，自ld 1日 μg/kg 51也 poly-

J?EG:NESP conjugate mixture (.). HGB (g/dL) is p10tted 

vs. # days post-treatment. 

30 Figure 15 is a graph depicting h目noglobin

response of an回到吐c mice after single bolus injections of 

3日間/kg 3日kD mono-PE:G: NESP c。叮ugate 呵r) ， 30 陶/kg 20kD 



mono-PEG:NESP conjugate (圖)， and 3 日 μg/kg 5kD poly-

PEG:NESP conjugate mixture (.) vs. 30μ.g Ikg umnodified 

NESP (0). HGB (g/dL) is plotted vs. # days post­

treatment 

Figure 16 is a graph depicting reticulocyte 

response of norma1 mice a主ter sing1e bolus inj ections of 

3 陶/kg 301也 mono-PEG:NESP conjugate (T) I 3 陶/kg 201也

mono-PEG:NESP conjugate (.) I and 3 陶/kg 5kD poly-

10 PBG:NESP conjugate mixture (.). Absolu七e reticulocyte 

count is plotted vs. "#= days post-treatrnent. 

Figure 17 is a graph depicting reticu:)_ocyte 

response of normal mice after single bolus injections of 

15 1日向/kg 3日kn mono-PBG:NESP co叮ugate CT) , 1日 μg/kg 20kD 

mono-PEG :NESP conjugate (圖) I and 10μg/kg 5k且 poly】

PEG:NESP conjugate mixture (﹒).品solute reticulocyte 

count is plotted vs. # d.ays post-treatment. 

20 Figure 18 is a graph depicting reticulocyte 

response of normal mice after sing1e bolus inj ections of 

m 陶Ikg 3 日kD mono-PEG: NESP c。叮ugate C,') , 30 陶Ikg 2日}也

到ωno-PEG:NBSP conjugate (圖)， and 3 日 μg Ikg 5kD poly時

PEG:NESP conjugate mixture (.) vs. 30μglkg u血nodified

25 NESP (0). Absolute reticulocyte count is plotted vs. # 

days post-treatment. 

Figure 19 is a graph depicting hemoglobin 

response of non祖1 阻ce after single bolus injections of 

30 3 陶Ikg 30kD mono-PEG:NESP conjugate (Tl , 3 阿Ikg 20kD 

mono-PEG:NESP conjugate (團 1 f and 3μg/kg 51也 poly白



PEG:NESP conjugate m斗xture (.). HGB (g/ dL) is p10tted 

vs. #: days post-treatment 

Figure 20 is a graph depicting hemog1obin 

5 response of norma1 mice after sing1e bolus inj ections of 

10 阿Ikg 30kD mono-PEG:NESP conjugate (....), 1日陶/kg 20)由

mono-PEG : NESP conj uga te (圖)， and 1日 μg /kg 5kD po1y-

1日

PEG: NESP conj uga te mix匕.ure (.). HGB (g/dL) is plotted 

vs. # days post-treatment. 

Figure 21 i6 a graph depicting h由自由globin

response of norma1 mice after 8ing1e bolus injections of 

30 陶Ikg 30kD mono-PEG:NESP conjugate (....), 30μg/kg 20)也

mono-PEG:NESP c。叮ugate (圖)， and 30 J1g/kg 目也 poly-

15 PEG:NESP conjugate mixture (.) VS. 30 J.I.g/kg unmodif斗ed

NESP (0). HGB (g/dL) i6 plotted vs. #: days post­

treatment. 

Figure 22 depicts size exclusion HPLC 

2日 chr血natograms 。主 the 5kD poly-PEG:NESP (-一)， the 2 日kn

25 

恥。no-PEG:NESP (- - -) and 30kD mono-PEG:NESP (---). The 

SEC column was a Tosohaas TSK 3000 SWxl (5 micron - 7.8 

mm X 30 cm) which utilized 100n叫 N甜甜叭， 1。老 ethanol ，

150rr曲 NaC1 ， pH 6.9 ，七。 e1ute the products. 

n，1<:'1'%1. γT.F.n nF.!=:r'R Tτ叩TOl\T Oli' 'I咱有 Tl\l'iT暫時叩Tn1\1

To discover if the in vivo therapeutic half­

life of a glycoprotein such as NESP would benefit from 

30 PEGylation , a variety of differ臼lt PEG:NESP conjugates 

were synthesized and tested in vivo for prolonged 

erythropoiesis. 
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工n orde玄 to both optimize the potential 

effects of PEGylatìon and to identify the preferred 

sites and chemistries of PEG attachment , a design 

strategy was employed wherein polyxr晦r length, 
5 conformation , and both the degree and sites of 

attachment were varied (see Figure 1) 

Methods for preparing the PEGylated NESP of 

the present invention generally comprise the steps of 

(a) reacting NESP with polyethylene glycol (such as a 

10 reactive ester or aldehyde derivative of PEGl under 

conditions whereby NESP becomes attached to one or more 

PEG groups , and (b) obtaining the reaction product (8) . 

