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and r eduakihaiinghokfaNbdy composition, anabolism, and lipid metabolism (K. Bameis. And U. Keller,
Baillieres Clin. Endocrinlo. Metab. 10:337 (1996)).
[003] Recombinant hGH has been commercially available for several years. Two types of

therapeutically useful recombinant hGH preparations are present on the market: the authentic one,
e.g. Genotropin™, or Nutropin™ and an analogue with an additional methionine residue at the N-
terminal end, e.g. Somatonorm™. hGH is used to stimulate linear growth in patients with hypo
pituitary dwarfism also referred to as Growth Hormone Deficiency (GHD) or Turner's syndrome but
other indications have also been suggested including long-term treatment of growth failure in children
who were born short for gestational age (SGA), for treatment of patients with Prader-Willi syndrome
(PWS), chronic renal insufficiency (CRI), AIDS wasting, and Aging. Adult GH deficiency (aGHD)
patients have various problems, such as characteristic changes in body composition including
increase in fat mass, decrease in lean body mass and extracellular fluid, and reduction of bone
mineral density, metabolic abnormalities of lipids, and cardiovascular dysfunction. Many of those
problems are improved by hGH replacement therapy (J. Verhelst J and R. Abs. Drugs.;62:2399
(2002).
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(Springfield, IL: Charles C. Thomas, 1964).
[008] hGH causes a variety of physiological and metabolic effects in various animal models
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including linear bone growth, lactation, activation of macrophages, insulin-like and diabetogenic
effects, and others (R. K. Chawla et al., Annu. Rev. Med. 34:519 (1983); 0. G. P. Isaksson et al.,
Annu. Rev. Physiol. 47, 483 (1985); C. K. Edwards et al., Science 239, 769 (1988); M. 0. Thomer and
M. L. Vance, J. Clin. Invest. 82:745 (1988); J. P. Hughes and H. G. Friesen, Ann. Rev. Physiol.
47:469 (1985)). It has been reported that, especially in women after menopause, GH secretion
declines with age. Millard et al., Neurobiol. Aging, 11:229-235 (1990); Takahashi et al.,
Neuroendocrinology M, L6- 137-142 (1987). See also Rudman et al.,, J. Clin. Invest., 67:1361-1369
(1981) and Blackman, Endocrinology and Aging, 16:981 (1987). Moreover, a report exists that some
of the manifestations of aging, including decreased lean body mass, expansion of adipose-tissue
mass, and the thinning of the skin, can be reduced by GH treatment three times a week. See, e.g.,
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circul atr&é?&ieg Eﬂzeavgfabh%r@eet@gr@a?% i4,cl 7@519;, ﬁ.h\r/]s et al., Non-Immunogenic Polypeptides,
issued Dec. 18, 1979; and U.S. Pat. No. 4,002,531, Royer, Modifying Enzymes with Polyethylene
Glycol and Product Produced Thereby, issued Jan. 11, 1977. For a review, see Abuchowski et al., in
Enzymes as Drugs. (J. S. Holcerberg and J. Roberts, eds. pp. 367-383 (1981)).
[0011] Other water-soluble polymers have been used, such as copolymers of ethylene
glycol/propylene glycol, carboxymethylcellulose, dextran, poly(vinyl alcohol), poly(vinyl pyrrolidone),
poly(-1,3-dioxolane), poly(-1,3,6-trioxane), ethylene/maleic anhydride copolymer, poly- amino acids
(either homopolymers or random copolymers).
[0012] For poly(ethylene glycol), a variety of means have been used to attach the poly(ethylene
glycol) molecules to the protein. Generally, poly(ethylene glycol) molecules are connected to the
protein via a reactive group found on the protein. Amino groups, such as those on lysine residues or
at the N-terminus, are convenient for such attachment. For example, Royer (U.S. Pat. No. 4,002,531,
above) states that reductive alkylation was used for attachment of poly(ethyiene glycol) molecules to
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[0017] US 4,179,337 discloses methods of PEGylating enzymes and hormones to obtain
physiologically active non-immunogenic, water-soluble polypeptide conjugates. GH is mentioned as
one example of a hormone to be PEGylated.
[0018] EP 458064 A2 discloses PEGylation of introduced or naturally present cysteine residues
in somatotropin. EP 458064 A2 further mentions the incorporation of two cysteine residues in a loop
termed the omega loop stated to be located at residues 102-112 in wild type bovine somatotropin,
more specifically EP 458064 A2 discloses the substitution of residues numbered 102 and 112 of
bovine somatotropin from Ser to Cys and Tyr to Cys, respectively.
[0019] WO 95/11987 suggests attachment of PEG to the thio group of a cysteine residue being
either present in the parent molecule or introduced by site directed mutagenesis. WO 95/11987
relates to PEGylation of protease nexin-1, however PEGylation in general of hGH and other proteins
is suggested as well.
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or e-amino sites (N-terminus and nine lysines in hGH) using mPEG aldehyde-5000 or mPEG N-
hydroxysuccinmidyl ester (mMPEG-NHS-5000) has been described in WO 93/00109, Clark et al.
(Journal of Biological Chemistry 271:21969-21977, 1996, and Olson et al. (Polymer Preprints 38:568-
569, 1997). This results in a heterogeneous population. As an illustration hGH with nine lysines may -
have some molecules having ten PEGs attached, some with nine, some with eight, some with seven,
some with six, some with five, some with four, some with three, some with two, some with one and
some with zero. And, among the molecules with several, the PEG may not be attached at the same
location on different molecules. This resulting heterogeneity is disadvantageous when developing a
therapeutic product making conjugation, purification, and characterization difficult, costly, and highly
irreproducible. Another approach (WO 00/42175) has been to use hGH variants containing free
cysteine residues for attachment of PEG. However, this approach results in an unnatural hGH variant
and can also lead to incorrectly folded protein having incorrectly paired disulfide bonds resulting in a
heterogeneous PEGylated product that has the PEG attached at some or all of the cysteines. Having
multiple PEGs attached to multiple sites may lead to molecules that have less stable bonds between
the PEG and the various sites, which can become dissociated at different rates. This makes it difficult
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BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Figure 1 is a size exclusion HPLC tracing showing the elution profile of the purified
monoPEGylated glycerol branched 43K PEG aldehyde hGH reaction product on a TSK G4000PWXL
column.

[0033] Figure 2 is a HPLC tracing of tryptic map analysis of hGH and glycerol branched 43K
PEG aldehyde hGH. The top panel is the tryptic map of hGH. The lower panel is the tryptic map of
glycerol branched 43K PEG aldehyde hGH. T1 is the N-terminal tryptic fragment.

[0034] Figure 3 shows the amino acid sequence of human growth hormone (SEQ ID NO:1).
[0035] Figure 4 shows the glycerol branched 43K PEG aldehyde hGH efficacy in an eleven-day
Rat Weight Gain Assay. Hypophysectomized female Sprague-Dawley rats were purchased at the
age of 4-5 weeks (85-110g) from Harlan Labs. Upon entering animal facilities, the animals were
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| D NO. 1)aldehyde hGH on day 0. The glycerol branched 43K PEG aldehyde hGH doses were 1.8 mg/kg (M),
0.6 mg/kg (X), 0.2 mg/kg, (+), 0.067 mg/kg (A). There were 6 animals per group.
[0039] Figure 8 shows serum IGF-1 levels for six-day efficacy study. Animals were treated as
described in Figure 7. Blood samples were taken at the various times plotted and the serum IGF-1
levels determined by ELISA. Group (n=6) means were used to calculate the IGF-1 response using
one-way analysis of variance on the measured values and AUC d0-6 (ng/mL*24h) values of 37,839,
28,1292, 22,958, and 20,040 were determined for the 1.8, 0.6, 0.2, and 0.067 mg/kg dosing cohorts,
respectively.
[0040] Figure 9 shows the PK/PD assessment following single dose administration of glycerol
branched 43K PEG aldehyde hGH to hypophysectomized female rats. The effect of single 1.8 mg/kg
SC dose administration of glycerol branched 43K PEG aldehyde hGH upon plasma drug levels (a) or
plasma IGF-1 response (b).

DETAILED DESCRIPTION OF THE INVENTION

[0041] The present invention relates to glycerol branched polyethylene glycol-human growth
hormone conjugates. In a specific embodiment the glycerol branched polyethylene glycol derivative
has an aldehyde reactive group and optionally a linker between the polyethylene glycol and the



[ 0035] Figure 4 shows the glycerol branched 43K PEG al dehyde hGH effi cacy
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[0037] Bbijgal Havinh MeStratieré@ntnd ®¥milipod urea nitrogen |evels in response to
gl ycerol branched 43K PEG al dehyde hGH. Bl ood sanpl es were taken from
animals treated in Figure 4. Serum was prepared and urea nitrogen |evels
were measured. Average + SEM s ptorOéaHGHaQ) (il e HgNHRp) . Ast eri sks
denote significant differences fromcontrol group (P<0.05). [0038] Figure 7
shows a si x-day dose escal at{fon efficacy study for glycerol branched 43K
PEG al dehyde hGH. This growt h study was perforned in a simlar manner to

t hat described in Figure 4 ept_t | t13gl e doses of gl ycerol
branched 43K PEG al dehyde h wer e rz;g{gﬁh%’aésfflg(?)égtlggl y on day O and the study
was run for 6 days. Control g@roups received once-daily subcutaneous
injections of either 0.3 ng/kg hGH () or PBS vehicle (0) for six
consecutive days. The glycerol branched 43K PEG al dehyde hGH test groups
recei ved a single dose of Hb§cerorpPéREHeH@34CHEG al dehyde hGH on day 0.
The gl ycerol branched 43K PEG al dehyde hGH doses were 1.8 ng/kg ( ), 0.6
mg/ kg (X), 0.2 ng/kg, (+), 0.067 nmy/kg (A). There were 6 animals per group.
[ 0039] Figure 8 sh@giserum | GF-1 | evels for six-day efficacy study.
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[0044] In a particular embodiment the (CH,CH,0), moiety has an average molecular weight
between about 2.6 and about 3.5Kd, and particularly the average molecular weight is about 3Kd,
[0045] In a particular embodiment each (CH.CH,O)n, moiety has an average molecular weight
between about 17.6 and about 22Kd, and particularly the average molecular weight is about 20Kd.
[0046] In a specific embodiment the (CH,CH,0), moiety has an average molecular weight of
about 3Kd and each (CH,CH,0),, moiety has an average molecular weight of about 20Kd.