Because the specific sites of NESP modification m巳ight

significantly alter the intrinsic activity of the 

15 conjugate , three different PEGylation chemistries were 

e.xplored (see Figure 2). The first approach utilizes 

reductive alJ可lation t。∞njugate a PEG-aldehyðe {o- (3目

Oxopropyl) -0' -methylpolyethylene glycol) 七。 a pr~m臨ry

amine of NESP. Unðer appropriate condi tions , this 

2 日 approach has been demonstrated to yield PEG conjugates 

predom且nately modified through the α-amine at the 

protein N-ter當ú.nus. Because the PEG is linked through a 

seconðary amine by reductive alkylation there is the 

potential to preserve the charge at the protein N-

25 te:口ninus.

到1e second chemistry applieð to PEGylation of 

NESP was the acylation of the pri訂祖ry amines of NESP 

using the N.HS-ester of methoxy-PEG (0- [ (N 

Succinimidylox.ycarbonyl) -methylJ -0 I -m.ethylpolyethyl自le

30 glycol). In contrast to the previous chemistry , 

acylat叩n wi th meth01可-PEG-NHS results in an amide 

linkage which will eliminate the charge from the 

。riginal primary amine. 
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The final attachment chem立stry evaluated 

utilized a mild oxidation of NESP under conditions 

selected to target the pendant d斗。1 of the penultimate 

glycosyl uni t 6ia1ic acid for oxidation to an aldehyde. 

5 The resultant glycoaldehyde was then reacted w工th a 

methoxy-PEG< hydrazide (。自 (Hydrazinocarbonylme七hy1) -0'­

methylpolyethylene glycol) to form a semi-stable 

hydrazone between the PEG and NESP. The hydrazone was 

subsequently reduced by sodiurn cyanoborohydride t。

1Q produce a stable PEG:NESP conjugate. 

The present methods each provide for a 

substantially homogenous mi ;x:ture of polymer :prote土n

conjugate. “ Substantially homogenous" as used herein 

means that only polymer:protein c。也jugate rr也lecules are 

15 observed. As ascertained by peptide mapping and N-

terminal sequencing , one example below provides for a 

preparation wh工ch is at least 90月~ polymer:pr。七且沮

c。吋ugate ， and at most 10屯 unreacted protein. 

Preferably, the PEGylated material 斗s at least 95毫 of

20 the preparation (as in the working 自由mple below) and 

most preferably, the PEGylated material 1s 99宅。f the 

preparation or rc阻re. The polymer:protein conjugate has 

biological activity and the present .substantial1y 

homogenous" PEGylated NESP preparations provided herein 

25 are those which are h田間g目lOUS enough to display the 

advantages 0主 a homogenous preparation , e.g. , ease in 

clinical application in predictability of lot to lot 

pharmacokinetics 

One :rn自，y also choose to prepare a rnixture 。主

30 polymer:protein conjugate molecules , and the advantage 

provided herein is that one 刮風.y select the proportion of 

Z咱也。-polymer:protein conjugate to include in the 

mixture τ吐lUS ， if desired , one may prepare a mixture of 

various protein wi th var正ous numbers of polymer moieties 
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attached (i. e. I dí>, trí- , tetra- , etc.) and c自由ine

said conjugates with the mono-polYJ祖r : protein conj uga te 

prepared using the present methods I and have a mixture 

with a predetermined proportion of mωno-polyr睡r:protein

5 conj uga te . 

工nitial experiments designed to evaluate and 

。，ptimi :z: e PEG:protein reaction stoichiometries revealed 

that PEGylation by reductive alkylation using PEG-

aldehyde was surprisingly somewhat 斗neffic斗en七，

10 requiring substantially higher molar ratios of PEG t。

protein than typically observed with non-glycosylated 

proteins. Similarly, acylation with PEG-NHS esters was 

also slower and less efficient than 目中ected. It was 

thus evident that the PEG:γlation of n。沮自glycosylated

15 proteins was not necessarily predictive 。主匕he

PEGylat工。n of glycosylated proteins and that further 

。'Ptimization of reaction conditions was necessary. 

The polymer molecules contemplated for use io 

the PEGylation approaches described herein IT回y be 

20 selected from among water soluble polymers or a mixture 

thereof. The water soluble polyrner may be selected from 

the group consisting 。主，主。r ex缸nple ， polyethylene 

glycol , monom也thoxy-polyethylene glycol , dextran , poly­

{N-vinyl pyrrolidooe} , propylene glyco1 homopolymers , 'a 

25 polypropylene oxide/ethylene oxide co-polymer, 
polyoxyethylated polyols (e. 耳， glycerol) I dextrao , 

HPMA , Flexir阻芷啊， and polyvinyl alcohol. 油1e polymer 

selected should be water soluble 80 that the protein t。

which it is attached does not precipitate io an aqueous 

30 自1vironment ， such as a physiological environment. For 

the acylation reaction皂， the polymer (s) selected shou1d 

have a sing1e reactive ester group. For the present 

reducti ve alkylati。耳 I the polymer(s) selected should 

have a sing1e reactive aldehyde group. A preferred 
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reacti ve PEG-aldehyde 斗s polyethylene glycol 

propionaldehyde , which i8 water stable , or mono CI-CI0 

alkoxy or aryloxy derivatives there。主 (see ， U.S. Pat目lt

5 , 252 , 714). The polyrner may be branched or unbranched. 