[0047] The term “about” when used in connection with the molecular weight of a PEG moiety

means that in preparations of polyethylene glycol, some molecules will weigh more, some less, than
the stated molecular weight and the stated molecular weight refers to the average molecular weight.
It is understood that there is some degree of polydispersity associated with polymers such as
poly(ethylene glycol). It is preferable to use PEGs with low polydispersity. In a specific embodiment
one of the terminal polymer hydroxyl end-groups is converted or capped with a methyl group. As
used herein, the term “mPEG” refers to a PEG, which is capped at one end with a methyl group. The

mPEG can be represented structurally as
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[ 0045] ﬁ'ﬁd%ﬁurﬁérﬁfq !@Qﬂrwat@wbr eh%‘ﬁ? indlagieng! @%HE*@)D%P@WS Adke EseRer age
mol ecul @AeriiBh SiatordaehiMe Baviadian bn kélafedadiel, ationdy LR6eiallporgredertisly supkantiay t he
aver age rrﬁ.l ﬁgul ar weight is about 20Kd. [0046] In a specific enbodiment the

( CHZCHZ i ety has an average nol ecul ar wei ght of about 3Kd and each
( CH2CHR219P50] noi AstpcifiaembadireantefdgrepragsnbiovAntien 'ﬁ/@?’gﬁ‘?“ GOWEHNTOBGIER [ 0047]
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nol ecul areferablyf8o, mefeeprsfetaplyt8B®, mo@rpaggalpmp@%uhqp pwéqr@m 91%, more preferably
92%, more preferably 93%, more preferably 94%, more preferably 95%, more preferably 96%, more
preferably 97, and more preferably 98% of the polyethylene glycol is conjugated to the amino-terminal
phenylalanine of the human growth hormone of SEQ ID NO:1.
[0051] Another embodiment of the present invention is a substantially homogenous preparation
of N-terminally PEGylated hGH optionally in a pharmaceutically acceptable diluent, carrier or
adjuvant, said preparation being essentially free of hGH PEGylated at sites other than the N-terminus.
The term “substantially homogenous preparation” means a preparation where greater than 80%, more
preferably 81%, more preferably 82%, more preferably 83%, more preferably 84%, more preferably
85%, more preferably 86%, more preferably 87%, more preferably 88%, more preferably 89%, more
preferably 90%, more preferably 91%, more preferably 92%, more preferably 93%, more preferably
94%, more preferably 95%, more preferably 96%, more preferably 97, and more preferably 98% is
monoPEGylated.
[0052] In one embodiment of the invention secondary amine linkages are formed between the N-
terminal primary a- amino group of a hGH polypeptide and a glycerol branched chain PEG aldehyde
by reductive alkylation as described in Chamow et al., Bioconjugate Chem. 5: 133-140 (1994), US Pat
No. 4,002,531, WO 90/05534, and US Pat. No 5,824,784 with a suitable reducing agent such as
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the art (See, for exanple, AFNMh S I n Eggynol ogy, Academ c Press, 1993"
for a variety of nethods f(ﬁ"mﬂ'ﬂ'l"'?P')‘?feﬁg p?ﬁ?fb‘?ﬁs Creighton, (1983)
Proteins: Structures and Ml ecul ar Principles, WH. Freeman & Co. 2nd Ed.,
T. E.,- New York; and Hunkapiller B, | (1984) Nat ure. 310(5973): 105-1 1
for chem cal synthesis of proteins 986) Basic Methods in
Mol ecul ar Bi ol ogy, ed., Elsevier nant techni ques,
whi ch di scl osures are incorporate eir entireties). The
pol ypepti des of the present inventi He preferably provided in an
isolated form and may be partially or preferably substantially purified.
[ 0050] A specific enbodi nent of the pres nt@i@@ ention is a hunman growth
hor none- PEG conj ugat e wherein greater thgn }‘ere preferably 81% nore
preferably 82% nore preferably B nore preferably 84% nore preferably
85% nore preferably 86% nore erably 87% nore preferably 88% nore
preferably 89% nore preferabl e el f:ﬂ-ﬁf—@ﬁ@-l@ﬁ!?l% more preferably
92% nore preferably 93% nore bly 94% nore preferably 95% nore
preferably 96% nore preferably 9Goepf nore preferably 98% of the
pol yet hyl ene glycol is conjugated to the am no-term nal phenyl al ani ne of
the human growth hormone of SEQ ID NGO 1. [0051] Anot her embodi ment of the
FF)> IrE asllent [ogax]e Nt i ©dhj uggnoa rSadASsARddrab Ito/amﬁggamusaopmpafeﬁ lhlﬁ&ldéfly Mdrie@roni nal 'y
ate ar ma ica acc e carrier
PEGyL 2 £ D) ORULIDALLY L8 RDSFOBSUL 59U ACE SR AR 1 LDl €3
Si tes opintgin. Shehrgenhral thehnisuas, igeever, have typically been proven inadequate for conjugating
bioactive proteins to non-antigenic polymers while retaining sufficient bioactivity. One way to maintain

the hGH bioactivity is to substantially avoid the conjugation of those hGH reactive groups associated
with the receptor binding site(s) in the polymer coupling process. Another aspect of the present
invention is to provide a process of conjugating poly(ethylene glycol) to hGH maintaining high levels of
retained activity.

[0054] The chemical modification through a covalent bond may be performed under any suitable
condition generally adopted in a reaction of a biologically active substance with the activated
poly(ethylene glycol). The conjugation reaction is carried out under relatively mild conditions to avoid
inactivating the hGH. Mild conditions include maintaining the pH of the reaction solution in the range

of 3 to 10 and the reaction temperatures within the range of from about 0°-37°C. In the cases where

the reactive amino acid residues in hGH have free amino groups, the above modification is preferably
carried out in a non-limiting list of suitable buffers (pH 4 to 10), including phosphate, MES, citrate,

acetate, succinate or HEPES, for 1-48 hrs at 4°-37°C. In targeting N-terminal amino groups with
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The term "substantially honbgenous preparation” neans a preparation where
greater than 80% nore preferably 81% nore preferably 82% nore preferably
83% nor ewpredenazby 84% nore preferably 85% nore prefrerablopsBE99 nore
preferably 87% nore preferably 88% nore preferably 89% nore preferably
90% nore preferably 91% nore preferably 92% nore preferably 93% nore
pr ef er ablepoaRuChBs éE% rlsieydgs Pl 4g59/prefambly riettised bThe @Bgedipolyetytest er abl y

97, and gméod niHyfbfe@ééthhHb&ﬁ@fmh&o@ﬁﬂ@fﬁ@@@ﬂﬁﬂmut{@@l@% tithBs, %%ﬁm%bﬁf%@fheﬁ
the i nventi,on econdar |i nkages are fornmed betweén the Nt erm nal

primry ﬁm%?rtrf) d)'l?p‘}(%prsg 'Pﬁﬁ'—l pol ypeptide and a gl ycerol branched chain
PEG al del¥p&d by Aﬂtb@wbﬁhe\/reatzilbrkW@ﬂlbﬂﬁﬁeasribdebereintmemre'snlt ﬁh@mnmneanad)unis of

Bi oconj ugﬁ&n@ﬁ'ﬁ@ﬁ tﬁe u%%@b"fﬁeé%ﬁlc%%ér s réevcc{leh“i?no ﬁ'xtu%)gaté%g'f @&5534

and US Pat sui t ucin suc
NaBH3, P%“i“&? P8 f%f’&P% *&%Oceﬁ?é %t hﬁ@é‘*ﬁ%‘l“ inyention Hé@PfﬁE@JranwW@é/ litle, fodegdat ed
with an theraipot 3q3epitd dere pesarkiily, hgs ithan tabeut a0kd) dfihiyA nﬁﬂecmaewé?&ﬁﬁsﬁ&ieetayd to

am no gr Qd'églés an?alrﬁﬂpﬂ&jet n%ﬂé golgrﬁéllogﬁrgrbﬂoﬁ haneﬁ}efsé e%c 08?1 Fo%ﬁ.%%q? Er ted to

st abl e secondar a reducing Yuct i ve
al kyl ati mtrﬁ*%@?sthqsgt Stlﬂséé fqrrnolvrnenog*@wegﬁélowaewewvhmnmrmembvat@tpwme) i

| | pH 6:sQre[s&ﬁmaev@anbug&ﬂar@meegsw.th%b@ect&@mfarr to as PEGyI ation
reaction vvererhhl st or|. ar.ri ed out mpl ar. excess of

pol yrmer SnePiwi t HOGFOTES °ncf e?é{'on Qe Rrﬁsémﬁdg‘lfeﬂm'“'\ﬁﬁ'np'Ipmé{\lgl? AP PRES ¥ ot ei n.
Such  genegobsontagitenmenge BEG HiGleopaiugatbm vereadigsl g2, luprebeted p@yrarcandilesadrequat e f or
conj ugat hydgt ReomeHt ﬂnMI@c@Jr%%hﬂsﬁpe&@s ﬁﬂ@h@ﬂh‘o%@lﬂéﬁme@\ pgf:fe§ intabd @onﬁ@&t@é ni ng

ff t . bi ti |nta|n loactivit
Subot ant iR b hie G SencH T PO B CE M BREPPS. § niessdg at ed
Wit h t hespeeeeptddrightneiekuiag wsightespsdies frave besnpehyves) corpogitions gorainiag Simariynot her

aSPeCt | ol PEBNESEREH SR, ol EAKh B8 12 FEARE ST RLIE TR B

poly(eth ne mal ntal nin eve alne
[ 0054] Tﬁféu r?egﬁgiea‘rdm?trqnéaw EPNIY9ReS a@rﬁuastefﬁ'@w haftogpaess- ragseyeodiisd h@Hrred
under anhavsei lezbhigoucontids thern geokiclagital agtiBpiseckiatey it B tve Br @mddified

bi ol ogi cakil ¥s rﬂgés'uye% U§H§§EM§F%6 c%h&af’f}grta l%ae;[ (;ailla¥lgeet P%lgt?{ﬁ%o{%éﬁ%/c I The

conj ugation reaction rela ht1°d

avoi d i n@eamisiat 371 PeR2 19GH. 19R) @cwmnmnsﬁgsawm é@é?ﬁ*e? rﬂraymph@e@tmalzm-l of
t he reacit @owtd QCluikicoa. .udmrrtah@fmcaémﬁ/ oﬁenﬁstﬁwzﬂ;%g@gﬂmtghﬁ 1@@@%@%@%@%5&% ures

thin th abo ln the, active am no
\(gﬁm dI Pe5| l?e"i\glgﬁonh%ﬁ!g Vi’?lr\/e rgé'eg %a‘@e g% ‘tﬁi"%ﬁéﬁ/&"ﬁﬁ&'ﬁ?ﬂ aﬁta’ftY 9 s
pr ef er abtrgfeellyrtheaodiiad GH bavaghout bAtetof g If1 Vit bigJégicaliadtisib, moteyfréfenably,(tiH 4 t o
10), i n%bﬂ*ieﬂ%GﬂhﬁS@&%u@?SW@She i v‘itfo%‘i(ﬂ’og|c@%¥|\ﬁt§/eand%%r@@];a%ly%e hbdeanahor

1-48 h t al am no groups w'threagents such
as PEGr anggﬁ%v@le"b?-l xraprqué:ﬁ ﬂﬁ’(’@pgpﬁ'ﬁ?lﬁd%’?nt ai ned. The activated

pol y( et HPPFhe The processes of the present invention preferably include rather limited ratios of polymer
to hGH. Thus, the hGH conjugates have been found to be predominantly limited to species containing
only one strand of polymer. Furthermore, the attachment df the polymer to the hGH reactive groups is -
substantially less random than when higher molar excesses of polymer linker are used. The
unmodified hGH present in the reaction pool, after the conjugation reaction has been quenched, can
be recycled into future reactions using ion exchange or size exclusion chromatography or similar
separation techniques.
[0058] A poly(ethylene glycol)-modified hGH may be purified from a reaction mixture by
conventional methods which are used for purification of proteins, such as dialysis, salting-out,
ultrafiltration, ion-exchange chromatography, hydrophobic interaction chromatography (HIC), gel
chromatography and electrophoresis. lon-exchange chromatography is particularly effective in
removing unreacted poly(ethylene glycol) and hGH. In a further embodiment of the invention, the
mono PEGylated-hGH species is isolated from the reaction mixture to remove high molecular weight
species, and unmodified hGH. Separation is effected by placing the mixed species in a buffer solution
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gl ycol) may be used in about 0.01-100 tines, preferably about 0.01-2.5
times, the nolar ambunt of the number of free amino groups of hGH [0055]
Al t hough wbeoseredsson conditions described herein can resuhB2dosoebgni fi cant
amounts of unnodified hGHd, the unnodified hGH can be readily recycled into
future batches for additional conjugation reactions. The processes of the
present Ponaimng feam gonte-&fl @ madmipefities hEH-polyresrgonjugatdseSuiiable soludhs hteaenpHabout

20% and gt Qbdit & tedR 10, Theesohutibhas ef@r@@l‘y"borﬁgr{ Q)né)$r 8 Busp L dbige (gqgmﬂ]
ese

" eact | onkBanaPE b £Pe N el e P PR it g Stﬁir“é%lﬁ@'setrjsed for

pol yrrer i [90891n] udE@peming upac theoemstivhiafiet, thethi®e! @biriev adriudaRGoi®T maySirgihagent i n
sever al - {,Qhder§®bder %ﬁﬁ%@ﬁﬁraﬂrg&nrt@r%ﬁ%% a rﬁxnwégtleﬁ ?Blgrﬁ%r F&r%%r)r%le The PEG

conj ugat | on reactions of present 1 nve e S Faact i on
mi xture BFH ﬁwgak?o%?{ua%?%&ewﬁ%ﬁerﬂz@mm'%rﬁpla@%arévglghmw éeo@ao 939,000

unr eact edaljpo) yierranaioderh@@sndshaiwaalea water@shirgdd uiFdagied baymyres BRttafPaci es.
The hi gh rgpé ?%Wh@ i vei ght speci es include conjugates containing nore than
one pol yrrer strand and/ or pol ymerized PEG hGH species. After the unreacted
speci es BA8PIhi gHhabpetiondtion olibe geriucssise intes porh santditiemthe dedired shecies isposietablpns
Cﬁnt ?l ni @agnd@lrduﬂ@mda}‘u |6mé)@?ar85@irbﬁbt%§|aﬂ@?hé‘dﬂm gt %@ﬂgg%acfagfdgé/&eglgg\v%en

t he fact es

st rand, ?%1(5] on(glﬁa é Véau%fgetr%ﬂ??? Qnﬁi‘fgﬁﬁ%éé(ﬂré(%% Sm‘l?‘(\ébé&prigfﬂﬂ?'? ¢ ed hGH
have at fashign F@manple, theswiace trardgerof iGHisodddrmined by the nambénar hysilassaairgted
with the rB@s'o\ﬁ%éHueréH’G?%ef dr&gm hﬁé's@éwaF@%@%Wuﬁg}yHlééllggeﬁé Qgﬁg 8ﬁml|: Qg?tgr]ma?e' |

rolifergtion a
D70 156815t o P2k ke G PO HIeHET < Gt CopluSEisS b pavergiferant charge
hy pophy sfeat heiothedspeeibs gratiow bel¢dBlaistlaiwh. al . Jour nal of Bi ol ogi cal Chem st ry

t
1L 2L B RS0l 11 LA RS Ao NN e P
pr ef er abB§iNS: {§58SGHKRIY- T dser fgu theavahadisd the persoptdnventina. Amorv@tch@gb resinggrec al

activit ygspeanlig prefedieer Abbryimitifg@istad thelut@rcohfadréiay avabe tatibh ¥kéhbandd18sihd) Vitro
bi ol ogi cal | Vi tv?/%tand nost preferably the nodified hGH have equi val ent

or i rrpro%“g%b?‘? qF 9ot tha RSP 'E‘éelnt'%{bi‘r?§Pt*‘9rap@0‘§)%$fph?ﬁéeb'lp&@?s%’ss@haﬂoh%@

pr esent fastvIeRtions sDi'f@fleaﬂ@{ dkchaHeb Weidfs et BRAd erFbiu%dca'haaﬁsb(B@ uSdd. qu%mr to
con ?{%gt es have been fou q redom nant limted

t 0s pec:.héT1 tm@é'gltoéf"ﬁ?%a( 'S 10¢vdingrosmerda "}/’ﬁ’é"’}”ab'?ﬁg IPheXChI%E resﬂ"ﬁes”'tab'e

at t achmesit us@ﬁmth bR paskli®entich drd1@-Hitfabiar, @%‘ebhé’r@sﬁl”@%d'@se%HQ@&é@'?ésﬁ‘olwy less
random t hi gher nol ar excesses of poly | i nker are used. The
| SR T

unmodi f i (FChaRIE Frainp <2 PFOR e8I Ca”é‘f*é’ﬁ Usetk conj ugation reaction
has beer[00g2¢nchéd,examplehibe aticryar catibni exti@ngelicdings Frefatbly@acked 1 éblingar@Xchange

or size Lk 8P cSHIERTRL AYLAL Wb RS h%l/iﬂa h@aRg BALRS !)sorrrlloléll‘taycagr%heqpo?ymer
conjugated hGH solution is used. The elution buffer preferably contains one or more salis selected
from KCl, NaCl, KzHPO,, KH;PO,, Na,HPO,, NaH,PO,, NaHCOs, NaBO, and (NH,),COs. The
conjugate-containing solution is then adsorbed onto the column with unreacted polymer and some
high molecular weight species not being retained. At the completion of the loading, a4gradient flow of
an elution buffer with increasing salt concentrations is applied to the column to elute the desired
fraction of polyalkylene oxide-conjugated hGH. The eluted pooled fractions are preferably limited to
uniform polymer conjugates after the cation or anion exchange separation step. Any unconjugated A
hGH species can then be back washed from the column by conventional techniques. If desired, mono
and multiply pegylated hGH species can be further separated from each other via additional ion
exchange chromatography or size exclusion chromatography.
[0063] Techniques utilizing multiple isocratic steps of increasing concentration of salt or pH can
also be used. Multiple isocratic elution steps of increasing concentration will result in the sequential
elution of di- and then mono-hGH-polymer conjugates.
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[ 0058] A poly(ethylene glycol)-nodified hGH nay be purified froma reaction
m xture by conventional nethods which are used for purification of

pr ot ei ns,weueks/@s9sdi al ysi s, salting-out, ultrafiltratiorcTiIBROSERENgE

chr omat ogr aphy, hydrophobic interaction chromatography (H C, gel
chromat ogr aphy and el ectrophoresis. |on-exchange chronatography is

par ti cul mobaj ef fras tdmperdiute FHPBIr BRtIAANS BaRéRChpO 47 CehBub&nes gl peRkdpyand hGH.
In a further enbodi nent of the invention, the nono PEGyl at ed-hGH species is

i sol at edelétioniia qatiediogtat pitemparatie vf o ebquefisiie aho B2 [Fecexampleyiae glhnonscpem es,

and unmtqbi:’ @%(ﬁ%cﬂ&’?ga&@&tb E&/U\? sfotb%ﬁ 2 nrRllérg tl?)g SI & orrgl Xe ECI s'in
o R aiol e AR cbIREc R B 2B e

a buffer utioncontal ning from
conj ugat“é@”ghs‘ilmplélﬁmé e%P'hWPEH?% have a pH from about 4 to about 10. The

s olC ut i &Sﬁ;’?‘“ ef EFABégHMCtQﬁ Géﬁblf?usﬁﬂﬁm RS praBYsGedich ugaﬁ@d s pa%gg%g{?@cwm KC,
NaCl

10050 COBEIG LG BGH THEY B4 SRPBER EPLoR REleRERRgely ek 2 Srjurgaiesy
sol ut i onsufgly ($[P$ sPthhrioric sufagtatte sgeh dslithfuer dasieeyh auligts/ quataradry brmmanivron t o

renmove aé?))hpHW@Qﬁ@rSQwoﬁ@é&dT%épryIE%&ded&@&ﬂél s%nforw& f@@ﬁ# afsegsya QS@gmt lon
can be uItr@fllter%o acro ?:Pb%ow mol ecul ar  wei cut-o

30, 000 CRYPSHYS FRNARCHeE (PB'%'B@F“%%H@%agvf@fyémyﬁn@ sgj WS&EWWFbact ed
pol yner , pawiedetbylens) sthersf(Tridores emtbe used. iSke also keugehOis, G[Fb@tofth@lerbpé?r@tdnan of

the conjygalesetbidbRs . ER(%H ﬁ@‘o@ﬁgﬁﬁlﬂ@ { é@geglﬁlo%&% é%ﬁcllh%%glleﬁmﬁ)at% atg

carried out usi ng an i on romat
capabl e Bffad@lteeerithy P@P?ﬁﬁ?ﬁa ”rmE@teﬁ@q ¥9 H]ah‘@ax @r§ ugechungdprf qoaditiane @ad fin

char ge, ovhéantratioas yhat do ot Séméé\wt&'tanMI @ebversipll enitasitiorod theFHG’H @%@mbf&, t he

f ed
;lrjguggeo%n@ e%%/s'ﬁﬁ'?'hpg;yde? %ﬁ&eg%{' r ot el u”‘yaﬁtﬁ'i}ggr%(%ﬁesfﬁtéﬁ h&r%ﬁ‘ib '§5t§fegé{]alr3 serve
as the pHinisdFEMABEe 1. 5°étFt"%{@'lﬁlh'téﬁPm(9f05|:§tﬁ %(ca mpsemefekly tren apalt ProEss .
Therefor@s%%t@@@bﬁ%&ﬁdﬁhtk hrefh?éé%oﬁieﬂ kdegr ent charge fromthe other

cxchangdfesli ne R ERL YT SPAdRY Qf&wh%a (Rl GBPA PPeapAgysem durng
r espect i thepglymeyicenjugatich frogess. rf‘alrfatéar‘rhs)hhvefoeemmWn éslgndifective éndeleativelyAni on
exc hangQﬂlsch&rla@ﬁg %Iﬁn&%&ﬁ@da%r{ WhilRfSARd 1§5he-KasB@Br eln'ng% IhBailob sl BY; uéaﬁgé L&ged

commer ci al avai l abl e cation exchange resins suit e for use
present §'9R7 é‘ﬁtlon are SP-hitrap(r), SP Sepharose HP(r) and SP Sepharose(r)
fast fl dope7Dx hefhspiesabbay(etayieregleril-hmatiged S hasa Bog.enfurtg ghétMatdsgicas can

al 50 be ysadundh AANK sl 101 %@a bR RERRENAR esi s, T ncl uding

com*rermall aval on exchande resins, sultable for use with the
present [PRBENt i BRCtAgemePgineptohiheynve OSé%ﬁ&?@WtWE for thegrryeniios épdler ose(r)
f asH ow.tre@infeat ofeutideadl & daoidenin @kih asge &E%Pé@abl@h@ﬂ |sEB'5A5|craE6¢rﬁ§nsm§an al so

or of or iy Raebate s AR dodEer A0l e BB B AT RRE PR Moo

buf f er H&Qﬁ'fﬁg hEHet Hiafrvepiqn &h@poo%tﬂ“amhtheye%@lqnh@r p@bmhveatlon with another
therapeutic agent. The invention also relate to the use of a poly(ethylene glycol)-modified hGH of the

invention or agonist variant thereof in the manufacture of a medicament for the prevention and/or
treatment of a disease or disorder in which use of GH, preferably hGH is beneficial. In addition, the
invention also relates to a pharmaceutical composition com prising a poly(ethylene glycol)-modified
hGH of the invention or agonist variant thereof for the prevention and/or treatment of a disease or
disorder in which use of GH, preferably hGH is beneficial.

[0069] Diseases or disorders in which the use of GH is beneficial include, but are limited to,
growth hormone deficiency (GHD), adult growth hormone deficiency (aGHD), Turner's syndrome,
growth failure in children who were born short for gestational age (SGA), Prader-Willi syndrome
(PWS), chronic renal insufficiency (CRI), Aids wasting, Aging, end-stage Renal Failure, Cystic
Fibrosis, Erectile dysfunction, HIV lipodystrophy, Fibromyalgia, Osteoporosis, Memory disorders,
Depression, Crohn's disease, Skeletal dysplasias, Traumatic brain injury, Subarachnoid
haemorrhage, Noonan's syndrome, Down's syndrome, Idiopathic short stature (ISS), End stage renal
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conjugated hGH solution is used. The elution buffer preferably contains one
or nore salts selected fromKCl, NaCl, K2HPO4, KH2POX4, Na2HPO4, NaH2PO4,
NaHCO3, NaBQdgo/amad3( NHA) 2C0O8. The conj ugat e- cont ai ni ng PolruB200500293¢ hen
adsorbed onto the colum with unreacted pol ymer and sone hi gh nol ecul ar

wei ght species not being retained. At the conpletion of the |oading, a

gr adi ent dif¢ageESTRMANVesy lawibih iright &A.BW)t Bonk mearres siemgeed adstues Metabblic'syhdroms, i S

appl i ed G@c&d&ﬁ:c&@%@ﬁbt%sﬁéﬁtﬁuﬂe%e geghl @cgtlécofdQFetafn%'ﬂt AhiRe e%nggﬁacﬁﬁgn&?l fied to

oxi de- co at ed e el uted (Foo ed fractions are pr
uni form EiJBW%ﬁEWh'B%Wﬂ%pé%maa“f‘rFé’P' #He cation or anion exchange separation
st ep. AnkpoT0icon jlnug abesphdHic spiEdingst cfaie ihteation) te paigletiyRad gecd) ridaited BGEHQ) UM

by _convegb iy beSBALARAS s hbriPSE Lath i FRRR. A0 T ) Ay DEGY Rled, NEH

speci es can er separated from eac rvia a
exchange 'W?ﬁﬁ!%ﬁj?é{ﬁ'ﬁﬁh%@m%‘? wesiglng|ofi SHBNa@HP.Sitt BYFSapyerd 9068Hhe Fet BRI ques

utilizi ngomyl ti m{@dkﬁamb&wp@cxﬁd@ﬁk&)dﬂfeni&(ﬂfeﬂméhm %@@Gl?@rfyféhé apcoﬁafm&dﬂiea or
pH canall1 ratic e ncreasi n
tr

tl
concen a‘?‘? Sﬁﬁ%ﬂiﬁ%?r‘egﬁg& o Vg%n Sot@%rﬁﬁfea\ﬁet ‘r'S§H " tﬁ%[’ re&?{RB'f a’lﬂmr gy ef"H’é%
mono- hGHigsteinerrdiseatssisglacted frpro de4grouprensising efridiopatidc sterigtireverliant bidp i s

bet ween @@@Httraﬂﬁawalﬁbﬁlw n?e%ohc?gyﬁ&l%h@beln}d No@rlléﬁts'ﬁﬁ'drbrﬁecar ried out at a
t enper at For exag% the elution of the