5 Preferably I 宜。r therapeutic use of the end-product 

preparation , the polymer will be pharmaceutically 

acceptable. 

A part工cularly preferred water-soluble polyrner 

for use herein i8 polyethylene glycol , abbreviated PEG. 

10 As used here主n ， polyethylene glycol i8 meant t。

encompass any of the forms of PEG that have been used t。

derivatize other proteins , such as m。耳。- (C1-C10) a1koxy­

。r aryloJl;司{-polyethylene glycol 

The proportion of polyethylene glycol 

15 .阻lecules to protein molecules will vary, as will their 

concentrations io the reaction mixture. In general , the 

。'ptimum ratio (in terms of efficiency 。主 reaction in 

that there is no excess unreacted protein or polymer) 

will be determined by the molecular weight of the 

20 polyethyl由1e glycol selected and on the number of 

available reactive groups (typical1y oc or 3 副nino groups) 

available. As relates to molecular weigh七， the higher 

七he molecular weight of the polymer , the fewer ~umber of 

polymer molecules which II四，y be attached to the protein. 

25 Similarly, branching of the poly祖，er should be taken int。

account wh自1 optimizing these parameters. Generally , 

the higher the molecular weight (or the more branches) 

the higher the polymer:protein ratio. In the present 

invention , several different linear PEG polymer lengths 

30 were evaluated (5k且， 20kD缸ld 30kD). Simi1ar1y , 

conjugates of two-armed branched PEG polymers (1日1曲，

20kD and 4日kD) were also tested. From each preparation , 

s artg;)les of mon。】substituted and di-substituted PEG:NESP 
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were isolated to investigate the ef主ects of secondary 

8i tes of PEGylation. 

In general , for the PEGylation reactions 

contemplated herein , the preferred average molecular 

5 weight i6 abou七 2kDa to about 10DkDa (the term nabout" 

indicating 士 lkDa). More preferably , the average 

霄lolecular weigh七 i9 abou七日(])a to about 4日kDa. The 

ratio of water-soluble polymer to NESP wil1 generally 

range from 1: 1 主。r"ωnoPEG- ， 2:1 for diPEG etc , and the 

10 mass ratios for PEG:protein would r1目1 -1:7 for 5kD mono­

PEG to -1:1.3 for 30kD monoPEG. 

The method of obtaining the PEGylated NESP 

preparation ma司r be by purificati。犯。f the PEGylated 

material from a population of non-PEGylated NESP 

15 r訕。 lecules. For example , presented below i6 an example 

where mono- and/or di - PEG:γlated NESP i9 separated using 

ion exchange size chrorr過乞。graphy. Size exclusion 

chromatography is used as an analytica1 tool t。

characterize the purified products 

20 The pre6ent invention a160 provides a method 

主。r selectively obtaining N-terminal1y ch目nically

rnodified NESP. The method c目npri_ses reducti ve 

a1ky1at土。n which exploits .differential reactivity of 

different types of primary am.ino groups (lysine versus 

25 the N-terminal) available for derivatization in a 

particular protein. Under the appropriate reaction 

condition濁， substantially selective derivatization 。主

the protein at the N-terminus with a carbonyl group 

containing polymer is achieved. The reaction is 

3 日 performed at PH which allow9 one to take advantage of 

the pKa differences between the E-amino groups of the 

lysine residues 目ld that of tì祖 α-amino group of the N­

terrninal residue of the protein. By such select且ve

derivatization attachment of a water soluble polYI臨r t。
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a protein is controlled: the conjugation w，斗th the 

polymer takes place predominantly at the N-termi.nus 。主

the protein and no signi主icant modification of other 

reactive groups , such as the lysine side chain 缸阻n。

5 groups , occurs. The preparation will preferably be 

greater than 80月k mono-polymer:protein conjugate , and 

more preferably' greater than 95 月k mono-polymer :protein 

conjugate. 

NESP of the present invention. i8 a 

10 hyperglycosylated EPO analog compr工6ing two addìtional 

glycosylation sites with an additional carbohydrate 

chain attached to each site. NESP was constructed using 

6i te-directed mutagenesis and 目申ressed in mammalian 

host cells. Details of the production of NESP are 

15 provided in co-owned PCT Application No. US94/02957. 

New N> linked glycosylation s斗tes for rHuEPO were 

in troduced by al tera七10ns in the DNA sequence t。由呵。de

the amino aci吐8 Asn-X-Ser/咀1r 1n the polypept1de cha1n 

DNA encoding NESP was transfected into Chinese Hamster 

20 Ovary (CHO) host cells and the expressed polypeptide was 

analyzed for the presence of addi tional. carbohydrate 

chains. In a preferred embodim自1t ， NESP will have tw。

additional N-1inked carbohydrate chains at residues 30 

and 88. The nurobering of the amir立。 acid sequence is 

25 that of human eryth工。poietin (EPO). The amino acid 

sequence of NESP 1s that depicted in SEQ ID NO: 1.工t

i8 understooð that NESP will have the norm.al complernent 

。f N-linked and O-link.ed glycosylation sìtes in addition 

to the new sites. 