PG hon BPELLT o AnPEEFaRER et &5 he i hinuartiaive aarcsaletomemp iene cemorsing a
col | ect i raty(eteienemlyaghieditiati HGH afuiginegdntigy] @ortsi amih cebinkiih Withehbth&IhersRQGE] A

surfact aébtentcéfﬂj et??ea's'ﬁﬁg phé]fmtab&tlgélg%8&5%%@%&%@8{%“ . nghett ;ngse[ﬂp;%otf}&&ﬁng lene

gl ycol ) ﬁmer wi th é e surfactant’s 1nc
i oni c- t ypEeskgedfied %@MH‘%&*‘%&IM@P'& 6 &g phagnaceriicals camaning ese a pharmepestically
sur f act aavceptalecdiluars, dni dgentiion mlekeiny &n isotbriiesAutiof] wadHBEdnakiyheR BREPIAE 1B if eRBEUNdS,

tauroch%lagmﬂg{eqthe,(ﬁqr%g Lafenﬁ?c' d, decane sulfonic acid, etc. can al so be
used. “lonic surfactante can al so be used. For exarrpl e, materials such

as pol y(le%ﬁét hy TBh@)ove ghasmeeamiicaisTRashrsydminisiersq evbguihgdusindltragtuseuiasly Tr i t ons)

(E)Z[l be ustefendaes, ;ﬁllnwaN?igg%ﬁHer, or'ﬁra@y“od rldfig Togglpgfdéwéfttﬂe%eﬁﬂﬂ _Igy§¢§r§a f
erge an i ochem e on

linitat P%anasléoo%r?g(%(ﬁgenqg%?' ép 431 ic’%s gdrl?é°f;%p5‘8‘°er§§° %‘”Eﬁatetdcge ’f)grﬂ?é‘ﬂ?"ivon are

t hat t heptwges Oljsrwanﬁirﬁj@g bm tmdilqnl and detwreh &l mgand 6Amudt anoral admiisteittornfot arcause

subst antdgak. i rreversi bl e denat ur ati on of the hGH and do not conpletely

et or e<OP oo e B Tk ab Rite gh it isR aRatAr gomTRs MBS e0ec o e
nost pr efresealhvenfianamayaisaised D. Oﬁﬁ‘nﬁmal@mm&/(anMerthﬂrmum‘agthEA§Weﬂéhéﬁe&lmﬂms ar e
al so Co%t@rﬁ%cﬁéﬁqmst[agg@ 640 Eﬁmfn%teﬁ'&g Hon cg)%hawﬁq%tﬁ“ rréf?r?{ﬁ]@%ttﬁe &En%\éb

tenporary, reversib rotecting system durin conj ugat |on
process.a&qp§ %rd?%{ﬁf’@erﬁ p%@ﬁgeg\%wtweﬁ@ 'B‘P?’F‘e%'tq CiPés rq*ﬁré@@@cmqluﬂelt@e

di scour dglowgngpol yrmer conj ugati on while allow ng | ysine-based or am no

term nal -based conj ugal kMaohLadministration of such combination of A and therapeutic agent(s) to
a patient in need of treatment, when such components are formulated together
into a single dosage form which releases said components at substantially the
same time to said patient; A

o substantially simultaneous administration of such combination of A and
therapeutic agent(s) to a patient in need of treatment, when such components are
formulated apart from each other into separate dosage forms which are taken at
substantially the same time by said patient, whereupon said components are
released at substantially the same time to said patient;

o sequential administration of such com binatioh of A and therapeutic agent(s) to a
patient in need of treatment, when such components are formulated apart from
each other into separate dosage forms which are taken at consecutive times by
said patient with a significant time interval between each administration,
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proceed. [0067] The present poly(ethylene glycol)-nodified hGHd has a nore
enduring pharmacol ogi cal effect, which may be possibly attributed to its

pr ol ongedwvbabder/d2idse in vivo. [0068] Another enbodi nent eCThBEos/M0EIM i ON
relates to nethods for the prevention and/or treatnent o:‘ a di sease or

di sorder in which use of GH, preferably hGHd is beneficial, conprising
administering to a patEEHPOT *‘f‘f"%@tﬂ’o'@%@r%%fe'e&s‘?%rsatﬁféﬁ‘j’l“?'tyzﬂ'fieiﬁnémm@dt) byi¢
anount of a pol y(et hyk#smeg agtiycol )- nodi fied hGH of the invention or agonl st

iant th f I n erapeutic
The trvent on ai sor Srafate BufigRBRb s Mok AR L0 ind MR ERE seeb T f e
hGH of the inventi on Pafenajdresel tvaﬁmeaht/vhem%#cbwmmmeﬂthererfanmmaﬁdttwe@eomtca

medi cament for the pra%\f@létdo%beawmcﬁrélﬁé’ée%&ﬁ c%p@me%%ﬁ@%tr&fed%aﬁ%r‘jer in
whi ch use of GH, pref ra I eneg I on, the invention

S
also relates to a phdl'ia tF%VaE}re EYIHIERN Y- |°8?F98‘5Wﬁlyla§‘fj} RGO RANEPet hyl ene
gl ycol)-nodified hmadmlntSt%ed aitrerseinermnd/or digroeTit §hes/lay sairhdatieher eof  f or t he

prevent i faygqnd/ OLidLBEABRL o@th@tf@ka%@é\ﬁ%g%s th%t?rn%?[}e L d"W&o‘&thr%V%ﬁ \ﬁ A Use

referab s bepeficia ases or sorders 1n
gf His %eﬂ@fm%ﬁeatrcak'vr?&ﬁemaeb ??df a%ﬂfé theingetied foras inglugan vt HedipaBearimitdency
(GHD), aduremgasavintibitocrsuonas elefriestaes) &yméasadDitam dstirne fadfozely NEFoR8IB, votbzewt h

failure én'a aﬁggt ogcg@ @re@’fb?t&%@ ?egg%{ops .ﬁ&&oﬁ@n aggé% ?gﬁvgg'%luch %gﬁ(ci?%k‘ ds

Pr ad Wl nsu

wfragt ?Lg , 0'95\55% ger@{pgo”zﬁ,t begel 'bFé‘é%ﬂd qirapfiogated an@:plﬁ@tln@ %ldlﬂewtlses sHeteas ddpimox;

dysf unctihsuin sdrbitizihd fueeisSiolLpigybut dot ihiesa@bi ueﬁqide%lﬁcﬁ%%éﬁéﬂnﬁn Pwﬁﬁlyabﬁrr}al .

di d | sease p unma

0 Ot PERL R S O e Do SR A b S Sohr o
| di opat H{“d3 4HiydrosG-ydiaxy- 2(5L7%)etrarﬁﬁibyl@H&i@enmwahﬁryb@@@Xﬂﬁi&ﬁm)metw4; 4 ow

bi rth wehighdidibadiddha1 ﬁgl)am;|n@rau@amn§b@mt&%hé A@‘@SUQD 483 apalibE SN LTE,

t dt t t i
chi | ar ert 2 Gk 2eGY Rt Nene 5 %fzhs%ﬁpa? Wb R raron
[ 0070] lathaxylniang/neqedli, ﬁnooowmugmrbnta/ -pRosibldazone Avandia BRLIG6FH) BR( epdbplene
gl ycol ) -aredidal Réndi i 'IfPlfazBlmeHlBNéa@I[ 45?@ (%tgagz%v dénhylé(.ﬂﬂub)g%ggsesyl@%th@rz% used

‘ted from
e or obsrroihe-f (Y Deebis Talian oaikarerlie, sy SreST o5y el ok CHpTIOR
[0071] INem@né{hEs, 5 8-Cestpreinflises, 2etunehyuen?- nafhtrtyl)etheﬁyl]eaiziommdtimom (lct:I
| | 0 ariants
Pher vt DeSRRCHLHAINE 24, @Lofind b BHEBLIARN-EARRLT L B

di seaseTERINLEY iprife: &fﬁtqgﬁféﬂ@ﬁoﬁﬁ@g'&@m@? MG 8PS RWIR4 YD Eﬁf@m@aUﬂames m(af e,
very | oWluorabehzylory)gadhthateh@unraéth@ltizalidhela4-tibye) ; NS @8Hirb- oSN Real 2Nd

o relate to
e ot 8RR SO S A G e S v
of the ﬁﬁe(h@r%thloan@n@ pentalois 36 @aid M@k 95n Chgroibal Maoieh:4- t2l‘(é11\43qﬂB'U2 i C
phenyloxazol-4-yl) ethoxylphenyl]-2(S)-(propylamino) propionic acid; YM 268, Chemical Name: 5,5'-
Methylene-bis(1,4-phenylene)bismethylenebis (thiazolidine-2,4-dione). | PPAR agonists under
development include: Reglitazar (JTT 501, PNU 182716, PNU 716) (Chemical Name: Isoxazolidien-3,
5-dione, i 4-[[4-(2-phenyl-5-methyl)-1,3-oxazolyllethoxyphenyl-4] methyl-, (4RS)); I(RP 297, Chemical
Name: 10 5-(2,4-DioXothiazolidin-5-ylmethyl)-2-methoxy-N-[4-(trifluoromethyl) benzylbenzamide; R
119702 (Cl 1037, CS 011) ChemicalName: (/-)-5-[4-(5-Methoxy- 1H benzimidazol-2-
yimethoxy)benzyl] thiazolin-2,4-dione; hydrochioride; 15 DRF 2189, Chemical Name: 5-[[4-[2-(1-
Indolyl)ethoxy]phenylimethyl] thiazolidine-2,4-dione; cortisol synthesis inhibitors such as
Ketoconazole, econazole or miconazole; growth hormones such as somatropin or somatonorm and
their derivatives such as human growth hormone fusion proteins such as ALBUTROPIN; polyethylene
glycol growth hormones such as the cysteine-pegylated growth hormone, BT 005 (Bolder
BioTechnology Inc.); growth hormone secretagogues such as, for example, SM 130686 (Sumitomo)
capromorelin (Pfizer), mecaéermin (Fujisawa), sermorelin (Salk Institute, Bio-Technology General),
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agent, and at |east one pharmaceutically acceptable excipient or carrier.

The present poly(ethylene glycol)-nodified hGH nay then be fornulated into
phar macewyocade2e98t ai ni ng al so a pharmaceutically acceptahbmosihduent, an

agent for preparing an isotonic solution, a pHconditioner and the like in
order to administer theminto a patient. [0073] The above pharnmaceuticals

may be agemaiiesy W@ﬁﬂﬂd&km@ﬁqﬁhﬁrmacmm@m exemyrelin, tabinaarelinp0i §4709

pul monar mf.zémuadsmmha LY emmﬁ QLlllyy 8- (Qr‘ﬁﬂ@él%x?ﬂwlr{wsﬁdﬁiéﬁib?asétngiolé[c{ gatment. A
dose may sorder of a

patient 0§ Clﬁ)ge‘?[?réeﬁtaég'SCIBSeﬁdd'bﬁ’r%Pﬂ?é’ls?é}l b%?%égtheg gTe?Fﬁ aa"ﬁblzg “8goI8K-5r nj ect i on
and bet welFfanOulén-8gnemds ScrilgediimWaR0eR086878gnawth kermahe @ieading peptidesdiHiRR-6[ 0074]

As used hef@lfp. 1%@%&%%&%@"%@% 9. 394 ?sgdeﬁd Befchti ngrg'\'/vérsgi%g%' ﬂba"ar ant s

t hereof of the sent invention nmay be ‘uséd 1n conbi nation wt not her
t her apeut?/ %71ébe£'f”92ﬂs hepesejiniRad GHRP-4 asclepdipag in WG 93/8A981i o grouth hermone
" co- adn rieating kaihoss(EGHRH) also Hdignatdd GRAMabdits anaRbS sbinBgmMEdnd ilGudiyTeeunds A

ot er 't oGP LR o AR ARGH otk - d Bodn el & e BRE T S cn

conbi nat {aeia-banddtshinginoerteip &3, @ gémﬂ(egyrgwgwi@awoms cionidineewlagie,

do5age 1oy T ol e Ca ) Tl g ppreethch B Abieh B %eﬁtéﬁ“;‘a‘wnéet e
0O

Lot o P} e oP R SR P ST R B e SRS PE e b 1o sac

conbi nat {Toeraisthnalogied); Lhéﬁwﬁweml@&@gmnar%)dlneptm q@a\tatleafstamdnsambe:dmof

treat ”FE\WOQMEQW 3:\%0&%@@@&ﬂ§ll%eﬁt§§seé; lqgsp?:ﬂsﬁst fﬂrgﬂ@@fpty rglﬁﬂg‘nm& (%tspl%’ed nm 0

separa

salod pat Pgﬁ?i?g%@’@"’ﬁéws%pw@%8ﬂ% reta-agpigo '?eé?ré%y§l§‘tij'%ﬂpt"§’b?ﬁ°f"é?$?|"‘é?!b|'t9fst he

sane ti nyiches hasadgsaritednt (/S2008@1)0888t dnd W @ZHIBOE281 T; gtawdinhddhoisdielBagigybi nat i on

of A andco‘rﬂ}%ﬁr%@%gtdbé‘cnﬂ&q U%%osb%&eP%éﬁﬂ%oMﬁ&b%g 1%75 ‘AR owhen such

conponen rom eac arate d%sage forns
whi ch ar@/WéP(%NV%tsg/eUﬂée thpg(ﬂé’g%q ML 889788V @%?%WQ\PVWO# VG 9ROT Ent
ti me i ntwowslosbet, Wk o5 12a86d) ERIGA3EES L S PaA; NGXEE eo@gns sas@lzﬁosrnmt S are

rel eased; afq 7%9%@?7’1}1'7%1 5 %fé Bl %,h 21 ad g,p N g@%rb?g% FEYE" al

adm ni stratl i hdt1 on
patient % 536n7é§@”65 57%.2% ?‘NQIQ‘V 138A81VQ @é/ﬁ%ﬁn‘ﬂ@tf&ﬁ%%a% PTPIAID. N @51086R8 her

Into a swogse 1025 AgRod/ar5eB WD ©B/1Bedoewerss aiBbe! Vo BH96E81 WOl d3/18620ig ol | ed

MANNET " 95/17422, WO 95/17423, WO 95/34311, and WO 96/02530, Piperidines, pyrrolidines and hexahydro-
1H-azepines as described in US5804578, US5783582, W0O2004007468, AMIDO
SPIROPIPERIDINES such as those described in WO0104119, 2-amino-5-pyrimidine acetic acid
compounds including 2-[(5,6-Dimetlhyl-2- benzoimidazolyl)amino]-4-hydroxy-6-methyl-5-pyrimidine
acetic acid (2) and 2-[(5,6-Dimethyl-2-benzoimidadazolyl)amino]-4-hydroxy-6-methyl-5- pyrimidine
acetic acid, ethyl ester as described in US6329383, benzimidazoles as described in EP1155014,
analogous peptidyl compounds related to GRF and the peptides of U.S. Patent 4,411,890,
antagonists of gonadotropin releasing hormone such as those described in WO0170228,
WO0170227, WO0170228, WO0069433, WO0004013, W0995156, WO9951595, WO9951231-4,
W09941251-2, WO9921557, W09921553 and 6-AZAINDOLE COMPOUNDS as described in
WO00053602, WO0053185, WO0053181, WO0053180, WO0053179, WO0053178, US6288078; IGF-
1 secretagogues; insulin-like growth factor-2 (IGF- 2 or somatomedin A) and IGF-2 secretagogues;
myostatin antagonists and compounds which inhibit fibroblast growth factor receptor-3 (FGFR-3)
tyrosine kinase.
[0076] The polymeric substances included are also preferably water-soluble at room
temperature. A non-limiting list of such polymers include poly(alkylene oxide) homopolymers such as
poly(ethylene glycol) or poly(propylene glycols), poly(oxyethylenated polyols), copolymers thereof and
block copolymers thereof, provided that the water solubility of the block copolymers is maintained.
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wher eupon they are concurrently, consecutively, and/or overl appingly

adm ni stered at the sane and/or different tines by said patient. [0075]

Sui t abl e woanplsesef ot her therapeutic agents which nmay poe/BR®S/002939
conbination with A their pharmaceutically acceptable salts and/or their
derived fornms include, but are by no nean Iimted to: aromatase inhibitors
such as EQ&fest dvean aftepativs taPiG-bated molyharsesfietiwdlyowolastigehie taazialk €uchw@r ozol e
and anasgxez sty vinyesrbiab ' ~ i ' | Pl G o RE
derivatives gug% g%f enoﬁ?éﬂir%g?gfwygﬁ‘é&fe%?é{f(éwélé%'ﬁ%é%ﬁdrﬁ%?%%e%br ate and
ci profi b? S ZRANRITL AN ReUsett Indleers ievastivaliesof s andl exterrainal giowpxof tiessul i n
senfsi t i zpahgnedig eudstanbesndan i lageddtin ROhkions dihitae b tha UQ@CQIU@mh\gﬁﬁolﬁéégﬂeﬁesoxides) .
st 1 ogl AN SEERREreh Bl DoRTRRY B 7Her e Buha sk nthe &t reales thatne

[ [ 4-[ 3, 4°000i0Q s isgnaigha flestiptive apd thagalt ralyreamstateyibls Dikilg the naaisrdeserBed hdrein

o iy | : il ! .
met hoxy] b esiérpmbd FoBourgosds oftthd s mé&ﬁ%?ég?g%%n% %Lt@%& ,,f%&%&;im n)

Pioglit n Al , JAD 4833, U 72107, ) [/ . . :
Cheni ca%%g%vlss( “rg,g%‘?ﬂ f”SQ%?iéaﬁ bRING oRtXic 80q ngf eficting ain appresiakie iByrnaganis )
et hoxy] phenepsq imetahyddls., nonohydrochl oride, (a/-); Rosiglitazone (Avandi a,
BRL 49653, BRL 49653C) Chem cal Nane: 2,4 Thi azolidi nedione, 5-[[4-]2-
(et hyl - -f}:)-n\l(r“ di nyl ar ni no) et hoxy] phenyl ] net hyl ]; 25 Bexarotene-oral (LGD
1069 oratS "™ & §retin oral, Targretin, Targretyn oral Targrexin oral)
Chem cal Nane: 4-[1-(3,5,5, 8, 8-Pentanet hyl -5, 6, 7, 8-tetrahydro-2-napht hyl)
et henyl ] oi c s I D 207 Chem cal Nane: R)-N-[2-4-
( Car boxy[rbrg% 1) T@%"gﬂ_"é@ié%é?’ R‘g‘ﬁ“{‘%ﬂ'?’?ﬁ%&ﬁeoé&'? 9 ﬁ%'@??{wgf a3H¥hi um
chl ori dé‘:’terﬁ%%/”@@‘l"ti'x%\eiﬁﬁe, (1saglitazone, MCC 555, RW 241947) (Cheni cal
Name: 5-[6(2- Fluorobegzyl oxy) naphih@) en-2-yl net hyl [t hi azol i di ne- 2, 4-di one)
; INS (D-chiro-inosi to%‘) (Chem cal . Narrgi3 D1,2,3,4,5, 6-
Hexabydr oxycycl ohexane ,g ON 2344(%35’ 3); Dexlipotam Chem cal Nane:
5(R) - (1, 2- Di t hi ol an- 3- ylprmént al onitlite®s)aci d; HQ. 975, Chenical Name: 3-[4-
[ 2- (5- Met hyl - 2- _phenyl gazol - 4- ylhoRtdrperdpeeny!l ] - 2(S) - (propyl am no)
propionic acid;, YM 268P ghen‘i cal - 5, 5" -
Met hyl ene- bi s( 1] 4- phenyF&ne) bi smét° ;ﬂr?etaﬂ%rlﬁ%yce'e hi azol i di ne-2, 4-di one). |
PPAR agoni sts under devel opnent include: Reglitazar (JTT 501, PNU 182716,
PNU 716)0 em ¢ colpighs i fl.en- = di ' I e
4-[[4-( zldggj;n S |E‘J-”%%%ggl‘zbgfa%?%?ﬁtg?g’ﬁ?‘g%"}ﬁebtzﬁpp'}?gﬂ?ﬁ‘?|°'-te,d niiss) ) -
| (RP 29-71133 Ieﬂ.g%f\r@ Frwﬁér ofgjed by referencé as if each individual publication, patent, or patent
g- (2, I4b Bbmwet_togiM@ZmFiediﬁafauﬁand inatidually indicared tla(béyncbkpbf&tel(dtgyiréfg@ﬁgeprret hyl )

enzy e; - : em ca » , ,
(/-)-5- zﬁbﬁa - m’?’h@%ﬂ%&@e@ i”}l% 'ﬁ'é? 8%%9%3?%%9?%@9;??’88'\?%4 by way of illustration
t hi azol BRd ¥R FBBS PYDRRes etiasiy @i andersiamiRm, Pwil 9e regldisnanpalentia mes skilled in
5- E ﬁ_ [ Fre(alttin lighd ?ﬂ tiyd foedHivaps o} miéwht]oﬁmdﬂ%iﬂdwgéﬂr@mc‘lifﬁéﬂaﬁé Za_n‘be%é%‘al%\}ithgd?r t :Nfﬁ'
synt hesi [ : a oconazpol e, econazol e or m conazole; gro
hor m)neggpsduc“ f%&n t@%?%@%ﬁgfcﬁ%%gﬁé% ?%‘ﬁg'}’?ﬂ“gﬁ&g? ?P@P‘?”“Qi%’ﬁ”\?é?@iafﬁd%m‘é‘?féﬁoras
human geHRATIGEMRIfROSPEISN AN RO DE intendsd toHindigher s cBLET BRI iNyenpal, weich yhettan

described in broad terms above.
[0081] In the following examples, the hGH is that of SEQ ID NO:1. It is understood that other

hGH polypeptides could also be PEGylated in a similar manner as exemplified in the subsequent
examples.
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gl ycol growth hornones such as the cysteine-pegyl ated grow h hornone, BT
005 (Bol der Bi oTechnology Inc.); growh hornone secretagogues such as, for
exanpl e, WM28@068653( Suni t onb) capronorelin (Pfizer), neeasaBrioso2bsy i sana) ,
sernorelin {Salk Institute, Bio-Technol ogy General), somatrem sonatonedin
(C Ll orente; Pharmacia Corporation) exanorelin, tabinorelin; CP 464709
(Pfizer), LY 426410 and LY 444711 (EXAMBLES