3日甘1e NESP of the present invention may also 

incluðe conservative amino acid changes at one or more 

residues in SE:Q 工D NQ: 1. These changes do not resul t 

in addi tion of a carbohydrate chain and will have 1i ttle 

effect on the biological activity of the analog. 
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工n general , comprehended by the present 

invention are pharmaceutical composit工。ns comprising 

effective amounts of protein or derivative products of 

the invention together wi th pharmaceu七ical1y acceptable 

5 diluents , stabilizers , preservatives , solubilizers , 
e耐1.話時間I adjuvants and/or carrie臼 Such

C由npositions include diluents of various buffer content 

(e.g. , Tris-H缸， phosphate) f P旦 and iooic strengthi 

additives such as deterg自lts and Bolubilizing agents 

10 (e.g. , polysorbate 20 , Polysorbate 80) , anti-oxidants 

(e.g. , ascorbic acid , sodium metabisulfitel , 
preserva七ives (e.g. , Thimerosol , benzyl alcohol) and 

bulking substances (e.g. , lactose , mannitol) i see, e.g. , 
Rer且ngton I s Pharr阻ceutical Sci目J.ces ， 18th Ed. (1990 , 

15 Mack Publishing Co. I Easton, PA 18日42) pages 1435 ,1712 

which are herein incorporated by refer宙間e. An 

effective amount of active ingredient is a 

therapeutica11y , prophylactica11y , or diagnostically 

effective amount , which can be readily determined by a 

. 20 person skil1ed in the art by taking into consideration 

such factors as body weight , age , and therapeutic or 

prophylactic goal 

The PEG: NESP c由nposi tions of the present 

invention may also include a buffering agent to rnaintain 

25 the pH of the solution within a desired range. 

Preferred ag自lts include sodium acetate , sodium 

phosphate , and sodium citra七e. Mixtures of these 

b叫ffering agents 問自，y also be used. The am.ount of 

buffering ag目lt useful in the composi tion depends 

30 largely on the particular buffer used and the pH of the 

solution. For example , acetate is a more efficient 

buffer at pH 5 than pH 6 so less acetate may be used in 

a solution at pH 5 than at pH 6. The preferred pH range 
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for the composi tions of the present invention i8 pH 

3.0 - 7.5 

到1e compositions of the pres目t invention may 

further include an isotonicity adjusting agent to render 

5 the solution isotonic and ll1昀re compatible for injection. 

The most pre主erred agent i8 sodium chloride within a 

concentration range of 0 - 150zr甜.

As llsed herein, and when contemplating 

PEG:NESP co吋ugates ， the term "therapeutically effective 

10 amount" refers t。缸1 amount which gives an increase in 

hematocrit that PrOVides benefit to a patient. The 

amount will vary from one individual to another and wil1 

dep宙ld upon a number of factors , including the overall 

physical condition of the patient and the underlying 

15 cause 。主 anemia. For example , a therapeutical1y 

effective amount of rHuEPO for a patient suffering from 

chronic renal failure is 50 to 150 uni七s/kg three times 

per week. 甘1e amount of rHuEPO used 主。r therapy gi ves 

an acceptable rate of hematocrit increase and maintains 

20 the hen回tocrit at a beneficial level (usually at least 

about 3日電 and typically in a ra且，ge of 30會 to 36有~). A 

therapeutically effecti ve arnount of the present 

composi tions may be readily ascertained by one skil1ed 

in the art using publicly available materials and 

25 procedures . 

The inv缸止土。n provides for administering 

PEG:NESP conjugates 1esB frequently than NESP and/or 

EPO. The dOBing frequency will vary depending upon the 

condi tion being treated , but in general will be about 

30 one time per 4自 6 weeks. It i6 understood that the 

dosing frequ自lcies actua11y used may vary somewhat from 

the frequencies disclosed herein due to variations in 

responses by different individuals to the PEG:NESP 
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conjugates; the term "about" i8 intended 七。 reflect such 

var-iations. 

The present invention may thus be used to 

stimulate red blood ce11 production and correct 

5 depressed red oe11 levels. Most commonly , red ce11 

levels are decreased due to aner且a. Among the 

condi tions treatable by the present invention include 

aneroia associated with a decl斗ne or 1088 of kidney 

function (chronic renal failure) , anemia associated with 

10 myelosuppressive theraþy , such as chemotherapeutic or 

anti-viral drugs (such as AZT) , aner且a associated with 

the progression of non-myeloid cancers , and .anemia 

associated with viral infections (such as HIV). Also 

treatable are conditions which rnay lead to anemia in an 

15 otherwise healthy individual , such as an anticipated 

1088 of blood during surgery. In general , any condition 

treatable with rHuEPO and/or NESP may also be treated 

wi th the PEG: NESP conjugates of the inven七1.0n.

The invention also provides for administration 

20 of a therapeutically effective amount 。主 iron in order 

to maintain increased erythropoiesis during therapy. 

也e 四ount to be given may be readily determined by one 

skilled in the art based upon therapy with rHuEP。

P由:NESP conjugates prepared in accordance 

25 wi th the pres自lt invention is preferably a曲ninistered by 

inj ection intraperi toneal1y , subcutaneously, or 

intramuscularly. 缸。wever ， i t would be clear to one 

skilled in the art that 。七her routes of delivery could 

also be effectively utilized using the compositions of 

30 the present invention. 