8- (am noal koxyi m no) - 8H di benzo[ a, e]tri azol o[ 4, 5- ycl oheptenes as di scl osed
in WOROC2UIFLET | 2-substituted di benzo[a,e]l ,2,3-triazolof4,5-

c] [ 7] anrfelysere Bragefied 438 Pé&siqaedGh Wor002056873 growt h hor none r el easi ng
peptides GHRP-6 and GHRP-1 as described in U S. Patent No. 4,411,890, and
publications WO 89/07110, WO 89/071 11, B-HT920, hexarelin and GHRP-2 as
described in WO 93/04081 or growt h hornone rel easi ngy hormone (GHRH, al so
designated GRF) and its al. ogs, so i QS ng 1G--1 and I G~-2 and
their derivatives such a mat oKi &ﬁgﬁ@@bﬁ Husion of insulin-like
grow h factor-1 and its binding protein, BP-3, al pha-2-adrenergic agonists
such as clonidine, xylazine, detom dine and nedetom di ne or serotonin 5HTID
agoni sts such as surnitriptjan or agents which inhibit somatostatin or its
rel ease such as physosti gngpe—and— UH&Q?H' m(]}%' ThGRF 1-44

(Ther at echnol ogi es); L 162C66 (I\/Er% & Corripcg)ﬁ]y); di peptide derivatives as
described in W0858947, Inhibitors of dipeptidyl peptidase IV such as

am no-acyl pyrrolidine nitrifl e as described in US6521644, W»95/15309 and
W08/ 19998; Beta-am no h ocyclic @%&Mepti dase inhibitors such as
t hose described in US200 00563 af 37; growt h hornone

rel easi ng conpounds as described in US20030055261 , US20030040483, EP 18
072, EP 83 864, WO 89/071 10,WD 89/01 7 11, WD 89/1 0933, WD 88/9780, WO

83/ 022723 91/1 801 6, WD 92/01 7 11, WD 93/ 04081, WD 9514666, EP0923539,
U. S. Pat(6HtCHNO%.hab a2 8GragsnolésuR8Beiga bf aliouPBe @il bactb(CBIROKI8 hassan3v@ragd 7,

5, 374, 717 slecRiaf aQ gk fanout Sody 261, 5,438,136, 5,494,919, 5,494, 920,

5,492,916, 5 QS%ég 716 and 5,578,593, WD 94/13696, WO 94/ 19367, WO 95/ 03289,
WO 95/ 0595@7,40 b5/ 09633, WD 95/1 1029, WO 95/ 12598, WO 95/ 13069, WO

95/ 14666, WD 95/ 16675, WD 95/16692, WD 95/17422, WD 95/17423, WD 95/ 34311,

and WO 530+:Pl o) el . i

oscr i bl Rh oLt rEF i D dR o N I B i d LR
such as akyisden- dbaelygeral Branphed i Eoridenyde roagan eferaroyiteli 43088 MY €3LiSc4090k-3
conmpoundgoF epdigtionpwad-do(iiedvibrevadtivd wikylation to the N-terminus of hGH by taking advantage

benzo! RSN S IEL AL S N S LRSS Al one
pyri m Qi phighagyCaiines aattied:,-gnemdpdsitietsbfeysiraSesltﬂms.r h&ie gdrotein 468298837, or 10 mg/mL
ol at od &S EHPMES (TR ChEBET dasouF WOL A AP A 660 ban (20BA L o of
gonadot raiyseml bratcbad #31GP G ritemae Hy edritos of the seagdudeyielb edelative REGHGHIAIS!,

ratio of 1.5:1, 2:1, 3.4:1, 4:1, or 5:1. Reactions were catalyzed by addition of Pyridine Borane (Sigma

Chemical, St. Louis, MO), to a final concentration of 10 mM. Reactions were carried out in the dark at

4 degrees C. for 16-87 hours. Reactions were stopped by dilution into appropriate buffer for

purification. '

[0083] Table 1 shows the percent of multi-PEGylated species, mono-PEGylated conjugate, un-

reacted hGH,-and final purification yield for glycerol branched 43K PEG aldehyde hGH reacted for 63

hrs at a pH of 5.8 and a 1.5:1:1 molar ratio.
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W01 70227, WO01 70228, W00069433, W0O0004013, W995156, WD9951595,
W09951231-4, WDR941251-2, WDP921557, WDI921553 and 6- AZAI NDOLE COVPOUNDS
as descriwedoien2W36053602, WO0053185, W00053181, WO0053 8@ 1830806283979,
W00053178, US6288078; |1 G-- 1 secretagogues; insulin-like gromh factor-2
(IGF- 2 or somatonedin A) and | GF-2 secretagogues; nyostatin antagonists
and conpounds which inhibit fibroblast gromh factor receptor-3 (FGFR-3)
tyrosi ne,l-als Jiase. [0076] The pol ymeric substances included are. al so
preferably water-soluble at roomtenperature. A non-limting |list of such
pol yner sG'V?ﬂEP'LRi%“‘iS‘GF'ﬂ%IPFﬁ aldrbyde had conyapig Svptnesis a§GEH”B%at'ﬁGPW°€FﬁyI ene
glycol) or poly(propyl ene glycols), poly(oxyethylenated polyols),

copol ynesyathesieamDburiicadiobliekfoeopol ymer s thereof, pravi ded that the water
sol ubi | ijgiyeof bradubed HBCREE @piehyiediGsl i s nmai nt ai ned. [0077] As an alternative
t o PEG ligpeeds inahe/maBstion med|f ectivel y non-antigenic matjerial s such as dextran,

pol yvinyl pyrrolidones), |aile/d Behile-aIBKPEL aidAldHdly! al cohoal s),

car bohygrate-based polyners, and the I1 ke can pe use&d. |ndeed, the

acti vat iromof a=—and—e=tegrmnat—groups—of —these potyneri ¢ substances can be
ef f ect eq i MUhREP BI9dUdi nill ar tao that A%ed to convert] pol y(al kyl ene oxi des)
and thus Wwioho-PEGaRfEENt| t 0 t hose ofeses di nary skilll. Those of ordinary
skill in the,-aabieGH redl i ze that thgeforegoing Tigt is nerely

illustrative and that all| polymer materials having yhe qualities described
her ein gre ed—For—pur POSES; the pr esent] i nventi on,

"ef f ect i~vet j,””ﬁ'*fﬁ“‘*i‘r.yie Cgeﬁi e —reans—at ﬁl%u er+ats—understood in the art as
bei ng nontoxic and not eliciting an appreciabl e i nmunogeni c response in
mammal s. EX5ALEZ i ons [0078] The following is a list of abbreviations and

t he corrmpipeneh e as used interchangeably herein: g gram(s) ngy

milligr iliter erature t hyl ene
o yeor) PsBbor %ﬁéV'@sﬂﬁFEtsae%e&me § ot BY R mrePaL il aak boea it

pat ent dfigpke Datsing asingletigrdexchangh rlyoratogrepyiatap. ar e herei n i ncor porat ed by
reference as if each individual publication, patent, or patent application
were specific nd i ndividually |nd|cated to be |ncorporated by
referencoé“on[e(’j%!?@¥ %lr?rﬂﬂﬁ%fﬁpﬁyhe foregoi ng i nventi on has been described in
sone det[@d85] bywalye BEG hGHIspediat wepapaified feoma thel readiar mixtves puOpB $EEC adalslsar i ty

of unde rﬁéu?enﬂi u@ﬂg aiSanre!i Anlon Q?ch'éﬁg?edéhwfnmﬁ Qtrep.tl\ﬁ)on%ﬂ%éiﬂtédl h%g-l \’vﬁ purified

from unmodified hGH and multi-PEGylated hGH species using anion exchange chromatography. A

typical glycerol branched 43K PEG aldehyde hGH reaction mixture (80 or 1500 mg protein), as
described above, was purified on a Q-Sepharose Hitrap column (5 mL)(Amersham Pharmacia
Biotech, Piscataway, NJ) or Q-Sepharose column (26/20, 70 mL bed volume)(Amersham Pharmacia
Biotech, Piscataway, NJ) equilibrated in 256 mM HEPES, pH 7.3 (Buffer A). The reaction mixture was
diluted 7X with buffer A and loaded onto the column at a flow rate of 2.5 mL/min. The column was
washed with 3-10 column volumes of buffer A. Subsequently, the various hGH species were eluted
from the column in 20 column volumes of Buffer A and a linear NaCl gradient of 0-100 mM. The
eluant was monitored by absorbance at 280 nm (Azg) and appropriate size fractions were collected.
Fractions were pooled as to extent of PEGylation, e.g., mono, di, tri etc. (as assessed in example 3).
The pool was then concentrated to 0.5-5 mg/mL in a Centriprep YM10 concentrator (Amicon,
Technology Corporation, Northborough, MA) or by diafiltration. Protein concentration of pool was
determined by Aygp Using an extinction coefficient of 0.78.

EXAMPLE 3
Biochemical Characterization

[0086] The purified PEGylated hGH pools were characterized by non-reducing SDS-PAGE, non-
denaturing Size Exclusion Chromatography, and peptide mapping.
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the art in light of the teachings of this invention that changes and
nodi fi cati ons can be nade w thout departing fromthe spirit and scope of

t he presewd 2oomamisson. The fol | owi ng exanpl es are provi ¢etd/IBmns/002939
exenplification purposes only and are not intended to limt the scope of
the invention, which has been described in broad terns above. [0081] In the
follow ng exanples, the hGHis that of SEQID NO1 . It is understood that

ot herI hfcﬁzé)E*c}{B@ﬁthﬂlﬁFgerfﬁmdnd? @h@@c%m%%ébm@@cmm@ ysimi | ar msmnelr gs e
exe | e _supseguen es cero ranchne

3K PG 0P80 d M PRI o BB Beten 28K ES AF g el AP SRR Rt o

about 3Kelrificatiorepaots a(ﬂ@lﬂﬁ@lﬁal@emmmgctawera\peamg@ ysinlgerodamatwiag $EC-HLCabout  20Kd
(GL3- 400%%&.(:41 Q&ﬁ&dnaﬂ]hhés%mb%vae%gm@@wt %ﬁiﬁg BSNRH %‘K%O@BP\N%L (%Qaﬁaaé)' y

PEGy| re e al kylatio cero ran
T oy oo i 567 Ao TeiR A S ermBR (. S BIES RIbURs6F 861 on)
was couphihinuiezoptdaltytSuperdet 200l 728 mmirX 80crt mem‘anamrmsoleew)ﬁslﬁw&wNJl aki ng

advant aﬁfE@Jlathgrsegv IT‘I&E%@Q ﬁ'ne'h@dn%{i}fr\a%%l\/@ﬁ:fn}é%f ﬂggro\(ﬂ rlégulfﬂ'[g ih E‘émf? ¥o| E{Wa}(le?m ne

at the Ka val
posi t i onretsntiqnigienbley é@chfﬁé“:‘?re Pheryvest Bihs '%CEI?@%P'Q/B@H &gaction W'X’futﬂs atPOQ w@h m. in

25 MM MESn{(cBifigdeGICTRREE BEGYI@bd atdibhPEAYRedrbedestvdds saﬁ&édﬁ%&mﬁrozeo was
{gag}[ gf’ « écgntr\.'aet%a%/p%gr o brrﬁgﬁﬁgﬁgﬁunfgelé PEGgﬁgdﬁi%dgelrde Ep%les W§Pe4s(al§setqn§1ﬂrxeagent
5:1 . Restewh grriutees e sinale apakzaschohylerrielingiSER (o P5Fyuiit Figur@or aneeQ-Ssplpnese

Chem cal ghropbatodratiil Step MRotivdiPremoldd Yide FEENREAL &itrh BNPOE 1A At sFRRRS koRNRe Ver e
carried out Hgﬁ)('il&e%ﬁﬂgﬁk at 4 degrees C. for 16-87 hours Reactions were

st opped B to appropriate buffer for purification. [0083] Table
1 shows the percent of nulti-PEGyl ated speci es, nono-PEGyl at ed conj ugat e,
unr eact eghdikigeand final purification yield for gI ycerol branched 43K PEG
al dehyde hGH reacted for 63 hrs at a pH of 5.8 and

ratio. TaBP88l1 GSPEHARE B?%H‘?@Hé‘besﬁ%% t'ﬁE@%‘PG@’FﬁM@%@Pﬂ%‘S?\F%%@% a@?'ﬁ@ﬁe& s
and Pur iwithdeaH aml thy peitssiiraMAdRIck. SDRPAGEi veatcaviad ofit oRE@yrh #Hidkd 0INGHAGE Q314 ]

PEOY! at e} yGhbrBERES CHTuadWidubih e AT i BRI BB i 8 o920 ( SEC
Y Colloidal Coomassie™ G-250 staining kit (Invitrogen, Carlsbad, CA.

N-terminal Sequence

[0089] Automated Edman degradation chemistry is used to determine the NH,-terminal protein
sequence. An Applied Biosystems Model 494 Procise sequencer (Perkin Elmer, Wellesley, MA) is
employed for the degradation. The respective PTH-AA derivatives are identified by RP-HPLC
analysis in an on-line fashion employing an Applied Biosystems Model 140C PTH analyzer fitted with
a Perkin EImer/Brownlee 2.1 mm i.d. PTH-C18 column.

Peptide Mapping )

[0090] Tryptic digests were performed at a concentration of 1 mg/mL and typically 25 ug of
material was used per digest. Trypsin was added such that the trypsin to PEG-hGH ratio was 1:30
(w/w). Tris buffer was present at 30 mM, pH 7.5." Samples were incubated at room temperature for
16 £ 0.5 hours. Reactions were quenched by the addition of 50 pL of 1N HCI per mL of digestion
solution. Samples were diluted, prior to placing the samples in the autosampler, to a final
concentration of 0.25 mg/ml in 6.25 % acetonitrile. Acetonitrile was added first (to 19.8% acetonitrile),
mixed gently, and then water was added to final volume (four times the starting volume). Extra
digestion solution may be removed and stored for up to 1 week at -20°C.

[0091] A Waters Alliance 2695 HPLC system was used for analysis, but other systems should
produce similar results. An Astec C-4 polymeric 25 cm x 4.6 mm column with 5'um particles was

20



Figure 1) using a single ion exchange chromatography step. Anion exchange
chromat ography [0085] The PEG hGH species were purified fromthe reaction
m xt ure two208%624BEC anal ysis Figure 1) using a single aoranexecdasge

chr omat ogr aphy step. Mno-PEGyl ated hGH was purified from unnodified hGH
and nul ti - PEGyl ated hGH sRem es usi ng ani on exchange chromat ography. A

typi cal Yi%cEFRIMERtE Herres dkstedptanpipeideryRpsatiEnn rérie] lord #fisRiaOEPI¢BD per 1500
Ny pr ot esample. Buffdiefis 0l tvetiflabeicetic ARSn Pkt bl Bafks®.025B2MMRFASS I BLili 2P

| Bi ot ech i t NJ Seph
Sol umn E%"efg%’ 4 AR OB 2 RO Ean IR SRS 9 ObbieR. S soat avy.
NJ) equi I0P9Hat edPepis wese Aaipqiehs®g aiMatprsPI6 BRAdetecta) colldtiing data bbiveen Zioxndr e

was di | u$mn7>¢nue&trradw¢rfa1maébgadwaﬂzqa%dm%&afbhé‘amapé @t a flowrate of
voI unes of buffer A

2.5 nm/ Th

ZubsacudBea e BBl MRy e AR e PLadh Srd Sty gepmvwweﬁ%@vw fercioD
col urm valeumaias raio oBRfl {REG:AGEN (Figure P NidaGinagryatid fmymeafwé}réﬁﬂedwlas Fhe

el uant %Mhﬁ&ﬁﬁ%r@én%ﬁ@ér@@%% r%%@ h&fq &@g&@tpﬁ%a g;,% Fp%%?s' ze

fI‘aCtIOFﬁ%(XJ(\B ?fa? cted. Fractions oex | ati on,
e.g., mapiticatien 'Sé‘{tée (tafg‘%éﬂéfgé%ﬁ"i%r@%m%"ng?dtomeob@mrahmssnm@en
concent rlgdirgdesidued. 5-5 ng/nL in a Centriprep YMLO concentrator (Am con,
Technol ogy Corporation, Northborough, MA) or by diafiltration. Protein
concent reble@n of pool was determ ned by A280 using an extinction

coef fi cienpresént QonfSrisérXAMPLE 3 Bi ochem cal Characterization [0086] The
purified PEGyl ated hGH pools were characterized by non-reduci ng SDS- PAGE,
nondenatjuri ng Si ze Excl Usion Chron[a;pgbﬁgmcoﬁwe(;eptl de nmappi ng. Si ze

Excl usi gn Hi gh Perfornmance Liquid [@unersliegaaghy (SEC- HPLC) [0087] The
reaction m xture of glyd I‘-IOJ| p}ggé{}ched 43K PEG al dehyde with hGH anion
exchangehd?_prl fircation p ot R o mal—put j et—products were assessed using
non- dengg; rlowra@%(ﬂ Aralyeeat h..u.. derat udqe SEC- HPLE: was carri e;j out
using a OG soha odex KW 804 (Waters Corp) in
20 MM P ospnate pH 7-2; %ggg%wﬂ\gu a?‘%ﬁ@?’bﬁ%rat' of 0.5 nL/m nute
(optionally Superdex 200 7.8 mm X 30 cm Anmersham Bi osci ence, Piscataway,
NJ) . PE(B}(bnablb@n greatly increases the hydrodynam c volune of the protein
resultl #rg agft to an earlier retention time. New species were

obser ve EG al dehyde hGH reaction m xtures along with unnodified
hGH. Th é@e abE@yﬁ the glvcesal érancmd PBIOPIESt alubhgeatie® respyrizs bp auatre@cdior was

Q Sephanass &g @@i’éc@@@@@@hﬁstr@r%t R 2585 ebkieq Ry EdE4SH g}%@ﬂc E{%%cﬁgn%ehyde
hGH Spe%l ﬁveevvg‘ge sub e%égh It%shown to'elute as 7
non- denaturrng . SEe! imanprovh Ej‘ﬁf?“@”ﬁ')ecepf‘l’féh@ﬁ'%\s(g%aﬁﬁace"waf

domain). Results from the surface plasmon resonance (SPRY) experiments are shown below in Table

3.
Table 3. Biacore assay resulis.
Avg. k Kp relati
Avg ka X 10° (M d p relative

Sample. 167 4 ot dev)® (" st dev)® Ko=Kka/ka, mM to hGH
hGII<-I F(>n=Gg)h 3.07 +8.20 38.8+ 3.6 0.13+0.03 1.000
43K PEG-hGH

ns) 0.28+0.03 900310 |322%010 0041

*ka (on-rate) and kq (off-rate) were determined at a flow rate of 50 ML/min at 37°C in HEP-BES buffer
(0.01 M Hepes, pH 7.4, plus 0.15 M NaCl, 3 mM EDTA, and 0.005% Surfactant P20), using human
growth hormone binding protein (28kDa, extracellular domain) labeled on a CM5 chip through amine
coupling chemistry at ARU=3000-5000. k,, expressed as per M per second, Kq expressed as per
second, both are an average value of at least 3 measurements on 1 chip % standard deviation. The
data assumes to measure hGH binding to the high affinity site 1 on GHBP at 1:1 ratio.
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chr omat ogr aphy step effectively renoved free PEG hGH, and nulti PEGyl at ed
hGH speci es fromthe nono- PEGyl ated hGH SDS- PAGE [ 0088] SDS- PAGE was used
t o assesswoheogeasssi on of gl ycerol branched 43K PEG al delyds2005bd2o5GH and
the purified final products. SDS-PAGE was carried out on 1 mmthick

10- NuPAGE gel s (I nvitrogen, Carlsbad, CA) under reducing and non-reducing
condi tions and stained using a Novex Coll oidal Coonmassie(tm G 250 staining
Ki t (InvEXaﬁQ@em Carl sbad, CA. N-term nal Sequence [0089] Automated Ednman
degr adatlg,fgirlnrg rﬁaﬁw ry. k.s used to determne the N termnal protein sequence.
An Appl i |os¥/ del 494 Proci se sequencer (Perkin Elnmer, Wellesley,
MA) is enployed for the degradation. The respective PTH AA derivatives are

i denti fimdibyo PfoadNRl y.ahysrAt At B&in | pl i ed
Bi osyste I\/b%ggcylfmc %‘?’H ana";'syzerS |19{)ee@d \gmg?ﬁ@%@ﬁ@?@%n é{Uﬁ ee 2.1

mmi.d. %ol utm. Peptide Mapping [0090] Tryptic di gests were
perforrre[ﬂo%ﬂ a EemaleSbragte Dawley rafs, hmopmysemﬁlmte)dmtelahérﬂa% \me pesdi®dng il Was

used pe r%tﬂ%éfora_f)é(rﬁ%l' & mgg%tss\b&?d Qgéla{o%utpsﬁ) g%&%’sm ra o

rs resen
i ncubat éﬁt ?Ce?”%ﬂ'?et%%wa'ﬁtﬁ'ﬁ?“? itectian of gittmr A8 magke H@éh@t \red)iw iseeleveguenc hed by

t he addidohsmgutve dag. Mhe @fst érbhd‘l@belml’sm@e (&Jﬁceﬂ\}e@ﬁﬂtdoﬁ’é‘s o?ql8qﬁé/@1of @@émll es wer e

Conoont 125 R 3T Bl R o BEB, 10 s nPrE e Bt b Poweitontded

first (tleaftpeisey a%*éta@ﬁwglyqerql eancheid 8l PGEraidepydean@iH ¢rhiely walgbtrgaimas aadded t o
final vaobpremenfdi@utudyl Mes the starting voI une). Extra digestion solution may

b t or.ed t -200C. [0091] A wat Al

2605 HPLEE] ot e P EE LR e Sseaiel B e Sk SoRien hEBILANINIRRIEM pr oduce
si mi | ar histigaltis-dapgroadhitsuslieS{ar hedl (goriol) tre8d i pustntadaifore0yrowih swidy Dsiby MM
particl ege WQI brEoREd PE@%‘O@W&%@W&H@%@E qq%%faggm'&?e%en%?% ShaLHiG on @

typical |oa g rot el

Pt o el one P auiE 1B ek caniaaaes 00D SatcE s alavies HelVAGH | n
acet oni mmimirammmmtlvesenfg/kgo ed with a linear gradient of 0-45% B over 90
m nutes [ 0092] Peaks were detected using a Waters 996 PDA det ector

col l ecting data between 210 and 300 nm The extracted chronmatogram at 214
nm was UEEHE 69 % anpl e anal ysis. [0093] Tryptic maps were performed for

?SQG ﬁ”@“?"*lf‘?ermfmﬂmﬂm weRft E@&taa.e@amtw@a@tss@hf.aéd %ft@‘BiE@?\/erre%r’r&&/teef 2:1
C referre 0 as
G'é')w X(rgﬁegt'éﬁc??&%a l%_n-gﬁ% \A,g're eén ure% ulslgaggghp&hhg&rges[hng%

T-1. The percen c8figest s t hat
gr eat er ntqqaq{ergg% fef Glypgsol branched 43K PEG aldehyde hGH treated animals.

Rat BUN levels
[0097] As a biomarker for the metabolic effects following hGH-treatment, blood urea nitrogen
levels were determined from day-11 blood samples. Figure 6 shows that both daily hGH and

once/weekly glycerol branched 43K PEG aldehyde hGH treatment results in significant reduction of
blood urea nitrogen.