The fol工。wing e :xamples are offered to m.ore 

fully i11ustrate the invention , but are not 七。 be

construed as 1imi ting the scope thereof. Examp1e 1 
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describes the preparation and testing of PEG: NESP 

conjugates prepared by coupling either 5kD or 20kD 

roeth由可-PEG-hydrazides to NESP through aldehydes 

generated in the N8SP carbohydrate chains by sodium 

5 periodate oxidation. E抽泣lple :2 describes the 

preparation and testing of PEG:NBSP conjugates prepared 

utilizing 2日kD PEG polymers as NHS-PEG esters and PEG­

aldehydes to produce PEG-NESP conjugates by acylation 

and reductive alkylation respectively. Example 3 

10 demonstrates the effects on activi t;y of the degree of 

substitution and variations of the polymer size and 

conf。自阻tìon for various PEG:NESP conjugates. Ex:目睡1e 4 

describes the efficacy of three PEG:NESP conjugates 

20kD mono-PEG:NBSPi the 5kD polY-PEG:NESP mixturei and 

15 30kD mono-PEG:NESP , as exam.ined at three different doses 

relative to a NESP control , in an aner吐c mouse model 

20 

In Example 5 , three different PEG-NESP conjugates were 

evaluated in a normal mouse bioassay to cornpare and 

contrast their erythropoiet且c p。七ential and duration. 

且越]1.!，且斗

PEG:NESP conjugates were produced by coupling 

either Sl曲目 20kD methoxy-PEG-hydrazides to NESP 

25 through aldehYdes generated in the NESP carbohydrate 

chains by sodiurn periodate oxidation 甘1e degree of 

modification was controlled by varying the sodiurn 

periodate concer止ration during oxidati。了l.

Thec。吋uga七es were prepared by first 

30 oxidizing NESP (2-4 mg/ml in 50n:國 sodiwn acetate) with 

either lrr圈。r 10rr凹 sodiuxn m.eta句periodate (Sigma) 主。r

thirty minutes at room temperature in 1日 0.由 sodium

acetate , pH 5.6. The periodate is then remοved by 

buf主er exchange into 100rr回 sodium acetate , pH 5.4. 
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MethoXY-PEG-hydrazide (Shearwater polymers) i8 th自1

added at 5-100 主。ld molar excess polymer:protein , with 

1日。-fold excsss preferred. The intermediate hydrazone 

linkage was further reduced by addi tion of 15百由 sodium 

5 cyanoborohydride (Sigma) and allowed to reac七 overnight

at 40 C. The resultant conjugates were then fractionated 

by s主 ze exclusion FPLC using a Superdex 75 , 26 前世1 X 60 

cm column (Pharmacia) eluted with 20rr由錯。dium phosphate , 

15Qzr曲 NaCl ， pH 7.2. The resultant preparations ranged 

10 in size from -4QkD to -200kD, as estimated by SDS > PAGEl

Samples of PEG:NESP were tested for receptor 

binding 主n an in vitro EIA f。主祖at. The in vitro assay i8 

a displacem由lt assay wherein the PE曰 :NESP conjugates 

co:πtpete for binding of the EPO receptor wi th an EP。因HRP

15 conjugate used as a reporter. The in vitro assay 

reBults Buggest that the PEG:NESP conjugates had a lower 

apparent affinity for the NESP receptor. 

Bioactivity of various PEG:NESP conjugates was 

th自1 evaluated in vivo by monitoring iron uptake in 

20 rodents after a single subcutaneous dose of conjugate. 

In the assay , mice are precondi tioned in a hyperbaric 

chamber to suppress expression of endogenous 

erythropoietin , then dosed with a single , subcutaneous 

bolus injection of NESP or a PEG:NESP conjugate. Af ter 

25 five days , the mice receive an in七ravenous inj ection of 

FeSg isotope as a tracer to moni tor iron uptake in the 

red blood cells. Two days after the administration of 

Fe59 
I the animals are sacrificed and analyzed for iron 

up七ake as a function of dose 

30 工nitially ， several pools of 5kD poly-PEG:NESP 

conjugates with varying degrees of PEGylation were 

tested for iron uptake as a function of conjugate dose. 

The in vivo assay results are depicted in Figure 3 , and 

d四ωnstrated that the PEG:NESP conjugates prepared by 
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coupling PEG-hydrazide to oxidized NESP perform 

comparably tO NESP alone io the iroo uptake bioassay. 

且主組=斗

This example describes the prepara七土。n and 

testing of PEG:到官SP coojugates prepared utilizing 

NHS-PEG esters aÍld PEG-aldehydes produced fr回n 2日kD PEG 

polym,ers. Reaction stoichiometries and buffer 

1日 condi tions were optirnized for each ch目nistry to produce 

20kD mo，位。-PEG:NESP conjugates io good yield. A 20kD 

mono-PEG:NESP derived by acylation of NESP with the 2叮叮

meth血可-PEG-NHS ester was prepared , as well as a mixture 

(-80%120月色) of 20kD mono/di-PEG:NESP derived by reductive 

15 alkylation of NESP with 20kD methoxy-PEG-aldehyde. 