Rat Weight Gain 6-Day Dose Escalation Study

[0098] Hypophysectomized rats were treated with various single doses of glycerol branched 43K
PEG aldehyde hGH or else treated daily with hGH, and weight gain was monitored for 6 days. Figure
7 shows the weight gain that was obtained for the various treatment groups. Blood samples were
taken at the indicated times and the serum IGF-1 levels determined by ELISA. Plotted are averages
+/- SEM. Group (n=6) means were used to calculate the IGF-1 résponse using one-way analysis of
variance on the measured values and AUCAO0-6 (ng-hr/mL) values of 20,040, 22,958, 28,129, and
37,839 were determined for the 0.067, 0.2, 0.6, and 1.8 mg/kg dosing cohorts, respectively.
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PEG nodi fication is at the N-termnus with remai nder apparently linked to
one of several possible lysine residues. Table 2 T-1 present conparison
Exanpl e 4wbreoss/d2nas3bi ol ogy The ability of the glycerol kpcanshesosssé PEG
al dehyde hGH to recogni ze the human receptor was tested using a Biacore
3000 instrument in an assay configured to assess the specific interactions
bet ween RéleVeight Gaiydt dauiese hecalationBiugr owt h hor none receptor (hGHR) (28kDa
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X | S . . R .
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EDTAlan @Ng@ o ; ' Qéhrgpég. ﬁ gl @Vﬁd?l hnding protein
(28kDa, qut r g'ﬁ %Pgd;&g@n%é{nfﬁﬂ%qﬁg@%n a g hip Gﬁéoug;ﬁ g?gﬁ ne coupling
chem stry at DRU=3000-5000. ka, expressed as per M per second, kd expressed

as per second, both are an average val ue of at |east 3 neasurenents on 1
chip + stabledh rRpsereslated weight ogiR &t deeandddnes to asure hGH hindi nq ta the

high afffinity site 1 on GHBP at 1:1 ratiD@}’Si?iYTpl

1 notanecyv —Ffficaevy i1n 11_davy Pat A
n.viv = & a et
r.l\Jl- \r'll\.l] | M B B~ v] L ] = == =y A ] T < 7

ser um BUrehtben@ds) on) Rat wei ght gai n|[ G084i2.3e ©
hypophyjseetofi-zed—at—tHartan—tabs;—were—prescreenped—gr 41 o1
peri od |JfGH(GDIMYRI)ADST) Rats were di vijdd@9.Rxitd gr OURS 0P 551 X | SbAREL].
day O, Vi brahdted 46R PEGVAREnAEhGIT 1 Y S UbTUt ameous; op g, £§4 TOM Of g8, Yiger1 0. 3
mg/ kg NGHg iykgi@dley! € Tor el even consedBépfye3 days. (138 pest |gr@eip.ggeei ved
single [(@ | BRAENEY 43K PECSaldthyde RGHTD/ K910é 91| CEr ohopi alBRed | as1yolgrpg
al dehydesnGrylpd@ys 0 and 6. The ani mal'88¥eh® Vi ghed:tey | v| Eeguie)4
shows t .68t Beride, REED. a0 ds. GHEREM inbremaah e@ighBlcirigiaahéahderdthyan body
wei ght ¢@Wrbddp waightehGledeniaagrowth Isdrmdye. [ 0095] Conbi ning the data

r epr esenvaushspresent rseandySklé (stantierd error Fitpuneanyt wi t h data from histori cal

11- day gYawesiin rarentiesis repseseni@haigsdrant BaYy 0 inmegne®BMat s pl us an addi ti onal
growt h study using the 43K glycerol branched PEG al dehyde hGH conj ugat e,

t he aver/ager $mgisenment al wei ght gain for

[00100] Animals from six-day weight gain studies were used. Blood samples were taken at the

various times during the study and the serum IGF-1 levels determined by ELISA as shown in Figure 8.
Rat IGF-1 levels were monitored by immunoassay kit (Diagnostic System Laboratories).

Example 6

Pharmacokinetic Studies

[00101] Pharmacokinetic studies were conducted in normal, cannulated Sprague-Dawley male
rats. Injections were made as a single intravenous dose of 1.0 mg/kg or a single subcutaneous bolus
of 1.8 mg/kg hGH or glycerol branched 43K PEG aldehyde hGH using six rats per group. Blood
samples are taken over one to five days as appropriate for assessment of relevant PK parameters.
hGH and glycerol branched 43K PEG aldehyde hGH blood levels are monitored at each sampling
using immuno-assay. Table 4 shows the rat PK parameters for glycerol branched 43K PEG aldehyde
hGH. The effect of PEGylation is evident in the observed half-life for elimination as this parameter
exceeded 6 hours for the conjugate while data reported for hGH from similar studies is reported as
1.35+0.2 (Clark ibid,) 0.77-1.7 (Jorgensen et.al., "Polyethylene glycol-conjugated proteins”, PSTT 1
(8), November 1998), or 1 hr (Genotropin® (PNU-180307) Investigator Brochure).

hGH Immunoassay

[00102] hGH and glycerol branched 43K PEG aldehyde hGH protein concentration levels in rat
plasma were determined using the hGH AutoDELFIA kit fluorescence immunoassay (Perkin-Elmer).
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animals treated once weekly with 1.8 ng/ kg conjugate was 109% of that

achieved following daily hGH adm nistration (cunul ative 3.3 ng/kg).

Rat

tibia | engdhodddR9Bp Animals in 11-Day wei ght gain studi esTaB200syo2dd were
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measur ed_usi ng a caliper.
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Rat 1G~1 levels were nonitored by i munoassay kit (D agnostic System
Laboratories). Exanple 6 Pharmacokinetic Studies [00101] Pharnmacokinetic

st udi es wesoeo@nnasst ed i n normal, cannul at ed Sprague- DawceyBronb/eonst s.

I njections were nmade as a single intravenous dose of 1.0 ng/kg or a single
subcut aneous bolus of 1.8 ng/ kg hGH or glycerol branched 43K PEG al dehyde
hGH usi ng WHAT $t&-AMEED ¥ oup. Bl ood sanpl es are taken over one to five days
as appropriate for assessnment of relevant PK paraneters. hGH and gl ycerol

branched 43K PEG al deh h lood | evels are itored at each sanpling
usi ng i rmuno-gssayj.\ pcefjé%'ﬁlﬁe%@ﬁammﬁﬂgr"w&\h%ﬂ”ﬁa‘?&ﬁé}@g{)§°’?J‘dﬂated163‘/‘8%#@|
branched 43K PEGradtetehyde hGH. The effect of PEGylation is evident in the
observeg half-life for elimnation as this paraneter exceeded 6 hours for
the conjugate while data reported for hGH fromsim|ar studies is reported
as 1.350.2 (dark ibid,) 0.61%7:E T .7 Z\Qﬁ%%pwa FaCHCHodYRRt hyl ene

gl ycol -conjugated proteins", |PSTT 1 (8), Novenber 1998), or 1 hr
(Genotropin(r) (PNU-1 80307) |l nvestigator Brochure). hGH | mmunoassay

[ 00102] hGH and gl ycerol br aqched 43K PEG al dehyde hGH protein
concentration levels in rat asn:a_mgé@}g@ 0,088 using the hGH Aut oDELFI A
kit fluorescence inmunoassay |( Perkin-El mér). abl'e 5. The rel ati onshi p

bet ween plasma drug levels and the 1G-—1 response was al so determ ned
directly in a conprehensive qtudy design foll ow ng the subcut aneous

adm ni stration of a single e of the ral anched 43K PEG al dehyde
hGH (1.8 ng/kg) to hypophyggét om zed, (m(ﬁgﬁgﬁﬁ s.WHAT IS CLAIMED I S: 1.
A pol yet hyl ene gl ycol - human grow h hornone (PEG hGH) conjugate having the
structure; wherein n is an integer between 60 and 75; mis an integer

bet ween 450 and"486" and Ris a human growth hornone. 2. The PEG hGH

conj ugat e of cl aisanlintebebeiwees @) ehd BH2CH20) n npi ety has an aver.age

ol ecuhgr wei ghin i96n ARQUE beflitlnaBY P, 4F2CH2O) | moi ety has an aver age
nmol ecul ar wei ghhdof about 20Kd. 3. The PEG hGH conjugate of claim1 or 2
wherei n sai d huffdh? BBt HOWE BB conpri ses an ami no aci d sequence of SEQ
ID NO.1 . 4. The PEG hGH conjugate of claim3 wherein the PEG is conjugated

to the N-term nal the pEG.hGH conjugate of claim 1 wherein said (CH2CH,0), moiety has an average
molecular weight of about 3Kd and each (CH,CH,0),, moiety has an average molecular
15 weight of about 20Kd.

3. The PEG-hGH conjugate of claim 1 or 2 wherein said human growth hormone
comprises an amino acid sequence of SEQ ID NO:1.

20 4. The PEG-hGH conjugate of claim 3 wherein the PEG is conjugated to the N-terminal
phenylalanine of SEQ ID NO:1.

5 The PEG-hGH conjugate of claim 4 wherein said conjugate is mono-PEGylated.

25 6. The PEG-hGH conjugate of claim 4 wherein at least 80% of the PEG is conjugated to
the alpha amino group of the N-terminal phenylalanine of SEQ ID NO:1.

7. The PEG-hGH conjugate of claim 5 wherein at least 90% of the PEG is conjugated to
the alpha amino group of the N-terminal phenylalanine of SEQ ID NO:1.
30
8. The PEG-hGH conjugate of claim 5 wherein at least 95% of the PEG is conjugated to
the alpha amino group of the N-terminal phenylalanine of SEQ ID NO:1.

25



phenyl al anine of SEQ ID NO 1. 5. The PEG hGH conjugate of claim4 wherein
said conjugate is nono- PEGyl ated. 6. The PEG hGH conjugate of claim4
wher ei n avol2e@a2a838% of the PEG is conjugated to the al poa/Briosoo2gsoup of
the N-term nal phenylalanine of SEQ ID NO 1. 7. The PEG hGH conj ugat e of
claim5 wherein at | east 90% of the PEG is conjugated to the al pha am no
group of the # ter MaBREGHEEPPNsYnPirReing WBEEIN ablergl 98%, of the PHEeis PEREIda@ to
conj ugate of cl ahdFerivier@icAydinineastEQb%m®f. the PEG i s conjugated to the
al pha am no group of the N-term nal phenylal anine of SEQ ID NO 1.9. The
PEG hGH conjugate of claim5 wherein at |east 98% of the PEG is conjugated
to the N-ternithal phethodaf kgdtinga patiecBHE@vinPalgOwh orldgveldpnmant tieatdeyfcomprsiig ng a
pati ent shavi ng aadﬁhfn%%riﬂ?Rfsa‘ii)eﬁé%lﬁQW&pe%c%W&l%%th%%ﬂ?HFg%{]{ﬁg haAg @Jﬁqﬁerl ng to

said patient a ther apePu i call %LFeffe,ctl ve anoun uman gr
hor mone- PEG conj Qg2neT&HC CnleRie of clgm 132, 314, 56, 58,998 or 9. 11. The met hod
of claim 10 wherein said growh or devel opnent disorder is selected from

the group congj sti jcle JTurnper' s syndrone,
Chroni ¢ Renal Hl'ns U?I%I @%tg%&c@%g%gp ‘rgﬁ%giﬁ S%?gE"°g“*ehs‘§_}%Yef')‘?g%%"d%&?egé&)efcé“f . The
nmet hod of cl ai m™eT thmeee ePnsigling of EertimHermoge Pelicinae(@HIYI Wurafe syndeomse| ect ed

fromthe group @prsicRdnaDnSfifickhef bihd shofl Y& ipuasionage kBdA) | podystrophy,

Fi bronyal gi a, Osteoporosis, Menory disorders, Depression, Crohn's disease,
Skel etal dysplasias, Traumatic brain injury, Subarachnoid haenorrhage,
Noonan's syndtdeme, TRoneihed ¢fylair dhrehergidsaig atoihcor siaidpmentdisorder (sls88¥ted End

stage renal di seamand & Bonsi¥fig¥r ERMIOL st IRTIpbM R Yhy, Fﬁﬂ&ﬁ digd,r ow stem
cell rescue, I\/Etoapol i C ?,éﬁ'j'nr onte:, é’i u&ocort_l cgl d nyopat hg, Short stature due
to gl ucocorti coid PPYLY HIIRHTG Y PERreSSiNY Crea'e iseasst Stplesaldyriesieeni ng f or
short pbemat ur e Tedvinatie brain injury, Subarachnoid haemorrhage, Noonan's syndrome, Down's
syndrome, Idiopathic short stature (ISS), End stage renal disease (ESRD), Very low birth
weight (VLBW), Bone marrow stem cell rescue, Metabolic syndrome, Glucocorticoid
myopathy, Short stature due to glucocorticoid treatment in children, and Failure of growth
catching for short premature children.
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