Th~ reac.tion with methoxy-PEG-aldehyde 

(Shearwater Polymers) can be carried out from pH 4-6 

with the optimum being at pH 5.2. The concentration of 

NESP in the reaction m工xture was 4 It'田Iml in 50It'國 sodium

20 acetate. The molar excess 。主 PEG aldehyde used was 5-20 

fold , and sodium cyanoborohydride was added to a 主inal

15n四 concentration. The reaction was stirred for "1 hour 

at ambient temperature and then for 18 hours at SOC 

Upon completi間1 of the reaction，七he mixture , was di 1 u七ed

25 to a conducti vi ty 。主 less than 5 mS /cm, the pH raised t。

7. 口， and the mixture loaded onto a Q Sepharose HP column 

(Pharr阻cia) 羽1e products were eluted. from the column 

utili :zing a linear gradi由lt from 50mM NaCl to 200mM NaCl 

buffered in 10rr回 Bis-T玄 is-Propane ， pH 7.0. This 

30 purification allows for separation of species based on 

the number of PBG rr阻lecules attached to NESP. 

The reaction with PEG activated NHS ester , 
methoxy-SPA-PEG (Shearwater Polymers) , was carried out 

at pH a. 0 at a NESP concentration from 2-4 mg/rnl in 50rr甜
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Bicine buffer. A buffered solution 。主 NESP was ad且ed t。

10-20 molar e旬llivalents of PEG.τ'he reaction was 

stirred for 1 hour at ar曲i目lt temperature. Upon 

completion of the reacti。且， the mixture was diluted to a 

5 conductivity of less than 5 mS/cm , the pH raised to 7. 口，

and the sample loaded onto a QHP col 'WtlIl (Pham阻cia)

The products were eluted with a linear gradient fr目n

5曲r國 NaCl to 200lT由 NaCl buffered io 1日軍國 Bis-Tris 

propane , pH 7.0. 

10 The two isolated PEG:NESP conjugates , a 20kD 

mono-PEG: NESP (NHS) and a rnixture (-80老/20%) of 2 日kD

mono/di-PEG:NESP {aldehydel were then tested io a murine 

in vivo bioassay. The murine bioassay measures 

reticulocytes , a red blood ce11 precursor, and 

15 hemoglobin as moni tors of erythropoiesis io response 七。

a single dose of NESP or PEG:NESP in nom風1 mice. 

Specifically, the bioassay measures the intensity and 

duration of an increased hemog1obin and reticulocyte 

response resulting from subcutaneous bolua injections of 

20 100μg/k.g in fer田1e BDF 1 mice. 到1e assay resul ts are 

25 

depicted in Figure 4 , and the results of the study 

indicated a significant increase and prolongation of the 

her間globin response from the PEG:NESP conjugates 

rela ti ve to a且 e'quival自lt dose of NESP alone. 

Z溢血L且i

This example demonstrates the effects on 

act工vity of the degree of substitution and variations 。主

30 the polyrner size and conformation for PEG:NBSP 

conjugates 

Using both methoxy-PEG-aldehyde and meth血可­

PEG-NHS based chemistries , a variety of PEG:NESP 

conjugates were synthesized from 5kD, 2日kD and 30kD 
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linear polyr臨rs as well as 10kD, 20kD缸ld 40kD branched 

polymers. Fr目n these reactions I preparations of mono­

substituted and di-substituted PEG:NESP were isolated 

chr回natographical1y and tested for prolonged 

5 erythropoiesis in the mouse bioassay 

The reaction wi th rneth白守-PEG-aldehyde 

(Shearwater polymers) was run with a NESP concentration 

of 4 mg/ml and a 25-fold molar excess of PBG io 20n由

NaOAc , pH 5. 日， wi th sodi um cyanob。玄。hydride added to a 

10 final concentration 。主 2日軍國The reaction was stirred 

。vernigh七 at 4。巴， diluted 4-fold with 20自由 Tris , pH 7.2 , 
and the pH adjusted to pH 7.4 with NaOH. The diluted 

react斗。n mixture was then loaded onto a 5 ml HiTrap Q 

Sepharose HP column (Pharmacia). The PEGylated NESP 

15 isoforrns were resolved by elution with a Q-150rr國 NaCl

gradient in 20mM Tris , pH 7.2. 

也e reaction with methoxy-PEG-NHS ester 

(Shearwater polyrr自rs) was run wi th a NESP conc目ltration

。f 4 冒商1m1 and a 5月7 置。ld molar excess of PEG in 50rnM 

2日 Bicine buffer , p虹 8. The reaction was st主rred overnight 

at 4。巴， then ailuted 4-fold with 20n由 Tris ， pH 7.2 and 

the pH adjusted to pH 7.4 with NaOH. 世1e diluted 

reaction mixture was then loaded onto a 5 ml ;HiTrap Q 

Sepharose HP column (pharrnacia). The PEGylated NESP 

25 isoforms were resolved by elution wi th a 0-15Dn血 NaCl

gradient in 2 日前世 Tris ， pH 7.2 (see F立即lres 5-7). 

These process sch目nes were employed for each 

。f the 5k且， 20kD and 30kD linear polymers as well as the 

1日]曲， 20J也 and 40kD branched PEG-NHS esters. The 

30 various conjugates are listed in Table 1 below 
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Z坦L且斗

Con:j'uga包i。也 Degree of 

PEGpolymer Chemist:ry Suh.包itution

5kD linear mPBG-NHS ester mono/di-PEG 

20)也 linear rnPBG-NHS ester mono-PEG 

20kD linear mPEG-NHS es七er di-PEG 

3 日kn linear mPEG-NHS ester mono-PEG 

30kD linear mPEG-NHS ester di-PEG 

5kD linear mPEG-aldehyde mono-PEG 

5kD linear mPBG-aldehyde di-PBG 

20kD linear mPE:G-aldehyde mono-PEG 

30kD linear mPEG-aldehyde mono-PEG 

30kD linear mPEG-aldehyde di-PEG 

10)也 branched branched mPEG-:間iS mono / di - PEG 

ester 

20kD branched branched mPEG-NHS mono-PEG 

ester 

40kD branched branched rnPEG-NHS rnono-PEG 

ester 

20kD branched br祖chedmPEG-aldehyde rnono-PEG 

4QkD branched branched roPEG- mono-PEG 

aldehyde 

5kD linear mPEG-hydrazide high (>7 PEGs) 

5kD linear mPEG-hydrazide low (1-5 PEGs) 

20kD linear mPEG-hydrazide high (>7 PEGs) 

2日kD linear mPEG-hydra :z:ide medium (-4 > 7 PEGs) 

20)也 linear .mPEG-hydrazide low (1-5 PEGs) 

Each purified is。主。rm was then tested in a 

5 murine in vivo bioassay for prolonged erythropoietic 

activity as measured by changes in reticulocyte and 

h em.oglobin determinations after single , subcutaneous 
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holus inj ections 。王 100μg/kg in norr阻1 ， fer阻1e BDF 1 

mice. Each mono-substituted PEG:NESP conjugate from the 

linear and branched polyr睡r series showed significant 

and comparable prolongation of the erythropoietic effect 

5 (see Figures 8 and 9) . 羽田 di-substituted PEG:NESP 

conjugates from the 2QkD and 30kD PEG poly四，ers were 

considerably 1esB active , but unexpectedly , the 5kD di­

substituted PEG:NESP c。吋ugate d圓了\Onstrated an 

equivalent activity to the mono-substitu七ed counterpar七

1日 All .of the mon。因 subs七ituted ， branched PEG:NESP 

conjugates demonstrated prolonged activity comparable 七。

七he analogous mono-subs七ituted linear PEG:NESP 

conj uga tes . 

These examples thUB d自動。nstrate the 自"lhanced

15 duration of erythropoietic s吐mulation by a variety 。主

PEG:NESP cor口ugates using single-dose , bolus injections 

in normal :rn昀'use models. 

20 

E耳也fl.且且

甘1is ex缸nple describes the efficacy of three 

PEG:NESP conjugates: 20kD mono-PEG:NESPi 七he 5kD poly-

PEG: NESP mixture; and 30kD mon。目PEG:NESP , as examined a t 

three different doses relative to a NESP control , in an 

25 an目nic mouse model 

To induce an anemic condition , mice were 

pretreated with cis-platinin at 1 mg/kg/day for 3 days , 
followed by a 7 day rest period. After 3 ten day 

cycles , the rnice were dosed with single , bolus 

30 injections of 30μg/kg ， 10μ.g/kg or 3μg/kg of the 20kD 

mon。】PEG:NESP ， 30kD mono-PEG:NESP or the 5kD poly>
PEG:NESP conjugates and cong;>ared to a NESP alone control 

at 30μg /kg. Reticulocyte and h目moglobin levels were 
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moni tored as a function of time and in response t。七he

6ing1e dose of each d.rug (see Figures 10-15). 

哇哇lese data demonstrate the u且由甲ected

adv自ltages of an 旬3 主。ld dose reduction and significant 

5 increases in erythropoietic half-life for the PEG:NESP 

conjugates relative to NESP alone , in tha七 the results 

dem.onstrate a clear dose dependence for both the 

magnitude and duration of either the reticulocyte 。主

he:冊。globin response to the PEG:NESP conjugates. In 80訂時

10 cases 七he 30kD III也no-PEG:NESP conjugate appears t。

15 

modestly outperform the 5kD poly-PEG:NESP conjugate , 

which m昀destly outperforrns the 20kD mono-PEG:NESP 

conjugate , suggesting that the 3日kD mono-PEG:NESP 

conjugate m土gh七 be a preferred conf斗guration.

血泊=且卓

工n this exarrple , three different PEG-NESP 

conjugates were ,evaluated in a normal mouse bioassay t。

20 c。叮lPare and contrast theìr erythropoietic p。包值1tial and 

duration. The three c目npounds tested were: 3 QkD mon。

PEG:NESP derived by acylation with the 30kD PEG-NHS 

ester , th~ 20kD mono-PEG:NESP derived by reductive 

alkylation with the 20kD PEG-aldehyde and the 5kD poly>

25 PEG:NESP mixture derived by reductive alkylation with 

the 5kD PEG-aldehyde. Each PEG:NESP conjugate was 

tested as a single bolus , subcutaneous dose at 30μg/kg ， 

1日 μg/kg or 3 ~g/kg. 口問間dified NESP was used as a 

control at 30 J.I.9 /kg in a single , bolus injection. The 

30 erythropoietic response and duration were monitored as a 

function 。主 reticulocyte counts or h閉目globin

concentration (see F斗gures 16-21) as a function of time. 

These data show that al1 three PEG:NESP f。芷油LS are 

capable of inducing a strong erythropoietic response 
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with significant dose reduction. Moreover , these 

PEG:NESP conjugates d自nonstrate a prolonged efficacy 

relative 七。 the unmodified NESP 

5 M目←Ar_; ...lR 1"l:nñ MethodR 

The pres自主t NESP may be prepared according t。

the above incorporated-by-reference PCT Application No. 

US94/02957. 

10 The conjugates prepared herein were als。

characterized using size exclusion chromatography (SEC) 

as an analytical tool. The SEC column was a Tosohaas 

TSK 3000 SWxl (5 rnicron - 7.8 mm X 30 cm) which utilized 

10白白w! NaHPO~，r 10% ethanol , 150xr由 NaCl ， pH 6.9 , to elute 

15 the products. A representative chrolI旭泣。graph is 

depicted in Figure 22. 

While the pres目lt invention has be自1 described 

in terms of certain preferred embodim'目lts ， it i9 

20 understood that variations and rnodifications will occur 

to those skilled in the art. Therefore , it i8 intended 

that the app自lded claims cover all such equi val且比

25 

variations which .c,ome within the 8cope of the invention 

as claimed. 
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CLAIMS , 

1. A substantially hom.og自lOUS preparation of 

ch國nically modified NESP , optionally in a 

5 pharmaceutical1y acceptable diluent , carrier or 

adjuvant. 

2. A preparati。耳。f claim 1 where said NESP 

i8 chemically modified with a chemical selected from the 

1日 group consisting of dextran , poly(n-vinyl pyurrolidone) , 
polyethylene glycols I propropylene glycol homopolymers , 
polypropylene oxide/ethyl自19 oxide co-polym.ers , 
poly。可ethylated polyols and polyvinyl alcohols 

15 3. A preparation of claim 2 where said NESP 

。r analog thereof i8 chemical1y modified with 

polyethylene glycol 

4. A preparation of claim 3 said polyethylene 

20 glycol has a rnolecular weight of between about 2kD and 

lDDkD. 

5. A preparation of claim 4 wherein said 

polyethylene glycol has a molecular weight of between 

25 about 5kD and 3 日kD.

3D 

6. A preparation of claim 1 wherein said 

preparation is c。前tprised of a mixed population of mono­

PEGylated NESP and poly-PEGylated NESP 

7. A preparation of claim 1 wherein said 

prepara七ion is c回nprised of at least 95月~ N-terminal1y 

mono-PEGylated NESP and at most 5句話 unPEGylated NESP. 
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8. A preparation of cla臼n 1 wherein said NESP 

has the sequence identified io SEQ. ID No. 1. 

9. A pharmaceutical compos土tion cOrrg;)rising: 

(a) a 血bstantially homog曲。us preparation 。主

mono-PEGylated NESP I said rr昀no-PEGylated NESP consisting 

。f a polyethylene glycol moie七y connected to a NESP 

moiety solely at the N-terminus thereof; 

(b) fewer than 5龜 non-pegylated NESP 

1日間。lecules i and 

(0) a pharmaceutically acceptable diluent , 
adjuvant or carrier. 

1日 A pharrnaceutical composi tion comprising: 

15 (a) a subst缸止ially homogenous preparati固立。主

四昀no-PEGylated NESP I said mono-PEGylated NESP consisting 

of a polyethylene glycol moiety connected to a NESP 

moiety through aldehydes 9自lerated io said NESP 

carbohydrate chainsi 

2日 (b) fewer than 5月Ì5 non-pegylated NESP 

molecules; and 

(c) a phan田ceutically acceptable diluent , 
adjuvant or carrier. 

25 11. A pharmaceutical c回nposition comprising 

(a) a substantially homogenous preparation of 

mono-PEGylated NESP , said mono-PEGylated NESP consisting 

of a polyethylene glycol n由主ety connected to a NESP 

moiety using methoxy-PEG-NHS chemistry; 

30 (b) fewer than 5‘ non-pegylated NESP 

molecules; and 

(c) a pharmaceutically acceptable diluent , 
adjuvant or carrier. 
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12. A pharmaceutical composi tion comprising: 

(a) a substantially hom.og目1.QUS preparation of 

PEGylated NESP , said PEGylated NESP comprising a mixed 

population of mono-PEGylated NESP and poly-PEGylated 

5 NESP; 

10 

(b) fewer than 5句 non-pegylated NESP 

roωlecules; and 

(c) a pharmaceutically acceptable diluent , 
adjuvant or carrier. 

13. A method of treating a h目natopoietic

disorder comprising administering a therapeutically 

effecti ve dose 。主 a preparation of Claim 1. 
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